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õäë: 533; 536.75; 537.75PACS: 05.60.+w; 05.70.Ln; 05.20.Dd; 52.25.Dd; 52.25.FiëÏÅÆi�i¤ÎÔÉ �ÅpÅÎÏÓÕ ÓÕÍiÛÅÊ ÇÕÓÔÉÈ ÇÁÚ�× ÚÁpÑÄÖÅÎÉÈ ÔÁÎÅÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏËí.÷.�ÏËÁpÞÕË, ï.´.ëÏÂpÉÎ, ê.á.çÕÍÅÎÀËáÎÏÔÁ��Ñ. òÏÚÇÌÑÎÕÔÏ Ë�ÎÅÔÉÞÎÅ Ò�×ÎÑÎÎÑ åÎÓËÏÇÁ-ìÁÎÄÁÕ ÄÌÑ ÇÕ-ÓÔÉÈ ÂÁÇÁÔÏÓÏÒÔÎÉÈ ÓÉÓÔÅÍ ÚÁÒÑÄÖÅÎÉÈ Ô×ÅÒÄÉÈ ËÕÌØÏË. úÁ ÄÏ�ÏÍÏ-ÇÏÀ ÍÅÔÏÄÕ þÅ�ÍÅÎÁ-åÎÓËÏÇÁ ÚÎÁÊÄÅÎÏ ÊÏÇÏ ÎÏÒÍÁÌØÎÉÊ ÒÏÚ×'ÑÚÏË× �ÅÒÛÏÍÕ ÎÁÂÌÉÖÅÎÎ�. îÁ ÏÓÎÏ×� ÏÔÒÉÍÁÎÉÈ ×ÉÒÁÚ�× ÄÌÑ ËÏÅÆ���¤Î-Ô�× �ÅÒÅÎÏÓÕ �ÒÏ×ÅÄÅÎÏ §È ÞÉÓÅÌØÎÉÊ ÒÏÚÒÁÈÕÎÏË ÄÌÑ Ä×Ï- � ÔÒÉÓÏÒÔ-ÎÉÈ ÓÕÍ�ÛÅÊ ÎÅÊÔÒÁÌØÎÉÈ � ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË. äÅÑË� ÒÅÚÕÌØÔÁÔÉ�ÏÒ�×ÎÀÀÔØÓÑ Ú ÎÁÑ×ÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ.Transfer 
oeÆ
ients of dense gaseous mixtures of 
harged andnon-
harged parti
lesM.V.Tokar
huk, O.E.Kobryn, Y.A.HumenyukAbstra
t. The Enskog-Landau kineti
 equation for dense many-
ompo-nent systems of hard 
harged spheres is 
onsidered. Using the standardChapman-Enskog method the normal solution to this equation in the�rst approximation is found. Numeri
al 
al
ulations for two- and three-
omponent mixtures of neutral and 
harged parti
les are 
arried out onthe basis of the found expressions for transfer 
oeÆ
ients. Some of resultsare 
ompared with the available experimental data.
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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�äÏÓÌ�ÄÖÅÎÎÑ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ × ÇÕÓÔÉÈ ÓÌÁÂÏÊÏÎ�ÚÏ×ÁÎÉÈ ÞÉ �Ï-×Î�ÓÔÀ ÊÏÎ�ÚÏ×ÁÎÉÈ ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÉÈ ÇÁÚÁÈ �Ú ÎÁÑ×Î�ÓÔÀ ×�Ä'¤-ÍÎÉÈ ÊÏÎ�× ¤ ÁËÔÕÁÌØÎÉÍÉ Ú ÔÏÞËÉ ÚÏÒÕ ×ÄÏÓËÏÎÁÌÅÎÎÑ ÞÉ ÓÔ×ÏÒÅÎ-ÎÑ ÎÏ×ÉÈ ÇÁÚÏ×ÉÈ ÌÁÚÅÒ�×, �ÌÁÚÍÏÈ�Í�ÞÎÉÈ ÒÅÁËÔÏÒ�×, ÓÉÎÔÅÚÕ ÏÚÏ-ÎÕ, ÏÞÉÓÔËÉ �Ï×�ÔÒÑ ×�Ä ÏËÉÓ�× ÁÚÏÔÕ, ×ÕÇÌÅ�À, Ó�ÏÌÕË ÈÌÏÒÕ � ÇÁ-ÚÏÒÏÚÒÑÄÎÉÈ ÌÁÍ� ÔÁ �Î. úÏËÒÅÍÁ, �Å ÁËÔÕÁÌØÎÏ ÄÌÑ ÒÅÁÌ�ÚÁ��§ �ÄÅ§ÒÕÊÎÕ×ÁÎÎÑ ÆÒÅÏÎ�× Õ ÎÉÖÎ�È ÛÁÒÁÈ ÁÔÍÏÓÆÅÒÉ ÚÁ ÄÏ�ÏÍÏÇÏÀ î÷þÒÏÚÒÑÄ�×. ÷ÁÇÏÍ� ÒÅÚÕÌØÔÁÔÉ Õ ×É×ÞÅÎÎ� ÅÌÅÍÅÎÔÁÒÎÉÈ Ú�ÔËÎÅÎØ ÚÁ-ÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË (ÅÌÅËÔÒÏÎ�×, ÊÏÎ�×) Ú ÁÔÏÍÁÍÉ � ÍÏÌÅËÕÌÁÍÉ ÔÁÅÌÅËÔÒÏÍÁÇÎ�ÔÎÉÈ �ÒÏ�ÅÓ�× Õ ÇÁÚÏÒÏÚÒÑÄÎ�Ê �ÌÁÚÍ�, �ÌÁÚÍÏÈ�Í�ÞÎÉÈ�ÒÏ�ÅÓi× Õ ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÉÈ ÇÕÓÔÉÈ ÞÁÓÔËÏ×Ï ÞÉ �Ï×Î�ÓÔÀ ÊÏÎ�ÚÏ-×ÁÎÉÈ ÇÁÚÁÈ (N2, CO, CO2, O2, He, Ar, Kr, Xe) �ÒÅÄÓÔÁ×ÌÅÎÏ × ÂÁ-ÇÁÔØÏÈ ÍÏÎÏÇÒÁÆ�ÑÈ [1{7℄, ÏÇÌÑÄÁÈ [8{11℄ ÔÁ ÏËÒÅÍÉÈ ÏÒÉÇ�ÎÁÌØÎÉÈÓÔÁÔÔÑÈ [12{16℄. ïÄÎ�¤À Ú �ÅÎÔÒÁÌØÎÉÈ ÔÅÏÒÅÔÉÞÎÉÈ �ÒÏÂÌÅÍ Õ �ÉÈÄÏÓÌ�ÄÖÅÎÎÑÈ ¤ ×É×ÞÅÎÎÑ � ÒÏÚÒÁÈÕÎÏË ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ| ×'ÑÚ-ËÏÓÔÉ, ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔÉ, ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÔÁ ÔÅÒÍÏÄÉÆÕÚ�§ | ÁÔÏ-Í�×, ÍÏÌÅËÕÌ, ÊÏÎ�× ÔÁ ÅÌÅËÔÒÏÎ�×, §È ÅÌÅËÔÒÏ�ÒÏ×�ÄÎÏÓÔÉ Ú ×ÒÁÈÕ×ÁÎ-ÎÑÍ ÈÁÒÁËÔÅÒÕ Í�ÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄ�Ê Õ ÇÁÚÏ×ÉÈ ÓÕÍ�ÛÁÈ. �ÁËÉÍÒÏÚÒÁÈÕÎËÁÍ �ÒÉÓ×ÑÞÅÎÏ ÎÅÄÁ×Î� ÒÏÂÏÔÉ íÅÒÆ� [17{19℄ ÄÌÑ ËÏÎËÒÅÔ-ÎÉÈ ÇÁÚÏ×ÉÈ ÓÕÍ�ÛÅÊ.�ÒÁÄÉ��ÊÎÉÊ �ÎÔÅÒÅÓ ÄÏ ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÉÈ ÓÉÓÔÅÍ, ÚÏËÒÅÍÁ, ÄÏÂ�ÎÁÒÎÉÈ ÓÕÍ�ÛÅÊ ÇÕÓÔÉÈ ÇÁÚ�×, Ò�ÄÉÎ ÔÁ �ÌÁÚÍÉ, × ÏÓÔÁÎÎ� ÒÏËÉ ��Ä-ÓÉÌÉ×ÓÑ ÔÉÍ, ÝÏ ÓÕÔÔ¤×ÉÊ �ÏÓÔÕ� Õ ÒÏÚ×ÉÔËÕ ÏÂÞÉÓÌÀ×ÁÌØÎÏ§ ÔÅÈ-Î�ËÉ ÄÏÚ×ÏÌÉ× ÚÎÁÞÎÏ ÄÏ�Ï×ÎÀ×ÁÔÉ ÔÅÏÒ�À ÒÅÚÕÌØÔÁÔÁÍÉ ÍÁÔÅÍÁÔÉÞ-ÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ. ë�ÎÅÔÉÞÎ� ËÏÅÆ���¤ÎÔÉ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ ÓÉÓÔÅÍ ÄÏ-ÓÌ�ÄÖÕ×ÁÌÉÓØ Ò�ÚÎÉÍÉ ÍÅÔÏÄÁÍÉ: �Ï ÔÅÏÒ�§ âÈÁÔÎÁÇÁÒÁ-çÒÏÓÓÁ-ëÒÕËÁ[21℄, ½Ò�ÎÁ-ëÕÂÏ [22,23℄, ÍÅÔÏÄÏÍ æÒÏÓÔÁ [24℄, �ÒÉ �Ï¤ÄÎÁÎÎ� Ë�ÎÅÔÉËÉÊ Ò�×ÎÑÎØ ÎÅÌ�Î�ÊÎÏ§ Ç�ÄÒÏÄÉÎÁÍ�ËÉ [25℄, × ÏÄÎÏÒ�ÄÉÎÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�[26,27℄. úÄ�ÊÓÎÅÎÏ ÍÁÔÅÍÁÔÉÞÎÕ �ÏÂÕÄÏ×Õ ÒÏÚÛÉÒÅÎÏ§ ÔÅÒÍÏÄÉÎÁÍ�ËÉÇÕÓÔÉÈ ÇÁÚ�× � Ò�ÄÉÎ (ÚÏËÒÅÍÁ ÓÕÍ�ÛÅÊ �Ú Ô×ÅÒÄÉÈ ËÕÌØÏË × ÒÁÍËÁÈÔÅÏÒ�§ RET [20℄) [28℄, ÄÏ×ÅÄÅÎÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÕ ÓÕÍ�ÓÎ�ÓÔØ Ë�ÎÅÔÉÞ-ÎÉÈ Ò�×ÎÑÎØ ÔÉ�Õ åÎÓËÏÇÁ ÄÌÑ M -ËÏÍ�ÏÎÅÎÔÎÉÈ ÓÉÓÔÅÍ ÔÁ åÎÓËÏÇ-�ÏÄ�ÂÎÉÈ Ë�ÎÅÔÉÞÎÉÈ Ò�×ÎÑÎØ ÄÌÑ ÒÅÁÇÕÀÞÉÈ ÓÕÍ�ÛÅÊ [29,30℄, �ÏÒ�×-ÎÑÎÏ ÒÅÚÕÌØÔÁÔÉ ÍÁËÒÏÓËÏ��ÞÎÉÈ � Í�ËÒÏÓËÏ��ÞÎÉÈ ÔÅÏÒ�Ê [31,32℄. ïÄ-ÎÏÞÁÓÎÏ Ú ÕÄÏÓËÏÎÁÌÅÎÎÑÍ ÍÅÔÏÄ�× ÒÏÚÒÁÈÕÎËÕ Ë�ÎÅÔÉÞÎÉÈ ËÏÅÆ���-¤ÎÔ�× ×�ÄÂÕ×ÁÌÁÓØ ÔÁËÏÖ Ï�ÔÉÍ�ÚÁ��Ñ ÞÉÓÅÌØÎÉÈ ÍÏÄÅÌÀ×ÁÎØ íÏÎÔÅ-ëÁÒÌÏ ÔÁ ÍÏÌÅËÕÌÑÒÎÏ§ ÄÉÎÁÍ�ËÉ [33{35℄. õ ÄÅÑËÉÈ ×É�ÁÄËÁÈ ÞÉÓÔÏÔÅÏÒÅÔÉÞÎ� ÍÏÄÅÌ� Ê ÚÁÄÁÞ� ÎÏÓÉÌÉ ÔÁËÏÖ �ÒÉËÌÁÄÎÉÊ ÈÁÒÁËÔÅÒ: ÍÏ-ÄÅÌØ çÒÏÓÓÁ-äÖÅËÓÏÎÁ [36℄, ÏÂÅÒÎÅÎÁ ÚÁÄÁÞÁ ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔÉ [37℄,
ICMP{99{08U 2ÅÆÅËÔÉ×Î� ËÏÅÆ���¤ÎÔÉ �ÅÒÅÎÏÓÕ [38{40℄.ë�ÎÅÔÉÞÎÅ Ò�×ÎÑÎÎÑ åÎÓËÏÇÁ-ìÁÎÄÁÕ ÄÌÑ ÏÄÎÏËÏÍ�ÏÎÅÎÔÎÏ§ÓÉÓÔÅÍÉ ÚÁÒÑÄÖÅÎÉÈ Ô×ÅÒÄÉÈ ËÕÌØÏË ÂÕÌÏ ÚÁ�pÏ�ÏÎÏ×ÁÎÏ × pÏÂÏÔi[20℄. ÷ÏÎÏ ÄÏÂÒÅ Ï�ÉÓÕ¤ �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ × �ÏÍ�ÒÎÏ ÇÕÓÔÉÈ ÓÉÓÔÅ-ÍÁÈ, Á �ÎÔÅ­ÒÁÌ Ú�ÔËÎÅÎØ ÔÁËÏÇÏ Ò�×ÎÑÎÎÑ ÎÅ ÍÁ¤ ÎÅÁÎÁÌ�ÔÉÞÎÏÓÔÉ ÎÁÍÁÌÉÈ ×�ÄÓÔÁÎÑÈ.þÉÓÅÌØÎ� ÒÏÚÒÁÈÕÎËÉ ÄÌÑ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔÉ � ÔÁ ÔÅ-�ÌÏ�ÒÏ×�ÄÎÏÓÔÉ � ÎÁ ÏÓÎÏ×� ÎÏÒÍÁÌØÎÏÇÏ ÒÏÚ×'ÑÚËÕ �ØÏÇÏ Ò�×ÎÑÎÎÑÍÅÔÏÄÏÍ þÅ�ÍÅÎÁ-åÎÓËÏÇÁ �ÏËÁÚÁÌÉ ÄÏÂÒÉÊ ÚÂiÇ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ [41℄. ÷ [43,44℄ ÄÌÑ �ØÏÇÏ Ò�×ÎÑÎÎÑ ÂÕÌÏ ÚÎÁÊÄÅÎÏÎÅÓÔÁ��ÏÎÁÒÎÉÊ ÒÏÚ×'ÑÚÏË � ËÏÅÆ���¤ÎÔÉ �ÅÒÅÎÏÓÕ ÍÅÔÏÄÏÍ ÇÒÁÎÉÞÎÉÈÕÍÏ× [45℄, ÑË� Õ ×É�ÁÄËÕ ÓÔÁ��ÏÎÁÒÎÏÇÏ �ÒÏ�ÅÓÕ ÚÂiÇÁÌÉÓÑ Ú ÒÅÚÕÌØ-ÔÁÔÁÍÉ [41℄. ïÄÎÁË, ÑË � ÂÕÄØ-ÑËÁ ÏÄÎÏËÏÍ�ÏÎÅÎÔÎÁ ÓÉÓÔÅÍÁ, ×ÏÎÁÚÁÌÉÛÁÌÁÓØ ÌÉÛÅ ÍÏÄÅÌØÎÏÀ [46,47℄.�ÏÍÕ �ÒÉÒÏÄÎ�Í ÂÕÌÏ ÂÁÖÁÎÎÑ ÒÏÚ×ÉÎÕÔÉ ÔÅÏÒ�À [20,41℄ ÎÁ ÂÁÇÁ-ÔÏËÏÍ�ÏÎÅÎÔÎ� ÓÉÓÔÅÍÉ. ñËÝÏ × ÒÏÂÏÔÁÈ [21{40℄ � ÒÏÚÒÁÈÏ×Õ×ÁÌÉÓØË�ÎÅÔÉÞÎ� ËÏÅÆ���¤ÎÔÉ (ÔÁË� ÑË ×'ÑÚË�ÓÔØ �, ÅÌÅËÔpÏ�ÒÏ×�ÄÎ�ÓÔØ �, ÔÅ-�ÌÏ�ÒÏ×�ÄÎ�ÓÔØ �, ËÏÅÆ���¤ÎÔÉ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ Dab ÔÁ ÔÅÒÍÏÄÉÆÕÚ�§DTa ), ÔÏ ÓËÒ�ÚØ ×�ÄÍ�ÞÁ¤ÔØÓÑ, ÝÏ ÎÁÊËÒÁÝÉÊ ÚÂiÇ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØ-ÎÉÍÉ ÄÁÎÉÍÉ (Á ÔÁËÏÖ íë ÔÁ íä) ¤ ÄÌÑ ÎÅÚÁÒÑÄÖÅÎÉÈ ÓÉÓÔÅÍ ��ÒÉ ×�ÄÎÏÓÎÏ ÎÅ×ÉÓÏËÉÈ ÇÕÓÔÉÎÁÈ. ÷ [34℄, ÚÏËÒÅÍÁ, ×�ÄÍ�ÞÁ¤ÔØÓÑ, ÝÏ�ÒÉ ×ÉÓÏËÉÈ ÇÕÓÔÉÎÁÈ ÚÂ�Ç �ÏÇÁÎÉÊ (ÔÅÏÒ�Ñ ÎÅ �ÒÁ�À¤). á × [35℄ ÎÁÏÓÎÏ×� ÒÅÚÕÌØÔÁÔ�× íë ��ÄÓÕÍÏ×Õ¤ÔØÓÑ, ÝÏ � ËÒÁÝÅ ÚÂiÇÁ¤ÔØÓÑ Ú ÅËÓ-�ÅÒÉÍÅÎÔÏÍ Î�Ö � Õ �ÅÒÅ×ÁÖÎ�Ê Â�ÌØÛÏÓÔ� ×É�ÁÄË�×. ÷ÚÁÇÁÌ�, Ç�ÒÛÁÕÚÇÏÄÖÅÎ�ÓÔØ ÔÅÏÒ�§ Ê ÅËÓ�ÅÒÉÍÅÎÔÕ ÄÌÑ ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔÉ � ×�ÄÏÍÁÄÁ×ÎÏ. ðÏ×'ÑÚÁÎÅ �Å �ÅÒÛ ÚÁ ×ÓÅ Ú ÔÉÍ, ÝÏ Úi ÚÂ�ÌØÛÅÎÎÑÍ ÇÕÓÔÉÎÉÓÉÓÔÅÍÉ ÓÉÌØÎÏ ÚÒÏÓÔÁ¤ ÒÏÌØ Í�ÖÞÁÓÔÉÎËÏ×ÉÈ ËÏÒÅÌÑ��Ê, ÑË� ÔÒÅÂÁ×ÒÁÈÏ×Õ×ÁÔÉ [48℄. ãÅ, Õ Ó×ÏÀ ÞÅÒÇÕ, �ÒÉÚ×ÏÄÉÔØ ÄÏ ÚÍ�Î Õ ÌÏËÁÌØ-ÎÉÈ ÚÁËÏÎÁÈ ÚÂÅÒÅÖÅÎÎÑ, ÝÏ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ �ÒÉ ÒÏÚ×'ÑÚÕ×ÁÎÎ�Ë�ÎÅÔÉÞÎÉÈ Ò�×ÎÑÎØ [43℄.õ ÄÁÎ�Ê ÒÏÂÏÔ� ÚÄ�ÊÓÎÅÎÏ ÒÏÚÒÁÈÕÎÏË ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ ÂÁ-ÇÁÔÏÓÏÒÔÎÉÈ ÇÕÓÔÉÈ ÇÁÚ�× ÚÁÒÑÄÖÅÎÉÈ � ÎÅÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË Ú×pÁÈÕ×ÁÎÎÑÍ �ÏÌÑpÉÚÁ�iÊÎÉÈ ÅÆÅËÔi× ÎÁ ÏÓÎÏ×� Ë�ÎÅÔÉÞÎÏÇÏ Ò�×ÎÑÎ-ÎÑ åÎÓËÏÇÁ-ìÁÎÄÁÕ.ïÔÒÉÍÁÎÏ ÎÏÒÍÁÌØÎÉÊ ÒÏÚ×'ÑÚÏË �ØÏÇÏ Ò�×ÎÑÎÎÑÍÅÔÏÄÏÍ þÅ�ÍÅÎÁ-åÎÓËÏÇÁ. ðÒÏ×ÅÄÅÎÏ ÞÉÓÌÏ×� ÒÏÚÒÁÈÕÎËÉ ËÏÅÆ���-¤ÎÔ�× ×'ÑÚËÏÓÔÉ, ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔÉ, ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÔÁ ÔÅÒÍÏÄÉÆÕÚ�§ÄÌÑ Ò�ÚÎÉÈ ÓÕÍ�ÛÅÊ.



