
14 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò1®¡« áâ¨ 1 < � < 10 â®ç®áâì à áç¥â   ¨¬¥¥¥ ¢ë-á®ª ï.� ¤®¯®«¥¨¥ ª à¥§ã«ìâ â ¬, ¯à¨¢¥¤¥ë¬ ¢â ¡«. 1, ¤«ï â¥å ¦¥ ªã«®®¢áª¨å á¨áâ¥¬ ¢ â ¡«. 2¯à¨¢¥¤¥ë à ááç¨â ë¥ ¯à¨ N = 50 áà¥¤¨¥ § ç¥-¨ï ¯®«®©, ª¨¥â¨ç¥áª®© ¨ ¯®â¥æ¨ «ì®© í¥à£¨¨(á®®â¢¥âáâ¢¥® hT i ¨ hV i), ¯®â¥æ¨ «ì®© í¥à£¨¨¢§ ¨¬®¤¥©áâ¢¨ï «¥£ª®© ¨ âï¦¥«®© ç áâ¨æ hV1i , ¢§ -¨¬®¤¥©áâ¢¨ï âï¦¥«ëå ç áâ¨æ hV3i ,   â ª¦¥ áà¥¤¨¥¨ áà¥¤¥ª¢ ¤à â¨çë¥ à ááâ®ï¨ï ¬¥¦¤ã «¥£ª®©¨ âï¦¥«®© ç áâ¨æ ¬¨: hR1i ¨ phR21i ¨ ¬¥¦¤ãâï¦¥«ë¬¨ ç áâ¨æ ¬¨: hR3i ¨ phR23i . � â ¡«. 2ãª §   â ª¦¥ ¤¨á¯¥àá¨ï �1;3 = qhR21;3i�hR1;3i2R1;3 , å -à ªâ¥à¨§ãîé ï áâ¥¯¥ì ®âª«®¥¨ï ®â ¦¥áâª®© ª à-ª á®© áâàãªâãàë. � ª ¨ á«¥¤®¢ «® ®¦¨¤ âì, �3§ ç¨â¥«ì® ¬¥ìè¥, ç¥¬ �1 , ¨ ¡ëáâà® ã¡ë¢ ¥â áã¢¥«¨ç¥¨¥¬ ¬ ááë âï¦¥«ëå ç áâ¨æ. � ª®¥æ, ¢â ¡«. 2 ¯®ª § ® ®âª«®¥¨¥ à¥§ã«ìâ â®¢ à áç¥â®¢®â âà¥¡®¢ ¨© ¢¨à¨ «ì®© â¥®à¥¬ë � = ���1 + 2hT ihV i ��� ,ª®â®à®¥ ª®àà¥«¨à®¢ ® á â®ç®áâìî à áç¥â .�   ¡ « ¨ æ   3� §«¨çë¥ å à ªâ¥à¨áâ¨ª¨ ï¤¥à®© á¨áâ¥¬ë 9�Be� à ªâ¥à¨áâ¨ª¨ � ªã«®. ¢§ ¨¬. �¥§ ªã«®. ¢§ ¨¬.EU , �í� �6.5465 �8.2760hT i, �í� 14.4714 14.8758hV i, �í� �21.0179 �23.1518hV��i, �í� �8.8137 �8.9717hV��i, �í� �3.3905 �5.2084hV Coul�� i, �í� 1.7125 0.0000phR2��i, ä¬ 3.1244 3.0609phR2��i, ä¬ 3.7093 3.6160� â ¡«. 3 ¤«ï 9�Be ¯à¨¢¥¤¥ë áà¥¤¨¥ § ç¥¨ï®¯¥à â®à®¢ ª¨¥â¨ç¥áª®© ¨ ¯®â¥æ¨ «ì®© í¥à£¨¨¨ áà¥¤¥ª¢ ¤à â¨çë¥ à ááâ®ï¨ï ¬¥¦¤ã ç áâ¨æ -
