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˾͔͔͔͊ͫͨͪ͒ͤͤ͡·͔ 
͙͔ͫͫͭͣ·  



˿͎͙͊ͣͦͦͪ͊ͤ͊͘ͼ͙Ύ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΥ 

Å˹ ͊ͪͯ΄͔͙ͤΎ ͙͔͙͙ͫͣͣͭͪ ͙ͨͪ ͍͙͙͙ͪ͊ͭ͘ 
Ή͙ͣ͋ͪͦͤ͊ ͙͘ Ύ͚ͼ͔͔͙ͭ͟͟͡Φ  

 

Å˨ ͙ͺͺ͔͔ͪͤͼ͙͍ͪͦ͊͟ ͔ͭͦ͟͟͡ ͙ ͔͚ͭ͊ͤ͟Φ  

 

Åʕ ͙͍͔͙͔ͦͤͤͦͤ͘͟ ͎͍ͦͪ͊ͤͦΦ ˾͊ͫͪ͊ͫ͊͟͟ ΄ͯͪ͟ 
͙͍͗ͦͭͤ·ͻ 



˴͙͎ͤ͊ ˸͙͊ͪͪ 

                J.D.Murray.   Springer 

I. Mathematical biology.  

        An Intriduction. 2003 

I. Spatial models and      
Biomedical Applications. 2004 

 

1993 



˽͔͔͍ͪͦ͒Υ ˨Φ˸Ό͔͚ͪͪ  мΦ ˤ͍͔͔͙͔͒ͤΣ  
нΦ˽͍͔ͪͦͫͭͪ͊ͤͫͭͤͤ·͔ ͔͙ͣͦ͒͡ ͙ ͙͔͙͋ͦͣ͒ͼ͙͙͔ͤͫ͟ 

͙͔͙ͨͪͦ͗ͤ͡Ύ 



˾͊ͫͪ͊ͫ͊͟͟ ΄ͯͪ͟ ͙͍͗ͦͭͤ·ͻ 



 



˾͔͙͔͊ͫͨͪͦͫͭͪ͊ͤͤ ͍ͦͤ͡ ͍͔͙ͦ͋ͯ͗͒ͤ͘Ύ 

Å˾ ͔͙͔͊ͫͨͪͦͫͭͪ͊ͤͤ ͔͍͎ͤͪͤͦͦ ͙ͣͨͯ͡Έͫ͊ 

Åʕ ͙ͦ͋ͯ͒ͣ͊͘Ύ ͭ͊ͤ͟Έ ͔ͫͪ͒ͼ͊ 

Å˿ ͦͪ͊͟΅͔͙͔ͤ ͔ͫͭͤͦ͟ ͍ͫͦͫͯ͒ͦ ό͔͙͚͊ͪͭͪύ 

Å˿ ͦͪ͊͟΅͔͙͔ͤ ͔ͫͭͤͦ͟ ͔͍ͦͭ͒ͦ͡ 
͔͗ͯ͒ͦ͡;ͤͦ-͙͟΄͔;͎ͤͦͦ ͭͪ͊ͭ͊͟ 

Åʕ ͦͤ͡· ͍ ͎ͣͦͯ͘  



˿͔͙͔ͭͪͦͤ ͔ͫͪ͒ͼ͊ 



ˤͦͤ͊͡ ͍͔͙ͦ͋ͯ͗͒ͤ͘ΎΦ ˤ ͔͔͙͔ͫͪ͒ͤ ς 
͍͔͒ͯ΅͙͚ ͼ͔ͤͭͪ  

 



:  

˾͔ͺ͔ͪ͊ͭͪͤͦͫͭ͟Έ 

˾͔ͺ͔ͪ͊ͭͪͤͦͫͭ͟Έ 

ʈʘʟʨʳʚ 

˾͊ͪ͘·͍ ͍ͦͤ͡· ͍͔͙ͦ͋ͯ͗͒ͤ͘Ύ 



˾͊ͪ͘·͍ ͺͪͦͤͭ͊ ͙ ͍͙͍͔͙͔ͦͤͤͦͤ͘͟ 
͙ͫͨͪ͊͡Έ͚ͤͦ ͍ͦͤ͡· 



˿͙ͨͪ͊͡Έͤ͊Ύ 
͍ͦͤ͊͡ 



a. ˮ ͫͻͦ͒ͤ͊Ύ ͙ͫͨͪ͊͡Έͤ͊Ύ ͍ͦͤ͊͡ .͋ ˹ ͊;͊ͦ͡ ͪ͊ͫͨ͊͒͊ ό͍ ͼ͔͔ͤͭͪ) 

