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õäë: 532; 537.221; 541.135PACS: 52.60.+h, 77.22.d, 77.22.ChóÔÁÔÉÓÔÉÞÎÉÊ ÏÐÉÓ Ä¦ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÎÅÐÏÌÑÒÎÉÈÍÏÌÅËÕÌÑÒÎÉÈ ÓÉÓÔÅÍí.æ.çÏÌÏ×ËÏ, à.ì.âÌÁÖÉ¤×ÓØËÉÊáÎÏÔÁÃ¦Ñ. òÏÚÇÌÑÄÁ¤ÔØÓÑ ÎÅÐÏÌÑÒÎÉÊ Ä¦ÅÌÅËÔÒÉË Õ ÚÏ×Î¦ÛÎØÏÍÕÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÍÕ ÐÏÌ¦. ïÔÒÉÍÁÎÁ ÆÏÒÍÕÌÁ ÄÌÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ-ÇÏ ¦ÎÔÅÇÒÁÌÁ Ä¦ÅÌÅËÔÒÉËÁ Ú ¦ÎÄÕËÏ×ÁÎÉÍÉ ÄÉÐÏÌØÎÉÍÉ ÍÏÍÅÎÔÁÍÉ,×ÚÁ¤ÍÏÄ¦Ñ ÑËÉÈ ÍÁ¤ ÏÓÃÉÌÑÔÏÒÎÉÊ ÈÁÒÁËÔÅÒ. ïÃ¦ÎÅÎÏ ×ÐÌÉ× ÄÁÌÅ-ËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ÎÁ ×ÅÌÉÞÉÎÕ ¦ÎÄÕËÏ×ÁÎÉÈ ÄÉÐÏÌØÎÉÈ ÍÏÍÅÎÔ¦×.òÏÚÒÁÈÏ×ÁÎÁ Ä¦ÅÌÅËÔÒÉÞÎÁ ÐÒÏÎÉËÎ¦ÓÔØ.Statistical description of dielectric properties of non-polar mo-lecular systemsM.F.Holovko, Yu.L.BlazhyevskyiAbstract. Non-polar dielectric in external electrostatic �elds is consid-ered. The expression for con�guration integral of dielectric with inductivedipole momentum is obtained. The interaction between dipole momen-tum has oscillate character. The in
uence of long-range interaction onquantity of inductive dipole momentum is valued. The dielectric permit-tivity is calculated.
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1 ðÒÅÐÒÉÎÔí¦ËÒÏÓËÏÐ¦ÞÎÁ ÓÔÁÔÉÓÔÉÞÎÁ ÔÅÏÒ¦Ñ ÐÏÌÑÒÉÚÁÃ¦§ ËÏÎÄÅÎÓÏ×ÁÎÉÈÓÉÓÔÅÍ, ÎÅÚ×ÁÖÁÀÞÉ ÎÁ ×ÅÌÉËÕ Ë¦ÌØË¦ÓÔØ ÐÒÁÃØ Õ Ã¦Ê ÇÁÌÕÚ¦, ÚÁÌÉ-ÛÁ¤ÔØÓÑ ÓËÌÁÄÎÏÀ ÐÒÏÂÌÅÍÏÀ. ðÏ×'ÑÚÁÎÏ ÃÅ Ú ÔÉÍ, ÝÏ Õ ÚÁÇÁÌØÎÏÍÕ×ÉÐÁÄËÕ ÔÅÏÒ¦Ñ ÎÅ Í¦ÓÔÉÔØ ÍÁÌÉÈ ÐÁÒÁÍÅÔÒ¦×, ÚÁ ÑËÉÍÉ ÍÏÖÎÁ ÂÕ-ÌÏ Â ÂÕÄÕ×ÁÔÉ ÐÅ×Î¦ ÒÑÄÉ ÄÌÑ ÏÂÞÉÓÌÅÎÎÑ ÛÕËÁÎÉÈ ×ÅÌÉÞÉÎ. ëÒ¦ÍÃØÏÇÏ ÑË Õ ÐÏÌÑÒÎÉÈ, ÔÁË ¦ × ÎÅÐÏÌÑÒÎÉÈ Ä¦ÅÌÅËÔÒÉËÁÈ ÓÕÔÔ¤×Õ ÒÏÌØ×¦Ä¦ÇÒÁ¤ ÄÉÐÏÌØÎÁ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÁ ×ÚÁ¤ÍÏÄ¦Ñ. ôÁË¦ ×ÚÁ¤ÍÏÄ¦§, ×ÚÁ-ÇÁÌ¦ ËÁÖÕÞÉ, ÍÁÀÔØ ÄÁÌÅËÏÓÑÖÎÉÊ ÈÁÒÁËÔÅÒ, ËÏÌÉ ÓÔÁÀÔØ ×ÁÖÌÉ-×ÉÍÉ ÅÆÅËÔÉ, ÐÏ×'ÑÚÁÎ¦ Ú ÏÄÎÏÞÁÓÎÉÍ Ú¦ÔËÎÅÎÑÍÉ Ã¦ÌÉÈ ËÏÍÐÌÅËÓ¦×ÞÁÓÔÉÎÏË.îÅÏÂÈ¦ÄÎ¦ÓÔØ ÓÕÍ¦ÓÎÏÇÏ ×ÒÁÈÕ×ÁÎÎÑ ËÏÒÏÔËÏÓÑÖÎÉÈ ¦ ÄÁÌÅËÏÓÑÖ-ÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ÕÓËÌÁÄÎÀ¤ ÚÁÄÁÞÕ. õ Ã¦Ê ÐÒÁÃ¦ ÍÉ ÒÏÚÇÌÑÎÅÍÏ ÎÅ-ÐÏÌÑÒÎÉÊ Ä¦ÅÌÅËÔÒÉË Õ ÚÏ×Î¦ÛÎØÏÍÕ ÎÅÏÄÎÏÒ¦ÄÎÏÍÕ ÅÌÅËÔÒÉÞÎÏÍÕÐÏÌ¦. ä¦ÅÌÅËÔÒÉÞÎÁ ÐÒÏÎÉËÎ¦ÓÔØ ÓÉÓÔÅÍÉ ÏÔÒÉÍÕ¤ÔØÓÑ ÆÕÎËÃ¦ÏÎÁÌØ-ÎÉÍ ÄÉÆÅÒÅÎÃ¦À×ÁÎÎÑÍ ÐÅ×ÎÏÇÏ Ô×¦ÒÎÏÇÏ ÆÕÎËÃ¦ÏÎÁÌÁ, ÑËÉÊ ÍÁ¤ ÈÁ-ÒÁËÔÅÒ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ Ä¦ÅÌÅËÔÒÉËÁ Ú ¦ÎÄÕËÏ×ÁÎÉÍÉ ÄÉÐÏÌØÎÉ-ÍÉ ÍÏÍÅÎÔÁÍÉ. ðÏÄ¦ÂÎ¦ ×ÉÒÁÚÉ ÄÌÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ×ÉËÏÒÉÓÔÏ-×ÕÀÔØÓÑ × "ÏÓÃÉÌÑÔÏÒÎÉÈ" ÍÏÄÅÌÑÈ [1-4], ËÏÌÉ ÞÁÓÔÉÎËÁÍ ÐÒÉÐÉÓÕ-ÀÔØ ×ÎÕÔÒ¦ÛÎ¦ ÆÌÕËÔÕÁÃ¦ÊÎ¦ ÓÔÕÐÅÎ¦ ×¦ÌØÎÏÓÔ¦. íÉ ÐÏËÁÖÅÍÏ ÔÕÔ,ÝÏ ÐÏÄ¦ÂÎÅ ÚÏÂÒÁÖÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÏÔÒÉÍÕ¤ÔØÓÑ ÐÒÉÒÏÄÎ¦ÍÞÉÎÏÍ. ëÏÎËÒÅÔÎ¦ ÒÏÚÒÁÈÕÎËÉ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ ÐÒÏ×ÅÄÅÎ¦Õ ÎÁÂÌÉÖÅÎÎ¦ ÄÒÕÇÏÇÏ ×¦Ò¦ÁÌØÎÏÇÏ ËÏÅÆ¦Ã¦¤ÎÔÁ. ïÓÔÁÎÎ¦Ê ÒÏÚÄ¦Ì ÐÒÉ-Ó×ÑÞÅÎÏ ×ÒÁÈÕ×ÁÎÎÀ ÅÆÅËÔ¦× ÄÁÌÅËÏÓÑÖÎÏÓÔ¦ ÐÒÉ ÏÂÞÉÓÌÅÎÎ¦ ¦ÎÄÕ-ËÏ×ÁÎÉÈ ÄÉÐÏÌØÎÉÈ ÍÏÍÅÎÔ¦×.ðÏËÁÚÁÎÏ,ÝÏ ÃÅ ÐÒÉ×ÏÄÉÔØ ÄÏ Ó×Ï¤Ò¦Ä-ÎÏÇÏ ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑ ÐÏÌÑÒÉÚÏ×ÁÎÏÓÔ¦ ÞÁÓÔÉÎËÉ, Á, ÏÔÖÅ, ¦ ÄÏ ÚÍ¦ÎÉÄ¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦.1. úÁÇÁÌØÎ¦ ÐÏÌÏÖÅÎÎÑòÏÚÇÌÑÎÅÍÏ ×ÉÈ¦ÄÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ, ÎÁ ÑËÉÈ ÂÁÚÕ¤ÔØÓÑ ÒÏÚÒÁ-ÈÕÎoË Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ × Í¦ËÒÏÓËÏÐ¦ÞÎ¦§ ÓÔÁÔÉÓÔÉÞÎ¦§ ÔÅ-ÏÒ¦§. îÅÈÁÊ Ä¦ÅÌÅËÔÒÉÞÎÅ ÓÅÒÅÄÏ×ÉÝÅ ÚÎÁÈÏÄÉÔØÓÑ × ÚÏ×Î¦ÛÎØÏÍÕÎÅÏÄÎÏÒ¦ÄÎÏÍÕ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÍÕ ÐÏÌ¦ Ú ÎÁÐÒÕÖÅÎ¦ÓÔÀ E0(r). ð¦ÄÄ¦¤À ÐÏÌÑ Ä¦ÅÌÅËÔÒÉË ÐÏÌÑÒÉÚÕ¤ÔØÓÑ, ¦ Õ ÓÉÓÔÅÍ¦ ×ÉÎÉËÁ¤ ÄÏÄÁÔËÏ×ÅÅÌÅËÔÒÏÓÔÁÔÉÞÎÅ ÐÏÌÅ Ú ÎÁÐÒÕÖÅÎ¦ÓÔÀ E¦ÎÄ(r). ÷ÅËÔÏÒÉ ÅÌÅËÔÒÏÓÔÁ-ÔÉÞÎÏ§ ¦ÎÄÕËÃ¦§ D(r), ÎÁÐÕÖÅÎÏÓÔ¦ ÐÏ×ÎÏÇÏ ÍÁËÒÏÓËÏÐ¦ÞÎÏÇÏ ÅÌÅËÔÒÏ-ÓÔÁÔÉÞÎÏÇÏ ÐÏÌÑ E0(r) + E¦ÎÄ(r) � E(r) ¦ ÐÏÌÑÒÉÚÁÃ¦§ P(r) ÐÏ×'ÑÚÁÎ¦ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍD(r) = E0(r) + E¦ÎÄ(r) + 4�P(r): (1.1)ú ÅÌÅÍÅÎÔÁÒÎÉÈ ÐÏÌÏÖÅÎØ ÅÌÅËÔÒÏÓÔÁÔÉËÉ ×ÉÐÌÉ×Á¤, ÝÏ E¦ÎÄ(r) ×É-
ICMP{97{15U 2ÒÁÖÁ¤ÔØÓÑ ÞÅÒÅÚ P(r). ñËÝÏ ÎÅ ×ÒÁÈÏ×Õ×ÁÔÉ ÐÏ×ÅÒÈÎÅ×ÉÈ ÅÆÅËÔ¦×(ÔÏÂÔÏ ÚÎÅÈÔÕ×ÁÔÉ ÐÏ×ÅÒÈÎÅ×ÉÍÉ ¦ÎÄÕËÏ×ÁÎÉÍÉ ÚÁÒÑÄÁÍÉ), ÔÏE¦ÎÄ(r) = �grad ZV d3 r0 �¦ÎÄ(r0)jr� r0j ; �¦ÎÄ(r0) = � divP(r);ÁÂÏ E�¦ÎÄ(r) = r�r r�r ZV d3r0 P �(r0)jr� r0j : (1.2)ôÕÔ ¦ ÄÁÌ¦ ÇÒÅÃØËÉÍÉ ÂÕË×ÁÍÉ ÐÏÚÎÁÞÁ¤ÍÏ ÐÒÏÅËÃ¦§ ×¦ÄÐÏ×¦ÄÎÉÈ×ÅËÔÏÒ¦× ÎÁ ÏÓ¦ ÄÅËÁÒÔÏ×Ï§ ÓÉÓÔÅÍÉ ËÏÏÒÄÉÎÁÔ. ñË Ú×ÉÞÁÊÎÏ, ÐÏ×ÔÏ-ÒÅÎÎÑ ÇÒÅÃØËÉÈ ¦ÎÄÅËÓ¦× ÏÚÎÁÞÁ¤ Ð¦ÄÓÕÍÏ×Õ×ÁÎÎÑ ÚÁ ÚÎÁÞÅÎÎÑÍÉ 1,2, 3 ÃØÏÇÏ ¦ÎÄÅËÓÕ. ÷ÒÁÈÏ×ÕÀÞÉ, ÝÏ r2 1r = �4��(r) (�(r) {ÄÅÌØÔÁ-ÆÕÎËÃ¦Ñ ä¦ÒÁËÁ), ÚÎÁÊÄÅÍÏ Ú(1.2)E�¦ÎÄ(r) = �4�3 P�(r) + ZV d3r0T� �(r� r0)P �(r0);T� �(r� r0) = 1jr� r0j3 [3n�n� � �� 1pt� ] ; n = r� r0jr� r0j ; (1.3)ÄÅ V {ÏÂ¤Í ÓÉÓÔÅÍÉ, �� �{ÏÄÉÎÉÞÎÉÊ ÔÅÎÚÏÒ. ä¦ÅÌÅËÔÒÉÞÎÁ ÐÒÏÎÉË-Î¦ÓÔØ " ××ÏÄÉÔØÓÑ ÑË ËÏÅÆ¦Ã¦¤ÎÔ ÐÒÏÐÏÒÃ¦ÊÎÏÓÔ¦ Í¦Ö ¦ÎÄÕËÃ¦¤À D ¦ÎÁÐÒÕÖÅÎ¦ÓÔÀ ÍÁËÒÏÓËÏÐ¦ÞÎÏÇÏ ÐÏÌÑ E, ¦ ¤ × ÚÁÇÁÌØÎÏÍÕ ×ÉÐÁÄËÕÔÅÎÚÏÒÏÍ ÄÒÕÇÏÇÏ ÒÁÎÇÕ. ñËÝÏ ÚÎÅÈÔÕ×ÁÔÉ ÅÆÅËÔÁÍÉ ÎÅÌÏËÁÌØÎÏÓÔ¦,ÔÏ Ú×ÑÚÏË Í¦Ö D(r) ¦ E(r) ÍÏÖÎÁ ×ÉÒÁÚÉÔÉ Õ ×ÉÇÌÑÄ¦D�(r) = "� � [r;E(r)] E�(r): (1.4)ôÏÄ¦ Ú (1.1) - (1.4) ÍÁÔÉÍÅÍÏ("� � � �� �) �E0 �(r)� 4�3 P �(r)++ ZV d3r0T � �(r� r0)P �(r0)35 = 4� P�(r): (1.5)úÁÐÉÓÁÎÁ ÆÏÒÍÕÌÁ ¤ ÒÅÚÕÌØÔÁÔÏÍ ÍÁËÒÏÓËÏÐ¦ÞÎÏ§ ÔÅÏÒ¦§, Õ ÑË¦Ê"� � ××ÁÖÁ¤ÔØÓÑ ÆÅÎÏÍÅÎÏÌÏÇ¦ÞÎÏÀ ×ÅÌÉÞÉÎÏÀ. äÌÑ §§ ×ÉÚÎÁÞÅÎÎÑ



