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Âïåðâûå ýêñïåðèìåíòàëüíî èññëåäîâàíû çàâèñèìîñòè ïàðàìåòðà ñâåðõïðîâîäÿùåãî óïîðÿäî÷åíèÿ

� ñîåäèíåíèÿ Dy0,8Y0,2Rh4B4 îò ìàãíèòíîãî ïîëÿ H ïðè òåìïåðàòóðàõ êàê âûøå, òàê è íèæå òåìïåðàòó-

ðû ôàçîâîãî ïåðåõîäà àíòèôåððîìàãíåòèê–ôåððèìàãíåòèê TN � 2 7, Ê â ìàãíèòíîé ïîäñèñòåìå

Dy0,8Y0,2Rh4B4. Ïîêàçàíî, ÷òî ýòîò ôàçîâûé ïåðåõîä ñóùåñòâåííî âëèÿåò íà çàðÿäîâóþ ïîäñèñòåìó

ñâåðõïðîâîäíèêà è ïàðàìåòð �. Ïàðàìåòð � îêàçûâàåòñÿ áîëüøå â ïðèñóòñòâèè íåñêîìïåíñèðîâàííîãî

ìàãíèòíîãî ìîìåíòà ôåððèìàãíèòíîãî ñîñòîÿíèÿ, ÷åì ïðè åãî îòñóòñòâèè â àíòèôåððîìàãíèòíîì ñî-

ñòîÿíèè. Â ñèñòåìå Dy0,8Y0,2Rh4B4 çàðÿäîâàÿ è ñïèíîâàÿ ïîäñèñòåìû îêàçûâàþòñÿ ñóùåñòâåííî ñâÿ-

çàííûìè, à ìåõàíèçì ñâåðõïðîâîäÿùåãî ñïàðèâàíèÿ ìîæåò îêàçàòüñÿ íåòðàäèöèîííûì.

Âïåðøå åêñïåðèìåíòàëüíî äîñë³äæåíî çàëåæíîñò³ ïàðàìåòðà íàäïðîâ³äíîãî âïîðÿäêóâàííÿ � ñïî-

ëóêè Dy0,8Y0,2Rh4B4 â³ä ìàãí³òíîãî ïîëÿ H ïðè òåìïåðàòóðàõ ÿê âèùå, òàê ³ íèæ÷å òåìïåðàòóðè ôàçîâî-

ãî ïåðåõîäó àíòèôåðîìàãíåòèê–ôåðèìàãíåòèê TN � 2 7, Ê ó ìàãí³òí³é ï³äñèñòåì³ Dy0,8Y0,2Rh4B4. Ïîêàçà-

íî, ùî öåé ôàçîâèé ïåðåõ³ä ³ñòîòíî âïëèâàº íà çàðÿäîâó ï³äñèñòåìó íàäïðîâ³äíèêà òà ïàðàìåòð �.

Ïàðàìåòð � âèÿâëÿºòüñÿ á³ëüøå â ïðèñóòíîñò³ íåñêîìïåíñîâàíîãî ìàãí³òíîãî ìîìåíòó ôåðèìàãí³òíîãî

ñòàíó, ÷èì ó éîãî â³äñóòíîñò³ â àíòèôåðîìàãí³òíîìó ñòàí³. Ó ñèñòåì³ Dy0,8Y0,2Rh4B4 çàðÿäîâà òà

ñï³íîâà ï³äñèñòåìè âèÿâëÿþòüñÿ ³ñòîòíî çâ’ÿçàíèìè, à ìåõàí³çì íàäïðîâ³äíîãî ñïàðþâàííÿ ìîæå âèÿ-

âèòèñÿ íåòðàäèö³éíèì.

PACS: 74.70.Ad Ìåòàëëû, ñïëàâû è áèíàðíûå ñîåäèíåíèÿ (âêëþ÷àÿ A15, MgB2 è ò.ä.).

Êëþ÷åâûå ñëîâà: ñâåðõïðîâîäèìîñòü, ôåððèìàãíåòèê, àíòèôåððîìàãíåòèê, àíäðååâñêîå îòðàæåíèå,
ïàðàìåòð ñâåðõïðîâîäÿùåãî óïîðÿäî÷åíèÿ.

