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�é�nN·pØC�¥�õ?l¡NØn, ©Û
ü«ØÓ\1(��å�D4, ïá
pØu)�Ç�å
Æ'X. ¿§e, æ^½:IØ{ (Bi, ZnTe, ZnS, GaAs) ©OI½
 14/8, 12/6 Ú 10/4 n«�? 6-8 .�nN·pØ
|C�nNØå, ½þ/?Ø
åÆ(�Ú"?ØÿMÝél¡NØnpØu)�Ç�K�. ¢�(JL², åÆ
(�Ú"?ØÿMÝÑ´K�pØu)�Ç��Ï�, �åÆ(�épØu)�Ç�K���. Ù¥, nN�A
Û(���, pØu)�Ç�p; 6-8 .\1(��pØu)�Çpu 2-6-8 .\1(�; 3l¡NØnS�Øå�
C"?Øÿ��¼MÝ�, "?ØÿMÝ��, pØu)�Ç�p, ¤U¼��nNØå��.

'�c: åÆ(�, \1(�, pØu)�Ç
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1 Ú ó

·pØEâÌ��)7f�Øÿ (�nN) E
âÚ�nN (�¬º��u 1 mm3) ·pØEâ.
7f�ØÿC�SÜU�) 100 GPa ±þ�Ø
å (r)[1,2], ¿���ÓÚË�1�¢�Ãã�
(Ü [3−6], éÔ�34pØå^�e�(�ÚÔ
51��Cz?1� *ÿ, �¬º����kA
��Az��. �nN·pØC�U\1(��©
��?OØC�Úõ?OØC�. �?OØC�Ì
��)ü¡ºØÅ (]¡ØÅ!cÓªØÅÚÎ
lªØÅ�) Úõ¡ºØÅ (o¡ºØÅÚ8¡º
ØÅ�)[7], �?OØC�¤U�)��pØå�
� 12 GPa[8,9]. õ?OØC�´±�?OØC��
�e, ÏLS��?½õ?OØü���{Jpn
NØå. ¦^ WC M�Ü7��"?Øÿá��,
���¼� 25 GPa[10] �m�pØ^�, ¦^à¬
7f���"?Øÿá��, �p�¼� 80 GPa
±þ�Øå [11,12]. �7f�ØÿC��', õ?O

ØC�U
¼��¢SA^¿�B?1Ô5L�
�¬N�¬ (mm þ?), Ó�, õ?OØC�½��
ÓÚË�1�¢�Ãã�(Üé�¬�¬?1
� *ÿ [13], �´, õ?OØC�J±¼�7f�
Øÿ¤U¼��Øå4�, l��
õ?OØC
��uÐ. Ïd, �Jpõ?OØC��Øåþ�,
ÒI�©Ûõ?OØC��å�D4, ±9ïÄK
�õ?OØC�pØu)�Ç�Ì�Ï�.

8c, ISþ$1�õ?OØC��ÑÄuü
¡ºØÅ�e, æ^w¬ª|C=C�8¡NØn,
2S�l¡NOØü�, ¤� 2-6-8 .�nN·p
ØC� [10,14−22]. �©�ö¤3¢�¿CcuÐ

�«ÄuI�	óª8¡ºØÅ� 6-8 .�nN·
pØC� [23−25]. �nþ, 38¡ºØÅ¥��S
��?l¡NOØü�, du�K
dü¡º�8
¡º=��L§, l~�
XÚdü¡º=�¤
8¡º�w¬�m¤�)��Þ, Ïd'Äuü¡
ºØÅ�e� 2-6-8 .�nN·pØC�k�p�
pØu)�Ç. ©z [24] �¢�(J�±y²ù�
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:, �´, éu�äN��Ï, ©z [24] vk�?�
Ú©Û.

