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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�.õ ÒÏÂÏÔ� [1℄ Ë�ÌØË�ÓÔØ �ÁÌÉ×Á Õ ÚÒÕÊÎÏ×ÁÎÏÍÕ ÒÅÁËÔÏÒ� ÔÁ �ÒÉÍ�ÝÅÎ-ÎÑÈ 4-ÇÏ ÅÎÅÒÇÏÂÌÏËÕ þáåó Ï��ÎÅÎÏ � 180 ÔÏÎÎ. ðÒÉÂÌÉÚÎÏ 150 ÔÏÎÎÍ�ÓÔÉÔØÓÑ Õ ÚÒÕÊÎÏ×ÁÎÉÈ ÎÉÖÎ�È �ÒÉÍ�ÝÅÎÎÑÈ ÒÅÁËÔÏÒÁ, × ÏÓÎÏ×ÎÏ-ÍÕ Õ ÓËÌÁÄ� ÌÁ×Ï�ÏÄ�ÂÎÉÈ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÔÅÒ�ÑÌ�× (ìð÷í). õ ��ÊÖÅ ÒÏÂÏÔ� ÎÁ×ÅÄÅÎÏ �ÒÉÂÌÉÚÎÉÊ È�Í�ÞÎÉÊ ÓËÌÁÄ ìð÷í ÔÁ ×ËÁÚÁÎÏ,ÝÏ �ÁÌÉ×Ï ÚÎÁÈÏÄÉÔØÓÑ Õ ×ÉÇÌÑÄ� ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÉÈ ÞÁÓÔÏË, ×ËÒÁ�-ÌÅÎÉÈ Õ ÓÉÌ�ËÁÔÎÕ ÍÁÔÒÉ�À.õ ÒÏÂÏÔ� [2℄ ÎÁ×ÅÄÅÎÏ ÒÅÚÕÌØÔÁÔÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ�ÄÖÅÎØÍÁÇÎ�ÔÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ Ï�ÒÏÍ�ÎÅÎÏÇÏ �ÁÌÉ×Á ÔÁ ìð÷í ÏÂ'¤ËÔÁ"õËÒÉÔÔÑ". ðÏÍ�ÒÑÎ� ÚÎÁÞÅÎÎÑ ÍÁÇÎÅÔÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ¤ Ò�ÚÎÉ-ÍÉ ÄÌÑ Ò�ÚÎÉÈ ÔÉ��× ìð÷í (Ô.Ú×. ÞÏÒÎÏ§, ËÏÒÉÞÎÅ×Ï§ ÔÁ �ÏÌ�ÈÒÏÍÎÏ§ËÅÒÁÍ�Ë). ã� ×ÉÍ�ÒÀ×ÁÎÎÑ Ó×�ÄÞÁÔØ, ÝÏ ×ËÁÚÁÎ� ÍÁÔÅÒ�ÑÌÉ ¤ �ÁÒÁ-ÍÁÇÎÅÔÉËÁÍÉ; ×ÅÌÉÞÉÎÉ §È ÍÁÇÎÅÔÎÉÈ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔÅÊ ÓÕÔÔ¤×Ï ×�Ä-Ò�ÚÎÑÀÔØÓÑ ×�Ä ÍÁÇÎÅÔÎÉÈ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔÅÊ ÂÅÔÏÎÕ ÔÁ ÇÒÁÎ�ÔÕ, ×�ÄÑËÉÈ §È ÔÒÅÂÁ ×�ÄÄ�ÌÉÔÉ (ÄÉ×. �ÁÂÌÉ�À). ú ÏÇÌÑÄÕ ÎÁ �Å Á×ÔÏÒ [2℄,ÄÌÑ ×�ÄÄ�ÌÅÎÎÑ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÒÅÞÏ×ÉÎ, �ÒÏ�ÏÎÕ¤ ÓËÏÒÉÓÔÁÔÉÓØ ÔÅÈ-ÎÏÌÏÇ�ÑÍÉ ÍÁÇÎÅÔÎÏ§ ÓÅ�ÁÒÁ��§ [3℄.�ÁÂÌÉ�ÑNo íÁÔÅÒ�ÑÌ íÁÇÎÅÔÎÁÓ�ÒÉÊÎÑÔÌÉ×�ÓÔØ � (CI)1 þÏÒÎÁ ËÅÒÁÍ�ËÁ 3:8 � 10�32 ëÏÒÉÞÎÅ×Á ËÅÒÁÍ�ËÁ 7:0 � 10�33 ðÏÌ�ÈÒÏÍÎÁ ËÅÒÁÍ�ËÁ 3:5 � 10�34 çÒÁÎ�Ô 0:3 � 10�35 âÅÔÏÎ 0:6 � 10�3úÇ�ÄÎÏ Ú [4℄, Õ ÒÏÂÏÞ�Ê ÚÏÎ� ÓÅ�ÁÒÁÔÏÒÁ ÎÁ �ÁÒÁÍÁÇÎÅÔÎ� ÞÁÓÔÉÎ-ËÉ Ä�ÀÔØ ÓÉÌÉ Ä×ÏÈ ÔÉ��×: Ô.Ú×. ÚÏ×Î�ÛÎ� ÓÉÌÉ, ÝÏ Ä�ÀÔØ ÎÁ ËÏÖÎÕÞÁÓÔÉÎËÕ ÚÏËÒÅÍÁ, ÔÁ Â�ÎÁÒÎ� ÓÉÌÉ Í�ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§. úÏ×-Î�ÛÎ�ÍÉ ¤ ÓÉÌÁ, Ó�ÒÉÞÉÎÅÎÁ ÍÁÇÎÅÔÎÉÍ �ÏÌÅÍ ÓÅ�ÁÒÁÔÏÒÁ, ÔÁ ÓÉÌÁÇÒÁ×�ÔÁ��ÊÎÏÇÏ �ÒÉÔÑÇÁÎÎÑ úÅÍÌ�. á×ÔÏÒÉ [4℄ ×ÉÒ�ÚÎÑÀÔØ ÎÁÓÔÕ�Î�ÓÉÌÉ Í�ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§:� ÓÉÌÁ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÎÁ×ÅÄÅÎÉÍÉ ÚÏ×Î�ÛÎ�Í �ÏÌÅÍ ÍÁÇÎÅÔÎÉÍÉÄÉ�ÏÌÑÍÉ;� ÓÉÌÁ ×ÁÎ ÄÅÒ ÷ÁÁÌØÓÁ;� ÓÉÌÁ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏ§ ×ÚÁ¤ÍÏÄ�§;

ICMP{01{21U 2� ÓÉÌÁ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ Ï�ÏÒÕ ÓÅÒÅÄÏ×ÉÝÁ.æÌÏËÕÌÑ��Ñ ("ÚÌÉ�ÁÎÎÑ") Ä×ÏÈ ÞÁÓÔÉÎÏË ×�ÄÂÕ×Á¤ÔØÓÑ ÔÏÄ�, ËÏÌÉ, ��ÄÄ�¤À ÚÏ×Î�ÛÎ�È ÓÉÌ ×ÏÎÉ ÚÂÌÉÖÕÀÔØÓÑ ÎÁÓÔ�ÌØËÉ, ÝÏ ÓÉÌÉ �ÒÉÔÑÇÁÎ-ÎÑ Í�Ö ÎÉÍÉ �ÅÒÅ×ÁÖÁÀÔØ ÕÓ� �ÎÛ� ÓÉÌÉ.õ ÒÏÂÏÔÁÈ [4,5℄ ÔÅÏÒÅÔÉÞÎÏ ÏÂÇÒÕÎÔÏ×ÁÎÏ � ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ �Å-ÒÅ×�ÒÅÎÏ ÍÏÖÌÉ×�ÓÔØ Ô.Ú×. ÓÅÌÅËÔÉ×ÎÏ§ ÆÌÏËÕÌÑ��§. ðÏËÁÚÁÎÏ, ÝÏ,ÚÍ�ÎÀÀÞÉ ÚÏ×Î�ÛÎ¤ ÍÁÇÎÅÔÎÅ �ÏÌÅ, ÍÏÖÎÁ ÄÏÂÉÔÉÓØ, ÝÏ ÞÁÓÔÉÎËÉÚ �Å×ÎÏÀ ÍÁÇÎÅÔÎÏÀ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔÀ ÆÌÏËÕÌÀ×ÁÔÉÍÕÔØ ÌÉÛÅ Í�ÖÓÏÂÏÀ � ×É�ÁÄÁÔÉÍÕÔØ × ÏÓÁÄ, ÔÏÄ� ÑË ÞÁÓÔÉÎËÉ �ÎÛÏÇÏ ÓÏÒÔÕ, Ú ÍÅÎ-ÛÏÀ ÍÁÇÎÅÔÎÏÀ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔÀ, ÎÁ �ÏÌÅ ÎÅ ÒÅÁÇÕ×ÁÔÉÍÕÔØ. íÅÈÁ-Î�ÚÍ ÓÅÌÅËÔÉ×ÎÏ§ ÆÌÏËÕÌÑ��§ ÌÅÖÉÔØ × ÏÓÎÏ×� Ô.Ú×. ×ÉÓÏËÏÇÒÁÄ�¤ÎÔÎÏ§ÍÁÇÎÅÔÎÏ§ ÓÅ�ÁÒÁ��§ (ÍÁÇÎÅÔÎÏ§ ÁÄÓÏÒÂ��§) [6℄, ÝÏ ÄÏÚ×ÏÌÑ¤ ÏÞÉÝÁÔÉËÏÌÏ§ÄÎÉÊ ÒÏÚÞÉÎ ×�Ä �ÁÒÁÍÁÇÎÅÔÎÉÈ ÞÁÓÔÉÎÏË ÒÁÄ�ÕÓÏÍ 20� 80ÎÍ.