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õäë: 531/533; 530.12:531.18PACS: 05.20.-y�ÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§ ÒÅÌÑÔÉ×�ÓÔÉÞÎÏ§ ÓÉÓÔÅÍÉ ÚÁÒÑÄ�× ÕÎÁÂÌÉÖÅÎÎ� Ë�ÌØ�Å×ÉÈ Ä�ÑÇÒÁÍá.÷.îÁÚÁÒÅÎËÏáÎÏÔÁ��Ñ. äÏÓÌ�ÄÖÅÎÏ ÎÁÂÌÉÖÅÎÎÑ Ë�ÌØ�Å×ÉÈ Ä�ÑÇÒÁÍ ÄÌÑ ÓÔÁÔÉÓ-ÔÉÞÎÏ§ ÓÕÍÉ ÒÅÌÑÔÉ×�ÓÔÉÞÎÏ§ ÓÉÓÔÅÍÉ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË, ÑËÁÏ�ÉÓÕ¤ÔØÓÑ ÇÁÍ�ÌØÔÏÎ�ÑÎÏÍ Õ Ì�Î�ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� ÚÁ ËÏÎÓÔÁÎÔÏÀ×ÚÁ¤ÍÏÄ�§. úÎÁÊÄÅÎÏ �Ï�ÒÁ×ËÉ, ÚÕÍÏ×ÌÅÎ� ÒÅÌÑÔÉ×�ÓÔÉÞÎÏÀ ×ÚÁ¤ÍÏÄ�-¤À, ÄÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÆÕÎË��Ê.Thermodynami funtions of relativisti system of harges inthe ring-diagram approximationA.V.NazarenkoAbstrat. The ring-diagram approximation for a partition funtion ofrelativistis system of the harged partiles, whih is desribed by theHamiltonian in the linear approximation in the oupling onstant, isinvestigated. Corretions due to relativisti interation to the thermody-nami funtions are found.
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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�ó�ÒÏÂÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ Ï�ÉÓÕ ÒÅÌÑÔÉ×�ÓÔÉÞÎÉÈ ÓÉÓÔÅÍ ÚÁÒÑÄÖÅ-ÎÉÈ ÞÁÓÔÉÎÏË (ÓÔÉÓÌÉÊ ÏÇÌÑÄ ÔÁËÉÈ ÄÏÓÌ�ÄÖÅÎØ ÍÏÖÎÁ ÚÎÁÊÔÉ Õ �ÒÁ-�ÑÈ [4,8℄) ÒÏÚ�ÏÞÁÌÉÓÑ ÓÔÁÔÔÅÀ [17℄ � ×ÉÈÏÄÉÌÉ Ú ÇÁÍ�ÌØÔÏÎ�ÑÎÕ äÁÒ-×�ÎÁH = NXa=1� p2a2ma � p4a8m3a2�+ NXa<b eaebrab �1� papb + (panab)(pbnab)2mamb2 � ;(1)Õ ÔÅÒÍ�ÎÁÈ ËÁÎÏÎ�ÞÎÉÈ ËÏÏÒÄÉÎÁÔ xa, Ú ÑËÉÈ ÕÔ×ÏÒÅÎÏ ×ÉÒÁÚÉ rab =xa � xb ÔÁ nab = rab=rab, ÔÁ Ó�ÒÑÖÅÎÉÈ �Í�ÕÌØÓ�× pa. úÁÓÔÏÓÕ×ÁÎÎÑ×ÉÒÁÚÕ (1) ÄÏ ÒÏÚÒÁÈÕÎËÕ ËÌÁÓÉÞÎÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉZN = 1N ! Z e��H NYa=1 d3xad3pa(2�)3 (2)×�ÄÒÁÚÕ ÎÁÛÔÏ×ÈÕ¤ÔØÓÑ ÎÁ Ä×� �ÒÏÂÌÅÍÉ. ðÏ-�ÅÒÛÅ, ÎÁÑ×Î�ÓÔØ × ÅËÓ-�ÏÎÅÎÔ� Õ (2) ÄÏÄÁÎËÁ, �ÒÏ�ÏÒ��ÊÎÏÇÏ p4a, ÎÅÇÁÊÎÏ �ÒÉ×ÏÄÉÔØ ÄÏ ÒÏÚ-Â�ÖÎÏÓÔÉ �ÎÔÅÒÁÌÁ. �ÏÍÕ × ÓÔÁÔÉÓÔÉÞÎÉÈ ÚÁÓÔÏÓÕ×ÁÎÎÑÈ ÇÁÍ�ÌØÔÏÎ�-ÑÎ äÁÒ×�ÎÁ ×ÉËÏÒÉÓÔÏ×ÕÀÔØ �Ú ÔÏÞÎÉÍ ×�ÌØÎÏÞÁÓÔÉÎËÏ×ÉÍ ÄÏÄÁÎËÏÍ,ÔÏÂÔÏH = NXa=1pm2a4 + p2a2+ NXa<b eaebrab �1� papb + (panab)(pbnab)2mamb2 � ; (3)ÔÁË ÝÏ Õ ×�ÌØÎÏÞÁÓÔÉÎËÏ×�Ê ÍÅÖ� (2) ÄÁ¤ ÔÏÞÎÉÊ ÒÅÌÑÔÉ×�ÓÔÉÞÎÉÊÒÅÚÕÌØÔÁÔ àÔÎÅÒÁ [15℄Z idN = 1N ! �2m2V(2�)2� K2(�m2)�N ; (4)ÄÅ Kn(x) = 12 1Z0 �n�1e� x2 (�+ 1� )d� (5)| ÆÕÎË��Ñ íÁËÄÏÎÁÌØÄÁ, V | ÏÂ'¤Í ÓÉÓÔÅÍÉ.äÁÌÅËÏÄ�ÀÞÉÊ ÈÁÒÁËÔÅÒ ×ÚÁ¤ÍÏÄ�§ �ÒÉ×�× ÄÏ ×É×ÞÅÎÎÑ ÔÅÒÍÏÄÉÎÁ-Í�ËÉ × ÒÁÍËÁÈ ÎÁÂÌÉÖÅÎÎÑ Ë�ÌØ�Å×ÉÈ Ä�ÑÇÒÁÍ [1,9,18℄, ÑËÅ ×ÉÑ×ÉÌÏÓØÅÆÅËÔÉ×ÎÉÍ Õ ÎÅÒÅÌÑÔÉ×�ÓÔÉÞÎ�Ê ÔÅÏÒ�§. ïÄÎÁË, Õ �ÅÒÛ�Ê ÒÏÂÏÔ� [17℄
ICMP{02{16U 2ÂÕÌÏ �ÏËÁÚÁÎÏ,ÝÏ ÂÅÚ�ÏÓÅÒÅÄÎ¤ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÇÁÍ�ÌØÔÏÎ�ÑÎÕ äÁÒ×�ÎÁ(3) Õ ÓÈÅÍ� Ë�ÌØ�Å×ÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ÄÁ¤ �Ï�ÒÁ×ËÕ ÄÏ ×�ÌØÎÏ§ ÅÎÅÒÇ�§�F = V2�2� 1Z0 ��2k2 + ln�1� �2k2 �� k2dk; (6)ÑËÁ ×ÉÑ×ÌÑ¤ÔØÓÑ ÒÏÚÂ�ÖÎÏÀ. �ÕÔ ÏÄÎÁË Ú'Ñ×É×ÓÑ (ÓÌÁÂËÏ) ÒÅÌÑÔÉ×�Ó-ÔÉÞÎÉÊ ÒÁÄ�ÕÓ äÅÂÁÑ ��1 , ÑËÉÊ Æ�ÇÕÒÕ¤ Õ ×Ó�È ÎÁÓÔÕ�ÎÉÈ ÒÏÚÒÁÈÕÎ-ËÁÈ, ÝÏ ×ÉËÏÎÕÀÔØÓÑ ÄÌÑ ÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞÎÏ§ �ÌÁÚÍÉ, Õ ÆÏÒÍ��2 = �2Æ; Æ � � p23(m22 + p2)� ; (7)ÄÅ �2 = 4�e2�N=V | \ËÌÁÓÉÞÎÉÊ" �ÁÒÁÍÅÔÅÒ äÅÂÁÑ [1℄. óÅÒÅÄÎ¤ ÆÂÅÒÅÔØÓÑ ÚÁ ×�ÌØÎÏÞÁÓÔÉÎËÏ×ÉÍ ÒÏÚ�ÏÄ�ÌÏÍ. êÏÇÏ ÓÌÁÂËÏÒÅÌÑÔÉ×�Ó-ÔÉÞÎÅ ÚÎÁÞÅÎÎÑ ÄÁ¤ �2 = �2�m2 : (8)äÌÑ ÕÓÕÎÅÎÎÑ ÒÏÚÂ�ÖÎÏÓÔÉ Õ ×ÉÒÁÚ� (6) �ÒÉ k = 0 Á×ÔÏÒÉ �ÒÁ-�� [17℄ ÚÄ�ÊÓÎÉÌÉ ÚÁÍ�ÎÕ k2 ! k2 + �2 . �ÁËÉÊ ��ÄÈ�Ä ÚÕÓÔÒ�×ÓÑ �ÚÓÅÒÊÏÚÎÏÀ ËÒÉÔÉËÏÀ [5℄.