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[lpeguncnosune

[Touemy crout npomomkuTh nu3ydenne Python? Python gacro HassiBator ckpumro-
BBIM SI3BIKOM, ST3BIKOM ITPOTOTHIIMPOBAHUS W IPUTOIHBIM i Pa3Pa0OTKHU «HA CKOPYIO
pyKy». MHOro pas Mbl CJIBIIIAIA O TOM, 9TO €r0 BOODIE HEJb3sl 1aBATh HOBUIKAM,
IIOTOMY YTO OH IIOCTaBUT UM HEIPABUJIbHOE MBIIIJIEHWE HUJIM IIOTOMY YTO BCE paB-
HO IIOTOM HIPHUIETCA YUUTH YTO-TO «HACTOSIIEE» U «IIPOMBIIIIIEHHO BOCTPEOOBAHHOEY,
KaK [IPaBUJIO, CTATUYECKU TUITA3UPYEMOE ¥ KOMITUJIUPYEMOE, 9TO «HE TOPMO3UT». JTO
— pacrnpocTpaHEHHAs TOYKA 3PEHUsI B TPO(MECCHOHATIBHOM COODIECTBE ITPOrPAMMU-
CTOB (XOTsdl M HE €JAMHCTBEHHAsI), TO €CTb CPEIH JIOJeil, Jjisi KOTOPBIX HAIUCAHHAS
IpOrpaMMa, SIBJISETCS KOHEYHBIM MPOIYKTOM UX TpyAa. [locKoIbKy MBI mpeamosara-
€M, YTO OCHOBHagd HAaIlla ayJATOPUA — 3TO JIIOAU, IPOIPAMMUPOBAHUIO HE YyzKJbIe,
HO 3apabaTbhIBalOIe Ha YKU3Hb JPYTIUM, OyJIb TO MHXKEHEPHI CAMBIX PA3HBIX MacCTell,
yuéHble 0T (DU3MKOB JI0 JIMHTBUCTOB, PAOOTHUKHU CTATUCTUIECKUX CIyXKO, AHAJTUTUKA
6AHKOB M MHBECTUIMOHHBIX KOMIAHUN U MPOYNE, MBI CMEJIO OTOPOCUM JTAHHOE CY2KJIe-
HUEe U IOCTapaeMcs oKa3aTh, uTo B Python ects nmpakTudeckn BCE, 9TO BaM HYKHO
JJIsT Ballleil paboThl, YaCTO C BAPUAHTAMU.

B a0l BTOpOIit 9acT MBI PACCMOTPUM:

1. cozmanue coOCTBEHHBIX (DYHKINH U MOJTYJIENt,
2. (pyHKIIMOHAJIBHOE U MHOI'OIIOTOYHOE ITPOrPAMMUPOBAHUE,
3. marepdeiic K 6a3zaM JaHHBIX,

4. rpadudecknit uHTEPdEIC TOTB30BATEIS U IIPUHIAIIHI 00 bEKTHO-OPUEHTUPOBAHHOTO
IIPOrPaMMHUPOBaHNs Ha ero IpuMepe,

5. uccJjejoBannue JUHaMUYIeCKUX CUCTEM Pa3/IMYHBIMHA CpeJCTBaMU SCipy7

6. IHapaJuieJIbHO€ 1 MHOT'OIIOTOYHOE ITPpOTrpaMMUPDOBaHUE.

CeeaeHus ob aBTOpax

e CpicoeBa Mapuna BsiuecsiaBoBHa — KaHugaT (PU3MKO-MaTEMaTHIECKUX HAYK,
JioneHT Kadeapbl «PaauosieKTpoHnKa U TejieKoMMyHuKanuuny CapaToBCKOro
rOCyIapCTBEHHOI'O TEXHUIECKOro yHuBepcurera nMmenn [arapuna FO.A.



6 MNpepucnosue

e CoicoeB Unbst BsiueciaBoBud — JIOKTOp (PU3UKO-MATEMATUIECKUX HAYK, [IPO-
deccop Kadeapbl CHCTEMHOTO aHAJIN3a U aBTOMaTHdeckoro yrpasienus Capa-
TOBCKOI'O HAIMOHAJBHOTO MCCJIEIOBATEIBCKOIO TOCYIaPCTBEHHOIO YHUBEPCUTE-
ta umenu H.I'. Yepnubimesckoro.

CsBeaeHuns o peueH3eHTax

e [Tornomapenko Biagumup MBanoBud — HOKTOP PU3NKO-MATEMATHIECKUX HAYK,
podeccop, Beayruii HaygHbI coTpyaauk CaparoBckoro dpmwmana Uucturyra
paguoTexHuKU U j1eKTpoHuku umenn B. A. Korenpaukosa PAH.

e Marpocor Bajepuit Bragumupoud — H0KTOp PU3UKO-MATEMATHICCKUX HAYK,
podeccop, JeKaH paanodusndeckoro daxkyabrera HamponaabHOro nccie oBa-
TesibcKoro Huzkeropojickoro rocyrapcrsennoro yaupepcurera um. H. U. Jlo6a-
9EBCKOTO.

o Kypstumit Teopruit Biiagumuposua — npemnogasaress dakyisreta BMK Moc-
koBckoro l'ocymapcrennoro Yuusepcurera um. M. B. Jlomonocosa, aBTop Kyp-
coB 1o Python s BY3os u Beuepreit maremaruaeckoit IIIkosbr, pazpaboTank
kommanun «bazanbsr CIIO».



[nasa 8

DyHKuUm

8.1 d@yHKUMKN B NporpamMmmmnpoBaHun

OyHKIMA B TPOrPAMMUPOBAHUE MOXKHO TPEJICTABATH KaK M30JMPOBAHHBIH GJIOK
KOJIa, OOpallieHne K KOTOPOMY B IIPOIIECCE BBITIOJTHEHMS IIPOTPAMMBI MOYKET ObITH MHO-
rOKpaTHBIM. 3adeM Hy»KHbI TaKue OJJOKHM MHCTPYKImii? B nepeylo ouepenb, 9To6BI CO-
KPATUTh 00bEM HCXOJHOIO KOJA: PAIUOHAJBHO BHLIHECTU YACTO MTOBTOPSIIOIINECS BbI-
PasKeHUsI B OTJIEIBHBIN OJIOK M 3aTeM 0 Mepe HaJOOHOCTH 0OpaIaThCa K HEMY.

Jljtst TOro, 9To0BI B MIOJTHON Mepe 0CO3HATH HEOOXOIUMOCTD UCITOIL30BaHUs (DYHK-
uit, TPUBEJEM CJIOXKHBIM, HO YPE3BBIYANMHO IOJIE3HBI IPUMED BBIYUCJICHUA KOPHS
HEJIMHEHHOTO YPABHEHUIO C MMOMOIIBIO0 METOJA JIEJIEHUST OTPE3KA MOIOJIAM.

[Tycrs ma unrepsase [a; b] umeercs posao 1 kopens ypasuenus f(z) = 0. Suauur,
f(a) u f(b) umeror pasubie 3naku. Vcnosnbsyem sror dbaxr. Haiiném f(c), e ¢ = “7“’.
Eciu f(c) Toro e 3HaKa, uTo u f(a), 3HAIUT KOPEHb PACIIOJNOKEH MEXKLY ¢ U b, HHATe
— Mex/y a U C.

ITycrh Teneph HAUAIO HOBOTO MHTepBasa (6yIb TO @ UK ¢ B 3aBUCUMOCTH OT TOTO,
rJle HaXOJUTCsl KOPeHb) 0003HavYaeTcst a1 (YTO O3HAYAET MOCJe TEPBOH HTeparyn), a
KOHEII, COOTBETCTBEHHO, b1. VICXoHbIe HAYAIO U KOHEI[ TakxKe OyjieM 0003HavYaTh (g
n by s obmEocT. B pesynbraTe HaM yIacThCs CHU3WTH HEONPEIETEHHOCTH TOTO,
IJI€ HAXOJIUTCS KOPEHbB, B JIBA Pasa.

Taxoii IpoIecc MOKHO MOBTOPSATH CKOJILKO YIOAHO Pa3 (Ipu pacdére Ha KOMIIbIO-
Tepe CTOJILKO, CKOJIBKO [O3BOJIAET TOUYHOCTH IIpejcTaBienus nanubix 9BM), mocie-
JIOBATEJIBHO 3ay2Kasi MHTEPBAJ, B KOTOPOM HAXOAUTCsI KOpeHb. OBGBIUHO MPOIece 3a-
KAHYIMBAIOT 110 JOCTUXKEHUU Ha N-Of UTePAIu UHTEPBAIOM |Gy, ; by, BEIMIUHBL MeHee
HEKOTOPOTO 3apaHee 3aJ[aHHOTO £.

Wrak, HamuimeM HporpaMMy JJisi BBIYUCJEHHs] KOPHs HEJMHEHHOro ypaBHEHUsI

flz)=2% -4

from math import *
a = -10
b = 10



8 Inasa 8. ®yHkuun

f@) |

f(®)
fle)

Puc. 8.1. UnmiocTparust K METOMY JeIeHUs OTPE3KA MTOIOJIAM.

while (b-a) > 10*x*x(-10):
c = (a+b)/2
f_a = a*xx2-4
b**x2-4
cx*x2-4
f f_a*xf_c > O:
a = c
else:
b =c
print ((a+b)/2)

o o
I

f
f
i

Ecsu MBI 3aX0THM BBIYUACIUTE KOPEHDb APYToil HeJUHEHHOoM DyHKINNA, HAIIPUMED,
f(x) = 2% + 42 + 4, To IPUASTCS TepeIe/bIBATD BBIPAYKEHNS CPa3y B TPEX CTPOU-
Kax. KakeTcs JIOTMIHBIM BBIJIE/IUTH HAIlle HeJTUHEHHOe ypaBHEHNE B OTJIEIbHBIN OJT0K
nporpamMmmbl. [leperuiiem nporpaMMy ¢ MOMOIIBIO (DYHKIIAN:

from math import *
def funkcija(x):

f = x**%x2+4*xx+4
return f

a = -10

b = 10

while (b-a) > 10**(-10):
c = (a+b)/2
f_a = funkcija(a)
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f_b = funkcija(b)
f_c = funkcija(c)
if f_axf_c > O:
a =c
else:
b =c¢
print ((a+b)/2)

IIporpaMMubBIi KO, ITOAIIPOIPAMMBI OIUCHIBAETCS €/IMHOXK/IBI TIEPEeJT TEJIOM OCHOB-
HOI IIPOrpaMMBbl, 3aT€M M3 OCHOBHOM IPOrpaMMbI MOXKHO UM IIOJIb30BATHCSI MHOI'O-
kparHo. ObpaileHre K 3TOMY MPOrPAMMHOMY KOJY W3 TeJia, OCHOBHOW IIPOrpaMMBbI
OCYIIECTBJISIETCS 110 €r0 UMEHU (MMEHHU MOAIPOrPAMMBI).

Mucrpykmusa def — 9T0 KoMamma s3bIKa MporpamMmMmupoBanus Python, mozBois-
fomas co3naarb GyHKIUo; funkcija — 310 nMst GyHKIME, KOTOpoe (TaK Ke Kak
U UMEHA [EePEMEHHBIX) MOYKET OBITH IMOYTH JIFOOBIM, HO YKEJIATETBHO OCMBICJIEHHBIM.
Tlociie B ckoOKax ImepevyuncssiroTcs mapameTpbl GyHKIUA. FKcaum ux HeT, TO CKOOKU
ocrarorcst mycreiMu. Jlajee maer nBoerodme, 0OO3HAYAIONIEE OKOHUYAHWE 3ar0JIOBKa
dyuknuu (aHAJIOrHYHO ¢ yCaoBUAME U HuKJIaMmu). [locse 3arojioBka ¢ HOBOH CTPOKU
U C OTCTYIIOM CJIEIYIOT BBIpaXKeHUsI Tesja PYHKIUU. B KomHie Tena QyHKINM 00bIT-
HO IIPUCYTCTBYeT MHCTPYKIMS return, mMocjae KOTOPOil UIET 3HAYEHUE UJIU BbIparKe-
HUe, SBJISIOINEecs Pe3yIbTaToM paboThl byHKIMU. VIMEeHHO OHO Oy/eT IOJCTaBIEeHO
B IJIaBHOH (BbI3bIBarOIIEeil) nporpaMme Ha MecTo GyHKIMU. [IpUHATO TOBOPUTD, UTO
byHKIINS «BO3BpAIAECT 3HAYCHUE», B JIAHHOM CJIy9Iae — PE3yJIbTaT BBIYUCJIEHUS BbI-
paskennsi 22 + 42 + 4 B KOHKPETHOI TOUKe x. B IPYrux S3bIKaX HPOrPaMMHPOBAHIA
Takas MHCTPYKIIUS Ha3bIBaeTCd Tak:Ke PYHKIIUEH, a NHCTPYKIUs, KOTOPas HUYEro
HE BO3BpAIllaeT, & TOJbKO IPOU3BOJIUT KaKUe-TO JIefCTBUs, HA3BIBAETCS IIPOIELy-
poii', mampumep:

def procedura(x):
f = x**2+4*xx+4
print (f)

Te ke camble HHCTPYKITUH MOXKHO II€PENncaTh B Buje MYHKINN Bisection, KOTO-
POt IepegaloTcsl JJaHHbIE N3 OCHOBHOI ITPOrPaMMBI, M KOTOPasl BO3BPAIaeTCsl KOPEHb
YPaBHEHUS C 33/IAaHHON TOYHOCTHIO:

from math import *
def function(x):
f = x*%2-4
return £
def Bisection(a, b, e):

1Ha camom mesle HEKAKOTO pasiesenusi Ha (GYHKIME W mponeaypel B Python mer. IIpocro Te
dyHKIHH, B KOTOPBIX BO3BpAIlaeMOe 3HA4YEeHWE HE YKAa3aHO, BO3BPAIAIOT CIIEIUAJIbHOE 3HAaYEeHUe
None. Bosee Toro, marke ecian QyHKIUS KaKOH-TO PE3yIbTAT BO3BPAIAET, BBl MOYKETE €0 IIPOUTHO-
PUPOBATDH ¥ MCHOJIL30BaTh €€ KaK IPOoLeaypy (B 9TOM cilydae OHA, KOHEUHO, JOJIPKHA JeJaTh ITO-TO
[10JIE3HOE KPOME BBIUHCJIEHHs] BO3BPAIAEMOr0 3HAYEHHUSI).
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while (b-a) > e:
c = (a+b)/2

f_a = function(a)
f_b = function(b)
f_c = function(c)
if f_axf_c > O:
a =c
else:
b =c¢
return ((a+b)/2)
A = -10
B = 10

E = 10%x(-15)
print (Bisection(A, B, E))

BriBos nporpammsr:
-2.0000000000000004

B Python pesynbraTrom dyHKIHE MOXKET OBITH TOJIHKO OHO 3Ha4eHue. Ecan Heoo-
XOMMO B KadeCTBE Pe3YyJIbTaTa BbIIATH 3HAYEHHS CPa3y HECKOJbKUX II€DEMEHHBIX,
HCIONB3YIOT KopTexK. IIpogeMoncTpupyeM 9T0, TOMOMHUB MPOrPAMMY BBIUHACIEHHEM
KOJIMYECTBA IIAroB, 38 KOTOPbIE JOCTUTAeTCs 3HAUEHIE KOPHS ¢ 33/ TAHHON TOYHOCTDHIO:

from math import *
def function(x):
f = x*%x2-4
return £
def Bisection(a, b, e):

n =20
while (b-a) > e:
n =n+ 1
c = (a+b)/2
f_a = function(a)
f_b = function(b)
f_c = function(c)
if f_axf_c > O:
a = c¢
else:
b =c¢
return ((a+b)/2, n)
A = -10
B = 10

E = 10**(-15)
print (Bisection(A, B, E))
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B kadecTBe pesyibraTa BBIIACTCS KOPTEXK U3 JIBYX UHUCEJ: 3HAYCHUS KOPHS U KO-
JINYECTBA IIaroB, 3a KOTOPOe ObLIT HAl/IEH 3TOT KOPEHb:

(-2.0000000000000004, 55)

Briparkenust Tesia pyHKIUN BBIIOIHSIOTCS JIAIIb TOTJA, KOI/Ia OHA BBI3HIBAETCS B
OCHOBHOII BeTKe IpOorpaMMbl. Tak, HAIpUMeD, ecau MYHKIUA TPUCYTCTBYET B UCXOJI-
HOM KOJIe, HO HUTJI€ HE BBI3BIBACTCS, TO COJEPKAIINECS B HEll MHCTPYKIIUUA HE Oy/IyT
BBIIIOJIHEHBI HU Pa3y.

8.2 T[lapameTpbl n aprymeHTbl byHKLNA

Yacro dyHKIns ucrosb3yercs st 00pabOTKHU JAHHBIX, [TOJIYY€HHBIX 13 BHEITHEH
JLJIs1 Hee cpelibl (13 OCHOBHOI BeTKu 1porpaMmbl). Jlanubie nepegatorcs byHKIMA IIpU
€€ BBI30BE B CKOOKaxX WM Ha3bIBaIOTCs aprymenTamu. OgHaKo IT0OBI (DYHKIUS MOTJIA
«B3Th» Ilepe/laBaeMble el JJaHHble, HeOOXO/MMO IIPY €€ CO3JAHUK OIKMCATh [apaMeT-
pot (B ckOOKax mocsie uMenu (byHKIMK), [IPEICTABJIMIONuUe coboii mepeMeHHbIe.

IIpumep:

def summa(a,b):

c =a+b

return c
numl = int (input (’BBenure mepsoe uwmcno: ’))
num2 = int (input (’BBemure BTOpOE uYmCno: ’))

summa (numl, num?2)

3rech numl 1 num?2 CyTh apeymenmo, GYHKIUA, @ U b CyTh napamempv, GyHKIHA.

B kadecTtBe aprymMeHTOB MOTYT BBICTYNATH KaK YHCJIOBBIE WM CTPOKOBBIE KOH-
CTaHTBI BpoJie 12.3, -9 mian ’Hello’, TaK U II€epeMeHHbIC NJIN BbhIPpaXkKeHNsI, HaIIpuMep,
a+2%i.

8.2.1 QOO0s3aTenbHble n Heobsi3aTesNbHble aprymeHTbl

AprymenTsl GYHKIUH MOTYT OBITH O0SI3aT€TFHBIMA MJIH HEOOsI3aTeNbHBIMI. [t
BCeX HEoDOsI3aTeIbHBIX apI'yMEHTOB HEOOXOIMMO yKa3aTh 3HAUYEHHUE 10 YMOIIAHHIO.
Paccmorpum hyHKIMIO, BO3BOMSAINIYIO OJMH CBOW IApaAMeTp B CTEIEHb, 3aaHHYIO
JIPYTUM:
def Degree(x, a):

f = x*x*xa
return f

Ecim Mbr ioripobyeM BbI3BATDH 3Ty (DYHKIUIO C OJHUM apryMEHTOM BMECTO JBYX,
MTOJTyIUM OIIHOKY:

»> Degree(3)
Traceback (most recent call last):
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File "<pyshell#4>", line 1, in <module>
Degree(3)
TypeError: Degree() missing 1 required positional argument: ’a’

WNuTepuperaTop HEJOBOJIEH TE€M, YTO MApaMeTpPy ¢ UMEHEM a He COIOCTABUIM HU
oiHOrO 3HavYeHusi. Kcjim Mbl XOTUM, 9TOOBI IO YMOJTIYAHUIO (DYHKIUsI BO3BOJMIA X B
KBaJIPAT, MOYKHO II€PEOIIPEIEUTh €€ CJIEIYIONIUM 00pa3oM:

def Degree(x, a=2):
f = xx*a
return f

Torga mHam BbI30B ¢ OJHUM apryMEHTOM CTAHET KOPPEKTHBIM:

>>> Degree (3)
9

IIpu sTOM MBI HE TepsieM BO3MOXKHOCTh UCIOJIH30BaTh (yHKINIO Degree /1iist BO3-
BEJIEHUS B IIPOU3BOJIBHYIO CTEIIEHb:

>>> Degree (3, 4)
81

B npunnune, Bce mapamerpbl OYHKIMA MOTYT UMETh 3HAYEHUE 10 YMOJIAHUIO,
XOTSI 9aCTO TO JIUIIEHO cMbIcaa. [lapaMerpsl, 3HaYMeHNE IO YMOTIAHUIO JIJIsT KOTO-
PBIX He 33JIaHO, HA3BIBAIOTCS 0043GMeAbHbMU. BaKHO MOMHUTD, 9TO 00A3aTEIbHBIN
mapaMeTp He MOXKET CTOATH IIocje ITapaMeTpa, UMEIONero 3HadeHne 0 YMOJIYaHUIo.
[TonpiTKa HanucaTh GYHKIINIO, HE YIOBJIETBOPSIIOIIYIO 3TOMY TPEOOBAHUIO, IPUBEIET
K CHHTAKCUIECKOU OIHIOKe:

>>> def Degree(x=2, a):
f = x*xa
return f
SyntaxError: non-default argument follows default argument

8.2.2 lImeHoBaHHble apryMeHTbl

BriBaer, uro y byHKIMU MHOTO W OYeHb MHOrO mapameTpoB. Vjm Bbl 3a0bLin
MOPSJIOK, B KOTOPOM OHHU PACIOJIOKEHBI, HO ITOMHUTE WX CMBICJ. 1OT/Ia MOXKHO 00-
paTuThcsa K GYHKIINA, UCIOJIb3Ys MMEHa IapaMeTpOB Kak Kiodu. IlycTs y Hac ecthb
caeaytonas QyHKITA:

def Clothing (Dress, ColorDress, Shoes, ColorShoes):
S = ’Ceropmua a Hageny ’ + ColorDress + 7’ \
+ Dress + ’_,um >+ ColorShoes + ’,’ + Shoes
return S

Tenepb BbI3BOBEM HaITy (byHKLLI/IIO, C apryMeHTaMU He II0 ITOPSAIKY:
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print (Clothing (ColorDress=’kpacuHoe’, Dress=’mimaTbe’,
ColorShoes=’uépuse’, Shoes=’Tydpmu’))

Byner BoiBeneno:

CeromHa f HaleHy KpacHOe IlaTbe M UEpHHE Tydam

Kak Bugmm, pe3ymbTar HOSTydInsIca BEPHBIH, XOTS apryMEHTBI IePEYrnCJIeHbl HE B
TOM TOpPSJIKE, 9TO MPHU OlpejejeHrnn (DYHKIUU. DTO TPOUCXOJUT IIOTOMY, UTO MbI
SBHO yKa3aJIl, KaKue IapaMeTpbl COOTBETCTBYIOT KAaKUM apryMeHTaM.

Cieyer OTMETHTB, YTO YacTO IIPOrpaMMuCThl Ha Python myrator mapamerpsbl
CO 3HAYEHWEM II0 YMOJIYAHUIO W BBI30B (PYHKIUU C MMEHOBAHHBIMHU APTYMEHTAMHU.
DTO MPOUCXOIUT OTTOrO, YTO CHHTAKCUIECKU OHU ILJIOXO PazarnduMbl. OIHAKO BayK-
HO 3HATh, YTO HAJUYME 3HAYEHUS 10 YMOJIYIAHUIO He OOS3BbIBAET BAC HCIIOJIH30BATH
UM ITapaMeTpa Ipu obpalneHny K HeMy. Takyke U OTCYTCTBUE 3HAYEHUS 110 yMOJIYa-
HUIO HE O3HAYAET, UTO K IapaMeTpy HeIb3s obpariarbes mo umenu. Hampumep, mis
onucanHoii Boie dyukiuu Degree Bce CIie/IyloONue BLI30BBI OYIyT KOPPEKTHLIME U
MIPUBEYT K OJIMHAKOBOMY DE3YyJIbTaTy:

>>> Degree (3)

9

>>> Degree (3, 2)

9

>>> Degree (3, a=2)

9

>>> Degree (x=3, a=2)
9

>>> Degree(a=2, x=3)
9

Yero Henmb3s Jies1aTh, TAK 9TO CTABUTH 00s13aTEIbHBIE apPTyMEHTHI TI0C/Ie HeoOs3a-
TeJIbHBIX, €CJIM UMEHA MapaMeTPOB HE YKA3aHbI:

>>> Degree(a=2, 3)
SyntaxError: non-keyword arg after keyword arg

8.2.3 [MpowusBonbHOE KONNYECTBO aprymMeHToB

Wuorma Bo3HUKaeT cuTyarnsi, KOTJa Bbl 3apaHee He 3HAETE, KAKOE KOJIMIECTBO ap-
TYMEHTOB Oy1eT HeoOXOAUMO MPUHATH PYHKIMN. JIs TAKOro CIydast eCTh CHeInaIb-
HBIl CHHTAKCIC: BCe IIapaMeTpPbl 0603HAYAIOTCS OHIM UMeHeM (0OBIYHO MCIOJIb3YeTC sl
UMsl args) U nepeji HUM CTABUTCH 3BE3j104Ka *. Hampumep:

def unknown (*xargs):
for argument in args:
print (argument)
unknown (’4Yro ’, ’mpomcxomuT’, ’77)
unknown ( ’He 3mawn!’)
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BuiBon mporpaMmbr:

Yro

IPOUCXOIUT
?

He 3Hawo!

IIpu sTOM THI 3HAUEHUA args — KOPTEXK, COAEPKAIMAN BCe ITepeJaHHbIe apTyMeH-
TBI 110 TIOPSAIKY.

8.3 JlokanbHble u rnobanbHble NepemMeHHble

Ecsn 3anucares B IDLE npusenéunyro HiKe (OYHKIMIO, U 3aTEM TOIIPOOOBATH BbI-
BECTH 3HAYEHUS IEPEMEHHBIX, TO OOHAPYKUTCS, YTO HEKOTOPBIE U3 HUX TIOYEMY-TO HE
CYIIIECTBYIOT:

>>> def mathem(a, b):

a = a/2
b = b+10
print (a+b)
>>> numl = 100
>>> num2 = 12
>>> mathem (numl, num?2)
72.0
>>> numl
>>>100
>>> num?2
12
>>> a

Traceback (most recent call last):

File "<pyshell#10>", line 1, in <module>
a

NameError: name ’a’ is not defined

>>> b

Traceback (most recent call last):

File "<pyshell#11>", line 1, in <module>
b

NameError: name ’b’ is not defined

>>>

IIepemennbpre numl 1 num2 He U3MEHWIM CBOUX [TE€PBOHAYAILHBIX 3HaUeHHi. Jlemo B
TOM, ITO B PYHKIIHIO TIEpPeIAlOTCsI Konnu 3Hadennii. [Iperkune 3naderns n3 OCHOBHOM
BETKH IPOTrPAMMBbI OCTAJNCH CBA3aHHBI C UX IT€PEMEHHBIMU.

A BoT mepeMeHHBIX a U b, OKa3blBaeTCs, HeT U B noMuHe (omubka name b’ is
not defined mepeBoJUTCsI KaK "mepemenzas b He ompezesexa"). DTU IEPEMEHHBIE CY-
MECTBYIOT JIMINIb B MOMEHT BBIIIOJIHEHNS (DYHKIIMA U HA3BIBAIOTCI AO0KAALHOIMU. B
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NIPOTUBOBEC UM, IIepeMeHHble numl ¥ num2 BUIHBI He TOJIBLKO BO BHEIIHEH BeTKe, HO U
BHYTpU DyHKIUN:

>>> def mathem2 ():
print (numl+num?2)

>>> mathem2 ()

112

>>>

[Tepemennble, ompeie/IEHHBIE B OCHOBHOI BETKE IMPOIPAMMBI, SIBJISAIOTCS 2400045~
nomu. Mtax, B Python nBe 6a30BbIx 00/1aCTH BUIUMOCTH TT€PEMEHHBIX:

1. rnobGasbHBIE IEPEMEHHDIE,
2. JIOKaJIbHBbIE TIepEMEHHBIE.

IIepemennbie, 00bsABIECHHBIE BHYTPH Tesa (DYHKINNA, TMEIOT JIOKAJBHYIO 00JIaCTh
BUJIUMOCTH, T€, UITO OOBABJIEHBI BHE KAKOW-TMO0 (PYHKIUU, UMEIOT TJI00AJIBHYIO 00-
JIACTh BUJMMOCTH. DTO O3HAYAET, YTO JOCTYIl K JIOKAJBbHBIM IEPEMEHHBIM KUMEIOT
TOJIBKO Te (DYHKIMM, B KOTOPBIX OHU OBLIN OOBSBIIEHBI, B TO BpeMsl KaK JIOCTYII K
100aJIbHBIM [TEPEMEHHBIM MOXKHO IIOJIyIUTh 10 BCEl IIpOrpaMme B JI000it hyHKIIH.

Hampumep:

Place = ’Conmevnas cucteMa’ # [nobanbHasd IepeMeHHas
def global_Position():

print (Place)
def local_Position():

Place = ’3emna’ # JlokanbHas IepeMeHHas

print (Place)
S = input ()
if S == ’cucrema’:

global_Position ()
else:

local_Position ()

BriBog mporpaMMbl Ipu JABYX TIOCJIE/IOBATEIBHBIX 3AITYCKAX:

cucTeMa

ConmHeyHasa cucTeMa

>>>

=========== RESTART: /home/paelius/Python/1.py ===========
mIaHeTa

3eMisa

Baxno moMHUTD, 9TO A1 TOrO 4TOOBI MOIYYUTH JOCTYI K [JI00AIbHOI I1epeMeH-
HOI HA YTEHUe, JOCTATOYHO JIMIIb yKa3aTh e uMs. OHAKO eCcyIu mepe; HaMU CTOUT
3a/1a1a U3MEHHUTD TVIODAJBHYIO ITePEMEHHYIO BHYTPU (DYHKIINH, HEOOXOTUMO UCIIOTb-
30BaTh KJIIO4YEBOE cI0BO global. Hampumep:



16 [naBa 8. ®PyHkuunm

Number = 10

def change ():
global Number
Number = 20

print (Number)

change ()

print (Number)

BriBos nporpammsr:

10
20

Ecsn 3a6b1Th HanmcaTh cTpouky global Number, TO HHTEPIIPETATOP BBILJIACT CJie-
Jyroree:

10
10

8.4 [lporpammupoBaHue cBepxy BHU3

Bpsig sin cromio ObI yieasaTh MHOTO BHUMAHUS (DYHKIUSIM, €CJIu Obl 33 HUMH He
CKPBIBAJINCH Ba)KHbIE M OCHOBOIIOJIATAIONINE HIeN. B 1eiicTBUTEIbHOCTH, (DYHKIII
OKa3BIBAIOT PEIAIOIIee BINSHUE HA CTU/Ib U Ka9eCTBO paboThl mporpammucTta. OyHk-
sl — 9TO HE TOJBKO CIOCOD COKPAIIEHUsI TEKCTa, HO 4TO O0jiee BayKHO, CPEICTBO
Pa3JIoXKeHNsl IIPOrpaMMbl Ha JIOTUYECKU CBS3aHHBIE, 3aMKHYTble KOMIIOHEHTHI, OIIpe-
JeJISIoNIne e€ CTPYKTYPY.

ITpeacrasbre cebe mporpammy, cogepzaiiyio, Hanpumep, 1000 crpok koma (1o
em@é oueHb MasieHbKas mporpamma). OGO3peTh TaKoe KOJMYECTBO CTPOK W IIOHSATH,
YTO JieJIaeT IIPorpaMma, ObLIO ObI IPAKTHIECKH HEBO3MOXKHO 6€3 (DyHKITHIA.

Bouibimme mporpamMMbl CTPOSITCS METOIOM TOCIEI0BATEIbHBIX yTouHenuit. Ha mep-
BOM JTalle BHUMaHue 00paIeHo Ha IJ100ajIbHbIE IIPOOJIEMBI, U B TIEPBOM SCKU3HOM IIPO-
€KTe YIIYCKAIOTCs U3 BULy MHOTHE jieTasin. [1o Mepe poaBrKeHMs IIPOIecca CO3TaHIS
IpOrpaMMBbl IJI00aJIbHBIE 33JIa9l Pa30MBAIOTCS Ha, HEKOTOPOE YHCJIO Hoj3aiad. e, B
CBOIO 0Yepe/ib, HA OojIee MeJIKIe TOI3a/1a91 U T.]1I., TOKA PEIlaTh KaXK/IYIO IMOI3aJaTy
HE CTaHeT JOCTATOYHO MPOCTO. Takas TeKOMIIO3UIUS U OTHOBPEMEHHA JIeTaTN3AIINS
[IPOTPAMMBI HA3BIBAETCH HUCTOOAWUM MEMOJOM TPOrPAMMUPOBAHUS WU NPO2PAM-
MUPOBAHUEM CEEPTY BHUS.

Komnrmenmusa dynknmit mo3BoJisieT BBIIEIUTh OTIAEIbHYIO OA33a1y KaK OTIe/Ib-
HyI0 nojfuporpamMmy. Torga Ha KaKJOM 3dTale MOXKHO IPHIAYyMaTh uMeHa (QyHKIui
JIISI TI0/I33/1aY, BIIMCHIBATD B Pa37esl OMUCAHUI WX 3ar0JIOBKU U, €MIé He JI00aBJIsAs K
HUM TeJI0 PYHKIUHU, YKe UCIOJIb30BATh UX BBI30BBI Jjisl CO3JAHMS KapKaca IIPOrpaM-
MBI TaK, OYIATO OHU y’Ke HAIMCAHBI.

Hampumep, Ha YUCIEHHBIX METOJIaX CTYJIEHTHI PENIaioT 33/ady CPaBHEHUs JIBYX
METO/JIOB MOUCKA KOPHS YPABHEHUS: YK€ PACIUCAHHOTO BBIIIE METOJIA JICJICHUS OTPE3-
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Ka nonojaMm u Merona Hporona. HeobxonmMo noHSTH, Kakoit U3 METOJI0B ObICTpee
CXOIUTCA K KOPHIO € 33JIaHHOI TOYHOCTBIO.

Konrnenmus nporpaMMupoBaHUs «CBEPXY BHHU3» IIPEIYCMATPUBAET, 9TO BHAYAJIE
CTYIEHTBI HAIMIIYT «CKeJIET» IIPOrPAMMBI, & yKe IIOTOM HAaJYHYyT pa3sOMparThbes, Kak
Kakas GYHKIMS QYyHKIIMOHUPYET B OTJI€ILHOCTH:

def Function(X) #Hame HenuHeliHoe ypaBHeHUe

def Newton(a, b, E) #MeTon HepoToHA

def Bisection(a, b, E) #MeTozn LeleHWs OTpe3Ka IOIOJAM

A =7

B =7

E =7

Bisection(A, B, E) #Bn30B QyHKUUE MeTOZA IEJIEHWS OTPE3Ka IIONOJaM#
Newton (A, B, E) #BusoB ¢ymruun MeToma HewToHa #

Kakne unMeHHO WHCTPYKIMEM OY/yT BBINOJHITHCA (QYHKIUIMUA Bisection wu
Newton ITOKa He CKa3aHO, HO YK€ M3BECTHO, YTO OHU IIPUHUMAIOT Ha BXOJ M UTO JOJIXK-
HBI BO3BPAIATh. JTO CJIEAYIONIUI ITAIl HAIIMCAHUS TPOrpaMMbl. [IoToOM HaM U3BECTHO,
9TO HaIlle HeJIMHEHHOe ypaBHEHUE, KOPEHb KOTOPOTO HEOOXOINMO HANUTH, YKEJIATEeIb-
HO 0OPMHUTH B BUIE OTAeabHON dyHKinn. Tax mossiasercs ¢ynkimsa Function,
KOTOpas OyIeT BbI3BIBATHLCS BHYTpHU pyHKIHI Bisection u Newton.

Korma kapkac co3man, octaércs ToIbKO HammcaTh Teja dyakmuiit. [Ipenmytiectso
TAKOr'0O TOJXO0/Ia B TOM, YTO, CO3/IaBas TEJIO KaXKI0i n3 DbyHKINIT, MOXKHO HE JIyMaTh 00
OCTAJIbHBIX (DYHKINSX, COCPEJOTOYNBINNUCH HA ONHON nozazasade. Kpome Toro, Korma
KaxKjiast U3 PYHKIMI IMeeT OHSATHBIN CMBIC/I, TOPa3J10 Jierde, B3TJIsIHYB Ha IIPOrpaM-
My, IOHSATE, YTO OHA JeJaeT. DTO B CBOIO OYEpPeb MO3BOJUT: (&) JIOIMYCKATH MEHbBIIE
Jorngeckux omubok u (6) OpraHu30BaTh COBMECTHYIO PA0OTY HECKOJILKUX IIPOIPaM-
MECTOB HaJl OOJIBINOI IPOrpaMMOii.

BazkHOi1 ujeeil mpu TaKOM IIO/IX0/1€ CTAHOBUTCS MCIIOJIb30BAHNE JIOKAJIBHBIX I1€pPe-
MEHHBIX. B 1y100a/IbHYI0 TIEpEeMEeHHY0 MOXKHO OBLIO OBl 3ammmcaTb pe3yJibTar padoThl
dyHKIINA, OTHAKO 9TO OyIET CTHUIUCTUIECKON omubKoil. Bech oOMen muabopmarueit
dyHKIINS T0/KHA BECTU UCKJIIOYNTEHHO Yepe3 mapaMerpbl. Takoil moaxo 1 mo3BoJs-
eT cJesIaTh pelleHne KaXK 0 10/[3a/1a91 MaKCUMAaJIbHO HE3ABUCHMBIM OT OCTAJIbHBIX
10J133,/124, YIIPOIIAeT W yIOPSI0YNBAET CTPYKTYPY MPOrPaAMMBIL.

8.5 PekypcuBHbIi BbI30B (hyHKLUM

Pekypcusi B mporpaMMUpOBaHMKM — 3TO BBI30B (DYHKIMK U3 HEE Ke caMoil Hero-
cpesicTBEeHHO (mpocTasi peKypcust) wid depes3 japyrue pyHkuuu (CJoxKHAg WX KOC-
BeHHas PeKypcus), Hanpumep, dbyHkimsa A Bbi3biBaer GyHKIUO B, a dyHnkius B —
dyuknuo A. KorniecTBo BI0YXKEHHBIX BEI30BOB (DYHKITUHU WX IIPOIIE/LY PhI HA3BIBAETCS
rnyOuHO pekypcun. PekypcuBHas mporpamMma MO3BOJISET OIHMCATH HOBTOPSAIONIEECs
W JaXKe MOTEHIINAIHLHO OECKOHEYHOE BBIMHUC/ICHUE, TPUIEM 0€3 SIBHBIX ITOBTOPEHU
gacTeil IpOorpaMMbl U UCIOJIb30BaHUS ITUKJIOB.
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[Tpuniun paboTbl peKypCcUBHOI (byHKIUU ya00Hee Bcero OObsICHSTH Ha IIpUMe-
pe marpémek (puc. 8.2). Ilycrh ecTh HaGOp HepacKpalleHHbIX MaTpémek. HyKHo
y3HATH, B KAKUE I[BETa MOKPACUTDH caMyfo O0JIbIyio MaTpemKy. [Ipu sTom packparie-
Ha TOJIBKO caMasi MaJeHbKasi MaTPEITKa, KOTOpas He pacKkpbiBaercsd. Heobxoanmo mo-
CJIeZI0BATEJILHO PACKPBIBATH MATPEIIKH, [TOKa HE JTOMAEM JI0 TOi, KOTOPYIO PACKPHITH
HE TIOJIy9aeTCs — 3TO PacKpallleHHas MaTpénka. /lamee MOKHO pacKpalnBaTh KazK-
JIYIO CJIEJTYIOINLY IO MATPEINKY 110 BO3PACTAHUIO, JIeP2Ka [epet COO0I0 IPEIbIYIIYIO KaK
IpUMep U 3aTeM BKJIAJIBIBATH BCe MEHBINNE, PACKPAIIeHHbIE PaHee, BO BHOBb PAcKpa-
MIEHHYTO.

Ot MaTpéIreKk MOYXKHO MEpPEefTH K KJIACCUYIECKOMY TPUMEPY PEKYPCHH, KOTOPBIM
MOYKET TOCJIY2KUTH (DYHKIIUS BBIYUCTECHUS (haKTOPHAJIA, TUCTIA:

def fact (num):

if num == O0:
return 1
else:
return num * fact(num - 1)
n = int (input ( ’BBegsuTe umcmo ’))

print (fact(n))

CTpyKTypHO peKypcuBHasi (GYHKIMS HA BEpPXHEM YDPOBHE BCEIJIa IIPEJICTABJISIET
cofboit KOMaH Iy BeTBJIeHNs (BBIOOD OJIHOM M3 NBYX WM 0OJiee AJbTePHATHB B 3aBHCH-
MOCTH OT YCJIOBHsI (yCJIOBHUiT), KOTOPOE B JIAHHOM CJIydae yMECTHO Ha3BATh «yCJIOBHEM
[IpEKPAIEHUsT PEKyPCUn», UMEIOIIe JiBe min 0ojiee ajbTepHATUBHbBIE BETBHU, U3 KO-
TOPBIX XOTsI ObI OFHA SBJSIETCS PEKYPCUBHON U XOTS OBl OHA — MEPMUHAALHOU.

B BoimenpuBeiéHHBIX TPUMEPAX C MATPEIIKAME U C BBIYUCJIEHHEM (aKTOPHUAIIA
YCJIOBUSI «€CJIM MAaTPEIIKA He pacKpbiBaeTcsdy» M if num==0 gBJAIOTCH KOMaHIAMHU
BETBJIEHNUs], BeTBb return 1 (miam camasi MajleHbKasl PACKDAIIEHHAsl MATPEIIKa) siB-
JIAETCsl TEPMUHAJIBHON, a BeTBb return num*fact (num-1) (mocreneHHoe pacKpariu-
BaHUe M 3aKPBIBAHUE MATPEIIEK) — PeKYPCUGHo.

PekypcuBnasi BeTBb BBITIOJIHSAETCS, KOT/Ia YCJIOBUE ITPEKPAIEHUS PEKYPCUU JIOXK-
HO, U COJIEPYKUT XOTs ObI OMMH PEKYPCUBHBII BHI30B — MPIMOl NN OIOCPEIOBAHHBIN
BBI3OB (pyHKIMell camoii cebs. TepMmuHaibHAs BETBb BBIIOJHAETCH, KOIJIa YCJIOBUE
[IpEKPAIEHUs PEKYPCUU UCTHHHO; OHA BO3BPAIAET HEKOTOPOE 3HAMEHUE, HE BBIIOJ-
Hslsl PEKYPCUBHOI'O BbI30Ba. IIpaBmiibHO HalmcanHasi peKypcuBHasE QYHKIS JTOJZKHA
rapaHTHPOBATH, YTO YePe3 KOHEUHOE UNCJIO PEKYPCUBHBIX BBI30BOB OYIET JOCTUTHYTO
BBIIIOJIHEHUE yCJIOBUS IIPEKPAIIEHNs PEKYPCUH, B PE3YJIBTATE Y€ro IENOYKa HOCIe0-
BaTEeJIbHBIX PEKYPCUBHBIX BBI30BOB IIPEPBETCS U BBIIIOJIHUTCS BO3BPAT.

[ToMumMo pyHKIIMIA, BBIIOJHSIONUX OJUH PEKYPCUBHBIN BBI30B B KaXKJOW PEKyp-
CHUBHOHI BETBH, OBIBAIOT CJIydYal <«IIapaJjilesbHOM PeKypCcum», KOrjia Ha OJHON PeKyp-
CUBHOIl BETBHU JieJIaeTCs [Ba WU 0Ojiee PEKypCHBHBIX BbI30Ba. [lapaJutesbrasi pe-
KypCcus THIHYIHA IPH 00pabOTKe CJIOXKHBIX CTPYKTYDP JIAHHBIX, TAKUX KAaK JIEPEBbS.
[Ipocreiinuit mpumMep mapaIe bHO-PEKYPCUBHON (DYHKINN — BhIaucaeHue psiga Ou-
GoHAYYH, TJIe JIJIS IOy YeHNs] 3HAYEHHsI N-T0 WIEHA HEOOXOMMO BBIYUCIUTD (1 — 1)-i
u (n— 2)-it:
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Puc. 8.2. Harrsimnoe nipejicraBiieHre IpUHINIA PAbOThI PEKYPCUBHON (DYHKIUH.
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def fib(n):
if n<3:
return 1
return fib(n-1) + fib(n-2)
n = int (input (’BBemure wmcio: ’))

print (fib (10))

Peanuzarusa pekypcuBHBIX BHI30BOB (DYHKITUI B TPAKTUIECKH TPUMEHSIEMBIX 3bI-
KaX U cpejax IporpaMMUPOBaHUs, KaK MIPABUJIO, OITMPAETCA Ha MEXaHU3M CTEKa BbI-
30BOB — aJ[pec BO3BpaTa U JIOKAJIbHbBIE TlepeMeHHbIe (DYHKINY 3aIllUChIBAIOTCS B CTEK,
Gsrarozapst UeMy KaK/IbIil CJIe/IyIONuil PEKyPCUBHBIN BBI30B 3TOi (DYHKINU MOJIB3Y-
eTCsl CBOMM HaDOPOM JIOKAJIBHBIX MMEPEMEHHBIX W 38 CIET 3TOr0 paboTaeT KOPPEKTHO.
OG6OpOTHOI CTOPOHOI 3TOr0 JOBOJIBHO IIPOCTOrO II0 CTPYKTYPE MEXaHU3MA SIBJISA€TCS
TO, UTO Ha KaXKJbIil PEKYPCUBHBIN BLI30B TPeOyeTCsT HEKOTOPOE KOJMYIECTBO OTepa-
TUBHOU MMaMATU KOMITBIOTEPA, U IPU IPE3MEPHO OOJIBIION IIyOUHe PEeKYypPCHU MOXKET
HACTYIHUTD MEPETOJTHEHNE CTEKa BHI30BOB.

Bormpoc o xkejraTeIbHOCTH MCIIOIB30BAHUST PEKYPCUBHBIX (DYHKIWI B TPOrPAMMU-
POBaHWY HEOHO3HAYEH: C OJIHOM CTOPOHBI, pEKypCuBHAs (HOpPMa MOXKET OBITh CTPYK-
TYPHO TIPOITE W HATIJISIHEE, B OCOOEHHOCTH, KOT/A CaM PEeAJTU3YEeMbI aJrOpUTM, IO
cyTH, pekypcuBeH. Kpome TOro, B HEKOTOPBIX JIEK/JIAPATUBHBIX WU IUCTO (PYHKITU-
OHAJIbHBIX s3bIKax (Takux, Kak IIposor mim Haskell) npocTo HeT cHHTaKCHIECKHX
CPEJICTB JIJIsI OPTaHU3AIIUN ITUKJIOB, U PEKYPCUS B HUX — €IMHCTBEHHBIN JIOCTYITHBIH
MEXaHU3M OPraHU3AIUU MOBTOPSIOMMXCH BhIaucaennii. C Apyroit CTOPOHBI, OOBITHO
PEKOMEeH IyeTcsl u30eraTh PEKYPCUBHBIX IPOIPAMM, KOTOPBIE IPUBOIAT (MJIH B HEKOTO-
PBIX YCJIOBHUSAX MOT'YT [IPUBOJUTH) K CIMIIKOM GOJIbIIOf rirybune pekypeun. Tax, mm-
POKO PacIpOCTPAHEHHBIN B yIeOHOM JUTEpaType MpUMEP PEKYPCUBHOTO BBIMUCICHUS
daxkTopuaJia SBJIAETCs, CKOpee, IPUMEPOM TOr0, KaK He HaJIO MIPUMEHITH PEKYPCHUIO,
TaK KaK MPUBOJUT K JOCTATOYHO OOJIBINION riiyOMHE PEKYyPCHH U UMEET OYEBUIHYIO
peau3aImio B BUIE OOBITHOTO IUKINIECKOTO aJITOPUTMA.

8.6 [lpumepbl peweHus 3apaHuni

IIpumep 3amaum 32 Hanuwume GUHKUUI0, 8BLUUCAAIOWYIO 3HAMEHUS IKCNO-
HEHMBL NO peryppernmuot, hopmyane e =1+ x + %? + g—? + - = ZZO:O % Pe-
aAu3ylime KOHMPOAL TMOUWHOCTNAU 8HIMUCALHUT € NOMOULBLIO OOTONHUMENLHO20
NAPAMEMPA € CO FHAMEHUEM NO YMOALAHUI0 (caedyem 0CmaHO8UMb 8blUUCAe-
HUA, K020a ouepedroe mpubiusicerue 6Gydem OmMAUMAMBLCEA 0M NPedvbldYu,e20
Meree, wem na 10710),

Peanusytime 6b308 dynruuu, padauiHbimu cnocodbamu:

e ¢ 0O0HUM MNO3ULUOHHBLLM Napamempom (npu amom Gydem Uucnosb3osaHo
SHOMEHUE MO YMOALAHUIN ) ;

e ¢ 08YMsA NOSULUOHHBLMU Napamempamy, (3narerue mownocmu 6ydem ne-
pedano Kak 6mopoti apymerm);
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o nepeaae 3HAUEHUL KAK UMEHOSAHHDBLU napamemnp.

Penienne zanaun 32

def EXPONENTA (x, eps=10**(-10)):
ex = 1 # 6ymymuit pesynbTaTr
dx = x # mnpupameHHe

i = 2 # HOMep IpUpaleHus
while abs(dx)>eps:
ex = ex + dx
dx = dx * x / i
i=1+1

return ex
#0cHOBHasa mporpamMMa
A = float (input (’BBesuTe mokasaTenb 3KCIOHEHTH: ’))
print (EXPONENTA (A))
print (EXPONENTA (A, 10%%(-4)))
print (EXPONENTA(x = A)

IIpumep 3agauu 33 Clenatime us Gyrrkuuu npouedypy (8MECO MO20, WMO-
OBl BEPHYMDB PE3YABMAT C NOMOULLIO ONEPAMOPA, Teturn, 6bieedume e20 6HYM-

pu PYHKUUU ¢ NomMoublo HyHkuuw print).

Pemnenue zagaun 33

def EXPONENTA (x, eps=10**(-10)):
ex = 1 # 6ymymumit pe3ynbTaT
dx = x # mnpupamenue

i = 2 # HoOMep IpHpaleHUd
while abs (dx)>eps:
ex = ex + dx
dx = dx * x / i
i=1+1

print (ex)
#0cHOBHas mporpaMMa
A = float (input (’BBemuTe moxasaTenb SKCIOHEHTH: ’))

EXPONENTA (A)

8.7 3apaHusa Ha dyHKUUN

Baganme 31 Bumoanamo odno sadarue ¢ Homepom (n — 1)%m + 1, 20e n —
HOMEDP 8 CNUCKE 2PYNNbL, 4 1M — HUCA0 30001 6 3a0AHU.
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Hamumure GyHKINO, BBIYUCISIONIYIO 3HAYEHNUST OMHON U3 CJIEYIOIINX CIIeIAA b
HBIX (DYHKIUH 10 peKyppeHTHON dopmyste. Peamu3yiiTe KOHTPOIb TOYHOCTH BBIUMC-
JICHU{H C TIOMOIIBIO JOIOJHUTEIHHOIO IAPAMETPA € CO 3HAYEHUEM [0 yMOJIYAHUIO (Ce-
JIyeT OCTAHOBUTH BBIYMCJIEHUsI, KOTJA OUYepPEeIHOe IPUOINKeHNe OyIeT OTJINIaThCs OT
npepLIyTero Menee, uem ua 10710). Peanmsyiite BbI30B (hyHKIUN Pa3IMTaHBLIMI CIIO-
cobamu:

® C OJ[HAM IO3UIIMOHHBIM IIAPAMETPOM (IIPH STOM Oy/IeT MCIOJIB30BAHO 3HAYCHUE
[0 yMOJIYAHHUIO);

e C JByMs [O3WIMOHHBIMU IIapaMeTpaMu (3HaueHue TOYHOCTU OyJer IepesaHo
Kak BTOPOii apryMeHr);

® Jiepe/laB 3HaYCHHNE KaK NMEHOBaHHBIIT IIapaMeTp.

Caenaiite u3 dbyHkiuu uporeaypy (BMecTo TOro, 4robbl BEPHYTH DE3YyJIbTaT C
MTOMOIIIBIO OITepaTopa return, BHIBEJIUTE €ro BHYTPU (DYHKIINU C MMOMOIIBIO (OyHKIIH
print).

1. Kocunyc cos(z) =1 — xz—f + % — = EZO:O(—l)"%. DopmyJia XOpoIro pa-
6oTaer s —27 < x < 27, MOCKOJIbKY TOJIyUIeHa pa3JsioyKeHneM B psan Teitopa
BO3Jie HOJIsL. JIJId IPOYMX 3HAYEHUIl T CJIeyeT BOCIOJIB30BATHCH CBOHCTBAMU
NEepPUOAMIHOCTH KocuHyca: cos(x) = cos(2 + 27n), rie n ecTh J060e TesI0€e
quciio, Torga cos(x) = cos(x%(2*math.pi)). s mpoBEepKHU HUCIIOJIB30BaTh
dyukiuio math. cos(x).

. 3 5 0o 2n+41

2. Cmmyc sin(z) = — 57 + & + -+ = ano(—l)"m. Dopmysia XOpOIIo pa-
Goraer Jyist —27m < x < 27, IIOCKOJIBKY IIOJIydeHa pasJsioxkenueM B psj Teiopa
BO3JIe HOJIsI. [IJIst MpoYmx 3HAYEHUiT Z clleyeT BOCIOIb30BAThCsI CBONCTBAMU T1e-
PHOJMYIHOCTH KOcHHYyca: sin(z) = sin(2 + 27n), e n ecTsb Jar060e 1eJ10€e IUCIIO,
Torga sin(x) = sin(x%(2*math.pi)). st mpoBepku MCIOIB30BATH (DYHKITHIO
math.sin(x).

3. T'unepbosmyeckuit kocunyc ch(z) = 1+ %T + % +o =30 % s mpo-
BEPKHM HCII0JIb30BaTh (PyHKIMIO math.cosh(x).

4. T'unepbosmmdecknii KOCHHYC 1O (DOPMYJIe JJisi IKCIOHEHTBI, OCTABJIsIS TOJBKO
cjlaraeMble ¢ 9ETHBIME 1. [[71s MPOBEPKU UCIIOJIB30BaTh (byHKINIO math . cosh (x).

5. Tunepbosmyeckuii cunyc sh(zx) = = + %? + “g—? +oe=30 % s mpo-

BEPKHU UCIIOIb30BaTh (hyHKIMIO math.sinh(x).

6. ['untepbostmaeckuit cunyc 1mo hopMyJsie st SKCIIOHEHTDI, OCTABJISIS TOJIBKO CJIa-
raemble ¢ Hed€THbIMU 1. J[J1si MpOBepKU UCIOJIb30BaTh (pyHKINIO math. sinh (x).
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7. Harypansubiit jorapudm (dbopmyna padoraer npu 0 < x < 2):

(x—1)?2  (@-1? (z-1) oy (2= D)"

In(z) =(z —1) — 5+ T +...:Z(,1) T
n=1

Yrobel HajiTu sorapudm st & > 2, HEOOXOAMMO IIPEJICTABUTH €ro B BUJIE
In(z) = In(y - 2P) = pIn(2) + In(y), tme y < 2, a p HATYpasbHOE YuCT0. TOOBI
HAUTH P U Y, Hy?KHO B IIUKJIE JIGJIATD & HA 2 JI0 TEX HOP, HOKA PE3YIbTAT GOJIbIIe
2. Korza ouepesHoii pe3y/ibTar JeIeHusl CTAHeT MEHbINe 2, STOT Pe3y/braTl K
€CThb Y, a IMCJIO JIEJIeHUH, 38 KOTOPOe OH JOCTUTHYT — 370 p. Jljisi IpoBepKn
HCIOJIb30BaTh QyHKIMO math.log(x).

8. Tamma-byukuus I'(z) mo dopmyse Ditrepa:

I'(z) =

142

7 e

8=

n=1

Dopmyia cupasegmsa gist x ¢ {0, —1,—2, ... }. ljis 1pOBEPKH MOYKHO HCIIOJIb-
30BaTh math.gamma (x). Takske, mockonbky I'(x + 1) = 2! jyia HATYpAJBHBIX T,
TO JIjIsl IPOBEPKU MOYKHO HCIIOJIb30BaTh (MbyHKIMIO math.factorial (x).

9. Oyukmus omnbOK, TAKXKe M3BECTHAS KAK MHTErPAJI OIMINO0K, NHTErpaJjl BEPOAT-
HOoCTH, Wi (pyHKIMs Jlamaca:

n 2

2 T 2 — x —x
erf(z) = — e Vdt = — — || —
= e 25 T
g mpoBepKU UCHOJBb30BaTh PYHKINIO scipy.special.erf (x).

10. HomomuuresnbHast QyHKIUS OMIAOOK:

— | —er x:l ooe—t2 _ _ nﬂ
erte(a) = 1 —eri(@) = — [ e e = S (cay g

JL71st IpOBEPKH MCHOIB30BaTh (DyHKIUIO scipy.special.erf (x).

Samanne 32 (Tannpr) 3adarus 8bNOAHATME 8CE TO NOPAOKY.

CocraBbre (DYHKIMIO, KOTOpas IO MMEIOIUMCsT UMEHaM JIEBOYEK U MaJIBINKOB
clieJlaeT TaHIeBaJbHbIE IaphI JIEBOYKa~MaJBINK TaK, YTO KaXK/bIil TAHIIOP y49aCTBYeT
TOJILKO B OJ[HOI mape. Kcim MabIuKoB miIn IeBOYEK OKarXKeTCsi OOJIbIlle, KTO-TO U3
HUX OCTaHeTcs Oe3 mapbl. BhIlosiHUTEe OUH M3 BAPHAHTOB, BADUAHTHI PA3IMIAIOTCS
TeM, KaK IPEeJICTABJICHBI UCXO/IHbIE JTaHHbIe. JlamHo:

1. mBa (aiina ¢ uMeHAMU B CTOJIOUK: OJIMH — MaJIbYUKOB, JIPYTOil — JIEBOYEK;
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OnH (banI UMEH B CTOJI6I/IK7 Ha HepBOfI CTPOKE HallMCaHO YHCJ/IO MaJIbYUKOB,
BC€ NMCHA MAaJIBIYIMKOB CTOAT B HaYaJIe CIIICKa,

onuH ailyi UMEH B CTOJIOWK, HA TEPBOI CTPOKE HAIKCAHO YUCJIO JEBOYEK, BCE
nMeHa JIeBOYEK CTOAT B KOHIIE CIIUCKA;

onuu baill, HAMMCAHHBIN B /IBa CTOJIONA depe3 mpobest: cHavda a uMs PeOEHKA,
OTOM OYKBa «M» JIJISI MAJIBIMKOB MU «XK» JIJIsI JIEBOYEK;

onuH aiiyi, HAIMMCAHHBIN B JIBa CTOJIONA depe3 mpobes: Ha MEePBO CTPOKE Ha-
[MCAH 3ar0JIOBOK B BUJIE JIBYX CJIOB: «MAJBINKU» U «JIE€BOUKHU» (3apaHee HEM3-
BECTHO, KAKON CTOJIGEI IepBBbIii), Jajee B OJHOM CTOJIONE MMEeHA MAJIBINKOB,
BO BTOpoM — geBoduek. OuH U3 CTOJIONOB MOXKET OBITh JIJIMHHEE JIPYTOoro, TO-
@ B HECKOJBKUX MOCTIETHAX CTPOUKaX OYIET TOJIBLKO IO OJHOMY MMEHHU, ITPH
9TOM €CJIU IIEPBBIi CTOJIOEI JJIMHHEE, TO OH HAYNHAETCH C HadaJia CTPOKH, €CJII
BTOPOIi, TO EPBBIM CUMBOJIOM IIEPE]] UMEHEM CTOHUT IIPOOEJI.

IIpoBepbre paboTy DyHKIMKM HA PA3HBIX IPUMEPAX:

KOI'JIa MaJIbYUKOB U JIEBOYEK ITIOPOBHY,
KOTJ[a MAJIBIUKOB DOJIbINE, YeM JIeBOYEK, U HA0DOPOT,
KOTJIa, €CTh POBHO 1 MaJIGYUK WX POBHO 1 JI€BOYKA,

KOT/Ia JTN00 MAJILIMKOB, JIMOO JTeBOYEK HET BOBCE.

Moaundurupyiite QyHKINO TaK, ITOOBI OHA TPUHUMAJIA BTOPOU HEOOS3aTeIbHBIH
rnapamMeTp — CIIMCOK y?Ke COCTABJIEHHBIX AP, YIACTHUKOB KOTOPBIX JIJIsI COCTABJICHUS
ITap UCIOJIb30BaTh HEJIb341. B Ka4deCTBe 3HaAY€HUA 110 YMOJTIaHUIO JIJIfd 9TOr0 apryMeHnTa
HCIoIb3yiiTe mycToii cucok. Ilposeprre pabory (yHKIUN, 06paTUBIINCH K Heil:

Kak 1 paHee (C OJHUM apryMeHTOM), B 9TOM CJIy4ae Pe3yJIbTaT J0JIZKEH COBIIACTD
C paHee IOJIy4YeHHBIM;

IepeJiaB BCe apryMeHTHI IO3UIMOHHO 0e3 NMEH;
[epeIaB IOC/IeTHAN apryMeHT (CIIMCOK Y2Ke COCTABJIEHHBIX 11ap) [0 UMEHH;

repejiaB Bce apr'yMeHThI 110 UMEHU B IIPOMU3BOJIBHOM IIOPSIJIKE.

Sananue 33 (Coszmanue coucKoB) 3a0aHUA ELINOAHATME 6Ce MO NOPAIKY.

Hanumure dbyHkuo, npuHIMaioniyio or 1 10 3 mapaMeTpoB — HeJIbIX ducest (Kak
crangapraas GyHKIMs range). EIuHCTBeHHbINH 00A3aTe/bHBI apryMEHT — [IOCJIe-
nee uncyao. Ecim mogann 2 aprymenTa, TO IEPBbI HHTEPIPETUPYETCH KAK HAYAIHHOE
YHCII0, BTOPOiT — KaK KOHEUHOe (He BKJIIIOUNTENbHO). Ecom moganer 3 aprymentTa, To
TpeTuil apryMeHT HHTeprperupyeTcs Kax mar. OyHKIU JI0/2KHA BbIIaBaTh OJUH U3
CJIETYIOIINX CITUCKOB:
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1. xkBajgpaTOB UMCeT,;

2. xyOOB 4mce;

3. KBaJPATHBIX KOPHEHN duces;

4. ymorapudMOB 4YHCeJT;

5. [wuces nocsenoBaresbHocTH PubOHATIN ¢ HOMEPAMU B yKAa3aHHBIX IIPEIEJIax.

3amyckaiiTe Balry (DYHKIIUIO CO BCEMU BO3MOXKHBIMU BapUaHTaMU 0 YUCJIY Mapa-
MeTpoB: oT 1 5o 3.

[Tosickazka: mpobiieMy epeMEeHHOI0 YUCa IIapaMeTPOB, U3 KOTOPBIX Heobs3aTe b
HBIM SIBJISIETCS B TOM YHCJI€ MEPBBIi, MOXKHO PEIUTh 2-Msi criocobamu. Bo-mepBoix,
MOXKHO COIIOCTABUTD BCEM ITapaMeTpaM HEYHUCJIOBbIE 3HAYEHUS 0 YMOTIAHUIO, OObId-
HO JIJIsi 9TOrO HCIIOJIB3YIOT crienuajibHoe 3Hadenne None. Torma ncmosib3ysi yciioB-
HBIH OIIEPATOP MOXKHO OIPEIE/IATh, CKOJLKO IApaAMETPOB PEAIHHO 3aJaHbl (He PABHBI
None). B 3aBucuMOCTH OT 3TOrO CJI€yeT UHTEPIPETUPOBATH 3HAUCHUE TIEPBOTO ApIy-
MeHTa KaK: KOHEI[ TI0CJIeIOBATEIbHOCTH, €CJIA 3313 TOJIbKO 1 mapaMeTp; KaK HadaJo,
ecau 3amaHbl 2 mwim 3. Bo-BTOPBIX, MOXKHO MPOJIESIATH TO K€, UCIIOJIb3Ysl CUHTAKCUC
bYHKINA ¢ IPOU3BOJIHLHBIM YUCJIOM IaPAMETPOB; B TAKOM CJIydae 3aaBaTh 3HAUECHUS
0 yMOJTUIAHUIO He HYKHO, & I0JIE3HO HCIOJIb30BaTh CTAHIAPTHYIO (DYyHKINIO len,
KOTOPAas BBIJACT KOJUIECTBO PEAbHO UCIOIb3YEMbBIX TAPAMETPOB.

3amanne 34 (UurepHer-marasun) 3adaHust 6binoansatime 6ce no nopaoxy.

Pemure 3amaay 06 unrepaer-roprosiie. Heckonbko mokymareieit B TeeHnn rojia
JieJiajii TIOKYIIKU B MHTEpHeT-Marasuse. [Ipu KaxK 10l MOKyIKe (PUKCUPOBAJIUCH UMs
nokynaresis (CTPOKa) W MOTpadeHHas cymMMma (geificrBuresibHoe [ducio). Hammmure
GYHKIINIO, PACCIUTHIBAIONIYIO JIJI KAXKIOT0 MOKYIIATEJsT U BBIIAOINIYIO B BUJIE CJIO-
Baps 110 BCeM HOKyIaTe/ M (B UMs:3HAYEHNE) OJUH U3 CJICLYIOIHUX IapAMeTPOB:

1. 49ucmo mMOKyIOK;
CPEJIHIOI0 CYMMY HOKYIKH;
MaKCHUMAaJIbHYI0 CyMMY HOKYIIKH;

MHUHUMAaJIBHYIO CYMMY ITOKYIIKU;

DA S

OOIIYI0 CyMMy BCEX TOKYIIOK.
Ha Bxos dyukIun nepegaérest:

e 60 2 crucKa, B [IEPBOM U3 KOTOPBIX NMEHA IOKyareseil (MOryT HOBTOPATHCS ),
BO BTOPOM — CyMMBI TTOKYTIOK;

e 6o 1 crmcok, cocrodnuit w3 nap Buga (umMs, cymma);

e 00 CJIOBAPh, B KOTOPOM B Ka4YeCTBE KJIIOUEH MCIOJIb3yIOTC NMEHA, a B Kade-
CTBE 3HAYEHHUIl — CIHUCKU C CYMMaMHU.
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Moaynn

Modyavroe npozpammuposarue — MeTO T CO3JaHNS IPOTPAMMHOTO obecriede-
HUs, KOTOPBIN MMOMYE€PKUBAET pazzesenrne OYHKIMOHAJIHLHOCTH IPOrPAMMBI HA HE3a-
BHCHMBbIE B3aMMO3aMeHseMble OJIOKH, HA3bIBAEMbIE MOJIYJIISIMHU.

Modyav — byHKINOHAIBHO 3aKOHYEHHBIN (hparMeHT mporpaMmbl, 0popMIIeH-
HBII B BUJIE OTAEJIHHOrO dailyia ¢ UCXOIHBIM KOoM. Moty mpoeKTHPYIOTCS TaKuM
06pa3oM, 9TOOBI IPEJOCTABIATH IPOrPAMMUCTAM Y/IOOHYIO JJIs MHOTOKPATHOI'O HC-
[I0JIb30BaHUsi (PYHKIMOHAJIBHOCTh B BHe Habopa (byHKIWuii, KiaccoB, KOHCTAaHT. Mo-
JIyJU MOTYT OObEJIMHSITHCA B IMAKETHI U, jlajee, B OUOJIMOTEKH. YI06CTBO HCIIOJIB30-
BaHUS MOJLYJIHHON aPXUTEKTYPbI 3aKJIIOUAETCsI B BO3MOXKHOCTH OOHOBJIeHUS (3aMEHBI )
MOy/st, 6e3 HeOOXOIMMOCTH N3MEHEHUsI OCTAJILHON CHCTEMBI.

MojtysibHOE TTPOrpaMMHUPOBAHUE TECHO CBS3aHO CO CTPYKTYPHBIM U OOBEKTHO-
OPHEHTHPOBAHHBIM MIPOI'PAMMMPOBAHUEM, BCE OHU MMEIOT OJHY U Ty Ke IeJib — 00-
JIETIUTH TOCTPOEHNE DOIBINMUX MIPOrPAMM IIYTEM JEKOMIIO3UIINN Ha O0JIee MEJIKUE Ta-
cru. Bee onn Bozuukin npumepuo B 1960-x romax. B nacrosiiiiee BpeMsi 3TH TOHATUS
UMEIOT HEMHOI'O PA3HBIN CMBICJI: MOJIYJIBHOE IPOrPAMMUPOBAHME TEIEPbh OTHOCUTCS
K BBICOKOYPOBHEBOI JIEKOMIIO3UIMN KOJIa BCEll IPOrpaMMBbl Ha YacTU; CTPYKTYPHOE
MpOrpaMMHUPOBaHUE — K HU3KOYPOBHEBOMY CHUHTE3Y IPOIPAMMBI U3 CTPYKTYPHUPO-
BAHHBIX OJIOKOB; 0OBEKTHO-OPUEHTUPOBAHHOE TPOIPAMMUPOBAHNE — K BBICOKOYPOB-
HEBOMY CHUHTE3Y IIPOIDAMMBI U3 00bEKTOB, BKIIIOYAIOMNX KaK (MYHKIMU/METO/IbI, TaK
U caMU JJAHHBIE.

Ucnonp3oBanne MOy IBHOTO TPOIPAMMUPOBAHUST TIO3BOJISET YIPOCTUTD TECTUPO-
BaHUeE MIPOrPaMMbI 1 OOHapYKeHne OImuOoK. Moy IbHOCTD 9acTO SBJISIETCS CPEICTBOM
VIPOIIEHUS 331491 TPOEKTUPOBAHIS IPOrPAMMBI U PACIIPEJIESIEHUS IIPOIECCA Pa3pa-
00TKU MeXK Ty rpymmnaMu pa3zpaborankos. [Ipu pasduennn mporpaMMbl Ha, MOJLYJIH JJIsT
KaXKJIOro MOJLYJIsl YKa3bIBaeTCsl peajin3yeMast UM (DyHKIIMOHAIBHOCTD, & TAKYKe CBI3U
C APYTUMU MOJLYJISIMHU.

Cuteyroriue sI3bIKU TO/JIEPKUBAIOT TAPATUTMY MOJYIBHOIO TTPOIPAMMUPOBAHUS
(cimcok Hemournsbiit): Ada, Lisp, D, Erlang, F#, Fortran, Go, Haskell, MATLAB, ML
(Standard ML u OCaml), Modula (1, 2, 3), Oberon (1, 2), Pascal (nmpakruueckn Bce
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gepcun), Perl, Python (2 u 3), Ruby, Rust. Bo MHOrux Apyrux si3blkax TakKe BO3-
MOXKHO HAIUCAHUE IPOTPAMMBI B BHJIE HECKOJIBKUX OTJMIEJbHBIX (hallyloB, HAIIPUMED,
B C, C++, Java, C# u pszme Apyrux, OJHAKO HCIOJIb3YEMbI B HUX IOJXOJ HEJIb3sl
MIOJTHOCTHIO HA3BATh MOJYJIHHBIM, HOCKOJBKY OTCYTCTBYET JINOO BO3MOYKHOCTH Pa3-
JIeJIbHON KOMIIUJIAIIUN MOJYyJIedl, 1100 BO3MOXKHOCTb IINCATH B MOJIyJI€ IIPOU3BOJIbHbBIE
JIOKAJIbHBIE 1 TJI00asibHBIe epeMeHHbIe (mozaxof Java, Korja daiin — 9710 Kiace), B
TOM YHUCJIe PA3JIE/IsiTh IeEPEMEHHbIE U (DYHKIMHU HA JOCTYIIHBIE W HEJOCTYITHBIE BHEII-
HuM TporpaMmam (B Java 1 eé HAC/IeHUKAX ITO PEATU3YETCs 38 CIET KJIACCOB).

Jliobas nporpamma na Python moxer cumrarbes monysem (fa-ja, Bce Te Ipo-
IPaMMbl, KOTOPbIE BbI IIHCAJIN, MOXKHO HA3BATh MOYJISIMH). D10 orianyaer Python or
Pascal u ero nacienHUKOB, rjie MOAY/Ib U IVIaBHAS IIpOorpamMmMa oOpPMIIAIOTCH HEMHO-
ro pasjimdHo. B 3Toii IyiaBe ymopsiiounM Bce CIIOCOOBI TOAK/IIOYEHUs CTAHIAPTHBIX
momyaeit nus Python, a Tak:ke HayduMcst co37aBaTh CBOU MOJYJIN U ITOAKJIIOYATH UX.

Kaxkmass mporpamma MOXKET UMIIOPTHPOBATH MOJIYJIb U IMOJYIUTH HOCTYIl K €ro
KJraccaM, QYHKIUAM 1 o0bekTtaMm. HyKHO 3aMeTUTD, ITO MOIY/Ib MOYXKET OBITh HAIIH-
caH He ToJIbKO Ha Python, a nanpumep, Ha C wm C++.

9.1 [loaknto4vyeHne cTaHJAPTHOrO MOAYNS

Brauajie HaMm HEOOXOJIUMO YIIOPSIIOYUTH BCE CBOM 3HAHUS O MOJKJIFOYEHUH CTaH-
JApPTHBIX MOJYyJei, MOJydeHHble B pPe3y/IbTaTe UTEHWs W BBIIOJHEHUs 3aJIaHuil u3
Yacru 1.

Iepewiii crtocod MOAKIIIOYATE MOJIYJIb: € TIOMOIIBI0 MHCTPYKIINK import.

[Tocute kiTIOUEBOTO CJI0Ba import yka3biBaeTcst HazBaHue Mo ys. O THON MHCTPYK-
ueil MOYKHO IOJKJIFOYUTh HECKOJIBKO MOJLYJIEil, XOTsI 9TOr0 He PEKOMEHLyeTCsl Jej1aTh,
TaK KaK 9TO CHUKACT YUTACMOCTHL KOJIA:

import math
import numpy, scipy

ITocste mMmopTUpoOBaHUS MOJYJIsI €r0 Ha3BaHWE CTAHOBHUTCS IMEPEMEHHOM, wuepe3
KOTOPYIO MOXKHO IMOJIYYHUTBb JOCTYI K aTpubyraM momyis. Hampumep, MOKHO oOpa-
TATBHCA K KOHCTAHTE €, PACIOJIOKEHHON B MOAyJse math:

math.e

CrouT OTMETHUTD, YTO €CJIM YKA3AHHBIN aTpuOyT MOIYy/Is He OyneT HaiifeH, Bo30y-
auTcsd uckiodenne AttributeError. A ecin He ymacTcss HafTH MOMLYJIb JIJIS UMIIOP-
TUpOBaHudA, To ImportError.

Bmopoti criocod oAKIIOMATE MOY/Ib: UCIIOJIH30BATH ITCEBIOHUMBI.

Eciin HazBaHue MOJTyJIsI CJUIIKOM JIJIMHHOE, UJIM OHO BaM HE HPABUTCSI 110 KAKHUM-TO
JPYTUM IPUYUHAM, TO JIJIsl HEI'O MOXKHO CO3/IaTh IICEBIOHUM, C ITIOMOIIBIO KJIFOUEBOI'O
CJIOBA as.

import numpy as np
import matplotlib.pyplot as plt
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Temepp MOCTYII KO BCEM aTpuOyTaM MOJYJIsl NUMPY OCYIIECTBJISIETCS TOJIBKO C
[IOMOIIIBIO TIEPEMEHHOM np, a IepeMeHHON numpy B 9TOH IIporpaMmMe y»ke He Oyer:

np.dot(a, b)

Tpemuti crocob MOAKJIIOYATH MOJYJIb: ¢ HOMOIILIO MHCTPYKImu from (mepBblii
dbopwmar).

[MToAKIIOUATE ONPEIEIEHHbIE ATPUOYTHI MOJLYJIS MOYKHO C ITOMOIIBIO HHCTPYKIAN
from. OHa MMeeT HeCKOJIbKO pOpMaTOB:

from <HasBamme mMoxmyna> import <ATpmbyT 1> as <IllceBmommmM 1>,
<AtpmbyT 2> as <lceBmommM 2>, ... ]

Konukpernsrit mpumep:

from random import uniform as uni, normalvariate as norm,
expovariate as exp

10T (hopMAT MO3BOJISIET MOAKJIOIUTH M3 MOJIYJIsI TOJIBKO YKA3aHHBIE BAMU ATPH-
OyTol. JlJish JIMHHBIX MMEH TaKXKe MOYKHO HA3HAYUTDH TICEBJIOHUM, YKa3aB €ro IMOCje
KJIIOYEBOI'O CJIOBA as.

»> from math import e, ceil as c
»> e

2.718281828459045

»> c(4.6)

5

Nmynoprupyemble aTpubyThl MO2KHO PA3MECTUTh HAa HECKOJIBKUX CTPOKAX, €CJIN UX
MHOTO, I JIy4llleil YuTaeMOCTU KOJIa:

»> from math import (simn, cos,
tan, atan)

Yemeépmuili ciocod NOAKIIIOYUT MOJLYJIb: € IOMOIIBIO HHCTPYKIuU from (BTOPOi
dbopwmar).

from <HasBamme Momymna> import *

Bropoit ¢opmar nHCTpYKImE from MO3BOJSET MOAKIIOYATH BCe (TOYHEE, HOYTH
BCe) IePEMEHHBIE U3 MOJyJist. [l mpuMepa IMIOPTHPYEM BCe KOHCTAHTHI U3 IOMO-
AyJig constants u3 MOAyJIsd SCipy:

»> from scipy.constants import *

»> e # 3apdan 3JeKTpoHA
1.6021766208e-19

»> pi # wmcmo mm

3.141592653589793

»> g # ycrRopeHme CBOGOIHOTO NafaHEHHUSA
9.80665
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»> Avogadro # umcmo ABorampo
6.022140857e+23

»> m_e # Macca 3JIeKTpoHa
9.10938356e-31

Crieryer 3aMeTUTh, 9TO He BCe aTpudyThI OY/LyT UMIIOPTUPOBaHbI. Ecau B Mojtyite
olpe/JieJieHa iepeMenHast __all__ (cuucok arpubyToB, KOTOPBIE MOIYT OBIThH IOKIIIO-
YEHBI ), TO OY/IYT TIOJKIFOYEHBI TOJIBKO aTPUOYTHI U3 STOTO CIIMCKA. ECam nepeMeHHast
__all__ He ompejejieHa, TO OYAYT MOJAKJIIOYEHBI BCE aTPUOYTHI, HE HAUMHAIOIINECS
C HUKHErO mopuépkuBanusi. Kpome TOro, HeoOXOIUMO YyUUTHIBATH, YTO UMIIOPTHPO-
BaHUE BCEX ATPUOYTOB M3 MOJMYJS MOYXKET HAPYIIUTH TPOCTPAHCTBO MMEH TIJIABHOMN
IPOrPaMMBbl, TaK KaK IEPeMeHHbIe, MMEIOIIe OIMHAKOBbIE MMEHA, OYIyT Iepe3alin-
CaHBI.

9.2 Co3pgaHue n noakaYeHne coOCTBEHHOro mMoayns

Eciu BBI yecTHO mpounTANIM TEPBYIO YACTH KHUTHU IEJIUKOM, a CAMOE TJIABHOE,
9eCTHO BBIITOJITHUJIN BCE 3a/IaHUS B HEll, TO y BaC yzKe JOJKHA C(POPMUPOBATHCSH €CTe-
CTBEHHAas TOTPEOHOCTD B BBIJIEJIEHUN HAIIMCAHHBIX BAME JIUYHO ITOJIE3HBIX (DYHKINIA B
OTZIe/IbHBIN (ait-MoTy/b. BHadasie BaM ObII0 CTPAIITHO MTHCATH JaXKe MIPOCTDHIE JTNHEH-
Hble mporpaMmbl. [ToTom jytst pertenHust 6oJtee CIOXKHBIX 3319 BaM CTaJIO HE XBaTaTh
JINHEWHBIX AJITOPUTMOB M BBl OCBOWJIM ITUKJIBI X BETBJICHU. 3aTE€M BbI 3aMETHUJIU, ITO
NPONUCHIBACTE B IIUKJIC IOAPAL OJHU M T€ K€ JEUCTBHUSA, HO C Pa3HBIMHU 3HAYCHU-
AMHU IIEPEMEHHBIX; TaK BbI IIOC/IIOBATEIbHO IPUIJIN K BBIJCJICHUIO TAKUX KYCKOB
B OTJIeJIbHBbIE (DYHKIIMHU C TIEpEMEHHBIMU mapameTrpamu. VI, HaKOHeI, Bce TOJIe3HbIE,
y2Ke OTJIayKeHHbIe (DYHKIMH €CTh CMBICJI BBIIEJIUTh B OTHE/bHBIN (ail, B KOTOPHIi
HE CTOUT JIa3uTh Oe3 KpaitHeit Heobxomumoctu. [louemy? Iloromy 9To BBI OTTECTHPO-
BaJIM KAXK/IyIO JIEXKAIIYI0 TaM (DYHKIINIO HA OOJIBITOM KOJIMYIECTBE IPUMEPOB, U €CJIU
MIPYU UCTIOTB30BAHUN 9TO (DYHKIMK B BaIlleil HOBOI ITporpaMmMe BO3ZHUKJIA OMHIOKa, TO
BBl MOKeTe OBITh YBEPEHHBI B TOM, YTO ONINOKA IJIe-TO B HOBOM KOJIEe, & 3HAYUT, BAM
He HY2KHO IIPOBEPSATH TOT KYCOK KOJla, KOTOPBIH JIE2KAT B BallleM MOJYJIe.

Teneps npuIIo BpeMsi co37aTh CBOM Moy/b. Kak ke ero Hassarb?! [lomaMTE, 9TO
BBl (MM JpyTHe Jirou) GyyT ero MMIOPTUPOBATEH U UCIOJb30BATh B KAUECTBE IIepe-
mennoii. HazBanme mopysist He MoxkeT cozgepxkarh mnpobesn. Eciim Bam oueHb xodercst
Ha3BaTh MOAyab module DaNya, TO HCHOJB3YITe CHMBOJ HUYKHETO MOTIEPKUBAHIS
module_DaNya. Moaysap Heab3sh HMEHOBATH TaKKe, KaK M KJIO4eBoe cy10BO. CImcox
KJIIOUEBBIX CJI0B: False — jioxkb, True — mpas/ia, and — Jiorutdeckoe I, or — jrorute-
ckoe NIJIU, not — syioruueckoe HE, in — npoBepka Ha BxOXKjeHue, if — ecnu, else
— uHade, elif — B nmporuBHOM cityuae, ecym, for — muki for, while — ks while,
with/as — MeHe/Kep KOHTEKCTa, assert — BO30Y2K/IaeT UCKJIIOUEHUE, eCIU yCJIOBUE
JIO’)KHO, break — BBIXOJ, U3 [UKJIA, class — IOJIb30BATEJIbCKUNA TUI, COCTOANINNA U3
METOJIOB 1 aTpuOyTOB, continue — rmepexo/ Ha CAEIYIONIYI0 UTEPAITHIO ITHKIa, def
— ompegiesienne Gyuknun, del — yaajgeHne o0LEKTa, except — MepexBaTUTb UCKJIIIO-
qeHue, finally — BKylle ¢ HHCTPYKIHEN try, BBIIOJIHAET NHCTPYKIIUU HE3aBUCHAMO
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OT TOro, OBLIIO JIM UCKJIFOYEHNE WU HeT, £rom — UMIIOPT HECKOJIbKUX (PYHKIIUN U3 MO-
nynsd, global — mo3Bo/deT cleaTh 3HaUYeHNe IIePEeMEeHHOM, IPUCBOCHHOE el BHYTpHU
byHKIINA, TOCTYIHBIM U 3a MIpPeesaMu 9Toi GPyHKINH, import — UMIOPT MOMYJIs,
is — ccoputarorcs i 2 00beKTa Ha OJHO M TO K€ MECTO B ImaMaTH, lambda — ompeie-
JIeHre aHOHUMHOM dYHKIMN, nonlocal — MO3BOJISET C/ie/IaTh 3HAYEHNE TIEPEMEHHOT,
[IPUCBOEHHOE efi BHYTpU (PYHKIUU, JOCTYIHBIM B OOBEMJIIOINEH WHCTPYKIIUU, Pass
— HHUYEro He JeJIA0Nas KOHCTPYKIUs, raise — BO30yIuTh MCKJIIOUEHNE, return —
BEPHYTH Pe3yJIbTaT, tTy — BBIIOJIHUTH MHCTPYKIUH, II€PEXBATHIBaA UCKIIOYCHU.

