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|^�1ÒK¤�EâïÄ
ü§�Çé.5�åàC (ICF) ¥/��eÈq¥-�X�þz�K�. ¢�¥,

Äké ICF eÈq§Ý|?1I½±(½q�?�§Ý, ,�|^�1ÒK¤�XÚéü§L§¥q�S-�X
���mCz?1¢�� ÿþ, ��
ØÓü§^�eeÈq�1ÒK¤�ã�¥���õÇÌ. ¢�(JL²:

�'¯�ü§, ��ª�úü§k|u/¤þ!�-�X�; Ó��y
�1ÒK¤�EâL� ICF eÈqSeÈ
X�þz�k�5.
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1 Ú ó

3 . 5 � å à C (ICF) ¢ � � e È q ï Ä
¥ [1−6], I�òàC-�X�� (DD)!�� (DT)
�íN3q�¥?1e%¿3q�SL¡/¤þ
!�-�X�. �÷vÔn¢��¦, DD ½ DT 7
L3 ICF q��S9/¤�pÝþ!!1w (L¡
o÷Ý�u 1 µm)!¥%é¡ (¥%Ý�u 99%) �
��X�, Ù¡�Ý�� 300 mg/cm2 [7,8]. �´3
eÈq��L§¥, du�N��N=zL§¥�
­å�^!�NL¡Üå!q±�Ø�§�¸!
q�g�SL¡o÷Ý�"�, (¬L§¥���
É5�, éJ¦���Ø-�3q�S9/¤pÝ
þ!!1w���-�X�. 8cÌ�k¯��§
eÈEâ!§ÝFÝ!ü§L§��!ù	�\
9!�Å�lfN\9��{ [9−16]. 3þzL§
¥, q�	Ü�¸�§Ý|©Ù��û½-�¬N
)�L§, XX�)��Ç!X�L¡/m!X�
SÜ"��, Ïd§Ý|°(��éþzL§�'
­�. §Ý|��Ì��¹: ü§L§��!ü§

�Ç���§Ý­½5���. I	é@ÒmÐ

§Ý|��éþzL§¥ DD/DT �N)�K�
�ïÄ. éq�S-�X��L�8c��æ^ X
����¤� [17,18] Ú�1ÒK¤� [19] ��{.
éuß²q�, �' X ����¤�, �1ÒK¤
�´ÿþX�L¡o÷Ý�IO�{, äk(�{
ü!Ã>lË�!¤��Ý¯�`:, �·ÜeÈ
qþzL§�3�¢�iÿ. �©æ^�1ÒK¤
�Eâ¢�� L�
ØÓü§�Çe��eÈ
X�þzL§�K�. ¢�(JL²: �'¯�ü
§, ��ª�úü§�k|u DD eÈX��þz.

2 ¢�C�9�n

��eÈq�þz¢�XÚXã 1(a) ¤«, Ì
��)$§�eÜ©Ú�1ÒK¤�Ü© [20,21].
$§�eÜ©d GM �eÅ!ý�"!ý�í!
§ÝDaì!§Ý��¤|¤. Ù¥§ÝDaìÚ
\9>{j�ueÞ?, ÏL§Ý��¤N!�e
Å��eõÇÚ>{j�\9õÇ5��eÞ�
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§Ý. �1ÒK¤�ü�d 835 nm ù	 LED!�
ó�ålw�º!CCD Úã�æ8k|¤. LED
uÑ�1O�²L1ÆI�?\q¿, ß�Lq�
�²L�ó�ålw�º¤�3 CCD þ, ��d

ã�æ8kæ8w«3>Mþ?1©Û?n. ~§
e¿k 40 MPa �í (IOG�e, DD �n�:§
Ý� 18.71 K), �»� 200 µm �Àæq�ÏLp�
Ã�Ôq\�½3eÞþ.

ã 1 (a) ��eÈqþz¢�XÚã; (b) �1ÒK¤�1�;,ã

¢�¥, 3ý�^�e (ý�Ý�� 10−4 Pa),
ÏL§Ý��¤��XÚ�ü§�Ç, CCD ¢�
i�Àæq�¥ DD �eÈL§. �Àæq�¥
� DD 3$§eu)�C�, 3 DD �N (½ö�
N) �íN�.¡?duò�Ç�ØÓ
¦��Ü
©\�1�u)���, �ª3 CCD æ8�ã�
¥Ñy��. ��/¤Xã 1(b) ¤«, éuü�q
�, b½ DD X�þ!©Ùuq�S9,n0, n1, n2

