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	Â ñòàòüå ðàññìàòðèâàåòñÿ äèíàìèêà ÂÁË â ïåðåìåííûõ âíåøíèõ ìàãíèò-íûõ ïîëÿõ ñ ó÷åòîì ìàãíèòîñòàòè÷åñêîé íåâçàèìíîñòè ñïåêòðà ÄÃ. Âû÷èñëåíà äðåéôîâàÿ ñêîðîñòü ïîñòóïàòåëüíîãî äâèæåíèÿ ÂÁË, êîòîðàÿ îêàçûâàåòñÿ îòëè÷-íîé îò íóëÿ âî âòîðîì ïîðÿäêå ïî ñëàáîìó îñöèëëèðóþùåìó ïîëþ.





                   Ïîä äðåéôîì áëîõîâñêèõ ëèíèé ïîíèìàåòñÿ èõ ïîñòóïàòåëüíîå ïåðåìåùåíèå âäîëü äîìåííîé ãðàíèöû (ÄÃ) ïîä äåéñòâèåì îñöèëëèðóùå-ãî âíåøíåãî ìàãíèòíîãî ïîëÿ òîëüêî îäíîé îïðåäåëåííîé ïîëÿðèçàöèè. Òàêîé ýôôåêò âïåðâûå áûë ýêñïåðèìåíòàëüíî îáíàðóæåí è èññëåäîâàí â ïëàíàðíî íàìàãíè÷åííûõ ïëåíêàõ ÆÈÃ [1-4]. Ñëåäóåò îòìåòèòü, ÷òî, íàðÿ-äó ñ  äðåéôîì áëîõîâñêèõ ëèíèé â ÄÃ, â ìàãíåòèêàõ ðàçëè÷íûõ òèïîâ äàâ-íî íàáëþäàëñÿ òàêæå è äðåéô ñàìèõ ÄÃ. Íàëè÷èå äðåéôà ïðåäïîëàãàåò ñóùåñòâîâàíèå íåëèíåéíûõ ìåõàíèçìîâ, âåäóùèõ ê âîçíèêíîâåíèþ ÷åòíûõ ÷ëåíîâ â çàâèñèìîñòè ñêîðîñòåé ÄÃ èëè  áëîõîâñêèõ ëèíèé îò àìïëèòóäû âíåøíåãî ïîëÿ. 


              Äëÿ ÄÃ â îäíîîñíûõ ôåððîìàãíåòèêàõ ïîäîáíûé ìåõàíèçì èññëå-äîâàëñÿ, â ÷àñòíîñòè, â [5 ]. Äðåéô ÄÃ çäåñü ïðîïîðöèîíàëåí êâàäðàòè÷íîé êîìáèíàöèè ìàãíèòíûõ  ïîëåé îòëè÷àþùèõñÿ ïîëÿðèçàöèé.  Äëÿ áëîõîâ-ñêèõ ëèíèé â [6] áûë ïðåäëîæåí íåëèíåéíûé ìåõàíèçì äðåéôà, çíàê ñêîðî-ñòè êîòîðîãî çàâèñèò îò çíàêà òîïîëîãè÷åñêîãî çàðÿäà áëîõîâñêîé ëèíèè. Â [7] áûë ïðåäëîæåí äðóãîé ìåõàíèçì äðåéôà âåðòèêàëüíûõ áëîõîâñêèõ ëèíèé (ÂÁË) â ïåðïåíäèêóëÿðíî íàìàãíè÷åííûõ ïëåíêàõ (ÖÌÄ-ïëåíêàõ).  Åãî ðåàëèçàöèÿ, îäíàêî, òðåáóåò ïðîñòðàíñòâåííîé íåîäíîðîäíîñòè  ìàã-íèòíûõ ïàðàìåòðîâ ìàòåðèàëà ïëåíêè ïî îáå ñòîðîíû îò ïëîñêîñòè ÄÃ. Âñå ïåðå÷èñëåííûå ìåõàíèçìû, â òîì ÷èñëå è ìåõàíèçìû äðåéôà ÄÃ [5 ], èñõîäÿò èç  ñïåêòðà ìàëûõ êîëåáàíèé îäíîìåðíîé ÄÃ, â êîòîðîì îòñóòñò-âóåò äîñòàòî÷íî äàâíî èçâåñòíàÿ ìàãíèòîñòàòè÷åñêàÿ íåâçàèìíîñòü ëîêà-ëèçîâàííûõ íà ÄÃ ìàãíîíîâ  [8,9].





