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Ïîñòóïèëî â Ðåäàêöèþ


	Èññëåäîâàíèå ñïåêòðà ìàëûõ êîëåáàíèé ñâîáîäíî äâèæóùåéñÿ â îäíîîñíîì ôåððîìàãíåòèêå 1800 ÄÃ ïîêàçûâàåò, ÷òî åå îäíîìåðíàÿ ñòðóêòóðà ñòàíîâèòñÿ íåóñòîé÷èâîé îòíîñèòåëüíî ïîâåðõíîñòíûõ èñêàæåíèé â îáëàñòè îòðèöàòåëüíîñòè ýôôåêòèâíîé ìàññû (äèôôåðåíöèàëüíîé ïîäâèæíîñòè). Îïðåäåëåíû âåðõíåå êðèòè÷åñêîå çíà÷åíèå âîëíîâîãî âåêòîðà âîçìóùåíèÿ, âûøå êîòîðîãî ãîôðèðîâêà ÄÃ íå ðàçâèâàåòñÿ, è çíà÷åíèå âîëíîâîãî âåêòîðà ìîäû âîçìóùåíèÿ ñ ìàêñèìàëüíûì èíêðåìåíòîì. 





Ðàçâèòèå  èíôîðìàöèîííûõ òåõíîëîãèé îáóñëîâëèâàåò èíòåðåñ ê èññëåäîâàíèþ äèíàìèêè ñîëèòîíîâ â ìàãíèòíûõ ñðåäàõ. Ïðîñòåéøèì îäíîìåðíûì îáúåêòîì òàêîãî ðîäà â îäíîîñíûõ ôåððîìàãíåòèêàõ ÿâëÿåòñÿ êèíê-  1800 äîìåííàÿ ãðàíèöà (ÄÃ),  äèíàìèêà êîòîðîé â öåëîì õîðîøî èçó÷åíà (ñì. äëÿ ÄÃ âî âíåøíåì ìàãíèòíîì ïîëå ðåøåíèå Óîêåðà (1956)  [1] è äëÿ ñâîáîäíîãî äâèæåíèÿ - [2], [3] ). Óñòîé÷èâîñòü íåëèíåéíûõ ðåøåíèé óðàâíåíèé Ëàíäàó-Ëèôøèöà îòíîñèòåëüíî ðàçâèòèÿ ãîôðèðîâî÷íîé íåóñòîé÷èâîñòè, ò.å. ïîïåðå÷íûõ èçãèáîâ ïîâåðõíîñòè ÄÃ, èçó÷åíà ìåíåå ïîëíî, õîòÿ ýêñïåðèìåíòàëüíî ãîôðèðîâàííûå ÄÃ è íàáëþäàþòñÿ äîâîëüíî ÷àñòî. Åñëè îãðàíè÷èòüñÿ  äëÿ ïðèìåðà òîëüêî òàê íàçûâàåìûìè ïëåíêàìè ñ ïåðïåíäèêóëÿðíîé ìàãíèòíîé îäíîîñíîé àíèçîòðîïèåé, òî ìîæíî óêàçàòü (ñì. â [4]) íà ñòàòè÷åñêèå èñêàæåíèÿ êðóãîâîãî ñå÷åíèÿ öèëèíäðè÷åñêèõ ìàãíèòíûõ äîìåíîâ, èçãèáíûå èñêàæåíèÿ ïëîñêîé ÄÃ ïî Øëåìàíó, äèíàìè÷åñêèé ãèðîòðîïíûé ïðîãèá ïîâåðõíîñòè ÄÃ ïîä äåéñòâèåì äâèæóùåéñÿ áëîõîâñêîé ëèíèè è äð. Íåîáõîäèìî îòìåòèòü, ÷òî, ñóäÿ ïî ýòèì è äðóãèì (äëÿ ïëîñêîé ÄÃ ñì., íàïðèìåð, òàêæå [5], [6])  ýêñïåðèìåíòàëüíûì äàííûì,  åäèíîãî ìåõàíèçìà ãîôðèðîâêè ÄÃ íå ñóùåñòâóåò. 


