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õäë: 532:537.226:541.135PACS: 82.70Dd, 61.20.-p, 61.20.Gy, 61.20.Ne, 61.20.Qg, 02.30.RzäÏ ÔÅÏÒi§ ËÁÔiÏÎÎÏÇÏ ÇiÄÒÏÌiÚÕ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÅÌÅËÔÒÏ-ÌiÔi×.í.æ. çÏÌÏ×ËÏ, à.÷. ëÁÌÀÖÎÉÊ, í.à. äÒÕÞÏËáÎÏÔÁ��Ñ. ðÒÏ×ÅÄÅÎÏ ÄÏÓÌiÄÖÅÎÎÑ ×�ÌÉ×Õ ×ÁÌÅÎÔÎÏÓÔi ËÁÔiÏÎÁ ÎÁÓÔÒÕËÔÕÒÕ ÊÏÇÏ ÇiÄÒÁÔÎÏ§ ÏÂÏÌÏÎËÉ. äÏÓÌiÄÖÅÎÎÑ ×ÉËÏÎÁÎi × ÒÁÍËÁÈÔÅÈÎiËÉ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÍÏÄÅÌi �ÅÎÔÒÁÌØÎÉÈÓÉÌ ÄÌÑ Ï�ÉÓÕ ×ÏÄÉ. ÷ÉÑ×ÌÅÎÁ ÚÎÁÞÎÁ ÍÏÄÉÆiËÁ�iÑ ×ÎÕÔÒiÍÏÌÅËÕ-ÌÑÒÎÏ§ ÓÔÒÕËÔÕÒÉ ×ÏÄÉ × ÇiÄÒÁÔÎiÊ ÏÂÏÌÏÎ�i ×ÉÓÏËÏ×ÁÌÅÎÔÎÉÈ ËÁ-ÔiÏÎi×, Á ÔÁËÏÖ ÅÆÅËÔ ×ÔÒÁÔÉ �Å×ÎÏ§ ËiÌØËÏÓÔi ÁÔÏÍi× ×ÏÄÎÀ ÇiÄÒÁÔ-ÎÏÀ ÏÂÏÌÏÎËÏÀ. ïÔÒÉÍÁÎÉÊ ÒÅÚÕÌØÔÁÔ iÎÔÅÒ�ÒÅÔÕ¤ÔØÓÑ ÇiÄÒÏÌiÚÏÍ×ÏÄÉ ×ÉÓÏËÏ×ÁÌÅÎÔÎÉÍÉ ËÁÔiÏÎÁÍÉ.On the theory of 
ation hydrolysis in aqueous ele
trolyte solu-tions.M.F. Holovko, Yu.V. Kalyuzhnyj, M.Yu. Dru
hokAbstra
t. The investigation of the 
ation valen
y in
uen
e on 
ationhydration shell stru
ture was made. The investigation was made in theframework of integral equation te
hnique using the 
entral for
e modelfor des
ription of water. The signi�
ant modi�
ation of water intramole
-ular stru
ture in hydration shell of ions of high valen
y was found, alsoan e�e
t of some hydrogen atoms loss by hydration shell was dis
overedtoo. Drawn results are interpreted as the hydrolysis of water 
aused byions of high valen
y.
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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�ðÒÉ ÏÂÇÏ×ÏÒÅÎÎi ÒÏÌi ×ÏÄÉ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÅÌÅËÔÒÏÌiÔi× ××ÁÖÁ¤-ÔØÓÑ, ÝÏ ×ÏÄÁ, ÑË ÒÏÚÞÉÎÎÉË Ú ×ÉÓÏËÏÀ ÄiÅÌÅËÔÒÉÞÎÏÀ �ÒÏÎÉËÎiÓÔÀ,Ó�ÒÉÑ¤ ÄÉÓÏ�iÁ�i§ ÅÌÅËÔÒÏÌiÔÕ ÎÁ iÏÎÉ ÔÁ §È ÇiÄÒÁÔÁ�iÀ. ðÏÒÑÄ Ú ÔÉÍÍÏÌÅËÕÌÉ ×ÏÄÉ ÍÏÖÕÔØ ×ÉÓÔÕ�ÁÔÉ ÑË �-ÄÏÎÏÒÉ, ÒÅÁÇÕÀÞÉ ÑË ÎÕË-ÌÅÏÆiÌØÎi ÌiÇÁÎÄÉ Ú ×ÉÓÏËÏ×ÁÌÅÎÔÎÉÍÉ ÍÅÔÁÌiÞÎÉÍÉ iÏÎÁÍÉ. �ÁËÁiÏÎ-×ÏÄÎÁ ÒÅÁË�iÑ ×iÄÏÍÁ ÑË Ñ×ÉÝÅ ÇiÄÒÏÌiÚÕ [1,2℄, × ÒÅÚÕÌØÔÁÔi ÞÏÇÏÇiÄÒÁÔÎÕ ÏÂÏÌÏÎËÕ iÏÎÁ �ÏËÉÄÁ¤ h �ÒÏÔÏÎi×, �ÅÒÅÔ×ÏÒÀÀÞÉ ÇiÄÒÁÔÏ-×ÁÎÉÊ iÏÎ [M(H2O)n℄Z+ × Ó�ÏÌÕËÕ ÔÉ�Õ [MOnH2n�h℄(Z�h)+. þÉÓÌÏ h¤ ÏÄÎÏÀ Ú ÏÓÎÏ×ÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË Ñ×ÉÝÁ ÇiÄÒÏÌiÚÕ, ×iÄÏÍÅ × ÈiÍiÞÎiÊÌiÔÅÒÁÔÕÒi, ÑË ÍÏÌÑÒÎÅ ×iÄÎÏÛÅÎÎÑ ÇiÄÒÏÌiÚÕ. ðÒÉ �ØÏÍÕ ÇiÄÒÏÌiÚÎÏ-ÇiÄÒÁÔÎi ÓÔÒÕËÔÕÒÉ [MOnH2n�h℄(Z�h)+ ÎÁÚÉ×ÁÀÔØ ÇiÄÒÏËÓÏÁË×ÁiÏÎÁ-ÍÉ �ÒÉ h < n ÁÂÏ ÏËÓÏÇiÄÒÏËÓÏiÏÎÁÍÉ �ÒÉ h > n.ñ×ÉÝÅ ÇiÄÒÏÌiÚÕ ¤ �ÅÒÛÉÍ ÅÔÁ�ÏÍ ÎÁ ÛÌÑÈÕ ÕÔ×ÏÒÅÎÎÑ ÂÁÇÁÔÏ-ÑÄÅÒÎÉÈ iÏÎÎÉÈ ÓÔÒÕËÔÕÒ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÅÌÅËÔÒÏÌiÔi×, ÝÏ ×iÄi-ÇÒÁÀÔØ ×ÁÖÌÉ×Õ ÒÏÌØ × ÂÁÇÁÔØÏÈ �ÒÉÒÏÄÎiÈ ÔÁ iÎÄÕÓÔÒÁÌØÎÉÈ �ÒÏ�Å-ÓÁÈ [2℄. óÅÒÅÄ ÎÉÈ ÚÏËÒÅÍÁ ÁËÔÕÁÌØÎi ÅËÏÌÏÇiÞÎi ÁÓ�ÅËÔÉ, ÏÂÕÍÏ×ÌÅÎi�ÏÛÉÒÅÎÎÑÍ ÒÁÄiÏÁËÔÉ×ÎÉÈ ÔÒÁÎÓÕÒÁÎÏ×ÉÈ ÅÌÅÍÅÎÔi× Õ ×ÏÄÎÉÈ ÓÅÒÅ-ÄÏ×ÉÝÁÈ, ×ÎÁÓÌiÄÏË Á×ÁÒiÊ ÎÁ ÁÔÏÍÎÉÈ ÅÌÅËÔÒÏÓÔÁÎ�iÑÈ. îÅÚ×ÁÖÁÀ-ÞÉ ÎÁ �Å, ÄÏÓÌiÄÖÅÎÎÑ, ÎÁ�ÒÁ×ÌÅÎi ÎÁ ÓÔÁÔÉÓÔÉÞÎÏ-ÍÏÌÅËÕÌÑÒÎÅ ÍÏ-ÄÅÌÀ×ÁÎÎÑ �ÒÏ�ÅÓi× ÇiÄÒÏÌiÚÕ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÅÌÅËÔÒÏÌiÔi× �ÒÁË-ÔÉÞÎÏ ×iÄÓÕÔÎi.