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�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò1 15®¯à¥¤¥«¥¨ï ª «®à¨ç¥áª¨å á¢®©áâ¢ ¥®¡å®¤¨¬  â®ç- ï ¨ä®à¬ æ¨ï ª ª ® å à ªâ¥à¥ ¤¢¨¦¥¨ï æ¥â-à  ¬ áá ¬®«¥ªã«ë (£ à¬®¨ç¥áª¨¥ ª®«¥¡ ¨ï ¨«¨áãé¥áâ¢¥®  £ à¬®¨ç¥áª¨¥), â ª ¨ ® å à ªâ¥à¥¨§¬¥¥¨ï ¥¥ ®à¨¥â æ¨¨ ¢ ¯à®áâà áâ¢¥ [1{4].�§ ¢á¥å ¨§¢¥áâëå ¬®¤¨ä¨ª æ¨© â¢¥à¤®£® ª¨á-«®à®¤   -ä §  ®áâ ¥âáï ¥¤¨áâ¢¥®©, ¤«ï ª®â®à®©áãé¥áâ¢ãîâ à §«¨çë¥ â®çª¨ §à¥¨ï ®â®á¨â¥«ì®å à ªâ¥à  ¤¢¨¦¥¨ï ¬®«¥ªã« [5]. � á¢ï§¨ á íâ¨¬ ªâã «ì® ¯®áâà®¥¨¥ ¯®á«¥¤®¢ â¥«ì®© â¥®à¨¨ ª -«®à¨ç¥áª¨å á¢®©áâ¢ íâ®© ä §ë, â ª ª ª ãá«®¢¨¥ á®-£« á¨ï § ç¥¨© â¥¯«®¥¬ª®áâ¨,  ©¤¥ëå â¥®à¥â¨-ç¥áª¨, á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨ ¡ã¤¥â ®§ -ç âì ¢ëá®ªãî áâ¥¯¥ì ¤®áâ®¢¥à®áâ¨ ¨á¯®«ì§ã¥¬ëå¬®¤¥«ìëå ¯à¥¤áâ ¢«¥¨© ® å à ªâ¥à¥ ¤¢¨¦¥¨ï¬®«¥ªã«.�á®¢ ï âàã¤®áâì, ¢®§¨ª îé ï ¯à¨ à¥è¥-¨¨ à áá¬ âà¨¢ ¥¬®© ¯à®¡«¥¬ë, á¢ï§   á ¢ë¡®à®¬®á®¢®£® ¯à¨¡«¨¦¥¨ï. � ¤ ®¬ á«ãç ¥ ã¤®¡®¢ë¡à âì ¯à¨¡«¨¦¥¨¥ á ¬®á®£« á®¢ ®£® ¯®«ï [6].�®àà¥«ïæ¨®®¥ à §«®¦¥¨¥ ®áãé¥áâ¢¨¬ ¯® ¬¥â®¤ã�àá¥««  [7].�à¨ ¨á¯®«ì§®¢ ¨¨ ¤¢ãåç áâ¨ç®£® ¯®â¥æ¨ « ¢§ ¨¬®¤¥©áâ¢¨ï ®¡é¥£® ¢¨¤  �(qi; qj) , £¤¥ qk | ¢¥ª-â®à (¢ ®¡é¥¬ á«ãç ¥ è¥áâ¨¬¥àë©), ®¯à¥¤¥«ïîé¨©¯®«®¦¥¨¥ k -© ¬®«¥ªã«ë, ãà ¢¥¨¥ á ¬®á®£« á®-¢ ®£® ¯®«ï ¥ ¯®§¢®«ï¥â ¯®áâà®¨âì   «¨â¨ç¥áª®¥à¥è¥¨¥ ¤ ¦¥ ¢ ¢¨¤¥ àï¤  â¥®à¨¨ ¢®§¬ãé¥¨©. �â®®¡ãá«®¢«¥® ®âáãâáâ¢¨¥¬ ¨ä®à¬ æ¨¨ ® å à ªâ¥à¥¤¢¨¦¥¨ï ®á¥© ¬®«¥ªã«,   § ç¨â, ¨ ¥¢®§¬®¦®á-âìî ¢ë¡à âì ¤®áâ â®ç® å®à®è¥¥ ®á®¢®¥ ¯à¨¡«¨-¦¥¨¥. �«ï à¥è¥¨ï ¤ ®© ¯à®¡«¥¬ë ®áãé¥áâ¢¨¬à §«®¦¥¨¥ ¯®â¥æ¨ «  ¢§ ¨¬®¤¥©áâ¢¨ï ¢ àï¤ ¯®áâ¥¯¥ï¬ ¥áä¥à¨ç®áâ¨. � íâ®¬ á«ãç ¥ à¥è¥¨¥ãà ¢¥¨ï á ¬®á®£« á®¢ ®£® ¯®«ï ¤®¯ãáª ¥â â®ç-®¥ à¥è¥¨¥ ¢ ª¢ §¨£ à¬®¨ç¥áª®¬ ¯à¨¡«¨¦¥¨¨ áãç¥â®¬ ¥áä¥à¨ç®áâ¨ ¤® ¢â®à®£® ¯®àï¤ª  ¢ª«î-ç¨â¥«ì®. � à¥§ã«ìâ â¥ ¬®¦® ¯®áâà®¨âì ª®àà¥-«ïæ¨®®¥ à §«®¦¥¨¥ ¤«ï á¢®¡®¤®© í¥à£¨¨ ¨,á«¥¤®¢ â¥«ì®, ¤«ï â¥¯«®¥¬ª®áâ¨  -ä §ë â¢¥à¤®£®ª¨á«®à®¤ .1. �à¨¡«¨¦¥¨¥ ¬ «®© ¥áä¥à¨ç®áâ¨� áá¬®âà¨¬ á¨áâ¥¬ã N ®¤¨ ª®¢ëå ¤¢ãå â®¬-ëå ¬®«¥ªã«. � ááâ®ï¨¥ ¬¥¦¤ã  â®¬ ¬¨ ¢ ¨åáç¨â ¥¬ ¯®áâ®ïë¬¨, çâ® á ¢ëá®ª®© áâ¥¯¥ìîâ®ç®áâ¨ ¢ë¯®«ï¥âáï ¤«ï ¬®«¥ªã« ª¨á«®à®¤ , ®¡-à §ãîé¨å  -ä §ã. �®£¤  ¯®â¥æ¨ « ¢§ ¨¬®¤¥©-áâ¢¨ï �(qi; qj) § ¢¨á¨â ®â ¯ïâ¨¬¥àëå ¢¥ªâ®à®¢qk = (q1k; q2k; q3k; q4k; q5k) , £¤¥ ¯¥à¢ë¥ âà¨ ª®¬¯®¥âë®¯à¥¤¥«ïîâ ¯®«®¦¥¨¥ æ¥âà  ¬ áá,   ¤¢¥ ¤àã£¨¥ | ¯à ¢«¥¨¥ ®á¨ ¬®«¥ªã«ë.�ãáâì rij | à ááâ®ï¨¥ ¬¥¦¤ã æ¥âà ¬¨ i-© ¨j -© ¬®«¥ªã«,   d | ¯®«®¢¨  à ááâ®ï¨ï ¬¥¦¤ãá®áâ ¢«ïîé¨¬¨ ¨å  â®¬ ¬¨. � áá¬®âà¨¬ á«ãç ©,ª®£¤  ®â®è¥¨¥ rij=d ¬®¦® áç¨â âì ¬ «®© ¢¥-«¨ç¨®© (íâ®, ¢ ç áâ®áâ¨, á®®â¢¥âáâ¢ã¥â  -ä §¥â¢¥à¤®£® ª¨á«®à®¤ , £¤¥ ¤ ®¥ ®â®è¥¨¥ ¥ ¯à¥-

¢ëè ¥â 0.2). �®£¤  à §«®¦¥¨¥ ¯®â¥æ¨ «  ¢§ ¨¬®-¤¥©áâ¢¨ï ¢ àï¤ �¥©«®à  ¯® áâ¥¯¥ï¬ rij=d ¯à¨¢®¤¨âª ¢ëà ¦¥¨î�(qi; qj) = �s(rij) + �0s(rij)d2rij ++ 12 ��00s(rij)� �0s(rij)rij ��(�ijdi)2 + (�ijdj)2� ; (1)£¤¥ � ij = rij=rij ;di | ¢¥ªâ®à, ®¯¨áë¢ îé¨© ¯®«®-¦¥¨¥ ®¤®£® ¨§ ª®æ®¢ i-© ¬®«¥ªã«ë ®â®á¨â¥«ì®¥¥ æ¥âà , �s(rij) | ãç¥â¢¥à¥ë© ¯®â¥æ¨ « ¬¥¦- â®¬®£® ¢§ ¨¬®¤¥©áâ¢¨ï. �«ï ¯®â¥æ¨ «  ¢§ ¨¬®-¤¥©áâ¢¨ï �¥ à¤ -�¦®á �s(rij) = 4"s � �rij�12 �� �rij�6! ; (2)£¤¥ "s = 4"; "; � | ¯ à ¬¥âàë ¯®â¥æ¨ «  ¬¥¦ â®¬-®£® ¢§ ¨¬®¤¥©áâ¢¨ï.