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Î ÊÎÎ�ÄÈÍÀÒÅ ÎÑÎÁÎÉ ÒÎ×ÊÈ Â�ÅÌÅÍÍÛÕÊÎ��ÅËßÖÈÎÍÍÛÕ ÔÓÍÊÖÈÉ �ÅÒÅ�ÎßÄÅ�ÍÎÉ ÑÏÈÍÎÂÎÉÑÈÑÒÅÌÛ Ê�ÈÑÒÀËËÀÂ. Å. Çîáîâ *Èíñòèòóò �èçèêè èì. Ë. Â. Êèðåíñêîãî Ñèáèðñêîãî îòäåëåíèÿ �îññèéñêîé àêàäåìèè íàóê660036, Êðàñíîÿðñê, �îññèÿÌ. À. ÏîïîâÊðàñíîÿðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò660041, Êðàñíîÿðñê, �îññèÿÏîñòóïèëà â ðåäàêöèþ 5 íîÿáðÿ 2004 ã.Èññëåäóþòñÿ îñîáåííîñòè âðåìåííûõ àâòîêîððåëÿöèîííûõ �óíêöèé ãåòåðîÿäåðíîé ñïèíîâîé ñèñòåìûêðèñòàëëà. Â ïðèáëèæåíèè ñàìîñîãëàñîâàííîãî �ëóêòóèðóþùåãî ïîëÿ ñ ïðîèçâîëüíîé àêñèàëüíîé ñèì-ìåòðèåé ïîëó÷åíû òî÷íûå âûðàæåíèÿ äëÿ äåñÿòè ìîìåíòîâ ñïåêòðîâ àâòîêîððåëÿöèîííûõ �óíêöèé. Ïîíèì íàéäåíû çíà÷åíèÿ êîîðäèíàòû áëèæàéøåé îñîáîé òî÷êè íà îñè ìíèìîãî âðåìåíè ýòèõ �óíêöèéäëÿ ñïèíîâîé ñèñòåìû ñ äèïîëü-äèïîëüíûì âçàèìîäåéñòâèåì. Ê ýòîìó çíà÷åíèþ ðàññ÷èòàíû ãëàâíûåïîïðàâêè îò êîððåëÿöèè ëîêàëüíûõ ïîëåé â ðåàëüíûõ ðåøåòêàõ, îïðåäåëÿåìûå ðåøåòî÷íûìè ñóììàìèñ òðåóãîëüíèêàìè èç ÷åòûðåõ ñâÿçåé è ñ ïàðàìè èç ÷åòûðåõ ñâÿçåé. ×èñëåííûå çíà÷åíèÿ êîîðäèíàòûïîëó÷åíû äëÿ êðèñòàëëà LiF ïðè îðèåíòàöèÿõ ìàãíèòíîãî ïîëÿ âäîëü òðåõ êðèñòàëëîãðà�è÷åñêèõ îñåé.Ñëåäóþùåå èç òåîðèè óâåëè÷åíèå êîîðäèíàòû îñîáîé òî÷êè, ïðèâîäÿùåå ê óñêîðåíèþ óáûâàíèÿ êðûëüåâñïåêòðîâ àâòîêîððåëÿöèîííûõ �óíêöèé, êà÷åñòâåííî ñîãëàñóåòñÿ ñ ýêñïåðèìåíòîì.PACS: 76.20.+q 1. ÂÂÅÄÅÍÈÅßäåðíûå ìàãíèòíûå ñèñòåìû, ñîñòîÿíèÿìè êîòî�ðûõ ìîæíî óïðàâëÿòü è â òî æå âðåìÿ íàáëþäàòü èõèçìåíåíèå ìåòîäîì ßÌ� [1℄, ïðåäñòàâëÿþò áîëüøîéèíòåðåñ äëÿ íåðàâíîâåñíîé ñòàòèñòè÷åñêîé �èçèêè.�åòåðîÿäåðíûå ñèñòåìû (ò. å. ñèñòåìû, ñîñòîÿùèå èçÿäåð ñ ðàçíûìè ÷àñòîòàìè ëàðìîðîâñêîé ïðåöåññèèâ ñèëüíîì ìàãíèòíîì ïîëå) ïî ñðàâíåíèþ ñ ãîìî�ÿäåðíûìè îòêðûâàþò íîâûå âîçìîæíîñòè ïî èçó÷å�íèþ ïðîöåññîâ óñòàíîâëåíèÿ ðàâíîâåñèÿ � íà ïðèìå�ðå êðîññ-ðåëàêñàöèè ìåæäó ïîäñèñòåìàìè [2℄. Íåìà�ëîâàæíî è òî, ÷òî ãåòåðîÿäåðíûå ñèñòåìû âñòðå÷à�þòñÿ ÷àùå ãîìîÿäåðíûõ, äëÿ èõ èçó÷åíèÿ ðàçðàáî�òàíî ìíîãî ìåòîäèê, èí�îðìàöèîííîñòü êîòîðûõ çà�âèñèò îò ðàçâèòèÿ òåîðèè. Íàêîíåö, â ïîñëåäíåå âðå�ìÿ ñèñòåìû, ñîñòîÿùèå èç ÿäåð ñ ðàçëè÷íûìè ðåçî�íàíñíûìè ÷àñòîòàìè, ïðèâëåêëè âíèìàíèå èññëåäî�*E-mail: rsa�iph.krasn.ru

âàòåëåé â ñâÿçè ñ ïðîáëåìîé àäðåñàöèè ñïèíîâ ïðèêâàíòîâûõ âû÷èñëåíèÿõ [3℄.Â îñíîâå ñîâðåìåííîé äèíàìè÷åñêîé òåîðèèïëîòíûõ ñïèíîâûõ ñèñòåì òâåðäûõ òåë ëåæèòêîíöåïöèÿ �ëóêòóèðóþùåãî âî âðåìåíè ñëó÷àéíîãîëîêàëüíîãî ìàãíèòíîãî ïîëÿ [4�9℄, áëèçêîãî ïîñâîéñòâàì ê ãàóññîâñêîìó ñëó÷àéíîìó ïîëþ. Â ãåòå�ðîÿäåðíûõ ñèñòåìàõ ýòî ïîëå èìååò íåñêîëüêî (ïî÷èñëó ñîðòîâ ÿäåð) ñîñòàâëÿþùèõ, ÷òî çàòðóäíÿåòïîñòðîåíèå òåîðèè. Ïðè èñïîëüçîâàíèè óñëîâèéñàìîñîãëàñîâàíèÿ [5℄ äëÿ âðåìåííûõ êîððåëÿöè�îííûõ �óíêöèé ïîëÿ è ñïèíîâ óäàëîñü ïîñòðîèòüòåîðèþ [10; 11℄, îáúÿñíèâøóþ íà êà÷åñòâåííîìóðîâíå ìíîãèå ýêñïåðèìåíòàëüíûå äàííûå. Èçòåîðèè ñëåäóåò âûâîä î íàëè÷èè ó ñïèíîâûõ êîððå�ëÿöèîííûõ �óíêöèé îñîáûõ òî÷åê íà îñè ìíèìîãîâðåìåíè, îáóñëîâëèâàþùèõ íàáëþäàâøèåñÿ ìå�òîäàìè ìàãíèòíîãî ðåçîíàíñà ýêñïîíåíöèàëüíûåêðûëüÿ ñïåêòðîâ ýòèõ �óíêöèé. Âàæíûì ñëåäñòâè�åì ýòîãî âûâîäà ÿâëÿåòñÿ óíèâåðñàëüíîñòü äàëåêèõ877



