
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 398, 2012 Ç.î. í. âÏÇÏÌÀÂÏ×, ð. ð. ëÕÌÉÛ�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïêîåìéîåêîïê ïð�éëé1. ÷×ÅÄÅÎÉÅíÎÏÇÉÅ ÍÏÄÅÌÉ Ë×ÁÎÔÏ×ÏÊ ÎÅÌÉÎÅÊÎÏÊ Ï�ÔÉËÉ Ñ×ÌÑÀÔÓÑ ÔÏÞÎÏ ÒÅ-ÛÁÅÍÙÍÉ, ÞÔÏ �ÏÚ×ÏÌÑÅÔ �ÏÌÕÞÉÔØ Ï�ÉÓÁÎÉÅ ÒÑÄÁ ÆÉÚÉÞÅÓËÉÈ �ÒÏ�ÅÓ-ÓÏ× ×ÎÅ ÒÁÍÏË ÔÅÏÒÉÉ ×ÏÚÍÕÝÅÎÉÊ. ëÁË �ÒÁ×ÉÌÏ ÔÅÈÎÉËÁ �ÏÓÔÒÏÅÎÉÑÒÅÛÅÎÉÊ ÍÅÎÑÅÔÓÑ ÏÔ ÍÏÄÅÌÉ Ë ÍÏÄÅÌÉ. ãÅÌØ ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÙ { �ÒÉ-×ÅÓÔÉ ÒÑÄ ÍÏÄÅÌÅÊ, ÒÅÛÅÎÉÑ ËÏÔÏÒÙÈ ÍÏÖÅÔ ÂÙÔØ �ÏÌÕÞÅÎÏ ÅÄÉÎÏ-ÏÂÒÁÚÎÏ �ÏÓÒÅÄÓÔ×ÏÍ Ë×ÁÎÔÏ×ÏÇÏ ÍÅÔÏÄÁ ÏÂÒÁÔÎÏÊ ÚÁÄÁÞÉ É ÁÌÇÅÂÒÁÉ-ÞÅÓËÏÇÏ ÁÎÚÁ�Á âÅÔÅ [1{5℄. üÔÏ �ÏÚ×ÏÌÑÅÔ ÎÁÊÔÉ ÄÏ�ÏÌÎÉÔÅÌØÎÙÅ Ó×ÑÚÉÍÅÖÄÕ ÍÏÄÅÌÑÍÉ, Á ÔÁËÖÅ ÏÔÍÅÔÉÔØ ×ÏÚÍÏÖÎÙÅ ÄÅÆÏÒÍÁ�ÉÉ ÍÏÄÅÌÅÊ××ÏÄÑ ÄÏ�ÏÌÎÉÔÅÌØÎÙÅ �ÁÒÁÍÅÔÒÙ ÓÏÈÒÁÎÑÑ Ó×ÏÊÓÔ×Ï ÉÎÔÅÇÒÉÒÕÅÍÏ-ÓÔÉ �ÒÉ ÉÚÍÅÎÅÎÉÉ ÈÁÒÁËÔÅÒÉÓÔÉË ÆÉÚÉÞÅÓËÉÈ �ÒÏ�ÅÓÓÏ×. �ÅÈÎÉÞÅÓËÉÜÔÏ Ó×ÑÚÁÎÏ Ó �ÒÏ�ÅÄÕÒÏÊ ÓËÅÊÌÉÎÇÁ É ÓËÒÕÞÉ×ÁÎÉÑ Ë×ÁÎÔÏ×ÙÈ ÁÌÇÅÂÒÓÉÍÍÅÔÒÉÉ, ÌÅÖÁÝÉÈ × ÏÓÎÏ×Å Ó×ÏÊÓÔ×Á ÉÎÔÅÇÒÉÒÕÅÍÏÓÔÉ.2. Ë×ÁÎÔÏ×ÁÑ Ï�ÔÉËÁë×ÁÎÔÏ×ÁÑ Ï�ÔÉËÁ ÚÁÎÉÍÁÅÔÓÑ ÉÚÕÞÅÎÉÅÍ Ñ×ÌÅÎÉÊ, × ËÏÔÏÒÙÈ �ÒÏ-Ñ×ÌÑÀÔÓÑ Ë×ÁÎÔÏ×ÙÅ Ó×ÏÊÓÔ×Á ÜÌÅËÔÒÏÍÁÇÎÉÔÎÏÇÏ �ÏÌÑ. ïÄÉÎ ÉÚ ÒÁÚ-ÄÅÌÏ× ÜÔÏÊ ÎÁÕËÉ ÉÚÕÞÁÅÔ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÅ Ë×ÁÎÔÏ×ÁÎÎÏÇÏ �ÏÌÑ ÉÚÌÕ-ÞÅÎÉÑ Ó ÁÔÏÍÁÍÉ. æÉÚÉËÁ ×ÓÅÇÄÁ Ó×ÑÚÁÎÁ Ó �ÒÉÂÏÒÏÍ. éÄÅÁÌØÎÙÊ �ÒÉ-ÂÏÒ ÄÌÑ ÉÓÓÌÅÄÏ×ÁÎÉÑ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÑ Ë×ÁÎÔÏ×ÁÎÎÏÇÏ ÉÚÌÕÞÅÎÉÑ Ó ÁÔÏ-ÍÁÍÉ �ÒÅÄÓÔÁ×ÌÑÅÔ ÓÏÂÏÊ ÓÌÅÄÕÀÝÅÅ ÕÓÔÒÏÊÓÔ×Ï. üÔÏ ÒÅÚÏÎÁÔÏÒ, ÎÁ-ÓÔÒÏÅÎÎÙÊ ÎÁ Ï�ÒÅÄÅÌÅÎÎÕÀ ÞÁÓÔÏÔÕ ÜÌÅËÔÒÏÍÁÇÎÉÔÎÏÇÏ �ÏÌÑ. ÷ ÒÅ-ÚÏÎÁÔÏÒ ×ÌÅÔÁÀÔ Ä×ÕÈÕÒÏ×ÎÅ×ÙÅ ÁÔÏÍÙ × ×ÏÚÂÕÖÄÅÎÎÏÍ ÓÏÓÔÏÑÎÉÉÉ ×ÚÁÉÍÏÄÅÊÓÔ×ÕÀÔ Ó Ë×ÁÎÔÏ×ÁÎÎÙÍ �ÏÌÅÍ. îÁ ×ÙÈÏÄÅ ÓÔÏÉÔ ÄÅÔÅË-ÔÏÒ, Ï�ÒÅÄÅÌÑÀÝÉÊ, × ËÁËÏÍ ÓÏÓÔÏÑÎÉÉ ÎÁÈÏÄÉÔÓÑ ÁÔÏÍ (ÒÉÓ. 1). íÏ-ÄÅÌØ, ËÏÔÏÒÁÑ Ï�ÉÓÙ×ÁÅÔ ÜÔÏÔ �ÒÏ�ÅÓÓ, ÎÁÚÙ×ÁÅÔÓÑ ÍÏÄÅÌØÀ äÖÅÊÎÓÁ{ëÁÍÍÉÎÇÓÁ [6℄.ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: Ë×ÁÎÔÏ×ÙÊ ÍÅÔÏÄ ÏÂÒÁÔÎÏÊ ÚÁÄÁÞÉ, R-ÍÁÔÒÉ�Á, q-ÂÏÚÏÎ, ÎÅ-ÌÉÎÅÎÉÊÎÁÑ Ï�ÔÉËÁ, ÍÏÄÅÌØ äÉËÅ.òÁÂÏÔÁ ÞÁÓÔÉÞÎÏ �ÏÄÄÅÒÖÁÎÁ ÇÒÁÎÔÁÍÉ òææé 10-01-00600, 12-01-00207.26
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òÉÓ. 1. ðÒÉÂÏÒ ÄÌÑ ÉÓÓÌÅÄÏ×ÁÎÉÑ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÑË×ÁÎÔÏ×ÁÎÎÏÇÏ ÉÚÌÕÞÅÎÉÑ Ó ÁÔÏÍÁÍÉ.íÏÄÅÌØ äÖÅÊÎÓÁ{ëÁÍÍÉÎÇÓÁ Ï�ÉÓÙ×ÁÅÔ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÅ ÏÄÎÏÍÏÄÏ-×ÏÇÏ Ë×ÁÎÔÏ×ÁÎÎÏÇÏ ÜÌÅËÔÒÏÍÁÇÎÉÔÎÏÇÏ �ÏÌÑ Ó ÏÄÎÉÍ Ä×ÕÈÕÒÏ×ÎÅ×ÙÍÁÔÏÍÏÍ ÎÁÈÏÄÑÝÉÍÓÑ × ÒÅÚÏÎÁÔÏÒÅ (Ï�ÉÓÙ×ÁÅÔ ÍÁÚÅÒ É ÏÄÎÏÁÔÏÍÎÙÊÌÁÚÅÒ × ÚÁ×ÉÓÉÍÏÓÔÉ ÏÔ ÞÁÓÔÏÔÙ ÒÅÚÏÎÁÔÏÒÁ). çÁÍÉÌØÔÏÎÉÁÎ ÍÏÄÅÌÉÉÍÅÅÔ ×ÉÄ: HJC = !a†a+ !0sz + g(as+ + a†s−): (1)úÄÅÓØ a; a† Ï�ÅÒÁÔÏÒÙ ÕÎÉÞÔÏÖÅÎÉÑ (ÒÏÖÄÅÎÉÑ) ÍÏÄÙ (ÆÏÔÏÎÁ) ÒÅÚÏ-ÎÁÔÏÒÁ [a; a†℄ = 1; (2)! { ÞÁÓÔÏÔÁ ÍÏÄÙ. ä×ÕÈÕÒÏ×ÎÅ×ÙÊ ÁÔÏÍ Ï�ÉÓÙ×ÁÅÔÓÑ Ï�ÅÒÁÔÏÒÁÍÉÓ�ÉÎÁ-1/2, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÍÉ �ÅÒÅÓÔÁÎÏ×ÏÞÎÙÍ ÓÏÏÔÎÏÛÅÎÉÑÍÉ ÁÌ-ÇÅÂÒÙ su (2): [s+; s−℄ = 2sz; [sz; s±℄ = ±s±;ÞÁÓÔÏÔÁ ÁÔÏÍÎÙÈ �ÅÒÅÈÏÄÏ× !0. þÌÅÎ as+ Ï�ÉÓÙ×ÁÅÔ �ÏÇÌÏÝÅÎÉÅ ÆÏÔÏ-ÎÁ É �ÅÒÅÈÏÄ ÁÔÏÍÁ ÉÚ ÏÓÎÏ×ÎÏÇÏ × ×ÏÚÂÕÖÄÅÎÎÏÅ, Á ÞÌÅÎ a†s− �ÅÒÅÈÏÄÁÔÏÍÁ × ÏÓÎÏ×ÎÏÅ ÓÏÓÔÏÑÎÉÅ Ó ÉÓ�ÕÓËÁÎÉÅÍ ÆÏÔÏÎÁ, g-�ÏÓÔÏÑÎÎÁÑ ×ÚÁ-ÉÍÏÄÅÊÓÔ×ÉÑ.íÏÄÅÌØ (1) Ñ×ÌÑÅÔÓÑ ÍÏÄÉÆÉËÁ�ÉÅÊ ÍÏÄÅÌÉ òÁÂÉ [7℄ Ó ÇÁÍÉÌØÔÏÎÉ-ÁÎÏÍ HR = !a+a+ gsx(a+ a+) + !0sz;ÔÏÞÎÙÊ Ó�ÅËÔÒ ËÏÔÏÒÏÇÏ ÂÙÌ �ÏÌÕÞÅÎ ÎÅÄÁ×ÎÏ Ó ÉÓ�ÏÌØÚÏ×ÁÎÉÅÍ ÄÉÓ-ËÒÅÔÎÏÊ ÓÉÍÍÅÔÒÉÉ É ÒÅËÕÒÒÅÎÔÎÙÈ ÓÏÏÔÎÏÛÅÎÉÊ [8℄.



