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Ê�ÈÒÈ×ÅÑÊÎÅ ÏÎÂÅÄÅÍÈÅ ÈÇÎÒ�ÎÏÍÛÕ Ò�ÅÕÌÅ�ÍÛÕÑÈÑÒÅÌ Ñ ÄÈÏÎËÜ-ÄÈÏÎËÜÍÛÌ ÂÇÀÈÌÎÄÅÉÑÒÂÈÅÌÑ. Â. Áåëèì *Îìñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò èì. Ô. Ì. Äîñòîåâñêîãî644077, Îìñê, �îññèÿÏîñòóïèëà â ðåäàêöèþ 24 ñåíòÿáðÿ 2012 ã.Â ðàìêàõ òåîðåòèêî-ïîëåâîãî ïîäõîäà èññëåäîâàíî êðèòè÷åñêîå ïîâåäåíèå ãåéçåíáåðãîâñêèõ ìàãíåòè-êîâ ñ äèïîëü-äèïîëüíûì âçàèìîäåéñòâèåì âáëèçè ëèíèè �àçîâûõ ïåðåõîäîâ âòîðîãî ðîäà íåïîñðåä-ñòâåííî â òðåõìåðíîì ïðîñòðàíñòâå. Ïîëó÷åíû çàâèñèìîñòè êðèòè÷åñêèõ èíäåêñîâ îò ïàðàìåòðà äèïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿ. Ïðîâåäåíî ñðàâíåíèå ñ ýêñïåðèìåíòàëüíûìè �àêòàìè.DOI: 10.7868/S00444510130601161. ÂÂÅÄÅÍÈÅÌàãíèòíîå äèïîëü-äèïîëüíîå âçàèìîäåéñòâèå ñó�ùåñòâóåò âî âñåõ ìàãíèòíûõ ìàòåðèàëàõ, íî â áîëü�øèíñòâå �åððîìàãíåòèêîâ óïîðÿäî÷èâàíèå îáóñëîâ�ëåíî îáìåííûì âçàèìîäåéñòâèåì, ëèøü â ìàòåðèà�ëàõ ñ òåìïåðàòóðîé ïåðåõîäà T
 > 300 K çíà÷è�òåëüíîå âëèÿíèå îêàçûâàþò äèïîëü-äèïîëüíûå ñè�ëû. Ýêñïåðèìåíòàëüíî ñóùåñòâåííîå âëèÿíèå äè-ïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿ íà êðèòè÷åñêèå ÿâ�ëåíèÿ áûëî îáíàðóæåíî â �åððîìàãíåòèêå EuO [1�3℄ïî îòëè÷èþ êðèòè÷åñêèõ èíäåêñîâ îò ïðåäñêàçû�âàåìûõ òåîðèåé ñ áëèçêîäåéñòâèåì. Òàê, ñîãëàñíîìîäåëè �åéçåíáåðãà êðèòè÷åñêèé èíäåêñ òåïëîåìêî�ñòè äîëæåí ïðèíèìàòü çíà÷åíèå � = �0:13, òîãäàêàê ýêñïåðèìåíòàëüíîå çíà÷åíèå äëÿ EuO ñîñòàâëÿ�åò � = �0:04� 0:02.Âïåðâûå ïðîáëåìà îïèñàíèÿ êðèòè÷åñêîãî ïîâå�äåíèÿ ñèñòåì ñ äèïîëü-äèïîëüíûì âçàèìîäåéñòâèåìáûëà ðàññìîòðåíà â ðàáîòå [4℄ â ðàìêàõ "-ðàçëîæå-íèÿ (" = 4�D, D � ðàçìåðíîñòü ïðîñòðàíñòâà) â îä�íîïåòëåâîì ïðèáëèæåíèè äëÿ ñèñòåì, ðàçìåðíîñòüïàðàìåòðà ïîðÿäêà êîòîðûõ ñîâïàäàåò ñ ðàçìåðíî�ñòüþ ïðîñòðàíñòâà (n = D). Áûëè ïîëó÷åíû ïðèáëè�çèòåëüíûå çíà÷åíèÿ êðèòè÷åñêèõ èíäåêñîâ, îòëè÷�íûå îò èíäåêñîâ ñèñòåì ñ áëèçêîäåéñòâèåì. Àâòîðûðàáîòû [4℄ èññëåäóþò ïîâåäåíèå ñèñòåìû âáëèçè íåðåàëüíîé êðèòè÷åñêîé òî÷êè, à íåêîòîðîé ñìåùåí�íîé òî÷êè, ïðè÷åì ñìåùåíèå íàõîäèòñÿ â ïðîöåññå*E-mail: sbelim�mail.ru

ðàñ÷åòîâ è, òàê æå êàê êðèòè÷åñêèå èíäåêñû, çàïè�ñûâàåòñÿ â âèäå àñèìïòîòè÷åñêîãî ðÿäà ïî ïàðàìåò�ðó ". Äàííûé ïîäõîä áûë ðàçâèò â ðàáîòå [5℄, ïðè÷åìíå òîëüêî äëÿ èçîòðîïíûõ, íî è äëÿ àíèçîòðîïíûõñèñòåì. Â ýòîé ðàáîòå, ïîñâÿùåííîé èçîòðîïíûì ñè�ñòåìàì, áûëè âû÷èñëåíû çíà÷åíèÿ êðèòè÷åñêèõ èí�äåêñîâ â ðàìêàõ "-ðàçëîæåíèÿ:1=
 = 1� 934 "+O("2); � = 0:023"2 +O("3):Â äâóõïåòëåâîì ïðèáëèæåíèè â ðàìêàõ "-ðàçëîæå-íèÿ êðèòè÷åñêèå èíäåêñû ñèñòåì ñ äèïîëü-äèïîëü-íûì âçàèìîäåéñòâèåì áûëè ïîëó÷åíû â ðàáîòå [6℄:� = 12 �1 + 934 "+ 701358956 "2 +O("3)� ;
 = 1 + 93 "+ 211119652 "2; � = 20867 "2:Òåîðåòèêî-ïîëåâîé ïîäõîä â îïèñàíèè ñèñòåì ñäèïîëü-äèïîëüíûì âçàèìîäåéñòâèåì áûë ðàçâèò âðàáîòå [7℄. Àâòîðû ýòîé ñòàòüè èññëåäóþò ïîâåäåíèåñèñòåìû âáëèçè ðåàëüíîé êðèòè÷åñêîé òåìïåðàòóðûâ ðàìêàõ "-ðàçëîæåíèÿ â äâóõïåòëåâîì ïðèáëèæå�íèè. Â ðåçóëüòàòå òàêîãî óòî÷íåíèÿ áûëè íàéäåíûçíà÷åíèÿì êðèòè÷åñêèõ èíäåêñîâ, îòëè÷àþùèåñÿ îòïîëó÷åííûõ â ïðåäûäóùèõ ðàáîòàõ ëèøü â ñëàãàå�ìûõ âòîðîãî ïîðÿäêà ïî ":� = 12 �1 + 934 "+ 701358956 "2� ;
 = 1 + 934 "+ 568758956 "2; � = 13289 "2:1118