Â íàñòîÿùåì ñîîáùåíèè ðàññìàòðèâàåòñÿ ïðîñòåéøàÿ çàäà÷à - âîçíèê-íîâåíèå ãîôðèðîâêè ïîâåðõíîñòè ñâîáîäíî äâèæóùåéñÿ îäíîìåðíîé 1800 ÄÃ â îäíîîñíîì ôåððîìàãíåòèêå, ò.å. íåóñòîé÷èâîñòè ðåøåíèÿ Óîêåðà â ôîðìå [2], [3]. Ñîìíåíèÿ  îòíîñèòåëüíî óñòîé÷èâîñòè âûçûâàåò  ó÷àñòîê ñ îòðèöàòåëüíîé äèôôåðåíöèàëüíîé ïîäâèæíîñòüþ ÄÃ â  ñëó÷àå [1] èëè ñ îòðèöàòåëüíîé ìàññîé - [2], [3]. Ñîãëàñíî êà÷åñòâåííûì  àðãóìåíòàì [7] îäíîìåðíîå äâèæåíèå ÄÃ íà ýòèõ ó÷àñòêàõ íåóñòîé÷èâî îòíîñèòåëüíî ãîôðèðîâêè. Ñïåöèàëüíî èññëåäîâàíèþ ýòîãî âîïðîñà íà ñïåêòðàëüíîì óðîâíå ïîñâÿùåíû ðàáîòû  [8], [9], ïðè÷åì â ïîñëåäíåé èç íèõ ïîêàçàíî, ÷òî ÄÃ äåéñòâèòåëüíî èñïûòûâàåò â îáëàñòè îòðèöàòåëüíîé ïîäâèæíîñòè ãîôðèðîâî÷íóþ íåóñòîé÷èâîñòü. Ê ñîæàëåíèþ, ïðåäëîæåííûé â [9] ñïåêòð îãðàíè÷åí ëèøü ëèíåéíûì ó÷åòîì ïðîñòðàíñòâåííîé äèñïåðñèè ïî äâóìåðíîìó âîëíîâîìó âåêòîðó k||  âîçìóùåíèÿ, ëîêàëèçîâàííîãî íà ïîâåðõíîñòè ÄÃ. Â íàñòîÿùåé ðàáîòå ñïåêòð ëîêàëèçîâàííûõ êîëåáàíèé,  â îòëè÷èå îò [9], âûâîäèòñÿ èç ñïåêòðàëüíûõ óðàâíåíèé óñòîé÷èâîñòè íå ïðè ñòîëü ñèëüíûõ îãðàíè÷åíèÿõ íà k||. Ýòî ïîçâîëÿåò îïðåäåëèòü òî çíà÷åíèå âîëíîâîãî ÷èñëà �EMBED Equation.DSMT4���M, êîòîðîå îòâå÷àåò ìîäå ñ ìàêñèìàëüíûì èíêðåìåíòîì  â îáëàñòè íåóñòîé÷èâîñòè è îïðåäåëÿåò òàêèì îáðàçîì ïåðèîä âîçíèêàþùåé ãîôðèðîâêè. Êðîìå òîãî, ïîêàçàíî, ÷òî ñóùåñòâóåò åùå îäíî êðèòè÷åñêîå çíà÷åíèå �EMBED Equation.DSMT4��� =�EMBED Equation.DSMT4���b (>�EMBED Equation.DSMT4���M),, âûøå êîòîðîãî ÄÃ  îñòàåòñÿ óñòîé÷èâîé îòíîñèòåëüíî ãîôðèðîâêè.


