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õäë: 548:537.611.44PACS: 05.60.+w, 05.70.Ln, 05.20.Dd, 52.25.Dg, 52.25.FiæÕÎËÃ¦ÏÎÁÌØÎÅ ÚÏÂÒÁÖÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ Ë×ÁÎÔÏ×ÉÈËÌÁÓÔÅÒÎÉÈ ÓÉÓÔÅÍ.í.á.ëÏÒÉÎÅ×ÓØËÉÊáÎÏÔÁÃ¦Ñ. ïÄÅÒÖÁÎÏ ÚÏÂÒÁÖÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ Ë×ÁÎÔÏ×Ï§ ËÌÁ-ÓÔÅÒÎÏ§ ÓÉÓÔÅÍÉ Õ ×ÉÇÌÑÄ¦ ÆÕÎËÃ¦ÏÎÁÌØÎÏÇÏ ¦ÎÔÅÇÒÁÌÁ ÚÁ ËÏÌÅËÔÉ×-ÎÉÍÉ ÚÍ¦ÎÎÉÍÉ. äÏÓÌ¦ÄÖÅÎÏ ÓÔÁÔÉÓÔÉÞÎ¦ ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ×ÌÁÓÔÉ-×ÏÓÔ¦ ÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕ, ÑËÁ ÓËÌÁÄÁ¤ÔØÓÑ Ú ÇÒÕÐ ¦ÚÏÌØÏ×ÁÎÉÈ ËÌÁ-ÓÔÅÒ¦×. ÷ÎÕÔÒ¦ËÌÁÓÔÅÒÎ¦ ×ÚÁ¤ÍÏÄ¦§ ÏÐÉÓÕÀÔØÓÑ ÏÂÍ¦ÎÎÉÍ ÇÁÍ¦ÌØÔÏÎ¦Á-ÎÏÍ ÇÁÊÚÅÎÂÅÒÇ¦×ÓØËÏÇÏ ÔÉÐÕ. òÏÚ×ÉÎÕÔÏ ÍÅÔÏÄÉËÕ ÒÏÚÒÁÈÕÎËÕ ¦ ÏÔ-ÒÉÍÁÎÏ ËÏÅÆ¦Ã¦¤ÎÔÉ ÎÅÇÁÕÓÏ×ÏÇÏ ÂÁÚÉÓÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ ËÏÌÅËÔÉ×ÎÉÈÚÍ¦ÎÎÉÈ ÎÁ ÕÚÁÇÁÌØÎÅÎÉÈ ÏÐÅÒÁÔÏÒÁÈ ÐÅÒÅÈÏÄÕ.The Functional Representation of Partition Function of Quan-tum Cluster SystemsN.A.KorynevskiiAbstract. The partition function representation of quantum cluster sys-tem in a form of functional integral over collective variables is obtained.The statistic and thermodynamic properties of reference system whichconsists of isolated clusters groups are investigated. Intracluster inter-actions are described by exchange Haizenberg-type Hamiltonian. Themethod of calculation is developed and the coe�cients of non-Gaussianbasic distribution of collective variables on generalized transition opera-tors are found.
ðÏÄÁ¤ÔØÓÑ × Condensed Matter PhysicsSubmitted to Condensed Matter Physics

c
 ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1998Institute for Condensed Matter Physics 1998



1 ðÒÅÐÒÉÎÔ÷ÓÔÕÐóÅÒÅÄ Ò¦ÚÎÏÍÁÎ¦ÔÎÉÈ ËÌÁÓ¦× Æ¦ÚÉÞÎÉÈ ÏÂ'¤ËÔ¦×, × ÑËÉÈ ÓÕÔÔ¤×Õ ÒÏÌØ×¦Ä¦ÇÒÁÀÔØ ÐÒÏÃÅÓÉ ×ÐÏÒÑÄËÕ×ÁÎÎÑ- ÒÏÚ×ÐÏÒÑÄËÕ×ÁÎÎÑ ÅÌÅÍÅÎÔ¦×ÓÔÒÕËÔÕÒÉ, ÏÓÏÂÌÉ×Å Í¦ÓÃÅ ÐÏÓ¦ÄÁÀÔØ ËÌÁÓÔÅÒÎ¦ ÓÉÓÔÅÍÉ. ð¦Ä ËÌÁ-ÓÔÅÒÎÏÀ ÓÉÓÔÅÍÏÀ Ú×ÉÞÁÊÎÏ ÒÏÚÕÍ¦ÀÔØ ËÒÉÓÔÁÌ¦ÞÎÕ (ÁÂÏ ÎÅ×ÐÏÒÑÄ-ËÏ×ÁÎÕ) ÓÐÏÌÕËÕ, × ÑË¦Ê, ×ÎÁÓÌ¦ÄÏË ËÒÉÓÔÁÌ¦ÞÎÏ§ ÂÕÄÏ×É, ÞÉ ÏÓÏÂÌÉ-×ÏÓÔÅÊ Í¦ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ¦§, Æ¦ÚÉÞÎÏ ¦ÓÎÕÀÔØ ÏËÒÅÍ¦ ÇÒÕÐÉ ÞÁ-ÓÔÉÎÏË ÔÁË¦, ÝÏ Ú×'ÑÚÏË Í¦Ö ÞÁÓÔÉÎËÁÍÉ × ÇÒÕÐ¦ ¤ ÓÉÌØÎ¦ÛÉÍ ÐÏÒ¦×-ÎÑÎÏ Ú¦ Ú×'ÑÚËÏÍ ÞÁÓÔÉÎÏË, ÝÏ ×¦ÄÎÏÓÑÔØÓÑ ÄÏ Ò¦ÚÎÉÈ ÇÒÕÐ. ôÁËÁ ÏÓÏ-ÂÌÉ×¦ÓÔØ ×ÎÕÔÒ¦ÛÎØÏ§ ÂÕÄÏ×É ÐÒÉÚ×ÏÄÉÔØ ÄÏ ÓÐÅÃÉÆ¦ÞÎÏ§ ÐÏ×ÅÄ¦ÎËÉÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÌÁÓÔÅÒÎÉÈ ÓÉÓÔÅÍ ÐÏÂÌÉÚÕ ÔÏÞÏËÆÁÚÏ×ÉÈ ÐÅÒÅÔ×ÏÒÅÎØ ÔÉÐÕ ÐÏÒÑÄÏË-ÂÅÚÌÁÄ: ÒÏÚÍÉÔÔÑ Ð¦Ë¦× ÓÐÒÉÊ-ÎÑÔÌÉ×ÏÓÔ¦ ¦ ÔÅÐÌÏÍ¦ÓÔËÏÓÔ¦, ÒÏÚÛÉÒÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÎÏ§ ÏÂÌÁÓÔ¦ ÐÅ-ÒÅÈÏÄÕ ¦ Ô.¦Î.ëÌÁÓÔÅÒÎ¦ ÓÉÓÔÅÍÉ (§È ÝÅ ÞÁÓÔÏ ÎÁÚÉ×ÁÀÔØ ÓÉÓÔÅÍÁÍÉ Ú ÇÒÕ-ÐÁÍÉ ¦ÚÏÌØÏ×ÁÎÉÈ ÁÔÏÍ¦×) ÍÏÖÎÁ ÐÏÄ¦ÌÉÔÉ ÎÁ Ä×Á ËÌÁÓÉ: Ô¦, ËÏÔÒ¦ÚÕÓÔÒ¦ÞÁÀÔØÓÑ ÐÒÉÒÏÄÎÏ × ÄÅÑËÉÈ ÞÉÓÔÉÈ ÓÐÏÌÕËÁÈ, ¦ Ô¦, ÑË¦ ÍÏÖÎÁÏÔÒÉÍÁÔÉ ÛÌÑÈÏÍ ÛÔÕÞÎÏÇÏ ÐÒÉÇÏÔÕ×ÁÎÎÑ. äÏ ÐÅÒÛÏÇÏ ËÌÁÓÕ ×¦Ä-ÎÏÓÑÔØÓÑ ÓËÌÁÄÎ¦ ÁÃÅÔÁÔÉ ÈÒÏÍÕ, ÁÂÏ ÚÁÌ¦ÚÁ [Cr3(CH3COO)6(OH)2]Cl � 8H2O; [Fe3(CH3COO)6(OH)2]NO3 � 6H2O, × ÑËÉÈ ÔÒÉ ¦Ï-ÎÉ Gr3+(Fe3+) ÇÒÕÐÕÀÔØÓÑ ÒÁÚÏÍ, ÂÕÄÕÞÉ ÚÎÁÞÎÏ ×¦ÄÄÁÌÅÎ¦ ×¦Ä¦ÎÛÉÈ ×¦ÄÐÏ×¦ÄÎÉÈ ÔÒ¦ÁÄ × ËÒÉÓÔÁÌ¦; ÍÏÎÏÇ¦ÄÒÁÔÕ ÁÃÅÔÁÔÕ Í¦Ä¦Cu2(CH3COO)2�H2O, × ÑËÏÍÕ ¦ÏÎÉ Cu2+ ÚÇÒÕÐÏ×ÁÎ¦ × ÏËÒÅÍ¦ ÐÁÒÉ ÔÁ¦ÎÛ¦. óÅÒÅÄ ÐÒÅÄÓÔÁ×ÎÉË¦× ÄÒÕÇÏÇÏ ËÌÁÓÕ ×ÁÒÔÏ ×ËÁÚÁÔÉ ÎÁ Ô×ÅÒÄÉÊÒÏÚÞÉÎ ÍÁÇÎ¦ÔÎÏ§ ÓÐÏÌÕËÉ MnO × Ä¦ÁÍÁÇÎ¦ÔÎ¦Ê ÍÁÔÒÉÃ¦ MgO. ðÒÉ×ÉÐÁÄËÏ×ÏÍÕ ÒÏÚÐÏÄ¦Ì¦ ÍÁÇÎ¦ÔÎÉÈ ¦ÏÎ¦× ÐÏ ÇÒÁÔÃ¦ ×ÉÎÉËÁ¤ ËÌÁÓÔÅÒÎÁÓÉÓÔÅÍÁ Ú ×¦ÄÏËÒÅÍÌÅÎÉÍÉ ¦ÏÎÁÍÉ, ÐÁÒÁÍÉ ¦ÏÎ¦×, ÔÒ¦ÁÄÁÍÉ ¦ÏÎ¦× ¦ Ô.Ä.[1].ôÅÏÒÅÔÉÞÎÉÊ ÏÐÉÓ ËÌÁÓÔÅÒÎÉÈ ÓÉÓÔÅÍ, ×¦ÄÏÍÉÊ ÎÁ ÄÁÎÉÊ ÞÁÓ, ÚÏ-ÓÅÒÅÄÖÅÎÉÊ ÌÉÛÅ ÎÁ ×É×ÞÅÎÎ¦ ÓÔÁÔÉÓÔÉËÉ ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎË-Ã¦Ê ¦ÚÏÌØÏ×ÁÎÉÈ ÇÒÕÐ Ú Ä×ÏÈ, ÔÒØÏÈ ¦ ÞÏÔÉÒØÏÈ ÞÁÓÔÉÎÏË ÎÁ ÏÓÎÏ×¦ÍÏÄÅÌ¦ çÁÊÚÅÎÂÅÒÇÁ.åÆÅËÔÁÍÉ ×ÐÌÉ×Õ Í¦ÖËÌÁÓÔÅÒÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ÐÒÉÃØÏÍÕ Ã¦ÌËÏÍ ÎÅÈÔÕ¤ÔØÓÑ,ÝÏ, ÂÅÚÕÍÏ×ÎÏ, ÎÅ×ÉÐÒÁ×ÄÁÎÏ Ú ÔÏÞËÉ ÚÏÒÕÏÐÉÓÕ ÆÁÚÏ×ÉÈ ÐÅÒÅÔ×ÏÒÅÎØ × ÔÁËÉÈ ÓÉÓÔÅÍÁÈ.ïÓË¦ÌØËÉ × ×ÉÝÅÎÁ×ÅÄÅÎÉÈ ÓÐÏÌÕËÁÈ ÏÓÎÏ×ÏÀ ËÌÁÓÔÅÒÎÏ§ ÓÔÒÕË-ÔÕÒÉ ¤ ÇÒÕÐÉ ÁÔÏÍ¦×, ÍÁÇÎ¦ÔÎÉÊ ÍÏÍÅÎÔ ÑËÉÈ ÍÁ¤, × ÏÓÎÏ×ÎÏÍÕ, ÓÐ¦ÎÏ-×Õ ÐÒÉÒÏÄÕ, ÔÏ ×ÉËÏÒÉÓÔÁÎÎÑ ÍÏÄÅÌ¦ çÁÊÚÅÎÂÅÒÇÁ ÄÌÑ ×ÒÁÈÕ×ÁÎÎÑÍ¦ÖÓÐ¦ÎÏ×ÉÈ ÏÂÍ¦ÎÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ¤ ÐÏ×Î¦ÓÔÀ ×ÉÐÒÁ×ÄÁÎÉÍ. ú×ÉÞÁÊ-ÎÏ, ÏÂÍ¦ÎÎÁ ×ÚÁ¤ÍÏÄ¦Ñ, ÑË ÄÕÖÅ ËÏÒÏÔËÏÓÑÖÎÁ, ÓÕÔÔ¤×Á ÌÉÛÅ ÄÌÑÔÉÈ ÁÔÏÍ¦×, ÑË¦ ¤ ÂÌÉÚØËÏÒÏÚÍ¦ÝÅÎÉÍÉ, ÔÏÂÔÏ ËÏÌÉ ×ÏÎÉ ×ÈÏÄÑÔØ ÄÏ
ICMP{98{06U 2ÏÄÎÏÇÏ ËÌÁÓÔÅÒÁ.èÏÞ ÏÂÍ¦ÎÎÁ ×ÚÁ¤ÍÏÄ¦Ñ ¤ ÎÁÊÂ¦ÌØÛÏÀ, ÐÒÏÔÅ ÎÅ ¤ÄÉÎÏÀ×ÚÁ¤ÍÏÄ¦¤À Õ ÍÁÇÎÅÔÉËÕ. ðÏÒÕÞ Ú ÎÅÀ ¦ÓÎÕ¤ ÄÉÐÏÌØ-ÄÉÐÏÌØÎÁ×ÚÁ¤ÍÏÄ¦Ñ Í¦Ö ÍÁÇÎ¦ÔÎÉÍÉ ÍÏÍÅÎÔÁÍÉ ÁÔÏÍ¦×, Á ÔÁËÏÖ §È ×ÚÁ¤ÍÏÄ¦ÑÚ ÅÌÅËÔÒÉÞÎÉÍ ÐÏÌÅÍ ËÒÉÓÔÁÌ¦ÞÎÏ§ ÇÒÁÔËÉ [2]. ïÂÉÄ×¦ Ã¦ ×ÚÁ¤ÍÏÄ¦§ÍÁÀÔØ ÒÅÌÑÔÉ×¦ÓÔÓØËÅ ÐÏÈÏÄÖÅÎÎÑ (ÚÏËÒÅÍÁ ÚÁ ÒÁÈÕÎÏË ÓÐ¦Î-ÏÒÂ¦ÔÁÌØÎÏ§ ×ÚÁ¤ÍÏÄ¦§), ÝÏ Ê ÚÕÍÏ×ÌÀ¤ §È ÁÂÓÏÌÀÔÎÅ ÚÎÁÞÅÎÎÑ ÎÁ 1-2ÐÏÒÑÄËÉ ÍÅÎÛÉÍ ÚÁ ×ÅÌÉÞÉÎÕ ÏÂÍ¦ÎÎÏ§ ×ÚÁ¤ÍÏÄ¦§. ðÒÏÔÅ §È ÒÏÌØ ¤ÓÕÔÔ¤×ÏÀ. òÅÌÑÔÉ×¦ÓÔÓØË¦ ×ÚÁ¤ÍÏÄ¦§ ÓÕÐÒÏ×ÏÄÖÕÀÔØÓÑ ÆÏÒÍÕ×ÁÎÎÑÍÐÅ×ÎÏÇÏ ÎÁÐÒÑÍËÕ ÎÁÍÁÇÎ¦ÞÕ×ÁÎÎÑ, ËÒ¦Í ÔÏÇÏ ×ÏÎÉ ÍÁÀÔØ ÄÁÌÅËÏ-ÓÑÖÎÉÊ ÈÁÒÁËÔÅÒ (ÑË ÃÅ ×ÌÁÓÔÉ×Ï ÄÉÐÏÌØÎÉÍ ×ÚÁ¤ÍÏÄ¦ÑÍ). ãÅ ÏÚÎÁ-ÞÁ¤, ÝÏ ×ÒÁÈÕ×ÁÎÎÑ Í¦ÖËÌÁÓÔÅÒÎÉÈ ÍÁÇÎ¦ÔÏÄÉÐÏÌØÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ¤ÎÅÏÂÈ¦ÄÎÉÍ.óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ × ÓÉÌØÎÉÈ ËÒÉÓÔÁÌ¦ÞÎÉÈ ÐÏÌÑÈ ÓÌÁÂÏ-ÁÎ¦ÚÏÔÒÏÐÎÉÊ ÈÁÒÁËÔÅÒ ÏÂÍ¦ÎÎÏ§ ×ÚÁ¤ÍÏÄ¦§ ÍÁ¤ Í¦ÓÃÅ ÄÌÑ d-ÅÌÅËÔÒÏÎ¦× (¦ÏÎÉ Fe3+ ÔÁ Cr3+). ÷ ÔÏÊ ÖÅ ÞÁÓ ÓÉÌØÎÏ-ÁÎ¦ÚÏÔÒÏÐÎÉÍÉ¤ ÏÂÍ¦ÎÎ¦ ×ÚÁ¤ÍÏÄ¦§ Ú ÕÞÁÓÔÀ Ò¦ÄË¦ÓÎÏÚÅÍÅÌØÎÉÈ ¦ÏÎ¦×. óÐ¦ÌØÎÏÀ ÐÒÉ-ÞÉÎÏÀ ÃØÏÇÏ ÅÆÅËÔÕ ¤ ÚÎÑÔÔÑ ÏÒÂ¦ÔÁÌØÎÏÇÏ ×ÉÒÏÄÖÅÎÎÑ ËÒÉÓÔÁÌ¦Þ-ÎÉÍ ÐÏÌÅÍ ¦ ÅÆÅËÔ ÓÐ¦Î-ÏÒÂ¦ÔÁÌØÎÏ§ ×ÚÁ¤ÍÏÄ¦§. ÷ ÄÒÕÇÏÍÕ ×ÉÐÁÄ-ËÕ ÓÕÔÔ¤×ÏÀ ¤ ÔÁËÏÖ ×ÌÁÓÎÁ ÁÎ¦ÚÏÔÒÏÐ¦Ñ Ò¦ÄË¦ÓÎÏÚÅÍÅÌØÎÏÇÏ ¦ÏÎÁ× ÎÉÚØËÏÓÉÍÅÔÒÉÞÎÏÍÕ ÏÔÏÞÅÎÎ¦ [3]. õ ÚÁÇÁÌØÎÏÍÕ, ÐÏÎÉÖÅÎÎÑ ÓÉ-ÍÅÔÒ¦§ ËÒÉÓÔÁÌ¦ÞÎÏÇÏ ÐÏÌÑ (ÄÅÆÏÒÍÁÃ¦Ñ, ÚÏ×Î¦ÛÎ¤ ÅÌÅËÔÒÉÞÎÅ ÐÏÌÅ)ÐÒÉÚ×ÏÄÉÔØ ÄÏ ×ÉÎÉËÎÅÎÎÑ ÁÎ¦ÚÏÔÒÏÐÎÉÈ ÄÏÄÁÎË¦× × ÇÁÍ¦ÌØÔÏÎ¦ÁÎ¦ÓÉÓÔÅÍÉ ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ÓÐ¦Î¦×.íÅÔÏÀ ÎÁÛÏ§ ÒÏÂÏÔÉ ¤ ÐÏÂÕÄÏ×Á ÆÕÎËÃ¦ÏÎÁÌØÎÏÇÏ ÚÏÂÒÁÖÅÎÎÑÄÌÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÓÉÓÔÅÍÉ ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ËÌÁÓÔÅÒ¦×, ÝÏ ÏÐÉÓÕ-ÀÔØÓÑ Ë×ÁÎÔÏ×ÏÀ ÍÏÄÅÌÌÀ çÁÊÚÅÎÂÅÒÇÁ Ú ¦ÚÏÔÒÏÐÎÏÀ ÔÁ ÁÎ¦ÚÏÔÒÏÐ-ÎÏÀ Í¦ÖËÌÁÓÔÅÒÎÏÀ ÞÁÓÔÉÎÏÀ. ïÔÒÉÍÁÎÅ ÚÏÂÒÁÖÅÎÎÑ ÂÕÄÅ ×ÉËÏ-ÒÉÓÔÁÎÅ ÐÒÉ ÄÏÓÌ¦ÄÖÅÎÎ¦ ÔÅÒÍÏÄÉÎÁÍ¦ËÉ ÆÅÒÏÍÁÇÎ¦ÔÎÏÇÏ ÆÁÚÏ×ÏÇÏÐÅÒÅÔ×ÏÒÅÎÎÑ ÔÉÐÕ ÐÏÒÑÄÏË-ÂÅÚÌÁÄ. úÁÇÁÌØÎÁ ÍÅÔÏÄÉËÁ ÒÏÚÒÁÈÕÎ-Ë¦× ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ×ÉËÏÒÉÓÔÁÎÎ¦ ÕÚÁÇÁÌØÎÅÎÉÈ ÏÐÅÒÁÔÏÒ¦× ÐÅÒÅÈÏÄÕ,ÑË¦ ÂÕÌÉ ÚÁÐÒÏ×ÁÄÖÅÎ¦ Á×ÔÏÒÏÍ ÐÒÉ ÄÏÓÌ¦ÄÖÅÎÎ¦ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞ-ÎÉÈ ËÌÁÓÔÅÒÎÉÈ ÓÉÓÔÅÍ [4,5]. óÕÔÔ¤×Ï ÎÏ×ÉÍ ÍÏÍÅÎÔÏÍ ¤ ÏÔÒÉÍÁÎÎÑËÏÅÆ¦Ã¦¤ÎÔ¦× ÂÁÚÉÓÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ ÆÁÚ ÆÌÕËÔÕÁÃ¦§ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕÕ ×ÉÇÌÑÄ¦ ËÕÍÕÌÑÎÔÎÉÈ ÓÅÒÅÄÎ¦È ÐÏ ÓÉÓÔÅÍ¦ ×¦ÄÌ¦ËÕ (ÏÂÍ¦ÎÎÁ ÇÁÊÚÅÎ-ÂÅÒÇ¦×ÓØËÁ ×ÚÁ¤ÍÏÄ¦Ñ × ËÌÁÓÔÅÒ¦) ×¦Ä ÕÚÁÇÁÌØÎÅÎÉÈ ÏÐÅÒÁÔÏÒ¦× ÐÅÒÅ-ÈÏÄÕ.