ÆÝÒÔ, òîì 143, âûï. 6, 2013 Êðèòè÷åñêîå ïîâåäåíèå èçîòðîïíûõ òðåõìåðíûõ ñèñòåì : : :Êîìïüþòåðíîå ìîäåëèðîâàíèå ìåòîäîì Ìîí-òå-Êàðëî [8℄ ïðîäåìîíñòðèðîâàëî êðèòè÷åñêîåïîâåäåíèå ñèñòåìû, îïèñûâàåìîå êðèòè÷åñêèì èí�äåêñîì � = �0:02, ÷òî íàõîäèòñÿ íå â î÷åíü õîðîøåìñîãëàñèè ñ ïðåäñêàçàíèÿìè òåîðèè, ïîñòðîåííîé âðàìêàõ "-ðàçëîæåíèÿ.Òàêèì îáðàçîì, öåëüþ äàííîé ðàáîòû ñòàâèò�ñÿ ðàçâèòèå òåîðåòèêî-ïîëåâîãî ïîäõîäà ê îïèñà�íèþ èçîòðîïíûõ ñèñòåì ñ äèïîëü-äèïîëüíûì âçà�èìîäåéñòâèåì íåïîñðåäñòâåííî â òðåõìåðíîì ïðî�ñòðàíñòâå.2. �ÀÌÈËÜÒÎÍÈÀÍ ÑÈÑÒÅÌÛ�àìèëüòîíèàí òðåõìåðíîé ñèñòåìû ñ äèïîëü-äè-ïîëüíûì âçàèìîäåéñòâèåì ìîæåò áûòü çàïèñàí â âè�äå [5℄H = 12 Z d3r �(�0+r2)Æ��+v0 r2Æ��+x�x�r5 ��� S�0 S�0 + u0 Z d3r F��
ÆS�0 S�0 S
0SÆ0 : (1)Çäåñü S�0 � �-êîìïîíåíòà �ëóêòóàöèé ïàðàìåòðà ïî�ðÿäêà (1 � � � n), ðîëü êîòîðîãî äëÿ �åððîìàãíèò�íûõ ñèñòåì èãðàåò íàìàãíè÷åííîñòü, �0 � jT � T
j,T
 � êðèòè÷åñêàÿ òåìïåðàòóðà, u0 � ïîëîæèòåëü�íàÿ êîíñòàíòà, v0 � îòíîñèòåëüíàÿ èíòåíñèâíîñòüäèïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿ ïî ñðàâíåíèþ ñîáìåííûì âçàèìîäåéñòâèåì, F = (1=3)(Æ��Æ
Æ ++ Æ��Æ
Æ + Æ��Æ
Æ). Èç àíàëèçà ïåðâîãî ñëàãàåìî�ãî ãàìèëüòîíèàíà ìîæíî ñäåëàòü âûâîä, ÷òî êîëè�÷åñòâî n êîìïîíåíò ñïèíà äîëæíî ñîâïàäàòü ñ ðàç�ìåðíîñòüþ D ïðîñòðàíñòâà (n = D). Ýòî òðåáîâà�íèå âûòåêàåò èç òîãî, ÷òî íåîáõîäèìî ïðîâîäèòüñâåðòêó â ñëàãàåìîì x�x�S�0 S�0 , îïèñûâàþùåì äè�ïîëü-äèïîëüíîå âçàèìîäåéñòâèå, ò. å. ìû èìååì äåëîñ ìîäåëüþ �åéçåíáåðãà.Ïðåîáðàçîâàíèå Ôóðüå äàííîãî ãàìèëüòîíèàíàñòàëêèâàåòñÿ ñ òðóäíîñòüþ, âûòåêàþùåé èç ðàñõî�äèìîñòè èíòåãðàëàK = 1Z0 1r e�iq�rd3r; (2)âîçíèêàþùåãî ïðè âû÷èñëåíèè �óðüå-îáðàçà ñëàãà�åìîãî, îïèñûâàþùåãî äèïîëü-äèïîëüíîå âçàèìîäåé�ñòâèå. Îäíàêî ýòà òðóäíîñòü, êàê áóäåò ïîêàçàíî íè�æå, ëåãêî óñòðàíÿåòñÿ ïðè âû÷èñëåíèè êðèòè÷åñêèõèíäåêñîâ, êîòîðûå, ñîáñòâåííî, ÿâëÿþòñÿ âåëè÷èíà�ìè, èçìåðÿåìûìè â ýêñïåðèìåíòå. Äëÿ òîãî ÷òîáû

óñòðàíèòü ðàñõîäèìîñòü, áóäåì âûïèñûâàòü âñå âå�ëè÷èíû â D-ìåðíîì ïðîñòðàíñòâå, à ïðåäåëüíûé ïå�ðåõîä D = 3 îñóùåñòâèì ëèøü â êîíå÷íûõ âûðàæå�íèÿõ. Çàïèøåì �îðìàëüíî ãàìèëüòîíèàí ñèñòåìûïîñëå ïðåîáðàçîâàíèÿ Ôóðüå:H = 12 Z dDq �(r0 + q2)Æ�� + g0 q�q�q2 ��� S�0 (q)S�0 (�q) ++ u0 ZZZZ dDq1dDq2dDq3F��
ÆS�0 (q1)S�0 (q2)�� S
0 (q3)SÆ0(�q1 � q2 � q3): (3)Çäåñü ââåäåíû îáîçíà÷åíèÿg0 = Kv0; r0 = �0 +Kv0: (4)Â äàëüíåéøåì â ðàìêàõ òåîðåòèêî-ïîëåâîãî ïîäõîäàïðîâîäèòñÿ ðåíîðìãðóïïîâîå ïðåîáðàçîâàíèå çàòðà�âî÷íîé âåëè÷èíû r0, êîòîðîå ïîçâîëÿåò óñòðàíÿòüèç íåå ðàñõîäèìîñòè. Êîíñòàíòà äèïîëü-äèïîëüíîãîâçàèìîäåéñòâèÿ, êàê áóäåò ïîêàçàíî íèæå, âñòðå÷à�åòñÿ ëèøü â âûðàæåíèÿõ âèäà g = g0=r0, ÷òî òàêæåïðèâîäèò ê êîíå÷íûì çíà÷åíèÿì.Äèïîëüíûå ñèëû âíîñÿò àíèçîòðîïèþ â ñïèíî�âûå �ëóêòóàöèè, âûäåëÿÿ íàïðàâëåíèÿ ïàðàëëåëü�íî âîëíîâîìó âåêòîðó q è ïåðïåíäèêóëÿðíî åìó. Âñâÿçè ñ ýòèì ââåäåì ïðîåêòèâíûå îïåðàòîðû ïðî�äîëüíîé P��L è ïîïåðå÷íîé P��T ñîñòàâëÿþùèõ:P��L = q�q�q2 ; P��T = Æ�� � q�q�q2 : (5)Ïîñëå ââåäåíèÿ ïðîåêòèâíûõ îïåðàòîðîâ ãàìèëüòî�íèàí ñèñòåìû ïðèìåò âèäH = 12 Z dDq h(r0+q2)P��T +(r0+g0+q2)P��L i�� S�0 (q)S�0 (�q) ++ u0 ZZZ dDq1dDq2dDq3F��
ÆS�0 (q1)S�0 (q2)�� S
0 (q3)SÆ0(�q1 � q2 � q3): (6)Ïðîäîëüíûå è ïîïåðå÷íûå ñîñòàâëÿþùèå êðèòè÷å�ñêèõ �ëóêòóàöèé äåìîíñòðèðóþò ðàçëè÷íûå ðåæè�ìû êðèòè÷åñêîãî ïîâåäåíèÿ, îáóñëîâëåííîãî ñäâè�ãîì êðèòè÷åñêîé òåìïåðàòóðû äëÿ ïðîäîëüíîé ñî�ñòàâëÿþùåé âñëåäñòâèå äèïîëü-äèïîëüíîãî âçàèìî�äåéñòâèÿ.Ñâîáîäíûé ïðîïàãàòîð ñèñòåìû ìîæåò áûòü çà�ïèñàí â ñëåäóþùåì âèäå:G��0 (r0; g0;q) == GL0 (r0; g0;q)P��L +GT0 (r0;q)P��T ; (7)1119
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�èñ. 1. Ôåéíìàíîâñêèå äèàãðàììû â îäíîïåòëåâîì ïðèáëèæåíèè äëÿ äâóõòî÷å÷íîé (à) è ÷åòûðåõòî÷å÷íîé (á )âåðøèííûõ �óíêöèéãäå GL0 (r0; g0;q) = 1r0 + g0 + q2 ;GT0 (r0;q) = 1r0 + q2 : (8)3. ÒÅÎ�ÅÒÈÊÎ-ÏÎËÅÂÎÅ ÎÏÈÑÀÍÈÅ ÂÎÄÍÎÏÅÒËÅÂÎÌ Ï�ÈÁËÈÆÅÍÈÈÏîâåäåíèå ñèñòåìû â êðèòè÷åñêîé îáëàñòè îïðå�äåëÿåòñÿ çíà÷åíèÿìè ý��åêòèâíûõ çàðÿäîâ â íåïî�äâèæíîé òî÷êå ðåíîðìãðóïïîâîãî ïðåîáðàçîâàíèÿ,êîòîðîå â ðàññìàòðèâàåìîì ñëó÷àå èìååò âèäu0 = b4�DuZu; r0 = b2rZr; g0 = b2gZg;S�0 (q) = Z1=2L P��L S�(q) + Z1=2T P��T S�(q); (9)ãäå Zi � ïåðåíîðìèðîâî÷íûå êîíñòàíòû ðåíîðì�ãðóïïîâîãî ïðåîáðàçîâàíèÿ. Ìàñøòàáíûé ïàðàìåòðb ââîäèòñÿ äëÿ îáåçðàçìåðèâàíèÿ âåëè÷èí. Ââåäåíèåîòäåëüíûõ íîðìèðîâî÷íûõ �àêòîðîâ äëÿ ïðîäîëü�íîé è ïîïåðå÷íîé ñîñòàâëÿþùèõ �ëóêòóàöèé íàìàã�íè÷åííîñòè ñâÿçàíî ñ àíèçîòðîïèåé, îïèñàííîé âû�øå.Â ñèëó íàëè÷èÿ àíèçîòðîïèè âåðøèííûå �óíê�öèè, òàê æå êàê è ñâîáîäíûé ïðîïàãàòîð, áóäóòçàâèñåòü îò êîîðäèíàò. Ôåéíìàíîâñêèå äèàãðàììûäëÿ äâóõòî÷å÷íîé âåðøèííîé �óíêöèè ñî âñòàâêîé�(2;1)�� è äëÿ ÷åòûðåõòî÷å÷íîé âåðøèííîé �óíêöèè�(4)��
Æ ïðåäñòàâëåíû íà ðèñ. 1. Ïðè ïîñòðîåíèèäèàãðàìì ïðîïàãàòîð ðàçáèò íà äâà ñëàãàåìûõ:G��0 (r0; g0;q) = GLT (r0; g0;q)�� ++GT (r0;q)�� ;GT (r0;q)�� = Æ�� 1r0 + q2 ;GLT (r0; g0;q)�� = q�q�q2 � 1r0+g0+q2� 1r0+q2 � : (10)

