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õäë: 532; 533; 533.9:530.182; 536.75PACS: 05.60.+w, 05.70.Ln, 05.20.Dd, 75.50.Mm, 75.20.+gðÏÎÄÅÒÏÍÏÔÏÒÎ� ÓÉÌÉ Õ ÓÔÁÂ�ÌØÎÉÈ ËÏÍ�ÌÅËÓÁÈ ÚÁÒÑÄÖÅÎÉÈÞÁÓÔÉÎÏË � �ÒÏÂÌÅÍÉ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏ§ ÓÅ�ÁÒÁ��§÷. ¶. �ÒÅÔÑËáÎÏÔÁ��Ñ. óÉÌÉ, ÝÏ Ä�ÀÔØ ÎÁ ÅÌÅËÔÒÏÎÅ×ÔÒÁÌØÎÉÊ ÓÔÁÂ�ÌØÎÉÊ ËÏÍ�-ÌÅËÓ ÚÁÒÑÄÖÅÎÉÈ ÞÁÓÔÉÎÏË Õ ÎÅÏÄÎÏÒ�ÄÎÏÍÕ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏÍÕ �Ï-Ì�, ×É×ÅÄÅÎÏ ÛÌÑÈÏÍ �ÒÑÍÏÇÏ ÕÓÅÒÅÄÎÅÎÎÑ ÎÅÒÅÌÑÔÉ×�ÓÔÉÞÎÉÈ Ò�×-ÎÑÎØ ÒÕÈÕ �ÅÎÔÒÁ ÍÁÓ ËÏÍ�ÌÅËÓÁ ÚÁ ÎÅÓ�ÏÓÔÅÒÅÖÕ×ÁÎÉÍÉ ÒÕÈÁÍÉÓËÌÁÄÏ×ÉÈ ÞÁÓÔÉÎÏË. ðÏËÁÚÁÎÏ, ÝÏ ÚÁ ÎÁÑ×ÎÏÓÔÉ ÌÉÛÅ ÅÌÅËÔÒÉÞÎÏ-ÇÏ ÁÂÏ ÌÉÛÅ ÍÁÇÎÅÔÎÏÇÏ �ÏÌÑ ÏÔÒÉÍÁÎ� Ò�×ÎÑÎÎÑ ÒÕÈÕ ×É×ÏÄÑÔØÓÑ ÚÆÕÎË��§ ìÁÒÁÎÖÁ. ïÂÇÏ×ÏÒÅÎÏ ÚÁÓÔÏÓÕ×ÁÎÎÑ Ò�×ÎÑÎØ ÒÕÈÕ Ú �ÏÂÕ-ÄÏ×ÁÎÉÍÉ ÓÉÌÁÍÉ ÄÏ �ÒÏÂÌÅÍ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏ§ ÓÅ�ÁÒÁ��§.Ponderomotive fores in the stable omplexes of harged par-tiles and the problems of eletromagneti separationV. I.TretyakAbstrat. Fores ating on the eletrially neutral stable omplex ofharged partiles in nonhomogeneous eletromagneti �eld are derivedby diret averaging nonrelativisti equations of motion of the enter ofmass of the omplex over the nonobservable motions of the onstituentpartiles. It is shown, if only eletri or magneti �eld is present, theobtained equations of motion are derivable from the Lagrangian funtion.The appliation of the equation of motion with onstruted fores to theproblems of eletromagneti separation is disussed.
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1 ðÒÅ�ÒÉÎÔ÷ÓÔÕ�÷É×ÅÄÅÎÎÑ Ò�×ÎÑÎØ ÒÕÈÕ ÓËÌÁÄÅÎÏ§ ÞÁÓÔÉÎËÉ Õ ÚÏ×Î�ÛÎØÏÍÕ ÅÌÅËÔÒÏ-ÍÁÇÎÅÔÎÏÍÕ �ÏÌ� ÍÁ¤ ÄÏ×ÇÕ �ÓÔÏÒ�À [1,2℄ ÔÁ ÎÉÚËÕ ×ÁÖÌÉ×ÉÈ ÚÁÓÔÏÓÕ-×ÁÎØ. óÅÒÅÄ ÏÓÔÁÎÎ�È ×ÁÇÏÍÅ Í�Ó�Å �ÏÓ�ÄÁ¤ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÁ ÓÅ�ÁÒÁ-��Ñ [3{6℄, ÑËÁ ÂÁÚÕ¤ÔØÓÑ ÎÁ ÚÁÌÅÖÎÏÓÔ� ÔÁËÏÇÏ ÒÕÈÕ ×�Ä ÅÌÅËÔÒÉÞÎÉÈÔÁ ÍÁÇÎÅÔÎÉÈ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔÅÊ ÒÅÞÏ×ÉÎÉ, ÝÏ ÄÏÚ×ÏÌÑ¤ ÅÆÅËÔÉ×ÎÏÒÏÚÄ�ÌÑÔÉ ÍÁÔÅÒ�ÑÌÉ Ú Ò�ÚÎÉÍÉ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉ-ËÁÍÉ. åËÓ�ÅÒÉÍÅÎÔÁÌØÎÅ ×ÓÔÁÎÏ×ÌÅÎÎÑ Ó×Ï¤Ò�ÄÎÉÈ ÍÁÇÎÅÔÎÉÈ ÔÁ Ä�-ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÁÌÉ×ÏÍ�ÓÔÎÉÈ ÍÁÔÅÒ�ÑÌ�×, ÝÏ ÕÔ×ÏÒÉÌÉ-ÓÑ ×ÎÁÓÌ�ÄÏË ×ÉÂÕÈÕ × ÞÅÔ×ÅÒÔÏÍÕ ÅÎÅÒÇÏÂÌÏ�� þÏÒÎÏÂÉÌØÓØËÏ§ áåó,�ÏÓÔÁ×ÉÌÏ �ÒÏÂÌÅÍÕ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÍÅÔÏÄ�× ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏ§ ÓÅ�ÁÒÁ-��§ ÄÌÑ §È ×�ÄÄ�ÌÅÎÎÑ ×�Ä ÏÔÏÞÕÀÞÉÈ ÅÌÅÍÅÎÔ�× ËÏÎÓÔÒÕË��Ê, ��ÓËÕ ÔÁÂÅÔÏÎÕ [7℄.õ ÏÂÌÁÓÔØ Ú ÎÅÏÄÎÏÒ�ÄÎÉÍ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÉÍ �ÏÌÅÍ ÓÅ�ÁÒÏ×Î� ÍÁ-ÔÅÒ�ÑÌÉ �ÏÄÁÀÔØÓÑ Õ �ÏÄÒ�ÂÎÅÎÏÍÕ ×ÉÇÌÑÄ� �Ú ÒÏÚÍ�ÒÁÍÉ ÞÁÓÔÉÎÏË ×�ÄÍ�Ì�ÍÅÔÒ�× ÄÏ ÓÏÔÅÎØ ÎÁÎÏÍÅÔÒ�×, ÑË�, ÑË �ÒÁ×ÉÌÏ, ÎÅ ÎÅÓÕÔØ ÅÌÅËÔ-ÒÉÞÎÏÇÏ ÚÁÒÑÄÕ. èÏÞÁ ×ÓÔÁÎÏ×ÌÅÎÎÑ ÓÉÌ (§È ÎÁÚÉ×ÁÀÔØ �ÏÎÄÅÒÏÍÏ-ÔÏÒÎÉÍÉ), ÝÏ Ä�ÀÔØ ÎÁ ÔÁË� ÏÂ'¤ËÔÉ Ú ÂÏËÕ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏÇÏ �ÏÌÑ,ÎÁÌÅÖÉÔØ ÄÏ ËÌÁÓÉÞÎÉÈ ÒÏÚÄ�Ì�× Æ�ÚÉËÉ, ÓÌ�Ä ×�ÄÚÎÁÞÉÔÉ, ÝÏ ÂÁÇÁÔÏ�ÓÎÕÀÞÉÈ ×É×ÅÄÅÎØ �ÉÈ ÓÉÌ ÎÅ ×�ÌØÎ� ×�Ä �Å×ÎÉÈ ÎÅ�ÏÓÌ�ÄÏ×ÎÏÓÔÅÊ� ÚÁÊ×ÉÈ ÏÂÍÅÖÅÎØ ÔÁ Ó�ÒÏÝÅÎØ, ÑË�, ÚÁÍ�ÓÔØ �ÒÏÑÓÎÀ×ÁÔÉ, �ÒÉÈÏ-×ÕÀÔØ Ó�ÒÁ×ÖÎÀ ÚÁÇÁÌØÎ�ÓÔØ ÒÅÚÕÌØÔÁÔ�× ÔÁ ÍÅÖ� §È ÚÁÓÔÏÓÏ×ÎÏÓÔÉ.îÁÊÂ�ÌØÛ �Ï×ÎÉÍ ÔÁ �ÏÓÌ�ÄÏ×ÎÉÍ ×ÉËÌÁÄÏÍ ÚÁÓÁÄ ÍÁËÒÏÓËÏ��ÞÎÏ§ÅÌÅËÔÒÏÄÉÎÁÍ�ËÉ ÎÁÍ ×ÉÄÁ¤ÔØÓÑ ÍÏÎÏÇÒÁÆ�Ñ [1℄. îÁ×ÅÄÅÎÉÊ ÔÁÍ ��Ä-È�Ä ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ � × ÎÁÛ�Ê ÒÏÂÏÔ�. ïÄÎÁË ÚÁÍ�ÓÔØ Á�ÅÌÀ×ÁÔÉ ÄÏÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ Í�ÒËÕ×ÁÎØ ÔÁ ÍÅÔÏÄ�× ÍÅÈÁÎ�ËÉ ÓÕ��ÌØÎÉÈ ÓÅÒÅÄÏ-×ÉÝ ÔÕÔ Ò�×ÎÑÎÎÑ ÒÕÈÕ ÓËÌÁÄÅÎÉÈ ÞÁÓÔÉÎÏË �ÏÄÁÀÔØÓÑ ÑË ÒÅÚÕÌØÔÁÔÕÓÅÒÅÄÎÅÎÎÑ Ò�×ÎÑÎØ ÒÕÈÕ �ÅÎÔÒÁ ÍÁÓ ÓÉÓÔÅÍÉ ÚÁÒÑÄÖÅÎÉÈ (Í�ËÒÏ-ÓËÏ��ÞÎÉÈ) ÞÁÓÔÉÎÏË ÚÁ ÎÅÓ�ÏÓÔÅÒÅÖÕ×ÁÎÉÍÉ ÒÕÈÁÍÉ §§ ÓËÌÁÄÏ×ÉÈ.ãÅ ÓÔÁÎÏ×ÉÔØ �ÒÅÄÍÅÔ �ÅÒÛÏÇÏ ÒÏÚÄ�ÌÕ �ÒÁ��.õ ÄÒÕÇÏÍÕ ÒÏÚÄ�Ì� ÏÔÒÉÍÁÎ� ×ÉÒÁÚÉ ÄÌÑ �ÏÎÄÅÒÏÍÏÔÏÒÎÏ§ ÓÉÌÉËÏÎËÒÅÔÉÚÕÀÔØÓÑ Õ ×É�ÁÄËÕ Ì�Î�ÊÎÉÈ �ÚÏÔÒÏ�ÎÉÈ ÍÁÔÅÒ�ÑÌØÎÉÈ Ó��×-×�ÄÎÏÛÅÎØ ÄÌÑ Ä�ÅÌÅËÔÒÉË�× � �ÁÒÁ(Ä�Á)ÍÁÇÎÅÔÉË�×. õ ÔÒÅÔØÏÍÕ ÁÎÁ-Ì�ÚÕÀÔØÓÑ ÏÔÒÉÍÁÎ� Ò�×ÎÑÎÎÑ ÒÕÈÕ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÏÄÎÏÒ�ÄÎÏÇÏ ÓÉÌÏ-×ÏÇÏ �ÏÌÑ ÔÑÖ�ÎÎÑ ÔÁ ÒÏÚÇÌÑÄÁÀÔØÓÑ ÄÅÑË� �ÌÀÓÔÒÁÔÉ×Î� �ÒÉËÌÁÄÉ.ëÒÉÔÅÒ�§ ÅÆÅËÔÉ×ÎÏÓÔÉ ÓÅ�ÁÒÁ��§ ÔÁ ÞÉÓÌÏ×� Ï��ÎËÉ ÄÌÑ ÒÅÞÏ×ÉÎ ÚÆ�ÚÉÞÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ �ÁÌÉ×ÏÍ�ÓÔÎÉÈ ÍÁÓ ÏÂ'¤ËÔÕ "õËÒÉÔÔÑ"ÂÕÄÕÔØ �ÏÄÁÎ� × ÏËÒÅÍ�Ê �ÒÁ��.

