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1.1Ƅ  ĲŴž'ƙĬ  

 

� Ni-Mn-GaƇõŷĂ÷ŞƭĈ¹ǖ(�1996ñ& Ullakko16&5�!ŷÐ&58

ëÖŷņ�Ƨ
��9!|ĵ�qŦū%ŏŬ;Ǡ18�##%����'

Ni-Mn-GaƇ¹ǖ(�ŷÐ&5�!ĠǱ'ëÖņ��š�8#
�cWkE%Ă

ƹ��ŷÐ&58ǯǈ%Āƃ#Ů/�!�Ńq{'MiHkj=EOb@kN

kĳģ#�!İú�9!
82�/�ŷÐn"'^fRiH>TÓą&��ŷŋ

śǕ¦ķ;�Ť��ŷŋ��ĳģ#�!2İú�9!
83,4,5��6&ŷŋđĎ

'�9�ŝĂ6�6ŷŋMiHk+'ĀŤ'İú3�ÞŔ|m'ǪÍ"'ƼöĂ7

3÷ŞƭĈ¦ķ8,9%$&2�9�ŝĂ;Ź��ǯŔ÷ŞƭĈ¹ǖ#�!2İú�

9!
8�Ni-Mn-GaƇ¹ǖ'�96'ŝĂ(�'¹ǖ&�8^fRiH>T

Óą#àĚ&Ǜ��!
8� 

 

� Ni-Mn-GaƇ¹ǖ'�ŔŮ"	8^fRiH>T'Ŀǉ(�{Ƥū%2'#�

!3żǭ'Ŀǉ�ŶƱ�9!
810,11��96(ǥÓƴÌ'2M^fRiH>T�

ÓƴÌ' 10M^fRiH>T���!ÓƴÌ' 14M^fRiH>T"	8�ŷ

Ð&58Ye=iT�ǒ��2�6�ëÖŷņ& 
!(��'^fRiH>

T'Ŀǉ�Ö��Ǜ���10M ^fRiH>T# 14M ^fRiH>T;Ź�

Ni-Mn-GaƇ¹ǖ& 
!(ŶƱ�9!��12,13��ǥÓƴ 2M^fRiH>TĿ
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ǉ' Ni-Mn-GaƇ¹ǖ"(ǃñ/"ŶƱ�9!
%���14��'Ţť#�!�

2M^fRiH>TƎĭ"(�Ye=iTǚ&ţ�û8ŷŋ@XfDkì��²

ĭŦǦ;ź§��8�1&ÿƦ%@XfDk&±)%
�1"	8�#�Ź�

9!��15� 

 

� ���%�6��' 2M^fRiH>T&
!2ŷÐ&58Ye=iT�ǒ

�&ƻÅ�8ŷÐƲƻņ�ǃñÏ½�9�16,17�/� 2M^fRiH>T¹ǖ;

ĕ ƌĉÍ"(�600Kzǃ" 2Ħ»÷ŞƭĈ¦ķ;ŶƱ��Ï½2�9!
8
18,19��6& 2M^fRiH>T"(�Óą&�
ŷŋśǕ¦ķ�Ö��š98

�#�ŶƱ�9�20��9(îŷĂ'AkKRV>T�6õŷĂ'^fRiH>

T&ŭĚÓą�8�121�ŉŮ#^fRiH>TŮ'ŷ¨'ì�Ö���ŷÐ&

58^fRiH>TÓą�ƻ�8w&ƻÅ�822��'5�& 2M^fRiH>

TĿǉ;ĕ Ni-Mn-GaƇ¹ǖ(�ǰ£ū%Ăƹ;į�8#Ɨ�698���'

ǥÓƴ 2M^fRiH>T;ĕ Ni-Mn-GaƇ¹ǖ&ǝÜ�8#�ǇǌÌǣØǬ

ýǗ(Transmission Electron MicroscopyǵTEM)"'ƨá�(�:1!å%
#
�

8��'ǇǌÌǣØǬýǗ&58ƨá��Ľå"	8®Å#�!�2M^fRi

H>T¹ǖ�ßĪ&ŷÐƲƻņ'Ăƹ;¼�%����#(Ö�
��ƨá&

ǟ�!ưģ'Ó÷�ǬƠ&ƻ�8�#�ŶƱ�9�ƨá�ǥî&ÆǢ"	8�

#�ŭĚ'®Å#Ɨ�698�õŷĂ' 2M^fRiH>T¹ǖ's"2ŝ&�

ÓąŘ;ÞŔŭm&ĕ ¹ǖ&
!(ƨá;Ýƣ�8ÞŔ&
!Şą�o

ÛÜ"	7�ơƛ&
!(ƨá&��giLŷÐ'Ó¨#
��ÔÅ'øǧ

;Ö��µ�8�1"(%
�#Ɨ�698��'5�& 2M^fRiH>TĿ

ǉ&â�!æĊĿǉƩĶ;�8�1&�ŅŶ&ǇǌÌǣØǬýǗƨá (|n

TEMƨá#�8);Ŷſ�8�#(�
/�&ǔƦ%Ƴǫ#�!ň�!
8� 

 

� �'5�%ƙĬ�6ĲŴž"(�ÞŔŭm&ÓąŘ;ĕ ǥÓƴ2M^fRi

H>TƎĭ&â�!�ƩĶ&ƽ8TEMƨáSkN;û8�#;Ŭū#���2M

^fRiH>TƎĭ& 
!lƞū%TEMƨá;�%��Ð¹'ÂǫŘ;ē
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��8�#�6×1�ưģ;ƛ¨�8�#"ÛÜū%TEMƨá;Ǎĉ���

�6&111ÄďÇ÷�6'ƎĭĿǉƩĶ;ěĻ��2M^fRiH>T'²ĭ&

c/aǀŊ'ǎ
�	7�âĀ�8ŗó46�'¶ƚĂ;ŹÁ������6�İ

�ÈǌŻ&�8SiUd>Tŀĉǘ;�Ť�!�ţĉ�82M^fRiH>T

ƌƕ;�ü�8#
�=>S=;û!�Ni-Mn-GaƇ¹ǖ'�È�İǌŻ#^f

RiH>Tţĉ#'Ǜ�;lƸ���¬s&ƨá�8�1'ÎŸŴž;ƣ%�

�� 

 

 

1.2Ƅ�  Ni-Mn-Ga¹ǖ&�8ŷÐƲƻëÖņ0  

 
� ĲŴž"´7Č� 2M^fRiH>T&Ǜ�8Ŵž'Ň·;ƅª&ė7Ǆ8� 

� 1984ñ& P.J.Webster6&5�! Ni-Mn-GaƇ¹ǖ��ŔŮ&
!õŷĂ'

^fRiH>TĿǉ;ĕ �#�ŶƱ�9�23�ù6(sĂØƑ;Ť
�ÝǮ"�

Ni2MnGaªƎĭ'\e?_Ŕó(4.2K)5*ÞŔ&�8ĺØÜĠ�ĿǉÓąŘ

(202K);Ź��ŷŋŝĂ�5*ŷŋak`iT'ƫŕ%$;ƣ��� 

� 1992ñ&%�! V.V. Kokorin�V.V. Martynov6&5�! Ni2MnGaªƎĭ& 


!�<110>Ħ»+'lǀÉƔ&58Ā£Ʋƻ^fRiH>TÓą24�Ï½�9

��ªƉ�¬'0"(š9%
�Ā£z¥&5�!'0š98 β’1→β’’1→β’’’1

'Ó¨;ŶƱ���ºFfk[( X ƑÄď;Ť
!ƎĭĿǉ;ŌÜ��^fR

iH>TŮ β’1 '<100>5*<110>Ħ�+'Ā£z¥&5�!^fRiH>T

Ů�Ó¨�8�#;Ź���'Ā£n"š98 β’’1Ů( (110)[1-10]' 5 ¾İĿ

ǉ(10M)�β’’’1Ů( (110)[1-10]' 7 ¾İ(14M)'ǘ¾İĿǉ;2 �#;ŶƱ�

�� 

� 1996 ñ& K. Ullakko 6( Ni2MnGa ¹ǖ' 10M ^fRiH>T&â�!�

265K(^fRiH>TŮ)&
! 10ǶÖe'ŷÐ;���ªƎĭ'[001]ǀĦ»&

ƈ 0.2Ǳ'ëÖŷņ'ũţ;Ï½��25�ù6( 283K(ŉŮ)"'ŷÐ«¥'Ð¹

#Ŋǁ�!^fRiH>TŮ"'ņ0'ũţ�ǥî&Ö�
�#;Ź��²ĭ
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ŦǦ'ź§&58ĝöĂŁĿ&58Ó÷#Ɨ���2000 ñ& S.J. Murray 6(

Ni49.8Mn28.5Ga21.7 ªƎĭ' 10M ^fRiH>T& 
!�ÞŔ"ƈ 5kÖe(400 

kA/m)ŷÐn"ƈ 6Ǳ'ŷÐƲƻņ0;ŶƱ��26,27�/� 2002ñ& A. Sozinov

6( Ni48.8Mn29.7Ga21.5¹ǖ' 14M ^fRiH>T& 
! 300K " 9.5Ǳ'ŷÐ

Ʋƻņ0;ŶƱ�!
8 13�Ye=iT�ǒ�&5�!ƻ�7û8ĮÖ'ņ(Ţ

Ƶū&Ǝĭ'ĺØǀŊ&5�!p�69�ε0=|(1-c/a)|"Ƥ�98�5�!ƎĭÚ

ū&¶ƚ%ņ0'ĮÖ�( 10M"(ƈ 6Ǳ�14M"(ƈ 10Ǳ"	7�10M�14M


�92ÝǮū&ŢƵ��6vă�98ĮÖ�&-.Ƃ�
ŷÐƲƻņ;´7

��9!
8� 

� 2M^fRiH>T&Ǜ�!(�Ŀǉ( 2000ñǨ B. Wedel11�J. Pons286&5

�! XƑÄďŎ(X-ray diffractionǵXRD);Ť
!ƭǅ�9!
8�2009ñ&(

V.A. Chernenko6� 0.17Ǳ'ŷÐƲƻņ;ŶƱ�!7�ÄƿŷŦ;Ť
!²ĭ

ŦǦ'ǋ§&ś5*ŷŋ&58¦ķū%`BWBfTgkWiF;p�8�

#"�ŷÐƲƻņ0;Öï&ǯ1698�#;ŹÁ�� 16��6& 2013ñ&%

�! A. Sozinov6(�2M^fRiH>T¹ǖ& Cu�Co;œ¥�8�#&5�

Ç1.1 Ni46Mn24Ga22 Co4Cu4 ¹ǖ"�293K"û69�ëÖ%ŷÐƲƻņ 
� � ÔǑŷÐH(lĦ'Ye=iTƎĭ'c-ǀ&ō�!��69�Çs>dKT"(ƌƕ 
� � &â�!ű«"Ź�9!
8� 
� � µ0H = 0.5 T�6µ0H = 0.9 T&
!12.8Ǳ'ņ�Ƨ698� 
� � [A. Sozinov, N. Lanska, A. Soroka, and W. Zou, Appl. Phys. Lett. 102 (2013) 021902] 
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!�²ĭŦǦ'ź§��8�1&ÿƦ%¡ĥ£;�n���Ye=iT�ǒ�

;¶ƚ#�� 17��'#��ĺØǀŊ(c/a)�57Ö�% 2M^fRiH>T¹ǖ

;Ť
��#"��6&ëÖ% 12.8Ǳ2'ŷÐƲƻņ0;û8�#&ĉ¤�!


8 (Ç 1.1)� 

 

 

1.3Ƅ�  Ni-Mn-Ga¹ǖ&Ƨ698^fRiH>Tƌƕ  

 

� Ni-Mn-GaƇ¹ǖ'^fRiH>TÓąŔó#ţĉ�8^fRiH>TĿǉ(�

�ǣØŗó(e/a)&5�!ġŢ"�8�#� Chernenko21,293 Tsuchiya30,31,326&5

�!Ï½�9!
8�Ni-Mn-Ga Ƈ¹ǖ"(�Ŀĉ�Ɗ&â�8�ǣØĠ;

Ni:(3d)8(4s)2�Mn:(3d)5(4s)2�Ga:(4s)2(4p)1 #}Ü���ǣØŗó(Ńô"p�6

Ç 1.2� ^fRiH>TÓąŘ#CbekŘ'ƌĉ(�ǣØŗó)�ÙĂ 
� � Para(îŷĂ�Ferro(õŷĂ;Ƥ��M(^fRiH>TŮ�P(ŉŮ;Ą¿�8� 
� � ƺŘƑ( e/a=7.635(Ni2.18Mn0.82Ga) 
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98� 

�ǣØŗó!/! = 10 !"'®Ø� + 7 !"'®ØǱ + 3 !"'®ØǱ
!"'®Ø� + !"'®ØǱ + !"'®ØǱ

 

 

� Ç 1.2( V.A. Chernenko215* K. Tsuchiya336�/#1��ǣØŗó&â�

8CbekŘ(TC)5*^fRiH>TÓąŘ(MS)Ř;Ź��2'"	8�Ɠ'

ƺŘƑ( Ni54.5Mn20.5Ga25.0 (e/a=7.635)ƌĉ;Ź�!7�ĲŴž"Ť
�¹ǖ'

ƌĉ"	8�¹ǖƌĉ'ǐĐ& 
!(�Ńǩ&ǅ,8�²Ħ'SkN(Ƃ�


�#�Ƨ!´9��ǣØŗó'��5� 7.6�7.7 'ī�ÞŔzǃ"ŉŮ	

8
(^fRiH>TŮ'MSŘ# TCŘ�ǃ�%8� 

� V.A. Chernenko6(Ni-Mn-Ga¹ǖ'^fRiH>TŮ'Ŀǉ#ÓąĖ§ 


!2Õ�'ƶƵ;çǙ�!
834,35,36�ù6(�MS# TC'Ůâ�Ɩ� Ni-Mn-Ga

¹ǖ'ÓąĖ§&#�!ǔƦ"	8#��Ń'5�& 3 'Ffk[&��6

98#��37,38��96( Group Iǵ(MS < TC�e/a < 7.7)�Group IIǵ(MS≈300K < TC�

e/a ≈ 7.5-7.7)�5* Group IIIǵ(TC < MS�e/a > 7.7)#�9�� 

� Ni-Mn-GaƇ¹ǖ&
!(�2M�14M�10M#À)98ŉŮ'{110}Ǧ'Ž

é�Ũ%8 3ż'^fRiH>T�ŶƱ�9!
8��Group I'¹ǖƌĉ"(

^fRiH>TŮ( 10M (tetragonal*)5* 14M (orthorhombic*)'ÓƴÌ'^f

RiH>T'0�ŶƱ�9� 24�Group II5* Group III"(�ǥÓƴÌ 2M^

fRiH>TĿǉ(tetragonal)�ƨá�98�š98^fRiH>TƎĭ(Ć�ū

& tetragonalª�ĺØ�	8
( orthorhombicª�ĺØ#��ª�ĺØ'ųǀ#

ǘǀ'%�ǀŊ(c/a)& 
!Ƥƭ�9!
8�Óƴ�� 10M�14M ^fRiH

>T&
!(î& c/a<1"	7�/��ǥÓƴ 2M^fRiH>T"(�c/a >1

#%8�N. Lanska #"�^fRiH>T' c/aǀŊ(��!�	�������$

���39���$�ĲƵĢ"(��ŔŮ"'ƎĭĿǉ;ŝþ#�!�2M�10M�14M

^fRiH>T#�!Ƥƭ�8� 

                                                   
* 10M�5* 14M'Ŀǉ(ŅŶ&(ŅĦĭ�ĤĦĭ"(%��ĝŅĦĭ�
5*ĝĤĦĭ"	8� 
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� 10M�14M ^fRiH>TĿǉ"(�ŷ©#ƎĭU`>i'Ǜ��lâl&

âĀ�8�#��hkgiQǬýǗ;Ť
!ŶƱ�9!7�lǀŨĦĂ'ŷ

ŋŨĦĂ;ĕ w�Ź�9!
840,41�2M ^fRiH>T"(ŷŋŨĦĂ(Ǧ

�ŨĦĂ"	8�#�ŶƱ�9!
842� 

� 1ƀ 1Ƅ&2ǅ,�5�&�ǥÓƴÌ 2M^fRiH>T'ǇǌÌǣØǬýǗ

&58ƴĹ(-#<$ƣ:9!
%
�ÞŔ&ÓąŘ;ĕ õŷĂ÷ŞƭĈ¹

ǖ(�ǣØǬýǗƨáŤơƛ&ĉ÷��Ð¹�ǣØƑŚã#�9&��giL

ŷÐ'øǧ;Į2µ�3�
�1ŀ�%Ó¨�ƻ�7�ƨáSkN#ĳģ'Ş

ą;ŅŶ&âĀ��!Ƶ�8�#�Ǣ�
�1#Ɨ�8�ĲƵĢ"( TEMƨá

&
!ţ�8�96'ÂǫŘ;ē���ƩŌ�8ƨáŎ;ěĻ�8�#;Ŭ

ū#�8�ưģ(�2M^fRiH>TŮ;ĕ Ni-Mn-Ga¹ǖ;´7Č
�Ń

Ƅ"(�'ưģ;ǐĐ��ƍƒ& 
!ǅ,8� 

 

 

1.4Ƅ  2M^fRiH>T Ni54.5Mn20.5Ga25.0¹ǖ  

 
Ni-Mn-Ga¹ǖ'ŜĂ�ƎĭĿǉ& 
!�A.N. Vasil’ev6( Ni50+xMn25-xGa25�

(x=1.25~5.00atǱ);Ť
!Ŵž;ƣ
�x=4.50' Ni54.5Mn20.5Ga25.0 (Ni2.18Mn0.82Ga)

ƌĉ&
!MSŘ# TCŘ�-.lƜ�8#Ï½�
43,44�ŷŋŝĂ&
!2Ɲ

¿Œ
ƌĉ"	8�#;ŹÁ��*� 

�' Ni54.5Mn20.5Ga25.0¹ǖªƎĭ&
!�K. Inoue6(sĂØƑ45,465*Ū

Ɵ X Ƒ47;Ť
!ƎĭĿǉ&Ǜ�8lǊ'Ŵž;ƣ%
�Ni54.5Mn20.5Ga25.0¹ǖ

ªƎĭ&( 10T #
�Ö�%ŷÐn"(	8��ŷÐ«¥&58ŮÓą�ţ�

8�#�� ŷÐǞ¯&57ǆÓą�ƻ�8�#;ŶƱ��(Ç 1.3)�/� A. 

Planes6&5�!��'ǃ�' 2M^fRiH>T¹ǖ(ŷÐ&5�!MSŘ�

Ö��mĨ�8�#�ŶƱ�948(Ç 1.4)��' 2M¹ǖ"'�9�ŷŋśǕ¦ķ 

                                                   
* šÊ"(�îŷĂ'ŉŮ�6õŷĂ'^fRiH>TŮ+#Óą�8¹ǖ"	
8#ƩǓ�9!
8� 
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Ç 1.3� sĂØ&58 200Äď³ãZkE'�ǡ 
� � � m�'ƍƾ(ŷÐ(10T)'«¥#Ǟ¯&��ŉŮ→2M→ŉŮ'Ó¨� 
� � � n�'ƍƾ(ưģŔó'ǜnmĨ&��ŉŮ→2M→ŉŮ'Ó¨;Ź�!
8� 

[K. Inoue et al., Materials Science Forum Vols. 539-543 (2007) pp. 3267-3272] 

Ç 1.4 ÔǑŷÐ&â�8ÓąŘ'mĨ�Ni53.5Mn19.5Ga27.0&
!ŷÐ'Ñ¥&â 
� � � �8 MSŘ'āê%mĨǲƺtǳ�0698� 
� � � [A. Planes, et al., J. Magn. Magn. Mater. 310 (2007) 2767-2769] 



 
 

� 9 � 

20;Ź�!
8�¥�! T. Takagi6&5�!�Ni54.5Mn20.5Ga25.0řƎ�&
!

2Ħ»÷ŞƭĈ¦ķ2ŶƱ�9!
849�|m'5�&�Ni54.5Mn20.5Ga25.0(ǥî

&Ɲ¿Œ
¹ǖ"	7��9;ĲŴž"' 2M^fRiH>T' TEMƨá&

�8uƦ%ĳģ#��� 

� Ç 1.3(ªƎĭ'ǯŔŮ"	8ſĦĭ'sĂØÄď&58 200Äď³ã'Zk

E;Ź��2'"�Óą&58ZkE�ǡ&5�!¸ƎĭĿǉ'ÙÊ¢¹#ª

�ĺØ'ĺØÜĠ'ŔóÓ¨;ěŹ�!
8��'ZkE&5�!�ŷÐ'«

¥#Ǟ¯&5�!ſĦĭ(0T)→ ŅĦĭ (10T)→ſĦĭ(0T)#
�¶ǆū%ŷÐ

ƲƻÓą;ŶƱ��ZkE�ǡ'÷Ş�6 293K(20�)→ 279K(6�)→ 293K(20�)

'ǯŔŮ�6�ŔŮ+'ŮÓą&��ƎĭĿǉ'Ó¨#Ƃ�"	8�#;ĩ6

�&����'#�Ç 1.3s'�ŔŮ5*ŷÐ«¥Ů&
!�200Äď³ã

�Ɩ�6<110>Ħ»&ÎĲĺØ³ãǚ'ƈ 1/3 �Ɩ(200 �65�⅓[110]�

⅓[110 ]�⅓[110 ]�⅓[110 ]' 4 �Ɩ:Ç 1.4 sƺű«)&�ekT]fTƩĶ"(

ıŲ#%8ZkE�š9!
8�10M/14M ^fRiH>T"(<110>Ħ�&ǘ

¾İĿǉ;ĕ �1�2M^fRiH>T&
!2ǘ¾İĿǉ'¶ƚĂ;ŹÁ

��50� 

 

 
 

a)�   � � � � � � � � � � b) 

Ç 1.5 Ni2.18Mn0.82GaªƎĭ&�8ƎĭĿǉ'ŔóÓ¨ 
� � � a) ĺØÜĠ�5* b) ÎĲĺØ�'ƹǕ�Š�  
[K. Inoue et al., Materials Transactions, Vol. 46, No. 6 (2005) pp. 1425-1432] 
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� /��Ç 1.5 (ƩĶƎķ"�ÞŔŭm� Óą(Ms)Řŭn'ŔóÍ&
!�

^fRiH>TŮs&ĤĦĭ(a ǀ(Įųǀ)ƈ 0.54nm�b ǀƈ 0.58nm�c ǀ(Įǘ

ǀ) ƈ 0.62nm)'ÙÊ;ŶƱ�!
8��'ÙÊŊŠ( 20ǱŻó#%�!
8� 

�96'�"2ĩ6�%5�&ǘ¾İĿǉ;ŹÁ�8Äď³ã&âĀ�8æ

Ċū%ƎĭĿǉ'ŶƱ�±*ŅĦĭ(c/a�1.2)s&ƈ 1/5Żó�š�!
8ĤĦĭ

(c/a�1.15)'ŶƱ#ƩĶ(æĊǀŊ)#
��Âǫ'ƩŌ&(�TEM&58æĊū

%ƨá#ƩĶ�ÿƦo¶ł"	8� 

���%�6 Ƅ&2ǅ,�5�&�ÞŔ&ÓąŘ;ĕ õŷĂ 2M^fRi

H>T¹ǖ' TEMƨá(��åĠ&ǝ698 11,28,51,52,53,54,55,56� 

 

2ƀ�3ƀ"( K. Inoue6�ŷÐƲƻŮÓą;ƨá�� Ni54.5Mn20.5Ga25.0¹ǖ

ưģ;Ť
�TEM &58 2M ^fRiH>T'ƌƕƨá;ƣ��ŚãǣŐ;Ē

���SkN´ûīǚ;ųƔ�8�#;×1#��TEM ƨá&
!ä��İ

�6ưģ;Ǥń��8�1'Į2į¦%Ĵ~#�!ưģ÷Ş'ƛ¨;ěŹ�

���'ěŹ��Ĵ~n"ƎĭĿǉ'ƩĶ;ƣ
�y'ƨáĦŎ"(ðËū%

�"��vŕ�9%���ýƋǪÍ'ƎĭĿǉ;�æĊū&Ę��Ǝķ;Ź�

�� 

 

 

1.5Ƅ�  �È;�Ť��^fRiH>T'ƌƕ�ü  

 

� Ni-Mn-Ga¹ǖ'^fRiH>TÓą(�Ĳƀ 1.3Ƅ"ǅ,�5�&�ƌĉ'

øǧ;õ�µ�8�N. Lanska39#����^fRiH>T' c/aǀŊ(��!�

	�������$�����(� 1.6)���
�����������%� $��

^fRiH>Tƌƕ(�Èī&÷ĉ�98ŗó�í'øǧ;µ�8�#�vŕ

"�8��'5�&lƞ&(Ëƹ¨�Ţ&57ęǞ��#�98ƌĉĜ6�;

�Èƌƕ&ǛǊz��ŽĽū&�Ť�8�#"^fRiH>Tƌƕ'�ü'¶

ƚĂ;=>S=#�!Ƨ
����Ni-Mn-Ga 2M ^fRiH>T¹ǖ"(��
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'ŁƚĂ;ũš��8�1&(�^fRiH>Tƌƕ'�İǒ��ǔƦ"	8

#Ɨ�698(V.A. Chernenko16)�1�2M^fRiH>T'¹ǖ�ƥ&
!2

ǥî&ǔƦ%ŲƧ#%8#Ɨ�698��96'�1&(��È�İǌŻ#^

fRiH>Tƌƕ'Ǜ�;ļƯ�8�#�ÿƦ� ǔƦ"	8#Ɨ��rƘ'

Ǜ�;ƴĹ�8�1&ǯŔǖè'ŖƢšƷ;ƨá"�8ċŎ;ä���� 

� H. Yasuda 6(ÖÌğã�ħƮ(SPring-8)&
!IiEhThiğã�&

58īǚũçÌ>`kJiF(time-resolved imaging)Ŏ57;Ǚũ��� 

Ç 1.7 Sn -21mass%Bi¹ǖ'SiUd>TlĦ»�È  
� � (ĉǘǈó 10 µm/sec.'ǊƏ�Ű) 
�  [H.Yasuda, et al., Modeling of Casting, Welding and Advanced Solidification Processes – XI,     
�   Edited by Charles-AndreÅL Gandin and Michel Bellet, TMS (The Minerals, Metals &  
    Materials Society), 2006] 

Ç1.6� Ni-Mn-GaƇ¹ǖ&�8ƌĉ(�ǣØŗó)#^fRiH>T'c/aǀŊ'Ǜ� 
� � �  (NMǵnon-modulated 2MS) 
� � � [N.Lanska, et al., Journal of Applied Physics 95-12 (2004) 8074-8074] 
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� 1700�(ƈ 2000K)#ƪ�ƼǯŔÍ&
!FeƇĳģ'È-ő2Ůǚ�ĕ Ŝƹ

àóì&5�!ţ�8GiTdKT;�Ť���ÈǌŻ;īǚ�ƩÌ>`kJ

#�!Ę�8�#&ĉ¤�!
8�Ç 1.6( Yasuda6&5�!Ǚũ�9�īǚ

�ƩÌğã�>`kJiF&57�Sn-BiƇ¹ǖ&
!SiUd>Tĉǘ�ƨ

á�9��"	8�ºŀ'�#�!�ºñ& G. Reinhart 6&58�ESRF 

(European Synchrotron Radiation Facility)"'ğã�>`kJiF;Ť
�

Ni ¹ǖ' Bridgman Ŏ&�8�ĸĭ�6Ƃǀĭ+'Ǐź&Ǜ�8Ŵž58%$

�	8� 

� �'5�&ǃñǙũ�9�ǯǂóğã� X Ƒ;Ť
�ǯŔ"'ŖƢǖè'Ş

ą;>`kJ#�!�'Ðƨá�8ċŎ;ä���Ni-Mn-Ga¹ǖ& 
!�È

�İǌŻ'ƨá;ƣ�����!�96'ÝǮūļƯŎ;Ť
!��È�İǌ

Ż#^fRiH>Tƌƕţĉ'Ǜ�;ƴĹ�8�#;Ŭū#�8�ţĉ�8^

fRiH>T'ƌƕ;�ü��	6��1Ó÷�8Ħ�;ǝÜ�8�#" 2M^

fRiH>T'ŁƚŝĂ'»m;İú�8##2&�Ëƹ¨�ŢƣŻ'ůŧ;

rſ��698'"(%
�#Ɨ�8� 

 

4ƀ"(�īǚ�ƩÌğã�>`kJiFŎ;Ť
 Ni-Mn-Ga¹ǖ&�8�

È�İǌŻ#^fRiH>Tţĉ&Ǜ�8ƨáÝǮ;ƣ��#"�ğã�&5

8 Ni-Mn-Ga ¹ǖ'ÈŮ-őŮGiTdKT�5*ưģ'�¬ǌŻƨá�6^

fRiH>Tţĉ&â�8ğã�>`kJ�û698�#;Ź���^fRi

H>Tţĉ>`kJ'GiTdKTƦÅ;Ɨá�8##2&�SiUd>T'

ĉǘ'Ħ�#^fRiH>Tƌƕ'ţĉĦ�'lƜ�5*lĦ»�È&ťĵ

�8#Ɨ�698ýƋ%�Ķ�^fRiH>TƎĭ'ƎĭŦǦ&ǒ��9!ƨ

á�9��#;ŶƱ��� 

ǥ¨ÚǕƵƌĉ' Ni-Mn-Ga ¹ǖ&
!SiUd>T�È&ťĵ�8ŗó

46�#^fRiH>Tƌƕ'ţĉ#'ǛǊĂ;vŕ���È�İǌŻ&�

8^fRiH>Tƌƕ'�ü'¶ƚĂ& 
!ěĻ�!
8� 
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1.6Ƅ� ĲƵĢ'Ŀĉ  

 

� mǅ'5�&�ǥÓƴÌ2M^fRiH>TNi-Mn-GaƇ¹ǖ'įŤĂ;Ɨć�

8#��9&â�8ǇǌÌǣØǬýǗ"'ƨá���!ƌƕ�ü(ļƬ�%�

9)%6%
ǔƦ%Ƴǫ"	8� 

� ĲƵĢ'Ŀĉ;�óġŢ��nƭ&Ź�� 

�  

� 1ƀ"(�2M^fRiH>T;�ŔŮ&ĕ Ni55.5Mn20.0Ga24.5¹ǖ& 
!'

