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1 ðÒÅÐÒÉÎÔ÷ ó ô õ ðôÅÏÒÅÔÉÞÎ¦ ÄÏÓÌ¦ÄÖÅÎÎÑ ÎÅÒ¦×ÎÏ×ÁÖÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÇÁÚÏÐÏ-Ä¦ÂÎÏÇÏ ÇÅÌ¦À, ÚÍ¦ÎÉ §È ÐÒÉ ÐÅÒÅÈÏÄ¦ Ú ÐÏÎÉÖÅÎÎÑÍ ÔÅÍÐÅÒÁÔÕÒÉ ÎÉÖ-ÞÅ Tc = 4:2 K Õ Ò¦ÄËÉÊ ÓÔÁÎ - HeI, Á ÎÉÖÞÅ T� = 2:17 K Õ Ò¦ÄËÉÊÓÔÁÎ - HeII, ÑËÉÊ ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ ÎÁÄÐÌÉÎÎ¦ÓÔÀ, ÚÁÌÉÛÁÀÔØÓÑ ÁË-ÔÕÁÌØÎÉÍÉ × ÓÕÞÁÓÎ¦Ê ÓÔÁÔÉÓÔÉÞÎ¦Ê ÔÅÏÒ¦§ ÎÅÒ¦×ÎÏ×ÁÖÎÉÈ ÐÒÏÃÅÓ¦×Ë×ÁÎÔÏ×ÉÈ ÓÉÓÔÅÍ. ðÏÂÕÄÕ×ÁÔÉ ÎÅÒ¦×ÎÏ×ÁÖÎÕ ÓÔÁÔÉÓÔÉÞÎÕ ÔÅÏÒ¦À,ÑËÁ Â ÐÏÓÌ¦ÄÏ×ÎÏ ÏÐÉÓÕ×ÁÌÁ ÇÁÚÏÐÏÄ¦ÂÎÉÊ, Ò¦ÄËÉÊ ¦ ÎÁÄÐÌÉÎÎÉÊ ÇÅÌ¦ÊÚ ×ÒÁÈÕ×ÁÎÎÑÍ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦× ¤ ÞÉ ÎÅ ÇÏÌÏ×ÎÏÀ ÍÅÔÏÀ ËÏÖÎÏ-ÇÏ ÔÅÏÒÅÔÉËÁ, ÑËÏÇÏ ÚÁÃ¦ËÁ×ÉÌÉ ÕÎ¦ËÁÌØÎ¦ Æ¦ÚÉÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÇÅÌ¦À.îÅÏÂÈ¦ÄÎÏ ÚÁÚÎÁÞÉÔÉ, ÝÏ Æ¦ÚÉÞÎÏÀ ÍÏÄÅÌÌÀ × ÔÅÏÒÅÔÉÞÎÉÈ ÏÐÉÓÁÈÑË Ò¦×ÎÏ×ÁÖÎÉÈ, ÔÁË ¦ ÎÅÒ¦×ÎÏ×ÁÖÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÒÅÁÌØÎÏÇÏ ÇÅÌ¦ÀÓÌÕÖÉÔØ Ë×ÁÎÔÏ×Á ÓÉÓÔÅÍÁ ÂÏÚÅ-ÞÁÓÔÉÎÏË. úÏËÒÅÍÁ, Ç¦ÄÒÏÄÉÎÁÍ¦Þ-ÎÏÍÕ ÏÐÉÓÕ ÎÏÒÍÁÌØÎÏÇÏ ÔÁ ÎÁÄÐÌÉÎÎÏÇÏ ÓÔÁÎ¦× ÔÁËÏ§ ÓÉÓÔÅÍÉ ÐÒÉ-Ó×ÑÞÅÎÏ ÂÁÇÁÔÏ ÒÏÂ¦Ô [1{16]. ëÏÒÏÔËÉÊ ÏÇÌÑÄ ÒÅÚÕÌØÔÁÔ¦× ÄÏÓÌ¦ÄÖÅÎØ× ÒÁÍËÁÈ Ì¦Î¦ÊÎÏ§ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ÂÕ× ÐÒÏ×ÅÄÅÎÉÊ Õ ÎÅÄÁ×Î¦Ê ÒÏÂÏÔ¦à.ï.ãÅÒËÏ×Î¦ËÏ×Á [16]. ÷ ÒÏÂÏÔÁÈ [17{19] ÚÁÐÒÏÐÏÎÏ×ÁÎ¦ ÔÅÏÒÅÔÉÞÎ¦Ð¦ÄÈÏÄÉ ÏÐÉÓÕ ÎÅÌ¦Î¦ÊÎÉÈ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÉÈ ÆÌÕËÔÕÁÃ¦Ê, ÐÏ×'ÑÚÁÎÉÈÚ ÐÒÏÂÌÅÍÏÀ ÒÏÚÒÁÈÕÎËÕ ÄÉÓÐÅÒÓ¦§ ÄÌÑ Ë¦ÎÅÔÉÞÎÉÈ ËÏÅÆ¦Ã¦¤ÎÔ¦× ÐÅ-ÒÅÎÏÓÕ ÔÁ ÓÐÅËÔÒÕ ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ Õ ÎÉÚØËÏÞÁÓÔÏÔÎ¦Ê ÏÂÌÁÓÔ¦ ÄÌÑÎÁÄÐÌÉÎÎÏ§ ÂÏÚÅ-Ò¦ÄÉÎÉ.ðÒÏÂÌÅÍÉ ÐÏÂÕÄÏ×É Ë¦ÎÅÔÉÞÎÉÈ Ò¦×ÎÑÎØ ÄÌÑÂÏÚÅ-ÓÉÓÔÅÍ ÎÁ ÏÓÎÏ×¦ Í¦ËÒÏÓËÏÐ¦ÞÎÏÇÏ Ð¦ÄÈÏÄÕ ÒÏÚÇÌÑÄÁÌÉÓØ × ÒÏÂÏ-ÔÁÈ [20,21]. äÌÑ ÎÏÒÍÁÌØÎÉÈ ÂÏÚÅ-ÓÉÓÔÅÍ ÐÒÏ×ÅÄÅÎ¦ ÒÏÚÒÁÈÕÎËÉ ÓÐÅË-ÔÒÕ ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ (ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ÔÅÐÌÏ×Ï§ ÍÏÄÉ), ÄÉÎÁÍ¦ÞÎÏÇÏÓÔÒÕËÔÕÒÎÏÇÏ ÆÁËÔÏÒÁ, Ë¦ÎÅÔÉÞÎÉÈ ËÏÅÆ¦Ã¦¤ÎÔ¦× ÐÅÒÅÎÏÓÕ [9, ÄÉ×. ÐÏ-ÓÉÌÁÎÎÑ] ÎÁ ÏÓÎÏ×¦ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÏÇÏ ÞÉ Ë¦ÎÅÔÉÞÎÏÇÏ Ð¦ÄÈÏÄ¦×. ðÒÏ-ÔÅ ÄÁÎ¦ ÒÅÚÕÌØÔÁÔÉ ¤ ÓÐÒÁ×ÅÄÌÉ×¦ Ô¦ÌØËÉ × Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎ¦Ê ÏÂÌÁÓÔ¦(ÍÁÌ¦ ÚÎÁÞÅÎÎÑ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ k ¦ ÞÁÓÔÏÔÉ !). ÷ Ã¦ÌÏÍÕ ÄÌÑ ÂÏÚÅ-ÓÉÓÔÅÍ ¦ÓÎÕ¤ ×ÁÖÌÉ×Á ÐÒÏÂÌÅÍÁ ×ÉÈÏÄÕ ÚÁ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÕ ÏÂÌÁÓÔØ× ÏÂÌÁÓÔØ ÐÒÏÍ¦ÖÎÉÈ ÚÎÁÞÅÎØ k ¦ !, ÄÅ Ë¦ÎÅÔÉÞÎ¦ ÔÁ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎ¦ÐÒÏÃÅÓÉ ×ÚÁ¤ÍÏÚ×'ÑÚÁÎ¦ ¦ ÐÏ×ÉÎÎ¦ ÒÏÚÇÌÑÄÁÔÉÓØ ÏÄÎÏÞÁÓÎÏ. ãÅ ÏÄÎÁÚ ÁËÔÕÁÌØÎÉÈ ÐÒÏÂÌÅÍ ÓÔÁÔÉÓÔÉÞÎÏ§ ÔÅÏÒ¦§ ÎÅÒ¦×ÎÏ×ÁÖÎÉÈ ÐÒÏÃÅÓ¦×ÐÅÒÅÎÏÓÕ × Ë×ÁÎÔÏ×ÉÈ Ò¦ÄÉÎÁÈ.úÎÁÞÎÏÇÏ ÕÓÐ¦ÈÕ ÄÏÓÑÇÎÕÔÏ × ÒÏÂÏÔÁÈ [22{25], × ÑËÉÈ ÚÁÐÒÏÐÏÎÏ-×ÁÎÉÊ Ð¦ÄÈ¦Ä ÕÚÇÏÄÖÅÎÏÇÏ ÏÐÉÓÕ Ë¦ÎÅÔÉËÉ ¦ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ËÌÁÓÉÞÎÉÈÇÕÓÔÉÈ ÇÁÚ¦× ¦ Ò¦ÄÉÎ ÎÁ ÏÓÎÏ×¦ ÍÅÔÏÄÕ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏ-ÇÏ ÏÐÅÒÁÔÏÒÁ ä.í. úÕÂÁÒ¤×Á [26,27]. ãÅÊ Ð¦ÄÈ¦Ä ÍÉ ÚÁÓÔÏÓÕ¤ÍÏ ÄÏÕÚÇÏÄÖÅÎÏÇÏ ÏÐÉÓÕ Ë¦ÎÅÔÉËÉ ¦ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ÂÁÇÁÔÏÂÏÚÏÎÎÏ§ ÓÉÓÔÅ-ÍÉ. îÅÏÂÈ¦ÄÎÏ ×¦ÄÚÎÁÞÉÔÉ, ÝÏ Õ ÎÅÄÁ×Î¦Ê ÒÏÂÏÔ¦ à.ï.ãÅÒËÏ×Î¦ËÏ×Á[28] ÒÏÚÇÌÑÄÁÌÁÓØ ÚÁÄÁÞÁ ÐÏÂÕÄÏ×É Ì¦ÎÅÁÒÉÚÏ×ÁÎÏÇÏ Ë¦ÎÅÔÉÞÎÏÇÏ Ò¦×-ÎÑÎÎÑ ÄÌÑ ÂÏÚÅ-ÓÉÓÔÅÍÉ ×ÉÝÅ ËÒÉÔÉÞÎÏ§ ÔÅÍÐÅÒÁÔÕÒÉ Ú ÄÏÐÏÍÏÇÏÀ