ICMP{01{31U 21. ðÏÎÄÅÒÏÍÏÔÏÒÎ� ÓÉÌÉ Õ ËÏÍ�ÌÅËÓÁÈ ÚÁÒÑÄÖÅÎÉÈÞÁÓÔÉÎÏËîÁ ÍiËÒÏÓËÏ�iÞÎÏÍÕ Òi×Îi ÒÏÚÇÌÑÄÁ¤ÍÏ ÓËÌÁÄÅÎÕ ÞÁÓÔÉÎËÕ ÑË ËÏÍ-�ÁËÔÎÅ ÕÔ×ÏÒÅÎÎÑ (ËÏÍ�ÌÅËÓ), �ÏÒÏÄÖÅÎÅ ÓÉÓÔÅÍÏÀ ÔÏÞËÏ×ÉÈ ÚÁ-ÒÑÄi× ea Ú ËÏÏÒÄÉÎÁÔÁÍÉ ya (a = 1; 2; : : :). ÷ÏÎÉ ÓÔ×ÏÒÀÀÔØ ÅÌÅËÔ-ÒÏÍÁÇÎÅÔÎÅ �ÏÌÅ e;b, ÑËÅ ×ÉÚÎÁÞÁ¤ÔØÓÑ Òi×ÎÑÎÎÑÍÉ íÁËÓ×ÅÌÁ [1℄div e = 4��; rotb� 1 �e�t = 4� j; (1)divb = 0; rot e+ 1 �b�t = 0; (2)Ú ×iÄ�Ï×iÄÎÉÍÉ ÇÕÓÔÉÎÁÍÉ ÚÁÒÑÄÕ i ÓÔÒÕÍÕ:� =Xa eaÆ (x� ya) ; j =Xa ea _yaÆ (x� ya) : (3)úÁË�ËÁ×ÍÏÓÑ ÔÅ�ÅÒ �Ï×ÅÄ�ÎËÏÀ ÔÁËÏÇÏ ËÏÍ�ÌÅËÓÕ × ÚÏ×Î�ÛÎØÏÍÕÅÌÅËÔÒÏÍÁÇÎÅÔÎÏÍÕ �ÏÌ� Ee;Be, ÓÔ×ÏÒÅÎÏÍÕ Ó×Ï§ÍÉ ×ÌÁÓÎÉÍÉ ÇÕÓÔÉ-ÎÁÍÉ ÚÁÒÑÄÕ � ÓÔÒÕÍÕ �e, je. îÅÒÅÌÑÔÉ×�ÓÔÉÞÎ� Òi×ÎÑÎÎÑ ÒÕÈÕ ÓËÌÁÄÏ-×ÉÈ ÞÁÓÔÉÎÏË ÎÁÛÏÇÏ ËÏÍ�ÌÅËÓÕ ÄÅÔÅÒÍ�ÎÕ¤ Ú×ÉÞÁÊÎÁ ÓÉÌÁ ìÏÒÅÎ�Áma�ya = ea�et (t;ya) + 1 _ya�bt (t;ya)� ; (4)ÄÅ ×ÎÁÓÌ�ÄÏË Ì�Î�ÊÎÏÓÔÉ Ò�×ÎÑÎØ íÁËÓ×ÅÌÁ �Ï×ÎÅ ÅÌÅËÔÒÉÞÎÅ i ÍÁÇ-ÎÅÔÎÅ �ÏÌÑ et, bt ¤ ÓÕÍÏÀ ÚÏ×ÎiÛÎiÈ �ÏÌi× Ee, Be ÔÁ �ÏÌi×, ÕÔ×ÏÒÅÎÉÈiÎÛÉÍÉ ÞÁÓÔÉÎËÁÍÉ Õ ÔÏÞ�i ÚÎÁÈÏÄÖÅÎÎÑ ÚÁÒÑÄÕ ea. ÷ ÎÅÒÅÌÑÔÉ×iÓ-ÔÉÞÎÏÍÕ ÎÁÂÌÉÖÅÎÎi ÏÓÔÁÎÎi Ú×ÏÄÑÔØÓÑ ÄÏ ËÕÌÏÎÏ×ÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ�ÏÌÑ, ÔÁË ÝÏet (t;ya) = Xb(6=a) ebyabjyabj3 + Ee (t;ya) ; yab � ya � yb; (5)bt (t;ya) = Be (t;ya) : (6)õÑ×�ÍÏ ÓÏÂ� ÔÅ�ÅÒ, ÝÏ ÍÁ¤ÍÏ Ó�ÒÁ×Õ Ú ÄÏÓÔÁÔÎØÏ ÓÔÁÂiÌØÎÉÍ ËÏÍ�-ÌÅËÓÏÍ ÔÏÞËÏ×ÉÈ ÞÁÓÔÉÎÏË, ËÏÌÉ × ÓÉÌÕ ÔÉÈ ÞÉ iÎÛÉÈ ÏÂÓÔÁ×ÉÎ ×iÄÈÉ-ÌÅÎÎÑ ya ×iÄ ÄÅÑËÏ§ ×ÉÄiÌÅÎÏ§ ÔÏÞËÉ ËÏÍ�ÌÅËÓÕ y (ÎÁ�ÒÉËÌÁÄ, �ÅÎÔÒÁÍÁÓ) ¤ ÄÏÓÔÁÔÎØÏ ÍÁÌi. ñËÝÏ �ÏËÌÁÓÔÉya = y + ra; (7)



3 ðÒÅ�ÒÉÎÔÔÏ ÒÏÚ×'ÑÚËÉ �ÏÌØÏ×ÉÈ Òi×ÎÑÎØ e (t;x) ;b (t;x) ÍÏÖÎÁ �ÏÄÁÔÉ Õ ×É-ÇÌÑÄi ÚÂiÖÎÉÈ ÒÑÄi× ÚÁ �ÁÒÁÍÅÔÒÏÍ jraj=jx�yj. ú �i¤À ÍÅÔÏÀ ÍÏÖÎÁÓËÏÒÉÓÔÁÔÉÓÑ ÆÏÒÍÁÌØÎÉÍ ÒÏÚ×ÉÎÅÎÎÑÍ Æ-ÆÕÎË�i§Æ(x� ya) = Æ(x� y � ra) = 1Xn=0 (�1)nn! (ra � r)n Æ(x� y) (8)ÁÂÏ ×ÉËÏÒÉÓÔÁÔÉ ÓÉÍ×ÏÌiÞÎÉÊ iÎÔÅÒÁÌZ 10 d� dd� Æ(x � y � �ra) = Æ(x� y � ra)� Æ(x� y); (9)ÝÏ ÄÁ¤Æ(x� y � ra) = Æ(x� y)� (ra � r) Z 10 d�Æ(x � y � �ra): (10)îÁ ×�ÄÍ�ÎÕ ×�Ä [1℄, ÔÕÔ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÄÒÕÇÁ ÍÏÖÌÉ×�ÓÔØ. ãÅÄÏÚ×ÏÌÑ¤ �ÏÄÁÔÉ ÎÅÏÄÎÏÒ�ÄÎ� Ò�×ÎÑÎÎÑ íÁËÓ×ÅÌÁ (1) Õ ×ÉÇÌÑÄ�div e = 4�qÆ(x� y)� 4� divp; (11)rotb� 1 �e�t = 4� q _yÆ(x� y) + 4� rotm+ 4� �p�t : (12)�ÕÔ q =Xa ea (13)| �Ï×ÎÉÊ ÚÁÒÑÄ ËÏÍ�ÌÅËÓÁ, Á Í�ËÒÏÓËÏ��ÞÎ� ×ÅËÔÏÒÉ �ÏÌÑÒÉÚÏ×ÎÏÓÔÉp ÔÁ ÎÁÍÁÇÎ�ÞÅÎÎÑ m ÚÁÄÁÀÔØÓÑ Ó��××�ÄÎÏÛÅÎÎÑÍÉp =Xa eara Z 10 d�Æ(x � y � �ra); (14)m = p� _y +Xa eara � _ra Z 10 d��Æ(x � y � �ra): (15)õ ÏÄÅÒÖÁÎÎ� ×ÉÒÁÚÕ (15) ÄÌÑ m ÓÌ�Ä ÓËÏÒÉÓÔÁÔÉÓÑ ÆÏÒÍÕÌÏÀÆ(x�y� ra)� Z 10 d�Æ(x�y� �ra) = � (ra � r) Z 10 d��Æ(x�y� �ra);(16)