3 ðÒÅÐÒÉÎÔ1. çÁÍ¦ÌØÔÏÎ¦ÁÎ. óÉÓÔÅÍÁ ×¦ÄÌ¦ËÕòÏÚÇÌÑÄÁ¤ÔØÓÑ ÔÒÉ×ÉÍ¦ÒÎÁ ËÒÉÓÔÁÌ¦ÞÎÁ ÇÒÁÔËÁ, × ËÏÖÎÏÍÕ Ú N ×ÕÚ-Ì¦× ÑËÏ§ ÚÎÁÈÏÄÉÔØÓÑ f0 ÓÐ¦Î¦× (ÁÔÏÍ¦× Ú ÎÅÓËÏÍÐÅÎÓÏ×ÁÎÉÍ ÓÐ¦ÎÏ×ÉÍÍÏÍÅÎÔÏÍ, ÁÂÏ ÅÌÅËÔÒÏÎ¦×). ïÂÍ¦ÎÎÁ ×ÚÁ¤ÍÏÄ¦Ñ Í¦Ö ÓÐ¦ÎÁÍÉ ×¦ÄÍ¦Î-ÎÁ ×¦Ä ÎÕÌÑ ÌÉÛÅ ËÏÌÉ ×ÏÎÉ ×¦ÄÎÏÓÑÔØÓÑ ÄÏ ÏÄÎÏÇÏ ¦ ÔÏÇÏ Ö ×ÕÚÌÁ.í¦Ö×ÕÚÌÏ×¦ ×ÚÁ¤ÍÏÄ¦§ ÓÐ¦ÎÏ×ÉÈ ÍÏÍÅÎÔ¦× ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ ÄÉÐÏÌØ-ÄÉÐÏÌØÎÉÍ ÐÏÔÅÎÃ¦ÁÌÏÍ ¦ ÔÏÍÕ ¤ ÄÁÌÅËÏÓÑÖÎÉÍÉ. ïËÒÅÍÏ ÍÏÖÕÔØÂÕÔÉ ÒÏÚÇÌÑÎÕÔ¦ ×ÉÐÁÄËÉ ¦ÚÏÔÒÏÐÎÏÇÏ (ÐÏ ÔÒØÏÈ ËÒÉÓÔÁÌÏÇÒÁÆ¦ÞÎÉÈÏÓÑÈ), Á ÔÁËÏÖ ÁÎ¦ÚÏÔÒÏÐÎÏÇÏ (ÔÉÐÕ "ÌÅÇËÁ" ×¦ÓØ ÞÉ "ÌÅÇËÁ" ÐÌÏ-ÝÉÎÁ) ËÒÉÓÔÁÌÁ. ÷ ÄÒÕÇÏÍÕ ×ÉÐÁÄËÕ ÎÅ ÕÓ¦ ËÏÍÐÏÎÅÎÔÉ Í¦Ö×ÕÚÌÏ×Ï§ÓÐ¦Î-ÓÐ¦ÎÏ×Ï§ ×ÚÁ¤ÍÏÄ¦§ ¤ Ò¦×ÎÏÐÒÁ×ÎÉÍÉ. ôÁËÁ ÓÈÅÍÁ ÑË¦ÓÎÏ ÐÒÁ×ÉÌØ-ÎÏ ÍÏÄÅÌÀ¤ ÓÉÔÕÁÃ¦À × ËÌÁÓÔÅÒÎÉÈ ÓÉÓÔÅÍÁÈ, ÎÁÐÒÉËÌÁÄ, ÔÉÐÕ ÍÏ-ÎÏÇ¦ÄÒÁÔÕ ÁÃÅÔÁÔÕ Í¦Ä¦, ÁÂÏ ÓËÌÁÄÎÉÈ ÁÃÅÔÁÔ¦× ÈÒÏÍÕ ÞÉ ÚÁÌ¦ÚÁ.ðÏ×ÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ËÌÁÓÔÅÒÎÏ§ ÓÉÓÔÅÍÉ ÓÐ¦Î¦× ÓËÌÁÄÁ¤ÔØÓÑ ¦ÚÓÕÍÉ ÔÒØÏÈ ÄÏÄÁÎË¦×:H = � NXq=1 f0Xf=1hf (~Rq)Szf (~Rq)� 2 NXq=1 f0Xf;f 0=1Vff 0 ~Sf (~Rq)~Sf 0(~Rq)��12X�;� NXq;q0=1 f0Xf;f 0=1 J��ff 0(~Rq; ~Rq0)S�f (~Rq)S�f 0(~Rq0): (1.1)ôÕÔ ~Sf (~Rq)- ÏÐÅÒÁÔÏÒ ÓÐ¦ÎÁ f Õ ×ÕÚÌ¦ q, Vff 0 -ÏÂÍ¦ÎÎÉÊ ¦ÎÔÅÇÒÁÌ,J��ff 0(~Rq; ~Rq) ÐÏÔÅÎÃ¦ÁÌ ÍÁÇÎ¦ÔÏÄÉÐÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ¦§, hf (~Rq) - ÚÏ×Î¦Û-Î¤ ÍÁÇÎ¦ÔÎÅ ÐÏÌÅ, �; � = x; y; z - ËÏÍÐÏÎÅÎÔÉ ÓÐ¦ÎÁ.ðÅÒÛ¦ Ä×Á ÄÏÄÁÎËÉ × (1.1) ×¦ÄÎÏÓÑÔØÓÑ ÄÏ ÓÐ¦Î¦×, ÑË¦ ÚÎÁÈÏÄÑÔØÓÑÎÁ ÏÄÎÏÍÕ ×ÕÚÌ¦ (× ÏÄÎÏÍÕ ËÌÁÓÔÅÒ¦), ÐÒÉÞÏÍÕ Vff 0 >> J��ff 0(~Rq; ~Rq0).ðÒÉÒÏÄÎÏ §È ×ÉÂÒÁÔÉ ÚÁ ÓÉÓÔÅÍÕ ×¦ÄÌ¦ËÕ. ñËÝÏ ÐÏËÌÁÓÔÉ Vff 0 = V(ÃÅ ÏÂÍÅÖÕ¤ ÞÉÓÌÏ ÁÔÏÍ¦× × ÇÒÕÐ¦ ÚÎÁÞÅÎÎÑÍÉ 2,3 ÁÂÏ 4) ¦ ÒÏÚÇÌÑ-ÎÕÔÉ ×ÉÐÁÄÏË ÏÄÎÏÒ¦ÄÎÏÇÏ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ, ÔÏ ÄÌÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕ ÍÁ¤ÍÏ ÔÁËÉÊ ×ÉÒÁÚ:H0 = �h NXq=1 f0Xf=1Szf (~Rq)� 2V NXq=1 f0Xf;f 0=1 ~Sf (~Rq)~Sf 0(~Rq): (1.2)îÁÇÁÄÁ¤ÍÏ, ÝÏ ÍÁÔÒÉÃ¦ S� ÍÁÀÔØ ×ÉÇÌÑÄ:Sx = 12 � 0 11 0 � ; Sy = 12 � 0 �ii 0 � ; Sz = 12 � 1 00 �1 � (1.3)
ICMP{98{06U 4¦ ÚÁÄÏ×ÏÌØÎÑÀÔØ ÔÁËÉÍ ÐÅÒÅÓÔÁ×ÎÉÍ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ:[S�f ; S�f 0 ] = i�ff 0S
f : (1.4)ìÅÇËÏ ÐÅÒÅËÏÎÁÔÉÓØ, ÝÏ Ë×ÁÄÒÁÔ ÐÏ×ÎÏÇÏ ÓÐ¦ÎÁ ÓÉÓÔÅÍÉ ËÏÍÕÔÕ¤Ú ËÏÖÎÏÀ Ú ÐÒÏÅËÃ¦Ê ÓÐ¦ÎÁ, Á, ÏÔÖÅ, ¦ Ú ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ (1.1). ãÅÏÚÎÁÞÁ¤, ÝÏ ×ÏÎÉ ¤ Ë×ÁÎÔÏ×ÏÍÅÈÁÎ¦ÞÎÉÍÉ ¦ÎÔÅÇÒÁÌÁÍÉ ÒÕÈÕ ¦ ÍÁÀÔØÓÐ¦ÌØÎÕ ÓÉÓÔÅÍÕ ×ÌÁÓÎÉÈ ÆÕÎËÃ¦Ê [2,6].úÁÓÔÏÓÏ×ÕÀÞÉ Ú×ÉÞÁÊÎ¦ ÐÒÁ×ÉÌÁ ÄÏÄÁ×ÁÎÎÑ ÍÏÍÅÎÔ¦× Ë¦ÌØËÏÓÔ¦ÒÕÈÕ, ÍÏÖÅÍÏ ÚÎÁÊÔÉ ÓÕÍÁÒÎÉÊ ÓÐ¦Î ÐÁÒÉ ÞÁÓÔÉÎÏË ~S0, ÐÒÉÞÏÍÕ, ÑË×¦ÄÏÍÏ Ú Ë×ÁÎÔÏ×Ï§ ÍÅÈÁÎ¦ËÉ, ÊÏÇÏ ×ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑ S0 = 0; 1; 2; :::2SÚÕÓÔÒ¦ÞÁÀÔØÓÑ ÌÉÛÅ ÏÄÉÎ ÒÁÚ. ÷ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑ z-ËÏÍÐÏÎÅÎÔÉ ÓÐ¦ÎÁ¤ ÎÁÓÔÕÐÎÉÍÉ: M 0=S0, S0�1, S0�2; :::�S0 [6]. ÷ÒÁÈÏ×ÕÀÞÉ ÔÁËÏÖ, ÝÏÓÕÍÕ ÄÏÂÕÔË¦× ÏÐÅÒÁÔÏÒ¦× f0Xf<f 0=1 ~Sf ~Sf 0 ÍÏÖÎÁ ÐÏÄÁÔÉ ÔÁËÉÍ ÞÉÎÏÍ:�2 f0Xf<f 0=1 ~Sf ~Sf 0 = f0Xf=1 ~S2f � (~S0)2; (1.5)ÏÔÒÉÍÕ¤ÍÏ ÆÏÒÍÕÌÕ ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ Ò¦×Î¦× ÅÎÅÒÇ¦§ ËÌÁÓÔÅÒÁ f0ÓÐ¦Î¦× ÞÁÓÔÉÎÏË, ÝÏ ÏÐÉÓÕ¤ÔØÓÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ (1.2).E = V [f0S(S + 1)� S(S0 + 1)]�M 0h; (1.6)ÐÒÉÞÏÍÕ, ÔÕÔ S-ÒÏÚÍ¦Ò ÓÐ¦ÎÁ,S0 = 0; 1; 2; 3; : : : ; f0S � S � Ã¦ÌÅ; (1.7)S0 = 12 ; 32 ; 52 ; : : : ; f0S � S � Ð¦×Ã¦ÌÅ;M 0 = �S0;�S0 + 1;�S0 + 2; : : : ; S0 � 2; S0 � 1; S0:äÌÑ ÐÒÉËÌÁÄÕ ÒÏÚÇÌÑÄÁÔÉÍÅÍÏ Ô¦ÌØËÉ ÔÁË¦ ÓÉÓÔÅÍÉ, × ÑËÉÈ S =12 . ãÅ ×¦ÄÐÏ×¦ÄÁ¤ ÓÉÔÕÁÃ¦§ × ÚÇÁÄÕ×ÁÎÉÈ ×ÉÝÅ ËÌÁÓÔÅÒÎÉÈ ÓÉÓÔÅÍÁÈÍÏÎÏÇ¦ÄÒÁÔÕ ÁÃÅÔÁÔÕ Í¦Ä¦ ÔÁ ÓËÌÁÄÎÉÈ ÁÃÅÔÁÔÁÈ ÈÒÏÍÕ ¦ ÚÁÌ¦ÚÁ, × ÑËÉÈÐÒÏÃÅÓÉ ×ÐÏÒÑÄËÕ×ÁÎÎÑ ÓÔÏÓÕÀÔØÓÑ ÅÌÅËÔÒÏÎÎÉÈ ÓÐ¦Î¦×.f0 = 2 :S0 = 0; 1; M 0 = �1; 0; 1; (1.8)E1 = 32V;E2 = �12V + h; E3 = �12V; E4 = �12V � h:



5 ðÒÅÐÒÉÎÔf0 = 3 :S0 = 12 ; 32 ; M 0 = �32 ;�12 ; 12 ; 32 ;E1 = 32V + 12h; E2 = 32V � 12h;E3 = �32V + 32h; E4 = �32V + 12h; (1.9)E5 = �32V � 12h; E6 = �32V � 32h:f0 = 4 :S0 = 0; 1; 2; M 0 = �2;�1; 0; 1; 2;E1 = 3V; (1.10)E2 = V + h; E3 = V; E4 = V � h:E5 = �3V + 2h; E6 = �3V + h;E7 = �3V; E8 = �3V � h; E9 = �3V � 2h:æÏÒÍÕÌÁ (1.6) ÄÁ¤ ÔÏÞÎ¦ ÚÎÁÞÅÎÎÑ ÅÎÅÒÇÅÔÉÞÎÏÇÏ ÓÐÅËÔÒÁ ÐÒÉÄÏ×¦ÌØÎÏÍÕ ÞÉÓÌ¦ ÞÁÓÔÉÎÏË × ËÌÁÓÔÅÒ¦. ðÒÏÔÅ, ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÓÔÁÔÉ-ÓÔÉÞÎÏ§ ÓÕÍÉ ÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕ Ã¦¤§ ¦ÎÆÏÒÍÁÃ¦§ ÎÅÄÏÓÔÁÔÎØÏ. óÐÒÁ×Á ×Ô¦Í, ÝÏ, ÐÏÞÉÎÁÀÞÉ Ú f0 = 3, ÏÔÒÉÍÁÎ¦ Ò¦×Î¦ (1.9), (1.10) ¦ Ô.Ä. ¤ ÞÁÓÔ-ËÏ×Ï ×ÉÒÏÄÖÅÎÉÍÉ, ÁÄÖÅ ÐÏ×ÎÅ ÞÉÓÌÏ ÓÔÁÎ¦× n × ËÏÖÎÏÍÕ ×ÉÐÁÄËÕ×ÉÚÎÁÞÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀ:n = 2f0 : (1.11)÷ÉÎÉËÁ¤ ÐÒÏÂÌÅÍÁ ÚÎÁÈÏÄÖÅÎÎÑ ÐÏ×ÎÏÇÏ ÞÉÓÌÁ ÓÔÁÎ¦× Õ ËÌÁÓÔÅÒ¦ Ú §È×¦ÄÐÏ×¦ÄÎÉÍÉ ÅÎÅÒÇÅÔÉÞÎÉÍÉ Ò¦×ÎÑÍÉ. äÌÑ ÃØÏÇÏ ÚÒÕÞÎÏ ×ÉËÏÒÉÓÔÁ-ÔÉ ÍÅÔÏÄÉËÕ ËÌÁÓÔÅÒÉÚÁÃ¦§ Ú ××ÅÄÅÎÎÑÍ ÕÚÁÇÁÌØÎÅÎÉÈ ÏÐÅÒÁÔÏÒ¦× ÐÅ-ÒÅÈÏÄÕ, ÒÏÚÒÏÂÌÅÎÕ ¦ ÚÁÓÔÏÓÏ×ÁÎÕ ÐÒÉ ÄÏÓÌ¦ÄÖÅÎÎ¦ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞ-ÎÉÈ ËÌÁÓÔÅÒÎÉÈ ÓÉÓÔÅÍ [5,7].2. íÅÔÏÄ ËÌÁÓÔÅÒÉÚÁÃ¦§ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ. õÚÁÇÁÌØÎÅÎ¦ÏÐÅÒÁÔÏÒÉ ÐÅÒÅÈÏÄÕòÏÚ×ÉÎÕÔÁ × [4,5,7] ÍÅÔÏÄÉËÁ ËÌÁÓÔÅÒÉÚÁÃ¦§ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ ËÏÒÏÔËÏ-ÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÏÐÅÒÁÔÏÒ¦× èÁÂÂÁÒÄÁ-óÔÁÓÀËÁX ij(~Rq) i ÕÚÁÇÁÌØÎÅÎÉÈ ÏÐÅÒÁÔÏÒ¦× ÐÅÒÅÈÏÄÕ Y �(~Rq) × Ó×Ï§Ê ÏÓÎÏ×¦
ICMP{98{06U 6ÍÁÌÁ ÚÁ×ÄÁÎÎÑÍ ÐÒÉ×ÅÄÅÎÎÑ ÄÏ Ä¦ÁÇÏÎÁÌØÎÏÇÏ ¦ ÓÉÍÅÔÒÉÚÏ×ÁÎÏÇÏ ×É-ÇÌÑÄÕ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ ÄÅ-öÅÎÁ. ïÐÅÒÁÔÏÒÉ X ij(~Rq) ÂÕÄÕ×ÁÌÉÓØ ÎÁÏÐÅÒÁÔÏÒÁÈ z-ÐÒÏÅËÃ¦Ê ÓÐ¦ÎÁ × ÒÏÚÛÉÒÅÎÏÍÕ ÐÒÏÓÔÏÒ¦ ÓÔÁÎ¦× ËÌÁÓÔÅ-ÒÁ: �zf (~Rq) =Xij A(f)ij X ij(~Rq); (2.1)ÄÅ A(f)ij - ÍÁÔÒÉÞÎ¦ ÅÌÅÍÅÎÔÉ ÏÐÅÒÁÔÏÒ¦× �zf × ÐÓÅ×ÄÏÓÐ¦ÎÏÒÎÏÍÕ ÂÁÚÉÓ¦:0BBBBBBBB@ 100���0

1CCCCCCCCA ;0BBBBBBBB@ 010���0
1CCCCCCCCA ; :::0BBBBBBBB@ 000���1
1CCCCCCCCA : (2.2)ðÒÉ ÒÏÚÇÌÑÄ¦ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ çÁÊÚÅÎÂÅÒÇÁ ÂÕÄÅÍÏ ××ÏÄÉÔÉ ÏÐÅÒÁ-ÔÏÒÉ èÁÂÂÁÒÄÁ-óÔÁÓÀËÁ ÎÁ ÐÏ×ÎÉÈ ÏÐÅÒÁÔÏÒÁÈ ÓÐ¦ÎÁ ×ÕÚÌÁ-ËÌÁÓÔÅÒÁ.ðÏÞÎÅÍÏ Ú¦ Ú×ÉÞÁÊÎÏ§ ÍÏÄÅÌ¦ çÁÊÚÅÎÂÅÒÇÁ, ËÏÌÉ × ËÏÖÎÏÍÕ ×ÕÚÌ¦ ËÒÉ-ÓÔÁÌ¦ÞÎÏ§ ÇÒÁÔËÉ ÚÎÁÈÏÄÉÔØÓÑ ÏÄÉÎ ÓÐ¦Î.Á) Ú×ÉÞÁÊÎÁ ÍÏÄÅÌØ çÁÊÚÅÎÂÅÒÇÁçÁÍ¦ÌØÔÏÎ¦ÁÎ ÍÏÄÅÌ¦ ÍÁ¤ ×ÉÇÌÑÄ:H = �hXq Sz(~Rq)� 2J Xq<q0 ~S(~Rq)~S(~Rq0) (2.3)¦ Ä¦¤ × ÂÁÚÉÓ¦ ÓÐ¦ÎÏÒ¦×:� 10 � ;� 01 � : (2.4)îÅ×ÁÖËÏ ÐÅÒÅËÏÎÁÔÉÓØ, ÝÏ ÐÒÉ q = q0 ¦Ú (1.3) ×ÉÐÌÉ×ÁÀÔØ ÔÁË¦Ò¦×ÎÏÓÔ¦: Sx(Rq)Sx(~Rq) = 14 � 1 00 1 � ; Sy(Rq)Sy(~Rq) = 14 � 1 00 1 � ;Sz(Rq)Sz(~Rq) = 14 � 1 00 1 � : (2.5)äÌÑ ÏÄÎÏ×ÕÚÌÏ×ÏÇÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ "ËÌÁÓÔÅÒÁ" (f0 = 1)H = �hXq Sz(~Rq) (2.6)



7 ðÒÅÐÒÉÎÔ× ÂÁÚÉÓ¦ (2.4) ÍÁ¤ÍÏ ÍÁÔÒÉÞÎÅ ÚÏÂÒÁÖÅÎÎÑ:H0 = � �h2 00 h2 � : (2.7)íÁÔÒÉÃÅÀ, ÑËÁ "ÐÒÉ×ÏÄÉÔØ"H0 ÄÏ Ä¦ÁÇÏÎÁÌØÎÏÇÏ ×ÉÇÌÑÄÕ, ¤ ÏÄÉÎÉÞ-ÎÁ ÍÁÔÒÉÃÑW = � 1 00 1 � : (2.8)÷×ÅÄÅÍÏ oÐÅÒÁÔÏÒÉ èÁÂÂÁÒÄÁ-óÔÁÓÀËÁX ij(~Rq) ÚÁ ÔÁËÉÍÉ ÔÏÔÏÖ-ÎÏÓÔÑÍÉ:~��(~Rq) =Xi;j A(�)ij X ij(~Rq); (2.9)ÄÅ ~�� =W�1��W = S�; (2.10)ÏÓË¦ÌØËÉ �� � S�, aW - ÏÄÉÎÉÞÎÁ ÍÁÔÒÉÃÑ; A(�)ij - ÍÁÔÒÉÞÎ¦ ÅÌÅÍÅÎÔÉ�- ËÏÍÐÏÎÅÎÔ ÍÁÔÒÉÃØ ÓÐ¦ÎÁ (1.3).úÒÏÂÉ×ÛÉ ÐÅÒÅÐÏÚÎÁÞÅÎÎÑ ÐÁÒ ÓÔÁÒÉÈ ¦ÎÄÅËÓ¦× ij ÎÁ ÎÏ×¦ mij 11 12 21 22m 1 2 3 4 ,ÄÌÑ ÞÁÓÔÉÎÉ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ (2.3), ÑËÁ ÏÐÉÓÕ¤ ×ÚÁ¤ÍÏÄ¦À, ÏÔÒÉÍÕ¤ÍÏ:�2J Xq<q0 X�=x;y;zS�(~Rq)S�(~Rq0 ) = Xq<q0 Xm;m0�mm0Xm(~Rq)Xm0(~Rq0):(2.11)ôÕÔ �mm0 = �2JX� A(�)m A(�)m0 = �J2 0BB@ 1 0 0 �10 0 2 00 2 0 0�1 0 0 1 1CCA : (2.12)íÁÔÒÉÃÑ U , ÑËÁ Ä¦ÁÇÏÎÁÌ¦ÚÕ¤ �mm0 , ÍÁ¤ ×ÉÇÌÑÄ:U = 1p2 0BB@ 1 0 0 10 1 1 00 1 �1 01 0 0 �1 1CCA : (2.13)
ICMP{98{06U 8ïÔÖÅ,�� = U�1�mm0U = 0BB@ 0 0 0 00 �J 0 00 0 J 00 0 0 �J 1CCA : (2.14)÷×¦×ÛÉ ÕÚÁÇÁÌØÎÅÎ¦ ÏÐÅÒÁÔÏÒÉ ÐÅÒÅÈÏÄÕY �(~Rq) =Xm Um�Xm(~Rq); (2.15)ÏÔÒÉÍÕ¤ÍÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ÍÏÄÅÌ¦ (2.3) Õ ×ÉÇÌÑÄ¦H = � hp2Xq Y 4(~Rq)� JXq;q0 �Y 2(~Rq)Y 2(~Rq0)�� Y 3(~Rq)Y 3(~Rq0 ) + Y 4(~Rq)Y 4(~Rq0)� ; (2.16)ÑËÉÊ ÐÏ×Î¦ÓÔÀ ÔÏÔÏÖÎÉÊ ×ÉÈ¦ÄÎÏÍÕ, ÁÄÖÅ ÐÒÏÂÌÅÍÁ "ËÌÁÓÔÅÒÉÚÁÃ¦§"ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ × ÃØÏÍÕ ×ÉÐÁÄËÕ ÂÕÌÁ ÔÒÉ×¦ÁÌØÎÏÀ. õÚÁ-ÇÁÌØÎÅÎ¦ ÏÐÅÒÁÔÏÒÉ ÐÅÒÅÈÏÄÕ Y �(~Rq) ÆÁËÔÉÞÎÏ, Ú ÔÏÞÎ¦ÓÔÀ ÄÏ ÍÎÏÖ-ÎÉËÁ, ÓÐ¦×ÐÁÄÁÀÔØ Ú ×ÉÈ¦ÄÎÉÍÉ ÏÐÅÒÁÔÏÒÁÍÉ ÐÒÏÅËÃ¦Ê ÓÐ¦ÎÁ S�(~Rq).ðÅÒÅ×ÁÇÁ ÚÏÂÒÁÖÅÎÎÑ ÏÐÅÒÁÔÏÒ¦× Y �(~Rq) ÐÒÏÑ×ÉÔØÓÑ ÌÉÛÅ ÐÒÉ §È×ÉËÏÒÉÓÔÁÎÎ¦ × ÄÏÓÌ¦ÄÖÅÎÎ¦ ËÌÁÓÔÅÒÎÉÈ ÓÉÓÔÅÍ Ú f0 � 2.ðÏÄÁÍÏ Ú×'ÑÚÏË Í¦Ö ÕÓ¦ÍÁ ÔÉÐÁÍÉ ÏÐÅÒÁÔÏÒ¦×, ÑË¦ ×ÉËÏÒÉÓÔÏ×Õ-×ÁÌÉÓØ × ÐÁÒÁÇÒÁÆ¦ Á):Sx = 12(X12 +X21) = 1p2Y 2;iSy = 12(X12 �X21) = 1p2Y 3;Sz = 12(X11 �X22) = 1p2Y 4;Y 1 = 1p2(X11 +X22) = 1p2 ; X11 = 1p2(Y 1 + Y 4) = 12 + Sz;Y 2 = 1p2(X12 +X21) = p2Sx; X12 = 1p2(Y 2 + Y 3) = Sx + iSy;Y 3 = 1p2(X12 �X21) = ip2Sy; X21 = 1p2(Y 2 � Y 3) = Sx � iSy;Y 4 = 1p2(X11 �X22) = p2Sz; X22 = 1p2(Y 1 � Y 4) = 12 � Sz;



9 ðÒÅÐÒÉÎÔ(Sx)2 + (Sy)2 + (Sz)2 = 34 ;X11 +X22 = 1; (Y 1)2 + (Y 2)2 + (Y 3)2 + (Y 4)2 = 1: (2.17)óÐÅËÔÒ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ H0 (2.6)ÓËÌÁÄÁ¤ÔØÓÑ Ú Ä×ÏÈ Ò¦×Î¦×:E1 = �h2 ; E2 = h2 . ÷¦ÄÐÏ×¦ÄÎÏ, ÓÔÁÔÉÓÔÉÞÎÁÓÕÍÁ Z10 ÍÁ¤ ÄÏÂÒÅ ×¦ÄÏÍÉÊ ×ÉÇÌÑÄ Ç¦ÐÅÒÂÏÌ¦ÞÎÏÇÏ ËÏÓÉÎÕÓÁ:Z10 = 2ch� h2 : (2.18)Â) ÍÏÄÅÌØ çÁÊÚÅÎÂÅÒÇÁ, Ä×ÏÞÁÓÔÉÎËÏ×ÉÊ ËÌÁÓÔÅÒçÁÍ¦ÌØÔÏÎ¦ÁÎ ÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕ × ÃØÏÍÕ ×ÉÐÁÄËÕ ÍÁ¤ ×ÉÇÌÑÄ (1.2)ÐÒÉ f0 = 2. í¦ÖËÌÁÓÔÅÒÎÁ ×ÚÁ¤ÍÏÄ¦Ñ ÐÏ×Î¦ÓÔÀ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÓÉ-ÍÅÔÒ¦ÊÎÉÍÉ ¦ ÁÓÉÍÐÔÏÔÉÞÎÉÍÉ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ ÆÕÎËÃ¦§ J��ff 0(~Rq ; ~Rq0).äÌÑ ËÏÖÎÏ§ Æ¦ÚÉÞÎÏ§ ÓÉÓÔÅÍÉ Ã¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÍÁÀÔØ ÂÕÔÉ ËÏÎËÒÅÔÎÏÚÁÄÁÎ¦.H0 Ä¦¤ × ÂÁÚÉÓ¦ ÞÏÔÉÒÉËÏÍÐÏÎÅÎÔÎÉÈ ÓÐ¦ÎÏÒ¦×:0BB@ 1000 1CCA ;0BB@ 0100 1CCA ;0BB@ 0010 1CCA ;0BB@ 0001 1CCA ; (2.19)Á ×¦ÄÐÏ×¦ÄÎ¦ ÍÁÔÒÉÃ¦ ÓÐ¦ÎÁ ��f ÂÕÄÕ¤ÍÏ ÔÁËÉÍ ÞÉÎÏÍ:��1 = S� � I;��2 = I � S�; (2.20)ÄÅ I - ÏÄÉÎÉÞÎÁ ÍÁÔÒÉÃÑ, � - ÓÉÍ×ÏÌ ÐÒÑÍÏÇÏ ÄÏÂÕÔËÕ. ðÅÒÅÓÔÁ×Î¦ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÄÌÑ ��f ÁÎÁÌÏÇ¦ÞÎ¦ ÄÏ (1.4).÷ ÂÁÚÉÓ¦ (2.19) ÄÌÑ H0 ÍÁ¤ÍÏ:0BBBBBBB@ �V2 � h 0 0 00 V2 �V 00 �V V2 00 0 0 �V2 + h
1CCCCCCCA : (2.21)ä¦ÁÇÏÎÁÌ¦ÚÁÃ¦Ñ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ H0 ÄÏÓÑÇÁ¤ÔØÓÑ ÚÁ ÄÏÐÏÍÏÇÏÀÕÎ¦ÔÁÒÎÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ ÎÁÄ ÏÐÅÒÁÔÏÒÁÍÉ ��f , ÍÁÔÒÉÃÑ ÑËÏÇÏ ÍÁ¤

