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Äëÿ ëåãêîîñíûõ òåòðàãîíàëüíûõ àíòèôåððîìàãíåòèêîâ íàìàãíè÷åííîñòè 
ïîäðåøåòîê êîòîðûõ íå çàâèñÿò îò âåëè÷èíû ïîëÿ è âçàèìîäåéñòâèÿ 
Äçÿëîøèíñêîãî ÿâëÿåòñÿ ïðåîáëàäàþùèì, ïðîèçâåäåí ðàñ÷åò ìàãíèòíîé 
âîñïðèèì÷èâîñòè â ïðîäîëüíîì ìàãíèòíîì ïîëå. Äîêàçàíî, ÷òî ïîñëå ïåðåõîäà 
ìàãíèòíîé ïîäñèñòåìû â óãëîâóþ ôàçó, ïðè óâåëè÷åíèè ïîëÿ âîñïðèèì÷èâîñòü 
ðåçêî âîçðàñòàåò, à ïîñëå äîñòèæåíèÿ ìàêñèìàëüíîãî çíà÷åíèÿ – ðåçêî ïàäàåò, 
òàêèì îáðàçîì, â îòëè÷èå îò ôåððîìàãíåòèêîâ, íàéäåííàÿ âîñïðèèì÷èâîñòü â 
óãëîâîé ôàçå ñóùåñòâåííî íå ïîñòîÿííà è ðåàëèçóåòñÿ â èíòåðâàëå ïîëåé â 
äåñÿòêè ðàç ìåíüøåì òîãî èíòåðâàëà, â êîòîðîì ñóùåñòâóåò óãëîâàÿ ôàçà. 

 
 
Îñîáåííîñòè ìàãíèòíîé âîñïðèèì÷èâîñòè â ìàãíèòîóïîðÿäî÷åííûõ 

êðèñòàëëàõ îáû÷íî îáíàðóæèâàþòñÿ íà ëèíèÿõ è òî÷êàõ ôàçîâûõ 
ïåðåõîäîâ [1-4]. Íà ëèíèÿõ ôàçîâûõ ïåðåõîäîâ âòîðîãî ðîäà  ïðîèñõîäèò 
ñêà÷êîîáðàçíîå èçìåíåíèå âîñïðèèì÷èâîñòè, à íà ëèíèÿõ ôàçîâûõ 
ïåðåõîäîâ ïåðâîãî ðîäà èç-çà ñêà÷êîîáðàçíîãî èçìåíåíèÿ 
íàìàãíè÷åííîñòè â ýêñïåðèìåíòå íàáëþäàåòñÿ ïèê âîñïðèèì÷èâîñòè. 
Îäíàêî èçó÷åíèå ôèçè÷åñêèõ ñâîéñòâ, îáíàðóæåííûõ  â òåòðàãîíàëüíîì 
àíòèôåððîìàãíåòèêå (ÀÔÌ) CoF2 [5,6] è óêàçûâàþùèõ íà ñóùåñòâîâàíèå 
óãëîâîé ôàçû â ïðîäîëüíîì ìàãíèòíîì ïîëå, çàñòàâëÿåò ñóùåñòâåííî 
èçìåíèòü íàøè ïðåäñòàâëåíèÿ è îá îñîáåííîñòÿõ âîñïðèèì÷èâîñòè, è î 
òåõ ñëó÷àÿõ, êîãäà ýòè îñîáåííîñòè âîçíèêàþò â ìàãíèòîóïîðÿäî÷åííûõ 
êðèñòàëëàõ. Ñîãëàñíî òåîðèè è ýêñïåðèìåíòà (ñì., íàïðèìåð, [7]) â 
ôåððèìàãíåòèêàõ èç-çà ðàçëè÷èÿ â íàìàãíè÷åííîñòÿõ ïîäðåøåòîê ïîä 
âëèÿíèåì âíåøíåãî ìàãíèòíîãî ïîëÿ ïðîèñõîäèò ïåðåõîä èç 
ôåððèìàãíèòíîé ôàçû â ôåððîìàãíèòíóþ ÷åðåç óãëîâóþ ôàçó. Â óãëîâîé 
ôàçå âîñïðèèì÷èâîñòü âåëèêà ïî ñðàâíåíèþ ñ âîñïðèèì÷èâîñòüþ â 
êîëëèíåàðíûõ ôàçàõ è â ïåðâîì ïðèáëèæåíèè ïîñòîÿííà. Àíàëîãè÷íûì 
îáðàçîì âåäåò ñåáÿ âîñïðèèì÷èâîñòü â óãëîâîé ôàçå ëåãêîîñíûõ ÀÔÌ, 
ðàññ÷èòàííàÿ â [2]. Â òî æå âðåìÿ ýêñïåðèìåíòàëüíî èçó÷åííîå 
èçìåíåíèå  âîñïðèèì÷èâîñòè âî ôòîðèäå êîáàëüòà îêàçàëîñü ñóùåñòâåííî 
èíûì (ñì. ðèñ. 2 â ðàáîòå [6]). Ñîãëàñíî [6] ïîñëå ïåðåõîäà ìàãíèòíîé 
ïîäñèñòåìû â óãëîâóþ ôàçó ñ óâåëè÷åíèåì ïðîäîëüíîãî ìàãíèòíîãî ïîëÿ 
âîñïðèèì÷èâîñòü ðåçêî âîçðàñòàåò è ïîñëå äîñòèæåíèÿ ìàêñèìàëüíîãî 
çíà÷åíèÿ ðåçêî ïàäàåò, ò.å. â óãëîâîé ôàçå âîñïðèèì÷èâîñòü ñóùåñòâåííî 
íå ïîñòîÿííà. Ïîñêîëüêó òåîðèè äàííîãî ÿâëåíèÿ íåò, òî öåëü äàííîé 
ðàáîòû – òåîðåòè÷åñêîå îïðåäåëåíèå îñíîâíûõ ÷åðò òåõ îñîáåííîñòåé 
ìàãíèòíîé âîñïðèèì÷èâîñòè, êîòîðûå âîçìîæíû â óãëîâîé ôàçå 
ëåãêîîñíîãî òåòðàãîíàëüíîãî ÀÔÌ ñ ïðåîáëàäàþùèì âçàèìîäåéñòâèåì 
Äçÿëîøèíñêîãî (ÂÄ) äëÿ ñëó÷àÿ, êîãäà íàìàãíè÷åííîñòè ïîäðåøåòîê íå 
çàâèñÿò îò âåëè÷èíû âíåøíåãî ìàãíèòíîãî ïîëÿ. 

