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#! python3.7

# -*- coding: utf-8 —-*-

from numpy import zeros, linspace, linalg, tanh, eye, complex64, log,
NaN, inf

from matplotlib.pyplot import style, figure, axes

# OnpemesieHre GyHKLMM, 3amamomel HadyaJlbHOE YCJIOBUE
def u init(x) :

u_init = 8/7*tanh((x - x_0)/eps)

return u init

# OmnpemesieHve GyHKLMM, 3amapoimel JIEBOe I'PaHMUYHOE YCJIOBUE
def u left(t)

u left = -8/7

return u left

# OmnpemesieHre GyHKLMM, 3amapoimel NpaBoe I'PaHUUHOE YCJIOBUE
def u right(t)

u right = 8/7

return u right

# oyHxumsa f nmomroraBIMBaeT MAacCCUB, COIepXallMi 3JIEMEHTH BeKTOP-OyHKLMM,

# omnpemesndomel NpaBylw YacTb pemaeMmor cucTeMmel OLY
def f(y,t,h,N,u left,u right,eps):
f = zeros(N-1)

sqgrt,

sum,

f[0] = eps*(y[1] - 2*y[0] + u left(t))/h**2 + y[01*(y[1] - u left(t))/(2*h) +

y[0]**3
for n in range(1,N-2):

f[n] = eps*(y[n+l] - 2*y[n] + y[n-11)/h**2 + y[nl*(y[n+l] - y[n-11)/(2*h) +

y[n]**3

f[N-2] = eps*(u_right(t) - 2*y[N-2] + y[N-3])/h**2 + y[N-2]*(u right(t) -

yIN=-31)/(2*%h) + y[N-2]%**3
return f

# OyHKUMS NOOTOTABIMBAET MACCUBE, KOTOPEE COIEPXaT

# BJeMeHTH IMaroHaJIel TPEXIMATOHAJIBHOM MaTpPMLIE

# [E - alpha*tau*f y]

def DiagonalsPreparation(y,t,h,N,u left,u right,eps,tau,alpha)
# BxOmnHHIE IOaHHLE :

y — pemeHue cucTemel OIIY B TekylMy MOMEHT BPEMEHU

t - Texymml MOMEHT BpeMeHu t m

h - mar cerxwm

N - 4UMCJIO MHTEepBaJIOB CEeTKU

u

eps - napamMTp 3anadu
tau - Tekymuy war o BPEeMeHU’
alpha - xo»dbmuUMeHT, OoNpenesyidlly UYMCIJIEHHYK CXeMYy

Y

BEIXOIOHBIE IIapaMeTphL:
a, b u ¢ - ODuaroHanM TPEXOMATOHAJIBHOM MaTpPULEL

a(0) c (0)
b(l) a(l) c(1)

S SR 3 $E SR 3E HE o 9

[
[
[
[
[ R
[ b (N-2) a(N-2)

BrlmesieHMe namMsaTy 101 MaCCUBEHL,
comepxamme COOTBETCTBYWIME IMaTOHAJM
= zeros (N-1,dtype=complex64)

zeros (N-1,dtype=complex64)

zeros (N-1,dtype=complex64)

Q O O = 3

_left m u _right - QyHkuMM, OHpemeydpmMe JIEBOE M INPaBOe I'PAHMUYHEIE YCJIOBMA

a[0] = 1. - alpha*tau*(-2*eps/h**2 + (y[1] - u left(t))/(2*%h) + 3*y[0]**2)

c[0] = - alpha*tau* (eps/h**2 + y[0]/(2*h))
for n in range(1,N-2)
b[n] = - alpha*tau*(eps/h**2 - y[n]l/(2*h))

a[n] = 1. - alpha*tau*(-2*eps/h**2 + (y[n+1] - y[n-11)/(2*h) + 3*y[n]**2)
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c[n] = - alpha*tau* (eps/h**2 + y[n]/(2*h))
b[N-2] - alpha*tau* (eps/h**2 - y[N-2]1/(2*h))
a[N-2]

I
-

return a, b, c

def TridiagonalMatrixAlgorithm(a,b,c,B)
# OyHKUMS peanuayeT MEeTOH MNPOTOHKM (anropmuTMm Tomaca)
# nys pewenmsa CJIAY A X = B Cc TpEXIMAaTOHAJIBHOM MaTpHULeENn

