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��abw]l�cpY]Y[\*moa�w]_'l�c�Z]k�\FW'^'_#Y]Y[\FZ]a#mo^�monTYrm>Y[c�t{l�c�Z[m/Y[_'Z[m�k�Z]aTY[abkBm �/m*s5mow]cA^'a�\Fw]w]ab^'a�^'a;Z[mot{c

\ut{c�Z]k�_'Z]ab\(�7abn�^'abs�\FZ]_'Z]\{^'a�tumovFW'c�w]ab\-�5m{_'W5muw|Y[Z]_#Y]Y[_'Z[m{l'a��¿w]c�t{l'nbabk�c2�7cek�\Fw|Y[a�^'a��2mos:�
s'Z]abkBmo`�ab\FW'c�t{abW'\FZ]a#"FabW'\FnTY[Z]c¥l'Z]c�w]c�W;Yrm�_'W5mes5mow]w[m moW'abw]\oY[Z]\Fl'a�m �F_'W5mes'_'\FW5mfk�\FW'^'_'k�abs'abnbaTYrq
��Z[m vFZ[moW'\ c�vFZ[moW'\ c _'W5m§monTYrmunb_'W'v�'c�`�`Bm ^'aLk�\:c�Z]c�W'`Bm ��t{c�W;Y[Z]c aLtum/Y[c�Z]a�monba�s5mow[m/Y[aLw]_'a
k�_'l'Z[m/Y[a �5moW'W'\¿��\FZ|Y[c moW'abw]\oY[Z]\Fl'a�mdW'c�nbn�mdk�\FW'^'_'k�abs'abnbaTYrq§cuw]kBmoZ]w]c l'Z]\Fl'Z]abcpYrq1k�\FW'^'_#Y]Y[aT�Fc
��Z[m�vFZ[moW'\~cfvFZ[moW'\'R

� mdY[c�t{l�c�Z[m/Y[_'Z[m¿k�Z]aTY[abkBmdk�\Fw0C*c�nbcp�om/Yrm1^'c�n�^'abs�\FZ]_'Z]\¿^'aAtumovFW'c�w]ab\1Y[Z]\��Fc�Z]c�s's�c§_'W5m
w]l'abc�v;mo`�ab\FW'c¥W'c�nbn�� mot s'aTY[\�^'c�nbn�m*Y[c�\FZ]a�m��¥�¥¼�.2�>moZ]^'c�c�W
�#��\:\Fl�c�Z �:¼:k��'Z]abcE�"c�Z�3D��^5m/Y[\�k��'c�nbc
s5mow]w]cetumow]w]cfc�nbc�t{c�W;Yrmonba"k�\FZ]Z]abw]l�\FW'^'\FW'\{m~l'a��1monTY[c���Z]c���_'c�W'`�ce��\FW'\FW'abk��'c2�5k��'cfl�\Fw]w]\FW'\
^5moZ]c¿Y[c�t{l�c�Z[m/Y[_'Z]c�^'a*Y[Z[moW'w]ab`�ab\FW'c¿tumovFvFab\FZ]a"��abW#�2m/Y]Y[a ��W'\oY[\Nk��'c�n�m�Y[c�t{l�c�Z[m/Y[_'Z[m<^'a
Y[Z[moW'w]ab`�ab\FW'c �fl'Z]\Fl�\FZ]`�ab\FW5monbc�monbn�meY[c�t{l�c�Z[m/Y[_'Z[m�^'a���c�s=1FcoR
��mon�l'_'W;Y[\u^'a%�:abw|Yrm�Y[c�\FZ]abk�\(�'abn%^'abs�\FZ]_'Z]\~^'a�tumovFW'c�w]ab\~l�\FW'cf_'W¿abW;Y[c�Z]c�w]w[moW;Y[ceabW;Y[c�Z��

Z]\Fv;m/Y[aT�F\(�D\����Fc�Z]\<w]c§c�w]w]\ w]a�m�abn�l'Z]abt{\�^'a¥_'W5m�W�_'\��om�w]c�Z]abc§^'a>w]_'l�c�Z]k�\FW'^'_#Y]Y[\FZ]a"� k�\FW
Y[c�t{l�c�Z[m/Y[_'Z[m�k�Z]aTY[abkBm�l'a��1monTYrm�^'a���_'c�nbnba�Y[Z[mo^'ab`�ab\FW5monba7tum W'c�nbnb\�w|Y[c�w]w]\~Y[c�t{l�\~l'Z]\Fl'Z]abcpYrq
k�\FW'^'_#Y]Y[aT�Fcft{abvFnbab\FZ]a7^'c�n�w]_'l�c�Z]k�\FW'^'_#Y]Y[\FZ]a�mo^1monTYrm z k R

� m w|Y[Z]_#Y]Y[_'Z[m§^'c�nbn��h}1v;� Q .0�5vF_'Z[m1Q:RTS 3 ��c�w[movF\FW5monbc c�k�\Fw|Y[aTY[_'aTYrmu^5m l'a�moW'aL^'aDm/Y[\Ft{a^'a�s�\FZ]\~cfl'a�moW'a%^'a�m/Y[\Ft{a%^'a%tumovFW'c�w]ab\~abW;Y[c�Z]kBmon�m/Y[a�R
g



x iDZ]\Fl'Z]abcpYrq�c�^¿mol'l'nbabkBmo`�ab\FW'a"^'c�n�^'abs�\FZ]_'Z]\�^'a�tumovFW'c�w]ab\

£LabvF_'Z[m~Q:RTS �A¼�Y[Z]_#Y]Y[_'Z[m~^'c�n�^'abs�\FZ]_'Z]\�^'a�tumovFW'c�w]ab\�.�^5m� Q ! 3
�	� � � ������ �����	���
���������������� ����� ����� � � � ��� �������	����������
� m Yrmos�c�nbn�m~Q:RTSfZ]a�mow]w]_'t{c�nbc�l'Z]abW'k�abl5monba�l'Z]\Fl'Z]abcpYrq�^'c�n�^'abs�\FZ]_'Z]\�^'a�tumovFW'c�w]ab\'R
��\Ft{c�w]aLl'_�� W'\oYrmoZ]c monbk�_'W'c�l'Z]\Fl'Z]abcpYrq{w]\FW'\ kBmoZ[m/Y]Y[c�Z]ab`�`Bm/Y[c�^5mu_'WKmot{l'ab\{w]l�cpY]Y[Z]\

^'a#�omonb\FZ]a"�Fm�w]c�k�\FW'^5mf^'c�n5t{cpY[\:^'\�^'a'l'Z]c�l5moZ[mo`�ab\FW'c2�;^'c�nbn�m�l'_'Z]c�`�`Bmfc¥^'c�n'vFZ[mo^'\f^'a'\FZ]^'abW'c
^'c�n�kBmot{l'ab\FW'coR

�	��� � ����� ���������� ����� ������������� ��������� �"!

·�#%$�#|+ &�²�&('D$'&A³ ³´&*)�²~¯;!#&(!,+-)���¶�¯:²�¯;!#��³´&-./'1032546$7
UXn:tumovFvFab\FZ]cDl'Z]\Fs'nbc�tum�W'c�nbn�� \oY]Y[c�W'c�Z]cA�5nbt�w]\oY]Y[abnba;^'a:^'abs�\FZ]_'Z]\*^'a:tumovFW'c�w]ab\*abW�_'W w]abW'vF\Fnb\
l5mow]w[movFvFab\�abW _'nTY[Z[m�monTY[\K�:_'\oY[\ �dn�� c�W'\FZ]t{c§^'a��"c�Z]c�W'`BmK��Z[mKnbc§Y[c�W'w]ab\FW'a¥^'a>�omol�\FZ]cd^'c�n
tumovFW'c�w]ab\�c1^'c�n*s�\FZ]\'R3UXW#�2m/Y]Y[a¥abn¥tumovFW'c�w]ab\���\FW'^'c¿m ¢;Qoy � c1s�\Fnbnbcdm S�yF�Fy � .2m S
m/Y[t&3D�(k�\FW	_'W%� c�W;Yrmonbl'a�m¿^'a¥m/Y[\Ft{ab`�`Bmo`�ab\FW'c