3 ðÒÅÐÒÉÎÔÎÁ ÏÓÎÏ×¦ Í¦ËÒÏÓËÏÐ¦ÞÎÏ§ ÔÅÏÒ¦§ ÐÏÔÒ¦ÂÎÏ ÒÏÚÒÁÈÕ×ÁÔÉ ×ÅËÔÏÒ ÐÏÌÑ-ÒÉÚÁÃ¦§ P(r). ïÓÔÁÎÎ¦Ê ÍÁ¤ ÚÍ¦ÓÔ ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ ÇÕÓÔÉÎÉ ÅÌÅË-ÔÒÉÞÎÏÇÏ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕD(r) = NXj=1 �(r� rj)dj [E(rj)]; (1.6)ÄÅ dj{ÐÏ×ÎÉÊ (×ÌÁÓÎÉÊ ¦ ¦ÎÄÕËÏ×ÁÎÉÊ ÐÏÌÅÍ E(rj) Õ ÔÏÞÃ¦ rj) ÄÉ-ÐÏÌØÎÉÊ ÍÏÍÅÎÔ ÁÔÏÍÁ ÞÉ ÍÏÌÅËÕÌÉ, Á N - §È ÚÁÇÁÌØÎÅ ÞÉÓÌÏ. ôÁËÉÍÞÉÎÏÍ, P�(r) =< NXj=1 �(r� rj) d�j > : (1.7)óÉÍ×ÏÌ < � � � > ÏÚÎÁÞÁ¤ ÓÔÁÔÉÓÔÉÞÎÅ ÕÓÅÒÅÄÎÅÎÎÑ ÚÁ Ç¦ÂÂÓÏ×ÓØËÉÍÒÏÚÐÏÄ¦ÌÏÍ ÓÉÓÔÅÍÉ ÞÁÓÔÉÎÏË Õ ÚÏ×Î¦ÛÎØÏÍÕ ÐÏÌ¦ E0 (r).æÏÒÍÕÌÉ (1.5)-(1.7) ¤ ÄÏÓÉÔØ ÚÁÇÁÌØÎÉÍÉ. õ ÎÉÈ ×ÒÁÈÏ×ÁÎ¦, ÚÏ-ËÒÅÍÁ, ÅÆÅËÔÉ ÎÅÌ¦Î¦ÊÎÏ§ ÒÅÁËÃ¦§ ÓÅÒÅÄÏ×ÉÝÁ ÎÁ ÚÏ×Î¦ÛÎ¤ ÐÏÌÅ. îÁ-ÄÁÌ¦ ÍÉ ÂÕÄÅÍÏ Ã¦ËÁ×ÉÔÉÓØ ÌÉÛÅ Ì¦Î¦ÊÎÉÍ ÎÁÂÌÉÖÅÎÎÑÍ, ÐÒÉ ÑËÏÍÕP � E, ¦ " ÎÅ ÚÁÌÅÖÉÔØ ×¦Ä ÐÏÌÑ. ñËÝÏ ÝÅ ÏÂÍÅÖÉÔÉÓØ ÒÏÚÇÌÑÄÏÍÐÒÏÓÔÏÒÏ×ÏÏÄÎÏÒ¦ÄÎÉÈ ÓÅÒÅÄÏ×ÉÝ, ÔÏ ÐÏÔÒ¦ÂÎÏ ÐÏËÌÁÓÔÉ "� � = " �� � .ôÏÄ¦ ÆÏÒÍÕÌÁ (1.5) ÐÅÒÅÐÉÛÅÔØÓÑ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍ:("� 1) �E0�(r)� 4�3 P�(r)+ ZV d3r0T ��(r� r0)P �(r0)� = 4�P�(r): (1.8)õ ×ÉÐÁÄËÕ ÐÏÓÔ¦ÊÎÏÇÏ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ ×ÅËÔÏÒ ÐÏÌÑÒÉÚÁÃ¦§ P(r) =const. þÅÒÅÚ ÃÅ ¦ÎÔÅÇÒÁÌØÎÉÊ ÄÏÄÁÎÏË Õ (1.8) ÍÁÔÉÍÅ ×ÉÇÌÑÄP �Z d3xT� �(x) =P �Z d3x�3x�x�x5 � �� �x3 � : (1.9)ìÅÇËÏ ÐÅÒÅËÏÎÁÔÉÓØ, ÝÏ ÃÅÊ ¦ÎÔÅÇÒÁÌ ÄÏÒ¦×ÎÀ¤ ÎÕÌÅ×¦. ôÁËÉÍ ÞÉ-ÎÏÍ, ×ÉÒÁÚ ÄÌÑ " ÎÁÂÕ×Á¤ ÆÏÒÍÉ, ÐÏÄ¦ÂÎÏ§ ÄÏ ÆÏÒÍÕÌÉ ëÌÁÕÚ¦ÕÓÁ-íÏÓÓÏÔÔ¦: "� 1 = 4�P��E0 � 4�3 P� : (1.10)úÏËÒÅÍÁ, ÑËÝÏ P = NV ��+ d20=3��E0 (�{ÐÏÌÑÒÉÚÏ×ÁÎ¦ÓÔØ ÞÁÓÔÉÎËÉ,d0{§§ ÐÏÓÔ¦ÊÎÉÊ ÄÉÐÏÌØÎÉÊ ÍÏÍÅÎÔ, �{ÓÔÁÔÉÓÔÉÞÎÁ ÔÅÍÐÅÒÁÔÕÒÁ), ÔÏ(1.10) ÚÂ¦ÇÁ¤ÔØÓÑ Ú ÆÏÒÍÕÌÏÀ ëÌÁÕÚ¦ÕÓÁ-íÏÓÓÏÔÔ¦.
ICMP{97{15U 4æÏÒÍÕÌÕ (1.10) ÍÏÖÎÁ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ¦ Õ ×ÉÐÁÄËÕ ÎÅÏÄÎÏÒ¦Ä-ÎÏÇÏ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ. ðÒÉ ÃØÏÍÕ, ÏÄÎÁË, ÎÅ ×ÒÁÈÏ×ÕÀÔØÓÑ ÅÆÅËÔÉÐÒÏÓÔÏÒÏ×Ï§ ÄÉÓÐÅÒÓ¦§, ÑË¦ ÏÂÕÍÏ×ÌÅÎ¦ ÎÅÌÏËÁÌØÎÉÍ Ú×'ÑÚËÏÍ D ¦ E2. IÎÄÕËÏ×ÁÎÉÊ ÄÉÐÏÌØÎÉÊ ÍÏÍÅÎÔ.ïÂÍÅÖÉÍÏÓØ ÒÏÚÇÌÑÄÏÍ ÎÅÐÏÌÑÒÎÉÈ Ä¦ÅÌÅËÔÒÉË¦×, ÞÁÓÔÉÎËÉ ÑËÉÈÎÅ ÍÁÀÔØ ÐÏÓÔ¦ÊÎÏÇÏ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ.ðÒÉ ×ËÌÀÞÅÎÎ¦ ÚÏ×Î¦ÛÎØÏ-ÇÏ ÐÏÌÑ E0(r) × ÁÔÏÍÁ ÞÉ ÍÏÌÅËÕÌÉ ÐÏÑ×ÌÑ¤ÔØÓÑ ÄÉÐÏÌØÎÉÊ ÍÏÍÅÎÔd, ×ÅÌÉÞÉÎÁ ÑËÏÇÏ × Ì¦Î¦ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÐÒÏÐÏÒÃ¦ÊÎÁ ÄÏ ÎÁÐÒÕ-ÖÅÎÏÓÔ¦ ÌÏËÁÌØÎÏÇÏ ÐÏÌÑ × ÔÏÞÃ¦ ÚÎÁÈÏÄÖÅÎÎÑ ÄÉÐÏÌÑ. úÇ¦ÄÎÏ Ú ÔÅ-ÏÒ¦¤À ë¦ÒË×ÕÄÁ ÃÅ ÌÏËÁÌØÎÅ ÐÏÌÅ ¤ ÓÕÍÏÀ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ ¦ ÐÏÌÑÕÓ¦È ¦ÎÛÉÈ ÄÉÐÏÌ¦×. ôÁËÉÍ ÞÉÎÏÍ, ¦ÎÄÕËÏ×ÁÎÉÊ ÄÉÐÏÌØÎÉÊ ÍÏÍÅÎÔ×ÉÚÎÁÞÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀd�i = �0@E0�(ri) + Xj;(j 6=i)E�j (rj)1A : (2.1)ôÕÔ �{ÐÏÌÑÒÉÚÏ×ÁÎ¦ÓÔØ ÞÁÓÔÉÎËÉ, Á E�j (ri){ ÐÏÌÅ ¦ÎÄÕËÏ×ÁÎÏÇÏ j{ÔÏÇÏ ÄÉÐÏÌÑ × ÔÏÞÃ¦ rj . õ ÚÁÇÁÌØÎÏÍÕ ×ÉÐÁÄËÕ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÅ ÐÏ-ÌÅ ÄÉÐÏÌÑ Ú ËÏÏÒÄÉÎÁÔÏÀ rj ÚÏÂÒÁÖÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀ, ÐÏÄ¦ÂÎÏÀ ÄÏ(1.2),(1.3), Á ÓÁÍÅ:E�j (ri) = r�rr�r d�jjr� rj j = T� �(r� rj) d�j � 4�3 �(r� rj)d�j : (2.2)ð¦ÄÓÔÁ×É×ÛÉ (2.2) × (2.1), ÏÔÒÉÍÁ¤ÍÏ Ò¦×ÎÑÎÎÑ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÄÉ-ÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ. úÁÐÉÛÅÍÏ ÊÏÇÏ ÔÁË:Xj ��� �ij � �T � �ij � d�j = �E0�(rj); (2.3)ÁÂÏ × ÍÁÔÒÉÞÎ¦Ê ÆÏÒÍ¦:[I� �T] [d] = � �E0� : (2.4)ôÕÔ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑ�� �ij = �ij�� � ; T� �ij = T� �(rij) (1� �ij) :íÉ ÏÔÒÉÍÁÌÉ ÓÉÓÔÅÍÕ 3N (N{ÞÉÓÌÏ ÞÁÓÔÉÎÏË) Ì¦Î¦ÊÎÉÈ ÁÌÇÅ-ÂÒÁ§ÞÎÉÈ Ò¦×ÎÑÎØ Ú ËÏeÆ¦Ã¦¤ÎÔÁÍÉ, ÚÁÌÅÖÎÉÍÉ ×¦Ä ×¦ÄÄÁÌÅÊ Í¦Ö ÞÁ-ÓÔÉÎËÁÍÉ. âÕÄÅÍÏ ÒÏÚ×'ÑÚÕ×ÁÔÉ ÃÀ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ Õ ÒÏÚÄ¦Ì¦ 7 ÍÅ-ÔÏÄÏÍ ÐÏÓÌ¦ÄÏ×ÎÉÈ ÎÁÂÌÉÖÅÎØ. ôÕÔ ÖÅ ÐÏÄÁÍÏ ÌÉÛÅ ÆÏÒÍÁÌØÎÉÊ



5 ðÒÅÐÒÉÎÔÒÏÚ×'ÑÚÏË Õ ×ÉÇÌÑÄ¦ [d] = [I� �T]�1 � �E0� ;ÁÂÏ d�j =Xl B� �jl ��E0 �(rl)� ; (2.5)ÄÅ B� �jl {ÅÌÅÍÅÎÔÉ ÍÁÔÒÉÃ¦ [B], ÏÂÅÒÎÅÎÏ§ ÄÏ [I� �T] , ÔÏÂÔÏ[B] [I� �T] = [I] ;Xl B� �jl (�� �li � �T � �li ) = �ij�� � : (2.6)ú (2.5), (1.7) ÏÔÒÉÍÕ¤ÍÏ ÆÏÒÍÕÌÕ, ÑËÏÀ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÇÕÓÔÉÎÁ ÄÉ-ÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ÞÅÒÅÚ ÚÏ×Î¦ÛÎ¤ ÐÏÌÅ:D�(r) =Xj;l �(r� rj)B� �jl E0�(rl): (2.7)úÎÁÊÄÅÍÏ ÔÅÐÅÒ ×ÎÕÔÒ¦ÛÎ¤ Í¦ËÒÏÓËÏÐ¦ÞÎÅ ÐÏÌÅ EÍ¦ËÒ(r) , ÑËÅ ÐÏ-Ñ×ÌÑ¤ÔØÓÑ ×ÎÁÓÌ¦ÄÏË ÐÏÌÑÒÉÚÁÃ¦§. ÷ÏÎÏ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÑË ÓÕÍÁÒÎÅ ÐÏ-ÌÅ ×Ó¦È ÄÉÐÏÌ¦×. âÅÒÕÞÉ ÄÏ Õ×ÁÇÉ (2.2), ÏÔÒÉÍÁ¤ÍÏE�Í¦ËÒ(r) =Xj T��(r� rj)d�j � 4�3 Xj �(r� rj)d�j ; (2.8)ÄÅ T��(r � rj) ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú (1.3). ÷ÉËÏÒÉÓÔÁ×ÛÉ ×ÌÁÓÔÉ×ÏÓÔ¦ �{ÆÕÎËÃ¦§, ÎÅ×ÁÖËÏ ÐÏÂÁÞÉÔÉ, ÝÏ (2.8) ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦E�Í¦ËÒ(r) = �4�3 D�(r) + Z d3r0T� �(r� r0)D�(r0): (2.9)ôÁËÉÍ ÞÉÎÏÍ, Í¦ËÒÏÓËÏÐ¦ÞÎ¦ ÈÁÒÁËÔÅÒÉÓÔÉËÉ | ×ÎÕÔÒ¦ÛÎ¤ ÐÏÌÅEÍ¦ËÒ(r) ¦ ÇÕÓÔÉÎÁ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ D(r) | ÐÏ×'ÑÚÁÎ¦ Í¦Ö ÓÏÂÏÀÔÁËÉÍ ÖÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ, ÑË ¦ ÍÁËÒÏÓËÏÐ¦ÞÎÅ ¦ÎÄÕËÏ×ÁÎÅ ÐÏÌÅ Ú ÐÏ-ÌÑÒÉÚÁÃ¦¤À. ôÏÂÔÏ ÐÅÒÛÕ Ú ÆÏÒÍÕÌ (1.3) ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÕÓÅÒÅÄÎÅÎ-ÎÑÍ Í¦ËÒÏÓËÏÐ¦ÞÎÏÇÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (2.9), ÐÒÉÞÏÍÕ < EÍ¦ËÒ(r) >=E¦ÎÄ(r). úÁÕ×ÁÖÉÍÏ ÔÁËÏÖ, ÝÏ ÐÅÒÛÉÊ ÄÏÄÁÎÏË Õ (2.9) ÐÏÑ×ÌÑ¤ÔØÓÑ×ÎÁÓÌ¦ÄÏË ×ÒÁÈÕ×ÁÎÎÑ ÞÌÅÎÁ Ú �{ ÆÕÎËÃ¦¤À Õ ÆÏÒÍÕÌ¦ (2.2). õ Ò¦×-ÎÑÎ¦ Ö (2.3) ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ d�j ÃÅÊ ÞÌÅÎ ÎÅ ×ÒÁÈÏ×Õ¤ÔØÓÑ, ÏÓË¦ÌØËÉÄ×Á ÄÉÐÏÌ¦ ÎÅ ÍÏÖÕÔØ ÚÎÁÈÏÄÉÔÉÓØ × ÏÄÎ¦Ê ¦ Ô¦Ê ÖÅ ÔÏÞÃ¦.
