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  �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
¡ � Í¨μ´ ²Ó´Ò° Í¥´É· Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, �É¢μÍ±Ä‘¢¥·±, �¥¸¶Ê¡²¨±  �μ²ÓÏ 

¢ ˆ´¸É¨ÉÊÉ μ¡Ð¥° Ë¨§¨±¨ ¨³. �. Œ.�·μÌμ·μ¢  ���, Œμ¸±¢ 

�  μ¸´μ¢¥ · §¢¨Éμ° ³μ¤¥²¨ É¥·³¨Î¥¸±μ£μ ¶¨±  ¢Ò¶μ²´¥´Ò · ¸Î¥ÉÒ ¤²Ö ³´μ£μ¸²μ°´ÒÌ ‚’‘�
¢Éμ·μ£μ ¶μ±μ²¥´¨Ö Ag/YBaCuO/MgO/Ì ¸É¥²²μ° ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ Ar, Kr ¨ Xe ¸ Ô´¥·£¨Ö³¨
1,2 ŒÔ‚/ . ¥. ³. �·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ ¶μ²ÊÎ¥´´ÒÌ · ¸Î¥É´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¸ ¨³¥ÕÐ¨³¨¸Ö Ô±¸¶¥-
·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. �μ³¨³μ ÔÉμ£μ ¨§ÊÎ¥´Ò ¢μ§³μ¦´μ¸É¨ ¶·μÉ¥± ´¨Ö ¶·μÍ¥¸¸μ¢ ¶² ¢²¥´¨Ö,
·¥±·¨¸É ²²¨§ Í¨¨,  ³μ·Ë¨§ Í¨¨ ¨ ¤·Ê£¨Ì Ë §μ¢ÒÌ ¶¥·¥Ìμ¤μ¢ ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ ³´μ£μ¸²μ°-
´ÒÌ ¸É·Ê±ÉÊ·.

On the basis of the thermal spike model, the estimations with regard to ribbons of the second genera-
tion Ag/YBaCuO/MgO/Hastelloy HTSC under irradiation by Ar, Kr and Xe ions with an energy of about
1.2 MeV/a. m. u. have been carried out. The obtained results have been compared with available experi-
mental data. In addition, the possibility of processes such as melting, recrystallization, amorphization
and other phase transitions in multi-layered structures under ion irradiation has been studied.

PACS: 02.60.Cb; 02.90.+p

�¸´μ¢´Ò¥ ¶μ²μ¦¥´¨Ö ¨ Ê· ¢´¥´¨Ö ³μ¤¥²¨ É¥·³¨Î¥¸±μ£μ ¶¨±  (Œ’�) ¡Ò²¨ ¸Ëμ·³Ê²¨-
·μ¢ ´Ò ¤μ¸É ÉμÎ´μ ¤ ¢´μ [1]. ’¥³ ´¥ ³¥´¥¥ ¤μ ´ ¸ÉμÖÐ¥£μ ¢·¥³¥´¨ ¥¥ ¤μ¸É ÉμÎ´μ Ï¨·μ±μ
¶·¨³¥´ÖÕÉ ¤²Ö · ¸Î¥Éμ¢ É¥³¶¥· ÉÊ·´ÒÌ ÔËË¥±Éμ¢ ¨ μ¡ÑÖ¸´¥´¨Ö Ö¢²¥´¨°, ´ ¡²Õ¤ ¥³ÒÌ
¶·¨ ¶·μÌμ¦¤¥´¨¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨° Î¥·¥§ ³ É¥·¨ ²Ò [2].

1. ’…��…’ˆ—…‘Š�Ÿ Œ�„…‹œ ’…�Œˆ—…‘Š�ƒ� �ˆŠ�

‘¨¸É¥³Ê Ê· ¢´¥´¨° Œ’� ³μ¦´μ ¤²Ö ³´μ£μ¸²μ°´ÒÌ ¸É·Ê±ÉÊ· § ¶¨¸ ÉÓ ¢ ¢¨¤¥ [2Ä4]:
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(1)

