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		Ðàññìàòðèâàåòñÿ ñïåêòð äèñêðåòíîé ÄÃ, â êîòîðîé èçìåíåíèå íàïðàâëåíèÿ ñïèíîâ íà 1800 ïðî-èñõîäèò ñêà÷êîîáðàçíî ìåæäó äâóìÿ ñîñåäñòâóþùèìè àòîìíûìè ñëîÿìè.  Äîïîëíèòåëüíî ê èçâåñòíîé ëîêàëèçîâàííîé íà ïîäîáíîé ÄÃ ìîäå îáíàðóæåíà åùå îäíà ëîêàëèçîâàííàÿ ìîäà, òàêæå ëåæàùàÿ íèæå äíà çîíû îáúåìíûõ ñïèíîâûõ âîëí.  Âû÷èñëåíî  ïîëå êîýðöèòèâíîñòè ÄÃ (ïèííèíãà), êîòîðîå âáëèçè ïîðîãà óñòîé÷èâîñòè ÄÃ èìååò õàðàêòåðíóþ êîðíåâóþ îñîáåííîñòü ïî ïðåâûøåíèþ êîíñòàíòû àíèçîòðîïèè íàä ïîðîãîâûì çíà÷åíèåì.


	


		Ñ óâåëè÷åíèåì êîíñòàíòû îäíîîñíîé àíèçîòðîïèè óìåíüøàåòñÿ òîëùè-íà äîìåííîé ãðàíèöû (ÄÃ) è íàñòóïàåò ìîìåíò, êîãäà îíà ñðàâíèâàåòñÿ ñ ïî-ñòîÿííîé ðåøåòêè. Â ýòèõ óñëîâèÿõ îáû÷íî èñïîëüçóåìîå êîíòèíóàëüíîå ïðèáëèæåíèå ñòàíîâèòñÿ íåïðèìåíèìûì è òðåáóåòñÿ ó÷åò äèñêðåòíîñòè àòîì-íûõ ñïèíîâ. Ïîäîáíàÿ ñèòóàöèÿ ìîæåò èìåòü ìåñòî â íåêîòîðûõ ñèëüíîàíèçîòðîïíûõ ðåäêîçåìåëüíûõ ñîåäèíåíèÿõ (óêàæåì, íàïðèìåð, [1]), íàíîñòðóêòóðíûõ ìóëüòèñëîÿõ, ñõîäíàÿ ñèòóàöèÿ âîçíèêàåò â òåîðèè èçèí-ãîâñêèõ ìàãíåòèêîâ (ñì., â ÷àñòíîñòè,   [2 ] ) è äð. Ïîìèìî óêàçàííûõ âûøå ïðè÷èí, èçó÷åíèå ïîäîáíûõ äèñêðåòíûõ ÄÃ  ïðåäñòàâëÿåò èíòåðåñ è ñ òî÷êè çðåíèÿ ïîâûøåíèÿ ïëîòíîñòè çàïèñè èíôîðìàöèè â ìàãíèòíûõ ñðåäàõ.


		Õàðàêòåðíûì äëÿ ðàññìàòðèâàåìîãî ñëó÷àÿ ÿâëÿåòñÿ âîçìîæíîñòü ñóùåñòâîâàíèÿ  ÄÃ,  ðàçâîðîò ñïèíîâ â êîòîðîé íà 1800 ïðîèñõîäèò ñêà÷êîì: ìåæäó äâóìÿ ñîñåäñòâóþùèìè àòîìíûìè ïëîñêîñòÿìè. Óñëîâèÿ óñòîé÷èâîñòè ïîäîáíîé ÄÃ è åå ñïåêòð âûÿñíÿëèñü â [3-5], êâàíòîâûå ïîïðàâêè - â [6]. Êîíå÷íî, òàêàÿ "ñêà÷êîîáðàçíàÿ" ÄÃ óñòîé÷èâà, òîëüêî åñëè êîíñòàíòà îäíî-îñíîé àíèçîòðîïèè ïðåâûøàåò íåêîòîðîå êðèòè÷åñêîå çíà÷åíèå, ïðîïîðöèî-íàëüíîå âåëè÷èíå îáìåííîãî èíòåãðàëà. 


