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õäë: 532: 537.226; 541.135PACS: 05.20.Gg, 61.25.-f, 78.55.MbáÄÓÏÒÂ��Ñ �ÏÎ�× ÒÁÄ�ÏÎÕËÌ�Ä�× ÎÁ �ÏÒÉÓÔÉÈ �Ï×ÅÒÈÎÑÈ ð÷íÔÁ ìð÷í ÏÂ'¤ËÔÕ "õËÒÉÔÔÑ"´.í. óÏ×'ÑËáÎÏÔÁ��Ñ. òÏÚÇÌÑÎÕÔÏ �ÏÎ-ÄÉ�ÏÌØÎÕ ÓÉÓÔÅÍÕ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË× ËÏÎÔÁËÔ� Ú �ÏÒÉÓÔÉÍ ÓÅÒÅÄÏ×ÉÝÅÍ ÓÔÏÓÏ×ÎÏ ÄÏ Ï�ÉÓÕ ÓÔÒÕËÔÕÒ-ÎÉÈ � ÁÄÓÏÒÂ��ÊÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÏÎ�× ÒÁÄ�ÏÎÕËÌ�Ä�× Õ ×ÏÄ� ÏÂ'¤Ë-ÔÕ "õËÒÉÔÔÑ". ú ÕÍÏ×É ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ§ Ò�×ÎÏ×ÁÇÉ ÏÔÒÉÍÁÎÏ ÚÁÌÅÖ-Î�ÓÔØ ÇÕÓÔÉÎÉ �ÏÎ�× × �ÏÒÁÈ ×�Ä §È ËÏÎ�ÅÎÔÒÁ��§ × ÏÂ'¤ÍÎÏÍÕ ÒÏÚÞÉÎ�.òÏÚÒÁÈÏ×ÁÎÏ ÅÆÅËÔÉ×Î� ×ÚÁ¤ÍÏÄ�§ �ÏÎ�× Ú �Ï×ÅÒÈÎÅÀ �ÏÄ�ÌÕ ÓÅÒÅÄÏ×ÉÝÔÁ ËÏÎ�ÅÎÔÒÁ��ÊÎ� ÚÁÌÅÖÎÏÓÔ� �ÏÎÎÏ§ ÁÄÓÏÒÂ��§. îÁ ÏÓÎÏ×� ÏÔÒÉÍÁÎÉÈÒÅÚÕÌØÔÁÔ�× Ï�ÉÓÁÎÏ ÍÅÈÁÎ�ÚÍ �ÒÏ�ÅÓÕ ÁËÔÉ×ÎÏÇÏ ×ÉÍÉ×ÁÎÎÑ ÒÁÄ�Ï-ÎÕËÌ�Ä�× Ú �ÏÒÉÓÔÉÈ ÍÁÔÒÉ�Ø ð÷í ÔÁ ìð÷í � §È ÒÕÊÎÕ×ÁÎÎÑ.Ioni adsorption of radioative elements on porous interfae ofthe nulear magma inside the "Shelter" objetE.M. SovyakAbstrat. The ontat of the ion-dipole system of point-like partileswith porous media is onsidered for the desription of the strutural andadsorbed properties of radioative elements inside the "Shelter" objet.Due to the thermodynami equilibrium ondition the dependene of theioni density in pores on its density in the bulk solution is obtained. Thee�etive interation of ions with interfae and the dependene of theioni adsorption on their onentration are alulated. On the basis ofthe obtained results the proess of the ative erosion of the radioativeelements in the porous nulear magma and its destrution is desribed.ðÏÄÁ¤ÔØÓÑ × Cond. Matt. Phys.Submitted to Cond. Matt. Phys. ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 2002Institute for Condensed Matter Physis 2002



1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�ïÓÔÁÎÎiÍ ÞÁÓÏÍ ÚÎÁÞÎÁ Õ×ÁÇÁ �ÒÉÄiÌÑ¤ÔØÓÑ ÄÏÓÌiÄÖÅÎÎÑÍ Òi×ÎÏ×ÁÖ-ÎÉÈ i ÎÅÒi×ÎÏ×ÁÖÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÒiÄÉÎ i ÒÏÚÞÉÎi× Õ �ÏÒÉÓÔÉÈ ÓÅÒÅ-ÄÏ×ÉÝÁÈ. ðÅÒÛ ÚÁ ×ÓÅ �Å �Ï×'ÑÚÁÎÅ Ú ÞÉÓÅÌØÎÉÍÉ �ÒÁËÔÉÞÎÉÍÉ ÚÁ-ÓÔÏÓÕ×ÁÎÎÑÍÉ ÔÒÁÎÓ�ÏÒÔÕ ÅÌÅËÔÒÏÌiÔÉÞÎÉÈ i ÓÕÓ�ÅÎÚÎÉÈ ÒÏÚÞÉÎi× ÞÅ-ÒÅÚ �ÏÒÉÓÔiÆiÌØÔÒÉ. ÷iÄÏÍÏ ÔÁËÏÖ [1,2℄, ÝÏ �ÁÌÉ×Ï×ÍiÓÔÎi ÍÁÔÅÒiÁÌÉ(ð÷í), ÑÄÅÒÎÁ ÍÁÇÍÁ ÔÁ iÎÛi ÌÁ×Ï�ÏÄiÂÎi �ÁÌÉ×Ï×ÍiÓÔÎi ÍÁÔÅÒiÁÌÉ(ìð÷í) ÏÂ'¤ËÔÕ "õËÒÉÔÔÑ" ¤ �ÏÒÉÓÔÉÍÉ. ÷ [2℄ ÄÏÓÌiÄÖÕ×ÁÌÁÓØ ÄÏ-ÓÔÕ�ÎÁ �ÏÒÉÓÔiÓÔØ i ÍÏÌÅËÕÌÑÒÎÏ-ÓÉÔÏ×i ×ÌÁÓÔÉ×ÏÓÔi ìð÷í. PÁÄiÏ-ÁËÔÉ×ÎiÓÔØ Ú ÏÄÎi¤§ ÓÔÏÒÏÎÉ i ÍÅÚÏÓËÏ�iÞÎiÓÔØ �ÏÒ Ú iÎÛÏ§ ÎÅ ÄÏÚ×ÏÌÉ-ÌÉ Á×ÔÏÒÁÍ �ÒÏ×ÅÓÔÉ �ÒÑÍÅ ×ÉÍiÒÀ×ÁÎÎÑ ÒÏÚÍiÒi× �ÏÒ ÚÁ ÄÏ�ÏÍÏÇÏÀÍiËÒÏÓËÏ�Á ÁÂÏ ÒÅÎÔÇÅÎÏÓÔÒÕËÔÕÒÎÉÊ ÁÎÁÌiÚ ìð÷í. äÌÑ ×ÉÑ×ÌÅÎ-ÎÑ ÍÏÖÌÉ×ÏÇÏ ÒÏÚÍiÒÕ �ÏÒ i ÄÏÓÔÕ�ÎÏ§ �ÏÒÉÓÔÏÓÔi ÂÕÌÏ ×ÉËÏÒÉÓÔÁ-ÎÏ ÓÏÒÂ�iÊÎi ×ÌÁÓÔÉ×ÏÓÔi ×ÏÄÉ i ÄÅÑËÉÈ iÎÛÉÈ ÒiÄÉÎ �Ï ×iÄÎÏÛÅÎÎÀÄÏ ìð÷í. á×ÔÏÒÁÍÉ [2℄ �ÏËÁÚÁÎÏ, ÝÏ �Ï×ÎÁ ÄÏÓÔÕ�ÎÁ �ÏÒÉÓÔiÓÔØÄÌÑ ×ÏÄÉ ÎÅ �ÅÒÅ×ÉÝÕ¤ 10 ×iÄÓÏÔËi×, �ÒÉ �ØÏÍÕ �ÅÒÅ×ÁÖÎÁ ÂiÌØÛiÓÔØ�ÏÒ ÍÁ¤ �Ï�ÅÒÅÞÎi ÒÏÚÍiÒÉ Ó�i×ÍiÒÎi Ú ÄiÁÍÅÔÒÏÍ ÍÏÌÅËÕÌÉ ×ÏÄÉ iÓÔÁÎÏ×ÉÔØ 0:3 { 0:4 ÎÍ.�ÏÍÕ �ÒÉ ÄÏÓÌiÄÖÅÎÎi �ÒÏ�ÅÓi× ×ÉÍÉ×ÁÎÎÑÒÁÄiÏÎÕËÌiÄi× Ú ìð÷í, §È ÁÄÓÏÒÂ�i§, ÅÆÅËÔi× ÁÄÇÅÚi§, ÄÉÆÕÚi§ ÞÁÓÔÉ-ÎÏË ÒÏÚÞÉÎi× ÒÁÄiÏÎÕËÌiÄi× Ú ÏÂ'¤ÍÕ ÎÁ �Ï×ÅÒÈÎÀ ÓÌiÄ ×ÒÁÈÏ×Õ×ÁÔÉ�ÏÒÉÓÔiÓÔØ �ÉÈ ÍÁÔÅÒiÁÌi×.äÅÔÁÌØÎÅ ÒÏÚÕÍiÎÎÑ �ÒÏ�ÅÓi×, ÑËi ×iÄÂÕ×ÁÀÔØÓÑ �ÒÉ �ÒÏÈÏÄÖÅÎÎi�ÌÉÎÕ ÞÅÒÅÚ �ÏÒÉÓÔÕ ÍÁÔÒÉ�À ¤ ÏÓÏÂÌÉ×Ï ×ÁÖÌÉ×ÉÍ. íÅÚÏÓËÏ�iÞÎÁÓÔÒÕËÔÕÒÁ �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i ÔÁ §§ ×ÚÁ¤ÍÏÄiÑ Ú ÞÁÓÔÉÎËÁÍÉ ÒiÄÉÎÉ �ÒÉ-×ÏÄÑÔØ ÄÏ ÓÕÔÔ¤×ÉÈ ÚÍiÎ ÆiÚÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÑË ÍÁÔÅÒiÁÌÕ ÓÁÍÏ§ÍÁÔÒÉ�i, ÔÁË i ÒiÄÉÎÉ Õ �ÏÒi×ÎÑÎÎi Ú §È ÏÂ'¤ÍÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁ-ÍÉ. úÎÁÎÎÑ ÌÉÛÅ Ú×ÉÞÎÉÈ ÓÔÒÕËÔÕÒÎÉÈ, ÔÅÒÍÏÄÉÎÁÍiÞÎÉÈ, ÆiÚÉËÏ-ÈiÍiÞÎÉÈ ÔÁ iÎÛÉÈ ÏÂ'¤ÍÎÉÈ ÄÁÎÉÈ �ÒÏ ÅÌÅËÔÒÏÌiÔÉÞÎÉÊ ÒÏÚÞÉÎ ÎÅÄÏÚ×ÏÌÑ¤ �ÅÒÅÄÂÁÞÉÔÉ ÊÏÇÏ ÓÔÒÕËÔÕÒÎi, ÁÄÓÏÒÂ�iÊÎi, ÁÄÇÅÚiÊÎi, ÄÉÆÕ-ÚiÊÎi ÔÁ iÎÛi ×ÌÁÓÔÉ×ÏÓÔi Õ �ÏÒÉÓÔÉÈ ÓÅÒÅÄÏ×ÉÝÁÈ. ÷ �ØÏÍÕ ÁÓ�ÅËÔiÔÅÏÒÅÔÉÞÎi, ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎi i ËÏÍ�'ÀÔÅÒÎi ÄÏÓÌiÄÖÅÎÎÑ �Ï×ÅÄiÎËÉÒÏÚÞÉÎi× ÅÌÅËÔÒÏÌiÔi× (× ÔÏÍÕ ÞÉÓÌi i ÒÁÄiÏÎÕËÌiÄi×) Õ ÔÁËÉÈ ÓÉÓÔÅ-ÍÁÈ ÎÁÂÉÒÁÀÔØ ÚÎÁÞÎÏ§ ×ÁÇÉ.õ �ÏÒÉÓÔÉÈ ÓÅÒÅÄÏ×ÉÝÁÈ (ìð÷í, �ÏÌiÍÅÒÎÉÈ ÍÅÍÂÒÁÎÁÈ, ËÏÌÏ-§ÄÎÉÈ ÇÅÌÑÈ, ÇÌÉÎÁÈ, �ÏÒÉÓÔÉÈ ÓËÌÁÈ, ÒiÚÎÏÍÁÎiÔÎÉÈ ËÏÍ�ÏÚÉ�iÊÎÉÈÍÁÔÅÒiÁÌÁÈ) ÏËÒiÍ ÓËÌÁÄÎÏ§ ÍÅÚÏÓËÏ�iÞÎÏ§ ÓÔÒÕËÔÕÒÉ ÈÁÒÁËÔÅÒÎÏÀÏÓÏÂÌÉ×iÓÔÀ ¤ ÍÁÌÁ (ÁÂÏ �ÒÁËÔÉÞÎÏ ×iÄÓÕÔÎÑ) ÚÁ ÒÁÈÕÎÏË ×ÅÌÉËÏ§ ÍÁ-ÓÉ ÒÕÈÌÉ×iÓÔØ ÞÁÓÔÉÎÏË, Ú ÑËÉÈ ×ÏÎÉ ÓËÌÁÄÁÀÔØÓÑ.�ÁËÉÍ ÞÉÎÏÍ ËÏÎ-ÆiÇÕÒÁ�iÀ ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ Õ�ÒÏÄÏ×Ö �ÒÏ�ÅÓi×, ÑËi×iÄÂÕ×ÁÀÔØÓÑ Õ ÒiÄÉÎi ÍÏÖÎÁ ××ÁÖÁÔÉ ÎÅÚÍiÎÎÏÀ. ãÅ ÄÏÚ×ÏÌÑ¤ ÒÏÚ-
ICMP{02{06U 2ÇÌÑÄÁÔÉ �ÏÒÉÓÔÕ ÍÁÔÒÉ�À ÑË ÓÉÓÔÅÍÕ iÚ ÚÁÍÏÒÏÖÅÎÏÀ Òi×ÎÏ×ÁÖÎÏÀËÏÎÆiÇÕÒÁ�i¤À ÞÁÓÔÉÎÏË. äÌÑ ÔÅÏÒÅÔÉÞÎÏÇÏ ÄÏÓÌiÄÖÅÎÎÑ ÓÔÒÕËÔÕÒ-ÎÉÈ i ÔÅÒÍÏÄÉÎÁÍiÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÔÁËÉÈ ÓÉÓÔÅÍ ÏÓÔÁÎÎiÍ ÞÁÓÏÍÛÉÒÏËÏ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÍÅÔÏÄ ÒÅ�ÌiË [3℄. úÁ�ÒÏ�ÏÎÏ×ÁÎi Õ �ØÏÍÕ�iÄÈÏÄi ½i×ÅÎÏÍ i óÔÅÌÏÍ [4℄ ÒÅ�ÌiÞÎi Òi×ÎÑÎÎÑ ïÒÎÛÔÅÊÎÁ-ãÅÒÎiËÅÄÁÌÉ ÍÏÖÌÉ×iÓÔØ ÄÏÓÌiÄÉÔÉ ×�ÌÉ× ÚÁÍÏÒÏÖÅÎÏÓÔi �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�iÎÁ ÓÔÒÕËÔÕÒÕ i ÔÅÒÍÏÄÉÎÁÍiËÕ �ÌÉÎÕ Õ �ÏÒÁÈ.ëÏÒÅËÔÎÅ i �Ï×ÎÅ ×ÒÁÈÕ×ÁÎÎÑ ×ÓiÈ ÅÆÅËÔi×, ÑËi ÍÁÀÔØ ÍiÓ�Å ÕÓÉÓÔÅÍi "ÒÏÚÞÉÎ ÅÌÅËÔÒÏÌiÔÕ { �ÏÒÉÓÔÁ ÍÁÔÒÉ�Ñ" ¤ ÓËÌÁÄÎÏÀ ÓÔÁ-ÔÉÓÔÉÞÎÏÀ ÚÁÄÁÞÅÀ. ÷ [5℄ ÄÌÑ ÄÏÓÌiÄÖÅÎÎÑ ×�ÌÉ×Õ "ÚÁÍÏÒÏÖÅÎÏÓÔi" ÎÁ ÅËÒÁÎÕ×ÁÎÎÑ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÈ ×ÚÁ¤ÍÏÄiÊ Õ ÓÌÁÂÏËÏÎ�ÅÎÔÒÏ-×ÁÎÉÈ ÒÏÚÞÉÎÁÈ ÅÌÅËÔÒÏÌiÔi× ÂÕÌÏ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ ÍÏÄÅÌØ ÔÏÞËÏ×ÉÈiÏÎi×, ÞÁÓÔÉÎÁ Ú ÑËÉÈ ÕÔ×ÏÒÀ×ÁÌÁ �ÏÒÉÓÔÕ ÍÁÔÒÉ�À.ðÏÄiÂÎÕ ÔÏÞËÏ×ÕiÏÎ-ÄÉ�ÏÌØÎÕ ÍÏÄÅÌØ ÄÌÑ Ï�ÉÓÕ �ÏÒÉÓÔÉÈ ÓÅÒÅÄÏ×ÉÝ ÂÕÌÏ ÒÏÚÇÌÑÎÕ-ÔÏ Õ [6℄. úÒÏÚÕÍiÌÏ, ÝÏ ÔÁËi ÍÏÄÅÌi �ÒÉÍiÔÉ×Îi, ÏÓËiÌØËÉ ÎÅ ×ÒÁÈÏ-×ÕÀÔØ ÒÏÚÍiÒi× ÞÁÓÔÉÎÏË ÒÏÚÞÉÎÕ i �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ, ÒÏÚÍiÒi×�ÏÒ, ÓÔÅ�ÅÎÑ �ÏÒÉÓÔÏÓÔi ÓÅÒÅÄÏ×ÉÝÁ Á ÔÁËÏÖ ÊÏÇÏ ÓÔÒÕËÔÕÒÉ. ïÄÎÁË,ÑË i ÄÌÑ Ú×ÉÞÁÊÎÏÇÏ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕ [7℄ Õ ×É�ÁÄËÕ �ÏÒÉÓÔÏÇÏ ÓÅ-ÒÅÄÏ×ÉÝÁ ×ÏÎÉ ÄÏÚ×ÏÌÑÀÔØ Ï�iÎÉÔÉ ×�ÌÉ× ÍÁÔÒÉ�i ÎÁ ÄÁÌÅËÏÓÑÖÎiÍiÖÞÁÓÔÉÎËÏ×i ËÏÒÅÌÑ�i§ Õ ÓÉÓÔÅÍi i ×ÉÑ×ÉÔÉ ×iÄÍiÎÎÏÓÔi Õ §È ÁÓÉÍ�-ÔÏÔÉÞÎiÊ �Ï×ÅÄiÎ�i [5,6℄.÷ [8,9℄ ÚÁ ÄÏ�ÏÍÏÇÏÀ ËÏÍ�'ÀÔÅÒÎÉÈ ÒÏÚÒÁÈÕÎËi× ÂÕÌÏ ÄÏÓÌiÄÖÅÎÏÍÏÄÅÌi "ÒÏÚÞÉÎ ÅÌÅËÔÒÏÌiÔÕ { �ÏÒÉÓÔÁ ÍÁÔÒÉ�Ñ", Õ ÑËÉÈ ×ÒÁÈÏ×Á-ÎÏ ÒÏÚÍiÒÉ ÑË ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i, ÔÁË i ÞÁÓÔÉÎÏË ÒÏÚÞÉÎÕ.ëÏÒÅËÔÎÅ ×ÒÁÈÕ×ÁÎÎÑ ÍiÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ Õ �ÏÒÉÓÔÉÈ ÓÉÓÔÅ-ÍÁÈ ¤ ÓËÌÁÄÎÏÀ ÔÅÏÒÅÔÉÞÎÏÀ ÚÁÄÁÞÅÀ, ÑËÁ ÄÏ ÔÅ�ÅÒ ÚÁÌÉÛÁ¤ÔØÓÑÎÅÒÏÚ×'ÑÚÁÎÏÀ. äÅÔÁÌØÎÉÊ ÏÇÌÑÄ �ÒÏÂÌÅÍ, ÑËi ×ÉÎÉËÁÀÔØ �ÒÉ ÄÏÓÌi-ÄÖÅÎÎi ÓÔÒÕËÔÕÒÎÉÈ i ÔÅÒÍÏÄÉÎÁÍiÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÒiÄËÉÈ ÓÉÓÔÅÍÕ �ÏÒÉÓÔÉÈ ÓÅÒÅÄÏ×ÉÝÁÈ �ÒÉ×ÅÄÅÎÏ × [10℄.ðÒÉ ÎÅ ÎÁÄÔÏ Û×ÉÄËÉÈ �ÒÏ�ÅÓÁÈ ÔÒÁÎÓ�ÏÒÔÕ ÞÁÓÔÉÎÏË ÒÏÚÞÉÎÕÚ ÏÂ'¤ÍÎÏ§ ÆÁÚÉ Õ �ÏÒÉ i ÎÁ×�ÁËÉ ÏËÒiÍ �ÒÉ×ÅÄÅÎÉÈ ÚÁÕ×ÁÖÅÎØ ÎÅ-ÏÂÈiÄÎÏ ×ÒÁÈÏ×Õ×ÁÔÉ �ÒÏÓÔÏÒÏ×Õ ÎÅÏÄÎÏÒiÄÎiÓÔØ ÓÉÓÔÅÍÉ ÔÁ ÅÆÅËÔÉ,ÑËi ×ÉÎÉËÁÀÔØ ÎÁ �ÏÒÉÓÔiÊ �Ï×ÅÒÈÎi. äÌÑ ÄÅÑËÉÈ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄ-ÎÏÒiÄÎÉÈ ÓÉÓÔÅÍ ÔÁËi ÔÅÏÒÅÔÉÞÎi ÄÏÓÌiÄÖÅÎÎÑ ÂÕÌÏ ×ÉËÏÎÁÎÏ ÚÁ ÄÏ-�ÏÍÏÇÏÀ ËÏÍ�'ÀÔÅÒÎÉÈ ÒÏÚÒÁÈÕÎËi× [11,12℄.îÁÍÉ × [13,14℄ ÒÏÚÇÌÑÎÕÔÏ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒiÄÎÕ Ä×ÏÆÁÚÎÕ ÔÏÞ-ËÏ×Õ iÏÎ-ÄÉ�ÏÌØÎÕ ÍÏÄÅÌØ ÓÉÓÔÅÍÉ "ÒÏÚÞÉÎ ÅÌÅËÔÒÏÌiÔÕ { �ÏÒÉÓÔÁÍÁÔÒÉ�Ñ" Ú �ÌÏÓËÏÀ �Ï×ÅÒÈÎÅÀ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ. PÏÚ×'ÑÚÏË ÚÁ-�ÒÏ�ÏÎÏ×ÁÎÉÈ Õ [3℄ ÒÅ�ÌiÞÎÉÈ Òi×ÎÑÎØ ïÒÎÛÔÅÊÎÁ-ãÅÒÎiËÅ ÄÏÚ×ÏÌÉ×ÏÔÒÉÍÁÔÉ ×ÉÒÁÚÉ ÄÌÑ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ�iÁÌi×, ÑËi ÚÎÁÈÏÄÑÔØÓÑ ÕÒiÚÎÉÈ ÆÁÚÁÈ. èÁÒÁËÔÅÒÎÏÀ ¤ §È ×iÄÍiÎÎiÓÔØ ×iÄ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ-