28 î. í. âïçïìàâï÷, ð. ð. ëõìéûíÏÄÅÌØ äÖÅÊÎÓÁ{ëÁÍÍÉÎÇÓÁ ÌÅÇËÏ ÏÂÏÂÝÁÅÔÓÑ ÎÁ ÓÌÕÞÁÊN ÎÅ×ÚÁÉ-ÍÏÄÅÊÓÔ×ÕÀÝÉÈ ÍÅÖÄÕ ÓÏÂÏÊ ÁÔÏÍÏ× ÎÁÈÏÄÑÝÉÈÓÑ × ÒÅÚÏÎÁÔÏÒÅ. C�É-ÎÏ×ÙÅ Ï�ÅÒÁÔÏÒÙ Sz = N∑j=1 szj ; S± = N∑j=1 s±j ; (3)[s+i ; s−j ℄ = 2szjÆij ; [szi ; s±j ℄ = ±s±j Æij ;Ñ×ÌÑÀÔÓÑ �ÒÅÄÓÔÁ×ÌÅÎÉÅÍ ÁÌÇÅÂÒÙ su (2), Á ÍÏÄÅÌØ Ï�ÉÓÙ×ÁÅÍÁÑ ÇÁ-ÍÉÌØÔÏÎÉÁÎÏÍ HTC = !a†a+ !0Sz + g(a†S− + aS+); (4)ÎÁÚÙ×ÁÅÔÓÑ ÍÏÄÅÌØÀ �Ü×ÉÓÁ{ëÁÍÍÉÎÇÓÁ [9℄.ï�ÅÒÁÔÏÒ ëÁÚÉÍÉÒÁS2 = S+S− + Sz(Sz − 1) (5)É Ï�ÅÒÁÔÏÒ ÞÉÓÌÁ ×ÏÚÂÕÖÄÅÎÉÊM = a†a+ Sz; (6)ËÏÍÍÕÔÉÒÕÀÔ Ó ÇÁÍÉÌØÔÏÎÉÁÎÏÍ (4):[HTC ;M℄ = [HTC ;S2℄ =0:íÙ ÂÕÄÅÍ ÒÁÓÓÍÁÔÒÉ×ÁÔØ ÇÁÍÉÌØÔÏÎÉÁÎ ÍÏÄÅÌÉ × ÆÏÒÍÅH = 1g (HTC − !M) = �Sz + a†S− + aS+; (7)ÇÄÅ � = g(!0 − !)=2 ÎÁÚÙ×ÁÅÔÓÑ ÄÅÔØÀÎÉÎÇÏÍ (ÒÁÓÓÔÒÏÊËÏÊ).÷ ÎÁÛÅÊ ÓÔÁÔØÅ ÍÙ ÓÏÓÒÅÄÏÔÏÞÉÍÓÑ ÎÁ �ÏÄÈÏÄÅ ÏÓÎÏ×ÁÎÎÏÍ ÎÁ Ë×ÁÎ-ÔÏ×ÏÍ ÍÅÔÏÄÅ ÏÂÒÁÔÎÏÊ ÚÁÄÁÞÉ. éÓ�ÏÌØÚÏ×ÁÎÉÅ ÄÁÎÎÏÇÏ ÍÅÔÏÄÁ �ÏÚ×Ï-ÌÑÅÔ ÎÅ ÔÏÌØËÏ ÎÁÈÏÄÉÔØ ÓÏÂÓÔ×ÅÎÎÙÅ ×ÅËÔÏÒÁ ÇÁÍÉÌØÔÏÎÉÁÎÏ× É ×Ù-ÞÉÓÌÑÔØ ÉÈ ÕÒÏ×ÎÉ ÜÎÅÒÇÉÊ, ÎÏ É ×ÙÑ×ÌÑÔØ Ó×ÑÚÉ ÍÅÖÄÕ ÒÁÚÌÉÞÎÙÍÉÉÎÔÅÇÒÉÒÕÅÍÙÍÉ ÍÏÄÅÌÑÍÉ.ï�ÒÅÄÅÌÉÍ Ï�ÅÒÁÔÏÒÙXz(�) = 12(�− �) + Sz�− �;X+(�) = a† + S+�− �; X−(�) = a+ S−�− � : (8)ï�ÅÒÁÔÏÒÙ ÕÎÉÞÔÏÖÅÎÉÑ É ÒÏÖÄÅÎÉÑ ÆÏÔÏÎÏ× a; a† ÕÄÏ×ÌÅÔ×ÏÒÑÀÔËÏÍÍÕÔÁ�ÉÏÎÎÙÍ ÓÏÏÔÎÏÛÅÎÉÑÍ (2), Á Ï�ÅÒÁÔÏÒÙ Ó�ÉÎÁ Sz, S± (3), ÓÏ-ÏÔ×ÅÔÓÔ×ÅÎÎÏ. ðÅÒÅÍÅÎÎÙÅ �, � ∈ C. ìÅÇËÏ �ÒÏ×ÅÒÉÔØ, ÞÔÏ ××ÅÄÅÎÎÙÅ



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé29Ï�ÅÒÁÔÏÒÙ ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÓÌÅÄÕÀÝÉÍ ËÏÍÍÕÔÁ�ÉÏÎÎÙÍ ÓÏÏÔÎÏÛÅÎÉ-ÑÍ: [X+(�); X−(�)℄ = 2�− � (Xz(�)−Xz(�));[Xz(�); X±(�)℄ = ± 1�− � (X±(�) −X±(�));[X+(�); X+(�)℄ = [X−(�); X−(�)℄ = [Xz(�); Xz(�)℄ = 0 : (9)ðÏ ÁÎÁÌÏÇÉÉ Ó Ï�ÅÒÁÔÏÒÏÍ ëÁÚÉÍÉÒÁ (5) ××ÅÄÅÍ ÓÅÍÅÊÓÔ×Ï Ï�ÅÒÁÔÏÒÏ×,ÚÁ×ÉÓÑÝÉÈ ÏÔ �ÒÏÉÚ×ÏÌØÎÏÇÏ ËÏÍ�ÌÅËÓÎÏÇÏ ÞÉÓÌÁ �t(�) = (Xz(�))2 + 12X+(�)X−(�) + 12X−(�)X+(�): (10)îÁÉÂÏÌÅÅ ×ÁÖÎÏÅ Ó×ÏÊÓÔ×Ï ÜÔÉÈ Ï�ÅÒÁÔÏÒÏ× ÚÁËÌÀÞÁÅÔÓÑ × ÔÏÍ, ÞÔÏÏÎÉ ËÏÍÍÕÔÉÒÕÀÔ ÍÅÖÄÕ ÓÏÂÏÊ �ÒÉ �ÒÏÉÚ×ÏÌØÎÙÈ �, � ∈ C:[t(�); t(�)℄ = 0:üÔÏ Ó×ÏÊÓÔ×Ï �ÒÏ×ÅÒÑÔÓÑ �ÒÑÍÙÍ ×ÙÞÉÓÌÅÎÉÅÍ Ó �ÏÍÏÝØÀ ËÏÍÍÕ-ÔÁ�ÉÏÎÎÙÈ ÓÏÏÔÎÏÛÅÎÉÊ (9). ï�ÅÒÁÔÏÒ t(�) Ñ×ÌÑÅÔÓÑ �ÒÏÉÚ×ÏÄÑÝÅÊÆÕÎË�ÉÅÊ ÉÎÔÅÇÒÁÌÏ× Ä×ÉÖÅÎÉÑ.åÓÌÉ �ÏÌÏÖÉÔØ � = 0 × (8), ÔÏ �ÏÌÕÞÉÍ ÓÌÅÄÕÀÝÅÅ �ÒÅÄÓÔÁ×ÌÅÎÉÅt(�) = �−2S2 − �−1H+ (�24 + 12 +M)− �2 �+ �24 ; (11)ÇÄÅ H = �Sz + a†S− + aS+;ÜÔÏ ÇÁÍÉÌØÔÏÎÉÁÎ ÍÏÄÅÌÉ �Ü×ÉÓÁ{ëÁÍÍÉÎÇÓÁ (4),M { Ï�ÅÒÁÔÏÒ ÞÉÓÌÁ×ÏÚÂÕÖÄÅÎÉÊ (6), Á S2 { Ï�ÅÒÁÔÏÒ ëÁÚÉÍÉÒÁ (5).ðÏÓËÏÌØËÕ [t(�);H℄ = [t(�);M℄ = [t(�);S2℄ = 0; (12)ÔÏ ÚÎÁÑ ÓÏÂÓÔ×ÅÎÎÙÅ ×ÅËÔÏÒÁ É ÓÏÂÓÔ×ÅÎÎÙÅ ÚÎÁÞÅÎÉÑ Ï�ÅÒÁÔÏÒÁ t(�)ÍÙ ÒÅÛÉÍ ÚÁÄÁÞÕ ÄÉÁÇÏÎÁÌÉÚÁ�ÉÉ ÇÁÍÉÌØÔÏÎÉÁÎÁ ÍÏÄÅÌÉ �Ü×ÉÓÁ{ëÁÍ-ÍÉÎÇÓÁ.úÁÍÅÔÉÍ, ÞÔÏ ËÏÍÍÕÔÁ�ÉÏÎÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ ××ÅÄÅÎÎÙÈ Ï�ÅÒÁÔÏÒÏ×Xz(�), X±(�) ÍÏÖÎÏ ÚÁ�ÉÓÁÔØ × ÂÏÌÅÅ ËÏÍ�ÁËÔÎÏÊ ÆÏÒÍÅ, Ï�ÒÅÄÅÌÉ×Ï�ÅÒÁÔÏÒÎÏÚÎÁÞÎÕÀ ÍÁÔÒÉ�Õ (L { Ï�ÅÒÁÔÏÒ):L(�) = ( −Xz(�) X+(�)X−(�) Xz(�) ) : (13)



30 î. í. âïçïìàâï÷, ð. ð. ëõìéûëÏÍÍÕÔÁ�ÉÏÎÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ ÍÅÖÄÕ Å£ ÍÁÔÒÉÞÎÙÍÉ ÜÌÅÍÅÎÔÁÍÉ ÚÁ-�ÉÓÙ×ÁÀÔÓÑ × ×ÉÄÅ[L(�)⊗ I; I ⊗ L(�)℄ = [r(�; �); L(�) ⊗ I + I ⊗ L(�)℄ (14)Ó ÞÉÓÌÏ×ÏÊ 4× 4 r-ÍÁÔÒÉ�ÅÊ ÒÁ×ÎÏÊr(�; �) = 1�− �P ; P ijkl = ÆilÆkj : (15)ï�ÅÒÁÔÏÒ (10) �ÒÅÄÓÔÁ×ÉÍ × ×ÉÄÅt(�) = 12TrL2(�): (16)òÁÚÌÉÞÎÙÅ ÒÅÁÌÉÚÁ�ÉÉ ××ÅÄÅÎÎÙÈ Ï�ÅÒÁÔÏÒÏ× (8) Ï�ÒÅÄÅÌÑÀÔ ÒÁÚ-ÌÉÞÎÙÅ ÉÎÔÅÇÒÉÒÕÅÍÙÅ ÍÏÄÅÌÉ. îÁÉÂÏÌÅÅ ÉÚ×ÅÓÔÎÏÊ Ñ×ÌÑÅÔÓÑ ÍÏÄÅÌØçÏÄÅÎÁ Ó ÇÁÍÉÌØÔÏÎÉÁÎÏÍ [10℄:Hi = �szi − N∑j=1;j 6=i 1�i − �j (2szi szj + s+i s−j + s−i s+j ); (17)Ï�ÉÓÙ×ÁÀÝÁÑ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÅ ÉÚÏÌÉÒÏ×ÁÎÎÏÇÏ Ó�ÉÎÁ Ó ÏËÒÕÖÁÀÝÉ-ÍÉ ÎÅ×ÚÁÉÍÏÄÅÊÓÔ×ÕÀÝÉÍÉ Ó�ÉÎÁÍÉ. ï�ÅÒÁÔÏÒÙ Xz(�), X±(�) ÉÍÅÀÔ×ÉÄ Xz(�) = �2 + N∑j=1 szj�j − �; X±(�) = N∑j=1 s±j�j − �: (18)äÒÕÇÁÑ, ÎÅ ÍÅÎÅÅ ÉÚ×ÅÓÔÎÁÑ ÍÏÄÅÌØ, Ï�ÒÅÄÅÌÑÅÍÁÑ ÄÁÎÎÙÍ �ÒÅÄÓÔÁ×ÌÅ-ÎÉÅÍ H = 2∑j �jszj − 12∑j;l (s+j s−l + s−j s+l ); (19)ÎÁÚÙ×ÁÅÔÓÑ ÍÏÄÅÌØÀ òÉÞÁÒÄÓÏÎÁ [11℄. çÁÍÉÌØÔÏÎÉÁÎ ÄÁÎÎÏÊ ÍÏÄÅÌÉ,ÚÁ�ÉÓÁÎÎÙÊ ÞÅÒÅÚ ÆÅÒÍÉÏÎÎÏÅ �ÒÅÄÓÔÁ×ÌÅÎÉÅ Ó�ÉÎÏ×ÙÈ Ï�ÅÒÁÔÏÒÏ×s−j = 
j↓
j↑ ; s+j = 
†j↑
†j↓ ;s0j = 12(
†j↑
j↑ + 
†j↓
j↓ − 1); (20)ÉÓ�ÏÌØÚÕÅÔÓÑ �ÒÉ Ï�ÉÓÁÎÉÉ ÍÁÌÙÈ ÍÅÔÁÌÌÉÞÅÓËÉÈ ÚÅÒÅÎ × ÔÅÏÒÉÉÓ×ÅÒÈ�ÒÏ×ÏÄÉÍÏÓÔÉ [12℄. ÷ (20) ÆÅÒÍÉÏÎÎÙÅ Ï�ÅÒÁÔÏÒÙ ÕÄÏ×ÌÅÔ×ÏÒÑ-ÀÔ ÁÎÔÉËÏÍÍÕÔÁ�ÉÏÎÎÙÍ ÓÏÏÔÎÏÛÅÎÉÑÍ[
j�; 
+k� ℄+ = ÆjkÆ�� (j; k = 1; : : : ; N ;�; � =↑; ↓):



