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’¥¶²µ¥³±µ¸ÉÓ Ô²¥±É·µ´µ¢ ¢ ¶² §³¥, µ¡· §ÊÕÐ¥°¸Ö ¶·¨
¸Ì²µ¶Ò¢ ´¨¨ ± ¢¨É Í¨µ´´µ£µ ¶Ê§Ò·Ó±  ¢ D- Í¥Éµ´¥

�µ¸²¥¤´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ·¥£¨¸É· Í¨¨ ¶·µ¤Ê±Éµ¢ Ö¤¥·´ÒÌ
·¥ ±Í¨° ¶·¨ ¸Ì²µ¶Ò¢ ´¨¨ ± ¢¨É Í¨µ´´µ£µ ¶Ê§Ò·Ó±  ¢ ¤¥°É¥·¨·µ¢ ´´µ³  Í¥Éµ´¥
(C3D6O) ¶·µ¤µ²¦ ÕÉ ¸¢¨¤¥É¥²Ó¸É¢µ¢ ÉÓ ¢ ¶µ²Ó§Ê ¸ÊÐ¥¸É¢µ¢ ´¨Ö ´µ¢µ£µ ¸¶µ¸µ¡ 
·¥ ²¨§ Í¨¨ É¥·³µÖ¤¥·´µ£µ ¸¨´É¥§ . ’¥µ·¥É¨Î¥¸±µ¥ µ¡µ¸´µ¢ ´¨¥ ¶·µÍ¥¸¸ , µ¸´µ-
¢ ´´µ¥ ´  Î¨¸²¥´´µ³ ·¥Ï¥´¨¨ ¸¨¸É¥³Ò Ê· ¢´¥´¨° ¢ Ëµ·³¥ § ±µ´µ¢ ¸µÌ· ´¥´¨Ö
¤²Ö £ §µµ¡· §´µ° ¨ ¦¨¤±µ° Ë §, É ±¦¥ ¶µ¤É¢¥·¦¤ ¥É ÔÉÊ ¢µ§³µ¦´µ¸ÉÓ, ÌµÉÖ ¨
´Ê¦¤ ¥É¸Ö ¢ ¤ ²Ó´¥°Ï¥³ ÊÉµÎ´¥´¨¨. ‚ Î ¸É´µ¸É¨, É·¥¡Ê¥É ÊÉµÎ´¥´¨Ö µ¶¨¸ ´¨¥
Ô²¥±É·µ´´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò µÎ¥´Ó ¶²µÉ´µ° ´¥· ¢´µ¢¥¸´µ° ¶² §³Ò, µ¡· §Ê-
ÕÐ¥°¸Ö ´  § ¢¥·Ï ÕÐ¥° ¸É ¤¨¨ ¸Ì²µ¶Ò¢ ´¨Ö ¶Ê§Ò·Ó± . ‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥
´  µ¸´µ¢¥ ¶·Ö³µ£µ Î¨¸²¥´´µ£µ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö ¤²Ö Ì¨³¨Î¥¸±µ£µ ¶µÉ¥´Í¨ ² 
¶·µ¨§¢¥¤¥´ · ¸Î¥É É¥¶²µ¥³±µ¸É¨ Ô²¥±É·µ´µ¢ ¢ µ¡² ¸É¨ ¸¨²Ó´µ° ¨µ´¨§ Í¨¨  Éµ-
³µ¢ ¤¥°É¥·¨·µ¢ ´´µ£µ  Í¥Éµ´  ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· Ô²¥±É·µ´µ¢ µÉ Te � 104 K
¨ ¢ÒÏ¥ ¨ ¸É¥¶¥´¨ ¸¦ É¨Ö ρ/ρ0 � 1 ÷ 100.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ ¨´Ëµ·³ Í¨µ´´ÒÌ É¥Ì´µ²µ£¨° �ˆŸˆ.

‘µµ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°. „Ê¡´ , 2004
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Kostenko B. F., Pribi
s J. P11-2004-139
Electron Thermal Capacity in Plasma Generated at Cavitation
Bubble Collapse in D-acetone

The latest experimental data on nuclear reaction product registration at cavitation
bubble collapse in deuterated acetone (C3D6O) still argue in favour of existence
of a new possibility to realize the thermonuclear synthesis. Theoretical description
based on numerical solution of simultaneous conservation equations for gaseous
and liquid phases also conˇrms this possibility, although it requires further more
precise deˇnitions. In particular, description of electron degrees of freedom in very
dense nonequilibrium plasma generated at the ˇnal stage of bubble collapse needs
speciˇcation. In the present paper, calculations of electron thermal capacity in the
deuterated acetone multiple ionization region at electron temperatures Te � 104 K
and above and compression range ρ/ρ0 � 1 ÷ 100 have been fulˇlled on the basis
of direct numerical solution of equation for chemical potential.

The investigation has been performed at the Laboratory of Information Tech-
nologies, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2004



‚‚…„…�ˆ…

‘ É¥Ì ¶µ· ± ± ¢ [1] ¡Ò²µ ¸µµ¡Ð¥´µ µ ·¥£¨¸É· Í¨¨ ¶·µ¤Ê±Éµ¢ É¥·³µ-
Ö¤¥·´ÒÌ ·¥ ±Í¨° D(d, p)T ¨ D(d, n)3He ´  Ê·µ¢´¥ 105 c−1 ¶·¨  ±Ê¸É¨Î¥-
¸±µ° ± ¢¨É Í¨¨ ¢ C3D6O, ÔÉ  µ¡² ¸ÉÓ ¨¸¸²¥¤µ¢ ´¨° ¸É ²  ¶·¨¢²¥± ÉÓ ¢´¨-
³ ´¨¥ ´¥ Éµ²Ó±µ  ±Ê¸É¨±µ¢, ´µ ¨ ¸¶¥Í¨ ²¨¸Éµ¢ ¶µ Ö¤¥·´µ° Ë¨§¨±¥ ¨ Ë¨§¨±¥
¶² §³Ò. �¡§µ· · ¡µÉ, ¶µ¸¢ÖÐ¥´´ÒÌ µ¡¸Ê¦¤¥´¨Õ ¶µ²ÊÎ¥´´ÒÌ ¢ [1] ·¥§Ê²ÓÉ -
Éµ¢, µ¶Ê¡²¨±µ¢ ´ ¢ [2]. �µ¸²¥¤´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ´ ¡²Õ¤¥-
´¨Õ ¶·µ¤Ê±Éµ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¶·¨ ¸Ì²µ¶Ò¢ ´¨¨ ± ¢¨É Í¨µ´´µ£µ ¶Ê§Ò·Ó± 
¢ D- Í¥Éµ´¥ ¶·¨¢¥¤¥´Ò ¢ [3]. �´¨ ¶µ-¶·¥¦´¥³Ê ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ ¢ ¶µ²Ó§Ê
ÔÉµ° ´µ¢µ°, Î·¥§¢ÒÎ °´µ ¶·µ¸Éµ° ¢µ§³µ¦´µ¸É¨ µ¸ÊÐ¥¸É¢²¥´¨Ö ·¥ ±Í¨° É¥·-
³µÖ¤¥·´µ£µ ¸¨´É¥§ .

�¶¨¸ ´¨¥ ¶·µÍ¥¸¸  ¸Ì²µ¶Ò¢ ´¨Ö ¶Ê§Ò·Ó±  µ¸´µ¢ ´µ ´  Î¨¸²¥´´µ³ ·¥-
Ï¥´¨¨ ¸²¥¤ÊÕÐ¥° ¸¨¸É¥³Ò Ê· ¢´¥´¨° ¢ Ëµ·³¥ § ±µ´µ¢ ¸µÌ· ´¥´¨Ö ³ ¸¸Ò,
Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸  ¤²Ö £ §µµ¡· §´µ° ¨ ¦¨¤±µ° Ë § ¢ ¶·¨¡²¨¦¥´¨¨ ¸Ë¥·¨Î¥-
¸±µ° ¸¨³³¥É·¨¨ ±µ²² ¶¸¨·ÊÕÐ¥° ± ¢¨É Í¨µ´´µ° ¶µ²µ¸É¨:
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£¤¥ ρ, u, p, T, e ¨ λ Å ¶²µÉ´µ¸ÉÓ ³ ¸¸Ò, ¸±µ·µ¸ÉÓ, ¤ ¢²¥´¨¥, É¥³¶¥· ÉÊ· ,
¶²µÉ´µ¸ÉÓ ¶µ²´µ° Ô´¥·£¨¨ ¨ ±µÔËË¨Í¨¥´É É¥¶²µ¶·µ¢µ¤´µ¸É¨ ¸·¥¤Ò ¸µµÉ¢¥É-
¸É¢¥´´µ.