ˆ´¤¥±¸ ®j¯ μ¶¨¸Ò¢ ¥É ´μ³¥· ¸²μÖ, É. ¥. j = 1, 2, . . . , N ,   N Å Î¨¸²μ ¸²μ¥¢; j = 1
(¸²μ° Ag) Å 0,0 � z � 2,0 ³±³, j = 2 (¸²μ° ‚’‘�) Å 2 � z � 3 ³±³ ¨ j = 3 (¸²μ°
Ì ¸É¥²²μÖ) Å z � 3,0 ³±³. ˆ´¤¥±¸Ò ®i¯ ¨ ®e¯ μÉ´μ¸ÖÉ¸Ö ± ¶ · ³¥É· ³, Ì · ±É¥·¨§ÊÕÐ¨³
·¥Ï¥ÉμÎ´ÊÕ ¨ Ô²¥±É·μ´´ÊÕ ¶μ¤¸¨¸É¥³Ò.

�·¥¤¸É ¢²¥´´ÊÕ ¸¨¸É¥³Ê ¤¢ÊÌ ¸¢Ö§ ´´ÒÌ ´¥²¨´¥°´ÒÌ Ê· ¢´¥´¨° Œ’� ¸²¥¤Ê¥É ¤μ-
¶μ²´¨ÉÓ ËÊ´±Í¨Ö³¨ ¨¸ÉμÎ´¨±μ¢ ¤²Ö Ê· ¢´¥´¨°, μ¶¨¸Ò¢ ÕÐ¨Ì ¨μ´´ÊÕ ¨ Ô²¥±É·μ´´ÊÕ
¶μ¤¸¨¸É¥³Ò:

Aj
ion(r, z, t) = bionS
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,
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£¤¥ Cj
e , λj

e, Cj
i , λj

i Å Ê¤¥²Ó´ Ö É¥¶²μ¥³±μ¸ÉÓ ¨ É¥¶²μ¶·μ¢μ¤´μ¸ÉÓ Ô²¥±É·μ´μ¢ ¨ ·¥Ï¥É±¨;
T j

e , T j
i Å É¥³¶¥· ÉÊ·  Ô²¥±É·μ´μ¢ ¨ ·¥Ï¥É±¨; g Å ±μ´¸É ´É  Ô²¥±É·μ´-Ëμ´μ´´μ£μ ¢§ ¨-

³μ¤¥°¸É¢¨Ö; Aj
ion(r, z, t), Aj

phonon(r, z, t) Å ËÊ´±Í¨¨ ¨¸ÉμÎ´¨±μ¢, μ¶¨¸Ò¢ ÕÐ¨¥ ¨μ´´ÊÕ
¨ Ô²¥±É·μ´´ÊÕ ¶μ¤¸¨¸É¥³Ò.

”Ê´±Í¨Ö ¨¸ÉμÎ´¨±  ¤²Ö Ê· ¢´¥´¨Ö É¥¶²μ¶·μ¢μ¤´μ¸É¨ ·¥Ï¥É±¨, ÊÎ¨ÉÒ¢ ÕÐ Ö ¶μÉ¥·¨
Ô´¥·£¨¨ ´  Ëμ´μ´´Ò¥ ¢μ§¡Ê¦¤¥´¨Ö Sj

phonon(z), ¢¶¥·¢Ò¥ ¢¢¥¤¥´  ¢ Œ’� ¢ · ¡μÉ¥ [3].

�¥Ê¶·Ê£¨¥ ¶μÉ¥·¨ Ô´¥·£¨¨ Sj
inel(z) ¨ Ëμ´μ´´Ò¥ ±μ²¥¡ ´¨Ö Sj

phonon(z), ¢Ìμ¤ÖÐ¨¥ ¢
¢Ò· ¦¥´¨Ö (2), ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ³¶ÓÕÉ¥·´μ° ¶·μ£· ³³Ò TRIM-
2008 [5].