ICMP{97{13U 2ÍÅÔÏÄÕ Ä×ÏÞÁÓÏ×ÉÈ ÔÅÍÐÅÒÁÔÕÒÎÉÈ ÆÕÎËÃ¦Ê çÒ¦ÎÁ [29,30].õ ÄÒÕÇ¦Ê ÞÁÓÔÉÎ¦ ÒÏÂÏÔÉ ÏÔÒÉÍÁ¤ÍÏ ÎÅÒ¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊÏÐÅÒÁÔÏÒ ÂÁÇÁÔÏÂÏÚÏÎÎÏ§ ÓÉÓÔÅÍÉ ÐÒÉ ÕÚÇÏÄÖÅÎÏÍÕ ÏÐÉÓ¦ Ë¦ÎÅÔÉËÉ ¦Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ÚÁ ÄÏÐÏÍÏÇÏÀ ÍÅÔÏÄÕ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏÏÐÅÒÁÔÏÒÁ. úÁ ÐÁÒÁÍÅÔÒÉ ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ×ÉÂÒÁÎ¦ Ë×ÁÎÔÏ×Á ÎÅÒ¦×ÎÏ×ÁÖÎÁ ÏÄÎÏÞÁÓÔÉÎËÏ×Á ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕÔÁ ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÅÎÅÒÇ¦§ ×ÚÁ¤ÍÏÄ¦§, ÄÌÑ ÑËÉÈ ÏÔÒÉ-ÍÁÎÁ Ú×'ÑÚÁÎÁ ÓÉÓÔÅÍÁ Ò¦×ÎÑÎØ ÐÅÒÅÎÏÓÕ.õ ÔÒÅÔ¦Ê ÞÁÓÔÉÎ¦ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ Ë¦ÎÅÔÉËÁ ¦ Ç¦ÄÒÏÄÉÎÁÍ¦ËÁ ÓÌÁÂÏÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÂÏÚÅ-ÇÁÚÕ. ôÕÔ ÏÔÒÉÍÁÎ¦ ÚÁÍËÎÕÔ¦ Ò¦×ÎÑÎÎÑ ÐÅÒÅÎÏ-ÓÕ ÄÌÑ ÐÁÒÁÍÅÒÔ¦× ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ. îÁ ÏÓÎÏ×¦ §È ÒÏÚ×'ÑÚË¦× ÚÁ-ÐÉÓÁÎÏ Ë¦ÎÅÔÉÞÎÅ Ò¦×ÎÑÎÎÑ ÄÌÑ Ë×ÁÎÔÏ×Ï§ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎËÃ¦§ÒÏÚÐÏÄ¦ÌÕ, Õ ÑËÏÍÕ ÑÄÒÏ ÐÅÒÅÎÏÓÕ Í¦ÓÔÉÔØ ÐÅÒÅÎÏÒÍÏ×ËÕ Ë¦ÎÅÔÉÞ-ÎÉÈ ËÏÒÅÌÑÃ¦Ê Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÉÍÉ ËÏÒÅÌÑÃ¦ÑÍÉ. ëÒ¦Í ÃØÏÇÏ, ÏÔÒÉÍÁ-ÎÏ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÐÁÒÁÍÅÔÒ¦×ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ, ÞÅÒÅÚ ÑË¦ ×ÉÚÎÁÞÁÀÔØÓÑ ÄÉÎÁÍ¦ÞÎÉÊ ÓÔÒÕËÔÕÒ-ÎÉÊ ÆÁËÔÏÒ ÓÉÓÔÅÍÉ, ÞÁÓÏ×¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ ÇÕÓÔÉÎÉ ÏÐÅÒÁÔÏÒ¦×¦ÍÐÕÌØÓÕ ÔÁ ÅÎÅÒÇ¦§.2. îÅÒ¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅÒÁÔÏÒ ÄÌÑ ÂÏÚÅ-ÓÉÓÔÅÍÉâÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ ÎÏÒÍÁÌØÎÕ ÂÏÚÅ-ÓÉÓÔÅÍÕ Ú ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ:^H = Xk Xp p22m^a+p� k2 ^ap+k2 + (2.1)+ 12V Xk Xq Xp �(q)^a+p+ q�k2 ^�q ^ap� q�k2 ;ÄÅ: ^ap; ^a+p { ÂÏÚÅ ÏÐÅÒÁÔÏÒÉ ÚÎÉÝÅÎÎÑ ¦ ÎÁÒÏÄÖÅÎÎÑ ÞÁÓÔÉÎÏË × ÓÔÁÎ¦Ú ¦ÍÐÕÌØÓÏÍ p, �(q) = R exp(�iqr)�(jrj) dr { ÆÕÒ'¤-ËÏÍÐÏÎÅÎÔÁ ÐÏ-ÔÅÎÃ¦ÁÌÕ ×ÚÁ¤ÍÏÄ¦§ Í¦Ö ÞÁÓÔÉÎËÁÍÉ, V { ÏÂ'¤Í,^�q = 1pN Xp ^a+p�q2 ^ap+ q2 (2.2){ ÆÕÒ'¤-ËÏÍÐÏÎÅÎÔÁ ÏÐÅÒÁÔÏÒÁ ÇÕÓÔÉÎÉ ÞÉÓÌÁ ÞÁÓÔÉÎÏË, N { ÐÏ×ÎÅÞÉÓÌÏ ÞÁÓÔÉÎÏË ÓÉÓÔÅÍÉ.îÅÒ¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÎ ÔÁËÏ§ Ë×ÁÎÔÏ×Ï§ ÓÉÓÔÅÍÉ ÐÏ×Î¦ÓÔÀ ÏÐÉÓÕ¤ÔØ-ÓÑ ÎÅÒ¦×ÎÏ×ÁÖÎÉÍ ÓÔÁÔÉÓÔÉÞÎÉÍ ÏÐÅÒÁÔÏÒÏÍ ^�(t), ÑËÉÊ ÚÁÄÏ×¦ÌØÎÑ¤Ë×ÁÎÔÏ×ÏÍÕ Ò¦×ÎÑÎÎÀ ì¦Õ×¦ÌÌÑ:@@t ^�(t) + i^LN ^�(t) = 0; (2.3)



3 ðÒÅÐÒÉÎÔÄÅ ÏÐÅÒÁÔÏÒ ì¦Õ×¦ÌÌÑ i^LN ^A = i�h [ ^A; ^H].äÌÑ ÒÏÚ×'ÑÚËÕ Ò¦×ÎÑÎÎÑ ÎÅÏÂÈ¦ÄÎÏ ÚÁÄÁÔÉ ÇÒÁÎÉÞÎ¦ ÕÍÏ×É. íÉÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÍÅÔÏÄ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ ÏÐÅ-ÒÁÔÏÒÁ [26,27] ¦ Ú ÓÁÍÏÇÏ ÐÏÞÁÔËÕ ÐÏÓÔÁ×ÉÍÏ ÚÁÄÁÞÕ ×¦ÄÂÏÒÕ ÔÁËÉÈÒÏÚ×'ÑÚË¦× Ò¦×ÎÑÎÎÑ (2.3), ÑË¦ ×¦ÄÐÏ×¦ÄÁÀÔØ ¦ÄÅÑÍ ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ[31], ÔÏÂÔÏ ÚÁÌÅÖÁÔØ ×¦Ä ÞÁÓÕ Ô¦ÌØËÉ ÞÅÒÅÚ ÓÅÒÅÄÎ¦ ÚÎÁÞÅÎÎÑ ÎÁÂÏ-ÒÕ ÓÐÏÓÔÅÒÅÖÕ×ÁÎÉÈ ×ÅÌÉÞÉÎ D ^PmEt ÔÁ ÎÅ ÚÁÌÅÖÉÔØ ×¦Ä ÐÏÞÁÔËÏ×Ï-ÇÏ ÍÏÍÅÎÔÕ ÞÁÓÕ t0: ^�(t) = ^�(: : :D ^PmEt : : :): ôÁË¦ ÒÏÚ×'ÑÚËÉ ÍÏÖÎÁÏÔÒÉÍÁÔÉ, ×ËÌÀÞÉ×ÛÉ ÎÅÓË¦ÎÞÅÎÎÏ ÍÁÌÅ ÄÖÅÒÅÌÏ Õ ÐÒÁ×Õ ÞÁÓÔÉÎÕÒ¦×ÎÑÎÎÑ ì¦Õ×¦ÌÌÑ (2.3) [26,27]:@@t ^�(t) + i^LN ^�(t) = ��(^�(t)� ^�q(t)); (2.4)ÄÅ � ! +0 Ð¦ÓÌÑ ÇÒÁÎÉÞÎÏÇÏ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÏÇÏ ÐÅÒÅÈÏÄÕ. äÖÅÒÅÌÏÐÏÒÕÛÕ¤ ÓÉÍÅÔÒ¦À Ò¦×ÎÑÎÎÑ ì¦Õ×¦ÌÌÑ ×¦ÄÎÏÓÎÏ t ! �t ¦ ×¦ÄÂÉÒÁ¤ÚÁÐ¦ÚÎÀÀÞ¦ ÒÏÚ×'ÑÚËÉ, ÝÏ ×¦ÄÐÏ×¦ÄÁÀÔØ ÓËÏÒÏÞÅÎÏÍÕ ÏÐÉÓÕ ÎÅÒ¦×-ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ ÓÉÓÔÅÍÉ. ë×ÁÚ¦Ò¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅÒÁ-ÔÏÒ ^�q(t), ÑËÉÊ ×ÉÚÎÁÞÁ¤ÔØÓÑ ¦Ú ÕÍÏ×É ÅËÓÔÒÅÍÕÍÕ ¦ÎÆÏÒÍÁÃ¦ÊÎÏ§ ÅÎ-ÔÒÏÐ¦§ ÓÉÓÔÅÍÉ ÐÒÉ ÚÂÅÒÅÖÅÎÎ¦ ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑSp ^�q(t) = 1 (2.5)¦ ÐÒÉ Æ¦ËÓÏ×ÁÎÉÈ ÚÎÁÞÅÎÎÑÈ ÎÁÂÏÒÕ ×ÅÌÉÞÉÎ D ^PmEt { ÐÁÒÁÍÅÔÒ¦×ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ.ðÒÉ ÄÏÓÌ¦ÄÖÅÎÎÑÈ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÏÇÏ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ ÎÏÒ-ÍÁÌØÎÏ§ ÂÏÚÅ-Ò¦ÄÉÎÉ, ÝÏ ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ ÐÒÏÃÅÓÁÍÉ ÐÅÒÅÎÏÓÕ ÅÎÅÒ-Ç¦§, ¦ÍÐÕÌØÓÕ ÔÁ ÍÁÓÉ, ÐÁÒÁÍÅÔÒÁÍÉ ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ ¤ ÓÐÏÓÔÅÒÅÖÕ-×ÁÎ¦ ×ÅÌÉÞÉÎÉ: ÓÅÒÅÄÎ¦ ÚÎÁÞÅÎÎÑ ÇÕÓÔÉÎ ÅÎÅÒÇ¦§ h^"qit, ¦ÍÐÕÌØÓÕ D ^PqEt,¦ ÞÉÓÌÁ ÞÁÓÔÉÎÏË h^�qit [10,14,16]. úÁÓÅÒÅÄÖÅÎÎÑ ÏÚÎÁÞÅÎÅ ÑËh(: : : )it = Sp[(: : : ) ^�(t)]: (2.6)æÕÒ'¤-ËÏÍÐÏÎÅÎÔÉ ÇÕÓÔÉÎÉ ÅÎÅÒÇ¦§ ¦ ÇÕÓÔÉÎÉ ¦ÍÐÕÌØÓÕ^"q = 1pN Xp � p22m � q28m� ^a+p�q2 ^ap+ q2 + (2.7)+ 12V Xp Xk �(k)^a+p+ q�k2 ^�k ^ap�q�k2 ;^Pq = 1pN Xp p ^a+p�q2 ^ap+ q2 (2.8)