õ �ÒÁ�ÑÈ [5,10℄ ÔÅÒÍÏÄÉÎÁÍ�ËÁ ÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞÎÏ§ ÓÉÓÔÅÍÉÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË ÄÏÓÌ�ÄÖÕ×ÁÌÁÓØ ÚÁ ÄÏ�ÏÍÏÇÏÀ ÌÁÒÁÎÖ�ÑÎÕL = NXa=1�ma _x2a2 + ma _x4a82 �� NXa<b eaebrab �1� _xa _xb + ( _xanab)( _xbnab)22 � ;(9)Á ÎÅ ÇÁÍ�ÌØÔÏÎ�ÑÎÕ äÁÒ×�ÎÁ (3). á×ÔÏÒÉ Õ Ë�ÌØ�Å×ÏÍÕ ÎÁÂÌÉÖÅÎÎ�ÏÔÒÉÍÁÌÉ ÓË�ÎÞÅÎÉÊ ×ÉÒÁÚ ÄÌÑ �Ï�ÒÁ×ËÉ ÎÁ ×ÚÁ¤ÍÏÄ�À ÄÏ ×�ÌØÎÏ§ÅÎÅÒÇ�§ �F = � �3V12�� "1� 2� 1�m2�3=2# : (10)îÅÅË×�×ÁÌÅÎÔÎ�ÓÔØ ÌÁÒÁÎÖÅ×ÏÇÏ ÔÁ ÇÁÍ�ÌØÔÏÎÏ×ÏÇÏ ��ÄÈÏÄ�× Õ Ï�É-Ó� ÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞÎÉÈ ÓÉÓÔÅÍ ÔÌÕÍÁÞÉÌÁÓØ ÓËÌÁÄÎÏÀ ÆÏÒÍÏÀÚ×'ÑÚËÕ Í�Ö Û×ÉÄËÏÓÔÑÍÉ Ê �Í�ÕÌØÓÁÍÉpa = �L� _xa = ma _xa �1 + _x2a22�+ 122 NX0b=1 eaebrab [ _xb + nab( _xbnab)℄ ; (11)



3 ðÒÅ�ÒÉÎÔÑËÕ �ÒÉ ÓÔÁÔÉÓÔÉÞÎÏÍÕ Ï�ÉÓ�, ÝÏ �ÅÒÅÄÂÁÞÁ¤ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �Å-ÒÅÈ�Ä (N ! 1, V ! 1), ÎÅ ÍÏÖÎÁ ÚÁÍ�ÎÉÔÉ ÎÅÒÅÌÑÔÉ×�ÓÔÉÞÎÉÍÓ��××�ÄÎÏÛÅÎÎÑÍ _xa = pama (12)ÎÁ×�ÔØ Õ ÍÁÌÉÈ ÄÏÄÁÎËÁÈ �ÏÒÑÄËÕ �2.õ �ÒÁ�� [2℄ ÚÁ ÄÏ�ÏÍÏÇÏÀ Ó�Å�ÉÆ�ÞÎÏ§ �ÒÏ�ÅÄÕÒÉ ×ÉÒÁÖÅÎÎÑÛ×ÉÄËÏÓÔÅÊ ÞÁÓÔÉÎÏË ÞÅÒÅÚ ËÁÎÏÎ�ÞÎ� �Í�ÕÌØÓÉ ÂÕ× ÚÁ�ÒÏ�ÏÎÏ×ÁÎÉÊÅÆÅËÔÉ×ÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÑÎ ÄÌÑ ÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞÎÏ§ ÓÉÓÔÅÍÉ ÚÁÒÑ-ÄÖÅÎÉÈ ÞÁÓÔÉÎÏË, �ÒÉÄÁÔÎÉÊ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÒÏÚÒÁÈÕÎË�×:H = NXa=1 �m2 + p2a2m �1 + �3V6�N �� p4a8m32 �+ NXa<b�eaebrab � piapkb2m Rikab� ;(13)Rikab = 1V Xk 4�e2m2 Æik � kikk=k2k2 +�2 e�ikrab : (14)�ÁËÉÊ ÇÁÍ�ÌØÔÏÎ�ÑÎ Í�ÓÔÉÔØ ÕÓ� ÓÔÅ�ÅÎ� �2, ÈÏÞÁ ÏÔÒÉÍÁÎÉÊ Ú ÌÁ-ÒÁÎÖ�ÑÎÕ (9), Ó�ÒÁ×ÅÄÌÉ×ÏÇÏ ÌÉÛÅ Ú ÔÏÞÎ�ÓÔÀ ÄÏ �2. ëÏÒÅËÔÎ�ÓÔØ(ÎÅÏÂÈ�ÄÎ�ÓÔØ) ×ÉËÏÒÉÓÔÁÎÎÑ × ÇÁÍ�ÌØÔÏÎ�ÑÎ� ÞÌÅÎ�× ×ÉÝÉÈ �ÏÒÑÄË�×ÚÁ �2 ÂÕÌÁ �ÒÅÄÍÅÔÏÍ ÄÉÓËÕÓ�§ [14,16℄. �ÁË, ÔÅÏÒÅÍÁ ÁÎÁÌ�ÔÉÞÎÏ§ÍÅÈÁÎ�ËÉ �ÒÏ Ú×'ÑÚÏË ÍÁÌÉÈ �Ï�ÒÁ×ÏË (ÔÕÔ | �ÏÒÑÄËÕ �2) ÄÏ ÌÁ-ÒÁÎÖ�ÑÎÕ Ê ÇÁÍ�ÌØÔÏÎ�ÑÎÕ [7℄, �ÒÉ×ÏÄÉÔØ ÄÏ ÇÁÍ�ÌØÔÏÎ�ÑÎÕ (1), ÑËÉÊÚÁÄÏ×ÏÌØÎÑ¤ ÕÍÏ×É ðÕÁÎËÁÒÅ-�Î×ÁÒ�ÑÎÔÎÏÓÔÉ Õ ÄÁÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�.úÏËÒÅÍÁ, ÇÁÍ�ÌØÔÏÎ�ÑÎ (1), ÑË ÅÎÅÒÁÔÏÒ ÞÁÓÏ×ÉÈ ÔÒÁÎÓÌÑ��Ê (Å×ÏÌÀ-��§), ÒÁÚÏÍ Ú ÅÎÅÒÁÔÏÒÁÍÉ �ÒÏÓÔÏÒÏ×ÉÈ ÔÒÁÎÓÌÑ��Ê ÔÁ �Ï×ÏÒÏÔ�×P = NXa=1pa; J = NXa=1[xa � pa℄; (15)Á ÔÁËÏÖ ÂÕÓÔ�×K = �tP+ NXa=1maxa�1 + p2a2m2a2�+ 12 NXa<b xa eaebrab (16)ÕÔ×ÏÒÀÀÔØ ËÁÎÏÎ�ÞÎÕ ÒÅÁÌ�ÚÁ��À ÇÒÕ�É ðÕÁÎËÁÒÅ.åÆÅËÔÉ×ÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÑÎ (13) ÏÂÒÕÎÔÏ×Õ×Á×ÓÑ ÎÉÚËÏÀ �ÎÛÉÈÓ�ÏÓÏÂ�× [3,4,11℄, ÚÏËÒÅÍÁ ÅÌÅÁÎÔÎÉÍ ÚÁÓÔÏÓÕ×ÁÎÎÑÍ �ÅÒÅÔ×ÏÒÅÎÎÑâÏÇÏÌÀÂÏ×Á ÄÏ ÓÉÓÔÅÍÉ ÚÁÒÑÄ�× � ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏÇÏ �ÏÌÑ [11℄. êÏÇÏ×ÉËÏÒÉÓÔÁÎÎÑ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞÎÏ-ÇÏ ÅÌÅËÔÒÏÎÎÏÇÏ ÇÁÚÕ �ÒÉ×ÅÌÏ ÄÏ ÒÅÚÕÌØÔÁÔÕ (10).