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò §´ Î¥´¨Ö Ê¤¥²Ó´ÒÌ ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨ ¨ ¸¥Î¥´¨Ö
¤¥Ë¥±Éμμ¡· §μ¢ ´¨Ö ± ± ËÊ´±Í¨¨ £²Ê¡¨´Ò z ¢ ¸²μÖÌ ¤²Ö ¨μ´μ¢ 132Xe27+ (167 MÔ‚),
84Kr17+ (112 MÔ‚), 40Ar8+ (48 MÔ‚) ¸μμÉ¢¥É¸É¢¥´´μ. �μ·μ£μ¢Ò¥ §´ Î¥´¨Ö Ô´¥·£¨¨ ¸³¥-
Ð¥´¨Ö Ej

d, ¶·¨ ±μÉμ·ÒÌ ¶·μ¨¸Ìμ¤¨É μ¡· §μ¢ ´¨¥ ¸É ¡¨²Ó´ÒÌ ¶ · ¤¥Ë¥±Éμ¢ ”·¥´±¥²Ö
( Éμ³μ¢ ¢ ³¥¦¤μÊ§¥²Ó´ÒÌ ¶μ²μ¦¥´¨ÖÌ ¨ ¢ ± ´¸¨° ¢ Ê§² Ì ·¥Ï¥Éμ±), ¤²Ö ¶·μ¸ÉμÉÒ ¢Ò-
Î¨¸²¥´¨° ¨ Ê¤μ¡¸É¢  ¶·¨ ¶μ¸É·μ¥´¨¨ £· Ë¨±μ¢ ¤²Ö ¢¸¥Ì ¸²μ¥¢ ¸Î¨É ²¨¸Ó μ¤¨´ ±μ¢Ò³¨,
É. ¥. Ej

d = 30 Ô‚; Nj Å  Éμ³´Ò¥ ¶²μÉ´μ¸É¨ ¢ ± ¦¤μ³ ¸²μ¥, ¶μ²ÊÎ¥´´Ò¥ ¸ ¶μ³μÐÓÕ
±μ³¶ÓÕÉ¥·´μ° ¶·μ£· ³³Ò TRIM-2008. �²μÉ´μ¸ÉÓ ‚’‘� (YBa2Cu3O7−x) ¡Ò²  ¢Ò¡· ´ 
¨§ ²¨É¥· ÉÊ·Ò ¨ ¸Î¨É ² ¸Ó · ¢´μ° 5,51 £/c³3.

‚Ò¡μ· ¨μ´μ¢ ¤²Ö μ¡²ÊÎ¥´¨Ö ¡Ò² μ¡Ê¸²μ¢²¥´ ¦¥² ´¨¥³ ¨³¥ÉÓ · §²¨Î´Ò¥ ¸¥Î¥´¨Ö
¤¥Ë¥±Éμμ¡· §μ¢ ´¨Ö σj . �Éμ ¶μÉ·¥¡μ¢ ²μ ¨¸¶μ²Ó§μ¢ ´¨Ö ¤μ¸É ÉμÎ´μ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¸
μÉ´μ¸¨É¥²Ó´μ ¢Ò¸μ±¨³¨ § ·Ö¤ ³¨ Ö¤¥· (ZAr = 18, ZKr = 36 ¨ ZXe = 54), ¸ ¸¨²Ó´μ · §²¨-
Î ÕÐ¨³¨¸Ö §´ Î¥´¨Ö³¨ ¨μ´¨§ Í¨μ´´ÒÌ Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó Sj

inel(z) ¨, ± ± ¸²¥¤¸É¢¨¥,
¸μ§¤ ÕÐ¨³¨ Í¥´É·Ò ¶¨´´¨´£  ¢¨Ì·¥° �¡·¨±μ¸μ¢  · §²¨Î´μ° ±μ´Ë¨£Ê· Í¨¨ ¨ · §³¥-
·μ¢. �μ³¨³μ ÔÉμ£μ, ¶·μ¡¥£ ¨μ´μ¢ ¤μ²¦¥´ ¡Ò² § ¢¥¤μ³μ ¶·¥¢ÒÏ ÉÓ £²Ê¡¨´Ê § ²¥£ ´¨Ö
¸²μÖ ‚’‘�. �μÔÉμ³Ê ¢¸¥ Ô±¸¶¥·¨³¥´ÉÒ ¸ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ´  μ¡· §-
Í Ì ²¥´É ¡¥§ ³¥¤´μ£μ ¶μ±·ÒÉ¨Ö.
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�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ Ê¤¥²Ó´ÒÌ ¨μ´¨§ Í¨μ´´ÒÌ Sinel(z) ¨ Ê¶·Ê£¨Ì Sel(z) ¶μÉ¥·Ó Ô´¥·£¨¨ μÉ £²Ê-
¡¨´Ò z ¤²Ö ¨μ´μ¢:  ) 132Xe27+ (167 MÔ‚); ¡) 84Kr17+ (112 ŒÔ‚); ¢) 40Ar8+ (48 MÔ‚)