ICMP{97{13U 4ÒÁÚÏÍ Ú ÇÕÓÔÉÎÏÀ ÞÉÓÌÁ ÞÁÓÔÉÎÏË (2.2) ÚÁÄÏ×¦ÌØÎÑÀÔØ ÌÏËÁÌØÎ¦ ÚÁ-ËÏÎÉ ÚÂÅÒÅÖÅÎÎÑ, Á §È ÓÅÒÅÄÎ¦ ÚÎÁÞÅÎÎÑ { Ò¦×ÎÑÎÎÑ ÕÚÁÇÁÌØÎÅÎÏ§ Ç¦Ä-ÒÏÄÉÎÁÍ¦ËÉ (Õ Ì¦Î¦ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ Ò¦×ÎÑÎÎÑ ÍÏÌÅËÕÌÑÒÎÏ§ Ç¦ÄÒÏ-ÄÉÎÁÍ¦ËÉ) Ë×ÁÎÔÏ×ÉÈ ÓÉÓÔÅÍ. ÷ÁÖÌÉ×ÏÀ ÒÉÓÏÀ ÄÌÑ ÇÕÓÔÉÎ ÅÎÅÒÇ¦§,¦ÍÐÕÌØÓÕ ¦ ÞÉÓÌÁ ÞÁÓÔÉÎÏË, ÝÏ ÌÏËÁÌØÎÏ ÚÂÅÒ¦ÇÁÀÔØÓÑ, ¤ ÔÅ, ÝÏ ×ÏÎÉ×ÉÚÎÁÞÁÀÔØÓÑ ÞÅÒÅÚ ÏÐÅÒÁÔÏÒ ÆÁÚÏ×Ï§ ÇÕÓÔÉÎÉ ÞÉÓÌÁ ÞÁÓÔÉÎÏË ^nq(p){ ÏÐÅÒÁÔÏÒ ëÌ¦ÍÏÎÔÏ×ÉÞÁ:^nq(p) = ^a+p�q2 ^ap+ q2 ; (2.9)^�q = 1pN Xp ^nq(p); (2.10)^Pq = 1pN Xp p^nq(p); (2.11)^"kinq = 1pN Xp � p22m � q28m� ^nq(p); (2.12)^"intq = 12V Xp Xp0 Xk �(k)^a+p+ k�q2 ^nk(p0) ^ap�k�q2 ; (2.13)ÄÅ: ^"kinq ÔÁ ^"intq { ÆÕÒ'¤-ËÏÍÐÏÎÅÎÔÉ ÏÐÅÒÁÔÏÒ¦× ÇÕÓÔÉÎÉ Ë¦ÎÅÔÉÞÎÏ§ÔÁ ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÅÎÅÒÇ¦Ê. óÅÒÅÄÎ¦ ÚÎÁÞÅÎÎÑ ÄÌÑ ÃÉÈ ×ÅÌÉÞÉÎ ÍÏÖÎÁÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦:h^�qit = 1pN Xp f1(p;q; t); (2.14)D^PqEt = 1pN Xp pf1(p;q; t); (2.15)
^"kinq �t = 1pN Xp � p22m � q28m� f1(p;q; t); (2.16)ÄÅ ÏÄÎÏÞÁÓÔÉÎËÏ×Á ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ f(p;q; t) = h^nq(p)it ÚÁÄÏ×¦ÌØ-ÎÑ¤ Ë¦ÎÅÔÉÞÎÅ Ò¦×ÎÑÎÎÑ ÄÌÑ Ë×ÁÎÔÏ×Ï§ ÂÏÚÅ-ÓÉÓÔÅÍÉ. îÁ ×¦ÄÍ¦ÎÕ ×¦Ä(2.14){(2.16), ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÅÎÅÒÇ¦§ ×ÉÚÎÁÞÁ¤ÔØÓÑÞÅÒÅÚ Ë×ÁÎÔÏ×Õ Ä×ÏÞÁÓÔÉÎËÏ×Õ ÎÅÒ¦×ÎÏ×ÁÖÎÕ ÆÕÎËÃ¦À ÒÏÚÐÏÄ¦ÌÕ:
^"intq �t = 12V Xp Xp0 Xk �(k)� (2.17)� f2(p+ k� q2 ;p0;p� k� q2 ; t);



5 ðÒÅÐÒÉÎÔÄÅ f2(p+ k� q2 ;p0;p� k� q2 ; t) = (2.18)= D^a+p+ k�q2 ^nk(p0) ^ap� k�q2 Et :îÁ ÃØÏÍÕ ÅÔÁÐ¦ ×ÉÎÉËÁ¤ ÐÒÏÂÌÅÍÁ ÕÚÇÏÄÖÅÎÏÇÏ ÏÐÉÓÕ Ë¦ÎÅÔÉËÉ¦ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ Ë×ÁÎÔÏ×Ï§ ÂÏÚÅ-ÓÉÓÔÅÍÉ. äÌÑ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÏÇÏ ÏÐÉ-ÓÕ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ ÓÉÓÔÅÍÉ ÄÏÓÔÁÔÎØÏ ×ËÌÀÞÉÔÉ Õ ÎÁÂ¦Ò ÐÁ-ÒÁÍÅÔÒ¦× ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ ÓÅÒÅÄÎ¦ ÚÎÁÞÅÎÎÑ ÞÉÓÌÁ ÞÁÓÔÉÎÏË h^�qit,¦ÍÐÕÌØÓÕ D^PqEt¦ ÐÏ×ÎÏ§ ÅÎÅÒÇ¦§ h^"qit. ú ¦ÎÛÏÇÏ ÂÏËÕ ÄÌÑ Ë¦ÎÅÔÉÞÎÏ-ÇÏ ÏÐÉÓÕ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ ÓÉÓÔÅÍÉ ÈÁÒÁËÔÅÒÎÉÍ ÐÁÒÁÍÅÔÒÏÍ ¤Ë×ÁÎÔÏ×Á ÏÄÎÏÞÁÓÔÉÎËÏ×Á ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ f1(p;q; t), ÝÏ ÚÁÄÏ×¦ÌØ-ÎÑ¤ Ë¦ÎÅÔÉÞÎÅ Ò¦×ÎÑÎÎÑ. õÚÇÏÄÖÅÎÎÑ Ë¦ÎÅÔÉËÉ ¦ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ÄÌÑÄÕÖÅ ÒÏÚÒ¦ÄÖÅÎÏÇÏ ÂÏÚÅ-ÇÁÚÕ ÎÅ ×ÉËÌÉËÁ¤ ÐÒÏÂÌÅÍ (ÇÕÓÔÉÎÁ ¤ ÍÁ-ÌÉÍ ÐÁÒÁÍÅÔÒÏÍ) ¦ ÐÁÒÁÍÅÔÒÏÍ ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ ÍÏÖÅ ÂÕÔÉ ×É-ÂÒÁÎÁ Ô¦ÌØËÉ Ë×ÁÎÔÏ×Á ÏÄÎÏÞÁÓÔÉÎËÏ×Á ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ f1(p;q; t).ðÒÉ ÐÅÒÅÈÏÄ¦ ÄÏ Ë×ÁÎÔÏ×ÉÈ ÂÏÚÅ-Ò¦ÄÉÎ ×ËÌÁÄ ËÏÌÅËÔÉ×ÎÉÈ ËÏÒÅÌÑÃ¦Ê,ÝÏ ÏÐÉÓÕÀÔØÓÑ ÓÅÒÅÄÎØÏÀ ÐÏÔÅÎÃ¦ÁÌØÎÏÀ ÅÎÅÒÇ¦¤À ×ÚÁ¤ÍÏÄ¦§ 
^"intq �t(2.17), ¤ Â¦ÌØÛ ×ÁÖÌÉ×ÉÊ Î¦Ö ÏÄÎÏÞÁÓÔÉÎËÏ×¦ ËÏÒÅÌÑÃ¦§, ÐÏ×'ÚÁÎ¦ ¦Úf1(p;q; t). ú×¦ÄÓÉ ×ÉÐÌÉ×Á¤, ÝÏ ÄÌÑ ÕÚÇÏÄÖÅÎÏÇÏ ÏÐÉÓÕ Ë¦ÎÅÔÉËÉ ¦Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ÂÏÚÅ-Ò¦ÄÉÎÉ ÚÁ ÐÁÒÁÍÅÔÒÉ ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ ÎÅÒ¦×ÎÏ-×ÁÖÎÏÇÏ ÓÔÁÎÕ ÎÅÏÂÈ¦ÄÎÏ ×ÉÂÒÁÔÉ Ë×ÁÎÔÏ×Õ ÏÄÎÏÞÁÓÔÉÎËÏ×Õ ÎÅÒ¦×-ÎÏ×ÁÖÎÕ ÆÕÎËÃ¦À ÒÏÚÐÏÄ¦ÌÕ f1(p;q; t) ¦ ÓÅÒÅÄÎÀ ÐÏÔÅÎÃ¦ÁÌØÎÕ ÅÎÅÒ-Ç¦À ×ÚÁ¤ÍÏÄ¦§ 