Taxke mMeHa MOJyJell HeJb3s HAYMHATH ¢ IUdpbl. VI He CTOMT HA3BIBATDH MO-
JlyJIb TaKKe, KaK KaKyro-jubo u3 BCTpOeHHbIX (yHKIwmii (Tuna type, float, int,
abs, input, print, Te. Te, koTopnie B IDLE noncseunBatorcs buosieToBbIM IBE-
ToM). To ecTb, KOHEYHO, MOYKHO, HO 3TO CO3/ACT BOJIbINNE HEYJ00CTBA IIPH ero I0CIe-
JYIOIIEeM HCIOJIb30BaHUH.

Cozmaaum daitt ¢ pa3peréHubIM 1 0oJiee-MeHee OCO3HAHHBIM Ha3BaHueM Methods. py,
B KOTOPOM OIIPEIEJINM JiBe (DYHKITIH IONCKA KOPHS YPABHEHUsI: METOIOM JI€JICHUS OT-
pe3ka momosiaMm Bisection m meromom Hpiorona Newton. Ilomuure, MBI co3maBasm
9Ti (DYHKIINU B IpeJblayIeil riuase?

from math import *
def function(x): #ypaBHeHHMe, KOTOpOEe HYXHO PEIWHUTH
f = xx*x2-4
return f
def derivative(x): #mpomsBozHas
f = 2%x
return f
def Newton(a, b, e):
x0 = (atb) / 2
delta = function(x0)/derivative(x0)
n=20
while abs(delta) > e:
n=n+1
delta = function(x0)/derivative(x0)
x0 = x0 - delta
return (x0, n)
def Bisection(a, b, e):

n=20

while (b-a) > e:
n=n+1
c = (atb)/2
f_a = function(a)
f_b = function(b)
f_c = function(c)
if f_axf_c > O:

a=c

else:

b=c
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return ((a+b)/2, n)
Teneps B 9T0i 2Ke marnke co3aaIuM npyroit daiin, Hanpumep, Main. py:

import Methods

A = -10
B =28
E = 10**(-15)

print (Methods.Bisection(A, B, E))
print (Methods.Newton(A, B, E))

Brisener:
(-2.0, 54)
(-2.0, 7)

[Tozapasisiro! Bel caesanu cBoit Moysis!

Ho y narmeit mporpaMMbl €CThb CYIIECTBEHHBIN HEJIOCTATOK — HEJMHEHHOE ypaB-
HEHUE, KOTOPOe HYXKHO PEIINTb, 3aJaéTCsd BHYTPU MOJIyJisl. JHAYNT, €CJIM HAM HY K-
HO CMEHHUTDb ypaBHEHNE, MPUIETCI MEHSTb MOJYJb. B maease MOIy/b JOJKEH OBITH
M30/IMPOBAH OT KOHEYHOTO I0JIb30Baress. [losib30BaTesib MOXKET UCIIO/IH30BATH OIIPe-
JIeJIEHHBIE B HEM (DYHKIIUU U [TI€pEMEHHBbIE, HO He JIOJIXKEH [IJIsi 9TON0 MEHSTH CaM KOJT
MOJLyJisi — npaBuTh ¢aiti. YTobbl JocTHYh 9TOT0, Oy/eM IepeiaBaTh Hallle ypaBHe-
HEe Kak napamerp dyHKmit Bisection u Newton. Torma ocHoBHas mporpamma Main
OyJeT BBIMVIAMETH CJIELYIONIM 00pa30M:

import Methods

def func(x):
f = x**x2-4
return f
A= -10
B =28
E = 10*x(-15)

print (Methods.Bisection(A, B, E, func))
print (Methods.Newton(A, B, E, func))

Ho temeps BCTaér BOIpOC, 9TO JejiaTh € BBIYHC/IEHUEM POou3BOAHON. Momudu-
nupyeMm Moaysib Methods, npumenus dnciienHoe puddepeniupoBanne. [IponsBogaast
GYHKIINA ONPEIEISIeTCS BhIPAKEHUEM:

dx — dz—0 dzr

3ameHsist mpupallenne dr Ha KOHEIHYIO BeJIInHy Az, HA3BIBAEMYIO IArOM (-
)
depeHIIPOBAHNS, METOIOM OJJHOCTOPOHHEH PA3HOCTH CIIPAaBa IOJIy4YaeM BbIPAaXKEHUE:

f(xo + Ax) — f(wo)

f'(wo) = Az

. (9.2)
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Ecim muddepennupyemasi GbyHKIUsT 3a1aHa ypaBHEHUEM, TO I BBIYUCJICHUS
snavenns auddepennuana HeOOXOAUMO MOJIYIUTh 3HadeHue Gyukiuu f(x) B TOU-
Ke Tg U B Touke xg + Axz. ITociie 4ero MOXKHO BBLIYUC/IUTHL 3HAYEHUE IIPOU3BOLHOMN
dysuma f(xo).

Herpyaso 3anucars BbIpakeHue Jijisl JIEBOCTOPOHHEH Pa3sHOCTH:

F(9) = fzo) = i(;fo — Ax)

C ToYKHM 3peHus TOYHOCTU 00a ITU MOX0/a PABHO3HAYHBI. Bojiee TouHOE 3HAUE-
HUe JaéT MeTOJ JBYCTOPOHHEH PasHOCTH (YTO OCOGEHHO CIPABEIJIMBO JJIs [UIAIKUX

dbyukumii):

. (9.3)

(g = L E B0 = B3] (9.0

Torga B Moxyne Methods mosmydmTes:

from math import *
def derivative(x, function):
dx = 10**(-10) #wmar nudpdepeHIMpOBaHUS
f = (function(x+dx)-function(x-dx))/(2*dx)

return f
def Newton(a, b, e, function):
x0 = (a+b)/2
delta = function(x0)/derivative(x0, function)
n=20

while abs(delta) > e:
n=n+1
delta = function(x0)/derivative(x0, function)
x0 = x0 - delta

return (x0, n)

def Bisection(a, b, e, function):

n=20

while (b-a) > e:
n=n+1

c = (atb)/2
f_a = function(a)
f_b = function(b)
f_c = function(c)
if f_axf_c > O:
a=c
else:
b=c

return ((a+b)/2, n)

Korma momynnp mammcan, mpexkie, 9eM JeJaTh €ro MOJHOCTHIO0 HE3aBUCUMbBIM 010~
KOM TIPOTPaMMBbI, BCeraa HeoOXOIUMO MPOTECTUPOBaTh ero. IloaToMy HEKOTOpOE Bpe-
Mg OH MOOYJIET y HAC CAMOCTOSTENLHOM mporpaMMoii. B aToT MOMeHT BBI OyjieTe BbI-
CTYIATh yKe He B POJIM [IOJIb30BATEIS, 8 B POJIU CAMOI'O HACTOSIIEr0 pa3paboTInKa 1
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TecTupoBIUKa. [lo3TOMY Ha Bac HAKJIAIBIBAETCS JOMOJHUTEIbHAT OTBETCTBEHHOCTD,
BBI Terepb 00sS3aHbI J[yMaTh HE TOJIBKO O cebe, HO U O KOHETHOM II0JIb30BaTeJIE.

Urak, BaM HEOOXOIUMO ITOMHUTD, 9TO IIPU UMIIOPTAPOBAHUY MOJYJIA €r0 KOJT BbI-
[IOJTHSIETCS TIOJTHOCTBIO, TO €CTb, €CJIA COJEPXKUTCH He TOJIBKO Ompenesenne (DyHK-
Ui, HO ¥ KaKne-TO JefiCTBUs, KOTOPbIe OBLIIN HEOOXOIUMBI BaM JIJIS IIPOIECCA TECTU-
POBAHUS: BBIYUCJIEHUS, IIPOI'PAMMA YTO-TO I€YATAET, PUCYET, COXPAHSET, TO IIPU €€
WMIIOPTUPOBAHUE ITO Oy/I€T BBIIOJHEHO. DTOr0 MOXKHO M30€XKaTh, €CJIM IPOBEPSITh,
3amymieH JU CKPUNT KaK MporpamMMa, WIH UMIOPTHPOBaH. [jIsg 3Toro cymecTByer
rmepeMeHHas __name__ — oOpaTHTe BHUMAHUE HA BA MOIIEPKUBAHUS B HAJAJE, TAK
0003HAYAIOT CIEIUAJIbHBIE, «MarndecKue» IIePeMeHHbIe, YACTO OHU XPAHAT COCTOs-
HUe mHTepnperaropa. Kcan Ham ¢aityi ¢ KomoM 3amyIineH U3 OIMePAIMOHHON CUCTEMBI
win cpelibl pa3paboTku cam 1o cebe, TO eCTh OH eCTh IJIaBHasl [IpOrpaMMa, Iepe-
MeHHas __name__ paBHAa ’__main__’. Ecju ke OH UMIIOPTUPOBAH APYTUM (DailioM
MIPOrPaMMBbl, IIPU BBIIOJHEHUN KOJa JAHHOTO (aiiia mepeMeHHas __name__ Oyaer
paBHa umenn daitsia 6e3 pacmupenus py. Hampumep, B Hall MOIY/Ib JJIsI PEIIEHUsT
HEJIMHEHHBIX YPABHEHUI MOXKHO JOOABUTH B KOHEII CJIEIYIINAN KOJI:

if __name__ == ’__main__’:

import matplotlib.pyplot as plt

def testfunc(x):
return (x-1)*(x-10)

for epspok in range(2, 22): #mokasaTemu IBOHKZ
eps = 2%*-epspok
x, n = Bisection(-4, 2, eps, testfunc)
plt.plot(epspok, n, ’.’, color = ’black’)

plt.show()

DTOT KOJI IMO3BOJIUT IPOTECTUPOBATH Hallly (YHKIUIO Bisection Ha KBajpar-
HOM ypaBHEHUH, uMeromieM jBa KopHsi: 1 u 10, 3ammyckast MOIy/Ib KaK CaMOCTOSITE b=
Hyto nporpammy. CHadaja MBI TedaTaeM pe3yJbTaT BbI30Ba (DYHKIMH Bisection
C pa3HbIMU 3HAYEHUSIMU HadYaja M KOHIA OTPe3Ka, 4TOOBI yOeauThCs, YTO DPEe3yiib-
TaT TPABUIBHBIA U 008 KOPHsS HAXOJATCs. 3aTeM MbI BbI3bIBaeM (DYHKIUIO B IUKJIE
[IPU PA3HBIX 3HAYEHUSX TOYHOCTHU, YTOOBI IPOBEPHUTH 3aBUCUMOCTH YHUCJIA IATOB OT
TpebyemMoii TouHOCTH. Teopernyeckn 3aBUCUMOCTD JIOJIXKHA OBITH JIOTaPU(DMUAIECKAS:
n ~ —logs(€) , rue n — Yucio MIaroB, a € — TpedyemMas TOYHOCTD (B IporpaMme 060~
3Havena eps). Iloaromy 1o ocu abenuce Mbl 33J1a6M U OTKJI/IbIBAEM HE CAMU 3HAYEHUST
TOYHOCTHU €ps, & JBOMYHBIX Jorapudm orT HUX epspok. BaxKHO, 9TO 3TOT TECTOBBI
KOJI 6y,)1€T BBI3bIBATHCA TOJIBKO, KOT'/Jla Halll MOJAYJIb — TJlaBHas IIpOIr'paMMa, a €CJId
OH TIOJIKJIFOYAETCsl U3 JPYTOil IPpOrpaMMbl, HAIIK [TPOBEPKHU He OyiyT paboTarh U He
CTaHyT MYCOPHUTH B BBIBOJ, U PUCOBATH HEYMECTHBIH Ipaduk.

Teneps BaI MOJYJIb IPOTECTUPOBAH U MOJHOCTHIO TOTOB K ABTOHOMHOI pabore.
Bceraér Bonpoc, Kyia »Ke ero oMecTuTb? ITo0bl HHTEPIPETATODP MOI' MMIIOPTHUPOBATH
Balll MOJLYJIb, OH JIOJIZKEH MMOHUMATh, IJIe MOJIYJIb HAXOAUTCsI. [loMecTuTh €ro mpocro
IJIe-TO B OIIEPAIlMOHHOI cucTeMe HeI0CTaTo49HO. MOIy/Ib H0JIzKeH JieXKaTh JIN0O B TOM
JKe TallKe, 9TO W MMIIOPTUPYIONAs ero IporpamMma, JO0 IO OJHOMY U3 aJIPECOB,
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YKA3aHHBIX B CHHUCKEe Sys.path (pakTuuecku, 3T0 IMPOCTO CIUCOK U3 CTPOK, HUYETO
crenuduaeckoro). ITobbl MOCMOTPETH, YTO 34 IIyTH MPOIKUCAHDI I0-yMOJTIAHUIO (IpU
cTapre MHTEPIPETATOPa), Hy?KHO UMIOPTUPOBATH MOJY/Ib SyS M 3aTeM HAIeYaTaTb
COIIEPZKNAMOE CIINCKA Sys.path:

import sys
for d in sys.path:
print(d)

B Hamem ciryuae moJyunsioch BOT 9TO (pe3ysbTaT MOXKET 3aBUCETh OT TOrO, Ka-
KHM KOHKPETHO 06pa3oM ycranosieH Python, cKoIbKo JOMOJIHUTEIBHBIX MOJTY/IeHl BB
CTABWJIM ¥ KAKUMU CPEJICTBAMH):

:\Python3\WPy64-3810\notebooks
:\Python3\WPy64-3810\python-3.
:\Python3\WPy64-3810\python-3.
:\Python3\WPy64-3810\python-3.
:\Python3\WPy64-3810\python-3.8.1\DLLs
:\Python3\WPy64-3810\python-3.8.1\1ib

8.1\1lib\site-packages\idlexlib\idlefork
8
8
8
8
:\Python3\WPy64-3810\python-3.8.1
8
8
8
8

.1\scripts
.1\python38.zip

:\Python3\WPy64-3810\python-3.8.1\1ib\site-packages
:\Python3\WPy64-3810\python-3.8.1\1ib\site-packages\win32
:\Python3\WPy64-3810\python-3.8.1\1ib\site-packages\win32\1ib
:\Python3\WPy64-3810\python-3.8.1\1ib\site-packages\Pythonwin

ocNoNoNoNoNoNoNoNeoNoO N

Ecin BBl He XOTHTe TacKaTh BAlll MOJLYJIb BCJIEJ 3a BBI3BIBAIOIIEN €ro IIPorpam-
MOIi, a 00eClednTh JOCTYIl K HEMY Ha IIOCTOSIHHOI OCHOBE, MOYKHO IIOJIOKUTH €r'0 B
OJIHY U3 3THX IIaloK. B KadecTBe KOMMEHTapUs K YKA3aHHOMY BBIIIE CIUCKY MOXKHO
ckazarb, 4To nanka C:\Python3\WPy64-3810\python-3.8.1\1ib BeméT K HEKOTO-
PBIM MOJIYJISIM CTaHIAPTHON OMOJIMOTEKH — TeM, YTO HalucaHbl Ha camoM Python, a
HE peaJin30BaHbl B BUJIE PACIIUPEHUI HA APYTUX s3blKaxX (TaMm JIEXKUT, B YACTHOCTH,
MO/LyJIb 08), a nanka C:\Python3\WPy64-3810\python-3.8.1\1ib\site-packages
BEJIET K CTOPOHHUM MOJYJIsIM (MMEHHO TaM JIieXKaT numpy ¥ matplotlib).

Ecrb anprepHaTUBHBIN IOJXOJI: HE IIOMEIIATb MOJYJN TYy/a, Ky/Ja YKa3bIBaeT
sys.path, a 100aBUTHh HYKHBII BaM IyTh B CaM Sys.path, IIOCKOJIBKY 3TO BCEro
JINIIB CITMCOK, & CIMCOK MOXKHO MOJudUIupoBaTh. TakuM o6pa3oM MOKHO Oyier 1mo-
JIOKUTH MOJYJIb B Jiioboe yJ00HOe jist Bac MecTo. Hampumep, BbI pemmmig, 4To Bce
MOZYJI JOJIZKHBI JIe?KaTh B OTHE/IbHOI IallKe units, Haxondimeiica TaM 2Ke, LAe U
IJIaBHAsT IporpamMMa. B takom cirydae 6e3 JIOMOJHUATENBHBIX IeHCTBUI C BaIeil CTO-
poubl Python ux yxe #He HaiAéT n BbIIacT OmruoOKy. st TOro, 9To0BI MOXKHO OBLIO
IMIIOPTUPOBATH HAIl MOJY/Ib, IIPUJETCS B IVIABHOI IIPOrpaMMe JIOIHUCATH JIBE CTPOKHU:

import sys
sys.path.append(’units’)

D710 0becreduT JIOCTYI Pa3oM KO BCEM MOJIYJISM, JieXKalluMm B mnanke units. Ilpu-
9EM C/IeJ1aTh 3TO HYKHO JI0 TOr'0, KaK UMIIOPTUPOBATH HAIIK MOJLYJIN WJIM OTJ/IeJIbHBIE
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dyHKIMKM ¥ 3HaveHust w3 HuxX. lIlpaBna, paboTarh HOPMAJBHO TAKOM MOAXOJ Oyier
TOJIBKO, €CJIM 3allyCKaTh IIPOrpaMMy M3 TOr'O Ke KaTaJjora, IJie OHa PacCIIOJIOXKEHA,
WHaYe MOIY/IU Oy/IyT MCKATHCS B IMOJKATAJIOre Units KaTasora, OTKy/a 3allyIlleHa
mporpamMMma, a 3TO COBCEM He TO, Yer0 MbI XO0Teu Obl. YToObI pemuTh TpobdIeMy TOJI-
KOBO, HY?KHO YME€Thb BBIYHCJIATH IIyTh K CAMOMY IVIaBHOMY (aiiry mporpaMmsbl. Jljs
sroro B Python ects nHCTpYMEHTBI, XOTsI OHM 60JIee MyJIPDEHBIE, K TOMY YK€ IPUJIETCsT
3a/eficTBOBATh TPU CTAHIAPTHBIX MOJYJsl: SYS, 0S.path (moaMoaysib Momy/sa os) u
inspect — 3TO MO/y/b, IIOMOTAIOMMIT OTCJIE2KUBATH aAKTyaJbHOE COCTOSHUE WHTEP-
peraTopa, B TOM YHCJIE IIyTH, 3arpyKeHHbIE MOJIYJIH, KJIACCHI, OObeKTHl U Jp. U3
IIOCJIETHETO0 MOJLYJIsE HaM HY2KHBI OyAyT nBe dyHKIuu: currentframe, Bo3Bparaio-
mas ClIenuajabHbIl 00bekT Tuna frame, u getsourcefile, KoTOpas IO 3TOMY O0b-
eKTY MOYKET OIIPEIE/INTh, Kakoil daiia emy coorBercTByer. Huke — mcrnpaBiieHHBII
IIpUMeD.

from inspect import getsourcefile, currentframe

from os.path import split, abspath, join
import sys

weg = split(abspath(getsourcefile(currentframe ()))) [0]
sys.path.append (join(weg, ’units’))

9.3 3apaHusa Ha paboTy c mogynsmu
Saganme 35 3000HUA 8HINOAHATIME 68CE MO NOPAIKY.

Hamummure Momysb, peaanu3yiomuii OMUCAHHBIE BBIIE METObI PEIICHUs HEJTUHEH-
HBIX ypaBHeHUil. /latee, mcmoab3ys KOHCTPYKIMIO ¢ __name__ == ’__main__’, mpo-
TecTupyiite 06a MeToJa HA TOYHOCTH BHYTPHU JAHHOTO MOJLYJIS.

3apganue 36 3adaHus 8LINOAHATME 8CE MO MOPAIKY.

IMosoxKuTe HAMCAHHBIN BAMH B IPEIBIIYIeM 33 JaHIN MOIY/Ib B CIEIHAILHO CO-
31aHHYI0 IanKy modules. Hanmmure mporpaMMy, KOTOpasl ¢ UCHOJIL30BAHAEM HAaIld-
CaHHOTO paHee MOJLy/Is permaeT Ha orpeske [0, 7] cieayiomue He/MHeHbIe ypaBHeHNs
1 cTPOMT rpadpuKi 3aBUCHMOCTH YHC/Ia TITAroB 1. 0T TpeGyeMoit TOUHOCTH & (TOYHOCTD
MOKHO MEHSTB B Auana3oHe oT 272 10 2722, o ocu abCIce OTKIaIBIBACTCS MOJLYIIb
MOKa3aTe s CTeNeHN IBOHKN ). PacuéThl c/iesafiTe METO/IOM JIeJIeHnsT OTPe3Ka TTOTOTaM
u meronoMm Heiorona. He 3abyabre BoiBecTn Ha rpaduk jerenay legend ().

1. sin (x — %) — 0.5 = 0, TOJ2KHO TOJMYUIUTHCH Tipye = g;

2. cos(z) — 0.5 = 0, JOIXKHO HOTYIUTBCH Ttrye = 55

3. tg(z) = 1, MOMKHO MONYIUTHCS Tipye = %;

4. arctan(r) = %, JIOJZKHO TIOJIYIUTHCA Tirye = V3;
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5. (4 4)(x — 1)(z — 20)(x + 33) = 0, JOIZKHO NOMYIUTHCS Tirye = 1.

3aganne 37 3a0aHuA 8HINOAHATIME 8Ce MO NOPAIKY.

[TocTpoiiTe 3aBUCHMOCTS PA3HOCTHA MEXKJIy JHC/IEHHBIM U AHAJUTUIECKUM Derrre-
HUAME (T — Typye) OT gmcIa maros n. Ha oxnom rpaduke mocrpoiire u cpaBHUTE TH
3aBUCHMOCTH IIPH PACIETAX METOJIOM JIeJIEHIS OTPe3Ka MOIoJIaM 1 MeTojioM HeioToHa.
He 3abypre BoiBecTn Ha rpaduk jerenay legend ().
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DyHKLUMOHaNBHOE NpOorpaMMIUpOBaHUe

Boimie MBI y2ke paszobpajiu HECKOJIBKO MOAXOA0B (9aCTO UX HA3BIBAIOT <IIAPAJINT-
MaMu») K [POrPAMMUPOBAHMIO: CTPYKTYDPHBIH — CAMBI XPOHOJOTMYECKU PaHHUM
TIOXO/, COCTOSIINN B BBIJEJIEHUN COCTABHBIX OIEPATOPOB, COAEPKAIINX B cebe Ipy-
rue oleparopbl (IUKJIOB, BETBJIEHHI), a TAKXkKe aBTOHOMHBIX OJIOKOB KOJA, HA3bIBa-
€MBIX IOJIPOrpaMMaMM, WU (DYHKIIUSIMU; MOJIYJIBHBII — IPOJOJIZKEHNEe U PaCIlIn-
peHue CTPYKTYPHOIO; 00beKTHO-OPUEHTUPOBAHHbIN, IIPEICTABJISIIONMII JajbHelinee
pa3BUTHE MOIYJBHOIO, KOTJA CTPYKTYPBI JAaHHBIX M KOJ I'PYIIUPYIOTCA HE B MO-
IyIsIxX, a B KjaaccaX. Emé oama pacmpocTpaHéHHas mapagurMa — (QyHKIMOHAILHOE
nporpamvupoBanue. [1o1 GyHKIIMOHAILHBIM IPOrPAMMIPOBAHIEM B JINTEPATYPE TIO-
HUMAaETCs COBOKYIIHOCTh HECKOJIBKUX OTJIEJIbHBIX UE U UX peasin3alyii, CBA3aHHBIX
MezKJly CODOI0, HO He IPEJICTAB/ISIONIX OpraHnyHoe 1ejioe. JacTo GpyHKINOHAIBHOE
[IPOrPaMMUPOBaHIE IPOTHBOIOCTABIISIIOT HMIIEPATUBHOMY (BCE paHee pacCMOTPEHHOE
MIPOrPaMMUPOBAHUE, BKJIIOUas O0bEKTHO-OPUEHTHPOBAHHOE, MOXKHO CUUTATH UMITEPa-
TUBHBIM ). Takoe NPOTHBOIIOCTAB/IEHUE OCHOBAHO HA IOHUMAHUK UMIIEDATHBHOIO IIPO-
rpaMMUpPOBAHNs KaK Habopa KOMaH/I IIPOIECCOPY, UTO JEIaTh II0 IaraM, a (pyHKIIo-
HAJIBHOTO — KaK OIWCAHUs PellleHus 3a1auu B e Gynkimii (dhopmyn). B aefictsu-
TeJIbHOCTH, YUCTO (PYHKIIMOHAJIBHOE IMPOrPAMMUPOBAHIE TPAKTUIECKN HEBO3MOXKHO,
Jayke CaMbIil YUCTHIN 13 (DYHKIMOHAJIBHBIX 13bIKOB — Haskell — nmeer cnenmannsu-
POBAHHBIN MEXaHM3M MOHAJT /I 00ECIIEICHNA CBA3M CO BHEITHUM MUPOM, HAIpUMeED,
areHus Qaiijaios, paboThl C CETHIO U YCTPOHCTBAMU BBO/A-BLIBO/IA.

OYHKITMOHAJIHHOE ITPOIPAMMUPOBAHUE HE HYIHCHO, €CJIA TPEOYETCS IPOCTO ITOCTH-
TaTh PE3YJIbTAT M0 KaKOH-HUOY/Ib CJIOXKHON (hopMysie, HAIPUMED, JJIs PEIIeHud Ky-
OUIECKOTO YPABHEHUSI WJIM BBIYHCJIEHHST 00bEMA [I0JIOTO KOHYCA, HUKAKHUE CIIICKU He
ny2KHbl. IIpaBia, B TaKoM ciiydae 00beKTHO-OPHEHTHPOBAHHOE HJIA CTPYKTYPHOE IIPO-
rpaMMHUPOBAHNE TOXKE HE HYKHO. JeCTHO TOBODPsi, HE HY?KHBI B TAKOM CJIydae JaxKe
[UKJIBI, €CJIA TOJIBKO OHHU HE HCIIOJIB3YIOTCH JJIs PA3JIOXKEHUsI KAKOH-HUOYIb TpaHC-
neHJeHTHOM dbyHknuu B paa. [losTomy Takue 3amadn Mbl pacCMaTPUBAThL He OyJeM.

KOI‘,H‘a 3aBOJIAT pevdb O (byHKL[I/IOHaJII)HOM IIporpaMMmUpoOBaHUN, MHOI'O T'OBOPAT O
HEU3MEHHOCTHU JaHHBbIX (I/I,Z[GIO HEU3MEHHOCTH JaHHBIX B Python YAa9HO MJLJIIOCTPU-
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DPYIOT CTPOKH M KOPTEXKH), YUCTHIX PyHKIUAX (Takux (yHKIMIX, KOTOPbIE He HC-
MOTB3YIOT HUKAKUE IVI00aIbHBIE U HEJOKAJbHBIE TIEPEMEHHBIE U He MOAU(MUIUPYIOT
CBOM apryMeHTbI), QYHKIUAX BBICIIAX HOPSAKOB (OOBIYHO BCTPEYAETCs TPHUAJA map,
filter, reduce, HO GBIBAIOT U JpYIHeE), GE3BIMIHHBIX (DYHKIUAX (UX €IIE HAZBIBAIOT
A-dyukimsivu) u 1p. — Bce oHM ecth B Python. Ho ¢ mpakTmueckoil Touku 3penust
[epBoe, YTO YBUJUT IEPel COOOK MPOrPAMMICT, ITEPEXOMAIINI ¢ NMIIepaTUBHON Ha
GYHKIIMOHAJIBHY O MAPAUTMY, — ITO OTPOMHOE 9HCJIO ITUKJIOB, KOTOPhIE HY2KHO UeM-
TO 3aMEHUTH, TIOTOMY 9YTO 6 (PYHKUUOHAALHOM NPOPAMMUPOCIHUY He Obieaem Uuuk-
206! U1 mpakTudeckn Best €ro paboTa M3HAYAILHO OYAeT CBOAUTLCI K 3aMeHe IIUKJIOB
pekypcueit. B eifcTBUTEIbHOCTH, MOXKHO THUCATh (DYHKIIMOHAJIBHBINA KO 6€3 MHOTUX
aTpubyTOB (PYHKIMOHAJIBHOIO IIPOrPAMMUPOBAHUSI, IIyCTh OH OYyJIeT I'POMO3IKHUM, HO
HEJIb3sI IEJIMKOM 000HTUCH 6e3 peKypcun.

10.1 Cnucku n pekypcus

OjinH 13 1epBbIX (DYHKITMOHAJIBHBIX SI3BIKOB IIPOrpaMMHUpPOBanus — Lisp, Ha3Ba-
HIEe KOTOPOTO TEPEBOJINTCSA KAK A3bIK 00pabOTKM ciucKoB. Ilpu ero cozmanum ObLIa
3aJI02KEeHa, JIOBOJIBHO MPOCTasi Wjiesi: OOJIBIIIMHCTBO CJIOYKHBIX BBIYUCJIEHU, KOTOPBIM
TPeOyIOTCS TOBTOPSIIONINECS OMEPAIMH, MOYKHO OPTaHM30BATh Yepe3 CIUCKH. B camom
neJie, DOJIBITNHCTBO MPAKTUIECKUX 33189 MOXKHO CBECTU K OJTHOMY W3 CJIEIYIOIINX Ba~
PHUAHTOB:

1. cozmaHme HEKOTOPOTO CIIUCKA HA OCHOBE IPABUJIA, (POPMYJIBI, AJITOPUTMA, B TOM
qucjie TIPU TOMOIIH JAPYTUX, MEHBIINUX CIIMCKOB, HAIIPUMED, CIMCKa dnces Pu-
OOHAYYN WJIM CIIHCKA Pa3PelIéHHBIX MMPAaBUJIAMU aBTOMOOMIBHBIX HOMEPOB Ha
OCHOBE CITICKOB OYKB 1 IIHP;

2. mpeobpa30BaHUE CIHUCKA B JIPYTOil CIUCOK, HAIIPUMED, €CJIU HAM HYXKHO IIPO-
TabyJIMPOBATh HEKOTOPYIO (DYHKIIIIO, TOT K€ CHHYC, 9TOOBI IIOTOM HAPUCOBATH

rpaduk;

3. cBEépTKa cIncka — npeodpa3oBaHie ero K OJIHOMY 3HAYEHUIO, HAIIPUMED, BHIYUC-
JIeHUEe CYMMBI, CPeJIHeT0, MaKCUMAaJIbHOI'O MJIM MUHUMAJILHOI'O 3JIeMEHTa, JIJINHDI

u JIp.

B neficTBUTEILHOCTH, HEKOTOPBIE TAKUE OLIEPAIIH He TPEOYIOT 0053aTeJIbHOIO CO-
3/IaHNS CIIUCKA, HAIIPUMED, BBIYUCJICHAE TPUOIMZKEHHOTO 3HAYEHNUSI JJIsI OIEHKH 30710~
TOTO CeYeHUs UJIH YNCIIA T IO PEKYPPEHTHON (DOPMyJIe HE IIPEII0IaraeT 00si3aTeIbHO-
0 XpaHEeHHUs BCEX IIPOMEXKYTOYHBIX Bbluucsenuii. Ho B Takom cirydae HaAM IPHUIILIOCH
OBl TI0XKEPTBOBATH HEM3MEHHOCTBIO JIAHHBIX ([€PENNChIBATH TEKYIee NPUOIIMKEHIEe
HA KayKJIOM IIare), 9To upu (GyHKIMOHAJILHOM IOAX0e Heaomyctumo. [loaromy dak-
TUYIeCKN 33Jla9a BCE PABHO CBOJAUTCS K CO3JIAHUIO CIUCKA, IYCTDb JaxKe OT HEro HaMm
HY?KEeH TOJIBKO IOCJICJHUH 3JIeMEHT.

B umnepaTuBHOM TPOrpaMMUPOBAHUU JIJIsT PENTEHUs BCEX TPEX THUIIOB 3aJ1a9 MC-
MIOJIB3YOTCSI IIUKJIBI, B (DYHKITMOHAJIBHOM — PEKYPCUsi U (PYHKIIUU BBICIITUX [TOPSIIKOB.
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IIpu sTOM HAJIO MOHMMATD, YTO PEKYPCHUsI B IPUHITUIIE CIIOCOOHA PEIIaTh HEKOTOPbIE
THIBI 331849, KOTOPbIE ¢ TOMOIIBIO [UKJIOB, JAayKe BJIOYKEHHBIX, PEITUTh HEJIb3sl.

PaccmorpuMm mepByio n3 TpEx 00O3HAYEHHBIX BBIIME 33J1a9 — 3aJady O CO3Ja-
HuU cnucka. [IpoussenéM pacuér guramMmMa-pyHKIMH TIeJI0r0 apryMmenTa. Jluramma-
dyuknus, obosznavaemas oObraHO P (r) = %ln (F(z)), JIOBOJIbHO BOCTPEDOOBAHHAST
TpaHCIEH/IeHTHAsT (DYHKIINS, UCIIOJIb3yeMast, HAIIPUMED, JJIsi PACIéTa HEKOTOPBIX Mep
Teopuu WHAGOPMAIINH: B3aUMHON MHMOOPMAIUN U SHTPOIHUHU TIEPEHOCA TT0 POPMYIIaM,
BBIBEJIeHHBIM B pabore Kozauenko—JIeonenko. DTu Mepbl IOIMYJISPHBI B Psijie TPUIO-
JKEHUH, B TOM YHCJIE IPU U3yIEHUU MO3TA.

s pereHust 3a7a9u MOYKHO HCITOJIB30BATH CJIEJIYIOIIEe PEKYPPEHTHOE COOTHO-
eHue:

Yo+ 1) = () + (10.1)

rue ¥(1) = —v, v = 0.57721566490153286060 — xkoncranTa itsiepa—Mackeponu.
C TOMOITBIO MUKJTa BEIMUCTATE (M), T/Ie 7 HATypaJTbHOE THCJIO0, JTOBOJIBHO JIETKO:

n = int (input (’BBezuTe HaTypasbHOE UHCIO ’))
psi = -0.57721566490153286060
for i in range(l, n):
psi = psi + 1/i
print(psi)

IIpu sTOM HET HyXK bl CO3/MaBaTh Kakue-1uno0 Gpynkmuu. Ho eciim Mbl XoTuM 3aMe-
HUTH IUKJI HA PEKYPCHUIO, PyHKUu0 npudémcs cozdamov obsazamenvro! Bor BapuanT
C peKypcueil BMECTO IHKJIA:

def digamma(psii, n):
i = len(psii)
if i < n:
psi = psiil-1] + 1/i
return digamma(psii + [psil, n)
else:
return psii
psivals = digamma([-0.57721566490153286060], n)
print(psivals[-1])

Kaxk u 1moJyiozkeHo B peKypCUBHBIX (DYHKITUSIX 00513aTEJIHHO IPUCYTCTBYIOT JIBE BET-
BU: PEKYPCHUBHAsl M HEPEKypPCHUBHas. PeKypCHUBHAsI BBLIYHCJSIET HOBBIM JIEMEHT, [IPU
9TOM BCE IIPOMEXKYTOYHbIE 3HAUEHHS CKJIAJIBIBAIOTCS B CIIMCOK, KOTOPBIA yBeJIMYNBa-
€TCsl Ha, OJINH HOBBII 3JIEMEHT Ha KayKJOM 3aIlyCKe, IJIs Uero MCIOJIb3yeTCsl Olepa-
TOD CJIOXKEHUsI CUCKOB psii + [psi] u mepenmaércst 9Toit ke PYHKIINU TIPU OUEPE]I-
HOM BBI30Be. HepekypcuBHasi BO3BpAIAET PE3YJIbTAT B BUJE CIIMCKA BCEX 3HATCHUIA
juraMMa-QyHKIIMA OT apryMeHToB, HaumHas ¢ 1 u mo n. [lpejjokeHublii Bapuant
OGepéT HOMEp MTEPAIUH i IIyTEM BBIYMCJIEHUs] JIJIMHBI CIINCKA Ha KayKJIOM IIare, nHaJde
€ro MpUIILIOCh OBl TIEpeIaBaTh B KAYECTBE TPETHEro aprymenTa (pyHKIun digamma.



40 [naBa 10. PyHKLMOHaNBEHOE NPOrpaMMUpOBaHe

[IpencraBiieHHast peajm3ass — YUCTast (PYHKIUsI, [TOTOMY YTO OHA HE MEHsSIeT
CBOM BXOJHBIE apIyMEHThI (Ha KaKJOM Iare CO3IAETCs HOBBIH CIMCOK, & HE MOJU-
dbunupyercst uCXOnHBIA) U He 0OpaIAeTCd HU K KAKUM BHEIIHUM [epEeMEeHHbIM. Bbi-
IJISIAT TaKas peaju3aliysi, OJHAKO, HECKOJIbKO HEeCypas3HO: IPU BBOJE MPUXOIUTCS
[epeIaBaTh HAYaIbHOE 3HAYEHNE, & IIPU BBIBOJIE PE3YJIbTaTa MPUXOIUTCA OpaTh I10-
caeHU 3j1eMeHT criucKa. K ToMy »Ke co3/laHue CIIUCKOB Ha KaKJOM Ilare — O4YeHb
ILUTOXOM TIOXOJT C TOYKU 3PEHUsI PACXOJOBAHUS HMAMSATH, IIOCKOJBKY B TAKOM CJIydae
Ha KaXKJOM Iare IMaMsTH HY?KHO BCE 00JibIite U OOJIbIle, U OOIIMil €€ M3PacX0I0BAH-
HbIiT 06BéM Gyier opsaaka O(n?), To ecTh TPOMOPIEOHAEH KBAIPATY 7, 9TO COBCEM
HUKYJIa He rofuTcs. 11o9ToMy Takue 9ucThle peaju3alii He O9eHb PACIPOCTPAHEHBI
Ha IpakTuKe. Jalle UCIIoIb3yIoT IPUEM, U3BECTHBIN KAK «3aMbIKaHUE», KOIa PEKYp-
cuBHast (DyHKIUS BKJIAJIBIBAETCSI BHYTPh JIPYTOii, HEPEKYPCUBHOM, 00OpaIasich K Jio-
KAJIbHBIM TI€PEMEHHBIM BHEITHel byHKImn. BeposTHO, CMBICT TEpMUHA, «3aMbIKAHAE>
B TOM, 9TO BHYTpeHHssT (DYHKIMSA 3aMKHYTa B HAPYXKHYIO, B HEE YKe 3aMKHYTHI BCE
HeJIOKAJIbHBIE [IePEMEHHbBIe, TaK YTO HAPYKHAsd QYHKIIHS [OJIy9aeTCsl B UTOre YUCTas,
XOTsI BHYTPeHHsIsI — HeT. BOT KaK MOYKHO HAIIUCATh IIPUMED BBIIIIE C UCIIOJIB30BAHUEM
3aMBbIKaHUSI U Jaxke 0e3 CIIUCKA:

def digamma2(n):
def dgf(i, psi):
if i < n:
return dgf (i+1, psi+1/i)
else:
return psi
return dgf (1, -0.57721566490153286060)
print (digamma2(n))

ObpaTuTe BHUMaHNE, MbI CIIPSTAIN HAYAJIbHOE 3HaYeHHe -0 .57721566490153286060
BHYTPD BHeEIIHe DYHKINH digamma2 KaK JIMTEPAJI, UCIIOIb3yEeMbIN IIPU IEPBOM BBI30-
Be, — TEIEePhb ero He Hy>KHO YKa3bIBaTh IIPU OOpAIEHNH, a B Tejle BHyTPeHHel pyHK-
nuu dgf obparaeMcst K TIepeMeHHOil n, Jjist He€ BHernmHel. Ho HacTosmux rio0baibHbIX
IepeMEeHHBbIX TYT HeT. Bojiee TOro, MpuHIMI HEN3MEHHOCTH JIAHHBIX COXPAHSIETCS: MbI
HE MEHsieM 3HAYEHUs HUKAKNX [EPEeMEHHBIX. B HEKOTOPBIX #A3bIKAX ITPOIPAMMUIPO-
BaHusi, rae GyHKIUA BHYTPU (DYHKIUI HE Pa3PEIleHbl, 3aMbIKAHUS HEBO3MOYKHBI.
Hanpumep, 8 C u C++.

Ecsin mam BCé 2Ke Hy2KeH BECh CIIMCOK 3HAYEHUN TUraMMa-(QyHKIIAA OT aPTYMEHTOB
oT 1 710 M BKJIIOYUTENHHO, HAIPUMED, [IJIsl IIeJiefl BBIMHUCJIEHNs] B3aUMHOM MHGOpMa-
[INH, €r0 MOXKHO TOJIYYIUTD MYyTEM CJEeIYyIoeil MoauMUKAIMN TOCTETHETO0 BAPUAHTA
IIPOrPAMMOBIL:

def digamma3(n):
dglist = [-0.57721566490153286060]
def dgf(i):
dglist.append(dglist[-1]+1/1)
if i < n-1:
dgf (i+1)
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dgf (1)
return dglist
print (digamma3(n))

Temepp Ha BepxHEM ypOBHE MbI BBEJU CIHUCOK dglist, KOTOPBIH JOCTYIE€H BJIO-
JKeHHOU (GyHKIuU dgf, Kak U BeJIUYUHA n, a GYHKIUs dgf BBIPOAWIACH IO CYyTH B
MIPOTIEIYPY, MOCKOJIBKY OIepaTop return OOJIbIE HE HYXKeH. boJiee TOro, mcuessia aa-
2Ke HepeKypCUBHAad BETKa B YCJIOBUU, YTO KaKeTCd IIPAMBIM HapyIIeHUEeM IIPUHITAIIOB
MOCTPOEHNsT peKypcuBHBIX dyHKImi. Ha camoMm mene ona ecth, mpocto Python mos-
BOJISIET HE IUCATH return None, & 9TO BCE, UTO €CTh B HepeKypcUBHOH BeTke. ParTu-
9ecKH, BCsl paboTa PeKypCUBHON (DYHKIMK CBOJIUTCS K MOIU(PUKAINY CIUCKa dglist.
Takoit Koj1 emié JajibIie OT YUCTO (DYHKIMOHAJIBHOIO CTHJISA 33 CIET BBEIEHUS U3Me-
HEMOTO CIIMCKA, HO TpeDOBaHME YMCTOTHI BHENTHEN (DYHKITMU CODJIIOIAETCs, TaK KaK
dglist — eé JOKa/JbHas TepeMeHHas, a He (popMaabHBI mapaMerp.

10.2 Cnuckn n pyHKUUM BbICLLNX NOPSIOKOB

Ternepp paccMOTpPUM BTOPYIO 33Ja4y U3 U3JIOXKEHHBIX BBIIIE — O TTOCTPOCHUU O/I-
HOTO CIUCKAa Ha OCHOBE JIPYTOro, yiKe CymecTBYomero. OyHKITMOHAIBHBIN MOIXO,
MpejIaraeT ABa BapraHTa pPeIeHns TaKuX 3aaad. [lepBolit, y?Ke pacCMOTPEHHDINH BbI-
e, — 4Yepe3 pekypcuio. BTopoit — ¢ moMorpio (pyHKIHH BBICIIErO MOPsIKA map u
filter.

10.2.1 TlpeobpasoBaHue CNMCKOB C MOMOLLbIO map

ot wmoctpanuu paboThl (PYHKIUN mMap YacTO PACCMATPUBAIOT 3314y O IIO-
CTPOEHUU TAapabOJIbl UM CUHYCA, JIJIsI 9€ro HY2KHO 110 CIICKY 3HA4YeHUNl apryMmeHTa
MIOJIyIUTh 3HAYEHUS (DYHKIMH I KAXKJI0M U3 HUX, HO MBI JIJIsi PA3HOOOPA3Us OTOM-
€M OT YHCJIOBBIX JIAHHBIX M PACCMOTPUM TEKCTOBBIE. VI3 CIMCKa MYKCKUX UMEH, 3a-
KaHINBAIOMMNXCS HA TBEP/IIA COTIACHBIHN, CO3MaliTe CIINCOK (haMUInil, 0Opa30BAHHBIX
OT HUX IIyTéM J00aBiieHns cyddurca «-0B».

IlepBoe pemenne — ¢ UCHOJB30BaHUEM TTUKJIA for:

imena = [’Arapon’, ’Borgman’, ’Bapmam’, ’Tepacum’, ’Jembsn’, ’Emernssan’]
familii_c = []
for ime in imena:
familii_c.append(ime+’0B’)
print(familii_c)

Bropoe pertenne — ¢ ucnosib30BaHNEM PEKYPCUBHOMN (DYHKITMN:

def ov(imena, familii):
if len(familii) < len(imena):
return ov(imena, familii + [imenal[len(familii)]+’o0B’])
else:
return familii
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familii_ov = ov(imena, [])
print(familii_ov)

Tperbe perienne — ¢ UCMOIB30BaHUEM (DYHKIIUU map:

def fam(ime):

return ime+’oB’
familii_m = list(map(fam, imena))
print(familii_m)

[IpokoMmmenTupyem mamu pertenns. [lepBoe — ¢ nCIOIB30BaHUEM TTUKJIA — JTOJIK-
HO OBITH Y2K€ XOPOIIO MOHATHO. MBI Tak /1e/1a/11 MHOTO pa3: CHAYAJIA CO3MAETCS IIyCTON
CIIICOK ¥ IIOTOM B HErO C IIOMOIIBIO BCTPOEHHOI'O MeTo/1a append 10 OIPeIeIEHHOMY
[paBUJly J00ABJIAIOTCS 3HAYEHUs. BTOpOe pelleHne ToxKe J0JI?KHO ObITh IOHSITHO: TYT
pekypcuBHas GYHKIUs OJIYIAeT Ha BXOJ IBa CIIUCKA: IEPBBI OCTAETCS HEN3MEHHBIM
(310 BXOZHOM CIIUCOK ), BTOPOIi JIMOO HAPAIIUBAECTCS B PEKYPCUBHOM BETKE OIHUM 3HA-
YeHneM (ITO CIUCOK—PE3YJIbTAT), €CJIU OH KOPOYe IIEPBOro, JIUOO0 BBIIAETCS B KAYECTBE
pe3yJbraTa B HEPEKYPCUBHOI BeTKe, eCJIi UX JJINHBI coBraun. [Ipu BHeITHEM BbI3OBE
PeKyPCUBHO# (DYHKIIMU BTOPOI CIIMCOK 3aIaETCsl ITyCTHIM 110 aHAJIOTMH C TEM, UTO MbI
BUJIEJIH [IPU UCIIOJIb30BAHUU UK. 10 eCTh PeKypCusi 3/1eCh IOIMEHsIET COOOK0 ITUKJT
KaK U B paHee paCCMOTPEHHBIX IIpuMepax. TpeTbe pernenne jisi HaC — MPUHIAIINAb-
HO HOBOE. 3/IeCh UCIOJIb3yeTcs (DYHKIINS Map, YaCTO Ha3bIBaeMast (DYHKITMEH BBICIIIETO
MOPSA/IKA, TOTOMY YTO OIHHUM U3 €€ apr'yMEHTOB SBJIS€TCS JApyras (PYHKIINs, a BTO-
PBIM — TIEPEUNCIIAEMbIH 00BeKT (KaK MPABWIIO, CIHUCOK). DyHKIUS map IPUMEHSIET
CBOI1 TIEpPBBIil apryMeHT — (DYHKIMIO — KO BCEM IAEMEHIMAM BTOPOTO apryMEHTa 110
MOPSJIKY W BBIJAET HOBBIM IEPEUUC/IAEMBI 0OBEKT — I0CJIeI0BaTETbHOCTD BO3BPa-
TOB mpuMeHEHHON dyHKIn. HUKakoro sSBHOrO IMUKJIA 3/1€Ch HET U PEKYPCHUH TOXKE.
QaxrTuyecku, GYHKIUA Map /Ui HAC — 3TO HOBasg aOCTPaKIUs, HAIEro MoI00HOTr0
MBI paHee He BUJIEIN. DimKkaiinuii aHaJior u3 paHee pacCCMOTPEHHOIO — BCTPOEHHBIE
yHKIMKM numpy, KOTOPbIE TOYKE MPUHUMAJIN MACCHB M BBIJIABAJIN MACCUB. TOJIBKO
TaM OHH caMH 0003HavYaJn CODOI0, UTO OHHU JEJIAIOT, HAIIPUMED, NUMPY . Sin cuuTaia
curyc. A map HUYEro cama He Jiejiaer, ona 6e3 mepBOro apryMenTa — mycras 060109~
ka. [IpsiMoil mosTHOI aHAIOTHY ¢ IUKJIOM 37eCh HeJIb3d JocTudhb; Python, ncmons3yst
CHEIMAJIbHBIA OIEPATOP—3aTHIYKY Pass, HO3BOJISET CO3/ATh IIMKJI, KOTOPBI HIYEro
HE JIeIAeT:

for ime in imena:
pass

Takoi#t nmuKI [efCTBUTEIBHO TPOPAOOTAET CTOJBKO Pa3, CKOJIBKO 3JIEMEHTOB B
CIHCKe imena, HWYEro He Jesias Ha Kaxkjom rmare. Ho B ciydae ¢ map ykasanwe
npuMeHsieMoit byHKIMU — 00s3aTeIbHO, a BOT CaM IMEPEIHUCIIEeMbIil 0O0HEKT, K dJIe-
MEHTaM KOTOPOTO NPHUMeHsSIETCs 9Ta, (DYHKIUS, MOXKET ObITh U IIYCThIM (aHAJIOTUTHO
TOMY, 9TO IUKJI He IIpopaboTaeT HUu pasy).

OrmeTuM, 9TO Ha CAMOM JieJjie BCe PEeIeHUs] UMEIOT OIPe/Ie/IEHHbIE Y€DPThI, BbIIa-
fore ocobeHHocTu si3bika Python. Perrenune wepes mukir ucmosibayer 06xoJ1 CIIUCKA
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10 3HAYEHWIO, YTO B «CTapbix» s3blkax Tuia C man Pascal HeBO3MOXKHO, BO3MOXKEH
TOJIBKO 00X0J1, 110 HOMepY. B 6oJtee COBpeMEHHBIX A3bIKAX TAKON ITUKJI €CTh U YaCTO Ha-
3piBaeTcd foreach. BapuanT ¢ pekypcueil ommpaercs Ha UCIOJIB30BAHUE BCTPOSHHOMN
GyHKIMK JUIHHBL, 9TOOBI ONPEJIEUTh, JOCTUT JIA CIHHCOK (haMUIHNA JIJTHHBI CITHCKA
uméH. OusTh Ke B CTapblX A3bIKAX € 9TUM ecTb 11pobiemMbl: B C MaccuBbl (peabHBIX
JUHAMUYIECKAX MACCUBOB TaM HET, €CTh TOJBKO YKa3aTeJH) CBOell JUIMHBI He 3HAIOT U
OIpeie/InTh €€ BCTPOEHHBIMU METOIaMU HEBO3MOXKHO, & B KjaccmueckoMm Pascal mer
MAaCCHBOB M3MeHsIOMIelicsa qauabl. BapuanT ¢ dyHknmeir map Tpedyer siBHOrO Ipeod-
pa3oBaHusl pe3ysbTaTa K CIIUCKY, TAK KAK map BLIJIAET UTEpaTop U (pU3UIECKH OOHEKT
e hopMHUpPYeT. DTO JAET MPEUMYIIECTBA IPU MCIOJIL30BAHUU TAK HA3BIBAEMOT'O KOH-
getiepa u3 pyukiuit. K Tomy ke pesysbrar MOXKHO IIpeobpa30oBaTh He K CIIHCKY, & K
KOpPTEXKYy, HarpuMep. Bo MHOTUX Ipyrux si3bIKax map OyleT BhIJABATH CaM CIIHCOK,
Tak Ob110 U B Python 2.

10.2.2 bBe3biMsiHHbIE (hyHKUMN

B mpencrasiienHOM HaMu cilydae UCIOJb3yeMasi B map GyHKIus fam 09eHb mpo-
cTas W BBIJEJICHUE €€ B OTAE/IbHYIO (PYHKIIUIO SIBHO BBITJISAUT M3OBITOYHO U B ITOM
CMBICJIE BAPUAHT C ITUKJIOM MMEET sIBHOE IPEMMYIIECTBO, a Pellenne B PyHKINOHAb-
HOM CTHJIE BCE eIlé BBIVIAAUT U3OBITOYHO I'POMO3JIKO, XOTS y2Ke JIydIlle, YeM depe3
pekypcuio. UToObl yMEHBIHUTL 00BLEM KOJA W HE TUIOMUTH JIMIITHUE, BIIOCJIEICTBUN
HUKOTJIa HE UCIOJIb3yeMble cymrHocTu, Python mommepkuBaer mexaHusMm Ge3bIMsIH-
HBIX (AHOHUMHBIX ) OJTHOCTPOYHBIX (DYHKIN, TAKIXKE U3BECTHBIX KaK lambda-(yHKuuu
I TIPOCTO «JisiMOmamuy. Takne dyHKIUI B 00s132TEIHHOM TOPSIJKE €CTh BO MHOTHX
GYHKIMOHATBLHBIX SI3bIKAX, & HEJABHO UX J0DABUIIN jTaxKe B cTaHaapTHeI Java u C++,
IIPOCTO IIOTOMY 4YTO B TO¥# 2Ke Java oObluHblEe (DYyHKIUU B IPHUHITUIIE OTCYTCTBYIOT, a
MOI'YT OBITH TOJIBKO METOAMU KJIACCa, & CO31aBaTh KJIACC, YTOOBI JJOOABUATH APy CUM-
BOJIOB K CTPOKE WJIU CJIOXKUTh JIBa 4ncja, — SeHblil mepebop. Bor pemenune nameit
MIPEeIbIIYINel 3a/1a91 C UCIoIb30BaHneM lambda-dyHKinn:

familii_1 = list(map(lambda v: v+’0B’, imena))
print(familii_1)

Kak BugumMm, dpaxTuueckoe peleHue yJI0XKUJIOCh Telepb B OIHY CTPOKY U CTaJIO
y2K€ 3aMETHO KOpO4Ye TOr'0, 9YTO MOXKHO CHEJIATh C UCIOJIb30BaHUECM IIAKJIA.

Cunrakcuc y 0e3pIMAHHON (YHKINKA TAaKOH: CHAYATA KIET KIIIOYEBOE CJIOBO
lambda, obo3HavaroIiee, 9To jajgee — Oe3bIMAHHAs (PYHKIUS, 3aT€M depe3 3alls-
TYIO UJET MepedncyIeHne TapaMeTpoB, B HAIIIEM CJIydae Tapamerp ojuH v (obpaTure
BHUMaHHUE: CKOGOK HeT!), HOTOM IIOCJIE JBOETOYUSA CJIELYET DPE3YJIbTAT, TO €CTh TO,
910 OYyJIeT CTOSATH B HOPMAJIBHOW (DYHKITMHU IOCJIE€ KJIFOYEBOro cjioBa return. Bes
3alliCh, HAUNHAad OT KJI0YeBOro cla0Ba lambda u 3akaH4YMBas pe3yabTaTOM, CTOUT Ha
TOM MeCTe, IJie IIPHU HCIIOJIb30BAHUA OOBIYHON (DYHKIMH PACIOJIOXKEH €IIMHCTBEHHDBII
uAeHTU(HUKATOP — €€ MMsI, B HaIlleM CJIydae — JI0 3aIlATOH, OT/ENSIONeil mepBblit
apryMeHT map (IpuMeHsieMy®o (DYHKIMIO), OT BTOPOIO apryMeHTa — CIIHCKA, K dJie-
MEHTaM KOTOPOIr'O 3Ta (DYHKIUsSI IPUMeHsIeTCsi. TaKoil CTH/Ib TPAKTUIECKH KOIUPYeT
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TO, KaK (PYHKIIUU OObABJISIIOTCS B (DYHKIIMOHAJIBHBIX A3bIKAX, HAIIPUMED, ceMeiicTBa
ML, rme ckOOKEM BOKDPYT apryMEHTOB OTCYTCTBYIOT WM TIOCJE PAa3IEIUTENS 3aroJIOB-
Ka ¥ Tejla IPUBOIUTC pedysbrar ((opmyia) Belaucsienus. Pesyiabrar obs3an ObITh
3aIiCaH KaK OJIMH OIEPATOP. DTO 3HAYUT, YTO HUKAKUX JIOKAJHHBIX MM€PEMEHHBIX
(me myrafite ¢ bOpMANBHBIMU APAMETPAMHI, TO €CTh CO 3HAYEHWSIMU, CTOSAIIUMU B
3arojIoBKe, — aprymeHTaMu (pyHKIIUU, OHM KaK pa3 MOTLYT ObITh, B IIPEJICTABJIEHHOM
cJlydae 9TO [epeMeHHas v, KOTOPYIO MbI Ty T BBeJIU) B 0e3bIMAHHOM (DYHKIMN HE MOKET
OBITH CO3/AHO, 3aIIyCK METO0B, M3MEHSIOINX YTO-TO HA MECTE TUIA METOJOB CIUCKA
append mwim Sort, HEBO3MOXKEH II0 TOI K€ MPUYUHE: METOJbI [IPEJCTABISIOT COOOI0
OTJIeJIbHBIE OMEPATOPHI, Bo3Bpamaomniue None, a ero HeKy/la JeBaTh. DTO HOJHOCTHIO
coTJIacyeTcs C WJIeosiorueil (pyHKITMOHAJIBHOTO IpOrpaMMUpOBaHus. Bripouem, ecym
BHYTPHU (PYHKIUU HYXKHO CIe/IaTh 9YTO-TO CJIOKHOE, HUKTO TO-TIPEXKHEMY He 3aIpPeIa-
€T OIHUCaTh €€ KaK OT/E/IbHYIO «OOJIBINYI0» (DYHKIINIO ¢ UMEHEM U BOCIIOJIB30BATHCS
BCEMU CTaH/IaPTHBIMU BO3MOXKHOCTAMM.

Jytst TOro, 9TOOBI YBEJIMYUTH BO3MOXKHOCTH WCIIOJIb30BaHUS (DYHKIIMOHAJIBHOIO
moixo/1a u 6e3pIMIHHBIX (byHKIHi, B Python BBenéH momoHUTEIBHBIN OTHOCTPOYHBII
BapuaHT orneparopa if /else ¢ obeumu BeTBsaMu. [lJis €ro NILIIOCTPAIMU PACCMOTPUM
HEMHOT'O YCJIOKHEHHBII BApUAHT IPeablayIei 3agaqn. VI3 crncka MyKCKUX UMEH, 3a-
KaHIMBAIOIIUXCSl HA TBEDJBIN COMVIACHBIN MM Ha «-eii/-oif» (Hampumep, «AHIpeii»,
«CpIcoii» ), co3maiite cnucok damuanii, 06pa3soBaHHBIX OT HHUX IIYTEM JI00aBJIEHUsI
cy(bDUKCOB «-0B/-€B>.

IlepBoe pemenne — ¢ UCHOJIB30BAaHUEM MMEHOBAHHON (pyHKIUU:

imena2 = [’Amekceit’, ’Bormam’, ’Begmemeii’, ’Tepacum’, ’[llopodeii’, ’Emensnsn’]
def fam2(ime):
if ime.endswith(’eit’) or ime.endswith(’oit’):
return ime[:-1] + ’eB’
else:
return ime + ’oB’
familii_m2 = list(map(fam2, imena2))
print(familii_m2)

Bropoe pemenme — c¢ wucmonb3oBanmeM lambda-QyHKIME ¥ OIHOCTPOIHOTO
if/else:

familii_m3 = list(map(lambda ime: ime[:-1] + ’eB’ if ime.endswith(’eir’) \
or ime.endswith(’oi’) else ime + ’o0B’, imena2))
print(familii_m2m)

CuenuajibHbIA CHHTAKCUC oreparopa if /else BLINIAIUT HEMHOIO CTPAHHO IIO-
TOMY, 9TO ITOT OIEPATOD HE MPOUIBOOUM NPOU3BOALHVIE JEUCTNEUA, G BLIMUCAALT
Hexomopoe 3navwenue. To eCcTb B OII€paATOp HEJIb3s IIOMECTUTD 9TO YIOHO, HAIIPUMED,
TaM HeJIb3sd CO3/aBaTh JIOKAJbHBIE IIEPEMEHHbIE MU U3MEHATh OOBEKTHI, 3aIlyCKast
MeTompl THIa sort u append. BMecTo 3TOro MOXKHO BBIYMCINTH 3HAYEHHE B 3aBU-
cuMocTHu OT ycyioBusi. 1loji 3HaYeHMEM MBI IOJIpa3yMeBaeM pe3yJIbTaT JIFOOro THIla:



10.2. Cnncku 1 hyHKLMN BBICLUINX MOPSIAKOB 45

YHCJI0BOM, TEKCTOBBIM, CINCOK, KOPTEXK, MACCUB WX 4YTO-TO emé. CHadajia IIUIIeT-
csl BbIpaXKeHue, KOTopoe OyJIeT BBIYUCJIEHO B CJIydae, €CJIM YCJOBUE UCTUHHO, 3aTeM
IoCJIe KJII09IEeBOToO caoBa if — camo ycjaoBme, IpUIEéM OHO MOXKET OBITH CJIOKHBIM,
TO €CTh Pa3peIeHo UCIOAb30BaHNe JOTTIECKIX OepaTopoB not, and u or. YcjioBue
3aBEPIAETC KJIIOYEBBIM CJIOBOM €lse, 1ocjie KOTOPOro UJET JAPYyroe BhIpaKeHue, KO-
TOPOE BBIUUC/ISIETCSI, €CJIU YCJIOBUE JIOZKHO. BHUMaHMe: BhIpaXKeHue 00430H0 BbIIABATH
pe3ysbraT B JIFOOOM CJIydae, TO €CTh B OTJIUYHE OT OOBIYHOTO if TyT Heb3s 000ii-
THCch 6e3 BeTku else! Eciu Bbl monpobyere CKOPMUTH MHTEPIPETATOPY YTO-TO BPOIE
CJIeAYIOel KOMaH bl

familii_m3 = list(map(lambda ime: ime[:-1] + ’eB’ if ime.endswith(’e#’)))

TO moJryunuTe coobmenne SyntaxError invalid syntax mocse KOHIIa CTPOKH, TO €CTh
porpaMMma, Jlazke He 3allyCTUTCs: ¢ TOYKH 3peHus Python takasi nucanuna — BooOIIE
He mporpaMma. B 3Toil cuTyaluu HEKOTOPbIE BHUMATE/BHBIE TOJb30BATEIHN, CIICIYsI
paHee IMOJIyYEHHBIM PEKOMEHIAINSAM, HAYNHAIOT UCKATH HelmapHble CKOOKU WJIN IIPO-
MyIIeHHbIe 3aIIAThle, HO JIEJI0 HEe B HUX, XOTd MBI He OyIeM 00emarhb, 9To 9TOH mpo-
OJieMbl B Ballleil mporpaMme He Oy/IeT: IMPU UCIOJIb30BaHUN JIAMO HEllapHble CKOOKHU
¥ HEIPaBUJIBHO PACCTABJIEHHBIE 3allSIThIE JIOBOJIBHO YaCTO BCTPEYAIOTCS M Y OIBITHBIX
nporpammvuctoB Ha Python. Ho B mpuBenéanom mpumepe u co CKOOKaMu, U C 3alls-
TBIMU BCE B TIOPSIJIKE, JEJI0 UIMEHHO B TOM, 9YTO B CTPOKOBOM YCJIOBHOM OIIEPaTOpE HET
6710Kka else.

Hamo mormMmaTs, 4TO JIAMOIBI CO3MaHBI BCE XK€ JJIS JIOBOJIBHO IIPOCTHIX YCJIOBHIA.
Hanpumep, BapuaT ¢ TpeMsi BeTKAMU BBIYHCJIEHUI, peaIM3yeMbIil CTaHIAPTHO Yepe3
elif, ¢ momompbio MOy HeBo3MOxKeH. [IpaBma, 910 orpaHwYeHre MOXKHO ODONTH,
€CJIM UCIIOJIL30BATh BJIOKEHHYIO KOHCTPYKIuUIO 1f /else BHYTpU BHEIIHEH TaKON ke
koHCcTpyKnuu. JlaBaiiTe paccMOTpUM eIé 9yTh OoJjiee yCIOKHEHHBI BAPUAHT PeEIe-
HUY IPENBLIYINe 3aa49n: 106aBUM BO3MOXKHOCTD CO3/IaBATH (DAMUJIMI OT UMEH IIep-
BOI'O CKJIOHEHUsI, KAK MY>KCKHX, TaK U YKEHCKHUX, 9TO B PYCCKOM $I3BIKE PeajIu3yeTcsl
¢ omoInipio cyddukca «-uH». VI3 crimcka UMEH, 3aKaHIMBAIOIIMXCST HA TBEPJBIH CO-
[JIACHDIH, Ha «-a/-a» (manpumep, «nbs», «<Hukuray, «Haranabsas) win na «-eit/-oii»
(manpumep, «Anupeit», «Coicoit» ), cosnaiite ciucok dbamMusmit, 06Pa30BAHHBIX OT HUX
myrém nobasienus cyGQOUKCOB «-0B/-eB/-UH>.

Pemtenne ¢ ucnonbzoBanueM popMaaIbHO OJJHOCTPOTHOMN JISTMOJIBI.

familii_m3 = list(map(lambda ime: ime[:-1] + ’eB’ if ime.endswith(’eir’) \
or ime.endswith(’o#i’) else ime[:-1] + ’um’ if ime.endswith(’a’) \
or ime.endswith(’s’) else ime + ’oB’, imena3))

print (familii_m3)

Kak Bugum, Hatme GhopMagbHO OJHOCTPOYHOE DEIeHHEe IIJIOX0 YMEIAeTCsl J1aXKe
B Tpu cTpoku (omepaTop \ HOJABJSET KOHEI, CTPOKHM U CJLyKUT Jjisl IIEPEHOCa TeK-
CTa, eI CTPOKA Yepecdyp BEeJIUKA M II0ITOMY ILUIOXO YMEIIAETCs Ha YKPaHe), [I0ITO-
My [PHILJIOCH HEMHOI'O II02KEPTBOBATH CTUJIEM (DOPMATUPOBAHMS U CMECTUTDH HAYaJIA
BTOPOIl M TPEThel CTPOK BJIEBO 110 CPABHEHUIO C TEM, KaK CpeJa aBTOMATHUYECKU UX
pa3melnaeT — monpoodyiiTe HAOPATh TEKCT STOI MPOrPaMMBI CAMU U BbI YBUJIUTE, UTO
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cpejla MpOrpaMMUPOBaHUs CTABUT 00a or 1o cjioBoM lambda. Ilpu sToMm ynTars Ta-
KO OTHOCTPOYHUK OKA3BIBAETCS BEChbMa 3aTPYIHUTEIBHO. TyT, MOX0Ke, MBI JOCTHUTJIA
Ipe/iesia PaA3yMHOTO U IIPOJIOJIXKATH IIBITATHCs BIUXHYTh JIOTUKY PAOOTHI B PAMKHI aHO-
HUMHON (PYHKITMN 3HAYAT yIOI00JIATHCS Tepoio aHeK 0Ta mpo Perl-mporpamMmucTos,
[MUIIYIIEMY KPYThle IIPOrPaAMMBbI OJIHOCTPOYHUKH, B KOTOPBIX CIOCOOEH pPa3obpaThes
TOJIBKO OH CaM M TO TOJIbKO IepBble 15 MuHYT mocjie HamucaHusi. Bcé ke Ko J10J1-
JKeH OBbITh HMOHATHBIM: 3TO BAXKHO U JJIsl HOcCjeaytomeil Mojgudukamyu (BCIOMHUM,
YTO MBI y2KE JIBAXKbI IIePeJIe/IbIBAJIU HAIE DEIleHne), U JJisl IIOUCKA ONIUOOK, U B 116
JIgX 00y JeHus /3aMMCTBOBAHMS JIPYTUMU IIporpaMMuctaMu. Mbl ocraBiiseM duTaTeis
CaMOCTOSITEJILHO HAIUCATD PEIIEHNE C UCIIOIH30BAHIEM BMECTO JISIMO/IbI HOPMAJIBbHOMN
VMEHOBaHHON (pyHKIUN.

BriBaer Tak, uro dyHKIM, nepeaBaeMast IepBbIM apryMeHTOM B map, JOJIXKHA
MIPUHUMATH J[Ba WK TPH, Uin 60jiee apryMeHTOB. B 9TOM ciydae pasperneHo mepeia-
BaTh B mMap He /iBa apryMenTa: (GyHKIHMIO U TOCIEI0BATEIbHOCTD, & TPHU, Y€ThIpe UK
bostee: (DYHKIIMIO W HECKOJBKO IOC/IEI0BATEIbHOCTEH. BOT KaK BBITVISIAT peIlleHune
3aJ1a9K O CJIOYKEHUU TPEX CIUCKOB II03JIEMEHTHO B (DYHKIIMOHAJIBHOM CTHUJIE:

list(map(lambda x, y, z: x + y + z, xlist, ylist, zlist))

10.2.3 Coptuposka c ucnonb3oaHnem dyHKLNi

B sTom pazmene Gymer paccMOTpeHa JIOBOJIBHO crieluduieckasi BO3MOXKHOCTD
Python: ucmonp3oBanne dyHKIMiA jisi COPTUPOBKU. IJTa BO3MOXKHOCTH CBS3aHA C
TeM, 9T0 B Python ects cranmapraas dyukmus sorted. Mbr yKe paccmarpuBain eé
panee. HarmoMuuM, 9TO OHa OTVIMYAETCH OT BCTPOEHHOI'O METOA CIUCKOB SOrt JIBy-
Mg KaIeCTBAMU: BO-TIEPBDLIX, MOXKET IIPUHUMATD JII00O0# ITepeuncseMblit OObEKT, a He
TOJIBKO CIIMCOK, BO-BTOPBIX, CO3JaET HOBBIIl CIUCOK BMECTO TOIO, YTOOBI U3MEHSITH MC-
xomubiii. B Python na camom nese ogenb majio crangapTHbIX (hyHKIHUI, BCTPOEHHBIX
B SIZIPO SI3BIKA, OOJIBIIIMHCTBO MOJIE3HBIX (DYHKITHI JIMOO TOMEIIEHBI B MOJLYJIH, HAIIPU-
Mep, MOJyJIb math, b0 IpeCcTaBIeHbl KAaK MEeTOJbI OTJAEIbHBIX THIIOB JAHHBIX, KAK
HOIYJIAPHBIA METOJ, CIIMCKOB append MJIM UCIOJIb30BAHHBIA HAMHI PaHee METOJ CTPOK
endswith. @yuknus sorted B Python coznana Takasi, Kakasi OHa €CTb, B TOM YHC-
Jie Jijisi TpUMeHeHus B (PYHKIIMOHAJIBHOM IIporpamMupoBanuu. Jleio B ToM, 94TO OHA
UMeeT JONOJHUTEbHBI NMEHOBAHHBIM IapaMeTp key, KOTOPBI M3HAYAJIbHO UMeEeT
snavenve None. 3HadyeHue 1o ymodanuio None oOBIYHO MCIOJIB3YETCs JJIs Pean3a-
MU HEKOTOPOI'0 CTaHJAPTHOIO IOBejleHus. B ciiyuae dyHKnun sorted cOpTUPOBKaA
IIPOU3BOJIUTCS €CTECTBEHHBIM JIJIsl CIIUCKA 00PAa30M: YUCJIA — IO 3HAYEHUIO, CTPOKH —
110 ayihaBUTY, CIIUCKU U KOPTEXKU — B COOTBETCTBHUU C COAEPKUMBIM (CHAYAJIA CPAB-
HUBAIOTCS [EPBbIE 3JIEMEHTDI, €CJId OHU PABHBI — BTOPbIE U T. 1.). Ho Takoil crocob
COPTHUPOBKH MOYKeT ObITh JAJIEK OT TOTO, 9YT0 HaM Hajo. [losTomy MoKHO HammcaTb
dyHKIIO, KOTOpas Oy/IeT BO3BpAIATh KaKOoe-HUOY/Ib YIIOPSIOUeHHOe 3HAYMEHNe, Ha-
MPUMEP, YUCJIOBOE U HUCIOJIH30BATH ITU 3HAUEHUS JIJIsI COPTUPOBKU. BoT mpumep ¢
UMeHaMU HUKe.
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Heobxomumo oTcopTrpoBaTh UCXOAHBIN CIIMCOK UMEH TaK, 9TO0 CHaYAJIa LA UMe-
HA ¢ OKOHYAHUEM Ha «-H», HOTOM — Ha «-a/-s1», & 3aTeM YK€ BCEe OCTAJIbHBIE.

st perieHust jjaBaiiTe COIMOCTABUM PA3HBIM TUIAM HUMEH YUCJIOBbIE 3HAYEHUSI:
IIyCTh UMEHAM Ha «-#» COOTBETCTBYeT 1, UMeHAM Ha «-a/-s1» — 2, & BCEM OCTAJIbHBIM
— 3. Torna perienne ¢ momompio lambda-pyHKIUKT OYAET BBITJISIIETH CJIELYOMTIM
obpazom:

imenad4 = [’Aradon’, ’Bamma’, ’Begmemeii’, ’Tpuropwmii’, ’[lempsn’,

’EBcTadmii’, ’XKmam’, ’3abasa’, ’Umpa’]

imena_sorted = sorted(imena4, key = lambda ime: 1 if ime.endswith(’#’) \
else 2 if ime[-1] in (’a’, ’a’) else 3)

Ty, aTobBI HEe MCIOJIB30BATH MeTOM, endswith B KOMOWHAIMEN C OIEpPATOPOM OF
U COKPATUTDH 3AIMCH, MBI HCIIOJIb30BAJIN OIIEPATOD in, MPOBEPSIONINT BXOXKIEHIE 10~
CJIEJTHET0 CUMBOJIA, CTPOKU B MTOCJIE0OBATEILHOCTD, B HAIIIEM CJIydae — KOopTexk. Bme-
CTO JIIMOJIBI MOYKHO HCIIOJIb30BATh M UMEHOBAHHBIE (DYHKIIMH, €CJIM CPDABHEHUE CJIOXK-
HOe u nepebop 6obmoit. ObparnuTe BHUMAaHIE, 9TO IPHU 33 JaHUU (DYHKIUU JIJIs COP-
TUPOBKY C IIOMOIIHI0 UMEHOBAHHOTO TIapaMeTpa key, IpyTroit IMEHOBAHHBIN TapaMeTp
dyukyun sorted — reverse — urnopupyercs! To ecTb BeCb KOHTPOJIb 3a TOPSIIKOM
Ternepb HAXOJUTCS B (DYHKITUH.

10.2.4 Bbibopka 13 cnuckos, pyHkumsa filter

Ectb 3a1a11, KoT/1a N3 CIUCKA HY?KHO BBIOPATDH TOJIHKO HEKOTOPhIE 3HAYCHUS, T10/I-
YIUHSIONTNECS ONPEJICIEHHOMY TTpaBuUIy. s mpuMepa HammimeM mporpaMmy, KOTopast
OyJeT U3 CIUCKa UMEH BBIOMPATH TOJBKO T€, UTO HAYMHAIOTCS Ha OIPEIC/IEHHYIO OYK-
BY.

[TepBoe BO3MOXKHOE peleHne — C MOMOIIBI0 PEKYPCUBHON (DYHKITUH.

imena = [’Arapon’, ’Borgman’, ’Bemeneit’, ’I'puropmii’, ’Jlembsin’, ’EBcTadumii’,
’EBpmoxus’, ’Jobpocmnasa’, ’T'madupa’, ’BapBapa’, ’Boxema’, ’Arara’]
def beginA(imena, imenal, L):
if len(imena) > O:
if imenal[0].startswith(L):
return beginA(imenal[1:], imenaA+[imena[0]], L)
else:
return beginA(imena[1:], imenal, L)
else:
return imenal

let = input (’BBezure 3armaBHyL 6yKBy: ’)

print (beginA(imena, [], let))

Bropoe perterne — ¢ momorpo BerpoenHol dyukimn £ilter u aaMmOabL:

print(list(filter(lambda ime: ime.startswith(let), imena)))
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B mepBoMm periernn ObLT UCHOJIB30BAH AJTOPUTMUYECKUAN TPUEM, JTOBOJIBHO HUa-
CTO BCTPEYAIOIINNCS B PEKYPCUBHBIX (PYHKIUAX Ipu 06paboTke cruckoB. Kak 66110
HECKOJIBKO pa3 paHee, y HaC €CTh JBa CIINCKa: UCXOJHBINA CIIMCOK imena M CO3IaHHBIA
Ha €ro OCHOBE CIUCOK imenal, KyIa MbI Oy/leM 3aHOCHUTD TOJIHKO UMEHA, HAUNHAIOIIN-
ecs C CUMBOJIA, XpaHAIIErocs B nepeMennoit L. Ecian kaxkapiit pa3 nmpu peKypCuBHOM
BBI30BE TIE€PE/IaBATh BECh MCXOJHBIN CITMCOK IEJTUKOM, TTOHAIOOUTCS TaKKe CUYETUNK,
KOTODBI OyIeT yBeInInBaThCs Ha | KaXKIbIil pa3 U yKaxkeT, KAKOW 3JIEMEHT UCXOJI-
HOTO CITACKa HA0 00pabaThiBATh Ha OYEPETHON UTEeparuu. JTOT Ke CIETINK MOKHO
HCIIO/IE30BATH, YTOOBI IOHATDH, JOCTUTHYT JIM KOHEI[ HCXOIHOTO CIUCKA, YTOOBI BBIIITH
u3 pekypcuu. Ho BMeCTO 9TOro BCEro MOXKHO IIPOCTO COKPAIATh MCXOIHBIN CIIHCOK
KaXKJIbIit pa3 Ha OJINH TEKYIIUi, TOJHKO UTO 0OpAOOTAHHBIN 3JIEMEHT IIPH IIepe/iade B
pekypcuto. Torma Hama GyHKIU BCET I JIOKHA OyIeT pabOTATh C HYJIEBBIM 3JIEMEH-
TOM, & yCJIOBUEM BBIXOJIa M3 PEKypCcHuu OyIeT HyJieBas [JIMHA CIUCKA. TAaKO#M MOIXO,
KOTJIa BXOJHOW CIIMCOK ITOCTEIIEHHO <IIOEAETCS» B PEKYPCUBHON (DYHKITUH MBI €I
BCTPETHUM J1aJiee.

[IpuBenénnoe BBIINIE PEKYPCUBHOE DEIIEHNE, TeM He MeHee, BBIIVIAJIUAT JIOBOJIHHO
rpoMo3jko. st cirydast, KOrjia Hy2KHO BBIOPATH M3 CIUCKA TOJIBKO YaCThb JIEMEHTOB,
npuayMaHa creruajbHas (pyHKims filter, KoTopas Kak U paHee PacCMOTPEHHAst
dyHKIMs map, OTHOCUTCS K (DYHKIUAM BbICIUX TOpsakoB. Oyukius filter mpu-
HAMAET B KA9eCTBE [IEPBOI0 apryMeHTa (DyHKITHIO, Pe3yJIbTaT KOTOPOIl 0JIKeH OBITh
gormiaecknM: True win False. Dra GyHKIWSA IPUMEHSIETCS [TOCJIE0BATEIHHO KO BCEM
3JIEMEHTaM BTOPOro aprymenTta gpyHknnu filter — urepupyeMoro obbekTa, Halpu-
Mep, ciucKa. Ec/u mpu npuMeHeHnr K 09epeIHOMY 3JIeMeHTY (byHKIus BbiiacT True,
3HAYUT, 3TOT 3JICMCHT BKJIIOYACTCA B CO3/1aBaCMYIO ITOCICIOBATE/ILHOCTD, €CJIM BbIIACT
False — 3uauuT, HeT. 10 €CTh BBIXOAHAS [TOCJIEIOBATEILHOCTD OYIET COCTOSTD TOJIb-
KO U3 TeX 3JEMEHTOB UCXOTHOM, JI/IsT KOTOPBIX (DYHKINS — MepBbIit apryMmenT filter
— BepHuyJsia True. lI3smecTBo BTOPOro pellleHusl COCTOUT B TOM, YTO YIAJIOCh BOC-
0JIb30BaThCsl BCTPOEHHBIM METOJOM CTPOKHM startswith, Bo3BpamarmomuMm Kak pa3
JIOTHYECKOC 3HAYCHUE.

10.2.5 CeépTka cnNUCcKoB € nomoubio byHKUMN reduce

Boiiie MbI paccMoTpesn 3a/1a4u TeHepalii HOBOTO CIIMCKA U IIPEe0OPA30BAHUS O
HOTO CIACKa B Apyroil. Temeps paccMOTPUM MOCTIETHIO U3 TPEX — 3aJady CBEPTKH,
WIN PEIyKINU CIUCKA, KOTJa B PE3yJbTare ero obpabOTKU IOIydaeTCs OHO 3Ha-
qenne. JaCcTHBIMH C/IyYasMU PEIyKIMH SIBJIAIOTCS [IOMCK MUHAMYMa, MaKCHMYMa,
CYMMBI, JUIMHBI CIUCKa U Ap. st MHOTHMX (CAMBIX MOIMYJISIPHBIX) TAKUX OIEPAIAit
Python mmeer crernuannsnpoBaHHble CTaHJIApTHBIE (DYHKIMU: min, max, sum, len.
ITosTomy npu nepexose ¢ Pyhton2 na Python3 dbyukiuio reduce Bbinecan B MOJLYJIb
functools, xors paHee oHa ObLIa B sijipe s3blka, Kak map u filter. FEcrecrBenno,
JI00YT0 (PYHKIMIO BBICIITUX MOPSATKOB MOXKHO 3aMEHUTH pekypcueit. s mamocTpa-
UA PACCMOTPHUM JIOBOJIBHO IIPOCTYIO 33J[@dy O IIOMCKE CaMOr0 JJIMHHOI'O MMEHH B
crmcke. TpajunuonHo JijIst 9TON IIaBbl TPUBEAEM JiBa (DYHKIIMOHAJIBHBIX PENICHUSI:
gepe3 PeKypPCHIo U depe3 (DYHKIIUIO BBICIIEro HOPsJIKa, B JIAHHOM ciydae — reduce.
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IIepBoe perienne — yepe3 peKypCHIio.

def reductor(wort, woerter):
if len(woerter) > O:
wort2 = wort if len(wort) >= len(woerter[0]) else woerter[O]
return reductor (wort2, woerter[1:])
else:
return wort
print (reductor(’’, imena))

Bropoe pemrenne — ¢ momornipio pyuknnn reduce n lambda-dyukimm:

from functools import reduce
print(reduce(lambda a, b : b if len(b)>len(a) else a, imena))

B mepBomMm perteHnn ObLT UCIOJIB30BAH yXKe PaHEE OMUCAHHBIN MPUEM, KOTma pe-
KypcuBHas QYHKIINA EPeIaéT caMma B cebsi CIIUCOK, COKPAITEHHBIN Ha OIUH, OOBITHO
Ha4daJIbHbI, jeMent. OpHocTpounslii oneparop if/else UCIIOIB30BaH I COKPa-
meHust 00 bEMa KoJa.

Oyukims reduce, UCIOJJIH30BAHHAS BO BTOPOM IIpUMEpPE, PA0OTAET Tak: OHa 6epéT
HAYAJbHOE 3HAYEHUE, & €CJU OHO HANPIMYIO He 33JaH0 (9TO €€ TpeTHil apryMeHr), To
B Ka4decTBe Hero 0epércs epBbIil 9JIEMEHT [IePeuncisieMoro oobekTa (Broporo apry-
MEHTa) U MOCJIE0BATEIBHO TPUMEHsIET CBOH TIEPBhIN apryMeHT (DYyHKIM, B HAIIEM
citydae — Ge3BIMSIHHYIO) K MIPOMEXKYTOTHOMY Pe3YJIbTATY, UCXOHO DABHOMY HAUAIb-
HOMY 3HAYEHUIO, M KAXKJIOMY JIEMEHTY IIepednc/isieMoro oobekTa. [lpu atom dpyHKIHsT
06:30MmeAvHO TOKHA ObITH (DYHKIHEH JBYX APTYMEHTOB, UMEIOIINX O/IMHAKOBBII TUII
¥ BO3BPAINATH OJIHO 3HadeHue Toro ke tuma!l Mnade Bcé ciiomaeTcs.