�®áª®«ìªã ¢ ¢ëà ¦¥¨¨ (1) ®âáãâáâ¢ãîâ «¨¥©-ë¥ ç«¥ë, ã£«®¢ ï ç áâì ¯à®¯®àæ¨® «ì  (d=rij)2 ,â. ¥. ¥¥ ¤¥©áâ¢¨â¥«ì® ¬®¦® áç¨â âì ¬ «®© ¯®¯à ¢-ª®© ª áä¥à¨ç¥áª®¬ã ¯à¨¡«¨¦¥¨î. � ®â«¨ç¨¥ ®â¯®â¥æ¨ «  � £  (Chang) [8] ¤ ®¥ à §«®¦¥¨¥ ¥á®¤¥à¦¨â ¤®¯®«¨â¥«ì®£® ¯ à ¬¥âà  ¯à¨ ã£«®¢®©ç áâ¨, ªà®¬¥ â®£®, ª®íää¨æ¨¥â ¯à¨ ã£«®¢®© ç áâ¨¨¬¥¥â § ¢¨á¨¬®áâì ®â à ááâ®ï¨ï ¥ ¢¨¤  1=r12 ,  ¡®«¥¥ á«®¦ãî, ® ®¯à¥¤¥«ï¥¬ãî ¯®â¥æ¨ «®¬�s(rij) ¨§ (2).2. �à ¢¥¨¥ á ¬®á®£« á®¢ ®£® ¯®«ï¨ ¥£® à¥è¥¨¥�à ¢¥¨¥ á ¬®á®£« á®¢ ®£® ¯®«ï ¤«ï ®¤®ç á-â¨ç®© ¬ âà¨æë ¯«®â®áâ¨ ¨¬¥¥â ¢¨¤� ln�R(1) + T (1) +Tr2 K(1; 2)R(2) = 0; (3)£¤¥T (k) =� ~22m 3X�=1 @2@q�k 2 � ~22J  @2@q4k2 + @2@q5k2! ; (4)K(1; 2) = NXi=2h�s(jai + r2 � r1j) ++ �0s(jai + r2 � r1j)d2jai + r2 � r1j ++ 12 ��00s(jai + r2 � r1j)� �0s(jai + r2� r1j)jai + r2 � r1j ��� �(�1id1)2 + (�1id2)2�i: (5)
� ãà ¢¥¨¨ (3) � | ®à¬¨à®¢®ç ï ¯®áâ®ï ï,®¯à¥¤¥«ï¥¬ ï á®®â®è¥¨¥¬Tr1 R(1) = 1;¢ ¢ëà ¦¥¨¨ (4) m | ¬ áá  ¬®«¥ªã«ë, J | ¬®¬¥â¨¥àæ¨¨ ®â®á¨â¥«ì® ®á¨, ¯à®å®¤ïé¥© ç¥à¥§ ¥¥8 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò1



16 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò1æ¥âà ¯¥à¯¥¤¨ªã«ïà® «¨¨¨, á®¥¤¨ïîé¥©  â®¬ë,¢ (5) ai | ¢¥ªâ®à, ®¯à¥¤¥«ïîé¨© ¯®«®¦¥¨¥ i-£®ã§«  à¥è¥âª¨ (i= 1; N ) ®â®á¨â¥«ì® ¯¥à¢®£® ã§« ,rk(k = 1; 2) | á¬¥é¥¨¥ æ¥âà  ¬®«¥ªã«ë ®â®á¨-â¥«ì® k -£® ã§«  à¥è¥âª¨.�áãé¥áâ¢¨¬ à §«®¦¥¨¥ ¯®â¥æ¨ «  ¢§ ¨¬®¤¥©-áâ¢¨ï ¯® áâ¥¯¥ï¬ á¬¥é¥¨© æ¥âà  ¬®«¥ªã«ë ¤®ª¢ ¤à â¨çëå ç«¥®¢ ¢ª«îç¨â¥«ì®. �  è¥¬ á«ã-ç ¥ ¯®àï¤®ª íâ¨å ç«¥®¢ à ¢¥ ¯®àï¤ªã áâ¥¯¥¥©¥áä¥à¨ç®áâ¨ [6]. �®íâ®¬ã ¢ ¤ ®¬ ¯à¨¡«¨¦¥¨¨ï¤à® K(1; 2) ¨¬¥¥â ¢¨¤K(1; 2) = NXi=2 ��s(ai) + �0s(ai)d2ai ++12 ��00s(ai)� �0s(ai)ai ��(�1id1)2 + (�1id2)2�++12��00s(ai)(�1i(r2 � r1))2 ++�0s(ai)(r2 � r1)2 + (�1i(r2 � r1))2ai �� : (6)