ICMP{98{06U 10×ÉÇÌÑÄ:W = 0BB@ 1 0 0 00 1p2 1p2 00 � 1p2 1p2 00 0 0 1 1CCA : (2.22)÷¦ÄÐÏ×¦ÄÎÏ,~�x1 = 12 0BBB@ 0 � 1p2 1p2 0� 1p2 0 0 1p21p2 0 0 1p20 1p2 1p2 0 1CCCA ; ~�x2 = 12 0BBB@ 0 1p2 1p2 01p2 0 0 � 1p21p2 0 0 1p20 � 1p2 1p2 0 1CCCA ;

~�y1 = 120BBB@ 0 ip2 � ip2 0� ip2 0 0 � ip2ip2 0 0 � ip20 ip2 ip2 0 1CCCA ; ~�y2= 120BBB@ 0 � ip2 � ip2 0ip2 0 0 ip2ip2 0 0 � ip20 � ip2 ip2 0 1CCCA ;

~�z1 = 12 0BB@ 1 0 0 00 0 1 00 1 0 00 0 0 �1 1CCA ; ~�z2 = 12 0BB@ 1 0 0 00 0 �1 00 �1 0 00 0 0 �1 1CCA : (2.23)÷ ÚÏÂÒÁÖÅÎÎ¦ ÏÐÅÒÁÔÏÒ¦× ~��f (2.23) ÍÁÔÒÉÃÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ ÂÁÚÉÓ-ÎÏ§ ÓÉÓÔÅÍÉ (2.21) ÎÁÂÉÒÁ¤ ÆÏÒÍÉ:H0 = 0BBBBBBB@ �V2 � h 0 0 00 32V 0 00 0 �V2 00 0 0 �V2 + h
1CCCCCCCA : (2.24)÷×¦×ÛÉ ÏÐÅÒÁÔÏÒÉ èÁÂÂÁÒÄÁ-óÔÁÓÀËÁ ÚÇ¦ÄÎÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÁÎÁ-ÌÏÇ¦ÞÎÏÇÏ (2.9), ÄÌÑ (2.24) ÍÁ¤ÍÏ:H0 = NXq=1Xi �iX ii(~Rq); (2.25)ÄÅ �i ¤ Ä¦ÁÇÏÎÁÌØÎ¦ ÍÁÔÒÉÞÎ¦ ÅÌÅÍÅÎÔÉ (2.24).



11 ðÒÅÐÒÉÎÔí¦ÖËÌÁÓÔÅÒÎÁ ÞÁÓÔÉÎÁ ×ÚÁ¤ÍÏÄ¦§ ÐÒÉ ÃØÏÍÕ ÔÒÁÎÓÆÏÒÍÕ¤ÔØÓÑ ÔÁ-ËÉÍ ÞÉÎÏÍ:�12X�;� NXq;q0=1 2Xf;f 0=1 J��ff 0(~Rq ; ~Rq0)S�f (~Rq)S�f 0(~Rq0) == �12 NXq;q0=1 Xmm0�mm0(~Rq ; ~Rq0)Xm(~Rq)Xm0(~Rq0); (2.26)ÄÅ �mm0(~Rq ; ~Rq0) =X�;� 2Xf;f 0=1 J��ff 0(~Rq ; ~Rq0 )A(f�)m A(f 0�)m0 ; (2.27)A(f�)m - ÍÁÔÒÉÞÎ¦ ÅÌÅÍÅÎÔÉ ×ÉÒaÚ¦× (2.23),m = 4(i� 1) + j; i; j = 1; :::4; m = 1; :::16:÷×¦×ÛÉ ÕÚÁÇÁÌØÎÅÎ¦ ÏÐÅÒÁÔÏÒÉ ÐÅÒÅÈÏÄÕ ÚÁ ÓÈÅÍÏÀ (2.15)Y �(~Rq) = 16Xm=1Um�Xm(~Rq); (2.28)ÏÔÒÉÍÕ¤ÍÏ:H = NXq=1 16X�=1��Y �(~Rq)� 12 NXq;q0=1 16X�=1��(~Rq ; ~Rq0)Y �(~Rq)Y �(~Rq0 ):(2.29)ôÕÔ: 16Xm=1�mUm� = ��;16Xm;m0=1�mm0(~Rq ; ~Rq0)Um�Um0�0 = ��(~Rq ; ~Rq0)���0 : (2.30)íÁÔÒÉÃÀ Í¦ÖËÌÁÓÔÅÒÎÏ§ ×ÚÁ¤ÍÏÄ¦§ ÄÌÑ ×ÉÐÁÄË¦×:J��ff 0(~Rq ; ~Rq0) = ���J��ff 0(~Rq ; ~Rq0) � = x; y; z (2.31)-ÇÁÊÚÅÎÂÅÒÇ¦×ÓØËÁ ÄÁÌÅËÏÓÑÖÎÁ ×ÁÚ¤ÍÏÄ¦Ñ, ÔÁJ��ff 0(~Rq ; ~Rq0) = � ���J��ff 0(~Rq ; ~Rq0); � = z0; � = x; y (2.32)
ICMP{98{06U 12- ¦Ú¦ÎÇ¦×ÓØËÁ ÄÁÌÅËÏÓÑÖÎÁ ×ÚÁ¤ÍÏÄ¦Ñ, ÐÏÄÁÎÏ × ÄÏÄÁÔËÕ ¶.íÁÔÒÉÃÀ U ÄÌÑ ÃÉÈ ÔÉÐ¦× ×ÚÁ¤ÍÏÄ¦Ê ÐÏÄÁÎÏ × ÄÏÄÁÔËÕ ¶¶.ðÒÉ ÒÏÚÇÌÑÄ¦ Í¦ÖËÌÁÓÔÅÒÎÏ§ ×ÚÁ¤ÍÏÄ¦§ ÇÁÊÚÅÎÂÅÒÇ¦×ÓØËÏÇÏ ÔÉÐÕÄÌÑ ÐÁÒÁÍÅÔÒ¦× ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ (2.29) ÍÁ¤ÍÏ:�1 = � Vp2 ; �2 = �p2h; �14 = 32V; �15 = �V2 ;�2 = �5 = ��11 = J11 + J12; (2.33)�4 = �7 = ��10 = J11 � J12:õÓ¦ ÒÅÛÔÁ �� ÔÁ �� ÄÏÒ¦×ÎÀÀÔØ ÎÕÌÅ×¦.ðÒÉ ¦Ú¦ÎÇ¦×ÓØËÏÍÕ ÔÉÐ¦ Í¦ÖËÌÁÓÔÅÒÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê (ÏÄÎÏ×¦ÓÎÁÁÎ¦ÚÏÔÒÏÐ¦Ñ) ×¦ÄÍ¦ÎÎÉÍÉ ×¦Ä ÎÕÌÑ ÐÁÒÁÍÅÔÒÁÍÉ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ (2.29)¤: �1 = � Vp2 ; �6 = 3V2 ; �11 = �V2 ; �16 = �p2h;�7 = J11 � J12; �16 = J11 + J12: (2.34)úÁÕ×ÁÖÉÍÏ, ÝÏ ÓÕËÕÐÎ¦ÓÔØ Ò¦×Î¦× ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅ-ÍÉ �� ¤ ÎÅÚÍ¦ÎÎÏÀ × ÏÂÏÈ ×ÉÐÁÄËÁÈ, ÑË ÃÅ ¦ ÐÏ×ÉÎÎÏ ÂÕÔÉ, ÏÓË¦ÌØËÉÍÁÔÒÉÃÑ ÕÎ¦ÔÁÒÎÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ U ÚÁÌÅÖÉÔØ Ô¦ÌØËÉ ×¦Ä Í¦ÖËÌÁ-ÓÔÅÒÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê.×) ÍÏÄÅÌØ çÁÊÚÅÎÂÅÒÇÁ, ÔÒÉÞÁÓÔÉÎËÏ×ÉÊ ËÌÁÓÔÅÒçÁÍ¦ÌØÔÏÎ¦ÁÎ ÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕ × ÆÏÒÍ¦ (1.2) ÐÒÉ f0 = 3 Ä¦¤ × ÂÁÚÉÓ¦23 ÓÔÁÎ¦×0BBBBBBBBBB@

10000000
1CCCCCCCCCCA ;0BBBBBBBBBB@
01000000

1CCCCCCCCCCA ;0BBBBBBBBBB@
00100000

1CCCCCCCCCCA ;0BBBBBBBBBB@
00010000

1CCCCCCCCCCA ;0BBBBBBBBBB@
00001000

1CCCCCCCCCCA ;0BBBBBBBBBB@
00000100

1CCCCCCCCCCA ;0BBBBBBBBBB@
00000010

1CCCCCCCCCCA ;0BBBBBBBBBB@
00000001

1CCCCCCCCCCA ; (2.35)

Á ×¦ÄÐÏ×¦ÄÎ¦ ÍÁÔÒÉÃ¦ ÓÐ¦ÎÁ ��f ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄ:��1 = S� � I � I;��2 = I � S� � I; (2.36)��3 = I � I � S�:



13 ðÒÅÐÒÉÎÔäÌÑ H0 ÍÁ¤ÍÏ:0BBBBBBBBBB@
�32V � 32h 0 0 0 0 0 0 00 12V � 12h �V 0 �V 0 0 00 �V 12V � 12h 0 �V 0 0 00 0 0 12V + 12h 0 �V �V 00 �V �V 0 12V � 12h 0 0 00 0 0 �V 0 12V + 12h �V 00 0 0 �V 0 �V 12V + 12h 00 0 0 0 0 0 0 � 32V + 32h

1CCCCCCCCCCA :
(2.37)(2.37) Ä¦ÁÇÏÎÁÌ¦ÚÕ¤ÔØÓÑ ÕÎ¦ÔÁÒÎÉÍ ÐÅÒÅÔ×ÏÒÅÎÎÑÍ

W = 0BBBBBBBBBBBBB@
1 0 0 0 0 0 0 00 1p2 1p3 1p6 0 0 0 00 � 1p2 1p3 1p6 0 0 0 00 0 0 0 1p2 1p3 1p6 00 0 1p3 �q23 0 0 0 00 0 0 0 � 1p2 1p3 1p6 00 0 0 0 0 1p3 �q 23 00 0 0 0 0 0 0 1
1CCCCCCCCCCCCCA : (2.38)

÷ ÒÅÚÕÌØÔÁÔ¦, ÄÌÑ ÓÐÅËÔÒÁ ÔÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ, ÑËÉÊ ÏÐÉ-ÓÕ¤ÔØÓÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ çÁÊÚÅÎÂÅÒÇÁ × ÍÁÇÎ¦ÔÎÏÍÕ ÐÏÌ¦, ÏÔÒÉÍÕ¤ÍÏÔÁË¦ ÚÎÁÞÅÎÎÑ:E1 = �32V � 32h; E5 = E7 = 32V + h2;E2 = E4 = 32V � h2 ; E6 = �32V + h2; (2.39)E3 = �32V � h2 ; E8 = �32V + 32h:ñË ÂÁÞÉÍÏ, (2.39) ÓÐ¦×ÐÁÄÁ¤ Ú ÔÉÍ, ÑËÉÊ ÄÁ¤ ÓÐÅËÔÒÏÓËÏÐ¦ÞÎÁÆÏÒÍÕÌÁ (1.9), ÐÒÏÔÅ, Ñ×ÎÅ ×ÒÁÈÕ×ÁÎÎÑ ×ÉÒÏÄÖÅÎÎÑ ÄÏÚ×ÏÌÑ¤ ÏÄÒÁÚÕÐÒÁ×ÉÌØÎÏ ÚÁÐÉÓÁÔÉ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ ÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕ.ðÅÒÅÈ¦Ä ÄÏ ÏÐÅÒÁÔÏÒ¦× èÁÂÂÁÒÄÁ-óÔÁÓÀËÁ Á ÄÁÌ¦ ÄÏ ÕÚÁÇÁÌØÎÅ-ÎÉÈ ÏÐÅÒÁÔÏÒ¦× ÐÅÒÅÈÏÄÕ Õ ÓÉÓÔÅÍ¦ ÔÒÉÞÁÓÔÉÎËÏ×ÉÈ ËÌÁÓÔÅÒ¦× ÚÄ¦ÊÓ-ÎÀ¤ÔØÓÑ ÚÁ ÐÒÉ×ÅÄÅÎÏÀ ×ÉÝÅ ÓÈÅÍÏÀ. ÷ ÒÅÚÕÌØÔÁÔ¦ ÏÔÒÉÍÕ¤ÔØÓÑ Ä¦Á-ÇÏÎÁÌØÎÁ ÆÏÒÍÁ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ, ÐÏ×Î¦ÓÔÀ ÁÄÅË×ÁÔÎÁ (2.29), ÌÉÛÅ ¦ÚÔÏÀ Ò¦ÚÎÉÃÅÀ, ÝÏ ¦ÎÄÅËÓ ÓÔÁÎÕ ËÌÁÓÔÅÒÁ � ÐÒÏÂ¦ÇÁ¤ ÚÎÁÞÅÎÎÑ ×¦Ä
ICMP{98{06U 141 ÄÏ 64. ñ×ÎÉÈ ×ÉÒÁÚ¦× ÄÌÑ ~��f , ÐÁÒÁÍÅÔÒ¦× ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ �� ÔÁ��(~Rq ; ~Rq0) ÎÅ ÐÒÉ×ÏÄÉÍÏ, ÂÏ ÃÅ ×ÉÍÁÇÁ¤, ÈÏÞ ¦ ÎÅ ÓËÌÁÄÎÉÈ, ÁÌÅÄÏÓÔÁÔÎØÏ ÇÒÏÍ¦ÚÄËÉÈ ÒÏÚÒÁÈÕÎË¦×. úÁÕ×ÁÖÉÍÏ Ô¦ÌØËÉ, ÝÏ ÐÁÒÁÍÅ-ÔÒÉ ÔÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÎÏÇÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ �� Ú ÔÏÞÎ¦ÓÔÀ ÄÏÎÕÍÅÒÁÃ¦§ ÓÐ¦×ÐÁÄÁÀÔØ Ú (2.39).ôÁËÉÍ ÞÉÎÏÍ, ÍÉ ÚÁÐÒÏÐÏÎÕ×ÁÌÉ ÓÐÏÓ¦Â ÏÔÒÉÍÁÎÎÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁÓÉÓÔÅÍÉ ×ÚÁ¤ÍÏÄ¦ÀÞÉÈ ËÌÁÓÔÅÒ¦× ¦Ú ÂÁÚÉÓÎÉÍ ×ÒÁÈÕ×ÁÎÎÑÍ ÏÂÍ¦ÎÎÉÈ×ÎÕÔÒ¦ËÌÁÓÔÅÒÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê Õ ÚÒÕÞÎ¦Ê ÄÌÑ ÐÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎË¦×ÇÁÊÚÅÎÂÅÒÇÏÐÏÄ¦ÂÎ¦Ê ÆÏÒÍ¦ (2.29). áÌÇÏÒÉÔÍ ÒÏÚÒÁÈÕÎËÕ ÎÅ ÏÂÍÅÖÕ¤ÒÏÚÍ¦ÒÉ ËÌÁÓÔÅÒÁ, ÐÒÏÔÅ, ÐÒÁËÔÉÞÎ¦ ÏÂÞÉÓÌÅÎÎÑ ÚÒÕÞÎÏ ÐÒÏ×ÏÄÉÔÉÄÌÑ ËÌÁÓÔÅÒ¦× ¦Ú Í¦Î¦ÍÁÌØÎÏÀ Ë¦ÌØË¦ÓÔÀ ÞÁÓÔÉÎÏË. ÷ ÐÏÄÁÌØÛÏÍÕ,ÐÒÉ ÒÏÚÇÌÑÄ¦ ËÌÁÓÔÅÒÎÏ§ ÓÉÓÔÅÍÉ ÔÉÐÕ ÍÏÎÏÇ¦ÄÒÁÔÕ ÁÃÅÔÁÔÕ Í¦Ä¦, ÒÏÚ-ÇÌÑÎÅÍÏ ËÌÁÓÔÅÒÉ ¦Ú f0 = 2. îÁÛÉÍ ÚÁ×ÄÁÎÎÑÍ ¤ ÄÏÓÌ¦ÄÖÅÎÎÑ ÔÅÒ-ÍÏÄÉÎÁÍ¦ËÉ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ¦ ÐÏÂÕÄÏ×Á ÆÕÎËÃ¦ÏÎÁÌÁ ÓÔÁÔÉÓÔÉÞÎÏ§ÓÕÍÉ ÐÏ×ÎÏ§ ÓÉÓÔÅÍÉ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ×ÏËÏÌ¦ ÔÏÞËÉ ÆÅÒÏÍÁÇÎ¦ÔÎÏÇÏ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ.3. ôÅÒÍÏÄÉÎÁÍ¦ËÁ ÂÁÚÉÓÎÏ§ Ä×ÏÞÁÓÔÉÎËÏ×Ï§ ËÌÁ-ÓÔÅÒÎÏ§ ÓÉÓÔÅÍÉñË ÍÉ ÂÁÞÉÌÉ, ÐÒÉ ÏÔÒÉÍÁÎÎ¦ ÐÏ×ÎÏÇÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ ÓÉÓÔÅÍÉ × ÚÏÂÒÁ-ÖÅÎÎ¦ ÕÚÁÇÁÌØÎÅÎÉÈ ÏÐÅÒÁÔÏÒ¦× ÐÅÒÅÈÏÄÕ (2.29) ÓÕÔÔ¤×Õ ÒÏÌØ ×¦Ä¦ÇÒÁ¤ÍÁÔÒÉÃÑ ÕÎ¦ÔÁÒÎÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ U , ×ÉÇÌÑÄ ÑËÏ§ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÒÏÚ-Í¦ÒÁÍÉ ËÌÁÓÔÅÒÁ ¦ ÓÉÍÅÔÒ¦ÊÎÉÍÉ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ ÐÏÔÅÎÃ¦ÁÌÁ Í¦ÖËÌÁ-ÓÔÅÒÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê J��ff 0(~Rq ; ~Rq0 ). óÐÅËÔÒ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ ËÌÁÓÔÅÒÁ H0ÐÒÉ Ò¦ÚÎÉÈ ÐÅÒÅÔ×ÏÒÅÎÎÑÈ U ÚÁÌÉÛÁ¤ÔØÓÑ ÎÅÚÍ¦ÎÎÉÍ, ÍÏÖÅ ÚÍ¦ÎÀ-×ÁÔÉÓØ ÌÉÛÅ ÎÕÍÅÒÁÃ¦Ñ ÊÏÇÏ Ò¦×Î¦×. ýÏÂ ÕÎÉËÎÕÔÉ ÎÅÏÄÎÏÚÎÁÞÎÏÓÔ¦,ÄÁÌ¦ × ÃØÏÍÕ ÒÏÚÄ¦Ì¦ ××ÁÖÁÔÉÍÅÍÏ, ÝÏ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÏÄÎÅ ËÏÎ-ËÒÅÔÎÅ ÐÅÒÅÔ×ÏÒÅÎÎÑ U , ÎÁÐÒÉËÌÁÄ, ÄÌÑ Í¦ÖËÌÁÓÔÅÒÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê¦Ú¦ÎÇ¦×ÓØËÏÇÏ ÔÉÐÕ.ïÓË¦ÌØËÉ ÐÒÉ ×¦ÄÍ¦ÎÎÏÍÕ ×¦Ä ÎÕÌÑ ÚÏ×Î¦ÛÎØÏÍÕ ÐÏÌ¦ h ¤ ÓÐ¦×ÐÁ-ÄÁÎÎÑ ÓÔÁÎ¦×, ÄÌÑ ÑËÉÈ ÏÄÎÏÞÁÓÎÏ �� 6= 0 i �� 6= 0 (ÐÒÉ ÒÏÚÇÌÑÄ¦ÍÏÄÅÌ¦ ÄÅ-öÅÎÁ ÔÁËÅ ÓÐ¦×ÐÁÄÁÎÎÑ ×¦ÄÓÕÔÎ¤ [4,5]), ÔÏ ÎÅ ÕÓ¦ �� ¤ Ò¦×-ÎÑÍÉ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ H0. ãÅ ÏÚÎÁÞÁ¤, ÝÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ËÌÁÓÔÅÒÁH0 = NXq=1 16X�=1��Y �(~Rq) (3.1)ÆÏÒÍÁÌØÎÏ ÎÅ ¤ Ä¦ÁÇÏÎÁÌØÎÉÍ.