�©¢�ÄuI�	óª8¡ºØÅ, 3¿§
eæ^½:IØ{ (Bi, ZnTe, ZnS Ú GaAs) I½

�? 6-8 .�nN·pØ|CnN�¢SØå. �
Än��¹, =�ÑXÚdü¡º�8¡º=zÚ
8¡º�l¡º=z¤�Ñ�\1å, ±9ý�µ
> (�1�) ÚDØ0� (�zy) �Ñ�\1å, ©
Û
õ?OØC��å�D4, ïá
pØu)�
Ç�åÆ'X, ¿�½þ/©Û
åÆ(�Ú"?
ØÿMÝél¡NØnpØu)�Ç�K�. Ù¥,
åÆ(��)\1(� (6-8 .� 2-6-8 .) ÚnN
�AÛ(�, �â"?Øÿ�n�/�¡>��Ø
Ó, nN�AÛ(��©� 25/17 (l¡NDØ0�
�c�/"?Øÿ�n�/�¡�>�, ± mm �
�Ýü ), 19/12, 18/11, 14/8, 12/6, 10/5, 10/4 Ú 7/3
�. ¢�(JL², åÆ(�Ú"?ØÿMÝÑ´
K�pØu)�Ç��Ï�. ÏL½þ©ÛK�
õ?OØC�pØu)�Ç�Ì�Ï�, �Jpl
¡NØn�pØu)�ÇÚ�ÄåÆ(�Ú"?
ØÿMÝ�'�ëê�Jø¢��â, Ïäk
��¿Â.

2 \1(�Úå�D4

Äu8¡ºØÅ (6-8 .)[23−25] Úü¡ºØ
Å (2-6-8 .)[10,17] ùü«\1(�, �Än��
¹eXÚdü¡º=�8¡º!8¡º=�l¡
ºùü�L§, ±9ý�µ> (�1�) ÚDØ0
� (�zy) Ø�Ñ\1å, éõ?OØC��å�
D4?1©Û.

éuÄu8¡ºØÅ� 6-8 .OØC�, Ð
?\1�Éå�¹Xã 1(a) ¤«, F �8¡ºØ
Å�\1å. ?�l¡NOØü�¥���"
?Øÿ�ïÄé�, ÙÉåXã 1(b) ¤«, F1 �
�^3"?Øÿ¡þ�å. �âå�²ï'X�
�: F1 =

1
4
F , "?Øÿ�n�/�¡É���Ø

å F2 =
√

3F1 =
√

3
4

F .

éuÄuü¡ºØÅ� 2-6-8 .OØC�, d
u MA8 . [10] Ú Kawai . [17] ùü« 2-6-8 .O
ØC�A^2�, �å�D4�ª�Ó, ¤±�
©�©Û
§��å�D4. Ð?�g?\1
�Éå�¹Xã 2(a) ¤«, F �ü¡ºØÅ�

\1å, F1 ��^3l¡NOØü�z�¡þ
�å. �l¡NOØü�¥���"?Øÿ�
ïÄé�, ÉåXã 2(b) ¤«, F2 ��^3"?
Øÿ¡þ�å. �âå�²ï'X, F1 =

1√
3
F ,

F2 =
1
4
F1 =

√
3

12
F , "?Øÿ�n�/�¡É��

�Øå F3 =
√

3F2 =
1
4
F .

ã 1 (a) l¡NOØü��\8¡ºØÅ�ÉåÌÀã; (b) "
?Øÿ�ÉåÌÀã

ã 2 (a) l¡NOØü��\ü¡ºØÅ�ÉåÌÀã; (b) "
?Øÿ�ÉåÌÀã

3 pØu)�Ç�åÆ'X

�"?Øÿ�n�/�¡�>�� a, �¡

¡È S =
√

3
4

a2. nN�¢SØå (r) � P1, Ã
�Ñ�¹e, dXÚ\1D4�"?Øÿ�n
�/�¡�Øå (r) � P2, ½ÂpØu)�Ç

� η =
P1

P2
× 100%.