ICMP{02{16U 4õÓ� ×�ÄÎÏÔÏ×ÁÎ� ×ÉÝÅ �ÒÁ�� ÏÒ�¤ÎÔÕ×ÁÌÉÓÑ ÎÁ ÄÏÓÌ�ÄÖÅÎÎÑ ÓÌÁÂ-ËÏÒÅÌÑÔÉ×�ÓÔÉÞÎÉÈ ÓÉÓÔÅÍ, ÝÏ Ï�ÉÓÕÀÔØÓÑ ÌÁÒÁÎÖ�ÑÎÏÍ (9). îÁ-×�ÔØ ÑËÝÏ Õ �Å×ÎÉÈ ÅÆÅËÔÉ×ÎÉÈ ËÏÎÓÔÒÕË��ÑÈ ÞÉ ×�ÌØÎÏÞÁÓÔÉÎËÏ×ÉÈÄÏÄÁÎËÁÈ Æ�ÇÕÒÕ×ÁÌÉ ×ÉÝ� ÚÁ �2 ÞÌÅÎÉ, ÖÏÄÎÏ§ �ÎÆÏÒÍÁ��§ �ÒÏ ×É-Ý� Î�Ö �2 ×ÎÅÓËÉ Í�ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§ ÎÅ ÚÁËÌÁÄÁÌÏÓÑ. ïÔÖÅ,�ÒÁËÔÉÞÎÏ ÏÄÎÏÓÔÁÊÎÏ ÏÔÒÉÍÕ×ÁÎÉÊ ÒÅÚÕÌØÔÁÔ (10) ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒ-Ç�§ Î�ÑËÏ§ �ÎÆÏÒÍÁ��§ �ÒÏ ÔÁË� ×ÎÅÓËÉ ÎÅ ÎÅÓÅ.ó�ÒÏÂÁ �ÏÂÕÄÕ×ÁÔÉ ÔÅÒÍÏÄÉÎÁÍ�ËÕ ÓÉÓÔÅÍÉ ÚÁÒÑÄ�× Õ Ì�Î�ÊÎÏÍÕÚÁ ×ÚÁ¤ÍÏÄ�¤À ÎÁÂÌÉÖÅÎÎ� ÆÏÒÍÁÌØÎÏ Ú ÄÏ×�ÌØÎÏÀ ÓÔÕ��ÎÎÀ ÒÅÌÑ-ÔÉ×�ÚÍÕ ÚÄ�ÊÓÎÀ×ÁÌÁÓØ Õ [6℄. ÷ÉËÌÀÞÁÀÞÉ �ÏÌØÏ×� ÚÍ�ÎÎ�, Á×ÔÏÒÉ �Ï-ÂÕÄÕ×ÁÌÉ ÌÁÒÁÎÖ�ÑÎ ÓÉÓÔÅÍÉ, ÑËÉÊ ÎÅ ÍÏÖÅ ××ÁÖÁÔÉÓÑ ËÏÒÅËÔÎÉÍ,ÂÏ ÎÅ ÄÁ¤ �ÒÁ×ÉÌØÎÉÈ Ò�×ÎÑÎØ ÒÕÈÕ [13℄. ðÏÂÕÄÏ×ÁÎÁ ÎÁ ÏÓÎÏ×� �ØÏ-ÇÏ ÌÁÒÁÎÖ�ÑÎÕ (×�Ä�Ï×�ÄÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÑÎÕ Á×ÔÏÒÉ ÎÅ ÚÎÁÈÏÄÉÌÉ)×�ÌØÎÁ ÅÎÅÒÇ�Ñ ÍÁ¤ ×ÉÇÌÑÄ�F = � �3V12�� �1� 2(1 + z)3=2(�m2)3=2 �1� 112�m2 + :::�� ; (17)ÄÅ z = jei=ej | ÚÁÒÑÄ ÊÏÎ�×. äÌÑ ÅÌÅËÔÒÏÎÎÏ§ �ÌÁÚÍÉ (z = 0) ÕÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� (17) ÄÁ¤ (10).â�ÌØÛ ÎÅÄÁ×ÎÑ Ó�ÒÏÂÁ ×ÒÁÈÕ×ÁÔÉ ×ÉÝ� ÒÅÌÑÔÉ×�ÓÔÉÞÎ� ÅÆÅËÔÉ Õ×ÚÁ¤ÍÏÄ�§ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË (Õ Ì�Î�ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� ÚÁ ËÏÎÓ-ÔÁÎÔÏÀ ×ÚÁ¤ÍÏÄ�§) ÚÄ�ÊÓÎÅÎÁ Õ �ÒÁ�� [3℄, ÄÅ �ÏÂÕÄÏ×ÁÎÏ ÕÚÁÇÁÌØÎÅÎÎÑÅÆÅËÔÉ×ÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÑÎÕ (13):H = NXa=1�pm24 + p2a2 + 13�re2 p2am22 + p2a�+ 1V Xk NXa<b 4�e2k2 �1� uaub � (kua)(kub)=k21 + �2r=k2 � ; (18)�2r = NXa=1 4�e2pm24 + p2a2 �1� p2a3(m22 + p2a)� : (19)ua = papm22 + p2a : (20)�ÁËÉÊ ÇÁÍ�ÌØÔÏÎ�ÑÎ ÆÁËÔÉÞÎÏ ×ÒÁÈÏ×Õ¤ ÒÅÌÑÔÉ×�ÓÔÉÞÎÕ Ë�ÎÅÍÁÔÉËÕ× (13). îÁÍ ÎÅ×�ÄÏÍ� ÒÏÚÒÁÈÕÎËÉ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ Õ ÎÁÂÌÉÖÅÎÎ� Ë�ÌØ-�Å×ÉÈ Ä�ÑÇÒÁÍ ÎÁ ÏÓÎÏ×� �ØÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÑÎÕ.



