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õäë: 548:537.611.44, 536.75PACS: 75.50.MäÉÎÁÍ�ÞÎÁ �Ï×ÅÄ�ÎËÁ Â�ÎÁÒÎÏ§ ÓÕÍ�Û� Ú ÎÅËÏÎÓÅÒ×ÁÔÉ×ÎÉÍÉÄÉÎÁÍ�ÞÎÉÍÉ ÚÍ�ÎÎÉÍÉï.æ.âÁ�Å×ÉÞ, I.í.ípÉÇÌÏÄ, à.ë.PÕÄÁ×ÓØËÉÊ, í.÷.�ÏËÁpÞÕËáÎÏÔÁ��Ñ. ì�ÎÅÁÒÉÚÏ×ÁÎ� Ò�×ÎÑÎÎÑ Ç�ÄÒÏÄÉÎÁÍ�ËÉ, ÑË ×�ÄÏÍÏ, ÄÏÂÒÅÏ�ÉÓÕÀÔØ Ò�ÄÉÎÉ ÔÁ §È ÓÕÍ�Û� × Ç�ÄÒÏÄÉÎÁÍ�ÞÎ�Ê ÏÂÌÁÓÔ� (ÍÁÌ� k ÔÁ!). ÷ ÄÁÎ�Ê ÒÏÂÏÔ� ÓÔÁ×ÉÔØÓÑ �ÉÔÁÎÎÑ �ÒÏ �Ï×ÅÄ�ÎËÕ Ä×ÏËÏÍ�ÏÎÅÎÔÎÏ§ÓÕÍ�Û� Ò�ÄÉÎ �ÒÉ ×ÉÈÏÄ� Ú Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ ÒÅÖÉÍÕ, ËÏÌÉ ÄÏ ÎÁÂÏÒÕÄÉÎÁÍ�ÞÎÉÈ ÚÍ�ÎÎÉÈ ×ËÌÀÞÅÎ� ÎÅËÏÎÓÅÒ×ÁÔÉ×Î� �ÁÒÁÍÅÔÒÉ ÓÉÓÔÅÍÉ,ÔÏÂÔÏ ÚÍ�ÎÎ�, ÑË� ÎÅ ¤ ÇÕÓÔÉÎÁÍÉ ×ÅÌÉÞÉÎ, ÝÏ ÚÂÅÒ�ÇÁÀÔØÓÑ. úÏËÒÅÍÁ,ÄÏ ÂÁÚÉÓÎÏÇÏ ÎÁÂÏÒÕ ÚÍ�ÎÎÉÈ ×ËÌÀÞÅÎ� �ÁÒ��ÁÌØÎ� ÇÕÓÔÉÎÉ ÅÎÅÒÇ�ÊÏÂÏÈ ÓÉÓÔÅÍ. ðÏËÁÚÁÎÏ, ÝÏ × ÄÁÎÏÍÕ ×É�ÁÄËÕ �ÓÎÕ¤ Ä×� ÔÅ�ÌÏ×� ÍÏÄÉ,ÏÄÎÁ Ú ÑËÉÈ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÁ � ×�Ä�Ï×�ÄÁ¤ ÚÁ ÔÅÒÍÏÄÉÆÕÚ�ÊÎ� �ÒÏ�ÅÓÉ× ÓÉÓÔÅÍ�, Á �ÎÛÁ { Ë�ÎÅÔÉÞÎÁ � Ï�ÉÓÕ¤ �ÒÏ�ÅÓÉ ×ÉÒ�×ÎÀ×ÁÎÎÑ ÔÅÍ�Å-ÒÁÔÕÒ ÏÂÏÈ ��ÄÓÉÓÔÅÍ. ÷ Ç�ÄÒÏÄÉÎÁÍ�ÞÎ�Ê ÇÒÁÎÉ�� ×ËÌÁÄ ÄÒÕÇÏ§ Ú ÍÏÄ¤ ÎÅÚÎÁÞÎÉÍ � ÔÏÍÕ ÎÉÍ ÍÏÖÎÁ ÚÎÅÈÔÕ×ÁÔÉ.Dynami
al behaviour of the binary mixture with non-
onservative dynami
al variablesO.F.Batsevy
h, I.M.Mryglod, Yu.K.Rudavskii, M.V.Tokar
hukAbstra
t. It is well-known that in the hydrodynami
 region (small kand !) liquids and liquid mixtures are well des
ribed by the linearizedhydrodynami
 equations. This paper is aimed on the problem of be-haviour of the binary liquid mixture whi
h leaves hydrodynami
 region,when non-
onserved parameters, are in
luded to the basi
 set of dynami
variables of the system. Namely, the basi
 set of variables whi
h in
ludesdensities of partial energies of both subsystems is being investigated. Itis shown that there exist two heat modes, one of whi
h is hydrodynami
one and des
ribes thermal di�usion in the system, and the se
ond modeis kineti
 one and des
ribes the pro
ess of temperature equilibration be-tween subsystems. In the hydrodynami
 limit the 
ontribution of these