ïÓÔÁÎÎiÍ ÞÁÓÏÍ ÄÌÑ ÍÏÄÅÌÀ×ÁÎÎÑ ÒiÚÎÏÍÁÎiÔÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ×ÏÄÉ i ×ÏÄÎÉÈ ÒÏÚÞÉÎi× ÅÌÅËÔÒÏÌiÔi× ÛÉÒÏËÏ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÍÅÔÏ-ÄÉ ËÏÍ�'ÀÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ [3,4℄. ðÒÉ �ØÏÍÕ ÄÌÑ Ï�ÉÓÕ ÍÏÌÅËÕÌ×ÏÄÉ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÒiÚÎÏÍÁÎiÔÎi ÑË ÖÏÒÓÔËi, ÔÁË i ÎÅÖÏÒÓÔËi ÍÏ-ÄÅÌi. ÷ ÒÁÍËÁÈ ÖÏÒÓÔËÉÈ ÍÏÄÅÌÅÊ ×ÏÄÁ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÑË ÓÕËÕ�ÎiÓÔØÖÏÒÓÔËÏ Ú×'ÑÚÁÎÉÈ ÍiÖ ÓÏÂÏÀ ÔÏÞËÏ×ÉÈ ÚÁÒÑÄi×. ðÒÉ �ØÏÍÕ ÅÌÅËÔ-ÒÏÓÔÁÔÉÞÎÁ ×ÚÁ¤ÍÏÄiÑ Ú ÕÞÁÓÔÀ ÍÏÌÅËÕÌ ×ÏÄÉ ÄÏ�Ï×ÎÀ¤ÔØÓÑ �Å×ÎÏÀÎÅÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÀ ×ÚÁ¤ÍÏÄi¤À. ðÒÉËÌÁÄÁÍÉ ÔÁËÉÈ ÍÏÄÅÌÅÊ ¤ ÍÏ-ÄÅÌØ ST2 [5℄, MCY [6℄, SPC [7℄,TIP4P [8℄ ÔÁ iÎÛi. äÁÎi ÍÏÄÅÌi ×É-Ñ×ÉÌÉÓÑ �ÒÏÄÕËÔÉ×ÎÉÍÉ �ÒÉ Ï�ÉÓi ÇiÄÒÁÔÁ�iÊÎÏ§ ÓÔÒÕËÔÕÒÉ iÏÎi×, iÈ×�ÌÉ×Õ ÎÁ ÓiÔËÕ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËi× ÔÁ iÎÛÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË. ïÄÎÁË×ÎÁÓÌiÄÏË Ó×Ï¤§ ÖÏÒÓÔËÏÓÔi ×ÏÎÉ ¤ �Ï×ÎiÓÔÀ ÎÅ�ÒÉÄÁÔÎÉÍÉ ÄÌÑ Ï�É-ÓÕ ×�ÌÉ×Õ iÏÎi× ÎÁ ×ÎÕÔÒiÍÏÌÅËÕÌÑÒÎi ×ÌÁÓÔÉ×ÏÓÔi ×ÏÄÉ, Ú ÑËÉÍÉ i�Ï×'ÑÚÁÎÅ Ñ×ÉÝÅ ÇiÄÒÏÌiÚÕ.âiÌØÛÅ �ÒÉÄÁÔÎÉÍÉ ÄÌÑ �i¤§ ÍÅÔÉ ¤ ÍÏÄÅÌi �ÅÎÔÒÁÌØÎÉÈ ÓÉÌ[9{11℄, × ÒÁÍËÁÈ ÑËÉÈ ÍÏÌÅËÕÌÁ ×ÏÄÉ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÑË ÓÕÍiÛ ÁÔÏ-Íi× ËÉÓÎÀ i ×ÏÄÎÀ Ú ÅÆÅËÔÉ×ÎÉÍÉ ÚÁÒÑÄÁÍÉ. ÷ ÒÁÍËÁÈ �i¤§ ÍÏÄÅÌiÍiÖÞÁÓÔÉÎËÏ×i ×ÚÁ¤ÍÏÄi§ Ï�ÉÓÕÀÔØÓÑ ÓÆÅÒÉÞÎÉÍÉ �ÁÒÎÉÍÉ �ÏÔÅÎ-
ICMP{99{22U 2�iÁÌÁÍÉ, �ÒÉÞÏÍÕ ÒÅÁÌØÎÁ ÇÅÏÍÅÔÒiÑ ÍÏÌÅËÕÌÉ ×ÏÄÉ ÚÁÂÅÚ�ÅÞÕ¤ÔØÓÑ×iÄ�Ï×iÄÎÉÍ ×ÉÂÏÒÏÍ �ÏÔÅÎ�iÁÌi× ×ÚÁ¤ÍÏÄi§ ÁÔÏÍi× ×ÏÄÎÀ ÍiÖ ÓÏÂÏÀ,Á ÔÁËÏÖ Ú ÁÔÏÍÁÍÉ ËÉÓÎÀ. ëÏÍ�'ÀÔÅÒÎi ÄÏÓÌiÄÖÅÎÎÑ Ú ×ÉËÏÒÉÓÔÁÎ-ÎÑÍ ÍÏÄÅÌi �ÅÎÔÒÁÌØÎÉÈ ÓÉÌ [11℄, �ÒÏ×ÅÄÅÎi × ÇÒÕ�i ë. çÅÊÎ�iÎÇÅÒÁ[2,12,13℄ ÄÌÑ ÒÑÄÕ Ä×Ï×ÁÌÅÎÔÎÉÈ ËÁÔiÏÎi×, �ÏËÁÚÁÌÉ, ÝÏ ×ÒÁÈÕ×ÁÎÎÑ×ÚÁ¤ÍÏÄi§ iÏÎi× Ú ÍÏÌÅËÕÌÁÍÉ ×ÏÄÉ ×ÅÄÅ ÄÏ ÚÂiÌØÛÅÎÎÑ ×ÎÕÔÒiÍÏÌÅ-ËÕÌÑÒÎÏ§ OH ×iÄÓÔÁÎi ÔÁ ÚÍÅÎÛÅÎÎÑ ×ÅÌÉÞÉÎÉ H �O �H ËÕÔÁ ÄÌÑÍÏÌÅËÕÌ ×ÏÄÉ × iÏÎÎiÊ ÇiÄÒÁÔÁ�iÊÎiÊ ÏÂÏÌÏÎ�i �ÏÒi×ÎÑÎÎÏ Ú ÞÉÓÔÏÀ×ÏÄÏÀ.�ÁË, ÎÁ�ÒÉËÌÁÄ, × ÇiÄÒÁÔÁ�iÊÎiÊ ÏÂÏÌÏÎ�i iÏÎÁBe+2 ×ÎÕÔÒiÍÏ-ÌÅËÕÌÑÒÎÁ OH ×iÄÓÔÁÎØ Òi×ÎÁ 1:0059A, Á H�O�H ËÕÔ Òi×ÎÉÊ 93:9o�ÏÒi×ÎÑÎÎÏ Ú ×iÄ�Ï×iÄÎÉÍÉ ×ÅÌÉÞÉÎÁÍÉ 0:976A i 100:3o ÄÌÑ ÞÉÓÔÏ§×ÏÄÉ. íÏÖÎÁ Ó�ÏÄi×ÁÔÉÓÑ, ÝÏ ÄÁÌØÛÅ ÚÂiÌØÛÅÎÎÑ iÏÎ-ÍÏÌÅËÕÌÑÒÎÏ§×ÚÁ¤ÍÏÄi§ ×ÎÁÓÌiÄÏË ÚÂiÌØÛÅÎÎÑ ×ÁÌÅÎÔÎÏÓÔi ËÁÔiÏÎi× �ÒÉ×ÅÄÅ ÄÏ ×iÄ-ÒÉ×Õ �Å×ÎÏ§ ËiÌØËÏÓÔi ÁÔÏÍi× ×ÏÄÎÀ Ú ÇiÄÒÁÔÎÏ§ ÏÂÏÌÏÎËÉ, ÔÏÂÔÏ ÄÏÑ×ÉÝÁ ÇiÄÒÏÌiÚÕ. ïÄÎÁË, �ÏÄiÂÎi ÄÏÓÌiÄÖÅÎÎÑ, ÎÁ ÖÁÌØ, ÎÅ �ÒÏ×ÏÄÉ-ÌÉÓØ.÷ÁÖÌÉ×ÏÀ ÏÓÏÂÌÉ×iÓÔÀ ÍÏÄÅÌi �ÅÎÔÒÁÌØÎÉÈ ÓÉÌ ¤ §§ ×iÄÎÏÓÎÁ�ÒÏÓÔÏÔÁ i ÓÆÅÒÉÞÎÉÊ ÈÁÒÁËÔÅÒ ÍiÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄi§, ÝÏ ÄÏÚ×Ï-ÌÉÌÏ ×ÉËÏÒÉÓÔÁÔÉ ÄÌÑ §§ ÄÏÓÌiÄÖÅÎÎØ �ÏÒÑÄ Ú ÔÅÈÎiËÏÀ ËÏÍ�'ÀÔÅÒ-ÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ ÍÅÔÏÄÉËÕ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØ × Çi�ÅÒÌÁÎ�ÀÖ-ËÏ×ÏÍÕ ÎÁÂÌÉÖÅÎÎi HNC, ÄÏ�Ï×ÎÅÎÏÍÕ ÒiÚÎÉÍÉ ÓÈÅÍÁÍÉ ×ÒÁÈÕ×ÁÎÎÑÅÌÅÍÅÎÔÁÒÎÉÈ ÄiÁÇÒÁÍ [14{18℄. ÷ �ÒÏ×ÅÄÅÎÉÈ ÄÏÓÌiÄÖÅÎÎÑÈ × ÏÓÎÏ×-ÎÏÍÕ ÒÏÚÇÌÑÄÁÌÁÓØ ÞÉÓÔÁ ×ÏÄÁ, Á Ó�ÒÏÂÉ �ÏÛÉÒÉÔÉ ÔÅÏÒiÀ ÎÁ ×ÏÄÎiÒÏÚÞÉÎÉ ÅÌÅËÔÒÏÌiÔi× ÓÔÏÓÕ×ÁÌÉÓØ ÔiÌØËÉ ×ÏÄÎÏÇÏ ÒÏÚÞÉÎÕ ËÕÈÏÎÎÏ§ÓÏÌi, ÄÅ ÅÆÅËÔÉ ÇiÄÒÏÌiÚÕ ¤ ÎÅÓÕÔÔ¤×ÉÍÉ.÷ÉÑÓÎÅÎÎÀ ÍÅÈÁÎiÚÍÕ ËÁÔiÏÎÎÏÇÏ ÇiÄÒÏÌiÚÕ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈÅÌÅËÔÒÏÌiÔi× i �ÒÉÓ×ÑÞÅÎÁ ÄÁÎÁ ÒÏÂÏÔÁ. äÌÑ Ï�ÉÓÕ ×ÏÄÉ ×ÉËÏÒÉÓÔÁÎÏÍÏÄÅÌØ �ÅÎÔÒÁÌØÎÉÈ ÓÉÌ. ãÅ ÄÏÚ×ÏÌÉÌÏ �ÒÉ ×ÉËÏÎÁÎÎi ÄÏÓÌiÄÖÅÎØÓËÏÒÉÓÔÁÔÉÓØ ÔÅÈÎiËÏÀ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØ, �ÒÏÓÔiÛÏÀ, �ÏÒi×ÎÑÎÎÏÚ ÔÅÈÎiËÏÀ ËÏÍ�'ÀÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ. äÏÓÌiÄÖÅÎÎÑ �ÒÏ×ÅÄÅÎÏ ×ÒÁÍËÁÈ ÍÏÄÅÌØÎÏ§ ÓÉÓÔÅÍÉ, ÑËÁ Õ ×É�ÁÄËÕ ÏÄÎÏ×ÁÌÅÎÔÎÉÈ iÏÎi× ×ÉËÏ-ÒÉÓÔÏ×Õ×ÁÌÁÓØ × ËÏÍ�'ÀÔÅÒÎÉÈ ÍÏÄÅÌÀ×ÁÎÎÑÈ ×ÏÄÎÏÇÏ ÒÏÚÞÉÎÕ ËÕ-ÈÏÎÎÏ§ ÓÏÌi [19℄. ïÓÎÏ×ÎÁ Õ×ÁÇÁ × ÒÏÂÏÔi ÚÏÓÅÒÅÄÖÅÎÁ ÎÁ ÄÏÓÌiÄÖÅÎÎiÓÔÒÕËÔÕÒÉ ÇiÄÒÁÔÎÏ§ ÏÂÏÌÏÎËÉ ËÁÔiÏÎÁ, ÝÏ Ï�ÉÓÕ¤ÔØÓÑ ×iÄ�Ï×iÄÎÉÍÉiÏÎ-×ÏÄÎÉÍÉ ÆÕÎË�iÑÍÉ ÒÏÚ�ÏÄiÌÕ �ÒÉ ÂÅÚÍÅÖÎÏÍÕ ÒÏÚ×ÅÄÅÎÎi iÏÎi×.