5 ðÒÅ�ÒÉÎÔ2. îÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ ÄÌÑ ÓÔÁÔÉÓÔÉÞÎÏ§ÓÕÍÉ ÒÅÌÑÔÉ×�ÓÔÉÞÎÏ§ ÓÉÓÔÅÍÉ ÚÁÒÑÄ�×òÏÚ×ÉÎÅÎÉÊ ÎÁÍÉ × [19℄ ÍÅÔÏÄ ×ÉËÌÀÞÅÎÎÑ ÓÔÕ�ÅÎ�× ×�ÌØÎÏÓÔÉ ÅÌÅË-ÔÒÏÍÁÇÎÅÔÎÏÇÏ �ÏÌÑ ÄÏÚ×ÏÌÉ× ÏÄÅÒÖÁÔÉ ÇÁÍ�ÌØÔÏÎ�ÑÎ ÒÅÌÑÔÉ×�ÓÔÉÞ-ÎÏ§ ÓÉÓÔÅÍÉ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË Õ Ì�Î�ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� ÚÁ ËÏÎ-ÓÔÁÎÔÏÀ ×ÚÁ¤ÍÏÄ�§ e2. îÁ ×�ÄÍ�ÎÕ ×�Ä ÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞÎÏÇÏ, ÄÁÎÅÎÁÂÌÉÖÅÎÎÑ ÎÅ ÏÂÍÅÖÕ¤ÔØÓÑ ÞÌÅÎÁÍÉ �ÏÒÑÄËÕ �2. ãÅÊ ÇÁÍ�ÌØÔÏ-Î�ÑÎ ¤ ÅÎÅÒÁÔÏÒÏÍ ÞÁÓÏ×ÉÈ ÔÒÁÎÓÌÑ��Ê ËÁÎÏÎ�ÞÎÏ§ ÒÅÁÌ�ÚÁ��§ ÇÒÕ-�É ðÕÁÎËÁÒÅ Õ ÄÁÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� � × ÔÅÒÍ�ÎÁÈ ËÁÎÏÎ�ÞÎÉÈ ÚÍ�ÎÎÉÈ(za;�a) ÍÁ¤ ÔÁËÉÊ ×ÉÇÌÑÄH = NXa=1pm2 + �2a + 12 NX0a;b=1 e2jzabj�12 NX0a;b=1 e2uaub + [ua � zab℄[ub � zab℄=[ub � zab℄2p(1� u2b)z2ab + (ubzab)2 ; (21)ÄÅ zab = za � zb; ua = �apm2 + �2a :÷ÒÁÈÏ×ÕÀÞÉ ÔÏÞÎÏ ÒÅÌÑÔÉ×�ÓÔÉÞÎÕ Ë�ÎÅÍÁÔÉËÕ, ÎÁÄÁÌ� ××ÁÖÁÔÉÍÅÍÏ = 1.óÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ ÔÁËÏ§ ÓÉÓÔÅÍÉZN = 1N ! Z e��H NYa=1 d3zad3�a(2�)3 (22)ÏÂÞÉÓÌÉÍÏ Õ ÎÁÂÌÉÖÅÎÎ� ÈÁÏÔÉÞÎÉÈ ÆÁÚ.÷�ÄÏÍ� Õ Ì�ÔÅÒÁÔÕÒ� [2,5,10℄ ÔÅÈÎ�ËÉ ÏÂÞÉÓÌÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉÕ ÎÁÂÌÉÖÅÎÎ� Ë�ÌØ�Å×ÉÈ Ä�ÑÇÒÁÍ (ÈÁÏÔÉÞÎÉÈ ÆÁÚ) ÓÔÁÒÔÕÀÔØ ÁÂÏ ÚÌÁÒÁÎÖ�ÑÎÕ (äÁÒ×�ÎÁ) ÁÂÏ Ú ÏÄÅÒÖÁÎÏÇÏ Ú ÎØÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÇÁÍ�-ÌØÔÏÎ�ÑÎÕ. �ÁË� ��ÄÈÏÄÉ ÎÅ �ÒÉÄÁÔÎ� ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÔÅÒÍÏÄÉÎÁÍ�Þ-ÎÉÈ ÆÕÎË��Ê ÒÅÌÑÔÉ×�ÓÔÉÞÎÏ§ ÓÉÓÔÅÍÉ ÚÁÒÑÄ�× ÎÁ ÏÓÎÏ×� ÚÎÁÊÄÅÎÏÇÏÎÁÍÉ ðÕÁÎËÁÒÅ-�Î×ÁÒ�ÑÎÔÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÑÎÕ Õ Ì�Î�ÊÎÏÍÕ ÎÁÂÌÉÖÅÎ-Î� ÚÁ e2. �ÕÔ, ÂÁÚÕÀÞÉÓØ ÎÁ ÇÁÍ�ÌØÔÏÎ�ÑÎ� (21), ÄÁÍÏ ÑË�ÓÎÕ Ï��ÎËÕ×�ÌÉ×Õ ÒÅÌÑÔÉ×�ÓÔÉÞÎÉÈ ÅÆÅËÔ�× ÎÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÓÉÓ-ÔÅÍÉ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈÆÁÚ ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ Ú×'ÑÚËÕ Í�Ö ËÁÎÏÎ�ÞÎÉÍÉ ÔÁ Æ�ÚÉÞÎÉÍÉ ËÏÏÒÄÉ-ÎÁÔÁÍÉ (�ÏÌÏÖÅÎÎÑÍÉ) ÞÁÓÔÉÎÏË.