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé31÷ÏÚÍÏÖÎÁ ÔÁËÖÅ ÄÅÆÏÒÍÁ�ÉÑ ÍÏÄÅÌÉ äÖÅÊÎÓÁ{ëÁÍÍÉÎÇÓÁ [13℄ ÓÚÁÍÅÎÏÊ ÏÓ�ÉÌÌÑÔÏÒÁ ÎÁ q { ÏÓ�ÉÌÌÑÔÏÒÙ [14℄. ÷ ÜÔÏÍ ÓÌÕÞÁÅ ÁÌÇÅÂÒÁÔÏËÏ× (9) ÏÂÏÂÝÁÅÔÓÑ ÎÁ ÔÒÉÇÏÎÏÍÅÔÒÉÞÅÓËÉÊ ÓÌÕÞÁÊ.õÒÁ×ÎÅÎÉÑ Ä×ÉÖÅÎÉÑ ÍÏÄÅÌÉ �Ü×ÉÓÁ{ëÁÍÍÉÎÇÓÁi�ts−;zn = [s−;zn ;H℄; i�ta = [a;H℄;× Ñ×ÎÏÍ ×ÉÄÅ i�tszn = s+n a− a†s−n ;i�ts−n = �s−n − 2szna;i�ta = N∑j=1 s−j ; (21)ÎÁÚÙ×ÁÀÔÓÑ Ë×ÁÎÔÏ×ÙÍÉ ÒÅÄÕ�ÉÒÏ×ÁÎÎÙÍÉ ÕÒÁ×ÎÅÎÉÑÍÉ íÁËÓ×ÅÌÌÁ{âÌÏÈÁ N -ÁÔÏÍÎÏÇÏ ÌÁÚÅÒÁ, × ËÏÔÏÒÙÈ ÎÅ ÕÞÉÔÙ×ÁÅÔÓÑ ÚÁ×ÉÓÉÍÏÓÔØ �Ï-ÌÑ ÏÔ ËÏÏÒÄÉÎÁÔÙ, Á ÁÔÏÍÙ ÎÁÈÏÄÑÔÓÑ × ÆÉËÓÉÒÏ×ÁÎÎÙÈ ÔÏÞËÁÈ.äÌÑ ÔÏÇÏ ÞÔÏÂÙ ÎÁÊÔÉ Ó�ÅËÔÒ ÍÏÄÅÌÉ �ë ÍÅÔÏÄÏÍ ÁÌÇÅÂÒÁÉÞÅÓËÏÇÏÁÎÚÁÔ�Á âÅÔÅ (ëíïú) [1{3℄ Ï�ÒÅÄÅÌÉÍ "×ÁËÕÕÍÎÏÅ" ÓÏÓÔÏÑÎÉÅ
| 
S〉 =| 0〉⊗ | S;−S〉; (22)ÇÄÅ | 0〉 { ÜÔÏ ÆÏËÏ×ÓËÉÊ ×ÁËÕÕÍ: a | 0〉 = 0; ÓÏÓÔÏÑÎÉÅ | S;−S〉 ÅÓÔØ�ÏÒÏÖÄÁÀÝÉÊ ×ÅËÔÏÒ ÎÅ�ÒÉ×ÏÄÉÍÏÇÏ �ÒÅÄÓÔÁ×ÌÅÎÉÑ Ó�ÉÎÁ S: S− |S;−S〉 = 0, 0 ≤ S ≤ N2 , S2 |
S〉 = S(S + 1) | 
S〉, M |
S〉 = −S|
S〉.äÁÎÎÏÅ ÓÏÓÔÏÑÎÉÅ Ñ×ÌÑÅÔÓÑ ÓÏÂÓÔ×ÅÎÎÙÍ ×ÅËÔÏÒÏÍ Ï�ÅÒÁÔÏÒÁ t(�):t(�) | 
S〉 = k(�) | 
S〉;ÇÄÅ k(�) = x2(�)− ���x(�)= �24 − �2 �+(�24 + 12 − S)+ �−1�S + S(S + 1)�−2: (23)éÚ Ï�ÒÅÄÅÌÅÎÉÑ Ï�ÅÒÁÔÏÒÏ× X−(�), Xz(�) ÓÌÅÄÕÅÔX−(�) | 
S〉 = (a− S−� ) | 
S〉 = 0;Xz(�) | 
S〉 = (12(�− �)− Sz� ) | 
S〉 = x(�) | 
S〉; (24)



32 î. í. âïçïìàâï÷, ð. ð. ëõìéûÇÄÅ x(�) = 12(2S� − �+�): (25)óÏÂÓÔ×ÅÎÎÙÅM -ÞÁÓÔÉÞÎÙÅ ×ÅËÔÏÒÁ Ï�ÅÒÁÔÏÒÁ t(�) ÓÔÒÏÑÔÓÑ × ÔÒÁÄÉ-�ÉÏÎÎÏÊ ÄÌÑ ÁÌÇÅÂÒÁÉÞÅÓËÏÇÏ ÁÎÚÁÔ�Á âÅÔÅ ÆÏÒÍÅ
| �(�1; �2; : : : ; �M )〉 = M∏j=1X+(�j) | 
S〉: (26)÷ÏÌÎÏ×ÁÑÆÕÎË�ÉÑ | �(�1; �2; : : : ; �M )〉 Ñ×ÌÑÅÔÓÑ ÓÉÍÍÅÔÒÉÞÅÓËÏÊ ÆÕÎË-�ÉÅÊ Ó×ÏÉÈ ÁÒÇÕÍÅÎÔÏ× × ÓÉÌÕ ËÏÍÍÕÔÁÔÉ×ÎÏÓÔÉ [X+(�); X+(�)℄ = 0.óÏÓÔÏÑÎÉÅ (26) ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÓÏÏÔÎÏÛÅÎÉÑÍ:M | �(�1; �2; : : : ; �M )〉 = (M − S) | �(�1; �2; : : : ; �M )〉 ;S2 | �(�1; �2; : : : ; �M )〉 = S(S + 1) | �(�1; �2; : : : ; �M )〉: (27)ðÒÉÍÅÎÑÑ �ÅÒÅÓÔÁÎÏ×ÏÞÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ Ï�ÅÒÁÔÏÒÏ× X±(�), Xz(�)ÍÏÖÎÏ �ÏËÁÚÁÔØ ÞÔÏt(�) | �(�1; �2; : : : ; �M )〉 = �M (�) | �(�1; �2; : : : ; �M )〉+ M∑j=1 fj�− �j | �(�1; : : : ; �j−1; �; �j+1; : : : ; �M )〉; (28)ÇÄÅ�M (�) = x2(�)− ���x(�)− 2 M∑j=1 1�− �j{x(�) − M∑k 6=j 1�j − �k}; (29)fj = x(�j)− M∑k 6=j 1�j − �k : (30)åÓÌÉ ×ÓÅ fj = 0, ÔÏ | �(�1; �2; : : : ; �M )〉 Ñ×ÌÑÅÔÓÑ ÓÏÂÓÔ×ÅÎÎÙÍ ×ÅËÔÏÒÏÍt(�), Á ÕÒÁ×ÎÅÎÉÑ x(�j) = M∑k 6=j 1�j − �k (31)ÎÁÚÙ×ÁÀÔÓÑ ÕÒÁ×ÎÅÎÉÑÍÉ âÅÔÅ. óÏÂÓÔ×ÅÎÎÙÅ ÚÎÁÞÅÎÉÑ Ï�ÅÒÁÔÏÒÁ t(�)ÎÁ ÓÏÂÓÔ×ÅÎÎÏÍ ×ÅËÔÏÒÅ | �(�1; �2; : : : ; �M )〉 ÒÁ×ÎÙ�M (�) = x2(�)− ���x(�)− 2 M∑j=1 x(�) − x(�j)�− �j : (32)



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé33äÌÑ ÍÏÄÅÌÉ �ë ÕÒÁ×ÎÅÎÉÑ âÅÔÅ ÉÍÅÀÔ ×ÉÄ2S�n − �n +� = M∑j=1; j 6=n 2�n − �j ; 1 ≤ n ≤M: (33)óÕÝÅÓÔ×ÕÅÔ K = min(2S;M) + 1 �Ï ÍÏÄÕÌÀ ÇÒÕ��Ù �ÅÒÅÓÔÁÎÏ×ÏË ÒÅ-ÛÅÎÉÊ ÜÔÉÈ ÕÒÁ×ÎÅÎÉÊ. ïÄÉÎ ÉÚ ÎÁÂÏÒÏ× ÒÅÛÅÎÉÊ ÕÒÁ×ÎÅÎÉÊ âÅÔÅ [15℄�ÒÉ×ÅÄÅÎ ÎÁ (ÒÉÓ. 2).

òÉÓ. 2. ïÄÉÎ ÉÚ ÎÁÂÏÒÏ× ÒÅÛÅÎÉÊ ÕÒÁ×ÎÅÎÉÊ âÅÔÅéÚ ÒÁÚÌÏÖÅÎÉÑ Ï�ÅÒÁÔÏÒÁ t(�) (11) ÓÌÅÄÕÅÔ ×ÙÒÁÖÅÎÉÅ ÄÌÑ ÓÏÂÓÔ×ÅÎ-ÎÙÈ ÚÎÁÞÅÎÉÊ ÜÎÅÒÇÉÉE�S;M = −S(�+ 2 M∑j=1 1��j ): (34)éÎÄÅËÓ � ÏÂÏÚÎÁÞÁÅÔ ÒÁÚÌÉÞÎÙÅ ÎÁÂÏÒÙ ÒÅÛÅÎÉÊ ÕÒÁ×ÎÅÎÉÊ âÅÔÅ. úÁ-ÍÅÔÉÍ, ÞÔÏ ÉÚ ÒÁ×ÅÎÓÔ×Á M∑n;j=0(�n−�j)−1 = 0, É ÕÒÁ×ÎÅÎÉÊ (33) ÓÌÅÄÕÅÔÒÁ×ÅÎÓÔ×Ï∑ 2S�n +M� =∑�n É ÁÌØÔÅÒÎÁÔÉ×ÎÏÅ ×ÙÒÁÖÅÎÉÅ ÄÌÑ ÓÏÂ-ÓÔ×ÅÎÎÙÈ ÚÎÁÞÅÎÉÊ ÜÎÅÒÇÉÉE�S;M = �(M − S)− M∑j=1 ��j : (35)



34 î. í. âïçïìàâï÷, ð. ð. ëõìéûõÒÁ×ÎÅÎÉÑ âÅÔÅ ÄÌÑ ÍÏÄÅÌÉ çÏÄÅÎÁ ÉÍÅÀÔ ×ÉÄ [10℄:�−
N∑j=1 1�j − �n = M∑k=1;k 6=n 2�n − �k ;Á ÓÏÂÓÔ×ÅÎÎÙÅ ÚÎÁÞÅÎÉÑ ÜÎÅÒÇÉÉ ×ÙÞÉÓÌÑÀÔÓÑ �Ï ÆÏÒÍÕÌÅEi = 12{−�−

N∑n=1;n6=j 1�j − �n + 2 M∑k=1 1�j − �k}:òÁÓÓÍÏÔÒÉÍ �ÏÌÉÎÏÍ, Ï�ÒÅÄÅÌÑÅÍÙÊ ÒÅÛÅÎÉÑÍÉ ÕÒÁ×ÎÅÎÉÊ âÅÔÅ:P (�) = C M∏j=1(�j − �); C−1 = M∏j=1 �j : (36)íÏÖÎÏ �ÏËÁÚÁÔØ ÞÔÏ ÜÔÏÔ �ÏÌÉÎÏÍ ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÓÌÅÄÕÀÝÅÍÕ ÕÒÁ×-ÎÅÎÉÀ: P ′′(�)− 2x(�)P ′(�) + 2 M∑j=1 x(�) − x(�j)�− �j P (�) = 0: (37)äÌÑ ÍÏÄÅÌÉ �ë ÄÁÎÎÏÅ ÕÒÁ×ÎÅÎÉÅ �ÒÉ×ÏÄÉÔÓÑ Ë ×ÉÄÕ�P ′′(�) + (�2 −��− 2S)P ′(�) + (ES;M +�S −M�)P (�) = 0: (38)íÏÄÅÌØ äÖÅÊÎÓÁ{ëÁÍÍÉÎÇÓÁ (1) Ñ×ÌÑÅÔÓÑ ÏÓÏÂÅÎÎÏ �ÒÉÍÅÞÁÔÅÌØ-ÎÏÊ ÍÏÄÅÌØÀ Ë×ÁÎÔÏ×ÏÊ Ï�ÔÉËÉ. äÌÑ ÎÅ£ ÏÔ×ÅÔÙ ÍÏÖÎÏ �ÏÌÕÞÉÔØ × Ñ×-ÎÏÍ ×ÉÄÅ �ÒÉ �ÒÏÉÚ×ÏÌØÎÏÊ �ÏÓÔÏÑÎÎÏÊ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÑ g. ïÎÁ ÄÅÍÏÎ-ÓÔÒÉÒÕÅÔ ÎÅËÏÔÏÒÙÅ ÉÓÔÉÎÎÏ Ë×ÁÎÔÏ×Ï-ÍÅÈÁÎÉÞÅÓËÉÅ ÜÆÆÅËÔÙ, ÔÁËÉÅËÁË ËÏÌÌÁ�Ó ÁÔÏÍÎÏÊ ÉÎ×ÅÒÓÉÉ Ó �ÏÓÌÅÄÕÀÝÉÍÉ �ÅÒÉÏÄÉÞÅÓËÉÍÉ ×ÏÚ-ÒÏÖÄÅÎÉÑÍÉ.÷ÏÓ�ÏÌØÚÕÅÍÓÑ ÕÒÁ×ÎÅÎÉÅÍ (38) S = 1=2 ÄÌÑ ×ÙÞÉÓÌÅÎÉÑ Ó�ÅËÔÒÁÍÏÄÅÌÉ. ðÏÌÁÇÁÑ � = 0 �ÏÌÕÞÉÍ ÒÁ×ÅÎÓÔ×Ï
−P ′(0) +(E + �2 )P (0) = 0:äÉÆÆÅÒÅÎ�ÉÒÕÑ ÕÒÁ×ÎÅÎÉÅ �Ï � É �ÏÌÁÇÁÑ × Î£Í � = 0 ÉÍÅÅÍ
(E − �2 )P ′(0) =MP (0):éÚ ÜÔÉÈ ÒÁ×ÅÎÓÔ× ÓÌÅÄÕÅÔ ×ÙÒÁÖÅÎÉÅ ÄÌÑ Ó�ÅËÔÒÁ ÍÏÄÅÌÉE±12 ;M = ±