ICMP{01{31U 4ÑËÁ ×É�ÌÉ×Á¤ Ú ÏÞÅ×ÉÄÎÏÇÏ Ó��××�ÄÎÏÛÅÎÎÑÆ(x� y � ra) = Z 10 d� dd� �Æ(x � y � �ra)= Z 10 d�Æ(x � y � �ra) + Z 10 d�� dd� Æ(x� y � �ra): (17)ðÒÏ×ÅÄÅÍÏ ÔÅ�ÅÒ ÕÓÅÒÅÄÎÅÎÎÑ ÚÁ ÎÅÓ�ÏÓÔÅÒÅÖÕ×ÁÎÉÍÉ ÒÕÈÁÍÉ×ÎÕÔÒ�ÛÎ�È ËÏÏÒÄÉÎÁÔ ra, ÑËÅ ÚÇÌÁÄÉÔØ ÓÉÎÕÌÑÒÎÏÓÔ� Í�ËÒÏÓËÏ��Þ-ÎÉÈ ×ÅÌÉÞÉÎ (14), (15), ÑË � �ÏÒÏÄÖÅÎÉÈ ÎÉÍÉ �ÏÌ�× e � b. ðÏÚÎÁÞÁÀ-ÞÉ ÕÓÅÒÅÄÎÅÎ� ×ÅÌÉÞÉÎÉ ×�Ä�Ï×�ÄÎÉÍÉ ×ÅÌÉËÉÍÉ ÂÕË×ÁÍÉ, Ú Ò�×ÎÑÎØ(11), (12) ÏÔÒÉÍÁ¤ÍÏdivE = 4�qÆ(x� y) � 4� divP; (18)rotB� 1 �E�t = 4� q _yÆ(x� y) + 4� rotM+ 4� �P�t : (19)ú×�ÓÎÏ, ÏÄÎÏÒ�ÄÎ� Ò�×ÎÑÎÎÑ (2) ÄÁÌ� ×ÉËÏÎÕ×ÁÔÉÍÕÔØÓÑ � ÄÌÑ ÕÓÅÒÅÄ-ÎÅÎÉÈ �ÏÌ�× E, B: divB = 0; rotE+ 1 �B�t = 0: (20)îÁ×ÅÄÅÎÉÊ ×ÉËÌÁÄ ¤ ��ÌËÏÍ ÓÔÁÎÄÁÒÔÎÉÊ � ÊÏÇÏ × Ô�Ê ÞÉ �ÎÛ�ÊÆÏÒÍ� ÍÏÖÎÁ ÚÎÁÊÔÉ Õ ÎÉÚ�� ��ÄÒÕÞÎÉË�× Ú ËÌÁÓÉÞÎÏ§ ÅÌÅËÔÒÏÄÉÎÁ-Í�ËÉ. ñËÝÏ ÝÅ ××ÅÓÔÉ �ÏÚÎÁÞÅÎÎÑD = E+ 4�P; H = B� 4�M; (21)ÔÏ ÍÏÖÎÁ �ÒÉÊÔÉ ÄÏ Ú×ÉÞÎÏ§ ÆÏÒÍÉ Ò�×ÎÑÎØ íÁËÓ×ÅÌÁ Õ ÓÅÒÅÄÏ×ÉÝ�.ñË ÓÌÕÛÎÏ, ÏÄÎÁË, ×�ÄÎÏÔÏ×ÁÎÏ Õ ËÎÉÚ� ÄÅ çÒÏÏÔÁ Ê óÁÔÔÏÒ�Á [1℄, ÔÁ-ËÁ ÆÏÒÍÁ �ÉÈ Ò�×ÎÑÎØ, ÈÏÞÁ Õ ÚÒÕÞÎÁ Õ �Å×ÎÉÈ ×�ÄÎÏÛÅÎÎÑÈ (ÎÁ�ÒÉ-ËÌÁÄ, Õ ÆÏÒÍÕÌÀ×ÁÎÎ� ÇÒÁÎÉÞÎÉÈ ÚÁÄÁÞ), ÎÁÓ�ÒÁ×Ä� ÚÁ×ÕÁÌØÏ×Õ¤ ÔÏÊÆÁËÔ, ÝÏ ÒÅÁÌØÎÉÊ Æ�ÚÉÞÎÉÊ ÓÅÎÓ ÎÁ×�ÔØ Õ ÓÅÒÅÄÏ×ÉÝ� ÍÁÀÔØ ×ÌÁÓ-ÎÅ (ÕÓÅÒÅÄÎÅÎ�) �ÏÌÑ E � B, ÝÏ ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ ÓÉÓÔÅÍÏÀ Ò�×ÎÑÎØ(18)|(20), Á ×ÅÌÉÞÉÎÉ (21) ÓÌÕÖÁÔØ ÌÉÛÅ ÚÒÕÞÎÉÍÉ �ÏÚÎÁÞÅÎÎÑÍÉ.òÏÚÇÌÑÎØÍÏ ÔÅ�ÅÒ �ÏÄ�ÂÎÕ �ÒÏ�ÅÄÕÒÕ ÕÓÅÒÅÄÎÅÎÎÑ ÄÌÑ Ò�×ÎÑÎØÒÕÈÕ (4). õ �Ï�ÅÒÅÄÎØÏÍÕ ÒÏÚÇÌÑÄ� ×ÅËÔÏÒ y ÆÁËÔÉÞÎÏ ÌÉÛÁ×ÓÑ ÄÏ-×�ÌØÎÉÍ � ÎÅÏÂÈ�ÄÎÏÓÔÉ × ÑË�ÊÓØ ÊÏÇÏ ËÏÎËÒÅÔÉÚÁ��§ ÎÅ ×ÉÎÉËÁÌÏ. ÷�ÎÍ�Ç ÂÕÔÉ (ÎÅÒÅÌÑÔÉ×�ÓÔÉÞÎÉÍ) �ÅÎÔÒÏÍ ÍÁÓ ËÏÍ�ÌÅËÓÕ, Á Í�Ç ÎÉÍ �ÎÅ ÂÕÔÉ. �ÏÍÕ Ò�×ÎÑÎÎÑ (11)|(15) Ó�ÒÁ×ÅÄÌÉ×� ÑË Õ ÎÅÒÅÌÑÔÉ×�Ó-ÔÉÞÎ�Ê, ÔÁË � × ÒÅÌÑÔÉ×�ÓÔÉÞÎ�Ê ÏÂÌÁÓÔ�1. áÎÁÌÏÇ�ÞÎÏ � �ÒÏ�ÅÄÕÒÁ1÷ÁÖÌÉ×Å Ú ÂÁÇÁÔØÏÈ ÔÏÞÏË ÚÏÒÕ �ÉÔÁÎÎÑ ×ÉÄ�ÌÅÎÎÑ ÎÅÚ×�ÄÎÉÈ ÓËÌÁÄÏ×ÉÈ ÚÍÕÌØÔÉ�ÏÌØÎÉÈ ÒÏÚ×ÉÎÅÎØ (14), (15) [8,9℄ ÌÉÛÁ¤ÔØÓÑ ÚÁ ÍÅÖÁÍÉ ÎÁÛÏÇÏ ÒÏÚÇÌÑÄÕ.