15 ðÒÅÐÒÉÎÔä¦ÁÇÏÎÁÌØÎÉÍ ¤ ÔÏÔÏÖÎÉÊ ÄÏ (3.1) ÇÁÍ¦ÌØÔÏÎ¦ÁÎH0 = NXq=1��1 +�162 �Y 1(~Rq) + Y 16(~Rq)�+�6Y 6(~Rq) + �11Y 11(~Rq)++ �1 � �162 �Y 1(~Rq)� Y 16(~Rq)�� ; (3.2)ÄÅ �� ×ÉÚÎÁÞÁÀÔØÓÑ ÆÏÒÍÕÌÁÍÉ (2.34). óÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ Z0 =Spe��H0 ÄÏÒ¦×ÎÀ¤:Z0 = 2e�� �1p2 ch��16p2 + e���6 + e���11 == 2e� V2 ch�h+ e� 32�V + e �V2 : (3.3)îÁ ÏÓÎÏ×¦ (3.3) ÌÅÇËÏ ÒÏÚÒÁÈÕ×ÁÔÉ ÓÅÒÅÄÎ¦ ÚÎÁÞÅÎÎÑ ×¦Ä ÏÐÅÒÁÔÏÒ¦×Y 1; Y 6; Y 11; Y 16 ÐÏ ÒÏÚÐÏÄ¦ÌÕ Ú ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ ËÌÁÓÔÅÒÁ.< Y � >0= � @@��� lnZ0:< Y 1 >0= p2e� ��1p2 ch��16p2Z0 ; < Y 6 >0= e���6Z0 ;< Y 11 >0= e���11Z0 ; < Y 16 >0= �p2e���1p2 sh��16p2Z0 : (3.4)ôÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÆÕÎËÃ¦§ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ÏÄÅÒÖÕÀÔØÓÑ ÎÁ ÏÓÎÏ×¦×¦ÌØÎÏ§ ÅÎÅÒÇ¦§F0 = � 1� lnZ0 = � 1� lnne� 3�V2 + e �V2 (1 + 2ch�h)o : (3.5)äÌÑ ÅÎÔÒÏÐ¦§ (S), ×ÎÕÔÒ¦ÛÎØÏ§ ÅÎÅÒÇ¦§ (u), ÐÉÔÏÍÏ§ ÔÅÐÌÏÍ¦ÓÔ-ËÏÓÔ¦ (Cv), ÍÁÇÎ¦ÔÎÏÇÏ ÍÏÍÅÎÔÕ (M) ÔÁ ÍÁÇÎ¦ÔÎÏ§ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦(�) ÍÁ¤ÍÏ ÔÁË¦ ÆÏÒÍÕÌÉ:S =��@F0@T �h = klnne��3�V2 + e �V2 (1 + 2ch�h)o++3�V � �V e2�V (1 + 2ch�h)� 4�he2�V sh�h2[1 + e2�V (1 + 2ch�h)] ;u = F0 + TS = 3V � V e2�V (1 + 2ch�h)� 4hsh�h2[1 + e2�V (1 + 2ch�h)] ;
ICMP{98{06U 16Cv=� @u@T �v=ke2�V ��2V 2(1+2ch�h)+5�h�V sh�h+2�2h2sh�h1+e2�V (1+2ch�h) ++[3�V ��V (1+2ch�h)e2�V �4�he2�V sh�h][�V (1+2ch�h)��hsh�h][1+e2�h(1+2ch�V )]2 � ;M =��@F0@h �T = 2e2�V sh�h1+e2�V (1+2ch�h);�=�@2F0@h2 �T =�( 2e2�V ch�h1+e2�V (1+2ch�h)�� 2e2�V sh�h1+e2�V (1+2ch�h)�2) :(3.6)ðÏ×ÎÉÊ ÍÁÇÎ¦ÔÎÉÊ ÍÏÍÅÎÔ ËÌÁÓÔÅÒÁ ×ÉÚÎÁÞÁ¤ÔØÓÑ, Ú ¦ÎÛÏÇÏ ÂÏËÕ,ÓÔÁÔÉÓÔÉÞÎÉÍ ÓÅÒÅÄÎ¦Í ×¦Ä ÓÕÍÉ z- ÐÒÏÅËÃ¦Ê ÏÂÏÈ ÓÐ¦Î¦×, ÑË¦ ×ÈÏÄÑÔØ× ÃÅÊ ËÌÁÓÔÅÒ.M(~Rq) =< �z1(~Rq) + �z2(~Rq) > : (3.7)úÇ¦ÄÎÏ ÓÐ¦××¦ÄÎÏÛÅÎØ (2.9), (2.10), (2.22), (2.23), (2.28) ÔÁ ×ÉÇÌÑÄÕÍÁÔÒÉÃ¦ U (ÄÏÄÁÔÏË 2Â) ÏÔÒÉÍÕ¤ÍÏ:M(~Rq) =< �z1(~Rq) + �z2(~Rq) >= p2 < Y 16(~Rq) > : (3.8)ôÁËÉÍ ÞÉÎÏÍ, ÍÁÇÎ¦ÔÎÉÊ ÍÏÍÅÎÔ ËÌÁÓÔÅÒÁ ÐÏ×Î¦ÓÔÀ ×ÉÚÎÁÞÁ¤ÔØÓÑÓÔÁÔÉÓÔÉÞÎÉÍ ÓÅÒÅÄÎ¦Í ×¦Ä ÌÉÛÅ ÏÄÎ¦¤§ ËÏÍÐÏÎÅÎÔÉ < Y 16(~Rq) >,ÑËÕ ÍÏÖÎÁ ××ÁÖÁÔÉ "ÁËÔÉ×ÎÏÀ" × ÆÁÚÏ×ÏÍÕ ÐÅÒÅÔ×ÏÒÅÎÎ¦ (ÄÉ×. ×¦Ä-ÐÏ×¦ÄÎÕ ËÌÁÓÉÆ¦ËÁÃ¦À × [7]). ñËÝÏ < Y 16(~Rq) > ÎÅ ÚÁÌÅÖÉÔØ ×¦Ä q, ÔÏÏÔÒÉÍÕ¤ÍÏ ÏÄÎÏÒ¦ÄÎÉÊ ÐÏ ËÒÉÓÔÁÌÕ ÐÏÒÑÄÏË - ÆÅÒÏÍÁÇÎ¦ÔÎÉÊ ÓÔÁÎ.õÓ¦ ¦ÎÛ¦ ÍÏÖÌÉ×¦ ×ÐÏÒÑÄËÕ×ÁÎÎÑ (ÁÎÔÉÆÅÒÏÍÁÇÎ¦ÔÎÅ, ÆÅÒÉÍÁÇÎ¦ÔÎÅ,Ò¦ÚÎÏÍÁÎ¦ÔÎÅ ÍÏÄÕÌØÏ×ÁÎÅ ¦ Ô.Ð.) ÏÄÎÏÚÎÁÞÎÏ ×ÉÚÎÁÞÁÀÔØÓÑ ÐÒÏÓÔÏ-ÒÏ×ÉÍ ÒÏÚÐÏÄ¦ÌÏÍ < Y 16(~Rq) >.ìÅÇËÏ ÐÅÒÅËÏÎÁÔÉÓØ, ÝÏ ÐÒÉ ÕÓÅÒÅÄÎÅÎÎ¦ × (3.8) ÐÏ ÒÏÚÐÏÄ¦ÌÕ ¦ÚH0 M ÓÐ¦×ÐÁÄÁ¤ Ú ×¦ÄÐÏ×¦ÄÎÉÍ ×ÉÒÁÚÏÍ Õ (3.6).õ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ (h = 0) ¦Ú (3.6) ÏÔÒÉÍÕÀÔØÓÑ ÔÁË¦ÐÒÏÓÔ¦ ×ÉÒÁÚÉ: F0 = � 1� lnne� 32�V + 3e �V2 o ;S = klnne� 32�V + 3e �V2 o+ 32�V 1� e2�V1 + 3e2�V ;u = 3V (1� e2�V )2(1 + 3e2�V ) ;



17 ðÒÅÐÒÉÎÔCv = 12k�2V 2e2�V(1 + 3e2�V )2 ;M = 0; � = � 2e2�V1 + 3e2�V : (3.9)ã¦ËÁ×ÏÀ ¤ ÐÏ×ÅÄ¦ÎËÁ ÏÔÒÉÍÁÎÉÈ ×ÅÌÉÞÉÎ ÐÒÉ ÎÉÚØËÉÈ ÔÅÍÐÅÒÁ-ÔÕÒÁÈ. ðÒÉ V < 0 (×¦ÄÛÔÏ×ÈÕ×ÁÎÎÑ ÞÁÓÔÉÎÏË-ÓÐ¦Î¦× Õ ËÌÁÓÔÅÒ¦):limT!0S = 0; limT!0Cv = 0; limT!0� = 0; (3.10)ÑË ÃÅ ¦ ÐÏ×ÉÎÎÏ ÂÕÔÉ × ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÏ ÓÔ¦ÊË¦Ê ÓÉÓÔÅÍ¦. ðÒÉ V > 0(ÐÒÉÔÑÇÁÎÎÑ ÞÁÓÔÉÎÏË-ÓÐ¦Î¦× Õ ËÌÁÓÔÅÒ¦):limT!0S = kln3; limT!0Cv = 0; limT!0� =1: (3.11)ðÏÄ¦ÂÎÁ ÁÓÉÍÐÔÏÔÉËÁ ÍÏÖÅ Ó×¦ÄÞÉÔÉ ÐÒÏ ÎÅÓÔ¦ÊË¦ÓÔØ ÓÉÓÔÅÍÉ ×¦ÄÌ¦ËÕÐÒÉ T ! 0 ¦ ÐÒÏ ÍÏÖÌÉ×¦ÓÔØ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ ÄÒÕÇÏÇÏ ÒÏÄÕ ÚTc = 0.4. æÕÎËÃ¦ÏÎÁÌ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉúÁÇÁÌØÎÁ ÍÅÔÏÄÉËÁ ÏÔÒÉÍÁÎÎÑ ÆÕÎËÃ¦ÏÎÁÌØÎÏÇÏ ÚÏÂÒÁÖÅÎÎÑ ÄÌÑÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ËÌÁÓÔÅÒÎÏ§ ÓÉÓÔÅÍÉ, ÝÏ ÏÐÉÓÕ¤ÔØÓÑ ÇÁÍ¦ÌØÔÏÎ¦Á-ÎÏÍ ÔÉÐÕ (2.29) Ú ÎÅËÏÍÕÔÕÀÞÉÍÉ ÏÐÅÒÁÔÏÒÁÍÉ ÐÅÒÅÈÏÄÕ Y �(~Rq),ÂÕÌÁ ÒÏÚÒÏÂÌÅÎÁ × [4,5]. ë×ÁÎÔÏ×ÉÊ ÈÁÒÁËÔÅÒ ÓÉÓÔÅÍÉ ÚÕÍÏ×É× ÎÅ-ÏÂÈ¦ÄÎ¦ÓÔØ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÚÏÂÒÁÖÅÎÎÑ ×ÚÁ¤ÍÏÄ¦§ ¦, ×¦ÄÐÏ×¦ÄÎÏ, ÐÏÑ×ÕÚÁÌÅÖÎÏÓÔ¦ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ ÔÁ ËÏÅÆ¦Ã¦¤ÎÔ¦× ÆÕÎËÃ¦ÏÎÁÌÁ ×¦ÄÍÁÃÕÂÁÒ¦×ÓØËÉÈ ÞÁÓÔÏÔ [7]. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÏÔÒÉÍÁÎ¦ × [4] ÚÁÇÁÌØÎ¦ÆÏÒÍÕÌÉ, ÚÏÓÅÒÅÄÉÍÏ Õ×ÁÇÕ ÎÁ ÒÏÚÒÁÈÕÎËÕ ËÌÁÓÔÅÒÎÉÈ ËÕÍÕÌÑÎÔÎÉÈÓÅÒÅÄÎ¦È ×¦Ä ÄÏÂÕÔËÕ ÏÐÅÒÁÔÏÒ¦× Y �(~Rq) ÄÌÑ ËÏÎËÒÅÔÎÉÈ ÓÉÓÔÅÍ, ÑË¦ÒÏÚÇÌÑÄÁÀÔØÓÑ × ÄÁÎ¦Ê ÒÏÂÏÔ¦.ðÏ×ÎÉÊ ÆÕÎËÃ¦ÏÎÁÌ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÓÉÓÔÅÍÉ ×Ú¤ÍÏÄ¦ÀÞÉÈ ËÌÁ-ÓÔÅÒ¦× × ÚÏÂÒÁÖÅÎÎ¦ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ ÍÁ¤ ×ÉÇÌÑÄ [7]:Z = Z0 Z (d��(~k; �))NY� Yk�BY� J(��; (~k; �)) ��exp8<:�2 X� Xk�BX� ��(~k)��(~k; �)��(�~k;��)9=; : (4.1)ôÕÔ��(~k; �) = 1pN� Z �0 d�0e�i�0�Sp" NXq=1 e��0H0Y �(~Rq)e�0H0ei~k ~RqJ(��; Y �)#�
ICMP{98{06U 18��Sp �J(��; Y �)�	�1� (4.2)- ËÏÌÅËÔÉ×ÎÁ ÚÍ¦ÎÎÁ × ÞÁÓÔÏÔÎÏ-¦ÍÐÕÌØÓÎÏÍÕ ÚÏÂÒÁÖÅÎÎ¦; !�(~k; �)-×ÅÌÉÞÉÎÁ, ÓÐÒÑÖÅÎÁ ÄÏ ��(~k; �), ��(~k)- ÆÕÒ'¤-ÚÏÂÒÁÖÅÎÎÑ �-ÇÏ ×ÌÁÓ-ÎÏÇÏ ÚÎÁÞÅÎÎÑ ÍÁÔÒÉÃ¦ ÄÁÌÅËÏÓÑÖÎÉÈ Í¦ÖËÌÁÓÔÅÒÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê;� = 2�� n; � = �� (2n+ 1); (n = 0;�1;�2; :::) (4.3)- ÍÁÃÕÂÁÒ¦×ÓØË¦ ÞÁÓÔÏÔÉ (ÂÏÚÅ×ÓØË¦ ¦ ÆÅÒÍ¦§×ÓØË¦).J(��; (~k; �)) =< J(��; Y �) >0= Z (d!�(~k; �))Nexp8<:i2�X� Xk�BX� �� !�(~k; �)��(~k; �)o exp8<: 1Xn=1 (�i2�)nn! X�1;k1;� ::: X�n;kn;�n�M�1:::�n(~k1; �1; :::; ~kn; �n)!�1(~k1; �1):::!�n(~kn; �n)o (4.4)- ÑËÏÂ¦ÁÎ ÐÅÒÅÈÏÄÕ ÄÏ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ;M�1:::�n(~k1; �1; :::; ~kn; �n) = @4@!�1(~k1; �1):::@!�n(~kn; �n)ln < Texp8<:X� Xk;� !�(~k; �)^��(~k; �)9=; >0j!= 0 (4.5)- ËÌÁÓÔÅÒÎ¦ ËÕÍÕÌÑÎÔÉ;^��(~k; �) = 1p� Z �0 d�0e�i�0� NXq=1 e��0H0Y �(~Rq)e�0H0ei~k ~Rq ; (4.6)T - ÓÉÍ×ÏÌ "ÞÁÓÏ×ÏÇÏ" ×ÐÏÒÑÄËÕ×ÁÎÎÑ ×¦ÄÎÏÓÎÏ ÏÂÅÒÎÅÎÏ§ ÔÅÍÐÅÒÁÔÕ-ÒÉ � = 1kT .æÏÒÍÁ (4.1), (4.4) Í¦ÓÔÉÔØ ÕÓ¦ ÓÔÅÐÅÎ¦ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ��(~k; �) ¦ ÔÏÍÕ ÎÅ ÍÏÖÅ ÂÕÔÉ ÐÒÏ¦ÎÔÅÇÒÏ×ÁÎÁ × Ñ×ÎÏÍÕ ×ÉÇÌÑÄ¦. ú×É-ÞÁÊÎÏ × (4.4) ÏÂÍÅÖÕÀÔØÓÑ ÄÒÕÇÏÀ ÁÂÏ ÞÅÔ×ÅÒÔÏÀ ÓÔÅÐ¦ÎÎÀ ÚÍ¦Î-ÎÉÈ Ú ÔÉÍ, ÝÏÂ ÏÔÒÉÍÁÎ¦ ×ÉÒÁÚÉ ÂÕÌÉ ÎÅÒÏÚÂ¦ÖÎÉÍÉ ÐÒÉ ÕÓ¦È ÚÎÁ-ÞÅÎÎÑÈ ÔÅÍÐÅÒÁÔÕÒÉ ¦ ÐÁÒÁÍÅÔÒ¦× ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ. ÷¦ÄÐÏ×¦ÄÎÉÊ ÒÏÚ-ÐÏÄ¦Ì ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ ÎÁÚÉ×Á¤ÔØÓÑ ÂÁÚÉÓÎÉÍ. ÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦



19 ðÒÅÐÒÉÎÔÏÂÍÅÖÉÍÏÓØ ÞÅÔ×ÅÒÔÉÍ ÂÁÚÉÓÎÉÍ ÒÏÚÐÏÄ¦ÌÏÍ, ÑËÉÊ ÛÉÒÏËÏ ×ÉËÏÒÉ-ÓÔÏ×Õ¤ÔØÓÑ × ÔÅÏÒ¦§ ÆÁÚÏ×ÉÈ ÐÅÒÅÔ×ÏÒÅÎØ ÄÒÕÇÏÇÏ ÒÏÄÕ. úÁÕ×ÁÖÉÍÏ,ÝÏ ×ÎÁÓÌ¦ÄÏË ¦ÓÎÕ×ÁÎÎÑ ÚÏ×Î¦ÛÎØÏÇÏ ÍÁÇÎ¦ÔÎÏÇÏ ÐÏÌÑ ÂÁÚÉÓÎÉÊ ÒÏÚ-ÐÏÄ¦Ì Í¦ÓÔÉÔÉÍÅ ÄÏÄÁÎËÉ Ú ÐÁÒÎÉÍÉ ¦ ÎÅÐÁÒÎÉÍÉ ÓÔÅÐÅÎÑÍÉ ÚÍ¦ÎÎÉÈÄÏ ÞÅÔ×ÅÒÔÏÇÏ ×ËÌÀÞÎÏ. ïÓÎÏ×ÏÀ ÒÏÚÐÏÄ¦ÌÕ ¤ ËÕÍÕÌÑÎÔÉ M�1:::�n(~k1; �1; :::; ~kn; �n).Á) Í¦ÖËÌÁÓÔÅÒÎ¦ ×ÚÁ¤ÍÏÄ¦§ ¦Ú¦ÎÇ¦×ÓØËÏÇÏ ÔÉÐÕðÒÉ ÒÏÚÒÁÈÕÎËÕ ËÕÍÕÌÑÎÔÎÉÈ ÓÅÒÅÄÎ¦È ×¦Ä ÄÏÂÕÔËÕ ÕÚÁÇÁÌØÎÅ-ÎÉÈ ÏÐÅÒÁÔÏÒ¦× ÐÅÒÅÈÏÄÕ × ÃØÏÍÕ ×ÉÐÁÄËÕ ×ÉÈÏÄÉÔÉÍÅÍÏ ¦Ú Ò¦×ÎÏÓÔ¦(2.28), ÄÏÄÁÔËÁ 2Â ¦ ÆÏÒÍÕÌÉ (4.5). ïÓË¦ÌØËÉ × ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈÏÐÉÓÕ¤ÔØÓÑ ÌÉÛÅ ÄÁÌÅËÏÓÑÖÎÁ ÞÁÓÔÉÎÁ ×ÚÁ¤ÍÏÄ¦§ (ËÏÒÏÔËÏÓÑÖÎÉÊËÌÁÓÔÅÒÎÉÊ ÐÏÔÅÎÃ¦ÁÌ ×ÒÁÈÏ×Õ¤ÔØÓÑ ÔÏÞÎÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ H0), ÔÏ ÚÕÓ¦È ËÕÍÕÌÑÎÔÎÉÈ ÓÅÒÅÄÎ¦È, ÍÏÖÌÉ×ÉÈ × ÄÁÎ¦Ê ÓÉÓÔÅÍ¦, ÎÁÓ Ã¦ËÁ×ÌÑÔØÌÉÛÅ ÔÁË¦, × ÑË¦ ×ÈÏÄÑÔØ ÏÐÅÒÁÔÏÒÉ Y �(~Rq) Ú � = 7; 16 (ÄÉ×.(2.34)):Y 7 = 1p2(X23 +X32);Y 16 = 1p2(X11 �X44) (4.7)(¦ÎÄÅËÓÉ ij × ÏÐÅÒÁÔÏÒÁÈ èÁÂÂÁÒÄÁ-óÔÁÓÀËÁ ¤ Ú×ÉÞÁÊÎÉÍÉ).îÁÇÁÄÁ¤ÍÏ ÐÅÒÅÓÔÁ×Î¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÄÌÑ ÏÐÅÒÁÔÏÒ¦× X ij(Rq):hX i1j1(~Rq1); X i2j2(~Rq2 )i� = �X i1j2(~Rq1)�j1;i2�� X i2j1(~Rq1)�j2;i1� �q1;q2 : (4.8)÷ (4.8) ÂÅÒÅÔØÓÑ ËÏÍÕÔÁÔÏÒ Õ ×ÉÐÁÄËÕ ÈÏÞÁ Â ÏÄÎÏÇÏ Ú ÏÐÅÒÁÔÏÒ¦×ÂÏÚÅ-ÔÉÐÕ, ÁÎÔÉËÏÍÕÔÁÔÏÒ - ÑËÝÏ ÏÂÉÄ×Á ÏÐÅÒÁÔÏÒÉ ÆÅÒÍ¦-ÔÉÐÕ.íÏÖÎÁ ÐÏËÁÚÁÔÉ (ÄÅÔÁÌØÎÏ ÐÒÏ ÃÅ ÄÉ×. [4]), ÝÏ ÕÓ¦ ÏÐÅÒÁÔÏÒÉ X ij× (4.7) ¤ ÏÐÅÒÁÔÏÒÁÍÉ ÂÏÚÅ-ÔÉÐÕ.÷¦ÄÚÎÁÞÉÍÏ ÏÄÎÕ Ã¦ËÁ×Õ ×ÌÁÓÔÉ×¦ÓÔØ ÓÅÒÅÄÎ¦È ×¦Ä ÏÐÅÒÁÔÏÒ¦×èÁÂÂÁÒÄÁ-óÔÁÓÀËÁ, ÑËÁ ×ÉÐÌÉ×Á¤ Ú ÕÍÏ×É ¦Î×ÁÒ¦ÁÎÔÎÏÓÔ¦ ÛÐÕÒÁ ÝÏ-ÄÏ ÃÉËÌ¦ÞÎÏ§ ÐÅÒÅÓÔÁÎÏ×ËÉ ÏÐÅÒÁÔÏÒ¦× Ð¦Ä ÊÏÇÏ ÚÎÁËÏÍ ¦ ÓÐ¦××¦ÄÎÏ-ÛÅÎÎÑ:�0X ij(~Rq ; �0) = e���ijX ij(~Rq ; �0)�0; (4.9)ÔÕÔ X ij(~Rq ; �0) = e��0H0X ij(~Rq)e�0H0 : (4.10)
ICMP{98{06U 20(ðÒÉÎÁÇ¦ÄÎÏ ÚÁÕ×ÁÖÉÍÏ, ÝÏ ×ÎÁÓÌ¦ÄÏË ËÕÍÕÔÕ×ÁÎÎÑ Ä¦ÁÇÏÎÁÌØÎÉÈÏÐÅÒÁÔÏÒ¦× èÁÂÂÁÒÄÁ-óÔÁÓÀËÁ Ú ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍ H0 X ii(~Rq ; �0) =X ii(~Rq).÷ÉËÏÎÕÀÞÉ ÃÉËÌ¦ÞÎÕ ÐÅÒÅÓÔÁÎÏ×ËÕ ÏÐÅÒÁÔÏÒ¦× Ð¦Ä ÚÎÁËÏÍ ÓÅÒÅÄ-ÎØÏÇÏ, ÁÖ ÄÏ ÐÏ×ÅÒÎÅÎÎÑ §È Õ ÐÏÞÁÔËÏ×Å ÐÏÌÏÖÅÎÎÑ, ÔÁ ×ÒÁÈÏ×ÕÀÞÉÒ¦×Î¦ÓÔØ (4.9), ÂÁÞÉÍÏ, ÝÏ< X i1j1(~Rq1 ; �1)X i2j2(~Rq2 ; �2)X i3j3(~Rq3 ; �3)::: >= 0 (4.11)ÐÒÉ �i1j1 + �i2j2 + �i3j3 + ::: 6= 0.ãÑ ×ÌÁÓÔÉ×¦ÓÔØ ÄÏÚ×ÏÌÑ¤ ÓÕÔÔ¤×Ï ÓËÏÒÏÔÉÔÉ ÞÉÓÌÏ ÒÏÚÇÌÑÄÕ×ÁÎÉÈÓÅÒÅÄÎ¦È ÚÁ ÒÁÈÕÎÏË ×¦ÄËÉÄÁÎÎÑ ÔÉÈ, ÑË¦ ÚÁ×¦ÄÏÍÏ ÄÏÒ¦×ÎÀÀÔØ ÎÕÌÅ×¦.îÁ ÏÓÎÏ×¦ ×ÉÒÁÚ¦× (2.28), (4.5) ¦ ÚÏÂÒÁÖÅÎÎÑ (4.6) ÏÔÒÉÍÕ¤ÍÏ ÒÏ-ÂÏÞÕ ÆÏÒÍÕÌÕ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ËÕÍÕÌÑÎÔ¦× n-ÇÏ ÐÏÒÑÄËÕ:M�1�2:::�n(~k1; �1; ~k2; �2; :::~kn; �n) =1Nn=2 Xq1;q2;:::qn=1 expn�i h~k1 ~Rq1 + ~k2 ~Rq2 + :::+ ~kn ~Rqnio�� 1�n Z �0 d�1 Z �0 d�2::: Z �0 d�nexp fi [�1�1 + �2�2 + :::+ �n�n]g�Xi1;j1;i2;j2;:::in;jnUi1j1�1Ui2j2�2 :::Uinjn�n< TX i1j1(~Rq1�1)X i2j2(~Rq2�2):::X injn(~Rqn�n) >c0 (4.12)óÅÒÅÄ ËÕÍÕÌÑÎÔ¦× ÐÅÒÛÏÇÏ ÐÏÒÑÄËÕ ¤ÄÉÎÉÍ ×¦ÄÍ¦ÎÎÉÍ ×¦Ä ÎÕÌÑ¤ ËÕÍÕÌÑÎÔ ¦Ú � = 16M16(~k; �) = p2sh�h1 + 2ch�h+ e�2�V �(~k)�(�): (4.13)äÌÑ ËÕÍÕÌÑÎÔ¦× ÄÒÕÇÏÇÏ ÐÏÒÑÄËÕ Ú (4.12) ÏÔÒÉÍÕ¤ÍÏ ÔÁËÉÊ ÚÁ-ÇÁÌØÎÉÊ ×ÉÒÁÚ:M��0(~k1; �1; ~k2; �2) =Xi;j Uij�Uji�0K�ji� (�)< X ii �Xjj >0 �(~k1 + ~k2)�(�1 + �2); (4.14)× ÑËÏÍÕK�ji� (�) = 1� Z �0 d�0e�i�0� e��0�ji1� e���ji = 1�(�ji + i�) (4.15)