√�24 +M:



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé35óÏÂÓÔ×ÅÎÎÙÅ ×ÅËÔÏÒÁ ÍÏÄÅÌÉ ÒÁ×ÎÙ
| �±(�1; �2; : : : ; �M )〉 = M∏j=1(a† − 1�±j s+) | 
 12 〉= 



(a†)M − (a†)M−1s+ M∑j=1 1�±j  | 
 12 〉 (39)= {(a†)M + [E±12 ;M + �2 ] (a†)M−1s+} | 
 12 〉 :÷ÙÞÉÓÌÉÍ ÁÔÏÍÎÕÀ ÉÎ×ÅÒÓÉÀ, ËÏÔÏÒÁÑ Ï�ÒÅÄÅÌÑÅÔÓÑ ËÁË ÓÒÅÄÎÅÅ
〈!|eitHSze−itH|!〉 �Ï ÓÏÓÔÏÑÎÉÀ | !〉, × ËÏÔÏÒÏÍ ×ÓÅ ÁÔÏÍÙ ÎÁÈÏÄÑÔÓÑ ×ÏÓÎÏ×ÎÏÍ ÓÏÓÔÏÑÎÉÉ | 12 ;− 12 〉, Á �ÏÌÅ × ËÏÇÅÒÅÎÔÎÏÍ | �〉 (� ∈ C). ëÏÇÅ-ÒÅÎÔÎÏÅ ÓÏÓÔÏÑÎÉÅ Ï�ÒÅÄÅÌÑÅÔÓÑ ËÁË ÓÏÂÓÔ×ÅÎÎÏÅ ÓÏÓÔÏÑÎÉÅ Ï�ÅÒÁÔÏÒÁÕÎÉÞÔÏÖÅÎÉÑ a | �〉 = � | �〉 ;

| �〉 = e− |�|22 e�a† | 0〉 = e− |�|22 ∞∑n=0 �n√n! | n〉 :óÏÓÔÏÑÎÉÅ
|!〉 = |�〉 ⊗ ∣∣∣12 ;−12〉:äÌÑ ÁÔÏÍÎÏÊ ÉÎ×ÅÒÓÉÉ �ÏÌÕÞÉÍW (t) = 〈!|eitHSze−itH|!〉= −

∞∑M=0 e−<M> < M >MM ! 4(M + �24 ) {�28 +M 
os(t√M + �24 )} :úÄÅÓØ < M >= 〈� | a†a | �〉 { ÓÒÅÄÎÅÅ ÞÉÓÌÏ ÆÏÔÏÎÏ× × ÓÉÓÔÅÍÅ. îÁ(ÒÉÓ. 3) �ÒÉ×ÅÄÅÎÁ Ü×ÏÌÀ�ÉÑ ÁÔÏÍÎÏÊ ÉÎ×ÅÒÓÉÉ W (t) ×Ï ×ÒÅÍÅÎÉ [16℄.÷ ÓÅÒÅÄÉÎÅ �ÒÏÛÌÏÇÏ ×ÅËÁ ÏÄÉÎ ÉÚ ÏÓÎÏ×Ï�ÏÌÏÖÎÉËÏ× Ë×ÁÎÔÏ×ÏÊÏ�ÔÉËÉ ò. äÉËÅ ÕËÁÚÁÌ ÎÁ ×ÏÚÍÏÖÎÏÓÔØ ÓÕÝÅÓÔ×Ï×ÁÎÉÑ Ó×ÅÒÈÉÚÌÕÞÅ-ÎÉÑ [17℄. òÁÓÓÍÏÔÒÉÍ ÍÏÄÅÌØ �ë. éÎÔÅÎÓÉ×ÎÏÓÔØ ÉÚÌÕÞÅÎÉÑ [18℄ Ï�ÒÅ-ÄÅÌÑÅÔÓÑ ËÁË ÓÒÅÄÎÅÅJ = J0〈S;m|S+S−|S;m〉 = J0(S +m)(S −m+ 1) (40)



36 î. í. âïçïìàâï÷, ð. ð. ëõìéû

òÉÓ. 3. ü×ÏÌÀ�ÉÑ ÁÔÏÍÎÏÊ ÉÎ×ÅÒÓÉÉ W (t) ×Ï ×ÒÅÍÅÎÉ.�Ï ÓÏÓÔÏÑÎÉÀ |S;m〉: S2 | S;m〉 = S(S + 1) | S;m〉;Sz | S;m〉 = m | S;m〉: (41)ó�ÉÎ 0 ≤ S ≤ N=2, Á m = −S;−S+1; : : : ; S. þÉÓÌÁ m ÉÍÅÀÔ ÓÍÙÓÌ �Ï-ÌÕÒÁÚÎÏÓÔÉ ÍÅÖÄÕ ÎÁÓÅÌÅÎÎÏÓÔÑÍÉ ×ÅÒÈÎÅÇÏ É ÎÉÖÎÅÇÏ ÕÒÏ×ÎÅÊ ÁÔÏÍÁm = (n↑ − n↓)=2, �ÒÉÞÅÍ n↑ + n↓ = N . ÷ (40) J0 { ÜÔÏ ÉÎÔÅÎÓÉ×ÎÏÓÔØÓ�ÏÎÔÁÎÎÏÇÏ ÉÚÌÕÞÅÎÉÑ ÏÄÎÏÇÏ ÉÚÏÌÉÒÏ×ÁÎÎÏÇÏ ÁÔÏÍÁ.éÚ (40) ÓÌÅÄÕÅÔ, ÞÔÏ ÅÓÌÉ ÓÉÓÔÅÍÁ ÉÎ×ÅÒÔÉÒÏ×ÁÎÁ �ÏÌÎÏÓÔØÀ, Ô.Å.,ÅÓÌÉ S = m = N=2, ÔÏ ÉÎÔÅÎÓÉ×ÎÏÓÔØ ÉÚÌÕÞÅÎÉÑ × ÔÁËÏÍ ÓÏÓÔÏÑÎÉÉÒÁ×ÎÁ J = J0〈N2 ; N2 |S+S−|N2 ; N2 〉 = J0N:üÔÏ ÏÚÎÁÞÁÅÔ, ÞÔÏ ËÁÖÄÙÊ ÁÔÏÍ ÉÚÌÕÞÁÅÔ ÎÅÚÁ×ÉÓÉÍÏ ÏÔ ÄÒÕÇÉÈ ÉÉÎÔÅÎÓÉ×ÎÏÓÔÉ ÏÔÄÅÌØÎÙÈ ÉÚÌÕÞÁÔÅÌÅÊ ÓËÌÁÄÙ×ÁÀÔÓÑ. ëÏÌÌÅËÔÉ×ÎÏÅÉÚÌÕÞÅÎÉÅ × �ÏÌÎÏÓÔØÀ ÉÎ×ÅÒÔÉÒÏ×ÁÎÎÏÍ ÓÏÓÔÏÑÎÉÉ ÁÔÏÍÎÏÊ ÓÉÓÔÅÍÙÏÔÓÕÔÓÔ×ÕÅÔ.



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé37÷ ÓÌÕÞÁÅ ÒÁ×ÎÏÊ ÚÁÓÅÌÅÎÎÏÓÔÉ ×ÅÒÈÎÅÇÏ É ÎÉÖÎÅÇÏ ÕÒÏ×ÎÅÊ S = N=2,m = 0 ÉÍÅÅÍ J = J0〈N2 ; 0|S+S−|N2 ; 0〉 ≈ J0N24 :üÔÏÔ ÒÅÚÕÌØÔÁÔ ÏÚÎÁÞÁÅÔ, ÞÔÏ ×ÏÚÍÏÖÎÏ ËÏÌÌÅËÔÉ×ÎÏÅ Ó�ÏÎÔÁÎÎÏÅ ÉÚ-ÌÕÞÅÎÉÅ N ÁÔÏÍÏ× × ÓÉÓÔÅÍÅ Ó ÇÁÍÉÌØÔÏÎÉÁÎÏÍ (4).òÁÓÓÍÏÔÒÉÍ ÔÅ�ÅÒØ ÍÏÄÅÌØ �ë, Ë ÇÁÍÉÌØÔÏÎÉÁÎÕ ËÏÔÏÒÏÊ ÄÏÂÁ×ÌÅÎÞÌÅÎ, ÕÞÉÔÙ×ÁÀÝÉÊ ÚÁ×ÉÓÉÍÏÓÔØ ÁÔÏÍÎÙÈ �ÅÒÅÈÏÄÏ× ÏÔ ÞÉÓÌÁ ÆÏÔÏ-ÎÏ× [19℄: HST = �Sz + (a†S− + aS+) + 
a†aSz; (42)ÇÄÅ ËÏÎÓÔÁÎÔÁ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÑ 
 ≥ 0. ïÔÍÅÔÉÍ, ÞÔÏ �ÏÓÌÅÄÎÉÊ ÞÌÅÎ× �ÒÁ×ÏÊ ÞÁÓÔÉ (42) Ï�ÉÓÙ×ÁÅÔ ÛÔÁÒËÏ×ÓËÉÊ ÓÄ×ÉÇ. äÌÑ �ÏÌÕ-�ÅÌÏÇÏÓ�ÉÎÁ (S=1/2) ÇÁÍÉÌØÔÏÎÉÁÎ (42)ÌÅÇËÏ �ÒÅÏÂÒÁÚÏ×ÁÔØ Ë ×ÉÄÕHK = �̃Sz + (a†S− + aS+)− 
a†a†aa :÷ ÜÔÏÍ ÓÌÕÞÁÅ ÍÏÄÅÌØ Ï�ÉÓÙ×ÁÅÔ ÓÉÓÔÅÍÕ Ó ËÅÒÒÏ×ÓËÏÊ ÎÅÌÉÎÅÊÎÏÓÔØÀ.äÌÑ ÔÏÇÏ ÞÔÏÂÙ �ÒÉÍÅÎÉÔØ ëíïú Ë ÒÅÛÅÎÉÀ ÚÁÄÁÞÉ ÒÁÓÓÍÏÔÒÉÍÄ×Á L-Ï�ÅÒÁÔÏÒÁ:LB(�) = ( �−�− 
−1 − 
a†a a†a −
−1 ) ; (43)LS(�) = ( �− 
Sz 
S+
S− �+ 
Sz ) ; (44)ÇÄÅ Ó�ÅËÔÒÁÌØÎÙÊ �ÁÒÁÍÅÔÒ � ∈ C. ï�ÒÅÄÅÌÉÍ ÍÁÔÒÉ�Õ ÍÏÎÏÄÒÏÍÉÉT(�) = LB(�)LS(�) = ( A(�) B(�)C(�) D(�) ) ; (45)É ÍÁÔÒÉ�Õ �ÅÒÅÈÏÄÁ�(�) = TrT(�) = A(�) +D(�): (46)÷ Ñ×ÎÏÍ ×ÉÄÅ �(�) = �2 − �(
M+�+ 2
−1) + 
H; (47)ÇÄÅ M-Ï�ÅÒÁÔÏÒ ÞÉÓÌÁ ÞÁÓÔÉ�, Á H = 
−1�(0) ÇÁÍÉÌØÔÏÎÉÁÎ ÍÏÄÅÌÉ.åÓÌÉ [�(�); �(�)℄ = 0 (48)