	1. Ôîðìóëèðîâêà çàäà÷è 


	Â îòëè÷èå îò óêàçàííûõ âûøå ðàáîò îäèí èç ðàçðàáàòûâàâøèõñÿ â [10]  ìåõàíèçìîâ äðåéôà ÂÁË â ïåðïåíäèêóëÿðíî íàìàãíè÷åííûõ ïëåíêàõ îñíîâûâàëñÿ íà íåâçàèìíîñòè ñïåêòðà ÄÃ. Íà ñóùåñòâîâàíèå ïîäîáíîãî ýôôåêòà óêàçûâàëîñü Â.Ì.×åòâåðèêîâûì (1986), à ñîîòâåòñòâóþùèå ñòàòè-÷åñêèå ýôôåêòû ÷èñëåííî ðàññìàòðèâàëèñü òàêæå ðÿäîì äðóãèõ àâòîðîâ (ñì. ëèòåðàòóðó ïî ýòîìó âîïðîñó â [10] ). Íåâçàèìíîñòü ñïåêòðà ìîäèôè-öèðóåò ïðîöåññû äèññèïàöèè â ÂÁË òàêèì îáðàçîì, ÷òî àñèììåòðèÿ ñêî-ðîñòè åå äâèæåíèÿ â ïðÿìîì è îáðàòíîì íàïðàâëåíèè âäîëü ÄÃ âîçíèêà-åò óæå â ïåðâîì íåëèíåéíîì (êâàäðàòè÷íîì) ïðèáëèæåíèè ïî âíåøíåìó ïîëþ. Ïðè èññëåäîâàíèè ïîñòóïàòåëüíîé äèíàìèêè ÂÁË â ÖÌÄ-ïëåíêàõ îáû÷íî èñïîëüçóþòñÿ îäíîïîëÿðíûå èìïóëüñû ìàãíèòíîãî ïîëÿ äîñòà-òî÷íîé ïðîäîëæèòåëüíîñòè. Ïðè ýòîì, â îòëè÷èå îò  [1-4], âîçìîæíûé ýô-ôåêò íåâçàèìíîñòè ïðîÿâëÿåòñÿ  íà ôîíå ïðåâîñõîäÿùåãî åãî ïî âåëè÷èíå îñíîâíîãî âêëàäà îò íå÷åòíûõ ïî ïîëþ âêëàäîâ.


	 Ïðåäëîæåííàÿ â [10] òåîðèÿ  îòíîñèëàñü ê ïîñòîÿííûì âíåøíèì ïîëÿì. Â íàñòîÿùåé ðàáîòå ñòàâèòñÿ çàäà÷à ïîëó÷èòü óðàâíåíèÿ äâèæåíèÿ ÂÁË â ïåðåìåííûõ ìàãíèòíûõ ïîëÿõ îäíîé îïðåäåëåííîé ïîëÿðèçàöèè, êîãäà ýôôåêò àñèììåòðèè ñêîðîñòè, îáóñëîâëåííûé, â äàííîé ñëó÷àå, íå-âçàèìíîñòüþ ñïåêòðà,  âûäåëÿåòñÿ â ÷èñòîì âèäå - â âèäå ïîñòóïàòåëüíîãî äðåéôà ÂÁË. Ðàññìîòðåíèå îãðàíè÷èâàåòñÿ ñëó÷àåì î÷åíü òîíêèõ ïåðïåí-äèêóëÿðíî íàìàãíè÷åííûõ ïëåíîê, êîãäà ñêðó÷åííîñòü ÄÃ ìàëà è åþ, êàê è åå âëèÿíèåì íà ÂÁË,  ìîæíî ïðåíåáðå÷ü.


	Ðàññìîòðèì îäíîîñíûé ôåððîìàãíåòèê, îñü ëåãêîé íàìàãíè÷åí-íîñòè (ÎËÍ) êîòîðîãî êîëëèíåàðíà îñè z, à âåëè÷èíà ôàêòîðà êà÷åñòâà âåëèêà Q=Ha/4(M >>1 ( Ha - ïîëå àíèçîòðîïèè è M - ìîäóëü âåêòîðà íàìàãíè÷åííîñòè), ñîäåðæàùèé íåâîçìóùåííóþ 1800 ÄÃ â ïëîñêîñòè x0z.  Îïèñàíèå ÄÃ áóäåì ïðîâîäèòü ñ ïîìîùüþ óðàâíåíèé Ñëîí÷åâñêîãî äëÿ ïåðåìåííûõ  y=q(x,t) è ((x,t) -  óðàâíåíèÿ ïîâåðõíîñòè ÄÃ è âåëè÷èíû àçèìóòàëüíîãî óãëà âåêòîðà íàìàãíè÷åííîñòè íà íåé, êîòîðûå çàâèñÿò îò êîîðäèíàòû x (îñü x ëåæèò â ïëîñêîñòè ÄÃ ïåðïåíäèêóëÿðíî ÎËÍ) è âðåìåíè t: 


�EMBED Equation.DSMT4���                             �ref ÂÍÅÄÐÈÒÜ Equation ���(1.1)�ref ÂÍÅÄÐÈÒÜ Equation ��� �EMBED Equation.DSMT4����EMBED Equation.DSMT4���     (1.2)	Óðàâíåíèÿ (1) ïðèâåäåíû â ñëåäóþùèõ áåçðàçìåðíûõ ïåðåìåííûõ:





x(x/(,     q (q/ (,   t(t(4((M), �EMBED Equation.DSMT4���(�EMBED Equation.DSMT4���/8M, �EMBED Equation.DSMT4���(�EMBED Equation.DSMT4���/4(M,                   (2)


 ïðè÷åì òî÷êè è øòðèõè ó ïåðåìåííûõ îáîçíà÷àþò, ñîîòâåòñòâåííî, ïðî-èçâîäíûå ïî t è x. Êîîðäèíàòà âäîëü ÄÃ - x  èçìåðÿåòñÿ â åäèíèöàõ øèðè-íû áëîõîâñêîé ëèíèè (=(/�EMBED Equation.DSMT4���, ãäå ( - øèðèíà ÄÃ; âðåìÿ t - â åäèíèöàõ 1/4((M  (( - ìàãíèòîìåõàíè÷åñêîå îòíîøåíèå); ïîëîæåíèå  ÄÃ q(x,t) èçìå-ðÿåòñÿ â åäèíèöàõ (. Ñëàáûå âíåøíèå ìàãíèòíûå ïîëÿ h(t) - â óêàçàííûõ â (2) åäèíèöàõ, ïðîïîðöèîíàëüíûõ íàìàãíè÷åííîñòè M. Â óðàâíåíèÿ âõîäÿò ìàëûå ïàðàìåòðû: (<1 - êîíñòàíòà çàòóõàíèÿ Ãèëüáåðòà è ( < 1- êîíñòàíòà æåñòêîñòè ÄÃ. Â óðàâíåíèÿ ââåäåí òîïîëîãè÷åñêèé çàðÿä ÄÃ �EMBED Equation.DSMT4���, ïðè-÷åì âåðõíèé çíàê îòâå÷àåò ÄÃ ñ íàïðàâëåíèÿìè íàìàãíè÷åííîñòè â äîìå-íàõ �EMBED Equation.DSMT4���, òîãäà êàê îòðèöàòåëüíûé çíàê - ïðîòèâîïîëîæ-íûì îðèåíòàöèÿì íàìàãíè÷åííîñòåé. 


