
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 448, 2016 Ç.à. á. îÅÒÅÔÉÎòáóðòåäåìåîéñ õéûáò�á{ðéëòåìñ éúáíùëáîéñ çòõððï÷ùè äåêó�÷éê
§1. õÔ×ÅÒÖÄÅÎÉÅ1.1. ïÂÏÚÎÁÞÅÎÉÑ. ðÕÓÔØ Herm∞{ �ÒÏÓÔÒÁÎÓÔ×Ï ×ÓÅÈ ÂÅÓËÏÎÅÞÎÙÈÜÒÍÉÔÏ×ÙÈ ÍÁÔÒÉ�, Herm0
∞ { �ÒÏÓÔÒÁÎÓÔ×Ï ÂÅÓËÏÎÅÞÎÙÈ ÜÒÍÉÔÏ×ÙÈÍÁÔÒÉ�, ÉÍÅÀÝÉÈ ÌÉÛØ ËÏÎÅÞÎÏÅ ÞÉÓÌÏ ÎÅÎÕÌÅ×ÙÈ ÍÁÔÒÉÞÎÙÈ ÜÌÅÍÅÎ-ÔÏ×.þÅÒÅÚ U(∞) ÏÂÏÚÎÁÞÉÍ ÇÒÕ��Õ ÂÅÓËÏÎÅÞÎÙÈ ÕÎÉÔÁÒÎÙÈ ÍÁÔÒÉ� g,ÔÁËÉÈ, ÞÔÏ g − 1 ÉÍÅÅÔ ÌÉÛØ ËÏÎÅÞÎÏÅ ÞÉÓÌÏ ÎÅÎÕÌÅ×ÙÈ ÍÁÔÒÉÞÎÙÈÜÌÅÍÅÎÔÏ×. üÔÁ ÇÒÕ��Á ÄÅÊÓÔ×ÕÅÔ ÎÁ Herm∞ ÓÏ�ÒÑÖÅÎÉÑÍÉ,U : X 7→ U−1XU: (1)þÅÒÅÚ U(∞) ÏÂÏÚÎÁÞÉÍ �ÏÌÎÕÀ ÕÎÉÔÁÒÎÕÀ ÇÒÕ��Õ �ÒÏÓÔÒÁÎÓÔ×Á `2,ÓÎÁÂÖÅÎÎÕÀ ÓÌÁÂÏÊ Ï�ÅÒÁÔÏÒÎÏÊ ÔÏ�ÏÌÏÇÉÅÊ, ÞÅÒÅÚ B(∞) { �ÏÌÕÇÒÕ�-�Õ ×ÓÅÈ ÌÉÎÅÊÎÙÈ Ï�ÅÒÁÔÏÒÏ× × `2 Ó ÎÏÒÍÏÊ 6 1, ËÏÔÏÒÁÑ ÔÏÖÅ ÓÎÁÂ-ÖÅÎÁ ÓÌÁÂÏÊ Ï�ÅÒÁÔÏÒÎÏÊ ÔÏ�ÏÌÏÇÉÅÊ.1.2. òÁÓ�ÒÅÄÅÌÅÎÉÑ õÉÛÁÒÔÁ{ðÉËÒÅÌÑ. äÌÑ ×ÅÒÏÑÔÎÏÓÔÎÏÊ ÍÅ-ÒÙ � ÎÁ Herm∞ ÍÙ Ï�ÒÅÄÅÌÉÍ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÕÀ ÆÕÎË�ÉÀ ÎÁHerm0