3 ðÒÅ�ÒÉÎÔ2. ëiÎÅÔÉÞÎÅ pi×ÎÑÎÎÑ åÎÓËÏÇÁ-ìÁÎÄÁÕ ÄÌÑ ÂÁÇÁÔÏ-ÓÏpÔÎÉÈ ÓÉÓÔÅÍ ÚÁpÑÄÖÅÎÉÈ Ô×ÅpÄÉÈ ËÕÌØÏËPÏÚÇÌÑÎØÍÏ ÎÅpi×ÎÏ×ÁÖÎÕ ÓÉÓÔÅÍÕ N ËÌÁÓÉÞÎÉÈ ÞÁÓÔÉÎÏË, ËÏÔpÁÓËÌÁÄÁ¤ÔØÓÑ Ú M ÓÏpÔi× ÚÁÒÑÄÖÅÎÉÈ Ô×ÅÒÄÉÈ ËÕÌØÏË. þÅpÅÚ Na �Ï-ÚÎÁÞÁÔÉÍÅÍÏ ÞÉÓÌÏ ÞÁÓÔÉÎÏË ËÏÖÎÏÇÏ ÓÏpÔÕ: MPa=1Na = N . óÉÓÔÅÍÁÚÁÊÍÁ¤ ÏÂ'¤Í V , ÝÏ ÎÅ ¤ ÆiËÓÏ×ÁÎÉÍ, �pÏÔÅ ×ÉËÏÎÕ¤ÔØÓÑ ÔÅpÍÏÄÉ-ÎÁÍiÞÎÁ ÇpÁÎÉ�Ñ:N=V = 
onst; �pÉ N !1; V !1:ðÏÚÎÁÞÍÏ ÞÅpÅÚ zae ÚÁpÑÄ ÞÁÓÔÉÎËÉ ÓÏpÔÕ a (e| ÅÌÅÍÅÎÔÁpÎÉÊ ÅÌÅË-ÔpÉÞÎÉÊ ÚÁpÑÄ), Á ÞÅpÅÚ ma | §§ ÍÁÓÕ. óÉÓÔÅÍÁ × �iÌÏÍÕ ¤ ÅÌÅËÔpÏ-ÎÅÊÔpÁÌØÎÏÀ, ÔÏÂÔÏ ×ÉËÏÎÕ¤ÔØÓÑ ÕÍÏ×Á: MPa=1Naza = 0. ëÏÌÉ pÏÚÇÌÑ-ÄÁÀÔØÓÑ ÌÉÛÅ �ÏÚÉÔÉ×ÎÏ ÊÏÎiÚÏ×ÁÎi ÓÕÍiÛi ÇÁÚi×, ÔÏ ××ÁÖÁ¤ÍÏ, ÝÏÎÅÊÔpÁÌiÚÁ�iÊÎÅ �ÏÌÅ ÅÌÅËÔpÏÎi× ¤ ËÏÎÔÉÎÕÕÍÏÍ, ×ÓÀÄÉ ÏÄÉÎÁËÏ×ÉÍ,�ÏÓÔiÊÎÉÍ i ÎÅÞÕÔÌÉ×ÉÍ ÄÏ ÚÍiÎ Õ ÓÉÓÔÅÍi ÊÏÎi×.÷ pÏÂÏÔÁÈ [20,41℄ iÚ ÌÁÎ�ÀÖËÁ pi×ÎÑÎØ â-â-ç-ë-I Ú ÍÏÄÉÆiËÏ×Á-ÎÉÍÉ ÇpÁÎÉÞÎÉÍÉ ÕÍÏ×ÁÍÉ × ÎÁÂÌÉÖÅÎÎi "�ÁpÎÉÈ" ÚiÔËÎÅÎØ ÂÕÌÏÏÔpÉÍÁÎÏ ËiÎÅÔÉÞÎÅ pi×ÎÑÎÎÑ åÎÓËÏÇÁ-ìÁÎÄÁÕ ÄÌÑ ÏÄÎÏËÏÍ�ÏÎÅÎÔ-ÎÏ§ ÓÉÓÔÅÍÉ ÚÁpÑÄÖÅÎÉÈ Ô×ÅpÄÉÈ ËÕÌØÏË × ËÏÍ�ÅÎÓÁ�iÊÎÏÍÕ �ÏÌi.äÌÑ ÂÁÇÁÔÏÓÏpÔÎÉÈ ÓÉÓÔÅÍ ÚÁpÑÄÖÅÎÉÈ ËÕÌØÏË ËiÎÅÔÉÞÎÅ pi×ÎÑÎÎÑåÎÓËÏÇÁ-ìÁÎÄÁÕ ÂÕÌÏ ÚÁ�ÉÓÁÎÏ × [42,49℄, ÄÌÑ �ÏÔÅÎ��ÁÌ�× ×ÚÁ¤ÍÏÄi§:�(jra � rbj) � �(rab) = �hs(rab) + �l(rab); (2.1)�hs(rab) = lim
!1�
(rab); �
(rab) = � 
; rab < �ab0; rab � �ab;�l(rab) = ( 0; rab < �abzazbe2rab ; rab � �ab;ÄÅ �ab = (�a + �b)=2, Á �a; �b | Ä�ÁÍÅÔÒÉ Ô×ÅÒÄÉÈ ËÕÌØÏË.äÁÌÅËÏÓÑÖÎÕ ÞÁÓÔÉÎÕ �ÏÔÅÎ�iÁÌÁ ×ÚÁ¤ÍÏÄi§ �l(rab) ÚÁpÑÄÖÅÎÏ§ aÊ ÎÅÚÁpÑÄÖÅÎÏ§ b ÞÁÓÔÉÎÏË ÍÏÖÎÁ ×ÚÑÔÉ Õ ×ÉÇÌÑÄi �ÏÌÑpÉÚÁ�iÊÎÏÇÏ�ÏÔÅÎ�iÁÌÁ: �l(rab) = ( 0; rab < �ab� za�be22r4ab ; rab � �ab;ÄÅ �b | �ÏÌÑpÉÚÏ×ÎiÓÔØ ÎÅÊÔpÁÌØÎÏ§ ÞÁÓÔÉÎËÉ.