úÂiÌØÛÕÀÞÉ ×ÁÌÅÎÔÎiÓÔØ ËÁÔiÏÎÁ ×ÉÑ×ÌÅÎÏ ÅÆÅËÔ ×ÔÒÁÔÉ �Å×ÎÏ§ËiÌØËÏÓÔi ÁÔÏÍi× ×ÏÄÎÀ ÇiÄÒÁÔÎÏÀ ÏÂÏÌÏÎËÏÀ iÏÎÁ �ÒÉ ÚÂiÌØÛÅÎÎi ÊÏ-ÇÏ ×ÁÌÅÎÔÎÏÓÔi. ïÔÒÉÍÁÎÉÊ ÒÅÚÕÌØÔÁÔ iÎÔÅÒ�ÒÅÔÕ¤ÔØÓÑ ÑË ÅÆÅËÔ ÇiÄ-ÒÏÌiÚÕ ×ÏÄÉ ×ÉÓÏËÏ×ÁÌÅÎÔÎÉÍÉ ËÁÔiÏÎÁÍÉ. ðÏËÁÚÁÎÏ, ÝÏ �ÅÊ ÅÆÅËÔÎÅÓÕÔÔ¤×ÉÊ ÄÌÑ ÏÄÎÏ- ÔÁ Ä×Ï×ÁÌÅÎÔÎÉÈ iÏÎi×, �ÏÞÉÎÁ¤ �ÒÏÑ×ÌÑÔÉÓØ ×ÇiÄÒÁÔÎiÊ ÓÔÒÕËÔÕÒi ÔÒÉ×ÁÌÅÎÔÎÉÈ iÏÎi× i �ÒÉ ÄÁÌØÛÏÍÕ ÚÒÏÓÔÁÎÎi ×Á-



3 ðÒÅ�ÒÉÎÔÌÅÎÔÎÏÓÔi ËÁÔiÏÎÁ ÓÔÁ¤ ÏÓÏÂÌÉ×Ï ÓÕÔÔ¤×ÉÍ. ðÒÉ �ØÏÍÕ ×iÄÂÕ×Á¤ÔØÓÑ�Å×ÎÁ ÍÏÄÉÆiËÁ�iÑ ÍÏÌÅËÕÌ ×ÏÄÉ × ÇiÄÒÁÔÎiÊ ÏÂÏÌÏÎ�i, ÝÏ �ÒÏÑ×ÌÑ-¤ÔØÓÑ × ÚÂiÌØÛÅÎÎi ÒiÚÎÉ�i �ÏÌÏÖÅÎÎÑ �ÅÒÛÏÇÏ ÍÁËÓÉÍÕÍÁ ÆÕÎË�iÊÒÏÚ�ÏÄiÌÕ ËÁÔiÏÎÁ Ú ËÉÓÎÅÍ i ×ÏÄÎÅÍ �ÒÉ ÚÒÏÓÔÁÎÎi ×ÁÌÅÎÔÎÏÓÔi iÏÎÁ.2. íÏÄÅÌØ ×ÏÄÎÏÇÏ ÒÏÚÞÉÎÕ ÅÌÅËÔÒÏÌiÔÕðÒÏ×ÅÄÅÎi × ÄÁÎiÊ ÒÏÂÏÔi ÄÏÓÌiÄÖÅÎÎÑ ×ÉËÏÎÁÎi × ÒÁÍËÁÈ ÍÏÄÅÌi,ÑËÁ Õ ÞÁÓÔËÏ×ÏÍÕ ×É�ÁÄËÕ ÏÄÎÏ×ÁÌÅÎÔÎÉÈ iÏÎi×, ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÁÓØ× [19℄ �ÒÉ ËÏÍ�'ÀÔÅÒÎÏÍÕ ÍÏÄÅÌÀ×ÁÎÎi ×ÏÄÎÏÇÏ ÒÏÚÞÉÎÕ ËÕÈÏÎÎÏ§ ÓÏ-Ìi. ðÒÉ �ØÏÍÕ ÍÁÀÞÉ ÎÁ ÍÅÔi Ú'ÑÓÕ×ÁÎÎÑ ÍiËÒÏÓËÏ�iÞÎÏÇÏ ÍÅÈÁÎiÚÍÕÇiÄÒÏÌiÚÕ ×ÏÄÉ, ÄÌÑ Ï�ÉÓÕ ×ÏÄÉ ÓËÏÒÉÓÔÁ¤ÍÏÓØ ÍÏÄÅÌÌÀ �ÅÎÔÒÁÌØÎÉÈÓÉÌ, ÄÅÝÏ ÍÏÄÉÆiËÏ×ÁÎÏÀ ÄÏ ÍÏÄÅÌi CF1 × [20℄. ÷ �iÊ ÍÏÄÅÌi ÁÔÏ-ÍÉ ×ÏÄÎÀ i ËÉÓÎÀ ×ÏÌÏÄiÀÔØ ÅÆÅËÔÉ×ÎÉÍÉ ÚÁÒÑÄÁÍÉ qH = 0:32983e,qO = �2qH , ÄÅ e-ÅÌÅÍÅÎÔÁÒÎÉÊ ÅÌÅËÔÒÉÞÎÉÊ ÚÁÒÑÄ, i ×ÚÁ¤ÍÏÄiÀÔØÞÅÒÅÚ �ÁÒÎi �ÏÔÅÎ�iÁÌÉUOO(r) = 144:538r + 26758:2C1r8:8591 � 0:25e�4(r�3:4)2 � 0:25e�1:5(r�4:5)2;UHH (r) = 36:1345r + 181 + e40(r�2:05C2) � 17e�7:62177(r�1:45251)2 ;UOH(r) = �72:269r + 6:23403r9:19912 � 101 + e40(r�1:05) �� 41 + e5:49305(r�2:2) (1)ÑËi ×ÉÂÒÁÎi ÔÁËÉÍ ÞÉÎÏÍ, ÝÏ ×ÏÎÉ ×iÄÔ×ÏÒÀÀÔØ ÇÅÏÍÅÔÒiÀ ÔÁ ÄÉ�Ï-ÌØÎÉÊ ÍÏÍÅÎÔ ÍÏÌÅËÕÌÉ, Á ÔÁËÏÖ ÔÅÔÒÁÅÄÒÉÞÎÕ ËÏÎÆiÇÕÒÁ�iÀ ×ÏÄÉ,ÓÆÏÒÍÏ×ÁÎÕ ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ. ÷ CF1 C1 = 0:9, C2 = 1=1:025.ðÒÉ �ØÏÍÕ ×iÄÓÔÁÎØ ×ÉÍiÒÀ¤ÔØÓÑ × A, a ÅÎÅÒÇiÑ × ËËÁÌ/ÍÏÌØ.÷ÚÁ¤ÍÏÄiÑ iÏÎi×M+ = Na+ ÔÁ Cl� Ú ×ÏÄÏÀ Ï�ÉÓÕ¤ÔØÓÑ ×iÄ�Ï×iÄÎÏ�ÏÔÅÎ�iÁÌÁÍÉ [19℄:UM+O(r) = U (ËÕÌ)M+O(r) � 36:677r2 + 116862 e�4:526rUM+H(r) = U (ËÕÌ)M+H(r) + 7:479r2 + 99545 e�7:06rUCl�O(r) = U (ËÕÌ)Cl�O(r) � 26:594r2 + 90670 e�3:21rUCl�H(r) = U (ËÕÌ)Cl�H(r) + 45:134 � 1024 e�34r (2)ÄÅ ÑË i ÄÌÑ �ÏÔÅÎ�iÁÌi× (1) ×iÄÓÔÁÎØ ×ÉÍiÒÀ¤ÔØÓÑ × A, Á ÅÎÅÒÇiÑ ×
ICMP{99{22U 4ËËÁÌ/ÍÏÌØ. ÷ (2) ÏËÒÅÍÏ ×ÉÄiÌÅÎÏ ËÕÌÏÎi×ÓØËÕ ÓËÌÁÄÏ×Õ:U (ËÕÌ)�� (r) = 331:67 � Z�Z�r (3)ÄÅ ZM+ = 1 ZCl� = �1.ú ÍÅÔÏÀ ×É×ÞÅÎÎÑ Ñ×ÉÝÁ ÇiÄÒÏÌiÚÕ × ÄÁÎiÊ ÒÏÂÏÔi ÍÉ ÚÕ�ÉÎÉÍÏÓØÎÁ ÍÏÄÅÌØÎiÊ ÓÉÓÔÅÍi, ÑËÁ ×iÄÒiÚÎÑ¤ÔØÓÑ ×iÄ ×ÏÄÎÏÇÏ ÒÏÚÞÉÎÕ ÓÏÌiNaCl ÚÍiÎÏÀ ×ÁÌÅÎÔÎÏÓÔi ÍÅÔÁÌiÞÎÏÇÏ iÏÎÁ.3. íÅÔÏÄ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØòÏÚÒÁÈÕÎÏË ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ ÂÁÚÕ¤ÔØÓÑ ÎÁ ÍÅÔÏÄÉ�i ÒÏÚ×'ÑÚËÕiÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØ ÔÉ�Õ ïÒÎÛÔÅÊÎÁ-ãÅÒÎiËÅ (OZ):h��(r12) = 
��(r12) +X� �� Z 