óÔ�ÊË�ÓÔØ ËÏÌÏ§ÄÎÉÈ ÓÉÓÔÅÍ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÂÁÌÁÎÓÏÍ Í�Ö ÂÒÏÕÎ�×-ÓØËÉÍ ÒÕÈÏÍ ÞÁÓÔÉÎÏË � �ÅÒÅÌ�ÞÅÎÉÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉ. óËÁÖ�ÍÏ, ÑËÝÏ�ÅÒÅ×ÁÖÁ¤ ÓÉÌÁ ÇÒÁ×�ÔÁ��ÊÎÏ§ ×ÚÁ¤ÍÏÄ�§, ÔÏ ÞÁÓÔÉÎËÉ ×É�ÁÄÁÀÔØ ×ÏÓÁÄ. äÌÑ ÆÅÒÏÍÁÇÎÅÔÉË�× Õ ÚÏ×Î�ÛÎØÏÍÕ ÍÁÇÎÅÔÎÏÍÕ �ÏÌ� ÒÏÂÏÞÏ§ÚÏÎÉ ÓÅ�ÁÒÁÔÏÒÁ Ó�ÏÓÔÅÒ�ÇÁÀÔØ ÌÁ×ÉÎÏ�ÏÄ�ÂÎÕ ÆÌÏËÕÌÑ��À [3℄, ËÏÌÉÞÁÓÔÉÎËÉ "ÚÌÉ�ÁÀÔØÓÑ" Õ Ç�ÇÁÎÔÓØË� ËÏÎÇÌÏÍÅÒÁÔÉ, ÑË� ×ËÌÀÞÁÀÔØÚÎÁÞÎÕ Ë�ÌØË�ÓÔØ ÎÅÍÁÇÎÅÔÎÉÈ ÚÅÒÅÎ. ãÅ ÚÎÁÞÎÏ ÕÔÒÕÄÎÀ¤ �ÒÏ�ÅÓ ÓÅ-�ÁÒÁ��§.íÁÇÎÅÔÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ �ÁÒÁÍÁÇÎÅÔÉË�× Õ Í�ÌØÊÏÎÉ ÒÁÚ�×ÍÅÎÛÁ, Î�Ö ÆÅÒÏÍÁÇÎÅÔÉË�×, ÔÏÍÕ Î�ÄÅ Õ Ì�ÔÅÒÁÔÕÒ� [4℄{ [8℄ ÎÅ ÚÇÁÄÕ-¤ÔØÓÑ, ÝÏ �ÒÏ�ÅÓ ÆÌÏËÕÌÑ��§ Õ �ÁÒÁÍÁÇÎÅÔÉË�× ÍÏÖÅ ÂÕÔÉ ÌÁ×ÉÎÏ-�ÏÄ�ÂÎÉÍ. èÏÞÁ ÄÌÑ Ï�ÉÓÁÎÉÈ ÔÁÍ ÅËÓ�ÅÒÉÍÅÎÔ�× ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÉÓØÎÁÄ�ÒÏ×�ÄÎ� ÍÁÇÎÅÔÉ, × ÒÏÂÏÞ�Ê ÚÏÎ� ÑËÉÈ ÍÁÇÎÅÔÎÁ �ÎÄÕË��Ñ ÄÏÓÑÇÁÌÁ15T .2. �ÅÏÒÅÔÉÞÎ� ÍÏÄÅÌ� ÆÌÏËÕÌÑ��§ �ÁÒÁÍÁÇÎÅÔÉË�× ÕÎÅÏÄÎÏÒ�ÄÎÏÍÕ ÍÁÇÎÅÔÎÏÍÕ �ÏÌ�.õ ÒÏÂÏÔ� [7℄ �ÏÂÕÄÏ×ÁÎÏ ÔÅÏÒÅÔÉÞÎÕ ÍÏÄÅÌØ ÍÁÇÎÅÔÎÏ§ ÆÌÏËÕÌÑ��§�ÁÒÁÍÁÇÎÅÔÎÉÈ ÞÁÓÔÉÎÏË Ä�ÁÍÅÔÒÏÍ < 0:2�m. îÁÓÔÕ�ÎÁ ÒÏÂÏÔÁ �ÉÈÁ×ÔÏÒ�× [8℄ ÆÁËÔÉÞÎÏ �ÒÉÓ×ÑÞÅÎÁ ÔÏÍÕ, ÝÏÂ ÏÂÇÒÕÎÔÕ×ÁÔÉ ÔÅÏÒÅÔÉÞ-ÎÏ � ��ÄÔ×ÅÒÄÉÔÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ÔÅÚÕ �ÒÏ ÔÅ, ÝÏ ÄÌÑ ÞÁÓÔÉÎÏËÄ�ÁÍÅÔÒÏÍ 0:8�m �Ñ ÍÏÄÅÌØ ÎÅ �ÒÁ�À¤.ðÏÞÁÔËÏ×ÉÊ ÅÔÁ� �ÒÏ�ÅÓÕ ÆÌÏËÕÌÑ��§ ÍÏÄÅÌÀÀÔØ, �ÏÍ�ÓÔÉ×ÛÉÏÄÎÕ ÞÁÓÔÉÎËÕ Õ �ÏÞÁÔÏË ËÏÏÒÄÉÎÁÔÎÏ§ ÓÉÓÔÅÍÉ � �ÏËÌÁ×ÛÉ, ÝÏ ×Ó��ÎÛ� ÞÁÓÔÉÎËÉ ÆÌÏËÕÌÀÀÔØ ÌÉÛÅ Ú ÎÅÀ. â�ÌØÛÅ ÔÏÇÏ, �ÅÎÔÒ ÆÌÏËÕ-ÌÑ��§ ÚÁÌÉÛÁ¤ÔØÓÑ ÎÅÚÍ�ÎÎÉÍ ��Ä ÞÁÓ �ÒÏ�ÅÓÕ, ÝÏ ÏÚÎÁÞÁ¤, ÝÏ ÞÁÓ-ÔÉÎËÉ �ÒÏÓÔÏ ÚÎÉËÁÀÔØ, �ÏÂ�ÌØÛÕÀÞÉ �ÅÎÔÒ ÆÌÏËÕÌÑ��§. ðÏÞÁÔËÏ×Á



3 ðÒÅ�ÒÉÎÔÓÔÁÄ�Ñ ÆÌÏËÕÌÑ��§ Ï�ÉÓÕ¤ÔØÓÑ ÎÁÓÔÕ�ÎÉÍ Ò�×ÎÑÎÎÑÍ ÎÅ�ÅÒÅÒ×ÎÏÓÔ��n�t = �~r �~j ; (1)ÄÅ n ¤ ÇÕÓÔÉÎÁ ÞÉÓÌÁ ÞÁÓÔÉÎÏË, Á ~j - �ÏÔ�Ë ÞÁÓÔÉÎÏË:~j = �D12 ~rn+ n ~rVkT ! : (2)�ÕÔ D12 | ×�ÄÎÏÓÎÉÊ ËÏÅÆ���¤ÎÔ ÄÉÆÕÚ�§, ÑËÉÊ ×ÒÁÈÏ×Õ¤ ÂÒÏÕÎ�×-ÓØËÉÊ ÒÕÈ �ÅÎÔÒÁÌØÎÏ§ ÞÁÓÔÉÎËÉ (ÑË �ÒÁ×ÉÌÏ, ×�Î ÂÅÒÅÔØÓÑ Ò�×ÎÉÍÄ×ÏÍ ËÏÅÆ���¤ÎÔÁÍ ÄÉÆÕÚ�§ åÊÎÛÔÅÊÎÁ ÄÌÑ ÏÄÎ�¤§ ÞÁÓÔÉÎËÉ), Á V -�ÏÔÅÎ��ÑÌ ×ÚÁ¤ÍÏÄ�§ Í�Ö Ä×ÏÍÁ ÞÁÓÔÉÎËÁÍÉ, ÝÏ ¤ ÓÕÍÏÀ �ÏÔÅÎ��ÑÌÕ×ÁÎ ÄÅÒ ÷ÁÁÌØÓÁ, �ÏÔÅÎ��ÑÌÕ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÔÁ ×ÚÁ¤ÍÏÄ�§Í�Ö Ä×ÏÍÁ ÍÁÇÎÅÔÎÉÍÉ ÄÉ�ÏÌÑÍÉ (ÄÉ×.[7℄).óÕÔÔ¤×ÉÍ ¤ ÔÅ, ÝÏ ÄÌÑ ÞÁÓÔÉÎÏË Ú Ä�ÁÍÅÔÒÏÍ d < 0:2�m �ÒÏ�ÅÓÆÌÏËÕÌÑ��§ Û×ÉÄËÏ ÄÏÓÑÇÁ¤ ÓÔÁÄ�§ ÓÔÁÂ�ÌØÎÏÓÔ�, ÄÅ �n=�t = 0 (�Å ��Ä-Ô×ÅÒÄÖÕ¤ÔØÓÑ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ). ÷ ÓÔÁÄ�§ ÓÔÁÂ�ÌØÎÏÓÔ� ÄÉ×ÅÒÇÅÎ��Ñ�ÏÔÏËÕ ~j Ò�×ÎÁ ÎÕÌÀ, � �Ï×ÎÉÊ �ÏÔ�Ë ÞÁÓÔÉÎÏË ÞÅÒÅÚ ÓÆÅÒÉÞÎÕ �Ï×ÅÒ-ÈÎÀ ÒÁÄ�ÕÓÁ Ú r �ÅÎÔÒÏÍ Õ �ÏÞÁÔËÕ ËÏÏÒÄÉÎÁÔ ¤ ÓÔÁÌÅ ÞÉÓÌÏ J . ãÅ¤ ÞÉÓÌÏ ÞÁÓÔÉÎÏË, ÑË� "ÚÂÁÇÁÞÕÀÔØ" �Ï×ÅÒÈÎÀ �ÅÎÔÒÁÌØÎÏ§ ÆÌÏËÕÌÉÚÁ ÏÄÉÎÉ�À ÞÁÓÕ. õ ÒÏÂÏÔ� [7℄ �ÅÊ �ÏÔ�Ë ÂÕÌÏ �ÏÒÁÈÏ×ÁÎÏ:J = 8�Dn0dW ; (3)ÄÅ ×ÅÌÉÞÉÎÁ W = 3:014678(2728�B)3=2d (4)¤ Ô.Ú×.ÆÁËÔÏÒ ÓÔÁÂ�ÌØÎÏÓÔ�, ÑËÉÊ �ÏËÁÚÕ¤, ÑË ×ÚÁ¤ÍÏÄ�Ñ ÚÍ�ÎÀ¤ �Ï×-ÎÉÊ �ÏÔ�Ë �ÏÒ�×ÎÑÎÏ Ú ÓÉÔÕÁ��¤À, ÄÅ ×ÚÁ¤ÍÏÄ�§ ÎÅÍÁ¤ (ÔÏÄ� W = 1).ïÔÖÅ �ÏÔ�Ë �ÒÏ�ÏÒ��ÊÎÉÊ ÄÏ ÍÏÄÕÌÑ �ÎÄÕË��§ ÚÏ×Î�ÛÎØÏÇÏ ÍÁÇÎÅÔÎÏ-ÇÏ �ÏÌÑ B × ÓÔÅ�ÅÎ� 2=3. ïÔÒÉÍÁÎÁ Õ ÒÏÂÏÔ� [7℄ �Ñ ÚÁÌÅÖÎ�ÓÔØ ÔÁÍÖÅ ��ÄÔ×ÅÒÄÖÅÎÁ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ÄÌÑ ÓÉÌØÎÉÈ ÍÁÇÎÅÔÎÉÈ �ÏÌ�×.