
˿͙͙ͭ͊ͭͫͭ;͔ͫ͊͟Ύ ͺ͙͙͊͘͟ ͙͔͍ͨͦͣͪͦ͡
ˢΦˤΦ͔͍͙̉ͪͭͦ;

͙͙̅͘;͔͙͚ͫ͟ ͺ͊ͯ͟͡Έ͔ͭͭ ˸˥̂
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ʪʚʝʨʜʦʝ ʪʝʣʦçʤʷʛʢʦʝè ʠ çʤʦʢʨʦʝè

(ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

ʧʦʣʠʤʝʨʳ, ʞʠʜʢʦʩʪʠ)

˻͋Ά͔ͭ͟· ͍͔͔͎ͫͦͪͣͤͤͦͦ ͔͙͍͔͔͙ͣ͊ͭͪ͊ͦ͒ͤ͡Ύ
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ʇʦʣʠʤʝʨʳ ïʜʣʠʥʥʳʝ ʣʠʥʝʡʥʳʝ ʮʝʧʠ, ʩʦʩʪʦʷʱʠʝʠʟ 

ʙʦʣʴʰʦʛʦ (N >>1) ʯʠʩʣʘ ʦʜʠʥʘʢʦʚʳʭ ʟʚʝʥʴʝʚ.

ɼʣʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, N ~ 102-104;

ɼʣʷ ɼʅʂ N ~ 109-1010.
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˽͙͔ͦͣͪ͡· ͍͎ͦͪͯ͟ ͤ͊ͫ

ʇʣʘʩʪʤʘʩʩʳ ʈʝʟʠʥʳ

ɺʦʣʦʢʥʘ ʇʣʝʥʢʠ
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˽͙͔ͦͣͪ͡· ͍͙ͤͯͭͪ ͤ͊ͫ
ɾʠʚʳʝ ʩʠʩʪʝʤʳ
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͙͙̅͘;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͙͔͍ͨͦͣͪͦ͡ 
͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͔ͭͪͣΎ ͍ͦͫͤͦͤ·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟Υ

1. ʄʦʥʦʤʝʨʥʳʝʝʜʠʥʠʮʳ ʩʚʷʟʘʥʳ ʚ ʜʣʠʥʥʳʝ ʮʝʧʠ. 

ʋ ʥʠʭ ʥʝʪ ʩʚʦʙʦʜʳ ʥʝʟʘʚʠʩʠʤʦʛʦ ʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ.

ʇʦʣʠʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʙʝʜʥʳ ʵʥʪʨʦʧʠʝʡ.

2. ʏʠʩʣʦ ʤʦʥʦʤʝʨʥʳʭʝʜʠʥʠʮ ʚ ʮʝʧʠ ʚʝʣʠʢʦ, N >> 1.

3. ʇʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʛʠʙʢʠʝ.
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ʀʤʝʥʥʦ ʠʟ-ʟʘ ʧʦʥʠʞʝʥʥʦʡ ʵʥʪʨʦʧʠʠ(ʨʘʟʫʧʦʨʷʜʦʯʠʚʘʶʱʝʛʦʬʘʢʪʦʨʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ) ʧʦʣʠʤʝʨʳʩʪʦʣʴ ʩʧʦʩʦʙʥʳ ʢ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ: ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʪʦʤʥʳʭ 

ʛʨʫʧʧ ʧʨʠʚʦʜʷʪ ʢ ʫʧʦʨʷʜʦʯʝʥʠʶ ʚ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʠ. 

ʠʜʝʘʣʴʥʳʡ ʛʘʟ ʩʚʦʙʦʜʥʦ-ʩʦʯʣʝʥʝʥʥʘʷ 

ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʦʯʢʘ7
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̉͊ͫͭΈ мΦ ˣͦ͟͡-͙͔ͫͦͨͦͣͪ͡· ͙ ͙ͣͪͦ͟ͺ͔͔͙͔͊ͤͦͪ͊ͫͫͦͤ͘͡

A B

ɹʣʦʢ-ʩʦʧʦʣʠʤʝʨ ïʤʘʢʨʦʤʦʣʝʢʫʣʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʙʣʦʢʦʚ ʜʚʫʭ (ʠʣʠ ʙʦʣʝʝ) ʩʦʨʪʦʚ ʟʚʝʥʴʝʚ. 