‚ ·¥Ï ¥³ÊÕ ¸¨¸É¥³Ê ¢Ìµ¤ÖÉ É ±¦¥ Ê· ¢´¥´¨Ö ¸µ¸ÉµÖ´¨Ö ¨ Ê¸²µ¢¨¥ ƒ¥·Í Ä
Š´Ê¤¸¥´ Ä‹¥´£³Õ·  [4] ´  £· ´¨Í¥ Ë §µ¢µ£µ · §¤¥² , ÊÎ¨ÉÒ¢ ÕÐ¥¥ ±µÔËË¨-
Í¨¥´É ±µ´¤¥´¸ Í¨¨ α. „²Ö  Í¥Éµ´  α = 1, É. ¥. ¤µ²Ö ³µ²¥±Ê² ¶ · , ±µÉµ·Ò¥
Ê¤ ·ÖÕÉ¸Ö µ ¶µ¢¥·Ì´µ¸ÉÓ · §¤¥²  Ë § ¨ µÉ· ¦ ÕÉ¸Ö µ¡· É´µ, ¶·¥´¥¡·¥¦¨³µ
³ ² . �µ ÔÉµ° ¶·¨Î¨´¥ µ¡Ð Ö ³ ¸¸  ¶ ·  ¶·¨ ¸¦ É¨¨ ¶Ê§Ò·Ó±  ¡Ò¸É·µ Ê³¥´Ó-
Ï ¥É¸Ö. Š·µ³¥ Éµ£µ, ¢ ¸²ÊÎ ¥ ¶µ£²µÐ¥´¨Ö ³µ²¥±Ê²Ò £· ´¨Í¥ · §¤¥²  ¶¥·¥-
¤ ¥É¸Ö ¨³¶Ê²Ó¸ ¢ ¤¢  · §  ³¥´ÓÏ¥, Î¥³ ¶·¨ ¥¥ µÉ· ¦¥´¨¨. ‚¸¥ ÔÉµ ¸¨²Ó´µ
¸´¨¦ ¥É ¸µ¶·µÉ¨¢²¥´¨¥ ¶ ·µ¢ ¸Ì²µ¶Ò¢ ´¨Õ ¶Ê§Ò·Ó±  ¨ Ö¢²Ö¥É¸Ö µ¤´µ° ¨§
µ¸´µ¢´ÒÌ ¶·¨Î¨´ ¸µ§¤ ´¨Ö ¢Ò¸µ±¨Ì É¥³¶¥· ÉÊ· ¨ ¤ ¢²¥´¨° ¶·¨  ±Ê¸É¨Î¥¸±µ°
± ¢¨É Í¨¨ ¢ D- Í¥Éµ´¥.
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�·¨ ¸¢¥·Ì¢Ò¸µ±¨Ì ¤ ¢²¥´¨ÖÌ ¨¸¶µ²Ó§ÊÕÉ¸Ö Ê· ¢´¥´¨¥ ¸µ¸ÉµÖ´¨Ö Œ¨Ä
ƒ·Õ´ °§¥´  [5], ¶µÉ¥´Í¨ ²Ó´Ò¥ ËÊ´±Í¨¨ �µ·´ ÄŒ °¥·  [5], ±µÉµ·Ò¥ µ¶¨-
¸Ò¢ ÕÉ ¸¢¥·Ì¸¦ ÉÒ¥ ¦¨¤±µ¸É¨, ¨ ¸µ¢·¥³¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
µ¡  ¤¨ ¡ É¥ Ê¤ ·´µ° ¢µ²´Ò ¢  Í¥Éµ´¥ [6]. “Î¨ÉÒ¢ ÕÉ¸Ö ¤¨¸¸µÍ¨ Í¨Ö ¨ ¨µ´¨-
§ Í¨Ö ³µ²¥±Ê² ¢ ³µ³¥´É ¸Ì²µ¶Ò¢ ´¨Ö ¶Ê§Ò·Ó±  ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³ ¶µÉ¥·¨
Ô´¥·£¨¨,   É ±¦¥ ¢²¨Ö´¨¥ ³µ²¥±Ê²Ö·´µ°, Ô²¥±É·µ´´µ° ¨ ¨µ´´µ° É¥¶²µ¶·µ¢µ¤-
´µ¸É¨. —¨¸²¥´´µ¥ ·¥Ï¥´¨¥ ¸¨¸É¥³Ò Ê· ¢´¥´¨° ³µ¦¥É ¡ÒÉÓ ´ °¤¥´µ ¸ ¶µ³µ-
ÐÓÕ ³¥Éµ¤  ƒµ¤Ê´µ¢  [7], ±µÉµ·µ¥ Ì · ±É¥·¨§Ê¥É¸Ö ¢Ò¸µ±µ° Ê¸Éµ°Î¨¢µ¸ÉÓÕ,
¢¥¸Ó³  ¢ ¦´µ° ¶·¨ µ¶¨¸ ´¨¨ Ô¢µ²ÕÍ¨¨ Ê¤ ·´µ° ¢µ²´Ò. ‘µ£² ¸´µ ¤ ´´µ° ³µ-
¤¥²¨ §´ Î¥´¨Ö É¥³¶¥· ÉÊ·Ò ¨µ´µ¢ T ¨ ¶²µÉ´µ¸É¨ ρ ¢ ¶Ê§Ò·Ó±¥ ´  ¸É ¤¨¨ ¸Ì²µ-
¶Ò¢ ´¨Ö ¤µ¸É¨£ ÕÉ §´ Î¥´¨° T � 107 ÷ 108 K, ρ � 100 £/¸³3 ´  · ¸¸ÉµÖ´¨ÖÌ
r � 5÷25 ´³ µÉ Í¥´É·  ¶Ê§Ò·Ó±  ¢ É¥Î¥´¨¥ ¢·¥³¥´¨ ∆t � 10−13÷10−12 ¸ [1].

‚ÒÌµ¤ É¥·³µÖ¤¥·´ÒÌ ´¥°É·µ´µ¢ ¢ · ¸Î¥É¥ ´  µ¤¨´ ¶Ê§Ò·¥± ³µ¦¥É ¡ÒÉÓ
· ¸¸Î¨É ´ ¶µ Ëµ·³Ê²¥

n =
∫

dt

∫
dV

n2
D

2
< vσ(v) >,

£¤¥ nD Å µ¡Ñ¥³´ Ö ±µ´Í¥´É· Í¨Ö Ö¤¥· ¤¥°É¥·¨Ö; < vσ(v) > Å ÔËË¥±É¨¢-
´ Ö ¸±µ·µ¸ÉÓ ·¥ ±Í¨° D-D-¸²¨Ö´¨Ö. �´ µ± §Ò¢ ¥É¸Ö ¢ Ìµ·µÏ¥³ ¸µ£² ¸¨¨ ¸
Ô±¸¶¥·¨³¥´Éµ³ [2].

‚ ¤ ´´µ° ³µ¤¥²¨ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ £¨¶µÉ¥§µ° �. ˆ. �¨£³ ÉÊ²¨´  ¤²Ö ¤¨¸-
¸µÍ¨¨·µ¢ ´´µ° Ë §Ò ¡¥·ÊÉ¸Ö É¥ ¦¥ Ê· ¢´¥´¨Ö ¸µ¸ÉµÖ´¨Ö, ÎÉµ ¨ ¤²Ö ´¥¤¨¸-
¸µÍ¨¨·µ¢ ´´µ£µ  Í¥Éµ´  (®§ ³µ·µ¦¥´´ Ö¯ Ê¤ ·´ Ö  ¤¨ ¡ É ). •µÉÖ ¶µ¤µ¡´µ¥
¶·¥¤¶µ²µ¦¥´¨¥ ¨ ¶·µÉ¨¢µ·¥Î¨É Ô±¸¶¥·¨³¥´É ²Ó´µ° Ê¤ ·´µ°  ¤¨ ¡ É¥ [6], µ´µ
³µ¦¥É ¡ÒÉÓ µ¶· ¢¤ ´µ ¡Ò¸É·µÉ¥Î´µ¸ÉÓÕ § ¢¥·Ï ÕÐ¥° ¸É ¤¨¨ ¶·µÍ¥¸¸  ¸Ì²µ-
¶Ò¢ ´¨Ö. �µ¸±µ²Ó±Ê Ì · ±É¥·´Ò¥ ¢·¥³¥´  ¶·µÉ¥± ´¨Ö ¶·µÍ¥¸¸  ¢ ¤ ´´µ³ ¸²Ê-
Î ¥ ¸ÊÐ¥¸É¢¥´´µ ±µ·µÎ¥, Î¥³ ¢ Ô±¸¶¥·¨³¥´É Ì, µ¶¨¸ ´´ÒÌ ¢ [6], ³µ¦´µ ¤µ¶Ê-
¸É¨ÉÓ, ÎÉµ ¸ÊÐ¥¸É¢¥´´ Ö ¶¥·¥¸É·µ°±  ¶·µ¸É· ´¸É¢¥´´ÒÌ ¶µ²µ¦¥´¨° Ë· £³¥´-
Éµ¢, ¶µ ¸· ¢´¥´¨Õ ¸ ¨Ì · ¸¶µ²µ¦¥´¨¥³ ¢ ³µ²¥±Ê² Ì, ´¥ Ê¸¶¥¢ ¥É ¶·µ¨§µ°É¨.
’ ±¨³ µ¡· §µ³, Ë¨§¨Î¥¸±¨° ¸³Ò¸² £¨¶µÉ¥§Ò �¨£³ ÉÊ²¨´  ¸¢µ¤¨É¸Ö ± ¶·¨¡²¨-
¦¥´´µ³Ê ÊÎ¥ÉÊ É¥·³µ¤¨´ ³¨Î¥¸±µ° ´¥· ¢´µ¢¥¸´µ¸É¨ ¶·µÍ¥¸¸ . Š·µ³¥ ÔÉµ°
£¨¶µÉ¥§Ò ¢ É¥µ·¥É¨Î¥¸±µ³ µ¶¨¸ ´¨¨ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¤¢  ¶· ¢¤µ¶µ¤µ¡´ÒÌ, ÌµÉÖ
¨ ´¥ ¤µ± § ´´ÒÌ ¸É·µ£µ, ¶·¥¤¶µ²µ¦¥´¨Ö (É ±¦¥ ¸Ëµ·³Ê²¨·µ¢ ´´Ò¥ �. ˆ. �¨£-
³ ÉÊ²¨´Ò³) µ Éµ³, ÎÉµ ¢ ³´µ£µ¶Ê§Ò·Ó±µ¢µ° ¸¨¸É¥³¥ ¢  ±Ê¸É¨Î¥¸±µ³ ¶µ²¥ ¢µ
¢·¥³Ö ¸Ì²µ¶Ò¢ ´¨Ö Ëµ·³¨·Ê¥É¸Ö ¤µ¶µ²´¨É¥²Ó´Ò° ¶µ²µ¦¨É¥²Ó´Ò° ¨³¶Ê²Ó¸
¤ ¢²¥´¨Ö ¢ ´¥¸±µ²Ó±µ ¤¥¸ÖÉ±µ¢  É³µ¸Ë¥· ¨ µ Éµ³, ÎÉµ Ô²¥±É·µ´Ò ¶² §³Ò ´¥
Ê¸¶¥¢ ÕÉ ´ £·¥ÉÓ¸Ö §  ¢·¥³Ö ¸Ì²µ¶Ò¢ ´¨Ö (∼ 10−12 ¸).

