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S�q�� X 1Ë�°Äé¡5©ÛÚ��Uåü«´.5�åàC (ICF) ïÄ����K��, 8cIS
	®ÐmNõ¢�Ú�[ïÄ. ïá
�« ICF S�é¡5©Û�{z�., |^T�.©Û
 1 - /Ú 1 -

0 �.-1C�þ�S�é¡5¢�. �¢�(J'�L², O��Zn��¢��Ä��Î; q�Ø C/Ïf
O�(J��¢�ÿþ��C. �.�k�5���y, ��=òmÐ� 1 - 0 ÌÅS�é¡5¢�ëê�OÚ
(J©ÛJøë�.

'�c: .5�åàC,À�Ïf, S�é¡5, C/Ïf

PACS: 52.57.–z, 52.57.Fg

1 Ú ó

3-1m�°Ä.5�åàC (inertial con-
finement fusion, {P� ICF) ïÄ¥, -1ålçn
üý�5\�5\çn, �çnS9á��p�^
�) X��, 2d X���¡ uçn¥Ü�q�
L¡�¡�, |^�lfN�Ñ�)���^åØ
 ¥%-�?¢y¥%:». Ïd, XÛ3q�
L¡¼�ûÐ�Ë�|´ÏLS�Ø ¢y¥%
:»�'� [1]. 3 Nova -1C�¢�¥,ê��[
Ú¢�ÿþ(JL² [1], 3$Â ' (8—10)�e
íNqØ C/ÝÐu 2 : 1 (ü4Ú»�Ø �»
'), �¦Ë�6Øþ!Ý�u 7%. Lindl[2] �Ñ, �

��Â '� 25—45 �:»q�O�¦, q�
L¡Ë�6Øþ!Ý�mÈ©���u 1%—2%.
ÏdXÛ��-1Únqëê,¦�çnSË�|
U÷vé¡5�¦, ¤�nØÚ¢�ïÄ��S
N. �K�q�Ø Øé¡5�Ï�kéõ, Xå -
n - q(�!n9á�!1�£Ä!I�mõÇ©
�9-1å¤O �ÚõÇØ²ï�Ø(½Ï�.
8cI	®é�ëê�K�Ðm�«¢�Ú�[

ïÄ [3−5], IS3 1 - /Ú 1 - 0�.é¡
5N!¢�¥, Ì�ÏLUCçn��Ý, =N�
-11��q���é �, 2ÏLq�¤�©Û
ÙØ é¡5 [6].

�©3�
{zÚb��Ä:þïá
�
« ICF S�é¡5¢��©Û�., ¿(Ü3 
1 - /Ú 1 - 0�.-1C�þmÐ�é¡5N
!¢�(J?1k�5�y, F"�=òmÐ� 
1 - 0ÌÅS�é¡5¢�ëê�OÚ¢�(J©
ÛJøë�.

2 O��.

3 1 - /Ú 1 - 0�.S�é¡5¢�
¥, 8 ´-1©ü|©OlÎ/çnüà�-15
\� (LEH) 5\çn, 3çnSý/¤Cq¥��
©Ù�-11�. ØÓ�´3 1 - /¢�¥çn
Y²��, 3 1 - 0�.¥çnç���, �
Ä�(��q. ã 1 �Ñ
çnY²��ü�Ëì
å - n - q(�«¿ã, Ù¥��¥�ý��L-
11�.
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T�.ò^��
{zÚb�, äN`²Xe:
1) ý�[ÜçnSý-11�>. (��2©ÛÙ
¦>.[ÜK�)!��Ëì�.O�, ��Ä�
�S1�Ó�'; 2) b�çnËì�¸�m ( 1 -
/) ½þe ( 1 - 0�.) é¡, 6Ø�Ä1�£
ÄÚq��Ä!-1å¤O �9-1åmõÇ
Ø²ï�Ø(½Ï�; 3) ¤kçn9�À� Lam-
bertian u�N [7], çnSU6ý�Ë�DÑ, Ø�
ÄAÛgd§¯K [8,9]; 4) b�1�«!�1�«
U6??þ!, ^oõÇ²ï'XO�1�«!�
1�«U6�Ý', ¿òU6l�äm��¦�Ï
�²þ©��ÎnéA��þ [7]; 5)À�Ïf�{
O�q�L¡�ÂU6 [10−13], Legendre ¼êÐm
?1q�L¡ËìØþ!Ý©Û [14,15].