õ ÒÏÂÏÔ� [8℄ �ÏËÁÚÁÎÏ, ÝÏ ËÏÌÉ Ä�ÁÍÅÔÒ ÞÁÓÔÉÎÏË ÚÒÏÓÔÅ ÄÏ 0:8�m,ÓÔÁÄ�Ñ ÓÔÁÂ�ÌØÎÏÓÔ� (ÄÅ �n=�t = 0) ÎÅ ÄÏÓÑÇÁ¤ÔØÓÑ ÍÉÔÔ¤×Ï � Ï�ÉÓÁ-ÎÁ ×ÉÝÅ ÍÏÄÉÆ�ËÏ×ÁÎÁ ÍÏÄÅÌØ æÕÛÁ ÎÅ �ÒÁ�À¤. ãÅÊ ÔÅÏÒÅÔÉÞÎÉÊ×ÉÓÎÏ×ÏË ��ÄÔ×ÅÒÄÖÅÎÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ.õ ÒÏÂÏÔÁÈ [4,5℄ ÄÌÑ Ï�ÉÓÕ ÆÌÏËÕÌÑ��ÊÎÉÈ �ÒÏ�ÅÓ�× Õ ÄÒ�ÂÎÏÄÉÓ-�ÅÒÓÎÏÍÕ ÒÏÚÞÉÎ� Ô×ÅÒÄÉÈ �ÁÒÁÍÁÇÎÅÔÎÉÈ ÞÁÓÔÉÎÏË Í�ËÒÏÎÎÉÈ ÒÏÚ-Í�Ò�× ÚÁÓÔÏÓÏ×ÁÎÏ ÍÏÄÅÌØ, ÚÁ ÄÏ�ÏÍÏÇÏÀ ÑËÏ§ ÒÁÎ�ÛÅ [9℄ Ï�ÉÓÕ×ÁÌÁÓØ
ICMP{01{21U 4Å×ÏÌÀ��Ñ ËÒÁ�ÅÌØ Ò�ÄÉÎÉ, "ÒÏÚ�ÏÒÏÛÅÎÉÈ" Õ �ÎÛ�Ê Ò�ÄÉÎ� ÔÁËÉÍ ÞÉ-ÎÏÍ, ÝÏÂ ÕÔ×ÏÒÉÌÁÓØ ÓÌÁÂÏËÏÎ�ÅÎÔÒÏ×ÁÎÁ, ÓÔÁÔÉÓÔÉÞÎÏ ÏÄÎÏÒ�ÄÎÁÅÍÕÌØÓ�Ñ. ðÁÒÁÍÁÇÎÅÔÎ� ÞÁÓÔÉÎËÉ ÍÏÄÅÌÀÀÔØÓÑ Ô×ÅÒÄÉÍÉ ÓÆÅÒÁÍÉÒ�ÚÎÉÈ ÒÁÄ�ÕÓ�×. æÌÏËÕÌÑ��Ñ Ä×ÏÈ ÞÁÓÔÉÎÏË, ÒÁÄ�ÕÓÏÍ ri ÔÁ rj , ×�Ä-ÂÕ×Á¤ÔØÓÑ, ËÏÌÉ ×�ÄÓÔÁÎØ r Í�Ö §È �ÅÎÔÒÁÍÉ ÓÔÁ¤ Ò�×ÎÏÀ ÓÕÍ� §ÈÎ�ÈÒÁÄ�ÕÓ�× ri + rj . ÷×ÁÖÁ¤ÔØÓÑ, ÝÏ �ÒÉ �ØÏÍÕ ×ÉÎÉËÁ¤ ÎÏ×Á ÓÆÅÒÉÞÎÁÞÁÓÔÉÎËÁ Ú ÍÁÓÏÀ, ÝÏ Ò�×ÎÁ ÓÕÍ� ÍÁÓ ÞÁÓÔÉÎÏË (ÓÁÍÅ ÔÁË ÓÔÁ¤ÔØÓÑÚ ËÒÁ�ÅÌØËÁÍÉ Ò�ÄÉÎÉ). þÁÓÏ×Á Å×ÏÌÀ��Ñ ÆÌÏËÕÌ Ï�ÉÓÕ¤ÔØÓÑ ÓÉÓÔÅ-ÍÏÀ Ò�×ÎÑÎØ ÂÁÌÁÎÓÕ ÚÁÓÅÌÅÎÏÓÔ� [5,9℄:dnidt = 12 i�1Xj=1 Fj;i�jnjni�j � NXj=1 Fijninj ; (5)ÄÅ ni ÔÁ nj | ËÏÎ�ÅÎÔÒÁ��Ñ (Ë�ÌØË�ÓÔØ ÞÁÓÔÉÎÏË ÎÁ ÏÄÉÎÉ�À ÏÂ'¤ÍÕÓÕÓ�ÅÎÚ�§) Õ i-�Ê ÔÁ j-�Ê ÆÌÏËÕÌÁÈ, N | ÚÁÇÁÌØÎÁ Ë�ÌØË�ÓÔØ ÆÌÏËÕÌ,Á Fij | ÆÌÏËÕÌÑ��ÊÎÁ ÞÁÓÔÏÔÁ, ÁÂÏ Ë�ÌØË�ÓÔØ Ú�ÔËÎÅÎØ ÞÁÓÔÉÎÏË i-ÇÏÒÏÚÍ�ÒÕ �Ú ÞÁÓÔÉÎËÁÍÉ j-ÇÏ ÒÏÚÍ�ÒÕ ÎÁ ÏÄÉÎÉ�À ÏÂ'¤ÍÕ ÓÕÓ�ÅÎÚ�§. ãÑ×ÅÌÉÞÉÎÁ ¤ ÄÏÂÕÔËÏÍ ÆÕÎË��§ ÞÁÓÔÏÔÉ Ú�ÔËÎÅÎØ�ij = 23 kT� (ri + rj)2rirj ; (6)ÔÁ Ô.Ú×. ÆÕÎË��§ ÅÆÅËÔÉ×ÎÏÓÔ� Ú�ÔËÎÅÎØ Eij . õ Ò�×ÎÑÎÎ� (6) k =1:38 �10�23äÖ/ÇÒÁÄ| ÓÔÁÌÁ âÏÌØ�ÍÁÎÁ, T | ÁÂÓÏÌÀÔÎÁ ÔÅÍ�ÅÒÁÔÕ-ÒÁ, Á � | ×'ÑÚË�ÓÔØ ÓÅÒÅÄÏ×ÉÝÁ. ëÏÌÉ ÞÁÓÔÏÔÁ Ú�ÔËÎÅÎØ| ×ÅÌÉÞÉÎÁ,ÈÁÒÁËÔÅÒÎÁ ÄÌÑ âÒÏÕÎ�×ÓØËÏ§ ÄÉÆÕÚ�§ ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÞÁÓÔÉÎÏË, ÔÏÆÕÎË��Ñ ÅÆÅËÔÉ×ÎÏÓÔ� Ú�ÔËÎÅÎØ ×ÒÁÈÏ×Õ¤ ×ÚÁ¤ÍÏÄ�À Í�Ö ÞÁÓÔÉÎËÁÍÉÔÁ �ÒÏÔÉÄ�À ÓÅÒÅÄÏ×ÉÝÁ �ÒÏ�ÅÓÏ×� §ÈÎØÏÇÏ ÚÂÌÉÖÅÎÎÑ (Ç�ÄÒÏÄÉÎÁÍ�Þ-ÎÉÊ Ï��Ò).ðÅÒÛÉÊ ÄÏÄÁÎÏË Õ �ÒÁ×�Ê ÞÁÓÔÉÎ� Ò�×ÎÑÎÎÑ (5) ÚÁÄÁ¤ Ë�ÌØË�ÓÔØÕÔ×ÏÒÅÎÉÈ ÆÌÏËÕÌ i-ÇÏ ÒÏÚÍ�ÒÕ ×ÎÁÓÌ�ÄÏË Ú�ÔËÎÅÎÎÑ ÍÅÎÛÉÈ ÆÌÏËÕÌ(ÍÎÏÖÎÉË 1=2 ÄÏÚ×ÏÌÑ¤ ÕÎÉËÎÕÔÉ �ÏÄ×�ÊÎÏÇÏ ÒÁÈÕÎËÕ), Á ÄÒÕÇÉÊ ÄÏ-ÄÁÎÏË Ï�ÉÓÕ¤ ×ÔÒÁÔÉ i-ÉÈ ÆÌÏËÕÌ ×ÎÁÓÌ�ÄÏË Ú�ÔËÎÅÎØ ÔÁ ÆÏÒÍÕ×ÁÎÎÑÂ�ÌØÛÉÈ ÆÌÏËÕÌ.õ ÒÏÂÏÔ� [5℄ ÆÕÎË��Ñ ÅÆÅËÔÉ×ÎÏÓÔ� Ú�ÔËÎÅÎØ ¤ ÒÏÚ×'ÑÚËÏÍ ÕÚÁÇÁÌØ-ÎÅÎÏÇÏ Ò�×ÎÑÎÎÑ óÍÏÌÕÈÏ×ÓØËÏÇÏ, ÝÏ Ï�ÉÓÕ¤ ÄÉÆÕÚ�À ÞÁÓÔÉÎÏË ��ÄÄ�¤À ÓÉÌ Í�ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§ ÔÁ ×ÒÁÈÏ×Õ¤ �ÒÏÔÉÄ�À ÓÅÒÅÄÏ×É-ÝÁ �ÒÏ�ÅÓÏ×� §ÈÎØÏÇÏ ÚÂÌÉÖÅÎÎÑ (Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÊ Ï��Ò):Eij = "�1 + rjri�Z 11+rj=ri dss2 D1Dij exp UkT #�1 ; (7)



5 ðÒÅ�ÒÉÎÔÄÅ U ¤ ÓÕÍÁ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏÇÏ � ÍÁÇÎÅÔÎÏÇÏ �ÏÔÅÎ��ÑÌ�× ÔÁ �ÏÔÅÎ��-ÑÌÕ ×ÁÎ ÄÅÒ ÷ÁÁÌØÓÁ. �ÕÔ s = 2r=(r1 + r2) | Ô.Ú×. �ÁÒÁÍÅÔÒ ÒÏÚ'¤Ä-ÎÁÎÏÓÔ� ÞÁÓÔÉÎÏË. ç�ÄÒÏÄÉÎÁÍ�ÞÎÁ ×ÚÁ¤ÍÏÄ�Ñ Í�Ö ÞÁÓÔÉÎËÁÍÉ ×ÒÁÈÏ-×ÁÎÁ Õ ×�ÄÎÏÛÅÎÎ� D1=Dij ÄÅD1 = Di +Dj = kT6�� ri + rjrirj ; (8)¤ ËÏÅÆ���¤ÎÔ ÄÉÆÕÚ�§ ÄÌÑ ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÉÈ Ô×ÅÒÄÉÈ ÓÆÅÒ, Á Dij = bkT| ËÏÅÆ���¤ÎÔ ×�ÄÎÏÓÎÏ§ (Í�ÖÞÁÓÔÉÎËÏ×Ï§) ÄÉÆÕÚ�§. ÷ÅÌÉÞÉÎÁ b Ï�É-ÓÕ¤ ×�ÄÎÏÓÎÕ ÒÕÈÌÉ×�ÓÔØ ÞÁÓÔÉÎÏË; ×ÏÎÁ ÚÁÌÅÖÉÔØ ×�Ä �ÁÒÁÍÅÔÒÁ ÒÏÚ-Ä�ÌÅÎÏÓÔ� ÞÁÓÔÉÎÏË. äÌÑ ÍÁÌÉÈ ÚÎÁÞÅÎØ �ØÏÇÏ �ÁÒÁÍÅÔÒÁ ×�ÄÎÏÛÅÎÎÑD1=Dij Á�ÒËÓÉÍÕ¤ÔØÓÑ ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:D1Dij = ri + rjrirj 1h (9)ÄÅ h = r=(ri + rj)� 1 ÍÁ¤ ÂÕÔÉ ÍÅÎÛÅ 0:001.õ ÒÏÂÏÔ� [4℄ ÄÌÑ ÆÕÎË��§ ÅÆÅËÔÉ×ÎÏÓÔ� Ú�ÔËÎÅÎØ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ�ÒÏÓÔÉÊ ×ÉÒÁÚ: Eij = y�
oll 2(ri + rj)2 ; (10)ÄÅ y�
oll | ÍÁËÓÉÍÁÌØÎÅ ×�ÄÈÉÌÅÎÎÑ �ÅÎÔÒÁ Â�ÌØÛÏ§, i-Ï§, ÞÁÓÔÉÎËÉ ×�Ä×ÅÒÔÉËÁÌØÎÏ§ ÏÓ�, ÝÏ �ÒÏÈÏÄÉÔØ ÞÅÒÅÚ �ÅÎÔÒ ÍÅÎÛÏ§, j-Ï§, ÞÁÓÔÉÎËÉ,ÚÁ ÑËÏÇÏ �� ÞÁÓÔÉÎËÉ ÆÌÏËÕÌÀÀÔØ (ÄÉ×.[4, ÒÉÓ.1℄). ëÏÌÉ ÞÁÓÔÉÎËÉÎÅ ×ÚÁ¤ÍÏÄ�ÀÔØ, ÔÏ y�
oll = ri + rj � Eij = 1. ðÒÉ ×ÒÁÈÕ×ÁÎÎ� ×ÚÁ¤ÍÏÄ�§ÆÕÎË��Ñ ÅÆÅËÔÉ×ÎÏÓÔ� Ú�ÔËÎÅÎØ ÓÔÁÎÅ ×�ÄÍ�ÎÎÏÀ ×�Ä 1.2.1. úÏ×Î�ÛÎ� ÓÉÌÉ.õ ÍÏÄÅÌ� ÆÌÏËÕÌÑ��§ �ÁÒÁÍÁÇÎÅÔÎÉÈ ÞÁÓÔÉÎÏË Õ ÎÅÏÄÎÏÒ�ÄÎÏÍÕ ÍÁÇ-ÎÅÔÎÏÍÕ �ÏÌ�, ËÏÔÒÁ ÒÏÚ×ÉÎÕÔÁ Õ [4℄, ×ÁÖÌÉ×Å ÚÎÁÞÅÎÎÑ ×�Ä�ÇÒÁÀÔØÚÏ×Î�ÛÎ� ÓÉÌÉ: ÇÒÁ×�ÔÁ��ÊÎÅ �ÒÉÔÑÇÁÎÎÑ úÅÍÌ� ÔÁ ÓÉÌÁ, Ú ÑËÏÀ ÍÁÇ-ÎÅÔÎÅ �ÏÌÅ ÓÅ�ÁÒÁÔÏÒÁ Ä�¤ ÎÁ ËÏÖÎÕ ÞÁÓÔÉÎËÕ (ÍÁÇÎÅÔÎÉÊ ÄÉ�ÏÌØ)ÚÏËÒÅÍÁ. òÏÚÇÌÑÎÅÍÏ Ä×� ÞÁÓÔÉÎËÉ ÎÁ ÄÅÑË�Ê ×�ÄÓÔÁÎ� ÏÄÎÁ ×�Ä ÏÄÎÏ§,ÄÅ ÓÉÌÁÍÉ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÎÉÍÉ ÍÏÖÎÁ ÚÎÅÈÔÕ×ÁÔÉ.äÌÑ ÆÌÏËÕÌÑ��§ §ÍÎÅÏÂÈ�ÄÎÏ ÚÂÌÉÚÉÔÉÓØ ÎÁÓÔ�ÌØËÉ, ÝÏÂ ÓÉÌÉ Í�ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§ÓÔÁÌÉ ÓÕÔÔ¤×Ï ×ÅÌÉËÉÍÉ. ñËÝÏ ÚÏ×Î�ÛÎ� ÓÉÌÉ ×�ÌÉ×ÁÔÉÍÕÔØ ÎÁ ÞÁÓ-ÔÉÎËÉ ÏÄÎÁËÏ×Ï, ×ÏÎÉ ÒÕÈÁÔÉÍÕÔØÓÑ Ú ÏÄÎÁËÏ×ÏÀ Û×ÉÄË�ÓÔÀ � Î�ËÏÌÉÎÅ ÎÁÂÌÉÚÑÔØÓÑ ÏÄÎÁ ÄÏ ÏÄÎÏ§. ñËÝÏ Ö Î�, ÔÏ ÏÄÎÁ ÞÁÓÔÉÎËÁ ÍÏÖÅÎÁÚÄÏÇÎÁÔÉ ÄÒÕÇÕ. õ ÍÏÄÅÌ� ÆÌÏËÕÌÑ��§ ÛÌÑÈÏÍ ÍÁÇÎÅÔÎÏÇÏ ÚÅÒÎÏ-ÕÔ×ÏÒÅÎÎÑ, ÒÏÚ×ÉÎÕÔ�Ê Õ [4℄, �ÅÎÔÒÁÌØÎÕ ÒÏÌØ ×�Ä�ÇÒÁ¤ ÓÁÍÅ ×�ÄÎÏÓÎÁÛ×ÉÄË�ÓÔØ ÞÁÓÔÉÎÏË.

ICMP{01{21U 62.1.1. ½ÒÁ×�ÔÁ��ÊÎÅ �ÒÉÔÑÇÁÎÎÑ úÅÍÌ�.îÁ i-ÔÕ ÞÁÓÔÉÎËÕ Ä�¤ ÇÒÁ×�ÔÁ��ÊÎÁ ÓÉÌÁ~Fg = �iVi~g ; (11)ÄÅ �i | ÇÕÓÔÉÎÁ ÞÁÓÔÉÎËÉ, Vi | §§ ÏÂ'¤Í, Á ~g | �ÒÉÓËÏÒÅÎÎÑ ×�ÌØÎÏÇÏ�ÁÄ�ÎÎÑ. ä�¤ ÔÁËÏÖ ÓÉÌÁ áÒÈ�ÍÅÄÁ~FA = ��Vi~g ; (12)ÄÅ �| ÇÕÓÔÉÎÁ ÓÅÒÅÄÏ×ÉÝÁ (×ÏÄÉ). ÷×ÁÖÁ¤ÍÏ, ÝÏ ÞÁÓÔÉÎËÁ ÍÉÔÔ¤×ÏÄÏÓÑÇÁ¤ ÓÔÁÌÏ§ Û×ÉÄËÏÓÔ�vi = 2(�i � �)gr2i9� : (13)äÌÑ �ØÏÇÏ �ÏËÌÁÄÅÍÏ, ÝÏ ÞÉÓÌÏ òÅÊÎÏÌØÄÓÁRe = 2�viri� (14)ÎÁÂÁÇÁÔÏ ÍÅÎÛÅ ÚÁ ÏÄÉÎÉ�À, ÔÁË ÝÏ �ÏÔ�Ë ¤ ÌÁÍ�ÎÁÒÎÉÍ. ÷ÅÌÉÞÉÎÕÛ×ÉÄËÏÓÔ� (13) ÏÔÒÉÍÕ¤ÍÏ �Ú �ÒÉ�ÕÝÅÎÎÑ, ÝÏ Ò�×ÎÏÄ�ÊÎÁ ­ÒÁ×�ÔÁ��Ê-ÎÏ§ ÓÉÌÉ (11) ÔÁ ÓÉÌÉ áÒÈ�ÍÅÄÁ (12) ÚÒ�×ÎÏ×ÁÖÕ¤ÔØÓÑ �ÒÏ�ÏÒ��ÊÎÏÀÄÏ Û×ÉÄËÏÓÔ� ÓÉÌÏÀ Ï�ÏÒÕ ÓÅÒÅÄÏ×ÉÝÁ:~Fd = �CD�si v2i2 ~eg ; (15)ÄÅ si | �ÌÏÝÁ �Ï�ÅÒÅÞÎÏÇÏ �ÅÒÅÒ�ÚÕ ÞÁÓÔÉÎËÉ (ÓÆÅÒÉÞÎÏ§), ~eg |ÏÄÉÎÉÞÎÉÊ ×ÅËÔÏÒ Õ ÎÁ�ÒÑÍËÕ ~g, Á CD = 24=Re.ú ÆÏÒÍÕÌÉ (13) ×ÉÄÎÏ, ÝÏ Â�ÌØÛ� ÞÁÓÔÉÎËÉ �ÁÄÁÔÉÍÕÔØ Ý×ÉÄ-ÛÅ, Î�Ö ÞÁÓÔÉÎËÉ ÍÅÎÛÉÈ ÒÏÚÍ�Ò�×. ÷�ÄÎÏÓÎÁ Û×ÉÄË�ÓÔØ ~vi � ~vj Ä×ÏÈÞÁÓÔÉÎÏË Ò�×ÎÁ ~Vij;g = 2 �(�i � �)r2i � (�j � �)r2j �~g9� : (16)2.1.2. úÏ×Î�ÛÎÑ ÍÁÇÎÅÔÎÁ ÓÉÌÁ.íÁÇÎÅÔÎÅ �ÏÌÅ ÚÁÄÁ¤ÔØÓÑ ÎÁ�ÒÕÖÅÎ�ÓÔÀ ~H ÁÂÏ ×ÅËÔÏÒÏÍ ÍÁÇÎÅÔÎÏ§�ÎÄÕË��§ ~B. äÌÑ Ä�ÁÍÁÇÎÅÔÎÉÈ ÁÂÏ �ÁÒÁÍÁÇÎÅÔÎÉÈ ÍÁÔÅÒ�ÑÌ�× �� Ä×Á×ÅËÔÏÒÉ �Ï×'ÑÚÁÎ� Ó��××�ÄÎÏÛÅÎÎÑÍ~B = � ~H (17)