∆ m/Y98 ^'a�SB�;�3:,;=,/t{\Fn"�Ll�c�Z]k�a ��m��FF ◦
�´n�m

w]_5m�Y[c�W'w]ab\FW'c1^'a>�omol�\FZ]c��d^'afS� �X� Y[\FZ]Z .�SFR y
×
S� �|Q iLm=3D�>t{c�W;Y[Z]cdabn¥s�\FZ]\<monbn�m�w|Y[c�w]w[m

Y[c�t{l�c�Z[m/Y[_'Z[m@�5m�_'W5m�Y[c�W'w]ab\FW'cf^'a"�omol�\FZ]cf^'a(SFR x
×
S� ��y;� iLm#R



Q:R y�z�c�Z]t{\:^'abW5mot{abkBm�^'c�n�w]abw|Y[c�tum{}1v/��� ¢

�����������
	��� ����������
z�c�t{l�c�Z[m/Y[_'Z[m�k�Z]aTY[abkBm yF¢

÷
�;-�

iLmoZ[mot{cpY[Z]a%Z]cpY[abk�\Fn�moZ]a m ��#R yFFxF� W't�"'k � #R Fy;�FQ/�
��c�W'w]aTYrq�Y[c�\FZ]abkBm

ρ = 2.55gr/cm3��c�W'w]aTYrq~^'c�a�l�\FZ|Yrm/Y[\FZ]a
nS(300K) = 1.7 ÷ 2.8 × 1023buche/cm3

� �"cpY]Y[\{abw]\oY[\Fl'abk�\
αT = αB + αMg = 0.3 + 0.02��c�w]abw|Y[aT�:aTYrq��:abk�abW'\~m

Tc ρ(40K) = 0.4 ÷ 16µΩcm�*mol'l�\FZ|Y[\~Z]c�w]abw|Y[aT�:aTYrq Z]c�w]ab^'_5m
RRR = ρ(40k)/ρ(300K) = 1 ÷ 27� _'W'v�'c�`�`�ce^'a�k�\:c�Z]c�W'`Bm
ξa = 3.7 ÷ 12nm

"
ξc = 1.6 ÷ 3.6nm� _'W'v�'c�`�`Bm{^'a%l�c�W'cpY[Z[mo`�ab\FW'c

λ(0) = 85 ÷ 180nm<fmoldc�W'c�Z]vFcpY[abk�\
∆(0) = 1.8 ÷ 75meVz�c�t{l�c�Z[m/Y[_'Z[m�^'a���c�s=1Fc
ΘD = 750 ÷ 880K��c�W'w]aTYrq~^'a�k�\FZ]Z]c�W;Y[cfk�Z]aTY[abkBm
Jc(4.2, 0T ) > 107A/cm2

Jc(4.2, 4T ) = 106A/cm2

Jc(4.2, 10T ) > 105A/cm2

Jc(25, 0T ) > 5 × 106A/cm2

Jc(25, 2T ) > 105A/cm2

zLmos�c�nbn�m~Q:RTS � iDZ]abW'k�abl5monba"l'Z]\Fl'Z]abcpYrq ^'c�n�^'abs�\FZ]_'Z]\~^'a%tumovFW'c�w]ab\ .�^5m� Q ! 3