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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�íÅÔÏÄ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ úÕÂÁÒ¤×Á [1,2℄ ÒÏÚ-ÇÌÑÄÁ¤ÔØÓÑ ÓØÏÇÏÄÎ� ÑË ÏÄÉÎ �Ú ÎÁÊÂ�ÌØÛ ÅÆÅËÔÉ×ÎÉÈ �ÒÉ ÔÅÏÒÅÔÉÞ-ÎÏÍÕ Ï�ÉÓ� ÎÅÒ�×ÎÏ×ÁÖÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÂÁÇÁÔÏÞÁÓÔÉÎËÏ×ÉÈ ÓÉÓÔÅÍ.õ �Ï�ÅÒÅÄÎ�È ÎÁÛÉÈ ÒÏÂÏÔÁÈ [3,4℄ ÍÅÔÏÄ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÏ�ÅÒÁ-ÔÏÒÁ ÂÕ× ×ÉËÏÒÉÓÔÁÎÉÊ ÄÌÑ ÏÔÒÉÍÁÎÎÑ Ò�×ÎÑÎØ ÕÚÁÇÁÌØÎÅÎÏ§ Ç�ÄÒÏÄÉ-ÎÁÍ�ËÉ ÓÕÍ�Û� ÍÁÇÎ�ÔÎÉÈ ÔÁ ÎÅÍÁÇÎ�ÔÎÉÈ ÞÁÓÔÉÎÏË. ïÔÒÉÍÁÎ� Õ ÓÔÁÔÔ�[3℄ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÍÏÖÕÔØ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎ� ÄÌÑ Ï�É-ÓÕ ÑË ÓÉÌØÎÏ- ÔÁË � ÓÌÁÂÏ-ÎÅÒ�×ÎÏ×ÁÖÎÉÈ ÄÉÎÁÍ�ÞÎÉÈ �ÒÏ�ÅÓ�×. õ ÒÏ-ÂÏÔ� [4℄ ÄÁÎ� Ò�×ÎÑÎÎÑ, ÝÏ ¤ ÓÉÌØÎÏ ÎÅÌ�Î�ÊÎÉÍÉ, ÂÕÌÉ �ÒÏÁÎÁÌ�ÚÏ×ÁÎ�Õ ×É�ÁÄËÕ ÍÁÌÉÈ ×�ÄÈÉÌÅÎØ ×�Ä Ò�×ÎÏ×ÁÇÉ × ÇÒÁÎÉ�� ×ÅÌÉËÉÈ �ÒÏÓÔÏ-ÒÏ×ÉÈ ÔÁ ÞÁÓÏ×ÉÈ ÍÁÓÛÔÁÂ�× (ÍÁÌ� k ÔÁ !). óÌ�Ä ×�ÄÍ�ÔÉÔÉ, ÝÏ �ÒÉÏÔÒÉÍÁÎÎ� Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕ ÄÌÑ Ä×ÏËÏÍ�ÏÎÅÎÔÎÏ§ ÓÕÍ�Û� ÍÁÇÎ�ÔÎÉÈÔÁ ÎÅÍÁÇÎ�ÔÎÉÈ ÞÁÓÔÉÎÏË, ÍÉ ×ÉÈÏÄÉÌÉ �Ú ÒÏÚÇÌÑÄÕ Ä×ÏÈ ÇÒÁÎÉÞÎÉÈÕÍÏ×, ÝÏ ×�Ä�Ï×�ÄÁÀÔØ Ò�ÚÎÉÍ Æ�ÚÉÞÎÉÍ ÕÑ×ÌÅÎÎÑÍ �ÒÏ ÓÉÓÔÅÍÕ. õ�ÅÒÛÏÍÕ ×É�ÁÄËÕ ××ÁÖÁÌÏÓÑ, ÝÏ ×ÉÚÎÁÞÁÌØÎÏÀ ¤ �ÁÒ��ÁÌØÎÁ ÄÉÎÁ-Í�ËÁ ��ÄÓÉÓÔÅÍÉ. �ÁËÁ ÓÉÔÕÁ��Ñ ÞÁÓÔÏ ÚÕÓÔÒ�ÞÁ¤ÔØÓÑ, ËÏÌÉ ÍÏ×Á ÊÄÅ�ÒÏ Ï�ÉÓ ��ÄÓÉÓÔÅÍ, ÈÁÒÁËÔÅÒÎ� ÞÁÓÉ ÑËÉÈ ÓÉÌØÎÏ ×�ÄÒ�ÚÎÑÀÔØÓÑ. úÏ-ËÒÅÍÁ, �ÒÉËÌÁÄÏÍ ÍÏÖÅ ÓÌÕÖÉÔÉ ÓÕÍ�Û Ú ×ÅÌÉËÏÀ Ò�ÚÎÉ�ÅÀ ÍÁÓ ÞÉÒÏÚÍ�Ò�× ÞÁÓÔÉÎÏË Ò�ÚÎÉÈ ÓÏÒÔ�×. õ �ØÏÍÕ ×É�ÁÄËÕ ÄÏ ÎÁÂÏÒÕ ÄÉÎÁ-Í�ÞÎÉÈ ÚÍ�ÎÎÉÈ ÚÒÕÞÎÏ ×ËÌÀÞÉÔÉ �ÁÒ��ÁÌØÎ� ÇÕÓÔÉÎÉ �Í�ÕÌØÓÕ ^p1(k),^p2(k) ÔÁ ÅÎÅÒÇ�§ ^"1(k), ^"2(k) ÏËÒÅÍÉÈ ��ÄÓÉÓÔÅÍ. ÷ �ÎÛÏÍÕ ×É�ÁÄËÕ,ËÏÌÉ ÄÏÍ�ÎÕÀÔØ ËÏÌÅËÔÉ×Î� �ÒÏ�ÅÓÉ � ÏÓÏÂÌÉ×ÏÓÔ� �ÁÒ��ÁÌØÎÏ§ ÄÉÎÁ-Í�ËÉ ÎÁÓ ÎÅ ��ËÁ×ÌÑÔØ, ÚÒÕÞÎÏ ×ÉÈÏÄÉÔÉ �Ú ÇÕÓÔÉÎ �Ï×ÎÏÇÏ �Í�ÕÌØÓÕ^p(k) ÔÁ �Ï×ÎÏ§ ÅÎÅÒÇ�§ ^"(k) { ×ÅÌÉÞÉÎ, ÄÌÑ ÑËÉÈ ×ÉËÏÎÕÀÔØÓÑ ÌÏËÁÌØ-Î� ÚÁËÏÎÉ ÚÂÅÒÅÖÅÎÎÑ. �ÏÍÕ ��ËÁ×ÉÍ � �ÒÁ×ÏÍ�ÒÎÉÍ ¤ �ÉÔÁÎÎÑ �ÒÏÒ�ÚÎÉ�À Í�Ö �ÉÍÉ Ä×ÏÍÁ ��ÄÈÏÄÁÍÉ ÄÏ Ï�ÉÓÕ ÄÉÎÁÍ�ËÉ Â�ÎÁÒÎÏ§ ÓÕ-Í�Û�, ÚÏËÒÅÍÁ �ÒÉ ×ÉÈÏÄ� Ú Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ ÒÅÖÉÍÕ. äÏÓÌ�ÄÖÅÎÎÀÓÁÍÅ �ØÏÇÏ �ÉÔÁÎÎÑ �ÒÉÓ×ÑÞÅÎÁ ÄÁÎÁ ÓÔÁÔÔÑ.óÔÒÕËÔÕÒÁ ÒÏÂÏÔÉ ¤ ÎÁÓÔÕ�ÎÏÀ. õ ÄÒÕÇÏÍÕ ÒÏÚÄ�Ì� �ÒÉ×ÅÄÅÎ� Ì�-Î�ÊÎ� Ò�×ÎÑÎÎÑ Ç�ÄÒÏÄÉÎÁÍ�ËÉ, ÎÁ ÏÓÎÏ×� ÑËÉÈ ÂÕÄÅ �ÒÏ×ÏÄÉÔÉÓØ �Ï-ÄÁÌØÛÉÊ ÒÏÚÇÌÑÄ. õ ÔÒÅÔØÏÍÕ ÒÏÚÄ�Ì� ÓÆÏÒÍÕÌØÏ×ÁÎÏ ÏÓÎÏ×Î� �ÄÅ§ ÄÏ-ÓÌ�ÄÖÅÎÎÑ ÔÁ ÚÁ�ÉÓÁÎÏ ×ÉÈ�ÄÎ� ×ÉÒÁÚÉ ÄÌÑ Ó�ÒÏÝÅÎÏ§ ÚÁÄÁÞ� ÄÉÎÁÍ�-ËÉ, × ÑË�Ê �ÒÉÊÍÁÀÔØÓÑ ÄÏ ÒÏÚÇÌÑÄÕ ÌÉÛÅ ÆÌÀËÔÕÁ��§ ÔÅÍ�ÅÒÁÔÕÒÉ.õ ÞÅÔ×ÅÒÔÏÍÕ ÔÁ �'ÑÔÏÍÕ ÒÏÚÄ�ÌÁÈ ÚÎÁÊÄÅÎÏ ÒÏÚ×'ÑÚËÉ ×�Ä�Ï×�ÄÎÉÈÒ�×ÎÑÎØ �ÅÒÅÎÏÓÕ ÔÁ �ÒÏÁÎÁÌ�ÚÏ×ÁÎÏ ÏÔÒÉÍÁÎ� ÒÅÚÕÌØÔÁÔÉ.