��(r13) � h��(r32) dr3 (4)ÄÅ h��(r) = g��(r) � 1 - �ÁÒÎÁ ËÏÒÅÌÑ�iÊÎÁ ÆÕÎË�iÑ ×ÚÁ¤ÍÏÄi§ ÍiÖÞÁÓÔÉÎËÁÍÉ ÓÏÒÔi× � i �, �� - ÇÕÓÔÉÎÁ ÞÁÓÔÉÎÏË ÓÏÒÔÕ �.÷ ÒÏÚÇÌÑÄÕ×ÁÎÏÍÕ ×É�ÁÄËÕ ÍÏÄÅÌØ ×ËÌÀÞÁ¤ ÞÏÔÉÒÉ ÓÏÒÔÉ iÏÎi×:ËÉÓÎÀ O2�, ×ÏÄÎÀ H+ ÔÁ iÏÎi× MZ+ ÔÁ Cl�.ðÒÉ ÂÅÚÍÅÖÎÏÍÕ ÒÏÚ×ÅÄÅÎÎi iÏÎi× ÓÉÓÔÅÍÁ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØÒÏÚ�ÁÄÁ¤ÔØÓÑ ÎÁ �iÄÓÉÓÔÅÍÕ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØ, ÝÏ Ï�ÉÓÕÀÔØ ×iÄ-�Ï×iÄÎÏ ÞÉÓÔÕ ×ÏÄÕhOO(r12) = 
OO(r12) + �O Z 
OO(r13) � hOO(r32) dr3 ++ �H Z 
OH(r13) � hHO(r32) dr3hOH(r12) = 
OH(r12) + �O Z 
OO(r13) � hOH(r32) dr3 ++ �H Z 
OH(r13) � hHH(r32) dr3hHH (r12) = 
HH(r12) + �O Z 
HO(r13) � hOH(r32) dr3 ++ �H Z 
HH (r13) � hHH (r32) dr3 (5)ÇiÄÒÁÔÎÕ ÏÂÏÌÏÎËÕ ËÁÔiÏÎÁhMO(r12) = 
MO(r12) + �O Z 
MO(r13) � hOO(r32) dr3 +



5 ðÒÅ�ÒÉÎÔ+ �H Z 
MH(r13) � hHO(r32) dr3hMH(r12) = 
MH (r12) + �O Z 
MO(r13) � hOH(r32) dr3 ++ �H Z 
MH(r13) � hHH(r32) dr3 (6)ÇiÄÒÁÔÎÕ ÏÂÏÌÏÎËÕ ÁÎiÏÎÁhClO(r12) = 
ClO(r12) + �O Z 
ClO(r13) � hOO(r32) dr3 ++ �H Z 
ClH(r13) � hHO(r32) dr3hClH(r12) = 
ClH(r12) + �O Z 
ClO(r13) � hOH(r32) dr3 ++ �H Z 
ClH(r13) � hHH (r32) dr3 (7)ÄÅ �H , �O - ×iÄ�Ï×iÄÎÏ ÇÕÓÔÉÎÉ ÁÔÏÍi× ×ÏÄÎÀ i ËÉÓÎÀ × ÓÉÓÔÅÍi.�H = 2�O (8)ñË ×ÉÄÎÏ Ú �ÉÈ Òi×ÎÑÎØ, Ï�ÉÓ ÇiÄÒÁÔÎÏ§ ÏÂÏÌÏÎËÉ iÏÎÁ ×ÉÒÁÖÁ¤-ÔØÓÑ ÞÅÒÅÚ ËÏÒÅÌÑ�iÊÎi ÆÕÎË�i§ ÞÉÓÔÏ§ ×ÏÄÉ, Á iÏÎ-iÏÎÎi ÆÕÎË�i§ ÒÏÚ-�ÏÄiÌÕ �ÒÉ ÂÅÚÍÅÖÎÏÍÕ ÒÏÚ×ÅÄÅÎÎi iÏÎi× ÞÅÒÅÚ ËÏÒÅÌÑ�iÊÎi ÆÕÎË�i§,ÝÏ Ï�ÉÓÕÀÔØ ÓÔÒÕËÔÕÒÕ ÇiÄÒÁÔÎÉÈ ÏÂÏÌÏÎÏË iÏÎi×.äÌÑ ÒÏÚ×'ÑÚÁÎÎÑ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØ �Ï×ÉÎÎÁ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎÁÕÍÏ×Á ÚÁÍÉËÁÎÎÑ, ÑËÁ × ÔÏÞÎÏÍÕ ×ÉÇÌÑÄi ÍÁ¤ ÆÏÒÍÕ Çi�ÅÒÌÁÎ�ÀÖ-ËÏ×ÏÇÏ ÎÁÂÌÉÖÅÎÎÑ:
��(r) = expf��U��(r) + t��(r) +B��(r)g � t��(r) � 1 (9)ÄÅ t��(r) = h��(r)� 
��(r).æÕÎË�i§ B��(r) ×ÒÁÈÏ×ÕÀÔØ ÂÅÚÍÅÖÎÕ ÓÕÍÕ ÅÌÅÍÅÎÔÁÒÎÉÈ ÍiÓÔ-ËÏ×ÉÈ ÄiÁÇÒÁÍ i ×ÌÁÓÎÅ iÚ Ó�ÏÓÏÂÏÍ §È ÚÁÄÁÎÎÑ i �Ï×'ÑÚÁÎi ÒiÚÎi ÎÁ-ÂÌÉÖÅÎÎÑ × ÔÅÏÒi§ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØ. äÌÑ ×ÏÄÉ × ÒÁÍËÁÈ ÍÏÄÅÌi�ÅÎÔÒÁÌØÎÉÈ ÓÉÌ ×ÒÁÈÕ×ÁÎÎÑ �ÉÈ ÆÕÎË�iÊ ¤ ÓÕÔÔ¤×ÉÍ �ÒÉ ÚÁÓÔÏÓÕ-×ÁÎÎi ÔÅÏÒi§ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØ. îÅÈÔÕ×ÁÎÎÑ �ÉÍÉ ÄiÁÇÒÁÍÁÍÉ ×Å-ÄÅ ÄÏ Ú×ÉÞÁÊÎÏÇÏ Çi�ÅÒÌÁÎ�ÀÖËÏ×ÏÇÏ ÎÁÂÌÉÖÅÎÎÑ, ÑËÅ ¤ ÚÏ×ÓiÍ ÎÅ-ËÏÒÅËÔÎÉÍ �ÏÒi×ÎÑÎÏ Ú ÄÁÎÉÍÉ ËÏÍ�'ÀÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ [21℄. ÷ÒÏÂÏÔi [14℄ ÄÌÑ Ï�ÉÓÕ ×ËÌÁÄÕ ×iÄ ÆÕÎË�iÊ B��(r) ÄÌÑ ×ÏÄÉ ÂÕÌÏ ×ÉËÏ-ÒÉÓÔÁÎÏ ×iÄ�Ï×iÄÎi ÆÕÎË�i§ ÍÏÄÅÌi Ô×ÅÒÄÉÈ ÓÆÅÒ. ðiÚÎiÛÅ × [15℄ �i ÒÅ-ÚÕÌØÔÁÔÉ ÂÕÌÉ �ÏËÒÁÝÅÎi Ú ÍÅÔÏÀ ÂiÌØÛ ËÏÒÅËÔÎÏÇÏ Ï�ÉÓÕ ×ÎÕÔÒiÍÏ-ÌÅËÕÌÑÒÎÏ§ ÞÁÓÔÉÎÉ ÆÕÎË�i§ ÒÏÚ�ÏÄiÌÕ gHH(r). ïÄÎÁË, ÎÅÚ×ÁÖÁÀÞÉ
ICMP{99{22U 6ÎÁ ÕÓ�iÈ �ØÏÇÏ �iÄÈÏÄÕ �ÒÉ Ï�ÉÓi ×ÏÄÉ, ÒÏÚÒÁÈÕÎÏË ÆÕÎË�iÊ B��(r) ÎÁÏÓÎÏ×i ÄÁÎÉÈ ËÏÍ�'ÀÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ ÄÌÑ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË-�iÊ g��(r) �ÏËÁÚÁ×, ÝÏ ÆÕÎË�i§ B��(r) ÍÁÀÔØ ÒiÚÎi ÚÎÁËÉ [22℄. úÏËÒÅ-ÍÁ, ÆÕÎË�i§ BOO(r) i BHH(r), ÑË i × ÍÏÄÅÌi ÓÕÍiÛi Ô×ÅÒÄÉÈ ÓÆÅÒ [14℄,¤ ÎÅÇÁÔÉ×ÎÉÍÉ, ÔÏÄi ÑË ÆÕÎË�iÑ BOH ¤ �ÒÏÔÉÌÅÖÎÏÇÏ ÚÎÁËÕ. âiÌØÛÄÅÔÁÌØÎÏ �i ÆÕÎË�i§ ÂÕÌÉ ÄÏÓÌiÄÖÅÎi × ÒÏÂÏÔi [17℄. ïÔÒÉÍÁÎi �ÒÉ �ØÏ-ÍÕ ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÆÕÎË�iÊ B��(r) ÄÌÑ ÍÏÄÅÌi CF1 ÂÕÌÉ ÎÁÄÁÎi ÎÁÍçÁÊÍÅÔÏÍ i �ÒÅÄÓÔÁ×ÌÅÎi ÎÁ òÉÓ. 3 ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ 25oC i ÇÕÓÔÉÎÉ×ÏÄÉ 1Ç/ÓÍ3. ú §È ÄÏ�ÏÍÏÇÏÀ ÂiÎÁÒÎi ÆÕÎË�i§ ÒÏÚ�ÏÄiÌÕ ÞÉÓÔÏ§ ×ÏÄÉÒÏÚÒÁÈÏ×ÕÀÔØÓÑ ÎÁ ÏÓÎÏ×i ÅËÓ�ÏÎÅÎ�iÊÎÏ§ ÆÏÒÍÕÌÉg��(r) = expf��U��(r) + t��(r) +B��(r)g (10)

òÉÓ. 1. íiÓÔËÏ×� ÄiÁÇÒÁÍÉ ÄÌÑ×ÏÄÉ �ÒÉ ÎÏÒÍÁÌØÎÉÈ ÕÍÏ×ÁÈ.