10.3 KoHBeiiep, 4YacTU4YHOE NPUMEHEHUE U JIEHUBbIE
BblYNCNEHUSA

Hapajire paccMOTPUM OJHY OYEHb HPOCTYIO Ha IEPBBIA (M HE TOJIBKO) B3LVIs
3ajadqy: HAIHUIIEM IpOorpaMMy, KOTopas Oy/leT BLIBOAUTEH B (ailil KBAPATDHI IEIbIX
quces1 or 0 g0 10.

IIepBoe perienne — depe3 MO3TAIIHOE CO3/IAHUE CIIMCKOB.

quad = list(map(lambda v: pow(v, 2), range(10)))

quads = list(map(str, quad))

with open(’kBagzpaTml.txt’, ’w’) as f:
f.write(’\n’.join(quads))

Bropoe perenne — co3maém HOBYIO (DYHKITHIO [IJIsI BBIYHUCJIEHUS] KBAJPATa U UC-
oJIb3yeM KOHBellep (pyHKINiI map:

from functools import partial
sqr = partial(pow, exp=2)
with open(’kBagmpaTh2.txt’, ’w’) as f:
f.write(’\n’. join(map(str, map(sqr, range(10)))))
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HapaiiTe pasbepém, ueM MOXKET He yCTPOUTH HAC IEPBbIii BapuaHT. Bo-mepBhIX,
HaM HAJIO BBIYUCIUTH KBaJPATHL: TO yKe 3HAKOMas HaM 3a/ada 110 IIPeodpa30BaHUIO
OfHOrO crnucka (B JIAHHOM Ciydae, JUala3oHa range) B JPYroii, KOTOPYIO HpPOIIe
BCEr0 PEIUTh C UCHOJIb30BaHueM (DYHKIUME map U (DYHKIINN BO3BEJIEHUS B KBAJIPAT.
[Ipobiema B TOM, uTO Takoit dhyukimn B Python mer, a ecth GoJiee obmmast GyHKIMS
POW, BO3BOJMINAS YTO YIOJHO B KaKyI0 YIOJHO CTEIeHb, OOJIbINas YHUBEPCAJIHLHOCTh
KOTOPOIl OKa3bIBAETCs B HAIEM CJIy4ae [POOJIEMOIO: HAM IIPUJIETCS [I€PEeIaBaTh JBA
CIUCKa — JJIsI KaXKJIOTO U3 apryMeHTOB. UTOObI HE J1eJ1aTh 3TOro, ObLaa IMpUMEHeHa
JIaMO1a, KOTOpas Ha MeCcTe Caenaja HaM HYXKHYI0 (QYHKIINIO, 9TOObI He O0bsBISTH
eé 1epe3 def. BmecTo 3TOrO MOXKHO OBLTO OBI BCE K€ TEpeIaTh JBa CINCKa, HAIIPU-
Mep, U3BECTHBIM HaM CIIOCODOM — IIyTéM yMHOXKeHusi Ha 10 CIIMCKa, COCTOSIIIEro us3
€JINHCTBEHHOI'O Jucjia 2:

quad = list(map(pow, range(10), 10%*[2]))

OjtHAaKO TAKOW BapHAHT IJIOX TEM, YTO MbI CO3JAJH e OJWH JIOTIOJTHUTEHHBIN
00BEKT B IAMSATH: IOMHUM, YTO range TE€M U XOPOII, 9TO HE XPAHUT BCE 3HAUCHUS
OJIHOBPEMEHHO, a BBIJIAET UX 10 TpeboBaHMo0. Pa3 Tak, MOXKXHO HAiTH aHAJOTMYHBIN
UTEPaTOpP, KOTOPHII BhbIJaBaj Obl HAM OIHO M TO Ke 3HAaUYeHWMe KaxKJblil pa3. Takoit
B craHmapTHOil Oubsmoreke Python ecth, HasbiBaeTcss OH repeat, NpUHUMAET Ba
apryMeHTa: YTO UTEPUPOBATH M CKOJILKO Pa3 U JIEXKUT B MOJIyJie itertools:

from itertools import repeat
quad = list(map(pow, range(10), repeat(2, 10)))

Bropoe pemrenne mpemaraer emé onuH crmocod peasm3anun (DYHKIUA BO3BEIE-
HHSI B KBaJIPAT, KOTOPOE Ha3bIBAIOT “YACNMUYHHIM NPUMEHEHUEM: MBI CO3TaEM HOBYIO
dbyHKIMIO HA OCHOBE TpeABLIymeil myTéM (UKCUPOBaHUS YacTH (B HAIEM CIIydae
OJIHOTO — BTOPOro) aprymeHToB. actudHoe npuMmeHenue B Python peanmszosano ¢
moMoIIbio GyHKIMU partial, KoTopas He CTaHJAPTHAsI, & JOJ?KHA OBITh WMIIOPTU-
poBaHa U3 CTaHIAPTHOrO MOy functools, oTKyma paHee Mbl Opasu reduce. Jr1a
GbyHKIINS TPUHUMAET HA BXOJ B KAYECTBE IIEPBOIO apryMEHTa yIKe CYIIECTBYIOILYIO
dyuKInO, 1ajsee UIET IEPEINCICHNE 3HAYEHUN €€ apIyMeHTOB, KOTOpble HY2KHO 3a-
dburcuposarp (Jrydrie Bcero, KOHETHO, 0OpANATHCS K ApI'yMEHTaM 110 UMEHH, €CJIA 9TO
BO3MOKHO, IIOTOMY YTO TaK CPa3y IOHSITHO, 4TO (DUKCUPYeTCsi), a BbIIAET partial
TOXKe (DYHKIMIO, HO C YK€ YPEe3aHHBIMU BO3MOXKHOCTSME. B 0brem, oueHb GyHKIM-
onasbHo! PakTHdecku ke partial mpeiaraer y:ke Tpetuit Hapsy ¢ def u lambda
MexaHu3M 00bsBieHns (DYHKIMHA U, KAK IPABUJIO, OIHY U TY Ke IPODJIeMy MOXKHO
pemuTh JIIOObIM U3 3THX TPEX CIIOCODOB.

Tenepp coobpasum, ¥TO cam 10 cebe CHUCOK quad HaM He HyKeH, OH sIBJISETCS
IPOMEKYTOUYHBIM 3BEHOM BBIUHCJICHHUI, €ro cpady HYKHO IIOJATh HA BXOJ, CJIEIYIO-
meil pyHKIMu map, Begb nucarh B (aili Hy>KHO CTPOKHU, a He YuCja. Takoi moaxor
Ha3bIBAETCH KOHGEUePOM: PE3YIBTAT BBITOJTHEHNS OMHON (DYHKIIMK BBICIIETO TOPSIKA
MBI Cpa3y zKe MOJaéM Ha BXO/J[ [pyroil. B nMiepaTuBHOM IpOrpaMMUAPOBAHUM TO MO-
2KeT COOTBETCTBOBATD JIBYM ITUKJIAM, UJIYIIIUM OJIMH 33 JIPYTUM, JTUOO JTBYM OTIEPAITHSM
BHYTPHU OJIHOT'O ITUKJIA.
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B neiictBuresbHOCTH, (DYHKIUS map IPU CBOEM OObsIBJIEHUU €IE HUYErO He BbI-
YUCIISIeT, KaK U psiJi Ipyrux dyHnuit, B Tom uncie filter, zip, enumerate, range,
a TakKe OOIBIMUHCTBO (byHKIUI U3 Momyseit functools u itertools. Beraucienune
IIPOMCXOJUT B MOMEHT, KOI/1a TpebyeTcst mpeobpa3oBaTh Pe3yJsibTaT B KAKOH-TO KOHeY-
HbIN 00bekT. Hampumep, ecytu BbI sIBHO ITpeobpasdyeTe pe3y/IbTaT K CIUCKY C IIOMOIIBIO
list mim KOpTEXKyY C IOMOIIBIO tuple. B ciryuae co BTOpBIM pellieHneM BBIYUC/IEHUS
[IPOUCXO/ISIT B MOMEHT BBI30Ba MeTo/a join, OPMUPYIOIIEro CTPOKY Ha BBIXOJE. 10
€CTh B KOHIIE JTIOOOTO KOHBeiiepa 00si3aTesIbHO CTOUT KaKas-TO (DYHKIWS, TTPUBOJIHA-
as BCE BBIYUCJIEHUS] K KOHEYHOMY OODBEKTY, HAXOIAIIEMYCs B [IAMSITH, IOTOMY 9UTO
[IPOMEKYTOYHBIE PE3yJILTATEl (PYHKIWIT TUIIA MAp B HAMSITH IEJUKOM He HAXOMATCs!
Takue BBIYUC/IEHNS HA3BIBAIOTCS ACHUGHILMU U UMEIOT B8 OCHOBHBIX IIPEUMYIIECTBA

1. gacTp BBIUKCIEHUI, PE3YABTATH KOTOPBIX OKA3BIBAIOTCS HE HYKHBI BIOCJIE-
CTBHH, He IIPOU3BOJATCH,

2. pe3ysIbTAaThl APYTUX BBIUUCJIEHUI He XPAHATCI B MAMSITH MOCTOSHHO, HE CO3/a~
IOTCS TIPOMEKYTOYHBIE CTPYKTYPBI JaHHBIX, BMECTO ITOrO OHU Cpa3y Iepeia-
FOTCs BIIEPE]T, IO KOHBEEPY.

JIeHUBBIE BBIYHUC/IEHNS B [I€JIOM XaPaKTEPHBI JJist PYHKIINOHAIBHBIX S3BIKOB TIOTO-
My, 9TO PYHKIIMOHAJIbHBIE SA3BIKU TATOTEIOT K (POPMUPOBAHUIO KOHBEHEPA U CO3AIOT
HOBBIE 0OBEKTHI B HAMATH KarK bl pa3 BMECTO TOI'O, YTOOBI H3MEHATD y2Ke CYIIECTBY-
formue. B mMepaTuBHBIX S3bIKAX aHAJOTUIHBIE JIEHCTBUS BBITIOHSIIOTCS C IIOMOIIBIO
[UKJIOB, KOTOPbIe paboTal0T ¢ 00bEKTaMU HEIIOCPEICTBEHHO B MIAMSITH, B TOM YUCJIE C
M3MEHSIEMBIMU, TI09TOMY OOJIBIIIOIO CMBICJIA B MOJJIEPKKe JICHUBBIX BBHIYUCEHUI TaM
HET.

B komme pasmesia paccMOoTpuM IIpUMep 3aadu, [PU PEIIEHHH KOTOPOro OyryT
[IPUMEHEHBI II0YTH BCE PaHee 0OCYKIABIIHECH TPUEMBI (DYHKIIMOHAJILHOIO IIPOTrPaM-
MHUPOBaHUS, KPOME PEKYPCHH.

ITpumep 3agaun 34 (EI'D) Ecmo datin ¢ dannbmu 6 wemwipe cmoadua: ga-
MUAUS, UMSL, omuecmso abumypuernmos u ux 6aan EI'D (uenoe wucao om 0
do 100). Hanuwume mpoepammy, komopas danuwem 6 Hogbill Paiii mosvko
MET U3 HUL, Ubs OULHKA «LOPOULO» WAL «OMAUMHO>, €CAU OUELHKU «yoosae-
MBOPUMENLHO» HAMUHAOMEA om 28 6aAn08, «TOpowo» — om 48 ba.nnos, a
«omaurHoy — om 66 6annos. B datine moeym 6uimsb nycmuvle cmpoku.

Pemntenne 3amaun 34 Ilepsoe pemenne — depes mepebop.

def abr(ime):
return ime[0]+’.°

def unrec(record):
fam, ime, otch, ocen = record.split()
oceni = int(ocen)
fio = ’ ’.join((fam, abr(ime), abr(otch)))
if oceni < 28:
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return fio + ’ HeyZOBIETBOPUTENHHO’
elif oceni < 48:
return fio + ’ ymoBmeTBOpPHUTENBHO’
elif oceni < 66:
return fio + ’ xopomo’
else:
return fio + ’ oTmmumo’
with open(’Ouemru.txt’, ’r’, encoding=’utf-8’) as f1:
with open(’xopoume_ouesku.txt’, ’w’) as f2:
f2.write(’\n’. join(filter (lambda v: v.endswith(’xopomo’) or v.endswith(’oTnuuxo’)
map (unrec, filter(lambda v: v.strip(), fl.readlines())))))

Bropoe perieane oTsimuaercst OT mePBOro TOJBKO MoauduKaueil pyHKIun unrec
C UCIIOJIb30BaHUEM cJjiIoBapd u reduce:

def unrec(record):
fam, ime, otch, ocen = record.split()
oceni = int(ocen)

minball = [(0, ’HeymoBmeTBOpHTenbHO’), (28, ’yZOBIETBOPUTEIBHO’),
(48, ’xopomo’), (66, ’oTamuro’)]
return ’ ’.join((fam, abr(ime), abr(otch),

reduce(lambda u, v: u if v[0] > oceni else v, minball) [1]))

[TepBoe perenne 063aBe0Ch AByMst DYHKIUSME: OJIHA — abr — COBCEM IIPOCTEHb-
Kas U IpeobpasyeT UMsi UJIM OTIECTBO K WHUIIAAJLY € TOYKO. Bropast, mcnosb3yormast
epByI0, 00pabaThbIBAET 3aIMMCHh OTHOTO YUIEHUKA W IIepeOMpPaeT BCe BAPUAHTHI OIEHOK,
BblJIaBas (paMUJINIO0 ¢ MHUIMAJAMEI U OIleHKY BMecTo Gasuta EI'D. Jlajiee Mbl OTKpBI-
BaeM MCXOJHbBII (hailyl Ha YTeHre, BBIXOHOI (hailjl — Ha 3aIlUCh, YNTAEM U3 UCXOHOTO
daiisia Bce 3allUCH B CIIMCOK U UCIIOJIb3yeM KOHBeitep n3 YHKIINIT BBICIIErO TOPSIIKA.
Cuauasta BHyTpeHHss QyHKInsg £ilter mpoirycKaeT JaJIbIlle TOJIBKO HEIyCThIE CTPO-
KH, TO €CThb Te, [JIe €CTh XOTsl ObI OJMH HEMpOOEJbHBIA CUMBOJI; YTOOBI YMEHBITUTD
[MUCAHUHY, MbI ITOJIB3YEMCsI Te€M, UTO IIycTas CTPOKa nHTeprperupyercs B Python kax
JIOXKb, & HeIlycTasi — HCTUHA. 3aTeM (YHKIUs map obpadarTbiBaeT BCe M3BJIEYEHHBIE
HEITyCThIe, TO €CTh IIPOIIeIIne Jyepe3 (PUIbTP, CTPOKH € IOMOIIBIO (DYHKIMU unrec,
repejiaBasi ux Jlajiee BTopoMy (puiibTpy, KOTOPBIHA IIPOITYCKAET TOJTHKO CTPOKH, 3aKAH-
YUBAIOIMECS HA «XOPOIIO» WU «OTJIUYHO». [losyuusinuiics Ha6op CTPOK (CIUCKOM
dbopmasibHO OH He sBIsiercs) nonagaer B Meros join. ITockonbky join — dakruye-
CKY €JIMHCTBEHHBINA METOJI, CO3/IAIONIIIT OObEKT B IIAMSITH, PeaJbHOe UCIIOJTHEHUE BCeX
ApYyrux (OYHKIWH TPOMCXOAUT UMEHHO B HEM, JIO TOrO BCE BBLIYUCJIEHHUS — JIEHUBBIE.
C0:KHO CKa3aTh, KaKas peajm3arus (pyHKIUA Unrec OJHO3HAYHO Jrydrie. [lepBas B
[eJIOM HArJIsIHee, BTOpas KOpOode M HAJEXKHee, IOTOMY UTO, HAIIPUMED, IIPU YBeJIr-
YeHUM YUCJIa BO3MOXKHBIX OIEHOK OHA TOpa3jio MPOIIe MPABUTCS W MEPeryTaTh 3HAK
HEPABEHCTBA B HEl MOXKHO TOJIBLKO OJIMH a3, IPUIéM Pe3yabTaT OyIeT cpa3y 3aMeTeH.

B nepBom pertennn ecth mepedbop BapuanTos. B Python mepebop warme Bcero pe-
aym3yeTrcs Jimbo ¢ MOMOIBI0 Habopa elif, Kak 3TO U CJEJIaHO0, JIMOO C IOMOIIBHIO
obparrenns K cjoBapio 1o kimody. Ho B Hamem ciydae mepebop mMMeeT MeCTO He
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Puc. 10.1. Miutrocrpanus K 3ajiade 35.

MEK/Iy 3HAYEHUSMU, a MEXKJY JUalla30HaMU, IO3ITOMY IPSIMOU IOJXOJ, CO CJIOBAPEM
HermpuMeHnM. TeM He MeHee, ero MOYKHO PEaJIT30BaTh, €CIU CAEJIATh CIIUCOK 3HATCHUH
MUHUMAJILHOTO 0ajijla U COOTBETCTBYIOIIEH €My OIEHKHM W HCIOJIH30BATh (DYHKITHIO
reduce. Kcraru, Bctpoennas B lambda-dyHKiusa obpaliaeTcs Ha ITeHue K mepeMeH-
HOI oceni, ONpeie/IEHHONW B POAUTETBCKON (DYHKIINK, TO €CTh UMEET MECTO 3aMbIKa-
Hue!

10.4 [Mpumepbl peweHns 3agaHunii

IIpumep 3agauu 35 Mcnoavays modyno math 6e3 uCnoAb306aHUA MOOYAS
numpy, npomadyaupytime dynruuro sin(t) na ompeasxe t € [—10;10] u nocmpoti-
me 2paduk cpedemsamu modyas matplotlib.

Penienne zanaun 35

import math

import matplotlib.pyplot as plt

dt = 0.1 #mar mo BpeMeHH

time = list(map(lambda x: x*dt, range(-100, 101))) #coszaém BpeMeHHOH# OTpe30K
f = list(map(math.sin, time)) #BHuUMCHsAeM 3HadYeHHS CHHyCa

plt.plot(time, f, color = ’black’)

plt.show()

ITpumep 3amaum 36 C nomowpio Hynrxuuuw map, 0pYy2ur SCMPOEHHBLL HYHK-
wuii: sum, max, min, pow, len u npu Heodbrodumocmu lambda-dynruui das
CNUCKA, COCMOAWE20 U3 MPET CNUCKOS Hucen PadHoll dAUuHbL, 8bldatime Cnucok
CPEOHERBADPAMULHDBLL OMKAOHEHU .
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Pemnenue zagaun 36

from functools import partial

def std(LO):
>’ QyHKINS, BO3Bpallapllad CpelHEeKBaApaTHYHOE OTKIOHEHHE IJId OOHOTO CIIHCKa’'’’
mu = sum(LO)/len(L0) #BHUHCIsSEeM MaTOXUIaHUE
sqr = partial(pow, exp=2) #cos3zmaéM QyHKIHO, BO3BOLALYH TOIBKO B KBafApaT
return (sum(map(sqr, map(lambda x: x-mu, LO)))/len(LO))*x0.5

L = [[-3, 4, 8, -1, -10], [0, 2, 2, 0], [-1, 4, -2, 1, -1, 0, 3, 2, 3]]
print(list(map(std, L)))

BwiBon mporpaMmbr:

[6.151422599691879, 1.0, 2.0]

ITpumep 3agauu 37 C nomowpro pyrrkuuu sorted ¢ 0ONOAHUMEALHBLM ApPYy-
MEHMOM OMCOPMUPYTME CNUCOK CAOS, MOAYUEHHBLL 0eAeHUeM CMPOKU 00KY-
Mmermauuu Gyrruuu okpyeaerus round (), no dAUHE: OM CAMO20 KOPOMEKO20 K
CAMOMY JAUHHOMY.

Pemienune zanaunm 37

sorted(round.__doc__.split(), key = lambda v: len(v))

BwiBon mporpaMmbr:

[’a’, )a’, )to7, )in7’ ’is’, )an7, )if)) ,is’, ’Or’, ,aS,, ,be’, ’The7’ ’the)’
’has’, ’the’, ’the’, ’may’, ’same’, ’type’, ’Round’, ’given’, ’value’, ’None.’,
’value’, ’number’, ’return’, ’return’, ’decimal’, ’digits.’, ’integer’,
’ndigits’, ’omitted’, ’number.’, ’ndigits’, ’precision’, ’0Otherwise’,
’negative.’]

ITpumep 3amaum 38 Ucnoavays dynkuuro map u opyzue memoodv. HYHKUUO-
HAABHOZ0 MPOPAMMUPOBAHUSA, BbIHUCAUME CpedHull Keadpam wucea 6 datine,
WUCAA, PACTLOAOHCEHDBL 8 CMOAOUK, PESYALMAM 6LLEEOUME HA IKPAH.

Pemienune zanaunm 38

f = open(’Ymcma.txt’, ’r’)
L = list(map(int, f.readlines()))
print (sum(map(lambda x: x**2, L))/len(L))
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ITpumep 3agauu 39 Ucnoavays Pynkuyuu map, filter wu OJpyeue memoodul
PYHRUUOHANBHO20 MPoPAMMUPOSAHUS, 00pabomatime mexcm, aeostcawud, 6
datine (803bmume Yy npenodasamenst), HalOUME 6Ce CAOBR, HAMUHAIOWEECH 1A
Mo6Y10 6YykeYy, 86eJEHHYI0 NOAb308aAMENEM (HE BANCHO, 3U2AASHAR WAL CINPOU-
Has 6Gykea), crosa pasdeners npobesom. Pesysomam swvieedume na sxpan. Bee
3HAKU NPENUHAHUA NEPeMuUciensb. 8 nepementoti punctuation, onpedenérnoll
6 cmandapmrom modyne string. Umobuvl cdenamov aobdyio 6ykey cmpounoll
MODHICHO UCTLOAB308AMb cMaHdapmmbil. Memod lower.

Penienne zanaun 39

from string import punctuation
def del_pun(s):
’’’yoandeT 3HaKM IYHKTyalluM B Hadajle ¥ KOHIle CTPOKW ’’
if len(s)==0:
return s
else:
if s[-1] in punctuation:
return del_pun(s[:-1])

else:
if s[0]==>"’: #BHavame MOTYT GHTb TONBKO KAaBHUKL
return s[1:]
else:
return s

let = input(’BBegmuTe pycckyb 6yxBy: ’).lower() #memaeT 6yKBy CTPOYHOH

f = open(’TercT.txt’, ’r’, encoding=’utf-8’)

S = f.read() .split() #pasgmenseM CTPOKy Ha IOACTPOKH, Pa3feléHHHE IpoberamMu
print(list(filter(lambda 1: 1l.lower().startswith(let), map(del_pun, S))))

BwiBon mporpaMmbr:

BBemuTe pycckyno 6ykBy: 3
[’zapocmeit’, ’3amaBnenHse’, ’3HaeM’, ’3akupdYeHun’, ’371a’]

10.5 3apaHus Ha npumeHeHue PYHKLMOHANBHOIO
NnporpaMmmMupoBaHus

Bagaune 38 Bunoanamb mpu 300aHUA 6 3A6UCUMOCTAL O HOMEPA 6 CNUCKE.
Heo6xodumo coeaams dadarus Ne m, Ne m+5, Ne m 410, 2de m = (n—1)%5+1,
n — WoMep cmydenma 6 cnucke 2pyYnnul 6 aadasumHom NopadKke.

Ucnons3yst Mmomysis math 6€3 UCIOIb30BAHNS MOJLYJI NUMPY, IPOTA0YIUPYITE Cite-
ayromre QYHKIMH 1 TOCTPOiiTe rpaduKu CPecTBAMA MOy matplotlib.

1. 22 + 10z + 1 na orpeske = € [—2;2];
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2. 23 — 4 na orpeske r € [—2;2][;

(z — 2)* na orpeske x € [0;2];

cos(2rt) na orpeske t € [—10;10];

1 cos(2mt) ma orpeske ¢ € [1;10];

et cos(27t) na orpeske t € [—10;10];
4sin(mt + 7/8) — 1 na orpeske t € [—10;10];

2cos(t — 2) + sin(2t — 4) na orpeske ¢ € [—20m; 107];

© *° N > s w

In(z 4+ 1) Ha orpeske z € [0;e — 1];

10. log,(|z|) Ha orpeske x € [—4;4] 3a uckiouernnem touku = 0;
11. 2% ma orpeske = € [—2;2][;

12. €® Ha orpeske T € [—2;2];

13. 27" Ha orpeske x € [—2;2];

14. ¥z na orpeske z € [1;125];

15. ¥/x ma orpeske z € [1;32].

Saganue 39 Bumoanamov odno sadarue ¢ Homepom (n — 1)%m + 1, 20e n —
HOMED 6 CNUCKE 2PYTNbL, 4 1 — MUCAO 30004 6 3A0WHUU.

C nomorrpio GyHKIUA map, APyruX BCTPOEHHBIX (DYHKIWIT: sum, max, min, pow,
len u mpu HeoOXOAMMOCTH lambda-dyHKITNI 1JIs CIIMCKA, COCTOSIIIETO N3 HECKOJIbKIAX
CIHCKOB 4YHCeJI Pa3HOH JIJINHbBI, BbLJANUTE CIIMCOK:

1. cymm;
MAaKCHMYMOB;
MHUHUMYMOB;

CpeJIHUX 3HA4YeHUI;

DA B

OPOU3BEICHUI.

Sananue 40 Bomoanamov odno sadarue ¢ Homepom (n — 1)%m + 1, 20e n —
HOMEDP 6 CNUCKE 2PYNNbL, O 1M — YUCAO0 300N 6 3a0aHUAL.

C nomorrpio GyHKIME sorted ¢ JIONOJHATEIBHBIM APIYMEHTOM OTCOPTHPYTE
3HAUEHUs] B CIIMCKE IO CJIEYIOMEMY IPABUIY (MOXKHO TIOJIB30BATHCS KAK JIIMOIaMMU,
TaK ¥ OOBIYHBIMI MMEHOBAHHBIMU (DYHKIUSIMU 110 BalieMy BbIOODY ):
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1. Crucok cJI0B mojiyduTe JieJIeHneM CTPOKH JIOKyMeHTaruu ¢GpyHKiun sorted ().
OtrcoprupyiiTe MOJIydeHHBIE CJIOBA IO JJIMHE: OT CAMOTO JIJIMHHOTO K CaMOMY
KOPOTKOMY.

2. CHmcok CJIOB MOJIyYUTE JIeJIEHUEM CTPOKHU JOKyMeHTaruu MyHKimn sorted ().
OrcoprupyiiTe TOJyIeHHBIE CJIOBA IO JJIMHE: OT CAMOIO KOPOTKOTO K CAMOMY
JIJTMHHOMY.

3. Crucok CJOB IOJIy4YnTe JIeJIEHWEM CTPOKM JoKyMeHTarmu GyHKimr help ().
OrcoprupyiiTe IOJIy4YeHHbIE CJIOBA 10 JJIMHE: OT CaMOrO JJIMHHOIO K CaMOMY
KOPOTKOMY.

4. Coucok CJIOB TOJIy9UTE JIeJIEHHEM CTPOKU JokKyMeHTarnuu (yskiun help ().
OrcopTupyiiTe MOJIyYeHHBIE CJIOBA 10 JJIMHE: OT CAMOTO KOPOTKOTO K CaMOMY
JJTAHHOMY.

5. CHmCOK CJIOB IOJIydnTe JejieHneM CTPOKH JokyMeHTanun ¢yukimn pow (). Ot1-
copTupyiiTe TOJy9eHHbIE CJIOBA TI0 JJINHE: OT CAMOTO JIMHHOTO K CAMOMY KO-
POTKOMY.

6. Crucok cJI0B MotyvIuTe JIeJieHneM CTPOKHU JoKyMeHTaruu hpyaxmnun pow (). Or-
copTupyiiTe Moy YeHHbIE CJI0BA M0 JJIMHE: OT CAMOI'0 KOPOTKOTO K CAMOMY JIJTH-
HOMY.

Sagauue 41 Buinoansamos 00no 3adanue ¢ nomepom (n — 1)%m + 1, 20e n —
HOMED 6 CTMUCKE 2PYNNbL, & M — YUCAO0 3a0aM 8 3A0GHUAL.

Ucnonssyst yHKIMIO map u Apyrue MeTo bl (byHKIIMOHAIBHOTO ITPOrPAMMHIPOBa-
Hus, 00paboTaliTe CIMCOK 9HCEI, JIeXKAmuX B dailie, pe3yIbTaT BHIBEIUTE HA SKPAH.

1. Berauciure cymmy KBagpaToB 4dmcest B (ailje, 9ucia PACIIONIOXKEHBI B CTOJIOUK.
2. Berauciinre cymmy KyboB uunces B daiijie, 9uciia pacioIOKeHbl B CTOJIOUK.

3. Boramciure cymmy mMomayseit auces B daitie, Unc/Ia paciooKeHbl B CTOJTOUK.
4. Beramcnure cpemgauit KBaapar duces B (aiiie, IUCIa PACIOIOXKEHBI B CTOJIONK.

5. Berauciure cpemgauit MOmLyIb Ynces B daiijie, 9uciia paciojoKeHbl B CTOJIOUK.

Bagaune 42 Bunoanamb mpu 300aHUA 6 3A6UCUMOCTMAL 0T HOMEPA 6 CNUCKe.
Heo6xo0dumo cdeaamsb dadanus Nem, Ne m+5, Ne m+410, ede m = (n—1)%5+1,
n — HoMep cmydenma 6 Cnucke 2pyYnnbl 6 aAdLEUTMHOM NOPAOKE.

Ucnonssys dyukimn map, filter, reduce u apyrue MeTobl DYHKIIMOHAIHHOTO
mporpaMMupoBanus, obpaboTaiiTe Tekct, jexkamuil B daiie (Bo3bMUTE y Iperoa-
BaTe/Is), PE3yJIbTAT BHIBEJIUTE Ha SKPAH.
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10.
11.

12.

13.

14.

15.

Haiinure camoe AJIMHHOE CJIOBO, HAYMMHAIOMIEECS HA «y» (HE BasKHO, 3arvIaBHAsI
WM CTPOYHAast OYKBa,).

Haiiaure camMoe KOPOTKOE CJIOBO, HAUMHAIONIEECH HA «I'» (HE BAXKHO, 3arjiaBHas
UM cTpovHas GyKBa).

Haiinure camoe [uinHHOE CJIOBO, HAYMMHAIOIIEECH C 3arIaBHON OYKBbL «Hs».
Haiinure camoe KOpOTKOe CJI0BO, HAUMHAIOIIEECST C 3arIaBHON OyKBbI «B».
Haiinure camoe KOpOTKOE CJI0BO, HAUMHAIOIIEECST CO CTPOYHON OYKBBI «IT».
HaitmuTe Bee coBa ¢ OKOHIAHMEM HA, «-Ha», HATHHAIOIINECS C 3aTJIaBHOM OYKBBHI.
Haiinure camMoe KOpOTKOE CIOBO C OKOHYAHUEM «-CSI».

Haiinure camoe JUIMHHOE CJIOBO C OKOHYAHUEM «-Csi».

Haitmnre camoe KOpOTKOE CJIOBO C OKOHYAHHUEM <«-BIiis.

Haiiinre camoe JUIMHHOE CJIOBO C OKOHYAHHUEM <«-bIii».

Haiinure cTpoky, B KOTOPOIt GOJIBITIE BCETO CJIOB, CJIOBA U3 OHOW—IBYX OYKB HE
CUUTAIOTCS.

Haiinure cTpoky, B KOTOPOIT MEHBIIIE BCETO CJIOB, CJI0BA U3 OJHON—IBYX OYKB He
CUUTAIOTCH.

Haiinure cTpoKy, B KOTOpO#l OOJIBbIIE BCETO CJIOB, HAUMHAIONINXCS C 3arIaBHOMN
OYKBBI.

Haiture cTpoKy, B KOTOPO# MEHDBIIE BCETO CJIOB, HAYMHAIOMIMXCS C 3araBHOM
OYKBBI.

Haﬁ,HHTe CaMyIO JIJIMHHYIO IIO YHCJ/Iy CUMBOJIOB CTPOKY.
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[ padbmyecknii nHTepdelic nons3oBaTens
cpeacTeamy mMoayns tkinter u
ODBEKTHO-OPUEHTUPOBAHHOE
NPOrpaMmMmpPOBaHmME

B macrosiee BpeMsi TPYJHO TPENCTABUTH cebe MporpaMMmy IJjisi IEePCOHATBHOTO
KOMIIBIOTEpa, WJIM HOYTOYKa, IJIsi KOTOPOil He ObLIO Obl rpadudeckoro muHrepdeiica
[IOJTb30BATEJIS ¢ MEHIOITKAME, KHOITOYKAME, BCILIBIBAIOIIMMY JIMAJIOTOBBIMI OKHAMM,
MOJISIME BBOJIa, U IPOYUMME aTTpuOyTaMu. TpPyaHo, HO Ha caMOM Jiejie Y Bac Ha KOM-
MBIOTEPE TAKUX MPOTPAMM 3aIyIIEHO HECKOJIBKO JECSITKOB, IPOCTO BBl UX HE BUINTE,
MIOTOMY YTO 3aIlyCKAIOT UX JIMOO JPyTHe MpOrpaMMBbl, JTUOO cama cucTeMa. TeMm He Me-
Hee, cJIeJlyeT IIPU3HaTh, YTO rpadudeckuii nHTepdeiic — HeoOXoIuMasi 9acTh MHOTUX
MIPUWJIOXKEHU U TPOrPAMMUPOBATH €r0 BAM BIIOJIHE BO3MOXKHO ITPHUIETCH.

B crapbie Bpemena, KOTOpBIE JarXke aBTOPBI 3TUX CTPOK 3aCTaJIN JIUITH KPAaeM TJia-
3a, JUIsT IPOrPaMMEUPOBAHUS I'paduIeckoro naTepdeiica HeoOX0aINMO OBIIO0 M3YIUTh
BO3MOYKHOCTH, TPEIOCTABIIsIEMbIE HEITOCPEICTBEHHO OIEPAIMOHHOIO CUCTEMOIO, OY/Ib
1o Win API nns Windows nian komanabl obomouku X11 gt UNIX-miomobHbIX cu-
crem. OHAKO yXKe JIOCTATOYHO JaBHO, mpumMepro ¢ 1998-1999 roga Bce OCHOBHBIE
MIPOrPpaMMBI IIUAIITYTCS C UCIOIb30BAHUEM CIIEIMAILHBIX ONOJIHOTEK BUIKETOB — T'pa-
duIecKnX TPUMUTHBOB BPOjie KHOIIOK, TT0JIeil BBOIa, CTATHIECKNX CITMCKOB U MTPOYNX.
Koneuno, mpakTndecku Bce OMOIMOTEKN UMEIOT CJION coBMecTuMocTH ¢ Python, xoTs
HU OJTHA U3 HUX He OblLjia HAIIMCAHA, JIJIs IPOrPAMMUPOBAHUS HA 9TOM S3bIKEe N3HAYA b~
HO. BoJtee Toro, cyimiecTByeT MHOXKECTBO MOIYJISIPHBIX [T0JIb30BATE/IBCKUX ITPOIPAMM,
HanucaHHbIX Ha Python, kak u rpaduaecknx maTEpdEHCOB K KOHCOJBHBIM yYTAIATAM
UNIX.

Haubosee pacrpocrpanénHasl B HacTosIee BpeMs 6ubanoreka — Qt, npuaém oj-
HOBPEMEHHO HCITOJIb3YIOTCS HECKOJIbKO IPUHIUIINAJIBHO PA3HbIX IIOKOJIEHUIl: 5-oe, 4-
oe, a Koe-TJle U 3-€, BHyTPU KayKJOr0 U3 KOTOPBIX CO3JAHO MHOXKECTBO Bepcuii. Qt
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OYeHb MOIIHAS U IIPOJABUHYTasi ONOJIMOTEKA, CO3IaHHAsI BECbMAa JABHO U IIEJINKOM Ha-
nucanras Ha C++. V3HavapHO OHA MOCTABJISAIACH IO KOMMEPYECKOO JINIIEH3UEN,
HO B HaCToOsiITee BpeMs JgocTyHa cBoboauo. na Python cymectByer HeckoabKO ajib-
TEePHATUBHBIX PEAIM3AIII CJI0EB COBMECTUMOCTH C HEIO, IPUIEM B PA3HOE BPEMS TO
OJIHM, TO Jipyrue oObsaBisiuch npuopurerabivu: PyQt4, PySide, PyQt5. ITockoiabky
Qt — 5T0 BCE-Takm OOJIbIIAST U OYEHBb MOIIHAS OMOJINOTEKA, €€ U3yUeHNEe COIPSIKEHO
CO 3HAYUTE/IbHBIMU YCUJIUSMU, a HOpMaJjbHas paboTa C HEIO HEBO3MOXKHa 0e3 3Ha-
uug C++ u BHyTpeHHell eé opranuzaiyu (a BO MHOIOM €IIE U 3HAHUS CIIEIUAILHOTO
sa3pika pasmerku QML).

Ipyrast ocHoBHasi cBoOoHas Ooubanoreka BuzkeroB — GTK+. CoBpemenHas eé
Bepcusi — 4-s1, GOJIBITMHCTBO IIPOIPAMM HCIIOJIB3YIOT 3-10 U BCE eIé MHOIO COOPAHHBIX
¢ ucionbzoBanneM GTK+ 2-oit Bepcun. IIpoexkT PyGTK, npemocrasiisiBimii BO3MOK-
uwoctu ucnosb3oBanns GTK2 nna Python, 3aBepmmn akrusroe paszsutue B 2011 romy,
xots ucnosb3oBanne PyGTK ¢ Python Bepcenit 2.x Bo3moxkuO u nioubiae. K coxkadte-
uuio, HopMasbhblit mopt GTK mox Windows orcyTceTByer, a cyIecTByoNme NMeoT
MHOrO orpanndenuii. Bo Bpemerna GTK2 sty npobiemy perrajia BecbMa HOIYJIsSIpHAST
6ubsmoreka wxWidgets (mepsoHavasibHOe HasBannme — wxWindows), ncrosb3oBas-
masg mox Linux m Mac GTK+, a mox Windows obparmaBimasicss HEITOCPEICTBEHHO
k Win API. Huskas nomynsipaocts GTK Bepcum 3 u mesjientoe pas3BuTHE MPOEK-
toB wxWidgets u PyGTK npusesn kK ToMy, 910 B HacTOSsIIIIEe BpEMsI UCIOJIB30BAHIE
GTK mist HammcaHusi HOBBIX IporpamMm Ha Python crajo Hemomysisipro. crosib3o-
panne PyGObject — nacnenauka PyGTK — ans Python 3 Bmosire Bo3MOXKHO U B
WMureprere marke MOXKHO HaflTH JOBOJIBHO IMOJPOOHBIE PYKOBOICTBA, IIPABIA, TOYTH
TOJIBKO Ha aHTJIMIACKOM.

CyIecTByIoT €Ié HEeCKOJIHKO OTHOCHUTENBHO PaCIpPOCTPAHEHHBIX OMOIMOTEK, B
gactHoctu fltk m Tk, uaTepdeiic K KoTopoii, Ha3bIBaeMbIil tkinter, H6ymer paccMmor-
PeH Jajee, MOCKOJIbKY tkinter — 3To crammapTHast OUOINOTEKA BUKETOB JJIsI SI3bIKA,
Python, mocrasisiemast BMecte ¢ uaTepuperaropom. [lepponadassao 6ubamoreka Tk
OblIa HAIMCAHA sl A3bIKa tel (ero mo-pyccKu 4acTo HA3bIBAIOT «THKJIb» ), IIOITOMY
ero peajm3arus B Python mecér ornedarok mekoTopnix ocobennocteii tcl. Braroma-
ps IPOCTOTE, MAJIOMY Pa3Mepy KO/a U XOPOoIleil eEPEHOCUMOCTH, & TaKKe OOJIBIION
crabuiabroctn tel/Tk (M3MeHeHus: BHOCATCS PeIKO M, KaK IIPABUIIO, HE BJIUSIOT HA
[OBEJICHNE PaHee HAIMCAHHOIO Koja), asTop Python — I'suno san Poccym mpumsii
perierre ucro/b3oBaTh Tk B KadecTBe cranmapTHOro rpadumyeckoro marepdeiica,
NPUYIEM 3TO PellleHrne He MOMEHSIJIOCh U C MOsiBJIEHHEM 0oJjiee MPOIBUHYTHIX CPEJICTB,
raknx Kak Qt mwm GTK+-.

N3zydenune 6ubnmoreku tkinter Oymem m3maraTh Ha MpPUMEpPE CO3JAHUS COOCTBEH-
HBIX HECKOJIBKHUX MIPOCTHIX O(UCHBIX ¥ MHKEHEPHBIX ITPOIPAMM.

11.1 Kanbkynatop

Pacckaz o rpadudeckux mnrepdeiicax moab30BaTe s HATHEM C HAIMUCAHUS TTPO-
CTOTO KaJIbKyJisiTopa. KoHewHo, y Bac B cucTeMe KaJIbKyJISATOP YZKe €CTh: 3TO HECJIOK-
HOEe IPUJIOZKEHNe, OCHOBHBIMU JIEMEHTAMU KOTOPOI'O SBJISIFOTCSI CTPOKA, K/ MOXKHO
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BBOAUTH 1Ubpb! (06BIYHO B BepXHel acTn), n Habop KHomoK. Ho Tem nHTepecHee Ha-
9aTh C 9TOrO MPUMEPA, MOCKOJIBKY CKOPO BBl YBUJINUTE, UTO JIETKO CMOYKETE HAINCATH
TaKyIO MPOTPAMMY CaMHU.

[Ipu manucanmu mporpamm ¢ rpaduaeckuM nHTEPGENRCOM, KaK MIPABUIIO, TIPeIIa-
raloT HAYMHATH C HAIMCAHUSI COOCTBEHHOIO KJIACCA HA OCHOBE CTAHIAPTHOTO KJIacca
npunaoxkenns. bubamoreka tkinter Takxke mpeiaraeT TaKyio BO3MOKHOCTh, HO MBI €10
[IOJIB30BATHCS ITOKA HE Oy/IeM, OTOMY UTO JIJIsI IPOCTHIX MIPUJIOYKEHUH 6e3 9TOro JIerko
00OMTHUCH, TAK YTO CMBIC U II0JIb3a OT HAIKMCAHWS TAKOIO KJIAaCCa, HACeI0BaHUs U
repeornpeiesieHust GYHKII OyyT HEOUEBUTHBI.

Wrak, HaM Hy2KHBI 110JIe BBOJIa Y KHOIIKA, MHOI'O KHOIIOK: JIJIsl Iudp, 3HAKa pas-
JleiuTesis Teoil 1 apoOHOit dacTeii (TOUKa WM 3amsTas), 3HAKU aprudMeTHIECKIX
omeparuit, a TakyKe KHOIIKW JIJIsi CMEHbI 3HAKA W IS YIAJIEHUs TIOCIETHEr0 HEBEp-
HO BBeéHHOro cumBosia. Ho cHavasia HaM Hy»KHO CO3/IaTh IVIABHOE OKHO-(DOPMY, Ha
KOTOPO# TEKCTOBOE IT0JIe M KHOIKK OYIyT pa3MeInaTbcs. s 3Toro HeobxoammMo uM-
IOPTUPOBATH MOJLYJIb tkinter u ero moaMoysib ttk, B KOTOPOM XpPaHATCs 60Jiee HOBbIE
U KpacHBble BADUAHTHI BUJIZKETOB, U CO3/1aTh (POPMY (HA30BEM €8 prog), Ha KOTOPYIO
OYIyT TOMEIIATHCS MIPOYNe BUIZKETHI:

import tkinter
from tkinter import ttk
prog = tkinter.Tk()

Tenepb CO31aUM TEKCTOBOE€ IIoJIe:

stext = tkinter.StringVar(value="’)
widtext = ttk.Entry(textvariable=stext)

Pasmectum ero na dopme u 3amycTuM rIaBHBINA UK 00pabOTKU COOBITHIT KOMAH-
noit prog.mainloop():

widtext.grid(column=0, row=0)
prog.mainloop()

B wurore nosyunm Bor Takyio hopMy € TEKCTOBBIM IojieM Ha Heil (puc. 11.1).

Puc. 11.1. Popma Tk u TekcToBOe 1oy ttk.Entry.

CaMO0 TEKCTOBOE TI0JIe CO3/IaETCs KaK O0BEKT — IK3EeMILIAD Kiacca Entry, pasme-
MEHHOTO B MOyJe ttk, Mbl Ha3Bau Halme mose widtext. B mpunmume, MOXKHO pu
co3nannyu widtext BOOOIE He 33aaBaTh HUKAKNX apryMEHTOB, HO HAM HYKHO OyIeT
KaK-TO YATATH WH(MOPMAIUIO U3 TOJIs, YTOOBI MOYKHO OBIJIO MPOU3BOIUTH BBIUUCIIE-
HUSI, 1 KAK-TO MEHSTH €r0 COJEPKUMOE NP HAYKATUU KHOIOK. [osToOMy MBI co3nam
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CIIEIMAIBHYIO IIEPEMEeHHyI0 Tulla StringVar (xpanurcs B Mofyse tkinter) ¢ mme-
HeM stext M NepBOHAYAILHBIM 3HadeHueM *° (IycTas CTPOKA) U CBA3AJIU €€ C HAIIUM
TEKCTOBBIM IT0JIEM C IIOMOIIBI0 HMEHOBAHHOI'O apryMeHTa textvariable. Takoit apry-
MEHT €CTh V¥ HECKOJIbKIX BU/?)KETOB, HE TOJBKO ¥ TEKCTOBOrO 1mojs. [IpencraBieHubrit
C110CO0 MOXKET II0KA3aThCsl HECKOJIBKO YCJIO2KHEHHBIM, KaXKeTCsl, YTO BMECTO [TepEMEH-
HOIt Tula tkinter.StringVar MOXKHO OBLIO OBl MCIIOJIB30BATH IPOCTYIO TEKCTOBYIO
[MepeMeHHYI0, HO 9TO He TaK: HaM HY»KHO, UTOOBI Takas IepeMeHHas OOHOBJISIACH
ABTOMATUIECKHU, KOTJA II0JIb30BATE/b MEHET COAEPKUMOE M0Js (BBOIUT TyJa CUM-
Bouibl). IIpocras nepemennas runa str Takoro (byHKIMOHAJIA HE UMEET.

CoznanHoe 110J1e He TOSBUTCs Ha GPoOpMe JI0 TeX MOP, MOKa MbI HE PA3MECTHUM €ro
TaMm. B maHHOM Citydae 9TO CIIeJIaHO MeTOI0M grid, KOTOPBI €CTh y BCEX OCHOBHBIX
BHKeTOB. MeTo/T MpUHUMAaeT HECKOJIBKO apaMeTpOB, caMble BOCTPEOOBAHHbBIE U3
KOTOPBIX column U row — HOMeD KOJIOHKHU U DPsiJia, B KOTOPOM Pa3MeIEH BHUJKET.
IIpu pasmerriennn Bk 1eTOB Ha (bOpME C TIOMOIIBIO grid canTaeTCs, YTO KaxK/IbIi 13
HUX Pa3MeIaeTcs Ha CeTKe — KaK (DUIYPHI HA MMAXMATHON JTOCKE.

Coza M Terepb KHOIIKY, KOTOPasi IIO3BOJIUT HAM BBOJIUTH KaKOe-HUOYIb YUCJIO,
HaIIpUMeD, «1»:

btnl = ttk.Button(text=’1’)
btnl.bind(’<Button-1>’, renovil)
btnl.grid(column=0, row=1)

IlepBasa cTpouka co3MaéT KHOMKY C MMeHeM btnl, Ha KOTOpO#l OymeT HAIIHCAHO
«1» — 3TO JOCTUTAETCS C TIOMOIBIO apryMenTa text=’1’. TpeTbsa cTpoKa pa3mMera-
eT KHOIKY Ha (dopMe B TOIl 2Ke KOJIOHKE, YTO U TEKCTOBOE II0JIe, HO B CJIEeIyIOMmeit
crpoke (11071 1osieM BBojia cHU3Y ). OCHOBHOI MHTEpEC NPEeJICTABISET IS HAC KOMaH-
ga btnl.bind(’<Button-1>’, renovl), cBaA3bLIBalONIas HaXkaTHe Ha KHOIKE JIEBOI
KJaBuieil Mpinm (310 onpenesser ’<Button-1>’) ¢ dyukuueil renovl, KOTOPYIO MbI
emé ne Hanucasm. OyHKIusg OyIeT BbI3BIBATHCS [IPUA KAYKIOM HAXKATUU.

Onucarh GYHKINIO HY?KHO JI0 BBI30Ba MeTo/la bind, jiydime BCEro B HAJYAJE MIPO-
rpaMMBI, Cpa3dy IOCJae UMIIOPTa MOJYJICH:

def renovl(event):
stext.set(stext.get() + ’17)

Oyukims obparmaercs K MeTony get () mepeMeHHO# stext, CBA3aHHON ¢ HAIAM
TEKCTOBBIM ITOJIEM. DTOT METOJ] IEPEBOJIUT BHYTPEHHEE IIPEJICTABICHIE COIEPIKUMOTO
9TOIl IIepeMeHHON B cTaHIapTHYI0 cTpoky. ObparHas eii dpyHkius set () momeraer
craHapTHYIo cTpoKy Python B nepemennyro tuma StringVar. AprymeHT 3Toit hyHK-
[y event He UMeEET JJIsd HAC MPAKTHIECKOTO 3HAYEHUSI, TOCKOJIbKY BBI3BIBATDH €€ CAMU
MbI HEUKOTIa He OyieM. OyHKius Oy/1eT BhI3BIBATHCS TOJIBKO TOI/IA, KO/ HAXKIMAET-
csl KHOIIKA, ¥ [IEPEIABATHCA ITOT apryMeHT Oyger apromarudecku. Ilapamerp event
10 HEKOTOPOH CTEIeHN <«MaruvdecKWiis, XOTsl HUKAKONH Marud TamM KOHEYHO 2Ke HeT:
MPOCTO YaCTh PEAJIM3AINNA CKPLITa OT HAC He TOJbKO BHyTpu Python, mo m BHyTpPH
uHTEepIperaropa tcl.
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Baxno! Ctpoxka ¢ prog.mainloop() /10JI7KHA OKA3aThCsI B CAMOM KOHIIE TTPOTPAM-
MBI 10 aHAJIOTHHU CO CTPOKOi plt.show() mpu mocrpoenun rpadukos. Tenepsb Mbl

nosayguM hOpMY € TEKCTOBBIM I10JIEM U KHOLKOM (puc. 11.2).

Puc. 11.2. ®opma Tk, TekcroBoe mose ttk.Entry u kHonka ttk.Button.

Wrak, y Hac ects mporpamma, B KOTOPOit €CTh KHOIIKA, [0 HA2KATUIO KOTOPOIi B IO~
Jie BBOJIA TIOSIBJISIETCS JIOMOJHUTEIbHAS euHANA. Jlaspiie Hates1aeM elné KHOIOK J1JIst
dp (MHOTOTOUYMEM MBI 3aMEHIIIN elg 6 KHOIOK, KOTOPbIE JEA0TCs AHAJIOTUIHO ):

# Kmomka "1":

btnl = ttk.Button(text=’1’)
btnl.bind (°<Button-1>’, renovl)
btnl.grid(column=0, row=1)

# Knmomka "2":

btn2 = ttk.Button(text=’2’)
btn2.bind (’<Button-1>’, renov2)
btn2.grid(column=1, row=1)

# Kmomka "9":

btn9 = ttk.Button(text=’9’)
btn9.bind (°<Button-1>’, renov9)
btn9.grid(column=2, row=3)

# Kmomka "O":

btn0 = ttk.Button(text=’0’)
btn0.bind (’<Button-1>’, renov0)
btn0.grid(column=1, row=4)

Jytst KaXKI0i M3 KHOIIOK IPUIAETCH HAIMMCATH CBOIO (DYHKITUIO:

def renovil(event):
stext.set(stext.get() + ’1°)

def renov2(event):
stext.set(stext.get() + ’27?)

def renov9(event):
stext.set(stext.get() + ’9’)

def renovO(event):
stext.set(stext.get() + °07)

YTo6b!I MOJIyIUBINIASICS MMPOrPaMMa BBITVISIEa JIYUIle, 3aCTaBUM Hallle TEKCTO-
BOE TI0JIe 3aHMMAaTh Cpa3y TPU KOJIOHKH (mapamerp columnspan=3 B Meroje grid)
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U 33J@JUM JUIMHY B CUMBOJIaX (HHAYe moJie OyJeT KOPOTKMM U CTAHET CMOTPEThCsl
HEKpacuBo), 106aBuB napamerp width=30 npu co3manuu 10Jisi BBOJA:

widtext = ttk.Entry(textvariable=stext, width=30)
widtext.grid(column=0, row=0, columnspan=3)

[a= I o « TR I B S
w

Puc. 11.3. Hemonenannas nporpaMMa—KaJIbKy/ISTOP ¢ KHOIMKAMHE JIJIsi BCEX ITUMP.

Berrisiiur cHOCHO, HO TIOKa HAIa MPOrpaMMa Hu4dero e cunraer. K Tomy xke s
peajim3aIy BeCbMa IPUMUATHBHOIO (PYHKIIMOHAJIA MBI HAIUCAJIN yKe 0K0JIo 70 CTpOK
KOJId, B OCHOBHOM — METOJIOM KOIHMPOBaHWs, 9TO B IPOIPAMMHUPOBAHUM KpaiiHe He
[IPUBETCTBYETCsI, TTOCKOJIBKY TIOYTH BCErJia BEIET K OIMMUOKAM, BBI3BAHHBIM TEM, UTO
9TO-TO 3a0BIJU UCIIPABATH JUOO BO BpeMsi KOIMUPOBAHMUS, JIUOO TOCTIE, KOTJa MEHSLIN
¥ yJIydInajgn IporpaMmy. 1eM He MeHee, IIOKa He OylieM oOpaIiarh Ha 3TO BHUMAHUS
U cJleIaeM IIporpaMMy paboTaromiero.

HapaiiTe ny1s HadaJsa 100ABUM JIBE HYKHBbIE KHOTKHU. KHOMKY «.», O3HAYAIONIYIO
JIECATUIHBIN Pa3/IeUuTelb:

btnP = ttk.Button(text=’.’)
btnP.bind (’<Button-1>’, renovP)
btnP.grid(column=2, row=4)

1 KHOIIKY yJaJIeHHu:d ITOCJIEHETO BBe,ZLéHHOI‘O CHUMBOJIa:

btnB = ttk.Button(text=’<-?)
btnB.bind (’<Button-1>’, renovB)
btnB.grid(column=3, row=1)

Jli1st HUX TaK Ke MPUIETC HAUCATh DYHKITIH, HA3BaHHbIE HAMU renovP u renovB,
COOTBETCTBEHHO:

def renovP(event):
stext.set(stext.get() + °.?)

def renovB(event):
stext.set(stext.get () [:-1])

Jlanee 106aBUM KHOIIKY CMEHBI 3HAKA!
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btn_pm = ttk.Button(text=’-/+’)
btn_pm.bind(’<Button-1>’, renov_pm)
btn_pm.grid(column=0, row=4)

J1JIs1 KOTOPOIi mponuiieM (pyHKIHIO:

def renov_pm(event):
s = stext.get()
if s.startswith(’-’):
s = s[1:]
else:
S:’_)+S
stext.set(s)

OTa QYHKIMS ONpEJIesIsieT, HAYNHAETCS JIM CTPOKa CO 3HAKA MUHYCA, UCIOJIb3Ys
MeTo/[ startswith u ecsin Jja, TO OTPE3AET €10, a €CJIU HET, TO Ha000POT — J100ABJISIET.
Kak 06bI1HO, TPUXOUTCs CHAYaIa BBITAIUTD TEKCT U3 IIepeMeHHOi Tuna StringVar
METOJIOM get, a 3aTeM I0CJIe BCEX OIepaIuii IOMECTUTh eé 00PaTHO MEeTOJIOM set.

Temepp mepeiéM K HAIUCAHUIO CAMOTO CJIOXKHOTO — (PYHKIUN JjIsi pabOThI C
KHOTIKaMu apudmerndecknx ormeparmii. OrpaHnanMCcsT OKa, KHOIKAMU JIJIsT CJIOXKe-
HUsI, BBIYUTAHUSI U KHOIIKOIO «PABHO», KOTOPas BBIJIAET Pe3yJIbTaT BbluucjieHuii. Pas-
MECTHM 3T KHOIIKH:

btn_plus = ttk.Button(text=’+’)
btn_plus.bind(’<Button-1>’, oper_plus)
btn_plus.grid(column=3, row=2)

btn_minus = ttk.Button(text=’-?)
btn_minus.bind(’<Button-1>’, oper_minus)
btn_minus.grid(column=3, row=3)
btn_ravno = ttk.Button(text=’=’)
btn_ravno.bind(’<Button-1>’, oper_ravno)
btn_ravno.grid(column=3, row=4)

Teneppb HY>KHO BCIOMHHTB, KaK paboTaeT KaJbKy/IsaTop. IlepBoHAYa/IBHO B I0JIE
Hudero Her (mwim crout 0), 3aTeM Bbl HAOUpPaeTe [EPBOe UYHCJIO W HAXKUMAaeTe 3HAK
apudMeTHIECKOIl omepalni, mocjIe Iero CTpoKa BBOJA OYHUINAETCSA, a CaMoO HabpaH-
HOE paHee 9HC/I0 3aHOCUTCA B TAaMATh. Jlajee HaAOMpaeTcss HOBOE TNCJIO U HAXKIMAETCST
HOBBII 3HaK. Eciin 0H — «paBHO», TO IPOM3BOIUTCS PaHee HaOpaHHas OllepaIist U Pe-
3yJIbTaT BBIBOJUTCA. EC/IN 2Ke 3TO OlSITh «ILIFOC» WU «MHUHYC», TO PaHee HabpaHHAasi
oreparusi BCE PaBHO IIPOU3BOUTCS, HO PE3YJIbTAT HUKY/IA HE BBIBOJMTCS, & TOMEIa-
ercst 0OpaTHO B MAMSITh, U IOJIE BBOJA CHOBA OYHUIIAETCH.

Takum 0bpazoM, HY>KHO CIeJaTh MEPEMEHHYIO, Peaau3yIonlyio MaMsITh KAJIbKYy-
JIATOPA, CKaykeM, B BUJE YHUCJIA, MPUCBOUB eif HavdaabHoe 3uadenne 0. Kpowme Toro,
HY?KHO 3aIllOMHHUTb, HAIIPUMED, B BHJIe CUMBOJIA, IIPEJIbIILYILYI0 OIEPAIINI0, Belb IIPU
Ha)KaTUU KHOIIKU BBINOJIHSITHC OyeT uMeHHO oHa. Obe 3TH IepeMeHHbIe ITPUJIETCsI
cllesIaTh TJIODAJILHBIMMA.
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# IlaMaTh:

hidden = 0

# llpenmpnymas olepalys:
preoper =’

Torma onepanuu CJIOXKEHUsI, BHIYATAHWS U BLIYUCIEHUS PE3yJbrara (<«PaBHOY )
MOXKHO Peajin30BaTh CJIEIYIONIM 00pa30M:

def oper_plus(event):
if not hidden:
hidden = float(stext.get())

else:
if preoper == ’+’:
hidden += float(stext.get())
elif preoper == ’-7:

hidden -= float(stext.get())
stext.set ()
preoper = ’+’
def oper_minus(event):
if not hidden:
hidden = float(stext.get())
else:
if preoper == ’+’:
hidden += float(stext.get())
elif preoper == ’-’:
hidden -= float(stext.get())
stext.set ()
preoper = ’-’
def oper_ravno(event):

if hidden:
if preoper == ’+’:
hidden += float(stext.get())
elif preoper == ’-7:

hidden -= float(stext.get())
stext.set(str(hidden))
preoper =’

ITonyvennas nporpaMma OyIeT BBIIVISIETH IpUMepHO Kak Ha puc. 11.4. Ho Toss-
KO Hallla IpOrpaMMa KOPPEKTHO paborarh He Oyuer. [Ipu Haxkaruu 3uaka «Iwiocy (u
Ji060ii IPyTOil OIlepaiuu ToXKe) B KOMAH/IHOM HHTEPIPETATOPE, Ky/la PAHBIIE MbI Bbl-
BOJVJIM PE3YJIbTAThI, KOTOPBIH 3aIyCKaeTCs TaK»Ke U JJIsl IPOrPaMM ¢ rpadUIecKuM
uHTEePdENCOM, MOXKHO OyJeT IpPOYnTaTh coOlINeHe 00 OIunoKe:

Exception in Tkinter callback
Traceback (most recent call last):
File "/usr/lib/python3.5/tkinter/__init__.py", line 1562, in
return self.func(*args)
File "/home/lab41/kalkulilo_C.py", line 38, in oper_plus
if not hidden:

_call_



11.2. MeTku, donarn, paguokHOMNKN 1 4Nanoru 67

UnboundLocalError: local variable ’hidden’ referenced before assignment

CoobIreHne JOCTATOYHO KPACHOPEINBOE: €CJIN JIa2Ke BBI IJIOXO IIOHUMAETE [I0-aHTJIHICKH,
1100011 MHTEPHET-TIEPEBOTINK JACT BAM BO3MOXKHOCTH IMOHATDH, YTO HE TaK: MHTEPIIPETATOD
cUYUTaeT Hally IepeMeHHyo hidden, KOTOpasi peaju3yeT MaMsTh, JIOKAJbHOU B (DYHKIIAM,
npraém cOoii MPOUCXOAUT B IIEPBOI K€ CTPOKE, I'/le OHa ucnoiab3yercs: if not hidden. ITpo-
OsieMa 3aKJI09aeTcs B TOM, 9To Python mo3Bosser moap30BaThCst 1100aIbHBIMEI T€PEMEHHbBI-
MM CBOOOJHO JlajieKoO He Bcersa. 11o ymMosrdaHuio, OH KaK pa3 IIBITAeTCs CO3/IaTh JIOKAJIbHBIE
MepeMeHHbIe C TeM Ke UMeHeM. UTOOBI 3aCTAaBUTH WHTEPIIPETATOP HCIOIb30BaTh hidden,
a 3a0[HO W preoper, HY»KHO SIBHO OOBSIBUTH MX TJIOOATBHBIME, WCIIOIb30BAB JTUPEKTUBY
global, KaK 3TO IIOKa3aHO HUKE:

def oper_plus(event):
global hidden, preoper
if not hidden:
hidden = float(stext.get())
else:
if preoper == ’+’:
hidden += float(stext.get())
elif preoper == ’-7:
hidden -= float(stext.get())
stext.set ()
preoper = ’+’

To ecTb MBI IPUNILJIA K CUTYAIINN, KOT/A HEesIBHAST TUITU3AINS, COKOHOMUBIIIAS HAM MHOTO
CIJI [0 CHX TIOP, CTajia mpobsemoii: mHTeprperarop Python mHe mMoxkeT moHSTH, 9TO HYKHO
B35Th YK€ CYIIECTBYIOIYIO IVIODAJIbHYIO IIEPEMEHHYIO, a BMECTO ITOIO CUHMTAET, UTO ITO
JIOKJIbHAS TTepeMeHHast (DYHKIINN, U TTOTAIaeT B JIOBYIIKY, TAK KAK OKa3bIBAETCsI HECTIOCOOEH
poYuTaTh €€ 3HadYeHue J0 e€ cozmanus. MHTepecHO, UTO BBIBOIs cOOOIEHne 06 OIuodKe,
MHTEPIIPETATOP HE 3aBepIIaeT IPOrpaMMy aBapHiiHO.

Ecnu monpaBuTh KOJ TPEX HAMUCAHHBIX (DYHKIWIA JjIsi pabOTBI C OMEpAIMsSIMH, HAIIA
IPOTpaMMa, HAKOHEII, TIOYTH 3apaboTaeT: OHa CMOXKET [IPOU3BOJIUTH ITPABUJIbLHBIE BHIYUCIIE-
HUsI [IPU YCJIOBUU, YTO BBl HE OMUO/MCH cO BBOJIOM. OBGBIMHO HA KaJIbKYJISITOPE €CTh KHOIIKA
cOpoca BCeX MPEbIAYININX OIepalyil, JaBaiiTe peaanusyeM u eé:

def cancel(event):
global hidden, preoper
preoper =’
hidden = 0
stext.set(’?)
btnC = ttk.Button(text=’C’)
btnC.bind (’<Button-1>’, cancel)
btnC.grid(column=3, row=0)

11.2 Metku, cnaru, paguoKHONKM U amvanoru

I'paduyeckuit uaTEpdEC HE OrPAHMYUBAECTCS TOJHBKO KHOIIKAMHU U IOJISIMH BBOIA, 9TO
KaKJIbIil BuJes1, paboTasi CO MHOIMMU IIporpaMMaMu. B 9ToM pasjesie nmocrapaeMcsi OIucaTh
eIé HECKOJIBKO HamboJIee MOMYJISIPHBIX BUJI2KETOB Ha, IPUMEPE UX UCIOTb30BAHUS.
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Puc. 11.4. IIporpamMma—KaabKyJIsiTOp — mepBast pabOTOCIIOCOOHAS BEPCHUS ¢ KHOITKAMEI
CJIOKEHW S, BBIYUTAHUS U TOJIYIeHUs Pe3yabTaTa.

JaBaiiTe co3taiuM mporpaMmy, KOTopasi TO3BOJIUT 3aI0JHATL (haiyl ¢ (DaMUITUIMU yUue-
HUKOB. [Ij1s1 3TOrO0 CO3/Ma UM 1OJIe BBO/A U KHOIIKY JIJIsl 3allUCu B (ailir:

from tkinter import *

from tkinter import ttk

prog = ttk.Frame()

strF = StringVar()

editF = ttk.Entry(textvariable=strF)
editF.grid(column=0, row=1)

bts = ttk.Button(text=’3ammucars’)
bts.bind(’<Button-1>’, swrite)
bts.grid(column=0, row=5)
prog.mainloop()

Mpbl HaMepeHHO pPasMeCTU/IN T0JiIe U KHONKY B 1-0#f u 4-0#f cTpOKax, YTOOBI MOKA3aTh,
YTO €CJIM OCTABUTH YACTh CTPOK WJIM CTOJIOIOB HE3AIOJHEHHBIMU (HET HU OIHOTO BHJIZKETA
Pa3MEIIEHHBIX TaM ), OHH IIPOCTO Gy/IyT IPOUIHOPUPOBAHBI M «CXJIOIHYTCA». 3aTO ITO MOXKET
OBITH MOJIE3HO B OYIyIIEM, €CJIU MBI PEIIIUM PA3MECTUTh JIOMOJTHUTEBHBIE BUIXKETHI 10 WU
MEXKJIy y2Ke CYILIEeCTBYIOIIMMHE, TaK KaK B TaKOM CJIydae He HIPHUAETC IepelesibiBaTh yKe
CYIIECTBYIOIIUIA KOJI.

Temepn HykHO caenaTh QYHKIUIO swrite ajs 3anucu davuanu B daitn. Vaes cocrout
B TOM, YTO IPU Ka’KJIOM HAaKaTUU KHOIIKM MBI MOXKEM JO3aIUCHIBATH (PaMUJIHIO B JIFOOO0I
y2Ke CYIIEeCTBYIONUI TeKCTOBBIN (hailyl mim co3aaTh HOBBIA. [[y1s1 BeiOOpa daitia ucnoab3y-
€M CTaHJApPTHBINA AUAJIOT, UMeroIuiica B tkinter, /19 4ero Hy>KHO UMIIOPTUPOBATh MO/IYJIb
filedialog. B sToMm Momyse ectb dyHkIusa asksaveasfilename, BBIIOTHSIONIA BBI30B A~
JIora, COXpaHeHus: B (ail, caM JUAJIOr TPU STOM MMHUCATHb He HYXKHO, OH YK€ €CTh B MOJLYJIe
u chopMHUpyeTCsT ABTOMATUYECKH CO BCEMU CBOUMU KHOIKAMU U MOAIMUCAMUA. DTa (DYHKIIU
BO3BpaIaeT uMsd daitna. ns mqosanucyn HaM HY2KHO CaMHUM OTKPBITH (aill B pexumMe ’a’.
Iloxyuurca BoT wuTO:

from tkinter import filedialog as fd
def swrite(event):
fname = fd.asksaveasfilename()
f = open(fname, ’a’)
f.write(strF.get(O+’\n’)
f.close()
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Ecnmm ckoMmoHOBaTL 3TOT (hbparMenT ¢ paHee HANUCAHHBIM (MMIIOPT MOJYJIsSl CJICLYET
[IEPEHECTH BBEPX ), MOJYIUTCS BIIOJIHE PAGOTOCIIOCOOHAS IIPOrPAMMA. 3aMETHTE, UTO AUAJIOT
SIBJISIETCSI KaK Obl CKPBITBHIM BU/[PKETOM: B OTJINYUE OT BCEX JPYIUX, PACCMOTPEHHBIX JI0 CUX
1op, OH He pa3MeIlaeTcs HaMu Ha (opMe W He BUIEH JI0 TeX IOp, MOKa He OyIeT BbI3BaH
110 KHOIIKe. Bojiee TOro, Mbl BoOOIIE HE CO3ABAJU HUKAKYIO NEPEMEHHYIO, OTBETCTBEHHYIO
3a HEro, XOTsl 9TO U MOXKHO cresarb. B mrore (puc. 11.5) B daitn ¢ HasBanumem ‘Student
list.txt’, KoTOpoe MBI caMM BOHCAJIM B JUAJIOTOBOM OKHeE, Oy/IeT 3ammcaHa OJHA (DaMUIUs
‘Anexcanpon’. 3aTeM MOXKHO B TI0JIE€ BBOJIa BBECTH CJIEYIONLYIO (DaMUINIO, HAYKATH KHOIIKY
‘Banucars’, 1 B daiiyl J03anUIIETCS BTOPas (PaMUIHs.

B -

File Edit Format Run Options Window Help ‘ File Edit Shell Debug Options Window Help
from tkinter import * “IIPython 3.9.6 (default, Jun 29 2021, 10:42:27)
from tkinter import ttk [GCC 10.2.1 20210313 (ALT Sisyphus 10.2.1-alt3)] on linux
fron tkinter import filedialog as fd Type "help", "copyright", "credits" or "license()" for more info
rmation.
def swrite(event): R
fname = fd.asksaveasfilename() =
f = open(fname, ‘a’) .
fourite(strf.get()+ \n') Katanor: /home/student 4‘ @
f.close() [E5.pki B Mysbika [ .gtkre-2.0 [] .xsession-errors:0 [
B .recoll B O6wepocTynHble [] .ICEauthority [ 1py
prog = ttk.Frame() & .shutter B Pabounii cron [ .Ipoptions B 2py
strf = StringVar()
editF = ttk.Entry(textvariable=strF) E.ssh B Wabnoke: [ .remmacros E3.py
editF.grid(colunn=0, row=1) [ . xsession.d [[] .bash_logout [ .vimre [ 4.py
bts = ttk.Button(text='3anncars’) [=Buaeo [) .bash_profile [ .wm-select [I5.py
bts.bind('<Button-1>', swrite) [ DokymeHTbl [ .bashrc [FJ .Xauthority [ 6.py
bts.grid(column=0, row=5) g 3 3arpysku [ .dmrc [7] .xprofile [ 7.py
( I [E3 U306paxeHus [] .face [7] .xsession-errors  [[] 8.py

e . ‘ 5
3anvcaTb 3
Mms channa: Student_list.txt CoxpaHuTb

= ‘ OTMeHa ‘

= =
Ln: 10 Col: 4 Ln: 3 Col: 72

Puc. 11.5. IToste BBOma ttk.Entry, kHomKa i 3anucu B daitn ttk.Button u gua-
jioropoe okHo filedialog.

Kpome dynknnu asksaveasfilename ecTh emé aHasiormyHas yHKnusa askopenfile,
BBI3BIBAIONIAST JUAJIOT UYTeHUs aitna. 3amernm, 9T0 00e (DYHKIUU B JeHACTBUTETBHO-
CTH TOJIBKO BO3BpAIAOT HMsi (ailia ¥ HUYero He OTKPBIBAIOT. Y HHUX €CTh aHAJIOrd
asksaveasfile u askopenfile, KOTOpBIE YIPOMIAIOT PabOTY, BO3BpAIlas YK€ OTKDBITBIHI
daiin, a He ero nMma (He Hy>KHO CAMHUM BBI3BIBATH CTAHAAPTHYIO (byHKIHIO open). PyHKIms
asksaveasfile oTkpbiBaeT daiin B pexxume *w’, a dyHkius askopenfile — B pexkume ’r?,
II03TOMY IIPH OTKPBITUHU (ailjia Ha JO3AIKUCh BOCIIOJIb30BATHCA UMU HEJIb3S.

IToste BBOZIA MOXKET M3MEHSITHCST MOJIB30BATEEM, HO 9aCcTO Ha (POPMY HEOOXOIUMO TO-
MECTUTDb MOACHAIOMIMNN TEKCT, KOTOPBIil ABJIAETCA CTATUIHBIM UJINA MOXKET MEHATbHCH TOJIbKO
U3HYTPHU IpOrpaMMbl. J[ljIs 3TO cylmecTByeT OTIEeIbHBIN BH/KET «MeTKa» Label. B mpuse-
JEHHOM BBIIIIE TIPUMEPE MOXKHO 00aBUTH HA (DOPMY IOSICHEHHE, 9TO BBOJUMOE CJIOBO —
damuans, He MeHssA KOJI, UCIOJIb3Ys 3aPe3ePBUPOBAHHBIN paHee HYJIEBOH DAL,

labelF = ttk.Label (text=’®avunusa’)
labelF.grid(column=0, row=0)
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HasaiiTe Temepsb 106aBUM €€ M BO3MOYKHOCTH OTMETUTH, SIBJISIETCS JIN 3AIMCHIBAEMBII
9eJIOBEK B3POCJBIM WK PeOEHKOM. B 9TOM ciyvyae JOMOJHUTEIBHOE TOJI€ BBOJA HUA K UEMY,
TaK KaK €CTb BCEro 2 BapuaHTa. BMecTO 3TOro MOKHO HCIIOJIb30BaTh CIIEINAIbHBIA BUIKET
«bmars, «diraroBasi KHOIKay MM «rajodkas CheckButton, KOTOpBI MBI PACIIOJIOXKUM B
3ape3epBUPOBAHHOM TPEThEM ps/ie:

cht = BooleanVar(value=False)
chb = ttk.Checkbutton(text=’B3pocmuii’, variable=cht)
chb.grid(column=0, row=3)

st Toro, 9TobBI OBLTIO YI00HO ONEPUPOBATH C (JIAZKKOM, KOTOPBI UMeeT 2 COCTOSIHUSI:
MIOHAT U OIYINEH, UCIOJIb3yeTCs CIenuabHasl IepeMeHHas, aHaJorudHas StringVar, HO
XPpaHAIIas JIOTHIecKoe 3HadeHue. Ternepb HEMHOTO MouduupyeM QyHKIMIO SWrite, 9ToObI
OHa, JIONOJIHSLIIA HOJINCH CJIOBOM «B3DPOCJIBIN», ecii (hJIarKOK NOAHAT (aKTUBEH) UM CIIOBOM
«PeBEHOK», eC/IH OllylieH (HeaKTUBEH):

def swrite(event):

fname = fd.asksaveasfilename()
f = open(fname, ’a’)
if cht.get(Q):

sb = ’B3pocisii’
else:

sb = ’pebéHOK’
f.write(strF.get()+’ ’+sb+’\n’)
f.close()

Kak BugHO u3 npumepa, MeToj| get Jisi IepeMeHHoi Tura BooleanVar BbLIAET JIOIH-
YecKoe 3HaYeHNe, TaK YK€ KaK C MOMOIIBI0 MeToJ[a set Tylda MOXKHO MOMeCTUTh b0 True,
aubo False.

th [+
Damuaua

[~ B3pOC/bIRA
3anucaTb

Puc. 11.6. ®opma Tk, TexkcroBoe moJie ttk.Entry, kmomka ttk.Button, Merka
ttk.Label, durar ttk.CheckButton.

Ecan ectb Gosiee JIByX cOCTOsIHMII, U3 KOTOPBIX HYXKHO BBIOpDAThH, HAIIPUMED, HE TOJIb-
KO B3pocm>1ﬁ/ pebénoK, HO emé un meHcuonep, CheckButton yke He MOAXOAUT U HYXKHO KC-
OJIb30BaTh JAPYIOi TUII BUIXKETOB, KOTOPBIE IIO-PYCCKHN TaK U Ha3bIBAIOTCA <«PaIMOKHOIIKA»
Radiobutton. DTu BUIKETHI BCETIA MCIOJb3YIOTCA IPYIIIAMU, IPUYEM B KaXKIbIi KOHKPET-
HBIII MOMEHT aKTUBHBIM B IPYIIE MOYXKET ObITh TOJIBKO OIUH. DTO JOCTUTAETCS TEM, U4TO BCE
OHU COEIIMHSAIOTCA C OJHOIO W TOIO Ke mepeMenHo0 Tuna StringVar. [lockosnbky pammokHO-
IIOK MHOI'O, CO3/]aBaTh UX HUMeeT CMBICJ IMUKJIOM, JJIS Yero CO37a/ UMM CIHMCOK U3 3HAaUYeHUN
(B HameM cirydae u3 3 3JEMEHTOB: PEOEHOK, B3POCIIbIi, IEHCUOHED ):
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ludi = [’pe6éHOK’, ’B3pocCuii’, ’HeHCHOHep’]

radiost = StringVar(value=1ludil[0])

for i, lud in enumerate(ludi):
rb = ttk.Radiobutton(text=1lud, variable=radiost, value=lud)
rb.grid(column=0, row=i+2, sticky=W)

31eCh MBI BOCITIOJIb30BAJIMCH 3aPE3EPBUPOBAHHBIMY B HAYAJIE CTPOKAMHU IO TIOJIEM BBOJIA.
Kpowme Toro, 6611 ncmop30BaH BapuaHT MuKjIa for ¢ enumerate, MOTOMY 9TO OH YHUBEPCA-
JIEH ¥ BBIJAET CPa3y IapaMy 3HaYeHUE M3 CHHUCKAa (B HAIIEM Cjlydae Mbl Ha3Baju ero lud) u
ero Homep i. Cumraercs, 9TO UCIOJIbL30BAHNE enumerate IPEJIOYTHTEIHLHO IUKILY C range,
KOTOPBII MOXKHO OBLIO ObI HAMKMCATH HA TOM MeECTe, IMOCKOJIbKY OOpaIleHre K 3JIeMEHTAM
CIIUCKa TPOUCXOIUT OoJiee siBHO. Kpome Toro, mpu o0xoje 1o enumerate 3/ieMEHTHI CTAHO-
BSITCsI HEM3MEHSIEMBIMU, MIOTOMY YTO KarKJbIil pa3 paboTa WIET HE C CAMUMH HMH, a C UX
KOIUSMU, XPAHAIIUMUCS BO BBEJIEHHOU IIePEMEHHOM, B HaIIeM ciaydae lud.

DamMuaua

~ B3pOCALIN
" NeHCUoHep
3anucaTb

Puc. 11.7. ®opma Tk, TekcroBoe mnosie ttk.Entry, kmomka ttk.Button, Merka
ttk.Label, paguoknonka ttk.Radiobutton.

Haustee mogudunupyem cHoBa (DYHKIMIO SWwrite, 4TOOBI OHA paboTaja ¢ paJMOKHOITKAMUI
(ra camom zeste paborarh OHa GyJET TOJBKO C IepeMeHHOI0 radiost, XpaHsIIen TeKyllee
BLIOpAHHOE 3HAYEHUE):

def swrite(event):
fname = fd.asksaveasfilename()
f = open(fname, ’a’)
f.write(strF.get()+’ ’+radiost.get()+’\n’)
f.close()

B HEKOTOPOM CMBbICJIE pa60Ta C PaJUOKHOIIKaMU JlazKe IIpoIe, 9eM C TaJIOYKOit.

11.3 Cnuckn un meHto

B rpadudeckux mpuiiokeHusix 4acTo HEOOXOIMMO pabOTATh C PA3JIMIHBIMU CITUCKAMU.
CaMbIii TTpOCTOI TTpUMeEpP — CIHUCOK CTPOK. J[yisi 0TOOparKeHust CIIMCKA CTPOK MOYKHO BOC-
MOJIb30BaThHCS TAKUM BHJXKETOM, KaK Listbox, 10C/I0BHO — KOPOOOK co crimckoM. Cozaaaum
¥ Pa3MECTUM TAKOU BUJ/KET HA IPUJIOKEHNN:

listvar = Variable(value=[])
lbox = Listbox(width=60, height=5, listvariable=listvar)
lbox.grid(column=0, row=0, rowspan=3)
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Ob6paruTe BHUMaHUE, YTO BUIXKET Listbox HAXOMUTCs HEIMOCPEJACTBEHHO B tkinter, a
He B ttk, M 9TO JUIs €ro obCIy>KUBAHUS TAKXKe CO3MA8TCs coryzkebHas nepeMenHas (y Hac
Ha3bIBaeTcs listvar), Tospko He Tuna StringVar, a Tuna Variable. Cam Ham BuJpKeT OyieT
WMETh 5 CTPOK B BBICOTY (9TO JIEIaTh, €CJIM B €0 COMEPKUMOM CTPOK OKAXKETCs GOJIbIIE,
HanumeM Hizke) u 60 cumBosIOB B mupuny. st 06paboTK CIMCKa HAIMIIEM TPH KHOIIKHA
(4TOOBI OHM BCE YMECTHJINCH CIIPaBa OT CIUCKA KPACHBO, CIUCKY Pa3pEIIeHO 3aHUMATh 3
PAJIa IO BEPTUKAJIN )

bts = ttk.Button(text=’CumTaTn’)
bts.bind (’<Button-1>’, readf)
bts.grid(column=2, row=0)

btd = ttk.Button(text=’YmamuTs’)
btd.bind(’<Button-1>’, listdel)
btd.grid(column=2, row=1)

btw = ttk.Button(text=’3amnucars’)
btw.bind(’<Button-1>’, writef)
btw.grid(column=2, row=2)

IlepBast KHOIIKA OyIeT CYNTHIBATE JAaHHBIE U3 (dailia, OTKPHIBAEMOI'O Yepe3 JINAJIOr:

def readf(event):
f = fd.askopenfile()
for line in f:
1lbox.insert (END, line.strip())
f.close()

JlaHHBIE YUTAEM MOCTPOYHO M A00ABISEM KaXKIyK CINTAHHYIO CTPOKY B KOHEI[ HAIIIETO
Listbox, 94T006bI BLIKUHYTH BO3MOXKHbIE HAaYaJbHbIE U KOHEYHBIE TTPOOEJIbI U CUMBOJI KOHIIA
CTPOKH, ;100aBjIsieM He caMy CUMTAHHYIO CTPOKY line, a e€ oOpe3aHHBI ¢ 0OOMX KOHIIOB
BapuaHT line.strip().

Tperbst KHOIIKA Oy/IeT 3aIMUCHIBATD U3MEHEHHBIN (yKOPOYEHHBI) CIIMCOK B HOBBIH aill,
OTKPBLIBAEMBIN Ha TIEPE3ANHCH (€CJIU ITO-TO TaM OBLIO, BCE CTHPAETCs):

def writef(event):
f = fd.asksaveasfile()
for i in range(lbox.size()):
f.write(lbox.get(i)+’\n’)
f.close()

Ob6parure BHUManwue, 4ro y Listbox ects Meroz size, MO3BOJIMIONINI Y3HATH YHUCIIO 1€~
MEHTOB B HEM, M METOJ get, [TO3BOJISIIOIIMI IIOJYyIUTD i-THIi JIEMEHT B BHJI€ IT€PEMEHHOI
crangapTHOro 1718 Python crpokoBoro tuma mo HOMEpY.

