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rk��vku�~�u@psvk�
y�|so,y�|ku��¨y{��|�t û ��üÊv�t
π
�r�u�vk��t
rk� �s|sps}
yÑw�y{� r7�ku
�s�k�ky�|spku�w�ps�ky�z{r�u��¦�õz w�}�ps~Ñ�@q·t
}�psz{p��¨u�z���p

Ic(H)
û a�üÔ�¸4�ky�|s}��.y �ku�w�u���vs�_�@z w�}�ps~ v�t��
� � w�t·��zØ� v�t0��� r�u�vk��t
rk��vku�� psvk�
y�|so,y�|ku��¨y{��|ky�Äz�u�z��
u���}�¿	y�� p�qQw�}����Êz{}��kq·t
vsvs�4� ���ky{y�rOÄ¹r�t·äSw�t·�«p�qKr�u��
u�|s�4� z�u�w�y�|�äYt·��t!�ku �

SFS
� r�u�vk��t
rk��t

Nb − Cu0.46Ni0.54 − Nb
û ��m�üÔ� à u
��×%psv�teo,y�|s|ku���t
~{vky{��psr�te}evspx����'��t���t
r�u�}�tkÄ��k�
uSu�vsp`�ky�|kyÑ��u�w�p���p`}

π
� z�u�z��
u���vspkyZ�s|sp�p�q·�¨y�vky�vspsp��
y��5�ky�|�t����k|s�=Ä�s|sps�ky��0q·t
}�psz{p��¨u�z���Î

Ic(H)
�s|sp ú{�
u��þz w�}�ps~Ñt·��t
z{Î v�tæ����� �ky�|spku�w�tk��ÆZu
q�w�vky{y���'��u ú�rxz{�ky�|sp��¨y�vk��t·��Î�vku u���v�t
|��xä	y�vku p�q·�¨y�vky�vspkyî�ku
��y�}��#� ��t
|�t
rk�
y�|spsz���psru�w�vku�r�u�vk��t
rk��vs�'� û � � ü¨pew�}����sr�u�vk��t
rk��vs�4� û �ba·ü¨psvk�
y�|so,y�|ku��¦y{��|ku�}sÄ�z�u�w�y�|�äYt
}�¿%px�

π
� r�u�vk�·t
rk�·�à t
rsp�� u���|�t·q�u��.Ä+} �ky���u�� |���w�yÊú�rxz{�ky�|sp��¨y�vk�
u�} v�t��
� � w�t·��psz{Îçvky{u����_�svs�.y��}���y�vsp��®Ägz{}��kq·t
vsvs�.yþz0�ky�|kyÑ��u�w�u��

SFS
� r�u�vk��t
rk��tõ}

π
� z�u�z��
u���vspky��>�Aw�v�t
r�uvky�z��¨u���|�� v�t w�u�z���ps~{v������.y ��z{�kyÑ�spOÄ vky�r�u��
u�|s�.y }
u��s|ku�z{� u�z���t
}�t·��psz{Îvky�|ky�¿	y�vsvs� �5pO� Æ,|ky�äSw�y }�z�y�~�u�Ä �s|ku�}
yÑw�y�vsvs�.y ú�rxz{�ky�|sp��¨y�vk��� vky w�t
}�t·��p}
u
q·�¨u�ä�vku�z���p u��s|kyÑw�y���pk��Î q�v�t
r �
u�r�u�� o+t·q�u�}
u�~�uçz�u�u���vku�¿	y�vsp��®Ä+�ku�ú{�
u��¦� o+t
rk�

0 − π
�ky�|kyÑ��u�w�t8}8vspx� u��s|kyÑw�y��s�k��zØ� ��ps¿%ÎÝ�ku r�u�z{}
y�vsvs� �Á�s|sp�q�v�t
rxt��.� Å |ku��¨y�
u�~�u�ÄQ��u
��Î�¿	u�� psvk�
y�|ky�zi} �ku�zÑ��yÑw�vky{y }�|ky��¦� }��'q��_}�t�y{�0}
u��s|ku�z]u0�s|ku��ky�z{z�yp�q·�¨y�vky�vsp�� q�v�t
r�t �
u�r�u�� o+t·q�u�}
u�~�u z�u�u���vku�¿	y�vsp��

j(ϕ) SFS
� r�u�vk��t
rk�
u�}s� ¸��t
z���vku�z���pOÄ�} |�t���u���t�� û �
��ü � û ���âüL���'��uÁ�s|kyÑw�z{r�t·q·t
vku w�}��krs|�t���vku�yå�s�¨y�vsÎ�¿	y�vspky�ky�|spku�w�t q·t
}�psz{p��¨u�z���p

j(ϕ)
�spsz��
u�~�u

SFS
� r�u�vk��t
rk��t } u�rs|ky�z���vku�z���p

0 − π�ky�|kyÑ��u�w�tkÄY�k�
u �¨u�ä%y{� ���.��Î u���v�t
|��xä%y�vku]�ku]p�q·�¨y�vky�vsp � o,u�|��5� pÿ�ky�|spku{w�t�ku
��y�}��4�8��t
|�t
rk�
y�|spsz���psr w�ä%u
q�y�o=z�u�vku�}�z{rspx�Üpsvk�
y�|so,y�|ku��¨y{��|ku�}s�.¸]w�pso=oZ�xq�vku���s|kyÑw�y���y �
u�r�u�� o+t·q�u�}
u�y z�u�u���vku�¿	y�vspky
SFS

� r�u�vk�·t
rk��u�}å��}��s�sy{��zØ�Á�s|�t
rk��ps�ky�z{rsp
���



z{psv���z�u�pxw�t·��Î�vs� �.Ä¦�
uay�z���Îa}Kvky�� w�u��5psvsps|���y{�X�ky�|s}�t·�Ý~Ñt
|��¨u�vspsrxt û ����üÔ� �Aw�v�t
r�u} �
u��sr�y
0 − π

�ky�|kyÑ��u�w�t y{y0t��5����pk����w�t@|�t
}�v�t v��·� � Ägp } ú{�
u�� zÑ�s�k��t�y}��_z{¿%pkyÁ~Ñt
|��¨u�vspsrsp Ó } ��t
z���vku�z���pOÄK}
�
u�|�t·��Õå�¨u�~Ñ��� ps~{|�t���Î0q·t��¨y{��v�� � |ku
��Îû � � üÔ�`Â'}�pxw�y{�
y���Î�z���}�t��5páw�u��5psvsps|ku�}�t
vsp�� }
�
u�|ku�� ~Ñt
|��¨u�vspsrsp } ��u�r�u�� o+t·q�u�}
u��z�u�u���vku�¿	y�vspsp �¨u�~Ñ��� ���.��Î �ku���}���y�vspky �ku
�s�k�ky����4� z����k�ky�vky�� *]t
�sps|ku û �·l�üp �s�¨y�vsÎ�¿	y�vspky �ky�|spku�w�t �ku
��y�}��4�î��t
|�t
rk�
y�|spsz���psr z�y{�
u�r w�ä	u
q�y�o=z�u�vku�}�z{rspx�r�u�vk��t
rk�
u�}e}Ru�rs|ky�z���vku�z���p
0 − π �ky�|kyÑ��u�w�t û ����üÔ���Aw�v�t
r�u�|ky�q{�·��Î���t����ç�kr�t·q·t
vsvs�4�ú�rxz{�ky�|sp��¨y�vk�
u�} vky{u�w�vku
q�v�t��svs� p w�u�����z{rxt � � |�t·q{��ps�svs�.y psvk�
y�|s�s|ky{��t
�spspO�ÆZu�ú{�
u��¦� Ð ��t
}�t@lõv�t
z��
u���×	y��îw�psz{z�y�|k��t
�spsp �ku�z{}���×	y�v�t ��u
��y{y w�y{��t·��Î�vku��¦�p�q{�k�ky�vsp � �s|ku��ky�z{z�tõp�q·�¨y�vky�vsp�� q�v�t
r�tõ�
u�r�u�� o+t·q�u�}
u�~�u z�u�u���vku�¿	y�vsp��

SFS
�r�u�vk��t
rk�
u�}s�

6�´5¢�¯�¢¡� Ó9�{Æ,|sps~�u��
u�}���y�vspky u���|�t·q��ku�} p �¨y{�
u{w�psrsp ú�rxz{�ky�|sp��¨y�vk��t��{Õz�u�w�y�|�ä�pk� u��spsz�t
vspky ��yÑ�svku
��u�~{psp �s|sps~�u��
u�}���y�vsp�� u���|�t·q��ku�} p �¨y{�
u�w�psrsp}��_z�u�r�u����k}�z���}�pk�
y���Î�vs�4�Qp�q·�¨y�|ky�vsps��z=�ku��¨u�×%Î � Â Å ¸.�UÞ=� }
u
��Î����¨y{��|�tk�
�®ù;7 ¢�SILV]^?CPR? JC��B[HILVB £�¤¥£ O F[�
H XAJ�LI��B[N � ¸ w�t
vsvku�� |�t���u��
y ���'��ppsz{zÑ��yÑw�u�}�t
vs� �5vku�~�u�zÑ��u��svs�.y �
u�vsr�u�����y�vku��svs�.y w�ä%u
q�y�o=z�u�vku�}�z{rspky z���|��krk���k|s�=Äp�q�~�u��
u�}���y�vsvs�.yg} ��t���u�|�t��
u�|spspçz{}
y�|��s�s|ku�}
u�w�p��¨u�z���på� Í%à_àõ� �= S�ZÆ,|ku��kyÑw��k|�tp�q�~�u��
u�}���y�vsp�� w�ä	u
q�y�o=z�u�vku�}�z{rspx�

SFS
� z�ú�vxw�}�ps�ky�� }�r�� � ��t·��t } z�y{���o,u�|��5ps|ku�}�t
vspky vsp�ä�vky�~�u z{}
y�|��s�s|ku�}
u�w���×	y�~�u ú���y�rk��|ku�w�t u���|�t·q���t Ó

Nb
ÕýÄo,y�|s|ku���t
~{vspk��vku�~�u zÑ��u�� Ó

CuNi
ÕýÄ zÑ��u�� p�q�u
�s�s�
u�|�t Ó

SiO
Õ p }
y�|��svky�~�uz{}
y�|��s�s|ku�}
u�w���×	y�~�u ú���y�rk��|ku�w�t Ó

Nb
Õý�¦�,z�t·äSw�y�vspky �¨y{��t·�s��ps�ky�z{rspx� ����y�vku�r�s|ku�psz ��u�w�p���ug�s|sp �ku��¨u�×%pÊpku�vsvku�� ����t·q·�¨y�vsvku�~�ug|�t
z{�s�'��y�vsp��®Ä#t!p�q�u
��ps|�� � ×	y�~�uzÑ��u��a�=�ku�z{|kyÑw�z���}
u�� �
y�|��5ps�ky�z{r�u�~�uLpsz{��t
|ky�vsp��®�®Þ+�s�go,u�|��5ps|ku�}�t
vsp��8~�y{u��¨y{��|spspzÑ��u�y�}=psz{�ku
��Î�q�u�}�t·��t
z{Î=�s|����5t·��pG}�q�|s�_}�v�t·�QÓ;§y¨�©«ª �h¬®­#Õ¦o,u��
u
��pk��u�~{|�t
o=pk�®�x¸8v�t���t·��yr�t·äSw�u�~�uç�ku�zÑ��yÑw�� � ×	y�~�u ú{�·t
��t �s|ku�p�q�}
u�w�p���t
z{Î pku�vsv�t·� u��spsz���r�t �ku�}
y�|��svku�z���p�s|kyÑw��4w��k×	y�~�u!zÑ��u��®�# Zy{u�w�vku�|ku�w�vku�z���ÎX�
u
��×%psvs� �¦y{��t·�s��ps�ky�z{rspx�Ê����y�vku�rÊ}·w�u
��ÎzÑ��u�psz��
u�� z���|��krk���k|s� z�u�z���t
}��s�k��t@vky ��u
��y{yõ� v��.� � t·q·�¨y�|

SFS
� r�u�vk��t
rk��tu��s|kyÑw�y��s�k��zØ� |�t·q·�¨y�|ku��õu�rsv�t } zÑ��u�y p�q�u
�s�s�
u�|�t Ó z��.�G}�z���t
}�r��ÿr |spsz���� �xÕýÄr�u��
u�|s�_�S}��.��ps|�t·��zØ�S�¨y�vsÎ�¿%p��ew�ä	u
q�y�o=z�u�vku�}�z{r�u��+w���psvs�8�ky�|kyÑ��u�w�t

λJ
û ��üÔ� à t
rsp��u���|�t·q�u��K�s|ku��
y�r�t
vspkyAz{}
y�|��s�s|ku�}
u�w���×	y�~�uZ�
u�r�t=�ky�|ky�q r�u�vk��t
rk�+���'��u+u{w�vku�|ku�w�vs� �.Ä�k�
u w�t
}�t·��u }
u
q·�¨u�ä�vku�z���Î }��_�spszÑ��pk��Î rs|spk��ps�ky�z{r�� � ����u���vku�z���Î �
u�r�tk�aÞ+�s�psz{�ku
��Î�q�u�}�t
vsvs�4� } w�t
vsvku�� |�t���u��
y