é u Ä u 8 ¡ º Ø Å � 6-8 . O Ø C �,

P2 =
F2

S
=

F

a2
, k

η =
P1

P2
× 100% =

P 1 × a2

F
× 100%; (1)

éuÄuü¡ºØÅ� 2-6-8 .OØC�, P2 =
F3

S
=

F√
3a2

, k

η =
P1

P2
× 100% =

√
3P 1 × a2

F
× 100%. (2)
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4 ¢ �

4.1 ¢¢¢������nnn���������

Bi, ZnTe, ZnS Ú GaAs �Ô�¬u)Ø��
C, ¿ � ù 
 Ô � d � C � � > { â C � ¤ é
A � Ø å � ´ ® � �, X: Bi (I-II, 2.55 GPa), Bi
(III-IV, 7.7 GPa)[26,27]; ZnTe (I-II,5 GPa), ZnTe (II-III,
8.9—9.5 GPa), ZnTe (III-IV, 11.5—13 GPa)[28,29]; ZnS
(15.6 GPa)[30] Ú GaAs (19.3 GPa)[31]. Ù¥, ZnTe
(I-II, 5 GPa) ´� ZnTe 1�g�C�nN�Øå
´ 5 GPa, ZnTe (II-III, 8.9—9.5 GPa) ´� ZnTe 1�
g�C�nN�Øå3 8.9—9.5 GPa �m, ZnTe
(III-IV, 11.5—13 GPa) ´� ZnTe 1ng�C�nN
�Øå3 11.5—13 GPa �m, Ù¦�daí. �¢
��âù
Ô��Ø��C:, 3¿§eé�? 6-
8 .�nN·pØ|C�nNØå?1I½. ¢�
�n3©z [24] Ú©z [25] ¥®k�[0�, �©
Ø2E.

¢�^����k DS 6×8 MN 	óª8¡
ºØÅ!ð6Ú AX-104-1-3 .õÏ�P¹¤�.
¢�æ^ WC M�Ü7á�¬��"?Øÿá�,
"?Øÿ��¼MÝk 14.5, 19.5 Ú 22 GPa n«,
"?Øÿ�n�/�¡�>�k 4, 6 Ú 8 mm n
« (Xã 3 ¤«), l¡NDØ0��c�k 10, 12
Ú 14 mm n«. ØåI½¢��>´ë�«¿ã�
©z [25].

ã 3 "?Øÿ

4.2 ¢¢¢������OOO

¢¢¢��� 1 æ^c�©O� 14 Ú 12 mm �ü
«l¡N, "?Øÿ�n�/�¡�>�©O� 8
Ú 6 mm, �¼MÝ� 19.5 GPa; '�ØÓ�nNA
Û(�épØu)�Ç�K�.

¢¢¢ ��� 2 MgO l ¡ N D Ø 0 � � c �
� 14 mm, "?Øÿ�n�/�¡�>�� 8 mm,
�¼MÝ©O� 14.5 GPa Ú 19.5 GPa; Äu 6-8 .
\1(�� 14/8 |C, '�ØÓMÝ�"?Øÿé
pØu)�Ç�K�.

¢¢¢ ��� 3 MgO l ¡ N D Ø 0 � � c �
� 10 mm, "?Øÿ�n�/�¡�>�� 4 mm,
�¼MÝ� 22 GPa; Äu 6-8 .\1(�� 10/4 |
C, �©z [25] �¢�?1é', '�ØÓMÝ�
"?ØÿépØu)�Ç�K�.