Àíàëèòè÷åñêîå âûðàæåíèå äëÿ âåðøèííîé �óíêöèè�(4)��
Æ èìååò âèä�(4)��
Æ = u0F��
Æ � 443 u20 �� 3Xi;j;l;m=1(F��ilF jm
Æ+F�
ilF jm�Æ+F�ÆilF jm�
)�� Z dDqGij0 (q)Glm0 (�q): (11)Ââåäåì îáîçíà÷åíèå äëÿ èíòåãðàëà, îïðåäåëÿþ�ùåãî çíà÷åíèå âòîðîãî ñëàãàåìîãî â âûðàæåíèè äëÿâåðøèííîé �óíêöèè:J ijlm = Z dDqGij0 (q)Glm0 (�q): (12)Ïîñëå ïîäñòàíîâêè ñâîáîäíîãî ïðîïàãàòîðà â âûðà�æåíèå äëÿ èíòåãðàëà J ijlm è çàìåíû g = g0=r0 ïîëó�÷èìJ ijlm = J ijlm1 � 2J ijlm2 + J ijlm3 ;J ijlm1 = ÆijÆlm Z dDqGT0 (q)GT0 (�q) == ÆijÆlmI(0)1 ;I(0)1 = Z dDq(1 + q2)2 = �2;J ijlm2 = Æij Z dDqGT0 (q)�� P lmL �GL0 (�q)�GT0 (�q)� == Æij Z qlqmdDqq2(1 + q2) � 11 + g + q2� 11 + q2� == �Æijg Z qlqmdDqq2(1 + q2)2(1 + g + q2) ;1120



ÆÝÒÔ, òîì 143, âûï. 6, 2013 Êðèòè÷åñêîå ïîâåäåíèå èçîòðîïíûõ òðåõìåðíûõ ñèñòåì : : :J ijlm3 = Z dDqP ijL �GL0 (q) �GT0 (q)��� P lmL �GL0 (�q)�GT0 (�q)� == Z qiqjqlqmdDqq4 � 11+g+q2� 11 + q2�2 == g2 Z qiqjqlqmdDqq4(1 + q2)2(1 + g + q2)2 : (13)
Äëÿ èíòåãðàëà J ijlm2 ïðÿìàÿ ïîäñòàíîâêà ðàçëè÷�íûõ çíà÷åíèé ïàðû èíäåêñîâ l;m = 1; 2; 3 è èíòåãðè�ðîâàíèå ïî óãëîâûì ïåðåìåííûì â ñ�åðè÷åñêèõ êî�îðäèíàòàõ ïîêàçàëà, ÷òî íåíóëåâûìè ÿâëÿþòñÿ òîëü�êî èíòåãðàëû, â êîòîðûõ l = m. Òàêèì îáðàçîì,ìîæíî çàïèñàòü, ÷òîJ ijlm2 = ÆijÆlmI(0)2 ;I(0)2 = �4�g3 1Z0 q2dq(1 + q2)2(1 + g + q2) == ��23 p1 + g � 1p1 + g �1 +p1 + g � : (14)
Äëÿ âû÷èñëåíèÿ èíòåãðàëà J ijlm3 íåîáõîäèìîó÷åñòü, ÷òî îí ñèììåòðè÷åí îòíîñèòåëüíî ëþáîé ïå�ðåñòàíîâêè ñâîèõ èíäåêñîâ, ÷òî ñóùåñòâåííî óìåíü�øàåò ÷èñëî ñëó÷àåâ, òðåáóþùèõ ðàññìîòðåíèÿ. Àíà�ëîãè÷íàÿ ïðåäûäóùåìó ñëó÷àþ ïîäñòàíîâêà âñåõâîçìîæíûõ çíà÷åíèé i; j; l;m = 1; 2; 3 è âû÷èñëåíèåñîîòâåòñòâóþùèõ èíòåãðàëîâ ïî óãëîâûì ïåðåìåí�íûì â ñ�åðè÷åñêèõ êîîðäèíàòàõ ïîêàçàëè, ÷òî íå îá�ðàùàþòñÿ â íóëü òîëüêî èíòåãðàëû, â êîòîðûõ äâåïàðû ïîâòîðÿþùèõñÿ èíäåêñîâ (i = j, l = m èëèi = l, j = m èëè i = m, j = l). Âû÷èñëåíèÿ ïðèâîäÿòê ñëåäóþùåìó ðåçóëüòàòó:J ijlm3 = F ijlmI(0)3 ;I(0)3 = 4�g25 1Z0 q2dq(1 + q2)2(1 + g + q2)2 == �25 �p1 + g � 1�2p1 + g �p1 + g + 1 � : (15)
Äëÿ âåðøèííîé �óíêöèè �(4)��
Æ ìîæåì çàïè�ñàòü

�(4)��
Æ = u0F��
Æ � 443 u20 �� 3Xi;j;l;m=1(F��ilF jm
Æ+F�
ilF jm�Æ+F�ÆilF jm�
)�� Z dDqGij0 (q)Glm0 (�q) = u0F��
Æ � 443 u20 �� 3Xi;j;l;m=1(F��ilF jm
Æ+F�
ilF jm�Æ+F�ÆilF jm�
)�� hÆijÆlm �I(0)1 + 2I(0)2 �+ F ijlmI(0)3 i == u0F��
Æ �1�44u0�I(0)1 +2I(0)2 +479 I(0)3 �� : (16)Äëÿ âåðøèííîé �óíêöèè �(2;1)�� èìååì�(2;1)�� = r0Æ�� � 45r0u0 3Xi;j;l;m=1F��ijÆlm �� Z dDqGij0 (q)Glm0 (�q) = r0Æ�� � 43r0u0 �� 3Xi;j;l;m=1F��ijÆlm hÆijÆlm �I(0)1 +2I(0)2 �+F ijlmI3i == r0Æ�� �1� 20u0�I(0)1 + 2I(0)2 + 259 I(0)3 �� : (17)Ïåðåéäåì äëÿ óäîáñòâà ê âåðøèííîé �óíêöèèv0 = 44I(0)1 u0. Òîãäà âåðøèííûå �óíêöèè ïðèìóòâèä�(4)��
Æ = v0F��
Æ �1�v0�1+2I2+479 I3�� ;�(2;1)�� = r0Æ�� �1� 511v0 �1+2I2+259 I3�� ;I2 = I(0)2 =I(0)1 ; I3 = I(0)3 =I(0)1 : (18)Çàïèøåì óðàâíåíèå Êàëëàíà �Ñèìàíçèêà äëÿ âåð�øèííûõ �óíêöèé:�b ��b + � ��v � 
'm2 b� lnZ'�b � 
rr ��r��� �(m)��(q; r; v; b) = 0: (19)Â ýòîì óðàâíåíèè ââåäåíû �óíêöèè� = b�v�b ; 
r = b�r�b ; 
' = b�Sq�b ; (20)îïðåäåëÿþùèå ïîâåäåíèå ñèñòåìû â êðèòè÷åñêîé îá�ëàñòè.Âûðàæåíèÿ äëÿ �- è 
-�óíêöèé â îäíîïåòëåâîìïðèáëèæåíèè èìåþò âèä� = �v �1� v�1 + 2I2 + 479 I3�� ;7 ÆÝÒÔ, âûï. 6 1121
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t = �20v�1 + 2I2 + 259 I3� :�åæèì êðèòè÷åñêîãî ïîâåäåíèÿ ïîëíîñòüþ îïðå�äåëÿåòñÿ óñòîé÷èâîé íåïîäâèæíîé òî÷êîé v� ðåíîð�ìãðóïïîâîãî ïðåîáðàçîâàíèÿ, êîòîðàÿ ìîæåò áûòüíàéäåíà èç óñëîâèÿ ðàâåíñòâà íóëþ �-�óíêöèè:�i(v�) = 0: (21)Òðåáîâàíèå óñòîé÷èâîñòè �èêñèðîâàííîé òî÷êè ñâî�äèòñÿ ê óñëîâèþ ��(v�)�v > 0: (22)Àíàëèòè÷åñêîå âûðàæåíèå äëÿ óñòîé÷èâîé �èêñèðî�âàííîé òî÷êè èìååò âèäv� = 11 + 2I2 + (47=9)I3 : (23)Èç âûðàæåíèÿ äëÿ v� âèäíî, ÷òî ïðè g = 0 �èêñèðî�âàííàÿ òî÷êà ñîâïàäàåò ñî çíà÷åíèåì v� = 0:10128,ïîëó÷àåìûì äëÿ ñèñòåì áåç äèïîëü-äèïîëüíîãî âçà�èìîäåéñòâèÿ.Êàê õîðîøî èçâåñòíî, â îäíîïåòëåâîì ïðèáëèæå�íèè èíäåêñ Ôèøåðà �, îïðåäåëÿþùèé ïîâåäåíèå êîð�ðåëÿöèîííîé �óíêöèè â ïðîñòðàíñòâå âîëíîâûõ âåê�òîðîâ (G � k2+�), ðàâåí íóëþ. Îñòàíîâèìñÿ íà èí�äåêñå �, õàðàêòåðèçóþùåì ðîñò ðàäèóñà êîððåëÿöèèâ îêðåñòíîñòè êðèòè÷åñêîé òî÷êè (R
 � jT �T
j��),êîòîðûé ìîæåò áûòü íàéäåí íà îñíîâå ñîîòíîøåíèÿ� = 12 �1 + 
t2 ��1 == 12 �1 + 10v�1 + 2I2 + 259 I3�� : (24)Ïîäñòàíîâêà çíà÷åíèÿ ý��åêòèâíîãî çàðÿäà äëÿóñòîé÷èâîé �èêñèðîâàííîé òî÷êè ïðèâîäèò ê âûðà�æåíèþ � = 12 �1 + 5 [1 + 2I2 + (25=9)I3℄22 [1 + 2I2 + (47=9)I3℄� : (25)Â ïðåäåëüíîì ñëó÷àå îòñóòñòâèÿ äèïîëü-äèïîëüíîãîâçàèìîäåéñòâèÿ (g = 0) ïîëó÷àåì ðåçóëüòàò äëÿîáû÷íûõ êîðîòêîäåéñòâóþùèõ ñèñòåì: � = 27=44 �� 0:61364, â ïðåäåëüíîì ñëó÷àå ïîëíîãî äîìèíèðî�âàíèÿ äèïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿ (g ! 1)èìååì � � 0:56793. Òàêèì îáðàçîì, äèïîëü-äèïîëü-íîå âçàèìîäåéñòâèå ïðèâîäèò ê óìåíüøåíèþ êðèòè�÷åñêîãî èíäåêñà ðîñòà ðàäèóñà êîððåëÿöèè.Èíäåêñ òåïëîåìêîñòè � âû÷èñëÿåòñÿ èç ñêåéëèí�ãîâîãî ñîîòíîøåíèÿ � = 2 � �D (D = 3 � ðàçìåð�íîñòü ïðîñòðàíñòâà). Ïîäñòàíîâêà âûðàæåíèÿ äëÿ �ïðèâîäèò ê ðåçóëüòàòó