͍Φ ͍͔͙̂͡;͔͙͔ͤ ͙ͦ͋͊ͫͭ͡ 
     ͻ͙͊ͦͭ;͔͎ͫͦͦ͟ ͍͔͔͙ͨͦ͒ͤΎ 

.͎ ˴ ͔ͦͤ;ͤ͊Ύ ͙ͫͭ͊͒Ύ ͪ͊ͫͨ͊͒͊ 
     ͫ ͙ͨͪ͊͡Έͤ·ͻ ͍ͦͤ͡ 

˾͔͙͔ͦ͗͒ͤ ͔͍ͣͤͦ͗ͫͭ͊ ͍ͦͤ͡ όͭΦ͔Φ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ-
͍͔͔͎ͪͣͤͤͦͦ ͻ͊ͦͫ͊) ς ͅ ͙͙͋ͪ͡͡Ύͼ͙Ύ 



˽ͪͦͼ͔ͫͫ· ͎͙ͫ͊ͣͦͦͪ͊ͤ͊͘ͼ͙͙ 

Å ͦ ͙ͨͫ·͍͊ΌͭͫΎ ͙͔͙ͫͫͭͣ͊ͣ ͔͙͔͚ͤͤͤ͡·ͻ 
͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έͤ·ͻ ͍͔͙͚ͯͪ͊ͤͤ ͍ 
;͊ͫͭͤ·ͻ ͙͍ͨͪͦͦ͒ͤ͘·ͻ ͍͙͒͊Υ 

 

   

 

 

Åi = 1,2,..., n ˭͔͒ͫΈ  5ƛ ͙  5ƛƧ (i ̧  j) - ͟ ͦΉͺͺ͙ͼ͙͔ͤͭ· 

͙͒ͺͺ͙͙ͯ͘ ͙ ͍͙͚͊ͣͤͦ͘ ͙͒ͺͺ͙͙ͯ͘Σ  Fi - ͤ ͔͙͔͚ͤͤ͡·͔ ͺͯͤ͟ͼ͙͙Σ 
͙ͦͨͫ·͍͊Ό΅͙͔ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔͍ͦͣͨͦͤͤͭͦ͟Φ 

( )1 2

1

, ,..., ,
n

ji
i n ij

j

xx
F x x x D

t r r

µµ µ

µ µ µ=

å õ
= + æ ö

ç ÷
ä



ˢ͙͍ͭͤ͟·͔ ͔ͫͪ͒· 

Å͊ύ ͫͯ΅͔͍͔ͫͭͯͭ ͔͔͔ͪ͊ͫͨͪ͒ͤͤ͡·͚ ͙ͫͭͦ;͙ͤ͟ Ή͔͎͙͙ͤͪ ͙͙͡ 
͍͔΅͔͍ͫͭΣ ͎͋ͦ͊ͭ·ͻ Ή͔͎͙͔͚ͤͪΤ 

 

Å͋ύ ͊͗͒͟·͚ Ή͔͔ͣͤͭ͊ͪͤ͡·͚ ͦ͋Ά͔ͣ ͔ͫͪ͒· ͤ͊ͻ͙ͦ͒ͭͫΎ ͍ 
ͫͦͫͭͦΎ͙͙ͤΣ ͔͒͊ͦͣ͟͡ ͦͭ ͔͙͙ͭͪͣͦ͒ͤ͊ͣ;͔͎ͫͦͦ͟ 
͍͍͔͙ͪ͊ͤͦͫΎΣ ͭΦ͔Φ Ύ͍͡Ύ͔ͭͫΎ ͦͭͪ͟·͚ͭͦ 
͔͙͙ͭͪͣͦ͒ͤ͊ͣ;͔͚ͫͦ͟ ͙͔͚ͫͫͭͣͦΣ ͍ ͚ͦͭͦͪͦ͟ ͙͙͙͔͒ͫͫͨͪͯͭ 
(͔͙͍͔ͪ͊ͫͫ͊ͭͫΎ ͍ ͔ͭͨͦ͡ύ ;͊ͫͭΈ Ή͔͎͙͙ͤͪΣ ͨͦͫͭͯͨ͊Ό΅͔͚ ͙͘ 
͔͔͔͎ͪ͊ͫͨͪ͒ͤͤͦͦ͡ ͙ͫͭͦ;͙ͤ͊͟Τ 

 