Â. Å. Çîáîâ, Ì. À. Ïîïîâ ÆÝÒÔ, òîì 127, âûï. 4, 2005êðûëüåâ ñïåêòðîâ ó ÿäåð ðàçíûõ ñîðòîâ, ïîñêîëüêóêîîðäèíàòû îñîáûõ òî÷åê îáÿçàíû ñîâïàäàòü óñâÿçàííûõ âñëåäñòâèå âçàèìîäåéñòâèÿ âðåìåííûõêîððåëÿöèîííûõ �óíêöèé. Êàê ïîêàçàëî ñðàâíåíèåñ ýêñïåðèìåíòîì, êîððåëÿöèÿ ëîêàëüíûõ ïîëåéîñëàáëÿåò èõ �ëóêòóàöèè è, â ÷àñòíîñòè, óâåëè÷è�âàåò êîîðäèíàòó îñîáîé òî÷êè. Òàêàÿ êîððåëÿöèÿ âðàáîòå [11℄ áûëà ó÷òåíà �åíîìåíîëîãè÷åñêè.Â íàñòîÿùåé ðàáîòå ðàçâèò ìèêðîñêîïè÷åñêèéïîäõîä ê ðàñ÷åòó êîððåëÿöèîííûõ ý��åêòîâ âòåîðèè ñàìîñîãëàñîâàííîãî �ëóêòóèðóþùåãî ïîëÿ(ÑÔÏ). Óñïåøíîñòü òàêîãî ïîäõîäà ïðîäåìîí�ñòðèðîâàíà íåäàâíî íà áîëåå ïðîñòîì ïðèìåðåãîìîÿäåðíîé ñèñòåìû [12℄. Ïðåæäå âñåãî, áûëèïîëó÷åíû îáùèå âûðàæåíèÿ äëÿ ìîìåíòîâ äî 10-ãîïîðÿäêà ïîñëå îáîáùåíèÿ íà ãåòåðîÿäåðíûé ñëó÷àéäèàãðàììíîãî ðÿäà äëÿ �óíêöèè ïàìÿòè [6℄. Çàòåìíà îñíîâàíèè ýòèõ ìîìåíòîâ ìû ðàññ÷èòàëè êîîð�äèíàòó áëèæàéøåé îñîáîé òî÷êè íà îñè ìíèìîãîâðåìåíè êîððåëÿöèîííûõ �óíêöèé. Íàêîíåö, áûëàíàéäåíà ïîïðàâêà ê ìîìåíòàì âñëåäñòâèå êîððåëÿ�öèè ëîêàëüíûõ ïîëåé, à ïî íèì � ñîîòâåòñòâóþùèéñäâèã êîîðäèíàòû îñîáîé òî÷êè.2. Ó�ÀÂÍÅÍÈß ÄËßÀÂÒÎÊÎ��ÅËßÖÈÎÍÍÛÕ ÔÓÍÊÖÈÉÓðàâíåíèÿ äëÿ àâòîêîððåëÿöèîííûõ �óíêöèé(ÀÊÔ) ñïèíà, ïðåöåññèðóþùåãî â àíèçîòðîïíîìãàóññîâîì ñëó÷àéíîì ïîëå, âûâåäåíû â ðàáîòå [6℄.Ó÷èòûâàÿ, ÷òî â ñëó÷àå ãåòåðîÿäåðíîé ñïèíîâîé ñè�ñòåìû òàêèå óðàâíåíèÿ äîëæíû áûòü âûïèñàíû äëÿñïèíîâ êàæäîãî ñîðòà, ìû ïðèõîäèì ê ñèñòåìå èíòå�ãðàëüíûõ óðàâíåíèéddt��q(t) = � tZ0 G�q(t� t1)��q(t1) dt; (1)ãäå èíäåêñ ¾�¿ îáîçíà÷àåò ñïèíîâûå ïðîåêöèè x, y,z, à ïåðåìåííàÿ q íóìåðóåò ïîäñèñòåìû. Ôóíêöèèïàìÿòè G�q(t) ïðåäñòàâëåíû â âèäå ðÿäà ïî íåïðè�âîäèìûì îäåòûì ñêåëåòíûì äèàãðàììàì ñ âîçðàñòà�þùèì ÷èñëîì âåðøèí:G�q(t) = 1Xm=1G2m�q (t): (2)Äëÿ ñëó÷àÿ ïðîèçâîëüíîé àíèçîòðîïèè ïîëÿ â ãîìî�ÿäåðíîé ñèñòåìå âñå äèàãðàììû ñ 2, 4, 6 è 8 âåðøèíà�ìè ïðèâåäåíû â ðàáîòå [6℄. Â ãåòåðîÿäåðíîì ñëó÷àåâèä äèàãðàìì ñîõðàíÿåòñÿ, òîëüêî ïðè ïåðåõîäå êÿâíîé çàïèñè äëÿ íèõ ñëåäóåò zz-ëèíèÿì (ïóíêòèð)ñòàâèòü â ñîîòâåòñòâèå íå îäíî ñëàãàåìîå, à ñóììóïî âêëàäàì â ïðîäîëüíîå ïîëå:

gzq(t) =Xp �2qp�zp(t); (3)xx-ëèíèÿì è yy-ëèíèÿì ïî-ïðåæíåìó ñîîòâåòñòâóåòîäèí âêëàä, íî ðàçíûé äëÿ ÿäåð ðàçíûõ ñîðòîâ:gxq(t) = �2xq�xq(t); gyq(t) = �2yq�yq(t):Çäåñü êîððåëÿöèîííûå �óíêöèè ãàóññîâñêîãî ñëó�÷àéíîãî ïîëÿ âûðàæåíû ñàìîñîãëàñîâàííûì îáðà�çîì ÷åðåç çàâèñÿùèå îò âðåìåíè ñïèíîâûå ÀÊÔ�xq(t), �yq(t) è �zq(t). Àâòîêîððåëÿöèîííàÿ �óíê�öèÿ �-êîìïîíåíòû ñïèíà, ðàñïîëîæåííîãî â óçëå ðå�øåòêè i, ïðè âûñîêîé òåìïåðàòóðå îïðåäåëåíà âûðà�æåíèåì��q(t) = Spnexp(iHt)I(q)i� exp(�iHt)I(q)i� oSp��I(q)i� �2� ; (4)ãäå H � ãàìèëüòîíèàí ñåêóëÿðíîé ÷àñòè äèïîëü-äè-ïîëüíîãî âçàèìîäåéñòâèÿ (ÄÄÂ) [1; 2℄ â ñèëüíîì ìàã�íèòíîì ïîëå. Ñðåäíèå êâàäðàòû ðàçëè÷íûõ âêëàäîââ ïðîäîëüíîå ïîëå�2qp = I(p) �I(p) + 1� 43Xk b(qp)2ik ;b(qp)ij = qp~2r3ij (1� 3 os2 �ij); (5)�ij � óãîë, êîòîðûé ñîñòàâëÿåò ìåæúÿäåðíûé âåê�òîð rij ñ ïîñòîÿííûì ìàãíèòíûì ïîëåì. Â àêñèàëü�íî-ñèììåòðè÷íîì ñëó÷àå�2xq = �2yq = �2qq=4: (6)Êàæäûé ÷ëåí ðÿäà (2) âûðàæàåòñÿ ÷åðåç ìíîãîêðàò�íûé âðåìåííîé èíòåãðàë îò ïðîèçâåäåíèé ÀÊÔ [6℄.Àâòîêîððåëÿöèîííûå �óíêöèè (4) ìîãóò áûòüðàçëîæåíû â ñòåïåííûå ðÿäû��q(t) = 1Xn=0 (�1)nM (q)2n�t2n(2n)! : (7)Êàê èçâåñòíî [1℄, M (q)2n� ÿâëÿåòñÿ ìîìåíòîì ïîðÿäêà2n ñïåêòðàëüíîé ïëîòíîñòè ñîîòâåòñòâóþùåé ÀÊÔ.�åêóððåíòíûå óðàâíåíèÿ äëÿ ìîìåíòîâ áûëè íàìèïîëó÷åíû èç ïîäîáíûõ óðàâíåíèé ãîìîÿäåðíîãî ñëó�÷àÿ [6℄ ïîñëå èõ èçìåíåíèé, âûòåêàþùèõ èç çàìåíû(3) â ãåòåðîÿäåðíîì ñëó÷àå. Äàëåå äëÿ îïðåäåëåí�íîñòè áóäåì ïðåäïîëàãàòü íàëè÷èå â ñèñòåìå ëèøüäâóõ ñîðòîâ ñïèíîâ. Ìû íàøëè è ïðèâåëè â Ïðèëî�æåíèè âûðàæåíèÿ äëÿ ìîìåíòîâ äî äåñÿòîãî ïîðÿä�êà äëÿ îáùåãî àêñèàëüíî-ñèììåòðè÷íîãî ñëó÷àÿ. Âêà÷åñòâå ïðèìåðà ìû ðàññ÷èòàëè (ñì. òàáë. 1) çíà�÷åíèÿ ìîìåíòîâ äëÿ êðèñòàëëà LiF, âêëàäû �2qp (5)äëÿ êîòîðîãî âçÿòû èç òàáë. 2.878



ÆÝÒÔ, òîì 127, âûï. 4, 2005 Î êîîðäèíàòå îñîáîé òî÷êè âðåìåííûõ êîððåëÿöèîííûõ �óíêöèé : : :Òàáëèöà 1. Òî÷íûå çíà÷åíèÿ â ïðèáëèæåíèè ÑÔÏ ìîìåíòîâ ÀÊÔ â LiF ïðè íàïðàâëåíèÿõ ìàãíèòíîãî ïîëÿâäîëü òðåõ êðèñòàëëîãðà�è÷åñêèõ îñåé (X(q)2n =M (q)2nX��2nFF , Z(q)2n =M (q)2nZ��2nFF )H0 k [111℄ H0 k [110℄ H0 k [100℄F Li F Li F LiX2 1.5565 0.243175 3.2059 0.573075 10.9709 2.126295X4 7.2621246 0.2062389 30.122726 1.1550313 357.05369 14.396791X6 60.240334 0.4462115 476.06509 5.7148923 19329.186 193.62608X8 785.97935 2.6795506 10916.055 73.047633 1469814.4 5748.5288X10 15296.507 36.221363 342734.27 2018.0911 144788238 429421.26Z2 0.5 0.07275 0.5 0.07275 0.5 0.07275Z4 1.9315 0.0433208 3.5809 0.0913213 11.3459 0.3173148Z6 17.917389 0.0669163 67.435923 0.3356018 739.17481 4.1540520Z8 277.83143 0.1998922 2104.5260 2.4024558 80039.257 96.558982Z10 6249.6440 1.1415668 92520.012 31.813793 12125388 3612.1025Òàáëèöà 2. Ñðåäíèå êâàäðàòû ãîìî- è ãåòåðî-ÿäåðíûõ âêëàäîâ â ïðîäîëüíûå ëîêàëüíûå ïîëÿ, ïà-ðàìåòðû èõ ïåðåíîðìèðîâêè è êîîðäèíàòû îñîáîéòî÷êè ÀÊÔ â LiF ïðè íàïðàâëåíèÿõ ìàãíèòíîãî ïî-ëÿ âäîëü òðåõ êðèñòàëëîãðà�è÷åñêèõ îñåéH0 k [111℄ H0 k [110℄ H0 k [100℄�2FF , (ðàä=ñ)2 2838 � 106 2581 � 106 1809 � 106�2FL=�2FF 0.3065 1.9559 9.7209�2LF =�2FF 0.0613 0.3912 1.94442�2LL=�2FF 0.1455 0.1455 0.1455�0(�q = 1)�FF 2.372 1.843 1.127�0(�2q = 5=4)�FF 2.263 1.783 1.113�F 1.101 1.0911 1.0855�L 1.099 1.0896 1.0850�0(�q)�FF 2.33 1.82 1.12�0(�q)pM2F 3.72 3.74 3.87Æ�=�0 0.158 0.215 0.161�0(�q) + Æ�, ìêñ 51 44 31�(�q)pM2F 4.31 4.53 4.50Óðàâíåíèÿ (1) áûëè âûâåäåíû äëÿ âçàèìîäåé�ñòâèÿ ñ ïðîèçâîëüíîé ìàãíèòíîé àíèçîòðîïèåé. Âòî æå âðåìÿ èñïîëüçîâàíèå àêñèàëüíîé ñèììåòðèèãàìèëüòîíèàíà ÄÄÂ ïðèíöèïèàëüíî óëó÷øàåò ñõî�äèìîñòü ðÿäà äëÿ �óíêöèè ïàìÿòè [10�15℄. Â ýòîéñâÿçè öåëåñîîáðàçíûì îêàçûâàåòñÿ ïðåîáðàçîâàíèå