ɼʠʙʣʦʢʩʦʧʦʣʠʤʝʨ:

˿͍͔͙ͦͣͫͭͣ͊Ύ ͙͔ͫͫͭͣ͊˸͊ͪͦ͟ͺ͔͊ͤͦ͘ ͔͙͔ͪ͊ͫͫͦͤ͡ ˸͙ͪͦ͟ͺ͔͊ͤͦ͘ ͔͙͔ͪ͊ͫͫͦͤ͡

ɺ ʨʘʩʧʣʘʚʝ ʪʘʢʠʭ ʧʦʣʠʤʝʨʦʚ ʥʝʩʦʚʤʝʩʪʠʤʳʝ ʙʣʦʢʠ ʩʦʨʪʦʚ AʠBʩʪʨʝʤʷʪʩʷ ʢ ʨʘʩʩʣʦʝʥʠʶ, ʥʦ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʬʘʟʦʚʦʝ ʨʘʩʩʣʦʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘʥʘʣʠʯʠʷ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʙʣʦʢʘʤʠ. 

ɺʤʝʩʪʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʚʦʟʥʠʢʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʤʠʢʨʦʬʘʟʥʦʝʨʘʩʩʣʦʝʥʠʝ. 
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͔͙́ͦͪΎ ͙ Ή͔͙͔ͫͨͪͣͤͭ͟
Matsen et al Macromolecules 1994 Khandpur et al Macromolecules 1995
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˹͔ͦͭͦͪ͟·͔ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͙ͣͪͦ͟ͺ͊ͤͦ͘ 
͔ͪ͊ͫͫͦͤͤ͡·ͻ ͙͔ͨͦͣͪͤ͡·ͻ ͙͔ͫͫͭͣ

1. ˹͙͍͊ͤͦͫͭͪͯͭͯͪͪͦ͊ͤͤ͟·͔ ͔ͣͣ͋ͪ͊ͤ· ό͙͔ͤ͊ͨͪͣͪΣ ͒͡Ύ ͺ͙͡Έͭͪ͊ͼ͙͙ ͙͙͡ ͍ 
͊͟;͔͍͔ͫͭ ͍ͨͪͦͭͦͤͨͪͦͦ͒Ύ΅͙ͻ ͔ͣͣ͋ͪ͊ͤ ͒͡Ύ ͙͍ͭͦͨͤ͡·ͻ Ή͔͔͍ͣͤͭͦ͡ύ

2. ˴͙ͦͣͨͦͭͤ͘·͔ ͔͙ͣ͊ͭͪ͊͡·
3. ˻͎͙ͪ͊ͤ;͔͙͔ͫ͟ ͔ͫͦͤ͡;ͤ·͔ Ή͔͔ͣͤͭ͡·
4. ̊͊͋ͦͤ͡· ͒͡Ύ ͙͎ͭͦͪ͊͡ͺ͙;͔͙ͫ͟ͻ ͙͔͙͚ͨͪͦ͗ͤ͡
5. ̅ͦͭͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͙ ͭΦ͒Φ
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˴͊͟ ͔͙͍ͣͦ͒ͪͦ͊ͭ͡Έ ͙ ͊͘;͔ͣ ͔ͫͯͨͪͦͣͨ͟ΈΌ͔ͭͪ·Κ 

ώ ͙͙ͨ;ͤ·͚ ͔ͪ͊ͣͪ͘ ͔͔͚ͤͦ͒ͤͦͪͦ͒ͤͦͫͭΥ10-1000 ͤ .ͣ
ώ ͙͙ͨ;͔ͤͦ ͍͔ͪͣΎ ͯͨͦͪΎ͒ͦ;͙͍͙͊ͤΎΥ0.1 ͣ ͟ςͫм ͙ͣͤΦ
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˨͙͙͙͍ͫͫͨ͊ͭͤ͊Ύ ͙͙͒ͤ͊ͣ͊͟ ;͙͊ͫͭͼ όDPD)
Cons Diss Random

ij ij ij ijF F F F= + +

( )C

ij ij ij ijF a r rw=

1 / ,
( )