3 ðÒÅ�ÒÉÎÔ�iÁÌi× Ä×ÏÆÁÚÎÏ§ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒiÄÎÏ§ ÓÉÓÔÅÍÉ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏ-ÌiÔÕ [15-17℄. ãÑ ×iÄÍiÎÎiÓÔØ �Ï×'ÑÚÁÎÁ Ú ÞÁÓÔËÏ×ÏÀ ÚÁÍÏÒÏÖÅÎÎiÓÔÀ�ÏÒÉÓÔÏ§ �iÄÓÉÓÔÅÍÉ. �ÁËÉÊ �iÄÈiÄ ÄÁ¤ ÍÏÖÌÉ×iÓÔØ ×ÒÁÈÕ×ÁÔÉ ×�ÌÉ×�ÏÒÉÓÔÏÓÔi ÎÁ ÅÆÅËÔÉ ÅËÒÁÎÕ×ÁÎÎÑ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÈ ×ÚÁ¤ÍÏÄiÊ ÕÒÏÚÞÉÎi ÅÌÅËÔÒÏÌiÔÕ, ÑËÉÊ ÚÎÁÈÏÄÉÔØÓÑ �ÏÂÌÉÚÕ �ÏÒÉÓÔÏ§ �Ï×ÅÒÈÎiÁÂÏ ×ÓÅÒÅÄÉÎi �ÏÒ.õ ÄÁÎiÊ �ÒÁ�i ÄÏÓÌ�ÄÖÅÎÏ ×ËÌÁÄ ×iÄ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÈ ×ÚÁ¤ÍÏ-ÄiÊ ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ Ú ÞÁÓÔÉÎËÁÍÉ ÒÏÚÞÉÎÕ ÎÁ ÅË-ÒÁÎÏ×ÁÎÕ ×ÚÁ¤ÍÏÄiÀ iÏÎi× ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕ Ú �Ï×ÅÒÈÎÅÀ Ú ×ÒÁ-ÈÕ×ÁÎÎÑÍ ÕÍÏ×É ÔÅÒÍÏÄÉÎÁÍiÞÎÏ§ Òi×ÎÏ×ÁÇÉ ÒiÄÉÎÎÉÈ �iÄÓÉÓÔÅÍ, ÁÔÁËÏÖ ×ÉËÏÎÁÎÏ ÒÏÚÒÁÈÕÎËÉ iÏÎÎÏ§ ÁÄÓÏÒÂ��§ × �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×É-Ýi i ÎÅ�ÏÒÉÓÔiÊ ÏÂÌÁÓÔi. îÁ ÏÓÎÏ×i ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ§ ÍÏÄÅÌi ÚÄiÊÓÎÅÎÏÏ�ÉÓ ÓÔÒÕËÔÕÒÎÉÈ i ÁÄÓÏÒÂ�iÊÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ×ÏÄÎÉÈ ÒÏÚÞÉÎi× iÏÎi×ÒÁÄiÏÎÕËÌiÄi× (ÚÏËÒÅÍÁ, Cs+; Sr+2; UO+22 ; PuO+22 ) ÏÂ'¤ËÔÕ "õËÒÉÔ-ÔÑ" Ú �ÏÒÉÓÔÉÍÉ �Ï×ÅÒÈÎÑÍÉ ð÷í ÔÁ ìð÷í.2. áÄÓÏÒÂ�iÑ × �ÏÒÉÓÔÉÈ ÓÉÓÔÅÍÁÈðÏÄ�ÂÎÏ, ÑË × [13,14℄ ÒÏÚÇÌÑÄÁÔÉÍÅÍÏ Ä×ÏÆÁÚÎÕ ÓÉÓÔÅÍÕ ÒÏÚÞÉÎÕÅÌÅËÔÒÏÌ�ÔÕ × �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝ� Ú Ò�ÚËÏÀ �ÌÏÓËÏÀ ÍÅÖÅÀ �ÏÄ�ÌÕÆÁÚ. äÌÑ ÚÒÕÞÎÏÓÔ� ×ÉÂÅÒÅÍÏ ÄÅËÁÒÔÏ×Õ ÓÉÓÔÅÍÕ ËÏÏÒÄÉÎÁÔ ÔÁË, ÝÏÂÍÅÖÁ �ÏÄ�ÌÕ Ó��×�ÁÄÁÌÁ Ú �ÌÏÝÉÎÏÀ XOY. ÷Ó� ×ÅÌÉÞÉÎÉ, �Ï×'ÑÚÁÎ�Ú ÞÁÓÔÉÎËÁÍÉ ×ÅÒÈÎØÏÇÏ ÎÁ��×�ÒÏÓÔÏÒÕ ( z > 0 ) , �ÏÍiÔÉÍÏ ÎÉÖÎiÍ�ÎÄÅËÓÏÍ "+", Á ÄÌÑ ÎÉÖÎØÏÇÏ ÎÁ�i×�ÒÏÓÔÏÒÕ ( z < 0 ) ÎÉÖÎiÍ �Î-ÄÅËÓÏÍ "{". ÷ÅÌÉÞÉÎÉ �Ï×'ÑÚÁÎi Ú �ÏÒÉÓÔÉÍÉ ÍÁÔÒÉ�ÑÍÉ �ÏÍiÔÉÍÏ×ÅÒÈÎiÍ iÎÄÅËÓÏÍ m, Á Ú ÒÏÚÞÉÎÏÍ { f . òÏÚÞÉÎÉ ÅÌÅËÔÒÏÌ�ÔÕ, ÑË� ÚÎÁ-ÈÏÄÑÔØÓÑ Õ ×ÅÒÈÎØÏÍÕ � ÎÉÖÎØÏÍÕ ÎÁ��×�ÒÏÓÔÏÒÁÈ, ÒÏÚÇÌÑÄÁÔÉÍÅÍÏÑË ÓÕÍ�Û ÔÏÞËÏ×ÉÈ �ÏÎ�× � ÄÉ�ÏÌ�×. ðÏÄ�ÂÎÉÍ ÞÉÎÏÍ ÚÍÏÄÅÌÀ¤ÍÏ �Ï-ÒÉÓÔ� ÍÁÔÒÉ�� ×ÅÒÈÎØÏÇÏ ÔÁ ÎÉÖÎØÏÇÏ ÎÁ��×�ÒÏÓÔÏÒ�×.äÌÑ ÒÏÚÒÁÈÕÎËÕ iÏÎÎÏ§ ÁÄÓÏÒÂ��§ Õ ×É�ÁÄËÕ ÓÌÁÂÏËÏÎ�ÅÎÔÒÏ×Á-ÎÉÈ ÒÏÚÞÉÎi× ÅÌÅËÔÒÏÌiÔi× ÄÏÓÔÁÔÎØÏ ÚÎÁÔÉ ÏÄÎÏÞÁÓÔÉÎËÏ×� ÆÕÎË��§ÒÏÚ�ÏÄ�ÌÕ �ÏÎ�×. ãi ÆÕÎË��§ �ÒÉ ÍÁÌÉÈ iÏÎÎÉÈ ËÏÎ�ÅÎÔÒÁ�iÑÈ ÂÅÚ�ÏÓÅ-ÒÅÄÎØÏ �Ï×'ÑÚÁÎi Ú ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÍÉ ÅËÒÁÎÏ×ÁÎÉÍÉ �ÏÔÅÎ�iÁÌÁÍÉ.÷ÉÒÁÚÉ ÄÌÑ ÏÓÔÁÎÎiÈ ÑË ÒÏÚ×'ÑÚËÉ ÓÉÓÔÅÍÉ ÒÅ�ÌiÞÎÉÈ iÎÔÅÇÒÁÌØÎÉÈÒi×ÎÑÎÎØ ïÒÎÛÔÅÊÎÁ-ãÅÒÎiËÅ ÏÔÒÉÍÁÎÏ × �ÒÁ�ÑÈ [13,14℄.ðÒÉ ×ÒÁÈÕ×ÁÎÎi ×�ÌÉ×Õ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ÎÁ ÁÄÓÏÒÂ-��À �ÏÎ�× ÎÁ �Ï×ÅÒÈÎ� �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÓËÏÒÉÓÔÁ¤ÍÏÓÑ ÏÚÎÁÞÅÎ-ÎÑÍ ËÏÅÆi�i¤ÎÔÁ ÁÄÓÏÒÂ�i§ ÑË ÎÁÄÌÉÛËÏ×Ï§ ËiÌØËÏÓÔi ÞÁÓÔÉÎÏË �Å×-ÎÏÇÏ ÓÏÒÔÕ ÎÁ ÏÄÉÎÉ�À �ÌÏÝi �Ï×ÅÒÈÎi �ÏÄiÌÕ ÆÁÚfa = 1S ZV 0 d~Ra d
af �fa(~Ra;
a) � �(bulk)fa g ; (1)
ICMP{02{06U 4ÄÅ: fa { ËÏÅÆ���ÅÎÔ ÁÄÓÏÒÂ��§ ÞÁÓÔÉÎÏË ÓÏÒÔÕ a ÒiÄÉÎÎÏ§ �iÄÓÉÓÔÅÍÉ,S { �ÌÏÝÁ �Ï×ÅÒÈÎi ËÏÎÔÁËÔÕ ÓÅÒÅÄÏ×ÉÝ, V 0 { ÏÂ'¤Í ÓÉÓÔÅÍÉ �ÏÚÁ�Ï×ÅÒÈÎÅÀ �ÏÄ�ÌÕ ÆÁÚ, �fa(~Ra;
a) { ÇÕÓÔÉÎÁ ÞÁÓÔÉÎÏË ÓÏÒÔÕ a × ÔÏÞ-�i ~Ra �ÒÉ ÏÒi¤ÎÔÁ�i§ ÞÁÓÔÉÎÏË × �ÒÏÓÔÏÒi, ÑËÁ ÚÁÄÁ¤ÔØÓÑ ÎÁÂÏÒÏÍÓÆÅÒÉÞÎÉÈ ËÕÔi× 
a = (�a; 'a), Á �(bulk)fa { ÓÅÒÅÄÎÑ ÏÂ'¤ÍÎÁ ÇÕÓÔÉÎÁÞÁÓÔÉÎÏË ÓÏÒÔÕ a.÷iÄÍiÔÉÍÏ, ÝÏ ×ÉÒÁÚ ÄÌÑ ËÏÅÆi�iÅÎÔÁ ÁÄÓÏÒÂ�i§, ÒÏÚÒÁÈÏ×ÁÎÉÊ ×ÍÅÔÏÄi ÒÅ�ÌiË, �Ï×Î�ÓÔÀ Ó��×�ÁÄÁ¤ Ú ËÌÁÓÉÞÎÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ.õ ×É-�ÁÄËÕ ÓÌÁÂÏËÏÎ�ÅÎÔÒÏ×ÁÎÉÈ ÒÏÚÞÉÎi× ÅÌÅËÔÒÏÌiÔi× ÏÄÎÏÞÁÓÔÉÎËÏ×ÁÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ �ÏÎ�× Õ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒ�ÄÎÏÍÕ ×É�ÁÄËÕ ÍÏÖÅÂÕÔÉ ÚÁ�ÉÓÁÎÁ Õ ×ÉÇÌÑÄ� [7,17℄:�fa(z)� �(bulk)fa = �(bulk)fa F (sh)fa (z) eZfa wfa (z) ; (2)ÄÅ: F (sh)fa (z) { �ÒÏÆiÌØ ÇÕÓÔÉÎÉ ÞÁÓÔÉÎÏË ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ÅÌÅËÔÒÏÓÔÁ-ÔÉÞÎÉÈ ×ÚÁ¤ÍÏÄiÊ ; wfa(z) { �ÏÔÅÎ�iÁÌ ÅËÒÁÎÏ×ÁÎÏ§ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏ§×ÚÁ¤ÍÏÄi§ ÞÁÓÔÉÎËÉ ÓÏÒÔÕ a Ú �Ï×ÅÒÈÎÅÀ ÎÁ ×iÄÄÁÌi z ×iÄ ÍÅÖi �ÏÄiÌÕÄ×ÏÈ ÓÅÒÅÄÏ×ÉÝ, ×ÉÍiÒÀ×ÁÎÉÊ × ÏÄÉÎÉ�ÑÈ T ; eZfa { ÅÌÅËÔÒÏÓÔÁÔÉÞ-ÎÉÊ ÚÁÒÑÄ �ÏÎÁ ÓÏÒÔÕ a , e { ÁÂÓÏÌÀÔÎÅ ÚÎÁÞÅÎÎÑ ÚÁÒÑÄÕ ÅÌÅËÔÒÏÎÁ,Zfa { ×ÁÌÅÎÔÎiÓÔØ iÏÎÁ.äÌÑ ÓÌÁÂÏËÏÎ�ÅÎÔÒÏ×ÁÎÉÈ ÒÏÚÞÉÎi× ÅÌÅËÔÒÏÌiÔi× ÁÄÓÏÒÂ��À ÒÏÚ-ÞÉÎÅÎÏ§ ÒÅÞÏ×ÉÎÉ ÎÁ �Ï×ÅÒÈÎi �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:fa = �(bulk)fa Z 10 dzF (sh)fa (z) eZfa wfa (z) : (3)äÏÓÌiÄÖÅÎÎÑ ×ËÌÁÄÕ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÈ ×ÚÁ¤ÍÏÄiÊ × ÁÄÓÏÒÂ��À ÚÁÄÏ�ÏÍÏÇÏÀ (3) Ó�ÒÁ×ÅÄÌÉ×Å ÌÉÛÅ �ÒÉ ÍÁÌÉÈ iÏÎÎÉÈ ËÏÎ�ÅÎÔÒÁ�iÑÈ,ËÏÌÉ ×ÚÁ¤ÍÏ×�ÌÉ× ÍiÖ ËÏÒÏÔËÏÓÑÖÎÉÍÉ i ÄÁÌÅËÏÓÑÖÎÉÍÉ ÓËÌÁÄÏ-×ÉÍÉ ÍiÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄi§ ¤ ÍÁÌÉÍ. ïÄÎÁË, ÎÅ ÄÉ×ÌÑÞÉÓØ ÎÁÓ×ÏÀ �ÒÏÓÔÏÔÕ, ÔÁËÅ ÎÁÂÌÉÖÅÎÎÑ ÄÏÚ×ÏÌÑ¤ ÄÏÓÌiÄÉÔÉ ×�ÌÉ× ÍÁÌÉÈiÏÎÎÉÈ ËÏÎ�ÅÎÔÒÁ�iÊ ÎÁ ÁÄÓÏÒÂ�iÊÎi ×ÌÁÓÔÉ×ÏÓÔi ÒÏÚÞÉÎÕ i �ÅÒÅÄÂÁ-ÞÉÔÉ ÅÆÅËÔÉ ÚÕÍÏ×ÌÅÎi ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÀ ×ÚÁ¤ÍÏÄi¤À.÷ ÒÏÚÇÌÑÎÕÔiÊ ÍÏÄÅÌi ÞÁÓÔÉÎËÉ ÒiÄÉÎÎÉÈ ÓÅÒÅÄÏ×ÉÝ �ÅÒÅÂÕ×ÁÀÔØ× ÔÅÒÍÏÄÉÎÁÍiÞÎiÊ Òi×ÎÏ×ÁÚi. ÷iÌØÎÉÊ ÏÂÍiÎ ÍiÖ ÞÁÓÔÉÎËÁÍÉ ÒiÚÎÉÈÆÁÚ ÒiÄÉÎÎÏ§ �iÄÓÉÓÔÅÍÉ ×ÉÍÁÇÁ¤ ÂÅÚ�ÏÓÅÒÅÄÎØÏÇÏ ×ÒÁÈÕ×ÁÎÎÑ Òi×-ÎÏÓÔi §È ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi×.�f+ = �f� = �f : (4)äÌÑ ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÚÁ ÒÁÈÕÎÏË ÊÏÇÏ ÎÅÒi×ÎÏ×ÁÖ-ÎÏÓÔi �Ñ ÕÍÏ×Á ÎÅ ×ÉËÏÎÕ¤ÔØÓÑ.



5 ðÒÅ�ÒÉÎÔèiÍiÞÎi �ÏÔÅÎ�iÁÌÉ ÒiÄÉÎÎÉÈ �iÄÓÉÓÔÅÍ ÒÏÚÒÁÈÏ×ÕÀÔØÓÑ Ú ÔÅÒÍÏ-ÄÉÎÁÍiÞÎÏÇÏ ÏÚÎÁÞÅÎÎÑ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ�iÁÌÕ, ÑËÅ Õ ×É�ÁÄËÕ ÒÅ�ÌiÞ-ÎÏÇÏ �iÄÈÏÄÕ ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ Õ ×ÉÇÌÑÄi�f = 1V < ��Af��f �T;V >rep= 1V �� < Af >rep��f �T;V ; (5)ÄÅ: Af { ×iÌØÎÁ ÅÎÅÒÇiÑ ÓÉÓÔÅÍÉ ÞÁÓÔÉÎÏË ÒiÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ Õ�ÏÌ� ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i, Á < ::: >rep { �ÏÚÎÁÞÁ¤ ÒÅ�ÌiÞÎÅÕÓÅÒÅÄÎÅÎÎÑ, �f { ÇÕÓÔÉÎÁ ÞÁÓÔÉÎÏË ÒiÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ.�ÁËÉÍ ÞÉÎÏÍ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× ÎÅÏÂÈiÄÎÏÚÎÁÔÉ ×ÉÒÁÚ ÄÌÑ ×iÌØÎÏ§ ÅÎÅÒÇi§ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒiÄÎÏ§ ÓÉÓÔÅÍÉ"ÒÏÚÞÉÎ ÅÌÅËÔÒÏÌiÔÕ { �ÏÒÉÓÔÅ ÓÅÒÅÄÏ×ÉÝÅ", ÚÎÁÊÄÅÎÉÊ × ÒÅ�ÌiÞ-ÎÏÍÕ �iÄÈÏÄi.÷iÄÓÕÔÎiÓÔØ Õ ÚÁ�ÒÏ�ÏÎÏ×ÁÎiÊ ÍÏÄÅÌi ÚÏ×ÎiÛÎØÏÇÏ �ÏÌÑ ÄÏÚ×ÏÌÑ¤�ÒÉ ×ÒÁÈÕ×ÁÎÎi ÕÍÏ×É ÔÅÒÍÏÄÉÎÁÍiÞÎÏ§ Òi×ÎÏ×ÁÇÉ �ÒÉ Òi×ÎÏÓÔi ÔÅÍ-�ÅÒÁÔÕÒ Õ ×ÅÒÈÎiÊ ÔÁ ÎÉÖÎiÊ ÆÁÚÁÈ ÒiÄÉÎÎÉÈ �iÄÓÉÓÔÅÍ ÏÂÍÅÖÉÔÉÓÑÌÉÛÅ Òi×ÎiÓÔÀ ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× ÁÂÏ ÔÉÓËi×, ÏÓËiÌØËÉ × �ØÏÍÕ ×É-�ÁÄËÕ ÏÂÉÄ×i Òi×ÎÏÓÔi ÅË×i×ÁÌÅÎÔÎi [18℄. îÁÄÁÌi ÄÌÑ ÔÅÒÍÏÄÉÎÁÍiÞÎÏ§Òi×ÎÏ×ÁÖÎÏÓÔi ÒiÄÉÎÎÉÈ ÆÁÚ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉÍÅÍÏ Òi×ÎÏÓÔi ÔÅÍ�ÅÒÁ-ÔÕÒ i ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi×.3. îÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ ÄÌÑ ×iÌØÎÏ§ ÅÎÅÒÇi§Õ ÒÅ�Ì�ÞÎÏÍÕ ÍÅÔÏÄ�÷iÌØÎÁ ÅÎÅÒÇiÑ A ÓÉÓÔÅÍÉ ×ÚÁ¤ÍÏÄiÀÞÉÈ ÞÁÓÔÉÎÏË Õ ÒÅ�ÌiÞÎÏÍÕ ÍÅ-ÔÏÄi ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÁ Ó�i××iÄÎÏÛÅÎÎÑÍ� 1T A = � 1T < Af >rep= lims! 0 1Zm dd s Z (d�)m Z (d�)sf �� exp(� 1T "Hmm + sXr=1 �Hrff + Hrfm�#) ; (6)× ÑËÏÍÕ: T { ÁÂÓÏÌÀÔÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ ×ÉÍiÒÀ×ÁÎÁ × ÅÎÅÒÇÅÔÉÞÎÉÈÏÄÉÎÉ�ÑÈ, Zm { ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ,(d�)m ; (d�)sf { ÅÌÅÍÅÎÔÉ ÆÁÚÏ×ÏÇÏ �ÒÏÓÔÏÒÕ ÞÁÓÔÉÎÏË �ÏÒÉÓÔÏ§ ÍÁÔ-ÒÉ�i i s ËÏ�iÊ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕ; Hmm; Hrff ; Hrfm { ÇÁÍiÌØÔÏÎiÁÎÉ�ÏÒÉÓÔÏ§ �iÄÓÉÓÔÅÍÉ, r - ÔÏ§ ÒÅ�ÌiËÉ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕ ÔÁ ×ÚÁ¤-ÍÏÄi§ ÞÁÓÔÉÎÏË r - ÔÏ§ ÒÅ�ÌiËÉ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕ Ú ÞÁÓÔÉÎËÁÍÉ�ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ×iÄ�Ï×iÄÎÏ.