ľƦ;/#1�� 

 

� 2ƀ"(�2M^fRiH>TŹ��� ÞŔŭm&ÓąŘ;ĕ ƌĉ'¹ǖ#

�!�Ni55.5Mn20.0Ga24.5� (Ni2.22Mn0.80Ga0.98 : e/a=7.685)ªƎĭ'�ƥ;BridgmanŎ

"ƣ���ǇǌÌǣØǬýǗŤ'ơƛưģ'�ƥ;ƣ
�TEMƨá;ƣ%���

�'lǊ'ǌŻ&
!ÂǫŘ;ĩ6�&���ºī&�ǇǌÌǣØǬýǗ&

58hkgiQ(out-of-focus)Ŏ"'TEMƨá;ƣ���/��ǣØƑŚã;Ľ£

č�8�1&111ÄďÇ÷'0"'ƅĪ%ƎĭĿǉƩĶ;ěĻ��Ɔó;ļƯ�

���'ľƦ;Appendix&ƭ���TEMƨá;ĞÃ�8�1&Į2¦ķū%'

(�ưģ÷Ş'ĞÃ(ƛ¨)"	8�#;ŹÁ��� 

 

� 3ƀ"(�2ƀ"û69�ŲƧ;�&�ǇǌÌǣØǬýǗ&�8ƛƨáŎ

;Ýħ����'�1&Ni55.5Mn20.0Ga24.5¹ǖ'ƛưģ;�ƥ���ƛưģ

#(�ưģŵÒ'ƻŘ#%8ơƛǑ�;"�8ǝ7Ǟ¯��ưģ'�#"�@

PJǑ&āê%ĥǦ;ĕ �ưģ&�'5�%÷Ş;ĕ��8�#&5�!

TEMƨá&��Ó÷Ė§;č�����9&5�!�Ni55.5Mn20.0Ga24.5 2M^fR

iH>T&�8ÛÜū%TEMƨá;Ǎĉ��¹ǖ'ĕ ²ĭĿǉ& 
!Ʃ

Ķ;ƣ���²ĭ�6'111ÄďÇ÷;Ť
�ǀŊƩĶ&
!�²ĭŦǦ;x

��c/aǀŊ'Ůǎ;Ƨ
�����'�#�6�²ĭĿǉ#ưģ�'ƌĉÓ§

'Ǜ�& 
!ƴĹ;ƣ��� 
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� 4ƀ"(�^fRiH>Tƌƕţĉ&â�8�È�İǌŻ'øǧ;Ų8�1�

�ÈŔó&�8ǯǂóğã�;Ť
�ǯàóĳģ'>`kJiFŎ;ļƬ�

��1423K(1150�)zǃ"'Ni-Mn-GaƇ¹ǖ'�İ�ÈǌŻ;ŶƱ�8�#&ĉ

¤���¬ǌŻ&
!^fRiH>Tƌƕ'ţĉ& 
!2ƨá�8�#�

�ĵ��^fRiH>TŮţĉī&û698ğã�GiTdKT& 
!(�

³ãǣØǬýǗ�%$;Ť
!ƶƵ����96'Ǝķ& 
!�SiUd>

T'ĉǘ'Ħ�#^fRiH>Tƌƕ'ţĉĦ�& 
!Ǜ��	8�#;Ź

Á���È�İǌŻ&�8SiUd>Tĉǘ'�ü;Ť
!^fRiH>T

ƌƕ'ĉǘĦ�'�ü'¶ƚĂ& 
!ěĻ��� 
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Ȉ 2Ȇ  

 

ĳǉǯ�0ĜŤǔJŰ) Ni-Mn-Gaûʆ  

2M��i�\Ok2ɰɶēʟĩʪřʊɆĵ  

 

 

2.1ȍ  ȡɉ  

 

� 1.3ȍ,ɮ9%C�0 Ni54.5Mn20.5Ga25.0ûʆ2ǵȂ3
A.N. Vasil’ev1 
N. Perov2

D2ǵȂ0ħ<E
ȚƓƫɳ0)�+3 K.Inoue3,4,5D0C(+Ƭ�/ǵȂ�/�

G+�F� 

� ��,ğ�/Ćʩǔ3
ĻŪɆĵūƽ-�+¨ȽǬ/ɰɶʟĩʪřʊ

(Transmission Electron Microscopy: ©� TEM- F)0CFƫɳɆĵ3ŐǸşû

ʆ2Ɇĵ0ʏ�+
Äƞǰş�Š�-���-,�F��D0ĳǉǯ�0ĜŤ

ǔJŰ)%?
Ɇĵǉŉ,ʟĩʪřʊ2ǸǨ��a2ɐƈ¯ȧ,2ǏGǸĖ�

œʤ�+�F-Ȫ�DG
ȸȯæ�%ɐƈ,3ĜŒ�ğ��
ǝŤ2Ĝæ�ʪ

ȷ0ȽGF��2C�0 Ni54.5Mn20.5Ga25.0 2M ��i�\OkŐǸşûʆ2ȚƓ

ƫɳ2 TEMɆĵ3ċʝ,�F-�Ǌ,�
Ğ�2ǵȂJɗƣ�+@ʢŅ0µ�

ĺ/�îĊ,�F-Ȫ�DGF6,7�ĳǉ0ĜŤǔJŰ'°ǉǰ0 2M��i�\

OkJŰ) Group II 2 Ni-Mn-Ga ȒŐǸşŒǝɌŧûʆ0ʓı F-
ȚƓƫ
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ɳɈƠ2Țơ3 X Ȣ0CF@2�:-K.,�E8,9,10,11,12
TEM Jǥ�+ƐɅ

ʄJƐD�0�
Ķŝ FĉŭčŒ�DȚƓƫɳJɈƠ�%µ3��I!�,

�F13� 

� ©�2�-�D
ƚȆ,3ĳǉǯ�0ĜŤǔJŰ) Ni54.5Mn20.5Ga25.0ŐǸşŒ

ǝɌŧûʆêȚƓɐƈJ³Ɂ�
ŐǸş 2M ��i�\OkJŰ)ƛƈ2 TEM

0CFșȥɆĵ0¬�ĆʩǔJƅǣ F�<%
ĺ/�ʟĩȢǗķ,ȚƓǝŤ

JɌɮ F%?0
111ĉŭčŒJǥ�%ĕƚƥĩ2ĜŒJɌɮ FƋƽJźƧ

�
Si êȚƓJǥ�+#2ɕ=õEȑŉJƩɎ F�<%ǏGǸĖJȾȧǬ0

ɼ�% out-focusƽ0CF LorentzÃ2õŗ/.@Ʃɋ�
ȚƓșȥ-Ǹç2ʏ¸

0)�+ɆĵJɐ=F� 

 

 

2.2ȍ� Ĳʭ�  

 

2.2.1ɐƈ³Ũ  

� �� ArM�WǌɈ0CFûʆ³Ɂ   

� Ni-Mn-Ga ûʆ2îƛƈ3
Ni(ʟɈȑʈɐƈ
Ȕŉ3 99.98%)
Mn(ʟƸǓȑ

ʈx��Wǝɐƈ(Ȕŉ3 99.98ʱ)Jʁƿ�ŕ 1ƯǌɈ�
Îƿǂ)
 Ga(éĸ±

ǥ 99.9999%(6N) ɐƈ)Jǥ�%�ƫŨÄȖ-/F Ni
Mn
�C6 GaJ
ǮǬ

-ɍı�%îĩƷ0Ķ�±0.01ʱ©Ì2ɔŁ-/FC�0Ǽʅŕ
M�[�T`

M�WǌɈ�%�{�`z�h^��J 5×10-5torr -�%ŕ
�Ǚ Ar T`Jğ

Ƹďɬ�<,ĸÇ�%g��s�Ì,
M�WǌɈJȻ(%��2ʗ
ȓ 7g2

~e�ǝûʆJ³Ɂ�
�D0 Bridgmanƽ0ĸÇ F%?~e�ēûʆ 3)J
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ɻK,�hlǝ ingotJŨē�%�ûʆæƑ2È±2șŨ
ǜ0ƹÐʇē2ǭʣ

0Ķ FûʆǌȺ��2șŨ24D)�JĨ(+
×ƙǌȺɽJĜ�/�Dú 5

ĉ!)ȦEɭ�ǌɈJȻ/(%� 

�� Bridgmanƽ0CFêȚƓæ
�C6đɞæÒǣ  

� êȚƓæ3 Ar T`x���,ȤēʮǉȺɈǓ,2 Bridgman ƽJǥ�%�´

ǥ�%ȤēʮǉȺɈǓ3NECɁ^�ZnhkǌɈǓ,
ǓśȌŔ3 5cʸ,�F�

Ǔ2ɍı3
F);�ś0��+ȓ 1000�©�-/Fņ�ȓ 2mm-/FC�0

Ǔ2ÓáJɍı�+�F�F);3M��mɁ,
F);Ŕ3 8mm-�
Ǔś

Ȍ0Ķ FF);�ś3±0.5mm-/FC�0Ŷ�%�³Ɂ�G% ingot3ȓ 20g

ǿŉ,
Óƞ��Eʋ�3 5cm ǿŉ-/(%�F);2ʒ�ɲŉ3 5mm/hour

0ɍı�%��Ɍɍı0��+
ȚƓÑĎŕ0ɐƈ� 800�©�0¹Ű�G%Ƒ

ʎ3ȓ 20Ƒʎǿŉ-/(+�F��GJ@(+đɞæÒǣ- F� 

�� ǩƋşPhg�X0CFȚƓȐǨ2ɏ·  

� Ǯƭ¼3,���EșŨƷ, Ni54.5Mn20.5Ga25.0-�%�ȚƓ2ɏ·3
<!Ó

ƞ��E ingotJɶėȖʁ-ʀʁ2ǆûǌǄ(HClO4:CH3COOH=1:9),ʟɈǵǹ�


¾ʣ0ȐǨ�ǢGF�þ�J@(+Øı�
êȚƓʨĔJɻŮ�%�Ư0 ingot

2Ɗʣ
ñ6ʋū¾ʣ0)�+șŨ2ıʅÔƠJȻ�
ƊʣƋý�ŨʋƋý2

șŨ24D)�Jɏ·�%�ȫƹǵǹȕ♯2000<,2ƮƨǵǹŕsxÒǣJƍ�

%Ƚʣ0)�+
EPMA(JeolɁ JXA8900R type)Jǥ�+ıʅÔƠJȻ(%�ƭ

ǋɐƈ03ûʆ³Ũ0ǥ�%îƛƈ0üȉ/ǵǹÒǣJƍ�ǥ�+�F� 

�� ûʆșŨ2ɏ·-ɻŮ  

� č 2.1 3
ŗDG%ɐƈ2ŨʋƋý,2úÄȖ2șŨƷ-·ʟĩǑŉ(e/a) 2

Ôł2�µJǻ�+�F�ingot JȤàE0�%�śɽÔ0Ƽ(+ŨʋƋý0ı

ʅÔƠ�%�Ni
Mn
Ga2îĩƷ-·ʟĩǑŉ2ÔłJǻ�+�F� 
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·ʟĩǑŉ!/! = !" !"2îĩʱ + ! !"2îĩʱ + ! !"2îĩʱ
!"2îĩʱ + !"2îĩʱ + !"2îĩʱ

 

� �ɴ2Ĳʭ,3F);2ǾåƋý2đ�ş3
·ʟĩǑŉ-�+3

7.635±0.022 -E
úÄȖ2îĩʅʱ2ɍı0Ɨğȓ 2ʱ2!GJŰ)@2,�

(%�<%
ǮǬ2șŨƷ0Ķ�+
Ni�ɶß,
Ga�ĺ/��-�ɄDG%�

�2ɐƈ�D TEM ɆĵɐƈJ³Ɂ F�--�
7.635±0.022 JɷŨ�%č�

rhg�X�%ȓ 15mm 2ȎČ�D TEM ɐƈJÕEÓ�%��D0�2 TEM

ɐƈJ
TEMÌ0ɍȧ�G% EDX(HORIBAɁ EDX)0CF TEMɆĵƑ2Ʌʄ

0CFŇđǬ/ɊǊ¼,Ƿɓ�%-�H
Ni55.5Mn20.0Ga24.5� (e/a=7.685)-/(%� 

� �� ȸȯɐƈ³Ũ  

� Ýʦ 2.2.1�0Ų�% Ni55.5Mn20.0Ga24.5� (e/a=7.685)êȚƓ*JƀʟâĿ0CEÕ

Ɗ�ɐƈ³ɁJȻ���3mmŔ
í� 1mmǿŉ2ǵǹÝjN`WɐƈJÕEÓ

                                                   
* ïĴ03Ɇĵ�GFǉŉĔ,3��i�\Okǰ,�E
òƓƫɳJÿ>�ʮ
ǉǰ,�FƵǰ�êȚƓ,�F-Ȫ�
Ni55.5Mn20.0Ga24.5êȚƓ-ȽɌ F� 

č 2.1� TEMɆĵ0ǥ�%O�[hk2ƫŨÄȖǑŉ(atʱ)2BD� 
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�%��GJ
ȫƹǵǹȕ2#800ʹ#4000 Jǥ�+ 100µʸ2í�0/F<,ǵ

ǹ�%�io��� 3JƮƛ-�
twin jetƽ0CFʟɈǵǹJǥ�+ TEMȸȯ

³ɁJȻ(%�ǵǹǄ3ɶėȖʁʀʁ+Peq��Ȓ,ȣȼÞ-�+yg�b�

d�xJǥ�%�ǵǹǄǁʅ 30ml/s
ɐƈʟǁ, 20~35mA 2Ɲ«,ǵǹ�%� 

� �� Ǹæǜş,2ȚƓɏ·  

� Ýʦ 2.2.1�,³Ɂ�% Ni55.5Mn20.0Ga24.5 TEMɐƈJǥ�+ǸƸǬşɞ(χ-Tƕ

Ȣ)JǊı�%ȚơJč 2.20ǻ �0ǸĖ�- 7T2ĝɽǸĖ2ìâJȻ�
χ-T

ƕȢJǊı�%�őɑɐƈ3ĝɽǸĖ2ìâ/�2Ėû
ĜŤǔ3 365K-,�

F� 

č 2.2� % TEM�� Ni55.5Mn20.0Ga24.5% (Ni2.22Mn0.80Ga0.98)2����(M-T��)  

% % $(�3 0�	�.
�3 365K /+:9'!(�3 7T2�"�	2��;�,-)8& 

% % ���#��169
�2��(10K��)* 57:9' 

300 400 350 

Temperature(K) 
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� <%
7T 2ǸĖ�,ŗ% χ-T ƕȢ�D
³Ũ�%ɐƈ03ĝɽǸĖ2ìâ0

C(+ȓ 10Kǿŉ2ĜŤǔ2�Ə�ɄDGF� 

 

2.2.2� TEMɆĵ  

� 2.2.1ȍ,³Ũ�% Ni55.5Mn20.0Ga24.5ûʆɐƈ0)�+ TEMɆĵJȻ(%�Ĳ

ʭ03ƎȅɁH-800ɰɶēʟĩʪřʊ(TEM)J 200keV,ǥ�
ɐƈĉɤ(rotation)

}�f�Jǥ�+Ȼ(%�ɐƈĉɤ}�f�3ɆĵƋ¯0Ķ�+2ȰǦŉ�ʮ

�
ɆĵƋ¯JɴȠǬ0Ĝ�+ȚƓƫɳ2ɈƠJȻ��-�,�F�ɐƈȰ±

3��yj�(Mo)2êĪ�h^�Jǥ�+¹Ű�
ĸÇ�G+�F� 

� TEMɆĵ3Z�{�^�m�/ƐɅʄ�ƔɅʄƽ
ÛʓɅʄĉŭƽJǥ�+

Ȼ(%�Ɇĵ�2Œǝ2ĜæJɌʉ F%?0
`g�ǧÃ2¦0 CCD2ºù

JvjRS��0ŷȠ�+
Ɍʉ,�FC�0�+�F� 

� <%
ȚƓƫɳ-Ķŝ F LorentzÃ2ɆĵJɐ=%�ƚȆ,3ɐʭǬ0
ɐ

ƈ¯ȧJxQ�S`¯ȧ�DĶǛ��a-ɯƋý0ğ��Ǿå�"F
out focus

ƽ0CF LorentzÃ2õŗJȻ(+�F��2%?0
ɐƈJÆɥ0Ƽ(+ğ�

�Ǿå�"F�-�öȮ/khzP�k��ē2 TEMJ´ǥ F�--�
Ǝ

ȅ H-9000 ēʮÔɈȮ TEMJǥ�%ɆĵJȻ(%� 

� �2ƑH-90002`Y��s�3xQ�S`¯ȧ0�I"+ɊȋȽǻ�GF@

2,
out focus ƽ,õŗ�GF0Ĳʗ2ǧÃ0Ķ�+3ğ�/Ǟ�JŰ(%¼

�Ƚǻ�GF��2%?
ɐƈżÓŕ0 H-800ē TEM0CFȉ·/¯ȧ2Ɇĵ

JȻ�
»ǡ2ɀƱJȻ(%�ƚɘƆ�2 LorentzÃ0§Ɍ�Ƚǻ�GF`Y�

�s�2¼3
 9+ H-800ē TEM,Ɇĵ�G%Ã0C(+ɀƱ�G%¼,�

F� 
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2.3ȍ� ĲʭȚơ-Ȫĵ  

 

2.3.1� TEMɆĵ0��FĆʩǔ  

� Ni55.5Mn20.0Ga24.5ûʆɐƈ3Ɇĵ�0Ƭ�/îĊ,Ǿå F�#2�µJč 2.3

0ǻ�%�č 2.3a),3Ɇĵ�0àGJǤ�Ʌʄĝ0Ǿå�%ɐƈǚ�
Ǘķ2

ɨŉJ��F�-,č 2.3b)2C�0àGǮ2ŒǝJûI"FC�0Ä0ŘÄ�

%��D0@��ŉɆĵ2ɨŉJ��+=%-�H
ŀ¾șȥ3ÎŉɅʄĝ0

Ǿå FǢɛ�=DG%�ɽÔǬ03ɐƈ2ȇɽ/.2C�0
ƯȈ0ŭGƕ

�EÄ2Œǝ0ũD/��-�ɄDGF� 

� č2.43àG2Ǥ�%ƤÄɽÔ,{�lZ�e�2ʚ�ɽ¯JƄĉ0Ô�+Ɇ

ĵ�
ĉŭÃJŽ(%@2,�F�`Y��3č 2.3-:;ü�,�F�ǫ	3

àG2ȄɠŒǝɽJ��U�X�+�E
ǫ�ɽÔ3ĉŭčŒJĶŝ�"%Û

ʓɅʄțE2¯ȧJǻ�+�F�ɐƈ�Ǿå�+�F�
�C#àGǮ2ɠǔ

ɬÀ,:;ü�¯ȧJɆĵ�+�F-Ȫ�F�Ɇĵ0ƌ�+ʟĩȢ2ʚ�JZ

č 2.3� Ɇĵ�0ɄDGFɐƈ2ȰǪå³�ȹÆƟɨŉ2ĘǇ(Z�j�\��a2 

� � � ãǸ0Ķŝ)0¬(+ŀǚ2Ǿå-ŘÄ� a)→b)→a)2Ƭ0ȦEɭ�GF� 

� � �  
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�j�\��a,ɗƅ F�
àG2ʌ�ʍ�2ǝŤ3�Fʐ¼J@(+ʢŅ

0Ƃţ,�(%�ĉŭčŒ0CFƋ¯Ƿɓ,3ǖ�
3)2s�lǝ2{�lZ

�e�2ʚ�ɽ¯3ÇķʟĩȢ0Ķ�+ïĴ0Ēǯ0/(+�FɽÔ-Ɉʂ,

�
°űƄ 111ĉŭčŒ�ŗDGF��2Ƭ0 3SŪ0)�+:;ü�ɐƈ¯

ȧJǜı�ɆĵJȻ�
Ķŝ FĉŭčŒJŗ%�ĶǛ��a2ãǸ0CFǾ

å0Ķ�+
111ĉŭčŒJŗ%¯ȧ�{�lZ�e�2ʚ�¯ȧ,�F-Ȫ�

%�č 2.4a)ʺb)3:; 111Ƌ¯�D-ŞIGFĉŭčŒ�Ƿɓ,�%�
Ğ�2

Ėû
ƐɅʄÃJŗFǕ0Z�j�\��a2ãǸJȶ- �-,
ɐƈ2Ų

å�ô<(%�
ĶǛ��a2ãǸ,3ɐƈ2ĜŒJĉɼ,�/�(%�Ɍɧ

�%iN�kM�X��DÔ�FC�0
ü�Ʌʄ,@Ɇĵ�-0�I?+ǐ

��ĉɤJ¬(%�-�Ô�F�<%č 2.4JɄ+��-
a)�D c)0Ȼ�0Ŗ

(+
ƯȈ0ɐƈ�0ğ�/Ȋǝ2Z�k�`k�ǢG+�F�-@ɄDG%�

�2Ƭ0
ɐƈ2Ǿå
ĉɤ&�,3/�
Ɇĵ�0ƛƈ2șȥ#2@2<,

Ĝæ�+�<�-��Ćʩ��F� 

� H-800ē TEM,Ʈćž³0Ķ�+ĜŒ�Ɨ@ʪȷ0ǢGFĖû3
č 2.3A 

č 2.4 ȸȯɆĵ0��Fɐƈ2Ųå 

� � � ƐɅʄÃɆĵ0��F 111ĉŭčŒ2õŗµ 

a)� � � � � �  tilt = 35° � b) � � � � � � tilt = 20° �  c)    � �    � tilt = 5° � �
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� č 2.40ɄDGFC�0
Ɇĵɨŉ2ĘǇ0¬�Ėû,�F��2Ĝæ3ȦE

ɭ�ǢGFå³,�F%?
ǸĖ2Ĝæ0¬�@2,�F- G4
ƛƈǜş

-�+3ʢŅ0Ȳăǅ�� 

� Ɇĵ0��+Ćʩ-/(%23
ƐɅʄ,¯ȧJı?%ŕ
ĉŭčŒɆĵ2

%? S.A.��l0ÕƖ�%Ėû0
ɐƈ2Ǿå�ɄDGF�-,�(%���

lĜŻ-üƑ0ǱƑ0Ǿå�+�F-Ȫ�DG%�Ɇĵ��lÕƖ�2Ėû3

Z�j�\��a2ãǸJ¬�3!,�F%?
Z�j�\��a0CFz�

�y2Ɨğʟǁ¼�Ǥ=Ó ǸĖJ
M�|MĂĉȁÔÉŋ0ő+3?+Ʉȁ

@(%� 

ΔB = µ0
4π

⋅
I
r2
⋅sinθ ⋅ Δl  

CE
țDG%ʟĩȢ2ĂČ 100nm2¯ȧ,3 

B = µ0
2π

⋅
I
a
= 4π ×10−7

2π
⋅ 10(µA)
100(nm)

 

CE
ȓ 0.02ʸT2ǸĖ�Ǥ�F� 

� ɨŉɗƅ2%?0Z�j�\��aʟǁJĜ�F-Ǘķɇŉ�ĜIF%?


ĎıțE0ÇFk�e�2ʟǁʅ3ĘǇ F�
#G,@ĶǛ��a2ãǸC

Eœʤ�ğ��-3Ȫ�DG/��Ɇĵ2 Zoom��l�D SA��l0Ĝ�F

Ƒ0Ɨ@Ȫ�DGFɃĊ3
ĶǛ��a©�2��aȒʟǁ�k�e�,Ĝæ

 F �Ų�DGF��2�-�ɐƈ�,2ǏGǸĖJƷɦǬğ��Ĝæ�"

+�F2,3/��-Ȫ�DGF� 

 

2.3.2� 111ĉŭčŒJǥ�%ȚƓƫɳ2Ɍɮ  

� 111ĉŭčŒJǥ�+ȚƓƫɳJɌɮ F%?0
ĉŭčŒ-ȚƓĕƚƥĩ2

ʏ¸JȪ�%(�j�-Ɋȋ2ɒȗ3 Appendix 0Ɍ )�°ǉǰ2��i�\O
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kȚƓJ tetragonal(ƱƋƓ)<%3 orthorhombic(ƉƋƓ)-ªı�
ĕƚƥĩɥ2

ɥʋ a
b
c0)�+
a�bʷc,�F- F��2Ƒ 111ĉŭčŒ,3
ǯŷ

Ƈǔ 000 0Ɨɬŷ2 6 )2ĉŭƇǔ2�'Ķǽ¯ȧ0ǢGF 2 )JȚ7ȢÔ2

/ 3)2ɇŉ(θ1ʴθ2ʴθ3)Jǥ�+
a
b
c3Ưŋ2C�0Ƚ�GF� 

c
a
=

sinθ3 ⋅cosθ1
sinθ1 ⋅cosθ3

     ʻʻʻ� ŋ A.1 

b
a
=

sinθ2 ⋅cosθ1
sinθ1 ⋅cosθ2

     ʻʻʻ� ŋ A.2 

� ��,
a�bʷc,�G4 θ1
θ2
θ33ƑɊĉE
†0/D6
θ1�θ2ʷθ3-/F�

�G0CE
111ĉŭčŒ2=JŽœ-ɈƠ0C(+ȚƓ2ĕƚƥĩɥƷJǳF

�-�ÓƞF��2 111 ĉŭčŒ3ƐɅʄ0°»ǡ�D=DGF{�lZ�e

���ĉĶǽ0ʚû�+�FǔJɆĵ F�-,ƷɦǬƱǷ/Ƌ¯�D2Ɇĵ

JŗF�-�ÓƞF �D
ǴƑʎ2ʟĩȢ2ǗķƑʎ,j�eõŗ F�-

�öȮ-/F� 

� õŗ�%111ĉŭčŒ0��F�śɇ(θ1,θ2,θ3)2ɕ=õE2ƘäƦ0ʏ�+3


Appendix 2ƩɎ0Ŗ�
ĹƄǔ©� 1 Ʀ-�%�#G0Ķŝ�"F-ĕƚƥĩ

ɥ2ɥƷJØÙ F%?0Ƙä/ƗĹê¯3�C# 0.002ǿŉ-/F%?
Ƙä

Ƅī3ĹƄǔ©� 2 Ʀ-�%�Ɇĵ0��F#2ɾŉ2Ʈć2ɗƅ0CFɔŁ
                                                   
†� ê¯ƥĩJ a�bʷc -ıȩ F-
θ1�θ2ʷθ3-�+ θ1
θ2
θ3�ƑɊĉE

2ʧ0�K,�/�G4/D/���GJ 111 ĉŭčŒ-�%�ĉŭčŒ�,
θ1�θ2ʷθ32ʧ�óƑɊĉE0�7Ėû3
111ĉŭčŒJȿʣ�DɄ%
1 1 1ĉ
ŭčŒ-�+çÙ F���i�\Ok2ĻŪȚƓǝŤJê¯ƥĩ2ɥƷ-�

+Ʒɦ F%?
�2���(1�b/aʷc/a-�+Ʒɦ)JɺĮ F�1 1 1Ƌ¯�D
Ɇĵ�%- Fj�e3
Ƚ�ǒȵ2Ȭƒȵ,Ƚ �(Appendix 1) 
� <%
č 2.62Ƭ0R�`imOkǰJȽ Ėû3
ü�ɅʄJƷɦ�%��
i�\Okǰ (ƱƋƓ)2(θ1,θ2,θ3)0Ķŝ Fʧ,�9%�C(+R�`imOk
2Ėû3ɥʋ a
b
c2ğĹʏ¸3¹Ĭ�G/�Ėû��F� 
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@ÿK&�,
ɥƷ2¼� 0.01 2ɸ�JŰ+4ǩ/FȚƓ-�+èÔØÙ F

�-�ÓƞF-�%@2,�F�ƚɘƆ0Ɍɧ Fj�e3
ɇŉ2ɊǊ¼,

ĹƄǔ©� 2Ʀ
ɥƷ2ȽɌ,ĹƄǔ©� 3Ʀ<,Ƚǻ�%� 

� Ǹş2Ĝæ0Ķŝ FȚƓƫɳ2ĶŝJǜı F%?0
č 2.42ɅʄJ¹Ű

�/�D
ƏǉĲʭJȻ/�
č 2.50#G$G2ǉŉ0��Fĉŭte��-

ƐɅʄÃJǻ�%�âǘ0CFȚƓƫɳ2Ĝæ3ɐƈ÷0õE§�%ǉŉb�

\�2¼� 350KJɡ�%Ƒǔ,ɄDG%�ƐɅʄÃ0ǻ àG2ȘȇɬÀ2 3

ƚ2{�lZ�e�2ʚ�¯ȧ3:-K.å�!
111 ĉŭčŒ�Ƿɓ,�%�

Əǉŕĳǉ0ũ -
ƐɅʄ,3ƐD�0Ä2ȚƓ-ü�ǝŤ03ũD/��


ĉŭčŒ,3Ä-ü�ǝŤ0Řń�+�F� 

� <%
ƐɅʄJɆĵ�+��-
âǘ0¬(+ɐƈ0å��ɄDGF23ȓ

350KJɡ�%�%E�D,
355K,õŗ�% 111ĉŭčŒJƩɎ�%�č 2.6

3ü�Ʌʄ0��Fĳǉ(300K)- 355K 0��+j�eJõŗ�%ƐɅʄÃ-

111ĉŭčŒ,�F�č�0ǻ C�0 111ĉŭčŒ,�śƇǔɬÀ2ĉŭƇǔ

ʎɇŉ(θ1,θ2,θ3)JɊǊ�
ŋ A.1
A.20ő+3?+(b/a,c/a)JȋÓ F��GC

E 300K�D 355K0Əǉ�%Ƒǔ, 1.222 cɥƷ,�(%ȚƓ� 1.010Ĝæ�

+�F �=DG
ƱƋƓ�DȅƋƓ82ǰĜŤ�=DGF��2ǉŉ3ǸƸ

Ǌı,ŗ%ĜŤǔCEȓ 10K °���GD2µ2C�0
ƛƈ2ǝŤJȽ %

?03
ƐɅʄÃ-Ķŝ FĉŭčŒJË0ǻ ŜɃ��F� 

� ©�CE
111ĉŭčŒ2ɈƠ3 Ni-Mn-Ga Ȓûʆ2ĜŒJɌɮ F�-�Ó

ƞFūƽ,�E
ƗĹ2ʟĩȢǗķʅ,ĻŪǝŤJŴ�F �ÓƞFǕ


Ni-Mn-Gaûʆ2ƫɳɈƠ0ʢŅ0ɹ�%ūƽ,�F-Ȫ�F� 
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č 2.5� Əǉ0��Fúǉŉ,2ƐɅʄÃ-Ķŝ F 111ĉŭčŒ 

at 400K 

at 380K 

at 355K 

at 300K 
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2.3.3� Ni55.5Mn20.0Ga24.5ûʆ2 TEM0CFĻŪƫɳɈƠ  