7 ðÒÅ�ÒÉÎÔÚ ÍÁÇÎÅÔÎÏÀ �ÒÏÎÉËÎ�ÓÔÀ � ÑË ËÏÅÆ���¤ÎÔÏÍ �ÒÏ�ÏÒ��ÊÎÏÓÔ�. (õ ×Á-ËÕÕÍ� �ÒÏÎÉËÎ�ÓÔØ � = �0 = 4� �10�7çÎ/Í.) ðÏÍ�ÝÅÎÉÊ Õ ÍÁÇÎÅÔÎÏÍÕ�ÏÌ� ÍÁÔÅÒ�ÑÌ ÎÁÍÁÇÎ�ÞÕ¤ÔØÓÑ, �ÒÉÞÏÍÕ �ÎÄÕËÏ×ÁÎÁ ÎÁÍÁÇÎ�ÞÅÎ�ÓÔØ~M �ÒÏ�ÏÒ��ÊÎÁ ÄÏ ×ÅËÔÏÒÁ ÎÁ�ÒÕÖÅÎÏÓÔ�:~M = � ~H ; (18)ÄÅ � | ÍÁÇÎÅÔÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ ÍÁÔÅÒ�ÑÌÕ. äÌÑ �ÁÒÁÍÁÇÎÅÔÉË�×ÍÁÇÎÅÔÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ ¤ ÄÏÄÁÔÎØÏÀ � ÌÅÖÉÔØ Õ Ä�Ñ�ÁÚÏÎ� ×�Ä 10�5ÄÏ 10�3; Õ ×ÁËÕÕÍ� � = 0.íÁÇÎÅÔÎÁ �ÎÄÕË��Ñ ~B Õ ÍÁÔÅÒ�ÑÌ� ÍÏÖÅ ÂÕÔÉ ÚÁ�ÉÓÁÎÁ ÑË~B = �0( ~H + ~M) ; (19)ÄÅ ~M | ÎÁÍÁÇÎ�ÞÅÎ�ÓÔØ ÍÁÔÅÒ�ÑÌÕ.ðÏÒ�×ÎÀÀÞÉ ÆÏÒÍÕÌÉ (19) ÔÁ (17)ÚÎÁÈÏÄÉÍÏ Ó��××�ÄÎÏÛÅÎÎÑ Í�Ö ÍÁÇÎÅÔÎÏÀ �ÒÏÎÉËÎ�ÓÔÀ ÔÁ ÍÁÇÎÅÔ-ÎÏÀ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔÀ: � = �0(1 + �) : (20)õ i-�Ê (ÓÆÅÒÉÞÎ�Ê) ÞÁÓÔÉÎ�� Ú ÍÁÇÎÅÔÎÏÀ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔÀ �i ÚÏ×-Î�ÛÎ¤ ÍÁÇÎÅÔÎÅ �ÏÌÅ ~B �ÎÄÕËÕ¤ ÄÉ�ÏÌØÎÉÊ ÍÁÇÎÅÔÎÉÊ ÍÏÍÅÎÔ~�i = 43�r3i �i ~B�0 : (21)ú ÂÏËÕ �ÏÌÑ ÎÁ ÎØÏÇÏ Ä�¤ ÓÉÌÁ~Fm = ~�i(~r � ~B) : (22)ðÏËÌÁÄÅÍÏ, ÝÏ ÞÁÓÔÉÎËÁ ÍÉÔÔ¤×Ï ÄÏÓÑÇÁ¤ ÓÔÁÌÏ§ Û×ÉÄËÏÓÔ�~vi = 2 ~B(~r � ~B)�ir2i9��0 (23)�ÒÉ ÑË�Ê ÍÁÇÎÅÔÎÁ ÓÉÌÁ ÚÒ�×ÎÏ×ÁÖÕ¤ÔØÓÑ �ÒÏ�ÏÒ��ÊÎÏÀ ÄÏ Û×ÉÄËÏÓÔ�ÓÉÌÏÀ Ï�ÏÒÕ ÓÅÒÅÄÏ×ÉÝÁ. ÷�ÄÎÏÓÎÁ Û×ÉÄË�ÓÔØ Ä×ÏÈ ÞÁÓÔÉÎÏË, Ó�ÒÉ-ÞÉÎÅÎÁ Ò�ÚÎÉÍ ×�ÌÉ×ÏÍ ÎÁ ÎÉÈ ÚÏ×Î�ÛÎØÏ§ ÍÁÇÎÅÔÎÏ§ ÓÉÌÉ, Ò�×ÎÁ~Vij;m = 2 ~B(~r � ~B)(�ir2i � �jr2j )9��0 (24)ÄÅ �i ÔÁ �j | ÍÁÇÎÅÔÎ� Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÞÁÓÔÉÎÏË Ò�ÚÎÏÇÏ ÓÏÒÔÕ.÷�ÄÎÏÓÎÁ Û×ÉÄË�ÓÔØ Ä×ÏÈ ÞÁÓÔÉÎÏË, ÎÁ ÑË� Ä�¤ ÑË ÓÉÌÁ ÔÑÖ�ÎÎÑ,ÔÁË � ÚÏ×Î�ÛÎ¤ ÍÁÇÎÅÔÎÅ �ÏÌÅ, Ò�×ÎÁ ×ÅËÔÏÒÎ�Ê ÓÕÍ� ×�ÄÎÏÓÎÉÈ Û×ÉÄ-ËÏÓÔÅÊ (16) ÔÁ (24). ëÏÌÉ ×ÅËÔÏÒ �ÎÄÕË��§ ÍÁÇÎÅÔÎÏÇÏ �ÏÌÑ ËÏÌ�ÎÅÁÒ-ÎÉÊ �Ú ×ÅËÔÏÒÏÍ �ÒÉÓËÏÒÅÎÎÑ ÚÅÍÎÏÇÏ ÔÑÖ�ÎÎÑ, ÄÏÄÁ×ÁÎÎÑ ×ÅËÔÏÒ�×Ú×ÏÄÉÔØÓÑ ÄÏ Ú×ÉÞÁÊÎÏÇÏ ÄÏÄÁ×ÁÎÎÑ ÁÂÏ ×�ÄÎ�ÍÁÎÎÑ.
ICMP{01{21U 82.2. óÉÌÉ Í�ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§.á×ÔÏÒÉ [4,5℄ ×ÉÒ�ÚÎÑÀÔØ ÎÁÓÔÕ�Î� ÓÉÌÉ Í�ÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§: ÓÉ-ÌÁ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÎÁ×ÅÄÅÎÉÍÉ ÚÏ×Î�ÛÎ�Í �ÏÌÅÍ ÍÁÇÎÅÔÎÉÍÉ ÄÉ�ÏÌÑ-ÍÉ; ÓÉÌÁ ×ÁÎ ÄÅÒ ÷ÁÁÌØÓÁ; ÓÉÌÁ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÏ§ ×ÚÁ¤ÍÏÄ�§; ÓÉÌÁÇ�ÄÒÏÄÉÎÁÍ�ÞÎÏÇÏ Ï�ÏÒÕ ÓÅÒÅÄÏ×ÉÝÁ.2.2.1. ÷ÚÁ¤ÍÏÄ�Ñ ÍÁÇÎÅÔÎÉÈ ÄÉ�ÏÌ�×.ðÏÔÅÎ��ÑÌ ×ÚÁ¤ÍÏÄ�§ Í�Ö Ä×ÏÍÁ (�ÁÒÁ)ÍÁÇÎÅÔÎÉÍÉ ÄÉ�ÏÌÑÍÉ, ÎÁ×Å-ÄÅÎÉÍÉ ÚÏ×Î�ÛÎ�Í �ÏÌÅÍ, ÍÁ¤ ÎÁÊÂ�ÌØÛÉÊ ÒÁÄ�ÕÓ Ä�§ (ÄÉ×.[4, ÒÉÓ.3℄,[5, ÒÉÓ.6℄ ÄÅ ÊÏÇÏ �ÏÒ�×ÎÀ×ÁÌÉ Ú ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÍ �ÏÔÅÎ��ÑÌÏÍ ÔÁ�ÏÔÅÎ��ÑÌÏÍ ×ÁÎ ÄÅÒ ÷ÁÁÌØÓÁ). ãÅÊ �ÏÔÅÎ��ÑÌ ×ÉÇÌÑÄÁ¤ ÎÁÓÔÕ�ÎÉÍÞÉÎÏÍ: Vmag = �04�r3 �(~�i � ~�j)� 3(~�i � ~r)(~�j � ~r)r2 � ; (25)ÄÅ �i ÔÁ �j | ÍÁÇÎÅÔÎ� ÄÉ�ÏÌØÎ� ÍÏÍÅÎÔÉ (21) i-Ï§ ÔÁ j-Ï§ ÞÁÓÔÉ-ÎÏË ×�Ä�Ï×�ÄÎÏ, ~r | ÒÁÄ�ÕÓ-×ÅËÔÏÒ Í�Ö �ÅÎÔÒÁÍÉ �ÉÈ ÞÁÓÔÉÎÏË. îÁ×�ÄÓÔÁÎÑÈ �ÏÒÑÄËÕ Ë�ÌØËÏÈ ÒÁÄ�ÕÓ�× ÞÁÓÔÉÎÏË, ÄÅ �Ñ ×ÚÁ¤ÍÏÄ�Ñ ¤ ÓÕÔ-Ô¤×ÏÀ, ÚÏ×Î�ÛÎ¤ �ÏÌÅ ÍÏÖÅ ××ÁÖÁÔÉÓØ ÏÄÎÏÒ�ÄÎÉÍ. �ÏÍÕ ÎÁ×ÅÄÅÎ�ÎÉÍ ÍÁÇÎÅÔÎ� ÍÏÍÅÎÔÉ �i ÔÁ �j ¤ Ó��×ÎÁ�ÒÑÍÌÅÎÉÍÉ. ÷ÎÁÓÌ�ÄÏË �ØÏ-ÇÏ Ò�×ÎÑÎÎÑ (25) ÎÁÂÕ×Á¤ ×ÉÇÌÑÄÕ [4℄:Vmag = 4�B2r31�1r32�29�0r3 �1� 3 
os2  � ; (26)ÄÅ  | ËÕÔ Í�Ö ÍÁÇÎÅÔÎÉÍÉ ÄÉ�ÏÌØÎÉÍÉ ÍÏÍÅÎÔÁÍÉ, ÑË� Ó�ÒÑÍÏ×ÁÎ�×ÚÄÏ×Ö ×ÅËÔÏÒÁ ÍÁÇÎÅÔÎÏ§ �ÎÄÕË��§, ÔÁ ~r (ÄÉ×.[4, ÒÉÓ.1℄).õ ÒÏÂÏÔ� [5℄ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÅÆÅËÔÉ×ÎÉÊ �ÎÔÅÒ�ÏÌÑ��ÊÎÉÊ �Ï-ÔÅÎ��ÑÌ, ÏÔÒÉÍÁÎÉÊ ÎÁ ÏÓÎÏ×� (26) ÕÓÅÒÅÄÎÅÎÎÑÍ ÚÁ ÏÒ�¤ÎÔÁ��ÑÍÉ ÞÁÓ-ÔÉÎËÉ × ÍÁÇÎÅÔÎÏÍÕ �ÏÌ�:VmagkT = f(x)��x23 11 + 7x2=150�++ (1� f(x))��2x+ log(6x2)� 23x � 79x2� ; (27)ÄÅ f(x) = exp �� log(2)� x2:4�8� ; x = 1kT 4�B2r31�1r32�29�0r3 : (28)ãÑ ÆÏÒÍÕÌÁ ÄÁ¤ �ÏÈÉÂËÕ ÎÅ Â�ÌØÛÅ 0:75% Õ ×ÓØÏÍÕ Ä�Á�ÁÚÏÎ� ÍÏÖ-ÌÉ×ÉÈ ÚÎÁÞÅÎØ ÁÒÇÕÍÅÎÔÁ.