	Âêëàä â óðàâíåíèÿ  (1) “íåâçàèìíîé” ìàãíèòîñòàòè÷åñêîé ýíåðãèè  ( �EMBED Equation.DSMT4��� ðàçëîæåí ïî ìàëîìó ïàðàìåòðó 1/�EMBED Equation.DSMT4���. Ïîä÷åðêíåì, ÷òî â ëèíåéíîì ïðèáëèæåíèè óðàâíåíèÿ (1) âåäóò ê íåâçàèìíîìó ñïåêòðó ïðèñòåíî÷íûõ ìàãíîíîâ, ñîâïàäàþùåìó ñ òî÷íûì  [9]. 


	 Îäíî èç îñíîâíûõ ïðåäïîëîæåíèé íàñòîÿùåé ðàáîòû ñîñòîèò â òîì, ÷òî íåâçàèìíûå ýôôåêòû ó÷èòûâàþòñÿ ïîâñþäó òîëüêî ñ òî÷íîñòüþ ïî 1/�EMBED Equation.DSMT4���. Äðóãèå îñíîâíûå ïðåäïîëîæåíèÿ ñîñòîÿò â âûïîëíåíèè ñëåäóþ-ùèõ íåðàâåíñòâ


		|�EMBED Equation.DSMT4���| < 1,       (<1,       (<(<1.					(3)


Íà ìàëîñòü àìïëèòóä âíåøíèõ ïîëåé è êîíñòàíòû çàòóõàíèÿ (ïåðâûå äâà íåðàâåíñòâà) óêàçûâàëîñü óæå ðàíåå. Ïîñëåäíåå íåðàâåíñòâî â (3) ïðåäïî-ëàãàåò, ÷òî ÷àñòîòû âíåøíèõ ïîëåé ( (èçìåðÿþòñÿ â åäèíèöàõ 4((M) ëåæàò íèæå ÷àñòîòû îäíîðîäíîãî ðåçîíàíñà ÄÃ �EMBED Equation.DSMT4���, òàê ÷òî ñâîáîäíûå ïðè-ñòåíî÷íûå ìàãíîíû íå âîçáóæäàþòñÿ.


	Óðàâíåíèÿì (1) îòâå÷àåò ëîêàëüíûé ïîëåâîé èìïóëüñ �EMBED Equation.DSMT4���q�EMBED Equation.DSMT4���, êîòî-ðûé â ñèëó (1), êàê ìîæíî ïðîâåðèòü, óäîâëåòâîðÿåò óðàâíåíèþ íåïðåðûâ-íîñòè, èìåþùåìó âèä


	�EMBED Equation.DSMT4���					�EMBED Equation.DSMT4���


�EMBED Equation.DSMT4���(4)


Ñîãëàñíî (4) èçìåíåíèå ëîêàëüíîãî èìïóëüñà âî âðåìåíè êîìïåíñèðóåòñÿ åãî çàòóõàíèåì çà ñ÷åò âÿçêèõ ïðîöåññîâ è äèâåðãåíöèåé îò ïîòîêà èìïó-ëüñà (ñîîòâåòñòâåííî, - âòîðîé è òðåòèé ÷ëåíû ñëåâà). Îòìåòèì, ÷òî â ñòà-öèîíàðíîì ñëó÷àå, ðàññìîòðåííîì â  [10], äëÿ öåëåé óïðîùåíèÿ ðàñ÷åòîâ èñïîëüçîâàëîñü óðàâíåíèå áàëàíñà ýíåðãèè. Îäíî èç ïðåèìóùåñòâ èñïîëü-çîâàíèÿ (4) ïî ñðàâíåíèþ ñ óðàâíåíèåì áàëàíñà ýíåðãèè ñîñòîèò â òîì, ÷òî â íåãî, äàæå â íåñòàöèîíàðíîì ñëó÷àå, íå âõîäÿò ïðîèçâîäíûå ïî âðåìåíè îò âíåøíèõ ïîëåé.





	2. Òåîðèÿ âîçìóùåíèé 


	Äëÿ ïîëó÷åíèÿ óðàâíåíèé äâèæåíèÿ ÂÁË áóäåì èñõîäèòü èç òåîðèè âîçìóùåíèé, ñôîðìóëèðîâàííîé â [11]. Îòëè÷èÿ ñîñòîÿò, âî-ïåðâûõ, â íà-ëè÷èè íåâçàèìíûõ ÷ëåíîâ â óðàâíåíèÿõ (1) è, âî-âòîðûõ, â èñïîëüçîâàíèè óðàâíåíèÿ ñîõðàíåíèÿ ïîòîêà èìïóëüñà (4), êîòîðîå ñóùåñòâåííî óïðî-ùàåò îòáîð íåîáõîäèìûõ ÷ëåíîâ â ðàçëîæåíèÿõ  è âû÷èñëåíèÿ.