Ãàìèëüòîíèàí âûáåðåì â âèäå 
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Ì1, Ì2 – íàìàãíè÷åííîñòè ïîäðåøåòîê. 

(EMA – easy magnetization – axis). 
Ãàìèëüòîíèàí (1) ðàññìàòðèâàåòñÿ êàê ôóíêöèÿ m, ϕ , θ è ϕ⊥ (ðèñ. 1) è 

ïîýòîìó âîçìîæíûå ñîñòîÿíèÿ ìàãíèòíîé ïîäñèñòåìû îïðåäåëÿþòñÿ 
ñèñòåìîé óðàâíåíèé 
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Ðèñóíîê 1 - Îðèåíòàöèÿ âåêòîðà àíòèôåððîìàãíåòèçìà l  è âåêòîðà 
íàìàãíè÷åííîñòè  m   ïðè ïðîèçâîëüíîé îðèåíòàöèè âíåøíåãî ìàãíèòíîãî 

ïîëÿ â ïëîñêîñòè  ZY: 
θ è φ┴ - ïîëÿðíûé è àçèìóòàëüíûé óãëû âåêòîðà l  ; 
φ – óãîë, õàðàêòåðèçóþùèé íàïðàâëåíèå âåêòîðà m  â ïëîñêîñòè, 

ïåðïåíäèêóëÿðíîé l  (ýòîò óãîë îòñ÷èòûâàåòñÿ îò ëèíèè ïåðåñå÷åíèÿ 
óêàçàííîé ïëîñêîñòè ñ ïëîñêîñòüþ, ïðîõîäÿùåé ÷åðåç îñü Z è âåêòîð l ) 
 
 
Ïîñêîëüêó èñïîëüçóåòñÿ óñëîâèå 2d2>fE, áëàãîäàðÿ êîòîðîìó 

ðåàëèçóåòñÿ óãëîâàÿ ôàçà ïðè H||EMA (ñì. [8]), òî ïàðàìåòð f íå 
ó÷èòûâàåòñÿ. Ïàðàìåòð a2 íåîáõîäèì, ãëàâíûì îáðàçîì, â îáëàñòè 
ïåðåõîäà èç àíòèôåððîìàãíèòíîé ôàçû â óãëîâóþ, è èì ìîæíî 
ïðåíåáðå÷ü. Êðîìå òîãî, ðàññìàòðèâàþòñÿ ïîëÿ, ïðè êîòîðûõ 
âûïîëíÿåòñÿ óñëîâèå m2<<1. Èñïîëüçóÿ ñèñòåìó (2) ïðè óêàçàííûõ 
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îãðàíè÷åíèÿõ, ïîëó÷àåì ñëåäóþùåå óðàâíåíèå îòíîñèòåëüíî óãëà θ , 
ñïðàâåäëèâîå â óãëîâîé ôàçå äëÿ H||EMA è 0θ < . 