Ðàññìîòðèì 1800 ÄÃ â ïëîñêîñòè x0z, äâèæóùóþñÿ ñâîáîäíî â îäíîîñíîì ôåððîìàãíåòèêå â ïîëîæèòåëüíîì íàïðàâëåíèè âäîëü îñè 0y (îñü ëåãêîãî íàìàãíè÷èâàíèÿ êîëëèíåàðíà 0z). Ñîîòâåòñòâóþùåå îäíîìåðíîå ðåøåíèå õîðîøî èçâåñòíî [2-3] è èìååò âèä:


sin (0(y) = 1/ch [(y-Vt)/(((0)],             (((0)= (1+sin2(0/Q)-1/2,


       sin2(M=Q((1+1/Q)1/2-1)),              V= (((0) sin(0 cos(0/Q .              (1)


Çäåñü  (0(y) è  (0 = const ïîëÿðíûé è àçèìóòàëüíûé óãëû âåêòîðà íàìàãíè÷åííîñòè  M, îòñ÷èòûâàåìûå ñîîòâåòñòâåííî  îò îñåé 0z è 0x, ëåæàùèõ â ïëîñêîñòè ÄÃ. Êîîðäèíàòà  y èçìåðÿåòñÿ â åäèíèöàõ øèðèíû áëîõîâñêîé ÄÃ ( =(A/K)1/2 (A - îáìåííàÿ æåñòêîñòü, K - êîíñòàíòà îäíîîñíîé àíèçîòðîïèè); âðåìÿ t - â åäèíèöàõ ((Ha)-1 (Ha=2K/M - ïîëå îäíîîñíîé àíèçîòðîïèè); Q= Ha/4(M - òàê íàçûâàåìûé ôàêòîð êà÷åñòâà ìàòåðèàëà. Çàâèñèìîñòè ñêîðîñòè ÄÃ V((0) (â åäèíèöàõ Vw =2((M() äëÿ òðåõ òèïè÷íûõ çíà÷åíèé Q ïðåäñòàâëåíû íà Ðèñ., ïðè÷åì óñòîé÷èâûå ó÷àñòêè (ñì. íèæå) âûäåëåíû æèðíûìè ëèíèÿìè; (M (Q) â (1) - àáñöèññà ìàêñèìóìà ñêîðîñòè. Âåëè÷èíà (0 èìååò ñìûñë èìïóëüñà ÄÃ, ãàìèëüòîíèàí êîòîðîé H=(((0)-1 ïåðèîäè÷åí ïî èìïóëüñó [10]  (äëÿ ïîñëåäóþùåãî äîñòàòî÷íî îãðàíè÷èòüñÿ âåòâüþ 0<(0<(/2). Íà íèñïàäàþùèõ ó÷àñòêàõ V((0), ñì. Ðèñ., ýôôåêòèâíàÿ ìàññà ÄÃ m îòðèöàòåëüíà (V=(H/((0 è 1/m =(V/((0<0).


Óðàâíåíèÿ ìàëûõ êîëåáàíèé ìîãóò áûòü ïîëó÷åíû ïåðåõîäîì â ëîêàëüíóþ ñèñòåìó êîîðäèíàò, êîòîðàÿ äâèæåòñÿ ñî ñêîðîñòüþ V  âìåñòå ñ ÄÃ âäîëü 0y è îñè êîòîðîé â áàçèñíîé ïëîñêîñòè x0y ïîâåðíóòû íà óãîë (0 (íîâàÿ îñü 0x ñîâïàäàåò òåïåðü ñ ïëîñêîñòüþ, â êîòîðîé ïðîèñõîäèò ðàçâîðîò ñïèíîâ íà 1800).  Äëÿ ìàëûõ àìïëèòóä íàìàãíè÷åííîñòè ~exp(-i( t+i�EMBED Equation.DSMT4���() ((=(x,z) - êîîðäèíàòû â ïëîñêîñòè ÄÃ), ëåæàùèõ â ïëîñêîñòè ðàçâîðîòà ñïèíîâ - �EMBED Equation.DSMT4��� è ïåðïåíäèêóëÿðíîé åé - �EMBED Equation.DSMT4���, èìååì óðàâíåíèÿ


i �EMBED Equation.DSMT4��� �EMBED Equation.DSMT4���+ �EMBED Equation.DSMT4����EMBED Equation.DSMT4��� �EMBED Equation.DSMT4���+ (�EMBED Equation.DSMT4���+�EMBED Equation.DSMT4���)�EMBED Equation.DSMT4���=0,