∞ �Ï ÆÏÒÍÕÌÅ �(�|A) = ∫Herm∞

ei trAX d�(X):ïÞÅ×ÉÄÎÏ, ÔÁËÁÑ ÆÕÎË�ÉÑ Ï�ÒÅÄÅÌÑÅÔ ÍÅÒÕ ÅÄÉÎÓÔ×ÅÎÎÙÍ ÏÂÒÁÚÏÍ.éÍÅÅÔ ÍÅÓÔÏ ÓÌÅÄÕÀÝÁÑ ÔÅÏÒÅÍÁ ðÉËÒÅÌÑ [11℄ (ÓÍ. ÄÒÕÇÏÅ ÄÏËÁÚÁ-ÔÅÌØÓÔ×Ï Ó ÄÏ�ÏÌÎÉÔÅÌØÎÙÍÉ ÄÅÔÁÌÑÍÉ × [9℄) × ÄÕÈÅ ÔÅÏÒÅÍÙ ÄÅ æÉ-ÎÅÔÔÉ.ìÀÂÁÑ U(∞)-ÉÎ×ÁÒÉÁÎÔÎÁÑ ÍÅÒÁ ÎÁ Herm∞ ÍÏÖÅÔ ÂÙÔØ ÅÄÉÎ-ÓÔ×ÅÎÎÙÍ ÏÂÒÁÚÏÍ ÒÁÚÌÏÖÅÎÁ ÎÁ ÜÒÇÏÄÉÞÅÓËÉÅ ÍÅÒÙ. ìÀÂÁÑ ÜÒÇÏÄÉÞÅ-ÓËÁÑ U(∞)-ÉÎ×ÁÒÉÁÎÔÎÁÑ ÍÅÒÁ ÉÍÅÅÔ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÕÀ ÆÕÎË�ÉÀëÌÀÞÅ×ÙÅ ÓÌÏ×Á: �ÏÌÉÍÏÒÆÉÚÍ, ÉÎ×ÁÒÉÁÎÔÎÁÑ ÍÅÒÁ, ÜÒÇÏÄÉÞÅÓËÉÅ ÄÅÊÓÔ×ÉÑ.ðÏÄÄÅÒÖÁÎÏ ÇÒÁÎÔÁÍÉ FWF, P28421, P25142.236



òáóðòåäåìåîéñ õéûáò�á{ðéëòåìñ 237×ÉÄÁ �
1;
2;�(A) = e−
12 trA2+i
2 trA ∞
∏k=1(det e−i�kA1− i�kA); (2)ÇÄÅ 
1 > 0, 
2 É �1, �2, . . . { ×ÅÝÅÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ, Á ∑�2k < ∞.ïÂÏÚÎÁÞÉÍ ÜÔÕ ÍÅÒÕ ÞÅÒÅÚ �
1;
2;�.èÁÒÁËÔÅÒÉÓÔÉÞÅÓËÁÑ ÆÕÎË�ÉÑ Ñ×ÌÑÅÔÓÑ �ÒÏÉÚ×ÅÄÅÎÉÅÍ, �ÏÜÔÏÍÕ ÓÏ-ÏÔ×ÅÔÓÔ×ÕÀÝÁÑ ÍÅÒÁ ÒÁÚÌÁÇÁÅÔÓÑ × (ÂÅÓËÏÎÅÞÎÕÀ) Ó×ÅÒÔËÕ. üËÓ�ÏÎÅÎ-�ÉÁÌØÎÙÊ ÍÎÏÖÉÔÅÌØ e−
12 trA2+i
2 trA ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÇÁÕÓÓÏ×ÏÊ ÍÅÒÅÎÁ Herm∞. ïÂßÑÓÎÉÍ ÓÍÙÓÌ ÍÎÏÖÉÔÅÌÅÊ det(1− i�kA)−1. òÁÓÓÍÏÔÒÉÍËÏÍ�ÌÅËÓÎÕÀ �ÌÏÓËÏÓÔØ C Ó ÇÁÕÓÓÏ×ÏÊ ÍÅÒÏÊ �−1e−|u|2 dReu d Imu.÷ÏÚØÍÅÍ �ÒÏÓÔÒÁÎÓÔ×Ï C∞, ÓÎÁÂÖÅÎÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅÍ ÍÅÒ �. òÁÓÓÍÏ-ÔÒÉÍ ÏÔÏÂÒÁÖÅÎÉÅ C∞ → Herm∞, ÚÁÄÁÎÎÏÅ ÆÏÒÍÕÌÏÊu 7→ �ku∗u;É ÏÂÒÁÚ � ÍÅÒÙ � ÏÔÎÏÓÉÔÅÌØÎÏ ÜÔÏÇÏ ÏÔÏÂÒÁÖÅÎÉÑ. èÁÒÁËÔÅÒÉÓÔÉÞÅ-ÓËÁÑ ÆÕÎË�ÉÑ ÍÅÒÙ � ÒÁ×ÎÁ