		Â óñòîé÷èâîé îáëàñòè óêàçàííàÿ 1800 äèñêðåòíàÿ ÄÃ, õîòÿ è èìååò ëîêàëüíóþ ìîäó ñïåêòðà, ëåæàùóþ íèæå äíà çîíû îáúåìíûõ ñïèíîâûõ âîëí, íî, â îòëè÷èå îò ñâîåãî êîíòèíóàëüíîãî àíàëîãà [7], ÷àñòîòà ýòîé ëîêàëüíîé ìîäû íå ðàâíà íóëþ. Çàêðåïëåíèå ÄÃ íà ïîòåíöèàëüíîì áàðüåðå äèñêðåòíûõ ñïèíîâ (ïèííèíã) ïðåîäîëåâàåòñÿ íàëîæåíèåì âíåøíåãî ìàãíèòíîãî ïîëÿ. Êðèòè÷åñêîå çíà÷åíèå ýòîãî ïîëÿ, ïðè êîòîðîì ñòàíîâèòñÿ âîçìîæíûì ñìå-ùåíèå ÄÃ è êîòîðîå ìîæíî îòîæäåñòâèòü ñ ïîëåì êîýðöèòèâíîñòè, âû÷èñ-ëÿëîñü ÷èñëåííûìè ìåòîäàìè â [3].


		Â íàñòîÿùåé ðàáîòå èçó÷àåòñÿ ñïåêòð äèñêðåòíîé 1800 óêàçàííîãî ñêà÷-êîîáðàçíîãî âèäà. Ïîêàçûâåòñÿ, ÷òî äîïîëíèòåëüíî ê îïðåäåëåííîé â  [4-5] ëîêàëèçîâàííîé íà ÄÃ ìîäå èìååòñÿ åùå îäíà ëîêàëèçîâàííàÿ ìîäà, òàêæå ëåæàùàÿ íèæå äíà çîíû îáúåìíûõ ñïèíîâûõ âîëí. Âáëèçè ïîðîãà óñòîé-÷èâîñòè âî âòîðîì ïîðÿäêå òåîðèè âîçìóùåíèé âû÷èñëÿåòñÿ  ïîëå êîýðöèòèâ-íîñòè ÄÃ.


		Ðàññìîòðèì  îäíîìåðíóþ ñèñòåìó êëàññè÷åñêèõ äèñêðåòíûõ ñïèíîâ �EMBED Equation.DSMT4���, ãäå �EMBED Equation.DSMT4��� - âåêòîðû åäèíè÷íîé äëèíû, íàïðàâëåíèå êîòîðûõ ìå-íÿåòñÿ âäîëü îäíîãî èç ïðîñòðàíñòâåííûõ íàïðàâëåíèé (â çàâèñèìîñòè îò âå-ëè÷èíû îäíîêðàòíîãî èíäåêñà -(<�EMBED Equation.DSMT4���<(). Ýíåðãèÿ ñèñòåìû èìååò âèä





            �EMBED Equation.DSMT4���  . 			(1) 


	Çäåñü, ïåðâûé ÷ëåí ñïðàâà ïðåäñòàâëÿåò îáìåííóþ ýíåðãèþ, J -ïîëî-æèòåëüíûé îáìåííûé èíòåãðàë, ïðè÷åì ñóììèðîâàíèå ïðîèçâîäèòñÿ òîëüêî ïî áëèæàéøèì ñîñåäÿì. Âòîðîé - ýíåðãèþ îäíîîñíîé àíèçîòðîïèè ñ êîíñòàí-òîé K>0, òðåòèé - çååìàíîâó ýíåðãèþ â ìàãíèòíîì ïîëå Hz, íàïðàâëåííîì ïî îñè z è êîëëèíåàðíîì îñè àíèçîòðîïèè (g - ôàêòîð Ëàíäå, ( - ýôôåêòèâíûé ìàãíèòíûé ìîìåíò).


	Â äàëüíåéøåì áóäåì èñïîëüçîâàòü ñëåäóþùåå ïðåäñòàâëåíèå äëÿ åäè-íè÷íûõ âåêòîðîâ





              �EMBED Equation.DSMT4���= sin�EMBED Equation.DSMT4���sin�EMBED Equation.DSMT4���,  �EMBED Equation.DSMT4���= cos�EMBED Equation.DSMT4���, �EMBED Equation.DSMT4���=sin�EMBED Equation.DSMT4���cos�EMBED Equation.DSMT4���, 			(2)


ïîäðàçóìåâàÿ, ÷òî ñïèíû â ÄÃ èçìåíÿþòñÿ âäîëü îñè 0y. Âåêòîðíûå óðàâíåíèÿ äâèæåíèÿ äëÿ íèõ èìåþò âèä





           �EMBED Equation.DSMT4���			(3)


ãäå h - ïîñòîÿííàÿ Ïëàíêà,�EMBED Equation.DSMT4��� - áåçðàçìåðíàÿ êîíñòàíòà àíèçîòðî-ïèè, �EMBED Equation.DSMT4���=g( Hz/2JS - áåçðàçìåðíîå ìàãíèòíîå ïîëå.