ã 1 ICF S�çnü�Ëìå - n - q(�«¿ã (Y²��)
LH �çn�Ý, DH �çn�», DC �q��», Dh � LEH
�», Ls �1�¥%�çn¥:ål, Ldh×Wdh �çn¥Ü
éB�ä�� (DH) º�, J �l�þ (�:� LEH ¥%ål,
½Â�:3çn	��, ���K), θ �-1\��

2.1 çççnnnSSSýýý111���ëëëêêê999ÓÓÓ���'''OOO���

3-1\9ÐÏ, n9§Ýé$, q�L¡�
ËìØþ!ÝÌ�dn9�-11�û½ [10,15].
©z [16,17] ©OÒüI� (=z>����) Ú1
�Ëì�.eq�ËìØþ!Ý?1
?Ø, ��
�.·u1�ü�;���¹, ÄK1��.��
°(, O�%��E,. �©nÜ�Äü«�., Ï
LO�çnSý1�ëê?O�1�3��¥
�Ó�'.

|^AÛ1Æ9nq /, ����¥%�ç
n¥:�ål Ls �

Ls =
LH

2
− DH

2 tan θ
, (1)

Ù¥ LH �çn�Ý, DH �çn�», θ �-1\
��. |^©z [18] �Ñ�1�ëêO�úª, ç
nSý1�3n¶����Ý A Úçn^=��

��Ý B ©O�

A = F sinα(1/sin(θ − α) + 1/sin(θ + α)),

B = DH∆ϕ/2,
(2)

ª¥ F = DH/2 sin θ + J � � : � 1 � ¥ %
�ål, α = arctan(1/2f), f �à�ßº F ê,
∆ϕ = 2arcsin(F/fDH). 3?1Ó�'O��, ò
�°� Ws(Ws = A) ���y©�eZ°� dz �
��� (y©�êP� N ), ���¥:�I� zi,
½ÂÓ�'�T��1�¡È��^��¡È�
', =

fi = 2NLf (zi) dz/πDHdz (i = 1, 2, · · · , N),
(3)

Ù¥ NL �T��¥-11�ê8, DH �çn
�», f(z) �ý�[Ü1�þ�>.�§ f(z) =

B

2

√
1 −

(
2z

A

)2

, A, B ©O�1�¶�!���

Ý, éAý��¶!á¶�, Xã 2 ¤«. ù���
�Ó�'=��� 1 ×N �XêÝ
, éu1�C
X�Ü���¹, f ≡ 1. éu�¡·�b��þ!
��U6�Ý, ¦±TÓ�'Ý
, =���z^
���A�U6�Ý.

ã 2 çnSý1�Ó�'O�«¿ã

2.2 qqq���LLL¡¡¡ËËË���UUU666OOO���

�
O�q�L¡�Â�Ë�6, I���n
9þ�Ë�U6©Ù, �)Ð? (-1�lfN
u�� X 1Ë�«, 3d�1�«) Úg? (n
92u�� X 1Ë�«, 3d��1�«). Ú^©
z [7] �O��., ^oõÇ²ï'XO�1�«
Ú�1�«U6�Ý.

�
O��B, ò¤k9�Ú��Ä (LEH, DH
UK?n), 1�9�üÕ�Ä. �¤k9� (�
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)1�9�Ú�1�9�) áÂ	5 X 1Ë��2
u�U6�Ý� SR, S	�1�9�üÕ�	Ë
�U6�Ý� Ss = (1 + αW/2) Ss0, αW �n9S
ý�ìÇ, Ss0 ���1�Ð©U6�Ý. ù��1
�«9��	u�U6�Ý� SW = SR, 1�«9
��	u�U6�Ý� SR = (1 + αW/2) Ss0. b
�Ð©U6²þ©��-11�¥, Kk

Ss0 ·
πAB

4
· NLt = ηPL, (4)

Ù¥ A, B �ý�[Ü1��¶!á¶�Ý, η �-
1 -X 1=��Ç, PL �\�-1oõÇ, NLt �-
1åê8 (éAçnSý-11�oê).