Íåäàâíî â ðàáîòàõ [1,2] íàìè âïåðâûå áûëî ïîêà-

çàíî, ÷òî ñîåäèíåíèÿ Dy1–xYxRh4B4 îáíàðóæèâàþò

èíòåðåñíûé íàáîð ôàçîâûõ ïðåâðàùåíèé â øèðîêîé

îáëàñòè òåìïåðàòóð. Íà ïðèìåðå Dy0,8Y0,2Rh4B4 [2]

ìîæíî óâèäåòü, ÷òî ïî ìåðå ñíèæåíèÿ òåìïåðàòóðû ñî-

åäèíåíèå ïîñëåäîâàòåëüíî ïðåòåðïåâàåò ïåðåõîäû

ïàðàìàãíåòèê–ôåððèìàãíåòèê (TC � 30,5 Ê), ôåððèìàã-

íåòèê–ñâåðõïðîâîäÿùèé ôåððèìàãíåòèê (TC � 5,9 Ê),
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ñâåðõïðîâîäÿùèé ôåððèìàãíåòèê–ñâåðõïðîâîäÿùèé

àíòèôåððîìàãíåòèê (TN �2,7 Ê). Ïðè ýòîì ñâåðõïðîâî-

äèìîñòü íàáëþäàåòñÿ âïëîòü äî Ò � 0.32 Ê — ñàìîé

íèçêîé òåìïåðàòóðû, äîñòóïíîé â íàøåì ýêñïåðèìåí-

òå. Çàñëóæèâàåò âíèìàíèå òîò ôàêò, ÷òî, â îòëè÷èå îò

áîëüøèíñòâà èçâåñòíûõ ñâåðõïðîâîäÿùèõ ñîåäèíå-

íèé, ïåðåõîä â ñâåðõïðîâîäÿùåå ñî ñòîÿíèå â

Dy0,8Y0,2Rh4B4 ïðîèñõîäèò íà ôîíå îòëè÷íîãî îò íóëÿ

ñïîíòàííîãî ìàãíèòíîãî ìîìåíòà ôåððèìàãíèòíîãî

ñîñòîÿíèÿ. Áîëüøîé èíòåðåñ ïðåäñòàâëÿþò è îñîáåí-

íîñòè, îáíàðóæåííûå íà òåìïåðàòóðíûõ è ìàãíèòîïî-

ëåâûõ çàâèñèìîñòÿõ ñâåðõïðîâîäÿùåãî ïàðàìåòðà

�( , )Ò Í . Íà ìàãíèòîïîëåâîé çàâèñèìîñòè �( )Í , èçìå-

ðåííîé ïðè Ò � 1,6 Ê, êîòîðàÿ íèæå òåìïåðàòóðû

ïåðåõîäà ôåððèìàãíåòèê–àíòèôåððîìàãíåòèê â ìàã-

íèòíîé ïîäñèñòåìå TN � 2,7 Ê, â ïîëå Í � 3 êÝ íàáëþ-

äàëñÿ ìèíèìóì. Â áîëåå âûñîêèõ ïîëÿõ íàáëþäàëñÿ

ðîñò �, çà êîòîðûì ñëåäîâàë åãî ìîíîòîííûé ñïàä.

Ïðåäïîëàãàëîñü, ÷òî ðîñò � ìîã áûòü îáóñëîâëåí âîñ-

ñòàíîâëåíèåì ôåððèìàãíèòíîãî ñîñòîÿíèÿ, â êîòîðîì

ïîâåäåíèå ñâåðõïðîâîäÿùåé ïîäñèñòåìû îòëè÷àåòñÿ

îò ïîâåäåíèÿ â àíòèôåððîìàãíèòíîé îáëàñòè, ÷òî âû-

ðàæàåòñÿ â áîëåå âûñîêèõ çíà÷åíèÿõ ïàðàìåòðà ïîðÿä-

êà. Â ñâÿçè ñ ýòèì âàæíî ïðîâåñòè èññëåäîâàíèÿ ìàãíè-

òîïîëåâîé çàâèñèìîñòè �( )Í è ïðè òåìïåðàòóðàõ

áîëåå âûñîêèõ, ÷åì TN , ò.å. â çàâåäîìî ôåððèìàãíèò-

íîì ñîñòîÿíèè ìàãíèòíîé ïîäñèñòåìû Dy0,8Y0,2Rh4B4.