Hakomner, Bropasi KHOIIKA IIO3BOJISIET YIAAJNUTH AaKTUBHBIN 2JIEMEHT U3 CIHCKA:

def listdel(event):
idx = 1lbox.curselection()
1lbox.delete(idx[0])
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31ech UCmoTb30BaHbL emé aBa MeToaa Listbox: curselection a1 moJiydeHust HOMEPOB
BCeX BBIOPAHHBIX 9JIEMEHTOB CITMCKA — BBIJAET KOPTEXK, TAK KAK MOYKHO CHEIUAJIHHBIM CBOM-
cTBOM selectmode=’multiple’ npu co3ganuu Listbox BbIOMpaTh B CIMCKe HE OJIHU, KaK Yy
HaC, a Ccpa3dy IO HECKOJIbKY 3JIEMEHTOB 3a pa3, u delete Iyl yJajleHAS 3JIEMEHTA II0 HOMEDY.

CHUTaThb
YOoanuTb

3annucaTb |

Puc. 11.8. ®opma Tk, crmcok Listbox, kHomku ttk.Button.

B mamem cnmcke ects MecTo Bcero mog nAaTh cTpok. Ho B efiCTBUTEIBHOCTH UX MOXKET
6p1Th 1 Gosee. Ecim numdaero me genarb, Listbox MO3BOJISIET € 9TUM KOE-KaK CIIPABIISTH-
CsI: IPOKPYYMBATh CIIMCOK MOXKHO KOJIECOM MBIIIN HJIM KJIABUIIAMU BBepxX-BHU3. Ho sydme
cllesaTh CenuaJIbHyIoO JIUHEHKY IPOKPYTKH, Ha3blBaeMylo Scrollbar:

sbar = ttk.Scrollbar(prog, orient=’vertical’, command=lbox.yview)
sbar.grid(column=1, row=0, rowspan=3)
1lbox.configure(yscrollcommand=sbar.set)

ObparnTe BHEUMaHHE, UTO IIOJIOCKA MIPOKPYTKH — TAaKOW K€ BHJKET, KaK M caM
crimcok. Jlast ero pasmernenust ObLia 3a/1€fCTBOBAHA IPELYCMOTPUTEIHHO OCTABJIEHHAS
IIpY pa3MeIeHNN KHOIIOK IlepBasi KOJIOHKa. Halma Iojiocka NpPOKPYTKH — BEPTUKAJIb-
Has, 9TO MBI YIOMHHAEM HECKOJBKO pa3: MpPU OPHEHTAIMM B POCTPAHCTBE (BasKHO
s orobparkeHus) — orient=’vertical’, mpu COOOIIEHMM IIOJOCKE, 9TO € JenaTb
— command=1lbox.yview KPYTHUTb CHHUCOK 1bOoX IO KOOpJHHATE Y, & TaKxKe IPU CO0D-
IMEHAW CaMOMYy CIIACKY, 9TO y HEro Telnepb eCTh BepTHKaJbHas II0JIOCA IPOKPYTKH —
lbox.configure(yscrollcommand=sbar.set). 3ameTbre, YTO IPU CBASBIBAHUU [IOJIOCHI TIPO-
KPYTKH M CIHCKA MBI JIeJIA€M 3TO B 00e CTOPOHBI: YTOOBI IIPU IPOKPYTKE IIOJIOCHI CIHCOK
JBUTAJICA W IIPU NPOKPYTKE CHMCKa KJIABUIIAMU MJIM KOJIECOM MBIIIH JIBUTAJIACh IIOJIOCA.
Tak>ke BayKHO OTMETUTH, UTO MMEHOBAHHBIE apryMeHTHI command u yscrollcommand CyTb
bYyHKIHUY [0 CMBICILY. DTO 3HAYUT, YTO MBI epenaéM oaHy (YHKIMIO (B HAILIEM CJIydae BMe-
cto dyHKIMM 06a pa3a MCIONb3YETC METO, ITO IaCTO JIOMYyCTUMO), B KAIECTBE apTyMEHTa
OPYTOii, He BBI3bIBas €€ — CKOOOK I0CJIe UMEHU HeT. BhI3bIBaTh epeJanHyo DYHKITHIO OyIeT
y2Ke Ta, KOTOPO#l MBI €€ OTJaJIN.

AnekcaHapos pebéHok =
Borf1aHoB B3pochblil

Bacunbes peGéHok YOanuTh

pUropseEa B3pOC/bIA

JlaHW0Ba B3POCAbI _| 3anucate

CHATaTb

Puc. 11.9. ®opma Tk, crnmcoxk Listbox, kHomku ttk.Button, mojoca TPOKPYTKH
ttk.Scrollbar.



74 Inaea 11. I'pacbuyeckuii nntepdpeiic. Mogynb tkinter

B sr06oit peasipHOI mporpamMMe, Kak MPaBUJIO, €CTh BEpXHEE, OHO XK€ TJIABHOE MEHIO.
Bribupas myHKTBI B HEM, MOXKHO COBEPINATH T€ WM WHBIE JeHCTBUsI AHAJIOTUIHO HAXKATUIO
KHOIIOK Ha ¢dopwme. g coznanust MeHIO B tkinter HCIOIb3yeTcs BUKET THIIa Menu:

prog = Tk()

menubar = Menu(prog)
prog[’menu’] = menubar
menu_file = Menu(menubar)
menu_edit = Menu(menubar)

Ob6parynTre BHUMaHUE, 9TO B tkinter MEHIO He SIBJISIETCS 10 yMOJIYAHUIO 3JIEMEHTOM (hop-
MBI, MBI JIOJI?KHBI CAMOCTOSITEJTBHO COOOIIUTD TPU CO3/IaHUU MEHIO, KTO €r0 POAUTENb. JTO
MOXKeT OBITh KakK cama dhopma JJisi menubar B MPUBEIEHHOM IPUMEpE, TaK U JAPYroe, POJIn-
TeJIbCKOEe MeHIO, KaK s menu_file m menu_edit. Bo Bropom cirydae MeHio OyJieT BbIIa-
JAOIINM W3 IIYHKTa MEHIO, TO €CTh MepapXudIecKu yCTpoeHHbIM. MoXKHO caenaTh GosbIie 2
YPOBHEl MepapXuu: BEPXHUI YPOBEHDb PA3MENIAeTCs B IIPUJIOKEHNN, BTOPO BBITIAIA€T BHU3,
nocsenytomye (Tperuit n gasee) — Bupaso. II0CKoIbKy MeHIo caMo 10 cebe He sIBIISeTCs dJ1e-
MEHTOM (POPMBI Prog, He TOJHKO OHO HE 3HAET, KTO €r0 POJUTEJb 0e3 MPSMOro COOOIIEeHUs
9TOr0, HO M POJIUTEb Prog IMpPO HETrO TOXKEe HUYIEro He 3HAET, a 0e3 9TOro 3HAHWS MEHIO Ha
dopme He nosiBuTcsg. UTOOBI COOOMUTEL (DOPME, UTO OHA COJEPXKUT MEHIO, IIPUXOIUTCS UC-
[I0JIb30BaTh HE COBCEM UHCTBIN «TPIOK» progl[’menu’] = menubar, obpamasics Kk popme Kak
OyZITO OHa — CJIOBapb. 1aKOil CTPAHHBIHN ITOAXO/ JOIIYCTUM, IIOCKOJIBbKY tkinter ocHoBaH Ha
oubsnmoreke Tk 11 S3bIKA IPOrpaMMHUPOBaHUA Tcl, B KOTOPOM BCE MOXKET OBITH CTPOKOIO,
3HAYHUT, U UM [TapaMeTpa — TOXKe MPOCTO CTPOKA, a 3HAYEHHE IO WMEHHM MOYKHO IMOJIyIUTh
qepe3 CJI0Bapb. UTOOBI COOOIUTH POAUTEILCKOMY MEHIO O HAJUYUU B HEM IIOTOMKOB, €CTh
6oJiee IPABUJIBHBIN «IIUTOHUI» CIOCO0:

menubar.add_cascade (menu=menu_file, label=’®aiin’)
menubar .add_cascade (menu=menu_edit, label=’llpaBka’)

DJieMeHTBI OyAyT pa3MemaTbCs Ha POJAUTEIHCKOM MEHIO B IOPSKE YIOMUHAHWS [IPU
BBI30Be MeTona add_cascade. Ilpu pasmerniennn Menro 106010 ypoBHsI MeTOJ grid He mC-
MIOJIb3YETCsI, HTOCKOJIbKY HUKAKHUX CTOJIOIOB M CTPOK B IMIPOU3BOIBLHOM MOPSA/IKE 3aHIMATH OHU
HEe MOTYT.

YT106bI MOXKHO OBILIIO UCIIOTB30BATE IIYHKTHI MEHIO JIJIsT TEX YK€ JeHCTBUil, ITO U HATTNCAH-
Hble paHee KHOIKHU, IPHU JT00ABIEHNN UX MOXKHO CBS3aTh C TEMU 2Ke (DYHKIIUAMY, HAIIPUMED,
TaK:

menu_file.add_command(label=’CumTaTh u3 @aﬁna’ , command=readf)

OHaKo TyT BO3HUKHET 1pobiiema: pyHKius readf npuHuMaeT 00sA3aTe/IbHbIi apryMeHT—
cobpiTre event (CM. KOJ BBIIIE), HO (PYHKIMs, BHI3bIBAEGMAs 110 HAXKATHUIO HA KHOIIKY MEHIO
HE JIOJKHA UMETh O0sI3aTe/IbHBIX apryMEeHTOB, TaKOBO TpeboBanue tkinter! B pesysbrare
MIPUBEIEHHDIN BBIIE KO, PV HAXKATHHU HA IMYHKT MEHIO OYyIeT T€HepPHUPOBATEH ONIUOKY:

Exception in Tkinter callback
Traceback (most recent call last):
File "/usr/lib/python3.7/tkinter/__init__.py", line 1705, in __call__
return self.func(*args)
TypeError: readf() missing 1 required positional argument: ’event’
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EcTb HECKONBKO TyTel CIpaBUTHCS C 9TOK MpobseMoro. CaMblii MPUMUTUBHBIA — Ha-
nucaThb HOBYIO (DYHKIHMIO readf2 ¢ TeM Ke COIEPXKHMMbIM, HO 6e3 ImapaMerpoB. DTO OYEHb
IUIOXO# IIyTh, IIOTOMY YTO OH BEJIET K JIyOIMpoBaHUIO Koja. Eciu B maspHeiineM nporpam-
Ma OyZeT MEeHSITbCsI, KOJI MIPUIAETCS MPABUTh B 0O0OMX MECTaX OJHOBPEMEHHO W OTJIAYKUBAaTh
nBakIabl. [109TOMY TIepBBIil «BMEHSIEMbBIil» BAPUAHT — HAMUCATH PYHKIMIO-OOEPTKY U IO~
CTaBUTH €€ B 0OPabOTINK MEHIO BMECTO OPHUIHHAJIA!

def readf2():
lego_fio(’BecmonesHui aprymesT’)

31ech HUYETO He JeIaeM, TOJBKO BBI3BIBAEM MCXOMHYIO pyHKIWIO readf u mepemaém uc-
XOMHOHN (PYHKIINM B KAaYECTBE apryMeHTa OeCIOJIE3HYIO CTPOKY, MOCKOJIbKY apryMeHT event
110 YMOJIYaHUIO CTPOKOBBIH, HAIIPUMEP, MOXKHO BCIIOMHHUTB €ro 3HadeHne ’<Button-1>’, co-
OTBETCTBYIOIEe HAXKATHUIO JIEBOI KHOMKM MBIIH. MOKHO O6bLIO OBI TPOCTO MEpeaTh * WiIu
1000e MHOe 3HavYeHne, Uin Jaxke None, Hu4ero Obl He U3MEHUJIOCH, TAK KaK HAIl apTyMEHT
HUKaK He HUCIIOoJIb3yeTcs B readf.

Ectp myts monporre: Hama yHKIMsI-00EpTKa HA CAMOM Jejle HHUTJEe, KPOME KakK IIPU
OIIpeJIeJIEHU N TIyHKTa MEHIO, HE Hy>KHa. SHAYUT, MOYKHO HAIIMCATh HENMEHOBaHHY O JIAMO1a—
dyHkIIO 6€3 apryMeHTOB IpsMO Ha MecTe. Mcmonmb3yeM 5TOT MOAXOM st LyOIUpPOBAHIIS
dbyHKIMOHAIA APYTOi KHOIKU:

menu_edit.add_command(label=’YmamuTts cTpoky’, command=lambda: listdel(’’))

JIsm6aa pyHKIUsS — 9TO APYTOil IO CPABHEHUIO CO CTAHJIAPTHBIMU CPEJICTBAME (KJIIO-
4geBoe cy10BO def) crocob BBeneHus (YHKIWH. BbI3BaTh Takyo (QYHKIMIO B IPOU3BOJILHOM
MecTe MPOrPAMMBI He TIOJIYYUTCs, TAK KaK y He€ HeT MMEHHU, OHa, IPOCTO CPa3y MPUCBANBAETCS
qeMy-TO (He €€ pe3yJsbTaT, a cama YHKIWS) WA NepeadTcs B KAIeCTBE ITapaMeTpa Ipyroi
dyHKIUU, Kak B HameMm ciaydae. CUHTaAKCUC y HEE TaKoil: CHadaja HMJET KJIIYEBOE CJIOBO
lambda, mociie HEro 6€30 BCAKUX CKOOOK MMapaMeTphbl Yepe3 3alsTyo, 3aTeM JBOETOYHNE, 3a-
TeM pe3yibraT 6e3 cyioBa return. O4eBuIHO, YTO 3anUCATh B BUE JIAMOIa DyHKIMH MOXKHO
TOJIBKO CPABHUTEJILHO IIPOCTHIE BBIPAYKEHUsI, TIOCKOJIBKY JIOKAJIbHBIE TIEPEMEHHBIE HEOITYCTH-
MbI. B mpuBeéHHOM BBIIE TpUMepe HAM HyXKHA (DyHKIHsT 6€3 mapaMeTpoB, TOITOMY Cpa3y
[ocJIe JABOETOYHUS UJET pe3yJsbraT paboThl (DYHKIUU, KOTOPBIA MOJIyYaeTCs IyTEM BbI30Ba
y2Ke HOpMaJIbHON, UMEHOBaHHOM (PyHKIUN listdel ¢ apryMeHTOM B BHJIE IIyCTOM CTPOKU.

®ainn MMpaeka

CYATaTb

YnanuTk CTPOKY
YOAIUThL

3anncaTb

Puc. 11.10. @opma Tk, cuucok Listbox, kHonku ttk.Button, juHelKa IPOKPYTKHU
ttk.Scrollbar, menmo Menu.

B nmeificrBuTensHOCTH, MBI TOJBKO 9UTO YBUIEAW PA3HUILy MKy HPOIEAYyPHBIM U
dyHKIIMOHANBHBEIM HPOrpaMMUPOBAHUEM: II€PBas KOHIENINA TPeOyeT SBHOI'O IIepe-
ompeJieIeHust WJIH OOEPThIBaHUST (DYHKITUI, BTOpPasi — MO3BOJISIET PeliaTh MHOTHE TTPOOIEMBbI
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Ha Mecre. To, 9TO0 (DyHKIIMOHAJIBHOE MporpamMmupoBanue B Python wucmosbp3syercst He Tak
YK 9aCTO, CJIEJICTBUE HAJIMYUsI HECKOJIbKUX 0O0Jiee MOIIHBIX JOMOJHUTEIbHBIX MEXaHU3MOB,
[IO3BOJISIIOIINX PEIUTh IPobseMy elé npoire. BerioMHMM, 9TO NpUBEIEHHOE BBIIIE COOOIIE-
HIe 006 OIIMbKe YKAJTOBAJIOCh HA HAJUYIHE OJHOTO O0S3aTEIHHOTO TO3UIMOHHOTO apTryMeHTa.
B meiicTBuTenbHOCTH, caMbIii TPOCTO# CrOCOO6 M30ABUTHCS OT HETO — CAENATH ITOT apry-
MEeHT Heobs3aTesbHBIM. 10 ecThb Ha/to MoAudUIMPOBATH 3arojoBOK (GyHKIMN readf Tax,
9TOOBI APTYMEHT event MMeJsl XOTb KaKOoe-HUOYIb 3HAUEHWE 10 YMOJIIAHWIO, HAIpuMep,
win ’<Button-1>’. Droro Gymer JOCTATOYHO W HE HYXKHO NHUCATH HUKAKUX OOEPTOUHBIX
byHKIU uan asamo !

11.4 XoncTt n pucoBaHune

OpmauM 3 6a30BbBIX JIEMEHTOB JI060r0 rpaduaeckoro naTepdeiica aBageTCI XOICT (T10-
JIOTHO, canvas) — 00JIaCTh, Ha KOTOPOW MOXKHO DPHCOBATH WJIM PA3MEIATH YK€ TOTOBBIE
rpadudeckre 00beKThl. Kaxktass 6ubymoreka BUXKETOB, BKJOYas tkinter, nmeer B CBO-
6M cocTaBe OIWH WMJIM HECKOJIbKO BapuaHTOB xosicra. Co3maauM XOJICT U pa3MeCTHM ero Ha

dopme:

prog = Tk()
canvas = Canvas(prog, width=500, height=500, background=’#FFFFFF’)
canvas.grid(column=0, row=0)

ITapamerpsr width u height o3HAYAIOT MUPUHY W BBICOTY XOJICTA B TOYKAX,
background=’#FFFFFF’ 3na4uT, 4To 1nBeT ¢doHa Oymer Oesblii. Bmecto ’#FFFFFF’ MOXKHO
OBLJIO TTPOCTO HAMUCATH ’white’ W 3TO OBLIO OBl MPABUJILHO, HO MPUBEIEHHBIN B JIMCTUHTE
C110co6 TTOKA3BhIBAET BO3ZMOXKHOCTH 3aJaHUsI MPOU3BOJBLHOIO I[BETa, (DOPMIPYEMOTO U3 TPEX
OCHOBHBIX IIBETOB, HHTEHCUBHOCTb KOTOPBIX IIPEJCTaBJIEHA JIBY3HAYHBIMU IIECTHA/IIATEPUY-
HbIMU T pamMu (71T OTJIMIEHUST MECTHAIATEPHIHBIX TUCEN OT JIECATHIHBIX B HAMAJIE TUC-
JIa UCTIOJIL3YETCsl CUMBOJI pemérkn): #FF o3Hadaer 255, mepBble JBa 3HAKA COOTBETCTBYIOT
WHTEHCUBHOCTHU KPACHOI'O, BTOpDble — 3€JIEHOI'0, TPETbU — CHHETO.

Pucosanue Ha x0J/icTE€ BO3MOXKHO KaK CO CTOPOHBI IIPOIPAMMBI, TaK U CO CTOPOHBI ITOJIH30-
BaTessd. B 9TOM X0JCT 110/100€H MO0 BBOZA, JJIsT KOTOPOTO BBl MOYKETE U3MEHSITH 3HAUEHUE
KaK M3 IPOrpaMMBbl, TaK ¥ II03BOJIUTH 3TO J€JaTh II0JIb30BaTeI0 IporpaMmsel. Jlms puco-
BaHUs CPEJCTBAMH IIPOIPAMMBI JIOCTYIIHBI HECKOJIBKO OCHOBHBIX IIPUMHUTHUBOB, U3 KOTOPBIX
MOXKHO €O3JaBaTh OoJiee NMPOABUHYTHIE M300parkenusi. Hampumep, HapucoBaTh MOXKHO JIU-
HUIO U IIPSIMOYTOJIbHUK:

canvas.create_polygon(150, 200, 250, 100, 350, 200, fill = ’orange’)
canvas.create_rectangle (150, 200, 350, 400, fill=’blue’, outline=’grey’)
linel = canvas.create_line(150, 300, 350, 300, width=2)

Ilpu pucoBaHuU JIMHUU apryMeHTaMU MeToja create_line sIBJIAIOTCS KOODAUMHATHI Ha-
vaJia (LepBble J(Ba Ync/a) U KOHIA (BTOPBIE J[Ba), IMEHOBAHHBII nmapaMeTp width nospossier
3a1aTh NIMPUHY JIMHUM B MUKCEJIAX (1m0 ymosadanuio 310 1). KoopmuHaTsl OTCYMTHIBAIOTCS
OT JIEBOIO BEpXHEro yria. Mo»KHO TakyKe COOOIIUTH IBET ¢ IOMOIIbI0 MMEHOBAHHOTO apry-
MeHTa, HampuMep, 4épHbiii: fill=’black’, wHavYe pUCOBaHUE OYIET MPOU3BOJUTHCST TEKY-
muM 1BeToM. Meros create_polygon MO3BOJISIET PUCOBATH MHOTOYTOJBHUKH, YKA3BIBAIOTCS
KOOD/IMHATBI BCEX YIJIOB. B HaleM cilydae KOOPAMHAT TPH, 3HAYUT B UTOIE IOJIyIUTCS TPe-
YTOJBHUK. [IpH PUCOBAHUU NTPSIMOYTOJBHUKA YKA3bIBAIOTCS KOOPJAWHATHI JIEBOTO BEPXHETO U
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Puc. 11.11. Pucosanue na xoscre Canvas.

IpaBoOro HUXKHEro yIJIOB, a KpoMe I[BeTa 3allOJIJHEHMsI MOXKHO TaKXKe yKa3aTb I[BeT BHEI-
Hero KOHTypa outline=’blue’. MeTompl, co3maiomue cTaHIapTHbIE PUTYPBI, B TOM YUCJIE
create_line m create_rectangle BO3BpaIIalOT IEJI0E YUCJIO (HOMep 00bEeKTa Ha XOJICTe),
KOTOPO€ MOKHO IPHUCBOUTH KaKOW-HUOY/JbL IIEPEMEHHOI, B IPUBEIEHHOM ciydyae — linel.
DTO MOXKeT OBITH MMOJIE3HO, €CJIA B JAJIbHENIIIEM OyIeT HEOOXOIUMO KAKUM-TO 06pa30M MOJIU-
durnmpoBaTh 00beKT. Kpome JInHMI 1 MHOTOYTOJTBHUKOB €CTh €I TIeJTBIA Psif] TPADUIECKUX
MPUMUTHUBOB IepeYnCIeHHbIX B Tabsuie 11.1.

Tabmuma 11.1. OcHoBHbIE TpadUIecKre TPUMUTUBBI

Komanma Yro pucyercsa Yucmo koopaunar | ['panuma
create_line JIMHUSA 4 HeT
create_rectangle IIPAMOYTOJIbHUK 4 €CTb
create_polygon MHOTOYTOJIbHUK 6 u Gosiee (uérHOE) ecTb
create_oval SJUIAIC/KPYT 4 eCThb
create_arc CEKTOp /CerMeHT /XOpIa 4 €CTh
create_text TEKCT 2 HET

Teneps naBaiite pazbepémcs ¢ TeM, KaK CIEJaTh M3 HAIIEro IIOJIOTHA IPOCTEHIIYIO «PH-
coBaJIKy». [lj1s1 aToro jobaBuM jiBe DyHKIIAN:

def savePosn(event):
global lastx, lasty
lastx, lasty = event.x, event.y
def addLine(event):
canvas.create_line((lastx, lasty, event.x, event.y), fill=color)
savePosn(event)

IlepBast pyHKIMSA CAUTHIBAET KOOPAMHATHI COOBITHSA, O KOTOPBIM MOYKET CKPBIBATHCS
JII0boe craHapTHOE coObITHE tkinter, HAIIPUMED, YK€ XOPOIIO HAM HU3BECTHBIN IIETIOK Jie-
BOIO KHOIIKOIO MbIu "<Button-1>". 31ech HAM MPUXOIUTCS SBHO YKa3bIBATH, YTO ITEPEMEH-
Hble lastx u lasty sBJSIOTCS IVI00AJBHBIMU, WHAYE MTPUCBOEHHBIE UM 3HAYEHUsT MPOMAIYT
1pu BbIixojie n3 pyHkimun. Oyukins addLine Tak»Ke UCIOIB3YET KOOPIUHATHI ITIOCJIETHETO CO-

OBITHSI, HO Y2K€ JIJIsI TOrO, YTOOBI HAPUCOBATD JIMHUIO U3 TEKYIUX KOOPAUHAT B KOODIUHATHI
CcOOBITHS.
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Ilepemennasi color Takke riobajbHasl, €€ HY?KHO 33JIaTh B HavYaJje MPOrPAMMBI, YKeJjla-
TEJIBHO Cpa3y MOCJIe UMIIOPTa MOJyseil (Hamummre, HapuMmep, color = ’black’). OGbas-
JISITh, YTO OHA IVI06aIbHAs IIPH ITOMOIIH HeHTHduKaTopa global He HY>KHO, IIOCKOJIBKY OHA
HCIIOJIb3yeTCsT Ha dTeHue. [locie Toro, Kak Mbl HAPUCOBAJIN JIMHUIO B HOBYIO TOYKY, HY>KHO
[EPeIBUHYTh TYyJ@ TEKYINee IMOJOXKEeHne Kypcopa (d4ro Gyer, ecjau 9TOro He CeIaThb, Bb
MOXKeTe HCHBITaTh caMmu). Jljis 9Toro MoxKHO 6bLIO 6bl HaIMCATh TAKOW 2Ke KOJ, KaK U B
dyuknuu savePosn, HO IIPOIIE BCEro MPOCTO BBI3BATDH €¢!

CrenaHHast HAMU <«PHCOBAJIKAa» 3apabOTaeT, eC/i CBsI3aTh HAIMCAHHBIE (DYHKIUUA C CO-
OBITHUSIMH Ha XOJICTE:

canvas.bind ("<Button-1>", savePosn)
canvas.bind("<B1-Motion>", addLine)

ITepByio DYHKINIO MBI CBA3BIBAEM C IIETIKOM 10 XOJICTY, BTOPYIO — C IIePeIBUKEHUEM MBbIIITH
IIPU HA’KATOH JIeBOH KHOIKe — cobbiTneM "<B1-Motion>" (ecsiu Gbl ObLIO IEpeIBUIKEHHE [IPU
HAXKaTOM TpaBoii KHOMKE, ObLIO 61 "<B2-Motion>").

Tenepp mosp30BaTENh HAIIEH MPOrPaMMBI MOXKET PHCOBATh NIPOU3BOJILHBIE JIMHUU HA
xosicre. Ho TosIbKO omHMM M TeM 2Ke I[BeTOM color, ycTaHOBJIEHHbIM BHauase. KonewuHo,
MOKHO OBIJIO ObI OPraHMU30BaTh BBIOOD IIBETA Yepe3 CUCTEMY IIOJIell BBOJA, HO 3TO yxKe (dak-
TAYECKHU CJIeJaHO 3a HAC C IIOMOIIBIO CHeNUaJbHOIoO JuaJjora askcolor, Juisd 9ero Hy»KHO
UMIIOPTHPOBATh MOJYyJIb colorchooser. Takske clies1aeM KHOIKY JiJIsI 3allyCKa HY?KHOI'O JI1a-
Jiora:

from tkinter import colorchooser

def setcolor(event):
global color
colorO, colorl = colorchooser.askcolor(initialcolor="#000000")
color = colorl

btn = ttk.Button(text=’Bubpars 1BeT’)

btn.grid(column=1, row=0)

btn.bind ("<Button-1>", setcolor)

B kauecTBe 3HaUEHUsT HAYAJIBLHOTO I[BETa [T BbIOOpa initialcolor jrydile Bcero mepe-
naBarh 4épHbIl 11BeT. OyHKImsa askcolor cama 3aIyCKaeT AMAJOT U BO3BPAIIAET KOPTEXK,
rJie B JIByX Pa3HbIX BUJAX: Yepe3 TPU JEeHCTBUTEJBHBIX YHCIa (9TO 3HAYEHHE HOIAJAeT B
IIePEeMEHHY O colorO) 7 B BUJIE CTPOKHM (momajaer B colorl) mepenaéTcst 3HAYCHUE BBIOPAH-
HOro 1Beta. /71 BHYTpEHHEro mpeicTaBjeHus B tkinter nCIOIB3yeTCs CTPOKA, IMOITOMY
HaM II0JIe3€H IIePBBIil 3JIeMeHT KOPTerka, & He HyJIeBOIi.

Pucosanue Ha xosicTe — 3TO €€ He BCe BO3IMOXKHOCTH. JI1060if HAPHUCOBAHHBIN OOBEKT
VMeeT CBOW YHUKAJIbHBIA UIEHTH(MUKATOP, UCIOIb3Ysl KOTOPBI MOYXKHO €ro MOIU(UITIPO-
BaTh, HAIIPUMED, JABUTATH. BCIOMHUM, 9TO BBIIIE MBI TPUCBOUJIN PE3YJILTAT CO3JAHUS JIMTHUU
nepemenHoi linel. Temeps maBaiiTe HamuIeM KHOIKY, KOTOpas Oy/IeT CMeInaTh JUHUAIO HA
3apaHee 33JaHHOE PACCTOsSHHE:

def moveline(event):
canvas.move(linel, 200, 0)

btm = ttk.Button(text=’llepenBuryTs’)

btm.grid(column=0, row=1)

btm.bind ("<Button-1>", moveline)
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NepeasuHyTs

Puc. 11.12. Pucosanne na xosicre Canvas.

EcrecTBenno, paccrosiume MOKHO 3a7]aTh U3 TOJIsT BBOJIA.

Kpome nepemernennsi 00beKTa MOXKHO JeJIaTh ¢ HUM U Jgpyrue onepannu. Hampumep, ero
MOYKHO YJaJuTh MeTofoM delete. HTOOBI OYMCTUTDH XOJICT, MOYKHO YHUYITOXKWUTD B IIUKJIE BCE
00bEKTHI, JINOO MPOCTO TtepegaTh B MeTol delete BMecTO HOMepa OObeKkTa mapamerp "all".

11.5 TlpuHUMNbI 0OBEKTHO-OPUEHTUPOBAHHOIO
NporpaMmmMupoBaHus

B npemamecrByomnux passesiax Mbl TO3HAKOMUJIACH C PsiJioM 6a30BbIi BUKETOB. Terepnb
BEpHEMCSI K HEJIONMCAHHOM IIporpaMMe JIjIsi CO3JaHusl KaJIbKyJ/IsaTopa U JojenraeM eé. A 3a0/-
HO PACCMOTPHM, 3a9€M MHUCATH COOCTBEHHBIE KJIACCHI U KAK 9TO MIOMOTAEeT AaBTOMAaTU3NPOBAThH
¥ COKPATHUTH KO[I.

ITosyuennast BbIIIEe TporpaMma y Hac 3aHsia 150 cTpok koma. Boobie-to myist Python
MHOTOBaTO. U 9TO mpmM TOM, YTO OHA YMEET TOJBKO CKJAJBIBATH W BbluuTaTh. OCHOBHAs
npobJieMa Hallle mporpaMMbl — MHOTOKPATHOE JyOJIUpOBaHMe KOJA JJIsi CO3MaHusI U 0Opa-
60TKU KHOMOK. Ko co3/1aHmns KHOTIOK JIETKO MOYKHO OBIJIO GBI MIOMECTUTH MPSIMO B IIUKJI HJIU
GbYHKINIO U BBI3BATH B IUKJE, HO B TAKOM CJIydae BCTaHeT mpobisiema ¢ 0O6pabOTKOI0, Tak
Kak Kaxkjas pyHKIMs Bpoje renovl yHUKaJbHA, IIOCKOJIbKY CBS3aHA CO CBOUM CHMBOJIOM, a
nepesaTh yHUGUIUPOBAHHON (DYHKIMU HY>KHBIHA CUMBOJI B KA4eCTBE apryMeHTa (BIOJIHE pa-
3yMHOE KeJIaHUE, BeJIb 33 9THM apryMeHThl (hyHKIHHA M CyIIECTBYIOT) HE IIOJIyTaeTCsl: BEb
BBI3bIBATH (DYHKIMIO OyeM He Mbl, OHa OyZeT BBbI3bIBATHCS ABTOMATUYECKM I[IPU HAXKATUU
KHOITKU.

Bosaukaer MbIC/b, YTO HY?KHO KaK-TO OOBEIUHUTH CAMy KHONKY U €€ (yHKIHIO-
06paboTUMK B OJIHY CYIIHOCTDb TaK, YTOObI (DYHKIMS MOIJIa 3HATH, YTO HAIMCAHO HA KHOIIKE
(B HaIIEM CJTy9ae TEKCT Ha KHOIKE W ABJISIETCS TE€M CaMbIM BBOAMMBIM cUMBOJIOM). CrenaTn
9TO MOXKHO C KCIIOJIb30BAHMEM KJIACCOB M CBOMCTBEHHBIX MM MEXaHU3MOB HACJIEJOBAHUS
U MHKAICYJISIIMY, TO €CTh OCHOBHBIX IIPUHIMIIOB 008EeKMHO-0PUEHMUPOBAHHO20 NPO-
2PaAMMUPOBAHUS.
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VHKanCyIsinus IpecTaBisier COB0K MeXaHW3M O0beJUHEHMsI JaHHBIX (mosel Kiacca)
n dyHxmmii (METONOB KJacca) B OAHOM 00beKkTe (BK/IIOYEHUS NAHHBIX M METOIOB OOHEKT)
TaK, 9TO BCE METOJbI 3HAIOT JPYT O JIpyre U O MOJISAX KJIacca U MOI'yT OOpallaThbCs K IOJISIM
n apyr K apyry. Kiacc mpu 9TOM SIBJSIETCSl TUIIOM JIAHHBIX, & OOBHEKTHI (OHM HA3BIBAIOTCS
IK3EMILIAPAMH KJIACCA) — MEePEeMEHHBIMU 3TOro Tuna. OJHOBPEMEHHO B IIPOrPAMMeE MOTYT
CYIIECTBOBATH MHOIO PA3JIMYHBIX OOBEKTOB OJHOIO M TOrO Ke THIa (KJacca), pasjimdaro-
recsT 3HAYEHUsIMU TIOJIe, TO €CTh BCe TOJIsl MIPUCYTCTBYIOT y HUX BCEX, HO MOTYT UMETh
oTaMYaThed 10 3HadeHnio. OQHUM U3 CTAHZAPTHLIX KJIACCOB SBJISAETCH, HAIIPUMEp, CIHCOK,
Yy KOTOPOI'O €CThb MHOT'O METOOB.

HacnemoBanne — BO3MOXKHOCTH Ha OCHOBE Y K€ CYIIECTBYIOIIUX KJIACCOB OOBEKTOB CO-
37aBaTh HOBBIE, O0JIAJIAIONIUE JOMOJHATEIBHBIME TOJIAMA ¥ METOJAME UM PEAJTU3YIONIHe
HEKOTOpbIe METOJbI MHade (IepeonpeesieHie METOIOB), YeM B POIUTEJILCKOM Kiacce. Ha-
cJIeloBaHue MO3BOJISET He MUCATh BeCh KO/l 3aHOBO KasKIBIi pa3, a JIOTOJHATD €ro B Hy KHOM
mepe. [Ipu sTom 06a Kitacca: u POAUTENBCKUI, U NOYEPHUN Oy/IyT MPUTOMHBI JJIS UCIIOb-
30BaHUs U B IIPOrpaMMe MOTYT COCYIIEeCTBOBaTh IepeMeHHble oboux Tuios. Haciemosanue
MOKeT OBITh MepapXUIeCKUM, KOTJA OJUH M TOT YK€ KJIACC ABJISIETCSl POJMUTEEM TI0 OTHOIIIE-
HHIO K OJHUM KJIACCAM ¥ IIOTOMKOM II0 OTHOIICHMIO K JPYTHUM.

O0baBUM KJacc JJis Hallel 1MudpoBoil KHOIIKY:

class DButton(ttk.Button):

DTOoT KJ1acc Ha3BaH Hamu DButton, HO Ha3BATh €r0 MOYXKHO KaK YTrOJHO — K MMEHAM KJIac-
COB TIPEIbABJIAIOTCS T€ Ke TPeOOBaHUs, YTO U K IPOYUM UJICHTUMUKATOPAM, TO €CTh K MMe-
HaM nepeMeHHbIX U dyHkumii. Kiacc DButton siBjsieTcsl HAC/IeJHUKOM Kiacca ttk.Button,
KaK 9TO HaIUCAHO (POJUTEIBCKUIL KJIACC CTOUT B ciucke). Python — onun n3 ouens HeMHOrUX
A3BIKOB, HOSBOJ’IHIOHLI/If/'I MHO2KECTBEHHOE HacJieaue, T. €. Y OZHOTO M TOr'o Ke KJlaCcCa MO2KET
OBITH HECKOJIBKO POZIMTEJIEi, OHU IIEPEUNCIISIOTCA B 3ar0JI0BKe Yepe3 3anaryio. Ho noka Mbl
06 3TOM He OymeM.

Wrak, mepBoe, ITO HaAM HYXKHO — 3TO OINPEIETUTH HHUIUAIN3ATOD NI OOBEKTOB —
9K3EMILISPOB KJIACCA. DTO Takas clienuasbHas (PyHKIWs, KOTOPas BBI3bIBAETCH B MOMEHT
cosmanus mepeMeHnoil sroro tuna (B Python Bce mepemenuble — OGBEKTBI W IIOTOMY BCE
TUOBL — KﬂaCCH). Munnumaun3arop Bcerja Ha3bIBaeTCsd __init__

def __init__(self, symbol):
super () .__init__(text=symbol)
self.symbol = symbol
self.bind(’<Button-1>’, self.renov)

Ilockospky __init__ — 3T0 pyHKNIHS, TO U OOBABIISETCS OHA C IOMOIIBIO KJIIOYEBOTO
cyioBa def, a TaKKe MOXKET UMeTh apryMeHThI. VHuImams3aTop HallucaH C JOIOJTHUTEIbHBIM
CIIBUTOM BIIPABO, 9TO HE CJIyYaifHO: BCE METOJIbl HAIIErO KJIACCA JIOJ?KHBI OBbITH HAIMUCAHBI C
OTCTYIIOM, IIOCKOJIBKY TaK CTAHOBUTCS SICHO, UTO OHH BJIOXKEHBI B KOHCTPYKIMIO class. Ham
VHUNUAJIN3ATOP UMeeT 2 apryMeHTa: HEPBBI 13 HUX UMeeT uMs self u 3TO CrenuaybHbIH,
OCODEHHBIN apryMeHT, O HEM YyTb HuKe. BTOpoit — mMsi symbol, KOTOpO€ MBI IPHUIYyMAaIN
caMy: 9TO CMMBOJI (IO Hallell 3aJyMKe oxHa U3 Ipdp WX TOYKA), 0003HAYAIONUIMI, ITO
HaIMCaHO Ha KHOIIKE M JJIF BBOJA 9ero OHa IpeJHa3HavdeHa.

Ham kjracc — moTomMok craHIapTHOTO KJjacca KHomku ttk.Button. Ho camo mo cebe
00bsIBJIEHHE 3TOTO B 3ar0JIOBKe HenocTaTo4yHO. 1Ipy co3jmaHmm KHONIKH Tak»kKe BBI3bIBAET-
cst € muurumamm3aTop. Jrobsl Ham oO6bekT Thna DButton mosydmsr Bce CBOMCTBA M METO-
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Jbl KHOIIKY, Hy>KHO 3TOT WHUIIAAJIN3AaTOD BBI3BATh B MHUIUAIA3ATOPE HAIIeH CIIeIUaIbHOMN
kHonKU. VIMenHo 3o jenaer crpoka super () .__init__(text=symbol). 31ech cuenuanibHast
crapgapTHas GyHKnusa super () BBIAET OOBEKT — 3arOTOBKY IK3EMILIAPA POJIHUTEIHCKOTO
KJIacca, KOHCTPYKTOP KOTOpOro 3amyckaercsd. Ilockospky B HammeM ciIydae pOUTENb OIUH,
HUYEro yKa3blBaThb B CKOOKAaX He HYKHO, JIOCTATOYHO MPOCTO MYCTBHIX CKODOK, apryMeHTHI
super () HYKHBI Ha CJIydail, eCjii POIHUTEsIENl HECKOJIBKO — 3TO HA3BIBAETCS MHOHCECTEEH-
Hoe HacaedosaHue M Takoit MexanmsMm momuMo Python m C++-, rae oH GbLT OT OCHOBaHWS,
Tenepb peajnu30BaH B Psfe APYIruX sA3bIKOB. llpu 3amycke mHUNMAIn3aTOpa POAUTEIHCKOTO
THUIIA MOYXKHO IIepeIaTh TYJa BCe IapaMeTPbl, YTO U HEIIOCPECTBEHHO [P CO3JAHUHN O0bEKTA
Tuma ttk.Button: B HalIeMm ciay4ae 9TO HAJAIMChL Ha KHOIKe: text=symbol.

Teneps nepeiiiém K cTpoke self.symbol = symbol. Marudeckoe cioBo self — repBblit
apryMeHT BCEX METOOB Kjlacca — IepeaaéT B MeToAbl nHdopManuio 060 BcéM kiacce. 1o
ecThb depe3 self KaKIblil METOJ MOXKET OOpaIaThbCsd K JIOOOMY APYTOMY METOMY HJIU IO-
Jo (IIepeMeHHOIT), OUCAHHOMY B KJIacCe, €CJIM IIepej ero uMeHeM IocTaBuTh self. Takum
obpa3om, co3aB 00beKT self . symbol, paBHBIN 3HAYEHUIO APryMEHTa KOHCTPYKTOPA 110 MMe-
HEI symbol, MBI KakK Obl COXpaHsieM 3HadeHue symbol B HaIlleM OOBbEKTe s JAJIbHEHIIero
HCIIOJIb30BAHNA B Ka4eCTBe I0JId.

Hakonern, crpoka self.bind(’<Button-1>’, self.renov) BhI3bIBaeT MeTO bind Hamre-
ro KJIacca. DTOT METOJI Mbl He OIUCBHIBAJIM, HO OH Y HAC €CThb, IOTOMY YTO YHACJEIOBAH OT
ponuTesia ttk.Button u cTas OCTYIEH MOC/IE BBI30BA KOHCTPYKTOPA POAUTENA C IOMOIIBIO
super (). B kadecrBe dynkmmm, koropas OyIeT UCHOJIHATHCS MPU HAKATHU KHOIKH, IEpe-
JA€TCs elé He HAIMCAHHBIN METO/T Yenov, YTOOBI IIOJIYYUTh JTOCTYII K KOTOPOMY BIIEPEIHU €TI0
VIMEHHN HY?KHO IIOCTaBUTHL self.

def renov(self, event):
stext.set(stext.get() + self.symbol)

Merton renov nmeer nBa aprymeHTa, HO 06a OHU TI0 CyTH CIIyzKebHbIe: self obecreunmBaeT
CBA3Bb C KJIACCOM, B COCTaBe KOTOPOTO OH HAXOJUTCHA, a event Hy»KeH JJjid Ilepeladd THUIla
JIeiCTBHS, Ha KOTOPOe OyZeT pearupoBaTh KHONKA. CaMu MbI 9TOT METOJ BBI3BIBATH HUKOTA
He CTaHeM, HO BayKHO, 9TO B HEro ¢ moMompio self.symbol ynanaock nepemaTb CUMBOJI,
HallMCAHHBINA Ha KHOIIKE.

Tenepp HaI KJacC TOTOB U MOXKHO MCHBITATh €ro B JelictBuu. Ho jyia magasia 3ameTum,
9TO JIJIsi MACCOBOTO HCIOJIB30BAHUS HYXKHO 33aJaTh KOODIWHATHI BCEX KHOIOK M Tudp U
TOYKHU CIIHCKOM:

coords = [(0, 1), (1, 1), (2, 1), (0, 2), (1, 2), (2, 2),
0, 3, (1, 3, (2, 3), 1, 4, (2, D]

Tenepb MO2KHO CO3/1aThb BC€ KHOIIKU C 06pa60T‘II/IKa.MI/I OJTHUM ITUKJIOM:

for symbol, coord in zip(’1234567890.°, coords):
btn = DButton(symbol=symbol)
btn.grid(column=coord[0], row=coord[1])

31ech MBI IPOUTEPUPOBAIA CTPOKY ’1234567890. °, MOCKOIBKY €€ 3JIeMEHTBI — CHMBO-
JIbI (CTpOKI/I eIUHUIHON /:LJH/IHLI), BMecCTe €O CIMCKOM KoopauHat. CreruasabHas BCTPOSHHAS
byHKIMA Zip Ja€T BO3MOXKHOCTH UTEPUPOBATH HE IIO OJTHOMY, & CPa3y II0 HECKOJIBKHUM CO-
cTaBHBIM OObeKkTaM. JIJjIst 3TOro 3T 00beKThl HOMEIIAIOTCS B Zip KakK apryMeHTbI (z ip Kak n
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print — 310 QYHKIMSA C TIEPEMEHHBIM YHCIOM APTYMEHTOB), ¥ Zip BBIIAET HA KAXKIOM IIare
IUKJIa KOPTEXKH, COIAEPKAIIIE IO OTHOMY SJIEMEHTY U3 KaXKJIOr0 CBOEro apryMeHnTa. Tak, Ha
IIEPBOM IIIare IMKJa symbol mpumer 3HadeHue ’1°, a coord — 3Hauenume (0, 1), moromy
YTO 9TO — HyJEeBbIE 3J1eMeHThI ’1234567890.° u coords COOTBETCTBEHHO, HA BTOPOM IIIare —
sHavenus *2° u (1, 1) u Tak [ajiee, IOKA HE 3aKOHUYUTCS CAMbIi KOPOTKUM U3 BKJIFOUYEHHBIX
B Zip COCTaBHBIX OOBEKTOB, T. €. YUCJIO UTEPAIUil IIIKJIa PABHO JJINHE CAMOI'O KOPOTKOI'O U3
MEPEYNCIIEHHBIX O0BEKTOB, XBOCTHI OCTAJIBHBIX UTHOPUPYIOTCSI.

OrmeTuM, YTO NpU CO3JAHUU HAINEH CIENUAJU3UPOBAHHON KHONKHU MBI IIEPEIAJIA ap-
T'yMeHT symbol II0 MMEHHM B KOHCTPYKTOD, a 3aTe€M HCIIOJIb30BajIu MeTon grid, Kak Oyaro
9TO TIPOCTast OOBITHAST KHOTKA ttk.Button, MOTOMY YTO HAII KJIACC SBJISIETCST HACTIETHUKOM
KJjacca ttk.Button u nuMeeT BOBMOYXKHOCTH MCIIOJIL30BaTh BCE €0 METOIbI.

Ecnu Teneps ymasuTh Bce METONBI W OIMCAHUS KHOIOK IS IU(PP M TOYKH, 3aMEHUB
UX Ha CO3JAHHBIA HaAMHU KJAcCC, U IHUKJIOM INOPOAUTH KHOIKHA HOBOI'O THIIA, KOJ IIPOrPAMMBI
COKPATUTCs IIPUMEPHO B IOJITOPa pas3a, ¢ npumepHo 150 mo 100 cTpok.

Kpome kHOMOK 17151 11bP y HAC €CTh elé KHONKM oneparuii. VIx Toxke MOXKHO yHUDUIIN-
poBaTh, MOCKOJIBKY 3HAYUTEbHAS 9aCTh KOJIa B HUX 00Ias. 3a0HO 106aBUM HEJOCTAIOIINE
olepanun i yMHOXKEHUSA U JleJIeHUS:

class OButton(ttk.Button):
""" Kmacc KHOIKM Ang apupMeTHIecKux omeparmit """
def __init__(self, symbol):
super () .__init__(text=symbol)
self.symbol = symbol
self .bind (’<Button-1>’, self.oper)
def oper(self, event):
global hidden, preoper
if hidden != O:

if preoper == ’+’:

hidden += float(stext.get())
elif preoper == ’-7:

hidden -= float(stext.get())
elif preoper == ’x*’:

hidden *= float(stext.get())
elif preoper == ’/’:

hidden /= float(stext.get())
else:
hidden = float(stext.get())
if self.symbol in [’=’, °C’]:
preoper =’
hidden = 0
if self.symbol == ’=’:
stext.set(str(hidden))
else:
stext.set(’)
else:
stext.set(’?)
preoper = self.symbol
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Jlnst BeIGOpA omepanuu (IOMHHM, 9TO BBIMOJHSETCA TPU HAXKATUW HE BLIODAHHAS, &
IIPeJbIIYINAs OlEePaIs, CUMBOJI KOTOPOH XPAHWTCA B IVIODAJILHOI NepeMeHHO# preoper)
MOKHO BOCITOJIb30BaThCs KOHCTpYyKImeil elif. Eciu B nepemennoit hidden xpanurcs 0, aTo
COOTBETCTBYET CJIydalo, KOrja B NaMsATH HUYEro He XPAaHUTCA U BBOAUMOE YHUCJIO — IIepBOE.

YTo0bl pa3MecTUTh KHOIKH OIlepaIuil, TaK:Ke CO3MaUM JJIs HAX CIIMCOK KOODIUHAT
coords2 = [(3, 1), (3, 2), (3, 3), (3, 4, (4, 1),(4, 4)], a 3aTeM BOCIOJIB3YEMCS
IUAKJIOM:

for symbol, coord in zip(’+-*/C=’, coords2):
btn = OButton(symbol=symbol)
btn.grid(column=coord[0], row=coord[1])

B pesymbpraTe KOm mporpaMmbl COKpaTHUTCs emié mpuMepHo Ha 10 CTPOK mpu TOM, UTO
€€ DYHKIMOHAJ YBEJIMUIWIICA: JAO0ABUINCH KHOIKHM yMHOXKEHHsI U jejeHus (cMm. puc. 77).
Takum 06pa3oM, U30 BCEX KHOIOK, CIAEJaHHBIX HAMU 63 HaIMCaHWs OTIETbHOIO KJIacca, T. €.
CTaHJAPTHBIMU CPEJICTBAMHM, OCTAJIUCH TOJIBKO KHOIIKA YJIAJICHUS IIPEIbIIYIIEr0 CUMBOJIA 1
KHOIIKa CMEHBI 3HAKA.

06 n3bbIToYHOW A0bpoaeTenn — 3a4eM He HY>KHbI KJ1acCbl

B nacrosiimee Bpemst npu 00y4eHHH MHOTUM sI3bIKAM IIPOTPAMMHPOBAHUS CTYAEHTOB Ya-
CTO 3aCTaBJISIOT IUCATHh KJIACCHI HAIPaBO M HaJieBo. B Tom uwmcie npu obydenuio Python
CTaHJApTHAs MPAKTUKa O0OPAYNBATH KAXKJIYI0 MPOrpamMMy C rpadudecKuM uHTepdeicom
B kutacc. IIpu obydennn Java 6e3 cozmanuss Kjaacca BOOOINE HEIb3s CAeJaTh HUYEro, JaKe
1+1 cnoxuTh (Tak yCTPOEH sI3bIK M MMEHHO M03TOMY Java KaTeropudecKd He PeKOMEH/Iy-
€TCsl B Ka9eCTBE MEPBOro A3blKa mporpammuposanns)! Ha mam B3rmam, Takoe 6e3mymuoe
HCIIOJIb30BaHNE HECOMHEHHO IIOJIE3HOTO M MOIIHOIO MHCTPYMEHTA IPUBOMUT K HEIOHWMAa-
HUIO, OTBPAIIEHNIO UIn 6€30CHOBaTeIbHOMY (baHaTm3Mmy. Kitacchl 1efiCTBUTEILHO TOJIE3HBI,
HO TOJIBKO B Psifie CaydaeB. UToOBI MOIb KJIACCOB MPOSIBUIACH, HY?KHO, 9TOOBI IIPOrpaMMa
ObL7Ia TOCTATOYHO BEJIUKA. JacTO €€ IUIIYT HECKOJIbKO YeJIOBEK.

Ilonp3a OoT KJIACCOB HECOMHEHHA B CJIEAYIONMX CIydasX. Bo-IepBBIX, ecin y Bac y»Ke
€CTh KaKON-TO TUII OOBbEKTOB, KOTOPBII Bbl XOTUTE HATPAIUATH HOBBIMH JIOTIOJHUTEIHHBIMUI
CBOMCTBAMM H/WJIM METOJAMM U IHCATh KOTOPBINA C HyJsl COBEPUIEHHO He Xodercs. B Ta-
KOM ciiydae Oy[eT MoJie3eH MEeXaHW3M HACJIEIOBaHUsl. BO-BTOPBIX, €CM BaM HYKHO MHOTO
00'bEKTOB C PA3HBIMU 3HAYEHUSIMHU HEKOTOPOI'O CBOMCTBA, HO OOIIMMU METO/IAMH, KaK HabOp
POBBIX KHOMOK B MPHUBEIEHHOM IIPUMEPE MPOrPaMMBI—KaJIbKyJIsATOpa. B TakoMm ciiydae
KJIacc 0bJIerdaer cepuitHoe CO3MaHne 1 yIpaBjeHne oobekTaMu. B-TpeThux, ecyi BaM HY>KHO
IIOCTPOUTH MEPAPXUIO 0OBEKTOB, HAUMUHAS C CAMOI'O IIPOCTOTO, U IIYTEM HACJIEIOBAHUS yBe-
JIMYUBATH CJIOXKHOCTh. [Ipy 3TOM KakK MpaBUJIO MIPEJINOIAraeTCs, YTO UCIOIb30BaThC OYIYT
Ccpa3y HECKOJIBKO OOBEKTOB Pa3HOTO YPOBHSI CJIOKHOCTHU. TaKO#l MOIXO TMO3BOJISIET CIKOHO-
MHUTb BPeMs Ha DEAJIM3AINAN OIMHAKOBBIX (DYHKIWI 11 PA3HBIX OOBHEKTOB.

Her cmbicia mucarh Kjaacc MpocTo 9TOOBI M30ABUTHCST OT TJI00AJBHBIX TEPEMEHHBIX, KaK
9TO YaCTEHBKO MPEJIaraeTcs B juTeparype. [ 7106anbHble IepeMeHHbIe MOYJIsi B IIPUHITAIE
MOTI'YT 3aMEHHUTD II0JIs KJIACCA, ECJIU BBl INIAHUDYETE UCIOIB30BATh POBHO 1 06bekT. IIpenmy-
IIECTBO KJIACCOB B TAKOM CJIydae COCTOMT B TOM, UTO BbI MOXKETE DPEAIN30BATH HECKOIBKO
KJaccoB B omHoM aitne. Korga Bbl uMmeere 6ojiee 0gHOTO 0ObEKTa CO3JAHHOTO BaMM THIIA
6e3 KJ1acCcOB OOOUTHCH y2Ke OyIeT 3aTPY/THUTEIBHO: B TAKOM CJIydae IIPU HCIIOJb30BaAHUN IJI0-
OaJIbHBIX TTEPEMEHHBIX 3HAYEHUsT ITUX TEePEMEHHBIX JIJIsT BCEX 00bEKTOB COBIIAIH ObI, 9TO HE
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BCera nmpuemjaeMo. Takke cjeyeT MOMHUTD, 9To Python mpemaraer 60JbIoe IUCTIO pas3-
JIMYHBIX CIIOCOOOB C/IeJIaTh MPOrpaMMBbI O0Jiee TUOKMMH, B TOM YHCJIe BO3MOYXKHOCTD MIeJIaTh
BJIOYKeHHBIe (DYHKIINU, IIepeIaBaTh OHY (DYHKIINIO APYTroil B Ka4eCcTBe apryMeHTa U UCIIOJIb-
30BaTh B (DYHKIIUSIX MMEHOBAHHBIE MMAapaMeTPhl CO 3HAYEHWEM M0 yMOJTYaHuio. Bo MHOrmMX
OPYTUX SI3bIKAX AHAJIOTHIHAA PYHKIMOHATHLHOCTD JTOCTUTAETCST TOJIHKO IPHU MCIOJb30BAHNN
MEeXaHU3MOB HACJIE/IOBAHNUS U IIEPEOIIPEIEJIEHUS METONO0B. JacTo 9Tux 60jee IPOCTHIX MeXa-
HU3MOB JIOCTATOYHO, YTOOBI PEITUTH MOCTABIEHHYIO 33/1a9y.

11.6 [llpumepbl peweHns 3agaHnii

IIpumep 3anaum 40 (Kanbkynsarop kosebarenbHoro LC-kouTypa) Hanuwume xano-
KyAAMOp das pactéma napamempos LC-korwmypa.

Pemenne 3amauu 40 KosebaresbHbII KOHTYD — CHCTEMa, B KOTOPO# MOI'YT IIPOUCXO/UTH
cBOGOHbBIE (HE BBIHYKIECHHBIE, TO €CTh HE O00YCJIOBJIECHHBIC BHEIIHUM BO3JCHCTBUEM) SJIEK-
TPOMarHuTHbIe Kojiebanus. [IpocTefnuii KOHTYp COCTOMT M3 KATYIIKW WHIYKTHUBHOCTH U
KoHJeHcaTopa (STO KOHCepBaTUBHayA CUCTEMa, TO €CTb B Hell BBIIOJIHSIETCS 3aKOH COXpaHe-
Hus Heprun). JacTora, ¢ KOTOPOH MPOUCXOAAT KOIeGaHus B KOHTYDE, HA3bIBAECTCS PE30-
HAHCHOM. DTy YacTOTy MOXKHO U3MEHSITh, U3MEHsIsl WH/YKTUBHOCTD KATYIIKNA U EMKOCTh
KOHJeHcaTopa. A ompenesnsiercs ona dpopmyoit Tomcona:

Fe 1
2qui§7
rae f — pesonancHas dactora kouTypa B leprax (I'm), L — MHIyKTHBHOCTH KATYIIKHA B
Tenpu (T'n), — émxoctb KoHzeHncaropa B Papanax (D).

Hanumem yHMBepcaabHBIA KaJIbKYJIATOP IS PACYéTa OJHOIO M3 TPEX IMapaMeTpOB KO-
siebaresibHoro KoHTypa: L, f u C 1o AByM OCTaBIIMMCSI, KOTODble BBOJIUT IIOJIb30BATE/Ib.
ITosb30BaTENb CAM MOXKET BHIOMpATH LIPUCTABKU IIE€PEJ] €MHULNAME U3MepeHust (Halpumep,
Ml wm n®).

import numpy as np
import tkinter as tk
from tkinter import ttk

def calculate(event):
#llepeBonm B cucTeMy Cm

if Henry.get() == ’mHIH’: multiH = le-9
elif Henry.get() == ’mxl®’: multiH = le-6
elif Henry.get() == ’wlu’: multiH = le-3
if Farad.get() == ’n®’: multiF = le-12
elif Farad.get() == ’m®’: multiF = le-9
elif Farad.get() == ’mr®’: multiF = le-6
if Hertz.get() == ’Tr’: multiHz = 1

elif Hertz.get() == ’klu’: multiHz = 1le3

elif Hertz.get() == ’MIm’: multiHz = 1e6
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if

H.get() == "’ and F.get()!="’ and Hz.get()!="":
myF = float(F.get())*multiF

myHz = float(Hz.get())*multiHz

res = 1/(4*np.pi*x*2xmyHz**2*myF)
H.set(str(res/multiH))

elif F.get() == ’and H.get()!="’ and Hz.get()!="’:

myH = float(H.get())*multiH
myHz = float (Hz.get())*multiHz
res = 1/(4*np.pi**2*myHz**2*myH)
F.set(str(res/multiF))

elif Hz.get() == "’ and F.get()!="’ and H.get()!=":

myF = float(F.get())*multiF

myH = float(H.get())*multiH

res = 1/(2%np.pi*np.sqrt (myH*myF))
Hz.set(str(res/multiHz))

def cancel(event):
H.set(’?)
F.set ()

Hz.

prog =

set(?)

tk.Tk()

prog.title(’KampkynsaTop konebaTenbHoro LC-KoHTypa’)

#PucyeM KolebaTeNbHHN KOHTYP

canvas
canvas.

canvas
canvas.
canvas
canvas.
canvas.
canvas.
canvas.
canvas
canvas.

canvas.

canvas.

canvas.

= tk.Canvas(prog, width=500, height=200)
grid(column=0, row=1, columnspan=3)

.create_line(150, 20, 350, 20, width=2)

create_line(150, 180, 350, 180, width=2)

.create_line(120, 90, 180, 90, width=2)

create_line(120, 100, 180, 100, width=2)
create_line(150, 20, 150, 90, width=2)
create_line(150, 100, 150, 180, width=2)
create_line (350, 20, 350, 40, width=2)

.create_line(350, 160, 350, 180, width=2)

create_arc(335, 40, 365, 70, start = 90, extent =
width=2, style = tk.ARC)

create_arc(335, 70, 365, 100, start = 90, extent =
width=2, style = tk.ARC)

create_arc(335, 100, 365, 130, start = 90, extent
width=2, style = tk.ARC)

create_arc(335, 130, 365, 160, start = 90, extent
width=2, style = tk.ARC)

#Hanmucu

-180,

-180,

-180,

-180,
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L = ttk.Label(text=’UupykTuBHOoCTh KaTymku L’, font=(’Arial’, 14))
L.grid(column=0, row=2, padx = 20, pady = 20)

C = ttk.Label(text=’EmrocTs KoHZeHcaTopa C’, font=(’Arial’, 14))
C.grid(column=0, row=3, padx = 20, pady = 20)

F = ttk.Label (text=’YacToTa konebamuit f’, font=(’Arial’, 14))
F.grid(column=0, row=4, padx = 20, pady = 20)

#TexcToOBHE LIOJA

H = tk.StringVar(value=")

H1 = ttk.Entry(textvariable=H, font=(’Arial’, 14))
Hl.grid(column=1, row=2, padx = 20, pady = 20)

F = tk.StringVar(value="")
F1 = ttk.Entry(textvariable=F, font=(’Arial’, 14))
F1.grid(column=1, row=3, padx = 20, pady = 20)

Hz = tk.StringVar(value="")
Hz1l = ttk.Entry(textvariable=Hz, font=(’Arial’, 14))
Hz1l.grid(column=1, row=4, padx = 20, pady = 20)

#lenaeM BHIAIAWIE CIUCKA

Henry = tk.StringVar()

varHenry = ttk.Combobox(textvariable = Henry, font=(’Arial’, 14))
varHenry[’values’] = (’ulw’, ’mxIw’, ’MIH’)
varHenry.grid(column=2, row=2, padx = 20, pady = 20)
varHenry.current (1)

Farad = tk.StringVar()

varFarad = ttk.Combobox(textvariable = Farad, font=(’Arial’, 14))
varFarad[’values’] = (°n®’, ’md’, ’muxd’)

varFarad.grid(column=2, row=3, padx = 20, pady = 20)
varFarad.current (1)

Hertz = tk.StringVar()

varHertz = ttk.Combobox(textvariable = Hertz, font=(’Arial’, 14))
varHertz[’values’] = (°Tx’, ’xTm’, ’MIm’)

varHertz.grid(column=2, row=4, padx = 20, pady = 20)
varHertz.current (1)

#llemaeM KHOUKU

btn = ttk.Button(text=’PaccuuTaTs’)
btn.bind(’<Button-1>’, calculate)
btn.grid(column=1, row=5)

btnC = ttk.Button(text=’0uucTuTrs’)
btnC.bind (’<Button-1>’, cancel)
btnC.grid(column=2, row=5)
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prog.mainloop()

Kanekynatop konebarensHoro LC-koHTypa

MHOYKTMBHOCTb KaTyLwkum L MKIH o
EmkocTb KoHpgeHcaTtopa C HP o
Yacrora konebaHwuia f Ky J

PaccunTtaTtb O4YUCTUTL

Puc. 11.13. Pacuér komebarenbroro LC-korTypa. EMKOCTE M wacToTa OBLIN 3a/IaHBI
[I0JIH30BATEJIEM, UHIyKTUBHOCTD PACCIUTAJIA IPOTPAMMA.

Buagane Mbl HaBOIMM <«KpacuBOCTH» B Harmeil mporpamme. C moMompio MeToqa title
HaIIWIIEM Ha 3aroJIOBKE IIPOrpaMMbl, 4TO OHa Takoe: «Kambkyssrop kosebarensHoro LC-
KOHTYpa», a C MOMOIIbI0O MeTOK Label cienaeMm mosicHstonue Hajmucu «VHIyKTUBHOCTH
karymkn Ly, «Emxocrs komgencaropa C», «Uacrora komeGanuii f». JTablie ¢ HOMOIIBIO
MeTOZIOB BH/KeTa Canvas HapucyeM KojebaTesbHbIH KOHTYpP. Temephb ¢ IMOMOIIBIO BUIKe-
Ta Combobox /it KaXKJIO0ro IapaMeTpa CIejaeM BBIIAIAONNNA CIIUCOK, TJe MOYKHO BBIOpaTh
MOAXOMAIIUI MHOKHUTED JJIsl €JAHUIBI U3MepeHus (MUKO-, HAHO-, MUKDO-, MHJIA-, KUJIO-,
Mera-). 3aTeM DPAacCIOJIOKUM Ha (popMe BHIKeTHl Entry, KOTOpbIe IIOMOIYT BBOAUTL HEOO-
XOIMMBbIE HAM 3HAYEHHSs JIByX ITapaMETPOB U BBIBOJIMTH 3HaUeHUE TpeThero. U, HakoHer, c
MOMOIIBIO BUjzKeTa Button cuenaem ase kuonku «Paccunrarsy u «Ouucrurhby.

Temnepb MO2KHO 1 PYHKIMOHAJIBHYIO YaCTh HAIllel IPOrpaMMBbl IIUCATh. Bce BBIYUCIEHUS
y Hac OyayT BblHECEHBI B 1Be GyHKIimH cancel um calculate. Buyrpm dyukiun cancel
MIPOCTO OYHITAIOTCA BCE TPHU HAIIMX TEKCTOBBIX 1MOJisi. BHyTpu dyHKnmuu calculate BHadase
BCE €JMHUILI U3MepeHus: nepeBojsrcs B cucremy CU — mnuimem kakasi IPUCTABKA KaKOMY
MHOYKUTEJTI0 COOTBETCTBYET, a JaJbllle CIeAYIOT HeOOXOMMMbIE BEIYUCIEHUS] B COOTBETCTBUU
¢ dopmynoit Tomcona.

V3 HOBOrO: BO BCEX BHJIZKETAX IPONMCAHBI HA3BAHHE M pa3Mep mpudTa (MIMEHOBAHHBIN
mapaMeTrp font), st MeTofa grid mobaBiIeHBI ABa HOBLIX MMEHOBAHHBIX ITapaMeTpa padx
(oTcTyn cupaBa ¥ ciieBa OT BUJZKETa MO OCH X B IMHUKCENAX) u pady (OTCTYIl CBEpPXY U CHU-
3y OT BUJPKETa IO OCU y B IHKCeNsx). Takke HCIOIb30BaH HOBBIN BujKerT Combobox —
BBINAJAIONINN CIHCOK, €r0 METO[ current HO3BOJISET YCTAHOBUTH OJIHY W3 CTPOK CITHCKA
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0 yMOJTYaHHUIO (MBI YCTAHOBHJIM IIEPBYIO CTPOKY), & €ro mojie ’value’ IO3BOJISIET 3aJaTh
BO3MOXKHbIe BapUAHTBI IIPUCTABKU IS €IUHUI] N3MEPEeHN.

11.7 3apaHus Ha rpacuyeckunii nHtepdeiic

3ananue 43 (Bam sguuHbi KaabKyasaTop) Mcnoavays xod us pasdeaa 11.1, cobe-
PUME NPOPAMMY, PEAAUIYOWYD GYHKUUI KAABKYAAMOPA, CAMU U MOCMOMPUME,
wmo Yy eac noaywumes. dmo noaywuaocs y nac cm. na puc. 11.3. ITornaostcumatime
HA KHONKU, Ybedumecsb, Wmo npoepamma He 8blopacbieaem owudky 6 MepMUHANL.

3amaave 44 3a0aHUA 8BINOAHATME 8CE NO NOPAIKY.

Cresaiite rpadudeckyio nporpaMMy U3 KHOIIOK U IIOJIE€Hl BBOJA, KOTOpasi Oy/1eT BBIIOJI-
HATH Cefylomue AeficTBUAdAd:

1. B mousie BBO#a 1o ymosrdanuio nocrassre 0 (nMeHoBaHHBIH napamerp value). ITo na-
2KATHUIO HA OJIHY KHOIIKY OHO yBEJIUYMBAETCs Ha 1, IO HAXKATHUIO HA JIPYTYIO — YMeHb-
maercs Ha 1.

2. B omgaoMm moJie BBofa mycTh OymeT unciio, n3nadaabao 0. B apyrom moste BBoma apyroe
qucisio, n3HadaasHo 1. Ilo HaxkaTnio Ha OHY KHOIKY YHCJIO B IEPBOM IIOJIE€ yBEJIUIH-
BaeTCcs Ha BEJIMYMHY YHCJIa BO BTOPOM, IO HAXKATHUIO HA JIPYTYIO — YMEHBIIAeTCsA Ha
Ty K€ BEJITINHY.

3. B 1péx mosax BBoma Tpu umcaa. IlycTts mx craproBble 3HadYeHUS OyAyT CIyJIallHBIMEI
qucaamu oT 1 1o 10. Ilo HaXkaTuio Ha KHONKY BBIBOJUTH CYMMY B YeTBEDPTOE IIOJIE
BBOJIA.

4. TloBTOpWTE MPEABIAYIILYIO 3a/1ady, HO Tenepb HEe UTHOPUPYHTE WCXOMHOE 3HAYEHUE B
4eTBEPTOM I10JI€, a IPUDABIIANTE CYMMY U3 TPEX IOJIEH K HEMY.

Bamanue 45 3adarue Ha Juan02U U PAOUOKHONKU. 3a0aHUA 8bINOAHATME 6CE MO MO-
PAOKY.

1. IycTs B Tpéx moNsX BBOJA OymyT mMs, GaMUIAS U OTIECTBO (M3HAYAJIBHO TIOJIS ITy-
croie). Cpenaiire nany Humu Merku (Label), yKa3bIBalOIMe, Y4TO OHM O3HAYAIOT, —
HaIpUMep, HaJ[ [10JIeM BBOZa myisd daMminy Hanummre «dpamuusas. Cuenaiitre mpo-
rpaMMy, KOTopast OyJeT MO HaXKaTWUI0 KHONKHU 3aHOCUTH X B (aiin ®U0.txt B BHIe
OJIHOM CTPOKHM IO HPABWJIY: WMs, IPOGEJ, OTYeCcTBO, Ipoben, davunns (HapuMep,
Onsra IeTpoBHa WibuEA), HCIOJIL3YsI METOZ HA JO3anuch (mapamerp "a" Bmecro "w'")
TaK, 9TOOBI BBEJCHHBIE 3AIMCH HAKAIIMBAJINCL B daite. Kakmas zamncy gosmkHa
HAYMHATHCSA C HOBOU cTpoku (He 3a0y/bTe M00ABATH CUMBOJ \N B KOHEIL).

2. Momudunupyiite npeapIyyo IporpaMMy, UCHOIb3ys (haiIoBble THAJIOTH BMECTO
moJist BBosIa. Kpome TOoro, ¢ MOMOIIBIO TPYIIEL U3 5 PaJMOKHOIIOK JT00aBIsSHTe K Kaxk-
nomy OUO emg onno u3 ¢a0B peGEHOK /TIOMPOCTOK /B3POCIIbIii /IEHCHOHEDP /yMep B 3a-
BHUCHMOCTH OT BBIOOpA.

Baganue 46 3adaHue HO CNUCKU U MEeHIW0. 3a0aHUA 8bINOAHATIME 8Ce MO NOPAIKY.

1. Hanummwmre nporpaMmy, KOTOpast 110 HAXKaTUIO Ha KHOIKY Oy/IeT BU3YaJU3UPOBATH TEK-
CTOBBIH (haiilyl IyTEM MOCTPOYHOM 3aIUCH €ro Colep:KuMoro B Listbox.
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2. Moaudurupyiite mpeaplayILy0 TporpaMmy, 100aBUB K Hell emé 2 KHonku. [1o HaxKa-
THUIO HA OHY U3 HUX U3 CINCKA JOJIKHA yIAISIThCsA BEIOpAHHASA CTPOKA, a [0 HAYKATHUIO
Ha JIpyr'yl0 — BCE cofiepkuMoe Listbox Oyer 3ammcano B HOBbIM (haitn. [Iposepnre
paboTy mporpaMMbl, UCIOIL3YsT (PalIbl U3 MPEIBIAYINEro 3aJaHUs, TPOBEIsT COPTH-
POBKY Bcex JIofieil Ha 5 JacTell M0 BO3pACTy W 3amucaB B 5 pa3HbIX (DailoB: mereil B
OJIVH, IIOIPOCTKOB B JIPYIO#, B3POCJBIil B TPETHil, IEHCUOHEPOB B YETBEPTHI, yMep-
MUX B OATHIA (KOJ JIJIS 9TOTO MUCATH HE Hy?KHO, BBI JOJZKHBI CMOYIb MPOJICNIATH BCE €
HCIIOJIL30BAHUEM BAIllell TPOrPAMMBI).

3. HobaBbTe K CHUCKY BEPTHKAJIBHYIO IIOJIOCY IPOKPYTKHU.

4. YcoBepIeHCTByTe MPOrpaMMy TaK, YTOOBI OHa IO3BOJISIa BBIOMPATH CpPa3y Mo
HECKOJIbKO 3JIEMEHTOB B CIUCKE U yAaJATh ux pa3oMm. ObpaTure BHUMaHUE, YTO €CJIU
He BbIOpAH HYM OJMH 3JIEMEHT, [IPU IOIBITKE yIAJeHWs B Balleil IporpaMMe MOXKeT
OBITH OIMIUOKA, MOTUMPUITUPYITE €€ TaK, ITOOBI ITOTO HE OBLIO.

5. YcoBepIeHCTBYHTE IPOrPAMMY Ha CIIUCKU, HAIIMCAHHYIO B IIPEIbIAYIIEM 33 IaHUT, TAK,
4TOOBI OHA II03BOJISIJIA COBEPIIATH AHAJOIMYHbIE U3MEHEHHSI KaK II0 KHOIIKaM Ha op-
Me, TaK U Yepe3 COOTBETCTBYIONIME IIYHKTHI IJIABHOrO MeHIo. Vcnomb3yiiTe s pas-
HBIX IIYHKTOB MEHIO PA3Hble MEXaHU3MBI AyOInpOBaHus DYHKIIMOHAJIA CYIIECTBY IOIINX
KHOIIOK: 4epe3 (OyHKIUN-O00EPTKU, depe3 JIAMOAa—~(pYHKINKM M HCIOJIb3Ysl 3HAYEHU:
JJIsl TTapaMeTpPOB 10 YMOJIIAHUIO.

Bamaume 47 3adanue Ha pucosarue. 3adaHUSL 8HINOAHATLME 8CE NO NOPAIKY.

1. Hanwmmure npocreHbKuil rpadutueckuil pefakTop, Ha KOTOPOM OYZET XOJICT, KHOIKN
JIJIS HECKOJIBKAX CTAHJAPTHBIX [BETOB (MEHATH IIBET OCHOBHBIX rPa(UIeCKUX TPUMU-
THBOB), II0JI€ BBOJA JIsl BHIOOPA IIMPUHBI JINHUN, KHOIIKA J1JIs BBI30Ba IUAJIora BBIGOpa
IIPOU3BOJILHOI'O IIBETA U KHOIKA OYUCTKU XOJICTA.

2. MoaudwurupyiiTe npeaplAyIyI0 TPOrpaMMy, JOOABUB K Hell emié KHOIKY, TO3BOJISIO-
LIYyI0 OTMEHSATD IOCJIEeIHee JeiiCTBHE.

3. B mammcanHOiT nporpamMMe eCTb HECKOJIBKO KHOIIOK, PEAJIM3YIOIINX OJHOTHAITHYIO (DYHK-
MOHAJILHOCTDb — BBIOOD 1BeTa. Hamuiure cBoit K1acc Jjist 9TUX KHOIOK Iy TEM HaCJIe-
JOBaHUsA OT CTaHJAAPTHOTO ttk.Button momobHO TOMY, KaK 3TO CIAEJIAHO B IIPUMEpPE C
KaJIbKYJIITOPOM, U peajin3yiTe Ballly IIPOrpaMMy C HUCIOJIb30BAHHEM JIAHHOI'O KJIACCa
BMECTO TOTO, YTOOBI IIUCATH BCE TAKME KHOIKHU BPYUIHYIO.

3ananue 48 (KanbkynsaTop KonebaresnbHoro LC-kKoHTypa) Bumoanamov odno sa-
danue ¢ nomepom (n — 1)%m + 1, ede m — Homep 6 cnucke 2pynndvl, o M — “UCAO
3a0aM 8 3a0aHU.

Hanumure KagpKysnaTop [Js OJHOTO U3 IIapaMeTPOB KojiebaTelbHOr0 KOHTYpa: JBa Ia-
paMmeTpa BaM HM3BECTHBI, HY>KHO paccuuTaTh Tperuii. IIporpamma mpo/pkHA BBIBOJUTH HA
SKpaH Ha3BaHHE CaMOU IPOrpaMMBbl, METKHU, TEKCTOBBIE IIOJIs, BBINIAIAIOIINE CIIUCKU.

1. HazBanme «Pacuér pesonancHOi# gacToTbl». [lonb30BaTess 3anomndaer nons «HIyk-
THBHOCTB» U «KMKOCTB», OHE mmyT mepBeiME. B Tperbeit crpouke cromT mose «Ya-
CTOTa», 9Ta CTPOYKA JOJI’KHA 3aIOJTHUTHCS aBTOMATHYECKH II0 HaKaTHIO Ha KHOIKY
«Paccuanrars».



90

Inaea 11. I'pacbuyeckuii nntepdpeiic. Mogynb tkinter

2. Haszpanme «Pacuér émkoctu». Ilonmp3oBaTens 3anonuser nmond «Jacroray u «MuIyk-
THUBHOCTb», OHHU Uy T IepBbIMU. B TpeTheil crpotke cTout mose «EMKOCTb», 9Ta cTpoU-
Ka JIOJIZKHA 3aII0JIHATBCSI aBTOMATHUYECKH 10 HasKaTHIO HA KHOIKY «Paccumrarb».

3. HasBanme «Pacuér muaykrusmnoctus. Ilosp3oBarens 3amosnsier monst «Yacroras u
«EMmkocTb», oM mayT nepBeiMu. B Tperneil crpouke crout mose «HIAYKTHBHOCTBY,
9Ta CTPOYKA JOJIZKHA 3aIIOJTHUTHCST aBTOMATHIECKH IO HAXKATHUIO HA KHOMIKY «Paccuam-
TaTb».



[naga 12

ViccnepoBatne AMHAMUYECKNX CUCTEM
cpeacteamu Python

CoBpeMeHHasi Teopusl IUHAMUYIECKUX CUCTEM sIBJISETCS COOMPATEIbHBIM HA3BAHUEM JIJIs
HECKOJIBKUX 00JIacTeil MCCJIe/IOBAHUN, B KOTOPBIX IIMPOKO HCIOJB3YIOTCH U 3DDEKTUBHBIM
06pa30M COYETAIOTCST METOBI U3 PA3IUIHBIX Pa3/eJ0B MaTEMaTHKU: TOMOJIOTUHA U aJareOpshl,
aJaredparmdecKkoil TeOMeTPUN W TEOPHH Mephl, Teopuu mauddpepeHraabHbIXx (HGOpM, TEOPUN
ocobeHHocTENl U KaTacTpod, Teopun O6udypKaluil, a Tak>Ke pPa3JIUIHBbIX 00JiacTeil BbIYNC-
JINTEJTLHON MATEeMATUKHU: YUCJIEHHBIX METONOB perreHns AudepeHITnaIbHbIX YPABHEHNTIL,
TIOMCKa COOCTBEHHBIX 3HAYEHUN W BEKTOPOB MAaTpHUIL OOJIBIIIOrO pa3Mepa U Ip.

Metonpl Teopun DUHAMHYECKHX CHUCTEM BOCTPEOOBAHBI B JPYTHUX pasjieslaX eCTECTBO-
3HAHUsI, TAKUX KAK HEPABHOBECHAsT TEPMOINHAMUKA, TEOPUsI TUHAMUIECKOTO Xa0Ca, TEOPHUsI
YCTOMYIMBOCTU MEXaHMYIECKUX CUCTEM (yCTONUMBOCTH KOHCTPYKIMIA, JIETATEJLHBIX AIlapa-
TOB U CyJOB, B TOM YHCJIE [0/ BO3IEHCTBUEM CTAIMOHAPHBIX U HECTAIIOHAPHBIX IIOTOKOB),
CUHEPreTHKa, XUMUYECKasd KHHETUKA, TIOMYJISIMOHHAS TUHAMAKA, (HATIpUMED, UCCIIETOBAHNAE
buTO- U 300IIAHKTOHA).

Ponp sT0it YncTO MaTeMaTHYECKON JUCIUIIJINHBI B COBPEMEHHOM MUPE TPYIHO IIEepeolie-
HUTB. J[e/T0 B TOM, 9TO MHOTHE Pe3yIbTAThl, KACAIONINECS MMOBE/IEHNST HEJIMHEHHBIX CUCTEM,
CEro/iHs TIOJIYYalOT Ha OCHOBE YHMCJIEHHOTO PEIIeHUs MOJEJIbHBIX ypaBHeHuit. Kommbiorep-
HbI€ PACYETHI, XOTA U JOCTATOYHO TOYHBIE, TEM HE MEHee COJIEPKAT Hen30e KHble YHCIIEHHbIE
MOTPEITHOCTH, TaK K& KaK M Pe3y/IbTaThl HATYPHBIX KCIIEPUMEHTOB BCErJa OTrPaHUIEHBI
OmmOKaMU U3MepPEeHuil. 3HAUMMOCTb YMCJIEHHBIX PACUYETOB CYIIECTBEHHO BO3DACTAET, KOIJIa
OHHU OIMPAIOTCS Ha PE3YJIbTAThl CTPOION aHAJIUTUYIECKON TEOpPUHU, OCHOBAHHOM Ha JOKa3a-
TEJIBCTBE TEOPEM U OOIIUX TOJIOXKEHUSIX TEOPUH JMHAMUIECKIX CUCTEM.

Ilox AuHaMUYECcKoil cuCTEeMOIi B IIMPOKOM CMBIC/IE TIOHUMAIOT JII000# 0OBEKT, S9BOJTIO-
[IMOHUPYIOMUH BO BPEMEHU HJIM BO BPEMEHHU H IIPOCTPAHCTBE II0 HEKOTOPOMY JI€TE€PMUHU-
posanHOoMy (oT JiatT. determinans — onpeeAOmuii) 3aKOHy — B JIIOG0Hl MOMEHT BpPEMEHHU
OTCYTCTBYIOT CJAYYaWHOCTH W NIyMBI, MOTYIIIE HOBJIUATh Ha OyayIinue 3HadeHusi. B Teopun
JUHAMHYECKUX CHCTEM IIOJI JIMHAMUYECKOM CHCTEMO IIOHMMAETCs MaTeMaTHYeCKasd MOJEb
HCCIeIyeMoit (PU3NIECKON TMHAMUYIECKON crucTeMbl. MaTeMaTndeckast MOJETb CAUTAETCS 38~
JAHHOM, €CJIM N3BECTHO HAYAJIbHOE COCTOSTHINE CUCTEMBI U 3aKOH, IT0 KOTOPOMY CHCTEMA IIepe-
XOJUT U3 HAYAJIBHOTO COCTOSIHUS B Apyroe (omepaTop sBosoryn). J1ist HEKOTOPBIX KJIACCOB
JUHAMUYIECKUX CHUCTEM TaKasl IIOCTAHOBKA, 3a/Ia9H: IO HAYAJIHLHBIM 3HAYEHUSIM BCEX ITepEMeH-
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HBIX (HCCIIeIyeMbIX (PU3MYECKUX BEJIMYUH) U ONIEPATOPY IBOJIOIMA PACCIUTHIBATH OBEICHAE
B OyayieMm Ha3biBaerTcs «3amada Kommums. CylmecTByloT U Apyrue BUIBI 3aJ/a4, HAIPUMED,
C IPAHMYHBIMU YCJIOBUSIMU, KOTJA 3aJaHbl 3HAYEHHs] HE BCEX JIMHAMUYECKUX [I€PEMEHHBIX,
HO Cpa3y B HECKOJIbKHX TOYKAX, HAIPUMEDP, B Hadaje W KOHIIE BPEMEHHOIO ITPOMEXKYTKA.
OnepaTop 3BOIIONMY B 00IIEM CJIydae MOXKeT ObITh 3a/aH ¢ TOMOINbIO AuddepeHIaaIbHbIX,
MHTErPAJIbHBIX UM UHTErpo-auddepeHnuaabHbIX YPaBHEHM, JUCKPETHBIX OTOOParKeHMi
MOCJIeJIOBAHMS, a Tak:Ke B popMe MaTpuil, rpados u T. 1. B paMkax JaHHOTO yIeOHUKA MBI
OrPAHUYMMCsT PACCMOTPEHUEM JAUHAMUYECKUX CHCTEM B BUJE CHCTEM C HEIPEPBIBHBIM Bpe-
MeHeM, KOTOPbIe el Ha3bIBAIOTCsI MOTOKaMuU (OOLIKHOBEHHBIX audepeHnnaIbHbIX YPaB-
mennit (OJ1Y), muddepeHmasbHbIX YPABHEHUH C 3aa3/IbIBAIONIAM apTYMEHTOM, CTOXaCTH-
geckux auddepennuansubix ypasaernit (CAY)) u B Buze cucTeM ¢ IUCKPETHBIM BPEMEHEM,
KOTOPBIE €II§ HA3BIBAIOT KacKagaMu (0ToOpakeHus I0ocae10Banus). JJuHaMudeckue cucre-
MBI, KOTOPBIE MOTYT OBITH MCIOJIB30BAHBI JIJISI TECTUPOBAHUST PA3JNIHBIX 3aIIPOTPAMMIPO-
BAHHBIX BAMHU METOJIOB, pa3Melnensl B [Ipuioxenun.