5 ¢�(J�?Ø

5.1 nnn NNN ��� AAA ÛÛÛ ((( ��� ééé ppp ØØØ uuu ))) ��� ÇÇÇ
���KKK���

éÄu8¡ºØÅ� 6-8 .OØC�, dú

ª η =
P1 × a2

F
× 100% ��, nNØå P1 �½�,

pØu)�Ç�"?Øÿ�n�/�¡�>�¤
�', �\1å¤�', =nN�AÛ(� ("?Ø
ÿ�n�/�¡�>�) ��, pØu)�Ç�p,
���$; \1å��, pØu)�Ç�$, ���
p. �nNØå�� 10 GPa �, 14/8 |C�pØu
)�Ç´ 12/6 |C� 1.1 �, ´ 10/4 |C� 2.0 �,
12/6 |C�pØu)�Ç´ 10/4 |C� 1.7 �. 3
"?ØÿMÝ�Ó��¹e, dã 4 ��, 14/8 |
C�pØu)�Çpu 12/6 |C, 3nNØå�
$�, cÙXd. �XnNØå�O�, pØu)
�Çü$, Ù¥, 14/8 |C�pØu)�Çeü�
¯, Ùg´ 12/6 |C, ��´ 10/4 |C, Xã 4 ¤
«. ù´Ï��X\1å�O�, DØ0� (�z
y) ?\"?Øÿ�m/¤�µ>�þÅìOõ,
�ÑXÚ�\1å½��Oõ, lü$
pØu
)�Ç.  14/8 |C�DØ0� (�zy) ?\"
?Øÿ�m�þ�õu 12/6 |C, ¤± 14/8 |C
�pØu)�Ç�eü�Ç�u 12/6 |C; Ón,
10/4 |C�DØ0�?\"?Øÿ�m�þ��
u 12/6 |C, ¿� 10/4 |C¤^"?Øÿ�MÝ
' 12/6 |C�, ¤± 10/4 |C�pØu)�Ç�
eü�Ç��.

éuùn«|C, � 1!� 2 Ú� 3 �
c�Ü©L²nNØå�\1å�'XCq�5,
�X\1å�O�, n^����Ü©L²nN
Øå�\1å�'X´��5�. � 14/8 Ú 10/4
|C�', 12/6 |C�nNØå�\1å'X�
���²w, ���Cq²1u\1å�I¶.
ù´Ï�3"?ØÿMÝ�Ó��¹e, \1å�
½�, "?Øÿ�n�/�¡¡È��, ¤É��
Øå (r) K��, �X\1å�O�, �¡¡È�
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�"?ØÿK�'�¡¡È��k¯Ñ. \1å�
��½��, nNØå�\1å�'X�Cq²
1u\1å�I¶, L²d�XÚ\1�O\Ì�
^u"?Øÿ��5/CÚ�µ>?��Ñ, l¡
NØnSÜ�ØåÄ�Ø2,p.

nþ¤ã, nN�AÛ(�´K�pØu)�
Ç��Ï�, "?Øÿ�n�/�¡�>���,
pØu)�Ç�p, �´�XnNØå�O�, Ù
eü�Ç½�¯. Ïd, 3¢�L§¥, AÀJ��
�nNAÛ(�, ±¼��p�pØu)�Ç.

ã 4 Äu 6-8 .\1(�, 10/4, 12/6 Ú 14/8 n«|C�pØ
u)�Ç � 1 Ú� 1′ ©O� 10/4 |C�nNØå�\
1åÚpØu)�Ç�'X�, ¢�¦^�"?Øÿ��¼
MÝ� 22 GPa; � 2 Ú� 2′ ©O� 12/6 |C�nNØå�
\1åÚpØu)�Ç�'X�, ¢�¦^�"?Øÿ��
¼MÝ� 19.5 GPa; � 3 Ú� 3′ ©O� 14/8 |C�nNØ
å�\1åÚpØu)�Ç�'X�, ¢�¦^�"?Øÿ
��¼MÝ� 19.5 GPa. ã¥, � ZnTe (II-III, 8.9—9.5 GPa) �Ø
å�C:� 9.2 GPa, � ZnTe (III-IV, 11.5—13 GPa) �Øå�C
:� 12.3 GPa. ã¥¢%ÎÒ��� ¥, • Ú N ´¢�ÿ��n
NØå¤éA�\1å, ©Oéù
:?1�g�[Ü��
� 1, � 2 Ú� 3

5.2 \\\111(((���ééépppØØØuuu)))���ÇÇÇ���KKK���

Xã 5 ¤«, nNAÛ(�� 14/8 |C�, 6-8
.\1(��pØu)�Ç²wpu 2-6-8 ., �
XnNØå�O�, üö�pØu)�ÇÅìü$.
�nNØå�� 10 GPa �, 6-8 .\1(��pØ
u)�Ç�� 2-6-8 .\1(�� 1.2 �.