� = 12 � 15 [I1 + 2I2 + (25=9)I3℄22 [I1 + 2I2 + (47=9)I3℄ : (26)Äëÿ äâóõ ïðåäåëüíûõ ñëó÷àåâ ïîëó÷àåì: � �� 0:115908 ïðè g = 0 è � � 0:29621 ïðè g !!1. Êàê õîðîøî âèäíî, äèïîëü-äèïîëüíîå âçàèìî�äåéñòâèå ïðèâîäèò ê ðîñòó èíäåêñà òåïëîåìêîñòè.Ýòîò �àêò êà÷åñòâåííî ñîãëàñóåòñÿ ñ ýêñïåðèìåí�òàëüíûìè äàííûìè è äàííûìè êîìïüþòåðíîãî ìîäå�ëèðîâàíèÿ ìåòîäîì Ìîíòå-Êàðëî. Êîëè÷åñòâåííîãîñîãëàñèÿ íå íàáëþäàåòñÿ, íî ýòî ÿâëÿåòñÿ õîðîøîèçâåñòíûì ñëåäñòâèåì îäíîïåòëåâîãî ïðèáëèæåíèÿ.Äëÿ ïîëó÷åíèÿ àäåêâàòíûõ ðåçóëüòàòîâ íåîáõîäèìîïðîâåñòè ðàñ÷åòû â áîëåå âûñîêîì ïîðÿäêå òåîðèèâîçìóùåíèé.4. ÄÂÓÕÏÅÒËÅÂÎÅ Ï�ÈÁËÈÆÅÍÈÅÔåéíìàíîâñêèå äèàãðàììû äëÿ äâóõïåòëåâîãîïðèáëèæåíèÿ ïðèâåäåíû íà ðèñ. 2. Ââåäåì îáîçíà�÷åíèÿ äëÿ èíòåãðàëîâ:Eijlmrtsn = Z dDq dDpGir0 (q)Gls0 (�q)��Gtj0 (p)Gnm0 (�p);Dijlmrtsn = Z dDq dDpGij0 (q)Glm0 (�q)��Grs0 (p)Gtn0 (�(p+ q));Cijlmrs = ��k2 Z dDq Gij0 (q)Glm0 (p+ k) ��Glm0 (�(p+ q))���k2=0:
(27)

Äâóõïåòëåâûå ïîïðàâêè ê âåðøèííûì �óíêöèÿììîãóò áûòü çàïèñàíû â ñëåäóþùåì âèäå:�(4)��
Æ(2-loop) = u30 3Xi;j;l;m;n;r;s;t=1�� X(i;j;l;m;n;r;s;t)(48F��ilF rtsnF jm
ÆEijlmrstn ++ 192F�ÆilF jrt
F snmÆDijlmrtsn);�(2;1)��(2-loop) = r0u30 �� 3Xi;j;l;m=1(144ÆilF��jmF rtsnEijlmrtsn ++ 288ÆilF jrt�F snm�Dijlmrtsn);��k2�(2)��(k)���k2=0 = 1+96u20F�ilrF �jmsCijlmrs:1122



ÆÝÒÔ, òîì 143, âûï. 6, 2013 Êðèòè÷åñêîå ïîâåäåíèå èçîòðîïíûõ òðåõìåðíûõ ñèñòåì : : :il TT rs tn jmTTEijlmrtsn1 il TT rs tn jmTLTEijlmrtsn2 il TT rs tn jmLTLTEijlmrtsn3il T rs tn jmTT il T rs tn jmLT il rs tn jmLTLTLT Eijlmrtsn4 LT LT LTLTEijlmrtsn5 Eijlmrtsn6
Dijlmrtsn2 il T nTsrj tLTil T nsrj til nTTsrj tLTLT T LTLT LTDijlmrtsn4 Dijlmrtsn5 Dijlmrtsn6

il TT nTTsrj t
Dijlmrtsn1 il TT nTsrj t

Dijlmrtsn3 LTil T nTTsrj tLT
il nTsrj t il T nsrj tLT il nsrj tLTDijlmrtsn7 Dijlmrtsn8 Dijlmrtsn9LTLTLT LTLT LTLTLTir l m jsTTT ir l m jsTT ir l m jsT ir l m jsLT LTLT LTLTLTCijlmrtsn4

m m m
m
mm

mm
m

Cijlmrs2 Cijlmrs3Cijlmrs1 �èñ. 2. Ôåéíìàíîâñêèå äèàãðàììû â äâóõïåòëåâîì ïðèáëèæåíèèÂòîðàÿ ñóììà áåðåòñÿ ïî âñåì âîçìîæíûì ïåðåñòà�íîâêàì èíäåêñîâ. Ïîñëå ïîäñòàíîâêè ñâîáîäíîãî ïðî�ïàãàòîðà â âûðàæåíèÿ (27) äëÿ èíòåãðàëîâ è çàìåíûg = g0=r0 ïîëó÷èìEijlmrtsn = Z dDq dDpGir0 (q)Gls0 (�q)Gtj0 (p) ��Gnm0 (�p) = Eijlmrtsn1 +4Eijlmrtsn2 +2Eijlmrtsn3 ++ 4Eijlmrtsn4 + 4Eijlmrtsn5 +Eijlmrtsn6 ; (28)
Dijlmrtsn = Z dDq dDpGir0 (q)Gls0 (�q)Gtj0 (p)��Gnm0 (�p) = Dijlmrtsn1 + 2Dijlmrtsn2 ++ 2Dijlmrtsn3 +Dijlmrtsn4 +Dijlmrtsn5 +4Dijlmrtsn6 ++ 2Dijlmrtsn7 + 2Dijlmrtsn8 +Dijlmrtsn9 ; (29)Cijlmrs = Z dDq dDpGir0 (q)Gls0 (�q)��Gtj0 (p)Gnm0 (�p) = Cijlmrs1 + 3Cijlmrs2 ++ 3Cijlmrs3 + Cijlmrs4 : (30)1123 7*



