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õäë: 537.226; 537.311.33PACS: 64.60.CnäÏÓÌ�ÄÖÅÎÎÑ ÓÅÇÎÅÔÏÁËÔÉ×ÎÉÈ Ó�ÏÌÕË ÔÉ�Õ ÌÁÄ-ÂÅÚÌÁÄ ÚÁÓÉÍÅÔÒÉÞÎÉÍ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÍ �ÏÔÅÎ��ÁÌÏÍ Ú Ä×ÏÍÁ Í�Î�-ÍÕÍÁÍÉò.ò.ìÅ×É�ØËÉÊ, �.í.÷ÅÒÈÏÌÑË, ¶.÷.ëÕÔÎÉÊ, ¶.ç.ç�ÌØáÎÏÔÁ��Ñ. íÏÄÅÌØ í��Õ§ ÄÌÑ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ ÌÁÄ-ÂÅÚÌÁÄÒÏÚÇÌÑÎÕÔÁ × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ. ïÔÒÉÍÁÎÁ ÆÁÚÏ×ÁÄ�ÁÇÒÁÍÁ ÄÌÑ ÔÁËÏ§ ÍÏÄÅÌ� � ×ÓÔÁÎÏ×ÌÅÎÏ, ÑË §§ ÚÍ�ÎÀ¤ ×ËÌÀÞÅÎÎÑ�Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ. ÷ÉÑ×ÌÅÎÏ, ÝÏ �ÒÉ ÎÅÎÕÌØÏ×ÏÍÕ ÔÕÎÅÌÀ×ÁÎÎ� ÓÉÓ-ÔÅÍÁ ÍÏÖÅ ÚÁÚÎÁ×ÁÔÉ ÔÁËÏ§ Ö �ÏÓÌ�ÄÏ×ÎÏÓÔ� ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× ÑË ×NH4HSO4. úÁ�ÒÏ�ÏÎÏ×ÁÎÏ Ó�ÏÓ�Â ��ÄÂÏÒÕ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§, ÝÏ ÄÏ-Ú×ÏÌÑ¤ Ï�ÉÓÁÔÉ Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�. äÏÓÌ�ÄÖÅ-ÎÏ ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÉ ÔÉ�Õ RbHSO4 ÎÁ ÏÓÎÏ×� ÍÏÄÅÌ� í��Õ§. úÎÁÊÄÅÎÏÎÏ×ÉÊ ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§, ÑËÉÊ ÄÏÚ×ÏÌÑ¤ Ï�ÉÓÁÔÉ, ÑË Ä�ÅÌÅËÔ-ÒÉÞÎ�, ÔÁË � ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� �ÉÈ Ó�ÏÌÕË.Investigation of ferroele
tri
 
ompounds of order-disorder typewith the asymmetri
 one-parti
le intera
tion with two minimaR.R.Levitskii, T.M.Verkholyak, I.V.Kutnii, I.G.HilAbstra
t. The Mitsui model for the order-disorder type ferroele
tri
sis studied within the mean �eld approximation. The phase diagram ofthe model is obtained, its dependen
e on the transverse �eld is studied.It is revealed that at non-zero tunneling, the system 
an undergo thesame sequen
e of phase transitions as in NH4HSO4. A s
heme of set-ting the values of the model parameters is proposed; all the diele
tri

hara
teristi
s of Ro
helle salt are 
al
ulated with the found parame-ters. Within the Mitsui model we study the physi
al 
hara
teristi
s ofRbHSO4 type 
rystals; the found values of the model parameters pro-vides a good des
ription of both diele
tri
 and thermodynami
 propertiesof these 
ompounds.ðÏÄÁ¤ÔØÓÑ × öÕÒÎÁÌÕ Æ�ÚÉÞÎÉÈ ÄÏÓÌ�ÄÖÅÎØSubmitted to Journal of Physi
al Studies

 ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 2001Institute for Condensed Matter Physi
s 2001



1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�íÏÄÅÌØ í��Õ§, ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ × ÒÏÂÏÔ� [1℄ ÄÌÑ �ÏÑÓÎÅÎÎÑ ÎÅÚ×ÉÞÁÊ-ÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� [2℄, ×ÉÑ×ÉÌÁÓØ �ÒÉÄÁÔÎÏÀ ÄÌÑ Ï�ÉÓÕÄ�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ � �ÎÛÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�×,ÎÁ�ÒÉËÌÁÄ, ÔÉ�Õ RbHSO4 [3℄. äÁÎÁ ÍÏÄÅÌØ ×ÉÈÏÄÉÔØ Ú ÕÑ×ÌÅÎØ, ÝÏÅÌÅÍÅÎÔÉ ÓÔÒÕËÔÕÒÉ, ÝÏ ×�ÏÒÑÄËÏ×ÕÀÔØÓÑ, × ÄÅÑËÉÈ ÓÅÇÎÅÔÏÅÌÅËÔ-ÒÉËÁÈ ÒÕÈÁÀÔØÓÑ × Ä×ÏÍ�Î�ÍÕÍÎÉÈ �ÏÔÅÎ��ÁÌØÎÉÈ ÑÍÁÈ. ÷ÎÁÓÌ�ÄÏË�ÓÎÕ×ÁÎÎÑ ×ÎÕÔÒ�ÛÎØÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ, ÑËÅ ÎÁ ÓÕÓ�ÄÎ�È ×ÕÚÌÁÈÓ�ÒÑÍÏ×ÁÎÅ × �ÒÏÔÉÌÅÖÎ� ÓÔÏÒÏÎÉ, �ÅÊ �ÏÔÅÎ��ÁÌ ÂÕÄÅ ÁÓÉÍÅÔÒÉÞ-ÎÉÍ. õ ×É�ÁÄËÕ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÚÁ ×ÉÎÉËÎÅÎÎÑ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉ-ÚÁ��§ ×�Ä�Ï×�ÄÁ¤ Û×ÉÄÛÅ ×ÓØÏÇÏ Ç�ÄÒÏËÓÉÌØÎÁ ÇÒÕ�Á (OH)5 [2℄, Á ÕËÒÉÓÔÁÌÁÈ NH4HSO4 ÔÁ RbHSO4 Ó�ÏÎÔÁÎÎÉÊ ÄÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ �Ï-×'ÑÚÁÎÉÊ Ú ×�ÏÒÑÄËÕ×ÁÎÎÑÍ ÓÕÌØÆÁÔÎÉÈ ÇÒÕ� [3℄.ðÓÅ×ÄÏÓ��ÎÏ×ÉÊ ÆÏÒÍÁÌ�ÚÍ ÄÏ ÍÏÄÅÌ� í��Õ§ ÂÕÌÏ ×�ÅÒÛÅ ÚÁÓÔÏ-ÓÏ×ÁÎÏ Õ ÒÏÂÏÔ� [4℄. �ÁÍ ÚÎÁÊÄÅÎÏ ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÅÆÅËÔÉ×ÎÉÈ×ÚÁ¤ÍÏÄ�Ê, ÑË� ÄÏÚ×ÏÌÑÀÔØ Ï�ÉÓÁÔÉ × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �Ï-ÌÑ �Å×Î� ×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�. óÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÍÏÄÅÌØ í�-�Õ§, ÍÏÖÅ ÍÁÔÉ Ò�ÚÎÕ �Ï×ÅÄ�ÎËÕ × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒ�× �ÄÏÓÌ�ÄÖÅÎÎÑ ÔÁËÏ§ ÚÁÌÅÖÎÏÓÔ� �ÒÏ×ÏÄÉÌÏÓØ × ÒÏÂÏÔ� [5℄. �ÁÍ �ÒÏÁÎÁ-Ì�ÚÏ×ÁÎÏ ×�ÌÉ× �ÁÒÁÍÅÔÒ�× ÎÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÍÏÄÅÌ�,ÏÔÒÉÍÁÎÏ ÆÁÚÏ×Õ Ä�ÁÇÒÁÍÕ ÔÁ ÚÎÁÊÄÅÎÏ ÏÂÌÁÓÔØ ÍÏÖÌÉ×ÉÈ ÚÎÁÞÅÎØ�ÁÒÁÍÅÔÒ�× ÄÌÑ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�. äÏÓÌ�ÄÖÅÎÎÑ Ä�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓ-ÔÉ×ÏÓÔÅÊ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ �ÒÏ×Ï-ÄÉÌÏÓØ ÝÅ � × ÒÏÂÏÔÁÈ [6{9℄. îÁ ÖÁÌØ, × ÒÁÍËÁÈ ÄÁÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑÎÅ ×ÄÁÌÏÓÑ ÄÏÂÒÅ Ï�ÉÓÁÔÉ Ä�ÅÌÅËÔÒÉÞÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ ÔÁ ÓÔÁÌÕëÀÒ�-÷ÅÊÓÁ. ÷ ÒÏÂÏÔÁÈ [10,11℄ ÍÏÄÅÌØ í��Õ§ ÒÏÚÇÌÑÎÕÔÁ × ÎÁÂÌÉÖÅÎ-Î� Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ � ÏÔÒÉÍÁÎÏ ÚÁÄÏ×�ÌØÎ� ÒÅÚÕÌØÔÁÔÉ �ÒÉÏ�ÉÓ� ÄÅÑËÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�. ú �ÎÛÏÇÏ ÂÏËÕ, × ÒÏÂÏÔÁÈ[12{14℄ ÂÕÌÉ ÚÁ�ÒÏ�ÏÎÏ×ÁÎ� ÎÁÂÌÉÖÅÎÎÑ ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÌÁÎ�ÀÖË�×ÄÌÑ ÍÏÄÅÌ� í��Õ§.äÏ Ï�ÉÓÕ ËÒÉÓÔÁÌ�× NH4HSO4, RbHSO4 ÍÏÄÅÌØ í��Õ§ ÂÕÌÏ ×ÉËÏ-ÒÉÓÔÁÎÏ × ÒÏÂÏÔÁÈ [3,15,16℄. òÅÌÁËÓÁ��ÊÎÁ ÄÉÎÁÍ�ËÁ �ÉÈ ÍÁÔÅÒ�ÁÌ�×ÄÏÓÌ�ÄÖÕ×ÁÌÁÓØ × ÒÏÂÏÔÁÈ [7,17{20℄. ÷ ÒÏÂÏÔ� [15℄ ÂÕÌÏ ×ÓÔÁÎÏ×ÌÅÎÏ,ÝÏ × ÒÁÍËÁÈ ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ ÎÅÍÏÖÌÉ×Ï ��Ä�ÂÒÁ-ÔÉ �ÁÒÁÍÅÔÒÉ ÍÏÄÅÌ�, ÝÏÂ ÏÔÒÉÍÁÔÉ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÉÊ ÆÁÚÏ×ÉÊ�ÅÒÅÈ�Ä �ÅÒÛÏÇÏ ÒÏÄÕ Ú �ÁÒÁÅÌÅËÔÒÉÞÎÏÇÏ ÓÔÁÎÕ Õ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞ-ÎÉÊ × ËÒÉÓÔÁÌÁÈ NH4HSO4. ÷ ÔÏÊ ÖÅ ÞÁÓ × ÒÏÂÏÔ� [16℄ ÔÅÍ�ÅÒÁÔÕÒÎÁÚÁÌÅÖÎ�ÓÔØ �ÏÌÑÒÉÚÁ��§ ÂÕÌÁ Ï�ÉÓÁÎÁ ÚÁ ÄÏ�ÏÍÏÇÏÀ �ÒÉ�ÕÝÅÎÎÑ, ÝÏ�ÁÒÁÍÅÔÒÉ ×ÚÁ¤ÍÏÄ�§ ÍÏÄÅÌ� ¤ ÚÁÌÅÖÎ� ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ. â�ÌØÛ ÓÔÒÏ-ÇÁ ÔÅÏÒ�Ñ �ÏÂÕÄÏ×ÁÎÁ × ÒÏÂÏÔ� [14℄, ÄÅ ÔÏÞÎÅ ×ÒÁÈÕ×ÁÎÎÑ ×ÚÁ¤ÍÏÄ�§
ICMP{01{11U 2Í�Ö ÓÕÓ�ÄÎ�ÍÉ ÌÁÎ�ÀÖËÁÍÉ ÄÏÚ×ÏÌÉÌÏ ×�ÄÔ×ÏÒÉÔÉ �ÒÁ×ÉÌØÎÕ ÔÅÍ-�ÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ�ÓÔØ �ÏÌÑÒÉÚÁ��§ × ËÒÉÓÔÁÌÁÈ NH4HSO4.íÏÄÅÌØ í��Õ§ ÍÏÖÅ ÂÕÔÉ ÔÁËÏÖ ÚÁÓÔÏÓÏ×ÁÎÏ ÄÏ ×É×ÞÅÎÎÑÄÅÑËÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÎÁÄ�ÒÏ×�ÄÎÉË�× ÔÉ�ÕYBa2Cu3O7�x [21℄. ÷ ÒÏÂÏÔ� [21℄ ÂÕÌÏ ÒÏÚÇÌÑÎÕÔÏ ÍÏÄÅÌØ í��Õ§Õ ×É�ÁÄËÏ×ÏÍÕ �ÏÚÄÏ×ÖÎØÏÍÕ �ÏÌ�, ÚÕÍÏ×ÌÅÎÏÍÕ ×ÁËÁÎÓ�ÑÍÉ ÁÔÏ-Í�× ËÉÓÎÀ. ÷ ÒÏÂÏÔ� [22℄ ÄÏÓÌ�ÄÖÅÎÏ Ò�×ÎÏ×ÁÖÎ� ÓÔÁÎÉ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ ÍÏÄÅÌ� Ú �ÓÅ×ÄÏÓ��ÎÏ×ÏÀ ÞÁÓÔÉÎÏÀ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ, ÑËÕÍÏÖÎÁ Ú×ÅÓÔÉ ÄÏ ÍÏÄÅÌ� í��Õ§, ÔÁ ÏÔÒÉÍÁÎÏ ÎÁÂ�Ò ÆÁÚÏ×ÉÈ Ä�ÁÇÒÁÍ,ÚÏËÒÅÍÁ, � ÄÌÑ ×É�ÁÄËÕ ×�ÄÓÕÔÎØÏ§ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§.÷ÁÖÌÉ×ÏÀ �ÒÏÂÌÅÍÏÀ ¤ ×ÒÁÈÕ×ÁÎÎÑ ÔÕÎÅÌÀ×ÁÎÎÑ ÅÌÅÍÅÎÔ�×, ÝÏ×�ÏÒÑÄËÏ×ÕÀÔØÓÑ, ËÒ�ÚØ �ÏÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò, ÝÏ �ÒÉ×ÏÄÉÔØ ÄÏ ×É-ÎÉËÎÅÎÎÑ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ × ÇÁÍ�ÌØÔÏÎ�ÁÎ� ÍÏÄÅÌ� í��Õ§ [4℄. ã�Ê�ÒÏÂÌÅÍ� �ÒÉÓ×ÑÞÅÎÏ ÄÅË�ÌØËÁ ÒÏÂ�Ô [5,6,23{25℄. ÷ ÒÏÂÏÔ� [6℄ �ÚÏÔÏ��Þ-ÎÉÊ ÅÆÅËÔ Õ ÄÅÊÔÅÒÏ×ÁÎ�Ê ÓÅÇÎÅÔÏ×�Ê ÓÏÌ� ÂÕÌÏ �ÏÑÓÎÅÎÏ ÌÉÛÅ ÚÍ�-ÎÏÀ ÔÕÎÅÌÀ×ÁÎÎÑ. ÷ ÓÔÁÔÔ� [23℄ Ó�ÏÎÔÁÎÎÁ �ÏÌÑÒÉÚÁ��Ñ � ÓÔÁÔÉÞÎÁ Ä�-ÅÌÅËÔÒÉÞÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ ÍÏÄÅÌ� í��Õ§ ÏÂÞÉÓÌÅÎ� ÄÌÑ ÄÅË�ÌØËÏÈÚÎÁÞÅÎØ �ÎÔÅÇÒÁÌ�× ÔÕÎÅÌÀ×ÁÎÎÑ, ÏÔÒÉÍÁÎÏ ÔÁËÏÖ ÄÉÎÁÍ�ÞÎÕ Ó�ÒÉÊ-ÎÑÔÌÉ×�ÓÔØ Ú Ò�×ÎÑÎÎÑ ÔÉ�Õ âÌÏÈÁ.óÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ Õ ÓÅÇÎÅÔÏ×�Ê ÓÏÌ� �ÒÉÓÕÔÎ�Ê ÓÉÌØÎÉÊ �'¤ÚÏÅ-ÆÅËÔ � ÄÌÑ ËÏÒÅËÔÎÏÇÏ Ï�ÉÓÕ ×Ó�È §È ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÏÔÒ�ÂÎÏ ×ÒÁÈÏ×Õ-×ÁÔÉ ×ÚÁ¤ÍÏÄ�À ÅÌÅÍÅÎÔ�× ÓÔÒÕËÔÕÒÉ, ÝÏ ×�ÏÒÑÄËÏ×ÕÀÔØÓÑ Ú ÆÏÎÏÎ-ÎÏÀ ��ÄÓÉÓÔÅÍÏÀ. ÷ÒÁÈÕ×ÁÎÎÑ �ÓÅ×ÄÏÓ��Î-ÆÏÎÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÂÕÌÏ�ÒÏ×ÅÄÅÎÏ × ÒÏÂÏÔÁÈ [26,27℄.íÅÔÏÀ ÄÁÎÏ§ ÒÏÂÏÔÉ ¤ ÒÏÚÒÏÂËÁ ÓÈÅÍÉ �ÏÛÕËÕ Í�ËÒÏ�ÁÒÁÍÅÔÒ�×ÄÌÑ ÓÅÇÎÅÔÏÁËÔÉ×ÎÉÈ ËÒÉÓÔÁÌ�×, ÑË� Ï�ÉÓÕÀÔØÓÑ ÍÏÄÅÌÌÀ í��Õ§, ÝÏÂ×ÉÑÓÎÉÔÉ ÍÏÖÌÉ×�ÓÔØ Ï�ÉÓÕ §È Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË × ÎÁÂÌÉÖÅÎ-Î� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ.2. �ÅÒÍÏÄÉÎÁÍ�ËÁ ÍÏÄÅÌ� í��Õ§ × ÎÁÂÌÉÖÅÎÎ� ÍÏ-ÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑòÏÚÇÌÑÎÅÍÏ ÇÁÍ�ÌØÔÏÎ�ÁÎ ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁ Õ ÚÏ×Î�ÛÎØÏÍÕ ÅÌÅËÔÒÉÞ-ÎÏÍÕ �ÏÌ�, ÑËÉÊ Ï�ÉÓÕ¤ÔØÓÑ ÍÏÄÅÌÌÀ í��Õ§ [4{6℄:H=�12Xf Xij JijSzi (f)Szj (f)�Xij KijSzi (1)Szj (2)��Xi (Szi (1)�Szi (2))��EXf Xi Szi (f)�
Xf Xi Sxi (f); (2.1)