	Â íóëåâîì ïðèáëèæåíèè�EMBED Equation.DSMT4����EMBED Equation.DSMT4���, òàê ÷òî èç óðàâíåíèÿ ðàâíîâåñèÿ �EMBED Equation.DSMT4����EMBED Equation.DSMT4��� ïîëó÷àåì (ïîëàãàÿ âðåìåííî �EMBED Equation.DSMT4���=0)





      -sin(�EMBED Equation.DSMT4���- �EMBED Equation.DSMT4���) - sin(�EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4���) +�EMBED Equation.DSMT4���sin�EMBED Equation.DSMT4���cos�EMBED Equation.DSMT4��� =0,			(4)


 Èç (4) èìååì "ñêà÷êîîáðàçíîå"  ðåøåíèå äëÿ 1800 ??:





		  �EMBED Equation.DSMT4���=0 (j(0)  è �EMBED Equation.DSMT4���=( (j(1) 					(5)


(ïîëîæåíèå ñêà÷êà ñïèíîâ ìîæíî âûáðàòü ïðîèçâîëüíî, íî â äàííîì ñëó÷àå âûáðàíà ÄÃ, â êîòîðîé ñêà÷îê  ïðîèñõîäèò ìåæäó ïëîñêîñòÿìè j=0 è j=1). Çàìåòèì, ÷òî ñòðóêòóðà (5) íå äîïóñêàåò ïåðåõîäà ê êîíòèíóàëüíîìó ïðåäåëó.


	Ñïåêòð. Óñòîé÷èâîñòü ðåøåíèÿ (5) ìîæåò áûòü îïðåäåëåíà íà îñíîâà-íèè èññëåäîâàíèÿ åãî ñïåêòðà ìàëûõ êîëåáàíèé. Ïîäñòàâëÿÿ (2) â (3), ñ èñ-ïîëüçîâàíèåì ðàçëîæåíèé �EMBED Equation.DSMT4���=�EMBED Equation.DSMT4���+(�EMBED Equation.DSMT4���cos (t è �EMBED Equation.DSMT4���=(/2+(�EMBED Equation.DSMT4���sin(t ïîëó÷àåì óðàâíåíèÿ äëÿ ìàëûõ àìïëèòóä ãàðìîíè÷åñêèõ ïî âðåìåíè êîëåáàíèé (�EMBED Equation.DSMT4���, 


(�EMBED Equation.DSMT4���<<1:





       �EMBED Equation.DSMT4����EMBED Equation.DSMT4���   �EMBED Equation.DSMT4����EMBED Equation.DSMT4���				(6)


ãäå áåçðàçìåðíàÿ ÷àñòîòà �EMBED Equation.DSMT4���=(h/4(JS. Â ýòè óðàâíåíèÿ âõîäÿò ðàçíîñòíûå îïåðàòîðû





�EMBED Equation.DSMT4���(�EMBED Equation.DSMT4���+2) (�EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4���+2(�EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4���) (�EMBED Equation.DSMT4���-�EMBED Equation.DSMT4���),		(7.1)





�EMBED Equation.DSMT4���(�EMBED Equation.DSMT4���+2) (�EMBED Equation.DSMT4��� - (�EMBED Equation.DSMT4��� -(�EMBED Equation.DSMT4��� - 2�EMBED Equation.DSMT4���(�EMBED Equation.DSMT4��� -2�EMBED Equation.DSMT4���(�EMBED Equation.DSMT4��� ,			(7.2)


â êîòîðûõ�EMBED Equation.DSMT4��� - ñèìâîë Êðîíåêåðà. Âûïèñàííûå îïåðàòîðû èìåþò ñòðóêòóðó, òèïè÷íóþ äëÿ òåîðèè òî÷å÷íûõ äåôåêòîâ â êðèñòàëëè÷åñêîé ðåøåòêå. Íàðÿäó ñ ëîêàëüíûìè ìîäàìè, êîòîðûå áóäóò èññëåäîâàòüñÿ íèæå, óðàâíåíèÿ (7), êàê ýòî ñðàçó ìîæíî íàéòè, ðàññìàòðèâàÿ îáëàñòè j<0 è j>1, èìåþò çîíó îáúåìíûõ ñïèíîâûõ âîëí





		          �EMBED Equation.DSMT4��� = �EMBED Equation.DSMT4��� + 2 - 2cos k,					(8)


ãäå âîëíîâîå ÷èñëî k (èçìåðÿåìîå â åäèíèöàõ 1/a, ãäå à - ïîñòîÿííàÿ ðåøåòêè) çàêëþ÷åíî â ïðåäåëàõ -(( k ((.