	Ðàññìàòðèâàþòñÿ óðàâíåíèÿ (1), â êîòîðûõ, â ñèëó íåðàâåíñòâ (2), îïóùåíû äèññèïàòèâíûå ÷ëåíû è âêëàäû âíåøíèõ ïîëåé. Èõ âëèÿíèå áó-äåò ó÷òåíî â ïîñëåäóþùåì ÷åðåç óðàâíåíèå (4). Èñêîìûå ðåøåíèÿ (1) èùóòñÿ â âèäå ðÿäîâ


	�EMBED Equation.DSMT4���				(5.1)


	�EMBED Equation.DSMT4���				(5.2)


Çäåñü ëîêàëüíàÿ ïåðåìåííàÿ u=x-X(t), ãäå X(t) - êîîðäèíàòà ÂÁË íà îñè x, óðàâíåíèå äëÿ êîòîðîé è ïîäëåæèò îïðåäåëåíèþ. Äëÿ öåëåé íàñòîÿùåé ðàáîòû îêàçûâàåòñÿ äîñòàòî÷íûì ó÷åñòü òîëüêî ïðèâåäåííûå ïåðâûå äâà ÷ëåíà â ðàçëîæåíèÿõ (5).


	Óðàâíåíèÿ íóëåâîãî ïðèáëèæåíèÿ èìåþò âèä:


	�EMBED Equation.DSMT4���	                      (6.1)


	�EMBED Equation.DSMT4���	                      (6.2)


	Òàê êàê ñîãëàñíî (6.1) �EMBED Equation.DSMT4���, òî ïðàâàÿ ÷àñòü (6.2) èìååò ïî-ðÿäîê  �EMBED Equation.DSMT4��� è åå ìîæíî îïóñòèòü. Ñðåäè ðåøåíèé (6.2) ñ íóëåâîé ïðàâîé ÷àñòüþ (ò.å. áåç ó÷åòà íåâçàèìíîñòè) âûáåðåì ñëåäóþùèå äâà, îáà îòâå÷àþ-ùèå �EMBED Equation.DSMT4��� ÂÁË:


		�EMBED Equation.DSMT4���	            (7.1)


		�EMBED Equation.DSMT4���	             (7.2)


ÂÁË òèïà (7.1) ïðèïèñûâàåòñÿ ïîëîæèòåëüíûé òîïîëîãè÷åñêèé çàðÿä �EMBED Equation.DSMT4���=1, òîãäà êàê ÂÁË (8.2)�EMBED Equation.DSMT4���- îòðèöàòåëüíûé �EMBED Equation.DSMT4���=-1. Îáà ïðèâåäåííûõ ðåøåíèÿ èìåþò îäèíàêîâûå íàïðàâëåíèÿ íàìàãíè÷åííîñòåé â ÄÃ ïðè x((�EMBED Equation.DSMT4���: �EMBED Equation.DSMT4��� è �EMBED Equation.DSMT4���. 


	Ïîñëå ýòîãî â ïðèáëèæåíèè (<1 ìîæíî çàïèñàòü (ñì. [10] ) ñëåäóþ-ùåå ïðèáëèæåííîå ðåøåíèå óðàâíåíèÿ (6.1), îïðåäåëÿþùåå äåôîðìàöèþ ÄÃ â ñòàòè÷åñêîì ñîñòîÿíèè ïîä äåéñòâèåì íåâçàèìíîé ÷àñòè ìàãíèòîñòà-òè÷åñêîé ýíåðãèè:


		�EMBED Equation.DSMT4���		                 (8)


Îòìåòèì, ÷òî çíàê àìïëèòóäû äåôîðìàöèè ÄÃ çàâèñèò òîëüêî îò çíàêà òî-ïîëîãè÷åñêîãî çàðÿäà ÂÁË �EMBED Equation.DSMT4���è íå çàâèñèò îò çíàêà òîïîëîãè÷åñêîãî çàðÿ-äà ÄÃ  �EMBED Equation.DSMT4���. Ïîä÷åðêíåì, ÷òî èìåííî íàëè÷èå äåôîðìàöèè ïîâåðõíîñòè ÄÃ (8) âåäåò ê íåâçàèìíûì äèíàìè÷åñêèì ýôôåêòàì â äèíàìèêå ÂÁË.


	Óðàâíåíèÿ ñëåäóþùåãî ïîðÿäêà èìåþò âèä:


	�EMBED Equation.DSMT4���                          (9.1)


	�EMBED Equation.DSMT4���,      (9.2)


ãäå îïåðàòîð 


			�EMBED Equation.DSMT4���	.	                               (9.3)


Ñëåäóåò èìåòü â âèäó, ÷òî ïðîèçâîäíûå ïî âðåìåíè â ïðàâûõ ÷àñòÿõ (9) ðàâíû �EMBED Equation.DSMT4���.


	Òàê êàê ñîãëàñíî (9.2) è (8) �EMBED Equation.DSMT4���, òî âòîðîé ÷ëåí â ïðàâîé ÷àñòè (9.1) èìååò ïîðÿäîê  �EMBED Equation.DSMT4��� è åãî ìîæíî îïóñòèòü. Ïîñëå ýòîãî â ïðåäåëå (<1 ðåøåíèå (9.1) ìîæíî ïðåäñòàâèòü â âèäå


		�EMBED Equation.DSMT4���.				          (10)


Îòìåòèì çäåñü îäíî âàæíîå îáñòîÿòåëüñòâî: ñóììà äåôîðìàöèé ïîâåðõíî-ñòè ÄÃ (8) è (10) íå èìååò îïðåäåëåííîé ñèììåòðèè îòíîñèòåëüíî èçìåíå-íèÿ çíàêà ñêîðîñòè ÂÁË �EMBED Equation.DSMT4���. 