- i �EMBED Equation.DSMT4��� �EMBED Equation.DSMT4���+ �EMBED Equation.DSMT4����EMBED Equation.DSMT4��� �EMBED Equation.DSMT4���+ (�EMBED Equation.DSMT4���+�EMBED Equation.DSMT4���+�EMBED Equation.DSMT4���) �EMBED Equation.DSMT4���=0,                                         (2)


ñîâïàäàþùèå ñ òî÷íîñòüþ äî ïåðåîáîçíà÷åíèé ñ ðåçóëüòàòàìè [9], [11]. Çäåñü îïåðàòîðû �EMBED Equation.DSMT4���=�EMBED Equation.DSMT4����EMBED Equation.DSMT4���= -d2/dy2 + 1-2/ch2y, �EMBED Equation.DSMT4��� =�EMBED Equation.DSMT4��� d/dy -th y, ïðè÷åì ïîä ëîêàëüíîé êîîðäèíàòîé y òåïåðü ïîíèìàåòñÿ âåëè÷èíà (y-Vt) (((0); �EMBED Equation.DSMT4���=( (((0)2, �EMBED Equation.DSMT4���= k| | (((0), �EMBED Equation.DSMT4���=V (((0), �EMBED Equation.DSMT4���=Q -1(((0) cos2(0 (ñì. ôîðìóëû â (1)). 


Îñíîâíóþ òðóäíîñòü  ïðè ðåøåíèè (2) ïðåäñòàâëÿåò ó÷åò  ÷ëåíîâ ~ �EMBED Equation.DSMT4���,   òîãäà êàê ñòàòè÷åñêèé ñëó÷àé �EMBED Equation.DSMT4���=0 (2) õîðîøî èçâåñòåí - Âèíòåð, 1961. Åñòåñòâåííî âîñïîëüçîâàòüñÿ òåîðèåé âîçìóùåíèé  ïî �EMBED Equation.DSMT4���, ðàçëàãàÿ (2) ïî îðòîíîðìèðîâàííîìó ïîëíîìó íàáîðó îïåðàòîðà �EMBED Equation.DSMT4���. Åãî ñïåêòð ñîñòîèò èç äâóõ ÷àñòåé: 1) ëîêàëèçîâàííîé íà ÄÃ òðàíñëÿöèîííîé ìîäû - (tr(y)= 1/(�EMBED Equation.DSMT4���ch y), �EMBED Equation.DSMT4���(tr(y)= �EMBED Equation.DSMT4���(tr(y)=  0; 2) ïðåöåññèîííîé ìîäû, ëîêàëèçîâàííîé ïðåèìóùåñòâåííî â äîìåíàõ, - (pr(y,k)= �EMBED Equation.DSMT4���exp(iky)/�EMBED Equation.DSMT4���, �EMBED Equation.DSMT4���(pr(y,k)=(1+k2) (pr(y,k). Ñîîòâåòñòâóþùèå ðåçîíàíñíûå ÷àñòîòû ñîãëàñíî (2) ðàâíû: 1) �EMBED Equation.DSMT4���= �EMBED Equation.DSMT4���(�EMBED Equation.DSMT4���+�EMBED Equation.DSMT4���) - òðàíñëÿöèîííûé óðîâåíü è 2) �EMBED Equation.DSMT4���= (1+k2+�EMBED Equation.DSMT4���) (1+�EMBED Equation.DSMT4���+ k2 +�EMBED Equation.DSMT4���) > �EMBED Equation.DSMT4���- ïðåöåññèîííûé óðîâåíü. 