	Òðåáóåìûå ðåøåíèÿ ðàçíîñòíûõ óðàâíåíèé (6) íàõîäÿòñÿ ñ ïîìîùüþ äèñêðåòíîãî ïðåîáðàçîâàíèÿ Ôóðüå





 �EMBED Equation.DSMT4���    �EMBED Equation.DSMT4���       �EMBED Equation.DSMT4���		(9)


ïðè÷åì â ïðåäåëå ÷èñëà ÷àñòèö �EMBED Equation.DSMT4��� ñóììû çàìåíÿþòñÿ íà èíòåãðàëû





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


(�EMBED Equation.DSMT4���- ìíèìàÿ åäèíèöà).  Ðåøåíèÿ óðàâíåíèé (6) èìåþò âèä





(�EMBED Equation.DSMT4���+(�EMBED Equation.DSMT4���=�EMBED Equation.DSMT4����EMBED Equation.DSMT4����EMBED Equation.DSMT4���			(11.1)





(�EMBED Equation.DSMT4��� -(�EMBED Equation.DSMT4���=�EMBED Equation.DSMT4����EMBED Equation.DSMT4��� .			(11.2)





	Ïîëàãàÿ â  (11) j=0,1, ïîëó÷àåì îäíîðîäíóþ ëèíåéíóþ ñèñòåìó ÷åòâåðòîãî ïîðÿäêà  äëÿ àìïëèòóä�EMBED Equation.DSMT4��� Ðàâåíñòâî íóëþ åå îïðåäå-ëèòåëÿ äàåò óðàâíåíèå äëÿ ÷àñòîò ëîêàëüíûõ êîëåáàíèé �EMBED Equation.DSMT4���. Åñëè ââåñòè íîâûå ïåðåìåííûå �EMBED Equation.DSMT4���è �EMBED Equation.DSMT4���, òî ñèñòåìà ÷åòûðåõ óðàâíå-íèé ðàñïàäàåòñÿ íà äâå íåçàâèñèìûå ñèñòåìû âòîðîãî ïîðÿäêà





          �EMBED Equation.DSMT4���+ �EMBED Equation.DSMT4��� = [�EMBED Equation.DSMT4��� +�EMBED Equation.DSMT4��� ] �EMBED Equation.DSMT4��� ,					(12.1)	


         �EMBED Equation.DSMT4���- �EMBED Equation.DSMT4��� = - [�EMBED Equation.DSMT4��� + �EMBED Equation.DSMT4��� ] �EMBED Equation.DSMT4���					(12.2)


è


    �EMBED Equation.DSMT4��� + �EMBED Equation.DSMT4��� = 2�EMBED Equation.DSMT4���[ �EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4���] +�EMBED Equation.DSMT4���[ �EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4���],		(13.1)


    �EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4��� = 2 �EMBED Equation.DSMT4���[ �EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4���] + �EMBED Equation.DSMT4���[ �EMBED Equation.DSMT4��� -  �EMBED Equation.DSMT4��� ].		(13.2)


Â ýòèõ óðàâíåíèÿõ (ïîñëå ïðåäåëüíîãî ïåðåõîäà ê �EMBED Equation.DSMT4��� ïî (10))





     �EMBED Equation.DSMT4���     �EMBED Equation.DSMT4���		(14)


ãäå �EMBED Equation.DSMT4��� äàåòñÿ (8). Äëÿ ïîñëåäóþùèõ îöåíîê òðåáóþòñÿ çíà÷åíèÿ ñëåäóþùåãî èçâåñòíîãî èíòåãðàëà





                �EMBED Equation.DSMT4���				(15)


Íåðàâåíñòâî |a|>|b|, ò.å.  �EMBED Equation.DSMT4��� + 2 �EMBED Equation.DSMT4���> 2, âûäåëÿåò îáëàñòü, â êîòîðîé íàõîäÿòñÿ ëîêàëüíûå ìîäû, ëåæàùèå íèæå äíà çîíû îáúåìíûõ ñïèíîâûõ âîëí (8).


	Îáðàùàÿñü ê ñèñòåìå (12), íàõîäèì äëÿ íåå äèñïåðñèîííîå ñîîòíîøåíèå





             �EMBED Equation.DSMT4��� ,				(16)


êîòîðîå ñ ïîìîùüþ (15) ïðåîáðàçóåòñÿ â àëãåáðàè÷åñêîå óðàâíåíèå





             �EMBED Equation.DSMT4���			(17)





èìåþùåãî êîðíè 





      �EMBED Equation.DSMT4���		(18)


Äâà ïîëîæèòåëüíûõ êîðíÿ, êàê ìîæíî óáåäèòüñÿ, ëåæàò íèæå äíà çîíû îáúåì-íûõ ñïèíîâûõ âîëí �EMBED Equation.DSMT4���.