 

( )
4 3

2 2

1 1 1 1

cos 0,4 1 1,6 cos 3cos cos2 0,4 0,4
C C C C

H H H H
H H H H

θ θ θ θ
           − + − + + +    

           
 

( )
2 2

2 2

1 1
cos 2cos 2 0,4 cos cos2 3 0,4 1

C C

H H
H Hθ θ θ θ

           −            

+ + − + +  

( ) ( ) ( )2 2 2 2

1

0,4 cos cos 3cos2 3cos cos2 sin cos 1 cos2 0
C

H
H

θ θ θ θ θ θ θ θ − + − + − − =  , 

      (3) 

ãäå 
1CH b E d= −  – ïîëå ïåðåõîäà ìåæäó àíòèôåððîìàãíèòíîé è óãëîâîé 

ôàçàìè (ñì. [8]). 
Óðàâíåíèå (3) äîïóñêàåò òîëüêî ÷èñëåííûå ðåøåíèÿ. Ýòè ðåøåíèÿ è 

ñîîòâåòñòâóþùèå èì ïîëÿ ïðèâåäåíû â òàáëèöå 1. 

 
Òàáëèöà 1 - Ðàññ÷èòàííûå çàâèñèìîñòè óãëà θ , îïðåäåëÿþùåãî 
îðèåíòàöèþ âåêòîðà àíòèôåððîìàãíåòèçìà  l  è  ìàãíèòíîé 
âîñïðèèì÷èâîñòè îò âåëè÷èíû ïðîäîëüíîãî ìàãíèòíîãî ïîëÿ 
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θ  (ãðàäóñû) 6 8,73 10,8 11,54 12,22 12,87 13,48 14,07 16,7 19 

Âîñïðèèì÷èâîñòü 3,74 4,79 6,78 3,54 3,37 3,2 3,05 2,95 2,535 2,2 

 
Çíà÷åíèÿ óãëà θ  óêàçàíû, íà÷èíàÿ ñ 06θ = , òàê êàê ïðè ìåíüøèõ 

çíà÷åíèÿõ óãëà θ  óðàâíåíèå (3) íå êîððåêòíî (íà÷èíàåò ïðîÿâëÿòüñÿ 
ïðåíåáðåæåíèå ïàðàìåòðîì a2). Äëÿ óãëîâîé ôàçû è ïðè óêàçàííûõ âûøå 
îãðàíè÷åíèÿõ âûðàæåíèå äëÿ ïðèâåäåííîé íàìàãíè÷åííîñòè m èìååò âèä 
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Èñïîëüçóÿ ðåøåíèÿ óðàâíåíèÿ (3), ïðèâåäåííûå â òàáëèöå, è 
âûðàæåíèå (4) äëÿ íàìàãíè÷åííîñòè ìîæíî îïðåäåëèòü çíà÷åíèå 
âîñïðèèì÷èâîñòè â îêðåñòíîñòè ëþáîãî íàéäåííîãî ðåøåíèÿ. Ïîêàæåì 
ýòî íà ïðèìåðå îäíîãî èç ðåøåíèé, ïðèâåäåííûõ â òàáëèöå. Íàïðèìåð, 

âîçüìåì ðåøåíèå 06θ = . Ýòîìó ðåøåíèþ ñîîòâåòñòâóåò ïîëå H, 

óäîâëåòâîðÿþùåå óñëîâèþ 
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Äàëåå, ïðèíèìàÿ âî âíèìàíèå, ÷òî ïðè óñëîâèè K1<<1, âûïîëíÿåòñÿ 
òàêæå è óñëîâèå 1 1θ << , íàõîäèì èç óðàâíåíèÿ (3) 

 
   1 12,6 Kθ = .                                           (7) 

 
Èñïîëüçóÿ (5) – (7), ïîëó÷àåì èç âûðàæåíèÿ (4) 

 
    m1 = 0,15 + 3,74 K1.                                (8) 
 