∫Herm∞

ei trAXd�(X) = ∫

C∞

ei tr�kAu∗u d�(u)= ∫

C∞

ei�kuAu∗ d�(u) = det(1− i�kA)−1:åÓÌÉ ∑

|�k| < ∞, ÔÏ ÍÙ ÍÏÖÅÍ �ÒÅÏÂÒÁÚÏ×ÁÔØ ×ÙÒÁÖÅÎÉÅ (2) Ë×ÉÄÕ �
1;
2;�(A) = e− 
12 trA2+i(
2−∑ �k) trA ∞
∏k=1 det(1− i�kA)−1:åÓÌÉ ÒÑÄ ∑�k ÒÁÓÈÏÄÉÔÓÑ, ÍÙ �ÏÌÕÞÁÅÍ ÒÁÓÈÏÄÑÝÉÊÓÑ ÒÑÄ × �ÏËÁÚÁ-ÔÅÌÅ ÜËÓ�ÏÎÅÎÔÙ É ÒÁÓÈÏÄÑÝÅÅÓÑ �ÒÏÉÚ×ÅÄÅÎÉÅ.1.3. ðÏÌÉÍÏÒÆÉÚÍÙ. óÍ. [3, 10℄, [5, §VIII.4℄. òÁÓÓÍÏÔÒÉÍ ÌÅÂÅÇÏ×-ÓËÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï M , ÓÎÁÂÖÅÎÎÏÅ ÎÅ�ÒÅÒÙ×ÎÏÊ ×ÅÒÏÑÔÎÏÓÔÎÏÊ ÍÅ-ÒÏÊ �. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ Ams(M) ÇÒÕ��Õ ÂÉÅËÔÉ×ÎÙÈ �.×. �ÒÅÏÂÒÁ-ÚÏ×ÁÎÉÊ M , ÓÏÈÒÁÎÑÀÝÉÈ ÍÅÒÕ.ðÏÌÉÍÏÒÆÉÚÍ �ÒÏÓÔÒÁÎÓÔ×Á M { ÜÔÏ ÍÅÒÁ � ÎÁ M × M , ÏÂÒÁÚÙËÏÔÏÒÏÊ �ÒÉ ÏÂÅÉÈ �ÒÏÅË�ÉÑÈM×M → M ÓÏ×�ÁÄÁÀÔ Ó �. ïÂÏÚÎÁÞÉÍÞÅÒÅÚ Pol(M) ÍÎÏÖÅÓÔ×Ï ×ÓÅÈ �ÏÌÉÍÏÒÆÉÚÍÏ× �ÒÏÓÔÒÁÎÓÔ×Á M . íÙÓËÁÖÅÍ, ÞÔÏ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ �j ∈ Pol(M) ÓÈÏÄÉÔÓÑ Ë �, ÅÓÌÉ ÄÌÑ