3 ðÒÅ�ÒÉÎÔÄÅ S�i (f) = 12��i (f) - �-ËÏÍ�ÏÎÅÎÔÁ Ï�ÅÒÁÔÏÒÁ �ÓÅ×ÄÏÓ��ÎÁ, Jij ÔÁ Kij- ×ÚÁ¤ÍÏÄ�§ Í�Ö Ó��ÎÁÍÉ ÏÄÎ�¤§ � Ò�ÚÎÉÈ ��ÄÇÒÁÔÏË, � - ÅÆÅËÔÉ×ÎÉÊ ÄÉ-�ÏÌØÎÉÊ ÍÏÍÅÎÔ, ÅÌÅÍÅÎÔ�× ÓÔÒÕËÔÕÒÉ, ÝÏ ×�ÏÒÑÄËÏ×ÕÀÔØÓÑ, � ×�Ä-�Ï×�ÄÁ¤ ×ÅÌÉÞÉÎ� ÁÓÉÍÅÔÒ�§ Ä×ÏÍ�Î�ÍÕÍÎÏÇÏ �ÏÔÅÎ��ÁÌÕ, Á �Ï�ÅÒÅÞÎÅ�ÏÌÅ 
 ÈÁÒÁËÔÅÒÉÚÕ¤ ÓË�ÎÞÅÎÕ ×ÉÓÏÔÕ ÊÏÇÏ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ.îÅÈÔÕÀÞÉ Ë×ÁÄÒÁÔÉÞÎÉÍÉ ÚÁ ÆÌÕËÔÕÁ��ÑÍÉ ÄÏÄÁÎËÁÍÉ, ÏÔÒÉÍÁ-¤ÍÏ ×�Ä�Ï×�ÄÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ [5℄:H =Xi 8<:J +K4 �2 + J �K4 �2 �Xf �E(f)�zi (f)2 � 
�xi (f)2 �9=; ; (2.2)E(1; 2) = J +K2 � + �E � (K � J2 � ��):�ÕÔ � = hSzi (1)i + hSzi (2)i - �ÁÒÁÍÅÔÒÏÍ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ×�Ï-ÒÑÄËÕ×ÁÎÎÑ ÍÏÄÅÌ�, Á � = hSzi (1)i � hSzi (2)i - �ÁÒÁÍÅÔÒ ÁÎÔÉÓÅÇÎÅ-ÔÏÅÌÅËÔÒÉÞÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ, J , K - ÆÕÒ'¤-ÚÏÂÒÁÖÅÎÎÑ ËÏÎÓÔÁÎÔ×ÚÁ¤ÍÏÄiÊ �ÒÉ q = 0.ýÏÂ ÚÎÁÊÔÉ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ ÎÅÏÂÈ�ÄÎÏ �ÏÚÂÕÔÉÓØ × ÇÁÍ�ÌØÔÏÎ�Á-Î� ÄÏÄÁÎË�×, ÑË� Í�ÓÔÑÔØ Ï�ÅÒÁÔÏÒÉ �xi (f), ÚÁ ÄÏ�ÏÍÏÇÏÀ �ÅÒÅÔ×ÏÒÅÎÎÑ�Ï×ÏÒÏÔÕ ÄÌÑ Ó��ÎÏ×ÉÈ Ï�ÅÒÁÔÏÒ�×:~�zi (f) = �zi (f) 
os�f + �xi (f) sin�f ;~�xi (f) = ��zi (f) sin�f + �xi (f) 
os�f ; (2.3)ÄÅ sin�f = 
pE2(f)+
2 , 
os�f = E(f)pE2(f)+
2 . ðÅÒÅÔ×ÏÒÅÎÉÊ ÇÁÍ�ÌØÔÏ-Î�ÁÎ ÍÁÔÉÍÅ ÔÁËÉÊ ×ÉÇÌÑÄ:H =Xi 8<:J +K4 �2 + J �K4 �2 �Xf pE2(f) + 
2 ~�zi (f)2 9=; : (2.4)�Å�ÅÒ ÍÏÖÎÁ ÌÅÇËÏ ÏÔÒÉÍÁÔÉ ×�ÌØÎÕ ÅÎÅÒÇ�À, ÎÏÒÍÏ×ÁÎÕ ÎÁ ÏÄÉÎ×ÕÚÏÌ:FN = � 1N� ln Spe��H= J +K4 �2 + J �K4 �2 � 1�Xf ln 2 
h �pE2(f) + 
22 ;(2.5)ÄÅ � = 1kBT - ÏÂÅÒÎÅÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ.äÌÑ �ÏÄÁÌØÛÉÈ ÏÂÞÉÓÌÅÎØ ÚÒÕÞ-ÎÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ×�ÌØÎÕ ÅÎÅÒÇ�À ÎÏÒÍÏ×ÁÎÕ ÎÁ ~J+ ~K4 :f = 4~J + ~K FN = �2 � a�2 � t �ln�2 
h K1t �+ ln�2 
h K2t �� : (2.6)
ICMP{01{11U 4�ÕÔ ××ÅÄÅÎÏ ÔÁË� �ÏÚÎÁÞÅÎÎÑ: K1 = p(� � a� + 
 + e)2 + !2, K2 =p(� + a� � 
 + e)2 + !2, a = K�JK+J , 
 = 2�K+J , t = 4T~K+ ~J , e = 2�EK+J ,! = 2
K+J ; �ÏÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× Ú Ô�ÌØÄÁÍÉ, ÎÁ�ÒÉËÌÁÄ ~J = J=kB ,ÏÚÎÁÞÁ¤ §È ÚÎÁÞÅÎÎÑ × ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÏÄÉÎÉ�ÑÈ K.îÅ×�ÄÏÍ� �ÁÒÁÍÅÔÒÉ �, � ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÕÍÏ×É ÅËÓÔÒÅÍÕÍÕ ×�ÌØ-ÎÏ§ ÅÎÅÒÇ�§ ÑË ÆÕÎË��§ �, �, ÝÏ �ÒÉ×ÏÄÉÔØ ÄÏ ÔÁËÏ§ ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ:� = 12 �� � a� + 
 + eK1 th K1t + � + a� � 
 + eK2 th K2t � ;� = 12 �� � a� + 
 + eK1 th K1t � � + a� � 
 + eK2 th K2t � : (2.7)ðÒÉ �ØÏÍÕ ÎÅÏÂÈ�ÄÎÏ, ÝÏÂ §§ ÒÏÚ×'ÑÚÏË (�0; �0) ÂÕ× Ó�ÄÌÏ×ÏÀ ÔÏÞËÏÀÆÕÎË��§ f , ÔÏÂÔÏ, ×ÏÎÁ �Ï×ÉÎÎÁ ÍÁÔÉ ÍÁËÓÉÍÕÍ ÚÁ �ÁÒÁÍÅÔÒÏÍ ÁÎ-ÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ � ( �2f��2 < 0) ÔÁ Í�Î�ÍÕÍ ÚÁ�ÁÒÁÍÅÔÒÏÍ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ � (�2f��2 < 0) [28℄.óËÏÒÉÓÔÁ×ÛÉÓØ ×�ÄÏÍÉÍÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÍÉ Ó��××�ÄÎÏÛÅÎÎÑÍÉ,ÍÏÖÎÁ ÏÂÞÉÓÌÉÔÉ ×Ó� �ÎÛ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§: ÅÎÔÒÏ��Às = SN = � 1N dFdT = �kB dfdt= ln�2 
h K1t �+ ln�2 
h K2t ��1t �K1 th K1t +K2 th K2t �; (2.8)×ÎÕÔÒ�ÛÎÀ ÅÎÅÒÇ�Àu = 4~J + ~K UN = f + ts = �2 � a�2 �Xf Kf th Kft : (2.9)äÌÑ ÏÂÞÉÓÌÅÎÎÑ ÔÅ�ÌÏ¤ÍÎÏÓÔ�
v = tdsdt = t��s�t + �s�� ���t + �s�� ���t �ÎÅÏÂÈ�ÄÎÏ ÒÏÚ×'ÑÚÁÔÉ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ ÄÌÑ ���t � ���t :2���t = ����t � a���t �M1 �N1 +����t + a���t �M2 �N2;2���t = ����t � a���t �M1 �N1 �����t + a���t �M2 +N2;



5 ðÒÅ�ÒÉÎÔÄÅ Mi = 1K2i � K2i�!2t 
h2 Kit + !2Ki th Kit �, Ni = pK2i�!2t2 
h2 Kit . òÏÚ×'ÑÚÏË ��¤§ ÓÉÓ-ÔÅÍÉ Ò�×ÎÑÎØ ÍÁ¤ ×ÉÇÌÑÄ:���t = N2(M1 � 1)�N1(M2 � 1)(M1 � 1)(1 + aM2) + (M2 � 1)(1 +M1) ;���t = N2(1 + aM1) +N1(1 + aM2)(M1 � 1)(1 + aM2) + (M2 � 1)(1 +M1) :ú×�ÄÓÉ ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�ÎÉÊ ×ÉÒÁÚ ÄÌÑ ÔÅ�ÌÏ¤ÍÎÏÓÔ�:
v = t( 1t2  K21
h2 K1t + K22
h2 K2t !� (1� a)(N1 +N2)2 + 2a(M2N21 +M1N22 )(M1 � 1)(aM2 + 1) + (M2 � 1)(aM1 + 1)� : (2.10)ðÏÌÑÒÉÚÁ��Ñ ËÒÉÓÔÁÌÕ ÏÂÞÉÓÌÀ¤ÔØÓÑ ÚÇ�ÄÎÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ Ó��×-×�ÄÎÏÛÅÎØ: P = �F�E = �N�:åËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ×ÉÍ�ÒÀÀÔØ �ÏÌÑÒÉÚÁ��À ÎÁ ÏÄÉÎÉ�À ÏÂ'¤ÍÕ:p = PV = ��v ; (2.11)ÄÅ v - ÏÂ'¤Í ÅÌÅÍÅÎÔÁÒÎÏ§ ËÏÍ�ÒËÉ. ÷ ÒÅÚÕÌØÔÁÔ� ÓÔÁÔÉÞÎÕ Ó�ÒÉÊÎÑÔ-ÌÉ×�ÓÔØ ÏÔÒÉÍÁ¤ÍÏ × ÎÁÓÔÕ�ÎÏÍÕ ×ÉÇÌÑÄ�:� = dpdE = 2�2v 1kB( ~K + ~J) d�de ; (2.12)ÄÅ d�de = M2(1+aM1)+M1(1+aM2)(1�M1)(1+aM2)+(1�M2)(1+aM1) .õ ×É�ÁÄËÕ, ËÏÌÉ ÍÉ ÚÎÅÈÔÕ¤ÍÏ ÔÕÎÅÌÀ×ÁÎÎÑÍ ÞÁÓÔÉÎÏË ËÒ�ÚØ �Ï-ÔÅÎ��ÁÌØÎÉÊ ÂÁÒ'¤Ò (
 = 0), ×ÉÒÁÚÉ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÅÌÉÞÉÎ� ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ ÄÌÑ �ÁÒÁÍÅÔÒ�× �, � ÄÅÝÏ Ó�ÒÏÝÕÀÔØÓÑ. óÉÓÔÅÍÁÒ�×ÎÑÎØ ÄÌÑ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ ÍÁÔÉÍÅ ÔÅ�ÅÒ ×ÉÇÌÑÄ:� = 12 �th K 01t + th K 02t � ;� = 12 �th K 01t � th K 02t � ; (2.13)
ICMP{01{11U 6ÄÅ K 01 = � � a� + 
 + e, K 02 = � + a� � 
 + e.÷ÉÒÁÚÉ ÄÌÑ ÄÅÑËÉÈ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÆÕÎË��Ê ÔÅÖ Ó�ÒÏÝÕÀÔØÓÑ.åÎÔÒÏ��Ñ:s = ln�2 
h K 01t �+ ln�2 
h K 02t �� 1t [2(� + e)� � 2(a� � 
)�℄; (2.14)×ÎÕÔÒ�ÛÎÑ ÅÎÅÒÇ�Ñ:u = �(� + 2e)� + (a� � 2
)�: (2.15)3. æÁÚÏ×Á Ä�ÁÇÒÁÍÁ ÍÏÄÅÌ� í��Õ§ìÅÇËÏ �ÅÒÅËÏÎÁÔÉÓØ,ÝÏ ÇÁÍ�ÌØÔÏÎ�ÁÎ ÔÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§ ÍÏ-ÄÅÌ� í��Õ§ ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ ÂÅÚÒÏÚÍ�ÒÎ� �ÁÒÁÍÅÔÒÉ a, 
, t, e, !.÷ ÚÁÌÅÖÎÏÓÔ� ×�Ä ÚÎÁÞÅÎØ �ÉÈ �ÁÒÁÍÅÔÒ�× ÍÏÄÅÌ� �ÒÉÔÁÍÁÎÎ� Ò�ÚÎ�ÔÉ�É ÔÅÍ�ÅÒÁÔÕÒÎÏ§ �Ï×ÅÄ�ÎËÉ.Á) ×É�ÁÄÏË 
 = 0 (! = 0).äÌÑ ÄÏÓÌ�ÄÖÅÎÎÑ ÆÁÚÏ×Ï§ Ä�ÁÇÒÁÍÉ × �ØÏÍÕ ×É�ÁÄËÕ ÓËÏÒÉÓÔÁ¤-ÍÏÓØ ÓÈÅÍÏÀ, ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏÀ ÷ÁËÓÏÍ [5℄. ýÏÂ ÚÎÁÊÔÉ ÍÏÖÌÉ×� ÆÁ-ÚÏ×� �ÅÒÅÈÏÄÉ II ÒÏÄÕ, ÒÏÚËÌÁÄÅÍÏ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ (2.13) × ÒÑÄ ÚÔÏÞÎ�ÓÔÀ ÄÏ Ì�Î�ÊÎÉÈ �:� = �1� th2 �a� + 
t � �t ;� = th �a� + 
t : (3.1)÷ ÒÅÚÕÌØÔÁÔ� ÏÔÒÉÍÁ¤ÍÏ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÔÅÍ�Å-ÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ II ÒÏÄÕ. úÎÁÊÛÏ×ÛÉ Ú ÄÒÕÇÏÇÏ Ò�×ÎÑÎÎÑt = �a�+
ar
th� , Ú×ÅÄÅÍÏ ÓÉÓÔÅÍÕ (3.1) ÄÏ Ò�×ÎÑÎÎÑ ÄÌÑ �:�a� + 
ar
th� = 1� �2: (3.2)÷×ÅÄÅÍÏ �ÏÚÎÁÞÅÎÎÑ � = th� � �ÅÒÅ�ÉÛÅÍÏ �Å Ò�×ÎÑÎÎÑ × ÔÁËÏÍÕ×ÉÇÌÑÄ�: f(�) = �
 + a th�+ �(1� th2 �) = 0; (3.3)� ÚÍ�ÎÀ¤ÔØÓÑ ×�Ä 0 ÄÏ1; ÚÎÁÞÅÎÎÑ ÆÕÎË��§ f(�) × ÇÒÁÎÉÞÎÉÈ ÔÏÞËÁÈÂÕÄÅ ÔÁËÉÍ: f(� = 0) = �
, f(�!1) = �
 + a. ïÓË�ÌØËÉf 0(�) = �f�� = (a+ 1� 2� th�)(1� th2 �) (3.4)



