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2.

Chapman-Kolmogorov

Markov .
Markov  t  x  s 

( s > t )  y  p ( s , y | t , x )
 s  y  p ( s , y )

 t  x  p ( t , x ) 
 

p s, y( ) = p s, y t, x( ) ⋅ p t, x( )dx
−∞

∞

∫                            (1) 

(1) Chapman-Kolmogorov  
 t  x 

 c ( t , x )  φ(x) 
 τ  t + τ  x 

 c ( t + τ , x )  (1)  ξ 
 

c t +τ , x( ) = φ ξ( ) ⋅c t, x −ξ( )dξ
−∞

∞

∫                       (2) 

(2)  c ( t + τ , x )  c ( t , x – ξ ) Taylor

c t, x( )+ ∂c
∂t
τ +

1

2

∂2c
∂t2

τ 2 = φ ξ( ) ⋅ c t, x( )− ∂c
∂x
ξ +

1

2

∂2c
∂x2

ξ 2
⎧
⎨
⎩

⎫
⎬
⎭
dξ

−∞

∞

∫ (3)
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φ(ξ) ξ

σξ
2  

φ ξ( )dξ
−∞

∞

∫ =1 ξφ ξ( )dξ
−∞

∞

∫ = ξ ξ 2φ ξ( )dξ
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∞

∫ =σξ
2 (4)
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τ
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+
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+
ξ
τ
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=
σξ
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2τ
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 2  1  1 
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(5)  τ  1 Chapman-
Kolmogorov

 

∂c
∂t
+
ξ
τ
∂c
∂x

=
σξ
2

2τ
∂2c
∂x2

                                       (6) 

(5) (6) (

)
( )

ξ = 2 σ2
ξ = 8 τ = 2 

c ( 0 , x ) = exp ( - x2 ) c ( t , -300 ) = 0 
c ( t , 300 ) = 0 (5) (6) 

 

3. Chapman-Kolmogorov

 c ( t , x ) v 
 t + τ  Δx 

 

c t +τ , x( ) = φ ξ( )c t, x −ξ( )dξ
−∞

∞

∫ +
τ
Δx

c t, x( )− c t, x +Δx( ){ }v    (7) 

(7) 1  Δx  x = x – ξ 
 2  τ  v  Δx

flux (7)  Δx
 v 

 (7) Taylor
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1

2
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∂x
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2

2

∂2c
∂x2

−τv
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ξ
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2τ
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(8)  (5) 
(8)  τ  1 
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