
＝A0 +2 A1 A2 ((0)) ＝w0 ⋅k0 C0 ((t)) ＝k0 -10-6 10-4

＝+A1 A3 +A5 A4 ((1)) ＝w1 ⋅⋅k1 C1 ((t)) C3 ((t)) ＝k1 -107 109

＝+A4 A6 A7 ((2)) ＝w2 ⋅⋅k2 C4 ((t)) C6 ((t)) ＝k2 -107 109

＝k3 -1 10＝+A7 A3 +A8 A4 ((3)) ＝w3 ⋅⋅k3 C7 ((t)) C3 ((t))

＝k4 -106 108＝2 A7 +A9 A10 ((4)) ＝w4 ⋅2 k4 C7 ((t))
2

＝k5 -10-6 10-4＝+A7 A11 +A8 A12 ((5)) ＝w5 ⋅⋅k5 C7 ((t)) C11 ((t))

＝+A7 A12 A13 ((6)) ＝w6 ⋅⋅k6 C7 ((t)) C12 ((t)) ＝k5 -0.01 100

Input data

≔Data

0 0.043
140 0.042764
280 0.042528
440 0.041938
560 0.041584
790 0.040994
1030 0.039578
1240 0.038988
1440 0.037454
1570 0.03592
1870 0.033442
2000 0.030964
2200 0.02943

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔te ⋅Data⟨⟨0⟩⟩ s

≔C6e ⋅Data⟨⟨1⟩⟩ ――
mole
L

≔tend =max((te)) 2200 s

ODEs solution



ODEs solution
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ш
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＝′C0 ((t)) -⎛⎝ ⋅k0 C0 ((t))⎞⎠

＝′C1 ((t)) -⋅⋅2 k0 C0 ((t)) ⋅⋅k1 C1 ((t)) C3 ((t))

＝′C2 ((t)) ⋅k0 C0 ((t))

＝′C3 ((t)) --⎛⎝ ⋅⋅k1 C1 ((t)) C3 ((t))⎞⎠ ⋅⋅k3 C3 ((t)) C7 ((t))

＝′C4 ((t)) +-⋅⋅k1 C1 ((t)) C3 ((t)) ⋅⋅k2 C4 ((t)) C6 ((t)) ⋅⋅k3 C3 ((t)) C7 ((t))

＝′C5 ((t)) ⋅⋅k1 C1 ((t)) C3 ((t))

＝′C6 ((t)) -⎛⎝ ⋅⋅k2 C4 ((t)) C6 ((t))⎞⎠

＝′C7 ((t)) ----⋅⋅k2 C4 ((t)) C6 ((t)) ⋅⋅4 k4 C7 ((t))
2

⋅⋅k3 C3 ((t)) C7 ((t)) ⋅⋅k5 C7 ((t)) C11 ((t)) ⋅⋅k6 C7 ((t)) C12 ((t))

＝′C8 ((t)) +⋅⋅k3 C3 ((t)) C7 ((t)) ⋅⋅k5 C7 ((t)) C11 ((t))

＝′C9 ((t)) ⋅⋅2 k4 C7 ((t))
2

＝′C10 ((t)) ⋅⋅2 k4 C7 ((t))
2

＝′C11 ((t)) -⎛⎝ ⋅⋅k5 C7 ((t)) C11 ((t))⎞⎠

＝′C12 ((t)) -⋅⋅k5 C7 ((t)) C11 ((t)) ⋅⋅k6 C7 ((t)) C12 ((t))

＝′C13 ((t)) ⋅⋅k6 C7 ((t)) C12 ((t))

＝C0 ((0 s)) 0.013 ＝C1 ((0 s)) 0 ＝C2 ((0 s)) 0 ＝C3 ((0 s)) 11.72 ＝C4 ((0 s)) 0

＝C5 ((0 s)) 0 ＝C6 ((0 s)) C6e0 ＝C7 ((0 s)) 0 ＝C8 ((0 s)) 0 ＝C9 ((0 s)) 0 ＝C10 ((0 s)) 0

＝C11 ((0 s)) 0.00007 ＝C12 ((0 s)) 0 ＝C13 ((0 s)) 0

≔S ⎛⎝ ,,,,,,k0 k1 k2 k3 k4 k5 k6⎞⎠ odesolve

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜⎝

,

C0 ((t))
C1 ((t))
C2 ((t))
C3 ((t))
C4 ((t))
C5 ((t))
C6 ((t))
C7 ((t))
C8 ((t))
C9 ((t))
C10 ((t))
C11 ((t))
C12 ((t))
C13 ((t))