ICMP{02{16U 6çÁÍ�ÌØÔÏÎ�ÑÎ (21) × ÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� Ú×ÏÄÉ-ÔØÓÑ ÄÏ ÇÁÍ�ÌØÔÏÎ�ÑÎÕ äÁÒ×�ÎÁ. äÌÑ ÏÓÔÁÎÎØÏÇÏ, ÑË ×�ÄÏÍÏ, ÂÅÚ�Ï-ÓÅÒÅÄÎ¤ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÎÁÂÌÉÖÅÎÎÑ Ë�ÌØ�Å×ÉÈ Ä�ÑÇÒÁÍ �ÒÉ×ÏÄÉÔØ ÄÏÒÏÚÂ�ÖÎÏÓÔÅÊ. ãÑ Ö �ÒÏÂÌÅÍÁ �ÓÎÕ¤ � ÄÌÑ ÇÁÍ�ÌØÔÏÎ�ÑÎÁ (21). äÌÑ §§�ÏÄÏÌÁÎÎÑ �ÒÏ�ÏÎÕ¤ÔØÓÑ �ÒÏ×ÅÓÔÉ ÚÁÍ�ÎÕ �Í�ÕÌØÓÎÉÈ ÚÍ�ÎÎÉÈ × (22),ÑËÁ Â ÕÓÕÎÕÌÁ Ú ÇÁÍ�ÌØÔÏÎ�ÑÎÁ ÕÓ� ÒÅÌÑÔÉ×�ÓÔÉÞÎ� ÄÏÄÁÎËÉ (Õ Ì�Î�ÊÎÏ-ÍÕ ÎÁÂÌÉÖÅÎÎ� ÚÁ ËÏÎÓÔÁÎÔÏÀ ×ÚÁ¤ÍÏÄ�§) � Ú×ÅÌÁ �ÒÏÂÌÅÍÕ ÄÏ ÒÏÚÒÁ-ÈÕÎËÕ ÑËÏÂ�ÑÎÁ �ÅÒÅÔ×ÏÒÅÎÎÑ. ãÅÊ ÑËÏÂ�ÑÎ Õ ÎÁÂÌÉÖÅÎÎ� ÈÁÏÔÉÞÎÉÈÆÁÚ ×ÉÑ×ÌÑ¤ÔØÓÑ ×�ÌØÎÉÍ ×�Ä ÒÏÚÂ�ÖÎÏÓÔÅÊ, ÈÏÞÁ ÊÏÇÏ ÒÏÚÒÁÈÕÎÏË�Ï×'ÑÚÁÎÉÊ Ú �Å×ÎÉÍÉ ÎÅÏÄÎÏÚÎÁÞÎÏÓÔÑÍÉ.ðÏÄÁÍÏ (21) Õ ×ÉÇÌÑÄ�H = NXa=1pm2 + �2a + U � 12 NXa=1uaA?(a); (23)ÄÅ U | ËÕÌÏÎ�×ÓØËÁ ÎÅÒÅÌÑÔÉ×�ÓÔÉÞÎÁ ×ÚÁ¤ÍÏÄ�Ñ, Á ÒÅÌÑÔÉ×�ÓÔÉÞÎÁ×ÚÁ¤ÍÏÄ�Ñ ×ÉÒÁÖÁ¤ÔØÓÑ ÚÁ ÄÏ�ÏÍÏÇÏÀ �Ï�ÅÒÅÞÎÏÇÏ ×ÅËÔÏÒÎÏÇÏ �ÏÔÅÎ-��ÑÌÕ, ÑËÉÊ Õ ÚÏÂÒÁÖÅÎÎ� æÕÒ'¤ ÚÁ�ÉÛÅÔØÓÑ ÔÁËA?(a) = 1V NX0b=1 Xk �(k) ^P?(n)ub1� (nub)2 e�ikzab : (24)�ÕÔ ÍÉ ××ÅÌÉ �ÏÚÎÁÞÅÎÎÑ�(k) = 4�e2k2 ; n = kk ; ^P?(n) = kÆij � ninjk:÷×ÅÄÅÍÏ ÎÏ×� �Í�ÕÌØÓÎ� ÚÍ�ÎÎ� �a Ó��××�ÄÎÏÛÅÎÎÑÍ�a = �a + 12A?(a)(�); (25)ÄÅ A?(a)(�) �ÏÚÎÁÞÁ¤ ÆÕÎË��À (24), Õ ÑË�Ê ÚÁÍ�ÓÔØ ËÁÎÏÎ�ÞÎÉÈ �Í�Õ-ÌØÓ�× �a ÓÔÏÑÔØ �a.õ ÔÅÒÍ�ÎÁÈ �ÉÈ ÚÍ�ÎÎÉÈ ÇÁÍ�ÌØÔÏÎ�ÑÎ Ú ÔÏÞÎ�ÓÔÀ ÄÏ e4 ÎÁÂÕ×Á¤×ÉÇÌÑÄÕ H = NXa=1pm2 + �2a + U;� ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ (22) ÚÁ�ÉÛÅÔØÓÑ ÔÁË:ZN = 1N ! Z exp"�� NXa=1pm2 + �2a + U!# J NYa=1 d3zad3�a(2�)3 : (26)



7 ðÒÅ�ÒÉÎÔ�ÕÔ J | ÑËÏÂ�ÑÎ �ÅÒÅÈÏÄÕJ = det ��ia��jb  = det ÆabÆij + �ab2V Xk �(k)�ij(�b)e�ikzab ; (27)�ab � 1� Æab; �ij(�b) � ���jb vib � ni(nvb)1� (nvb)2 ; va = �apm2 + �2a : (28)ïÂÞÉÓÌÉÍÏ ×ÉÚÎÁÞÎÉË ÚÁ 3-×ÉÍ�ÒÎÉÍÉ �ÎÄÅËÓÁÍÉ. ïÓË�ÌØËÉ ÍÁÔ-ÒÉÞÎ� ÅÌÅÍÅÎÔÉ �abij �ÒÏ�ÏÒ��ÊÎ� e2, ÚÎÅÈÔÕ¤ÍÏ Ë×ÁÄÒÁÔÉÞÎÉÍÉ (×�Ä-�Ï×�ÄÎÏ ËÕÂ�ÞÎÉÍÉ � Ô.Ä.) ÞÌÅÎÁÍÉ ÚÁ �abij , ÑË ×ÎÅÓËÁÍÉ ×ÉÝÏÇÏ �Ï-ÒÑÄËÕ ÍÁÌÏÓÔ�, ÑË� ÓÌ�Ä ÚÂÅÒ�ÇÔÉ ��Ä ÚÎÁËÏÍ ×ÉÚÎÁÞÎÉËÁ ÚÁ �ÎÄÅËÓÁÍÉa, b ÌÉÛÅ ÚÁ ÎÁÑ×ÎÏÓÔÉ ×ÚÁ¤ÍÏÄ�§ ÔÁËÏÇÏ Ö �ÏÒÑÄËÕ × ÇÁÍ�ÌØÔÏÎ�ÑÎ�ÓÉÓÔÅÍÉ. �ÏÄ� ÏÄÅÒÖÕ¤ÍÏJ = det Æab + �ab2V Xk �(k)�ii(�b)e�ikzab : (29)óÔÒÕËÔÕÒÁ ÔÁËÏÇÏ ÑËÏÂ�ÑÎÕ ÄÏÚ×ÏÌÑ¤ ÎÅÇÁÊÎÏ �ÒÏ×ÅÓÔÉ �ÎÔÅÒÕ×ÁÎÎÑÚÁ �Í�ÕÌØÓÁÍÉ: ZN = 1N !�N Z exp (��U) �J NYa=1 d3za; (30)ÄÅ � � Z exp���pm2 + �2� d3�(2�)3 = 2m2K2(�m)(2�)2� ; (31)�J = det Æab + �ab2V Xk �(k)h�iiie�ikzab ; (32)h�iii � 1� Z exp���pm2 + �2��ii(�) d3�(2�)3 : (33)îÅ×ÁÖËÏ �ÏËÁÚÁÔÉ, ÝÏh�iii = 2�X(�m); X(a) = 1a K1(a)K2(a) : (34)�ÏÄ� ÑËÏÂ�ÑÎ (32) ÚÁ�ÉÛÅÍÏ ÔÁË:�J = det kÆab + Cabk ; Cab � �abV Xk �(k)�X(�m)e�ikzab : (35)