� Î ²Ó´Ò¥ ¨ £· ´¨Î´Ò¥ Ê¸²μ¢¨Ö ¤²Ö Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (1) ³μ¦´μ § ¶¨-
¸ ÉÓ ¢ ¢¨¤¥:

1. � Î ²Ó´Ò¥ Ê¸²μ¢¨Ö:
T j

e,i(r, z, 0) = T0 = 300 K. (3)

2. ƒ· ´¨Î´Ò¥ Ê¸²μ¢¨Ö ´  £· ´¨Í¥ · §¤¥²  ¸²μ¥¢:

∂T j
e, i(r, z, t)

∂r

∣∣∣∣∣
r=0

= 0,
∂T m

e, i(r, z, t)
∂z

∣∣∣∣
z=0

= 0,
∂T m

e, i(r, z, t)
∂z

∣∣∣∣
z=0

= 0, (4 )

T j
e, i(Rmax, z, t) = T j

e, i(r, Zmax, t) = T m
e, i(Rmax, z, t) = T m

e, i(r, Zmax, t) = T0. (4¡)

‚ ¢Ò· ¦¥´¨ÖÌ (3), (4 ), (4¡) ¨´¤¥±¸ j = 1, 2, . . . , N .
�·¨ ÔÉμ³ ´  £· ´¨Í¥ · §¤¥²  ¸²μ¥¢ ¨§-§  · §²¨Î¨° ¢ Ê¸²μ¢¨ÖÌ ¨§£μÉμ¢²¥´¨Ö É ±¨Ì ³´μ-

£μ¸²μ°´ÒÌ ¸¨¸É¥³ ¨ · §´μ·μ¤´μ¸É¨ ¨¸¶μ²Ó§Ê¥³ÒÌ ³ É¥·¨ ²μ¢ £· ´¨Î´Ò¥ Ê¸²μ¢¨Ö ³μ£ÊÉ
¡ÒÉÓ ¤¢ÊÌ É¨¶μ¢:

Å ¨¤¥ ²Ó´Ò° ±μ´É ±É ¸ ´¥¶·¥·Ò¢´Ò³¨ §´ Î¥´¨Ö³¨ É¥³¶¥· ÉÊ· ´  £· ´¨Í Ì · §¤¥² 
¸²μ¥¢ ¨ μ¤¨´ ±μ¢Ò³¨ ¶μÉμ± ³¨ É¥¶²  Î¥·¥§ £· ´¨ÍÊ · §¤¥² :

T j
e,i(r, z = Hj − 0, t) = T j+1

e,i (r, z = Hj + 0, t),

λj
e,i(T

j
e,i)

∂T j
e,i(r, z = Hj − 0, t)

∂z
= λj+1

e,i (T j+1
e,i )

∂T j+1
e,i (r, z = Hj + 0, t)

∂z
;

(5)
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Å ´¥¨¤¥ ²Ó´Ò° ±μ´É ±É, ¸ · §·Ò¢μ³ É¥³¶¥· ÉÊ· ¨ μ¤¨´ ±μ¢Ò³¨ ¶μÉμ± ³¨ É¥¶²  Î¥·¥§
£· ´¨ÍÊ · §¤¥² :

λj
e,i(T

j
e,i)

∂T j
e,i(r, z = Hj − 0, t)

∂z
= λj+1

e,i (T j+1
e,i )

∂T j+1
e,i (r, z = Hj + 0, t)

∂z
,

λj
e,i(T

j
e,i)

∂T j
e,i(r, z = Hj − 0, t)

∂z
=

= θ
[
T j

e,i(r, z = Hj − 0, t) − T j+1
e,i (r, z = Hj + 0, t)

]
.

(6)

‚ ¢Ò· ¦¥´¨ÖÌ (5) ¨ (6) ¨´¤¥±¸ j = 1, 2, . . . , N − 1.
—¨¸²¥´´Ò¥ ³¥Éμ¤Ò ¶·¨ ·¥Ï¥´¨¨ ¸¨¸É¥³Ò Ê· ¢´¥´¨° (1) ¸ ËÊ´±Í¨Ö³¨ ¨¸ÉμÎ´¨±μ¢ (2)

¨ ´ Î ²Ó´Ò³¨ ¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨ (3)Ä(6) μ¶¨¸ ´Ò ¢ · ¡μÉ Ì [2, 3].