^"intq �t. ðÏÄ¦ÂÎ¦ ÐÒÏÂÌÅÍÉ ÕÚÇÏÄÖÅÎÏÇÏ ÏÐÉÓÕ Ë¦ÎÅÔÉËÉ¦ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ËÌÁÓÉÞÎÉÈ ÇÕÓÔÉÎ ÇÁÚ¦× ¦ Ò¦ÄÉÎ, ÑË ×ÖÅ ×¦ÄÚÎÁÞÁ-ÌÏÓØ ×ÉÝÅ, ÒÏÚÇÌÑÄÁÌÉÓØ Õ ÒÏÂÏÔÁÈ [23{25]. ôÏÍÕ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ[23{27], Ë×ÁÚ¦Ò¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅÒÁÔÏÒ ^�q(t), ÝÏ ×ÈÏÄÉÔØ Õ(2.4), ÚÎÁÊÄÅÍÏ ¦Ú ÕÍÏ×É ÅËÓÔÒÅÍÕÍÕ ¦ÎÆÏÒÍÁÃ¦ÊÎÏ§ ÅÎÔÒÏÐ¦§ ÓÉÓÔÅÍÉÐÒÉ ÚÂÅÒÅÖÅÎÎ¦ ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑ (2.5) ÐÒÉ Æ¦ËÓÏ×ÁÎÉÈ ÚÎÁÞÅÎÎÑÈh^nq(p)it = f1(p;q; t) ÔÁ 
^"intq �t:^�q(t) = expn� �(t)�Xq ��q(t) ^"intq � (2.19)�Xq Xp 
�q(p; t) ^nq(p)o:ìÁÇÒÁÎÖÅ×¦ ÍÎÏÖÎÉËÉ ��q(t), 
�q(p; t) ×ÉÚÎÁÞÁÀÔØÓÑ ¦Ú ÕÍÏ× ÓÁÍÏ-ÕÚÇÏÄÖÅÎØ:
^"intq �t = 
^"intq �tq ; h^nq(p)it = h^nq(p)itq ; (2.20)
ICMP{97{13U 6h(: : : )itq = Sp[(: : : ) �q(t)];Á ÆÕÎËÃ¦ÏÎÁÌ íÁÓ'¤-ðÌÁÎËÁ�(t) = ln Sp expn�Xq ��q(t) ^"intq � (2.21)�Xq Xp 
�q(p; t) ^nq(p)oÚÎÁÈÏÄÉÔØÓÑ ¦Ú ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑ (2.5). ðÒÉ ÚÁÄÁÎÏÍÕ Ë×ÁÚ¦Ò¦×ÎÏ-×ÁÖÎÏÍÕ ÏÐÅÒÁÔÏÒ¦ ^�q(t) (2.19) ÚÎÁÊÄÅÍÏ ÎÅÒ¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞ-ÎÉÊ ÏÐÅÒÁÔÏÒ ^�(t), ÝÏ ÚÁÄÏ×¦ÌØÎÑ¤ Ë×ÁÎÔÏ×Å Ò¦×ÎÑÎÎÑ ì¦Õ×¦ÌÌÑ ÚÄÖÅÒÅÌÏÍ. äÌÑ ÃØÏÇÏ ÚÁÐÉÛÅÍÏ Ò¦×ÎÑÎÎÑ (2.4) Õ ×ÉÇÌÑÄ¦ [27]:� @@t + (1� Pq(t)) i^LN + �� (^�(t)� ^�q(t)) = (2.22)= � (1� Pq(t)) i^LN ^�q(t);ÄÅ ÕÚÁÇÁÌØÎÅÎÉÊ ÐÒÏ¤ËÃ¦ÊÎÉÊ ÏÐÅÒÁÔÏÒ ëÁ×ÁÓÁË¦-çÁÎÔÏÎÁ Ä¦¤ Ô¦ÌØËÉÎÁ ÓÔÁÔÉÓÔÉÞÎ¦ ÏÐÅÒÁÔÏÒÉPq(t)^�0 = �^�q(t)�Xq �^�q(t)� 
^"intq �t 
^"intq �t� (2.23)�Xq Xp �^�q(t)� h^nq(p)it h^nq(p)it � Sp ^�0 ++Xq �^�q(t)� 
^"intq �t Sp(^"intq ^�0) +Xq Xp �^�q(t)� h^nq(p)it Sp(^nq(p)^�0)¦ ÍÁ¤ ×ÌÁÓÔÉ×ÏÓÔ¦:Pq(t)^�0 = ^�q(t); Pq(t)^�0q(t0) = ^�q(t); Pq(t)Pq(t0) = Pq(t):æÏÒÍÁÌØÎÉÊ ÒÏÚ×'ÑÚÏË Ò¦×ÎÑÎÎÑ (2.22) ÍÁ¤ ×ÉÇÌÑÄ:^�(t) = ^�q(t)� tZ�1 dt0 expf�(t0 � t)gTq(t; t0)� (2.24)��1� Pq(t0)�i^LN ^�q(t0);ÄÅ ÕÚÁÇÁÌØÎÅÎÉÊ ÏÐÅÒÁÔÏÒ Å×ÏÌÀÃ¦§ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÐÒÏ¤ËÔÕ×ÁÎÎÑTq(t; t0) = exp+8<:� tZt0 dt0�1� Pq(t0)�i^LN9=; : (2.25)



7 ðÒÅÐÒÉÎÔäÁÌ¦ ÒÏÚËÒÉ¤ÍÏ Ä¦À ÏÐÅÒÁÔÏÒ¦× �1 � Pq(t0)�i^LN ÎÁ ^�q(t0) Õ ÐÒÁ×¦ÊÞÁÓÔÉÎ¦ (2.24), × ÒÅÚÕÌØÔÁÔ¦ ÏÔÒÉÍÁ¤ÍÏ:�1� Pq(t0)�i^LN ^�q(t0) = � 1Z0 d�(^�q(t))��Xq ��q(t)I int" (q; t)++Xq Xq 
�q(p;t)In(p;q; t)�(^�q(t))1�� ; (2.26)ÄÅ ÕÚÁÇÁÌØÎÅÎ¦ ÐÏÔÏËÉI int" (q; t) = �1� P (t)�i^LN ^"intq ; (2.27)In(p;q; t) = �1� P (t)�i^LN ^nintq (p): (2.28)÷ÉÒÁÚÉ (2.27) ÔÁ (2.28) Í¦ÓÔÑÔØ ÕÚÁÇÁÌØÎÅÎÉÊ ÐÒÏ¤ËÃ¦ÊÎÉÊ ÏÐÅÒÁÔÏÒíÏÒ¦:P (t)^b = h^bitq +Xq �h^bitq�h^"intq it (^"intq � h^"intq it) ++Xq Xp �h^bitq�h^nq(p)it (^nq(p)� h^nq(p)it); (2.29)ÝÏ Ä¦¤ Ô¦ÌØËÉ ÎÁ ÏÐÅÒÁÔÏÒÉ Æ¦ÚÉÞÎÉÈ ×ÅÌÉÞÉÎ ¦ ÍÁ¤ ×ÌÁÓÔÉ×ÏÓÔ¦:P (t)nq(p) = nq(p); P (t)^"intq = ^"intq ; P (t)P (t0) = P (t):ð¦ÄÓÔÁ×ÉÍÏ (2.26) Õ (2.24), × ÒÅÚÕÌØÔÁÔ¦ ÄÌÑ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉ-ÓÔÉÞÎÏÇÏ ÏÐÅÒÁÔÏÒÁ ÂÏÚÅ-ÓÉÓÔÅÍÉ ÏÔÒÉÍÁ¤ÍÏ:^�(t) = �q(t) +Xq tZ�1 dt0 expf�(t0 � t)gTq(t; t0)� (2.30)� 1Z0 d�(�q(t0))� I int" (q; t0)(�q(t0))1����q(t0) ++Xq Xp tZ�1 dt0 expf�(t0 � t)gTq(t; t0)�� 1Z0 d�(�q(t0))� In(p;q; t0)(�q(t0))1��
�q(p; t0):
ICMP{97{13U 8îÅÒ¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅÒÁÔÏÒ (2.30) ÏÔÒÉÍÁÎÉÊ ÐÒÉ ÕÚ-ÇÏÄÖÅÎÏÍÕ ÏÐÉÓ¦ Ë¦ÎÅÔÉËÉ ¦ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ÂÁÇÁÔÏÂÏÚÏÎÎÏ§ ÓÉÓÔÅÍÉ.úÁ ÄÏÐÏÍÏÇÏÀ ÎØÏÇÏ ÚÎÁÊÄÅÍÏ ÎÅÚÁÍËÎÕÔÕ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÐÅÒÅÎÏ-ÓÕ ÄÌÑ ÐÁÒÁÍÅÔÒ¦× ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ f1(p;q; t), h^"intq it . äÌÑ ÃØÏÇÏ×ÉËÏÒÉÓÔÁ¤ÍÏ ÔÏÔÏÖÎÏÓÔ¦:@@tf1(p;q; t) = @@th^nq(p)it = h _^nq(p)itq + hIn(p;q)it;@@th^"intq it = h _^"intq it = h _^"intq itq + hI int" (q)it; (2.31)ÄÅ: _^nq(p) = i^LN ^nq(p); _^"intq = i^LN ^"intq : (2.32)ôÅÐÅÒ ÕÓÅÒÅÄÎÉÍÏ Õ ÐÒÁ×ÉÈ ÞÁÓÔÉÎÁÈ (2.31) Ú ÎÅÒ¦×ÎÏ×ÁÖÎÉÍ ÓÔÁÔÉ-ÓÔÉÞÎÉÍ ÏÐÅÒÁÔÏÒÏÍ (2.30), × ÒÅÚÕÌØÔÁÔ¦ ÚÎÁÊÄÅÍÏ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØÄÌÑ ÎÅÒ¦×ÎÏ×ÁÖÎÏ§ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ f1(p;q; t) ¦ ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎ-ÎÑ ÇÕÓÔÉÎÉ ÅÎÅÒÇ¦§ ×ÚÁ¤ÍÏÄ¦§ h^"intq it:@@th^nq(p)it = h _^nq(p)itq +Xq0 tZ�1 dt0 expf�(t0 � t)g� (2.33)� 'intn" (q;p;q0; t; t0)��q(t0) ++Xq0 Xp0 tZ�1 dt0 expf�(t0 � t)g'nn(q;p;q0;q0; t; t0)