´�A��ò�Ç, Ù¥ n0 = n2 = 1, DD X��
ò�Ç n1 = 1.14. R0 Ú R1 ©O´�A��», �
8�z�» R0 = 1, ∆R = R0 − R1 ´ DD X��
þÝ. \�1�± α0 \��q�þ, éA�\� 
��I� X , 3 A :u)ò�, �X3 B :u)�
��, �ª± ϕ �l C :Ñ�. b½*	²¡R�
u1¶,  u OD ²¡, Ñ�1�Ý��*	²¡
þ� ��I� X2. �\�1�÷v���^�
�, �âò�½ÆÚAÛ1Æí�, �±��

X2 = R0 sin(α0 + ϕ) − R0 cos(α0 + ϕ) tan ϕ, (1)

Ù¥

ϕ =π− 2α0 + 2arcsin(n0X/n1)

− 2 arcsin(n0X/n1R1), (2)

α0 =arcsin(X/R0). (3)

l (2) ªÚ (3) ª�±wÑ, 1��Ñ� ��\�

 �k'. *	²¡þ: X2 ?�1rÝ�

I(X2) = I0(X2)
∣∣∣∣ dX

dX2

∣∣∣∣ cos ϕ, (4)

Ù¥ I0(X2) ´1�lmq���1r. �â (1)—
(3) ª, �±��Ñ�1� ��I X2 �\�1�
 ��I X �'Xª X2 = X2(X). ã 2(a) ¤«�
ØÓ R1 ^�e�O�(J, X ��3/¤���
þe>.��m. ã 2(a) ¥¤k­�Ñk�4��,
ùÒ¿�X X2 'u X ¼ê����ê dX2/dX

3T �� 0. d� (4) ª¥�
∣∣∣∣ dX

dX2

∣∣∣∣ ��ä:, Ù

�ªuÃ¡�, Ñyaqu1ÆXÚ¥ßº�A5,
éA�1rÝ3T:k�4�� [22], �ª3�1
ÒKã�¥/¤��. duò��K�, �1ÒK
ã�¥*	����þÝ¿Ø´¢S DD X��
þÝ, � DD X��ò�Çk' [23]. �â (1)—(4)
ª, �±����þÝ�¢S DD X�þÝ�'
X, Xã 2(b) ¤«. lã 2(b) �±wÑ, ¢S DD
X�þÝo´�u�1ÒKã�¥*	����
þÝ. Ïd, �I���1ÒKã�¥�� �Ó
+�êâ, ÏL��þÝÚ DD X�þÝ�éA'
X, �±��R�u1¶���²¡S DD X��
þÝ. ,��¡, �� �êâ´�»���Cz
�, éÙ?1Fp�C��±��R�u1¶��
�²¡S DD X���ê - õÇÌA�ëê, l

��X��L¡o÷Ý [24]. �� ����Fp
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�C�

R(θ) = a0 +
√

2
∞∑

n=1

[an cos(nθ) + bn sin(nθ)](µm),

(5)

�ê n éA�õÇÌ Pn � pn = a2
n + b2

n(µm2),
K�êl n1 � n2 �õÇÌ�X��þ��o÷
Ý σrms �'X�

σ2
rms(n1→n2)

=
n2∑

n=n1

Pn(µm2). (6)

l (5)—(6) ª�±wÑ, �I���� �êâ,
ÏLFp�C�ÒU�� DD X��L¡o÷Ý
&E.

ã 2 (a) ØÓ R1 ^�e, \�1� ��I X �Ñ�
1� ��I X2 �éA'X; (b) *	����þÝ�¢
S DD X�þÝ�'X

3 ¢�(J�©Û

du§ÝDaì�½3eÞþ, w«�§Ý¿
Ø´q�?�§Ý, ÏdÄkI�?1§ÝI½.
�â DD �n�:§Ý� 18.71 K, ·�æ��§
ÝI½Ú½Xe: Äk¯�ü§� DD �n�:±

e (18.4 K �) ¦q�S� DD /¤�N, ,�ÏL
§�¤± 10 mK �Ú��ú,§, 3z�§Ý:Ñ
�� 30 min ��-�?u­�, Ó�|^ CCD æ
8ã�. �*	� CCD ã�þ�N���, �§¤
��½§ÝÒéAq�S DD �n�:§Ý, ÙL
§Xã 3 ¤«.