	Â èñïîëüçîâàííîì ïðèáëèæåíèè âòîðîå óðàâíåíèå (9.2)  ñâîäèòñÿ ê


		�EMBED Equation.DSMT4���.		     (11)


Óðàâíåíèå (11) êîððåêòíî, òàê êàê ÿäðî îïåðàòîðà �EMBED Equation.DSMT4���, êîòîðûì ñëóæèò ñèììåòðè÷íàÿ ôóíêöèÿ 1/ch u, àâòîìàòè÷åñêè îðòîãîíàëüíî àíòèñèììåò-ðè÷íîé ïðàâîé ÷àñòè óðàâíåíèÿ (11). Ïðèáëèæåííîå ðåøåíèå (11) èìååò âèä (ñì. [10]):


	�EMBED Equation.DSMT4��� ,          (12)


ãäå sign(u) - çíàêîâàÿ ôóíêöèÿ. Â ïðåäåëå (=0 ïðèâåäåííîå ðåøåíèå òî÷íî óäîâëåòâîðÿåò èñõîäíîìó óðàâíåíèþ. Ïðîâåäåííàÿ ÷èñëåííàÿ ïðîâåðêà ïîêàçàëà, ÷òî ýòî ïðèáëèæåííîå ðåøåíèå î÷åíü íåçíà÷èòåëüíî îòêëîíÿåò-ñÿ îò ÷èñëåííîãî ëèøü â òî÷êàõ ýêñòðåìóìîâ ïîñëåäíåãî. 


	Îòìåòèì, êðîìå òîãî, ÷òî â ïîñëåäóþùåì, êàê è ïðè âû÷èñëåíèè (12), ïðåíåáðåãàåòñÿ ÷ëåíàìè �EMBED Equation.DSMT4���, òàê êàê ïðè âû÷èñëåíèè íåâçàèìíûõ ýôôåêòîâ, áóäåò èñïîëüçîâàòüñÿ, ãäå ýòî âîçìîæíî, ïðåäåë (=0. Îòìåòèì åùå, ÷òî ñóììà (7) è (12), òàêæå êàê è ñóììà äåôîðìàöèé ÄÃ (8 ) è (10), íå èìååò îïðåäåëåííîé ñèììåòðèè ïðè èçìåíåíèè çíàêà ñêîðîñòè ÂÁË �EMBED Equation.DSMT4���.  Ýòè îáñòîÿòåëüñòâà ÿâëÿþòñÿ îïðåäåëÿþùèìè â ôîðìèðîâàíèè ìåõàíèçìà äðåéôà ÂÁË.





3. Óðàâíåíèÿ äâèæåíèÿ è äðåéô ÂÁË


	Ïåðâûõ ïðèáëèæåíèé (7), (8), (10), (12) óæå äîñòàòî÷íî äëÿ ïîëó÷å-íèÿ óðàâíåíèé äâèæåíèÿ ÂÁË ñ ó÷åòîì íåâçàèìíûõ ýôôåêòîâ. Ïðîèíòåã-ðèðîâàâ óðàâíåíèå íåïðåðûâíîñòè ïëîòíîñòè èìïóëüñà (4) ïî dx â áåñ-êîíå÷íûõ ïðåäåëàõ è  ïðåäïîëàãàÿ îòñóòñòâèå èçëó÷åíèÿ ñïèíîâûõ âîëí äâèæóùåéñÿ ÂÁË, ïðèäåì ê èíòåãðàëüíîé ôîðìå ýòîãî óðàâíåíèÿ, êîòî-ðîå, ôàêòè÷åñêè, è ÿâëÿåòñÿ óðàâíåíèåì äâèæåíèÿ ÂÁË:


		�EMBED Equation.DSMT4���					(13)


		P = �EMBED Equation.DSMT4��� < q�EMBED Equation.DSMT4���>,    						(14.1)


	 	�EMBED Equation.DSMT4���			  		           (14.2)


		�EMBED Equation.DSMT4���					(14.3)


		�EMBED Equation.DSMT4���							(14.4)


	Ñîãëàñíî (13) èçìåíåíèå èíòåãðàëüíîãî èìïóëüñà ÂÁË (14.1) âî âðå-ìåíè êîìïåíñèðóåòñÿ ãèðîòðîïíîé ñèëîé - (14.2), âÿçêîé ñèëîé - (14.3)  è äåéñòâóþùåé ñî ñòîðîíû ïîëÿ �EMBED Equation.DSMT4��� - âíåøíåé ñèëîé (14.4).   Óãëîâûå ñêîáêè çäåñü, êàê è ïîâñþäó â äàëüíåéøåì, îçíà÷àþò âçÿòèå èíòåãðàëîâ ïî du â áåñêîíå÷íûõ ïðåäåëàõ. Äèôôåðåíöèàëüíûå óðàâíåíèÿ â ÷àñòíûõ ïðî-èçâîäíûõ (1) òàêèì îáðàçîì ñâåäåíû ê óðàâíåíèþ â îáûêíîâåííûõ ïðîèç-âîäíûõ (14), êîòîðîå ïî ôîðìå ñîâïàäàåò ñ óðàâíåíèåì äâèæåíèÿ ìàòåðè-àëüíîé òî÷êè.