óðàâíåíèé (1), èìåþùåå öåëüþ ïðåèìóùåñòâåííûéó÷åò ïðîäîëüíîé êîìïîíåíòû ëîêàëüíîãî ïîëÿ è ìè�íèìàëüíî íåîáõîäèìûé ó÷åò ïîïåðå÷íîé êîìïîíåí�òû. Â ýòîì ïðèáëèæåíèè äëÿ ÀÊÔ êðèñòàëëà LiFïîëó÷àåì ñèñòåìó íåëèíåéíûõ èíòåãðàëüíûõ óðàâ�íåíèé:�zL(t) = 1� 12�2LL �� tZ0 t0Z0 dt0dt00�2xL(t0 � t00)�zL(t00);�xL(t) = �AL(t)� kL4 �2LL tZ0 dt0�AL(t� t0)�� t0Z0 dt00�xL(t0 � t00)�zL(t0 � t00)�xL(t00);�zF (t) = 1� 12�2FF �� tZ0 t0Z0 dt0dt00�2xF (t0 � t00)�zF (t00);�xF (t) = �AF (t)� kF4 �2FF tZ0 dt0�AF (t� t0)�� t0Z0 dt00�xF (t0 � t00)�zF (t0 � t00)�xF (t00);
(8)
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Â. Å. Çîáîâ, Ì. À. Ïîïîâ ÆÝÒÔ, òîì 127, âûï. 4, 2005ãäå�AL(t) = exp8<:��2L�2LL tZ0 t0Z0 dt0dt00�zL(t00)���2LF tZ0 t0Z0 dt0dt00�zF (t00)9=; ;�AF (t) = exp8<:��2FL tZ0 t0Z0 dt0dt00�zL(t00) ���2F�2FF tZ0 t0Z0 dt0dt00�zF (t00)9=;
(9)

� ÀÊÔ ñïèíà, âðàùàþùåãîñÿ â ëîêàëüíîì ïîëå,èìåþùåì òîëüêî ïðîäîëüíóþ êîìïîíåíòó, àíàëîãè÷�íóþ èñïîëüçóþùåéñÿ â ìîäåëè Àíäåðñîíà [4℄. Ïîñðàâíåíèþ ñ ïðåäûäóùåé ðàáîòîé [11℄ ìû ââåëè âóðàâíåíèå (9) ïàðàìåòð ïåðåíîðìèðîâêè ïðîäîëüíî�ãî ëîêàëüíîãî ïîëÿ, âåëè÷èíó êîòîðîãî áóäåì îïðå�äåëÿòü ÷åðåç ìîìåíòû. Ïðàâèëüíîñòü âòîðûõ ìîìåí�òîâ îáåñïå÷èâàåò æåñòêàÿ ñâÿçü ìåæäó ïàðàìåòðàìèkq è �q , âõîäÿùèìè â óðàâíåíèÿ (8) è (9):kq = 5� 4�2q :Íàéäåì ÷åòâåðòûé ìîìåíò ðåøåíèÿ óðàâíåíèé (8)è (9):M (q)4x�4qq = 2�2q � 54�q + 154 ++ �2qp�2qq  3�q + 154 + �2pp2�2qq!+ 3 �2qp�2qq!2 :Èç óñëîâèÿ ðàâåíñòâà åãî çíà÷åíèÿ òî÷íîìó çíà÷å�íèþ (À.1) îïðåäåëèì ïàðàìåòðû�q = 156 � 3Dq4 + 14 �9D2q + 472 Dq + 16116 �1=2 ; (10)ãäå DF = �2FL=�2FF , DL = �2LF=�2LL. �àññ÷èòàí�íûå ïî �îðìóëå (10) çíà÷åíèÿ ïàðàìåòðîâ ïðèâåäå�íû â òàáë. 2.�åøåíèÿ óðàâíåíèé (8) è (9) èìåþò îñîáûå òî÷�êè íà îñè ìíèìîãî âðåìåíè. �ëàâíûå ÷àñòè ÀÊÔ âèõ îêðåñòíîñòÿõ:�zq(t) � Czq(�0 + it)�q ; �xq(t) � Cxq(�0 + it)�q ;�Aq(t) � CAq(�0 + it)Æq (q = F, Li): (11)

3:02:52:01:51:00 0:1 0:2 0:3 0:4 0:5

�0n

1=n
[111℄[110℄[100℄

Îòíîøåíèÿ ìîìåíòîâ (12) äëÿ ÀÊÔ x-êîìïîíåíòñïèíîâ ÿäåð �òîðà (êðóæêè) è ëèòèÿ (òðåóãîëüíè-êè) â êðèñòàëëå LiF ïðè íàïðàâëåíèÿõ ìàãíèòíîãîïîëÿ âäîëü òðåõ êðèñòàëëîãðà�è÷åñêèõ îñåé, óêà-çàííûõ íà ðèñóíêå. �åçóëüòàòû, ïîëó÷åííûå ïî ìî-ìåíòàì ðåøåíèé óðàâíåíèé (8) è (9), ïîêàçàíû ñâåò-ëûìè çíà÷êàìè, à ðåçóëüòàòû, ïîëó÷åííûå ïî ìî-ìåíòàì èç òàáë. 1, � òåìíûìè çíà÷êàìè, ñîåäèíåí-íûìè îòðåçêàìè ïðÿìûõÏîêàçàòåëè ñòåïåíè íàéäåíû â [10℄ ìåòîäîì Ïåíëå�âå â òðåõ îðèåíòàöèÿõ êðèñòàëëà LiF. Ó ÿäåð F âñåïîêàçàòåëè ðàâíû 2, òîãäà êàê ó ÿäåð Li òàêèå çíà÷å�íèÿ ïîêàçàòåëåé òîëüêî â îðèåíòàöèè [100℄, à â äâóõäðóãèõ Æ = � = 0:123 [111℄ è Æ = � = 0:784 [110℄(ïîêàçàòåëü � íàì íå ïîíàäîáèòñÿ).Ïðè èçâåñòíîì çíà÷åíèè ïîêàçàòåëÿ áëèæàéøåéîñîáîé òî÷êè åå êîîðäèíàòà, ðàâíàÿ ðàäèóñó ñõîäè�ìîñòè ðÿäà ïî ìîìåíòàì (7), ìîæåò áûòü îöåíåíàêàê ïðåäåë ïðè n! 1 ïîñëåäîâàòåëüíîñòè îòíîøå�íèé �20n = M (q)2(n�1)��(2n+ �)M (q)2n��(2n� 2 + �) ; (12)ãäå �(x) � ãàììà-�óíêöèÿ. Ýòè ïîñëåäîâàòåëüíîñòèïðèâåäåíû íà ðèñóíêå. �àñ÷åò âûïîëíåí ïî òî÷íûìçíà÷åíèÿì 10 ìîìåíòîâ èç òàáë. 1 è ïî 50 ìîìåí�òàì ðåøåíèé ïðèáëèæåííûõ óðàâíåíèé (8), (9) ïðèçíà÷åíèÿõ ïàðàìåòðîâ �q , ïðèâåäåííûõ â òàáë. 2.Â ãîìîÿäåðíîì ñëó÷àå ñõîäèìîñòü ïîñëåäîâàòåëüíî�ñòè îòíîøåíèé áûëà ëó÷øå [6℄, ÷òî ïîçâîëèëî íàìäîñòàòî÷íî òî÷íî îïðåäåëèòü �0 ïî ïåðâûì 10 ìî�ìåíòàì. Â ãåòåðîÿäåðíîì ñëó÷àå ñõîäèìîñòü óõóä�øèëàñü èç-çà ñëàáîñòè âçàèìîäåéñòâèÿ ìåæäó ÿäðà�ìè ëèòèÿ (�2LL = 0:15�2FF ). Ïîýòîìó íóæíî âðåìÿ,ïðåæäå ÷åì ñèñòåìà ÿäåð Li ïîäñòðîèòñÿ ïîä ñèñòå�880