-Ð?õÇ�n9õÇ��!m�¦�Ç
Úq�áÂÇ�Ú²ï, KoõÇ²ï'Xª� [7]

ηPL =
1 + αW

2
ηPL [fh + fC (1 − αC)]

+ (1 − αW)
ηPL

2
+SRAt (1 − fh) [fh + fC (1 − αC)]

+
1 − αW

αW
SRAt (1 − fh) , (5)

Ù¥ fh = Ah + Adh/At �çnm� (�) LEH
Ú DH) ¡ÈÓçnSýoL¡È�'~, fC =
AC/At �q�L¡¤Ó°�, Ah, Adh, AC, At ©
O� LEH ¡È!DH ¡È!q�L¡ÈÚçnS
ýo¡È, αW, αC ©O�n9SýÚq�L¡
�ìÇ.

duq�L¡ËìØþ!Ý��ÙL¡�Â
Ë�U6�é�k', 3O�¥AÛëê^çn�
» RH 8�, �?U6�Ý^��üÕ�zU6�
Ý Ss 8�:

lH = LH/RH, rh,C = Rh,C/RH,

ws = Ws/RH, a = A/RH,

b = B/RH, ldh = Ldh/RH, wdh = Wdh/RH,

S̃s = 1, S̃W = S̃R =
nRabNLt

4 (1 + αW) (1 + lH)
, (6)

nR =
(1 + αW) [1 − fh − fC (1 − αC)]

2 (1 − fh)
[
fh + fC (1 − αC) +

1 − αW

αW

] ,

Ù¥ RH �çn�», Rh, RC ©O� LEH!q�
�», Ws ���°Ý, Ldh, Wdh ©O� DH ¶�!
���Ý, nR ≡ SR/S̄ ½Â�²ï�2u�U6�
Ý�²þÐ?U6�Ý', S̄ = ηPL/At �²þ
Ð?õÇ�Ý.

|^À�Ïf�{=�O�q�L¡ r ?¡
��Â��Ë�U6, =

SC(r) =
∫

S(r′)V (r, r′)dσ′, (7)

ª¥ S(r′) �Ë�¡� dσ′ ?U6�Ý, �)Ð
? (1�«)!g? (�1�«) ÚK (LEH
Ú DH), V (r, r′) ½Â�Ù¦¡�Úq�L¡��
m�À�Ïf, O�ª� [10]

V (r, r′) ≡ cos ϕ cos ϕ′

π |r − r′|2
, (8)

ª¥ ϕ, ϕ′ ©O�q� r ?L¡�Ún9 r′ ?¡
�{��ü¡�¥%ë��Y�. ùp¢Sþ^�

9�´ Lambertian u�N�b� [7], =¤k9�
u�� X 1�©ÙÑCq� f (χ) = cos χ/π. 'u
Î/çn¥À�Ïf�O�, IS	®²k<�

éõó� [10−13], ùpØ2Qã.

ù�, q�L¡�Â���éË�U6�

SC (r) = S̃W +
∫

As

S̃sfs (r′) V (r, r′) dσ′

−
∫

Ah

S̃RV (r, r′′) dσ′′

−
∫

Adh

S̃Rfdh (r′′′) V (r, r′′′) dσ′′′, (9)

�ªm>o�©O�L��µ4çn�z!��
�z!LEH �¦Ú�äm� DH �¦, V �c¡½
Â�À�Ïf, fs, fdh ��ÄÓ�'�(J.

2.3 ËËË���°°°ÄÄÄééé¡¡¡555©©©ÛÛÛ

|^þ!O��q�L¡Ë�U6©ÙÒ�
±?1Ë�°Äé¡5©Û, Ì�^q�L¡Ëì
Øþ!ÝÚq�Ø C/Ïfü�ëêïþ.