ICMP{99{08U 4ëiÎÅÔÉÞÎÅ pi×ÎÑÎÎÑ åÎÓËÏÇÁ-ìÁÎÄÁÕ ÍÁ¤ ×ÉÇÌÑÄ:� ��t + va � ��ra � fa(xa; t) = MXb=1 hI(0)E (fa; fb) + I(1)E (fa; fb)+ (2.2)+IMF (fa; fb) + IL(fa; fb)℄ :�ÕÔ i ÎÁÄÁÌi ÏÄÎÏÞÁÓÔÉËÏ×Õ ÆÕÎË�iÀ pÏÚ�ÏÄiÌÕ ÓÏpÔÕ a ÂÕÄÅÍÏ �Ï-ÚÎÁÞÁÔÉ ÞÅpÅÚ fa; xa � (ra;va).IÎÔÅ­pÁÌÉ ÚiÔËÎÅÎØ, ÝÏ × �pÁ×iÊ ÞÁÓÔÉÎi, Ï�ÉÓÕÀÔØ ×ËÌÁÄÉ ×iÄ�Å×ÎÏÇÏ ÔÉ�Õ ÍiÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄi§. äÏÄÁÎËÉ I(0)E (fa; fb) ÔÁI(1)E (fa; fb) ¤ ×iÄ�Ï×iÄÎÏ ÎÕÌØÏ×ÉÍ ÔÁ �ÅpÛÉÍ ÞÌÅÎÁÍÉ pÏÚËÌÁÄÕ iÎ-ÔÅ­pÁÌÁ ÚiÔËÎÅÎØ åÎÓËÏÇÁ × pÑÄ �Ï ÎÅÌÏËÁÌØÎÏÓÔi [42,49℄:I(0)E (fa; fb) = Z dvbd!vabgab2 (�abjn; �) [fa(ra;v0a; t)fb(ra;v0b; t)� (2.3)�fa(ra;va; t)fb(ra;vb; t)℄ ;I(1)E (fa; fb) = �3ab Z dvbd2kab�(kab �vab)(kab �vab)ngab2 (kabjn; �)� (2.4)�kab � [fa(ra;v0a; t)rfb(ra;v0b; t) + fa(ra;va; t)rfb(ra;vb; t)℄ ++12 �kab � rgab2 (kabjn; �)� [fa(ra;v0a; t)fb(ra;v0b; t)++fa(ra;va; t)fb(ra;vb; t)℄o:�ÕÔ d!| ÄÉÆÅÒÅÎ��ÁÌØÎÉÊ �ÅÒÅÒ�Ú ÒÏÚÓ�ÑÎÎÑ; vab | ×�ÄÎÏÓÎÁ Û×ÉÄ-Ë�ÓÔØ ÞÁÓÔÉÎÏË; gab2 (�abjn; �) | ÚÎÁÞÅÎÎÑ Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÏ§ �ÁÒÎÏ§ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÎÁ ËÏÎÔÁËÔ�, ÑËÅ ÚÁÌÅÖÉÔØ ×�Ä ËÏÎ�ÅÎÔÒÁ��§ n ÔÁÏÂÅÒÎÅÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÉ � (ÎÁÄÁÌ� ÍÉ ÎÅ ÂÕÄÅÍÏ Ñ×ÎÏ ×ËÁÚÕ×ÁÔÉ �ÉÈ�ÁÒÁÍÅÔÒ�×); v0a = va+kab(kab �vab), v0b = vb�kab(kab �vab) | Û×ÉÄ-ËÏÓÔi Ô×ÅpÄÉÈ ËÕÌØÏË �iÓÌÑ ÚiÔËÎÅÎÎÑ, kab | ÏÄÉÎÉÞÎÉÊ ×ÅËÔÏÒ ×ÎÁ�ÒÑÍËÕ ×�Ä �ÅÎÔÒÁ ÏÄÎ�¤§ Ô×ÅÒÄÏ§ ËÕÌØËÉ ÄÏ �ÎÛÏ§ �ÒÉ §È Ú�ÔËÎÅÎÎ�;�(x) | ÏÄÉÎÉÞÎÁ ÆÕÎË��Ñ èÅ×�ÓÁÊÄÁ.�pÅÔiÊ ÄÏÄÁÎÏË| ×ËÌÁÄ, pÏÚpÁÈÏ×ÁÎÉÊ × ÎÁÂÌÉÖÅÎÎi ÔÅÏpi§ ÓÅpÅÄ-ÎØÏÇÏ �ÏÌÑ KMFT [20,41℄:IMF (fa; fb) = 1ma Z drb ��l(rab)�ra gab2 (ra; rb; t) � ��va fa(ra;va; t)nb(rb; t);(2.5)ÄÅ gab2 (ra; rb; t) | Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÁ �ÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ.



5 ðÒÅ�ÒÉÎÔïÓÔÁÎÎiÊ ¤ iÎÔÅ­pÁÌÏÍ ÚiÔËÎÅÎØ ÔÉ�Õ ìÁÎÄÁÕ:IL(fa; fb) =Z dvbd!vab [fa(ra;v�a;t)fb(ra;v�b ;t)� fa(ra;va;t)fb(ra;vb;t)℄ :(2.6)�ÕÔ ÊÏÇÏ �pÅÄÓÔÁ×ÌÅÎÏ Ó�pÏÝÅÎÏ Õ ÂÏÌØ�ÍÁÎi×ÓØËiÊ ÆÏpÍi Ú ×pÁ-ÈÕ×ÁÎÎÑÍ gab2 (ra; rb; t) ! 1 [53℄. ðpÉ pÏÚ×'ÑÚÕ×ÁÎÎi (2.2) ÍÅÔÏÄÏÍþÅ�ÍÅÎÁ-åÎÓËÏÇÁ ÔÁËÁ ÆÏpÍÁ ¤ ÚpÕÞÎÏÀ. v�a = va + 4vab, v�b =vb �4vab | Û×ÉÄËÏÓÔi ÞÁÓÔÉÎÏË �iÓÌÑ ËÕÌÏÎi×ÓØËÏÇÏ pÏÚÓiÑÎÎÑ.4vab = � 12�abvab +1Z�1 d� ��rab�l(jrabj)���rab=p�2+b2 ;�ab | �ÒÉ×ÅÄÅÎÁ ÍÁÓÁ; b | �ÒÉ��ÌØÎÉÊ �ÁÒÁÍÅÔÒ.3. îÏpÍÁÌØÎÉÊ pÏÚ×'ÑÚÏË ÍÅÔÏÄÏÍþÅ�ÍÅÎÁ-åÎÓËÏÇÁýÏÂ ÚÎÁÊÔÉ ÎÏpÍÁÌØÎ� pÏÚ×'ÑÚËÉ ËiÎÅÔÉÞÎÏÇÏ pi×ÎÑÎÎÑ (2.2) ÔÉÍ ÞÉiÎÛÉÍ ÍÅÔÏÄÏÍ ÎÅÏÂÈiÄÎÏ ×ÉËÏpÉÓÔÏ×Õ×ÁÔÉ Õ ×iÄ�Ï×iÄÎÉÈ ÎÁÂÌÉÖÅÎ-ÎÑÈ ÌÏËÁÌØÎi ÚÁËÏÎÉ ÚÂÅpÅÖÅÎÎÑ. ðpÉ �ØÏÍÕ, ×ÉpÁÚÉ ÄÌÑ ËiÎÅÔÉÞ-ÎÉÈ ËÏÅÆi�i¤ÎÔi× ×'ÑÚËÏÓÔÉ � ÔÅ�ÌÏ�pÏ×iÄÎÏÓÔÉ ÂÕÄÕÔØ ×ÉÚÎÁÞÁÔÉÓÑÚ pÏÚpÁÈÕÎËi× ÔÅÎÚÏpÁ ÇÕÓÔÉÎÉ �ÏÔÏËÕ iÍ�ÕÌØÓÕ $P (r; t) ÔÁ ×ÅËÔÏpÁÇÕÓÔÉÎÉ �ÏÔÏËÕ ÅÎÅpÇi§ q(r; t) ÎÁ ÏÓÎÏ×i pÏÚ×'ÑÚËÕ ÄÌÑ fa(ra;va; t)ÔÁ ×iÄ�Ï×iÄÎÉÈ ÎÁÂÌÉÖÅÎØ ÄÌÑ ÆÕÎË�i§ gab2 (ra; rb; t). ïÓËiÌØËÉ ÂÕÄÅ-ÍÏ ÛÕËÁÔÉ ÔÁËi pÏÚ×'ÑÚËÉ ËiÎÅÔÉÞÎÉÈ pi×ÎÑÎØ (2.2), ÝÏ ×iÄ�Ï×iÄÁ-ÀÔØ ÌiÎiÊÎÉÍ (ÚÁ ÇpÁÄi¤ÎÔÁÍÉ ÔÅpÍÏÄÉÎÁÍiÞÎÉÈ �ÁpÁÍÅÔpi×) ÇiÄpÏ-ÄÉÎÁÍiÞÎÉÍ �pÏ�ÅÓÁÍ �ÅpÅÎÏÓÕ, ÔÏ ÓÔpÕËÔÕpÕ ×ÉpÁÚi× ÄÌÑ ÔÅÎÚÏpÁÇÕÓÔÉÎÉ �ÏÔÏËÕ iÍ�ÕÌØÓÕ $P (r; t) ÔÁ ×ÅËÔÏpÁ ÇÕÓÔÉÎÉ �ÏÔÏËÕ ÅÎÅpÇi§q(r; t) ÍÏÖÎÁ ÚÎÁÊÔÉ ÂÅÚ�ÏÓÅpÅÄÎØÏ ÚÁ ÄÏ�ÏÍÏÇÏÀ ËiÎÅÔÉÞÎÏÇÏ pi×-ÎÑÎÎÑ (2.2). äÌÑ ÚÄiÊÓÎÅÎÎÑ �i¤§ �pÏ�ÅÄÕpÉ ÚpÕÞÎÏ ××ÅÓÔÉ [20,41℄ÇiÄpÏÄÉÎÁÍiÞÎi �ÁpÁÍÅÔpÉ ÇÕÓÔÉÎÉ ÍÁÓÉ, iÍ�ÕÌØÓÕ ÔÁ ÅÎÅpÇi§:�(r; t) = MXa=1ma Z dvafa(r;va; t); (3.1)�(r; t)V (r; t) = MXa=1 Z dvafa(r;va; t)mava; (3.2)�(r; t)w(r; t) = MXa=1 Z dvafa(r;va; t)ma2 
2a; (3.3)
ICMP{99{08U 6ÄÅ 
a(r; t) = va � V (r; t) | ÔÅ�ÌÏ×Á Û×ÉÄËiÓÔØ ÞÁÓÔÉÎÏË ÓÏpÔÕ a.íÎÏÖÁÞÉ ×ÉÈiÄÎÅ ËiÎÅÔÉÞÎÅ pi×ÎÑÎÎÑ (2.2) ÎÁ ËÏÍ�ÏÎÅÎÔÉ \×ÅË-ÔÏpÁ" ÁÄÉÔÉ×ÎÉÈ iÎ×ÁpiÁÎÔi×  = (ma;mava;ma
2a=2) ÔÁ iÎÔÅ­pÕÀ-ÞÉ �Ï dva, ÏÄÅpÖÉÍÏ pi×ÎÑÎÎÑ ÄÌÑ ×ÉÂpÁÎÉÈ ÎÁÍÉ ÇiÄpÏÄÉÎÁÍiÞÎÉÈ�ÁpÁÍÅÔpi×: d�(r; t)dt = ��(r; t) ��r � V (r; t) (3:4Á)| ÚÁËÏÎ ÚÂÅpÅÖÅÎÎÑ ÍÁÓÉ,�(r; t)dV (r; t)dt = � ��r � $P 0 (r; t) (3:4Â)| pi×ÎÑÎÎÑ pÕÈÕ,�(r; t)dw(r; t)dt = � ��r � q�(r; t)� $P � (r; t) : ��rV (r; t)+ (3:4×)+ MXa;b=1V a(r; t) Z drab ��rab�l(rab)na(r; t)nb(r + rab; t)| pi×ÎÑÎÎÑ �ÅpÅÎÏÓÕ ËiÎÅÔÉÞÎÏ§ ÅÎÅpÇi§. �ÕÔ$P 0 =$Pkin+ $Phs+ $PMF ; $P� =$Pkin+ $Phs;q� = qkin + qhs; (3.5)V a(r; t) = 1na Z dvafa(r;va; t)[va � V (r; t)℄| ÄÉÆÕÚ�ÊÎÁ Û×ÉÄË�ÓÔØ ÞÁÓÔÉÎÏË ÓÏÒÔÕ a.äÌÑ ×iÄÛÕËÁÎÎÑ ÎÏpÍÁÌØÎÉÈ pÏÚ×'ÑÚËi× ÓÉÓÔÅÍÉ ËiÎÅÔÉÞÎÉÈ pi-×ÎÑÎØ (2.2) ÍÅÔÏÄÏÍ þÅ�ÍÅÎÁ-åÎÓËÏÇÁ [52℄ ÚÁ ÎÕÌØÏ×Å ÎÁÂÌÉÖÅÎÎÑÄÌÑ ÆÕÎË�i§ pÏÚ�ÏÄiÌÕ ×ÉÂÅpÅÍÏ ÌÏËÁÌØÎÏ-ÍÁËÓ×ÅÌi×ÓØËÕ :f (0)a (r;va; t) = na(r; t) � ma2�kT (r; t)�3=2 exp��ma
2a(r; t)2kT (r; t) � :�ÏÄi ÍÏÖÎÁ ÚÎÁÊÔÉ [49℄ × ÎÕÌØÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎi ×ÅÌÉÞÉÎÉ (3.5),ËÏÔÒ� ×ÈÏÄÑÔØ Õ ×iÄ�Ï×iÄÎi pi×ÎÑÎÎÑ �ÅpÅÎÏÓÕ (3.4Á), (3.4Â), (3.4×):$P 0 = (P kin + P hs + PMF ) $I� P $I , qkin = qhs = 0, V a(r; t) = 0,P kin = MXa=1nakT; P hs = 23�kT MXa;b=1nanb�3abgab2 (�ab);



7 ðÒÅ�ÒÉÎÔPMF = �23� MXa;b=1nanb 1Z�ab dr r3gab2 (r) ��lab(r)�0 ;P | Ç�ÄÒÏÓÔÁÔÉÞÎÉÊ ÔÉÓË, $I | ÏÄÉÎÉÞÎÉÊ ÔÅÎÚÏÒ.÷ �ÅpÛÏÍÕ ÎÁÂÌÉÖÅÎÎi ÛÕËÁÔÉÍÅÍÏ ÆÕÎË�i§ pÏÚ�ÏÄiÌÕ Õ ×ÉÇÌÑÄi:fa(r;va; t) = f (0)a (r;va; t) + f (1)a (r;va; t) = f (0)a (r;va; t)[1 + �a℄: (3.6)ðiÄÓÔÁ×ÍÏ (3.6) × (2.2). �ÏÄi, ×iÄËÉÄÁÀÞÉ ÞÌÅÎÉ ×ÉÝÏÇÏ �ÏpÑÄËÕ ÍÁ-ÌÏÓÔÉ i Ï�ÕÓËÁÀÞÉ ÄÏÄÁÎËÉ, ÝÏ �ÅpÅÔ×ÏpÀÀÔØÓÑ × ÎÕÌØ, ËiÎÅÔÉÞÎipi×ÎÑÎÎÑ (2.2) × �ÅpÛÏÍÕ ÎÁÂÌÉÖÅÎÎi ÚÁ�ÉÛÕÔØÓÑ ÔÁË:Daf (0)a = MXb=1hI(1)E (f (0)a ; f (0)b ) + IMF (f (0)a ; fb) + J (0)E (�a; �b) + JL(�a; �b)i;(3.7)ÄÅ Da � ��t + va � ��r ; (3.8)J (0)E (�a; �b) = Z dvbd!vabf (0)a f (0)b gab2 (�ab)� (3.9)�[�a(
0a) + �b(
0b)� �a(
a)� �b(
b)℄;JL(�a; �b) = Z dvbd!vabf (0)a f (0)b [�a(
�a) + �b(
�b )� �a(
a)� �b(
b)℄:(3.10)äÁÌi ÂÕÄÅÍÏ Ó�pÏÝÕ×ÁÔÉ pi×ÎÑÎÎÑ (3.7), ÏÂÞÉÓÌÀÀÞÉ ÞÌÅÎÉDaf (0)a , I(1)E (f (0)a ; f (0)b ) ÔÁ IMF (f (0)a ; fb). PÏÚËpÉ×ÁÀÞÉ ÄiÀ �ÏÔÏËÏ×Ï-ÇÏ Ï�ÅpÁÔÏpÁ Da ÎÁ f (0)a , �ÏÈiÄÎi �Ï ÞÁÓÕ ×ÉËÌÀÞÁ¤ÍÏ ÚÁ ÄÏ�ÏÍÏÇÏÀpi×ÎÑÎØ (3.4) ÄÌÑ na, V i T . �ÏÄiDaf (0)a = f (0)a (�ma
2a2kT � 32� 
a � r lnT + makT 
a
a : rV � (3.11)�"1 +�ma
2a3kT � 1� 1 + 2�3n MXb;
=1nbn
�3b
gb
2 !#r � V ++rnana � 
a � ma�kT rP � 
a):gb
2 | ÚÎÁÞÅÎÎÑ Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÏ§ �ÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÎÁ ËÏÎ-ÔÁËÔ�.