Ñ. Â. Áåëèì ÆÝÒÔ, òîì 143, âûï. 6, 2013Âûðàæåíèÿ äëÿ ñëàãàåìûõ, âõîäÿùèõ â �îðìó�ëû (28)�(30), ïðèâåäåíû â Ïðèëîæåíèè. ÈíòåãðàëûI5�I12 íå ìîãóò áûòü âûïèñàíû â ÿâíîì âèäå ÷å�ðåç ýëåìåíòàðíûå �óíêöèè. Ïðèâåäåì çíà÷åíèÿ âñåõâîçíèêàþùèõ èíòåãðàëîâ â âèäå àñèìïòîòè÷åñêèõðÿäîâ ïî ïàðàìåòðó g ñ òî÷íîñòüþ äî ñëàãàåìûõ,ïðîïîðöèîíàëüíûõ g2:I1 = �2; I7 = 2:156350g2;I2 = (�g=12+ g2=16)�2; I8 = 0:400854g2;I3 = �2g2=40; I9 = 0:501076g2;I4 = 2�4=3 = 64:939394; I10 = 2�4=27 == 3:607744;I5 = �7:215491g+3:808191g2; I11 = �0:058773g++0:033644g2;I6 = �7:215491g+ 3:808191g2; I12 = 0:021266g2:Â ðåçóëüòàòå äëÿ èíòåãðàëîâ (27) ïîëó÷àåìEijlmrtsn = ÆirÆlsÆtjÆnm(I21 + 4I1I2 + 4I22 ) ++ ÆirÆlsF tjnm(2I1I3 + 4I2I3) + F irlsF tjnmI23 == ÆirÆlsÆtjÆnm(97:409091�32:469697g+24:352273g2)++ ÆirÆlsF tjnm4:870455g2;Dijlmrtsn = ÆijÆlmÆrsÆtn(I4+2I5+2I6+ I8+4I9)++ ÆrsÆtnF ijlmI7 = ÆijÆlmÆrsÆtn �� (64:939394� 28:861964g+ 17:637922g2) ++ ÆrsÆtnF ijlm2:156350g2;Cijlmrs = ÆijÆlmÆrs(I10 + 3I11 + 3I12) == ÆijÆlmÆrs(3:607744� 0:176319g+ 0:164730g2):Çíà÷åíèÿ èíòåãðàëîâ Dijlmrtsn7 , Dijlmrtsn8 , Dijlmrtsn9è Cijlmrs4 èìåþò ïîðÿäîê O(g3) è íå äàþò âêëàäà ââûðàæåíèÿ, âû÷èñëÿåìûå ñ òî÷íîñòüþ äî g2. Ïîä�ñòàíîâêà èíòåãðàëîâ è ñóììèðîâàíèå ïî ¾íåìûì¿èíäåêñàì ïðèâîäèò ê ñëåäóþùåìó âûðàæåíèþ äëÿâåðøèííûõ �óíêöèé ñ òî÷íîñòüþ äî g2 ÷åðåç ïåðå�îïðåäåëåííóþ ïåðåìåííóþ v0:�(4)��
Æ = v0 �1� (1� 0:166667g+ 0:461111g2)v0++ (5:316665� 1:432098g+ 1:432881g2)v20�F��
Æ;�(2;1)�� = � �1� 511v�1� g6 + g26 � ++ 60121(0:160493� 0:009429g+ 0:088222g2)v2� Æ�� ;

��k2�(2)��(k)���k2=0 == �1 + (0:003061� 0:000150g+ 0:000140g2)v20� Æ�� :Çàïèñûâàÿ óðàâíåíèÿ Êàëàíà �Ñèìàíçèêà, ïîëó÷à�åì ñëåäóþùèå ñêåéëèíãîâûå �óíêöèè:� = �vh1� (1� 0:166667g+ 0:461111g2)v ++ (0:790940� 0:873237g+ 0:347330g2)v2i;
t = 1� 522 �1� g6 + g26 � v ++ 60121(0:160493� 0:009429g+ 0:088222g2)v2;
' = (0:003061� 0:000150g+ 0:000140g2)v2:Êàê õîðîøî èçâåñòíî, ðÿäû, ïîëó÷àåìûå â òåî�ðåòèêî-ïîëåâîì ïîäõîäå, ÿâëÿþòñÿ àñèìïòîòè÷åñêè�ìè è äëÿ ïîëó÷åíèÿ �èçè÷åñêè çíà÷èìîé èí�îð�ìàöèè íåîáõîäèìî èñïîëüçîâàòü ìåòîäû ñóììèðîâà�íèÿ. Â äàííîé ðàáîòå ñóììèðîâàíèå áûëî ïðèìå�íåíî äëÿ äâóõ âèäîâ ðÿäîâ. Âî-ïåðâûõ, äëÿ êîý���èöèåíòîâ ðàçëîæåíèÿ ñêåéëèíãîâûõ �óíêöèé, êî�òîðûå ïðåäñòàâëÿþò ñîáîé �óíêöèè îò ïàðàìåòðàäèïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿ g è ïîëó÷åíû ââèäå ñòåïåííîãî ðÿäà. Âî-âòîðûõ, ê ñàìèì ñêåéëèí�ãîâûì �óíêöèÿì, ïðåäñòàâëÿþùèì ñîáîé àñèìïòî�òè÷åñêèé ðÿä îò ý��åêòèâíîãî ïàðàìåòðà âçàèìî�äåéñòâèÿ �ëóêòóàöèé ïàðàìåòðà ïîðÿäêà v. Â îáî�èõ ñëó÷àÿõ áûë ïðèìåíåí ìåòîä Ïàäå �Áîðåëÿ. Ïðèýòîì ïðÿìîå è îáðàòíîå ïðåîáðàçîâàíèÿ Áîðåëÿ èìå�þò âèä f(x) =Xi 
ixi = 1Z0 e�tF (xt) dt;F (x) =Xi 
ii! xi: (31)Ñóììèðîâàíèå ïî äâóì ïàðàìåòðàì ïðîâîäèëîñü ïîîòäåëüíîñòè â ñèëó òîãî, ÷òî ðàçëè÷íà ïðèðîäà ïðî�èñõîæäåíèÿ äàííûõ ðÿäîâ è êàæäûé èç íèõ ìîæåòóäëèíÿòüñÿ íåçàâèñèìî äðóã îò äðóãà. Áîëåå òîãî,ïàðàìåòð v îïðåäåëÿåòñÿ â ðàìêàõ ðàçâèâàåìîé òåî�ðèè, òîãäà êàê ïàðàìåòð g ÿâëÿåòñÿ âíåøíèì è åãîçíà÷åíèå äîëæíî çàäàâàòüñÿ èñõîäÿ èç íåêîòîðûõ�èçè÷åñêèõ ñîîáðàæåíèé.Íåîáõîäèìîñòü ïðîâåäåíèÿ ñóììèðîâàíèÿ îáó�ñëîâëåíà òåì, ÷òî ðÿäû, ïîëó÷àåìûå â äâóõïåòëå�âîì ïðèáëèæåíèè, ÿâëÿþòñÿ äîñòàòî÷íî êîðîòêèìè,1124



ÆÝÒÔ, òîì 143, âûï. 6, 2013 Êðèòè÷åñêîå ïîâåäåíèå èçîòðîïíûõ òðåõìåðíûõ ñèñòåì : : :
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�èñ. 3. Çàâèñèìîñòè çíà÷åíèé �èêñèðîâàííîé òî÷êè (à), à òàêæå èíäåêñîâ � (á ), � (â), 
 (ã), � (ä), � (å) îòïàðàìåòðà äèïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿè èõ ïîâåäåíèå ìîæåò ñóùåñòâåííî îòëè÷àòüñÿ îò ïî�âåäåíèÿ ñàìèõ �óíêöèé. Êàê áûëî ïîêàçàíî â ðàì�êàõ ñòàíäàðòíîé O(N)-ìîäåëè äëÿ îäíîðîäíûõ ñè�ñòåì [9�11℄, ïðîöåäóðà ñóììèðîâàíèÿ ïîçâîëÿåò ïî�ëó÷àòü ïðèåìëåìûå ðåçóëüòàòû íà äîñòàòî÷íî êî�ðîòêèõ ðÿäàõ äâóõïåòëåâîãî ïðèáëèæåíèÿ. Îäíàêîñëåäóåò ó÷èòûâàòü, ÷òî èñïîëüçîâàíèå ìåòîäîâ ñóì�ìèðîâàíèÿ àñèìïòîòè÷åñêèõ ðÿäîâ íå èçáàâëÿåò îòâñåõ ïîãðåøíîñòåé, âîçíèêàþùèõ âñëåäñòâèå èõ ìà�ëîé äëèíû. Ìåòîä ñóììèðîâàíèÿ Ïàäå �Áîðåëÿ ñó�ùåñòâåííî óëó÷øàåò ñâîéñòâà ðÿäîâ, íî íå äàåò àá�ñîëþòíî òî÷íûõ çíà÷åíèé äëÿ èñêîìûõ âåëè÷èí.Èññëåäîâàíèÿ, ïðîâåäåííûå â ðàçëè÷íûõ ðàáî�òàõ äëÿ ìîäåëè Èçèíãà è ìîäåëè �åéçåíáåðãà [9�15℄,ïîêàçàëè, ÷òî çíà÷åíèÿ êðèòè÷åñêèõ èíäåêñîâ íà êî�ðîòêèõ ðÿäàõ, ïîëó÷àåìûõ â äâóõïåòëåâîì ïðèáëè�æåíèè, ñ òî÷íîñòüþ äî âòîðîãî çíàêà ïîñëå çàïÿ�òîé ñîâïàäàþò ñî çíà÷åíèÿìè, ïîëó÷àåìûìè äëÿ áî�ëåå äëèííûõ ðÿäîâ âïëîòü äî øåñòèïåòëåâîãî ïðè�áëèæåíèÿ. Èññëåäîâàíèÿ, ïðîâåäåííûå â ðàáîòå [16℄äëÿ ðàçëè÷íûõ ìåòîäîâ ñóììèðîâàíèÿ è ñ ó÷åòîìàñèìïòîòè÷åñêîãî ïîâåäåíèÿ ÷ëåíîâ ðÿäîâ ðàçëî�æåíèÿ ñêåéëèíãîâûõ �óíêöèé, ïîçâîëèëè ïîëó÷èòüîöåíêè ïîãðåøíîñòè ðåçóëüòàòîâ, êîòîðàÿ â ðàìêàõäâóõïåòëåâîãî ïðèáëèæåíèÿ íå íèæå âòîðîãî çíàêàïîñëå çàïÿòîé. Òàêàÿ æå òî÷íîñòü ÿâëÿåòñÿ îáùå�ïðèíÿòîé â ñîâðåìåííûõ ýêñïåðèìåíòàëüíûõ èññëå�äîâàíèÿõ êðèòè÷åñêèõ ÿâëåíèé.Òàêæå îöåíêó òî÷íîñòè ïðåäëàãàåìîãî ìåòîäà