# BxXOmOHLIE MTapaMeTpH :

# B - BeKTOp HNpPaBOM YacCTM IJIMHEL N (CcTojybel] MM CTPOoKa)

# a, b, ¢ - BekTOpa IJIMHHE N, COIEepXallMe 3JIEMEHTEH

# mmaronaser (b(l) m c(n) He MCIOJIL3YOTCH)

# [ a(l) c(1) I [ X(1) ] [ B(1) 1
# [ b(2) a(2) c(2) 1 [ X(2) 1] [ B(2) 1
#o[ b(3) a(3) c(3) I ] [ ]
# [ ... 1 =1 .. ]
o[ . c(n-1)] [X(n-1)] [B(n-1)]
# [ b(n) a() 1 [ X(n) ] [ B(n) 1
n = len(B)

v = zeros(n,dtype=complex64)

X = zeros(n,dtype=complex64)

w = a[0]
X[0] = B[0]1/w
for i in range(l,n)
v[i - 1] = c[i1 - 11/w
w = a[i] - b[il*v[i - 1]
X[1] = (B[i] - b[i1*X[1 - 11)/w
for j in range(n-2,-1,-1)
X[31 = X[31 - vI[31*X[3 + 1]

return X

# OYHKLMS HaXOIOUT MNPUOIIMKEHHOE pelleHMe yPaBHEHMS B UYACTHHEIX NPOM3BONHEIX (YpUIll/PDE)
def PDESolving(a,b,N 0,t 0,T,M O,u init,u left,u right,eps,s,r x,r t,alpha)
# BxXOmOHLIE MapaMeTpH :
a, b - rpaHuuE 0OOJIACTM IO NPOCTPAHCTBEHHO I[IE€PEMEHHOM X
N 0 - uMCJO MHTEepBaJlOB BABOBOJ ceTkM IO NPOCTPAHCTBY
t_O, T - HavaJIbHBEM M KOHEUHBM MOMEHTE CUuéTa
M 0 - uMCJIO MHTEepBaJlOB BABOBOM ceTkM MO BpeMeHMU
u_init - QyHKUMA, ONpenesapuAs HadalJlbHOe YCJIOBUE
u left m u right - QyHkuUMM, OHpemeydpLMe JIEBOE M NPaBOe I'PAHMUYHEIE YCJIOBMUA
eps - napamMTp 3anadu
S — HOMEp CeTKM, Ha KOTOPOM BHUMCIIAETCS pPeleHMre
(ectim s = 0, TO pelleHMe UIETCsa Ha BA30ROI ceTke)
r x m r t - KO3QIUUMEHTE CIYIIEHMA CEeTKMU 10 X U t
alpha - xo»dbmuMeHT, OoNpenesyidlly UMCIJIEHHYK CXeMYy

S e S o SR SR e R S e o

=+

BEIXOOHOV [apaMeTp:
u _basic - mMaccuB, comepxauyrii CETOUHBIE 3HAUEHMUA peleHursa YpUll
TOJIBKO B y3JjlaxX, COBIamamlyx C y3JlaMu BABOBOM ceTku

=+ =

dopMmpOBaHME CIYMEHHOM

B r x"s pa3s MO NPOCTPAaHCTBEHHOM [EePEeMeHHOW X 1
B r t"s pa3s No BPEMEHHOM INepeMeHHOM t

CeTKM C MHIOEKCOM S:

S o S

BLIUMCJIEHME UMCJIa MHTEPBaJIOB Ha CEeTKe C HOMEPOM S
= N O*r x**s; M = M O*r t**s

OnpeneJjieHMe CEeTKM 10 NPOCTPAHCTBY

= (b - a)/N; x = linspace(a,b,N+1)

OnpenesieHre CeTKM I[I0 BPEeMeHU

au = (T - t 0)/M; t = linspace(t 0,T,M+1)

o H= D E

# BomesieHVe naMaTy 10O MAaCCUMB CETOUYHBEIX 3HAaUYeHUM pemeHus YpUll,

- alpha*tau* (-2*eps/h**2 + (u right(t) - y[N-3]1)/(2*h) + 3*y[N-2]**2)
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#
a
t

X_

e

#
a

#

# B xoTopoMm OynoyT XPaHUTHCS CETOYHHE BHAUEHUs M3 y3JIOB,

# commapmammmx c ysjamy BABOBOM NpoCTpPaHCTBEHHO-BPEMEHHON CeTKU

u basic = zeros((M 0 + 1,N 0 + 1))

# BrlmesieHMe IaMsaTy I[I0I BCIOMOT'ATEJIbHBEI MACCUB Y,

# B KOTOPOM XPaHATCA pemeHusa cucTemel OIY B TeKymMil MOMEHT BpeMeHM t = t m
# (cucrema pemaeTca Ha ceTke ¢ N = N O*r x**s pyHTepBajgaMu IO NPOCTPAHCTBY)
y = zeros(N - 1)

# BamaHye HAYaJIbHOTO YCJIOBMSA (Ha HaYaJIbHOM BPEMEHHOM CJIoe)
for n in range (N 0+1)
u basic[0,n] = u init(x[n*r x**s])

=+

BamaHMe HaudaJjlIbHOT'O YCJIOBMA pemaemoym cucTemel OIY
= u_ init(x[1:N])

<

BBeIeHMe MHIEKCA, OTBeUanleIro 3a BHOOP
BPEMEHHOT'O CJIOS Ha CETKe C HOMEepOoM s,
COBIIANAKIIETO C COOTBETCTBYWIMM BPEMEHHEM CJIOeM 0a30BOM CETKM.
Ha naHHB MOMEHT OyIeM OTCJIeXMBATBH COBHNameHMe t m Ha CIYHEHHOU CeTKe
c t m basic Ha 0a30BON CeTKe
. basic =1

8o o S o

# Peanuszauma cxeMbl M3 cemercrea ROS1

# (KOHKpPeTHasa cxeMa omnpenensgercs KosbbuumeHToMmM alpha)

for m in range (M)
print('s={0}, m={1}"'.format(s,m))
diagonal,codiagonal down,codiagonal up =
DiagonalsPreparation(y,t[m],h,N,u left,u right,eps,tau,alpha)
w1l =
TridiagonalMatrixAlgorithm(diagonal,codiagonal down,codiagonal up,f(y,t[m] +
tau/2,h,N,u left,u right,eps))
# IlepeomnpenejieEMe y B HOBEINM MOMeHT BpeMmeHyu t {m+1}
y =y + tau*w l.real

# BhloJieHMe NPOBEepPKM cobnameHmsa t {m+1}
# Ha crymeé&HHOM ceTke Cc t m basic 6as0BOM CeTKU
if (m + 1) == m basic*r t**s
# BanosiHeHMe MaccuBa CETOUHBIX BHAUEHUN pPeleHMs
# mcxomHOM Bamaum s YpUll
u _basic[m basic,0] = u left(t[m+1])
for n in range(1,N _0)
u basic[m basic,n] = y[n*r x**s - 1]
u basic[m basic,N 0] = u right(t[m+1])
# Temeppr OymeT OTCIIEXMBATLCS COBIAINEHUE t {m+1}
# Ha cryméHHOe ceTKe C ouepeAHEM t m basic
m basic = m basic + 1

return u basic
OnpenesieHre BXOIHBIX IOAaHHBIX 3anadu

0.; b=1.
=0.; T=20.5

o

0
ps

0.6
10** (-2.0)

OnpegnenieHye IHnapaMeTpa CxeMbl (HYXHBI PaCKOMMEHTMPOBATH)
lpha = (1 + 1j)/2 # CROS1 (cxema PozseHOpoka C KOMILJIEKCHBIM KO3bOMUMEHTOM)
alpha = 1. # DIRK1l (oBpaTHasa cxema DJniepa

OnpemesieHre umMclla MHTepBajioB BA3OBOM MpocTpaHCTBEHHO-BPEMEHHOM CeTKM,
Ha KOTOPOM OyneT MCKATbCA NPUOIMKEHHOE pPeleHUe
= 300; M = 500

UMCJIO CeTOK, Ha KOTOPHX MIETCHA NPUOIMKXEHHOE pPeleHUe

=3

KosddmumeHTH CIrymeHMsa NPOCTPAaHCTBEHHO-BPEMEHHOM CEeTKU
X =2; r t=2

TeopeTuueckyre napaMeTpPbl CXEeMbL



201 px=2;pt=2; g=1

202

203 # BrimesieHMe MIaMaTy 10X MAaCCHMBEL CETOUHBIX SHAUYSHUN

204 # pemenwrt OLNY Ha pasHBIX ceTkax Cc HomMepamMu s = 0,...,S-1,

205 # B KOTOPHIX XPAHATCSA CETOYHHBIE BHAUEHUS pPelleHus U3 Y3JIOB,

206 # coBImajammMx C y3JjlaMu 0as0BOM CeTKU

207 U = zeros((S,2,M + 1,N + 1))

208

209 # "Bompbwoy uUMkJ", KOTOPHI [IE€PECUMUTHBAET peleHre S pas

210 # Ha IOCJemoBATEJIbHOCTU CIyWAKIMXCS CETOK

211 # MaccuB CETOUHEIX BHAUEHMN PEeUeHMs COINEPXUT TOJIBKO

212 # CeTOuUHBEE 3HAUEHMS M3 y3JI0B, COBIAIaARIMX C y3JjJaMu 0a30BOM CEeTKU
213 for s in range(S)