2.3.1 q�L¡ËìØþ!ÝO�
~^�{´òq�L¡Ë�U6Ðm¤¥

�¼ê, ?O�ÑÙØþ!Ýþ��Ú��©
þ [14,15]. �Ä�T{z�.¥çnS°Ä�¸�
¥%é¡Ú¶�^=é¡, ¥�¼ê Ym

l (θ, ϕ) Ð
mÜ©äk ϕ �é¡5, � m = 0, u´q�L¡
Ë�6©Ù�� θ k', òË�6 SC(θ) U Legen-
dre õ�ªÐm:

SC(θ) =
∞∑

l=0

ClPl(cos θ),

Cl =
2l + 1

2

∫ 1

−1

SC(θ)Pl(cos θ)d(cos θ). (10)
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q�L¡ËìØþ!Ýþ���O�úª�

σrms =
{

2π

4π

[∫ 1

−1

|SC(θ)

−〈SC〉|2 d(cos θ)
]} 1

2
/〈SC〉, (11)

Ù¥, 〈SC〉 =
2π

4π

∫ 1

−1

SC(θ)d(cos θ) �q�L¡Ë

ìU6²þ�. |^ Legendre õ�ª���A5,
�� Legendre Ðme���ËìØþ!Ýþ��
O�úª:

σrms =

∑
l 6=0

σ2
l

 1
2

σl =
{

2π

4π

∫ 1

−1

[ClPl(cos θ)]2 d(cos θ)
}1/2

/〈SC〉.

(12)

2.3.2 q�Ø C/ÏfO�
3 © Û q � Ø   é ¡ 5 ¯ K�� ± ^ C

/Ïf a/b 5ïþq�Ø C/§Ý, �
é 
1-/ (çnY²��) Ú 1 - 0�. (çnç�
��)¢�(JÚ�©Û, 3d½ÂC/Ïf�q
��Ügu1¤�ã� (üg¢�þlY²��*
	) p��Ý a �î��Ý b �', �ã 3. ùp�
Ñ a/b �ü«O��{.

ã 3 q�Ø C/ÏfO�«¿ã

1�«�{´��dq�L¡Ë�6Øþ!
ÝO�, ·�¡��{�. dq�L¡�Â�Ë�
6Øþ!5Úå��Ü-�Ø C/'X�L«
� [4]

∆r

rf
=

tim∆v

rf
=

r0

rf

∆v

v

= Cr
∆v

v
≈ 2Cr

∆Tr

Tr

≈ Cr

2
∆F

F
=

Cr

2
δF, (13)

ª¥ rf �S�q�Ø ����NC�²þ�»;
r0 ��Ð���»; v �²þS��Ý, KS��
m tim = r0/v; q�Â ' Cr = r0/rf (½Â�q�
�¡�Ð©�»�9�Ø ��ª�»�'); Tr

�q�L¡Ë�°Ä§Ý; δF �q�L¡�éØ
é¡Ë�6, éq�Ø C/ÝK�ÏLÂ ' Cr

�� (3ùp, b�
S�ÄU�q�áÂUþ E

¤�', K v ∝
√

E ∝
√

F ∝ T 2
r ).

© z [19] � Ñ 
 | ^ (13) ªO � C / Ï
f a/b �{ü'Xª, ¿��[�¹ÎÜ. 3ù
p^ rf = (a+ b)/2, ∆r = (a− b)/2(a > b), σ2 = δF

�\ (13)ª, ��q�Ø C/Ïf�q�L¡Ë
�Øþ!Ý 2 �©þ�'X:

a

b
=

1 + 0.5Crσ2

1 − 0.5Crσ2
. (14)

,�«�{´©z [2] �Ñ�|^q��¡¡
ØåØé¡5O� a/b ��{, ·�¡��{�, =

a

b
=

1 − rn/2rf

1 + rn/rf
≈ 1 + 3PnCr/2, (15)

Ù¥^� rn/rf ≈ −Pnr0/rf = −PnCr, rn �q�
Ø ¥/ �� Legendre ©)�, rf �q�Ø �
��», Cr �q�Â ', Pn �q��¡¡Øå
Øé¡5, é¡5©Û¥~^�� 2 �©þ P2 k
ÎÒ: P2 > 0, éA��»�Ë�6 < 4�Ë�6,
K a/b > 1; P2 < 0, éA��»�Ë�6 > 4�Ë
�6, K a/b < 1).

e rn/rf �� (=$Â ' Cr = 7—10), Øå
Øé¡5�dË�U6Øþ!5CqO���, O
�úª� [14]

σrms (P ) =
{∑ (

σl (E) e−l∆R/R
)2

}1/2

, (16)