�q(p0; t0);@@th^"intq it = h _^"intq itq +Xq0 tZ�1 dt0 expf�(t0 � t)g�� 'int"" (q;q0; t; t0)��q(t0) ++Xq0 Xp0 tZ�1 dt0 expf�(t0 � t)g'int"n (q;q0;p0; t; t0)
�q(p0; t0):õ Ò¦×ÎÑÎÎÑÈ (2.33) ××ÅÄÅÎ¦ ÕÚÁÇÁÌØÎÅÎ¦ ÑÄÒÁ ÐÅÒÅÎÏÓÕ, ÑË¦ ÏÐÉÓÕÀÔØÄÉÓÉÐÁÔÉ×Î¦ ÐÒÏÃÅÓÉ × ÓÉÓÔÅÍ¦:'intn" (q;p;q0; t; t0) = Sp �In(q;p; t)Tq(t; t0)� (2.34)� 1Z0 d���q (t0)I int" (q0; t0)�1��q (t0)�;



9 ðÒÅÐÒÉÎÔ'int"n (q;q0;p; t; t0) = Sp �I int" (q; t0)Tq(t; t0)� (2.35)� 1Z0 d���q (t0)In(p;q0; t)�1��q (t0)�;'nn(q;p;q0;p0; t; t0) = Sp �In(q;p; t)Tq(t; t0)� (2.36)� 1Z0 d���q (t0)In(p0;q0; t)�1��q (t0)�;'int"" (q;q0; t; t0) = Sp �I int" (q; t0)Tq(t; t0)� (2.37)� 1Z0 d���q (t0)I int" (q0; t0)�1��q (t0)�:óÉÓÔÅÍÁ Ò¦×ÎÑÎØ (2.33) ÄÌÑ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ¦ ÓÅÒÅÄÎØÏ§ ÇÕÓÔÉÎÉ ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÅÎÅÒÇ¦§ ¤ ÓÉÌØÎÏ ÎÅÌ¦Î¦ÊÎÏÀ ÓÉ-ÓÔÅÍÏÀ ¦ ÍÏÖÅ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎÁ ÄÌÑ ÏÐÉÓÕ ÑË ÓÉÌØÎÏ, ÔÁË ¦ ÓÌÁÂÏÎÅÒ¦×ÎÏ×ÁÖÎÉÈ ÓÔÁÎ¦× ÂÏÚÅ-ÓÉÓÔÅÍÉ ÐÒÉ ÕÚÇÏÄÖÅÎÏÍÕ ÏÐÉÓ¦ Ë¦ÎÅÔÉ-ËÉ ¦ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ. ã¦ Ò¦×ÎÑÎÎÑ ÐÅÒÅÎÏÓÕ ÄÌÑ ÂÁÇÁÔÏÂÏÚÏÎÎÏ§ ÓÉ-ÓÔÅÍÉ ¤ ÎÏ×ÉÍÉ. ðÒÏ¤ËÔÕÀÞÉ §È ÎÁ ÚÎÁÞÁÎÎÑ ËÏÍÐÏÎÅÎÔ ×ÅËÔÏÒÁ	(p) = �1;p; p22m � q28m�, ×¦ÄÐÏ×¦ÄÎÏ ÄÏ (2.14)-(2.16), ÏÔÒÉÍÁ¤ÍÏ Ò¦×-ÎÑÎÎÑ ÎÅÌ¦Î¦ÊÎÏ§ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ, Õ ÑËÉÈ ÐÒÏÃÅÓÉ ÐÅÒÅÎÏÓÕ Ë¦ÎÅÔÉÞÎÏ§¦ ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÞÁÓÔÉÎ ÅÎÅÒÇ¦§ ÏÐÉÓÕÀÔØÓÑ Ä×ÏÍÁ ×ÚÁ¤ÍÏÚ×'ÑÚÁÎÉÍÉÒ¦×ÎÑÎÎÑÍÉ.ïÞÅ×ÉÄÎÏ, ÝÏ ÔÁË¦ Ò¦×ÎÑÎÎÑ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ ÎÅÌ¦Î¦ÊÎÉÈ ÐÒÏÃÅÓ¦×ÄÁÀÔØ ÍÏÖÌÉ×¦ÓÔØ Â¦ÌØÛ ÄÅÔÁÌØÎÏ ÏÐÉÓÕ×ÁÔÉ ÐÒÏÃÅÓÉ ×ÚÁ¤ÍÎÏÇÏ ÐÅ-ÒÅÔ×ÏÒÅÎÎÑ Ë¦ÎÅÔÉÞÎÏ§ ÔÁ ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÅÎÅÒÇ¦§ ÞÁÓÔÉÎÏË ÐÒÉ ÐÅÒÅ-ÈÏÄ¦ ×¦Ä ÇÁÚÏÐÏÄ¦ÂÎÏÇÏ ÄÏ Ò¦ÄÉÎÎÏÇÏ ÓÔÁÎÕ ÐÒÉ ÚÍ¦Î¦ ÇÕÓÔÉÎÉ, ÔÉÓËÕ ¦ÔÅÍÐÅÒÁÔÕÒÉ.3. ë¦ÎÅÔÉËÁ ¦ Ç¦ÄÒÏÄÉÎÁÍ¦ËÁ ÓÌÁÂÏ ÎÅÒ¦×ÎÏ×ÁÖÎÏ§ÂÏÚÅ-ÓÉÓÔÅÍÉäÌÑ ÏÐÉÓÕ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ ÂÏÚÅ-ÓÉÓÔÅÍÉ ÂÌÉÚØËÏÇÏ ÄÏ Ò¦×-ÎÏ×ÁÖÎÏÇÏ, ÔÏÂÔÏ ËÏÌÉ ÐÁÒÁÍÅÔÒÉ ÓËÏÒÏÞÅÎÏÇÏ ÏÐÉÓÕ h^nq(p)it, h^"intq itÐÏ×¦ÌØÎÏ ÚÍ¦ÎÀÀÔØÓÑ Õ ÐÒÏÓÔÏÒ¦ ¦ ÞÁÓ¦ ÔÁ ÍÁÌÏ ×¦ÄÒ¦ÚÎÑÀÔØÓÑ ×¦Ä
ICMP{97{13U 10Ó×Ï§È Ò¦×ÎÏ×ÁÖÎÉÈ ÚÎÁÞÅÎØ, ÄÏÓÔÁÔÎØÏ Ì¦Î¦ÊÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ÚÁ ×¦Ä-ÈÉÌÅÎÎÑÍÉ ÐÁÒÁÍÅÔÒ¦× �q(t), 
q(p; t) ×¦Ä §È Ò¦×ÎÏ×ÁÖÎÉÈ ÚÎÁÞÅÎØ. õÃØÏÍÕ ×ÉÐÁÄËÕ ÚÒÕÞÎÏ ÐÅÒÅÊÔÉ ×¦Ä ÎÁÂÏÒÕ ÏÐÅÒÁÔÏÒ¦× ÄÉÎÁÍ¦ÞÎÉÈÚÍ¦ÎÎÉÈ f^nq(p); ^"intq g ÄÏ ÎÁÂÏÒÕ f^nq(p); ^"qg Ú æÕÒ'¤-ËÏÍÐÏÎÅÎÔÏÀÏÐÅÒÁÔÏÒÁ ÇÕÓÔÉÎÉ ÐÏ×ÎÏ§ ÅÎÅÒÇ¦§ (2.7). ë×ÁÚ¦Ò¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞ-ÎÉÊ ÏÐÅÒÁÔÏÒ �q(t) (2.19) ÄÌÑ ÎÁÂÏÒÕ f^nq(p); ^"qg ÍÏÖÅ ÂÕÔÉ ÐÒÅÄÓÔÁ-×ÌÅÎÉÊ Õ ×ÉÇÌÑÄ¦:^�q(t) = expn� �(t)�Xq ��q(t) ^"q � (3.1)�Xq Xp �
�q(p; t) ^nq(p)o;ÄÅ ÐÁÒÁÍÅÔÒ �
�q(p; t) = 
�q(p; t)�( p22m� q28m )�q(t)N�1=2 ×ÉÚÎÁÞÁ¤ÔØÓÑ¦Ú ÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ h^nq(p)it = h^nq(p)itq , Á ÐÁÒÁÍÅÔÒ ��q(t) { ¦ÚÕÍÏ×É h^"qit = h^"qitq . ôÏÄ¦ ÒÏÚËÌÁÄÅÍÏ ÏÐÅÒÁÔÏÒ (3.1) ÚÁ ×¦ÄÈÉÌÅÎÎÑ-ÍÉ ��q(t) = �q(t) � �, �
q(p; t) = �
q(p; t) + �� (�; � - Ò¦×ÎÏ×ÁÖÎ¦ÚÎÁÞÅÎÎÑ ×¦ÄÐÏ×¦ÄÎÏ ÏÂÅÒÎÅÎÏ§ ÔÅÍÐÅÒÁÔÕÒÉ ¦ È¦Í¦ÞÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÕ),ÏÂÍÅÖÉ×ÛÉÓØ Ì¦Î¦ÊÎÉÍ ÎÁÂÌÉÖÅÎÎÑÍ:^�q(t) = 1Z0 d� ��0�1�Xq ���q(t)^"q � (3.2)�Xq Xp �
�q(p; t)^nq(p; t)� �1��0 ;ÄÅ �0 - Ò¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅÒÁÔÏÒ:�0 = 1Q expf��( ^H � � ^N)g; Q = Sp expf��( ^H � � ^Ng: (3.3)úÁ ÄÏÐÏÍÏÇÏÀ ÕÍÏ× ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ ×ÉÚÎÁÞÉÍÏ ÐÁÒÁÍÅÔÒÉ ��q(t) ÔÁ�
q(p; t). ïÂÞÉÓÌÉÍÏ ÓÐÏÞÁÔËÕ ÐÁÒÁÍÅÔÒ �
q(p; t):h^nq(p)it = h^nq(p)itq = h^nq(p)i0 � �^nq(p)^"�q�0�q(t)��Xp0 �^nq(p)^nq(p)�q�0
q(p0; t); (3.4)ÄÅ: h^nq(p)i0 = Sp ^nq(p)�0;Á Ò¦×ÎÏ×ÁÖÎ¦ Ë×ÁÎÔÏ×¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§:�^nq(p)^"�q�0 = Sp�^nq(p) 1Z0 d���0 ^"�q�1��0 �; (3.5)



11 ðÒÅÐÒÉÎÔ�^nq(p)^n�q(p0)�0 = Sp�^nq(p) 1Z0 d���0 ^n�q(p0)�1��0 �:äÌÑ ÓËÏÒÏÞÅÎÎÑ ÚÁÐÉÓÕ ××ÅÄÅÍÏ ÎÁÓÔÕÐÎ¦ ÐÏÚÎÁÞÅÎÎÑ:�n"(q;p) = �^nq(p)^"�q�0; (3.6)�nn(q;p;p0) = �^nq(p)^n�q(p0)�0;Ð¦ÓÌÑ ÞÏÇÏ ÚÁÐÉÛÅÍÏ (3.4) Õ ÎÁÓÔÕÐÎÏÍÕ ×ÉÇÌÑÄ¦:h^nq(p)it = ��n"(q;p)��q(t)�Xp0 �nn(q;p;p0)�
q(p0; t): (3.7)ïÚÎÁÞÉÍÏ ÏÂÅÒÎÅÎÕ ÆÕÎËÃ¦À ��1nn(q;p;p0) ÄÏ ÆÕÎËÃ¦§ �nn(q;p;p0)ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ:Xp00 ��1nn(q;p;p00)�nn(q;p00;p0) = �p;p0 ;¦, ÄÏÍÎÏÖÉ×ÛÉ ÎÁ ÎÅ§ Ò¦×ÎÑÎÎÑ (3.7), Ð¦ÓÌÑ ÓÕÍÕ×ÁÎÎÑ ÚÁ ¦ÍÐÕÌØÓÁÍÉ�
q(p0; t) ÚÁÐÉÛÅÔØÓÑ Õ ×ÉÇÌÑÄ¦:�
q(p0; t) =Xp ��1nn(q;p0;p)�n"(q;p)��q(t)� (3.8)�Xp ��1nn(q;p0;p)h^nq(p)it:ð¦ÄÓÔÁ×ÉÍÏ ÃÅÊ ×ÉÒÁÚ Õ (3.2), ÔÏÄ¦ ÏÔÒÉÍÁ¤ÍÏ:^�q(t) = 1Z0 d� ��0�1�Xq ���q(t)^hq � (3.9)�Xq Xp Xp0 h^nq(p0)it��1nn(q;p0;p)^nq(p)� �1��0 ;ÄÅ ^hq = ^"q �Xp Xp0 �"n(q;p0)��1nn(q;p0;p)^nq(p): (3.10)ðÒÉÞÏÍÕ ÌÅÇËÏ ÐÏËÁÚÁÔÉ�hn(q;p) = �^hq^n�q(p)�0 = 0;
ICMP{97{13U 12ÝÏ ÏÚÎÁÞÁ¤ ÏÒÔÏÇÏÎÁÌØÎ¦ÓÔØ ÏÐÅÒÁÔÏÒ¦× ^hq; ^n�q(p). ãÅÊ ÆÁËÔ ÄÁ¤ÍÏÖÌÉ×¦ÓÔØ ÐÒÏÓÔÏ ×ÉËÌÀÞÉÔÉ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÊ ÐÁÒÁÍÅÔÒ ��q(t) ¦Ú(3.9) ÚÁ ÄÏÐÏÍÏÇÏÀ ÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ h^"qit = h^"qitq , ÑËÁ ÔÒÁÎÓ-ÆÏÒÍÕ¤ÔØÓÑ Õ ÐÒÉÊÎÑÔÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ × ÕÍÏ×Õ h^hqit = h^hqitq . ÷ÒÅÚÕÌØÔÁÔ¦ Ë×ÁÚ¦Ò¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅÒÁÔÏÒ ÄÌÑ Ë×ÁÎÔÏ×Ï§ÂÏÚÅ-ÓÉÓÔÅÍÉ Õ Ì¦Î¦ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÍÏÖÎÁ ÐÒÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄ¦:^�q(t) = 1Z0 d� ��0�1 +Xq h�^hqit��1hh (q)^hq � (3.11)�Xq Xp Xp0 h�^nq(p0)it��1nn(q;p0;p)^nq(p)� �1��0 ;ÄÅ �^hq = ^hq � h^hqi0, �^nq(p) = ^nq(p) � h^nq(p)i0, Á ��1hh (q) - ÏÂÅÒ-ÎÅÎÁ ÆÕÎËÃ¦Ñ ÄÏ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§ �hh(q) = �^hq^h�q�0. ôÅÐÅÒ,Ð¦ÄÓÔÁ×ÉÍÏ Ë×ÁÚ¦Ò¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅÒÁÔÏÒ (3.11) Õ (2.24),× ÒÅÚÕÌØÔÁÔ¦ ÏÔÒÉÍÁ¤ÍÏ ÎÁÓÔÕÐÎÉÊ ×ÉÒÁÚ ÄÌÑ ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉ-ÓÔÉÞÎÏÇÏ ÏÐÅÒÁÔÏÒÁ ÂÁÇÁÔÏÂÏÚÏÎÎÏ§ ÓÉÓÔÅÍÉ:^�(t) = 1Z0 d� ��0�1 +Xq h�^hqit��1hh (q)^hq� (3.12)�Xq Xp Xp0 h�^nq(p0)it��1nn(q;p0;p)^nq(p)� �1��0 ��Xq tZ�1 dt0 expf�(t0 � t)gT0(t; t0)�� 1Z0 d� ��0Ih(q)�1��0 ��1hh (q)h�^hqit0 ��Xq Xp Xp0 tZ�1 dt0 expf�(t0 � t)gT0(t; t0)�� 1Z0 d� ��0In(p0;q)�1��0 ��1nn(q;p0;p)h�^nq(p)it0 ;ÄÅ Ë×ÁÎÔÏ×¦ ÕÚÁÇÁÌØÎÅÎ¦ ÐÏÔÏËÉIh(q) = �1� P0�i^LN^hq; In(q;p) = �1� P0�i^LN ^nq(p); (3.13)



13 ðÒÅÐÒÉÎÔÁ P0 - ÐÒÏ¤ËÃ¦ÊÎÉÊ ÏÐÅÒÁÔÏÒ íÏÒ¦, ÐÏÂÕÄÏ×ÁÎÉÊ ÎÁ ÏÐÅÒÁÔÏÒÁÈ ^hq ÔÁ^nq(p): P0^b = Xq �^b^h�q�0��1hh (q)^hq + (3.14)+ Xq Xp Xp0 �^b^n�q(p0)�0��1nn(q;p0;p)^nq(p);P0P0 = P0; P0(1� P0) = 0; P0^hq = ^hq; P0^nq(p) = ^nq(p):ïÐÅÒÁÔÏÒ Å×ÏÌÀÃ¦§ × ÞÁÓ¦ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÐÒÏ¤ËÔÕ×ÁÎÎÑT0 = expn(t0 � t)(1� P0)i^LNo: (3.15)ïÔÖÅ, ÍÉ ÏÔÒÉÍÁÌÉ ÎÅÒ¦×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ ÏÐÅÒÁÔÏÒ ÄÌÑË×ÁÎÔÏ×Ï§ ÂÏÚÅ-ÓÉÓÔÅÍÉ Õ Ì¦Î¦ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÐÒÉ ÕÚÇÏÄÖÅÎÏÍÕÏÐÉÓ¦ Ë¦ÎÅÔÉËÉ ¦ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ. ñË ÂÁÞÉÍÏ ¦Ú (3.12) �(t) ¤ ÆÕÎËÃ¦Ï-ÎÁÌÏÍ Ë×ÁÎÔÏ×Ï§ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÎÅÒ¦×ÎÏ×ÁÖÎÏ§ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕh^nq(p)it ¦ ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ ÏÐÅÒÁÔÏÒÁ \ÅÎÔÁÌØÐ¦§" h^hqit. ä×ÁÏÓÔÁÎÎ¦ ÄÏÄÁÎËÉ Õ (3.12) ÏÐÉÓÕÀÔØ ÄÉÓÉÐÁÔÉ×Î¦ ÐÒÏÃÅÓÉ, ÐÏ×'ÑÚÁÎ¦ ÚË¦ÎÅÔÉÞÎÉÍÉ ¦ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÉÍÉ ÆÌÕËÔÕÁÃ¦ÑÍÉ. úÁ ÄÏÐÏÍÏÇÏÀ �(t)ÏÔÒÉÍÁ¤ÍÏ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÐÅÒÅÎÏÓÕ ÄÌÑ ÓÅÒÅÄÎ¦È h�^hqit, h�^nq(p)it.