38 î. í. âïçïìàâï÷, ð. ð. ëõìéûÄÌÑ �ÒÏÉÚ×ÏÌØÎÙÈ �; � ∈ C, ÔÏ ÚÎÁÑ ÓÏÂÓÔ×ÅÎÎÙÅ ×ÅËÔÏÒÁ ÍÁÔÒÉ�Ù �Å-ÒÅÈÏÄÁ ÍÙ ÒÅÛÉÍ ÚÁÄÁÞÕ ÄÉÁÇÏÎÁÌÉÚÁ�ÉÉ ÇÁÍÉÌØÔÏÎÉÁÎÁ. ÷×ÅÄÅÎÎÙÅL-Ï�ÅÒÁÔÏÒÙ ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÓÏÏÔÎÏÛÅÎÉÑÍR(�; �)LB(�)⊗ LB(�) = LB(�)⊗ LB(�)R(�; �);R(�; �)LS(�)⊗ LS(�) = LS(�)⊗ LS(�)R(�; �); (49)ÇÄÅ ÞÉÓÌÏ×ÁÑ R-ÍÁÔÒÉ�ÁR(�; �) =  f(�; �) 0 0 00 g(�; �) 1 00 1 g(�; �) 00 0 0 f(�; �)  ; (50)Ó ÍÁÔÒÉÞÎÙÍÉ ÜÌÅÍÅÎÔÁÍÉf(�; �) = 1− 
�− �; g(�; �) = − 
�− �:íÁÔÒÉÞÎÙÅ ÜÌÅÍÅÎÔÙ Ï�ÅÒÁÔÏÒÎÏÚÎÁÞÎÙÈ ÍÁÔÒÉ� LB, LS ×ÚÁÉÍÎÏËÏÍÍÕÔÉÒÕÀÔ. éÚ (49) ÓÌÅÄÕÅÔ, ÞÔÏR(�; �)T(�)⊗T(�) = T(�)⊗T(�)R(�; �): (51)äÁÎÎÏÅ ÓÏÏÔÎÏÛÅÎÉÅ Ï�ÒÅÄÅÌÑÅÔ ÁÌÇÅÂÒÕ ÍÁÔÒÉÞÎÙÈ ÜÌÅÍÅÎÔÏ× ÍÁ-ÔÒÉ�Ù ÍÏÎÏÄÒÏÍÉÉ A;B;C;D [5℄. ëÏÍÍÕÔÁÔÉ×ÎÏÓÔØ [�(�); �(�)℄ = 0,Ñ×ÌÑÅÔÓÑ ÅÇÏ ÓÌÅÄÓÔ×ÉÅÍ. äÌÑ ×ÙÞÉÓÌÅÎÉÑ Ó�ÅËÔÒÁ ÍÏÄÅÌÉ ÎÁÍ �ÏÎÁ-ÄÏÂÑÔÓÑ ÔÒÉ ËÏÍÍÕÔÁ�ÉÏÎÎÙÈ ÓÏÏÔÎÏÛÅÎÉÑ ÉÚ ÛÅÓÔÎÁÄ�ÁÔÉ (51):[B(�);B(�)℄ = 0A(�)B(�) = f(�; �)B(�)A(�) + g(�; �)B(�)A(�);D(�)B(�) = f(�; �)B(�)D(�) + g(�; �)B(�)D(�):ïÔÍÅÔÉÍ, ÞÔÏ ÁÌÇÅÂÒÁ Ï�ÅÒÁÔÏÒÏ× Xz(�), X±(�) (14) ÓÌÅÄÕÅÔ ÉÚ××ÅÄÅÎÎÏÊ Ë×ÁÄÒÁÔÉÞÎÏÊ × �ÒÅÄÅÌÅ 
→ 0.óÏÂÓÔ×ÅÎÎÙÅ ×ÅËÔÏÒÁ ÍÁÔÒÉ�Ù �ÅÒÅÈÏÄÁ �(�) (46) ÉÝÕÔÓÑ × ×ÉÄÅ
| 	M (�1; �2; : : : ; �M )〉 = M∏j=1B(�j) | 
S〉; (52)



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé39ÇÄÅ ×ÁËÕÕÍÎÏÅ ÓÏÓÔÏÑÎÉÅ | 
S〉 =| 0〉 | S;−S〉 Ñ×ÌÑÅÔÓÑ ÓÏÂÓÔ×ÅÎÎÙÍ×ÅËÔÏÒÏÍ Ï�ÅÒÁÔÏÒÏ× A; D:A(�) | 
S〉 = a(�) | 
S〉 = (�−�− 
−1)(� + 
S) | 
S〉;D(�) | 
S〉 = d(�) | 
S〉 = −
−1(� − 
S) | 
S〉;C(�) | 
S〉 = 0: (53)÷ÏÓ�ÏÌØÚÏ×Á×ÛÉÓØ ËÏÍÍÕÔÁ�ÉÏÎÎÙÍÉ ÓÏÏÔÎÏÛÅÎÉÑÍÉ Ï�ÅÒÁÔÏÒÏ×B Ó Ï�ÅÒÁÔÏÒÁÍÉ A;D, �ÏÌÕÞÉÍ�(�) M∏j=1B(�j) | 
S〉 = (A(�) +D(�)) M∏j=1B(�j) | 
S〉= (�+ �̃) M∏j=1B(�j) | 
S〉+ M∑n=1(�n+�̃n)B(�) M∏j=1;j 6=nB(�j) | 
S〉: (54)ëÏÜÆÆÉ�ÉÅÎÔÙ ÒÁ×ÎÙ� = a(�) M∏j=1 f(�; �j); �n = a(�n)g(�n; �) M∏j=1;j 6=n f(�n; �j);�̃ = d(�) M∏j=1 f(�j ; �); �̃n = d(�n)g(�; �n) M∏j=1;j 6=n f(�j ; �n): (55)óÏÓÔÏÑÎÉÅ | 	M(�1; �2; : : : ; �M)〉, Ñ×ÌÑÅÔÓÑ ÓÏÂÓÔ×ÅÎÎÙÍ ×ÅËÔÏÒÏÍ ÍÁ-ÔÒÉ�Ù �ÅÒÅÈÏÄÁ, ÅÓÌÉ �n + �̃n = 0. üÔÏ ÕÓÌÏ×ÉÅ Ï�ÒÅÄÅÌÑÀÔ ÓÉÓÔÅÍÕÕÒÁ×ÎÅÎÉÊ âÅÔÅ ÎÁ �ÁÒÁÍÅÔÒÙ �i:a(�n)d(�n) = M∏j=1;j 6=n f(�j ; �n)f(�n; �j) ; n = 1; 2; : : : ;M (56)óÏÂÓÔ×ÅÎÎÙÅ ÚÎÁÞÅÎÉÑ ÍÁÔÒÉ�Ù �ÅÒÅÈÏÄÁ (46) ÒÁ×ÎÙ�M (�) ≡ �+ �̃ = a(�) M∏j=1 f(�; �j) + d(�) M∏j=1 f(�j ; �): (57)äÌÑ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÏÊ ÍÏÄÅÌÉ ÍÁÔÒÉÞÎÙÊ ÜÌÅÍÅÎÔ R-ÍÁÔÒÉ�Ù (50)f(�; �) = 1− 
=(�− �) É ÕÒÁ×ÎÅÎÉÑ âÅÔÅ ÉÍÅÀÔ ×ÉÄ:(1 +�
− 
�n)�n + 
S�n − 
S = M∏j=1;j 6=n �n − �j + 
�n − �j − 
 ; 0 ≤ S ≤ N2 ; (58)



40 î. í. âïçïìàâï÷, ð. ð. ëõìéûÁ M { ÞÁÓÔÉÞÎÙÅ ÜÎÅÒÇÉÉ ÜÔÏÇÏ ÓÏÓÔÏÑÎÉÑ, ÓÏÇÌÁÓÎÏ �ÒÅÄÓÔÁ×ÌÅÎÉÀ(47), ÒÁ×ÎÙES;M = 
−1�M (0)= 
−1S M∏j=1 (1− 
�j )− (
�+ 1) M∏j=1 (1 + 
�j ) : (59)÷×ÅÄÅÎÁÑR-ÍÁÔÒÉ�Á (50) ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÒÁ×ÎÅÎÉÀ ñÎÇÁ{âÁËÓÔÅÒÁ.÷ ÆÏÒÍÅ ÇÒÕ��Ù ËÏÓ ÏÎÏ ÉÍÅÅÔ ×ÉÄ(I ⊗R(�; �)) (R(�; �)⊗ I) (I ⊗R(�; �))= (R(�; �)⊗ I) (I ⊗R(�; �)) (R(�; �)⊗ I) :ó R-ÍÁÔÒÉ�ÅÊ (50) Ó×ÑÚÁÎÙ ÍÎÏÇÉÅ ÉÎÔÅÇÒÉÒÕÅÍÙÅ ÍÏÄÅÌÉ 1 + 1-ÍÅÒ-ÎÏÊ Ë×ÁÎÔÏ×ÏÊ ÔÅÏÒÉÉ �ÏÌÑ É ÓÔÁÔÉÓÔÉÞÅÓËÏÊ ÆÉÚÉËÉ. ïÄÎÁ ÉÚ ÎÉÈ ÜÔÏÍÏÄÅÌØ äÉËÅ, Ï�ÉÓÙ×ÁÀÝÁÑ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÅ ÜÌÅËÔÒÏÍÁÇÎÉÔÎÏÇÏ �ÏÌÑ
E(x) ([E(x); E†(y)℄ = Æ(x− y)), ÚÁ×ÉÓÑÝÅÇÏ ÏÔ ËÏÏÒÄÉÎÁÔÙ, Ó Ä×ÕÈÕÒÏ×-ÎÅ×ÙÍÉ ÁÔÏÍÁÍÉ, ÒÁÓ�ÏÌÏÖÅÎÎÙÍÉ × ÆÉËÓÉÒÏ×ÁÎÎÙÈ ÔÏÞËÁÈ. çÁÍÉÌØ-ÔÏÎÉÁÎ ÍÏÄÅÌÉ ÉÍÅÅÔ ×ÉÄ [20℄:H = i2 L∫0 dx [(�xE†(x)) E(x) − E†(x)�xE(x)]+ √g N∑j=1 [s+n E(xn) + E†(xn)s−n ] : (60)óÏÂÓÔ×ÅÎÎÙÅ M -ÞÁÓÔÉÞÎÙÅ ÜÎÅÒÇÉÉ ÍÏÄÅÌÉ ÒÁ×ÎÙEM (�) = −

M∑j=1 �j ;ÇÄÅ �j ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÕÒÁ×ÎÅÎÉÑÍ âÅÔÅei�lL�l − ig2�l + ig2N = M∏j=1;j 6=l �l − �j − ig�l − �j + ig :



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé41õÒÁ×ÎÅÎÉÑ Ä×ÉÖÅÎÉÑ ÍÏÄÅÌÉ ÉÍÅÀÔ ×ÉÄ�tszn = i√g (E†(xn)s−n − s+n E(xn)) ;�ts−n = 2i√gsznE(xn);�tE(x) + �xE(x) = −i√gs−n Æ(x− xn);äÌÑ ÎÅ�ÒÅÒÙ×ÎÏ ÒÁÓ�ÒÅÄÅÌÅÎÎÙÈ ÁÔÏÍÏ× ÇÁÍÉÌØÔÏÎÉÁÎ ÍÏÄÅÌÉ (60)�ÒÉÎÉÍÁÅÔ ×ÉÄH = i2 L∫0 dx [(�xE†(x)) E(x) − E†(x)�xE(x)]+ √g L∫0 dx [s(x)+E(x) + E†(x)s−(x)] ; (61)Á ÕÒÁ×ÎÅÎÉÑ âÅÔÅ ei�lL = N∏j=1;j 6=l �l − �j − ig�l − �j + ig :õÒÁ×ÎÅÎÉÑ Ä×ÉÖÅÎÉÑ�tsz(x) = i√g (E†(x)s−(x) − s+(x)E(x)) ;�ts−(x) = 2i√gsz(x)E(x);�tE(x) + �xE(x) = −i√gs−(x);× ËÌÁÓÓÉÞÅÓËÏÍ �ÒÅÄÅÌÅ, Ô.Å. �ÏÓÌÅ ÚÁÍÅÎÙ Ï�ÅÒÁÔÏÒÏ× ÎÁ ÆÕÎË�ÉÉ,ÎÁÚÙ×ÁÀÔÓÑ ÒÅÄÕ�ÉÒÏ×ÁÎÎÙÍÉ ÕÒÁ×ÎÅÎÉÑÍÉ íÁËÓ×ÅÌÌÁ{âÌÏÈÁ É Ñ×ÌÑ-ÀÔÓÑ ÏÄÎÉÍÉ ÉÚ ÏÓÎÏ×ÎÙÈ ÕÒÁ×ÎÅÎÉÊ ÎÅÌÉÎÅÊÎÏÊ Ï�ÔÉËÉ.äÒÕÇÁÑ ÉÚ×ÅÓÔÎÁÑ ÍÏÄÅÌØ, ÜÔÏ ÉÚÏÔÒÏ�ÎÙÊ ÍÁÇÎÅÔÉË çÅÊÚÅÎÂÅÒÇÁÉÌÉ XXX �Å�ÏÞËÁ [1, 4℄, Ï�ÒÅÄÅÌÑÅÍÁÑ ÇÁÍÉÌØÔÏÎÉÁÎÏÍH = N∑n=0{s+n s−n+1 + s−n s+n+1 + sznszn+1 − 14} : (62)óÏÂÓÔ×ÅÎÎÙÅ ÜÎÅÒÇÉÉ ÍÏÄÅÌÉEM = −12 M∑n=1 1�2n + 14 :