ICMP{97{15U 6æÏÒÍÕÌÕ ÄÌÑ Í¦ËÒÏÓËÏÐ¦ÞÎÏÇÏ ÐÏÌÑ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ ÄÅÝÏ ¦ÎÁË-ÛÅ. ÷ÉËÏÒÉÓÔÁ×ÛÉ �{ ÆÕÎËÃ¦À ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (2.5), ÐÅÒÅÐÉÛÅÍÏÐÅÒÛÉÊ ÄÏÄÁÎÏË ÆÏÒÍÕÌÉ (2.8) Õ ×ÉÇÌÑÄ¦Xj T� �(r� rj)Xl B� �jl �E0 �(rl) == Z d3rs�(rs � r)Xj;l T� �sj B� �jl �E0�(rl): (2.10)ïÓË¦ÌØËÉ, ÑË ÃÅ ×ÉÄÎÏ Ú (2.6), � [T] [B] = [B]� [I], ÔÏ ¦ÎÔÅÇÒÁÌ (2.10)ÄÏÒ¦×ÎÀ¤ �E0�(r) + Z d3rs�(rs � r)Xl B� �sl E0 �(rl):÷ÉËÏÒÉÓÔÁ×ÛÉ ÃÅÊ ÒÅÚÕÌØÔÁÔ Õ (2.8), ÚÎÁÊÄÅÍÏE�Í¦ËÒ(r) +E0�(r) == �4�3 D�(r) + Z d3rs�(rs � r)Xl B� �sl E0 �(rl): (2.11)ñËÝÏ ÔÅÐÅÒ ¦ÎÔÅÇÒÁÌ ÚÁ rs ÚÁÍ¦ÎÉÔÉ ÓÕÍÏÀ ÚÇ¦ÄÎÏ Ú ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍZ d3rs (� � �) ! NV NXs=1 (� � �);¦ ×ÒÁÈÕ×ÁÔÉ (2.7), ÔÏ ÄÒÕÇÉÊ ÄÏÄÁÎÏË Õ ÐÒÁ×ÏÍÕ ÂÏÃ¦ ÆÏÒÍÕÌÉ (2.11)ÂÕÄÅ ÄÏÒ¦×ÎÀ×ÁÔÉ D�(r)V=N�. ð¦ÓÌÑ ÃØÏÇÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (2.11)ÍÏÖÎÁ ÐÅÒÅÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦:D�(r) = N�=V1� 4�N�=3V �E�Í¦ËÒ(r) +E0�(r)� : (2.12)úÁ ÚÏ×Î¦ÛÎØÏÀ ÆÏÒÍÏÀ ÃÅÊ ×ÉÒÁÚ ÐÏÄ¦ÂÎÉÊ ÄÏ ÆÏÒÍÕÌÉ ÄÌÑ ÍÁËÒÏ-ÓËÏÐ¦ÞÎÏ§ ÐÏÌÑÒÉÚÁÃ¦§, ÑËÁ ÏÔÒÉÍÕ¤ÔØÓÑ ÐÒÉ ÚÁÓÔÏÓÕ×ÁÎÎ¦ ÓÐ¦××¦ÄÎÏ-ÛÅÎÎÑ ìÏÒÅÎÃÁ ÄÌÑ ÅÆÅËÔÉ×ÎÏÇÏ Ä¦ÀÞÏÇÏ ÐÏÌÑ.õÓ¦ ÚÁÐÉÓÁÎÎ¦ ×ÉÝÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ×ÉËÏÎÕÀÔØÓÑ, ÑËÝÏ ÞÁÓÔÉÎ-ËÉ Ä¦ÅÌÅËÔÒÉËÁ × ÅÌÅËÔÒÉÞÎÏÍÕ ×¦ÄÎÏÛÅÎÎ¦ ¤ ¦ÚÏÔÒÏÐÎÉÍÉ. ÷ÚÁÇÁÌ¦ËÁÖÕÞÉ, ÔÁË ¤ ÄÌÑ ÁÔÏÍÁÒÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ. â¦ÌØÛ¦ÓÔØ ÎÅÐÏÌÑÒÎÉÈÍÏÌÅËÕÌ ¤ ÁÎ¦ÚÏÔÒÏÐÎÉÍÉ. ·È ÐÏÌÑÒÉÚÏ×ÁÎ¦ÓÔØ � ÍÁ¤ ÔÅÎÚÏÒÎÉÊ ÈÁ-ÒÁËÔÅÒ, ¦ ÐÏÐÅÒÅÄÎ¦ ÆÏÒÍÕÌÉ ÐÏÔÒ¦ÂÎÏ ÎÁÌÅÖÎÉÍ ÞÉÎÏÍ ÍÏÄÉÆ¦ËÕ-×ÁÔÉ. úÏËÒÅÍÁ, ÚÁÍ¦ÓÔØ (2.1) ÍÁÔÉÍÅÍÏd�i = �� �(!i)0@E0�(ri) + Xj;(j 6=i)E�j (ri)1A ;



7 ðÒÅÐÒÉÎÔÄÅ !i{ÓÕËÕÐÎ¦ÓÔØ ÔÒØÏÈ ÚÍ¦ÎÎÉÈ, ÑË¦ ÈÁÒÁËÔÅÒÉÚÕÀÔØ ÏÒ¦¤ÎÔÁÃ¦À ÍÏ-ÌÅËÕÌÉ Õ ÌÁÂÏÒÁÔÏÒÎ¦Ê ÓÉÓÔÅÍ¦ ×¦ÄÌ¦ËÕ. ò¦×ÎÑÎÎÑ (2.3) ÔÅÐÅÒ ÚÁÐÉ-ÛÅÔØÓÑ ÔÁË:Xj ��� �ij � �� �(!i)T � �ij � d�j = �� �(!i)E0 �(ri): (2.13)îÅ×ÁÖËÏ ÐÏÂÁÞÉÔÉ, ÝÏ ÐÒÉ ××ÅÄÅÎÎ¦ ÐÏÚÎÁÞÅÎØ�� �(!i)T � �ij = � ~T� �ij (!i);�� �(!i)E0 �(ri) = � ~E0�(ri; !i) (2.14)ÃÅ Ò¦×ÎÑÎÎÑ ÎÁÂÅÒÅ ×ÉÇÌÑÄÕ (2.3). ú×¦ÄÓÉ ÏÞÅ×ÉÄÎÏ, ÝÏ ÄÌÑ ÁÎ¦ÚÏ-ÔÒÏÐÎÉÈ ÍÏÌÅËÕÌ × ÕÓ¦È ÐÏÄÁÌØÛÉÈ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÈ ÔÅÏÒ¦§ ÄÏÓÔÁÔ-ÎØÏ ÚÁÍ¦ÎÉÔÉ T;E0 ÎÁ~T; ~E0, ÏÚÎÁÞÅÎÉÈ ÚÇ¦ÄÎÏ (2.14). ïÄÎÁË, ÏÐÅÒÁÃ¦ÑÓÔÁÔÉÓÔÉÞÎÏÇÏ ÕÓÅÒÅÄÎÅÎÎÑ, ÑËÅ ÂÕÄÅ ÐÒÏ×ÏÄÉÔÉÓØ ÎÉÖÞÅ, Õ ×ÉÐÁÄ-ËÕ ÁÎ¦ÚÏÔÒÏÐ¦§ ÚÎÁÞÎÏ ÕÓËÌÁÄÎÀ¤ÔØÓÑ. ôÏÍÕ ÞÁÓÔÏ ËÏÒÉÓÔÕÀÔØÓÑ ÎÁ-ÂÌÉÖÅÎÎÉÍ Ð¦ÄÈÏÄÏÍ, ÑËÉÊ ÐÏÌÑÇÁ¤ × ÕÓÅÒÅÄÎÅÎÎ¦ ÏÒ¦¤ÎÔÁÃ¦§ ËÏÖÎÏ§ÍÏÌÅËÕÌÉ ×¦ÄÎÏÓÎÏ ÎÁÐÒÑÍËÕ ÐÏÌÑ. åÆÅËÔÉ×ÎÏ ÃÅ Ú×ÏÄÉÔØÓÑ ÄÏ ÔÏÇÏ[5], ÝÏ × ÕÓ¦È ÓÐ¦××¦ÄÎÏÛÅÎÎÑÈ ÔÅÏÒ¦§ ÍÎÏÖÎÉË � ÐÏÔÒ¦ÂÎÏ ÚÁÍ¦ÎÉÔÉÎÁ 13 (�1 + �2 + �3) : (2.15)ÄÅ �1; �2; �3{ÇÏÌÏ×Î¦ ÐÏÌÑÒÉÚÏ×ÁÎÏÓÔ¦ ÍÏÌÅËÕÌÉ.3. ô×¦ÒÎÉÊ ÆÕÎËÃ¦ÏÎÁÌ ÄÌÑ ×ÅËÔÏÒÁ ÐÏÌÑÒÉÚÁÃ¦§.ñË ×ÉÄÎÏ Ú (1.5)-(1.8), ÏÂÞÉÓÌÅÎÎÑ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ ÎÁÏÓÎÏ×¦ Í¦ËÒÏÓËÏÐ¦ÞÎÏ§ ÔÅÏÒ¦§ Ú×ÏÄÉÔØÓÑ ÄÏ ÕÓÅÒÅÄÎÅÎÎÑ ÇÕÓÔÉÎÉ ÅÌÅË-ÔÒÉÞÎÏÇÏ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ D(r). ïÓË¦ÌØËÉ × Ì¦Î¦ÊÎÏÍÕ ÎÁÂÌÉ-ÖÅÎÎ¦ D � E0, ÔÏ ÃÅ ÕÓÅÒÅÄÎÅÎÎÑ ÍÏÖÎÁ ×ÉËÏÎÁÔÉ Ú ÄÏÐÏÍÏÇÏÀ ÒÏÚ-ÐÏÄ¦ÌÕ ç¦ÂÂÓÁ ÓÉÓÔÅÍÉ ÞÁÓÔÉÎÏË ÐÒÉ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ.ôÏÂÔÏ ×ÅËÔÏÒ ÐÏÌÑÒÉÚÁÃ¦§ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍP(r) = 1~QN Z d3NrV N D(r) e���0(r1;:::rN ); (3.1)ÄÅ �0(r1; : : : rN ){ÅÎÅÒÇ¦Ñ ×ÚÁ¤ÍÏÄ¦§ ÞÁÓÔÉÎÏË ÐÒÉ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦Û-ÎØÏÇÏ ÐÏÌÑ, ��1 = kT{ÓÔÁÔÉÓÔÉÞÎÁ ÔÅÍÐÅÒÁÔÕÒÁ,~QN = Z d3NrV N e���0(r1;:::rN ) (3.2)
ICMP{97{15U 8{ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÉÊ ¦ÎÔÅÇÒÁÌ ÓÉÓÔÅÍÉ. ÷ÉËÏÒÉÓÔÁ×ÛÉ (2.7), ÏÔÒÉÍÁ¤ÍÏP�(r) == 1~QN Z d3NrV N Xj;l �(r� rj)B� �jl �E0 �(rl)e���0(r1;:::rN ): (3.3)ïÂÞÉÓÌÅÎÎÑ ÃØÏÇÏ ¦ÎÔÅÇÒÁÌÁ ÓËÌÁÄÎÅ. ÷ÉÚÎÁÞÁÀÞÉ B� �jl Ú (2.6)ÍÅÔÏÄÏÍ ÐÏÓÌ¦ÄÏ×ÎÉÈ ÎÁÂÌÉÖÅÎØ, ÍÏÖÎÁ ÐÏËÁÚÁÔÉ, ÝÏ ÍÎÏÖÎÉË ÐÅ-ÒÅÄ ÅËÓÐÏÎÅÎÔÏÀ × Ð¦Ä¦ÎÔÅÇÒÁÌØÎÏÍÕ ×ÉÒÁÚ¦ ÚÏÂÒÁÚÉÔØÓÑ Õ ×ÉÇÌÑÄ¦ÂÅÚÍÅÖÎÏÇÏ ÒÑÄÕ, ÞÌÅÎÁÍÉ ÑËÏÇÏ ¤ ÆÕÎËÃ¦§ ÕÎÁÒÎÏÇÏ, Â¦ÎÁÒÎÏÇÏ, ÔÅÒ-ÎÁÒÎÏÇÏ ¦ Ô.Ä. ÔÉÐÕ.ýÏÂ ×ÉËÏÎÁÔÉ ÕÓÅÒÅÄÎÅÎÎÑ, ÐÏÔÒ¦ÂÎÏ ÚÎÁÔÉ ×¦Ä-ÐÏ×¦ÄÎ¦ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ. ÷ ËÌÁÓÉÞÎÉÈ ÐÒÁÃÑÈ ë¦ÒË×ÕÄÁ Ú ÃØÏÇÏÒÑÄÕ ×ÒÁÈÏ×ÕÀÔØÓÑ ÐÅÒÛ¦ Ä×Á ÁÂÏ ÔÒÉ ÞÌÅÎÉ [5].÷ ÏÓÔÁÎÎØÏÍÕ ×É-ÐÁÄËÕ ÄÌÑ ÔÒØÏÈÞÁÓÔÉÎËÏ×Ï§ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÏÓØÓÕÐÅÒÐÏÚÉÃ¦ÊÎÅ ÎÁÂÌÉÖÅÎÎÑ. ÷ÅÒÔÈÁÊÍ [6] ÐÒÏ×¦× ÁÎÁÌ¦Ú ÃØÏÇÏ ÒÑÄÕÎÁ ÏÓÎÏ×¦ Ä¦ÁÇÒÁÍÎÏ§ ÔÅÈÎ¦ËÉ ¦ ÐÏËÁÚÁ×, ÝÏ " ×ÉÒÁÖÁ¤ÔØÓÑ ÞÅÒÅÚ ÄÅÑ-ËÉÊ ÐÁÒÁÍÅÔÒ, ÑËÉÊ ÄÌÑ ÓÉÓÔÅÍÉ Ô×ÅÒÄÉÈ ÓÆÅÒ ¤ ÒÏÚ×'ÑÚËÏÍ ÐÅ×ÎÏÇÏÔÒÁÎÓÃÅÎÄÅÎÔÎÏÇÏ Ò¦×ÎÑÎÎÑ.íÉ ÒÏÚÇÌÑÎÅÍÏ ÔÕÔ ÄÅÝÏ ¦ÎÛÉÊ ÛÌÑÈ ÚÎÁÈÏÄÖÅÎÎÑ P(r). ÷¦ÎÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ÒÏÚÒÁÈÕÎËÏ×¦ ÐÅ×ÎÏÇÏ Ô×¦ÒÎÏÇÏ ÆÕÎËÃ¦ÏÎÁÌÕ ÄÌÑ ×ÅË-ÔÏÒÁ ÐÏÌÑÒÉÚÁÃ¦§. ÷ÉËÏÒÉÓÔÁ¤ÍÏ ÄÌÑ ÃØÏÇÏ ÆÕÎËÃ¦ÏÎÁÌØÎÅ ÓÐ¦××¦ÄÎÏ-ÛÅÎÎÑ��'(r) expXj F (ri)'(rj) =Xj �(r� rj)F (rj) expXj F (rj)'(rj):îÅ×ÁÖËÏ ÐÏÂÁÞÉÔÉ, ÝÏ24Xj;l �(r� rj)B� �jl �E0 �(rl)35 exp24�2 Xj;l �E0 �(rj)B� �jl E0 �(rl)35== 1� ��E0�(r) exp24�2 Xj;l �E0 �(rj)B� �jl E0 �(rl)35 :ðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ ÃÀ Ò¦×Î¦ÓÓÔØ, ÂÁÞÉÍÏ, ÝÏ ÆÏÒÍÕÌÕ (3.3)ÍÏÖÎÁ ÐÅÒÅÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦P�(r) = 1� ~QN �QN�E0�(r) ; (3.4)ÄÅ QN = Z d3NrV N e���(r1;:::rN ); (3.5)