JLJ1st HArJISITHOTO TIpeiCTaB/IeHrs HH(MOPMAIUU 00 MCCIIeIyeMOi TUHAMUIECKOW CUCTEME
MCIIOJIb3YIOTCS TPOCTPAHCTBO cocTosHMi (hasoBoe MPOCTPAHCTBO), MPOCTPAHCTBO MAPAMET-
POB ¥ pa3jinyHble KOMOMHUPOBAHHBIE IIPOCTPAHCTBA.

12.1 YwucnenHoe pewernne gudpdepeHumanbHbiXx ypaBHEeHUA

OcuoBnas 3aj1a9a Teopun auddepeHnuaibubiX ypasaennii — 3amada Komm. Ona 3a-
KJIIOYAETCsl B HAXOXKJEHUH pelleHus (nHTerpasa) nuddepeHnnaabHoro ypaBHEHUsI, YI0BIIe-
TBOPSIIOIIETO TaK HA3bIBAEMBIM HAYAIbHBIM yCJIOBUSM. [[09TOMY MHOT1a TOBOPAT «49HUCIEHHOE
unTerpupoBanue auddepeHnraIbHbIX YPABHEHNH», HO MBI HE COBETYEM B CJIydae PeIIeHUst
sagaun Komm ynmorpebiisith 9TOT TepMUH BO M30e:KaHUM 0OPa30BAHUSI B TOJIOBE <«KOIIUIBI»
— IYTAHUIIBI, KOTJA CTYIEHTHI B OJHY Ky4dy CKJIAILIBAIOT W METOIbI YUCJIECHHOTO HAXOXK-
JIeHMsl IepBOOOPA3HOM U ONPEEIEHHOIO HHTErpasa (METOBI IPAMOYTOABLHUKOB, TPAIEIHi,
CumIicoHa u Jp.), U ducjeHHoro pemenus 1Y, Hanpumep, meronbl Pyare—KyTror.

Obmas 3ama9a pemennsa 0ObIKHOBEHHbBIX quddepennmanbubix ypasaennit (OAY, ODE
— ordinary differential equation) B guciaennom Buje MoxKeT GBITH CHOPMYIUPOBAHA CIIEILY-
ommM obpazom. CyIecTByeT BeKTOpHOE IudPepeHInalbHOe yPABHEHNE IEPBOTO MOPSIIKA:

dz g
E = f(I,t), (12'1)

r7e ¥ ecTh BEKTOP, KOTOPLIH B JajbHeHIIeM, NCIOIb3Y s TePMUHOJIOTHIO U3 TeOPUH KoJlebaHnit
7 HeJWHEeIHOH JMHAMUKHU, MBI CTaHeM Ha3blBaTh BEKTOPOM COCTOSIHUSI, COCTOSIIUI W3
KOMIIOHEHTOB & = (%1,%2,...,&Dp), D — €ro pa3MepHOCTb, { — CKAJAPHAST HE3ABUCHMAs
nepemMeHHas (MacTo — BpeMs), f — BexropHas byHKIHs TOit sKe pazmepHOocTH D, UTO 1
BEKTODP COCTOAHUSI &, COCTOSAIAA U3 KOMIOHEHTOB f;(%1,X2,...,ZD), 1 = 1,2,..., D.
Bekropnoe ypasHenue (12.1) MoxkeT GbITh PACCMOTPEHO Kak cucreMa u3 D cKassipHBIX

CBA3aHHBIX AudGepeHnnanbabIX ypasaennii (12.2):

% = fl(ﬂ?l,mQ,...,l'D,t),
(12.2)
de

W = fD(wl,mg,,..,xD,t).
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Kpowme camoro ypasrenusi (12.1) 3aanbl Takke HaYaabHble ycaoBus (12.3), B TakoM
CJTydae NPUHATO FOBOPHUTH O PEIleHnHu 3anaun Kormm.

Z(to) = do. (12.3)

Tpebyercst HaliTu 3HaYeHUsI BeKTOpa & Upu t € [to, Lfin], WIM, KAK NPUHITO NOBOPUTH B
Teopuu KoJieGaHWii, HEOOXOMMO HAWTH TPAEKTOPHIO CUCTEMBI HA BPEMEHHOM ITPOMEXKYTKE
t € [to,tfin], €Ciiu t paccMaTPUBATD KAK BPEMSI.

12.1.1 Mertog diinepa

Mertoa Ditstepa, TakzKe Ha3bIBaeMblii MeToI0M PyHre—KyTThI IEPBOTO NOpSiIKa, — IPO-
cTefimuii aJropuT™M YUCIEHHOTO permtenusi auddepennupoBanus. Vness meroma Ditmepa —
nepexof, 0T GECKOHEYHO MaJiblX pasHocTeil B (12.1) K KOHEYHBIM MAJIBIM PA3HOCTSAM CJIEILy-
JOIIMM CIIOCOOOM:

M s f(fn7tn)~ (12.4)
2677,«&»1 - tn

Takoe TpUOIMKEHWE CIPABEJTABO, €CJW BEJUYHWHA IIara WHTerpupoBaHus At =
tn+1—1tn JOCTATOYHO MaJia. UTO O3HAYAET «JOCTATOYHO» — HEOOXOJAMMO BBIACHATD B KAXKIOM
KOHKDETHOM cJiy4ae (JJ1s1 KayKJ0# CUCTEeMBI yPAaBHEHUH) OT/IeJIbHO, OOIIEro IPaBuiIa Ha 9TOT
cuéT e cymectByeT. OHAKO MOYKHO PEKOMEHI0BATh 6paTh At MHOTO MEHBIIEe XapaKTEPHOTO
BPEMEHHOro Maciraba u3MeHeHul T (MHOTIa Takoi Macural JIErko OIEHUTh AHAJIUTHYECKH
WM U3 JIONOJIHUTENBHBIX COOOPayKeHMit ), JIM60 HANMEHBIIEro U3 TAKUX MaclTaboB, eyl uX
HECKOJIBKO.

U3 dopmymnsr (12.4) 1erko mosy9InTh peKyppPEHTHOE COOTHOIIEHUE st PACIETa & (tn+1)
uepes Z(tn):

—

F(tns1) = Z(tn) + F(Zn, tn) AL (12.5)

Qakruvecku, dnuciaeHHoe perieHne auddepeHnnalbHbIX YPaBHEHUI MeTonoM Jilaepa
cBonuTcs K 3aMeHe cucreMbl (12.1) coornomenuem (12.5). Bel nmozcrasisiere Bamm Hadasb-
uele ycstosus (12.3) B (12.5) u nosydaere 3HadYeHMe Ha CJIELYIOLIEM IIare, [MOJACTABIISETE B
(12.5) y2kxe ero u T. 1. B nrore, monay4yaercs TPAeKTOPHs CUCTEMBI, T.€. 3HAUYEHHs T BO BCE
[IOCJIEIY FOIUE MOMEHTBI BpeMeHHU ¢ 1maroM At.

Hapaiite MeTooM Diisiepa pemmnm cucteMy JuddepeHnmaibEbIx ypasHeHuit (A.18) Tpe-
Thero nopsaka (D = 3), u3BecTHyIo Kak cucrema Jlopemma:

dx
i O(y - 1‘),
&

&
at

=z(r—z)—vy,
=zy — bz,
rae o = 10, r = 28, b = 8/3. Cucremy GyzeM pemaTh Ha BpeMeHHOM npoMexyTke ¢ € [0, 100]

¢ marom unTerpupoBanust At = 0.01, HadanbHbIe ycaoBus 3agamauM xo = 0.01, yo = 0.02,
zo = 0.03.



94 Inaea 12. WiccnepoBatue guHamuyecknx cuctem cpeacteammu Python

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]
rcParams[’font.size’] = 14.0

def Lorenz(x, y, z): #Cuctema llopeHna

sigma = 10

r =28

b =8/3

dx = sigmax(y-x)
dy = xx(r-2z)-y

dz = x*y-b*z
return dx, dy, dz

dt = 0.01 #mar WHTerpmpoBaHWSA
N = 10000
t0 = np.arange(0, Nxdt+dt, dt) #psaz BpeMeHu

x0 = np.zeros(N+1)
yO = np.zeros(N+1)
z0 = np.zeros(N+1)
x0[0] = 0.01; yO[0] = 0.02; z0[0] = 0.03 #mavambHbHE yCIOBUA

for i in range(N):
dx, dy, dz = Lorenz(x0[i], yO[i], zO[i])
x0[i+1] = x0[i] + (dx * dt)
yo[i+1] = yO[il + (dy * dt)
z0[i+1] z0[i] + (dz * dt)

plt.subplot(3, 1, 1)

plt.plot(t0, x0, color = ’black’)

plt.title(’Bpemennas peanusanus koinebaHuii cucTeMs JlopeHna’)
plt.ylabel(’x’)

plt.subplot(3, 1, 2)
plt.plot(t0, yO, color = ’black’)
plt.ylabel(’y’)

plt.subplot(3, 1, 3)
plt.plot(t0, z0, color
plt.xlabel(’t?)
plt.ylabel(’z’)
plt.tight_layout ()
plt.show()

’black?’)

B urore MOXKHO HAPUCOBATH BPEMEHHBIE PEAM3AINN BCEX TPEX NEPEMEHHBIX CHCTEMBI
Jlopenna (puc. 12.1).
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BpemeHHas peanuaauusa konebaHuit cuctemsl JlopeHua
201

I
[ne]
o

|

I
[
[4)]

L

Puc. 12.1. Bpemennast peanmsarust kosiebanuii cucremsr JlopeHra.

12.1.2 Metog PyHre-KyTTbl 4-ro nopsigka st 04HOro ypaBHeHUs
nepsBoro nopsgka

Meron Pyure-Kyrrer gerBéproro mopsiaka — HanboJiee paCHpPOCTPAHEHHBIN METO U3
ceMmeiicTBa MeTOo0B PyHre—KyTrel. O0bsacHATE MeToabl PyHre—KyTThI OPSIIKOB BBIIIE ITEP-
BOIO JTydIlle CHAYaJIa HA OJHOM CKAJISIDHOM YPaBHEHUH, a HE Ha CUCTEMEe YPaBHEHWUIA, KaK 9TO
66110 caemano Boime. [lycTs umeercs ypasuenme 1-ro mopgaaka obmero sBuga (12.6) m ma-
JasbHble ycaoBus x(to) = zo (06bI9HO HpUHUMAIOT to = 0, HO 9TO HEe CTPOro 006A3aTENHHO).

&= f(x,t), (12.6)

rae f(x,t) — npoussosbHas HenpepbiBHag dyHKnua. Meron Diinepa nCmoab3yer s moJry-
JeHus 3HaYeHus B (n+ 1)-blit MOMEHT BpeMeHu 3HadeHne PyHKIMN [ B MOMEHT BPEMEHH {r U
3HaYEHHEe KOOPJUHATBI B 9TOT MOMEHT Ty. OUeBHIHO, OJHAKO, ITO TAKOE PACCMOTPEHUE $IB-
JISIETCS CUJIBHO HECHMMETPUIHBIM: Ha BCEM BPEMEHHOM HHTEPBAJIE OT tn HO tnit1 JUHAMIKA
10 cyTH urHopupyercs u dbysruus f(z,t) cuuraercs cocrosiuei u3 nosodek. Takoii moaxosn
HAITOMUHAET METO]T MPSIMOYTOJIbHUKOB MPU YUCJIEHHOM WHTETPUPOBAHUM WJIN aIlllPOKCHMAa-
[AI0 [TOJIMHOMOM HYJIEBOT'O TOPSAJKA — KOHCTAaHTOH. OYeBUIHO, YTO TaKas AlIPOKCUMAIIUS
— Oo4eHb I'pybast U MOXKHO IIPUIYMATh 00Jiee TOYHYIO alllIPOKCUMAIINIO, YTO U ObLIO CIAEJIaHO
Pynre u Kyrroii.
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Mertoz 4-T0 TOpsiIKa OCHOBaH Ha MOCTPOEHUM 4-X TPUOIMKEHUH nj1st PYHKIUN f:

ki(n) = f(@n,tn),

At At

At At
kg(n) = f (xn + 7k27tn + 7)

2 2
ka(n) = f(zn+ Atks, tn + Al),

rze BBeJeHO obo3HaueHne At = t,41 — t, — IIAr UHTErPUPOBAHUS, KOTOPBIA MOXKET COBIIa-
JaTb C UHTEPBAJIOM AJUCKPETU3AINN UJIA 6BITL KpaTHO MeHbIlIe, TaAaK>Ke MOXKeT 6I)ITI) IepeMeHn-
HBIM Aty = tn+1 — tn, TOTIA METOJ HA3BIBAETCS METOIOM C IMEPEMEHHBIM WM aJallTHBHBIM
1IaroM, WJIM IIOCTOSIHHBIM, Kak B IpuBeaéHHOI dopmyse (12.7), Torma meroxn Ha3blBaeTCs
METOI0M C (bI/IKCI/IpOBa,HHLIM IraroM.

Ecsn paccmorpers cucreMy (12.7) BHUMAaTeNbHEE, TO BUHO, YTO k1 [0 CYyTH €CTb TO K€
npubIMZKEeHNe, ITO UCIOIb3yeTCsa B MeTome Jditmepa, k2 u k3 CyTh JaBa MOCJEI0BATETHHBIX
MpUOJINZKEHNs B CEPEINHE BDEMEHHOI0 NHTEPBAJIa, OCHOBAHHBIE HA AIIIPOKCUMAIIAN JTUHAMU-
KU, TIOJIyYEeHHOM B NpebLIAyIeM PUOInKeHnr, a kg — NpUOIUKEHNe Ha KOHIIE HHTEPBAaJa,
OCHOBAHHOE Ha BCEX MPEIBIAYINUX MPUOJMKEHNAX PEKYPCUBHO. B KadecTBe MTepaTUBHON
q)OpMy.TH)I JJIA BBIYUCJIEHUA Tp41 IIPU U3BECTHOM Iy, UCIIOJIB3YIOT O6I)I‘{HO CJIEAYIOIYIO B3BE-
[IEHHYIO CyMMYy U3 BCEX YeTHIPEX NpubsmKkeHuit k;(n):

At
Tpntl = Tp + ? (kl + 2ko + 2ks + k4) (12.8)

Dopmya (12.8) dakruueckn anagornana dpopmyse (12.5), ecin OTMETHTD, YTO B HOBOI
dopmyIte IpU aMPOKCUMAIAAX (DYHKITUN CTOSIT BECa %, %, % u é, a B UCXOHOM Ha UX MeCTe
crosa 1, 0, 0 m 0 (cymMMa BeCOB Beeryia IOJKHA paBHATHCA 1). B neficrBurensrocTn, MOXKHO
IIOCTPOUTH CKOJIBKO YIOIHO MeToZoB Pynre-KyrThl 4-r0O mopsinka, MeHss Beca Tak, YTOOBI
OHU GBI HEOTPUIATETHLHBIMYA YUCIAMHI, CyMMa KOTOPBIX paBHa 1 (rOBOPAT 0O Tpéxmapamer-
PUYECKOM CeMefCTBE METOIOB), HO HYalle BCErO MUCIOJIL3YeTCs UMEHHO KJIACCHYECKUHA METO/
¢ Becamu Kak B dopmyie (12.8).

YTo0bI TPOIEMOHCTPUPOBATH, YTO MeTon Pyrre—KyrTor 4-ro mopsinka maér cymiecTBeH-
HO GoJiee TOYHOE pellleHne, yeM Meroz, Diiepa, pemunM obormmu Meronamu ypasaenune Pepx-
1osbcTa (A.1) 1 HAJIOXKUM HAIIU PEIeHus] Ha AHAJINTHYECKOE, KOTOPOe MOYXKHO IIOJLYIUTh 10

dopmyne (A.2).

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]

rcParams[’font.size’] = 14.0
r=1.

K = 100.

dt = 0.25

def verhulst(x): # omum war ypaBHeHus PepxonbCcTa
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return r*x*(1-x/K)

def vh_euler(x0, N): # PemaeT ®PepxwombcTa MeToZoM Oiimepa
x = x0
series = [x0]
for i in range(N-1):
x += dt * verhulst(x)
series.append(x)
return series

def vh_rk4(x0, N): # Pemaer depxwmbcTa MeTomoM PyHre-KyTTH 4-ro mopsamka
x = x0
series = [x0]
for i in range(N-1):
k1 = verhulst(x)
k2 = verhulst (x+dt/2*k1)
k3 = verhulst (x+dt/2*k2)
k4 = verhulst (x+dt*k3)
x += dt/6 x (k1 + 2*k2 + 2xk3 + k4)
series.append(x)
return series

x0 = 1.

N = 40

eser = vh_euler(x0, N)

rkd4ser = vh_rk4(x0, N)

tser = np.linspace(0, dt*N, N, False)

aser = KxxO*np.exp(r*tser) /(K + xOx(np.exp(r*tser)-1))
plt.plot(tser, eser, ’-’, color=’black’, label=’Merox diimepa’)
plt.plot(tser, rkdser, color=’gray’, label=’MeToz Pyure-KyrTa 4’)
plt.plot(tser, aser, ’x’, color=’black’, label=’AmamuTuveckoe pemeHue’)
plt.title(’BpeMeHHas peanmsaunus Mozenu PepxoiabcrTa’)
plt.xlabel(r’$t$’)

plt.ylabel(r’$x$’)

plt.legend(loc=’best’)

plt.show()

W3 puc. 12.2 BugnO, uTO pernenne MeToroM Pynre-KyTTel 4-ro nmopsijika IpakTHIECKU
WIeaIbHO JIOYKUTCST HA aHAJTUTUIECKHI Pe3yJIbTAT B TO BPEMsI KaK PEIIeHre MeTOI0M Jiire-
pa [IpU TOM 2Ke Iare HHTerPUPOBAHUSA 3aMETHO OT Hero omm4aercs. C yMeHbIIeHreM I1ara
MHTETPUPOBAHUS pa3juyne OyJeT IOCTENEHHO HCYe3aTb, HO 9TO IPUBEIET K yBEJIUIEHUIO
BBIYHUCJIUTEIBHBIX 3aTPAT Ha MOJIYYEHUE PEIIeHUs Ha TOM K€ BPEMEHHOM IIPOMEXKYTKE, TaK
KakK TpUAETCA JejaTh Oosblime maros. s caoKHBIX cucTeM n3 OOJIBIIOTO YKC/a YpaBHE-
HUH, & TakXKe B 3aJa4ax, TPeOyOIMX PEIIeHus CHUCTEM B PeaJbHOM BpeMeHH (HalpuMep,
CHCTEeMBI aBTOIMIOTA, KOPPEKIINU Kypca KOpabiisi U WHBbIE 33/1a9¥ ONTUMAJIBLHOTO YIIpaBJie-
HUs), 9TO 9aCTO ObIBaeT cymecrBenHo. K ToMy ke Meron Dilepa uMeeT TOYHOCTD IOPSIIKA
O(At), T0 ecTb IpU yMEHBIIIEHAY IIara BJBOE IOTPENIHOCTb OTHOCUTEILHO aHAJIUTHIECKOIO
pelleHnsT YMEHBIIAETCsl B CPEJIHEM TOXKe BJIBoe, a MeTol, Pynre—KyTTol 4-ro nopsjaka nmeer
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BpeMBHHEﬂ peanusauua moaenun d)epxmnbcra

100 4

80 4

60 1

404

“ ---- Mertog 3iinepa
—— MeTop PyHre-KyTThl 4
x  AHanuTuueckoe pelleHue

204

0 2 4 6 8 10

Puc. 12.2. Jlorucruueckasi KpuBasi — peinenne ypasHernst Pepxrosnbera (A.1) npu

r =1, K =100, At = 0.25, g = 1 merogom Diliepa (mrpuxoBas 4épHas JIUHUSL),

meronoM Pynre-Kyrrbr 4-r0 nopsizka (cnjiomHasi cepasi JIMHWs) U AHAJUTHIECKOE
(KpecTHKaMH).

TOYHOCTH O((At)‘l)7 TO €CTh IIPU YMEHBIIIEHUH IIIara BJIBOE ITOIPENIHOCTD HajaeT B 16 pas,
9TO TIO3BOJISIET JOOUTHCS MAIMMHHON TOYHOCTH BO MHOTHX 33/1a9aX IIPU PA3yMHON BeJIUINHE
mara.

12.1.3 Metop PyHre—KyTTbl 4-ro nopsigka Ansi CUCTeMbl YpaBHEHU

Jlist cucTeMbl ypaBHEHUN METOJT CTPOUTCST B IIEJIOM AHAJIOTHYHO TOMY, KaK OH OBLI IO-
CTPOEH i OTJEJILHOIO ypaBHEHUs, OJHAKO HE TOJBbKO NepeMeHHas x u dyHKuud f, HO u
ko3 dunments! ki, ka2, k3 u k4 craHoBATCH BeKTOpaMu (MacCHBaMHU), AJIMHA KOTOPBIX PaB-
Ha guciay ypaBHenwii. [IpomemoncTpupyem merton Ha mpuMmepe Mmojenn Jlorku—Bomasreppa
A.16 (XxuIHUK—KEPTBA), KOTOPas 4aCTO PACCMATPHUBAETCA B KadecTBe 06OOIIEHNs ypaBHe-
unit Pepxronbera. Penienne npuBeJeHO HIRKE B BYJIE JIUCTHHTA (OIEPATOPBI HMIIOPTA Te Ke,
9TO M PaHEE W TOTOMY OILYIIEHBI JJIsi KPATKOCTH ):

def lotka(x, p):

""" omwnH mar ypaBHeHusa JloTkm-BompTeppa """
dx = np.zeros(2)
dx[0] = (p[’alpha’] - p[’beta’l*x[1]) * x[0]
dx[1] = (-p[’gamma’] + p[’delta’]*x[0]) * x[1]
return dx

def lotka_rk4(x0, N, p):
""" Pemaet JloTku-BonmbTeppa MeTomomM Pymre-KyrTh 4-ro mopazka """
x = x0
series = [x0]
for i in range(N-1):
print(x)
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k1l = lotka(x, p)
k2 lotka(x+dt/2*kl, p)
k3 = lotka(x+dt/2xk2, p)
k4 = lotka(x+dt*k3, p)
x = x + dt/6 * (k1 + 2*%k2 + 2xk3 + k4)
series.append(x)
return np.array(series)

p = {’alpha’: 0.9, ’beta’: 0.1, ’gamma’: 0.8, ’delta’: 0.2}

dt = 0.25

x0 = [10., 21]
N = 200
rkd4ser =

lotka_rk4(x0, N, p)
np.linspace(0, dt*N, N, False)
plt.plot(tser, rkdser[:, 0], color=’gray’, label=’x - xepTBa’)

tser =

plt.plot(tser, rkdser[:, 1], ’-’, color=’black’, label=’y - xumHuK’)

plt.title(’BpemMernnas peanusanusa Mogmenu JloTku-BombTeppa’)
plt.xlabel(r’$t$’)

plt.ylabel(r’$x, y$’)
plt.legend(loc="best’)
plt.show()

BpemeHHas peanusaums mogenu Mlotkn-Bonsteppa

—T X -XeprtBa
—=== Y - XMWHWK

Puc. 12.3. Bpemennnie peasmzarun mojenu Jlorku-Boabreppa. Cepas juanst — dnc-
JIEHHOCTD YK€PTB, YEpHAS JIMHUST — IUCJICHHOCTb XUIHIKOB.

3a cuét Toro, uro Python moxker paboTarh ¢ MacCHBaMM MOYTH KaK C YUCJIAMU, U3MEHE-
HUsl HE OYEHb 3aMETHBI, HO HY>KHO OOpATUTh BHUMAHUE HA CJIEYIONINE BaXKHbIE OCOOEHHO-
cru. B cTrpouke, rj1e BBIYUCIISIETCS] HOBOE 3HAYEHUE X Mbl 3aMEHMJIN OIIepaTop J100aB/IeHUsT +=
OIIepaTOpOM MPUCBAWBAHUS =, TAK KaK Telepb X — MacCuB. MaccuB B OT/IMYMe OT YUCTIA —
CJIOKHBIN 00BEKT, OIlepaIu ¢ KOTOPBIM IIPOUCXOIAT MO CChlIKe. [Ipu moMernennn cocraBHO-
ro oO'bEKTa B CIUCOK €r0 COJIEPKMMOE He KOIIMPYeTCs, a CO3/1a€TCsl HOBasl CChLIKA. SHAYNT,
ecJii MBI OyZIeM UCIOJIB30BATh +=, HOBbIE MAaCCHUBBI HE OYIYT BO3HUKATH, & OYIyT T€HEepUpO-
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BATHCs TOJIBKO CCHLIKU HA OJHU U Te YK€, MOAMpUImpyeMbie B Iporecce paboThl IPOrPaMMBbl
JaHHbIE, TO €CTh B KOHIIE BCE SJIEMEHTHI CIIMCKA COAeP2Kau Obl OJTHU U Te Ke 3HAYEHUs, COOT-
BETCTBYIOII[HE TI0CJI€/ITHEMY MOMEHTY BpeMeHHU. B Harem ciiydae 6bLI10 HEOOXOMUMMO IPUHY/IN-
TeJIbHO CO3/1aTh HOBBIN MacCUB Ha KaxKJOM IIare, 9YTO U JejaeT UCIOJIb30BaHHA OIlepaIns,
CKJIaJIbIBasl IBA MacCCUBa. TakrKe MBI IIepeIaIi IapaMeTphl B YpaBHEHHE B BHE CJIOBApPS P.

12.1.4 Pewenne OOV c nomouwbio hyHKUMKM scipy.integrate.odeint

B monpysne scipy mommomyse integrate ects dyHKnum odeint sl pelreHusi CUCTEM
OJ1Y. B kadecTtBe 00sI3aTeIbHBIX MMapaMeTpPOB dTa (PYHKIMS TPUHUMAET TPU MapaMeTpa:
dyHKIMIO, OnHCHIBAIONLYIO Hame ypaBHeHue (DYHKIUSA JO/KHA BBIYUCIATD 3HAYEHUS IPO-
M3BOJHBIX, UCIIOJIb3Ysl BEIPAXKEHUS CIIPABA, U BBIABATH CIIMCOK MJIM MAaCCHUB, JJINHA KOTOPOIO
paBHa Mopsiaky Mozesnu D), HadabHbIE YCA0BHs (CIMCOK WM MACCHUB 3HAYEHUI HAYAJIbHBIX
YCJIOBHIi IIO OMHOMY JIJIsl KaxKJOW MepeMeHHoi) u maccusB u3 N MOMEHTOB BPEMEHH, B KO-
TOpble TpebyeTcs Moay4duTh penreHne. OyHKIMS BO3BpAIaeT JBYMEPHBII MaCCHUB Pa3Mepa
N x D (N cTpok, COOTBETCTBYIOIINX PA3HBIM MOMEHTAM BpeMeHHU, u ) CTOJIOIOB, COOTBET-
CTBYIONIAX PA3JIUIHBIM JIUHAMUYIECKUM IIEPEMEHHBIM ).

PemmuMm ¢ momornpbio sToit dyukmun cucremy Péccorepa (A.17) um mocTponM BpeMeHHBIE
peanm3anyu Bcex Tpéx koopauaat (puc. 12.4):

dx
oo
E:bﬁ—z(:v—c),

e a, b, c — MoIOXKUTEIbHBIE KOHCTAHTHI. ByIeM UCIOoJIb30BaTh 3HAUEHUS] TapaMeTPOB, KO-
TOpbIe UCIOIB30BaJ caMm Péccirep: a = b = 0.2, ¢ = 5.7.

from scipy.integrate import odeint
import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]
rcParams[’font.size’] = 14.0

def func(y, t):
dy = np.zeros(3)
a=b=0.2
c = 5.
dyl[0] = -y[1]-y[2]
dy[1] = y[0]+axy[1]
dy[2] = b+y[2]*(y[0]-c)

~

return dy
yO = 0.001*np.ones(3) # HawampHbeE yCIOBUA
t0 = np.linspace(0, 500, 10001)

X = odeint(func, y0, tO)
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plt.
plt.
plt.
plt.
plt.
plt.
.ylabel(’y?’)

plt

plt.
plt.
plt.
plt.
plt.
plt.

subplot(3, 1, 1)

plot(t0, X[:,0], color = ’black’)

title(’BpeMenHas peamusanus Koiebauuii cucTeMs Péccmepa’)
ylabel(’x’)

subplot(3, 1, 2)

plot(t0, X[:,1], color = ’black’)

subplot(3, 1, 3)

plot(t0, X[:,2], color = ’black’)
xlabel(’t?)

ylabel(’z’)

tight_layout ()

show ()

BpemeHHas peanusauus konebaHuii cuctemel Péccnepa
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Puc. 12.4. Bpemennas peanmsarus xosiebanuit cucrembl Pécciepa.

12.1.5 Pewenne OOV c nomouwbio yHKLMY

scipy.integrate.solve_ivp

Ha nmamnblit MoMeHT dyHKIUsS odeint m3 Moxaynst scipy.integrate pekoMeHyeTcs

He JJIsi BCeX TWIIOB ypaBHEHWIl, TaK KakK pa3paboTaHa HOBasi, Oojiee obmas pyHKIUS —
scipy.integrate.solve_ivp (Ha camMOM JeJjie IOZ, 9TUM HA3BAHMEM CKDBIBACTCH O00EPTKA
cpa3y K HECKOJIbBKHM ajJrOPUTMaM PeIleHHsI, BBIOOP KOTOPBIX BO3MOXKEH C IIOMOIIBIO HEOOsI-
3aTeJIbHBIX apryMeHTOB). TTopobyem ¢ OMOITBIO TOH (DYHKIIUU PENIATH €IIé OIHY TPEX-
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MEpHYIO cucTeMy — Mozesib Hefipona Xungmapii—Poys (A.24):

;f:y—ax3+bm2—z+[a,
g—z:cfdﬁfy,
E:r(s(x—xR)—z),

mmea=1,b=3,¢c=1,d=5,r=10"3,s=4, 2p = —1.6, I, = 1.5.

from scipy.integrate import solve_ivp
import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]
rcParams[’font.size’] = 14.0

def func(t, y):
a=1; b=3; c=1;d=5
r = 1e-3; s = 4; xR = - 1.6; Ia = 1.5
dy = np.zeros(3)
dy[0] = y[1]-axy[0]**3+b*xy[0]**2-y[2]+Ia
dy[1] = c-dxy[0]*x2-y[1]
dy[2] = r*x(s*x(y[0]-xR)-y[2])
return dy

yO = 0.001#*np.ones(3)
X = solve_ivp(func, (0, 2000), yO , method = ’RK45’)

plt.plot(X.t, X.y[0, :], color = ’black’)

plt.grid()

plt.title(’BpeMeHHas peanusanus Koiebanuit \ncucTems Xuzmmapm-Poys’)
plt.xlabel(’t?)

plt.ylabel(’X?)

plt.show()

Wrak, B KadecTBe 06s3aTEIbHBIX IAPAMETPOB 3Ta (PYHKIUS IPUHIMAET TPU apaMeTpa:
GbyHKIHMIO, ONUCHIBAIONIYIO Hallle ypaBHeHue (06paTuTe BHUMAHNWE, 9TO B OTIMYIUE OT odeint
napaMeTpbl 9TON (DYHKIUU HJIYT B APYTOM HODPsKE), KOPTEXK M3 JABYX UHCET: HAYAILHBII
¥ KOHEYHBI MOMEHTHI BPEMEHH M HadajbHbIe ycsioBus. VI3 Heobs3aTeIbHBIX MapaMeTpoB
MBI B 9TOM IIPUMEPE MCIOJIb30BaJU HapaMerp method — meros pemeHusi (MUCIEHHAS CXe-
Mma). OH MOXKeT IPUHUMATDH Cjeyiomue 3HadeHus: *RK45° — saBublit MeTon Pynre—KyrTb
4-ro nopska (cTouT 10 ymosrdaHuio), *RK23? — sBHbIit MeTox Pynre—KyTTe! 3-ro nopsixa,
’DOP853’ — siBHBIA MeTox Pynre-KyTTol 8-r0 mopsijika (MCIOIb3yeTcs anmpoOKCUMUPY IO
HOJIMHOM 7-TO HOPSZIKA, MOXKHO HCIIOJIB30BAThH JJIsi YPABHEHMI B KOMILJIEKCHBIX HHCJIAX),
’Radau’ — HeaBHBIM MeToZ Pynre-KyTThl 5-ro mopsaka, mar 3a1aéTcd aBTOMATHYECKH U
TOYHOCTb KOHTPOJIIPYETCS C UCIOJIb30BAHUEM Pa3JIOKEeHUs B Pl BIJIOTH 10 TPEThEro 4je-
Ha BKJIIOYUTEJIBHO, KyOMYEeCKHi ITOJIMHOM HCIOJIB3YETCs JJIsi NHTEPIOJIAINN 3HAYEHUH MexK-
Iy IaraMu mpu HeoOXoauMocTH, ’BDF’ — HesBHBIN METOJ TIePEMEHHOTO TOPSIIKA (OT 1 mo
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BpemeHHas peanuaauus konebaHwi
cuctembl XuHgmapLu-Poy3
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Puc. 12.5. Bpemennas peasim3anus KojeOaHW IIepeMEHHON & CHCTeMbl XHHIMapII-
Poys.

5), JJIs amImpoOKCHMAIUA MTPOM3BOHON mpuMensiercsa (opmyna «obpataoro muddepenty-
POBaHUs», UCIIOJIL3YETCs MEPEMEHHBIN (KBA3UIIOCTOAHHBIH) IIAr, MOXKET IPUMEHSATHCS J1JIst
YDaBHEHMI ¢ KOMIUIEKCHBIMU BeamanHamu, *LSODA’ — meron Anamca (06061ieHne METOIOB
Pynre-KyTTor 5-6 mopsimkoB) ¢ aBTOMATHYECKUM OIpesesieaneM mrara. OyHKIms BO3Bpa-
maer 3anuch (06bEKT), OCHOBHBIMHU TIOJISIMH KOTOPOI'O SIBJISIOTCA MOMEHTBHI BpeMeHH (110Jie
.t) u camo pemienue (mojie .y), TaKyKe UMEETCsl GOJIBIIOE YHUCJIO JIONOTHUTELHBIX IIOJIEH,
HECYIUX CJIyKEOHYI0 MHGMOPMAIINIO U WHMOPMAIMIO O BO3MOXKHBIX mpobiiemax. Obparure
BHUMAaHHUE, YTO PEIleHHe YCTPOEHO He TaK, KaK B odeint: BpEMEHHBIE PsIbI IE€PEMEHHBIX
Oy/IyT PACIOJIOXKEHBI B HEM HE I10 CTOJIOIAM, a IO CTPOKAM.

12.1.6 Pewenune auddepeHumanbHbIX ypaBHeHU C 3anasgbliBaHeM

Huddepennmanbuble ypaBHenus ¢ 3anasabiBanueM (Y ¢ 3anasapiBanuem, DDE —
delay differential equation) — Bum mozesneit, Goee 06mMx, YeM OOBIKHOBEHHBIE auddepen-
[uajbHble YPABHEHUs, U B TO YK€ BPEMsl SIBJIAIOIIUECS MOAKIIACCOM (yIPOINEHHBIM CJIydaeM )
muddepeHaIbHbIX YPaBHEHUI B YaCTHBIX IIPOM3BOJHBLIX. Bekrop cocrosuus Y c 3a-
Ma3abIBAaHNEM OCCKOHEYHOMEPHBIN, KaK JJIsi CHCTEM B YACTHBIX ITPOU3BOIHBIX, TOTOMY UTO
Oy/lyIiee 3aBUCUAT HE TOJIBKO OT COCTOSIHUSI CUCTEMBI B OJIMH KOHKDETHBII MOMEHT BPEMEHHU,
HO OT €& COCTOSTHHsI Ha HEKOTOPOM BPEMEHHOM OTpE3Ke (& 3HAYEHMIl Ha OTpEe3Ke GECKOHETHO
MHOT'0), HO B TO K€ BPEMS CaM OIEPATOP IBOJIONHUN OMHUCBIBAECTCS B TEPMUHAX OOBIKHOBEH-
HbIX Ipou3BonHbIX. [lomynaprocts Y ¢ 3ama3apiBanueM cBa3aHa ¢ pAgoM (HaKTOPOB: OHU
MOSIBJISAIOTCS] €CTECTBEHHBIM 00pa30M B 3a/1a4a HEHPOIMHAMIKHY, TEJIEKOMMYHUKAIUU U CBA3U
W3-3a HAJTMYUS 3aIa3/IbIBAHNS B KAHAJE CBI3U WJIU CHHAIICE.

B obmem Buge 1Y c 3anasapiBaHreM MOXKHO 3AINCATH B CJIELYIOIIEM BUIE:

dx

i flz(t),z(t — 1)), (12.9)

rje z(t — 7) — pellleHre CUCTEMBI B IIPOILIOM.
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ITorrpobyem permmTh ypaBHEHNE TeHEPATOPA C 3aIlIa3/IbIBAHNEM C KBaIpATUIHON HEJTNHEH-

Hoctbio (A.29):
dx

EE =
rae € = 20, A = 1.05, 7o = 100.

Y c 3anmasmplBaHEEM MOXKHO pemaTb TOJIBKO Merojgamu Pynre-Kyrrer 1-ro miam 2-ro

—z(t) + X — m2(t —70),

TOPSAIKOB.

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]
rcParams[’font.size’] = 14.0

def Delay(x, xtau): #[eHepaTop C 3ama3fiBaHWEM C KBaAPATUYHON HEIWHEHHOCTHI
eps = 20
1=1.05
dx = (-x+l-xtau**2)/eps
return dx

dt = 0.01 #mar MHTerpHpPOBaHUA
realtau = 100

tau = round(realtau/dt)

realN = 3000

N = round(realN/dt)

t0 = np.linspace(0, realN, N, False) #psan BpeMeHH
X = [0.001]*(tau+l) #3amonHseM mepBhe taut+l HavaNbHHX 3HAYEHHH

for i in range(tau,N-1): #pemaeMm MeTozom Oiinepa
dx = Delay(X[i],X[i-taul)
X.append (X[i] + dx*dt)

plt.plot(t0, X, color = ’black?’)

plt.title(’BpeMeHHas peanusanus reHepaTopa C 3amasfHBaHWEM \n
C KBaApaTHYHOH HeIMHeHHOCTHN’)

plt.ylabel(’x’)

plt.xlabel(’t’)

plt.show()

12.1.7 PeweHune ctoxacTuyeckux auddepeHumnanbHbix ypaBHeHuUii

Ecnm Ha quHAMUKY MOJENN BJIUSET JI00ast CIydaiiHas BeauanHa (ILyM ), TaKyIOo MOJE/h
MIPUHSITO HA3bIBATH CTOXACTUYIECKOI BHE 3aBUCHMOCTU OT TOrO, KAKOB BKJIAJI IIIyMOBOM J10-
6aBku. Ha mpakTuke Takoe olpejejieHNe BbI3bIBAET OOJIBIINNE 3ATPYHEHNS NP U3JI02KEHUN
MHOT'HX BOIIPOCOB, IIOCKOJIBKY POJIb IIIyMa MOXKET OBITH OU€Hb pa3/IndHa U OyAeT 3aBUCETH OT
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BpemeHHas peanusauus reHepaTopa ¢ 3anasgbiBaHuem
C KBaApaTU4HOWM HENVHENHOCTLIO
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Puc. 12.6. Bpemernnast peajusaliiusi reHepaTopa € 3ala3/bIBAHUEM C KBaJIPaTUIHOI
HEJINHENHOCTHIO.

€ro MHTEHCUBHOCTHU, KOPPEJINPOBAHHOCTH, 3aKOHA PACIPe/IeJIeHNsI, CLIOCO0a BHECEHUSI U OYCHb
3HAYUTETBHO OT CBONCTB TON CHCTEMBI, HA KOTOPYIO IIyM BiusieT. [loe3H0 moHUMAaTh, ITO
B OOJIBIIIMHCTBE CJIy9Ya€B UMEIOTCs JBE YaCTH OIEPATOPA SBOIONUN: JUHAMUIECKAS U CTOXa~
CTUYECKasi, OTHOCUTE/IbHBIN BKJIAT KOTOPBIX MOXKET ObITh pas3jandeH. J[jisi MHOMUX aBTOKOJIe-
0aTeIbHBIX CHCTEM BHECEHME HeOOJIBINNX IITyMOB HE MPUBOJNUT K KAYECTBEHHOMY M3MEHEHHIO
MIOBE/IEHU, JINIIIHL HEMHOTO MCKayKas perenue. s psga cucrem, HaIpuMep, s TUHEHHOTO
OCIIUJIIISITOPA, BHECEHNUE TITyMa MIPUBOJINUT K U3MEHEHWIO TUIIA, TTOBEJIEHUSI: MTOSIBJISIIOTCST HOBBIE
KOJI€0ATETHbHBIE PEXKUMBI (K 9TOMY K€ KJIACCY COOBITHI CJIE/yeT OTHECTH SIBJICHUE CTOXACTH-
YECKOTO PE30HAHCA B HEJIMHEHHBIX OMCTAOUIIBHBIX CHCTEMAaX), HO MHOIHME XapaKTEPUCTUKHU
MOSIBUBIIIETOCsT TIOJT BJUSIHUEM IIIyMa PeXKNMa, HATIPUMED, JaCTOTa KOJIeOAaHUIA, OPeIeIsIoT-
Ccd HEe CBOMCTBaMU IIIyMa, & CBOMCTBAMU JUHAMHUYECKOHN YaCTH OIEPaTOPa IBOJIONUAN — IIyM
BBICTYIIA€T IJIABHBIM 00pPa30M HCTOYHUKOM dHepruu. Takum ob6pa3oM, f1arke MpU HAJTHMIHU
IIyMa, U3yJYeHNe CTOXaCTUYECKUX MOJEJIEH MEeTOJaMU TEOPUM JUHAMUYIECKUX CHUCTEM Ipe.l-
CcTaBJisieTCs onpaBaaHHbIM. VIMeHHO Takme Momesn OyayT pacCMOTPEHBI B JAHHOM pa3jielie B
orymane oT cucreM (CydafHbIX MPOLECCOB), JJIsi KOTOPBIX IIYM SIBJISIETCS OCHOBHBIM B
WX JUHAMUKE.

Jlist onmcaHust CIIydYaifHBIX MTPOIECCOB B HEMPEPBIBHOM BPEMEHM KCIIOJIb3YIOT CTOXACTH-
geckne muddepennmanbubie ypasaenus (CAY, SDE — stochastic differential equation).
®usuku 06br9HO npenounTaioT 3anucsiBarh CAY B hopme ypaBuenus Jlamkesena:

dx

oV = f(xv t) + g(x, t)f(t),

dt
roe f,g — riagkue gyHKIuu, & — mIyMoBoil mporecc. [IpuaéM 9acTo AJist IPOCTOTBI 3TO
ypaBHEHME MUINETCs IPpU § = const:

dxr
o = f@®) +E@). (12.10)

ITpu Taxoit 3amucu xopomio BugHo, 9To CJIY COCTOMT M3 ABYX dacTeil: JUHAMHYECKOMH
(f(z(t))) n croxactmaeckoit (£(t)).
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Yucnennoe pemenne CIY mpesacrasisier coboro ropa3no 6ojiee CIOXKHYIO 3a7a4dy, 4eM
ancsennoe pemenue OJLY, tak kak npu (ukcupoBanHOM HadagbHOM ycaosuu z(t) CAY
OIIPEJIEJISIIOT HE eIMHCTBEHHYIO OYIYILYyI0 TPAEKTOPHIO CHCTEMBbI, & IEeJblil aHcaMOib BO3-
MOYKHBIX TPAGKTODHii, JId W MHTETPaJ OT CJIydaliHOro mporecca (i) ABISeTCS CIIOKHBIM
nouarueMm. Haubosiee mpocroit noaxox mjisi yuciennoro pemiennsi CIY — ucnosb3oBanue
MeTo/a Ditiepa ¢ MaJIbIM IIaroM uHTerpupoBanus dt. PasnocrHas cxema st meTojia Ditre-
pa (12.5) B ciayuae perrerust CIIY GyJeT HECKOIBKO OTIMYATHCSL:

T(tny1) = T(tn) + F(@n, tn) At + £(tn) VAL (12.11)

BruMmaTebHbBIE 9uTATENN IOJKHBL ObLIN CPa3y yBUIETD IPUHIANAAILHOE OTmaue Hpop-
myssl (12.11) ot dpopmysst (12.5): yMHOXKEHHE CTOXACTHYECKOTO CJIAraeMoro He Ha IIar HHTe-
IPUPOBAHHUSI, & Ha KBaJPATHLIH KOpeHb u3 Hero v/ At. EC/II IpeInooKuTh, 9T0 BpeMeHHAs
peanu3anys, MOJy9YeHHast B PE3YJIbTATe PEIleHnsl yPaBHEHHs 6e3 IIyMa, €CTh HelPpEPBIBHAS
dyHKIus BpeMeHH (JOCTATOYHO OOIIEe IPENIOJIOKEHUE, BBIIOJIHSIIONIEECS JIa’Ke €CJH Ca-
MU BXOJIIMe B ypaBHeHUsl (DYHKIMU UMEIOT Pa3phIBbI IIEPBOIO POJIA), TO IIPU CTPEMJIEHUN
At — 0 B pa3sHOCTHOM cxeMe OyueT BBIIOMHATECS T(tn41) — 2(tn) = Az — 0. OxHako BKaj
IIyMa He 3aBUCUT OT Iara WHTErpupoBanust u Oyuer dukcupoBarubiM npu At — 0, To ecThb
ne Gyzer crpemurbes K 0. TakuM 06pa3oM, IpU JOCTATOYHO MAJIBIX IMATaX WHTETPUPOBAHUS
BCSL IMHAMUKA OyZIeT ONPEIesaThCs NCKIIOUUTENIBHO MIyMoM, 9To abcypauo. CrenoBaresb-
HO, HEOOXOAMMO TIEPEHOPMHUPOBATD IIyM, IPUBA3aB €r0 JUCIEPCHIO K MIary HHTerpUPOBaHUs,
B COOTBETCTBUU C TIOJIO?KEHUSIMHA CTATUCTHYIECKON paJno]duU3nKe, UCTIOIb3Ys €0 CBONCTBA 1
COOTBETCTBYIOIIHAE TIPABUJIa WHTETPUPOBAHUS.

Yuc/ieHHO pelmM ypaBHEHHE JTMHEHHOrO OCIUJIIATOPA C 3aTyXaHUueM MOJl BO3/IeHCTBIEM
myma (B.1):

d’*z dx 9
—— +2v— +wor =§(t
dt2 Y dt 0 g( )a
rge cobCTBeHHAsl dacTora Kosebanuit wo = 1, koaddunument saryxanus (AuCcHIAIAN)

~v = 0.1, HopmasbHbli myMm £(t) ¢ mapamerpamu p = 0 (Hysiesoe cpensee), o = 1 (cpea-
HEKBaIPATUIHOE OTKJIOHEHUE).

YucaeHHbIe METOBI TO3BOJIAIOT pernaTh Toabko 1Y u cucremsr /1Y mepBoro mopsiaka,
pPa3peniéHHble OTHOCUTEJBHO IPOU3BOAHBIX. DTO O3HAYAET, YTO UMEIOILYIOCS JTUHAMUIECKY O
CUCTeMy Hy>KHO METOOM TPeoOpa3OBaHWil W 3aMEH CBECTH K TaKOMYy BHJLy, KOTJa CJIeBa
CTOSIT TOJIHKO TIEPBBIE MTPOU3BOHBIE, & CIPaBa — MPOU3BOJIbHBIE (DYHKIMA OT (Ha30BBIX ITe-
PEMeHHBIX, HO 6e3 IPOM3BOJHBIX. ByneM permarh auddepeHnnaibHoe ypaBHEHHE BTOPOrO

o
MOPSIIKA METOIOM 3aMEHBI: /I 9TOro ODO3HAYNM & = T 1 [ = @1, Toria ypasmennue
JIMHEHHOTO OCIMJIISTOPA MOYKHO IEePEIHCATh CJICTYIONIM 00pa30oM:

da?()

o z1(),

dx1 2

B0 oy (0) — wao(t) + €0).

U3 METOJIOB, PACCMOTPEHHBIX PaHee, PEIIaTh 3Ty CHCTEMY, MOYKHO TOJIBKO METOJIOM Dii-
Jsiepa. BosmorkHo n ucnosnb3oBanne MeTo0B Pynre—Ky 1ol Gostee BBICOKOro OpPsiIKa, HO TaM
dopMyIIbI OyAyT CYIIECTBEHHO OTIHIAThCs OT ciay4das OY.

import numpy as np
import matplotlib.pyplot as plt
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from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]
rcParams[’font.size’] = 14.0

def LinNoise(x): #JluHe#HEII OCIMINATOP IIOZ BO3ZelicTBHEM myMa

w=1

g=0.1

dx = np.zeros(2)
dx[0]= x[1]

dx[1]=-2xg*xx [1] -w**2*x[0]
return dx

dt = 0.01 #mar WHTerpUpOBaHUS
realN = 300
N = round(realN/dt)

t0 = np.linspace(0, realN, N, False) #psn BpeMeHH

X = 0.01*np.ones((N,2)) #maccuB ZAng 3amucu BCEX 3HAYCHUH
for i in range(N-1):
Ksi = np.zeros(2)

Ksi[1] = np.random.normal(0,1) #cToxacTudeckas mo6aBka
dx = LinNoise(X[il)
X[i+1] = X[i] + dx*dt + Ksi*np.sqrt(dt)

plt.plot(t0, X[:,0], color = ’black’)

plt.title(’BpeMenHass peanusanus JUHEHHOTO OCHUIIATOPa \NIOZ BOo3ZelcTBHeM myMa’)
plt.ylabel(’x’)

plt.xlabel(’t?)

plt.show()

Ob6parure BHUMAHUE, 9YTO 6€3 IIyMa — MOXKHO B [IPOrPAMME HOCTABUTD IMapaMeTpPbl HOP-
masbHoro myma (0,0), uro GyaeT aHAJOIMYIHO OTCYTCTBHUIO IIIyMa, — KOJIeOAHMA TaAKOrO OC-
uIsiTopa OyayT 3aryxaTh, cM. puc. 12.7(a). To ects 3TOT TOT camblil cirydaii, OnUCAHHBIN
BBIIIIe, KOT/Ia BHECEHUE ITyMa IIPUBOAUT K KAYECTBEHHOMY M3MEHEHUIO MTOBEJIEHUSI CHCTEMBI.
Bularonapsi BHECEHHIO LIYMa, MOYKHO HaO/IIOaTh KoIebaTeabHblil pexkuM, cM. puc. 12.7(b).

12.2 ®a3o0BbIii NopTpeT

Bpemennbie psaapl — HE €IUHCTBEHHBIH IpadudecKkuil criocod MpeiCTaBIeHUs PEIeHUs
V. PaccmorpuMm moctpoenne hpa3oBOro HopTpeTa IMHAMHYIECKON CUCTEMBI Ha IIPUMeEpPE OC-
usitopa Bal gep Iloas (A.8):

A’z

Wf(rfxz)d—erng = 0,

dt

rjie wo — lapaMerp, OTBEYAIOMMI 38 JacTOTy MapMOHMYECKUX KoJsiebaHuil (CTporo rosops,
JacToTa OyIeT paBHA Wy TOJBKO TPU GECKOHEYHO MAJION aMILIUTYE, a IOTOM Oy/IeT 3aBUCETh
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BpemeHHas peannaaLua NMHeRHOrO ocLMnNATopa BpemeHHas peanuaauns NMHERHOTO ocLMNNATOpa
0015 6e3 Bo3gencTBYs LWyMa noz, BO3neWCTBUEM LLyMa
0.010 AN
2]
0.005
X 0
0.000 W
oy
-0.005
_4 4
-0.010
0 50 100 150 200 250 300 0 5 100 150 200 250 300
t t
(a) (b)

Puc. 12.7. BpemenHble peanusanuu JUHERHOro ocnuistopa: (a) — 6e3 myma, (b) —
€ HOPMAJIbHBIM MIyMOM.

TakXke W OT r), T — mapamerp HeqmHehHoctn (r < 0 — mer kosmebammit, 7 > 0 — ecTb
KoJIe6aHus).

®da30BoOe IPOCTPAHCTBO — IIPOCTPAHCTBO, HA KOTOPOM IIPEICTABIEHO MHOYKECTBO BCEX
COCTOSIHMII CUCTEMBI TaK, YTO KaXKJOMY BO3MOXKHOMY COCTOSIHMIO CHUCTEMBI COOTBETCTBYET
Touka azoBoro npocrpancrsa. PasmepHocTs (ha3zoBoro mpocTpaHCTBa 3aBUCUT OT pa3Mep-
HOCTH HccemyeMoil cucrtembl. OcrmisaiTop BaH gep [losist mmeeT pa3MepHOCTD 2, MOTOMY
I TIOCTPOEHUs (PA30BOr0 IMOPTPETA ITOM CUCTEMBI HAM JIOCTATOYHO JBYMEPHOMN IIJIOCKOCTH.
Ecuu 651 Gb110 pereHo nocTpouts $hasoBblil HopTper, HanpuMep, cucrembl Pécciepa (A.17)
nm cucrembl Jloperna (A.18), To HEOGX0MUMO GBLIO GBI MCIOIB30BATH TPEXMEPHOE MPO-
crpancTBo. Juist nunamudeckux cucrem, omucbiBaeMbix OJLY, nx pa3sMepHOCTb paBHA TUCILY
ypaBHEHWI TIEPBOTO MOPsIIKA, Ha KOTOPhIe MOXKET ObITh pa3jioxkeHa cucrema. st cucrem,
OIMCBHIBAEMBIX OTOOPaYKEHUSIMU TTOCJIEIOBAHNUsI, — YHUCJIy CKAJISIPHBIX IEPEeMEHHBIX. Pa3zmep-
HOCTB CUCTEM, OIIUCHIBAEMBIX YPABHEHUSIMHE C 3aI1a3/IbIBAaHIEM, B OOIIEM Cilydae GeCKOHETHAsI,
XOTsl M JIOIIyCKAaeT YacTO XOpolllee KOHeYHOMepHoe npubiimkenue. Ecin paccmarpuBaior He
BCE IMHAMUYIECKHE IIEPEMEHHBIE (3HAUEHNE OCTAILHBIX (DUKCUPYIOT), TOBOPAT O «CEIECHUN»
dazoBoro npocrpaHcTBa.

IIpumensist meTon 3amenbl, ypaBHerue BaH jep [losst MOXKHO mepemmcars CjieIy oM
o6pa3oM:

dmo .

a v

dzq 2

o (r —x5)T1 — woTo-

Pematb sty cucremy nuddepeHnnalpHbIX ypaBHEHUI IEPBOTO MOPsIKa OyIeM C IOMOIIBIO
BCTPOEHHO! B MOAY/Ib scipy dyHkumn odeint.

from scipy.integrate import odeint
import numpy as np

import matplotlib.pyplot as plt
from matplotlib import rcParams
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rcParams[’font.sans-serif’]=[’Arial’]
rcParams[’font.size’] = 14.0

def func(x, t): # lomp3oBaTenbckas QYHKIUA - ONEPATOp 3SBOJWIUK

r=1

w=1

dx = np.zeros(2)

dx[0] = x[1]

dx[1] = (r-x[0]**2)*x[1] - (w¥*2)*x[0]

return dx

# HavanbpHEE yCIOBHA:

yO = 0.001*np.ones(2)

# MoMeHTH BpeMeHH, B KOTOpie TpebyeTcsa HOIYyIUTH pelleHHe :
t0 = np.linspace(0, 100, 1001)

X = odeint(func, y0, tO)

# [locTpoerne rpaduKOB:

plt.figure(1)

plt.plot(t0, X[:,0], color = ’black’)

plt.grid()

plt.title(’BpeMeHHan peanmsanus Koiebanuil \nocunumagTopa BaH Zep lloma’)
plt.xlabel(’t?)

plt.ylabel(’X?)

plt.show(1)

plt.figure(2)

plt.plot(X[:,0], X[:,1], color = ’black’)

plt.grid()

plt.title(’dazo0BHil mOpTpeT ocCUWINIATOpa BaH nep Ilomsa’)
plt.xlabel(’X’)

plt.ylabel(’Y?)

plt.show(2)

Iloctpoum BpemeHHyO peanu3anuio Kojaebauuit ocnmuisTopa BaH gep lloms, cwm.
puc. 12.8(a). BunHo, uro Ha orpeske Bpemenu t € [0,100] cucrema HaXOQUTCA B PasHBIX
COCTOSTHUSIX: BHaYaJIe HAOJIOAeTCs POCT aMILITUTYAbI KOJeOaHuil, a 3aTeM BBIXOJ Ha TOCTO-
STHHOE 3HAYEHHUE YACTOTBI U aMIInTy (bl Cocrosauio x(t) B HEKOTOPBI MOMEHT BPEMEHU ¢ B
$a30BOM IPOCTPAHCTBE OYIET COOTBETCTBOBATH M300parkaronias TOYKa, XapaKTePU3yoIasi
MTHOBEHHOE COCTOsIHAE CHCTEMBI. B mporiecce sBoTionuy n300parkaroliast TOYKa C TEICHH-
€M BPEMEHU CMEIIAeTCs BJIOJIb HEKOTOPO jmaun — a3oBoil TpaekTopun. COBOKYIIHOCTH
XapaKTePHBIX (Pa30BBIX TPAEKTOPUI HA3BIBAIOT (PA30OBBIM IIOPTPETOM CHCTEMBI.

O6parure BHUMaHMe, 9TO HA pUC. 12.8(b) MOXKHO BBLIEINTH HAYAJIBHBIH yIacTOK TPACK-
Topuu, craprytomuii u3 Touku (0,0) — mepexogHo nponecc, u 6oJ1ee MO3HAN yCTAHOBUB-
MINHCS TAI, XaPAKTEPUIYIOITUICS OOJIBITIOI0 CTENEHBIO TOBTOPSEMOCTH, — YCTAHOBUBIINANCS
PEXKUM JIBUXKEHUsI. YCTAaHOBHUBIINECS IBUKEHUS B Pa30BOM IIPOCTPAHCTBE HA3BIBAIOTCS aT-
TpakTopamu (06pa3oBaHO IO BCEM MPABUJIAM OT JIaT. ryaroja attraho — mpursrmsaio,
COOTBETCTBEHHO, attractor — /0OCJI0BHO IIpUTAraTesib, XOTd B CaMOIl JIATbIHU TAaKOT'O CJI0Ba
He 6b110). Ha puc. 12.8(b) arTpakTopoM sIBiIsleTcs IUKJI — 3aMKHYyTasl KPUBasl, IOBTOPSIIO-
Iasicsd ¢ HEKOTOPBIM XapaKTEePHBIM repuonoM. Kpome nukmia, CymecTByIOT U Jpyrue BUJIBI
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BpemeHHasa peanusauma konebaHui
ocuunnstopa BaH aep Mons hagoBbIli NopTpeT ocuunnstopa saH gep lMNons

x 00 > 04

-05
14
-1.0

-15 -2

-2.0

(2) (b)

Puc. 12.8. Bpemennas peanmsanus kosebanuit (a) u dazossiit moprper (b) ocrmuis-
Topa BaH jep llons.

aTTpakTopoB. CaMbIM MPOCTHIM ATTPAKTOPOM SIBJISIETCSI TOUKA — COCTOSTHWE DPABHOBECHSI.
Emé Bozmorken TOp — OECKOHEYHO TOHKAsi HUTKA, HAMATBIBAIOIIAsICS Ha OyOJIMK 110 KPYTy
¥ HUKOIJa HE TONAJAIIasl B CBON KOHeI (He 3aMBIKAIOIIASCS) 3a CUET UPPAIMOHAJIBHO-
O COOTHOIIEHUS MeXay auamerpamu Topa. O6pa3oM XaoTwIecKuX KojebaHuit B (HhazoBOM
IIPOCTPAHCTBE SIBJISIETCS CTPAHHBINA XaOTUYECKUH aTTPAKTOP — dpaKTaibHasl JUHUS Oec-
KOHEYHOMW JIJTUHBI.

Jly1s1 cucTeM ¢ HENPEPBIBHBIM BpeMeHeM (IIOTOKOB) JIEHCTBYET CJIEAYIONIee IPABIIIO: IIPH
pasmepHOCTH (ha30BOro mpocrpancTsa DD = 1 MOXKeT CyIecTBOBaTh TOJBKO aTTPAKTOP TOY-
Ka; mpu D = 2 — To4YKM ¥ TWKJbL npu D > 3 — TOYKHU, IUKJBI, TOPBI U CTPAHHBIE aT-
TpakTopbl. Kak Mbl moMHUM, ocruisTop Bal Jep [loas onuceiBaercs OV, T.e. aBisercs
CHCTEMO}i C HEeNPEPBIBHBIM BPEMEHeM, 1 00J1afaeT pa3MepHOCTHIO (ha30BOr0 IIPOCTPAHCTBA
D = 2. 3uaunr, B ero $a30BOM MPOCTPAHCTBE BO3MOXKEH HE TOJBKO ITUKJI, HO U TOYKA,
KOTODPYIO MOKHO nosryuuTh upu r < 0. [loHnmanue TOro, 4To BapHaHTHI YCTAHOBHUBIIUXCS
JBUXKEHUU ¥ COOTBETCTBYIOIIUE UM aTTPAKTOPHI OTPAHUYEHBI PA3MEPHOCTBIO TUHAMUIECKON
CHCTEeMBI, HA MMPAKTUKE IIOMOTAET OMPEIETUTHCA C BHIOOPOM Pa3MEPHOCTH MAaTEMATHIECKON
mozenu. Hampumep, HaIu4une IBHO XaOTHYECKOI'O IIOBEIEHISI TOBOPUT O TOM, UTO JIJIST MOJIE-
JINPOBaHUsT TAKOTO 00beKTa ¢ moMmoInsio cucreMbl O/1Y mepBoro mopsiaka moHaI0OUTCS He
MeHee TPEX ypaBHEHUI.

Jlyis cucTeM ¢ IMCKPETHBIM BpeMeHeM (KAaCKaoB) CKJIAIBIBACTCS WHAs CHTyarus. Jls
HUX JIayKe y CHUCTEMBbI IIePBOr0 MOPsIKa BO3MOXKHO XaOTHYECKOE IOBEJEHHUE, & y CHUCTEMBbI
BTOPOI'0 — KBa3UIIEPHOIMYECKOe. XOTsI KACKaJHble CUCTEMbI MOI'YT OBITH PACCMOTPEHBI KaK
CaMOCTOSITEJIbHBIE MOJEJIN, HA MPAKTUKE OHU YaCTO MOJIyYAIOTCS U3 MOTOKOBBIX — THUIHY-
HBIX 11 (PU3UKH, XUMUU U OMOJI0TAN Mojeseit — myTéM ynpoienus: cedeHust Ilyankape.
B pesysibrare ceueHUsl aTTPAKTOPa IOTOKOBOM CHCTEMBI THIIEPILIOCKOCTHIO (B CJlydae TPEX-
MEpPHOU MOTOKOBOM CHCTEMBI 9TO OOBIYHASI IJIOCKOCTD, & JIJIsl ABYMEPHON CUCTEMBI — IIPOCTO
JuHAsL) 00PAa30M aTTPAKTOPA B BUJE TOYKM WJIU IIPOCTOTO IUKJIA CTAHOBUTCI TOYKA, 6osee
CJIO’KHBIX ITEPUOJUYECKUX aTTPAKTOPOB — HECKOJIBKO TOYEK, TOpa — 3aMKHyTas KpuBasi, a
XaOTHIECKOI0 aTTPaKTOpa — (PpaKTall.
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MuoxkecTBO TOUEK B (DA30BOM MIPOCTPAHCTBE, U3 KOTOPBIX CHCTEMA MTONAIAET Ha ATTPAK-
TOp, HA3BIBAETCs BACCETHOM MPUTSIXKEHUS JAaHHOTO aTTpakTopa. lIpn HaIHInNn HECKOTb-
KUX aTTPAKTOPOB I'OBOPST O MYJIbTUCTAGUIBHOCTHA. ATTPAKTOPBI MOI'YT CyIIeCTBOBATH B
MIPOCTPAHCTBE COCTOSTHUIN TOJBKO JUCCUIIATUBHBIX JUHAMUYIECKUX CHUCTeM. B dusuke Tak
HA3BIBAIOTCS CUCTEMBI ¢ TPEHUEM (MU APYTUMH HOTEPSIMHU, HATIPUMED, U3-3a BA3KOCTHU KU1
KOCTHU MJIM HATPEBa PE3UCTOPA), B HEJMHEHHON NUHAMUKE 9TO 60jiee MIMPOKOEe MOHSATHE, TaK
Ha3BbIBAIOT CUCTEMBI, 001 aoIIre CBOMCTBOM CxKaTust pa30Boro obnéma. B KoHcepBaTuB-
HBIX cucreMax (B usnke — cucreMbl 6e3 TPEeHUs, B KOTOPBIX BBIIOJHSIETCI 3aKOH COXPa-
HEHUs] SHEPIUM) HAJaJbHBIA (Da3oBblil 06BEM COXPAHSETCs, JIUIIb U3MEHss CBOIO (OpMy,
CJIEJIOBATE/IBHO, ATTPAKTOPBI B TAKUX CACTEMAX OTCYTCTBYIOT.

YT00bI 3aKPENUTh U YIJIYOUTH Oy Y€HHbIE 3HAHNUS, TOCTPOUM TaK2Ke (DA30BLIN TOPTPET
TpéxmepHoii cucreMsl Pécciepa (A.17) ¢ moMoIpbio OMUCAHHOrO BhIIIe MeTona Ditiepa. [Ipu
3HadeHusIX mapaMerpos a = b = 0.2, 2.6 < ¢ < 4.2 cucrema 06/1a]a€T YyCTOWIMBBIM TPEIETTh-
HbIM 1KJIOM. Cpa3y 2Ke 3a TOYKOi ¢ > 4.2 BO3HUKAET SBJICHHE XaO0TUYECKOIO aTTPaKTOpa.

import numpy as np

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Liberation’, ’Arial’]
rcParams[’font.size’] = 14.0

def Rossler(x, y, 2z):

a=>b=0.2
c=5.7
dx = -y-z
dy = x+axy

dz = b+z*x(x-c)
return dx, dy, dz

dt = 0.01 #llar METerpHpPOBaHUA
N = 10000

x0 = np.zeros(N+1)
yO = np.zeros(N+1)
z0 = np.zeros(N+1)

x0[0] = 0.01; yO[0] = 0.02; z0[0] = 0.03 #HawanbHEHeE yCIOBHUA

for i in range(N): #MeTon diimepa
dx, dy, dz = Rossler(xO[i], yO[i]l, z0[il)
x0[i+1] = x0[i] + (dx * dt)
yo[i+1] = yo[il + (dy * dt)
z0[i+1] z0[i] + (dz * dt)

fig = plt.figure()
ax = Axes3D(fig)
ax.plot(x0, yO, z0, color=’black’)
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ax.set_title(’®a3soBhil mopTpeT cucTeMs P&cciepa’)
ax.set_xlabel(’X?)

ax.set_ylabel(’Y?)

ax.set_zlabel(’Z?)

plt.show()

da3oBklil nopTpeT cuctembl Péccrniepa

Puc. 12.9. ®azossrit noprper cucreMsl Pécciepa.

12.3 Pe3oHaHCcHble kKpuBble

. PV d*z 2

IIpu rapMoHUYECKOM BO3/IEHCTBAM HA JIMHEHHDINH OCITUJLIISITOD el +woz = F cos(Qt+¢o)
HabJIIOIAeTCs sIBJICHNE JIMHEMHOI0 Pe30HAaHCA: KOTJa JacToTa BO3elcTBust {2 mpubInKa-
ercs K COOCTBEHHOM 4acTOTe OCHUIISITOPA Wo, aMILUIUTY 1A BBIHYKI€HHBIX KoJjiebanuii A pac-
Tér. B ocrppiiisiTtope 6e3 puccunanuy (HAUMCAH BBINIE) OHA CTPEMHUTCH K GECKOHETHOCTH, B
ocruLATope ¢ norepamu (A.2) aMIIUTy 18 BBIHY 2KICHHBIX KOJIEGAHUHN JTOCTUTAET HEKOTOPO-
r0 MAKCUMAJIBHOI'O 3HAYEHUsI, & 3aT€M YMEHBIITAeTCH.

3aBUCUMOCTDb AMILUIUTY/Ibl BBIHYXKJIEHHBIX KOJIEOAHUN OT PACCTPOMKH MEXKIY YaCTOTOM
BHEIITHETO BO3JIEUCTBUSA U COOCTBEHHOH YaCTOTON OCHMILISATOPA XapaKTEPU3YIOT PEe30HAHC-
Hble KpuBble. /[Jis TUHEHHOr0 OCIUIISTOPA MO/, BHEITHNM TapMOHMYIECKUM BO3/IECTBIEM
(A.2) cooTHOIIEHHE MEXKIYy AMIUIATYJOI0 BHENIHUX KOJIEOAHUI M YaCTOTOK BHEITHETO BO3-
neiicrBust onpezessercs dpopmyson (12.12).

A(Q) = r (12.12)

\/(wg —02)? 4 44202
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IMTocrponm rpaduk (puc. 12.10) ¢ pe30HAHCHBIME KPUBBIMHE JJIsI AUCCUIIATUBHOIO JINHET-
HOT'O OCIUJITIATOPA IO/, TADMOHUYECKUM BO3/1eiicTBIEM. 3a(pUKCHPyeM COOCTBEHHYIO 9acTOTY
KOJIeOaHU# JIMHEWHOIO OCHUJIISITOPAa wo = 1 M aMIUIATY/Ly BHeIHero BosjeicrBust F = 1.
Yacrory BHeIIHero BodzeficTeust OyjeM MeHsiTh B auanasose ) € [0,2] ¢ marom 0.01. I'pa-
bukn mocTpouM M1 3HaUYeH KodddurmenTta 3atyxanusd v = 0,0.1,0.2,0.3.

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]
rcParams[’font.size’] = 14.0

w0 = 1 # CobcTBeHHasd wacToTa KoJebaHUil OCHMIIATOpa
F = 1 # AMnnuTyna BHeWHero BO3ZeicTBHUA

def OnePlot(gamma):
""" QyHKIUSA I8 IOCTPOEHUS PE30HAHCHOM KpHMBOH# IIpH
OIHOM M3 3HaYeHMH gamma """
# CioBapb 3aBHCHMOCTH IIOJIOXEHHS KOHIIA yKa3aTENIbHOH CTPENKH
OT 3HAYeHMS gamma:
xy = {0: (1.075, 6), 0.1: (1.055,4), 0.2: (1.015,2.4), 0.3: (0.95,1.8)}
# CioBapr 3aBHCHMOCTH IIOJIOXKEHHS TEKCTa Ha rpadumke OT 3HAUEHHS gamma:
xyt = {0: (1.6, 7), 0.1: (1.6, 5.5), 0.2: (1.6, 4), 0.3: (1.6, 2.5)}
# Bo3MOXHIE 3HAYEHHUS YaCTOTH BHEIHETO BO3LEHCTBULA:
Omega = np.arange(0,2,0.01)
A=1]
for o in Omega:
a = F/np.sqrt ((wO**2-0%*2) **2 + 4*xgammax*2*ox*2)
A . append(a)
plt.plot(Omega, A, color = ’grey’)
plt.annotate(r’$\gamma = $’ +str(gamma), xy[gammal, xytext=xyt[gamma],
arrowprops=dict(facecolor=’black’, arrowstyle = ’->’))

gamma = np.arange(0,0.4,0.1)
for g in gamma:
OnePlot (round(g,2))

plt.title(’Pe3oHaHCHEe KpHBHe NHHEHHOrO ocuuianaTopa’, fontsize = 12.0)
plt.text(0.25, 8, r’$\omega_0 = 1$’+’\n’+ r’$F = 1$’)

plt.ylim(0,10)

plt.xlabel (r’$\Omega$’)

plt.ylabel(’A?)

plt.show()

B mgamHOM mpumepe MCIOJIB30BaHbBI JIBE HOBBIE JIJIsI HaC(byHKuHH:text " annotate us
Monynda matplotlib.pyplot, KOTOpPBIE IO3BOJIAIOT CO3/1aBaTh TEKCTOBbBIE JIEMEHTBI Ha I'Da-
dukax. C moMmorpio text Ha rpaduKe yKasaHbl 3HadeHus wo u F. C momornpio annotate
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Pe3oHaHCHbIe KpyBLIE NTMHeRHoro ocuunnaTopa

10

0.0 0.5 1.0 1.5 20

Puc. 12.10. Pe3onancubie KpuBble JIMTHEITHOTO OCITAJLISATOPA.

OBLIN CIIeJTAHBI HAIUCH 7Y = ... U HAPUCOBAHBI CTPEJIOYKH K COOTBETCTBYOIIUM PE3OHAHCHBIM
KPUBBIM.

Oyuknusa text (x, y, text) oTBevdaeT 3a yCTAHOBKY TEKCTOBBIX OJIOKOB Ha IIOJI€ I'pDa-
duka. Y 3T0#1 DYHKINN TPU OCHOBHBIX IapaMeTpa, C IIOMOIIBI0 KOTOPBIX MOXKHO 3aJaTh
PACIIOJIOZKEHNE U COJlePXKAHMe: X — 3HAUYeHHe JIEBOIO HUXKHEro Kpasl HaJJIUCHU 110 ocu & (Tui
float), y — 3HadueHHe JIEBOrO HUXKHErO Kpasi Hajmucy 1o ocu y (tun float), text — Tekcer
Hagnucy (tun str). JJonosHATeIbHbIE HACTPOMKN mMPUdTa OCYNIECTBIIAIOTCA TMEHOBAHHbI-
MHJ NapaMeTpaMHi, HallpuMep, MOXKHO JonucaTh fontsize=14.

Oyuknus annotate() I103BOJISIET YCTAHOBUTH TEKCTOBBI OJIOK € 3a/JaHHBIM CO-
JIepXKAHUEM U CTPEJIKON JIIsf KOHKDETHOro Mecta Ha rpadwuke. AHHOTAIMST — 3TO
MOIIHBI HHCTPYMEHT, I[OApOoOHee O HEM IIpH HEOOXOJMMOCTH MOXKHO IIOYHUTATh B
odHUNUAIBHOM DPYKOBOJCTBE Ha cafiTe https://matplotlib.org. B mamem mnpumepe
annotate (’text’, (x, y), xytext, arrowprops) OBLIM HCIIOJIb30BaHBI JBa OOsS3aTEIIb-
HBIX [IapaMeTpa ¥ JBa MMEHOBAHHDLIX lIapaMerpa: text — TekcT Hajanucu (tun str), (x, y)
— KOOpPJMHATBI MeCTa, Ha KOTOpoe OyJleT yKa3blBaTh CTpesika (KOPTeX), xytext — HUKHUH
JIEBBIA Kpail HAJIIUCH U HAYAJIO CTPEIKN (KOPTEXK) U arrowprops — IapaMeTpbl OTOOparKke-
HUs CTPEJKH (y HAC TOJBKO IIBET M CTUJIb, Ha CAMOM Jiejle, HACTPOEK y ITOrO IapaMerpa
ropaso 6oJbIe).

A Temephb BHOBB OKYHEMCsT B Teopuio Kojebanuit. Hanbostee BayKHBIM sIBJISIETCST TIOBE/IE-
uue xkpusoit (12.12) npu 3HAYEHUAX IACTOTHI BHEIIHErO BO3IEHCTBHsA, GJU3KUX K YACTOTE
cobeTBeHHBIX Koslebanuil. B TakoM ciiydae BBOJAT YaCTOTHYIO paccTpoiiky § = (£ — wo),
Yepe3 KOTOPYIO BbIpayKeHHe Jlsl pe30HAHCHOM KpuBoi (12.12) nepenucsiBaeTcst cJie Ly oM
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06pa3oM (MpUGIU3UTENTHHOE PABEHCTBO CIIPABEIIMBO pH § << wp):

AQ) = r , AGAE 1R % (12.13)
V62 (20 — 6)° + 492 (w0 — 6)2 0

B menmHeitHOM OCIHILIATOpPE IPY TapMOHUYECKOM BO3JEHCTBHH HAOJIIONACTCH SIBJICHUE
HeJINHEITHOTro pe30oHaHca. To4yHoe pelleHne il HeJTHHEHHOrO OCIUJIISITOPA IMOJIYIHUTh
HEJIb3s1, HO MOYKHO IIOJIyIUTH NPUOIMKEHHOE. [[JIs1 9TOro CymecTByOT HECKOJIBKO METOJIOB.
Jns muccunarusroro ocumusatopa dyddunra (A.4), Kak mpaBuIo, MCHONIb3YETCS METOT
MEJIJIEHHO MEHSIIOIINXCs KOMILUIEKCHBIX aMIIATY L (cM., HanpuMep, KHury «A. I1. Kysuenos
C.II. Kysuenos, H.M. Poickun. Henmneitabie Kostebauusi: Y41eb. mocobue jjist By308. — M.:
Usn-Bo dbusmko-maremarnaeckoii smreparypsr, 2002. — 292 c.», nanee Kysnenos u mp.).
Takum 06pa3oM MOXKHO, B TOM UHCJIE, IMOJIYYUTb NPUOIMKEHHOE BBIPDAXKEHUE JJIsi CBSI3U
aMILITY (bl Koslebanuii u paccrpoiiku (12.14).

3842\* F
— ~— 12.14
Swo ) 2w0 ’ ( )

A2+ (6
rze BesmuauHbl A, 6 u F', wo, 7y 3HAYAT TO Ke, 9TO U JJIsi JIMHEHHOTO OCIUJIISITOPA, & BEJIMYNHA
B ectb ko3 dunment Hesmuelinoctn — cM. (A.4). Boipaxkenue (12.14) B omyimuann or (12.13)
MOZKET JIaBaTh OT OJHOTO JI0 TPEX peleHuii 1yt A npu ogHOM 1 ToM ke §. HeTpynHo BujeTs,
YTO BbIpAyKeHUe JJIsl HeJimHeRHoro pesoHaHca (12.14) nepexoxut B (12.13) npu 8 = 0.

Jasee BBOASATCS Citeyionme obosnauerns: P = (36F2)/(327%wy) — Gespasmepusiit na-
pameTp, XapaKTepU3YIOIUil MHTEHCUBHOCTb BHENIHEro Bo3jeicrBus; X = (BBAZ) /(8vywo)
— 6e3pa3MepHBIi TapaMeTp, XapaKTePU3y NNl MHTEHCUBHOCTh BBIHYKJIEHHBIX KOJIeOaHMiA,
A = §/~ — GespaszmepHas paccTpoiika 9acToTsl. Torma coornomenue (12.14) npumer Bu:

P
X = x—apsT (12.15)

Iocrpouts kpusyio X (A) o dopmyste (12.15) okaspiBaercs He Tak-TO IpocTo. Jlo sroro
MBI BCErJIa CTPOUJIH I'PaMUKK OJHO3HAYHBIX (DYHKIMIA, ¥ KOTOPBIX OJIHOMY 3HAYEHUIO apry-
MeHTa (B HameM ciaydae A) COOTBETCTBYET OAHO 3HadeHHe QyHKiuM (B HameM ciydae X ).
Dopmyna (12.15) na camMoM mese MOXKeT OBITH IPEJCTaBIEHA KaK KybUuecKoe ypaBHEHUE
(12.15) ornocuresnsHO X, rme A — npocro koaddunuent. TakuM 06pasoM, OJHOMY U TOMY
ke A MoxkeT cooTBercTBOBaTh OT 1 70 3 pasubix X. Takas GyHKIUS HA3BIBAETCA HEOHO-
3HAYHOI (MHOTMO3HAYHOI).

X((X —AP+1)—P=0. (12.16)

Cy1ecTByOT JiBa Iy TU TIOCTPOEHUsI HEOGXOIUMON KpuBOii. JInbo HY»KHO PeluTh ypaBHe-
uue (12.16) gucnenno, HanpuMep, MeTonoM HboTOHA, HO TOI/A HY?>KHO IIPOBOAUTH PEIlEHNUe
JUIS KAXKJI0r0 A MHHUMYM TPHZKJbI C PA3HBIMA HAYAJIBHBIME JIOTQJIKAMA (MM HA PA3HBIX
oTpe3Kax), 4TOObI HaliTH BCce BO3MOXKHbIE KOpHHU. JIn6o pemmntsh ero aHammurudecku. Cpei-
crBamu Python Bo3aMoxkHO 1 TO U apyroe.

YucsienHble MeTOABI pabOTAIOT C MATEMATHIECKIMI PABEHCTBAMU U (DOPMYJIaMU KakK
C TIOCJIEI0BATEJIBHOCTHIO YHCEN. 3aHUMAIOTCs Pa3pabOTKON M peajn3amnyeil peleHus Mare-
MAaTHYECKHX 33189 B YHCJIEHHOM BHJIE HA KOMIIBIOTEDE.