	Íèæíÿÿ ìîäà �EMBED Equation.DSMT4���âåùåñòâåííà ïðè âûïîëíåíèè íåðàâåíñòâà �EMBED Equation.DSMT4���>4/3, êîòîðîå áûëî ïîëó÷åíî â [3-5] è êîòîðîå ñëóæèò êðèòåðèåì óñòîé÷èâîñòè 1800 "ñêà÷êîîáðàçíîé" ÄÃ (5). Ñðàâíåíèå çíà÷åíèÿ âåðõíåé ëîêàëüíîé ìîäû �EMBED Equation.DSMT4���ñ ðåçóëüòàòàìè óêàçàííûõ ðàáîò íåâîçìîæíî, òàê êàê îíà â íèõ íå ôèãóðèðóåò. Îòïðàâëÿÿñü îò óðàâíåíèé äâèæåíèÿ (3), àâòîðû [4-5] ïåðåõîäÿò â ëîêàëüíóþ ñèñòåìó îò÷åòà ñïèíîâ è èñïîëüçóþò íåïîñðåäñòâåííûé ñïîñîá ðåøåíèÿ âîç-íèêàþùèõ óðàâíåíèé, íå ââîäÿ ïîëíîãî äèñïåðñèîííîãî óðàâíåíèÿ òèïà (16). Âáëèçè êðèòè÷åñêîãî çíà÷åíèÿ ìîäû èìåþò âèä 





              �EMBED Equation.DSMT4���= �EMBED Equation.DSMT4��� ,	    �EMBED Equation.DSMT4��� 	.				(19)


Íàïîìíèì, ÷òî çäåñü ÷àñòîòû èçìåðÿþòñÿ â åäèíèöàõ  h/4(JS, à áåçðàçìåðíûé ïàðàìåòð�EMBED Equation.DSMT4��� ðàâåí îòíîøåíèþ êîíñòàíòû àíèçîòðîïèè K ê îáìåííîìó èíòåã-ðàëó J. Ñ óäàëåíèåì ïàðàìåòðà �EMBED Equation.DSMT4���îò êðèòè÷åñêîãî çíà÷åíèÿ 4/3 ÷àñòîòû (19) ìîíîòîííî âîçðàñòàþò. Âîïðîñ î ïîâåäåíèè ÄÃ (5) íèæå òî÷êè ïåðåõîäà ðàñ-ñìàòðèâàëñÿ â [5].


	Ïîäñòàíîâêà çíà÷åíèé (19) â óðàâíåíèÿ (12) ïîçâîëÿåò îïðåäåëèòü ñ ïî-ìîùüþ èíòåãðàëà (15) ñîîòâåòñòâóþùèå ñîáñòâåííûå ôóíêöèè 





                       (�EMBED Equation.DSMT4���=�EMBED Equation.DSMT4���[ �EMBED Equation.DSMT4��� -  �EMBED Equation.DSMT4���] �EMBED Equation.DSMT4���,					(20.1)





                     (�EMBED Equation.DSMT4���=�EMBED Equation.DSMT4���[ �EMBED Equation.DSMT4��� +  �EMBED Equation.DSMT4���]  (�EMBED Equation.DSMT4���                     		 	(20.2)





Ñîáñòâåííûå ôóíêöèè äëÿ âåðõíåé ëîêàëüíîé ìîäû �EMBED Equation.DSMT4��� èìåþò àíàëîãè÷íûé, õîòÿ è áîëåå ãðîìîçäêèé âèä: îíè ÿâëÿþòñÿ àëãåáðàè÷åñêèìè êîìáèíàöèÿìè äâóõ äâóõ âåùåñòâåííûõ âåëè÷èí �EMBED Equation.DSMT4��� < 1, ãäå �EMBED Equation.DSMT4��� â ñòåïåíÿõ |j| è |j-1|.