Å͍ύ ͍ͫΎ͘Έ ͔ͣ͗͒ͯ ͔͙͙ͫͦͫ͒ͤͣ Ή͔͔ͣͤͭ͊ͪͤ͡·͙ͣ ͦ͋Ά͔͙ͣ͊ͣ 
ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͊͘ ͫ;͔ͭ ͨͪͦͼ͔͍ͫͫͦ ͔͔ͨͪͤͦͫ͊Φ 



͙́ͨ· ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ-͍͔͔͎ͪͣͤͤͦͦ 
͍͔͔͙ͨͦ͒ͤΎ ͍ ͙͍͊ͭͤ͟·ͻ ͔ͫͪ͒͊ͻ όмύ 

Å˾͊ͫͨͪͦͫͭͪ͊ͤΎΌ΅͙͔ͫΎ ͍ͦͣͯ͘΅͔͙ͤΎ ͍ ͍͙͔͒ ͔͎͋ͯ΅͔͎ͦ ͙ͣͨͯ͡Έͫ͊Φ 

 

Å  ˥ ͔͔ͤͪ͊ͼ͙Ύ ͍ͦͤ͡ ͍͊ͭͦͤͦͣͤ·͙ͣ ͙ͫͭͦ;͙͙ͤ͊ͣ͟ ͙ͣͨͯ͡Έ͚ͫͤͦ 
͙͍͙͊ͭͤͦͫͭ͟Φ  

 

Åˤ ͊͟;͔͍͔ͫͭ ͙ͫͭͦ;͙͍ͤͦ͟ ͍ͦͤ͡ ͎ͣͦͯͭ ͍·ͫͭͯͨ͊ͭΈ ͙͋ͦ͡ 
͔͙ͤͦ͒ͤͦͪͦ͒ͤͦͫͭ ͔ͫͪ͒·Σ ͍·͍͊ͤͤ͘·͔ ͔͙͔ͦͭͦͤͤͣ͟͡ ͤ͊͘;͔͙͚ͤ 
͔͍ͨ͊ͪ͊ͣͭͪͦ ͙͔ͫͫͭͣ· ͙͘-͊͘ ͔ͣͻ͙͊ͤ;͔͙ͫ͟ͻ ͙͋ͦ͡ ͎͙͒ͪͯͻ 
͍͔͔͙͚ͨͦͪ͗͒ͤΣ ͙͋ͦ͡ ͦ͊͟͡͡Έͤ·͔ ͍͔͔ͪ͊ͭͦͪͣͤͤ͟͟·͔ ͺͯͭͯ͊͟͡ͼ͙͙ 
͔͔͔ͨͪͣͤͤ·ͻ ό͙ͫͭͦ;͙͙ͤ͟ ͙ͭͨ͊ Ϧ͍͔͒ͯ΅͙͚ ͼ͔ͤͭͪϦύΦ 

 

     ˿ ͭͦΎ;͙͔ ͍ͦͤ͡·Φ 



 
͙́ͨ· ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ-͍͔͔͎ͪͣͤͤͦͦ ͍͔͔͙ͨͦ͒ͤΎ 

͍ ͙͍͊ͭͤ͟·ͻ ͔ͫͪ͒͊ͻ ό2) 

 
Å˿͙ͤͻͪͦͤͤ·͔ ͍͔͙͊ͭͦͦ͋͊ͤ͟͡Ύ ͍ͦ ͍͔ͫͣ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΦ 
˿͙ͤͻ͙ͪͦͤ͊͘ͼ͙Ύ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͫ ;͚͊ͫͭͦͭͦ ͎ͭͦͦ Ή͔͔ͣͤͭ͊͡ 
͍ͨͪͦͫͭͪ͊ͤͫͭ͊Σ ͦͭͦͪ͟·͚ ͔ͦ͋͊͒͊ͭ͡ ͙͔ͤ͊ͣͤΈ΄͙ͣ 
͔͙ͨͪͦ͒ͦͣ ͔͙͚ͦ͋͊ͤ͟͡Φ 

Å˴͍͙͊ͫͭͦ͘ͻ͙͊ͫͭ;͔͙͔ͫ͟ ͍ͦͤ͡·Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ 
͍ͫΎ͊ͤ͘· ͫ ͙͙͒ͤ͊ͣ;͔͙ͫͣ͟ ͻ͊ͦͫͦͣ ͍ ͦ͊͟͡͡Έ͚ͤͦ 
͙͔͔ͫͫͭͣΣ ͤͦ ͎ͣͦͯͭ ͙ ͍͙ͦͤ͊ͭ͘͟Έ ͍ ͔͔͔͚ͪ͊ͫͨͪ͒ͤͤͦ͡ 
͙͔͔ͫͫͭͣ ͫ ͚ͯͫͭͦ;͙͍·͙ͣ ͦ͊͟͡͡Έͤ·͙ͣ Ή͔͔͙ͣͤͭ͊ͣ͡Φ 