ICMP{02{08U 22. ò�×ÎÑÎÎÑ ÕÚÁÇÁÌØÎÅÎÏ§ Ç�ÄÒÏÄÉÎÁÍ�ËÉòÏÚÇÌÑÎÅÍÏ Ä×ÏËÏÍ�ÏÎÅÎÔÎÕ Ò�ÄËÕ ÓÕÍ�Û, Í�ËÒÏÓËÏ��ÞÎÁ ÄÉÎÁÍ�ËÁÑËÏ§ Ï�ÉÓÕ¤ÔØÓÑ Ï�ÅÒÁÔÏÒÏÍ ì�Õ×�ÌÌÑi ^LH = N1Xi p(1)im1 ��ri � 12 N1;N1Xi 6=j ��riV (11)(rij) ��p(1)i � ��p(1)j !+ N2Xi p(2)im2 ��ri � 12 N2;N2Xi 6=j ��riV (22)(rij) ��p(2)i � ��p(2)j ! (2.1)� N1;N2Xi;j ��ri V (12)(rij) ��p(1)i � ��p(2)j ! ;ÄÅ N1, N2 { ÞÉÓÌÏ ÞÁÓÔÉÎÏË �ÅÒÛÏÇÏ ÔÁ ÄÒÕÇÏÇÏ ÓÏÒÔ�×, V (��)(rij) {�ÏÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§ i-§ ÞÁÓÔÉÎËÉ ÓÏÒÔÕ � ÔÁ j-§ ÞÁÓÔÉÎËÉ ÓÏÒÔÕ �, ÄÅ�; � = f1; 2g.ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÊ ��ÄÈ�Ä �ÅÒÅÄÂÁÞÁ¤ ×ÉÂ�Ò × ÑËÏÓÔ� �ÁÒÁÍÅÔÒ�×ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ ÎÁÂÏÒÕ ÇÕÓÔÉÎ ÄÉÎÁÍ�ÞÎÉÈ ÚÍ�ÎÎÉÈ, ÝÏ ÚÂÅÒ�ÇÁÀ-ÔØÓÑ. äÌÑ ÄÁÎÏ§ ÓÉÓÔÅÍÉ ÔÁËÉÍÉ ÚÍ�ÎÎÉÍÉ ¤ æÕÒ'¤ ËÏÍ�ÏÎÅÎÔÉ �ÁÒ-��ÁÌØÎÉÈ ÇÕÓÔÉÎ ÞÉÓÌÁ ÞÁÓÔÉÎÏË (ÓÏÒÔ�× 1 ÔÁ 2), �Ï×ÎÏÇÏ iÍ�ÕÌØÓÕ ÔÁ�Ï×ÎÏ§ ÅÎÅÒÇi§, ÝÏ ÚÁÌÅÖÁÔØ ×iÄ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ k:^Y (k) = f^n1(k); ^n2(k); ^p(k); ^"(k)g; (2.2)×�Ä�Ï×�ÄÎÏ. ìÏËÁÌØÎ� ÚÁËÏÎÉ ÚÂÅÒÅÖÅÎÎÑ ÄÌÑ �ÉÈ ÚÍ�ÎÎÉÈ Õ k-�ÒÏÓÔÏÒ� ÍÁÀÔØ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ:ddt ^Yi(k) � i ^L� ^Y (k) = ik � J i(k); (2.3)ÄÅ J i { Í�ËÒÏÓËÏ��ÞÎ� �ÏÔÏËÉ ×�Ä�Ï×�ÄÎÉÈ ×ÅÌÉÞÉÎ. úÏËÒÅÍÁ, ÄÌÑ ÇÕÓ-ÔÉÎÉ ÅÎÅÒÇ�§ ÍÁ¤ÍÏ, ÝÏ _^"(k) = ik � ^J"(k): (2.4)íÏÖÎÁ �ÏËÁÚÁÔÉ, ÝÏ ÄÌÑ ÍÁÌÉÈ ×�ÄÈÉÌÅÎØ ÓÉÓÔÅÍÉ ×�Ä Ò�×ÎÏ×ÁÇÉ,Ì�Î�ÊÎ� Ò�×ÎÑÎÎÑ ÕÚÁÇÁÌØÎÅÎÏ§ Ç�ÄÒÏÄÉÎÁÍ�ËÉ ÄÌÑ ×É�ÁÄËÕ �ÏÚÄÏ×Ö-Î�È ÆÌÀËÔÕÁ��Ê ÍÁÔÉÍÕÔØ ×ÉÇÌÑÄ [3,4℄:ni! � ~1� i~
(k) + ~�(k; !)o h�^Yi(k)i! = 0: (2.5)ÄÅ h�^Yi(k)i! { æÕÒ'¤-ËÏÍ�ÏÎÅÎÔÉ ÚÁÌÅÖÎÉÈ ×�Ä ÞÁÓÕ ÕÓÅÒÅÄÎÅÎÉÈ�Ä-ÈÉÌÅÎØ ÄÉÎÁÍ�ÞÎÉÈ ÚÍ�ÎÎÉÈ ×�Ä Ò�×ÎÏ×ÁÖÎÉÈ ÚÎÁÞÅÎØ, Á k { ÍÏÄÕÌØÈ×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ k.



3 ðÒÅ�ÒÉÎÔ÷×�×ÛÉ ÏÚÎÁÞÅÎÎÑ ËÏÒÅÌÑ��ÊÎÏ§ ÆÕÎË��§( ^A; ^B) = Z 10 h ^A��0 ^B���0 i d�; (2.6)ÄÅ h: : :i �ÏÚÎÁÞÁ¤ ÕÓÅÒÅÄÎÅÎÎÑ ÚÁ Òi×ÎÏ×ÁÖÎÉÍ ÒÏÚ�ÏÄiÌÏÍ ½iÂÓÁ, ×É-ÒÁÚÉ ÄÌÑ ÞÁÓÔÏÔÎÏ§ ÍÁÔÒÉ�� i~
(k) ÔÁ ÍÁÔpÉ�� ÆÕÎË�iÊ �ÁÍ'ÑÔi ~�(k; z)Õ Ò�×ÎÑÎÎ� (2.5) ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ [3,4℄:i~