∆R/R �S�q�¥/Ý��é �, �����
�� 0.05—0.1.

d (16) ª9 Legendre ��©þ��5íÑ 2
�ØåØé¡5 P2 ýé�O�úª

|P2| = σ2 (E) e−2∆R/R. (17)

b� P2 ´Ì��Øé5, ò (17)ª�\ (15)
ª, ��Ø C/ÏfO�úª�

a

b
= 1 + 3σ2Cre−2∆R/R/2. (18)
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3 O�(JÚ?Ø

3.1    111 - /// SSS ��� ééé ¡¡¡ 555 NNN !!!¢¢¢��� (((
JJJééé'''

 1 - /S�é¡5N!¢�æ^Ù¦ëêØ
CUCn���{, À� 1200, 1350 Ú 1600 µm
n«n�çn,¢�(JXã 4 ¤« [6]. �n��

á (1200 µm)�, -11�¥%�Cçn¥Ü, q�
»�¡ (R�uçn¶) �ÂË�6�u4� (n
¶��), q��Ø ¤ “��/”, C/Ïf a/b �
� 0.6; n��� (1600 µm) �q�»�¡Ø C
/�u4�, ÿ�C/Ïf a/b �� 2.2, ¥ “�\
/”; �n�� 1350 µm �, q�Ø Cq¤¥G,
a/b ≈ 1.

ã 4  1 - /S�é¡5N!¢�(J (a) LH = 1200 µm, a/b ≈ 0.6; (b) LH = 1350 µm, a/b ≈ 1; (c) LH = 1600 µm,
a/b ≈ 2.2 (ë�©z [6])

ã 5  1 - /q�L¡ËìØþ!Ýþ��9$�©þ�ç
n�Ý�Cz

O�ëê (ëì©z [6]): çn�» DH =
800 µm, LEH �» Dh = 380 µm, q��» DC =
230 µm, éB�ä�� DH º�� Ldh × Wdh =
330 µm×330 µm, -1\�� θ = 45◦, à�ßº F

ê� 3, ü-1åê8 NLt = 8, �ìÇ�©z [9]
����, =n9�ìÇ αW � 0.8 , q��ì
Ç αC 6�� 0.3, l�þ J = 0 (�:3 LEH ¥
%), Ø�Ä1�£Ä. |^þ!0��O��., �
±��q�L¡ËìØþ!Ýþ��9$� Leg-
endre ©þ�çn�Ý�Cz, Xã 5 ¤«. �� 2
�©þ´Øþ!Ý�Ì��z, Ó�¦ 2 �!4 �
©þ���)Ø�3. 3�{zO��.e, �Z

n�� LH = 1330 µm, éAq�L¡ËìØþ!
Ýþ��� 1.1%, O����Zn��¢��Ä�
�Î ( � 1.5%).

�â��¢�^��[(Jw« [19], Â '
�� 9.0, 3O�¥æ^T�. ã 6 �Ñ
ØÓn�
e�¢��Úü«�{O��q�Ø C/Ïf,
��ü«�{�Ñ�C/Ïf�n��Czª³
´���, �{��Ñn«n�e�C/Ïf©O
� 0.5, 1.1 Ú 2.7, �{�K� 0.6, 1.1 Ú 2.1((18)ª
¥ ∆R/R �� 0.1). (Jw«�{�O�(J�¢
�� ���, �¡ò^T�{?1?Ø.

ã 6  1 - /¢�¥ØÓn�e�q�Ø C/Ïf

3.2    111 - 000���...SSS���ééé¡¡¡555NNN!!!¢¢¢���(((
JJJééé'''

 1 - 0 � .¢� À � � n « n � © O
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� 1600, 1700 Ú 1800 µm,¢�(JXã 7 ¤« [6],
�� LH = 1700 µm´n��çn�Ý. I�5¿
�´, � 1 - /çn���ªØÓ, 1 - 0�.

¢�¥çnç���, �q�C/�n��Czª
³� 1 - /(J��, =q�©O�Ø ¤ “�
�/”!“a¥/” Ú “�\/”.

