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Ïðîàíàëèçèðîâàíî âëèÿíèå ýëåêòðè÷åñêîé ïîëÿðèçàöèè íà òåìïåðàòóðíóþ è ïîëåâóþ çàâèñèìîñ-

òè âåêòîðà ìîäóëÿöèè k àíòèôåððîìàãíèòíîé ñòðóêòóðû â ìàíãàíèòå òåðáèÿ. Ïîêàçàíî, ÷òî â îòëè÷èå

îò àíãàðìîíèçìîâ ýëåêòðè÷åñêàÿ ïîëÿðèçàöèÿ óâåëè÷èâàåò âåëè÷èíó k, ÷òî ìîæåò áûòü ïðè÷èíîé íà-

áëþäàåìîé íåìîíîòîííîé òåìïåðàòóðíîé çàâèñèìîñòè âåêòîðà ìîäóëÿöèè â TbMnO3 .

Ïðîàíàë³çîâàíî âïëèâ åëåêòðè÷íî¿ ïîëÿðèçàö³¿ íà òåìïåðàòóðíó òà ïîëüîâó çàëåæíîñò³ âåêòîðà

ìîäóëÿö³¿ k àíòèôåðîìàãí³òíî¿ ñòðóêòóðè â ìàíãàí³ò³ òåðá³þ. Ïîêàçàíî, ùî íà â³äì³íó â³ä àíãàðìî-

í³çì³â åëåêòðè÷íà ïîëÿðèçàö³ÿ çá³ëüøóº âåëè÷èíó k, ùî ìîæå áóòè ïðè÷èíîþ íåìîíîòîííî¿ òåìïåðà-

òóðíî¿ çàëåæíîñò³ âåêòîðà ìîäóëÿö³¿ â TbMnO3 , ÿêà ñïîñòåð³ãàºòüñÿ.

PACS: 75.80.+q Ìàãíèòîìåõàíè÷åñêèå è ìàãíèòîýëåêòðè÷åñêèå ýôôåêòû, ìàãíèòîñòðèêöèÿ.

Êëþ÷åâûå ñëîâà: ìîäóëèðîâàííàÿ ìàãíèòíàÿ ñòðóêòóðà, àíòèôåððîìàãíåòèê, ýëåêòðè÷åñêàÿ ïîëÿðè-
çàöèÿ, âåêòîð ìîäóëÿöèè.

Íåäàâíåå îòêðûòèå ãèãàíòñêèõ èçìåíåíèé äèýëåê-

òðè÷åñêîé ïîñòîÿííîé (~10%) è ýëåêòðè÷åñêîé ïîëÿ-

ðèçàöèè â ìàãíèòíîì ïîëå ïîðÿäêà íåñêîëüêèõ òåñëà â

ñåãíåòîýëåêòðèêå (ÑÝ)–àíòèôåððîìàãíåòèêå (ÀÔ)

TbMnO3 äàëî âîçìîæíîñòü ýôôåêòèâíîãî ìàãíèòíîãî

êîíòðîëÿ íàä ÑÝ ñîñòîÿíèåì [1]. Â TbMnO3 íèæå òåì-

ïåðàòóðû TN � 42 Ê ñóùåñòâóåò íåñîðàçìåðíàÿ êîëëè-

íåàðíàÿ ÀÔ ñòðóêòóðà òèïà Ay (A — âåêòîð àíòèôåð-

ðîìàãíåòèçìà) ñ ìîäóëÿöèåé è íàïðàâëåíèåì ñïèíîâ

âäîëü îñè Y è âåêòîðîì ìîäóëÿöèè k by � 0 295, *. Íèæå

òåìïåðàòóðû Tl � 27 Ê ïîÿâëÿåòñÿ åùå îäíà êîìïîíåí-

òà âåêòîðà àíòèôåððîìàãíåòèçìà âäîëü îñè Z è ýëåê-

òðè÷åñêàÿ ïîëÿðèçàöèÿ âäîëü òîé æå îñè. Â ìàãíèò-

íîì ïîëå ïîðÿäêà íåñêîëüêèõ òåñëà, íàïðàâëåííîì

âäîëü îñè Y, ýëåêòðè÷åñêàÿ ïîëÿðèçàöèÿ Pz èñ÷åçàåò è

ïîÿâëÿåòñÿ ñòàòè÷åñêàÿ ïîëÿðèçàöèÿ Px («magnetic-

field-induced electric polarization flop» [1]). Îäíàêî,

êàê ïîêàçàíî â ðàáîòå [2], íàáëþäàåìûé «magnetic-

field-induced electric polarization flop» íå ÿâëÿåòñÿ

îðèåíòàöèîííûì ïåðåõîäîì, êàê â ìàãíåòèêàõ, à îáú-

ÿñíÿåòñÿ ïðèìåñüþ ê êîíôèãóðàöèè Ay áîëåå ñëàáîé

êîíôèãóðàöèè G y .