ICMP{02{06U 6æÏÒÍÁÌØÎÏ ÒÏÚÒÁÈÕÎÏË ÒÅ�ÌiÞÎÏÇÏ ÕÓÅÒÅÄÎÅÎÎÑ × (6) Ú×ÏÄÉÔØÓÑÄÏ ÒÏÚÒÁÈÕÎËÕ ËÏÎÆiÇÕÒÁ�iÊÎÏÇÏ iÎÔÅÇÒÁÌÁ ÓÉÓÔÅÍÉ (s+1) - ÇÏ ÓÏÒÔÕÞÁÓÔÉÎÏË.Zrep = Z (d�)m Z (d�)sf �� exp(� 1T "Hmm + sXr=1 �Hrff +Hrfm�#) == exp��A(id)m �A(idf )T �Z (d~Rd
)s+1 exp(� 1T s+1Xr1;r2Ur1;r2) ;(7)ÄÅ: R (d~R d
)s+1 { �ÏÚÎÁÞÁ¤ iÎÔÅÇÒÕ×ÁÎÎÑ �Ï ÔÒÁÎÓÌÑ�iÊÎÉÈ ÔÁ ÏÒi¤Î-ÔÁ�iÊÎÉÈ ÓÔÅ�ÅÎÑÈ ×iÌØÎÏÓÔi ÞÁÓÔÉÎÏË ÒiÄÉÎÎÏÇÏ i �ÏÒÉÓÔÏÇÏ ÓÅÒÅ-ÄÏ×ÉÝ ÄÌÑ ×ÓiÈ ÒÅ�ÌiË, A(id)m ; A(id)f { ×iÌØÎi ÅÎÅÒÇi§ ÎÅ×ÚÁ¤ÍÏÄiÀÞÉÈÞÁÓÔÉÎÏË ×iÄ�Ï×iÄÎÏ ÒiÄÉÎÎÏÇÏ ÔÁ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝ, Á Ur1; r2 {�Ï×ÎÕ �ÏÔÅÎ�iÁÌØÎÕ ÅÎÅÒÇiÀ ×ÚÁ¤ÍÏÄi§ ÍiÖ ÞÁÓÔÉÎËÁÍÉ.ïÓËiÌØËÉ ÞÁÓÔÉÎËÉ ÒiÚÎÉÈ ÒÅ�ÌiË ÎÅ ×ÚÁ¤ÍÏÄiÀÔØ ÍiÖ ÓÏÂÏÀ, ÄÌÑUr1; r2 ÍÁ¤ÍÏ ÎÁÓÔÕ�ÎÉÊ ×ÉÒÁÚUr1; r2 = Uff (1� Ær1; s+1) Ær1; r2 ++Ufm (1� Ær1; s+1)Ær2; s+1 + Umm Ær1; s+1Ær2; s+1 ; (8)× ÑËÏÍÕ: Æm ;n { ÓÉÍ×ÏÌÉ ëÒÏÎÅËÅÒÁ, Á Uff ; Ufm; Umm { �ÏÔÅÎ�iÁÌØÎiÅÎÅÒÇi§ ×ÚÁ¤ÍÏÄi§ ÍiÖ ÞÁÓÔÉÎËÁÍÉ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕ, ÅÌÅËÔÒÏÌiÔÕi �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÔÁ ÍiÖ ÞÁÓÔÉÎËÁÍÉ �ÏÒ ×iÄ�Ï×iÄÎÏ.ðÏ×ÎÕ �ÏÔÅÎ�iÁÌØÎÕ ÅÎÅÒÇiÀ ÓÉÓÔÅÍÉ ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉ Õ ×É-ÇÌÑÄi:Ur1 ;r2 = U (sh)r1 ;r2 + U (el)r1 ;r2 = 12Xa;b Xi 6=j f'r1 ;r2ab (Rij) + �r1 ;r2ab (Rij)g : (9)÷ (8,9) i ÄÁÌi ÒÅ�ÌiÞÎi ÓÏÒÔÉ r �ÏÚÎÁÞÁÀÔØ r - ÔÕ ÒÅ�ÌiËÕ ÒiÄÉÎÎÏ§�iÄÓÉÓÔÅÍÉ, ËÏÌÉ 1 � r � s i �ÏÒÉÓÔÅ ÓÅÒÅÄÏ×ÉÝÅ, ËÏÌÉ r = s +1 . äÏÄÁÎËÉ U (sh)r1 ;r2 ; U (el)r1 ;r2 { ÂÌÉÚØËÏÓÑÖÎi ÔÁ ÄÁÌÅËÏÓÑÖÎi ÓËÌÁÄÏ×i�Ï×ÎÏÇÏ �ÏÔÅÎ�iÁÌa ×ÚÁ¤ÍÏÄi§ ÍiÖ ÞÁÓÔÉÎËÁÍÉ ÓÉÓÔÅÍÉU (sh)r1 ;r2 = 12Xa;b Xi 6=j 'r1 ;r2ab (Rij) ; (10)U (el)r1 ;r2 = 12Xa;b Xi 6=j �r1 ;r2ab (Rij) ; (11)



7 ðÒÅ�ÒÉÎÔÁ 'r1 ;r2ab (Rij); �r1 ;r2ab (Rij) { ×iÄ�Ï×iÄÎÏ ÂÌÉÚØËÏÓÑÖÎi ÔÁ ÄÁÌÅËÏÓÑÖ-Îi ÓËÌÁÄÏ×i �ÏÔÅÎ�iÁÌi× �Ï�ÁÒÎÏ§ ×ÚÁ¤ÍÏÄi§ ÍiÖ i - ÔÏÀ ÞÁÓÔÉÎËÏÀÓÏÒÔÕ a Ú ÒÅ�ÌiÞÎÏÇÏ ÓÏÒÔÕ r1 ÔÁ j - ÔÏÀ ÞÁÓÔÉÎËÏÀ ÓÏÒÔÕ b Ú ÒÅ�ÌiÞ-ÎÏÇÏ ÓÏÒÔÕ r2 ÎÁ ×iÄÄÁÌi Rij ÏÄÎÁ ×iÄ ÏÄÎÏ§, ÄÅ Rij = j~Ri � ~Rj j , ~RiÔÁ ~Rj { ÒÁÄ�ÕÓ-×ÅËÔÏÒÉ ËÏÏÒÄÉÎÁÔ i - ÔÏ§ ÔÁ j - ÔÏ§ ÞÁÓÔÉÎÏË × �ÒÏÓ-ÔÏÒi. ÷iÄÍiÔÉÍÏ, ÝÏ ÏÂÉÄ×i ÓËÌÁÄÏ×i �ÏÔÅÎ�iÁÌi× �Ï�ÁÒÎÏ§ ×ÚÁ¤ÍÏÄi§ÚÁÄÏ×iÌØÎÑÀÔØ Òi×ÎiÓÔØ ÁÎÁÌÏÇiÞÎÕ (8).îÁÄÁÌ� ××ÁÖÁÔÉÍÅÍÏ, ÝÏ ÄÁÌÅËÏÓÑÖÎi ÞÁÓÔÉÎÉ �ÏÔÅÎ�iÁÌi× ÚÕ-ÍÏ×ÌÅÎi ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÍÉ ×ÚÁ¤ÍÏÄiÑÍÉ�r1 ;r2ab (Rij) = ^Qr1a (~ri; 
i) ^Qr2b (�~rj ; 
j) 14� "0Rij ; (12)ÄÅ: ^Qr1a (~ri; 
i) = eZr1a + ~mr1a (
i) ~ri : (13)÷ Ï�ÅÒÁÔÏÒi ÕÚÁÇÁÌØÎÅÎÏÇÏ ÚÁÒÑÄÕ ^Qr1a (~ri; 
i) ×ÉÂÒÁÎÏÍÕ × ÎÁÂÌÉ-ÖÅÎÎi iÏÎ - ÄÉ�ÏÌØÎÉÈ ×ÚÁ¤ÍÏÄiÊ ~mr1a (
i) �ÏÚÎÁÞÁ¤ ÄÉ�ÏÌØÎÉÊ ÍÏ-ÍÅÎÔ i - ÔÏ§ ÞÁÓÔÉÎËÉ ÓÏÒÔÕ a ÒÅ�ÌiÞÎÏÇÏ ÓÏÒÔÕ r1 , ~ri { ÇÒÁÄi¤ÎÔ�Ï ËÏÏÒÄÉÎÁÔÁÈ i - ÔÏ§ ÞÁÓÔÉÎËÉ, "0 { ÄiÅÌÅËÔÒÉÞÎÁ �ÒÏÎÉËÌÉ×iÓÔØ×ÁËÕÕÍÕ.ïÓËiÌØËÉ ÄÌÑ ÄÁÌÅËÏÓÑÖÎÏ§ ÞÁÓÔÉÎÉ �ÁÒÎÏÇÏ �ÏÔÅÎ�iÁÌÕ iÓÎÕ¤ÆÕÒ'¤ - �ÅÒÅÔ×ÏÒÅÎÎÑ, U (el) ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ Õ ÎÁÓÔÕ�ÎÏÍÕ ×ÉÇÌÑÄi:U (el) = 12 Xr1 r2Xa;b Xi 6=j �r1 r2ab (Rij) = 12 Xr1; r2X~k �r1; r2(k)��8<:^�r1~k ^�r1�~k � Ær1;r2Xa;i ~Qr1a (~k; 
i) ~Qr1a (�~k; 
i)9=; ; (14)Õ ÑËÏÍÕ: �r1; r2(k) = ~�(k) h(1� Ær1; s+1) Ær1; r2 ++(1� Ær1; s+1)Ær2; s+1 + Ær1; s+1Ær2; s+1i ; (15)Á ÔÁËÏÖ: ~�(k) = � 1"0 T V 1k2 (16){ ÆÕÒ'¤ - ÏÂÒÁÚ �ÏÔÅÎ�iÁÌÕ ËÕÌÏÎi×ÓØËÏ§ ×ÚÁ¤ÍÏÄi§,^�r~k = Xa Xi ~Q�; ra (~k; 
i)ei~k ~Ri (17)
ICMP{02{06U 8{ Ï�ÅÒÁÔÏÒ ÇÕÓÔÉÎÉ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÇÏ ÚÁÒÑÄÕ ÞÁÓÔÉÎÏË ÓÏÒÔÕ r ,~Qr1a (~k; 
i) = eZr1a + ~mr1a (
i)~k (18){ ÆÕÒ'¤ - ÏÂÒÁÚ Ï�ÅÒÁÔÏÒÁ ÕÚÁÇÁÌØÎÅÎÏÇÏ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÇÏ ÚÁÒÑÄÕ× ÎÁÂÌÉÖÅÎÎi iÏÎ - ÄÉ�ÏÌØÎÉÈ ×ÚÁ¤ÍÏÄiÊ, ~k(kx; ky; kz) { ×ÅËÔÏÒ ÆÕÒ'¤- �ÅÒÅÔ×ÏÒÅÎÎÑ.÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ (14) ÔÁ ×ÌÁÓÔÉ×ÏÓÔi Æ - ÆÕÎË�iÊ äiÒÁËÁ, ÄÌÑ ÒÅ-�ÌiÞÎÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ (7) × ÒÁÍËÁÈ ÍÅÔÏÄÕ ËÏÌÅËÔÉ×ÎÉÈ ÚÍiÎÎÉÈÏÔÒÉÍÁ¤ÍÏ ÎÁÓÔÕ�ÎÉÊ ×ÉÒÁÚ:Zrep = expn� 1T � sA(id)f � A(id)m � o �� Z (d~R d
)s+1(d!~k)s+1(d�~k)s+1 exp�� 1T U (sh)r1;r2� �� exp� � 12 Xr1; r2X~k �r1; r2(k)�^�r1~k ^�r2�~k ��Ær1;r2Xa;i ~Qr1a (~k; 
i) ~Qr1a (�~k; 
i)�� i�Xr;~k !r~k ��r~k � ^�r~k��; (19)× ÑËÏÍÕ: �r~k { ËÏÌÅËÔÉ×Îi ÔÁ !r~k { ÆÕÒ'¤-ÔÒÁÎÓ�ÏÎÏ×ÁÎi §Í ÚÍiÎÎi.PÅÚÕÌØÔÁÔ iÎÔÅÇÒÕ×ÁÎÎÑ �Ï iÎÄÉ×iÄÕÁÌØÎÉÈ ËÏÏÒÄÉÎÁÔÁÈ ÞÁÓÔÉÎÏËÒiÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ �ÒÅÄÓÔÁ×ÉÍÏ Õ ×ÉÇÌÑÄi ËÕÍÕÌÑÎÔÎÏÇÏ ÒÏÚËÌÁ-ÄÕ [7℄, × ÑËÏÍÕ ÏÂÍÅÖÅÍÏÓÑ ÄÒÕÇÉÍ ËÕÍÕÌÑÎÔÏÍ, ÝÏ ×iÄ�Ï×iÄÁ¤ ÒÏÚ-ÒÁÈÕÎËÕ ×iÌØÎÏ§ ÅÎÅÒÇi§ Ú ÔÏÞÎiÓÔÀ ÄÏ ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ,Zrep = exp�� 1T � sA(id)f � A(id)m + A(sh)(s)�� �� Z (d!)s+1(d�)s+1 exp� � 12 Xr1; r2X~k �r1; r2(k) �� 0��r1~k �r2�~k � Ær1;r2Xa;i ^Qr1a (~k; 
i) ^Qr1a (�~k; 
i)1A �� i�Xr X~k !r~k�r~k � 12�2 Xr1; r2X~k Mr1; r22 (~k )!r1~k !r2�~k � : (20)ëÕÍÕÌÑÎÔ Mr1; r22 (~k1; ~k2) ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÁ Ó�i××iÄÎÏÛÅÎÎÑÍMr1; r22 (~k ) =< ^�r1~k ^�r2�~k >(sh) � < ^�r1~k >(sh)< ^�r2�~k >(sh) ; (21)



9 ðÒÅ�ÒÉÎÔÕ ÑËÏÍÕ < :::: >(sh) { �ÏÚÎÁÞÁ¤ ÕÓÅÒÅÄÎÅÎÎÑ ÚÁ ÓÉÓÔÅÍÏÀ Ú ËÏÒÏÔËÏ-ÓÑÖÎÉÍÉ ×ÚÁ¤ÍÏÄiÑÍÉ.÷ ÒÅÚÕÌØÔÁÔi �iÓÌÑ ÒÏÚÒÁÈÕÎËÕ ÇÁÕÓÏ×ÉÈ iÎÔÅÇÒÁÌi× ÚÁ ÚÍiÎÎÉÍÉ�r~k ÔÁ !r~k ÄÌÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ Ú ÔÏÞÎiÓÔÀ ÄÏ ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞ-ÎÉÈ ÆÁÚ ÏÔÒÉÍÁ¤ÍÏ ×ÉÒÁÚZrep = exp�� 1T � sA(id)f + A(id)m + A(sh)(s)� �� 12X~k � s �f; f (k) hXa;i ~Qfa(~k; 
i)i hXa;i ~Qfa(�~k; 
i)i ++�m;m(k)hXa;i ~Qma (~k; 
i)ihXa;i ~Qma (�~k; 
i)i � �� 12 X~k log det jj�r1;r2(k) jj + 12 X~k log det jj ~Gr1;r2(k) jj : (22)æÕÒ'¤-ÏÂÒÁÚ ÅËÒÁÎÏ×ÁÎÏÇÏ �ÏÔÅÎ�iÁÌÕ ~Gr1;r2(k) ÚÁÄÏ×iÌØÎÑ¤ ÎÁÓÔÕ�-ÎÏÍÕ ÍÁÔÒÉÞÎÏÍÕ Òi×ÎÑÎÎÀ:~Gr1;r2(k) = �r1;r2(k) ++Xr;r0 �r1;r(k)Mr; r02 (~k ) ~Gr0;r2(k) : (23)ïÂ'¤ÄÎÀÀÞÉ ÏÓÔÁÎÎi Ä×Á ÄÏÄÁÎËÉ × (22), ÏÔÒÉÍÁ¤ÍÏ:log det jj�r1;r2(k) jj + log det jj ~Gr1;r2(k) jj == log det jjÆr1;r2 + Xr �r1;r(k)Mr; r22 (~k )jj : (24)úÎÁÊÄÅÍÏ ÔÅ�ÅÒ lims! 0 dd s Zrep . PÏÚÇÌÑÎÅÍÏ ÏËÒÅÍÏ ËÏÖÅÎ ÄÏÄÁÎÏËÚ Òi×ÎÏÓÔi (22). lims! 0 dd s A(sh)(s) = A(sh) (25){ ×iÌØÎÁ ÅÎÅÒÇiÑ ÓÉÓÔÅÍÉ Ú ×ÒÁÈÕ×ÁÎÎÑ ÔiÌØËÉ ÂÌÉÚØËÏÓÑÖÎÉÈ ÍiÖ-ÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ 'r1; r2ab (Rij), ÑËÁ ××ÁÖÁ¤ÔØÓÑ ×iÄÏÍÏÀ.lims! 0 dd s �X~k ~�(k)h sXa;i ~Qfa(~k; 
i) ~Qfa(�~k; 
i) ++Xa;i ~Qma (~k; 
i) ~Qma (�~k; 
i) i� =

ICMP{02{06U 10=X~k Xa;i ~�(k) ~Qfa(~k; 
i) ~Qfa(�~k; 
i) (26){ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÉÊ ×ÎÅÓÏË Õ ×iÌØÎÕ ÅÎÅÒÇiÀ ×iÄ ÅÌÅËÔÒÏÓÔÁ-ÔÉÞÎÉÈ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄiÊ. ÷iÄÍiÔÉÍÏ, ÝÏ ÍÁÔÒÉ�Ñ jjÆr1;r2 +Pr �r1;r(k)Mr; r22 (~k )jj ÍÁ¤ ×ÉÇÌÑÄjjÆr1;r2 + Xr �r1;r(k)Mr; r22 (~k )jj =
= 0BBBBBBBBBBB�

1 + Pr �f;r(k)Mr; f2 (~k) ; :::::: ; Pr �f;r(k)Mr;m2 (~k)Pr �f 0;r(k)Mr; f2 (~k) ; :::::; Pr �f 0;r(k)Mr;m2 (~k)::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::Pr �f 0;r(k)Mr; f2 (~k) ; ::::::; Pr �f 0;r(k)Mr;m2 (~k)Pr �m;r(k)Mr; f2 (~k) ; :::::::; 1 + Pr �m;r(k)Mr;m2 (~k)
1CCCCCCCCCCCA :(27)

÷iÄÎiÍÁÀÞÉ s { ÔÉÊ ÓÔÏ×�Å�Ø ÍÁÔÒÉ�i (27) ×iÄ ×ÓiÈ iÎÛÉÈ ÓÔÏ×��i×ÏÔÒÉÍÁ¤ÍÏ ÍÁÔÒÉ�À, × ÑËÏ§ s + 1 { ÔÉÊ ÒÑÄÏË ÓËÌÁÄÁ¤ÔØÓÑ Ú ÎÕÌi×ÏËÒiÍ s { ÔÏÇÏ ÔÁ s+1 { ÇÏ ÅÌÅÍÅÎÔÁ. �ÏÄi ÄÌÑ ÄÅÔÅÒÍiÎÁÎÔÁ ÍÁÔÒÉ�i(27) ÚÎÁÈÏÄÉÍÏ [19℄det jjÆr1;r2 + Xr �r1;r(k)Mr; r22 (~k )jj == h 1 + ~�(k)Mff2 (~k )is�1�h 1 + ~�(k)Mmm2 (~k ) i�� h 1 + ~�(k)Mff2 (~k ) + (s � 1 ) ~�(k)Mff 02 (~k ) i ++ s h ~�(k)Mmf2 (~k ) i2� : (28)÷ÒÁÈÕ×Á×ÛÉ ×iÄÓÕÔÎiÓÔØ ×ÚÁ¤ÍÏÄiÊ ÍiÖ ÒiÚÎÉÍÉ ÒÅ�ÌiËÁÍÉlims! 0 dd s log det jjÆr1;r2 + Xr �r1;r2(k)Mr; r22 (~k )jj == log h 1 + ~�(k)Mff2 (~k ) i ++ h ~�(k)Mmf2 (~k )i2�1 + ~�(k)Mff2 (~k )� �1 + ~�(k)Mmm2 (~k )� ; (29)