Ãîôðèðîâî÷íàÿ íåóñòîé÷èâîñòü îáóñëîâëèâàåòñÿ òðàíñëÿöèîííûì óðîâíåì, ïîïðàâêè ê ÷àñòîòå êîòîðîãî �EMBED Equation.DSMT4���è íåîáõîäèìî âû÷èñëèòü. Èñïîëüçóåìàÿ çäåñü ñõåìà òåîðèè âîçìóùåíèé àíàëîãè÷íà ïðèâîäÿùåéñÿ â [11], ãäå âû÷èñëåíèÿ îäíàêî îãðàíè÷èâàþòñÿ ïåðâûì ïîðÿäêîì ïî �EMBED Equation.DSMT4���. Ïîñêîëüêó, êàê ýòî ïîêàçàíî â [11] è ïîäòâåðæäàåòñÿ ïðîâåäåííûìè çäåñü ðàñ÷åòàìè, ïîïðàâêà ïåðâîãî ïðèáëèæåíèÿ �EMBED Equation.DSMT4���=0, âû÷èñëåíèÿ íåîáõîäèìî ïðîâîäèòü äî âòîðîãî ïîðÿäêà. Âêëàä äèàãîíàëüíîãî ÷ëåíà �EMBED Equation.DSMT4���((0), çàâèñÿùèé îò ñêîðîñòè ÄÃ, ó÷èòûâàåòñÿ ñ òî÷íîñòüþ äî ñîîòâåòñòâóþùåãî ïîðÿäêà òåîðèè âîçìóùåíèé. Ðåçóëüòàòû âû÷èñëåíèé òàêîâû:


 �EMBED Equation.DSMT4���(y) = �EMBED Equation.DSMT4����EMBED Equation.DSMT4���(y)  = (tr(y) -                                                                        -i�EMBED Equation.DSMT4����EMBED Equation.DSMT4����EMBED Equation.DSMT4���;           (3.1)


              �EMBED Equation.DSMT4���= �EMBED Equation.DSMT4���(�EMBED Equation.DSMT4���+ �EMBED Equation.DSMT4���- �EMBED Equation.DSMT4���I(�EMBED Equation.DSMT4���)),                                         (3.2)


              I(�EMBED Equation.DSMT4���) =�EMBED Equation.DSMT4���>0,     (3.3)


ãäå <...> - îïåðàöèÿ âçÿòèÿ ìàòðè÷íîãî ýëåìåíòà (èíòåãðàëà ïî y1 â áåñêîíå÷íûõ ïðåäåëàõ), ïðè÷åì �EMBED Equation.DSMT4���=((/4)(1+k2)/ch2((k/2).


Â íèçøåì ïîðÿäêå ïî �EMBED Equation.DSMT4��� èç (3.2) è (3.3) ñ ó÷åòîì òîãî, ÷òî I(0)=1 íå çàâèñèò îò �EMBED Equation.DSMT4���((0), ïðèõîäèì ê âûðàæåíèþ





         �EMBED Equation.DSMT4���= �EMBED Equation.DSMT4���(�EMBED Equation.DSMT4��� - �EMBED Equation.DSMT4���) = �EMBED Equation.DSMT4���(((0) (V((0)/((0,                     (4)


êîòîðîå ñîâïàäàåò âáëèçè ìàêñèìóìà ñêîðîñòè, ãäå(0 = (M , ñ ðåçóëüòàòàìè [9] è êîòîðîå ïîêàçûâàåò, ÷òî â îáëàñòè (V((0)/((0<0 (îòðèöàòåëüíîñòè ýôôåêòèâíîé ìàññû), ÄÃ ñòàíîâèòñÿ íåóñòîé÷èâîé îòíîñèòåëüíî ïîâåðõíîñòíûõ âîçìóùåíèé ñ �EMBED Equation.DSMT4���(0. Â îòëè÷èå îò [9], îäíàêî, ïîëó÷åííûå çäåñü ïîëíûå âûðàæåíèÿ (3.2), (3.3) ïîçâîëÿþò îïðåäåëèòü íåêîòîðûå äîïîëíèòåëüíûå õàðàêòåðèñòèêè ãîôðèðîâî÷íîé íåóñòîé÷èâîñòè.