Âîëíîâîé âåêòîð ìîäóëÿöèè îáû÷íî ñëàáî çàâèñèò

îò òåìïåðàòóðû, óìåíüøàÿñü ñ åå ïîíèæåíèåì çà ñ÷åò

âêëàäà îò ãàðìîíèê áîëåå âûñîêîãî ïîðÿäêà. Îäíàêî

íàáëþäàåìàÿ òåìïåðàòóðíàÿ çàâèñèìîñòü â íåêîëëè-

íåàðíîé ÀÔ ôàçå TbMnO3 íåìîíîòîííà: ïîíèæåíèå

çíà÷åíèÿ âåêòîðà ìîäóëÿöèè ñìåíÿåòñÿ åãî ñòàáèëèçà-

öèåé è ñëàáûì âîçðàñòàíèåì íèæå Tl ïîñëå âîçíèêíî-

âåíèÿ ÑÝ óïîðÿäî÷åíèÿ [1,3–5].

Â íàñòîÿùåé ðàáîòå ïðîàíàëèçèðîâàí âêëàä â òåì-

ïåðàòóðíóþ è ïîëåâóþ çàâèñèìîñòè âåêòîðà ìîäóëÿ-

öèè â íåêîëëèíåàðíîé ôàçå êàê ãàðìîíèê áîëåå âû-

ñîêîãî ïîðÿäêà, òàê è ìàãíèòîýëåêòðè÷åñêîãî (ÌÝ)

âçàèìîäåéñòâèÿ. Ïîêàçàíî, ÷òî â îòëè÷èå îò àíãàð-

ìîíèçìîâ íàëè÷èå ÑÝ ïîëÿðèçàöèè ïðèâîäèò ê óâåëè-

÷åíèþ çíà÷åíèÿ âåêòîðà ìîäóëÿöèè. Ðàçíûé çíàê

âêëàäîâ îò âûñøèõ ãàðìîíèê è ïîëÿðèçàöèè ìîæåò

ïðèâåñòè ê ñòàáèëèçàöèè âåêòîðà ìîäóëÿöèè íèæå Tl

â TbMnO3.

Ôóíêöèîíàë Ãèíçáóðãà–Ëàíäàó ñ ó÷åòîì ðîìáè-

÷åñêîé ñèììåòðèè TbMnO3 (ïðîñòðàíñòâåííàÿ ãðóïïà

Pbnm) êàê ôóíêöèþ ÀÔ âåêòîðîâ A G, , íàìàãíè÷åí-

íîñòè M è ýëåêòðè÷åñêîé ïîëÿðèçàöèè P çàïèøåì â

âèäå [2]
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) � V . (1)

Çäåñü � � � � �y A A y; ïîñòîÿííûå b1, b2, u è c ïîëîæè-

òåëüíû; îáìåííûå ïîñòîÿííûå a T T1 2 0, � � (T0 —

òåìïåðàòóðà ïåðåõîäà â îäíîðîäíîå AÔ ñîñòîÿíèå),

| | | |G A�� [5]. Ìîäóëèðîâàííîå AÔ ñîñòîÿíèå âîçíèêà-

åò áëàãîäàðÿ êîíêóðåíöèè ìåæäó ïîñòîÿííûìè íå-

îäíîðîäíîãî îáìåíà ìåæäó áëèæàéøèìè ñîñåäÿìè

( )	 � 0 è ñîñåäÿìè, ñëåäóþùèìè çà áëèæàéøèìè

( )
 � 0 . Ïîñêîëüêó íèæå TN AÔ âåêòîð A íàïðàâëåí

âäîëü îñè Y [1], ïîñòîÿííàÿ àíèçîòðîïèè w � 0. Ýëåê-

òðè÷åñêàÿ ïîëÿðèçàöèÿ âîçíèêàåò çà ñ÷åò íàëè÷èÿ íå-

îäíîðîäíîé ÌÝ ýíåðãèè (òðè ïîñëåäíèõ ñëàãàåìûõ â

(1)). Â ôóíêöèîíàë (1) âêëþ÷åíû ëèøü ñëàãàåìûå, êî-

òîðûå áóäóò íåîáõîäèìû äëÿ äàëüíåéøåãî àíàëèçà.

Ñíà÷àëà ïðîàíàëèçèðóåì òåìïåðàòóðíóþ çàâèñè-

ìîñòü âåêòîðà ìîäóëÿöèè â îòñóòñòâèå âíåøíåãî ìàã-

íèòíîãî ïîëÿ (H � 0). Ïðè ýòîì äîñòàòî÷íî ó÷èòûâàòü

òîëüêî A êîíôèãóðàöèþ, òàê êàê | | | |G A�� [5].