2. ’…�‹�”ˆ‡ˆ—…‘Šˆ… ����Œ…’�›
„‹Ÿ ‘‹�…‚ ‚’‘� ‚’���ƒ� ��Š�‹…�ˆŸ Ag/YBaCuO/MgO/Ì ¸É¥²²μ°

�·¨ ·¥Ï¥´¨¨ ¸¨¸É¥³ Ê· ¢´¥´¨° (1), (2) ÊÎ¨ÉÒ¢ ² ¸Ó § ¢¨¸¨³μ¸ÉÓ É¥¶²μË¨§¨Î¥¸±¨Ì
¶ · ³¥É·μ¢ (C, λ) μÉ É¥³¶¥· ÉÊ·Ò (¸³. É ¡²¨ÍÊ).

’¥¶²μ¶·μ¢μ¤´μ¸ÉÓ: λi ∼ 4 ‚É/(³ ·K) [7].
� · ³¥É·Ò Ô²¥±É·μ´´μ° ¶μ¤¸¨¸É¥³Ò ¤²Ö ‚’‘�:

Ce(Te) = γTe = 2,4 · 10−4 „¦/(¸³3 · Š2) · Te,

λe(Te) = DeCe = 0,624 · 10−4 1
T 2

e

‚É/(¸³ · Š) ¶·¨ Te � TF ,

λe(Te) = DeCe = 0,624 · 10−4 T 3/2
e ‚É/(¸³ · Š) ¶·¨ Te > TF .

ŠμÔËË¨Í¨¥´É Ô²¥±É·μ´-Ëμ´μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö

g =
18,75 · 1011

λ(Te)
‚É/(¸³3 · K).

�Ö¤ ¶μ²ÊÎ¥´´ÒÌ · ¸Î¥É´ÒÌ § ¢¨¸¨³μ¸É¥° ¶·¨³¥´¨É¥²Ó´μ ± μ¡²ÊÎ¥´¨Õ ‚’‘� ±μ³¶μ§¨É-
´ÒÌ ²¥´É Ag/YBaCuO/Ì ¸É¥²²μ° ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 2Ä4.

� · ³¥É·Ò É¥¶²μ¥³±μ¸É¨ ·¥Ï¥É±¨ ¤²Ö ‚’‘� [6]

T , K Ci, „¦/(±£ ·Š) T , K Ci, „¦/(±£ ·Š) T , K Ci, „¦/(±£ ·Š)
300 449 410 473 625 499
317 453 450 480 705 507
335 455 475 500 750 525
350 456 500 497 825 548
365 462 550 471 915 555
390 458 600 485 Å Å
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�¨¸. 2. ‚·¥³¥´´ Ö § ¢¨¸¨³μ¸ÉÓ É¥³¶¥· ÉÊ·Ò ·¥Ï¥É±¨ ¸²μÖ ‚’‘� (£²Ê¡¨´  z = 2,5 ³±³) ( ) ¨

· ¤¨ ²Ó´Ò° ¶·μË¨²Ó É¥³¶¥· ÉÊ·Ò ¸²μÖ ‚’‘� (£²Ê¡¨´  z = 2,5 ³±³) (¡) ¶·¨ μ¡²ÊÎ¥´¨¨ · §²¨Î-
´Ò³¨ ¨μ´ ³¨ (1 Å ±¸¥´μ´ (167 ŒÔ‚); 2 Å ±·¨¶Éμ´ (112 ŒÔ‚); 3 Å  ·£μ´ (48 ŒÔ‚)) ¢ ³μ³¥´É

¢·¥³¥´¨ t = 10−13 c; ÏÉ·¨Ìμ¢μ° ²¨´¨¥° ¶μ± § ´μ §´ Î¥´¨¥ É¥³¶¥· ÉÊ·Ò, ¶·¨ ±μÉμ·μ³ ´ Î¨´ ¥É¸Ö
¢Ò¤¥²¥´¨¥ ±¨¸²μ·μ¤  ¨ ¨§³¥´ÖÕÉ¸Ö ¸¢μ°¸É¢  ‚’‘�-¸²μÖ