Ðàçëîæåíèå èíòåãðàëà I(�EMBED Equation.DSMT4���) â ðÿä ïî �EMBED Equation.DSMT4��� ïîêàçûâàåò, ÷òî ÷ëåíû ïîðÿäêà  �EMBED Equation.DSMT4��� â (3.2) âñåãäà ïîëîæèòåëüíû. Ñ ó÷åòîì (4) ýòî óêàçûâàåò íà ñóùåñòâîâàíèå íåêîòîðîãî çíà÷åíèÿ �EMBED Equation.DSMT4��� =�EMBED Equation.DSMT4���, ïðè êîòîðîì èíêðåìåíò ãîôðèðîâî÷íîé íåóñòîé÷èâîñòè ìàêñèìàëåí è êîòîðîå îïðåäåëÿåò âåðîÿòíîå çíà÷åíèå óñòàíîâèâøåãîñÿ ïåðèîäà ãîôðèðîâêè. Ñ äðóãîé ñòîðîíû, ïîñêîëüêó �EMBED Equation.DSMT4���=0 è �EMBED Equation.DSMT4���~�EMBED Equation.DSMT4��� (òàê êàê I(�EMBED Equation.DSMT4���) �EMBED Equation.DSMT4���const), ìîæíî çàêëþ÷èòü, ÷òî, ïîìèìî  k|| =0, ñóùåñòâóåò åùå îäíî êðèòè÷åñêîå çíà÷åíèå �EMBED Equation.DSMT4��� = �EMBED Equation.DSMT4���, ïðè êîòîðîì �EMBED Equation.DSMT4���îáðàùàåòñÿ â íóëü è âûøå êîòîðîãî âåëè÷èíà �EMBED Equation.DSMT4��� çàâåäîìî ïîëîæèòåëüíà (ãîôðèðîâêà èñ÷åçàåò). Íà Ðèñ. äëÿ òðåõ óêàçàííûõ çíà÷åíèé Q=0.2, 1, 10 ïðåäñòàâëåíû ïîëó÷åííûå ÷èñëåííî òðè ïàðû êðèâûõ �EMBED Equation.DSMT4���((0) è �EMBED Equation.DSMT4���((0),  êîòîðûå èñõîäÿò èç òî÷åê (M (Q), ëåæàùèõ íà îñè àáñöèññ (äëÿ äàííîãî Q âåëè÷èíà �EMBED Equation.DSMT4���((0) ëåæèò âûøå �EMBED Equation.DSMT4���((0) ).


Â çàêëþ÷åíèå îñòàíîâèìñÿ íà óñëîâèÿõ ïðèìåíèìîñòè òåîðèè âîçìóùåíèé. Êàê èçâåñòíî,  äëÿ åå ïðèìåíèìîñòè íåîáõîäèìî, ÷òîáû ïîïðàâêà ïåðâîãî ïðèáëèæåíèÿ â (3.1) áûëà ìàëà. Â ñëó÷àå Q>>1, êàê ìîæíî ïîêàçàòü,  ýòà ïîïðàâêà âñåãäà ìàëà ~1/Q. Ñëó÷àé Q<<1 áîëåå ïðîáëåìàòè÷åí: çäåñü, çà èñêëþ÷åíèåì îòäåëüíûõ îáëàñòåé, ìàëîñòü ïîïðàâêè îïðåäåëÿåòñÿ ìàëîñòüþ �EMBED Equation.DSMT4���.
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 Èññëåäîâàíèå ñïåêòðà ìàëûõ êîëåáàíèé ñâîáîäíî äâèæóùåéñÿ â îäíîîñíîì ôåððîìàãíåòèêå 1800 ÄÃ ïîêàçûâàåò, ÷òî åå îäíîìåðíàÿ ñòðóêòóðà ñòàíîâèòñÿ íåóñòîé÷èâîé îòíîñèòåëüíî ïîâåðõíîñòíûõ íåîäíîìåðíûõ èñêàæåíèé â îáëàñòè îòðèöàòåëüíîñòè ýôôåêòèâíîé ìàññû (äèôôåðåíöèàëüíîé ïîäâèæíîñòè). Îïðåäåëåíû âåðõíåå êðèòè÷åñêîå çíà÷åíèå âîëíîâîãî âåêòîðà âîçìóùåíèÿ, âûøå êîòîðîãî ãîôðèðîâêà ÄÃ íå ðàçâèâàåòñÿ, è çíà÷åíèå âîëíîâîãî âåêòîðà ìîäû ñ ìàêñèìàëüíûì èíêðåìåíòîì, êîòîðîå îïðåäåëÿåò âåðîÿòíûé óñòàíîâèâøèéñÿ ïåðèîä ãîôðèðîâêè. 
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