7 ðÒÅ�ÒÉÎÔÍÏÎÏÔÏÎÎÁ ÆÕÎË��Ñ, ÔÏ ×ÏÎÁ ÏÂÅÒÔÁ¤ÔØÓÑ × ÎÕÌØ ÌÉÛÅ × ÏÄÎ�Ê ÔÏÞ���0 � ÍÁ¤ × ��Ê ÔÏÞ�� ÅËÓÔÒÅÍÕÍ.òÏÚÇÌÑÎÅÍÏ ×É�ÁÄÏË 
 > a (f(� ! 1) < 0). ðÒÉ ÍÁÌÉÈ � f(�) -ÚÒÏÓÔÁÀÞÁ ÆÕÎË��Ñ, Á �ÒÉ ×ÅÌÉËÉÈ � - Ó�ÁÄÎÁ. ïÔÖÅ, ×ÏÎÁ ÍÁ¤ × Ô.�0ÍÁËÓÉÍÕÍ �, ÑËÝÏ f(�0) < 0, ÔÏ × ÍÏÄÅÌ� ÎÅÍÏÖÌÉ×� ÖÏÄÎ� ÆÁÚÏ×��ÅÒÅÈÏÄÉ II ÒÏÄÕ. ðÒÉ ÕÍÏ×� f(�0) > 0, × ÓÉÓÔÅÍ� ÍÏÖÕÔØ Ú'Ñ×ÉÔÉÓØÄ×Á ÆÁÚÏ×� �ÅÒÅÈÏÄÉ II ÒÏÄÕ, Á Ì�Î�Ñ ÎÁ ÆÁÚÏ×�Ê Ä�ÁÇÒÁÍ� (a; 
), ÑËÁÂÕÄÅ ÒÏÚÄ�ÌÑÔÉ �� Ä×� ÈÁÒÁËÔÅÒÎ� �Ï×ÅÄ�ÎËÉ, ×ÉÚÎÁÞÁÔÉÍÅÔØÓÑ Ú ÔÁËÏ§ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ:f(�0) = �
 + a th�0 + �0(1� th2 �0) = 0;f 0(�0) = (a+ 1� 2�0 th�0)(1� th2 �0) = 0: (3.5)ò�×ÎÑÎÎÑ ÄÌÑ ��¤§ Ì�Î�§ ÍÏÖÎÁ ÚÏÂÒÁÚÉÔÉ × ÎÅÑ×ÎÏÍÕ ×ÉÇÌÑÄ�:
 +p
2 + 1� a22 th 
 +p
2 + 1� a22 = a+ 12 : (3.6)ðÒÉ ÚÂ�ÌØÛÅÎÎ� a, ËÏÌÉ a = 
, ÏÄÉÎ Ú ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× II ÒÏÄÕÚÎÉËÁ¤ � ÓÉÓÔÅÍÁ �ÅÒÅÈÏÄÉÔØ × ÏÂÌÁÓÔØ Ú ÏÄÎÉÍ ÆÁÚÏ×ÉÍ �ÅÒÅÈÏÄÏÍII ÒÏÄÕ.ðÒÉ T = 0 ÓÉÓÔÅÍÁ ÍÏÖÅ �ÒÅÂÕ×ÁÔÉ × Ä×ÏÈ ÓÔÁÎÁÈ: ×�ÏÒÑÄËÏ×Á-ÎÏÍÕ (� = 1, � = 0) ÁÂÏ ÁÎÔÉ×�ÏÒÑÄËÏ×ÁÎÏÍÕ (� = 0, � = 1); ÔÅ, ÑËÉÊÓÁÍÅ ÓÔÁÎ ÒÅÁÌ�ÚÕ¤ÔØÓÑ ÚÁÌÅÖÁÔÉÍÅ ×�Ä ×�Ä�Ï×�ÄÎÉÈ §Í ÅÎÅÒÇ�Ê:U(� = 1; � = 0) = 1; U(� = 0; � = 1) = a� 2
: (3.7)÷ ÏÂÌÁÓÔ� a� 2
 > 1 (3.8)ÄÌÑ ÓÉÓÔÅÍÉ ÈÁÒÁËÔÅÒÎÉÍ ¤ ×�ÏÒÑÄËÏ×ÁÎÉÊ ÏÓÎÏ×ÎÉÊ ÓÔÁÎ, ÏÓË�ÌØËÉÊÏÇÏ ÅÎÅÒÇ�Ñ ÍÅÎÛÁ, Á × ÏÂÌÁÓÔ�a� 2
 < 1- ÎÅ×�ÏÒÑÄËÏ×ÁÎÉÊ.òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÆÁÚÏ×Ï§ Ä�ÁÇÒÁÍÉ ÚÏÂÒÁÖÅÎÏ ÎÁ ÒÉÓ.3.1.ì�Î�Ñ AB ×�Ä�Ï×�ÄÁ¤ a = 
, CED - Ò�×ÎÑÎÎÀ (3.6), CEB - ÕÍÏ×ÁÍ(3.7) � (3.8). úÇ�ÄÎÏ Ú ÒÅÚÕÌØÔÁÔÁÍÉ, ÏÔÒÉÍÁÎÉÍÉ ×ÉÝÅ, × ÏÂÌÁÓÔ� ÚÎÁ-ÞÅÎØ �ÁÒÁÍÅÔÒ�× V × ÓÉÓÔÅÍ� ×�ÄÓÕÔÎ�Ê ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÊ �ÏÒÑÄÏËÎÁ ×ÓØÏÍÕ �ÒÏÍ�ÖËÕ ÔÅÍ�ÅÒÁÔÕÒ. ÷ ÏÂÌÁÓÔ� IV ÏÓÎÏ×ÎÉÊ ÓÔÁÎ ÓÉÓ-ÔÅÍÉ ÎÅ ÂÕÄÅ ×�ÏÒÑÄËÏ×ÁÎÉÍ � = 0, �ÒÏÔÅ ÔÕÔ ÍÏÖÌÉ×� Ä×Á ÆÁÚÏ×�
ICMP{01{11U 8
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òÉÓ. 3.2. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ � ÄÌÑ a = 0:5 ÔÁ Ò�ÚÎÉÈ ÚÎÁÞÅÎØ
.�ÅÒÅÈÏÄÉ Ú �ÁÒÁÍÅÔÒÏÍ �ÏÒÑÄËÕ �. ãÅ ÏÚÎÁÞÁ¤, ÝÏ � 6= 0 ÍÁ¤ Í�Ó-�Å × ÏÂÍÅÖÅÎÏÍÕ �ÎÔÅÒ×ÁÌ� ÔÅÍ�ÅÒÁÔÕÒ, ÑË �Å ÚÏÂÒÁÖÅÎÏ ÎÁ ÒÉÓ.3.2ÄÌÑ ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒ�× a = 0:5, 
 = 0:77. ÷ ÏÂÌÁÓÔ� II ÓÉÓÔÅÍÁ ÍÏ-ÖÅ ÄÁÌ� ÚÁÚÎÁ×ÁÔÉ Ä×ÏÈ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× II ÒÏÄÕ, �ÒÏÔÅ §§ ÏÓÎÏ×ÎÉÊÓÔÁÎ ÂÕÄÅ ×�ÏÒÑÄËÏ×ÁÎÉÍ. ÷ ��Ê ÏÂÌÁÓÔ� ÍÏÖÌÉ×� ÄÅË�ÌØËÁ Ò�ÚÎÉÈ ÔÉ-��× �Ï×ÅÄ�ÎËÉ, ÑË� ÍÉ ÒÏÚÇÌÑÎÅÍÏ ÎÉÖÞÅ. ÷ ÏÂÌÁÓÔ� I ÓÉÓÔÅÍÁ ÚÁÚÎÁ¤ÌÉÛÅ ÏÄÎÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ I ÒÏÄÕ. äÌÑ ÔÅÍ�ÅÒÁÔÕÒ �ÉÈ �ÅÒÅÈÏ-Ä�× ÎÅ ×ÄÁ¤ÔØÓÑ ÏÔÒÉÍÁÔÉ �ÒÏÓÔÉÈ ÒÅÚÕÌØÔÁÔ�×, ÔÏÍÕ ÍÉ ÏÂÍÅÖÉÌÉÓØÞÉÓÌÏ×ÉÍ ÁÎÁÌ�ÚÏÍ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� �, ÝÏÂ ×ÓÔÁÎÏ×ÉÔÉ ÎÏ-×� ÔÉ�É ÔÅÍ�ÅÒÁÔÕÒÎÏ§ �Ï×ÅÄ�ÎËÉ ÍÏÄÅÌ�. òÅÚÕÌØÔÁÔÉ ÄÅÑËÉÈ Ú �ÉÈÏÂÞÉÓÌÅÎØ �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ a, 
 (×ÚÄÏ×Ö Ì�Î�Ê a = 
onst ÎÁ ÆÁ-ÚÏ×�Ê Ä�ÁÇÒÁÍ�) ÚÏÂÒÁÖÅÎÏ ÎÁ ÒÉÓ.3.2-3.8. úÎÁÊÄÅÎÏ, ÝÏ × ÔÏÎËÏÍÕÛÁÒ� IIa ÏÂÌÁÓÔ� II ×ÉÎÉËÁ¤ ÄÏÄÁÔËÏ×ÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä I ÒÏÄÕ �ÒÉÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ. �ÅÍ�ÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ�ÓÔØ � ÔÁ �ÎÛÉÈ ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎÉÈ ÆÕÎË��Ê, ÈÁÒÁËÔÅÒÎÉÈ ÄÌÑ ��¤§ ÏÂÌÁÓÔ�, ÍÏÖÎÁ �ÏÂÁÞÉÔÉÎÁ ÒÉÓ.3.4, 3.5 ÄÌÑ ËÒÉ×ÉÈ, ÝÏ ×�Ä�Ï×�ÄÁÀÔØ a = 0:3, 
 = 0:642. ÷ ÏÂ-ÌÁÓÔ� IIb ×ÉÎÉËÁ¤ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä I ÒÏÄÕ ÂÌÉÚØËÏ ÄÏ ÔÅÍ�ÅÒÁÔÕÒÉÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ II ÒÏÄÕ, ÑËÉÊ �ÒÉ ÚÍÅÎÛÅÎÎ� 
 Û×ÉÄËÏ ÚÎÉËÁ¤.ñË�ÓÎ�Ê �Ï×ÅÄ�Î�� ÍÏÄÅÌ� × ��Ê ÏÂÌÁÓÔ� ×�Ä�Ï×�ÄÁÀÔØ Ì�Î�§ a = 0:3,
 = 0:643 ÔÁ 
 = 0:645 ÎÁ ÒÉÓ.3.4, 3.5. ¶ ËÏÌÉ ÍÉ ÒÕÈÁ¤ÍÏÓØ × ÇÌÉÂÉÎÕ
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òÉÓ. 3.3. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ (d�=de)�1 ÄÌÑ a = 0:5 ÔÁ Ò�ÚÎÉÈÚÎÁÞÅÎØ 
.
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ξ

t

 a=0.3,γ=0.6
 a=0.3,γ=0.642
 a=0.3,γ=0.64305
 a=0.3,γ=0.645
 a=0.3,γ=0.652

òÉÓ. 3.4. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ � ÄÌÑ a = 0:3 ÔÁ Ò�ÚÎÉÈ ÚÎÁÞÅÎØ
.

ICMP{01{11U 12

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8
(dξ/de)-1

t

 a=0.3,γ=0.6
 a=0.3,γ=0.642
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òÉÓ. 3.5. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ (d�=de)�1 ÄÌÑ a = 0:3 ÔÁ Ò�ÚÎÉÈÚÎÁÞÅÎØ 
.
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òÉÓ. 3.6. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ �.
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òÉÓ. 3.7. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ � ÄÌÑ a = �0:3 ÔÁ Ò�ÚÎÉÈ ÚÎÁÞÅÎØ
.
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3

4
(dξ/de)-1

t

 a=-0.3,γ=0.2204
 a=-0.3,γ=0.2571
 a=-0.3,γ=0.3052

òÉÓ. 3.8. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ (d�=de)�1 ÄÌÑ a = �0:3 ÔÁ Ò�ÚÎÉÈÚÎÁÞÅÎØ 
.

ICMP{01{11U 14ÏÂÌÁÓÔ� II ÆÁÚÏ×� �ÅÒÅÈÏÄÉ I ÒÏÄÕ ÚÎÉËÁÀÔØ, ÂÏ ÔÅÍ�ÅÒÁÔÕÒÉ, ÑË� §Í×�Ä�Ï×�ÄÁÀÔØ ÓÔÁÀÔØ ÏÄÎÁËÏ×ÉÍÉ (a = 0:3, 
 = 0:652 ÎÁ ÒÉÓ.3.4, 3.5).ðÒÉ �ÅÒÅÈÏÄ� Ú ÏÂÌÁÓÔ� III × ÏÂÌÁÓÔØ II ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä I ÒÏÄÕ ÎÅ ×�Ä-ÒÁÚÕ ÚÎÉËÁ¤, Á ÚÂÅÒ�ÇÁ¤ÔØÓÑ ÄÏ ÍÅÖ� ÏÂÌÁÓÔ� II
. ðÒÉ �ØÏÍÕ ÓÔÒÉÂÏË�ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ �ÁÄÁ¤ ÄÏ ÎÕÌÑ ÎÁ ��Ê ÍÅÖ�. ÷ ÕÓ�È �ÎÛÉÈ ÔÏÞËÁÈÆÁÚÏ×Ï§ Ä�ÁÇÒÁÍÉ ÓÉÓÔÅÍÁ ÚÁÚÎÁ¤ ÌÉÛÅ ÏÄÎÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ IIÒÏÄÕ. óÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÎÅÝÏÄÁ×ÎÏ ÏÔÒÉÍÁÎÏ ÁÎÁÌ�ÔÉÞÎ� ÒÅÚÕÌØÔÁ-ÔÉ ÄÌÑ Ì�Î�Ê, ÑË� ÏÂÍÅÖÕÀÔØ ÏÂÌÁÓÔ� Ú ÆÁÚÏ×ÉÍÉ �ÅÒÅÈÏÄÁÍÉ I ÒÏÄÕ,ÔÁ ÔÒØÏÍÁ ÆÁÚÏ×ÉÍÉ �ÅÒÅÈÏÄÁÍÉ [29℄.Â) ×É�ÁÄÏË 
 6= 0 (! 6= 0). áÎÁÌÏÇ�ÞÎÏ ÄÏ ×É�ÁÄËÕ 
 = 0,ÝÏÂ ÚÎÁÊÔÉ ÍÏÖÌÉ×� ÆÁÚÏ×� �ÅÒÅÈÏÄÉ II ÒÏÄÕ �ÒÉ 
 6= 0 ÒÏÚËÌÁÄÅÍÏÓÉÓÔÅÍÕ Ò�×ÎÑÎØ (2.7) × ÒÑÄ ÄÏ Ì�Î�ÊÎÉÈ �. ð�ÓÌÑ ÄÅÑËÉÈ Ó�ÒÏÝÅÎØ §§ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉ × ÔÁËÏÍÕ ×ÉÇÌÑÄ�:t = !2t[(
 � a�)2 + !2℄3=2 th p(
 � a�)2 + !2t+ (
 � a�)2(
 � a�)2 + !2  1� th2 p(
 � a�)2 + !2t ! ;� = 
 � a�p(
 � a�)2 + !2 thp(
 � a�)2 + !2t : (3.9)÷ÉËÌÀÞÉ×ÛÉ t, ÏÔÒÉÍÁ¤ÍÏ ÓÉÓÔÅÍÕ (3.9) Õ ×ÉÇÌÑÄ� f(�) = 0, ÄÅf(�) = ar
th[�p1 + ~!2℄1 + ~!2 [1� �2(1 + ~!2)℄� p1 + ~!2 �(
 � a�)� ~!2�1 + ~!2 :� : (3.10)�ÕÔ ~! = !=(
 � a�), � ÚÍ�ÎÀ¤ÔØÓÑ ×�Ä 0 ÄÏ 1=p1 + ~!2. úÎÁÊÄÅÍÏÚÎÁÞÅÎÎÑ f(�) × ÇÒÁÎÉÞÎÉÈ ÔÏÞËÁÈ:f(� = 0) = �p
2 + !2 < 0;f(� = 1p1 + ~!2 ) = �
 + a� + �(1� �2)� : (3.11)ïÔÖÅ, Ì�Î�Ñ, ÑËÁ ÏÂÍÅÖÕ¤ ÏÂÌÁÓÔØ Ú ÏÄÎÉÍ ÍÏÖÌÉ×ÉÍ ÆÁÚÏ×ÉÍ �Å-ÒÅÈÏÄÏÍ ÄÒÕÇÏÇÏ ÒÏÄÕ, ÂÕÄÅ ÒÏÚ×'ÑÚËÏÍ Ò�×ÎÑÎÎÑ f(�max) = 0. ú×�ÄÓÉÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�ÎÅ Ò�×ÎÑÎÎÑ ÄÌÑ a, 
:�
 + a� + �(1� �2) = 0; (3.12)



15 ðÒÅ�ÒÉÎÔ�ÒÉ �ØÏÍÕ �ÏÔÒ�ÂÎÏ ÝÅ ÒÏÚ×'ÑÚÁÔÉ Ò�×ÎÑÎÎÑ ÄÌÑ �: � = 1=p1 + ~!2.ò�×ÎÑÎÎÑ Ì�Î�§, ÑËÁ ÏÂÍÅÖÕ¤ ÏÂÌÁÓÔØ Ú Ä×ÏÍÁ ÍÏÖÌÉ×ÉÍÉ ÆÁÚÏ×ÉÍÉ�ÅÒÅÈÏÄÁÍÉ II ÒÏÄÕ ÏÔÒÉÍÕ¤ÔØÓÑ Ú ÓÉÓÔÅÍÉ Ä×ÏÈ Ò�×ÎÑÎØ �f(�)�� = 0,f(�) = 0. þÅÒÅÚ ÇÒÏÍ�ÚÄË�ÓÔØ ×ÉÒÁÚ ÄÌÑ �ÏÈ�ÄÎÏ§ �f(�)�� ÔÕÔ ÎÅ �ÒÉ×Å-ÄÅÎÏ. ò�×ÎÑÎÎÑ ÒÏÚ×'ÑÚÕÀÔØÓÑ ÞÉÓÌÏ×ÉÍ Ó�ÏÓÏÂÏÍ � ÒÅÚÕÌØÔÁÔÉ �ÉÈÏÂÞÉÓÌÅÎØ ÚÏÂÒÁÖÅÎÏ ÎÁ ÒÉÓ.3.9. ì�Î�Ñ ÑËÁ ÒÏÚÄ�ÌÑ¤ ÏÂÌÁÓÔ� Ú ÓÅÇ-ÎÅÔÏ×�ÏÒÑÄËÏ×ÁÎÉÍ ÏÓÎÏ×ÎÉÍ ÓÔÁÎÏÍ � ÎÅ×�ÏÒÑÄËÏ×ÁÎÉÍ ÛÕËÁ¤ÔØÓÑÚ ÕÍÏ×É: U(� 6= 0) = U(� = 0): (3.13)ãÅ Ò�×ÎÑÎÎÑ ÔÁËÏÖ ÒÏÚ×'ÑÚÁÎÏ ÞÉÓÅÌØÎÏ. æÁÚÏ×Á Ä�ÁÇÒÁÍÁ Ë×ÁÎÔÏ-×Ï§ ÍÏÄÅÌ� í��Õ§ �ÒÉ ÚÎÁÞÅÎÎ� ÔÕÎÅÌÀ×ÁÎÎÑ ! = 0:4 ÚÏÂÒÁÖÅÎÁ ÎÁÒÉÓ.3.9 ÛÔÒÉÈÏ×ÁÎÉÍÉ Ì�Î�ÑÍÉ. ú �ØÏÇÏ ÒÉÓÕÎËÕ ×ÉÄÎÏ, ÝÏ ÍÅÖÁ �Ó-ÎÕ×ÁÎÎÑ ×�ÏÒÑÄËÏ×ÁÎÏÇÏ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ ��ÄÎ�ÍÁ¤ÔØÓÑ � �ÒÏÈÏÄÉÔØ�Ï Ì�Î�§ CE0D0. ì�Î�Ñ Ä×ÏÈ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× ×�Ä�Ï×�ÄÁ¤ CE0B0, ÁÌ�Î�Ñ ÏÄÎÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ - A0B0. ÷ ÒÅÚÕÌØÔÁÔ� ÏÂÌÁÓÔ� III' �IV' Ë×ÁÎÔÏ×Ï§ ÍÏÄÅÌ� í��Õ§ ÚÍ�ÝÕÀÔØÓÑ ×ÇÏÒÕ � ÞÁÓÔËÏ×Ï ÚÁÊÍÁÀÔØÏÂÌÁÓÔØ II Ú×ÉÞÁÊÎÏ§ ÍÏÄÅÌ� í��Õ§. ãÅ Ó×�ÄÞÉÔØ �ÒÏ ÔÅ, ÝÏ ÔÕÎÅÌÀ-×ÁÎÎÑ ÍÏÖÅ ÚÍ�ÎÀ×ÁÔÉ ÈÁÒÁËÔÅÒ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× Õ ÍÏÄÅÌ� í��Õ§.÷�ÌÉ× ÔÕÎÅÌÀ×ÁÎÎÑ ÎÁ �ÁÒÁÍÅÔÒ ×�ÏÒÑÄËÕ×ÁÎÎÑ � �ÒÏ�ÌÀÓÔÒÏ×ÁÎÏÎÁ ÒÉÓ. 3.10-3.13. îÁ ÒÉÓ. 3.10 ×ÉÄÎÏ, ÝÏ �ÒÉ ÄÏÓÔÁÔÎØÏ ×ÅÌÉËÉÈ ÚÎÁ-ÞÅÎÎÑÈ ! × ÓÉÓÔÅÍ� ÚÎÉËÁ¤ ×�ÏÒÑÄËÕ×ÁÎÎÑ. îÁ ÒÉÓ. 3.11 �ÏËÁÚÁÎÏ,ÝÏ ×ÒÁÈÕ×ÁÎÎÑ ÔÕÎÅÌÀ×ÁÎÎÑ ÍÏÖÅ ÚÍ�ÎÀ×ÁÔÉ Ò�Ä ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏ-ÄÕ Ú ÄÒÕÇÏÇÏ ÎÁ �ÅÒÛÉÊ. îÁ ÒÉÓ. 3.12 ÚÏÂÒÁÖÅÎÏ ÑË �Ú ÚÂ�ÌØÛÅÎÎÑÍÔÕÎÅÌÀ×ÁÎÎÑ × ÓÉÓÔÅÍ� Ú'Ñ×ÌÑÀÔØÓÑ Ä×Á ÎÏ×ÉÈ �ÅÒÅÈÏÄÉ I ÒÏÄÕ, ÄÁÌ�ÏÄÉÎ Ú ÎÉÈ �ÅÒÅÔ×ÏÒÀ¤ÔØÓÑ ÎÁ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä II ÒÏÄÕ, Á ÚÇÏÄÏÍ ÎÉ-ÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä I ÒÏÄÕ ÚÎÉËÁ¤. ðÒÉ �ÏÄÁÌØÛÏÍÕÚÂ�ÌØÛÅÎÎ� ÔÕÎÅÌÀ×ÁÎÎÑ ×�ÏÒÑÄËÏ×ÁÎÎÑ × ÍÏÄÅÌ� ÚÎÉËÁ¤ �ÒÉ ÂÕÄØ-ÑËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ. îÁ ÒÉÓ.3.13 �ÏËÁÚÁÎÏ, ÝÏ ×ËÌÀÞÅÎÎÑÍ ÔÕÎÅÌÀ-×ÁÎÎÑ ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÄÏÄÁÔËÏ×ÉÊ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÉÊ �ÅÒÅÈ�Ä IÒÏÄÕ � ÔÅÍ�ÅÒÁÔÕÒÎÁ �Ï×ÅÄ�ÎËÁ ÍÏÄÅÌ� ×�Ä�Ï×�ÄÁ¤ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ�ÊÓ�ÏÌÕ�� NH4HSO4 [3,16℄.4. �ÅÒÍÏÄÉÎÁÍ�ËÁ ÓÅÇÎÅÔÏ×Ï§ ÔÁ ÄÅÊÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅ-ÔÏ×Ï§ ÓÏÌ�.÷�ÏÒÑÄËÏ×ÁÎÁ ÆÁÚÁ × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� �ÓÎÕ¤ ÌÉÛÅ ×ÏÂÍÅÖÅÎÏÍÕ �ÎÔÅÒ×ÁÌ� ÔÅÍ�ÅÒÁÔÕÒ: ×�Ä T1 = 255K ÄÏ T2 = 297K ÄÌÑÚ×ÉÞÁÊÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÔÁ ×�Ä T1 = 251K ÄÏ T2 = 307K ÄÌÑ ÄÅÊ-ÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�. ðÒÉ �ØÏÍÕ �ÅÒÅÈ�Ä Õ ×�ÏÒÑÄËÏ×ÁÎÕ ÆÁ-
ICMP{01{11U 16

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

-1
.0

-0
.50.
0

0.
5

1.
0

E
’

E

C

D
D

’
B

’

A
’

B

A

γ

a

Ris.3.9.Faz
ovad�agrama

kvantovoÝmo
del�M�cuÝ(s

uc�l~n�l�n�Ý
-!=0,xtri

hovan�-!=
0:4)



17 ðÒÅ�ÒÉÎÔ

0.40 0.45 0.50 0.55 0.60
0.00

0.05

0.10

0.15

t

ξ
 ω=0 
 ω=0.04
 ω=0.065
 ω=0.07
 ω=0.08

òÉÓ. 3.10. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ � ÄÌÑ a = 0:295, 
 = 0:648 ÔÁÒ�ÚÎÉÈ ÚÎÁÞÅÎØ !.
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òÉÓ. 3.11. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ � ÄÌÑ a = 0:6, 
 = 0:48 ÔÁ Ò�ÚÎÉÈÚÎÁÞÅÎØ !.
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òÉÓ. 3.12. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ � ÄÌÑ a = 0:26, 
 = 0:61 ÔÁÒ�ÚÎÉÈ ÚÎÁÞÅÎØ !.
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òÉÓ. 3.13. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ � ÄÌÑ a = 0:32, 
 = 0:6 ÔÁ Ò�ÚÎÉÈÚÎÁÞÅÎØ !.



19 ðÒÅ�ÒÉÎÔÚÕ × ÏÂÏÈ ×É�ÁÄËÁÈ ¤ �ÅÒÅÈÏÄÏÍ II ÒÏÄÕ. úÇ�ÄÎÏ Ú ÁÎÁÌ�ÚÏÍ ÆÁÚÏ-×Ï§ Ä�ÁÇÒÁÍÉ (ÒÉÓ.3.1) ÍÏÖÌÉ×� �ÁÒÁÍÅÔÒÉ ÄÌÑ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÓÌ�ÄÛÕËÁÔÉ × ÏÂÌÁÓÔ� IV [5,9℄. ÷�ÄÎÏÓÎÁ Ò�ÚÎÉ�Ñ ÔÅÍ�ÅÒÁÔÕÒ �ÅÒÅÈÏÄ�×ÆRs = (T2 � T1)=(T2 + T1) = 0:076 ¤ ÍÁÌÏÀ ×ÅÌÉÞÉÎÏÀ, ÔÏÍÕ �ÍÏ×�Ò-Î� ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÄÌÑ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÌÅÖÁÔØ ÂÌÉÚØËÏ ÄÏ Ì�Î�§ED. îÁ ÒÉÓ.4.1 ÚÏÂÒÁÖÅÎÏ Ì�Î�À ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× ÓÅÇÎÅÔÏ-×Ï§ ÓÏÌ�. äÅÝÏ ×ÉÝÅ ÚÁ ÎÅ§ �ÒÏÈÏÄÉÔØ Ì�Î�Ñ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�×ÄÅÊÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�, ÎÁ ÑË�Ê ×ÉËÏÎÕ¤ÔØÓÑ ÕÍÏ×Á ÆdRs = 0:1.ðÁÒÁÍÅÔÒÉ ��ÄÂÉÒÁÀÔØÓÑ ÚÁ ÔÁËÉÍ �ÒÉÎ�É�ÏÍ: ÄÌÑ ×ÉÂÒÁÎÉÈ ÎÁÆÁÚÏ×�Ê Ä�ÁÇÒÁÍ� ÚÎÁÞÅÎØ a, 
, ÏÂÞÉÓÌÀÀÔØÓÑ K, J , � Ú ÕÍÏ×É, ÝÏÂÒÏÚÒÁÈÏ×ÁÎ� ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× Ó��×�ÁÄÁÌÉ Ú §È ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ; ÅÆÅËÔÉ×ÎÉÊ ÄÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ � ×ÉÂÉÒÁ-¤ÔØÓÑ ÔÁË, ÝÏÂ ÍÁËÓÉÍÁÌØÎ� ÚÎÁÞÅÎÎÑ �ÏÌÑÒÉÚÁ��§, ÏÔÒÉÍÁÎ� ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎÏ � ÔÅÏÒÅÔÉÞÎÏ, Ó��×�ÁÄÁÌÉ. îÁ ÒÉÓ.4.2-4.5 ÎÁ×ÅÄÅÎÏ �ÒÉ-ËÌÁÄ ÏÂÞÉÓÌÅÎÎÑ �ÏÌÑÒÉÚÁ��§ � ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓ-Ô� ÄÌÑ Ú×ÉÞÁÊÎÏ§ ÔÁ ÄÅÊÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�. ú×�ÄÓÉ ×ÉÄÎÏ, ÝÏÎÁÊËÒÁÝÅ Ó��×�ÁÄ�ÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÍÏÖÎÁÄÏÓÑÇÎÕÔÉ, ÑËÝÏ ×ÉÂÒÁÔÉ ÑËÏÍÏÇÁ ÍÅÎÛ� Ú� ×Ó�È ÍÏÖÌÉ×ÉÈ ÚÎÁÞÅÎØa � 
 ÎÁ ËÒÉ×ÉÈ ÄÌÑ Rs ÔÁ dRs (ÒÉÓ.4.1). ïÔÖÅ, ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�×ÔÅÏÒ�§, ÑËÉÊ ÎÁÊËÒÁÝÅ Ï�ÉÓÕ¤ ÔÅÍ�ÅÒÁÔÕÒÎÕ �Ï×ÅÄ�ÎËÕ �Å×ÎÉÈ ÈÁ-ÒÁËÔÅÒÉÓÔÉË ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ×�Ä�Ï×�ÄÁÔÉÍÅ a = 0:29506, 
 = 0:648(K = 1473:59 K, J = 802:12 K, � = 737:33 K). úÎÁÞÅÎÎÑ ÏÂ'¤ÍÕ ÅÌÅ-ÍÅÎÔÁÒÎÏ§ ËÏÍ�ÒËÉ v = 5:24� 10�22 
m3 ×ÉÂÒÁÎÏ × Ä×Á ÒÁÚÉ ÍÅÎÛÉÍÚÁ ÒÅÁÌØÎÅ, ÏÓË�ÌØËÉ × ÅÌÅÍÅÎÔÁÒÎÕ ËÏÍ�ÒËÕ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ×ÈÏÄÑÔØÞÏÔÉÒÉ ÅÌÅÍÅÎÔÉ, ÝÏ ×�ÏÒÑÄËÏ×ÕÀÔØÓÑ [30℄, × ÔÏÊ ÞÁÓ ÑË ÍÏÄÅÌØ í�-�Õ§ ×�Ä�Ï×�ÄÁ¤ ×ÒÁÈÕ×ÁÎÎÀ Ä×ÏÈ ÅÌÅÍÅÎÔ�× ÓÔÒÕËÔÕÒÉ, ÝÏ ×�ÏÒÑÄËÏ-×ÕÀÔØÓÑ, × ÅÌÅÍÅÎÔÁÒÎ�Ê ËÏÍ�Ò��. åÆÅËÔÉ×ÎÉÊ ÄÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ �ÄÌÑ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�, ��Ä�ÂÒÁÎÉÊ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈÄÁÎÉÈ ÄÌÑ �ÏÌÑÒÉÚÁ��§, ÂÕÄÅ ÔÁËÉÍ: � = 3:04� 10�18. äÌÑ ÄÅÊÔÅÒÏ-×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÎÁÊËÒÁÝÉÊ ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÎÁÓÔÕ�ÎÉÊ:a = 0:29952, 
 = 0:65 (K = 1502:83 K, J = 8102:07 K, � = 751:69 K,� = 3:6� 10�18). óÌ�Ä ÚÁÚÎÁÞÉÔÉ, ÝÏ ÓÅÇÎÅÔÏ×Á Ó�ÌØ ÄÏÓÌ�ÄÖÕ×ÁÌÁÓØ× ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ � × �ÎÛÉÈ ÒÏÂÏÔÁÈ [5,6,8,9℄. úÎÁ-ÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÄÌÑ Rs ÔÁ dRs, ÏÔÒÉÍÁÎÉÈ × �ÉÈ ÒÏÂÏÔÁÈ, ÎÁ×ÅÄÅÎÏ× ÔÁÂÌÉ�� 4.1.ýÏÂ Ú'ÑÓÕ×ÁÔÉ ÈÁÒÁËÔÅÒ �ÚÏÔÏ��ÞÎÏÇÏ ÅÆÅËÔÕ × ÓÅÇÎÅÔÏ×�Ê ÓÏÌ�,ÂÕÌÏ ÄÏÓÌ�ÄÖÅÎÏ ×�ÌÉ× �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ ÎÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ×ÌÁÓ-ÔÉ×ÏÓÔ� ÍÏÄÅÌ�.ýÅ ÏÄÎ�¤À ÓÈÅÍÏÀ ��ÄÂÏÒÕ �ÁÒÁÍÅÔÒ�× Ú×ÉÞÁÊÎÏ§ ÓÅÇ-ÎÅÔÏ×Ï§ ÓÏÌ� ÂÕÌÏ ×ËÌÀÞÅÎÎÑ ÔÕÎÅÌÀ×ÁÎÎÑ ÄÌÑ ÍÏÄÅÌ� Ú ×ÉÂÒÁÎÉÍÉ�ÁÒÁÍÅÔÒÁÍÉ ÄÌÑ ÄÅÊÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�, ÏÓË�ÌØËÉ ÚÁÍ�ÎÁ ÄÅÊ-ÔÒÏÎÁ ÎÁ �ÒÏÔÏÎ Õ ÓÅÇÎÅÔÏ×�Ê ÓÏÌ� ÇÏÌÏ×ÎÉÍ ÞÉÎÏÍ ×�ÄÂÉ×Á¤ÔØÓÑ ÎÁ
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�ÁÂÌ. 4.1. îÁÂÏÒÉ �ÁÒÁÍÅÔÒ�× ÄÌÑ Ú×ÉÞÁÊÎÏ§ � ÄÅÊÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅÔÏ-×Ï§ ÓÏÌ�, ÏÔÒÉÍÁÎ� × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ (ÎÁÂÏÒÉ 4 ÔÁ 5ÚÎÁÊÄÅÎÏ × ÄÁÎ�Ê ÒÏÂÏÔ�).No Ó�ÏÌÕËÁ K, K J , K �, K a 
1. Rs [6℄ 1599.84 764.64 815.9 0.353 0.692. dRs [6℄ 1563.84 790.85 789.7 0.328 0.6713. dRs [5℄ 1480 800 740 0.298 0.6494. Rs 1473.59 802.12 737.3 0.295 0.6485. dRs 1502.83 810.07 751.7 0.299 0.65
220 240 260 280 300

0.0
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P, µC/cm2

 a=0.29506,γ=0.648
 a=0.35298,γ=0.690
 a=0.39380,γ=0.720

òÉÓ. 4.2. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ �ÏÌÑÒÉÚÁ��§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÄÌÑÄÅË�ÌØËÏÈ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× (� - ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� [2℄).
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 a=0.35298,γ=0.690
 a=0.39380,γ=0.720

òÉÓ. 4.3. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎ-ÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÄÌÑ ÄÅË�ÌØËÏÈ ÎÁÂÏÒ�× �ÁÒÁÍÅÔ-Ò�× (� - ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� [2℄).
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P, µC/cm2

 a=0.2995,γ=0.65
 a=0.3682,γ=0.7
 a=0.4356,γ=0.75

òÉÓ. 4.4. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ �ÏÌÑÒÉÚÁ��§ ÄÅÊÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅ-ÔÏ×Ï§ ÓÏÌ� ÄÌÑ ÄÅË�ÌØËÏÈ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× (� - ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ�ÄÁÎ� [2℄).
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 a=0.2995,γ=0.65
 a=0.3682,γ=0.7
 a=0.4356,γ=0.75

òÉÓ. 4.5. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎ-ÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÄÅÊÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÄÌÑ ÄÅË�ÌØËÏÈ ÎÁ-ÂÏÒ�× �ÁÒÁÍÅÔÒ�× (� - ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� [31℄).ÚÍÅÎÛÅÎÎ� ÔÕÎÅÌÀ×ÁÎÎÑ ÅÌÅÍÅÎÔ�× ÓÔÒËÔÕÒÉ, ÝÏ ×�ÏÒÑÄËÏ×Õ¤ÔØÓÑ.òÅÚÕÌØÔÁÔÉ ÏÂÞÉÓÌÅÎØ ÚÏÂÒÁÖÅÎÏ ÎÁ ÒÉÓ.4.6, 4.7, ×ÏÎÉ �ÏËÁÚÕÀÔØ, ÝÏÚÍ�ÎÏÀ ÌÉÛÅ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ �ÏÑÓÎÉÔÉ ÎÁÑ×ÎÉÊ �ÚÏÔÏ��ÞÎÉÊ ÅÆÅËÔÄÌÑ ËÒÉÓÔÁÌ�× �ØÏÇÏ ÔÉ�Õ ÎÅÍÏÖÌÉ×Ï.äÅÔÁÌØÎÅ ×É×ÞÅÎÎÑ ×�ÌÉ×Õ �Ï-�ÅÒÅÞÎÏÇÏ �ÏÌÑ ÎÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÍÏÄÅÌ� �ÏËÁÚÁÌÏ,ÝÏ ×ËÌÀÞÅÎÎÑÍ ÔÕÎÅÌÀ×ÁÎÎÑ ÎÅ ×ÄÁ¤ÔØÓÑ �ÏËÒÁÝÉÔÉ Ó��×�ÁÄ�ÎÎÑÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. äÌÑ Æ�ËÓÏ-×ÁÎÏÇÏ 
 ×ËÌÀÞÅÎÎÑ ! ÌÉÛÅ ÚÂ�ÌØÛÕ¤ ÓÔÁÔÉÞÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ.ðÒÏ×ÅÄÅÎ� ÎÁÍÉ ÒÏÚÒÁÈÕÎËÉ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ÔÁ ÓÔÁÔÉÞÎÏ§Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÄÌÑ Rs ÔÁ dRs �ÏËÁÚÁÌÉ, ÝÏ ÎÅÍÏÖ-ÌÉ×Ï ×ÉÂÒÁÔÉ ÔÁË� ÎÁÂÏÒÉ Í�ËÒÏ�ÁÒÁÍÅÔÒ�× K, J , � ÔÁ �, ÝÏÂ ÄÏ-ÂÉÔÉÓØ ÏÄÎÏÞÁÓÎÏ ÎÁÌÅÖÎÏ§ ÚÇÏÄÉ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ ÏÂÏÈÚÇÁÄÁÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË. �ÏÍÕ Ô×ÅÒÄÖÅÎÎÑ Á×ÔÏÒ�× Ò�ÚÎÉÈ ÒÏÂ�Ô, ÝÏÍÏÄÅÌØ í��Õ§ ÁÄÅË×ÁÔÎÁ Rs ÞÉ dRs � ÎÁÌÅÖÎÉÍ ÞÉÎÏÍ Ï�ÉÓÕ¤ Æ�ÚÉÞ-Î� ÈÁÒÁËÔÅÒÉÓÔÉËÉ �ÉÈ ËÒÉÓÔÁÌ�× ÍÏÖÌÉ×Ï ¤ �ÏÍÉÌËÏ×�. îÁ ÏÓÎÏ×�ÍÏÄÅÌ� (2.1) Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÞÉ ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ÔÕÎÅÌÀ×ÁÎÎÑ �ØÏÇÏÄÏÂÉÔÉÓØ ÎÅÍÏÖÌÉ×Ï. îÁ ÎÁÛÕ ÄÕÍËÕ ÄÕÖÅ ×ÁÖÌÉ×ÉÍ ¤ ×ÒÁÈÕ×ÁÎÎÑ�'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÔÁ ÓÔÒÉË��ÊÎÉÈ ÅÆÅËÔ�×, ÝÏ �ÒÉÊÎÑÔÏ ÄÏÕ×ÁÇÉ × ÒÏÂÏÔ� [32℄.
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òÉÓ. 4.6. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ �ÏÌÑÒÉÚÁ��§ Ú×ÉÞÁÊÎÏ§ � ÄÅÊÔÅÒÏ-×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÄÌÑ ÄÅË�ÌØËÏÈ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�×: Ì�Î�Ñ ÄÌÑ RsÔÁ dRs ×�Ä�Ï×�ÄÁ¤ ÎÁÂÏÒÁÍ �ÁÒÁÒÁÍÅÔÒ�× 4, 5 (ÔÁÂÌ. 4.1), ÛÔÒÉÈÏ×ÁÎÁÌ�Î�Ñ - ÍÏÄÅÌØ Ú ÎÁÂÏÒÏÍ �ÁÒÁÍÅÔÒ�× 5 Õ �Ï�ÅÒÅÞÎÏÍÕ �ÏÌ� 
 = 85 K.äÏ×Ç� ÛÔÒÉÈÉ ×�Ä�Ï×�ÄÁÀÔØ Rs0:5dRs0:5.
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T, KòÉÓ. 4.7. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ-×ÏÓÔ� Ú×ÉÞÁÊÎÏ§ � ÄÅÊÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÄÌÑ ÔÁËÉÈ ÖÅ ÎÁÂÏÒ�×�ÁÒÁÍÅÔÒ�×, ÑË ÎÁ �Ï�ÅÒÅÄÎØÏÍÕ ÒÉÓÕÎËÕ.



25 ðÒÅ�ÒÉÎÔ5. òÅÌÁËÓÁ��ÊÎÁ ÄÉÎÁÍ�ËÁ Rs ÔÁ dRs.ñË ÚÁÕ×ÁÖÅÎÏ × ÂÁÇÁÔØÏÈ ÒÏÂÏÔÁÈ [33,34℄ ÅÆÅËÔÉ ÔÕÎÅÌÀ×ÁÎÎÑ ÎÅ×�Ä�ÇÒÁÀÔØ �ÏÍ�ÔÎÏ§ ÒÏÌ� × ÓÅÇÎÅÔÏ×�Ê ÓÏÌ� ÚÇ�ÄÎÏ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÄÏ-ÓÌ�ÄÖÅÎÎÑ Ä�ÅÌÅËÔÒÉÞÎÏ§ ÓÔÁÌÏ§. �ÏÍÕ ××ÁÖÁÀÔØ, ÝÏ ÞÁÓÏ×� ËÏÒÅÌÑ-��§ ÚÕÍÏ×ÌÅÎ� ×ÚÁ¤ÍÏÄ�¤À Ú ÆÏÎÏÎÎÏÀ ��ÄÓÉÓÔÅÍÏÀ. äÌÑ ÆÅÎÏÍÅÎÏ-ÌÏÇ�ÞÎÏÇÏ Ï�ÉÓÕ ��¤§ ×ÚÁ¤ÍÏÄ�§ ×ÉËÏÒÉÓÔÏ×ÕÀÔØ ÍÅÔÏÄ çÌÁÕÂÅÒÁ [35℄.ë�ÎÅÔÉÞÎÅ Ò�×ÎÑÎÎÑ ÄÌÑ �, � × �ØÏÍÕ ��ÄÈÏÄ� ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉ ×ÔÁËÏÍÕ ×ÉÇÌÑÄ� [9℄:�� ddt� = � � 12 �th K 01t + th K 02t ; ��� ddt� = � � 12 �th K 01t � th K 02t ; � ; (5.1)ÄÅ � - �ÁÒÁÍÅÔÒ Ó��Î-ÆÏÎÏÎÎÏ§ ÒÅÌÁËÓÁ��§.òÏÚÇÌÑÄÁÀÞÉ ÓÌÁÂÏÎÅÒ�×ÎÏ×ÁÖÎÉÊ ×É�ÁÄÏË ÒÏÚËÌÁÄÅÍÏ �, � ÎÁ×-ËÏÌÏ Ò�×ÎÏ×ÁÖÎÉÈ ÚÎÁÞÅÎØ �, �: � = �+ �(t), � = �+�(t). ú Ò�×ÎÑÎÎÑ(5.1) ÏÔÒÉÍÁ¤ÍÏ, ÝÏ �, � ÚÁÄÏ×ÏÌØÎÑÔÉÍÕÔØ Ò�×ÎÑÎÎÑ (2.13), Á �(t),�(t) ÔÁËÕ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ:�� ddt�(t) =M11�(t) +M12�(t) �M1e(t);�� ddt�(t) =M21�(t) +M22�(t) �M2e(t); (5.2)ÄÅ M11 = 1 � 1t (1 � �2 � �2), M12 = � 2at ��, M21 = 2��t , M22 =1 + at (1� �2 � �2), M1 = 1t (1� �2 � �2), M2 = � 2��t .ûÕËÁÀÞÉ Ì�Î�ÊÎÉÊ ×�ÄÇÕË �(t) ÎÁ ÍÁÌÅ �ÏÌÅ e(t), ÏÔÒÉÍÁ¤ÍÏ ×ÞÁÓÔÏÔÎÏÍÕ �ÒÅÄÓÔÁ×ÌÅÎÎ� ÔÁËÉÊ ÒÅÚÕÌØÔÁÔ:�(!) = �0(!)e(!); (5.3)�0(!)= w1�11 + !2�21 + w2�21 + !2�22 +i! � w1�211 + !2�21 + w2�221 + !2�22 � ; (5.4)w1 = M1(M11 � ��2 ) +M2M12�2(��11 � ��12 )w2 = M1(M11 � ��1 ) +M2M12�2(��11 � ��12 ) ;ÄÅ ��11;2 = M11+M22�p(M11�M22)2+4M12M212� - ÏÂÅÒÎÅÎ� ÞÁÓÉ ÒÅÌÁËÓÁ��§ÍÏÄÅÌ�, ! = 2�� - �ÉËÌ�ÞÎÁ ÞÁÓÔÏÔÁ. ó��××�ÄÎÏÛÅÎÎÑ (5.3), (5.4) ÄÌÑ
ICMP{01{11U 26�ÏÌÑÒÉÚÁ��§ P ÔÁ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ E ÍÁÔÉÍÕÔØ ÔÁËÉÊ ×ÉÇÌÑÄ:P (!) = �(!)E(!);�(!) = 2�2v 1(K + J)�0(!): (5.5)ä�ÅÌÅËÔÒÉÞÎÁ �ÒÏÎÉËÎ�ÓÔØ �Ï×'ÑÚÁÎÁ �Ú ×�Ä�Ï×�ÄÎÏÀ Ó�ÒÉÊÎÑÔÌÉ×�Ó-ÔÀ ÎÁÓÔÕ�ÎÉÍ Ó��××�ÄÎÏÛÅÎÎÑÍ:"(!) = 1 + 4��(!) = "0(!)� i"00(!); (5.6)ÄÅ "0(!) ÔÁ "00(!) - Ä�ÊÓÎÁ ÔÁ ÕÑ×ÎÁ ÞÁÓÔÉÎÉ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉË-ÎÏÓÔ�.îÁ ÒÉÓ.5.1-5.6 ÎÁ×ÅÄÅÎÏ ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÄÉÎÁÍ�ÞÎÏ§ Ä�-ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ÄÌÑ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�. ðÒÉ ÒÏÚÒÁÈÕÎËÕ ÂÕ-ÌÏ ×ÉËÏÒÉÓÔÁÎÏ �ÁÒÁÍÅÔÒÉ, ÚÎÁÊÄÅÎ� ×ÉÝÅ: K = 1473, J = 802:12,� = 737:33 ÄÌÑ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÔÁ K = 1502, J = 810:07, � = 751:69ÄÌÑ ÄÅÊÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�. îÁ ÖÁÌØ, �ÒÉ ÚÎÁÊÄÅÎÉÈ ÎÁÍÉ ÒÁ-Î�ÛÅ � ��Ä�ÂÒÁÔÉ ÒÅÌÁËÓÁ��ÊÎÉÊ �ÁÒÁÍÅÔÒ � ÔÁË, ÝÏÂ ÚÁÄÏ×�ÌØÎÏ Ï�É-ÓÁÔÉ ÅËÓ�ÅÒÉÍÅÎÔ ÎÅ ×ÄÁ¤ÔØÓÑ. �ÏÍÕ ÄÌÑ Ï�ÉÓÕ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈÄÁÎÉÈ ÄÌÑ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ÂÕÌÏ ×ÉÂÒÁÎÏ �ÎÛ� ÚÎÁÞÅÎÎÑ:� = 1:8427� 10�18 ÄÌÑ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÔÁ � = 2:0� 10�18 ÄÌÑ ÄÅÊÔÅ-ÒÏ×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�. ðÏÌÑÒÉÚÁ��À ÔÁ ÓÔÁÔÉÞÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ�ÒÉ �ÉÈ ÎÏ×ÉÈ ÚÎÁÞÅÎÎÑÈ � ÚÏÂÒÁÖÅÎÏ ÎÁ ÒÉÓ. 5.7, 5.8. ñË ×ÉÄÎÏÚ ÒÉÓ. 5.1-5.6 ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ ÍÁÊÖÅ ×ÓÀÄÉ ÄÏÂÒÅÏ�ÉÓÕ¤ ÔÅÍ�ÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ�ÓÔØ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ÚÁ ×É-ÎÑÔËÏÍ ÏËÏÌ�× ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�×, ÄÅ Ä�ÊÓÎÁ ÞÁÓÔÉÎÁ �ÒÑÍÕ¤ ÄÏ "1.ãÅ ÚÕÍÏ×ÌÅÎÏ ÔÉÍ, ÝÏ ÞÁÓ ÒÅÌÁËÓÁ��§ × ÔÏÞËÁÈ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕÄÌÑ ÄÁÎÏ§ ÍÏÄÅÌ� ÒÏÚÂ�ÇÁ¤ÔØÓÑ (ÒÉÓ.5.9). ÷ ÔÏÊ ÖÅ ÞÁÓ ÎÁ ÅËÓ�ÅÒÉ-ÍÅÎÔ� ÒÏÚÂ�ÖÎÏÓÔ� ÎÅÍÁ¤.6. �ÅÒÍÏÄÉÎÁÍ�ËÁ ÔÁ ÒÅÌÁËÓÁ��ÊÎÁ ÄÉÎÁÍ�ËÁRbHSO4.óÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� RbHSO4 ÂÕÌÏ ×�ÄËÒÉÔÏ × 1960Ò. [46℄.äÌÑ �ØÏÇÏ ËÒÉÓÔÁÌÕ ÍÁ¤ Í�Ó�Å ÏÄÉÎ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ÄÒÕÇÏÇÏ ÒÏÄÕ(T
 = 265 K). í�ËÒÏÓËÏ��ÞÎÁ ÔÅÏÒ�Ñ RbHSO4 ×�ÅÒÛÅ ÂÕÌÁ ÚÁ�ÒÏ�Ï-ÎÏ×ÁÎÁ × ÒÏÂÏÔÁÈ [16,3℄. íÏÄÅÌØ, ÑËÁ ÄÏÓÌ�ÄÖÕ×ÁÌÁÓØ Á×ÔÏÒÁÍÉ �ÉÈÒÏÂ�Ô ÇÒÕÎÔÕ×ÁÌÁÓØ ÎÁ ÕÑ×ÌÅÎÎÑÈ, ÝÏ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä × RbHSO4�Ï×'ÑÚÁÎÉÊ Ú ×�ÏÒÑÄËÕ×ÁÎÎÑÍ ÓÕÌØÆÁÔÎÉÈ ÇÒÕ�, ÑË� Õ ×ÉÓÏËÏÔÅÍ-�ÅÒÁÔÕÒÎ�Ê ÆÁÚ� ÒÕÈÁÀÔØÓÑ × ÁÓÉÍÅÔÒÉÞÎÏÍÕ Ä×ÏÍ�Î�ÍÕÍÎÏÍÕ �Ï-ÔÅÎ��ÁÌ�. �ÁËÉÍ ÞÉÎÏÍ, RbHSO4 ÔÁËÏÖ Ï�ÉÓÕ¤ÔØÓÑ ÍÏÄÅÌÌÀ í��Õ§
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òÉÓ. 5.1. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ "0 ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�: Ì�Î�§ - ÒÅÚÕÌØ-ÔÁÔÉ ÔÅÏÒÅÔÉÞÎÉÈ ÒÏÚÒÁÈÕÎË�× ÄÌÑ � = 0:9�10�13, � = 1:8487�10�18,ÓÉÍ×ÏÌÉ - ÄÁÎ� [33℄.
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òÉÓ. 5.2. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ "00 ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�.
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ν, HzòÉÓ. 5.3. þÁÓÔÏÔÎÁ ÚÁÌÅÖÎ�ÓÔØ "0 ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� �ÒÉ Ò�ÚÎÉÈ ÔÅÍ�Å-ÒÁÔÕÒÁÈ: a) - 235 K, b) - 245 K,
) - 265 K, d) - 285 K, e) - 305 K, f) -315 K. óÕ��ÌØÎ� Ì�Î�§ - ÒÅÚÕÌØÔÁÔÉ ÒÏÂÏÔÉ [32℄, ÛÔÒÉÈÏ×ÁÎ� - ÒÅÚÕÌØ-ÔÁÔÉ ÄÁÎÏ§ ÒÏÂÏÔÉ, ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ×ÚÑÔÏ Ú ÒÏÂ�Ô: � { [33℄, Æ{[36,37℄, H { [38℄, + { [39℄, � { [40℄, � { [41℄, � { [42℄, 4 { [43℄, � { [44℄.
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ν, HzòÉÓ. 5.4. þÁÓÔÏÔÎÁ ÚÁÌÅÖÎ�ÓÔØ "0 ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� �ÒÉ Ò�ÚÎÉÈ ÔÅÍ�Å-ÒÁÔÕÒÁÈ: a) - 235 K, b) - 245 K,
) - 265 K, d) - 285 K, e) - 305 K, f) -315 K. óÕ��ÌØÎ� Ì�Î�§ - ÒÅÚÕÌØÔÁÔÉ ÒÏÂÏÔÉ [32℄, ÛÔÒÉÈÏ×ÁÎ� - ÒÅÚÕÌØ-ÔÁÔÉ ÄÁÎÏ§ ÒÏÂÏÔÉ, ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ×ÚÑÔÏ Ú ÒÏÂ�Ô: � { [33℄, Æ{[36,37℄, H { [38℄, + { [39℄, � { [40℄, � { [42℄, � { [45℄.
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òÉÓ. 5.5. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ "0 ÄÅÊÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ�:Ì�Î�§ - ÒÅÚÕÌØÔÁÔÉ ÔÅÏÒÅÔÉÞÎÉÈ ÒÏÚÒÁÈÕÎË�× ÄÌÑ � = 0:8 � 10�13,� = 2:00457� 10�18, ÓÉÍ×ÏÌÉ - ÄÁÎ� [34℄.
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òÉÓ. 5.7. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ �ÏÌÑÒÉÚÁ��§ Ú×ÉÞÁÊÎÏ§ (ÓÕ��ÌØÎÁÌ�Î�Ñ) ÔÁ ÄÅÊÔÅÒÏ×ÁÎÏ§ (ÛÔÒÉÈÉ) ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁ-ÍÅÔÒ�× 4, 5 Ú ÔÁÂÌ. 4.1; �Rs = 1:8487� 10�18, �dRs = 2:0046� 10�18.
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òÉÓ. 5.8. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ-×ÏÓÔ� Ú×ÉÞÁÊÎÏ§ (ÓÕ��ÌØÎÁ Ì�Î�Ñ) ÔÁ ÄÅÊÔÅÒÏ×ÁÎÏ§ (ÛÔÒÉÈÉ) ÓÅÇÎÅÔÏ×Ï§ÓÏÌ� ÄÌÑ ÔÁËÉÈ ÖÅ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�×, ÑË ÎÁ �Ï�ÅÒÅÄÎØÏÍÕ ÒÉÓÕÎËÕ.
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òÉÓ. 5.9. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÏÂÅÒÎÅÎÏ§ ÞÁÓÕ ÒÅÌÁËÓÁ��§ Ú×É-ÞÁÊÎÏ§ (ÓÕ��ÌØÎÁ Ì�Î�Ñ � �) ÔÁ ÄÅÊÔÅÒÏ×ÁÎÏ§ (ÛÔÒÉÈÉ � �) ÓÅÇÎÅÔÏ×Ï§ÓÏÌ� (ÓÉÍ×ÏÌÉ - [34℄).[1℄ (ÄÉ×. (2.1)). ÷ ÒÏÂÏÔÁÈ [3,10,16{19℄ ÂÕÌÏ ÄÏÓÌ�ÄÖÅÎÏ ÔÅÒÍÏÄÉÎÁ-Í�ÞÎ� ÔÁ Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� RbHSO4, RbDSO4 ÔÁ ÎÅ×�ÏÒÑÄËÏ-×ÁÎÉÈ ÍÁÔÅÒ�ÁÌ�× RbH1�xDxSO4. îÁ ÖÁÌØ ÏÔÒÉÍÁÎ� Á×ÔÏÒÁÍÉ �ÉÈÒÏÂ�Ô Í�ËÒÏ�ÁÒÁÍÅÔÒÉ ÎÅ ÄÁÀÔØ ÎÁÌÅÖÎÏÇÏ Ï�ÉÓÕ Ó�ÏÓÔÅÒÅÖÕ×ÁÎÏ-ÇÏ ÎÁ ÅËÓ�ÅÒÉÍÅÎÔ� ÓÔÒÉÂËÁ ÔÅ�ÌÏ¤ÍÎÏÓÔ� × ÔÏÞ�� ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ(�
 = 9:02 J/Mol K).ïÓË�ÌØËÉ × RbHSO4 ÔÁ × ÎÅ×�ÏÒÑÄËÏ×ÁÎÉÈ ÍËÔÅÒ�ÁÌÁÈ ÎÁ ÊÏÇÏÏÓÎÏ×� ÍÁ¤ Í�Ó�Å ÌÉÛÅ ÏÄÉÎ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ÄÒÕÇÏÇÏ ÒÏÄÕ, ÍÏÖÌÉ×�ÚÎÁÞÅÎÎÑ Í�ËÒÏ�ÁÒÁÍÅÔÒ�× ÄÌÑ �ÉÈ Ó�ÏÌÕË ÚÎÁÈÏÄÑÔØÓÑ × ÏÂÌÁÓÔÑÈI, II ÆÁÚÏ×Ï§ Ä�ÁÇÒÁÍÉ. ïÓË�ÌØËÉ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ ÍÏÄÅÌ�, ÑËÁ ÄÏÓÌ�ÄÖÕ-¤ÔØÓÑ, ÚÁÌÅÖÉÔØ ÌÉÛÅ ×�Ä ÂÅÚÒÏÚÍ�ÒÎÉÈ �ÁÒÁÍÅÔÒ�× a � 
, §È ÚÎÁÞÅÎÎÑÂÕÌÉ ÚÎÁÊÄÅÎ� ÔÁËÉÍ ÞÉÎÏÍ, ÝÏÂ ÒÏÚÒÁÈÏ×ÁÎÉÊ ÓÔÒÉÂÏË ÔÅ�ÌÏ¤ÍÎÏÓ-Ô� Ó��×�ÁÄÁ× Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ Ó�ÏÓÔÅÒÅÖÕ×ÁÎÉÍ. äÁÌ� �ÁÒÁÍÅÔÒÉK, J , � ×ÉÚÎÁÞÁÌÉÓØ ÎÁ ÏÓÎÏ×� ÒÅÚÕÌØÔÁÔ�× ÄÌÑ a � 
 Ú ÕÍÏ×É, ÝÏÂÒÏÚÒÁÈÏ×ÁÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ Ó��×�ÁÄÁÌÁ �Ú Ó�ÏÓÔÅÒÅ-ÖÕ×ÁÎÏÀ ÎÁ ÅËÓ�ÅÒÉÍÅÎÔ�. ÷ ÒÅÚÕÌØÔÁÔ� ÄÌÑ RbHSO4 ÂÕÌÏ ÏÔÒÉÍÁÎÏÎÁÂ�Ò Í�ËÒÏ�ÁÒÁÍÅÔÒ�×: K = 880:64 K, J = 780:9 K, � = 398:8 K,� = 0:425276� 10�18. ðÒÉ �ØÏÍÕ ÂÕÌÏ ×ÒÁÈÏ×ÁÎÏ, ÝÏ ÄÌÑ RbHSO4v = 2:105� 10�22 
m3.