ÆÝÒÔ, òîì 127, âûï. 4, 2005 Î êîîðäèíàòå îñîáîé òî÷êè âðåìåííûõ êîððåëÿöèîííûõ �óíêöèé : : :ìó ÿäåð F. Íà ðèñóíêå âèäíî, ÷òî ïåðâûå ÷ëåíû ïî�ñëåäîâàòåëüíîñòè îòíîøåíèé ìîìåíòîâ ðåøåíèÿ ñè�ñòåìû (8), (9) áëèçêè ê îòíîøåíèÿì òî÷íûõ ìîìåí�òîâ. Ïðèáëèæåííûå óðàâíåíèÿ ïîçâîëèëè íàì ïðî�ñëåäèòü âûõîä îòíîøåíèé ê ïðåäåëó, ïðèâåäåííîìóâ òàáë. 2. Òàêîé ïîäõîä ÿâëÿåòñÿ ðàçâèòèåì ïðîñòîéîöåíêè [6℄. Ïðèìåíÿÿ åãî â ãîìîÿäåðíîì ñëó÷àå ïðè� = 1:105, ìû ïðèõîäèì ê îïðåäåëåííîìó ðàíåå ïî10 ìîìåíòàì çíà÷åíèþ �0�Z = 2:48. Îòìåòèì, ÷òîðàíåå â ðàáîòå [10℄ áûëà ïîëó÷åíà îöåíêà �0 ïî óðàâ�íåíèÿì (8) è (9) ïðè � = 1 (òàêæå ïðèâåäåííàÿ âòàáë. 2). Èçìåíåíèå ïàðàìåòðà �q îò 1 äî 1.1 ïðè�âåëî ê èçìåíåíèþ êîîðäèíàòû �0 ìåíåå ÷åì íà 2%,÷òî äàåò ïðåäñòàâëåíèå î òî÷íîñòè åå îïðåäåëåíèÿ.3. �ÀÑ×ÅÒ ÏÎÏ�ÀÂÊÈ Ê ÊÎÎ�ÄÈÍÀÒÅÎÑÎÁÎÉ ÒÎ×ÊÈ ÊÎ��ÅËßÖÈÎÍÍÛÕÔÓÍÊÖÈÉÏðèáëèæåíèå ÑÔÏ ñîîòâåòñòâóåò ïðåäåëód ! 1. Ïðè d = 3, êàê ïîêàçàíî â [12℄ íà ïðèìåðåãîìîÿäåðíûõ ñèñòåì, êîîðäèíàòà îñîáîé òî÷êè ÀÊÔíà îñè ìíèìîãî âðåìåíè óâåëè÷èâàåòñÿ âñëåäñòâèåêîððåëÿöèè ëîêàëüíûõ ïîëåé:� = �0 + Æ�; (13)à ãëàâíûé âêëàä â Æ� äàþò ïîïðàâêè ê ìîìåí�òàì, ïðåäñòàâèìûå äåðåâüÿìè èç äâîéíûõ ñâÿçåé ñâñòðîåííîé ïàðîé ñ ÷åòûðåõêðàòíûì âçàèìîäåéñòâè�åì èëè òðåóãîëüíèêîì èç ÷åòûðåõ ñâÿçåé. Â ãåòåðî�ÿäåðíîì ñëó÷àå ñòåïåíü êîððåëÿöèè õàðàêòåðèçóåò�ñÿ ñëåäóþùèìè îòíîøåíèÿìè ðåøåòî÷íûõ ñóìì:S2=(S1)2; S02=(S1)2; S3=(S1)2; S03=(S1S01); (14)ãäåS1 =Xj b2ij ; S2 =Xj b4ij ; S3 =Xk;j b2kjbikbji (15)ñ ñóììèðîâàíèåì ïî óçëàì, çàíèìàåìûì ÿäðàìè îä�íîãî ñîðòà ñ ÿäðîì â óçëå i; â ñóììàõ ñî øòðèõîì �ïî óçëàì, çàíèìàåìûì ÿäðàìè äðóãîãî ñîðòà. ×èñ�ëåííûå çíà÷åíèÿ îòíîøåíèé (14) äëÿ òðåõ îðèåíòà�öèé êðèñòàëëà LiF ïðèâåäåíû â ðàáîòå [11℄. Èõ ìà�ëàÿ âåëè÷èíà õàðàêòåðèçóåò ðåàëüíûé ïàðàìåòð ìà�ëîñòè. Äëÿ óäîáñòâà ââåäåì �îðìàëüíûé ïàðàìåòð", êîòîðûé ïîëàãàåì ðàâíûì åäèíèöå â êîíå÷íûõ�îðìóëàõ. Âêëàäû ñ ðåøåòî÷íûìè ñóììàìè (14)óæå ïðèñóòñòâóþò â ÷åòâåðòîì ìîìåíòå (À.3). Ñîîò�âåòñòâóþùåå óìåíüøåíèåM4x ìîæíî âíåñòè â ÑÔÏ,åñëè óìåíüøèòü �q . Íàïðèìåð, â îðèåíòàöèè [110℄íàõîäèì �F = 0:94 è �L = 0:75. Òàêîå èçìåíåíèå

ïðèâåäåò ê óâåëè÷åíèþ êîîðäèíàòû �0 ïðèìåðíî íà2%. Ñóùåñòâåííî áîëüøåå âëèÿíèå, êàê ïîêàçàíî âãîìîÿäåðíîì ñëó÷àå [12; 16℄, ïðîèñõîäèò ïðè âñòðàè�âàíèè òàêèõ �ðàãìåíòîâ (14) â áîëüøèå äåðåâüÿ èçñâÿçåé, ñîîòâåòñòâóþùèå ìîìåíòàì âûñîêîãî ïîðÿä�êà. Òàêèå âêëàäû ìîãóò áûòü íàéäåíû íà îñíîâàíèèóðàâíåíèé äëÿ ÀÊÔ (1).Ïðåäïîëàãàÿ ìàëîñòü ïîïðàâêè "Æ�, âîçüìåìäëÿ åå îöåíîê óïðîùåííûé âàðèàíò óðàâíåíèé ñ ïðå�èìóùåñòâåííûì ó÷åòîì zz-âçàèìîäåéñòâèé. Âîçü�ìåì ��q(t) = ��q0(t)� "��q1(t)è ïîäñòàâèì â èíòåãðàëüíûå óðàâíåíèÿ ñ ñîîòâåò�ñòâóþùèìè ïîïðàâî÷íûìè ÷ëåíàìè äëÿ �óíêöèèïàìÿòè G�q(t) = G�q0(t) � "G�q1(t):Ó÷èòûâàÿ âèä óðàâíåíèé, óäîáíåå ïåðåéòè ê óðàâíå�íèþ äëÿ êâàäðàòà ïîïåðå÷íîé ÀÊÔ:�2xq(t) = Yq(t) = Yq0(t)� "Yq1(t): (16)Íàõîäèì äëÿ ïåðâîé ïîïðàâêè YF1(t) óðàâíåíèåddtYF1(t) = 2hFF iYF1(t) tZ0 �zF0(t1) dt1 ++ 2hFLiYF1(t) tZ0 �zF0(t1) dt1 ++ 45 hFF iYF0(t) tZ0 t1Z0 t2Z0 YF1(t3) dt1dt2dt3 ++ 45 hFLiYF0(t) tZ0 t1Z0 t2Z0 YL1(t3) dt1dt2dt3 ++2hFLi2S02YF0(t) tZ0 �zL0(t1) dt1 tZ0 t1Z0 �zL0(t2) dt1dt2++2S2hFF i2YF0(t) tZ0 �zF0(t1) dt1 tZ0 t1Z0 �zF0(t2) dt1dt2++45 hFF i2(S2 + S3)YF0(t) tZ0 t1Z0 t2Z0 YF0(t3) dt1dt2dt3+11 ÆÝÒÔ, âûï. 4 881