�Í¥´±¨ ¢·¥³¥´¨ µÌ² ¦¤¥´¨Ö Ö¤¥· Ô²¥±É·µ´ ³¨ ¢ ¸¢¥·Ì¶²µÉ´µ° ¸¨²Ó´µ
´¥· ¢´µ¢¥¸´µ° ¶² §³¥ ¸Ì²µ¶Ò¢ ÕÐ¥£µ¸Ö ¶Ê§Ò·Ó±  ¡Ò²¨ ¢Ò¶µ²´¥´Ò ¢ · -
¡µÉ¥ [8]. �´¨ ¶µ± § ²¨, ÎÉµ ´ Î ²Ó´Ò¥ É¥³¶¥· ÉÊ·Ò Ô²¥±É·µ´µ¢ ¢ ³µ³¥´É
µ¡· §µ¢ ´¨Ö ¸¢¥·Ì¶²µÉ´µ° ¶² §³Ò ¸ ρ � 100 £/¸³3 ¤¥°¸É¢¨É¥²Ó´µ ¸ÊÐ¥¸É¢¥´´µ
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´¨¦¥ Ö¤¥·´ÒÌ,   ¢·¥³Ö µÌ² ¦¤¥´¨Ö Ö¤¥·´µ° ±µ³¶µ´¥´ÉÒ Éµ£µ ¦¥ ¶µ·Ö¤± , ÎÉµ
¨ ¢·¥³Ö ¶·µÉ¥± ´¨Ö É¥·³µÖ¤¥·´µ£µ ¸¨´É¥§ . ’ ±¨³ µ¡· §µ³, ÌµÉÖ £¨¶µÉ¥§  µ
¸² ¡µ³ µÌ² ¦¤¥´¨¨ Ö¤¥· Ô²¥±É·µ´ ³¨ ´  ´ Î ²Ó´µ° ¸É ¤¨¨ ¶·µÍ¥¸¸  É¥·-
³µÖ¤¥·´µ£µ ¸¨´É¥§  µ± §Ò¢ ¥É¸Ö ¶·¨¡²¨§¨É¥²Ó´µ ¸¶· ¢¥¤²¨¢µ°, µ¶·¥¤¥²¥´-
´Ò¥ ¶µÉ¥·¨ Ô´¥·£¨¨ ´  ¡µ²¥¥ ¶µ§¤´¨Ì ¸É ¤¨ÖÌ ¶·µÍ¥¸¸  ¤µ²¦´Ò ÊÎ¨ÉÒ¢ ÉÓ¸Ö
¶·¨ ¡µ²¥¥ ÉµÎ´µ³ µ¶¨¸ ´¨¨. � ¸ÉµÖÐ Ö · ¡µÉ  ¶µ¸¢ÖÐ¥´  · ¸Î¥ÉÊ É¥¶²µ-
¥³±µ¸É¨ Ô²¥±É·µ´µ¢ ¢ µ¡² ¸É¨ É¥³¶¥· ÉÊ· ¨ ¶²µÉ´µ¸É¥° Te � 104 ÷ 108 K,
ρ � (1 ÷ 100)ρ0. ’ ±¨¥ µÍ¥´±¨ Ö¢²ÖÕÉ¸Ö ¶¥·¢Ò³ ´¥µ¡Ìµ¤¨³Ò³ Ï £µ³ ¢
´ ¶· ¢²¥´¨¨ ÊÎ¥É  ¢ÒÏ¥Ê¶µ³Ö´ÊÉÒÌ ÔËË¥±Éµ¢ µÌ² ¦¤¥´¨Ö.

1. ”��Œ“‹ˆ��‚Š� Œ�„…‹ˆ ˆ �…‡“‹œ’�’› ��‘—…’�

�·¥¤¶µ² £ Ö ²µ± ²Ó´ÊÕ ±µ³¶¥´¸ Í¨Õ Ô²¥±É·¨Î¥¸±µ£µ § ·Ö¤  Ô²¥±É·µ´µ¢
¨ ¨µ´µ¢, ¸·¥¤´¥¥ Î¨¸²µ Ô²¥±É·µ´µ¢ ¸ Ô´¥·£¨¥° E ¡Ê¤¥³ µ¶¨¸Ò¢ ÉÓ · ¸¶·¥¤¥-
²¥´¨¥³ ”¥·³¨ ¤²Ö ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì Î ¸É¨Í:

〈N〉 =
1

e(E−µ(T ))/KBT + 1
, (1)

£¤¥ T Å É¥³¶¥· ÉÊ·  Ô²¥±É·µ´µ¢, KB Å ¶µ¸ÉµÖ´´ Ö �µ²ÓÍ³ ´ , µ(T ) Å Ì¨-
³¨Î¥¸±¨° ¶µÉ¥´Í¨ ² Ô²¥±É·µ´µ¢, ´ Ìµ¤ÖÐ¨Ì¸Ö ¢ Ô²¥±É·¨Î¥¸±µ³ ¶µ²¥ ¨µ´µ¢.
�µ¸±µ²Ó±Ê ¤²Ö  Í¥Éµ´  É¥³¶¥· ÉÊ·  ¤¨¸¸µÍ¨ Í¨¨ Td ¸ÊÐ¥¸É¢¥´´µ ³¥´ÓÏ¥
É¥³¶¥· ÉÊ·Ò ¨µ´¨§ Í¨¨ Ti (Td � 3 · 103 K, Ti � 1, 2 · 105 K), ¡Ê¤¥³ ¸Î¨-
É ÉÓ, ÎÉµ ¨µ´¨§ Í¨Ö ¶·µ¨¸Ìµ¤¨É ¶µ§¦¥ ¤¨¸¸µÍ¨ Í¨¨ ¨, ¸²¥¤µ¢ É¥²Ó´µ, Ô´¥·£¨¨
¸¢Ö§¨ Ô²¥±É·µ´µ¢ ¸µ¢¶ ¤ ÕÉ ¸ ¶µÉ¥´Í¨ ² ³¨ ¨µ´¨§ Í¨¨ µÉ¤¥²Ó´ÒÌ  Éµ³µ¢ [9].

ˆ§ Éµ£µ, ÎÉµ ¶·¨ T = 0 ¢¸¥ Ô²¥±É·µ´Ò ´ Ìµ¤ÖÉ¸Ö ¢ ¸¢Ö§ ´´µ³ ¸µ¸ÉµÖ´¨¨
¸²¥¤Ê¥É, ÎÉµ §´ Î¥´¨¥ Ì¨³¨Î¥¸±µ£µ ¶µÉ¥´Í¨ ²  µ ¶·¨ ´Ê²¥¢µ° É¥³¶¥· ÉÊ·¥
· ¢´µ ´ ¨¡µ²ÓÏ¥° Ô´¥·£¨¨ ¸¢Ö§¨ Ô²¥±É·µ´  ¢  Éµ³ Ì C, D ¨ O, É. ¥. 871,1 Ô‚.
‚Ò¤¥²ÖÖ ¢ ¢Ò· ¦¥´¨¨ ¤²Ö Ì¨³¨Î¥¸±µ£µ ¶µÉ¥´Í¨ ²  ÔÉÊ ¢¥²¨Î¨´Ê µÉ¤¥²Ó´Ò³
¸² £ ¥³Ò³

µ(T ) = µ(0) + ∆µ(T ),

¢Ò· ¦¥´¨Õ (1) ´¥É·Ê¤´µ ¶·¨¤ ÉÓ ¢¨¤

〈Ni,b〉 =
1

e−(εi+∆µ)/KBT + 1
,

〈Nk,f 〉 =
1

e(εk−∆µ)/KBT + 1

¸µµÉ¢¥É¸É¢¥´´µ ¤²Ö ¸¢Ö§ ´´ÒÌ ¨ ¸¢µ¡µ¤´ÒÌ ¸µ¸ÉµÖ´¨°. ‡¤¥¸Ó

εi = µ(0) − Ei
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Å Ô´¥·£¨Ö ¸¢Ö§¨, µÉ¢¥Î ÕÐ Ö i-³Ê Ô²¥±É·µ´´µ³Ê Ê·µ¢´Õ;

εk =
p2

k

2m

Å Ô´¥·£¨Ö ¸¢µ¡µ¤´µ£µ Ô²¥±É·µ´ . �µ²ÊÎ¥´´Ò¥ Ëµ·³Ê²Ò ¶µ§¢µ²ÖÕÉ É· ±Éµ-
¢ ÉÓ Ì¨³¨Î¥¸±¨° ¶µÉ¥´Í¨ ² ± ± ¸¢µ¥£µ ·µ¤  ¶µÉ¥´Í¨ ²Ó´ÊÕ Ö³Ê, ¶·¨ ¢ÒÌµ¤¥
¨§ ±µÉµ·µ° Ô²¥±É·µ´ ¸É ´µ¢¨É¸Ö ¸¢µ¡µ¤´Ò³ (§ É· É¨¢ ´  ¢ÒÌµ¤ Ô´¥·£¨Õ, · ¢-
´ÊÕ Ô´¥·£¨¨ ¸¢Ö§¨). ‡ ¢¨¸ÖÐ Ö µÉ É¥³¶¥· ÉÊ·Ò ¶µ¶· ¢±  ± ¶µ¸ÉµÖ´´µ° Î ¸É¨
Ì¨³¨Î¥¸±µ£µ ¶µÉ¥´Í¨ ²  ∆µ(T ) ´ Ìµ¤¨É¸Ö ¨§ Ê¸²µ¢¨Ö ¸µÌ· ´¥´¨Ö ¶µ²´µ£µ
Î¨¸²  Ô²¥±É·µ´µ¢ ∑

i

(1 − 〈Ni,b〉) =
∑

k

〈Nk,f 〉, (2)