� č 2.7 3 Ni-Mn-Ga ûʆ2 TEM ȸȯ0ǢGFĻŪɆĵµ,�F� 9+2µ

, 111 ĉŭčŒJõŗ�+Ȫĵ�%�a)~c),3ɐƈ�í�
ƷɦǬȰǦ0ʟĩ

Ȣ2ǝŤJĜ�+@ɐƈ3Ǿå�/�(%�
Ɨ@Őŉ2ʮ�ê¯ƥĩ2ĉŭ 

č 2.6 300K- 355K0��FƐɅʄÃ- 111ĉŭčŒ 

� � 111ĉŭčŒ�,ê¯ƥĩ2ɥƷJƺ?F%?2�Ƀ/ 3)2ĉŭƇǔʎɇŉ 

� �  θ1
θ2
θ32ɊǊ�355K,ƱƋƓ�DȅƋƓ82Ĝæ�ɄDGF� 

 

 

 

�  θ1 θ2 θ3 b/a c/a 

300K 56.07 58.10 65.82 1.040  1.224  

355K 59.68 60.08 60.24 1.008 1.011 
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č 2.7	1 111ĉŭÃJǥ�%ĻŪɈƠ 

� � � � 111ĉŭčŒ2ɇŉɊǊ�Dƺ?%ê¯ƥĩɥƷ 

 

�
θ1 θ2 θ3 

�
b/a c/a 

a) ���
�� ������ 	����� �
������ ����	� ���
	�

b) �
��
� ����	� 	���
� �������� ������ ������

c) �
���� �
���� 	����� �������� ������ ������

 

a) 

b) 

c) 
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d) 

 

e) 

č 2.7	2 111ĉŭÃJǥ�%ĻŪɈƠ 

� � � � 111ĉŭčŒ2ɇŉɊǊ�Dƺ?%ê¯ƥĩɥƷ 

 

�
θ1 θ2 θ3 

�
b/a c/a 

d)�
���� �
���� ���
�� 	����� �
������ ����
� ������

e) �
��	� �
�	�� 	����� �������� ������ ������
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óķ(xL�f��e�)0â�+
\i�OkóķAƋ¯2ǩ/FŎ�ĉŭóķ

�ɄDG
ê�ȚƓʨĔ,3/��-�����F� 

� c)0��+@ TEMÌ,×ƙ2Z�k�`k0Ķ�+ɝÇƬ2Z�k�`k0

Ĝæ�=DG
ĉŭčŒ0@ɅʄÌ0ĬĐ FǀǤ�%řȚƓ�D2ĉŭ�Ʉ

DGF� 

� d)- e),3ɱŅ2 TEMȸȯ-��FɽÔJɆĵ�%�ɐƈ2ĜŒŕ0ʡư�

%ɽÔJɻK,Ɇĵ�+�F�ƐɅʄ,3
ŀ��Dø�82Ȣǝ2Z�k�

`k�ɄDGF�
�G3Ɇĵ�0§âǬ0ǢG%@2,�F�{�lZ�e

�Jʕƴǝ0Ôʜ�+�F�-�D
Ľǝƫɳ0Ēǯ/ 180°Ǹę0CF

step-effect�ɄDG+�F-Ȫ�DGF14�<% d)J 111ĉŭčŒ-�+Ŵ�F

-
ý��û�ĉŭƇǔ( 220Ȓĉŭóķ)25-ș0ŇȻ0xL�f��e�J

7Ăƙ0Ô�FĂƙƫɳJȽ�
Ǩʣ3 110ʣ0ŇȻ,�F�-�Ô�F�e),

3Ǥ�%ŇȻȢǝ2Z�k�`k0Ēǯ/Ăƙƫɳ3ɄDG!
Ǥ�%Ǩʣ3

ɆĵƋ¯0ŇȻ,3/��-�ØF�<% a)~b) 2ƐɅʄÃ,3
��6Œ0C

F-=DGFÅȇŒǝJŰ) �=DG%�Ư2 c)2Ɇĵ¯ȧ,3Ɇĵ�0Ƶ

ǰ�DǀǤ�%șȥ�ɄDGF�#2te��3 a)- b)2ɐƈPh_ŒǝCE

3��6Œ�ȗʋ�/(+�F�a)
b)- c),3
��i�\Okșȥ-�+Ƶ

ǰ�DǀǤ�%üȉ2șȥ�ɝÇ�ʴ��6Œ2Z�k�`k-/(+�F-

Ȫ�DGF��GD2ǀǤ�%șȥ@ÿ?%ɈƠ3ƯȆ0ɚF� 

� č 2.72ĉŭčŒ�Dĕƚƥĩ2ǝŤJƺ?+=F�111ɥĉE2ĉŭƇǔʎ

ɇŉ(θ1,θ2,θ3)2�6�D1 1 1Ƌ¯�D2Ɇĵ-Ôʫ�
a�bʷc -/FC�ɥƷ

JȋÓ�
Ʒɦ�+�F��2Ƒ
b)- d)3 c/a ɥƷ� 1.11
1.12
b/a ɥƷ�

#G$G 1.02
1.05,�E
č 1.4b0��+ K. InoueD0C(+ĳǉ,2ĬĐ

J�Ǌ�G% orthorhombicȚƓ(Ǵɥȓ 5.4�
bɥȓ 5.8�
ʋɥȓ 6.2�
c/aɥƷ
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ȓ 1.15
b/aɥƷȓ 1.07)-�+Ôʫ�GFȚƓƫɳ,�F-Ȫ�DGF� 

� 7fold 2ĂƙƫɳJǻ ɽÔ3ĉŭŐŉ2ʮ�ĕƚĉŭóķ(xL�f��e

�)�DɥƷJƺ?%�7fold 2Ăƙƫɳ3 Ni55.5Mn20.0Ga24.5ûʆșŨ2·ʟĩǑ

ŉɬÀ,@=DGF15%?
ƚɘƆ,ıȩ�%ƉƋƓê¯ƥĩ�D Lanska D2

ǻ 14M��i�\Ok-üƬ2êƉƓê¯ƥĩ0ŊƭJĜŻ�+Ƿɓ F-


b/a=0.95
c/a=0.89-/E
�2ɽÔ,3 14M��i�\Ok�Ǥ�+�F�-

�ØF��2C�0ȸȯæ0¬�ȽʣȰǦŉ2Ęâ0¬�ĜŒ
�F�3ɐƈ

șŨ�ĻŪǬ0ǩ/F /.@Ȫ�DGF� 

� �GD2č 2.72ƐɅʄÃ2Z�k�`k3ƐɅʄɆĵ×ƙ03 #ɹ2ğɽÔ

�Ƿɓ�G/�(%șȥ,�F�TEMɆĵǥ0êĪJɍ�%ǝŤ,ȸȯæ�%

ɽÔ�Ɇĵ�GF�
ɐƈ³ŨƑ2ǝŤ0Ķ�+ŕǪǬ0Ǥ�%ǝŤĜæA 2

ƯȚƓJÿK,�F-Ȫ�DGF�č 2.803Ĳʗ0´ǥ�%ɐƈ2 TEMɆĵ

č 2.8 Æĭʪřʊ0CFɐƈǝŤ- TEMɆĵǥĹĪ2Ʒɦ 

a) Ɇĵǥ2êĪ(TEM hole:ɟ�)2×ƙǝŤ 

b) Ɇĵŕ2êĪ(TEM hole:ɟ�)2ǝŤ 

(�ɽǫ�ɽÔ3ʆļʣ2óķ0CFǫʬ6
`Y��s�3 100µʸ) 

a) b) 

TEM hole 
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Ýŕ2ǝŤJ
Æĭʪřʊ,Ɇĵ�%µ,�F�Ɇĵŕ2ɐƈ03³Ɂő×2

Ɇĵǥ2 TEM}��3Œǝ�ľG+ğ��ň�E
Ňǎ/Ph_3ǃĢ�+�

F��GD2C�0ƚȆ,ȻIG% TEM Ɇĵ3
Ɇĵ�G%ƫɳ2ğɽÔ�

TEMɆĵJ F�-0C(+Ǥ�FǝŤ2Ĝæ,�F-ɉI�FJŗ/���

��/�D
ÕEÓ�%ɐƈ2Ű)ƫɳǬ/ǜŚ@�F3!,�E
�2Ćʩ

JɈƻ F�-�ƗʃɃɖʩ,�F-Ȫ�F� 

 

� č 2.93ɐƈ�,
ʢŅ0íȯ,�FɽÔ0ɄDGFŇȻȢǝ2șȥ-#G0

ʃ/FɝÇ�+�F-ŞIGF��aǝ(��6Œ)șȥ,�F�ȚƓJɰɶ F

<,ɨŉJ��+��-ɝÇșȥ2�ɽ�å�ħ?%�vjRS��2ǜş�

c) 
 

a) 

č 2.9 ȚƓ�0ɄDGFȢǝșȥ�0ɝÇ�%��aǝșȥ2Ĝæ�  

� � � Z�j�\��a2öĜ2=,��aǝșȥ3ÔɈ�
ǃǍ�%� 

b) 

500nm 
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D
ɈÃŉ3ʢŅ0Š�j�e-/(+�F�
a),3
ŇȻȢǝ2Z�k�`

k�ɄDGFȚƓșȥ0��aǝ(��6Œ)șȥ�ɝÇ�+�Fșȥ�ɄDG

%��2ǝŤ,Z�j�\��aJãǸ�
ɨŉJ��%-�H
b)0ɄDGF

C�0
ɝÇșȥ-�%��aǝ2ɽÔ�
ȇ�DƢȢ�3�GFC�0Ôʜ

�+��Ƭĩ�Ɇĵ�G%�#�+ƗȘǬ0 c)0ɄDGFC�0
Ä�DɄD

G+�%ŇȻȢǝ2șȥ2=�Ƴ(%�TEMɐƈPh_0ɄDGF��aǝ(�

�6Œ)2Z�k�`k
�C6ŇȻȢǝ2Z�k�`k3
ûʆ2ĜŤ0ǅ�

ʏIF@2,�F Jǻą�+�F� 

� �GD2�-�D
ɐƈJí�ŨŒ F�-,įıǬ/ TEMɆĵ�öȮ-/

F-��Ȫĵ
�D0ȚƓ�0ɄDGF��6Œ2ɝÇșȥAŇȻȢǝ2Z�

k�`k�ȚƓ2ĜŒ0ʃɃ,�F�-�Ȫĵ�G%��GD2șȥ2įıǬ

/ɈƠJȻ��-�
ȚƓ2ĜŤŲå0ʃɃ,�F �ǻą�G%� 

 

2.3.4�  TEM out-focusƽ0CF LorentzÃ2Ɇĵ  

� ƷɦǬíȯ2șȥ0Ķ�+ɄDG%��6Œ
�F�3ŇȻȢǝ2șȥ3Ț

Ɠ2ĜŒ0ǅ�ʏIF@2,�(%��GD2Z�k�`k0Ķ�
Ǹç�.

2C�0Ķŝ F�JƩɎ FŜɃ��F-Ȫ�%� 

� Ǹç2Ɇĵ03khzP�k��ē2 H-9000ē TEMJǥ�% out focusƽ0

CFLorentzÃ2ɆĵJɐ=%�j�eõŗ0)�+3
H-9000ēTEMJ 300keV

,ǥ�
ɐƈ÷JĶǛ��aǸĖ�DʜGFƋý0 out focus�"
ÃZ�k�

`k�ǫʰ2 2 ʃȢ0Ôʜ F¯ȧ,ɆĵJȻ(%��2Ƒ
ŜɃ/Ǿåʅ�

ƷɦǬğ��
ĶǛ��a0ɬ*�2JĨ(+
Ʈć2Ûʓ�w�k¯ȧ�D

�Ƌ0�� out focus F�-�Óƞ/�(%�H-9000ē TEM,3
ʟĩȢ2

ôƜŉ�ʮ���aǸĖ@ğ��%?
ĜŒ0C(+ȰǪǬ/ɐƈǶĚ�ɄD
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GF�out focusƽ0CF LorentzÃ,2Ǹę2Ɇĵ3 focus¯ȧ�D�� 2Ƌý

0 out focus�%-�0
ǫʰ2 2ʃȢ�ɯɤ F�-JǷɓ"14/D!
¥

ĉ3ïĴ03Ʊő/ɏ·-3/(+�/��Ǹę2ɏ·2ðȪ- F 

� ɐƈ2»ǡ0)�+3
out focus0¬(+Ƚǻ�Dğ��Ǟ��-0/FǕ


ɀƱJȻI14/D/���2%?0LorentzÃJɆĵ�%ɽ¯J
H-800ēTEM

Jǥ�+ȉ·/¯ȧJɆĵ�
`Y��2ɀƱJȻ(%� 

 

 

 

 

� č 2.10
č 2.113ŗDG% LorentzÃ-ƐɅʄÃʲBFI : Bright Field ImageʳJ

ȉ»ǡ-/FC�0�hg�XJȻ�
Ʒɦ�+ǻ�%@2,�F�č2��

ƴ3
TEMɐƈ}��2ǰĶ F�¾,Ɇĵ�%µ,�F�ƐɅʄÃ�DȚƓ

č 2.10 H9000ē FE-TEMJǥ�% out focusƽ0CF LorentzÃ- 

� � � H-800ē TEM0CFƐɅʄÃ(BFI)
ñ6ǸçJɂÏ�%�j�č(øȇ) 
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șȥJȽ -ɄDGFZ�k�`k�Ƿɓ,�F��j�č�0ʯȵ,Ź�%

Ȣ3ȚƓșȥ0Ķŝ F LorentzÃ�2Z�k�`kJǻ�
șȥ0Ķŝ�%Ǹ

ç2ĬĐ-�Ǌ,�F��2ʯȵȢ,ǻ�%Z�k�`k0â�+
X��2

ȵÔ�,ǻ�%ʨĔ2�ȇ0@Z�k�`k2ɯɤ�%Ȣ�Ɇĵ�G
ƐǷ0

ǸçJȽ ʨĔ2�ȇ,óɤ�%Z�k�`k-Ȫ�DGF�ɐƈ¯ȧ2��

óɤ0Ķ FǸęZ�k�`k2óɤ3ɄDG/��
�2 out focus¯ȧ,Ǹ

çJɆĵ,Óƞ+�F-Ȫ�DGF����/�D out focus2Ǖ0��U�X

jN`e�`Jğ��-F%?»ǡ���D!
ʯȵ,ǻ�%Z�k�`k2

£¨�Ǹę0Ķŝ F�þ�3Ƿɓ,�/�(%���,3 LorentzÃ2Ɇĵ0

ƌ�+3
ɐƈ0Ķ�+��aǸĖ�œʤ�/��-JƝ«- F%?
ĶǛ

țE-ɐƈ¯ȧ2ɢʜ(��U�XjN`e�`)�ʋ�/E
<%ʟǨ��a2

ãǸJů��F%?0ʟĩȢ2țEɪ=�ʝ��
»ǡJ 5000»�D�0��

F�-�ʝ��-Țɘ*�F� 

 

� č 2.11 ,3ɐƈÌʔɽ0Óƞ%íȯɰɶɽÔJǥ�+Ɇĵ�%ƐɅʄÃ-

LorentzÃ,�F�ǸęZ�k�`kD��j�e�ŗDG+�E
�ġɽ-ŀ

�Ƌ2ʨĔ,ƐɅʄÃ0ǢGFZ�k�`k-ƷɦǬC�Ķŝ�+�F���

�/�DLorentzÃ0ɄDGFʨĔJóɤ�%Z�k�`k2Ȣ�Č>-��O

��_,3ǖ�
șȥ0Ķŝ�+óɤZ�k�`k�ǢG+�F�Ǹę2Z�

k�`kJǻ %?03@�ĺ�»ǡJ��FŜɃ��E
Ǹş�£¨�%ʨ

Ĕ2ɴȠJǻ 2=,�F�ø�Ƌ0)�+3ƐɅʄZ�k�`k-Ķŝ"!


ƾŬ)C�/Œǝ2ʨĔ�ɄDG
#2ʨĔ2�ȇ3óɤ�%Z�k�`k,

Č<G+�F�� �GD2Țơ�D3
ɐƈ¯ȧ,3ɂʛ/ǸĖ�ĬĐ F-

Ȫ�DG
Ŝ!�@șȥ0Ķŝ�%Ǹç�ǪǤ�+�F-3ɉ�!
<%ūƽ 
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č 2.11 H-800ē TEM0CFƐɅʄÃ- H9000ē FE-TEMJǥ�% out  

� � � focusƽ0CF LorentzÃ2Ʒɦ� 
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�2Ćʩ,ïĴ0ǸęJǷɓ,�%-@ɉ�/��Ýȍ-ü��
íȯɐƈ2

³Ɂ-
ƱǷ/Ƌ¯§�0ĕ*�%ȚƓɈƠ�ŜɃ,�F-Ȫ�DGF�<%


íȯɽJ°ʟĩȢǗķ,Ɇĵ FŜɃ��F%?
Žœţŉ2Ęâ/.Ʈć�

2ĿĠ@ɖʩ-�+ŗDG%� 

 

 

2.4ȍ� <-?  

 

� ƚǵȂ,ǥ�% Ni55.5Mn20.0Ga24.5ûʆ3 365K 0��+ 2M ��i�\Ok8

-ĜŤ F�-JǷɓ�%�Ǥ�F 2M ��i�\OkJ TEM Ɇĵ Fʗ0


ɐƈ2ǝŤ2Ĝæ0¬�ɐƈ2¯ȧ2Ĝ¯
ĜŒ
ĜŤǔ2Ĝæ/.�Ǥ�F

�-JǷɓ�%�Ɇĵ0ɄDGFɐƈ2ĜŒ3
Ɇĵ��lÕƖ�0¬�ɐƈ

¯ȧ82��aǸĖ2Ĝå2%?-Ÿĵ F� 

� Ɇĵ0��+ʟĩȢǗķƑʎ2°Ǉ�Ɨ@ʃɃ-�
{�lZ�e�JÚǥ

�°»ǡ°Ǘŉ,õŗöȮ/<111>Ƌý�D2ĉŭčŒJǥ�
ĻŪȚƓ2ê¯

ƥĩ2ɥƷJɈƠǬ0ĸÓ FƋƽJȪƧ�%�Appendix ,#2Ƅ¼Ǭ/ɏ·

JȻ�
111ĉŭčŒ�2ɇŉ2ɕ=¼J 0.1°<,Ƙä- F-
ɥƷ,ȓ 0.01

ǿŉ2ɸ�JØÙ F�-0Ćʩ3ǖ�%?
111ĉŭčŒJǥ�%ƫɳɈƠ3


ȚƓ2ê¯ƥĩ2ɥƷ2ɸ�JƄʱ2ȑŉ,Ɍɮ F�-�ÓƞF-�%�

Ni-Mn-Gaûʆ2Ƶǰ-2M��i�\OkǰĜŤ2ɈƠJ3�?- F
ĻŪƫ

ɳɈƠ0Ƙä,�F JɄ�&�%� 

� �2Țơ
2M��i�\Ok2ɥƷ3ɆĵĖŪ0C(+Ĝæ�+�F�-J

ƐD�0�%� 

� TEM Ì0vjRS��JĸÇ F�-,
Ɇĵɨŉ(ɐƈǸĖ)2Ĝæ0¬(
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+ȚƓ0ɄDGF��aǝ(��6Œ)2ƢȢ�ʃ/(%C�/Z�k�`k�

Ôʜ�
ŇȻȢǝ2Z�k�`k0Āô�GFC�0Ǿå�ǃǍ F�-�Ɇ

ĵ�G%��GD�ɐƈ2ĜŒ0ʃɃ/ʏ¸JŰ)�-
�C6ɐƈ2íȯɽ

,
ȚƓ2Ĝæ�B(�E-Ʉ�&"F�-JǷɓ�%�įıǬ/ TEMɆĵ0

3ȚƓɐƈ2íȯæ�Ƙä,�F-Ȫĵ�
�D0#�0ǢGFŇȻȢǝ<%

3��a(��6)ǝ0Ʉ�FșȥZ�k�`k2ɈƠJȻ��-3ʃɃ,�F

-Ȫ�
3Ȇ2ɖʩ- F� 
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Appendix 1� ɯƥĩȃʎ- 111ĉŭÃčŒ  

 

3�?0Ni2MnGaæĭʅɘșŨ,Ni:Mn:Ga=2:1:1-Ȫ�%Ėû2ʮǉǰ(L21ƫ

ɳ)0)�+Ɍɮ F�L21ƫɳ3úîĩȀ� 4 )2ʣśƥĩJ#G$G�)!

)ëƘ F%?
ê¯ȭ�2îĩ¯ȧ3
©�2C�0/F� 

Ni(1)\Ok 000  1
2
1
2 0  1

2 0 1
2  0 1

2
1
2  

Mn\Ok 1
4
1
4
1
4  3

4
3
4
1
4  3

4
1
4
3
4  1

4
3
4
3
4  

Ni(2)\Ok 1
2
1
2
1
2  11 12  1 121  1

211  

Ga\Ok 3
4
3
4
3
4  5

4
5
4
3
4  5

4
3
4
5
4  3

4
5
4
5
4  

 

C(+
ĉŭƇǔ2ǃǍJƻ?FƫɳĊĩ3 

F hkl( ) = f je
i⋅2π huj+kvj+lwj( )

j
∑  

,��DGF��2-� j 3ê¯ȭ0ÿ<GFîĩȀJȽ�
(uj,vj,wj)
3îĩ

Ȁ2�ɵ¯ȧJȽ � f j3 jîĩ2îĩƃ�Ċĩ,�F�ɻ îĩ0ļ Fʟĩʞ

�ĉŭJɠ� -�
¯ȧ{Wk� r-�%¯ȧ0�FřĹ±ȁ dVɽÔ,ƃ�

�G%ĉŭƾ2Őŉ(ųņ)3 r¯ȧ,2ʟĩĴŉ ρ(r)0Ʒµ F-Ȫ�
#GD

J È ȃ ʎ 0 ǈ ( + ȁ Ô � % @ 2 � ƃ � ƾ 2 È ų ņ f - / F �

f = ρ∫ r( )exp 2πr ⋅ Δk( )dV-Ƚ�GF@2,�F� 

îĩȀ0 Ni
Mn
Ga2çÙJ��
#G$G2�ɵJ¨Ç�+ƅǣ F-
 

F hkl( ) = fNie
i⋅2π huNi+kvNi+lwNi( )

Ni
∑ + fMne

i⋅2π huMn+kvMn+lwMn( )

Mn
∑ + fGae

i⋅2π huGa+kvGa+lwGa( )

Ga
∑  
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� � �

= 1+ eiπ h+k( ) + eiπ k+l( ) + eiπ l+h( )( ) fNi 1+ e
iπ h+k+l( )( )+ fMne

iπ h+k+l
2

!

"
#

$

%
&
+ fGae

iπ h+k+l( )e
iπ h+k+l

2
!

"
#

$

%
&'

(
)
)

*

+
,
,

 

-/F�RO��2Éŋ�D
ĉŭóķ2űƄ h
k
l,Ɲ«Ô��
 

 

�� h�k�l 2�'�)&��ģƄ
<%3�)&��¿Ƅ,�FĖû
 

� � � � � F 100( ) = F 110( ) = 0  

� -/E
ĉŭƇǔ3ǢG/��
 

�� h�k�l ��!G@ģƄ,�FĖû
 

� � � � �
F 111( ) = 4 fMn − fGa( )  

� 2ƪĹ2ɨǔ�ǢGF� 

�� h�k�l ��!G@¿Ƅ,�FĖû 

� �-1. h + k + l
2

�ģƄ,�FĖû
 

� � � � � F 222( ) = 4 2 fNi − fMn − fGa( )  

� 2Ĺ�/ɨǔ�ǢGF� 

� �-2.
 

h + k + l
2

�¿Ƅ,�FĖû
 

� � � � �
F 220( ) = 4 2 fNi + fMn + fGa( )  

� 2Ɨğ2ɨǔ�ǢGF� 

¥ĉ2Ĳʭ,3ĉŭƇǔ2ɨŉJıʅæ F�-3Óƞ/��
Mn- Ga2Ä

Ȗ2ɿÖ2çÙ��G%Ô&�
�2Ėû2ĉŭŐŉ�Ĺ��/F �ØF� 

 

�2ȚƓȒ�ǰĜŤ�%Ƒ
ĕƚƥĩ2îĩ�63ĜID!0
ê¯ƥĩɥ2 c

ɥ� 1.2»06%°ǉǰ(��i�\Okǰ)0ǰɤǾ F-Ȫ�F��2-�
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ƫɳĊĩ03ƥĩ0Ķ�+űƄ,��DG%îĩ¯ȧ hkl 2=�œʤ F%?


ǍÜ3#2<<Ō�ȟ�G
ɯƥĩ2ɥʋ2=�Ĝæ F� 

C(+ Ni-Mn-GaûʆȒ0��+
ʣűƄ hkl ��!G@ģƄ,�FĖû<%3

��!G@¿Ƅ,�FĖû2=ĉŭƇǔ�ɨŉJŰ'
hkl2�'�)&��ģ

Ƅ
<%3�)&��¿Ƅ&(%Ėû03ĉŭƇǔ3Ǥ�/�� 

� �GJɯƥĩȃʎ2�j�č-�+ǯŷƇǔ 000ɬÀJŹ�%@2�č ap.1.1

-/F��G3 orthorhombicȚƓJȪť�+Ź�G%@2,
ȚƓȒJ a�bʷc


α=β=γ=90°,�FƱƋƓ-ªı�%ɯƥĩȃʎ,�F�3)2ɯƥĩ{Wk� a*


č ap. 1.1 Ni-Mn-Ga ��i�\Okǰ0Ķŝ Fɯƥĩȃʎ-ĉŭƇǔ 

� � � � ʰ�3 111Ƌ¯2ʟĩȢÇķ0Ķŝ�+ǢGFĉŭƇǔ 
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b*
c*�¡�0ǯɇ0£IE
ɯƥĩ2ɥʋ3ɯƥĩ2ŋ0Ŗ�ɥƷ� 1/a
1/b


1/c0/F�-Jǻ�+�F�č ap.1.10Ź�G+�Fɯƥĩȃʎ2\Oa3#

G$G 3 )2ɯƥĩê¯{Wk�2Ʊɜ 2 »2ȃʎ,
úƥĩɥ�2=Ʊɜ 4

ê¯2ƥĩǔɫŹ�+�F�ƥĩǔ0��F�3ƫɳĊĩ0Ķŝ�%
ƥĩǔ

0ǢGFɨǔŐŉJ�j�æ�ğ��JĜ�+�F�ɯƥĩȃʎ0Ķ�+[111]

Ƌ¯�DʟĩȢJÇķ�"FƑ
[111]JƓŃɥ- FʣȒ(úʣ2űƄ- 111{

Wk�-2Ìȁ� 0-/Fʣ)�D2óķ0ĉŭŐŉ�ŗDGF�#GD2�,

Ɨ@ʣʎʖ2Ĺ��@2��śƇǔ 000 2Ɨɬŷ¯ȧ0ǢG
č ap.1.1 2�j

�č�2ʰ�¯ȧ0Ķŝ�+ǢGFĉŭƇǔ,�F� 

� ʰ�2ƥĩǔ3 220 ĉŭƇǔ0ȉ·/óķ,�E
ɯƥĩ82ÇķʟĩȢJ

111Ƌ¯-űƄ§� F-
111ĉŭčŒ0ǢGFĉŭƇǔ3fO�Wkv��

ĂČ0ƑɊĉE0202
220
022
202
220
0222úóķ��7�Ni-Mn-Ga

Ȓûʆ 2M ��i�\Ok0��+�GCEʣʎʖ�Ĺ��ĉŭƇǔ3ĬĐ�

/��ƉƋƓJ�j�-�%23
ȏê2%?ɥ2£ŁJ 9+ 90°-Ȫ�%�

,
úê¯ƥĩɥ2ʋ�2ʏ¸J�ȳæ F%?,�F� 

 

� 111ĉŭčŒ0ǢGF
�śƇǔ 0000Ɨɬŷ2ĉŭƇǔ�Ź�ÊɇŒJȪ�

F�ʮǉǰ2 L21ƫɳ2Ėû,3
ȅƋƓ,�F%?[111]ɥĉE0)�+ 3 ĉ

Ķǽ,�E
ǢGF 6 )2ĉŭƇǔ3ƱÊɇŒ2ʥɇ�0ɿȧ�GFC�0�

7�ûʆ���i�\Ok0ĜŤ�
ȅƋƓ�DƱƋƓ0(ê¯ȭ(�nhkb�)

�ȅƋ±�DǯƋ±0)ĜI(%Ėû,@ 111ĉŭčŒ2ƥĩǔ3ü�Ňʣ�0

ǢGF�
ƱÊɇŒ2ʥɇ�0ǢG+�%ĉŭƇǔ3ɬÀ0!G+Ɇĵ�GF�

�2-� 6)2ĉŭƇǔJȚ7-
ƲK&ÊɇŒ�Ź�GF� 
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� ê¯ƥĩ2#G$G2ɥʋ0Ķŝ�"
ĉŭƇǔʎ2ɇŉJıȩ�%�j�

č�č ap.1.2,�F�111ĉŭčŒ�03
č ap.1.2�ƴ2C�0ÊɇŒ2ʥɇ

�0ĉŭƇǔ�ǢG
űƄ§�,�F�ê¯ƥĩ2ɥ2ʋ�J a�bʷc -ªı

�+�F2,
�śƇǔ0Ķ�+ʙEû�ĉŭƇǔ�ŏF�śɇŉ2�'ƗĹ

-/F23202 - 220  (<%3 202 - 220 )ĉŭƇǔʎ2�śɇ,�E
Ɨğ-/F

23022 -202  (<%3 022 - 202 )ĉŭƇǔʎ2�śɇ,�F��2ƗĹ2�śɇ

J θ1-�
Ɨğ2�śɇJ θ3- F�#2%? 111Ƌ¯�DɄ%Ėû
ƑɊĉ

E0 θ1
θ2
θ3��7�-����-/E
θ1�θ2ʷθ3
)<EĉŭƇǔ2ŏF

�śɇ�ƑɊĉE0ğ��2Əʧ(Ĺ���ğ�Ĺ2�6),ǢG+�Fĉŭč

ŒJ 111 ĉŭčŒ-Ą7�-- F�ĉŭƇǔ2ŏF�śɇ�ƑɊĉE0ğ�

Ĺ2ʒʧ
)<EóƑɊĉE0Əʧ,�7ĖûJ1 1 1ĉŭčŒ,�F-�
ç

Ù�+Ȫ�F�ĉŭčŒ�,3(θ1,θ2,θ3)Jȿʣ�D2Ɇĵ0ȧ�Ż�+@ɥʋ0

č ap.1.2 ƱƋƓ0��Fɯƥĩȃʎ-ê¯ƥĩ2ɥʋ-2ʏ¸
 

� � � � �C6 111ĉŭčŒ�0ÓǢ FĉŭƇǔ 

a) b) 
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3Ĝæ3/��
111Ƌ¯ɆĵɥĉE2�śɇŉ2��i�^�����JĮD

