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1 Ú ó

7áÀæ¤©�/¤Ån�ïÄéÏéäk
��Àæ/¤Uå (GFA) �Ü7NXÚï�#.
7áÀæäk����¿Â [1−4]. �d<�J
Ñ
�
��7áÀæ¤©�O�(��.Ú²
��â [1,5−12]. 3·�cÏ�ïÄó�¥, |^�
>fßÝ�â, ��fº��âÚìq��â, (
½Ñ Zr-Al-Ni, Zr-Al-Co ��
 Zr ÄÜ7NX¥
�¬N7áÀæ¤©, lU
þz7áÀæ¤
© [6−9]. ,, ±þn«�O7áÀæ¤©�â�
ÔnÅ�Ø
Ú�. ìq��7áÀæ�Ä�(�
ü�, Ù(�Ú5�9Ùüz5Æ37áv���
Ð�ãåX�~���^. Ïd, 
)ìq(�
�m�ë��ª, ïák��{²��{��7á
Àæ¤©�O��´<�J¦�8I.

3·�cÏïÄó�¥, �Ñ
£ã7áÀæ
�ìq���. [13]. �©3dÄ:þ, Ú\
Äu
ìq�¥±Ï(��>fzÆ³þïg�, �ÑÄ

uìqÚë��f�>fzÆ³�O��{, $^
>fzÆ³þïg�, ��½þ�ë��f��ê,

l�Ñ�On�7áÀæ�¤©ª, ¿?¢�
¢��y.

2 zÆ³þï�>fzÆ³

Sanderson �Ñ [14], 3ü�½õ��f(Ü3
�å/¤©f�, NX�Ü©�>K5���>
fl>K5$�«�6�>K5p�«�, l¦
|¤©f��f½ÄìN!Ù>K5ªu²ï, �
���©f¥�Ü©�>K5�Ó. d� Mortier

� [15] �Ñ
>K5þï�n�äNL«, ^uý
ÿ©fNX¥�f>Ö©Ù��
�Ônëþ.

Parr � [16] Äu�Ý�¼nØ, ò>K5�zÆ³
éXå5, ½Â
�f½©f�>K5�u�f½
©f�>fzÆ³�K�. ùØ=�>K5±�#
�½Â, Ó�4·�@£�>K5þï�Óu>f
zÆ³þï. �Ò´`, 3ü�½õ��f(Ü3
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�å/¤©f�, NX�Ü©�>fzÆ³���
>fl>fzÆ³p (>K5$) �«�6�>f
zÆ³$ (>K5p) �«�, l¦|¤©f��
f½ÄìN!Ù>fzÆ³ (>K5) ªu²ï, �
���©f¥�Ü©�>fzÆ³ (>K5) �Ó.

d�<��U�Ñ
Äu�Ý�¼nØ�>fz
Æ³þï�{ [17], ¿3ÔnÚzÆ+�¥��2
��A^.

Äu Thomas-Fermi ²;�Ý�¼nØ, >f
zÆ³ µ =�NX�¤�U EF, L«�

µ = EF =
~2

2m
k2
F, (1)

ùp kF �¤�Å¥. ÏdeUl�f(���Ù
¤�Å¥ kF, K�ÏL�§ (1) ��Ù>fzÆ³.

�,é,�Ü7NX�>fzÆ³ (>K5)

þïg�3ÔnÚzÆ+�¥��2��A^, ä
kÊ·5, �Û�(�9Ù>fzÆ³�£ã/ª
´)û¯K�'�. 37áÀæNX¤©�O�ï
Ä¥, 8c�v�A^, Ù��Ï3u"�7á
Àæ��f�>f(��ÍÜ�..

