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input process output

x → K → y

cause model effect
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 �U< Î _@T 3 ,��� _pe+ËZ<]ûJ¹@ü9l9>9m@n@o (4.1)

W û��JüJl9>9mnUo (4.2) � � K .

g(x) =

∫ b

a

K(x, y)f(y)dy, (4.1)

f(x) = g(x) + γ

∫ b

a

K(x, y)f(y)dy. (4.2)

� A � K��Mv K(x, y)
W �Mv g(x)
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g(xi) =

∫ b

a

K(xi, y)f(y)dy (5.1)W <7K . LZGprXz@{9| t K . >�,�r N
Wck

, w rXv9wl@>@yp_gh.- W t K W ,

g(xi) =

N∑

j=1

K(xi, yj)ωjf(yj)h. (5.2)

LZG 3 , /�0SA21��VGS\Mm@nUo W <7K .

g = Kf (5.3)

K � . /�0�r43S¾ W]� , f rZè4KFL W �@A � K :

f = K−1g (5.4)
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F(f, γ) =

∫ b

a

dx
[
g̃(x) −

∫ b

a

K(x, y)f(y)dy
]2

+ γ

∫ b

a

|f(y) − f0(y)|2dy

L9LQA , f0

3BG�H � ��I T8JLK�² f _M©7�9w+A � K .LQ_
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,
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^+³7T , j Wck H ,

g(x) =

∫ 1

0

f(y)dy√
(x − y)2 + 1

(7.1)

rVxpI7\Fi+j�k��E\9Acî�5 k H+-+K W ,
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2
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3 rVîUï+K W ,
}~ |��#���`Á7ÂM� 1.0×10−8
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( x , y , z )

y=f(x)

x-y V�{4T2|�}B�E~����0TQ>�� k \2��|+�p_6�9� � KW t K . L2_��7_
� y = f(x)
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, (ξ,η,ζ) A Ú@Û t K .
Ú@Û w�r g

W t K W ,
�F� _goA21��VGBK .

g(ξ, η, ζ)

=

∫

L

ρds√
(x − ξ)2 + (y − η)2 + (z − ζ)2

(8.1)

�F� _@\UR9T , ρ = 1
W t K . Nc\ ,

ds =
√

dx2 + dy2 =
√

1 + f ′(x)2dx (8.2)W <7Kc_DA , o (8.1)
3

,

g(ξ, η, ζ)

=

∫ 1

0

√
1 + f ′(x)2dx√

(x − ξ)2 + (f(x) − η)2 + (z − ζ)2

(8.3)

W
, 1��BK .

0 ≤ ξ ≤ 1, η = 0, ζ = 1 _gÇ9ÈSA Ú@Û t K .

g(ξ, 0, 1) =

∫ 1

0

√
1 + f ′(x)2dx√

(x − ξ)2 + f(x)2 + 1
(8.4)

9 Newton (�,������v�%!
o (8.4)

3
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WUk H f0(x) = 0 rY� Ï ,
�L�

fn(x)
[ � fn+1(x) ÃB_2����T 3 , Newton y�rQ�BIK . ^U_@\UR7N2O8�6D.�Mv
F [f ] =

∫ 1

0

√
1 + f ′(t)2√

(x − t)2 + f(t)2 + 1
dt (9.1)

_ Fréchet �D>0r§Ñ`Ò t K .
��� _D\DR h(0) = h(1) =

0
Wck H ,  +¡@l@>6N�rY¢�£ t K W ,

DF (f)[h]

= −

∫ 1

0

{( √
1 + f ′(t)2√

(x − t)2 + f(t)2 + 1

f ′(t)

1 + f ′(t)2

)
′

+

√
1 + f ′(t)2√

(x − t)2 + f(t)2 + 1

f(t)

(x − t)2 + f(t)2 + 1

}
h(t)dt

(9.2)

Newton yp_B¤Uo 3
F (fn + h) = F (fn) + DF (fn)[h] = g (9.3)
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¥ } N�TpeDK fn+1 = fn + h,
t <EBØB�

fn+1 = fn − DF (fn)−1[F [fn] − g]

A2¦�N@K .
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h(0) = h(1) = 0
W ôD� k H k NDòg\c_2AE�8¨
m y =

f(x) _2©+ª 3+� Á����`_8« [ � H �9H7d Ï , f(0) =

f(1) = 0 A � K WDk H?�L¬@_O�p½U¿9r§©@� t K
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f0 7→ f1 = f0 − A(f0)
−1[Ff0 − g]

f1 7→ f2 = f1 − A(f1)
−1[Ff1 − g]

...

fn−1 7→ fn = fn−1 − A(fn−1)
−1[Ffn−1 − g]W <SK . f0
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