òÏÚ×'ÑÚÏË ÓÉÓÔÅÍÉ Òi×ÎÑÎØOZ+HNC �ÒÏ×ÏÄÉÔØÓÑ ÍÅÔÏÄÏÍ�ÒÑÍÉÈ iÔÅÒÁ�iÊ ðiËÁÒÄÁ, ÝÏ �Å-ÒÅÄÂÁÞÁ¤ ÕÎÉËÎÅÎÎÑ ÒÏÚÒÁÈÕÎËÕiÎÔÅÇÒÁÌi× ÚÇÏÒÔËÉ × (4) �ÅÒÅ-ÈÏÄÏÍ × k-�ÒÏÓÔiÒ. �ÁËÁ �ÒÏ�Å-ÄÕÒÁ �Ï×ÉÎÎÁ ÓÕ�ÒÏ×ÏÄÖÕ×ÁÔÉÓÑ"×ËÏÒÏÞÅÎÎÑÍ" ËÕÌÏÎi×ÓØËÏ§ ×ÚÁ-¤ÍÏÄi§ ÄÌÑ ÕÓ�iÛÎÏÇÏ iÎÔÅÇÒÕ×ÁÎ-ÎÑ, Á ÓÁÍÅ:Ush��(r) = U��(r) � U l��(r): (11)äÁÌÅËÏÓÑÖÎÁ ÞÁÓÔÉÎÁ ÂÅÒÅ-ÔØÓÑ Õ ×ÉÇÌÑÄi: U l��(r) = 331:67 � Z�Z� � erf(�r)r ; (12)ÄÅ erf(z) = 2p� zR0 e�x2dx - ÆÕÎË�iÑ �ÏÍÉÌÏË, ÝÏ ÍÁ¤ æÕÒ'¤ ÏÂÒÁÚ^U l��(k) = 4� 331:67 � Z�Z� � exp(�k2=4�2)k2 (13)�ÏÂÔÏ ËÕÌÏÎi×ÓØËÁ ×ÚÁ¤ÍÏÄiÑ �ÒÏiÎÔÅÇÒÏ×ÁÎÁ ÁÎÁÌiÔÉÞÎÏ.òÏÚÂÉÔÔÑ �ÏÔÅÎ�iÁÌÕ ÎÁ ËÏÒÏÔËÏÓÑÖÎÕ ÔÁ ÄÁÌÅËÏÓÑÖÎÕ ÞÁÓÔÉÎÉ×ÅÄÅ ÄÏ ×iÄ�Ï×iÄÎÏÇÏ ÒÏÚÂÉÔÔÑ ËÏÒÅÌÑ�iÊÎÉÈ ÆÕÎË�iÊ:
sh��(r) = 
��(r) + �U l��(r) (14)



7 ðÒÅ�ÒÉÎÔtsh��(r) = t��(r)� �U l��(r) (15)÷iÄ�Ï×iÄÎÏ ÚÁÍÉËÁÎÎÑ (9) ÎÁÂÅÒÅ ×ÉÇÌÑÄÕ:
sh��(r) = expf��Ush��(r) + tsh��(r) +B��(r)g � tsh��(r) � 1: (16)ï�iÎËÁ ÚÂiÖÎÏÓÔi iÔÅÒÁÔÉ×ÎÏÇÏ �ÒÏ�ÅÓÕ �ÒÏ×ÏÄÉÔØÓÑ Ï�iÎËÏÀ �Á-ÒÁÍÅÔÒÁ ÒÏÚÂiÖÎÏÓÔi ÒÅÚÕÌØÔÁÔi× ÒÏÚ×'ÑÚËÕ Ú Ä×ÏÈ �ÏÓÌiÄÏ×ÎÉÈ iÔÅ-ÒÁ�iÊ (n i n+ 1): S =X�;� 1Z0 jt(n+1)�� (r)� t(n)�� (r)j2dr (17)ïÔÒÉÍÁÎi ÔÁËÉÍ ÞÉÎÏÍ ÆÕÎË�i§ ÒÏÚ�ÏÄiÌÕ ÄÌÑ ×ÏÄÉ ÄÏÂÒÅ ÕÚÇÏ-ÄÖÕÀÔØÓÑ Ú ÄÁÎÉÍÉ ËÏÍ�'ÀÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ i �ÒÅÄÓÔÁ×ÌÅÎi ÎÁòÉÓ. 3. ïÓÎÏ×Îi ÈÁÒÁËÔÅÒÉÓÔÉËÉ �ÉÈ ÆÕÎË�iÊ �ÏÄÁÎi × ÔÁÂÌÉ�i 1.�ÁÂÌ. 1. ïÓÎÏ×Î� ÈÁÒÁËÔÅÒÉÓÔÉËÉ Â�ÎÁÒÎÉÈ ÆÕÎË��Ê ÒÏÚ�ÏÄ�ÌÕ ×ÏÄÉ.rmax1, A g(rmax1) rmin1, A g(rmin1) rmax2, A g(rmax2)OO 2.790 3.122 3.275 0.556 4.648 1.236OH 0.967 46.746 1.169 0.000 1.870 1.421HH 1.486 4.619 1.908 0.000 2.130 1.999
òÉÓ. 2. â�ÎÁÒÎ� ÆÕÎË��§ ÄÌÑ ×Ï-ÄÉ �ÒÉ ÎÏÒÍÁÌØÎÉÈ ÕÍÏ×ÁÈ.

ðÒÉ �ØÏÍÕ �ÅÒÛÉÊ �iË ×gOO(r) ×iÄ�Ï×iÄÁ¤ ÚÁ ÒÏÚ�ÏÄiÌÎÁÊÂÌÉÖÞÉÈ ÍÏÌÅËÕÌ ×ÏÄÉ ÎÁ×ËÏ-ÌÏ ÄÁÎÏ§. äÒÕÇÉÊ �iË Ó×iÄÞÉÔØ �ÒÏÎÁÑ×ÎiÓÔØ ÔÅÔÒÁÅÄÒÉÞÎÏ ×�ÏÒÑÄ-ËÏ×ÁÎÏ§ ÓiÔËÉ × ÒiÄÉÎi. äÌÑ gOHÇÏÓÔÒÉÊ i ÍÁÌÏÒÏÚÍÉÔÉÊ �ÅÒÛÉÊ�iË ÄÌÑ CF1 ÍÏÄÅÌi ×ÉÎÉËÁ¤ ×É-ËÌÀÞÎÏ ÚÁ ÒÁÈÕÎÏË O � H Ú×'ÑÚ-Ëi× × ÍÅÖÁÈ ÏÄÎÏ§ ÍÏÌÅËÕÌÉ ×ÏÄÉ.äÒÕÇÉÊ �iË × gOH(r) ×iÄ�Ï×iÄÁ¤O�H Ú×'ÑÚËÕ ÍiÖ ÁÔÏÍÁÍÉ ÒiÚÎÉÈÍÏÌÅËÕÌ. ÷ gHH(r) ÔÁËÉÊ ÖÅ �ÅÒ-ÛÉÊ �iË ÔÁËÏÖ Ó×iÄÞÉÔØ �ÒÏH�HÚ×'ÑÚÏË × ÍÅÖÁÈ ÏÄÎÏ§ ÍÏÌÅËÕÌÉ.æÕÎË�i§ h��(r) ÄÌÑ ÞÉÓÔÏ§ ×ÏÄÉ ÚÇiÄÎÏ (6) i (7) ¤ ×ÉÈiÄÎÉÍÉ ÄÌÑÒÏÚÒÁÈÕÎËÕ iÏÎ-×ÏÄÎÉÈ ÆÕÎË�iÊ ÒÏÚ�ÏÄiÌÕ �ÒÉ ÂÅÚÍÅÖÎÏÍÕ ÒÏÚ×Å-ÄÅÎÎi iÏÎi×. îÁ ÖÁÌØ, ÂÕÄØ-ÑËi ÄÁÎi �ÒÏ ÅÌÅÍÅÎÔÁÒÎi ÄiÁÇÒÁÍÉ ÄÌÑ
ICMP{99{22U 8iÏÎ-×ÏÄÎÉÈ ÆÕÎË�iÊ ÒÏÚ�ÏÄiÌÕ ×iÄÓÕÔÎi,ÔÏÍÕ ÍÉ, ÑË i × [16℄ ÄÌÑ ×ÏÄÎÏ-ÇÏ ÒÏÚÞÉÎÕ ÓÏÌi NaCl, �ÒÉ ÒÏÚÒÁÈÕÎËÕ iÏÎ-×ÏÄÎÉÈ ÆÕÎË�iÊ ÒÏÚ�ÏÄiÌÕ×ËÌÁÄÏÍ ÅÌÅÍÅÎÔÁÒÎÉÈ ÄiÁÇÒÁÍ ÚÎÅÈÔÕ¤ÍÏ, �ÏËÌÁÄÁÀÞÉ B��(r) = 0.