Â ýòèõ óñëîâèÿõ îñîáåííîñòü íà çàâèñèìîñòè �( )Í

äîëæíà èñ÷åçíóòü, åñëè îíà äåéñòâèòåëüíî ñâÿçàíà ñ

ôàçîâûì ïåðåõîäîì àíòèôåððîìàãíåòèê – ôåððèìàãíå-

òèê. Ðåçóëüòàòû òàêèõ èññëåäîâàíèé è ïðåäñòàâëåíû â

äàííîé ðàáîòå.

Èññëåäîâàí òîò æå ïîëèêðèñòàëëè÷åñêèé îáðàçåö

Dy0,8Y0,2Rh4B4, ÷òî è â ðàáîòå [2]. Äëÿ èçó÷åíèÿ çàâè-

ñèìîñòè �( )Í ïðè ðàçëè÷íûõ òåìïåðàòóðàõ, êàê è â [2],

èñïîëüçîâàí ìåòîä ìèêðîêîíòàêòíîé ñïåêòðîñêîïèè.

Çàâèñèìîñòü ïàðàìåòðà ñâåðõïðîâîäÿùåãî óïîðÿäî-

÷åíèÿ îò ìàãíèòíîãî ïîëÿ �( )Í äëÿ ñîåäèíåíèÿ

Dy0,8Y0,2Rh4B4 ïðè òåìïåðàòóðå 1,6 Ê, ïðåäñòàâëåííàÿ

íà ðèñ. 1,à, àíàëîãè÷íà èçìåðåííîé â [2]. Íà ðèñ. 1,á

ïðåäñòàâëåíà çàâèñèìîñòü �( )Í ïðè òåìïåðàòóðå 2,4 Ê.