äÌÑ ÃØÏÇÏ ×ÉËÏÒÉÓÔÁ¤ÍÏ ÔÏÔÏÖÎÏÓÔ¦:@@th�^nq(p)it = hi^LN ^nq(p)it = hi^LN ^nq(p)itq + hIn(q;p)it; (3.16)@@th�^hqit = hi^LN^hqit = hi^LN^hqitq + hIh(q)it: (3.17)õÓÅÒÅÄÎÀÀÞÉ Õ ÐÒÁ×ÉÈ ÞÁÓÔÉÎÁÈ (3.16), (3.17) ÕÚÁÇÁÌØÎÅÎ¦ ÐÏÔÏËÉIn(q;p), Ih(q) Ú ÎÅÒ¦×ÎÏ×ÁÖÎÉÍ ÓÔÁÔÉÓÔÉÞÎÉÍ ÏÐÅÒÁÔÏÒÏÍ (3.12), ÚÁ-ÐÉÛÅÍÏ ÕÚÁÇÁÌØÎÅÎ¦ Ò¦×ÎÑÎÎÑ ÐÅÒÅÎÏÓÕ Õ ÎÁÓÔÕÐÎÏÍÕ ×ÉÇÌÑÄ¦:@@th�^nq(p)it �Xp0 i
nn(q;p;p0)h�^nq(p0)it � i
nh(q;p)h�^hqit++Xp0 tZ�1 dt0 expf�(t0 � t)g'nn(q;p;q0; t; t0)h�^nq(p)it0 + (3.18)+ tZ�1 dt0 expf�(t0 � t)g'nh(q;p; t; t0)h�^hqit0 = 0;
ICMP{97{13U 14@@th�^hqit �Xp0 i
hn(q;p0)h�^nq(p0)it � i
hh(q)h�^hqit+ (3.19)+Xp0 tZ�1 dt0 expf�(t0 � t)g'hn(q;p;q0; t; t0)h�^nq(p0)it0 ++ tZ�1 dt0 expf�(t0 � t)g'hh(q; t; t0)h�^hqit0 = 0;ÄÅ i
nn(q;p;p0) =Xp00 �i^LN ^nq(p00)h�q�0��1nn(q;p00;p0); (3.20)i
nh(q;p) = �i^LN ^nq(p)^hq�0��1hh (q); (3.21)i
hn(q;p) =Xp0 �i^LN^hq^nq(p)�0��1nn(q;p0;p); (3.22)i
hh(q) = �i^LN^hq^hq�0��1hh (q); (3.23){ ÎÏÒÍÏ×ÁÎ¦ ÓÔÁÔÉÞÎ¦ Ë×ÁÎÔÏ×¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§;'nn(q;p;p0; t; t0) = Xp00 �In(q;p)T0(t; t0)In(p;�q)�0 � (3.24)� ��1nn(q;p00;p0);'nh(q;p; t; t0) = �In(q;p)T0(t; t0)Ih(�q)�0��1hh (q); (3.25)'hn(q;p; t; t0) = Xp0 �Ih(q)T0(t; t0)In(�q;p0)�0 �� ��1nn(q;p0;p); (3.26)'hh(q; t; t0) = �Ih(q)T0(t; t0)Ih(�q)�0��1hh (q) (3.27){ ÕÚÁÇÁÌØÎÅÎ¦ ÑÄÒÁ ÐÅÒÅÎÏÓÕ. æÕÎËÃ¦Ñ 'nn(q;p;p0; t; t0) ÏÐÉÓÕ¤ ÄÉ-ÓÉÐÁÔÉ×Î¦ ÐÒÏÃÅÓÉ, ÐÏ×'ÑÚÁÎ¦ Ú Ë¦ÎÅÔÉÞÎÉÍÉ ËÏÒÅÌÑÃ¦ÑÍÉ. ðÒÏÃÅÓÉ,ÐÏ×'ÑÚÁÎ¦ Ú Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÉÍÉ ËÏÒÅÌÑÃ¦ÑÍÉ, ÏÐÉÓÕÀÔØÓÑ ÆÕÎËÃ¦¤À'hh(q; t; t0), Á ÆÕÎËÃ¦§ 'nh(q;p; t; t0) ¦ 'nh(q;p; t; t0) ÏÐÉÓÕÀÔØ ×ÚÁ¤Í-ÎÉÊ ×ÐÌÉ× Ë¦ÎÅÔÉÞÎÉÈ ÔÁ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÉÈ ËÏÒÅÌÑÃ¦Ê. ÷ ÒÅÚÕÌØÔÁÔ¦ÍÉ ÏÔÒÉÍÁÌÉ ÚÁÍËÎÕÔÕ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ Ë×ÁÎÔÏ×Ï§ ÏÄÎÏÞÁÓÔÉÎ-ËÏ×Ï§ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ f1(q;p; t) = h^nq(p)it ¦ ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎ-ÎÑ ÏÐÅÒÁÔÏÒÁ ÇÕÓÔÉÎÉ \ÅÎÔÁÌØÐ¦§" h^hqit ÄÌÑ Ë×ÁÎÔÏ×Ï§ ÓÌÁÂÏ ÎÅÒ¦×-ÎÏ×ÁÖÎÏ§ ÂÏÚÅ-ÓÉÓÔÅÍÉ. ÷ÁÖÌÉ×Ï ÒÏÚ×'ÑÚÁÔÉ ÄÁÎÕ ÓÉÓÔÅÍÕ ×¦ÄÎÏÓÎÏ



15 ðÒÅÐÒÉÎÔh�^hqit. äÌÑ ÃØÏÇÏ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÐÅÒÅÔ×ÏÒÅÎÎÑ ìÁÐÌÁÓÁ, ÓÉÓÔÅÍÕÒ¦×ÎÑÎØ (3.18), (3.19) ÍÏÖÎÁ ÐÒÅÄÓÔÁ×ÉÔÉ Õ ×ÉÇÌÑÄ¦:zh�^nq(p)iz �Xp0 i
nn(q;p;p0)h�^nq(p0)iz� (3.28)�i
nh(q;p)h�^hqiz +Xp0 'nn(q;p;p0; z)h�^nq(p)iz ++'nh(q;p; z)h�^hqiz = �h�^nq(p0)it=0;zh�^hqiz �Xp0 i
hn(q;p0)h�^nq(p0)iz � i
hh(q)h�^hqiz + (3.29)Xp0 'hn(q;p;p0; z)h�^nq(p)iz + 'hh(q; z)h�^hqiz = �h�^hqit=0:òÏÚ×'ÑÚÁ×ÛÉ Ò¦×ÎÑÎÎÑ (3.29) ×¦ÄÎÏÓÎÏ h�^hqit, Ð¦ÄÓÔÁ×ÉÍÏ ÒÅÚÕÌØÔÁÔÕ ÐÅÒÛÅ Ò¦×ÎÑÎÎÑ:zh^�nq(p)iz �Xp0 i
nn(q;p;p0)h�^nq(p0)iz + (3.30)+Xp0 Dnn(q;p;p0; z) = h�^nq(p)it=0;ÄÅ Dnn(q;p;p0; z) = 'nn(q;p;p0; z)� [i
nh(q;p)� (3.31)�'nh(q;p; z)] 11 + 'hh(q; z) [i
hn(q;p)� 'hn(q;p; z)]:÷ÉÒÁÚ (3.30) ¤ ÚÁÍËÎÕÔÉÍ Ë¦ÎÅÔÉÞÎÉÍ Ò¦×ÎÑÎÎÑÍ ÄÌÑ Ë×ÁÎÔÏ×Ï§ÎÅÒ¦×ÎÏ×ÁÖÎÏ§ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ h^nq(p0)iz , Õ ÑËÏ-ÍÕ ÑÄÒÏ ÐÅÒÅÎÏÓÕ Dnn(q;p;p0; z) Í¦ÓÔÉÔØ ÐÅÒÅÎÏÒÍÏ×ËÕ Ë¦ÎÅÔÉÞÎÉÈËÏÒÅÌÑÃ¦Ê Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÉÍÉ ËÏÒÅÌÑÃ¦ÑÍÉ. äÁÎÅ Ë¦ÎÅÔÉÞÎÅ Ò¦×ÎÑÎÎÑÞÉ ×ÚÁÇÁÌ¦ ÓÉÓÔÅÍÁ Ò¦×ÎÑÎØ (3.18), (3.19) ¤ ÏÓÎÏ×ÏÀ ÄÌÑ ×É×ÞÅÎÎÑ ÞÁ-ÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÔÁ ËÏÌÅËÔÉ×ÎÉÈ ÍÏÄ ÓÌÁÂÏ ÎÅÒ¦×ÎÏ×ÁÖ-ÎÏ§ ÂÏÚÅ- ÓÉÓÔÅÍÉ. îÁ ÏÓÎÏ×¦ Ã¦¤§ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ ÐÅÒÅÎÏÓÕ ×¦ÄÏÍÉÍÓÐÏÓÏÂÏÍ [31,32] ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÚÁÍËÎÕÔÕ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ ÞÁ-ÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê, ÐÏÂÕÄÏ×ÁÎÉÈ ÎÁ ÏÐÅÒÁÔÏÒÁÈ ^nq(p), ^hq:z�nn(q;p;p0; z)�Xp00 i