ìîæíî ñäåëàòü èñõîäÿ èç ðàáîò [17, 18℄, â êî�òîðûõ èññëåäóåòñÿ îáîáùåíèå àïïðîêñèìàíò Ïà�äå�àïïðîêñèìàíò Ïàäå �Ëåðóà. Â ýòîì ñëó÷àå ââî�äèòñÿ äîïîëíèòåëüíûé ñâîáîäíî âûáèðàåìûé ïàðà�ìåòð. Êàê áûëî ïîêàçàíî ðàíåå [18℄ âàðüèðîâàíèåýòîãî ïàðàìåòðà ïîçâîëÿåò îöåíèòü òî÷íîñòü ðåçóëü�òàòîâ ñóììèðîâàíèÿ, êîòîðàÿ äëÿ ðÿäîâ, âîçíèêàþ�ùèõ â ðàìêàõ äâóõïåòëåâîãî ïðèáëèæåíèÿ, òàêæåîêàçûâàåòñÿ â ðàìêàõ âòîðîãî çíàêà ïîñëå çàïÿòîé.Äëÿ ñóììèðîâàíèÿ ðÿäîâ ïî ïàðàìåòðó g è ñêåé�ëèíãîâîé �óíêöèè 
t áûëà èñïîëüçîâàíà àïïðîêñè�ìàíòà [1/1℄, äëÿ âû÷èñëåíèÿ �-�óíêöèé � àïïðîê�ñèìàíòà [2/1℄. Êàê è â îäíîïåòëåâîì ïðèáëèæåíèè,óñòîé÷èâàÿ �èêñèðîâàííàÿ òî÷êà îïðåäåëÿëàñü èçñîîòíîøåíèé �i(v�) = 0; ��(v�)�v > 0 (32)äëÿ ïðîñóììèðîâàííûõ ðÿäîâ. Äàííîå óðàâíåíèå ðå�øàëîñü ÷èñëåííî äëÿ ðàçëè÷íûõ çíà÷åíèé ïàðàìåò�ðà g â èíòåðâàëå îò 0 äî 1 ñ øàãîì 0:05. �ðà�èêçíà÷åíèé óñòîé÷èâîé �èêñèðîâàííîé òî÷êè â çàâè�ñèìîñòè îò çíà÷åíèÿ g ïðåäñòàâëåí íà ðèñ. 3à. Êàêõîðîøî âèäíî èç ãðà�èêà, çíà÷åíèå ý��åêòèâíîãîçàðÿäà v â �èêñèðîâàííîé òî÷êå ðåíîðìãðóïïîâî�ãî ïðåîáðàçîâàíèÿ óáûâàåò ñ ðîñòîì êîíñòàíòû äè�ïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿ g, ïðèáëèæàÿñü êñðåäíåïîëåâîìó çíà÷åíèþ v = 0. Îäíàêî, ïî-âèäè-ìîìó, ñóùåñòâóåò íåêîòîðîå àñèìïòîòè÷åñêîå çíà�1125



Ñ. Â. Áåëèì ÆÝÒÔ, òîì 143, âûï. 6, 2013÷åíèå vas > 0, íèæå êîòîðîãî �èêñèðîâàííàÿ òî÷�êà íå îïóñêàåòñÿ. Ïîëíîñòüþ èññëåäîâàòü ïîâåäåíèå�èêñèðîâàííîé òî÷êè ïðè áîëüøèõ çíà÷åíèÿõ g âðàìêàõ âûáðàííîãî ïðèáëèæåíèÿ íåâîçìîæíî. �àñ�÷åòû ïîêàçûâàþò, ÷òî, íà÷èíàÿ ñ íåêîòîðîãî çíà÷å�íèÿ g, îòñóòñòâóåò óñòîé÷èâàÿ �èêñèðîâàííàÿ òî÷�êà. Íî ýòîò �àêò ìîæåò áûòü ñëåäñòâèåì êàê �è�çè÷åñêèõ ñâîéñòâ âûáðàííîé ñèñòåìû, òàê è íåäî�ñòàòêàìè âûáðàííîãî ïðèáëèæåíèÿ. Âîïðîñ òðåáóåòäîïîëíèòåëüíîãî èññëåäîâàíèÿ ñ ïðèìåíåíèåì áîëååäëèííûõ ðÿäîâ ðàçëîæåíèÿ êàê ïî ïàðàìåòðó g, òàêè ïî ïàðàìåòðó v.Çíà÷åíèå êðèòè÷åñêèõ èíäåêñîâ � è � îïðåäåëÿ�ëîñü èç ñîîòíîøåíèé� = 0:5 [1 + 
t(v�)℄�1 ; � = 
'(v�): (33)Îñòàëüíûå êðèòè÷åñêèå èíäåêñû îïðåäåëÿëèñü èçñêåéëèíãîâûõ ñîîòíîøåíèé:
 = �(2� �); � = 2� 3�; � = 0:5�(1 + �): (34)�ðà�èêè çàâèñèìîñòè êðèòè÷åñêèõ èíäåêñîâ îò ïà�ðàìåòðà äèïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿ ïðåä�ñòàâëåíû íà ðèñ. 3á�å.Êàê âèäíî èç ãðà�èêîâ, êðèòè÷åñêèå èíäåêñû,ñîâïàäàþùèå ïðè g = 0 ñî çíà÷åíèÿìè äëÿ îáû÷íûõãåéçåíáåðãîâñêèõ ñèñòåì, ñ ðîñòîì g ïðèáëèæàþò�ñÿ ê ñðåäíåïîëåâûì çíà÷åíèÿì, íî íå äîñòèãàþò èõ.Îñîáîå âíèìàíèå ñëåäóåò îáðàòèòü íà ïîâåäåíèå èí�äåêñà òåïëîåìêîñòè � (ðèñ. 3ä). Ïðè ìàëûõ çíà÷åíè�ÿõ g îí èìååò îòðèöàòåëüíûå çíà÷åíèÿ, îäíàêî ñ ðîñ�òîì g ñíà÷àëà îáðàùàåòñÿ â íóëü, à çàòåì ïðèíèìàåòïîëîæèòåëüíûå çíà÷åíèÿ. Ïåðåñå÷åíèå îñè àáñöèññ(� = 0) ïðîèñõîäèò ïðè g� = 0:101376. Êàê õîðîøîèçâåñòíî, ïðèñóòñòâèå çàìîðîæåííûõ òî÷å÷íûõ ïðè�ìåñåé ñêàçûâàåòñÿ íà êðèòè÷åñêîì ïîâåäåíèè òîëü�êî òåõ ñèñòåì, äëÿ êîòîðûõ èíäåêñ òåïëîåìêîñòè� > 0. Òàêèì îáðàçîì, íàëè÷èå äèïîëü-äèïîëüíîãîâçàèìîäåéñòâèÿ ïðèâîäèò ê òîìó, ÷òî çàìîðîæåí�íûé áåñïîðÿäîê, íå âëèÿþùèé íà êëàññè÷åñêóþ ìî�äåëü �åéçåíáåðãà, äîëæåí ïðèâîäèòü ê íîâîìó ðåæè�ìó êðèòè÷åñêîãî ïîâåäåíèÿ äëÿ ñèñòåì ñ ïàðàìåò�ðîì g > g�.5. Ñ�ÀÂÍÅÍÈÅ Ñ ÝÊÑÏÅ�ÈÌÅÍÒÎÌÍà ñåãîäíÿøíèé äåíü ýêñïåðèìåíòàëüíî èññëåäî�âàí ðÿä âåùåñòâ, îïèñûâàåìûõ ìîäåëüþ �åéçåíáåð�ãà ñ äèïîëü-äèïîëüíûì âçàèìîäåéñòâèåì. Â ïîñëåä�íåå âðåìÿ àêòèâíî èññëåäîâàëñÿ àíòè�åððîìàãíèò�íûé �àçîâûé ïåðåõîä â ñîåäèíåíèÿõ EuX (X = O,