238 à. á. îåòå�éîÌÀÂÙÈ ÉÚÍÅÒÉÍÙÈ �ÏÄÍÎÏÖÅÓÔ× A, B ⊂ M ÉÍÅÅÔ ÍÅÓÔÏ ÓÈÏÄÉÍÏÓÔØ�j(A × B) → �(A × B). ðÒÏÓÔÒÁÎÓÔ×Ï Pol(M) ËÏÍ�ÁËÔÎÏ, Á ÇÒÕ��ÁAms(M) �ÌÏÔÎÁ × Pol(M).ðÏÌÉÍÏÒÆÉÚÍÙ ÍÏÇÕÔ ÒÁÓÓÍÁÔÒÉ×ÁÔØÓÑ ËÁË ÏÔÏÂÒÁÖÅÎÉÑ, ÒÁÚÍÁ-ÚÙ×ÁÀÝÉÅ ÔÏÞËÉ ÉÚ M × ×ÅÒÏÑÔÎÏÓÔÎÙÅ ÍÅÒÙ ÎÁ M . á ÉÍÅÎÎÏ, ÄÌÑ� ∈ Pol(M) ÒÁÓÓÍÏÔÒÉÍ ÓÉÓÔÅÍÕ ÕÓÌÏ×ÎÙÈ ÍÅÒ �m ÎÁ ÍÎÏÖÅÓÔ×ÁÈm × M ⊂ M × M , ÇÄÅ m �ÒÏÂÅÇÁÅÔ M . íÙ ÓÞÉÔÁÅÍ, ÞÔÏ \ÏÔÏÂÒÁ-ÖÅÎÉÅ" � �ÅÒÅ×ÏÄÉÔ ÔÏÞËÕ m × ÍÅÒÕ �m. åÓÌÉ �, κ ∈ Pol(M), ÔÏ �ÒÏ-ÉÚ×ÅÄÅÎÉÅ � = κ ◦ � Ï�ÒÅÄÅÌÑÅÔÓÑ ÉÚ ÕÓÌÏ×ÉÑ�m = ∫M κn d�m(n):íÙ �ÏÌÕÞÁÅÍ �ÏÌÕÇÒÕ��Õ Ó ÒÁÚÄÅÌØÎÏ ÎÅ�ÒÅÒÙ×ÎÙÍ ÏÔÏÂÒÁÖÅÎÉÅÍ.ðÕÓÔØ g ∈ Ams(M). òÁÓÓÍÏÔÒÉÍ ÏÔÏÂÒÁÖÅÎÉÅ ÉÚM ×M ×M , Ï�ÒÅ-ÄÅÌÅÎÎÏÅ �Ï ÆÏÒÍÕÌÅ m 7→ (m; g(m)), É ×ÏÚØÍÅÍ ÏÂÒÁÚ ÍÅÒÙ � �ÒÉÜÔÏÍ ÏÔÏÂÒÁÖÅÎÉÉ. íÙ �ÏÌÕÞÁÅÍ �ÏÌÉÍÏÒÆÉÚÍ Ó ÎÏÓÉÔÅÌÅÍ ÎÁ ÇÒÁ-ÆÉËÅ ÏÔÏÂÒÁÖÅÎÉÑ g. çÒÕ��Á Ams(M) �ÌÏÔÎÁ × Pol(M).íÁÒËÏ×ÓËÉÊ Ï�ÅÒÁÔÏÒ R × L2(M) { ÜÔÏ ÏÇÒÁÎÉÞÅÎÎÙÊ Ï�ÅÒÁÔÏÒ,ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÊ ÓÌÅÄÕÀÝÉÍ Ó×ÏÊÓÔ×ÁÍ:{ ÅÓÌÉ f > 0, ÔÏ Rf > 0;{ R · 1 = 1, R∗ · 1 = 1.îÁ�ÏÍÎÉÍ, ÞÔÏ Á×ÔÏÍÁÔÉÞÅÓËÉ ‖R‖ = 1. åÓÔØ ×ÚÁÉÍÎÏ ÏÄÎÏÚÎÁÞ-ÎÏÅ ÓÏÔ×ÅÔÓÔ×ÉÅ ÍÅÖÄÕ ÍÎÏÖÅÓÔ×ÏÍ Mar(M) ÍÁÒËÏ×ÓËÉÈ Ï�ÅÒÁÔÏÒÏ×É Pol(M). á ÉÍÅÎÎÏ, ÄÌÑ �ÒÏÉÚ×ÏÌØÎÏÇÏ ÍÁÒËÏ×ÓËÏÇÏ Ï�ÅÒÁÔÏÒÁ R ÍÙÏ�ÒÅÄÅÌÉÍ �ÏÌÉÍÏÒÆÉÚÍ � �Ï ÆÏÒÍÕÌÅ�(A×B) = 〈RIA; IB〉L2(M);ÇÄÅ A, B ⊂ M { ÉÚÍÅÒÉÍÙÅ ÍÎÏÖÅÓÔ×Á, Á IA, IB { ÉÈ ÉÎÄÉËÁÔÏÒÎÙÅÆÕÎË�ÉÉ. óÌÁÂÁÑ ÓÈÏÄÉÍÏÓÔØ × Mar(M) ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÓÈÏÄÉÍÏÓÔÉ ×Pol(M), �ÒÏÉÚ×ÅÄÅÎÉÅ ÍÁÒËÏ×ÓËÉÈ Ï�ÅÒÁÔÏÒÏ× ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ �ÒÏÉÚ×Å-ÄÅÎÉÀ �ÏÌÉÍÏÒÆÉÚÍÏ×.1.4. úÁÍÙËÁÎÉÅ ÄÅÊÓÔ×ÉÊ. ðÕÓÔØ ÇÒÕ��Á G ÄÅÊÓÔ×ÕÅÔ ÎÁ M �ÒÅ-ÏÂÒÁÚÏ×ÁÎÉÑÍÉ, ÓÏÈÒÁÎÑÀÝÉÍÉ ÍÅÒÕ. éÎÙÍÉ ÓÌÏ×ÁÍÉ, ÍÙ ÉÍÅÅÍ ÇÏ-ÍÏÍÏÒÆÉÚÍ G → Ams(M), ÄÌÑ Ï�ÒÅÄÅÌÅÎÎÏÓÔÉ �ÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÜÔÏ×ÌÏÖÅÎÉÅ. �ÏÇÄÁ ÚÁÍÙËÁÎÉÅ ÇÒÕ��Ù G × Pol(M) Ñ×ÌÑÅÔÓÑ ËÏÍ�ÁËÔÎÏÊ�ÏÌÕÇÒÕ��ÏÊ � ⊃ G. ï�ÉÓÁÎÉÅ ÔÁËÏÇÏ ÚÁÍÙËÁÎÉÑ ÎÅ ÏÞÅÎØ ÉÎÔÅÒÅÓÎÏÄÌÑ Ó×ÑÚÎÙÈ ÇÒÕ�� ìÉ (ÎÁ�ÒÉÍÅÒ, ÄÌÑ ÌÉÎÅÊÎÙÈ �ÏÌÕ�ÒÏÓÔÙÈ ÇÒÕ��ìÉ ÍÙ �ÏÌÕÞÁÅÍ ÏÄÎÏÔÏÞÅÞÎÕÀ ËÏÍ�ÁËÔÉÆÉËÁ�ÉÀ, ÜÔÏ ÓÌÅÄÕÅÔ ÉÚ [2,