9 ðÒÅÐÒÉÎÔ�(r1 : : : rN ) = �0(r1 : : : rN )� 12�Xj;l E0 �(rj)B� �jl E0 �(rl): (3.6)ïÓË¦ÌØË¦ QN ÎÅ Í¦ÓÔÉÔØ Ì¦Î¦ÊÎÉÈ ÚÁ E0 ÞÌÅÎ¦×, ÔÏ × (3.4) ~QN ÍÏÖÎÁÚÁÍ¦ÎÉÔÉ ÎÁ QN . ôÁËÉÍ ÞÉÎÏÍ,P�(r) = 1� 1QN �QN�E0�(r) = 1� � lnQN�E0�(r) : (3.7)ðÒÉ ÃØÏÍÕ Ð¦ÓÌÑ ÏÂÞÉÓÌÅÎÎÑ ÆÕÎËÃ¦ÏÎÁÌØÎÏ§ ÐÏÈ¦ÄÎÏ§ × (3.7) ÐÏÔÒ¦Â-ÎÏ ÚÁÌÉÛÉÔÉ ÌÉÛÅ Ì¦Î¦ÊÎ¦ ÚÁ E0 ×ÎÅÓËÉ. QN ¤ Ô×¦ÒÎÉÍ ÆÕÎËÃ¦ÏÎÁÌÏÍÄÌÑ ×ÅËÔÏÒÁ ÐÏÌÑÒÉÚÁÃ¦¦§. ñË ×ÉÄÎÏ Ú (3.5), (3.6), ÃÅÊ ÆÕÎËÃ¦ÏÎÁÌ ÍÁ¤ÚÍ¦ÓÔ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏÇÏ ¦ÎÔÅÇÒÁÌÁ ÄÌÑ ÓÉÓÔÅÍÉ ÎÅÊÔÒÁÌØÎÉÈ ÞÁÓÔÉ-ÎÏË Õ ÚÏ×Î¦ÛÎØÏÍÕ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÍÕ ÐÏÌ¦. óÐÒÁ×Ä¦, ÐÒÉ ×ËÌÀÞÅÎ¦ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ E0(r) ÅÌÅËÔÒÏÓÔÁÔÉÞÎÁ ÅÎÅÒÇ¦Ñ ÓÉÓÔÅÍÉ ÚÍ¦ÎÀ¤ÔØ-ÓÑ ÎÁ ×ÅÌÉÞÉÎÕ�12Xj;l d�j T� �il d�l �Xj d�jE0�(rj) + 12Xj �E2(rj): (3.8)ôÕÔ ÐÅÒÛÉÊ ÄÏÄÁÎÏË ÏÐÉÓÕ¤ ÅÎÅÒÇ¦À ×ÚÁ¤ÍÏÄ¦§ ¦ÎÄÕËÏ×ÁÎÉÈ ÄÉÐÏÌ¦×Í¦Ö ÓÏÂÏÀ, Á ÄÒÕÇÉÊ | ÅÎÅÒÇ¦À §È ×ÚÁ¤ÍÏÄ¦§ Ú ÚÏ×Î¦ÛÎ¦Í ÐÏÌÅÍ.ôÒÅÔ¦Ê ÄÏÄÁÎÏË ÈÁÒÁËÔÅÒÉÚÕ¤ ÚÍ¦ÎÕ ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÅÎÅÒÇ¦§ ÞÁÓÔÉÎËÉÐ¦Ä Ä¦¤À ÌÏËÁÌØÎÏÇÏ ÐÏÌÑ [7]. ãÅÊ ÄÏÄÁÎÏË ÍÏÖÎÁ ÐÅÒÅÐÉÓÁÔÉ Õ ×É-ÇÌÑÄ¦ 12Xj d�j (E0�(rj) +Xl T � �jl d�l) :ïÔÖÅ, ÄÏÄÁÔËÏ×Á ÐÏÔÅÎÃ¦ÁÌØÎÁ ÅÎÅÒÇ¦Ñ ÓÉÓÔÅÍÉ ÄÏÒ¦×ÎÀ¤�12Xj d�jE0�(rj): (3.9)ð¦ÄÓÔÁ×É×ÛÉ ÚÁÍ¦ÓÔØ d�j ÊÏÇÏ ÚÎÁÞÅÎÎÑ Ú (2.5), ÂÁÞÉÍÏ, ÝÏ (3.9)ÓÐÒÁ×Ä¦ ÚÂ¦ÇÁ¤ÔØÓÑ Ú ÄÒÕÇÉÍ ÄÏÄÁÎËÏÍ ÆÏÒÍÕÌÉ (3.6).ôÁËÉÍ ÞÉÎÏÍ, ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ×ÅËÔÏÒÁ ÐÏÌÑÒÉÚÁÃ¦§ ÐÏÔÒ¦ÂÎÏ ÒÏ-ÚÒÁÈÕ×ÁÔÉ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÉÊ ¦ÎÔÅÇÒÁÌ ÓÉÓÔÅÍÉ ÐÒÉ ÎÁÑ×ÎÏÓÔ¦ ÚÏ×Î¦Û-ÎØÏÇÏ ÐÏÌÑ.4. ëÏÎÆ¦ÇÕÒÁÃ¦ÊÎÉÊ ¦ÎÔÅÇÒÁÌ ÎÅÐÏÌÑÒÎÏÇÏ Ä¦ÅÌÅË-ÔÒÉËÁ.æÏÒÍÕÌÉ (3.5), (3.6), ÑËÉÍÉ ×ÉÚÎÁÞÁ¤ÔØÓÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÉÊ ¦Î-ÔÅÇÒÁÌ ÎÅÐÏÌÑÒÎÏÇÏ Ä¦ÅÌÅËÔÒÉËÁ × ÚÏ×Î¦ÛÎØÏÍÕ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏ-
ICMP{97{15U 10ÍÕ ÐÏÌ¦, ÄÅÝÏ ÎÅÚÒÕÞÎ¦, ÏÓË¦ÌØËÉ ÐÏÔÅÎÃ¦ÁÌØÎÁ ÅÎÅÒÇ¦Ñ �(r1 : : : rN )×ÉÒÁÖÁ¤ÔØÓÑ ÞÅÒÅÚ ÎÅ×¦ÄÏÍÕ ×ÅÌÉÞÉÎÕ B� �jl . äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ Ñ×ÎÏ-ÇÏ ×ÉÇÌÑÄÕ B� �jl ÐÏÔÒ¦ÂÎÏ ÒÏÚ×'ÑÚÁÔÉ ÓËÌÁÄÎÕ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ (2.3)ÞÉ (2.6). ïÄÎÁË, ÒÏÚ×'ÑÚÕ×ÁÎÎÑ ÃÉÈ Ò¦×ÎÑÎØ ÍÏÖÎÁ ÕÎÉËÎÕÔÉ, ÑËÝÏ ÕÆÏÒÍÕÌ¦ ÄÌÑ QN ××ÅÓÔÉ ÄÅÑË¦ ÄÏÄÁÔËÏ×¦ ¦ÎÔÅÇÒÕ×ÁÎÎÑ. ÷ÉËÏÒÉÓÔÁ¤ÍÏÄÌÑ ÃØÏÇÏ ÇÁÕÓÓ¦×ÓØËÅ ÐÅÒÅÔ×ÏÒÅÎÎÑ+1Z�1 dx e�( 12ax2+cx) = �2�a �1=2 e� 12 c2a2 :äÌÑ ÂÁÇÁÔØÏÈ ÚÍ¦ÎÎÉÈ ÃÅ ÐÅÒÅÔ×ÏÒÅÎÎÑ ÍÁ¤ ×ÉÇÌÑÄZ dx1 : : : dxn exp8<:�12Xi;j aijxixj +Xi cixi9=; == � (2�)Ndet jaij j�1=2 exp8<:12Xi;j a�1ij cicj9=; ;ÄÅ aij{ÅÌÅÍÅÎÔÉ ÓÉÍÅÔÒÉÞÎÏ§ ÍÁÔÒÉÃ¦ [a] ; a�1ij {ÅÌÅÍÅÎÔÉ ÏÂÅÒÎÅÎÏ§ÍÁÔÒÉÃ¦ [a]�1;ÔÏÂÔÏ Xj aija�1jl = �il:óÔÏÓÏ×ÎÏ ÄÏ ÎÁÛÏÇÏ ×ÉÐÁÄËÕ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉexp8<:�2 Xj;l �B� �jl E0�(rj)E0 �(rl)9=; == ��2�3N=2 hdet ����B�1�� �jl ��� i1=2 Z d3x1 : : : d3xN (4.1)exp8<:�� 2412Xj;l �B�1�� �jl x�j x�l +p�Xj x�jE0�(rj)359=; :úÇ¦ÄÎÏ Ú (2.6) ÍÁÔÒÉÃÀ [B]�1 ÍÏÖÎÁ ÚÁÍ¦ÎÉÔÉ ÍÁÔÒÉÃÅÀ [I� �T].ñËÝÏ ÝÅ ÚÒÏÂÉÔÉ ÚÁÍ¦ÎÕ ÚÍ¦ÎÎÉÈ x = p=p�, ÔÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (4.1)ÎÁÂÅÒÅ ×ÉÇÌÑÄÕexp8<:�2 Xj;l �B� �jl E0 �(rj)E0 �(rl)9=; =



11 ðÒÅÐÒÉÎÔ= � �2���3N=2 [det jI� �Tj ]1=2 Z d3Np (4.2)exp8<:�� 2412Xj p2j� +Xj �pjE0(r)�+ 12Xj 6=l T � �il p�j p�l 359=; :÷ÉËÏÒÉÓÔÁ×ÛÉ ÃÀ ÆÏÒÍÕÌÕ × (3.5), ÏÔÒÉÍÁ¤ÍÏQN = Z d�Ne��(�0+�0);d�N = 1V N � �2���3N=2D1=2N d3Np d3Nr;DN = det ���ij�� � � �T � �ij �� ; (4.3)�0 =Xj p2j2� �Xj �pjE0(rj)��12Xj 6=l T ��il p�j p�l :ú×ÅÒÎÅÍÏ Õ×ÁÇÕ, ÝÏ ÏÓÔÁÎÎÑ ÆÏÒÍÕÌÁ ÔÕÔ ¦ÄÅÎÔÉÞÎÁ (3.8) ( Ú (2.1)×ÉÄÎÏ, ÝÏ ÔÒÅÔ¦Ê ÄÏÄÁÎÏË Õ (3.8) ÍÏÖÎÁ ÐÏÄÁÔÉ ÑË ÓÕÍÕ ÏÄÎÏÞÁÓÔÉÎ-ËÏ×ÉÈ ÞÌÅÎ¦× d2j=2�). ôÏÂÔÏ �0 ÍÁ¤ ÚÍ¦ÓÔ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏ§ ÅÎÅÒÇ¦§¦ÎÄÕËÏ×ÁÎÉÈ ÄÉÐÏÌ¦×. ðÒÉÞÏÍÕ ÐÅÒÛÉÊ ÄÏÄÁÎÏË ¤ ×ÌÁÓÎÏÀ ÅÎÅÒÇ¦¤À,Á Ä×Á ¦ÎÛÉÈ | ÅÎÅÒÇ¦¤À ×ÚÁ¤ÍÏÄ¦§.úÎÁÊÄÅÎÁ ÆÏÒÍÕÌÁ ÄÌÑ QN ÚÁ Ó×Ï§Í ÚÏ×Î¦ÛÎ¦Í ×ÉÇÌÑÄÏÍ ÂÌÉÚØ-Ë¦ ÄÏ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏÇÏ ¦ÎÔÅÇÒÁÌÁ ÐÏÌÑÒÎÏÇÏ Ä¦ÅÌÅËÔÒÉËÁ. óÐÒÁ×-Ä¦, ÐÒÏÓÔÏÒÏ×Å ÐÏÌÏÖÅÎÎÑ ÄÉÐÏÌÑ ÍÏÖÎÁ ÏÐÉÓÁÔÉ ÚÁÄÁÎÎÑÍ ÚÁÍ¦ÓÔØËÕÔ¦× åÊÌÅÒÁ ÊÏÇÏ ÐÒÏÅËÃ¦Ê ÎÁ ÏÓ¦ ËÏÏÒÄÉÎÁÔÎÏ§ ÓÉÓÔÅÍÉ. ðÒÉ ÃØÏÍÕÏÂÌÁÓÔØ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ ÐÒÏÅËÃ¦ÑÍÉ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÕÍÏ×ÏÀ jpij � p0 i,ÄÅ p0 i{ ×ÅÌÉÞÉÎÁ ÐÏÓÔ¦ÊÎÏÇÏ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ. ëÒ¦Í ÔÏÇÏ, Õ ×É-ÒÁÚ¦ ÄÌÑ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏ§ ÅÎÅÒÇ¦§ ÎÅÍÁ ×ÌÁÁÓÎÏÅÎÅÒÇÅÔÉÞÎÏÇÏ ÄÏÄÁÎ-ËÕ. ôÁËÉÍ ÞÉÎÏÍ, ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÉÊ ¦ÎÔÅÇÒÁÌ ÐÏÌÑÒÎÏÇÏ Ä¦ÅÌÅËÔÒÉËÁ( ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ¦ÎÄÕËÏ×ÁÎÉÈ Õ ÎØÏÍÕ ÄÉÐÏÌØÎÉÈ ÍÏÍÅÎÔ¦×) ÍÏÖÎÁÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦QN = Z d3NrV N Z d3Np exp f�� (�0 +�00(r;p)g;�00(r;p) = �Xj �pjE0(rj)�� 12Xj 6=l T��jl p�j p�l : (4.4)æÁËÔÉÞÎÏ ÆÏÒÍÕÌÉ (4.3), (4.4) ×¦ÄÒ¦ÚÎÑÀÔØÓÑ ×ÌÁÓÎÏÅÎÅÒÇÅÔÉÞÎÉÍÉÞÌÅÎÁÍÉ ¦ Í¦ÒÏÀ ¦ÎÔÅÇÒÕ×ÁÎÎÑ Õ ÄÉÐÏÌØÎÏÍÕ ÐÒÏÓÔÏÒ¦: Õ (4.4) ×ÏÎÁÓË¦ÎÞÅÎÎÁ, ÔÏÄ¦ ÑË Õ (4.3) ÂÅÚÍÅÖÎÁ, ÐÒÉÞÏÍÕ §§ ÇÕÓÔÉÎÁ ÐÒÏÐÏÒÃ¦Ê-ÎÁ ÄÏ D1=2N . ÷¦ÄÚÎÁÞÉÍÏ ÔÁËÏÖ, ÝÏ Õ ÇÒÁÎÉÞÎÏÍÕ ×ÉÐÁÄËÕ � ! 0 Ú