SFS
� r�u�vk��t
rk�
u�}

Nb − Cu0.47Ni0.53 − Nbú{�
u�u
q�v�t���t·��u�Ä��k�
ue�ky�|kyÑ��u�w��åz	�
u
��×%psvku��Ko,y�|s|ku���t
~{vky{��psr�t��¨y�vky{y`���Rv��«p��¨y���p|�t·q·�¨y�|
10 × 10

�5r�� 2 Ä,�
u�~ w�t r�t
r u�z���t·��Î�vs�.yÊp��¨y���p |�t·q·�¨y�| 50 × 50
�5r�� 2 �Þ+�s�Ü�ku{w�r�� � �ky�vsp�� rÝ�
u�r�u�}�� � pÜ�ku��
y�vs�sp�t·��Î�vs� �]}�}
u�w�t��åú�rxz{�ky�|sp��¨y�vk��t·��Î�vku����z���t
vku�}�rsp�r�t·äSw��_��u���|�t·q�y��Gz�u{w�y�|�äYt·�R��u
��Î�¿%pky	Ó |�t·q·�¨y�|ku��Lw�u+l%���¹Õ¨vspku���pky�}��.yr�u�vk��t
rk��vs�.yL����u�×St�w�rspOÄ5�ku�rs|s�.���.yLpsvxw�pky��ÿÓ

In
Õ%z��ku��¨u�×%Î � �·��Î���|�t·q�}��kr�u�}
u�~�u��t·�k��Î�vspsr�tk� ¸ ��u�w�y7ú{�
u�� �s|ku��kyÑw��k|s� |�t·q�|��k¿St·��psz{Î �s|��k�srspkyîu�rspszÑ��� v�t�ku�}
y�|��svku�z���p

Nb
Ä'u���y�z{�ky��sps}�t·� ��u�|ku�¿%ps� ú���y�rs|sps�ky�z{rsps� r�u�vk��t
rk�«�¨y�äSw��

In
p

Nb
Äk��t
rQ�k�
uRr�u�vk��t
rk��vku�y%z�u��s|ku���ps}���y�vspky�vky��s|ky�}��_¿St·��u

10−7 �=�.�
�®ùn� ¯°@
Z)BTSILIP�Bb�_�MHI��B Z)B[PR?�XYLIKML±` �,z{zÑ��yÑw�u�}�t
vsp�� ��t
|�t
rk�
y�|spsz���psru���|�t·q��ku�} �s|ku�p�q�}
u{w�p���psz{Î �s|sp �ku��¨u�×%p Â Å ¸.�UÞ=� }
u
��Î����¨y{��|�t z

���



���k}�z���}�pk�
y���Î�vku�z���Î � w�u
10−13 ¸UÄ`r�t·��pk��|ku�}�rxtÁr�u��
u�|ku�~�uÁu�zÑ�k×	y�z���}��s�k��t
z{Îi�ku�ku
��u�ä%y�vsp � z����k�ky�vky���*]t
�sps|ku û �
�·üÔ�OÆ,|spKvsp�q�r�u��
y��5�ky�|�t����k|svs�4�aú�rxz{�ky�|sp��¨y�vk��t��Ó