òáóðòåäåìåîéñ õéûáò�á{ðéëòåìñ 239ÔÅÏÒÅÍÁ 5.3℄). ïÄÎÁËÏ ×Ï�ÒÏÓ Ï �ÏÄÏÂÎÙÈ ÚÁÍÙËÁÎÉÑÈ ÉÎÔÅÒÅÓÅÎ ÄÌÑÂÅÓËÏÎÅÞÎÏÍÅÒÎÙÈ ÇÒÕ��.ðÅÒ×ÙÊ ÒÅÚÕÌØÔÁÔ ÔÁËÏÇÏ ÔÉ�Á ÂÙÌ �ÏÌÕÞÅÎ îÅÌØÓÏÎÏÍ [4℄ × 1973 Ç.ïÎ �ÏËÁÚÁÌ, ÞÔÏ ÓÔÁÎÄÁÒÔÎÏÅ ÄÅÊÓÔ×ÉÅ ÂÅÓËÏÎÅÞÎÏÍÅÒÎÏÊ ÏÒÔÏÇÏÎÁÌØ-ÎÏÊ ÇÒÕ��Ù ÎÁ �ÒÏÓÔÒÁÎÓÔ×Å Ó ÇÁÕÓÓÏ×ÏÊ ÍÅÒÏÊ �ÒÏÄÏÌÖÁÅÔÓÑ ÄÏ ÄÅÊ-ÓÔ×ÉÑ �ÏÌÕÇÒÕ��Ù ×ÓÅÈ ÓÖÉÍÁÀÝÉÈ Ï�ÅÒÁÔÏÒÏ× �ÏÌÉÍÏÒÆÉÚÍÁÍÉ, É�ÏÌÕÞÉÌ ÆÏÒÍÕÌÙ ÄÌÑ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÍÅÒ. ÷ ÎÁÓÔÏÑÝÅÅ ×ÒÅÍÑ ÉÚ-×ÅÓÔÅÎ ÂÏÌØÛÏÊ ÎÁÂÏÒ ÄÅÊÓÔ×ÉÊ ÂÅÓËÏÎÅÞÎÏÍÅÒÎÙÈ ÇÒÕ�� ÎÁ �ÒÏÓÔÒÁÎ-ÓÔ×ÁÈ Ó ÍÅÒÏÊ, ÏÄÎÁËÏ ÚÁÍÙËÁÎÉÑ ÄÅÊÓÔ×ÉÊ Ï�ÉÓÁÎÙ ÌÉÛØ × ÎÅÂÏÌØÛÏÍÞÉÓÌÅ ÓÌÕÞÁÅ×, ÓÍ. [6, 7℄. ÷ ÎÁÓÔÏÑÝÅÊ ÚÁÍÅÔËÅ ÍÙ Ï�ÉÓÙ×ÁÅÍ ÎÏ×ÙÊ(ÏÔÎÏÓÉÔÅÌØÎÏ �ÒÏÓÔÏÊ) �ÒÉÍÅÒ.1.5. õÔ×ÅÒÖÄÅÎÉÅ. äÌÑ ÌÀÂÏÇÏ �ÏÌÉÍÏÒÆÉÚÍÁ � �ÒÏÓÔÒÁÎÓÔ×ÁHerm∞ Ï�ÒÅÄÅÌÉÍ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÕÀ ÆÕÎË�ÉÀ ÎÁ Herm0
∞ ×Herm0