3>f(��¡, Nagel Ú Tauc[18] òCqg
d>f�.A^�7áÀæNX¥, @�D�>
fé(�ÏfåÌ��^, ©Û
 M1−xXx (M �
LÞ7á½B7á, X �1o½1Êx��) �
��¬Ü7, �Ñ�¤�¡�rû�¤½Â��
Ùp�«���, ^êÆª�L�� 2kF = KP

(kF �¤�¥Å¥, KP �Ùp�«°Ý), ¤�U
??�>f��Ý���$, /¤�UY, d�¤
éA�Ü7¤©/¤�7áÀæ�½. ù«¤
�¡�Ùp�«��p�^�¬NÜ7¥ Hume-

Rothery 5K� Mott-Jones L��q [19]. �¤�
¥ lÙp�«�, �¬Ü7ÒC�Ø½, ´u
�)¬z [20]. ¦��(JØ=L²7áÀæ´�
« Hume-Rothery �, �ATäk�½�>fß
Ý� (e/a). �5, 2kF = KP OK3¢�m¥#
�
)º [21]. VN©Ù¼ê g(r) �Vé³ Φ(r)

þ�Å�©O� 2π/KP � 2π/kF ���, � g(r)

�4��� Φ(r) �4�����, = 2kF = KP,

/¤��, ÷vù�^��7áÀæ�¡� “n
�7áÀæ”. Häussler � [22] ÏLí��È��
� Cu-Sn Ú Au-Sn �¬���?1b	�1>U

Ì©Û, ¢�þ(@
(�p)�>f��Ý�U
Y��3, �¤7áÀæ��ÓA�, 3�õêB
7á - {üõdÜ7NX¥, e/a > 1.8 ��¬Ü7
Ñw� Hume-Rothery �, �� e/a = 1.8 �, ¤�
¥fÐ3����þ��¬Ìû�¸¤éA�Ù
p�«��, äk���Àæ/¤Uå. w,, T�
."y��f(��.�ÍÜ, ØU½þ)º7á
Àæ�¤©.

3÷v>fÏ�Ú(�Ï�= 2kF = KP ^
��Ä:þ, Häussler[23] JÑ
n�7áÀæ�¥
±Ï���., =n�7áÀæ÷v>f�p�
^ 2kF(¤�¥�») Ú(�Ï� Kpe(�Ùp�«
�») Friedel ��ñÜ [24], ¤/¤�n�7áÀæ
(�÷v¥±Ï(��..

¥±Ï(�¥, >f�âf± Friedel[24] �
� / ª � ) ¥ ± Ï � �, Ù N X ¥ > f � � �
Ý ρ(r) ∝ (sin 2kFr)/r3, äk�§��A�, VN
»�©Ù¼ê g(r) �VNk��^é³ φeff(r) þ
3ì?«S�Å�©O� 2π/KPe � 2π/kF ��
�, Xã 1 ¤«, Ù g(r) − 1 �4��� φeff(r) �
4����. ù�¤�>fÅÚ�f·�(�/¤
ÍÜ, 3 k �m¥^ü�æNX¥�A�A�Äþ
5L�, K = Kpe = 2kF, Kpe �Ld¥±ÏSÚ
u�âf (�f) �Ý��, kF �L k �m�>f
�Ý��. du g(r) � Φeff(r) ��3n�7áÀ
æ�1�C�?�r, ��n�7áÀæ1�C�
(�éAu,«AÏ�ìq(�, �LXá§S�
Ì�A�. ¥±ÏS$��3uL:±þ��¥,

�X§Ýü$, ¥±ÏSé(��K�Or, ��
¸Or, ¤�U? EF ?��UY�C���, 3
Ñy²¡±ÏS�ckLy�¥±ÏS. n�7
áÀæ(�Ïf�1�¸éAu Kpe, 3�n�G
�e1�¸Ku)©�. >fNXÚ·�(�N
X�ö�±�pN�, l¦������`z.