5 ðÒÅ�ÒÉÎÔÕÓÅÒÅÄÅÎÎÑ, �ÒÉÎÁÊÍÎ� Õ ×ÉËÏÒÉÓÔÁÎ�Ê ÔÕÔ ÓÌÏ×ÅÓÎ�Ê ÆÏÒÍ�, ÎÅÞÕÔ-ÌÉ×Á ÄÏ ËÏÎËÒÅÔÎÏÇÏ ×ÉÂÏÒÕ ×ÅËÔÏÒÁ "�ÅÎÔÒÁ" ËÏÍ�ÌÅËÓÕ y. ú×�ÓÎÏ,ÕÓ� ËÏÏÒÄÉÎÁÔÉ ra, ÝÏ ��ÄÄÁÀÔØÓÑ ÕÓÅÒÅÄÎÅÎÎÀ, ÎÅ ÍÏÖÕÔØ ÂÕÔÉ ÎÅ-ÚÁÌÅÖÎÉÍÉ, Í�Ö ÎÉÍÉ ÍÕÓÉÔØ �ÓÎÕ×ÁÔÉ ÏÄÎÁ ×ÅËÔÏÒÎÁ ×'ÑÚØ (ÞÉ 3ÓËÁÌÑÒÎ� ×'ÑÚ�)2, ÏÄÎÁË Ñ×ÎÉÊ ×ÉÇÌÑÄ �ÉÈ ×'ÑÚÅÊ Î�ÑË ÎÅ ×�Ä�Â'¤ÔØ-ÓÑ ÎÁ Ò�×ÎÑÎÎÑÈ íÁËÓ×ÅÌÁ (18)|(20). ú Ò�×ÎÑÎÎÑÍÉ ÒÕÈÕ ÓÉÔÕÁ��Ñ�ÒÉÎ�É�Ï×Ï �ÎÛÁ.íÉ �Ï×ÉÎÎ� ÔÕÔ Þ�ÔËÏ ÏÂÍÅÖÉÔÉÓØ ÎÅÒÅÌÑÔÉ×�ÓÔÉÞ-ÎÉÍ ÎÁÂÌÉÖÅÎÎÑÍ3 � ×ÅËÔÏÒ y ×ÉÂÒÁÔÉ ×ÌÁÓÎÅ ÑË ÎÅÒÅÌÑÔÉ×�ÓÔÉÞÎÉÊ�ÅÎÔÒ ÍÁÓ y =Xa mayam ; m =Xa ma: (22)úÁ ÔÁËÏÇÏ ×ÉÂÏÒÕ y ÚÇÁÄÁÎÁ ×ÉÝÅ ×'ÑÚØ Í�Ö ÚÍ�ÎÎÉÍÉ ra ÍÁ¤ ×ÉÇÌÑÄXa mara = 0: (23)ð�ÄÓÕÍÕ×Á×ÛÉ Ò�×ÎÑÎÎÑ ìÏÒÅÎ�Á (4) ÚÁ a � ×�ÄÎÏÔÕ×Á×ÛÉ ÓËÏÒÏÞÅÎÎÑ×ÎÅÓË�× ×�Ä ×ÎÕÔÒ�ÛÎØÏ§ ËÕÌÏÎ�×ÓØËÏ§ ×ÚÁ¤ÍÏÄ�§ (ÔÒÅÔ�Ê ÚÁËÏÎ îÀÔÏ-ÎÁ!), ÏÄÅÒÖÉÍÏm�y =Xa ea�Ee (t;ya) + 1 _ya�Be (t;ya)��Xa ea�Ee (t;ya + ra) + 1 ( _ya + _ra)�Be (t;ya + ra)� � f : (24)÷ÒÁÈÏ×ÕÀÞÉ ÔÅ�ÅÒ, ÝÏ ÄÌÑ ËÏÖÎÏ§ ÆÕÎË��§ g(y) ×ÉËÏÎÕ¤ÔØÓÑ Ó��×-×�ÄÎÏÛÅÎÎÑ, �ÏÄ�ÂÎÅ ÄÏ (10),g(y + ra) = g(y) + Z 10 d� dd� g(y + �ra)= g(y) + (ra � r) Z 10 d�g(y + �ra); (25)ÍÏÖÅÍÏ �ÏÄÁÔÉ ÓÉÌÕ f , ÝÏ Ä�¤ ÎÁ ÎÁÛ ËÏÍ�ÌÅËÓ, Õ ×ÉÇÌÑÄ�f = FL + f 0: (26)2�ÁË ÝÏ ÆÕÎË��Ñ ÒÏÚ�ÏÄ�ÌÕ, ÑËÁ ÚÄ�ÊÓÎÀ×ÁÔÉÍÅ ÔÁËÅ ÕÓÅÒÅÄÎÅÎÎÑ, �Ï×ÉÎÎÁÍ�ÓÔÉÔÉ Æ-ÆÕÎË�iÀ ×�Ä ÚÇÁÄÁÎÏ§ ×'ÑÚ�.3óÌÁÂËÏÒÅÌÑÔÉ×�ÓÔÉÞÎ� �Ï�ÒÁ×ËÉ [10,11℄ ÔÕÔ, Ú×�ÓÎÏ, ÍÏÖÕÔØ ÂÕÔÉ ×ÒÁÈÏ×ÁÎ�,ÏÄÎÁË �Å ÚÏ×Ó�Í ÎÅ �ÒÏÓÔÁ � ÄÏÓÉÔØ ÇÒÏÍ�ÚÄËÁ ÚÁÄÁÞÁ.

ICMP{01{31U 6�ÕÔ FL | Ú×ÉÞÁÊÎÁ ÓÉÌÁ ìÏÒÅÎ�Á,FL = q�Ee (t;y) + 1 _ya �Be (t;y)� ; (27)Á f 0 =Xa ea Z 10 d� [(ra � r)Ee (t;ya + �ra)+ 1 _ya� (ra � r)Be (t;ya + �ra) + _ya �Be (t;ya + ra)� (28)| Í�ËÒÏÓËÏ��ÞÎÉÊ ×�Ä�Ï×�ÄÎÉË �ÏÎÄÅÒÏÍÏÔÏÒÎÏ§ ÓÉÌÉ. ð�ÓÌÑ ÎÉÚËÉÄÅÝÏ ×ÔÏÍÌÉ×ÉÈ, ÈÏÞ � ÂÅÚ�ÏÓÅÒÅÄÎ�È �ÅÒÅÔ×ÏÒÅÎØ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉÔÅ, ÝÏ ÚÏ×Î�ÛÎ� �ÏÌÑ Ee, Be ÔÅÖ �Ï×ÉÎ� ÚÁÄÏ×ÏÌØÎÑÔÉ ÏÄÎÏÒ�ÄÎÉÍÒ�×ÎÑÎÎÑÍ íÁËÓ×ÅÌÁ (20), ÔÁ ÆÏÒÍÕÌÕg(y + ra) = Z 10 d� dd� �g(y + �ra)= Z 10 d� [g(y + �ra) + � (ra � r) g(y + �ra)℄ ; (29)ÁÎÁÌÏÇ�ÞÎÕ ÄÏ (16), ÍÏÖÎÁ ×ÉÒÁÚÕ (28) ÎÁÄÁÔÉ ÔÁËÏÇÏ ×ÉÇÌÑÄÕ:f 0i =Xa ea Z 10 d� �raj �Eje�yi (t;ya + �ra) + 1 �ijk ddtrjaBke (t;ya + �ra)+ 1 �klnrla ( _yn + � _rna ) �Bke�yi (t;ya + �ra)� ; (30)ÄÅ �ijk | �Ï×Î�ÓÔÀ ÁÎÔÉÓÉÍÅÔÒÉÞÎÉÊ ÔÅÎÚÏÒ ìÅ×�{þ�×�ÔÁ.�Å�ÅÒ, ×ÒÁ-ÈÏ×ÕÀÞÉ ÏÚÎÁÞÅÎÎÑ (14), (15) ×ÅËÔÏÒ�× Í�ËÒÏÓËÏ��ÞÎÏ§ �ÏÌÑÒÉÚÏ×ÎÏ-ÓÔÉ p ÔÁ ÎÁÍÁÇÎ�ÞÅÎÎÑ m, ÍÏÖÎÁ ×ÉÒÁÚÉÔÉ �À ÆÏÒÍÕÌÕ �ÎÔÅÒÁÌÏÍÚÁ ÏÂ'¤ÍÏÍ V ÓÉÓÔÅÍÉ:f 0i = ZV d3x�pj �Eje�xi +mj �Bje�xi + 1 �ijk ddtpjBke� (31)úÄ�ÊÓÎÀÀÞÉ ÔÕÔ ÕÓÅÒÅÄÎÅÎÎÑ ÚÁ ×ÎÕÔÒ�ÛÎ�ÍÉ ÒÕÈÁÍÉ ÚÍ�ÎÎÉÈ ra,�ÒÉÈÏÄÉÍÏ ÄÏ ×ÉÒÁÚÕ ÄÌÑ �ÏÎÄÅÒÏÍÏÔÏÒÎÏ§ ÓÉÌÉ Fem = hf 0i,F iem = ZV d3x�Pj �Eje�xi +Mj �Bje�xi + 1 �ijk ddtP jBke� ; (32)