£¤¥ ¸Ê³³¨·µ¢ ´¨¥ ¢Ò¶µ²´Ö¥É¸Ö ¸ ÊÎ¥Éµ³ ±· É´µ¸É¨ ¢Ìµ¦¤¥´¨Ö  Éµ³  ¤ ´´µ£µ
¸µ·É  ¢ ³µ²¥±Ê²Ê C3D6O. ‡ ³¥´ÖÖ µ¡ÒÎ´Ò³ µ¡· §µ³ [10] ¸Ê³³Ê ¶µ ¸µ¸ÉµÖ-
´¨Ö³ ¸¢µ¡µ¤´ÒÌ Ô²¥±É·µ´µ¢ ¨´É¥£· ²µ³

√
2vm3/2

π2�3

∫ ∞

0

√
εdε

e(ε−∆µ)/KBT + 1
=

√
2v(mKBT )3/2

π2�3

∫ ∞

0

√
zdz

ez−∆µ/KBT + 1
,

¶µ²ÊÎ¨³ Ê· ¢´¥´¨¥ ¤²Ö µ¶·¥¤¥²¥´¨Ö ¢¥²¨Î¨´Ò ¶µ¶· ¢±¨ ∆µ(T ) (§¤¥¸Ó v Å
µ¡Ñ¥³, ¶·¨Ìµ¤ÖÐ¨°¸Ö ´  µ¤´Ê ³µ²¥±Ê²Ê ¢¥Ð¥¸É¢ ).

�  ·¨¸. 1 ¶µ± § ´a · ¸Î¥É´ Ö § ¢¨¸¨³µ¸ÉÓ ∆µ(T ) ¤²Ö C3D6O. ’µÉ Ë ±É,
ÎÉµ ¶µ¶· ¢±  ∆µ(T ) ¨³¥¥É µÉ·¨Í É¥²Ó´µ¥ §´ Î¥´¨¥, µ¡ÑÖ¸´Ö¥É¸Ö ¡µ²ÓÏ¨³
¸É É¨¸É¨Î¥¸±¨³ ¢¥¸µ³ ¸¢µ¡µ¤´ÒÌ ¸µ¸ÉµÖ´¨°, ¶·¨¢µ¤ÖÐ¨³ ± ¶µ´¨¦¥´¨Õ É¥³-

�¨¸. 1. � ¸Î¥É´ Ö § ¢¨¸¨³µ¸ÉÓ ∆µ(T )
¤²Ö C3D6O ¶·¨ ¸¦ É¨ÖÌ ρ/ρ0 = 1, 10,
50 ¨ 100 (±·¨¢Ò¥ 1, 2, 3 ¨ 4 ¸µµÉ¢¥É-
¸É¢¥´´µ)

�¨¸. 2. ‘·¥¤´¥¥ Î¨¸²µ Ô²¥±É·µ´µ¢, ¢Ò¡¨-
¢ ¥³ÒÌ ¸ Ê·µ¢´¥° εi = 11,3, 138,1, 490,
871,1 (±·¨¢Ò¥ 1, 2, 3 ¨ 4 ¸µµÉ¢¥É¸É¢¥´´µ)
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¶¥· ÉÊ·Ò ´ Î ²  ÔËË¥±É¨¢´µ° ¨µ´¨§ Í¨¨ εi/KB, ±µÉµ·ÊÕ ³µ¦´µ ¡Ò²µ ¡Ò
µ¦¨¤ ÉÓ ¡¥§ ÊÎ¥É  ÔÉµ£µ µ¡¸ÉµÖÉ¥²Ó¸É¢ . �  ·¨¸. 2 ¶µ± § ´µ ¸·¥¤´¥¥ Î¨¸²µ
Ô²¥±É·µ´µ¢

〈Ni,f 〉 = 1 − 〈Ni,b〉,
µ¸¢µ¡µ¦¤ ÕÐ¨Ì¸Ö ¸ i-£µ Ê·µ¢´Ö ¢ § ¢¨¸¨³µ¸É¨ µÉ É¥³¶¥· ÉÊ·Ò. ‚¨¤´µ, ÎÉµ
¶·¥¤¸É ¢²¥´´ Ö §¤¥¸Ó ± ·É¨´  ¶µ¸²¥¤µ¢ É¥²Ó´µ£µ ¢µ§¡Ê¦¤¥´¨Ö ¢¸¥ ¡µ²¥¥ £²Ê-
¡µ±¨Ì Ê·µ¢´¥° ¢¶µ²´¥  ´ ²µ£¨Î´  Éµ°, ±µÉµ· Ö ¨³¥¥É ³¥¸Éµ ¶·¨ Ê¤ ·´µ°
¨µ´¨§ Í¨¨ ¨²¨ ¢ · ¢´µ¢¥¸´µ° ¶² §³¥. �¨¸. 3 ¨ 4 ¨²²Õ¸É·¨·ÊÕÉ ´¥±µÉµ·Ò¥

�¨¸. 3. ’¥³¶¥· ÉÊ·  90%-° ¨µ´¨§ Í¨¨
· §²¨Î´ÒÌ Ô²¥±É·µ´´ÒÌ Ê·µ¢´¥° ¤²Ö ¸É¥-
¶¥´¨ ¸¦ É¨Ö ρ/ρ0 = 1 ¨ 100

�¨¸. 4. ’¥³¶¥· ÉÊ·  90%-° ¨µ´¨§ Í¨¨
¢ § ¢¨¸¨³µ¸É¨ µÉ ¸¦ É¨Ö ρ/ρ0 ¤²Ö ¸ -
³µ£µ £²Ê¡µ±µ£µ Ô²¥±É·µ´´µ£µ Ê·µ¢´Ö εi =
871, 1 Ô‚

¢ ¦´Ò¥ ¸ Ë¨§¨Î¥¸±µ° ÉµÎ±¨ §·¥´¨Ö Ì · ±É¥·¨¸É¨±¨ ¶² §³Ò, µ¡· §ÊÕÐ¥°¸Ö
¶·¨ ¸Ì²µ¶Ò¢ ´¨¨ ± ¢¨É Í¨µ´´µ£µ ¶Ê§Ò·Ó±  ¢ D- Í¥Éµ´¥. ’ ±, ´  ·¨¸. 3 ¶µ± -
§ ´  § ¢¨¸¨³µ¸ÉÓ É¥³¶¥· ÉÊ·Ò ¶µÎÉ¨ ¶µ²´µ° ¨µ´¨§ Í¨¨ Ô²¥±É·µ´´ÒÌ Ê·µ¢´¥°
µÉ ¨Ì Ô´¥·£¨¨ ¸¢Ö§¨. �¨¸. 4 ¤ ¥É ¨´Ëµ·³ Í¨Õ µ § ¢¨¸¨³µ¸É¨ É¥³¶¥· ÉÊ·Ò ¶µ-
ÎÉ¨ ¶µ²´µ° ¨µ´¨§ Í¨¨ ¢¸¥Ì  Éµ³µ¢ ¶² §³Ò µÉ ¸É¥¶¥´¨ ¸¦ É¨Ö.

’¥¶²µ¥³±µ¸ÉÓ Ô²¥±É·µ´µ¢, µÉ´¥¸¥´´ Ö ± µ¤´µ° ³µ²¥±Ê²¥ ¢¥Ð¥¸É¢ , ³µ-
¦¥É ¡ÒÉÓ ´ °¤¥´  ¶·Ö³Ò³ ¤¨ËË¥·¥´Í¨·µ¢ ´¨¥³ ¶µ²´µ° Ô´¥·£¨¨ ¸¢µ¡µ¤´ÒÌ
Ô²¥±É·µ´µ¢:

CV =
(

∂U

∂T

)
V

=
3
2
KB

∑
i

ni〈Ni,f 〉 +
∑

i

niεi
d〈Ni,f 〉

dT
,

£¤¥ ¸Ê³³¨·µ¢ ´¨¥ ¢Ò¶µ²´Ö¥É¸Ö ¶µ ¢¸¥³ ¸¢Ö§ ´´Ò³ ¸µ¸ÉµÖ´¨Ö³ Ô²¥±É·µ´µ¢,  
ni Å ±· É´µ¸ÉÓ ¢Ìµ¦¤¥´¨Ö  Éµ³µ¢ ¢ Ëµ·³Ê²Ê ¢¥Ð¥¸É¢ . �  ·¨¸. 5 ¶·¥¤¸É ¢²¥´ 
· ¸¸Î¨É ´´ Ö É ±¨³ µ¡· §µ³ É¥¶²µ¥³±µ¸ÉÓ Ô²¥±É·µ´µ¢ ¢ µ¡² ¸É¨ ¸¨²Ó´µ°
¨µ´¨§ Í¨¨ ¶·¨ ¸¦ É¨ÖÌ ρ/ρ0 = 1, 10 ¨ 100, ¶¥·¥¢¥¤¥´´ Ö ¢ ¡µ²¥¥ Ê¤µ¡´Ò¥
¤²Ö ¶· ±É¨Î¥¸±µ£µ ¨¸¶µ²Ó§µ¢ ´¨Ö ¥¤¨´¨ÍÒ. ‚¨¤´µ, ÎÉµ µ´  ´¥ µ¶¨¸Ò¢ ¥É¸Ö
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�¨¸. 5. ’¥¶²µ¥³±µ¸ÉÓ Ô²¥±É·µ´µ¢ ¤²Ö ³µ²¥±Ê²Ò D- Í¥Éµ´  ¶·¨ · §´ÒÌ ¸¦ É¨ÖÌ ρ/ρ0,
· ¸¸Î¨É ´´ Ö ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ · ¸¸³ É·¨¢ ¥³µ° ³µ¤¥²ÓÕ

²¨´¥°´µ° § ¢¨¸¨³µ¸ÉÓÕ C = γT , ¸¶· ¢¥¤²¨¢µ° ¤²Ö ¢Ò·µ¦¤¥´´µ£µ Ô²¥±É·µ´-
´µ£µ £ §  ¢ Ï¨·µ±µ° ¶µÉ¥´Í¨ ²Ó´µ° Ö³¥ ¸ ¶²µ¸±¨³ ¤´µ³ ¶·¨ É¥³¶¥· ÉÊ· Ì
³¥´ÓÏ¥ ¨²¨ ¶µ·Ö¤±  É¥³¶¥· ÉÊ·Ò ”¥·³¨, ±µ£¤  ¶µ¸ÉµÖ´´ Ö (‡µ³³¥·Ë¥²Ó¤ )
γ ³µ¦¥É ¡ÒÉÓ · ¸¸Î¨É ´  ¶µ Ëµ·³Ê²¥

γ = K2
B

(π

3

)2/3 m

�2
N

( v

N

)2/3

,

£¤¥ N Å ¶µ²´µ¥ Î¨¸²µ Ô²¥±É·µ´µ¢ ¢ ³µ²¥±Ê²¥ [10].