	Îáðàùàÿñü òåïåðü ê ñèñòåìå óðàâíåíèé (13), îòìåòèì òîëüêî, íå ïðèâîäÿ àíàëîãè÷íûõ âû÷èñëåíèé, ÷òî êîðíè åå äèñïåðñèîííîãî óðàâíåíèÿ ïîëíîñòüþ ñîâïàäàþò ñ êîðíÿìè (18) ñèñòåìû óðàâíåíèé (12). Òàêèì îáðàçîì,  ÷àñòîòû (18) ÿâëÿþòñÿ âûðîæäåííûìè - ôàêò, êîòîðûé â ïðèìåíåíèè ê �EMBED Equation.DSMT4���, îòìå÷àåòñÿ â [4]. Â ýòîé æå ðàáîòå (ñì. òàêæå [8] ) ïîêàçàíî, ÷òî óêàçàííîå âûðîæäåíèå äëÿ íèæíåé ìîäû �EMBED Equation.DSMT4���ñíèìàåòñÿ ñëàáûì âîçìóùåíèåì  ýíåðãèè (1) îò îäíîìåðíîé ìàãíèòîñòàòè÷åñêîé ýíåðãèè 2(�EMBED Equation.DSMT4���. Ïðè ýòîì ìîäà �EMBED Equation.DSMT4���(19)  ðàñùåïëÿåòñÿ íà äâå: åå íèæíÿÿ âåòâü îñòàåòñÿ "ìÿãêîé" è èìååò òîò æå âèä, íî  ñ íåñêîëüêî èíûì çíà÷åíèåì ÷èñëåííîãî êîýôôèöèåíòà. Âòîðàÿ âåòâü - íå îá-ðàùàåòñÿ â íóëü, íî îñòàåòñÿ ìàëîé â ìåðó ìàëîñòè âîçìóùåíèÿ. Ïîðÿäîê âåëè÷èíû ðàñùåïëåíèÿ - îòíîøåíèå ìàãíèòîñòàòè÷åñêîé ýíåðãèè ê ýíåðãèè àíèçîòðîïèè.  Ñëàáîå âîçìóùåíèå ìàãíèòîñòàòè÷åñêîãî õàðàêòåðà áóäåò ïðè-âîäèòü, êîíå÷íî, ëèøü ê íåçíà÷èòåëüíîìó ðàñùåïëåíèþ îïðåäåëåííîé â íà-ñòîÿùåé ðàáîòå âåðõíåé ëîêàëüíîé ìîäû �EMBED Equation.DSMT4���(19).


	Êîýðöèòèâíîñòü. Îñòàíîâèìñÿ òåïåðü íà ó÷åòå âíåøíåãî ìàãíèòíîãî ïîëÿ  Hz, âõîäÿùåãî â ýíåðãèþ (1), â ïðåäïîëîæåíèè åãî ñëàáîñòè. Ýòî ïîëå âíîñèò â ïðàâûå ÷àñòè âûðàæåíèé (7) âîçìóùåíèå �EMBED Equation.DSMT4���= �EMBED Equation.DSMT4���, ãäå �EMBED Equation.DSMT4���(j(1)=-�EMBED Equation.DSMT4��� è �EMBED Equation.DSMT4���(j(0)=�EMBED Equation.DSMT4���, ãäå �EMBED Equation.DSMT4���=g(/2JS. Ïðèìåíåíèå äèñêðåòíîãî ïðåîáðàçîâàíèÿ Ôóðüå (9) ïðèâîäèò â äàííîì ñëó÷àå ê èíòåãðàëüíûì ðàçíîñòûì óðàâíåíèÿì, êîòî-ðûå ðàçðåøèòü íå óäàåòñÿ. Ïîýòîìó àíàëèç âëèÿíèÿ ïîëÿ íà ñïåêòð è âû÷èñ-ëåíèå êîýðöèòèâíîñòè (÷èñëåííûå ðåçóëüòàòû ñì., â [3]) ïðîâåäåì â ðàìêàõ òåîðèè âîçìóùåíèé.


	Åñëè ÄÃ (5) íàõîäèòñÿ â îáëàñòè óñòîé÷èâîñòè �EMBED Equation.DSMT4��� >4/3, òî äåéñòâèå ïîëÿ �EMBED Equation.DSMT4��� ïðèâîäèò, èç-çà âîçíèêàþùåé íåóñòîé÷èâîñòè îäíîãî èç äîìåíîâ, ê 


"ðàçìÿã÷åíèþ"  ëîêàëüíûõ ìîä (19). Èç äâóõ âûðàæåíèé (7) äåéñòâèå ïîëÿ áóäåò ñêàçûâàòüñÿ íàèáîëåå ñèëüíî íà  ïåðâîì èç íèõ (7.1), òàê êàê âòîðîå, ñòðîãî ãîâîðÿ, äîëæíî ñîäåðæàòü óïîìèíàâøèéñÿ âûøå ïîëîæèòåëüíûé âêëàä ìàãíèòîñòàòè÷åñêîé ýíåðãèè. Ïîýòîìó ìîæíî îãðàíè÷èòüñÿ îïðåäå-ëåíèåì óñëîâèé âîçíèêíîâåíèÿ íóëåâîãî ñîáñòâåííîãî çíà÷åíèÿ ( ðàçíîñò-íîãî óðàâíåíèÿ 