∞�Ï ÆÏÒÍÕÌÅF (�|A;B) := ∫Herm∞×Herm∞

ei trAX+BY d�(X;Y ):ãÅÌØ ÎÁÓÔÏÑÝÅÊ ÚÁÍÅÔËÉ { ÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ.�ÅÏÒÅÍÁ 1. äÌÑ ÌÀÂÏÊ ÜÒÇÏÄÉÞÅÓËÏÊ ÍÅÒÙ �
1;
2;� ÎÁ Herm∞ ÄÅÊ-ÓÔ×ÉÅ (1) ÇÒÕ��Ù U(∞) �ÒÏÄÏÌÖÁÅÔÓÑ �Ï ÎÅ�ÒÅÒÙ×ÎÏÓÔÉ ÄÏ ÄÅÊÓÔ×ÉÑ�ÏÌÕÇÒÕ��Ù B(∞) �ÏÌÉÍÏÒÆÉÚÍÁÍÉ �ÒÏÓÔÒÁÎÓÔ×Á M . úÁÍÙËÁÎÉÅÇÒÕ��Ù U(∞) × Pol(Herm∞) ÓÏ×�ÁÄÁÅÔ Ó ÏÂÒÁÚÏÍ �ÏÌÕÇÒÕ��Ù B(∞).åÓÌÉ S ∈ B(∞), ÔÏ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÁÑ ÆÕÎË�ÉÑ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅ-ÇÏ �ÏÌÉÍÏÒÆÉÚÍÁ �S ÒÁ×ÎÁF (�S |A;B)= exp{−
12 tr[(A 00 B) ( 1 SS∗ 1)

]2 + i
2(trA+ trB)}
×

∏k e−i�k(trA+trB)det[1− i�k (A 00 B) ( 1 SS∗ 1)

]