2. ˆ�’…���‹Ÿ–ˆ���›… ”��Œ“‹›

„²Ö ³µ¤¥²¨·µ¢ ´¨Ö ¶·µÍ¥¸¸µ¢ ¸Ì²µ¶Ò¢ ´¨Ö ± ¢¨É Í¨µ´´µ£µ ¶Ê§Ò·Ó± 
¢ ¦´µ ¨³¥ÉÓ ¶·µ¸ÉÒ¥, ´µ ¢ Éµ ¦¥ ¢·¥³Ö ¤µ¸É ÉµÎ´µ ÉµÎ´Ò¥ ¨´É¥·¶µ²ÖÍ¨µ´´Ò¥
Ëµ·³Ê²Ò · ¸Î¥É  § ¢¨¸¨³µ¸É¨ CV (Te, ρ/ρ0). ˆÌ ´ Ìµ¦¤¥´¨¥ ¶·¥¤¸É ¢²Ö¥É ¸µ-
¡µ° µÉ¤¥²Ó´ÊÕ ¢ÒÎ¨¸²¨É¥²Ó´ÊÕ § ¤ ÎÊ, ±µÉµ·µ° ¶µ¸¢ÖÐ¥´ ´ ¸ÉµÖÐ¨° · §¤¥².
‘ ÔÉµ° Í¥²ÓÕ ¢ É ¡². 1 ¶·¨¢¥¤¥´Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ·¨¸. 3 §´ Î¥´¨Ö É¥¶²µ-
¥³±µ¸É¨ CV ¤²Ö ´¥±µÉµ·ÒÌ Ì · ±É¥·´ÒÌ É¥³¶¥· ÉÊ· Ô²¥±É·µ´µ¢. ’µÎ±¨ ¢
É ¡². 1 ¢Ò¡¨· ²¨¸Ó ¸²¥¤ÊÕÐ¨³ µ¡· §µ³. ‘ ¶µ³µÐÓÕ ¶·µ£· ³³Ò 1, ¶µ³¥Ð¥´-
´µ° ¢ ¶·¨². 2, ¢ÒÎ¨¸²Ö²¨¸Ó §´ Î¥´¨Ö CV ¤²Ö T ∈ 〈Tmin, Tmax〉 ¸ ÉµÎ´µ¸ÉÓÕ
10−4, £¤¥ Tmin = 9000, 9500 ¨ 10000 Š, Tmax = 2 · 106 Š ¤²Ö ρ/ρ0 = 1, 10 ¨
100. ’ ±¨³ µ¡· §µ³, ¤²Ö ¶·¨´ÖÉµ£µ · §¡¨¥´¨Ö

CVi = CV (Ti), Ti = Tmin + τi, i = 0, . . . , n, τ = (Tmax − Tmin)/n,
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’ ¡²¨Í  1. ‡´ Î¥´¨Ö É¥¶²µ¥³±µ¸É¨ CV ¤²Ö ´¥±µÉµ·ÒÌ Ì · ±É¥·´ÒÌ É¥³¶¥· ÉÊ·
Ô²¥±É·µ´µ¢ ¶·¨ ¸É¥¶¥´ÖÌ ¸¦ É¨Ö ρ/ρ0 = 1, 10 ¨ 100

ρ/ρ0 = 1 ρ/ρ0 = 10 ρ/ρ0 = 100

T , K CV , „¦/Š · £ T , K CV , „¦/Š · £ T , K CV , „¦/Š · £
9 000 0,0051 9 500 0,0033 10 000 0,0020
9 500 0,0105 10 000 0,0064 11 000 0,0062
10 000 0,0202 11 500 0,0323 12 750 0,0292
11 500 0,1022 12 750 0,0929 14 000 0,0695
15 250 1,3958 17 000 1,0190 18 250 0,5323
17 750 3,9556 20 000 2,7843 21 750 1,4917
22 250 10,3438 26 750 8,0784 31 750 5,6108
25 750 12,3593 31 000 9,2201 39 750 6,6934
31 000 9,9966 36 250 8,3914 45 000 6,4996
36 000 8,2011 42 250 7,3806 50 000 6,2559
42 000 8,0589 49 000 7,0716 56 000 6,0876
51 000 7,4886 55 000 6,8999 61 000 6,0198
55 500 7,3009 62 000 6,7541 66 750 5,9901
64 250 8,0505 73 250 7,3306 82 750 6,3984
73 000 9,9663 84 500 8,8268 98 750 7,5909
86 000 12,6073 99 750 10,7492 118 250 9,0037
99 000 13,4700 115 250 11,4235 137 500 9,4912
119 000 11,7772 139 000 10,2668 169 000 8,7144
139 000 9,2632 158 750 8,8458 199 000 7,7801
185 250 8,3717 218 000 7,7361 253 750 7,1434
258 000 6,2232 293 000 6,1648 338 750 6,0127
334 500 5,1375 376 750 5,2678 428 250 5,3828
435 000 7,3498 487 500 7,0515 540 000 6,4825
535 500 13,9245 610 000 12,3281 713 750 11,0369
633 250 16,5998 723 750 14,4265 844 500 12,4227
731 000 14,5458 833 000 13,1054 959 000 11,7563
801 000 12,3438 934 000 11,3928 1 089 000 10,6373

1 028 250 11,2564 1 146 250 10,5603 1 320 000 9,8826
1 208 500 10,1133 1 328 750 9,8112 1 490 000 9,3405
1 350 000 8,4845 1 527 500 8,2985 1 660 000 8,5153
1 675 000 6,7130 1 751 250 7,1492 1 830 000 7,7340
2 000 000 6,3611 2 000 000 6,6111 2 000 000 7,1757

£¤¥ n Å Î¨¸²µ ¤¥²¥´¨° · ¸¸³ É·¨¢ ¥³µ£µ ¨´É¥·¢ ²  É¥³¶¥· ÉÊ·. �µÉµ³ ¢Ò-
¡¨· ²¨¸Ó ¶·¥¤¢ ·¨É¥²Ó´Ò¥ §´ Î¥´¨Ö Ô²¥³¥´Éµ¢ É ¡²¨ÍÒ (Tk, CVk

), k ∈ 〈0, n〉
¢ ÉµÎ± Ì, ¤²Ö ±µÉµ·ÒÌ ¶¥·¢ Ö ¨²¨ ¢Éµ· Ö ¶·µ¨§¢µ¤´ Ö CV · ¢´Ò ´Ê²Õ,  
É ±¦¥ ´¥±µÉµ·Ò¥ ¤µ¶µ²´¨É¥²Ó´Ò¥ ¶·µ³¥¦ÊÉµÎ´Ò¥ ÉµÎ±¨, ¢ ±µÉµ·ÒÌ §´ Î¥-
´¨Ö É¥¶²µ¥³±µ¸É¨ ¸µ¸É ¢²Ö²¨ µ¶·¥¤¥²¥´´Ò° ¶·µÍ¥´É µÉ´µ¸¨É¥²Ó´µ ¸± Î± 
³¥¦¤Ê Ô±¸É·¥³ ²Ó´Ò³¨ §´ Î¥´¨Ö³¨ ´  ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì É¥³¶¥· ÉÊ·´ÒÌ ¨´-
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É¥·¢ ² Ì. ’ ±¨³ µ¡· §µ³, Î¨¸²µ É ¡Ê²¨·Ê¥³ÒÌ ÉµÎ¥± ¤²Ö ± ¦¤µ£µ É ¡²¨Î´µ£µ
§´ Î¥´¨Ö ¸É¥¶¥´¨ ¸¦ É¨Ö ρ/ρ0 ¡Ò²µ Ë¨±¸¨·µ¢ ´´Ò³. �  £· ´¨Í Ì ¨´É¥·-
¢ ²µ¢ É¥³¶¥· ÉÊ· ¢ ÉµÎ± Ì Tmin ¨ Tmax ¢ÒÎ¨¸²Ö²¨¸Ó ¶·¨¡²¨¦¥´´Ò¥ §´ Î¥-
´¨Ö ¶·µ¨§¢µ¤´µ° É¥¶²µ¥³±µ¸É¨ ¶µ Ëµ·³Ê² ³ C′

V (Tmin) = (CV1 − CV0)/τ ¨
C′

V (Tmax) = (CVn − CVn−1)/τ . �É¨ §´ Î¥´¨Ö ¶·¨¢¥¤¥´Ò ¢ É ¡². 2.