(k) = (i^L � ^Y (k); ^Y (�k)) �^Y (k); ^Y (�k)��1 ; (2.7)~�(k; !) =  (1�P) i^L � ^Y ; 1i! + (1�P) i^L (1�P) i^L � ^Y +!� �^Y (k); ^Y (�k)��1 ; (2.8)ÄÅ �^Y (k); ^Y +(�k)� { ÍÁÔÒÉ�Ñ ÓÔÁÔÉÞÎÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê, � {ÏÂÅÒÎÅÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ, V { ÏÂ'¤Í ÓÉÓÔÅÍÉ, Á P { �ÒÏÅË��ÊÎÉÊ Ï�ÅÒÁ-ÔÏÒ íÏÒ� [1,2℄.3. æÏÒÍÕÌÀ×ÁÎÎÑ Ó�ÒÏÝÅÎÏ§ ÚÁÄÁÞ�áÎÁÌ�Ú Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏ§ �Ï×ÅÄ�ÎËÉ ÓÉÓÔÅÍ �Ú ËÏÎÓÅÒ×ÁÔÉ×ÎÉÍÉ ÄÉÎÁ-Í�ÞÎÉÍÉ ÚÍ�ÎÎÉÍÉ ÎÁ ÏÓÎÏ×� Ò�×ÎÑÎØ (2.5) ÄÁ¤ ÄÏÂÒÅ ×�ÄÏÍ� ÒÅÚÕÌØ-ÔÁÔÉ [5℄. úÏËÒÅÍÁ, ÄÌÑ Â�ÎÁÒÎÏ§ ÓÕÍ�Û� Ú ÎÁÂÏÒÏÍ ÚÍ�ÎÎÉÈ (2.2) ÄÌÑÓ�ÅËÔÒÕ ËÏÌÅËÔÉ×ÎÉÈ ÚÂÕÄÖÅÎØ ÏÔÒÉÍÁ¤ÍÏ ÎÁÓÔÕ�Î� ÒÏÚ×'ÑÚËÉ: Ä×�ËÏÍ�ÌÅËÓÎÏ-Ó�ÒÑÖÅÎ� Ú×ÕËÏ×� ÍÏÄÉ, Á ÔÁËÏÖ Ä×Á ÚÂÕÄÖÅÎÎÑ ÒÅÌÁË-ÓÁ��ÊÎÏÇÏ ÔÉ�Õ { ÄÉÆÕÚ�ÊÎÁ ÔÁ ÔÅÒÍÏÄÉÆÕÚ�ÊÎÁ (ÔÅ�ÌÏ×Á) Ç�ÄÒÏÄÉÎÁ-Í�ÞÎ� ÍÏÄÉ.ðÒÏÔÅ ��ËÁ×ÉÍ ÚÁÌÉÛÁ¤ÔØÓÑ �ÉÔÁÎÎÑ �ÒÏ Â�ÌØÛ ÄÅÔÁÌØÎÉÊ Ï�ÉÓÓÉÓÔÅÍÉ ÎÁ ÂÁÚÉÓ� ÚÍ�ÎÎÉÈ, ÝÏ Í�ÓÔÑÔØ �ÁÒ��ÁÌØÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ.äÌÑ �ÒÉËÌÁÄÕ × ÒÏÂÏÔÁÈ [3,4℄ × ÑËÏÓÔ� ÔÁËÉÈ ÚÍ�ÎÎÉÈ ×ÉÂÉÒÁ×ÓÑ ÎÁÂ�Òf^n1(k); ^n2(k); ^p1(k); ^p2(k); ^"1(k); ^"2(k)gÄÅ ^p1(k), ^p2(k), ^"1(k), ^"2(k) { �ÁÒ��ÁÌØÎ� �Í�ÕÌØÓÉ ÔÁ ÅÎÅÒÇ�§ ËÏÖÎÏ§Ú ��ÄÓÉÓÔÅÍ. òÏÚÛÉÒÅÎ� ÎÁÂÏÒÉ ÚÍ�ÎÎÉÈ ÄÁÀÔØ ÚÍÏÇÕ ×ÒÁÈÏ×Õ×ÁÔÉÂ�ÌØÛ ÔÏÎË� �ÒÏ�ÅÓÉ Ë�ÎÅÔÉÞÎÏ§ �ÒÉÒÏÄÉ, ÝÏ ÓÔÁÀÔØ ×ÁÖÌÉ×ÉÍÉ �ÒÉ×ÉÈÏÄ� Ú Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ ÒÅÖÉÍÕ. úÏËÒÅÍÁ, ÒÏÚÇÌÑÄÁÀÞÉ ÂÁÚÉÓf^n1(k); ^n2(k); ^p(k); ^"1(k); ^"2(k)g; (3.1)
ICMP{02{08U 4ÄÅ �ÁÒ��ÁÌØÎ� ÅÎÅÒÇ�§ ÄÌÑ ÓÉÓÔÅÍÉ, ÝÏ ×É×ÞÁ¤ÔØÓÑ, ÍÁÀÔØ ×ÉÇÌÑÄ^"1(k) = N1Xi eikri8<:p(1)i 22m1 + 12 N1Xj(6=i) V (11)(rij) + 12 N2Xj V (12)(rij)9=; ; (3.2)^"2(k) = N2Xi eikri8<:p(2)i 22m1 + 12 N2Xj(6=i) V (22)(rij) + 12 N1Xj V (12)(rij)9=; ; (3.3)ÍÁ¤ÍÏ ÍÏÖÌÉ×�ÓÔØ ×É×ÞÁÔÉ ÏÓÏÂÌÉ×ÏÓÔ� �ÒÏ�ÅÓ�× ÒÅÌÁËÓÁ��§, ÝÏ ÏÂÕ-ÍÏ×ÌÅÎ� Ò�ÚÎÉ�ÅÀ �ÁÒ��ÁÌØÎÉÈ ÔÅÍ�ÅÒÁÔÕÒ Õ ��ÄÓÉÓÔÅÍÁÈ. �ÁË� ÄÅ-ÔÁÌ� ÎÅÍÏÖÌÉ×Ï ÄÏÓÌ�ÄÖÕ×ÁÔÉ �ÒÉ ×ÉËÏÒÉÓÔÁÎÎ� ÏÄÎ�¤§ ÄÉÎÁÍ�ÞÎÏ§ÚÍ�ÎÎÏ§ ^"(k) = ^"1(k) + ^"2(k): (3.4)ú �ÎÛÏÇÏ ÂÏËÕ, ÚÍ�ÎÎ� (3.2), (3.3) ÎÅ ¤ ËÏÎÓÅÒ×ÁÔÉ×ÎÉÍÉ, ÔÏÂÔÏ ÄÌÑÎÉÈ ÚÁËÏÎÉ ÚÂÅÒÅÖÅÎÎÑ ÔÉ�Õ (2.3), (2.4) ÎÅ ×ÉËÏÎÕÀÔØÓÑ, � ÍÁ¤ÍÏ_^"1(k) = ^J0 + ik � ^J"1(k);_^"2(k) = � ^J0 + ik � ^J"2(k); (3.5)ÄÅ ^J0 { ÄÅÑËÉÊ Í�ËÒÏÓËÏ��ÞÎÉÊ �ÏÔ�Ë, ÝÏ Ï�ÉÓÕ¤ �ÒÏ�ÅÓ ×ÉÒ�×ÎÀ×ÁÎ-ÎÑ ÔÅÍ�ÅÒÁÔÕÒ � ¤ ×�ÄÍ�ÎÎÉÍ ×�Ä ÎÕÌÑ × Ç�ÄÒÏÄÉÎÁÍ�ÞÎ�Ê ÇÒÁÎÉ��:^J0 = �12 N1;N2Xi;j �V (1;2)(rij)�ri  p(1)im1 + p(2)jm2 ! : (3.6)í�ËÒÏÓËÏ��ÞÎ� ×ÉÒÁÚÉ ÄÌÑ �ÏÔÏË�× ^J"1(k) ÔÁ ^J"2(k) ÌÅÇËÏ ÏÔÒÉÍÁÔÉ,�ÒÏÔÅ ÄÌÑ �ÏÄÁÌØÛÏÇÏ ÒÏÚÇÌÑÄÕ §È ÓÔÒÕËÔÕÒÁ ÎÅ ¤ ÓÕÔÔ¤×ÏÀ. úÁÕ×Á-ÖÉÍÏ ÌÉÛÅ, ÝÏ ÄÌÑ �ÏÔÏËÕ �Ï×ÎÏ§ ÅÎÅÒÇ�§, ÏÞÅ×ÉÄÎÏ, ×ÉËÏÎÕ¤ÔØÓÑÒ�×Î�ÓÔØ: ^J"(k) = ^J"1(k) + ^J"2(k); (3.7)îÁÄÁÌ�, ÎÅÈÔÕÀÞÉ ÄÌÑ �ÒÏÓÔÏÔÉ ÕÓ�ÍÁ �ÎÛÉÍÉ ÚÍ�ÎÎÉÍÉ, ÏËÒ�Í "1ÔÁ ^"2, ÒÏÚÇÌÑÎÅÍÏ Ó�ÒÏÝÅÎÕ ÚÁÄÁÞÕ �ÒÏ ÄÉÎÁÍ�ËÕ ÓÅÒÅÄÎ�È ÚÎÁÞÅÎØÌÉÛÅ �ÁÒ��ÁÌØÎÉÈ ÅÎÅÒÇ�Ê, ÑËÁ, ÏÄÎÁË, ÄÏÚ×ÏÌÉÔØ Ú'ÑÓÕ×ÁÔÉ ÏÓÏÂÌÉ-×ÏÓÔ� �ÒÏÑ×Õ Ë�ÎÅÔÉÞÎÉÈ �ÒÏ�ÅÓ�× �ÒÉ ×ÉÈÏÄ� �Ú ÏÂÌÁÓÔ� Ç�ÄÒÏÄÉÎÁÍ�Þ-ÎÏÇÏ ÒÅÖÉÍÕ. ÷ ÔÁËÏÍÕ ×É�ÁÄËÕ ÓÉÓÔÅÍÁ (2.5) ÒÅÄÕËÕ¤ÔØÓÑ ÄÏ Ä×ÏÈÒ�×ÎÑÎØ: i!h�"i(k)i! = fi
