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duk

dt
=

1
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g(x), x =
∑

j

Ekjuj + hk.

Eij
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hk Eij

g(x)

g(x) =
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√
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dy1

dt
= −ayy1 + Dy(y2 − y1) +

1

τy

g(x1), x1 = hy + Eyww1,

dyi

dt
= −ayyi + Dy(yi−1 − 2yi + yi+1), i = 2, 3, . . . , n − 1,

dyn

dt
= −ayyn + Dy(yn−1 − yn),

dci

dt
= −acci +

1

τc

g(Ui), Ui = hc + Ecyyi, i = 1, 2, . . . , n,

dw1

dt
= −aww1 + Dw(w2 − w1) +

1

τw

g(V1), V1 = hw + Ewyy1 + Ewcc1,

dwi

dt
= −awwi + Dw(wi−1 − 2wi + wi+1) +

1

τw

g(Vi), Vi = hw + Ewyyi + Ewcci,

i = 2, 3, . . . , n − 1,

dwn

dt
= −awwn + Dw(wn−1 − wn) +

1

τw

g(Vn), Vn = hw + Ewyyn + Ewccn



t = 0

yi = y0
i , ci = c0

i , wi = w0
i , i = 1, 2, . . . , n

yi ci wi i ay ac aw

Dy Dw τy τc τw hc hw Ecy

Ewy Ewc
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dY

dt
+ QyY =

1

τy

Fy,
dC

dt
+ acC =

1

τc

Fc,
dW

dt
+ QwW =

1

τw

Fw,

Y = Y 0, C = C0, W = W 0 t = 0.
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
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Fy, acC =
1
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Fc, QwW =
1

τw

Fw,
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W
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w1

τy

p > 0

1

τy

g(X1) = p, X1 = hy + Eyww1.

p

Y (p) = pQ−1
y e1, C(p) =

1

τcac

Fc(p), W (p) =
1

τw

Q−1
w Fw(p),
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Ui(p) = hc + Ecyyi(p), Vi(p) = hw + Ewyyi(p) + Ewcci(p), i = 1, 2, ..., n.

W (p)
w1(p) τy

p

τy(p) =
g(X1(p))

p
, X1(p) = hy + Eyww1(p).
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w1 = w1(τy) τy = τ 0
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Qy Qw

∆
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t ∈ [ti, ti+1], ti+1 = ti + ∆, i = 1, 2, . . . , t1 = 0,

Y i ≈ Y (ti), Ci ≈ C(ti), W i ≈ W (ti).
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∆
+QyY
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∆
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X i
1 = hc + Eywwi

1, U i
j = hc + Ecyy

i
j, V i

j = hw + Ewyy
i
j + Ewcc

i
j, j = 1, 2, . . . , n.

[I + ∆Qy]Y
i+1 = Y i +

∆

τy

∆F i
y, Y 1 = Y 0,

(1 + ∆ac)C
i+1 = Ci +

∆

τc

F i
c , C1 = C0,

[I + ∆Qw]W i+1 = W i +
∆

τw

F i
w, W 1 = W 0,

I
Y i+1 Ci+1 W i+1 i ! 1

[I + ∆Qy] (1 + ∆ac)I [I + ∆Qw]

Y i+1 = [I + ∆Qy]
−1(Y i + ∆F i

y), Ci+1 =
1

1 + ∆ac

(Ci +
∆

τc

F i
c),

W i+1 = [I + ∆Qw]−1(W i +
∆

τw

F i
w).

[I + ∆Qy] [I + ∆Qw]

n

ay = 0.1, Dy = 6, τy = 1, hy = −5, Eyw = 40

ac = 1, τc = 1, hc = −20.5, Ecy = 20,

aw = 0.75, Dw = 1.5, τw = 1, hw = −30, Ewy = 60, Ewc = −80.
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y(t, r) c(t, r)
w(t, r)

∂y

∂t
= Dy

∂2y

∂r2
− ayy, t > 0, r ∈ [0, R], R > 0,

∂c

∂t
= −acc +

1

τcg(U)
, U = hc + Ecyy,

∂w

∂t
= Dw

∂2w

∂r2
− aww +

1

τwg(V )
, V = hw + Ewyy + Ewcc.

Dy Dw ay ac aw R
y w(t, 0)

r

Dy

∂y

∂r
= −

1

τy

g(X), X = hy + Eyww(t, 0).

r

∂y

∂r
= 0 r = R.

∂w

∂r
= 0 r = 0 r = R.

y c w t = 0
[0, R]

y(r) c(r) w(r)

Dy

d2y

dr2
− ayy = 0, r ∈ [0, R],

Dy

dy

dr
= −

1

τy

g(X1) r = 0,

∂y

∂r
= 0 r = R



Dw

d2w

dr2
− aww +

1

τw

g(V ) = 0, r ∈ [0, R],

dw

dr
= 0 r = 0,

dw

dr
= 0 r = R,

c =
1

τcac

g(U), U = hc + Ecyy,

X1 = hy + Eyww(0), V = hw + Ewyy + Ewcc

1

τy

g(X1) = p, X1 = hy + Eyww(0),

p y(r) c(r) w(r) p

y(r, p)

y(r, p) =
p

√

ayDy

1 + e−2ωy(R−r)

1 − e−2ωyR
e−ωyr, ωy =

√

ay

Dy

.

c(r, p) =
1

scτc

g(U(r, p)), U(r, p) = hc + Ecyy(r, p).

w(r)

ωw =

√

aw

Dw

, K1(r, s) =
e−ωw(r−s)

2
√

awDw

(1 + e−2ωw(R−r))(1 + e−2ωws)

1 − e−2ωwR
, r > s,

K2(r, s) =
e−ωw(s−r)

2
√

awDw

(1 + e−2ωw(R−s))(1 + e−2ωwr)

1 − e−2ωwR
, r < s.

G(r, p) =
1

τw

g(V (r, p)), V (r, p) = hw + Ewyy(r, p) + Ewcc(r, p).

w(r, p) =

r
∫

0

K1(r, s)G(s, p)ds +

R
∫

r

K2(r, s)G(s, p)ds.



w(0, p) =

R
∫

0

K2(0, s)G(s, p)ds, K2(0, s) =
e−ωws

√
awDw

1 + e−2ωw(R−s)

1 − e2ωwR
.

p τy(p)

τy(p) =
g(X1(p))

p
, X1(p) = hy + Eyww(0, p).

τy = τy(p)
R → ∞

y(r, p) =
p

√

ayDy

e−ωyr,

K1(r, s) =
e−ωw(r−s)

2
√

awDw

(1 + e−2ωws), K2(r, s) =
e−ωw(s−r)

2
√

awDw

(1 + e−2ωwr).

[0, R] n − 1 ri

ri = h(i − 1), h =
R

n − 1
, i = 1, 2, . . . , n.

yi ci wi y(ri) c(ri) w(ri)
r

∂y

∂r
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yi − yi−1

h
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∂r
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wi − wi−1

h
,

∂2y
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,
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