’ ¡²¨Í  2. ‡´ Î¥´¨Ö ¶·µ¨§¢µ¤´ÒÌ C′
V ´  £· ´¨Í Ì ¨´É¥·¢ ²µ¢ É¥³¶¥· ÉÊ· ¶·¨

¸É¥¶¥´ÖÌ ¸¦ É¨Ö ρ/ρ0 = 1, 10 ¨ 100

�·µ¨§¢µ¤´Ò¥ ρ/ρ0 = 1 ρ/ρ0 = 10 ρ/ρ0 = 100

C′
V (Tmin) 7, 8 · 10−6 4, 4 · 10−6 2, 5 · 10−6

C′
V (Tmax) −5, 3 · 10−7 −1, 3 · 10−6 −2, 6 · 10−6

„ ²¥¥ ¶µ ¢Ò¡· ´´Ò³ ÉµÎ± ³ ¸É·µ¨²¸Ö ±Ê¡¨Î¥¸±¨° ¸¶² °´ ¤²Ö É¥¶²µ¥³±µ-
¸É¨ ¸ ¢ÒÏ¥Ê± § ´´Ò³¨ §´ Î¥´¨Ö³¨ ¶·µ¨§¢µ¤´µ° ´  £· ´¨Í Ì, ¸ Í¥²ÓÕ ¸· ¢-
´¥´¨Ö ¶µ²ÊÎ¥´´ÒÌ É ±¨³ µ¡· §µ³ ¢¥²¨Î¨´ CVk

¸ ÉµÎ´Ò³¨. �Éµ ¶µ§¢µ²¨²µ
µ¶·¥¤¥²¨ÉÓ Ì · ±É¥·´ÊÕ ¤²Ö É ¡². 1 µÉ´µ¸¨É¥²Ó´ÊÕ µÏ¨¡±Ê ¨´É¥·¶µ²ÖÍ¨¨ É¥-
¶²µ¥³±µ¸É¨ ¶·¨ ¶·µ³¥¦ÊÉµÎ´ÒÌ, ´¥ µÌ¢ ÉÒ¢ ¥³ÒÌ ¥Õ, §´ Î¥´¨ÖÌ É¥³¶¥· ÉÊ·
Ô²¥±É·µ´µ¢. ‡ É¥³ ¶·¥¤¢ ·¨É¥²Ó´Ò¥ Ô²¥³¥´ÉÒ É ¡². 1 ÊÉµÎ´Ö²¨¸Ó ¸²¥¤ÊÕÐ¨³
µ¡· §µ³. …¸²¨ ¤²Ö ´¥±µÉµ·µ£µ ρ/ρ0 ´  ± ±µ³-´¨¡Ê¤Ó ¨´É¥·¢ ²¥ (a, b) µÏ¨¡± 
¡Ò²  ¡µ²ÓÏ¥ Î¥³ ¦¥² ¥³ Ö, ¤²Ö ¥¥ Ê³¥´ÓÏ¥´¨Ö ¸¶¥·¢  ¶·¥¤¶·¨´¨³ ² ¸Ó ¶µ-
¶ÒÉ±  ¢§ÖÉÓ ¢³¥¸Éµ · ¸¸³ É·¨¢ ¥³µ° É ¡²¨Î´µ° ÉµÎ±¨ ´¥±µÉµ·ÊÕ ¸µ¸¥¤´ÕÕ
¢ ¨´É¥·¢ ²¥ (a, b). …¸²¨ ÔÉµ£µ µ± §Ò¢ ²µ¸Ó ´¥¤µ¸É ÉµÎ´µ, ¢ É ¡²¨ÍÊ ¢±² ¤Ò-
¢ ² ¸Ó ¤µ¶µ²´¨É¥²Ó´ Ö ¶·µ³¥¦ÊÉµÎ´ Ö ÉµÎ±  (Tk, CVk

). �·¨ ÔÉµ³, ¤²Ö ¸µÌ· -
´¥´¨Ö µ¤¨´ ±µ¢µ£µ Î¨¸²  Ô²¥³¥´Éµ¢ É ¡²¨ÍÒ ¶·¨ · §´ÒÌ ¸É¥¶¥´ÖÌ ¸¦ É¨Ö,
µ¸É ²Ó´Ò³ ¸Éµ²¡Í ³ É ¡². 1, µÉ¢¥Î ÕÐ¨³ ¤·Ê£¨³ ρ/ρ0, É ±¦¥ ¶·¨¶¨¸Ò¢ ² ¸Ó
¸µµÉ¢¥É¸É¢ÊÕÐ Ö ÉµÎ±  ¸ ÊÎ¥Éµ³ § ¢¨¸¨³µ¸É¨ É¥³¶¥· ÉÊ·Ò Ô²¥±É·µ´µ¢ µÉ ¸É¥-
¶¥´¨ ¸¦ É¨Ö (¸³. ´¨¦¥). �É´µ¸¨É¥²Ó´Ò¥ µÏ¨¡±¨ ¨´É¥·¶µ²ÖÍ¨¨, µÉ¢¥Î ÕÐ¨¥
¶µ²ÊÎ¥´´µ° ÔÉ¨³ ³¥Éµ¤µ³ É ¡². 1, Ê± § ´Ò ´  ·¨¸. 6.

„²Ö ¶µ²ÊÎ¥´¨Ö CV ¶·¨ ¶·µ³¥¦ÊÉµÎ´ÒÌ, µÉ²¨Î´ÒÌ µÉ É ¡²¨Î´ÒÌ, §´ Î¥-
´¨ÖÌ ¸¦ É¨Ö ³µ¦´µ ¢µ¸¶µ²Ó§µ¢ ÉÓ¸Ö ¸²¥¤ÊÕÐ¨³¨ ¨´É¥·¶µ²ÖÍ¨µ´´Ò³¨ Ëµ·-
³Ê² ³¨, ¢ ±µÉµ·ÒÌ ¨¸¶µ²Ó§µ¢ ´µ µ¡µ§´ Î¥´¨¥ x ≡ ρ/ρ0.

„²Ö 1 � x � 10:

T (x) = T (1) + (T (10) − T (1)) lg x, CV (x) = CV (1) + (CV (10) − CV (1)) lg x,

C′
V (x) = C′

V (1) + (C′
V (10) − C′

V (1)) lg x.

„²Ö 10 � x � 100:

T (x) = T (10) + (T (100)− T (10)) lg
x

10
, CV (x) = CV (10) + (CV (100)−

−CV (10)) lg
x

10
, C′

V (x) = C′
V (10) + (C′

V (100)− C′
V (10)) lg

x

10
.
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�¨¸. 6. �É´µ¸¨É¥²Ó´ Ö µÏ¨¡±  ¨´É¥·¶µ²ÖÍ¨¨ ±Ê¡¨Î¥¸±¨³ ¸¶² °´µ³ É¥¶²µ¥³±µ¸É¨ ¶·¨
¶·µ³¥¦ÊÉµÎ´ÒÌ É¥³¶¥· ÉÊ· Ì, ¶µ²ÊÎ ÕÐ Ö¸Ö ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ É ¡²¨Î´ÒÌ §´ Î¥´¨°
É¥¶²µ¥³±µ¸É¨

Š Î¥¸É¢µ É ±µ° ¨´É¥·¶µ²ÖÍ¨¨ ¨²²Õ¸É·¨·Ê¥É ·¨¸. 7, ´  ±µÉµ·µ³ ´¥¶·¥-
·Ò¢´Ò³¨ ²¨´¨Ö³¨ ´ ´¥¸¥´Ò §´ Î¥´¨Ö É¥¶²µ¥³±µ¸É¨, · ¸¸Î¨É ´´Ò¥ ¢ ¸µµÉ-
¢¥É¸É¢¨¨ ¸ µ¶¨¸ ´´µ° ¢ÒÏ¥ ³µ¤¥²ÓÕ ¨µ´¨§ Í¨¨,   ÉµÎ±¨ µ¡µ§´ Î ÕÉ §´ Î¥-
´¨Ö É¥¶²µ¥³±µ¸É¨, ¶µ²ÊÎ¥´´Ò¥ ´  µ¸´µ¢¥ ¢ÒÏ¥Ê± § ´´µ° ²µ£ ·¨Ë³¨Î¥¸±µ°
¨´É¥·¶µ²ÖÍ¨¨ ¨ É ¡². 1. �É´µ¸¨É¥²Ó´Ò¥ µÏ¨¡±¨ É ±µ° ¶·µÍ¥¤Ê·Ò ¶µ± -
§ ´Ò ´  ·¨¸. 8.

‚ ¶·¨²µ¦¥´¨ÖÌ ± ¤ ´´µ° · ¡µÉ¥ ´ Ìµ¤ÖÉ¸Ö ¸²¥¤ÊÕÐ¨¥ ³ É¥·¨ ²Ò. ‚
¶·¨². 1 ¤ ´Ò §´ Î¥´¨Ö Ì¨³¨Î¥¸±µ£µ ¶µÉ¥´Í¨ ²  ∆µ, ¶µ§¢µ²ÖÕÐ¨¥ · ¸¸Î¨-
É ÉÓ, ¨¸¶µ²Ó§ÊÖ · ¸¶·¥¤¥²¥´¨¥ ”¥·³¨, ¸·¥¤´¨¥ Î¨¸²  § ¶µ²´¥´¨Ö Ô²¥±É·µ´-
´ÒÌ Ê·µ¢´¥° ¶·¨ · §²¨Î´ÒÌ É¥³¶¥· ÉÊ· Ì ¨ ¸¦ É¨ÖÌ.