11 ðÒÅ�ÒÉÎÔÄÌÑ ×iÌØÎÏ§ ÅÎÅÒÇi§ ÓÉÓÔÅÍÉ, Ú ×ÒÁÈÕ×Á×ÎÎÑÍ (22) { (29), × ÎÁÂÌÉÖÅÎÎiÈÁÏÔÉÞÎÉÈ ÆÁÚ ÏÔÒÉÍÁ¤ÍÏ ÎÁÓÔÕ�ÎÉÊ ×ÉÒÁÚ:A = A(id)ff +A(sh) ++ 12TXa;~k �fa ~�(k) < ~Qfa(~k; 
i) ~Qfa(�~k; 
i) >
 ++ 12 T X~k log 11 + ~�(k)Mff2 (~k ) �� 12 T X~k � ~�(k)Mmf2 (~k ) �2[�1 + ~�(k)Mff2 (~k )� �1 + ~�(k)Mmm2 (~k )� : (30)ú×iÄÓÉ × �ØÏÍÕ Ö ÎÁÂÌÉÖÅÎÎi ÛÌÑÈÏÍ ÄÉÆÅÒÅÎ�iÀ×ÁÎÎÑ ×iÌØÎÏ§ÅÎÅÒÇi§ A �Ï ÇÕÓÔÉÎi ÞÁÓÔÉÎÏË ÒiÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ �f Ú Òi×ÎÏÓÔi (5)ÄÌÑ ×ËÌÁÄÕ Õ ÈiÍiÞÎÉÊ �ÏÔÅÎ�iÁÌ ×iÄ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÈ ×ÚÁ¤ÍÏÄiÊÍÁÔÉÍÅÍÏ: �f � �(id) f � �(sh) f == 12TXa;~k �fa ~�(k) < ~Qfa(~k; 
i) ~Qfa(�~k; 
i) >
 �� 12 T X~k 11 + ~�(k)Mff2 (~k ) dd �f Mff2 (~k ) �+ 12 T X~k ~�(k) � ~�(k)Mmf2 (~k ) �2�1 + ~�(k)Mff2 (~k )�2 �1 + ~�(k)Mmm2 (~k )� �� dd �f Mff2 (~k ) �� 12 T X~k 2 � ~�(k) �2Mmf2 (~k )�1 + ~�(k)Mff2 (~k )� �1 + ~�(k)Mmm2 (~k )� �� dd �f Mfm2 (~k ) (31)ïÓÔÁÎÎÑ Òi×ÎiÓÔØ Õ ×É�ÁÄËÕ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË ÚÁ�ÉÛÅÔØÓÑ Õ ×É-ÇÌÑÄi:�(ex) = � � �(id) = 12 �fXb fa fb Z d~R12 d
1 d
2 ���ffab (R12;
1 d
2) ^Qfa(~r1; 
1) ^Qfb (�~r2; 
2)Gffab (R12) +
ICMP{02{06U 12+ 12 �m Xb fa mb Z d~R12 d
1 d
2 ���fmab (R12;
1 d
2) ^Qfa(~r1; 
1) ^Qmb (�~r2; 
2)Gfmab (R12); (32)ÄÅ: f(m)a = �f(m)a =�f(m) { ËÏÎ�ÅÎÔÒÁ�i§ ÞÁÓÔÉÎÏË ÓÏÒÔÕ a ×iÄ�Ï×iÄÎÏÒiÄÉÎÎÏ§ ÔÁ �ÏÒÉÓÔÏ§ �iÄÓÉÓÔÅÍ.IÄÅÁÌØÎÁ ÞÁÓÔÉÎÁ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ-�iÁÌÕ ÒiÄÉÎÎÏ§ �iÄÓÉÓÔÅÍÉ ÚÎÁÊÄÅÎÁ Õ ÒÅ�ÌiÞÎÏÍÕ ÍÅÔÏÄi �Ï×ÉÎÎÁÂÕÔÉ ÅË×i×ÁÌÅÎÔÎÏÀ ÈiÍiÞÎÏÍÕ �ÏÔÅÎ�iÁÌÕ iÄÅÁÌØÎÏÇÏ ÇÁÚÕ Ú ÇÕÓÔÉ-ÎÏÀ ÞÁÓÔÉÎÏË ��fa = Nfa =Vp (Vp { ÓÕÍÁÒÎÉÊ ÏÂ'¤Í �ÏÒ), ÝÏ ×iÄ�Ï×iÄÁ¤ÒÅÁÌØÎiÊ ÇÕÓÔÉÎi ÞÁÓÔÉÎÏË ÒiÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ Õ �ÏÒÁÈ�(id)f = T Xa log8<: ��fas� 2��h2mfa T �39=; ; (33)ÄÅ: �h { ÓÔÁÌÁ ðÌÁÎËÁ, mfa { ÍÁÓÁ ÞÁÓÔÉÎËÉ ÓÏÒÔÕ a ÒiÄÉÎÎÏÇÏ ÓÅ-ÒÅÄÏ×ÉÝÁ.÷iÄÍiÔÉÍÏ, ÝÏ �ÏÄiÂÎi ×ÉÒÁÚÉ ÂÕÌÉ ÏÔÒÉÍÁÎi ÒÁÎiÛÅ × [20℄, Á ×[19℄ ÚÎÁÊÄÅÎÏ ×ÉÒÁÚ ÄÌÑ ×iÌØÎÏ§ ÅÎÅÒÇi§ ÓÉÓÔÅÍÉ × Ï�ÔÉÍiÚÏ×ÁÎÏÍÕÎÁÂÌÉÖÅÎÎi ÈÁÏÔÉÞÎÉÈ ÆÁÚ. ïÔÒÉÍÁÎi ×ÉÝÅ ÒÅÚÕÌØÔÁÔÉ ¤ ÕÚÁÇÁÌØ-ÎÅÎÎÑÍ ×iÄÏÍÉÈ ×ÉÒÁÚi× ÄÌÑ ×iÌØÎÏ§ ÅÎÅÒÇi§ ÔÁ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ�iÁÌÕÒÏÚÞÉÎi× ÅÌÅËÔÒÏÌiÔi× [7,21℄ ÎÁ ×É�ÁÄÏË ÒÅ�Ì�ÞÎÏÇÏ ��ÄÈÏÄÕ. ÷ÏÎÉ ÄÏ-Ú×ÏÌÑÀÔØ ÒÏÚÒÁÈÕ×ÁÔÉ ÁÎÁÌiÔÉÞÎi ×ÉÒÁÚÉ ÄÌÑ ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi×ÓÉÓÔÅÍ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË Õ �ÏÒÉÓÔÉÈ ÓÅÒÅÄÏ×ÉÝÁÈ.4. õÍÏ×Á ÔÅÒÍÏÄÉÎÁÍiÞÎÏ§ Òi×ÎÏ×ÁÇÉ ÄÌÑ ÓÉÓÔÅÍÉÔÏÞËÏ×ÉÈ iÏÎi×ñË ÂÕÌÏ ÚÁÕ×ÁÖÅÎÏ ÒÁÎiÛÅ ÄÌÑ Ä×ÏÆÁÚÎÏ§ ÓÉÓÔÅÍÉ ÞÁÓÔÉÎÏË Ú �ÌÏÓ-ËÏÀ �Ï×ÅÒÈÎÅÀ �ÏÄiÌÕ ÆÁÚ ÚÁ ÕÍÏ×É ÔÅÒÍÏÄÉÎÁÍiÞÎÏ§ Òi×ÎÏ×ÁÇÉ�ÒÉ ×iÄÓÕÔÎÏÓÔi ÚÏ×ÎiÛÎØÏÇÏ �ÏÌÑ ÎÅÏÈiÄÎÏÀ ¤ Òi×ÎiÓÔØ ÔÅÍ�ÅÒÁÔÕÒi ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× ÞÁÓÔÉÎÏË × ÏÂÏÈ ÆÁÚÁÈ. îÁÄÁÌi ÒÏÚÇÌÑÄÁÔÉ-ÍÅÍÏ ÓÉÓÔÅÍÕ, Õ ÑËiÊ Õ ×ÅÒÈÎiÊ ÆÁÚi ÎÅÍÁ¤ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ, ÁÒÏÚÞÉÎ ÅÌÅËÔÒÏÌiÔÕ �ÒÅÄÓÔÁ×ÌÑ¤ ÓÏÂÏÀ ÅÌÅËÔÒÏÎÅÊÔÁÌØÎÕ ÓÕÍiÛ ÔÏÞ-ËÏ×ÉÈ iÏÎi× ÔÁ ÄÉ�ÏÌi×. îÉÖÎÑ ÆÁÚÁ ÍÏÄÅÌÀ¤ÔØÓÑ ÁÎÁÌÏÇiÞÎÉÍ ÒÏÚ-ÞÉÎÏÍ ÅÌÅËÔÒÏÌiÔÕ Ú iÎÛÏÀ ÇÕÓÔÉÎÏÀ ÞÁÓÔÉÎÏË, ÑËÉÊ ÚÎÁÈÏÄÉÔØÓÑÕ �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝi. ïÓÔÁÎÎ¤ Ñ×ÌÑ¤ ÓÏÂÏÀ iÏÎ-ÄÉ�ÏÌØÎÕ ÓÕÍiÛÚ ×iÄ�Ï×iÄÎÏÀ ÇÕÓÔÉÎÏÀ ÞÁÓÔÉÎÏË. äÌÑ �ÏÔÅÎ�iÁÌi× ÍiÖÞÁÓÔÉÎËÏ×Ï§×ÚÁ¤ÍÏÄi§ ÚÇiÄÎÏ (12), (13) ÍÁ¤ÍÏ:�ff(m)ab (R12;
1;
2) = 14�"0T ^Qfa(~r1; 
1) ^Qf(m)b (�~r2; 
2) 1R12 : (34)



13 ðÒÅ�ÒÉÎÔ÷iÌØÎÕ ÅÎÅÒÇiÀ Ä×ÏÆÁÚÎÏ§ �ÒÏÓÔÏÒÏ×Ï ÎÅÏÄÎÏÒiÄÎÏ§ ÓÉÓÔÅÍÉ ÍÏÖ-ÎÁ �ÒÅÄÓÔÁ×ÉÔÉ Õ ÎÁÓÔÕ�ÎÏÍÕ ×ÉÇÌÑÄi:A = A(bulk)+ + A(bulk)� + As ; (35)× ÑËÏÍÕ A(bulk)+ ; A(bulk)� { ÏÂ'¤ÍÎi ÞÁÓÔÉÎÉ ×iÌØÎÏ§ ÅÎÅÒÇi§ ×iÄ�Ï×iÄ-ÎÏ ×ÅÒÈÎØÏ§ ÔÁ ÎÉÖÎØÏ§ ÆÁÚ, Á As { �Ï×ÅÒÈÎÅ×Á ÅÎÅÒÇiÑ. ÷�ÌÉ×ÏÍÏÓÔÁÎÎØÏ§ ÎÁ ÏÂ'¤ÍÎi ×ÌÁÓÔÉ×ÏÓÔi ÍÏÖÎÁ ÚÎÅÈÔÕ×ÁÔÉ, ÏÓËiÌØËÉ ×ÏÎÁ�ÒÏ�ÏÒ�iÊÎÁ ÄÏ ËiÌØËÏÓÔi ÞÁÓÔÉÎÏË �ÏÂÌÉÚÕ �Ï×ÅÒÈÎi Ns � N .èiÍiÞÎÉÊ �ÏÔÅÎ�iÁÌ ËÏÖÎÏ§ Ú �iÄÓÉÓÔÅÍ ÚÁ�ÉÛÅÍÏ Õ ×ÉÇÌÑÄi ÓÕÍÉÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× ÒÏÚÞÉÎÅÎÏ§ ÒÅÞÏ×ÉÎÉ (iÏÎÎÁ �iÄÓÉÓÔÅÍÁ) ��;iÔÁ ÒÏÚÞÉÎÎÉËÁ (ÄÉ�ÏÌØÎÁ �iÄÓÉÓÔÅÍÁ) ��;d�� = ��;i + ��;d : (36)÷ ËÏÖÎiÊ iÚ �ÉÈ ÓËÌÁÄÏ×ÉÈ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ�iÁÌÕ ÍÏÖÎÁ ×ÉÄiÌÉÔÉ×ËÌÁÄÉ ×iÄ ÍiÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ��;i = �(id)�;i + �(ex)�;ii + �(ex)�;id : (37)��;d = �(id)�;d + �(ex)�;dd + �(ex)�;di : (38)ÄÅ: �(ex)�;ii ; �(ex)�;id { ×iÄ�Ï×iÄÎÏ ×ËÌÁÄÉ ×iÄ iÏÎ-iÏÎÎÉÈ ÔÁ iÏÎ-ÄÉ�ÏÌØÎÉÈÍiÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ Õ iÏÎÎÕ ÓËÌÁÄÏ×Õ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ�iÁÌÕÓÉÓÔÅÍÉ, Á �(ex)�;dd ; �(ex)�;di { ×iÄ�Ï×iÄÎÏ ×ËÌÁÄÉ ×iÄ ÄÉ�ÏÌØ-ÄÉ�ÏÌØÎÉÈÔÁ ÄÉ�ÏÌØ-iÏÎÎÉÈ ÍiÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ Õ ÄÉ�ÏÌØÎÕ ÓËÌÁÄÏ×ÕÈiÍiÞÎÏÇÏ �ÏÔÅÎ�iÁÌÕ.�ÏÄi, ×ÒÁÈÏ×ÕÀÞÉ (32), (34) ÔÁ ×ÉÒÁÚÉ (71) { (76) Ú äÏÄÁÔËÕ A,ÄÌÑ ×ËÌÁÄi× ×iÄ ÍiÖiÏÎÎÉÈ ×ÚÁ¤ÍÏÄiÊ Õ ÈiÍiÞÎi �ÏÔÅÎ�iÁÌÉ ×ÅÒÈÎØÏ§ÔÁ ÎÉÖÎØÏ§ ÆÁÚ ÓÉÓÔÅÍÉ ×iÄ�Ï×iÄÎÏ ÏÔÒÉÍÁ¤ÍÏ1T �(ex)+;ii = �f+ Xa;b e4 Zf 2a Zf 2b4� "0 T f+;i;a f+;i;b �� Z d~R12G(bulk) ff++ (R12) 1R12 ++ 12 �m+ Xa;b e4 Zf 2a Zm 2b4� "0 T f+;i;a m+;i;b �� Z d~R12G(bulk) fm++ (R12) 1R12 = � 18� 1�f+ "f+ (�f+)3 ; (39)
ICMP{02{06U 141T �(ex)�;ii = 12 �f� Xa;b e4 Zf 2a Zm 2b4� "0 T f�;i;a f�;i;b �� Z d~R12G(bulk) ff�� (R12) 1R12 ++ 12 �m� Xa;b e4 Zf 2a Zm 2b4� "0 T f�;i;a m�;i;b �� Z d~R12G(bulk) fm�� (R12) 1R12 = � 18� 1�f� "f� (�f�)3 �� 116� 1�f� (�f�)2 ��f� + 2�m��h�"m� � 1� (�f�)2 � (�m� )2i"m���f� + �m��2 ; (40)ÄÅ: �f(m)� = q�f(m)�;i s e2"0 "f(m) T Xa �f(m)�;a;i �Zf(m)a �2 (41){ ÏÂÅÒÎÅÎi ÒÁÄiÕÓÉ iÏÎÎÏÇÏ ÅËÒÁÎÕ×ÁÎÎÑ,"f(m)� = 1 + 13 1"0 T �f(m)�;d �mf(m)� �2 (42){ ÄiÅÌÅËÔÒÉÞÎi ÓÔÁÌi. �f(m)� = �f(m)�;d + �f(m)�;i ; (43)�f(m)�;d =Xa �f(m)�;a;d; �f(m)�;i =Xa �f(m)�;a;i; (44)�f(m)�;a;d = �f(m)�;a;d�f(m)�;d �f(m)�;a;i = �f(m)�;a;i�f(m)�;i : (45)ÄÅ: �f(m)� { ÓÕÍÁÒÎi ÇÕÓÔÉÎÉ ÞÁÓÔÉÎÏË Õ ×iÄ�Ï×iÄÎÉÈ ÆÁÚÁÈ i ÓÅÒÅÄÏ-×ÉÝÁÈ, �f(m)�;i ; �f(m)�;d , �f(m)�;a;d ; �f(m)�;a;i { ÓÕÍÁÒÎi ÔÁ �ÁÒ�iÁÌØÎi ÇÕÓÔÉÎÉÄÉ�ÏÌi× ÔÁ iÏÎi× ÓÏÒÔÕ a ×iÄ�Ï×iÄÎÏ, �f(m)�;a;d ; �f(m)�;a;i { ×iÄÎÏÓÎÉÊ ÓËÌÁÄÄÉ�ÏÌØÎÉÈ ÓÏÒÔi× Õ ÒÏÚÞÉÎÎÉËÕ ÔÁ iÏÎÎÉÈ ÓÏÒÔi× Õ ÒÏÚÞÉÎÅÎiÊ ÒÅÞÏ-×ÉÎi.÷iÄÍiÔÉÍÏ, ÝÏ �ÒÉ ×ÒÁÈÕ×ÁÎÎi ÍiÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ, ÎÁ�ÒÏ-ÔÉ×ÁÇÕ ÄÏ ÎÅ×ÚÁ¤ÍÏÄiÀÞÏ§ ÓÉÓÔÅÍÉ, ÇÕÓÔÉÎÁ ÞÁÓÔÉÎÏË Õ ÒÅ�ÌiÞÎÏÍÕ



15 ðÒÅ�ÒÉÎÔ�iÄÈÏÄi ×ÉÚÎÁÞÁ¤ÔØÓÑ, ÑË ×iÄÎÏÛÅÎÎÑ ËiÌØËÏÓÔi ÞÁÓÔÉÎÏË Nf(m)�;a;d(i) ÕÄÁÎiÊ ÆÁÚi ÄÏ ÏÂ'¤ÍÕ V� , ÑËÉÊ ×ÏÎÁ ÚÁÊÍÁ¤:�f(m)�;a;i = Nf(m)�;a;iV� ; �f(m)�;d = Nf(m)�;dV� : (46)�ÁËÉÍ ÞÉÎÏÍ ËiÌØËiÓÔØ ÞÁÓÔÉÎÏË ÒiÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ, ÑËi ÚÎÁÈÏ-ÄÑÔØÓÑ Õ �ÏÒÁÈ ÍÁÔÒÉ�i ÒÏÚ�ÏÄiÌÑ¤ÔØÓÑ �Ï ×ÓØÏÍÕ ÚÁÊÎÑÔÏÍÕ ÎÅÀÏÂ'¤ÍÕ. PÅÁÌØÎÁ ÇÕÓÔÉÎÁ ÞÁÓÔÉÎÏË Õ �ÏÒÁÈ ÄÏÓÌiÄÖÕ×ÁÎÏ§ ÓÉÓÔÅÍÉ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÁ Ó�i××iÄÎÏÛÅÎÎÑÍ�f(m)+;a;i = �f(m)+;a;i ; �f(m)+;a;d = �f(m)+;a;d ; (47)��f(m)�;a;i = 1�� �f(m)�;a;i ; ��f(m)�;a;d = 1�� �f(m)�;a;d ; �� = V�;pV� ; (48)ÄÅ: V�;p { ÓÕÍÁÒÎÉÊ ÏÂ'¤Í �ÏÒ Õ ÎÉÖÎiÊ ÆÁÚi ÓÉÓÔÅÍÉ.õ ×É�ÁÄËÕ ÓÉÓÔÅÍÉ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË Ú ÄÁÌÅËÏÓÑÖÎÉÍÉ ÓËÌÁÄÏ-×ÉÍÉ ÍiÖÞÁÓÔÉÎËÏ×ÉÈ �ÏÔÅÎ�iÁÌi× �ÒÉ ÒÏÚÒÁÈÕÎËÕ ×ËÌÁÄi× Õ ÈiÍiÞÎi�ÏÔÅÎ�iÁÌÉ iÏÎ-ÄÉ�ÏÌØÎÉÈ ÔÁ ÄÉ�ÏÌØ-ÄÉ�ÏÌØÎÉÈ ×ÚÁ¤ÍÏÄiÊ ×ÉÎÉËÁ-ÀÔØ ÒÏÚÂiÖÎÏÓÔi ÎÁ ÍÁÌÉÈ ×iÄÄÁÌÑÈ ÍiÖ ÞÁÓÔÉÎËÁÍÉ. äÌÑ §È ÕÓÕ-ÎÅÎÎÑ ××ÅÄÅÍÏ ÅÆÅËÔÉ×Îi ÒÁÄiÕÓÉ ÄÉ�ÏÌØÎÉÈ ÍÏÌÅËÕÌ ×ÏÄÉ rw ÔÁ�ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ rm . �ÏÄi ÄÌÑ ×ËÌÁÄÕ iÏÎ-ÄÉ�ÏÌØÎÉÈ ×ÚÁ¤ÍÏ-ÄiÊ Õ iÏÎÎÕ ÞÁÓÔÉÎÕ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ�iÁÌÕ Ú ÔÏÞÎiÓÔÀ ÄÏ ÄÏÄÁÎËi×�ÒÏ�ÏÒ�iÊÎÉÈ (�f(m)� )3, ÝÏ ×iÄ�Ï×iÄÁ¤ �ÏÒÑÄËÕ ×ËÌÁÄÕ �Ï ÇÕÓÔÉÎi ÕÈiÍiÞÎÉÊ �ÏÔÅÎ�iÁÌ iÏÎ-iÏÎÎÉÈ ×ÚÁ¤ÍÏÄiÊ, ÏÔÒÉÍÁ¤ÍÏ ÎÁÓÔÕ�ÎÉÊ ×É-ÒÁÚ: 1T �(ex)+;id = 1T �(ex)+;di = 12 �f+ Xa;b e2 Zf 2a4� "0 T f+;a f+;b �� 1Zrw dR12 d
b 1R12 (~mfb ~R12)(~mfb ~r12)G(bulk) ff++ (R12) ++ 12 �m+ Xa;b e2 Zf 2a4� "0 T f+;a m+;b �� 1Zrw dR12 d
b 1R12 (~mmb ~R12)(~mmb ~r12)G(bulk) fm++ (R12) == �12 ("f+ � 1)Xa e2 Zf 2a f+;a G(bulk) ff++ (rw) +
ICMP{02{06U 16+ 12 ("m+ � 1)Xa e2 Zf 2a f+;aG(bulk) fm++ (rm) == � 18� 1�f+ �"f+ � 1� (�f+)2 1� �f+rwrw ; (49)1T �(ex)�;id = 12 �f� Xa;b e2 Zf 2a4� "0 T f�;a f�;b �� 1Zrw dR12 d
b 1R12 (~mfb ~R12)(~mfb ~r12)G(bulk) ff�� (R12) ++ 12 �m� Xa;b e2 Zf 2a4� "0 T f�;a m�;b �� 1Zrw dR12 d
b 1R12 (~mmb ~R12)(~mmb ~r12)G(bulk) fm�� (R12) == �12 ("f� � 1)Xa e2 Zf 2a f�;aG(bulk) ff�� (rw) ++ 12("m� � 1)Xa e2Zf 2a f�;aG(bulk) fm�� (rm) == � 18� 1�f� (�f�)2�("f� � 1)�1 + 1"m� � 1"f�"m� � 1� �f� rwrw ���1� 1"m� � 1rm � � 1"m� � 1"f�"m� � (�f�)32 (�f� + �m� )2 ++ �1 + 1"m� + 2"f�"m� � �f� (�f� � �m� )2 (�f� + �m� ) ++ 12h2�m��1� 1"f�"m� �� �f�� 1"m� � 1"f��i� : (50)îÁÑ×ÎiÓÔØ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ �ÒÉ×ÏÄÉÔØ ÄÏ ÎÅÓÉÍÅÔÒÉÞÎÏÓÔiÓËÌÁÄÏ×ÉÈ ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× ×iÄ iÏÎ-ÄÉ�ÏÌØÎÉÈ i ÄÉ�ÏÌØ-iÏÎÎÉÈ×ÚÁ¤ÍÏÄiÊ, ÑËÁ ÚÕÍÏ×ÌÅÎÁ ÎÅÅË×i×ÁÌÅÎÔÎiÓÔÀ ×ÚÁ¤ÍÏÄi§ iÏÎÁ ÒiÄÉÎ-ÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ Ú ÄÉ�ÏÌÅÍ �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i ÔÁ ÄÉ�ÏÌÑ ÒiÄÉÎÎÏÇÏÓÅÒÅÄÏ×ÉÝÁ Ú iÏÎÏÍ ÍÁÔÒÉ�i.1T �(ex)+;di = 1T �(ex)+;id ; (51)