21 ðÒÅÐÒÉÎÔ×ÅÒÈÎ¦Ê ÚÎÁË ×¦ÄÐÏ×¦ÄÁ¤ ÓÔÁÔÉÓÔÉÃ¦ ÂÏÚÅ, Á ÎÉÖÎ¦Ê { ÆÅÒÍ¦ ÄÌÑ ÏÐÅ-ÒÁÔÏÒ¦× X ij).ð¦ÄÓÔÁ×ÌÑÀÞÉ × (4.14) ÎÅÏÂÈ¦ÄÎ¦ ×ÉÒÁÚÉ, ÏÔÒÉÍÕ¤ÍÏ:M77(~k1; �1; ~k2; �2) = 4V e��V sh�V�(4V 2 + �2)(1 + 2ch�h+ e�2�V )�(~k1+~k2)�(�1+�2);M16 16(~k1; �1; ~k2; �2) = � ch�h1 + 2ch�h+ e�2�V �� 2sh2�h(1 + 2ch�h+ e�2�V )2� �(~k1 + ~k2); ÐÒÉ � = 0;M16 16(~k1; �1; ~k2; �2) = 0 ÐÒÉ � 6= 0;M7 16(~k1; �1; ~k2; �2) = 0: (4.16)ûÌÑÈÏÍ ÐÅÒÅÓÔÁÎÏ×ËÉ ÏÐÅÒÁÔÏÒ¦× X ij(~R�; �0) Ð¦Ä ÚÎÁËÏÍ T - ÄÏ-ÂÕÔËÕ ÎÅ×ÁÖËÏ ÏÔÒÉÍÁÔÉ ×ÉÒÁÚ ÄÌÑ ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ ÄÏÂÕÔËÕÔÒØÏÈ ÏÐÅÒÁÔÏÒ¦× èÁÂÂÁÒÄÁ-óÔÁÓÀËÁ Õ ×ÉÇÌÑÄ¦ ÓÕÍÉ ÕÓ¦È ÍÏÖÌÉ×ÉÈÓÐÁÒÀ×ÁÎØ:< TX i1j1(~Rq1�1)X i2j2(~Rq2�2)X i3j3(~Rq3�3) >0== �K�i3i2(�1 � �3)K�i2i1(�1 � �2) < X i1i1 �X i2i2 >0 �i1j2�i2j3�i3j1��K�i3i1(�1 � �3)K�i2i3 (�1 � �2) < X i3i3 �X i2i2 >0 �i1j3�i2j1�i3j2++K�i3i1(�1 � �3)K�i2i1 (�1 � �2) < X i1i1 �X i2i2 >0 �i1j3�i2j1�i3j2��K�i3i2(�1 � �3)K�i3i1(�1 � �2) < X i1i1 �X i3i3 >0 �i1j2�i2j3�i3j1	���q1q2�q2q3 : (4.17)ðÒÉÇÁÄÕÀÞÉ ÚÎÁÞÅÎÎÑ ÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ¦× Uij� (ÄÏÄÁÔÏË 2Â),Á ÔÁËÏÖ ×ÌÁÓÔÉ×ÏÓÔ¦ ÓÅÒÅÄÎ¦È ×¦Ä ÄÏÂÕÔËÕ Ä¦ÁÇÏÎÁÌØÎÉÈ ÏÐÅÒÁÔÏÒ¦×X ii(~Rq ; �0):< X i1j1(~Rq1 ; �1)X i2j2(~Rq2 ; �2) < X i3j3(~Rq3 ; �3)::: >0=X i1j1(~Rq1 ) >0 �i1i2�i2i3 :::�q1q2�q2q3 ::: = e���i1Z0 ; (4.18)ÄÌÑ ÐÏÔÒ¦ÊÎÉÈ ËÕÍÕÌÑÎÔ¦× ÏÔÒÉÍÁ¤ÍÏ:M777(~k1; �1; ~k2; �2; ~k3; �3) = 0;M16 16 16(~k1; �1; ~k2; �2; ~k3; �3)= sh�hp2(1+2ch�h+e�2�V )�(~k1+~k2+~k3)�(�)�
ICMP{98{06U 22� 3p2sh�hch�h(1+2ch�h+e�2�V )2 �(~k1+~k2)�(~k3)�(�)+ 4p2sh3�h(1+2ch�h+e�2�V )3 �(~k)�(�);M7 7 16(~k1; �1; ~k2; �2; ~k3; �3) = �4p2V e��V sh�V�(4V 2 + �2) �� sh�h(1 + 2ch�h+ e�2�V )2 �(~k1 + ~k2)�(~k3)�(�1 + �2)�(�3);M7 16 16(~k1; �1; ~k2; �2; ~k3; �3) = 0: (4.19)äÌÑ ÒÏÚÒÁÈÕÎËÕ ËÕÍÕÌÑÎÔ¦× ÞÅÔ×ÅÒÔÏÇÏ ÐÏÒÑÄËÕ ÚÁ ÆÏÒÍÕÌÏÀ(4.12) ÎÅÏÂÈ¦ÄÎÏ ÍÁÔÉ ×ÉÒÁÚ ÄÌÑ ËÕÍÕÌÑÎÔÎÉÈ ÓÅÒÅÄÎ¦È ÄÏÂÕÔËÕ ÞÏ-ÔÉÒØÏÈ ÏÐÅÒÁÔÏÒ¦× èÁÂÂÁÒÄÁ-óÔÁÓÀËÁ. ä¦ÀÞÉ ÑË ¦ ÐÒÉ ÏÔÒÉÍÁÎÎ¦ÆÏÒÍÕÌÉ (4.17), Á ÔÁËÏÖ ÐÅÒÅÄÂÁÞÁÀÞÉ ÚÁÓÔÏÓÕ×ÁÎÎÑ × ÐÏÄÁÌØÛÏÍÕÏÔÒÉÍÁÎÉÈ ÚÁÇÁÌØÎÉÈ ×ÉÒÁÚ¦× ÄÌÑ ÏÐÅÒÁÔÏÒ¦× X ij(~R�; �) ¦Ú ÚÍ¦ÛÁÎÏÀÂÏÚÅ-ÆÅÒÍ¦§×ÓØËÏÀ ÓÔÁÔÉÓÔÉËÏÀ, ÏÔÒÉÍÕ¤ÍÏ:��K�i4i3 (�4)K�i3i2 (�3)K�i2i1 (�2)<X i1i1�X i2i2>0 �i1j2�i2j3�i3j4�i4j1��K�i4i2 (�4)K�i3i1 (�3)K�i2i3 (�2)<X i3i3�X i2i2>0 �i1j3�i2j4�i3j2�i4j1��K�i4i1 (�4)K�i3i2 (�3)K�i2i4 (�2)<X i4i4�X i2i2>0 �i1j4�i2j3�i3j1�i4j2++K�i4i1 (�4)K�i3i4 (�3)K�i2i3 (�2)<X i3i3�X i2i2>0 �i1j4�i2j1�i3j2�i4j3++K�i4i2 (�4)K�i3i1 (�3)K�i2i1 (�2+�3)<X i1i1�X i2i2>0 �i1j3�i2j4�i3j2�i4j1��K�i4i3 (�4)K�i3i2 (�2)K�i3i1 (�2+�3)<X i1i1�X i3i3>0 �i1j2�i2j3�i3j4�i4j1��K�i4i1 (�4)K�i3i4 (�2)K�i2i4 (�2+�3)<X i4i4�X i2i2>0 �i1j4�i2j1�i3j2�i4j3++K�i4i1 (�4)K�i3i2 (�2)K�i3i4 (�2+�3)<X i4i4�X i3i3>0 �i1j4�i2j3�i3j1�i4j2��K�i4i1 (�4)K�i3i2 (�3)K�i2i1 (�2+�3)<X i1i1�X i2i2>0 �i1j4�i2j3�i3j1�i4j2��K�i4i3 (�4)K�i3i1 (�3)K�i2i3 (�2+�4)<X i3i3�X i2i2>0 �i1j3�i2j1�i3j4�i4j2��K�i4i2 (�4)K�i3i4 (�3)K�i4i1 (�2+�4)<X i1i1�X i4i4>0 �i1j2�i2j4�i3j1�i4j3��K�i4i2 (�4)K�i3i1 (�3)K�i4i3 (�2+�4)<X i3i3�X i4i4>0 �i1j3�i2j4�i3j2�i4j1��K�i4i3 (�4)K�i3i1 (�3)K�i2i1 (��1)<X i1i1�X i2i2>0 �i1j3�i2j1�i3j4�i4j2��K�i4i1 (�4)K�i3i2 (�3)K�i3i1 (��1)<X i1i1�X i3i3>0 �i1j4�i2j3�i3j1�i4j2��K�i4i2 (�4)K�i3i1 (�3)K�i4i1 (��1)<X i1i1�X i4i4>0 �i1j3�i2j4�i3j2�i4j1++K�i4i2 (�4)K�i3i4 (�2)K�i3i1 (��1)<X i1i1�X i3i3>0 �i1j2�i2j4�i3j1�i4j3++K�i4i2 (�4)K�i3i2 (�3+�4)K�i2i1 (�2)<X i1i1�X i2i2>0 �i1j2�i2j4�i3j1�i4j3�



23 ðÒÅÐÒÉÎÔ�K�i4i1 (�4)K�i3i1 (�3+�4)K�i2i3 (�2)<X i3i3�X i2i2>0 �i1j4�i2j1�i3j2�i4j3��K�i4i3 (�4)K�i4i2 (�3+�4)K�i2i1 (�2)<X i1i1�X i2i2>0 �i1j2�i2j3�i3j4�i4j1��K�i4i3 (�4)K�i4i1 (�3+�4)K�i2i4 (�2)<X i4i4�X i2i2>0 �i1j3�i2j1�i3j4�i4j2++K�i4i1 (�4)K�i3i1 (�3+�4)K�i2i1 (��1)<X i1i1�X i2i2>0 �i1j4�i2j1�i3j2�i4j3��K�i4i2 (�4)K�i3i2 (�3+�4)K�i3i1 (��1)<X i1i1�X i3i3>0 �i1j2�i2j4�i3j1�i4j3��K�i4i3 (�4)K�i4i1 (�3+�4)K�i2i1 (��1)<X i1i1�X i2i2>0 �i1j3�i2j1�i3j4�i4j2��K�i4i3 (�4)K�i4i2 (�3+�4)K�i4i1 (��1)<X i1i1�X i4i4>0 �i1j2�i2j3�i3j4�i4j1	���12�23�34; (4.20)ÄÅ ×ÅÒÈÎ¦Ê ÚÎÁË ×¦ÄÐÏ×¦ÄÁ¤ ÓÔÁÔÉÓÔÉÃ¦ ÂÏÚÅ, Á ÎÉÖÎ¦Ê - ÆÅÒÍ¦. ôÕÔÓÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ × ÒÅÚÕÌØÔÁÔ¦ ÁÎÔÉËÏÍÕÔÁÃ¦§ Ä×ÏÈ ÏÐÅÒÁÔÏÒ¦×èÁÂÂÁÒÄÁ-óÔÁÓÀËÁ ÆÅÒÍ¦-ÔÉÐÕ ÏÔÒÉÍÕ¤ÔØÓÑ ÏÐÅÒÁÔÏÒ ÂÏÚÅ-ÔÉÐÕ, Á ×ÒÅÚÕÌØÔÁÔ¦ ËÏÍÕÔÁÃ¦§ Ä×ÏÈ ÏÐÅÒÁÔÏÒ¦× ÂÏÚÅ-ÔÉÐÕ ÁÂÏ ÏÐÅÒÁÔÏÒÁ ÂÏÚÅ-ÔÉÐÕ Ú ÏÐÅÒÁÔÏÒÏÍ ÆÅÒÍ¦-ÔÉÐÕ ÏÔÒÉÍÕÀÔØÓÑ ÏÐÅÒÁÔÏÒÉ ÂÏÚÅ- ¦ ÆÅÒÍ¦-ÔÉÐÕ ×¦ÄÐÏ×¦ÄÎÏ [4]. ãÅ Ê ×ÒÁÈÏ×ÁÎÏ ÐÒÉ ×É×ÅÄÅÎÎ¦ ÆÏÒÍÕÌÉ (4.20).ñË ÕÖÅ ×¦ÄÚÎÁÞÁÌÏÓØ ×ÉÝÅ, ÏÐÅÒÁÔÏÒÉ X11(~Rq), X44(~Rq),X23(~Rq), X32(~Rq) ×¦ÄÎÏÓÑÔØÓÑ ÄÏ ÏÐÅÒÁÔÏÒ¦× èÁÂÂÁÒÄÁ-óÔÁÓÀËÁÂÏÚÅ-ÔÉÐÕ.õ ÐÒÉÐÕÝÅÎÎ¦, ÝÏ ÕÓ¦ ÍÁÃÕÂÁÒ¦×ÓØË¦ ÞÁÓÔÏÔÉ �i × (4.20) Ò¦×Î¦(j�ij = �), ÐÒÉÈÏÄÉÍÏ ÄÏ ÔÁËÉÈ ×ÉÒÁÚ¦× ÄÌÑ ËÕÍÕÌÑÎÔ¦× ÞÅÔ×ÅÒÔÏÇÏÐÏÒÑÄËÕ:M7777(~k1; �1; ~k2; �2; ~k3; �3; ~k4; �4) = 3e��V h�(�)ch�V � 4V sh�V�(4V 2+�2)i2�2(4V 2 + �2)(1 + 2ch�h+ e�2�V ���(~k1+~k2+~k3+~k4)�(�1+�2+�3+�4)� 48V 2e�2�V sh2�V�2(4V 2 + �2)2(1 + 2ch�h+ e�2�V )2���(~k1 + ~k2)�(~k3 + ~k4)�(�1 + �2)�(�3 + �4);M16 16 16 16(~k1; �1; ~k2; �2; ~k3; �3; ~k4; �4) = ch�h2(1 + 2ch�h+ e�2�V )���(~k1+~k2+~k3+~k4)�(�i)� 4sh2�h(1 + 2ch�h+ e�2�V )2 �(~k1+~k2+~k3)�(~k4)�(�i)�� 3ch2�h(1 + 2ch�h+ e�2�V )2 �(~k1 + ~k2)�(~k3 + ~k4)�(�i)+
ICMP{98{06U 24+ 24ch�hsh2�h(1 + 2ch�h+ e�2�V )3 �(~k1 + ~k2)�(~k3)�(~k4)�(�i)�� 24sh4�h(1 + 2ch�h+ e�2�V )4 �(~k)�(�i);M16 16 7 7(~k1; �1; ~k2; �2; ~k3; �3; ~k4; �4) =� 4V e��V sh�V ch�h�(4V 2 + �2)(1 + 2ch�h+ e�2�V )2 �(~k1 + ~k2)�(~k3 + ~k4)�(�1)�(�2)���(�3 + �4) + 8V e��V sh�V sh2�h�(4V 2 + �2)(1 + 2ch�h+ e�2�V )3���(~k1)�(~k2)�(~k3 + ~k4)�(�1)�(�2)�(�3 + �4); (4.21)ÕÓ¦ ¦ÎÛ¦ ËÕÍÕÌÑÎÔÉ ÃØÏÇÏ ÐÏÒÑÄËÕ ÄÏÒ¦×ÎÀÀÔØ ÎÕÌÅ×¦.ð¦ÄÓÔÁ×É×ÛÉ ÏÔÒÉÍÁÎ¦ ËÕÍÕÌÑÎÔÉ × ÑËÏÂ¦ÁÎ ÐÅÒÅÈÏÄÕ ÄÏ ËÏÌÅË-ÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ (4.4), ÍÏÖÅÍÏ × Ñ×ÎÏÍÕ ×ÉÇÌÑÄ¦ ÚÁÐÉÓÁÔÉ ÆÕÎËÃ¦Ï-ÎÁÌ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ËÌÁÓÔÅÒÎÏ§ ÍÁÇÎ¦ÔÎÏ§ ÓÉÓÔÅÍÉ (Ä×ÏÞÁÓÔÉÎËÏ×¦ËÌÁÓÔÅÒÉ) Ú ÄÁÌÅËÏÓÑÖÎÏÀ ×ÚÁ¤ÍÏÄ¦¤À ¦Ú¦ÎÇ¦×ÓØËÏÇÏ ÔÉÐÕ:Z = Z0 Z �d��(~k; �)�N exp8<: X�=7;16Xk;� �2��(~k)��(~k; �)��(�~k;��)9=;�� Z �d!�(~k; �)�Nexp8<:i2� X�=7;16Xk;� (��(~k; �)�M�(~k; �)�� 16)!�(~k; �)�� (2�)22 X�=7;16Xk;� M��(~k; �;�~k;��)!�(~k; �)!�(�~k;��)++ i(2�)33! X�1;�2=7;16 Xk1;k2;k3�1;�2;�3 M�1�1�2(~k1; �1; ~k2; �2; ~k3; �3)�� (��116��216 + ��17��216)!�1(~k1; �1)!�1(~k2; �2)!�2(~k3; �3)++(2�)44! X�1�2=7;16 Xk1;k2;k3;k4�1;�2;�3;�4 M�1�1�2�2(~k1; �1; ~k2; �2; ~k3; �3; ~k4; �4) (��17��27++��116��216 + ��116��27)!�1(~k1; �1)!�1(~k2; �2)!�2(~k3; �3)!�2(~k4; �4)o :(4.22)