ICMP{99{08U 8IÎÔÅ­pÁÌÉ I(1)E (f (0)a ; f (0)b ) ÍÏÖÎÁ ÏÂÞÉÓÌÉÔÉ �pÑÍÉÍ iÎÔÅ­pÕ×ÁÎ-ÎÑÍ �ÏÄiÂÎÏ ÄÏ ÔÏÇÏ, ÑË �Å ÚpÏÂÌÅÎÏ × [52℄ ÄÌÑ ÏÄÎÏÓÏpÔÎÏÇÏ ×É�ÁÄ-ËÕ:MXb=1 I(1)E (f (0)a ; f (0)b ) = �f (0)a 2�3 MXb=1 nb�3ab(rgab2 � 
a + gab2 h2r lnnb � 
a+(3.12)+�3mamb5kT 
2a +ma � 2mb� 2ma(ma +mb)2r lnT � 
a++ 4�ab5kT 
a
a : rV +�2�ab5kT 
2a � 2mbma +mb�r � V �):äÌÑ ÏÂÞÉÓÌÅÎÎÑ ÄÏÄÁÎËi× IMF (f (0)a ; fb) (ÑËi ÎÁÓ�pÁ×Äi ¤ ÆÕÎË�iÏÎÁ-ÌÁÍÉ ÌÉÛÅ fb) ÔpÅÂÁ pÏÚËÌÁÓÔÉ × pÑÄ nb(rb; t) ÔÁ gab2 (ra; rb; t) [53℄.IÎÔÅ­pÕÀÞÉ �Ï dvb ÏÄÅÒÖÉÍÏ:MXb=1 IMF (f (0)a ; fb) = f (0)a 
akT � r MXb=1 nb�ab(�ab); (3.13)ÄÅ �ab(�ab) = 4�3 1Z�ab drabr3abgab2 (rab) ��l�rab : (3.14)úiÂpÁ×ÛÉ Õ Ìi×iÊ ÞÁÓÔÉÎi ÏÂÞÉÓÌÅÎi ÞÌÅÎÉ, ÏÄÅpÖÉÍÏ pi×ÎÑÎÎÑ ÎÁ�Ï�pÁ×ËÉ �a:f (0)a [La
a �r lnT+ $Pa: rV + nna 
a �da℄ = MXb=1 hJ (0)E (�a; �b) + JL(�a; �b)i;(3.15)ÄÅ ×ÉËÏpÉÓÔÁÎÏ �ÏÚÎÁÞÅÎÎÑ:La = ma
2a2kT L(1)a + L(2)a ; (3.16)L(1)a = 1 + 8�5 MXb=1 nb�3abgab2 mamb(ma +mb)2 ;L(2)a = �32 � man� + 2�3 MXb=1 nb�3abgab2 2ma(ma � 2mb)(ma +mb)2 � 2�ma3� �;



9 ðÒÅ�ÒÉÎÔ$Pa= makT P(1)a 
a
a � hma
2a3kT P(2)a + P(3)a i $I ; (3.17)P(1)a = 1 + 8�15 
a;P(2)a = 1 + 2�3n� � 4�5 
a;P(3)a = �2�3n� + 4�3 
a;da = rnan � �a� rnn + 4�na3n MXb=1 �3abgab2 rnb� (3.18)�4�3 �a�n MXb;
=1nb�3b
gb
2 rn
 + 2�na3n MXb=1 nb�3abrgab2 ��2�3 �a�n MXb;
=1nbn
�3b
rgb
2 � nankT hr MXb=1 nb�ab + ma� rPMF i;Á � = MPb;
=1nbn
�3b
gb
2 , 
a = MPb=1nb�3abgab2 , �a = mana ÷ÅËÔÏp da ÎÁ-ÚÉ×Á¤ÔØÓÑ ÄÉÆÕÚiÊÎÏÀ ÔÅpÍÏÄÉÎÁÍiÞÎÏÀ ÓÉÌÏÀ ÞÁÓÔÉÎÏË ÓÏpÔÕ a.ñË i Õ ×É�ÁÄËÕ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË MPa=1da = 0. íÕÓÉÍÏ ÚÁÚÎÁÞÉÔÉ,ÝÏ Ú ÍipËÕ×ÁÎØ ÚpÕÞÎÏÓÔÉ ÍÉ �pÉÊÎÑÌÉ ÏÚÎÁÞÅÎÎÑ ÄÌÑ da, ÑËÅ �pÉ�a ! 0, a = 1�M ÎÅ �ÅpÅÈÏÄÉÔØ × ÏÚÎÁÞÅÎÎÑ ÄÌÑ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË,ÄÁÎÅ, ÎÁ�pÉËÌÁÄ, × [51,52℄.ðÏ�pÁ×ËÕ �a ÛÕËÁÔÉÍÅÍÏ Õ ×ÉÇÌÑÄi:�a(
a) = �r ma2kT Aa(
2a)
a � r lnT � makT Ba(
2a)(
a
a � 13
2a $I ) : rV +(3.19)+nr ma2kT MXp=1Eap(
2a)
a � d�p;ÄÅ fd�pgp=1�M | ÄÅÑËÉÊ ÎÁÂip ×ÅËÔÏpi×, �Ï×'ÑÚÁÎÉÊ Ú ÔÅpÍÏÄÉÆÕÚiÊ-ÎÉÍÉ ÓÉÌÁÍÉ Ó�i××iÄÎÏÛÅÎÎÑÍ dp = d�p � �p=� MPq=1d�q . ãÅÊ ÎÁÂip ××Ï-ÄÉÔØÓÑ ÄÌÑ ÔÏÇÏ, ÝÏÂ ÏÂiÊÔÉ ÌiÎiÊÎÕ ÚÁÌÅÖÎiÓÔØ ×ÅËÔÏpi× dp.
ICMP{99{08U 10ïÓËiÌØËÉ ÍÁËpÏÓËÏ�iÞÎi ÚÍiÎÎi na, V i T ×ÉpÁÖÁÀÔØÓÑ ÌÉÛÅ ÞÅpÅÚf (0)a , ÔÏ ÎÁ �Ï�pÁ×ËÉ �a iÓÎÕÀÔØ �Å×Îi ÏÂÍÅÖÅÎÎÑ, ÑËi Ú×ÏÄÑÔØÓÑ ÄÏÄÏÄÁÔËÏ×ÉÈ ÕÍÏ× ÎÁ ÆÕÎË�i§ Aa(
2a) i Eap(
2a):MXa=1m3=2a Z dvaf (0)a 
2aAa(
2a) = 0; MXa=1m3=2a Z dvaf (0)a 
2aEap(
2a) = 0:(3.20)õ �ÏÄÁÌØÛÉÈ ÆÏpÍÕÌÁÈ ÂÕÄÅ ÚpÕÞÎiÛÅ ËÏpÉÓÔÕ×ÁÔÉÓÑ ÂÅÚpÏÚ-ÍipÎÏÀ Û×ÉÄËiÓÔÀ Ca � p ma2kT 
a. ðiÄÓÔÁ×ÌÑÀÞÉ �Ï�pÁ×ËÕ (3.19) ×pi×ÎÑÎÎÑ (3.15) i �pÉpi×ÎÀÀÞÉ ×ÉpÁÚÉ �pÉ r lnT , rV , d�p ÏÄÅpÖÉ-ÍÏ ÓÉÓÔÅÍÉ pi×ÎÑÎØ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÎÅ×iÄÏÍÉÈ ÆÕÎË�iÊ Aa, Ba, Eap.óÉÓÔÅÍÁ ÄÌÑ Aa(C2a) ÍÁ¤ ×ÉÇÌÑÄ:f (0)a La
a = � MXb=1 Z dvbd!vabf (0)a f (0)b fgab2 (�ab)� (3.21)�[Aa(C 02a )C 0a +Ab(C 02b )C 0b �Aa(C2a)Ca �Ab(C2b )Cb℄ + [��℄g:ðÏÚÎÁÞÅÎÎÑ [��℄ ÏÚÎÁÞÁ¤ ×ÉpÁÚ Õ Ë×ÁÄpÁÔÎÉÈ ÄÕÖËÁÈ,ÝÏ ÓÔÏ§ÔØ �ÅpÅÄ�ÉÍ �ÏÚÎÁÞÅÎÎÑÍ, ÁÌÅ iÚ ÚÁÍiÎÏÀ ÛÔpÉÈÏ×ÁÎÉÈ ÓÉÍ×ÏÌi× ÎÁ "ÚipÏÞËÏ-×ÁÎi" i ÓÌÕÖÉÔØ ÄÌÑ �ÏÚÎÁÞÅÎÎÑ ËÕÌÏÎi×ÓØËÉÈ ÄÏÄÁÎËi×, ÝÏ �ÏÈÏÄÑÔØ×iÄ iÎÔÅ­pÁÌÁ ÚiÔËÎÅÎØ JL(�a; �b) (3.10). îÁ�pÉËÌÁÄ, Õ pi×ÎÑÎÎi (3.21)[��℄ ÏÚÎÁÞÁ¤:[��℄ � [Aa(C�2a )C�a +Ab(C�2b )C�b �Aa(C2a)Ca �Ab(C2b )Cb℄:óÉÓÔÅÍÁ pi×ÎÑÎØ ÄÌÑ ÆÕÎË�iÊ Ba(C2a) ×ÉÇÌÑÄÁ¤ ÔÁË:f (0)a $Pa= � MXb=1 Z dvbd!vabf (0)a f (0)b fgab2 (�ab)� (3.22)�[Ba(C 02a )(C 0aC 0a � 13C 02a $I ) +Bb(C 02b )(C 0bC0b � 13C 02b $I )��Ba(C2a)(CaCa � 13C2a $I )�Ba(C2b )(CbCb � 13C2b $I )℄ + [��℄g:äÌÑ ÆÕÎË�iÊ Eap(C2a) ÂÕÄÅÍÏ ÍÁÔÉ:f (0)a Æap � �a=�n 
a = MXb=1 Z dvbd!vabf (0)a f (0)b fgab2 (�ab)� (3.23)�[Eap(C 02a )C 0a +Ebp(C 02b )C 0b �Eap(C2a)Ca �Ebp(C2b )Cb℄ + [��℄g;



11 ðÒÅ�ÒÉÎÔÄÅ Æap | ÓÉÍ×ÏÌ ëÒÏÎÅËÅÒÁ.ðpÉ ËÏÖÎÏÍÕ ÆiËÓÏ×ÁÎÏÍÕ p ¤ M pi×ÎÑÎØ ÔÉ�Õ (3.23), ÝÏ ÕÔ-×ÏpÀÀÔØ ÚÁÍËÎÅÎÕ ÓÉÓÔÅÍÕ. PÏÚ×'ÑÚÕÀÞÉ ËÏÖÎÕ Ú ÔÁËÉÈ ÓÉÓÔÅÍ ÚÄÏÄÁÔËÏ×ÉÍÉ ÕÍÏ×ÁÍÉ (3.20), ÍÉ ÚÎÁÊÄÅÍÏM2 ÆÕÎË�iÊ Eap(C2). áÌÅ�i ÆÕÎË�i§ ×ÉÚÎÁÞÁÀÔØÓÑ ÎÅÏÄÎÏÚÎÁÞÎÏ [52℄. ñËÝÏ (3.23) ÄÏÍÎÏÖÉÔÉÎÁ �p=� i �pÏÓÕÍÕ×ÁÔÉ �Ï iÎÄÅËÓÕ p, ÔÏ ÏÄÅpÖÉÍÏ:MXb=1 Z dvbd!vabf (0)a f (0)b fgab2 (�ab)[E 0a + E 0b � Ea � Eb℄ + [��℄g = 0; (3.24)ÄÅ Ea = MXq=1 �q� Eaq(C2a)Ca:Pi×ÎÑÎÎÑ (3.24) ÏÚÎÁÞÁ¤, ÝÏ ÆÕÎË�i§ Eap(C2a) ¤ ÔÁËÉÍÉ, ÝÏ §È ÌiÎiÊÎÁËÏÍÂiÎÁ�iÑ Ea | ÁÄÉÔÉ×ÎÉÊ iÎ×ÁpiÁÎÔ. äÌÑ Ó�pÏÝÅÎÎÑ �ÅÊ ÁÄÉÔÉ×-ÎÉÊ iÎ×ÁpiÁÎÔ �ÏËÌÁÄÁÀÔØ pi×ÎÉÍ ÎÕÌÀ:MXq=1 �q� Eaq(C2a)Ca = 0:úÁ×ÄÑËÉ ÔÁËÏÍÕ ËpÏËÕ, ×ÅËÔÏp d�p × (3.19) ÍÏÖÎÁ ÚÁÍiÎÉÔÉ ÎÁ d�p ��p� MPq=1d�q . �ÏÄi �Ï�pÁ×ËÁ �a ÚÎÏ×Õ ÚÁ�ÉÛÅÔØÓÑ ÞÅpÅÚ ×ÅËÔÏpÉ dp :�a(Ca) = �Aa(C2a)Ca�r lnT�Ba(C2a)(CaCa�13C2a $I ) : rV + (3.25)+n MXp=1Eap(C2a)Ca � dp:æÕÎË�i§ Aa(C2a) i Eap(C2a) ÛÕËÁÔÉÍÅÍÏ Õ ×ÉÇÌÑÄi pÏÚËÌÁÄi× �Ï�ÏÌiÎÏÍÁÈ óÏÎiÎÁ-ìÑ­ÅpÁ Ú iÎÄÅËÓÏÍ 3/2, Á Ba(C2a) | Ú iÎÄÅËÓÏÍ5/2:Aa(C2a) = 1Xj=0Aa(j)L3=2j (C2a); Eap(C2a) = 1Xj=0Eap(j)L3=2j (C2a);(3.26)Ba(C2a) = 1Xj=0Ba(j)L5=2j (C2a):