7 ðÒÅ�ÒÉÎÔÝÏ Ä�¤ ÎÁ ËÏÍ�ÌÅËÓ ÏÂ'¤ÍÕ V , ÌÏËÁÌ�ÚÏ×ÁÎÉÊ �ÏÂÌÉÚÕ ÔÏÞËÉ y. ÷�Ä-ÎÏÔÕ¤ÍÏ, ÝÏ Î� ÚÏ×Î�ÛÎ� �ÏÌÑ, Î� ËÏÏÒÄÉÎÁÔÁ �ÅÎÔÒÁ ÍÁÓ y �ÒÉ �ØÏÍÕÎÅ ÕÓÅÒÅÄÎÀÀÔØÓÑ. õ×ÁÖÁÀÞÉ ÔÅ�ÅÒ ÏÂ'¤Í V ÄÏÓÔÁÔÎØÏ ÍÁÌÉÍ, ÝÏÂÓÅÒÅÄÎ� Õ ÎØÏÍÕ ÌÉÛÁÌÉÓØ ÏÄÎÏÒ�ÄÎÉÍÉ, ÍÏÖÎÁ, ÚÁÓÔÏÓÏ×ÕÀÞÉ ÔÅÏ-ÒÅÍÕ �ÒÏ ÓÅÒÅÄÎ¤, ÚÁ�ÉÓÁÔÉF iem = V �Pj �Eje�yi +Mj �Bje�yi + 1 �ijk ddtP jBke� ; (33)ÄÅ ×Ó� ×ÅÌÉÞÉÎÉ Õ �ÒÁ×�Ê ÞÁÓÔÉÎ� ÂÅÒÕÔØÓÑ Õ ÔÏÞ�� y.2. ÷ÒÁÈÕ×ÁÎÎÑ ÍÁÔÅÒ�ÑÌØÎÉÈ Ó��××�ÄÎÏÛÅÎØðÒÁËÔÉÞÎÏ ×ÅÌÉÞÉÎÉ ÍÁËÒÏÓËÏ��ÞÎÏ§ �ÏÌÑÒÉÚÏ×ÎÏÓÔÉ P Ê ÎÁÍÁÇÎ�-ÞÅÎÏÓÔÉM Ò�ÄËÏ ÒÏÚÒÁÈÏ×ÕÀÔØÓÑ ÚÇ�ÄÎÏ §È ÏÚÎÁÞÅÎÎÑ ÑË ÓÅÒÅÄÎ� ×�ÄÍ�ËÒÏÓËÏ��ÞÎÉÈ ×ÉÒÁÚ�× (14), (15). ú×ÉÞÁÊÎÏ ×ÉÒÁÚÉ ÄÌÑ �ÉÈ ×ÅÌÉÞÉÎËÏÎÓÔÒÕÀÀÔØÓÑ × ÒÁÍËÁÈ �Å×ÎÉÈ ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎÉÈ ÍÏÄÅÌÅÊ. úÒÅÛ-ÔÏÀ, ÏÄÎÕ �ÁÒÕ Ó��××�ÄÎÏÛÅÎØ, ÝÏ �Ï×'ÑÚÕÀÔØ ÍÁËÓ×ÅÌÏ×� �ÏÌÑ E,B, ÚÏ×Î�ÛÎ� �ÏÌÑ Ee, Be ÔÁ ×ÅËÔÏÒÉ P � M ÍÏÖÎÁ ÏÄÅÒÖÁÔÉ Ú Ò�×-ÎÑÎØ íÁËÓ×ÅÌÁ (18){(20) ÎÅÚÁÌÅÖÎÏ ×�Ä �ÏÓÔÕÌØÏ×ÁÎÉÈ ÍÁÔÅÒ�ÑÌØÎÉÈÓ��××�ÄÎÏÛÅÎØ.õ×ÏÄÑÞÉ Ú×ÉÞÁÊÎÉÍ ÞÉÎÏÍ ÓËÁÌÑÒÎÉÊ ÔÁ ×ÅËÔÏÒÎÉÊ �ÏÔÅÎ��ÑÌÉ �ÒÏÚ×'ÑÚÕÀÞÉ ÏÔÒÉÍÁÎ� Ò�×ÎÑÎÎÑ × ÎÅÒÅÌÑÔÉ×�ÓÔÉÞÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�,ÄÌÑ ÅÌÅËÔÒÏÎÅ×ÔÒÁÌØÎÏÇÏ (q = 0) Ä�ÅÌÅËÔÒÉÞÎÏÇÏ ËÏÍ�ÌÅËÓÕ ÏÔÒÉ-ÍÕ¤ÍÏ [1℄ E = Ee + ��x ZV d3x0 divP(t;x0)jx� x0j ; (34)B = Be + ��x � ZV d3x0 rotM(t;x0)jx� x0j ; (35)ÄÅ �ÎÔÅÒÁÌÉ ÂÅÒÕÔØÓÑ ÚÁ ÏÂ'¤ÍÏÍ V ÎÁÛÏÇÏ ËÏÍ�ÌÅËÓÕ. ÷ÉÒÁÚ jx�x0jÕ ÚÎÁÍÅÎÎÉËÁÈ �ÉÈ ÆÏÒÍÕÌ �ÏÈÏÄÉÔØ ×�Ä ÎÅÒÅÌÑÔÉ×�ÓÔÉÞÎÏÇÏ ÎÁÂÌÉ-ÖÅÎÎÑ ÆÕÎË��§ ½Ò�ÎÁ ×�Ä�Ï×�ÄÎÏÇÏ È×ÉÌØÏ×ÏÇÏ Ò�×ÎÑÎÎÑ ÄÌÑ �ÏÔÅÎ-��ÑÌ�×.í�ÎÑÀÞÉ ÔÅ�ÅÒ Õ ÆÏÒÍÕÌ� (34) �ÏÒÑÄÏË ÄÉÆÅÒÅÎ��À×ÁÎÎÑ ÔÁ �Î-ÔÅÒÕ×ÁÎÎÑ ÔÁ �ÎÔÅÒÕÀÞÉ ÞÁÓÔÉÎÁÍÉ, ÍÏÖÎÁ ÏÔÒÉÍÁÔÉEi = Eie + ZV d3x0Pk(t;x0) �2�xi�xk 1jx� x0j : (36)ñËÝÏ ÏÂ'¤Í V ËÏÍ�ÌÅËÓÕ ÄÏÓÔÁÔÎØÏ ÍÁÌÉÊ, ÔÏ, ÚÁÓÔÏÓÏ×ÕÀÞÉ ÔÅÏÒÅ-ÍÕ �ÒÏ ÓÅÒÅÄÎ¤, ÏÔÒÉÍÕ¤ÍÏEi(t;x) = Eie(t;x) � 4�Pk(t;x)�ik ; (37)
ICMP{01{31U 8ÄÅ �ik = � 14� ZV d3x0 �2�xi�xk 1jx� x0j : (38)áÎÁÌÏÇ�ÞÎÏ Ú Ò�×ÎÑÎÎÑ (35) ÍÏÖÎÁ ÏÄÅÒÖÁÔÉBi(t;x) = Bie(t;x) + 4�Mk(t;x) �Æik � �ik� ; (39)ÄÅ Æik �ÏÚÎÁÞÁ¤ ÓÉÍ×ÏÌ ëÒÏÎÅËÅÒÁ.�ÅÎÚÏÒ �ik (Õ ÅÌÅËÔÒÉÞÎÏÍÕ ËÏÎÔÅËÓÔ� ×�Î ÎÁÚÉ×Á¤ÔØÓÑ ÔÅÎÚÏÒÏÍÄÅ�ÏÌÑÒÉÚÁ��§, Á Õ ÍÁÇÎÅÔÎÏÍÕ| ÔÅÎÚÏÒÏÍ ÒÏÚÍÁÇÎ�ÞÅÎÎÑ, ÄÉ×. [12℄),ÑË ×ÉÄÎÏ Ú ÊÏÇÏ ÏÚÎÁÞÅÎÎÑ (38), ¤ ÓÉÍÅÔÒÉÞÎÉÍ,�ik = �ki; (40)Á ÊÏÇÏ ÓÌ�Ä Tr k�ikk � �ii = 1: (41)ïÓÔÁÎÎÑ ×ÌÁÓÔÉ×�ÓÔØ ×É�ÌÉ×Á¤ Ú ÆÏÒÍÕÌÉ �jxj�1 = �4�Æ(x).õ ×É�ÁÄËÕ Ô�ÌÁ ËÕÌÑÓÔÏ§ ÆÏÒÍÉ Ó��××�ÄÎÏÛÅÎØ (40), (41) ÄÏÓÔÁÔ-ÎØÏ, ÝÏÂ ÏÔÒÉÍÁÔÉ �ik = 13Æki: (42)�ÏÄ� ÆÏÒÍÕÌÉ (37), (39) ÎÁÂÉÒÁÀÔØ ×ÉÇÌÑÄÕ [12,1℄E = Ee � 4�3 P; B = Be + 8�3 M: (43)èÏÞÁ ËÏÍ�ÏÎÅÎÔÉ ÔÅÎÚÏÒÁ (38) �ÏÒÁÈÏ×ÁÎÏ (× ÅÌ��ÔÉÞÎÉÈ ÆÕÎË��ÑÈ)ÄÌÑ ÅÌ��ÓÏ§ÄÁ Ú ÄÏ×�ÌØÎÉÍÉ ÏÓÑÍÉ, �ÒÏÓÔÉÈ Ò�×ÎÏÓÔÅÊ (43) ÄÏÓÔÁÔÎØÏÄÌÑ Â�ÌØÛÏÓÔ� ÚÁÓÔÏÓÕ×ÁÎØ.ýÏÂ ËÏÎËÒÅÔÉÚÕ×ÁÔÉ ×ÉÇÌÑÄ ÆÕÎË��Ê P � M, ÓÌ�Ä ÄÏÌÕÞÉÔÉ ÄÏÆÏÒÍÕÌ (37), (39) ÝÅ �ÁÒÕ (×ÅËÔÏÒÎÉÈ) Ò�×ÎÑÎØ. ÷ÏÎÉ Ú×ÉÞÁÊÎÏ ÆÏÒ-ÍÕÌÀÀÔØÓÑ Õ ÔÅÒÍ�ÎÁÈ Ô.Ú×. ÍÁÔÅÒ�ÑÌØÎÉÈ Ó��××�ÄÎÏÛÅÎØ, ÝÏ �Ï×'Ñ-ÚÕÀÔØ ×ÅËÔÏÒÉ E � D ÔÁ B � H. îÁÊ�ÒÏÓÔ�ÛÁ ÆÏÒÍÁ ÔÁËÉÈ Ó��××�ÄÎÏ-ÛÅÎØ ×ÉÎÉËÁ¤ �ÒÏÓÔÏ Ú �ÒÉ�ÕÝÅÎÎÑ �ÒÏ §È �ÒÏ�ÏÒ��ÊÎ�ÓÔØ:D = �E; B = �H: (44)ëÏÅÆ���¤ÎÔÉ � � � Ú ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ Í�ÒËÕ×ÁÎØ ÏÂÍÅÖÅÎ� ÎÅÒ�×ÎÏÓ-ÔÑÍÉ [12℄ � > 1; � > 0: (45)�Å�ÅÒ ÄÌÑ ËÕÌÑÓÔÏÇÏ ËÏÍ�ÌÅËÓÕ ÆÏÒÍÕÌÉ (43) � (44) ÄÏÚ×ÏÌÑÀÔØÚÎÁÊÔÉ ×ÅËÔÏÒÉ P � M:P = 3(�� 1)4�(�+ 2)Ee = 3�3 + 4��Ee; (46)



