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��4x���JLM#�b�0��4x���JLM#�b�0 JLM��b�0JLM��b�0 ����1.5 mm1.5 mmuv�����b�0uv�����b�0
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ßàHá1650 MPaâã
ßàqräk5 %âã

ßàHá1650 MPaâã
ßàqräk10 %âã

Mu
���� 0.3 mmâå ���� 0.3 mmâå

JKLMuvwb

4x./b�0

���� 0.3 mmâå
æç�èé2 μm
9�êë��ìë��>

���� 0.3 mmâå
æç�èé1 μm
9�êë��ìë��>

�("23 JËÂ���(��b ��0.9 mm���b ��0.9 mm���b
�421�IFí �0 îï ðñ{r�<=

Ý�0lmÞ òóLMôõ
�("ö4

(÷>,øÖYu��ù�./ú!�0�û

RIMCOFüýT23]
9òóLMôõ>
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s �

nd23�045
������	

��� �!#ñt � �!� Í���&2"

��á�G��st��Í&

#Î��

��0.3 mmé1 μmZ$%&'¤�(�) *!�!���+RZr, Al, Ni, Cu ��0.3 mmé1 μm
,ëI1 μmâå

%&'¤ (�)
��	PNo--

, , ,

�0.½/0)/×Ò&�T12ùp�

3456uv«¬�r�78/a9

LM��&4x��9:;>

<=>áb.?iR 0 4 �mR

@AB �C �£Dí

3456uv«¬�r�78/a9

�����9EF>

<=>áb.?iR 0.4 �mRy

§G

¯°��

Ò�Å�����9~F>

qr��r'H(�*ËÐIJ��&4x

�TTKLC=MNO
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s �

nd23�045
������	

��á�G��st��Í&

.?<=>á 0.4 μmRy
 !"#$%�&t�� 0.3 mm¯°uv

����� Ò�Å�����

Q� #�

LM��&4x��

Q�&#� Q�&#�

���R5ªS6TKLC=MNO'TG
�Ò�Å�����/p�L<=>áb7U

9 0.4 μmRyFíTKV8Wp>

�qr��r'H(�*ËÐIJ��&4x
������6TX�*Y�='qrZxá[8\
<=>á']ã 9<=>á0.4 μmRyâå>
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�� ����	

Ý!#��Þ  !"#$%�&b��

 !"#$%�& !#����0��Í&bU�

�HI6ßàqräk'0��G
Ti-Zr-Cu-Pd-Nb� !"#$%�&'���

���#$%�&{ !"#$%�&b��^XÅÁ���W��
9A����/0)>

ZrA��#$%�&

��#$%�&{ !"#$%�&b��^X Á���W��

<=b5�Xb.?

LM��&4xrA�<=

� 9 > u C �LM� 4 9©Ü� >

Ý�0��Í&Þ

LM��&4xrA�<=

�

���9=>6buvC=x�LM��&4x9©Ü��Í&>

��§�

�����A�<=

�������Í&b7�

���Ò�Å��A�<=

Ò�Å�������Í&b7�
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LM� 4xrA�<=9 ���� �>

nd23�045
������	

  
�V)�

LM��&4xrA�<=9��������>

���
��¡]

 �

�¾����PI

�J1

�V �

���
��¡]

�À��ð¢£¤¥

�J1

Ýð¢¦§Þ

�ð� ZrA#$%�&9Zr55Al10Ni5Cu30>
��2 mmb� �

���PI 1�25 m/min

�À�û

��PI 1 25 m/min. 
��¾�� Ã¨W�^¬�
��¾x� ê©ªOF�Rn 0. 2 mm

�V)�0«
��J1 1\10\25\50 μm

Ý<=¡çÞ

���¬b®�
�Y�=¯°<=(XRD)
Y�=¯°±²9TEM>

�¾#YQ³À±ï

9�420 3 18´µ>
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LM� 4xrA�<=9 ���� �>

nd23�045
������	LM��&4xrA�<=9��������>

70

80
d�

�À��
70
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� �J1 R 50 �-
º(�¾ R x»W�^¬�

50

60

/N

�À��

50

60
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0
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0 5 10 15 20 25 0 1 2 3 4 5
��PI /m�min.-1

0 5 10 15 20 25
��PI /m�min.-1

#$%�&b�À�� d�{�hIb��¬6��p��#$%�&b�À���d�{�hIb��¬6��p��
�3 m/min.'¼6��¬/½¾�\3 m/min.âåb��PI
6e�À��b¡/��¬/Âá)�{/��¿*�
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LM� 4xrA�<=9 ���� �>

nd23�045
������	

S»W�^¬�

T»J_Cr-K�
Y�=9�J110 μm>

LM��&4xrA�<=9��������>

»W ^¬�

T»W�^¬�

1 μm��¡]
�Á�¾6���*Z A#$%�&Y�=�XT*ÂÃÄ¥x�Á�¾6���*ZrA#$%�&Y�=�XT*ÂÃÄ¥x

Hollow-cone 
dark field image
(1st halo ring)

`�
BMG��ð� ���å

2mm

�í��

500 nm

BMG
ÅÆÇÈ:6e

bc-LÒ���

&�eÉV�X�

L)�

2mm

���å¯°
'FIB��
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�m

��#$%�& �J16FG<=>ábZ"

��¡]bC=��Ð�Y9�J1�No�->

���PI R �o-Ñ-o�
º(�¾ R x»J_
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��Òí9��¡]>{Ó9ÔC=>bgÁÖb���/>á6��
�×6Ó6FGÔC=¡]b>ábØÙ/Ú.
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���� p. �-111

�� ¾b��

nd23�045
������	

l»
r»J_ x» x»J_

Û»
Ü» �bc

���¾b��

J_TiCN
Ò�����

r»J_
r»J_

DLC
x»

W�^¬�
x»J_

x»J_
DLC J_TiN

Ò�����

Ü»
W�^¬�

�bc
Q�v

���ÝÞ� / μm 0 6 �1 �1 2 ß�� ß�� 0 3 1 -���ÝÞ� / μm 0.6 �1 �1 2 ß�� ß�� 0.3 1 -

Ò�����à / μm 2 - 1.5 - - 1.5 2 - -
ê©ªORn / μm 0.03 0.2
aê�I 55« 60«

Q

aê�I 55« 60«
áâ� 7« 7« 7« 7« 7« 7« 7« 11« 7«
�V)� 15« 30« 30« 14« 14« 14« 15« 6« 0«

�r»J_{r»J_ãäåe
{W6�¾æ¬ç��/02

��bcQ�v6b
Q�&#�ñt

�¾�V)�eÂá)¡/
èz�){éêX�G

�bcQ�v6 ëx�b
Q�&#�ñteì�)
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�� ¾b��

nd23�045
������	

�º(�¾6Fí��=b<=
>á/Z"

���¾b�� k�¾6FGè'_7"�G*|\�J1zNo�-6�¾x�íî'ï��

>á/Z"
�º(~b�¾<=b>á/�
�=>á6��

��
�¾Þðbñò/�óô

�
�#$%�&bõröÀ6FG#$%�&bõröÀ6FG
�¾ê©÷b³øù
�<=b>)�¾6e#$%�
&bú�*¾ûr/ü¿8ý

T»J_S»W�^¬�T»W�^¬�

&bú�*¾ûr/ü¿8ý
��

�
Þð�/Ð�V\<=Þð�/Ð�V\<=

�þr6ú�*�¾/Ú.

�
x»J_�$Û»W�^¬�'
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�í�{�8��
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E-1 !#st
���� p. �-120

�� ¾b��

nd23�045
������	���¾b��

Ó9ÔC=>b02�ó

�¾ÞðbTKá���
��

#$%�&bú�*¾ûr/��
�

�HI6Þð�/Ð�V\<=
�þr6ú�* ¾/Ú.�þr6ú�*�¾/Ú.

�
F »tJËÞJ_!#W
�í�{�8��

0.1 �mÞIbWC-4mass%CoJËÞJ_!#b�=
9�	=>bSEM¯°+ÝÞ�0.1 �mJ_!#b@��\��80 �mÞ


���@ 
���~6FIB�� ���á150 �m

30 �m 20 �m30 �m 20 �m
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E-1 !#st
���� p. �-108

LM� 4xrA�<=9 �� � � �>

nd23�045
������	LM��&4xrA�<=9���Ò�Å�����>

Y-Z&���
��ÀLI 1 μm

X&���9ð��> �¾#YQ³À±ïX&� �9ð��>

�©TPI 180 m/min.
��ÀLI 1 μm960 mmb�À6º�8>
�ð�b��/p�

�¾#YQ³À±ï

�ß�¤34�À±ï
���� 2 mN
�®��& -250 ~250 N

9�420.3.18´µ>

91000�º�Ì��Í��¬���>

�Ò�Å�����A�<=
¾b ��x���
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LM� 4xrA�<=9 �� � � �>

nd23�045
��J1RzN -- �� ����	LM��&4xrA�<=9���Ò�Å�����>

��¡] Ò�Å��¡]��¡]

��J1RzNo--
��jFkÒ�Å��PIR�o-Ñ-o�
º(�¾RT»J_

1 �m1 �m

0 8

1.2 

1.6 

2.0 

/ �
m

0 8

1.2 

1.6 

2.0 

/ �
m

��~bZrA��#$%�&Y�= ���Ò�Å��~bZrA��#$%�&Y�=

0 6 R 9�Òí>

0.2�μmRy9�Òí>
0.2�μmRy9Ó>

0.0 

0.4 

0.8 

50 150 250 350 450 550 650 750

/

/ �m

0.0 

0.4 

0.8 

50 150 250 350 450 550 650 750

/

/ �m

��¡] ��¡] Ò�Å��¡]

0.6�μmRy9�Òí>
0.5�μmRy9Ó>

��~bZrA��#$%�&Y�=b<=>á��Ð�Y ���Ò�Å��~bZrA��#$%�&Y�=b
<=>á��Ð�Y

ZrA��#$%�&6bÒ�Å���5'78 R0.6�μmRy��0.2�μmRy 9�Òíb>á>
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�HI�JKLM��./b23�0
E-1 !#st

 !"#$%� b��9Ï�bij>

nd23�045 ���� p. �-104�105

�� ����	 !"#$%�&b��9Ï�bij>

!#� ZrA CuA NiA TiA
 <-L
!#¯4

Zr65Al7.5Ni10Cu7.5Pd10
1)

Zr65Al7.5Ni10Cu12.5Ag5
1)

Cu50Zr50
2)

Cu60Ti10Zr30
3) Ni60Pd30P20

4) Ti41.5Zr2.5Hf5Cu42.5Ni7.5Si15)

(Ti40Zr10Cu36Pd14)0.99Ta1
6)

ËÐ¯°

Zr65Al7 5Ni10Cu12 5Pd5
1)

Zr65Al7.5Ni10Cu7.5Pd10

Glass+nano-Q C (30 nm)
Cu50Zr50

Glass+nano-C (10 nm)
Ni60Pd30P20

Glass+MRO (2 nm)
Ti41.5Zr2.5Hf5Cu42.5Ni7.5Si1

Glass+nano-C (10 nm)

Ni60Pd30P20
4)

Ti41.5Zr2.5Hf5Cu42.5Ni7.5Si17)Cu50Zr50
2)

65 7.5 10 12.5 5

×!
Glass+nano Q.C.(30 nm)
dc = 4 mm (cast)
�f = 1800 MPa (comp.)
�f = 2.2 % (comp.)

Glass+nano C.(10 nm)
dc = 1 mm (cast)
�f = 2100 MPa (comp.)
�f = 50 % (comp.)

Glass+MRO (2 nm)
dc = 16 mm (cast)
�f = 1780 MPa (comp.)
�f = 7.6 % (comp.)

Glass+nano C. (10 nm)
dc = 5 mm (cast)
�f = 2080 MPa (comp.)
�f = 4.5 % (comp.)
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