�*c�nbnbc*Yrmos�c�nbnbc�Q:RhQ�cfQ:R y w]\FW'\�Z]a�mow]w]_'W;Y[c�nbc�l'Z]abW'k�abl5monba7l'Z]\Fl'Z]abcpYrq�Y[c�Z]t{\:^'abW5mot{abk��'c�^'a
��_'c�w|Y[a�c�nbc�t{c�W;Y[a"�:t{c�W;Y[Z]c�W'c�nbn�mf�5vF_'Z[m~Q:RhQew]\FW'\�t{\Fw|Y[Z[m/Y[c�nbc�nb\FZ]\eY[c�W'w]ab\FW'a"^'a��omol�\FZ]c�abW
��_'W'`�ab\FW'cf^'c�nbn�m�Y[c�t{l�c�Z[m/Y[_'Z[m#R

z�c�t{l�c�Z[m/Y[_'Z[m�^'a%��_'w]ab\FW'c ¢;Qoy-�
�DW;Yrmonbl'a�m ^'a%��_'w]ab\FW'c x#R ¢;� :,;=,/t{\Fn

z�c�W'w]ab\FW'cf^'a%�omol�\FZ]cfm~¢;Qoy-� yF�#SeiLm
z�c�t{l�c�Z[m/Y[_'Z[m�^'a�c�s�\Fnbnbab`�ab\FW'c S�yF�Fy@�
�DW;Yrmonbl'a�m ^'a�c�s�\Fnbnbab`�ab\FW'c S�QFg:R � :,;=,/t{\Fn
�DW;Yrmonbl'a�m ^'a�m/Y[\Ft{ab`�`Bmo`�ab\FW'c SB�;¢ :,;=,/t{\Fn

zLmos�c�nbn�m�Q:RhQ � iDZ]\Fl'Z]abcpYrq Y[c�Z]t{\:^'abW5mot{abk��'c�^'c�nL}¿movFW'c�w]ab\
UXW nbcpY]Y[c�Z[m/Y[_'Z[m W'\FW��:afw]\FW'\3^5m/Y[a�w]l�c�Z]abt{c�W;Yrmonba�l�c�Z1abn�^'a�movFZ[mot{tum<^'afw|Yrm/Y[\ ^'c�n

w]abw|Y[c�t tumovFW'c�w]ab\§s�\FZ]\(��m l'Z]c�w]w]ab\FW'a(^'a��"c�Z]c�W;Y[a(^5m ��_'c�nbn�m§m/Y[t{\Fw|��c�Z]abkBm ��Y[_#Y]YrmB�:a�m � ab_�c
k�\Fnbn�mos�\FZ[m/Y[\FZ]a� y ! �5moW'W'\{_#Y[abnbab`�`Bm/Y[\ _'W%� mol'l'Z]\:k�k�ab\~k�\Ft{l'_#Yrmo`�ab\FW5monbc�l�c�Z¥Z]abkBmB�omoZ]nb\'R

� m¥Y[c�k�W'abkBm�^5m*nb\FZ]\�_'w[m/Yrm � ^'cpY]Yrm���Â � i 8 Â�� .������ �p¬8G�'o«2¦"�/¨ ����������ª;# �f¦ ';7246'"!�ª�3
c~k�\FW'w]abw|Y[c�W'c�nDw|Y[abtumoZ]c nbc�c�W'c�Z]vFabc�^'a <�abs's'w�^'c�nbnbc��2mow]a(l'Z]c�k�c�^'c�W;Y[aAm/Y]Y[Z[mB�Fc�Z]w]\1t{\:^'c�nbnba
^'c�nbn�m nb\FZ]\�w|Y[Z]_#Y]Y[_'Z[m~k�Z]abw|YrmonbnbabW5m#R
�*c�n¥w]abw|Y[c�tum }1v/��� w]\FW'\ l'Z]c�w]c�W;Y[a�w]cpY]Y[cd�2mow]a��dnbc Y[Z]c§�2mow]a¥^'c�n¥tumovFW'c�w]ab\ .0�omol�\FZ]c2�

nbab��_'ab^'\(��w]\Fnbab^'\$# � � 3un�m<�2mow]c
β
�X\FZ|Y[\FZ]\Ft s'abkBm<^'c�n�s�\FZ]\(��}1v;� Q �f}1v;� � ��}1v;� g R¤¼:al�\Fw]w]\FW'\~Y[Z[mow]k�_'Z[moZ]c .0�Fc�^'a�Yrmos�c�nbn�m�Q:R y=3�nbc��2mow]a�nbab��_'ab^5m�cfw]\Fnbab^5m ^'c�n�s�\FZ]\'R