Häussler[23] ?�Ñ
n�7áÀæ¥�f�¥
±Ï�»� Friedel[24] ��Å��m�'X�

rn =
(
n +

1
4

)
λFr, n = 1, 2, 3, · · · , (2)

λFr = 2π/KP, ��±,��f�%�1�¥±Ï
�» r1 = 1.25λFr. du3,�n�7áÀæNX
¥?¿��f�%¤/¤�¥±Ï(�´�d�,

=?¿��f�%�1�¥±Ï�»�Ó, Kn�
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7áÀæ¤�Å¥�

kF =
KP

2
=

π

λFr
=

1.25π

r1
, (3)

�\�§ (1) ��>fzÆ³�

µ =
~2

2m
k2
F =

~2

2m

(
1.25π

r1

)2

= 0.588 × 1
r2
1

/eV,

(4)

1 eV = 1.602×10−19 J, ª¥ ~ = 1.055×10−34/J ·s
(ÊK�~ê), m = 9.109 × 10−31 kg >f�þ, r1

ü � nm (ª¥�Ù nm ê����). Äu¥±Ï
(��n�7áÀæ�>fzÆ³�§ (4), d?
¿��f�%�1�¥±Ï�»(½, 3,�n�
7áÀæNX¥??��. T�.�Ñ
�f(�
�>f(��ÍÜA5, �X�¡�«7áÀæ�
(�Ú/¤Uå���òÑ��Ú, �´T�.
E,I��äN��f(��.�(Ü.

ã 1 (a) n��¬Ü7VN©Ù¼ê g(r) − 1 � r �C
z; (b) n��¬Ü7VNk��^é³ Φeff(r) � r �Cz.

g(r)− 1 4��� Φeff(r) �4��éA��,  u1�¥±
Ï?, λFr � Friedel Å�

3 7áÀæ� “ìq - ��” (��.

AÏ�1�C�� õ¡Nìq´7áÀæ
��(�A�. Bernal[25] �@JÑ�rM¥Ã5
�æ��{ü7á�N��.. #CuÐå5��
¬7áÀæ BMG ¤©¥y�~Ä�¤©«m, a
qu7ámzÜÔ�:¤©, äkp�Àæ/¤U
å, Xf�þ?� Zr41.2Ti13.8Cu12.5Ni10Be22.5

[26].

XRD, HRTEM ±9¥fû�©Û(JÑL²7
áÀæ¥�þ�3��¡Nìq [27,28]. 3 Zr-

Al-Ni-Cu N X ¥ [29], Ð ) ¬ N � � fcc-Zr2Ni

� (a = 1.12 nm). Koster � [30] �Ñù���æ
¬N�, �¹k��¡Nìq. ��
7áÀæ
¥V\�þ|� Ag, Pd, Au, Pt, Nb, Ta ½ V, 3Àæ
=C§ÝNCò»��U
ÛÑ��¡NB�O
¬� [31]. ùL²�N!¬N7áÀæ±9���
¿��¬N��m�3±ìq��L�á§S�
(�¢D5.

20 V 70 c�", Wang[32] �Ñ7áÀæ¥
�3aq¬��á§S(�, ´dA�ØÓ«a�
�f|¤�ìq(�ü�æÈ¤. Wang � [33]

©Û
;. BMG (���z�Ý¼ê, y¢

õ|� BMG äkpÝÃS�üæ÷�ìq(�.

Miracle[34] JÑ
ìqU¡%á�(���ªæ÷
�E7áÀæ�(��., ÙÄ��n´ìqk�
/W÷�m [34]. Ma � [35] ÏL Monte Carlo �{
�Ñìqæ÷��¬(�, �²
1�C�ìq(
�´�¤7áÀæ(��Ä�ü�.