ij(k)� �ij(k; !)g h�"i(k)i! ; (3.8)ÑË� Ï�ÉÓÕÀÔØ ÆÌÀËÔÕÁ��§ ÓÅÒÅÄÎ�È ÚÎÁÞÅÎØ ÌÏËÁÌØÎÉÈ �ÁÒ��ÁÌØÎÉÈÅÎÅÒÇ�Ê � ÄÏÚ×ÏÌÑÀÔØ �ÒÏÁÎÁÌ�ÚÕ×ÁÔÉ ÏÔÒÉÍÁÎ� ÒÅÚÕÌØÔÁÔÉ × �ÏÒ�×-ÎÑÎÎ� �Ú ×É�ÁÄËÏÍ ÄÉÎÁÍ�ËÉ ÄÌÑ ÚÍ�ÎÎÏ§ ^"(k) = ^"1(k) + ^"2(k).



5 ðÒÅ�ÒÉÎÔ4. òÏÚ×'ÑÚÏË Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕëÏÌÉ ×ÉËÏÒÉÓÔÁÔÉ ÍÁÒË�×ÓØËÅ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ ÆÕÎË��Ê �ÁÍ'ÑÔ�, Ò�×-ÎÑÎÎÑ (3.8) × ÞÁÓÏ×ÏÍÕ �ÒÅÄÓÔÁ×ÌÅÎÎ� ÍÁÔÉÍÅ ×ÉÇÌÑÄ:ddt h�"i(k)it = fi
ij(k)� �ij(k)g h�"i(k)it; (4.1)ÄÅ i
ij = ( _"i(k); "l(�k)) � (^"(k); ^"(�k))�1lj , Á �ij(k) = �ij(k; 0). ìÅÇËÏ�ÅÒÅËÏÎÁÔÉÓØ, ÝÏ � _^"i(k); ^"j(k)� = 0, � ÔÏÍÕ ÏÔÒÉÍÕ¤ÍÏ i
(k) � 0.äÌÑ ÅÌÅÍÅÎÔ�× ÍÁÔÒÉ�� ÆÕÎË��Ê �ÁÍ'ÑÔ� �ij(k) ÍÁ¤ÍÏ~�(k; ! = 0) = ~L(k) � (^"(k); ^"(�k))�1 ; (4.2)ÄÅ ÆÕÎË��§ Lij(k) ÚÁÄÁÀÔØÓÑ ×ÉÒÁÚÁÍÉ ÔÉ�Õ ëÕÂÏLij(k) = 1Z0 dt�i ^L ^"i(k) ; e�i ^Lt i ^L ^"j(�k)� ; (4.3)� Ï�ÉÓÕÀÔØ ×�Ä�Ï×�ÄÎ� �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ. õ ×ÉÒÁÚ� (4.3) ×ÒÁÈÏ×ÁÎÏ,ÝÏ(1�P)_^"i(k) = _^"i(k)� i
ij ^"j(k) = _^"i(k).÷ÒÁÈÏ×ÕÀÞÉ, ÝÏ �ÏÔÏËÉ (3.5) ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ Õ ×ÉÇÌÑÄ�_^"i(k) = (�1)i+1 ^J0 + ik � ^J i(k);� ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÚÁÇÁÌØÎ� ×ÌÁÓÔÉ×ÏÓÔ� ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê, ��ÓÌÑ�Å×ÎÉÈ Ó�ÒÏÝÅÎØ ÏÔÒÉÍÕ¤ÍÏ:Lij(k) = (�1)i+j �L0 + ik �(�1)i+1 �L0j + (�1)j+1 �L0i�+ +k2 �Lij ; i; j = f1; 2g; (4.4)ÄÅ �L0 = 1Z0 dt (J0(t); J0(0)) ; �L0i = 1Z0 dt (J0(t); Ji(0)) ;�Lij = 1Z0 dt (Ji(t); Jj(0)) ;íÁÔÒÉ�Ñ Ë�ÎÅÔÉÞÎÉÈ ËÏÅÆ���¤ÎÔ�× ~L = jjLij(k)jj ¤ ÅÒÍ�ÔÏ×ÏÀ � ÍÁ¤Ä�ÊÓÎ� ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ, ÔÏÂÔÏ, ÄÌÑ ÎÅ§ ÍÁ¤ ×ÉËÏÎÕ×ÁÔÉÓØ Ò�×Î�ÓÔØ
ICMP{02{08U 6Lij = L�ji. ãÑ ÕÍÏ×Á ×ÉÍÁÇÁ¤ ÁÎÔÉÓÉÍÅÔÒÉÞÎÏÓÔ� ÄÒÕÇÏÇÏ ÄÏÄÁÎËÁ× �ÒÁ×�Ê ÞÁÓÔÉÎ� ÆÏÒÍÕÌÉ (4.4). �ÏÍÕ ×ÒÁÈÏ×ÕÀÞÉ, ÝÏ ÆÕÎË��§ �L0¤ Ä�ÊÓÎÉÍÉ, ÂÁÞÉÍÏ, ÝÏ ÄÒÕÇÉÊ ÄÏÄÁÎÏË Õ �ÒÁ×�Ê ÞÁÓÔÉÎ� ÆÏÒÍÕ-ÌÉ (4.4) �Ï×ÉÎÅÎ ÚÁÎÕÌÑÔÉÓØ. ãÅ ÍÏÖÎÁ ÔÁËÏÖ ÄÏ×ÅÓÔÉ, ×ÉÈÏÄÑÞÉ �Ú×ÌÁÓÔÉ×ÏÓÔÅÊ ÓÁÍÉÈ Í�ËÒÏÓËÏ��ÞÎÉÈ �ÏÔÏË�× J0 ÔÁ Ji. �ÏÍÕ ÍÏÖÅÍÏ�ÅÒÅ�ÉÓÁÔÉ Ò�×ÎÑÎÎÑ (4.4) × ÎÁÓÔÕ�ÎÏÍÕ ×ÉÇÌÑÄ�:Lij(k) = (�1)i+j �L0 + k2 �Lij ; i; j = f1; 2g: (4.5)ïÓË�ÌØËÉ ÍÉ ��ËÁ×ÉÍÏÓÑ ÄÉÎÁÍ�ËÏÀ ÚÍ�ÎÎÉÈ ^"1(k), ^"2(k) Õ ËÏÎ-ÔÅËÓÔ� §§ �ÏÒ�×ÎÑÎÎÑ �Ú ÄÉÎÁÍ�ËÏÀ ¤ÄÉÎÏ§ ÚÍ�ÎÎÏ§ ^"(k) = ^"1(k)+ ^"2(k),ÔÏ �ÅÒÅÊÄÅÍÏ ÄÏ ÎÏ×ÉÈ ÚÍ�ÎÎÉÈ^E1(k) = ^"1(k) + ^"2(k); ^E2(k) = ^"1(k)� ^"2(k):ãÅ �ÅÒÅÔ×ÏÒÅÎÎÑ ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ Õ ×ÉÇÌÑÄ� ^Ei(k) = Aij ^"j(k), ÄÅÍÁÔÒÉ�Ñ ~A ÔÁ ÏÂÅÒÎÅÎÁ ÄÏ ÎÅ§ ÍÁÀÔØ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ:~A = �1 11 �1� ; ~A�1 = 12 ~A = 12 �1 11 �1� :õ Ú×'ÑÚËÕ Ú ÔÉÍ, ÝÏ ÞÁÓÔÏÔÎÁ ÍÁÔÒÉ�Ñ ÄÌÑ ÎÁÛÏÇÏ ×É�ÁÄËÕ ÔÏ-ÔÏÖÎÏ Ò�×ÎÁ ÎÕÌÀ, Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ (4.1) ÄÌÑ ÍÁÌÉÈ ×�ÄÈÉÌÅÎØ�i � h� ^Ei(k)it ÎÏ×ÉÈ ÚÍ�ÎÎÉÈ ×�Ä �ÏÌÏÖÅÎÎÑ Ò�×ÎÏ×ÁÇÉ ÎÁÂÕÄÅ ×É-ÇÌÑÄÕ: _�i = ��0ij�j ; (4.6)ÄÅ �0ij(k) = L0il(k) � (^"0; ^"0)�1lj . îÏ×Á ÍÁÔÒÉ�Ñ Ë�ÎÅÔÉÞÎÉÈ ËÏÅÆ���¤Î-Ô�× L0il(k) ÔÁ ÎÏ×Á ÍÁÔÒÉ�Ñ ÓÔÁÔÉÞÎÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê, ÑËÕÍÉ ÓÉÍ×ÏÌ�ÞÎÏ �ÏÚÎÁÞÉÌÉ ÑË (^"0; ^"0) (ÚÁÌÅÖÎ�ÓÔØ ×�Ä k ÄÌÑ �ÒÏÓÔÏÔÉÚÁ�ÉÓÕ Ï�ÕÓËÁ¤ÍÏ), ÚÁÄÁÀÔØÓÑ ÎÁÓÔÕ�ÎÉÍÉ ×ÉÒÁÚÁÍÉ~L0(k) = ~A�~L(k)� ~A; (^"0; ^"0) = ~A�(^"; ^")� ~A:ðÏÒÁÈÕ×Á×ÛÉ Ä�À ÍÁÔÒÉÞÎÉÈ ÏÂËÌÁÄÏË Ú ÍÁÔÒÉ�ÅÀ ~A, ÄÌÑ ~L0(k) ÏÔ-ÒÉÍÁ¤ÍÏ: ~L0(k) = 0� Pij Lij Pij (�)j+1LijPij (�)i+1Lij Pij (�)i+jLij 1A : (4.7)áÎÁÌÏÇ�ÞÎÅ Ó��××�ÄÎÏÛÅÎÎÑ Ó�ÒÁ×ÄÖÕ¤ÔØÓÑ ÄÌÑ ÍÁÔÒÉ�� (^"0; ^"0). úÁÄÏ�ÏÍÏÇÏÀ ÆÏÒÍÕÌÉ (4.7) ÌÅÇËÏ �ÅÒÅËÏÎÁÔÉÓØ, ÝÏ ×ÅÌÉÞÉÎÉ (^"0; ^"0)¤, ÎÁÓ�ÒÁ×Ä�, ÓÔÁÔÉÞÎÉÍÉ ËÏÒÅÌÑ��ÊÎÉÍÉ ÆÕÎË��ÑÍÉ, �ÏÂÕÄÏ×ÁÎÉÍÉÎÁ ÎÏ×ÉÈ ÚÍ�ÎÎÉÈ ^E1(k) ÔÁ ^E2(k), ÔÏÂÔÏ(^"0; ^"0)ij = ( ^Ei(k); ^Ej(�k));



7 ðÒÅ�ÒÉÎÔÔÏÍÕ, ÎÁ�ÒÉËÌÁÄ, ×ÅÌÉÞÉÎÁ (^"0; ^"0)11 = ( ^E1; ^E1) ×ÉÚÎÁÞÁ¤ ÕÚÁÇÁÌØÎÅÎÕÔÅ�ÌÏ¤ÍÎ�ÓÔØ ÓÉÓÔÅÍÉ [5℄.÷ÉÒÁÖÁÀÞÉ ÎÏ×� ËÏÅÆ���¤ÎÔÉ �ÅÒÅÎÏÓÕ ÞÅÒÅÚ ÓÔÁÒ� ÚÁ ÆÏÒÍÕÌÏÀ(4.7), ÏÔÒÉÍÁ¤ÍÏ: L011 = k2 �L""; (4.8)L012 = L021 = k2 � �L"�;L022 = �L0 + k2 � �L��;ÄÅ ×ÉËÏÒÉÓÔÁÎÏ ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ ÄÌÑ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ�L�� = 1Z0 dt (J�(t); J�(0)) ;�L"" = 1Z0 dt (J"(t); J"(0)) ; �L"� = 1Z0 dt (J"(t); J�(0)) ;Á ÄÌÑ Í�ËÒÏÓËÏ��ÞÎÏÇÏ �ÏÔÏËÕ J�(k) ÍÁ¤ÍÏ: J�(k) = J1(k)� J2(k).îÁ ÏÓÎÏ×� ÆÏÒÍÕÌ (4.8) ÍÏÖÅÍÏ ÔÅ�ÅÒ ÚÁ�ÉÓÁÔÉ ÅÌÅÍÅÎÔÉ ÎÏ×Ï§ÞÁÓÔÏÔÎÏ§ ÍÁÔÒÉ�� �0ij Õ ÆÏÒÍ�:�01i = k2 � '01i; �02i = '2i + k2 � '02i; (4.9)ÄÅ '01i = �L""(^"; ^")�11i + �L"�(^"; ^")�12i ; '2i = �L0(^"; ^")�12i ;'02i = �L"�(^"; ^")�11i + �L��(^"; ^")�12i : (4.10)�ÁËÉÍ ÞÉÎÏÍ, ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ (4.6) ÎÁÂÕ×Á¤ ×ÉÇÌÑÄÕ_�1 = �k2('011�1 + '012�2); (4.11)_�2 = �('21�1 + '22�2)� k2('021�1 + '022�2)� §§ ÒÏÚ×'ÑÚËÉ ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ ÎÁÓÔÕ�ÎÉÍÉ ×ÌÁÓÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ:�1 = �k2