ICMP{99{08U 12ãi �ÏÌiÎÏÍÉ ÏÚÎÁÞÕÀÔØÓÑ ÔÁË [51℄L�j (x) = jXm=0(�x)m j! �(j + � + 1)m! �(m+ � + 1)�(j �m+ 1) (3.27)i ÚÁÄÏ×ÏÌØÎÑÀÔØ ÕÍÏ×Õ ÎÏpÍÕ×ÁÎÎÑ :1Z0 dx e�xx�L�j (x)L�j0 (x) = Æjj0j! �(j + � + 1):äÁÌi ÔpÅÂÁ ÛÕËÁÔÉ ËÏÅÆi�i¤ÎÔÉ pÏÚËÌÁÄÕ Aa(j), Ba(j), Eap(j).ëÏÌÉ pÏÚËÌÁÄ (3.26) ÄÌÑ Aa(C2a) �iÄÓÔÁ×ÉÔÉ Õ (3.21) i, ÄÏÍÎÏÖÉ×ÛÉÓËÁÌÑpÎÏ ËÏÖÎÅ pi×ÎÑÎÎÑ ÎÁ p ma2kTCaL3=2s (C2a), �pÏiÎÔÅ­pÕ×ÁÔÉ �Ïdva, ÔÏ ÏÄÅpÖÉÍÏ ÓÉÓÔÅÍÕ:32na �52L(1)a (Æs0 � Æs1) + L(2)a Æs0� = � 1Xj=0 MXb=1f�ab;asj Aa(j) + �ab;bsj Ab(j)g;(3.28)ÄÅ �ab;asj = Z dvadvbd!vabf (0)a f (0)b r ma2kT L3=2s (C2a)fgab2 (�ab)� (3.29)�[L3=2j (C 02a )C 0a � L3=2j (C2a)Ca℄ + [��℄g �Ca;�ab;bsj = Z dvadvbd!vabf (0)a f (0)b r ma2kT L3=2s (C2a)fgab2 (�ab)� (3.30)�[L3=2j (C 02b )C 0b � L3=2j (C2b )Cb℄ + [��℄g �Ca:áÎÁÌÏÇiÞÎÏ ÛÕËÁ¤ÔØÓÑ ÓÉÓÔÅÍÁ pi×ÎÑÎØ ÄÌÑ ËÏÅÆi�i¤ÎÔi× Ba(j). ðiÄ-ÓÔÁ×ÌÑÀÞÉ pÏÚËÌÁÄ (3.26) ÆÕÎË�iÊ Ba(C2a) Õ ÓÉÓÔÅÍÕ pi×ÎÑÎØ (3.22),ÄÏÍÎÏÖÕÀÞÉ ÓËÁÌÑpÎÏ ÎÁ ÔÅÎÚÏp L5=2s (C2a)CaCa Ê iÎÔÅ­pÕÀÞÉ �Ïdva, ÏÔpÉÍÁ¤ÍÏ:12na[5(3P(1)a �P(2)a )Æs0 � 3P(3)a ℄ = � 1Xj=0 MXb=1f�ab;asj Ba(j) + �ab;bsj Bb(j)g;(3.31)ÄÅ �ab;asj = Z dvadvbd!vabf (0)a f (0)b L5=2s (C2a)ngab2 (�ab)� (3.32)



13 ðÒÅ�ÒÉÎÔ�[L5=2j (C 02a )(C 0aC 0a�13C 02a $I )�L5=2j (C2a)(CaCa�13C2a $I )℄+[��℄o :CaCa;�ab;bsj = Z dvadvbd!vabf (0)a f (0)b L5=2s (C2a)ngab2 (�ab)� (3.33)�[L5=2j (C 02b )(C 0bC 0b� 13C 02b $I )�L5=2j (C2b )(CbCb� 13C2b $I )℄+[��℄o :CaCa:ñË ÍÏÖÎÁ ÂÁÞÉÔÉ, ÄÌÑ ÆiËÓÏ×ÁÎÏÇÏ p, ÓÉÓÔÅÍÁ pi×ÎÑÎØ (3.23) ÄÌÑEap(C2a) ×iÄpiÚÎÑ¤ÔØÓÑ ×iÄ ÓÉÓÔÅÍÉ pi×ÎÑÎØ (3.21) ÄÌÑ Aa(C2a) ÌÉÛÅÌi×ÏÀ ÞÁÓÔÉÎÏÀ. �ÏÍÕ, ÍÉ ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ ÓÉÓÔÅÍÕ pi×ÎÑÎØ ÄÌÑËÏÅÆi�i¤ÎÔi× pÏÚËÌÁÄÕ ÆÕÎË�i§ Eap(C2a) �Ï ÁÎÁÌÏÇi§ Ú (3.28), ÏÂÞÉ-ÓÌÀÀÞÉ ÌÉÛÅ Ìi×Õ ÞÁÓÔÉÎÕ:32 �Æap � �a� � Æs0 = 1Xj=0 MXb=1f�ab;asj Eap(j) + �ab;bsj Ebp(j)g: (3.34)ðÒÉ �ØÏÍÕ p = 1�M , ÄÁÀÞÉ M ÓÉÓÔÅÍ.úÁÕ×ÁÖÍÏ, ÝÏ ÓÉÓÔÅÍÉ pi×ÎÑÎØ (3.28) i (3.34) ÎÅ ¤ ÌiÎiÊÎÏ ÎÅÚÁ-ÌÅÖÎÉÍÉ. �ÏÍÕ ËÏÖÎÕ Ú ÎÉÈ ÔpÅÂÁ ÄÏ�Ï×ÎÉÔÉ ÝÅ ÏÄÎÉÍ ÎÅÚÁÌÅÖÎÉÍpi×ÎÑÎÎÑÍ. ÷ÏÎÉ ÏÄÅpÖÕÀÔØÓÑ Ú ÄÏÄÁÔËÏ×ÉÈ ÕÍÏ× (3.20), ÑË� ÎÁÂÉpÁ-ÀÔØ ×ÉÇÌÑÄÕ:MXa=1pmanaAa(0) = 0; MXa=1pmanaEap(0) = 0; p = 1�M:ó�i××iÄÎÏÛÅÎÎÑ (3.28), (3.31) ÔÁ (3.34) ÕÔ×ÏpÀÀÔØ ÎÅÓËiÎÞÅÎÎi (�Ïj) ÓÉÓÔÅÍÉ ÌiÎiÊÎÉÈ pi×ÎÑÎØ, ÑËi ÏÂpÉ×ÁÀÔØ �pÉ ÄÅÑËÏÍÕ j × pÅÁÌØ-ÎÉÈ pÏÚpÁÈÕÎËÁÈ.ûÕËÁÔÉÍÅÍÏ ÆÕÎË�i§ Aa(C2a) ÔÁ Eap(C2a) × ÎÁÂÌÉÖÅÎÎi Ä×ÏÈ �ÏÌi-ÎÏÍi×, Á Ba(C2a) | × ÎÁÂÌÉÖÅÎÎi ÏÄÎÏÇÏ �ÏÌiÎÏÍÁ. �ÏÍÕ ÎÁÍ �ÏÔpiÂÎi×ÅÌÉÞÉÎÉ (3.29), (3.30) ÔiÌØËÉ Ú iÎÄÅËÓÁÍÉ s; j = 0; 1, Á (3.32), (3.33)| ÌÉÛÅ Ú iÎÄÅËÓÁÍÉ s; j = 0. ãi ×ÅÌÉÞÉÎÉ ¤ pÏÚpÁÈÏ×ÁÎi [51,52℄ iÚ×ÏÄÑÔØÓÑ ÄÏ 
-iÎÔÅ­pÁÌi×, ËÏÔpi ÚÁÌÅÖÁÔØ ×iÄ ËÏÎËpÅÔÎÏÇÏ ×ÉÇÌÑÄÕ�ÏÔÅÎ�iÁÌÁ ×ÚÁ¤ÍÏÄi§.íÉ ÊÏÇÏ pÏÚÄiÌÉÌÉ ÎÁ Ô×ÅpÄi ËÕÌØËÉ i ËÕÌÏÎi×-ÓØËÉÊ �ÏÔÅÎ�iÁÌ, ÏÔÖÅ, ÂÕÄÅ Ä×Á ÔÉ�É 
-iÎÔÅ­pÁÌi×: 
hs ÔÁ 
l.
hs;l(p;q)ab =s kT2��ab 1Z0 dx e�x2x2q+3Qhs;l(p)ab ; (3.35)ÄÅ Qhs(p)ab = 2� �abZ0 db b[1� 
osp �0ab(b; vab)℄;
ICMP{99{08U 14Ql(p)ab = 2� 1Z�ab db b[1� 
osp ��ab(b; vab)℄;b | �pÉ�iÌØÎÉÊ �ÁpÁÍÅÔp, Á �0ab ÔÁ ��ab | ËÕÔÉ pÏÚÓiÑÎÎÑ ÏÄÎi¤§ ÎÁÏÄÎiÊ Ô×ÅpÄÉÈ ËÕÌØÏË ÔÁ ËÕÌÏÎi×ÓØËÉÈ ÞÁÓÔÉÎÏË, ×iÄ�Ï×iÄÎÏ.
hs-iÎÔÅ­pÁÌÉ ÛÕËÁÀÔØÓÑ ÔÏÞÎÏ, ÏÓËiÌØËÉ ËÕÔ pÏÚÓiÑÎÎÑ �0ab ÍÏÖ-ÎÁ ÚÎÁÊÔÉ Ú ÇÅÏÍÅÔpÉÞÎÉÈ ÍipËÕ×ÁÎØ:
os �0ab2 = b�ab :�ÏÄi ÄÌÑ 
hs-iÎÔÅ­pÁÌi× Ú �ÏÔpiÂÎÉÍÉ p i q ÍÁÔÉÍÅÍÏ:
hs(1;1)ab =s kT2��ab��2ab;
hs(1;2)ab = 3
hs(1;1)ab ; 
hs(1;3)ab = 12
hs(1;1)ab ; 
hs(2;2)ab = 2
hs(1;1)ab :ëÕÌÏÎi×ÓØËi 
l-iÎÔÅ­pÁÌÉ ÂÕÄÅÍÏ ÛÕËÁÔÉ, �pÉ�ÕÓËÁÀÞÉ, ÝÏ ËÕÔÉpÏÚÓiÑÎÎÑ ��ab ¤ ÍÁÌi. �ÏÄi, �ÏÄiÂÎÏ ÄÏ [53℄
os��ab = 1� 12 � 2zazbe2"�abv2abb�2 :÷ÉËÏpÉÓÔÏ×ÕÀÞÉ �À ÆÏpÍÕÌÕ ÏÄÅpÖÉÍÏ ÌÏ­ÁpÉÆÍiÞÎÕ pÏÚÂiÖÎiÓÔØQl(p)ab ÎÁ ×ÅÌÉËÉÈ �pÉ�iÌØÎÉÈ �ÁpÁÍÅÔpÁÈ b.ýÏÂ §§ ÕÎÉËÎÕÔÉ ÂÕÄÅÍÏÏÂpiÚÁÔÉ iÎÔÅ­pÕ×ÁÎÎÑ �Ï b ÄÅÑËÉÍ ÅÆÅËÔÉ×ÎÉÍ pÁÄiÕÓÏÍ D, ÝÏ ÍÁ¤ÚÍiÓÔ pÁÄiÕÓÁ ÅËpÁÎÕ×ÁÎÎÑ. �ÏÄi
l(1;1)ab =s kT2��ab �2 �zazbe2"kT �2 ln D�ab ;
l(1;2)ab = 
l(1;1)ab ; 
l(1;3)ab = 2
l(1;1)ab ; 
l(2;2)ab = 2
l(1;1)ab :ïÂÞÉÓÌÉ×ÛÉ 
-iÎÔÅ­pÁÌÉ, ÍÉ ÔÉÍ ÓÁÍÉÍ ×ÉÚÎÁÞÉÌÉ ×Ói ×ÅÌÉÞÉÎÉ,ÎÅÏÂÈiÄÎi ÄÌÑ ×iÄÛÕËÁÎÎÑ ÆÕÎË�iÊ Aa, Ba, Eap.4. ëÏÅÆi�i¤ÎÔÉ �ÅpÅÎÏÓÕ�Å�Åp, ÏËpÅÓÌÉ×ÛÉ ÑË ×ÉÚÎÁÞÉÔÉ �Ï�pÁ×ËÉ �a, ÍÏÖÎÁ ÏÂÞÉÓÌÉÔÉ× �ÅpÛÏÍÕ ÎÁÂÌÉÖÅÎÎi ÔÅÎÚÏp ÎÁ�pÕÖÅÎØ $P (1), ×ÅËÔÏp ÔÅ�ÌÏ×ÏÇÏ



15 ðÒÅ�ÒÉÎÔ�ÏÔÏËÕ q(1) i ÄÉÆÕÚiÊÎi Û×ÉÄËÏÓÔi V (1)a (ÁÂÏ ÄÉÆÕÚiÊÎi �ÏÔÏËÉ j(1)a )ËÏÖÎÏÇÏ ÓÏpÔÕ ÞÁÓÔÉÎÏË. ÷ÉÈÏÄÉÔÉÍÅÍÏ Ú ×ÉpÁÚi× ÄÌÑ $P (1) i q(1),ÄÌÑ ÑËÉÈ ×ÖÅ ÚpÏÂÌÅÎÏ pÏÚËÌÁÄ �Ï ÎÅÌÏËÁÌØÎÏÓÔi [49,53℄:$P(1) =$Pkin(1)+ $Phs(1); q(1) = qkin(1) + qhs(1); (4.1)$Pkin(1) = MXa=1 Z dvaf (1)a ma
a
a; qkin(1) = MXa=1 Z dvaf (1)a ma2 
2a
a;(4.2)$Phs(1) =$Phs(1)(0) + $Phs(1)(1) = (4.3)= 12 MXa;b=1�3abgab2 Z dvadvbd2kab�(kab � vab)(kab � vab)ma(v0a � va)kab���f (1)a f (0)b + f (0)a f (1)b � + 14 MXa;b=1�4abgab2 Z dvadvbd2kab�(kab � vab)��(kab � vab)ma(v0a � va)kabf (0)a f (0)b �kab � r ln f (0)af (0)b �:÷ÅÒÈÎ�Ê �ÎÄÅËÓ Â�ÌÑ $P , q ÔÁ V a ×ËÁÚÕ¤ ÎÁ �ÅÒÛÅ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ, Á ÎÉÖÎ� �ÎÄÅËÓÉ (0) ÔÁ (1) ÎÕÍÅÒÕÀÔØ ×ËÌÁÄÉ ÎÕ-ÌØÏ×ÏÇÏ ÔÁ �ÅÒÛÏÇÏ ÞÌÅÎ�× ÒÏÚËÌÁÄÕ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ × ÒÑÄ �Ï ÎÅ-ÌÏËÁÌØÎÏÓÔ�. qhs(1) = qhs(1)(0) + qhs(1)(1) = (4.4)= 12 MXa;b=1�3abgab2 Z dvadvbd2kab�(kab � vab)(kab � vab)ma2 (
02a � 
2a)kab���f (1)a f (0)b + f (0)a f (1)b � + 14 MXa;b=1�4abgab2 Z dvadvbd2kab�(kab � vab)��(kab � vab)ma2 (
02a � 
2a)kabf (0)a f (0)b �kab � r ln f (0)af (0)b �:÷ËÌÁÄÉ qhs(1)(0) ÔÁ qhs(1)(1) ÍÁÀÔØ ÔÏÞÎÏ ÔÁËÕ ÓÁÍÕ ÓÔÒÕËÔÕÒÕ,ÝÏ Ê $Phs(1)(0)ÔÁ $Phs(1)(1) ×�Ä�Ï×�ÄÎÏ, Ô�ÌØËÉ ��Ä �ÎÔÅ­ÒÁÌÁÍÉ × ÎÉÈ ÚÁÍ�ÓÔØma(v0a�va)ÓÔÏ§ÔØ ma(
02a � 
2a)=2.