              Äåéñòâèå ïîëÿ �EMBED Equation.DSMT4���, êîòîðîå ÿâíûì îáðàçîì íå âõîäèò â óðàâíå-íèå íåïðåðûâíîñòè (4), ïðåæäå âñåãî ïðèâîäèò ê ñìåùåíèþ ÄÃ â öåëîì, ÷òî, â ñâîþ î÷åðåäü, âûçûâàåò ñìåùåíèå ÂÁË çà ñ÷åò ãèðîòðîïíîãî ýôôåê-òà. Êðîìå òîãî, ïîëå �EMBED Equation.DSMT4���ìåíÿåò àñèìïòîòèêó íåîáõîäèìûõ ðåøåíèé (1). Ôàêòè÷åñêè óðàâíåíèå ïåðâîãî ïðèáëèæåíèÿ (9.1) íóæíî äîïîëíèòü ÷ëå-íîì �EMBED Equation.DSMT4���â ïðàâîé ÷àñòè. Ðåøåíèå (10) ïîñëå ýòîãî ïðåòåðïåâàåò èçìåíå-íèå: â åãî ïðàâóþ ÷àñòü íåîáõîäèìî äîáàâèòü âûðàæåíèå �EMBED Equation.DSMT4���. Ó÷åò ýòîãî äîïîëíèòåëüíîãî âêëàäà â âûðàæåíèè äëÿ ëîêàëüíîãî ïîëåâî-ãî èìïóëüñà �EMBED Equation.DSMT4���q�EMBED Equation.DSMT4��� è ïðèâîäèò ê ãèðîòðîïíîé ñèëå �EMBED Equation.DSMT4���- (14.2). Ñàìà æå âåëè÷èíà  �EMBED Equation.DSMT4���, âìåñòå ñ ñîîòâåòñòâóþùèì åé óãëîì �EMBED Equation.DSMT4���, ìîæåò áûòü îï-ðåäåëåíà èç ëèíåàðèçîâàííûõ óðàâíåíèé (1), â êîòîðûõ ÿâíûì îáðàçîì ó÷èòûâàåòñÿ ïîëå �EMBED Equation.DSMT4��� è â êîòîðûõ îïóùåíà çàâèñèìîñòü îò êîîðäèíàòû x. Îáîñíîâàíèå áîëåå îáùåãî, íåëèíåéíîãî, àñèìïòîòè÷åñêîãî ïðåäñòàâëå-íèÿ ìîæíî íàéòè â [11].


	Îòìåòèì åùå, ÷òî ïðè çàïèñè âûðàæåíèé (14.2) è (14.4) íå ó÷èòûâà-ëèñü íåëèíåéíîñòè ïî ñëàáûì âíåøíèì ïîëÿì. Ñîãëàñíî [5] ýòè íåëèíåéíî-ñòè ïðè îïðåäåëåííûõ óñëîâèÿõ ìîãóò ïðèâåñòè ê äðåéôîâîìó äâèæåíèþ ñàìîé ÄÃ è, ñëåäîâàòåëüíî, äðåéôó ñîäåðæàùèõñÿ â íåé ÂÁË. Ýòîò ýôôåêò íå ñâÿçàí ñ ýôôåêòàìè íåâçàèìíîñòè ñïåêòðà, òðåáóåò ìàãíèòíûõ ïîëåé äâóõ ðàçëè÷íûõ ïîëÿðèçàöèé è, ïîýòîìó, çäåñü íå ðàññìàòðèâàåòñÿ.


	Òåïåðü, ÷òîáû ïðèéòè ê óðàâíåíèÿì äâèæåíèÿ ÂÁË äîñòàòî÷íî âû-÷èñëèòü ñ ïîìîùüþ (7), (8), (10) è (12) èìïóëüñ P (14.1) è âÿçêóþ ñèëó (14.3), âõîäÿùèå â óðàâíåíèå (13). Ïðè âû÷èñëåíèè âîçíèêàþùèõ èíòå-ðàëîâ, ïîìèìî ó÷åòà íåðàâåíñòâ (3), îãðàíè÷èâàåìñÿ ëèøü ó÷åòîì ÷ëåíîâ ïåðâîãî ïîðÿäêà ïî �EMBED Equation.DSMT4���, ïðè÷åì ñêîðîñòü ÂÁË �EMBED Equation.DSMT4��� (èçìåðÿåòñÿ â åäèíè-öàõ �EMBED Equation.DSMT4���) òàêæå ïîëàãàåòñÿ ìàëîé. 


	Èìïóëüñ ÂÁË èìååò èçâåñòíûé [11]  âèä


	�EMBED Equation.DSMT4���.	(15)


Áëàãîäàðÿ íàëè÷èþ áîëüøîãî ìíîæèòåëÿ 1/( â (15) ìîæíî ïðåíåáðå÷ü âñåìè îñòàëüíûìè ïîïðàâêàìè ê èìïóëüñó. 


	Âÿçêàÿ ñèëà  (14.3) ñîñòîèò èç äâóõ ïàðöèàëüíûõ âêëàäîâ: êâàäðà-òè÷íîãî ïî óãëó ( è êâàäðàòè÷íîãî ïî êîîðäèíàòå ÄÃ q. Ïåðâûé âêëàä ïðåäñòàâëÿåì â âèäå:


�EMBED Equation.DSMT4���


			�EMBED Equation.DSMT4���  .  		 (16.1)	


Ïðè âû÷èñëåíèè èíòåãðàëîâ ó÷èòûâàëîñü, ÷òî èõ çíà÷åíèÿ îïðåäåëÿþòñÿ áûñòðî ñïàäàþùèìè ýêñïîíåíöèàëüíûìè ìíîæèòåëÿìè ñ ïîêàçàòåëÿìè åäèíèöà, òàê ÷òî ïîä èíòåãðàëîì ýêñïîíåíöèàëüíûìè ìíîæèòåëÿìè ñ ïîêàçàòåëÿìè ( < 1 ìîæíî áûëî ïðåíåáðå÷ü. Êðîìå òîãî, ó÷èòûâàëèñü èçâåñòíûå ñîîòíîøåíèÿ: �EMBED Equation.DSMT4��� è �EMBED Equation.DSMT4���, ãäå�EMBED Equation.DSMT4��� - äåëüòà-ôóíêöèÿ Äèðàêà. Â òåõ æå ïðèáëèæåíèÿõ äëÿ âòîðîãî ïàðöèàëüíîãî âêëà-äà â âÿçêóþ ñèëó èìååì:


�EMBED Equation.DSMT4���	=�EMBED Equation.DSMT4���.						              (16.2)


	Òàêèì îáðàçîì, ïîëíàÿ âåëè÷èíà âÿçêîé ñèëû, äåéñòâóþùàÿ íà ÂÁË, ñ ó÷åòîì íåâçàèìíûõ ýôôåêòîâ ðàâíà


		�EMBED Equation.DSMT4���.			     (17)


Îáðàòèì âíèìàíèå íà íàëè÷èå â íåé êâàäðàòè÷íûõ ïî ñêîðîñòè ÷ëåíîâ, íå çàâèñÿùèõ îò òîïîëîãè÷åñêîãî çàðÿäà ÂÁË è  îáóñëîâëåííûõ íåâçàèìíî-ñòüþ ìàãíèòîñòàòè÷åñêîé ýíåðãèè. Âåëè÷èíà âÿçêîé ñèëû íå èìååò îïðåäå-ëåííîé ñèììåòðèè îòíîñèòåëüíî èçìåíåíèÿ çíàêà ñêîðîñòè �EMBED Equation.DSMT4��� ÂÁË, òàê êàê òàêîé ñèììåòðèåé íå îáëàäàåò íè äåôîðìàöèÿ ïîâåðõíîñòè ÄÃ (ñóììà  (8) è (10)), íè ñóììà àçèìóòàëüíûõ óãëîâ (7) è (12). Íàïðàâëåíèå äâèæåíèÿ ÂÁË, â êîòîðîì äèññèïàòèâíàÿ ñèëà ìàêñèìàëüíà, ìîæíî îïðåäåëèòü èç ïðîñòîãî ïðàâèëà. Äèññèïàòèâíàÿ ñèëà ìàêñèìàëüíà, åñëè çíàê àìïëèòóäû äèíàìè÷åñêîãî (ãèðîòðîïíîãî) ïðîãèáà ÄÃ (10) ñîâïàäàåò ñî çíàêîì àìï-ëèòóäû ñòàòè÷åñêîé äåôîðìàöèè ÄÃ (8).


	Ñîáèðàÿ âìåñòå ïîëó÷åííûå ðåçóëüòàòû (14), (15) è (17)   è ïîäñòàâ-ëÿÿ èõ â óðàâíåíèå (13), ïðèõîäèì ê óðàâíåíèþ äâèæåíèÿ ÂÁË. Îòìåòèì, ÷òî âû÷èñëåíèå ñëåäóþùèõ ÷ëåíîâ ðÿäîâ (5) ñ èñïîëüçîâàíèåì èíòåãðàëü-íîãî óðàâíåíèÿ ñîõðàíåíèÿ èìïóëüñà (îíî â íàñòîÿùåì ïîäõîäå âûïîë-íÿåò ðîëü óñëîâèÿ ðàçðåøèìîñòè çàäà÷è, èñïîëüçîâàííîãî â [11]) äàåò âîç-ìîæíîñòü ïîëó÷èòü êóáè÷åñêèå ïî ñêîðîñòÿì ÷ëåíû , â òî÷íîñòè ñîâïàäà-þùèå ñ âû÷èñëåííûìè â [11] . 	


	Îãðàíè÷èìñÿ çäåñü òîëüêî òåì, ÷òî äëÿ ñðàâíåíèÿ ïðèâåäåì êóáè÷å-ñêèå ÷ëåíû âìåñòå ñ âû÷èñëåííûìè âûøå êâàäðàòè÷íûìè ÷ëåíàìè â äèññè-ïàòèâíîé ñèëå (17). Ýôôåêòèâíîå óðàâíåíèå äâèæåíèÿ ÂÁË èìååò ñëåäóþ-ùèé âèä:


�EMBED Equation.DSMT4����EMBED Equation.DSMT4��� + 2(�EMBED Equation.DSMT4��� �EMBED Equation.DSMT4��� �EMBED Equation.DSMT4���-   						�EMBED Equation.DSMT4���,			   (18.1)


ãäå âåëè÷èíà �EMBED Equation.DSMT4��� ( íåîáõîäèìàÿ ïðè ó÷åòå ïîëÿ �EMBED Equation.DSMT4���) îïðåäåëÿåòñÿ èç ëèíåéíîãî óðàâíåíèÿ


			�EMBED Equation.DSMT4���.				  (18.2)	Ðàññìîòðèì òåïåðü íåñêîëüêî ïðîñòûõ ñëåäñòâèé óðàâíåíèé (18). Ïóñòü âíåøíåå ïîëå �EMBED Equation.DSMT4��� èìååò ïîñòîÿííóþ âåëè÷èíó. Òîãäà èç (18.1) ñëå-äóåò, ÷òî �EMBED Equation.DSMT4��� ãäå êîýôôèöèåíò a=(1+()/2 (â [10] îøèáî÷íî çàïèñàí êîýôôèöèåíò (1+2()/2).  Àíàëèç ïðèâåäåííîãî âûðàæå-íèÿ ïîêàçûâàåò, ÷òî ñêîðîñòü ÂÁË ìàêñèìàëüíà ïî àáñîëþòíîé âåëè÷èíå, êîãäà ïðîòèâîïîëîæíû çíàêè àìïëèòóäû ñòàòè÷åñêîé (8) è äèíàìè÷åñêîé (10) äåôîðìàöèè ÄÃ (ò.å. ìèíèìàëüíà ñóììàðíàÿ àìïëèòóäà äåôîðìàöèè ÄÃ).