S, Te, Se), õàðàêòåðèçóþùèõñÿ î÷åíü íèçêîé òåì�ïåðàòóðîé �àçîâîãî ïåðåõîäà (T
(EuO) = 69:33 K,T
(EuS) = 16:57 K). Ìîäåëüíûé ãàìèëüòîíèàí äëÿòàêèõ ñèñòåì ìîæåò áûòü çàïèñàí â âèäåH1 = J1XSiSj + J2XSiSj ++XQ��(rj � ri)SiSj : (35)Çäåñü â ïåðâîì ñëàãàåìîì ñóììèðîâàíèå ïðîâîäèò�ñÿ òîëüêî ïî áëèæàéøèì ñîñåäÿì, âî âòîðîì � ïîñîñåäÿì, ñëåäóþùèì çà áëèæàéøèìè, â òðåòüåì �ïî âñåì ïàðàì ñïèíîâ:Q��(rj � ri) = (g1�B)22  Æ��r3ij � 3r�ijr�ijr5ij ! ; (36)ãäå g1 � êîíñòàíòà âçàèìîäåéñòâèÿ, �B � ìàãíåòîíÁîðà.Ýêñïåðèìåíòàëüíûå çíà÷åíèÿ äëÿ êîíñòàíò ãà�ìèëüòîíèàíà áûëè ïîëó÷åíû â ðàáîòå [19℄ íà îñíî�âå äè�ðàêöèè íåéòðîíîâ äëÿ ñîåäèíåíèÿ EuTe:J1=kB = 0:04 � 0:01 K, J2=kB = �0:15 � 0:01 Kïðè ïîñòîÿííîé ðåøåòêè a = 4:6�A. Â ýòîé æå ðà�áîòå ïðèâåäåíà êîíñòàíòà îòíîñèòåëüíîãî âëèÿíèÿäèïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿ: (g1�B)2=J1a3 == 0:64. Ïîäñòàíîâêà äàííîãî çíà÷åíèÿ g=u0 � g âïðèâåäåííûå âûøå �îðìóëû ïðèâîäèò ê çíà÷åíèÿìêðèòè÷åñêèõ èíäåêñîâ� = 0:584; � = 0:249; � = 0:293; 
 = 1:165:Ïðè ýòîì ñëåäóåò îòìåòèòü, ÷òî äëÿ çíà÷åíèÿ îá�ìåííîãî èíòåãðàëà J1 â ðàçëè÷íûõ ðàáîòàõ äàíûçàìåòíî ðàçëè÷àþùèåñÿ ýêñïåðèìåíòàëüíûå çíà÷å�íèÿ, ÷òî ïðèâîäèò ê ðàçëè÷íûì çíà÷åíèÿì îòíî�ñèòåëüíîé êîíñòàíòû äèïîëü-äèïîëüíîãî âçàèìîäåé�ñòâèÿ. Òàê, â ðàáîòå [20℄J1=kB = 0:100 K; J2=kB = �0:215 K;g = 0:256; � = 0:628; � = 0:117;� = 0:317; 
 = 1:248;â ðàáîòå [21℄J1=kB = 0:060 K; J2=kB = �0:160 K;g = 0:427; � = 0:603; � = 0:192;� = 0:303; 
 = 1:201;â ðàáîòå [22℄J1=kB = 0:110 K; J2=kB = �0:320 K;1126



ÆÝÒÔ, òîì 143, âûï. 6, 2013 Êðèòè÷åñêîå ïîâåäåíèå èçîòðîïíûõ òðåõìåðíûõ ñèñòåì : : :g = 0:233; � = 0:632; � = 0:103;� = 0:320; 
 = 1:257:Ïðÿìûå èçìåðåíèÿ êðèòè÷åñêîãî èíäåêñà òåïëîåì�êîñòè � äëÿ ñîåäèíåíèÿ EuTe, ïðîâåäåííûå â ðà�áîòå [23℄, ïîêàçàëè, ÷òî îí çàâèñèò îò áëèçîñòè êòî÷êå �àçîâîãî ïåðåõîäà. Åñëè ââåñòè ïàðàìåòð t == (T � T
)=T
, òî � = 0:0085� 0:0030 ïðè jtj > 0:01è � = 0:38� 0:01 â èíòåðâàëå 0:0015 < jtj < 0:01.Òàêèì îáðàçîì, ïðè ïðèáëèæåíèè ê êðèòè÷åñêîéòåìïåðàòóðå ðàñòåò âëèÿíèå äèïîëü-äèïîëüíîãîâçàèìîäåéñòâèÿ. Ýòîò ý��åêò ìîæåò áûòü îáó�ñëîâëåí òåì, ÷òî ïðè íàãðåâàíèè ïðîèñõîäèòðàñøèðåíèå êðèñòàëëà, ïðè ýòîì çíà÷åíèå îáìåí�íîãî èíòåãðàëà óáûâàåò ñ ðàññòîÿíèåì äîñòàòî÷íîáûñòðî. Òàê, â ðàáîòå [24℄ ïîêàçàíî, ÷òî óáûâàíèåîáìåííîãî èíòåãðàëà ìîæåò áûòü àïïðîêñèìè�ðîâàíî ñòåïåííîé �óíêöèåé J1 = J0(r=r0)�n1 .Ýêñïåðèìåíòàëüíîå çíà÷åíèå, ïðèâåäåííîå â ýòîéæå ðàáîòå, ñîñòàâëÿåò n1 = 20:6 � 0:4. Ñòåïåííîåóáûâàíèå çíà÷åíèÿ îáìåííîãî èíòåãðàëà ïðèâîäèòê ñòåïåííîìó ðîñòó îòíîñèòåëüíîé êîíñòàíòû äè-ïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿ g. �àñ÷åò g íàîñíîâå ýêñïåðèìåíòàëüíûõ çíà÷åíèé êðèòè÷åñêîãîèíäåêñà òåïëîåìêîñòè äàë ñëåäóþùèå ðåçóëüòàòû:g = 0:11 äëÿ � = 0:0085 è g = 2:31 äëÿ � = 0:38. Êàêâèäèì, íàáëþäàåòñÿ ñóùåñòâåííûé ðîñò îòíîñèòåëü�íîé êîíñòàíòû äèïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿïðè ïðèáëèæåíèè ê òî÷êå �àçîâîãî ïåðåõîäà.ßâëåíèå èçìåíåíèÿ õàðàêòåðà êðèòè÷åñêîãî ïî�âåäåíèÿ ïðè ïðèáëèæåíèè ê òî÷êå �àçîâîãî ïåðåõî�äà (ÿâëåíèå êðîññîâåðà) äîñòàòî÷íî õîðîøî èçó÷åíîäëÿ Gd. Êàê ïîêàçàíî â ðàáîòàõ [25�27℄, â èíòåðâà�ëå 4 � 10�4 < t < 1:3 � 10�2 íàáëþäàþòñÿ êðèòè÷å�ñêèå èíäåêñû, îòëè÷íûå îò ñòàíäàðòíûõ ãåéçåíáåð�ãîâñêèõ (
 = 1:23 � 0:02, � = �0:01 � 0:03). Ïðèäàëüíåéøåì ïðèáëèæåíèè ê êðèòè÷åñêîé òåìïåðà�òóðå ñèñòåìà õàðàêòåðèçóåòñÿ èíäåêñàìè, áëèçêèìèê èçèíãîâñêèì, ÷òî òàêæå õîðîøî îáúÿñíÿåòñÿ íàëè�÷èåì äèïîëü-äèïîëüíîãî âçàèìîäåéñòâèÿ.Ï�ÈËÎÆÅÍÈÅÏðèâåäåì âûðàæåíèÿ äëÿ ñëàãàåìûõ Eijlmrtsni ,âõîäÿùèõ â �îðìóëó (27):Eijlmrtsn1 = ÆirÆlsÆtjÆnm Z dDq GT0 (q)GT0 (�q)�� Z dDpGT0 (p)GT0 (�p) == ÆirÆlsÆtjÆnmI(0)21 ;