ICMP{02{16U 8÷�ÄÚÎÁÞÉÍÏ ÏÓÏÂÌÉ×�ÓÔØ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏÇÏ ��ÄÈÏÄÕ. óËÌÁÄÎ�ÓÔØ ×É-ËÏÒÉÓÔÁÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÑÎÕ ÓÉÓÔÅÍÉ ÓÁÍÁ ×ËÁÚÁÌÁ ÛÌÑÈ ÚÎÁÈÏÄÖÅÎÎÑ�J . ñË ÍÉ �ÏÂÁÞÉÍÏ ÄÁÌ�, ÏÂÞÉÓÌÅÎÎÑ �J Õ ÎÁÂÌÉÖÅÎÎ� ÈÁÏÔÉÞÎÉÈ ÆÁÚÄÁÓÔØ �Ï�ÒÁ×ËÕ ÄÏ ×�ÌØÎÏ§ ÅÎÅÒÇ�§, ÑËÁ Õ ÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞÎÏÍÕÎÁÂÌÉÖÅÎÎ� (ÄÌÑ ×ÚÁ¤ÍÏÄ�§ äÁÒ×�ÎÁ) ÚÂ�ÇÁ¤ÔØÓÑ Ú ×�ÄÏÍÉÍ Õ Ì�ÔÅÒÁ-ÔÕÒ� ÒÅÚÕÌØÔÁÔÏÍ [2,5,10℄. ïÄÎÁË Õ ×É�ÁÄËÕ ÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞÎÏÇÏÇÁÍ�ÌØÔÏÎ�ÑÎÕ äÁÒ×�ÎÁ ÅÌÅÍÅÎÔÉ ÍÁÔÒÉ�� �abij ÎÅ ÂÕÄÕÔØ ÚÁÌÅÖÁÔÉ×�Ä �Í�ÕÌØÓ�×. �ÏÄ� Õ ÎÁÂÌÉÖÅÎÎ� Ë�ÌØ�Å×ÉÈ Ä�ÑÇÒÁÍ ×ÖÅ ÆÏÒÍÁÌØÎÏÍÏÖÎÁ ÏÂÞÉÓÌÀ×ÁÔÉ ×ÉÚÎÁÞÎÉË (27), ÚÁÍ�ÓÔØ (29). ãÅ, ×ÎÁÓÌ�ÄÏË ×ÒÁ-ÈÕ×ÁÎÎÑ ÎÅÄ�ÑÇÏÎÁÌØÎÉÈ ÞÌÅÎ�× ÍÁÔÒÉ�� �abij , �ÒÉ×ÅÄÅ ÄÏ �Ï�ÒÁ×ËÉÄÏ ×�ÌØÎÏ§ ÅÎÅÒÇ�§, ÑËÁ ÂÕÄÅ ×�ÄÒ�ÚÎÑÔÉÓØ ×�Ä �Ï�ÒÁ×ËÉ, ÏÂÞÉÓÌÅÎÏ§ ÎÁÏÓÎÏ×� (29), ÎÁ ÍÎÏÖÎÉË p2.ðÏÄÁÍÏ ÔÅ�ÅÒ �J Õ ×ÉÇÌÑÄ��J = exp hTr ln(^I + ^C)i= exp"Tr ^C � 1Xs=2 (� ^C)ss !# : (36)÷ ÒÏÚÒÁÈÕÎËÁÈ ÓÔÅ�ÅÎ�× ÍÁÔÒÉ�� ^C ÓËÏÒÉÓÔÁ¤ÍÏÓØ ÎÁÂÌÉÖÅÎÎÑÍ ÈÁ-ÏÔÉÞÎÉÈ ÆÁÚ, ÔÏÂÔÏ Ó��××�ÄÎÏÛÅÎÎÑÍ [2,10℄:NXa=1 e�iza(k�q) = NÆk;qÑËÅ ÓÌ�Ä ÒÏÚÕÍ�ÔÉ Õ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ�Ê ÍÅÖ�, ÔÏÂÔÏ �ÒÉ N !1. �ÏÄ�,�ÏÚÎÁÞÉ×ÛÉ �2r � �2X(�m); �2 � 4�e2�n; n = NV ; (37)ÏÄÅÒÖÉÍÏ( ^Cs)ab = 1N Xk ��2rk2 �s e�ikzab ; Tr ^Cs =Xk ��2rk2 �s ; s > 1:÷ÒÁÈÏ×ÕÀÞÉ, ÝÏ Tr ^C = 0 ×ÎÁÓÌ�ÄÏË ÚÎÁËÏ×ÏÇÏ ÍÎÏÖÎÉËÁ �ab (ÄÉ×.(35)), ÂÕÄÅÍÏ ÍÁÔÉ�J = exp"�Xk 1Xs=2 1s ���2rk2 �s#= exp(�Xk ��2rk2 � ln�1 + �2rk2 ��) : (38)



9 ðÒÅ�ÒÉÎÔð�ÓÌÑ ÚÁÍ�ÎÉ ��ÄÓÕÍÏ×Õ×ÁÎÎÑ �ÎÔÅÒÕ×ÁÎÎÑÍ ÏÄÅÒÖÕ¤ÍÏ�J = exp���3rV6� � : (39)�ÏÄ� ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ (30) �ÅÒÅ�ÉÛÅÔØÓÑ Õ ×ÉÇÌÑÄ�ZN = Z idNQN �J; (40)ÄÅ Z idN � 1N ! (�V )N (41)| ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ �ÄÅÁÌØÎÏÇÏ ÒÅÌÑÔÉ×�ÓÔÉÞÎÏÇÏ ÇÁÚÕ (ÄÉ×. (4));QN � 1V N Z exp (��U) NYa=1 d3za (42)| ËÏÎÆ�ÇÕÒÁ��ÊÎÉÊ �ÎÔÅÒÁÌ ÎÅÒÅÌÑÔÉ×�ÓÔÉÞÎÏÇÏ ËÕÌÏÎ�×ÓØËÏÇÏ ÇÁ-ÚÕ. ïÔÖÅ ×�ÌØÎÁ ÅÎÅÒÇ�Ñ ÓÉÓÔÅÍÉ ÍÁÔÉÍÅ ×ÉÇÌÑÄF = � 1� lnZN = F id + F � 1� ln �J:âÅÒÕÞÉ ÄÌÑ ËÕÌÏÎ�×ÓØËÏÇÏ ËÏÎÆ�ÇÕÒÁ��ÊÎÏÇÏ �ÎÔÅÒÁÌÕ ÒÅÚÕÌØÔÁÔ ÔÅ-ÏÒ�§ äÅÂÁÑ{èÀËÅÌÑ F = � �3V12�� ;ÚÎÁÈÏÄÉÍÏ �F � F � F id = � �3V12�� h1� 2X3=2(�m)i : (43)÷ÒÁÈÏ×ÕÀÞÉ ÚÁ ÄÏ�ÏÍÏÇÏÀ ÚÁÍ�ÎÉ m ! m2 Ñ×ÎÕ ÚÁÌÅÖÎ�ÓÔØÏÄÅÒÖÁÎÏÇÏ ×ÉÒÁÚÕ ×�Ä Û×ÉÄËÏÓÔ� Ó×�ÔÌÁ , Õ ÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞ-ÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� ÍÁ¤ÍÏF � F id = � �3V12�� �1� 2(�m2)3=2 � ; (44)ÝÏ ÚÂ�ÇÁ¤ÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ �ÒÁ�Ø [2,5,10℄. èÏÞÁ ÚÄ�ÊÓÎÅÎÁ Ï��ÎËÁ×�ÌÉ×Õ ÒÅÌÑÔÉ×�ÓÔÉÞÎÉÈ ÅÆÅËÔ�× �ÒÉ×ÏÄÉÔØ ÄÏ ×�ÄÏÍÉÈ ÒÅÚÕÌØÔÁÔ�×,ÏÂÞÉÓÌÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ (×�ÌØÎÏ§ ÅÎÅÒÇ�§) ÓÉÓÔÅÍÉ ÚÁÒÑÄ�× ÎÁÏÓÎÏ×� ÇÁÍ�ÌØÔÏÎ�ÑÎÕ Õ ÎÁÂÌÉÖÅÎÎ� e2 �ÏÔÒÅÂÕ¤ ÇÌÉÂÛÏÇÏ ×É×ÞÅÎÎÑ.