·�l¢�þuy [8], Äu Cu8Zr5 ��¡N
ìq\1n��/¤
�X�¬N7áÀæ, Ïd
b½1n|��¤ìq(��m�ë��f, ¬N
�¬¤©ddL«� (Cu8Zr5)1Gx, G ´ë��f,

x �ë��f��ê, Xã 2 ¤«, ¡�ìq\ë�
�f�., 3�ãþKNy�ìq� [9]. 7áÀæ
(�dd�©�üÜ©, A�ìqÚë��f, �
�±^Ï^�ìqª£ã, = [ìq](ë��f). T
�.��`:´�±���Ñ¤©ª, Ïd�±l
Ü7Ä:�¬¤©Ñu¢�aq�fO�, ÅÚJ
pÀæ/¤Uå. ~X Ni59.5Nb40.5 �¬:�±^
ìqª [Ni0.5Nb0.5-Ni6Nb6]Ni3 £ã, Ù¥ìq�
u�¬� NiNb ���¡N; ?¢��fO�,
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rìq¥% Nb ^ Ni O�, )Û
�Z��¬N7
áÀæ Ni62Nb38∼ [Ni-Ni6Nb6]Ni3 = Ni62.5Nb37.5,

O��� Nb K?�ÚJp
Àæ/¤Uå, ¼
�
^ [Ni-Ni6Nb5(Zr,Ta,Ag)1]Ni3 £ã�n�¬N
7áÀæ [36]. aq/, ·���OÑ
 Ni-Ta[37]

Ú B-(Fe,Co,Ni)-(Nb,Ta,Si) ¬N7áÀæ [38,39].

A^��.�'�3u(½�L(�A��
ìq. ·����5�{´l�¬� (�¬¬z�)

¥ÀJ1�C�� õ¡N. duz��¬��é
Auõ«¬N�, z«¬z�¥Ñ�3õ«ØÓ
a.�Û�ìq(�, �Ø´¤k�3�ìq(
�ÑU^5�ï “ìq - ��” �., 7LÄk©
�ìq�½Â5K. ·��ìqÀ��K�ãu©
z [40], Ù�:3u�L¬N�(�A��ìq÷
v: (1) ìq�mk�$���Ý, éu7áÀæ,

ìq�mvk���f [9]; (2) �¤ìqz���
��f¥*d��, æ÷�Ý�p [41]; (3) �¤ì
q��fN�f�Ýp [40]; (4) kë��f. �©
�ìqÀ�þ±þão:��K.

ìqª��ª(½�I�)ûë��f�ê
¯K. ¢�þ(½��ìqéAu�C 1 ½ö 3 �
ë��f, �I�lnØþ�²Ú°()ûë��
f�ê¯K. �©òÁã)ûë��f�C 1 ��
/.

ã 2 Cu-Zr NX�ìq�, G �ë��f

ÏLìq\ë��f�.Ú7áÀæ�>f
(����.�(Ü, ·��Ñ
 “ìq - ��” �
. [13], ÙÌ�A�´:

(1) n�7áÀæ(��¹Ì��Û�ìqS,

ìqd¥%�f�1����f�¤, 7áÀæ�
¤©ªL«�: [¥%�f - ���f](ë��f)x,

=ìq\ë��f�., ¥%�f - ���f�¤
�ìq�ë��f���'X� 1:x;

(2) ÏL>fÚ�fXÚ�¥�m��¤/¤
�¥±Ï(�òÛ�ìqS*Ð��§S. ìq¥
%�f�1����¥±Ï�»� rcluster, ë��
f�1����¥±Ï�»� rglue. rcluster, λFr,

¤�Å¥ kF, >fzÆ³ µcluster �m�'X�

rcluster = 1.25λFr = 2π/(2kF), (5)

µcluster = EF = ~2k2
F/(2m) = 0.588/r2

cluster;(6)

(3) >fzÆ³þï´�3�½�XÚ¥, ±
ØÓ��f�%1����»¤(½�>fzÆ
³A??��, 7áÀæ�¤©ª [¥%�f - �
��f](ë��f)x, Ù¥� x ´ÏLN�Ì�ì
q�¥%�f����»¤(½�>fzÆ³�
ë��f��Ó���»¤(½�>fzÆ³5
��, = µcluster = xµglue, ª¥

µglue = 0.588/r2
glue, (7)

x = µclster/µglue = (rglue/rclster)2, (8)

=^zÆ³þï�±)ûë��f��ê¯K.