/�- a�bʷc2Țơ�ŗDG!
bɥƷ� cɥƷ0œʤ F%? cɥƷ2¼�

ğ��ĜIE
ƷɦƩɋ0��+ſʘ��F%?,�F��ɴ2Ɇĵ,Ɨ×0


��i�\OkǰJƫŨ FȚƓ2ĕǋ- FɅʄ0
ê¯ƥĩɥJ a�bʷc

-�+ŊƭJǷı F�-- F� 

 

� #��DɴȠ�%ĜæʻĶŝJıȩ�+��Ėû03 111-1 1 1Ƌ¯2çÙ�


ƐɅʄÃJǥ�+ĕǋ-�%ɥƋý0Ķŝ Fɥ�.2C�0ĜIF�JȪť

�
ƩɎ F�ɯ0ǟȅ�%Ʌʄüě,ê¯ƥĩ2ɥƷ2Ʒɦ/.JĆʩ- 

FĖû3
Ņ0ȿʣ�D(θ1,θ2,θ3)�ƑɊĉE0Ĺ�ğ-�9+ɊǊ�
§Ƚ0Ɍ

 F�-- F��D0j�e0§Ɍ FȽ,3
1 1 1Ƌ¯�D2Ɇĵ,�(

%@2Jȿʣ�D2ɊǊ-�+ 111 Ƌ¯0ȧ�Ż�%j�e3X��2shW

X��l,Ƚ � 

� ©�J 2Ȇ Appendix2ĕǺǬ/ıȩ-�
ŊƭJĎı F��2Ƭ0Ɇĵ�

G%ĉŭčŒ0Ķ�+ĉŭƇǔʎ2ɇŉJĕǋ-�+ŊƭJı?
111ĉŭčŒ

0��FĉŭƇǔʎ2ɇŉ2ɊǊ�D
Ķŝ FʨĔ2ê¯ƥĩɥƷJɊǊ 

F�-�ÓƞF� 

� orthorhombic ê¯ƥĩ2 2 )2ʣ(h1k1l1) -(h2k2l2)�/ ɇŉ2²ō(θ)3ƥĩ

ıƄ(a
b
c)Jǥ�+ 

 

-/F�θ13 202-220ĉŭƇǔʎ2�śɇ
θ23 220- 022ĉŭƇǔʎ2�ś

ɇ
#�+ θ33 022- 202ĉŭƇǔʎ2�śɇ-�+
θ1,θ2,θ30)�+2 3 )

2ƋǿŋJɈ�Œ, c/a- b/a2¼Jƻ?F�-�ÓƞF��2Ƒ
 

cosθ  = (h1h2 /a2 +k1k2 /b2 +l1l2 /c2 )
{(h1 /a)2 +(k1 /b)2 +(l1 /c)2} ⋅{(h2 /a)2 +(k2 /b)2 +(l2 /c)2}
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     ʻʻʻ� ŋ A.1 

     ʻʻʻ� ŋ A.2 

-/F��G0CE
111ĉŭčŒJɊǊ F�-,ȚƓ2ĕƚƥĩɥƷJǳF

�-�ÓƞF� 

 

� ƚūƽ,3
°»ǡ�D=DGF{�lZ�e���ĉĶǽ0ʚû�+�F

ǔ�DĉŭčŒJŗF�-,
111ĉŭčŒJŗF�-�ÓƞF�)<E°»ǡ

2<<Ƌ¯bhiN�XJȻ� ,ɐƈ0Ķ FʟĩȢǗķJƪáǇ�
ɐƈ

2ǝŤJƗĹ2ʟĩȢǗķ,ŗF�-�ÓƞF-Ȫ�%�<%
ƯȆ,3ƚū

ƽ0C(+òƓƫɳ0ɄDGFÂ�/ɸ�Jəɘ�%�#2%?0
ĉŭčŒ

�Dɕ=õGFȚƓƫɳ2Ƅ¼Ǭ/ȑŉJ
Ưȍ,ƩɎ F� 

 

 

  

c
a
=

sinθ3 ⋅cosθ1
sinθ1 ⋅cosθ3

b
a
=

sinθ2 ⋅cosθ1
sinθ1 ⋅cosθ2



Ȉ 2Ȇ� Ni-Mn-Gaûʆ 2M��i�\Ok2ɰɶʟĩʪřʊɆĵ 

� � 	 56 	 

Appendix 2  TEM-111ĉŭčŒ,2ƫɳɈƠȑŉ2ƩɎ  

 

� ƚĲʭ,3 TEMĉŭčŒJɊǊ F�-0C(+
ĻŪǬ/ƫɳɈƠJȻ�

 JǮǬ- F�Äƞ
ʟĩʪřʊ3#2ƾʋ2Ǵ��Dĉŭɇŉ�ʢŅ0Ĺ

��
ʃ/Eû�ɂƄ2ĉŭǢɛJ#G$GɌɮ F%?2ÔɈȮ3°�-Ȫ

�DG+�%�ɱŅ2ûʆ,�G4
TEM0CFĻŪɆĵ0â�
XȢ0CF

ƫɳɈƠJȻ(+j�eJɀİ F�-�ŅĤūƴ,�F����/�D

Ni-Mn-Gaûʆ3ʢŅ0ĜŒȮ�ğ��
ɐƈ2ǝŤ0C(+ê¯ƥĩ2ĜŒ�

Ȫ�DGF%?
Ɇĵ-ȉ·/ɐƈ,ȚƓƫɳ2j�eJɈƠ F�-�ŜɃ

-Ȫ�F�#2%?¥ĉ3
j�e-�+ŗDG%ê¯ƥĩ2ɥƷ2ɊǊJȻ

�ʗ2BD�JǷɓ�
ɐƈ2ĜŒ
ɆĵƑ2bhiN�X0CF@2�JƩ

Ɏ F�--�%� 

� ɰɶ�%ʟĩȢ0Ķ�+İÈ/ȚƓ,�(%- F-
Zu���k/ʟĩ

Ȣ0CFĉŭčŒ3ǯŷƇǔ 000 2ĂČ0ĶǽǬ/ǔ2ȨÖ0C(+ȽǢ�G

F����/�DʟĩȢ2Pp�V�Ǭ/BD�AȚƓ2�İÈş0C(+Ō

�ɠ��GFĲȚƓ0��FĉŭƇǔ2ň�E3�öɼ,�F�ĶǛțEJĹ

���+
İÈʨĔ2=JŴ�C�-�+@w�W3ň�EJŰ)�-0/F�

�G3ĉŭóķ¯ȧ2�ś2¼JŰ)İÈ/ĹȚƓ�I!�0!G+ɿý�G


�]OWƫɳ0�j�æ�GFǝŤJā�+�F%?-Ȫ�DGF�ĉŭčŒ

�2w�W3ǣšǬ03ÍĶǽ/ɨŉÔłJŰ)�#GƁ0¨Ƚ¼-�+ĉŭ

Ƈǔ2w�W¯ȧJĉŭóķ2ǔ-�+Ŵ�F� 

� ƚĲʭ,ǥ�% CCD,3
ĉŭčŒ3 51mm×51mm2 CCD�0ȓ 2400 pixels 

× 2400 pixels2j�e-�+¹Ĭ�GF��2-� 1 pixel2�ɩ3 21µmǿŉ,

�F�Ĳʗ2ĉŭƇǔ2ň�E3�śƇǔ0Ķ F�śɇ,ȓ 1°ǿŉ,�E
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ȓ 50 pixels×50pixelsǿŉ2ň�EJŰ)��2 CCD�0 202ĉŭƇǔ-�śƇ

ǔ 0002ɢʜ3ȓ 5.5mm,Ɍʉ�GF‡�ɨŉ2ŐŉÔłJÍ0Ʉȅ+ĉŭƇǔ

2�ś¯ȧ- F�
ª0ĉŭƇǔ2ň�E�D
�ś¯ȧ3�2wWb�2ǿ

ŉ2ȎČ,ɕ=-GF- F�č ap.2.10ǻ C�0
�śƇǔ�D 5.5mmʜ

G%¯ȧ0�FɟwWb�-
#��D 2 wWb�!)�Ƌ
#�+ŕƋ0¯

ȧ F 2 )2ʠwWb�J�j�-�+Ȫ�F�ɟwWb�-ŕƋ0¯ȧ F

ʠ�wWb�-2ɇŉŁ3 

tan−1
2×21 µm( )
5.5 mm( )

#

$
%%

&

'
((− tan

−1 2×21 µm( )
5.5 mm( )+ 2×21 µm( )

#

$
%%

&

'
((= 0.0033...  

-/F��C# 50pixels×50pixels,Ƚ�GFĉŭƇǔ2�ś¯ȧJɻŮ FƑ2

ɔŁ3
cxk�,ɊǊ�GFĹƄǔ©� 3Ʀǿŉ2ɊǊ<,3¯ȧj�e-
 

�+ĬĐ�
ƘŢ,�F-Ȫ�DGF� 

                                                   
‡ a=5.56Å, c/a=1.22 tetragonal,ɬ®�%Ėû
d202=2.14Å-/F�C(+
S
��ʋ 1.2mâɲʟď 200keV, Lʻ�=11.832 mmʻÅ,�F TEM,3
�śƇǔ
000- 202ĉŭƇǔʎ2ɢʜ3ȓ 5.5mm-Ɋȋ,�F� 

č ap. 2.1� j_e�j�e�2ĉŭƇǔ2ň�E-wWb�2�j�č
 

)64���0����2><=?�� 

5.5mm 
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� ɊǊcxk3 COREL Designer X52ɇŉɊǊƮȮJǥ�F�cxk3 ,0

��G%ȢÔ
ȇǔA�śǔ0Ķ�+ŐÛǬ0�ȱ�"FƮȮJŰ)%?
�

GJǖä-�
�)ɊǊƶ0ĕǋȢJŌ�ǯ�
�ś¯ȧJƻ?ǯ�+ɊǊJ

Ȼ� ,ǟȅ�%ɊǊ-�%�ɊǊ3új�e0Ķ�+#G$GɂƄĉȻIG


Ňđ¼JȋÓ F��G0C(+
ɊǊ�G%ɇŉ3ûʆ2ĻŪĜŒ0CF@

2�
�F�3ɆĵƑ2ɐƈ-ÇķʟĩȢ2ɍı/.2ȒȝǬ/ɃĊ0CF@

2�JƩɎ F�č ap. 2.12ƩɎJɣ<�+ĹƄǔ©� 2Ʀ<,ɇŉɊǊ�


Ĉŵ¢Ç0CEĹƄǔ©� 1Ʀ2j�e-�%� 

 

� ƭǋɐƈ-�+ǥŢ�%ȚƓ3 Si (111),�F�^�Z�3ĜŒ�0��ȚƓ

,�E
ȅƋƓ,�F�C(+ Si (111)ɐƈ0Ķ�+ʣq����DʟĩȢJÇ

ķ�" 111 ĉŭčŒJŗ%/D4
�śƇǔ2ĂČ0ƱÊɇŒ2ʥɇ�0ĉŭ

Ƈǔ�ǢGF3!,�F��2ɨǔʎ2�śɇŉJ 60°- F��GJɊǊ F

Ėû0��:.2ɕ=¼2BD���F�JƩɎ�
ƚǵȂ,Ȫĵ�% TEM0

CF 111 ĉŭčŒ�2ĉŭƇǔʎ2ɇŉ�D
řȗʨĔ2ȚƓƫɳJɌɮ F

Ėû2ȑŉJı?F� 

� �D0ɆĵƑ2ʟĩȢÇķƋ¯2½ýJõEÇG%Ėû0ĉŭčŒ-ĉŭƇ

ǔʎɇŉ2ɊǊ2.2C�/œʤJñ; �JƩɎ�%��G03 Si (111)ƭǋ

ɐƈ0Ķ�
_�`k[111]Ƌ¯�D2ĉŭčŒ2ɨǔʎɇŉJɊǊ�%¼-


�D0[111]Ƌ¯ĂČ2 5 )2Ƌ¯0ʟĩȢÇķJÂ�0!D�%Ėû0ŗDG

%ĉŭÃ2ɨǔʎɇŉJɊǊ�
ȋÓ�GFƥĩ2ɥƷJƷɦ�%�TEMɆĵ

0��FɆĵƋ¯ɻı/.
�n�M�,2ɍı0¬�Ǥ�F¼2BD�Jɔ

Ł-�+Ʃɋ F� 

� ƭǋɐƈ3ɡʮďʟĩʪřʊb�e�(ʑğ UHVEM)�D¶Ȝ�G% Si(111)
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2 TEMǥȸȯɐƈJǥ�%�ɕ=õE0��F¼24D)�JŰ(+ɇŉɊǊ

2ɔŁ- F�¥ĉ2Ĳʭ2Ėû2úĉŭƇǔ2ǯŔ0Ķ F�śɇŉ3 1�ǿ

ŉ,�F�-�D@
ɕ=õE0ʏ�+3 1/102 0.1�3ɕ=õGF-Ȫ�F�

ȋÓ�GF c/a ɥƷ-ȅƋƓ Si 0��F c/a=1.00 JƷɦ�
#2ŁJ@(+ɥ

Ʒ2ɔŁ- F� 

� ŗDG%ƐɅʄÃ- 111 ĉŭčŒ2ȚơJč ap.2.2 0ǻ�%�ƚɘüƬ0ʟ

ĩȢÇķ0Ķ�+ƱǷ0Ēǯ/ɽÔJƐɅʄÃ0��F{�lZ�e��D�

Ǌ�
ȸȯ�ȴĥ/ȚƓɽÔ�DĉŭčŒJŗ%��D0č ap.2.3 03¤ǕǬ

03ɠ�E�/�ǿŉ2ğ�/ʟĩȢ2½ý (ĉŭčŒ�,shWX��l2

ƐF��
ɬÀ2ĉŭƇǔJ�ś- F<,ʟĩȢÇķJ½ý)J��
#G0

Ķ�+ŗDGFĉŭčŒJǻ�
ɈƠJȻ(%��GJȒȝɔŁ-�+õEÇ

G
ɆĵƝ«0C(+ȚƓƫɳ2Ɍɮ�Ɨğ,.2ǿŉ2ŁJŰ)�JƩɎ�

%� 

č ap. 2.2 Si(111) ƭǋɐƈʶa) Ɇĵɽ¯2ƐɅʄÃ{�lZ�e�2ʚûɽÔJ 

� � � � Ɇĵ¯ȧ- F�b) 111justƋ¯�D2 111ĉŭčŒ 

a) b) 



Ȉ 2Ȇ� Ni-Mn-Gaûʆ 2M��i�\Ok2ɰɶʟĩʪřʊɆĵ 

� � 	 60 	 

 

1 

3 

4 

0 

2 

5 

č ap.2.3 Si(111) 0Ķ�ʟĩȢÇķJĒǯ�DI!�0½ý�"%Ėû2 111ĉŭčŒ 

� � � (1~52ĉŭčŒ3 0(č ap. 2.2b))-2Ʒɦ 

� � � ĉŭŐŉ2Ôł�#G$Gǲì2Ƌ¯0 202ĉŭƇǔ�)Ô(ȓ 0.26�)½ý F� 
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� ɊǊ2Țơ
ɇŉ2Ňđ-ɥƷ2¼J<-?%@2�Ƚ ap.2.1 ,�F�#G

$G2ĉŭÃ�DȋÓ�G%(θ1,θ2,θ3)�DɥƷJɊȋ�
¼2BD�JƩɎ�%�

�2ʗ0
ɇŉ2ɕ=õE24D)�3ȞĶ¼, 0.2°©�-��Țɘ-/(%�

ƩɎ2%?2j�e3 111Ƌ¯JĂĉ FC�0ʟĩȢÇķJ½Æ�"+�E


#2Ňđ¼-�+Ŵ�%¼�Ɨ@ƭǋɐƈ2¼(c/a=b/a=1.00)0ɬ�¼-/F�

#G$G2¼- 1.00-2Ł�
Ʈćɍı-ɊǊ0C(+Ǥ��FɔŁ-Ȫ�%� 

� Si(111)2Ɇĵ�DŗDG%Țơ3
ɇŉ2ɕ=õE-�+±0.1°2ɔŁJȪť

 9�,�F-��@2,�(%�ª0 0.1°2ɇŉ2ɕ=¼2Ĝæ0ɥƷ2ȋÓ

JĶŝ�"F-
b � a
 c � 1.2 × a2Ɲ«0��+
c/a,±0.003ǿŉ
b/a

,±0.004 ǿŉ2¼2Ĝæ�Ʉɪ<GF�#2�,
ĉŭčŒ2ɕ=õEɔŁ0

â�
TEM0CFřȗƫɳ2ɆĵƝ«(ÇķʟĩȢ2Á�/.
Ɇĵɾŉ2Ȓȝ 

 

 

 θ1 θ2 θ3  b/a c/a 

0 59.90 59.96 60.15  1.001 1.005 

1 59.82 60.33 59.82  1.010 1.000 

2 59.99 60.15 59.86  1.003 0.997 

3 60.10 59.78 60.12  0.994 1.000 

4 60.05 59.89 60.05  0.997 1.000 

5 59.78 60.18 60.00  1.008 1.005 

 

Ƚ ap.2.1č ap2.3�,2ʟĩȢÇķJ 111Ƌ¯0ɍı�%Ėû(0)-ĂČ0½ý�%Ėû 

� � � � (1~5)2 Si 111ĉŭčŒ2Ƈǔʎɇŉ(θ1
θ2
θ3)ɊǊȚơ
�C6 (θ1
θ2
θ3) 

� � � � 2ŇđǊı¼-
ȋÓ�%ɥƷ� (ƭǋ¼ c/a=b/a=1.00-Ʒɦ) 
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ɔŁ)0C(+Ǥ�FɔŁJÿK&Ėû,@
Ƚ ap.2.1CE
b/aɥƷ
c/aɥƷ

0Ǥ�FƗğɔŁ3 0.008�C6
0.005,�(%��GD3Ë0 0.01©�,�

F-ɏ·,�
ɥƷ2ƘäƦJĹƄǔ©� 2 Ʀ<,-�%��2�-3 111 ĉ

ŭčŒ0��FɈƠ,3
ȚƓɥƷ2Ű) 1ʱ2ɸ�JƷɦ F0èÔ/ºŦş

JŰ)- F 2ĦőşJǻ�+�F� 

 

� ©�CE
ƚǵȂ0��F TEM0C(+/�G% 111ĉŭčŒ2ɇŉ2ɊǊ

3ĹƄǔ©� 2Ʀ
ɥƷ2Ɍɮ3ĹƄǔ©� 3Ʀ?<,JɌɮ F�-- F�

ƘäƦƄ0)�+3ɇŉ2ɕ=¼,ĹƄǔ©� 1Ʀ(0.1°)
ɥƷ2Ʒɦ0��+

2ƘäƄī3ĹƄǔ©� 2Ʀ(0.01)-�
1ʱ<,2ØÙ3öȮ,�F-�%� 
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ŋ 3Ŋ  

 

Ni55.5Mn20.0Ga24.5±Ǝ(��:  

2M]cQfG@S©Ć*ĖƆŬď  

 

 
3.1Ŏ  Ŗŭ   

 

ǘ 2ņȂȉ 365KȆ�¾ĘȟÈȀNi55.5Mn20.0Ga24.5fưȆȀǦȁǣƞƣzǇ�ǒ´Ʋ

(TEM)Ŷ�
ȆĥǵțoǑĘȃǴȁǣŶ�eɇɏȹȂȈŶ��Ŝ(ŵƮ)ȈĿOǣŶ�

ȆǩǯțžÜĞȈ�ǣǩȘȋŪťQȆǩǯț�¾ĘȈ�QȅȄȟÉÓǴǼǤ 

ǘ îņȂȉ TEMŶ�
ȆžÜȆĥǵț�ȟƹ�ǶțǼȔȆǣŪťƨ@ȟƼ[ǴǼ

XťžÜȈ�űȟžȒǼǤŪťƨ�ȟƼ[ǶțǱȃȂžÜȈŦ¢Ĺ�ȟÄĂǴǣĻ

~ȆȘțžÜ�ȟƹ�ǶțǤȑǼXťȃǶțǱȃȂTEMŶ�ȆǩǯțŪťNõȟƕ

ĒǳǸțǱȃȟì°ǴǼǤǱȜȉgæȆǇ�ŖȈƞƣǫrǆȃȅțǱȃǫ�ĔǳȜțǼ

ȔǣŶ�ɖȷɏȲa³ŌȈƆñ�ȟŴĲǴǼǤ 

ǘ ǱȜșȈǱȃȂ��ǴǼ TEM Ŷ�ǫ³șȜǼǼȔǣ2M ɃɌȶɎȫȤȸȆǩǯț^ç

ȆȀǦȁǣ2ņȂ�2ǴǼ[111]pÅtȆȘțüơŸôȟƦĦǴǣŋ�ȆŸôǴǼǤ 
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3.2 ŉǘ �Ǖ  

 

ǘ îņȂĦǦțfưȉ 2ņȂƛȎǼfưȃŇǴǦǤîņȂȉ TEMŶ�ȆǩǯțoǑ

ĘȟŸĊǶțǼȔȆǣXť TEMžÜȈ�űȟ��ȈȘǧȆŬǿǼǤ 

ǘ TEM žÜȈ�űȆȉǇŸĸļČȟĦǦǼǤǱȈàČȂȉÙÎ�Œ��ċĴ*A

OIƗ�ƒá* TEMŶÖ(Ɩ��ŮŪƀĄ&�$ë8;:���Ɨ*ŊŋƓã

+Ɠ��4�Ŋŋ=��(Šů�:��%ŶÖ³ũƯÄ+İË�:��*òƇ

=�Ľ�$ƒá*ŶÖŮŪƗ=ÿó(İË���ƀĄAOIƗĆƭ*œ l�

9�ñÞ'ƀĄ&�:�&%�È¾(7:Çç(ŧò=Ō�«ŪƀĄ*�Ų=

ěŻ����*Ŋŋī%+ƠċƢ*Ŋŋ�ļ(7:ƀĄŰƭ*ĩĘ5¼ư&'

:��êȕžÜȆ¸Kȟ�ǨȅǦàČȂǥțǱȃȆƳȒǣƪŸŊŋ(7:«ŪƀĄ

*�Ų=ƀ3�� 

ǘ ēŔ%+ǣƟ£Ȉ TEMŪťȆǩǯțØ 10nm��ȈŪťǏ{ȟǥǨȁÈǼǸǷǣ

žÜ7ƿƨȆǪǯȁ§ǦŊsȂÞǋXǳȟǩȘǺ 400nmŀ¨ȃȅțŶ�ƨ�ȟÈȀ

žÜȟĉȔǼǤǱȈýȅXťžÜȉɃɌȶɎȫȤȸȈ@ƮȂȈ TEM Ŷ�ȂŨǮÃD

ǳȜțŪťNõȟƕĒǳǸț<ŜȂǥțǤNi55.5Mn20.0Ga24.5 fưžÜȆÖǇL�Āȟ

ĦǦȁ�=100µmXǣǡ=3mm¯ȈȷȣȮȨȃǴǼ±ǣšĈĸļŎ(#4000)ȑȂÂĸļȂ

ŮǋȟÙǨǣǇŸĸļȟŬǿǼǤžÜ�űȆĽ��ƪĿŊŋġ+QU\id3%


:�ƒá%+ÙÎ�ơ��ċĴ%�×ƭ(���bgZ*�=LgGi�²�

�$AONgE=Ŝr��:��w½+�*�µ(×�AONgEŜr= 1~10

ōŐãR?e@���AOIƗ*çĹ ì=ů!��ŪťžÜ�űȃgǵǮǣĸļ

Đȟƣ�ŏƫƪƫ+ȦȲȼɏɌŌȃǴǣŗŭJȃǴȁɁȴɌȰɌȱɌɀȟĦǦȁĸļ
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Ơ¨ȟƄÙǴǼǤžÜȷȣȮȨȆ�ǶțȭȥȵȸȈ¬Ǽțŷ¨ȟǣŪťžÜ�űȘȚǖ

ŷ(2�ŷō45°)ȆŻ�ǴǣďƯȉ20~30ml/secȃǴǼǤȑǼǣĸļǇvȉǔmǇď'

ȘȚ�Ǧ 18~23mAȆŻ�ǴȁĸļǴȁǦțǤ 

ǘ î�ǕȂĦǦǼ TEMȉǣáŅű H-800ƞƣzǇ�ǒ´ƲȂǥțǤƒáŶÖ* 10

�Őã*XťQȆȘǿȁǇ�ŖȈƞƣƯǫ��ǶțǱȃȟ�»ǴǣTEM ȈĨ-a³

ůŜȃǴȁƸ�Ǉ�ǒ´ƲȰɎȲɏȂŻŹǳȜǼǖ½¨ CCD ȟĦǦǼßzĨ-a

³ůŜȟFĦǴǼǤîĀȉ²òzȈ CCD ÒƗ�ŜȟɀȤɌɅȩɏȮ�ŜȃǸǷǣū

1óĲIȆË2ǴǼɄɊɏȂÿàhȆ1�ŒƑȟ�ǮǱȃȂıŵŶ�Ȉū1ó�Ŝ

ȃŇƏǅȆ CCD ȟƩǴȁǦțǤ²òČȆćƖǴȁžÜ�Ŝȃù?ǋȈƏǅǫķǦǼ

Ȕǣ�Ƙ¨Ȉ%dȂȕù?ǶțǱȃǫ?òțǤǱȈœõ CCDȈǖºţQȃĳȑǿȁǊ

£Ȇ�Ƙ¨Ȉ TEM -ȟù?ǶțǱȃǫcţȃȅǿǼǤǱȜȆȘȚǣě�ǇďƯȟĒș

ǴȅǫșǣŶ�Ǐ{ȈXǳǫ 400nm ŀ¨ȈXťžÜȟŶ�?òțǱȃȟĺƀǴǼǤȑ

ǼǣŸôȆ·ųȅŶ�Ȉà�fȞǸȃpÅt

Ȉù?ȆȉǩȘǺ 5~6æƶȟƋȖǴǼǫǣǺ

ȜǽǯȈæƶȟžÜɂɌȳɏ�ȂɍɎȯĻ~

Ȉ®ǌ�ȆéǳȜǣƴæƶȈǇ�Ŗě�ȟb

ǯȁȕǣƔćȈŸô�ȉXťžÜȆ�ǫĥ

ǵȁǦȅǦǱȃǫĺƀȂǬǼǤ 

ǘ žÜɂɌȳɏȉŶ�à�ȈpƓ+ÝɂɌȳ

ɏȃǴǣǡ=5mm ¯ȈɇɋɁȷɎűȈT�ɆȵȬ

Ɉȟ�ǴȁžÜȟu�ǴǼǤ 

À 3.1 Ôĭ% Ni55.5Mn20.0Ga24.5·Ɯ

«ŪƀĄ(Ŵ8;:Şčŝţ*�

ÃŃ'FgSbJS 
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ǘ ǳșȆŶ�žÜȆȀǦȁǣ�ÁȂȈőÀ@ôȕžȒǼǤǱȈ�ÁőÀ@ôŶ�Ȃ

ȉǣě�ǳȜǼǇ�ŖȈ§ǫȚȟûKġȔțıİȂǣǇĩÖ�zȈǇ�ƱȟÈȀ

HF-2000z TEMȟĦǦǼǤ 

 

 

3.3 ŉǘ œõȃş�  

 

3.3.1ǘ XťžÜ
ȆŴșȜțőŚȪɎȸɊȮȸ  

ǘ Ni55.5Mn20.0Ga24.5 fưXťžÜȆǩǦȁ³șȜǼ6zİȅãŵƮ-ȟt 3.1 ȆĽ

ǶǤǱȈ-ȉǗȈŞȟƭȇǼýȅȪɎȸɊȮȸǫŴșȜțǤǱȈ-ȟǗȈŞȆŴŅȁȁǣ

ŞȈũȆċǿȁžÜɂɌȳɏȟpƓǶțǱȃȂ³șȜțŶ� ȟt 3.2 ȆĽǴǼǤt

Ȉ ǪșǎȆžÜȟpƓǳǸȅǫșeà�ǪșȈŶ�ȟŕǯǼœõȂǣt 3.1Ȉãŵ

Ʈ-ȆĤȜțǗȈŞĞȈ-Ǐ{ȉĩǋȆ�¸ǶțȕȈȂȉȅǮǣĠŅǶțEȈœç

Ǐ{ȂǥțǱȃǫDțǤ 

� À 3 ȆĩǋȆ edge-on ǴǼ�ÉØà�ǪșȈ-ȟ³:÷Ʈ=Ō��À 3.3a)(�

a). c). b). 

À 3.2 Ni55.5Mn20.0Ga24.5·Ɯ«ŪƀĄ(��$�ƀĄ½Ɗ(��Şčŝţ* 

� �  FgSbJS*Ç¦ 
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ïų&�: TEM�ąƋ 2Ƌ(tilting axis 1(Ƴ*ŞȈũ)�7- tilting axis 2)=Ō�

��ƀĄ&ƪÍŢķØć�*ƣ��t 3.4b)ȈĞ¾ȟCì�ŜȃǴǣtilting axis 1*

pƓǪșĩǋȆ�Ƕț edge-onŶ�(t 3.4c) ) ȟ³ȁǣŶÖć�=Ƌ&�$ƀĄ=

90°½Ɗ�:&�ąƋ+ tilting axis 2(Çď�;:�ǳșȆ½ù�ŶÖ`iT=Ľ

�$ tilting axis 2*½Ɗ(79�ûĀ*½ùÀç(t 3.4d))=ë��t 3.3e)Ȃȉt

À 3.3  Ni55.5Mn20.0Ga24.5·Ɯ*«ŪƀĄ*ŸĖ 

� � a) ŝţŸĖ*�4*ŝţXMig&�ąƋ�b) ŝţ*Ĉŵƚ�&�ąƋ 

� � c) «ŪƀĄ(Ŵ8;:âůĿƭŝţ�d) c)(×ð�:½ùÀç 

� � e)  Ƥŵƚ½ùī(7:Ďŵƚ� 

e). 

d). 

b). a). 

c). 