Èçâåñòíî, ÷òî â ìîäóëèðîâàííîì ìàãíèòíîì ñîñòî-

ÿíèè âîëíîâîé âåêòîð k(T) ñëàáî óìåíüøàåòñÿ çà ñ÷åò

âêëàäà îò ãàðìîíèê áîëåå âûñîêîãî ïîðÿäêà [6]. Òàêàÿ

òåìïåðàòóðíàÿ çàâèñèìîñòü íàáëþäàåòñÿ â TbMnO3

ïðè T TN� [1,3,5].

Îäíàêî íèæå T Tl N� çàâèñèìîñòü k( )T ñòàáèëè-

çèðóåòñÿ è íà÷èíàåò ñëàáî âîçðàñòàòü [1,3,5]. Òàê êàê

ïîëÿðèçàöèÿ Pz âîçíèêàåò ïðè T Tl� , àíàëèçèðóåì

âëèÿíèå Pz íà òåìïåðàòóðíîå ïîâåäåíèå k ïðè T Tl� .

Ðàâíîâåñíûå çíà÷åíèÿ A y , A z è Pz â íåêîëëèíåàðíîé

AÔ ôàçå èùåì â âèäå ãàðìîíè÷åñêèõ ðÿäîâ:
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Èçìåíåíèå âåêòîðà ìîäóëÿöèè k ïðè T TN� (k k� 0

ïðè T TN� ) èìååò ìåñòî çà ñ÷åò âêëàäà îò ãàðìîíèê

òðåòüåãî ïîðÿäêà (âòîðîå ñëàãàåìîå â (3)) è çà ñ÷åò

ýëåêòðè÷åñêîé ïîëÿðèçàöèè (òðåòüå ñëàãàåìîå â (3)).

Ýòè âêëàäû èìåþò ðàçíûå çíàêè: òðåòüÿ ãàðìîíèêà

óìåíüøàåò çíà÷åíèå k ( )	 � 0 , à ýëåêòðè÷åñêàÿ ïîëÿðè-

çàöèÿ óâåëè÷èâàåò k. Ïîýòîìó ìàãíèòîýëåêòðè÷åñêîå

âçàèìîäåéñòâèå â TbMnO3 ìîæåò áûòü ïðè÷èíîé ñòà-

áèëèçàöèè çíà÷åíèÿ âåêòîðà ìîäóëÿöèè.

Ïðèñóòñòâèå ìíîãèõ íåèçâåñòíûõ ïàðàìåòðîâ â (3)

çàòðóäíÿåò ÷èñëåííóþ îöåíêó ðàçëè÷íûõ âêëàäîâ â

çíà÷åíèå âåêòîðà ìîäóëÿöèè (3).

Åñëè ââåñòè îáîçíà÷åíèÿ:
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è âîñïîëüçîâàòüñÿ òåì, ÷òî ïðè T Tl� � 27 Ê êîì-

ïîíåíòà A BZ � �0 01,( ), ò.å. L L1 23� , òî äëÿ çíà÷åíèÿ

TN � 42 Ê èìååì w / � �10°, t T T
N

� �0 1, ( ). Òîãäà â íå-
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Âûðàæåíèå (6) ñîäåðèò äâà íåèçâåñòíûõ ïàðàìåòðà: y

è � .

Ïàðàìåòð � âûðàçèì ÷åðåç ïàðàìåòð y, èñïîëüçóÿ

ýêñïåðèìåíòàëüíîå çíà÷åíèå 2 0 55k � , ïðè T � 25 Ê

( , )t � �1 7 [1], à òàêæå ðàâåíñòâî çíà÷åíèé k ïðè òåì-

ïåðàòóðàõ T � 25 9, è T �15 Ê [1]. Â ýòîì ñëó÷àå ìîæíî

ïîêàçàòü, ÷òî ïðè çíà÷åíèè y � 12,9, � � 0 016 0
2, k è âåëè-

÷èíà âåêòîðà ìîäóëÿöèè k ìàëî îòëè÷àåòñÿ îò ðàöèî-

íàëüíîãî ÷èñëà k � 5 18/ , à èìåííî:
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2k � 0,5498 (T � 15 Ê; 25,9 Ê), 2k � 0,55 (T � 20 Ê; 25 Ê),

2k � 0,548 (T � 10 Ê) .

Òàêèì îáðàçîì, äëÿ âûáðàííûõ çíà÷åíèé y è � çíà-

÷åíèå âåêòîðà ìîäóëÿöèè k â íåêîëëèíåàðíîé ôàçå

ñòàáèëèçèðóåòñÿ âáëèçè k � 5 18/ .

Ðàññìàòðèâàåìàÿ ìîäåëü, íå ó÷èòûâàþùàÿ êðèòè-

÷åñêîãî ïîâåäåíèÿ ðåäêîçåìåëüíîãî èîíà Tb3+, êîãäà

óïîðÿäî÷èâàåòñÿ òåðáèåâà ïîäñèñòåìà, íå ãîäèòñÿ äëÿ

òåìïåðàòóð T � 10 Ê.