ã 3 §ÝI½L§«¿ã

�q�S DD �N���ÿ, §�¤��½§
Ý� 18.52 K �m, Ïdq�?�§Ý'eÞ?�
§Ýp 0.2 K. �
©ÛØÓü§�Çé DD �N
©Ù�K�, ·���
ü«ØÓü§�Ç (¯e
Úúe) e�q���1ÒKã�. ã 4 éA�ü
§�Ç� 6 K/min, ã¥¤«§Ý�I½��§Ý.
�±wÑ�§Ý3 DD �n�:±e�, q�SÑ
y
 DD �N, à83p�Ã�Ô�q��ë�?.
duü§�Çé¯, ��q��§Ý©ÙØþ!,
q\�q��ë�?�@ü���n�:§Ý±
e, ¦�Äk3d?d�����=C, �ª3q
\�q��ë�?/¤ìG�N.

ã 4 ¯�ü§�q���1ÒKã�
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ã 5 ¤«���ª�úü§L§, ã¥¤«§
Ý�I½��§Ý. l 18.75 K m©, ± 0.01 K �
�Ý�úü§, Ó�3z�§Ý:±Y�����
m, ¦��q��§Ý©Ù�éþ!, k|u�N
�X�þ!©Ù, ;�
õ¬�/¤. lã 5 �±
wÑ,DD �NØà83q\Úq��ë�?, 3ã
�¥�±*	�ØëY���. ÏLé�1ÒKã
�¥��?1õÇÌ©Û, �±��X��L¡o
÷Ý. dud�q�S DD X�Ì�©Ù3�ý,
vk/¤���!ëY���, Ïd�À�Ù¥�
ãl/���?1õÇÌ©Û.

ã 5 ��ª�úü§�q���1ÒKã�

ã 6 ���ª�úü§�éA 18.65 K §Ý�
��1ÒKã�. Ù¥�Ú��´q�	>��[
Ü�, ·�À�
Xã¤«�� 120◦ �÷/��
Ü©?1�ê - õÇÌ©Û.

ã 6 ��ª�úü§�ÿéA 18.65 K §Ý���1Ò
Kã�

ÄkÏLq�	>�:���¦[Ü���
% �, r�©ã�34�I¥Ðm, Xã 7(a) ¤
«. �
ò���I=���Ý�I, I���ã
�¥z���éA�¢S�Ý. ¢�c¦^ÿþw
�ºÿ�q��	»� 200.2 µm, ,�ÏLng�
^¼ê[Ü��q�	Ó+éA���ê� 515.4,
Ïdz���éA�¢S�Ý� 0.194 µm. ã 7(b)
�^pd¼ê[Ü����� ��»��ÝC
z­�. �ªÏL (5) ªÚ (6) ª��X��õÇÌ
A�­�, Xã 7(c) ¤«.

ã 7 (a) �©ã�34�I¥Ðm; (b) �� ���ÝCz­�; (c) ���õÇÌ©Ù­�
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3ã 7(c) ¤«���õÇÌ­�¥, �ê 1 é
A�õÇÌÝ� 1.4819 µm2; �ê 2 éA�õÇ
� 0.1724 µm2; �ê 3 éA�õÇ� 0.0041 µm2,
�u 10−2 µm2. ·��±O�Ñ�êl 1 � 100
�õÇÌ�ÚéA�X�þ��o÷Ý� 1.3694
µm, Ì�d�ê 1 Ú�ê 2 Úå, �ê�u 2 �þ
��o÷Ý�u 0.47 µm. ©Û(JL²: ��ª�
úü§�ÿ, p�êéA�õÇÌÝ'~é�, Ï
d�±k�~�p�ê�6ÄéX�L¡þ��
o÷Ý�K�.

4 ( Ø

�©ÏL�1ÒK¤�EâéØÓü§�Ç
e ICF eÈqeÈX��þz�A?1
ÐÚï
Ä. ÏL§ÝI½�{, Äk(½
eÞ?Úq�
?�§�, ��é��ª�úü§^�e����
NX�?1
õÇÌ©Û. ��ª�úü§U
k
�~�p�ê�6ÄéX�L¡þ��o÷Ý�
K�. Ïd, ÏL3 DD �n�:NC�ú�Fü
§, 2(Ü§ÝFÝ��{k"¢y ICF eÈq�
þz.
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Abstract

The effect of cooling rate on layering the deuterium ice inside inertial confinement fusion (ICF)spherical cryotarget is studied by

backlit shadowgraphy. Experimentally, the temperature of ice is first determined by the calibration of temperature field around ICF

cryotarget. The solidification process of deuterium in the cryotarget is in- situ characterized by backlit shadowgraphy. The power-

spectrum density of the bright ring in shadowgraphy at different cooling rates is obtained. Experimental results demonstrate that the

step-gradient slow cooling is favorable for forming uniform fuel ice in comparison with the rapid cooling. Furthermore, the validity of

characterizing the ICF cryotarget layering by the backlit shadowgraphy is also verified.
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