9 ðÒÅ�ÒÉÎÔM = 3(�� 1)4�(�+ 2)Be = 3�3 + 4��Ee: (47)ðÁÒÁÌÅÌØÎÏ ÔÕÔ �ÏÄÁÎÏ ×ÉÇÌÑÄ �ÉÈ Ó��××�ÄÎÏÛÅÎØ Õ ÔÅÒÍ�ÎÁÈ ÅÌÅË-ÔÒÉÞÎÏ§ ÔÁ ÍÁÇÎÅÔÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔÅÊ� = �� 14� ; � = �� 14� ; (48)ÑË� ÞÁÓÔÏ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ.ð�ÄÓÔÁ×ÌÑÀÞÉ ÆÏÒÍÕÌÉ (46) � (47) Õ ×ÉÒÁÚ (33) ÄÌÑ �ÏÎÄÅÒÏÍÏ-ÔÏÒÎÏ§ ÓÉÌÉ, ÏÄÅÒÖÉÍÏFem = 3V4� � �� 12(�+ 2) �E2e�y + �� 12(�+ 2) �B2e�y + �� 1(�+ 2) ddtEe �Be� :(49)ïÓË�ÌØËÉ ×ÉÒÁÚ ÄÌÑ ÓÉÌÉ (49) ÍÁ¤ ÎÉÚËÕ �ÒÁËÔÉÞÎÉÈ ÚÁÓÔÏÓÕ×ÁÎØ,×ÁÒÔÏ �ÅÒÅ�ÉÓÁÔÉ ÊÏÇÏ � × í�ÖÎÁÒÏÄÎ�Ê ÓÉÓÔÅÍ� ÏÄÉÎÉ�Ø. ÷ÒÁÈÏ×ÕÀ-ÞÉ �ÒÁ×ÉÌÁ ��ÄÓÔÁÎÏ×ËÉ Õ �ÅÒÅÈÏÄ� ×�Ä Á×ÓÏ×Ï§ ÓÉÓÔÅÍÉ ÄÏ ó¶ [13℄,E 7! p4��0E; 4�� 7! �;B 7!r4��0B; 4�� 7! �;  7! 1p�0�0 (50)ÍÁÔÉÍÅÍFem = V � 3��02(3 + �) �E2e�y + 3�2�0(3 + �) �B2e�y + 3��03 + � ddtEe �Be� :(51)÷ÁÒÔÏ ×�ÄÎÏÔÕ×ÁÔÉ, ÝÏ ÂÅÚÒÏÚÍ�ÒÎ� Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �, � ÍÁÀÔØ Ò�ÚÎ�ÞÉÓÌÏ×� ÚÎÁÞÅÎÎÑ Õ Ä×ÏÈ ÚÇÁÄÁÎÉÈ ÓÉÓÔÅÍÁÈ ÏÄÉÎÉ�Ø.3. ò�×ÎÑÎÎÑ ÒÕÈÕ � �ÉÔÁÎÎÑ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏ§ ÓÅ�Á-ÒÁ��§ò�×ÎÑÎÎÑ ÒÕÈÕ ËÏÍ�ÌÅËÓÕ ÍÁÓÏÀ m ��Ä Ä�¤À �ÏÎÄÅÒÏÍÏÔÏÒÎÏ§ ÓÉÌÉ(49) � ÏÄÎÏÒ�ÄÎÏ§ ÓÉÌÉ ÔÑÖ�ÎÎÑ mg ÍÁÀÔØ ×ÉÇÌÑÄd2xdt2 = 34�� � �� 12(�+ 2) �E2e�x + �� 12(�+ 2) �B2e�x + �� 1(�+ 2) ddtEe �Be�+ g(52)
ICMP{01{31U 10(ÔÕÔ � ÄÁÌ� ×ÅËÔÏÒ �ÅÎÔÒÁ ÍÁÓ ËÏÍ�ÌÅËÓÁ �ÏÚÎÁÞÁÔÉÍÅÍ ÞÅÒÅÚ x);� = m=V | ÇÕÓÔÉÎÁ.ðÅÒÛ ÚÁ ×ÓÅ ×�ÄÎÏÔÕ¤ÍÏ, ÝÏ Õ ×É�ÁÄËÕ ×�ÄÓÕÔÎÏÓÔÉ ÏÄÎÏÇÏ Ú �ÏÌ�×Ee ÞÉ Be �� Ò�×ÎÑÎÎÑ ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ Ú ÆÕÎË��§ ìÁÒÁÎÖÁ �Ú �ÏÔÅÎ-��ÑÌÏÍ, ÚÁÌÅÖÎÉÍ ×�Ä ËÏÏÒÄÉÎÁÔ � ÞÁÓÕ. îÁ�ÒÉËÌÁÄ, ÑËÝÏ Ee = 0(ÁÂÏ � = 0), ÍÁ¤ÍÏ ÌÁÒÁÎÖ�ÑÎL = 12m _x2 + V (�� 1)8�(�+ 2)B2e (t;x) +mg � x: (53)ú×�ÄÓÉ ×ÉÄÎÏ, ÝÏ �ÏÔÅÎ��ÑÌ, ÚÕÍÏ×ÌÅÎÉÊ ÍÁÇÎÅÔÎÉÍ �ÏÌÅÍ, ¤ �ÒÉÔÑ-ÇÁÌØÎÉÍ ÁÂÏ ×�ÄÛÔÏ×ÈÕ×ÁÌØÎÉÍ ÚÁÌÅÖÎÏ Ô�ÌØËÉ ×�Ä ÚÎÁËÕ �� 1 (ÁÂÏ�).îÅ×�ÄÏÍÏ, ÞÉ �ÓÎÕ¤ ÆÕÎË��Ñ ìÁÒÁÎÖÁ ÄÌÑ �Ï×ÎÉÈ Ò�×ÎÑÎØ ÒÕÈÕ(52). ú �ÎÛÏÇÏ ÂÏËÕ, �� Ò�×ÎÑÎÎÑ, ÑË � ËÏÖÎÕ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ �ÁÒÎÏ-ÇÏ �ÏÒÑÄËÕ, ÍÏÖÎÁ �ÏÄÁÔÉ Õ ×ÉÇÌÑÄ� Ò�×ÎÑÎØ çÁÍ�ÌØÔÏÎÁ Ú ÄÅÑËÉÍÉËÁÎÏÎ�ÞÎÉÍÉ ÚÍ�ÎÎÉÍÉ q, p [14℄. ðÒÉ �ØÏÍÕ, ÏÄÎÁË, ËÁÎÏÎ�ÞÎÁ ËÏÏÒ-ÄÉÎÁÔÁ q ÍÏÖÅ ÎÅ ÚÂ�ÇÁÔÉÓÑ Ú x.¶ÓÎÕ×ÁÎÎÑ ÆÕÎË��§ ìÁÒÁÎÖÁ ÄÏÚ×ÏÌÑ¤ ÚÁÓÔÏÓÏ×Õ×ÁÔÉ ÄÏ ÁÎÁÌ�-ÚÕ Ò�×ÎÑÎØ ÒÕÈÕ ÛÉÒÏËÏ Ï�ÒÁ�ØÏ×ÁÎ� ÍÅÔÏÄÉ ÌÁÒÁÎÖÅ×Ï§ ÔÁ ÇÁÍ�-ÌØÔÏÎÏ×Ï§ ÍÅÈÁÎ�ËÉ: ÓÉÍÅÔÒ�ÊÎÉÊ ÁÎÁÌ�Ú, �ÏÂÕÄÏ×Á �ÎÔÅÒÁÌ�× ÒÕÈÕ,Ú×ÅÄÅÎÎÑ ÄÏ Ë×ÁÄÒÁÔÕÒ, ÁÓÉÍ�ÔÏÔÉÞÎ� ÒÏÚ×ÉÎÅÎÎÑ � ÔÅÏÒ�Ñ ÚÂÕÒÅÎØ[15,16℄. �ÁË, ÑËÝÏ �ÏÌÅ Be ÎÅ ÚÁÌÅÖÉÔØ ×�Ä ÞÁÓÕ, ÔÏ ÎÅÇÁÊÎÏ ÏÔÒÉÍÕ-¤ÍÏ �ÎÔÅÒÁÌ ÅÎÅÒÇ�§E = 12m _x2 � V (�� 1)8�(�+ 2)B2e (x) �mg � x: (54)õ ×É�ÁÄËÕ �ÌÏÓËÏÇÏ ÒÕÈÕ �ÓÎÕ×ÁÎÎÑ ÝÅ ÏÄÎÏÇÏ �ÎÔÅÒÁÌÁ ÄÏÚ×ÏÌÑ¤ÅÆÅËÔÉ×ÎÏ Ú×ÅÓÔÉ ÚÁÄÁÞÕ ÄÏ Ë×ÁÄÒÁÔÕÒ.ú �ÌÀÓÔÒÁÔÉ×ÎÏÀ ÍÅÔÏÀ ÒÏÚÇÌÑÎØÍÏ ÔÕÔ ÒÕÈ Õ ÔÁËÏÍÕ �ÏÌ�:Be = B0e�kx(os ky; sin ky; 0): (55)ãÅÊ ×ÉÒÁÚ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ × ÔÅÏÒ�§ ÍÁÇÎÅÔÎÏ§ ÓÅ�ÁÒÁ��§, ÍÏÄÅÌÀÀ-ÞÉ �ÏÌÅ Ì�Î�ÊÎÏ§ �ÏÓÌ�ÄÏ×ÎÏÓÔÉ �ÏÓÔ�ÊÎÉÈ ÍÁÇÎÅÔ�× �ÅÒ�ÏÄÉÞÎÏ ÚÍ�Î-ÎÏ§ �ÏÌÑÒÎÏÓÔÉ Ú ËÒÏËÏÍ l [3℄. �ÕÔ B0 | ×ÅÌÉÞÉÎÁ �ÏÌÑ ÎÁ �Ï×ÅÒÈÎ�ÍÁÇÎÅÔÎÏ§ ÓÉÓÔÅÍÉ, k = �=l | ËÏÅÆ���¤ÎÔ ÎÅÏÄÎÏÒ�ÄÎÏÓÔÉ �ÏÌÑ. ðÏÌÅ(55) ÚÁÄÏ×ÏÌØÎÑ¤ ÏÄÎÏÒ�ÄÎ� Ò�×ÎÑÎÎÑ divBe = 0, rotBe = 0.ñË ×ÉÄÎÏ Ú ÌÁÒÁÎÖ�ÑÎÁ (53), ÆÁËÔÉÞÎÏ ÒÕÈ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÆÕÎË-��¤À B2e = B20e�2kx: (56)