Òàê êàê îáå òåìïåðàòóðû, ïðè êîòîðûõ âûïîëíåíû ýòè

èçìåðåíèÿ, íèæå òåìïåðàòóðû TN � 2,7 Ê, òî çàâèñèìîñ-

òè �( )Í èìåþò îñîáåííîñòè â âèäå ìèíèìóìîâ è ìàêñè-

ìóìîâ ïðè íåêîòîðûõ çíà÷åíèÿõ ìàãíèòíûõ ïîëåé. Ìû

ñâÿçûâàåì ýòî ñ òåì, ÷òî ïðè ïîâûøåíèè ïîëÿ â îáðàçöå

èíäóöèðóåòñÿ ôàçîâûé ïåðåõîä ìàãíèòíîé ïîäñèñòåìû

ñâåðõïðîâîäíèêà îò àíòèôåððîìàãíèòíîãî ê ôåððèìàã-

íèòíîìó óïîðÿäî÷åíèþ. Ïàðàìåòð ñâåðõïðîâîäÿùåãî

óïîðÿäî÷åíèÿ � ïðè ýòîì çàìåòíî âîçðàñòàåò. Âèäíî,

÷òî ñ ïîâûøåíèåì òåìïåðàòóðû çíà÷åíèå ïîëÿ, ïðè êî-

òîðîì èíäóöèðóåòñÿ ôàçîâûé ïåðåõîä, çàìåòíî ñíèæà-

åòñÿ. Íà ðèñ. 1,à,á õîðîøî âèäíî òàêæå, ÷òî ÷åì áëèæå

ìû ïîäõîäèì ê òåìïåðàòóðå TN , òåì ìåíåå ÿðêî âûðà-

æåíà îñîáåííîñòü íà çàâèñèìîñòè �( )Í : ãëóáèíà

ìèíèìóìà è âûñîòà ìàêñèìóìà íà ýòîé çàâèñèìîñòè

óìåíüøàþòñÿ. Óìåíüøàåòñÿ òàêæå îòíîøåíèå ïîëÿ

H max, ïðè êîòîðîì íàáëþäàåòñÿ ìàêñèìóì íà çàâèñè-

ìîñòè �( )Í , ê çíà÷åíèþ âòîðîãî êðèòè÷åñêîãî ïîëÿ

H c2. Òàê, äëÿ Ò �1 6, Ê H /H cmax 2 0 72� , , à äëÿ Ò � 2 4, Ê

H /H cmax 2 � � 0 37, . Èç ýòèõ äàííûõ ñëåäóåò, ÷òî ïðè ïî-

íèæåíèè òåìïåðàòóðû çíà÷åíèå ïîëÿ H max âîçðàñòàåò

áûñòðåå, ÷åì çíà÷åíèå ïîëÿ H c2. Ïðè ýòîì âîçìîæíà ñè-

òóàöèÿ, êîãäà ïðè íåêîòîðîé òåìïåðàòóðå âîçíèêíåò íå-

ðàâåíñòâî H max > H c2. Ýòî äîëæíî ïðèâåñòè ê òîìó, ÷òî

çàâèñèìîñòü �( )Í íå áóäåò èìåòü îñîáåííîñòåé âïëîòü

äî ïîëÿ H c2, ïðè êîòîðîì ñâåðõïðîâîäèìîñòü áóäåò ðàç-

ðóøåíà. Ïðè äàëüíåéøåì ïîâûøåíèè ïîëÿ â ìàãíèòíîé

ïîäñèñòåìå îáðàçöà áóäåò èíäóöèðîâàí ôàçîâûé ïåðå-

õîä àíòèôåððîìàãíåòèê–ôåððèìàãíåòèê, íî óæå â íîð-

ìàëüíîì ñîñòîÿíèè çàðÿäîâîé ïîäñèñòåìû. Ê ñîæàëå-

íèþ, â íàñòîÿùåå âðåìÿ ýòîò ñöåíàðèé ìû íå ìîæåì

ðåàëèçîâàòü ïî òåõíè÷åñêèì ïðè÷èíàì, íî ýòî îñòàåòñÿ

ïëàíîì íà áëèæàéøåå áóäóùåå. Â íàñòîÿùåé ðàáîòå ðå-

àëèçîâàí äðóãîé êðàéíèé ñëó÷àé, êîãäà òåìïåðàòóðà èç-

ìåðåíèÿ çàâèñèìîñòè �( )Í âûøå, ÷åì òåìïåðàòóðà

TN � 2,7 Ê.

Íà ðèñ. 1,â ïðèâåäåíà çàâèñèìîñòü �( )Í , èçìåðåí-

íàÿ ïðè òåìïåðàòóðå 3.4 Ê. Â ýòîé ñèòóàöèè, ïðèêëàäû-

âàÿ ìàãíèòíîå ïîëå, ìû ñòàðòóåì èç çàâåäîìî ôåððè-

ìàãíèòíîãî ñîñòîÿíèÿ, è ïîýòîìó íàáëþäàåì ãëàäêóþ,

áåç îñîáåííîñòåé, çàâèñèìîñòü �( )Í âïëîòü äî ðàçðó-

øåíèÿ ñâåðõïðîâîäèìîñòè ïðè çíà÷åíèè ïîëÿ H c2.

Çäåñü ñëåäóåò çàìåòèòü, ÷òî áëèçîñòü çíà÷åíèé ïîëåé

H c2 ïðè òåìïåðàòóðàõ 2,4 Ê è 3,4 Ê ñâÿçàíà ñ íåìîíî-

òîííîé çàâèñèìîñòüþ H Òc2( ), îáóñëîâëåííîé ôàçîâûì

ïåðåõîäîì â ìàãíèòíîé ïîäñèñòåìå ïðè TN � 2,7 Ê

[1,2]. Ïðèâåäåííûå ýêñïåðèìåíòàëüíûå ðåçóëüòàòû

òàêæå óêàçûâàþò íà òî, ÷òî çíà÷åíèå ìàãíèòíîãî ïîëÿ,

ñïîñîáíîãî ðàçðóøèòü ôåððèìàãíèòíîå ñîñòîÿíèå è

ïðåâðàòèòü åãî â ôåððîìàãíèòíîå, ÿâëÿåòñÿ âåëè÷èíîé,

çíà÷èòåëüíî áîëüøåé, ÷åì çíà÷åíèå ïîëÿ H c2. Òàêèì

îáðàçîì, âàæíî ïðîâåñòè èññëåäîâàíèÿ â áîëåå âûñî-

êèõ ïîëÿõ, ÷åì ýòî áûëî äîñòóïíî ïðè âûïîëíåíèè íà-

ñòîÿùåé ðàáîòû, è èññëåäîâàòü ïðîöåññ ðàçðóøåíèÿ

ôåððèìàãíèòíîãî ñîñòîÿíèÿ ìàãíèòíûì ïîëåì.