0 2 4 6 8 10

T�600 K

z, мкм

T, K

3,0 10�

4

2,5 10�

4

2,0 10�

4

1,5 10�

4

1,0 10�

4

5,0 10�

3

1

2

3

�¨¸. 3. �·μË¨²Ó É¥³¶¥· ÉÊ·Ò ·¥Ï¥É±¨ ¶μ

£²Ê¡¨´¥ É·¥Ì¸²μ°´μ° ¸É·Ê±ÉÊ·Ò Ag (2 ³±³)/
‚’‘� (1 ³±³)/Ì ¸É¥²²μ° ¶·¨ μ¡²ÊÎ¥´¨¨ · §-

²¨Î´Ò³¨ ¨μ´ ³¨ (1 Å ±¸¥´μ´ (167 ŒÔ‚), 2 Å

±·¨¶Éμ´ (112 ŒÔ‚), 3 Å  ·£μ´ (48 ŒÔ‚)) ¢
³μ³¥´É ¢·¥³¥´¨ t = 10−13 c

�¨¸. 4. „¨´ ³¨±  ·μ¸É  É¥³¶¥· ÉÊ·Ò ¶μ · -

¤¨ ²Ó´μ° § ¢¨¸¨³μ¸É¨ (¶μ r) ¸²μÖ ‚’‘� ¶·¨
μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ ±¸¥´μ´  ¢ · §²¨Î´Ò¥ ³μ-

³¥´ÉÒ ¢·¥³¥´¨ (1 Å 2·10−14 ¸, 2 Å 4·10−14 ¸,

3 Å 6 · 10−14 ¸)

‡�Š‹
—…�ˆ…

�·μ¢¥¤¥´Ò · ¸Î¥ÉÒ ¢ ³μ¤¥²¨ É¥·³¨Î¥¸±μ£μ ¶¨±  ¶·¨³¥´¨É¥²Ó´μ ± ³´μ£μ¸²μ°´Ò³
´ ´μ¸É·Ê±ÉÊ· ³ É¨¶  ²¥´É ‚’‘� Ag/YBaCuO/MgO/Ì ¸É¥²²μ° ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨
40Ar8+, 84Kr17+ ¨ 132Xe27+ ¸ Ô´¥·£¨Ö³¨ 1,2 ŒÔ‚/ . ¥. ³.

‚ ·¥§Ê²ÓÉ É¥ Î¨¸²¥´´μ£μ  ´ ²¨§  ¶·¨ μ¡²ÊÎ¥´¨¨ É·¥Ì¸²μ°´μ£μ ³ É¥·¨ ²  Ag/‚’‘�/
Ì ¸É¥²²μ° ¨μ´ ³¨ 40Ar8+, 84Kr17+ ¨ 132Xe27+ ¸ Ô´¥·£¨¥° 1,2 ŒÔ‚/ . ¥. ³. Ê¸É ´μ¢²¥´μ,
ÎÉμ ³μ¦¥É ¶·μ¨¸Ìμ¤¨ÉÓ Ë §μ¢Ò° ¶¥·¥Ìμ¤ É¢¥·¤μ¥ É¥²μ Ä ¶² ¢²¥´¨¥ ¢μ ¢¸¥Ì É·¥Ì ¸²μÖÌ (¢
Ag, ‚’‘� ¨ Ì ¸É¥²²μ¥), ´μ ´¥ ¤²Ö ¢¸¥Ì ¨μ´μ¢. �  μ¸´μ¢¥ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ μ¶·¥¤¥-
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²¥´Ò Ì · ±É¥·´Ò¥ · §³¥·Ò μ¡² ¸É¥° ¸ ²μ± ²Ó´Ò³¨ Ë §μ¢Ò³¨ ¶¥·¥Ìμ¤ ³¨ (∼ 50−70 ´³).
• · ±É¥·´Ò¥ · §³¥·Ò ²μ± ²Ó´μ£μ · §μ£·¥¢  ‚’‘� ´ Ìμ¤ÖÉ¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ ¶·¥-
¤¥²Ó´Ò³¨ ±·¨É¨Î¥¸±¨³¨ Ë²Õ¥´¸ ³¨ μ¡²ÊÎ¥´¨Ö 5·1012 c³−2 ¤²Ö 132Xe27+ ¨ 1013 c³−2 ¤²Ö
84Kr17+, · §·ÊÏ ÕÐ¨³¨ ¸¢¥·Ì¶·μ¢μ¤¨³μ¸ÉÓ ¢ ‚’‘�,   É ±¦¥ ¸ ¤¨ ¶ §μ´μ³ Ë²Õ¥´¸μ¢,
¶·¨ ±μÉμ·ÒÌ ´ ¡²Õ¤ ¥É¸Ö ¢μ§· ¸É ´¨¥ ±·¨É¨Î¥¸±μ£μ Éμ±  [8].