11 ðÒÅ�ÒÉÎÔð�ÄÓÔÁ×É×ÛÉ §§ × (53) � �ÏËÌÁ×ÛÉ g = (0;�g; 0), ÄÅ g | ×ÅÌÉÞÉÎÁ�ÒÉÓËÏÒÅÎÎÑ ×�ÌØÎÏÇÏ �ÁÄÁÎÎÑ, ÏÄÅÒÖÉÍÏL = 12m _x2 + mA2 e�2kx �mgy; (57)ÄÅ �ÏÚÎÁÞÅÎÏ á = 3(�� 1)B204��(�+ 2) : (58)ñË ÂÁÞÉÍÏ, ÚÍ�ÎÎ� × ÌÁÒÁÎÖ�ÑÎ� ÒÏÚÄ�ÌÉÌÉÓØ, ÔÁË ÝÏ ÒÕÈÉ �Ï ÏÓÑÈx � y ÂÕÄÕÔØ ��ÌËÏÍ ÎÅÚÁÌÅÖÎ� (� ËÏÖÅÎ Ú� Ó×Ï§Í �ÎÔÅÒÁÌÏÍ ÅÎÅÒÇ�§).ñ×ÎÏ Ò�×ÎÑÎÎÑ ÒÕÈÕ ¤ �x = �Ake�2kx; (59)�y = �g: (60)úÁÄÁÍÏ �ÏÞÁÔËÏ×� ÕÍÏ×É:x(0) = (x0; y0; 0); _x(0) = (0;�v0; 0): (61)�ÏÄ� Ò�×ÎÑÎÎÑ (60) �ÎÔÅÒÕ¤ÔØÓÑ ÂÅÚ�ÏÓÅÒÅÄÎØÏ;y(t) = y0 � v0t� 12gt2; (62)Á �ÎÔÅÒÁÌ ÅÎÅÒÇ�§ ÄÌÑ Ò�×ÎÑÎÎÑ (59) Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÏÞÁÔËÏ×ÉÈ ÕÍÏ×(61) ÄÁ¤ 12m _x2 � m2 Ae�2kx = onst = �m2 Ae�2kx0 ; (63)ÔÁË ÝÏ _x2 = A �e�2kx � e�2kx0� : (64)ñËÝÏ A > 0 (�ÁÒÁÍÁÇÎÅÔÎÁ ÞÁÓÔÉÎËÁ), ÔÏ ÒÕÈ ÍÏÖÌÉ×ÉÊ �ÒÉ x(t) <x0. ú (64) ÏÔÒÉÍÕ¤ÍÏ Ë×ÁÄÒÁÔÕÒÕt = 1pA Z x(t)x0 dxpe�2kx � e�2kx0 : (65)¶ÎÔÅÒÁÌ ÒÏÚÒÁÈÏ×Õ¤ÔØÓÑ ÅÌÅÍÅÎÔÁÒÎÏ, ÄÁÀÞÉ ÒÏÚ×'ÑÚÏËx(t) = x0 + 1k ln j os btj; b = kpAe�kx0 : (66)æÏÒÍÕÌÉ (66), (62) ÚÁÄÁÀÔØ �ÁÒÁÍÅÔÒÉÞÎÅ Ò�×ÎÑÎÎÑ ÔÒÁ¤ËÔÏÒ�§.ëÏÌÉt ! �=2b, ÔÏ x(t) ! �1 | ÚÁ ÓË�ÎÞÅÎÎÉÊ ÞÁÓ ÔÒÁ¤ËÔÏÒ�Ñ ×ÉÈÏÄÉÔØÎÁ ÎÅÓË�ÎÞÅÎÎ�ÓÔØ. úÒÅÛÔÏÀ, × ËÏÎÔÅËÓÔ� ÄÁÎÏ§ ÚÁÄÁÞ� ÒÏÚ×'ÑÚËÉ Ú
ICMP{01{31U 12x(t) < 0 ÎÅ ÍÁÀÔØ Æ�ÚÉÞÎÏÇÏ ÓÅÎÓÕ, ÔÁË ÝÏ ÞÁÓÏ×ÉÊ �ÎÔÅÒ×ÁÌ ÔÕÔÓÌ�Ä ÏÂÍÅÖÉÔÉ ÎÅÒ�×Î�ÓÔÀt < 1b aros e�kx0 : (67)ñËÝÏ A < 0 (Ä�ÁÍÁÇÎÅÔÎÁ ÞÁÓÔÉÎËÁ), ÔÏ x(t) > x0, Á ÒÏÚ×'ÚÏË ÍÁ¤×ÉÇÌÑÄ x(t) = x0 + 1k ln h bt; b = kpjAje�kx0 : (68)�ÕÔ x(t)!1 �ÒÉ t!1.ú×ÉÞÁÊÎÏ Õ ÄÏÓÌ�ÄÖÅÎÎÑÈ �ÉÔÁÎØ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏ§ ÓÅ�ÁÒÁ��§ ÏÂ-ÍÅÖÕÀÔØÓÑ Ä×ÏÍÁ �ÅÒÛÉÍÉ ÄÏÄÁÎËÁÍÉ Õ �ÒÁ×�Ê ÞÁÓÔÉÎ� Ò�×ÎÑÎØ ÒÕ-ÈÕ (52). �ÏÖ ÒÏÚÇÌÑÎØÍÏ ÔÕÔ ×�ÌÉ× ÔÒÅÔØÏÇÏ ÄÏÄÁÎËÁ Õ ÎÁÊ�ÒÏÓÔ�Û�ÊÓÉÔÕÁ��§, ËÏÌÉ ËÒ�Í ÎÅÏÄÎÏÒ�ÄÎÏÇÏ ÍÁÇÎÅÔÎÏÇÏ �ÏÌÑ (55) ÎÁ ÓÉÓÔÅÍÕÄ�¤ �ÏÓÔ�ÊÎÅ ÅÌÅËÔÒÉÞÎÅ �ÏÌÅ Ee.ñËÝÏ ×ÅËÔÏÒ Ee ÌÅÖÁÔÉÍÅ Õ Ô�Ê ÖÅ �ÌÏÝÉÎ�, ÝÏ Ê ×ÅËÔÏÒÉ ÷e(x),Ee = E(sin�; os�; 0); (69)ÔÏ ÚÇÁÄÁÎÉÊ ÄÏÄÁÎÏË �ÒÏÄÕ×Õ×ÁÔÉÍÅ ÓÉÌÕ, ÏÒÔÏÏÎÁÌØÎÕ ÄÏ ��¤§ �ÌÏ-ÝÉÎÉ. �ÒÁ¤ËÔÏÒ�Ñ ÞÁÓÔÉÎËÉ ×ÖÅ ÎÅ ÂÕÄÅ �ÌÏÓËÏÀ. òÕÈ Õ �ÌÏÝÉÎ�(x; y) ÄÁÌ� ×ÉÚÎÁÞÁÔÉÍÅÔØÓÑ Ò�×ÎÑÎÎÑÍÉ (59), (60), ÔÁ ÄÏÌÕÞÉÔØÓÑ Ò�×-ÎÑÎÎÑ �z = hEB0�sin� ddte�kx sin ky � os� ddte�kx os ky� ; (70)ÄÅ �ÏÚÎÁÞÅÎÏ h = 3(�� 1)4��(�+ 2) > 0: (71)ò�×ÎÑÎÎÑ (70) ÍÁ¤ ÏÞÅ×ÉÄÎÉÊ �ÅÒÛÉÊ �ÎÔÅÒÁÌ_z + hEB0e�kx os (ky + �) = onst = hEB0e�kx0 os (ky0 + �);(72)Ú×�ÄËÉ �ÎÔÅÒÕ×ÁÎÎÑÍ ÏÄÅÒÖÕ¤ÍÏz(t) = hEB0�te�kx0 os (ky0 + �)� Z t0 d�e�kx(�) os (ky(�) + �)� :(73)



13 ðÒÅ�ÒÉÎÔ÷ÒÁÈÏ×ÕÀÞÉ ÔÕÔ ÚÎÁÊÄÅÎ� ×ÉÝÅ ÒÏÚ×'ÑÚËÉ (66), (62) Ò�×ÎÑÎØ (59), (60),ÍÁ¤ÍÏ z(t) = hEB0e�kx0 ft os (ky0 + �)� Z t0 d� os (ky0 + �� kv0� � kg�2=2)os b� � (74)(ÄÌÑ ×ÉÚÎÁÞÅÎÏÓÔÉ ÍÉ ÏÂÍÅÖÉÌÉÓØ ×É�ÁÄËÏÍ A > 0). ú Æ�ÚÉÞÎÉÈÍ�ÒËÕ×ÁÎØ ÞÁÓÏ×ÉÊ �ÎÔÅÒ×ÁÌ �Ï×ÉÎÅÎ ÚÁÄÏ×ÏÌØÎÑÔÉ ÎÅÒ�×Î�ÓÔØ (67).ñË ÂÁÞÉÍÏ, ×ÉÎÉËÁ¤ ��ËÁ×Á ÍÏÖÌÉ×�ÓÔØ ÚÁÓÔÏÓÏ×Õ×ÁÔÉ ÓÅ�ÁÒÁ��ÀÕ ÎÁ�ÒÑÍËÕ, ÏÒÔÏÏÎÁÌØÎÏÍÕ ÄÏ �ÒÉËÌÁÄÅÎÏÇÏ �ÏÌÑ.ñËÝÏ ÚÏ×Î�ÛÎ¤ �ÏÌÅ Ee ÏÒÔÏÏÎÁÌØÎÅ ÄÏ �ÌÏÝÉÎÉ (x,y),Ee = (0; 0; E); (75)ÔÏ ÒÕÈ ÞÁÓÔÉÎËÉ ÌÉÛÁÔÉÍÅÔØÓÑ �ÌÏÓËÉÍ, ÏÄÎÁË Ò�×ÎÑÎÎÑ ÒÕÈÕ ÚÎÁÞ-ÎÏ ÕÓËÌÁÄÎÑÔØÓÑ:�x = �Ake�2kx � hEB0 ddte�kx sin ky; (76)�y = �g + hEB0 ddte�kx os ky: (77)ò�×ÎÑÎÎÑ (77) ÍÏÖÎÁ ÏÄÉÎ ÒÁÚ �ÒÏ�ÎÔÅÒÕ×ÁÔÉ, �ÏÎÉÖÕÀÞÉ ÊÏÇÏ �Ï-ÒÑÄÏË: _y = �gt� v0 + hEB0 �e�kx os ky � e�kx0 os ky0� ; (78)ÁÌÅ �ØÏÇÏ ÝÅ ÎÅÄÏÓÔÁÔÎØÏ ÄÌÑ Ú×ÅÄÅÎÎÑ ÚÁÄÁÞ� ÄÏ Ë×ÁÄÒÁÔÕÒ. òÏÚ-ËÒÉ×ÁÀÞÉ �ÏÈ�ÄÎÕ ÚÁ ÞÁÓÏÍ Õ �ÒÁ×�Ê ÓÔÏÒÏÎ� (76), ÍÁ¤ÍÏ�x = �Ake�2kx + hEB0ke�kx ( _x sin ky � _y os ky) : (79)ð�ÄÓÕÍËÉõ �ÒÁ�� �ÏÄÁÎÏ ×É×ÅÄÅÎÎÑ Ò�×ÎÑÎØ ÒÕÈÕ ÓËÌÁÄÅÎÏ§ ÞÁÓÔÉÎËÉ Õ ÚÏ×-Î�ÛÎØÏÍÕ ÅÌÅËÔÒÏÍÁÇÎÅÔÎÏÍÕ �ÏÌ� (Ò�×ÎÑÎÎÑ (52)). ëÒ�Í Ú×ÉÞÁÊÎÉÈÞÌÅÎ�× Ú ÒÁÄ�¤ÎÔÁÍÉ ÚÏ×Î�ÛÎ�È �ÏÌ�× ×ÏÎÏ Í�ÓÔÉÔØ ÄÏÄÁÎÏË Ú �ÏÈ�Ä-ÎÏÀ ÚÁ ÞÁÓÏÍ ×�Ä ×ÅËÔÏÒÎÏÇÏ ÄÏÂÕÔËÕ ÓÁÍÉÈ �ÏÌ�×.