� ab_§cpY�mon�R �5moW'W'\{c�w]l'Z]c�w]w]\unbc�c�W'c�Z]vFabcf^'a <�abs's'w¥^'c�a�s�\FZ]_'Z]a%k�\Ft{c



S� iDZ]\Fl'Z]abcpYrq�c�^¿mol'l'nbabkBmo`�ab\FW'a"^'c�n�^'abs�\FZ]_'Z]\�^'a�tumovFW'c�w]ab\

z�c�t{l�c�Z[m/Y[_'Z[m�^'a%��_'w]ab\FW'c Qoyo�;¢-�
�DW;Yrmonbl'a�m ^'a%��_'w]ab\FW'c �o :,;=,/t{\Fn

z�c�W'w]ab\FW'cf^'a%�omol�\FZ]cfm{¢;Qoy@� Q�iLm
z�c�t{l�c�Z[m/Y[_'Z[m�^'a�c�s�\Fnbnbab`�ab\FW'c ��QoF-�
�DW;Yrmonbl'a�m ^'a�c�s�\Fnbnbab`�ab\FW'c �oF :,;=,/t{\Fn

�DW;Yrmonbl'a�m ^'a�m/Y[\Ft{ab`�`Bmo`�ab\FW'c �o¢Fy :,;=,/t{\Fn

zLmos�c�nbn�m~Q:R y � iDZ]\Fl'Z]abcpYrq Y[c�Z]t{\:^'abW5mot{abk��'c�^'c�n���\FZ]\

£LabvF_'Z[m�Q:RhQ � z�c�W'w]ab\FW'a%^'a%�omol�\FZ]cf^'a%s�\FZ]\~cftumovFW'c�w]ab\



Q:R y�z�c�Z]t{\:^'abW5mot{abkBm�^'c�n�w]abw|Y[c�tum{}1v/��� SFS
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_'vF_5monbc~m1Q8� �(�hg:R

◦Gν

w]\FW'\dnbc�c�W'c�Z]vFabc�^'a <�abs's'w�^'a(��\FZ]tumo`�ab\FW'c�^'c�nDk�\Ft{l�\/�
w|Y[\�}1v;�

ν
��\oY]Y[c�W�_#Yrm1^5m � ab_�cpY�mon�R�k�\FW<abn(l'Z]\FvFZ[mot{tumuzB�'c�Z]t{\/�|�>monbk�^5monbn�m c�W;Yrmonbl'a�m

^'aL��\FZ]tumo`�ab\FW'cew]l�c�Z]abt{c�W;Yrmonbc�c ^5monbn�m~Y[c�t{l�c�Z[m/Y[_'Z[mu^'aL^'c�k�\Ft{l�\Fw]ab`�ab\FW'c~ªp«2¦ ! 'o«0'dl�c�Z�abn
k�\Ft{l�\Fw|Y[\'R
�*c�nbn�m��5vF_'Z[m�Q:R y�w]\FW'\ t{\Fw|Y[Z[m/Y[a�a�^'a�movFZ[mot{t{a'^'a��2mow]c�l�c�Z�abn7w]abw|Y[c�tum�}1v/��� muS�m/Y[t

.�S�
5
iLm=3D�7m§Sfz�\FZ]Z>.�SFR yFy

×
S� Q iLm=3>cem§Set{z�\FZ]Z�.�SFR yFy

×
S� �rS iLm=3 R

Â _'W m/Y[t{\Fw|��c�Z[m �>k�\FW c�k�k�c�w]w]\ ^'a*tumovFW'c�w]ab\ n�m��2mow]cK}1v;� Q k�\:c�w]abw|Y[c¿k�\FW abn�tum��vFW'c�w]ab\ w]\Fnbab^'\(�*nbab��_'ab^'\	c��omol�\FZ]c m	w]c�k�\FW'^'\3^'c�nbnbc¿Y[c�t{l�c�Z[m/Y[_'Z]coR¤¼:c�abn�tumovFW'c�w]ab\ �
w]\oY]Y[\Fw|Y[c�k��'ab\Ft{cpY[Z]abk�\(�7}1v;� Q k�\:c�w]abw|Y[cfk�\FW�}1v;�

4

R
�Dw]w]c�W'^'\�abn#l'_'W;Y[\fY[Z]abl'nb\�^'c�n5tumovFW'c�w]ab\�mf�;�o

◦
� c*Q:R ¢Fy�z�\FZ]Z .2¢;Qoy �@��y#R ¢

×
S� Q iLm=3D�

m1Sez�\FZ]Z*n�m �2mow]cenbab��_'ab^5m�^'c�n�tumovFW'c�w]ab\~w]k�\Ft{l5moZ]ce^5mon�^'a�movFZ[mot{tum�^'a�w|Yrm/Y[\(�7abW'\FnTY[Z]c�n�m
Y[c�t{l�c�Z[m/Y[_'Z[m�^'a�^'c�k�\Ft{l�\Fw]ab`�ab\FW'c�^'c�nbn��h}1v;� Q w]k�c�W'^'c m§SFS�x;�@��R5Â Set{z�\FZ]Z*}1v;� Q w]a^'c�k�\Ft{l�\FW'cfvFa�q�m~x;gox-��R

� W'\oY[\	k��'cKl�c�Z \oY]Y[c�W'c�Z]c��5nbt c�l'aTYrmow]w]a�monba�n�m Y[c�t{l�c�Z[m/Y[_'Z[m<^'a�^'c�l�\Fw]ab`�ab\FW'c¿^'cp�Fc
c�w]w]c�Z]c�k�abZ]kBm�n�m t{cpYrq�^'c�nbn�m�Y[c�t{l�c�Z[m/Y[_'Z[m�^'a"��_'w]ab\FW'cf^'c�nbn�m��2mow]c .�abW :oc�nT�:abW 3 R
��moaDkBmonbk�\Fnba�Y[c�Z]t{\:^'abW5mot{abk�a"��w]a �5m§k��'c{abn(^'abs�\FZ]_'Z]\d^'aDtumovFW'c�w]ab\ ��\FW'^'c{m¿QFgoF��@�

k�\FWul'Z]c�w]w]ab\FW'a5tumovFvFab\FZ]a#^'a7�#Rh�
×
S� � iLm ��l�c�Z k�_'a7n�m�Y[c�t{l�c�Z[m/Y[_'Z[m�ab^'cBmonbc¥^'a5^'c�l�\Fw]ab`�ab\FW'c

��abW;Y[\FZ]W'\�m S�y;�o*�/.�S�FxF
◦
�B3D�:Y[_#Y]YrmB�:a�m vFa�q muSFS�Qo*�/.2x;�o

◦
�B3An�m�l'Z]c�w]w]ab\FW'c�t{abW'abtum

l�c�Z¥mB�Fc�Z]cf}1v;� Q ��^'a"yo�;et{z�\FZ]Z .����eiLm=3D�5mon�^'a�w]\oY]Y[\ ^'c�nbn�me��_5monbc�c�w]w]\�w]a"^'c�k�\Ft{l�\FW'cabW<}1v¿l'a��<}1v;� � ��c{w]k�c�W'^'c�W'^'\KmoW'k�\FZ[m§abW l'Z]c�w]w]ab\FW'c~w]a \oY]Y[c�W'vF\FW'\dk�\Ft{c��2mow]c~w]\Fnbab^5m
l'Z]abtum~}1v;� g .2m�k�abZ]kBm§SFRh�

×
S� Q iLm=3>cf��_'abW'^'a%s�\FZ]\ .�Q

×
S� � iLm=3 R

UXW{�5vF_'Z[m .�Q:R �93Dw]a �5m�abn5^'a�movFZ[mot{tum�l'Z]c�w]w]ab\FW'c*Y[c�t{l�c�Z[m/Y[_'Z[me^'c�n�w]abw|Y[c�tum�}1v/��� k�\FW
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