÷ ÒÅÚÕÌØÔÁÔi iÏÎ-ÍÏÌÅËÕÌÑÒÎi ÆÕÎË�i§ ÒÏÚ�ÏÄiÌÕ �ÒÉ ÂÅÚÍÅÖÎÏÍÕÒÏÚ×ÅÄÅÎÎi iÏÎi× �ÒÅÄÓÔÁ×ÌÑÀÔØÓÑ × ÅËÓ�ÏÎÅÎÔÎiÊ ÆÏÒÍig��(r) = e��U��(r)+t��(r); (18)i ÒÏÚÒÁÈÏ×ÕÀÔØÓÑ ÚÇiÄÎÏ Òi×ÎÑÎØ (6)-(9).4. òÅÚÕÌØÔÁÔÉ ÔÁ ×ÉÓÎÏ×ËÉîÁ ÏÓÎÏ×i Ï�ÉÓÁÎÏ§ ×ÉÝÅ ÍÅÔÏÄÉËÉ ÂÕÌÉ ÒÏÚÒÁÈÏ×ÁÎi ÂiÎÁÒÎi ÆÕÎË-�i§ ÒÏÚ�ÏÄiÌÕ ËÁÔiÏÎÁ Ú ËÉÓÎÅÍ ÔÁ ×ÏÄÎÅÍ ÍÏÌÅËÕÌÉ ×ÏÄÉ gMO(r) igMH(r) �ÒÉ ÒiÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ×ÁÌÅÎÔÎÏÓÔi ËÁÔiÏÎÁ Z+ ×iÄ 1 ÄÏ 6. îÁÄÏÄÁÔÏË ÂÕÌÉ ÒÏÚÒÁÈÏ×ÁÎi ÔÁËÏÖ ÂiÖÕÞi ËÏÏÒÄÉÎÁ�iÊÎi ÞÉÓÌÁ n��(r):nM�(r) = 4��� rZ0 R2gM�(R) dR; (19)ÝÏ Ï�ÉÓÕÀÔØ ËiÌØËiÓÔØ ÁÔÏÍi× ÓÏÒÔÕ � (ËÉÓÎÀ ÁÂÏ ×ÏÄÎÀ × ÄÁÎÏÍÕ×É�ÁÄËÕ), ÝÏ ÚÎÁÈÏÄÑÔØÓÑ × ÍÅÖÁÈ ÓÆÅÒÉ ÒÁÄiÕÓÁ r, × �ÅÎÔÒi ÑËÏ§ÚÎÁÈÏÄÉÔØÓÑ ËÁÔiÏÎ M . �, × ÄÁÎÏÍÕ ×É�ÁÄËÕ, �Å ÁÂÏ ËÉÓÅÎØ (� = O),ÁÂÏ ×ÏÄÅÎØ (� = H).ïÔÒÉÍÁÎi ÒÅÚÕÌØÔÁÔÉ �ÒÅÄÓÔÁ×ÌÅÎi ÎÁ òÉÓ. 3. ÷iÄ�Ï×iÄÎi ÒÅÚÕÌØ-ÔÁÔÉ ÄÌÑ ÂiÖÕÞÉÈ ËÏÏÒÄÉÎÁ�iÊÎÉÈ ÞÉÓÅÌ �ÒÅÄÓÔÁ×ÌÅÎi ÎÁ òÉÓ. 4.

a) b)

òÉÓ. 3. â�ÎÁÒÎ� ÆÕÎË��§ ÄÌÑ ÒÏÚ�ÏÄ�ÌÕ a) ÁÔÏÍ�× ËÉÓÎÀ b) ÁÔÏÍ�× ×ÏÄ-ÎÀ × Ç�ÄÒÁÔÎ�Ê ÏÂÏÌÏÎ�� ËÁÔ�ÏÎÁ × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÊÏÇÏ ×ÁÌÅÎÔÎÏÓÔ�.
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a) b)

òÉÓ. 4. â�ÖÕÞ� ËÏÏÒÄÉÎÁ��ÊÎ� ÞÉÓÌÁ ÄÌÑ ÒÏÚ�ÏÄ�ÌÕ a) ÁÔÏÍ�× ËÉÓÎÀb) ÁÔÏÍ�× ×ÏÄÎÀ × Ç�ÄÒÁÔÎ�Ê ÏÂÏÌÏÎ�� ËÁÔ�ÏÎÁ × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÊÏÇÏ×ÁÌÅÎÔÎÏÓÔ�.ïÓÎÏ×Îi ÒÅÚÕÌØÔÁÔÉ òÉÓ. 3 ÔÁ òÉÓ. 4 �ÒÅÄÓÔÁ×ÌÅÎi ÔÁËÏÖ × ÔÁÂ-ÌÉ�i 2. óÅÒÅÄ ÎÉÈ: �ÏÌÏÖÅÎÎÑ ÔÁ ×ÅÌÉÞÉÎÁ �ÅÒÛÏÇÏ ÍÁËÓÉÍÕÍÁ Âi-�ÁÂÌ. 2. ïÓÎÏ×Î� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÓÔÒÕËÔÕÒÉ Ç�ÄÒÁÔÎÏ§ ÏÂÏÌÏÎËÉ ËÁ-Ô�ÏÎÁ. rmax, A g(rmax) rmin, A n(rmin)M+O 2.29 5.005 3.095 5.557M+H 2.857 2.311 3.49 14.438M2+O 2.11 12.619 2.85 5.856M2+H 2.857 3.074 3.287 12.135M3+O 1.954 26.121 2.745 7.005M3+H 2.801 4.417 3.22 12.19M4+O 1.878 43.612 2.638 8.367M4+H 2.74 6.519 3.158 13.19M5+O 1.804 64.388 2.586 9.815M5+H 2.69 9.273 3.158 14.75M6+O 1.733 98.006 2.534 11.319M6+H 2.586 12.807 3.095 16.21ÎÁÒÎÉÈ ÆÕÎË�iÊ, �ÏÌÏÖÅÎÎÑ §È �ÅÒÛÏÇÏ ÍiÎiÍÕÍÕ ÔÁ ÚÎÁÞÅÎÎÑ ËÏ-ÏÒÄÉÎÁ�iÊÎÉÈ ÞÉÓÅÌ, ÝÏ ÊÏÍÕ ×iÄ�Ï×iÄÁÀÔØ. ñË ÂÁÞÉÍÏ, ÄÌÑ iÏÎÁNa+(Z = 1) ËÏÏÒÄÉÎÁ�iÊÎÅ ÞÉÓÌÏ nNaO(rmin) � 5:6, ÝÏ ×iÄ�Ï×iÄÁ¤ÄÁÎÉÍ ËÏÍ�'ÀÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ. IÚ ÚÂiÌØÛÅÎÎÑÍ ×ÁÌÅÎÔÎÏÓÔi ËÁ-ÔiÏÎÁ �ÅÒÛÉÊ ÍÁËÓÉÍÕÍ ÆÕÎË�i§ gMO(r) ÚÓÕ×Á¤ÔØÓÑ × ÏÂÌÁÓÔØ ÍÅÎ-ÛÉÈ ×iÄÓÔÁÎÅÊ, ÎÁÂÕ×ÁÀÞÉ �ÒÉ �ØÏÍÕ ×ÓÅ ÂiÌØÛÅ Æ-�ÏÄiÂÎÏ§ ÆÏÒÍÉ,ÝÏ Ó×iÄÞÉÔØ �ÒÏ ÂiÌØÛ ÞiÔËÕ ÓÔÒÕËÔÕÒÕ ÇiÄÒÁÔÎÏ§ ÏÂÏÌÏÎËÉ iÏÎÁ. ðÒÉ�ØÏÍÕ × ÏÂÌÁÓÔi �ÅÒÛÏÇÏ ÍiÎiÍÕÍÕ gMO(rmin) � 0, × ÒÅÚÕÌØÔÁÔi ÞÏÇÏ