9 ðÒÅ�ÒÉÎÔ2.2.2. óÉÌÁ ×ÁÎ ÄÅÒ ÷ÁÁÌØÓÁ.ðÏÔÅÎ��ÑÌ ×ÁÎ ÄÅÒ ÷ÁÁÌØÓÁ ÄÌÑ Ä×ÏÈ ÎÅÄÎÁËÏ×ÉÈ ÓÆÅÒÉÞÎÉÈ ÞÁÓÔÉ-ÎÏË Ò�×ÎÉÊ [4℄:VvdW = �A6 � 8�(s2 � 4)(1 + �)2 + 8�s2(1 + �)2 � 4(1� �)2++ ln� (s2 � 4)(1 + �)2s2(1 + �)2 � 4(1� �)2�� ; (29)ÄÅ A| ËÏÎÓÔÁÎÔÁ èÁÍÁËÅÒÁ (Õ [4,5℄ A = 4 �10�20äÖ), s = 2r=(r1+r2)| Ô.Ú×. �ÁÒÁÍÅÔÒ ÒÏÚ'¤ÄÎÁÎÏÓÔ� ÞÁÓÔÉÎÏË, Á � = r2=r1 | ×�ÄÎÏÛÅÎÎÑÒÁÄ�ÕÓ�× ÞÁÓÔÉÎÏË.õ ÒÏÂÏÔ� [4℄ ÎÁ×ÅÄÅÎÏ ÇÒÁÆ�ËÉ �ÏÔÅÎ��ÑÌ�× ÄÌÑ T = 293oK, r1 =5�m, r2 = 0:5r1 ÔÁ �1 = �2 = 0:001 (ÄÉ×.(ÒÉÓ.3)). ÷ÉÄÎÏ, ÝÏ ÍÁÇ-ÎÅÔÎÁ ÓÉÌÁ ÓÕÔÔ¤×Á ÁÖ ÄÏ ×�ÄÓÔÁÎÅÊ �ÏÒÑÄËÕ 10 ÓÕÍÁÒÎÉÈ ÒÁÄ�ÕÓ�×ÞÁÓÔÉÎÏË, ÔÏÄ� ÑË ÓÉÌÁ ×ÁÎ ÄÅÒ ÷ÁÁÌØÓÁ ×ÖÅ ÎÁ ×�ÄÓÔÁÎ� 1 ÓÕÍÁÒÎÏÇÏÒÁÄ�ÕÓÁ Í�Ö �Ï×ÅÒÈÎÑÍÉ ÞÁÓÔÉÎÏË Ó�ÁÄÁ¤ �ÒÁËÔÉÞÎÏ ÄÏ ÎÕÌÑ.2.2.3. åÌÅËÔÒÏÓÔÁÔÉÞÎÁ ÓÉÌÁ.úÇ�ÄÎÏ Ú [4℄, ÅÌÅËÔÒÏÓÔÁÔÉÞÎÉÊ �ÏÔÅÎ��ÑÌ ÚÁÄÁ¤ÔØÓÑ Ä×ÏÍÁ ÏËÒÅÍÉÍÉÆÏÒÍÕÌÁÍÉ: ÏÄÎ�¤À ÄÌÑ ×�ÄÎÏÓÎÏ ×ÅÌÉËÉÈ ×�ÄÓÔÁÎÅÊ Í�Ö ÞÁÓÔÉÎËÁ-ÍÉ (linear superposition approximation (LSA)), �ÎÛÏÀ | ÄÌÑ ÍÁÌÉÈ×�ÄÓÔÁÎÅÊ (Derjaguin approximation). äÌÑ ÔÏÎËÉÈ �ÏÄ×�ÊÎÉÈ ÛÁÒ�×,ÓÉÍÅÔÒÉÞÎÉÈ ÅÌÅËÔÒÏÌ�Ô�× � (ÂÅÚÒÏÚÍ�ÒÎÏÇÏ) �ÁÒÁÍÅÔÒÁ ÅÌÅËÔÒÏÓÔÁ-ÔÉÞÎÏ§ ÒÏÚÄ�ÌØÎÏÓÔ� �l > 4 (ÄÅ � ¤ ÏÂÅÒÎÅÎÁ ÄÏ×ÖÉÎÁ äÅÂÁÑ-èÀËÅÌÑ,Á l �= (s� 2)(ri + rj)=2 | Í�ÒÁ ÒÏÚÄ�ÌÅÎÏÓÔ� ÞÁÓÔÉÎÏË), ÍÁ¤ÍÏVel = "�kTe �2 YiYj rirjr exp (��l) ;Yi = 4 th(�i=4) ; �i = ze	0ikT ; (30)ÄÅ z | ×ÁÌÅÎÔÎ�ÓÔØ ÅÌÅËÔÒÏÌ�ÔÕ, ÄÉÓÏ��ÊÏ×ÁÎÏÇÏ × ÒÏÚÞÉÎ, " |Ä�ÅÌÅËÔÒÉÞÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ ÓÅÒÅÄÏ×ÉÝÁ, e | ÚÁÒÑÄ ÅÌÅËÔÒÏÎÁ,Á 	0i | �Ï×ÅÒÈÎÅ×ÉÊ �ÏÔÅÎ��ÑÌ i-Ï§ ÞÁÓÔÉÎËÉ. äÏ×ÖÉÎÁ äÅÂÁÑ-èÀËÅÌÑ Ò�×ÎÁ � �= 5:552 � 10�6pI="kT ; (31)ÄÅ I | Ô.Ú×. �ÏÎÎÁ ÓÉÌÁ ÒÏÚÞÉÎÕ.

ICMP{01{21U 10äÌÑ ÍÅÎÛÉÈ ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒÁ l, ÄÅ ÎÅ �ÒÁ�À¤ LSA, ×ÉËÏÒÉÓÔÏ-×Õ¤ÔØÓÑ ÎÁÂÌÉÖÅÎÎÑ Derjaguin:Vel = "rirj(	20i +	20j)4(ri + rj) " 2	0i	0j	20i +	20j ln�1 + exp(��l)1� exp(��l)�++ ln (1� exp(�2�l))℄ : (32)õ ×É�ÁÄËÕ ÏÄÎÁËÏ×ÉÈ �Ï×ÅÒÈÎÅ×ÉÈ �ÏÔÅÎ��ÑÌ�×,	0i = 	0j = 	0, �ÅÊ×ÉÒÁÚ ÓÕÔÔ¤×Ï Ó�ÒÏÝÕ¤ÔØÓÑ:Vel = "rirj	20ri + rj ln (1 + exp(��l)) : (33)ïÂÉÄ×Á Ó��××�ÄÎÏÛÅÎÎÑ (30) ÔÁ (32) ÏÔÒÉÍÁÎ� Õ �ÒÉ�ÕÝÅÎÎ�, ÝÏ�ÏÔÅÎ��ÑÌ ÞÁÓÔÉÎËÉ ÎÅ ÚÂÕÒÀ¤ÔØÓÑ Õ �ÒÉÓÕÔÎÏÓÔ� �ÎÛÉÈ ÞÁÓÔÉÎÏË.3. ðÏÌ�ÄÉÓ�ÅÒÓÎ�ÓÔØ-ÍÏÎÏÄÉÓ�ÅÒÓÎ�ÓÔØ.óÉÓÔÅÍÁ ÎÅÌ�Î�ÊÎÉÈ ÄÉÆÅÒÅÎ��ÊÎÉÈ Ò�×ÎÑÎØ �ÅÒÛÏÇÏ �ÏÒÑÄËÕ (5) ×É-ÍÁÇÁ¤ ÚÁÄÁÎÎÑ �ÏÞÁÔËÏ×ÉÈ ÕÍÏ×, Õ ÄÁÎÏÍÕ ×É�ÁÄËÕ - ÚÁÄÁÎÎÑ �ÏÞÁÔ-ËÏ×ÏÇÏ ÒÏÚËÉÄÕ ÒÏÚÍ�Ò�× ÞÁÓÔÉÎÏË. õ [5℄ ×ÓÔÁÎÏ×ÌÅÎÏ, ÝÏ �Å ÏÄÉÎ�Ú ÓÕÔÔ¤×ÉÈ �ÁÒÁÍÅÔÒ�×, ÝÏ ×�ÌÉ×Á¤ ÎÁ �ÅÒÅÂ�Ç �ÒÏ�ÅÓÕ ÆÌÏËÕÌÑ��§.åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�, ÎÁ×ÅÄÅÎ� Õ [5, ÒÉÓ.13℄, Ó×�ÄÞÁÔØ, ÝÏ ÆÌÏËÕ-ÌÑ��Ñ ÊÄÅ �ÎÔÅÎÓÉ×Î�ÛÅ, ËÏÌÉ ÒÏÚËÉÄ �ÏÞÁÔËÏ×ÉÈ ÒÏÚÍ�Ò�× ÞÁÓÔÉÎÏË¤ ÛÉÒÏËÉÊ (�ÏÌ�ÄÉÓ�ÅÒÓÎ�ÓÔØ). �ÏÂÔÏ ËÏÌÉ Õ ÓÕÓ�ÅÎÚ�§ ¤ �Å×ÎÁ Ë�ÌØ-Ë�ÓÔØ ×�ÄÎÏÓÎÏ ×ÅÌÉËÉÈ (1 � 2�m) ÞÁÓÔÉÎÏË. ó�ÒÁ×Ä�, ÚÇ�ÄÎÏ Ú ÆÏÒ-ÍÕÌÁÍÉ (21), (22) ÔÁ (25) ÓÉÌÁ �ÒÉÔÑÇÁÎÎÑ ÍÁÇÎÅÔÎÉÈ ÄÉ�ÏÌ�× �ÒÏ-�ÏÒ��ÊÎÁ ÄÏ ËÕÂÕ §È Ä�ÁÍÅÔÒ�×.4. ìÕÖÎ�ÓÔØ-ËÉÓÌÏÔÎ�ÓÔØ (pH).åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�, ��ÄÔ×ÅÒÄÖÅÎ� ÔÅÏÒÅÔÉÞÎÉÍÉ �ÅÒÅÄÂÁÞÅÎÎÑ-ÍÉ, �ÏËÁÚÕÀÔØ ÝÏ, ËÏÌÉ zeta-�ÏÔÅÎ��ÑÌ ¤ ÎÕÌØÏ×ÉÍ, ÆÌÏËÕÌÑ��ÑÊÄÅ ÎÁ×�ÔØ ÚÁ ×�ÄÓÕÔÎÏÓÔ� ÚÏ×Î�ÛÎØÏÇÏ ÍÁÇÎÅÔÎÏÇÏ �ÏÌÑ (ÄÉ×. [5,ÒÉÓ. 2Á,2Â,9,11Á℄). õ �ØÏÍÕ ×É�ÁÄËÕ ÅÌÅËÔÒÏÓÔÁÔÉÞÎÅ ×�ÄÛÔÏ×ÈÕ×ÁÎ-ÎÑ Í�Ö ÞÁÓÔÉÎËÁÍÉ ×�ÄÓÕÔÎ¤ � ÆÌÏËÕÌÑ��Ñ ÊÄÅ ��Ä Ä�¤À (�ÒÉÔÑÇÁÌØ-ÎÉÈ) ÓÉÌ ×ÁÎ-ÄÅÒ-÷ÁÁÌØÓÁ, ÑËÉÍ ÄÏ×ÏÄÉÔØÓÑ ÄÏÌÁÔÉ Ç�ÄÒÏÄÉÎÁÍ�ÞÎÉÊÏ��Ò. �ÁË, �ÏÒ�×ÎÀÀÞÉ Ä×Á ÅËÓ�ÅÒÉÍÅÎÔÉ, �ÒÏ×ÅÄÅÎ� ÄÌÑ ÎÕÌØÏ×Ï-ÇÏ ÍÁÇÎÅÔÎÏÇÏ �ÏÌÑ, ÂÁÞÉÍÏ, ÝÏ Õ ÓÕÓ�ÅÎÚ�§ Fe2O3 ËÏÎ�ÅÎÔÒÁ��¤À95mg=liter � pH Ò�×ÎÉÍ 3 ÆÌÏËÕÌÑ��Ñ ÊÄÅ, Á Õ ÓÕÓ�ÅÎÚ�§ Ú ÔÁËÏÀ ÓÁ-ÍÏÀ ËÏÎ�ÅÎÔÒÁ��¤À ÁÌÅ pH Ò�×ÎÉÍ 11 ÆÌÏËÕÌÑ��§ ÎÅÍÁ. ðÒÉÞÉÎÁ ×



11 ðÒÅ�ÒÉÎÔÔÏÍÕ, ÝÏ Õ �ÅÒÛÏÍÕ ×É�ÁÄËÕ zeta-�ÏÔÅÎ��ÑÌ Ò�×ÎÉÊ 0, Á Õ ÄÒÕÇÏÍÕ×É�ÁÄËÕ ×�Î ¤ -50mV. ðÏËÁÚÎÉË pH ÒÏÚÞÉÎÕ ÒÅÇÕÌÀ×Á×ÓÑ ÄÏÄÁ×ÁÎ-ÎÑÍ Ç�ÄÒÏÏËÉÓÕ ÎÁÔÒ�À ÞÉ ÓÏÌÑÎÏ§ ËÉÓÌÏÔÉ ÔÁ ËÕÈÏÎÎÏ§ ÓÏÌ�.5. úÏ×Î�ÛÎ¤ ÍÁÇÎÅÔÎÅ �ÏÌÅ.úÏ×Î�ÛÎ¤ ÍÁÇÎÅÔÎÅ �ÏÌÅ ¤ ÎÁÊÂ�ÌØÛ ÅÆÅËÔÉ×ÎÉÍ �ÎÓÔÒÕÍÅÎÔÏÍ ÓÅ-ÌÅËÔÉ×ÎÏ§ ÆÌÏËÕÌÑ��§. õ ÒÏÚ×ÉÎÕÔ�Ê ÔÅÏÒÅÔÉÞÎ�Ê ÍÏÄÅÌ� ÍÁÇÎÅÔÎÉÊ�ÏÔÅÎ��ÑÌ ¤ ÎÁÊÂ�ÌØÛ ÄÁÌÅËÏÄ�ÀÞÉÊ �Ú ×ÒÁÈÏ×ÁÎÉÈ ÓÉÌ Í�ÖÞÁÓÔÉÎ-ËÏ×Ï§ ×ÚÁ¤ÍÏÄ�§ (ÄÉ×.[5, ÒÉÓ.6℄,[4, ÒÉÓ.3℄). úÇ�ÄÎÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈÄÁÎÉÈ, ÄÌÑ ÓÕÓ�ÅÎÚ�§ ÞÁÓÔÉÎÏË Fe2O3 Ú pH 11 ÆÌÏËÕÌÑ��Ñ �ÏÞÉÎÁ¤-ÔØÓÑ ×ÖÅ �ÒÉ 3�, Á �ÒÉ 6� ÊÄÅ Û×ÉÄËÁ ÆÌÏËÕÌÑ��Ñ (ÄÉ×.[5, ÒÉÓ.2Á,2Â℄).õ ÒÏÂÏÔ� [5℄ ×ÓÔÁÎÏ×ÌÅÎÏ, ÝÏ ÄÌÑ ËÏÌÏ§ÄÎÉÈ ÞÁÓÔÉÎÏË Æ�ËÓÏ×Á-ÎÉÈ ÒÏÚÍ�Ò�× Ú Ò�ÚÎÏÀ ÍÁÇÎÅÔÎÏÀ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔÀ ÍÏÖÎÁ ÄÏÓÑÇÔÉÓÅÌÅËÔÉ×ÎÏ§ ÆÌÏËÕÌÑ��§, ÚÍ�ÎÀÀÞÉ ÓÉÌÕ ÚÏ×Î�ÛÎØÏÇÏ ÍÁÇÎÅÔÎÏÇÏ �Ï-ÌÑ. �ÁË ÞÁÓÔÉÎËÉ Ú � = 0:7 � 10�3 (ÂÅÔÏÎ) Õ Ä�Á�ÁÚÏÎ� ×�Ä 0� ÄÏ 5� ÎÅÆÌÏËÕÌÀÀÔØ Î� Ú ÑËÉÍÉ �ÎÛÉÍÉ ÞÁÓÔÉÎËÁÍÉ ÓÕÓ�ÅÎÚ�§. ðÏÄ�ÂÎÏ, ÄÌÑ�ÏÌ�× ×�Ä 3� ÄÏ 3.6� ÞÁÓÔÉÎËÉ Ú � = 2 � 10�3 ÆÌÏËÕÌÀÀÔØ ÌÉÛÅ Í�ÖÓÏÂÏÀ.6. îÁÎÏÒ�×ÎÅ×Á ×ÉÓÏËÏÇÒÁÄ�¤ÎÔÎÁ ÍÁÇÎÅÔÎÁ ÓÅ�ÁÒÁ-��Ñ.ëÏÖÎÁ Ú ÔÅÏÒÅÔÉÞÎÉÈ ÍÏÄÅÌÅÊ [4℄-[8℄, ÑË� Ï�ÉÓÕÀÔØ �ÒÏ�ÅÓ ÍÁÇÎÅÔ-ÎÏ§ (Ó�ÒÉÞÉÎÅÎÏ§ ÚÏ×Î�ÛÎ�Í ÍÁÇÎÅÔÎÉÍ �ÏÌÅÍ) ÆÌÏËÕÌÑ��§, �ÒÉÄÁÔ-ÎÁ ÄÌÑ �Å×ÎÏÇÏ Ä�Á�ÁÚÏÎÕ �ÏÞÁÔËÏ×ÉÈ ÒÏÚÍ�Ò�× ÚÅÒÅÎ ÞÁÓÔÉÎÏË. ÷É-ÎÑÔËÏ×Ï ×ÁÖÌÉ×Å ÚÎÁÞÅÎÎÑ ÍÁ¤ ÔÅ�ÌÏ×ÉÊ ÂÒÏÕÎ�×ÓØËÉÊ ÒÕÈ, ÑËÉÊ�ÒÏÔÉÄ�¤ ÆÌÏËÕÌÑ��§. òÏÂÏÔÁ ÚÏ×Î�ÛÎ�È ÓÉÌ (ÍÁÇÎÅÔÎÏ§ ÔÁ ÇÒÁ×�ÔÁ-��ÊÎÏ§) �Ï×ÉÎÎÁ ÂÕÔÉ ÎÁÂÁÇÁÔÏ ×ÉÝÏÀ ÚÁ ÅÎÅÒÇ�À ÈÁÏÔÉÞÎÏÇÏ ÒÕÈÕÞÁÓÔÉÎÏË (×�ÄÎÏÛÅÎÎÑ �ÉÈ ×ÅÌÉÞÉÎ ÎÁÚÉ×Á¤ÔØÓÑ ÞÉÓÌÏÍ ðÅËÌÅ). ïÓ-Ë�ÌØËÉ ÎÁ×ÅÄÅÎÉÊ Õ �ÁÒÁÍÁÇÎÅÔÎÉÈ ÚÅÒÎÁÈ ÍÁÇÎÅÔÎÉÊ ÍÏÍÅÎÔ �ÒÏ-�ÏÒ��ÊÎÉÊ ÄÏ ÏÂ'¤ÍÕ, ÄÌÑ �Î���Ñ��§ �ÒÏ�ÅÓÕ ÆÌÏËÕÌÑ��§ ÎÁÎÏÞÁÓÔÉÎÏË(20� 80nm) ×ÉËÏÒÉÓÔÏ×ÕÔØ ÆÅÒÉÍÁÇÎÅÔÎÉÊ �ÏÒÏÛÏË ÍÁÇÎÅÔÉÔÕ (ÍÏ-ÄÅÌÀ¤ÔØÓÑ ÓÆÅÒÁÍÉ ÒÁÄ�ÕÓÁ �ÏÒÑÄËÕ 500nm) [6℄. úÏ×Î�ÛÎ¤ �ÏÌÅ �Î-ÄÕËÕ¤ Õ ÎÉÈ ÓÉÌØÎÉÊ ÍÁÇÎÅÔÎÉÊ ÍÏÍÅÎÔ � ×ÉÓÏËÏÇÒÁÄ�¤ÎÔÎÅ ÍÁÇÎÅÔÎÅ�ÏÌÅ �ÉÈ ÓÆÅÒ ÚÁÈÏ�ÌÀ¤ ÎÁÎÏÞÁÓÔÉÎËÉ, ËÏÔÒ� ÕÔÒÉÍÕÀÔØÓÑ ÎÁ �Ï×ÅÒ-ÈÎ� �ÉÈ ÓÆÅÒ.