Âíåøíåå ìàãíèòíîå ïîëå ìàëî èçìåíÿåò âåëè÷èíó

àìïëèòóäû A [2]. Ìàãíèòíîå ïîëå âäîëü îñè Y îò-

êëþ÷àåò ïîëÿðèçàöèþ Pz ïîñëå ñïèí-ôëîï ïåðåõîäà, a

ýëåêòðè÷åñêàÿ ïîëÿðèçàöèÿ âäîëü îñè X , P A Gx z y z� �
áûñòðî âîçðàñòàåò â ìàãíèòíîì ïîëå [2]. Ìû ðàññ÷èòà-

åì èçìåíåíèå âåêòîðà k â ìàãíèòíîì ïîëå H y ïîñëå

ñïèí-ôëîï ïåðåõîäà, êîãäà A Ay z� , G Gy z� . Â ýòîì

ðàâíîâåñíîì ñîñòîÿíèè ïîëîæèì:
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Çíà÷åíèå B1 ñëàáî óìåíüøàåòñÿ â ìàãíèòíîì ïîëå

( )� ��1 0 , à G çàìåòíî óâåëè÷èâàåòñÿ, òàê êàê ( )� �� 2 0 ,

| | | ( )|G L k0 2 0�� [2].

Èç âûðàæåíèÿ (8) ñëåäóåò, ÷òî â ìàãíèòíîì ïîëå

MÝ âçàèìîäåéñòâèå (ïîñëåäíåå ñëàãàåìîå â (8)) òàê

æå, êàê è â òåìïåðàòóðíîé çàâèñèìîñòè k(T) (3), óâå-

ëè÷èâàåò çíà÷åíèå âåêòîðà ìîäóëÿöèè â îòëè÷èå îò

âêëàäà âûñøåé ãàðìîíèêè íåñîðàçìåðíîé ÀÔ ñòðóê-

òóðû (âòîðîå ñëàãàåìîå â (8)). Ïîñëå ñïèí-ôëîï ïåðå-

õîäà â äîñòàòî÷íî áîëüøîì ìàãíèòíîì ïîëå H 2 ��
�� � �| | | |G c0

2
2� , êàê ñëåäóåò èç (9), âåëè÷èíà G H� , ò.å.

ýëåêòðè÷åñêàÿ ïîëÿðèçàöèÿ âäîëü îñè X ëèíåéíî âîç-

ðàñòàåò ñ óâåëè÷åíèåì ïîëÿ. Âêëàäû â âåêòîð ìîäóëÿ-

öèè (âòîðîå è òðåòüå ñëàãàåìîå â (8)) êâàäðàòè÷íû ïî

ìàãíèòíîìó ïîëþ ( , )B H G H2
2 2 2 2

� � è èìåþò ðàç-

íûå çíàêè.

1. T. Kimura, T. Goto, H. Shintani, K. Ishizaka, T. Arima,

and Y. Tokura, Nature 426, 55(2003).

2. È. E. ×óïèñ, ÔÍÒ 34, 530 (2008).

3. S. Quezel, T. Tcheou, J. Rossat-Mignod, E. Quezel, and

E. Roudaut, Physica B86–88, 916 (1977).

4. M. Kenzelmann, A.B. Harris, S. Jonas, C. Broholm, J. Sche-

fer, S.B. Kim, C.L. Zhang, S.-W. Cheong, O.P. Vajk, and

I.W. Lynn, Phys. Rev. Lett. 95, 087206 (2005).

5. R. Kajimoto, H. Yoshizawa, H. Shintani, T. Kimura, and

Y. Tokura, Phys. Rev. B70, 012401 (2004).

6. Þ.A. Èçþìîâ, Äèôðàêöèÿ íåéòðîíîâ íà äëèííîïåðèîäè-

÷åñêèõ ñòðóêòóðàõ, Ýíåðãîàòîìèçäàò, Ìîñêâà (1987).

Influence of electric polarization on a wave

vector of modulation of antiferromagnetic

structure TbMnO3

I.E. Chupis and I.V. Ushakova

The influence of electric polarization on tem-

perature and field dependences of wave vector k of

the modulation of antiferromagnetic structure in

manganite terbium has been analyzed. It is shown

that unlike high harmonics, the electric polariza-

tion increases the value of the modulation vector

k. It is supposed that this is a cause of the non-

monotonic temperature dependence of k observed

in TbMnO3 .

PACS: 75.80.+q Magnetomechanical and magne-

toelectric effects, magnetostriction.

Keywords: the modulated magnetic structure, anti-

ferromagnetic, electric polarization, a vector of mo-

dulation.
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