4 >fzÆ³þï�â9ë��f�
�ê(½

�â>fzÆ³þïg�3õ|�ü�XÚ
¥�A^, ò>fzÆ³þïg�A^uÄuìq
\ë��f¥±Ï(��n�7áÀæ�¤©�
O¥, �½þ��n�7áÀæ�¤©ª. dn�
7áÀæ�¥±Ï(�^�, �â�§ (6), n�7
áÀæ�>fzÆ³dìq¥%�f�1���
�²þål��(½, �Ò´`��ìq(½, ±
Tìq\ë��f¤/¤�n�7áÀæ¤©�
>fzÆ³Ò�(½. �â Häussler[23] n�7áÀ
æ�¥±Ï�.ÚO²þ(J, ±?¿�f�%�
¥±ÏA��d(�, ¤©ª�L«�ìq¥%�
f�ë��f�é¡(�, =: ¥%�f - ���
f - ë��f. 3/¤n�7áÀæÜ7�, �±
±ìq¥%�f�%�±��¸¤�¤�1�¥
±Ï(½�>fzÆ³ØC, ±ë��f G �%�
�Ó±��¸¤�¤�1�¥±Ï(½�>fz
Æ³ò�N�, ¦±ë��f G �%�±��¸¤
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�¤�1�¥±Ï(½�>fzÆ³ µglue ÷v:

µcluster = xµglue, ld�§ (8) ��ë��f G

��ê. ª¥¤�9��ü�����f�»é1
0, 1Ú2��, X Al, B, Si, Sn Ú P �, Ù�f�
»��d�», Ù¦7á��þ� Goldschmidt 7
á�».

5 >fzÆ³þï�â37áÀæ¤
©�O¥�A^

5.1 Cu-Zr ÄÄÄ \\\ üüü ëëë ��� ��� fff ��� 777 ááá
ÀÀÀæææNNNXXX

é u l Cu8Zr3 � ¥ � � � Cu8Zr5 � � ì
q \ ë � � f Cu � O � CuZr � � 7 á À æ
¤©ª� [Cu-Cu7Zr5]Cux, �â�f�»��{,

RCu = 0.128 nm, RZr = 0.160 nm, ��:

rcluster = rCu-Cu7Zr5

= RCu +
7 × RCu + 5 × RZr

12

= 0.128 +
7 × 0.128 + 5 × 0.16

12
= 0.269 nm

rglue = rCu-Cu7Zr5

= RCu +
7 × RCu + 5 × RZr

12

= 0.128 +
7 × 0.128 + 5 × 0.16

12
= 0.269 nm,

K��ë��f��ê� x =
(rCu-Cu7Zr5

rCu-Cu7Zr5

)2

=(0.269
0.269

)2

= 1, �\¤©ª [Cu-Cu7Zr5]Cux, ��
7áÀæ�¤©� [Cu-Cu7Zr5]Cu1 = Cu64.3Zr35.7,

�¢�¤©� Cu64Zr36[42] '�,  �� 0.4 at.%.

é u l Cu8Zr3 � ¥ � � � Cu8Zr5 � � ì
q \ ë � � f Al � O � CuZrAl n � 7 á À
æ¤©ª� [Cu8Zr5]Alx, �â�f�»��{,

RCu = 0.128 nm, RZr = 0.160 nm, RAl = 0.126 nm,

��:

rcluster = rCu-Cu7Zr5

= RCu +
7 × RCu + 5 × RZr

12
= 0.269 nm

rglue = rAl-Cu7Zr5

= RAl +
7 × RCu + 5 × RZr

12
= 0.267 nm,

K��ë��f��ê� x =
( rAl-Cu7Zr5

rCu-Cu7Zr5

)2

=

0.99, �\¤©ª [Cu8Zr5]Alx, ��7áÀæ�¤
©� [Cu8Zr5]Al0.99 = Al7.1Cu57.2Zr35.7, �¢�¤
©� Al6Cu58.1Zr35.9

[43] '�,  �� 1.4 at.%.