ŕ 3Ŕ� Ni55.5Mn20.0Ga24.5·Ɯ(��: 2M]dQgG@S¯č*ĝƔŸĖ 

� 72 � 

3.3d)
Ȉį�ȂĽǴǼpÅÛĘȆ�ĜŔȚȟ2ȜțȆȘǿȁ³ǼèŵƮ-ȂǥțǤ

��%+³șȜǼ¥ŬĩǋȂ@ǯșȜțǏ{ǫ��ȆƘ¨ȟÈȀǱȃǫDțǤ��

ȈȘǧȆǣâůőÜŞč* edge-on�"�ûĀć��8*ŶÖ�³ũ&'!��ǘ

ǘ

ǘ �p�űǴǼXťžÜȂȈŶ�ȟcţȃǶțǱȃȂǣžÜȈĿOȖ�ȟÍƼǴǣ

��İȅ TEMŶ�ȃǣŸôȆ·ųȅpÅtȟ³țǫ?òǼǤ  

 

3.3.2� ¯č*½ùÀç  

ǘ t 3.3ȈőŚ	ȋȆpÅtȉ^çȆȘțȕȈȃşǨșȜțǤǺȈŸôȟŬǧǼȔȆǣ

îŉȂȉ^çȈƝ÷�ȆȀǦȁşǨțǤ2ņȈœõȟƒȑǨǣ2MɃɌȶɎȫȤȸȟÝ

àçȃ��ǶțǤɃɌȶɎȫȤȸ�¾ȆȘǿȁœçȈT�÷�ǫŅà÷�Ǫșăà÷

�(ǥțǦȉÝà÷�)Ȇ�QǴǼ~fǣɁɊȎɏ÷�(Bravais Lattice)ȃǴȁȉƔȈa

Țàȟ�ǨȅǯȜȊȅșȅǦǤǴǪǴȅǫșǱǱȂȉǣŅà÷�Ȉ L21 üơȃgǵƔȈ

±9ć=�:�&&��]dQgG@SÇô(79 cƋ��7� 1.2�*ƠƋ&

':7�(Ç¦��&�$¨�ęÍ*G@K(Çç)("�$ƅƄ�:� 

� ¨�ęÍ= tetragonal�2�+ orthorhombic &��¯č='�¶Şč= T1 &

T2&».�¨�ęÍ[DSd a�b�c *Ơ�= a�b�c%Ű�&�ø!$�:

2M]dQgG@S*Óƨ*ŞčĝƔ(Ɵ3�a�b�1.2c�" α=β=γ=90°%
:�

�*&��ƑęÍƋ a*�b*�c**Ơ�+ 1.2a*�1.2b*�c**ƣ�&':�¯č=

'�¶Şč*ƣ�(ûĀz�)+ Hirsch8*“ELECTRON MICROSCOPY OF THIN 

CRYSTALS”1* 6.3Ř('8���'< ¯čƣ�(
: 2Şč+¯čĿƭ*ī

Ţ(×�$ 180ã*½Ɗ×Ŏþ�%Ļ�;:&���2M]dQgG@S=ú" 
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À 3.4  2"* tetragonal(a�b�1.2c)�8':¯č*ƑęÍŒƢ`Rd&�×ð�: 

� � � Şčć�(ĳq*ęÍĴ+ 010½ùÀç(Ļ;:ƍĴ) 
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ēŞč(��$+��*7�(Ŧ$¼ư'���*¯č+ Bilby�Crocker 8

*Ō�¯č*�Ʊ2%+�type� ¯č(Û�:�ûĀz�("�$+ĢŘ%Ɓ�

�Ɛ/:� 

� |l79¯č*ƑęÍŒƢ*`Rd=À 3.4(ü���̄ čŞč='�Ƹ"*

Şč*ƑęÍ(ß&pÊ*À)+ c*�ŉ�ģćęÍ*ƑęÍ=ü�$�9��u�

*[101]Ƌ*º9(Şč= 180°½Ɗ��5*%
9��;8+202&202ęƑę

ÍĴ=�ƒ�$�:��;8 2 "*ƑęÍ=ƙ)·<��5*��¯č�8*

ƑęÍŒƢ*`Rd&':(´*À)�mĤ(Ō�*+ T1�7- T2�;�;*Ş

č(��:¨�ęÍƋ%
:��*`RdÀ+T1&T2(��$040T1&040T2Ƒ

ęÍĴ*�ƒ�8 bT1=bT2���$ & *ƑęÍĴ*�ƒ�8+

d202−T1 = d202−T2"29 aT1
2+cT1

2=aT2
2+cT2

2=Ō�$�9�̄ čĿƭ%* T1& T2Ş

č�ā·�$�:�&&¸ť%
:�Àp(Ĳĳŭ%ŭ#���q©%Ļ�Ƒ

ęÍĴ+�010 ½ùÀçl(Ļ;:½ùăĴ%
9��*ƍĴƘ�+À 3Ʒ3d)

=Ŭ�Ļ�$�:�7!$�`RdÀ�Óƨ*Şč&Ŭ�×ð�$�:&�

:��  

 

3.3.3Ǔ XšŹÚȃáŰƩ-ǞǤȓȆ�·ǱȖ 010pÃt«   

Ǔ 3.3.2ņȃɂȲɇȚĤǡǼ Ni55.5Mn20.0Ga24.5 (TM=365K)fƫȃpÃt«ȃųòȚŧ

Ǣǟ 

Ǔ t 3.5Ɏ)ȄXšǥȔ²ȔȗǷŏåȃS�ĜȁŁƉǯǷƣ�ȚÒ¬ǯǷȐȃǽǠȖǟǬ

ȃű�Ǌ{ȚǊ{ 1 ǾǯǞ�·ǱȖpÃt«Țt 3.5b)ȁĺǱǟǬȗ�ƵǞ^åĜō

ŖȚȀǱeŏåȚ T1ŏåǾ T2ŏåȁ@ǎǱȖǟ2�ŒÞ�ȀǿȃŵƖȄ|ìĮȁ

202 202
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T1ŏåȃÞ�ȁēǲȖǾǯǞT2ŏåȃÇÖ�ǪǾÞ�Ȅ�ŵǱȖǟ 

Ǔ t 3.5b)ȃĭ� (T1)ȁ�ĚŐȕȚ2ȗǷæŰƩ-Țt 3.5c)ȁǞĕ� (T2)ȁ�ĚŐ

ȕȚ2ȗǷæŰƩ-Țt 3.5d)ȁĺǯǷǟǬǬǽǵȗǶȗȃæŰƩ-ȁƓ¦ȚÆǻ 2

ǻȃŏåǊ{ǦǤ�ǡȃǊ{Țū�ǯǞōŖ3�Ț¿łǮǳǼǡȖǬǾǦDȖǟ 

Ǔ ��ȁǬȃt 3.5b)ȃpÃt«ȃųòȚŧǢǟ�ĤǯǷ H-800ƙƞzǂ�Ǎ³ƭȃ 

Ǔ  

a) b) 

c) d) 

À 3.5 §ÝĹŝţ(ƯÄ 1ƹopened area)%* edge-onŶÖ 

� � a) Ĉŵƚ��� b) Ĉŵƚ� a)(×ð�:½ùÀç 

� � c)�d) � b)(Ō�½ùăĴ T1�7- T2�8*Ďŵƚ� 

T1 T2 
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ȢɁɅ�ÖǾǞű�ȁǤǪȖ 200keVȃäȃǂ�ŒȃċƯǥȔ 

� Lɑλ=11.83mmɑǙǓǓ Ǔ Ǔ Ǔ Ǔ Ǔ ¨ ǗǕǖ 

Ǧ�ǣȔȗǼǡȖ*ǟ²ȔȗȖpÃt«Ȅ CCD �ǽ 51.01mm×51.01mm ȃǊ{Ț

2400pixels × 2400pixelsȃȲȨȭɇȲɊȭǾǯǼa²ǯǼǡȖǟǬȗǥȔ�ĒȁĤǡǷ

pÃt«ȃ&ġȚćȏǞ
µÙĖǾepÃĖƱȃƊǀ RhklȚćȏǞpÃÙĖȃĺǱ

ÇÖȃǆƱŲ dhklȄÿ¨ǽĢǮȗȖǟ 

� dhkl= Lɑλ/Rhkl on 51.01x51.01mm
2      ¨ 2.2 

Ǔ ǬȗȓȕǞt 3.5b)ȃĭ�(T1)ȁĺǱpÃÙĖǾ
µÙĖȃ�Ē'ȓȕ²ȔȗȖǆƱ

ƊǀȄ d=1.66ǙǞĕ�ǔT2)ȁĺǱpÃÙĖǥȔ²ȔȗȖǆƱƊǀȄ d=1.38Ǚ ǽǠǺ

Ƿǟ 

Ǔ InoueȔȁȓȖ
¹�ŒǽȃŴĒ3(Ni54.5Mn20.5Ga25.0fƫȁǤǪȖ tetragonalɄȵȰȳ

ȫɇȃƏƯ£x aƏ 0.55nmǞcƏ 0.65nm)ǾąƑǯǼǞĭ�ȁ�·ǱȖpÃ_�Ȅ c

Əȃŉ 1/4ȁ�·ǯǞĕ�ȁ�·ǱȖpÃ_�Ȅ aƏȃŉ 1/4ȁ�·ǱȖǟȓǺǼĭ

�(T1)ȁĺǱpÃ_�Ȅ 004_�Ǟĕ�ǔT2)ȁĺǱpÃ_�Ȅ 400pÃ_�ǽǠȖ

ǾǱȖǟǬȃ TEM pÃt«ǥȔ cT1=6.64ǙǞaT2=5.52Ǚ ǾŸ"?ðȖǟ�ƖȃȓǢȁǞ

t 3.5b)ȁĭ� T1ǽsǺǷpÃÙĖȄ 004pÃÙĖǾųòǽǧǞT1ŏåǥȔȃȐȃ

ǽǠȖǾǱȖǟìŃǽȄǬȃ 004T1 ȚǱȉǼȃÇÖ�Ǫȃ|ēǾǯǷǟt 3.5b)ȁĳq

T2 %¿!�½ùăĴ+ 400 ½ù°Ø(7:ƍĴ%
9�Ďŵƚ��8 T1 &+
                                            
*� TEMŶÖ%+ć�·<�=½ù��8Õ(ů��4��;(���ąƋ*
þ�+ŶÖ(YBiCJ)ƭ*�Ƌ(Ī!�ŏ¥=����*íƃā(7:�ĺÇ
¦+żƝ�;'��4��ĺ*Õ'űģ+n³ũ&':�¶RiM(+ýè

ċ*C_bƠ*Ç¦(=�ĺ*Ç¦)�¹2;:�4�½ùăĴƢ*ƉƩ�8ë8
;:ƭƢƧ*ş×�+Õ(+ýèĦ(ŀ'9�ħƌŸĖ(�Ľ�:�&+ª

Ʀ%
:���%+½ù°Ø*��7�*�ŤŸĖ&�$Ľ��Ĭı¡&��

$½ù°Ø* hkl=ë�� 
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ŀ':ƯÄ�8*½ù°Ø%
:��*½ùăĴ+�004T1=Åį&��Æ·(

¢Ř*¯č*Òť�8 400 T2&%�:�ŶÖć�+�T1�7- T2*¯ć*Şč 

 

 

 

a) 

b) c) 

À 3.6§ÝĹŝţ(ƀĄ 01ƹopened area)�8*½ùÀç(À 3.4b) )*ŸĖ 

� � a) 010½ùÀç(×�:ć��ûĀz� 

� � b)�c) À 3.4c)®- d)(Ō�Ďŵƚ�l(Òť��¯čŞč*ć� 



ŕ 3Ŕ� Ni55.5Mn20.0Ga24.5·Ɯ(��: 2M]dQgG@S¯č*ĝƔŸĖ 

� 78 � 

�8*400&004½ùăĴ=Ļ�$�:�4�T1Şč*[010]ć�(T2Şč*[010]

ć�)�8ýè��5*%
:�À 3.4*`RdÀ*ûĀz�&5ā·�:�4�

À 3.5b)= 010½ùÀç&���À 3.5b)(Ļ;�½ùăĴ(ûĀz�=ů!�5

*=�À 3.6a)(Ō���À 3.6a)(+¶Şč*VOSXMig=ł(T1)&Eei

(T2)%Ō�$�:�¯č*Òť�8�¶Şč+¯čƭ*īŢ( 180°½Ɗ×Ŏ%


:�4�½ùÀçl(+pîăĴ=ƒ9Ŀƭ*īŢ(×�$ƞĊ×Ŏ�Ť(

yć*Şč�8*¸�ûĀ�Ļ;:� 

� �;8*ć�ƣ�=Ďŵƚ�l(Ō�&À 3.6b)®- 3.6c)*7�(':��;

�;Ďŵƚ�(ƍã=ú"ŞčƯÄ%*ƭ�(��:ć�=Òť�$�:� 

� ¯čĿƭ(*ûĀ) + (2�+ )%
9�½ùÀçl¯č='�oć*Ş

č%Ŗ��½ùăĴ=ú"�Ŀƭ�ā·%
:�4(+ bT1=bT2 �"�

aT1
2+cT1

2=aT2
2+cT2

2�ö9œ!$�'�;,'8'��bT1=bT2+�*½ùÀç%

+Ŵ'��� & *ƑęÍĴ*�ƒ�8 d202−T1 = d202−T2�Ŵ$±;:��

*�&+ orthorhombicęÍ(��$Ú'�&5 aT1
2+cT1

2=aT2
2+cT2

2=Ō�$�:� 

� �8(��;�;*Şč(��:pîăĴ& 004½ùăĴ®- 400½ùăĴ

=Ş.Ţ�*và�:ŷã+ 90.0°±0.01°%
9���;*Şč%5ńv�$�

:&�:�7!$�¶ T1�T2Şč+��;5 tetragonal2�+ orthorhombic

%
9�2Ŕ 2.3.2Ř*}Ò+Ìæ%
!�&�:� 

 

3.3.4Ǔ TEMȁȓȖ�ÀúƜųò   

Ǔ 1ŃǽƖȉǷȓǢȁǞInoueȔȄ
¹�ŒpÃ�ǐȁǤǡǼǞ020ȺɊȣǥȔ<110>Þ

�ȁ|ìõ�pÃ(ȻȜɉȮɁɉȭɇ)ȃ 1/3ȃ�ŘȁëĴȃȺɊȣǦĢȗȖǬǾȚĺn

202 202

202 202
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ǯǷ (t 1.44
ȁƈĳVǽĺǯǷȺɊȣ)ǟìņǽȄǞǬȃ�ȁǻǡǼś�ǱȖǟ� Ǔ

t 3.7Ȅ�p²ȔȗǷ^åȃ 010pÃt«(t 3.5a))Ț c/a=1.2ǾǯǼÍǡǷpÃt«

ȃɂȲɇtǽǠȖǟǬȃä 200T1ȃȺɊȣƕ*ȁ T2ǦĢȗȖǬǾǦDȖǟc/a=1.2ȃ

~fǞǬȃ002 T2pÃÙĖȄǞ200T1pÃÙĖȓȕ[ ]Þhȁ x=0.30ɑd101ǸǪļOǯ

Ƿ�ŘȁĢȗȖǟǬȃǬǾǥȔǞ
¹�ŒpÃǽ|ìõ�_�ǥȔǤȓǵ 1/3<110>ȃ

002

101

À 3.7 c/a=1.2%
: 2"* tetragonalŞč�8':¯č* 010½ùÀç`Rd 

� � ( c/a=1.279 c*=1/1.2�a*=1/1��7- tanθ1=1.2�tanθ2=1/1.279� 

� � cosη=(400)h(202)/|400||202| = 0.76923…(on c/a=1.2tetragonal) 

� � � �η=39.71°�  

� � y=d202/tanη=0.83066ƻd202 

� � � � x = 1/2ƻ(1/tanθ2-1/tanθ1)ƻy = 1/2ƻ(1.2-1/1.2)ƻtanηƻd202 = 0.305ƻd101� ) 
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�ŘȁĢȗȖëĴȃȺɊȣȄǞfƫȃ^åQȁĥðǱȖpÃÙĖǽǠȖǾųƧǽǧ

ȖǟǬȃûȁ TEM ű�ȁǤǡǼȄǞ�Àųòǽǯǥ²ȔȗȀǡ� ȚĺǱǬǾǦ?

ðȖǟ 

 

3.3.5Ǔ ^åpÃt«ȁĢȗȖǅ�Ļ¹   

Ǔ t 3.6a)ȃpÃt«ȚźǯǩſȉȖǾǞT1 ŏåȃȶȰȳȹȭɊɉȚ[ ]Əȁ�ǯǼ

180ǘpƎǯǷ~fǞT2 ŏåȃȶȰȳȹȭɊɉȁZ�ȁȄƨȀȔǲǞ^åȃ¤��Į

ȀȶȰȳȹȭɊɉȃ�Ļ¹ȄǭǩșǲǥȁĝǡȚÆǻǬǾǦůȔȗǷǟpÃÙĖȃƓ

¦ȃ(ȕȐůȔȗǲǞű�ȁǤǪȖ2�ǂ�ŒǾŏåÞ�ȃƲ#ȐơAǽǠȖȁȐǥ

ǥșȔǲǞ?ĢǱȖpÃÙĖ�ŘǦ�Ļ�ŘǥȔǲȗǼǡȖȃȄŏåȁĥðǱȖȐ

ȃǽǠȕǞT1 Ǿ T2ȃŏåúƜǦZ�ȁȄĩȀȖǬǾǦ�ĒǮȗȖǟ 

Ǔ ǬȃǬǾǥȔ
µÙĖ 000 ǾepÃÙĖƱȃƊǀǽĺǮȗȖõ�ǆƱƽȁǻǡǼŴ

ĒȚŧǺǷǟ0ȁƖȉǷȓǢȁ(3.3.3 ņŠČ)Ǟ
µÙĖǾepÃĖȃƊǀŴĒȁǤ

ǪȖ³ŌȀ�QȁǻǡǼȄű�ȁǤǪȖȢɁɅƯȃ�QǦoǌǾȀȖǷȏǞǵȗǶȗ

ȃƊǀȃąȚaȖǬǾǽoǌȚaȕƷǧǞŏåõ�ȃĂȍǾǯǼÊǣǷǟǵȃŏóǞp

Ãt«ȃ�ĒȁǤǡǼ T1ǽȄ c/aƏą(
µÙĖ 000 Ǿ 004T1]Ȇ 400T1pÃÙĖ

ȌǽȃƊǀȃą(1.21))Ǧ T2ȃ c/aƏą(
µÙĖ 000Ǿ 004T2]Ȇ 400T2pÃÙĖȌ

ǽȃƊǀȃą(1.19))Țșǲǥȁ�pȖǾǡǢŏóǦ²ȔȗǷǟ2 Ń Appendix ȁ±ǢǾ

Ǭȃ Ȅ TEM pÃt«ǥȔDEcşȀ ǽǠȖǾǡǣȖǟǸǾǱȗȅǞìŏåȄZ

�ȁ^åúƜǾǡǣȖȐȃǽȄȀǩǞ^ÞǦ,ǥȁõ��ÖȃƠǡȚÆǻōŖǽǠȖ

ǬǾȚĺnǱȖȐȃǽǠȖǟǮȔȁǞ�ƖǯǷǦǞ2 ŏåǦ^åħǆȁǤǡǼ×fǱȖ

ǷȏȁȄ b ƏǦ^ÞȃŏåǽńǯǩǞǥǻ aT1
2+cT1

2=aT2
2+cT2

2ǽǠȖǬǾǦ¶ŮR@

101



� 81 � 

ï�ǽǠȖǷȏǞT1 Ǿ T2 ȁǤǡǼ aT1Ǿ aT2ǞcT1Ǿ cT2ȃǵȗǶȗǦZ�ȁńǯǡ'

ǽȀǩǾȐħǆǽȃ×fȄ¿łǯǞǬȃȓǢȀ,ǥȀõ��ÖȃƠǡȚÆǻ�«ȄƉ

Ǭȕ²ȖǾśǣȖǟ 

Ǔ ǵǬǽÿņǽȄǞ111 pÃt«Ț²ǼŏåƏąȚŅ?ǱȖ(Ņ?ÞĊȁǻǡǼȄ 2

ŃǽƖȉǷ)ǟTEM pÃt«ȁǤǪȖ,ǥȀŏåȃ�Q(ƏąǽůȖ 1ɋȃƠǡ)ȃ

ŵƖȃé»¹ȁǻǡǼǞg�ŹÚȚ 2 Þ�ǥȔŴĒǯǷ~fȃ×fȚȐǺǼ÷ŷǱ

Ȗǟ 

 

3.3.6Ǔ ^åpÃt«ȁĢȗȖǅ�Ļ¹ȃ÷ŷ  

Ǔ pÃt«ȁĢȗȖƏąȃũŵȚ÷ŷǱȖǷȏȁǞ111 Þ�ǥȔȃű�ȚŧǺǷǟt

3.5 Ǿg�ȃŏåǊ{ǥȔȃ 111Þ�ǥȔȃpÃt«Ța²ǱȖǬǾǽǞ2ŃǽƀǰǷ

ƏąȃŅ?ȚŧǢǬǾǦ?ðǞ010pÃt«ǽžȍaȗȖƏąȃ'ǾąƑǱȖǬǾǽǞ

pÃt«�ǽůȔȗȖ,ǥȀĂȍȁǻǡǼ÷ŷǱȖǟǬȃǬǾǾǞeƏȃÞ�Ʋ#Ț

�ǳǼǞű�ŏóǦǱȉǼ×fǱȖǥiǥȚƃƀǱȖǟ 

Ǔ t 3.8ȄǞ^åŏåȃƘõ�ɂȲɇ(t 3.4)ȁ 111pÃt«�ȁĢȗȖƓĖƤBȚ

ĺǯǷɂȲɇtǾǯǷǟȌǷǞ^åȃƘõ�ɂȲɇt(t 3.4)Ǿȃŏå�«�ȃÞ�

Ʋ#(t 3.6)ǥȔǞŏå�«ȁ�ǱȖ 010 Þ�Ǿ 111 Þ�Țt 3.9 ȁÍǡǷǟt
ȃ

eÞ�Ȅďǣ�ȃT1 ȌǷȄT2ǽǿǹȔȃŏåȁ�ǱȖǥȚĺǯǼǡȖǟǬȃɂȲɇ

tȄű�Þ�Ț[010]T1Þ�ǥȔ[111]T1Þ�ǾǱȖǷȏȁȄǞ^åǆȃĊŒ(t 3.3a)

ȃ tilting axis 2)ȚpƎƏǾǯǼŹÚȚpƎǱȗȅ²ȔȗȖȚĺǯǼǡȖǟŏåȃT

�õ�Ǧ cǝ1.2ǚaȃ tetragonalǽǠȖ~fǞħǆ( 202 )T1ȃĊŒȚpƎƏǾǯǼ 111

Þ�pÃt«Ț²ȖǷȏȁ¶ŮȀŲ¦Ȅŉ 52.5°ǽǠȖǟ 



ŕ 3Ŕ� Ni55.5Mn20.0Ga24.5·Ɯ(��: 2M]dQgG@S¯č*ĝƔŸĖ 

� 82 � 

Ǔ   

Ǔ �ȃś�ȁ±ǺǼ²ȔȗǷ 111 Þ�ǥȔű�ǯǷáŰƩ-ǾpÃt«ȃŏóȚÀ

3.10 (ĺǯǷ�3.10a)ȄáŰƩ-Ǟ�·ǱȖpÃt«Țt 3.10b)ȁǞpÃt«ȁĺ

ǮȗǷepÃÙĖǥȔȃæŰƩ-Țt 3.10c)ǤȓȆ d)ȁǵȗǶȗĺǱǟæŰƩ-ǽ

ȄáŰƩȁąƑǯǼŏåōŖȃȥɉȳɅȩȳǦţǩķŻǮȗǷ†ǟT1ǤȓȆT2ǥȔȃp

ÃÙĖǞŏåȃƤŘȄ 010Þ�ǥȔȃű�Ǿ×fǯǼǡȖǟ 

 

                                            
†Ǔ t 3.10ȃáŰƩ-ȃŹÚ3¢Ǿű�äȃ+ÛŲǥȔŹÚÜǆȚø8Ǿ��ǯǞǂ
�ŒƙƞǦcşȀŏåXǮȄè�ǽȐ 500nmĽ¦Ǿś�ǯǷǟ 

À 3.8 ¯č*ƑęÍŒƢ`Rdl(Ō�� 111½ùÀç*ƍĴƘ� 

� � ¯č='� 2Şč(ľĕ�:½ùăĴ(ƈq(T1)�ƫq(T2)�Ƶq(�ƒ))&�  

� � Ƌħ=Ĩ4:�4* 3ŷã(ƈ(T1)&ƫ(T2))%Ō��� 

� � (¯č`Rd*ĝö&Şč¶ć�+À 3.4&¸Ŗ) 
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À 3.9 ƀĄÈç`RdÀl(Ō���¯čĿƭ( edge-on�� 010ć� 

� �  �7- 111ć�ŶÖ 
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� À 3.10b)%+À 3.8 (Ō��`RdÀ�8sĮ�;�ƍĴƘ��ë8;�111

½ùÀç*�ŷç*VOSXMig� 2"ƙ'!�¯č½ùÀç�ŶÖ�ĕ��

�*½ùÀç=�ŝţ=ĝö�:¯čŞč�8* 111½ùÀç&�$�À 3.8(

ê!$ûĀz���Şė�À 3.11a)%
:�À 3.11a)(+Ďŵƚī(Ľ�� T1

®- T2*½ùĴ(£�À 3.8(×ð��¨�ęÍƋħ=Ĩ4:�4* 111½

À 3.10 §ÝĹŝţ(ƀĄ 01ƹopened area)%* 111ć��8* edge-onŶÖ 

� � a) Ĉŵƚ��� b) Ĉŵƚ� a)(×ð�: 111ć�½ùÀç 

� � c)�d)  b)(Ō�½ùăĴ T1�7- T2�8*Ďŵƚ� 

 

a) b) 

c) d) 
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ùÀçl*pîăĴ&¶½ùăĴƢ* 3"*ŷã θ1	θ3(2Ŕ Appendix)=�¯č

* 111½ùÀçĹ(Ō�$�:�111½ùÀçl(Ļ;� T1�T2�;�;* θ1

	θ3 =Ƃ3±!�Şė=½ùÀçl(Ō��5*�À 3.11b)%
:�À 3.11b)

*¯č 111½ùÀçl%Ƃ3±!�ăĴƢ*ŷã=�¢Ŕ*å A.1�7-å A.2

({��:�&�8Ƌħ=Ĩ4��À 3.6*¯č 010½ùÀç%+ăĴƢ*ƉƩ

*źĮ��8Ƌħ=Ĩ4��;�;*ŶÖć�%*Ƌħ*Şė=Ű 3.1(Ō����

�*Şė�T1* c/aƋħ� T2* c/aƋħ(×�$É���&+�2"*ć��

8*½ùÀç(ŇņĶ�Ļ;�Ā�Ń'ſ�%5đ¤ĀÏ 3Ě%jū�$�: 

t��!��ȌǷħǆ×fȃï�ȁƲǯǼǞT1ǤȓȆ T2ȃ bƏǦ�ŢǱȖǾ��ǯǞ

111pÃt«ǥȔŅ?ǮȗǷƏąȚȐǺǼ(a2+c2)ȃ'ȚŅ?ǱȖǾǞũ 3.2ȁĺǱȓǢ

a) b) 

1 2Tθ

1 1Tθ

202
T T1& 2

-

202
T T1& 2

-

022
T1

-

022
T2

-

220
T2

-

220
T1

-
2 1Tθ

3 1Tθ

2 2Tθ

3 2Tθ

58.32°

65.48°

64.98°

58.39°

56.20°

56.63°

À 3.11 §ÝĹŝţ(ƯÄ 1)%* 111½ùÀçŸĖ 

� � a)  111½ùÀç*ûĀz�&Ƌħŗ�(ïų'½ùăĴƢŷã(θ1~θ3)  

� � b)� θ1~θ3*źĮ� 
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ȁ 3 öȃéNÖ�ǽţǩ�ŢǱȖȐķŻǽǧǷǟǓ ��ȓȕǞT1 ŏåȃ c/a ȃ'Ǧ

T2 ŏåȃǵȗǾșǲǥȁĩȀȖǦǞ2 ÞhǥȔű�ǯǷpÃt«ȁȓǩĢȗǼǤȕǞ

Ö'ĮȁȐ�ŢǯǼǡȖǬǾǦķŻǽǧǷǟǬȃǥȔǞTEMpÃt«ǥȔžȍaǺ 

 

�  T1 T2 

�  c/a b/a c/a b/a 

010pÃt« 1.21 - 1.19 - 

111pÃt« 1.211 1.043 1.188 1.032 

 

 

�  T1 T2 

a2+c2= 2.26×b2 2.26×b2 

 

 

ǷƏąȃŵƖȄǞŏåĥðȃ¹ƇȚţǩĢǯǼǡȖǾśǣȖǟȓǺǼǞŏåȃÆǻƏ

ąȃ 1ɋȃ Ț 111pÃt«ǥȔžȍaȖǬǾǦcşǽǠȖǾŏƀǱȖǟ 

 

3.3.7Ǔ ^åúƜȃű��ŘȈȃ!�¹  

Ǔ IņǽȄ^åŏåǵȗǶȗȃƏąȁșǲǥȀƠǡǦǠȖǬǾȚǞ111 pÃt«ȁȓ

ȖųòÁĊȚĤǡǼĺǯǷǟǬȃÞĊȚĤǡǞŏåeƣȁǤǡǼ�Àű�ȚŧǢǟI

ŃǽȄèȐƯǡŏåƏȚ cƏǞèȐĵǡƏȚ aƏǾȀȖȓǢȁű�Þ�Ǧ 111 ǥǵȃ

ƘÞ�1 1 1ȚjȏǼï�Ț×ǣǷǟìņǽȄǞǱȉǼ^åħǆǦ edge-on ǾȀȖ 111

Ű 3.1  010½ùÀç®- 111½ùÀçl(Ļ;: c/a�b/a*Ƌħ*ā· 

Ű 3.2  Ŀƭ%*ā·Ĕ~(bT1= bT2*&�* T1& T2%* a2+c2*�) 
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Þ�ǥȔȃű�ǽǠȖǾǯǞb Ə(ħǆȁ£ŧȀT�õ�Ə)ǦèĵƏǾȀȖǥiǥȚ

ŏåȃ¹ƇǾǯǼŵƖǱȖǟ 

 