ICMP{02{16U 10ïÓË�ÌØËÉ ÆÕÎË��Ñ X(a) ¤ ÍÏÎÏÔÏÎÎÏ Ó�ÁÄÎÏÀ � ÎÁ Ë�Î�ÑÈ �ÒÏÍ�Ö-ËÕ ÎÁÂÕ×Á¤ ÚÎÁÞÅÎÎÑ X(0) = 12 ; X(1) = 0;ÔÏ ÍÏÖÎÁ Ï��ÎÉÔÉ ×ÉÒÁÚ Õ Ë×ÁÄÒÁÔÎÉÈ ÄÕÖËÁÈ × (43):0:3 < h1� 2X3=2(m�)i < 1:ãÅ ÏÚÎÁÞÁ¤, ÝÏ ÒÅÌÑÔÉ×�ÓÔÉÞÎÁ �Ï�ÒÁ×ËÁ ÍÏÖÅ ÓÔÁ×ÁÔÉ Ó��×Í�ÒÎÏÀËÕÌÏÎ�×ÓØË�Ê.ïÂÞÉÓÌÉÍÏ ÅÎÔÒÏ��À ÔÁ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ ÓÉÓÔÅÍÉ:S = ���F�T �V = Sid +�S; CV = T ��S�T �V = C idV +�CV : (45)äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ �Ï�ÒÁ×ÏË �S, �CV ÎÅÏÂÈ�ÄÎÏ ÏÂÞÉÓÌÉÔÉ �ÏÈ�ÄÎ�×�Ä ÆÕÎË��§ X(a). ÷×ÅÄÅÍÏ �ÏÚÎÁÞÅÎÎÑ:Y (a) � �adX(a)da = K0(a)K2(a)�K21 (a)K22 (a) ; (46)Z(a) � �adY (a)da = 2K0(a)K2(a) � 2aY (a)K1(a)K2(a) � 4Y (a): (47)�ÕÔ ÍÉ ÓËÏÒÉÓÔÁÌÉÓÑ ÆÏÒÍÕÌÏÀ ÄÌÑ �ÏÈ�ÄÎÏ§ ×�Ä ÆÕÎË��§ íÁËÄÏÎÁ-ÌØÄÁ ÄÏ×�ÌØÎÏÇÏ �ÏÒÑÄËÕ:dKn(a)da = �Kn�1(a)� naKn(a): (48)æÕÎË��§ X(a), Y (a) ÔÁ Z(a) �ÒÉ ×ÅÌÉËÉÈ ÚÎÁÞÅÎÎÑÈ ÁÒÕÍÅÎÔÕÁÓÉÍ�ÔÏÔÉÞÎÏ ÎÁÂÌÉÖÁÀÔØÓÑ ÄÏ 1=a. ÷ §È ÔÅÒÍ�ÎÁÈ �Ï�ÒÁ×ËÉ ÄÏ ÔÅÒ-ÍÏÄÉÎÁÍ�ÞÎÉÈ ÆÕÎË��Ê ×ÉÒÁÖÁÀÔØÓÑ ÔÁË:�S = ����F�T �V= ��3V24� �1� 2X1=2(m�) [X(m�)� 3Y (m�)℄� ; (49)�CV = T ���S�T �V= �3V16� �1� 2X�1=2(m�) �X2(m�)� 4X(m�)Y (m�)+Y 2(m�) + 2X(m�)Z(m�)�� : (50)



11 ðÒÅ�ÒÉÎÔïÄÅÒÖÁÎ� ÒÅÚÕÌØÔÁÔÉ ÄÏÚ×ÏÌÑÀÔØ ×ÓÔÁÎÏ×ÉÔÉ ×�ÌÉ× ÒÅÌÑÔÉ×�ÓÔÉÞ-ÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÎÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÓÉÓÔÅÍÉ ÚÁÒÑÄ�×.úÁÚÎÁÞÉÍÏ, ÝÏ ÄÏÓÌ�ÄÖÅÎÁ Õ Ì�ÔÅÒÁÔÕÒ� [2,5,10℄ ÓÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞ-ÎÁ ×ÚÁ¤ÍÏÄ�Ñ, ÄÌÑ ÑËÏ§ X(a) = Y (a) = Z(a) = 1=a, ÎÅ ÄÁ¤ ×ÎÅÓËÕ ÕÔÅ�ÌÏ¤ÍÎ�ÓÔØ ÓÉÓÔÅÍÉ.úÎÁÊÄÅÍÏ Ò�×ÎÑÎÎÑ ÓÔÁÎÕ. �ÉÓË ÇÁÚÕ ÒÅÌÑÔÉ×�ÓÔÉÞÎÉÈ ÞÁÓÔÉÎÏË ÚÅÌÅËÔÒÏÍÁÇÎÅÔÎÏÀ ×ÚÁ¤ÍÏÄ�¤À ×ÉÚÎÁÞÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀ:P = ���F�V �T= TNV �1� e2�6 � h1� 2X3=2(m�)i� : (51)÷�ÄÏÍÏ [1℄, ÝÏ ËÕÌÏÎ�×ÓØËÁ ×ÚÁ¤ÍÏÄ�Ñ × ÅÌÅËÔÒÏÎÎÏÍÕ ÇÁÚ� ÎÅ �ÒÉ×Ï-ÄÉÔØ ÄÏ �ÏÍ�ÔÎÏÇÏ ×�ÄÈÉÌÅÎÎÑ ÔÉÓËÕ ×�Ä ÔÉÓËÕ �ÄÅÁÌØÎÏÇÏ ÇÁÚÕ. þÅÒÅÚÓ��×Í�ÒÎ�ÓÔØ ÒÅÌÑÔÉ×�ÓÔÉÞÎÏ§ �Ï�ÒÁ×ËÉ ÄÏ ËÕÌÏÎ�×ÓØËÏ§ (� ÔÏ ÚÁ �Å×-ÎÉÈ ÕÍÏ×) ÄÌÑ ÔÉÓËÕ ÅÌÅËÔÒÏÎÎÏ§ �ÌÁÚÍÉ, Ó�ÒÉÞÉÎÅÎÏÇÏ ×ÚÁ¤ÍÏÄ�¤À,ÍÏÖÎÁ ÒÏÂÉÔÉ ÌÉÛÅ ÑË�ÓÎ� Ï��ÎËÉ.óÅÒÅÄÎÑ ÅÎÅÒÇ�Ñ ×ÚÁ¤ÍÏÄ�§ ÍÁ¤ ×ÉÇÌÑÄ�E = �F+T�S = ��3V8�� h1� 2X1=2(m�)(X(m�)� Y (m�))i : (52)÷ÉÒÁÚ Õ Ë×ÁÄÒÁÔÎÉÈ ÄÕÖËÁÈ ÎÅ �ÅÒÅ×ÉÝÕ¤ 1. ïÓË�ÌØËÉ �Ï×ÉÎÎÁ ×É-ËÏÎÕ×ÁÔÉÓØ ÎÅÏÂÈ�ÄÎÁ ×ÉÍÏÇÁ [1℄�3 � nÚÁÓÔÏÓÕ×ÁÎÎÑ ÎÁÂÌÉÖÅÎÎÑ Ë�ÌØ�Å×ÉÈ Ä�ÑÇÒÁÍ ÄÏ ÓÉÓÔÅÍÉ ÚÁÒÑÄÖÅ-ÎÉÈ ÞÁÓÔÉÎÏË, ÔÏ ÏÄÅÒÖÕ¤ÍÏ, ÝÏj�Ej � NT:ãÅ ÏÚÎÁÞÁ¤, ÝÏ ÓÅÒÅÄÎÑ ÅÎÅÒÇ�Ñ ×ÚÁ¤ÍÏÄ�§ ¤ ÍÅÎÛÁ ÚÁ ÅÎÅÒÇ�À ×�ÌØÎÉÈÞÁÓÔÉÎÏË Eid = mNK1(�m)K2(�m) + 3NT;ÔÏÂÔÏ �ÒÉ �ÅÒÅÈÏÄ� ×�Ä ÍÅÈÁÎ�ÞÎÏÇÏ ÄÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÉÓÕ ÒÅÌÑÔÉ-×�ÓÔÉÞÎÏ§ ÓÉÓÔÅÍÉ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË ÚÂÅÒ�ÇÌÁÓØ ÕÍÏ×Á ÍÁÌÏÓÔ�×ÚÁ¤ÍÏÄ�§.�Å�ÅÒ ÒÏÚÇÌÑÎÅÍÏ ÄÁÎÕ ÓÉÓÔÅÍÕ × ÕÌØÔÒÁÒÅÌÑÔÉ×�ÓÔÉÞÎÏÍÕ ×É-�ÁÄËÕ, ËÏÌÉ �m� 1. úÁ ÔÁËÉÈ ÕÍÏ× ÍÁ¤ÍÏX(�m) � 12 + (�ln 2 + ln(�m) + C) (�m)24 ; (53)