é u l Cu8Zr3 � ¥ � � � Cu8Zr5 � � ì
q \ ë � � f Ag � O � CuZrAg n � 7 á À
æ¤©ª� [Cu8Zr5]Agx, �â�f�»��{,

RCu = 0.128 nm, RZr = 0.160 nm, RAg = 0.145 nm,

��:

rcluster = rCu-Cu7Zr5

= RCu +
7 × RCu + 5 × RZr

12
= 0.269 nm,

rglue = rAg-Cu7Zr5

= RAg +
7 × RCu + 5 × RZr

12
= 0.286 nm,

K��ë��f��ê� x =
(rAg-Cu7Zr5

rCu-Cu7Zr5

)2

=

1.13, �\¤©ª [Cu8Zr5]Agx, ��7áÀæ�¤
©� [Cu8Zr5]Ag1.13= Ag8Cu56.6Zr35.4, �¢�¤©
� Ag8Cu56.9Zr35.1

[44] '�,  �� 0.42 at.%.

é u l Cu8Zr3 � ¥ � � � Cu8Zr5 � � ì
q \ ë � � f Ti � O � CuZrTi n � 7 á À
æ¤©ª� [Cu8Zr5]Tix, �â�f�»��{,

RCu = 0.128 nm, RZr = 0.160 nm, RTi = 0.146 nm,

��:

rcluster = rCu-Cu7Zr5

= RCu +
7 × RCu + 5 × RZr

12
= 0.269 nm,

rglue = rTi-Cu7Zr5

= RTi +
7 × RCu + 5 × RZr

12
= 0.287 nm,

K��ë��f��ê� x =
( rTi-Cu7Zr5

rCu-Cu7Zr5

)2

=

1.14, �\¤©ª [Cu8Zr5]Tix, ��7áÀæ�¤
©� [Cu8Zr5]Ti1.14 = Cu56.6Ti8Zr35.4, �¢�¤
©� Cu57.2Ti7.5Zr35.3

[3] '�,  �� 0.79 at.%. k
' CuZr ÄÜ©;.7áÀæ¤©��O�¢�¤
©�'��L 1.
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L 1 ìq\ü�ë��fa.�;.7áÀæ¤©�>fzÆ³þï)Û, ©O^�§ (6) Ú�§ (7) O�ìq�ë��f�>fzÆ³,

^�§ (8) O�ë��f�ê, Z ��¤O���¤©ª��f�ê, ∆ ��O¤©�¢��¬¤©��fz©' �

¤©ª Z Ü7� rcluster µcluster rglue µglue O�¤© ¢�¤© ∆

[cluster]Gx /nm /eV /nm /eV

[Cu8Zr5]Cu1 14.00 Cu8Zr3 0.269 8.126 0.269 8.126 Cu64.3Zr35.7 Cu64Zr36[42] 0.42

[Cu8Zr5]Al0.99 13.99 Cu8Zr3 0.269 8.126 0.267 8.248 Al7.1Cu57.2Zr35.7 Al6Cu58.1Zr35.9
[42] 1.44

[Cu8Zr5]Ag1.13 14.13 Cu8Zr3 0.269 8.126 0.286 7.189 Ag8Cu56.6Zr35.4 Ag8Cu56.9Zr35.1
[42] 0.42

[Cu8Zr5]Ti1.14 14.14 Cu8Zr3 0.269 8.126 0.287 7.139 Cu56.6Ti8Zr35.4 Cu57.2Ti7.5Zr35.3
[3] 0.79

[Cu7Zr6]Zr1.25 14.25 Ni2Zr 0.272 7.948 0.304 6.363 Cu49.1Zr50.9 Cu50Zr50[45] 0.10

[Cu6Zr6]Zr1.25 13.25 Cu10Zr7 0.273 7.890 0.305 6.321 Cu45.3Zr54.7 Cu45Zr55[45] 0.42

[Cu6Hf5]Al0.99 11.99 Cu10Hf7 0.271 8.006 0.269 8.126 Al8.3Cu50Hf41.7 Al9Cu49Hf42[46] 1.25

[Cu3Mg8]Y1.40 12.40 CuMg2 0.282 7.394 0.334 5.271 Cu24.2Mg64.5Y11.3 Cu25Mg65Y10
[47] 0.99

[Si1Pd9]Si1 11.00 Pd2Si 0.255 9.043 0.255 9.043 Pd81.8Si18.2 Pd82.8Si17.2
[48] 1.41

[Pd11Si2]Cu0.93 13.93 Pd9Si2 0.272 7.948 0.262 8.566 Cu6.7Pd75.4Si17.9 Cu6Pd77Si17[49] 2.00

5.2 VVVëëë������fff���777áááÀÀÀæææNNNXXX¤¤¤©©©)))ÛÛÛ

eë��f G �ü«��¤|¤�V|�,

Kë��f G ��»�Ù²þ�f�», =�:

RG = C1R1 + C2R2, C1 Ú C2 ©O�1 G1 Ú G2

����fz©ê.

~ X, l BCo � ¥ � � � ± B � %
� B3Co7 � � ì q \ NbSi � � ë � � f ¤
� ¤ � BCoNbSi o � 7 á À æ ¤ ©, Ù ¤ ©
ª � [B3Co7](NbC2SiC1)x, U � ' ~ � � {, ¤
© ª � [B3Co7](Nb0.5Si0.5)x. � â � f � » �
� {, B, Co, Nb, Si � � f � » © O � RB =

0.088 nm, RCo = 0.125 nm, RNb = 0.147 nm,

RSi = 0.117 nm, $^ RG = C1R1 + C2R2 ª��:

RNb0.5Si0.5 = 0.5× 0.147 + 0.5× 0.117 = 0.132 nm,

rcluster = rB-B2Co7 = RB +
7RCo + 2RB

9
=

0.205 nm, rglue = rNb0.5Si0.5-B2Co7 = RNb0.5Si0.5 +
7RCo + 2RB

9
= 0.249 nm, � � ë � � f � �

ê � x =
(rNb0.5Si0.5-B2Co7

rB-B2Co7

)2

= 1.475, � \ ¤

©ª [B3Co7](Nb0.5Si0.5)x, ��7áÀæ�¤©
� [B3Co7](Nb0.5Si0.5)1.475 = B26.2Co61Nb6.4Si6.4,

T¤©�¢�y¢ [50].

6 ( Ø

� â n � 7 á À æ “ì q - � �” ( � �
., �±(½n�7áÀæ�>fzÆ³ µ =

0.588 × 1
r2
1

/ eV, Ù¥ r1 ´dìq¥%�f�1�

���²þål. q�âÊ·�>fzÆ³þï�
n, lìq¥%�fÑuÚlë��fÑu¼��
>fzÆ³ATþï, dd½þ�Ñìq�ë��
f�'~'X, ¼�
n�7áÀæ�¤©ª. T
�.éÐ/)º
 Cu-Zr ÄÚ Co-B Ä¬N7áÀ
æÜ7¤©.
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Abstract

Ideal metallic glasses are the metallic glasses that satisfy electronic structure stability. Previously we have developed a so-

called ‘cluster-plus-glue-atom model’ and more recently a ‘cluster-resonance model’ for the ideal metallic glasses. Good metallic

glass forming compositions always satisfy simple cluster formulas [cluster] (glue atoms), with x denoting the number of glue atoms

matching one cluster. In this paper we present an electrochemical potential equilibrium criterion based on these models to obtain the

number of glue atoms. By examples of Cu-Zr and Co-B bulk metallic glasses, it is confirmed that the experimentally determined good

BMG-forming compositions well agree with the calculated composition formulas.
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