ã 7  1 - 0 � . S � é ¡ 5 N !¢� ( J (a) LH = 1600 µm, a/b ≈ 1.44; (b) LH = 1700 µm, a/b ≈ 1;
(c) LH = 1800 µm, a/b ≈ 0.76 (ë�©z [6])

ã 8  1 - 0�.q�L¡ËìØþ!Ýþ��9$�©þ
�çn�Ý�Cz

O � ëê (ë ì © z [6]): DH = 1000 µm,
Dh = 700 µm, DC = 320 µm, Ldh × Wdh =
450 µm×450 µm, θ = 45◦, f = 5.4, NLt =8, αW =
0.8, αC = 0.3, J = 0, Ø�Ä1�£Ä. �Zn�O
�(JXã 8 ¤«. (Jw«, �çn�Ý LH =
1660 µm�, q�L¡Ëìþ!5�Ð, d�q�L
¡ËìØþ!Ýþ��� 2.4%, �[��¢�(J
 � 2.4%.

ã 9 �Ñ
^�{�O��q�Ø C/Ï
f�Â '�Cz'X. ��q�C/�Â '�
�, 3Â ' Cr = 7—10�, n«n�e�C/Ï
f©O� 1.42—1.61, 1 Ú 0.74—0.67, �¢�ÿþ

�Ä�ÎÜ.

ã 9  1 - 0�.¢�q�Ø C/Ïf�Â '�C
z (∆R/R = 0.1)

3.3 {{{zzzÚÚÚbbb���éééOOO���(((JJJ���KKK���©©©ÛÛÛ

3ÚóÜ©0�
T�.¥^��{zÚb
�, y©Ûù
{zÚb�éO�(J�K�, ±
©lÑK�O�(J�Ì�Ôn�., l�8�
?�Ú��\ïÄ�eO��Ä:. duÙ¦{
zÚb��¢�^��C93nØ©Û¥ÊHæ
^ [2,5,7], ùpÌ�©Û1�>.[Ü�ª9l�
þéO�(J�K�, �L 1.

L 1 1�>.[Ü�ªé�Zn�O�(J�K�

¢�C� ¢��/µm ý�>./µm �/>./µm Ø�ÄÓ�'/µm

 1 - / 1350 1330 1334 1360

 1 - 0�. 1700 1704 1688 1662
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lL 1 ��, ^ý�½ö�[Ü1�>.é 
1 - /Ú 1 - 0�.O�(J �þ�u 1% (�
éý�[Ü(J), =¦Ø�ÄÓ�' (=¥��Ë
ì), éO�(JK���� (�éý�[Ü(J,
 ��u 2.4%.

ã 10 l�þé 1 - /�Zn�ÚØþ!Ý�K�

± 1 - /S�é¡5¢�ëê�~©Ûl�
þéO�(J�K�, Xã 10 ¤«. ��é��S

�é¡5¢�æ^�l�þ�� (0—500 µm), �
.O�����Zn�� 1330—1410 µm, éO�
(JK����, Øþ!Ý�Xl�þ�O\
�5~�, �w«
l�5\�`³.

4 ( Ø

|^?�� ICF S�çné¡5©Û§S, O
�
 1 - /Ú 1 - 0�.S�çn�Zn�Ú
q�Ø C/Ïf, ¿�3 1 - /Ú 1 - 0�
.-1C�þ®mÐ�é¡5N!¢�(J?1

é'. (JL², O�(J�¢�(JÄ�ÎÜ,
¿��.^��{zÚb�éO�(JK���,
�.�k�5���y. F"éò5� 1 - 0Ì
ÅS�nq�OÚ¢�(J©ÛJøë�, ¿(Ü
¢�(Jé�.ëê?1?�, ?�Úò�Ä “V
I�” Ëì�.9é¡5�CÚØ(½5©Û.
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Abstract

The analysis and control of implosion symmetry of fuel capsule is one of the most important issues in inertial confinement fusion

(ICF), and many experiments and simulations on it have been done. Here we use a simple model on implosion symmetry in ICF to

analyze the best lengths of the hohlraum and distortions of capsule on Shenguang-/ and Shenguang-0 prototype laser facility. It is

shown that the calculated best lengths agree with the ones obtained in experiment and the calculated capsule distortions are also close

to experimental measurements. The validated model may give some references to the future experiments of implosion symmetry on

Shenguang- 0 laser facility.
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