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tend

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟⎠



Н
ач

ал
ьн

ы
е 

пр
иб

ли
ж

ен
ия

О
гр

ан
ич

ен
ия

Ре
ш
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＝′C0 ((t)) -⎛⎝ ⋅k0 C0 ((t))⎞⎠

＝′C1 ((t)) -⋅⋅2 k0 C0 ((t)) ⋅⋅k1 C1 ((t)) C3 ((t))

＝′C2 ((t)) ⋅k0 C0 ((t))

＝′C3 ((t)) --⎛⎝ ⋅⋅k1 C1 ((t)) C3 ((t))⎞⎠ ⋅⋅k3 C3 ((t)) C7 ((t))

＝′C4 ((t)) +-⋅⋅k1 C1 ((t)) C3 ((t)) ⋅⋅k2 C4 ((t)) C6 ((t)) ⋅⋅k3 C3 ((t)) C7 ((t))

＝′C5 ((t)) ⋅⋅k1 C1 ((t)) C3 ((t))

＝′C6 ((t)) -⎛⎝ ⋅⋅k2 C4 ((t)) C6 ((t))⎞⎠

＝′C7 ((t)) ----⋅⋅k2 C4 ((t)) C6 ((t)) ⋅⋅4 k4 C7 ((t))
2

⋅⋅k3 C3 ((t)) C7 ((t)) ⋅⋅k5 C7 ((t)) C11 ((t)) ⋅⋅k6 C7 ((t)) C12 ((t))

＝′C8 ((t)) +⋅⋅k3 C3 ((t)) C7 ((t)) ⋅⋅k5 C7 ((t)) C11 ((t))

＝′C9 ((t)) ⋅⋅2 k4 C7 ((t))
2

＝′C10 ((t)) ⋅⋅2 k4 C7 ((t))
2

＝′C11 ((t)) -⎛⎝ ⋅⋅k5 C7 ((t)) C11 ((t))⎞⎠

＝′C12 ((t)) -⋅⋅k5 C7 ((t)) C11 ((t)) ⋅⋅k6 C7 ((t)) C12 ((t))

＝′C13 ((t)) ⋅⋅k6 C7 ((t)) C12 ((t))

＝C0 ((0 s)) 0.013 ＝C1 ((0 s)) 0 ＝C2 ((0 s)) 0 ＝C3 ((0 s)) 11.72 ＝C4 ((0 s)) 0

＝C5 ((0 s)) 0 ＝C6 ((0 s)) C6e0 ＝C7 ((0 s)) 0 ＝C8 ((0 s)) 0 ＝C9 ((0 s)) 0 ＝C10 ((0 s)) 0

＝C11 ((0 s)) 0.00007 ＝C12 ((0 s)) 0 ＝C13 ((0 s)) 0

≔S ⎛⎝ ,,,,,,k0 k1 k2 k3 k4 k5 k6⎞⎠ odesolve

⎛
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜⎝

,

C0 ((t))
C1 ((t))
C2 ((t))
C3 ((t))
C4 ((t))
C5 ((t))
C6 ((t))
C7 ((t))
C8 ((t))
C9 ((t))
C10 ((t))
C11 ((t))
C12 ((t))
C13 ((t))

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tend

⎞
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟⎠



≔C6 ⎛⎝ ,,,,,,,t k0 k1 k2 k3 k4 k5 k6⎞⎠
‖
‖
‖
‖‖

|
|
|
||

←C6 S ⎛⎝ ,,,,,,k0 k1 k2 k3 k4 k5 k6⎞⎠6

C6 ((t))
≔t , ‥0 s ――

tend
300

tend

≔

k0
k1
k2
k3
k4
k5
k6

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

⋅

1
1
1
1
1
1
1

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

―
1
s

0.009

0.014

0.018

0.023

0.027

0.032

0.036

0.041

0

0.005

0.045

4⋅10² 6⋅10² 8⋅10² 1⋅10³ 1.2⋅10³ 1.4⋅10³ 1.6⋅10³ 1.8⋅10³ 2⋅10³0 2⋅10² 2.2⋅10³



≔S ⎛⎝ ,,,,,,k0 k1 k2 k3 k4 k5 k6⎞⎠ ∑
=i 0

last ((te)) ⎛
⎜
⎝
⎛
⎜⎝

-C6 ⎛
⎝

,,,,,,,te
i
k0 k1 k2 k4 k4 k5 k6⎞

⎠
C6ei

⎞
⎟⎠

2 ⎞
⎟
⎠

≔

k0
k1
k2
k3
k4
k5
k6

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

=Minimize ⎛⎝ ,,,,,,,S k0 k1 k2 k3 k4 k5 k6⎞⎠ ? ―
1
s