42 î. í. âïçïìàâï÷, ð. ð. ëõìéûõÒÁ×ÎÅÎÉÑ âÅÔÅ
(�n − i2�n + i2 )N = M∏j=1;j 6=n �n − �j − i�n − �j + i ; 1 ≤ n ≤M: (63)íÏÄÅÌØ ÂÏÚÅ-ÇÁÚÁ [21℄ Ó ÇÁÍÉÌØÔÏÎÉÁÎÏÍĤ = ∫ { †(x)(− �2�x2) (x) + g2 †(x) †(x) (x) (x)} dx; (64)× ÎÁÓÔÏÑÝÅÅ ×ÒÅÍÑ ÁËÔÉ×ÎÏ ÉÓ�ÏÌØÚÕÅÔÓÑ × ÔÅÏÒÉÉ ÂÏÚÅ-ÜÎÛÔÅÊÎÏ×ÓËÏÊËÏÎÄÅÎÓÁ�ÉÉ × ÍÁÇÎÉÔÎÏ-Ï�ÔÉÞÅÓËÉÈ ÌÏ×ÕÛËÁÈ. óÏÂÓÔ×ÅÎÎÙÅ ÜÎÅÒÇÉÉÍÏÄÅÌÉ EM = M∑j=1 �2j : (65)õÒÁ×ÎÅÎÉÑ âÅÔÅei�jL = −

M∏k=1 �j − �k + ig2�j − �k − ig2 ; j = 1; : : : ;M: (66)üÔÉ ÕÒÁ×ÎÅÎÉÑ ÒÅÛÁÀÔÓÑ ÔÏÞÎÏ × �ÒÅÄÅÌÁÈ g → ∞ É g → 0.ðÒÅÄÅÌ ÎÅ�ÒÏÎÉ�ÁÅÍÙÈ ÂÏÚÏÎÏ× (g = ∞) ÎÁÚÙ×ÁÅÔÓÑ �ÒÅÄÅÌÏÍ Ó×Ï-ÂÏÄÎÙÈ ÆÅÒÍÉÏÎÏ× ÉÌÉ ÇÁÚÏÍ �ÏÎËÓÁ{öÉÒÁÒÄÏ. õÒÁ×ÎÅÎÉÑ âÅÔÅ �ÒÉ-ÎÉÍÁÀÔ ×ÉÄ ei�jL = (−1)M+1: (67)üÎÅÒÇÉÑ M -ÞÁÓÔÉÞÎÏÇÏ ÓÏÓÔÏÑÎÉÑ Ó ÎÁÉÍÅÎØÛÅÊ ÜÎÅÒÇÉÅÊ ÒÁ×ÎÁEM = M∑j=1 �2j = �23L2M(M2 − 1): (68)÷ �ÒÅÄÅÌÅ Ó×ÏÂÏÄÎÙÈ ÂÏÚÏÎÏ× (g → 0) �ÏÓÌÅ ÚÁÍÅÎÙ (�j = √ gL�j)ÕÒÁ×ÎÅÎÉÑ âÅÔÅ × ÓËÅÊÌÉÎÇÏ×ÏÍ �ÒÅÄÅÌÅ ÓÔÁÎÏ×ÑÔÓÑ ÕÒÁ×ÎÅÎÉÑÍÉ ÎÁÎÕÌÉ �ÏÌÉÎÏÍÏ× üÒÍÉÔÁ:�j = M∑k 6=j 1�j − �k ; j = 1; : : : ;M: (69)üÎÅÒÇÉÑ ÏÓÎÏ×ÎÏÇÏ ÓÏÓÔÏÑÎÉÑ × ÜÔÏÍ �ÒÅÄÅÌÅ ÒÁ×ÎÁEM = g2LM(M − 1): (70)



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé433. áÔÏÍÎÙÊ ÌÁÚÅÒ É ÂÏÚÅ-ÜÊÎÛÔÅÊÎÏ×ÓËÁÑ ËÏÎÄÅÎÓÁ�ÉÑ÷ ÓÅÒÅÄÉÎÅ ÄÅ×ÑÎÏÓÔÙÈ ÇÏÄÏ× �ÒÏÛÌÏÇÏ ×ÅËÁ ÂÙÌ ÜËÓ�ÅÒÉÍÅÎÔÁÌØ-ÎÏ ÒÅÁÌÉÚÏ×ÁÎ ÂÏÚÅ ËÏÎÄÅÎÓÁÔ ÁÔÏÍÁÒÎÙÈ ÇÁÚÏ×, É �ÏÑ×ÉÌÁÓØ ×ÏÚÍÏÖ-ÎÏÓÔØ ÓÏÚÄÁ×ÁÔØ ÁÎÓÁÍÂÌÉ ËÏÇÅÒÅÎÔÎÙÈ ÁÔÏÍÏ× { ÁÔÏÍÏ×, ÎÁÈÏÄÑÝÉÈÓÑ× ÏÄÎÏÍ Ë×ÁÎÔÏ×ÏÍ ÓÏÓÔÏÑÎÉÉ [22℄. îÁ (ÒÉÓ. 4) ÉÚÏÂÒÁÖÅÎ ÁÔÏÍÎÙÊ ÌÁ-ÚÅÒ. îÁ×ÅÒÈÕ ËÏÎÄÅÎÓÁÔ × ÍÁÇÎÉÔÎÏ-Ï�ÔÉÞÅÓËÏÊ ÌÏ×ÕÛËÅ. éÍ�ÕÌØÓÙËÏÇÅÒÅÎÔÎÙÈ ÁÔÏÍÏ× ×Ù×ÏÄÑÔÓÑ ÉÚ ÂÏÚÅ-ÜÊÎÛÔÅÊÎÏ×ÓËÏÇÏ ËÏÎÄÅÎÓÁÔÁÉ ÕÓËÏÒÑÀÔÓÑ ×ÎÉÚ ÇÒÁ×ÉÔÁ�ÉÏÎÎÙÍ �ÏÌÅÍ, Á ÉÈ ÏÂÌÁËÏ ÒÁÓÛÉÒÑÅÔÓÑÉÚ-ÚÁ ÏÔÔÁÌËÉ×ÁÔÅÌØÎÏÇÏ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÑ.çÁÍÉÌØÔÏÎÉÁÎ ÂÏÚÅ-ÇÁÚÁ × ÍÁÇÎÉÔÎÏ Ï�ÔÉÞÅÓËÏÊ ÌÏ×ÕÛËÅ ÉÍÅÅÔ ×ÉÄH = ∫ d3r{ †(r)(− ~22m∇2 + V ext(r))) (r)+ g2 †(r) †(r) (r) (r)}; (71)ÇÄÅ �ÏÔÅÎ�ÉÁÌ ÇÁÒÍÏÎÉÞÅÓËÏÊ ÌÏ×ÕÛËÉV ext(r) = m2 (
21r)21 +
22r22 +
23r23)Ó ÞÁÓÔÏÔÁÍÉ 
2i . ëÁË �ÏËÁÚÙ×ÁÅÔ ÜËÓ�ÅÒÉÍÅÎÔ, × ÓÉÔÕÁ�ÉÉ ÏÂÝÅÇÏ �Ï-ÌÏÖÅÎÉÑ �ÏÔÅÎ�ÉÁÌ ÌÏ×ÕÛËÉ ÍÁÌÏ ×ÌÉÑÅÔ ÎÁ ÆÉÚÉËÕ ËÏÎÄÅÎÓÁ�ÉÉ.òÁÓÓÍÏÔÒÉÍ ÏÄÎÏÒÏÄÎÙÊ ÂÏÚÅ-ÇÁÚ × ËÕÂÉÞÅÓËÏÍ ÑÝÉËÅ ÏÂßÅÍÁ V =L3 Ó �ÅÒÉÏÄÉÞÅÓËÉÍÉ ÇÒÁÎÉÞÎÙÍÉ ÕÓÌÏ×ÉÑÍÉ É V ext(r) = 0. �ÏÇÄÁ,�ÒÅÄÓÔÁ×É× �ÏÌÅ×ÏÊ Ï�ÅÒÁÔÏÒ × ×ÉÄÅ ̂(r) = 1√V ∑k eik·râk; (72)�ÏÌÕÞÉÍ (�k = ~2k2=2m):H =∑k �kâ†kâk + g2V ∑q;k;k′

â†k+qâ†k′−qâkâk′ : (73)ðÒÅÄ�ÏÌÁÇÁÅÍ, ÞÔÏ �ÒÉ ÄÏÓÔÁÔÏÞÎÏ ÎÉÚËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ ÂÏÌØÛÉÎ-ÓÔ×Ï ÞÁÓÔÉ� ÎÁÈÏÄÑÔÓÑ × ÓÏÓÔÏÑÎÉÉ Ó ÎÕÌÅ×ÏÊ ÍÏÄÏÊ k = 0, É ÞÔÏ ÞÁ-ÓÔÉ�Ù Ó k 6= 0 ×ÚÁÉÍÏÄÅÊÓÔ×ÕÀÔ ÔÏÌØËÏ Ó ÞÁÓÔÉ�ÁÍÉ ÎÕÌÅ×ÏÊ ÍÏÄÙ [23℄.



44 î. í. âïçïìàâï÷, ð. ð. ëõìéû

òÉÓ. 4. áÔÏÍÎÙÊ ÌÁÚÅÒ [22℄.÷ ÜÔÏÍ �ÒÉÂÌÉÖÅÎÉÉ ÇÁÍÉÌØÔÏÎÉÁÎ (73) �ÒÅÏÂÒÁÚÕÅÔÓÑ Ë ×ÉÄÕ:H = g2V N̂2 + 12∑k 6=0(�k + gV â†0â0)(â†kâk + â†−kâ−k)+ g2V (â†0)2∑k6=0 âkâ−k + â20∑k6=0 â†kâ†−k ; (74)



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé45ÇÄÅ N̂ = â†0â0 +∑k6=0 â†kâk = â†0â0 + 12∑k6=0(â†kâk + â†−kâ−k): (75)õÖÅ × ÜÔÏÍ ×ÉÄÅ ÍÏÄÅÌØ Ñ×ÌÑÅÔÓÑ ÔÏÞÎÏ-ÒÅÛÁÅÍÏÊ [24℄.ï�ÅÒÁÔÏÒÙ K0k = 12(â†kâk + â†−kâ−k + 1); (76)K+k = â†kâ†−k K−k = âkâ−k;É B0 = 12 â†0â0 + 14 ; (77)B+ = −12(â†0)2 B− = −12 â20;ÏÂÒÁÚÕÀÔ ÒÁÚÌÉÞÎÙÅ ÂÏÚÏÎÎÙÅ ÒÅÁÌÉÚÁ�ÉÉ su (1; 1) ÁÌÇÅÂÒÙ: [K0;K±℄= ±K±; [K+;K−℄ = −2K0.ó �ÏÍÏÝØÀ ××ÅÄÅÎÎÙÈ Ï�ÅÒÁÔÏÒÏ× ÇÁÍÉÌØÔÏÎÉÁÎ (74) ÍÏÖÎÏ �ÒÅÄ-ÓÔÁ×ÉÔØ × ×ÉÄÅH = g2V N̂2 + g4 − 12∑k6=0 �k −HA; [N̂ ;HA℄ = 0; (78)ÇÄÅHA = −gB0+∑k6=0(�k− g2V )K0k+ gV ∑k 6=0(2B0K0k−B+K−k −B−K+k ): (79)üÔÏÔ ÇÁÍÉÌØÔÏÎÉÁÎ �ÒÉÎÁÄÌÅÖÉÔ Ë ËÌÁÓÓÕ ÇÁÍÉÌØÔÏÎÉÁÎÏ× ÒÁÓÓÍÏ-ÔÒÅÎÎÙÈ × �ÒÅÄÙÄÕÝÅÍ �ÁÒÁÇÒÁÆÅ É ÒÅÛÁÅÔÓÑ ÍÅÔÏÄÏÍ ÁÌÇÅÂÒÁÉÞÅ-ÓËÏÇÏ ÁÎÚÁÔ�Á âÅÔÅ. õÒÁ×ÎÅÎÉÑ âÅÔÅ ÉÍÅÀÔ ×ÉÄ1− 12V +4�j +12∑k 6=0 12V �k−g(1+4�j) = N∑l6=j 1�j − �l ; 1≤j≤N; (80)Á N -ÞÁÓÔÉÞÎÙÅ ÜÎÅÒÇÉÉ EN = CN − 2gv N∑j=1 �j : (81)