Å˿ͭ͊ͼ͙ͦͤ͊ͪͤ·͔ ͔ͤͦ͒ͤͦͪͦ͒ͤ·͔ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ 
͔͔͔ͨͪͣͤͤ·ͻ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ς ͒ ͙͙͙͍ͫͫͨ͊ͭͤ·͔ 
ͫͭͪͯͭͯͪ͟·Φ 



˴͙͊ͫͫ͡;͔͙͔ͫ͟ ͪ͊͋ͦͭ· 

Ås Φ˹Φ ˴ ͎͍ͦͣͦͦͪͦ͡Σ ˮΦ˥Φ ˽ ͔͍͙͚ͭͪͦͫ͟Σ 
˹Φ˿Φ ˽ ͙͍ͫͯͤͦ͟ άˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍͔͙ͯͪ͊ͤͤΎ 
͙͒ͺͺ͙͙ͯ͘Σ ͔͙͔͚ͫͦ͒ͤͤͤͦ ͫ ͍͙͔ͦͪ͊ͫͭ͊ͤͣ͘ 
͍͔΅͔͍ͫͭ͊Σ ͙ ͔͎ͦ ͙͔͔͙͔ͨͪͣͤͤ ͟ ͚ͦ͒ͤͦ 
͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͔͔ͨͪͦ͋ͣ͡έ όˣΌ͔͔ͭͤ͡͡Έ ˸˥̂Σ 
˿͔͙ͪΎ ˢΣ ˸͔͙͊ͭͣ͊ͭ͊͟ ͙ ͔ͣͻ͙͊ͤ͊͟Σ мфотΣ ͭΦмΤ 
ˤͦͨͪͦͫ· ͙͔͔͙͙͋ͪͤͭ͟͟Σ ͍·ͨΦмнΣ ˸ΦΣмфтрΣ ͫͭͪΦо-
30 

Ås ͊ͤ͡͡ ́ΈΌ͙͎ͪͤΦ ͙͙̆ͣ;͔͙͔ͫ͟ ͍ͦͫͤͦ· 
ͣͦͪͺ͎͔͔ͦͤ͊͘Φ 1952 

A.Turing. The chemical basis of morphogenesis. 
Phyl. Trans. Roy. Soc. (London) v.237, p. 37-72 



͍͔͙͔̂ͪ͊ͤͤ ͙͒ͺͺ͙͙ͯ͘Φ ˭͊ͦͤ͟ ͙̅͊͟ 

͙͒ͺͺ͙ͯͦͤͤ͘·͚ ͨͦͭͦ͟ ͎͊ͦͦ͟͟-͙͋ͦ͡ 
͔ͦͣͨͦͤͤͭ͊͟Σ ͭΦ͔Φ ͣ͊ͫͫ͊ 
͙͒ͺͺ͙ͯͤ͒ͪͯΌ΅͔͎ͦ ͔ͦͣͨͦͤͤͭ͊͟Σ 
ͨͪͦͻͦ͒Ύ΅͊Ύ ͍ ͔͙͙͒ͤͼͯ ͍͔͔͙ͪͣͤ ;͔͔ͪ͘ 
͔͙͙͒ͤͼͯ ͨͦ͡΅͙͊͒Σ ͔͔͙ͨͪͨͤ͒ͯ͟͡Ύ͚ͪͤͦ 
͟ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ό ͙͒ͺͺ͙͙ͯ͘Σ 
ͨͪͦͨͦͪͼ͙͔ͦͤ͊ͤ͡ ͎͙͔ͪ͊͒ͤͭͯ 
ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ Ή͎ͭͦͦ ͔ͦͣͨͦͤͤͭ͊͟Σ 
͍͘Ύͭͦͣͯ ͫ ͦ͋ͪ͊ͭͤ·ͣ ͤ͊ͦͣ͘͟ ό͊ͦͤ͘͟ 
͙̅͊͟): 