äÅÑËÕ �ÎÆÏÒÍÁ��À�ÒÏ �ÓÔÏÒ�À ÊÏÇÏ ×É×ÅÄÅÎÎÑ � ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÕ ×ÅÒÉÆ�ËÁ��À ÍÏÖÎÁÚÎÁÊÔÉ × ÏÇÌÑÄ� [2℄.ò�×ÎÑÎÎÑ (52) ÞÕÔÌÉ×� ÄÏ ÆÏÒÍÉ ÍÁÔÅÒ�ÑÌØÎÉÈ Ó��××�ÄÎÏÛÅÎØ.ñË-ÂÉ, ÎÁ�ÒÉËÌÁÄ, ÚÁÍ�ÓÔØ ÄÒÕÇÏ§ ÆÏÒÍÕÌÉ × (44) ×ÚÑÔÉB = B0 + �H (80)
ICMP{01{31U 14Ú ÄÅÑËÉÍ �ÏÓÔ�ÊÎÉÍ B0, ÔÏ ÚÁÍ�ÓÔØ (47) ÍÉ Â ÍÁÌÉM = 3[B0 + (�� 1)Be℄4�(�+ 2) ; (81)� × Ò�×ÎÑÎÎ� (52) Ú'Ñ×ÉÔØÓÑ ÄÏÄÁÔËÏ×ÉÊ ÞÌÅÎ34��(�+ 2) �B0 �Be�x : (82)õ �ÒÁËÔÉÞÎÉÈ ÚÁÓÔÏÓÕ×ÁÎÎÑÈ ×ÁÖÌÉ×Õ ÒÏÌØ ×�Ä�ÇÒÁ¤ ÓÉÌÁ Ï�Ï-ÒÕ ÓÅÒÅÄÏ×ÉÝÁ, ÑËÁ ×ÉÍÁÇÁ¤ ÞÉÓÔÏ ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎÏÇÏ ÔÒÁËÔÕ×ÁÎÎÑ,�ÒÉ×'ÑÚÁÎÏÇÏ ÄÏ ËÏÎËÒÅÔÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÞÉ ÔÅÈÎ�ÞÎÉÈ ÕÍÏ×[5℄. ãÅ �ÉÔÁÎÎÑ ÒÏÚÇÌÑÄÁÔÉÍÅÔØÓÑ × ËÏÎÔÅËÓÔ� ÍÁÇÎÅÔÎÏ§ ÓÅ�ÁÒÁ��§�ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓ ÏÂ'¤ËÔÕ "õËÒÉÔÔÑ" × ÏËÒÅÍ�Ê �ÒÁ��.ðÏÓÉÌÁÎÎÑ1. ó. ò. ÄÅ çÒÏÏÔ, ì. ç. óÁÔÔÏÒ�. üÌÅËÔÒÏÄÉÎÁÍÉËÁ. | íÏÓË×Á, îÁ-ÕËÁ, 1982.2. L.G. Suttorp. Statistial foundation of eletrodynami theory. In:Physis in the Making, ed. by A. Sarlemjin, M.J. Sparnaay. Amster-dam, North-Holland, 1989, pp. 167{194.3. ÷.é. ëÁÒÍÁÚÉÎ, ÷.÷. ëÁÒÍÁÚÉÎ.íÁÇÎÉÔÎÙÅ ÍÅÔÏÄÙ ÏÂÏÇÁÝÅÎÉÑ.| íÏÓË×Á, îÅÄÒÁ, 1984.4. î.æ.íÑÓÎÉËÏ×, ç.á. âÅÈÔÌÅ, á.æ. ëÁÌØ×ÁÓÉÎÓËÉÊ.ðÏÌÉÇÒÁÄÉÅÎ-ÔÎÙÅ ÍÁÇÎÉÔÎÙÅ ÓÅ�ÁÒÁÔÏÒÙ. | íÏÓË×Á, îÅÄÒÁ, 1973.5. á.é. áÎÇÅÌÏ×, é.ð. ÷ÅÒÅÝÁÇÉÎ, ÷.ó. åÒÛÏ× É ÄÒ. æÉÚÉÞÅÓËÉÅÏÓÎÏ×Ù ÜÌÅËÔÒÉÞÅÓËÏÊ ÓÅ�ÁÒÁ�ÉÉ. | íÏÓË×Á, îÅÄÒÁ, 1983.6. á.é.íÅÓÅÎÑÛÉÎ. üÌÅËÔÒÉÞÅÓËÁÑ ÓÅ�ÁÒÁ�ÉÑ × ÓÉÌØÎÙÈ �ÏÌÑÈ. |íÏÓË×Á, îÅÄÒÁ, 1978.7. ì.÷.öÉÄËÏ×.æÅÒÒÉÍÁÇÎÅÔÉÚÍ ÔÏ�ÌÉ×ÏÓÏÄÅÒÖÁÝÉÈÍÁÔÅÒÉÁÌÏ×ÏÂßÅËÔÁ "õËÒÙÔÉÅ\ // ðÒÏÂÌÅÍÉ þÏÒÎÏÂÉÌÑ. | ÷É�. 6. | þÏÒ-ÎÏÂÉÌØ, íî�ã "õËÒÉÔÔÑ" îáî õËÒÁ§ÎÉ, 2000, Ó. 6{12.8. â.÷. íÅÄ×ÅÄÅ×. îÁÞÁÌÁ ÔÅÏÒÅÔÉÞÅÓËÏÊ ÆÉÚÉËÉ. | íÏÓË×Á, îÁÕ-ËÁ, 1977.9. ÷.í. äÕÂÏ×ÉË, ì.á. �ÏÓÕÎÑÎ. �ÏÒÏÉÄÎÙÅ ÍÏÍÅÎÔÙ × ÆÉÚÉËÅÜÌÅËÔÒÏÍÁÇÎÉÔÎÙÈ É ÓÌÁÂÙÈ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÊ // æÉÚ. üþáñ1983, 14, ×Ù�. 5, . 1193{1228.10. ò. ð. çÁÊÄÁ. ë×ÁÚÉÒÅÌÑÔÉ×ÉÓÔÓËÉÅ ÓÉÓÔÅÍÙ ×ÚÁÉÍÏÄÅÊÓÔ×ÕÀÝÉÈÞÁÓÔÉ� // æÉÚ. üþáñ 1982, 13, ×Ù�. 2, . 427{493.



15 ðÒÅ�ÒÉÎÔ11. R. P. Gaida, Yu. B. Kluhkovsky, V. I. Tretyak. Three-dimensionalLagrangian approah to the lassial relativisti dynamis of diret-ly interating partiles. | Constraint's Theory and Relativisti Dy-namis. Eds. G. Longhi, L. Lusanna. | Singapore, World Sienti�Publ., 1987, pp. 210{241.12. ì.ä. ìÁÎÄÁÕ, å.í. ìÉÆÛÉ�. üÌÅËÔÒÏÄÉÎÁÍÉËÁ Ó�ÌÏÛÎÙÈ ÓÒÅÄ.| íÏÓË×Á, îÁÕËÁ, 1982.13. ä.÷. óÉ×ÕÈÉÎ. ïÂÝÉÊ ËÕÒÓ ÆÉÚÉËÉ. �ÏÍ III. üÌÅËÔÒÉÞÅÓÔ×Ï. |íÏÓË×Á, îÁÕËÁ, 1982.14. R. N. Hill. Canonial formulation of relativisti mehanis // J.Math. Phys., 1967, 8, No 9, pp. 1756{1773.15. ÷.é. áÒÎÏÌØÄ. íÁÔÅÍÁÔÉÞÅÓËÉÅ ÍÅÔÏÄÙ ËÌÁÓÓÉÞÅÓËÏÊ ÍÅÈÁÎÉËÉ.| íÏÓË×Á, îÁÕËÁ, 1974.16. ç. ¶ÒÏ. ëÌÁÓÉÞÎÁ ÍÅÈÁÎ�ËÁ. | ìØ×�×, ìîõ, 1999.
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