„²Ö ¶·μ¢¥·±¨ ¶·¥¤¸É ¢²¥´´ÒÌ · ¸Î¥Éμ¢ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö μ¡· §Íμ¢ ¤ ´-
´μ° ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥° ²¥´ÉÒ ³¥Éμ¤ ³¨ ¸± ´¨·ÊÕÐ¥° ¶·μ¸¢¥Î¨¢ ÕÐ¥° Ô²¥±É·μ´´μ° ³¨-
±·μ¸±μ¶¨¨ ¨ ¶·μ¸¢¥Î¨¢ ÕÐ¥° Ô²¥±É·μ´´μ° ³¨±·μ¸±μ¶¨¨ ¢Ò¸μ±μ£μ · §·¥Ï¥´¨Ö ¸ Í¥²ÓÕ
μ¡´ ·Ê¦¥´¨Ö · ¤¨ Í¨μ´´ÒÌ ¤¥Ë¥±Éμ¢ [9]. ˆ§ÊÎ ²¨¸Ó μ¡· §ÍÒ, μ¡²ÊÎ¥´´Ò¥ ¨μ´ ³¨ ±·¨-
¶Éμ´  ¸ ³ ²Ò³¨ Ë²Õ¥´¸ ³¨ 1010−1011 ¸³−2. 	Ò²¨ μ¡´ ·Ê¦¥´Ò · ¤¨ Í¨μ´´Ò¥ ¤¥Ë¥±ÉÒ
¸ · §³¥· ³¨ 3Ä5 ´³, ÎÉμ ¸μ¢¶ ¤ ¥É ¸ · §³¥· ³¨ ³ £´¨É´ÒÌ ¢¨Ì·¥° �¡·¨±μ¸μ¢ . ’ ±¨¥
¤¥Ë¥±ÉÒ ³μ£ÊÉ ¸²Ê¦¨ÉÓ Í¥´É· ³¨ ¶¨´´¨´£ , ¢¸²¥¤¸É¢¨¥ Î¥£μ ¢ ¸¢¥·Ì¶·μ¢μ¤´¨±¥ Ê¢¥²¨Î¨-
¢ ¥É¸Ö ±·¨É¨Î¥¸±¨° Éμ±.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. ‹¨ËÏ¨Í ˆ.Œ. � É¥³¶¥· ÉÊ·´ÒÌ ¢¸¶ÒÏ± Ì ¢ ¸·¥¤¥, ¶μ¤¢¥·¦¥´´μ° ¤¥°¸É¢¨Õ Ö¤¥·´μ£μ ¨§²ÊÎ¥-
´¨Ö // „μ±². �� ‘‘‘�. 1956. ’. 109, º6. ‘. 1109Ä1111.

2. �³¨·Ì ´μ¢ ˆ. ‚. ¨ ¤·. � ¸¶Ò²¥´¨¥ É¢¥·¤ÒÌ É¥² ¶μ¤ ¤¥°¸É¢¨¥³ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¨ É¥³¶¥· ÉÊ·´Ò¥
ÔËË¥±ÉÒ ¢ Ô²¥±É·μ´´μ° ¨ ·¥Ï¥ÉμÎ´μ° ¶μ¤¸¨¸É¥³ Ì // �—�Ÿ. 2006. ’. 37, ¢Ò¶. 6. ‘. 1592Ä1644.

3. „¨¤Ò± �. �., ˜ ·¨¶μ¢ ‡. �. “Î¥É Ëμ´μ´´ÒÌ ±μ²¥¡ ´¨° ¶·¨ ¶·μÌμ¦¤¥´¨¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢Ò-
¸μ±¨Ì Ô´¥·£¨° Î¥·¥§ ±μ´¤¥´¸¨·μ¢ ´´Ò¥ ¸·¥¤Ò ¢ μ¡μ¡Ð¥´´μ° ³μ¤¥²¨ É¥·³¨Î¥¸±μ£μ ¶¨±  // Œ -
É¥·¨ ²Ò XIX Œ¥¦¤Ê´ ·. ¸μ¢¥Ð. ®� ¤¨ Í¨μ´´ Ö Ë¨§¨±  É¢¥·¤μ£μ É¥² ¯, ‘¥¢ ¸Éμ¶μ²Ó, 31  ¢£. Ä
5 ¸¥´É. 2009 £. Œ., 2009. ‘. 698Ä707.

4. �³¨·Ì ´μ¢ ˆ. ‚. ¨ ¤·. �¥²¨´¥°´ Ö ³μ¤¥²Ó É¥·³¨Î¥¸±μ£μ ¶¨±  ¢ · ¸Î¥É Ì É¥³¶¥· ÉÊ·´ÒÌ ÔË-
Ë¥±Éμ¢ ¢ ¤¢ÊÌ¸²μ°´ÒÌ ¸É·Ê±ÉÊ· Ì ¶·¨ μ¡²ÊÎ¥´¨¨ ¨Ì ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ ¢Ò¸μ±μ° Ô´¥·£¨¨ //
�μ¢¥·Ì´μ¸ÉÓ. �¥´É£¥´μ¢¸±¨¥, c¨´Ì·μÉ·μ´´Ò¥ ¨ ´¥°É·μ´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö. 2009. º 12. C. 58Ä
66.

5. Biersack J. P., Haggmark L.G. A Monte Carlo Computer Program for the Transport of Energetic
Ions in Amorphous Targets // Nucl. Instr. Meth. B. 1980. V. 174. P. 257Ä269; http://www.srim.org.

6. Œ Í±¥¢¨Î �.Œ., ‘É¥´¨´ �. ƒ. ” §μ¢Ò¥ ¶¥·¥Ìμ¤Ò ¢ YBa2Cu3Ox ¶·¨ É¥³¶¥· ÉÊ· Ì 300Ä900 K:
É¥·³μÌ¨³¨Î¥¸±¨° ¨ ¸É·Ê±ÉÊ·´Ò°  ¸¶¥±ÉÒ // †Ê·´. ¸É·Ê±ÉÊ·´μ° Ì¨³¨¨. 2003. ’. 44, º2.
‘. 255Ä260.

7. Š¨·¨Î¥´±μ �.�., �Ê¸ ´μ¢ Š. ‚., ’Õ·¨´  …. ƒ. ’¥¶²μ¶·μ¢μ¤´μ¸ÉÓ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´ÒÌ ¸¢¥·Ì-
¶·μ¢μ¤´¨±μ¢ (μ¡§μ· Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ) // ‘¢¥·Ì¶·μ¢μ¤¨³μ¸ÉÓ: Ë¨§. Ì¨³. É¥Ì. 1990.
’. 3, º7. ‘. 1385Ä1409.

8. �´Éμ´μ¢  ‹. •. ¨ ¤·. ‡ ¢¨¸¨³μ¸ÉÓ ±·¨É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ²¥´ÉÒ YBCO-123 μÉ μ¡²ÊÎ¥´¨Ö
ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ ¨ Ô²¥±É·μ´ ³¨ // �μ¢¥·Ì´μ¸ÉÓ. �¥´É£¥´μ¢¸±¨¥, ¸¨´Ì·μÉ·μ´´Ò¥ ¨ ´¥°É·μ´´Ò¥
¨¸¸²¥¤μ¢ ´¨Ö. 2011. º5. ‘. 92Ä96.

9. Mikhailova G. et al. Radiation Resistance and Generation of Pinning Centers in Composite HTSC

under Heavy Ions Irradiation // Phys. Stat. Sol. ‘. 2013 (in press); doi 10.1002/pssc.201200687.

�μ²ÊÎ¥´μ 2 μ±ÉÖ¡·Ö 2012 £.