͙̅͟ ˢ͒ͦ͡Έͺ ̑ȴ͙͒͗ͤ (Fick 
Adolf Eugen,  
1829-1901)  
ς ͤ ͔͔ͣͼ͙͚͟ ͺ͙͙͘͟ ͙ 
ͺ͙͙͎ͦͦ͘͡Σ 
ͫͺ͙͍ͦͪͣͯͪͦ͊͡͡ ͊ͦͤ͘͟ 
͙͒ͺͺ͙͙ͯ͘Σ ͙͔͔ͦ͋ͪͭ͊ͭ͘͡Έ 
ͦͤͭ͊ͭͤ͟͟·ͻ ͙ͤ͘͡Φ 
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̏ͭ͊ͨ· ͔ͪ΄͔͙ͤΎ ͔͍͚ͪ͊ͦ͟ 
͊͒͊͘;͙  ͒͡Ύ ͍͔͙ͯͪ͊ͤͤΎ 

͙͒ͺͺ͙͙ͯ͘ 

Ct = DCrr + f(r, t)  

1. ˾͔΄͔͙͔ͤ ͎ͦ͒ͤͦͪͦ͒ͤͦͦ ͍͔͙ͯͪ͊ͤͤΎ ͫ ͔͍ͤͯ͡·͙ͣ 
͎͙ͪ͊ͤ;ͤ·͙ͣ ͍͙ͯͫͦ͡Ύ͙ͣ  C(0, t) = 0; C(l, t) = 0. 

  ͙  ͊͒͊ͤͤ͘·ͣ ͤ͊;͊͡Έͤ·ͣ ͍͙͔ͯͫͦͣ͡  (˿r,0) = ˒ (r). 
 
2. ˾ ͔΄͔͙͔ͤ ͔͎ͤͦ͒ͤͦͪͦ͒ͤͦͦ ͍͔͙ͯͪ͊ͤͤΎ ͫ ͔͍ͤͯ͡·͙ͣ 
͎͙ͪ͊ͤ;ͤ·͙ͣ ͍͙ͯͫͦ͡Ύ͙ͣ 

 
3Φ ˾͔΄͔͙͔ͤ ͔͎ͤͦ͒ͤͦͪͦ͒ͤͦͦ ͍͔͙ͯͪ͊ͤͤΎ ͫ ͊͒͊ͤͤ͘·͙ͣ 
͎͙ͪ͊ͤ;ͤ·͙ͣ ͍͙ͯͫͦ͡Ύ͙ͣ  

ˢ͔ͫ͊ͤ͒ͪ͟͡ 
ˢ͔͔͍͙ͤ͒ͪ; 
˿͙͚͊ͣ͊ͪͫ͟ 
1919-2008 

ˢ͔͚ͤ͒ͪ 
˹͙͔͍͙ͦ͊͟͡; 
͙́ͻ͍ͦͤͦ 
1906-1993 

͍͔͙̂ͪ͊ͤͤΎ 
˸͔͙͊ͭͣ͊ͭ;͔͚ͫͦ͟ 
ͺ͙͙͙͘͟ 

(˿r,0) = ˒ (r) 

C(0, t) = ҡ1(t);   C(l, t) =  ҡ2(t) 



˶͙͔͚͔ͤͤͦ ͍͔͙͔ͯͪ͊ͤͤ ͙͒ͺͺ͙͙ͯ͘ 
ͫ ͔͍ͤͯ͡·͙ͣ ͎͙ͪ͊ͤ;ͤ·͙ͣ ͍͙ͯͫͦ͡Ύ͙ͣ 

2

2

c c
D

t r

µ µ
=

µ µ

˿͍͔ͦ͋ͫͭͤͤ·͔ ͺͯͤ͟ͼ͙͙ 

2

1

( , ) sin

n
Dt

l

n

n

n
C r t A e r

l

p
p
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ç ÷
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͚̂ͫͭͦ;͙͍ͦͫͭΈ ͎͎͔͎ͦͣͦͤͤͦͦ 
ό͎ͦ͒ͤͦͪͦ͒ͤͦͦ ͨͦ 
͍ͨͪͦͫͭͪ͊ͤͫͭͯύ 

 
 ͫ ͭ͊ͼ͙͎ͦͤ͊ͪͤͦͦ όͨͦͫͭͦΎ͎ͤͤͦͦ 
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˹͔ͦͣͪ ͙͍ͤ͊·ͫ΄͔͚ ͔ͤ͊ͭͯ͘ͻ͊Ό΅͔͚ ͎͙͙͊ͪͣͦͤ͟ ͔ͭͣ 
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͍͍͍͊ͭͦͦͤͦ͡·ͻ ͪ ͔͙͍͗ͣͦΦ 
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͙͔͚͍͋ͦ͒ͫͭͯ͘͟͡Ό΅͙͚ ͙͍͊ͭ͊ͭͦͪ͟Σ 
͊ ͎͔͒ͪͯͦ ς ͒ ͊͡Έ͔͔͚͍ͤ͒ͫͭͯΌ΅͙͚ ͙͎͙͙ͤ͋ͭͦͪΦ   1952 