CuMBOJIbHBIE BBIYMCJIEHUs PAbOTAIOT ¢ MATEMATUYECKUMHU PABEHCTBAMU U (DOPMY-
JIAMH KakK C IIOCJIEJOBATENLHOCTBIO CUMBOJIOB. 3aHUMAIOTCS Pa3paboTKON U peasm3aliueit
AHAJINTUIECKUX METOJIOB PEIIeHNs MaTeMAaTUIeCKUX 3a/a9 Ha KOMIIbIOTEpe.
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CHavuajla pacCMOTPUM YHCJIEHHOE PeIeHre CPeICTBAMU (DYHKIMH Yoot U3 MOJMYJIS
scipy.optimize. OyHKINS TPUHUMAET HA BXOJ APYTYIO MDYHKIUIO — ypaBHEHHE, KOTOPOe
HY?KHO PEINTDb, & TAKXKe HadaJbHYIO Jorajky. Kpome Toro, yepes KoprexK args MbI Iepesa-
s B Heé A u P u MeTo/1, KOTOPBIM Oy/IeT TPOBOUTHCS PEIlleHne — B IIPUMEPE UCIOJIb30BaH
meron, KpbuioBa, siBisitomuiicst o6o6mennem meroga Herorona. [Ijsa kaxxgoro A BBI30B oCy-
IIECTBJISIETCS TPUXKIBI C HAYAJIBHBIMUA 3HAYEHUAMHU 1, 2 U 3 COOTBETCTBEHHO, UTOOBI HAUTHU
BCe TPHU BO3MOXKHBIX peIllieHusl. B neficTBUTeIbHOCTH, 9TO He TapAHTUPOBAHO, PA3HBIE HAYAb-
Hble YCJOBHS MOTYT IPHUBECTH K OJHOMY M TOMY K€ PEIEHUIO U 3aILyCKATH JIydIle OOIbIe
TpEX pa3, HO B IIPUBEIEHHOM IIPHMepe TaKOil moaxor paboraer. Eciu B ncTuHre nomMeHaTsh
IBETA, KOTOPBIM CTPOsiTCsT MaccuB XX2 u XX3, MOXKHO BUJETH, KaKasl 9aCTh rpaduKa mIoCTPO-
eHa M3 KAaKMX HadaJbHBIX ycjaoBuil. ['paduk ¢ pe30HAHCHBIMU KPHUBBIMU [MCCAIATUBHOTO
HeJIMHENRHOro ocruiaTopa (ocuuiaropa Jdyddunra) 6yaeM cTponTs npu (GpUKCHPOBAHHOM
3HAYEHWN NapaMeTpa WHTEHCHBHOCTH BHEIIHEro BozjeiicTBust P = 2.8, 6e3pasMepHyio pac-
CTPOFKY 9acTOTBI Oy/IeM IUIABHO MEHATH B nuana3one A € [—3, 4] ¢ marom 0.005.

import numpy as np
import matplotlib.pyplot as plt

from scipy.optimize import root

P =3.2
Deltas=np.arange(-3, 4, 0.005)

def resCurveDuff (X, Delta, F):
return X * (1 + (Delta - X)**2) - P

def poliDelta(X0):

X =10
for Delta in Deltas:
try:

res = root(resCurveDuff, X0, args=(Delta, P), method=’krylov’)
except ValueError:
print(Delta, X0)
if res.success:
if res.x > 0O:
XX.append([Delta, res.x])
return np.array(XX).T

XX1 = poliDelta(1.)
XX2 = poliDelta(2.)
XX3 = poliDelta(3.)

plt.figure(figsize=(16./2.54, 12./2.54))
plt.plot(XX1[0], XX1[1], ’,’, color=’black’)
plt.plot(XX2[0], XX2[1], ’,’, color=’black’)
plt.plot(XX3[0], XX3[1], ’,’, color=’black’)
plt.xlabel(r’$\Delta$’)

plt.ylabel(r’$X$°)

plt.text(3, 2.0, r’$P="+str(P)+r’$’)
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plt.show()

Pesynbrarom BbI3oBa (DyHKINM root siBjisieTcss OObEKT, B TOJIE .X KOTOPOI'O COJIEPIKUTCS
pemenre. OyHKIUSA root He BCErJa CIIPABJISETCS C IOCTABJIEHHOIO 33/a4el0, NHOI/Ia MeTOJ
pacxonuTcs. B aToMm citydae mosie . success JOrMIeCcKOro TUMa OYIET COMEPKATH JI0Kb; TAKIE
3HaYeHUsT MBI He OyZeM HCIOJIB30BaTh, KaK BHUJHO IO JUCTHUHTY. K cokasieHuio, m3penka
cboit mpoucxoauT He B Python-dyHKIimm root, a B BBI3BIBAEMOI €10 MPOIEyPE, HATTUCAHHON
o6prano Ha Poprpane. B TakoMm ciaydae mporpamMma aBapuWifHO 3aBEpIIAETCS C OIMMUOKOIO
ValueError, IOCKOJIBKY IPOUCXOJUAT HEJIOMYCTHUMOE HeHCTBHE, HAIIPUMED, 6epEéTcs KOpeHb
U3 OTPHUIATEJHFHOTO YHUCJIA WJIM ITPOUCXOJUT Je/IEHUe Ha HOJIb, TPUIEM He 00sI3aTe/IbHO B
caMoit (pyHKIINM, & 9acTO B €€ MPOMU3BOIHOM, 00sI3aTEIBHO UCIIOIbB3yEMO B HBIOTOHOBCKUX
MeTosax. UTOOBI MCKIIIOYUTH aBapHUilHOE 3aBepIIEeHHE IPOrPaMMBbI II0 3TOW IPUYNHE, MBI
HCIIOJIb30Ba/IM OJIOK try, except u npu omubKe IPOCTO BBIBOJUIN HA 9KpaH 3HadeHus A u
X, mpr KOTOPBIX BO3HHUKAET COOiA.

Puc. 12.11. Pe3zonancusre kpusble st ocnmuiaropa lyddunra, mocrpoennse dnc-
JIEHHO C WCIIOJIb30BaHuEM (DYHKINU root U3 scipy.optimize — a, u aHAJIUTUYECKU
C TIOMOIIBIO ITaKeTa Sympy — b.

IMosyunsmuiicss pe3yJabTaT MOXKHO BuaeTh Ha puc. 12.11(a). Buano, 4T0 ynanoch Bbl-
SIBUTHh HEOIHO3HAYHOE MMOBEJIEHNE KPUBOIl, XOTs W He HieaJbHBIM obpazoM. B dusmueckoit
CHCTeMe M3-33 TAKOW HEOTHO3HAYHOCTU Oy/eT HAOJIOIATbCs sBJICHHE THCTEPE3Uuca: Ipu
MIPOXOJIE CJIEBa-HAIIPABO aMILIUTY/A OyJIeT pacTh, & IIOTOM BHE3aIIHO COPBETCS MOYTHU BO3JIE
MaKCUMyMa — JIBUYKEHHE TIPOUCXOJUT TI0 BEPXHEH BETKE PE30HAHCHON KpuBoil (mompobree
cm. Kysnenos u ap.). B o6parnoM HampasieHun cripaBa-HAJIEBO aMIUIATY/IA OyIeT MeIJIeH-
HO pacTu U Upu A, IPpU KOTOPBIX HAOJIIOJAIOTCS MaKCUMAJbHbIE 3HAYEeHUs, BCE emé Oyer
MaJia ¥ JIMIh [O3/IHee MEPENpBITHET HA OOJIbINNE 3HAYEHHUs, HO MaKCHUMyM yXKe He Oymer
JOCTUTHYT.

Pemurs ypassenne (12.16) aHaIMTHYECKM MOXKHO, WCIIOJIb3Ysl IIAKET Sympy, IpeiHA-
3HAYEHHBIHN JIJIsI CAMBOJIBHBIX BBIUYHMC/IEHNH. 3HAUYEHNE TTapaMeTPa MHTEHCUBHOCTH BHEITHETO
BO3/elcTBUA OylieM MeHATb B juanasone P € [0.4,2.8] ¢ marom 0.2. IIlpomemoncrpupo-
BAHHOE B CJIEJYIOIIEM JIMCTUHIe U HapucosanHoe Ha puc. 12.11(b) pemienue cosepienuee
¥ TOJIy9IeHO ropa3mo ObicTpee (KOrja BBl peajm3yeTe MpOTrpaMMy, OIMUCAHHYIO BBIIIE, TO
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MOYKETE 3aMETHTh, 9TO CIUTAETCS OHA HEOBICTPO), UEM YHUCJEHHOE DEIICHHUE CPEJICTBAMU
scipy.optimize.root (mocTpoenme rpaduKa OCyIIECTBIAETCH COOCTBEHHBIMU CPEJCTBAMU
[aKeTa Sympy).

Wrak, n3 Moysis sympy HaM MoHaA00saTca Tpu dpyuknun: symbols (), Eq() mplot_implicit().

import numpy as np
from sympy import symbols, Eq, plot_implicit
D, X = symbols(r’$\Delta$ X’) # 06bsuBIEeHHE IEPEMEHHHX CHMBOIBHEIMU
Plotl = plot_implicit(Eq(X+X*(D-X)**2, 2.8), (D, -3, 4), (X, 0, 3),
line_color=’black’, show = False)
for F in np.arange(0.4, 2.8, 0.4):
Plot2 = plot_implicit(Eq(X+X*(D-X)**2, F), (D, -3, 4), (X, 0, 3),
line_color=’black’, show = False)
Plotl.extend(Plot2)
Plot1l.show()

Oyuknus symbols () HeOOXOAMMA /IS TOTO, YTOOBI IPUHYIUTEILHO OObIBATE HAIIN IIe-
pEeMEeHHbIE CUMBOJIbHBIMU. B s3bIKaX, CHenuabHO MPeJHAZHAYEHHDBIX JJI CUMBOJIBHBIX Bbl-
4yucseHuii, Takux, kak Mathematica niaun Maple, ecsin ncnosib3yercs: nepeMeHHast, KOTOPOi
HIAYEro He ObLIIO0 IPHCBOEHO, TO OHA ABTOMATUYECKYU BOCIPHHUMAETCS KaK CHMBOJI C TEM XK€
uMeneM. Python He Gbl1 M3HAYAIBHO TPEHA3HAYEH JJIs CUMBOJIbHBIX BBIYMCJIEHUH, 103TO-
My I[P KCIOJIb30BAHWH II€PEMEHHOI, KOTOPOil HUYEro He ObLIO IIPUCBOEHO, BbI IIOJIYYHUTE
coobienne 06 omubke. O6bEKTEI THIIA Symbol HY»>KHO CO3aBaTh sABHO. VIMs CUMBOJIA B MMs
[IEPEMEHHON, KOTOPOI MbI IIPUCBAUBAEM 3TOT CUMBOJI — JIBE HE3ABUCHMBbIE BEIH, U MOXKHO
Hammcarb a, b, ¢ = Symbol(’x.,y_z’). Ho Torma mpu BBOZE mporpaMMbl BbI OyJeTe HC-
[I0JIb30BaTh IIEPEMEHHBIE a, b, ¢, a IIpU IeYaTH Pe3y/IbTaTOB Sympy OymeT HCIOJb30BATh
Xy z

Oyuknus Eq() mo3BosaT 3aJaBaTh ypaBHEHH:, UMEET JBa O0SA3aTEJLHBIX IapaMerpa:
JIEBYIO U IIPABYIO YACTH PEIaeMOro ypPaBHEHUSI.

@yukimst plot_implicit () mo3BOJIsIET CTPOUTH IPAMDUKN HESIBHBIX (DYHKIIHI, IMEET TPHU
06s13aTebHbIX apamerpa (ypaBHEHHe, JUAlla30Hbl O OCSIM) U MHOI'O MMEHOBAHHBIX Iapa-
METPOB, M3 KOTOPBIX MBI UCIIOJIB30BAJIM ABa (IPONUCAIN [[BET JIMHUK U IIOIPOCUIIH HE MOKa-
3pIBaTh rpadrK HA KAXKJIOM IIAre IUKJIA).

12.4 Pacu4éT cTapwero nsinyHOBCKOro nokasaTensi

HawuboJtee nomnyasipHoit XapaKTepUCTUKON JIjIsi OTIUCAHUSI TOBEICHUS HEJTUHEHHBIX CUCTEM
SIBJISIETCSI JIATIYHOBCKMUI MOKa3aTeNb. JIAMyHOBCKUN MOKA3aTe/ b XapaKTepPU3yeT MOBEIECHUE
IBYX U3HAYATIHLHO OY€Hb OJIM3KUX TOYEK B (PA30BOM IMPOCTPAHCTBE. Majioe OTK/IOHEHUE U300~
pazkaomeil TOYKI OT HEKOTOPOH TPAeKTOPUU Ha aTTPAKTOPE, TO €CTh MAJIOE BO3MYIIECHUE
€0, 7O TE€X TOp, IMOKA OHO He JOCTHUIJIO 3HAYUTEIbLHBIX BEJIMYUH, SBOJIIOINUOHUDYET MPUOIIU-
JKEHHO 110 SKCIOHEHIMATLHOMY 3aKoHy Buja £(t) = goe™'. B pesymbrare D-mepnas (rie
D — uwmcno ypasHeHHUil EepBOro NOPsIKA, HA KOTOPBIE MOXKET ObITh PA3JIOKEHA CHCTEMA)
cdepa MHOXKECTBa HadaJbHBIX BO3MYIIEHUI Yepe3 HEKOTOPOe BpeMsi TPAHC(HOPMHUPYETCs B
SJLJIUIICOU T, H?:MepI/IB 9BOJIIOITUIO BO3MYINECHUA Yepe3 BPeMd T, MOXKHO BBIYUC/IATH IIOKa3a-
TeJIN 9KCIIOHEHTBI, KaK OTHOIIECHUsA JIJINH HOJIyOCeﬁ JIJIUAIICA BOBMyIILGHHfI K Ha4vaJIbHOMY

1. ¢ .
paauycy: \; = —In—. YcpeHEHHBIE [0 BCEMY aTTPAKTOPY 3HAUEHHUS 3TUX KO3 DUINEHTOB
T &0
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Ha3bIBAIOT MOKa3aTessimu JIsmyHoBa, Mbl ux ob6o3HaunM Aj, As, ..., Ap. O xapakTepu-
3yIOT YCTOWYMBOCTD NBUKEHUS HA ATTPAKTOPE B JIMHEIHOM IPHUOIMKEHUH. Y TOPsITOYEHHBII
o y6biBanuio HabOp 3Ha4YeHUl A; HA3BIBAIOT CIIEKTPOM JISIIyHOBCKUX IIOKa3aTeJed, a
TOCJIEZIOBATEIbHAS 3AIMCh WX 3HAKOB (+, — mym 0) — curHaTypoii cnekrpa. Ecam Bee moka-
3aTeJIN OTPUIATEIBHBI, TO €CTh CUIHATYPa UMeeT BUJ, (—, —..., —), TO ATTPAKTOPOM SIBJISETCS
Touka pasHoBecus. Curnarypa npexaesnbaoro nukiaa — (0, —,..., —), I ABYMEPHOI'O TOpa —
(0, 0, —, ..., —). B crieKkTpe NAMYHOBCKHUX TOKA3aTEIEH XA0THIECKOTO aTTPAKTOPa O0A3aTE b~
HO MIPUCYTCTBYET XOTsI ObI OJMH ITOJIOKUTEIbHBIN IOKA3aTe/b, OIPEAe/ISIONil pasberanme
M3HAYAJILHO OJIM3KUX TpaekTopuil, Hanpumep, (+, 0, —,..., —); IPX STOM CyMMa BCEX JIAILYHOB-
CKUX MTOKa3aTe el [IJist TI0O0ro aTTPaKTOpa JOJIZKHA OBITH OTPUIATEIbHA, HHAYE TPACKTOPHUST
r106a/bHO (Ha GOIBIINX BPEMEHAX) TEPSIET YCTOWIUBOCTD.

Ha mpaxTuke mpoiie Bcero NoCYuTaTh CTapIINil JIAIYHOBCKUI IMOKa3aTeab A1, a He BeCh
CIIEKTP, ITOCKOJIbKY JJigd 3TOr'0O HE€ HY?KHO BBOJUTH CJIO?KHBIEC IIEPEHOPMHUPOBKHU B (1)3,3OBOM
npocrpancrse (mponecc I'pama—IIImuara) u BBIMUCIUTENHHO 9TO HE CTOJb TPYAOSMKHH IPO-
necc. K ToMmy ke MMEHHO cTapIimii moka3aTesb MOXKEeT DOJIbIIe BCEro CKa3aThb O PEXKUMEe B
cucreme.

Pacuér crapmiero nokazaress JIsamyHoBa npogeMOHCTPUPYEM HA IPUMEPE JIOTHUCTHIECKO-
ro orobpazkenus (A.33). Jlorucruueckoe orobpakeHue (TakxKe KBaJIpaTHIHOE OTOOparKeHne
nmm orobpakenne PeiirenbayMa) — ITO MOJIMHOMHAIBLHOE OTOOPa’KEHUE, KOTOPOE OIMUCHI-
BaeT, KaK MEHAETCA YUCJICHHOCTD IIOIIYJIAIIUU C T€YCHHUEM BPEMECHH. EFO YJacCTO IIPUBOJALAT B
[IpUMeEp TOT'0, KaK M3 OYEHb IIPOCTBIX HEJMHEHHDLIX YPABHEHMI MOXKET BO3HHMKATDH CJIOXKHOE,
xaoTuIecKkoe mosejienne. Maremarudaeckast popMyIMpOBKa 0TOOpaKEHNUS:

Tnt1 = 1rZn(l—2xn),

rae Tn npuHIMaeT 3HadeHns oT 0 10 1 u oTparkaeT YNCIEHHOCTD IOMYJISIHN B N-OM TOLY, a
Zo 0603HAYAET HAYAJIBHYIO YUCJIEHHOCTH (B rog Homep 0); r — IIOJIOKUTEIbHBL apamerp,
XapaKTepU3y oIl CKOPOCTh Pa3MHOXKeHUs! (POCTa) HMOILYJISIHN.

[Ipu u3menennn 3HaveHns TapaMeTPa I B CUCTEME HADJIIOIAeTCs CIIeAyIOoIiee TOBeJIeHIeE.
IIpn r < 2 YNC/IEHHOCTH MOIYJIANMN COKpalaeTrcs no Hyias. Ecam 2 < r < 3, uncien-
HOCTb HOIYJISAIMA IPUJIET K CTAIMOHADHOMY HeHyJleBoMy 3HadeHuio (r — 1)/r, Ho BHauase
OyzeT HeCKOJbKO KojebaThbcst BOKPYr Hero. Ecim 3 < r < 3.45, 4MCIEHHOCTDH MOIYJISIIAN
OyneT 6eCKOHEYHO KoJyiebaThbca MeXKay AByMd 3HadeHusmu. Eciam 3.45 < r < 3.54, To 4wnc-
JIEHHOCTDH TIOIYJISIK OymeT GECKOHETHO KOJIe0aThCs MEXKIY UeThIpbMs 3HadeHumsaMu. 1lpm
JaJbHeIeM yBeaudeHun r > 3.54, 4uCI€HHOCTD HOIyIAnnu OyIeT KOaeOaTbes MEXIy 8
3HavUeHUsMH, oToM 16, 32 m Tak masee. JInumHa WHTepBaja M3MEHEHHUs IapaMerpa, IpHU
KOTOPOM HaOJIIONAIOTCS KOJIeOaHNs MEXK/1y OAMHAKOBBIM KOJIMYECTBOM 3HAYEHUH, YMEHbIIa~
eTCsl 110 Mepe YBEJIMUEHUsI T — PEXKUMaM IIOBEJEHUsI CO BCE OOJIBIINM YHCIIOM DPa3JIHTIHBIX
I0CJIEJIOBATEIBHO CMEHSIEMBIX COCTOSTHIII COOTBETCTBYIOT BCE MEHBIIINE JUAIIA30HBI TapaMeT-
pa. Ilomo6Hoe moBeeHMe SABIISIETCS TUIUIHBIM IPIMEPOM Kackaia oudypkanuil yasoenns
nepuona (06 9TOM ABJIEHMM MBI IIOTOBOPUM UyTh HUKe). Ilpm 3madennu r ~ 3.57, kackaj
YIBOEHUil 3aKaHIMBAETCS U HAUMHAETCsl XaOTUUYECKOe IIOBeJleHre — KOoJIeOaHHUsI CTaHOBATCS
HEpEryIApHBIMEA (KazKJI0€ TIOCAeI0BATEIbHOE 3HAYEHNE yHUKAIBHO). HeGonbmme namenennst
B HAYAJbHBIX YCJIOBHUSX NPUBOLAT K HECOIOCTABUMBIM OTJINYUUAM JAJIHHEHIIEro MOBEIeHUsT
CHCTeMBI Ha GOJBITIX POMEKYTKAX BPEMEHH, HAIIPEMED, MOXKHO H3MeHuTDb ¢ na 107° u ge-
pe3 HEKOTOPOE UHUCJIO IIAroB IOJIyYUTh PA3JINYUs B 3HAUCHUAX T MOPAIKa 1, UTO SBIISETCS
OCHOBHOIO XapPaKTEPUCTUKON XAOTUYIECKOTO ITOBEIEHUSI.

BosbmmacTBO 3HAYMEHUIT 7, TPEBBINAOIMNX 3.57, COOTBETCTBYIOT XaOTHIECKOMY IIOBEJIe-
HUIO, OJHAKO CYIIECTBYIOT y3KHe, N30JIMPOBAHHDLIE «OKHA» 3HAYECHUI T, IPU KOTOPBIX CHCTE-
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Ma BeJeT cebsl PEryJIsipHO, HA3bIBA€Mble «OKHAMU MEPUOIUIHOCTH . K mpuMepy, HauuHast CO
3HAYeHNsT TPUOJIM3UTETBHO 3.83, CYNIECTBYeT MHTEPBAJ IAPAMETPOB, IPU KOTOPOM HAOJIIO-
JAIOTCST KOJIEOAHUS MeXK/Iy TpeMsl 3HAYeHUSIMH, a JJIs 9yTh OOJIbIINX 3HAYEHUN T — MEXKIy
6, morom 12 wm T. 1. PaKTUIECKH, B CHCTEME MOXKHO HAWTU MEPUOTUIECKUE KOJIEOAHUST C
JIIOOBIM KOJIMIeCcTBOM 3HadeHwmit. [Ipu r > 4, 3HaveHUs1 0TOOparKeHNsT MOKUIAIOT UHTEPBA
[0,1] n pacxomsiTcsa (yeTpeMIIsIIOTCst K GECKOHEYHOCTH) TIPH JIOOBIX HAYAJIBHBIX YCJIOBHSIX
— aTTPaKTOP Pa3pylIaeTcd.

I'paduyeckoe nzobpazkeHne BBINIENEPEINCICHHOTO MOYKHO ITPOJEMOHCTPUPOBATH C TIO-
MOIIBI0 IpadrKa 3aBUCUMOCTH CTapIIero JSIIyHOBCKOrO MOKa3aTessl OT mnapamerpa r. 11o
ocH abCIIICC OTJIOXKUM 3HAYEHUSI MapaMeTpa T, & IO OCU OPAUHAT — TOJIYI€HHbIE 3HAUCHUST
crapiero nokasaresisi JIsamynosa Aj.

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]

epslyap = le-6
r = np.arange(2.4, 4.0, 0.001)
N = 50
Lyap = [] #Cmmcox 3HaueHmil cTapumero moxasaTens JlAmyHoBa
for j in range(len(r)):
#IlpomyckaeM IepexoZHO# Ipolecc
x=0.1
for i in range(10000):
x = r[jl*x*x(1-x)
#BEYMCIIIEeM MCXOIHBIM X ¥ BO3MYWLEHHBM X
X =x
X_perturbation = x + epslyap

LyapLoc = [] #Cmmcox mnokampHHX HOKasaTeneil JlamyHoBa
for i in range(N-1):
X = r[j1*X*(1-X)
X_perturbation = r[j]*X_perturbation*(1-X_perturbation)
delta = abs(X_perturbation - X)
LyapLoc.append (np.log(delta/epslyap))
X_perturbation = X + (X_perturbation - X) * (epslyap/delta)
Lyap.append (np.mean (LyapLoc))

plt.plot(r, Lyap, ’-’, color = ’black’)
plt.x1im(2.4, 4.0)

plt.title(’Crapuuii IANyHOBCKHUH IOKa3aTelb’)
plt.xlabel(’r’)

plt.ylabel(r’$\Lambda_1$’)

plt.grid()

plt.show()
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CrapLunin NiNyHOBCKWIA NokasaTernb
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Puc. 12.12. 3aBucuMocTh 3HAYEHUST CTAPIIErO JISIITYHOBCKOIO MOKasaTess Aj or ma-
pameTpa 7 i JIOTHCTUIECKOTO OTOOPAXKEHUSI.

ITo rpaduKy 3aBUCHMOCTH CTAPIIErO JISIIIy HOBCKOTO TIoKa3aTess (puc. 12.12) yerko omnpe-
JeIATh 3HA4YEeHUs IIapaMeTpa, KOIJla IIPOUCXOAAT OMdYpKAIUN yIBOeHus Iepruona. B sTu
MOMEHTBI CTapHIMii MOKa3aTesb JIsmynoBa cranoBuTcs paseH Hymo A1 = 0 (¢ TOYHOCTBIO
JI0 TIOTPENTHOCTU Bbramcsenus ). Tam, rae A1 > 0, B cucreme HAGIIIONAETCS XAOTHIECKOE 110~
Besgenre. OKHO MEPUOJUIHOCTH TaKKe XOPOIIO BUIHO Ha 9TOM rpaduke, OHO HabJIIOIAeTCs,
korma A1 < 0 mpm 7 ~ 3.83.

Hamomuuaem, 9T0 JIOTUCTUYECKOE OTOOPAXKEHUE SIBJISETCS KACKQIHON OJJHOMEPHOH CH-
creMoii. Terepb MOCTPOUM 3aBUCHMOCTDb 3HAUEHUS CTAPIIETO JISIIyHOBCKOT'O TTOKA3aTE s I
IMIOTOKOBOM TPEXMEPHON CHCTEMBI — MOJEJNA CUCTEMBI (Pa30BON aBTOIOJACTPOUKHU YACTOTHI

(A.23).

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]
from scipy.integrate import solve_ivp

epslyap = le-6
eps1=9.0
eps2=10.0
T=1.

def Neuron(t, x, gamma):
dx = np.zeros(3)
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dx[0] = x[1]
dx[1] = x[2]
dx[2] = gamma/(epsl*eps2) - (epsl+eps2)/(epsi*eps2)*x[2] \

- (1+epsi*np.cos(x[0]))/(epsi*eps2)*x[1]
return dx

gammas = np.arange(0.025, 0.31, 0.025)

N = 2000
Ttrans = 10000
Lyap = [] #Cmmcok 3HaueHmil cTapmero moxkasaTens JIAmyHOBa

for gamma in gammas:
# IlpomyckaeM IepeXOIHOM IIpoIecc
x0 = [0.1, 0.1, 0.1]
solution = solve_ivp(Neuron, (0, Ttrans), x0, args=(gamma,)) #IIa DOTOKOB
# ®opMHpyeM HCXOIHHN X U BO3MYUWEHHHE X
X = solution.y[:, -1]
X_perturbation = np.copy(X)
X_perturbation[1] += epslyap # Bo3MymeHHe BHOCHM B y
LyapLoc = [] # cmucok IOKalbHHX IOKasaTeiel JlamyHoBa
for i in range(N):
# PemaeM HeBO3MYMEHHYHD CHCTEMy Ha HHTepBaje T:
solution = solve_ivp(Neuron, (0, T), X, args=(gamma,))
Xnov = solution.y[:, -1]
# PemaeM BO3MyIEHHYI CHCTEMy Ha TOM Xe HMHTepBale:
solutionp = solve_ivp(Neuron, (0, T), X_perturbation, args=(gamma,))
Xnovp = solutiomnp.y[:, -1]
# BruMCIAeM H3MeHEHNE BO3MYUCHMNS :
delta = np.sqrt(np.sum((Xnovp - Xnov)**2))
LyapLoc.append(np.log(delta/epslyap))
# IlepeHopMupyeM BosMymeHue (ZenaeTcs AN MHOTOMEPHEX CHCTEM) :
X_perturbation = Xnov + (Xnovp - Xnov) * (epslyap/delta)
X = Xnov
Lyap.append (np.mean(LyapLoc))

plt.plot(gammas, Lyap, ’-’, color = ’black’)
plt.x1im(0, 0.3)

plt.title(’Crapumii IAIYyHOBCKHUA IOKA3aTeNb’)
plt.xlabel(r’$\gamma$’)
plt.ylabel(r’$\Lambda_1$’)

plt.grid()

plt.show()

MuTrerpupoBanne TpEXMEPHON IMOTOKOBON CUCTEMBI TOpa3 o 0ojiee TPYIOEMKHIA ITPOIIECE,
YeM UTEPUPOBAHUE OJHOMEPHOIO OTOOpayKeHus, 03ToMy rpaduk 12.13 mosydusics coBcem
He TaKOW TJIaJKus U sicHbIN, Kak 12.12. Cieayer OTMETHTH, 9TO PACCMOTPEHHAsl CUCTEMa,
(A.23) npu HeHyJIEBOM IapameTpe 7 JIMIIEHA COCTOsHWs PABHOBECHs U BCETOJa HAXOIUTCS
B KoJiebaTeJIbHOM peXKuMe, o3TomMy MaJible 3Hadenust A < 0.0025 Ha camoM zesie cOOTBeT-
CTBYIOT HYJIEBBIM 3HAYECHUSAM U ABJIAIOTCH PE3YIbTATOM YHUCIEHHOU ITOTPENTHOCTU PACUYETOB,
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CrapLlumii NANYHOBCKMIA Nokasarenb
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Puc. 12.13. 3aBucumMocTh 3HAYEHUST CTAPIIErO JISIITYHOBCKOIO MOKasaTess Aj or ma-
pameTpa 7y I MOJEIN CHCTEMBI (pa30BO# aBTOMOICTPOINKN IaCTOTHI.

KOTOPYIO MOXKHO CHU3UTH IIyTEM yBeJHMYeHNs JJINHBI IePEeXOqHOro nponecca 1'trans u 9ucia
N ycpeHsieMBbIX JIOKAJILHBIX JISIyHOBCKUX IoKazareseil. [Ipu v = 0.25 nabiiofaercst pe3kuit
BBIOPOC, COOTBETCTBYIOIIHNI XaOTHIECKOMY DPEKUMY.

12.5 bBudypkaynoHHble guarpammoi

Emé oganM momysssipHBIM BAPUAHTOM OMKUCAHUS TTOBEIEHUS] HEJTMHEHHBIX CUCTEM SIBJIS-
0TCst OMypKAIMOHHBIE JUarpaMMbl. BudypKamus — 3T0 Ka4eCTBEHHOe U3MEHEHUE I0Be-
JeHUsI IMHAMUYECKOM CHCTEMBI ITpU GECKOHETHO MAJIOM U3MeHeHuu e€ mapamerpos. Cremyer
cpa3y OTMETHTb, UTO ILUIaBHAA JedopMalus aTTPaKTOPa U COIPOBOXKIAIONNE €€ H3MeHe-
Hust HOpMBbI KoJiebaHuii He CUUTAIOTCA KAYeCTBEHHBIMU U3MeHeHHsiMU. [lapamerp, u3mene-
HU€ KOTOPOro NMPUBOAUT K O6udypKanuu, Ha3bBaeTcss ONdYpPKAIMOHHBIM IapaMeTPOM.
[Tox mousitnem GudypKalmoHHAas AUarpaMMa IMopa3yMeBaloT N300pakeHne Ha PUCYH-
K€ CMEHBI BO3MOXKHBIX JIMHAMUYECKUX PEXKUMOB CHCTEMBI (PABHOBECHBIX COCTOSIHUIA, TIEPHO-
JUYIECKUX OPOUT, KBASUIIEPHOAUIECKAX OPOUT M XAOTUYIECKOrO IIOBEJICHNUs) [IPU U3MEHEHUN
3HaveHust OndypKAIMOHHOTO mapaMeTpa. budypkarmonHast [uarpaMma — 3TO IPUMEDP 0~
CTpOeHMs] KOMOMHUPOBAHHOTO IIPOCTPAHCTBA, TJIe TI0 OCH abCIMCC OTKJIA/IbIBACTCS 3HAYEHUST
6udypKAIMOHHOIO IMapaMeTpa, a MO OCU OP/IMHAT — 3HAYEHUs] JUHAMUYIECKON IepeMEeHHON B
ycTaHoBUBITIeMcsT pexknMe. [locTpoerne 6mdypKannoHHON TuarpaMMbl PACCMOTPUM TaKIKe
Ha [IPUMepPE JIOTUCTUYECKOIO OTOOPasKEHMSI.

import numpy as np
import matplotlib.pyplot as plt
r = np.arange(2.4, 4.0, 0.001)
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N = 50
Ntrans = 10000
Mas = np.zeros ((len(r),N))
for j in range(len(r)):
x=0.1
for i in range(Ntrans):
x = r[jl*x*(1-x)
X = np.zeros(N)
X[o] = x
Mas[j,0] = X[0]
for i in range(N-1):
X[i+1] = r[jI*X[i]*(1-X[i])
Mas[j,i+1] = X[i+1]
plt.plot(r, Mas, ’,’, color = ’black’)
plt.x1im(2.4, 4.0)
plt.title(’Budypranuonnas puarpamMa’)
plt.xlabel(’r’)
plt.ylabel(’x’)
plt.show()

budypkaunoHHaa guarpamma

Puc. 12.14. Budypkannonnasi quarpaMma fjist JIOTHCTHIECKOTO OTOOPAYKEHUS .

Ha npakTtuke 6udypKalnoHHbIe JUATPAMMBI CTPOAT, YTOOBI OIIPEIEJIUTD JUAITA30HbI I1a-
paMeTrpa, B KOTOPBIX CYIIIECTBYIOT YKejIaeMble 1 Ha000OPOT HexKeIaeMble peskuMbl. Hampumep,
JJTs1 MOJIEJIV TUII, XUIITHUK—KEPTBA TAKOH ITOIXO/] IIO3BOJISET HOHATH, IIPU KAKUX 3HAYEHUIX
IIapaMeTPOB BOCIPOHM3BOJICTBA O0€ MOIYJIAIUH OYyAyT CyIIeCTBOBAaTb, & IPU KAKUX — BbI-
MpyT. [l cucrem ha3oBOit aBTOMOICTPOUKY YaCTOThHI — Y3HATH, HACKOJIHLKO MOYKHO MEHSITh
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mapaMeTpbl, 9TOOBI OCTATBCS B PEXKUME YCTOWYMBOI Tepmoandeckoil reneparmu. [lis cu-
cTeM CBfA3M Ha XaoTHdeckoil Hecymeil (cm. «lemeparus xaoca / Ilox obm. pex. Imurpuesa
A.C. Mocksa: Texnocdepa, 2012. — 424 c.») — HAIPOTUB BBISBUTH 3HAYECHUS 1APAMETPOB,
MPUTOAHBIE JIJIsT MTHPOKOIIOJIOCHOM MTepeIadyl CUTHAJIA.

12.6 Kapra pexxumos (NpocTpaHCTBO napamMeTpos)

Beiiie MBI y2Ke HOIPOGHO Pa30bpalii TaKKe MOHATH, KaK IPOCTPAHCTBO cocTosiHuit (dba-
30BBIIf IOPTPET) W KOMOMHUPOBAHHOE TPOCTPAHCTBO (6UdyPKAIMOHHAST UATPAMMA), OCTa-
JIOCH €€ OJIHO MOHATHE — IPOCTPAHCTBO MapaMeTPOB, KOIJa 110 OCSIM OTKJIAJbIBAIOTCS
3HaveHust napaMerpoB. C MOMOIIBIO TaKON BH3yasIH3al[iil MOYKHO HAIVISITHO ITOKa3aTb BCIO
COBOKYITHOCTH BUJIOB YCTAHOBUBINMXCS JIBUYKEHHUI M MIEPEXOIOB MEKIY HUMHU, BO3MOYKHBIX
B paccMarpuBaeMoil fuHamudeckoi cucremMe. Kapra AuHaMUYeCKUX PEXKNMOB — JHa-
rpaMma Ha IJIOCKOCTH IIapaMeTPOB, IJie O0JACTH PA3JIMYHBIX PEXKMMOB JUHAMUKY IOKa3a-
HBI OmpeeeHHbIM 1BeToM. [Ipocreitmmit crmocob mocTpoeHnst KapThl COCTOUT B TOM, YTOOBI
MIPOCKAHUPOBATh IIIar 3a IIaroM BCIO HHTepecyouyio obsacTb. IIpym sToM B Kaxk70# TOY-
K€, OTBEYAIOIIeH OJHOMY IIMKCEJIIO, IPOBOAUTCS pelleHne TuddepeHInaJIbHOr0 ypaBHEHNs
(mm mTepupyercss 0TOOpaXKEHME JJIsi CUCTEM C JIMCKPETHBIM BPEMEHEM ), 3aTeM AHAU3UPY-
eTCs XapaKTep PeKrMa, BO3HUKAIOIIErO IT0CTIE 3aBEPIIEHNS [IEPEXOIHOIO IIPOIIECCA U BBIXO/IA
Ha aTTPAKTOP, ¥ TOUYKA OTMEYaeTCsl COOTBETCTBYIOIINM [IBETOM. B Tex ciryuasx, Korja uMe-
€T MeCTO MYJIbTHUCTAOUIBHOCTD, T.€. COCYINECTBYET ABa U OOJiee aTTPAKTOPOB IPHU OHUX U
TeX 2Ke IMapaMeTpax, KapTy JUHAMHYECKHX PEKUMOB HAJIO IIPEICTABIATh KAK COBOKYITHOCTH
IIEPEKPBIBAIOIIUXCS JIICTOB CO CBOEU PACKPACKOU Ha KaXKJIOM U3 HUX.

IlosicHenne ajropuTMa MOCTPOEHUsI KApPT JAUHAMUYECKUX PEKUMOB JIydIlle HAYUHATDH C
kackazoB. llocTponM KapTy pekuMoB i oTobparkenns duo (A.36), y KkoToporo masa mapa-
Mmerpa « u 3. ITapamerp o 6yaeMm MensaTs B guanasone « € [0,2.0] ¢ marom 0.01. ITapamerp
B 6ynem MensThb B nuanasone § € [—0.5,0.5] ¢ marom 0.005.

2
Tn+1 = 1- AT, — /Byn7
Yn+1 = Tn.

s Busyanusanuu OyZeM HCIOJIb30BaTh (MYHKIMIO imshow u3 moaMomystst pyplot mo-
mysst matplotlib. DTta dyHKIMS 0TOOparXKaeT I[BeTaMU Ha SKPaHe JBYMepHbI MaccuB. [Ipu
HEKOTOPBIX HabOpax HapaMeTpoB OTOOpayKeHre DHO MOXKET «pa30erarbCs» — yXOJIUT Ha
GECKOHEYHOCTD. UTOOBI HE JOMYyCKATh TaKWe CUTYaIlid, B IPOTpaMMe HCIOJIb30BaJICsS CTaH-
HOapTHBIN npuéM «diars, KOTOPbI B TAKOil CiIyduae MO3BOJIAT OOO3HAYUTH STOT PEXKUM 32
HOJIb U 00€eCIIednBaeT BBIXOJ, U3 IMKJIA 110 break.

Buaumanue! IIporpamMma Moxker cuaurarh mosrdaca u 60siee, He yraiTech.

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’, ’Dejavu Sans’]
rcParams[’font.size’]=24

delta = 0.01
maxregim = 13 # MaKCHMaIBHO pPa3pPElMML pPEeXUM
Ntrans = 10000
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def
dx

Henon(x, alpha, beta):
np.zeros(2)

dx[0] = 1 - alpha*x[0]**2- betaxx[1]

dx[1]

x[0]

return dx

plt.

figure(figsize = (9, 9))

a_min = 0; a_d = 0.01; a_max = 2
b_min = -0.5; b_d = 0.005; b_max = 0.5

a_n
b_n
map
for

plt.
plt.

plt.
plt.
plt.
plt.
plt.

= np.arange(a_min, a_max+delta, a_d)
= np.arange (b_min, b_max+delta, b_d)

_Henon = np.zeros((len(a_n), len(b_n)), dtype=int)

i, a in enumerate(a_n):
for j, b in enumerate(b_n):
#llponyckaeM mepexomHoil mpomecc anuus Ntrans
x = [0.1, 0.1] #mavambHNE yCIOBUS
flag = False
for n in range(Ntrans):
x = Henon (x, a, b)
if abs(x[0])>10:
flag = True
break
if not flag:
y_sec = [x[0]]
for n in range(maxregim+1):
x = Henon (x, a, b)
y_sec.append(x[0])
iy =1
while i_y < len(y_sec) and abs(y_sec[i_yl-y_sec[0])>delta:
iy=1iy +1
if i_y > maxregim: i_y = maxregim
map_Henon[i,j] = i_y

imshow(map_Henon, cmap = ’jet’, origin=’lower’,
extent = (b_min, b_max, a_min, a_max), aspect = b_d / a_d)
colorbar (boundaries=np.arange(-0.5, maxregim+1.5, 1),

ticks=range (0, maxregim+1), fraction=0.044)
xlabel(r’$\beta$’, fontsize=28)
ylabel(r’$\alpha$’, fontsize=28)
tight_layout ()
savefig(’map_Henon_1lthread.png’)
show ()

B urore nosyanm Bor Takyio (puc. 12.15) KapTy peKMMOB OTOOpasKeHHsI DHO Ha IJIOC-

kKoctu mapamerpoB (a, ). Ilepumonndeckue nBurkenusi ¢ nepmomoM or 1 jgo 12 mpezcras-
JIEHBI I[BETAMU OT TEMHO-CUHErO JI0 TEMHO-KPACHOTO. XOpPOIIO BUIAHBI JIMHUU OudypKaIuu
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yaBoerns nepuoga: o 1 k 2, or 2 X 4, or 4 k 8. Bopnoseim (et 13) 0603HAYEHBI Kak
TIEPUOAUIECKUE NBUKEHUsT OOJIBINErO MEPHO/IA, TAK U XAOTHIECKIE PEKUMBI.

—_ A A
o= N W

O =N WA OO N ©©

Puc. 12.15. Kapra pexuMoB oro0pazkeHus DHO Ha ILIOCKOCTH Iapamerpos (a, 3).

[Tepuoanaeckue ABMKEHUS ¢ TEPpUOAOM OT 1 710 12 mpeicTaBAeHDI IIBETAMHI OT TEMHO-

cuHero 10 TémHo-KpacHoro. bopuosbim (1Ber 13) o603HAYEHBl KaK [EPUOAUIECKUE
JIBUZKEHUs OOJIBITIETO TIEPUOJIA, TAK M XaOTHICCKUE PEXKUMBI.

Tenepb OCTPOUM KapTy DPEKHUMOB IIOTOKOBOI cHCTeMbl — cucTeMbl Pécciepa (A.17).
B ciyuae mOTOKOB HEOGXOQMMO HCIIOIB30BaTh cedeHme (orobparkenue) Ilyankape. @pan-
my3ckuii MmareMaTuk Anpu [lyankape mpejjioXKus CcTaBIIUil KJIACCUYECKUM METOJ| AHAJIM3a
JAMHAMUYECKHUX CHCTEM. DTOT METOJ, II03BOJISIET 3aMEHUTH IIOTOKOBYIO CUCTEMY T-I'0 [TOPSIIKA
Ha orobpaxkenue (n — 1)-ro mopsaKa ¢ TUCKPETHBIM BPEMEHEM, HA3BIBAEMOE OTOOPAZKEHIEM
[Iyamkape. B ciydae TpéxmepHoil cucTeMbl, KAKOBOI sABJsieTCs cucteMa Pécciiepa, cedenne
HY?KHO JI€JIaTh [JIOCKOCTBIO, [T€PECEeKAIONIeil TPaeKTOPUH, IPUIEM Tak, 4To0bI n3bexkarb Ka-
CaHUil, HATIPUMEDP, MOYKHO CIEeJIaTh CedeHUe TIOCKOCThI0 & = (. DaKTUYIeCKu 3TO O3HAYAET,
YTO HEOGXOMUMO BO BPEMEHHOM PANE {(Zn, Yn, Zn) }he1, TIOIYUCHHOM, HAIPAMED, PEIICHHEEM
cucrembl Pécciiepa meromom Pynre—-KyTTbl Ha [10CTATOYHO JJIMHHOM BPEMEHHOM OTPE3KE
T = NAt, rone At — unTepBaa AucKperusannn, N — 9HUCJIO TOYEK B PAJie, OTBICKABATEL 3Ha-
geHns KoopauHAT (Y, z) (Ha IPaKTUKE OrPAaHUYIMBAIOTCS TOJIBKO OJHOIO KOODAMHATOMN, JaIme
BCErO ¥), COOTBETCTBYIOIYE IPOXOXK/ICHNIO TpaeKTopueil 3Haderus & = 0, npuduéM Bcerja B
OJTHOM W TOM K€ HAIIPABJICHUW: JUOO yBEIWYeHUs T (3HAYUT, BO BPEMEHHOM psije Tn, < 0,
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a Tpt1 > 0), b0 ymeHblneHus: (BO BpeMEHHOM psizie Tn, > 0, a Zp41 < 0). B npocreiimem
cilydae B KadecTBe 3HadeHmit orobpakenmsi llyamkape MOKHO OpaTh Yp, YIOBIETBOPSIO-
e yCJaoBUIO Tn < 0, & Tp41 = 0, HO Takoil HoaX01 TpebyeT ovYeHb MaJoro mara At s
6oJree-MeHee TOYHOI'O OIIPEIEICHUST PEXKUMa [TOBEIEHNUsI, IOCKOJIbKY BMECTO TOUYKHU II€pPEece-
YeHUs IIOCKOCTH 0epéTcs CIIeyomas 3a Hel0 TOYKA 110 TPAEKTOPUH. TOYHOCTH MOYKHO Cy-
[IIECTBEHHO HOBBICUTH, €CJIN AINIPOKCUMUPOBATH TOYKY IEPECeYeHUsI, NCIOJIb3Ysl JIMHEHHYTIO
APOKCAMAINIO — YPaBHEHUE MPSMOil, MPOXOAAIIEH Yepe3 ABe TOUKHU Ha MJIOCKOCTH:

Y=o _ T7%n (12.17)

Yn+1 — Yn Tn+1 — Tn

Ecmm B (12.17) noacrasurh £ = 0 ¥ BBIPA3UTH OTTYJA Y, TO MOJYIEHHOE 3HAYECHUE Y
MOXKHO PAcCMaTpPHBaTh KaK OdYepeHOe 3HadUeHne orobpakenus llyankape.

ITockonpKy 3apaHee HEM3BECTHO, CKOJIBKO TOYEK MPHUAETCS HA OJUH BUTOK KPHUBOW W,
CJIEJIOBATEILHO, CKOJIBKO IePEeCedeH il INIOCKOCTH Y/IACTCS JIETEKTUPOBATh Ha JJIMHE Psifia B
N 3uadennii, BeauauHy N OOBIYHO HPUXOIUTCS MOJAOUPATH IMIUPUIECKHA TaK, 9TOObI MU-
HUMAaJIbHOE YHCJIO IepeceveHnit ObLIo GoJIbllle, YeM CaMblil CJIOXKHBIA N3 PACIO3HABAEMbBIX
PEXKUMOB: HAIIPUMEP, €CJIM XOUETCs PACIO3HATH PeKuM nepuoga 12 (B mHameil mporpavme
[epeMeHHasl, OTBEYAIOIasl 38 ITOT IIapaMeTp, OyeT Ha3bIBAThCs maxregime), KOrja TPAaeK-
TOpHS [OIAJAET B CBOW KOHel Yepe3 16 BUTKOB, Hy>KHO NMETHb He MeHee 13 mepecedeHnii.

Pacuér mis moToKOBBIX CcHMCTEM, KaK MPABUJIO, TOpa3ao 0ojiee BBIYUCIUTEIBHO 3aTPAT-
HBIA, d9eM i oTOOpaskKeHMil, TaK KaK KpoMe HeOOXOJMMOCTH PeIleHUus CUCTeMbl Judde-
PEHIMAJILHBIX YPABHEHUH BMECTO IIPOCTOIO UTEPUPOBAHUS OTOOPAKEHUs, JJIs OJHOTO IIara
ceuennsi [lyankepe 4acTo OKa3bIBAETCS HYXKHO CIEIATH JECATKU WA COTHU IIArOB aJITOPUT-
Ma, Bellb 4eM MeHbIe At ¥, cej0BaTebHO, OOJIbINE MIANOB HA OJHOM BUTKE, T€M TOYHEE
OyJeT JeTeKTUPOBAHO 3HAYEHHE Yy, IPU KOTOpoM T = 0 1 MeHbIle OmMOOK B OLpPEIeJIEHUN
pexumoB Oymer momyiteno. OJHAKO MOCKOJBKY IS KaXKJ0ro Habopa mapaMeTpoB PacdéT
MOXKHO IIPOU3BOJIUTH HE3ABUCHUMO, IIPOOIeMa MOXKeET ObITh 3(M@PEKTUBHO pelreHa C HUCIOJIb-
30BaHMEM MHOTOSIZIEPHBIX KOMIIBIOTEPOB U BU/IE0YCKOPUTEJIEH.

IIpobaemy pacmapasuiesMBanus IPOrPAMMBI MBI Oy/IeM peIaTh B JAPYTOil TiaBe, a MMoKa
nonpodyeM HaIKCATh IIPOCTYIO IPOTPAMMY, CTPOSIILYIO KapTy PEKUMOB cucTeMbl Pécciepa,
IyCTh M HE C CAMBIX XOPOIINM pa3spemieHueM. J[jist mocTpoeHust KapThbl PEKUMOB CHCTEMBI
Péccaepa Gyziem mapamerp a MmeHATh B ipegenax [0.1;0.34] ¢ marom 0.003 (sTo HEmocTATOIHO
MAaJIeHbKUI IIar, HO JUIsl y9eOHBIX Iesiell mofoiinéT), napamMerp ¢ 6yJeM MEHATb B IIPEIesIax
[1;5] ¢ marom 0.05. Pemars cucremy O/IY Gymem BcTpoeHHOU dyHKnueit solve_ivp, KOTo-
past JIeKUT B scipy.integrate, meron BeicraBuM LSODA — 3T0 06€pTKa HaJ O6MOIMOTEKOIO
LSODA, nanucanuoit Ha Poprpane, 4To 0OeCIIEYNBAET BBICOKYIO CPABHUTEIBHO C APYTUMHU
MEeTOAAMH CKOPOCTh BBIYMCJECHUI IIpU npreMyeMoil TogHocTrA. LSODA ncnosib3yeT aBToOMaTH-
YeCKUil OADOP Iara MHTEIPUPOBAHMS, KOTOPBIN MOXKET OTIMYATHCS OT Iara JIUCKPEeTUu3a-
uu (B Haleii mporpamme 0603HadaeTcs dt) B MEHBIILYIO CTOPOHY, €CJIU 9TO HEOOXOIUMO JIJIsI
JOCTUKEHUST HY>KHOM TOYHOCTH BBITHCJICHUSI.

from scipy.integrate import solve_ivp

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’, ’Dejavu Sans’]
rcParams[’font.size’]=24
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b=0.2
delta = 0.01
dt = 0.001
N = 2000

maxregime = 13 # MakCHManbHO Pa3pEWEHHEHH pexuM

def Rossler(t, x):
dx = np.zeros(3)
dx[0] = -x[1]-x[2]
dx[1] = x[0]+ax*x[1]
dx[2] b+x[2] *(x[0]-c)
return dx

plt.figure(figsize = (9, 9))
x_min = 0.1; x_d = 0.003; x_max = 0.34
y_min = 1; y_d = 0.05; y_max = 5
a_n = np.linspace(x_min, x_max, round((x_max-x_min)/x_d)+1)
c_n = np.linspace(y_min, y_max, round((y_max-y_min)/y_d)+1)
map_Rossler = np.zeros((len(c_n), len(a_n)), dtype=int)
for i, ¢ in enumerate(c_n):
for j, a in enumerate(a_n):
’»’[lpomycKaeM II€PeXOIHOH IpollecCc M JellaeM IPOBEPKY Ha pasberanme TpaeKTopmm’’
x0 = 0.001*np.ones(3)
X = solve_ivp(Rossler, (0, 20000), x0, method=’>LSODA’)
amp = (max(X.y[0, :1)-min(X.y[0, :1))/2
if abs(amp)>100:
map_Rossler[i,j] = 0
continue

>?’TlonyyaeM HyXHHI BpeMeHHO# psam’’’

x0 = X.y[:, -1]

t0 = np.linspace(0, N, round(N/dt)+1)

X = solve_ivp(Rossler, (0, N), x0, t_eval = tO, method = ’LSODA’)

>??lenaeM cedenue llyamkape miIockKocTeb x = 0’7

y_sec = []
y = X.yl1,:]
x = X.y[0,:]

for i_x in range(l, len(x)):
if x[i_x-1]1<0 and x[i_x]>=0:
y_mid = yli_x-1]-x[i_x-11*((y[i_x]-y[i_x-11)/(x[i_x]-x[i_x-11))
y_sec.append (y_mid)
iy=1
while i_y < len(y_sec) and abs(y_sec[i_y]l-y_sec[0])>delta:
iy=iy+1
if i_y > maxregime: i_y = maxregime
map_Rossler[i,j] = i_y
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plt.imshow(map_Rossler, cmap = ’jet’, origin=’lower’,
extent = (x_min, x_max, y_min, y_max),

aspect = x_d / y_d)
plt.colorbar(boundaries=np.arange(-0.5, maxregime+1.5, 1),
ticks=range (0, maxregime+1),

fraction=0.044)

plt.xlabel(’a’, fontsize=28)

plt.ylabel(’c’, fontsize=28)

plt.tight_layout()

plt.show()

B wmrore momyumm pumc. 12.16. [Iast mOCTpOeHMST 3TOTO PUCYHKA B OJIMH IOTOK MOYKET
IIOHa,100UThCcs 12 JacoB u 6osee

OFRNWRUIO YOO

Puc. 12.16. Kapra pexxumop cucrembl Pécciiepa Ha miiockoctun mnapameTrpos (a, c).

Ilepuonuaeckue aBuzkeHust ¢ mepuogoM oT 1 710 12 mpejicTaBieHbl IBeTaMu OT TEMHO-

cHHEro J10 TEéMHO-KpacHOro. Bopmaosbim (1Ber 13) 0603HAUEHBI KAK HEPUOJIUYECKUE
JBUKEHUSA OOJIBITIETO TIEPUOIA, TAK M XaOTHIECKUE PEXKUMBL.
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12.7 T[Npumepsbl peweHunsa 3agaHunin

IIpumep 3anaum 41 (CumBosibHble BbruuciaeHnus. Moayinbs sympy.) Cpedemeamu
Mmodyas sympy (Pynrkuuu symbols(), Eq() u plot_parametric()) mocmpoumov epa-
Pur Pueypor Jluccaosicy — mpaexmopuu, mpouepuusaemot. mouwkotl, cogepuarouets
00HOBPEMEHHO 080 2APMOHUMECKUL KOALOAHUA 8 08YL 83AUMHO NEePNEHIUKYAAPHBLL
HANPABALHUAL.

Pemtenne 3agaum 41 Maremarudeckoe BbipaxkeHue Jyist puryp Jluccazky BBINISIIUT CJie-
JYIOIIIM 00pa3oMm:

y(t) = Bsin(bt),

roe A, B — aMmmumaTyapl Konebanuii, a,b — dacTorsl, 6 — casur das. Bua Kpusoii cuabHO
3aBUCUT OT COOTHOIIEHUS @ : b U 3HaYeHUS J.

Iocrpoum (puc. 12.17) dburypy Jluccaxxy npu A = B = 2, § = 7/2 n coorHOIEeHHN
a:b=3:2.

{ z(t) = Asin(at + 9),

import numpy as np

from sympy import plot_parametric, symbols, Eq, cos, sin
t=symbols(’t’)
plot_parametric(2*sin(3*t+np.pi/2),2*sin(2*t), (t,0,2%np.pi),
line_color = ’black’, xlabel=’x’,ylabel=’y’,

xlim = (-2.5, 2.5), ylim = (-2.5, 2.5))

Puc. 12.17. @urypa Jluccaxy, mocrpoeHHasi CPeICTBAMI MOIYJIS Sympy.
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IIpumep 3agaum 42 ITocmpoum 3a6UCUMOCTIIL SHAMEHUA CTAPULERO AANYHOBCKO20
NoKA3AMEAR OM Napamempa @ 0as kackadrol deymeprot, cucmemsv, — omobpastce-
nus 9no (A.36).

Pemntenne 3agaun 42 /1t KpaTKOCTH OCHOBHBIE KOMMEHTAPUU TTOMECTUM B KOJI:

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]

epslyap = le-6
beta = -0.2

def Henon(x, alpha):
dx = np.zeros(2)
dx[0] = 1 - alpha*x[0]**2- betaxx[1]
dx[1] = x[0]
return dx

alphas = np.arange(0.01, 1.4, 0.01)
N = 500
Lyap = [] #Comcox 3HaueHmi#l cTapmero IokasaTels JlamyHoBa
for alpha in alphas:
#IlporyckaeM IepexoZHO# Ipomecc
x = [0.1, 0.1] #mavambHbHE yCIOBHUA
for i in range(10000) :
x = Henon (x, alpha)
#BrUMCIAeM MCXOIHBIM X ¥ BO3MYWLEHHHM X
X =x
X_perturbation = np.copy(X)
X_perturbation[0] += epslyap

LyapLoc = [] #Cmmcox mnokambHBHX mHOKasaTeneill JlamyHoBa

for i in range(N-1):
Xnov = Henon(X, alpha)
Xnovp = Henon (X_perturbation, alpha)
delta = np.sqrt(np.sum((Xnovp - Xnov)**2))
LyapLoc.append (np.log(delta/epslyap))
X_perturbation = Xnov + (Xnovp - Xnov) * (epslyap/delta)
X = Xnov

Lyap.append (np.mean(LyapLoc))

plt.plot(alphas, Lyap, ’-’, color = ’black’)
plt.x1im(0, 1.4)

plt.title(’Crapumii nAIyHOBCKUI IOKa3aTeNb’)
plt.xlabel(r’$\alpha$’)
plt.ylabel(r’$\Lambda_1$’)
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plt.grid()
plt.show()

B nrore mosyuum ciieLytomyo KapTUHKY:

CrapLumii NANYHOBCKWIA NoKasarenb

0.4 4

0.2 4

0.0 4

0.0 0.2 04 06 0.8 10 12 14

Puc. 12.18. 3aBucuMocTh 3HAYEHUST CTAPIIErO JISIITYHOBCKOIO MOKa3aTess Aj or ma-
pameTpa « Jjis 0TOOpaXkeHusi JHO.

12.8 3apaHunsa Ha uccnegoBaHne ANHAMUYECKUX CUCTEM

3ananue 49 Bomoanamov 00no sadanue ¢ nomepom (n—1)%m+1, ede n — nomep 6
CNUCKE 2PYNNbL, G M — “UCA0 300N 68 3A0AHUU.

Pemmre Bpyunyto meronom Disiepa ciemyrorniye cucreMbl TuddepeHIuaIbHbIX ypaBHe-
uuii. ITocrpoiite BpemenHble peanusanuu u (HasoBbIH OPTpeT sl Balieil cucremsl (ecin
cucreMa JByMepHasi, TO (Pa30Bblii IOPTPET pucyiiTe Ha ocsax 2D; ecau cucrema TpéxMepHasd,
TO — Ha ocsx 3D).

Ocunsutarop Ban nep Ilons (A.8);

Ocupuisitop Ban zep Iloss - Toner (A.9);

Ocuustarop Panes (A.10);

Tenepatop ¢ »xécrkumM Bo30ykaeHneM (A.11);
Yupomgnnas mozens Heiipona @urnXsio-Harymo (A.12);

Tosmmasa momens meitpona PurnXpo-Harymo (A.13);

NS ot e W e

Mogens Bouxéddepa - Ban gep oms (A.14);
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8. Mogens Jlorku-Bosbreppa (A.16);

9. Cucrema Péccrepa (A.17);

10. Cucrema Jlopenna (A.18);

11. T'eneparop Kusinko-IInkosckoro-Pabunosnua (A.19);

12. Teneparop Annmenko-Acraxosa (A.20);

13. Teneparop dmurpuesa-Kuciosa ¢ 1.5 crenensmu cso6oaer (A.21);
14. Cucrema Yya (A.22);

15. Cucrema ®AITY (A.23);

16. Mogens Xungmapr-Poys (A.24).

3azanue 50 Bomoanamov 00no sadarue (cm. 3adanue 49) ¢ nomepom (n—1)%m+1,
20e N — HOMEP 8 CNUCKE 2PYNNbl, 4 M — HUCAO 300t 6 3a0AHUU.

Pemture Bpyunyro meronom Pyrre-Kyrror 4-ro nopsinka. [locrpoiite Bpementbie peasin-
samuu 1 (Ha30BBIl HOPTPET /It Balleil cUcTeMbl (ecsu cucreMa JByMepHasi, TO (pa30BbIi
nopTper pucyiite Ha ocsax 2D; ecym cucTemMa TpéxMepHasi, TO — Ha ocsax 3D). Oramuaiorcs
JI1 BPEMEHHBIE Deaju3allid, MOJIyIeHHbIe MeTOAoM Jitstepa n meromom Pynre-KyrTor 4-ro
nopstaka?

3azanue 51 Bumoanamov 00no sadarue (cm. 3adanue 49) ¢ nomepom (n—1)%m+1,
2de M — HOMEDP 6 CNUCKE 2PYNNbL, G 1M — “UCAO 30004 68 3A0GHU.

Pemure ¢ momombio  BCTpOoeHHBIX — GyHKOUT scipy.integrate.odeint wiam
scipy.integrate.solve_ivp cienytomue cucrembl auddepeHnuaIbHbIX  yPaBHEHNH.
[MocTpoiite BpeMenHble peaym3anuu u (Ha30BBI MOPTPET IS BaIeidl CUCTEMBI (ecamn
cucreMa JByMepHasi, TO (Da30BbBIil IOPTPET pucyiiTe Ha ocsax 2D); ecu cucTeMa TpEXMepHasd,
TO — Ha ocax 3D).

Baganue 52 Bumoanamo o0no dadarue (em. 3adarue 49) ¢ nomepom (n—1)%m—+1,
20e M — HOMEP 6 CIUCKE 2PYNnbl, & M — “UCAO0 3604t 6 3A0AHUU.

BeenuTe B 10CII€/HEe ypaBHEHHe Balleil cucTeMbl 3amasipiBaHue. Pemmre cucremy
MeTomoM Diinepa. [locTpoiiTe BpeMeHHbIE peanm3anuu u (Ha30BBIA MOPTPET JJIs BAIIEH CH-
creMmbl (ecm cucrema JByMepHast, TO (a30Bblii HOpTper pucyiiTe Ha ocax 2D; ecam cucrema
TpéxMepHasi, TO — Ha ocsax 3D).

3aganue 53 Bumoanamo o0no dadarue (em. 3adarue 49) ¢ nomepom (n—1)%m+1,
20€ M — HOMEP 8 CNUCKE 2PYNNLL, @ M — UUCAO0 3a00Y 68 3A0AHUU.

JobaBbTe K 1OCI€AHEMY ypaBHEHUIO Balel cucrembl 6esbiiit mym £(t) ¢ napamerpa-
mu 4 = 0 (myseBoe cpennee), o = 1 (cpenHekBagparnuHOe OTKJIOHeHUe). Pernre cucremy
MeronoM Ditepa. [locrpoiiTe BpemeHHbIe peanu3anuu U (HasoBbIi MOPTPET JJIs Balleil cu-
creMmbl (ecim cucrema JByMepHasi, TO (a30Bblii HOpTpeT pucyiiTe Ha ocax 2D; ecam cucrema
TpéxMmepHas, TO — Ha ocax 3D).
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Baganue 54 ITocmpolime cemelicmeo PE3OHAHCHBLL KPUSHIT AUHETHOZ0 OUCCUN-
TMUBHOZ0 OCUUAAATMOPE — 3ABUCUMOCTIIL AMNAUMYOBL BHIHYHCOEHHDBLT Korebarutt om
wacmomnot paccmpotivu A(J).

3aganue 55 Bomoanambv 00no sadanue ¢ nomepom (n—1)%m + 1, ede n — nomep 6
CNUCKE 2PYNNbL, @ 7 — “UCAO 300 68 3A0AHU.

Yucsienno pemure (¢ HOMOIIBIO DYHKIUY Scipy.optimize.root, B KauecTBe METOIA pe-
IeHnsT yKaxKuTe MeToy; KpblIoBa) U mOCTpOiTE PE3OHAHCHYIO KPHUBYIO ocrmiaTropa lyd-
dunra. Jas KaxKkaoro m3 TPEX HAYAIBHBIX YCJIOBHIl MPOPHUCYiiTe rpadUK CBOUM IIBETOM.
3HadeHne napaMerpa MHTEHCUBHOCTU BHEIIIHEI'O BO3JEHCTBUS:

1. P=2.0;
2. P =22
3. P =24,
4. P =26
5. P =2.8;
6. P =3.0;
7. P =32
8. P=34.

3azanue 56 Jucaenno (¢ momowpto dynkuuu scipy.optimize.root) u cumgoabHO
(cpedcmeamu sympy) pewume U mocmpotime cemeticmeo Pe3OHAHCHBIL KPUSHLT 0C-
yuanamopa Jdypdurea 0as pasHulr 3HaUeHUT NAPAMEMPE UWHMEHCUSHOCTMU SHeUL-
neeo eosdeticmeun 6 Jduanasone P € [2.0,2.8] ¢ wazom 0.2. Cpasnume cropocmbv
pabomal amux 08Yxr Memodos.

3aganue 57 Bomoanambv 00no sadanue ¢ nomepom (n—1)%m+ 1, ede n — nomep 6
cnucke 2pynnol, a4 M — YUCAO 3a0aM 6 3A0AHU.

Cpencrsamu Monynst sympy (dyuknun symbols(), Eq() u smbo plot_implicit(), au6o
plot_parametric()) mocTpouThb rpaduKn MHOTO3HAYHBIX (DyHKITHIA.

1. Oxpyxuocts z° 4+ y* = 72, rae © — paamyc, moboe HATYPAIBHOE THCIO;
2. Duuunc Z—z + z—j =1, e a > b, a,b — m00bIE HATYPAJbHBIE UNCIIA;
3. @urypa Jluccaxxy upu A =B =1, 0 = 7/2 u coorHomennu a : b=1:1;
4. @urypa Jluccaxy npu A = B =2, § = w/4 u coornomennn a : b =1: 1;
5. @urypa Jluccaxy npu A = B =1, 0 = 7/2 u coorHomenun a : b =1: 2;
6. @urypa Jluccaxxy upu A = B =1, 0 = 7/2 u coorHomennu a : b = 3 : 2;
7. ®@urypa Jluccaxy npu A = B =2, 0 = /2 u coornomennn a : b= 3 : 4;
8. ®@urypa Jluccaxy npu A =3, B =1, § = 7/2 u coornomenun a : b = 3 : 4;
9. @urypa Jluccaxxy upu A =B =1, 0 = 7/2 u coorHomennu a : b =5 : 4;
10. ®@wurypa Jluccaxxy nmpu A =1,B =3, § = 7/2 u coornomenuu a : b =5 : 6.
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3aganue 58 Buomoanamov 00no sadanue ¢ nomepom (n—1)%m + 1, 2de n — nomep 6
CNUCKE 2PYNNbL, G 7 — “UCAO 300 68 3A0AHUU.

[TocTpoiiTe 3aBUCUMOCTD CTAPIIIErO JIAIYHOBCKOIO IIOKA3aTe sl OT ITapaMeTPOB CHCTEMBI
n 6rdypKAIMOHHYIO ArarpaMMy.

—_

. Kybudeckoe orobpazkenue (A.34);
2. orobpaxkenue okpyxuoctu (A.35);
3. orobpaxenue JHo (A.36);

4. orobpakenue Vxener (A.37);

5

. orobpaxkenne 3acsasckoro (A.38).



[nasa 13

[lapannenbHoe nporpammupoBatue. Moaynb
multiprocessing

13.1 BsBepeHue B MHOronoTo4Hble BblYNCAEHUS

13.1.1 O npuyMHax NoOsSIBNEHUSI MHOrOSAEPHbIX NPOLECCOPOB

B nacrosmiee BpemMsi MHOTOsIZIEpHBIE IIPOIECCOPHI CTAIU JOCTYIIHBI IPAKTUYIECKU KaK-
JIOMy, B TO BpeMs Kak eImié 15 jeT Ha3aJ uX MOXKHO OBbLIIO BCTPETHTH TOJIBKO Ha CepBepax.
DTO CBSI3aHO C TEM, YTO MOBBIMIATH MPOU3BOAUTEIBHOCTh OKA3aJ0Ch CYIIECTBEHHO IIPOITE
3a CYET HAPAINWBAHUS YHUCJIA SIAEP U OJHOBPEMEHHBIX IIOTOKOB BBIYHCJICHHIl, YeM 3a CUET
norbEMa TAKTOBOW YaCTOTHI, MOBBIIIEHNUST 3(hDEKTUBHOCTH IPOIECCOPHOTO I/Ipa WJIM BBEe-
HUSI HOBBIX WHCTPYKIIAN, XOTsI BCE MEPEUNCICHHBIE CIIOCODBI MO-TTPEXKHEMY HUCIOTB3YIOTCS.
1M 1myTéM mouwm 06a OCHOBHBIX COBPEMEHHBIX IPOU3BOJUTEJISI MUKPOIPOIECCOPOB ISt
nactosbubix 11K u moyrOykos: Intel 1 AMD, a ¢ HemaBHEro IPOILIOrO K HUM IIPUCOEIH-
nwica kounepu ARM, pazpabarbiBaiommii mpomeccopbl i cMapTdOHOB M IJIAHIIETHBIX
KOMIIBIOTEPOB (XOTsI HEKOTOPBIE U3 HUX UCIOJBL3YIOTCS U B HerOyKax). [losTomy ceituac na-
2Ke 3a BITOJTHE yMEPEHHbIE JIeHbIM HaM MpejIaraioT npuobpectu 2, 3, 4, 6 u gaxe 8 saepHbIi
TIPOITECCOP.

IIpuuunbl TOrO, MMOYEMY HACTOJIBHBIE IIPOIECCOPHI CTAIN MHOTOSIEPHBIMI, JIEZKAT B BO3-
MOXKHOCTSIX COBPEMEHHO MHIyCTPHUH U IPEAIOCHUIKHE K 9TOMY CTAJIH (DOPMUPOBATHCS OKOJIO
25 ner nazaz. Cront Tak»Ke cKa3aThb, uTo coBpeMenuble IIK uayT Bcé TeM ke myTéM, IycTh U
C HEKOTOPBIMU BapHUAIUSIMU, KOTOPBIM I CYIIEPKOMIIBIOTEPHI y2Ke OoJiee mosryBeka. 25-30
JIeT Ha3a/[[ IPOIECCOPBI OLLIN €INé JOCTATOYHO IIPOCTHI M MHOTHE He MMEJH Ja’ke BBIIe-
JIEHHOTO OJTOKa JIJIsi OIEPAIHii C BEIECTBEHHBIMU YHUCJIAMU, SMYIUPOBABIINXCS C ITOMOIIBIO
apudmeTnko-jorudeckoro ycrpoiicrsa (AJIY). Ho y»ke Torma craso sicHO, 9TO yBeJIHYeHHE
CcaMOfl TAKTOBOM YaCTOTHI — OCHOBHOM CITOCOO ITOBBIIIEHUSI IIPON3BOINTEILHOCTH B II€DBBIE
OBl PA3BUTUS X86-COBMECTUMBIX IIPOIECCOPOB — OIPAHMYEHO BO3MOXKHOCTSAMH MaMSITH U
npoueit nepudepun. Torna npugymanu cienarb 4acToThl mojgcucreMsl mamsatu u AJIY pas-
JINIHBIMHA, HO KPATHBIMU (BBEJICHUE MHOXKUTEJIS ). DTO HA TEPBBIX IMOPAX JIAJI0 BO3SMOXKHOCTH
OYeHb CYIIECTBEHHO MOJHATHL YacToTbl AJIY, HO mpu 3TOM HOACUCTEMA MMAMSITU CTAaja OT-
cTaBaTh BCE OOJIbIIIE M 3TO OTCTABAHIE IIPOJIOJIXKAET HAKAIJIMBATHCS U CETOJIHHA, BEJb €CJIU
maMsTh paboraer Ha dactore B 10 pa3 menbire 111, qanable u3 Heé MpUIAETCS 3aMpaInBaTh
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Puc. 13.1. PocT TaKTOBOIf 9aCTOTHI MUKPOIIPOIIECCOPOB Kopropanuu Intel co Bpeme-
ueM (a). amenenue pasmepa Tpansucropa co BpemeneM (b).

CTOJIB Ke peaiKko. B pe3ysbraTe mporeccop OKa3bIBAETCsI Ha TOJIOLHOM MIaiKe, KOIIa eMy IIPo-
CTO HEYEro BBIYUCIATD, IIOTOMY YTO JAHHBIE U3 MAMATH eIé He nocTynuian. llepsonadanbao
9ra npobiieMa pelajgach TeM, 9TO Pa3pbIB ObLI HE CTOJIb BEJIMK, Ha HEKOTOPBIE OLEPAIuN
y HII yxommiio mo HECKOJBKY TAKTOB, & KPOME TOTO OBbLIN BBEIEHBI JIOMOJTHUTEIbHBIE pe-
ructpsl namsT B camoM IIII, mo3BosisiBImine XpaHUTH JOMOJHUTEIbHBIE naHHblEe. Ho ckopo
9TUX IMOJIyMEP CTAJIO HE XBATATh.

Ha puc. 13.1 (a) Buauo, 9To B 70-THIe POCT TAKTOBON YaCTOTHI MUKPOIIPOIECCOPOB GbLI
9KCIOHEHINAIBHBIM (rpaduK IOCTPOEH B JOrapudMUIecKOM MacuITabe), 3aTeM 3aMeI -
Cs W CHOBa CTaJl 9KCIIOHEHIIMATHHBIM, HO YK€ C MeHbITuM ocHoBaHueM B 90-Thie. OmHAKO
10 JIOCTHKEHUU MakcuMasbHOil dacToThl 3.8 MI'nm B 2004 romy pocT He TOJIBKO IIPEKpa-
TUJICS, HO YACTOTHI IIOIIIN HEKOTOPOEe BPeMsI BCHATH, YTO CBA3AHO C JOCTHXKEHHEM IIOpOra
TeIIoBbIIeeHnsa U pobaemamu yreuek. Ha puc. 13.1 (b) Bumno, 9T0 m3MeHeHne pasmepa
TPAH3KUCTOPA CO BPEMEHEM IIOYMNHAETCH TaK Ha3blBaeMOMYy «3akoHy Mypas u sBisercs no
CHX IIOp 9KCIOHEHIMAIbHOM (yHKImel Bpemenn. OCBOEHNE HOBBIX METOJ[OB IIPOEKTHPOBA-
aus B Kouie 80-Teix, Hadasae 90-THIX MIPUBEIO KO BDEMEHHOMY HAPYIIEHUIO «3aKoHA Mypay,
HO OBLIO OTBHIrpAHO B nasbHedmeM. CryneH4yarslii Xapakrep KpuBoit ¢ 1997 roma siByisier-
csl cilecTBAEM cTparernu Intel, KOTOpasl MeHsleT TeXHUYEeCKHU IIPOIeCC IPUMEPHO pa3 B
2 roza, TakuM 00pa30M YCII€Basi BBIMYCTUTb HA OJHOM M TOM YK€ TEXHUIECKOM IIporiecce 2
TIOKOJIEHUST MUKPOIIPOI[ECCOPOB.

Ilonnmast, 9TO Pa3phIB MO YACTOTE MEXK/Y IPOIECCOPOM M MAMSATHIO CTAHOBUTCS Y3KUM
MEeCTOM — OCHOBHBIM HCTOYHUKOM IOTEPH 3D(DEKTUBHOCTA — IIPOUIBOJIUTENH IONILIN CPa-
3y HECKOJIbKUMHU IIyTsIMH. BO-TIePBBIX, BBEJU JIOMOJHUTEIbHBIE Oy(epHble YPOBHU MAMSTH
B CaMOM MIPOIIECCOPe, TaK HA3bIBAE€MBbIll KIII. Tyra momaaaan JaHHbIE U WHCTPYKIIUH, KC-
oJIb3yeMble HanboJiee 4acTo, YTOObI He 3allpalllnBaTh UX U3 MaMsaTh Kaxk bl pa3. CHavasa
OBLI TOJILKO K3II 1-r0 ypOBHSI — HEOOIBINONH 00bEM TBEPAOTEIbHON IAaMATH, PACIOIOXKEH-
HBIH B CAaMOM Iporeccope (& B HEKOTOPBIX CIIydasx U Ha MATEPUHCKON IUIATE) U CIeTaHHBII
BMeCTe C HUM K3 TPAH3UCTOPOB TOrO ke Tuna. llorom, 1o Mepe Toro, kak namsTb BCE 0O-
Jiee OTCTaBaJla, BBEJIM K3II BTOPOTO yDPOBHsI, NMEIOIIHI OO/IbINNe 3a/1epKKHU JOCTyIa, HO U
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Gousbiuit 06bEM. Celfuac UCIOMBb3YyeTCsl yKe M KA TPETHErO YPOBHSI, MPUIEM CyMMapHBIT
06bEM K3IMIIEH y2Ke MHOTIA MpeBbInaeT 06béM O3Y TUNUYHBIX ePCOHATBLHBIX KOMIILIOTEPOB
obpasra 1995-1997 rogos. Bo-BrophiX, naMaTh 3acTaBuiii paboTaTh B 2-X, 3-X U JaxKe 4-X
KaHAJIbHOM PeXKMMe, KOI/Ia HECKOJBbKO MOJIyJeil MOTYT OBITH JOCTYIHBI Ha 3aIHCh U UTe-
HUE€ OJJHOBPEMEHHO M HE3ABUCHUMO, YTO 3(D(MEKTUBHO IPUBOIUT K YBEIUYEHHUIO MIPOILYCKHOMN
criocobHocTH. B-Tperbux, crajy COBEpHIEHCTBOBATH KOHTpOJuIep namsatu. V13 HeGosbIIoro
MIPOCTOr0 yCTPOICTBA, PACIOIAraBIIerocs: Ha MaTEePUHCKON IjIaTe, OH IPEBPATHUIICS B IPe3-
BBIYAHO CJIO’KHOTO TIOJIY TPOBOJHUKOBOI'O MOHCTPA, COAEPIKAIINEr0 MUJLIMOHBI TPAH3UCTOPOB.
B-uerBépThIX, IEPEHECIN CaM KOHTPOJIEDP HAMATH U3 Tak Ha3biBaeMoro «CeBepHOro Mmocras
— HabOpa YWIOB HA MATEPUHCKOW IIaTé — B CaM IPOIECCOP, UTO MO3BOJIMIO YMEHbBIIUTh
3aJIEPXKKU JIOCTYIIA.

Camo 1o cebe yBesMueHne TAaKTOBOW YACTOTHI HE MOIVIO JJINTHCS OECKOHEYHO JaKe Ipu
COBEPIIEHCTBOBAHUN TEXHUIECKUX HOPM pom3BozacTBa (cm. puc. 13.1 (a)). IIpm moctmaxke-
Huu Bean4uH B 2-3 ['I'1p Havanucey cepbE3HbIE TPOOJIEMBI ABYX BUJIOB: CYIIECTBEHHO BBIPOCIIO
TEIIOBBIE/IeHNE (U 9HEPronoTPeOIeHIEe, COOTBETCTBEHHO) M HAYAJIUCH KBAHTOBBIE 3(bdeKTh
yTedeK B TpaH3ucTopax. /lazke peryaspHoe OCBOEHME HOBBIX TEXHUYECKUX HOPM IIPOU3BO/I-
CTBa, IPUBOJAIIEE K YMEHBIICHHUIO padMepa Tpau3ucropos (cM. puc. 13.1 (b)), He cmacaso.
ITosromy Beran Bompoc o ToM, Kak yseauanTbh KIIJI Ha cymecrByromux dacrorax (ecTb
crienmaabHblit TepMua — IPS) T.e. instructions per tact — Komm4ecTBO MHCTPYKIWii, BbI-
HOJIHAEMBIX 3& OJUH IEPUOJ TAKTOBOIO reHeparopa). st 9Toro, BO-IEPBBIX, HPHLYMAJIM
¥ TIPOJIOJIZKAIOT MPUIYMBIBATH HOBbIE HAOOPBI MHCTPYKIUI, B TOM YHCJIE€ TAK HA3bIBAEMBIE
«BEeKTOpHBIe»: MMX, 3DNow!, SSE, SSE2, SSE3, SSE4, AVX u Ap. DTU MUHCTPYKIUU IO3BOJIAIOT
CZIeJIATh 3a Pa3 HECKOJIBKO JEHCTBUi, HAIIPUMED, CJIOXKUTH IIapy YUCE], & IOTOM YMHOXXUTH
Ha TPeTbe WIN CJIOKUTH TPU YUCJIA U T. 1. HO HOBBbIe MHCTPYKIMU MaJIO MPUIYMATh U PeasIi-
30BaTb, HY?KHO €€ 3aCTABUTh Pa3pabOTINKOB KOMIIHISTOPOB U WHTEPIPETATOPOB SA3BIKOB
IIPOI'PAMMHUPOBAHUS M, B YACTHOCTH, CAMOI CJIOXKHOM MX YaCTH — acCeMOJIEPHBIX TPAHCJIA-
TOPOB — 3TUMU WHCTPYKIIUSIMUA TIOJIB30BaThCs. [lpu aToM Henb3si 3abbiBaTh W mpo Gostee
cTapble MIPOIECCOPDI, Tle YaCTU ITUX MHCTPYKIUN MOYKET He OBITh, HO Ha KOTOPBIX HOBBLIE
IIPOI'PaAMMBbI TaKXKe JOJKHBI paboTaTh. Torga napaJuiesibHO ObLI MCIOJIb30BaH BTOPOIl II0JI-
XOJ: JaBaiiTe peajm3dyeM ONHOBPEMEHHO BBIIOJIHEHUE HECKOJIbKHX CTAIUN ONHOI U TOH 2Ke
WHCTPYKIIUY, HAIIPUMED, 3aIPOC aJIPeca U JCKOAUPOBAHNAE. DTOT IOAXO]] ITOJLY YNl HA3BAHUE
kouseitep. CoBpemennsbie 11 numeror, Kak mpaBuiio, 3-X wM 4-IIyTHBIA KOHBeep, T. e. MOI'yT
BBITIOJIHSITH HECKOJIBKO DJIEMEHTAPHBIX OTEepaIinii 33 TAKT. TakKe IPoIydImpyeM HEKOTOPbIe
dyHKIMOHAIBHBIE jIeMeHThI, HanpuMmep, AJIY, a manable U UHCTPYKIUU Oy/IeM 3arpyKarh
73 DaMATH CPpa3y HapTUSMU 10 HECKOJIbKY IITYK (CYHNEPCKAJSPHOCTD). DTO yixKe, dakTHIe-
CKH, apaJIJIeJIN3alis, IPOCTO CAeIaHHas Ha alllapaTHOM YPOBHE.

BBenienne xonseiiepa u CynepcKaJIsipHOCTH € OJTHOM CTOPOHBI YBEJINYNIIO IPOU3BOIATEb-
HOCTB B psjie 3a71a49, OCOOEHHO IEJIOYNCIEHHBIX, HO C JPYTOil TPUBEJIO K JIOMOJTHUTETbHBIM
mpobIeMaM € MaMsAThIO, OTKY/Ia OKA3aJIOCh HY2KHO TOJIYIaTh JaHHBIE /15T HECKOJIbKIX BBIUMC-
JINTEJIHBIX OJIOKOB U 3apaHee. UT0OObI yMeTh 3arpy»KaTh II0 HECKOJIBKO MHCTPYKIHI 3a pa3
¥ o6OBbICTpee, MPHUILIIOCh BBECTH JIOMOJTHUTEIBHBIN OJI0K — MPE/ICKA3aTe b MEPEXOI0B. DTOT
astemenT LI mbITaeTcs ¢ MCOIb30BaHMEM CIIEIINATIBHBIX TAOJINI] B BEPOATHOCTHBIX AJITOPHUT-
MOB BBIYHC/INTH, KAKHE MHCTPYKIMN U HaJT KAKMMH JAHHBIMH OYy/IyT BBIIIOJHEHBI CJIEIOM 3a
TEKYIIUMHU, U HA OCHOBE TAKOI'O IIPOTHO3a KOHTPOJLIEP HAMIATHU MOJIydYaeT 3aJlaHue 3arpy-
3UTh COOTBETCTBYIOIINE JAHHbIE N MHCTPYKIINKA B PETUCTPHI IIpoiieccopa 3apanee. HecmoTpst
Ha BBICOKYIO 3 PEKTUBHOCTD MpeJICKa3aTe el epexo/oB, JAI0MUX BepHbIil mporuos B 98%
cllydaeB U fgazke 60jiee, OCTABIINECS CTydan OKa3bIBAIOTCS IPE3BBIYANHO KPUTHUIHBI JJIsI TIPO-
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M3BOJMTEILHOCTH, T. K. IPUBOIAT K cOPOCY BCEro KOHBeepa W HeOOXOIUMOCTH 3arpyKaTh
BCe JIAHHDBIE 32HOBO. DTH ONMNUOKH IPUHSATO HA3BIBATH «IIPOMAaXaMU» W OHU MOTYT IIPUBECTU K
npoctoro 11T B HECKOJIBKO JIECSITKOB TAKTOB B CJIydae, eI HeOOXOAUMBIE JTAHHBIE NMEOTCST
B Kamrax, u mopsaka 300 TakToB u 6oJtee, eC/ii OHU JOCTYIHBI TOJBKO B O3V.

st GoJtee mOJTHOM 3arpy3Ku KOHBeilepa ObLIN NPUAYMaHbI emé ase TexHosoruu. OHa
U3 HUX HA3BIBAETCS «BHEOYEPEJHOE BBLIMOJHEHUE» U COCTOUT B TOM, UTO IMPOIECCOP MOXKET
MIEPECTABJIATH HEKOTOPBIE OJIN3KUE WHCTPYKIIMU MECTAMU, BBITOJIHSISI UX HE B TOM TMODPSIJIKE,
B KAKOM OHH CTOST B IPOIPAMMe, €CJIH 3TO MOXKET JaTh HPHUPOCT MPOU3BOJUTEHHOCTH.
Hanpumep, HaM HY>KHO BBIIIOJHUTH HECKOJILKO apU(pPMETUIECKUX OlEpaInii:

sl=a+b
s2=c+d
11 = exp(sl)
12 = exp(s2)

ITo mpaBmIaM mporeccop MAOIPKEH CHAYAIa 3arPy3UTh 3HAYEHUS ¢ U b U3 maMsaTH, TIOTOM,
BBIIIOJTHUB CJIOYKEHUE, AHAJIOTMYHO 3arPDy3uTh ¢ U d, HAKOHEII, II0CIeI0BaTEIbHO BBIIOJIHATD
J1Ba BO3BEJCHUS B CTEIEHb (Ha CAMOM JieJle 9TO MHOXKeCTBO JeiicTsuii). OJHAKO peasibHBIH
COBPEMEHHBIH IIPOIIECCOP, MOIYUHUB Pe3yabTaT s1, cpaldy »Ke IPUCTYIUT K TPEeTheil oneparumy,
6/1aro BCe MMEIOIINeCs JAaHHbIE yrKe XPAHSTCA B PETUCTPAX M HE 3aBUCAT OT BBIIOJIHEHUS
npe/iiecTByomeil eif Bropoii. [lapasutesnbrao on 3anpocut ¢ u d 3 namsaru. Takum obpasom,
MIOKa JaHHbIe OyIyT IepesaBaThbCsl U3 MaMATH, IPOIECCOp OyIeT 3aHsAT IIOJIE3HOI0 PAOOTOI.
BreodepeiHOe BBINIOJIHEHNE OYEHDb IIOMOTaeT BO MHOTUX COBPEMEHHBIX 33/1a4UaX, HAIIMCAHHBIX
Ha sI3bIKAaX BBICOKOI'O YPOBHSI IIPUKJIAJHBIMU IIPOIDAMMUCTAMH.