‚ ¶·¨². 2 ¶·¨¢¥¤¥´Ò ¶·µ£· ³³Ò, ±µÉµ·Ò¥ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¢ ¤ ´´µ° · ¡µÉ¥
¤²Ö ¢ÒÎ¨¸²¥´¨Ö É¥¶²µ¥³±µ¸É¨ Ô²¥±É·µ´µ¢. �·µ£· ³³  1 ¢ÒÎ¨¸²Ö¥É §´ Î¥´¨Ö
CV , ·¥Ï Ö Ê· ¢´¥´¨¥ (2). �´  ²¥£±µ ³µ¦¥É ¡ÒÉÓ ¶·¨¸¶µ¸µ¡²¥´  ¤²Ö ¶·µ¢¥-
¤¥´¨Ö  ´ ²µ£¨Î´ÒÌ · ¸Î¥Éµ¢ ¨ ¤²Ö ¤·Ê£¨Ì ¢¥Ð¥¸É¢. �·µ£· ³³  2 ¢ÒÎ¨¸²Ö¥É
§´ Î¥´¨Ö ¶µÉ¥´Í¨ ²  ¶·¨ ¶·µ³¥¦ÊÉµÎ´ÒÌ §´ Î¥´¨ÖÌ ¸¦ É¨Ö, ´¥ ¸µ¢¶ ¤ ÕÐ¨Ì
¸ É ¡²¨Î´Ò³¨, ¸ ¶µ³µÐÓÕ ¨´É¥·¶µ²ÖÍ¨µ´´µ° Ëµ·³Ê²Ò ¨ É ¡². 1. �·µ£· ³³Ò
´ ¶¨¸ ´Ò ¢ ¸·¥¤¥ SCILAB 3.0-RC1 (May 17, 2004), ±µÉµ· Ö Ö¢²Ö¥É¸Ö ¡¥¸¶² É-
´µ · ¸¶·µ¸É· ´Ö¥³Ò³  ´ ²µ£µ³ MATLAB (¸³. ¸ °É http://scilabsoft.inria.fr).
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�¨¸. 7. ’¥¶²µ¥³±µ¸ÉÓ Ô²¥±É·µ´µ¢ ¤²Ö ³µ²¥±Ê²Ò D- Í¥Éµ´  ¶·¨ · §´ÒÌ ¶·µ³¥¦ÊÉµÎ´ÒÌ
¸¦ É¨ÖÌ ρ/ρ0

�¨¸. 8. �É´µ¸¨É¥²Ó´ Ö µÏ¨¡±  ¨´É¥·¶µ²ÖÍ¨¨ É ¡²¨Î´ÒÌ §´ Î¥´¨° É¥¶²µ¥³±µ¸É¨ ±Ê-
¡¨Î¥¸±¨³ ¸¶² °´µ³
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� §Ê³¥¥É¸Ö, µ´¨ ³µ£ÊÉ ¡ÒÉÓ É ±¦¥ ¨¸¶µ²Ó§µ¢ ´Ò ¨ ¶·¨ · ¸Î¥É Ì ¢ ¸·¥¤¥
MATLAB ¶µ¸²¥ § ³¥´Ò ´¥¡µ²ÓÏµ£µ Î¨¸²  ËÊ´±Í¨° ¨ ±µ³ ´¤, ¸¶¨¸µ± ±µ-
Éµ·ÒÌ ³µ¦´µ ´ °É¨ ¢ ·¥¤ ±Éµ·¥ SCILAB.

� ¡µÉ  ¶µ¤¤¥·¦ ´  Œ¥¦¤Ê´ ·µ¤´Ò³ ´ ÊÎ´µ-É¥Ì´¨Î¥¸±¨³ Í¥´É·µ³ (¶·µ-
¥±É N◦ 1471) ¨ �µ¸¸¨°¸±¨³ Ëµ´¤µ³ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° (¶·µ¥±ÉÒ
02-01-00606 ¨ 02-02-16397).
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��ˆ‹�†…�ˆ… 2

//�·µ£· ³³  1

r_r0=1; //‘É¥¶¥´Ó ¸¦ É¨Ö ro/ro_0.
kb=8.617d-5; //�µ¸ÉµÖ´´ Ö �µ²ÓÍ³ ´  [Ô‚/Š].

//�´¥·£¨Ö ¸¢Ö§¨, µÉ¢¥Î ÕÐ Ö i-³Ê
//Ô²¥±É·µ´´µ³Ê Ê·µ¢´Õ [Ô‚].

ep1=13.6;
ep2=[11.3,24.4,47.9,64.5,392.,490.]; n2=length(ep2);
ep3=[13.6,35.1,54.9,77.4,113.9,138.1,739.1,871.1];

n3=length(ep3);
f1='sqrt(x)/(exp(x-MT/(kb*T))+1)';
f2='1.-(1./(exp(-(ep+MT/(kb*T)))+1.))';

//Š· ¥¢Ò¥ ÉµÎ±¨ ¨ ÉµÎ´µ¸ÉÓ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö
//µ¶·¥¤¥²¥´´µ£µ ¨´É¥£· ²  µÉ f.

aa=0; bb=10; er1=1d-10;
num=2000; //—¨¸²µ ¤¥²¥´¨° ¨´É¥·¢ ²  T=[10\ 4,2*10\ 6]

//¤²Ö · ¸Î¥É  ¤¥²ÓÉ  ³Õ (·¥±µ³¥´¤Ê¥³ ´¥
num1=10000; //³¥´ÓÏ¥ 2000). —¨¸²µ ¤¥²¥´¨° ¨´É¥·¢ ² 

//T=[10\ 4,2*10\ 6] ¤²Ö · ¸Î¥É  <N_i_f>
//¨ Cv (·¥±µ³¥´¤Ê¥³ ´¥ ³¥´ÓÏ¥ 10000).

TMIN=1d4; TMAX=2d6; //ˆ´É¥·¢ ² É¥³¶¥· ÉÊ·.
HT=(TMAX-TMIN)/num;
ht=(TMAX-TMIN)/num1;
TT(2:num+2)=TMIN:HT:TMAX;
TT(1)=TMIN-ht; TT(num+3)=TMAX+ht;

//’¥²µ ¶·µ£· ³³Ò

for kk=1:num+3,
T=TT(kk);kk
con1=0.6736d-6*T^ (1.5)/r_r0;
a=-1d7; b=-1d5; //Š· ¥¢Ò¥ ÉµÎ±¨ ¤²Ö ¡¨¸¥±Í¨¨ (¤²Ö ¤·Ê£¨Ì

//¨´É¥·¢ ²µ¢ É¥³¶¥· ÉÊ·Ò ·¥±µ³¥´¤Ê¥³
//¶µ¤µ¡· ÉÓ ¨´¤¨¢¨¤Ê ²Ó´µ). ‚ÒÎ¨¸²¥´¨¥
//§´ Î¥´¨° ²¥¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö (2)
//¢ ±· ¥¢ÒÌ ÉµÎ± Ì.

MT=a; su1a=eval(f2);
MT=b; su1b=eval(f2);
ep=ep1; su2a=0.;su2b=0.;su3a=0.;su3b=0.;
for j=1:n2,

ep=ep2(j);
MT=a; su2a=su2a+eval(f2);
MT=b; su2b=su2b+eval(f2);

end;
for j=1:n3,

ep=ep3(j);
MT=a; su3a=su3a+eval(f2);
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MT=b; su3b=su3b+eval(f2);
end;
lefa=(6*su1a+3*su2a+su3a)/con1;
lefb=(6*su1b+3*su2b+su3b)/con1;

//‚ÒÎ¨¸²¥´¨¥ §´ Î¥´¨° ¶· ¢µ° Î ¸É¨ Ê· ¢´¥´¨Ö (2) ¢ ±· ¥¢ÒÌ
//ÉµÎ± Ì, ¢ Éµ³ Î¨¸²¥ ¢ÒÎ¨¸²¥´¨¥ µ¶·¥¤¥²¥´´µ£µ ¨´É¥£· ² .
MT=a; riga=integrate(f1,'x',aa,bb,er1);
MT=b; rigb=integrate(f1,'x',aa,bb,er1);

//�·¨³¥´¥´¨¥ ³¥Éµ¤  ¡¨¸¥±Í¨¨ ¤²Ö ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö (2) ¨
//¢ÒÎ¨¸²¥´¨¥ §´ Î¥´¨° ¤¥²ÓÉ  ³Õ ¢ § ¢¨¸¨³µ¸É¨ µÉ É¥³¶¥· ÉÊ·Ò.
vyssa=lefa-riga;
vyssb=lefb-rigb;
epserr=1d-10; //’·¥¡Ê¥³ Ö ÉµÎ´µ¸ÉÓ ³¥Éµ¤  ¡¨¸¥±Í¨¨.
if (vyssa*vyssb<0) then

vyss=vyssb;
while (b-a)>epserr,

MT=(b+a)/2.;

//‹¥¢ Ö Î ¸ÉÓ Ê· ¢´¥´¨Ö.
ep=ep1; su1=eval(f2); su2=0.; su3=0.;
for j=1:n2,

ep=ep2(j); su2=su2+eval(f2);
end;
for j=1:n3,

ep=ep3(j); su3=su3+eval(f2);
end;
lef=(6*su1+3*su2+su3)/con1;

//�· ¢ Ö Î ¸ÉÓ Ê· ¢´¥´¨Ö - ¢ÒÎ¨¸²¥´¨¥ µ¶·¥¤¥²¥´´µ£µ ¨´É¥£· ² .
rig=integrate(f1,'x',aa,bb,er1);
vyss=lef-rig;
if ((vyss>0 {\& vyssa>0) $\vert $ (vyss<0 {\& vyssa<0)) then

a=MT;
else b=MT;
end;

end;
MT_e(kk)=MT; //‡´ Î¥´¨Ö ¤¥²ÓÉ  ³Õ.

else
'WRONG BOUNDARY POINTS', abort;

end;
end;

//ˆ´É¥·¶µ²ÖÍ¨Ö §´ Î¥´¨° ¤¥²ÓÉ  ³Õ ¤²Ö ¶µ¸²¥¤ÊÕÐ¥° ¶µ¤¸É ´µ¢±¨ ¢
//Ëµ·³Ê²Ò ¤²Ö <N_i_f> ¨ Cv.
tt=TT(1):ht:TT(num+3);
MMT=splin(TT,MT_e');
MT_end=interp(tt,TT,MT_e',MMT);
nnn=length(tt);