46 î. í. âïçïìàâï÷, ð. ð. ëõìéû�ÁË ËÁË ÒÁÓÓÍÏÔÒÅÎÎÙÊ ÇÁÍÉÌØÔÏÎÉÁÎ ËÏÍÍÕÔÉÒÕÅÔ Ó Ï�ÅÒÁÔÏÒÏÍÞÉÓÌÁ ÞÁÓÔÉ�, ÔÏ × ÍÏÄÅÌÉ ÏÔÓÕÔÓÔ×ÕÀÔ ÁÎÏÍÁÌØÎÙÅ ÓÒÅÄÎÉÅ �ÏÌÅ×ÙÈÏ�ÅÒÁÔÏÒÏ×, Á ÚÎÁÞÉÔ É ÂÏÚÅ-ËÏÎÄÅÎÓÁÔ.ðÒÉÂÌÉÖÅÎÉÅ âÏÇÏÌÀÂÏ×Á [23℄ ÓÏÓÔÏÉÔ × ÚÁÍÅÎÅ Ï�ÅÒÁÔÏÒÏ× â†0, â0 →√N0 �ÒÉ N0 → ∞, ÇÄÅ N0 { ÞÉÓÌÏ ÞÁÓÔÉ� × ÎÕÌÅ×ÏÊ ÍÏÄÅ (D0 = N0=V ).÷ ÜÔÏÊ Á��ÒÏËÓÉÍÁ�ÉÉ ÇÁÍÉÌØÔÏÎÉÁÎ ÍÏÄÅÌÉ (79) �ÒÉÎÉÍÁÅÔ ×ÉÄH ≃ g2V N2 − 12∑k6=0(�k + gD0)+ 12∑k6=0 ((�k + gD0)2K0k + gD0(K+k +K−k )) : (82)üÔÏÔ ÇÁÍÉÌØÔÏÎÉÁÎ ÎÅ ËÏÍÍÕÔÉÒÕÅÔ Ó Ï�ÅÒÁÔÏÒÏÍ ÞÉÓÌÁ ÞÁÓÔÉ� É �ÒÉ-×ÏÄÉÔÓÑ Ë ÄÉÁÇÏÎÁÌØÎÏÍÕ ×ÉÄÕ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅÍ âÏÇÏÌÀÂÏ×Á:J0k = (K+k +K−k ) sinh 2�k + 2K0k 
osh 2�k; (83)J+k + J−k = (K+k +K−k ) 
osh 2�k + 2K0k sinh 2�k;J+k − J−k = K+k −K−k :÷ ÎÏ×ÙÈ �ÅÒÅÍÅÎÎÙÈH = E0 + 12∑k6=0 ((�k + gD0) 
osh 2�k + gD0 sinh 2�k) 2J0k+ 12∑k6=0 ((�k + gD0) sinh 2�k + gD0 
osh 2�k) (J+k + J−k ):çÁÍÉÌØÔÏÎÉÁÎ ÄÉÁÇÏÎÁÌÅÎ, ÅÓÌÉ(�k + gD0) 
osh 2�k + gD0 sinh 2�k = Ek;(�k + gD0) sinh 2�k + gD0 
osh 2�k = 0:üÎÅÒÇÉÑ Ë×ÁÚÉÞÁÓÔÉ� Ó ×ÏÌÎÏ×ÙÍ ×ÅËÔÏÒÏÍ k 6= 0Ek =√gD0~2k2m +(~2k22m )2:÷ �ÒÅÄÅÌÅ k → 0 ×ÏÚÂÕÖÄÅÎÉÑ ÉÍÅÀÔ ×ÉÄ Ú×ÕËÏ×ÙÈ ×ÏÌÎEk ≈
√gD0m ~k;



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé47�ÒÉ k → ∞ ÉÍÅÅÍ Ó�ÅËÔÒ ÇÁÚÁ Ó×ÏÂÏÄÎÙÈ ÞÁÓÔÉ�Ek ≈ ~
2k22m + gD0:�ÅÍ�ÅÒÁÔÕÒÎÙÊ ËÏÒÒÅÌÑÔÏÒ �ÏÌÅÊ ÎÁ ÂÏÌØÛÉÈ ÒÁÓÓÔÏÑÎÉÑÈ �ÒÉ T < T
×ÅÄÅÔ ÓÅÂÑ ËÁË

〈 †(r′) (r)〉T → D0 + kBTm4�~2 · 1
|r′ − r|2 (84)É ÓÌÅÄÏ×ÁÔÅÌØÎÏ ÁÎÏÍÁÌØÎÏÅ ÓÒÅÄÎÅÅ

〈 (r)〉T 6= 0:ðÒÉ T > T
 〈 (r)〉T = 0:ó×ÏÊÓÔ×Á âÏÚÅ-ËÏÎÄÅÎÓÁÔÁ × ×ÙÔÑÎÕÔÙÈ ÓÉÇÁÒÏÏÂÒÁÚÎÙÈ Ë×ÁÚÉ-ÏÄ-ÎÏÍÅÒÎÙÈ ÌÏ×ÕÛËÁÈ ÈÏÒÏÛÏ Ï�ÉÓÙ×ÁÅÔÓÑ ÍÏÄÅÌØÀ ÏÄÎÏÍÅÒÎÏÇÏ ÂÏÚÅ-ÇÁÚÁ. ÷ ÓÌÕÞÁÅ ÍÁÌÏÊ �ÌÏÔÎÏÓÔÉ ÂÏÚÅ-ÇÁÚÁ (ÓÉÌØÎÏÇÏ ÏÔÔÁÌËÉ×ÁÎÉÑÍÅÖÄÕ ÞÁÓÔÉ�ÁÍÉ) ÉÓ�ÏÌØÚÕÅÔÓÑ ÍÏÄÅÌØ ÎÅ�ÒÏÎÉ�ÁÅÍÙÈ ÂÏÚÏÎÏ×, ÞÔÏÓÏÏÔ×ÅÔÓÔ×ÕÅÔ g = ∞ [26℄. ÷ ÓÌÕÞÁÅ ×ÙÓÏËÏÊ �ÌÏÔÎÏÓÔÉ (ÓÌÁÂÏÇÏ ÏÔ-ÔÁÌËÉ×ÁÎÉÑ ÍÅÖÄÕ ÞÁÓÔÉ�ÁÍÉ) ÉÓÓÌÅÄÕÅÔÓÑ �ÒÅÄÅÌ Ó×ÏÂÏÄÎÙÈ ÂÏÚÏÎÏ×g ∼ 0 [25℄.éÓÓÌÅÄÏ×ÁÎÉÅ ÂÏÚÅ-ËÏÎÄÅÎÓÁ�ÉÉ × Ï�ÔÉÞÅÓËÉÈ ÒÅÛÅÔËÁÈ ×ÙÑ×ÉÌÏ ÁË-ÔÕÁÌØÎÏÓÔØ ÒÅÛÅÔÏÞÎÙÈ ÏÂÏÂÝÅÎÉÊ ÍÏÄÅÌÉ ÂÏÚÅ-ÇÁÚÁ. ïÄÎÉÍ ÉÚ ÔÁËÉÈÏÂÏÂÝÅÎÉÊ Ñ×ÌÑÅÔÓÑ ÍÏÄÅÌØ ÓÉÌØÎÏ ÓËÏÒÒÅÌÉÒÏ×ÁÎÎÙÈ ÂÏÚÏÎÏ× ÉÌÉ q-ÂÏÚÏÎÎÁÑ ÏÂÍÅÎÎÁÑ ÍÏÄÅÌØ [27{29℄ Ó ÇÁÍÉÌØÔÏÎÉÁÎÏÍĤq = −12 N∑n=0(B†nBn+1 +BnB†n+1 − 2Nn): (85)�ÒÉ ÎÅÚÁ×ÉÓÉÍÙÈ Ï�ÅÒÁÔÏÒÁ Bn, B†n, É Nn = N†n q-ÂÏÚÏÎÎÏÊ ÁÌÇÅÂÒÙ[14℄ ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ËÏÍÍÕÔÁ�ÉÏÎÎÙÍ ÓÏÏÔÎÏÛÅÎÉÑÍ:[Ni; B†j ℄ = B†i Æij ; [Ni; Bj ℄ = −BiÆij ; [Bi; B†j ℄ = q−2NiÆij ; (86)ÇÄÅ q = e
 Ó ×ÅÝÅÓÔ×ÅÎÎÏÊ 
 > 0: ÷×ÅÄÅÎÎÁÑ ÁÌÇÅÂÒÁ ÒÅÁÌÉÚÕÅÔÓÑ ÎÁ�ÒÏÓÔÒÁÎÓÔ×Å æÏËÁ B† | n〉 =√[n+ 1℄ | n+ 1〉;B | n〉 =√[n℄ | n− 1〉;N | n〉 = n | n〉;



48 î. í. âïçïìàâï÷, ð. ð. ëõìéûÇÄÅ [n℄ = (1 − q−2n)=(1 − q−2). óÕÝÅÓÔ×ÕÅÔ �ÒÅÄÓÔÁ×ÌÅÎÉÅ q-ÂÏÚÏÎÏ×ÞÅÒÅÚ ÏÂÙÞÎÙÅ ÏÓ�ÉÌÌÑÔÏÒÙ ([bj ; b†k℄ = Æjk)Bj = (B†j )† =√ [Nj + 1℄Nj + 1 bj ; Nj = b†jbj :äÌÑ q → 1 (
 → 0) q−ÂÏÚÏÎÙ ÓÔÁÎÏ×ÑÔÓÑ ÏÂÙÞÎÙÍÉ ÂÏÚÏÎÁÍÉBj → bj , B†j → b†j , É q-ÂÏÚÏÎÎÁÑ ÍÏÄÅÌØ ÓÔÁÎÏ×ÉÔÓÑ ÌÉÎÅÊÎÏÊ ÂÏÚÏÎ-ÎÏÊ ÍÏÄÅÌØÀ Ĥb = −12 N∑n=0(b†nbn+1 + bnb†n+1 − 2Nn):÷ �ÒÅÄÅÌÅ ÓÉÌØÎÏÊ Ó×ÑÚÉ q = ∞ (
 = ∞) q-ÂÏÚÏÎÎÙÅ Ï�ÅÒÁÔÏÒÙ�ÅÒÅÈÏÄÑÔ × Ï�ÅÒÁÔÏÒÙ ÜËÓ�ÏÎÅÎ�ÉÁÌØÎÏÊ ÆÁÚÙ �, �†, N[Ni; �j ℄ = −�iÆij ; [Ni; �†j ℄ = �†i Æij ; [�i; �†j ℄ = �iÆij ; (87)ÇÄÅ �j = (| 0〉〈0 |)j . ÷ ÜÔÏÍ �ÒÅÄÅÌÅ q-ÂÏÚÏÎÎÙÊ ÇÁÍÉÌØÔÏÎÉÁÎ ÓÔÁÎÏ-×ÉÔÓÑ ÇÁÍÉÌØÔÏÎÉÁÎÏÍ ÆÁÚÏ×ÏÊ ÍÏÄÅÌÉ [30℄:Ĥph = −12 N∑n=0(�†n�n+1 + �n�†n+1 − 2Nn): (88)÷ ÎÅ�ÒÅÒÙ×ÎÏÍ �ÒÅÄÅÌÅ, ËÏÇÄÁ �ÏÓÔÏÑÎÎÁÑ ÒÅÛÅÔËÉ Æ → 0, �ÒÉÞÅÍnÆ → x,MÆ → L, 
 = 14Æg ÉÚ (85) ÓÌÅÄÕÅÔ ÇÁÍÉÌØÔÏÎÉÁÎ ÂÏÚÅ-ÇÁÚÁ (64):ĤBG = L∫0 { †(x)(− �2�x2) (x) + g2 †(x) †(x) (x) (x)} dx:L-Ï�ÅÒÁÔÏÒ q-ÂÏÚÏÎÎÏÊ ÍÏÄÅÌÉ × n-ÏÍ ÕÚÌÅ ÒÅÛÅÔËÉLQB(n | u) = ( u−1 √1− q−2B†n√1− q−2Bn u ) ; (89)ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÂÉÌÉÎÅÊÎÏÍÕ ÓÏÏÔÎÏÛÅÎÉÀR(u; v)L(n | u)⊗ L(n | v) = L(n | v)⊗ L(n | u)R(u; v)Ó R-ÍÁÔÒÉ�ÅÊR(u; v) =  f(v; u) 0 0 00 g(v; u) q−1 00 q g(v; u) 00 0 0 f(v; u)  ; (90)