ICMP{97{15U 12(4.3) ÏÔÒÉÍÕ¤ÔØÓÑ Ú×ÉÞÁÊÎÉÊ ×ÉÒÁÚ ÄÌÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏÇÏ ¦ÎÔÅÇÒÁÌÁÄ¦ÅÌÅËÔÒÉËÁ ÐÒÉ ×¦ÄÓÕÔÎÏÓÔ¦ ÐÏÌÑ. ãÅ ×ÉÄÎÏ Ú ÔÏÇÏ, ÝÏ ÐÒÉ �! 0� �2���3=2 exp �� p2j2�!! �(pj); DN ! 1:ôÏÄ¦ �{ÆÕÎËÃ¦Ñ ÚÎ¦ÍÁ¤ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁ pj , ¦ Ú (4.3) ÏÔÒÉÍÕ¤ÍÏ (3.2).óÐ¦××¦ÄÎÏÛÅÎÎÑ (4.3) ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ ÝÅ ¦ÎÁËÛÅ. ÷ÉËÏÒÉÓÔÁ¤ÍÏÄÌÑ ÃØÏÇÏ ÆÏÒÍÕÌÕ, ÑËÁ ×ÉËÏÎÕ¤ÔØÓÑ ÄÌÑ ×ÉÚÎÁÞÎÉËÁ ÂÅÚÍÅÖÎÏÇÏÐÏÒÑÄËÕ:det [I+A] = exp Sp ln�I+ ^A� == exp8<:Xa Aaa � 12Xa;b AabAba + 13Xabc AabAbcAca : : :9=; ; (4.5)ÄÅ ^A{ÏÐÅÒÁÔÏÒ, ÑËÉÊ ÓÐ¦×ÓÔÁ×ÌÑ¤ÔØÓÑ ÍÁÔÒÉÃ¦ [A] ; Aab{ÍÁÔÒÉÞÎ¦ÅÌÅÍÅÎÔÉ, Sp ÏÚÎÁÞÁ¤ ÓÕÍÕ Ä¦ÁÇÏÎÁÌØÎÉÈ ÅÌÅÍÅÎÔ¦×.õ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦Ê ÇÒÁÎÉÃ¦ N ! 1. ôÏÍÕ ÆÏÒÍÕÌÕ (4.5) ÍÏÖÎÁÚÁÓÔÏÓÏ×Õ×ÁÔÉ ÄÌÑ ÏÂÞÉÓÌÅÎÎÑ DN . ïÓË¦ÌØËÉ Ä¦ÁÇÏÎÁÌØÎ¦ ÅÌÅÍÅÎÔÉÍÁÔÒÉÃ¦ [T], ÑË ×ÉÄÎÏ Ú (2.4), ÄÏÒ¦×ÎÀÀÔØ ÎÕÌÅ×¦, ÔÏ ÍÁÔÉÍÅÍÏDN = exp8<:��22 Xi 6=j T� �ij T � �ji � �33 Xi 6=j 6=l T� �ij T � �jl T � �li � � � �9=;: (4.6)ïÂÍÅÖÉÍÏÓØ ×ÒÁÈÕ×ÁÎÎÑÍ ÌÉÛÅ Ë×ÁÄÒÁÔÉÞÎÏÇÏ ÚÁ � ÄÏÄÁÎËÁ. íÁ-ÔÒÉÃÑ [T] ÓÉÍÅÔÒÉÞÎÁ. âÅÒÕÞÉ ÄÏ Õ×ÁÇÉ (1.3), ÂÁÞÉÍÏ, ÝÏT ��T � � = 1r6 (3n�n� + �� �) ; T��T � � = 6=r6:ôÁËÉÍ ÞÉÎÏÍ, ÍÏÖÅÍÏ ÚÁÐÉÓÁÔÉDN � exp8<:�3Xj 6=l �2jrj � rlj69=; : (4.7)ôÅÐÅÒ ÆÏÒÍÕÌÁ (4.3) ÎÁÂÉÒÁ¤ ×ÉÇÌÑÄÕQN = Z d
Ne�(�0+�0+~�);d
 = 1V N � �2���3N=2 d3Np d3Nr; (4.8)~� = 32�Xj 6=l �2r6jl :



13 ðÒÅÐÒÉÎÔïÓÔÁÎÎ¦Ê ×ÉÒÁÚ ÍÁ¤ ×ÉÇÌÑÄ ÅÎÅÒÇ¦§ ×ÁÎ-ÄÅÒ-×ÁÁÌØÓ¦×ÓØËÏ§ ×ÚÁ¤ÍÏÄ¦§.ïÓË¦ÌØËÉ ×ÚÁ¤ÍÏÄ¦Ñ ÷ÁÎ-ÄÅÒ-÷ÁÁÌØÓÁ, ÑËÁ ÚÁ×ÖÄÉ Í¦ÓÔÉÔØÓÑ Õ ×É-ÒÁÚ¦ ÄÌÑ �0, ÏÐÉÓÕ¤ ÐÒÉÔÑÇÁÎÎÑ, Á ~� > 0, ÔÏ ×ÎÁÓÌ¦ÄÏË ÐÏÌÑÒÉÚÁÃ¦§ ÃÑ×ÚÁ¤ÍÏÄ¦Ñ ÐÏÓÌÁÂÌÀ¤ÔØÓÑ. ãÉÍ ×ÉÚÎÁÞÁ¤ÔØÓÑ Æ¦ÚÉÞÎÉÊ ÚÍ¦ÓÔ ×ÁÇÏ×Ï-ÇÏ ÍÎÏÖÎÉËÁ D1=2N , ÑËÉÊ Õ (4.3) ÐÒÉÐÉÓÕ¤ÔØÓÑ Ò¦ÚÎÉÍ ËÏÎÆ¦ÇÕÒÁÃ¦ÑÍÞÁÓÔÉÎÏË.5. îÁÂÌÉÖÅÎÎÑ ÄÒÕÇÏÇÏ ×¦Ò¦ÁÌØÎÏÇÏ ËÏÅÆ¦Ã¦¤ÎÔÁ.îÁÍ ÐÏÔÒ¦ÂÎÏ ÔÅÐÅÒ ÏÂÞÉÓÌÉÔÉ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÉÊ ¦ÎÔÅÇÒÁÌ (4.3).ñË ×¦ÄÏÍÏ [8], ÄÌÑ ÓÉÓÔÅÍ Ú ËÏÒÏÔËÏÓÑÖÎÏÀ ×ÚÁ¤ÍÏÄ¦¤À (Á ×ÚÁ¤ÍÏÄ¦Ñ�0 ¤ ËÏÒÏÔËÏÓÑÖÎÏÀ ) ÎÁÊÂ¦ÌØÛ ÐÒÏÓÔÉÍ ÓÐÏÓÏÂÏÍ ÒÏÚÒÁÈÕÎËÕ QN ¤ÍÁÊ¤Ò¦×ÓØË¦ ÇÒÕÐÏ×¦ ÒÏÚ×ÉÎÅÎÎÑ. õ ÃØÏÍÕ ÍÅÔÏÄ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ×Å-ÌÉÞÉÎÉ ÚÁÐÉÓÕÀÔØÓÑ Õ ×ÉÇÌÑÄ¦ ÒÑÄ¦×, ÐÏÓÌ¦ÄÏ×Î¦ ÄÏÄÁÎËÉ ÑËÉÈ ×ÒÁÈÏ-×ÕÀÔØ ÝÏÒÁÚ Â¦ÌØÛ¦ ÇÒÕÐÉ ÞÁÓÔÉÎÏË, ÝÏ ÏÄÎÏÞÁÓÎÏ ×ÚÁ¤ÍÏÄ¦ÀÔØ Í¦ÖÓÏÂÏÀ. ã¦ ÒÑÄÉ ¤ ÒÏÚ×ÉÎÅÎÎÑÍÉ ÚÁ ÓÔÅÐÅÎÑÍÉ ÇÕÓÔÉÎÉ ÞÁÓÔÉÎÏË. ôÏ-ÍÕ ÐÒÉ ÍÁÌÉÈ ÇÕÓÔÉÎÁÈ ÍÏÖÎÁ ÂÒÁÔÉ ÄÏ Õ×ÁÇÉ ÌÉÛÅ ÄÅË¦ÌØËÁ ÐÅÒÛÉÈÄÏÄÁÎË¦×. çÏÌÏ×ÎÉÊ Ú ÎÉÈ ¤ Ä×ÏÞÁÓÔÉÎËÏ×ÉÍ ÇÒÕÐÏ×ÉÍ ¦ÎÔÅÇÒÁÌÏÍ ¦ÚÂ¦ÇÁ¤ÔØÓÑ Ú ÄÒÕÇÉÍ ×¦Ò¦ÁÌØÎÉÍ ËÏ¤Æ¦Ã¦¤ÎÔÏÍ. õ ÔÁËÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ÄÌÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏÇÏ ¦ÎÔÅÇÒÁÌÁ (3.2) ÏÔÒÉÍÕ¤ÍÏ ÆÏÒÍÕÌÕ~QN = Z d3NrV N exp8<:��2 Xj 6=l �0jl9=; �� exp N22 Z d3r1 d3r2V 2 �e���012 � 1�: (5.1)äÉÐÏÌØÎÁ ×ÚÁ¤ÍÏÄ¦Ñ ÐÒÏÐÏÒÃ¦ÊÎÁ ÄÏ 1=r3. ôÁË¦ ×ÚÁ¤ÍÏÄ¦§ ÎÅ ¤ ËÏÒÏÔ-ËÏÓÑÖÎÉÍÉ, ¦ × ÚÁÇÁÌØÎÏÍÕ ×ÉÐÁÄËÕ ÄÒÕÇÉÊ ×¦Ò¦ÁÌØÎÉÊ ËÏÅÆ¦Ã¦¤ÎÔÌÏÇÁÒÉÆÍ¦ÞÎÏ ÒÏÚÂ¦ÇÁ¤ÔØÓÑ. äÉÐÏÌØÎÁ ×ÚÁ¤ÍÏÄ¦Ñ ¤ ×ÉÎÑÔËÏÍ. ÷ÎÁ-ÓÌ¦ÄÏË §§ ÓÐÅÃÉÆ¦ÞÎÏÇÏ ÔÅÎÚÏÒÎÏÇÏ ÈÁÒÁËÔÅÒÕ ¦ÎÔÅÇÒÁÌ ×¦Ä Ì¦Î¦ÊÎÏ-ÇÏ ÚÁ ×ÚÁ¤ÍÏÄ¦¤À ÄÏÄÁÎËÁ × (5.1) ÍÏÖÎÁ ÚÁÓÔÏÓÏ×Õ×ÁÔÉ ¦ ÐÒÉ ÎÁÑ×-ÎÏÓÔ¦ ÄÉÐÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ¦§. ïÄÎÁË ÓÔÏÓÏ×ÎÏ ÄÏ ÎÁÛÏÇÏ ×ÉÐÁÄËÕ ÓÐ¦×-×¦ÄÎÏÛÅÎÎÑ (5.1) ÐÏÔÒ¦ÂÎÏ ÄÅÝÏ ÍÏÄÉÆ¦ËÕ×ÁÔÉ. ðÏ×'ÑÚÁÎÅ ÃÅ Ú ÔÉÍ,ÝÏ × ¦ÎÔÅÇÒÁÌÁÈ (4.4) ÁÂÏ (4.8) ËÒ¦Í ÞÌÅÎ¦× ×ÚÁ¤ÍÏÄ¦§ Í¦ÓÔÑÔØÓÑ ÔÁ-ËÏÖ ÏÄÎÏÞÁÓÔÉÎËÏ×¦ ÄÏÄÁÎËÉ - ×ÌÁÓÎÁ ÅÎÅÒÇ¦Ñ ÄÉÐÏÌÑ ¦ ÅÎÅÒÇ¦Ñ ÊÏÇÏ×ÚÁ¤ÍÏÄ¦§ Ú ÐÏÌÅÍ. ðÏÑÓÎÉÍÏ ÃÅ ÎÁ ÐÒÉËÌÁÄ¦ ÍÏÄÅÌØÎÏ§ ÓÉÓÔÅÍÉ ÚÅÎÅÒÇ¦¤À H =Xj H0(xj) + 12Xj 6=l H 0(jxj � xlj):
ICMP{97{15U 14IÎÔÅÇÒÁÌ ÓÔÁÎÕ ÓÉÓÔÅÍÉZN = Z d3Nx e��H (5.2)ÍÏÖÎÁ ÐÏÄÁÔÉ Õ ×ÉÇÌÑÄ¦ZN = �Z01�N < exp8<:�12Xj 6=l H 0(jxj � xlj)9=; >N ; (5.3)ÄÅ ××ÅÄÅÎ¦ ÐÏÚÎÁÞÅÎÎÑ:< (� � �) >N= Z d3NxwN (x1; : : : ;xN ) (� � �) ; (5.4)Z01 = Z d3x e��H0(x);ws(x1; : : : ;xs) = 1(Z01 )s exp8<:�12 sXj=1H0(xj)9=; : (5.5)ðÏ×ÅÒÎÅÍÏÓØ ÔÅÐÅÒ ÄÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (5.1), ÐÅÒÅÐÉÓÁ×ÛÉ ÊÏÇÏ ÔÁË:< exp8<:�12Xj 6=l �jl9=; >0N= exp N22 �< e���12 >02 �1	 ; (5.6)ÄÅ ÓÉÍ×ÏÌ < (� � �) >0s ÏÚÎÁÞÁ¤ ÕÓÅÒÅÄÎÅÎÎÑ s{ ÞÁÓÔÉÎËÏ×ÏÇÏ ËÏÍÐÌÅË-ÓÕ ÚÁ Ò¦×ÎÏÍ¦ÒÎÉÍ ÒÏÚÐÏÄ¦ÌÏÍ, ÔÏÂÔÏ ÕÓÅÒÅÄÎÅÎÎÑ Ú ÆÕÎËÃ¦¤À ÒÏÚ-ÐÏÄ¦ÌÕ 1=V s.ôÁËÉÍ ÞÉÎÏÍ, ÆÏÒÍÕÌÁ (5.6) ×ÉÒÁÖÁ¤ < (� � �) >0N ÞÅÒÅÚ Ä×ÏÞÁ-ÓÔÉÎËÏ×Å < (� � �) >02. ÷ÉÒÁÚ (5.4) ÔÁËÏÖ ÍÁ¤ ×ÉÇÌÑÄ N{ ÞÁÓÔÉÎËÏ-×ÏÇÏ ÓÅÒÅÄÎØÏÇÏ, ÁÌÅ ÕÓÅÒÅÄÎÅÎÑ ÐÒÏ×ÏÄÉÔØÓÑ Ú ÆÕÎËÃ¦¤À ÒÏÚÐÏÄ¦ÌÕwN (x1; : : : ;xN ) Ú (5.5). ïÞÅ×ÉÄÎÏ, ÝÏ ÃÅ ÓÅÒÅÄÎ¤ ÁÎÁÌÏÇ¦ÞÎÏ Ú (5.6)ÍÏÖÎÁ ×ÉÒÁÚÉÔÉ ÞÅÒÅÚ ×¦ÄÐÏ×¦ÄÎÅ Ä×ÏÞÁÓÔÉÎËÏ×Å ÓÅÒÅÄÎ¤.íÁÔÉÍÅÍÏZN�(Z1)Nexp N22 �Z d3x1d3x2 w2(x1;x2) e��H0(jx1�x2j) �1� :âÅÒÕÞÉ ÄÏ Õ×ÁÇÉ Ñ×ÎÉÊ ×ÉÇÌÑÄ ÆÕÎËÃ¦§ w2(x1;x2), ÂÁÞÉÍÏ, ÝÏ ÏÓÔÁÎ-Î¤ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍ :ZN � �Z01�N exp N22 nZ2.�Z01�2 � 1o ; (5.7)



15 ðÒÅÐÒÉÎÔÄÅ Z2 ÍÁ¤ ÚÍ¦ÓÔ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ¦ÎÔÅÇÒÁÌÕ ÓÔÁÎÕ.æÏÒÍÕÌÁ (4.3) ÍÁ¤ ÔÁËÕ Ö ÓÔÒÕËÔÕÒÕ, ÑË ¦ (5.2). òÏÌØ H ×¦Ä¦ÇÒÁ¤×ÚÁ¤ÍÏÄ¦Ñ �0 + �0, ÚÍ¦ÎÎÁ x = (r;p). ÷¦ÄÍ¦ÎÎ¦ÓÔØ ÐÏÌÑÇÁ¤ × ÔÏ-ÍÕ, ÝÏ × (4.3) ¤ ÄÏÄÁÔËÏ×ÉÊ ÍÎÏÖÎÉË �� �2���3N DN�1=2 1V N . êÏÇÏÍÏÖÎÁ ×¦ÄÎÅÓÔÉ ÄÏ ÅÌÅÍÅÎÔÕ ÏÂ'¤ÍÕ ÐÒÏÓÔÏÒÕ ÚÍ¦ÎÎÉÈ (r;p), ÐÒÉÞÏ-ÍÕ ÄÌÑ ÏÄÎ¦¤§ ÞÁÓÔÉÎËÉ D1 = 1. ïÔÖÅ, QN ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ×É-ÇÌÑÄ¦,ÐÏÄ¦ÂÎÏÍÕ ÄÏ (5.7). ïÔÒÉÍÁ¤ÍÏ:QN = �Q01�N exp N22 nQ2.�Q01�2 � 1o ; (5.8)ÄÅ ××ÅÄÅÎÅ ÐÏÚÎÁÞÅÎÎÑ:Q01 = � �2���(3=2) 1V Z d3p d3r0 exp��� � p22� � �pE0(r)��� ; (5.9)Q2 = � �2���3=2 1V 2 Z d3p1d3p2d3r1d3r2D1=22 e���012 � (5.10)� exp��� �p21 + p222� � �p1E0(r1)�� �p2E0(r2)�� T� �12 p�1p�2���012 = �0(r1 � r2); T��12 = T � �(r1 � r2):áÎÁÌÏÇ¦ÞÎ¦ ÆÏÒÍÕÌÉ ÍÏÖÎÁ ÎÁÐÉÓÁÔÉ ¦ ÄÌÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏÇÏ ¦ÎÔÅ-ÇÒÁÌÕ (4.8), Á ÓÁÍÅ:QN = �Q01�N exp N22 n �Q2.�Q01�2 � 1o ; (5.11)�Q2=� �2���3=21V 2Z d3p1d3p2 d3r1d3r2 exp��� ��012 + 3�2�r612���� exp��� �p21 + p222� � �p1E0(r1)�� �p2E0(r2)�� T� �12 p�1p�2�� :÷ ÏÔÒÉÍÁÎÉÈ ÆÏÒÍÕÌÁÈ ÔÅÐÅÒ ÍÏÖÎÁ ×ÉËÏÎÁÔÉ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÚÁÄÉÐÏÌØÎÉÍÉ ÍÏÍÅÎÔÁÍÉ. IÎÔÅÇÒÁÌÉ ÇÁÕÓÓ¦×ÓØË¦. äÌÑ Q01 ÏÔÒÉÍÁ¤ÍÏQ01 = Z d3r0V exp �12�� �E0(r0)�2� : (5.12)ðÏÄ×¦ÊÎÉÊ ¦ÎÔÅÇÒÁÌ ÚÁ p1;p2 Õ ÆÏÒÍÕÌÁÈ (5.10),(5.11) Â¦ÌØÛ ÓËÌÁÄ-ÎÉÊ. òÅÚÕÌØÔÁÔ ÊÏÇÏ ÏÂÞÉÓÌÅÎÎÑ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦�2��� �3D�1=22 exp 2412�� 2Xj;l=1B� �jl E0�(r1)E0�(r2)35 ; (5.13)