Â çàêëþ÷åíèå îòìåòèì, ÷òî â äàííîé ðàáîòå âïåð-

âûå ýêñïåðèìåíòàëüíî èññëåäîâàíû çàâèñèìîñòè ïà-

ðàìåòðà ñâåðõïðîâîäÿùåãî óïîðÿäî÷åíèÿ � ñîåäè-

íåíèÿ Dy0,8Y0,2Rh4B4 îò ìàãíèòíîãî ïîëÿ �( )Í ïðè

òåìïåðàòóðàõ êàê âûøå, òàê è íèæå òåìïåðàòóðû ôà-

çîâîãî ïåðåõîäà àíòèôåððîìàãíåòèê – ôåððèìàãíåòèê

TN � 2,7 Ê â ìàãíèòíîé ïîäñèñòåìå Dy0,8Y0,2Rh4B4.

Ïîêàçàíî, ÷òî ýòîò ôàçîâûé ïåðåõîä ñóùåñòâåííî

âëèÿåò íà çàðÿäîâóþ ïîäñèñòåìó ñâåðõïðîâîäíèêà è

ïàðàìåòð ñâåðõïðîâîäÿùåãî ñïàðèâàíèÿ. Áîëåå òîãî,

ïàðàìåòð ñâåðõïðîâîäÿùåãî óïîðÿäî÷åíèÿ îêàçû-

âàåòñÿ áîëüøå â ïðèñóòñòâèè íåñêîìïåíñèðîâàííîãî
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ìàãíèòíîãî ìîìåíòà ôåððèìàãíèòíîãî ñîñòîÿíèÿ,

÷åì ïðè åãî îòñóòñòâèè â àíòèôåððîìàãíèòíîì ñîñòî-

ÿíèè. Òàêèì îáðàçîì, â ñèñòåìå Dy0,8Y0,2Rh4B4 çàðÿ-

äîâàÿ è ñïèíîâàÿ ïîäñèñòåìû îêàçûâàþòñÿ ñóùåñò-

âåííî ñâÿçàííûìè, ÷òî ìîæåò âëèÿòü íà ìåõàíèçì

ñâåðõïðîâîäÿùåãî ñïàðèâàíèÿ, êîòîðûé ìîæåò îêà-

çàòüñÿ íåòðàäèöèîííûì.
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Enhancement of superconducting order

parameter in the compound Dy0.8Y0.2Rh4B4 at

phase transition of its magnetic subsystem from

antiferromagnetic to ferrimagnetic state

V.M. Dmitriev, A. Zaleski, E.P. Khlybov,

L.F. Rybaltchenko, E.V. Khristenko,

L.A. Ishchenko, and A.V. Terekhov

For the first time the magnetic field dependence

of superconducting order parameter �( )H of the

compound Dy0.8Y0.2Rh4B4 at temperatures above

and below the antiferromagnetic-ferrimagnetic pha-

se transition point TN � 2.7 K in the compound has

been measured. It is shown that the charge subsys-

tem and the order parameter � are substantially in-

fluenced by this phase transition. The parameter �

appears to be higher in the presence of a noncom-

pensated magnetic moment in the ferrimagnetic

state than that in the absence of the moment in the

antiferromagnetic state. The charge and spin subsys-

tems in this compound are substantially coupled and

the mechanism of superconducting pairing may be

unconventional.

PACS: 74.70.Ad Metals, alloys and binary com-

pounds (including A15, MgB2, etc.).

Keywords: superconductivity, ferrimagnetic, anti-

ferromagnetic, Andreev reflection, superconduct-

ing order parameter.
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