ˢ͊ͤ͡ ́ΈΌ͙͎ͪͤ  
1912-1954 

 
˿͔ͦ͒͊ͭ͘͡Έ ζͣ͊΄͙ͤ· ́ΈΌ͙͎ͪͤ͊η  -
͔͊͋ͫͭͪ͊ͭͤͦ͟ ͍·;͙͙͔ͫͭ͡͡Έ͔ͤͦ ͚͍ͯͫͭͪͦͫͭͦ 
(1936) 
 
˾͎͊͊͒͊͘͡ ͔͔ͤͣͼ͙͚͟ ͦ͒͟  Enigma 
  
͔̉ͤ͡ ͦͣ͊ͤ͒͟·Σ ͍ͫͦ͒͊͘΄͔͚ ͔͍ͨͪ·͚ 
Ή͔ͭͪͦͤͤ͟͡·͚ ͦͣͨ͟ΈΌ͔ͭͪ ͍ ˸͊ͤ;͔͔͔ͫͭͪ 
͍͔ͫͦͪ͟ ͔ͨͦͫ͡ н-͚ ͙͍͚ͣͪͦͦ  ͍͚ͦͤ· 
 
͔́ͫͭ ́ΈΌ͙͎ͪͤ͊ 
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ˢ͊ͤ͡ ́ΈΌ͙͎ͪͤ  
1912-1954 

Turing A.M. The chemical basis of morphogenesis.  
Phil.Trans.R.Soc. London B, 1952 
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Prigogine I, Lefever R. Simmetry breaking instabilities in dissipative systems, 
J.Chem. Phys. 48, 1665-1700, 1968 



ˤ͔΅͔͍ͫͭͦ B ͪ ͍͔͊ͤͦͣͪͤͦ ͔͔͔ͪ͊ͫͨͪ͒ͤͦ͡ ͨͦ 

ͦ͋Ά͔ͣͯΣ ͊ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ ͍͔΅͔͍ͫͭ͊ A 

͔͙͍͔ͨͦ͒͒ͪ͗͊ͭͫΎ ͨͦͫͭͦΎ͚ͤͤͦ ͤ͊ ͎͙ͪ͊ͤͼ͔Σ  
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ʇʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ: Dɸ = 0.026, Dx = 1.052Ŀ10ï3, Dy = 5.26Ŀ10ï3, l = 1, (ʘ) ï B = 7; (ʙ) ï B = 12; 

(ʚ) ï B = 25  



˽͍͔ͪͦͫͭͪ͊ͤͫͭͤͤͦ-͔͔͔ͪ͊ͫͨͪ͒ͤͤ͡·͚ ͋ͪΌ͔ͫͫ͡Ύͭͦͪ ͫ 
͊ͪ͘Ύ͔͗ͤͤ·͙ͣ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟Φ 

 s ΦˮΦ˶͍ͦ͋͊ͤͦΣ ́Φ̑Φ˽͡Ό͙ͫͤͤ͊Σ ́Φ˴Φ˿͙͍ͭ͊ͪͦ͗ͦ͊͡Σ ˥Φ̑Φ˾͙͙ͤ͘;͔ͤͦ͟Σ ˢΦˣΦ˾͙ͯ͋ͤΦ ˤ͙͡Ύ͙͔ͤ 

Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͨͦ͡Ύ ͤ͊ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ-͍͔͔ͪͣͤͤ·͔ ͫͭͪͯͭͯͪ͟· ͍ ͙͔͔ͫͫͭͣ ζ˾͔͊͟ͼ͙Ύ-͙͒ͺͺ͙ͯ͘ΎηΦ 
ˣ͙ͦͺ͙͙͊͘͟ 2000 

 