ICMP{97{15U 16ÄÅ B� �11 = B� �22 = `jj� �1� ��T jj�2 + `?� �1� (�T?)2 � B� � ;B� �12 = B� �21 = `jj� � �T jj1� ��T jj�2 + `?� � �T?1� (�T?)2 ;� �B� � ; (5.14)T jj = 2r3 ; T? = � 1r3 ; r = jr1 � r2j ; (5.15)`jj� � = n�n� ; `?� � = �� � � n�n� ; n = r=r: (5.16)õ ÃÉÈ ÆÏÒÍÕÌÁÈ ×ÅÌÉÞÉÎÉ `jj� � ¦ `?� � ¤ ÐÏ×ÚÄÏ×ÖÎ¦Ê ¦ ÐÏÐÅÒÅÞÎÉÊ ÔÅÎ-ÚÏÒÉ Ú ×ÌÁÓÔÉ×ÏÓÔÑÍÉ`s� �`s0� � = �ss0`s� � ; s = jj;?; (5.17)Á ×ÅÌÉÞÉÎÉ T jj ¦T?{ÐÏ×ÚÄÏ×ÖÎØÏÀ ¦ ÐÏÐÅÒÅÞÎÏÀ ÓËÌÁÄÏ×ÉÍÉ ÔÅÎÚÏÒÁT� � (1.3), ÔÏÂÔÏ T�� = `jj� �T jj + `?� �T?: (5.18)÷ÉËÏÒÉÓÔÁ×ÛÉ (5.13) Õ (5.10), ÂÁÞÉÍÏ, ÝÏ ×ÉÚÎÁÞÎÉËÉ D2 ÓËÏÒÏ-ÞÕÀÔØÓÑ, ¦ ÄÌÑ Q2 ÚÎÁÈÏÄÉÍÏ ÎÁÓÔÕÐÎÕ ÆÏÒÍÕÌÕ:Q2 = Z d3r1d3r2V 2 e���12+�U ;U = �2B� � �E0�(r1)E0�(r1) +E0�(r2)E0�(r2)�+ (5.19)+� �B� �E0�(r1)E0�(r2);ÄÅ B� � �B� � ×ÉÚÎÁÞÁÀÔØÓÑ ÚÇ¦ÄÎÏ Ú (5.14).ðÒÉ Ð¦ÄÓÔÁ×ÌÅÎÎ¦ (5.13) Õ ÆÏÒÍÕÌÕ (5.11) D�1=22 ÚÁÌÉÛÁ¤ÔØÓÑ.æÏÒÍÕÌÁ ÄÌÑ �Q2 ÍÁÔÉÍÅ ×ÉÇÌÑÄ (5.19) Ú Ô¦¤À ×¦ÄÍ¦ÎÎ¦ÓÔÀ, ÝÏ × Ð¦Ä¦Î-ÔÅÇÒÁÌØÎÏÍÕ ×ÉÒÁÚ¦ ÐÏÑ×ÉÔØÓÑ ÄÏÄÁÔËÏ×ÉÊ ÍÎÏÖÎÉËD�1=22 exp ��3�2r612 � : (5.20)ïÄÎÁË, ×¦Î ÍÁÌÏ ×¦ÄÒ¦ÚÎÑ¤ÔØÓÑ ×¦Ä ÏÄÉÎÉÃ¦. óÐÒÁ×Ä¦, ÐÒÏ×¦×ÛÉ ÎÅ-ÏÂÈ¦ÄÎ¦ ÒÏÚÒÁÈÕÎËÉ, ÍÏÖÎÁ ÐÏËÁÚÁÔÉ, ÝÏ ×ÉÚÎÁÞÎÉË ÛÏÓÔÏÇÏ ÐÏÒÑÄ-ËÕ D2 ×ÉÒÁÖÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀD2 = �1� 4 �2r612��1� �2r612�2 :



17 ðÒÅÐÒÉÎÔïÓË¦ÌØËÉ �=r3 < 1, ÔÏ Ú ÔÏÞÎ¦ÓÔÀ ÄÏ � �r3 �2 ×ËÌÀÞÎÏ D�1=22 �1+ 3�2=r612. ïÔÖÅ, ÂÁÞÉÍÏ, ÝÏ ×ÉÒÁÚ (5.20) ÄÏÒ¦×ÎÀ¤ 1+O ��4=r12�.ôÁËÉÍ ÞÉÎÏÍ, Ð¦Ä¦ÎÔÅÇÒÁÌØÎ¦ ÆÕÎËÃ¦§ Õ ÆÏÒÍÕÌÁÈ ÄÌÑ Q2 � �Q2 ×¦ÄÒ¦Ú-ÎÑÀÔØÓÑ ÌÉÛÅ ÞÌÅÎÏÍ ÞÅÔ×ÅÒÔÏÇÏ ÐÏÒÑÄËÕ ÍÁÌÏÓÔ¦ ÚÁ ÐÁÒÁÍÅÔÒÏÍ�=r312.úÒÏÂÉÍÏ ÝÅ ÏÄÎÅ ÚÁÕ×ÁÖÅÎÎÑ. ñË ÎÅ×ÁÖËÏ ÐÏÂÁÞÉÔÉ Ú ÒÅÚÕÌØ-ÔÁÔ¦× ÔÒÅÔØÏÇÏ ÒÏÚÄ¦ÌÕ, ÆÕÎËÃ¦ÏÎÁÌØÎÁ ÐÏÈ¦ÄÎÁ ×¦Ä ÆÕÎËÃ¦§ Õ ÐÏËÁÚ-ÎÉËÕ ÅËÓÐÏÎÅÎÔÉ Ð¦Ä¦ÎÔÅÇÒÁÌØÎÏÇÏ ×ÉÒÁÚÕ ÆÏÒÍÕÌÉ (3.5) ×ÉÚÎÁÞÁ¤ÇÕÓÔÉÎÕ ÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ÓÉÓÔÅÍÉ D�(r). ÷ÉËÏÎÁ×ÛÉ ÔÁËÅ ÄÉÆÅ-ÒÅÎÃ¦À×ÁÎÎÑ ÐÏËÁÚÎÉËÁ ÅËÓÐÏÎÅÎÔÉ × (5.19), ÚÎÁÊÄÅÍÏD�(r) = �(r� r1)� �B� �E0�(r1) + �B� �E0�(r2)�+ (5.21)+ �(r� r2)� �B� �E0�(r2) + �B��E0�(r1)� :íÎÏÖÎÉËÉ Â¦ÌÑ �{ÆÕÎËÃ¦§ ¤ ¦ÎÄÕËÏ×ÁÎÉÍ ÄÉÐÏÌØÎÉÍ ÍÏÍÅÎÔÁÍÉÄÌÑ ÓÉÓÔÅÍÉ Ú Ä×ÏÈ ÞÁÓÔÉÎÏË. ã¦ ×ÉÒÁÚÉ ÚÂ¦ÇÁ¤ÔØÓÑ Ú ÔÉÍÉ, ÝÏ ÏÔÒÉ-ÍÕÀÔØÓÑ ÐÒÉ ÂÅÚÐÏÓÅÒÅÄÎØÏÍÕ ÒÏÚ×'ÑÚÕ×ÁÎÎ¦ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ (2.3)ÄÌÑ Ä×ÏÈ ÞÁÓÔÉÎÏË. úÏËÒÅÍÁ, Õ ×ÉÐÁÄËÕ ÐÏÓÔ¦ÊÎÏÇÏ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏ-ÌÑ E0(r1) = E0(r2) = E0 Ú ÃÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ ×ÉÄÎÏ, ÝÏ ¦ÎÄÕËÏ×ÁÎÉÊÄÉÐÏÌØÎÉÊ ÍÏÍÅÎÔ ×ÉÒÁÖÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀd = �� E01� �T?++ n �nE0� ��1� �T jj��1 + �1� �T?��1�� : (5.22)÷ÚÑ×ÛÉ ÄÏ Õ×ÁÇÉ (5.15), (5.16), ÃÀ ÆÏÒÍÕÌÕ ÍÏÖÎÁ ÚÏÂÒÁÚÉÔÉ Õ ×É-ÇÌÑÄ¦ d� = ��jj`jj� � + �?`?� ��E0� ; (5.23)�jj = �1� 2��r3 ; �? = �1 + ��r3 : (5.24)ôÁËÉÍ ÞÉÎÏÍ, ÐÏÌÑÒÉÚÏ×ÁÎ¦ÓÔØ ÓÉÓÔÅÍÉ ��jj; �?� ÐÏ×'ÑÚÁÎÁ Ú ÐÏÌÑ-ÒÉÚÏ×ÁÎ¦ÓÔÀ ÏÄÎ¦¤§ ÞÁÓÔÉÎËÉ (�). ðÒÉ ÃØÏÍÕ �jj ÈÁÒÁËÔÅÒÉÚÕ¤ ÐÏÌÑ-ÒÉÚÏ×ÁÎ¦ÓÔØ ×ÚÄÏ×Ö Ì¦Î¦§ Í¦Ö ÃÅÎÔÒÁÍÉ Ä×ÏÈ ÄÉÐÏÌ¦×, Á �?{ÐÅÒÐÅÎ-ÄÉËÕÌÑÒÎÏ ÄÏ Ã¦¤§ Ì¦Î¦§. ÷¦ÄÍ¦ÔÉÍÏ, ÝÏ ÆÏÒÍÕÌÁ (5.24) ÄÌÑ �jj ¦�?ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ Ë×ÁÎÔÏ×ÏÍÅÈÁÎ¦ÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ [5].6. ðÏÌÑÒÉÚÁÃ¦Ñ ¦ Ä¦ÅÌÅËÔÒÉÞÎÁ ÐÒÏÎÉËÎ¦ÓÔØ.÷ÉËÏÒÉÓÔÁ¤ÍÏ ÔÅÐÅÒ ÏÔÒÉÍÁÎ¦ ×ÉÝÅ ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑÄ¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦. úÇ¦ÄÎÏ Ú (3.7) ÔÁ (5.8) ×ÅËÔÏÒ ÐÏÌÑÒÉÚÁÃ¦§
ICMP{97{15U 18×ÉÚÎÁÞÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀP(r) = N� "1�N Q2(Q01)2# 1Q01 �Q01�E0(r) + N22� (Q01)2 �Q2�E0(r) : (6.1)ðÒÉ ÏÂÞÉÓÌÅÎÎ¦ ÆÕÎËÃ¦ÏÎÁÌØÎÉÈ ÐÏÈ¦ÄÎÉÈ ÚÁ E0(r) ÄÏÓÔÁÔÎØÏ ÏÂ-ÍÅÖÉÔÉÓØ Ì¦Î¦ÊÎÉÍ ÎÁÂÌÉÖÅÎÎÑÍ. ôÏÄ¦, ÑË ×ÉÄÎÏ Ú (5.12), (5.19),ÍÏÖÎÁ ÐÏËÌÁÓÔÉ�Q2�E0�(r) = 2��V 2 Z d3r0e���0(r�r0)���B� �(r� r0)E0�(r) + �B� �(r� r0)E0�(r0)	 ;�Q01�E0�(r) = ��V E0�(r); Q01 = 1:ð¦ÄÓÔÁ×É×ÛÉ Ã¦ ×ÉÒÁÚÉ Õ ÆÏÒÍÕÌÕ (6.1), ÚÎÁÊÄÅÍÏP�(r) = NV � �1� NV 2 Z d3r0 d3r00e���0(r0�r00)�E0�(r) ++ N2V 2 � Z d3r0e���0(r�r0) � (6.2)� �B� �(r� r0)E0�(r) + �B� �(r� r0)E0�(r0)	 :ãÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÍÏÖÎÁ ÐÅÒÅÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦P�(r) =NV ����� � + NV Z d3x e���0(x) (B� �(x)� �� �)�E0�(r) ++NV Z d3x e���0(x) �B� �(x)E0 �(r� x)� : (6.3)ïÔÒÉÍÁÎÁ ÆÏÒÍÕÌÁ ÚÎÁÞÎÏ ÓÐÒÏÝÕ¤ÔØÓÑ ÐÒÉ ÎÅÈÔÕ×ÁÎ¦ ÅÆÅËÔÁÍÉ ÎÅ-ÌÏËÁÌØÎÏÓÔ¦ (ËÏÌÉ × ÏÓÔÁÎÎØÏÍÕ ÄÏÄÁÎËÕ ÍÏÖÎÁ ÐÏËÌÁÓÔÉ E0�(r �x) � E0�(r)), ÁÂÏ Õ ×ÉÐÁÄËÕ ÐÏÓÔ¦ÊÎÏÇÏ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ. ñËÝÏ ×ÒÁ-ÈÕ×ÁÔÉ ÏÞÅ×ÉÄÎÕ Ò¦×Î¦ÓÔØZ d3xx�x� (: : : jxj : : :) = 13�� � Z d3xx2 (: : : jxj : : :) ;



19 ðÒÅÐÒÉÎÔÔÏ ÎÅ×ÁÖËÏ ÐÏËÁÚÁÔÉ, ÝÏ × ÃÉÈ ××ÉÐÁÄËÁÈ ×ÅËÔÏÒ ÐÏÌÑÒÉÚÁÃ¦§ ×ÉÒÁ-ÖÁ¤ÔØÓÑ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍ:P (r) = NV ��1 + NV Z d3xe���0(x)�� �13 �Bjj + �Bjj�+ 23 �B? + �B?�� 1��E0(r);ÄÅ Bs; �Bs{ ËÏÅÆ¦Ã¦¤ÎÔÉ Â¦ÌÑ ÔÅÎÚÏÒ¦× `s� � (s = jj;?) Õ ÆÏÒÍÕÌÁÈ(5.14). ÷ÚÑ×ÛÉ ÄÏ Õ×ÁÇÉ Ñ×ÎÉÊ ×ÉÇÌÑÄ ÃÉÈ ËÏÅÆ¦Ã¦¤ÎÔ¦×, ÏÔÒÉÍÁ¤ÍÏP (r) = NV �0E0(r); (6.4)�0 = �n1 ++ 2NV Z d3xe���0(x) �x6 h�1� 2 �x3��1 + �x3�i�1� : (6.5)ôÅÐÅÒ ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ ÄÏÓÉÔØ Ð¦Ä-ÓÔÁ×ÉÔÉ (6.4) Õ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (1.10). íÁÔÉÍÅÍÏ"� 1 = 3�01� �0 ; �0 = 4�N3V �0 (6.6)ôÁËÉÍ ÞÉÎÏÍ, ÄÌÑ ÎÅÐÏÌÑÒÎÏÇÏ Ä¦ÅÌÅËÔÒÉËÁ ÍÉ ÏÔÒÉÍÁÌÉ ÆÏÒ-ÍÕÌÕ ëÌÁÕÚ¦ÕÓÁ-íÏÓÓÏÔÔ¦, Õ ÑË¦Ê, ÏÄÎÁË, Æ¦ÇÕÒÕ¤ ÐÅÒÅÎÏÒÍÏ×ÁÎÁ ÐÏ-ÌÑÒÉÚÏ×ÁÎ¦ÓÔØ �0. ñË ×ÉÄÎÏ Ú (6.5), ÚÎÁÞÅÎÎÑ �0 ÚÁÌÅÖÉÔØ ×¦Ä ÈÁÒÁË-ÔÅÒÕ ×ÚÁ¤ÍÏÄ¦§ Í¦Ö ÞÁÓÔÉÎËÁÍÉ. úÏËÒÅÍÁ, ÄÌÑ ÍÏÄÅÌ¦ Ô×ÅÒÄÉÈ ÓÆÅÒÎÅ×ÁÖËÏ ÐÏËÏÚÁÔÉ, ÝÏ�0 = �(1 + 23� ln 1 + ���31� 2���3) ; � = 4�N3V �; (6.7)ÄÅ �{Ä¦ÁÍÅÔÒ ÍÏÌÅËÕÌÑÒÎÏ§ ÓÆÅÒÉ. ïÓË¦ÌØËÉ �=�3 < 1, ÔÏ ÍÏÖÅÍÏÐÏËÌÁÓÔÉ �0 � �n1 + 2� ��3o : (6.8)ôÏÄ¦ �0 � � n1 + 2� ��3o ; (6.9)¦ ÆÏÒÍÕÌÁ ÄÌÑ ÎÁÂÕ×Á¤ ×ÉÇÌÑÄÕ"� 1 = 3� �1 + 2��=�3�1� � (1 + 2��=�3) : (6.10)
ICMP{97{15U 207. ÷ÒÁÈÕ×ÁÎÎÑ ÅÆÅËÔ¦× ÄÁÌÅËÏÓÑÖÎÏÓÔ¦ ÄÉÐÏÌØÎÏ§×ÚÁ¤ÍÏÄ¦§.ðÒÉ×ÅÄÅÎ¦ × ÐÏÐÅÒÅÄÎØÏÍÕ ÒÏÚÄ¦Ì¦ ÒÏÚÒÁÈÕÎËÉ ÓÕÔÔ¤×Ï ÂÁÚÕÀÔØÓÑÎÁ ×ÉËÏÒÉÓÔÁÎÎ¦ ÄÌÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏÇÏ ¦ÎÔÅÇÒÁÌÁ ÓÉÓÔÅÍÉ ÎÁÂÌÉÖÅ-ÎÏÇÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (5.8) ¦ Õ Ú×'ÑÚËÕ Ú ÃÉÍ ÍÁÀÔØ ÏÂÍÅÖÅÎÕ ÏÂÌÁÓÔØÚÁÓÔÏÓÏ×ÎÏÓÔ¦.ðÏ-ÐÅÒÛÅ, ÎÁÂÌÉÖÅÎÎÑ ÄÒÕÇÏÇÏ ×¦Ò¦ÁÌØÎÏÇÏ ËÏÅÆ¦Ã¦¤ÎÔÁ ¤ ÅÆÅË-ÔÉ×ÎÉÍ ÌÉÛÅ ÄÌÑ ÒÏÚÄ¦ÌÅÎÉÈ ÓÉÓÔÅÍ, ËÏÌÉ ÄÏÓÔÁÔÎØÏ ×ÒÁÈÏ×Õ×Á-ÔÉ ÌÉÛÅ ÏÄÎÏÞÁÓÎ¦ Ä×ÏÞÁÓÔÉÎËÏ×¦ Ú¦ÔËÎÅÎÎÑ. õ ÎÁÛÏÍÕ ×ÉÐÁÄËÕ ÃÅÏÚÎÁÞÁ¤, ÝÏ ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑ ÐÏÌÑÒÉÚÏ×ÁÎÏÓÔ¦ ÞÁÓÔÉÎËÉ ÚÁ ÒÁÈÕÎÏË×ÚÁ¤ÍÏÄ¦§ ×ÉÒÁÖÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀ (6.5) Ô¦ÌØËÉ ÄÌÑ ÇÁÚÏ×ÉÈ ÓÉÓÔÅÍ.õ ÍÅÎÛ¦Ê Í¦Ò¦ ÃÅ ÚÁÕ×ÁÖÅÎÎÑ ÓÔÏÓÕ¤ÔØÓÑ ×ÉÒÁÚÕ ÄÌÑ ". äÏÂÒÅ ×¦ÄÏ-ÍÏ, ÝÏ ÆÏÒÍÕÌÁ ëÌÁÕÚ¦ÕÓÁ-íÏÓÓÏÔÔ¦ (ÎÁ×¦ÔØ Ú ÎÅÐÅÒÅÎÏÒÍÏ×ÁÎÏÀ �)ÑË¦ÓÎÏ ÏÐÉÓÕ¤ ¦ ËÏÎÄÅÎÓÏ×ÁÎ¦ ÓÉÓÔÅÍÉ. ïÄÎÁË, ÃÅÊ ÕÓÐ¦È ÏÂÕÍÏ×ÌÅÎ-ÎÉÊ ÚÁÓÔÏÓÕ×ÁÎÎÑÍ ÑË ×ÉÈ¦ÄÎÏÇÏ ÍÁËÒÏÓËÏÐ¦ÞÎÏÇÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ(1.10), Á ÎÅ ÄÅÔÁÌ¦ÚÁÃ¦¤À Í¦ËÒÏÓËÏÐ¦ÞÎÉÈ ÒÏÚÒÁÈÕÎË¦×.ðÏ-ÄÒÕÇÅ, ÄÉÐÏÌØÎÁ ×ÚÁ¤ÍÏÄ¦Ñ ¤ ÄÁÌÅËÏÓÑÖÎÏÀ. ¶ ÈÏÞ, ÑË ÕÖÅ ÂÕ-ÌÏ ÚÁÕ×ÁÖÅÎÏ Õ ÒÏÚÄ¦Ì¦ 5, ÇÒÕÐÏ×¦ ¦ÎÔÅÇÒÁÌÉ ÄÌÑ ÄÉÐÏÌØÎÉÈ ×ÚÁ¤ÍÏÄ¦ÊÎÅ ÒÏÚÂ¦ÇÁÀÔØÓÑ, ÏÂÍÅÖÉÔÉÓØ ×ÒÁÈÕ×ÁÎÎÑÍ ÌÉÛÅ ÄÒÕÇÏÇÏ Ú ÎÉÈ ÎÅ ÄÏ-ÓÔÁÔÎØÏ. õ ×ÉÐÁÄËÕ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ÓÕÔÔ¤×Å ÚÎÁÞÅÎÎÑ ÐÏ-×ÉÎÎ¦ ÍÁÔÉ ÅÆÅËÔÉ, ÐÏ×'ÑÚÁÎ¦ Ú ÏÄÎÏÞÁÓÎÉÍ Ú¦ÔËÎÅÎÎÑÍ Ã¦ÌÉÈ ËÏÍ-ÐÌÅËÓ¦× ÞÁÓÔÉÎÏË. ôÁËÉÍ ÞÉÎÏÍ, ÝÏÂ ×ÒÁÈÕ×ÁÔÉ ÅÆÅËÔÉ, ÏÂÕÍÏ×ÌÅÎ-Î¦ ÄÁÌÅËÏÓÑÖÎÉÍ ÈÁÒÁËÔÅÒÏÍ ÄÉÐÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ¦§, ÐÏÔÒ¦ÂÎÏ ÐÒÉ ÒÏÚ-ÒÁÈÕÎËÏ×¦ ÚÁÍ¦ÓÔØ ÆÏÒÍÕÌÉ (5.8) ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÑË¦ÓØ ¦ÎÛ¦ ÎÁÂÌÉ-ÖÅÎÎÑ, ÎÁÐÒÉËÌÁÄ, ÍÅÔÏÄ ÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕ [8]. íÉ ÒÏÚÇÌÑÎÅÍÏ Ã¦ ÐÉ-ÔÁÎÎÑ ÏËÒÅÍÏ, ÔÕÔ ÚÕÐÉÎÅÍÏÓØ ÎÁ Â¦ÌØÛ ÐÒÏÓÔÏÍÕ ÓÐÏÓÏÂ¦ ×ÒÁÈÕ×ÁÎÎÑÅÆÅËÔ¦× ÄÁÌÅËÏÓÑÖÎÏÓÔ¦, ÚÁÐÏÚÉÞÅÎÏÍÕ Ú ÔÅÏÒ¦§ ÓÌÁÂÏÒÅÌÑÔÉ×¦ÓÔÓØËÏ§ÐÌÁÚÍÉ [9].ãÅÊ ÓÐÏÓ¦Â ÐÏ×'ÑÚÁÎÉÊ Ú ÂÅÚÐÏÓÅÒÅÄÎ¦Í ÒÏÚ×'ÑÚÕ×ÁÎÎÑÍ ÓÉÓÔÅÍÉÒ¦×ÎÑÎØ (2.3) ÄÌÑ ¦ÎÄÕËÏ×ÁÎÉÈ ÄÉÐÏÌØÎÉÈ ÍÏÍÅÎÔ¦× ÍÅÔÏÄÏÍ ÐÏÓÌ¦-ÄÏ×ÎÉÈ ÎÁÂÌÉÖÅÎØ, ÔÏÂÔÏ ¦Ú ÚÎÁÈÏÄÖÅÎÎÑÍ Ñ×ÎÏÇÏ ×ÉÇÌÑÄÕ ÍÁÔÒÉÃ¦[B]. úÇ¦ÄÎÏ Ú (2.6) ÍÏÖÅÍÏ ÚÁÐÉÓÁÔÉ[B] = [I] + � [T] + �2 [T]2 + �3 [T]3 + � � � ;â¦ÌØÛ ÄÅÔÁÌØÎÏ:B� �jl = �jl�� � +R� �jl (7.1)R� �jl = �T � �jl + �2Xi1 T��ji1 T � �i1 l +



21 ðÒÅÐÒÉÎÔ+ �3Xi1 Xi2 T ��1ji1 T �1 �2i1 i2 T �2 �i2 l + � � � ; (7.2)õ ÓÕÍÁÈ ÚÁ ÞÁÓÔÉÎËÁÍÉ × ÏÓÔÁÎÎ¦Ê ÆÏÒÍÕÌ¦ "ÓÕÓ¦ÄÎ¦" ¦ÎÄÅËÓÉ ÚÁ×-ÖÄÉ Ò¦ÚÎ¦ (ÔÏÂÔÏ is 6= is+1), ÁÌÅ ¤ ÄÏÄÁÎËÉ Ú is = is+2 ¦ Ô.Ä. ïÔÖÅ,ÍÁÔÒÉÃÑ [R] Í¦ÓÔÉÔØ ÔÁËÏÖ ¦ Ä¦ÁÇÏÎÁÌØÎ¦ ÞÌÅÎÉ ÔÉÐÕ R� �jj . ïÓË¦ÌØËÉT� �jj = 0 (ÄÉ×.(2.4)), ÔÏ ÒÑÄ (7.2) ÄÌÑ R� �jj ÐÏÞÉÎÁ¤ÔØÓÑ Ú ÄÏÄÁÎËÁ,ÐÒÏÐÏÒÃ¦ÊÎÏÇÏ ÄÏ �2. îÅ×ÁÖËÏ ÐÏÂÁÞÉÔÉ, ÝÏ ÊÏÇÏ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ×ÉÇÌÑÄ¦: R� �jj = �Xi T��ij R� �ij ; (7.3)ÄÅ R� �ij ÚÁÄÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀ ÔÉÐÕ (7.2) ÐÒÉ j 6= l.äÌÑ ÐÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎË¦× ÚÒÕÞÎÏ ×ÉËÏÒÉÓÔÁÔÉ ÐÅÒÅÔ×ÏÒÅÎÎÑæÕÒ'¤: T� �jl = 1V Xk T� �(k)ei k rjl ;T� �(k) = Z d3rjlT� �jl e�ik rjl : (7.4)ð¦ÄÓÔÁ×É×ÛÉ × ÄÒÕÇÕ Ú ÃÉÈ ÆÏÒÍÕÌ ÚÎÁÞÅÎÎÑ T � �jl Ú (1.3), ÍÏÖÎÁÐÏËÁÚÁÔÉ, ÝÏ T� �(k) = 4� �13�� � � k�k�k2 � : (7.5)òÏÚÇÌÑÎÅÍÏ ÔÅÐÅÒ n-ÔÉÊ ÞÌÅÎ ÒÑÄÕ (7.2). ú Õ×ÁÇÉ ÎÁ (7.4) ÊÏÇÏ ÍÏÖÎÁÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦�nV n Xk1 : : :Xkn T��1(k1)T �1 �2(k2) : : : T �n�1 �(kn)�� Xi1 6=i2 6=::: : : : X6=in�1 exp i �k1 (rj � ri1) + � � �+ kn(rin�1 � rl)	 :(7.6)äÌÑ ÓÐÒÏÝÅÎÎÑ ÃØÏÇÏ ×ÉÒÁÚÕ ×ÉËÏÒÉÓÔÁ¤ÍÏ ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈÆÁÚ. ñË ×¦ÄÏÍÏ [8], ÄÌÑ ÓÉÓÔÅÍ Ú ÄÁÌÅËÏÓÑÖÎÏÀ ×ÚÁ¤ÍÏÄ¦¤À ÎÁÂÌÉ-ÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ ¤ ÄÏÓÉÔØ ÅÆÅËÔÉ×ÎÉÍ. ãÅ ÎÁÂÌÉÖÅÎÎÑ ÐÏÌÑ-ÇÁ¤ × ÔÏÍÕ, ÝÏ ÐÒÉ ÒÏÚÒÁÈÕÎËÏ×¦ Ò¦ÚÎÏÍÁÎ¦ÔÎÉÈ ÅÆÅËÔ¦× Õ ÂÁÇÁÔÏ-ÞÁÓÔÉÎËÏ×¦Ê ÓÉÓÔÅÍ¦ ×ÒÁÈÏ×ÕÀÔØÓÑ ÌÉÛÅ ÔÁË¦ ×ÚÁ¤ÍÏÄ¦§, ÄÌÑ ÑËÉÈÚÂÅÒ¦ÇÁ¤ÔØÓÑ ÐÅÒÅÄÁÎÉÊ ¦ÍÐÕÌØÓ. óÔÏÓÏ×ÎÏ ÆÏÒÍÕÌÉ (7.6) ÃÅ ÚÎÁÞÉÔØ,ÝÏ ÄÌÑ ×ÉÄ¦ÌÅÎÎÑ ×ÎÅÓËÕ ×¦Ä ÔÁËÉÈ ×ÚÁ¤ÍÏÄ¦Ê ÐÏÔÒ¦ÂÎÏ ÐÏËÌÁÓÔÉ