Eijlmrtsn2 = ÆirÆlsÆtj Z dDq GT0 (q)GT0 (�q)�� Z dDpGT0 (p)PnmL �GL0 (�p)�GT0 (�p)� == ÆirÆlsÆtjÆnmI(0)1 I(0)2 ;Eijlmrtsn3 = ÆirÆls Z dDq GT0 (q)GT0 (�q)�� Z dDpP tjL �GL0 (p)�GT0 (p)��� PnmL �GL0 (�p)�GT0 (�p)� = ÆirÆlsF tjnmI(0)1 I(0)3 ;Eijlmrtsn4 = ÆirÆtj Z dDq GT0 (q)�� P lsL �GL0 (�q)�GT0 (�q)� Z dDpGT0 (p)�� PnmL �GL0 (�p)�GT0 (�p)� = ÆirÆlsÆtjÆnmI(0)22 ;Eijlmrtsn5 = Æir Z dDq GT0 (q)�� P lsL �GL0 (�q)�GT0 (�q)��� Z dDpP tjL �GL0 (p)�GT0 (p)��� PnmL �GL0 (�p)�GT0 (�p)� = ÆirÆlsF tjnmI(0)2 I(0)3 ;Eijlmrtsn6 = Z dDq P irL �GL0 (q)�GT0 (q)��� P lsL �GL0 (�q)�GT0 (�q)��� Z dDpP tjL �GL0 (p)�GT0 (p)��� PnmL �GL0 (�p)�GT0 (�p)� = ÆirÆlsF tjnmI(0)23 :Äëÿ Dijlmrtsni â �îðìóëå (28) ïîëó÷àåìDijlmrtsn1 = ÆijÆmÆrsÆtn �� Z dDq dDp(GT0 (q))2GT0 (p)GT0 (q + p) == ÆijÆmÆrsÆtn Z dDq dDp(1 + q2)2(1 + (q+ p)2)(1 + p2) == ÆijÆmÆrsÆtnI4;I4 = Z dDq dDp(1 + q2)2(1 + (q+ p)2)(1 + p2) ;1127



Ñ. Â. Áåëèì ÆÝÒÔ, òîì 143, âûï. 6, 2013Dijlmrtsn2 = ÆijÆrsÆtn Z dDq dDpGT0 (q)GT0 (p)GT0 (q+ p)P lmL (q) �GL0 (�q)�GT0 (�q)� == ÆijÆrsÆtng0 Z dDqdDpqlqmq2(1 + q2)2(1 + (q+ p)2)(1 + g0 + q2) = ÆijÆrsÆtnÆlmI5;I5 = �g03 Z dDq dDp(1 + q2)2(1 + (q+ p)2)(1 + g0 + q2) ;Dijlmrtsn3 = ÆijÆlmÆtn Z dDq dDp(GT0 (q))2GT0 (q+ p)P rsL (p) �GL0 (�p)�GT0 (�p)� == �ÆijÆlmÆtng0 Z dDqdDpprpsp2(1 + q2)2(1 + (q+ p)2)(1 + g0 + p2) = ÆijÆrsÆtnÆlmI6;I6 = �4�g03 Z dDq dDpq2(1 + q2)2(1 + (q+ p)2)(1 + g0 + p2) ;Dijlmrtsn4 = ÆrsÆtn Z dDq dDpGT0 (q)GT0 (q+ p)P ijL (q)P lmL (p) �GL0 (�q)�GT0 (�q)�2 == ÆrsÆtng20 Z dDqdDpqiqjqlqmq4(1 + p2)(1 + (q+ p)2)(1 + g0 + q2)2 = ÆrsÆtnF ijlmI7;I7 = 16�2g205 Z dDq dDpq2(1+p2)(1+(q+p)2)(1+g0+q2)2 ;Dijlmrtsn5 = ÆijÆlm Z dDq dDp(GT0 (q+ p))2P tnL (q)P rsL (p) �GL0 (�q)�GT0 (�q)� �GL0 (�p)�GT0 (�p)� == ÆijÆlmg20 Z dDq dDp qtqnprpsp2q2(1 + g0 + p2)(1 + (q+ p)2)2(1 + g0 + q2) = ÆijÆrsÆtnÆlmI8;I8 = 16�2g209 Z dq dp q2p2(1 + g0 + p2)(1 + (q + p)2)2(1 + g0 + q2) ;Dijlmrtsn6 = ÆijÆtn Z dDq dDpGT0 (q)GT0 (q+ p)P lmL (q)P rsL (p) �GL0 (�p)�GT0 (�p)� �GL0 (�q)�GT0 (�q)� == ÆijÆtng20 Z dDqdDp qlqmprpsp2q2(1 + q2)(1 + g0 + p2)(1 + (q+ p)2)(1 + g0 + q2) = ÆijÆrsÆtnÆlmI9;I9 = 16�2g209 Z dq dp q2p2(1 + q2)(1 + g0 + p2)(1 + (q+ p)2)(1 + g0 + q2) ;Dijlmrtsn7 = Ætn Z dDq dDpGT0 (q+ p)P ijL (q)P lmL (q)P rsL (p) �GL0 (�p)�GT0 (�p)� �GL0 (�q)�GT0 (�q)�2 == �Ætng30 Z dDqdDp qiqjqlqmprpsp2q4(1 + g0 + p2)(1 + (q+ p)2)(1 + g0 + q2)2 ;Dijlmrtsn8 = Æij Z dDq dDpGT0 (q)P lmL (q)P rsL (p)P tnL (q + p) �GL0 (q)�GT0 (q)��� �GL0 (p)�GT0 (p)� �GL0 (q+ p)�GT0 (q + p)� == �Æijg30 Z dDqdDpqlqm(q + p)t(q + p)nprps(1 + (q+ p)2)�1(1 + g0 + q+ p2)�1p2q2(p+ q)2(1 + q2)2(1 + g0 + q2)(1 + p2)(1 + g0 + p2) ;1128



ÆÝÒÔ, òîì 143, âûï. 6, 2013 Êðèòè÷åñêîå ïîâåäåíèå èçîòðîïíûõ òðåõìåðíûõ ñèñòåì : : :Dijlmrtsn9 = Z dDq dDpP ijL (q)P lmL (q)P rsL (p)P tnL (q + p)�� �GL0 (q) �GT0 (q)�2 �GL0 (p)�GT0 (p)� �GL0 (q + p)�GT0 (q+ p)� == g40 Z dDq dDpqiqjqlqm(q + p)t(q + p)nprps(1 + (q+ p)2)�1(1 + g0 + (q+ p)2)�1p2q4(p+ q)2(1 + q2)2(1 + g0 + q2)2(1 + p2)(1 + g0 + p2) :Íàêîíåö, ñëàãàåìûå Cijlmrsi â �îðìóëå (30) èìåþò âèäCijlmrs1 = �ÆijÆlmÆrs ��k2 Z dDq dDpGT0 (p+ q+ k)GT0 (p)GT0 (q)���k2=0 == �ÆijÆlmÆrs ��k2 Z dDq dDp(1 + q2)(1 + p2)(1 + (p+ k+ q)2) ����k2=0 = ÆijÆlmÆrsI10;I10 = � ��k2 Z dDq dDp(1 + q2)(1 + p2)(1 + (p+ k+ q)2) ����k2=0 ;Cijlmrs2 = �ÆijÆlm ��k2 Z dDq dDpGT0 (p+ q)GT0 (p+ k)P rsL (q) �GL0 (q)�GT0 (q)� ���k2=0 == g0ÆijÆlm ��k2 Z dDqdDpqrqsq2(1 + q2)(1 + g0 + q2)(1 + (p+ q)2)(1 + (p+ k)2) ����k2=0 = ÆijÆlmÆrsI11;I11 = �g03 ��k2 Z dDq dDp(1 + q2)(1 + g0 + q2)(1 + (p+ q)2)(1 + (p+ k)2) ����k2=0 ;Cijlmrs3 = � ��k2 Æij Z dDq dDpGT0 (p+ q+ k)P lmL (p)P rsL (q) �GL0 (q)�GT0 (q)� �GL0 (p) �GT0 (p)� ���k2=0 == �g20Æij ��k2 Z dDqdDpqrqsplpmp2q2(1 + q2)(1 + g0 + q2)(1 + p2)(1 + g0 + p2)(1 + (p+ q+ k)2) ����k2=0 == ÆijÆlmÆrsI12;I12 = �g209 ��k2 Z dDqdDp(1 + q2)(1 + g0 + q2)(1 + p2)(1 + g0 + p2)(1 + (p+ q+ k)2) ����k2=0 ;Cijlmrs4 = � ��k2 Z dDq dDpP ijL (q)P lmL (p+ k)P rsL (p+ q)�� �GL0 (q)�GT0 (q)� �GL0 (p+ k)�GT0 (p+ k)� �GL0 (q+ p)�GT0 (q+ p)� ���k2=0 == � ��k2 g30 Z dDq dDpqiqj(p+ k)l(p+ k)m(q + p)r(q + p)s ��hq2(p+ k)2(p+ q)2(1 + q2)(1 + g0 + q2)(1 + p+ k2)(1 + g0 + p+ k2)(1 + g0 + q+ p2)(1 + (q+ p)2)���k2=0i�1 :ËÈÒÅ�ÀÒÓ�À1. A. Kornblit, G. Ahlers, and E. Buehler, Phys. Lett.A 43, 531 (1973).2. M. B. Salamon, Sol. St. Comm. 13, 1741 (1973).
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