( (�EMBED Equation.DSMT4��� = 2[(�EMBED Equation.DSMT4���+2) (�EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4���+2(�EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4���) (�EMBED Equation.DSMT4���-�EMBED Equation.DSMT4���)]+�EMBED Equation.DSMT4���(�EMBED Equation.DSMT4���, 										                 		(21) 


êîòîðîå  îáîáùàåò (7.1) íà ó÷åò âîçìóùåíèÿ �EMBED Equation.DSMT4���, âèä êîòîðîãî ïðèâîäèëñÿ âûøå. Îòìåòèì çäåñü, íå ïðèâîäÿ ñîîòâåòñòâóþùåãî âûâîäà, ÷òî îïåðàòîð (7.2)  áåç ó÷åòà ìàãíèòîñòàòè÷åñêîãî âêëàäà èìååò ñîáñòâåííûå çíà÷åíèÿ, ñîâ-ïàäàþùèå ñ ðåøåíèåì íåâîçìóùåííîé çàäà÷è (21), õîòÿ ñîáñòâåííûå ôóíêöèè è íå ñîâïàäàþò.


	Êàê ìîæíî óáåäèòüñÿ,  íåâîçìóùåííîé çàäà÷å (21) îòâå÷àþò ñëåäóþùèå îðòîíîðìèðîâàííûå ôóíêöèè, ñîîòâåòñòâåííî, äèñêðåòíîé è íåïðåðûâíîé ÷àñòåé ñïåêòðà:


                 �EMBED Equation.DSMT4��� = �EMBED Equation.DSMT4��� -4/3,    �EMBED Equation.DSMT4���= �EMBED Equation.DSMT4��� -  �EMBED Equation.DSMT4��� ;  				(22.1)


        �EMBED Equation.DSMT4���(k) = �EMBED Equation.DSMT4��� + 2 - 2cos k,                                                                          (22.2)


   


       �EMBED Equation.DSMT4���(k) = �EMBED Equation.DSMT4����EMBED Equation.DSMT4��� , �EMBED Equation.DSMT4���.      	           


Çäåñü àìïëèòóäû ïðîõîæäåíèÿ T(k) è îòðàæåíèÿ R(k) âîëíû îáúåìíûõ ñïèíîâûõ âîëí ðàâíû





        �EMBED Equation.DSMT4��� .                           		(23)


Â îòëè÷èå îò ñâîåãî êîíòèíóàëüíîãî àíàëîãà [7] ñîáñòâåííàÿ ôóíêöèÿ íåïðåðûâíîé ÷àñòè ñïåêòðà â äèñêðåòíîì ñëó÷àå íå ÿâëÿåòñÿ áåçîòðàæàòåëüíîé (ôóíêöèÿ (22.2) èìååò îòðàæåííóþ âîëíó). 	Ïîïðàâêà ïåðâîãî ïîðÿäêà  ïî òåîðèè âîçìóùåíèé ê îñíîâíîìó äèñêðåòíîìó óðîâíþ (22.1) ñòðîãî ðàâíà íóëþ





                        �EMBED Equation.DSMT4��� .                                                        (24)


 Âî âòîðîì ïîðÿäêå èìååì ñëåäóþùåå óñëîâèå óñòîé÷èâîñòè ÄÃ:





               �EMBED Equation.DSMT4��� + �EMBED Equation.DSMT4��� ( 0.                                 (25)


Íàïîìíèì, ÷òî ïîïðàâêà âòîðîãî ïîðÿäêà ê îñíîâíîìó óðîâíþ ýíåðãèè âñåãäà îòðèöàòåëüíà. Âû÷èñëåíèÿ, èñïîëüçóþùèå (22), ñ ñóììèðîâàíèåì ãåî-ìåòðè÷åñêèõ ïðîãðåññèé è èñïîëüçîâàíèåì èíòåãðàëà (15) ïîçâîëÿþò ïîëó÷èòü âìåñòî (25) íåðàâåíñòâî





                          2(�EMBED Equation.DSMT4��� -4/3) - (39/128) �EMBED Equation.DSMT4��� ( 0.                                                     (26)