Ǔ t 3.12ȁĺǯǷȃȄǞXšŹÚ�ȁù³��ȚưǪǷĜ½ǽǞǵȃlsǊ{Țű

�ɑųòǯǷ ǽǠȖǟa)ǦáŰƩ-Ǟb)Ǧ a)ȁ�·ǱȖpÃt«Ǟc)Ǟd)Ȅ b)ȁĺǯ

ǷpÃÙĖ T1ǞT2ǥȔȃæŰƩ-ǽǠȖǟáŰƩ-ȁƨȂǷ8«ȃƹ¬ȄGƶŰ

ƩŐȕȃ�ŘȚĺǯǼǡȖǟǬȗȚǊ{ 2 ǾǱȖǟǊ{ 1ȄlsǦųÔǮȗǷǊ{

(opened area)ǽǠȖȃȁ�ǯǼǞǬȃǊ{ 2Ȅű�ƣ�ǦȸɇȣȁîŔǮȗǼǡȖǊ

{(closed area)ǾǯǼ�ąǮǳȖǷȏȁÈǫǷǟ 

Ǔ ě´ĮȀȃȄǞǊ{ 1 ǾĩȀȕpÃt«�ȃ
µÙĖƕ*ȃ 6 ǻȃpÃÙĖȚŏ

ȇ4Ų«ȃȶȰȳȹȭɊɉǦ_ƎÓ�ǽȊȋ�3ȁƨȂfșǳȖǬǾǦ?ðǷǟpÃ

ÙĖƱȃŲ¦ŴĒǽȐǞt 3.12f)ȁĺǱȓǢȁ^åȚȀǱ�ŏåȁǡǼǅ¡ȁţǡ

�ŢǦůȔȗǷǟǱȀșǹ�ŜȃŲ¦ȃžȍ'ȃ ȄǞ0.01ǘȃŇs7ǽ`ȌǺǼ

ǡȖǷȏǞńǯǡŏóǽǠȖǾǯǷǟǬǬǥȔžȍaȔȗȖƏąȃŅ?ǽȄ^ÞǦ (c/a, 

b/a)T1 = (c/a, b/a)T2 = (1.19, 0.99)ǾȀȖǟ^Þ5ȁħǆȁ£ŧȀ bƏǦèĵƏǽǠȖǟ 

Ǔ ǾǬȘǽǞ2Ń Appendix ȃƃƀǽȄǞƏąǽ 0.01ȃ ǦǠȗȅĩȀȖŏåǾǯǞT

�õ�Ǧ 1.2×|b| �1.2×|a|�|c|&':Ə�%+ c/a*è�ƂET�Ȅ 0.003ǾũĢǯ

ǷǟǊ{ 2ȃ T1 Ǿ T2�ŜȃƏąȃũŵȚȐǢ�ö�ȑǯǼȍǼȐǞT1ǽ 1.193ǞT2

ǽ 1.192ǽǠȕǞ�Ŝȃ Ȅè�ƂET���ǽǠȖǟȓǺǼ 111pÃt«ȃųòȁ

ǤǡǼǞǊ{ 2ȁǤǪȖ T1 Ǿ T2ȄȊȋńǯǡŏåǽǠȖǾŏƀǱȖǬǾǦ?ðǷǟ 
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f) e) 

d) c) 

b) a) 

À 3.12ĜÙÎºƎ(Ŵ8;:WdDŝţ (ƯÄ 2 closed area) 

� � a) Ĉŵƚ��� b) Ĉŵƚ� a)(×ð�: 111ć�½ùÀç 

� � c)�d)  b)(Ō� T1�7- T2½ùăĴ�8*Ďŵƚ� 

� � e) Ƌħ*ŗ�(ïų'�111½ùÀçl* 3"*ŷã(θ1~θ3)�  

� � f)  111½ùÀç* T1®- T2Şč* 3"*ŷã(θ1~θ3)*źĮ� 
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Ǔ t 3.13ȁĺǱŰƩȚǊ{ 3 ǾǱȖǟǊ{ 3Ȅ TEMXšŹÚ7ƺƣȁ^åȚȀǱ

ōŖǦŌǩƸ2ǯǷĜ½ǽǠȖǟǬȃƅ2ǯǷōŖȄ£ŧħǆȚÆǹǞ^åƲ#Țĺ

ǱpÃ-Ǧ²ȔȗǷǟæŰƩ-ĊȁȓǺǼǊ{ȃū�ǦůȔȗǷǟ^Þȃŏå5ȁ

ħǆȁ£ŧȀ bƏǦèĵƏǽǠȖǟŏåȃƏąȁǻǡǼȄ(c/a, b/a)T1=(1.22, 0.98)Ǥ

ȓȆ(c/a, b/a)T2=(1.26, 0.97)ȃŏóȚ²Ƿǟ�ĿĮȁR@ȁ�Ǯǩƅ2ǯǷȓǢȁůǣ

ȖōŖȄǞ�Ŀȃ�ƣ@ȚUȏȖŏåƣ@ȁ�ǯǼ^åƲ#ȚÆǻǦǞc/a ƏąǦ

a) b) 

À 3.13 ĥŅ(ƥ���íśŝţ (ƯÄ 3 closed area) 

a) Ĉŵƚ��� b) Ĉŵƚ� a)(×ð�: 111ć�½ùÀç 

Ŀƭ(Âń'ć�ň©& 3"*ŷã(θ1~θ3)*źĮ� 

c)�d)  ¶Şč*½ùăĴ�8*Ďŵƚ� 

c) d) 
500nm 
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1.26 Ǿ�ǧǩȀȖǾǡǢě´ǦȍȔȗǷǟ 

 

t 3.14Ǿt 3.15ȄèȐȓǩůȔȗȖXšŹÚȃ¸�ȀȡȰȨƣȁůȔȗȖ�ĜúƜǽ

ǠȕǞǬȗȚǊ{ 4ǤȓȆǊ{ 5 ǾǯǷǟ 

Ǔ Ǌ{ 4 Ȅȓǩű�ǱȖǾlêĮȁŭÖȃ^åǦƿfǯǼǡȖû�ǦůȔȗǞŹÚȡ

ȰȨƣȁȄǵȃōŖ¢ȚÆǺǷ>=ǦșǲǥȁůȔȗȖǟōŖȃ¢ȄÖ 10nm�ǽǠ

a) b) 

À 3.14 «ŪAOIƗ(Ŵ8;:âůĿƭŝţ (ƯÄ 4) 

� � a)Ĉŵƚ��� b) Ĉŵƚ� a)(×ð�: 111ć�½ùÀç 

Ŀƭ(Âń'ć�ň©& 3"*ŷã(θ1~θ3)*źĮ�,®- c)�d) ¶Şč*½ù 

ăĴ�8*Ďŵƚ� 

c) d) 
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ȖǦ�«ȃ>=ȄÖ 100nm ¢ǽǠȖǟǬȗȔȃȡȰȨƣȃ�«Ȅ°ĬĮȀŹÚ�«

ȁȓȖȐȃǾśǣȔȗȖǟáŰƩ-ȄR@ȀȥɉȳɅȩȳǦ²ȔȗȀǥǺǷǦǞæŰƩ-

ǽ^åǦķŻǽǧǷǟŏåȃƏąȄ (c/a, b/a)T1= (1.22, 1.01)Ǿ(c/a, b/a)T2=(1.18, 

1.00)ǽǠǺǷǟ 

 

Ǔ Ǌ{ 5Ȅǅ¡ȁŌǥȀŏåȃƤBǦůȔȗǞōŖ¢Ȅ 20nm��ǽţǩ×BǯǼǡ

À 3.15 «ŪAOIƗ(Ļ;:^Df'âůĿƭŝţ (ƯÄ 5 micro twin) 

a) Ĉŵƚ��� b) ×ð�: 111ć�½ùÀçĿƭ(Âń'ć�ň©& 

3"*ŷã(θ1~θ3)*źĮ 

� � c)�d) ¶Şč*½ùăĴ�8*Ďŵƚ� 

a) b) 

c) d) 
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ȖǟǬȃȓǢȀŌǥȀ�ĜōŖȁȐ^åúƜǦ«¿ǮȗǼǡǼǞæŰƩĊǽȓǩ@ǀ

ǱȖǬǾǦ?ðǷǟǵȗǶȗȃǊ{ǦǤ�ǡȚū�ǯǼǞ3�ȃŏåȚ«¿ǯǼǡȖ

ǦDȖǟǓ ŏåȃƏąȄ(c/a, b/a)T1=(1.21, 1.01)Ǿ(c/a, b/a)T2=(1.18, 0.97)ǽǠǺǷǟ 

 

Ǔ t 3.16Ȅ 2ŃȁǤǡǼ 400KȌǽȃàđ�ǐȁȓȕĄıȁǯǷ°ȁ�đȌǽ:WǯǞ

9ȆȾɇȱɉȦȟȳ�½ȁȓǺǼ^åQǯǷ�Àƣ@Țű�ǯǷȐȃǽǠȖǟ 

ǬȗȚǊ{ 6 ǾǱȖǟáŰƩǽ�ĜúƜǦůȔȗǷǊ{ȃȍȚű�ǱȖėȁGƶŰ

ƩŐȕȚè�®(6Ǜɏ)ǾǯǷǟǬȃǷȏǞpÃÙĖȄȲȞȩȣĜȁ¥ǦǺǼǡȖǦǞ^

åúƜǽǠȖǬǾȄůǼaȗȖǟ^åȃƏąȃŅ?ǽȄ(c/a, b/a)T1=(1.22, 1.02)Ǿ(c/a, 

b/a)T2=(1.19, 1.00)ǾȀǺǷǟ 

 

a) b) 

À 3.16ĸ�ļ��ĥŅ�8�ãçö�;�¯čŝţ (ƯÄ 6) 

� � a) Ĉŵƚ� 

� � b) Ĉŵƚ� a)ĴŢ%�Ĺ(¿>� Ƥŵƚ(×ð�: 111ć�½ùÀç 

� �   (Ŀƭ(Âń'ć�& 3"*ŷã(θ1~θ3)*źĮ)  
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Ǔ ��ȃŏóȚȌǾȏǼũ 3.2ȁĺǯǷǟ 

 

 
T1 T2 

θ1 θ2 θ3 c/a b/a θ1 θ2 θ3 c/a b/a 

Ǌ{ 1 56.2 58.32 65.48 1.211 1.042 56.63 58.39 64.98 1.188 1.034 

Ǌ{ 2 57.4 56.81 65.79 1.193 0.989 57.41 56.8 65.79 1.192 0.988 

Ǌ{ 3 57.24 56.21 66.55 1.218 0.981 56.92 55.51 67.57 1.256 0.974 

Ǌ{ 4 56.71 56.97 66.32 1.224 1.005 57.35 57.25 65.41 1.183 0.998 

Ǌ{ 5 56.87 57.11 66.02 1.211 1.005 57.86 56.42 65.72 1.180 0.973 

Ǌ{ 6 56.46 57.6 65.95 1.219 1.022 57.34 57.06 65.6 1.189 0.995 

 

Ǔ ǬȃûȁǞǊ{ 2ȃƣ@ǽȄāķȁ^åƲ#ȚȀǱ(�ŏåȃ c/aƏąǞb/aƏąǦ

ńǯǡ)ƣ@ȃ�wȚű�?ðǷǦǞc/a ƏąǦĩȀȖƣ@ȊǾțǿȃ~fȁ^åȃ

ħǆȚ�ǯǼ�Þȃŏåȃ c/aƏąǦ�Þȃŏåȃ c/aƏąȓȕșǲǥȁ�ǧǡŏó

ǦǋŕȁůȔȗǷǟT1 Ǿ T2 ȚƢÄǱȖǾǧȁǞpÃÙĖ©¦Ǧ,ǥǽȐ©ǡÞȃŏ

åȚ.0Įȁ T1 ǾǯǷǟpÃ©¦Ǧ©ǡǾȄ_�ŏåȃ�ĿǦ�ǧǡǾǡǢǬǾȁƮ

ȍȗȅǞ,ǥǽȄǠȖǦ�ĿĮȁ�ǧǡÞȃ^åŏåȃ c/aƏąǦ�ǧǩű�ǮȗȖ

+hǦůȔȗǷǟ 

 

Ű 3.3� ƀĄƗ�(��:�111½ùÀç�8źĮ��P@gŞč*Ƌħ 

� � �  ( Ű*ŨČ=ĳŭ%Ō��Ɨ�+�ĐŉƋ�Ŀƭ(âů' bƋ%
:�) 
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Ǔ ĄıȃōŖǦx�ǽǠȖ~fǞȾɇȱɉȦȟȳ�½ȄĘÅÕ�½ǽǠȖǷȏǞģǰ

Ȗ^åȄÞ�ǦĩȀȖńǯǡŏåǽ«¿(Ǌ{ 2 ȃĜ½)ǮȗȖȄǲǽǠȖǟĪoȄǬ

ȗȔǦȀǴĩȀȖ 2ľǎȃƏąȁ@ǀǮȗȖǥǾǡǢĖǽǠȖǟƝőǯȀǡŏåǽǠȕ

ȀǦȔ¶ǲ 2ľǎȃƏąȁ@ǀǮȗǼǡȖǟǊ{ 2 Ǿ�ȃǊ{ȚąƑǱȖǾǞŹÚl

sǦưÔǮȗȖǬǾǽǞ°ĬĮȁ,ǥȀ�«ǦůȔȗȖǾȐśǣȔȗǷǟǯǥǯȀǦȔ

ű�
ȁȄáķȀ�«ȄůȔȗǲǞǊ{ 4��ǽȄŹÚȡȰȨǽȃ°ĬĮȀ�«ȃ

īƋȄůȔȗȀǡǟȌǷǞ�qȁȓȖ·KĜ½Ǧ�ÀȁȓǺǼĩȀȖȃȀȔǞǵȗȁ

�ǺǷƏąȃƝőĮȀ�QǦ�ºǮȗȖǟƏąǽ 0.01(1ɋ)ƠǡǦǠȗȅpÃÙĖ

ƱȃŲ¦ǽ 0.1ǘ��ƠǺǼǩȖǷȏǞǬȃûȀĢƄȃű�Ȅ�âȀȄǲǽǠȖǟǯǥ

ǯȀǦȔǞǵȃûȀ�QȐůȔȗȀǡǟ 

Ǔ Lanska ȔȁȓȖ c/a ƏąǦfƫȃō¿ȁ�ǯǼ�QǱȖǾȃ}k5ȁȓȖǾ 2M Ⱦɇ

ȱɉȦȟȳȃ c/a ƏąȄ"ǂ�Ĕ¦(e/a)!�ǯǼ�ǧǮȚ�ǣȖǾǮȗǼǡȖǟǬȃŏ

óǥȔ"ǂ�Ĕ¦ǾǡǢũŵǽȄǞfƫȃō¿ȃźŌȀě´ǞǱȀșǹ"ǂ�Ĕ¦

ȃ�LȄǞ3 /ŋȃō¿ąȃǿȃȓǢȀ��ǽǠȖǥȀǿȄÊǣȔȗȀǡǦǞc/a ƏǦ

1.18�1.24 ȃŇsǽȅȔǻǩǬǾǦō¿ȃ,ǥȀ�OȁȓȖȐȃǽǠȖǾǡǢcş¹Ȅ

i�ǽǧȀǡǟȓǺǼìĶŀȁǤǪȖ^åħǆȚ�ǯǷ c/a Əąȃ�QȃYqǾǯǼǞ

ō¿ȒȔǨȃ�wǦśǣȔȗȖǟǸǾǱȗȅǞǬȗȄ^åǦ;uäȁ«¿ǮȗȖlê

ĮȀȒȔǨȃ¬ǇȚbǪǷǷȏǽȄĘǡǥǾǡǢ�ŽǦ¿ȕłǻǟǻȌȕ;uōŖǦ

lêĮȀĔ¦ȃȒȔǨȚÆǺǼǡǷȁƉqǯǼ^å@ǀǦƉǧǞǵȗǦYqǽȸɆ

ȝɉȳǭǾȁ��ȃ+hȚÆǺǷ 2ıȁ@ǀǞǠȖǡȄ�×fǾȀȖȉǧ7ƣ·KǾǯ

Ǽ7PǮȗǷȃǽȄȀǡǥǾśǣǷǟ 
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3.3.8ǘ 2MɃɌȶɎȫȤȸȈ TEMŶ� Ȇǩǯțùż  

ǘ t 3.17ȆȉǣR.C. Pond șȈȷɏȲǪșǣǊ�Ƅ 2MɃɌȶɎȫȤȸȆ³șȜǼ^ç

Ȉ 010]ȋ 111pÅtȟĽǶǤepÅtȆĽǳȜǼÉØȈaȚàȉîƅÚȃī

ȅȚǣĆĳȈ L21üơȂȈT�Ţȟ|ĕȃǴǼTÝçȟT�÷�ȃǴǼÉØ�ǯǫŬ 

ȞȜȁǦțǤǳșȆǣ^çȟȅǶœçȈƷ#ȉǣ�¸Ƕț^çĩǋȂƲå�ƉȆȅț

ȘǧȆÉØ�ǯǫȅǳȜȁǦțǤNi-Mn-Ga·Ɯ 2M]dQgG@S(��$+�ĥ

Ņ* L21ĝƔ=Åį(�:&�À 3.18(Ŵ8;:Ğ(¨ąč�HaYcgE�

�ĝƔ&':��*ĝƔ(×�$¨ąč(Àp monoclinic with shuffling)=¨�ę 

À 3.17ƬÇƃ 2M]dQgG@S(��: Ƥŵƚ½ùÀç((a) [010]2M/2Mt ; (c) [210]2M/2Mt 

� � � ć��8ŶÖ)�[R.C.Pond, et al.: Fig.5(a) &(c), Acta Materialia 60 (2012) 3979] 

� � � Àp*ƴŢ+¯čƭ&':½ùăĴ=Ş>�ńŢ%
9�ƈŢ&ƫŢ+¯č= 

� � � '� 2Şč 2M�7- 2Mt(ēƄĂ%+ T1& T2)(Û��(a)®-(c)(Ō��;�; 

� � � *½ùăĴ=ƒ9¯čƭ(Âń'ƴŭ*ńŢ(Âń(ü�$�:��;8�ƙ' 

� � � 8'��&��¶½ùăĴ�Õ'×Ŏ�Ť(Ļ;'�t*řĉ'ěž&':� 

� � � � � �

2022M 
- 

2022Mt  
- 

1212Mt 
- - 

1212M 
- 
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Í(±!�Æ·* aƋ& cƋ=`RdÀl*´�(Ō����*ĝƔ+ńv�

:ęÍƋ%ģćč=¨�ęÍ&�$äğ=±9ń��&�³ũ%�¨�ęÍ*

c/aƋħ=5!$�]dQgG@SĝƔ*òƇ=Ŭ�Ļ��&��ĕ:ĵ�ēƄ

Ă%+`RdÀ*ß�(Ō��ģćč‡¨�ęÍƋ=ŽÒ�$�:(tetragonal  

lattice with c/a ~ 1.2)�Àp(ƴŭ%Ō�Ţ��¯čƭ=Ō��m�*Şč= T1(M)�

                                            
‡ēƄĂ%+ģćč(b/aƋ�1&':Æ·=Ŧõ�$ąćč)=¨�ęÍ&�$�
:� 

À 3.18  010ć��8Ŵ� N-Mn-Ga2M]dQgG@S*¬ÍƘ�*`RdÀ 

� � � ¦ÑƛƄŝö(��: L21ĝƔ*¬ÍƘ�= 2M]dQgG@S(38;:ģćč 

� � � ¨�ęÍ(æ$+4�`Rd%�ĐŰƭ= Ga¬Íƭ&��Mn¬Í+ęÍ* 1/2� 

� � � Ni¬Í+ęÍ* 1/4& 3/4mć(�Ť�$�:� 
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j�)œą< T2(Mt)%���¨ą)Ɣ�'!
#*�Ċŷú$*¨ąƜ'¹ĸ

&žµ8'µŽÍŃ)Ɣ�<ò!%�#
9��R.C. Pond7)ŷú'
#*�

¨ą) 2œąƓ)óøw�*�¨ąƜ'Í�#ƏĂÍŃ}Ř'�:�:)ŋ�


óø�į:9ĕ'Èř�:#
9� 

Ǜ �ţȌÊØ�ǲȋɏɒɏȋȕǮĮȈȞȘȋȅǦªþ�ÑȌ��ȋ«ȅ�¹ǷǦŊ

#ȈŖçüƥȢĥǷȄǩȞȆŢǫȜȟȞǧ 

 

  

 Ǜ  

 

Ǜ _çȢȈǹ T1ǦT2ŖçȋǎÊØ hT1 kT1 lT1ǦhT2 kT2 lT2ȉǿǩǷȄǦǽȟǾȟ´Ȝȟ

Ȟ hM kM lMǦhMt kMt lMtȉȃǩȄǦ010 ǬțȎ 111 qÆu®ȉǬǲȞÊØȋ�¹Ȣu

3.19ȉŀǹǧǛ  

Ǜ R.C.Pond ȜȋȺɒȵȉǬǩȄȘǦ_çȢȈǹ 2ŖçǮĮȈȞǴȆȌǦu 3.17
ȉ2

ȟǿqÆÛęȢƣȝ_çīǎȉzĵȈųNř�ȉŷȜȟȈǩǴȆǭȜȘDÞȅǯǦ_

çȋqÆÛęȌ[�ȉ�Ł�şȉȌȈǩǮŷȜȟȞǧǶȜȉ(c)uȉŀǶȟǿqÆ

u®ȌǦîƈÚȋ 111à�ǭȜȋqÆu®ȉŊǷǩȆǷȄǦqÆÛęƺȋź©Ȣż 

hM
kM
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!

"

#
#
##

$

%

&
&
&&
=
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2 0 − 1

2
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Ǔ   

À 3.19 ¯č�8* 010��7- 111½ùÀç(��:�¨�ęÍ*Òť*ƕ�(7: 

� � � ½ùăĴ*ûĀ×ðƹƵÏ+ģćč�ƈƫÏ+¨ąč(7:Òť 

010Ǔ pÃt«  

111Ǔ pÃt«  
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¸ 3.20 111([210]2M/2Mt)µñ¸Þ)ūč 

� � � [R.C.Pond, et al.: Fig.5 (c), Acta Materialia 60 (2012) 3979] 

� � � �)µñ¸Þ*Ċŷú) 111µñ¸Þ%ŋ�$	9%��µñûĨƓ)ŪÚ< 

� � � ŭģ��žĝ<Ğ3��Ċŷú'Ł��œĎ%/0hş�9œĎ�â7:�� 

� � �  

θ1 θ2 θ3
T1(M) 57.0 57.6 65.4
T2(Mt) 56.5 56.9 66.6

b/a c/a

T1(M) 1.012 1.191

T2(Mt) 1.008 1.237

¸ 3.21ơ�ūŝ�%Íç�9 010µñ¸Þ 

� � � [N.Zárubová, et al.: Fig2 (f) & (g), Acta Materialia 61 (2013) 529] 

 

1212M 
- -

1212Mt 
- 
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ĒǯǞƏąȚćȏǷŏóȚt 3.20 ȁĺǯǷǟ^åȚȀǱ 2 ŏåȃƏąȃƠǡȄìƀ

ØǽůȔȗǷƏąȃƠǡǾgĽ¦ǽǠȖǾķŻǽǧȖǟ 

Ǔ t 3.21 ȁĺǱȲɊȭȄ N.Zárubová ȔȃȲɊȭǽǞ2013 ȁĬũǮȗǷȐȃǽǠȖǟ

²ȔȗǷpÃt«Ȅ 010 Þ�ǥȔȃȐȃǽǠȕǞt
ȁĺǯǷƈǡŒǾǃǡŒȄǵȗ

ǶȗȃŏåȃǞ
µÙĖǾ 400_�Ǿ 004_�ȚǵȗǶȗŏțǸŒȚĺǯǼǤȕǞǵ

ȃƯǮȃąȄǞƈǽĺǯǷŒ@ȃąǽ 1.185ǞǃǽĺǯǷŒ@ȃąǽ 1.215ǾȀǺǼǡ

ȖǟȑȄȕǬǬǽȐ,ìƀØȁǤǪȖŏóǾgńȃ'ȚĺǱǬǾǦ?ðȖǟ 

Ǔ t 3.22 ȁĺǯǷȲɊȭȄ B.Muntifering ȔȃȲɊȭǽǠȖǟǬǬǽȄǞ111pÃt«

ǦůȔȗȖǦǞáŰƩ-ȁůȔȗȖ£ŧŒĜȃȥɉȳɅȩȳǾpÃt«ǥȔůȔȗȖ^

åħǆȃÞ�Ǧ�ŢǳǲǞc/aƏąȐ 1.16 Ǿ 1.31 ǾǡǢ'ȁȀǺǼǡȖǟű�ŰƩǽ

ȃ�«Ǧ�ǧǡǾśǣȔȗȖǟ 

t 3.22Ǔ áŰƩ-Ǿ 111½ùÀç 

[B.Muntifering, et al.: Fig.2, Ext. Abs. on 3rd Int. Conf. FMSMA, Dresden, (2011) 159] 
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Ǜ ǴȟȜȋțǪȉǦ2M ɆɏȹɑȮȧȻȢ TEM Ź�ǷǿȺɒȵȉǬǩȄȘhýȉǦ_ç

ȉǬǲȞƘĈȋƩǩǮŷȜȟȞŖõȆȈȂȄǩȞǧN.Lanska ȜȉțȞȆǦǴȟȜȋƘĈ

ȋ'(1.18~1.22)ȌŔÁȉțȞ�RȆǷȄȔȆȗȜȟȄǬȝ6ǦR.C.PondȜȋXRDȋȺɒ

ȵ7ȅȘƄ¢ȋōtȆȈȂȄǩȞǧȔǿ N.Zárubová ȜȌ_çȉŷȜȟȞƻ$ȉȃǩȄǦ

_çȋ(�Ł)Õ�ȉMǫȄ,ǭȈqƗȢÉȃƻ$ȆǷȄǩȞ8ǧ 

 

3.3.9Ǜ _çüƥȆė©ȚȜǰ  

Ǜ _çüƥȆȌmtȋŖçȋZ�ƭBȉ�ǷȄǦĞ�ȋǎ(ǨȞǩȌƘ)ȉƻǷȄ�Ł

ȆȈȞýȈZ�ƭBȢÉȃ�ğȋŖçüƥȆ�ŠǶȟǦ2 ȃȋ3ǱhǸŖçǮ_çǎ

Ȣ�ǷȄà�Ȣ�ǫȞȋȕȅǨȞǧȔǿɆɏȹɑȮȧȻ�¿ȌěÈ×�¿ȅǨȝǦyƏ

ȈćĶŔŝǭȜɆɏȹɑȮȧȻ�¿ȉțȂȄħǸǿ_çȋfŖçȌà�ȋȕĮȈȞŊ

ǷǩŖçȅǨȞȌǺȅǨȞǧǷǭǷȈǮȜIŌȅȌǦgƴŔŝ7ȉĥȟǿ_çȢȈǹ

fŖçȉ,ǭȈǮȜŖçüƥ(ƘĈ)ȋĶƩǮŷȜȟǿǧȔǿǦǍR�ƳƈŔÁgƴ

ȉǬǲȞyƏȈŖçüƥȉȃǩȄȌ�ŠǶȟȄǩȈǩǧǴȟȜȉ�ǷǦLanska Ȝ 5Ǯ

¿ 3.23 ®ČŝČ'�9Ŝô�Ĕç'ų7 

� � � :9ƪËšĵÕĿ 
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ŀǹŔÁȆ c/a ƘĈȋƻ$ȉķĴǷǦ_çŔŝȢ�ǷȄ�xǹȞƘĈȋ�RȌǦŔ

ÁȋmìĳȈ�Rȉ�¹ǹȞȋȅȌȈǩǭȆŢǫǿǧîgƴǮǍR�ƳƈŔÁgƴ

ȀǭȜȅǨȞǧîŌȅȌǦ_çīǎȢ�Ƿǿė©ȋ�RȉȃǩȄƇöǷǿǧ 

Ǜ īǎȉ edge-on ǷǿƁÜȉ�ǷǦǊīÖ�{ȋǊ�ƵȢÉȃ HF2000{ TEMȢĨ

ǩȄaðǊ�řȉțȞ�Âȋ EDXżĕȢůǪȘȋȅǨȞǧŔÁ@ôȺɒȵȌ NiǦMnǦ

GaȢǽȟǾȟU�ȅĕ�ǷɘKαřȋ¬©ĈǭȜƱƳĈȢŋ?ǷǦZ�ĈȉÑŋǷǿǧ

200keV ȋǊ�řĜ�ȅ X řȋbȝ?ǷźȌ 68.1ǠȅǨȞǧu 3.23 ȉǬǩȄȺɒȵ

Ȣb´²ȋƁÜűǎȋĜ�İ(ȭɑȵɇ)ȢĽƃǷǿǧǴǴǭȜ@ôæȋŖçȐȋĜ�

ȋ¯Ǐǒ|(@ôǒ|)ȌǤ=Ő 50nm °ȅǨȞȆŢ�Ƿǿǧ_çŔŝȢ@ŻǹȞȉȌ

�ǯǩōtȅǨȞȆǩǫǦf@ô'ȉȌƱŵȋOõȢŢǫȈǲȟȍȈȜȈǩǧ 

Ǜ u 3.24a)ȉŀǹƬ@ȋ�ğüƥȉȃǩȄNiǦMnǦǬțȎGaȋŔÁ@ôȢůȂǿǧ

b)ȉȌ�ğŔŝȉ�ǷȄǊ�řĜ�ȢǷǿ�şȢŀǷǦĭe(N=1~12)Ȣž�Ƿǿǧc)Ǧ

d)Ǧe)ȉǽȟǾȟ NiǦMnǦGa ȋZ�ŔÁ(at%)ȋŖõȢǦfĜ��şȋĭeȢÿƘ

ȉǷȄŀǷȄǩȞǧu 3.5ȉŀǷǿǒ| 1ȋ¡�àȉƦȈȞƁÜ�şȅǨȞǭȜ c/a

ƘĈȌǬțǽ1.21Ȇ1.19ȉ@ǈǷȄǩȞǒ|ȅǨȞǧ ĨǷǿĀïȋGƿǭȜŔÁĈ

ȋĕ�ȆqÆu®ȋb´Ȍhæȉ?òȈǩǿȗǦƦŘǹȞŸƲǭȜǑȉØǫǿǑȉ

țȝǦãŸƲȋŹ�ǭȜ�Øĭe�şǮ T1Ȣŀǹǒ|ȅǨȞǧ 

Ǜ EDX ȉțȞ@ô'ȌŹ�ęȉțȂȄØɓȋȚȜǰǮŷȜȟǿǧf/ŒȆȘ 7 ĭ�ƾ

ȋ�şȅȌǦ_çīǎȢ�ǷȄ�ēǮŷȜȟǿǧǊ�řĜ�ȉțȞ¯Ǐǒ|Ȍ 50nm

ȆŷŞȂȄǬȝǦǽȟ��ȋ_ç¥ȅȌĕ�ǒ|ȋƱŵȋ¯ǏǮ�ǯǩȆŢǫȜȟȞǧ

ǴȋǿȗƁÜ�şȋ 3~8ȉ�ǷȄ_çȢ�Ƿǿ�ēȌɍɑȶɈȉŷǫȞǧ9~12ȋ�ş

ȅȌ_çīǎȢ�ǷȄfZ�ė©ȋ�ēǮ_çȋmìȉțǱhƇǷȄǩȞǧu
ȉ 
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¿ 3.24 ®ČŝČk)Ŝô�Ĕ � 

� � a), b) ®ČŜŢ)ćŴƚ�%ƪËšĵÕ�ţ(N=1~12)  

� � c), d), e) Ni�ƺn�Gaµ�ř)�ţ(N:ĞƋ)'�9µ�ř)Ŝô(at% )  
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ĸWȅŀǷǿ�Øĭeȋ�şȅȋ@ô'ȌǦNiǦMn Ǯ�MǷǦGa Ǯē�ǹȞ+i