ICMP{99{08U 16äÉÆÕÚ�ÊÎÁ Û×ÉÄË�ÓÔØ ÓÏÒÔÕ aV (1)a = 1na Z dvaf (1)a 
a: (4.5)÷ËÌÁÄÉ ÄÏ $P (1) ÔÁ q(1) ÍÏÖÎÁ ÏÂÞÉÓÌÉÔÉ �ÏÄiÂÎÏ ÄÏ ÔÏÇÏ, ÑË �ÅÚpÏÂÌÅÎÏ Õ [52℄, iÎÔÅ­pÕÀÞÉ Ó�ÏÞÁÔËÕ �Ï Ïpi¤ÎÔÁ�i§ ×ÅËÔÏpÁ kab, Á�ÏÔiÍ �Ï Û×ÉÄËÏÓÔÑÈ dva, dvb. ðÒÏ×ÏÄÑÞÉ ÔÁËÅ �ÎÔÅ­ÒÕ×ÁÎÎÑ, ÏÄÅÒ-ÖÉÍÏ: $Pkin(1) = �kT MXa=1naBa(0) $S;ÄÅ $S= 12 [rV + (rV )T℄� 13 (r � V ) $I | ÔÅÎÚÏp Û×ÉÄËÏÓÔÅÊ ÚÓÕ×Õ.$Phs(1)(0) = � 815�kT MXa;b=1�3abgab2 nanb mama +mbBb(0) $S;$Phs(1)(1) = �49 MXa;b=1�4abgab2 nanbp2��abkT �65 $S +(r � V ) $I� ;qkin(1) = 54p2k3T MXa=1 napma�[Aa(1)�Aa(0)℄rT��nT MXp=1[Eap(1)�Eap(0)℄dp�;qhs(1)(0) = 2�3 p2k3T MXa;b=1�3abgab2 nanbma +mb h 3�abpmbAb(1)�pmbAb(0)irT��nT MXp=1 h 3�abpmbEbp(1)�pmbEbp(0)idp!;qhs(1)(1) = �43 MXa;b=1�4abgab2 nanbp2��abk3Tma +mb rT � � MXa;b=1 3kma +mb�abrT:ëÏÅÆi�i¤ÎÔÉ ÏÂ'¤ÍÎÏ§ ÔÁ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔÉ � ÔÁ � ÏÚÎÁÞÕÀÔØÓÑ Úi Ó�i×-×iÄÎÏÛÅÎÎÑ ÄÌÑ �Ï×ÎÏÇÏ ÔÅÎÚÏpÁ ÎÁ�pÕÖÅÎØ, ÑËÅ (ËÏÌÉ ÄÏÄÁÔÉ ×Ó�×ËÌÁÄÉ ) ÎÁÂÉpÁ¤ ×ÉÇÌÑÄÕ:$P=$P (0)+ $P (1) = P $I ��(r � V ) $I �2� $S; (4.6)



17 ðÒÅ�ÒÉÎÔÚ×�ÄËÉ � = 49 MXa;b=1�4abgab2 nanbp2��abkT = MXa;b=1�ab;� = 35�+0�12 MXa=1naBa(0) + 4�15 MXa;b=1�3abgab2 nanb mama +mbBb(0)1A kT:äÏÄÁ×ÛÉ ÕÓi ×ËÌÁÄÉ ÔÅ�ÌÏ×ÏÇÏ �ÏÔÏËÕ Ê ÚÁ�ÉÓÁ×ÛÉ ÊÏÇÏ Õ ×ÉÇÌÑÄiq = ��0rT + MXp=1!pdp; (4.7)ÏÔpÉÍÕ¤ÍÏ �Áp�iÁÌØÎÉÊ ËÏÅÆi�i¤ÎÔ ÔÅ�ÌÏ�pÏ×iÄÎÏÓÔÉ �0 ÔÁ ËÏÅÆi�i-¤ÎÔÉ �pÏ�Ïp�iÊÎÏÓÔÉ ÔÅ�ÌÏ×ÏÇÏ �ÏÔÏËÕ ÄÏ ÔÅpÍÏÄÉÆÕÚiÊÎÉÈ ÓÉÌ !p:�0 = MXa;b=1 3kma +mb�ab �p2k3T 54 MXa=1 napma [Aa(1)�Aa(0)℄++2�3 MXa;b=1�3abgab2 nanbma +mb h 3�abpmbAb(1)�pmbAb(0)i!;!p = �np2k3T 3 54 MXa=1 napma [Eap(1)�Eap(0)℄++2�3 MXa;b=1�3abgab2 nanbma +mb h 3�abpmbEbp(1)�pmbEbp(0)i!:ðiÄÓÔÁ×ÌÑÀÞÉ �Ï�pÁ×ËÕ (3.25) Õ ×ÉpÁÚ ÄÌÑ ÄÉÆÕÚiÊÎÏ§ Û×ÉÄËÏÓÔÉ(4.5) � �ÒÏ×ÏÄÑÞÉ �ÎÔÅ­ÒÕ×ÁÎÎÑ, ÍÁÔÉÍÅÍÏ:V(1)a = �DTar lnT � MXp=1Dapdp; (4.8)ÄÅ DTa | ËÏÅÆi�i¤ÎÔ ÔÅpÍÏÄÉÆÕÚi§ ÞÁÓÔÉÎÏË ÓÏpÔÕ a, Á Dap | ËÏ-ÅÆi�i¤ÎÔÉ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚi§. äÌÑ ÎÉÈ ÍÏÖÎÁ ÏÄÅÒÖÁÔÉ:DTa =r kT2maAa(0); Dap = �nr kT2maEap(0):
ICMP{99{08U 18�ÁË� ÏÚÎÁÞÅÎÎÑ ËÏÅÆ���¤ÎÔ�× ÄÉÆÕÚ�§ ÔÁ ÔÅÒÍÏÄÉÆÕÚ�§ (4.8) ÍÁÀÔØÔÕ �ÅÒÅ×ÁÇÕ, ÝÏ ×ÏÎÉ ÚÁÄÏ×ÏÌØÎÑÀÔØ ÓÉÍÅÔÒ�ÊÎ� Ó��××�ÄÎÏÛÅÎÎÑ ïÎ-ÓÁ­ÅÒÁ [52℄.íÏÖÎÁ �ÒÉÊÎÑÔÉ Ê �ÎÛÅ ÏÚÎÁÞÅÎÎÑ. úÏËÒÅÍÁ, ÄÌÑ Ä×ÏÓÏÒÔÎÏ§ ÓÕ-Í�Û�, ×ÎÁÓÌ�ÄÏË ÕÍÏ×É ÎÁ ÔÅÒÍÏÄÉÆÕÚ�ÊÎ� ÓÉÌÉPMa=1 da = 0, ÎÅ ×ÉÎÉ-ËÁ¤ �ÏÔÒÅÂÉ ××ÏÄÉÔÉ ÎÁÂ�Ò ×ÅËÔÏÒ�× fd�pgp=1�M , ÏÓË�ÌØËÉ d1 = �d2. ÷ÔÁËÏÍÕ ÒÁÚ� ×ÉÒÁÚÉ Ó�ÒÏÝÕÀÔØÓÑ � ÚÒÕÞÎÏ ××ÅÓÔÉ �ÎÛ� ÏÚÎÁÞÅÎÎÑ ËÏ-ÅÆ���¤ÎÔ�× ÄÉÆÕÚ�§ ÔÁ ÔÅÒÍÏÄÉÆÕÚ�§ (×ÉÈÏÄÑÞÉ Ú ×ÉÒÁÚÕ ÄÌÑ ÄÉÆÕÚ�Ê-ÎÏÇÏ �ÏÔÏËÕ), ÑË� ÂÅÚ�ÏÓÅÒÅÄÎØÏ ×�Ä�Ï×�ÄÁÀÔØ Ó�ÏÓÔÅÒÅÖÕ×ÁÎÉÍ ÎÁÅËÓ�ÅÒÉÍÅÎÔ� [51℄:j(1)a = �DTar lnT � n2mamb� Dabd;ÄÅ d = d1. ðÒÉ ÔÁËÏÍÕ ÏÚÎÁÞÅÎÎ� DT2 = �DT1 , D21 = �D12. óÁÍÅ ��×ÅÌÉÞÉÎÉ ÄÌÑ Ä×ÏÓÏÒÔÎÉÈ ÓÕÍ�ÛÅÊ �ÒÅÄÓÔÁ×ÌÅÎÏ ÎÉÖÞÅ ÎÁ ÇÒÁÆ�ËÁÈ.5. þÉÓÅÌØÎÉÊ ÒÏÚÒÁÈÕÎÏË ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕÄÌÑ Ò�ÚÎÉÈ ÓÕÍ�ÛÅÊîÁ ÏÓÎÏ×i ÏÔpÉÍÁÎÉÈ ×ÉpÁÚi× ÚpÏÂÌÅÎÏ ÞÉÓÅÌØÎi pÏÚpÁÈÕÎËÉ ËÏÅÆ�-��¤ÎÔ�× �ÅpÅÎÏÓÕ ÄÌÑ ÓÕÍiÛÅÊ ÎÅÊÔpÁÌØÎÉÈ ÔÁ ÚÁpÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË× ÚÁÌÅÖÎÏÓÔi ×iÄ ÔÅÍ�ÅpÁÔÕpÉ T ÔÁ �pÏ�ÅÎÔÎÏÇÏ ×ÍiÓÔÕ x (�Ï ËÏÎ-�ÅÎÔpÁ�i§). äÌÑ ÄÅÑËÉÈ ÓÉÓÔÅÍ �pÏ×ÏÄÉÔØÓÑ �Ïpi×ÎÑÎÎÑ Ú ÎÁÑ×ÎÉÍÉÅËÓ�ÅpÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ.õ ×ÉpÁÚÉ, ÝÏ ×ÉËÏpÉÓÔÏ×ÕÀÔØÓÑ �pÉ pÏÚpÁÈÕÎËÁÈ, ×ÈÏÄÑÔØ ÝÅÚÎÁÞÅÎÎÑ �ÁpÎÏ§ ÆÕÎË�i§ pÏÚ�ÏÄiÌÕ Ô×ÅpÄÉÈ ËÕÌØÏË piÚÎÉÈ ÓÏpÔi× ÎÁËÏÎÔÁËÔi gab2 (�ab) i pÁÄiÕÓ ÅËpÁÎÕ×ÁÎÎÑ D. ýÏÂ §È ÏÂÞÉÓÌÉÔÉ, ×É-ËÏpÉÓÔÏ×Õ×ÁÌÉÓØ Ôi ÓÁÍi ×ÉpÁÚÉ, ÝÏ Ê Õ pÏÂÏÔÁÈ [42,53℄. ÷ÅÌÉÞÉÎÁD = 1=2� ÛÕËÁÌÁÓÑ Ú pi×ÎÑÎÎÑ, ÚÁ�pÏ�ÏÎÏ×ÁÎÏÇÏ × [56℄:4�2 = 4�e2kT MXa=1naX2a ; Xa = �za � ��2a2(1��)PÍ� (1 + ��a)�1;PÍ = MXa=1 na�aza1 + ��a "1 + �2(1��) MXa=1 na�3a1 + ��a#�1; � = �6 MXa=1na�3a:äÌÑ ËÏÎÔÁËÎÏÇÏ ÚÎÁÞÅÎÎÑ �ÁpÎÏ§ ÆÕÎË�i§ pÏÚ�ÏÄiÌÕ ×ÉËÏpÉÓÔÏ×Õ×Á-ÌÉÓÑ ×ÉpÁÚÉ Ú pÏÂÏÔÉ [57℄:gaa2 (�a) = 1��+ �4�a MPb=1nb�2b(1��)2 ; gab2 (�ab) = �bgaa2 (�a) + �agbb2 (�b)2�ab :