ICMP{97{15U 22k1 = k2 = � � � = kn =� k. áÌÅ Ð¦ÓÌÑ ÃØÏÇÏ Õ ×ÉÒÁÚ¦ Ð¦Ä ÚÎÁËÁÍÉÓÕÍ ÚÁ ÞÁÓÔÉÎËÁÍÉ ÚÎÉËÁ¤ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ris ¦ Ð¦ÄÓÕÍÏ×Õ×ÁÎÎÑ ÄÁ¤ÍÎÏÖÎÉË Nn�1. ôÏÄ¦ ÚÁÍ¦ÓÔØ (7.6) ÍÁÔÉÍÅÍÏ�n�NV �n�1 1V Xk eik(rj�rl)T��1(k)T �1 �2(k) : : : T �n�1 �(k): (7.7)äÌÑ ÏÂÞÉÓÌÅÎÎÑ ÚÇÏÒÔËÉ ÔÅÎÚÏÒ¦× T ÚÁ ¦ÎÄÅËÓÁÍÉ � ×ÒÁÈÕ¤ÍÏ, ÝÏ(7.5) ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦T� �(k) = `jj� � ��8�3 �+ `?� � �4�3 � ; (7.8)ÄÅ ÐÏÚÄÏ×ÖÎ¦Ê `jj� � ¦ ÐÏÐÅÒÅÞÎÉÊ `?� � ÏÄÉÎÉÞÎ¦ ÔÅÎÚÏÒÉ ×ÉÚÎÁÞÁÀÔØÓÑÆÏÒÍÕÌÁÍÉ (5.16), ÑËÝÏ × ÎÉÈ ×ÅËÔÏÒ n ÚÁÍ¦ÎÉÔÉ ÎÁ k=k. ÷ÒÁÈÏ×Õ-ÀÞÉ ×ÌÁÓÔÉ×ÏÓÔ¦ (5.17) ÃÉÈ ÔÅÎÚÏÒ¦×, ÎÅ×ÁÖËÏ ÐÏËÁÚÁÔÉ, ÝÏ ÓÐ¦××¦Ä-ÎÏÛÅÎÎÑ (7.7) Ú×ÏÄÉÔØÓÑ ÄÏ ÔÁËÏÇÏ:�n �NV �n�1 1V Xk eik(rj�rl)�`jj� � ��8�3 �+ `?� � �4�3 �� : (7.9)÷ÉÒÁÖÁÀÞÉ ÔÅÐÅÒ ÄÏÄÁÎËÉ ÆÏÒÍÕÌÉ (7.2) ÚÇ¦ÄÎÏ Ú (7.9), ÂÁÞÉÍÏ, ÝÏËÏeÆ¦Ã¦¤ÎÔÉ Â¦ÌÑ ÔÅÎÚÏÒ¦× `jj� � i `?� � ÕÔ×ÏÒÀÀÔØ ÇÅÏÍÅÔÒÉÞÎÕ ÐÒÏÇÒÅ-Ó¦À. úÎÁÊÄÅÍÏR� �jl = 4�3 � 1V Xk eikrjl ���� � � k�k�k2 ���1� 4�N3V ��� (7.10)� 2k�k�k2 ��1 + 8�N3V ��� :ð¦ÓÌÑ ÏÂÞÉÓÌÅÎÎÑ ¦ÎÔÅÇÒÁÌÁ ÚÁ k ÍÁÔÉÍÅÍÏR� �jl = �(1� �) (1 + 2�)T��jl + (4��=3) 2�(1� �) (1 + 2�)�� �� (rj � rl) ; (7.11)ÄÅ ÐÁÒÁÍÅÔÒ � ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÇ¦ÄÎÏ Ú (6.7). ïÓË¦ÌØËÉ ÔÕÔ j 6= l,ÔÏ ÄÏ-ÄÁÎÏË Ú �{ÆÕÎËÃ¦¤À ÚÎÉËÁ¤. ôÁËÉÍ ÞÉÎÏÍ, Õ ÎÁÂÌÉÖÅÎÎ¦ ÈÁÏÔÉÞÎÉÈÆÁÚ ÍÁÔÒÉÃÑ R� �jl ÐÒÏÐÏÒÃ¦ÊÎÁ ÄÏ T� �jl :R� �jl = �(1� �) (1 + 2�)T ��(rj � rl): (7.12)



23 ðÒÅÐÒÉÎÔ÷ÉËÏÒÉÓÔÁ×ÛÉ ÃÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ × (7.3) ¦ ×ÚÑ×ÛÉ ÄÏ Õ×ÁÇÉ ÆÏÒÍÕÌÕ(4.6), ÏÔÒÉÍÁ¤ÍÏR� �jl = �2(1� �) (1 + 2�) Xi(i 6=j)�� �(rj � ri);�� �(rj � ri) = 1r6ji (�� � + 3n�n�) ; n = rji=rji: (7.13)ïÔÒÉÍÁÎ¦ ×ÉÒÁÚÉ ÚÁ Ó×Ï§Í ÚÏ×Î¦ÛÎ¦Í ×ÉÇÌÑÄÏÍ ÚÂ¦ÇÁÀÔØÓÑ Ú ÐÅÒ-ÛÉÍÉ ÄÏÄÁÎËÁÍÉ ÒÑÄÕ (7.2). óÐÒÁ×Ä¦, Ú (7.2) ×ÉÐÌÉ×Á¤, ÝÏ Õ ÐÅÒÛÏÍÕÎÁÂÌÉÖÅÎÎ¦R(1)� �jl = �T � �(rj � rl); j 6= l;R(1)� �jj = �2 Xi(i 6=j)T��ji T � �ij = �2 Xj(j 6=i)�� �(rj � ri): (7.14)ðÏÒ¦×ÎÀÀÞÉ Ã¦ ×ÉÒÁÚÉ Ú ÆÏÒÍÕÌÁÍÉ (7.12),(7.13), ÂÁÞÉÍÏ, ÝÏ ×ÒÁÈÕ-×ÁÎÎÑ ÅÆÅËÔ¦× ÄÁÌÅËÏÓÑÖÎÏÓÔ¦ ×ÚÁ¤ÍÏÄ¦§ ÎÁ ÏÓÎÏ×¦ ÎÁÂÌÉÖÅÎÎÑ ÈÁ-ÏÔÉÞÎÉÈ ÆÁÚ ÅË×¦×ÁÌÅÎÔÎÅ Ó×Ï¤Ò¦ÄÎÏÍÕ ÐÅÒÅÎÏÒÍÕ×ÁÎÀ ÐÏÌÑÒÉÚÏ×Á-ÎÏÓÔ¦ ÞÁÓÔÉÎËÉ.ïÂÞÉÓÌÉÍÏ ÔÅÐÅÒ ×ÅËÔÏÒ ÐÏÌÑÒÉÚÁÃ¦§. äÌÑ ÃØÏÇÏ ×ÉËÏÒÉÓÔÁ¤ÍÏÓÐ¦××¦ÄÎÏÛÅÎÑ (3.5)-(3.7). ðÒÉÊÎÑ×ÛÉ ÄÏ Õ×ÁÇÉ ÆÏÒÍÕÌÉ (7.1), (712),(7.13), ÂÁÞÉÍÏ, ÝÏ ÅÎÅÒÇ¦À (3.6) Ä¦ÅÌÅËÔÒÉËÁ Õ ÚÏ×Î¦ÛÎØÏÍÕ ÐÏÌ¦ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦� = �0 � �2 Xj E02(rj)�� ~�22 Xj 6=l T� �(rj � rl)E0�(rj)E0�(rl)� (7.15)� �4 ~�2Xj 6=l �� �(rj � rl)�� �E0�(rj)E0�(rj) +E0�(rl)E0�(rl)� ;~�2 = �2�(1� �) (1 + 2�):ñË ¦ ÒÁÎ¦ÛÅ, ÐÒÉ ÏÂÞÉÓÌÅÎÎ¦ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏÇÏ ¦ÎÔÅÇÒÁÌÕ (Õ ÄÁÎÏ-ÍÕ ×ÉÐÁÄËÕ ×¦Î ×ÉÚÎÁÞÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀ (3.5)) ÓËÏÒÉÓÔÁ¤ÍÏÓØ ÎÁ-ÂÌÉÖÅÎÎÑÍ ÄÒÕÇÏÇÏ ×¦Ò¦ÁÌØÎÏÇÏ ËÏÅÆ¦Ã¦¤ÎÔÁ, ÔÏÂÔÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ(5.8). ïÄÎÁË ÔÕÔ Ä×ÏÞÁÓÔÉÎËÏ×ÉÊ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÉÊ ¦ÎÔÅÇÒÁÌ Q2 ×É-ÚÎÁÞÁ¤ÔØÓÑ ÎÅ ÆÏÒÍÕÌÁÍÉ (5.11), (5.19), Á, ÑË ×ÉÄÎÏ Ú (7.15), ÍÁ¤
ICMP{97{15U 24×ÉÇÌÑÄ ~Q2 = Z d3r1d3r2V 2 e���012+� ~U ;~U = �2 ~�2�� � �E0�(r1)E0�(r1) +E0�(r2)E0�(r2)�+ (7.16)+ ~�2T� �E0�(r1)E0�(r2):ðÏÒ¦×ÎÀÀÞÉ ÃÅ Ú (5.19), ÂÁÞÉÍÏ, ÝÏ ÎÁÛ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÏÔÒÉÍÕ-ÀÔØÓÑ Ú ÆÏÒÍÕÌ (5.19), ÑËÝÏ × ÏÓÔÁÎÎ¦È ÍÎÏÖÎÉËÉ B�� ¦ �B�� ÚÁÍ¦ÎÉ-ÔÉ ×¦ÄÐÏ×¦ÄÎÏ ÎÁ ~�2�� � ¦ ~�2T� �=�. ôÏÍÕ ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ×ÅËÔÏÒÁÐÏÌÑÒÉÚÁÃ¦§ ÄÏÓÉÔØ ÐÒÏ×ÅÓÔÉ ÔÁËÕ ÚÁÍ¦ÎÕ × ÆÏÒÍÕÌ¦ (6.3). íÁÔÉÍÅÍÏP�(r) = NV ����� � + NV Z d3x e���0(x) �~�2�� �(x)� �� ��� ��E0�(r) + NV ~�2� Z d3x e���0(x)T� �(x)E0� (r� x)� : (7.17)ïÓË¦ÌØËÉ Z d3x e���0(x)T�nu(x) = 0; (7.18)ÔÏ ÐÒÉ ÎÅÈÔÕ×ÁÎÎ¦ ÎÅÌÏËÁÌØÎÉÍÉ ÅÆÅËÔÁÍÉ (ÑË ¦ ÐÒÉ ÐÏÓÔ¦ÊÎÏÍÕÚÏ×Î¦ÛÎØÏÍÕ ÐÏÌ¦) ÄÒÕÇÉÊ ¦ÎÔÅÇÒÁÌ Õ (7.17) ÄÏÒ¦×ÎÀ¤ ÎÕÌÅ×¦. óÐÒÏ-ÓÔÉ×ÛÉ ÝÅ ÐÅÒÛÉÊ ¦ÎÔÅÇÒÁÌ,ÏÔÒÉÍÁ¤ÍÏ ÆÏÒÍÕÌÉ, ÁÎÁÌÏÇ¦ÞÎ¦ (6.4),(6.5).÷ÏÎÉ ÍÁÔÉÍÕÔØ ×ÉÇÌÑÄP(r) = NV �00E0(r); (7.19)�00 = �8<:1 + 2NV �2(1� �) (1 + 2�) Z d3xx6 e��0(x)9=; : (7.20)úÏËÒÅÍÁ ÄÌÑ ÍÏÄÅÌ¦ Ô×ÅÒÄÉÈ ÓÆÅÒ�00 = ��1 + 2�(1� �) (1 + 2�) ��3� : (7.21)ôÏÄ¦ Ä¦ÅÌÅËÔÒÉÞÎÁ ÐÒÏÎÉËÎ¦ÓÔØ ×ÉÒÁÚÉÔØÓÑ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ"� 1 = 3� �1 + 2�(1��)(1+2�) ��3�1� � �1 + 2�(1��)(1+2�) ��3� : (7.22)



25 ðÒÅÐÒÉÎÔ·§ ÍÏÖÎÁ ÐÏÄÁÔÉ ÝÅ Õ ÔÁËÏÍÕ ×ÉÇÌÑÄ¦:"� 1 = 3� (1� �) (1 + 2�) + 2� ��3(1� �)2 (1 + 2�)� 2�2 ��3 : (7.23)íÉ ÏÔÒÉÍÁÌÉ ÆÏÒÍÕÌÉ ÄÌÑ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦, ×ÉËÏÒÉ-ÓÔÏ×ÕÀÞÉ ÎÁÊÐÒÏÓÔ¦Û¦ ÎÁÂÌÉÖÅÎÎÑ ÐÒÉ ÏÂÞÉÓÌÅÎÎ¦ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ-ÇÏ ¦ÎÔÅÇÒÁÌÁ. â¦ÌØÛ ÓËÌÁÄÎ¦ ÎÁÂÌÉÖÅÎÎÑ ¦ ÍÏÖÌÉ×¦ ÕÚÁÇÁÌØÎÅÎÎÑ ÚÁ-ÐÒÏÐÏÎÏ×ÁÎÏÇÏ ÔÕÔ ÏÐÉÓÕ ÎÅÐÏÌÑÒÎÉÈ Ä¦ÅÌÅËÔÒÉË¦× Ú ×ÉËÏÒÉÓÔÁÎÎÑÍÔÅÏÒ¦§ ¦ÎÔÅÇÒÁÌØÎÉÈ Ò¦×ÎÑÎØ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÂÕÄÅ ÒÏÚÇÌÑ-ÎÕÔÏ × ÏËÒÅÍ¦Ê ÒÏÂÏÔ¦.ì¦ÔÅÒÁÔÕÒÁ[1] L.R.Pratt, Mol. Phys. 40, 347 (1980).[2] J.S.Hoye and G.Stell, J. Chem. Phys. 73, 461 (1980).[3] F.Lado, Phys. Rew. E 55, 426-434 (1997).[4] F.Lado, J. Chem. Phys. 106, 4707-4712 (1997).[5] ÷.âÒÁÕÎ, äÉÜÌÅËÔÒÉËÉ, éÚÄ. ÉÎ. ÌÉÔÅÒÁÔÕÒÙ, íÏÓË×Á { 1961[6] M.S.Wertheim, Mol. Phys. 25 211-223 (1973).[7] M.S.Wertheim, Mol. Phys., 33, No 1, 95 (1977)[8] é.ò.àÈÎÏ×ÓËÉÊ, í.æ.çÏÌÏ×ËÏ, óÔÁÔÉÓÔÉÞÅÓËÁÁÑ ÔÅÏÒÉÑ ËÌÁÓ-ÓÉÞÅÓËÉÈ ÒÁ×ÎÏ×ÅÓÎÙÈ ÓÉÓÔÅÍ, ëÉÅ× "îÁÕËÏ×ÁÁ ÄÕÍËÁ" { 1980.[9] âÌÁÖÉÅ×ÓËÉÊ ì.æ. õËÒ. ÆÉÚ. ÖÕÒÎ., 20, No 8, 1279 (1975).
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