ǮŷȜȟǦ#Ǌ�ė©ȌȆȘȉ�âǹȞ+iȢŀǷȄǩȞǧ 

Ǜ ǴȟȜȋǴȆțȝǦŔÁǮ_çīǎȢ�ǷȄ�ēǷȄǩȞdŦ»ȢŀǷǿǧȔǿǦc/a

ƘĈǮ,ǭȉ�ǯǩŖçȅȌǦ#Ǌ�ė©Ǯ�âǷȄǩȞ+iȢŀǷǿǧu 3.25a)ȉ

ŀǷǿǒ|ȌȩȸȰƬȉ²ıĳȈœǩŔŝ®ÁǮŷȜȟȞƬ@ȅǨȞǧǴǴȅȌǊ�

řȋŗȝƝȕȉțȞǒ|ȋ@ǈǮsǉȅǨȞȆŢǫǦǴȋœǱǁ2ǹȞŖçǒ|Ȣt

ȖțǪȉǊ�řȢĜ�ǷǦƍ2Ƭ@ȋ@ô'Ȑȋ¯ǏȆǷȄĕ�ǷǿǧȃȔȝǦƍ2ǹ

ȞŖçǒ|ȢkȖƬ@ȆkȔȈǩƬ@ȉ@ǲȄżĕǷǦƍ2Ŕŝȋf/Œė©Ȑȋ

¯ǏȢŷǿǧb)ȌǬțǽȋĜ�ǒ|(Ǥ=Ő 50nm °)ȆǦǁ2ǹȞ_çŔŝ�şȢǋ

ǩ�źWȅĥǷȄǩȞǧ 

Ǜ ǴȋýȈĕ�ȋ�gǦc)~e)ȉŀǹțǪȉ#Ǌ�ė©ȋ�ēǮ�¹ǹȞǴȆǮŷȜȟ

ǿǧǴȋƬ@ȅȌfZ�ė©ȋ�ēǮ_çīǎȢ�ǷǿmìȉțǱhƇǷȄǩȞǴȆ

ȢŀǷǿǧǴȋǒ|ȅȌ)Øĭe�şȅǦNi Ǯ�MǷǦGa Ǯē�ǹȞ+iǮŷȜȟ

ȞǧMn ȘǬțǽ Ni ȉƠǅǷȄǩȞǧu 3.24 Ȇhýȉ Ni Ȇ Mn ȋŔÁĈȋ�ēǮh

ƇǷȄǬȝǦNi Ȇ Ga ȋŔÁȋ�ēȌơ�ĶȅhƇǷȄǩȞ+iǮŷȜȟǦǽȋ�ş

ȅȌ#Ǌ�ė©Ȍ�âǷȄǩȞǧu 3.25 ȋ�gǦƍ2ǷǿŖçȢkȖ�gǦ#Ǌ�

ė©Ǯē�ǷȄǩȞ+iǮŷȜȟǿǧ 

Ǜ u 3.13ȉŀǷǿǒ| 3ȉǖǹȞǒ|ȅǨȝǦu 3.13ȋǒ|ȅȌƍ2ǹȞ T2Ŗçȅ

c/aƘĈǮ�ǯǱȈȂȄǩǿǧǴǴǭȜǖÏǹȞȆǦu 3.24ȋǒ|ȆȌơȉǦc/aƘĈȋ

�ǯǩ�Ø�şȉkȔȟȞŖçƬ@ȅ#Ǌ�ė©Ǯē�ǷȄǩȞǴȆǮŷȜȟǿǧǨ

ȞǩȌǦƍ2ŔŝȢkȖīǎƞ*ȅ#Ǌ�ė©Ǯē�ǷȄǩȞȆŢǫȞàǮ�Ȇ

ŢǫȞǧ 
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¿ 3.25®ČŝČk)Ŝô�Ĕ�� 

� a)�b) ćŴƚ�:ƪËšĵÕ�ţ(ƵpƹN=1~6)%Ɔ��9®ČŜŢ(ƫjŶ) 

� c)�d)�e) �ţ(N:ĞƋ)'�9 Ni�ƺn�Gaµ�ř)Ŝô(at% ) 
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Ǜ ǴȟȜȋýȉyƏȅǨȞȌǺȋŖçǭȜħǸǿ_çȉǬǩȄǦīǎȢ�ǷȄė©ȋ

�PǮŷȜȟǿǧǿȀǷî�ǘȅȌǦYŨƁÜȅǨȞǿȗȉĜ�İ(ƁÜ�ȋȭɑȵ

ɇ)ǭȜDÞǹȞȆǦǊ�řȋĜ�ǒ|Ȍ_çŔŝȋīǎƺȋ¥țȝĢǱĜ�ǒ|Ȣ

ŗȝƝȖǴȆȌ?òȄǩȈǩǧ[�ȉ_çȢ�ǷǿŔÁȋ�RȆÞ�ǹȞǴȆȌ?ò

ȄǩȈǩǮǦ_çȢ�Ƿǿf/Œȋė©ȋ�ē(ȚȜǰ)Ǯ�xǹȞdŦ»Ȍŀǻǿǧ 

Ǜ Ni2MnGa gƴȋR�ƳƈŔÁȅȌ L21üƥȋZ�ƭBȢÉȃǴȆǭȜǦǍR�Ƴ

ƈŔÁgƴȉǬǩȄȘ L21 üƥȢ/ȉŖçüƥǮƈǸȜȟȄǬȝǦüÁǹȞf/Œ

ȋZ�ƭBȉȃǩȄȌȒȆȣȇŢÀǶȟȄǩȈǩǧǷǭǷȈǮȜ Ni-Mn-Ga gƴȉǬ

ǩȄȌǦNi Ȇ MnȋZ��şȋşÑǮ�äȅǨȞǴȆǮ
»�qÆȉțȂȄŀǶȟȄ

Ǭȝ9ǦŔÁ�PȘƑǴȝșǹǩǴȆȌțǱĹȜȟȄǩȞǧ�q TEM ȉțȞ�Âǒ|ȋ

ŻôȢůȂǿǴȆȅǦǍR�ƳƈŔÁgƴȅǨȞ 2M ɆɏȹɑȮȧȻȉ®ÁǶȟȞ_

çŖçȋ7ƬȉǬǩȄǦ�ÂĳȈė©ȋ�PǮǨȞdŦ»ȢŀǷǿǧǴȟȌüÁ/

ŒȋZ�ƭBǮ_çȢ�ǷȄĮȈȞŖçüƥȆȈȞǴȆȉ�¹ǷȄǩȞǧǴǴȅĽƃ

ȅǯȄǩȞȋȌ c/aƘĈȆ b/aƘĈȋƩǩȀǲȅǨȞǮǦüÁ/ŒȋƭBǮNi-richǭ

Mn-rich ǭȉțȂȄU�÷�ȋƘƸǮ�RǹȞǴȆǮŢǫȜȟȞǧyƏR<ĦȉțȂ

ȄǦL21 }î÷�ȉ�ǷȄǍR�ƳƈŔÁȉțȞ�KȈǦǨȞǩȌ�ƒǷǿf/ŒǮǦ

mìĳȉƭBǶȟȄǩǱŖõȅȌȈǩǭȆŢǫȜȟȞǧ�y�Ȍ�ǶǱȌȈȞǮǦąĬ

ǹȞȆŢǫȞǧǴȋŻãȉȌǦǶȜȈȞǙ@ŻŦȈŻôčȢĽňǷȄǩǱ¸ŶǮǨȞǧ 

Ǜ �qȋė©ȚȜǰȋ�xȉȃǩȄǦɆɏȹɑȮȧȻĶȋħÁȉ�ȂȄħǸȞdŦ»

Ȍj�ǷǦțȝǙĔȅȋ;vCìĆǄȅ®ÁǶȟȞȘȋȅǨȞȆȋŢǫàȢÊŀǹȞǧ

ǴȋǴȆȢÊŀǹȞǿȗȉȌǦNi-Mn-Ga gƴȋ;vCìƧŃȆɆɏȹɑȮȧȻĶȋ®

ÁȉǬǲȞƻ$ȢǦƇöǹȑǯƱŶǐȆŢǫǿǧ  
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3.4ŌǛ ȔȆȗ  

 

 îŉȅȌǦNi55.5Mn20.0Ga24.5 gƴƁÜ�ŴȢƪŷňŊ�9�%$YŨƁÜȋ�Ŵ

ȢůȈǪȆȆȘȉǦTEM ȋĪ-ù?ŏȢHßǹȞǴȆȅǦ��ĳȈǌĂĪ-Ȣ´ȞǴȆ

ȢƨÁǷǿǧ010qÆu®ȢĨǩȄ Inoue ȜǮ
»�řqÆȅĽƃǷǿíĹȋɂɒȫ

(u 1.5ƐĸW)Ȍ_çȉțȞqÆȆǷȄƅãȅǯȞȢŀǷǿǧ 

Ǜ qÆu®ȢĨǩǿŖçüƥȋŻôȉǬǩȄǦU�÷�ƘĈȢëOØ�3ø(Ő1ɓ

ȋĶƩ)ȔȅDEdŦȅǨȞȆǷǿ 111qÆu®ǭȜȋƘĈŋ?ȋë½»ȢŀǷǿǧ 

Ǜ 2MɆɏȹɑȮȧȻȌ{101}ȢīǎȆǷǿ T1 Ȇ T2ȋ 2ȃȋ orthorhombicŖçǭȜȈ

Ȟ_çüƥȢ®ÁǷȄǩȞǴȆȢãȜǭȉǷǿǧǶȜȉǊ�ǕµƶƁÜȉǬǩȄǦT1 Ȇ

T2Ȍ_çīǎȢ�ǷȄU�÷�ȋ c/aƘĈǦb/aƘĈǮĮȈȞǴȆȢŷǩȀǷǿǧǽǷ

ȄǦT1 Ȇ T2ȉǬǩȄ b*�ƒ�#
9%��Ä¶�a2+c2)��ŕ�
�%�ŉ

Ɓ�:���:68Ƌĥ�ľ& #4Ľƭ)Ā¶���:#
9�%<ŋ��� 

� Ƭ¥ÎƛƄŜô¶Ɯ$	9 Ni55.5Mn20.0Ga24.5ȋ®ČŜŢ'
#�µ�ř)«

Ëİá�®ČĽƭ<w�#ØõÅ¤�9�İá57�<ù!²Ũð<ŋ��� 

 

Ǜ ė©ȋȚȜǰǮǨȂǿȆǷǿ�gǦĔ©ȋŢ�ǭȜɆɏȹɑȮȧȻ�¿ȉ�ȂȄė©

ȚȜǰǮħǸǿȆȌŢǫȉǱǩǧė©ȚȜǰȋ�xȉɆɏȹɑȮȧȻŔŝȋ®ÁǮ¯Ǐ

ǶȟǿȆ��ǹȞȈȜȍǦſãǹȞǿȗȉȌɆɏȹɑȮȧȻŔŝȋ®ÁȆ;vƧŃȆȋ

ƻ$ȢŷǩȀǹǴȆǮ¸ŶǭȃƱŶȅǨȞȆŢǫȞǧțȂȄāŉȅȌǦNi-Mn-Gagƴ

ȋ;vCìƧŃȋŹ�ȢƁǘǷǦ;vCìƧŃȉǬǲȞȺɑȼɍȧȻÁƸȆɆɏȹɑ

ȮȧȻŔŝȋ®Áȋƻ$ȉȃǩȄùſǹȞǧ 
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Ƃ 4Ɓ  

 

ǭƿùĝè�.=@ Ni-Mn-Ga  

ûŶąýŞƫĈ¾Ǖ/�Ë¥Įǋż  

 

 

4.1Ɔ  ƑƩ  

 

� įĳ�biVlNFXÔć0ŘĐĞÔć*?�ÎƷ-Ǝĉ/ņů�>bi

VlNFXÔć.=@·Ī�ýĉ�A):�Ǝĉ/Ô¯0-�0 *@	�

��-�> 3Ɓ*Ǆ4$=�.�Ni-Mn-Ga¾Ǖ/½�ƌ/ƎĉŇ�·ĪC|�

)Ô®�)�@¼ƙą�8>A$	Ôćőù�>Ɨ�):biVlNFXů/

¡Šĩ.ŖùÔ®�ƹ�$+0Ɨ�.��	Ǝĉ<>��ÞÍ�@+�A1�

�Ë/ǋż*ņů.é��A�ÎƷ¯�šCƠ'):��.ŅŨ�$:/*

@+Ɨ�>A@	=')biVlNFXƎƔ/ýĉ0��Ëĩ.ýĉ�A@Ǝ

ĉ<>�/þǧC»�)�$¼ƙą�@	:��ËƎƔ�biVlNFXƎ

Ɣ/ýĉ.þǧC¶6�+�A1��/�+0�Ëǋż*é��A@Ǝĉ<>

�CžļŬ.§ţ�)��ËƎƔC¨Ă�@�+*biVlNFX/ƎƔ�¨

Ă*�@¼ƙąCŸÄ�@	�-B&�Ëŀú+biVlNFXů+/ǜ�C

ĎĚ�@�+.=?�Ģ��ƎƔ¨ĂōCƥ�%�¼ƙą*:@	 
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� �A>CƭĦ��¨ĂC�Š¯�@$9.0�¾Ǖ/�Ë¥Įǋż+biV

lNFXƎƔ+/ǜ�.(�)ųƥCā@�+�ǥô.ǒƤ*?��(Ĭ

-Ļƭ+-@	įƁ*0�Ǖí-,/ǭäùŜƷCǅǋ*�@ǭƿùĝè�C

ţ�$ĩǛ¢ƨÐFemOlKō.=')�2 Ɓ*�ƣ�$ Ni55.5Mn20.0Ga24.5

¾ǕCţ�)Ŕƨ+��Ë.=@�Ë¥Įǋż/"/ÒƧåCƮƠ�$	2Mb

iVlNFX Ni-Mn-GaƉ¾Ǖ.��)Ëů+ŏů/ŧǦC Xƒ/MlXhP

X+�)+>�>A@��"�)nƜŬ-WlYhFX�Ë� Ni-Mn-Ga Ɖ¾

Ǖ/�Ë.:ƥ>A@��WlYhFX�ËC¨Ă*�@�,��-,CĻƭ

�$	�>.ƮĠCǉƐ�³�@ǋż*�ĝè�Cţ�$ĩǛ¢ƨÐFemO

lK.=')biVlNFXůŢĉ�Ļ¡*�@�.(�)Ļƭ�$	ŝ.b

iVlNFXƎƔCƧå�$ǭƿùĝè�FemOlK/MlXhPX.(�

)�¸èǣÝǫăǘōCţ�)Ļ¡�A@WmS+/Ňƾ.=@ĻƭCƠ'$	 

 

 

4.2ã� âǬ  

 

Ļ Ļ $J+�ĚÛşœşPĀ]ŝŗŁŘŠľĔj YasudaŪŝũŖŘĦÏōŭŕźƙŶ

ƘƄƘƙ SPring-8 řşĹĒk�_�ŰÈŁŕ�ħ)āNųƔƚŻƙŷ(time-resolved 

imaging)¯1ŰÈŁŕĿĹĒk�_�ŰÈŁŕĹ¶Ĺ\k¿ċş¹ø-$JÁ|ŰĖ

ĚşįşìA;��şěŁŰŸƙƄƖżƄŚŎŘ�Ńľ1Ùħŝ 2Ê�ŰsŬŧşřŀūľ

2000K(1700�)řşĀ]ŧ=ñřľ²ÑŅŪJÑŝ<ūēŤŭŘùňQËşÚ3Űœ

şPĀ](�Ŭ2Ŀŋş�¯Ű Ni-Mn-Ga ?ģş$J+�ĚÛşĀ]ŝ-ÈŎľ$J

+�ĚÛŰĀ]ŐŬĿōŪŝƑƗƂƙŹųƄÑş�(ŰęëÐŜ#6ĚÛřĀ]ŐŬ 



�

� 113 � 

Ļ   

Ê 4.ǲ ×Ðĝè�ĤƬ SPring-8/ĤƬľũÊ 

Ê 4.2 SPring-8/BL20B2âǬ[UT�.ƬƖ�$�ßƉ/ľũÊ 
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ĆťŠľ$J+�ĚÛŝńŊŬÅĊŚ(ÅŐŬƑƗƂƙŹųƄèíşĨ�ŰÓŬŕŦ

ŝĳgŝ�2Ŝ�¨řŀŬŚðŃŬĿ 

Ļ 
Fş Ni-Mn-Ga ?ģş$J+�ĚÛşĀ]ŠUN�_��Ą SPring-8 ş

BL20B2 ZĸƆƁƀŝĄïōŭŕ�ħÏcNųƔƚŻƙŷûïŝũŖŘĀ]ŰùŖŕĿ

ZĸƆƁƀ ŝŠľĆ�ƏƗſƚľƈƚžƚľĆ�şĞ4ŰĩŉŕŦşÒßƀƕƙƇ

ƚáŰ Xìş�ďŝ®ŖŘĝïŎľéď�ŝïŅŭŕ Xì��â(Saticon)ŝũŖŘľ

Ć�ŰĖĚŎŘŇŕ XìųƔƚŻŰ�(ŐŬĿSPring-8 ş�ĄŚľƉƚƓƖųƙ�ŝĄ

ïōŭŬ BL20B2ZĸƆƁƀ şĄ�ş ÍIŰI 4.1ľI 4.2ŝØŎŕĿ 

 

� Ƨå�@ƮĠ0 2 Ɓ* Bridgman ō.=')�ĉ�A$ Ni55.5Mn20.0Ga24.5¾Ǖ

C�ƮĠ+�)ţ�$	Ni55.5Mn20.0Ga24.5/ĿǈÔćŗ0 2 Ɓ.��)Ŷ¯Œá

�> 365K +Œá�A)�@	D.L. Schlagel >/WmS3�>Ɵŗ0 1443K 

Ê 4.3 ƧåţRi��=2ē8ǁD%Nl`iŔƨĩ/fWiÊ 

h×w×t = 10mm×10mm×100µm 

 
 

I0 (x,y) 

 (x,y) 

I (x,y) 

cell(µcell,tcell) 

Liquid phase of the alloy (µL,t) 

 

 

 
x 

y 

Solid phase of the alloy (µS,t) 
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(1170�)7*+Ɨ�>A@	Bridgmanō.=')±ƏĪ¯�$Nl`i�>ĝǣ

¬ðŃCţ�)�h×wǳ10mm×10mm�́ � t=500µm/ƞśC£?¡�	"/ÿ�

ƘŉŴŷƋ♯1000Cţ�) 100µmżù7*Ŵŷ�$:/*@	 

� Ê 4.3.Ÿ�=�.ŭŬ/ƮĠC 2ĵ/ƘŚǅǋą/ƚ*ē8ǁ8�ƧåţR

i+�$	]mSm0Űƀt* 2000 K(1700�)7*RiC¬Ś*�@ƙªCĬ��

Ni-Mn-GaƉ¾Ǖ/ƟŗƊ 1273K(1000�)*/Ƨå.0°¢-ƙªCĬ�)�@	

�/RiCŰƀTgl\m�* 1273K ~p7*pĥ�!�Ri�*¾ǕCŔƨ

�!@	ŰƀTgl\m�0ǭőq*/ǐ¯Cǝ�$9�10-5PaŰƀt.�đ�

A)�@	ƮĠ/ XƒřèǦ0Ɗ 10mm×10mm+��ǅǋ¼ƙ-´�0 100µm

~q+�$	�ACĝè�/�Ƽ.ÏŮ.ƬƖ�$	Tgl\m.��>A$

FcYƉ/GFlYGCǆ�) X ƒHehCƬƖ�$	X ƒHeh0ŮėÔę

Ð/�éǣÐě�ƅNTMlǮSaticonǯCţ�$	ěþWmS0Ɗ 4ǶǶ×4ǶǶ

*ºā�A��ş0 1:1 *@	�/$9ƀǛŬ-¢ƨƙ0 X ƒě�ƅ/ƨ�

ù.�Þ�@	ě�0ǲź$? 2ĵ�¼ƙ*ǰ1024×1024Ŧƌ/WmSC�ĉ

�@x�¡ĳ@	 

 

� nƜ. X ƒ/Â¹.ǜ�@ú0ƒÂ¹�ğCţ�)ơ�A@	ĝè�/ıĠ

�Ɩ(x,y)3/�èûù I0(x,y) +�ǰǅǋ�$ XƒûùC I(x,y)+�@+�Xƒ/

Â¹.��@šƴú0ú 4.1/ŀ.-@	 

I x, y( ) = I0 x, y( ) ⋅exp −µcell ⋅ tcell( ) ⋅exp −µ x, y( ) ⋅ t x, y( )#$ %&    ú 4.1 

��*�µSǰµLǰt 0Ëůǰŏůĩ/ıĠ/ƒÂ¹�ğ+´�Cơ��µcellǰtcell

0Nl`iCç��@Ri/ƒÂ¹�ğ�´�Cơ�	�/+��ƷǔÂ¹�

ğ(µ/ρ)i�Ŀĉ�ƌ i/ËĬ�*?�Ni-Mn-Ga¾Ǖ/ƷǔÂ¹�ğ (µ/ρ)Alloy0

Ŀĉ�@�ƌ/ƷǔÂ¹�ğ(µ/ρ)i/ǒǔŇ�Ǐ¢(½�ƌ/ǒǔŇ wi+(µ/ρ)i/
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ž/Ã)*Ŋ9>A� 

µ
ρ

!

"
#

$

%
&
Alloy

= wNi
µ
ρ

!

"
#

$

%
&
Ni

+wMn
µ
ρ

!

"
#

$

%
&
Mn

+wGa
µ
ρ

!

"
#

$

%
&
Ga

    ú 4.2 

+-@	ƷǔÂ¹�ğ0Şć�ƏĪĿǈ-,.=>-�$9�ƒÂ¹�ğ µ 0

äù.Ň��@�ğ*@	(x,y)/ìċ*0Ǝĉ�ná+�@+�ǅǋ�$ X

ƒ/ûù0ƮĠt/äù.=')ŋ7@$9�ŜƷ/Şć.=@äùÔ¯�:

$>�ǅǋ X ƒûù/Ň*s�>A@	(7?�Ri�*/ Ni-Mn-Ga ¾Ǖ/

Ŕƨ-�Ë.���Ëů-ŏů/ŜƷäù.œ�$¾Ǖ/ƒÂ¹�ğ(µS+ µL).=

@ǅǋ Xƒûù/ú0 ú 4.1(S)+ú 4.1(L)/ŀ.-@	 

IS x, y( ) = I0 x, y( ) ⋅exp −µcell ⋅ tcell( ) ⋅exp −µS x, y( ) ⋅ t x, y( )#$ %&   in Solid phase ú 4.1(S) 

IL x, y( ) = I0 x, y( ) ⋅exp −µcell ⋅ tcell( ) ⋅exp −µL x, y( ) ⋅ t x, y( )#$ %&   in Liquid phase ú 4.1(L) 

� ��*ǅǋ Xƒûù/MlXhPX0�ńú/=�.ú 4.2(S)+ú 4.1(L)/Ň

+�)ĕ�@x�¡ĳ@	 

IS
IL

x, y( ) = exp − µS x, y( )−µL x, y( )!" #$⋅ t x, y( ){ }     ú 4.3 

+-@	 

� �/ŀ-µš.Ā��1273K ~p+��őùƇÉ*¬Ś�³�@�+.='

) Ni-Mn-Ga ¾Ǖ.��@Ëů-ŏů/ŧǦCĨ�¯�@$9/Ĳ�CƳĹ��

¾Ǖ/�Ë¥ĮǋżCƧå�$	 

 

Ļ �_�ŝũŬųƔƚŻƙŷşZĸŰùł/rř EPMAƛJeol 8900RƜŰÈŁŘ÷¾ş

è~)�ŰùŖŕĿ$JŚ¹øŰîūĕŐŕŦľĆ�şè~şiM�ŝŗŁŘ�ą

ŐŬŕŦřŀŬĿœşŕŦY»ŝńŊŬYĢ)�ŚŎľĆ��Ű 500µmļ500µmħĭ

ř 5ļ5Ŵ�ş·YŰùŖŕĿ£¸Ć�Š>8��ŰÔ×°±ŎŘ�ÈŎŕĿ 
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Ļ ŋşrľ�ŝØŐ�ħÏcNųƔƚŻƙŷ(time-resolved imaging)ZĸŰùŖŕĿō

Ūŝ�_�ŝũŬųƔƚŻƙŷşZĸŰùŖŕrşúĴÁ|ŰľČ�NĲWĵuĤ

(SEM)ŝńŁŘ:_ĲW�¯(REI)ŰÈŁŘúĴpÁŨ��ŜśşyOŰ�(ŎľX

ìĖĚ�Ś«đ�ąŎŕĿ 

Ļ Ťŕľ�řùŖŕĆ�úĴřşiMè~Űľ@¢ş 500µmļ500µmħĭř 5ļ5Ŵ

�řYĢ)�ŰùŖŕĿZĸ/rřşè~·Y�ïŠÎŜūľĆ�úĴŝńŊŬè

~şS4ŰŦŕĿ 

 

 

4.3Ɔ� ƏĶ+Ɨå  

 

4.3.1� ǭőq.��@ǭƿùĝè�FemOlK  

Ni55.5Mn20.0Ga24.5¾ǕCRi�*ŔƟ�!�Ê4.4/=�.Ëů+ŏů/MlX

hPXC+>�@�+.ĉ«�$	FhPX.:@=�.�ŦǦqǎ.8>

A@Kjm/Ŗ�ǎ¢�Ëů/ǩÑ*�pǎ/Kjm/ƞ�ǎ¢�ŏî+Ɨ�

>A@	Óŧƒ�ŏůƒ*@	��*/Ƨåőù0fZSm*1423K(1150�)

*@	WmS/ŦǦ�.0őù¢ó�?�őù/pq.=')�ŏůƒC

ŦǦ�*pq�@�+�¡ĳ@	âǠ/¾Ǖ.��)0�ŦǦ/ŏůƒ=?p

�ŔƟőùCƺ�)�@+Ɨ�>A@	 

� Ê4.4/ŀ-Ëů/ƏĪŽC(�> ��Ñ�ŏů/őùŞć�>�³�$

Ò¾01233K(960�)~q.-@7*Ëů�ŠA �1228K(955�)}ǂ.��)n

ň.ŦǦ����Ë�@ǋ�³�ËŀúC+@�+�ƥ>A$Ǳń.�Ê4.4/

=�.Ri/qǎ.ËůCýĉ�$Ò¾C¥ĮŞć+�@�Ë.��)0� 
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Ê4.5 Ni55.5Mn19.5Ga25.0/ǅǋXƒ.=@Ëů-ŏů*/ǅǋMlXhPX 

� � 1423K(1150�)�>2K/min./�³Ĳ�.��@WlYhFXĉǙ 

� � FhPX0ŏ�Ëů/ÓŧƒCŸ�	 

Ê 4.4  Ni55.5Mn19.5Ga25.0/ǅǋ Xƒ.=@Ëů-ŏî/ǅǋMlXhPX 

� � +fWiÊ� (1423K(1150�)� ŦǦNFQ0 4mm×4mm) 
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Ni-Mn-GaƉ¾Ǖ.��):�Ëůǎ¢�ŽƏĪ+-'$nģÁ�Ë�ƹ�'

)�@+ƥ@�+�¡ĳ@	�/Ê4.4/Şć�>�ŀ
-Ĳ�C}¬�¥Į�

ËǋżCƧå�@�+.ĉ«�$	 

� Ê 4.50 Ni-Mn-GaƉ¾Ǖ*ā>A$WlYhFXŀú/�Ëǋż*@	â

Ǭÿ/Ŧ��š*MlXhPXCǭ9)�@	�³őù0 2K/min.*�Ŧ�*0

Ŗ�Kjm/ǎ¢�Ëů+-@	Ë�ŏů/Óŧ�Ļ¡*�)�@	 

Ļ I 4.6Šī¶ĘkŰS4ōŒŕP?şWlYhFXłǛƻǢ/Ô¯Cƥ@$9

.Ơ'$âǬ/ƏĶ*@	�³ǚÜőù0 1423K(1150�)+��(a)�>Ǩ. 1

¢$?/�³őù� 2K�(b)5K�(c)10K�(d)20K�(e)50K+�ǞőǇùCǇ� 

�)�@	ƃƚžŠ�ħ)āųƔƚŻƙŷřŀūľ0.5sec.ņÝ)ōŭŘŁŬ	"A#

AŦǦtÙǎ7*ƃƙƅƖųƄ¤Áèíņp~ōŭŕžųƒƙŷř�qŎŕŧşřŀŬĿ

ŤŕÊ 4.70WlYhFX/ 1ńEmdǛ/õÎƻǢCÊ 4.6�>ƪŒ�Ÿ�$	 

� ª)5KŤř#6ĘkŰĘŦŬŋŚŝũŖŘľĵöŝƃƙƅƖųƄ¤ħĎıņÂň\ŝ

ŜŬŋŚņ,ŬĿŤŕèíşuç4Šª)20K~př¶kī�ōŒŕP?ŝńŁŘķ

DŎŘŁŬĿōŪŝŋŭŪşP?ľ�ŸƙƄƖżƄş��ŧþŪŭŬĿŤŕ>"Òş�q

��ŅŪľƃƙƅƖųƄş��űƚƓş~ĥĘkŠª)2Kş¶kī�řŠå

0.025mm/sec.řľª)5Kş¶kī�řŠå0.1mm/sec.ľª)50Kş¶kī�řŠå

0.35mm/sec.řŀŬŋŚņ,ŖŕĿ2¦űƚƓş~ĥņ1¦űƚƓşç\4ŰĪ[ŐŬŚ

ŧþŪŭľ#6ĘkņĘňŜŬŚľ$JËĴř�æş<ūēťŚ�(ŝýŐŬ5)Ŝ

�ħņ¼ňJ4ŐŬŕŦľ²Ñ-JÑşºkeņaōňŜŖŘŁŬŋŚņð]řŇŬĿĻ  

 ~p=?�
FşĹĒk�_�ŝũŬĖĚXìųƔƚŻƙŷşZĸřľ1300K�Ĕ

řşNi-Mn-Gaä?ģş+�$JĚÛŰĀ]ŐŬŋŚņ=ñřŀŬ	ņāŖŕĿ#6

ĦV�ŝÜê�(JÑ)Ĝ)Ű�ŕŒŬŋŚřľƃƙƅƖųƄ~ĥŰsŪŭŬ	ņ,ŖŕĿ

ZĸŽƗ řŠ#6ĘkŝũŬƃƙƅƖųƄèíşuç4ņþŪŭŕĿ 
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Ê 4.6 �³Ǉù/ǌ�.=@ 1ńWlYhFXEmd/ł÷ƻǢ/Ô¯ 

�  � �³ǇùCp�@�+.ŏů-Ëů/MlXhPXŇ�ê��-')�@	 

10 K/min. 

50 K/min. 

20 K/min. (c) 

(e) 

1mm 

2 K/min. 5 K/min. (b) 

(d) 

(a) 
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4.3.2� biVlNFXů/ǭƿùĝè�FemOlK  

� ōŪŝ
FľĆ�ŰmŇëŇß#ŎĀ]ŰëŊŕŚŋŮľ400K�ĔŝńŁŘƑƗƂ

ƙŹųƄS|ŝũŬŧşŚðŃŪŭŬŸƙƄƖżƄşS4ņĀ]ōŭŕĿ 

� biVlNFXů+/ŇƾâǬCƠ�Ò¾/¥Į�ËĲ�+�)ƎƔ�ä.