1; �2 = ��� k2
2; (4.12)ÄÅ � = '22, 
1 = '011 � '012'21='22 ÔÁ 
2 = '022 + '012'21='22. ÷ÉÒÁÚÄÌÑ 
1 ÍÏÖÎÁ Ó�ÒÏÓÔÉÔÉ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ (4.10) � ×ÒÁÈÏ×ÕÀÞÉ, ÝÏÄÏÄÁÎÏË �Ú �L"� ÓËÏÒÏÞÕ¤ÔØÓÑ. ïÔÒÉÍÁ¤ÍÏ:
1 = �L"" �(^"; ^")�111 � (^"; ^")�112 (^"; ^")�121 =(^"; ^")�122 � :
ICMP{02{08U 8ìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ×ÉÒÁÚ Õ Ë×ÁÄÒÁÔÎÉÈ ÄÕÖËÁÈ Ñ×ÌÑ¤ ÓÏÂÏÀ ×ÅÌÉ-ÞÉÎÕ det jj(^"; ^")�1jj=(^"; ^")�122 = 1=(^"0; ^"0)11. ÷ÒÁÈÏ×ÕÀÞÉ, ÝÏ (^"0; ^"0)11 =( ^E1; ^E1) = (^"(k); ^"(�k)), ÏÓÔÁÔÏÞÎÏ ÏÔÒÉÍÕ¤ÍÏ:
1 = �L"" � (^"; ^")�1 (4.13)÷ÌÁÓÎÉÍ ÚÎÁÞÅÎÎÑÍ (4.12) ×�Ä�Ï×�ÄÁÀÔØ Ä×Á ×ÌÁÓÎ� ×ÅËÔÏÒÉ, ÑË�× ÎÕÌØÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎ� �Ï k ÍÁÀÔØ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ:~G1 = � '22�'21� ; ~G2 = �01� :�ÁËÉÍ ÞÉÎÏÍ, ××ÁÖÁÀÞÉ, ÝÏ Õ �ÏÞÁÔËÏ×ÉÊ ÍÏÍÅÎÔ ÞÁÓÕ ÍÁÌÏ Í�Ó-�Å ÚÂÕÒÅÎÎÑ ÄÉÎÁÍ�ÞÎÉÈ ÚÍ�ÎÎÉÈ �01 ÔÁ �02, §È Å×ÏÌÀ��Ñ × ÎÁÓÔÕ�Î�ÍÏÍÅÎÔÉ ÞÁÓÕ ÂÕÄÅ ×�ÄÂÕ×ÁÔÉÓØ ÚÁ ÚÁËÏÎÏÍ:�1(t) = e�k2
1t ��01; (4.14)�2(t) = e�k2
1t � (^"0; ^"0)12(^"0; ^"0)11 ��01 + e�(�+k2
2)t � ��02 � (^"0; ^"0)12(^"0; ^"0)11 ��01� :÷ÉÄÎÏ, ÝÏ ×ÌÁÓÎÅ ÚÎÁÞÅÎÎÑ �1 = �k2
1 Ï�ÉÓÕ¤ ÄÉÆÕÚ�ÊÎÕ Ç�ÄÒÏ-ÄÉÎÁÍ�ÞÎÕ ÍÏÄÕ, ÔÏÄ� ÑË ×ÌÁÓÎÅ ÚÎÁÞÅÎÎÑ �2 = �� � k2
2 Ï�ÉÓÕ¤�Å×ÎÉÊ Ë�ÎÅÔÉÞÎÉÊ �ÒÏ�ÅÓ. ÷�Ä�Ï×�ÄÎÁ ÍÏÄÁ × Ç�ÄÒÏÄÉÎÁÍ�ÞÎ�Ê ÇÒÁ-ÎÉ�� (ÄÉ× ÄÒÕÇÉÊ ÄÏÄÁÎÏË × (4.14)) ÍÏÖÅ ÂÕÔÉ ÚÎÅÈÔÕ×ÁÎÁ ÚÁ×ÄÑËÉÛ×ÉÄËÏÍÕ ÚÁÇÁÓÁÎÎÀ. ë�ÎÅÔÉÞÎ�Ê ÍÏÄ� ×�Ä�Ï×�ÄÁ¤ �ÏÞÁÔËÏ×Å ÚÂÕÒÅÎ-ÎÑ �ÁÒÁÍÅÔÒ�× h�"1(k)i0 = �h�"2(k)i0. ä�ÊÓÎÏ, × �ØÏÍÕ ×É�ÁÄËÕ�01 = h�"1(k)i0 + h�"2(k)i0 = 0 � ÔÏÄ�, ÚÇ�ÄÎÏ Ú ÆÏÒÍÕÌÁÍÉ (4.14)ÏÔÒÉÍÁ¤ÍÏ: �1(t) = 0; �2(t) = e�(�+k2
2)t ��02;ÔÏÂÔÏ, �Ï×ÅÄ�ÎËÁ �2(t) = h�"1(k)it � h�"2(k)it ¤ ÞÉÓÔÏ Ë�ÎÅÔÉÞÎÏÀ.ç�ÄÒÏÄÉÎÁÍ�ÞÎ�Ê ÍÏÄ� ×�Ä�Ï×�ÄÁ¤ ×ÉÂ�Ò �ÏÞÁÔËÏ×ÉÈ ÚÂÕÒÅÎØ Õ ×É-ÇÌÑÄ� h�"2(k)i0 = h�"1(k)i0 � (^"1; ^"2) + (^"2; ^"2)(^"1; ^"1) + (^"1; ^"2) :õ �ØÏÍÕ ×É�ÁÄËÕ ×ËÌÁÄ ×�Ä Ë�ÎÅÔÉÞÎÏ§ ÞÁÓÔÉÎÉ Õ ÄÒÕÇÏÍÕ Ò�×ÎÑÎÎ�(4.14) ÚÁÎÕÌÑ¤ÔØÓÑ, � ÍÉ ÏÔÒÉÍÕ¤ÍÏ ÞÉÓÔÏ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÕ �Ï×ÅÄ�ÎËÕ×�Ä�Ï×�ÄÎÉÈ ÚÍ�ÎÎÉÈ:�1(t) = e�k2
1t ��01; �2(t) = e�k2
1t � �01 � (^"0; ^"0)12(^"0; ^"0)11 ;ÄÅ �01 = h�"1(k)i0 � [(^"1; ^"1) + 2(^"1; ^"2) + (^"2; ^"2)℄ = [(^"1; ^"1) + (^"1; ^"2)℄.