ICMP{02{16U 12ÄÅ C = 0:5772157 | ÓÔÁÌÁ ïÊÌÅÒÁ. �ÏÄ��F � � �3V12�� "1� p22 # ; 1� p22 � 0:3: (54)îÁ ÏÓÎÏ×� ÏÄÅÒÖÁÎÏÇÏ ×ÉÒÁÚÕ ÎÅ×ÁÖËÏ ÚÎÁÊÔÉ �ÎÛ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎ�ÆÕÎË��§, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÚÎÁÊÄÅÎ� ×ÉÝÅ ÆÏÒÍÕÌÉ.ì�ÔÅÒÁÔÕÒÁ1. âÁÌÅÓËÕ ò. òÁ×ÎÏ×ÅÓÎÁÑ É ÎÅÒÁ×ÎÏ×ÅÓÎÁÑ ÓÔÁÔÉÓÔÉÞÅÓËÁÑ ÍÅÈÁ-ÎÉËÁ: ðÅÒ. Ó ÁÎÇÌ. { í.: íÉÒ, 1986. { T. 1. { 405 Ó.2. âÌÁÖÉÅ×ÓËÉÊ ì.æ., õËÒ. æÉÚ. öÕÒÎ. { 1975. { T. 20, ° 8. {ó. 1273{2181.3. âÌÁÖÉ¤×ÓØËÉÊ ì.æ., öÕÒÎ. æ�Ú. äÏÓÌ. { 1999. { T. 3, ° 3. {ó. 284{290.4. âÌÁÖÉ¤×ÓØËÉÊ ì., ç�ÌØ ç., óÅÍÁË ó., æ�Ú. úÂ�ÒÎÉË î�û. { 1996.{ T. 2. { ó. 261{268.5. ëÏÓÁÞÅ× ÷.÷., �ÒÕÂÎÉËÏ× â.á., öÕÒÎ. üËÓ�ÅÒ. É �ÅÏÒ. æÉÚ. {1968. { T. 54, ° 3. { ó. 939{950.6. ëÏÓÁÞÅ× ÷.÷., �ÒÕÂÎÉËÏ× â.á., öÕÒÎ. üËÓ�ÅÒ. É �ÅÏÒ. æÉÚ. {1974. { T. 66, ° 4. { ó. 1311{1315.7. ìÁÎÄÁÕ ì.ä., ìÉÆÛÉ� å.í. íÅÈÁÎÉËÁ. { M.: îÁÕËÁ, 1973.8. ðÁ×ÌÏ�ËÉÊ é.ð. ÷×ÅÄÅÎÉÅ × ÓÌÁÂÏÒÅÌÑÔÉ×ÉÓÔÓËÕÀ ÓÔÁÔÉÓÔÉÞÅÓ-ËÕÀ ÍÅÈÁÎÉËÕ. { í.: éÎ-Ô �ÒÉËÌÁÄ. ÍÁÔ., 1987.9. àÈÎÏ×ÓËÉÊ é.ò., çÏÌÏ×ËÏ í.æ. óÔÁÔÉÓÔÉÞÅÓËÁÑ ÔÅÏÒÉÑ ËÌÁÓÓÉ-ÞÅÓËÉÈ ÒÁ×ÎÏ×ÅÓÎÙÈ ÓÉÓÔÅÍ. { ë.: îÁÕË. ÄÕÍËÁ, 1980.10. Blazhievskii L.F., Theor. Math. Phys. { 2001. { Vol. 126, ° 2. {P. 250{257.11. Blazhievskii L.F., Krynytskyi, Condens. Matter Phys. { 1998. {Vol. 1, ° 3(15). { P. 569{574.12. Darwin C.G., Phil. Mag. { 1920. { Vol. 39, ° 233. { P. 537{551.13. Gaida R.P., Kluhkovsky Yu.B., Tretyak V.I., Theor. Math. Phys. {1983. { Vol. 55, ° 1. { P. 372{384.14. Jones R.D., Phys. Rev. D { 1982. { Vol. 25, ° 2. { P. 591{592.15. Juttner F., Ann. der Phys. { 1911. { Vol. 34. { P. 856.16. Krizan J.E., Phys. Rev. D { 1982. { Vol. 25, ° 2. { P. 593{594.17. Krizan J.E., Havas P., Phys. Rev. { 1962. { Vol. 128, ° 6. { P. 2916.18. Mayer J., Goeppert Mayer M. Statistial Mehanis. { New York:Wiley, 1940.19. Nazarenko A., Int. J. Mod. Phys. A. { 2001. { Vol. 16, ° 30. {P. 4865{4889.



ðÒÅ�ÒÉÎÔÉ ¶ÎÓÔÉÔÕÔÕ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ îáî õËÒÁ§ÎÉÒÏÚ�Ï×ÓÀÄÖÕÀÔØÓÑ ÓÅÒÅÄ ÎÁÕËÏ×ÉÈ ÔÁ �ÎÆÏÒÍÁ��ÊÎÉÈ ÕÓÔÁÎÏ×. ÷ÏÎÉÔÁËÏÖ ÄÏÓÔÕ�Î� �Ï ÅÌÅËÔÒÏÎÎ�Ê ËÏÍ�'ÀÔÅÒÎ�Ê ÍÅÒÅÖ� ÎÁ WWW-ÓÅÒ-×ÅÒ� �ÎÓÔÉÔÕÔÕ ÚÁ ÁÄÒÅÓÏÀ http://www.imp.lviv.ua/The preprints of the Institute for Condensed Matter Physis of the Na-tional Aademy of Sienes of Ukraine are distributed to sienti� andinformational institutions. They also are available by omputer networkfrom Institute's WWW server (http://www.imp.lviv.ua/)

áÎÄÒ�Ê ÷ÏÌÏÄÉÍÉÒÏ×ÉÞ îÁÚÁÒÅÎËÏ�ÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§ ÒÅÌÑÔÉ×�ÓÔÉÞÎÏ§ ÓÉÓÔÅÍÉ ÚÁÒÑÄ�× ÕÎÁÂÌÉÖÅÎÎ� Ë�ÌØ�Å×ÉÈ Ä�ÑÇÒÁÍòÏÂÏÔÕ ÏÔÒÉÍÁÎÏ 12 ÇÒÕÄÎÑ 2002 Ò.úÁÔ×ÅÒÄÖÅÎÏ ÄÏ ÄÒÕËÕ ÷ÞÅÎÏÀ ÒÁÄÏÀ ¶æëó îáî õËÒÁ§ÎÉòÅËÏÍÅÎÄÏ×ÁÎÏ ÄÏ ÄÒÕËÕ ÓÅÍ�ÎÁÒÏÍ ×�ÄÄ�ÌÕ ÔÅÏÒ�§ ÍÅÔÁÌ�× � Ó�ÌÁ×�×÷ÉÇÏÔÏ×ÌÅÎÏ �ÒÉ ¶æëó îáî õËÒÁ§ÎÉ õÓ� �ÒÁ×Á ÚÁÓÔÅÒÅÖÅÎ�


