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ë�ÎÅÔÉËÁ È�Í�ÞÎÉÈ ÒÅÁË��Ê × ÁÚÏÔÎÏ-×ÏÄÎÅ×ÉÈ ÓÕÍ�ÛÁÈ Õ �ÒÏ�ÅÓ�ËÁÔÁÌ�ÚÕ. äÅÑË� ÁÓ�ÅËÔÉ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÉÓÕí.÷.�ÏËÁÒÞÕË, ÷.÷.¶ÇÎÁÔÀË, ê.á.çÕÍÅÎÀË, ï.´.ëÏÂÒÉÎáÎÏÔÁ��Ñ. ðÒÏ×ÅÄÅÎÏ ÏÇÌÑÄ ÒÏÂ�Ô È�Í�ÞÎÏ§ Ë�ÎÅÔÉËÉ ËÁÔÁÌ�ÚÕ ÁÍ�ÁËÕ ÎÁÍÅÔÁÌ�ÞÎÉÈ �Ï×ÅÒÈÎÑÈ. ïÓÎÏ×ÎÁ Õ×ÁÇÁ �ÒÉÄ�ÌÑÌÁÓØ ÁÎÁÌ�ÚÕ ÚÁ�ÒÏ�ÏÎÏ×Á-ÎÉÈ ÍÅÈÁÎ�ÚÍ�× ÓÉÎÔÅÚÕ ÁÍ�ÁËÕ. íÏÖÎÁ ÚÒÏÂÉÔÉ ×ÉÓÎÏ×ÏË, ÝÏ ÁËÔÕÁÌØÎÉ-ÍÉ ÓÔÁÀÔØ ËÁÔÁÌ�ÔÉÞÎ� �ÒÏ�ÅÓÉ ÎÁ ÎÁÎÏÓÔÒÕËÔÕÒÁÈ, ÄÅ ÄÏÓÑÇÁ¤ÔØÓÑ ×ÅÌÉËÁÅÆÅËÔÉ×ÎÁ ËÁÔÁÌ�ÔÉÞÎÁ �Ï×ÅÒÈÎÑ. ðÒÏ×ÅÄÅÎÏ ÒÏÚÒÁÈÕÎÏË ËÏÅÆ���¤ÎÔ�× �Å-ÒÅÎÏÓÕ ÄÌÑ ÁÚÏÔÎÏ-×ÏÄÎÅ×Ï§ ÓÕÍ�Û� H2, N2, NH3 �Ú ÚÍ�ÎÏÀ ËÏÎ�ÅÎÔÒÁ��§ÁÍ�ÁËÕ �ÒÉ ÔÅÍ�ÅÒÁÔÕÒ� 450 0C � ÔÉÓËÁÈ p = 70, p = 110 � p = 150 ÁÔÍ.× ÏÂ'¤ÍÎ�Ê ÆÁÚ�. ðÏËÁÚÁÎÏ, ÝÏ × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÔÉÓËÕ ÚÎÁÞÎÏ§ ÚÍ�ÎÉ ÚÁ-ÚÎÁ¤ ËÏÅÆ���¤ÎÔ ÏÂ'¤ÍÎÏ§ ×'ÑÚËÏÓÔ� ÓÕÍ�Û�, Á ÔÅ�ÌÏ�ÒÏ×�ÄÎ�ÓÔØ ÔÁ ÚÓÕ×ÎÁ×'ÑÚË�ÓÔØ ÚÍ�ÎÀÀÔØÓÑ ÍÁÌÏ. ÷ÒÁÈÕ×ÁÎÎÑ ÄÉ�ÏÌØÎÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö ËÏÍ�Ï-ÎÅÎÔÁÍÉ ÓÕÍ�Û� ÑË Ë�ÌØË�ÓÎÏ ÔÁË � ÑË�ÓÎÏ ×�ÌÉ×Á¤ ÎÁ �Ï×ÅÄ�ÎËÕ ËÏÅÆ���¤Î-Ô�× �ÅÒÅÎÏÓÕ. ðÒÅÄÓÔÁ×ÌÅÎÏ Í�ËÒÏÓËÏ��ÞÎÕ ÔÅÏÒ�À Ë�ÎÅÔÉÞÎÉÈ ÅÌÅËÔÒÏÎÎÉÈÔÁ ÁÔÏÍÎÉÈ ÄÉÆÕÚ�ÊÎÉÈ �ÒÏ�ÅÓ�× Õ ÓÉÓÔÅÍ� \ÍÅÔÁÌ { ÁÄÓÏÒÂÁÔ { ÇÁÚ". úÁÄÏ�ÏÍÏÇÏÀ ÍÅÔÏÄÕ îóï ÏÔÒÉÍÁÎÏ ÕÚÁÇÁÌØÎÅÎÅ Ë�ÎÅÔÉÞÎÅ Ò�×ÎÑÎÎÑ ÄÌÑÏÄÎÏÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ, �Ï×'ÑÚÁÎÅ Ú ÕÚÁÇÁÌØÎÅÎÉÍÉ Ò�×ÎÑÎÎÑÍÉÄÉÆÕÚ�§ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ.Kineti
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1 ðÒÅ�ÒÉÎÔáÎÁÌ�Ú Ë�ÎÅÔÉËÉ È�Í�ÞÎÉÈ ÒÅÁË��Ê × ÁÚÏÔÎÏ-×ÏÄÎÅ-×ÉÈ ÓÕÍ�ÛÁÈ Õ �Ï�ÅÓ� ËÁÔÁÌ�ÚÕîÅÚ×ÁÖÁÀÞÉ ÎÁ �ÓÎÕÀÞ� ÒÏÚÒÏÂÌÅÎ� ÍÁÔÅÍÁÔÉÞÎ� ÍÏÄÅÌ� Æ�ÚÉËÏ-È�-Í�ÞÎÉÈ �ÒÏ�ÅÓ�× Õ �ÒÏÍÉÓÌÏ×ÉÈ ÒÅÁËÔÏÒÁÈ Ú ÎÅÒÕÈÏÍÉÍ ÛÁÒÏÍ ËÁ-ÔÁÌ�ÚÁÔÏÒÁ, Õ ÓÕÞÁÓÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ-ÄÏÓÌ�ÄÎÉ�ØËÉÈ ÒÅÁËÔÏÒÁÈ�ÒÏÂÌÅÍÁ ÒÏÚÕÍ�ÎÎÑ ÍÅÈÁÎ�ÚÍ�× ËÁÔÁÌ�ÚÕ ¤ ÁËÔÕÁÌØÎÏÀ [1-7℄. ïÓÎÏ×ÎÁÔÒÕÄÎ�ÓÔØ �ÏÌÑÇÁ¤ Õ ÔÏÍÕ, ÛÏ ×�ÄÓÕÔÎÑ ÄÏÂÒÁ Ë×ÁÎÔÏ×Ï-ÓÔÁÔÉÓÔÉÞÎÁÔÅÏÒ�Ñ ÚÁÓÔÏÓÏ×ÎÁ ÄÏ È�Í�ÞÎÏ§ Ë�ÎÅÔÉËÉ.õ ÓÕÞÁÓÎÉÈ ËÁÔÁÌ�ÔÉÞÎÉÈ �ÒÏ�ÅÓÁÈ, ÑË �ÒÁ×ÉÌÏ, ÍÁ¤ÍÏ Ó�ÒÁ×ÕÚ Ä×Ï- ÞÉ ÎÁ×�ÔØ ÔÒÉÆÁÚÎÉÍÉ ÓÉÓÔÅÍÁÍÉ: \ÇÁÚ-ËÁÔÁÌ�ÚÁÔÏÒ", \ÇÁÚ-ËÏÎÄÅÎÓÁÔ-ËÁÔÁÌ�ÚÁÔÏÒ" × ÕÍÏ×ÁÈ ×ÉÓÏËÉÈ ÔÉÓË�× ÔÁ ÔÅÍ�ÅÒÁÔÕÒ.ëÒ�Í ÔÏÇÏ, × ÔÁËÉÈ ÓÉÓÔÅÍÁÈ ÎÁ �Ï×ÅÒÈÎ� ×�ÄÂÕ×ÁÀÔØÓÑ ÓËÌÁÄÎ� È�-Í�ÞÎ� �ÅÒÅÔ×ÏÒÅÎÎÑ { ÒÅÁË��§, Õ ÑËÉÈ ËÁÔÁÌ�ÚÁÔÏÒ ×�Ä�ÇÒÁ¤ ÒÏÌØ �ÒÏ-Í�ÖÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ Í�Ö ÒÅÁÇÅÎÔÁÍÉ ÔÁ �ÒÏÄÕËÔÁÍÉ:A+B z ! AB:äÏÓÌ�ÄÖÅÎÎÑ �ÒÏ�ÅÓ�× ËÁÔÁÌ�ÚÕ (È�Í�ÞÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ ÚÄÅÂ�ÌØÛÁÇÁÚÏ�ÏÄ�ÂÎÉÈ ÒÅÁÇÅÎÔ�× Õ �ÒÉÓÕÔÎÏÓÔ� ÒÅÞÏ×ÉÎ, ÝÏ ÚÎÁÞÎÏ �ÒÉÓËÏÒÀ-ÀÔØ �ÅÒÅÂ�Ç ÒÅÁË��Ê, �ÒÏÔÅ ÓÁÍ� × ÒÅÁË��§ ÎÅ ×ÓÔÕ�ÁÀÔØ) �ÅÒÅÄÂÁÞÁ¤�Ï¤ÄÎÁÎÎÑ ÚÕÓÉÌØ È�Í�Ë�×-ÔÅÈÎÏÌÏÇ�×, �ÎÖÅÎÅÒ�×, ÆÁÈ�×��× Ú ËÏÍ�'À-ÔÅÒÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ, Æ�ÚÉË�×-ÔÅÏÒÅÔÉË�×.ëÁÔÁÌ�ÔÉÞÎÉÊ �ÒÏ�ÅÓ ÏÂ'¤ÄÎÕ¤ ÁÄÓÏÒÂ��À ÒÅÁÇÕÀÞÉÈ ËÏÍ�ÏÎÅÎÔÎÁ �Ï×ÅÒÈÎ�, ÞÉ × �ÒÉ�Ï×ÅÒÈÎÅ×ÏÍÕ ÛÁÒ� ËÁÔÁÌ�ÚÁÔÏÒÁ, ÍÏÖÌÉ×Õ ÄÉ-ÓÏ��Á��À ÒÅÁÇÅÎÔ�× Ú ÕÔ×ÏÒÅÎÎÑÍ ÒÑÄÕ ÍÅÔÁÓÔÁÂ�ÌØÎÉÈ �ÒÏÍ�ÖÎÉÈÓ�ÏÌÕË, È�Í�ÞÎ� �ÅÒÅÔ×ÏÒÅÎÎÑ ÒÅÞÏ×ÉÎ ÔÁ �ÒÉË�Î�Å×Õ ÄÅÓÏÒÂ��À �ÒÏ-ÄÕËÔ�× ËÁÔÁÌ�ÚÕ, �ÒÉÞÏÍÕ ËÁÔÁÌ�ÔÉÞÎÁ ÚÄÁÔÎ�ÓÔØ ÓÁÍÏÇÏ ÛÁÒÕ ËÁÔÁ-Ì�ÚÁÔÏÒÁ ÍÏÖÅ ÚÍ�ÎÀ×ÁÔÉÓÑ Ú �ÌÉÎÏÍ ÞÁÓÕ, ÚÁ Ó×Ï¤À �ÒÉÒÏÄÏÀ ¤ÎÅÒ�×ÎÏ×ÁÖÎÉÍÉ � ÍÏÖÕÔØ �ÒÏÈÏÄÉÔÉ ÓÔÁ��ÏÎÁÒÎÏ ÔÁ ÎÅÓÔÁ��ÏÎÁÒÎÏ[1,5-7℄. õ ×É�ÁÄËÕ ËÁÔÁÌ�ÚÁÔÏÒ�×-ÍÅÔÁÌ�× ×ÓÔÁÎÏ×ÌÅÎÏ, ÝÏ §È �Ï×ÅÒÈ-ÎÑ ÍÏÖÅ ÌÅÇËÏ �ÅÒÅÂÕÄÏ×Õ×ÁÔÉÓÑ ��Ä Ä�¤À ÒÅÁË��ÊÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ,ÒÅËÏÎÓÔÒÕËÔÉ×ÎÏ§ ÈÅÍÏÓÏÒÂ��§ ÕÞÁÓÎÉË�× ÒÅÁË��§, �ÒÑÍÕÀÞÉ ÄÏ Í�Î�-ÍÕÍÕ ×�ÌØÎÏ§ �Ï×ÅÒÈÎÅ×Ï§ ÅÎÅÒÇ�§. ïÞÅ×ÉÄÎÏ, ÝÏ ÔÁËÉÊ ÓËÌÁÄÎÉÊ ËÏÍ-�ÌÅËÓ Ñ×ÉÝ, ÑË È�Í�ÞÎÉÊ ËÁÔÁÌ�Ú, Ú ÔÏÞËÉ ÚÏÒÕ Ò�ÚÎÉÈ ÄÏÓÌ�ÄÎÉË�×�ÏÓÔÁ¤ Ò�ÚÎÏÒ�×ÎÅ×Ï. �ÁË, ÑËÝÏ ÄÉ×ÉÔÉÓÑ ÎÁ ËÁÔÁÌ�Ú ÏÞÉÍÁ È�Í�ËÁ-ÔÅÈÎÏÌÏÇÁ, ÍÉ ÍÁÔÉÍÅÍÏ Ó�ÒÁ×Õ Ú ÓÉÓÔÅÍÏÀ ÄÉÆÅÒÅÎ��ÊÎÉÈ Ò�×ÎÑÎØ(Õ ÚÁÇÁÌØÎÏÍÕ ÎÅÒ�×ÎÏ×ÁÖÎÏÍÕ ×É�ÁÄËÕ), ÁÂÏ ÁÌÇÅÂÒÁ§ÞÎÉÈ Ò�×ÎÑÎØ(Õ Ë×ÁÚ�ÓÔÁ��ÏÎÁÒÎÏÍÕ ×É�ÁÄËÕ), ÑË� Ï�ÉÓÕÀÔØ �ÅÒÅÂ�Ç È�Í�ÞÎÉÈ ÒÅÁË-��Ê ÚÇ�ÄÎÏ �Ú ÚÁËÏÎÏÍ Ä�ÀÞÉÈ ÍÁÓ. îÁ�ÒÉËÌÁÄ, ÎÁÊ�ÒÏÓÔ�ÛÕ ÒÅÁË��À�ÚÏÍÅÒÉÚÁ��§ ÒÅÞÏ×ÉÎÉ A × Ë�Î�Å×ÉÊ �ÒÏÄÕËÔ B ÞÅÒÅÚ Ä×� �ÒÏÍ�Ö-Î� ÓÔÁÄ�§ Õ Ë×ÁÚ�ÓÔÁ��ÏÎÁÒÎÏÍÕ ×É�ÁÄËÕ ÍÏÖÎÁ ÓÈÅÍÁÔÉÞÎÏ Ï�ÉÓÁÔÉ
ICMP{99{24U 2ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ: A k1 !k�1 �1 k2�! �2 k3 !k�3 BÄÅ (k1 ÔÁ k�1) (k3 � k�3) ÏÚÎÁÞÁÀÔØ ËÏÎÓÔÁÎÔÉ �ÒÑÍÉÈ ÔÁ Ú×ÏÒÏÔÎ�ÈÒÅÁË��Ê, �i (i = 0; 1; 2) { ÞÁÓÔËÉ �ÏËÒÉÔÔÑ ËÁÔÁÌ�ÚÁÔÏÒÁ ×�Ä�Ï×�ÄÎÏÒÅÁÇÅÎÔÏÍ ÔÁ �ÒÏÍ�ÖÎÉÍÉ ÕÔ×ÏÒÅÎÎÑÍÉ 1 � 2. �ÏÄ� ÄÌÑ Û×ÉÄËÏÓÔ��ÅÒÛÏÇÏ ÅÌÅÍÅÎÔÁÒÎÏÇÏ ÁËÔÕ ÍÁ¤ÍÏ:r = k1CA�0 � k�1�1; (1)ÄÅ CA { ËÏÎ�ÅÎÔÒÁ��Ñ ÒÅÞÏ×ÉÎÉ A, × ÔÏÊ ÞÁÓ ÑË ÕÍÏ×É ÓÔÁ��ÏÎÁÒÎÏÓÔ�ÄÁÄÕÔØ:k1CA�0�k�1�1�k2�1 = 0; k2�1�k�3CB�k3�2 = 0;�0+�1+�2 = 1:(2)ú×�ÄÓÉ ÄÌÑ Û×ÉÄËÏÓÔ� ÒÅÁË��§ r ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ ÎÁÓÔÕ�ÎÉÊ ÒÅÚÕÌØ-ÔÁÔ: r = kCA1 + �1CA +�2CB ; k = k1k2k2 � k�1 (3)ÞÅÒÅÚ �Ï×ÅÒÈÎÅ×� ËÏÎ�ÅÎÔÒÁ��§ �1, �2 �ÒÏÍ�ÖÎÉÈ �ÒÏÄÕËÔ�×, ÑË� ÕÓ×ÏÀ ÞÅÒÇÕ ×ÉÒÁÖÁÔÉÍÕÔØÓÑ ÞÅÒÅÚ ËÏÎÓÔÁÎÔÉ È�Í�ÞÎÉÈ ÒÅÁË��Ê:�1 = k1(k2 + k3)k3(k2 + k�1) ; �2 = k�3k3 : (4)ïÔÖÅ, Õ Ë×ÁÚ�ÓÔÁ��ÏÎÁÒÎÏÍÕ ×É�ÁÄËÕ �ÒÏÂÌÅÍÁ Ú×ÏÄÉÔØÓÑ ÄÏ ÒÏÚ×'ÑÚ-ËÕ ÓÉÓÔÅÍÉ Ì�Î�ÊÎÉÈ ÏÄÎÏÒ�ÄÎÉÈ Ò�×ÎÑÎØ, Õ ÑËÉÈ × ÑËÏÓÔ� ÎÅ×�ÄÏÍÉÈÆ�ÇÕÒÕÀÔØ �i, Á ËÏÅÆ���¤ÎÔÁÍÉ ¤ ËÏÎÓÔÁÎÔÉ È�Í�ÞÎÉÈ ÒÅÁË��Ê. úÁ-ÄÁÞÁ ÕÓËÌÁÄÎÀ¤ÔØÓÑ, ËÏÌÉ ÒÑÄ �ÒÏÍ�ÖÎÉÈ �ÒÏÄÕËÔ�× ¤ ÎÅ×�ÄÏÍÉÍÉ;ËÒ�Í ÔÏÇÏ, ÎÅÏÂÈ�ÄÎÏ ×ÏÌÏÄ�ÔÉ �ÎÆÏÒÍÁ��¤À �ÒÏ ËÏÎÓÔÁÎÔÉ È�Í�ÞÎÉÈÒÅÁË��Ê ki. õ ÎÅÒ�×ÎÏ×ÁÖÎÏÍÕ ×É�ÁÄËÕ ÏÔÒÉÍÕ¤ÍÏ ÓÉÓÔÅÍÕ Ì�Î�ÊÎÉÈÄÉÆÅÒÅÎ��ÊÎÉÈ Ò�×ÎÑÎØ (Ú ×�Ä�Ï×�ÄÎÉÍÉ �ÏÞÁÔËÏ×ÉÍÉ ÕÍÏ×ÁÍÉ).äÌÑ �ÒÉËÌÁÄÕ ÒÏÚÇÌÑÎÅÍÏ ÄÅÔÁÌØÎ�ÛÅ Ë�ÎÅÔÉËÕ È�Í�ÞÎÉÈ ÒÅÁË��Ê× ÁÚÏÔÎÏ-×ÏÄÎÅ×ÉÈ ÓÉÓÔÅÍÁÈ \ÇÁÚ-ËÏÎÄÅÎÓÁÔ-ËÁÔÁÌ�ÚÁÔÏÒ".îÅÈÁÊ S { �ÌÏÝÁ ËÁÔÁÌ�ÔÉÞÎÏ§ �Ï×ÅÒÈÎ�, VÇ { ÏÂ'¤Í ÇÁÚÏ×Ï§ ÆÁÚÉ,Ni { �Ï×Î� ÞÉÓÌÁ ÍÏÌÅËÕÌ ×ÏÄÎÀ, ÁÚÏÔÕ Ê ÁÍ�ÁËÕ Õ ÇÁÚÏ×�Ê ÆÁÚ�.âÕÄÅÍÏ ××ÁÖÁÔÉ, ÝÏ × ÏÂ'¤Í� VÇ ÍÏÌÅËÕÌÑÒÎÉÊ ÁÚÏÔ, ×ÏÄÅÎØ ÔÁ ÁÍ�ÁËÎÅ ÄÉÓÏ��ÀÀÔØ, ÁÌÅ ÍÏÖÅ ×�ÄÂÕ×ÁÔÉÓØ ÒÅÁË��Ñ ÚÁ ÓÈÅÍÏÀ32H2 + 12N2  ! NH3 (5)



3 ðÒÅ�ÒÉÎÔÚ ËÏÎÓÔÁÎÔÁÍÉ Û×ÉÄËÏÓÔÅÊ �ÒÑÍÏ§ ÔÁ Ú×ÏÒÏÔÎØÏ§ ÒÅÁË��Ê K+, K�,ÎÏÒÍÏ×ÁÎÉÍÉ ÎÁ ÏÂ'¤Í ÇÁÚÏ×Ï§ ÆÁÚÉ.áÄÓÏÒÂ��À ÍÏÌÅËÕÌ ÎÁ �Ï×ÅÒÈÎ� ÔÁ §È ÄÅÓÏÒÂ��À × ÇÁÚÏ×Õ ÆÁÚÕ ÂÕ-ÄÅÍÏ Ï�ÉÓÕ×ÁÔÉ ÚÁ ÄÏ�ÏÍÏÇÏÀ ËÏÎÓÔÁÎÔ Û×ÉÄËÏÓÔ� �ipi ÔÁKdi , ×�ÄÎÅ-ÓÅÎÉÈ ÄÏ ÏÄÉÎÉ�� �ÌÏÝ� �Ï×ÅÒÈÎ�; �ÎÄÅËÓ i = 1; 2; 3 ÏÚÎÁÞÁ¤ ×�Ä�Ï×�ÄÎÏ×ÏÄÅÎØ, ÁÚÏÔ � ÁÍ�ÁË; pi { �ÁÒ��ÁÌØÎÉÊ ÔÉÓË ËÏÖÎÏ§ ËÏÍ�ÏÎÅÎÔÉ.�ÏÄ� Ò�×ÎÑÎÎÑ ÍÁÔÅÒ�ÁÌØÎÏÇÏ ÂÁÌÁÎÓÕ ×ÉÇÌÑÄÁÔÉÍÅ ÔÁË:ddtNi = �S(�ipi'�Kdixi + gi) +rQi; (6)ÄÅ ' { ÞÁÓÔËÁ ×�ÌØÎÉÈ ÁÄÓÏÒÂ��ÊÎÉÈ �ÏÚÉ��Ê, xi (x1; x2; x3) { ÞÁÓÔËÁÚÁ�Ï×ÎÅÎÎÑ ÁÄÓÏÒÂ��ÊÎÉÈ �ÏÚÉ��Ê ÍÏÌÅËÕÌÁÍÉ H2;N2;NH3.g1 = 32g; g2 = 12g; g3 = �g; g = VÇS (mp3=21 p1=22 �m0p3);ÄÅ rQi = �Qi�z ÏÚÎÁÞÁ¤ �ÏÈ�ÄÎÕ ÄÉÆÕÚ�ÊÎÉÈ �ÏÔÏË�× H2;N2;NH3 ÕÇÁÚÏ×�Ê ÆÁÚ� �Ï ÎÏÒÍÁÌ� ÄÏ �Ï×ÅÒÈÎ� ËÁÔÁÌ�ÚÁÔÏÒÁ:Qj = 'Dxj �!xj�z jz=0; (7)ÄÅ Dxj { ËÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§, !xj { ×�ÄÎÏÓÎ� ËÏÎ�ÅÎÔÒÁ��§, z { ËÏÏÒ-ÄÉÎÁÔÁ �Ï ÎÏÒÍÁÌ� ÄÏ �Ï×ÅÒÈÎ� (z = 0) × Â�Ë ÇÁÚÏ×Ï§ ÆÁÚÉ.÷ ÁÄÓÏÒÂ��ÊÎÏÍÕ ÓÔÁÎ� ÎÁ �Ï×ÅÒÈÎ� �ÒÏÈÏÄÑÔØ ÒÅÁË��§ ÄÉÓÏ��Á��§-ÒÅËÏÍÂ�ÎÁ��§: H2  ! 2Had;NHad +Had  ! NH2;ad;N2  ! N2;ad  ! 2Nad;NH2;ad +Had  ! NH3;ad; (8)Nad +Had  ! NHad;NH3;ad  ! NH3:Ú ËÏÎÓÔÁÎÔÁÍÉ �ÒÑÍÉÈ Kj � Ú×ÏÒÏÔÎ�È K 0j ÒÅÁË��Ê (j = 1; :::; 5).õ Ú×'ÑÚËÕ Ú �ÉÍ ÚÍ�ÎÁ ÞÁÓÔÏË ÚÁ�Ï×ÎÅÎÎÑ �Ï×ÅÒÈÎ� ÍÏÌÅËÕÌÁÍÉH2;N2; NH3 ÍÏÖÅ Ï�ÉÓÕ×ÁÔÉÓÑ Ò�×ÎÑÎÎÑÍÉ �Ï×ÅÒÈÎÅ×ÏÇÏ ÂÁÌÁÎÓÕ ÍÏ-ÌÅËÕÌ:n ddt xj = �jpj'�Kdjxj � (Kjxj'�K 0jy2j )�rQj ; j = 1; 2: (9)
ICMP{99{24U 4n ddt x3 = �3p3'�Kd3x3 � (K3x3'�K 03y1y3)�rQ3; (10)ÄÅ n { �Ï×ÅÒÈÎÅ×Á ËÏÎ�ÅÎÔÒÁ��Ñ ÁÄÓÏÒÂ��ÊÎÉÈ �ÏÚÉ��Ê; yi (y1, y2, y3,y4) { ×�Ä�Ï×�ÄÎÏ ÞÁÓÔËÉ ÚÁ�Ï×ÎÅÎÎÑ �Ï×ÅÒÈÎ� ÁÄÓÏÒÂÏ×ÁÎÉÍÉ ÁÔÏÍÁÍÉHad, Nad � ÒÁÄÉËÁÌÁÍÉ NH2;ad;NHad. ÷�Ä�Ï×�ÄÎ� Ò�×ÎÑÎÎÑ �Ï×ÅÒÈÎÅ-×ÏÇÏ ÂÁÌÁÎÓÕ ÄÌÑ �ÉÈ ÞÁÓÔÉÎÏË ÍÁÔÉÍÕÔØ ×ÉÇÌÑÄ:n ddt y1 = 2(K+1 x1'�K�1 y21) +K+3 x3'�K�3 y1y3+ (11)+K+4 y3'�K�4 y1y4 +K+5 y4'�K�5 y1y2 �rq1;n ddt y2 = 2(K+2 x2'�K�2 y22) +K+5 y4'�K�5 y1y2 �rq2; (12)n ddt y3 = K+3 x3'�K�3 y1y3 � (K+4 y3'�K�4 y1y4)�rq3; (13)n ddt y4 = K+4 y3'�K�4 y1y4 � (K+5 y4'�K�5 y1y2)�rq4; (14)qi, i = 1� 4 { ÄÉÆÕÚ�ÊÎ� �ÏÔÏËÉ ÍÅÔÁÓÔÁÂ�ÌØÎÉÈ �ÒÏÄÕËÔ�× ÒÅÁË��Ê yi× ÏÂ'¤Í ËÏÎÄÅÎÓÏ×ÁÎÏ§ ÆÁÚÉ:qj = 
Dyj �!yj�z (15)ÄÅ 
 { ÏÂ'¤ÍÎÁ ËÏÎ�ÅÎÔÒÁ��Ñ �ÏÚÉ��Ê, ÄÏÓÔÕ�ÎÉÈ ÄÌÑ ÁÔÏÍ�× ÔÁ ÒÁÄÉ-ËÁÌ�× yi, Dyj { ËÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§ yi.äÌÑ Ï�ÉÓÕ ËÁÔÁÌ�ÔÉÞÎÉÈ �ÒÏ�ÅÓ�× ÁÍ�ÁËÕ ÎÁ �ÒÏÍÉÓÌÏ×ÉÈ ÚÁÌ�Ú-ÎÉÈ ËÁÔÁÌ�ÚÁÔÏÒÁÈ × �ÎÔÅÒ×ÁÌ� ÔÅÍ�ÅÒÁÔÕÒ ×�Ä 26 ÄÏ 101 ëðÁ ÄÏ Ò�×-ÎÑÎØ È�Í�ÞÎÏ§ Ë�ÎÅÔÉËÉ (6), (9), (10), (11)-(14) ÎÅÏÂÈ�ÄÎÏ ÄÏÄÁÔÉ Ò�×-ÎÑÎÎÑ �ÅÍË�ÎÁ - ðÉÖÅ×Á [8℄, ÁÂÏ ÊÏÇÏ ÕÚÁÇÁÌØÎÅÎÎÑ [9,10℄ ÄÌÑ Û×ÉÄ-ËÏÓÔ� ÒÅÁË��§: r = K�p1�m2 (1� p23=Kp2p31)(l=p1 + p23=Kp2p31)m(l=pH2 + 1)1�m ; (A)ÄÅ K = K+K� , m - �ÏÓÔ�ÊÎÁ 0 < m < 1 � ÄÌÑ ÚÁÌ�ÚÎÉÈ ËÁÔÁÌ�ÚÁÔÏÒ�×m = 0:5; l - �ÏÓÔ�ÊÎÁ, ÝÏ ×ÉÚÎÁÞÁ¤ÔØÓÑ �Ú ÅËÓ�ÅÒÉÍÅÎÔÕ. ò�×ÎÑÎÎÑ(A) ÚÁÓÔÏÓÏ×ÎÅ ÔÁËÏÖ �ÒÉ ÓÉÎÔÅÚ� ÁÍ�ÁËÕ ÎÁ Î�ËÅÌ� (m = 0:32) ÔÁËÏÂÁÌØÔ� (m = 0:22). ãÅ Ò�×ÎÑÎÎÑ ÄÁ¤ Ú×'ÑÚÏË �ÁÒ��ÁÌØÎÉÈ ÔÉÓË�×ËÏÍ�ÏÎÅÎÔ �Ú Û×ÉÄË�ÓÔÀ �ÒÏÈÏÄÖÅÎÎÑ ÒÅÁË��§ ÓÉÎÔÅÚÕ.�ÕÔ ÓÌ�Ä ÚÒÏÂÉÔÉ ÄÅÑË� ÚÁÕ×ÁÖÅÎÎÑ. ðÏ-�ÅÒÛÅ, ÄÁÎ� ÓÉÓÔÅÍÉ Ò�×-ÎÑÎØ ÎÅ ×ÒÁÈÏ×ÕÀÔØ ÓÔÒÕËÔÕÒÕ (�ÒÏÓÔÏÒÏ×Õ ÇÅÏÍÅÔÒ�À) ÒÅÁÇÕÀÞÉÈ



5 ðÒÅ�ÒÉÎÔËÏÍ�ÏÎÅÎÔ. ðÏ-ÄÒÕÇÅ, ÄÕÖÅ ÓËÌÁÄÎÏÀ ÚÁÄÁÞÅÀ ¤ ÒÏÚÒÁÈÕÎÏË ËÏÎÓ-ÔÁÎÔ È�Í�ÞÎÉÈ ÒÅÁË��Ê, ÑË� �Ï ÓÕÔ� ¤ �ÎÔÅÇÒÁÌØÎÉÍ ÞÉÎÎÉËÏÍ ×Ó�ÈÍ�ËÒÏÓËÏ��ÞÎÉÈ �ÒÏ�ÅÓ�× Õ �ÒÉËÁÔÁÌ�ÔÉÞÎÏÍÕ ÛÁÒ� (ÅÎÅÒÇ�Ê ÁËÔÉ×Á-��§, ËÏÅÆ���¤ÎÔ�× ÁÓÏ��Á��§, ÅÌÅËÔÒÏÎÎÏ§ ÓÔÒÕËÔÕÒÉ �Ï×ÅÒÈÎ� ÔÏÝÏ).�ÕÔ ÆÁËÔÉÞÎÏ ÍÉ ÚÄ�ÊÓÎÀ¤ÍÏ �ÅÒÅÈ�Ä ÎÁ ×ÉÝÉÊ Ò�×ÅÎØ Ï�ÉÓÕ, ÄÅ ×ÖÅÎÅÏÂÈ�ÄÎÅ �Ï¤ÄÎÁÎÎÑ Á�ÁÒÁÔ�× Ë×ÁÎÔÏ×Ï§ ÍÅÈÁÎ�ËÉ ÔÁ ÓÔÁÔÉÓÔÉÞÎÏ§Æ�ÚÉËÉ, ÏÓË�ÌØËÉ ÍÏÖÎÁ ×ÅÓÔÉ ÍÏ×Õ ÌÉÛÅ �ÒÏ ÊÍÏ×�ÒÎÏÓÎÉÊ ÈÁÒÁË-ÔÅÒ �ÏÄ�Ê. úÏËÒÅÍÁ, ÍÁÀÞÉ �ÎÆÏÒÍÁ��À �ÒÏ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÒÅÁ-ÇÅÎÔ�× g(r), ÍÏÖÎÁ �ÒÏ×ÅÓÔÉ Ï��ÎËÕ ËÏÎÓÔÁÎÔ È�Í�ÞÎÉÈ ÒÅÁË��Ê:k = 4�k0 1Z0 g(r)�(r)r2dr; (16)ÄÅ ÒÅÁË��ÊÎ� ÚÄÁÔÎÏÓÔ� �(r) ×ÒÁÈÏ×ÕÀÔØ Æ�ÚÉÞÎÕ �ÒÉÒÏÄÕ �ÒÏ�ÅÓÕ:� = Æ(r��)4�r2 { ÄÌÑ ÍÏÄÅÌ� Ô×ÅÒÄÏËÕÌØËÏ×ÏÇÏ Ú�ÔËÎÅÎÎÑ ÍÏÌÅËÕÌ ÅÆÅË-ÔÉ×ÎÏÇÏ ÒÁÄ�ÕÓÁ �; � = r0=r6 { �ÒÉ ÄÉ�ÏÌØÎÏÍÕ ÈÁÒÁËÔÅÒ� ×ÚÁ¤ÍÏÄ�§�ÏÌÑÒÎÉÈ ÍÏÌÅËÕÌ; � = exp(��r) { ÑËÝÏ ×ÒÁÈÏ×Õ¤ÔØÓÑ ×ÚÁ¤ÍÏÄ�ÑÅÌÅËÔÒÏÎÎÉÈ ÈÍÁÒÉÎÏË ÒÅÁÇÅÎÔ�×. ÷ÌÁÓÎÅ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ��Ä�ÎÔÅÇ-ÒÁÌØÎÉÈ ÆÕÎË��Ê ×ÉÒÁÚÕ (16), Á ÏÔÖÅ { ÒÏÚÒÁÈÕÎËÕ ËÏÎÓÔÁÎÔ È�Í�Þ-ÎÉÈ ÒÅÁË��Ê ÍÁ¤ÍÏ ×ÏÌÏÄ�ÔÉ ÑËÎÁÊ�Ï×Î�ÛÏÀ �ÎÆÏÒÍÁ��¤À �ÒÏ Í�ËÒÏ-ÓËÏ��ÞÎÕ ËÁÒÔÉÎÕ ÔÏÇÏ, ÝÏ ×�ÄÂÕ×Á¤ÔØÓÑ �ÒÉ ËÁÔÁÌ�Ú�.¶ÓÎÕÀÔØ Ò�ÚÎ� Ò�×Î� ÍÁÔÅÍÁÔÉÞÎÏÇÏ Ï�ÉÓÕ Ë�ÎÅÔÉËÉ È�Í�ÞÎÉÈ ÒÅÁË-��Ê Õ �ÒÏ�ÅÓÁÈ ËÁÔÁÌ�ÚÕ. �ÅÏÒÅÔÉÞÎÏÀ ÏÓÎÏ×ÏÀ ÔÁ ÍÅÔÏÄÏÍ ÒÏÚ×'ÑÚ-ËÕ �ÒÏÂÌÅÍ, �Ï×'ÑÚÁÎÉÈ Ú ÒÏÚÒÏÂËÏÀ È�Í�ÞÎÉÈ �ÒÏ�ÅÓ�×, ÓÔ×ÏÒÅÎÎÑËÏÎÔÁËÔÎÉÈ Á�ÁÒÁÔ�×, ×ÉÚÎÁÞÅÎÎÑ Ï�ÔÉÍÁÌØÎÉÈ ÒÅÖÉÍ�× §È ÒÏÂÏÔÉ,ÓÔ×ÏÒÅÎÎÑ ÓÉÓÔÅÍ Á×ÔÏÍÁÔÉÞÎÏÇÏ Õ�ÒÁ×Ì�ÎÎÑ ¤ ÍÅÔÏÄ ÍÁÔÅÍÁÔÉÞÎÏÇÏÍÏÄÅÌÀ×ÁÎÎÑ, ÏÓÎÏ×É ÑËÏÇÏ ÂÕÌÉ ÚÁËÌÁÄÅÎ� × ÒÏÂÏÔÁÈ âÏÒÅÓËÏ×Á [1℄,óÌÉÎØËÏ [2,5℄ , áÒ�ÓÁ [11℄, ëÁÆÁÒÏ×Á [12℄,íÁÔÒÏÓÁ [6,7℄ ÔÁ �Î. ãÅ ÍÁË-ÒÏÓËÏ��ÞÎ� ��ÄÈÏÄÉ, × ÑËÉÈ ÎÅ ×ÒÁÈÏ×ÕÀÔØÓÑ Æ�ÚÉËÏ-È�Í�ÞÎ� �ÒÏ�ÅÓÉ,�Ï×'ÑÚÁÎ� Ú ÍÅÈÁÎ�ÚÍÁÍÉ ËÁÔÁÌ�ÔÉÞÎÉÈ ÒÅÁË��Ê, Í�ËÒÏÓÔÒÕËÔÕÒÏÀ �Ï-×ÅÒÈÎ� ËÁÔÁÌ�ÚÁÔÏÒ�×, ÈÁÒÁËÔÅÒÏÍ ×ÚÁ¤ÍÏÄ�§ ÒÅÁÇÅÎÔ�× Õ �ÒÏ�ÅÓ� ËÁ-ÔÁÌ�ÔÉÞÎÏÇÏ ÓÉÎÔÅÚÕ. úÏËÒÅÍÁ, ÄÌÑ Ï�ÉÓÕ ÇÅÔÅÒÏÇÅÎÎÏ-ËÁÔÁÌ�ÔÉÞÎÉÈÒÅÁË��Ê Ú ÕÒÁÈÕ×ÁÎÎÑÍ ×�ÌÉ×Õ ÒÅÁË��ÊÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÎÁ È�Í�ÞÎÉÊÓËÌÁÄ, ÓÔÒÕËÔÕÒÕ � ×ÌÁÓÔÉ×ÏÓÔ� ËÁÔÁÌ�ÚÁÔÏÒÁ ÚÁÓÔÏÓÏ×Õ¤ÔØÓÑ ÏÓÎÏ×ÎÅÒ�×ÎÑÎÎÑ È�Í�ÞÎÏ§ Ë�ÎÅÔÉËÉ Ú ÕÒÁÈÕ×ÁÎÎÑÍ ÍÁÓÏ- ÔÁ ÔÅ�ÌÏ�ÅÒÅÎÏÓÕ[6,7℄ Mi dWidt +Wi = r + nXj=1 Pij ddtCj + PTi dTdt ; (17)ÄÅ Wi { Ó�ÏÓÔÅÒÅÖÕ×ÁÎÁ Û×ÉÄË�ÓÔØ �ÅÒÅÔ×ÏÒÅÎÎÑ ÞÉ ÕÔ×ÏÒÅÎÎÑ i-Ï§ ËÏÍ�ÏÎÅÎÔÉ; r { ÓÔÁ��ÏÎÁÒÎÅ ÚÎÁÞÅÎÎÑ Û×ÉÄËÏÓÔ� ÒÅÁË��§; Mi {
ICMP{99{24U 6Í�ÒÁ �ÎÅÒ��ÊÎÏÓÔ� �ÒÏ�ÅÓÕ ÕÔ×ÏÒÅÎÎÑ ÁÂÏ ×ÉÔÒÁÔÉ i-Ï§ ËÏÍ�ÏÎÅÎÔÉ ÎÁ�Ï×ÅÒÈÎ�: r = k mYj=1C�jj lYi=1��ii ��
� nPi=1�i�0 ; (18)k { ËÏÎÓÔÁÎÔÁ Û×ÉÄËÏÓÔ�; �i, �i { ÓÔÅÈ�ÏÍÅÔÒÉÞÎ� ËÏÅÆ���¤ÎÔÉ ÁÄÓÏÒ-ÂÏ×ÁÎÉÈ ÞÁÓÔÉÎÏË ÔÁ ÇÁÚÏ�ÏÄ�ÂÎÉÈ ÁÔÏÍ�×; 
 { ÞÉÓÌÏ Í�Ó�Ø, ÝÏ ÚÁÊ-ÍÁÀÔØ �ÒÏÍ�ÖÎ� ÕÔ×ÏÒÅÎÎÑ ÎÁ �Ï×ÅÒÈÎ�,�i = (kiCi)1=�i=�1 + nXl=1(klCl)1=�l�; (19)�0 = 1=�1 + nXl=1(klCl)1=�l�; (20)�0 + nXi=1 �i = 1;m + n-ÓÏÒÔ�× ÞÁÓÔÉÎÏË ÇÁÚÕ, n { ÞÉÓÌÏ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÞÁÓÔÉÎÏË, m {ÞÉÓÌÏ ÞÁÓÔÉÎÏË, ÑË� ÂÅÒÕÔØ ÕÞÁÓÔØ Õ ÒÅÁË��ÑÈ � ÎÁÌ�ÔÁÀÔØ ÎÁ ÈÅÍÏ-ÓÏÒÂÏ×ÁÎ� ÞÁÓÔÉÎËÉ Ú ÇÁÚÏ×Ï§ ÆÁÚÉ; i { ÞÉÓÌÏ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÞÁÓÔÉÎÏË,ÝÏ ÂÅÒÕÔØ ÕÞÁÓÔØ Õ ÒÅÁË��ÑÈ, Ci { ÏÂ'¤ÍÎ� ËÏÎ�ÅÎÔÒÁ��§; �0 { ÞÁÓÔËÁ�Ï×ÅÒÈÎ� ËÁÔÁÌ�ÚÁÔÏÒÁ, ÎÅ ÚÁÊÎÑÔÁ ÁÄÓÏÒÂÏ×ÁÎÉÍÉ ËÏÍ�ÏÎÅÎÔÁÍÉ; ki,kl { ÁÄÓÏÒÂ��ÊÎ� ËÏÅÆ���¤ÎÔÉ, �l { ËÏÅÆ���¤ÎÔÉ ÄÉÓÏ��Á��§ i-Ï§ ËÏÍ�Ï-ÎÅÎÔÉ ÎÁ l-ÞÁÓÔÉÎÏË, �i { ÞÁÓÔËÁ �Ï×ÅÒÈÎ� ËÁÔÁÌ�ÚÁÔÏÒÁ, ÚÁÊÎÑÔÁ i-ÉÍ�ÒÏÍ�ÖÎÉÍ ÕÔ×ÏÒÅÎÎÑÍ. õ �ÒÁ×�Ê ÞÁÓÔÉÎ� Ò�×ÎÑÎÎÑ (17) Ä×Á ÏÓÔÁÎ-Î� ÄÏÄÁÎËÉ Ï�ÉÓÕÀÔØ �ÒÏ�ÅÓÉ ÍÁÓÏ- ÔÁ ÔÅ�ÌÏ�ÅÒÅÎÏÓÕ � ×ÉÚÎÁÞÁÀÔØÎÅÓÔÁ��ÏÎÁÒÎ�ÓÔØ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ ÑË ÎÁ ËÏÖÎÏÍÕ �Ú ÚÅÒÅÎ ËÁÔÁÌ�-ÚÁÔÏÒÁ, ÔÁË � × ÕÓØÏÍÕ ËÁÔÁÌ�ÔÉÞÎÏÍÕ �ÒÏ�ÅÓ�. �ÁËÅ Ò�×ÎÑÎÎÑ ÒÁÚÏÍ�Ú �Å×ÎÉÍÉ ÍÏÄÅÌØÎÉÍÉ Ò�×ÎÑÎÎÑÍÉ ÍÁÓÏ- ÔÁ ÔÅ�ÌÏ�ÅÒÅÎÏÓÕ:"3 ��tCi = Wi +D3;ir2Ci; (21)(
k + "3
p) ��tT = �3r3T +Xj Wjqj ; (22)ÛÉÒÏËÏ ÚÁÓÔÏÓÏ×ÕÀÔØÓÑ ÄÌÑ ÍÁÔÅÍÁÔÉÞÎÏÇÏ Ï�ÉÓÕ ËÁÔÁÌ�ÔÉÞÎÉÈ �ÒÏ-�ÅÓ�× (ÓÔÁ��ÏÎÁÒÎÉÈ ÔÁ ÎÅÓÔÁ��ÏÎÁÒÎÉÈ) [6,7℄, ÚÏËÒÅÍÁ ÓÉÎÔÅÚÕ ÍÅÔÁ-ÎÏÌÕ, ÁÍ�ÁËÕ, ×ÉÒÏÂÎÉ�Ô×Á Ó�ÒÞÁÎÏ§ ËÉÓÌÏÔÉ. õ (21), (22) "3 { �ÏÒÉÓ-Ô�ÓÔØ ÚÅÒÎÁ ËÁÔÁÌ�ÚÁÔÏÒÁ; 
k { ÊÏÇÏ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ; 
p { ÔÅ�ÌÏ¤ÍÎ�ÓÔØÒÅÁË��ÊÎÏ§ ÓÕÍ�Û�; D3;i { ÅÆÅËÔÉ×ÎÉÊ ËÏÅÆ���¤ÎÔ ÄÉÆÕÚ�§ ÞÁÓÔÉÎÏË



7 ðÒÅ�ÒÉÎÔÓÏÒÔÕ i ÎÁ ÚÅÒÎ�, �3 { ÔÅ�ÌÏ�ÒÏ×�ÄÎ�ÓÔØ ÊÏÇÏ; qi { ÔÅ�ÌÏ×ÉÊ ÅÆÅËÔ j-Ï§ÒÅÁË��§.ïÄÎ� Ú ÏÓÎÏ×ÎÉÈ ÔÁ ÓËÌÁÄÎÉÈ �ÒÏÂÌÅÍ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ Ò�×ÎÑÎØË�ÎÅÔÉËÉ È�Í�ÞÎÉÈ ÒÅÁË��Ê ÔÁ ÍÁÓÏ-ÔÅ�ÌÏ�ÅÒÅÎÏÓÕ (17), (21), (22) �Ï-×'ÑÚÁÎ� Ú ×ÉÂÏÒÏÍ Ë�ÎÅÔÉÞÎÉÈ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ D3;i, �3, ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎÉÈ ×ÅÌÉÞÉÎ 
k, 
p ÔÁ ËÏÎÓÔÁÎÔ ÒÅÁË��Ê, ÁÄÓÏÒÂ��§, ÄÅÓÏÒ-Â��§ ki. ú ÏÄÎÏÇÏ ÂÏËÕ, ÄÁÎ� Ë�ÎÅÔÉÞÎ� � ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ×ÅÌÉÞÉÎÉ¤ �ÁÒÁÍÅÔÒÁÍÉ ÚÁÄÁÞ�, Á Ú �ÎÛÏÇÏ { Õ ÎÉÈ ÓËÒÉÔ� ÍÅÈÁÎ�ÚÍÉ ÒÅÁË-��Ê, ÓÔÒÕËÔÕÒÎ� �ÅÒÅÔ×ÏÒÅÎÎÑ, ÒÅËÏÎÓÔÒÕË��Ñ ÁËÔÉ×ÎÉÈ �Ï×ÅÒÈÏÎØ,Æ�ÚÉËÏ-È�Í�ÞÎ� �ÒÏ�ÅÓÉ ÁÄÓÏÒÂ��§, ÄÅÓÏÒÂ��§, �Ï×ÅÒÈÎÅ×Ï§ ÄÉÆÕÚ�§, ÑË�¤ ÓÕÔÔ¤×Ï ÎÅÏÄÎÏÒ�ÄÎÉÍÉ × ÓÉÓÔÅÍ� \ÇÁÚ-ËÁÔÁÌ�ÚÁÔÏÒ".¶ÎÛÉÍÉÉ ÓÌÏ×ÁÍÉ, Ë�ÎÅÔÉÞÎ� ËÏÅÆ���¤ÎÔÉ, ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎ-Ë��§ ÔÁ ËÏÎÓÔÁÎÔÉ ÒÅÁË��Ê ¤ ÆÕÎË��ÑÍÉ ËÏÏÒÄÉÎÁÔ � ÞÁÓÕ, §È ÚÍ�ÎÁ�Ï×'ÑÚÁÎÁ Ú ÈÁÒÁËÔÅÒÏÍ ×ÚÁ¤ÍÏÄ�§ ÁÔÏÍ�×, ÍÏÌÅËÕÌ ÇÁÚÕ Í�Ö ÓÏÂÏÀ,Ú ÅÌÅËÔÒÏÎ-�ÏÎÎÏÀ ��ÄÓÉÓÔÅÍÏÀ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ, ÄÅ Ê ÆÏÒÍÕÀÔØÓÑÍÅÈÁÎ�ÚÍÉ ÁÄÓÏÒÂ��§, ÄÅÓÏÒÂ��§ ÔÁ ËÁÔÁÌ�ÔÉÞÎÉÈ ÒÅÁË��Ê. ïÞÅ×ÉÄÎÏ,ÝÏ ÔÁËÉÊ Ò�×ÅÎØ Ï�ÉÓÕ Æ�ÚÉËÏ-È�Í�ÞÎÉÈ ËÁÔÁÌ�ÔÉÞÎÉÈ �ÒÏ�ÅÓ�× ×ÉÍÁ-ÇÁ¤ ÑË�ÓÎÏ ÎÏ×ÏÇÏ ��ÄÈÏÄÕ, ÑËÉÊ ÇÒÕÎÔÕ¤ÔØÓÑ, Ú ÏÄÎÏÇÏ ÂÏËÕ, ÎÁ ÂÁÚ�ÓÕÞÁÓÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÍÅÔÏÄ�× ÄÏÓÌ�ÄÖÅÎØ �Ï×ÅÒÈÎ�: ÓËÁÎÕ-ÀÞÁ ÔÕÎÅÌØÎÁ Í�ËÒÏÓËÏ��Ñ (ó�í), ÓËÁÎÕÀÞÁ ÔÕÎÅÌØÎÁ Ó�ÅËÔÒÏÓËÏ-��Ñ (ó�ó), �ÏÌØÏ×Á �ÏÎÎÁ Í�ËÒÏÓËÏ��Ñ (ð¶í), Á Ú �ÎÛÏÇÏ { ÓÕÞÁÓÎÉÈË×ÁÎÔÏ×Ï-ÓÔÁÔÉÓÔÉÞÎÉÈ ÍÅÔÏÄ�× Ï�ÉÓÕ ÓÔÒÕËÔÕÒÎÉÈ, ÔÅÒÍÏÄÉÎÁÍ�Þ-ÎÉÈ ÔÁ Ë�ÎÅÔÉÞÎÉÈ, ÏÓÎÏ×ÁÎÉÈ ÎÁ ÔÅÏÒ�§ Í�ÖÞÁÓÔÉÎËÏ×ÉÈ ×ÚÁ¤ÍÏÄ�Ê ÕÂÁÇÁÔÏÆÁÚÎÉÈ ÓÉÓÔÅÍÁÈ. ðÏÒÑÄ Ú �ÉÍ ÒÏÚ×É×ÁÀÔØÓÑ ÎÁ��×ÆÅÎÏÍÅÎÏ-ÌÏÇ�ÞÎ� ÔÅÏÒ�§ [13-15℄ È�Í�ÞÎÏ§ Ë�ÎÅÔÉËÉ ËÁÔÁÌ�ÔÉÞÎÉÈ ÒÅÁË��Ê, Õ Ò�×-ÎÑÎÎÑÈ ÑËÉÈ ÚÁËÌÁÄÁÀÔØÓÑ ÍÅÈÁÎ�ÚÍÉ �ÒÏ�ÅÓ�× ÁÄÓÏÒÂ��§, ÄÅÓÏÒÂ��§,�Ï×ÅÒÈÎÅ×Ï§ ÄÉÆÕÚ�§, ÄÏÓÌ�ÄÖÅÎ� ÓÕÞÁÓÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÍÅ-ÔÏÄÁÍÉ ó�í, ó�ó. äÅÑË� ÄÏÓÑÇÎÅÎÎÑ Õ �ØÏÍÕ ÎÁ�ÒÑÍËÕ ¤ × ËÁÔÁÌ�Ú�ÁÍ�ÁËÕ [16-18℄.ìÁÂÏÒÁÔÏÒÎ� ÄÏÓÌ�ÄÖÅÎÎÑ �Ú ÚÁÓÔÏÓÕ×ÁÎÎÑÍ ÅÌÅËÔÒÏÎÎÏÇÏ ÓËÁÎÕ-ÀÞÏÇÏ Í�ËÒÏÓËÏ�Á, ïÖÅ-Í�ËÒÏÓËÏ��§ ÔÏÝÏ ÔÁ �ÒÏÍÉÓÌÏ×ÉÊ ËÁÔÁÌ�Ú×�ÄÂÕ×ÁÀÔØÓÑ × Ò�ÚÎÉÈ ÕÍÏ×ÁÈ. úÏËÒÅÍÁ, ÌÁÂÏÒÁÔÏÒÎÉÊ ËÁÔÁÌ�Ú (sur-fa
e s
ien
e approa
h) ÄÏÓÌ�ÄÖÕÀÔØ × ÕÍÏ×ÁÈ ÎÁÄ×ÉÓÏËÏÇÏ ×ÁËÕÕÍÕ,× ÔÏÊ ÞÁÓ ÑË �ÒÏÍÉÓÌÏ×ÉÊ ËÁÔÁÌ�Ú ÁÍ�ÁËÕ NH3 ×�ÄÂÕ×Á¤ÔØÓÑ �ÒÉ ×É-ÓÏËÏÍÕ ÔÉÓËÕ p � 100 ÁÔÍ, T � 450ÆC, ÏÓË�ÌØËÉ �ÒÉ ÎÉÚØËÏÍÕ pÒ�×ÎÏ×ÁÇÁ × ÒÅÁË��§ N2 + 3H2  ! 2NH3 (23)ÚÍ�ÝÕ¤ÔØÓÑ ×Ì�×Ï. ïÔÖÅ, ×ÉÎÉËÁ¤ �ÒÏÂÌÅÍÁ \Í�ÓÔËÁ": ÝÏÂ ÚÒÏÂÉÔÉ�Å×Î� ×ÉÓÎÏ×ËÉ ÓÔÏÓÏ×ÎÏ �ÒÉÒÏÄÉ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÅÌÅÍÅÎÔ�× �ÒÉ ×ÉÓÏ-ËÏÍÕ ÔÉÓËÕ × ÒÅÚÕÌØÔÁÔ� ×ÉÍ�ÒÀ×ÁÎØ post mortem, ÓÌ�Ä ÍÁÔÉ ÑËÎÁÊ-�Ï×Î�ÛÕ �ÎÆÏÒÍÁ��À �ÒÏ �Ï×ÅÄ�ÎËÕ ÒÅÁÇÅÎÔ�× × ÕÍÏ×ÁÈ ÌÁÂÏÒÁÔÏÒ-
ICMP{99{24U 8ÎÏÇÏ ËÁÔÁÌ�ÚÕ. ÷ ÎÏ×�ÔÎ�È ÄÏÓÌ�ÄÖÅÎÎÑÈ [16,17℄ �ÒÏÍÉÓÌÏ×ÉÊ ËÁÔÁÌ�-ÚÁÔÏÒ (BASF S6-10) ÂÕ× ×ÉÇÏÔÏ×ÌÅÎÉÊ ÎÁ ÏÓÎÏ×� ÍÁÇÎÅÔÉÔÕ Fe3O4 ÚÄÏÂÁ×ËÏÀ ÎÅÚÎÁÞÎÉÈ Ë�ÌØËÏÓÔÅÊ K2O, Al2O3, CaO Ú �ÏÄÁÌØÛÏÀ ÔÅÒ-Í�ÞÎÏÀ ÏÂÒÏÂËÏÀ (redu
tion), ÑËÁ ÓÉÌØÎÏ ÚÍ�ÎÀ¤ ÓÔÒÕËÔÕÒÕ ÍÁÔÒÉ��ËÁÔÁÌ�ÚÁÔÏÒÁ (ÄÉ×. ÔÁÂÌÉ�À). �ÁÂÌ. 1.Fe K Al Ca OïÂ'¤ÍÎÉÊ ÓËÌÁÄ, % 40,5 0,35 2 1,7 53,2ðÏ×ÅÒÈÎÅ×ÉÊ ÓËÌÁÄ (ÄÁÎ�ÅÌÅËÔÒ. ÓËÁÎ. Í�ËÒÏÓËÏ��§):Á) �ÅÒÅÄ ÏÂÒÏÂËÏÀ 8,6 36,1 10,7 4,7 40Â) ��ÓÌÑ ÔÅÒÍ�ÞÎÏ§ ÏÂÒÏÂËÉ 11,0 27 17 4 41�ÅÍ�ÅÒÁÔÕÒÎÁ ÏÂÒÏÂËÁ (T � 400ÆC) × �ÒÉÓÕÔÎÏÓÔ� ÓÕÍ�Û� N2-H2�ÅÒÅ×ÏÄÉÔØ ÚÁÌ�ÚÏ × ÍÅÔÁÌ�ÞÎÉÊ ÓÔÁÎ, ÔÏÄ� ÑË ×ÁÌÅÎÔÎ� ÓÔÁÎÉ ÒÅÛÔÉËÁÔ�ÏÎ�× ÎÅ ÚÍ�ÎÀÀÔØÓÑ. Al2O3 ÚÁ�ÏÂ�ÇÁ¤ \Ú�ÛÌÁËÕ×ÁÎÎÀ" ÞÁÓÔÉÎÏËFe, ÔÏÄ� ÑË ÛÁÒ ÏËÉÓÕ ËÁÌ�À Ä�¤ ÑË ÅÌÅËÔÒÏÎÎÉÊ \�ÒÉÓËÏÒÀ×ÁÞ" ÒÅ-ÁË��Ê (×�Î ÚÎÉÖÕ¤ ÅÎÅÒÇ�À ÁËÔÉ×Á��§ ÒÅÁÇÅÎÔ�×). ëÒ�Í ÔÏÇÏ, �ÅÒÅÂ�ÇËÁÔÁÌ�ÔÉÞÎÉÈ ÒÅÁË��Ê ×ÅÌÉËÏÀ Í�ÒÏÀ ÚÁÌÅÖÉÔØ ×�Ä ÔÏ�ÏÌÏÇ�§ ËÒÉÓ-ÔÁÌÏÇÒÁÆ�ÞÎÏ§ ÇÒÁÔËÉ.÷×ÁÖÁ¤ÔØÓÑ, ÝÏ ¤ÄÉÎÏÀ ÓÔÁÂ�ÌØÎÏÀ ÓËÌÁÄÏ×ÏÀ �ÒÉ ÔÅÍ�ÅÒÁÔÕÒ��ÏÎÁÄ 200ÆC ¤ ÁÔÏÍÁÒÎÉÊ ÁÚÏÔ Ns; ÒÅËÏÍÂ�ÎÁ��Ñ ÔÁ ÄÅÓÏÒÂ��Ñ N2 �Ï-ÞÉÎÁ¤ÔØÓÑ ÌÉÛÅ �ÒÉ T � 450ÆC. ïÔÖÅ, × ÕÍÏ×ÁÈ ËÁÔÁÌ�ÚÕ ÍÏÖÌÉ×�Ä×Á ÍÅÈÁÎ�ÚÍÉ �ÅÒÅÔ×ÏÒÅÎØ:Nad + 3Had ! NH3 (24){ ÁÔÏÍÎÉÊ ÔÁ N2;ad + 6Had ! 2NH3 (25){ ÍÏÌÅËÕÌÑÒÎÉÊ.÷ÁÖÌÉ×ÉÍ ¤ ×ÓÔÁÎÏ×ÌÅÎÎÑ ÍÅÈÁÎ�ÚÍÕ ÒÅÁË��Ê (ÎÁÓ�ÒÁ×Ä� ×�ÄÂÕ×ÁÀ-ÔØÓÑ ÂÁÇÁÔÏÓÔÕ�ÅÎÅ×� �ÅÒÅÔ×ÏÒÅÎÎÑ Ú ÒÑÄÏÍ �ÒÏÍ�ÖÎÉÈ �ÒÏÄÕËÔ�×,ÄÉ×. ÄÁÌ�). ñËÝÏ ÒÅÁË��Ñ ÊÄÅ ÚÁ ÍÏÌÅËÕÌÑÒÎÉÍ ÍÅÈÁÎ�ÚÍÏÍ, ÔÏ �Ï-×ÅÒÈÎÑ ËÁÔÁÌ�ÚÁÔÏÒÁ ÎÁÓÉÞÕ×ÁÔÉÍÅÔØÓÑ ÁÔÏÍÁÍÉ Ns Õ ÓÔÁ��ÏÎÁÒÎÉÈÕÍÏ×ÁÈ, ÏÓË�ÌØËÉ ÎÅ �ÓÎÕ¤ ËÁÎÁÌ�× ×ÉÄÁÌÅÎÎÑ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÍÏÌÅËÕÌN2;ad, ÑË� ÎÅ �ÒÏÒÅÁÇÕ×ÁÌÉ.úÁ ÁÔÏÍÎÉÍ ÍÅÈÁÎ�ÚÍÏÍ ËÏÎ�ÅÎÔÒÁ��Ñ Ns ÚÍÅÎÛÕ¤ÔØÓÑ Ú� ÚÂ�ÌØ-ÛÅÎÎÑÍ ÔÉÓËÕ H2, ÔÏÂÔÏ �ÒÉ ÚÂ�ÌØÛÅÎÎ� Û×ÉÄËÏÓÔ� ÒÅÁË��§. åËÓ�Å-



9 ðÒÅ�ÒÉÎÔÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÁÀÔØ ��ÄÓÔÁ×Õ ÓÔ×ÅÒÄÖÕ×ÁÔÉ, ÝÏ ÓÁÍÅ ÚÁ ÔÁËÉÍÍÅÈÁÎ�ÚÍÏÍ �ÒÏÔ�ËÁ¤ ÒÅÁË��Ñ ËÁÔÁÌ�ÚÕ.èÅÍ�ÓÏÒÂ��Ñ ÁÔÏÍÁÒÎÏÇÏ ÁÚÏÔÕ Ns { ÄÕÖÅ �Ï×�ÌØÎÉÊ �ÒÏ�ÅÓ. úÁ-ÌÅÖÎÏ ×�Ä ËÒÉÓÔÁÌÏÇÒÁÆ�§ �Ï×ÅÒÈÎ� Fe ËÏÅÆ���¤ÎÔ ÁÄÓÏÒÂ��§ ÓÔÁÎÏ-×ÉÔØ 10�8 � 10�6. äÌÑ ÎØÏÇÏ ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ ÎÁÓÔÕ�ÎÉÊ Ï��ÎÏÞÎÉÊ×ÉÒÁÚ: kad = k0 exp(�E�=T ). ¶ ÈÏÞÁ ÅÎÅÒÇ�Ñ ÁËÔÉ×Á��§ E� ÎÅ×ÅÌÉËÁ(�ÏÒÑÄËÕ 10� 20 ËËÁÌ/ÍÏÌØ), ÍÁÌÉÊ �ÅÒÅÄÅËÓ�ÏÎÅÎ��ÊÎÉÊ ÍÎÏÖÎÉËk0 �ÏÎÉÖÕ¤ kad. ðÏ Í�Ò� ÚÂ�ÌØÛÅÎÎÑ �ÏËÒÉÔÔÑ �Ï×ÅÒÈÎ� ËÁÔÁÌ�ÚÁÔÏ-ÒÁ ÁÚÏÔÏÍ E� ÚÒÏÓÔÁ¤, ÈÏÞÁ ÚÂ�ÌØÛÕ¤ÔØÓÑ � k0, ÝÏ ÒÁÚÏÍ � ×ÉÚÎÁÞÁ¤ÓÔÁ��ÏÎÁÒÎÉÊ ÓÔÁÎ ÒÅÁË��§ ÓÉÎÔÅÚÕ NH3.áÄÓÏÒÂ��Ñ ×ÏÄÎÀ ÎÁ ËÒÉÓÔÁÌ� Fe, ÎÁ ×�ÄÍ�ÎÕ ×�Ä ÁÄÓÏÒÂ��§ Ns, ÈÁ-ÒÁËÔÅÒÉÚÕ¤ÔØÓÑ ×�ÄÎÏÓÎÏ ×ÅÌÉËÉÍ ËÏÅÆ���¤ÎÔÏÍ ÁÄÓÏÒÂ��§ (� 0; 1) ÔÁÅÎÅÒÇ�¤À ÁÄÓÏÒÂ��§ �ÏÒÑÄËÕ 15�25 ËËÁÌ/ÍÏÌØ. áÔÏÍÉ ×ÏÄÎÀ ¤ ÄÕÖÅÍÏÂ�ÌØÎÉÍÉ ÎÁ �Ï×ÅÒÈÎ�, Á §È ËÏÎ�ÅÎÔÒÁ��Ñ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ò�×ÎÏ×ÁÇÏÀ�ÒÏ�ÅÓÕ \ÁÄÓÏÒÂ��Ñ-ÄÅÓÏÒÂ��Ñ".ðÉÔÏÍÁ ÅÎÅÒÇ�Ñ ÄÅÓÏÒÂ��§ ÎÏ×ÏÕÔ×ÏÒÅÎÏÇÏ NH3 ÎÅ �ÅÒÅ×ÉÝÕ¤18 ËËÁÌ/ÍÏÌØ, ÔÏÍÕ ÚÁ ÕÍÏ× ÌÁÂÏÒÁÔÏÒÎÏÇÏ ÓÉÎÔÅÚÕ (T > 400ÆC) ÍÏ-ÌÅËÕÌÁ ÁÍ�ÁËÕ ÏÄÒÁÚÕ ÚÁÌÉÛÁ¤ �Ï×ÅÒÈÎÀ ËÁÔÁÌ�ÚÁÔÏÒÁ. ðÁÒÁÌÅÌØÎÏÚ ÄÅÓÏÒÂ��¤À �ÄÅ �ÒÏ�ÅÓ ÄÉÓÏ��Á��§: N2 + 3H2  ! 2NH3. òÏÚ�ÁÄ ÍÏ-ÌÅËÕÌÉ ÁÍ�ÁËÕ ÊÄÅ ÞÅÒÅÚ ÓÕËÕ�Î�ÓÔØ �ÒÏÍ�ÖÎÉÈ �ÒÏÄÕËÔ�×:NH3;ad ! NH2;ad +Had ! NHad + 2Had ! Nad + 3Had;ÝÏ ��ÄÔ×ÅÒÄÖÕ¤ ÓÅÒ�Ñ ÅËÓ�ÅÒÉÍÅÎÔ�×. ÷ ÕÍÏ×ÁÈ ÌÁÂÏÒÁÔÏÒÎÏÇÏ ËÁ-ÔÁÌ�ÚÕ (Õ ×ÁËÕÕÍ�) ÄÁÎ� �ÒÏÄÕËÔÉ ¤ ÓÔÁÂ�ÌØÎÉÍÉ ÄÏ T � 80ÆC. ð�Ä-ÓÕÍÏ×ÕÀÞÉ, ÍÏÖÎÁ ÓËÁÚÁÔÉ, ÝÏ Û×ÉÄË�ÓÔØ ÄÉÓÏ��Á��§ NH3 ÚÁÌÅÖÉÔØ×�Ä ÒÅËÏÍÂ�ÎÁ��§ ÔÁ ÄÅÓÏÒÂ��§ ÁÚÏÔÕ, ÅÎÅÒÇ�Ñ ÁËÔÉ×Á��§ ËÏÔÒÉÈ ¤ �50 ËËÁÌ/ÍÏÌØ.ðÏ×ÅÒÎÅÍÏÓØ ÝÅ ÒÁÚ ÄÏ ÒÏÌ� ÛÁÒÕ K + O. îÁÑ×Î�ÓÔØ ÍÁÌÏ§ Ë�ÌØ-ËÏÓÔ� K (ÂÅÚ ËÉÓÎÀ) ÚÎÁÞÎÏ ÚÂ�ÌØÛÕ¤ ËÏÅÆ���¤ÎÔ ÁÄÓÏÒÂ��§ ÁÔÏÍÁÒ-ÎÏÇÏ ÁÚÏÔÕ, ÝÏ �ÏÑÓÎÀ¤ÔØÓÑ ÚÂ�ÌØÛÅÎÎÑÍ ÅÌÅËÔÒÏÎÎÏ§ ÇÕÓÔÉÎÉ ÒÅ-ÁÇÅÎÔ�× Õ �ÒÉ�Ï×ÅÒÈÎÅ×ÏÍÕ ÛÁÒ�. ïÄÎÁË ÒÅÁÌØÎÉÊ ËÁÔÁÌ�ÚÁÔÏÒ Í�Ó-ÔÉÔØ ÏËÉÓ ËÁÌ�À K + O. áÄÓÏÒÂÏ×ÁÎÉÊ ËÉÓÅÎØ ¤ �ÎÇ�Â�ÔÏÒÏÍ �ÒÏ�ÅÓÕÁÄÓÏÒÂ��§ ÁÚÏÔÕ, �ÒÏÔÅ ÊÏÇÏ ÎÁÑ×Î�ÓÔØ ÄÕÖÅ ×ÁÖÌÉ×Á ÄÌÑ ÔÅÒÍ�ÞÎÏ§ÓÔ�ÊËÏÓÔ� ÒÅÁÇÅÎÔ�×.ðÏÄ�ÂÎÕ ÒÏÌØ \ÅÌÅËÔÒÏÎÎÏÇÏ �ÒÏÍÏÔÏÒÁ" ×�Ä�ÇÒÁ¤ � NH3: ÚÂ�ÌØ-ÛÅÎÎÑ Ë�ÌØËÏÓÔ� ÁÍ�ÁËÕ ÎÁ �Ï×ÅÒÈÎ� ËÁÔÁÌ�ÚÁÔÏÒÁ ÚÍÅÎÛÕ¤ ÅÎÅÒÇ�ÀÁÄÓÏÒÂ��§ ÍÏÌÅËÕÌ NH3, ÈÏÞÁ, Ú �ÎÛÏÇÏ ÂÏËÕ, �Å ÔÁËÏÖ ÚÎÉÖÕ¤ ÞÁÓÔËÕ�Ï×ÅÒÈÎÅ×ÏÇÏ �ÏËÒÉÔÔÑ ÒÅÁÇÅÎÔÁÍÉ ËÒÉÓÔÁÌÕ ËÁÔÁÌ�ÚÁÔÏÒÁ.ñË ×ÖÅ ÚÇÁÄÕ×ÁÌÏÓÑ, ÍÅÈÁÎ�ÚÍ ËÁÔÁÌ�ÔÉÞÎÏÇÏ ÓÉÎÔÅÚÕ ÁÍ�ÁËÕ {ÂÁÇÁÔÏÓÔÕ�ÅÎÅ×ÉÊ �ÒÏ�ÅÓ (ÄÉ×. ÓÕËÕ�Î�ÓÔØ ÒÅÁË��Ê (8)), �ÒÉÞÏÍÕ ÎÁ-Ñ×Î�ÓÔØ �ÒÏÍ�ÖÎÉÈ �ÒÏÄÕËÔ�× ��ÄÔ×ÅÒÄÖÕ¤ÔØÓÑ �ÒÑÍÉÍÉ Ó�ÅËÔÒÏÓËÏ-
ICMP{99{24U 10��ÞÎÉÍÉ ×ÉÍ�ÒÁÍÉ. û×ÉÄË�ÓÔØ ÄÒÕÇÏ§ Ú ÒÅÁË��Ê (ÄÉÓÏ��ÁÔÉ×ÎÁ ÈÅÍ�-ÓÏÒÂ��Ñ ÁÚÏÔÕ) ÚÁÇÁÌÏÍ ×ÉÚÎÁÞÁ¤ Û×ÉÄË�ÓÔØ ×ÓØÏÇÏ �ÒÏ�ÅÓÕ (8). åÎÅÒ-ÇÅÔÉÞÎÕ Ä�ÁÇÒÁÍÕ ÒÅÁË��Ê (8) ÚÏÂÒÁÖÅÎÏ ÎÁ ÒÉÓ. 1. åÎÅÒÇ�Ñ ÁËÔÉ×Á��§�ÒÏ�ÅÓÕ ÄÉÓÏ��Á��§ ÁÚÏÔÕ E� ÚÎÁÞÎÏÀ Í�ÒÏÀ ÚÁÌÅÖÉÔØ ×�Ä Ò�×ÎÏ×ÁÖ-ÎÏ§ �Ï×ÅÒÈÎÅ×Ï§ ËÏÎ�ÅÎÔÒÁ��§ ÁÔÏÍÁÒÎÏÇÏ ÁÚÏÔÕ. ÷ ÕÍÏ×ÁÈ, ÄÁÌÅËÉÈ×�Ä Ò�×ÎÏ×ÁÇÉ (ËÏÌÉ Ë�ÌØË�ÓÔØ NH3 ÎÅÚÎÁÞÎÁ) ÓÕËÕ�Î�ÓÔØ �ÒÏ�ÅÓ�× (8)ÍÏÖÅ ÂÕÔÉ ÏÂ'¤ÄÎÁÎÁ Ä×ÏÍÁ ÒÅÁË��ÑÍÉ:a)N2 ! 2Nad; b)Nad Had! NH3: (26)îÁ ÒÉÓ. 2 ÓÈÅÍÁÔÉÞÎÏ ÚÏÂÒÁÖÅÎÏ Û×ÉÄËÏÓÔ� r �ÒÏ�ÅÓ�× a) ÔÁ b) Õ ÚÁ-ÌÅÖÎÏÓÔ� ×�Ä ËÏÎ�ÅÎÔÒÁ��§ [Ns℄ ÁÔÏÍÁÒÎÏÇÏ ÁÚÏÔÕ. ëÒÉ×Á (Á) ÈÁÒÁËÔÅ-ÒÉÚÕ¤ ÅËÓ�ÏÎÅÎ��ÊÎÅ �ÁÄ�ÎÎÑ Û×ÉÄËÏÓÔ� ÒÅÁË��§ a) Ú ÒÏÓÔÏÍ ËÏÎ�ÅÎÔ-ÒÁ��§ [Ns℄ (×ÎÁÓÌ�ÄÏË Ì�Î�ÊÎÏÇÏ ÒÏÓÔÕ ÅÎÅÒÇ�§ ÁËÔÉ×Á��§E� Ú� ÚÂ�ÌØÛÅÎ-ÎÑÍ [Ns℄). ú �ÎÛÏÇÏ ÂÏËÕ,Û×ÉÄË�ÓÔØ �ÒÏ�ÅÓÕ b) ÚÂ�ÌØÛÕ¤ÔØÓÑ Ú ÒÏÓÔÏÍËÏÎ�ÅÎÔÒÁ��§ [Ns℄ (�ÏËÉ ÎÁÓÉÞÅÎÎÑ �Ï×ÅÒÈÎ� ËÁÔÁÌ�ÚÁÔÏÒÁ ×ÏÄÎÅÍ ÎÅÓ�ÒÉÞÉÎÉÔØ �ÏÄÁÌØÛÏÇÏ ÚÍÅÎÛÅÎÎÑ r). �ÏÞËÁ, ÄÅ �ÅÒÅÔÉÎÁÀÔØÓÑ ��Ä×� ËÒÉ×�, � ×ÉÚÎÁÞÁ¤ ÓÔÁ��ÏÎÁÒÎÕ ËÏÎ�ÅÎÔÒÁ��À ÁÚÏÔÕ.

òÉÓ. 1. åÎÅÒÇÅÔÉÞÎÁ Ä�ÁÇÒÁÍÁ ÒÅÁË��Ê (8). åÎÅÒÇ�Ñ ÁËÔÉ×Á-��§ E� ÚÁÌÅÖÉÔØ ×�Ä ÓÔÒÕËÔÕÒÉ ÔÁ �ÏËÒÉÔÔÑ �Ï×ÅÒ-ÈÎ�.�ÁËÏÀ ÕÑ×ÌÑ¤ÔØÓÑ Í�ËÒÏÓËÏ��ÞÎÁ ËÁÒÔÉÎÁ ËÁÔÁÌ�ÔÉÞÎÏÇÏ ÓÉÎÔÅ-ÚÕ ÁÍ�ÁËÕ × ÒÅÚÕÌØÔÁÔ� ÎÏ×�ÔÎ�È ÄÏÓÌ�ÄÖÅÎØ ÌÁÂÏÒÁÔÏÒÎÏÇÏ ÓÉÎÔÅÚÕ(surfa
e s
ien
e approa
h). ñË ÕÖÅ ÚÁÚÎÁÞÁÌÏÓÑ, ÏÄÎ�¤À Ú ×�ÄÍ�ÎÎÏÓ-ÔÅÊ Í�Ö ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍ ÔÁ �ÒÏÍÉÓÌÏ×ÉÍ ËÁÔÁÌ�ÚÏÍ ¤ Ò�ÚÎÉ�Ñ
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òÉÓ. 2. úÍ�ÎÁ Û×ÉÄËÏÓÔ� ÈÅÍ�ÓÏÒÂ��§ ÄÉÓÏ��ÊÏ×ÁÎÏÇÏ ÁÚÏÔÕ(a) ÔÁ Û×ÉÄË�ÓÔØ Ç�ÄÒÏÇÅÎ�ÚÁ��§ ÁÄÓÏÒÂÏ×ÁÎÏÇÏ ×ÏÄ-ÎÀ (b) × ÚÁÌÅÖÎÏÓÔ� ×�Ä �Ï×ÅÒÈÎÅ×Ï§ ËÏÎ�ÅÎÔÒÁ��§ÁÔÏÍÁÒÎÏÇÏ ÁÚÏÔÕ [Ns℄.ÔÉÓË�×. ¶ÎÛÏÀ ×�ÄÍ�ÎÎ�ÓÔÀ ¤ ÎÅÍÏÖÌÉ×�ÓÔØ ×ÉÇÏÔÏ×ÌÅÎÎÑ \�ÄÅÁÌØÎÏ-ÇÏ" (Õ ËÒÉÓÔÁÌÏÇÒÁÆ�ÞÎÏÍÕ ÒÏÚÕÍ�ÎÎ�) ÚÅÒÎÁ ËÁÔÁÌ�ÚÁÔÏÒÁ × ÒÅÁÌØ-ÎÉÈ ÕÍÏ×ÁÈ ÓÉÎÔÅÚÕ ÁÍ�ÁËÕ. �ÉÍ ÎÅ ÍÅÎÛÅ, ¤ ÍÏÖÌÉ×�ÓÔØ ÍÏÄÅÌÀ-×ÁÎÎÑ �ÒÏ�ÅÓ�× ÇÅÔÅÒÏÇÅÎÎÏÇÏ ÓÉÎÔÅÚÕ NH3. úÁÚ×ÉÞÁÊ ÔÁËÅ ÍÏÄÅÌÀ-×ÁÎÎÑ ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ÞÉÓÅÌØÎÏÍÕ ÒÏÚ×'ÑÚËÕ ÄÉÆÅÒÅÎ��ÊÎÉÈ Ò�×ÎÑÎØÒÅÁË��ÊÎÏ-ÄÉÆÕÚ�ÊÎÏÇÏ ÔÉ�Õ Ú �Å×ÎÉÍÉ �ÏÞÁÔËÏ×ÉÍÉ ÔÁ ÇÒÁÎÉÞÎÉÍÉÕÍÏ×ÁÍÉ (× ÑË�, ×ÌÁÓÎÅ, � ÍÏÖÎÁ ÚÁËÌÁÓÔÉ ÔÕ ÞÉ �ÎÛÕ ÔÏ�ÏÌÏÇ�À ËÁ-ÔÁÌ�ÔÉÞÎÉÈ ÚÅÒÅÎ). ÷ÎÁÓÌ�ÄÏË ÔÏÇÏ, ÝÏ ÔÁË� ÄÉÆÅÒÅÎ��ÊÎ� Ò�×ÎÑÎÎÑ× ÞÁÓÔËÏ×ÉÈ �ÏÈ�ÄÎÉÈ ¤ ÎÅÌ�Î�ÊÎÉÍÉ, ÁÎÁÌ�ÔÉÞÎ� ÒÏÚ×'ÑÚËÉ ÍÏÖÌÉ×�ÌÉÛÅ × ÏËÒÅÍÉÈ ×É�ÁÄËÁÈ × Á×ÔÏÍÏÄÅÌØÎÏÍÕ ÒÅÖÉÍ� (Õ ×ÉÇÌÑÄ� Â�ÖÕ-ÞÉÈ È×ÉÌØ �Å×ÎÏÇÏ �ÒÏÆ�ÌÀ). ïÞÅ×ÉÄÎÏ, �ÏÓÔÁ¤ �ÒÏÂÌÅÍÁ ×ÉÚÎÁÞÅÎ-ÎÑ ËÏÅÆ���¤ÎÔ�× (ËÏÎÓÔÁÎÔ ÒÅÁË��Ê, �ÏÔÅÎ��ÁÌ�× ×ÚÁ¤ÍÏÄ�§ ÒÅÁÇÅÎÔ�×Ú �Ï×ÅÒÈÎÅÀ ËÁÔÁÌ�ÚÁÔÏÒÁ ÔÁ Í�Ö ÓÏÂÏÀ, ÄÉÆÕÚ�ÊÎÏÓÔ�) ÒÅÁË��ÊÎÏ-ÄÉÆÕÚ�ÊÎÉÈ Ò�×ÎÑÎØ. ðÒÉÒÏÄÎÉÍ ¤ ÂÁÖÁÎÎÑ \ÚÁËÌÁÓÔÉ" Õ ×ÉÈ�ÄÎÕ
ICMP{99{24U 12ÍÏÄÅÌØ ÑËÏÍÏÇÁ Â�ÌØÛÅ Æ�ÚÉÞÎÉÈ ÞÉÎÎÉË�×, ÝÏ ×ÉÚÎÁÞÁÀÔØ �ÒÏ�ÅÓËÁÔÁÌ�ÚÕ. ÷ ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ ÒÅÁË��ÊÎÏ-ÄÉÆÕÚ�ÊÎ� Ò�×ÎÑÎÎÑ ÍÁ-ÀÔØ ×ÉÇÌÑÄ: �Ci�t = Q(Ci) +D(Ci); (27)ÄÅ Ci { ËÏÎ�ÅÎÔÒÁ��Ñ ÏÄÎ�¤§ Ú ËÏÍ�ÏÎÅÎÔ,Q(Ci) = MXj=1 kijC�ii C�jj (28){ ÄÏÄÁÎÏË, ÝÏ ×ÉÚÎÁÞÁ¤ ×ËÌÁÄ ÒÅÁË��§ Ú ËÏÎÓÔÁÎÔÁÍÉ kij ÔÁ ×�Ä�Ï×�Ä-ÎÉÍÉ ÓÔÅÈ�ÏÍÅÔÒÉÞÎÉÍÉ ËÏÅÆ���¤ÎÔÁÍÉ �i,D(Ci) = D�2Ci�r2 + ��r (vCi) (29){ ÞÌÅÎ, ÝÏ ÈÁÒÁËÔÅÒÉÚÕ¤ ÄÉÆÕÚ�À Ú ×�Ä�Ï×�ÄÎÉÍ ËÏÅÆ���¤ÎÔÏÍ D ÔÁ�ÏÔÏËÏÍ vCi, ÑËÉÊ ×ÉÚÎÁÞÁ¤ÔØÓÑ Í�ÖÍÏÌÅËÕÌÑÒÎÏÀ ×ÚÁ¤ÍÏÄ�¤À ÒÅÁ-ÇÅÎÔ�× Ú �Ï×ÅÒÈÎÅÀ ËÁÔÁÌ�ÚÁÔÏÒÁ ÔÁ Í�Ö ÓÏÂÏÀ. úÏËÒÅÍÁ Õ [10℄ �ÒÏ�Å-ÓÉ ÁÄÓÏÒÂ��§, ÄÅÓÏÒÂ��§, ÍÏÎÏÍÏÌÅËÕÌÑÒÎÏ§ ÒÅÁË��§, ÄÉÆÕÚ�§ ÔÁ ×ÚÁ¤ÍÏ-Ä�§ Ú �Ï×ÅÒÈÎÅÀ ËÁÔÁÌ�ÚÁÔÏÒÁ ÍÏÄÅÌÀ×ÁÌÉÓØ ÎÁÓÔÕ�ÎÉÍ Ò�×ÎÑÎÎÑÍ:�C�t = kap0(1� C)� kdC � krC (30)+ ��r � DkâT (1� C)C �U(r)�r �+D�2C�r2 + �(r; t);ÄÅ ka { ËÏÅÆ���¤ÎÔ ÁÄÓÏÒÂ��§, kd { ËÏÅÆ���¤ÎÔ ÄÅÓÏÒÂ��§, kr { ËÏÎÓÔÁÎ-ÔÁ ÒÅÁË��§, kâ { ËÏÎÓÔÁÎÔÁ âÏÌØ�ÍÁÎÁ, U(r) { ÌÏËÁÌØÎÉÊ �ÏÔÅÎ��ÁÌ×ÚÁ¤ÍÏÄ�§ �Ï×ÅÒÈÎ� ÔÁ ÁÄÓÏÒÂÏ×ÁÎÏ§ ÍÏÌÅËÕÌÉ, Á ÏÓÔÁÎÎ�Ê ÄÏÄÁÎÏË ÈÁ-ÒÁËÔÅÒÉÚÕ¤ ×É�ÁÄËÏ×� �ÒÏ�ÅÓÉ (ÛÕÍÉ) × ÓÉÓÔÅÍ�. ìÏËÁÌØÎÉÊ �ÏÔÅÎ-��ÁÌ U(r) ÍÏÖÎÁ ÍÏÄÅÌÀ×ÁÔÉ × ÔÏÍÕ ÞÉ �ÎÛÏÍÕ ×ÉÇÌÑÄ�. îÁ�ÒÉËÌÁÄ,Õ ÄÁÎ�Ê ÒÏÂÏÔ� ÂÒÁÌÏÓØU(r) = � Z dr0u(r� r0)
(r0); u(r) = u0�r20 exp(�r2=r20): (31)÷ÏÄÎÏÞÁÓ U(r) ×ÉÚÎÁÞÁ¤ ËÏÅÆ���¤ÎÔ ÄÅÓÏÒÂ��§ ÚÇ�ÄÎÏ Úkd = kd;0 exp[U(r)=kâT ℄: (32)ïÔÖÅ, Ò�×ÎÑÎÎÑ (30), ÝÏ Ï�ÉÓÕ¤ ÓÕËÕ�Î�ÓÔØ �ÒÏ�ÅÓ�× ËÁÔÁÌ�ÚÕ, ¤ÓËÌÁÄÎÉÍ ÎÅÌ�Î�ÊÎÉÍ �ÎÔÅÇÒÏ-ÄÉÆÅÒÅÎ��ÊÎÉÍ Ò�×ÎÑÎÎÑÍ Ú ×É�ÁÄËÏ-×ÉÍÉ ÄÖÅÒÅÌÁÍÉ. õ �ÉÔÏ×ÁÎ�Ê ÒÏÂÏÔ� ÂÕÌÏ �ÒÏ×ÅÄÅÎÏ ÄÅÔÁÌØÎÉÊ ÁÎÁ-Ì�Ú ÍÏÄÅÌ�, ÝÏ Ï�ÉÓÕ¤ÔØÓÑ Ò�×ÎÑÎÎÑÍ (30). õ �ÒÉ�ÕÝÅÎÎ� ÓÌÁÂËÏ§ ÎÅ-ÌÏËÁÌØÎÏÓÔ� �ÏËÒÉÔÔÑ ÎÁ ×�ÄÓÔÁÎ� ÒÁÄ�ÕÓÕ ×ÚÁ¤ÍÏÄ�§ r0 ÔÁ ÎÅÚÎÁÞÎÏÇÏ



13 ðÒÅ�ÒÉÎÔ×�ÄÈÉÌÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��§ C(r) ×�Ä ÓÔÁ��ÏÎÁÒÎÏÇÏ ÚÎÁÞÅÎÎÑ ÂÕÌÏ �ÏÂÕ-ÄÏ×ÁÎÏ ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ ÚÁÌÅÖÎÏÓÔ� ÓÔÁÎÕ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÞÁÓÔÉÎÏË ×�ÄÚ×ÅÄÅÎÉÈ ÚÎÁÞÅÎØ ÅÎÅÒÇÅÔÉÞÎÉÈ ËÏÎÓÔÁÎÔ " = u0=kâT , � = kap0=kd;0(p0 { ÚÏ×Î�ÛÎ�Ê ÔÉÓË Õ ÓÉÓÔÅÍ�), ÔÁ ÄÉÆÕÚ�ÊÎÉÈ ÍÁÓÛÔÁÂ�× ÄÏ×ÖÉÎLd =s Dkd;0 exp(1=2"C0); Lr =rDkr :÷ÉÑ×ÉÌÏÓØ, ÝÏ ÚÁÌÅÖÎÏ ×�Ä Ó��××�ÄÎÏÛÅÎØ Í�Ö ÄÁÎÉÍÉ �ÁÒÁÍÅÔÒÁÍÉÍÏÖÌÉ×� ÎÁÓÔÕ�Î� ÆÁÚÉ ÎÁ �Ï×ÅÒÈÎ� ËÁÔÁÌ�ÚÁÔÏÒÁ ÓÔÏÓÏ×ÎÏ ÍÁÌÏÇÏÚÂÕÒÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��§ ÆC(r):I. ïÄÎÁ �ÒÏÓÔÏÒÏ×Ï-ÏÄÎÏÒ�ÄÎÁ ÆÁÚÁ Ò�×ÎÏ×ÁÖÎÏ§ ËÏÎ�ÅÎÔÒÁ��§ C0.II. ïÄÎÁ �ÒÏÓÔÏÒÏ×Ï-ÍÏÄÕÌØÏ×ÁÎÁ (ÎÅÏÄÎÏÒ�ÄÎÁ) ÆÁÚÁ. III. ä×� ÏÄ-ÎÏÒ�ÄÎ� ÆÁÚÉ. IV. ïÄÎÁ ÏÄÎÏÒ�ÄÎÁ ÆÁÚÁ ÍÁÌÏ§ ËÏÎ�ÅÎÔÒÁ��§ ÔÁ Ä×��ÒÏÓÔÏÒÏ×Ï-ÍÏÄÕÌØÏ×ÁÎ� ÆÁÚÉ. V. ïÄÎÁ ÏÄÎÏÒ�ÄÎÁ ÆÁÚÁ ×ÅÌÉËÏ§ ËÏÎ-�ÅÎÔÒÁ��§ ÔÁ Ä×� �ÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎ� ÆÁÚÉ. VI. ä×� �ÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎ� ÆÁÚÉ.ðÒÑÍ� ÞÉÓÅÌØÎ� ÒÏÚÒÁÈÕÎËÉ Ò�×ÎÑÎÎÑ (30) �ÏËÁÚÁÌÉ, ÝÏ � × ÓÉÌØ-ÎÏÎÅÒ�×ÎÏ×ÁÖÎÏÍÕ ×É�ÁÄËÕ Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ ×ÉÎÉËÎÅÎÎÑ �Å×ÎÉÈ Í�-ËÒÏÓÔÒÕËÔÕÒ: �ÅÒÅÈ�Ä ×�Ä ÓÔÁÎÕ \ÇÕÓÔ� ×ËÒÁ�ÌÅÎÎÑ ÎÁ ÒÏÚÒ�ÄÖÅÎ�Ê��ÄÌÏÖ��" ÄÏ ÓËÌÁÄÎÉÈ ÌÁÂ�ÒÉÎÔÏ�ÏÄ�ÂÎÉÈ ÓÔÒÕËÔÕÒ, ÄÁÌ� ÄÏ \Ò�ÄËÉÈ×ËÒÁ�ÌÅÎØ ÎÁ ÇÕÓÔÏÍÕ" � ÚÎÏ×Õ ÄÏ ÌÁÂ�ÒÉÎÔÏ�ÏÄ�ÂÎÉÈ ÕÔ×ÏÒÅÎØ �Î-ÛÏ§ ÇÕÓÔÉÎÉ. íÏÄÅÌÀ×Á×ÓÑ ÔÁËÏÖ ×�ÌÉ× ÓÔÏÈÁÓÔÉÞÎÉÈ �ÒÏ�ÅÓ�× (ÔÉ-�Õ \Â�ÌÏÇÏ" ÛÕÍÕ) ÎÁ �ÅÒÅÂ�Ç ÕÔ×ÏÒÅÎÎÑ Í�ËÒÏÓÔÒÕËÔÕÒ. èÏÞÁ ×�ÌÉ×ÆÌÕËÔÕÁ��Ê ÎÁ ÚÍ�ÎÕ ÇÕÓÔÉÎÉ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÞÁÓÔÉÎÏË ÂÕ× ÄÏÓÉÔØ �Ï-Í�ÔÎÉÍ, ÚÁÇÁÌØÎÁ ÍÏÒÆÏÌÏÇ�Ñ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ Í�ËÒÏÓÔÒÕËÔÕÒ ÚÁÌÉ-ÛÁÌÁÓØ �ÒÁËÔÉÞÎÏ ÎÅÚÍ�ÎÎÏÀ.�ÁËÉÍ ÞÉÎÏÍ ÂÕÌÏ ×ÓÔÁÎÏ×ÌÅÎÏ ÕÔ×ÏÒÅÎÎÑ Í�ËÒÏÓÔÒÕËÔÕÒ ÎÁ �Ï-×ÅÒÈÎ� ËÁÔÁÌ�ÚÁÔÏÒÁ, ÝÏ, ÂÅÚÕÍÏ×ÎÏ, ×ÎÏÓÉÔÉÍÅ Ó×Ï§ ËÏÒÅËÔÉ×É ÎÁ �Å-ÒÅÂ�Ç ÕÓ�¤§ ÓÕËÕ�ÎÏÓÔ� ÒÅÁË��Ê, ÚÂ�ÌØÛÕÀÞÉ ÇÅÔÅÒÏÇÅÎÎ�ÓÔØ ËÁÔÁÌ�ÚÕÚÁÇÁÌÏÍ.ïÄÎÁË, Õ ÍÅÖÁÈ ×ËÁÚÁÎÏ§ ÍÏÄÅÌ� ×Ó� ËÏÅÆ���¤ÎÔÉ ××ÁÖÁÌÉÓÑ ËÏÎ-ÓÔÁÎÔÁÍÉ. âÅÚÕÍÏ×ÎÏ, Â�ÌØÛ ÒÅÁÌ�ÓÔÉÞÎÏÀ ¤ ËÁÒÔÉÎÁ, ËÏÌÉ, ÎÁ�ÒÉ-ËÌÁÄ, ËÏÎÓÔÁÎÔÉ ÒÅÁË��Ê ÚÍ�ÎÀÀÔØÓÑ Ú ÞÁÓÏÍ. ÷ [15℄ ÂÕÌÏ �ÒÏ×ÅÄÅÎÏÄÏÓÌ�ÄÖÅÎÎÑ Ë�ÎÅÔÉËÉ Â�ÍÏÌÅËÕÌÑÒÎÏ§ ËÁÔÁÌ�ÔÉÞÎÏ-ÁËÔÉ×Ï×ÁÎÏ§ ÒÅ-ÁË��§ ÚÁÌÅÖÎÏ ×�Ä ÒÏÚÍ�ÒÎÏÓÔ� �ÒÏÓÔÏÒÕ. ëÁÔÁÌ�ÔÉÞÎ� �ÅÎÔÒÉ ÂÕÌÉÈÁÏÔÉÞÎÏ ÒÏÚÍ�ÝÅÎ� × d-Í�ÒÎÏÍÕ ÏÂ'¤Í� V , ÒÅÁÇÕÀÞ� ÞÁÓÔÉÎËÉ Ú �Ï-ÞÁÔËÏ×ÏÀ ÇÕÓÔÉÎÏÀ n(t = 0) = n0 ÔÁËÏÖ ÂÕÌÉ ÈÁÏÔÉÞÎÏ ÒÏÚËÉÄÁÎ�� ÍÏÇÌÉ ÄÉÆÕÎÄÕ×ÁÔÉ (Ú ËÏÎÓÔÁÎÔÏÀ ÄÉÆÕÚ�§ D) �Ï d-Í�ÒÎ�Ê ÇÒÁÔ���ÅÒ�ÏÄÕ a. úÁ�ÉÓÁ×ÛÉ Ò�×ÎÑÎÎÑ ÄÌÑ 2-ÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË��§ ÒÏÚ�ÏÄ�-ÌÕ Ú ×�Ä�Ï×�ÄÎÉÍÉ �ÏÞÁÔËÏ×ÉÍÉ ÔÁ ÇÒÁÎÉÞÎÉÍÉ ÕÍÏ×ÁÍÉ (ÄÌÑ ÏÓÔÁÎ-Î�È Û×ÉÄË�ÓÔØ ÒÅÁË��§ ÎÁ ÚÅÒÎ� ËÁÔÁÌ�ÚÁÔÏÒÁ ÄÏÒ�×ÎÀ×ÁÌÁ ×ÅÌÉÞÉÎ�
ICMP{99{24U 14ÄÉÆÕÚ�ÊÎÏÇÏ �ÏÔÏËÕ) ÔÁ ÒÏÚ×'ÑÚÁ×ÛÉ ÊÏÇÏ, Á×ÔÏÒÉ �ÏËÁÚÁÌÉ, ÝÏ ÕÚÁ-ÇÁÌØÎÅÎÁ ËÏÎÓÔÁÎÔÁ ÒÅÁË��§ (ÑË ÆÕÎË��Ñ ÞÁÓÔÏÔÉ !) × 1- ÔÁ 2-Í�ÒÎÏÍÕ×É�ÁÄËÁÈ ÍÁ¤ ÚÎÁÞÎÏ ÂÁÇÁÔÛÉÊ \Ó�ÅËÔÒ" ÚÎÁÞÅÎØ.ñËÝÏ × d = 3 ×ÏÎÁ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ó��××�ÄÎÏÛÅÎÎÑÍk�1eff (!) = !� 1n
kel + 18�Dr0 + 14�3Dr40n
� ; (33)ÄÅ n
 { ËÏÎ�ÅÎÔÒÁ��Ñ ËÁÔÁÌ�ÔÉÞÎÉÈ �ÅÎÔÒ�×, r0 { ÒÁÄ�ÕÓ ÓÆÅÒÉ ×ÚÁ¤ÍÏ-Ä�§, kel { \ÚÁÔÒÁ×ÏÞÎÅ" ÚÎÁÞÅÎÎÑ ËÏÎÓÔÁÎÔÉ ÒÅÁË��§), ÝÏ ÄÁ¤ ÚÇÁÓÁÎÎÑ× ÞÁÓ� ËÏÎ�ÅÎÔÒÁ��§ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÞÁÓÔÉÎÏË n(t) � (keff t)�1, ÔÏ ×d = 1 ÍÁ¤ÍÏ: k�1eff (!) = !n
kel +r !8D + ! ln(4D=!r20)4�Dn
 ; (34)Á Õ 2-Í�ÒÎÏÍÕ ×É�ÁÄËÕk�1eff (!) = !n
kel + ! ln(8D=r20!)8�D + !4�2Dr20n
 : (35)ïÔÖÅ, �ÒÉ d = 1 ÔÁ d = 2 �ÓÎÕÀÔØ �ÎÔÅÒ×ÁÌÉ ÞÁÓÕ, × ÑËÉÈ ÞÁÓÏ×Á ÚÁ-ÌÅÖÎ�ÓÔØ ËÏÎ�ÅÎÔÒÁ��§ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÞÁÓÔÉÎÏË ×�ÄÒ�ÚÎÑ¤ÔØÓÑ. ðÅÒÅ-È�ÄÎ� ÒÅÖÉÍÉ ×�Ä ÏÄÎ�¤§ ÄÏ �ÎÛÏ§ �Ï×ÅÄ�ÎËÉ ×ÉÚÎÁÞÁÀÔØÓÑ ËÏÎÓÔÁÎÔÏÀÒÅÁË��§ kel, ÒÁÄ�ÕÓÏÍ ÓÆÅÒÉ ×ÚÁ¤ÍÏÄ�§ r0 ÔÁ ËÏÎ�ÅÎÔÒÁ��¤À ËÁÔÁÌ�ÔÉÞ-ÎÉÈ ÚÅÒÅÎ n
. ïÔÖÅ, ÅÆÅËÔÉ×ÎÏ \ÚÍ�ÎÀÀÞÉ" ÒÏÚÍ�ÒÎ�ÓÔØ �ÒÏÓÔÏÒÕ,ÄÅ �ÒÏÈÏÄÉÔØ ÒÅÁË��Ñ ËÁÔÁÌ�ÔÉÞÎÏÇÏ ÓÉÎÔÅÚÕ, ÅËÓ�ÅÒÉÍÅÎÔÁÔÏÒ ÍÏ-ÖÅ ÄÏÓÑÇÔÉ Ô�¤§ ÞÉ �ÎÛÏ§ ÞÁÓÏ×Ï§ ÚÁÌÅÖÎÏÓÔ� ÅÆÅËÔÉ×ÎÏ§ ËÏÎÓÔÁÎÔÉÒÅÁË��§ keff (t). ðÒÉ �ØÏÍÕ ×ÁÖÌÉ×ÉÍÉ ¤ ÄÏÓÌ�ÄÖÅÎÎÑ ËÏÅÆ���¤ÎÔ�×�ÅÒÅÎÏÓÕ (ÄÉÆÕÚ�§) ÒÅÁÇÕÀÞÏ§ ÓÕÍ�Û� ÑË × ÏÂ'¤Í�, ÔÁË � ÎÁ �Ï×ÅÒÈÎ�ËÁÔÁÌ�ÚÁÔÏÒÁ. õ ÎÁÓÔÕ�ÎÏÍÕ ��ÄÒÏÚÄ�Ì� ÍÉ ÒÏÚÒÁÈÕ¤ÍÏ ËÏÅÆ���¤ÎÔÉ�ÅÒÅÎÏÓÕ ÄÌÑ ÓÕÍ�Û� H2, N2, NH3 × ÇÁÚÏ×�Ê ÆÁÚ�.òÏÚÒÁÚÕÎÏË ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ × ÓÕÍ�Û�H2, N2, NH3÷ ÒÏÂÏÔ� [19℄ ×ÉÈÏÄÑÞÉ Ú Ë�ÎÅÔÉÞÎÏÇÏ Ò�×ÎÑÎÎÑ åÎÓËÏÇÁ-ìÁÎÄÁÕ ÄÌÑÂÁÇÁÔÏÓÏÒÔÎÏ§ ÇÁÚÏ×Ï§ ÓÕÍ�Û� ÚÁ ÄÏ�ÏÍÏÇÏÀ ÍÅÔÏÄÕ þÅ�ÍÅÎÁ-åÎÓËÏÇÁÏÔÒÉÍÁÎÏ ×ÉÒÁÚÉ ÄÌÑ ËÏÅÆ���¤ÎÔ�× ÏÂ'¤ÍÎÏ§ � ÔÁ ÚÓÕ×ÎÏ§ � ×'ÑÚËÏÓÔ�� ËÏÅÆ���¤ÎÔÁ ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ� �.� = 49 MXa;b=1�4abgab2 nanbp2��abkT = MXa;b=1�ab; (36)



15 ðÒÅ�ÒÉÎÔ� = 35�+0�12 MXa=1naBa(0)+ 4�15 MXa;b=1�3abgab2 nanb�abmbBb(0)1AkT; (37)� = MXa;b=1 3k �abma+mb �p2k3T 54 MXa=1 napma [Aa(1)�Aa(0)℄ + (38)2�3 MXa;b=1�3abgab2 nanbma +mb h 3�abpmbAb(1)�pmbAb(0)i!;ÄÅ �ab = (�a + �b)=2, �a, �b { Ä�ÁÍÅÔÒÉ ÞÁÓÔÉÎÏË ÓÏÒÔ�× a ÔÁ b, gab2 {ÚÎÁÞÅÎÎÑ �ÁÒÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÎÁ ËÏÎÔÁËÔ�, na { ËÏÎ�ÅÎÔÒÁ��ÑÞÁÓÔÉÎÏË ÓÏÒÔÕ a, �ab = mamb=(ma+mb) { �ÒÉ×ÅÄÅÎÁ ÍÁÓÁ, k { ÓÔÁÌÁâÏÌØ�ÍÁÎÁ, T { ÁÂÓÏÌÀÔÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ, Aa(0), Aa(1), Ba(0) { ËÏÅÆ�-��¤ÎÔÉ, ÝÏ ×ÉÎÉËÁÀÔØ �ÒÉ ÒÏÚËÌÁÄ� �Ï�ÒÁ×ËÉ ÄÏ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ× ÒÑÄ �Ï �ÏÌ�ÎÏÍÁÈ óÏÎ�ÎÁ-ìÁÇÅÒÁ.ïÄÅÒÖÁÎ� ×ÉÒÁÚÉ ÍÏÖÎÁ ÚÁÓÔÏÓÕ×ÁÔÉ ÄÏ ÒÏÚÒÁÈÕÎËÕ ËÏÅÆ���¤ÎÔ�×�ÅÒÅÎÏÓÕ ÔÒÉÓÏÒÔÎÏ§ ÓÕÍ�Û� H2, N2, NH3, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ Ô� ÞÉ �ÎÛ�ÍÏÄÅÌØÎ� �ÏÔÅÎ��ÁÌÉ Í�ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§.ýÏÂ ÏÂÞÉÓÌÉÔÉ ×ÅÌÉÞÉÎÉ Aa(0), Aa(1), Ba(0) ÎÅÏÂÈ�ÄÎÏ ÍÁÔÉ ÔÁËÚ×ÁÎ� 
-�ÎÔÅ­ÒÁÌÉ, ÑË� ÚÁÌÅÖÁÔØ ×�Ä ËÏÎËÒÅÔÎÏÇÏ ×ÉÇÌÑÄÕ �ÏÔÅÎ��ÁÌÁ×ÚÁ¤ÍÏÄ�§. òÏÚÒÁÈÕÎËÉ �ÒÏ×ÏÄÉÌÉÓÑ ÄÌÑ Ä×ÏÈ �ÏÔÅÎ��ÁÌ�× { �ÏÔÅÎ��-ÁÌÁ Ô×ÅÒÄÉÈ ËÕÌØÏË (H.S.) � �ÏÔÅÎ��ÁÌÁ ìÅÎÁÒÄÁ-äÖÏÎÓÁ (L.J.).ä�ÁÍÅÔÒÉ Ô×ÅÒÄÉÈ ËÕÌØÏË ÂÕÌÉ ÒÏÚÒÁÈÏ×ÁÎ� Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØ-ÎÉÈ ÄÁÎÉÈ [20℄ �Ï ×'ÑÚËÏÓÔ� ÞÉÓÔÉÈ ÒÏÚÒ�ÄÖÅÎÉÈ ÇÁÚ�× H2, N2, NH3.äÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ T = 723:15 K, �ÒÉ ÑË�Ê �ÒÏ×ÏÄÉÌÉÓØ ÒÏÚÒÁÈÕÎ-ËÉ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ, �a ×ÉÑ×ÉÌÉÓÑ ÔÁËÉÍÉ: �H2 = 2:515�A,�N2 = 3:413�A, �NH3 = 3:373�A. ÷ÚÁ¤ÍÏÄ�À ÄÉ�ÏÌØÎÉÈ ÍÏÌÅËÕÌ (ÍÏÌÅ-ËÕÌÉ ÁÍ�ÁËÕ ¤ ÄÉ�ÏÌØÎÉÍÉ) ÍÏÖÎÁ ÚÍÏÄÅÌÀ×ÁÔÉ ÅÆÅËÔÉ×ÎÉÍ �ÏÔÅÎ-��ÁÌÏÍ ìÅÎÁÒÄÁ-äÖÏÎÓÁ [21℄, �ÁÒÁÍÅÔÒÉ ÑËÏÇÏ ÚÁÌÅÖÁÔØ ×�Ä ÔÅÍ�Å-ÒÁÔÕÒÉ � = �(T ), " = "(T ). ÷ [21℄ ÎÁ×ÅÄÅÎÏ ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ�ÅÆÅËÔÉ×ÎÉÈ �(T ), "(T ) ÄÌÑ ÄÅÑËÉÈ ÍÏÌÅËÕÌ. äÌÑ ÁÍ�ÁËÕ §È ÚÁÄÁÎÏ ×�ÎÔÅÒ×ÁÌ� T = 275 � 550 K. úÎÁÞÅÎÎÑ �(T ) � "(T ) ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ,�ÒÉ ÑË�Ê �ÒÏ×ÏÄÉÌÉÓØ ÒÏÚÒÁÈÕÎËÉ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ, ÂÕÌÏ ÚÎÁÊ-ÄÅÎÏ ÛÌÑÈÏÍ ÅËÓÔÒÁ�ÏÌÀ×ÁÎÎÑ. ïÔÖÅ, �ÁÒÁÍÅÔÒÉ ÄÌÑ �ÏÔÅÎ��ÁÌÁìÅÎÁÒÄÁ-äÖÏÎÓÁ ÔÁË�: �H2 = 2:947�A, "H2 = 32:02 K, �N2 = 3:664�A,"N2 = 95:92 K, �NH3(T ) = 3:38�A, "NH3(T ) = 324:0 K (ÅËÓÔÒÁ�ÏÌØÏ×Á-Î� ÚÎÁÞÅÎÎÑ).îÁ ÒÉÓ. 3{5 �ÏÄÁÎÏ ÚÁÌÅÖÎÏÓÔ� ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ �, �, � ×�Ä�ÒÏ�ÅÎÔÎÏÇÏ ×Í�ÓÔÕ ÁÍ�ÁËÕ xNH3 (�Ï ËÏÎ�ÅÎÔÒÁ��§) �ÒÉ ÔÒØÏÈ Æ�ËÓÏ-×ÁÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÉÓËÕ p = 70, p = 110 � p = 150 ÁÔÍ. � �ÒÉ ÔÅÍ�Å-ÒÁÔÕÒ� T = 723:15 K (450oC). ëÏÎ�ÅÎÔÒÁ��§ ×ÏÄÎÀ Ê ÁÚÏÔÕ × ÓÕÍ�Û�
ICMP{99{24U 16×�ÄÎÏÓÑÔØÓÑ ÑË 3:1, ÚÇ�ÄÎÏ Ú� ÓÔÅÈ�ÏÍÅÔÒ�¤À ÒÅÁË��§ ÓÉÎÔÅÚÕ ÁÍ�ÁËÕ.îÁ ÒÉÓ. 3 �ÒÅÄÓÔÁ×ÌÅÎÏ ÏÂ'¤ÍÎÕ ×'ÑÚË�ÓÔØ. ú� ÚÂ�ÌØÛÅÎÎÑÍ ÔÉÓËÕ �ÚÒÏÓÔÁ¤.ðÏÚÎÁÞÅÎÎÑ (H.S) ×�Ä�Ï×�ÄÁ¤ ÍÏÄÅÌ� Ô×ÅÒÄÉÈ ËÕÌØÏË, Á (L.J.)ÏÚÎÁÞÁ¤, ÝÏ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ � ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÉÓØ �ÁÒÁÍÅÔÒÉ �a �Ï-ÔÅÎ��ÁÌÁ ìÅÎÁÒÄÁ-äÖÏÎÓÁ. ïÓË�ÌØËÉ Õ ÆÏÒÍÕÌÕ ÄÌÑ � �ÏÔÅÎ��ÁÌ×ÚÁ¤ÍÏÄ�§ ÎÅ ×ÈÏÄÉÔØ Ñ×ÎÏ, ÔÏ ÚÁÌÅÖÎ�ÓÔØ, ÒÏÚÒÁÈÏ×ÁÎÕ ÎÁ ÏÓÎÏ×� ÍÏ-ÄÅÌ� Ô×ÅÒÄÉÈ ËÕÌØÏË, ÓÌ�Ä ××ÁÖÁÔÉ ÔÏÞÎ�ÛÏÀ. òÉÓ. 4, 5 �ÏÄÁÀÔØ ÚÁ-ÌÅÖÎÏÓÔ� ÄÌÑ � � �. ëÒÉ×� ÄÌÑ Ò�ÚÎÉÈ ÔÉÓË�× ÍÁÊÖÅ ÚÂ�ÇÁÀÔØÓÑ, ÔÏÂÔÏËÏÅÆ���¤ÎÔÉ � � � ÄÕÖÅ ÓÌÁÂÏ ÚÁÌÅÖÁÔØ ×�Ä ÔÉÓËÕ × ÄÏÓÌ�ÄÖÕ×ÁÎ�ÊÏÂÌÁÓÔ�. ñË ×ÉÄÎÏ Ú ÒÉÓÕÎË�× Ò�ÚÎ� ÍÏÄÅÌ� ÄÁÀÔØ ÂÌÉÚØË� ÚÎÁÞÅÎÎÑ�, ÁÌÅ Ò�ÚÎÉÊ ÈÁÒÁËÔÅÒ ÚÁÌÅÖÎÏÓÔ� ×�Ä ×Í�ÓÔÕ ÁÍ�ÁËÕ. äÌÑ ÍÏÄÅÌ�Ô×ÅÒÄÉÈ ËÕÌØÏË ×ÏÎÁ ÚÒÏÓÔÁ¤, Á ÄÌÑ ÍÏÄÅÌ� L.J. ÌÅÄØ �ÏÍ�ÔÎÏ Ó�ÁÄÁ¤.äÌÑ ËÏÅÆ���¤ÎÔÁ ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ�, ÎÁ×�ÁËÉ { ÈÁÒÁËÔÅÒ ËÒÉ×ÉÈ ÏÄÉ-ÎÁËÏ×ÉÊ, ÚÁÔÅ ÒÅÚÕÌØÔÁÔÉ ÄÌÑ Ò�ÚÎÉÈ ÍÏÄÅÌÅÊ Ò�ÚÎÑÔØÓÑ Í�Ö ÓÏÂÏÀ�ÒÉÂÌÉÚÎÏ ÎÁ 16%. îÁÄÚ×ÉÞÁÊÎÏ ×ÁÖÌÉ×ÏÀ ÚÁÄÁÞÅÀ ¤ ÒÏÚÒÁÈÕÎÏËËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§, ×'ÑÚËÏÓÔ�, ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ�ÄÌÑ H2, N2, NH3, H, N, NH, NH2 × ËÏÎÄÅÎÓÁÔÎ�Ê ÆÁÚ�, Á ÔÁËÏÖ �Ï×ÅÒ-ÈÎÅ×Ï§ ÄÉÆÕÚ�§ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�×, ÒÁÄÉËÁÌ�× � �ÒÏÄÕËÔ�× ÒÅÁË��Ê:H2ad, N2ad, Had, Nad, NHad, NH2ad, NH3ad ÎÁ �Ï×ÅÒÈÎ� ËÁÔÁÌ�ÚÁÔÏÒÁ.ÄÌÑ �ØÏÇÏ ÎÅÏÂÈ�ÄÎÏ ÓÔÒÏÇÏ ÓÆÏÒÍÕÌÀ×ÁÔÉ ÚÁÄÁÞÕ ×ÚÁ¤ÍÏÄ�§ ÓÕÍ�-Û� �Ú �Ï×ÅÒÈÎÅÀ ËÁÔÁÌ�ÚÁÔÏÒÁ ÎÁ ÏÓÎÏ×� Ë×ÁÎÔÏ×Ï-ÓÔÁÔÉÓÔÉÞÎÏ§ ÔÅÏÒ�§×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÞÁÓÔÉÎÏË.



17 ðÒÅ�ÒÉÎÔ
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òÉÓ. 5. ëÏÅÆ���¤ÎÔ ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ� ÓÕÍ�Û� H2, N2, NH3.ë�ÎÅÔÉËÁ ÅÌÅËÔÒÏÎ�× ÔÁ ÄÉÆÕÚ�Ñ ÁÔÏÍ�× ÇÁÚÕ × ÓÉÓ-ÔÅÍ� \ÍÅÔÁÌ { ÁÄÓÏÒÂÁÔ { ÇÁÚ"ðÒÏ�ÅÓÉ ÁÄÓÏÒÂ��§, ÄÅÓÏÒÂ��§, ÄÉÆÕÚ�§ ÁÔÏÍ�×, �ÏÎ�×, �ÏÌÑÒÎÉÈ ÔÁ ÍÁÇ-Î�ÔÎÉÈ ÍÏÌÅËÕÌ ÞÉ ËÌÁÓÔÅÒ�× ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌ�×, Ä�ÅÌÅËÔÒÉË�×, ÎÁ-��×�ÒÏ×�ÄÎÉË�× ×�Ä�ÇÒÁÀÔØ ÏÄÎÕ Ú �ÅÎÔÒÁÌØÎÉÈ ÒÏÌÅÊ ÄÌÑ ÒÏÚ×ÉÔËÕÎÁÎÏÓÔÒÕËÔÕÒÎÉÈ, ÔÏÎËÏ�Ì�×ËÏ×ÉÈ ÔÅÈÎÏÌÏÇ�Ê Õ Í�ËÒÏ- � Ï�ÔÏÅÌÅËÔ-ÒÏÎ���. �ÁË� �ÒÏ�ÅÓÉ ¤ ×ÁÖÌÉ×� × ÏÔÒÉÍÁÎ� ÔÏÎËÏ�Ì�×ËÏ×ÉÈ ÓÔÒÕËÔÕÒ,ÏÓÔÒ�×�Å×ÉÈ ÌÁÎ�ÀÖËÏ×ÉÈ ÓÔÒÕËÔÕÒ, Ë×ÁÎÔÏ×ÉÈ ÔÏÞÏË, ÎÁÄÒÅÛ�ÔÏË,ÓÁÍÏÏÒÇÁÎ�ÚÕÀÞÉÈ ÁÄÓÏÒÂÁÔ�× [22-25℄. äÉÆÕÚ�ÊÎ� �ÒÏ�ÅÓÉ, ÍÅÈÁÎ�ÚÍÉÁÄÓÏÒÂ��§, ÄÅÓÏÒÂ��§ ¤ ×ÉÚÎÁÞÁÌØÎÉÍÉ ÔÁËÏÖ × ËÁÔÁÌ�ÔÉÞÎÉÈ ÒÅÁË��-ÑÈ ÎÁ ÁËÔÉ×ÎÉÈ �Ï×ÅÒÈÎÑÈ [1-7℄, ÓÔÒÕËÔÕÒÁ, ÅÌÅËÔÒÏÎÎÁ ÂÕÄÏ×Á, ÑËÉÈÕ �ÉÈ �ÒÏ�ÅÓÁÈ ×�Ä�ÇÒÁÀÔØ �ÅÎÔÒÁÌØÎÕ ÒÏÌØ. �ÁË� �ÒÏ�ÅÓÉ ÔÁ Ñ×ÉÝÁ¤ ÏÂ'¤ËÔÁÍÉ �ÎÔÅÎÓÉ×ÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÔÁ ÔÅÏÒÅÔÉÞÎÉÈ ÄÏÓÌ�-ÄÖÅÎØ Õ Æ�ÚÉ�� �Ï×ÅÒÈÎ� Ô×ÅÒÄÏÇÏ Ô�ÌÁ. óÕÞÁÓÎ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ�ÍÅÔÏÄÉ ÄÏÓÌ�ÄÖÅÎØ: ÓËÁÎÕÀÞÁ ÔÕÎÅÌØÎÁ Í�ËÒÏÓËÏ��Ñ (ó�í), ÓËÁÎÕÀ-ÞÁ ÔÕÎÅÌØÎÁ Ó�ÅËÔÒÏÓËÏ��Ñ (ó�ó), �ÏÌØÏ×Á �ÏÎÎÁ Í�ËÒÏÓËÏ��Ñ (ð¶í),§È ÍÏÄÉÆ�ËÁ��§ ÄÁÀÔØ ×ÓÅ Â�ÌØÛ ÄÅÔÁÌØÎÕ �ÎÆÏÒÍÁ��À �ÒÏ ÅÌÅËÔÒÏÎ-ÎÕ ÂÕÄÏ×Õ, ÄÉÆÕÚ�ÊÎ� �ÒÏ�ÅÓÉ, ÓÔÒÕËÔÕÒÎ� �ÅÒÅÔ×ÏÒÅÎÎÑ ÎÁ �Ï×ÅÒÈÎ�ÍÅÔÁÌ�×, Ä�ÅÌÅËÔÒÉË�×, ÎÁ��×�ÒÏ×�ÄÎÉË�×, ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÎÁÄ-



19 ðÒÅ�ÒÉÎÔ�ÒÏ×�ÄÎÉË�× [26-41℄. ïÞÅ×ÉÄÎÏ, ÝÏ �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ ÁÔÏÍ�×, ÍÏÌÅ-ËÕÌ ÎÁ �Ï×ÅÒÈÎ� Ô×ÅÒÄÏÇÏ Ô�ÌÁ, ÎÅ ÚÁÌÅÖÎÏ ×�Ä ÔÏÇÏ ÞÉ �ÒÏ×ÏÄÑÔØÓÑó�í ÄÏÓÌ�ÄÖÅÎÎÑ, ÎÁÄÚ×ÉÞÁÊÎÏ ÓÉÌØÎÏ ÚÁÌÅÖÁÔØ, ÑË ×�Ä ÈÁÒÁËÔÅ-ÒÕ ×ÚÁ¤ÍÏÄ�Ê Í�Ö ÎÉÍÉ, ÝÏ ÍÏÖÕÔØ ÍÁÔÉ ÄÉ�ÏÌØÎÉÊ, ÍÁÇÎ�ÔÎÉÊ ÈÁ-ÒÁËÔÅÒ, ÔÁË � ×�Ä ÓÔÁÎÕ ��ÄÌÏÖËÉ: �ÁÒÁÍÁÇÎ�ÔÎÏ§, ÆÅÒÏÍÁÇÎ�ÔÎÏ§ ÔÁ�ÎÛÏ§. ëÒ�Í ÔÏÇÏ, ÄÌÑ ÔÁËÉÈ �ÒÏÓÔÏÒÏ×Ï - ÎÅÏÄÎÏÒ�ÄÎÉÈ ÓÉÓÔÅÍ ÁËÔÕ-ÁÌØÎÉÍÉ ¤ �ÒÏÂÌÅÍÉ Ï�ÉÓÕ Ë×ÁÎÔÏ×ÉÈ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ ÎÁ ÍÁÌÉÈÞÁÓÁÈ Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÏÞÁÔËÏ×ÉÈ ÓÔÁÎ�× ÔÁ ÎÅÍÁÒË�×ÓØËÉÈ ÅÆÅËÔ�×�ÁÍ'ÑÔ�. ïÄÉÎ �Ú ��ÄÈÏÄ�× ÏÔÒÉÍÁÎÎÑ Ë×ÁÎÔÏ×ÉÈ Ë�ÎÅÔÉÞÎÉÈ Ò�×ÎÑÎØÚ ×ÒÁÈÕ×ÁÎÎÑÍ �ÏÞÁÔËÏ×ÉÈ ÓÔÁÎ�× ÔÁ ÎÅÍÁÒË�×ÓØËÉÈ ÅÆÅËÔ�× �ÁÍ'ÑÔ�ÒÏÚ×ÉÎÕÔÉÊ ÎÁ ÏÓÎÏ×� ÚÍ�ÛÁÎÉÈ ÆÕÎË��Ê çÒ�ÎÁ × [42-44℄.÷É×ÞÅÎÎÑ ÈÁÒÁËÔÅÒÕ ×ÚÁ¤ÍÏÄ�Ê, ÅÌÅËÔÒÏÎÎÏ§ ÓÔÒÕËÔÕÒÉ, ÓÔÒÕ-ËÔÕÒÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ ÁÔÏÍ�×, ÍÏÌÅËÕÌ ÎÁ �Ï×ÅÒÈÎ� Ô×ÅÒÄÏÇÏ Ô�ÌÁ ¤ÏÓÎÏ×ÎÏÀ �ÒÏÂÌÅÍÏÀ ÓÕÞÁÓÎÏ§ ÔÅÏÒ�§ ÈÅÍÏÓÏÒÂ��§. ÷ ÏÓÎÏ×� §§ ÌÅÖÉÔØÍÅÔÏÄ ÆÕÎË��ÏÎÁÌÕ ÇÕÓÔÉÎÉ ëÏÎÁ-ûÏÎÁ [45-47℄, ÍÅÔÏÄ ÍÏÌÅËÕÌÑÒ-ÎÉÈ ÏÒÂ�ÔÁÌÅÊ [48,49℄ ÔÁ �ÎÛ� §È ÍÏÄÉÆ�ËÁ��§ [50-57℄. ð�ÄÈ�Ä [58℄, ÝÏÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ÍÅÔÏÄ� ËÏÌÅËÔÉ×ÎÉÈ ÚÍ�ÎÎÉÈ [59℄ ÄÁ¤ ÍÏÖÌÉ×�ÓÔØ ÎÁÍ�ËÒÏÓËÏ��ÞÎÏÍÕ Ò�×Î� ×ÒÁÈÏ×Õ×ÁÔÉ ÅÆÅËÔÉ ÅËÒÁÎÕ×ÁÎÎÑ × ÓÔÒÕËÔÕÒ-ÎÉÈ ÆÕÎË��ÑÈ ÒÏÚ�ÏÄ�ÌÕ ÞÁÓÔÉÎÏË (ÅÌÅËÔÒÏÎ�×, ÁÔÏÍ�×, ÍÏÌÅËÕÌ) ×�ÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎÉÈ ÓÉÓÔÅÍÁÈ. ðÒÏÂÌÅÍÉ Ï�ÉÓÕ ËÏÌÉ×ÎÉÈ, ÏÒ�-¤ÎÔÁ��ÊÎÉÈ ÓÔÁÎ�× ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÇÒÕ� ÁÔÏÍ�×, ÍÏÌÅËÕÌ ÎÁ �Ï×ÅÒÈÎÑÈÔ×ÅÒÄÉÈ Ô�Ì ÒÏÚÇÌÑÄÁÌÉÓØ × [60,61℄. ðÏ×'ÑÚÁÎ� Ú �ÉÍ �ÒÏ�ÅÓÉ �ÅÒÅ-ÎÏÓÕ ÁÔÏÍ�×, ÍÏÌÅËÕÌ ÎÁ �Ï×ÅÒÈÎ� Ô×ÅÒÄÉÈ Ô�Ì Ï�ÉÓÕÀÔØÓÑ ÎÁ ÏÓÎÏ×�ÔÅÏÒ�§ �Ï×ÅÒÈÎÅ×Ï§ ÄÉÆÕÚ�§ [62-64℄, Ë�ÎÅÔÉÞÎÉÈ Ò�×ÎÑÎØ [65℄.õ ÄÁÎ�Ê ÞÁÓÔÉÎ� ÍÉ �ÒÅÄÓÔÁ×ÉÍÏ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕÄÌÑ ÕÚÇÏÄÖÅÎÏÇÏ Ï�ÉÓÕ ÅÌÅËÔÒÏÎÎÉÈ Ë�ÎÅÔÉÞÎÉÈ ÔÁ ÁÔÏÍÎÉÈ ÄÉÆÕ-Ú�ÊÎÉÈ �ÒÏ�ÅÓ�× Õ ÓÉÓÔÅÍ� \ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ - ÇÁÚ".äÌÑ �ØÏÇÏ ÂÕÄÅ ×É-ËÏÒÉÓÔÁÎÏ ÍÅÔÏÄ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ úÕÂÁÒ¤×Á[66,41℄ � ÏÔÒÉÍÁÎÏ Ë�ÎÅÔÉÞÎÅ Ò�×ÎÑÎÎÑ ÄÌÑ ÏÄÎÏÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ��ÇÕÓÔÉÎÉ ÔÁ �Ï×'ÑÚÁÎ� Ú ÎÉÍ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ ÄÉÆÕÚ�§ ÄÌÑ ÁÄ-ÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ. �ÁË�Ò�×ÎÑÎÎÑ ÂÕÄÕÔØ ÒÏÚÇÌÑÎÕÔ� ÑË ÄÌÑ ÓÉÌØÎÏ, ÔÁË � ÄÌÑ ÓÌÁÂÏ ÎÅÒ�×ÎÏ-×ÁÖÎÉÈ �ÒÏ�ÅÓ�×. �ÁË� Ò�×ÎÑÎÎÑ ÂÕÄÕÔØ ÒÏÚÇÌÑÎÕÔ� ÑË ÄÌÑ ÓÉÌØÎÏ,ÔÁË � ÄÌÑ ÓÌÁÂÏ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ �ÒÏ�ÅÓ�× � ÍÏÖÕÔØ ÂÕÔÉ Í�ËÒÏÓËÏ-��ÞÎÏÀ ÏÓÎÏ×ÏÀ Ï�ÉÓÕ ËÁÔÁÌ�ÔÉÞÎÉÈ �ÒÏ�ÅÓ�× ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ Ú×ÒÁÈÕ×ÁÎÎÑÍ ÅÌÅËÔÒÏÎ-�ÏÎ- ÍÏÌÅËÕÌÑÒÎÉÈ ×ÚÁ¤ÍÏÄ�Ê.äÌÑ �ÏÓÌ�ÄÏ×ÎÏÇÏ Ï�ÉÓÕ �ÒÏ�ÅÓ�× ÅÌÅËÔÒÏÎÎÏÇÏ ÔÕÎÅÌÀ×ÁÎÎÑ Í�Ö×�ÓÔÒÑÍ � �Ï×ÅÒÈÎÅÀ ÍÅÔÁÌÕ Ú ÁÄÓÏÒÂÏ×ÁÎÉÍÉ ÎÁ Î�Ê ÁÔÏÍÁÍÉ ÇÁÚÕ ÎÅ-ÏÂÈ�ÄÎÏ ×ÒÁÈÕ×ÁÔÉ ��ÌÉÊ ÒÑÄ ÈÁÒÁËÔÅÒÎÉÈ ÏÓÏÂÌÉ×ÏÓÔÅÊ �Ï×'ÑÚÁÎÉÈÚ ÅÆÅËÔÁÍÉ ÅËÒÁÎÕ×ÁÎÎÑ, �Ï×ÅÒÈÎÅ×Ï§ ÄÉÆÕÚ�§. âÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉÓÉÓÔÅÍÕ \ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ - ÇÁÚ ". îÅÈÁÊ �ÒÉ ×ÚÁ¤ÍÏÄ�§ ÁÔÏÍ�× ÞÉ ÍÏ-
ICMP{99{24U 20ÌÅËÕÌ ÇÁÚÕ Ú �Ï×ÅÒÈÎÅÀ ÍÅÔÁÌÕ ÞÁÓÔÉÎÁ §È ÁÄÓÏÒÂÕ¤ÔØÓÑ. ðÏÚÎÁÞÉÍÏNa { �Ï×ÎÅ ÞÉÓÌÏ ÁÔÏÍ�× ÓÏÒÔÕ a ÎÅ ÁÄÓÏÒÂÏ×ÁÎÉÈ, Á N�a { ÞÉÓÌÏ ÁÄ-ÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ. Ne { �Ï×ÎÅ ÞÉÓÌÏ ÅÌÅËÔÒÏÎ�×,Ns { ÞÉÓÌÏ �Ï×ÅÒÈÎÅ×ÉÈ �ÏÎ�× ÍÅÔÁÌÕ. ðÏ×ÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÒÅÄÓÔÁ-×ÉÍÏ Õ ×ÉÇÌÑÄ� :H = He +H inti +Ha +H inta + Xa;l;�a1�f�N� U�(zf ); (39)ÄÅ Ha- ÇÁÍ�ÌØÔÏÎ�ÁÎ ÇÁÚÏ×Ï§ ��ÄÓÉÓÔÅÍÉ, ÝÏ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÑË ËÌÁ-ÓÉÞÎÁ ÓÉÓÔÅÍÁ ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÞÁÓÔÉÎÏË; H inta - ÇÁÍ�ÌØÔÏÎ�ÁÎ, ÝÏ Ï�É-ÓÕ¤ ×ÚÁ¤ÍÏÄ�À ÁÔÏÍ�× ÇÁÚÕ Ú ÅÌÅËÔÒÏÎÁÍÉ, �ÏÎÁÍÉ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ ÔÁÁÄÓÏÒÂÏ×ÁÎÉÍÉ ÁÔÏÍÁÍÉ; H inti - ÇÁÍ�ÌØÔÏÎ�ÁÎ, ÝÏ Ï�ÉÓÕ¤ ×ÚÁ¤ÍÏÄ�ÀÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ Ú �ÏÎÁÍÉ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ ; He - ÇÁÍ�ÌØ-ÔÏÎ�ÁÎ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ; U�(zf ) { ÎÅÏÄÎÏÒ�ÄÎÉÊ ÅÆÅËÔÉ×ÎÉÊ�ÏÔÅÎ��ÁÌ �Ï×ÅÒÈÎ�, ÝÏ ÆÏÒÍÕ¤ÔØÓÑ ËÏÌÅËÔÉ×ÎÉÍÉ ÅÆÅËÔÁÍÉ × ÎÁ-��×ÏÂÍÅÖÅÎÏÍÕ ÓÅÒÅÄÏ×ÉÝ� { ÍÅÔÁÌ�.ïÓË�ÌØËÉ ÍÉ ÂÕÄÅÍÏ ÄÏÓÌ�ÄÖÕ×ÁÔÉ Ë�ÎÅÔÉËÕ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓ-ÔÅÍÉ �Ï×ÅÒÈÎ� � ÄÉÆÕÚ�ÊÎ� �ÒÏ�ÅÓÉ ÁÔÏÍ�× ÇÁÚÕ, ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅ-ÁÄÓÏÒÂÏ×ÁÎÉÈ ÎÁ �Ï×ÅÒÈÎ�, ÔÏ × ÇÁÍ�ÌØÔÏÎ�ÁÎ� (39) ÚÒÕÞÎÏ �ÅÒÅÊÔÉÄÏ �ÒÅÄÓÔÁ×ÌÅÎÎÑ ×ÔÏÒÉÎÎÏÇÏ Ë×ÁÎÔÕ×ÁÎÎÑ ÄÌÑ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓ-ÔÅÍÉ. äÌÑ �ØÏÇÏ ÎÅÏÂÈ�ÄÎÏ ×ÉÂÒÁÔÉ ÂÁÚÉÓÎ� È×ÉÌØÏ×� ÆÕÎË��§, ÑË� ÂÑË�ÓÎÏ ×�ÄÏÂÒÁÖÁÌÉ Ó�Å�ÉÆ�ËÕ ÎÁÛÏ§ ÓÉÓÔÅÍÉ. îÅÈÁÊ ÎÁÍ ×�ÄÏÍ� ÒÏÚ-×'ÑÚËÉ Ò�×ÎÑÎØ ûÒÅÄ�ÎÇÅÒÁ ÄÌÑ ÅÌÅËÔÒÏÎÁ�� �h22me�+ Ve�(r�X�)� ��(r�X�) = "�� ��(r�X�); (40)× �ÏÔÅÎ��ÁÌØÎÉÈ �ÏÌÑÈ f -ÁÔÏÍÁ �Ï×ÅÒÈÎ�, l-ÁÔÏÍÁ ÇÁÚÕ ÎÅÁÄÓÏÒÂÏ×Á-ÎÏÇÏ � ÁÄÓÏÒÂÏ×ÁÎÏÇÏ. �ÕÔ X� = (r�;R�) - �ÒÏÓÔÏÒÏ×� ËÏÏÒÄÉÎÁÔÉÞÁÓÔÉÎÏË. ÷ÌÁÓÎ� ÆÕÎË��§ Ò�×ÎÑÎØ (40) ÚÁÄÏ×ÏÌØÎÑÀÔØ ÕÍÏ×É ÏÒÔÏ-ÇÏÎÁÌØÎÏÓÔ� � �Ï×ÎÏÔÉZ dR'��(r�Rj) �(r0 �Rj) = Æ��;X�  ��(r�Rj) �(r0 �Rj) = Æ(r � r0)ÄÌÑ ÄÏ×�ÌØÎÉÈ j = 1; : : :Nb; f�; �; �g { ÓÕËÕ�Î�ÓÔØ Ë×ÁÎÔÏ×ÉÈ ÞÉÓÅÌÚÁÄÁÞ� � "��= (E�, "� , Ead� , "v�) { ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ÅÎÅÒÇ�§ ÅÌÅËÔÒÏÎ�×.óÕËÕ�Î�ÓÔØ ÆÕÎË��Ê  ��(r �X�) = ( v(r �Rf ), '�(r � rl), 'ad� (r �



21 ðÒÅ�ÒÉÎÔrl) ×ÉËÏÒÉÓÔÁ¤ÍÏ × ÒÏÌ� ÂÁÚÉÓÕ ÄÌÑ ÒÏÚËÌÁÄÕ �ÏÌØÏ×ÉÈ Ï�ÅÒÁÔÏÒ�×ÅÌÅËÔÒÏÎ�× ^ (r; s) = N+Xf=1X� X�=��h=2 �(r�Rf )��(s)^af��+ NaXl=1X� X�=��h=2'�(r �Rl) �(s)^
l��+ N�aXl=1X� X�=�h=2'ad� (r� rl)��(s)^
adl�� ; (41)ÄÅ ��(s) { È×ÉÌØÏ×� ÆÕÎË��§ Ï�ÅÒÁÔÏÒÁ Ó��ÎÁ ÅÌÅËÔÒÏÎÁ, � = ��h=2 {�ÒÏÅË��§ Ó��ÎÁ ÅÌÅËÔÒÏÎÁ ÎÁ ×�ÓØ Ë×ÁÎÔÕ×ÁÎÎÑ, s { Ó��ÎÏ×Á ËÏÏÒÄÉ-ÎÁÔÁ. ^af�� , ^
l�� , ^
adl�� � ^a+f��, ^
+l�� , ^
(ad)+l�� { Ï�ÅÒÁÔÏÒÉ ÚÎÉÝÅÎÎÑ � �Ï-ÒÏÄÖÅÎÎÑ ÅÌÅËÔÒÏÎ�× ×�Ä�Ï×�ÄÎÏ ÎÁ Rf -ÏÍÕ ÁÔÏÍ� �Ï×ÅÒÈÎ�, Rl-ÏÍÕÁÔÏÍ� ÇÁÚÕ, Rl-ÏÍÕ ÁÄÓÏÒÂÏ×ÁÎÏÍÕ ÁÔÏÍ� ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ . �Ï-Ä� ÇÁÍ�ÌØÔÏÎ�ÁÎ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ Õ �ÒÅÄÓÔÁ×ÌÅÎÎ� ×ÔÏÒÉÎÎÏÇÏË×ÁÎÔÕ×ÁÎÎÑ Ú ×ÉÂÏÒÏÍ ^ (r; s) (41) ÍÁ¤ ×ÉÇÌÑÄ:He = X�;�;� "�� ^n��;� +X�;� X�;�;� t���� � ^A+��� ^A��� + ^A+��� ^A����+ (42)X�;��0;�0 X�!����0W ��!� (�; �;�0; �0) ^A+��� ^A+���0 ^A�0��0 ^A�0!� ;ÄÅ "�� { ÏÄÎÏÅÌÅËÔÒÏÎÎÁ ÅÎÅÒÇ�Ñ × �ÏÌ� ×�Ä�Ï×�ÄÎÏÇÏ ÁÔÏÍÁ (�Ï×ÅÒÈÎ�,ÁÄÓÏÒÂÏ×ÁÎÏÇÏ, ÎÅÁÄÓÏÒÂÏ×ÁÎÏÇÏ ). ï�ÅÒÁÔÏÒÉ ^A+�j�� �ÒÉÊÍÁÀÔØ ÚÎÁ-ÞÅÎÎÑ �Ú ÎÁÂÏÒÕ ^a+f�� , ^
+l�� , ^
(ad)+l�� , Á ^A�j�� - ×�Ä�Ï×�ÄÎÏ �Ú ÎÁÂÏÒÕ ^af��,^
l�� , ^
adl�� . ^n��� =Xj=1 ^A+�j�� ^A�j��{ Ï�ÅÒÁÔÏÒ ÇÕÓÔÉÎÉ ÅÌÅËÔÒÏÎ�× Õ �ÏÌ� ×�Ä�Ï×�ÄÎÉÈ ÁÔÏÍ�×;"�v = Z  �� (r)�� �h22me�+ U�(z) + V��(r)� �� (r)dr;ÄÅ V��(r) { ×�Ä�Ï×�ÄÎ� �ÏÔÅÎ��ÁÌÉ ÅÌÅËÔÒÏÎÁ × �ÏÌ� �ÏÎ�× ÍÅÔÁÌÕ, ÁÄ-ÓÏÒÂÏ×ÁÎÉÈ � ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ;t���� = Z  �� (r)�� �h22me�+ V��(r) + U�(z)� ��(r)dr
ICMP{99{24U 22{ ÍÁÔÒÉÞÎ� ÅÌÅÍÅÎÔÉ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ, ÝÏ Ï�ÉÓÕÀÔØ �ÒÏ�ÅÓÉ ÅÌÅËÔÒÏÎ-ÎÉÈ �ÅÒÅÈÏÄ�× Õ �ÏÌÑÈ ×�Ä�Ï×�ÄÎÉÈ ÁÔÏÍ�× ÔÁ �ÏÎ�×;W ��!� (��;�0�0) = 12 Z Z  �� (r) �0! (r) e2jr� r0j ��(r0) �0� (r0)drdr0{ ËÕÌÏÎ�×ÓØËÉÊ �ÎÔÅÇÒÁÌ ×�ÄÛÔÏ×ÈÕ×ÁÎÎÑ ÅÌÅËÔÒÏÎ�×, Ú×'ÑÚÁÎÉÈ Ú ×�Ä-�Ï×�ÄÎÉÍÉ ÁÔÏÍÁÍÉ ÚÇ�ÄÎÏ Ú (41). áÎÁÌ�Ú �Ï×ÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ He(42) ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ Â�ÌØÛ ÄÅÔÁÌØÎÏ, ÚÔÏÞËÉ ÚÏÒÕ �ÒÏ�ÅÓ�× Ç�ÂÒÉÄÉÚÁ��§ Í�Ö ÅÌÅËÔÒÏÎÎÉÍÉ ÓÔÁÎÁÍÉ �Ï×ÅÒ-ÈÎ� ÔÁ ÁÄÁÔÏÍ�×, ÅÆÅËÔ�×, ÝÏ �ÏÒÏÄÖÅÎ� Í�ÖÅÌÅËÔÒÏÎÎÉÍÉ ×ÚÁ¤ÍÏÄ�-ÑÍÉ. óÔÒÕÍ ÅÌÅËÔÒÏÎ�× Í�Ö �ÏÚÉ��ÑÍÉ l ÔÁ j × ÓÉÓÔÅÍ� ÍÏÖÅ ÂÕÔÉ×ÉÚÎÁÞÅÎÉÊ ÚÁ Ò�×ÎÑÎÎÑÍJlj = Z Sp(^tlj( ^G+�lj � ^G+�jl ))dE;ÄÅ ^G+�lj , ^G+�jl - Ó�ÅÔÒÁÌØÎ� ÆÕÎË��§ ÞÁÓÏ×ÉÈ ÏÄÎÏÅÌÅËÔÒÏÎÎÉÈ ÆÕÎË-��Ê çÒ�ÎÁ, ÝÏ ÕÔ×ÏÒÀÀÔØ ÍÁÔÒÉ�À ^Glj^Glj(1; 10) = " ^G++lj (1; 10) ^G+�lj (1; 10)^G�+lj (1; 10) ^G��lj (1; 10) # = � ^g
lj(1; 10) ^g<lj (1; 10)^g>lj (1; 10) ^galj(1; 10) �Ú ×ÉÚÎÁÞÅÎÉÍÉ �ÒÉÞÉÎÎÉÍÉ ^g
lj , ÁÎÔÉ�ÒÉÞÉÎÎÉÍÉ ^galj ÔÁ ËÏÒÅÌÑ��ÊÎÉ-ÍÉ ^g<lj , ^g>lj ÆÕÎË��ÑÍÉ çÒ�ÎÁ ÄÌÑ ÅÌÅËÔÒÏÎ�×:^g
;alj (1; 10; t0) = (i�h)�1hT 
;a[ ^ lH(1); ^ +jH (10)℄it0 ;^g>lj (1; 10; t0) = (i�h)�1h ^ lH (1) ^ +jH (10)it0 ;^g<jl(1; 10; t0) = �(i�h)�1h ^ +jH (10) ^ lH (1)it0 ;Õ ÑËÉÈ (1) = (r1; s1; t1), (10) = (r01; s01; t01). ^ lH (1), ^ +jH (10) - �ÏÌØÏ×�Ï�ÅÒÁÔÏÒÉ ÅÌÅËÔÒÏÎ�× Õ �ÒÅÄÓÔÁ×ÌÅÎ� çÅÊÚÅÎÂÅÒÇÁ^ lH (1) = U(t0; t) ^ l(r1; s1)U(t; t0);U(t; t0) = e�i=�h(t�t0)H ;T 
;a- Ï�ÅÒÁÔÏÒÉ ÈÒÏÎÏÌÏÇ�ÞÎÏÇÏ ÔÁ ÁÎÔÉÈÒÏÎÏÌÏÇ�ÞÎÏÇÏ ÞÁÓÏ×ÏÇÏ ×�Ï-ÒÑÄËÕ×ÁÎÎÑ. ^g
lj , ^galj , ^g<lj , ^g>lj ×ÉÚÎÁÞÁÀÔØ ÚÁ��ÚÎÀÀÞ� ÔÁ ×É�ÅÒÅÄÖÁÀÞ�ÆÕÎË��§ çÒ�ÎÁ ^gRlj , ^gAlj , Ó��××�ÄÎÏÛÅÎÎÑÍÉ ^gRlj = ^g
lj � ^g<lj = ^g>lj � ^galj ,^gAlj = ^g
lj � ^g>lj = ^g<lj � ^galj . æÕÎË��§^Glj(1; 10; t0) = (i�h)�1hTC [ ^ lH(1); ^ +jH (10)℄it0 ;



23 ðÒÅ�ÒÉÎÔÚÁÄÏ×�ÌØÎÑÀÔØ Ò�×ÎÑÎÎÑ ÔÉ�Õ äÁÊÓÏÎÁ Õ ÆÏÒÍÁÌ�ÚÍ� ëÅÌÄÉÛÁ [67℄,[42-44℄. TC - Ï�ÒÅÔÏÒ ÞÁÓÏ×ÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÎÁ ËÏÎÔÕÒ� ëÅÌÄÉÛÁó [67℄. òÏÚÒÁÈÕÎÏË ÓÅÒÅÄÎ�È h� � �it0 Õ ÆÕÎË��ÑÈ çÒ�ÎÁ �ÒÏ×ÏÄÉÔØÓÑ ÚÁÄÏ�ÏÍÏÇÏÀ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ �(t)jt=t0 × �Ï-ÞÁÔËÏ×ÉÊ ÍÏÍÅÎÔ ÞÁÓÕ, ÑËÉÊ ×ÚÁÇÁÌ� ËÁÖÕÞÉ, ÎÅÏÂÈ�ÄÎÏ ÚÎÁÊÔÉ �ÚÒÏÚ×'ÑÚËÕ Ë×ÁÎÔÏ×ÏÇÏ Ò�×ÎÑÎÎÑ ì�Õ×�ÌÌÑ ÄÌÑ ÎÁÛÏ§ ÓÉÓÔÅÍÉ \ÍÅÔÁÌ{ ÁÄÓÏÒÂÁÔ { ÇÁÚ". ðÒÉ �ØÏÍÕ ÎÁ Ë�ÎÅÔÉËÕ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉÏÄÎÏÚÎÁÞÎÏ ÂÕÄÕÔØ ×�ÌÉ×ÁÔÉ ÄÉÆÕÚ�ÊÎ� �ÒÏ�ÅÓÉ ÁÄÓÏÒÂÏ×ÁÎÉÈ, ÄÅÁÄ-ÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ. ðÒÏÂÌÅÍÉ ÚÁÓÅ-ÒÅÄÎÅÎÎÑ Õ ÆÕÎË��ÑÈ çÒ�ÎÁ ÚÁ �ÏÞÁÔËÏ×ÉÍÉ ÎÅÒ�×ÎÏ×ÁÖÎÉÍÉ ÓÔÁÎÁ-ÍÉ ÄÅÔÁÌØÎÏ ÁÎÁÌ�ÚÕ×ÁÌÉÓØ Õ ÒÏÂÏÔÁÈ [42-44℄, ÄÅ ÂÕ× ÚÁ�ÒÏ�ÏÎÏ×ÁÎÉÊÆÏÒÍÁÌ�ÚÍ ÚÍ�ÛÁÎÉÈ ÆÕÎË��Ê çÒ�ÎÁ, ÑË ÕÚÁÇÁÌØÎÅÎÎÑ ÆÏÒÍÁÌ�ÚÍÕëÅÌÄÉÛÁ-û×�ÎÇÅÒÁ. �ÁËÉÊ ��ÄÈ�Ä Õ ÎÁÛÏÍÕ ×É�ÁÄËÕ ÄÁ× ÂÉ ÍÏÖÌÉ-×�ÓÔØ ×ÒÁÈÕ×ÁÔÉ ×�ÌÉ× ÄÉÆÕÚ�ÊÎÉÈ ÇÁÚÏ×ÉÈ �ÒÏ�ÅÓ�× ÎÁ �Ï×ÅÒÈÎ� ÎÁÅÌÅËÔÒÏÎÎ� �ÒÏ�ÅÓÉ ÛÌÑÈÏÍ ÚÁÓÅÒÅÄÎÅÎÎÑ Õ ×�Ä�Ï×�ÄÎÉÈ ÆÕÎË��ÑÈçÒ�ÎÁ ÚÁ ÄÏ�ÏÍÏÇÏÀ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ÇÁÚÏ-×Ï§ ��ÄÓÉÓÔÅÍÉ × �ÏÞÁÔËÏ×ÉÊ ÍÏÍÅÎÔ ÞÁÓÕ. úÏËÒÅÍÁ, ÎÁ ÏÓÎÏ×� [43℄ÍÏÖÎÁ �ÏËÁÚÁÔÉ, ÝÏ ËÏÒÅÌÑ��ÊÎÁ ÆÕÎË��Ñ çÒ�ÎÁ ^g<jl(1; 10; t0) × ÇÒÁ-ÎÉ�� t0 ! �1 �ÒÉ t1 = t01 Ò�×ÎÁ ÏÄÎÏÞÁÓÔÉÎËÏ×�Ê ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ ×r-�ÒÅÄÓÔÁ×ÌÅÎÎ�flj(r1; s1; r01; s01; t1) = �i�h limt0!�1 ^g<jl(1; 10; t0)jt1=t01 ;ÝÏ Ú×'ÑÚÕ¤ §§ Ú ÔÕÎÅÌØÎÉÍ ÓÔÒÕÍÏÍ ÅÌÅËÔÒÏÎ�×.äÌÑ ÕÚÇÏÄÖÅÎÏÇÏ Ï�ÉÓÕ ÅÌÅËÔÒÏÎÎÉÈ Ë�ÎÅÔÉÞÎÉÈ �ÒÏ�ÅÓ�× �Ú ÄÉ-ÆÕÚ�ÊÎÉÍÉ �ÒÏ�ÅÓÁÍÉ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ× ÓÉÓÔÅÍ� \ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ - ÇÁÚ " ÍÉ ×ÉËÏÒÉÓÔÁ¤ÍÏ ÍÅÔÏÄ îóï úÕ-ÂÁÒ¤×Á [42℄. ãÅÊ ÍÅÔÏÄ ÂÁÚÕ¤ÔØÓÑ ÎÁ �ÄÅÑÈ âÏÇÏÌÀÂÏ×Á ÓËÏÒÏÞÅÎÏÇÏÏ�ÉÓÕ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÎÕ ÓÉÓÔÅÍÉ ÎÁ ÏÓÎÏ×� ×ÉÚÎÁÞÅÎÏÇÏ ÎÁÂÏÒÕÓ�ÏÓÔÅÒÅÖÕ×ÁÎÉÈ �ÁÒÁÍÅÔÒ�×. õ ÎÁÛÏÍÕ ×É�ÁÄËÕ ÚÁ �ÁÒÁÍÅÔÒÉ ÓËÏ-ÒÏÞÅÎÏÇÏ Ï�ÉÓÕ ×ÉÂÅÒÅÍÏ ÎÅÒ�×ÎÏ×ÁÖÎ� ÓÅÒÅÄÎ� ÚÎÁÞÅÎÎÑ ÄÌÑ ÅÌÅËÔ-ÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ:h ^A+�j�� ^A�l��0it = Sp� ^A+�j�� ^A�l��0�(t)� ; (43){ ÎÅÒ�×ÎÏ×ÁÖÎÁ ÏÄÎÏÅÌÅËÔÒÏÎÎÁ ÍÁÔÒÉ�Ñ ÇÕÓÔÉÎÉ; ÓÅÒÅÄÎ� ÇÕÓÔÉÎÉÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ ÁÔÏÍ�× ÇÁÚÕ:h^n��a(R)it = Sp (^n��a(R)�(t)) ; h^na(r)it = Sp (^na(r)�(t)) ; (44)ÄÅ ^n��a(R) { Ï�ÅÒÁÔÏÒ ÇÕÓÔÉÎÉ ÁÔÏÍ�× ÇÁÚÕ ÁÄÓÏÒÂÏ×ÁÎÉÈ Õ ÓÔÁÎ� � ÎÁ
ICMP{99{24U 24�Ï×ÅÒÈÎ� ÍÅÔÁÌÕ; ^n��a(R) = NadaXj ^ +�j(R) ^ �j(R);^ +�j(R), ^ �j(R) { Ï�ÅÒÁÔÏÒÉ �ÏÒÏÄÖÅÎÎÑ ÔÁ ÚÎÉÝÅÎÎÑ × ÓÔÁÎ� � ÁÄ-ÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ.^na(r) = NaXj=1 Æ(r� rj){ Í�ËÒÏÓËÏ��ÞÎÁ ÇÕÓÔÉÎÁ ÞÉÓÌÁ ÁÔÏÍ�× ÇÁÚÕ. õ (43), (44) ÓÅÒÅÄÎ� ÚÎÁ-ÞÅÎÎÑ ÒÏÚÒÁÈÏ×ÕÀÔØÑ ÚÁ ÄÏ�ÏÍÏÇÏÀ �(t) { ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓ-ÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ÅÌÅËÔÒÏÎ�×, ÁÔÏÍ�× ÎÁÛÏ§ ÓÉÓÔÅÍÉ, ÑËÉÊ ÚÁÄÏ×Ï-ÌØÎÑ¤ Ò�×ÎÑÎÎÑ ì�Õ×�ÌÌÑ:��t�(t) + iLN�(t) = 0; (45)iLN { Ï�ÅÒÁÔÏÒ ì�Õ×�ÌÌÑ, ÝÏ ×�Ä�Ï×�ÄÁ¤ �Ï×ÎÏÍÕ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ (39).÷ iLN ÍÏÖÎÁ ×ÉÄ�ÌÉÔÉ \ËÌÁÓÉÞÎÕ" � \Ë×ÁÎÔÏ×Õ" ÞÁÓÔÉÎÉiLN = iL
lN + iLqunN ;iL
lN = NaXj=1 pjma ��rj � 12 NaXj 6=j0 ��rj Vaa(jrj � rj0 j)� ��pj � ��pj0 ��Na;N�Xj;�;f ��rj (Va�(rj ;Rf ) + Ua(zj)) ��pj{ ËÌÁÓÉÞÎÁ ÞÁÓÔÉÎÁ Ï�ÅÒÁÔÏÒÁ ì�Õ×�ÌÌÑ, ÝÏ ×�Ä�Ï×�ÄÁ¤ ×ÚÁ¤ÍÏÄ�À-ÞÏÍÕ ÇÁÚÕ. ÷ÅÌÉÞÉÎÁ Va�(rj ;Rf ) { �ÏÔÅÎ��ÁÌÉ ×ÚÁ¤ÍÏÄ�§ ÁÔÏÍÁ ÇÁÚÕ Ú�ÎÛÉÍÉ ÁÔÏÍÁÍÉ ÓÉÓÔÅÍÉ.i^LqunN ^A = 1i�h h ^A;He +H inti +H inta + Ui{ Ë×ÁÎÔÏ×Á ÞÁÓÔÉÎÁ Ï�ÅÒÁÔÏÒÁ ì�Õ×�ÌÌÑ. îÅÒ�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓ-ÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒ ÅÌÅËÔÒÏÎ�×, ÁÔÏÍ�× ÓÉÓÔÅÍÉ \`ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ- ÇÁÚ" ÎÏÒÍÏ×ÁÎÉÊ ÎÁ ÏÄÉÎÉ�À Sp�(t) = 1, ÄÅ Sp(: : :) ÏÚÎÁÞÁ¤Q� R (dx)N�N�!(2��h)3N� Sp(�;�;�)(: : :), dx = drdp, N� = fNa; N�a; Ne; Ns; Nvg,Sp(�;�;�) { ÓÕÍÕ×ÁÎÎÑ �Ï ×Ó�È ÚÎÁÞÅÎÎÑÈ Ó��Î�× ÔÁ �ÎÛÉÈ Ë×ÁÎÔÏ×ÉÈ



25 ðÒÅ�ÒÉÎÔÞÉÓÌÁÈ. äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏ-ÒÁ �(t) ÎÅÏÂÈ�ÄÎÏ ÓÆÏÒÍÕÌÀ×ÁÔÉ ÇÒÁÎÉÞÎÕ ÕÍÏ×Õ. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉÍÅÔÏÄ, ÚÁ�ÒÏ�ÏÎÏ×ÁÎÉÊ × [42,66℄, ÂÕÄÅÍÏ ÛÕËÁÔÉ ÒÏÚ×'ÑÚËÉ Ò�×ÎÑÎ-ÎÑ (45), ÝÏ ÚÁÌÅÖÁÔØ ×�Ä ÞÁÓÕ ÌÉÛÅ ÞÅÒÅÚ ÓÅÒÅÄÎ� ÚÎÁÞÅÎÎÑ ÎÁÂÏÒÕÓ�ÏÓÔÅÒÅÖÕ×ÁÎÉÈ ×ÅÌÉÞÉÎ. äÌÑ �ØÏÇÏ ××ÅÄÅÍÏ Õ �ÒÁ×Õ ÞÁÓÔÉÎÕ Ò�×-ÎÑÎÎÑ ì�Õ×�ÌÌÑ ÎÅÓË�ÎÞÅÎÎÏ ÍÁÌÅ ÄÖÅÒÅÌÏ, ÑËÅ �ÏÒÕÛÕ¤ ÓÉÍÅÔÒ�ÀÒ�×ÎÑÎÎÑ ×�ÄÎÏÓÎÏ �Î×ÅÒÓ�§ ÞÁÓÕ � ×�ÄÂÉÒÁ¤ �ÏÔÒ�ÂÎ� ÚÁ��ÚÎÀÀÞ� ÒÏÚ-×'ÑÚËÉ [42,66℄. �ÁËÉÍ ÞÉÎÏÍ, ÂÕÄÅÍÏ ×ÉÈÏÄÉÔÉ Ú Ò�×ÎÑÎÎÑ� ��t + iLN� �(t) = �" (�(t)� �q(t)) ; (46)ÄÅ " ! +0 ��ÓÌÑ ÇÒÁÎÉÞÎÏÇÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÅÒÅÈÏÄÕ. äÏ�ÏÍ�Ö-ÎÉÊ Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒ �q(t) ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÕÍÏ× ÅËÓÔÒÅÍÕÍÕ �ÎÆÏÒÍÁ��ÊÎÏ§ ÅÎÔÒÏ��§ ÓÉÓÔÅÍÉ �ÒÉ ÚÂÅÒÅÖÅÎÎ�ÕÍÏ×É ÎÏÒÍÕ×ÁÎÎÑ Sp�q(t) = 1 � Æ�ËÓÏ×ÁÎÉÈ ÚÎÁÞÅÎÎÑÈ �ÁÒÁÍÅÔÒ�×ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ. õ ÎÁÛÏÍÕ ×É�ÁÄËÕ �ÉÍÉ �ÁÒÁÍÅÔÒÁÍÉ ¤ (43),(44), ÔÏÄ� ÓÔÁÎÄÁÒÔÎÉÍ ÛÌÑÈÏÍ [42,66℄ ÏÔÒÉÍÕ¤ÍÏ ×ÉÒÁÚ ÄÌÑ Ë×ÁÚ�-Ò�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ:�q(t) = exp8<:��(t)� �0�H �Xl;l0 b(l; l0; t) ^Nll0� (47)Xa Z dr�a(r; t)^na(r) �X�a� Z dR���a(R; t)^n��a(R)!) ;ÄÅ �(t) = ln Sp exp8<:��0�H �Xl;l0 b(l; l0; t) ^Nll0 �Xa Z dr�a(r; t)^na(r)�X�a� Z dR���a(R; t)^n��a(R)!)- ÆÕÎË��ÏÎÁÌ íÁÓØ¤-ðÌÁÎËÁ, ÝÏ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú ÕÍÏ×É ÎÏÒÍÕ×ÁÎ-ÎÑ �q(t). ðÁÒÁÍÅÔÒÉ b(l; l0; t), �a(r; t), ���a(R; t) ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÕÍÏ×ÓÁÍÏÕÚÇÏÄÖÅÎÎÑh ^Nll0it = h ^Nll0itq ; h^na(r)it = h^na(r)itq ; h^n��a(R)it = h^n��a(R)itq ; (48)� ÏÚÎÁÞÁÀÔØ, ÝÏ �a(r; t) { ÌÏËÁÌØÎÉÊ È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÁÔÏÍÁ ÇÁ-ÚÕ, ���a(R; t) { ÌÏËÁÌØÎÉÊ È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÁÄÓÏÒÂÏ×ÁÎÏÇÏ ÁÔÏÍÁ ×
ICMP{99{24U 26ÓÔÁÎ� � ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ, � = 1kâT , kâ { �ÏÓÔ�ÊÎÁ âÏÌØ�ÍÁÎÁ, T {Ò�×ÎÏ×ÁÖÎÅ ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ. �ÕÔ^Nll0 = ^A+l ^Al0 ;l; l0 �ÏÚÎÁÞÁÀÔØ ÓÕËÕ�Î�ÓÔØ �ÎÄÅËÓ�× f�; j��g; h(: : :)itq = Sp(: : :)�q(t).÷ÉËÏÒÉÓÔÁ×ÛÉ ÄÁÌ� ÚÁÇÁÌØÎÕ ÓÈÅÍÕ ÍÅÔÏÄÕ îóï Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÒÏ-ÅËÔÕ×ÁÎÎÑ [42,66℄ � ÓÔÒÕËÔÕÒÕ �q(t) (47), Ú Ò�×ÎÑÎÎÑ (46) ÏÔÒÉÍÁ¤ÍÏ×ÉÒÁÚ ÄÌÑ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ:�(t) = �q(t) + (49)Xll0 tZ�1 e�(t0�t)T (t; t0) 1Z0 d���q (t0)IN (l; l0; t0)�1��q (t0)�b(l; l0; t0)dt0 +Xa Z dr tZ�1 e�(t0�t)T (t; t0) 1Z0 d���q (t0)Ia(r; t0)�1��q (t0)��a(r; t0)dt0 +X�a� Z dR tZ�1 e�(t0�t)T (t; t0) 1Z0 d���q (t0)I��a (R; t0)�1��q (t0)����a(R; t0)dt0;ÄÅ T (t; t0) = exp�� tRt0 (1�Pq(t00))iLNdt00� { Ï�ÅÒÁÔÏÒ Å×ÏÌÀ��Ê Ú×ÒÁÈÕ×ÁÎÎÑÍ �ÒÏÅËÔÕ×ÁÎÎÑ. Pq(t) { �ÒÏÅË��ÊÎÉÊ Ï�ÅÒÁÔÏÒ ëÁ×ÁÓÁ-Ë�-çÁÎÔÏÎÁ, ÑËÉÊ Ä�¤ ÎÁ ÓÔÁÔÉÓÔÉÞÎ� Ï�ÅÒÁÔÏÒÉ � ÍÁ¤ ×ÌÁÓÔÉ×ÏÓÔ�Pq(t)�(t0) = �q(t), Pq(t)�q(t0) = �q(t), Pq(t)Pq(t0) = Pq(t). ÷�Î �Ï-×'ÑÚÁÎÉÊ �Ú P(t) { �ÒÏÅË��ÊÎÉÍ Ï�ÅÒÁÔÏÒÏÍ íÏÒ� Ó��××�ÄÎÏÛÅÎÎÑÍ:Pq(t) ^A�q(t) = 1Z0 d�(�q)�P(t) ^A�0q(t)1�� :P(t) ^A = h ^Aitq + Xl;l0 Æh ^AitqÆh ^Nll0it ( ^Nll0 � h ^Nll0it)+ Xa Z dr Æh ^AitqÆh^na(r)it (^na(r) � h^na(r)it)+ X�a� Z dR Æh ^AitqÆh^n��a(R)it (^n��a(R)� h^n��a(R)it):



27 ðÒÅ�ÒÉÎÔP Ä�¤ ÎÁ Ï�ÅÒÁÔÏÒÉ � ÚÁÄÏ×ÏÌØÎÑ¤ �ÒÏÅË��ÊÎ� ×ÌÁÓÔÉ×ÏÓÔ�:P(t)^na(r) = ^na(r), P(t) ^Nll0 = ^Nll0 , P(t)^n�a(R) = ^n�a(R), P(t)P(t0) =P(t), P(t)(1�P(t)) = 0.IN (l; l0; t0) = (1�P(t0)) _^N ll0 ;Ia(r; t0) = (1�P(t0)) _^na(r); (50)I��a (R; t0) = (1�P(t0)) _^n��a(R){ ÕÚÁÇÁÌØÎÅÎ� �ÏÔÏËÉ, _^N ll0 = 1i�h [ ^Nll0 ; H ℄, _^na(r) = iL
lN ^na(r) = 1mar �^pa(r), ^pa(r) = PNaj=1 pjÆ(r � rj) { Í�ËÒÏÓËÏ��ÞÎÁ ÇÕÓÔÉÎÁ �Í�ÕÌØÓÕÁÔÏÍ�× ÇÁÚÕ, _^n��a(R) = 1i�h [^n��a(R); H ℄.�ÁËÉÍ ÞÉÎÏÍ, ÏÔÒÉÍÁÎÏ ÚÁÇÁÌØÎÉÊ ×ÉÒÁÚ ÄÌÑ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ �(t) ÅÌÅËÔÒÏÎ�× ÔÁ ÁÔÏÍ�× Õ ÓÉÓÔÅÍ� \ÍÅ-ÔÁÌ - ÁÄÓÏÒÂÁÔ - ÇÁÚ" ÄÌÑ ×ÉÂÒÁÎÏÇÏ ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× ÓËÏÒÏÞÅÎÏÇÏÏ�ÉÓÕ (43), (44). ÷�Î ÚÁÌÅÖÉÔØ ×�Ä ÕÚÁÇÁÌØÎÅÎÉÈ �ÏÔÏË�× (50), ÑË�Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ × ÓÉÓÔÅÍ�. ïÓË�ÌØËÉ, ÚÇ�Ä-ÎÏ Ú �ÒÉÎ�É�ÏÍ ÓËÏÒÏÞÅÎÏÇÏ Ï�ÉÓÕ �(t) ¤ ÆÕÎË��ÏÎÁÌÏÍ �ÁÒÁÍÅÔÒ�×h ^Nll0it, h^na(r)it, h^n��a(R)it ×�Ä�Ï×�ÄÎÏ ÄÏ ÕÍÏ× ÓÁÍÏÕÚÇÏÄÖÅÎØ (48), ÔÏÄÌÑ �Ï×ÎÏÔÉ Ï�ÉÓÕ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ �ÒÏ�ÅÓ�× ÄÌÑ ÎÉÈ ÎÅÏÂÈ�ÄÎÏ �ÏÂÕ-ÄÕ×ÁÔÉ Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ. äÌÑ ÏÔÒÉÍÁÎÎÑ ÔÁËÉÈ Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕÓËÏÒÉÓÔÁ¤ÍÏÓØ ÔÏÔÏÖÎÏÓÔÑÍÉ:��t h ^Bnit = hiLN ^Bnit = hiLN ^Bnitq + hIB(t)it;where ^Bn = ( ^Nll0 ; ^na(r); ^n��a(R)) and IB(t) = (IN (l; l0; t); Ia(r; t)I��a (R; t).÷ÉËÏÎÁ×ÛÉ ÕÓÅÒÅÄÎÅÎÎÑ Õ �ÒÁ×ÉÈ ÞÁÓÔÉÎÁÈ �ÉÈ ÔÏÔÏÖÎÏÓÔÅÊ Ú ÄÏ-�ÏÍÏÇÏÀ ÎÅÒ�×ÎÏ×ÁÖÎÏÇÏ ÓÔÁÔÉÓÔÉÞÎÏÇÏ Ï�ÅÒÁÔÏÒÁ (49), ÏÔÒÉÍÁ¤ÍÏÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÄÌÑ ÏÄÎÏÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉ-ÎÉ ÔÁ ÓÅÒÅÄÎ�È ÚÎÁÞÅÎØ ÇÕÓÔÉÎ ÁÄÓÏÒÂÏ×ÁÎÉÈ � ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�×ÇÁÚÕ: ��th ^Nll0 it = h _^N ll0itq + (51)Xj;j0 tZ�1 e�(t0�t)'NN (ll0; jj0; t; t0)�b(j; j0; t0)dt0 +Xa Z dr0 tZ�1 e�(t0�t)'Na(ll0; r; t; t0)��a(r0; t0)dt0 +
ICMP{99{24U 28X�a�0 Z dR0 tZ�1 e�(t0�t)'�0N�a(ll0;R; t; t0)���0�a (R0; t0)dt0;��th^na(r)it = h _^na(r)itq + (52)Xj;j0 tZ�1 e�(t0�t)'a;N (r; j; j0; t; t0)�b(j; j0; t0)dt0 +Xb Z dr0 tZ�1 e�(t0�t)'ab(r; r0; t; t0)��b(r0; t0)dt0 +X�a�0 Z dR0 tZ�1 e�(t0�t)'�0a�a(r;R0; t; t0)���0�a (R0; t0)dt0;��t h^n��a(R)it = h _^n��a(R)itq + (53)Xj;j0 tZ�1 e�(t0�t)'�a;N (R; j; j0; t; t0)�b(j; j0; t0)dt0 +Xa Z dr0 tZ�1 e�(t0�t)'��aa(R; r0; t; t0)��a(r0; t0)dt0 +X�b�0 Z dR0 tZ�1 e�(t0�t)'��0�a�b (R;R0; t; t0)���0�b (R0; t0)dt0;× ÑËÉÈ 'NN , 'aa, '��0�a�a , 'Na, '�0N�a, '�0a�a { ÕÚÁÇÁÌØÎÅÎ� ÑÄÒÁ �ÅÒÅÎÏÓÕ,ÝÏÏ�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� �ÒÏ�ÅÓÉ × ÓÉÓÔÅÍ�. ñÄÒÁ �ÅÒÅÎÏÓÕ �ÏÂÕÄÏ×ÁÎ�ÎÁ ÕÚÁÇÁÌØÎÅÎÉÈ �ÏÔÏËÁÈ (50) � ÍÁÀÔØ ÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕ:'BB0(t; t0) = Sp0�IB(t)T (t; t0) 1Z0 d���q (t0)IB0(t0)�1��q (t0)1A ; (54)úÏËÒÅÍÁ, ÑÄÒÏ �ÅÒÅÎÏÓÕ 'NN (ll0; jj0; t; t0) Ï�ÉÓÕ¤ ÄÉÎÁÍ�ÞÎ� ÄÉÓÉ�Á-ÔÉ×Î� Í�ÖÅÌÅËÔÒÏÎÎ� ËÏÒÅÌÑ��§ �ÏÔÏË�×, ÑÄÒÏ 'aa(r; r0; t; t0) Ï�ÉÓÕ¤ÄÉÎÁÍ�ÞÎ� ÄÉÓÉ�ÁÔÉ×Î� ËÏÒÅÌÑ��§ ÄÉÆÕÚ�ÊÎÉÈ �ÏÔÏË�× ÁÔÏÍ�× ÇÁÚÕ,