ICMP{99{22U 10ÆÕÎË�iÑ nMO(r) × �iÊ ÏÂÌÁÓÔi ÍÁ¤ ÆÏÒÍÕ �ÌÁÔÏ, ÝÏ ÒÏÚÛÉÒÀ¤ÔØÓÑ ÚÒÏÓÔÏÍ ×ÁÌÅÎÔÎÏÓÔi ËÁÔiÏÎÁ. ñË i �Ï×ÉÎÎÏ ÂÕÔÉ, ×ÅÌÉÞÉÎÁ nMO(rmin)Ú ÒÏÓÔÏÍ ×ÁÌÅÎÔÎÏÓÔi ÚÂiÌØÛÕ¤ÔØÓÑ. úÁÕ×ÁÖÉÍÏ ÔÁËÏÖ, ÝÏ iÚ ÚÂiÌØ-ÛÅÎÎÑÍ ×ÁÌÅÎÔÎÏÓÔi ×ÓÅ ÂiÌØÛ ÞiÔËÉÍ ÓÔÁ¤ ÄÒÕÇÉÊ ÍÁËÓÉÍÕÍ, ÝÏ×iÄ�Ï×iÄÁ¤ ÄÒÕÇiÊ ÇiÄÒÁÔÎiÊ ÏÂÏÌÏÎ�i iÏÎÁ, ÑËÁ ÎÁ ×iÄÍiÎÕ ×iÄ �ÅÒÛÏ§¤ ÓÉÌØÎÏ ÒÏÚÍÉÔÏÀ. IÚ ÚÂiÌØÛÅÎÎÑÍ ×ÁÌÅÎÔÎÏÓÔi ÆÏÒÍÕ¤ÔØÓÑ ÔÁËÏÖÓÌÁÂËÉÊ ÔÒÅÔiÊ ÍÁËÓÉÍÕÍ.äÏÓÔÁÔÎØÏ ÛÉÒÏËÉÊ ÍÁËÓÉÍÕÍ ÆÕÎË�i§ gNaH(r), ÑË ×iÄÍiÞÁÌÏÓØ[16℄, �Ï×'ÑÚÁÎÉÊ Ú ÓÕ�ÅÒ�ÏÚÉ�i¤À Ä×ÏÈ ÍÁËÓÉÍÕÍi×, ÝÏ ×iÄ�Ï×iÄÁÀÔØÄ×ÏÍ ÒiÚÎÉÍ ÁÔÏÍÁÍ ×ÏÄÎÀ × ÍÏÌÅËÕÌi ×ÏÄÉ. IÚ ÚÂiÌØÛÅÎÎÑÍ ×ÁÌÅÎÔ-ÎÏÓÔi iÏÎÁ �ÅÒÛÉÊ ÍÁËÓÉÍÕÍ ÆÕÎË�i§ gMH(r) ÓÔÁ¤ ÂiÌØÛ ÞiÔËÏ ×É-ÒÁÖÅÎÉÍ, ÊÏÇÏ �ÏÌÏÖÅÎÎÑ ÓÔÁ¤ ÂÌÉÚØËÉÍ ÄÏ �ÏÌÏÖÅÎÎÑ �ÅÒÛÏÇÏÍiÎiÍÕÍÕ ÆÕÎË�i§ gMO(r) i ÚÎÁÈÏÄÉÔØÓÑ × ÏÂÌÁÓÔi, ÄÅ gMO(r) = 0.ðÒÏÔÅ ÛÉÒÉÎÁ �ÅÒÛÏÇÏ ÍÁËÓÉÍÕÍÁ gMH(r) �ÒÉ �ØÏÍÕ ÚÒÏÓÔÁ¤, ÏÓËi-ÌØËÉ �ÏÌÏÖÅÎÎÑ �ÅÒÛÏÇÏ ÍÁËÓÉÍÕÍÁ gMH(r) ÚÓÕ×Á¤ÔØÓÑ × ÏÂÌÁÓÔØÍÅÎÛÉÈ ×iÄÓÔÁÎÅÊ, Á �ÏÌÏÖÅÎÎÑ §§ �ÅÒÛÏÇÏ ÍiÎiÍÕÍÕ - × ÏÂÌÁÓÔØ ÂiÌØ-ÛÉÈ ×iÄÓÔÁÎÅÊ. ïÔÒÉÍÁÎi ÒÅÚÕÌØÔÁÔÉ ÏÂÕÍÏ×ÌÅÎi ÚÍiÎÏÀ ×ÎÕÔÒiÍÏ-ÌÅËÕÌÑÒÎÏ§ ÓÔÒÕËÔÕÒÉ ×ÏÄÉ × ÇiÄÒÁÔÎiÊ ÏÂÏÌÏÎ�i ËÁÔiÏÎÁ, ÚÏËÒÅÍÁÚÂiÌØÛÅÎÎÑÍ OH ×iÄÓÔÁÎi × ÍÏÌÅËÕÌi ×ÏÄÉ, ÝÏ ×iÄÏÍÏ ÄÌÑ Ä×Ï×ÁÌÅÎ-ÔÎÉÈ iÏÎi× Ú ÒÅÚÕÌØÔÁÔÔi× ËÏÍ�'ÀÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ [12,13℄. âiÌØÛÎÁÏÞÎÏ �i ÚÍiÎÉ ÍÏÖÕÔØ ÂÕÔÉ ÏÈÁÒÁËÔÅÒÉÚÏ×ÁÎi ÒiÚÎÉ�Å×ÉÍÉ ×ÅÌÉÞÉ-ÎÁÍÉ �rmin = rMZ+Hmin � rMZ+Omin�rmax = rMZ+Hmax � rMZ+Omax ; (20)ÝÏ �ÒÅÄÓÔÁ×ÌÅÎi ÎÁ òÉÓ. 5 ÔÁ × ÔÁÂÌÉ�i 3, Ú ÑËÉÈ ×ÉÄÎÏ, ÝÏ iÚ ÚÂiÌØ-ÛÅÎÎÑÍ ×ÁÌÅÎÔÎÏÓÔi ËÁÔiÏÎÁ �rmax i �rmin ÚÒÏÓÔÁÀÔØ.îÁÊÂiÌØÛ ×ÁÖÌÉ×ÉÍÉ Ú ÔÏÞËÉ ÚÏÒÕ ÒÏÚÕÍiÎÎÑ ËÁÔiÏÎÎÏÇÏ ÇiÄÒÏ-ÌiÚÕ ¤ Ó�i××iÄÎÏÛÅÎÎÑ ÍiÖ ËÏÏÒÄÉÎÁ�iÊÎÉÍÉ ÞÉÓÌÁÍÉ nMO(rmin) inMH(rmin), ÑËi ×ÉÒÁÚÉÍÏ ÞÅÒÅÚ ×ÅÌÉÞÉÎÕ^h = 2nMO(rmin)� nMH (rmin); (21)ÝÏ × �Å×ÎÏÍÕ ÓÅÎÓi Ú×'ÑÚÁÎÁ Ú ÍÏÌÑÒÎÉÍ ×iÄÎÏÛÅÎÎÑÍ ÇiÄÒÏÌiÚÕ h.úÁÌÅÖÎiÓÔØ ÞÉÓÌÁ ^h ×iÄ ×ÁÌÅÎÔÎÏÓÔi ËÁÔiÏÎÁ �ÒÅÄÓÔÁ×ÌÅÎÁ × ÔÁÂ-ÌÉ�i 3 ÔÁ ÎÁ òÉÓ. 6.
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òÉÓ. 5. úÁÌÅÖÎ�ÓÔØ Ò�ÚÎÉ�Å×ÉÈ ×ÅÌÉÞÉÎ �r ×�Ä ×ÁÌÅÎÔÎÏÓÔ� ËÁÔ�ÏÎÁ.�ÁÂÌ. 3. ÷�ÌÉ× ×ÁÌÅÎÔÎÏÓÔ� ËÁÔ�ÏÎÁ ÎÁ �ÁÒÁÍÅÔÒÉ Ç�ÄÒÁÔÎÏ§ ÏÂÏÌÏÎ-ËÉ. �rmin, A �rmax, A ^h E, ËËÁÌ/ÍÏÌØ �, ËËÁÌ/ÍÏÌØM+ 0.395 0.567 -3.324 -1609 -1532M2+ 0.437 0.747 -0.423 -2025 -1741M3+ 0.475 0.847 1.82 -2739 -2101M4+ 0.504 0.862 3.544 -3769 -2623M5+ 0.556 0.886 4.88 -5136 -3316M6+ 0.561 0.853 6.428 -6860 -4188ðÒÉ ×iÄÓÕÔÎÏÓÔi ÇiÄÒÏÌiÚÕ ×ÅÌÉÞÉÎÁ h �Ï×ÉÎÎÁ ÄÏÒi×ÎÀ×ÁÔÉ ÎÕÌÀ.ïÄÎÁË ÚÇiÄÎÏ ÎÁÛÉÈ ÒÏÚÒÁÈÕÎËi× ÄÌÑ ÏÄÎÏ- ÔÁ Ä×Ï×ÁÌÅÎÔÎÉÈ ËÁÔiÏÎi×^h < 0, ÝÏ ÏÂÕÍÏ×ÌÅÎÏ ×ËÌÁÄÏÍ × nMH(rmin) ÁÔÏÍi× ×ÏÄÎÀ ÎÅ ÔiÌØ-ËÉ �ÅÒÛÏ§, Á Ê ÄÒÕÇÏ§ ÇiÄÒÁÔÎÏ§ ÏÂÏÌÏÎËÉ. �ÉÍ ÎÅ ÍÅÎÛÅ, ×ÖÅ ÄÌÑÔÒÉ×ÁÌÅÎÔÎÉÈ ËÁÔiÏÎi× ^h > 0, ÝÏ ÚÁÓ×iÄÞÕ¤ �Å×ÎÕ ×ÔÒÁÔÕ ÁÔÏÍi× ×ÏÄ-ÎÀ ÇiÄÒÁÔÎÉÍÉ ÏÂÏÌÏÎËÁÍÉ ËÁÔiÏÎÁ. IÚ ÚÂiÌØÛÅÎÎÑÍ ×ÁÌÅÎÔÎÏÓÔi ×ÓÅÂiÌØÛÅ ÁÔÏÍi× ×ÏÄÎÀ �ÏËÉÄÁ¤ ÇiÄÒÁÔÎÕ ÏÂÏÌÏÎËÕ ËÁÔiÏÎÁ. �ÁË ÄÌÑ�'ÑÔÉ×ÁÌÅÎÔÎÉÈ ^h � 4:9, ÄÌÑ ÛÅÓÔÉ×ÁÌÅÎÔÎÉÈ ^h � 6:4. �ÁËÉÍ ÞÉÎÏÍÚÂiÌØÛÅÎÎÑ ×ÁÌÅÎÔÎÏÓÔi ËÁÔiÏÎÁ �ÒÉ×ÏÄÉÔØ ÄÏ ÚÂiÌØÛÅÎÎÑ ÅÌÅËÔÒÏ-ÓÔÁÔÉÞÎÏ§ ×ÚÁ¤ÍÏÄi§ ÊÏÇÏ Ú ÍÏÌÅËÕÌÁÍÉ ×ÏÄÉ, × ÒÅÚÕÌØÔÁÔi ÞÏÇÏ ÁÔÏÍÉ×ÏÄÎÀ ÍÏÌÅËÕÌ ×ÏÄÉ × ÇiÄÒÁÔÎiÊ ÏÂÏÌÏÎ�i ÍÏÖÕÔØ §§ �ÏËÉÄÁÔÉ.úÁÕ×ÁÖÉÍÏ, ÝÏ ÎÁÓ�ÒÁ×Äi ÇiÄÒÁÔÎÕ ÏÂÏÌÏÎËÕ ËÁÔiÏÎÁ �ÏËÉÄÁ¤ÂiÌØÛÅ ÚÁ ^h ÞÉÓÌÏ �ÒÏÔÏÎi×, ÏÓËiÌØËÉ × ^h ×ËÌÀÞÅÎÁ ÔÁËÏÖ ÄÅÑËÁ