ðÏÒÏÛÏË ÍÁÇÎÅÔÉÔÕ ÚÎÁÈÏÄÉÔØÓÑ Õ Ô×ÅÒÄ�Ê ÎÅÍÁÇÎÅÔÎ�Ê�ÏÒÉÓÔ�Ê ÍÁÔÒÉ�� (ÒÁÄ�ÕÓ �ÏÒ ×�Ä 0:1�m ÄÏ 1:6�m). þÁÓÔÉÎËÉ �ÁÒÁ-ÍÁÇÎÅÔÉËÁ ×�ÌØÎÏ �ÒÏÎÉËÁÀÔØ Õ �ÏÒÉ, �ÒÉÌÉ�ÁÀÔØ ÄÏ ÍÁÇÎÅÔÉÔÏ×ÉÈÓÆÅÒ � ÚÁÌÉÛÁÀÔØÓÑ ÔÁÍ ÄÏÔÉ, ÄÏËÉ �ÏÌÅ ×ËÌÀÞÅÎÅ. ñË Ô�ÌØËÉ �ÏÌÅ
ICMP{01{21U 12×ÉÍÉËÁÀÔØ, ÞÁÓÔÉÎËÉ ÁÄÓÏÒÂÁÔÕ ÒÏÚÍÁÇÎ�ÞÕÀÔØÓÑ, � ÒÕÈÌÉ×� ËÏÌÏ§ÄÎ�ÞÁÓÔÉÎËÉ �ÏËÉÄÁÀÔØ ÍÁÔÒÉ�À ×ÎÁÓÌ�ÄÏË ÔÅ�ÌÏ×ÏÇÏ (âÒÏÕÎ�×ÓØËÏÇÏ)ÒÕÈÕ, ÔÏÄ� ÑË ÎÁÂÁÇÁÔÏ Â�ÌØÛ� ÔÁ ÍÅÎÛ ÒÕÈÌÉ×� ÞÁÓÔÉÎËÉ ÍÁÇÎÅÔÉÔÕÚÁÌÉÛÁÀÔØÓÑ. õ [6℄ �ÏËÁÚÁÎÏ, ÝÏ ÎÁÎÏÞÁÓÔÉÎËÉ - ÍÅÖÁ ÍÏÖÌÉ×ÏÓÔÅÊÍÁÇÎÅÔÎÏ§ ÓÅ�ÁÒÁ��§.7. ÷ÉÓÎÏ×ËÉ.âÅÒÕÞÉ ÄÏ Õ×ÁÇÉ ÎÏÒÍÉ ÒÁÄ�Ñ��ÊÎÏ§ ÂÅÚ�ÅËÉ, ÎÅÏÂÈ�ÄÎÏ ÚÁÓÔÏÓÏ×Õ×Á-ÔÉ "ÍÏËÒÕ" ÓÅ�ÁÒÁ��À. ïÓË�ÌØËÉ ÓÅ�ÁÒÁÔÏÒ, ��ÓÌÑ ÚÁ×ÅÒÛÅÎÎÑ ÒÏ-Â�Ô, ÅËÓ�ÌÕÁÔÕ×ÁÔÉ ÂÕÄÅ ÎÅÍÏÖÌÉ×Ï, ÓÌ�Ä ×ÉÂÒÁÔÉ ÄÅÛÅ×ÉÊ ÓÅÒ�ÊÎÉÊÁÇÒÅÇÁÔ. îÁ�ÒÉËÌÁÄ, ÅÌÅËÔÒÏÍÁÇÎÅÔÎÉÊ ×ÁÌËÏ×ÉÊ ÓÅ�ÁÒÁÔÏÒ 4å÷í-38/275A, Ï�ÉÓÁÎÉÊ Õ [3℄, �ÒÉÚÎÁÞÅÎÉÊ ÄÌÑ "ÍÏËÒÏÇÏ" ÚÂÁÇÁÞÅÎÎÑ ÓÌÁ-ÂÏÍÁÇÎÅÔÎÉÈ ÚÅÒÎÉÓÔÉÈ ÒÕÄ. ú ÏÇÌÑÄÕ ÎÁ �Å ìð÷í ÍÁÀÔØ ÂÕÔÉ �Ï-ÄÒ�ÂÎÅÎ� ÄÏ ÓÕÂÍ�Ì�ÍÅÔÒÏ×ÉÈ ÚÅÒÅÎ; §È ×ÏÄÎÁ ÓÕÓ�ÅÎÚ�Ñ | �ÒÏ�ÕÝÅÎÁÞÅÒÅÚ ÒÏÂÏÞÕ ÚÏÎÕ ÓÅ�ÁÒÁÔÏÒÁ.åÆÅËÔÉ×ÎÁ ÓÅ�ÁÒÁ��Ñ ÒÅÞÏ×ÉÎ �Ú ÍÁÇÎÅÔÎÉÍÉ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔÑ-ÍÉ, ÈÁÒÁËÔÅÒÎÉÍÉ ÄÌÑ ìð÷í ïõ, ÍÏÖÌÉ×Á. ÷ÏÎÁ ÍÁ¤ ÂÕÔÉ ÂÁÇÁÔÏÓ-ÔÁÄ�ÊÎÏÀ. ðÅÒÛÁ ÓÔ×Ä�Ñ �Ï×ÉÎÎÁ �ÅÒÅÄÂÁÞÁÔÉ ×ÉËÏÒÉÓÔÁÎÎÑ �ÒÏÍÉÓ-ÌÏ×ÏÇÏ ÍÁÇÎÅÔÎÏÇÏ ÓÅ�ÁÒÁÔÏÒÁ, ÎÁ ÑËÏÍÕ ×ÌÏ×ÌÀÀÔØÓÑ ËÒÕ�Î� (�Ï-ÒÑÄËÕ 0:1mm) ÞÁÓÔÉÎËÉ ÞÏÒÎÏ§, ËÏÒÉÞÎÅ×Ï§ ÔÁ �ÏÌ�ÈÒÏÍÎÏ§ ËÅÒÁÍ�Ë."è×ÏÓÔÉ" ÓÌ�Ä ×�ÄÆ�ÌØÔÒÕ×ÁÔÉ, ÝÏÂ ÕÓÕÎÕÔÉ ËÒÕ�Î� ÞÁÓÔÉÎËÉ ÂÅÔÏ-ÎÕ � ÇÒÁÎ�ÔÕ, Á ËÏÌÏ§ÄÎÉÊ ÒÏÚÞÉÎ Ú ÞÁÓÔÉÎËÁÍÉ ìð÷í ÓÕÂÍ�ËÒÏÎÎÉÈÒÏÚÍ�Ò�× ÄÏÏÞÉÝÕ×ÁÔÉ ÛÌÑÈÏÍ ×ÉËÏÒÉÓÔÁÎÎÑ ÔÅÈÎÏÌÏÇ�§ ÎÁÎÏÒ�×ÎÅ×Ï§×ÉÓÏËÏÇÒÁÄ�¤ÎÔÎÏ§ ÍÁÇÎÅÔÎÏ§ ÓÅ�ÁÒÁ��§. ãÑ ÔÅÈÎÏÌÏÇ�Ñ ÎÅ �ÏÔÒÅÂÕ¤ÎÁÄÔÏ ÓÉÌØÎÉÈ �ÏÌ�× (Õ ÒÏÂÏÔ� [6℄ ×ÉËÏÒÉÓÔÏ×Õ×Á×ÓÑ ÅÌÅËÔÒÏÍÁÇÎÅÔ Ú�ÎÄÕË��¤À ÄÏ 2T), �ÒÏÔÅ ×ÉÌÏ×ÌÀ¤ ËÏÌÏ§ÄÎ� ÞÁÓÔÉÎËÉ �ÁÒÁÍÁÇÎÅÔÉËÁÒÏÚÍ�ÒÁÍÉ ÁÖ ÄÏ 20� 50nm.�ÅÈÎÏÌÏÇ�Ñ ÎÁÎÏÒ�×ÎÅ×Ï§ ×ÉÓÏËÏÇÒÁÄ�¤ÎÔÎÏ§ ÍÁÇÎÅÔÎÏ§ ÓÅ�ÁÒÁ��§ÄÏÚ×ÏÌÑ¤ ÕÓÕ×ÁÔÉ ÞÁÓÔÉÎËÉ ÞÏÒÎÏ§, ËÏÒÉÞÎÅ×Ï§ ÔÁ �ÏÌ�ÈÒÏÍÎÏ§ ËÅ-ÒÁÍ�ËÉ ÓÕÂÍ�ËÒÏÎÎÉÈ ÒÏÚÍ�Ò�×, ÝÏ ÄÁÓÔØ ÚÍÏÇÕ ÚÄ�ÊÓÎÉÔÉ ÄÏÏÞÉÓÔËÕ×ÏÄÎÏ§ ÓÕÓ�ÅÎÚ�§ ×�Ä ËÏÌÏ§ÄÎÉÈ ÞÁÓÔÉÎÏË ìð÷í.ì�ÔÅÒÁÔÕÒÁ1. C.ó.áÂÁÌ�Î, ÷.ç.âÁÒ'ÑÈÔÁÒ ÔÁ �Î., úÁÂÅÚ�ÅÞÅÎÎÑ ÅËÏÌÏÇ�ÞÎÏ§ ÂÅÚ-�ÅËÉ ÏÂ'¤ËÔÕ "õËÒÉÔÔÑ" (ÄÏÓÌ�ÄÖÅÎÎÑ 1990-91 ÒÒ.). äÏ�.áî õË-ÒÁ§ÎÉ 1992, N 1, 
.116-121.2. á.÷.öÉÄËÏ×, æÅÒÒÉÍÁÇÎÅÔÉÚÍ ÔÏ�ÌÉ×ÏÓÏÄÅÒÖÁÝÉÈ ÍÁÔÅÒÉÁÌÏ×ÏÂßÅËÔÁ "õËÒÙÔÉÅ". ðÒÏÂÌÅÍÉ þÏÒÎÏÂÉÌÑ, ×É�. 6. þÏÒÎÏÂÉÌØ,íî�ã "õËÒÉÔÔÑ" îáî õËÒÁ§ÎÉ, 2000, Ó.6-12.
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