Â. Å. Çîáîâ, Ì. À. Ïîïîâ ÆÝÒÔ, òîì 127, âûï. 4, 2005+45hLF ihLLiS03YF0(t) tZ0 t1Z0 t2Z0 YL0(t3) dt1dt2dt3++ hFF i3 85 �32S2 + S3�YF0(t)�� tZ0 t1Z0 t2Z0 YF0(t3) dt1dt2dt3 t3Z0 t4Z0 �zF0(t5) dt4dt5 ++ hLLi2hFLi85(S2 + S3)YF0(t)�� tZ0 t1Z0 t2Z0 YL0(t3) dt1dt2dt3 t3Z0 t4Z0 �zL0(t5) dt4dt5++ hLLihFLihLF i45(S02 + 2S03)YF0(t)�� tZ0 t1Z0 t2Z0 YL0(t3) dt1dt2dt3 t3Z0 t4Z0 �zF0(t5) dt4dt5 ++ hFF i2hFLi85S03YF0(t)�� tZ0 t1Z0 t2Z0 YF0(t3) dt1dt2dt3 �� t3Z0 t4Z0 �zL0(t5) dt4dt5 �RF (t); (17)â êîòîðîì ìû ïåðåøëè ê áåçðàçìåðíîìó ìíèìî�ìó âðåìåíè t0 = �it(5�2FF=4)1=2, çàòåì îïóñòèëèøòðèõ, ââåëè îáîçíà÷åíèÿhFF i = 1; hFLi = 4�2FL5�2FF ;hLLi = �2LL�2FF ; hLF i = 4�2LF5�2FF ;à ÷åðåç S2, S02, S3, S03 îáîçíà÷èëè îòíîøåíèÿ (14).Îò ðàññìîòðåííîãî ðàíåå ãîìîÿäåðíîãî ñëó÷àÿ [12℄óðàâíåíèå (17) îòëè÷àåòñÿ äîáàâëåíèåì âêëàäîâ îòÿäåð äðóãîãî ñîðòà è èçìåíåíèåì âèäà (âñëåäñòâèåòîãî ÷òî ó ÿäåð ëèòèÿ ñïèí 3/2) ïîïðàâêè Rq(t) îòäîïóñòèìîãî ÷åòûðåõêðàòíîãî âçàèìîäåéñòâèÿ áëè�æàéøèõ ñîñåäåé:

RF (t) = 2S2hFF i2YF0(t) tZ0 �zF0(t� t1) dt1 �� t1Z0 t2Z0 �zF0(t3) dt2dt3 ++ 2S02hFLi2YF0(t) tZ0 �zL0(t� t1) dt1 �� t1Z0 t2Z0 �1 + 1615�zL0(t1 � t2)��zL0(t3) dt2 dt3;RL(t) = 2S02hLF i2YL0(t) tZ0 �zF0(t� t1) dt1 �� t1Z0 t2Z0 �zF0(t3) dt2dt3 ++ 2S2hLLi2YL0(t) tZ0 �zL0(t� t1) dt1 �� t1Z0 t2Z0 �1 + 1615�zL0(t1 � t2)��zL0(t3) dt2 dt3:Èçìåíåíèå îñòàëüíîé ÷àñòè â óðàâíåíèè (17) ïðèïåðåõîäå ê YL1(t) ñîñòîèò â èçìåíåíèè èíäåêñîâF ! L è L ! F . Äëÿ �óíêöèé Yq0(t) è �zq0(t)íóëåâîãî ïðèáëèæåíèÿ áóäåì èñïîëüçîâàòü ïðîñòåé�øóþ ñèñòåìó èç ÷åòûðåõ óðàâíåíèé, ïîëó÷àþùóþ�ñÿ èç ñèñòåìû (8) ïðè �2q = 5=4. Êðîìå òîãî, ìûïðåíåáðåãëè ïîä èíòåãðàëîì âðåìåííûì èçìåíåíèåì�zq(t00) � �zq(0) = 1 ïî ñðàâíåíèþ ñ (�xq(t0 � t00))2,÷òî âåäåò ê íåçíà÷èòåëüíîìó óìåíüøåíèþ ìîìåí�òîâ, êàê îáúÿñíåíî â ðàáîòå [12℄, íî ñèëüíî óïðîùàåòðàñ÷åòû. Êîîðäèíàòà îñîáîé òî÷êè �0(�2q = 5=4)�FFðåøåíèÿ òàêîé ñèñòåìû ïðèâåäåíà äëÿ ñðàâíåíèÿâ òàáë. 2. Ìû âûíóæäåíû áûëè óïðîñòèòü óðàâíå�íèå èç-çà íåîáõîäèìîñòè óâåëè÷åíèÿ äî 50 êîëè÷å�ñòâà ðàçðÿäîâ â ÷èñëàõ. Â ñâîþ î÷åðåäü, òàêàÿ áîëü�øàÿ ìàíòèññà íàì ïîòðåáîâàëàñü èç-çà íåîáõîäèìî�ñòè ñóììèðîâàíèÿ ìîìåíòîâ, ñèëüíî ðàçëè÷àþùèõ�ñÿ ïî âåëè÷èíå.Ïî óðàâíåíèÿì áûëè ðàññ÷èòàíû ìîìåíòû �óíê�öèé (16) äî n = 70. Êîîðäèíàòó îñîáîé òî÷êè íàéäåìïî îòíîøåíèþ ìîìåíòîâ:�2 = �20 limn!1 1� "Y (1)F2(n�1)=Y (0)F2(n�1) + : : :1� "Y (1)F2n=Y (0)F2n + : : : :Òîãäà 2Æ��0 = limn!10�Y (1)F2nY (0)F2n � Y (1)F2(n�1)Y (0)F2(n�1)1A : (18)882