-@ 20K/min*/�³Ǉù+�$	973K(700�)�>ŰƀTgl\m.×ňCé

���×ňÌ*ǞőǇùCǇ9$	413K(140�)}ǂ7*őùǞq�$ĩ.�f

ZSmp.MlXhPX/Ô¯�ƥ>A�biVlNFXů/¡Š.æĄ�@

îŞĿǈ�¡Š�$	�/ĩ/ƧåƏĶCÊ 4.8a).Ÿ�	îŞƎƔCŁ£@M

lXhPX0RiIhP/ƏĪą.=@alYMlSm*@	�A�Ż®�

@�+�>RiIhP/Ôý�wĆ�A�RiIhP+ƮĠ/Ǜ.Ąª���

)�@�+�wŒ�A$	 

I4.7Ļ #6ĘkşS4ŝ^ŐŬƃƙƅƖųƄş1¦¤ħĎı/Ô¯ 
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� 373K(100�)7*Ǟő�$+��2 573K(200�)7*�¬Ś�MlXhPX

/ŎÚCŵƱ�$	�/ƏĶ�Ê 4.8b)*@	�>.�ùǞő��©Ç=?�

�.�� 398K(125�)*îŞ/MlXhPX/�¡ŠCŵƱ�$( Ê 4.8c))	2

Çŭ0RiIhP/alYMlSm+0ǜ�-�ŠA)�@	�A0 a)+0�

c) 

1 mǶ 

a) b) 

Ê 4.8� ĝè�.=@�ƮĠ/ǉƐ�Ë.��@biVlNFXů/Ţĉ 

� � a) 140�*ŠA$biVlNFXůMlXhPX 

� � b) 200�7*�¬Ś 

� � c) �ùőùCǞq�) 125�*Ƨå�A$biVlNFXů/�Ţĉ 
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�Ū-@ƎƔ+-')�?�Ê 4.6/WlYhFX+À�ģÁ.Ō'$ƎƔMl

XhPX+-')�@	Ê 4.90Ê 4.8c)/Ƹķǎ¢.ůü�@Đ×Ê*@	

biVlNFXŢĉ/Ǉù0Ǉ��ŠÍ/ĩǛ¢ƨ*0tǛýć0ĕ�>A-

�'$	 

 

� ���-�>�~p=?ĝè� XƒCţ�$FemOlKƢƖ.��)�¥

Į�Ëǋż�>�őů/biVlNFXƎƔ/Ţĉ7*�ÀnƦǓ*ĕ�@x

�¼ƙ*@xCŸ�$	=')�įâǬģō0��Ë¥Įǋż+biVlN

FX/Ţĉ.��)�ŮėŬ-æĄǜ�CƧå�@�+�*�@Čō*@�

+CŸ�$	 

    

Ê 4.9�Ǟőĩ.��@biVlNFXůǮ2ńǯ/¡Š 

� � _jmd0Ê 4.8/Ƹķǎ¢.æĄ��PLmi0nǀ� 2mm×2mm 

a) b) 
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4.3.3� ǭƿùĝè�FemOlKMlXhPX/Ļƭ  

Ļ ĹĒk�_�Zĸşrľ<ū(ōŭŕĆ�ŰÈŁŘ SEMľEPMAáşĲWĵuĤ

Ā]ŰùŖŕĿ�qŎŕ XìĖĚ�Ś^«ōŒŜņŪ�qŎŕ TP('&�ľtopo�)ľ

CP(è~�ľcompo�)Ű�ąŎŕĿôC³ŁşŠƝXìĖĚ�Ś:_ĲWĵuĤ� 

(TPľ'&�)ŚņŢţ@ŏŸƙƄƖżƄŰØŐŋŚřŀŬĿ�õŝ:_ĲW�ş TP�Š

úĴčŝ�{ŚōŭŘńūľúĴş&'ŝ XìĖĚ�ņŢţ�óŎŘŁŬŚŁłê

�řŀŬĿĻƭ/$9/ƮĠp/ǎ�CÊ 4.8c).Ǥķ+Ƹķ*Ēá�)�@	�

/Ƹķ*Ÿ�$ǎ¢CÊ 4.10a).Ÿ��À��Ɩ/¸èǣÝ.=@ topo�Ű�š

ŘŸ�	Êp/ģ�C¾B!@$9�topo�*0 Xƒǅǋ�/ÕķC_jmdĻ

*Ÿ�)�@	�A>/�CŇƾ�@+¢�@��Xƒǅǋ�0 topo�/Ml

Ê 4.10 a) ā>A$biVlNFXƎƔ/ĝè�.=@ǅǋ Xƒ� 

� � � b) a).æĄ�@ÀnƦǓ�ƃ�ş*ƧŒ�$¸èǣÝ�Ǯtopo�ǯ 

� � � ƦǓ0Ê 4.9.ƃ��	 

200�m 

a) b) 
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XhPX+ǥô.Ɲ�nƛ�)�@	�/�+�>�ĝè�.=@ǅǋ Xƒ�

0ƮĠ/ơǦƹ�C+>�$:/*@+Ɨ�>A@	�/�+0�SEM�*

:¸èǣÝ�/ compo�*:ƥ>A-����topo�/MlXhPX./8n

ƛ�@x�>:Ĝđ*�@	 

� �/µÈ+�)�ŔƟŞć*Ri.äű�)�$ƮĠ/ơǦ.biVlNF

XÔć.=@ƹ��¡ĳ$�+.=')�ƮĠ+Ri/Ǜ.ăƍ-ƀňî�ý 

ĉ�A$	�/ƀňî/´�.Ą�)^JRi$?/ƒÂ¹�ğ.ǌ��Ţ

��MlXhPX�ā>A$+Ɨå�$4	ŋşųƔƚŻŰI 4.11 ŝØŐĿZįŝ

ŠĆ�úĴşŌň�ŅŜčŝ^wŎŘŁŬŋŚŅŪľ>Ā]»řşXìşA;Šß

Ê 4.11 ĝè�.=@biVlNFXƎƔ/ǅǋ XƒMlXhPX 

� � � äű�)�$ƮĠ/ơǦ.�biVlNFXÔć.=@ơǦƹ��Ǜǟ 

� � � Cýĉ��Ţ�$ƀňî/´�.Ą�$Â¹�ğ/Őë�MlXhPX 

� � � +-'$+Ɨ�>A@	 
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¬dş7ōş�ŅŜěŁŝŧ�{řŀŬŋŚņØEōŭŘŁŬĿĀ]ÈşRiı+�

)0ơǦ/õŕù/ǭ�://ģ��biVlNFXŢĉ/Ƨå.æ�)Ɲ�

ƏĶ+-'$x:À�šť*ƲĦ*�@	 

� �>.�/�³âǬ*0�WlYhFX/ĉǙģ�.æ�)�biVlNF

XƎƔ/Ţĉģ��nƛ�)�@�+�¦'$	Ê 4.8/Ƹķ0ñġ9pģģÁ

.WlYhFX/ĉǙ�ƥ>A$ǎ¢*�Ê 4.9(10).ƥ>A@=�.�Ţĉ�

A@biVlNFXƎƔ:À�ģ�.Ţĉ�)�@�+�ƥ>A$	7$�Ê

4.8/Ǥķǎ¢0�WlYhFXů/ūŢŗ�ƦǓ/ñpģ.?��Ë¥Įǋ

ż*ñpģ�>õƠ.ǂ�ģÁ.WlYhFXĉǙ�ƥ>A$ǎ¢*@	� 

/ǎ¢*:biVlNFXƎƔ0�WlYhFXƎƔ+À�ģ�CÁ�)ýĉ

�A$x�¦@	 

� Ê 4.12 .0��/ǎ¢/¸èǣÝ�CŸ�$	topo �/MlXhPX0îŞ

/ơǦƹ�.=@:/+ƥ>A�biVlNFXƎƔ.æĄ�)�@+Ɨ�>

a) b)  

Ê 4.12 biVlNFXƎƔŧǦ.Ō'$�Ĵ/¡Š � 

� � � a) ¸èǣÝ�(topo�).ŠA@biVlNFXƎƔ/MlXhPX 

� � � b) æĄ�@Ǝĉ�Ǯcompo�ǯ 
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A@	�/ĩ compo �.�Ĵ+8>A@ƎĉMlXhPX/Ǐ¤�ƥ>A@x

�¦@	�/�Ĵ0biVlNFXƎƔ/ŧǦ.Ĵ¡�)�@�+�¦'$	

�>.Ê 4.8 /Ƹķǎ¢/nǎCĐ×�$¸èǣÝ�CÊ 4.13 .Ÿ�	ƎƔC

Çƽ��ŉõ.��)Ƨå�$�*@	��*:biVlNFX/ƎƔŧǦ

.Ō'$��Ĵ/Ǐ¤�ƥ>A@	 

� �A>/ƏĶ.(�)��Ë/ǋżCƗ�@+�WlYhFXĉǙ*�Ǧ�

�Ë�@/�Ɗ 1200K*�"/ĩŗ* XƒǅǋMlXhPX0În¯�)ƥ�

@	4mm/1024pixels /Ƨå¢ƨƙ/$9cJk-ƎƔ0Ƨå*�-�$9"/

ÒƧå0r¼ƙ*@��200�~q*ƥ>A@biVlNFXƎƔ/Ī¡��

Ĵ/Ǐ¤CŢĉ�$+0Ɨ�.��	=?ǭő*�WlYhFXĉǙ/nģÁ

�Ë.ťĳ�@Ŗù<>�;�Ĵ/Ǐ¤�Ţ��"A.Ą�)biVlNFX

ƏĪ�Ţĉ�A$/*0Ř��+Ɨ�>A@	�Ĵ��îŞĿǈ/ŧǦ.ē8

b) a) 

Ê 4.13 biVlNFXƎƔŧǦ.Ō'$�Ĵ/¡Š � 

� � � a) ¸èǣÝ�(topo�).ŠA@biVlNFXƎƔ/MlXhPX 

� � � b) æĄ�@Ǝĉ�Ǯcompo�ǯ 
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ǁ7A)�@B�*0Ř��ŧǦ.Ō�=�.Ǐ¤�Ǹ¢ó�)�@/�ƥ>A

@	 

� �/ŀ.:_ĲW�řþŪŭŬè~�ŝŠľ��ņƑƗƂƙŹųƄèíşê�R

ŝ®ŖŘXLŎŘŁŬĜ)ņTňþŪŭŕĿ�A>/�Ĵ0biVlNFXů/Ī

¡=?:Ǎ�.ǭ�őù*Ī¡�A$+Ɨ�@/�Ûü*?�ë-�+:�

Ĵ0�400K Ûkř�(ŐŬbiVlNFXĪ¡/Ǡ.ŧǦ.0�¡�A@ŀ-

Šƶ*0Ř�	ýŞ�>:WlYhFXĉǙC�$Ǡ/�Ĵ+Ɨ�>A@	 

�  

�A>/âǬƏĶ=?��Ëǋż�biVlNFX/Ţĉ.�>�/þǧCs

�@+Ɨ�>A@	���-�>�úĴşè~)fŚƑƗƂƙŹųƄS|ş)fş

Ĩ�xŝŗŁŘŠ��ŜĜ)ņTňľ
rōŪŝZĸŰĠŞŘTňşƃƚžŰ;İŎ

Ĉ�ŎŘŁňvýņŀŬĿ 

 

4.3.4� biVlNFXƎƔ.Ǐ¤�A@�Ĵ/Àá  

� Ê 4.12�=2Ê 4.13.�ŁŘĀ]ōŭŕ compo�şĺŸƙƄƖżƄŝŗŁŘ�ą

ŐŬĿI 4.14řŠľcompo�ŝńŁŘþŪŭŬŸƙƄƖżƄŰ�UŎľ^wŐŬĜ)Ű

:_ĲWŝũŬ topo�ľcompo�Ś EPMAŝũŬ Xì�(NiľGaľMnş KĽìƑƁ

Ɗƙŷ)Ű<sŎŕĿ 

Ê 4.14a)ş topo �ŝńŁŘľĀ]P�ŝUŇŜ'&ŠťŪŭŜŁĿÊ�şúĴŝľ

ŽƗŵƖżŝ�ŎŘŁŕŚþŪŭŬ�¢ŜŸƙƄƖżƄş'&ņŀŬŋŚņůŅŬşťř

ŀŬĿb)/ compo �řŠľtopo �ŝþŪŭŜŁŸƙƄƖżƄşºŁĜ)ņťŪŭŕĿŋ

ŭŰ/ãřŠľèí�ş��řŀŬŚŎŕĿè~�řŠľĐ�æřŀŬŢśƍƘƚƌ 
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(a)� TP( ��) 

30�m 30�m 

(b)� CP(Ǝĉ�) 

30�m 

(d)� Ga/ K�� 

30�m 

(c)� Ni/ K�� 

30�m 

(e)� Mn / K�
�  

Ê 4.14� ¸èǣÝ�+ EPMA.=@ Ni�Mn�Ga/ Kαƒ�/Ňƾ	 
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ŎŕĲWìşA;ņUŇŁŕŦľ�æş)fŝũŬŸƙƄƖżƄņsŪŭŬņľT�æ

ş�ïÐŜ)āŠ(�ŜŁĿŎŅŎŜņŪ�ŪŅşè~ş��ņ�zōŭŬŕŦľŋ

şÿġřş?ģş¡~�æřŀŬ NiľMnľGaşÀx XìŝũŬƑƁƊƙŷŰùŖŕĿ

c)ľd)ľe)ŠľœŭŔŭ Niş KαìľGaş KαìľMnş KαìŝũŬ Xì�řŀūľ

c)ľd)ş�IŝńŁŘľb)şè~�ř��ņťŪŭŘŁŬĜ)ř KαìşokņBH

ũūaōŁŋŚľe)ş Mn ş Kα ìřŠľb)ş��ŚŎŕĜ)ř Mn ºkņĹŁŋŚņ

,ŖŕĿũŖŘ��ŚðŃŘŁŕ compo �şŸƙƄƖżƄŠ Mn şº4ŎŕĜ)řŀŬ

	ņØōŭŕĿ 

 

4.3.5� �Ĵ.(�)/Ɨå  

� Ni-Mn-Ga / 3 �Ɖ¾Ǖ/ŞćÊ0 Wedel >��ƣ�$5(Ê 4.14)	Ni-Mn-Ga

/ 3�Ɖ¾Ǖ.��)Ɗ 1073K (800�)}ǂ*ø�Înů�ÞÍ�@+�A�7

$ 1273K (1000�)*0ŏů�ø�')�@+�A)�@	�>. Schlagel>.=

'): Ni-Mn-GaƉ¾Ǖ/ŔƟ-�Ëőù�ư��WmS¯�A)�@ 3 (Ê 4.15)	

"/t�> Ni50Mn50- Ni50Ga50�=2 Ni50Ga25-Mn .��@ŏůƒ+Ëůƒ/W

mSCďƈ�$	 

 

� Wedel>/WmS.=@+�Ċ
/č'$Ni55.5Mn20.0Ga24.5ǂ�(Ê 4.14tƸu)

*0�1073K�=2 1273K*0ƏĪßŬ.ÎƷ- βů+�A)�@	Ƹu/�

Ɩ*0�Mn/Ǝĉƒ+ÏŮģÁ.Şć/Ô¯�ƥ>A)�?��/}ǂ/ŏů

ƒ0 1273K /WmS.Ÿ�Ų²/ģÁ.q�')�@�+�wŒ�A@	='

)�Ëĩ.0 Ni �Ëů3º?ǁ7A@�+�wĆ�A�7$ Ga 0ŏů3Ė¡

�A@�+����BA@	 
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� Schlagel >/WmS(Ê 4.15).0 Ni55.5Mn20.0Ga24.5�>ęƄ� Ga Ɗ 28wt�Mn

Ɗ 18wt%.ƓƒCĘ��ŏůƒ/Ǟq�)�@ģÁC"A#AŲ²*Ÿ�$	

Ni50Mn50-Ni50Ga50/WmS*0�üƯƎĉǂ�*ŏůƒ+Ëůƒ�ǢA)�@�

+�ƥ>A�Mn+ Ga/¢Ǣ0×���GaŖù/Ô¯0őù/qǞ.�')Ë

a) 

b) 

Ê 4.14� 800�¶2 1000�.��@ Ni-Mn-Ga o�ƉŞćÊ  

ǴC. Wedel, K. Itagaki, J. Phase Equil. 22 (2001) 209 324–330.ǵ 
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ů3º?ǁ7A�Mn 0Ė¡�A@�+CŸ�)�@	7$�Ni50Ga25-Mn /W

mS�>0�ŏůƒ+Ëůƒ.ò�Ř�x�>Mn�ǭŖù*Ëů.º?ǁ7A

@x0Ř��őù/qǞ.�')Mn�ŏů.Ė¡�A@�+�ƥ>A@	~p

=? Ni �ī:Ëů.Ĵ¡�;���Mn �ī:ŏů.Ė¡�Aħ��+�wĆ

�A@	�/�+0Mn/�Ĵ��Ëǋż*Ţ�)�@n(/ƨǑ+-@	 

a) 

b) 

Ê 4.15�  Ni50Mn50- Ni50Ga50�=2 Ni50Ga25-Mn.��@ŏůƒ+Ëůƒ 

 [D.L.Schlagel, et al., Journal of Alloys and Compounds 312 (2000) 77-85] 

 



�

� 133 � 

4.3.6� �ËâǬ/ÅǪŗ  

� ©Ɔ*Ÿ�$=�.ǷNi-Mn-Ga Ɖ¾Ǖ/½Ŀĉ�ƌ0�Ë.ǜ�)/ąƷC

Ū.�)�@	ŝ.Mn��Ëů/t.º?ǁ7A.��+��ąƷ0ƮĠ�ƣ

.��):ÅǪ+-@	 

� {Ç/âǬ*0�ŔƟ+�ËCƕ?ǃ�$x.=@�Ĕ�ĩ/Ǝĉ+biV

lNFX/ŢĉCƧå�$+�/Ǝĉ0�×��Ū-')ǌ')�@�+�Ɨ

�>A@	 

 

� Ê 4.16 .0įƁ/âǬCƠ�©ÿ*ƮĠơǦCáǔ¢Ĵ��Œá�$ƏĶC

ţ�)ơǦp/ƎĉÔ¯CŸ�$	Œá�A$ƎĉC�ǣÝŖù(e/a)*Ÿ�+�

âǬ©� 7.66*'$/.æ��âǬÿ0 7.52.Őë�)�@�+.-@	 

� Ê 4.17 *0�Tsuchiya >/WmSp*Ĕ��$ƮĠ/Ǝĉ+âǬÿ/Ǝĉ/

Ê 4.16� âǬ©ÿ*/ Ni-Mn-Ga/µÝ(%)/Ô¯ 

Ni(at%) Mn(at%) Ga(at%) 
âǬ©õÎ�� 55.39  19.64  24.97  
âǬÿõÎ�� 54.10  18.38  27.51  

0.00  

10.00  

20.00  

30.00  

40.00  

50.00  

60.00  

µ
Ý
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đ(ąƷCð]ŎŕĿ¹ā-$JşîūĕŎZĸŝũūľ�ĲWºkşiM�ņ 7.66 

ŅŪ 7.52 ŝµbŎŘŁŬŋŚŠľS|¶kŅŪťŬŚZĸ/şS|»Űå 360�Ûk

řŀŖŕņľZĸrŠå−200�żù7*Ôćŗ�q�')�@+Ɨ�>A@	�

>.âǠ/âǬ*0�biVlNFXů/Ţĉ�Ƨå�A$/0 410 K }ǂ*

'$	ŋŭŪşŋŚŅŪľZĸřŠ?ģĆ�ŝ^ŎŘŽƗŵƖżŰėŎŘK0ņŅŅ

ŖŘŁŕŋŚņ8GŚŎŘðŃŪŭŬĿŽƗŵƖżŚ?ģĆ�ş½ònÄşeŝũŖŘľ

#6�ŝŁőŭŅņ��ŝ^Ŏh´ŎľK0ş�1ņÇŏŘŁŕŋŚŝũŖŘS|»

ņ��ŎŕşřŠŜŁŅŚðŃŪŭŬĿŋşŋŚŠľ#6�ŝŽƗŵƖżşƎƙƅŸƙž

ƚņ3ŁŕŋŚŚľƑƗƂƙŹųƄÇ~rŝ�¶ŎŘ©Ñŝ�Ŏľ!kƑƗƂƙŹųƄ

S|ŰōŒŕP?ŝŠƑƗƂƙŹųƄÑşÇ~¶kŝ��ņþŪŭŕŋŚŜśŅŪĶ

�ŎŕĿĻ  

 

before : e/a=7.66 after : e/a=7.52 

ĝè�âǬÿ/ƮĠ/õÎƎ

ĉ(e/a)�>Ɨ�>A@ TMŗ 

ƮĠ/Ǝĉ�>Ɨ�>A

@M*ŗ 

K. Tsuchiya, et al., Journal de physique IV France, 

âǠ.Ƨå�A$ TM

Ê 4.17 Ni2.22Mn0.80Ga0.98/WlYhFXŀú/ĉǙǋż+ǰǞőǇù�Þą 
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4.4ãĻ Ļ ŤŚŦ  

 

�àřŠľĹĒk�_�ŰÈŁŕ�ħ)āNXìųƔƚŻƙŷ¯ŰÈŁŘľ

Ni-Mn-GaäoÖxpÁă}?ģş+�$JĚÛŝ^ŐŬĀ]ŰùŁľÅĊş�(

ņ=ñřŀŬŋŚŰ�ąŎŕĿÀŝƑƗƂƙŹųƄèíşÇ~ŝįŐŬŸƙƄƖżƄşā

ğŝŗŁŘľĲWĵuĤĀ]Śş«đZĸŰùŖŕĿ 

Ni-Mn-Gaä?ģŝńŁŘŧ²Ñ-JÑşŸƙƄƖżƄŰsŬŋŚņ=ñřŀŖŕĿ 

Ļ ¹ø»�ĔřÜê�ŚŜŬJÑŰ`�Ŏŕrŝ#6ŰVŦŬŋŚřľƃƙƅƖųƄ~

ĥŝũŬ$J¢lŰZÅŐŬŋŚņ=ñřŀŖŕĿÜê�ņŜŁŤŤ�¹øÁ|ŅŪ

#6ŎŕPŝ?ŠĚ#6$JÅĊŚŜŬŋŚņ,ŖŕĿ 

ƑƗƂƙŹųƄşÇ~ņĹĒk�_�ŝũŬĖĚXìřÕćřŇŬŋŚņ,ŖŕĿ 

$JĚÛşÕćrş@�ÿġŝńŁŘÇ~ōŭŕƑƗƂƙŹųƄèíŠľƃƙƅƖ

ųƄ~ĥ��ŝáŎňp~ōŭŬŋŚņþŪŭŕĿ 

�_�XìŝũŬƑƗƂƙŹųƄÇ~şŸƙƄƖżƄŠľ:_ĲW�şƄƐŷƖƋŲƚ

(&'�)ŚĶ�şŸƙƄƖżƄŚŜŬŋŚŰØŎŕĿŋşŋŚŅŪĖĚXìŸƙƄƖżƄşý

GŠľƑƗƂƙŹųƄÇ~�şúĴpÁŚĨ�ŐŬŚð]řŇľƑƗƂƙŹųƄÇ~ŝ

ũŬpÁS4řŽƗŚĆ�ş�ĂĴŝħĮņÇŏľß¬dş7ōŝwŏŘ�(»şX

ìşìA;��ņS4ŎŕŕŦřŀŬŚêĉŎŕĿ 

:_ĲWŝũŬè~�ŝńŁŘŠľÇ~ŎŕƑƗƂƙŹųƄèíşËĴŝ®Ŗŕ

Mn��şXLŧÕćřŇŕĿ 

 

Ni-Mn-GaƉ¾Ǖ0Ni+Mn/µÝ�Ɩ/Ɩę�ãħ+�A6�Ni-Mn-Ga¾Ǖ*

0off-stoichiometricƎĉ/¾Ǖ.(�)Ö�/Ŵſ�-�A)�$7	{Ç/âǬ

*�ƎƔ�*/�Ĵ0¸èǣÝǫăǘ�*:ŵƱ*�@5,*?ľƃƙƅƖųƄ
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ŝÉ�ŐŬè~S4ŠUŇňľ�5)ŜMċ4%ÆřŠľƑƗƂƙŹųƄÇ~�ŝê

�ŝ§ÌŎŘŁŬ=ñxŠĹŁĿœŎŘľÇ~ōŭŬƑƗƂƙŹųƄèíŠ��şĝ

*ŝ®łũłŝp~ōŭŘŁŬĿ 

Ļ ŋşũłŝľ+�$JĚÛŠp~ōŭŬƑƗƂƙŹųƄèíŝUŇňĨůŖŘŁŬŚð

ŃŪŭŬĿ
FşƃƚžřŠľĆ��ü�ş��şĝ*ľŗŤūƃƙƅƖųƄ~ĥŰ�

ŐŋŚřľƑƗƂƙŹųƄèíş(Å��Ű.ĬřŇŬ=ñxŰØEŎŕĿōŪŝƃƙ

ƅƖųƄş¤ħĎıŚ��ŝŗŁŘŠŀŬÛk.třŇŬŋŚŧ,ŖŕĿŎŅŎŜņŪľ

+�$JĚÛŚƑƗƂƙŹųƄèíşĨ�ŝŗŁŘŠľ
rōŪŜŬ$JŝĨŐŬÔ

ÞŰĠŞŬvýņŀūľœşŋŚř2MƑƗƂƙŹųƄ?ģş+�ĝ*Ű�Ńľ¥ñx

ŰĹŦŕĆ�ş�üŜśľĠýŜÓþņsŪŭŬŚðŃŬĿ 
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� ²ÖÛ�#�Ni-Mn-Gatď!Ð��.ė�þ�2MAF<H71>"Ćĉ�Ė

�Ĝ�Đö�0ð��\!à� ã¬»ć÷´0û'���,!^~âè0Ñ

��âèe�!���¹ø��RL"Õô0��� 

 

 

� 2Ý�#�2MAF<H71>%��Æ����.Ni55.5Mn20.0Ga24.5� (e/a=7.685)

0BridgmanÂ�Wò��TEMö�0ð���ö�!	�.û§"Î��h�Ĝ

î��-�ö���û§"Î�0Í��� ��� �"yěÊ0ª,
!�

��Í!ö�DI?"a-�«!ªõĎ�{ }�"Vé�/.����-�

��!Ã���ó �� �0Ù����"+� 2MAF<H71>"ö�N

"Î��h0�e����Ó TEMö�0ð��(!#�û§�Î"kìh�

gµÓ��.��0Ùx���u«!�Ė�çÌ�0ºf���=I:0q�

�.�(!�111{ }�0Ñ��ã¬iV·�"ă¾0ñù�.©Â0£¸�

���"÷´Â!����Siiã¬0½Èû§���÷´à�0¹ú��iV·

�"ă¾01ĞÚ�"à��À(,/.��0Ù��� 

 

 

� 3Ý�#�2Ý��,/�Õô0)�!�kìû§"Wò�TEMö�³S"®

ċh0ð���TEMû§!���#�ïìČ`0q-m.���û§×�"Ă

Ê0Ë������ö�N"����e�/.��0ô������"��
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,�ïìČ`0Ĕm���� ¨Ę2;8Č0¢��k�300nm ~ 500nm"ö�

Ě�0¢�kìû§0Wò�.������"kìû§0Ñ����Ó TEM

ö�0rë�����"�Â0)���Ni55.5Mn20.0Ga24.5tď!���/.n¬

"»ć÷´0ð��n¬ÒĘ0P��sã¬!ă¾(c/a, b/a)"ÔĊ�ô,/.�

�0Ù���&��n¬ÒĘ�"¦t³S#n¬0��Mã¬!	��b	+$

a2+c2�Jí�.��!+��Ç��/.��0Ù���TEM-EDX0Ñ��n¬

âè0P��É�*,����.rë�0Ùx���"É�*,�n¬0

P��ă¾"ÔĊ������.��0Ùx��� 

 

 

� 4Ý�#�2MAF<H71>"tďWò!	�.J©v^~"e�!���ê

��.������3Ý�yě£Ă��AF<H71>âè"¢�É�*,"

���^~c°ĉÚ"ēX0Õ.O0ýě�����"�(!�Ni-Mn-Gatď

"^~c°ĉÚ"ö�!���þ¶���ö�!#ĝĄ�¤�[!+.«Ē`

÷1CI8H5Â0Ñ��1300KQą"ĝÆ��Ni-Mn-Gaátď"~Ô-ÄÔÒ

Ę"6H>E9>�¹_��.��0Ù����,!=H?E1>�đ"¼�

0�«Ē`÷1CI8H5�@=3=I:�����,!=H?E1>�đ


,"Ĉå��]jĉÚ!	���AF<H71>Ô"Ð�!ĕ�.6H>E9

>"�h�¹_��.��0Ù����,/�AF<H71>"6H>E9>

!����o�Ė�Ĝ�Đ�	+$Xç`[z0Ñ��Āÿ��ñĘĂT"��

!U��Ð��Ü¿�"k�!+.çwpX¥"Å�0l|��.��0Ùx

����/,"ãµ�AF<H71>Ôâè"Ð�#=H?E1>�đ©V!

Jí�.���^~c°ĉÚ!	��Ð�.B4G Y´�AF<H71>â

è"ÒĘ!Á��čb���.��0Ù����"��
,�^~c°ĉÚ�

"Ïā#AF<H71>âè"Ð�!�ę��^~âè0dÑ��AF<H7

1>"âèe�"rë�0Ùx��� 
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� RK"+�!²ÖÛ�#�2MAF<H71>0¢�Ni-Mn-Gaátď0ĆĉĖ

�Ĝ�Đ(TEM)!+����Ó!ö��.�(!#�û§�Î"ïìČ`0Ĕm

��kìû§0Ñ�.���¯g��.��0Ù��� 

� ���n¬ÒĘ!edge-on��ªõĎZ!���.111{ }�0�.����

ã¬"iV·�"b/aă¾�c/aă¾01ĞÚ�"à��ß_��.��0Ù���

�/,0Ñ��2MAF<H71>"n¬»ć!����ă¾"ÔĊ����.

 �����
"±Øü����Í�0ªØ!��� 

� �,!^~c°ĉÚ
,�AF<H71>âèÐ�0e���.rë�0Ù

��� 
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