ICMP{99{22U 12

òÉÓ. 6. ÷�ÌÉ× ×ÁÌÅÎÔÎÏÓÔ� ËÁÔ�ÏÎÁ ÎÁ Ë�ÌØË�ÓÔØ ×ÔÒÁÞÅÎÉÈ ÁÔÏÍ�× ×ÏÄ-ÎÀ Ç�ÄÒÁÔÎÏÀ ÏÂÏÌÏÎËÏÀ ×ÎÁÓÌ�ÄÏË Ç�ÄÒÏÌ�ÚÕ.ÞÁÓÔËÁ ÁÔÏÍi× ×ÏÄÎÀ Ú ÄÒÕÇÏ§ ÇiÄÒÁÔÎÏ§ ÏÂÏÌÏÎËÉ ËÁÔiÏÎÁ.úÁÕ×ÁÖÉÍÏ ÔÁËÏÖ, ÝÏ iÚ ÚÂiÌØÛÅÎÎÑÍ ×ÁÌÅÎÔÎÏÓÔi ËÁÔiÏÎÁ ÆÕÎË-�iÑ gMH(r) ÍÁ¤ ×ÓÅ ÂiÌØÛ ÞiÔËÉÊ ÄÒÕÇÉÊ ÍÁËÓÉÍÕÍ, �ÏÌÏÖÅÎÎÑ ÑËÏÇÏÚÎÁÈÏÄÉÔØÓÑ × ÏÂÌÁÓÔi ÄÒÕÇÏÇÏ ÍiÎiÍÕÍÕ ÆÕÎË�i§ gMO(r).îÁ ÏÓÎÏ×i ÏÔÒÉÍÁÎÉÈ iÏÎ-×ÏÄÎÉÈ ÆÕÎË�iÊ ÒÏÚ�ÏÄiÌÕ ÂÕÌÉ ÒÏÚÒÁ-ÈÏ×ÁÎi ÅÎÅÒÇiÑ ÓÏÌØ×ÁÔÁ�i§ iÏÎÁEsolvM = 4� X�=O;H �� 1Z0 r2gM�(r)UM�(r) dr (22)ÔÁ ÚÍiÎÁ ÈiÍiÞÎÏÇÏ �ÏÔÅÎ�iÁÌÕ �ÒÉ ÒÏÚÞÉÎÅÎÎi ËÁÔiÏÎÁM , ÑËÁ × ÒÁÍ-ËÁÈ HNó-ÎÁÂÌÉÖÅÎÎÑ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÇiÄÎÏ ÆÏÒÍÕÌÉ:�exM = 2�kT X�=O;H �� 1Z0 r2[h2M�(r) � gM�(r)
M�(r) � 
M�(r)℄ dr (23)ïÔÒÉÍÁÎi ÒÅÚÕÌØÔÁÔÉ ÄÌÑ EsolvM i �exM �ÒÉ×ÅÄÅÎi × ÔÁÂÌÉ�i 3 ÔÁ ÎÁòÉÓ. 4, Ú ÑËÉÈ ×ÉÄÎÏ, ÝÏ ÏÂÉÄ×i �i ×ÅÌÉÞÉÎÉ ¤ ×iÄ'¤ÍÎÉÍÉ �Ï ÚÎÁËÕ i iÚÚÂiÌØÛÅÎÎÑÍ ×ÁÌÅÎÔÎÏÓÔi ËÁÔiÏÎÁ �Ï ÁÂÓÏÌÀÔÎiÊ ×ÅÌÉÞÉÎi ÚÒÏÓÔÁÀÔØ.ðÒÉ �ØÏÍÕ �exM > EsolvM , ÏÓËiÌØËÉ �exM ×ËÌÀÞÁ¤ ÔÁËÏÖ �ÏÚÉÔÉ×ÎÉÊ×ËÌÁÄ, ÏÂÕÍÏ×ÌÅÎÉÊ ÒÏÂÏÔÏÀ �Ï ÕÔ×ÏÒÅÎÎÀ �ÏÒÏÖÎÉÎÉ ÄÌÑ ËÁÔiÏÎÁÕ ×ÏÄÎÏÍÕ ÓÅÒÅÄÏ×ÉÝi.
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òÉÓ. 7. úÁÌÅÖÎÏÓÔ� ÅÎÅÒÇ�§ ÓÏ-ÌØ×ÁÔÁ��§ ÔÁ ÚÍ�ÎÉ È�Í�ÞÎÏÇÏ�ÏÔÅÎ��ÁÌÕ ËÁÔ�ÏÎÁ ×�Ä ÊÏÇÏÚÁÒÑÄÕ.

ðÒÅÄÓÔÁ×ÌÅÎi ÒÅÚÕÌØÔÁÔÉ ¤ �ÅÒ-ÛÉÍ ÓÉÓÔÅÍÁÔÉÞÎÉÍ ÄÏÌÓiÄÖÅÎ-ÎÑÍ ×�ÌÉ×Õ ×ÁÌÅÎÔÎÏÓÔi ËÁÔiÏÎÁÎÁ ÓÔÒÕËÔÕÒÕ ÊÏÇÏ ÇiÄÒÁÔÎÏ§ ÏÂÏ-ÌÏÎËÉ ×ÉËÏÎÁÎÉÍ Ú ÄÏ�ÏÍÏÇÏÀÔÅÈÎiËÉ iÎÔÅÇÒÁÌØÎÉÈ Òi×ÎÑÎØ × ÔÅ-ÏÒi§ ÒiÄÉÎ. ï�ÉÓ ×�ÌÉ×Õ ÓÔÒÕËÔÕ-ÒÉ ×ÏÄÉ ×ÉËÏÎÁÎÏ × ÒÁÍËÁÈ ÍÏÄÅ-Ìi �ÅÎÔÒÁÌØÎÉÈ ÓÉÌ Ú ×ÉËÏÒÉÓÔÁÎ-ÎÑÍ Çi�ÅÒÌÁÎ�ÀÖËÏ×ÏÇÏ ÎÁÂÌÉ-ÖÅÎÎÑ ÄÏ�Ï×ÎÅÎÏÇÏ ×ËÌÁÄÏÍ ÅÌÅ-ÍÅÎÔÁÒÎÉÈ ÄiÁÇÒÁÍ �ÁÒÁÍÅÔÒÉÚÏ-×ÁÎÉÈ ÔÁËÉÍ ÞÉÎÏÍ, ÝÏ ×ÏÎÉ ËÏ-ÒÅËÔÎÏ Ï�ÉÓÕÀÔØ ÓÔÒÕËÔÕÒÕ ÞÉÓ-ÔÏ§ ×ÏÄÉ. ïÔÒÉÍÁÎÏ ÅÆÅËÔ ×ÔÒÁÔÉ�Å×ÎÏ§ ËiÌØËÏÓÔi ÁÔÏÍi× ×ÏÄÎÀ ÇiÄ-ÒÁÔÎÏÀ ÏÂÏÌÏÎËÏÀ ËÁÔiÏÎÁ, ÑËÉÊ�ÏÍiÔÎÏ �ÒÏÑ×ÌÑ¤ÔØÓÑ ÄÌÑ ÔÒÉ- iÂiÌØÛÅ ×ÁÌÅÎÔÎÉÈ iÏÎi×. ïÂÇÏ×ÏÒÀ¤ÔØÓÑ Ú×'ÑÚÏË ÏÔÒÉÍÁÎÏÇÏ ÒÅÚÕÌØ-ÔÁÔÕ Ú ÅÆÅËÔÏÍ ÇiÄÒÏÌiÚÕ ×ÏÄÉ ×ÉÓÏËÏ×ÁÌÅÎÔÎÉÍÉ iÏÎÁÍÉ. ÷ÉÑ×ÌÅÎÁÔÁËÏÖ ÚÎÁÞÎÁ ÍÏÄÉÆiËÁ�iÑ ×ÎÕÔÒiÍÏÌÅËÕÌÑÒÎÏ§ ÓÔÒÕËÔÕÒÉ ÍÏÌÅËÕÌ× ÇiÄÒÁÔÎiÊ ÏÂÏÌÏÎ�i iÏÎÁ, ÑËÁ �ÒÏÑ×ÌÑ¤ÔØÓÑ × ÚÂiÌØÛÅÎÎi ÒiÚÎÉ�i �Ï-ÌÏÖÅÎØ �ÅÒÛÏÇÏ ÍÁËÓÉÍÕÍÕ ÆÕÎË�iÊ ÒÏÚ�ÏÄiÌÕ gMO(r) i gMH(r) �ÒÉ�ÅÒÅÈÏÄi ÄÏ ÂiÌØÛ ×ÁÌÅÎÔÎÉÈ iÏÎi×.äÁÎÁ ÒÏÂÏÔÁ ×ÉËÏÎÁÎÁ × ÒÁÍËÁÈ �ÒÏÅËÔÕ INTAS-Ukraine (ÇÒÁÎÔINTAS-Ukraine-95-0133). á×ÔÏÒÉ ×ÉÓÌÏ×ÌÀÀÔØ ×ÄÑÞÎiÓÔØ �ÒÏÆÅÓÏÒÕá. çÁÊÍÅÔÕ ÚÁ ÎÁÄÁÎÎÑ ÒÅÚÕÌØÔÁÔi× ÄÌÑ ÅÌÅÍÅÎÔÁÒÎÉÈ ÄiÁÇÒÁÍ ÄÌÑÞÉÓÔÏ§ ×ÏÄÉ, ×ÉËÏÒÉÓÔÁÎÉÈ × �ÒÏ×ÅÄÅÎÉÈ ÄÏÓÌiÄÖÅÎÎÑÈ.ì�ÔÅÒÁÔÕÒÁ1. C.F. Baes, R.E. Mesmer. The hydrolysis of Cations. Wiley Inter-s
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