nn(q;p;p00)�nn(q;p00;p0; z)� (3.32)�i
nh(q;p)�hn(q;p0; z) +Xp00 'nn(q;p;p00; z)���nn(q;p00;p0; z) + 'nh(q;p; z)�hn(q;p0; z) = ��nn(q;p;p0);
ICMP{97{13U 16z�nh(q;p; z)�Xp00 i
nn(q;p;p00)�nh(q;p00; z)� (3.33)�i
nh(q;p)�hh(q; z) +Xp00 'nn(q;p;p00; z)�nh(q;p00; z) ++'nh(q;p; z)�hn(q;p0; z) = 0;z�hn(q;p; z)�Xp00 i
hn(q;p00)�nn(q;p00;p0; z) + (3.34)+Xp00 'hn(q;p00; z)�nn(q;p00;p0; z) ++'hh(q; z)�hn(q;p0; z) = 0;z�hh(q; z)�Xp00 i
hn(q;p00)�nh(q;p00; z) + (3.35)+Xp00 'hn(q;p00; z)�nh(q;p00; z) ++'hh(q; z)�hh(q; z) = ��hh(q);ÄÅ �nn(q;p;p0; z) = h�^nq(p)�^n�q(p0)iz ;�nh(q;p; z) = h�^nq(p)�^h�qiz ; (3.36)�hn(q;p; z) = h�^hq�^n�q(p)iz ;�hh(q; z) = h�^hq�^h�qiz{ ìÁÐÌÁÓ-ÏÂÒÁÚÉ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê �nn(q;p;p0; t),�nh(q;p; t), �hn(q;p; t), �hh(q; t). ðÒÉÞÏÍÕ ÞÅÒÅÚ ÞÁÓÏ×Õ ËÏÒÅÌÑÃ¦Ê-ÎÕ ÆÕÎËÃ¦À �nn(q;p;p0; t) ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ ÞÁÓÏ×Õ ËÏÒÅÌÑÃ¦ÊÎÕÆÕÎËÃ¦À \ÇÕÓÔÉÎÁ-ÇÕÓÔÉÎÁ":�nn(q; t) =Xp Xp0 �nn(q;p;p0; t); (3.37)ÑËÁ ÐÏ×'ÑÚÁÎÁ ÆÕÒ'¤-ÐÅÒÅÔ×ÏÒÅÎÎÑÍ Ú ÄÉÎÁÍ¦ÞÎÉÍ ÓÔÒÕËÔÕÒÎÉÍ ÆÁË-ÔÏÒÏÍ ÂÏÚÅ-ÓÉÓÔÅÍÉS(q; !) = 1Z�1 dt exp(i!t)�nn(q; t); (3.38)



17 ðÒÅÐÒÉÎÔÔÁ ÞÁÓÏ×Õ ËÏÒÅÌÑÃ¦ÊÎÕ ÆÕÎËÃ¦À ÇÕÓÔÉÎÉ ÏÐÅÒÁÔÏÒ¦× ¦ÍÐÕÌØÓÕ:�p;p(q; t) =Xp0 Xp00 p�nn(q;p0;p00; t)p0: (3.39)óÉÓÔÅÍÁ Ò¦×ÎÑÎØ (3.32)-(3.35) ÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦ÊÓÌÁÂÏ ÎÅÒ¦×ÎÏ×ÁÖÎÏ§ ÂÏÚÅ-ÓÉÓÔÅÍÉ ÏÔÒÉÍÁÎÁ ÎÁ ÏÓÎÏ×¦ ÕÚÇÏÄÖÅÎÏ-ÇÏ ÏÐÉÓÕ Ë¦ÎÅÔÉËÉ ÔÁ Ç¦ÄÒÏÄÉÎÁÍ¦ËÉ. ãÅ ÎÏ×¦ Ò¦×ÎÑÎÎÑ ÄÌÑ Ë×ÁÎÔÏ-×Ï§ ÂÏÚÅ-ÓÉÓÔÅÍÉ. ðÒÏ¤ËÔÕÀÞÉ §È ÎÁ ×ÌÁÓÎ¦ ÆÕÎËÃ¦§ (1;p) Ë×ÁÎÔÏ×Ï§ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ f1(p;q; t), ÏÔÒÉÍÁ¤ÍÏ ×¦ÄÐÏ×¦ÄÎÕÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê (3.37), (3.39),�hh(q; t) ÔÁ ÄÌÑ §È ÐÅÒÅÈÒÅÓÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê, ÑËÁ ÍÏÖÅ ÂÕ-ÔÉ ÏÔÒÉÍÁÎÁ ÎÁ ÏÓÎÏ×¦ Ò¦×ÎÑÎÎØ ÍÏÌÅËÕÌÑÒÎÏ§ Ç¦ÄÒÏÄÉÎÉÍ¦ËÉ ÞÉ ÎÁÏÓÎÏ×¦ ÍÅÔÏÄÕ ÆÕÎËÃ¦Ê ½Ò¦ÎÁ [10] (Ú ×ÒÁÈÕ×ÁÎÎÑÍ Ú×'ÑÚËÕ ÞÁÓÏ×ÉÈËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê Ú ×¦ÄÐÏ×¦ÄÎÉÍÉ ÞÁÓÏ×ÉÍÉ ÆÕÎËÃ¦ÑÍÉ ½Ò¦ÎÁ).â¦ÌØÛ ÔÏÇÏ, ÐÒÏ¤ËÔÕ×ÁÎÎÑ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ (3.32)-(3.35) ÎÁ ×ÉÝ¦ ÍÏ-ÍÅÎÔÉ Ë×ÁÎÔÏ×Ï§ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÐÒÉ×ÏÄÉÔØ ÄÏ×¦ÄÐÏ×¦ÄÎÉÈ ÓÉÓÔÅÍ Ç¦ÄÒÏÄÉÎÁÍ¦ÞÎÉÈ Ò¦×ÎÑÎØ ÄÌÑ ÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦Ê-ÎÉÈ ÆÕÎËÃ¦Ê ÄÌÑ ÇÕÓÔÉÎ ÏÐÅÒÁÔÏÒ¦× ÞÉÓÌÁ ÞÁÓÔÉÎÏË, ¦ÍÐÕÌØÓÕ, ÅÎ-ÔÁÌØÐ¦§, ÕÚÁÇÁÌØÎÅÎÏÇÏ ÔÅÎÚÏÒÁ ×'ÑÚËÉÈ ÎÁÐÒÕÖÅÎØ ÔÁ ÕÚÁÇÁÌØÎÅÎÏÇÏÐÏÔÏËÕ ÅÎÔÁÌØÐ¦§ ÂÏÚÅ-ÞÁÓÔÉÎÏË.ðÏÄ¦ÂÎ¦ Ò¦×ÎÑÎÎÑ ÄÌÑ ÞÁÓÏ×ÉÈ ÆÕÎË-Ã¦Ê ½Ò¦ÎÁ ÂÕÌÉ ÏÔÒÉÍÁÎ¦ Õ ÒÏÂÏÔÁÈ ãÅÒËÏ×Î¦ËÏ×Á [10,13,15]. ðÒÉÎ-ÃÉÐÏ×ÉÊ ¦ÎÔÅÒÅÓ × ÔÁËÏÍÕ Ð¦ÄÈÏÄ¦ ÓÔÁÎÏ×ÌÑÔØ ÄÏÓÌ¦ÄÖÅÎÎÑ ËÏÌÅË-ÔÉ×ÎÉÈ ÍÏÄ ÔÁ ÕÚÁÇÁÌØÎÅÎÉÈ ËÏÅÆ¦Ã¦¤ÎÔ¦× ÐÅÒÅÎÏÓÕ ×'ÚËÏÓÔ¦, ÔÅÐÌÏ-ÐÒÏ×¦ÄÎÏÓÔ¦ ÄÌÑ Ë×ÁÎÔÏ×ÉÈ ÂÏÚÅ-ÓÉÓÔÅÍ. äÅÔÁÌØÎÏÍÕ ÒÏÚÇÌÑÄÕ ÄÁÎÉÈÐÒÏÂÌÅÍ ÂÕÄÅ ÐÒÉÓ×ÑÞÅÎÁ ÎÁÓÔÕÐÎÁ ÒÏÂÏÔÁ.ì¦ÔÅÒÁÔÕÒÁ[1] âÏÇÏÌÀÂÏ× î.î. ë ×ÏÐÒÏÓÕ Ï ÇÉÄÒÏÄÉÎÁÍÉËÅ Ó×ÅÒÈÔÅËÕÞÅÊ ÖÉÄ-ËÏÓÔÉ. { äÕÂÎÁ ïéñé. { 1963. { 49Ó. { (ðÒÅÐÒÉÎÔ ïéñé, ò{1395).[2] èÁÌÁÔÎÉËÏ× é.í. ôÅÏÒÉÑ Ó×ÅÒÈÔÅËÕÞÅÓÔÉ. { í.: îÁÕËÁ, 1971.[3] Hohenbeig P.C., Martin P.C. // Ann.of Phys.{ 1965. { V.34, °2.{ P. 291-359.[4] ëÒÁÓÎÉËÏ× ÷.á. // äÏËÌ. áî óóóò. { 1967. { ô.174, °5. {ó. 1037{1041.[5] íÏÒÏÚÏ× ÷.ç. // ôíæ. { 1976. { ô.28, °2. { ó. 267{280.[6] ðÅÌÅÔÍÉÎÓËÉÊ ó.÷., óÏËÏÌÏ×ÓËÉÊ á.é., ýÅÌÏËÏ× ÷.ó. // ôíæ.{ 1978. { ô.34, °1. { ó. 81-98.[7] ðÁÔÔÅÒÍÁÎ ó. çÉÄÒÏÄÉÎÁÍÉËÁ Ó×ÅÒÈÔÅËÕÞÅÊ ÖÉÄËÏÓÔÉ. {í.:îÁ-ÕËÁ, 1978.
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