214 U[s,0,:,:1 = PDESolving(a,b,N,t 0,T,M,u init,u left,u right,eps,s,r x,r t,alpha)
215

216 # BrimesieHmMe [aMaTy 10X MAacCcCHUMBEL ommBok R,

217 # oTHOCuTesbHHX OomMOOK R rel 1 30OeKTMBHEIX NOPAIKOB TouHOCTM p eff

218 R = zeros((S,M + 1,N + 1))
219 R rel = zeros(S)
220 p_eff = zeros(S)

221

222 for s in range(1,5S)

223 R[s,:,:] = (U[s,0,:,:1 - Uls-1,0,:,:1)/(xr_t**p t - 1)
224 Uls,1,:,:1 = Ul[s,0,:,:1 + R[s,:,:]

225 R rel[s] = sgrt(sum(R[s,:,:]1**2))/sqgrt(sum(U[s,:,:1**2))*100
226

227 for s in range(2,S)

228 p_eff[s] = log(sgrt(sum(R[s-1,:,:1**2))/sqgrt(sum(R[s,:,:]1**2)))/log(r_t)
229

230 # OyHKLUMSA BHBOOUT QOPMATHMPOBAHHYK TabMIly

231 def PrintResults (A)

232 print ('’ ',end=" ")

233 print(' p={0:<4d}'.format(p t),end=' ")

234 print ()

235 for m in range(len(d))

236 print('s={0:<2d}'.format(m) ,end="' ")

237 print('{0:5.2f}"'.format(A[m]) ,end=" ")

238 print()

239 print()

240

241 print ('Tabmimila OLIEHOK OTHOCHUTEJIBHEIX OUMOOK (B IpoLeHTax) :')

242 PrintResults (R rel)
243 print('Tabmmua 50PeKTUBHEIX MOPSOKOB TOYHOCTM: ')
244 PrintResults(p_eff)

245

246 # BolmesieHVe naMaTy [I0I0 MAaCCUB 3BHadyeHUM 5bbeKTUBHBIX

247 # HOPAOKOB TOUYHOCTM pacuéra NPUOIIMKEHHOTO PEleHUI

248 # B KaxIoM y3Jje tm 1 <=m<=M (BTOpPOM MHIESKC MacCCHupa),

249 # xpovMe t 0, Tak kak B HEM pelleHMe 3alaHO TOUYHO,

250 # ¥ Ha pasHHX ceTkax (IepBBEM MHIEKC MacCuBa)

251 p_eff ForEveryTime = zeros((s,M + 1));

252

253 # BoumciieHre 50QeKTUMBHBIX MOPSIOKOB TOYHOCTU

254 for m in range(1,M+1)

255 # BolUMCJIeHUE pr{eff} {(0)}(t m) m p~{eff} { (1)} (t _m) HEBO3MOXHO

256 p_eff ForEveryTime[0O,m] = NaN

257 p_eff ForEveryTime[l,m] = NaN

258 for s in range(2,S)

259 p_eff ForEveryTime[s,0] = inf

260 p_eff ForEveryTime[s,m] =
log(sgrt(sum(R[s-1,m,:]1**2))/sqgrt(sum(R[s,m,:]**2)))/log(r_t)

261

262 # OTpucoBKa pes3ylbaTOB PAaCUy&TOoB IJig CEeTKM C HomMepom S-1

263 style.use('dark background'")

264

265 fig = figure()

266 ax = axes(xlim=(t _0,T), ylim=(-2.,3.))

267 ax.set xlabel('t'); ax.set ylabel('Sp~{eff}s")

268 # PucyeTcsa 3aBUCMMOCTL TEOPEeTMUeCKOIO HNOopAlKa TOYHOCTM p_theor or y3na 0as30BOi CeTKM



t m
269 t = linspace(t 0,T,M+1)
270 ax.plot(t,t*0 + p t,color="'g', ls='--', lw=2)
271 # PucyeTcsd B3aBUCUMMOCTbL 20GEKTMBHOTO MHOPSAIKA TOYHOCTM OT y3Jjia 0as30BOV CEeTKU
272 ax.plot(t[1:M+1],p eff ForEveryTime[S-1,1:M + 1],color='y', ls='-"', lw=3)
273
274 # JIMCTUMHT NpOoTpaMMbl, pPeaM3ylell pPelleHMe HEeJIMHEMHOT'O ypaBHEeHUS
275 # Tuna Boprepca MeTONOM IPSMEX C KOHTPOJIEM TOUHOCTM IO IO PuuyapICOHY

276 # (c BouKcieHreM 50OEeKTUBHBIX MMOPSIOKOB TOUYHOCTM)