	Êîíå÷íî, ïîëó÷åííîå âûðàæåíèå ñïðàâåäëèâî ëèøü ïðè íåçíà÷èòåëü-íîì ïðåâûøåíèè áåçðàçìåðíîé êîíñòàíòû àíèçîòðîïèè �EMBED Equation.DSMT4��� íàä ïîðîãîì 4/3. Íî, òåì íå ìåíåå, îíî ïîêàçûâàåò, ÷òî ïîíèæåíèå íèæíåãî óðîâíÿ ñïåêòðà �EMBED Equation.DSMT4���(19) çàâèñèò êâàäðàòè÷íî îò âíåøíåãî ïîëÿ. Ñ äðóãîé ñòîðîíû, (26) ïî-çâîëÿåò òàêæå îïðåäåëèòü âåëè÷èíó ïîëÿ êîýðöèòèâíîñòè âáëèçè ïîðîãà





                              �EMBED Equation.DSMT4��� ,       					(27)


êîòîðîå èìååò õàðàêòåðíóþ êîðíåâóþ îñîáåííîñòü. Ñòðîãî ãîâîðÿ, ïðè âûïîëíåíèè óñëîâèÿ �EMBED Equation.DSMT4��� ñòàòè÷åñêàÿ ÄÃ (5) èñïûòûâàåò ëèøü ïåðå-ñòðîéêó ñâîåé ñòðóêòóðû.  Ïîñòóïàòåëüíîå äâèæåíèå ÄÃ (â ñèëó îòìå-÷àâøåéñÿ íåîáõîäèìîñòè ó÷åòà âî âòîðîì èç âûðàæåíèé (7) ìàëîãî ïîëî-æèòåëüíîãî ÷ëåíà ìàãíèòîñòàòè÷åñêîãî ïðîèñõîæäåíèÿ) ìîæåò âîçíèêíóòü è íåñêîëüêî ïîçäíåå. Ìàãíèòîñòàòè÷åñêîå âçàèìîäåéñòâèå ïðèâîäèò ê òîìó, ÷òî âåëè÷èíà ïîðîãà 4/3 ïîä ðàäèêàëîì â (27) íåçíà÷èòåëüíî âîçðàñòàåò: íà âåëè÷èíó îòíîøåíèÿ ýíåðãèè ìàãíèòîñòàòè÷åñêîãî âçàèìîäåéñòâèÿ ê ýíåðãèè àíèçîòðîïèè. Ýòî îçíà÷àåò, ÷òî ïåðåä ïåðåõîäîì ê ñâîáîäíîìó äâèæåíèþ ÄÃ ïðîõîäèò óçêóþ îáëàñòü ñòðóêòóðíîé íåóñòîé÷èâîñòè òîãî æå ïîðÿäêà.


	Â çàêëþ÷åíèå ïåðå÷èñëèì îñíîâíûå ðåçóëüòàòû íàñòîÿùåé ðàáîòû. Â óñëîâèÿõ ïðåâûøåíèÿ ýíåðãèè àíèçîòðîïèè íàä îáìåííîé ýíåðãèåé 1800 ÄÃ èìååò äèñêðåòíóþ ñòðóêòóðó (5), â êîòîðîé èçìåíåíèå ïîâîðîòà ñïèíîâ íà 1800 ïðîèñõîäèò ìåæäó äâóìÿ ñîñåäñòâóþùèìè àòîìíûìè ñëîÿìè [3-5]. Ïðîâåäåííîå èññëåäîâàíèå ñïåêòðà ìàëûõ êîëåáàíèé òàêîé ÄÃ â óñëîâèÿõ åå óñòîé÷èâîñòè îáíàðóæèâàåò äîïîëíèòåëüíóþ ëîêàëèçîâàííóþ íà ÄÃ ìîäó �EMBED Equation.DSMT4��� (19). Ýòà ìîäà ðàñïîëîæåíà íèæå äíà çîíû îáúåìíûõ ñïèíîâûõ âîëí (8), íî â òî÷êå ïîòåðè ÄÃ óñòîé÷èâîñòè îíà, â îòëè÷èå îò ðàíåå èçâåñòíîé ìîäû �EMBED Equation.DSMT4���(19) [3-4],  íå îáðàùàåòñÿ â íóëü. Ïðè íàëîæåíèè âíåøíåãî ìàãíèòíîãî ïîëÿ, ïðèâîäÿùåãî ê ñìåùåíèÿì ÄÃ, ïðîèñõîäèò ïîíèæåíèå ÷àñòîò ëî-êàëüíûõ ìîä. Âáëèçè ïîðîãà íåóñòîé÷èâîñòè ÄÃ âû÷èñëåíî åå ïîëå êîýðöè-òèâíîñòè (ïèííèíãà) (27), ïðåâûøåíèå êîòîðîãî ïî âíåøíåìó ïîëþ ïðèâîäèò ê ñìåùåíèÿì ÄÃ. 


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