33 ðÒÅ�ÒÉÎÔ�ÁÂÌ. 6.1. îÁÂÏÒÉ �ÁÒÁÍÅÔÒ�× ÄÌÑ RbHSO4 ÔÁ RbDSO4, ÏÔÒÉÍÁÎ� ×ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ (ÎÁÂÏÒÉ 5 ÔÁ 6 ÚÎÁÊÄÅÎÏ × ÄÁÎ�ÊÒÏÂÏÔ�).No Ó�ÏÌÕËÁ K, K J , K �, K a 
1. RbHSO4 [3℄ 616 784 245 -0.12 0.352. RbHSO4 [16℄ 1040 228 468 0.64 0.7383. RbHSO4 [17℄ 616 777.2 244 -0.116 0.354. RbHSO4 [18℄ 616 784 244 -0.12 0.3485. RbHSO4 880.64 780.9 398.8 0.06 0.486. RbDSO4 842.4 747.1 381.5 0.06 0.48òÏÚÒÁÈÕÎËÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉËÎÅ×�ÏÒÑÄËÏ×ÁÎÉÈ ÍÁÔÅÒ�ÁÌ�× RbH1�xDxSO4 �ÒÏ×ÏÄÉÌÉÓØ × ÎÁÂÌÉ-ÖÅÎÎ� ÓÅÒÅÄÎØÏÇÏ ËÒÉÓÔÁÌÕ, �ÒÉÊÍÁÀÞÉ ÄÏ Õ×ÁÇÉ,ÝÏ §Í ×�Ä�Ï×�ÄÁÀÔØÍ�ËÒÏ�ÁÒÁÍÅÔÒÉ Kx = KH(1� x) +KDx;Jx = JH(1� x) + JDx;�x = �H(1� x) + �Dx: (6.1)�ÕÔ KH , JH , �H i KD, JD, �D Í�ËÒÏ�ÁÒÁÍÅÔÒÉ, ×�Ä�Ï×�ÄÎÏ, ÄÌÑRbHSO4 ÔÁ RbDSO4. ðÒÉ �ØÏÍÕ �ÒÉÊÍÁÌÏÓØ ÄÏ Õ×ÁÇÉ, ÝÏ ÄÌÑRbDSO4 T
 = 252 K. ðÏ ÁÎÏÌÏÇ�§ Ú RbHSO4 ÍÉ ÏÔÒÉÍÁÌÉ Í�ËÒÏ-�ÁÒÁÍÅÔÒÉ ÄÌÑ RbH0:3D0:7SO4, Á �ÏÔ�Í ÎÁ ÏÓÎÏ×� (6.1) ÚÎÁÊÛÌÉ �Á-ÒÁÍÅÔÒÉ ÄÌÑ RbDSO4. ÷ ÔÁÂÌÉ�� 6.1 �ÒÅÄÓÔÁ×ÌÅÎÏ Í�ËÒÏ�ÁÒÁÍÅÔÒÉÄÌÑ RbHSO4 ÔÁ RbDSO4, ÏÔÒÉÍÁÎ� × ÄÁÎ�Ê ÔÁ Á×ÔÏÒÁÍÉ �ÎÛÉÈ ÒÏÂ�Ô[3,16{18℄. îÁ ÏÓÎÏ×� ÏÔÒÉÍÁÎÉÈ ÎÁÍÉ Í�ËÒÏ�ÁÒÁÍÅÔÒ�× ÄÌÑ RbHSO4ÔÁ RbDSO4 �Ú ÔÁÂÌÉ�� 6.1 ÍÉ �ÒÏ×ÏÄÉÌÉ ÒÏÚÒÁÈÕÎËÉ Æ�ÚÉÞÎÉÈ ÈÁÒÁË-ÔÅÒÉÓÔÉË ÍÁÔÅÒ�ÁÌ�× RbH1�xDxSO4, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ (6.1). òÅÚÕÌØ-ÔÁÔÉ ÒÏÚÒÁÈÕÎË�× �ÏÌÑÒÉÚÁ��§, ÏÂÅÒÎÅÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ-×ÏÓÔ� ÔÁ ×ËÌÁÄÕ ÅÌÅÍÅÎÔ�× ÓÔÒÕËÔÕÒÉ, ÝÏ ×�ÏÒÑÄËÏ×ÕÀÔØÓÑ, × ÔÅ�ÌÏ-¤ÍÎ�ÓÔØ ÄÌÑ RbH1�xDxSO4 ÒÁÚÏÍ Ú ÎÁÑ×ÎÉÍÉ ÄÌÑ ÎÉÈ ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÎÁ×ÅÄÅÎÏ ÎÁ ÒÉÓ. 6.1-6.3. ïËÒÅÍÏ ÎÁ ÒÉÓ.6.4 �ÒÅÄ-ÓÔÁ×ÌÅÎÏ ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÔÅ�ÌÏ¤ÍÎÏÓÔ� ÔÁ ×�Ä�Ï×�ÄÎ� ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ RbHSO4. îÁ ÒÉÓ.6.5-6.9 ÒÁÚÏÍ Ú ÎÁÑ×ÎÉÍÉ ÅËÓ-�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ "0(�; T ), "00(�; T )ÄÌÑ RbHSO4 ÔÁ ÏÂÅÒÎÅÎÏÇÏ ÞÁÓÕ ÒÅÌÁËÓÁ��§ ÄÌÑ RbH1�xDxSO4. íÁ¤Í�Ó�Å ÄÏÂÒÁ Ë�ÌØË�ÓÎÁ ÚÇÏÄÁ ÒÅÚÕÌØÔÁÔ�× ÒÏÚÒÁÈÕÎËÕ Ú ÄÁÎÉÍÉ ÅËÓ-�ÅÒÉÍÅÎÔÕ ÄÌÑ ÄÏÓÌ�ÄÖÕ×ÁÎÉÈ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË RbHSO4.îÁ ÒÉÓ.6.10-6.13 �ÏËÁÚÁÎÏ, ÝÏ ÍÁ¤ Í�Ó�Å ÄÏÂÒÉÊ Ï�ÉÓ ÄÁÎÉÈ ÒÏÂÏÔÉ
ICMP{01{11U 34

160 180 200 220 240 260 280

0.0

0.1

0.2

0.3

0.4

0.5

0.6

T, K

P,µC/cm2

òÉÓ. 6.1. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ �ÏÌÑÒÉÚÁ��§ RbH1�xDxSO4 ÄÌÑx =1, 0.7, 0.5, 0.25, 0; � - ÒÅÚÕÌØÔÁÔÉ ÒÏÂÏÔÉ [50℄.[17℄ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏÀ ÔÅÏÒ�¤À ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÔÁ ÞÁÓÔÏÔÎÉÈ ÚÁÌÅÖÎÏÓ-ÔÅÊ "0(�; T ), "00(�; T ) ÄÌÑ RbH0:3D0:7SO4. �ÁËÉÍ ÞÉÎÏÍ, ÍÉ ÏÔÒÉÍÁÌÉÄÏÂÒÕ Ë�ÌØË�ÓÎÕ ÚÇÏÄÕ ÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ Ú ÄÁÎÉ-ÍÉ ÅËÓ�ÅÒÉÍÅÎÔÕ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ � ÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉËÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× RbHSO4 ÔÁ RbH0:3D0:7SO4. ãÅ ÄÁ¤ ÎÁÍ ÍÏÖÌÉ-×�ÓÔØ ÓÔ×ÅÒÄÖÕ×ÁÔÉ, ÝÏ ÍÏÄÅÌØ í��Õ§ (2.1) �Ï×Î�ÓÔÀ ÁÄÅË×ÁÔÎÁ ÄÁ-ÎÉÍ ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁÍ.7. úÁËÌÀÞÎ� ÚÁÕ×ÁÖÅÎÎÑ÷ ÄÁÎ�Ê ÒÏÂÏÔ� �ÒÅÄÓÔÁ×ÌÅÎ� ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÔÅÒÍÏÄÉÎÁÍ�Þ-ÎÉÈ � ÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÓÅÇÎÅÔÏÁËÔÉ×ÎÉÈ ÍÁÔÅÒ�ÁÌ�× ÔÉ�ÕÌÁÄ-ÂÅÚÌÁÄ, ÑË� Ï�ÉÓÕÀÔØÓÑ �ÓÅ×ÄÏÓ��ÎÏ×ÏÀ ÍÏÄÅÌÌÀ Ú ÁÓÉÍÅÔÒÉÞ-ÎÉÍ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÍ �ÏÔÅÎ��ÁÌÏÍ Ú Ä×ÏÍÁ Í�Î�ÍÕÍÁÍÉ. ÷�ÅÒÛÅ ÄÅ-ÔÁÌØÎÏ ×ÉÑÓÎÅÎÏ ÒÏÌØ ÅÆÅËÔ�× ÔÕÎÅÌÀ×ÁÎÎÑ ÄÌÑ ÍÁÔÅÒ�ÁÌ�×, ÑË� Ï�É-ÓÕÀÔØÓÑ ÄÁÎÏÀ ÍÏÄÅÌÌÀ, �ÏËÁÚÁÎÏ ÊÏÇÏ ×�ÌÉ× ÎÁ ÆÁÚÏ×Õ Ä�ÁÇÒÁÍÕ.äÅÔÁÌØÎÏ �ÒÏÁÎÁÌ�ÚÏ×ÁÎÏ ÍÏÖÌÉ×� ÆÁÚÏ×� �ÅÒÅÈÏÄÉ ÄÌÑ ÄÁÎÏ§ ÍÏÄÅÌ�× ÚÁÌÅÖÎÏÓÔ� ×�Ä Í�ËÒÏ�ÁÒÁÍÅÔÒ�× � �ÒÅÄÓÔÁ×ÌÅÎÏ ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁ-ÈÕÎË�× ×�Ä�Ï×�ÄÎÉÈ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÄÌÑ Ò�ÚÎÉÈ ÍÁÔÅÒ�ÁÌ�×.ã�ËÁ×ÉÍ ¤ ÒÅÚÕÌØÔÁÔ ÄÏÓÌ�ÄÖÅÎÎÑ ÍÁÔÅÒ�ÁÌ�× Ú ÔÒØÏÍÁ ÆÁÚÏ×ÉÍÉ �Å-
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òÉÓ. 6.2. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÏÂÅÒÎÅÎÎÏ§ ÓÔÁÔÉÞÎÏ§ Ó�ÒÉÊÎÑÔ-ÌÉ×ÏÓÔ� RbH1�xDxSO4 ÄÌÑ x =1, 0.7, 0.5, 0.25, 0; ÓÉÍ×ÏÌÉ - ÒÅÚÕÌØ-ÔÁÔÉ ÒÏÂÏÔÉ [50℄.
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òÉÓ. 6.3. ÷ËÌÁÄ ÅÌÅÍÅÎÔ�× ×�ÏÒÑÄËÕ×ÁÎÎÑ Õ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ ÑË ÆÕÎË��ÑÔÅÍ�ÅÒÁÔÕÒÉ ÄÌÑ RbH1�xDxSO4 ÄÌÑ x =1, 0.7, 0.5, 0.25, 0.
ICMP{01{11U 36

80 120 160 200 240 280

20

40

60

80

100

T, K

C, J/mol K

òÉÓ. 6.4. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÔÅ�ÌÏ¤ÍÎÏÓÔ� RbHSO4 (ÓÕ��ÌØ-ÎÁ Ì�Î�Ñ - ÒÅÚÕÌØÔÁÔÉ ÏÂÞÉÓÌÅÎØ Ú ÎÁÂÏÒÏÍ �ÁÒÁÍÅÔÒ�× 5 ÔÁÂÌ. 6.1,ÛÔÒÉÈÉ ×�Ä�Ï×�ÄÁÀÔØ ÎÁÂÏÒÁÍ �ÁÒÁÍÅÔÒ�× 1 ÔÁ 2, ÓÉÍ×ÏÌÉ - ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎ� ÄÁÎ� [3℄).
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òÉÓ. 6.5. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ "0 RbHSO4 (� = 0:48 � 10�13):ÓÕ��ÌØÎ� Ì�Î�§ - ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË�×, ÓÉÍ×ÏÌÉ - [17℄.
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òÉÓ. 6.6. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ "00 RbHSO4 (� = 0:48 � 10�13):ÓÕ��ÌØÎ� Ì�Î�§ - ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË�×, ÓÉÍ×ÏÌÉ - [17℄.
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òÉÓ. 6.7. "0 RbHSO4 ÑË ÆÕÎË��Ñ ÞÁÓÔÏÔÉ: ÓÕ��ÌØÎ� Ì�Î�§ - ÒÅÚÕÌØÔÁÔÉÒÏÚÒÁÈÕÎË�×, ÓÉÍ×ÏÌÉ - [17℄.
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òÉÓ. 6.8. "00 RbHSO4 ÑË ÆÕÎË��Ñ ÞÁÓÔÏÔÉ: ÓÕ��ÌØÎ� Ì�Î�§ - ÒÅÚÕÌØÔÁÔÉÒÏÚÒÁÈÕÎË�×, ÓÉÍ×ÏÌÉ - [17℄.
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òÉÓ. 6.9. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÏÂÅÒÎÅÎÏÇÏ ÞÁÓÕ ÒÅÌÁËÓÁ��§RbHSO4 (ÓÕ��ÌØÎÁ Ì�Î�Ñ) ÔÁ RbDSO4 (ÎÔÒÉÈÉ), RbH0:5D0:5SO4 (...)� - [17℄, � - [20℄.
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òÉÓ. 6.10. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ "0 RbH0:3D0:7SO4 (� = 0:54 �10�13): ÓÕ��ÌØÎ� Ì�Î�§ - ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË�×, ÓÉÍ×ÏÌÉ - [17℄.
245 250 255 260 265 270

0

5

10

15

20

25

30

35

40

T, K

ε’’

 ν=8,72GHz
 ν=12.5GHz
 ν=18,75GHz
 ν=27,25GHz
 ν=78,5GHz

òÉÓ. 6.11. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ "00 RbH0:3D0:7SO4 (� = 0:54 �10�13): ÓÕ��ÌØÎ� Ì�Î�§ - ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË�×, ÓÉÍ×ÏÌÉ - [17℄.
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òÉÓ. 6.12. "0 RbH0:3D0:7SO4 ÑË ÆÕÎË��Ñ ÞÁÓÔÏÔÉ: ÓÕ��ÌØÎ� Ì�Î�§ - ÒÅ-ÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË�×, ÓÉÍ×ÏÌÉ - [17℄.
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òÉÓ. 6.13. "00 RbH0:3D0:7SO4 ÑË ÆÕÎË��Ñ ÞÁÓÔÏÔÉ: ÓÕ��ÌØÎ� Ì�Î�§ - ÒÅ-ÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË�×, ÓÉÍ×ÏÌÉ - [17℄.