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé49f(v; u) = u2q − v2q−1u2 − v2 ; g(v; u) = uvu2 − v2 (q − q−1):íÁÔÒÉ�Á ÍÏÎÏÄÒÏÍÉÉT (u) = L(N | u)L(N − 1 | u) : : : L(1 | u) = ( A(u) B(u)C(u) D(u) )ÔÁË ÖÅ ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÂÉÌÉÎÅÊÎÏÍÕ ÓÏÏÔÎÏÛÅÎÉÀR(u; v)T (u)⊗ T (v) = T (v)⊗ T (u)R(u; v):óÏÂÓÔ×ÅÎÎÙÅ M -ÞÁÓÔÉÞÎÙÅ ÜÎÅÒÇÉÉ ÍÏÄÅÌÉ ×ÙÞÉÓÌÑÀÔÓÑ �Ï ÆÏÒ-ÍÕÌÅ EM = M∑j=1(1− u2j + u−2j2 ) ;ÇÄÅ �ÁÒÁÍÅÔÒÙ uj ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÕÒÁ×ÎÅÎÉÑÍ âÅÔÅu−2Nj = M∏k=1;k 6=j u2j − u2kq−2u2k − u2jq−2 :äÌÑ ÆÁÚÏ×ÏÊ ÍÏÄÅÌÉ (88) L-Ï�ÅÒÁÔÏÒ ÉÍÅÅÔ ×ÉÄ [31℄:L(n|u) = ( u−1 �†n�n u ) : (91)óÏÏÔ×ÅÔÓÔ×ÕÀÝÁÑ R-ÍÁÔÒÉ�Á ÒÁ×ÎÁR(u; v) =  f(v; u) 0 0 00 g(v; u) 1 00 0 g(v; u) 00 0 0 f(v; u)  ; (92)ÇÄÅ f(v; u) = u2=(u2 − v2), g(v; u) = uv=(u2 − v2).üÔÕ R-ÍÁÔÒÉ�Õ ÍÏÖÎÏ �ÏÌÕÞÉÔØ ÉÚ (90) × �ÒÅÄÅÌÅ q → ∞. ïÔÍÅÔÉÍ×ÏÚÍÏÖÎÏÓÔØ ÄÏÂÁ×ÌÅÎÉÑ ÄÏ�ÏÌÎÉÔÅÌØÎÙÈ �ÁÒÁÍÅÔÒÏ× × R-ÍÁÔÒÉ�Õ,ÞÔÏ �ÏÚ×ÏÌÑÅÔ �ÒÏÉÚ×ÅÓÔÉ ÓËÅÊÌÉÎÇ (ËÏÎÔÒÁË�ÉÀ) Ë ÎÏ×ÙÍ ÎÅÔÒÉ×É-ÁÌØÎÙÍ ÍÏÄÅÌÑÍ. òÁÓÓÍÏÔÒÉÍ ÁÓÉÍÍÅÔÒÉÞÎÕÀ R-ÍÁÔÒÉ�Õ ÛÅÓÔÉ ×ÅÒ-ÛÉÎÎÏÊ ÍÏÄÅÌÉ (!(x) = x− 1=x) (ÓÍ. (90))R(u; q; q) =  !(uq) 0 0 00 p!(u) u� !(q) 00 u−� !(q) 1p !(u) 00 0 0 !(uq)  : (93)



50 î. í. âïçïìàâï÷, ð. ð. ëõìéûðÏÌÏÖÉÍ p = q É ÒÁÓÓÍÏÔÒÉÍ �ÒÅÄÅÌ q → ∞ ÄÌÑ (1=q)R:lim 1qR(u; q; q) =  u 0 0 00 !(u) u� 00 u−� 0 00 0 0 u  : (94)áÎÁÌÏÇÉÞÎÙÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ �ÒÉÍÅÎÉÍÙ É Ë ÔÒÉÇÏÎÏÍÅÔÒÉÞÅÓËÉÍ R-ÍÁÔÒÉ�ÁÍ Ë×ÁÎÔÏ×ÙÈ ÁÌÇÅÂÒ Uq(sl (n)) Ó n(n− 1)=2 �ÁÒÁÍÅÔÒÁÍÉ.÷ÅÒÎÅÍÓÑ Ë ÆÁÚÏ×ÏÊ ÍÏÄÅÌÉ (88, 91), ÇÄÅ ÕÒÁ×ÎÅÎÉÑ âÅÔÅ ÉÍÅÀÔ ×ÉÄ× �ÅÒÅÍÅÎÎÙÈ exp(−ip) = u2:eipn(M+N+1) = (−1)M−1eiP ; P = M∑j=1 pj : (95)óÏÂÓÔ×ÅÎÎÙÅ ÚÎÁÞÅÎÉÑ ÇÁÍÉÌØÔÏÎÉÁÎÁEM = M∑k=1 (1− 
os pk) :ïÓÎÏ×ÎÏÅ ÓÏÓÔÏÑÎÉÅ ÍÏÄÅÌÉ { ÓÏÓÔÏÑÎÉÅ Ó ÎÁÉÍÅÎØÛÅÊ ÜÎÅÒÇÉÅÊ, Ï�ÒÅ-ÄÅÌÑÅÔÓÑ ÓÌÅÄÕÀÝÉÍ ÎÁÂÏÒÏÍ ÉÍ�ÕÌØÓÏ× [31℄:pj = 2�M +N + 1 (M − j − M − 12 ) ; 1 ≤ j ≤M: (96)÷ÅËÔÏÒ ÓÏÓÔÏÑÎÉÑ ÍÏÄÅÌÉ
|	M (u)〉 = M∏j=1B(uj) | 0〉= ∑�⊆{NM}

S�(u2)(�†N )nN : : : (�†1)n1(�†0)n0 |0〉 ; (97)×ÙÒÁÖÁÅÔÓÑ ÞÅÒÅÚ ÓÉÍÍÅÔÒÉÞÅÓËÕÀ ÆÕÎË�ÉÀ ûÕÒÁS�(x2) ≡ S�(x21; x22; : : : ; x2M ) = det(x2(M−i+�i)j )�(x2) ;ÒÁÚÂÉÅÎÉÅ � = (�1; : : : ; �M ) �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ �ÅÌÙÈ ÎÅÏÔÒÉ�ÁÔÅÌØ-ÎÙÈ ÞÉÓÅÌ N ≥ �1 ≥ �2 ≥ · · · ≥ �M ≥ 0, Á�(x2) = ∏1≤i<j≤N(x2i − x2j )



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé51{ Ï�ÒÅÄÅÌÉÔÅÌØ ÷ÁÎÄÅÒÍÏÎÄÁ. óÕÝÅÓÔ×ÕÅÔ ×ÚÁÉÍÎÏ-ÏÄÎÏÚÎÁÞÎÏÅ ÓÏ-ÏÔ×ÅÔÓÔ×ÉÅ ÍÅÖÄÕ ËÏÎÆÉÇÕÒÁ�ÉÅÊ ÞÉÓÅÌ ÚÁ�ÏÌÎÅÎÉÑ (nN ; : : : ; n1; n0),0 ≤ n0, n1; : : : ; nN ≤ M , n0 + n1 + · · · + nN = M , É ÒÁÚÂÉÅÎÉÅÍ� = (NnN ; (N − 1)nN−1 ; : : : ; 1n1 ; 0n0), ÇÄÅ ËÁÖÄÏÅ ÞÉÓÌÏ S ÉÍÅÅÔ ËÒÁÔ-ÎÏÓÔØ nS . óÕÍÍÉÒÏ×ÁÎÉÅ ×ÅÄÅÔÓÑ �Ï ×ÓÅÍ ÒÁÚÂÉÅÎÉÑÍ �, ÓÏÓÔÏÑÝÉÅÉÚ ÎÅ ÂÏÌÅÅ ÞÅÍ M ÞÁÓÔÅÊ Ó �i ≤ N . ÷ÅËÔÏÒ ÓÏÓÔÏÑÎÉÑ (97) Ñ×ÌÑÅÔÓÑÓÏÂÓÔ×ÅÎÎÙÍ ×ÅËÔÏÒÏÍ ÇÁÍÉÌØÔÏÎÉÁÎÁ (88), ÅÓÌÉ �ÁÒÁÍÅÔÒÙ u ÕÄÏ×ÌÅ-Ô×ÏÒÑÀÔ ÕÒÁ×ÎÅÎÉÑÍ âÅÔÅ (95). îÁ (ÒÉÓ. 5) �ÒÉ×ÅÄÅÎÁ ÄÉÁÇÒÁÍÍÁ ÒÁÚ-ÂÉÅÎÉÑ � = (6; 5; 3; 3; 2; 1; 1; 1) ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÁÑ ÒÁÓ�ÒÅÄÅÌÅÎÉÀ ×ÏÓØ-ÍÉ ÂÏÚÏÎÏ× ÎÁ �Å�ÏÞËÅ ÉÚ ×ÏÓØÍÉ ÕÚÌÏ× Ó ÞÉÓÌÁÍÉ ÚÁ�ÏÌÎÅÎÉÑ n7 = 0,n6 = 1, n5 = 1, n4 = 0, n3 = 2, n2 = 1, n1 = 3, n0 = 0.

òÉÓ. 5. äÉÁÇÒÁÍÍÁ ÒÁÚÂÉÅÎÉÑ.óËÁÌÑÒÎÙÅ �ÒÏÉÚ×ÅÄÅÎÉÑ ×ÅËÔÏÒÏ× ÓÏÓÔÏÑÎÉÊ (97) ×ÙÞÉÓÌÑÀÔÓÑ �ÏÆÏÒÍÕÌÅ âÉÎÅ{ëÏÛÉ [34℄:
∑�⊆{NM}

S�(x2)S�(y2) = �−1(x2)�−1(y2) det(Hjk)1≤j;k≤M :íÁÔÒÉÞÎÙÅ ÜÌÅÍÅÎÔÙ M ×M ÍÁÔÒÉ�Ù HjkHjk = 1− (xkyj)2(N+M)1− (xkyj)2 :



52 î. í. âïçïìàâï÷, ð. ð. ëõìéûúÎÁÑ ×ÙÒÁÖÅÎÉÑ ÄÌÑ ÓËÁÌÑÒÎÙÈ �ÒÏÉÚ×ÅÄÅÎÉÊ ÍÏÖÎÏ ×ÙÞÉÓÌÑÔØ ËÏÒ-ÒÅÌÑ�ÉÏÎÎÙÅ ÆÕÎË�ÉÉ ÍÏÄÅÌÉ. ðÒÉ×ÅÄÅÍ ÏÔ×ÅÔÙ ÁÓÉÍÔÏÔÉÞÅÓËÏÇÏ �Ï-×ÅÄÅÎÉÑ ÔÅÍ�ÅÒÁÔÕÒÎÙÈ ËÏÒÒÅÌÑ�ÉÏÎÎÙÈ ÆÕÎË�ÉÊ �ÒÉ ÍÁÌÙÈ ÔÅÍ�Å-ÒÁÔÕÒÁÈ É �ÒÉ M ≪ N [32℄:
〈�K0 e−tH(�†0)K〉 ≡ 〈	M (u)|�K0 e−tH(�†0)K |	M (u)〉

〈	M (u)|e−tH |	M (u)〉
≃ A2(M −K;M;N)t−M22 ;

〈�ne−tHph�n〉 ≃ A2(M;M;N − n)t−M22 :úÄÅÓØ ÓÒÅÄÎÅÅ ÂÅÒÅÔÓÑ �Ï ÏÓÎÏ×ÎÏÍÕ ÓÏÓÔÏÑÎÉÀ ÍÏÄÅÌÉ (96), �ÒÏÅË-ÔÏÒ �n = M∏j=M−n+1 �j . úÁÍÅÔÉÍ, ÞÔÏ ËÒÉÔÉÞÅÓËÉÅ ÜËÓ�ÏÎÅÎÔÙ × ÜÔÉÈÆÏÒÍÕÌÁÈ ÏÄÉÎÁËÏ×Ù, Á ÁÍ�ÌÉÔÕÄÙ ×ÙÒÁÖÁÀÔÓÑ ÞÅÒÅÚ ÞÉÓÌÏ �ÌÏÓËÉÈÒÁÚÂÉÅÎÉÊ [34℄ A(P;R; S) = P∏j=1 R∏k=1 S + j + k − 1j + k − 1× ÑÝÉËÅ ËÏÎÅÞÎÏÇÏ ÒÁÚÍÅÒÁ P × R × S. îÁ (òÉÓ. 6) �ÒÉ×ÅÄÅÎ �ÒÉÍÅÒ�ÌÏÓËÏÇÏ ÒÁÚÂÉÅÎÉÑ (ÔÒÅÈÍÅÒÎÏÊ ÄÉÁÇÒÁÍÍÙ àÎÇÁ) × ÑÝÉËÅ ÒÁÚÍÅÒÁP ×R× S.

òÉÓ. 6. �ÒÅÈÍÅÒÎÁÑ ÄÉÁÇÒÁÍÍÁ àÎÇÁ ÉÌÉ �ÌÏÓËÏÅ ÒÁÚÂÉÅÎÉÅ.



�ïþîï-òåûáåíùå íïäåìé ë÷áî�ï÷ïê îåìéîåêîïê ïð�éëé53òÁÓÓÍÏÔÒÉÍ ÅÝÅ ÏÄÎÕ ÍÏÄÅÌØ [33℄, ÄÉÎÁÍÉÞÅÓËÉÍÉ �ÅÒÅÍÅÎÎÙÍÉ ËÏ-ÔÏÒÏÊ Ñ×ÌÑÀÔÓÑ ÜÌÅÍÅÎÔÙ Ë×ÁÎÔÏ×ÙÈ ÁÌÇÅÂÒ:H = 12 M∑n=1 iq2Hn(B†nBn−1 −BnB†n−1)+ √� ((B†n +B†n−1)K−n +K+n (Bn +Bn−1)) :úÄÅÓØ Ï�ÅÒÁÔÏÒÙ Bn, B†n, É Nn { ÜÔÏ q-ÂÏÚÏÎÙ[Bn; B†m℄ = q2NnÆnm; [Nn; B†m℄ = B†nÆnm; Bn = (B†n)†;Á q-Ó�ÉÎÏ×ÙÅ Ï�ÅÒÁÔÏÒÙ, Ñ×ÌÑÀÔÓÑ ÇÅÎÅÒÁÔÏÒÁÍÉ Uq [su (2)℄ ÁÌÇÅÂÒÙ:q2K+nK−m −K−nK+m = [2Hn℄Ænm; [Hn;K±m℄ = ±K±n Ænm:úÄÅÓØ [x℄ = (q2x − 1)=(q2 − 1), q = e
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