19 ðÒÅ�ÒÉÎÔ÷ pÏÚpÁÈÕÎËÁÈ ÚÎÁÞÅÎÎÑ ÄiÁÍÅÔpi× ÞÁÓÔÉÎÏË ×ÚÑÔÏ ÔÁËÉÍÉ:�H2 = 2:9 ÆA, �He = 2:15 ÆA, �Ar = 3:405 ÆA, �Kr = 3:67 ÆA, �Xe = 3:924 ÆA.PÏÚÇÌÑÄÁÌÉÓÑ Ä×ÏÓÏpÔÎi ÔÁ ÔpÉÓÏpÔÎi ÓÕÍiÛi: He,Ar; H2,Ar;Ar,Kr,Xe; He,Ar+; Ar+,Kr; Ar+,Kr+; He,Ar+,Kr; Ar+,Kr,Xe;He,Ar+,Kr+; Ar+,Kr+,Xe. çpÁÆiËÉ pÏÚÍiÝÅÎÏ × ÔÁËÏÍÕ �ÏpÑÄËÕ:ÎÅÊÔpÁÌØÎi ÓÕÍiÛi, Ä×ÏÓÏpÔÎi ÓÕÍiÛi ÚÁpÑÄÖÅÎÉÈ i ÎÅÚÁpÑÄÖÅÎÉÈ ÞÁ-ÓÔÉÎÏË, ÔpÉÓÏpÔÎi ÓÕÍiÛi ÚÁpÑÄÖÅÎÉÈ i ÎÅÚÁpÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË.1) ðÅÒÛÏÀ ÒÏÚÇÌÑÎÕÔÏ ÓÕÍ�Û He,Ar Ú piÚÎÉÍ �pÏ�ÅÎÔÎÉÍ ×Íi-ÓÔÏÍ ËÏÍ�ÏÎÅÎÔ. õ ÔÁÂÌÉ�i 1 �ÏÒ�×ÎÀÀÔØÓÑ ÅËÓ�ÅpÉÍÅÎÔÁÌØÎi [54℄ÔÁ pÏÚpÁÈÏ×ÁÎi ÎÁ ÏÓÎÏ×i ÍÏÄÅÌi Ô×ÅpÄÉÈ ËÕÌØÏË ÚÎÁÞÅÎÎÑ ËÏÅÆi�i-¤ÎÔÁ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔÉ �. ðpÉ ×ÉÝÉÈ ÔÅÍ�ÅpÁÔÕpÁÈ pÏÚÈÏÄÖÅÎÎÑ ÚÅËÓ�ÅpÉÍÅÎÔÏÍ ÍÅÎÛi.�ÁÂÌ. 1. åËÓ�ÅpÉÍÅÎÔÁÌØÎi [54℄ ÔÁ pÏÚpÁÈÏ×ÁÎi ÎÁ ÏÓÎÏ×i ÍÏÄÅÌiÔ×ÅpÄÉÈ ËÕÌØÏË ÚÎÁÞÅÎÎÑ ËÏÅÆi�i¤ÎÔÁ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔÉ � ÄÌÑÓÕÍiÛÅÊ He,Ar Ú piÚÎÉÍ �pÏ�ÅÎÔÎÉÍ ×ÍiÓÔÏÍ ËÏÍ�ÏÎÅÎÔ (�ÅpÛÁ ËÏ-ÌÏÎËÁ) ÄÌÑ �'ÑÔØÏÈ piÚÎÉÈ ÚÎÁÞÅÎØ ÔÅÍ�ÅpÁÔÕÒÉ �pÉ ÔÉÓËÕ P = 442:3ÂÁp. � | �ÁpÁÍÅÔp Õ�ÁËÏ×ËÉ.T , K 298.16 323.16 373.16 423.16 473.160.763 Ar , � 0.114 0.108 0.0979 0.0895 0.08240.237 He �exp; 10�5Pa s 3.743 3.735 3.684 3.791 3:8543:884�
al; 10�5Pa s 3.276 3.329 3.442 3.560 3.6790.519 Ar , � 0.0968 0.0914 0.0821 0.0747 0.06840.481 He �exp; 10�5Pa s 2.956 3:0273:019 3.136 3.334 |�
al; 10�5Pa s 2.968 3.035 3.170 3.306 3.4400.267 Ar , � 0.075 0.070 0.0628 0.0567 0.05170.733 He �exp; 10�5Pa s 2:5732:585 2.662 2:8752:895 3.080 3.259�
al; 10�5Pa s 2.616 2.693 2.845 2.993 3.1352) îÁ pÉÓ.1 ÎÁ×ÅÄÅÎÏ ÔÅÍ�ÅpÁÔÕpÎÕ ÚÁÌÅÖÎiÓÔØ ËÏÅÆi�i¤ÎÔÁ×'ÑÚËÏÓÔÉ ÓÕÍiÛi 0.6Ar,0.4H2 �pÉ ÔÉÓËÁÈ P = 300; 400; 500 ÁÔÍÏÓÆÅp.ëpÉ×i pÏÚÔÁÛÏ×ÕÀÔØÓÑ Õ �ÏpÑÄËÕ ÚpÏÓÔÁÎÎÑ ÔÉÓËÕ. èÏÞ ÔÁËÁ ÓÕÍiÛÎÅ ÚÏ×ÓiÍ �iÄÈÏÄÉÔØ �iÄ ÍÏÄÅÌØ Ô×ÅpÄÉÈ ËÕÌØÏË, ÏÓËiÌØËÉ ÍÏÌÅËÕÌÁ
ICMP{99{08U 20×ÏÄÎÀ ÎÅ ¤ ÓÆÅpÉÞÎÏÀ, ÔÉÍ ÎÅ ÍÅÎÛÅ ÏÄÅpÖÁÎi pÅÚÕÌØÔÁÔÉ ÄÁÀÔØ iÎ-ÆÏpÍÁ�iÀ �pÏ ÕÓ�iÛÎiÓÔØ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÍÏÄÅÌi ÄÏ ÎÅÓÆÅpÉÞÎÉÈ ÍÏ-ÌÅËÕÌ. îÅÚ×ÉÞÎÉÍ ¤ ÔÅ, ÝÏ Ú �iÄ×ÉÝÅÎÎÑÍ ÔÅÍ�ÅpÁÔÕpÉ ÚÂiÇ Ú ÅËÓ-�ÅpÉÍÅÎÔÏÍ [55℄ �ÏÇipÛÕ¤ÔØÓÑ, ÂÏ �pÉ ×ÉÓÏËÉÈ ÔÅÍ�ÅpÁÔÕpÁÈ pÏÌØ�pÉÔÑÇÕ×ÁÌØÎÏ§ ÞÁÓÔÉÎÉ ÍiÖÞÁÓÔÉÎËÏ×ÏÇÏ �ÏÔÅÎ�iÁÌÁ ÓÌÁÂÎÅ, �Ïpi×-ÎÑÎÏ Ú ×iÄÛÔÏ×ÈÕ×ÁÌØÎÏÀ. ïÄÎÁË ÔÁËÕ �Ï×ÅÄiÎËÕ ÍÏÖÎÁ �ÏÑÓÎÉÔÉÔÉÍ, ÝÏ × ÎÁÛÉÈ pÏÚpÁÈÕÎËÁÈ ÄiÁÍÅÔpÉ Ô×ÅpÄÉÈ ËÕÌØÏË ÄÌÑ ÍÏÌÅ-ËÕÌ Ar i H2 ÂpÁÌÉÓÑ ÆiËÓÏ×ÁÎÉÍÉ, ÎÅÚÁÌÅÖÎÉÍÉ ×iÄ ÔÅÍ�ÅpÁÔÕpÉ ÔÁËÏÎ�ÅÎÔpÁ�i§, × ÔÏÊ ÞÁÓ ÑË ×iÄÏÍÏ, ÝÏ �ÅÊ �ÁpÁÍÅÔp ÚÁÌÅÖÉÔØ ×iÄ Ti n.3) îÁ pÉÓ.1,2 �ÏÄÁÎÏ ÔÅÍ�ÅpÁÔÕpÎi ÚÁÌÅÖÎÏÓÔi ËÏÅÆi�i¤ÎÔi×ÏÂ'¤ÍÎÏ§ ÔÁ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔÉ i ÔÅ�ÌÏ�pÏ×iÄÎÏÓÔÉ ÎÅÊÔpÁÌØÎÏ§ ÔpÉ-ÓÏpÔÎÏ§ ÓÕÍiÛi Ar,Kr,Xe �pÉ �ÏÓÔiÊÎÏÍÕ ÚÎÁÞÅÎÎ� �ÁpÁÍÅÔpÁ Õ�Á-ËÏ×ËÉ � = 0:12 ÄÌÑ piÚÎÉÈ ÓËÌÁÄi× ÓÕÍiÛi: ËÏÎ�ÅÎÔpÁ�i§ ËÏÍ�ÏÎÅÎÔ×ÚÑÔÏ Õ ×iÄÎÏÛÅÎÎÑÈ 1:1:1, 2:2:1, 1:2:2, ×iÄ�Ï×iÄÎÏ. ëÏÅÆi�i¤ÎÔÉ �ÅpÅ-ÎÏÓÕ �Ï piÚÎÏÍÕ �Ï×ÏÄÑÔØÓÑ × ÚÁÌÅÖÎÏÓÔi ×iÄ Ó�i××iÄÎÏÛÅÎÎÑ ËÏÎ-�ÅÎÔpÁ�iÊ ÌÅÇÛÏ§ ÔÁ ÍÅÎÛÏ§ ÚÁ pÏÚÍipÏÍ (Ar) i ×ÁÖÞÏ§ ÔÁ ÂiÌØÛÏ§ ÚÁpÏÚÍipÏÍ (Xe) ËÏÍ�ÏÎÅÎÔ. ëÏÅÆi�i¤ÎÔÉ ×'ÑÚËÏÓÔÉ ÚpÏÓÔÁÀÔØ Úi ÚÂiÌØ-ÛÅÎÎÑÍ ×ÍiÓÔÕ ËÓÅÎÏÎÕ, Á ËÏÅÆi�i¤ÎÔ ÔÅ�ÌÏ�pÏ×iÄÎÏÓÔÉ | ÎÁ×�ÁËÉ.�ÁËÏÖ pÏÚÇÌÑÄÁÌÉÓÑ ÓÕÍiÛi ÚÁpÑÄÖÅÎÉÈ i ÎÅÊÔpÁÌØÎÉÈ ÞÁÓÔÉ-ÎÏË. ðpÉ pÏÚpÁÈÕÎËÁÈ ËÏÅÆi�i¤ÎÔi× �ÅpÅÎÏÓÕ ÄÌÑ ÔÁËÉÈ ÓÉÓÔÅÍ ÞÅpÅÚ
-iÎÔÅ­pÁÌÉ ×pÁÈÏ×Õ×ÁÌÁÓØ �ÏÌÑpÉÚÁ�iÊÎÁ ×ÚÁ¤ÍÏÄiÑ ÚÁpÑÄÖÅÎÉÈ ÔÁÎÅÚÁpÑÄÖÅÎÉÈ ËÏÍ�ÏÎÅÎÔ.4) îÁ pÉÓ.3 �pÅÄÓÔÁ×ÌÅÎÏ ÔÅÍ�ÅpÁÔÕpÎi ÚÁÌÅÖÎÏÓÔi ËÏÅÆ���¤ÎÔ�×�(T ), �(T ), Dab(T ), DT(T ) ÄÌÑ ÍÏÄÅÌØÎÏ§ ÓÕÍiÛi 0.267Ar+,0.733He�pÉ ÆiËÓÏ×ÁÎiÊ ÚÁÇÁÌØÎiÊ ËÏÎ�ÅÎÔpÁ�i§ n = 1:0487 � 1027Í�3 (� =0:00976).5) õ ÓÕÍiÛi Ar+,Kr (ÒÉÓ.4,5), ÎÁ ×iÄÍiÎÕ ×iÄ �Ï�ÅpÅÄÎØÏ§, ÎÅÊ-ÔpÁÌØÎÁ ËÏÍ�ÏÎÅÎÔÁ ¤ ×ÁÖÞÏÀ. ëÏÅÆi�i¤ÎÔÉ �ÅpÅÎÏÓÕ pÏÚpÁÈÏ×Õ×Á-ÌÉÓØ ÄÌÑ ÔpØÏÈ ÆiËÓÏ×ÁÎÉÈ ÚÎÁÞÅÎØ �pÏ�ÅÎÔÎÏÇÏ ×ÍiÓÔÕ ÚÁpÑÄÖÅÎÏ§ËÏÍ�ÏÎÅÎÔÉ xAr+ = 0:2; 0:4; 0:6 (xAr+ = nAr+=(nAr++nKr)) �pÉ ÆiËÓÏ-×ÁÎÏÍÕ ÚÎÁÞÅÎÎi �ÁpÁÍÅÔpÁ Õ�ÁËÏ×ËÉ � = 0:01. äÌÑ ×ÉÂpÁÎÉÈ ÚÎÁ-ÞÅÎØ ×ÍiÓÔÕ Ar+ ÌÉÛÅ ËÏÅÆi�i¤ÎÔ ÔÅpÍÏÄÉÆÕÚi§ ×ÉÑ×ÌÑ¤ Ú×ÏpÏÔÎÀÚÁÌÅÖÎiÓÔØ ×�Ä xAr+ .6) äÌÑ ÓÕÍiÛi Ar+,Kr+ �Ï�ÁpÎÏ �pÅÄÓÔÁ×ÌÅÎÏ ÚÁÌÅÖÎÏÓÔi ×iÄÔÅÍ�ÅpÁÔÕpÉ ÔÁ ×iÄ Ó�i××iÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔpÁ�iÊ ×ÁÖËÏ§ i ÌÅÇËÏ§ËÏÍ�ÏÎÅÎÔ (ÒÉÓ.6{10) �pÉ ÆiËÓÏ×ÁÎiÊ ÚÁÇÁÌØÎiÊ ËÏÎ�ÅÎÔpÁ�i§ n =2 � 1026Í�3. úÏËpÅÍÁ, ÎÅ�pÏ�Ïp�iÊÎÕ �Ï×ÅÄiÎËÕ DT ÍÏÖÎÁ �ÏÍiÔÉÔÉi ÎÁ ÇpÁÆiËÁÈ ÔÅÍ�ÅpÁÔÕpÎÏ§ ÚÁÌÅÖÎÏÓÔÉ : ÎÁÊ×ÉÝÅ pÏÚÔÁÛÏ×Õ¤ÔØ-ÓÑ ËpÉ×Á, ÝÏ ×iÄ�Ï×iÄÁ¤ �pÏÍiÖÎÏÍÕ ÚÎÁÞÅÎÎÀ Ó�i××iÄÎÏÛÅÎÎÑ ËÏÎ-�ÅÎÔpÁ�iÊ. ðÏpi×ÎÀÀÞÉ ÔÅÍ�ÅpÁÔÕpÎi ÚÁÌÅÖÎÏÓÔi Ú ÇpÁÆiËÁÍÉ ÄÌÑ