25 ðÒÅÐÒÉÎÔíÏÖÎÁ ÐÅÒÅËÏÎÁÔÉÓØ, ÝÏ ÐÒÉ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ (h =0) ÆÕÎËÃ¦ÏÎÁÌØÎÁ ÆÏÒÍÁ (4.22) Í¦ÓÔÉÔØ ËÕÍÕÌÑÎÔÉ ÌÉÛÅ ÐÁÒÎÉÈ ÐÏ-ÒÑÄË¦×.÷ Ì¦Î¦ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÐÏ h (ÍÁÌ¦ ÐÏÌÑ) ×ÉÒÁÚÉ ÄÌÑ ËÕÍÕÌÑÎÔ¦×¤ ÎÁÓÔÕÐÎÉÍÉ:M16(~k; �) = p2�h3 + e�2�V �(~k)�(�);M77(~k1; �1; ~k2; �2) = 4V e��V sh�V�(4V 2 + �2)(3 + e�2�V )�(~k1 + ~k2)�(�1 + �2);M16 16(~k1; �1; ~k2; �2) = 13 + e�2�V �(~k1 + ~k2)�(�);M7 7 16(~k1; �1; ~k2; �2; ~k3; �3) = �4p2V e��V sh�V�2(4V 2 + �2) �h(3 + e�2�V )���(~k1 + ~k2)�(~k3)�(�1 + �2)�(�3);M16 16 16(~k1; �1; ~k2; �2; ~k3; �3) = �hp2(3 + e�2�V )�(~k1 + ~k2 + ~k3)�(�i)�� 3�h2(3 + e�2�V )2 �(~k1 + ~k2)�(~k3)�(�i);M7 7 7 7(~k1; �1; ~k2; �2; ~k3; �3; ~k4; �4) = 3e��V h�(�)ch�V �� 4V sh�V�(4V 2+�2)i2�2(4V 2 + �2)(3 + e�2�V ) ���(�1 + �2 + �3 + �4)�(�1 + �2 + �3 + �4)�� 48V 2e�2�V sh2�V�2(4V 2 + �2)(3 + e�2�V )2 �(~k1 + ~k2)�(~k3 + ~k4)�(�1 + �2)�(�3 + �4)�� 3(3 + e�2�V )2 �(~k1 + ~k2)�(~k3 + ~k4)�(�i);M16 16 16 16(~k1; �1; ~k2; �2; ~k3; �3; ~k4; �4) = 12(3 + e�2�V )���(~k1 + ~k2 + ~k3 + ~k4)�(�i)� 3(3 + e�2�V )2 �(~k1 + ~k2)�(~k3 + ~k4)�(�i);M16 16 7 7(~k1; �1; ~k2; �2; ~k3; �3; ~k4; �4) = � 4V e��V sh�V�(4V 2 + �2)(3 + e�2�V )2���(~k1 + ~k2)�(~k3 + ~k4)�(�1)�(�2)�(�3 + �4): (4.23)
ICMP{98{06U 26÷¦ÄÚÎÁÞÉÍÏ Ã¦ËÁ×Õ ÏÓÏÂÌÉ×¦ÓÔØ ÏÔÒÉÍÁÎÉÈ ËÕÍÕÌÑÎÔ¦× (4.21), ÁÂÏ(4.23). á ÓÁÍÅ, ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ÍÁÃÕÂÁÒ¦×ÓØËÏ§ ÞÁÓÔÏÔÉ Í¦ÓÔÑÔØ ÌÉ-ÛÅ ËÕÍÕÌÑÎÔÉ, ÐÏ×'ÑÚÁÎ¦ Ú ÏÐÅÒÁÔÏÒÁÍÉ ^�7, × ÔÏÊ ÞÁÓ ÑË ËÕÍÕÌÑÎ-ÔÉ ÐÏÂÕÄÏ×ÁÎ¦ ×ÉËÌÀÞÎÏ ÎÁ ÏÐÅÒÁÔÏÒÁÈ ^�16, ÔÁËÏ§ ÚÁÌÅÖÎÏÓÔ¦ ÎÅÍ¦ÓÔÑÔØ. úÇ¦ÄÎÏ (3.8), ËÏÌÅËÔÉ×Î¦ ÚÍ¦ÎÎ¦ �16 ×¦ÄÐÏ×¦ÄÁÌØÎ¦ ÚÁ ¦ÓÎÕ-×ÁÎÎÑ ÄÁÌØÎØÏÇÏ ÐÏÒÑÄËÕ × ÓÉÓÔÅÍ¦ (×¦ÄÐÏ×¦ÄÎ¦ ÓÅÒÅÄÎ¦ ×ÉÚÎÁÞÁÀÔØÐÏ×ÎÉÊ ÓÐ¦Î ËÌÁÓÔÅÒÁ ¦ ÐÒÏÐÏÒÃ¦ÊÎ¦ ÚÏ×Î¦ÛÎØÏÍÕ ÐÏÌÀ). íÏÖÎÁ ÐÅ-ÒÅËÏÎÁÔÉÓØ (×ÉËÏÒÉÓÔÁ×ÛÉ ÚÏÂÒÁÖÅÎÎÑ (2.23), (4.7)), ÝÏ ËÏÌÅËÔÉ×-Î¦ ÚÍ¦ÎÎ¦ �7 ÐÏ×'ÑÚÁÎ¦ ¦Ú ÁÎÔÉÐÁÒÁÌÅÌØÎÉÍ ×ÐÏÒÑÄËÕ×ÁÎÎÑÍ ÓÐ¦Î¦× ÕËÌÁÓÔÅÒ¦, ×ÎÕÔÒ¦ËÌÁÓÔÅÒÎÁ ×ÚÁ¤ÍÏÄ¦Ñ V ÔÕÔ ÇÒÁ¤ ÒÏÌØ ÁÎÁÌÏÇ¦ÞÎÕ ÄÏÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ × ÐÅÒÛÏÍÕ ×ÉÐÁÄËÕ. ðÒÉÈÏÄÉÍÏ ÄÏ ×ÉÓÎÏ×ËÕ, ÝÏÆÅÒÏÍÁÇÎ¦ÔÎÅ ×ÐÏÒÑÄËÕ×ÁÎÎÑ × ËÌÁÓÔÅÒÎ¦Ê ÓÉÓÔÅÍ¦ ¤, ÐÏ-ÓÕÔ¦, ËÌÁ-ÓÉÞÎÉÍ Ñ×ÉÝÅÍ. ÷ ÔÏÊ ÖÅ ÞÁÓ ÕÓÑ ÓÉÓÔÅÍÁ ÍÁ¤ Ë×ÁÎÔÏ×¦ ×ÌÁÓÔÉ×ÏÓÔ¦¦ ÐÒÏÑ×ÌÑ¤ §È ÐÒÉ ÎÉÚØËÉÈ ÔÅÍÐÅÒÁÔÕÒÁÈ, ËÏÌÉ ÓÕÔÔ¤×ÉÍÉ ¤ ÅÆÅËÔÉÐÏÂÌÉÚÕ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ.äÌÑ ÏÔÒÉÍÁÎÎÑ ÁÓÉÍÐÔÏÔÉÞÎÉÈ ÚÎÁÞÅÎØ ËÕÍÕÌÑÎÔ¦× (4.21) ÐÒÉh! 0 ¦ V ! 0 ÒÏÚÇÌÑÎÅÍÏ Ä×Á ×ÉÐÁÄËÉ:� = 0 M77 = 14 ; M16 16 = 14; M7777 = � 116; M16161616 = � 116� 6= 0 ÕÓ¦ ËÕÍÕÌÑÎÔÉ ÄÏÒ¦×ÎÀÀÔØ ÎÕÌÅ×¦: (4.24)ôÏÂÔÏ ÕÓ¦ ËÏÍÐÏÎÅÎÔÉ ËÏÌÅËÔÉ×ÎÉÈ ÚÍ¦ÎÎÉÈ p7 ÔÁ p16 ÐÒÉ V =0; h = 0 ¤ Ò¦×ÎÏÐÒÁ×ÎÉÍÉ.úÁÕ×ÁÖÉÍÏ, ÝÏ ÐÒÉ ×ÒÁÈÕ×ÁÎÎ¦ ÍÎÏÖÎÉË¦× ÎÏÒÍÕ×ÁÎÎÑ × (4.7), ÁÔÁËÏÖ ÆÁËÔÕ:ZËÌ0 (V = 0; h = 0) = 2Z10(h = 0) (ZËÌ0 - ×ÉÚÎÁÞÁ¤ÔØÓÑ ÆÏÒÍÕÌÏÀ(3.3), Á Z10 - ÆÏÒÍÕÌÏÀ (2.18)), ÐÒÉÈÏÄÉÍÏ ×¦Ä (4.23) ÄÏ ËÌÁÓÉÞÎÉÈÚÎÁÞÅÎØ ÄÌÑ ÓÐ¦ÎÏ×ÉÈ ËÕÍÕÌÑÎÔ¦× (ÄÉ×. ÎÁÐÒ. [8]).M77 =M1616 = 14 � 2 � (p2)2 = 1;M7777 =M16161616 = 18 � 2 � (p2)4 � 316 � 22 � (p2)4 = �2 (4.25)Â) Í¦ÖËÌÁÓÔÅÒÎ¦ ×ÚÁ¤ÍÏÄ¦§ ÇÁÊÚÅÎÂÅÒÇ¦×ÓØËÏÇÏ ÔÉÐÕðÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ ×ÉÒÁÚÉ ÄÌÑ ÐÁÒÁÍÅÔÒ¦× ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ Õ ÃØÏ-ÍÕ ×ÉÐÁÄËÕ (2.33), ÂÁÞÉÍÏ, ÝÏ ËÕÍÕÌÑÎÔÎ¦ ÓÅÒÅÄÎ¦, ÑË¦ ×ÈÏÄÑÔØ × ËÏ-ÅÆ¦Ã¦¤ÎÔÉ ÒÏÚÐÏÄ¦ÌÕ (4.4), ÔÒÅÂÁ ×ÉÚÎÁÞÁÔÉ ÌÉÛÅ ×¦Ä ÕÚÁÇÁÌØÎÅÎÉÈÏÐÅÒÁÔÏÒ¦× ÐÅÒÅÈÏÄÕ Y �(~Rq) Ú ¦ÎÄÅËÓÁÍÉ � = 2; 5; 11; 4; 7; 10. úÇ¦ÄÎÏ



27 ðÒÅÐÒÉÎÔÆÏÒÍÕÌÉ (2.28) ÔÁ ÍÁÔÒÉÃ¦ U (ÄÏÄÁÔÏË 2Á):Y 2 = 1p2(X11 �X44); Y 4 = 12(X12 +X21 �X24 �X42);Y 5 = 12(X13 +X31 +X34 +X43); Y 7 = 1p2(X23 +X32); (4.26)Y 11 = 12(�X13+X31�X34+X43); Y 10 = 12(�X12+X21+X24�X42):úÁÕ×ÁÖÉÍÏ, ÝÏ ÕÓ¦ ÏÐÅÒÁÔÏÒÉ × (4.26) ÒÏÚÇÌÑÄÁÀÔØÓÑ ÑË ÏÐÅÒÁ-ÔÏÒÉ ÂÏÚÅ-ÔÉÐÕ, ÏÓË¦ÌØËÉ ×ÏÎÉ ÐÏÂÕÄÏ×ÁÎ¦ ÎÁ "ÓÐ¦ÎÏ×ÉÈ" ÏÐÅÒÁÔÏÒÁÈ(2.9), ÄÌÑ ÑËÉÈ ÓÐÒÁ×ÅÄÌÉ×ÉÍÉ ¤ ËÏÍÕÔÁÃ¦ÊÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÔÉÐÕ(1.4).ú ÕÓ¦È ËÕÍÕÌÑÎÔÎÉÈ ÓÅÒÅÄÎ¦È ÐÅÒÛÏÇÏ ÐÏÒÑÄËÕ ÎÁ ÏÐÅÒÁÔÏÒÁÈ(4.26) ×¦ÄÍ¦ÎÎÉÍ ×¦Ä ÎÕÌÑ ¤ ÌÉÛÅM2(~k; �) = p2sh�h1 + 2ch�h+ e�2�V �(~k)�(�): (4.27)äÌÑ ËÕÍÕÌÑÎÔÎÉÈ ÓÅÒÅÄÎ¦È ÄÒÕÇÏÇÏ ÐÏÒÑÄËÕ ÚÇ¦ÄÎÏ ÆÏÒÍÕÌÉ(4.14) ÏÔÒÉÍÕ¤ÍÏ:M22(~k1; �1; ~k2; �2)=� ch�h1+2ch�h+e�2�V � 2sh2�h(1+2ch�h+e�2�V )2����(~k1 + ~k2); ÐÒÉ � = 0;M22(~k1; �1; ~k2; �2) = 0; ÐÒÉ � 6= 0;M55(~k1; �1; ~k2; �2) = hsh�h�(h2 + �2)(1 + 2ch�h+ e�2�V )�(~k1+k2)�(�1+�2);M11 11(~k1; �1; ~k2; �2)=� hsh�h�(h2+�2)(1+2ch�h+e�2�V )�(~k1+k1)�(�1+�2);M44(~k1; �1; ~k2; �2) = � (2V + h)(e��h � e�2�V )2�((2V + h)2 + �2)(1 + 2ch�h+ e�2�V )++ (2V � h)(e�h � e�2�V )2�((2V � h)2 + �2)(1 + 2ch�h+ e�2�V )� �(~k1 + k1)�(�1 + �2);M77(~k1; �1; ~k2; �2) = 4V e��V sh�V�(4V 2 + �2)(1 + 2ch�h+ e�2�V )���(~k1 + k2)�(�1 + �2); (4.28)
ICMP{98{06U 28M10 10(~k1; �1; ~k2; �2) = � � (2V + h)(e��h � e�2�V )2�((2V + h)2 + �2)(1 + 2ch�h+ e�2�V )++ (2V � h)(e�h � e�2�V )2�((2V � h)2 + �2)(1 + 2ch�h+ e�2�V )� �(~k1 + k1)�(�1 + �2):õÓ¦ ÚÍ¦ÛÁÎ¦ ËÕÍÕÌÑÎÔÉ ÄÒÕÇÏÇÏ ÐÏÒÑÄËÕ ÄÏÒ¦×ÎÀÀÔØ ÎÕÌÅ×¦.óÅÒÅÄ ËÕÍÕÌÑÎÔ¦× ÔÒÅÔØÏÇÏ ÐÏÒÑÄËÕ ×¦ÄÍ¦ÎÎÉÍÉ ×¦Ä ÎÕÌÑ ¤ ÌÉÛÅÔÁË¦:M222(~k1; �1; ~k2; �2; ~k3; �3) = sh�hp2(1 + 2ch�h+ e�2�V )�(~k1+~k2+~k3)�(�i)�� 3p2ch�hsh�h(1+2ch�h+e�2�V )2 �(~k1+~k2)�(~k3)�(�)+ 4p2sh3�h(1+2ch�h+e�2�V )3 �(~ki)�(�i);M255(~k1; �1; ~k2; �2; ~k3; �3) = � p2hsh2�h�(h2 + �2)(1 + 2ch�h+ e�2�V )2���(~k1)�(~k2 + ~k3)�(�1)�(�2 + �3);M2 11 11(~k1; �1; ~k2; �2; ~k3; �3) = �M2 55(~k1; �1; ~k2; �2; ~k3; �3);M277(~k1; �1; ~k2; �2; ~k3; �3) = � 4p2V e��V sh�hsh�V�(4V 2 + �2)(1 + 2ch�h+ e�2�V )2���(~k1)�(~k2 + ~k3)�(�1)�(�2 + �3);M244(~k1; �1; ~k2; �2; ~k3; �3)=�� (2V +h)(e�h�e�2�V )sh�h�p2((2V +h)2+�2)(1+2ch�h+e�2�V )2++ (2V �h)(e��h�e�2�V )sh�h�p2((2V �h)2+�2)(1+2ch�h+e�2�V )2 � �(~k1)�(~k2+~k3)�(�1)�(�2+�3);M2 10 10(~k1; �1; ~k2; �2; ~k3; �3) = �M244(~k1; �1; ~k2; �2; ~k3; �3):(4.29)òÏÚÒÁÈÕÎÏË ÐÏ×ÎÏÇÏ ÎÁÂÏÒÕ ËÕÍÕÌÑÎÔ¦× ÞÅÔ×ÅÒÔÏÇÏ ÐÏÒÑÄËÕ ÄÌÑ×ÉÐÁÄËÕ ÇÁÊÚÅÎÂÅÒÇ¦×ÓØËÏÇÏ ÔÉÐÕ Í¦ÖËÌÁÓÔÅÒÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ¤ ÄÏÓÉÔØÇÒÏÍ¦ÚÄËÉÍ. êÏÇÏ ÐÌÁÎÕ¤ÍÏ ÐÏÄÁÔÉ × ¦ÎÛ¦Ê ÎÁÛ¦Ê ÒÏÂÏÔ¦.
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ICMP{98{06U 30äÏÄÁÔÏË 1íÁÔÒÉÃÑ Í¦ÖËÌÁÓÔÅÒÎÏ§ ×ÚÁ¤ÍÏÄ¦§ × ÓÉÓÔÅÍ¦ Ä×ÏÞÁÓÔÉÎËÏ×ÉÈ ËÌÁ-ÓÔÅÒ¦×Á) ×ÚÁ¤ÍÏÄ¦Ñ ÇÁÊÚÅÎÂÅÒÇ¦×ÓØËÏÇÏ ÔÉÐÕ�+ ��+�� ����+ �+�� ����� ��-�� ���+ �+�� ���+ �+��� ���+ �+��+ �+Á) ×ÚÁ¤ÍÏÄ¦Ñ ¦Ú¦ÎÇ¦×ÓØËÏÇÏ ÔÉÐÕ�+ ��+

�� ���� ��
��+ �+�+ = 12 �J11(~Rq ; ~Rq0) + J12(~Rq ; ~Rq0)� �� = 12 �J11(~Rq ; ~Rq0)� J12(~Rq ; ~Rq0)�



31 ðÒÅÐÒÉÎÔäÏÄÁÔÏË 2íÁÔÒÉÃÑ ÕÎ¦ÔÁÒÎÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ U × ÓÉÓÔÅÍ¦ Ä×ÏÞÁÓÔÉÎËÏ×ÉÈËÌÁÓÔÅÒ¦×Á) ×ÚÁ¤ÍÏÄ¦Ñ ÇÁÊÚÅÎÂÅÒÇ¦×ÓØËÏÇÏ ÔÉÐÕ1p2 1p2 12 12 � 12 � 1212 12 � 12 � 12 112 12 12 12 11p2 1p212 � 12 � 12 1212 12 12 121p2 � 1p2 112 � 12 � 12 12 112 � 12 12 � 1212 � 12 12 � 121p2 � 1p2Á) ×ÚÁ¤ÍÏÄ¦Ñ ¦Ú¦ÎÇ¦×ÓØËÏÇÏ ÔÉÐÕ1p2 1p21 1 1 1 1 1p2 1p21 11p2 � 1p2 1 1 1 1 11p2 � 1p2
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