�á«¨ K(1; 2) ®¯à¥¤¥«ï¥âáï á®®â®è¥¨¥¬ (6), â®ãà ¢¥¨¥ (3) ¤®¯ãáª ¥â â®ç®¥ à¥è¥¨¥, â ª ª ª¢ íâ®¬ á«ãç ¥ ã£«®¢ë¥ ¨ ª®®à¤¨ âë¥ ¯¥à¥¬¥ë¥à §¤¥«ïîâáï. � ®¯¥à â®à®© ä®à¬¥ íâ® à¥è¥¨¥¯à¥¤áâ ¢¨¬® ª ªR(1) = exp(�H(1)=�)=Tr2 exp(�H(2)=�); (7)£¤¥ H(i) = T (i) + u1(ri) + u2(q4i ; q5i ); (8)u1(ri) = 12Xj 6=i��00s(aj)(� ijri)2+�0(aj)ri2�(� ijri)2aj �;u2(q4i ; q5i ) = 12Xj 6=i ��00s(aj)� �0s(aj)aj � (� ijdi)2:�«ï ®¯à¥¤¥«¥¨ï ª®®à¤¨ â®£® ¯à¥¤áâ ¢«¥¨ï (7)§ ¬¥â¨¬, çâ® á®£« á® (8) ®® ï¢«ï¥âáï ¯à®¨§¢¥-¤¥¨¥¬ ª®®à¤¨ âëå ¯à¥¤áâ ¢«¥¨© ¯® ¯à®áâà -áâ¢¥ë¬ ¨ ã£«®¢ë¬ ¯¥à¥¬¥ë¬. � ª ª ª ¤«ïà áá¬ âà¨¢ ¥¬®© ä §ë u1 á¢®¤¨âáï ª ¢¨¤ãu1 = m2 3Xi=1 !2i qki 2;íâ® ¯®§¢®«ï¥â  ©â¨ ª®®à¤¨ â®¥ ¯à¥¤áâ ¢«¥¨¥¬ âà¨æë ¯«®â®áâ¨ ¯® ¯à®áâà áâ¢¥ë¬ ¯¥à¥¬¥-ë¬.�â® ª á ¥âáï u2 , â® íâ  äãªæ¨ï ¥ ï¢«ï¥âáïª¢ ¤à â¨ç®© ¯® ã£«®¢ë¬ ¯¥à¥¬¥ë¬, ¨ ¢ ®¡é¥¬á«ãç ¥ ¯à¨ ª¢ â®¢®¬¥å ¨ç¥áª®¬ à áá¬®âà¥¨¨ § -¤ ç  ®¯à¥¤¥«¥¨ï ª®®à¤¨ â®£® ¯à¥¤áâ ¢«¥¨ï ¯®íâ¨¬ ¯¥à¥¬¥ë¬ ¥ ¤®¯ãáª ¥â â®ç®£®   «¨â¨ç¥á-ª®£® à¥è¥¨ï. � ¦¥ ¥á«¨ ¯® ®¤®© ¨§ ¯¥à¥¬¥ëå§ ¢¨á¨¬®áâ¨ ¥â, â® ¨ â®£¤  § ¤ ç  á¢®¤¨âáï ª¢ëç¨á«¥¨î áâ â¨áâ¨ç¥áª®© áã¬¬ë, ®¯à¥¤¥«ï¥¬®©

ç¨á«¥® [9]. �® ¯®áª®«ìªã ¤«ï  -ä §ë ª¨á«®à®¤ ¢ë¯®«ï¥âáï ãá«®¢¨¥�� ~2=2J(� = kT; k | ¯®áâ®ï ï �®«ìæ¬  , T |  ¡á®«îâ- ï â¥¬¯¥à âãà ), ¬®¦® ¨á¯®«ì§®¢ âì ª¢ §¨ª« áá¨-ç¥áª®¥ à §«®¦¥¨¥ ¯® ã£«®¢ë¬ ¯¥à¥¬¥ë¬.� ª¨¬ ®¡à §®¬, ¢ ª¢ §¨£ à¬®¨ç¥áª®¬ ¯à¨¡«¨¦¥-¨¨ á¢®¡®¤ãî í¥à£¨î ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥Fs =�� lnTr1 R1(1): (9)�¤¥áì R1(1) | ¥®à¬¨à®¢  ï ¬ âà¨æ  ¯«®â®áâ¨R1(1) = exp(�(T (1) + u(q1))=�); (10)u(q1) = 12 NXi=2 ��00(ai) + �0(ai)d2ai �+u1(r1)+u2(q41 ; q51);(11)¯à¨ç¥¬, á®£« á® á¤¥« ë¬ ¢ëè¥ § ¬¥ç ¨ï¬, ¢ë-à ¦¥¨ï (9) ¨ (10) á ãç¥â®¬ (11) ¬®£ãâ ¡ëâì ¯à¥¤-áâ ¢«¥ë ¢   «¨â¨ç¥áª®¬ ¢¨¤¥. �®®â®è¥¨¥ (9)¢ë¡¥à¥¬ ¢ ª ç¥áâ¢¥ ®á®¢®£® ¯à¨¡«¨¦¥¨ï.3. �®àà¥«ïæ¨®®¥ à §«®¦¥¨¥�ëà ¦¥¨¥ ¤«ï á ¬®á®£« á®¢ ®£® ¯®«ï (11)¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥u(qj) =Xi6=j 'i(qj); (12)£¤¥'i(qj) = 12 ��s(ai) +�0s(ai)d2ai++�00s(ai)(�ijrj)2 + �0s(ai)ai (r2j � (�ijrj)2)++��00s(ai)� �0s(ai)ai � (�ijdj)2� :�áãé¥áâ¢¨¬ ãàá¥««®¢áª®¥ à §«®¦¥¨¥ ¯® ª®àà¥-«ïæ¨ï¬ [7], ¢ à¥§ã«ìâ â¥ ç¥£® ¯®«ãç¨¬F = Fs � �N(N � 1)(Q2 � 1)=2 + : : := Fs+ �F + : : : ;(13)£¤¥Q2 =Tr1;2 exp(�H2(1; 2)=�).�Tr1 exp(�H1(1)=�)�2 ;Hi = iXk=10@T (k) + NXj=i+1'j(k)1A+ X16k<j6i�(qk; qj):� ¢ëá®ª®â¥¬¯¥à âãà®¬ ¯à¥¤¥«¥ ¯®«ãç¥®¥ à §-«®¦¥¨¥ (13) ¯¥à¥å®¤¨â ¢ ¨§¢¥áâ®¥ á®®â®è¥¨¥â¥à¬®¤¨ ¬¨ç¥áª®© â¥®à¨¨ ¢®§¬ãé¥¨© [10]F = Fs + 12N(N � 1)��Tr1;2 ��(q1; q2)�'2(q1)�'1(q2)�R(1)R(2) + : : : :



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò1 17� (13) �F | ¯¥à¢ ï ª®àà¥«ïæ¨® ï ¯®¯à ¢ª  ª®á®¢®¬ã ¯à¨¡«¨¦¥¨î.4. �¥¯«®¥¬ª®áâì ªà¨áâ «« �¥¯«®¥¬ª®áâì ªà¨áâ ««  ¢ á®®â¢¥âáâ¢¨¨ á ®¯à¥-¤¥«¥¨¥¬ ¨ á®®â®è¥¨¥¬ (13) ¨¬¥¥â ¢¨¤cv =�k��@2F@�2 �v = cs + �c+ : : : : (14)� ª¢ §¨£ à¬®¨ç¥áª®¬ ¯à¨¡«¨¦¥¨¨ ¬ «®© ¥-áä¥à¨ç®áâ¨ ¤«ï ®¤®© ¨§ ¤¢ãå ¥íª¢¨¢ «¥âëå¯®§¨æ¨©  -ä §ë ¯®â¥æ¨ « á ¬®á®£« á®¢ ®£® ¯®-«ï (12) ¥ § ¢¨á¨â ®â ã£«®¢, â. ¥. ®â ¯¥à¥¬¥ëå q4¨ q5 . � íâ®¬ ¯à¨¡«¨¦¥¨¨ æ¥âà ¬ áá á®¢¥àè -¥â £ à¬®¨ç¥áª¨¥ ª®«¥¡ ¨ï (âà¨ £« ¢ë¥ ç áâ®âë®¤¨ ª®¢ë),    â®¬ë ¤¢¨¦ãâáï ®â®á¨â¥«ì® æ¥âà ¬ áá ¯®¤®¡® à®â â®àã. �®£« á® á¤¥« ®¬ã ¢ëè¥§ ¬¥ç ¨î ¤¢¨¦¥¨¥ ¯® ã£«®¢ë¬ ¯¥à¥¬¥ë¬ ¤«ï¤ ®£® á«ãç ï ¬®¦® áç¨â âì ª« áá¨ç¥áª¨¬.