T < 4.2 K
ÕS�
y��5�ky�|�t����k|�t1u���|�t·q���t!p�q·�¨y�v��k��t
z{Î!�ku�z{|kyÑw�z���}
u�� u���r�t��srsp ��t
|ku�}~�y���p��7p7z���t���p���p�q�ps|ku�}�t·��t
z{Î �s|spî�ku��¨u�×%pî�¨u�vku�z���t���t²*]t
|s}�psv�t û ��m�üÔ�LÞ+�s�|�t���u����]}�u��
��t
z���pa�
y��5�ky�|�t����k|!}��_¿	yYl��ã� Å psz{�ku
��Î�q�u�}�t·��t
z{Îe}�t
r��x�s�5ps|ku�}�t
vsv�t·�}�z���t
}�r�tkÄ�}ÿr�u��
u�|ku�� �
y��5�ky�|�t����k|�tÿp�q·�¨y�v��k��t
z{Îáv�t
~{|ky�}�t��
y���y�� p p�q·�¨y�|��k��t
z{Î�
y�|��¨u��¨y{��|ku��.��ÏQt
~{vspk��vku�y��ku
��y+}·w�u
��ÎSu�z{pers|spku�z���t���tGz�u
q�w�t
}�t·��u�z{ÎS�s|sp��ku��¨u�×%pz{}
y�|��s�s|ku�}
u�w���×	y�~�uÜz�u
��y�vku�pxw�tkÄUtÜ}Ê�ku��ky�|ky��svs�4� v�t
�s|�t
}���y�vsp���� n z1�ku��¨u�×%Î �r�t����k¿	y�r w�p�t��¨y{��|ku�� � �â��� ���.Ä |�t
z{�ku
��u�ä	y�vsvs�4� v�t w�y�|�äYt��
y���y u���|�t·q���tk�Þ+�s� ú�rs|�t
vsps|ku�}�rsp p«z���t���p���p�q·t
�spsp }�vky�¿%vspx� ��t
~{vspk��vs�4� �ku
��y��«�s|sp��¨y�v��k��psz{Î�ky�|���t·�s��u�y�}��.y.p%z{}
y�|��s�s|ku�}
u�w���×%pky4ú�rs|�t
vs�=Ä
�k�
u=�ku
q�}
u
�s�k��u,�ku
�s�k�spk��Î=}Z|�t���u��ky��u��[³®y��¨y ��t
~{vspk��vs�_�ÿ}�t
r��x�s� �ku�|���w�r�t

10−3 Ð z��G¸4z�y«p�q·�¨y�|ky�vsp��Á�s|ku�}
u�w�p���psz{Î} t
}
�
u���t���ps�ky�z{r�u�� |ky�ä�p��¨yÜ�ky�|ky�qÜpsvk�
y�|so,y��szµ´G¶¸·º¹ Óp´¥»b¼C»b½9¾®§�¶V¿ ½uÀ�¬	Áu»Â·p¼[ª�»b½ �
©l¾ è »¡¹Ã¿ ÁâÕý�UÆ,|ku�~{|�t����5� w��s�ç�s|ku�}
yÑw�y�vsp��çp�q·�¨y�|ky�vsps� ���'��pçv�t
�spsz�t
vs� }Êz{|kyÑw�y}�p�q{�xt·��Î�vku�~�uG�s|ku�~{|�t����5ps|ku�}�t
vsp��ÅÄ�¾®Æ	ÇC¨�»�È��ÇÉ6�´5¢�¯�³Å� Ó9�{�,z{zÑ��yÑw�u�}�t
vspky w�ä	u
q�y�o=z�u�vku�}�z{rspx� ��t
|�t
rk�
y�|spsz���psr Ê ËIÊ��r�u�vk��t
rk�
u�}��{Õ u��spsz�t
vs� ú�rxz{�ky�|sp��¨y�vk���ç�ku`p�q{�k�ky�vsp � q·t
}�psz{p��¨u�z���p�z{}
u��sz���} SFS �r�u�vk��t
rk�
u�}�u��Y�
u
��×%psvs�çpQ��t
~{vky{��p�q·��tSo,y�|s|ku���t
~{vky{��psr�tQÓ ûgf �ÑüÔÄ ûgf�� ü Õý�

�)ù;7 ��KMF	WVBTSIL_Z)B[HIPRQ �_�MHI? B LIF	F���B
XY? J�Q�HILVB
SFS O KM?CHIPRQ�KMPR? J

Nb −
Cu0.47Ni0.53 − Nb

FÂS%Q�@AHI?CNÌPR?®�_Í�LIHI?CNÌD&BTS�SI?®Z\Q�]^HILIPRHI?CNÌW�SI?CF���? NIKML±`Ö t
}�psz{p��¨u�z���pXrs|spk��ps�ky�z{r�u�~�uQ�
u�r�t��ky�|kyÑ��u�w�u�}�u�����t
~{vspk��vku�~�u��ku
�s�ÊÓ z��.�O}�z���t
}�r��r«|spsz��'�gt�ÕGz���u
��Î�¿	u��Ê�
u��svku�z���Î � �ku�w��spsv��k��psz{Î8z�u�u���vku�¿	y�vsp � Í |�t{�kvs~�u�o,y�|�tÓ �ku�r�t·q·t
vku���psvspky���ÕýÄO�k�
u�~�u�}
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