0,

ij cut ij cut

ij

ij cut

r r r r
r

r r
w

- <ë
=ì

>í

( ; ; )ij FH solva f kc d=

2( )( )D

ij ij ij ij ijF r r v rgw=- Ö

2 ( )R

ij B ij ij ijF k T r rgx w=

' '( ) ( ) 2 ( )R R

i j B ijF t F t k T t ta b abgd d d= -

Groot R.D. and Warren P.B. J. Chem. Phys.107(1997) 4423

DPD ͨ ͔͊ͪ͊ͣͭͪaij͙ͦͨͫ·͍͔͊ͭ 
͔͍͙͍͔ͦͤͫͪ͊ͭͤͦ͟ ͙͍͙͔ͦͭͭ͊͊ͤ͟͡ ͔ͣ͗͒ͯ 
;͙͊ͫͭͼ͙͊ͣ:

))(003.0306.0( iiijAB aakT -°=c

˽͔͙ͪͣͯ΅͔͍ͫͭ͊ DPD:
1. ζ˸Ύ͎͙͔͟η ͔ͨͦͭͤͼ͙͊͡·
2. ˤ͔ͪͤ͊Ύ ͎͙͙͙͒ͪͦ͒ͤ͊ͣ͊͟
3. ˤ·͔͙͔ͨͦͤͤ͡ ͔͚͙͎͍ͫͤͦ͟͡·ͻͫͦͦͭͤͦ΄͔͙͚ͤ
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˾͔ͯ͘͡Έͭ͊ͭ· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ:
ͭͦ͡Έͦ͟ ͔ͤ͋ͦ͡Έ΄͚ͦ ͙ ͙͙ͭͪͯ͒ͤͦ͒ͦͫͭ͗ͣ·͚ ͯ;͊ͫͭͦ͟ ͙͙͋ͦͤͭͤͯ͊͟͡Έ͚ͤͦͺ͊͘·

Journal of Chemical Physics, 139,224901, 2013. 14



wormlike micelles (WM)
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˿͙͡Έͤͦ ͙͙͔ͨͦ͒ͫͨͪͫͤ͡·͔ ͙ ͫͯ͡;͚͊ͤ·͔ ͙͔ͫͦͨͦͣͪ͡·Υ ͍ͦͦ͋΅͔ ͔ͤͭ ͙͙͋ͦͤͭͤͯ͊͟͡Έͤ·ͻͺ͊͘

Journal of Chemical Physics, 139,224901, 2013. 15



̉͊ͫͭΈ нΦ ˣ͔͔ͦ͡ ͙͔͔ͤͭͪͫͤ·͚ ͫͯ͡;͚͊Υ ͙͔͋ͦͫͦͨͦͣͪͫ͟͡͡ ͊ͪ͘Ύ͔͗ͤͤ·͙ͣ ͎͙ͪͯͨͨ͊ͣ
͍͘ ͔ͤΈΎ ͫ ͊ͪ͘Ύ͙͙͍͙͒͊ͣͨͪͦͭͦͦͤ·

2
2 b

c

q l
q

R
l= G =

argt et

electro PP PMf f f= +

* * *4j p rD =-  G

˿ͦ;͔͙͔ͭ͊ͤ ͍͚͍ͫͦͫͭ ͙ͣͪͦ͟ͺ͎͔͙͊ͤͦͦͪ͊ͫͫͦͤ͘͡Ύ ͙ Χ
͍͒ͯͻ͔͚ͦͣͨͦͤͤͭͤͦ͟ ͨ͊ͣ͘͡· 

Macromolecules, 49,1103, 2016
Journal of Chemical Physics, 145,174101, 2016 16
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˹͍ͦ͊Ύ ͺ͊͊͘:
bicontinuousdynamics

Teubner-Streyphenomenological 
model describes scattering from 
bi-continuous micro-emulsions