ÆÝÒÔ, òîì 127, âûï. 4, 2005 Î êîîðäèíàòå îñîáîé òî÷êè âðåìåííûõ êîððåëÿöèîííûõ �óíêöèé : : :Ýêñòðàïîëèðóÿ ïîëó÷åííûå îòíîøåíèÿ, ìû íàøëèçíà÷åíèÿ, ïðèâåäåííûå â òàáë. 2.Ñðàâíèì ðåçóëüòàòû äëÿ ãåòåðî- è ãîìîÿäåðíûõñèñòåì. Â ãîìîÿäåðíîì ñëó÷àå áûëî �0�Z = 2:48 ïðèëþáîé îðèåíòàöèè, òîãäà êàê â òàáë. 2 âèäíî, ÷òîâ ãåòåðîÿäåðíîì ñëó÷àå âåëè÷èíà �0�FF óìåíüøè�ëàñü â äâà ðàçà ïðè ïîâîðîòå îò [111℄ ê [100℄. Åñëè æåïåðåéòè ê åäèíèöàì ïîëíîãî ìîìåíòà ñïåêòðà ßÌ�ÿäåð �òîðà: M2F = �2FF (1 +X(F )2 );òî â îðèåíòàöèè [111℄ ìû ïîëó÷àåì ðåçóëüòàò�0pM2F = 3:72, ñîâïàäàþùèé ñ ãîìîÿäåðíûì ñëó�÷àåì, êîòîðûé óâåëè÷èâàåòñÿ äî 3.87 ïðè ïåðåõîäåê îðèåíòàöèè [100℄. Òàêîå óâåëè÷åíèå ñâÿçàíî ñ óâå�ëè÷åíèåì äîëè ãåòåðîÿäåðíîãî zz-âçàèìîäåéñòâèÿ âM2F . Ñõîäíîå óâåëè÷åíèå êîîðäèíàòû îñîáîé òî÷�êè ÀÊÔ ïðè óâåëè÷åíèè îòíîøåíèÿ �2Z=�2X â ãîìî�ÿäåðíîì ñëó÷àå áûëî îáíàðóæåíî â ðàáîòå [17℄.Ïåðåéäåì ê ïîïðàâêå Æ�. Ñ öåëüþ ñðàâíå�íèÿ ìû ïîäñ÷èòàëè îòíîøåíèå Æ�=�0 ãîìîÿäåðíîé�ÖÊ-ðåøåòêè ïî �îðìóëå, ïîëó÷åííîé â ðàáîòå [12℄,â òðåõ îðèåíòàöèÿõ: 0.17 â [111℄, 0.37 â [110℄ è 0.22â [100℄. Èç ñðàâíåíèÿ ñî çíà÷åíèÿìè, ïðèâåäåííûìèâ òàáë. 2, âèäèì, ÷òî â îáîèõ ñëó÷àÿõ ìàêñèìàëüíîåçíà÷åíèå ïîïðàâêè íàáëþäàåòñÿ â îðèåíòàöèè [110℄ èîáóñëîâëåíî, â ïåðâóþ î÷åðåäü, áîëüøèì çíà÷åíèåìïàðàìåòðà S2=(S1)2 = 0:225. Äîáàâëåíèå ãåòåðîÿäåð�íîãî âçàèìîäåéñòâèÿ óìåíüøàåò ïîïðàâêó è ñãëàæè�âàåò åå îðèåíòàöèîííóþ çàâèñèìîñòü.Òàêèì îáðàçîì, ìû òåîðåòè÷åñêè ïîëó÷èëè èñ�êîìîå óâåëè÷åíèå êîîðäèíàòû îñîáîé òî÷êè ÀÊÔâñëåäñòâèå êîððåëÿöèè ëîêàëüíûõ ïîëåé, êîòîðîåáûëî â ðàáîòå [11℄ îáíàðóæåíî íà îñíîâå àíàëèçà ýêñ�ïåðèìåíòàëüíûõ ñïåêòðîâ ñ ïîçèöèé òåîðèè ÑÔÏ.

Äëÿ êîëè÷åñòâåííîãî ñðàâíåíèÿ òåîðèè è ýêñïåðè�ìåíòà ïðåäñòîèò åùå íàéòè èçìåíåíèÿ ïðåäýêñïîíåí�öèàëüíîãî ìíîæèòåëÿ èç-çà êîððåëÿöèè â äâèæåíèèñïèíîâ. Çàìåòíîå åãî âëèÿíèå òàêæå áûëî ïîêàçàíîâ óïîìÿíóòîé ðàáîòå è ñâèäåòåëüñòâóåò î íåäîñòà�òî÷íîé âåëè÷èíå íàáëþäàåìîé îòñòðîéêè îò öåíòðàñïåêòðà ïî ñðàâíåíèþ ñ ìàòåìàòè÷åñêîé àñèìïòîòè�êîé. Íàêîíåö, íå âñå íåîáõîäèìûå äëÿ óñïåøíîãîñðàâíåíèÿ óñëîâèÿ ýêñïåðèìåíòîâ îïèñàíû â ïóáëè�êàöèÿõ.Â çàêëþ÷åíèå çàìåòèì, ÷òî ìû âûïîëíèëè ðàñ�÷åò äëÿ êðèñòàëëà LiF ïðè îðèåíòàöèÿõ ìàãíèòíîãîïîëÿ âäîëü òðåõ êðèñòàëëîãðà�è÷åñêèõ îñåé. Òå�îðèÿ ïîçâîëÿåò ïîëó÷èòü ðåçóëüòàòû äëÿ äðóãèõãåòåðîÿäåðíûõ ñèñòåì è îðèåíòàöèé. Ñëåäóåò ïîä�ñòàâèòü â �îðìóëû çíà÷åíèÿ ðåøåòî÷íûõ ñóìì èâêëàäîâ â êâàäðàòû ëîêàëüíûõ ïîëåé è ïîâòîðèòüâû÷èñëåíèÿ, îïèñàííûå â íàñòîÿùåé ðàáîòå.�àáîòà âûïîëíåíà ïðè �èíàíñîâîé ïîääåðæêå�ÔÔÈ (ãðàíò �02-02-17463).Ï�ÈËÎÆÅÍÈÅÂ íàñòîÿùåì ïðèëîæåíèè ïðèâåäåíû âûðàæåíèÿäëÿ ìîìåíòîâ äî äåñÿòîãî ïîðÿäêà â ñèñòåìå èç äâóõñîðòîâ ñïèíîâ äëÿ àêñèàëüíî-ñèììåòðè÷íîãî ñëó÷àÿ�2xq = �2yq ïðè ïðîèçâîëüíîì ñîîòíîøåíèè �2xq è�2qq (äëÿ íàãëÿäíîñòè íèæå â �îðìóëàõ áóäåì ïè�ñàòü â èíäåêñàõ F è L âìåñòî q è p). Ìîìåíòû ðàñ�ñ÷èòàíû ïî ðåêóððåíòíûì óðàâíåíèÿì, ïîëó÷åííûìèç óðàâíåíèé ãîìîÿäåðíîãî ñëó÷àÿ [6℄ ïîñëå óêàçàí�íûõ âûøå èçìåíåíèé. �åçóëüòàòû ÿâëÿþòñÿ òî÷íû�ìè â ïðèáëèæåíèè ÑÔÏ, ñîîòâåòñòâóþùåì áåñêî�íå÷íîìåðíûì ðåøåòêàì:M (F )2X = �2FF +�2FL +�2XF ;M (F )4X = 3�4FL + 3�4FF + (4�2XF + 6�2FF + 2�2XL)�2FL + 5�4XF + 6�2FF�2XF ;M (F )6X = 15�6FL + 15�6FF + (21�2XF + 45�2FF + 30�2XL)�4FL + 51�6XF + 73�2FF�4XF + 55�4FF�2XF ++ (45�4XF + 45�4FF + 10�4XL + 76�2FF�2XF + 30�2FF�2XL + 4�2LF�2XL + 4�2LL�2XL + 18�2XF�2XL)�2FL;M (F )8X = 105�8FL + (144�2XF + 420�2FF + 420�2XL)�6FL + (112�2XL�2LL + 448�4XF + 112�2XL�2LF ++ 630�4FF + 840�2FF�2XL + 360�2XF�2XL + 420�4XL + 988�2FF�2XF )�4FL + f1678�2FF�4XF + 92�6XL ++ 1544�4FF�2XF + 420�6XL + 24�2XL�4LL + (72�2XF�2XL + 78�4XL + 48�2XL�2LF + 112�2FF�2XL)�2LL ++ 112�2FF�2XL�2LF + 24�2XL�4LF + 180�2XF�4XL + 284�4XF�2XL + 648�2FF�2XF�2XL + 70�4XL�2LF ++ 80�2XF�2XL�2LF + 914�6XF + 280�2FF�4XL + 420�4FF�2XLg�2FL + 1470�2FF�6XF ++ 861�8XF + 105�8FF + 1378�4FF�4XF + 700�6FF�2XF ;883 11*