( ) ( )
2

1 1 1
1 1 1 1 1 2 1 22

,
ʩ c c

D B B c c z c f c c
r r r

y
c g

t

µ µ µµ
= + - - +

µ µ µ µ

( ) ( )
2

2 2 2
2 2 2 2 1 2 1 22

,
ʩ c c

D B B c c z c g c c
r r r

y
c g

t

µ µ µµ
= - + - +

µ µ µ µ

( )
2

1 22
c z c

r

y
c g

µ
=- -

µ
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͎͎͔͔ͦͣͦͤ͊ͭ ͔͚͒ͪͦ͗͗ 
˾͔͔͔͊ͫͨͪ͒ͤͤ͊͡Ύ 
͙͔ͫͫͭͣ͊ ͎͙͙ͦ͘͟͡͡Φ 
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Å ͤ͊͋͡Ό͔͒͊ͣ͊Ύ ͪ͊ͫͪ͊ͫ͊͟͟ ΄ͯͪ͟· ͙͍͎͗ͦͭͤͦͦΣ 
     ͤ ͙͔͊ͨͪͣͪΣ ͔͋ͪ͘· ͙͙͡ ͔ͦͨ͊ͪ͒͊͡Σ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔͗͊͡΅͙͙ͣ ͍ ͍͔ͦͫͤͦ  
͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ͙ͣ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭΣ ͦͭͦͪ͟·͔ ͊͊͒͘͟͡·͍͊ΌͭͫΎ ͤ͊ 
͙͙ͫͭ͊͒ Ή͙͎͔͔ͣ͋ͪͦͤ͊͘ ͍ ͔ͭ;͔͙͔ͤ ͔͍ͨͪ·ͻ ͔͔ͤ͒͡Έ ͍͙͙ͪ͊ͭ͘Ύ ͊ͪͦ͒͘·΄͊Φ 

Å ˽͙ͪ Ήͭͦͣ ͎͔͔͙ͤͭ;͔͙ͫ͟ ͔͔͙͙͍͒ͭͪͣͤͪͦ͊ͤͤ·͔ ͔͙ͭ͟͟͡ ς ͣ ͔͊ͤͦ͋͊ͫͭ͡͡· ς  
͙͎͙ͣͪͪͯΌͭ ͟ ͍͔ͨͦͪͻ͙ͤͦͫͭ Ή͙ͣ͋ͪͦͤ͊ ͙ ͔͍ͨͪͪ͊΅͊ΌͭͫΎ ͍ 
͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͔ ͙͎͔ͨͣͤͭͤ·͔ ͔͙ͭ͟͟͡ ς ͣ ͔͊ͤͦ͡ͼ͙ͭ·Σ ͦͭͦͪ͟·͔ 
͎ͪ͊ͫͨͦ͊͊͡ΌͭͫΎ ͍ ͋͊͊͘͡Έͤ·ͻ ͫͦ͡Ύͻ Ή͙͔͙ͨ͒ͪͣͫ͊Φ  

Å ˾͊ͫͪ͊ͫ͊͟͟ ͍ͦͦͫ͡Ύ͎ͤͦͦ ͍ͨͦͪͦ͊͟ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͣ͊ͤͦ͡ͼ͙͙ͭ͊ͣΣ 
͙ͨͪͤͦͫΎ΅͙͙ͣ ͍ ͍ͦͦͫ͡Ύͤ·͔ ͺ͙ͦͯ͟͡͡͡· ͔͙ͣ͊ͤͤ͡Σ ͦͭͦͪ͟·͚ ͔͊ͭͣ͘ 
͔ͨͦͫͭͯͨ͊ͭ ͍ ͍ͦͦͫ͡· ͙ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͙ͻ ͼ͍͔ͭΦ  

Å ˹͔͍͙͙͊ͫͣͦ͘ ͦͭ ͙͋ͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͙ ͔ͭͦ͟͡;ͤ·ͻ ͔͔͚͒ͭ͊͡ ͨͪͦͼ͔ͫͫ͊Σ ͒͡Ύ 
͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͍͊͗ͤͦΣ ;ͭͦ ͻ͔͊ͪ͊ͭͪͤ͟·͚ ͔ͪ͊ͣͪ͘ ͼ͍͔͍ͭͦ·ͻ  
͔͔͚ͤͦ͒ͤͦͪͦ͒ͤͦͫͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͋ͦ͡Έ΄͔ ͔ͪ͊ͣͪ͊͘ ͚ͦ͒ͤͦ ͔͙ͭ͟͟͡Φ  