�® ¢â®à®© ¯®§¨æ¨¨ á ¬®á®£« á®¢ ë© ¯®â¥-æ¨ « (12) ¥ § ¢¨á¨â ®â ã£«  ' , â. ¥. ®â q4 ,  § ¢¨á¨¬®áâì ®â �(q5) ¨¬¥¥â ¢¨¤ �cos2� , £¤¥ � |¯®áâ®ï ï, ®¯à¥¤¥«ï¥¬ ï ç¥à¥§ à¥è¥â®çë¥ áã¬¬ë.�â® ª á ¥âáï ç áâ®â ª®«¥¡ ¨© æ¥âà  ¬ áá, â® ¤¢¥¨§ ¨å ®¤¨ ª®¢ë. �«ï íâ®© ¯®§¨æ¨¨ ®áãé¥áâ¢¨¬®ª¢ §¨ª« áá¨ç¥áª®¥ à §«®¦¥¨¥,   â ª¦¥  á¨¬¯â®-â¨ç¥áª®¥ à §«®¦¥¨¥ ¯® ¢¥«¨ç¨¥ �=� , ª®â®à ï ¢¤ ®¬ á«ãç ¥ ¬ « . � à¥§ã«ìâ â¥ ¤«ï cs ¨§ (14)¨¬¥¥¬cs = 0:75k(~!1=�)2 exp(~!1=�)= (exp(~!1=�)� 1)2++1:5k(~!21=�)2 exp(~!21=�)= (exp(~!21=�)� 1)2++0:75k(~!22=�)2 exp(~!22=�)= (exp(~!22=�)� 1)2��k exp(��=�)((�=�)3=2+(�=�)1=2)=�1=2�~2�k=6J�2:(15)�¤¥áì !1 | ç áâ®â  ª®«¥¡ ¨© ¢ ¯¥à¢®© ¯®§¨æ¨¨,!21 ¨ !22 | ¢® ¢â®à®©. �®àà¥«ïæ¨®ë¥ ç«¥ë¯¥à¢®£® ¯®àï¤ª  �c à ááç¨âë¢ «¨áì ¯® ¬¥â®¤ã,¯à¥¤«®¦¥®¬ã ¢ à ¡®â¥ [11].�¥§ã«ìâ âë à áç¥â®¢ ¯à¨¢¥¤¥ë   à¨áãª¥. �®ç-ª ¬¨ ãª § ë íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥, á¯«®è- ï «¨¨ï | à¥§ã«ìâ âë à áç¥â®¢ ¯® (14) á ãç¥-â®¬ (15). �¥¯®áà¥¤áâ¢¥® ¢¨¤® å®à®è¥¥ á®£« á¨¥
���������	
�

â¥®à¨¨ ¨ íªá¯¥à¨¬¥â  ¤«ï ¢á¥© ®¡« áâ¨ ¨§¬¥¥¨ïâ¥¬¯¥à âãàë  -ä §ë. �âáî¤  á«¥¤ã¥â, çâ® å à ª-â¥à ¤¢¨¦¥¨ï ®á¥© ¬®«¥ªã« ¢® ¢â®à®© ¯®§¨æ¨¨á®åà ï¥âáï ¢¯«®âì ¤® â®çª¨ ¯« ¢«¥¨ï, â ª ª ªâ¥¯«®¥¬ª®áâì  -ä §ë ¥ ¤®áâ¨£ ¥â § ç¥¨©, á®®â-¢¥âáâ¢ãîé¨å á¢®¡®¤®¬ã ¢à é¥¨î ®á¥© ¬®«¥ªã«.� ª«îç¥¨¥� ©¤¥®¥ ¢ëà ¦¥¨¥ ¤«ï â¥¯«®¥¬ª®áâ¨  -ä §ëâ¢¥à¤®£® ª¨á«®à®¤  ¯à¨¢®¤¨â ª å®à®è¥¬ã á®£« á¨îá íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨ [12]. �â® ¯®§¢®-«ï¥â ãâ¢¥à¦¤ âì, çâ® á¤¥« ®¥  ¬¨ ¤®¯ãé¥¨¥® ¢®§¬®¦®áâ¨ ¨á¯®«ì§®¢ ¨ï ¯à¨¡«¨¦¥¨ï ¬ «®©¥áä¥à¨ç®áâ¨ á å®à®è¥© áâ¥¯¥ìî â®ç®áâ¨ á®®â-¢¥âáâ¢ã¥â à¥ «ì®áâ¨. � ®¥ ¤®¯ãé¥¨¥ ¥ ®£à -¨ç¨¢ ¥â ®¡é®áâ¨ ¬¥â®¤ , â ª ª ª ¯®á«¥¤ãîé¨¥ç«¥ë ¬®£ãâ ¡ëâì ãçâ¥ë «¨¡® ¢ ¢¨¤¥ ç«¥®¢ á¨¬¯â®â¨ç¥áª®£® àï¤ , «¨¡® ¢ ¢¨¤¥ ç«¥®¢ àï¤ â¥®à¨¨ ¢®§¬ãé¥¨©.