Â. Å. Çîáîâ, Ì. À. Ïîïîâ ÆÝÒÔ, òîì 127, âûï. 4, 2005M (F )10X = (1245�2XF + 4725�2FF + 6300�2XL)�8FL + (2520�2XL�2LL + 5856�4XF ++ 2520�2XL�2LF + 9450�4FF + 18900�2FF�2XL + 6060�2XF�2XL + 12600�4XL ++ 15120�2FF�2XF )�6FL + f36858�2FF�4XF + 4830�4XL�2LF + 8340�6XL + 37890�4FF�2XF ++ 9450�6FF + 1080�2XL�4LL + (2280�2XF�2XL + 5190�4XL + 2160�2XL�2LF + 5040�2FF�2XL)�2LL ++ 5040�2FF�2XL�2LF + 16676�6XF + 1080�2XL�4LF+8280�2XF�4XL+9140�4XF�2XL++ 27000�2FF�2XF�2XL + 2656�2XF�2XL�2LF + 18900�2FF�4XL + 18900�4FF�2XLg�4FL ++ f27643�8XF + 1442�8XL + 57858�6XF�2FF + 64744�4XF�4FF + 35400�2XF�6FF + 4725�8FF ++ 1080�2XL�2FF�4LF + 4140�6XL�2FF + 2852�2XF�6XL + 6300�2XL�6FF + 7492�6XF�2XL ++ 2520�2XL�4FF�2LF + 9940�2XF�4XL�2FF + 3150�4XL�2FF�2LF + 4352�2XF�2XL�2FF�2LF ++20940�2XF�2XL�4FF+1532�6XL�2LF+240�2XL�6LF+240�2XL�6LL+756�4XL�4LF++ 6300�4XL�4FF + 4560�4XF�4XL + 2418�4XL�2XF�2LF + 984�2XF�2XL�4LF ++ 2112�4XF�2XL�2LF + 18996�4XF�2XL�2FF + (3976�2XF�2XL�2FF + 720�2XL�4LF ++ 1824�4XF�2XL + 2520�2XL�4FF + 2160�2XL�2FF�2LF + 1768�4XL�2LF + 3510�4XL�2FF ++ 1728�2XF�2XL�2LF + 1820�6XL + 2418�2XF�4XL)�2LL + (1080�2XL�2FF + 1012�4XL ++ 720�2XL�2LF + 744�2XF�2XL)�4LLg�2FL + 945�10FL + 43989�2FF�8XF + 21847�10XF + 945�10FF ++ 48498�4FF�6XF + 33742�6FF�4XF + 11385�8FF�2XF ;
(A.1)

M (F )2Z = 2�2XF ;M (F )4Z = 4�2XF�2FL + 10�4XF + 4�2FF�2XF ;M (F )6Z = 24�2XF�4FL+92�6XF+78�2FF�4XF+24�4FF�2XF+(70�4XF+48�2FF�2XF+8�2XF�2XL)�2FL;M (F )8Z = 240�2XF�6FL + (240�2XF�2XL + 756�4XF + 720�2XF�2FF )�4FL + (720�2XF�4FF ++ 1768�4XF�2FF + 16�2XF�2LF�2XL + 16�2XF�2LL�2XL + 1532�6XF + 248�4XF�2XL ++240�2XF�2FF�2XL+40�2XF�4XL)�2FL+1820�6XF�2FF+1012�4XF�4FF+240�2XF�6FF+1442�8XF ;M (F )10Z = 3360�2XF�8FL + (6720�2XF�2XL + 10956�4XF + 13440�2XF�2FF )�6FL + (20160�2XF�4FF ++ 40580�4XF�2FF + 896�2XF�2LF�2XL + 896�2XF�2LL�2XL + 28752�6XF + 11516�4XF�2XL ++13440�2XF�2FF�2XL+3360�2XF�4XL)�4FL+f13440�2XF�6FF+368�2XF�6XL+896�2XF�2XL�2FF�2LF++ 48292�4XF�4FF + 46702�8XF + 840�4XF�2XL�2LF + 72348�6XF�2FF + 13788�4XF�2XL�2FF ++6720�2XF�2XL�4FF+(192�2XF�2XL�2LF+808�4XF�2XL+312�2XF�4XL+896�2XF�2XL�2FF )�2LL++ 2240�2XF�4XL�2FF + 9048�6XF�2XL + 96�2XF�2XL�4LL + 96�2XF�2XL�4LF + 280�2XF�4XL�2LF ++ 2020�4XF�4XLg�2FL + 18668�4XF�6FF + 58138�8XF�2FF + 3360�2XF�8FF + 44748�6XF�4FF ++ 35492�10XF :
(A.2)

Âûðàæåíèÿ äëÿ ìîìåíòîâ ÿäåð âòîðîãî ñîðòà ïîëó�÷àþòñÿ ïîñëå çàìåíû èíäåêñîâ F ! L è L! F .Ïðèâåäåì äëÿ ñðàâíåíèÿ òî÷íîå âûðàæåíèå äëÿ÷åòâåðòîãî ìîìåíòà ÀÊÔ �xF (t) (4) äëÿ ñèñòåìû èçÿäåð äâóõ ñîðòîâ ñ ÄÄÂ ðåàëüíîãî êðèñòàëëà LiF,âûâåäåííîå íàìè íà îñíîâàíèè ðåçóëüòàòîâ äëÿ àíà�ëîãè÷íîãî ìîìåíòà ñïåêòðà ßÌ� [18℄ è äëÿ ÷åòâåð�òîãî ìîìåíòà ÀÊÔ ãîìîÿäåðíîé ñèñòåìû [19℄:
M (F )4X�4FF = 7716 � 9S24S21 + S32S21 ++ �2FL�2FF �7 + �2LL2�2FF + S032S1S01 �1� �2LL�2FF ��+��2FL�2FF �2�3� 34S02(5S01)2� : (A.3)884
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