17 ðÒÅ�ÒÉÎÔ1T �(ex)�;di = 12 �f� Xa;b e2 Zf 2a4� "0 T f�;a f�;b �� 1Zrw dR12 d
a 1R12 (~mfa ~R12)(~mfa ~r12)G(bulk) ff�� (R12) ++ 12 �m� Xa;b e2 Zf 2a4� "0 T f�;a m�;b �� 1Zrw dR12 d
a 1R12 (~mfa ~R12)(~mfa ~r12)G(bulk) fm�� (R12) == �12 (�f�)2 Xa (mfa)2 f�;aG(bulk) ff�� (rw) ++ 12(�m� )2 Xa (mfa)2 f�;aG(bulk) fm�� (rm) == �"f� � 18� �f� (�f�)2��1 � 1"f� + 1"f�"m� � 1 � �f� rwrw �� 12 1"f�"m� (�f�)2 + "m� (�m� )2�f� + �m� �+ 1"f�"m� ("m��f� + �m� ) + 1"f�"m� (�f�)3(�f� + �m� )2 � �� 18� �f� (�m� )2 �1 � 1"f�� 1 � �m� rwrw : (52)ðÒÉ ÒÏÚÒÁÈÕÎËÕ ÄÉ�ÏÌØÎÉÈ-ÄÉ�ÏÌØÎÉÈ ÓËÌÁÄÏ×ÉÈ ÈiÍiÞÎÉÈ �Ï-ÔÅÎ�iÁÌi× ×ÅÒÈÎØÏ§ ÔÁ ÎÉÖÎØÏ§ ÆÁÚ Õ ×É�ÁÄËÕ ÍÁÌÉÈ iÏÎÎÉÈ ÇÕÓÔÉÎÏÂÍÅÖÉÍÏÓÑ ÎÅÅËÒÁÎÏ×ÁÎÉÍÉ ÄÉ�ÏÌØ-ÄÉ�ÏÌØÎÉÍÉ �ÏÔÅÎ�iÁÌÁÍÉ. �Ï-Äi:1T �(ex)+;dd = 12 �f+ Xa;b e2 Zf 2a4� "0 T f+;a f+;b 1Z2 rw dR12 d
a d
b 1R312 �� (~mfa ~R12)(~mfb ~R12) (~mfa ~r12)(~mfb ~r12)G(bulk)(ass) ff++ (R12) ++ 12 �m+ Xa;b e2 Zf 2a4� "0 T f+;a m+;b 1Zrw + rm dR12 d
a d
b 1R312 �� (~mfa ~R12)(~mfb ~R12) (~mma ~r12)(~mmb ~r12)G(bulk)(ass) fm++ (R12) =
ICMP{02{06U 18= � 148� �"f+ � 1�2 1"f+ �f+ r3w ; (53)12 �(ex)�;dd = 12 �f� Xa;b e2 Zf 2a4� "0 T f�;a f�;b 1Z2 rw dR12 d
1 d
2 1R312 �� (~mfa ~R12)(~mfb ~R12) (~mfa ~r12)(~mfb ~r12)G(bulk)(ass) ff�� (R12) ++ 12 �m� Xa;b e2Zf 2a4� "0 T f�;a m�;b 1Zrw + rm dR12 d
1 d
2 1R312 �� (~mfa ~R12)(~mfb ~R12) (~mma ~r12)(~mmb ~r12)G(bulk)(ass) fm�� (R12) == � 148� �"f� � 1�2"f� �f� ����1� 1"f� + 1"f�"m� � 1r3w + "m� � 1"m� ("f� � 1) 8"m� (rw + rm)3�: (54)ðÒÉ ×iÄÓÕÔÎÏÓÔi Õ ÒÏÚÞÉÎi ÅÌÅËÔÒÏÌiÔÕ iÏÎi× ÈiÍiÞÎi �ÏÔÅÎ�iÁÌÉ×ÅÒÈÎØÏÇÏ i ÎÉÖÎØÏÇÏ ÓÅÒÅÄÏ×ÉÝ �Ï×ÉÎÎi ÄÏÒi×ÎÀ×ÁÔÉ ÈiÍiÞÎÏÍÕ �Ï-ÔÅÎ�iÁÌÕ ÞÉÓÔÏÇÏ ÒÏÚÞÉÎÎÉËÁ �w�(id)+;d + �(ex)+;dd = �(id)�;d + �(ex)�;dd + �(ex);0�;di = �w ; (55)ÄÅ: �(ex);0�;di { ×ËÌÁÄ Õ ÈiÍiÞÎÉÊ �ÏÔÅÎ�iÁÌ ÞÉÓÔÏÇÏ ÒÏÚÞÉÎÎÉËÁ ×iÄ ×ÚÁ-¤ÍÏÄi§ ÄÉ�ÏÌi× ÒÏÚÞÉÎÎÉËÁ Ú iÏÎÁÍÉ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ�(ex);0�;di = � T8� �f�;d (�m� )2 �1 � 1"f�� (1 � �m� rw)rw : (56)ïÓÔÁÎÎi Ä×i Òi×ÎÏÓÔi ÄÏÚ×ÏÌÑÀÔØ ×ÉÚÎÁÞÉÔÉ ÅÆÅËÔÉ×Îi ÒÁÄiÕÓÉ ÍÏ-ÌÅËÕÌ ÒÏÚÞÉÎÎÉËÁ rwrw = � 148� �"f+ � 1�2 T"f+�f+;d(�(id)w � �w)�13 (57)ÔÁ (�ÒÉ ÄÏ�ÕÝÅÎÎi, ÝÏ ÇÕÓÔÉÎÁ ÞÉÓÔÏÇÏ ÒÏÚÞÉÎÎÉËÁ ÓÌÁÂÏ ×iÄÒiÚÎÑ-¤ÔØÓÑ ×iÄ ÊÏÇÏ ÇÕÓÔÉÎÉ Õ �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝi ��f�;d ' �f+;d ) �ÏÒÉÓ-ÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ rmrm = � rw + �h T6� �"f� � 1�2"f� �f+;d "m� � 1"m� ("f� � 1) 1"m� i�



19 ðÒÅ�ÒÉÎÔh�(id)w � �w + �(ex)0w � T48� �"f� � 1�2"f��f+;dr3w �1� 1"f� + 1"f�"m� �i�1�13 :(58)IÄÅÁÌØÎi ÞÁÓÔÉÎÉ ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× iÏÎi× i ÄÉ�ÏÌi× ÍÏÖÎÁ ÚÁ-�ÉÓÁÔÉ Õ ×ÉÇÌÑÄi:�(id)�;d = �f�;d�f� �(id)�;w + T Xa �f�;a;d log�f�;a;d ; (59)�(id)�;i = �f�;i�f� �(id)�;d + T �f�;i�f� log �f�;i�f�;d ++T �f�;i�f� Xa �f�;a;i log8<:�f�;a;i s� mwma;i�39=; ; (60)× ÑËÏÍÕ ÓÅÒÅÄÎÑ ÍÁÓÁ ÞÁÓÔÉÎÏË ÒÏÚÞÉÎÎÉËÁ mwmw =  Ya ma;d! 1Md ; (61)Á ma;i ; ma;d { ÍÁÓÉ iÏÎi× i ÄÉ�ÏÌi× ÓÏÒÔÕ a , Md { ÞÉÓÌÏ ÓÏÒÔi× ÄÉ-�ÏÌØÎÉÈ ÍÏÌÅËÕÌ, Á iÄÅÁÌØÎi ÞÁÓÔÉÎÉ ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× ÞÉÓÔÏÇÏÒÏÚÞÉÎÎÉËÁ Õ ×ÅÒÈÎiÊ i ÎÉÖÎiÊ ÆÁÚÁÈ �ÒÉ ÍÁÌiÊ ÒiÚÎÉ�i ÍiÖ ÊÏÇÏÇÕÓÔÉÎÁÍÉ × ÏÂ'¤Íi ÔÁ �ÏÒÁÈ ¤ ÏÄÉÎÁËÏ×ÉÍÉ�(id)+;w = �(id)�;w = �(id)w = T log8<: �f+;ds�2� �h2mw T �39=; : (62)õÍÏ×Á ÔÅÒÍÏÄÉÎÁÍiÞÎÏ§ Òi×ÎÏ×ÁÇÉ (36) ÚÁ�ÉÛÅÔØÓÑ Õ ×ÉÇÌÑÄi:�(id)+;d + �(id)+;i + �(ex)+;dd + �(ex)+;ii + 2�(ex)+;id == �(id)�;d + �(id)�;i + �(ex)�;dd + �(ex)�;ii + �(ex)�;id + �(ex)�;di ; (63)äÏÄÁÎËÉ ÏÓÔÁÎÎØÏÍÕ ×ÉÒÁÚi ×ÉÚÎÁÞÁÀÔØÓÑ ÚÁ Ó�i××iÄÎÏÛÅÎÎÑÍÉ (39),(40), (49) { (54) ÔÁ (59), (60). Pi×ÎiÓÔØ (63) �Ï×'ÑÚÕ¤ ÇÕÓÔÉÎÉ iÏÎi×ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕ, ÑËÉÊ ÚÎÁÈÏÄÉÔØÓÑ �ÏÚÁ �ÏÒÉÓÔÉÍ ÓÅÒÅÄÏ×ÉÝÅÍÚ §È ÇÕÓÔÉÎÏÀ Õ ×ÏÄÎÏÍÕ ÒÏÚÞÉÎi �ÏÒ, Á ÔÁËÏÖ × Ú ÇÕÓÔÉÎÏÀ ÞÁÓÔÉÎÏËÕ �ÏÒÉÓÔiÊ ÍÁÔÒÉ�i.

ICMP{02{06U 20ïÔÒÉÍÁÎi ×ÉÒÁÚÉ ÄÌÑ ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× ¤ ÕÚÁÇÁÌØÎÅÎÎÑÍ ÔÅÏ-Òi§ ÓÌÁÂÏËÏÎ�ÅÎÔÒÏ×ÁÎÉÈ ÒÏÚÞÉÎi× ÅÌÅËÔÒÏÌiÔi× ÎÁ ×É�ÁÄÏË ËÏÎÔÁË-ÔÕ Ú �ÏÒÉÓÔÉÍ ÓÅÒÅÄÏ×ÉÝÅÍ i �ÒÉ ×iÄÓÕÔÎÏÓÔi ÏÓÔÁÎÎØÏÇÏ �Ï×ÎiÓÔÀÓ�i×�ÁÄÁÀÔØ Ú ×iÄÏÍÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ [7,18℄. óÌiÄ ÚÁÕ×ÁÖÉÔÉ, ÝÏ Õ×ÉÒÁÚÁÈ ÄÌÑ ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× ÍÉ ÏÂÍÅÖÉÌÉÓÑ Ä×ÏÍÁ ÒÁÄiÕÓÁ-ÍÉ ÍiÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ. ëÒiÍ ÔÏÇÏ �ÒÉ ×ÒÁÈÕ×ÁÎÎi ÄÉ�ÏÌØÎÏ-ÇÏ ÅËÒÁÎÕ×ÁÎÎÑ ÄÌÑ ÄiÅÌÅËÔÒÉÞÎÉÈ ÓÔÁÌÉÈ × ÎÁÂÌÉÖÅÎÎi ÈÁÏÔÉÞÎÉÈÆÁÚ ÏÔÒÉÍÁÎÏ ÓÁÍÏÕÚÇÏÄÖÅÎ� ×ÉÒÁÚÉ (45) , ÑËi Õ ×É�ÁÄËÕ ÓÉÌØÎÉÈÅÌÅËÔÒÏÌiÔi× ÄÁÀÔØ ÚÎÁÞÎÏ ÚÁÎÉÖÅÎi ÚÎÁÞÅÎÎÑ [7℄. ðÏÄÏÌÁÎÎÑ �ÉÈÎÅÄÏÌiËi× ÔÅÏÒi§ ×ÉÍÁÇÁ¤ ÚÎÁÎÎÑ ËÏÒÅËÔÎÏ ÒÏÚÒÁÈÏ×ÁÎÉÈ Ä×ÏÞÁÓÔÉÎ-ËÏ×ÉÈ ÆÕÎË�iÊ ÒÏÚ�ÏÄiÌÕ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÑË ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÈ, ÔÁË iÂÌÉÚØËÏÓÑÖÎÉÈ ÍiÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ. PÏÚÒÁÈÕÎÏË ÔÁËÉÈ ÆÕÎ-Ë�iÊ, ÑË ÚÁÕ×ÁÖÕ×ÁÌÏÓÑ ×ÉÝÅ, ¤ ÓËÌÁÄÎÏÀ ÔÅÏÒÅÔÉÞÎÏÀ ÚÁÄÁÞÅÀ. ïÄ-ÎÁË ÄÏÓÔÁÔÎØÏ ÏÂÇÒÕÎÔÏ×ÁÎÁ ÑËiÓÎÁ Ï�iÎËÁ ÅÆÅËÔi×, ÑËi ×ÉÎÉËÁÀÔØ ÕÔÁËÉÈ ÓÉÓÔÅÍÁÈ i �Ï×'ÑÚÁÎi Ú ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÍÉ ×ÚÁ¤ÍÏÄiÑÍÉ, ÍÏÖ-ÌÉ×Á Õ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏÍÕ �iÄÈÏÄi.5. PÅÚÕÌØÔÁÔÉ ÏÂÞÉÓÌÅÎØ i ÏÂÇÏ×ÏÒÅÎÎÑòÏÚÇÌÑÎÅÍÏ ×ÏÄÎÉÊ ÒÏÚÞÉÎ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× Cs+, Sr2+, UO2+2 ,PuO2+2 ÎÁ ËÏÎÔÁËÔi Ú �ÏÒÉÓÔÉÍÉ ÍÁÔÒÉ�ÑÍÉ ð÷í ÔÁ ìð÷í ÏÂ'¤ËÔÕ"õËÒÉÔÔÑ". äÌÑ �ÒÏÓÔÏÔÉ ××ÁÖÁÔÉÍÅÍÏ, ÝÏ ×iÄÎÏÓÎÉÊ ÓËÌÁÄ iÏÎi× ÕÏÂ'¤ÍÎÏÍÕ ÒÏÚÞÉÎi, × ÒÏÚÞÉÎi Õ �ÏÒÁÈ ÔÁ × ÍÁÔÒÉ�i ÏÄÎÁËÏ×ÉÊ. õÍÏ×ÁÚÁÇÁÌØÎÏ§ ÅÌÅËÔÒÏÎÅÊÔÒÁÌØÎÏÓÔi ÄÌÑ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕ Õ ËÏÖÎiÊÚ ÆÁÚ ÚÁÂÅÚ�ÅÞÕ¤ÔØÓÑ ÎÁÑ×ÎiÓÔÀ Õ ÎØÏÍÕ ÎÅÇÁÔÉ×ÎÏÚÁÒÑÄÖÅÎÉÈ iÏÎi×ÇiÄÒÏËÓÉÌØÎÉÈ ÇÒÕ�. ÷×ÁÖÁÔÉÍÅÍÏ, ÝÏ �Å × ÏÓÎÏ×ÎÏÍÕ iÏÎÉ OH�.�ÏÄi ÎÁ ÞÏÔÉÒÉ ÞÁÓÔÉÎÉ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× �ÒÉ�ÁÄÁ¤ ÓiÍ ÞÁÓÔÉÎ iÏÎi×OH� i ×iÄ�Ï×iÄÎÏ ÄÏ (45)�fCs+ = 114 ; �fUO+22 = �fPuO+22 = �fSr+2 = 17 ; �fOH� = 12 : (64)õ �ÏÒÉÓÔiÊ ÍÁÔÒÉ�i ××ÁÖÁÔÉÍÅÍÏ, ÝÏ ÎÅÇÁÔÉ×ÎÏÚÁÒÑÄÖÅÎÉÍÉ ÍÏ-ÖÕÔØ ÂÕÔÉ ËÏÍ�ÌÅËÓÉ SiO�22 . �ÏÄi:�fCs+ = 121 ; �fUO+22 = �fPuO+22 = �fSr+2 = 221 ; �fSiO�22 = 13 : (65)úÒÕÞÎi ÄÌÑ ÞÉÓÅÌØÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ ×ÉÒÁÚÉ ÔÁ �ÅÒÅÈiÄ ÄÏ ÂÅÚÒÏÚÍiÒÎÏ§ÆÏÒÍÉ §È ÚÁ�ÉÓÕ �ÒÉ×ÅÄÅÎi × äÏÄÁÔËÕ B.÷ [23℄ ÔÅÏÒÅÔÉÞÎÏ ÒÏÚÒÁÈÏ×ÁÎÏ ×ËÌÁÄ Õ ÈiÍiÞÎÉÊ �ÏÔÅÎ�iÁÌ ÞÉÓ-ÔÏ§ ×ÏÄÉ ÍiÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ �(ex)H2O = � 35:6 kJ=mol . IÄÅ-ÁÌØÎÁ ÞÁÓÔÉÎÁ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ�iÁÌÕ ×iÄ�Ï×iÄÎÏ ÄÏ (62) ÓÔÁÎÏ×ÉÔØ



21 ðÒÅ�ÒÉÎÔ�(id)H2O = � 19:1 kJ=mol , Á �Ï×ÎÉÊ ÈiÍiÞÎÉÊ �ÏÔÅÎ�iÁÌ Òi×ÎÉÊ �H2O =� 54:7 kJ=mol . ú (57), �ÏËÌÁÄÁÀÞÉ ÄiÅÌÅËÔÒÉÞÎÕ ÓÔÁÌÕ ×ÏÄÉ × ÏÂ'¤Í-ÎiÊ ÆÁÚi Òi×ÎÏÀ §§ ÍÁËÒÏÓËÏ�iÞÎÏÍÕ ÚÎÁÞÅÎÎÀ "H2O = 81 , ÚÎÁÊÄÅÎÏÅÆÅËÔÉ×ÎÉÊ ÒÁÄiÕÓ rw = 1:03 10�10m , ÝÏ �ÒÉÂÌÉÚÎÏ ×iÄ�Ï×iÄÁ¤ �Ï-ÌÏÖÅÎÎÀ ÍiÎiÍÕÍÁ �ÏÔÅÎ�iÁÌÕ ×ÚÁ¤ÍÏÄi§ ÁÔÏÍi× O i H Ä×ÏÈ ÍÏÌÅËÕÌH2O. ÷ÉËÏÒÉÓÔÁ×ÛÉ ÕÍÏ×Õ ÔÅÒÍÏÄÉÎÁÍiÞÎÏ§ Òi×ÎÏ×ÁÇÉ (56) ÔÁ ÄÏ�ÕÓ-ÔÉ×ÛÉ ÓÌÁÂÕ ×iÄÍiÎÎiÓÔØ ÇÕÓÔÉÎÉ ÞÉÓÔÏ§ ×ÏÄÉ Õ �ÏÒÁÈ ×iÄ ÏÂ'¤ÍÎÏÇÏÚÎÁÞÅÎÎÑ, Ú (63) ÒÏÚÒÁÈÏ×ÁÎÏ ÅÆÅËÔÉ×Îi ÒÁÄiÕÓÉ ÄÉ�ÏÌØÎÉÈ ÞÁÓÔÉÎÏË�ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i rm ÄÌÑ ÚÒÁÚËi× ÞÅÒ×ÏÎÏ§ i ÞÏÒÎÏ§ ÔÁ ËÏÒÉÞÎÅ×ÏÀËÅÒÁÍiË �ÒÉ �ÏÒÉÓÔÏÓÔÑÈ ÍÁÔÒÉ�Ø � = 7:5% ÔÁ � = 12:5%. PÅÚÕÌØ-ÔÁÔÉ ÒÏÚÒÁÈÕÎËi× �ÒÉ×ÅÄÅÎÏ × �ÁÂÌÉ�i 1. ðÒÉ �ÏÄÁÌØÛÉÈ ÏÂÞÉÓÌÅÎ-ÎÑÈ ××ÁÖÁÔÉÍÅÍÏ, ÝÏ ÅÆÅËÔÉ×Îi ÒÁÄiÕÓÉ ÓÌÁÂÏ ÚÁÌÅÖÁÔØ ×iÄ iÏÎÎÉÈËÏÎ�ÅÎÔÒÁ�iÊ Õ ÒiÄÉÎÎÉÈ ÆÁÚÁÈ.�ÁÂÌÉ�Ñ 1.åËÓ�ÅpÉÍÅÎÔÁÌØÎi ÔÁ pÏÚpÁÈÏ×ÁÎi ÚÎÁÞÅÎÎÑ �ÁpÁÍÅÔÒi×ÍÏÄÅÌi ËÏÎÔÁËÔÕ ×ÏÄÎÏÇÏ ÒÏÚÞÉÎÕ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× Ú �ÏÒÉÓÔÉÍÉ�Ï×ÅÒÈÎÑÍÉ ð÷í ÔÁ ìð÷í.ðÏÚÎÁÞÅÎÎÑËpÉ×ÉÈ a1 a2 a3 a4 b1 b2 b3 b4��;H2ONA ; 55:61 55:60 55:61 55:60 77:54 64:22 71:83 61:55kmol=m3�m�NA ; 10�5 10�5 10�5 10�5 10�2 10�2 10�2 10�2kmol=m3"f� 7:00 7:00 11:00 11:00 9:59 7:93 13:92 12:07"�;H2O 5:00 16:00 5:00 16:00 5:00 16:00 5:00 16:00�� 7:5% 7:5% 12:5% 12:5% 7:5% 7:5% 12:5% 12:5%rm; 10�10m 0:605 0:653 0:607 0:653 0:605 0:653 0:607 0:653úÁ ÄÏ�ÏÍÏÇÏÀ Òi×ÎÏÓÔi (55) ÏÔÒÉÍÁÎÏ ÚÁÌÅÖÎÏÓÔi ×iÄÎÏÛÅÎÎÑ ÇÕÓ-ÔÉÎÉ ÞÉÓÔÏ§ ×ÏÄÉ Õ �ÏÒÁÈ ÍÁÔÒÉ�i ÄÏ §§ ÏÂ'¤ÍÎÏ§ ÇÕÓÔÉÎÉ ���;H2O=�H2OÔÁ ÄiÅÌÅËÔÒÉÞÎÏ§ ÓÔÁÌÏ§ ×ÏÄÉ "�;H2O Õ ÎÉÖÎiÊ ÆÁÚi ×iÄ ÍÏÌÑÒÎÏ§ ÇÕÓ-ÔÉÎÉ iÏÎi× Õ �ÏÒÉÓÔiÊ ÍÁÔÒÉ�i (PÉÓ.1).ðÒÉ ÒÏÚÒÁÈÕÎËÕ ÄiÅÌÅËÔÒÉÞÎÏ§ÓÔÁÌÏ§ ×ÏÄÉ Õ ÎÉÖÎiÊ ÆÁÚi ÎÁÍÉ ×ÉËÏÒÉÓÔÁÎÏ ÆÏÒÍÕ §§ ÚÁÌÅÖÎÏÓÔi ×iÄÇÕÓÔÉÎÉ i �ÏÒÉÓÔÏÓÔi, ÑËÁ ×É�ÌÉ×Á¤ Ú Ó�i××iÄÎÏÛÅÎÎÑ (42)"�;H2O = 1 + �� ("H2O � 1) ���;H2O�H2O ; (66)
ICMP{02{06U 22Á ÄÌÑ ÄiÅÌÅËÔÒÉÞÎÏ§ ÓÔÁÌÏ§ �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i"m� = 1 + (1 � ��) �1 + "m� ; (67)ÄÅ: "m { ÄiÅÌÅËÔÒÉÞÎÁ ÓÔÁÌÁ ÎÅ�ÏÒÉÓÔÉÈ ÚÒÁÚËi× ð÷í, (××ÁÖÁÔÉÍÅ-ÍÏ, ÝÏ "m = 5:0 { ÄÌÑ ÞÅÒ×ÏÎÏ§ ÔÁ ÞÏÒÎÏ§ ËÅÒÁÍiË, "m = 16:0 { ÄÌÑËÏÒÉÞÎÅ×Ï§ ËÅÒÁÍiËÉ).
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òÉÓ. 1. úÁÌÅÖÎÏÓÔi ÇÕÓÔÉÎÉ (ÚÌi×Á) ÔÁ ÄiÅÌÅËÔÒÉÞÎÏ§ ÓÔÁÌÏ§ (Ó�ÒÁ×Á)×ÏÄÉ × �ÏÒÁÈ ×iÄ ÇÕÓÔÉÎÉ iÏÎi× Õ ÍÁÔÒÉÞÎÏÍÕ ÓÅÒÅÄÏ×ÉÝi. (ðÁÒÁÍÅÔÒÉÍÏÄÅÌi ÄÌÑ ËÒÉ×ÉÈ a1; a2; a3; a4 Ú �ÁÂÌÉ�i 1.)÷ ÓÌÁÂÏ iÏÎiÚÏ×ÁÎÉÈ ( �m�=NA = 10�5 kmol=m3 ) �ÏÒÉÓÔÉÈ ÍÁÔÒÉ-�ÑÈ ÇÕÓÔÉÎÉ ×ÏÄÉ × �ÏÒÁÈ i ÏÂ'¤ÍÎiÊ ÆÁÚÁÈ �ÒÁËÔÉÞÎÏ Ó�i×�ÁÄÁÀÔØ.ú ÒÏÓÔÏÍ iÏÎiÚÏ×ÁÎÏÓÔi �ÏÓÉÌÀ¤ÔØÓÑ ×�ÌÉ× iÏÎ-ÄÉ�ÏÌØÎÉÈ ×ÚÁ¤ÍÏÄiÊÍiÖ ÞÁÓÔÉÎËÁÍÉ ×ÏÄÉ i iÏÎÁÍÉ �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i, ÑËi ÚÎÁÞÎÏ ÓÉÌØÎiÝiÚÁ ÄÉ�ÏÌØ-ÄÉ�ÏÌØÎi ×ÚÁ¤ÍÏÄi§. óÉÌÉ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÈ ×iÄÏÂÒÁÖÅÎØ�ÏÞÉÎÁÀÔØ ÎÏÓÉÔÉ �ÒÉÔÑÇÁÌØÎÉÊ (�ÏÄiÂÎÉÊ ÑË ÄÌÑ ÍÅÔÁÌiÞÎÏ§ �Ï×ÅÒ-ÈÎi) ÈÁÒÁËÔÅÒ, ÝÏ �ÒÉ×ÏÄÉÔØ ÄÏ ÚÒÏÓÔÁÎÎÑ ÇÕÓÔÉÎÉ ×ÏÄÉ × �ÏÒÁÈ ÍÁÔ-ÒÉ�i. ÷ ÒÅÚÕÌØÔÁÔi ÄÌÑ ÓÉÌØÎÏiÏÎiÚÏ×ÁÎÉÈ ( �m�=NA = 10�2 kmol=m3 )ÍÁÔÒÉ�Ø ÇÕÓÔÉÎÁ H2O × �ÏÒÁÈ ÚÎÁÞÎÏ �ÅÒÅ×ÉÝÕ¤ ÏÂ'¤ÍÎÕ ÇÕÓÔÉ-ÎÕ. ðÏÄiÂÎÉÍ ÞÉÎÏÍ ×ÅÄÕÔØ ÓÅÂÅ i ÄiÅÌÅËÔÒÉÞÎi ÓÔÁÌi, ÑËi Õ ×É�ÁÄ-ËÕ ÎÅiÏÎiÚÏ×ÁÎÉÈ ÍÁÔÒÉ�Ø ( �m�=NA = 0 kmol=m3 ) ×iÄ�Ï×iÄÎÏ Òi×Îi"�;H2O = 7 ÄÌÑ ÍÁÔÒÉ�Ø Ú �ÏÒÉÓÔiÓÔÀ � = 7:5% ÔÁ "�;H2O = 11ÄÌÑ �ÏÒÉÓÔÏÓÔi � = 12:5%. ðÒÉ �ØÏÍÕ × ÍÁÔÒÉ�ÑÈ ÞÅÒ×ÏÎÏ§ ÁÂÏ ÞÏÒ-ÎÏ§ ËÅÒÁÍiË ÇÕÓÔÉÎÁ ×ÏÄÉ ÒÏÓÔÅ Û×ÉÄÛÅ Ú ÒÏÓÔÏÍ §È iÏÎiÚÏ×ÁÎÏÓÔi(ËÒÉ×i a1,a3), ÎiÖ Õ ÚÒÁÚËÁÈ ËÏÒÉÞÎÅ×Ï§ ËÅÒÁÍiËÉ (ËÒÉ×i a2,a4). óÌiÄ