41 ðÒÅ�ÒÉÎÔÒÅÈÏÄÁÍÉ, ÚÏËÒÅÍÁ f(NH4)3H(SO4)2g1�xf(ND4)3D(SO4)2gx [51℄. áÌÅ,ÎÁ ÖÁÌØ ÍÉ ×ÏÌÏÄ�¤ÍÏ ÏÂÍÅÖÅÎÉÍ ÎÁÂÏÒÏÍ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁ-ÎÉÈ ÄÌÑ �ÉÈ ËÒÉÓÔÁÌ�× � ÔÏÍÕ ÍÉ ÍÏÖÅÍÏ ÏÓÔÁÔÏÞÎÏ ÓÔ×ÅÒÄÖÕ×ÁÔÉ,ÝÏ ÄÁÎÁ ÍÏÄÅÌØ ¤ §Í ÁÄÅË×ÁÔÎÁ.ëÏÎËÒÅÔÎ� ÒÅÚÕÌØÔÁÔÉ �ÒÉ×ÅÄÅÎÏ ÄÌÑÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× (dRs)xRs1�x ÔÁ RbH1�xDxSO4.÷ÁÖÌÉ×Ï ×�ÄÚÎÁÞÉÔÉ, ÝÏ ÎÁÛÅ ÄÏÓÌ�ÄÖÅÎÎÑ �ÏËÁÚÁÌÏ, ÝÏ × ÒÁÍ-ËÁÈ ÍÏÄÅÌ�, ÑËÁ ÄÏÓÌ�ÄÖÕ¤ÔØÓÑ, ×ÒÁÈÕ×ÁÎÎÑ ÔÕÎÅÌÀ×ÁÎÎÑ ÄÏÚ×ÏÌÑ¤×ÓÔÁÎÏ×ÉÔÉ ÔÁËÉÊ ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�×, �ÒÉ ÑËÏÍÕ ÓÉÓÔÅÍÁ ÚÁÚÎÁ¤ ËÒ�ÍÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ II ÒÏÄÕ ÝÅ ÄÏÄÁÔËÏ×ÏÇÏ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÏÇÏÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ I ÒÏÄÕ, ÑË �Å ¤ ÄÌÑ NH4HSO4. äÅÔÁÌØÎÅ ÄÏÓÌ�-ÄÖÅÎÎÑ ÍÏÖÌÉ×ÏÓÔ� Ï�ÉÓÕ Ä�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊNH4HSO4 ÎÁÏÓÎÏ×� ÍÏÄÅÌ� í��Õ§ Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ ÂÕÄÅ ÚÄ�ÊÓÎÅÎÏ × ÎÁÓÔÕ�Î�Ê ÒÏ-ÂÏÔ�.ã�ËÁ×ÉÍÉ ¤ ÒÅÚÕÌØÔÁÔÉ ÄÏÓÌ�ÄÖÅÎÎÑ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�ÕRbHSO4 ÔÁ Rs. ðÅÒÛÉÊ Ú ÎÉÈ ÎÅ ¤ �'¤ÚÏÅÌÅËÔÒÉËÏÍ, Á ÄÒÕÇÉÊ ÎÁ-ÌÅÖÉÔØ ÄÏ ËÒÉÓÔÁÌ�×, × ÑËÉÈ �'¤ÚÏÅÆÅËÔ ÓÕÔÔ¤×Ï ×ÉÚÎÁÞÁ¤ Æ�ÚÉÞÎ�ÈÁÒÁËÔÅÒÉÓÔÉËÉ �ØÏÇÏ ÔÉ�Õ ÍÁÔÅÒ�ÁÌ�× [32℄. ÷ ÍÏÄÅÌ�, ÑËÁ ×É×ÞÁ¤ÔØ-ÓÑ ÎÁÍÉ, ÎÅ ×ÒÁÈÏ×ÁÎÏ �'¤ÚÏÅÌÅËÔÒÉÞÎÕ ×ÚÁ¤ÍÏÄ�À.óÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ Õ ÚÇÁÄÁÎÉÈ ÓÅÇÎÅÔÏÁËÔÉ×ÎÉÈ ÍÁÔÅÒ�ÁÌÁÈ ÄÕ-ÖÅ ×ÁÖÌÉ×ÏÀ ¤ ×ÚÁ¤ÍÏÄ�Ñ ÅÌÅÍÅÎÔ�× ÓÔÒÕËÔÕÒÉ, ÝÏ ×�ÏÒÑÄËÏ×ÕÀÔØ-ÓÑ, Ú ÆÏÎÏÎÁÍÉ. ÷�Ä�Ï×�ÄÎ� ÄÏÓÌ�ÄÖÅÎÎÑ ÄÌÑ �ØÏÇÏ ÔÉ�Õ ÍÁÔÅÒ�ÁÌ�×�ÒÏ×ÏÄÉÌÉÓØ × ÒÏÂÏÔÁÈ [25{27℄.�ÁËÉÍ ÞÉÎÏÍ, ÎÅÚ×ÁÖÁÀÞÉ ÎÁ ×ÅÌÉËÕ Õ×ÁÇÕ ÄÏÓÌ�ÄÎÉË�× ÄÏ ÍÁÔÅ-Ò�ÁÌ�×, ÑË� Ï�ÉÓÕÀÔØÓÑ ÍÏÄÅÌÌÀ í��Õ§, ÚÏËÒÅÍÁ ÄÏ ËÒÉÓÔÁÌ�× ÔÉ�ÕÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÔÁ ÔÉ�Õ RbHSO4, ÄÏ �ØÏÇÏ ÞÁÓÕ ÏÓÔÁÔÏÞÎÏ ÎÅ Ú'Ñ-ÓÏ×ÁÎÁ ÍÏÖÌÉ×�ÓÔØ Ë�ÌØË�ÓÎÏÇÏ Ï�ÉÓÕ ÎÁ §§ ÏÓÎÏ×� Æ�ÚÉÞÎÉÈ ÈÁÒÁË-ÔÅÒÉÓÔÉË ÚÇÁÄÁÎÉÈ ÍÁÔÅÒ�ÁÌ�×. áÄÖÅ, �ÒÁËÔÉÞÎÏ Á×ÔÏÒÉ ×Ó�È ÚÇÁÄÁ-ÎÉÈ ×ÉÝÅ ÒÏÂ�Ô, ��ÄÂÉÒÁÌÉ Í�ËÒÏ�ÁÒÁÍÅÔÒÉ Ú ÍÅÔÏÀ Ï�ÉÓÕ ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÌÉÛÅ ÄÌÑ ÏËÒÅÍÉÈ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �ÉÈËÒÉÓÔÁÌ�×. ¶ÎÛ� Æ�ÚÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ �Ú ÏÔÒÉÍÁÎÉÍÉ ÔÁËÉÍ ÞÉÎÏÍÍ�ËÒÏ�ÁÒÁÍÅÔÒÁÍÉ ÎÅ ÒÏÚÒÁÈÏ×Õ×ÁÌÉÓØ.íÅÔÏÀ ÄÁÎÏ§ ÒÏÂÏÔÉ ÂÕ× ÒÏÚ-ÒÁÈÕÎÏË Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÍÏÄÅÌ� í��Õ§, ÄÏÓÌ�ÄÖÅÎÎÑ §È ÚÁ-ÌÅÖÎÏÓÔ� ×�Ä Í�ËÒÏ�ÁÒÁÍÅÔÒ�×, ×É×ÞÅÎÎÑ ×�ÌÉ×Õ ÅÆÅËÔ�× ÔÕÎÅÌÀ×ÁÎ-ÎÑ ÎÁ �� ÈÁÒÁËÔÅÒÉÓÔÉËÉ. äÕÖÅ ×ÁÖÌÉ×ÉÍ ÎÁÛÉÍ ÚÁ×ÄÁÎÎÑÍ ÂÕÌÁÒÏÚÒÏÂËÁ ÓÈÅÍÉ �ÏÛÕËÕ Í�ËÒÏ�ÁÒÁÍÅÔÒ�× ÄÌÑ Ú×ÉÞÁÊÎÏ§ � ÄÅÊÔÅÒÏ×Á-ÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ� ÔÁ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ RbHSO4, ÑË� ÄÏÚ×ÏÌÉ-ÌÉ Â Ï�ÉÓÁÔÉ ×�Ä�Ï×�ÄÎ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ �ÉÈ ËÒÉÓÔÁÌ�× �ÄÏ�ÏÍÏÇÌÉ Â ×ÉÑÓÎÉÔÉ ÁÄÅË×ÁÔÎ�ÓÔØ §Í ÄÏÓÌ�ÄÖÕ×ÁÎÏ§ ÍÏÄÅÌ�.óÌ�Ä Ú×ÅÒÎÕÔÉ Õ×ÁÇÕ ÝÅ ÎÁ ÏÄÉÎ ×ÁÖÌÉ×ÉÊ ÍÏÍÅÎÔ, �Ï×'ÑÚÁÎÉÊÚ �ÒÏ�ÅÄÕÒÏÀ ×ÉÂÏÒÕ Í�ËÒÏ�ÁÒÁÍÅÔÒ�× ËÒÉÓÔÁÌ�×. ÷ �Ï�ÅÒÅÄÎ�È ÒÏ-ÂÏÔÁÈ Ò�ÚÎ� Á×ÔÏÒÉ, ÑË ÚÇÁÄÕ×ÁÌÏÓØ ×ÉÝÅ, Í�ËÒÏ�ÁÒÁÍÅÔÒÉ K, J , �
ICMP{01{11U 42×ÉÚÎÁÞÁÌÉ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ Ô� ÞÉ �ÎÛ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� � �ÒÏ-×ÏÄÉÌÉ ×�Ä�Ï×�ÄÎ� ÔÅÏÒÅÔÉÞÎ� ÒÏÚÒÁÈÕÎËÉ �ÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË. ¶ ÄÏ-ÓÉÔØ ÞÁÓÔÏ ÒÏÚÒÁÈÕÎËÉ �ÎÛÉÈ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �ÉÈ ËÒÉÓÔÁÌ�×ÎÅ �ÒÏ×ÏÄÉÌÉÓØ. ú×ÉÞÁÊÎÏ, ÝÏ ÎÅ�ÏÓÌ�ÄÏ×ÎÉÊ ×ÉÂ�Ò �ÁÒÁÍÅÔÒ�×K, J ,� �ÒÉ×ÏÄÉ× × �ÉÈ ÒÏÂÏÔÁÈ ÄÏ ÎÅÂÁÖÁÎÏ§ ÚÍ�ÎÉ �ÁÒÁÍÅÔÒ�× � ÔÁ �.÷ ÒÏÂÏÔ� [52℄ �ÏËÁÚÁÎÏ, ÝÏ ÄÕÖÅ ×ÁÖÌÉ×ÏÀ ×ÅÌÉÞÉÎÏÀ �ÒÉ ×ÉÂÏÒ�Í�ËÒÏ�ÁÒÁÍÅÔÒ�× ÓÅÇÎÅÔÏÁËÔÉ×ÎÉÈ ÍÁÔÅÒ�ÁÌ�× ¤ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ.÷ ÄÁÎ�ÊÒÏÂÏÔ� �ÒÉ ×ÉÂÏÒ� Í�ËÒÏ�ÁÒÁÍÅÔÒ�×K, J , � ÍÉ ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÉ ÄÁÎ�ÄÌÑ ÔÅ�ÌÏ¤ÍÎÏÓÔ� ËÒÉÓÔÁÌ�×, ÑË� ÄÏÓÌ�ÄÖÕ×ÁÌÉÓØ. úÁÚÎÁÞÉÍÏ,ÝÏ ÄÌÑËÒÉÓÔÁÌ�× Rs ÔÁ dRs ÎÅÍÁ¤ Û×ÉÄÛÅ ×ÓØÏÇÏ ÎÁÄ�ÊÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑÔÅ�ÌÏ¤ÍÎÏÓÔ�.÷ ÒÅÚÕÌØÔÁÔ� �ÒÏ×ÅÄÅÎÉÈ ÒÏÚÒÁÈÕÎË�× ÎÁÍÉ ÂÕÌÉ ÏÔÒÉÍÁÎ� Í�ËÒÏ-�ÁÒÁÍÅÔÒÉ ÄÌÑ ËÒÉÓÔÁÌ�× ÔÉ�Õ RbHSO4, ÎÁ ÏÓÎÏ×� ÑËÉÈ ÂÕÌÏ ÒÏÚÒÁ-ÈÏ×ÁÎÏ Æ�ÚÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÎÅ×�ÏÒÑÄËÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�×RbH1�xDxSO4. ðÏËÁÚÁÎÏ, ÝÏ ÎÁ ÏÓÎÏ×� ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏÇÏ ÎÁÍÉ �ÏÓÌ�-ÄÏ×ÎÏÇÏ ��ÄÂÏÒÕ Í�ËÒÏ�ÁÒÁÍÅÔÒ�× ÏÔÒÉÍÁÎÏ ÄÏÂÒÉÊ Ë�ÌØË�ÓÎÉÊ Ï�ÉÓ×�Ä�Ï×�ÄÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑ �ÉÈ ËÒÉÓÔÁÌ�× � �ÒÅÄ-ÓÔÁ×ÌÅÎÏ ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË�× ÄÌÑ ÎÅ×�ÏÒÑÄËÏ×ÁÎÉÈ ËÒÉÓÔÁÌ�×RbH1�xDxSO4, ÑË� �ÒÏÇÎÏÚÕÀÔØ §È �Ï×ÅÄ�ÎËÕ � ÍÏÖÕÔØ ÂÕÔÉ �ÅÒÅ-×�ÒÅÎ� ÎÁ ÅËÓ�ÅÒÉÍÅÎÔ�.õ ×É�ÁÄËÕ ËÒÉÓÔÁÌ�× Rs ÔÁ dRs ÎÅÍÏÖÌÉ×Ï ÚÎÁÊÔÉ Í�ËÒÏ�ÁÒÁ-ÍÅÔÒÉ, ÑË� ÄÏÚ×ÏÌÉÌÉ Â ÄÏÓÑÇÔÉ ÏÄÎÏÞÁÓÎÏ ÄÏÂÒÏ§ ÚÇÏÄÉ ÔÅÏÒ�§ Ú ÅËÓ-�ÅÒÉÍÅÎÔÏÍ ÄÌÑ Ps(T ) ÔÁ "(0; T ). ðÒÉÞÉÎÁ ÔÕÔ ÏÞÅ×ÉÄÎÏ × ÎÅÈÔÕ-×ÁÎÎ� �'¤ÚÏÅÌÅËÔÒÉÞÎÏÀ ×ÚÁ¤ÍÏÄ�¤À. ãÅÊ ×ÉÓÎÏ×ÏË ��ÄÔ×ÅÒÄÖÕ¤ÔØÓÑÎÁÛÉÍÉ ÒÏÚÒÁÈÕÎËÁÍÉ ÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË, ÄÌÑ ÑËÉÈ ÏÔÒÉ-ÍÕ¤ÔØÓÑ ÚÁÄÏ×�ÌØÎÁ ÚÇÏÄÁ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. ïÔÖÅ, ÏÞÅ×ÉÄÎÏ,ÝÏ Ú ÒÏÓÔÏÍ ÞÁÓÔÏÔÉ ÅÆÅËÔÉ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ×ÚÁ¤ÍÏÄ�§ × ËÒÉÓÔÁÌÁÈÔÉ�Õ Rs Î�×ÅÌÀÀÔØÓÑ. íÁ¤ Í�Ó�Å ÅÆÅËÔ ÚÁÔÉÓËÁÎÎÑ � ÍÉ ÄÏÓÑÇÁ¤ÍÏÄÏÂÒÏ§ ÚÇÏÄÉ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ "0(�; T ) ÔÁ "00(�; T ).ýÅ ÏÄÎÁ ×ÁÖÌÉ×Á ÄÅÔÁÌØ: ÑËÝÏ ×ÉÂÒÁÔÉ Í�ËÒÏ�ÁÒÁÍÅÔÒÉ K, J ,� ÔÁËÉÍÉ (ÄÉ×. ÆÁÚÏ×Õ Ä�ÁÇÒÁÍÕ), ÝÏ ÌÅÖÁÔØ ÎÁ ÏÄÎ�Ê Ì�Î�§, ÁÌÅ ÏÔ-ÒÉÍÕ¤ÔØÓÑ, ÝÅ ÔÒÅÔ�Ê ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä × Rs,ÔÏ ÚÇÏÄÁ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ Ps(T ) ÔÁ "(0; T ) ÍÏÖÅ �ÏËÒÁÝÉ-ÔÉÓØ. áÌÅ ÄÏÓ� ÎÅ ÄÏ×ÅÄÅÎÏ, ÝÏ × Rs ¤ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÉÊ �ÅÒÅÈ�Ä,ÈÏÞÁ ÒÑÄ Á×ÔÏÒ�× �ÒÏ �Å ÓÔ×ÅÒÄÖÕ×ÁÌÉ.ì�ÔÅÒÁÔÕÒÁ1. Mitsui T. Theory of the ferroele
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