//�´¥·£¨¨ ¸¢Ö§¨ [Ô‚].
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epp=[11.3,13.6,13.6,24.4,35.1,47.9,54.9,64.5,77.4,113.9,
138.1,392,490,739.1,871.1];

//Š· É´µ¸ÉÓ ¢Ìµ¦¤¥´¨Ö  Éµ³µ¢ ¢ Ëµ·³Ê²Ê ¢¥Ð¥¸É¢ .
ni=[3,6,1,3,1,3,1,3,1,1,1,3,3,1,1];

//‚ÒÎ¨¸²¥´¨¥ ¸·¥¤´¥£µ Î¨¸²  Ô²¥±É·µ´µ¢ <N_i_f>.
for j=1:15,

ep=epp(j);
for k=1:nnn,

NIF(j,k)=1-1/(exp(-((epp(j)+MT_end(k))/(kb*tt(k))))+1);
NNIF(j,k)=ni(j)*NIF(j,k);

end;
end;

//‚ÒÎ¨¸²¥´¨¥ ¶·µ¨§¢µ¤´µ° d<N_i_f>/dT.
for j=1:15,

for k=2:nnn-1,
dNif(j,k)=ni(j)*epp(j)*(NIF(j,k+1)-NIF(j,k-1))/(2.*ht);

end;
end;

//‚ÒÎ¨¸²¥´¨¥ É¥¶²µ¥³±µ¸É¨ Ô²¥±É·µ´µ¢ [Ô‚].
for k=2:nnn-1,

ss1(k)=sum(NNIF(:,k));
ss2(k)=sum(dNif(:,k));
CV(k)=1.602d3/1.239/0.858*(3./2.*kb*ss1(k)+ss2(k));

end;

//�¥§Ê²ÓÉ ÉÒ

Te(1:nnn-2)=tt(2:nnn-1); //’¥³¶¥· ÉÊ·  [Š].
mu(1:nnn-2)=MT_end(2:nnn-1); //„¥²ÓÉ  ³Õ [Ô‚].
Nif(1:15,1:nnn-2)=NIF(1:15,2:nnn-1); //‘·¥¤´¥¥ Î¨¸²µ Ô²¥±É·µ´µ¢
Cv(1:nnn-2)=CV(2:nnn-1); //¸¢Ö§¨. ’¥¶²µ¥³±µ¸ÉÓ

//Ô²¥±É·µ´µ¢ [„¦/Š £].

//�µ¸É·µ¥´¨¥ £· Ë¨±µ¢

subplot(3,1,1); plot2d(Te,mu);
subplot(3,1,2); plot2d(Te,[Nif(1:1:15,:)']);
subplot(3,1,3); plot2d(Te,Cv);

xset("window",2); plot(Te,mu,"T [K]","Delta mu [eV]");
xset("window",3); plot2d(Te,[Nif(1:1:15,:)']);
xset("window",4); plot(Te,Cv,"T [K]","Cv [J/K g]");

//�·µ£· ³³  2

clear;
r_r0=4; //‘É¥¶¥´Ó ¸¦ É¨Ö (´ ¤µ § ¤ ¢ ÉÓ ¨§ ¨´É¥·¢ ² 
n=2000; //[1, 100]). —¨¸²µ ¨´É¥·¶µ²ÖÍ¨µ´´ÒÌ ÉµÎ¥±.

//‚Ò¡µ· §´ Î¥´¨° É¥³¶¥· ÉÊ· ¨ É¥¶²µ¥³±µ¸É¥° Ô²¥±É·µ´µ¢
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//¶·¨ ¸¦ É¨¨ ro/ro_0=1.

t1=[9000,9500,10000,11500,15250,17750,22250,25750,31000,36000,
42000,51000,55500,64250,73000,86000,99000,119000,139000,
185250,258000,334500,435000,535500,633250,731000,801000,
1028250,1208500,1350000,1675000,2000000];

c1=[0.0051,0.0105,0.0202,0.1022,1.3958,3.9556,10.3438,12.3593,
9.9966,8.2011,8.0589,7.4886,7.3009,8.0505,9.9663,12.6073,
13.4700,11.7772,9.2632,8.3717, 6.223,5.1375,7.3498,13.9245,
16.5998,14.5458,12.3438,11.2564,10.1133,8.4845,6.7130,
6.3611];

//‚Ò¡µ· §´ Î¥´¨° É¥³¶¥· ÉÊ· ¨ É¥¶²µ¥³±µ¸É¥° Ô²¥±É·µ´µ¢
//¶·¨ ¸¦ É¨¨ ro/ro_0=10.

t2=[9500,10000,11500,12750,17000,20000,26750,31000,36250,42250,
49000,55000,62000,73250,84500,99750,115250,139000,158750,
218000,293000,376750,487500,610000,723750, 833000,934000,
1146250,1328750,1527500,1751250,2000000];

c2 =[0.0033,0.0064,0.0323,0.0929,1.0190,2.7843,8.0784,9.2201,
8.3914,7.3806,7.0716,6.8999,6.7541,7.3306,8.8268,10.7492,
11.4235,10.2668,8.8458,7.7361,6.1648,5.2678,7.0515,
12.3281,14.4265,13.1054,11.3928,10.5603,9.8112,8.2985,
7.1492,6.6111];

//‚Ò¡µ· §´ Î¥´¨° É¥³¶¥· ÉÊ· ¨ É¥¶²µ¥³±µ¸É¥° Ô²¥±É·µ´µ¢
//¶·¨ ¸¦ É¨¨ ro/ro_0=100.

t3=[10000,11000,12750,14000,18250,21750,31750,39750,45000,
50000,56000,61000,66750,82750,98750,118250,137500,169000,
199000,253750,338750,428250,540000,713750,844500,959000,
1089000,1320000,1490000,1660000,1830000,2000000];

c3=[0.0020,0.0062,0.0292,0.0695,0.5323,1.4917,5.6108,6.6934,
6.4996,6.2559,6.0876,6.0198,5.9901,6.3984,7.5909,9.0037,
9.4912,8.7144,7.7801,7.1434,6.0127,5.3828,6.4825,11.0369,
12.4227,11.7563,10.6373,9.8826,9.3405,8.5153,7.7340,
7.1757];

//‡´ Î¥´¨Ö ¶·µ¨§¢µ¤´µ° Cv ´  £· ´¨Í Ì ¨´É¥·¢ ² 
a1=7.8d-6; b1=-5.3d-7;
a2=4.4d-6; b2=-1.3d-6;
a3=2.5d-6; b3=-2.6d-6;

//‚ÒÎ¨¸²¥´¨¥ É¥³¶¥· ÉÊ·Ò ¨ É¥¶²µ¥³±µ¸É¨ ¤²Ö
//¶·µ¨§¢µ²Ó´µ£µ ¸¦ É¨Ö.
if (r_r0<=10) then

t=t1+(log10(r_r0))*(t2-t1);
c=c1+(log10(r_r0))*(c2-c1);
a=a1+(log10(r_r0))*(a2-a1);
b=b1+(log10(r_r0))*(b2-b1);
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else
t=t2+(log10(r_r0/10))*(t3-t2);
c=c2+(log10(r_r0/10))*(c3-c2);
a=a2+(log10(r_r0/10))*(a3-a2);
b=b2+(log10(r_r0/10))*(b3-b2);

end;

h = (2d6-1d4)/n; //ˆ´É¥·¶µ²ÖÍ¨Ö Cv(T_e).
T = 1d4:h:2d6;
y1 = splin(t1,c1,"clamped",[a1,b1]); Cv1 = interp(T,t1,c1,y1);
y2 = splin(t2,c2,"clamped",[a2,b2]); Cv2 = interp(T,t2,c2,y2);
y3 = splin(t3,c3,"clamped",[a3,b3]); Cv3 = interp(T,t3,c3,y3);
y = splin(t,c,"clamped",[a,b]);
Cv = interp(T,t,c,y); //’¥¶²µ¥³±µ¸ÉÓ Cv [Ô‚] ¤²Ö

//§ ¤ ´´µ£µ ¸¦ É¨Ö.

//�µ¸É·µ¥´¨¥ £· Ë¨±µ¢

//¤²Ö É ¡²¨Î´ÒÌ §´ Î¥´¨° ¢¥²¨Î¨´Ò ¸¦ É¨Ö ¨ § ¤ ´´µ£µ.
xset("window",1);a=get("current_axes");
p = plot2d(t, c,style=5); p1= plot2d(t1, c1,style=1);
p2= plot2d(t2, c2,style=1); p3= plot2d(t3, c3,style=1);
p=a.children(1).children; set(p,'mark_mode',"on");
set(p,'mark_style',2);
p1=a.children(2).children; set(p1,'mark_mode',"on");
set(p1,'mark_style',2);
p2=a.children(3).children; set(p2,'mark_mode',"on");
set(p2,'mark_style',2);
p3=a.children(4).children; set(p3,'mark_mode',"on");
set(p3,'mark_style',2);
plot2d(T, Cv,style=5); xset("line style",3);
plot2d(T, Cv1,style=2);
plot2d(T, Cv2,style=2);
plot2d(T, Cv3,style=2);

//�µ¸É·µ¥´¨¥ µÉ¤¥²Ó´µ£µ £· Ë¨±  ¤²Ö § ¤ ´´µ£µ ¸¦ É¨Ö.
xset("window",2);
a=get("current_axes");
p=plot2d(t, c, style=2);
p=a.children.children;
set(p,'mark_mode',"on"); set(p,'mark_style',3);
plot2d(T, Cv, style=5);

�µ²ÊÎ¥´µ 7 ¸¥´ÉÖ¡·Ö 2004 £.
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