23 ðÒÅ�ÒÉÎÔ×iÄÍiÔÉÔÉ, ÝÏ ÄÌÑ ÓÌÁÂÏ �ÏÒÉÓÔÉÈ ÍÁÔÒÉ�Ø ÔÁËÉÊ ÒiÓÔ ËÒÕÔiÝÉÊ, ÎiÖÄÌÑ ÍÁÔÒÉ�Ø Ú ÂiÌØÛÏÀ �ÏÒÉÓÔiÓÔÀ. ãi ÅÆÅËÔÉ �Ï×'ÑÚÁÎi Ú ÍÅÎÛÉÍÓÔÕ�ÅÎÅÍ ÄÉ�ÏÌØÎÏÇÏ ÅËÒÁÎÕ×ÁÎÎÑ iÏÎ-ÄÉ�ÏÌØÎÉÈ ×ÚÁ¤ÍÏÄiÊ Õ ÚÒÁÚ-ËÁÈ Ú ÎÅ×ÅÌÉËÏÀ ÄiÅÌÅËÔÒÉÞÎÏÀ ÓÔÁÌÏÀ i �ÏÒÉÓÔiÓÔÀ. úÎÁÞÎÉÊ ÒiÓÔÇÕÓÔÉÎÉ ×ÏÄÉ × �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝi ÄÌÑ ÓÉÌØÎÏiÏÎiÚÏ×ÁÎÉÈ �ÏÒÉÓ-ÔÉÈ ÍÁÔÒÉ�Ø ¤ ÓÕÍÎi×ÎÉÍ, ÏÓËiÌØËÉ × �iÊ ÏÂÌÁÓÔi iÏÎÎÉÈ ËÏÎ�ÅÎÔÒÁ�iÊÎÅÏÂÈiÄÎÏ ÂiÌØÛ ËÏÒÅËÔÎÏ ×ÒÁÈÏ×Õ×ÁÔÉ ÑË ÂÌÉÚØËÏÓÑÖÎi ×ÚÁ¤ÍÏÄi§ÍiÖ ÞÁÓÔÉÎËÁÍÉ ×ÏÄÉ, ÔÁË i ÓÔÒÕËÔÕÒÕ �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i. ïÄÎÁË × ÏÂ-ÌÁÓÔi ÓÌÁÂÏiÏÎiÚÏ×ÁÎÉÈ �ÏÒÉÓÔÉÈ ÍÁÔÒÉ�Ø ( �m�=NA � 10�3 kmol=m3 )ÔÁËÅ ÚÒÏÓÔÁÎÎÑ ÇÕÓÔÉÎÉ ¤ ÆiÚÉÞÎÏ ÚÒÏÚÕÍiÌÉÍ.
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3òÉÓ. 2. ÷ËÌÁÄ Õ ÈiÍiÞÎÉÊ �ÏÔÅÎ�iÁÌ ÒÏÚÞÉÎÕ ÒÁÄiÏÎÕËÌiÄi× ÅÌÅËÔ-ÒÏÓÔÁÔÉÞÎÉÈ ×ÚÁ¤ÍÏÄiÊ. ó�ÒÁ×Á { ÚÂiÌØÛÅÎÉÊ ÍÁÓÛÔÁÂ. (�ÕÔ i ÄÁÌi�ÁÒÁÍÅÔÒÉ ÍÏÄÅÌi ÄÌÑ ËÒÉ×ÉÈ �ÒÉ×ÅÄÅÎÏ × �ÁÂÌ.1.)îÁ PÉÓ.2 �ÒÉ×ÅÄÅÎÏ ÚÁÌÅÖÎiÓÔØ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ�iÁÌÕ ÎÉÖÎØÏ§ÆÁÚÉ ÒÏÚÞÉÎÅÎÉÈ Õ ×ÏÄi ÒÁÄiÏÎÕËÌiÄi× �f� � �H2O Õ �ÏÒÁÈ ÔÁ × ÏÂ'-¤ÍÎiÊ ÆÁÚi (�ÅÒÅÒ×ÎÁ ËÒÉ×Á) × ÚÁÌÅÖÎÏÓÔi ×iÄ ÇÕÓÔÉÎÉ iÏÎi×. äÌÑÓÌÁÂÏËÏÎ�ÅÎÔÒÏ×ÁÎÉÈ ÒÏÚÞÉÎi× ÒÁÄiÏÎÕËÌiÄi× 10�5 � 10�3 kmol=m3ÈiÍiÞÎÉÊ �ÏÔÅÎ�iÁÌ ÒÏÚÞÉÎÕ ÓÌÁÂÏ ×iÄÒiÚÎÑ¤ÔØÓÑ ×iÄ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ-�iÁÌÕ ÞÉÓÔÏ§ ×ÏÄÉ. ú ÒÏÓÔÏÍ ÍÏÌÑÒÎÏ§ ËÏÎ�ÅÎÔÒÁ�i§ ÒÏÚÞÉÎÅÎÏ§ ÒÅÞÏ-×ÉÎÉ ×ËÌÁÄ Õ �Ï×ÎÉÊ ÈiÍiÞÎÉÊ �ÏÔÅÎ�iÁÌ iÏÎÎÉÈ ÔÁ iÏÎ-ÄÉ�ÏÌØÎÉÈ×ÚÁ¤ÍÏÄiÊ ÚÒÏÓÔÁ¤ i, ÈÏÞ ×iÎ ÎÅ �ÅÒÅ×ÉÝÕ¤ 1% ×iÄ �H2O , �ÒÉ×ÏÄÉÔØÄÏ ÚÎÁÞÎÉÈ ÚÍiÎ ÓÔÒÕËÔÕÒÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÒÏÚÞÉÎÕ. ðÒÉ �ØÏÍÕ, ÑË×ÉÄÎÏ Ú ÄÅÔÁÌiÚÏ×ÁÎÏ§ ÄiÌÑÎËÉ (ËÒÉ×iÓ�ÒÁ×Á) ÚÁÌÅÖÎÏÓÔi ÈiÍiÞÎÉÊ
ICMP{02{06U 24�ÏÔÅÎ�iÁÌ ÒÏÚÞÉÎÕ ÒÁÄiÏÎÕËÌiÄi× Õ �ÏÒÁÈ ÌÅÖÉÔØ ×ÉÝÅ ×iÄ ÈiÍiÞÎÏÇÏ�ÏÔÅÎ�iÁÌÕ × ÏÂ'¤ÍÎiÊ ÆÁÚi. ðÒÉ Òi×ÎiÓÔi ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× ÇÕÓÔÉ-ÎÁ iÏÎi× Õ �ÏÒÁÈ ¤ ÂiÌØÛÏÀ, ÎiÖ Õ ÏÂ'¤Íi.
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òÉÓ. 3. úÁÌÅÖÎÏÓÔi ÇÕÓÔÉÎÉ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× Õ ÒÏÚÞÉÎi × �ÏÒÁÈ ×iÄ§È ÇÕÓÔÉÎÉ × ÏÂ'¤Íi. ó�ÒÁ×Á { ÌÏÇÁÒÉÆÍiÞÎÉÊ ÍÁÓÛÔÁÂ.÷ÉËÏÒÉÓÔÁ×ÛÉ ÏÔÒÉÍÁÎi ×ÉÝÅ ÒÅÚÕÌØÔÁÔÉ, Ú ÕÍÏ×É ÔÅÒÍÏÄÉÎÁ-ÍiÞÎÏ§ Òi×ÎÏ×ÁÇÉ (63) ÒÏÚÒÁÈÏ×ÁÎÏ ÚÁÌÅÖÎiÓÔØ ÍÏÌÑÒÎÏ§ ÇÕÓÔÉÎÉiÏÎi× ÒÁÄiÏÎÕËÌiÄi× Õ �ÏÒÁÈ ÍÁÔÒÉ�Ø ð÷í ÔÁ ìð÷í ��f�;i=NA =�f�;i=(�NA) ×iÄ §È ÇÕÓÔÉÎÉ × ÏÂ'¤ÍÎiÊ ÆÁÚi (PÉÓ.3). ÷ ÏÂÌÁÓÔi �ÒÉ-×ÅÄÅÎÉÈ ÎÁ PÉÓ.3 ÍÏÌÑÒÎÉÈ ÇÕÓÔÉÎ iÏÎi× ÚÁÌÉÛÁ¤ÔØÓÑ Ó�ÒÁ×ÅÄÌÉ×ÉÍÚÁËÏÎ çÅÎÒi [18℄, ÕÚÁÇÁÌØÎÅÎÉÊ ÎÁ ×É�ÁÄÏË ËÏÎÔÁËÔÕ ÏÂ'¤ÍÎÏÇÏ ÒÏÚ-ÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕ Ú ÔÁËÉÍ ÓÁÍÉÍ ÅÌÅËÔÒÏÌiÔÏÍ Õ �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ-×ÉÝi, ÝÏ �ÒÏÑ×ÌÑ¤ÔØÓÑ Õ ÌiÎiÊÎÉÈ ÚÁÌÅÖÎÏÓÔÑÈ ÇÕÓÔÉÎ. îÁÑ×ÎiÓÔØ�ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ Õ ÎÉÖÎiÊ ÆÁÚi ÓÉÓÔÅÍÉ �ÒÉ×ÏÄÉÔØ ÄÏ ÅÆÅËÔÕËÏÎÔÁËÔÕ Ä×ÏÈ ÒÏÚÞÉÎi× ÅÌÅËÔÒÏÌiÔi× Ú ÎÅÚÍiÛÕ×ÁÎÉÍÉ ÒÏÚÞÉÎÎÉËÁ-ÍÉ. ñË i Õ ×É�ÁÄËÕ ÞÉÓÔÏ§ ×ÏÄÉ Õ ÚÒÁÚËÁÈ ÍÁÔÒÉ�Ø ÞÅÒ×ÏÎÏ§ ÁÂÏ ÞÏÒÎÏ§ËÅÒÁÍiË ÍÏÌÑÒÎÁ ÇÕÓÔÉÎÁ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× Õ �ÏÒÁÈ (ËÒÉ×i a1; a2)ÂiÌØÛÁ, ÎiÖ Õ ÚÒÁÚËÁÈ ËÏÒÉÞÎÅ×Ï§ ËÅÒÁÍiËÉ (ËÒÉ×i a3; a4). õ ×É�ÁÄËÕÓÉÌØÎÏiÏÎiÚÏ×ÁÎÉÈ ÚÒÁÚËi× ÍÁÔÒÉ�Ø ÞÅÒ×ÏÎÏ§ ÁÂÏ ÞÏÒÎÏ§ ËÅÒÁÍiË ×ÏÎÁ�ÒÉÂÌÉÚÎÏ Õ Ä×iÞi ÂiÌØÛÁ ×iÄ ÏÂ'¤ÍÎÏ§ ÇÕÓÔÉÎÉ (ËÒÉ×i b1; b3).äÌÑ ÒÏÚÒÁÈÕÎËÕ ÁÄÓÏÒÂ�i§ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× ÎÁ �ÏÒÉÓÔÉÈ �Ï×ÅÒ-ÈÎÑÈ ð÷í i ìð÷í, ÑË ×ÉÄÎÏ Ú (3), ÎÅÏÂÈiÄÎÏ ÚÎÁÔÉ ÏÄÎÏÞÁÓÔÉÎËÏ×i�ÏÔÅÎ�iÁÌÉ iÏÎÎÏ§ ×ÚÁ¤ÍÏÄi§ × ÄÏÓÌiÄÖÕ×ÁÎiÊ ÓÉÓÔÅÍi. �ÁËi �ÏÔÅÎ�iÁ-ÌÉ Ï�ÉÓÕÀÔØ ×ÚÁ¤ÍÏÄiÀ iÏÎÁ ÒÏÚÞÉÎÅÎÏ§ ÒÅÞÏ×ÉÎÉ Ú �Ï×ÅÒÈÎÅÀ �Ï-