Â ýòîì ñëó÷àå âîñïðèèì÷èâîñòü â îêðåñòíîñòè ïîëÿ 
1

0,4 0,425
C

H
H =  è 

óãëà 06θ =  ðàâíà  

    1

1
3,74m

K
∂ =∂ .                                        (9) 

 
Àíàëîãè÷íûì îáðàçîì îïðåäåëåíû âñå îñòàëüíûå çíà÷åíèÿ 

âîñïðèèì÷èâîñòè â îêðåñòíîñòè íàéäåííûõ ðåøåíèé è ñîîòâåòñòâóþùèõ 
èì ïîëåé (òàáë. 1). Íà îñíîâàíèè äàííûõ âåëè÷èí, ïðèâåäåííûõ â 
òàáëèöå 1, íà ðèñ. 2 ïîñòðîåíà çàâèñèìîñòü âîñïðèèì÷èâîñòè îò ïîëÿ. 
Îáðàùàåò íà ñåáÿ âíèìàíèå òîò ôàêò, ÷òî èíòåðâàë ïîëåé, â êîòîðîì 
ñóùåñòâóåò ðåçêèé ìàêñèìóì âîñïðèèì÷èâîñòè, â äåñÿòêè (åñëè íå â 
ñîòíè) ðàç ìåíüøå èíòåðâàëà ïîëåé, â êîòîðîì ðåàëèçóåòñÿ óãëîâàÿ ôàçà. 
Òî æå ñàìîå ñëåäóåò èç ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ôòîðèäà 
êîáàëüòà, åñëè ïðèçíàòü, ÷òî îòñóòñòâèå îñîáåííîñòè íà çàâèñèìîñòè îò  
âåëè÷èíû ïîëÿ ÷àñòîòû àíòèôåððîìàãíèòíîãî ðåçîíàíñà â ïîëå HC2  
(ñì. ðèñ. 4 â ðàáîòå [6]) ÿâëÿåòñÿ ýêñïåðèìåíòàëüíûì äîêàçàòåëüñòâîì 
ñîõðàíåíèÿ â CoF2 óãëîâîé ôàçû âïëîòü äî ïîëÿ spin – flip ïåðåõîäà1). 

 

 
Ðèñóíîê 2 - Çàâèñèìîñòü ìàãíèòíîé âîñïðèèì÷èâîñòè â òåòðàãîíàëüíîì 

ëåãêîîñíîì àíòèôåððîìàãíåòèêå îò ïðîäîëüíîãî ìàãíèòíîãî ïîëÿ 
 

                                         
1)  Çàìåòèì, ÷òî, êàê îáðàùàþò âíèìàíèå àâòîðû [6], ïèê âîñïðèèì÷èâîñòè òàêîé 
àìïëèòóäû (~10-3) åùå íå äîêàçûâàåò íàëè÷èÿ â ïîëå HC2 ïåðåõîäà ïåðâîãî ðîäà (ñì. ñòð. 
1945 â [6]). 
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ÂÛÂÎÄÛ 
Òàêèì îáðàçîì, èç âûïîëíåííîé ðàáîòû ñëåäóåò ñóùåñòâîâàíèå 

îñîáåííîñòåé ìàãíèòíîé âîñïðèèì÷èâîñòè âíå ëèíèé è òî÷åê ôàçîâûõ 
ïåðåõîäîâ, ÷òî ïðåäñòàâëÿåò  íàó÷íûé è íàó÷íî-òåõíè÷åñêèé èíòåðåñ. 
 
SUMMARY 

MAGNETIC RECEPTIVITY OF TETRAGONAL ANTYFERROMAGNETYCS IN AN ANGULAR 
PHASE 
O.G. Medvedovskaya, O.A. Horyzenko, 
Sumy State Pedagogical University, Romens’ka str., 87, Sumy, 40002 
G.K.Chepurnykh 
Applied Physics Institute, 58, Petropavlovskaya St., 40030, Sumy, Ukraine 

 
For lightaxis tetragonal antyferromagnetyks, to magnetize of undergrating of which does not 

depend on the size of the field and the cooperation of Dzaloshinsky is prevailing, the calculation 
of magnetic receptivity in the longitudinal magnetic field is produced. It is proved, that after 
transition of magnetic subsystem in an angular phase, with the increase of the field, receptivity 
increases sharply, and after achievement of maximal value - slumps, i.e. in a difference from 
ferrymagnetyks the found receptivity in an angular phase is substantially inconstant and will be 
realized in the interval of the fields in ten one times less that interval, which an angular phase 
is in. 
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