ã 6 ?�Ú'�
Äu 6-8 .� 2-6-8 .\1
(�� 10/4 |C�pØu)�Ç, �nNØå�
� 19 GPa �, 6-8 .\1(��pØu)�Ç�
� 2-6-8 .\1(�� 1.2 �.

nþÄuØÓ\1(�� 14/8 Ú 10/4 ü«|
CpØu)�Ç�'�, ¢�(JL², éuÓ�
|C (nNAÛ(�), 6-8 .\1(��pØu)

�Çpu 2-6-8 .\1(�. ù´Ï� 6-8 .\1
(�~�
XÚdü¡º�8¡º=�¤�Ñ�
�Þå, ¤±ÙpØu)�ÇoNþpu 2-6-8 ..
Ïd, 3¢�L§¥, ÀJÄu 6-8 .\1(���
nN·pØC�, �±~�XÚ��Þ�Ñ, Jp
pØu)�Ç.

ã 5 �é 14/8 |C, 6-8 .� 2-6-8 .\1(��pØu)�
Ç � 1 Ú� 1′ ©O��©¢�¤�nNØå�\1å
ÚpØu)�Ç�'X�, ¢�¦^�"?Øÿ��¼MÝ
� 14.5 GPa; � 2 Ú� 2′ ©O�©z [17] ¤���nNØ
å�\1åÚpØu)�Ç�'X�, ©z [17] ¤æ^�\
1(�� 2-6-8 .. ã¥¢%ÎÒ��� ¥ Ú • ´¢�ÿ��
nNØå¤éA�\1å, ©Oéù
:?1�g�[Ü��
� 1 Ú� 2

ã 6 �é 10/4 |C, 6-8 .� 2-6-8 .\1(��pØu)�
Ç � 1 Ú� 1′ ©O��©¢�¤�nNØå�\1å
ÚpØu)�Ç�'X�, ¢�¦^�"?Øÿ��¼MÝ
� 22 GPa; � 2 Ú� 2′ ©O�©z [10] ¤�nNØå�\
1åÚpØu)�Ç�'X�, ©z [10] ¤æ^�\1(�
� 2-6-8 .. ã¥¢%ÎÒ��� ¥ Ú • ´¢�ÿ��nNØ
å¤éA�\1å, ©Oéù
:?1�g�[Ü��� 1
Ú� 2

5.3 """???ØØØÿÿÿMMMÝÝÝééépppØØØuuu)))���ÇÇÇ���KKK���

dã 7 ��, MÝ���"?Øÿ¤�)�p
Øu)�ÇpuMÝ���"?Øÿ, �nNØå
�� 10 GPa �, MÝ���"?Øÿ¤�)�p
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Øu)�Ç��MÝ���"?Øÿ� 1.1 �; �
X\1å�O�, üö�pØu)�ÇÑ3ü$,
Ù¥, MÝ���"?Øÿ�pØu)�Ç�eü
�Ç��.

ã 7 Äu 6-8 .\1(�� 14/8 |C, MÝØÓ�"?Øÿ
�pØu)�Ç � 1 Ú� 1′ ©O��©¢�¤�nN
Øå�\1åÚpØu)�Ç�'X�, ¢�¦^�"?Ø
ÿ��¼MÝ� 19.5 GPa; � 2 Ú� 2′ ©O��©¢�¤
�nNØå�\1åÚpØu)�Ç�'X�, ¢�¦^�
"?Øÿ��¼MÝ� 14.5 GPa. ã¥¢%ÎÒ��� ¥ Ú •
´¢�ÿ��nNØå¤éA�\1å, ©Oéù
:?1�
g�[Ü��� 1 Ú� 2

éuùü«MÝ�"?Øÿ, � 1 Ú 2 �c
�Ü©L²nNØå�\1å�'XCq�5, �
X\1å�O�, ü^����Ü©L²nNØ
å�\1å�'X´��5�. �MÝ���"?
Øÿ�', MÝ���"?Øÿ�nNØå�\1
å'X����²w, ���Cq²1u\1
å�I¶. 3åÆ(��Ó��¹e, \1å�½
�, "?Øÿ�MÝ��, ÙpØu)�Ç�p, �
X\1å�O�, MÝ���"?Øÿ�¡?�'
MÝ���k¯Ñ. \1å���½��, nNØ
å�\1å'X�Cq²1u\1å�I, L²
d�XÚ\1�O\Ì�^u"?Øÿ��5/
CÚ�µ>?��Ñ, l¡NØnSÜ�ØåÄ�
Ø2,p.