21 ðÒÅ�ÒÉÎÔÓÕÍiÛi Ar+,Kr, ÂÁÞÉÍÏ, ÝÏ ÊÏÎiÚÁ�iÑ ÝÅ Ê ÄpÕÇÏ§ ËÏÍ�ÏÎÅÎÔÉ| ËpÉ-�ÔÏÎÕ| ÍiÎÑ¤ ÈÁpÁËÔÅp �Ï×ÅÄiÎËÉ �, �, DT . ëpÉ×i ÓÔÁÀÔØ ×ÇÎÕÔÉÍÉ.7) îÁ ÒÉÓ.11{13 �ÏÄÁÎÏ ËÏÅÆi�i¤ÎÔÉ �ÅpÅÎÏÓÕ ÔpÉÓÏpÔÎÉÈ ÓÕÍi-ÛÅÊ ÚÁpÑÄÖÅÎÉÈ i ÎÅÚÁpÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË. �ÕÔ ¤ ÏÄÎÁ ÚÁpÑÄÖÅÎÁi Ä×i ÎÅÊÔpÁÌØÎi ËÏÍ�ÏÎÅÎÔÉ. úÁÇÁÌØÎÁ ËÏÎ�ÅÎÔpÁ�iÑ i ËÏÎ�ÅÎÔpÁ�iÑÚÁpÑÄÖÅÎÏ§ ËÏÍ�ÏÎÅÎÔÉ ÆiËÓÏ×ÁÎi. äÏÓÌiÄÖÕ×ÁÌÁÓØ �Ï×ÅÄiÎËÁ ËÏ-ÅÆi�i¤ÎÔi× �ÅpÅÎÏÓÕ �pÉ ÔpØÏÈ piÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅpÁÔÕpÉ × ÚÁ-ÌÅÖÎÏÓÔi ×iÄ Ó�i××iÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔpÁ�iÊ ÎÅÊÔpÁÌØÎÉÈ ËÏÍ�ÏÎÅÎÔ.ðpÅÄÓÔÁ×ÌÅÎÏ Ä×i ÓÉÓÔÅÍÉ: He,Ar+,Kr (xAr+ = 0:2, n = 2 � 1027Í�3)i Ar+,Kr,Xe (xAr+ = 0:25, n = 1:12 � 1027Í�3). ú ÎÁ×ÅÄÅÎÉÈ ÇpÁÆiËi×ÍÏÖÎÁ ÂÁÞÉÔÉ ÑË ÚÁÌÅÖÁÔØ ËÏÅÆi�i¤ÎÔÉ �ÅpÅÎÏÓÕ ×iÄ Ó�i××iÄÎÏÛÅÎ-ÎÑ ÍiÖ �ÁpÁÍÅÔpÁÍÉ (ÍÁÓÁ i ÄiÁÍÅÔp) ÎÅÊÔpÁÌØÎÉÈ ËÏÍ�ÏÎÅÎÔ |ÇÅÌiÀ i ËpÉ�ÔÏÎÕ ÔÁ ËpÉ�ÔÏÎÕ i ËÓÅÎÏÎÕ. ó�i××iÄÎÏÛÅÎÎÑ ÍiÖ ËÏÎ-�ÅÎÔpÁ�iÑÍÉ ÎÅÊÔÒÁÌØÎÉÈ ÞÁÓÔÉÎÏË �ÏÚÎÁÞÅÎÏ ÞÅpÅÚ y ÔÁË, ÝÏ yKr =nKr=(nKr + nHe) | ÄÌÑ �ÅpÛÏ§ ÓÕÍiÛi, yXe = nXe=(nKr + nXe) | ÄÌÑÄpÕÇÏ§ ÓÕÍiÛi.8) ïÓÔÁÎÎØÏÀ (ÒÉÓ.14{16) pÏÚÇÌÑÎÕÔÏ ÓÉÓÔÅÍÕ Ú Ä×ÏÍÁ ÊÏÎiÚÏ×Á-ÎÉÍÉ ËÏÍ�ÏÎÅÎÔÁÍÉ i ÏÄÎi¤À ÎÅÊÔpÁÌØÎÏÀ (ÍÏÖÎÁ ÓËÁÚÁÔÉ, ÝÏ ÎÅÊ-ÔpÁÌØÎÁ ×iÄiÇpÁ¤ pÏÌØ "ÔÌÁ"). �Å�Åp ÆiËÓÏ×ÁÎÉÍÉ ¤ ÚÁÇÁÌØÎÁ ËÏÎ-�ÅÎÔpÁ�iÑ i ËÏÎ�ÅÎÔpÁ�iÑ ÎÅÊÔpÁÌØÎÏ§ ËÏÍ�ÏÎÅÎÔÉ. úÎÏ×Õ �pÅÄÓÔÁ-×ÌÅÎÏ Ä×i ÓÕÍiÛi: He,Ar+,Kr+ (xHe = 0:6, n = 1:25 � 1027Í�3) ÔÁAr+,Kr+,Xe (xXe = 0:7, n = 1027Í�3). ÷ �ÅpÛiÊ ÓÕÍiÛi ÎÅÊÔpÁÌØÎÁËÏÍ�ÏÎÅÎÔÁ ¤ ÎÁÊÌÅÇÛÏÀ, Á × ÄpÕÇiÊ | ÎÁÊ×ÁÖÞÏÀ (ÌÅÇËÅ i ×ÁÖËÅ"ÔÌÏ").ðÏpi×ÎÀÀÞÉ ÇpÁÆiËÉ ÚÁÌÅÖÎÏÓÔÅÊ, ÚÏËpÅÍÁ, ÄÏÂpÅ ×ÉÄÎÏ piÚ-ÎÉÊ ×�ÌÉ× ÌÅÇËÏ§ ÔÁ ×ÁÖËÏ§ ÎÅÊÔpÁÌØÎÉÈ ËÏÍ�ÏÎÅÎÔ ÎÁ ËÏÅÆi�i¤ÎÔÉÔÅ�ÌÏ�pÏ×iÄÎÏÓÔÉ �ÉÈ Ä×ÏÈ ÓÉÓÔÅÍ.
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òÉÓ. 1. åËÓ�ÅÒÉÍÅÎÔÁÌØÎÁ � ÔÅÏÒÅÔÉÞÎÁ ÚÁÌÅÖÎÏÓÔ� ËÏÅÆ���¤ÎÔÁ ×'ÑÚËÏÓÔÉÓÕÍ�Û� H2,Ar ×�Ä T (ÚÌ�×Á). ëÏÅÆ���¤ÎÔ �(T ) ÓÕÍ�Û� Ar,Kr,Xe (Ó�ÒÁ×Á).
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òÉÓ. 2. óÕÍ�Û Ar,Kr,Xe. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ËÏÅÆi�i¤ÎÔ�× ÏÂ'¤ÍÎÏ§ÔÁ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔÉ �pÉ ÆiËÓÏ×ÁÎÏÍÕ �ÁpÁÍÅÔpi Õ�ÁËÏ×ËÉ � = 0:12 i Ò�Ú-ÎÉÈ Ó��××�ÄÎÏÛÅÎÎÑÈ ËÏÎ�ÅÔÒÁ��Ê.
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òÉÓ. 3. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ËÏÅÆi�i¤ÎÔ�× ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔÉ ÔÁ ÔÅ�ÌÏ-�ÒÏ×�ÄÎÏÓÔÉ � ÄÉÆÕÚ�§ ÔÁ ÔÅÒÍÏÄÉÆÕÚ�§ ÄÌÑ ÓÉÓÔÅÍÉ 26.7%Ar+,73.3%He �pÉn = 1:0487 � 1027Í�3 � = 0:00976.
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òÉÓ. 4. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ËÏÅÆi�i¤ÎÔ�× ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔÉ ÔÁ ÔÅ�ÌÏ-�ÒÏ×�ÄÎÏÓÔÉ ÄÌÑ ÓÉÓÔÅÍÉ Ar+,Kr �pÉ � = 0:01.
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òÉÓ. 5. úÁÌÅÖÎÏÓÔ� ËÏÅÆi�i¤ÎÔ�× ÔÅÒÍÏÄÉÆÕÚ�§ ÔÁ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ×�Ä ÔÅÍ-�ÅÒÁÔÕÒÉ ÄÌÑ ÓÉÓÔÅÍÉ Ar+,Kr �pÉ � = 0:01.
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òÉÓ. 6. úÁÌÅÖÎ�ÓÔØ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ Ó��××�ÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ËÏ-ÅÆi�i¤ÎÔÁ ÏÂ'¤ÍÎÏ§ ×'ÑÚËÏÓÔÉ ÓÕÍ�Û� Ar+,Kr+.
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òÉÓ. 7. úÁÌÅÖÎ�ÓÔØ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ Ó��××�ÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ËÏ-ÅÆi�i¤ÎÔÁ ÚÓÕ×ÎÏ§ ×'ÑÚËÏÓÔÉ ÓÕÍ�Û� Ar+,Kr+.
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òÉÓ. 8. úÁÌÅÖÎ�ÓÔØ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ Ó��××�ÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ËÏ-ÅÆi�i¤ÎÔÁ ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔÉ ÓÕÍ�Û� Ar+,Kr+.
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òÉÓ. 9. úÁÌÅÖÎ�ÓÔØ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ Ó��××�ÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ËÏ-ÅÆi�i¤ÎÔÁ ÔÅÒÍÏÄÉÆÕÚ�§ ÓÕÍ�Û� Ar+,Kr+.
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òÉÓ. 10. úÁÌÅÖÎ�ÓÔØ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ Ó��××�ÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ËÏ-ÅÆi�i¤ÎÔÁ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÓÕÍ�Û� Ar+,Kr+.
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òÉÓ. 11. óÕÍ�Û� He,Ar+,Kr ÔÁ Ar+,Kr,Xe. úÁÌÅÖÎ�ÓÔØ ËÏÅÆi�i¤ÎÔÁ ÏÂ'¤ÍÎÏ§×'ÑÚËÏÓÔÉ ×�Ä Ó��××�ÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ÎÅÊÔÒÁÌØÎÉÈ ËÏÍ�ÏÎÅÎÔ.
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òÉÓ. 12. óÕÍ�Û� He,Ar+,Kr ÔÁ Ar+,Kr,Xe. úÁÌÅÖÎ�ÓÔØ ËÏÅÆi�i¤ÎÔÁ ÚÓÕ×ÎÏ§×'ÑÚËÏÓÔÉ ×�Ä Ó��××�ÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ÎÅÊÔÒÁÌØÎÉÈ ËÏÍ�ÏÎÅÎÔ.
ICMP{99{08U 26

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9  T=5000 K
 T=7000 K
 T=10000 K

λ
, 

W
/(

m
 K

)

  y
Kr

  3.5

4

4.5

5

5.5

6

0 0.2 0.4 0.6 0.8 1

λ,
 1

0-2
 W

/(m
 K

)

yXe

5000 K
6500 K
8000 K

òÉÓ. 13. óÕÍ�Û� He,Ar+,Kr ÔÁ Ar+,Kr,Xe. úÁÌÅÖÎ�ÓÔØ ËÏÅÆi�i¤ÎÔÁ ÔÅ�ÌÏ-�ÒÏ×�ÄÎÏÓÔÉ ×�Ä Ó��××�ÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ÎÅÊÔÒÁÌØÎÉÈ ËÏÍ�ÏÎÅÎÔ.
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òÉÓ. 14. óÕÍ�Û� He,Ar+,Kr+ ÔÁ Ar+,Kr+,Xe. úÁÌÅÖÎ�ÓÔØ ËÏÅÆi�i¤ÎÔÁÏÂ'¤ÍÎÏ§ ×'ÑÚËÏÓÔÉ ×�Ä Ó��××�ÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ÚÁÒÑÄÖÅÎÉÈ ËÏÍ�Ï-ÎÅÎÔ.
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òÉÓ. 15. óÕÍ�Û� He,Ar+,Kr+ ÔÁ Ar+,Kr+,Xe. úÁÌÅÖÎ�ÓÔØ ËÏÅÆi�i¤ÎÔÁ ÚÓÕ×-ÎÏ§ ×'ÑÚËÏÓÔÉ ×�Ä Ó��××�ÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ÚÁÒÑÄÖÅÎÉÈ ËÏÍ�ÏÎÅÎÔ.
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òÉÓ. 16. óÕÍ�Û� He,Ar+,Kr+ ÔÁ Ar+,Kr+,Xe. úÁÌÅÖÎ�ÓÔØ ËÏÅÆi�i¤ÎÔÁ ÔÅ-�ÌÏ�ÒÏ×�ÄÎÏÓÔÉ ×�Ä Ó��××�ÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ÚÁÒÑÄÖÅÎÉÈ ËÏÍ�ÏÎÅÎÔ.6. ÷ÉÓÎÏ×ËÉïÔÖÅ, ÎÁ ÏÓÎÏ×� Ë�ÎÅÔÉÞÎÏÇÏ Ò�×ÎÑÎÎÑ åÎÓËÏÇÁ-ìÁÎÄÁÕ ÄÌÑ ÓÕÍ�ÛÅÊÇÕÓÔÉÈ ÇÁÚ�× ÚÁÒÑÄÖÅÎÉÈ � ÎÅÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË ÏÔÒÉÍÁÎÏ ×ÉÒÁÚÉÄÌÑ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ (×'ÑÚËÏÓÔÉ, ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔÉ, ÄÉÆÕÚ�§ ÔÁÔÅÒÍÏÄÉÆÕÚ�§), ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÍÅÔÏÄ þÅ�ÍÅÎÁ-åÎÓËÏÇÁ. úÏËÒÅÍÁ,ËÏÌÉ ¤ Â�ÌØÛÅ Î�Ö Ä×Á ÓÏÒÔÉ, ÔÏ ÚÒÕÞÎ�ÛÅ �ÒÉÊÎÑÔÉ [52℄ �ÎÛÅ ÏÚÎÁ-ÞÅÎÎÑ (4.8) ËÏÅÆ���¤ÎÔ�× ÄÉÆÕÚ�§ ÔÁ ÔÅÒÍÏÄÉÆÕÚ�§, ÑË� ÚÁÄÏ×ÏÌØÎÑÀÔØ�ÒÉ �ØÏÍÕ Ó��××�ÄÎÏÛÅÎÎÑ ïÎÓÁ­ÅÒÁ.ðÒÏ×ÅÄÅÎÏ ÞÉÓÌÏ×� ÒÏÚÒÁÈÕÎËÉ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ Ò�ÚÎÉÈ ÓÕ-Í�ÛÅÊ ÄÌÑ ËÏÎËÒÅÔÎÉÈ ÚÎÁÞÅÎØ ÔÅÍ�ÅÒÁÔÕÒÉ � ËÏÎ�ÅÎÔÒÁ��Ê ËÏÍ�Ï-ÎÅÎÔ. ´ÄÉÎÉÍ �ÁÒÁÍÅÔÒÏÍ, ÝÏ ×ÉÂÉÒÁ×ÓÑ ÎÅÚÁÌÅÖÎÏ �ÒÉ ÒÏÚÒÁÈÕÎ-ËÁÈ ¤ Ä�ÁÍÅÔÒÉ Ô×ÅÒÄÉÈ ËÕÌØÏË �a.ýÏÄÏ �Ï×ÅÄ�ÎËÉ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ, ÔÏ Õ ×Ó�È ÚÁÌÅÖÎÏÓÔÑÈ ×iÄÓ�i××iÄÎÏÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ�iÊ ÍÏÖÎÁ �ÏÍiÔÉÔÉ, ÝÏ Úi ÚÂiÌØÛÅÎÎÑÍ×ÍiÓÔÕ ×ÁÖËÏ§ ËÏÍ�ÏÎÅÎÔÉ ËÏÅÆi�i¤ÎÔÉ ×'ÑÚËÏÓÔÉ ÚÒÏÓÔÁÀÔØ, × ÔÏÊÞÁÓ ÑË �Ï×ÅÄiÎËÁ ËÏÅÆi�i¤ÎÔÁ ÔÅ�ÌÏ�ÒÏ×iÄÎÏÓÔÉ ¤ ÓËÌÁÄÎiÛÏÀ: ÄÌÑÏÄÎÉÈ ÓÉÓÔÅÍ ×iÎ Ó�ÁÄÁ¤, ÄÌÑ iÎÛÉÈ ÍÁ¤ ÍÁËÓÉÍÕÍ.ì�ÔÅÒÁÔÕÒÁ1. óÍÉÒÎÏ× â.í. éÏÎÙ É ×ÏÚÂÕÖÄÅÎÎÙÅ ÁÔÏÍÙ × �ÌÁÚÍÅ, í., áÔÏÍÉÚÄÁÔ,1974.2. íÁË-äÁÎÉÜÌØ é., íÜÚÏÎ ü. ðÏÄ×ÉÖÎÏÓÔØ É ÄÉÆÆÕÚÉÑ ÉÏÎÏ× × ÇÁÚÁÈ,í., íÉÒ, 1976.3. íÅÓÓÉ ç. ïÔÒÉ�ÁÔÅÌØÎÙÅ ÉÏÎÙ, í., íÉÒ, 1979.4. óÍÉÒÎÏ× â.í. ïÔÒÉ�ÁÔÅÌØÎÙÅ ÉÏÎÙ, í., áÔÏÍÉÚÄÁÔ, 1978.
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