	Ðàññìîòðèì òåïåðü ïåðåìåííîå âíåøíåå ïîëå �EMBED Equation.DSMT4���  è âû÷è-ñëèì âåëè÷èíó äðåéôîâîé ñêîðîñòè ÂÁË.  Ñ÷èòàÿ íåâçàèìíûé ÷ëåí ìàëûì è ðåøàÿ óðàâíåíèå (18.1) ìåòîäîì ïîñëåäîâàòåëüíûõ ïðèáëèæåíèé, íàõî-äèì ñðåäíþþ ñêîðîñòü äðåéôîâîãî äâèæåíèÿ ÂÁË: 


		�EMBED Equation.DSMT4���.		(19)


Îòìåòèì, ÷òî, êàê ïîêàçûâàþò âû÷èñëåíèÿ, â ñëó÷àå ïåðåìåííîãî ïîëÿ �EMBED Equation.DSMT4��� ìíîæèòåëü �EMBED Equation.DSMT4��� â (19) ñëåäóåò çàìåíèòü íà �EMBED Equation.DSMT4���. Êîíå÷íî, íàðÿäó ñ äðåéôîì (19), ÂÁË èñïûòûâàåò è îñöèëëÿöèîííîå äâèæåíèå. 


	Íàïðàâëåíèå äðåéôà îïðåäåëÿåòñÿ òåìè æå ñîîáðàæåíèÿìè, ÷òî è ïðè ðàâíîìåðíîì äâèæåíèè ÂÁË â ïîñòîÿííîì ïîëå [10]. Â ðàññìîòðåííîì ìåõàíèçìå äëÿ ÂÁË òèïà (7)  íàïðàâëåíèå äðåéôà çàâèñèò òîëüêî îò çíàêà  òîïîëîãè÷åñêîãî çàðÿäà ÄÃ �EMBED Equation.DSMT4���. Îòìåòèì, ÷òî íàðÿäó ñ ðàññìîòðåííûìè òèïàìè ÂÁË (7) ñóùåñòâóþò  åùå äâà òèïà ÂÁË ñ �EMBED Equation.DSMT4���, íî ñ äðóãèìè àñèìïòîòè÷åñêèìè çíà÷åíèÿìè àçèìóòàëüíîãî óãëà: �EMBED Equation.DSMT4���  è �EMBED Equation.DSMT4��� (�EMBED Equation.DSMT4���) èëè 0 (�EMBED Equation.DSMT4���). Ìîæíî ïðîâåðèòü, ÷òî äëÿ ïîäîá-íûõ ÂÁË ìåíÿåòñÿ çíàê ïåðåä âåëè÷èíîé âíåøíåé ñèëû (14.4) è çíàê  ïåðåä ÷ëåíîì ñ �EMBED Equation.DSMT4���â óðàâíåíèè (18.1), íî çíàê â ôîðìóëå äëÿ ñêîðîñòè äðåéôà (19)  îñòàåòñÿ íåèçìåííûì. 


	Â çàêëþ÷åíèå ïåðå÷èñëèì îñíîâíûå ïðèáëèæåíèÿ, ïðè êîòîðûõ ñïðàâåäëèâî óðàâíåíèå äâèæåíèÿ ÁÂË (18), ó÷èòûâàþùèå íåâçàèìíîñòü ñïåêòðà ÄÃ. Ðàññìàòðèâàþòñÿ äîñòàòî÷íî òîíêèå ïëåíêè ïåðïåíäèêóëÿðíî íàìàãíè÷åííûõ îäíîîñíûõ ôåððîìàãíåòèêîâ ñ áîëüøîé âåëè÷èíîé ôàêòî-ðà êà÷åñòâà Q>>1, â êîòîðûõ ìîæíî ïðåíåáðå÷ü ýôôåêòàìè ñêðó÷åííîñòè ÄÃ. Îòìåòèì, ÷òî ê ýòîìó êëàññó îòíîñÿòñÿ òàêæå ÖÌÄ-ïëåíêè ôåððèò-ãðàíàòîâ âáëèçè òî÷êè êîìïåíñàöèè ìàãíèòíîãî ìîìåíòà, ãäå, ôîðìàëü-íî, ïàðàìåòð øèðèíû ÂÁË�EMBED Equation.DSMT4���ïðåâîñõîäèò òîëùèíó�EMBED Equation.DSMT4���ïëåíêè. Ïàðà-ìåòð çàòóõàíèÿ Ãèëüáåðòà ( òàêæå ïðåäïîëàãàåòñÿ ìàëûì. Êîíñòàíòà æå-ñòêîñòè ÄÃ (  õîòÿ è ìàëà, íî åå âåëè÷èíà äîëæíà ïðåâûøàòü ïîðîãîâîå çíà÷åíèå, çà êîòîðûì ðàçâèâàåòñÿ èçãèáíàÿ íåóñòîé÷èâîñòü ÄÃ. Àìïëèòó-äû âíåøíèõ âîçáóæäàþùèõ ïîëåé ìàëû, à èõ ÷àñòîòû ëåæàò íèæå ÷àñòîòû îäíîðîäíîãî ðåçîíàíñà ÄÃ.


	Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ïîääåðæêå ÐÔÔÈ, ãðàíò N 95-02-05498à.  
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