Äu 6-8 .\1(�� 10/4 |C, ã 8 ?�Ú
'�
"?Øÿ�MÝépØu)�Ç�K�. �
nNØå�� 10 GPa �, MÝ���"?Øÿ�
pØu)�Ç��MÝ���"?Øÿ� 1.4 �.

ÏL±þü�¢���, éuØÓMÝ�"?
Øÿ, MÝ���"?Øÿ¤�)�pØu)�Ç
puMÝ���"?Øÿ; l¡NØnS¤U¼�

���nNØå�"?Øÿ�MÝk', MÝ��
�"?Øÿ¤U�)���nNØå�uMÝ�
��"?Øÿ, ¿���nNØå��u"?Øÿ
��¼MÝ. Ïd, ÄuÓ�|C, 3¢�L§¥,
ÀJMÝ���"?Øÿk|u¼����nN
ØåÚpØu)�Ç.

ã 8 Äu 6-8 .\1(�� 10/4 |C, MÝØÓ�"?Øÿ
�pØu)�Ç � 1 Ú� 1′ ©O��©¢�¤�nN
Øå�\1åÚpØu)�Ç�'X�, ¢�¦^�"?Ø
ÿ��¼MÝ� 22 GPa; � 2 Ú� 2′ ©O�©z [25] ¤�
��nNØå�\1åÚpØu)�Ç�'X�, ©z [25]
¤æ^�"?Øÿ��¼MÝ� 15.6 GPa. ã¥¢%ÎÒ��
� ¥ Ú • ´¢�ÿ��nNØå¤éA�\1å, ©Oéù

:?1�g�[Ü��� 1 Ú� 2

6 ( Ø

�©(ÜpØu)�Ç�åÆ'X, ½þ/?
Ø
åÆ(�Ú"?ØÿMÝépØu)�Ç�
K�. ¢�(JL², åÆ(�Ú"?ØÿMÝÑ
´K�pØu)�Ç��Ï�, �åÆ(�ép
Øu)�Ç�K��u"?ØÿMÝ. nN�AÛ
(���, pØu)�Ç�p; 6-8 .\1(��p
Øu)�Ç' 2-6-8 .\1(��p; 3l¡NØ
nS�Øå�C"?Øÿ��¼MÝ�, "?Øÿ
MÝ��, pØu)�Ç�p, ¤U¼��nNØ
å��. Ïd, �
¼��p�pØu)�ÇÚ�
p�nNØå, ¢�AÀJ¦^ 6-8 .\1(�!
���nNAÛ(�Ú��MÝ�"?Øÿ.

a�oA�ÆpØ�Æ�Eâ¢�¿�P�ÚÓÆé

�©¢���Ï.
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Abstract

We analyse the loading force transmissions for two kinds of loading structures directed at multistage octahedral cell of high

pressure device, and build a mechanical relationship for high pressure producing efficiency. The relationship between cell pressure and

hydraulic load is calibrated at room temperature for 14/8, 12/6 and 10/4 cell assemblies using the phase transitions of Bi, ZnTe, ZnS

and GaAs under high pressure. Also we discuss qualitatively the influences of both mechanical configuration and hardness of last stage

anvil on high pressure producing efficiency of octahedral cell. The experimental results show that both mechanical configuration and

hardness of last stage anvil are key factors for affecting high pressure producing efficiency, what is more, the mechanical configuration

is more important. The larger the geometry configuration of octahedral cell, the higher the high pressure producing efficiency is;

high pressure producing efficiency of 6-8 type loading configuration is higher than that of 2-6-8 type loading configuration; when the

pressure of octahedral cell approaches to Vickers hardness of last stage anvil, the harder the last stage anvil, the higher the high pressure

producing efficiency and the higher cell pressure is.

Keywords: mechanical configuration, loading configuration, high pressure producing efficiency
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