9 ðÒÅ�ÒÉÎÔ5. ÷ÉÓÎÏ×ËÉð�ÄÓÕÍÏ×ÕÀÞÉ ÒÅÚÕÌØÔÁÔÉ �ÒÉ×ÅÄÅÎÏÇÏ ×ÉÝÅ ÁÎÁÌ�ÚÕ ÄÌÑ �ÒÏÓÔÉÈÍÏÄÅÌÅÊ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÒÅÌÁËÓÁ��§ Õ Â�ÎÁÒÎ�Ê ÓÕÍ�Û�, ÍÏÖÅÍÏ ÚÒÏÂÉ-ÔÉ ÎÁÓÔÕ�Î� ×ÉÓÎÏ×ËÉ:Á) ðÏÒ�×ÎÑÌØÎÉÊ ÁÎÁÌ�Ú Ä×ÏÈ ÍÏÄÅÌÅÊ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÒÅÌÁËÓÁ��§(ËÏÌÅËÔÉ×ÎÏ§ ÔÁ �ÁÒ��ÁÌØÎÏ§) �ÏËÁÚÁ×, ÝÏ × Ç�ÄÒÏÄÉÎÁÍ�ÞÎ�ÊÇÒÁÎÉ��, ËÏÌÉ ÍÏ×Á ÊÄÅ �ÒÏ Ï�ÉÓ ËÏÌÅËÔÉ×ÎÉÈ �ÒÏ�ÅÓ�×, �� ÍÏ-ÄÅÌ� ¤ ÅË×�×ÁÌÅÎÔÎÉÍÉ;Â) íÏÄÅÌØ �ÁÒ��ÁÌØÎÏ§ ÄÉÎÁÍ�ËÉ ÄÏÚ×ÏÌÑ¤ ×É×ÞÁÔÉ ÏÓÏÂÌÉ×ÏÓÔ��ÒÏ�ÅÓÕ ×ÉÒ�×ÎÀ×ÁÎÎÑ ÌÏËÁÌØÎÉÈ ÔÅÍ�ÅÒÁÔÕÒ Õ Ä×ÏÈ ��ÄÓÉÓ-ÔÅÍÁÈ, Á ×�Ä�Ï×�ÄÎÉÊ ÞÁÓ ÒÅÌÁËÓÁ��§ � = 1=� ×ÉÚÎÁÞÁ¤ÔØÓÑ ÎÁ-ÓÁÍ�ÅÒÅÄ ËÏÎËÕÒÕÀÞÉÍÉ ËÏÒÅÌÑ��ÑÍÉ (ÎÅ�ÏÄ�ÂÎ�ÓÔÀ) Í�Ö ��Ä-ÓÉÓÔÅÍÁÍÉ;×) ú �ÎÛÏÇÏ ÂÏËÕ, ÑË � ÏÞ�ËÕ×ÁÌÏÓØ, ËÏÅÆ���¤ÎÔ ÚÇÁÓÁÎÎÑ Ç�ÄÒÏÄÉ-ÎÁÍ�ÞÎÏ§ ÍÏÄÉ ÚÁÌÅÖÉÔØ ×ÉËÌÀÞÎÏ ×�Ä ËÏÌÅËÔÉ×ÎÉÈ ÅÆÅËÔ�× ��ÅÒÅÈÒÅÓÎ� ËÏÒÅÌÑ��§ Í�Ö ��ÄÓÉÓÔÅÍÁÍÉ × Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÍÕ ÒÅ-ÖÉÍ� ÎÅ ×�ÌÉ×ÁÀÔØ ÎÁ ÊÏÇÏ ×ÅÌÉÞÉÎÕ;Ç) ã�ËÁ×ÉÍ ¤ �ÒÏÑ× �Ï×�ÌØÎÏÇÏ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ �ÒÏ�ÅÓÕ ÔÅÒÍÏ-ÄÉÆÕÚ�§ Õ ÄÉÎÁÍ��� ÎÅËÏÎÓÅÒ×ÁÔÉ×ÎÉÈ ×ÅÌÉÞÉÎ. óÕÔÔ¤×ÉÍ ÍÏ-ÍÅÎÔÏÍ �ÒÉ �ØÏÍÕ ¤ ÎÅÏÂÈ�ÄÎ�ÓÔØ Ñ×ÎÏÇÏ ×ÒÁÈÕ×ÁÎÎÑ ÄÉÎÁÍ�Þ-ÎÏ§ ×ÚÁ¤ÍÏÄ�§ �Ú �Ï×�ÌØÎÉÍ �ÒÏ�ÅÓÏÍ,ÝÏ ÚÁÂÅÚ�ÅÞÕ¤ ËÏÒÅËÔÎ�ÓÔØÏÔÒÉÍÁÎÉÈ ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�×. úÁÕ×ÁÖÉÍÏ, ÝÏ × Ç�ÄÒÏÄÉ-ÎÁÍ�ÞÎ�Ê ÏÂÌÁÓÔ� ÎÁÍÁÇÁÎÎÑ Ï�ÉÓÁÔÉ ÄÉÎÁÍ�ËÕ ÏÄÎ�¤§ �Ú �ÁÒ��-ÁÌØÎÉÈ ÅÎÅÒÇ�Ê Õ ÆÏÒÍÁÌ�ÚÍ� ÆÕÎË��Ê �ÁÍ'ÑÔ� [6,7℄ �ÒÉ×ÅÌÏ ÂÄÏ ÎÅÏÂÈ�ÄÎÏÓÔ� ×ÒÁÈÕ×ÁÎÎÑ ÆÕÎË��Ê �ÁÍ'ÑÔ� ×ÉÓÏËÉÈ �ÏÒÑÄË�×� ÎÅ ÄÏÚ×ÏÌÉÌÏ Â ×ÉÄ�ÌÉÔÉ ×ËÌÁÄ ×�Ä Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ �ÒÏ�ÅÓÕ× Ñ×Î�Ê ÆÏÒÍ�.òÏÚÇÌÑÎÕÔ� Õ ��Ê ÒÏÂÏÔ� ÍÏÄÅÌ� ÄÏÂÒÅ �ÌÀÓÔÒÕÀÔØ �¤ÒÁÒÈ�À �ÒÏ�Å-Ó�× ÒÅÌÁËÓÁ��§ × ÄÉÎÁÍ��� ÂÁÇÁÔÏÞÁÓÔÉÎËÏ×ÉÈ ÓÉÓÔÅÍ [8℄ (Ç�ÄÒÏÄÉÎÁ-Í�ÞÎ� ÔÁ Ë�ÎÅÔÉÞÎ� �ÒÏ�ÅÓÉ ÄÏÂÒÅ ÒÏÚÄ�ÌÅÎ� ÚÁ Ó×Ï§ÍÉ ÈÁÒÁËÔÅÒÎÉÍÉÞÁÓÁÍÉ) � ÄÏÚ×ÏÌÑÀÔØ ËÒÁÝÅ ÚÒÏÚÕÍ�ÔÉ ÏÓÏÂÌÉ×ÏÓÔ� Ï�ÉÓÕ ÄÉÎÁÍ�ËÉÚ×'ÑÚÁÎÉÈ ��ÄÓÉÓÔÅÍ (Õ ÎÁÛÏÍÕ ×É�ÁÄËÕ ÁÓÏ��ÊÏ×ÁÎÉÈ �Ú ÇÕÓÔÉÎÁÍÉ�ÁÒ��ÁÌØÎÉÈ ÅÎÅÒÇ�Ê), × ÑËÉÈ ÞÅÒÅÚ ×ÚÁ¤ÍÏÄ�À �Ú �Ï×�ÌØÎÉÍ �ÒÏ�ÅÓÏÍÓÕÔÔ¤×ÉÍ ÞÉÎÏÍ ÍÏÖÅ �ÒÏÑ×ÌÑÔÉÓÑ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÁ ÓËÌÁÄÏ×Á.òÏÂÏÔÁ ��ÄÔÒÉÍÁÎÁ äÅÒÖÁ×ÎÉÍ ÆÏÎÄÏÍ ÆÕÎÄÁÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ�-ÄÖÅÎØ, �ÒÏÅËÔ ° 02.07/00303, ÚÁ ÝÏ Á×ÔÏÒÉ ×ÉÓÌÏ×ÌÀÀÔØ Ó×ÏÀ ×ÄÑÞ-Î�ÓÔØ.
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