25 ðÒÅ�ÒÉÎÔÒÉÓÔÏ§ ÍÁÔÒÉ�i �ÒÉ ÓÔÁÔÉÓÔÉÞÎÏÍÕ ×ÒÁÈÕ×ÁÎÎi ÍiÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ-¤ÍÏÄiÊ ÑË × ÏÂ'¤ÍÎiÊ ÆÁÚi, ÔÁË i Õ ÆÁÚi, ÑËÁ ÆÏÒÍÕ¤ �Ï×ÅÒÈÎÀ. ÷[13,14℄ ÏÔÒÉÍÁÎÏ ×ÉÒÁÚÉ ÄÌÑ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌi× ÓÉÓÔÅÍÉ Ä×Ï-ÆÁÚÎÏ§ ÓÕÍ�Û� ÔÏÞËÏ×ÉÈ �ÏÎ�× � ÄÉ�ÏÌ�×, ÑËÁ ÍÏÄÅÌÀ¤ �ÒÏÓÔÏÒÏ×Ï ÎÅ-ÏÄÎÏÒ�ÄÉÊ ÒÏÚÞÉÎ ÅÌÅËÔÒÏÌ�ÔÕ × ËÏÎÔÁËÔi Ú �ÏÒÉÓÔÉÍ ÓÅÒÅÄÏ×ÉÝÅÍ.æÕÎË�iÑ, ÑËÁ ×ÉÚÎÁÞÁ¤ �Ï×ÎÉÊ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÊ �ÏÔÅÎ��ÁÌ �ÏÎ�× Ú×ÒÁÈÕ×ÁÎÎÑÍ ÞÁÓÔËÏ×Ï§ ÚÁÍÏÒÏÖÅÎÎÏÓÔ� �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÚÁ�É-ÓÕ¤ÔØÓÑ Õ ×ÉÇÌÑÄ�:Gf(z1) = Gf() (z1) +Gf(b) (z1) = 14� "0 T Z 10 pdp ��nKff 0 (�m ; �m )e�2�m jz1j++ hKff 0 (�m ; �f) +Kff 0 (�f ; �m )i e�[�m (p)+�f (p)℄jz1j ++ "Kff 0 (�f ; �f) + 1"f�f(p) � 2"f+�f+(p) + "f��f�(p)# e�2�f(p)jz1j) ;�  = " + "; z1 � 0 = "� "; z1 � 0 � : (68)÷ÉÒÁÚÉ ÄÌÑ ��Ä�ÎÔÅÇÒÁÌØÎÉÈ ËÏÅÆ���ÅÎÔ�× �ÒÉ×ÅÄÅÎÏ × äÏÄÁÔËÕ A.ðÏÔÅÎ�iÁÌØÎÁ ÅÎÅÒÇiÑ ×ÚÁ¤ÍÏÄi§ iÏÎi× ÒÏÚÞÉÎÕ Ú �Ï×ÅÒÈÎÅÀ ×ÉÚÎÁ-ÞÁ¤ÔØÓÑ ÚÁ Ó�i××iÄÎÏÛÅÎÎÑÍ:w�;i(z) = � eZfa;iGf�(z) : (69)�ÏÄi ÄÌÑ ÁÄÓÏÒÂ�i§ iÏÎi× ÎÁ �ÏÒÉÓÔiÊ �Ï×ÅÒÈÎi fi , ÚÁÍiÎÉ×ÛÉ × (3)×ÒÁÈÕ×ÁÎÎÑ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË�i§ F (sh)a;i (z) ÏÂÍÅÖÅÎÎÑÍ iÎÔÅÇÒÕ-×ÁÎÎÑ ÄÅÑËÏÀ ÅÆÅËÔÉ×ÎÏÀ ×iÄÄÁÌÌÌÀ z(eff)i ÄÏ �Ï×ÅÒÈÎi, ÏÔÒÉÍÁ¤ÍÏÎÁÓÔÕ�ÎÉÊ ×ÉÒÁÚ:fi = �Xa �f�;a;i (eZfa;i)24� "0 1Zz(eff)i dzGf�(z) = � "f��f 2� Z 1z(eff)i dzGf�(z):(70)�ÁËÉÍ ÞÉÎÏÍ �ÏÔÅÎ�iÁÌ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄi§ ÞÁÓÔÉÎÏË Ú �Ï×ÅÒÈÎÅÀ�ÏÄiÌÕ ÆÁÚ ×iÄiÇÒÁ¤ ×ÉÚÎÁÞÁÌØÎÕ ÒÏÌØ �ÒÉ ÒÏÚÒÁÈÕÎËÕ ÁÄÓÏÒÂ�i§.îÁ PÉÓ.4 �ÒÉ×ÅÄÅÎÏ ×ÉÇÌÑÄ ÚÁÌÅÖÎÏÓÔÅÊ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄi§iÏÎÁ Cs+ ×iÄ ×iÄÄÁÌi ÄÏ �Ï×ÅÒÈÎi �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i Õ ×É�ÁÄËÕ ÓÌÁ-ÂÏ§ ËÏÎ�ÅÎÔÒÁ�i§ iÏÎi× Õ ÏÂ'¤ÍÎiÊ ÆÁÚi (ËÒÉ×i ÚÌi×Á) ÔÁ ÄÌÑ ÄÏÓÔÁÔÎØÏ
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z, AòÉÓ. 4. úÁÌÅÖÎÏÓÔi �ÏÔÅÎ�iÁÌÕ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄi§ iÏÎÁ Cs+ Ú �Ï-×ÅÒÈÎÅÀ ×iÄ ×iÄÄÁÌi ÄÏ ÎÅ§ (ÏÂ'¤ÍÎÁ ÆÁÚÁ ÒÏÚÞÉÎÕ).ËÏÎ�ÅÎÔÒÏ×ÁÎÉÈ ÒÏÚÞÉÎi× (ËÒÉ×i Ó�ÒÁ×Á). ñË ×ÉÄÎÏ Ú �ÒÉ×ÅÄÅÎÉÈ ÚÁ-ÌÅÖÎÏÓÔÅÊ ÓÉÌØÎÅ ÄÉ�ÏÌØÎÅ ÅËÒÁÎÕ×ÁÎÎÑ ÍiÖiÏÎÎÉÈ ×ÚÁ¤ÍÏÄiÊ ÍÏÌÅ-ËÕÌÁÍÉ ×ÏÄÉ Õ ÏÂ'¤ÍÎiÊ ÆÁÚi �ÒÉ×ÏÄÉÔØ ÄÏ ÓÌÁÂÏÇÏ ×�ÌÉ×Õ ÆiÚÉÞÎÉÈ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i ÎÁ ×ÚÁ¤ÍÏÄiÀ iÏÎÁ Ú �Ï×ÅÒÈÎÅÀ. ãÑ×ÚÁ¤ÍÏÄiÑ ÆÏÒÍÕ¤ÔØÓÑ ÓÉÌÁÍÉ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÇÏ ÚÏÂÒÁÖÅÎÎÑ i ÄÌÑ�Ï×ÅÒÈÏÎØ Ú ÄiÅÌÅËÔÒÉÞÎÉÍÉ ÓÔÁÌÉÍÉ ÍÅÎÛÉÍÉ, ÎiÖ ÄiÅÌÅËÔÒÉÞÎÁÓÔÁÌÁ ×ÏÄÉ ÎÏÓÉÔØ ×iÄÛÔÏ×ÈÕ×ÁÌØÎÉÊ ÈÁÒÁËÔÅÒ. ðÒÉ �ØÏÍÕ ×ÎÁÓÌi-ÄÏË iÏÎÎÏÇÏ ÅËÒÁÎÕ×ÁÎÎÑ ÍiÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ ÄÌÑ ÓÌÁÂÏËÏÎ-�ÅÎÔÒÏ×ÁÎÉÈ ÒÏÚÞÉÎi× ×ÌÉ× �Ï×ÅÒÈÎi ÓÑÇÁ¤ ÂiÌØÛÉÈ ×iÄÄÁÌÅÊ, ÎiÖ Õ×É�ÁÄËÕ ÓÉÌØÎÏËÏÎ�ÅÎÔÒÏ×ÁÎÉÈ ÒÏÚÞÉÎi×. ÷ ÏÂÏÈ ×É�ÁÄËÁÈ �i ×iÄÄÁÌi¤ �ÏÒÑÄËÕ ÒÁÄiÕÓÁ ÄÅÂÁ§×ÓØËÏÇÏ ÅËÒÁÎÕ×ÁÎÎÑ �f �1+ .îÁ�ÒÏÔÉ×ÁÇÕ ×ÚÁ¤ÍÏÄi§ iÏÎÁ i �Ï×ÅÒÈÎi Õ ÏÂ'¤ÍÎiÊ ÆÁÚi, × �Ï-ÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝi �Ñ ×ÚÁ¤ÍÏÄiÑ ÎÏÓÉÔØ �ÒÉÔÑÇÕ×ÁÌØÎÉÊ ÈÁÒÁËÔÅÒ(PÉÓ.5). îÁ ÎÅ§ ×ÎÁÓÌiÄÏË ÓÌÁÂÏÇÏ ÄÉ�ÏÌØÎÏÇÏ ÅËÒÁÎÕ×ÁÎÎÑ ÚÎÁÞÎÏÓÉÌØÎiÝÅ ×�ÌÉ×ÁÀÔØ ÄiÅÌÅËÔÒÉÞÎi ×ÌÁÓÔÉ×ÏÓÔi �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i ÔÁÓÔÕ�iÎØ §§ iÏÎiÚÏ×ÁÎÏÓÔi. äÌÑ ÚÒÁÚËi× ÞÅÒ×ÏÎÏ§ ÔÁ ÞÏÒÎÏ§ ËÅÒÁÍiË ÎÁ×iÄÄÁÌÑÈ �ÏÒÑÄËÕ 10-ÔÉ ÄiÁÍÅÔÒi× iÏÎi× Cs+(� 1:5 10�10m) ×ÏÎÁ �ÒÉ-ÂÌÉÚÎÏ ÎÁ �ÏÒÑÄÏË ÂiÌØÛÁ, ÎiÖ Õ ÏÂ'¤ÍÎiÊ ÆÁÚi. îÁÑ×ÎiÓÔØ ÂiÌØÛÏ§ËÏÎ�ÅÎÔÒÁ�i§ iÏÎi× Õ ÏÂ'¤ÍÎiÊ ÆÁÚi �ÏÓÉÌÀ¤ �ÒÉÔÑÇÁÌØÎÕ ×ÚÁ¤ÍÏÄiÀÍiÖ iÏÎÁÍÉ ÒÁÄiÏÎÕËÌiÄi× �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ i �Ï×ÅÒÈÎÅÀ ËÏÎÔÁË-ÔÕ. �ÁËÁ ÒiÚÎÉ�Ñ Õ ×ÚÁ¤ÍÏÄi§ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× Ú �ÏÒÉÓÔÏÀ �Ï×ÅÒÈ-
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z, AòÉÓ. 5. úÁÌÅÖÎÏÓÔi �ÏÔÅÎ�iÁÌÕ ÅËÒÁÎÏ×ÁÎÏ§ ×ÚÁ¤ÍÏÄi§ iÏÎÁ Cs+ Ú �Ï-×ÅÒÈÎÅÀ ×iÄ ×iÄÄÁÌi ÄÏ ÎÅ§ ÄÌÑ ÒÏÚÞÉÎÕ × �ÏÒÁÈ.ÎÅÀ �ÒÉ×ÏÄÉÔØ ÄÏ ×iÄÍiÎÎÏÓÔi §È ÁÄÓÏÒÂ�iÊÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ Õ ÏÂ'¤Í-ÎÏÍÕ ÒÏÚÞÉÎi ÔÁ Õ �ÏÒÁÈ ð÷í i ìð÷í. îÁ PÉÓ.6 �ÒÉ×ÅÄÅÎÏ ÚÁÌÅÖ-ÎÏÓÔi ÁÄÓÏÒÂ�i§ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× ×iÄ ÍÏÌÑÒÎÏ§ ÇÕÓÔÉÎÉ iÏÎi× Õ ÏÂ'-¤ÍÎiÊ ÆÁÚi ÄÌÑ ÏÂ'¤ÍÎÏÇÏ ÒÏÚÞÉÎÕ (ÚÌi×Á) ÔÁ ÒÏÚÞÉÎÕ Õ �ÏÒÁÈ (Ó�ÒÁ-×Á). ðÒÉ ÒÏÚÒÁÈÕÎËÕ ÁÄÓÏÒÂ�i§ ÅÆÅËÔÉ×ÎÁ ×iÄÄÁÌØ ×ÚÁ¤ÍÏÄi§ iÏÎi× Ú�Ï×ÅÒÈÎÅÀ ×ÉÂÉÒÁÌÁÓÑ Òi×ÎÏÀ z(eff)i = 8:0 10�10m, ÝÏ ×iÄ�Ï×iÄÁ¤×ÒÁÈÕ×ÁÎÎÀ ÔÏ×ÝÉÎÉ ÇÅÌØÍÇÏÌØ�i×ÓØËÏÇÏ ÍÏÌÅËÕÌÑÒÎÏÇÏ ÛÁÒÕ ÎÁ�Ï×ÅÒÈÎi �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i. ñË ×ÉÄÎÏ iÚ ÚÁÌÅÖÎÏÓÔi ÁÄÓÏÒÂ�i§ Õ �ÒÉ-�Ï×ÅÒÈÎÅ×iÊ ÏÂÌÁÓÔi ÏÂ'¤ÍÎÏ§ ÆÁÚÉ ÒÏÚÞÉÎÕ Ó�ÏÓÔÅÒiÇÁ¤ÔØÓÑ ÚÎÁÞÎÁÎÅÇÁÔÉ×ÎÁ ÁÄÓÏÒÂ�iÑ, ÑËÁ �Ï×'ÑÚÁÎÁ Ú ×iÄÛÔÏ×ÈÕ×ÁÌØÎÉÍ ÈÁÒÁËÔÅÒÏÍiÏÎ-�Ï×ÅÒÈÎÅ×Ï§ ×ÚÁ¤ÍÏÄi§. ðÒÉ �ØÏÍÕ × ÏÂÌÁÓÔi ÍÁÌÉÈ iÏÎÎÉÈ ËÏÎ-�ÅÎÔÒÁ�iÊ ÁÄÓÏÒÂ�iÑ ¤ ÎÅÚÎÁÞÎÏÀ i Ú ÒÏÓÔÏÍ ÍÏÌÑÒÎÏ§ ÇÕÓÔÉÎÉ iÏÎi×�ÏÞÉÎÁÀÞÉ Ú 10�4 kmol=m3 ÓÔÒiÍËÏ ÚÒÏÓÔÁ¤ �Ï ÁÂÓÏÌÀÔÎiÊ ×ÅÌÉÞÉ-Îi. õ �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝi ÁÄÓÏÒÂ�iÑ ¤ �ÏÚÉÔÉ×ÎÏÀ i ÔÁËÏÖ ÒÏÓÔÅiÚ ÚÂiÌØÛÅÎÎÑÍ iÏÎÎÏ§ ÇÕÓÔÉÎÉ. äÌÑ ÚÒÁÚËi× ÞÅÒ×ÏÎÏ§ i ÞÏÒÎÏ§ ËÅÒÁ-ÍiË ×ÏÎÁ ÂiÌØÛÁ, ÎiÖ ÄÌÑ ËÏÒÉÞÎÅ×Ï§ ËÅÒÁÍiËÉ. óÌiÄ ÚÁÚÎÁÞÉÔÉ, ÝÏ�ÒÉ×ÅÄÅÎi ÁÄÓÏÒÂ�iÊÎi ËÒÉ×i ÒÏÚÒÁÈÏ×ÁÎi ÎÁ ×ÓÀ �Ï×ÅÒÈÎÀ ËÏÎÔÁËÔÕÏÂ'¤ÍÎÏÇÏ ÒÏÚÞÉÎÕ Ú �ÏÒÉÓÔÏÀ ÍÁÔÒÉ�ÅÀ, ÔÏÄi ÑË iÏÎÉ ÒÏÚÞÉÎÕ ÒÁÄiÏ-ÎÕËÌiÄi× ÎÉÖÎØÏ§ ÆÁÚÉ �ÅÒÅÂÕ×ÁÀÔØ ÌÉÛÅ × �ÏÒÁÈ ÍÁÔÒÉ�i, Á ÔÏÍÕÒÅÁÌØÎÁ ÁÄÓÏÒÂ�iÑ iÏÎi× ÎÁ �ÏÒÑÄÏË ×ÉÝÁ. ïÂÌÁÓÔØ iÏÎÎÉÈ ÇÕÓÔÉÎÂiÌØÛÁ ÚÁ 10�2 kmol=m3 ×ÉÍÁÇÁ¤ ËÏÒÅËÔÎÏÇÏ ×ÒÁÈÕ×ÁÎÎÑ ÂÌÉÚØËÏ-ÓÑÖÎÉÈ ÍiÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ, Á ÔÏÍÕ ÎÁÑ×ÎiÓÔØ ÅËÓÔÒÅÍÕÍi×
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òÉÓ. 6. úÁÌÅÖÎÏÓÔi ÁÄÓÏÒÂ�i§ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× ×iÄ §È ÇÕÓÔÉÎÉ × ÏÂ'-¤ÍÎÏÍÕ ÒÏÚÞÉÎi. (ó�ÒÁ×Á { ÏÂ'¤ÍÎÁ ÆÁÚÁ, ÚÌi×Á { ÒÏÚÞÉÎ iÏÎi× ÒÁÄiÏ-ÎÕËÌiÄi× Õ �ÏÒÁÈ ìð÷í.)ÎÁ ËÒÉ×iÊ ÁÄÓÏÒÂ�i§ Õ �iÊ ÏÂÌÁÓÔi ×ÉËÌÉËÁ¤ ÓÕÍÎi×.6. ÷ÉÓÎÏ×ËÉïÔÒÉÍÁÎi × ÒÏÂÏÔi ÒÅÚÕÌØÔÁÔÉ ÄÁÀÔØ ÚÍÏÇÕ Ï�iÎÉÔÉ ×�ÌÉ× �ÏÒÉÓÔÏ§ÍÁÔÒÉ�i ÎÁ ÒÏÚ�ÏÄiÌ ÇÕÓÔÉÎÉ ÞÁÓÔÉÎÏË ÒÏÚÞÉÎÎÉËÁ i ÒÏÚÞÉÎÅÎÏ§ ÒÅ-ÞÏ×ÉÎÉ Õ �ÏÒÁÈ. ðÏËÁÚÁÎÏ, ÝÏ �ÒÉÓÕÔÎiÓÔØ iÏÎi× Õ �ÏÒÉÓÔiÊ ÍÁÔÒÉ�i�ÒÉ×ÏÄÉÔØ ÄÏ ÚÒÏÓÔÁÎÎÑ ÇÕÓÔÉÎÉ ×ÏÄÉ Õ �ÏÒÁÈ. íÏÖÎÁ ÏÞiËÕ×ÁÔÉ,ÝÏ �ÒÉ ËÏÒÅËÔÎÏÍÕ ×ÒÁÈÕ×ÁÎÎi ÂÌÉÚØËÏÓÑÖÎÉÈ ÓËÌÁÄÏ×ÉÈ ÍiÖÞÁÓ-ÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄiÊ �ÏÄiÂÎi ÅÆÅËÔÉ ÍÁÔÉÍÕÔØ ÍiÓ�Å i ÄÌÑ ÎÅiÏÎiÚÏ×Á-ÎÉÈ ÍÁÔÒÉ�Ø. �ÁËÉÍ ÞÉÎÏÍ ÏÓÎÏ×ÎÏÀ �ÒÉÞÉÎÏÀ ÚÍiÎÉ ÇÕÓÔÉÎÉ ÒÏÚ-ÞÉÎÎÉËÁ, Á Ú ÎÅÀ i ÊÏÇÏ ÄiÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ¤ ×ÎÅÓÏË ÓÉÌÅÌÅËÔÒÏÓÔÁÔÉÞÎÏ§ ×ÚÁ¤ÍÏÄi§ ÞÁÓÔÉÎÏË ÒÏÚÞÉÎÎÉËÁ i �ÏÒÉÓÔÏ§ ÍÁÔÒÉ-�i. PÏÚÒÁÈÕÎÏË ÚÁÌÅÖÎÏÓÔÅÊ ÇÕÓÔÉÎÉ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× Õ �ÏÒÉÓÔÉÈÍÁÔÒÉ�ÑÈ ð÷í i ìð÷í �ÏËÁÚÕ¤, ÝÏ × ÏÂÌÁÓÔi ÍÁÌÉÈ iÏÎÎÉÈ ÇÕÓÔÉÎÓ�ÒÁ×ÅÄÌÉ×ÉÊ ÚÁËÏÎ çÅÎÒi, ÕÚÁÇÁÌØÎÅÎÉÊ ÎÁ ×É�ÁÄÏË ËÏÎÔÁËÔÕ ÒÏÚ-ÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕ Ú �ÏÒÉÓÔÉÍ ÓÅÒÅÄÏ×ÉÝÅÍ. ïÓÔÁÎÎiÊ ÍÏÖÎÁ ÓÆÏÒ-ÍÕÌÀ×ÁÔÉ ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ: × Ä×ÏÆÁÚÎiÊ ÓÉÓÔÅÍi ËÏÎÔÁËÔÕ ÓÌÁÂÏ-ËÏÎ�ÅÎÔÒÏ×ÁÎÏÇÏ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕ Ú �ÏÒÉÓÔÏÀ ÍÁÔÒÉ�ÅÀ ×iÄÎÏ-ÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ�iÊ iÏÎi× Õ �ÏÒÁÈ i ÏÂ'¤ÍÎÏÍÕ ÒÏÚÞÉÎi ÎÅ ÚÁÌÅÖÉÔØ×iÄ ÇÕÓÔÉÎÉ iÏÎi×, Á ×ÉÚÎÁÞÁ¤ÔØÓÑ ÆiÚÉÞÎÉÍÉ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ ÒÏÚÞÉÎ-



29 ðÒÅ�ÒÉÎÔÎÉËÁ i �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i. ãÅÊ ÅÆÅËÔ ÍÏÖÅ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎÉÊ ÄÌÑÏ�iÎËÉ ÇÕÓÔÉÎÉ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× Õ �ÏÒÁÈ ÍÁÔÒÉ�i ÚÁ §È ÇÕÓÔÉÎÏÀ Õ×ÏÄi ÏÂ'¤ËÔÕ "õËÒÉÔÔÑ".�ÅÏÒÅÔÉÞÎÉÊ ÒÏÚÒÁÈÕÎÏË ÁÄÓÏÒÂ�i§ iÏÎi× ÒÁÄiÏÎÕËÌiÄi× ×ÉËÏÎÁÎÉÊÕ ÄÁÎiÊ �ÒÁ�i �ÏËÁÚÕ¤, ÝÏ Úi ÓÔÏÒÏÎÉ ÏÂ'¤ÍÎÏÇÏ ÒÏÚÞÉÎÕ ÎÁ �ÏÒÉÓÔÉÈ�Ï×ÅÒÈÎÑÈ Ó�ÏÓÔÅÒiÇÁ¤ÔØÓÑ ÎÅÇÁÔÉ×ÎÁ ÁÄÓÏÒÂ�iÑ, Á × �ÒÉ�Ï×ÅÒÈÎÅ×iÊÏÂÌÁÓÔi iÓÎÕ¤ ÚÂiÄÎÅÎÉÊ iÏÎÁÍÉ ÛÁÒ Ú Ï�iÎÏÞÎÏÀ ÔÏ×ÝÉÎÏÀ × ÏÄÉÎÒÁÄiÕÓ ÄÅÂÁ§×ÓØËÏÇÏ ÅËÒÁÎÕ×ÁÎÎÑ, ÑËÉÊ ÄÌÑ ÓÌÁÂÏËÏÎ�ÅÎÔÒÏ×ÁÎÉÈÒÏÚÞÉÎi× (10�5�10�3kmol=m3) ÚÎÁÈÏÄÉÔØÓÑ × iÎÔÅÒ×ÁÌi 10�8�10�7m.ðÒÉ �ØÏÍÕ ÄÌÑ iÏÎi× ÒÏÚÞÉÎÕ × �ÏÒÁÈ Ó�ÏÓÔÅÒiÇÁ¤ÔØÓÑ �ÏÚÉÔÉ×ÎÁ ÁÄ-ÓÏÒÂ�iÑ, ÔÏÂÔÏ ÎÁ ÍÅÖi Ú ÏÂ'¤ÍÎÏÀ ÆÁÚÏÀ ÒÏÚÞÉÎ ÚÂÁÇÁÞÅÎÉÊ iÏÎÁÍÉ,ÇÕÓÔÉÎÁ iÏÎi× �ÏÂÌÉÚÕ ×ÉÈÏÄÕ Ú �ÏÒ ÍÁÔÒÉ�i ÚÎÁÞÎÏ ÂiÌØÛÁ, ÎiÖ ×ÓÅÒÅÄÉÎi �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ.îÁ ÏÓÎÏ×i ÏÔÒÉÍÁÎÉÈ ÒÅÚÕÌØÔÁÔi× ÍÏÖÎÁ ÒÏÚÇÌÑÎÕÔÉ �Å×ÎÉÊ ÍÅ-ÈÁÎiÚÍ ÁËÔÉ×ÎÏÇÏ ×ÉÍÉ×ÁÎÎÑ ÒÁÄiÏÎÕËÌiÄi× Ú �ÏÒÉÓÔÉÈ ð÷í ÔÁìð÷í, Á ÔÁËÏÖ Ï�ÉÓÁÔÉ ÏÄÉÎ Ú ÍÏÖÌÉ×ÉÈ �ÒÏ�ÅÓi× §È ÒÕÊÎÕ×ÁÎ-ÎÑ. ÷ ÍÅÚÏÓËÏ�iÞÎÉÈ �ÏÒÁÈ ð÷í ÔÁ ìð÷í ÇÕÓÔÉÎÁ ÍÏÌÅËÕÌ ×ÏÄÉ ÚÁÒÁÈÕÎÏË iÏÎiÚÏ×ÁÎÏÓÔi �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i, ÚÕÍÏ×ÌÅÎÏ§ ÒÏÚ�ÁÄÏÍ ÒÁÄiÏ-ÎÕËÌiÄi×, ÂiÌØÛÁ, ÎiÖ × ÏÂ'¤Íi. õÝiÌØÎÅÎÎÑ ÒiÄÉÎÉ �ÒÉ×ÏÄÉÔØ ÄÏÚÍÅÎÛÅÎÎÑ ×iÄÄÁÌÅÊ ÍiÖ ÍÏÌÅËÕÌÁÍÉ H2O, ÒÕÊÎÕ×ÁÎÎÑ ÞÁÓÔÉÎÉ ÍÏ-ÌÅËÕÌ i ×ÉÎÉËÎÅÎÎÑ ÇiÄÒÏËÓÉÌØÎÉÈ ÇÒÕ� OH , ÑËi ÚÄÁÔÎi ÕÔ×ÏÒÀ×ÁÔÉËÏÍ�ÌÅËÓÉ Ú ÒiÚÎÉÍÉ ÈiÍiÞÎÉÍÉ ÅÌÅÍÅÎÔÁÍÉ i ÍÏÌÅËÕÌÁÍÉ. èiÍiÞÎÏ-ÁËÔÉ×Îi ÇiÄÒÏËÓÉÌØÎi ÇÒÕ�É ÒÁÚÏÍ Ú ÅÎÅÒÇÅÔÉÞÎÏ ÓÌÁÂÏÚ×'ÑÚÁÎÉÍÉ ÚÁÒÁÈÕÎÏË ÍÅÈÁÎiÞÎÉÈ ÄÅÆÅËÔi× �Ï×ÅÒÈÎÅ×ÉÍÉ ÁÔÏÍÁÍÉ i ÍÏÌÅËÕÌÁÍÉ(× ÔÏÍÕ ÞÉÓÌi i Úi ÓÌÁÂÏÒÏÚÞÉÎÎÉÍÉ Õ ×ÏÄi ÒÁÄiÏÎÕËÌiÄÁÍÉ) ÕÔ×Ï-ÒÀÀÔØ ÍÅÔÁÓÔÁÂiÌØÎi Ó�ÏÌÕËÉ, ÑËi ÓÔÁÀÔØ ÅÎÅÒÇÅÔÉÞÎÏ ÎÅÚ×'ÑÚÁÎÉÍÉÚ �Ï×ÅÒÈÎÅÀ ÍÁÔÒÉ�i i ×ÉÍÉ×ÁÀÔØÓÑ Ú �Ï×ÅÒÈÎi × ÒÏÚÞÉÎ Õ �ÏÒÁÈ.÷ÓÅÒÅÄÉÎi �ÏÒ ÔÁËi Ó�ÏÌÕËÉ �iÄ Äi¤À ÍÏÌÅËÕÌ ×ÏÄÉ ÄÉÓÏ�iÀÀÔØ ÎÁËÁÔiÏÎÉ i ÁÎiÏÎÉ. âiÌØÛiÓÔØ ÔÁËÉÈ iÏÎi× (ÓÅÒÅÄ ÎÉÈ ÔÁËÏÖ ×ÉÍÉÔi Ú�Ï×ÅÒÈÎi ÍÁÔÒÉ�i iÏÎÉ ÒÁÄiÏÎÕËÌiÄi×) ÚÎÁÈÏÄÑÔØÓÑ ×ÎÁÓÌiÄÏË §È �Ï-ÚÉÔÉ×ÎÏ§ ÁÄÓÏÒÂ�i§ �ÏÂÌÉÚÕ ×ÉÈÏÄÕ �ÏÒÉ Ú ÍÁÔÒÉ�i ð÷í ÁÂÏ ìð÷í.�ÁËÉÍ ÞÉÎÏÍ Úi ÓÔÏÒÏÎÉ �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i ÕÔ×ÏÒÀ¤ÔØÓÑ ÛÁÒ ÒÏÚÞÉ-ÎÕ ÚÂÁÇÁÞÅÎÉÊ iÏÎÁÍÉ ÒÁÄiÏÎÕËÌiÄi× ÔÏÄi, ÑË Úi ÓÔÏÒÏÎÉ ÏÂ'¤ÍÎÏÇÏÒÏÚÞÉÎÕ �ÒÉ�Ï×ÅÒÈÎÅ×Á ÏÂÌÁÓÔØ ÚÂiÄÎÅÎÁ ÎÉÍÉ. ÷ ÒÅÚÕÌØÔÁÔi �ØÏÇÏ×ÉÎÉËÁ¤ ÇÒÁÄi¤ÎÔ ÌÏËÁÌØÎÏÇÏ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ�iÁÌÕ, ÑËÉÊ Ó�ÒÉÞÉÎÀ¤iÏÎÏ�ÅÒÅÎÏÓ Ú ÒÏÚÞÉÎÕ × �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝi Õ ÊÏÇÏ ÏÂ'¤ÍÎÕ ÆÁÚÕ.�ÁËÉÊ �ÒÏ�ÅÓ �ÒÉ×ÏÄÉÔØ ÄÏ ÎÅ�ÅÒÅÒ×ÎÏÇÏ ×ÉÍÉ×ÁÎÎÑ ÒÁÄiÏÎÕËÌiÄi×Ú �ÏÒÉÓÔÏ§ ÍÁÔÒÉ�i, �ÏÓÔÕ�Ï×ÏÇÏ ÚÂiÌØÛÅÎÎÑ ÒÏÚÍiÒi× �ÏÒ ÔÁ ÒÕÊÎÕ-×ÁÎÎÑ ÍÁÔÒÉ�i.