29 ðÒÅ�ÒÉÎÔ�, ÑË ÂÕÄÅ �ÏËÁÚÁÎÏ ��ÚÎ�ÛÅ, �Å ÑÄÒÏ Ú×'ÑÚÁÎÅ Ú ÎÅÏÄÎÏÒ�ÄÎÉÍ ËÏ-ÅÆ���¤ÎÔÏÍ ÄÉÆÕÚ�§ Daa(r; r0; t) ÁÔÏÍ�× ÇÁÚÕ. ðÏÄ�ÂÎÏ ÑÄÒÏ �ÅÒÅÎÏÓÕ'��0�a�a (R;R0; t; t0) Ï�ÉÓÕ¤ ÄÉÎÁÍ�ÞÎ� ÄÉÓÉ�ÁÔÉ×Î� ËÏÒÅÌÑ��§ ÄÉÆÕÚ�ÊÎÉÈ�ÏÔÏË�× ÁÔÏÍ�× ÇÁÚÕ × ÓÔÁÎÁÈ � � �0 ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ � ×ÉÚÎÁÞÁ¤ÎÅÏÄÎÏÒ�ÄÎÉÊ ËÏÅÆ���¤ÎÔ ÄÉÆÕÚ�§ D��0�a�a (R;R0; t) ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏ-Í�× ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ. ¶ÎÛ� ÑÄÒÁ �ÅÒÅÎÏÓÕ Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î�ËÏÒÅÌÑ��§ Í�Ö ÕÚÁÇÁÌØÎÅÎÉÍÉ �ÏÔÏËÁÍÉ ÅÌÅËÔÒÏÎ�× IN (l; l0; t), ÁÔÏ-Í�× ÇÁÚÕ Ia(r; t) ÔÁ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× I�a (R; t). úÏËÒÅÍÁ, ÑÄÒÁ �Å-ÒÅÎÏÓÕ '��aa(R; r0; t; t0), '�0a�a(r;R; t; t0) Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� ËÏÒÅÌÑ-��§ Í�Ö �ÏÔÏËÁÍÉ ÁÔÏÍ�× ÇÁÚÕ ÔÁ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× � ×ÉÚÎÁÞÁÀÔØD�0a�a(r;R0; t) { ÎÅÏÄÎÏÒ�ÄÎ� ËÏÅÆ���¤ÎÔÉ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ \ÁÔÏÍ ÇÁÚÕ -ÁÄÓÏÒÂÏ×ÁÎÉÊ ÁÔÏÍ", ×É×ÞÅÎÎÑ ÑËÉÈ Õ �ÒÏ�ÅÓÁÈ ÁÄÓÏÒÂ��§ ÍÁ¤ ×ÁÖ-ÌÉ×Å ÚÎÁÞÅÎÎÑ.ïÔÖÅ, ÍÉ ÏÔÒÉÍÁÌÉ ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ (51){(53) ÄÌÑÎÅÒ�×ÎÏ×ÁÖÎÏ§ ÏÄÎÏÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ, ÎÅÒ�×ÎÏ-×ÁÖÎÉÈ ÓÅ-ÒÅÄÎ�È ÇÕÓÔÉÎ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ � ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÄÌÑ ÕÚÇÏ-ÄÖÅÎÏÇÏ ×É×ÞÅÎÎÑ ÅÌÅËÔÒÏÎÎÉÈ Ë�ÎÅÔÉÞÎÉÈ ÔÁ ÁÔÏÍÎÉÈ ÄÉÆÕÚ�ÊÎÉÈ�ÒÏ�ÅÓ�× Õ ÓÉÓÔÅÍ� \ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ - ÇÁÚ". ñË ÂÁÞÉÍÏ, ÚÁ ÓÔÒÕË-ÔÕÒÏÀ ×ÏÎÉ ÎÅÏÄÎÏÒ�ÄÎ� ÔÁ ÎÅÌ�Î�ÊÎ� � ÍÏÖÕÔØ Ï�ÉÓÕ×ÁÔÉ ÑË ÓÉÌØÎÏÎÅÒ�×ÎÏ×ÁÖÎ�, ÔÁË � ÓÌÁÂÏ ÎÅÒ�×ÎÏ×ÁÖÎ� �ÒÏ�ÅÓÉ. äÁÌ� ÍÉ ÒÏÚÇÌÑÎÅ-ÍÏ ×É�ÁÄÏË ÓÌÁÂÏ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ �ÒÏ�ÅÓ�× Õ ÎÁÛ�Ê ÓÉÓÔÅÍ�. äÌÑ �ØÏ-ÇÏ ÂÕÄÅÍÏ �ÒÉ�ÕÓËÁÔÉ, ÝÏ ÏÄÎÏÅÌÅËÔÒÏÎÎÁ ÍÁÔÒÉ�Ñ ÇÕÓÔÉÎÉ h ^Nll0it,ÓÅÒÅÄÎ� ÎÅÒ�×ÎÏ×ÁÖÎ� ÇÕÓÔÉÎÉ ÁÄÓÏÒÂÏ×ÁÎÉÈ � ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏ-Í�× ÇÁÚÕ h^n��a(R)it, h^na(r)it � ×�Ä�Ï×�ÄÎ� §Í ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� �ÁÒÁÍÅÔÒÉb(l; l0; t), ���a(R; t), �a(r; t) ÍÁÌÏ ×�ÄÒ�ÚÎÑÀÔØÓÑ ×�Ä Ó×Ï§È Ò�×ÎÏ×ÁÖÎÉÈÚÎÁÞÅÎØ. �ÏÄ� Ë×ÁÚ�Ò�×ÎÏ×ÁÖÎÉÊ ÓÔÁÔÉÓÔÉÞÎÉÊ Ï�ÅÒÁÔÏÒ (47) ÍÏÖÎÁÒÏÚËÌÁÓÔÉ �Ï ×�ÄÈÉÌÅÎÎÑÈ �ÁÒÁÍÅÔÒ�× b(l; l0; t), ���a(R; t), �a(r; t) ×�Ä§È Ò�×ÎÏ×ÁÖÎÉÈ ÌÏËÁÌØÎÉÈ ÚÎÁÞÅÎØ b0(l; l0), ���a(R), �a(r) � ÏÂÍÅÖÉ-ÔÉÓØ Ì�Î�ÊÎÉÍ ÎÁÂÌÉÖÅÎÎÑÍ. �ÏÄ� �Ú (51){(53) ÏÔÒÉÍÁ¤ÍÏ Ò�×ÎÑÎÎÑ�ÅÒÅÎÏÓÕ × Ì�Î�ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ���t hÆ ^Nll0it = Xj;j0 i
NN(l; l0; j; j0)hÆ ^Njj0 it (55)+ Xa Z dr0i
Na(l; l0; r0)hÆ�na(r)it+ X�a�0 Z dR0i
�0N�a(l; l0;R0)hÆ�n�0�a (R0)it� Xj;j0 tZ�1 e�(t0�t) �'NN (ll0; jj0; t; t0)hÆ ^Njj0 it0dt0
ICMP{99{24U 30� Xa Z dr0 tZ�1 e�(t0�t) �'Na(r0; ll0; t; t0)hÆ�na(r0)it0dt0� X�a�0 Z dR0 tZ�1 e�(t0�t) �'�0N�a(R0; ll0; t; t0)hÆ�n�0�a (R0)it0dt0;��t hÆ�na(r)it = Xj;j0 i
aN (r; j; j0)hÆ ^Njj0 it (56)+ Xb Z dr0i
ab(r; r0)hÆ�nb(r0)it+ X�b�0 Z dR0i
�0a�b(r;R0)hÆ�n�0�b (R0)it� Xj;j0 tZ�1 e�(t0�t) �'aN (r; jj0; t; t0)hÆ ^Njj0 it0dt0� Xb Z dr0 tZ�1 e�(t0�t) �'ab(r; r0; t; t0)hÆ�nb(r0)it0dt0� X�b�0 Z dR0 tZ�1 e�(t0�t) �'�0a�b(r;R0; t; t0)hÆ�n�0�b (R0)it0dt0;��thÆ�n��a(R)it = Xj;j0 i
��aN(R; j; j0)hÆ ^Njj0 it (57)+ Xa Z dr0i
��aa(R; r0)hÆ�na(r0)it+ X�b�0 Z dR0i
��0�a�b (R;R0)hÆ�n�0�b (R0)it� Xj;j0 tZ�1 e�(t0�t) �'��aN (R; jj0; t; t0)hÆ ^Njj0 it0dt0� Xb Z dr0 tZ�1 e�(t0�t) �'��ab(R; r0; t; t0)hÆ�nb(r0)it0dt0



31 ðÒÅ�ÒÉÎÔ� X�b�0 Z dR0 tZ�1 e�(t0�t) �'��0�a�b (R;R0; t; t0)hÆ�n�0�b (R0)it0dt0;�ÕÔ Æ ^Nll0= ^Nll0 � h ^Nll0i0, Æ�na(r)=�na(r) � h�na(r)i0, Æ�n��a(R)=�n��a(R) �h�n��a(R)i0, × ÑËÉÈ ÓÅÒÅÄÎ� ÚÎÁÞÅÎÎÑ ÚÎÁÈÏÄÑÔØÓÑ �Ú Ò�×ÎÏ×ÁÖÎÉÍ ÓÔÁ-ÔÉÓÔÉÞÎÉÍ Ï�ÅÒÁÔÏÒÏÍ�0 = Z�1 exp(�� H �Xll0 b0(l; l0) ^Nll0� (58)Xa Z dr�a(r)^na(r)�X�a� Z dR���a(R)^n��a(R)!)Z = Sp exp(�� H �Xll0 b0(l; l0) ^Nll0�Xa Z dr�a(r)^na(r)�X�a� Z dR���a(R)^n��a(R)!)- ×ÅÌÉËÁ ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÓÉÓÔÅÍÉ \ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ - ÇÁÚ ". �a(r),��a(R) { ÌÏËÁÌØÎÅ Ò�×ÎÏ×ÁÖÎÅ ÚÎÁÞÅÎÎÑ È�Í�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÎÅÁÄ-ÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ. h: : :i0=Sp(: : : �0). ÷ ÒÅÚÕÌØ-ÔÁÔ� ×ÉËÌÀÞÅÎÎÑ Õ �q(t)0 �ÁÒÁÍÅÔÒ�× �Æb(l; l0; t), �Æ�a(r; t), �Æ���a(R; t)ÚÁ ÄÏ�ÏÍÏÇÏÀ ÕÍÏ× ÓÁÍÏÕÚÇÏÄÖÅÎØ (48) ×ÉÎÉËÌÉ ×�Ä�Ï×�ÄÎ� ÏÒÔÏÇÏ-ÎÁÌØÎ� ÚÍ�ÎÎ��na(r) = ^na(r)�Xl;l0j;j0 h^na(r) ^Nll0 i0��1(l; l0; j; j0) ^Njj0 ;ÔÁ �n��a(R) = ^n��a(R)�Xl;l0j;j0 h^n��a(R) ^Nll0i0��1(l; l0; j; j0) ^Njj0 �Xa Z dr Z dr0h^n�a(R)�na(r)i0��1aa (r; r0)�na(r0);ÄÌÑ ÑËÉÈ ×ÉËÏÎÕÀÔØÓÑ ÕÍÏ×É ÏÒÔÏÇÏÎÁÌØÎÏÓÔ� h�na(r) ^Njj0 i0 = 0,h�n��a(R) ^Njj0 i0 = 0, h�na(r)�n��a(R)i0 = 0. æÕÎË��§ ��1(l; l0; j; j0), ��1ab (r; r0)� ���1�a�b (R;R0)���0 ÏÂÅÒÎÅÎ� ÄÏ ×�Ä�Ï×�ÄÎÉÈ Ò�×ÎÏ×ÁÖÎÉÈ ËÏÒÅÌÑ��Ê-ÎÉÈ ÆÕÎË��Ê: �(ll0; jj0) = h ^Nll0 ^Njj0 i0, ÄÌÑ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅ-ÍÉ ÔÁ ÇÁÚÏ×Ï§ ��ÄÓÉÓÔÅÍÉ �ab(r; r0) = h�na(r)�nb(r0)i0, ���0�a�b (R;R0) =
ICMP{99{24U 32h�n��a(R)�n�0�b (R0)i0 � ×ÉÚÎÁÞÁÀÔØÓÑ Ú ×�Ä�Ï×�ÄÎÉÈ �ÎÔÅÇÒÁÌØÎÉÈ Ó��××�Ä-ÎÏÛÅÎØ . i
AB { ÎÏÒÍÏ×ÁÎ� ÓÔÁÔÉÞÎ� ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ � ÍÁÀÔØÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕ: i
AB = h _^A ^Bi0��1BB ; (59)^B; ^A = n ^Nll0 ; �na(r); �n�a(R)o, _^A = iLN ^A. 'AB(t; t0) { ÎÏÒÍÏ×ÁÎ� ÑÄÒÁ�ÅÒÅÎÏÓÕ, Ú ×�Ä�Ï×�ÄÎÏÀ ÓÔÒÕËÔÕÒÏÀ�'AB(t; t0) = h�IAT0(t; t0)�IBi0��1AB ; �IA; �IB = ��IN (l; l0); �Ia(r); �I��a (R)	 :(60)ÄÅ T0(t; t0)=exp f�(t0 � t)(1�P0)iLNg { Ï�ÅÒÁÔÏÒ Å×ÏÌÀ��§ Õ ÞÁÓ� ×Ì�Î�ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�; �IN (l; l0) =(1� P0) _^N ll0 , �Ia(r) = (1� P0) _�na(r),�I��a (R) =(1�P0) _�n��a(R) { ÕÚÁÇÁÌØÎÅÎ� �ÏÔÏËÉ × Ì�Î�ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�,× ÑËÉÈ �ÒÏÅË��ÊÎÉÊ Ï�ÅÒÁÔÏÒ íÏÒ� P0 ÍÁ¤ ÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕP0(: : :) = h: : :i0+ Xl;l0j;j0 h: : : ^Nll0i0��1(l; l0; j; j0) ^Njj0+ Xa Z dr Z dr0h: : : �na(r)i0��1aa (r; r0)�na(r0)+ X�a�b��0 Z dR Z dR0h: : : �n��a(R)i0 ���1�a�b (R;R0)���0 �n�0�b (R0)Ú Ï�ÅÒÁÔÏÒÎÉÍÉ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ:P0P0 = P0, P0(1�P0) = 0, P0 ^Nll0 = ^Nll0 , P0�na(r) = �na(r), P0�n��a(R) =�n��a(R).ïÔÒÉÍÁÎÁ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕ ¤ Ì�Î�ÊÎÏÀ ÔÁ ÚÁÍËÎÕÔÏÀ �ÕÚÇÏÄÖÅÎÏ Ï�ÉÓÕ¤ Ë�ÎÅÔÉÞÎ� ÅÌÅËÔÒÏÎÎ� �ÒÏ�ÅÓÉ ÔÁ ÄÉÆÕÚ�ÊÎ� ÁÔÏÍÎ��ÒÏ�ÅÓÉ. æÕÎË��§ i
AB (59) ¤ ÓÔÁÔÉÞÎ� ËÏÒÅÌÑ��ÊÎ�, ÑË� ÍÏÖÕÔØ ÂÕÔÉ×ÉÒÁÖÅÎ� ÔÏÞÎÏ ÞÅÒÅÚ ×�Ä�Ï×�ÄÎ� Í�ÖÞÁÓÔÉÎËÏ×� �ÏÔÅÎ��ÁÌÉ ×ÚÁ¤ÍÏÄ�§ÔÁ ÓÔÒÕËÔÕÒÎ� Ò�×ÎÏ×ÁÖÎ� ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÅÌÅËÔÒÏÎ�×, ÁÔÏÍ�× ÄÌÑÎÁÛÏ§ ÓÉÓÔÅÍÉ. �'AB(t; t0) { ÞÁÓÏ×� ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ �ÏÂÕÄÏ×ÁÎ�ÎÁ ÕÚÁÇÁÌØÎÅÎÉÈ �ÏÔÏËÁÈ � Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� �ÒÏ�ÅÓÉ × ÓÉÓÔÅ-Í�. úÏËÒÅÍÁ, �'NN (l; l0; j; j0; t; t0) Ï�ÉÓÕÀÔØ Í�ÖÅÌÅËÔÒÏÎÎ� ÄÉÓÉ�ÁÔÉ×-Î� �ÒÏ�ÅÓÉ, �'aa(r; r0; t; t0), �'��0�a�a (R;R0; t; t0) { ÎÅÏÄÎÏÒ�ÄÎ� �ÒÏ�ÅÓÉ ÄÉ-ÆÕÚ�§ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ. ÷Ó� �ÎÛ� ÆÕÎË��§�ÁÍ'ÑÔ� Ï�ÉÓÕÀÔØ �ÅÒÅÈÒÅÓÎ� ÄÉÓÉ�ÁÔÉ×Î� ËÏÒÅÌÑ��§ �ÏÔÏË�× ÅÌÅËÔ-ÒÏÎ�×, ÁÔÏÍ�× ÇÁÚÕ × �ÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎ�Ê ÓÉÓÔÅÍ� \ÍÅÔÁÌ - ÁÄ-ÓÏÒÂÁÔ - ÇÁÚ ". óÉÓÔÅÍÁ Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕ (55){(57) ÄÏ�ÕÓËÁ¤ ÒÏÚÇÌÑÄ



33 ðÒÅ�ÒÉÎÔÇÒÁÎÉÞÎÉÈ ×É�ÁÄË�×. úÏËÒÅÍÁ, ÑËÝÏ ÆÏÒÍÁÌØÎÏ ÎÅ ×ÒÁÈÏ×Õ×ÁÔÉ �ÒÏ-�ÅÓÉ ÄÉÆÕÚ�§ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ, ÔÏ Ë�ÎÅÔÉ-ËÁ ÅÌÅËÔÒÏÎ�× Õ �Ï×ÅÒÈÎ� Ï�ÉÓÕ¤ÔØÓÑ Ò�×ÎÑÎÎÑÍ ÄÌÑ ÎÅÒ�×ÎÏ×ÁÖÎÏ§ÏÄÎÏÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ. ÷ÉËÏÒÉÓÔÁ×ÛÉ �ÅÒÅÔ×ÏÒÅÎÎÑ ìÁ-�Ì�ÓÁ ÚÁ ÞÁÓÏÍ �ÒÉ t > 0 � ÚÁÄÁÎÉÈ �ÏÞÁÔËÏ×ÉÈ ÕÍÏ×ÁÈ hÆ ^Nll0it=0,h ^Aiz = i 1R0 eizt ^A(t)dt; z = ! + i", ÔÁËÅ Ò�×ÎÑÎÎÑ �ÒÅÄÓÔÁ×ÉÍÏ Õ ×É-ÇÌÑÄ�: zhÆ ^Nll0iz �Xj;j0 
NN (l; l0; j; j0; z)hÆ ^Nj;j0iz = hÆ ^Nll0it=0; (61)ÄÅ 
NN (l; l0; j; j0; z) = i
NN(l; l0; j; j0)� �'NN(l; l0; j; j0; z) - ÍÁÓÏ×ÉÊ Ï�Å-ÒÁÔÏÒ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ. óÉÓÔÅÍÁ Ò�×ÎÑÎØ (61) ÄÁ¤ ÍÏÖÌÉ×�ÓÔØ×ÉÚÎÁÞÉÔÉ ÅÌÅÍÅÎÔÉ ÏÄÎÏÅÌÅËÔÒÏÎÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ , ÞÅÒÅÚ ÑË� ×É-ÒÁÖÁ¤ÔØÓÑ ÓÔÒÕÍ ÔÕÎÅÌÀ×ÁÎÎÑ ÅÌÅËÔÒÏÎ�× × ÓÉÓÔÅÍ� \�Ï×ÅÒÈÎÑ ÍÅ-ÔÁÌÕ - ÁÄÓÏÒÂÁÔ - ÇÁÚ".¶ÎÛÉÊ ÇÒÁÎÉÞÎÉÊ ×É�ÁÄÏË ÏÔÒÉÍÁ¤ÍÏ, ÑËÝÏ ÆÏÒÍÁÌØÎÏ ÎÅ ×ÒÁÈÏ-×Õ×ÁÔÉ ÅÌÅËÔÒÏÎÎÉÈ Ë�ÎÅÔÉÞÎÉÈ �ÒÏ�ÅÓ�×, Á ×ÚÁ¤ÍÏÄ�À ÁÄÓÏÒÂÏ×ÁÎÉÈÁÔÏÍ�× ÇÁÚÕ Ú ��ÄÌÏÖËÏÀ Ï�ÉÓÕ×ÁÔÉ ÑË ËÌÁÓÉÞÎÕ, ÔÏÄ� �Ú (55){(57)ÍÁ¤ÍÏ ÓÉÓÔÅÍÕ ÎÅÏÄÎÏÒ�ÄÎÉÈ Ò�×ÎÑÎØ ÄÉÆÕÚ�§ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄ-ÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ:��thÆ^na(r)it = (62)�Xb Z dr0 tZ�1 e�(t0�t) ��rDab(r; r0; t; t0) ��r0 hÆ^nb(r)it0dt0�X�b�0 Z dR0 tZ�1 e�(t0�t) ��rD�0a�b(r;R0; t; t0) ��R0 hÆ�n�0�b (R0)it0dt0;��thÆ�n��a(R)it = (63)�X�b�0 Z dR0 ��RD��0�a�b (R;R0; t; t0) ��R0 hÆ�n�0�b (R0)it0dt0�Xb Z dr0 ��RD��ab(R; r0; t; t0) ��r0 hÆ^nb(r)it0dt0;�n��a(R) = ^n��a(R)�Xa Z drdr0h^n��a(R)^na(r)i0��1aa (r; r0)^na(r0);
ICMP{99{24U 34Dab(r; r0; t; t0), D�0a�a(r;R0; t; t0), D��aa(R; r0; t; t0), D��0�a�b (R;R0; t; t0) { ÕÚÁ-ÇÁÌØÎÅÎ� ÎÅÏÄÎÏÒ�ÄÎ� ËÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÁÄ-ÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÇÁÚÕ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ. úÏËÒÅÍÁ, ËÏÅÆ���¤ÎÔDab(r; r0; t; t0) ÍÁ¤ ÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕ:Dab(r; r0; t; t0) = (64)Xb0 Z dr00h(1�P0)^Ia(r)T0(t; t0)(1�P0)^Ib0(r00)i0��1b0b(r00; r0);^Ia(r) = 1ma ^pa(r) { ÇÕÓÔÉÎÁ �ÏÔÏËÕ ÁÔÏÍ�× ÇÁÚÕ. æÕÎË��Ñ ��1aa (r00; r0)×ÉÚÎÁÞÁ¤ÔØÓÑ Ú �ÎÔÅÇÒÁÌØÎÏÇÏ Ò�×ÎÑÎÎÑXb0 Z dr00�ab0(r; r00)��1b0b(r00; r0) = Æ(r� r0)Æab:�ab(r; r0) = h^na(r)^nb(r0)i0 { Ò�×ÎÏ×ÁÖÎÁ �ÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕÁÔÏÍ�× ÇÁÚÕ, ÔÏÄ� �Ú �ÎÔÅÇÒÁÌØÎÏÇÏ Ò�×ÎÑÎÎÑ ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ, ÝÏ��1ab (r00; r0) = Æ(r� r0)Æabh^na(r0)i0 � 
ab2 (r; r0), h^na(r0)i0 { ÕÎÁÒÎÁ ÆÕÎË��Ñ ÒÏÚ-�ÏÄ�ÌÕ, Á 
ab2 (r; r0) { �ÒÑÍÁ ËÏÒÅÌÑ��ÊÎÁ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ ÁÔÏÍ�×ÇÁÚÕ. ëÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§ D�0a�a(r;R0; t; t0), D��aa(R; r0; t; t0) ÔÁ D��0�a�b (R,R0; t; t0) ÍÁÀÔØ ÁÎÁÌÏÇ�ÞÎÕ ÓÔÒÕËÔÕÒÕ, ÝÏ Ê (64), � ¤ ÕÚÁÇÁÌØÎÅÎÎÑÍÆÏÒÍÕÌ çÒ�ÎÁ-ëÕÂÏ ÄÌÑ ÄÉÆÕÚ�§ ÄÌÑ �ÒÏÓÔÏÒÏ×Ï-ÎÅÏÄÎÏÒ�ÄÎÉÈ ÓÉÓ-ÔÅÍ. òÏÚÒÁÈÕÎÏË §È �Ï×'ÑÚÁÎÉÊ Ú ÔÉÍ, ÑË� �ÒÏ�ÅÓÉ ÒÏÚÇÌÑÄÁÀÔØÓÑ:ÄÏ×ÇÏÞÁÓÏ×� ÞÉ ËÏÒÏÔËÏÞÁÓÏ×�, ÝÏ ÓÔÁÎÏ×ÉÔØ ×�ÄÏÍÕ �ÒÏÂÌÅÍÕ ÎÅÒ�×-ÎÏ×ÁÖÎÏ§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÍÅÈÁÎ�ËÉ ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÞÁÓÔÉÎÏË.íÅÔÏÄÏÍ îóï úÕÂÁÒ¤×Á ÏÔÒÉÍÁÎ� ÕÚÁÇÁÌØÎÅÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕÕÚÇÏÄÖÅÎÏÇÏ Ï�ÉÓÕ ÅÌÅËÔÒÏÎÎÉÈ Ë�ÎÅÔÉÞÎÉÈ �ÒÏ�ÅÓ�× ÔÁ ÄÉÆÕÚ�ÊÎÉÈÁÔÏÍÎÉÈ �ÒÏ�ÅÓ�× ÄÌÑ ÓÉÓÔÅÍÉ \ÍÅÔÁÌ - ÁÄÓÏÒÂÁÔ - ÇÁÚ ", ÑË� Ó�ÒÁ×ÅÄ-ÌÉ×� ÑË ÄÌÑ ÓÉÌØÎÏ, ÔÁË � ÄÌÑ ÓÌÁÂÏ ÎÅÒ�×ÎÏ×ÁÖÎÉÈ �ÒÏ�ÅÓ�×. �ÁË�Ò�×ÎÑÎÎÑ ÍÏÖÕÔØ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎ� ÄÌÑ ÒÏÚÒÁÈÕÎË�× ÏÄÎÏÅÌÅËÔÒÏÎ-ÎÏ§ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ, Á ÏÔÖÅ, � ÅÌÅËÔÒÏÎÎÉÈ ÓÔÒÕÍ�×, Á ÔÁËÏÖ ÎÅÏÄÎÏ-Ò�ÄÎÉÈ ËÏÅÆ���¤ÎÔ�× ÄÉÆÕÚ�§ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÔÁ ÎÅÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�×ÇÁÚÕ ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ, ÝÏ ×ÁÖÌÉ×Ï Õ ÄÏÓÌ�ÄÖÅÎÎÑÈ �ÒÉ�Ï×ÅÒÈÎÅ-×ÉÈ Ñ×ÉÝ, ÚÏËÒÅÍÁ �ÒÉ ÅÌÅËÔÒÏÎÎÏÍÕ ÔÕÎÅÌØÎÏÍÕ ÓËÁÎÕ×ÁÎÎ�, ËÁÔÁ-Ì�ÔÉÞÎÉÈ �ÒÏ�ÅÓÁÈ. ÷ÁÖÌÉ×Ï ×ÒÁÈÕ×ÁÔÉ ÆÏÎÏÎÎ� ËÏÌÉ×ÁÎÎÑ ÁÔÏÍ�×��ÄÌÏÖËÉ ÔÁ ÄÏÓÌ�ÄÉÔÉ §È ×�ÌÉ× ÎÁ ÄÉÆÕÚ�À ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍ�× ÔÁ�ÒÏ�ÅÓÉ ÄÅÓÏÒÂ��§.ðÒÅÄÓÔÁ×ÌÅÎÉÊ Í�ËÒÏÓËÏ��ÞÎÉÊ ��ÄÈ�Ä ÄÁ¤ ÍÏÖÌÉ-×�ÓÔØ ×ÒÁÈÕ×ÁÔÉ ÏÓÏÂÌÉ×�ÓÔØ ÁÔÏÍ�×, ÍÏÌÅËÕÌ ÒÅÁÇÕÀÞÉÈ ËÏÍ�ÏÎÅÎÔÚ ÔÏÞËÉ ÚÏÒÕ ÄÉ�ÏÌØÎÏÇÏ, ÍÁÇÎ�ÔÎÏÇÏ, ËÕÌÏÎ�×ÓØËÏÇÏ ÈÁÒÁËÔÅÒÕ ×ÚÁ-¤ÍÏÄ�Ê. ÷ ÁÚÏÔÎÏ-×ÏÄÎÅ×�Ê ÓÕÍ�Û� ×ÚÁ¤ÍÏÄ�Ñ ËÒ�Í ÄÉÓ�ÅÒÓ�ÊÎÏ§, Ñ×ÌÑ-¤ÔØÓÑ ÄÉ�ÏÌØÎÏÀ, Á Â�ÌÑ ÍÅÔÁÌ�ÞÎÏ§ �Ï×ÅÒÈÎ� ×ÓÅ ÕÓËÌÁÄÎÀ¤ÔØÓÑ ÝÅ
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