Å ˹͙͔͊ͨͪͣͪΣ ͙͍͔ͫͭͤͦ͘Σ ;ͭͦ ͔ͪ͊ͣͪ͘ ͔ͨ͊ͭͭͪͤ͊ Ή͙ͣ͋ͪͦͤ͊Σ 
͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͋ͯ͒ͯ΅͔ͣͯ ͨΎͭͤͯ ͤ͊ ΄͔ͯͪ͟ ͔ͦͨ͊ͪ͒͊͡Σ ͍ͫͦͫͭ͊͡Ύ͔ͭ 
ͦͦͦ͟͡ лΦр ͣͣ ͍ ͙͔͔͒͊ͣͭͪΣ ;ͭͦ  ͍ͫͦͫͭ͊͡Ύ͔ͭ ͦͦͦ͟͡ млл ͔ͭͦ͟͟͡Φ  

ʈʘʩʢʨʘʩʢʘ ʰʢʫʨ ʞʠʚʦʪʥʳʭ 
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ɿʜʝʩʴ u, v ï ʙʝʟʨʘʟʤʝʨʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ çʤʦʨʬʦʛʝʥʦʚè, 

a, b, Ŭ, ɟ, K ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ.  



˸͔͙ͦ͒͡ ͙ͪ͊ͫͪ͊ͫ͟͟ ΄ͯͪ͟ 



˾͙ͫͯͤͦ͟ ͍͙͙͊ͫͭ͘ ͦͭ ͺͦͪͣ· ͙ ͔͍ͪ͊ͣͪͦ͘ 

 



˶͔͙ͦͨ͊ͪ͒ͻ͊ ͫ ͔͒ͭΈ͙ͣ 



 ͊ς ͅ ͙͍͙͔ͦͪͣͪͦ͊ͤ ͨͦͦͫ͡ ͍ ͍͙͙ͦͫͤͦ͊ͤ ͎͙ͤͦ ͔͋ͪ͘·Τ  ͋
ς ͪ ͔ͯ͘͡Έͭ͊ͭ· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ όaǳǊǊŀȅΣ мффоύ 



ˤ͙͡Ύ͙͔ͤ ͔͍ͪ͊ͣͪͦ͘ ͤ͊ ͔͙ͣͦ͒ͪͯͣ͡·͔ ͫͭͪͯͭͯͪ͟· 
͙ͪ͊ͫͪ͊ͫ͟͟ ͒͡Ύ ͦ͋ͦ͋΅͔͚ͤͤͦ ͺͦͪͣ· ͙͍͎͗ͦͭͤͦͦ 

͍͔͙̂͡;͔͙͔ͤ ͔͍ͪ͊ͣͪͦ͘ ͙ͨͪ ͺ͙͙͍ͫͪͦ͊ͤͤ͟·ͻ ͦͫͭ͊͡Έͤ·ͻ ͔ͨ͊ͪ͊ͣͭͪ͊ͻ ͔͒͊ͭ 
͙͔ͨͦͪ͊ͭ͘͡Έ͔ͤͦ ͙͔ͪ͊ͤͦͦ͋ͪ͊͘͘ ͫͭͪͯͭͯͪ͟Φ ˾͔͊͟ͼ͙ͦͤͤͦ-͙͒ͺͺ͙ͯͦͤͤ͊͘Ύ ͔ͣͦ͒͡Έ 
͎͔ͫͦ͊ͫͯͭͫ͡Ύ ͫ ͔͙ͭͣ ͤ͊͋͡Ό͔͙͒ͤΎ͙ͣΣ ;ͭͦ ͔ͣ͊ͤ͡Έ͙͔͟ ͙͍͗ͦͭͤ·͔Σ ͙͔ͭ͊͟ ͊͟͟ ͣ·΄͙Σ 
͙͔ͣΌͭ ͍͔ͪ͊ͤͦͣͪͤͦ ͦͪ͊͟΄͔ͤͤ·͔ ΄ͯͪ͟·Σ ͙͍͗ͦͭͤ·͔ ͔ͨͪͦͣ͗ͯͭͦ;ͤ·ͻ ͔͍ͪ͊ͣͪͦ͘ - 
ͯͦͪ͘;͊ͭ·͔ ΄ͯͪ͟·Σ ͊ ͦͪ͊ͫ͊͟͟ ͪͯͨͤ͟·ͻ ͙͍͗ͦͭͤ·ͻΣ ͙ͭ͊͟ͻ ͊͟͟ ͫͦͤ͡·Σ ͍ͫͤͦ͊ ͦ͒ͤͦͪͦ͒ͤ͊  



˿ͭͪͯͭͯͪ͟· ́ΈΌ͙͎ͪͤ͊ 

 
Liu, R. T., Liaw, S. S., and Maini, P. K., Two-stage 
Turing model for generating pigment patterns on the 
leopard and the jaguar, Physical Review E 74, 011914 
(2006). 