ICMP{02{06U 30äÏÄÁÔÏË AäÌÑ ÓËÏÒÏÞÅÎÎÑ ÚÁ�ÉÓÕ ××ÅÄÅÍÏ �ÏÚÎÁÞÅÎÎÑCm(f) = (�m(f) (p))2 � p2(�f(p))2 � (�m (p))2 ; �(p) = �m (p)�f(p) + p2�m (p) + �f(p) ;�m(f)(p) = 12["m(f)+ �m(f)+ (p) + "m(f)� �m(f)� (p)℄: (71)îÁÄÁÌi iÎÄÅËÓÉ � ÔÁ  �ÒÉÊÍÁÀÔØ ÚÎÁÞÅÎÎÑ "+", ËÏÌÉ ÞÁÓÔÉÎËÁÚÎÁÈÏÄÉÔØÓÑ Õ ×ÅÒÈÎØÏÍÕ ÎÁ�i×�ÒÏÓÔÏÒi, "{" { Õ ÎÉÖÎØÏÍÕ, ÔÏÂÔÏ:� = "+"; ×iÄ�Ï×iÄÁ¤ zi � 0; � = "� " � zi � 0;  = "+" � zi �0;  = "� " � zi � 0; i = 1; 2:�ÏÄ� ËÏÅÆ���¤ÎÔÉ �ÒÉ ÅËÓ�ÏÎÅÎÔÁÈ ÔÁ ÏÂ'¤ÍÎ� ÚÎÁÞÅÎÎÑ ÅËÒÁÎÏ×Á-ÎÉÈ �ÏÔÅÎ��ÁÌ�× Gmf ÍÁÔÉÍÕÔØ ×ÉÇÌÑÄ:Gmf(bulk) (R12) = � 14� "0 "m "f T R12 �Cf e��fR12 � Cm e��m R12g� ;Kmf� (�m� ; �m ) = Cm 1"f � 1�m(p) � Æ�;"m� �m� (p)� ;Kmf� (�m� ; �f) = Cf�"m� 1�f (p) � Cm"f 1�m(p) � 12 �+(p) + ��(p)�m(p)�f (p) ;Kmf� (�f� ; �m ) = 0; Kmf� (�f� ; �f) = �Cf�"m�  1�f (p) � Æ�;"f��f�(p)! :(72)äÌÑ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌ�× Gfm ÎÅÏÂÈ�ÄÎ� ÄÌÑ §È ÒÏÚÒÁÈÕÎËÕ×ÅÌÉÞÉÎÉ ÏÔÒÉÍÕÀÔØÓÑ Ú (72) ÛÌÑÈÏÍ ÚÁÍ�ÎÉ �ÎÄÅËÓ�× m ÎÁ f � ÎÁ-×�ÁËÉ. ðÒÉ ÔÁË�Ê ÚÁÍ�Î� ÚÎÁËÉ ËÏÅÆ���¤ÎÔ�× Cm� ÔÁ Cf� ÚÇ�ÄÎÏ (71)ÚÍ�ÎÀÀÔØÓÑ ÎÁ �ÒÏÔÉÌÅÖÎ�.õ ×É�ÁÄËÕ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÞÁÓÔÉÎËÁÍÉ Ò�ÄÉÎÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÏÂ'-¤ÍÎ� ÅËÒÁÎÏ×ÁÎ� �ÏÔÅÎ��ÁÌÉ ÔÁ ËÏÅÆ���¤ÎÔÉ �ÒÉ ÅËÓ�ÏÎÅÎÔÁÈ Ò�×Î�:Gff(bulk) (R12) = � 14� "0 "f T R12 e��fR12 ++ 14� "0 ("f)2 T R12 ( 1� Cf"m !�1� 12�fR12� e��fR12++Cm"m hCf e��fR12 � Cm e��m R12i� ; (73)



31 ðÒÅ�ÒÉÎÔKff� (�m� ; �m ) = �Cm�"f� Kmf� (�m� ; �m );Kff� (�f� ; �m ) = Kff� (�m ; �f�) = �Cm"f Kmf� (�m ; �f�); (74)Kff� (�f� ; �f) = �  1�f (p) � Æ�"f��f�(p)!��14(Cf+)2 (�f+(p)� �m+ (p))2"m+�f+(p)�2f (p) � 14(Cf�)2 (�f�(p)� �m+ (p))2"m��f�(p)�2f (p) ++14 (�f+(p) + �f�(p))(�f+(p)�f�(p) + p2)�f+(p)�f�(p)�2f (p) � 14 (�+(p) + ��(p))2�m(p)�2f (p) ++ Cf�"m� Cm"f + Cf�"m� Cm"f ! 1�f (p) � 12 Æ�"f��f�(p)!� Cm�"f� Cm"f 1�m(p) ��12  Cm�"f� Cm"f ! �+(p) + ��(p)�m(p)�f (p) � 12Æ�  1� Cf�"m� ! (�f�(p))2 + p2(�f�(p))3("f�)2 ��12 24 1� Cf�"m� ! �f�"f� !2 � jz1j�f� + 1� Cf"m ! �f"f !2 � jz2j�f 35 ��  1�f (p) � Æ�"f��f�(p)! : (75)ïÂ'¤ÍÎ� ÞÁÓÔÉÎÉ ÅËÒÁÎÏ×ÁÎÉÈ �ÏÔÅÎ��ÁÌi× G(bulk)(ass)mf� (R12) ÔÁG(bulk)(ass) ff� (R12) Õ ×É�ÁÄËÕ ÂÅÚÍÅÖÎÏÇÏ ÒÏÚ×ÅÄÅÎÎÑ Òi×Îi:G(bulk)(ass)mf (R12) = 14� "0 "f "m T R12 ;G(bulk)(ass) ff (R12) = " 1"f � �1� 1"m � 1"f 2 # 14� "0 T R12 :(76)äÏÄÁÔÏË BðÅÒÅÊÄÅÍÏ Õ ÏÔÉÍÁÎÉÈ ×ÉÝÅ ×ÉÒÁÚÁÈ ÄÌÑ ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× ÄÏÂÅÚÒÏÚÍiÒÎÏ§ ÆÏÒÍÉ. úÁ ÍÁÓÛÔÁÂ ×ÉÍiÒÀ×ÁÎÎÑ ÄÏ×ÖÉÎÉ ×ÉÂÅÒÅÍÏ lBlB = e2"0 T (77)
ICMP{02{06U 32ÔÁ ××ÅÄÅÍÏ �ÏÚÎÁÞÅÎÎÑ:r�w = rw l�1B ; r�m = rm l�1B ; (78)bf(m)� = s 1"f(m) Xa �f(m)�;a;i �Zf(m)a �2 : (79)âÅÚÒÏÚÍiÒÎÕ ÇÕÓÔÉÎÕ ÒÏÚÞÉÎÎÉËÁ (×ÏÄÉ) Õ ×ÅÒÈÎiÊ ÞÉ ÎÉÖÎiÊ ÆÁ-ÚÁÈ ÍÏÖÎÁ ÏÚÎÁÞÉÔÉ, ÑË ËiÌØËiÓÔØ ÊÏÇÏ ÞÁÓÔÉÎÏË Õ ËÕÂi Ú ÒÅÂÒÏÍ���;w = ��;w l3B : (80)îÁÄÁÌi ÄÌÑ ÎÉÖÎØÏ§ ÆÁÚÉ ÒÏÚÇÌÑÄÁÔÉÍÅÍÏ ÒÅÁÌØÎi ÇÕÓÔÉÎÉ ÞÁÓÔÉ-ÎÏË ÒÏÚÞÉÎÎÉËÁ ���;w , ÒÏÚÞÉÎÅÎÏ§ ÒÅÞÏ×ÉÎÉ ��f�;i ÔÁ �ÏÒÉÓÔÏÇÏ ÓÅÒÅ-ÄÏ×ÉÝÁ ��m�;i(d) , ÑËi �Ï×'ÑÚÁÎi Ú ÒÅ�ÌiÞÎÉÍÉ ÇÕÓÔÉÎÁÍÉ ÎÁÓÔÕ�ÎÉÍÉÓ�i××iÄÎÏÛÅÎÎÑÍÉ:���;w = ��;w�� ; ��f�;i = �f�;i�� ; ��m�;i(d) = �m�;i(d)1 � �� (81)ÄÅ: �� = V (porous)� =V� { �ÏÒÉÓÔiÓÔØ ÍÁÔÒÉ�i ÎÉÖÎØÏ§ ÆÁÚÉ. ÷×ÅÄÅÍÏ×iÄÎÏÛÅÎÎÑ ÓÕÍÁÒÎÉÈ ÇÕÓÔÉÎ iÏÎi× ÒÏÚÞÉÎÅÎÏ§ ÒÅÞÏ×ÉÎÉ ÄÏ ÇÕÓÔÉÎÉÞÁÓÔÉÎÏË ÒÏÚÞÉÎÎÉËÁ Õ �iÊ ÖÅ ÆÁÚi, ÑËÅ �ÒÉ ÍÁÌÉÈ ÇÕÓÔÉÎÁÈ iÏÎi×ÂÌÉÚØËÅ ÄÏ ËÏÎ�ÅÎÔÒÁ�iÊ iÏÎi×Óf(m)+;i = �f(m)+;i�+;w ; Óf(m)�;i = �f(m)�;i��;w = ��f(m)�;i���;w (82)äÌÑ ÄiÅÌÅËÔÒÉÞÎÏ§ ÓÔÁÌÏ§ ÒÏÚÞÉÎÎÉËÁ ÔÁ �ÏÒÉÓÔÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÕÎÉÖÎiÊ ÆÁÚi ÍÁÔÉÍÅÍÏ:"f� = 1 + �� ���;w�+;w �1 + "f+� ;"m� = 1 + (1 � ��) �1 + "m� ; (83)ÄÅ: "m { ÄiÅÌÅËÔÒÉÞÎÁ ÓÔÁÌÁ ÒÅÞÏ×ÉÎÉ, Ú ÑËÏ§ ×ÉÇÏÔÏ×ÌÅÎÁ �ÏÒÉÓÔÁÍÁÔÒÉ�Ñ.�ÏÄi ÏÂÅÒÎÅÎi ÒÁÄiÕÓÉ ÄÅÂÁ§×ÓØËÏÇÏ ÅËÒÁÎÕ×ÁÎÎÑ ÚÁ�ÉÛÕÔØÓÑ ÕÎÁÓÔÕ�ÎÏÍÕ ×ÉÇÌÑÄi:�f+ = p�+;wqf+;i bf+ ;�f� = p���;wq�� f�;i bf� ;��� = p��+;wq(1 � ��) f�;m bm� ; (84)



33 ðÒÅ�ÒÉÎÔðÒÉ×ÅÄÅÎi ×ÉÝÅ ÂÅÚÒÏÚÍiÒÎi ×ÅÌÉÞÉÎÉ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÄÌÑÒÏÚÒÁÈÕÎËÕ ÈiÍiÞÎÉÈ �ÏÔÅÎ�iÁÌi× ÅÌÅËÔÒÏÌiÔÉÞÎÉÈ ÒÏÚÞÉÎi× ×ÅÒÈÎØÏ§ÔÁ ÎÉÖÎØÏ§ ÆÁÚ ×iÄ�Ï×iÄÎÏ ÄÏ (49) { (62) ÔÁ Ú ÕÍÏ×É ÔÅÒÍÏÄÉÎÁÍiÞÎÏ§Òi×ÎÏ×ÁÇÉ (63) ÇÕÓÔÉÎÉ iÏÎi× Õ ÎÉÖÎiÊ ÆÁÚi.ì�ÔÅÒÁÔÕÒÁ1. áÎÁÌÉÚ ÔÅËÕÝÅÊ ÂÅÚÏ�ÁÓÎÏÓÔÉ ÏÂßÅËÔÁ "õËÒÙÔÉÅ" É �ÒÏÇÎÏÚÎÙÅÏ�ÅÎËÉ ÒÁÚ×ÉÔÉÑ ÓÉÔÕÁ�ÉÉ. ïÔÞÅÔ �Ï ÄÏ�. ÓÏÇÌÁÛÅÎÉÀ N3, ÔÅÍÁN4 ÇÅÎÅÒÁÌØÎÏÇÏ ÄÏÇÏ×ÏÒÁ 1/95, þÅÒÎÏÂÙÌØ, 1996.2. äÏÓÔÕ�ÎÁÑ �ÏÒÉÓÔÏÓÔØ É ÍÏÌÅËÕÌÑÒÎÏ-ÓÉÔÏ×ÙÅ Ó×ÏÊÓÔ×Á ÌÁ×Ï-ÏÂÒÁÚÎÉÈ ÔÏ�ÌÉ×ÏÓÏÄÅÒÖÁÝÉÈ ÍÁÔÅÒÉÁÌÏ× ÏÂßÅËÔÁ "õËÒÙÔÉÅ".ïÔÞÅÔ ÏÔÄÅÌÁ ÍÁÔÅÒÉÁÌÏ×ÅÄÅÎÉÑ ïP�Éí, þÅÒÎÏÂÙÌØ, 1997.3. M. Mezard, G. Parisi, M.A. Virasoro. Spin Class Theory and Beyond.// World Sienti�, Singapore, 1987.4. I.A. Given, G. Stell. Physia A 209, p. 495, 1994.5. B. Hribar, O. Pizio, A. Trokhymhuk, V. Vlahy. J. Chem. Phys.,1998, vol. 109, p. 2480.6. M.F. Holovko, Z.V. Polishhuk. Cond. Matt. Phys., 1999, vol. 2,No 2, p. 1-6.7. àÈÎÏ×ÓØËÉÊ é.ò., çÏÌÏ×ËÏ í.æ., óÔÁÔÉÓÔÉÞÅÓËÁÑ ÔÅÏÒÉÑ ËÌÁÓ-ÓÉÞÅÓËÉÈ ÒÁ×ÎÏ×ÅÓÎÉÈ ÓÉÓÔÅÍ, îÁÕËÏ×Á ÄÕÍËÁ, ëÉÅ×, 1980.8. M.D.Isihenko, Rev.of Mod.Phys., 64, 961, 1992.9. R.Sempere, D.Bourret, T.Woignier, J.Phalippou, R.Jullien, Phys.Rev. Lett., 71, 3307, 1993.10. O. Pizio, S.Sokolowski. J. Phys. Studies, 1998, vol. 2, No 3, p. 283.11. A.Kovalenko, O.Pizio, D.Henderson, S.Sokolovski,J. of Colloid andInterfae Siene, 182, 407 (1996).12. M.Borowko, O.Pizio, W.Rzysko, S.Sokolowski, J.Phys.Studies, v. 3,No 2, 164 (1999).13. í.æ.çÏÌÏ×ËÏ, ´.í. óÏ×'ÑË, �ÒÅ�ÒÉÎÔ ICMP-99-11U (1999).14. í.æ.çÏÌÏ×ËÏ, ´.í. óÏ×'ÑË, öÕÒÎÁÌ ÆiÚÉÞÎÉÈ ÄÏÓÌiÄÖÅÎØ, Ô. 4,No 4, 391 (2000).15. Niholls A.L., Pratt L.P., J. Chem. Phys., 1982, vol. 77, p. 1070.16. úÁÇÏÒÏÄÎÉÊ á.ç., õÓÅÎËÏ á.ó., ñËÉÍÅÎËÏ é.ð., �ÒÅ�ÒÉÎÔ é�æ-82-75ò, 40 Ó., 1982.17. ´.í. óÏ×'ÑË, Cond. Matt. Phys., 1993, vol. 2, p. 84.18. ì.ä.ìÁÎÄÁÕ, å.í.ìÉÆÛÉ�, óÔÁÔÉÓÔÉÞÅÓËÁÑ ÆÉÚÉËÁ, í., îÁÕËÁ,1964.19. E.Kierlik, M.L.Rosinberg, G.Tarjus, P.A.Monson, J. Chem. Phys.106, No 1, 264 (1997).

ICMP{02{06U 3420. í.æ.çÏÌÏ×ËÏ, ï.÷.ðÁ�ÁÇÁÎ, �ÒÅ�ÒÉÎÔ ICMP-01-08U (2001).21. M.F.Holovko, E.M.Sovyak, Cond. Matt. Phys., No 6, 49 (1995).22. I.R.Yukhnovskii, M.V.Tokarhuk, I.P.Omeyan, E.M.Sovyak,R.I.Zhelem, Cond. Matter Phys., No 9, 153 (1997).23. Bennett C.H., J.Comput.Phys., 1976, 22, 245.



ðÒÅ�ÒÉÎÔÉ ¶ÎÓÔÉÔÕÔÕ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ îáî õËÒÁ§ÎÉÒÏÚ�Ï×ÓÀÄÖÕÀÔØÓÑ ÓÅÒÅÄ ÎÁÕËÏ×ÉÈ ÔÁ �ÎÆÏÒÍÁ��ÊÎÉÈ ÕÓÔÁÎÏ×. ÷ÏÎÉÔÁËÏÖ ÄÏÓÔÕ�Î� �Ï ÅÌÅËÔÒÏÎÎ�Ê ËÏÍ�'ÀÔÅÒÎ�Ê ÍÅÒÅÖ� ÎÁ WWW-ÓÅÒ-×ÅÒ� �ÎÓÔÉÔÕÔÕ ÚÁ ÁÄÒÅÓÏÀ http://www.imp.lviv.ua/The preprints of the Institute for Condensed Matter Physis of the Na-tional Aademy of Sienes of Ukraine are distributed to sienti� andinformational institutions. They also are available by omputer networkfrom Institute's WWW server (http://www.imp.lviv.ua/)

´×ÇÅÎ íÉËÏÌÁÊÏ×ÉÞ óÏ×'ÑËáÄÓÏÒÂ��Ñ �ÏÎ�× ÒÁÄ�ÏÎÕËÌ�Ä�× ÎÁ �ÏÒÉÓÔÉÈ �Ï×ÅÒÈÎÑÈìð÷í ÏÂ'¤ËÔÕ "õËÒÉÔÔÑ"òÏÂÏÔÕ ÏÔÒÉÍÁÎÏ 15 ÔÒÁ×ÎÑ 2002 Ò.úÁÔ×ÅÒÄÖÅÎÏ ÄÏ ÄÒÕËÕ ÷ÞÅÎÏÀ ÒÁÄÏÀ ¶æëó îáî õËÒÁ§ÎÉòÅËÏÍÅÎÄÏ×ÁÎÏ ÄÏ ÄÒÕËÕ ÓÅÍ�ÎÁÒÏÍ ×iÄÄiÌÕ ÔÅÏÒ�§ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ�ÒÏ�ÅÓ�×÷ÉÇÏÔÏ×ÌÅÎÏ �ÒÉ ¶æëó îáî õËÒÁ§ÎÉ õÓ� �ÒÁ×Á ÚÁÓÔÅÒÅÖÅÎ�


