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#! python3.7

# -*- coding: utf-8 —-*-

from numpy import zeros, lin
from matplotlib.pyplot impor
from celluloid import Camera

space, exp, eye, linalg
t style, figure, axes

# HaGop kOMaHI, 3a CU&T KOTOPHIX aHMMalMs CTPOUTCS B OTIEJILHOM OKHE
from IPython import get ipython

get ipython() .run line magic('matplotlib',

'qt')

# OmnpemeseHre GyHKLUMM, 3amammel HadyaJlbHOE YCJIOBUE

def u init(x)
u init = -1/lambd + exp(
return u init

# OnpenesieHye GyHKLMM, 3amanleil JIEBOe I'PAHMUHOE YCJIOBME HAa IIPOM3BOIHYIO

def mu(t)
mu = t
return mu

—x**D)

# OmnpemesieHre GyHKLMM, 3amapnlel NpaBoe I'PaHUYHOE YCJIOBUE

def u right(t)
u right = -1/lambd
return u right

# OnpenmesieHme QyHKUMM, NOPOXIAKIEl) KBa3MPaBHOMEPHY CETKY,
# xoTopas MOKpHBAET MNOJYyNpsAMyo X \in

def x(n)
a = 0.
alpha = 0.; beta = 1.
c=1.;, m=1.

xi n = (beta - alpha)/N*n

xn=a+ c*xin/(l. - x
return x n

# oyHxuma f nmomroraBsMBaeT M

def f(y,x,N,t,mu,u right)
f = zeros (2*N-1)
£L0] = ((y[1] - y[0])*(2
x(0))/(x(2) - x(1))))/(x
for n in range(1l,N-1) :
f[n] = -1/ (2*(x(n+1/
(yIn] - yIn-11)/(x(n

for n in range(N,2*N-1)
f[n] = y[n - N + 1]1%*
return f

i n¥*2)**p

[a,+\infty]

acCcuB, CcoIepXalmil BJIEMeHTH BeKTOoOp—-OyHKLMM,
# ompemengwuel NpaByln YacTb pemaeMor cuctemer ONY

+ (x(2) - =x(1))/(x(1)

(2) - x(0)) - mu(t)

2) - x(n-1/2)))*((y[n+1]

-1/4) - x(n-3/4)))
fIN-11 = -1/ (2*(x(N-1/2) - x(N-3/2)))*((u_right(t) - y[N-11)/(x(N-1/4) -
x(N-3/4)) = (yIN-1] - y[N-21)/(x(N-5/4) - x(N-=7/4)))

*2 - ylInl]

- yInl)/(x(n+3/4)

- x(0))) - (v[2] - y[11)*((x(1) -

- x(n+l1/4)) -

# OyHKUMS NOOTOTABIMBAET MaTPULy IMbbepeHUMAaJIbHOTO OollepaTopa pemaemor cucreMmel ONY

def D(x,N)
D = zeros ((2*N-1,2*N-1))

# OmpemnesieHVMEeHEe HEHYJIEBHIX S3JIEMEHTOB MaTPMULE D

for n in range(1,N)

D[n,n-1] = 1/ (2*(x(n+1/2)

D[n,n] = 1/(2*(x(n+1
- x(n-3/4))) - lambd
for n in range(1,N-1)

D[n,n+1] = 1/ (2*(x(n+1/2)

for n in range(1,N)
D[n,n+N-1] = -lambd*
return D

# OyHKUMS NOOTOTABIMBAET Mac
def £ vy(y,x,N)
f y = zeros((2*N-1,2*N-1

*2/2

CMB, COOEepXalyi BJIEMEHTH MaTpuub Axobw f u

))

- x(n-1/2))*(x(n-1/4)
/2) - x(n=1/2)))*(-1/(x(n+3/4)

- x(n=-1/2))*(x(n+3/4)

# OnpenesieHVeHe HEHYJIEBHX 3JIEMEHTOB MaTpMlE Axobu

£ y[0,01 = (=(2 + (x(2)

- x(1))/(x(1)

- x(0))))/(x(2)

- x(n-3/4)))

- x(n+1/4))

- x(n+1/4)))

- x(0))

- 1/(x(n-1/4)
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£ y[0,11 = ((2 + (x(2) - x(1))/(x(1) - x(0))) + ((x(1) - x(0))/(x(2) -
x(1))))/(x(2) - x(0))
£ yl[0,2]1 =(-((x(1) - x(0))/(x(2) - x(1))))/(x(2) - x(0))
for n in range(1,N)
f yIn,n-1]1 = -1/(2*(x(n+1/2) - x(n-1/2))*(x(n-1/4) - x(n-3/4)))
f yIn,n] = -1/ (2*(x(n+1/2) - x(n-1/2)))*(-1/(x(n+3/4) - x(n+1/4)) -
1/(x(n-1/4) - x(n-3/4)))
for n in range(1,N-1)
f yIn,n+l] = -1/(2*(x(n+1/2) - x(n-1/2))*(x(n+3/4) - x(n+1/4)))
for n in range(N,2*N-1)
f yIn,n-N+1] = 2*y[n-N+1]
f yIn,n] = -1.
return f y

# OmnpemesieHre BXONOHBIX HOAHHBIX 3anadn
t 0=0.; T=4.5
lambd = 10.

# OnpenesieHye napaMeTpa CXeMbl (HYXHBI PaCKOMMEHTMPOBATH)
alpha = (1 + 1j)/2 # CROS1 (cxema Po3eHOpoKa C KOMIJIEKCHBEM KO3OOMUMEHTOM)
# alpha = 1. # DIRK1 (obpaTHasa cxema 3Sijepa)

# OnpemnesieHye umMcjla MHTEPBAJIOB NPOCTPaHCTBEHHO-BPEMEHHOM CEeTKU,
# Ha xoTOpOM OyIeT MCKATbCS NPUOJIMKEHHOE pEeleHMre
N = 100; M = 500

# OnpemesieHMe PaBHOMEPHOM CETKM IO BPEMEHU
tau = (T - t 0)/M; t = linspace(t 0,T,M+1)

BelmesieHre nNaMATKM DO MAaCCUMB CETOUYHBIX BHAUYEeHUM pemeHusa YUIl

B cTpoke C HOMEPOM m 3TOTO Maccupa OyIOyT XPaHUTbCS CETOUHEE 3HAUEHMSA pelleHMd,
COOTBETCTBYWIME MOMEHTY BpeMeHu Tt m

= zeros((M + 1,N + 1))

BelmeJsieHMe naMAaTy IO BCIOMOT'ATEeJIbHBEI MaCCUB Y

= zeros((M + 1,2*N - 1))

KOS O S e S

# BamaHye HAYaJIbHOTO YCJIOBMSA (Ha HaYaJIbHOM BPEMEHHOM CJIoe)
for n in range (N)

ul[0,n] = u init(x(n))
ul[0,N] = u right(t[0])

# BamaHye HaYaJIbHOT'O YCJIOBMSA pemaeMor cucrTeMmer OIY
for n in range (N)

y[0,n] = u init(x(n))
for n in range(1,N)

y[0,N-1+n] = u init(x(n))**2

# Peasymzaumda cxeMel 13 ceMmerncrea ROS1
# (kKOHKpeTHada cxeMa olpenensercs KosbbuumeHToM alpha)
for m in range (M)
w 1 = linalg.solve(D(x,N) - alpha*(t[m+l1] - t[m])*f y(y[m]l,x,N),f(y[m],x,N, (t[m]
+ t[m+1])/2,mu,u right))
ylm + 11 = y[m] + (t[m+l] - t[m])*w 1l.real
u[m + 1,0:N] = y[m + 1,0:N]
u[m + 1,N] = u right(t[m+1])

# AHMMALMSA OTPUCOBKU PEUEHMUs

style.use('dark background")

fig = figure()

camera = Camera (fig)

ax = axes(xlim=(0,6), ylim=(-0.3,1.1))

ax.set xlabel('x'); ax.set ylabel('u')

# OTpMCOBEIBAEM TOJIBKO KaXinew 1-11 Kanp

for m in range(O,M + 1,1)
# OTpucoBKa pelleHMA B MOMEHT BpeMeHU t m
ax.plot([x(n) for n in range(N)],u[m,0:N], color='y', ls='-', 1lw=2)
camera.snap ()

animation = camera.animate(interval=15, repeat=False, blit=True)



132 # JIMCTUHT OpOTpPaMMbl, pealmM3yllell pelleHre HEeJMHEWHOTO ypPaBHEeHUS
133 # mceBmomapabosMUeCcKOTO Tula, OMNMCHBAKIETO HEJIMHEMWHBE SBJIEHMS B IIOJYIIPOBOIHMKAX