Bropast Texnosorust umeer pa3jMvyHOe HAa3BaHHE Yy Pa3HBIX IIPOU3BOJUTEJIEN U OTJIMYaA-
ercs meraisMu peanu3anuu. Y Intel, KoTopasi OCBOMIIA €€ IEepBOIO, OHA Ha3bIBaercs Hyper
Threading. DTa TeXHOJIOrUs IO3BOJIsIeT HA 1 DU3NIECKOM sIApE IMYIUPOBATL PAOOTY 2 JIO-
ruuecknx. Ilpm sToMm mosp3a or Takoro moaxosa OymeT TOJBKO B TOM CiIydae, KOrja, BO-
MIEPBBIX, OJVH IIOTOK BBLIUUCJIEHNN HE CIOCODEH 3arpy3uTh 3HAYNUTEJIbHYIO YacThb 6s10k0oB 1111,
a BO-BTODBIX, UMeeTCsI IIPOrpaMMHasl MOAIEePKKa MHOronorodHoctu. OmepannonHast CUCTe-
Ma BHJIUT TAKOH IPOIECCOD KaK JABYXbsIIEPHBIN U He BCETJa MOXKET Pa3IHIUTh (DU3NIECKUe
¥ JIOTUYECKHE S/IPA.

Bce ucnosib3oBaHHBIE U ONMCAHHBIE BBIIIE TEXHOJIOIHMH, TEM HE MeHee, He ITO3BOJISIOT
MIOJTHOCTBIO PACKPBITH BO3MOXKHOCTH COBPEMEHHOM 9JIEeMEHTHOI 6a3bl, IIO3BOJISIONIEN pa3Me-
CTUTHh Ha KPUCTAJLIE BCE OOJbIIe TPAH3UCTOPOB. Tak, OGOJIbINKE KIIIN CIIOCOOHBI TMOBJIUITH
Ha IIPOM3BOJINTEJILHOCTD JIUIID JO OIPEIEJEHHOrO IIpe/iesa, IT0cjie KOTOPOro JajbHeilInee nx
HapalUBaHue IPAKTUIEeCKN OECCMBICIIEHHO HJIM jjarke BpeaHo. [Ipoune 610Kku, KaK TO KOH-
TPOJIJIED HAMATH, IPEICKa3aTe/lb IEePEXo0B, OJIOK BHEOUEPEIHON BBIOOPKN MHCTPYKIHI U
JIp., Hy?>KHBI B €IMHCTBEHHOM KOJIMYECTBE. Y BEJIMYNBATh JVINHY KOHBeitepa, ayosupys AJIY u
Jpyrue OCHOBHBIE MCIIOJTHUTEIbHbIE OJIOKH, TOYXKE OIIACHO, IIOCKOJIbKY OH YaCTO OKa3bIBAETCs
HEeJI03arpy’KeH, a IPOMaxyu CTAHOBATCs 60jiee KPUTUYIHBI K Ipou3BoguTeabHOCTH. [loaTomy B
OIIpeIeJIEHHBII MOMEHT IIPOM3BOJIUTEJIN IIPOIIECCOPOB OKA3aJIMCh B CUTYAIMH, KOTa CaMbIM
yIO0OHBIM U 9P DEKTUBHBIM CIIOCOO0M yBEJIMYEHUS [IPOU3BOAUTEILHOCTA CTAJIO yBEJIMICHNE
9MCJIa IPOIECCOPHBIX s/IeP B PAMKax OJHOTO KPUCTAJLIA.

Opmako, 9TOOBI MOYYBCTBOBATEH IIPUPOCT IIPOU3BOIUTEILHOCTH, MAJIO IIPOCTO HIPHOOpe-
CTH MHOrosiZiepHOe ycTpoiicrBo. KoHewuHo, eciiu y Bac OZHOBPEMEHHO 3aIIyIEHO HECKOIHKO
PeCypCOEMKHX 3aJiad, HAIPUMEDP, Bbl HI'DaeTe B COBPEMEHHYIO KOMIIBIOTEDHYIO UIDY, & B
doHe UAET aHTUBHPYCHOE CKAHWPOBAHUE, apXUBHPOBAHHE OOJILIIOTO O0BbEMA JAHHBIX, 1
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Puc. 13.2. KonuaecTBo TpaH3UCTOPOB B MPOIECCOPAX JBYX OCHOBHBIX ITPOU3BOJINATE-

Jgeii: Intel — (a) u AMD — (b). Buaso, 910 9UCIO0 TPAH3UCTOPOB HEYKJIOHHO PACTET

10 IIPUMEPHO IKCIIOHEHIMAJIbHOMY 3aKoHy (06a rpaduka HOCTpoeHbl B Jorapudmu-
YEeCKOM MaciiTabe).

emé U IepeKOIUPOBaHNEe HEJABHO CHATOrO Ha OBITOBYIO KMHOKAMeDPY BHJIEO0, BbI HECOMHEH-
HO IIOYYBCTBYETE IPUPOCT OT HCIOJIH30BAHUSA HECKOJIBKHUX ANeP, MOCKOIbKY KaXK/1ad 3ajada
CMOKET HCIOJIb30BATh KaK MHHHUMYM OJIHO OTHesbHOe sapo. Ho maseko He Bcerza mmeer
CMBICJI 3allyCKaTh Cpa3y MHOXKECTBO NPUJIOXKEHHH, 9acTO €CTh OJlHa BasKHasd 3a/ada, Kak
TO K€ BUJICOKOJUPOBAHUE WM APXUBUPOBAHUE, M €€ YKEeJATEJbHO MAKCUMAJIbHO YCKOPUTh.
B rtakoit cuTyamum BCE 3aBHCUT OT TOTO, KAKMM O0PA30M HAIUCAHA KOHKPETHAsS HMCIOJIb3Y-
eMasl BAMU IIporpaMma: BbI IIOJIyYUTE IPUPOCT OT MCHOJIb30BAHUSI MHOT'OSIIEPHUKA TOJIBKO
€CJIM OHA yMeeT Pa3/esaTh BRIUUCICHUS Ha OT/Ie/IbHbIe HUTH. Korga mporpaMma HaIMCaHa 3a
BaC, JIEBATHCS HEKY/A, OCTAETCHA TOJHKO BHIMATEIBHO U3y IUTh PYKOBOJICTBO, YTOOBI IIOHATD,
WMeeT JIM CMBIC/T 6e:KaTh B Mara3wH 3a HOBEHIIIUM MHOTOIOJIOBBIM MOHCTPOM IIPOIIECCOPO-
CTPOEHNH, UJIN CTOUT 3allaCTHUCh TEPIIEHUEM U 3aHATHCA APYTUMH HACYIIHBIMUA JeJIaMU, ITOKa
Balll KOMIILIOTEP BBINOJIHAET CIUIAHUPOBAHHBIE BAME BBIYHCJIEHUs (& TO M BOBCE IIOCTABUTH
3aJlady Ha BLIIOJIHEHHE HA HOYb M JIOXKUTHCA crarh). Ho ecsu mporpaMmy NUIIATE BBI Ca-
MH, IyCTh HUCIOJIB3Ysl y?Ke TOTOBbIE OHOIMOTEKN aJrOPUTMOB, MOYKHO IIOCTAPATHCS CAMOMY
OPraHN30BaTh BBIYUCJIEHUS TaK, 9TOOBI AOMOJIHUTENbHBIE IApa He IpocTanBaan. Tomy, Kak
OpPraHU30BaTh ITO, U IOCBSINEHA JITAHHAsI KHUTA.

13.1.2 OcHoBHble NpUHLKMNbI Napanaennsaumnmu

Hano cpasy ormernThb, 4TO JajIeKO He BCe 3aJ[@9d MOXKHO XODOIIO PAaClapasijle/IuTh.
Kiraccnueckuit npuMep HepacnapaJIeIMBaeMOoil 3aadi — BBIUUCIICHHE [TOCIeJ0BATEIbHBIX
3HAYEHUII HEKOTOPOTO OTOOparKeHUs MOCIEIOBaHNA. BO3bMEM JIOTHCTUIECKOE OTOOPAKEHNE

(A.33):

Tnt1 = 1Tn(l—xn),
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IIycrs crodT 3amava TONYYUTH JOCTATOYHO OOJIBINOE KOJMYIECTBO IOCTIEI0BATETHHBIX
3HAYEHUI TP JAHHBIX 7' U HAYAJILHOM 3HAYEHUU To. Ha IepBblii B3IJIs[ KaXKeTcs, 9To BCE
HEIJIOXO: JIEHCTBUS JIJIs1 [TOJIY Y€HUST KarKJI0I'0 OT/IeJIbHOIO 3HAYEHUS NJEHTUIHBI, YTO U HY K-
HO I XOPOIIIero pacmnapaJiieanBanus. KiodeBasi mpobjgemMa COCTOUT B TOM, UTO KayKJ0e
[IOCJIE Iy TOIIIee 3HAYEHNE 3aBUCUT OT MPEJBIAYIIErO, & 3HAYUT U BLIUUCIUTH €r0 HeJIb34, ITOKa
npejplayliee He Oyjer mosydeHo. Takum o6pa3oM, Mbl MOTOBBI C(OOPMYJIMPOBATH HEPBBI
MIPUHITATT TAPaJIIETU3AIII:

ITepsviti npuruun. i napasiesusdayus, Heobxodumo, wmobv, 3a0a4a 6oLAa Pa3oesuma
n0 daHHvM, M. e. YMOObL PEIYALMAMBL BVINOAHERUA 068YT UMY bosee onepayutl He 3a6UCEA
dpye om dpyea.

IIpencraBum cebe Caeayonyo 3a1a4dy: MyCTh HaM HeOOXOAUMO CJIOKUTh 4 yncia: A, B,
C u D. YcioBuMcsi, 9TO Pe3yJsibTaT JOJKEH XpaHUTbcs B S. OOBIYHO 9Ty 3a/ady pemaioT B
TpHU TAIa;

1. S=A+B
2. §=85+4+C
3. S=S5+D

KonuyecrBo nocienoBaTeIbHBIX JeHCTBUI IPU 9TOM HA3BIBAIOT 24Y06UHOT AJITOPUTMA.
B onmcannom Bapmante rirybuna ajaropurMa pasHa 3. OHAKO Takoi Crocod He eUHCTBEH-
HBI, MOXKHO CKJI3JIbIBATh UUCJIa IIapaMU, & 3aTe€M CJIO?KUTb CyMMBbI, YTO HABOJUT Ha MBIC/Ib
O BO3MOKHOCTH BBIIOJIHATE CJIOXKCHUs IIap YUCeJI OJHOBPEMEHHO, IIOCKOJIBKY 3aJa4da yJi0-
BJIETBOpsAET I€PBOMY IIPABUILY B 9TOIl YacCTHU:

1. S1=A+B
So=C+D
2. §S=51+ 95,

KosmuecTBo 0JTHOBpEMEHHO BBIMIOJHSIEMbIX OTlepaluil Ha3bIBACTCs WUPUHOT AJITOPATMA.
st mepBoro crocoba mupuHa 66118 paBHa 1, a /1j1s8 BTOPOro CTajia paBHA 2, IPU 9TOM TIyOu-
Ha yMEHbIIUIAch ¢ 3 70 2. Takum 06pa3oM, 3aa4a B IPUHIKIIE Tapasle/n3yeMa JacTUIHO:
2 U3 TpéxX NEHCTBUIl MBI MOXKEM cJesaTh ogHoBpeMenHo. OIHAKO Ha NpaKTHKe, €CIH pedb
UIET MEHCTBUTENBHO MPOCTO O CJIOYKEHWM YHUCEJI, TAKOU IOIXOJ MaJIoNepCIeKTuBeH. Jlemo
B TOM, YTO Ha BBIJIEJIEHHE HEKOTOPBIX MHCTPYKIUN B OTAEIbHYIO HUTh, KAK U HA COEJIMHE-
HUe HATEH, TPATUTCS HeMaJIo TIPOIECCOPHBIX YCUJIHIA, TOpPa3a0 GOJIbIIe, YeM HeOOXOIUMO I
ITPOCTOTO CJIOYKEHUST Yuces. VI3 3TOT0 BBITEKAET BTOPOM TMPWHIAI MapaJIIeTA3AIN:

Bmopoti npuruun. B omodesvrvie numu svuucieruti caedyem evideasams 00CmamoyHo
Kpynuole (3ampammoie) KYcku K00a, UHAUE NOAL3A OM 3a0eTUCTNEOBANUSA OONONHUTNENLHDIT
Adep we bydem KOMNEHCUPOBATD 3AMPATNHL HA YNPAGAEHUE HUMAMU.

HackobKO KpyIHbIE — OJHO3HAYHO OTBETUTH 3aTpyAHHUTeNbHO. Ho, Kak IpaBuio, Ha
co3ZlaHue U OO'beIMHEHNI HUTEeil COBpeMeHHBIE POLECCOPHI TPATAT €IUHUIIBI U TayKe JeCSIThIC
JIOT MUJITUCEKYH/T, TIOSTOMY €CJIM BAaIlla ONE€PAIAsS BBIMOJHAETCSA JIarKe TOJCEKYHIbI W BbI
MOYKeTe Pa3JIe/IuTh €€ MOIMO0JIaM, OHO TOIO CTOWUT.

Tenepb BepHEMCH K 3ajade¢ 00 UTEpUPOBAHUU (T. €. MOy IEHUH TOCJIEI0BATEIbLHBIX 3HA-
qennii) orobparkenus (A.33). IIpeamosoxum, 9T0 HAM HYXKHO HACYUTATh N BPEMEHHBIX
DSIJIOB, KayKJIblil IpU CBOEM 3HaYeHUHU napamerpa 7. Takas 3ajada XOPOIIO Napaslie/n3yer-
Cs1, TTIOCKOJTBKY PE€3YJILTATHI MIPU KaxKJIOM 7 OyJIyT MOJHOCTBIO HE3aBUCHMBI OT PE3YJILTATOB
npu apyrux. OJHAKO BCTAET JOTOJHUTEIBHBIA BOIPOC: CKOJIBKO MOTOKOB BBIMUCIEHUN O1-
HOBDEMEHHO 3aIlyCKaTh, eCau sijep M, a KOJMIeCTBO BOSMOXKHBIX MApAJIIEIbHBIX HUTEH —
N > M?
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tst TOro, 9T06BI OTBETUTH HA, 3TOT BOMPOC, HYKHO 3HATH, KAK OHOSIIEPHBIE TTPOIIECCOPHI
B IIPOIIJIOM CIIPABJISIJINCH C HECKOJIBKAME 33a9aMu cpa3y. Bce momyaspHble onepamnoHHbIe
CUCTeMBI coBpeMeHHOCTH: Windows, HaunHasd ¢ 95, Mac 0S X, Linux, BSD gBJISIIOTCS MHOT'O3a~
JaIHBIMUA, T. €. TO3BOJISTIOT HECKOJIBKIM IPUJIOKEHUSIM BBITTOJTHITHCSA OTHOBpeMeHHO. O 1HaKO
HPOIECCOP OHOBPEMEHHO MOYKET BBIIOJIHSTE TOIBKO 1 mHcTpyKimo 1. TlosToMy 3amaun Bbi-
IIOJTHSIJINCh Ha CAMOM JieJjle II0 O4epesy, 3a/1a4e BbIJIEJISAJIOCh HEKOTOPOE BPEMsI, IIOCJIe Yero
aKTHUBHAs 3aJla4a CTAHOBUJIACH MMACCUBHOIO, & AKTUBHOIO — KaKas-TO Apyras. Ecim Bpems
TIEPEKJTIOYEHNS] HEBEJIMKO M COCTABJISIET €IUHUIIBI MUKPOCEKYHI, & OOJIBIIIMHCTBO 337[a9 He
JAIOT CYIIEeCTBEHHOI HAarpy3KH Ha IIPOIECCOP M IIPOCTO OXKHUJAIOT JIEUCTBUI ITOJIB30BATEJIS,
KaK, HaIpUMep, IPOBOJHUK, Yy HOJIL30BATES CO3JAETCsI ITOIHAS MILIIO3USI, OYATO MIPUIIOKEe-
HUsI paboTaioT ogHOBpeMeHHo. Ho Kak TOJIbKO Kakoe-JInbo IpUIoKeHne «oToupaers cebe Bce
Pecypchl, a OCTaJIbHbIE OCTAIOTCS Ha IOJIOJHOM IIaiike, cpa3y BO3HUKAET 3 (EeKT, N3BECTHHII
B HAPOJE, KAK «KOMIIBIOTED TOPMO3HUT» >,

Ha mepekitouenme MeX Iy TPUTOXKEHUSIMY, KAK U Ha UX COOCTBEHHO BBINOJTHEHUE, TPa-
TATCS HEKOTOPBIE PECYPChl. AHAJIOTUYHO PECYpPChl OY/IyT PacxXomoBaThbCs HA MEPEKJIIOUEHUe
MEXKJIy HUTSIMHU OJHOTO npuiioxkeHud. [losromy Hambosiee mpocToit 0TBET Ha BOIIPOC, CKOJIBKO
HUTEN JOJIZKHBI paboTaTh €IMHOBPEMEHHO, C(DOPMYJ/IMPOBAH B TPETHEM ITPUHIIHIIE:

Tpemud npunyun. Hyocno cmapamvea co3damsd poeHO CMOADKO GOIHUCAUTILEADHHLT
Humedl, CKOALKO GKMUBHLLT AJeP 8 CUCMEME.

CieyeT cpa3y OTMETUTD, YTO TPETHH MPUHITUI He pabOTAET, eCJTH XOTsk ObI HEKOTOPBIE U3
CO3JIaHHBIX HHUTEH He CIOCOOHBI 3arpy3uTh npoueccop Ha 100%, Hanpumep, 6yaydu orpanu-
YeHBI CKOPOCTBIO KECTKOI'O JINCKA WJIN KaHaJIa IIepeJadu JaHHBIX. B Takoil cuTyarun 9ucyio
BBIYUC/INTE/IFHBIX HUTEH CTOUT €IIE yBEJINIUTb, €CJIN 9TO BO3MOYKHO.

13.1.3 Bwuabl MHOronoTo4HOCTM

Cnocob, KOTOPBIM IIPUJIOYKEHNE CIIOCOOHO 3a/1efICTBOBATH HECKOJIBKO s1JIeP, KaK IIPABUIIO,
CHJIBHO 3aBUCUT OT CHEIUMUKHU TAHHOTO TPUIOXKEHUs. BaskHeNnit BOIPOC COCTOUT B TOM,
MOTYT JIX IOTOKHY BBINIOJIHATE OT/I€JIbHbBIE JIEHCTBUSI HE3aBUCUMO MJIN JIOJI2KHBI BPEMsI OT Bpe-
MeHU OOMEHMBATBHCSI JJAHHBIMUA. B MepBoM cilydae JOCTATOYHO CYMETh MTepeaTh HOBOW HUTH
WHOOPMAIIIO, HEOOXONMYIO €l I Hadvaja BBIYUCIEHUi, U 3abparh pedysbrar. Vmenno
TaKOi BUJI HAIPY30K YaCTO XapaKTEPEH JJIsi HAYYHBIX M MHXKEHEPHBIX BBIYUCIEHUI, 3829
00pabOTKM 9KCIIEPUMEHTAJILHBIX JAHHBIX PA3HOTO POJa, OCODEHHO eCJIM OHa IIPOUCXOJUT He
B peasibHOM BpeMmenu. CieayeT cKa3aTh, 9TO TAKOM CIOCO0 MapaJlIe/IbHBIX BBIUUCICHUN TaK-
2Ke CJIeJlyeT CIUTATh caMbIM 3(M@MEKTUBHBIM, MOCKOJbKY JIIOO0H 0OMEH JaHHBIMH ITPUBOIUT
K MOTepe MPOIECCOPHOIO BPEMEHU U CHIKEHUIO MPOU3BOIUTEIHHOCTH.

11 HEKOTOPBIX THUIIOB TPOrPaMM, HAIPUMED, JIJIsT KOMITBIOTEPHBIX UI'P, 0OPabOTKHU JIaH-
HBIX B PEAJILHOM BpeMEHU, pabOThI ¢ Oa3aMu JAHHBIX M3JI0KEHHBIN BBIIIE TOIX0T HETPUEM-
JIEM, JIJIsl 9TUX THUIIOB IIPUJIOXKEHUI HUTHU JIOJKHBI YMeTh OOMEHUBATLCA MHMOpMAaIeil Apyr

LCrporo rosops, B Halle BpeMs STO HEBEPHO, YaCTO OJHOBPEMEHHO BBIIOIHSAIOTCH cpasy 2-4
JefiCTBUST BCJIEACTBHE HAJW4YUs KOHBeilepa M HecKOIbKHX AJIY u 6/I0KOB pabGoThl C IJIaBAIOIIEH
TOYKOW B OJHOM siZIpe, HO OBLIO BEPHO, HAIIPUMED, /i HepBbIX [leHTHyMOB.

2 Amanormambiii 3bdeKT, K CJI0BY, MOYKET BOSHHUKHYTH HE OT IIepEerpy3KHU MPOIECCopa, a OT HEIO-
crarka O3Y, 3arpyKeHHOCTH KECTKOTO JHMCKA, KOTOPBI MOXKET HE YCIEBAaTh 3a IIPOIECCOPOM U
MaMsITBIO, WJIM JayKe U3-3a OIMIMOOK B IIPOrpaMMHOM obecrnedeHnu. IloaToMy Bcerja Hy»KHO cTaparThb-
Cs1 OTKPBITH CUCTEMHBIA MOHHTOD (AMCIeTdep 3a/1ad) U IPOCMOTPETH, JEHCTBATE/ILHO JIM BUHOBAT
IpoIeccop.



144 [maea 13. MapannensHoe nporpammuposarme. Moayne multiprocessing

C IPyTrOM, 9TO TPEIIoIaraeT MPUHITNINAILHO WHON AU3aiiH MIPUJIOXKEHUsI, CYIIeCTBEHHO 0O~
Jiee CJIOXKHBIN 1 rubKuil. B mamnHoit KHure MbI Oy/1eM pacCMaTPUBATH B IEPBYIO OY€PElb THIT
Harpy3KH, XapaKTePHBIH /I8 HayYHBIX ¥ WH>KEHEPHBIX PACUYETHBIX 33/1a4, KOIJia HeoOX0oIu-
MOCTh KOMMYHUKAITAI MKy HUTSIMA OTPAHUYEHA WJIH BOBCE CBEJIEHA K MUHUMYMY.

Bepnysmiuce K 1mocsiegaeMy npuMepy € IIOCTPOEHHEM HAOOpa BPEMEHHBIX PsI/I0B JIOTUCTH-
YEeCKOTO OTOOpaXKeHWsI MPHU PA3HBIX 3HAYEHUSX MapaMeTpa 7', MOYKHO OTMETHTb, YTO TAKON
c11oco6 pacrnapaJiie TMBaHus 38241 MOYKHO Ha3BaTb CUMMETPUYHBIM. [IpuBenéunstit cro-
cob paszeseHus 3aJadu JacTO HA3LIBAIOT Pa3J/ieJICHUEM II0 JAHHBIM (MMeeTCs B BHJLY, 9TO
UJEHTUYHBIE JIeHCTBUsI Hy?>KHO COBEPIIATH C PA3JIMYHBIME JAHHBIMK). B AHIVIOSI3BIMHOMN Ju-
TepaType 3ajajda pas3/iesleHns 10 JAHHBIM YaCTO HOCHT HasBaHme ‘scatter—gather problem”.
DTO 3HAYMT, YTO BCE HUTH BBINOJHSIIOT OJHOTHUIIHBbIE orepanuu. Kak npaBuso, Takoil moj-
X0/, — caMblii 3(pHEKTUBHBIN, eciu pedb UAET 00 00paboTKe OOJILIINX O0OBEMOB JIAHHBIX,
IOCKOJIbKY MOKHO J06uThCst 6im3koii K 100%-Ho# 3arpy3ku Bcex siep IOUTH HA BCEM Bpe-
MEHHU HCIIOJTHEHUS.

Ho ucnosnb3oBanne CUMMETPUYIHON MHOTO3a4a9HOCTH (Pa3/IeJIeHns IO JAHHBIM) HE BCe-
IJIa BO3MOXKHO MJIM IIPOCTO opranusyemo. Torja npuberaroT K JIpyroMy MeTOy, U3BECTHOMY
Kak “divide-and-conquer”; cyTb KOTOPOTO B TOM, 9TOOBI BBIJIEJIUTE JTIOOBIE KYCKU KOJIa, KOTO-
pbleé MOXKHO BBITIOJHUTH HE3aBUCUMO OT IPEIIECTBYIOMNX WU MOCJIEIYIOMNX. DTO MOLYT
OBITH KaK JEHCTBHUS C YaCTUYHO IIEPECEKAIONMMUCS JAHHBIMH, TaK U ITOJHOCTHIO HE3aBUCHU-
MbIe OIEPAINU Pa3JIUIHOTO CMbIcaa. Jlamee st mpocTOThl GyIeM HA3BIBATH TAKOM ITOJIXO]T
HECUMMETPUYHbBIM.

Paccmorpum crenyromnuit mpuMep: HY?KHO OIEHHUTH JIUCIEPCUIO HEKOTOPOH CirydaitHOM
BeJIMYIUHBI X 110 HAOJIIOIAEMOM BBIOOPKE {xn}gzl. Jduncnepcus — mepa paszbpoca 3HAYEHUN
CJIydailHOM BeJIMYMHBI OTHOCHTEJIBHO €€ MaTeMaTHYecKoro oxkujaanus. Maremarundeckoe
oXXuganme — cpejaee (B3BEIIEHHOE 10 BEPOATHOCTSAM BO3MOXKHBIX 3HAYCHUI) 3HAYCHUE
CJIy4aliHON BE€JIMYUHBI.

Dopwmysta st pacyéTa HECMENEHHON IMINPUIECKON TUCIIEPCUN BBITJISIIUT CJIELYOIIAM
06pa3oM:

N
A 1 2 ~r2
Dx = 55 z::xn — M%, (13.1)

rie Mx — sMumpudeckoe cpejiHee (OLEHKA MaTeMATHIECKOIO OXKUJIaHusi). B cBoro ouepens
Beaumunna M x HaxoauTcs mo popMmyIie:

1 N
X =% ;mn (13.2)

Torta Bo3HUKAET Hest: MOXKHO pa.B,ZLe.HI/ITb pacqu JIUCIIEpCUY HA ,ZLBe He3aBHUCUMBIE OIle-
palyu: B IEPBO OIEHUTH BEJTUUUHY N I En 1 x2, BO BTOpOI — M3 X, @ 3aTeM IIPOCTO BbI-
9eCcTb U3 OJHOM JAPYrylo. 3aMeTuM, 4To obe Olepaluu B IPEJCTABICHHOM IIpuMepe OyiryT
COBEPHIATHCS C OJHUMU U TEMU K€ JJaHHBIMU, KaXK/IyI0 Ollepallio MOXKHO IIPDOU3BECTHU B CBO-
eit muTu. [Ipm 3TOM TPOU3BOIMMBIE B IBYX HUTSX BBIUYUCJIEHUS OY/IyT PA3IUIHBI IO IPUPOJIE
¥ IIPOU30MIYT, CKOpee BCEro, 3a Pa3/InYHOE BPeMS.

IIpr HECHUMMETPUYIHON MHOTOIIOTOYHOCTH OYEHBb CJIOYKHO IIPE/ICKA3aTh, KAKOe UNCJIO HU-
Teil Oy/1yT BBIIOJHATHCS OJHOBPEMEHHO BCIEICTBUE X PA3TUIHOTO «BECA»: HEKOTOPhIE HUTHU
OyZlyT JTOCTATOYHO TPYJOEMKH, JPyTrHe BBIIOJHATCS CPaBHUTENBHO ObicTpo. IlosTomy, ecian
MIPUXOIUTCST TPUOEraTh K TAKOMY CIIOCOOY, CTAPAIOTCs CAEIATh HUTEH 3aMeTHO 60JIbIe, YeM
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YHCIIO SAep B cucreMe, 9ToObl 60JIee paBHOMEPHO pacCIpelenTh UX Mo sapaM. B Takoit cu-
TyaIuu OJHO SAPO, HAPUMED, MOXKET yCIeTh 00paboTaTh TOJBKO OAHY HUTH, APYTUE IBa —
IO JIBE, a YeTBEPTOE — CEMb MJIM JIECATH CaMbIX MaJIO3aTPATHBIX.

13.1.4 [lpoueccbl 1 NOTOKK, NAMATb

Bce muTn ycsioBHO IpHHSTO pasieisaTh Ha 2 TUIA: TPOIECCHI U OTOKU; TOCIETHIE TAKXKe
WHOTJIA Ha3bIBAIOT «00JerdéHHbIMU IporieccaMuy. CMBIC/ pa3/inynii rJIaBHBIM 00pa3oM Jie-
JKAT B TOM, KAKUM 00pa30M HUTSM BBIIEJISAETCS HTaMATh. [Ipu crapre npuioxkenus, 6yap TO
Opay3ep, TOPPEHT-KJIUEHT HJIU CPelia pa3pabOTKU, aBTOMATHIECKH CO3/1aETCs HOBBIN IIPO-
ecc. DTOT IPOIECC MOJYyYaeT ONPEIEIEHHYIO 06JIaCTh IMaMsITHA, Pa3MepPbl KOTOPOH MOIYT
MEHSITBCSI CO BPEMEHeM, HO KOTOpasl 3alllleHa OT 3alucu (& 9acTo U JIsl YTEeHUs!) JApy-
TUMH IPOIECCAMH, T.€. [IePEMEHHbIe, (DYHKIMU U APYTHe OOBEKTHI, pa3MeINEHHbIE B STON
06J1acTy MTaMsTH, C IEPEMEHHBIME U DYHKIUAMU JPYTUX IIPOIECCOB HIUKAK HE II€PECEKAIOT-
cs1. Ha puc. 13.3 cxemaTn<aHO 0603HAYEHDBI TPH IIPOIECCA, KaXK I N3 KOTOPBIX HAXOAUTCH B
cBoeit obsacTu namMaATu (B CBOEM IPAMOYTOJIbHUKE). [iis oOMeHa JaHHBIMEA MEXKILy MPOIIEC-
caMM CYIIECTBYIOT CIeIMaJIbHble MEXaHU3MbI, TaKHe KaK CUTI'HAJIBI—CJIOTHI, KDUTHNYECKue
CeKluM, pa3jeliieMble IepeMeHHbIe U HEKOTOpbIe JIPyTHe.

npouecc 0 npouecc 1
noTtok 0.0 noTok 1.0
notok 0.1 noTok 1.1
npouecc 2 noTtok 1.2

notok 2.0
notok 1.3

Puc. 13.3. TnarpamMmma, KaqecTBEHHO 0O03HAYAIOIIAsT PA3MEIIEHNE IPOIECCOB U TOTO-
KOB B IIAMSITH KOMITbIOTEPA.

Ilpu cosgmanmm mpoIecca CO3JAa8TCs €ro OCHOBHON (MOXKHO JIJIS IPOCTOTBHI HA3BATH €r0
HyHeBbIM) noTOK. BriocsieicTBrm MoXKeT OBITH CO37]AHO €IME HECKOJIBKO TIOTOKOB BHYTPHU TO-
ro ke nporecca. IIoToku, B OTVIMYNN OT IIPOIECCOB, JIEIAT 00JIaCTh TaMSITH JIPYT C JIPYTOM.
[Tosromy nBa moToka mporecca 0 Ha puc. 13.3 HUKaK He pasesneHbl rpadudecku. Hymesoit
TOTOK KUBET POBHO CTOJIBKO, CKOJILKO M CaM IIPOIECC, HO JAPYyrue MOTOKM MOTYT IIPEKPATUTH
CBOE cylrecTBOBaHMe paHblle. [Ipu co3mannm KaxKaoro mOTOKa y HEro eCTb POJUTENb, Ha-
TIPUMED, POJMUTENIEM TIEPBOTO MOTOKA ABJISIETCS HYJIEBOH (IIOTOMY 9TO GOJIBINE HUYETrO HET), a
POaAUTEIIAMU IIOCJIEAYIOIUX MOXKET CTaThb JIIO60ﬁ U3 UMEIIUXCA, 3aBUCUT 3TO OT TOI'0, KaK
HalucaHa BaMu nporpaMMa. Tak, HapuMep, Ha IIPEJICTAaBIEHHOM PHCYHKe ITOTOK () Imporecca
1 cran poauresiem moTokoB 1 1 3, a MOTOK 1 — pojuTesieM MOTOKa 2.
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noTtok 0

BbIMOSIHAETCSA
noTok 1

1

1

1

1

BblnosHAeTCA/ |
noxunpaeTtcs |
1

1

1

BbIMOJIHAETCA

Puc. 13.4. Cxema paboThl TPEX HOTOKOB: I'VIABHOI'O U JIBYX JOYEPHUX.

IIpormeccol, Kak u IMOTOKH, MOT'YT OBITH IOPOXKIAEHBI U3 JPYTHUX IIPOIECCOB, SIBJISIOIIIXCS
i Hux poguresivMu. OJHO M TO YKe IPUJIOXKEHUE MOXKET MOPOXKJIATh HECKOJIBKO MPOIEC-
COB, HAIIPUMep, IOIYJISIPHBIA HbIHe Opay3ep Chrome or Google MOpOXKAaeT CBOM IPOIECC HA
KaXk/Iylo BKJIAJKY. B omyndme oT MOTOKOB IIPOLECCHI MMEIOT BBIJEJICEHHYIO OOJIACTDb MaMSITH
¥ MOTYT CYIIECTBOBATh U IIOCJIE CMEPTHU poauTesis. Bce mporecchl MOXKHO IPOCMOTPETD He-
Pe3 CHCTeMHbIi MOHUTOD (JucHeTdep 3a/1a4)° B COOTBETCTBYIONIEM Pa3/eie, B TO BPeMst Kak
MIOTOKX YBUIETDH HEJIb3.

Kaxkprit mporecc m KaxKIblif TOTOK 00s13aTEJIbHO MUMEET CBON HIEHTUMpDUKATOP, TPEI-
CTaBJIAIOIAA cOGOH MO CyTH Iiejoe 9ucyio (XoTd 0o (POpMe OH MOXKeT OBITH HEKOTOPOIo
«CTpaHHOTO» THMA). JlouepHuii MOTOK, KAK MPABUJIO, MMEET MEXAHU3M NAMATH O POJUTEIIb-
CKOM IOTOKE (3HAET MJIM MOXKET Y3HATH €ro UACHTUMUKATOP), HO B POJAUTEIHCKOM IIOTOKE
IIPOrPAMMUCT JIOJI?KEH caM I103a00TUTHCS, YTOOBI IIOMHHUTH, KAKUE JOYEepHUE IIOTOKHU OH II0-
poIuIL.

13.1.5 Cxema 3anycka 1 3aBepLUeHUS NOTOKOB

IIpu o6paborke HaHHBIX, KAK IPABHUJIO, IIPHUIEPKUBAIOTCS CJIEAYIONIEH cXeMbl pabOThI C
IOTOKaMM: IVIAaBHBII IOTOK 3allyCKaeT Ha HUCIOJHEHUe JOoYepHUe, KOTOPble IIPOU3BOLAT BCE
HEOOXOIUMbIe BBIUUCJIEHNUSI, TI0CTIEe U€ro XKJET, IOKa BCe OHU KOPPEKTHO He 3aBepIiarcs (CM.
puc. 13.4). Ilpu 3ToM caM IJIABHBIN IIOTOK TAKXKe MOXKET BBIIOJIHSIT Kakue-jnbo I10JIe3Hble
IeWCTBHSI, €CJIH JJIsI HAX €My He TpeOyeTcsl 3HATh Pe3ysIbTaThbl pabOThI TOUEePHUX.

JlBe HauboJiee TUNIMYHBIE ONINOKN HAYMHAIOIINUX IIPU IPOTPAMMUPOBAHUHU B 3TOM CJIydae
3aKJIIOYAIOTCSA B TOM, 4UTO:

e 3a0BIBAIOT KJIATH 3aBEPINIEHNUs BBITOJTHEHNUsI JOUYEPHETO TOTOKA B TVIABHOM, B PE3YJib-
TaTe Yero IJIABHBIN 3aBepIIaeTcs J0 TOr0, KaK JOYEPHUE IIPOMESIA0T HEOOXOIUMYIO

3B HEKOTOPBIX CJyvasaX BaM MOI'yT HOTpe6OBaTI>CH IIpaBa aIMUHUCTpaTOpPa, 9TOOBI YBUETH HEKO-
TOpBbIE CUCTEMHBIE IIPOIECCHI.
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pabory (3TO MOKET NPOM3ONTH B TOM YHUCJIE TIOTOMY, 9TO 3a0bLIH COXPAHUTH UICHTH-
duKaTOp HOUEPHErO MOTOKA);

® 3aIyCKAIOT M YKIyT MOTOKU MO OJHOMY BMECTO TOrO, YTOOBI CHAdYaja 3alyCTUTh BCe,
a TOTOM JOKUJIAThCA WX 3aBEPITEHUs, B TAKOM CJIydae mporpamma Oymer paboTarhb
KOPPEKTHO M JiejlaTh, YTO IIOIPOCUJIM, HO HUKAKOI'O PeajIbHOI'O paclapaJlesnBaHus
HEe TIPOM30MIET, MOCKOJIBbKY JOYEPHUE MOTOKU OJTHOBPEMEHHO He pabOTaroT.

JlaHHasi cxeMa MOXKET ITOBTOPSTHCA HECKOJIBKO Pa3 B PA3/IMYHBIX BapHAHTAX B PAa3HBIX
YacTsAX MporpaMmbl. JlouepHue MOTOKM MOTYT 3allyCKaTbCd HE BCE CPa3y, a II0 HECKOJIb-
KO mTYK (IIyJIaMu), CKazKeM, [0 9UCJIy aKTUBHBIX siziep nporeccopa. 1lopsagok 3aBepiienns
JIOYEPHAX IIOTOKOB IIPH 3TOM 3apaHee HEeM3BECTEH, JlaxKe eCJIM MHOI'OIIOTOYHOCTH CHMMeT-
pUYHAsT ¥ TIOTOKU JIEJIAI0T MPAKTUIECKN OJHO W TO YKe. DTO OOYCJIOBIEHO KaK HAJTUINEM B
crucTeMe JOMOTHUTEIBHBIX (POHOBBIX IIPOIIECCOB, BBIMOIHIEMBIX HA TEX K€ s/IpaX, TAK U TEM,
49TO OIlepaIlMOHHAsA CUCTEeMa MOXKeT Ilepepaclipe/leaTh PeCyPChl 10 CBOEMY YCMOTPEHHIO, TaK
9TO 3AIIYIIEHHBIA BTOPBIM IMOTOK MOYKET 3aBEPIIUTHCST IEPBBIM U HA0OOPOT.

13.2 MapannensHoe nporpammupoBaHue Ha Python

st cozmanms TOMOJTHUTETbHBIX TOTOKOB B PaMKaxX TEKyIero mporecca B Python mc-
[I0JIb3YeTCsl BCTPOEHHBI (CTaHIapTHBIN) Momynb threading. OHAKO HHTEPUIPETATODP A3BIKA
Python ycrpoen takuM 06pa3oM, 4To HapasulesibHOe (OJHOBPEMEHHOE) BBIIOJIHEHHE JIBYX
TIOTOKOB HEBO3MOXKHO. DTOMY €CTh HECKOJIbKO mpuuwH. llepBas mpwamua cocroutr B HEOD-
XOJIMMOCTHU OTCJIEXKUBATH CCBUIKM JJisi KOPPEKTHON cOOpKHM Mycopa (yaaseHusl U3 IHaMsATH
HENCIIOJIb3YeMbIX OOBEKTOB): eC/U ¢ O0beKTaMU U3 001l IaMsITH OJHOBPEMEHHO Oy/IyT CO-
BEPINATH JAEHCTBUS Pa3IUYHbIE IOTOKW, HUKAK HEJIb3s TAPAHTUPOBATD, 9TO HA SIKOOBI HEHC-
MIOJIb3YEMBIil OOBEKT He IMOSBUJIACH HOBas CChLIKA. B pe3ysibTare ymajeHus TaKOTO O0beKTa
MOI'yT HOSIBUTBCsI OUTBIE CChLIKU (yKasaTeian B HUKyJa). B s3blkax, rje ypajeHue Gosee
HEUCIIOIb3YEMBIX JTaHHBIX — paboTa He CIeNuaJbHON MOAIPOrPAMMBI-MYCOPIIAKA, & JIH-
60 mporpaMMECTa, KOTOPOMY IIPHUXOIUTCS [JIsi STOTO IHMCATh OTAEJbHBIA Ko, Kak B C u
C++, ambo xommmisiTopa (KOJ Jyisi y/IaJeHusl TeHePUPYeTCcsl Ha STalle KOMIUJISIIAY, & He
WCIIOJIHEHUST TIPOrPAMMBI), HanmpuMep, B Rust, a Takxke orpanmveHHo (He /I BCEX THUIIOB
nanubix) B Pascal, Fortran, sta npo6iaema orcyrcrByer. OUeBHIHO, YTO TaKOE PEIICHUE JJIst
WHTEPIPETUPYEMBIX SI3BIKOB Hepean3yeMo. KcTecTBeHHO, 3a TaKMe ITIOCHI TPOrPAMMUCTAM
Ha 9TUX S3bIKAX MPUXOAUTCS MIAaTUTh: nporpammuctsl Ha C u C++ 9acTo 3a0bIBAIOT WU
HEIIPABUJIBHO YIAJIAIOT OOBbEKTHI, 9TO JIHOO IPUBOIUT K IIOTEPSM HY?KHBIX JTAHHBIX BO BPEMS
paboTh! TPOTPAMMBI, JIMOO K yTEYKAM IMaMSITH: BBIJIEIEHHAS OHAYK/IBI, HO yKe HE UCIIOJ/Ib3ye-
Masi, OHa He BO3BPAINAETCS ONEPAIMOHHON CUCTEME U MIPOJOJIZKAET INCIUTHCS 3aHITOM’, TOKa
KOMIIBIOTED He OyZIeT nepe3arpyxkeH. B Rust npugyman oueHb CJIOXKHBIN 1 3aMBICTIOBATHII
CUHTAKCUC JIJIsI OTIUCAHUST IEPEMEHHBIX U MTEPEIadn UX MKy (DYHKIIUSIMH, CTOJIb 3aILy TaH-
HBI, YTO 9TO CTAJO OCHOBHBIM IPEIMSTCTBHEM K PACIPOCTPAHEHHUIO 3TOrO MEPCIEKTUBHOTO
sa3bika. B Pascal u Fortran Bcé xoporro, moka mopoxKIEHHbIE JUHAMUYECKUE OOBEKTHI He
cozepKaT KoJa JIsi HOPOXKJEHUsI IPYyTUX TAKUX OOBLEKTOB (HAIPDHMED, METOJOB OObEKTa,
BHYTPU KOTODPBIX CO3JAIOTCS JAMHAMUYECKUE MACCUBBI) U K TOMY K€ YMHUDPAIOT BHYTDPH TOM
2Ke TIOJIIPOTPaMMBI, I/ie ObLIN POXKJIEHBI; €CJIA K€ OHU IIEPEeAIOTCA KyJa-JIM00 IIO0 CChLIKE,
WX PyYHOE YHUUITOXKEHME JaCTO OKa3bIBaeTcst Heobxoammo, Kak B C man C++.

Bropas mpuumna TOTO, YTO mMapaJiebHOE BBIIOJHEHHE JBYX IMOTOKOB HEBO3MOXKHO, B
TOM, 4TO MHTepuperarop Python comepkut mesnblit psg 06beKTOB BpOJe ajpeca TeKyIeil
JUPEKTOPUU TN CIIMCKA 3arPyKEHHBIX MOJIYJIEH, 9acTO HA3hIBAEMBIX «II€PEMEHHBIMU OKPY-
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KEHUsT», CAaMOBOJIbHOE M3MEHEHWE KOTOPBIX OJHUM W3 MOTOKOB MPUBEIET K HEpabOTOCIO-
COOHOCTH APYTHUX U JaKe K Kpaxy uHTepuperaropa. Koneuno, obe stu mpobeMbl MOXKHO
060iTH, HO JUIT 9TOI'O0 HEOOXOJMMO HCIIOJIb30BATh CJIOXKHBIE U JOCTATOYHO JIOPOTHE C TOY-
KU 3PEHUsI PECYPCOB TEXHUKHU TUIA CeMa(pOPOB WJIM CUHXPOHU3AINN BCEX MOTOKOB. [Ipmaém
Takne TexHuku He naoT 100%-HO# yBepeHHOCTH B COXPAHHOCTH JAHHBIX. 1103TOMYy aBTOD
a3bIka I'Buzio Ban PoccyM HOIIEN MHBIM IIyTEM: MHOIOIIOTOYHbIE (KOHKYDPEHTHBIE) IPOrpaM-
Mol Ha Python ¢ ncnonb3oBannem Monysist threading nmucarh MOXKHO, HO B KaXK/IbIH MOMEHT
BpeMeHU OyIeT 3a/1efiCTBOBAH TOJIBKO OIUH IOTOK, 8 OCTAJIbHBIE OYIyT MPOCTANBATH — TAKOMN
HOJIXO/| IIOJIYI¥JI Ha3BaHue «ryiobasibHas GJOKHpoBKa unTepnperaropas (Global interpreter
lock, GIL). Cnemyer npusaaTh, yTo Python — He eMHCTBEHHDBIN A3BIK, TJ€ OJTHOBPEMEHHOE
BBINIOJIHEHIE HECKOIBKUX ITOTOKOB B OJTHOM IIPOIIECCE 3AIIPEINIEHO IO COOOpaKeHUuIM 6e30mac-
voctu. Te ke nmpobiieMbl MMEIOTCsI, HAIpuMep, B a3bike Ocaml — 10cTaTOYHO MOIYISPHOM
HUIIEBOM SI3BIKE, MCIOIb3YyEMOM IIPH Pa3spaboTKe KOMIMJIATOPOB (HAIPUMED, MEPBbIi KOM-
nusirop Rust 6pwr namucan va Ocaml) u B GUHAHCOBBIX IPUIOKEHUSX.

Ecti 60/1bIIMHCTBO MTOTOKOB OCHOBHOE BPEMST HUYIETO HE JIEJIAIOT, &, HATIPUMED, XKy T JaH-
HBIE IO CETH WJIU C YCTPOMWCTB BBOJIA/ BBIBOMA, TIOIXOJ, C TIOTIEPEMEHHBIM UCIIOJTHEHUEM TTOTO-
KOB OTJIMYHO pabOoTaeT, I03BOJIsIs YePeIOBaTh HOTOKH U 3(PDEKTUBHO UCIIOIB30BATH PECYPCHI
[poIieccopa: Te MOTOKH, Y KOTOPBIX ecTh pabora, paboTaloT IO OYepe i, OOJIBIINHCTBO XKe
CITAT B OXKUJAHUN JAHHBIX Wi nHCTPyKIuit. Ho eciim peus naér o mapasiienbHol 06paboTke
JAHHBIX, KOT/1a HEOOXOIMMO YBEJINIUTH IPOU3BOIUTETHHOCTD UMEHHO 38 CYET OHOBPEMEHHO-
'O UCITOJTHEHUs HAanboJjIee TPYA0EMKON 4acTH aJIlOPUTMA, TAKOM MOIXO HE TOIUTCSI, TIOTOMY
9TO He MaéT HUKAKAX MPEUMYIIECTB MEPE] MOCIEIOBATEIbHBIM UCIIOJTHEHUEM B OJUH MOTOK,
a TOJIbKO OTHHMAET BPeMsI U CHJIBI IPOrPAMMICTa U KOMIIbIOTEpa Ha yIPABJIEHUE JOIOJIHU-
TeJbHBIME HOTOKaMu. [losToMy, eciim HEOOXOMMMO peasIbHO HCIOJIB30BATH HECKOJIBKO SJIED
MIPOIECCOPa OJHOBPEMEHHO JJIsT YCKOPEeHHUsi pacuéroB, B Python ucnonb3yrorcs oTnenpHbIE
IPOLECCHI, & BMECTO MoAyJaa threading mcnosib3yroT MoayJb multiprocessing, comepzka-
it PYHKIUA U KJIACCHI C TOYTHU MIEHTUIHBIM (DYHKIMOHAIOM. KaxK sl mporecc mo cytu
MIPE/ICTABISET COOO OTAEIBHBIN HWHTEPIPETATOD, UMEET CBOIO M30JIMPOBAHHYIO 00JIACTH Ma-
MATH, CBOM COOPIIUK MycOpa U CBOHM OOIIMe II€pEMEHHBIE.

13.3 Cpeaa nporpaMmmumnpoBaHuUs U KOHCOJIb BbIMOJIHEHUSA
nporpamMmmebil

IIpu BBITOTHEHNN MHOTOIIPOIIECCOPHBIX 33129 BO MHOTI'MX CTaHJIAPTHBIX CPeax IporpaM-
MUCT MOXKET CTOJIKHYTBCSI C HEITOHSITHBIMU Ha TePBbIit B3rIsi mpobaemamu. OiHa U3 IpUYInH
9TOr0 COCTOUT B TOM, 9UTO JIJIs yAOOCTBA OTJIAJIKA U IIPOCMOTPA 3HAUEHUN TEPEMEHHBIX TAKNe
cpeapl kKak IDLE, B Tom umciae IDLEX, u Spyder MCHIOJIB3YIOT BCTPOEHHYIO KOHCOJb (TepMU-
man) Python, cBsasammyio ¢ mpomeccom, 3aIlymeHHBIM U3HAYAIBHO. DTO MPUBOJUT K TOMY,
aro B Windows m3-3a opraHu3amuu MpOIECCOB B 9TOM CHUCTEME JOUYEpPHUE IIPOLECChI He
MMEIOT JOCTyla K BCTPOEHHOMY TE€PMHMHAJIy M BCE€ IONBITKM YTO-TO HaledaTaTb W3
HEro C IOMOINBIO CTAHIAPTHON (DyHKIMM print HE K YeMy He IPHUBEIYT. B mpsmom cMmbicite
HU K 9eMy: He TOJIbKO He OyIeT pe3yabTaTa — BBIBOMA IeYaTaeMbIX 3HAYEHN, HO U ONMTHOOK
Toxke He Oyzer. [Ipocro Huyero! B IDLE(X) 3Ty mpobjieMy HUKaK HEJIb3si HOOEIUTh U IIO9TOMY
WCITOJIb30BATh 3Ty CPeJly [ HAIIMCAHUA U 3aIlyCKa MHOTONOTOYHBIX HIPUJIOXKEHUI IIPOCTO He
pekoMenayercs. Spyder MOXKHO IEPEHACTPOUTH: JJIsI 9TOr0 MeHIO 3anyck > HacTpoiiku nusg
daiina B pa3zese KoHcons BbICTaBbTE «BBIIIOJIHUTH BO BHENIHEM CHCTEMHOM TEPMUHAJIES, &
BHU3Y B pa3jiejle BHemHu# crcTeMHHE TepMuHAT BBICTABBbTE rajlouKy HanmpoTus «llepeiitu B
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koHcosib Python mnocse Boimosinenusi». Ilocse aToro Bama mporpaMMa GyIeT BBIIOJHITHCS
HE B KPACUBOM BCTPOEHHOM OKHE CIIPaBa, a B CTAHAAPTHOM YEPHOM OKHE, U3BECTHOM €IIIé CO
Bpemén MS DOS, 3aTo npaBubHO.

Kpowme HacTpoiiku Spyder MOKHO IIOCTABUTH APYTYIO CPELy, KOTOPas Cpa3y BBIIOJIHSET
IPOTrpaMMBbI BO BHEIIHEM CHCTEMHOM TE€pMUHAJIE, HAIIPUMED, IPOCTEHBKUI TEKCTOBBLIN pe-
nakTop Geany c cafita https://www.geany.org. Ilockosbky Geany He IIOCTaBJISIETCSI BMECTE
¢ Python u Boob1ie 3T0 yHUBEpCAIBbHBIN OJIOKHOT C IOJCBETKOI, MOTYIIAN HUCIOIB30BATHCS
JJIsT HAIIMCAHUSI IIPOTPAMM Ha CaMbIX DA3HBIX SI3bIKaX, CPELy NPUIETCS HAyUIUTh BUJAETH HH-
Tepuperarop. s sToro cuagasia oTkpoitte a1060i «muToHUit> daitn. laree naure B MeHIO
Cbopka > YCTaHOBUTL KOMaHZE COOPKE M BHU3Y B Da3/iejle BHIIONHETL KOMaHZE B CTPOKE
110/, HOMEPOM 1 3aMeHHTe CJI0BO python Ha MOJHBIN IyTh K dailay python.exe, HampuMmep,
B HaIlleM caydae 370 ObL1 myTh C: \Python3\WPy64-3810\python-3.8.1.amd64\python.exe.
IIpu ncnonp3oBanny Geany MOXKET BO3HHKHYTH CTpaHHAas omMOKa inconsistent use of
tabs and spaces (HEMOCJIEOBATEIBHOE MCIOJB30BAHUE TAOYJIANUi U MPOGEJIOB), BHISBAH-
Hasl T€M, 9TO YaCThb OTCTYIOB O(POPMJIEHA C IOMOIIBIO CUMBOJIA TaOYJIAINH, & IPyTrasi YacTh
— npobenamu. IlockonpKy 110 ymor4anuio Geany MCHOJIB3YeT /I OTOOparkeHusT TabyIISIII
4 pobeJta, 3Ta mpobiieMa He BHAHA IIa30M. JTOObI €€ m36exKaTh, 3aiiiure B MeHIO [lpaBka >
Hactpoiiku > PemakTop 1 BO BTOPO#t BKIaaKe OTCTyms 3aMeHUTE «TUI» C « labyrsamnuss Ha
«IIpoGenbr»; nasee mepeiiguTe Ha OJHY BKJIAJKYy Huke B IlpaBka > HacTpoliku > ®aiiis u
[IOCTaBbTE rajlOvuKy HAIPOTUB «3aMeHUTH Talyssiuu npobegamuy u kMute «IIpuveHnTs».
Tenepb MEHIO MOXKHO CBEPHYTb U CJIeJlyeT BHeCTH B (daii oboe m3meHnenue (JI0CTATOIHO
ClIeJIaTh WU YIAJIUTH IIyCTYIO CTPOKY ), Toraa (haiiil IepecoXpaHnTCs IPU 3aIlyCKe, BCE BAIIN
TalOyJIsIuy 3aMeHaTcs npobesaMu U B OyayIeM ra mpobjeMa He BO3SHUKHET.

B Unix-mono6ueix cucremax (Linux, BSD, MacOS X) ucnosb3sosanne IDLE(X) Takxke
YaCTO TMPUBOAUT K KPAaXy WM MPOCTO 3aBUCAHUIO MPOTPAMMBI BO BPeMs BBINOJHEHHUs. B
ornmane oT Windows B Tux cucremax mporpamma B Spyder Oyaer paboTaTbh, HO IPU 3TOM
oHa He Oy/er 3aBepiiaTh JOYEPHHE IIPOIECCHl M OHU OYAyT BHCETH B IMaMATH — MEHEIKED
MIPOITECCOB B TUX CHCTEMAX YCTPOEH WHAade, HO BCE PABHO Henaea bHbIM obpazom. [losto-
My HCIIOJIb30BaHHe Geany B 9THUX CHUCTEMAax TaKXKe peKoMeHjyercs. /Iy HacTpoiKu IIpocTo
3aMeHHTe KOMaHy python B MeHio C6opka > YcTaHOBUTH KOMaHAs c60pkz Ha python3 (mo
YMOJTYAHUIO TI0[Pa3yMeBAETCsl Bropas Bepcus Python).

B kagecTBe cpeibl NCTIOTHEHNST MOYKHO TaK:Ke HMCIOJIB30BATH €IIE OMHY IIPOrPaMMYy, IO-
crasisiemyio ¢ Python B coopke WinPython — Pyzo. DTa nporpaMMa ¢ HEMHOI'O CMENIHBIM
HasBaHWeM (€€ 9aCTO HA3BIBAIOT «ITy30M») ObLIA CHENUAbHO pa3paboTaHa Kak IepBas cpe-
na ajst mporpaMmupoBanus Ha Python Bepcum 3. Xorst oHa He OYeHBb MOMYJIAPHA U MMEET
JIOBOJILHO 9K30THYECKHE KOMOMHAINY KJIABUIIL 110 YMOJIYaHUIO (JJIs 3aIlyCKa BCeil Imporpam-
MBI, HAIIPAMED, Hy?KHO HaxKaTh <Ctrl>+<Shift>+E), €€ BCTPOEHHBINA TEPMUHAJ, IO KpaiHei
mepe B Windows 10, HOpMaIbHO MOAAEPZKUBAET BBIBOJ B MHOTO33IadHOM pekume. B mmc-
TpuOyTHBax Linux 3Ta mporpamMma YacToO JOCTYIHA H3 CTaHIAPTHOro perno3uropud. Jlmsa
noab3oBareseir Windows oHa MokeT OBITH ITOJIE3HA TeM, 9TO MeHeKep ImakeToB Anaconda,
KOTODBIIl MOYKHO BBI3BIBATH IPSMO U3 BCTPOEHHOTO TEPMUHAJA, MTO3BOJISET IIOCTABUTH J0O-
IIOJIHUTEJIbHBIE TIAKETHI JJa2Ke ¢ IIPAaBaMU IIPOCTOT'O II0JIb30BATEIS.

Ecuin npocrenbkue cpespl Bpojsie Geany BaM He IIOAXO/SAT, BbI MOXKeTe cKadaTh Community
BEPCHIO CaMOil HABOPOUEHHON cpenbl pa3paborkm — PyCharm or kommannu Jet Brains.
Omna 6yzer 3aHMMATbL OYEHb MHOrO MerabaiT Ha aucke (IPUMEPHO, KAaK BEChb JIUCTPHUOY-
T WinPython) u morpebisTh HepeajbHOE KOJMYECTBO OINEPATHUBHOM HAMSATH BO BpPEMsI
paboThI, HO 3aTO OOECIIEYNT HAMIYUIIYIO CTATUIECKYIO TPOBEPKY KOa, MOTIEPKUBAsST U BbI-
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Jesadsd II09YTHU BC€ BO3MOXKHBIE OmmubKM IIpAMO B TEKCTE emé A0 3aIlyCKa IIporpaMMbl, 9TO B
MHOT'OIIOTOYHBIX ITPUJIOZKEHUAX, I'ZI€ OTJIaZIKa CUJIBHO 3aTPYJHEHa, MOXKET OBITH HEJIUIIHE.

13.4 VYnpasneHue npoueccamu Bpy4Hyto. Knacc Process

13.4.1 Co3paHue ogHOro go4YepHero npouecca

B GompImuHCTBE COBPEMEHHBIX S3BIKOB IIPOIDAMMHUPOBAHHSA BCTPOEHHBIE CPEJICTBA I103-
BOJISIIOT BBIJIEJIUTDH BBIITOJIHEHNE KAaKOM-JINOO0 MOMIIPOrpaMMbl: (DYHKIMK WJIM IIPOIEAYDHI B
OTJIEJIbHBINA MOTOK /WM TPOLECC. DTO €CTECTBEHHBIH NPUEM NPOEKTUPOBIIUKOB S3BIKOB
NIPOTPaMMUPOBaHNsI, HAIIPABJIEHHbIN Ha (DOPMaIM3ANMI0O ¥ MUHUMHU3AIMIO OOIIEHUS MeXK-
JIy HOTOKAaMH: 9€M MEHbIIle IIOTOKH WJIM IPOIECCHI IIEPECHIIAIOT JIAHHbIE W OOPAIaloTcs K
JAHHBIM APYT Apyra, TEM HUKE BEPOATHOCTDH OIIMOKH 3a CIET OJHOBPEMEHHOI'O JOCTYIa K
OJHAM M TeM K€ IIepEeMEeHHbIM M HaKJaJHble PAacXoJbl Ha KOIMPOBAaHU:A JAHHBIX U3 IaMs-
T npyr apyra. I[lockonpky B Python nms mapassiessHOro mporpaMMUpPOBAHUS HCIIOIB3Y-
IOTCSI IMEHHO IIPOIECCHI, HEOOXOAUMO UMIIOPTUPOBATL COOTBETCTBYIOIIHMI KJIACC U3 MOJLYJIST
multiprocessing:

from multiprocessing import Process

HazBanus kiracco B Python, kak mpasuiio, mumyT ¢ 60sb1m0#t 6yKBbI, a (GyHKIM — ¢
MaJIeHbKO, XOTsl 3TO JIOTOBOPEHHOCTD, & HE CTPOroe IPABUIIO.

Yrob6b!I IpoBeCTH [I€PBOE HCHBITAHUE, HAM HYyKHA emié (bYHKIWs, KOTOpas Jejajia Obl
9TO-TO OCsI3aeMoe, IIyckail u Oecrmosiesnoe. /laBaiiTe MCIOIB3yeM NPOCTO BBI3OB II€YaTH HA
IKPAaH:

def f1(x):
print (x)

Ilepenars B GYHKIHIO apryMEeHTHI MOYKHO IIPY CO3JAHUM MIPOIECCA: BCE PABHO MIPU CO3a~
HUH UHTEPIpeTaTopa O6y1eT IPOn3BeIeHO MHOTO IeHCTBU 110 BBIJAEIEHUIO [IaMSITH, CO3AHIIO
MepeMeHHbIX OKpYy2KeHus. Jlemaercst 3To cieayomuM o6pa3soM:

p = Process(target=f1, args=(’Hello, world’,))

3/1ech p — 9TO CO3JAHHBIA HAMHU NPOIECC (epeMeHHast 0COOOTO THIA), & JBA MMEHOBAH-
HBIX apIyMEHTa [TO3BOJISIOT 33JaTh UMs MCIOJIHsIeMOi B npouecce pyHkuuu (target=£f1) u
nepesaTh et aprymeHTsl — args=(’Hello, world’,); B NpuUBEIEHHOM CJIydae apryMeHT —
910 TpaaunmoHHas dpasa ’Hello, world’, HO MOXKeT OBITH YTO YTOAHO, YTO O CMBICTY
nogxonut Gyskimu £1. O6parure BHUMaHMe, YTO apryMeHThl (DYHKIUU 6Ce20a MePeIaloTcs
Kak Koprex! Jlayke eciim y HAC OIUH apryMeHT, HAJIO €ro 3aBepHYTh B KOPTEXK JJIMHbI 1 —
JJIS1 9TOTO U 3AISTasi MePeJi 3aKPBIBAIOIIEIOC CKOOKOI, MHade ¢ TOYKU 3peHnsi Python sto
He KOHCTPYKTODP KOPTeXKa, & IIPOCTO CKOOKM, KOTOPBIE B JAHHOM CJIydae HUYEro He 3HAYaT.

Korna mpormecc co3gan u apryMeHTsl (QYHKIME CKOIMPOBAHBI, OH BHCHUT B IAMSATH, HO
HUYero He jfesiaeT. IToObl 3amyCTUTh €ro MCIOJHEHNEe, HY2KHO HCIIOJIb30BaTh METOJ start:
p.start (). B namewm ciydae npoiiecc BBIIIOJTHUTCS O4YeHb OBICTPO, HO B PEAJIBHBIX IIPOI'DaM-
MaX TaKHX IIPOIECCOB OyAeT MHOrO, OHH OYAYT CINTATH YTO-TO OCMBICIICHHOE U UX PE3YJIb-
TATHI MOHAIO0ATCS JJIsl TIOCJIELYIOMUX AeHCTBril TyIaBHOMY mporneccy (poauresto). Ilosromy
BasKHO JIOXKJIAThCS 3aBepllneHus: nporecca: p.join(). Meros join He mo3BoJisieT IJIaBHO-
My IIPONECCY BBINOJHATH IOCAELYyIOmMe IefiCTBUs, ITIOKa JOUYepHUN He 3aBEpIINTCH, IOC/IaB
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COOTBETCTBYIOIINI CUTHAJ. DTO FapaHTUPYET, ITO, UCIOIL3Yys B JabHEHIIEM Pe3y/IbTaThl
paboThl TOYEPHETO MPOIECCa, TJIABHBIN YBEPEH, UTO BCE BBHIUNCIECHUS 3aKOHUYEHBI, a PE3YiIb-
TaTHI BJIAIOTCS OKOHYATEIbHBIMY U He Oy/IyT MEHATHCS JJOYEPHUM IIPOI[ECCOM OJJHOBPEMEHHO
C HCIIOJIb30BAaHUEM X IVIaBHBIM.

B Python omma m Ta ke mporpamma MOXKET HCIIOJb30BATHCA KaK IVIaBHAs MIPOTPaAMMa U
KakK MOJy/Ib. ITOOBI TOHSATD, SBJISAETCS JIM 3alyIIeHHAas B HACTOSIINI MOMEHT KOIWS IJIaB-
HOIl IIpOrpaMMOil, MOXKHO HCHOJIb30BATh CIENMAJIbHYIO IIePEMEHHYIO OKPY?KEHUs __name__
(60MBIMMHCTBO TEPEMEHHBIX OKPY>KEHUS BBITJIAAAT HEMHOTO CTPAHHO, MMEsl OJIHO WJIN JIBA
NOAUEPKUBAHKS B HAYAJIE, & HEKOTOPbIE — U B KOHIE). DTO TEKCTOBAsI IIEPEMEHHAs!, IPUHH-
MaroIas 3HadeHne "__main__", ecam 3TO TyaBHas NporpaMMa, W 3Ha4YeHHe, paBHOE MMEHH
Mozyns (nmenu aiina), ecam ITOT MOMY/Ib UMIIOPTUPOBAH U3 APYTOil mporpammbl. [lomHI-
Te, Mbl y2Ke u3ydasau 310 B rinase Moaynau? B cioxuabix nporpammax Ha Python mpumsto
(XOoTst 9TO He 3aKOH), BCe JNEHCTBHUs 3a MCKJIIOYEHHEM HMIIOPTAa U ONpe/ieIeHHs] KOHCTAHT
BBIHOCUATH JIOO B (DYHKIIMU WJIN KJIACCHI, JTHOO COBEPINATh BHYTPHU YCJIOBHOTO OIIEPATOPA
if __name__ == "__main__":. DTO rapaHTUPyeT OTCYyTCTBUE Psi[a OIMUOOK, CBI3aHHBIX C
HEBEPHBIMU IT€PEMEHHBIMU OKpYy»KeHus. [Ipyn uCrosiHeHnu MHOTIOIOTOYHBIX HPOTPAMM HC-
MOJIb30BAHUE TAKOTO MOAXOJA KpaifHe PEKOMEH IYeTCH.

3amnuiieM Hally IpOrpamMmy [EJIUKOM:

from multiprocessing import Process
def f1(x):
print(x)
if __name__ == "__main__":
p = Process(target=f1, args=(’Hello, world’,))
p-start()
p-join()

13.4.2 Co3paHne HeCKOIbKUX NPOLLECCOB BPY4HYIO

IIpur MHOTOITOTOYHOM TPOTPAMMHUPOBAHUHU IIPUHSATO BCE MapaJLIeIbHbIE BBIMUCIEHUS ITPO-
U3BOJUTH B JOYEPHUX (CJIy>KeOHBIX) MIOTOKAX, a [VIABHBLA IIOTOK BO BpeMsi UX pabOThI He
WCIIOIb3YETCS U MIPOCTO YKIET UX 3aBepirenus. [loaTomy co3maBaTh HYyKHO Cpa3y HECKOJIBKO
ITPOIIECCOB, KaK 3TO II0OKA3aHO B IIPOrpaMMe HUKe:

def f2(x, y):
print (x+y)
if __name__ == "__main__":
pl = Process(target=f1, args=(10, 20))
p2 = Process(target=f1, args=(’Anercanzmp ’, ’lymxun’))
pl.start()
p2.start()
pl.join()
p2.join()

3nech dyHKIMs f2 TpUHAMAET OBa apryMEHTa W [eJaTaeT WX CyMMYy, MPUYEM HAIIa
byHKIMs MoIUMOp@HAs — 3TO 3HAYUT, YTO OHA MOXKET IPUMEHATHCHA K apryMEHTaM JIIO-
OBbIX TWIIOB, JIMIIb OBbI JIJIsi HUX ObLIa OlpejesieHa onepanus «+». ObparuTe BHUMaHUE Ha
TO, 9TO 06a Tponecca: n pl, n p2 NPUHAMAIOT B KAUECTBE «IleJU» (ApryMeHT target) oaHy u
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Ty ke (PyHKIHMIO, & BOT apryMeHThl (pyHKImu (args) — pasaudHble. DTO HOPMAJIBHO, KOTA
HCHOJIBb3YEeTCs MapaslJIeIU3M JIaHHbBIX.

Bynpre Bunmarensubl! Obsi3aTesbHO CHadYasa 3allyCTUTh 00a IIPOIECCa, a IOTOM yIKe
KJATh WX, TOTOMY YTO €CJIM 3aIlyCKaTh U KJATh IIPOIECCHI MOOYEPETHO, B KaXKJIbIH MO-
MeHT OyIeT 3aIefiCTBOBAHO TOJBKO OHO sIIPO M HUKAKOTO MTapaJLIeIbHOTO WCIIOJTHEHUS He
nosryguTcs. IIpu 3ToM U 3aIycKaTh, U »KJATh MOXKHO B IIDOM3BOJIBHOM IIODSJIKE.

13.4.3 Bo3sspart 3HaueHuii n3 cpyHkuun. Knaccol Value, Array, Queue.

Kaxk npaBusio, pe3ysbraTbl KO, UCIOJIHIEMOrO B JOYEPHEM IIPOIECCe, HYKHBI B JAJIb-
HeIeM TJIABHOMY TIPOIECCY ISl TPOAOJIKEHUsT Bbhlunciennii. Kcan monpoboBaTh nepenars
S9TH Pe3yIbTaThl U3 (PYHKINK C HUCIOJIB30BAHHEM CTAHJIAPTHOIO OIlepaTropa return, HU4e-
ro IMyTHOTO HE BBINJIET, TIOCKOJILKY BO3BpAIllaeMOe 3HadeHue Oy/eT HaXOIUThCS B MAMSTH
TOrO K€ TPOoIlecca, YTO U camMa (DYHKIHS, a C OKOHYAHHEM IIPOIECCa BCA dTa MaMATH Oy-
JeT OCBOOOK/IEHa U BCe JTaHHBbIE OYyIyT yHUUYTOXKeHBI. 1IoIbITKY IlepenaTh pe3ybTaT depes
00BEKT-apPTYMeHT, OOBITHO JIOCTYITHBIN IO CCBIJIKE, BPOJE CIUCKA WM KAKOTO-HUOY/Ih KJ1acca
(B Pascal amasiorom siBjsieTcsi mepejiada U3 MPONEyDPbl 3HAYECHUs, SBJIAIOIIETOCH €€ apry-
MEHTOM C KJIIOYEBLIM CJIOBOM Var), 0OpedeHbl Ha IPOBaJI IO TOi Ke IMPUYNHE: STOT OGbEKT
TOJIBKO B IIpeJiesiaX OJHOTO IIPOIlecca CCHIIOYHBIH, a IIPU MOPOXKAEHUN JOYEPHETO IIPOIECCa
OH KOIUPYETCs IO COMEPKUMOMY IIEJIUKOM U Jlajlee BCe M3MeHeHUsi OyAyT IeiCTBOBATh yKe
B IIpejesiax KasKJIOTo IIpoliecca OTHenabHO. Bor dparMeHT Kona, rie modYepHEMY IIPOILECCY
OBILJIO TTOPYYEHO MOCUUTATH CYMMY 3JIEMEHTOB CIIUCKA U JT0OABUTH PE3YJIbTAT B KOHEI[ ITOTO
CITMCKA, 9TOOBI OH CTaJI JOCTYIIEH:

from multiprocessing import Process
def fsum(x):
x.append (sum(x))
if __name__ == "__main__":
1 = list(range(10))
print (1)
pl = Process(target=fsum, args=(1,))
pl.start()
pl.join()
print (1)
fsum(1)
print (1)

BriBos mporpaMmbr:

o, 1, 2, 3, 4,5,6,7, 8, 9]
o, 1,2, 3,4,5,6,7,8, 9]
o, 1, 2, 3, 4,5, 6,7, 8,9, 45]

Harma dyukimsa npuHIMaeT CIICOK, U A00aBISET K HEMY CyMMY 3jeMeHTOB. Korma mbr
3amycKaeM eé B OTJIeJIbHOM IIPOIECCe, M3MEHEHHUsI BHOCSTCS HE B CaM OPUTMHAJBHBIN CIIH-
CcOK 1, a B €ero KONWIO B JOYEPHEM IIPOIECCe, KOTOpasl IO 3aBepIIeHnn He coxpaHsieTcs. Ho
€cJIM 3aIyckaTh B JIo6 — Bcé paboraer. CMCOK mevyaTaeTcs TPUKIBL: [IEPBBI pa3 — IocJe
CO3/aHusl, 9TOObI BUJEThH, YTO B HEM OBLIO M3HAYAJIBHO, BTOPOI pa3 — IOC/IE 3aBEPIIEHUS
JouepHero nponecca (mHCTpyKiws pl. join() ), 9T06BI BHIETH, 9TO TIOCIE PAGOTHI TOIEPHETO
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MpoIecca B HEM HUYEro He M3MEHUJIOCh, TPETU pa3 — MOC/Ie BBI30Ba (DYHKIINN HAMIPIMYIO B
TJIABHOM IIPOIIECCE, YTOOBI BUIETH, YTO DYHKINS caMa 1Mo cebe HaIncana BEPHO U JoOABIIEHIE
CYMMBI JIEMEHTOB B KOHEI[ CIIICKa TaKU IIPOMCXOJUT.

Y06l 060HTH MEXaHU3MbI M3OJIANUN TaMSTH, JIjis OOMeHa JAHHBIMU MOXKHO BOCIIOJIb-
30BaTbC TAKUMU «[yOOBBIMH» PEIICHUsME, KaK 3alllChb pe3yjbraTa B daiin (Bcé pas-
HO TEKCTOBBIA mim 6a3y JAHHBIX) WM OTHPABKA PE3YJILTATA MO CETH, HO ITO CONPSIZKEHO
CO MHOTHMH JIOTOJTHUTEILHBIMI PACXOJAMU BPEMEHHU IPOIECCOPA M MPOCTO BLITVISIUT JIH-
KO0. BMecTo 3TOro Hy»kHO HCIIOJIB30BaTh CIEIUAJIbHbIE CTPYKTYPHI /I OOMEHa JaHHBIMH,
npeaycmorpentasie B Python — 310 paszesisiemble, nin CUHXPOHHBIE TEpEMEHHBIE TH-
noB multiprocessing.Value u multiprocessing.Array. s npumepa paccuauraeM CymMmy
3JIEMEHTOB CIIHCKAa B OTJIEJIbHOM IIOTOKE:

from multiprocessing import Process, Value
def fsum(x, a):
a.value = sum(x)
if __name__ == "__main__":
1 = list(range(10))
v = Value(’d’)
pl = Process(target=fsum, args=(1, v))
pl.start(Q
pl.join()
print(v.value)

31eck 3HadeHre Tumna Value — 3TO He MPOCTO YUCIIO, & CIEIUAIbHBIN 00beKT-KOHTENHED.
Y aToro oObeKTa ecTh moJsie — value, XpaHsIee Hy»KHOEe HaM 9ncio. Tun gmciia yKasbiBa-
eTCsl IPU CO3/IaHnK 00beKTa, B HaIeM ciiydae — ’d’ 3uaduT double, TO eCTh BEIIECTBEHHOE
4quciIo ABoiiHoi ToyHoCcTH (8 Gaiir). Cozgasarb 00beKT Value Hy?KHO B IVIABHOM IIPOIECCE 0
CO3IaHUsT COOTBETCTBYIOIIETO IOYEPHETO POIIECCA, TTOCKOIBKY O0OBEKT JTOKEH OBITH B TIPO-
[eCC CKOIMPOBAH IIPH €ro co3januu. TeopeTrndeckn, 00beKT MOXKET OBbITh Pa3IE/IEH MEXKTY
TpeMsi 1 6oJiee IPOIECCaMi, HO TaK ODOBIYHO HE JIeJIAal0T, YTOOBI He 3aIlyTaThCs.

B npusenéuanoMm mpumepe crnucok 1 u 00bEKT-9HUCJIO V KOMUPYIOTCH B HAMSATh JOYepHe-
ro mporecca pl npu ero co3zanum Kak apryMeHTsl dyHKimu fsum. B camoit dyukimn stu
3HAYEHWs M3BECTHBI IO/l UMEHAMHA X W &, COOTBETCTBEHHO. Kcim 661 DyHKINS ObLIa MIPOCTO
BBI3BAHA B TOM K€ IIOTOKE, He BayKHO JOUYEPHEM HJIU IVIABHOM, 1 M X NIPEICTABJSIN ObI CO-
Goit JBe ccbUIKM (JBa MMEHM) Ha OJMH U TOT K& OO'bEKT, HO NpH BblIejIeHnN (DYHKIHU B
OTJICJIBHBIN MPOIIECC ITO HE TAK — ITO JIBA PA3HBIX, IIEPBOHAYAILHO (TIPU 3aITyCKe TIPOIEcca)
UIEHTUYIHBIX 00beKTa. PyHKIMs fsum moMernaeT B rnoJjie value nepeMeHHON a CyMMY dJIeMeH-
TOB CIIUCKA X, [IPA 3TOM, ITOCKOJBKY OOBEKTHI V U & CyTh CHHXPOHHBIE KOIHUU, ITPOUCXOIAT
OCTAHOBKAa BBIMOJHEHUsT TIABHOTO IIPOIECCa, TOKA 3HAYEHWE He OyJleT CHHXPOHM30BAaHO (B
HaIlleM CJIy4ae 3TO COBEPIIEHHO HEBAaXKHO C TOYKHU 3PEHUS IIPOU3BOIUTETHHOCTH, TaK KakK
IVIABHBIH IIPOLECC BCE PABHO *KIET 3aBEPIIEHUs JOUEPHEro U HUYEro He Jesaer). Ilosromy
TIPY 3aBEPIIIEHNN JOUEPHETO MPOIIECCa B V OKA3BIBAETCsT HCKOMOe 3Haderune. OHO momaJio Tyaa
He B pe3yJIbTaTe BO3BpaTa 3 MYHKINN WX IIePEIadl apIyMeHTa, & HEIIOCPEJICTBEHHO B IIPO-
1ecce BBIMOJTHEHUsT (DYHKIUU 3a CUET CIEIUABHONO MEXaHU3Ma, CHHXPOHU3AIUN 00bEKTOB,
peaJyim30BaHHOrO B Kjacce Value.

AHaJIOrM4HBIN IpUMep MOXKHO IPUBECTHU JIs Kjacca Array:

from multiprocessing import Process, Array
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def fsquares(x, a):
for i, el in enumerate(x):
ali] = el**2
if __name__ == "__main__":
1 = list(range(10))
arr = Array(’d’, len(1l))
pl = Process(target=fsquares, args=(1, arr))
pl.start(Q
pl.join()
print(arr[:1)

IIpuBenénnas nporpamMma B OTIAEIBHOM MOTOKE CO3AET MACCHB 3JIEMEHTOB, SBJISIOIINX-
cs KBaJIpaTaMU 3JIEMEHTOB CHHUCKa 1. MaccuBy COOTBETCTBYIOT ABa OObEKTA: arr B IJIABHOM
noroke u a B jovepHeM (B dbyHkuuu). Ilpn cospanun o6beKTa — CHHXPOHHOIO MAaCCUBa
HEOOXOIUMO ITOMHUTH, YTO KPOME THUIA JAHHBIX CIEyeT TaKKe 33/IaTh €ro JUINHY — B MPHU-
BEIEHHOM CJIydae I STOrO HCIOJIB3YeTCd JJIMHA HUCXOAHOro cnucka. lIpm obpamennn k
3JIEMEHTAaM MAaCCUBA THIIA Array MOXKHO IIOJIb30BaTHCS KBaIPATHBIMU CKOOKaMM, KaK ¥ It
CTaHJAPTHBIX CIHCKOB U KOPTEeXKeil MM MacCHBOB M3 NUmMpy, HO €CJIM XOdYeTcsd HaledaTaTb
BCe 3JIEMEHTHI, CJIe/IyeT MCIOJIB30BATh MOJHBIN cpe3 [:], mHade oOpalieHne MpOU30HAET He
K 3JIEMEHTaM, a K KJacCy B IIEJIOM.

Obpaimenns K pa3uenseMbiM (CHHXPOHHBIM) THIIAM JaHHbIX Value n Array KOAMpyIOTCs
TEMHU K€ CUMBOJIAMHU, 9TO yKa3aHbl B Tad uie «DPopMaThl cUuTHIBAHUsT OMHAPHBIX (bailyioBy
u3 riaBbl Paityiel, Kpome 7 u ’s’. To ecTb MOXKHO HCIOIB30BaTh ’b’, B, *h’, ’H? i’
’100q?,°Q?, £’ m ’d’.

YTo0bI He 3aMOPAYUBATHCA CO CHEIMAJIBHBIMU O0bekTaMu Tuna Value um Array u Modb
nepefaBaTh YTO yILOJHO U3 Ipolecca B IPOLECC, MOXKHO HCIIOJNb30BaTh odepelu Queue.
BAYKHO: reneps y nareii ¢pyHKIME pOBHO 1 apryMeHT — OYepelb q.

from multiprocessing import Process, Queue
def fsquares(q):
x = q.get(O
y = 1[I
for el in x:
y.append (el**2)
q.put(y)

if __name__ == "__main__":
1 = list(range(10))
q = Queue()
q.put (1)
pl = Process(target=fsquares, args=(q,))
pl.start(Q
pl.join()
12 = g.get()
print(12)

HWrak, B ri1aBHOI IpOrpaMMe CO3/1a€M CIIUCOK 1, CO3/1aéM odepeib q, TOTOM KJIJIEM B OUe-
pelib CIIMCOK C IMOMOIIBIO MeToa q.put (1). B dynkiun cnucok n3eiMaeM MeToZioM q.get (),
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IOTOM CO3/1a€M HOBBIH CIIMCOK M3 KBa/IPATOB 3JIEMEHTOB HUCXOHOIO CIUCKA U KJIaJAEM ero 06-
paTHO B ouUepeb q. B riaBHOI mporpamMMe mmocjie join BRIHMMAEM HOBBIHM CIUCOK U3 OYepean
U 1nedaTaeM ero Ha dKpaH.