�à®¢¥¤¥®¥  ¬¨ à áá¬®âà¥¨¥ ¯®§¢®«¨«® ¯®«-®áâìî ®¯à¥¤¥«¨âì å à ªâ¥à ¤¢¨¦¥¨ï ¬®«¥ªã« ¢ã§« å à¥è¥âª¨.�¨â¥à âãà 1. �à¨å¢ â¨«®¢ �.�., � «ìæ®¢ �.�., � ¥ª® �.�. // �¨§. ¨§.â¥¬¯¥à âãà. 2001. 27, ò5. C. 532.2. Campara A., Gionsanti A., Moroni D. // Phys. Rev. E. 2000.62, No. 1. P. 303.3. Magnesco V., Uttonelli M., Figari G. et al. // J. Mol. Struct.Theochem. 1998. 430. P. 231.4. �®«®¢ª® �.�., �¨å ©«¥ª® �.�., �îà¥¢ �.�. // �¯â. ¨á¯¥ªâà. 1996. 81, ò5. �. 743.5. �àã¯áª¨© �.�., �à¨å¢ â¨«®¢ �.�., �à¥©¬  �.�., �à¥-¡ãà£ �.�. // �¨§. ¨§. â¥¬¯¥à âãà. 1979. 5, ò3. �. 271.6. � § à®¢ �.�. �¥®à¨ï ªà¨áâ ««¨ç¥áª®£® á®áâ®ï¨ï. �.:�§¤-¢® �®áª. ã-â , 1972.7. �¨ª®« ¥¢ �.�. // IV �á¥á®î§. ª®ä. <�¨¥â¨ç¥áª¨¥ ¨ £ -§®¤¨ ¬¨ç¥áª¨¥ ¯à®æ¥ááë ¢ ¥à ¢®¢¥áëå áà¥¤ å>. �.:�§¤-¢® �®áª. ã-â , 1988. �. 202.8. �¨àèä¥«ì¤¥à �¦., �¥àâ¨áá �., �¥à¤ �.�®«¥ªã«ïà ï â¥®-à¨ï £ §®¢ ¨ ¦¨¤ª®áâ¥©. �.: ��, 1961.9. � ¤ ã �.�., �¨äè¨æ �.�. �â â¨áâ¨ç¥áª ï ä¨§¨ª . �. 1.�.: � ãª , 1995.10. Bazarov I.P., Nikolaev P.N. Theory of many-particle systems.N.Y.: AIP, 1989.11. �¨ª®« ¥¢ �.�., � ¡¨é¥¢¨ç �.�. // �¥áâ. �®áª. ã-â .�¨§. �áâà®. 1980. ò1. �. 79 (Moscow University Phys.Bull. 1980. No. 1. P. 85).12. Physics of Cryocrystals / Ed. V.G. Manzelli, Ju.A. Freiman.N.Y.: AIP Press, 1997. �®áâã¯¨«  ¢ p¥¤ ªæ¨î26.09.019 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò1