BriBog nporpammbr:

[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

13.4.4 Co3paHue MHOXXeCTBa NPOLLECCOB B LUK/e

Kak y»ke GbLIO yIOMSIHYTO BBIIIE, BBICOKAs 3(PPHEKTUBHOCTD NAPAJIIETU3AIMI U GOJTb-
mas IIOJIE3HOCTh IapaJlIeJbHOrO IIPOrPAMMUPOBAHUA OTKPBIBAIOTCHA, KOLJIA OKA3bIBACTCS
BO3MOXKHO OJIHOBPEMEHHO 3aIlyCKaThb HE 2 MJIM 3, & MHOI'O IIPOIECCOB, KaXKJbI M3 KOTOPBIX
BBITNIOJIHSIET TIPUMEPHO MJIEHTUYHYIO 10 CJIOXKHOCTH PabOTy, ITOOBI MPOIECCHI 3aBEPIININCH
MMOYTH OJHOBPEMEHHO W HE MPHUILIOCH JIOTO KAaTh OJWH W3 HUX. JlJIsi mimrocTparuu SToi
CUTYAIIN XOPOIIIO ITOAXOANUT 33/1a9a O PACUYETE YaCTO UCIOJIB3YEMOIl ITpu 06pabOTKe TAHHBIX
Mepbl — KO3 DUIMEHTa KOPPEJISIIIUN, XapaKTEPU3YIOIIEro CTENeHb JTUHEHHON 3aBUCUMOCTH
MeXKJIy CUTHAJIAMU IIPHU CABUTE. KCIn CUTHAJIBI IOCTYITHBI B BUJIE BPEMEHHBIX PSJIOB {:cn}f:]:’ol
" {yn}ffgol — KOHEYHBIX M0C/Ie0BaTeIbHOCTE 13 N 3HAUEHUN BEJIUIUH X U Y, I3MEPEHHBIX
4yepes paBHbIE IPOMEXKYTKH BpeMeHn At, To koadduiment koppessiiun Cy o (7) npu capure
o Bpemenu T (nasee GyIeM CIUTATh, 9TO T U3MEPSIETCS B IAraX BLIOOPKU M HEOTPHIATE b~
HO) omnpenensierca o ¢gopmyse (13.3)

5 e — ML) (g — I1)

Cz,y('r) = == — )
(N —7—1)y/DyD,

rae Mz u My CyTb OIIEHKH MaTEMATHIECKOrO OXKUJAAHUsA (IMIupudeckue cpeaaue), a Dy u
D, cyTb oueHKHN qucnepcur (SMIMPHYECKUE QUCIEPCUM) CUIHAJIOB T U Y COOTBETCTBEHHO.

(13.3)

Ha npakTuke mHTEpEC 9aCTO MPEICTABIISAET UMEHHO 3aBUCUMOCTD Clyy (T), JJIsT 9€r0 BbI-
YUCJIEHUs] PUXOJIUTCH IIPOBOJIUTH IIPU 3HAYMUTEJHHOM KojudecTBe pas3Hbix 7. O6o3Haumm
MaKCUMAJIbHOE M3 HUX 38 Tmax, TOTJA BCETO HY?KHO NPOHM3BECTU (Tmax + 1) BBIYMCIICHMIA,
MpUYIEM OHU abCOJIFOTHO HE3ABUCHUMBI M MOTYT OBITH CIEJIaHbl OJHOBpeMeHHo. [[yist mpumepa
OrpaHMYNMCs HOACIETOM Koddduimenta aBrokoppeasauuu Cpq(7T), KOrma CUIHAJNLL T U Y
COBIIQ/TAIOT.

st BeIYuC/IeHUs 3HaYeHUusT KO PUIIMEHTa aBTOKOPPEJISINN It (PUKCHPOBAHHOIO T
HAIIWIIEM CJIELYIONLYIO (DYHKIIO:

def corri(q):
x, tau = q.get()
N = len(x)
x1 = x[:N-tau]
x2 = x[tau:]
znam = x1.std() * x2.std() * (N - tau - 1)
q.put(np.sum((x1 - xl.mean()) * (x2 - x2.mean())) / znam)

31ech MBI Cpa3y Iepejajy apaMeTpbl Yepe3 Odepejb W 3aBeJU CJIy>KeOHbIE I1epeMeH-
Hble X1 1 X2 JIJIs] UICXOTHOTO Psifia, 0OPE3aHHOTO C HAaYaJIa U ¢ KOHIA, YTOOBI BOCITOTE30BATHC ST
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BEKTOPHBIMU OllepanyudaMu ¢ MaCCUBaMU U3 NUMpPy U HE IINUCATh IIUKJI II0 1. Tak>ke MbI HCIIOJIb-
30BaJid CTaHJapTHBIE METO/bI mean n std JJIsi MaCCUBOB numpy, IO3BOJIAIOIIAE PaCcCIUTATh

pesmanabl M, 1 \/E .

JL1st TecTUPOBaHUST PE3YILTATOB MOMPOOYEM MOCYUTATH KOIMDMUITMEHT aBTOKOPPEISIIIAN
ns cuaycounnl. [lo ompeneneHunio 3To 101KeH ObITh KOCUHYC. UTOOBI pacmapaJiieuTh Ipo-
rpaMmy IO T, IPOIIE BCEro KayKeTCsl sl KaXKJI0r0 T CO3JaTh OTIEIbHBII IPOIEecc, B KOTOPOM
OyJIeT BBIMOJIHEHA (DYHKIMS COrrl co CBOMM HaDOPOM IMapaMeTpOB: X MepenaBaThCcs OyaeT
BCErZia OJHO W TO XK€, & BOT tau — pa3Hoe. Takoil MoIXo/i peaJn30BaH B JUCTUHTE HUKE:

if __name__ == "__main__":
t = np.linspace(0, 100, 10000, False)
X = np.sin(2*np.pi*t)
tmp = time()
taumax = 100
taus = list(range(taumax+1))

procs = []

ques = []

for it, tau in enumerate(taus):
q = Queue()

q.put((x, taw))
p = Process(target=corrl, args=(q,))
ques.append(q)
procs.append (p)
p-start()
cfun = []
for p, q in zip(procs, ques):
p-join()
cfun.append(q.get())
print(time() - tmp)
plt.plot(cfun)
plt.show()

IIporpaMma mMeeT JiBa OCHOBHBIX IWKJa for. B mepBoM IMKJIe CO3JAf0TCs MPOIECChl U
CBA3aHHBIE ¢ HUME odepeau. [Ipormecchl TyT ke 3aIlyCKaloTCa Ha HMCHOJHeHue. [I0CKONIbKY
3apaHee HEM3BECTHO, B KAKOM MOPSIKE TIPOIECCHI BBITIOJHAT paboTy, yI00HEE BCETO MCIIO/b-
30BaThb TOT K€ MOPSJIOK OXKUJIAHUST UX 3aBEPIIEHHs], YTO W ITPU CO3JIAHUU — 3TO IMPOUCXOIUT
BO BTOPOM IIHKJIE, TaM K€ W3 COOTBETCTBYIONIUX 3THM IPOIECCAM OYepeeil M3BIEKAIOTCS
PEe3y/IbTaThl BLIYUCAEHUH U CKIAIBIBAIOTCA B criucok cfun. [Ipu aToM, eciiu 4acTh IpOIEeccoB
3aBEPIIUTCS paHee TOCEIYIONNX MO CIHCKY, 3TO HE CTPAIIHO, TAK KAK OHH IPOCTO OymIyT
BHCETD B TAMSATH B O’KUJIAHUN BBI30Ba CBOETO METOJa join, OYTH HE MOTPE6IAs MPOIecCop-
HBIX pecypcoB. PyHKIMs time BLIJAET TEKyIEe BPEMs B CEKYH/IaX, PA3HUIA BO BPEMEHH 0
3aIyCKa U 3aBEPIICHUs] BCEX JOUEPHUX MPOIECCOB U MOCJE UCTIONL3YETC JJIA OTPEICICHUS,
Kak 70ro (B CeKyH7ax) paboTasia IporpamMMa.

3HaYMMBI HEJIOCTATOK IMPEJICTABJIEHHOIO aJrOPUTMa COCTOUT B TOM, YTO YHUCJIO CO3J1a-
BaeMBIX ITPOIECCOB 3aBUCUT OT taumax U TEOPETUIECKU MOYKET GBITh HEOTPAHUIEHHO BEJIUKO.
Ha coszmanue Kazk10ro Ipolecca TpaTaTcsa pecypchbl. A paboTaTh U3 HUX OJHOBPEMEHHO MO-
IyT JIaJeKo He BCE, a TOJIbKO YUCJIO, PABHOE YUCJTy TIOTOKOB BBIYUCJIEHUIA, MO/ IEPKUBAEMbIX
oTepanmoHHoI0 cucTeMoii. CIMIIKOM GOJIBIIOE YHUCIO TIOTOKOB MPUBEJET K UCIEPIIAHUIO OTIe-
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PaTHBHOH IaMSATH U K 3arpy3Ke IIPOIECCOPOB OECCMBICICHHBIMU HNEPEKTIOUEHHAMU MEXK LY
MHOT'OYHUCJIEHHBIMU IIPOI[eCCaMU, KOTOpble (hOpMaJIbHO OyayT paboTaTh OLHOBPEMEHHO, HO
daKTUIeCKH! IIPOIECCOPHOE BPEMs UM OyIeT BbIJIEIATHCS IOOYEPETHO MAasIbIMH IOPIUSIMH,
IIOTOMY YTO JOCTQTOYHOT'O YHCJIA CBOOOJHBIX fJ€p OJHOBPEMEHHO HET. DTO HUCIO MOYKHO
Y3HATDH C TIOMOIIBIO PYHKIMU cpu_count u3 Moy s multiprocessing (CM. JIMCTHHT HUXKE)
1 OHO JINOGO PaBHO YMCJTy NPOIECCOPOB, JTHOO BIIBOE OOJIbINE 3a CUET MCIOJIb30BAHUS TEXHO-
Jornii, anajorn4ueix Hyper Threading.

from multiprocessing import cpu_count
if __name__ == "__main__":
print (cpu_count())

BriBox nporpammsr:
12

B nmamewm ciyuaae myist Hoyrbyanoro mporeccopa Intel i7 8750H sTo umciio pasuo 12, uro
HEMaJIo, HO BCE ke ropas3zo menbine 100, 3a7aHHBIX BBINIE. 3Has BBIBOJ cpu_count (ero
MOXKHO IPUCBOUTH KaKON-HUOYIb IIEPEMEHHOIT), MOKHO IIOPOJUTH JOUEPHUX [TOTOKOB POB-
HO CTOJIBKO, CKOJIBKO TIOJJIEPXKUBAET CUCTEMA, HO CYIIECTBYIOIIAs JIOTUKA TPOTpaMMbI Oy-
JeT CJIOMaHa, IIOCKOJIBKY B TaKOM CJjIy4da€e YHUCJIO IIOTOKOB He 6y,HeT COOTBETCTBOBATH YHCJIY
paccMaTpUBaeMbIX CABUIOB 7. TakuM oOpa3oM, MporpamMma, OYeBHIHO, HYXK/IAeTCs B IIepe-
paboTke.

O4eBUIHO, YTO €CIU CXEMa, «OJUH CEIMEHT HAHHBIX — OJWH IIPOIECC> He paboTaeT alIeK-
BATHO, TO YTOOBI MCIPABUTH CUTYAINIO, HY?KHO 3aCTaBUTh KayKIbIil Iporecc obpabaTbiBaTh
Cpa3y HECKOJIbBKO CEerMeHTOB JIaHHBIX. TeXHI/I‘IeCKI/I MOZKHO IIPEOJIO’KUTH JABa BapHaHTa pe-
meHusi TpobJIeMbl: OO CJIeyeT HArPYKaTh OJUH U TOT K€ IPOIECC HECKOJbKO pa3, JIaBast
Ka)KﬂbeI pa3 eMy Ha BBIIIOJIHEHUE quHKH‘I/I}O JJId OTHOT'O CerMeHTa JJaHHBIX, KaK MbI JIeJiaJIn
pamee, OO HY?KHO MEPEMUCATH (DYHKITAIO, BBITOTHSIEMYIO B IIPOIECCE TAK, ITOOBI OHA 0Opa-
OaTbIBajIa Cpa3dy HECKOJBbKO CErMEHTOB, TOTJIa 3allyCKaThb €€ B KarKJIOM IIPOIECCEe IMPHUIETCSI
Jimb ofHaxk bl Ob6a 3t myTn peanusyembl B Python, Ho pasmmunsiMu cpencrBavu. Ecin
MBI XOTHM CO3/IaBaTh MIPOIECCHI BPYIHYIO, KAK M paHee, CJIEIYET MEPEIMUCATh UCIOTHIEMYTO
B 1porecce pyHKIIUIO:

def corrn(q):
X, taus = q.get()
N = len(x)
cfuni = []
for tau in taus:
x1 = x[:N-taul
x2 = x[tau:]
znam = x1.std() * x2.std() * (N - tau - 1)
cfuni.append(np.sum((x1 - x1.mean()) * (x2 - x2.mean())) / znam)
q.put(cfuni)

|

B HOByI0 OyHKIMIO corrn BMECTO OJHOIO 3HAYEHUsI T Yepe3 odepe/ib Ieperaércst Habop,
KOTOPBIH 06XOIUTCsT MUKJIOM for, mpu 9TOM 6e3pa3IuvdHO, Oy/IeT JIU 3TO CIIMCOK, KOPTEXK HJIU
MAaCCHB, TIOCKOJIbKY BO BCeX cilydaax for orpaboTaeT OIMHAKOBO. Pe3yIbTarThl CKIIaIBIBAIOT-
cs B CMCOK cfuni, KOTOPBI OIATH Ke Yepe3 04epe/[b BO3BPAIIAETCS HA3a/I.

OcHoBHasi IporpaMMa IIPUMeT BUJL;:
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if __name__ == "__main__":

t = np.linspace(0, 100, 10000, False)

X = np.sin(2*np.pix*t)

taumax = 100

taus = list(range(taumax+1))

procs = []

ques = []

ncpu = cpu_count ()

nruns = ceil(len(taus) / ncpu)

for i in range(ncpu):
q = Queue()
q.put ((x, taus[i*ncpu: (i+1)*ncpul))
p = Process(target=corrn, args=(q,))
p-start()
ques.append(q)
procs.append(p)

cfun = []
for p, q in zip(procs, ques):
p.join()

cfun.extend(q.get())

3/1ech NPUILIOCH JJIst y00CTBa BBECTU JBE HOBBIE II€PEMEHHbBIE: NCPU — HYUCJIO MOJEDP-
KUBAEMbIX CUCTEMOIO IIOTOKOB BBIYHCJICHUI U NIruns — YUCJIO CEI'MEHTOB JIaHHBIX, KOTODbIE
OyIyT IPUXOAUTHCS Ha KaKJbIi IOTOK. IIpu 3TOM Ha moc/ieiHMit IOTOK MOYKET IPUXOIUTHCS
MEHBIIIe, IIOCKOJIBKY 3a CYET OKPYIJIEHU: BBepX DYHKIMeH ceil u3 Moyt math nmpousseie-
HI€ NCPUWNIuns MOXKeT ObITH OOJIbIIe JINHEI CIICKA taus, COAEPIKAIEro CABUTH 110 BpEMEHH,
Ha, KOTOPBIX HY>KHO IIDOU3BECTU BBIYNCJICHUA.

Ecin »xe BbI He XOTHTE EPENUCHIBATH (DYHKIUIO corrl u NpuBeIEHHOE B IOCIEIHEM JIH-
CTHHIe pellleHe KaXKeTCsd 3ally TAHHBIM U HECKOJIBKO UCKYCCTBEHHBIM, CJedyeT HCIIOJIb30BaTh
KJtacc Pool u3 Bcé Toro ke Moaysist multiprocessing, perraionuii MHOIue IpoGJeMbl 3a Bac.

13.5 AsTtomaTuyeckoe ynpasneHue npoueccamu. Knacc Pool

Knacc Pool 6epét Ha cebst GOIIBITY0 9acTh paboThl, KOTOPYIO MBI JIeJIaIN BPYIHYIO DaHee.
B To ke Bpemsi, oH JuiraeT Hac onpejesaénnoit rubkocru. C ucnosib3oBanneM Pool MOXKHO
nrcaTh MPOrPaMMBbI TOJIBKO JIJTsT TApaJIIEU3AINH 110 JAHHBIM, MPUYEM MHUCATHh WX HAMO B
DYHKIITMOHAIBHOM Brjie. 1TOOBI MOHSTH, KAK OH pabOTaeT, TaBaiiTe CHaYA A HAUIIIEM Hella-
PaJIIESIbHYIO IPOrPAMMY I PACYETa KOPPESIMOHHON (DYHKITNN, B KOTOPOH BBIYUCIIEHUS
[IpY Pa3HBIX CIBUraX T OPraHU3yeM He C IIOMOMIBIO IUKJa for, a moMoIbio OYyHKINN map:

import numpy as np
from itertools import repeat

def corril(tup):
X, tau = tup

N = len(x)
x1 = x[:N-tau]
x2 = x[tau:]
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znam = x1.std() * x2.std() * (N - tau - 1)

return np.sum((xl - xl.mean()) * (x2 - x2.mean())) / znam
if __name__ == "__main__":

t = np.linspace(0, 100, 10000, False)

X = np.sin(2*np.pix*t)

taus = list(range(100))

cfun = list(map(corrl, zip(repeat(x), taus)))

3nech B GyHKIMIO corrl KOpPTeKeM MepejaloTcs BCE Te YKe MACCUB UM CIBUT, KOTODBIE
PaCIaKOBBIBAIOTCS BHYTPH, & PE3Y/ILTAT BO3BPAIAETCs Yepes return, Kak 370 0OBIYHO MPHU-
aaro. OyHkiusa repeat Hy»KHa JJIs TOro, YTOObI cHOPMUPOBATH KOPTEXKM 3HAUCHUHA JUIst
Pa3HBIX T IIPU OJIHOM M TOM K€ Psjle T — OHA IOBTOPSET IMOJIOXKEHHYIO B HEé MePEeMEeHHYIO
CTOJIBKO Pa3, KAKOBa JJIMHA BTOPOI'O 3JIEMEHTa OllepaTopa zip.

Ucrnonb3oBanue map BMECTO IIUKJIOB — 9TO MOJXO/ U3 (DYHKIMOHAIBLHOIO IIPOrPAMMUPO-
BaHMsI, KOTOPBIH ObLT TOIPOGHO pa300pan panee. OH XOPOIIT T€M, UTO BBIJEISIET 3aITyCKaeMBbIi
JUIST KK JIOW NTEPAIUy KO, B OTAEAbHYIO IIPOrPAMMHYIO €IMHUILY (B IPUBEISHHOM IIPUMEDPE
— ¢dbyHKIMIO corrl) U rapaHTUPyeT HE3aBUCHMOCTD BBI30BOB (DYHKIMU BHYTPU map APYTr OT
apyra (IUKJI 9TOrO rapaHTHPOBATH HE MOXKET ), TO €CTh 06ECTIEINBACT HEM3MEHHOCTD JAHHBIX
B UTOTNOBOM CITUCKE — BECh CIIMCOK CO3/IA6TCsl B KOHIIE U HA JIIOOOM IIPOMEXKYTOYHOM IIIare
HeJIb3sI IOMEHSITh Pe3yJIbTAThI MpeablayIero. Mnen dpyHKIMOHAIBEHOTO IPOrPAMMUPOBaHUST
YaCcTO UCIOJIB3YIOTCsS B MApaJlIeIbHOM MMEHHO B CBSI3UM C 33J1a9€l0 0DeCIedeHusl eJI0CTHO-
CTU JAHHBIX (YTOOLI OJHU MOTOKHU WJIM IIPOIECCHl HE MOBPEIUIIM PE3YJIbTATHI BBIIOJIHEHUS
JPYTHX).

Yrob6bl 3TOT K€ KOJI BBIMOJHSJICS B MHOTOIIOTOYHOM PEXKUMeE, JOCTATOYHO CJiejlaTh
HeOOJIbIITNE U3MEHEHNS:

1. mo6aBUTH B HAYAJIO CTPOUKY C IMIIOPTOM KJjacca Pool: from multiprocessing import Pool;
2. TIe-TO [0 BbI30Ba (DYHKITMU Map CO31aTh 00beKT Tumna Pool: p = Pool();

3. 3aMEHUTH BBHI3OB BCTpOGHHOI;'I d)yHKLLPII/I map BbISOBOM OﬂHOI/IMéHHOFO MeTOJa KJIacCa
POOl, TO €CTh B HallleM CJIy4dae IIPpOCTO HalluCaTh p.map BMECTO map.

Bor u Bcé!

13.6 [lNpumepbl peweHunsa 3agaHunii

IIpumep 3anauu 43 (Pacuér aucnepcuu BpeMeHHOro psiga) B nauane dannott ena-
8blL OBLAG MPpedaodtcena udes NPoussecmMu PacHém OJuCNepcuUl CUHANAL, UCTLOAL3YS
MHOZONOMOWHBLE 8bivucaerus. Menoavays dopmyant 13.1 w 13.2, manucams mpo-
2PAMMY 0N PACHEMA HECMEUWEHHOT IMNUPULECKOT ducnepcul.

Pemenue 3amaun 43 Pazyensiem pacuét aucrnepcuu Ha jse (DyHKIMHU: B IIepBOil square
2

N " 9 N
OIleHUBAEM BEJIMYIHY ~— Y »_, L1, BO BTOpoii expect — pesmauny My = (% >y :cn) .
Jl1st 3ammycka Kaxk1oi n3 hyHKIHil 3a1mycKaeM CBOl OTIe/IbHBII IIPOIecC. SHAYEHHS 10Ty da-

€M C IIOMOINBIO pa3/esisieMbIX IlepeMeHHbIX Tura Value. Korna pesysibrarel paboThl obenx
GbYHKIUN TIepealbl B TVIABHYIO IPOrPAMMY, TO OCTAETCsI IIPOCTO BBIYECTH OJHO U3 JPYTOro.
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from multiprocessing import Process, Value
import numpy as np

N = 1000 # KonwuecTBO TOYEK B psAze
A = 3 # AvmnmTypma curzana

def square(x, s):
s.value = 1/(N-1)*np.sum(x**2)

def expect(x, m):
m.value = (1/N*np.sum(x))**2

if __name__ == "__main__":
t = np.linspace(0, 100, N)
x = A*np.sin(2*np.pix*t)
S = Value(’d’)
M = Value(’d’)

pl = Process(target=square, args=(x,S))
p2 = Process(target=expect, args=(x,M))
pl.start(Q

p2.start()

pl.join()

p2.join()

D = S.value - M.value

print (D)

B nmamem ciaygae mporpaMma BBIIAET:

4.499999999999998
2
1t TapMOHUYIECKOTO CUTHAJIA JUCIIEPCHs PaBHA AT, rme A — ammuryna curaasa. Mer
3aJaJ11 AMILTIUTYY, PABHYIO TPEM, 3HAUUT JUCIIEPCUS Y HAC JOJ2KHA ObLiIa IOy IUTCS PABHOMI
4.5.

IIpumep 3anaun 44 (Pacuér crapiuero JsimyHOBCKOro mokasaretisi) Pacnapassesumo
PACHEM CMAPWLEZ0 ARANYHOBCKO20 Nokasamens A1 das nozucmumeckozo omobpaotce-
nus (A.33) no 3anaveruio napamempa .

Pemnienne 3agauu 44 B pasgene 12.4 Obut mpeacTaBieH TPUMEDP MTOCTPOEHUS 3aBUCHMO-
CTH CTApIIero JISIIIyHOBCKOIO IIOKa3aTelisl OT 3HA4YeHUs ITapaMerpa. 1akoil pacuér — Jeso
JIOBOJIBHO 3aTPAaTHOE C BBIYUC/IUTEIBHON TOYKH 3PEHHUsI, IPH 3TOM A1 IPH KaXKJIOM OTJIE/Ib-
HOM 3HAUYEHUU ITapaMeTpa CUUTAIOTCH abCOIIOTHO HE3aBUCUMO IPYT OT apyra. Ilosromy 3a-
Jada JeTKo IMOAJaéTcs paclapaJlienBaHuIo, JJjs 9ero pacyér AJjis OTHEeJIbHOIO T BblIEJIEH
B dyukuuio rilyap, a nukJ for 3aMeHEH METOIOM map Kjacca Pool (B simcTuHre — p.map,
rae p — obbekT Kiaacca Pool) m3 momyns multiprocessing.

import numpy as np
import matplotlib.pyplot as plt
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from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]
from multiprocessing import Pool
from time import time

epslyap = le-6

rlist = np.arange(2.4, 4.0, 0.001)
N = 50

Ntrans = 10000

def riLyap(r):
""" BpupcideT NANYHOBCKUM NOKa3aTeNb AJIE ONHOTO QMKCHPOBAHHOTO 3HAYEHMS NapaMeTpa Ir
# IlpomyckaeM IEpeXONHOM IpoIecc:
x=0.1
for i in range(Ntrans):
x = r*x*(1-x)
# BruECIAEM MCXOIHHK X X BO3MYWEHHHN X:
X =x
X_perturbation = x + epslyap
# CumTaeM JOKaNbHHE [IOKa3aTelHu JIANyHOBA M CKIAZHBAEM KX B CIHMCOK:
LyapLoc = []
for i in range(N-1):
X = r*xXx(1-X)
X_perturbation = r*X_perturbation*(1-X_perturbation)
delta = abs(X_perturbation - X)
LyapLoc.append(np.log(delta/epslyap))
X_perturbation = X + (X_perturbation - X) * (epslyap/delta)
return np.mean(LyapLoc) # Bo3BpamaeM cpefHee 3HAYeHHE JIOKANbHHX [IOKasaTeled
if __name__ == "__main__":
p = Pool()
temp0 = time()
Lyap = list(p.map(rilLyap, rlist))
templ = time()
print(templ - tempO)
plt.plot(rlist, Lyap, ’-’, color = ’black’)
plt.x1im(2.4, 4.0)
plt.title(’Crapumii IATyHOBCKUI IIOKa3aTeNb’)
plt.xlabel(’r’)
plt.ylabel(r’$\Lambda_1$’)
plt.grid()
plt.show()

CpaBHUTE TTOTYyIUBIINNCS PUCYHOK ¢ puc. 12.12. CoBmanu?

HonosiHuTeTbHO M3 MOY/Ist time ObLTa MMIOPTUPOBAHA OJHOMMEHHAs (DYHKIWS time
BBIJIAIONIAsl CUCTEMHOE BpeMsi. Pas3HWIla BpeMeHU Iocje U J0 3ammycka (DyHKIUU map JaéT
HaM OCHOBHOE BpeMsl BblYncjeHui. dTo0bl OHATH, KAKOE YCKOPEHUE JAJI0 PACHapaJLIes -
BaHUe, MOXKHO 3aMEHHUTH p.map B KOJ€e Ha IIPOCTO map. B HamieMm ciiydae Ha IIECTUSICPHOM
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mporeccope ObIT JOCTUTHYT BBIUTPHIIT B 4.5 pa3a: 1.49 ¢ BO MHOTOITIOTOYHOM pE¥KUMeE ITPOTUB
6.74 ¢ B OHONOTOYHOM, YTO CJI€/LyeT MPU3HATH HEIJIOXUM PE3YJIbTATOM. A KaK IOJIyYUJIOCh
y Bac?

IIpumep 3anaumu 45 (Iloctpoenue 6udypkaumonHoil guarpammbl) Pacnapassesumyb
pactém nocmpoerus GuPYPRAUUOHHOT JUARPAMMDBL OAR A02UCTIULECKO20 0mobpadtce-
nus (A.33) mo anaveruro mapamempa 7.

Pemntenne 3agauu 45 Panee B paszaese 12.5 6611 IpuBEIEH TPUMED TOCTPOEHUS 6udypKa-
[IMOHHOM NHarpaMMBbl JIOTUCTHYECKOTO oToOpakeHud. [l pacnapasiesinBaHus pe3yJibTara
pacYér st OTAEBLHOTO T BbIAESeH B (MYHKIMIO selr, a nuka for 3aMeHEH Ha (DYHKIUIO
p.map — MeTox map kKJjacca Pool u3 monynd multiprocessing.

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams[’font.sans-serif’]=[’Arial’]
from multiprocessing import Pool
from time import time

rList = np.arange(2.4, 4.0, 0.001)
N = 50
Ntrans = 10000

def serlr(r):
# IlpomyckaeM IepexonHO# Ipolecc:
x=20.1
for i in range(Ntrans):
x=1r *x* (1 -x)
X = np.zeros(N)
X[0] =x
for i in range(N-1):
X[i+1] = r * X[i] * (1 - X[iD)
return X

if __name__ == "__main__":
temp0 = time()
p = Pool()
Mas = np.array(list(p.map(serlr, rList)))
templ = time()
print(templ - tempO)

plt.plot(rList, Mas, ’,’, color = ’black’)
plt.x1im(2.4, 4.0)
plt.title(’BubypranuorHas muarpamMa’)
plt.xlabel(’r?)

plt.ylabel(’x’)

plt.show()
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CpaBHuTe TOJyYUBIIHiiCS pUCYHOK ¢ puc. 12.14. OmnpenennTe Kakoe yCKOPEHUE JIAJI0
BaM paclapaJuleIMBaHue, [JjIs 9TOTO 3aMEHWTEe p.map B KOJe Ha IPOCTO map. ¥ HAC Ipu
MCIOJIb30BAHUY IIECTHSIIEPHOIO IIPOIECCOPA BHIUIPHIII 110 BpeMeHu cocTaBuil 5.33 pa3a, 4To
OY€Hb XOPOIIO.

IIpumep 3anaum 46 (Kapra pe>kuMmoB oTroGparkeHusi 9Ho) B zaase, mnoceawén-
HOU UCCALIOB8AHUIO OUHAMUMECKUL CUCTIEM, BblAd NOKA3AHA NPOLPAMMA OASL TLOCTIPO-
EHUA KAPMBL peatcumos omobpaostcernus dno. Kapmul peotcumos — nowmu, udeanvHas
3adaua das pacnapastesusarus. [Toamomy nonpobyem nepenucams my NPoPammy,
UCNOABL3YA MHO20MOMOUHbLE 8bttucaerus. VI cpasHum epems, 3ampaierHoe 8 mom
U 9MOM PA3 HA NOCTMPOELHUE KAPTBL PEHCUMOS.

Pentenne 3agaunu 46 To6pI pemuTh 3371a4y, HYKHO II€peliesiaTh BHENTHUN UK for B
GbyHKINIO map, a ero BHyTPEHHOCTh — BBIHECTH B OTJEIBHYIO (DYHKIIHIO.

import numpy as np

import matplotlib.pyplot as plt

from matplotlib import rcParams

from time import time

rcParams[’font.sans-serif’] = [’Arial’, ’Dejavu Sans’]
rcParams[’font.size’] = 24

from multiprocessing import Pool

delta = 0.01

maxregim = 13 # MaxCHMaNbHO pPa3pENMMHI DPEXUM
Ntrans = 10000 #mmIWTeIbHOCTH IEPEXOINHOTO IIpollecca
a_min = 0; a_d = 0.01; a_max = 2

b_min = -0.5; b_d = 0.005; b_max = 0.5

a_n = np.arange(a_min, a_max+delta, a_d)

b_n = np.arange (b_min, b_max+delta, b_d)

def Henon(x, alpha, beta):
dx = np.zeros(2)
dx[0] = 1 - alpha*x[0]**2- betaxx[1]
dx[1] x[0]
return dx

def onea(a):
map_la = []
for j, b in enumerate(b_n):
# IlpomyckaeM IepexonHOM Iporecc
x = [0.1, 0.1] # HavambHEe yCIOBHA
flag = False
for n in range(Ntrans):
x = Henon (x, a, b)
if abs(x[0]) > 10:
flag = True
break
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if not flag:
y_sec = [x[0]]
for n in range(maxregim+1):
x = Henon(x, a, b)
y_sec.append(x[0])
iy =1
while i_y < len(y_sec) and abs(y_sec[i_y]l-y_sec[0]) > delta:
iy=1iy + 1
if i_y > maxregim: i_y = maxregim
map_la.append(i_y)
else:
map_la.append(0)
return map_la

if __name__ == "__main__":
plt.figure(figsize = (9, 9))
tmp = time()
p = Pool()
map_Henon = list(p.map(onea, a_n))
print (time () -tmp)
plt.imshow(map_Henon, cmap = ’jet’, origin=’lower’,
extent = (b_min, b_max, a_min, a_max), aspect = b_d / a_d)
plt.colorbar(boundaries=np.arange(-0.5, maxregim+1.5, 1),
ticks=range (0, maxregim+1), fraction=0.044)
plt.xlabel(r’$\beta$’, fontsize=28)
plt.ylabel(r’$\alpha$’, fontsize=28)
plt.tight_layout()
plt.show()

IIpn ykazaHHBIX BBIIIE IIArax 0 IapaMeTpaM Bbl JOJKHBI MOJIYYUTH TOYHO TAKYIO XK€
KapTUHKY, Kak Ha puc. 12.15. Kakoit BBIUIPBINI IO BPEMEHU BbI IOJIYYUMUJIHA, PACIapaJlie-
JuB nporpammy? B Halem ciiydae Ha IIeCTHsIZIEDHOM IIPOIECCOPE BBIUIPBIII IO BPEMEHU
IO CPABHEHHIO C TIOCJIEJOBATEIbHBIM PEIleHueM, MPUBEAEHHBIM BbBIIIE, COCTaBUJI D pa3, a
na 40-spepHoMm — 24 pasa. DTy 3HAYEHUs JAJEKU OT WJI€aJia, HO [PU BPEMEHaX MOPSIKa
HECKOJIBKUX JECATKOB MUHYT U JlaKe JaCcOB MOXKET OBITh OYEHb IIOJIE3HO — BCE 3aBHCHUT OT
mara mo mapaMerpam a u b, cMm. (A.36), n JIMTEIHHOCTH MEPEXOAHOTO mporecca Ntrans.

Tenepyr napaiiTe mompobyeM, KpOMe YCKODEHUsI pPacdéToB, IOJIYyYUTH JIydIlee pa3pe-
MIeHue I KapThl PEKUMOB. /[l 9TOro yMeHBIIMM IIard 1O IapaMeTrpaM B 5 pa3:
a_d = 0.002; b_d = 0.001. Ilporpamma OysieT paboTaTh CYIIECTBEHHO JIOJIBINE, B HAIIEM
ciaydae nosyduiaoch 1 1 12 mun. B pesysbraTe mosiyqauin KapTy pe:kKuMOB, H300ParKEHHYIO
Ha puc. 13.5. Cpasuure eé ¢ puc. 12.15.

13.7 3apaHus Ha MHOroMOTOYHbIE BblIYUC/IEHNA
Bamanue 59 3a0aHue 8bINOAHATME NOAHOCTNBIO.

Kpowme nucniepcun B psisie ciaydaeB I XapaKTEPUCTUKH PACIIPeesIeHusI CIIyaiiHONl Be-
JIMIUHBI UCTIOJIB3YIOT U MePbl 60JIee BICOKUX TOPSIIKOB, HAIPUMED, KO DUIIMEHT acuMMeT-



13.7. 3agaHusi Ha MHOTOMOTOYHbIE BbIYNCIEHUS 165

R O G
o= NW

O =a2aN Wbk OO ®O

Puc. 13.5. Kapra pe:kuMoB oTobpazkenus DHO Ha ILIOCKOCTH mapaMerpos («, 3), mo-

JIyIeHHasT C XOPOIIUM pas3peleHneM, Oarogapsa pacruapaJie TMBaHAI0 ITPOTPaMMbI.

[lepuoanaeckue ABMKEHUS ¢ TEpUOAOM OT 1 710 12 mpeicTaBAeHDI IIBETAMHI OT TEMHO-

CHHEro JI0 TEéMHO-KpacHOro. BopmosbiM (mBer 13) 0003HAUEHBI KAK MEPHOJAMIECKHE
JBUKEHUST OOJIBIIIETO TIEPUO/Ia, TaK U Xa0TUIECKNEe PEeXKUMBI.

pun Ax u3kcnece Ex, onpesensieMble uepe3 MEHTPaIbHbIE MOMEHTBI TPETHEr0 U YETBEPTOTO
MOPSI/IKOB, COOTBETCTBEHHO. POPMYJIBI JIJIsT HAXOXKJIEHUS UX SMIUPUIECKUX OIEHOK CJIETYIO-
ue:

Ax = 5 30 (@ — Mx)? ok

Ex =530 (z— Mx)* Jok =3
TJie 0x — CPpeIHEKBaJApaTUYHOE OTKJIOHEHHUE. Honpo6y171Te HCIIOJIb30BaTh MHOTI'OIIOTOYHOCTH
J7151 OMHOBPEMEHHOTO BBIUNCIEHUS STUX XaPAKTEPUCTHK. BBIOOPKY reHepupyiiTe Tak e, Kak
" B Hpe,ZLCTaBJIeHHOM BbBIIIIE anMepe JJIA pacqéTa II\I/ICI]epCI/II/I.

(13.4)

3aganue 60 Bomoanamov 00no sadanue ¢ nomepom (n—1)%m + 1, 2de n — nomep 6
CNUCKE 2PYNNbL, @ M — “UCAO 3a00M 68 3A0AHU.

Vcnonb3ys aBroMaTndeckoe yupasjeHue mpomeccamu (kiaace Pool), mocrpoiite 3aBucu-
MOCTB JISIIIyHOBCKOI'O IIOKa3aTeJIsl OT OJHOIO U3 IIapaMeTPOB JJIs OJHOTO M3 OTOOparkeHwHil,
ONUCAHHBIX B paszene A.2 (3HaYeHUs MapaMeTpOB YKA3aHbI TaM Ke):
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A T o

Kybuaeckoro orobpaxkenns (A.34) no mapamerpy f;

orobpazkenus: okpyzkHoctu (A.35) no napamerpy A;

orobpazkenus JHo (A.36) mo mapamerpy b;

orobpaxkenus Ukenpr (A.37) mo mapamerpy B;

orobpaxkenust 3acaasckoro (A.38) no napamerpam A, k npu dukcuposanaoM a = 0.3;

orobpaxkenus: 3aciasckoro (A.38) mo napamerpam A, a npu PUKCHPOBAHHOM K = 2.

Baganue 61 Bumoanamo o0no sadanue ¢ nomepom (n—1)%m + 1, 20e n — nomep 6
CNUCKe 2PYnNndL, 0 M — “UCA0 30004 8 3a0aHUU.

Vcnonb3yst aBTOMaTHYECKOE yIIpaBiieHue Iporeccamu (Kiacc Pool), mocrpoiite 6udyp-
KAIMOHHYIO JIMArPaMMYy JJTsl OJIHOTO U3 OTOOpasKeHUit, OMMCAHHBIX B paszene A.2 (3nadenus
apaMeTpOB YKAa3aHbI TaM Ke):

S otk W D=

Kybuaeckoro orobpaxkenns (A.34) no mapamerpy ;

orobparkenust okpyzxkHoctu (A.35) mo nmapamerpy A;

orobpazkenus: JHo (A.36) mo mapamerpy b;

orobpazkenus Ukenpr (A.37) mo mapamerpy B;

orobpaxkenus 3acnasckoro (A.38) o mapamerpaMm A, k ipu dhurcupoanaoM a = 0.3;

orobpazkenus 3acuasckoro (A.38) mo mapamerpam A, a npu PUKCHPOBAHHOM K = 2.

3azanue 62 Bomoanamyv 00no 3adanue ¢ nomepom (n—1)%m+1, ede n — nomep 6
CNUCKE 2PYNNbL, @ M — “UCA0 3a00M 68 3A0AHUU.

Vcnonb3yst aBToMaTHYeCKOe yIpaBjeHue nporeccaMu (Kiaacc Pool) mocrpoiite JByMep-
HYIO KapTy PEXKUMOB JJIsi OJIHOTO M3 OTOOParKEHUil, OMMCaHHBIX B pa3jeie A.2:

1.

Kybuueckoro orobpaxkenusi (A.34) no napamerpam «, f3;

2. orobparkenust okpy2kuocTH (A.35) no napamerpam A, x;

3. orobpaxkenns Ukenpr (A.37) mo mapamerpam A, B npu dukcuposanaom ¢ = 0.5;
4.
5

)
orobpaxkenus 3acnasckoro (A.38) mo mapamerpam A, k ipu dbuxkcupoanaoM a = 0.3;

. orobpazkeHus 3acyasckoro (A.38) mo mapamerpam A, a npu PUKCHPOBAHHOM K = 2.



[Tpunoxxernne A

TecToBble AVNHaMNHECKNE CNCTEMDI

JdunHaMmudeckasi cucTeMa mpecTaBjseT co00i TaKyo MaTeEMaTUIEeCKYIO0 MOJETb HEKO-
ero o0bEKTa, MPOIECcca W sIBJEHUS, B KOTOPOU IpeHeOperaoT «MIIyKTYaIruIMi U BCEMU
JPYTUMHU CTATUCTUIECKAMHY SIBJICHUAME». JJuHAMUYecKast CUCTEMa OIUCHIBAET (B LIEJIOM) ¥~
HaMHUKY HEKOTOPOTO IIPOIECCa, a MMEHHO: IIPOIECC IIEPEX0/a CUCTEMbBI U3 OJIHOTO COCTOSIHUS
B apyroe. Pa3zoBoe MPOCTPAHCTBO CHUCTEMBI — COBOKYIIHOCTH BCEX JOMYCTUMBIX COCTOSHHUI
JUHAMHYECKOH cucTeMbl. TakuMm o0pasoM, JUHAMUYECKAasl CUCTEMA XapPAKTEPU3YeTCsl CBOUM
HaYAJIbHBIM COCTOSTHUEM ¥ 3aKOHOM, TI0 KOTOPOMY CHCTEMA MEPEXOIUT M3 HAYATHLHOTO COCTO-
SHUS B JIPYTOE.

PazanmuaroT cucremsbl ¢ JUCKPETHBIM BPEMEHEM U CUCTEMBI C HEIIPEPHIBHBIM BpeMeHeM. B
CHCTEMaX C HEIPEPBIBHBIM BPEMEHEM, KOTOPbIE TPAIUIIMOHHO HA3BIBAIOTCS MOTOKAMM, CO-
CTOSTHUE CHCTEMBI OIIPEIEJIEHO JJIsi KayKI0TO0 MOMEHTA BPEMEHU Ha BEIEeCTBEHHON MU KOM-
IUIEKCHO# ocu. B cucremax ¢ MUCKpeTHBIM BpeMeHeM, KOTOpPble TPAIUI[MOHHO HA3BIBAIOTCS
KacKaJaMM, II0BeJIeHNe CUCTEMbI (MJIM, YTO TO K€ CaMoe, TPAeKTOPHsl CUCTEMBI B (ha30BOM
IPOCTPAHCTBE) ONMCBIBAETCS MOCJIEIOBATEILHOCTHIO COCTOAHU. Kackaapl U MOTOKM SABJIsA-
FOTCSI OCHOBHBIM IIPEJIMETOM PACCMOTPEHUS B CUMBOJIMYECKOI U TOIOJOTHUYECKON TUHAMUKE.

Junamudeckast cucreMa (Kak C JUCKPETHBIM, TaK M C HEIPEPBLIBHBIM BPEMEHEM) YacTO
OIMCBHIBAETCS ABTOHOMHON crucTeMol nuddepeHITnaibHbIX YPaBHEHNH, 3aITaHHOM B HEKOTO-
poit 00J1aCTH U YOBJIETBOPSAIONIEN TaM YCJIOBUSM TE€OPEMBI CYIECTBOBAHUSA U €IMHCTBEH-
HOCTHU pelieHust auddepeHImajIbHoro ypapaenus. [lomoxkeHusiM paBHOBECHST TUHAMITIECKON
CHCTEMBI COOTBETCTBYIOT 0COObIE TOUKY AU HEPEHITNATHLHOTO YPABHEHNUsI, 8 3aMKHYThIE (ha-
30Bbl€ KPUBbIE — €r0 MEPUOTUIECKUM PEIICHUSIM.

Ecyin Ha AUHAMUKY MOJIEJIN BIIMSET JII00asi CilydaiiHas BeJuduHa (ILyM), TaKyIOo MOZE/Ib
MPUHSITO HA3BIBATH CTOXACTUYECKOMN BHE 3aBUCHMOCTH OT TOTO, KAKOB BKJIAJ IITyMOBOW 10~
b6aBku. Ha mpakTuke Takoe ompe/iesieHne BbI3bIBACT OOJIBbINNE 3aTPYIHEHNST TPU U3JI0KEHIT
MHOT'HX BOIIPOCOB, IIOCKOJIBKY, POJIb IIIyMa MOXKeT OBITh OY€Hb Pa3jInydHa U OyJeT 3aBUCETH OT
€ro MHTEHCUBHOCTH, KOPPEJINPOBAHHOCTH, 3aKOHA PACIPEIe/IeHNsI, CIOCO0a BHECEHUS U OYUCHD
3HAYUTESHHO OT CBONCTB TOH CHCTEMBI, HA KOTODPYIO IIyM BiuseT. [lone3Ho moHMMAaTh, ITO
B OOJIBIIMHCTBE CJIy4aeB MMEIOTCH JBe YaCTH OIIePATOPA SBOJIOIUN: JUHAMUYIECKAsS U CTOXa-
CTUYeCKasi, OTHOCUTEbHBIN BKJIAT KOTOPBIX MOXKET ObITh pasdiaudeH. J[jsi MHOTUX aBTOKOJIe-
0aTeIbHBIX CUCTEM BHECEHME HeOOJIBINNX IIIyMOB He IPUBOAUT K KAYECTBEHHOMY M3MEHEHHIO
IIOBE/IEHNs, JINIIb HEMHOI'O UCKaXkas perterue. s psga cucreM, HallpuMep, JJIs JIMHEHHOTO
OCITUJLIISITOPA, BHECEHHUE TITyMa MPUBOINT K N3MEHEHUIO TUTIA, TTOBEJIEHUSI: MTOSIBJISIIOTCST HOBBIE
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KOJIE0ATETHHBIE PEXKUMBI (K 3TOMY K€ KJIACCY COOBITHI CJIE/yeT OTHECTH SIBJICHUE CTOXACTH-
YECKOTO PE30HAHCA B HEJIMHEHHBIX OMCTAOUIIBHBIX CHCTEMAX), HO MHOIHME XaPAKTEPUCTHKHU
IIOSIBUBIIIETOCS TI0] BIIMSIHUEM IIIyMa PEXKHMMAa, HAIIPHUMED, JacTOTa KOJIEOAHU, OIIPeIeIsIoT-
csl He CBOMCTBaMM| IIyMa, a CBOMCTBAMM AWHAMHYECKON YaCTH OIEpaTOpa IBOJIIOIUU — IITYM
BBICTYIIAE€T IVIABHBIM 00pPAa30M HCTOYHUKOM dHepruu. Takmm oO6pa3oM, [arke MpU HAJTMIHUU
IIyMa U3y4deHUe CTOXaCTUYeCKHX MoJesel MeTOHaMU TeOPUH AUHAMUYECKHUX CHUCTeM Npe-
CTaBJISIETCST OTIPABJIAHHBIM. Takne MOIEN TaKKe OYIyT PACCMOTPEHBI B JAHHOM pa3ese B
orymaue OT cucreM (CIIy9afHbIX MPOLECCOB), JJisi KOTOPBIX IIYM SIBJISIETCS OCHOBHBIM B
X JUHAMUKE.

A.1 TloTtokoBble cuctembl (C HeENpepbiBHbIM BPEMEHEM)

A.1.1 Jlorucrtuyeckoe ypasHenue (YpasHenune Pepxionbcra)

[Jie TApAMeTP I XapaKTepu3yeT CKOPOCTh POCTA IOILYJIANUY (CIOCOOHOCTD K PA3MHOKEHHUIO),
mapamerp K — MakcuMajibHasi EMKOCTh CPEJIbl, TO €CTh MaKCHMAJIHLHO BO3MOYKHOE UHCJIO
ocobeii. B kauectBe K ¥ r MOXKHO IOJCTABUTH JIIOOBIE MTOJIOXKUTEIbHBIE YUCIA.

Ora [UHAMUYECKAs CUCTeMa 1-TO MOpsiJKa HeJMHeHHas, HO JOIyCcKaeT TOYHoe (aHasu-
THYECKOe) pellleHne, Ha3blBaeMoe JIOTUCTHYECKO (hyHKIHeli:

Kxoe

"0 = Rz e = 1)’

rae zo = z(t = 0), TO eCTh B HAYAJIBHBII MOMEHT BpeMeHH. 1103TOMY BBI BCEr/la MOXKETE
IIPOBEPUTH Ballle IHCJIEHHOE PEIIeHHe, UCIOIb3Ys 3Ty (DYHKIHIO.

A.1.2 JluHeiiHbliA ocuMNNATOP C 3aTyxaHUEM Nof, Bo3aelcTBUEeM
rapMOHU4eCcKoro curHana

oy de

i yathg;c = Fcos(Q + ¢o), (A.2)

npu wo = 1, v = 0.1 u mapamerpax BHeIIHero Bo3jeiicTBust ammutyida ' = 1 u gacrora
Q) = 1.2, nagasipHast daza ¢ — Jr0bas.

A.1.3 HenuHeiiHble ocuMNNATOPLI C 3aTyXaHWEM MO, BHELLHUM
BO3eiCcTBNEM

A.1.3.1 C kBagpaTU4HOW HENNHEAHOCTbIO

2
Ccile + 27% +wor + ax® = F cos(Qt + o), (A.3)
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A.1.3.2 c kybuueckoii HeNMHENHOCTbIO (M3BECTHbIN KaK OCLUINATOP

Ayddunra)

d2.’E dx 2 3

T +2’ya + wpz + fx” = F cos(Qt + ¢o), (A.4)
rae vy, wo, F, €, ¢o UMEOT TOT 3Ke CMBICI, YTO U JJIsl JIMHEHHOTO OCIUJIATOPA, & TmapaMeT-
PHI 11 3 OTBEYAIOT 3a HEJIMHEHHOCTDb, HAIlpUMep, 3a yBeJndeHne KoadUIueHTa, yIpyrocTu
npyxuHbl npu cxkatuu. [Ipm o, f << 1 Komebanust B Takoii cucreme OyayT OJIU3KU K JIH-
HelHpIM (HapuMep, MOKHO B3aTh o = 3 = 0.1). IIpu «Boapmux» « u 3, HaIpUMeEp, OKOJIO0
1, xonebanust yxke GyayT CYIECTBEHHO HeJMHeHHbIMHU (He IOXOXKM Ha cuHycomny). Takue
MaTeMaTUIeCKIe MO/ OMUCHIBACT TACCUBHBIN HEJTMHEHHBIN KOHTYD C JMOJOM BMECTO KOH-
JIEHCATOPA WJIM IPY3UK HA HEJIMHEHHON NIPY?KUHE, JJIs1 KOTOPOil He BBIOJIHSETCS 3aKOH ['yKa,
HAXOJANIMACH MO, BO3MEHCTBUEM BHEIIHEH BBIHYKIAONIECH CHIIbl (TIEpHOIUTecKoe BO3ei-
ctBue). UHTEpEC IpescTaBiasgeT HeJIMHERHBIN pe3oHaHC, Korma ) & 2wy Jyisa cucreMbl (A.3)

n Q =~ 3wy s (A.4).

Emgé oqun Bapuant ypasuenus (A.4) — cucremMa ¢ JABYXbAMHBIM ITOTEHIIAATIOM, 3AITUCHI-
BaeTCsl CJIELYIONIM 0Opa3oM:

d’z dx

Tz +2'y% — wiz 4 Ba® = Fcos(Qt + ¢o), (A.5)

MPUYEM TaKasi CHCTEMa HE MOXKET ObITh mosrydena u3 (A.4) myTém samenbl K03bMUIIEHTOB,
ITOCKOJIBLKY 9TO GBI 03HAYAJIO, UTO YACTOTA Wy €CTh MHUMAasl BEJIMUNHA, T. K. iepexos ot (A.4)
K (A.5) mogpasymesas Obl wg < 0. B cucreme (A.5) BO3MOXKHBI KoJie6aHUsT BO3JIe KaXKIOT0 U3
JIBYX JIOKAJIbHBIX COCTOSTHUI PABHOBECHs (CJIEBA M CIIPABA OT HyJIsl, CAMA HETIOABIKHAST TOTKA
npu x = 0 B Hell HeyCTOWYNBA), & TaKKe KOJIeOaHUs GOIBIION AMIUIUTYIBI C IEPECKOKOM U3
OJHOU SIMBI B JIDYT'YIO B OOpPaTHO.

A.1.3.3 C rapmoHMYecKoii HeNMHENHOCTbIO

A’z dx 2 . _
e + Z'ya + wp sin(z) = F cos(2t + ¢o), (A.6)

3716Ch CaAM & YACTO UMEET CMBICH (ba3bl (yIiia MOBOPOTA) U SABJSETCH GE3PA3MEPHBIM.

A.1.3.4 C noreHuymanom Toabl (3KCNOHEHUNANbHAA HESIMHERHOCTDb)

d’z dx 2 .

— + 27— +wo(l—e™%) = Fcos(Qt + ¢o), (A7)
dt dt

3/1€Ch TaKKe X eCTh Ge3pa3MepHasi BeJIMINHA; [IOTEHIUA TAKOIO OCHUILISTOPA (SKCIIOHEHTY )
MOKHO Pa3JIOKUTD B P [I0 CTEIEHSIM T U MOy IUTh «GECKOHEUHYI0» HEJIMHEHHOCTD (TOJBKO
K03 PUIUeHTHI 1epe; BCE GOJIBIINME CTENEHAME T Oy/LyT BCE MEHBIIIE), IIPH STOM KOHCTAHTA
(emMEUITA) B3AMMHO YHUYTOMKAETCS.
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A.1.4 AsrtokonebatenbHble CUCTEMbl BTOPOro nopsiaka

ABTOKOJIE6ATE/IbHBIE CUCTEMBI — TaKue, KoJieOaHus B KOTOPBIX IIOJJAEP2KUBAIOTCA C KO-
HEYIHOIO aMHHHTyﬂOﬁ 6e3 BHEIIHEro BO3,[LeI7ICTBHSI. Ecimm uznagasbHas AaMIIJINTyJa MaJla —
KoJieOaHust «pacKavdarTCd», €CJIN BeJIMKa — YaCTUYIHO 3aTYyXHYT.

A.1.4.1 Ocuunnsatop Bsan gep MNons

2
ZTZC —(r— xQ) de +woz = 0, (A.8)
IJie 7 IMeEeT CMBICJ OTPHUIATENHHOIO JINHEHHOro TpeHus: (MCTOYHUK SHEPIUn) ¥ B HEKOTOPOH
CTENeHn HACeyeT cBoiicTBa —27v u3 ypasaenuii (B.1-A.7). Dra cucrema BTOpOro mopsaka
10 [IPaBy CYUTAETCS KJIACCUYECKON MOJIEJIbIO Teopuu Kosiebanuii. Kak npaBmiio, MeHHO Ha
eé mpuMepe obCyX)aaercst TpobieMa BO30YKIECHUsT HE3aTYXAMOIMNX KOJEOAHUM U CTaOUIn-
3anuMu UX aMIUIATYAbL. [Ipu masmom r, nanpumep r = 0.1, CyIecTBYIOT HU3KOAMILIUTY/IHBIE
Kosebanust, oyim3kue 1mo popme K rapmonmndeckuM. [Ipu r < 0 aBToKoJI€0aHUiT B cUcTEMe He
Oyner.

A.1.4.2 0606weénHbIn ocunnnstop BaH aep Mons—Toabl

A’z

'z dx
dt?

~ =g

+w’(1—e")=0. (A.9)

OTa cucreMa NPU MAJIBIX T M MAJBIX 7' IMPAKTUYECKH HUYEM He OTJIMYAETCs OT OCIUJI-
saTopa BaH xep Iloss, a upu Gospmunx r (HanpuMmep, ¥ = 3) UMeET CYUIECTBEHHO JIPYIYIO
dopmy KosebaHMiA.

A.1.4.3 Ocuunnnatop Panes

Ocrunnsarop Paness — BapuanT ocumsuisitopa Bad siep louis, rie sneprus nepenaérest B
CUCTeMy He Yepe3 KOODJAMHATY (HAIIpsiKEeHUe B CIydae PaJHOTeXHUYECKOIO I'eHepaTopa), a
9epe3 CKOpoCTh (TOK):

2 2
ZTZ— r—(%) d—x—i-ng = 0. (A.10)

Cucrema (A.10) moxer 6bITb HostydeHa u3 (A.8) myTéM 3aMeHBbI IePEeMEHHbIX.

A.1.4.4 TenepaTop C XECTKMM BO30YyXXaeHuem

dZZC 2 4 dZC 2
ﬁ—(rjﬂm —x)a—i-wz::(). (A.11)

B sroit cucreme npu r > 0 1 JOBOJIBHO IIPOU3BOJIBHOM (4 PEATIUIYIOTCS PEZKUMBI aBTOKO-
JiebaHnii, KAYeCTBEHHO CXOJHbIE C pexXuMaMu B ociuuisgTope BaH jep [lons. Ilpu r» < 0 n
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1> 0 cymecTByeT KOJIe6aTeIbHbIH PEXKAM, KOTOPBIH HEJOCTHKUM M3 MAJbIX T (HAJIO0 Cpasy
noAaTh GOJIBIIYIO AMIUIMTYIY — 9TO W HA3BIBAETCH <«KECTKUM BO30YXKIEHUEM» ), STOT pe-
KM COCYIIECTBYET C PEXKMMOM 3aTyxalolmx Kojebanuii. B 3aBucuMOCTH OT TOro, KAaKOBBI
HavaJbHBIE YCJIOBHUA, MOXKHO IIOIACTb B OJUH U3 HUX.

A.1.45 VYnpowéHHasa mogens HeipoHa PutuXbio—Harymo

dzr z3

— = - — - A.12
e T— 5y (A.12)
dy

@ - tte

rne a = 1.2, e =0.1.

A.1.4.6 Monnas mopenb HeiipoHa ®utuXsro—Harymo

T
= = z-=- Al
e T = =Y (A.13)
dy
w - TTte

rme a = 0.8, b=0.3, e =0.1.

A.1.4.7 Tenepatop Bonxédpepa — Ban gep Mons (mopens HelpoHa
®uTtuXsto—Harymo)

% — aa-a)@—1)—y+ 1L, (A.14)
dy

L

dt z =Y,

roe a = 0.8, b = 0.008, v = 0.0033, I, = 0.84. Iamensiss BHemHuit TOK [,, MOXKHO MEHSITh
PEXKUMBI TIOBEJICHUS: TPU MEHbINX [, aMInTyaa Oy/IeT YMEeHBINAThCs, a uX dpopma OymeT
CTAHOBUTHCs OJIMIKE K CUHYCOWJIE, [IPU eIé MeHbIuX I, KosiebaHus: BOOOIIe MOTyT 3aTyXaTh.
[MapamerpaMu b U Y MOXKHO PEryJIMpOBATh YaCTOTY KOJebaHWii (?KeIaTeJbHO MEHATh WX
BMECT€ MPONOPIUOHAIBHO).

A.1.4.8 Mogenb Heiipona Moppuc—Jlekapa

av

CE Teat — g(V = VL) = gcamoo (V)(V = Vea) — gren(V — Vi),

dn ne(V)—n

F = = (A.15)
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rae V' — MmeMOpaHHBIN moTeHIMAI B MB, OTCYnTBIBaEMBI OT TTOTEHITHAIA TIOKOST; 1 — AKTHU-
BAIMOHHAST IEPEMEHHAsT JJIsi KAJINEeBOr0 KaHAJA.

lezt = —15 MKA/CM2 — npuWIoXKeHHbIH Tok; C' = 1 MKCI)/CM2 — EéMKOCTb MeMOpaHBbI;
mapaMeTpbl HACTPOWKMU JJIsi YCTaHOBUBIIIETOCST PEYKUMa, M TOCTOSTHHOM Bpemenm: Vi = —1
MB, Vo = 15 MB, V3 = 2 mB, V4 = 30 mB; paBHOBecHBII HOTEHIHAI COOTBETCTBYIOIINX
nOHHBIX KanaJioB: Vg = —130 mB, V = 50 mB, Vo, = 96 MB; npoBogumocTs yreukn:
gk = 1.7 MKCM/CMQ, gr = 0.5 MKCM/CM27 gca = 1.2 MKCM/CM2.

DysKIUI Moo (V), Moo (V) 1 7 (V') uMetoT coremyromuii B

Meo(V) = 0.5 |1+ th (ﬂ)} ,
V2

neo(V) = 0.5 |1+ th (@)} ,
L Vi

(V) = ¢> h(vwfﬂ ,

rae ¢ = 0.008 ¢l — OIIOpHAS IaCTOTAa.

A.1.5 Mopgenb Jlotkn—BonbTeppbl

Mogens Jlorku—BosbTepphl Tak»Ke M3BECTHA KAK CUCTEMA XUIMHUK—2KEPTBA, MOCKOJIBKY
CKOPOCTB pocTa (IPOM3BO/HA) IIEPEMEHHOI & (2KepTBa WX TPABOsHbIE) IIPOIOPIIMOHAIBHA
caMoii 3To# mepeMeHnoi ¢ KoaddunmenTom o (demM GOJIBITE TPABOSIHBIX, TEM OLICTPEe OHU
PA3MHOXKAIOTCs1) U OGPATHO IPOIOPIMOHAIBHA TPOU3BEIEHNIO LY ¢ Ko dunuentom 3, rue
Y — YHCJIO XUIHUKOB, a [IPOU3BEJEHNE 03HAYAET BEPOSITHOCTh BCTPEYU XUIIHUKA U YKEPTBHI.
CKOpOCTb POCTa, XUITHUKOB HAIIPOTUB OOPATHO MPOMOPIMOHAIBHA ¢ KOI(PDUIIHEHTOM Y UX
quciry (OHM KOHKYPHUPYIOT 33 IUIILY ) U IPsIMO IPOIOPIMOHAILHA KOPMOBOH 6a3e, T. €. 4nuciy
JKEPTB ¢ KOI(PPUIMEHTOM J, IPUIEM TaKKe MMeeT MeCTO Ipou3BeneHue Ty (BEpPOsSTHOCTH
BCTpEYn).

dzx

T (a = By)z, (A.16)
dy . _

a (= + 0z)y,

Bcee koaddurmenTsr 06s13aTE/IBHO MTOJTOXKUTEIBHBI 110 UX Ounojorudeckomy cMmbicay. Ha-
MIpUMEP, MOXKHO KMCIOJb30BaTh 3Hadenust o = 0.9, § = 0.1, vy =0.8, § = 0.2.

A.1.6 AsTokonebaTenbHble CUCTEMbI TPETbEro Nopsaka

A.1.6.1 Cwucrema Péccnepa

dx

E = —(y+Z),

dy z+a (A.17)
dt - Y, .
dz b+ z(x —¢),

dt
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rme a = 0.398, b = 2, ¢ = 4 gna xaorudeckoro pexkuma u ¢ = 0.3, b = 0.2, ¢ = 1.5 gusa

IIEPUOANIECKOIO.

A.1.6.2 Cwucrema JlopeHua

dx
dt
dy
dt
dz
dt

— oy,
= z(r—2z)—y, (A.18)
= zy— bz,

rae o = 10, r = 28, b = 8/3 m1a Xa0THIECKOrO PEXKUMA.

A.1.6.3 Tenepatop Kunswko-lukosckoro—PabuHoBuya

dx
dt
dy
dt
dz
“at

2hx +y — gz,
= -z, (A.19)

= l’—f(Z),

rme h = 0.075, g = 0.93, ¢ = 0.2, f(z) = 8.592z — 222% + 14.4082>.

A.1.6.4 TeHepaTop C NHEPLUOHHOW HeNUHeHOCTbio AHuuieHko—AcTaxoBa

dx
dt
dy
dt
dz
“at

= mr+y—zrz,
= -z, (A.20)

— gz +0()a,

rae € = 1.5, m = 1.106, g = 0.68, 6(x) — dbynkuua Xesucaiina:

0(x) =

0 , mpuz <0,
1 ,opuma>=0.

A.1.6.5 Tenepatop Omutpnesa—Kucnoea c 1.5 crenensimn ceobogp!

dx
dt
dy
dt
dz
dt

x— 2z, (A.21)
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e T =3, M =26, Q =48.

A.1.6.6 Cuncrema Yya

dx
dt
dy
dt
dz
dt

Oé(y - = f(x))7
= z—y+z (A.22)
= _By7

rae f(z) =cx+0.5(0b—c)(lx+d|— |z —d|)+0.5(a—b)(Jz+ 1] — |z — 1), « =11, 8 = 14,
a=—0.713, b= —0.455, c = 4.6, d = 7.2.

A.1.6.7 Mopenb cuctemni ha3osoii aBTonoacTpoiiku Yacrotel (PAMY)

dp .
E =Y,
dy
- = A2
a = ° (A.23)
dz
G182 =7 — (e1+e2)z— (1 +e1cosp)y

IJie ( — TeKyllas Pa3HOCTb (ha3 MOACTPANBAEMOrO U OIIOPHOI'O 'eHEPATOpa, Y — HadajbHas
JaCcTOTHasl PacCTPoOiKa, €1,€2 — IMapaMeTpPbl MHEPIMOHHOCTH (MuIbTpoB. [IpumenurenbHo
K JUHaMUKe HelpOHa IepeMEeHHYIO Y MOXKHO MHTEPIIPETUPOBATh KaK ONHUCHIBAIONIYIO U3Me-
HeHrne MeMOpPAHHOrO TOTEHIMAJa, MapaMeTpbl €1 U €2 MO3BOJISIOT 33/1aBATh HEOOXOIMMBbIH
JUHAMHWYIECKHUU DEXKUM, a 7Y OKa3bIBaeT BO3AEUCTBUE, CXOQHOE C BO3AECUCTBIEM BHEIITHETO TOKA
B MOJIe/ I XOIKKIUHA- X AKCJIA.

s TecTUpOBaHus JAHHYIO CUCTEMY MOXKHO OpaTh B YETHIPEX XapaKTEPHBIX PEXKMMAX:

peryssipable Kosiebanusi (y = 0.28,e1 = 2,62 = 10); madednble pas3psi/bl ¢ MaJjbIM IHC-
JgoM mMIynbcoB B madke (v = 0.075,e1 = 4.5,e2 = 10); nauednbie pa3psaipl ¢ GOIBIIAM
YHCIOM UMILYJIbCoB B nadke (v = 0.19,e1 = 27,e2 = 10); KBa3uxaoTHIECKHe KoJeOaHUsI

(’y = 0.25, €1 = 19.5782 = 10).
ITpu nocrpoennn rpadukos He 3abbiBaiite B3aTh (hasy 1o mMoxyio 21 (p%(27)).

A.1.6.8 Mopgenb HeiipoHa Xnugmapw—-Poys3

dx o 3 2

i y —ax” + bx z+ 1,

dy o 2

7 dz® — vy, (A.24)
dz

e r(s(z —wr) — 2),
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rmenpu a = 055, b=48c=1,d=7r =103 s =6, zr = —1.6, I, = 4 6yayr
HaGTIONATLCH eAMHIYHbIE Caikn, ampu a = 1, b =3, c=1,d =5, r = 1073, s = 4,
rr = —1.6, I, = 1.5 OyayT HaOIIOIATHCS OEPCTHI.

A.1.7 Cuctembl BbiCLUMX NOPSAKOB

A.1.7.1 Tenepatop Omurtpuesa-Kucnoea c 2.5 crenensimu cesobopgb!

TZ—: +z = F(2),
d’y | dy
w Tty =
d?z dz Py _ dy
ﬁ-ﬁ-aga-‘rw z = 06257 (A.25)
F(z) = Mzexp(—2z%).

IlapameTrpsl /111 PeHEPATOPOB C 2.5 CTEIEHSIMUA CBOOOIbI I XA0OTHIECKOTO PEXKUMa BbI-
oupasiucek caeaytomue: 17 = 0.8, a1 = 0.06; a2 = 0.28, w1 = 0.39, My = 3.3, To = 0.6,
Qg1 = 0.07, Q2 = 0.33, Wy = 0.37 M2 = 3.4.

A.1.7.2 [ByxmaccoBasi MOA€/Ib r0JI0COBbLIX CBA30K

doy
d;lizl = le (=riyr — k1 (z1) — ke (21 — 22) + F1)

2 =y, (A.26)
jd% = w% (177’22/2 — k2 (22) — ke (w2 — 1) + F2)

2 = e (Ps — (Rik1 + Ri2) Uy |Ug| — (Er1 + Er2) Uy)

rze BBeIEH psist obo3HadeHmit. Agi 1 Age — IUIOMAU OTBEPCTUS T'OJIOCOBOM IIEJIH MEXKLY

IIEPBOI0 U BTOPOIO MACCaMH COOTBETCTBEHHO, Ago1 U Agoz — IUIOMAIN B HEBO3MYIIEHHOM

cocrosinn, Korga 1 = 0 u x2 = 0; l; — nomepevnas MupUHA TOJIOCOBOM IIEJIHN, TAKUM 00pa-

oM Ag1 = Agor + 2lgz1 m Aga = Agoz + 2lgx2; di n d2 — aymabl Mace; A1 — sddexTuBHas
BXOJIHAsI TJIOIIA/Ib HA BXOJI€ U3 TOJIOCOBOII IIeJIM B IEPBBIA pe30HATOP.
. ., 2

VureHsb! HeJIMHETHbIE CBONCTBA NPYKHUH: K12 = K1,2T1,2 (1 + 17172£E172), ke — ko3 durm-

€HT YIPYTOCTHU TIPYKUHBI, CBA3bIBaIONIel rpy3bl. [Ipu 3TOM B cily4ae CMbIKaHUsI, T. €. KOTIa

A
T2 < — %?;,2 , GYHKITNS yIPYTrOCTH U3MEHSIETCS W MPUHUMAET BUJI:

ki2 = Ki2T1,2 (1 + 771,2$§,2) +
+  hiazi2 (1 + 7’]h1,2$%,2)

rae hi,2 ¥ Np1,2 — JONOTHUTEIbHBIE JINHEITHBIE U HEJIMHEHbIe KO3 MUIMEHTHI *KECTKOCTH,
OTBEYAIOIIHE 338 CUJIBI YIIPYTOCTU, BO3HUKAIOIINE OT CTOJIKHOBEHUS MAaCC.

. _ [mi,2 _
[TapaMerpsl auccumanuu UMeOT BUI: 712 = (1,2 Top 50 KOTJIa HET CMBIKAHUS U 11,2 =

m o o
Chi,24/ ﬁ IIpA CMBIKAHUU COOTBETCTBEHHO IEPBOM MJIM BTOPOIl Iapbl I'PY30B; (1,2 U (p1,2
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— KO3 PUIMEHTHI BSI3KOCTU. TaKKe BBEIEHBI TAKXKe CJIEIYIONINE THIPOJMHAMIIECKIE TIa-
PpPaMeTphI:

p(;,ﬂ)
0.19 274
Rer = 5P, Rz =

1

2
1 d o2
—dip  p — dep
Ly = Ag1’ 92 = Ay
12d 12d
By =120, Epp = 1202
T1*12VT51’ r2 = LAV
9 9

rjie p — IUIOTHOCTB, & V — BSA3KOCTb BO3/yXa.
Cunbr Fi 2, meficTByiomye Ha IPy3bl CO CTOPOHBI BO3/[yXa B I'OJIOCOBOM IIEJIN OIIPEeesIsi-
IOTCSI TaBJIEHUEM Ha 1epBYIO P11 BTOpyI0 P2 Macchl, BbIpaXKaeMbIMH 110 (DOPMYJIaM:

Py = Py — %(1.37 (AUQ )2 - (EMUQ n LglUg))
Punz = Py — 3 (Uy (Brt + Er2) +

+ (Lg1 + Lg2) Uy _PUg2 (é - A%1>>7

NpUYEM BCe JaBJIEHUs] OTCUUTHIBAIOTCS OT aTMOCGhEPHOro (T. €. eciid, CKaykeM, JIaBjIeHue Ha
nepBoiit rpy3 Pmi paBaO armocdepromy, Pni = 0). Hakonen, camu cumbr Fi o 3aBucar ot
TOr0, COMKHYTBI T'OJIOCOBBIE CBAI3KH MJIM HET, U BBIPAXKAIOTCs depe3 Pp,12 10 dopmyte:

Ag1 > O, Agz >0: Fi = ]3m1d1lg7 Fy = ngdglg
Agl <O,Ag2 >0: Fi :P5d1lg, Fs =0

Agl > 0, Agz <0: F = Psdllg, Fy = Psdzlg
Ag1 <O,A92 <0: F :Pgdllg7 =0

TunuyaHbIMU ABJIAIOTCS CJIEIyIoNMe 3HadeHus mapaMerpon: mi = 0.125, ma = 0.025,
Iy =1.4,d =025, do = 0.05, Ago1 = Agoz = 0.056, A; = 0.168, k. = 25-10°, k1 = 80- 10%,
ko =8-10%, m = m2 = 100, h12 = 3k1.2, 7h1 = na2 = 500, (1 = 0.5 - 10%, & = 2.2 10%,
Ch1 = 0.35-10%, Cho = 10°, p=1.14- 1073, v = 18.2466 - 1075, P, = 7.84 - 10°.

A.1.7.3 Heiipon XogxxknHa—Xakcnu

dv
Cor = lewi— grn* (V = Vi) — gnam®h(V — Vna) — g (V — Vi),  (A.27)
d
T = (V)1 -w) - Bu(V)r

3necy V' obosHadaeT MeMOpaHHBLIA MOTEHIUAJ B MB, OTCUMTBIBAEMBI OT IOTEHIUAJIA
10KOst; Iezt = —30 MKA/CM2, C=1 MK(ID/CM2, Vik = —12 MB, Vi, = 9 MB, Vn, = 115 MB,
g = 36 MKCM/CMQ, gr. = 0.3 MKCM/CMQ, gNa = 120 MKCM/CM2 WMEIOT TOT K€ CMBICJT, 9TO
n st mogesn Moppuc—Jlekapa (A.15); Bektop z = (n,m, h), rge n u m — AKTUBAIMOHHBIE
[IePEMEHHBIE JIJIsi KAJIMEBBIX U HATPUEBLIX KAHAJIOB, h — MHAKTUBALMOHHAS IIepeMeHHasl Ha-
TpueBbIX Kananos. Oynkmmnu o, (V) u B, (V) mia kaxk10ro Tuna KaHAJIOB UMEIOT CJIE Ly TOIni
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BUJT:

B 0.1(V — 25)
T 1—exp[—(V —25)/10]’

am (V) Bm (V) = 4dexp(—V/18),

1

an(V) = 0.07exp(=V/20),  Bn(V) = 1 exp [—(V - 30)/10]"

0.01(V — 10)

Oén(v) = 1—exp [—(V - 10)/10} 7

Bn (V) = 0.125 exp(—V/80).

A.1.7.4 Mogenb HedppoHa (pyHKUNOHANBHON eaNHULBI NOYKN)

% - Ctlub (Ff'ilt (Pta T) - Freab - P;Hefd> )
dr

E =  Ur,

dU»p Peq(Pt,T’)—PaU(Pt,T’)

= —kv, — ,

dt w
dml Pt — Pd 3.T1
R (A.28)
dl‘Q _ 3 (1’1 — 1,'2)
dt T
d.%'3 _ 3 (5132 — 133)
dt T

3neck P, — maBiienne B GyinzKHEM KaHAJe, T — €ro cpeanuii 3¢ deKTuBHbIM paaunyc, V, —
CKOPOCTb €r0 M3MEHEHHUsI, IEPEMEHHBIE T'1, L2, £3 BBEIEHBI JJjis OIMUCAHUSA PACIIPOCTPAHEHUS
JIaBJIEHUsI 10 TIeTJjie XeHJle; CpeJiHee BpeMs pacnpoctpanerust — 1. Py, u P.q — cpennee
¥ PaBHOBECHOE JIaBJIEHUsI KPOBM BO BXOJHOM KaHaJje, k — KO3(P(DUIIMEHT, ONMUCHIBAIONINAMN
nemidupyomnme CBORCTBA CTEHOK KaHasa (napamMerp norepb), Rien — BEIMYUHA TUIAPOIA-
HaMUYECKOTO COIPOTUBJIEHUS TIeTu Xenye, R, u Re — rMapouHaMUYecKue CONPOTUBIIEHUST
BXOJISINETO U BBIXOISIIETO KAHAJIOB.

Hesuueitasie dynknun B (A.28) uMeroT coreayiommii BuI:

P, — P, (P, P, (P,,r) — P,
Ffilt(Ptyr): Rg(,r(,)t T) - 9( tRT) ’

Ra(r) (Ps — Pu)

PS](PNT):PG_F

Ra(r) + ReHa + Re (1 = Ha) g(fy
1 Fa
P (Prr) = 5 (P = (o= Py () GRS 4 Py (2.

Py (Pi,r) = 24071 4 16(r — 1)+

4.7
+ \\ (Ig) <\p€13(04_r)+1 + 7.2(7” + 09)) s

W
max min
U (23) = Umax —

3x3 )
Gy i)
Ra(r) = Rao (B+ (1= B)r ).
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Bwmecre ¢ cucremoit nuddepeHnnaabHbIX ypaBHEHN HEOOXOINMO peIIaTh ajredbpande-
CKO€ ypaBHEHUE:

)+ ReH,) C2+

(bR (1 — Hy) Co + a (Ra(r) + RoH,)) C2+

((1 (1_H(L)Ca+(Pf_Pv)(Ra(T)+ReHa)+

(P, — Pa) ReHa) Ce + (Py — Pu) Re (1 — Ha) Cq = 0,

OTta Momenb comepkuT 20 mapaMeTpoB, BEJIUYUHBI KOTOPBIX CUUTAIOTCA ITOCTOSTH-
HBIMU. B JiuTepaType HCHOJBb3YIOTCA CJeAyIone OOOCHOBAHHbIE U3 (DU3MOJIOTMYECKHX
coobpakeHnil 3HAYEHHs, COOTBETCTByIOLIME XaoTudeckoMmy pexumy: Ciup = 3ui/klla,
Freqy = 0.3mi/c, P;=0.6klla, Rgen =5.3xlla-c/un, P, =13klla, P, = 1.3xlla,
a=22Ta-a/r, b=0.39Ta-1?/r*, R. = 1.9xITa-c/n, H, = 0.5, C, = 541/, k = 0.4c™ ",
w = 20klla - ¢, T =16¢, Umax = 0.44, Upin = 0.2, @ = 160, § = 0.67, S = 0.19,
Rao = 2.3xlla - ¢/ua.

A.1.8 TleHepaTopbl c 3ana3gbiBaHMEM

A.1.8.1 C kBagpaTU4HOW HENNHEAHOCTbIO

dx

e —z(t) + X — z*(t — 70), (A.29)

riae € = 20, A = 1.05, 79 = 100.
Yr0o6bI IOJIyInTh PsAJ| C 3aa3/(bIBAHUEM HEOOXOIUMO CrEeHEPUPOBATDH HE OJJHO HAYAIHHOE
YCJIOBHE JIJTs IEPpeMeHHoM &, a (32 + 1) HaYaabHBIX yCIOBHMiA, Tie df — ITar MHTErpUPOBAHHSL.

A.1.8.2 Cucrema lVkegbl nepsoro nopsigka

dx

il —z(t) + psin (z(t — 10) — xo) , (A.30)

e p =20, 70 = 2, zo = /3.

A.1.8.3 Cucrema Makku-Inacca

(A.31)

roe 7o = 300.
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A.1.8.4 Ocuuwnnstop Jlanra-Kobasium (mopens nasepa Tperbero nopsgka)

% = F(t)R(t) + vR(t — 1o)cos[p(t) — ¢(t — T0) + Q70],
R(t)% = aF@)R(t) — vR(t — 10)sin[p(t) — ¢(t — 10) + Q70], (A.32)
T% = P-F@)-[L+2F@IR®),

rne T = 1710, « = 5, Q = —0.192, P = 0.6, v = 0.015, 70 = 60.5 i1 IEPUOIUIECKOTO U
To = 63.5 JJIs1 XaOTHYECKOI'O PEXKUMA.

A.2 KackagHble cuctemsbl (C AUCKPETHbIM BpemeHeMm)

A.2.1 Jlorncruyeckoe otobparkeHue

Tnt1 = 1Tn(1 — zn), (A.33)

rzae r = 2.6 I IEPUOJMYECKOro PeXXUMa, 1 = 3.7 JJIs Xa0TUIEeCKOro pexkuma, T € [2.4,4.0]
JJIsI TIOCTPOEHUsI Gy PKAIMOHHON JTUATPAMMBI.

A.2.2 Kybuyeckoe otobpaxeHune

Tnt1 = @ — Ban + xi, (A.34)

rme o = 0.2, f = 1.8 mna mepumoamdeckoro pexnma, o = 0.4, § = 2.1 a1 Xa0TUIECKOTO
pexkuma, JuIst ocTpoeHus oudypkanuonHoi quarpamMel: o = 0, 8 € [0.8,2.5].

A.2.3 OTtobpa>keHne oKpy>XHOCTU

Tpt1 = Tp + A+ ksinx,, (A.35)

rne A = 7, k = 3 JUIsl MEPUOANIECKOTO peskuMa, A = 7, k = 2 JJIT Xa0TUIECKOTO PeXKNMA,
115 tocTpoeHust 6udypranuonnoit nuarpammer: A € [0, 27], £ = 2 i A = 0.001, < € [1,4].

A.2.4 OrtobpaxkeHne dHo

Tpy1 = 1—az2 — Byn, (A.36)
Yn+1 = Tn,
rae a = 0.8, § = —0.2 s nepuoaudeckoro pexkuma, o = 1.4, f = —0.2 i1 Xa0TUIECKOro

pexkuMa, Jyist IocTpoeHust 6udypKaloHHol nuarpaMmer: « € [0,2], 8 = —0.2.
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A.2.5 OTobpaxeHue Nkegbl

Tnt1 = A+ Blzn Cos(:vi +yi+ ®) — Yn sin(azi +y2 4+ ?)l, (A.37)
Ynt1 = Blaasin(@), +yn + @) + yn cos(zh +yn + 6)],
rme A = 3.8, B = 0.06, ¢ = 0.5 jqya nepuoguaeckoro pexxuma, A = 4, B = 0.2, ¢ = 0.5

JJIsT XaOTHYECKOrO PEXKUMMa, & [IJIsl IOCTpoeHns Oudypkaruonnoit nuarpammbr: A =4, B €

0,0.2], ¢ = 0.5.

A.2.6 OrtobpakeHne 3acnasckoro

Tnt1 = (xn+ A+ ksinz, + ayn) mod 2, (A.38)
Yn+1 = QYn +Ksinx,,
rne A =7, k = 2.5, a = 0.3 s nepuogmaeckoro pexkuma, A = 7, k = 2, a = 0.3 g1 xao-

TUYIECKOTO PEKUMA, & JJIsI HOCTPOeHUs OndypPKAIMOHHON NHMArpaMMBbI MOXKHO HCIIOJIb30BATh

A€0,2n], k=2,a=0.3.



[Tpunoxxerne b

TecToBble CTOXaCTUYECKME CUCTEMBI

6.1 [MotokoBble cuctemsbl (C HenpepbIBHbIM BpemMeHeMm)

B5.1.1 JlvHelHbI oCUUNNATOP C 3aTyxXaHUeM Nog BO3AelicTBMEM LIyMa

d*z dx 9

— 4+ 27— +wox = t b.1

dtg + ’th + 0 é-( )a ( )
rje cobCTBeHHAsT 4YacToTa KojebaHuit wo = 1, Koadpdunment saryxaHus (IACCUIIAIIN)

~v = 0.1, HopmasbHblil myM £(t) ¢ napamerpamu p = 0 (Hysnesoe cpeamee), o = 1 (cpea-
HEKBa[PATIIHOE OTKJIOHEHNE).

B.2 KackagHble cucrtemnl (C ANCKPETHbIM BpemeHeMm)

B.2.1 [lpouecc aBToperpeccun nepeoro nopsigka

Tn+1 = axn+£n, (B-2)

rae a = 0.99, &, — HOPMAJIbHBI IIYM C HYJIEBBIM CPEJIHUM.
5.2.2 T[lpouecc aBTOoperpeccun BTOpoOro nopsigka

Tntl = Q1Tp+ Q2Tn—1+&n, (B.3)

rae ap = 1.99, as = —0.99.
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