: (3)�ÁË ËÁË ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÁÑ ÆÕÎË�ÉÑ Ñ×ÌÑÅÔÓÑ �ÒÏÉÚ×ÅÄÅÎÉÅÍ, ÍÅ-ÒÁ �S ÍÏÖÅÔ ÂÙÔØ ÒÁÚÌÏÖÅÎÁ × Ó×ÅÒÔËÕ ÍÅÒ. üËÓ�ÏÎÅÎ�ÉÁÌØÎÙÊ ÍÎÏ-ÖÉÔÅÌØ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÇÁÕÓÓÏ×ÏÊ ÍÅÒÅ; ÏÂßÑÓÎÉÍ ÓÍÙÓÌ ÏÓÔÁÌØÎÙÈÍÎÏÖÉÔÅÌÅÊ �ÒÏÉÚ×ÅÄÅÎÉÑ. òÁÓÓÍÏÔÒÉÍ ÇÁÕÓÓÏ×Õ ÍÅÒÕ �S ÎÁ C∞×C∞,Ï�ÒÅÄÅÌÅÎÎÕÀ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ × ÔÅÒÍÉÎÁÈ ÅÅ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÏÊ



240 à. á. îåòå�éîÆÕÎË�ÉÉ:
∫

C∞×C∞

eiReuz1+iRe vz2d�S(z1; z2) := exp{−12 (u v) ( 1 SS∗ 1) (u∗v∗)}:òÁÓÓÍÏÔÒÉÍ ÏÔÏÂÒÁÖÅÎÉÅ C∞×C∞ → Herm∞×Herm∞, ÚÁÄÁÎÎÏÅ ÆÏÒ-ÍÕÌÏÊ (u; v) 7→ (�u∗u; �v∗v):�ÏÇÄÁ ÏÂÒÁÚ ÍÅÒÙ �S �ÒÉ ÜÔÏÍ ÏÔÏÂÒÁÖÅÎÉÉ ÉÍÅÅÔ ÈÁÒÁËÔÅÒÉÓÔÉÞÅ-ÓËÕÀ ÆÕÎË�ÉÀ det[1− i�k (A 00 B) ( 1 SS∗ 1)

]−1:
§2. äÏËÁÚÁÔÅÌØÓÔ×Ï2.1. á�ÒÉÏÒÎÙÅ ÚÁÍÅÞÁÎÉÑ.�ÅÏÒÅÍÁ 2. ðÕÓÔØ �ÏÌÎÁÑ ÕÎÉÔÁÒÎÁÑ ÇÒÕ��Á U(∞) ÄÅÊÓÔ×ÕÅÔ ÓÏÈÒÁ-ÎÑÀÝÉÍÉ ÍÅÒÕ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑÍÉ1 ÎÁ ÌÅÂÅÇÏ×ÓËÏÍ �ÒÏÓÔÒÁÎÓÔ×Å M Ó×ÅÒÏÑÔÎÏÓÔÎÏÊ ÍÅÒÏÊ. �ÏÇÄÁ ÜÔÏ ÄÅÊÓÔ×ÉÅ �ÒÏÄÏÌÖÁÅÔÓÑ �Ï ÎÅ�ÒÅ-ÒÙ×ÎÏÓÔÉ ÄÏ ÄÅÊÓÔ×ÉÑ �ÏÌÕÇÒÕ��Ù B(∞) �ÏÌÉÍÏÒÆÉÚÍÁÍÉ �ÒÏÓÔÒÁÎ-ÓÔ×Á M . úÁÍÙËÁÎÉÅ ÇÒÕ��Ù U(∞) × Pol(M) ÉÚÏÍÏÒÆÎÏ B(∞).äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÕÓÔØ � { ÕÎÉÔÁÒÎÏÅ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÇÒÕ��Ù U(∞)× ÇÉÌØÂÅÒÔÏ×ÏÍ �ÒÏÓÔÒÁÎÓÔ×ÅH . úÁÍÙËÁÎÉÅ ÇÒÕ��Ù �(U(∞)) × ÇÒÕ��ÅÏÇÒÁÎÉÞÅÎÎÙÈ Ï�ÅÒÁÔÏÒÏ× × H × ÓÌÁÂÏÊ Ï�ÅÒÁÔÏÒÎÏÊ ÔÏ�ÏÌÏÇÉÉ { ÜÔÏ�ÏÌÕÇÒÕ��Á, ÉÚÏÍÏÒÆÎÁÑ B(∞) (ÜÔÏ ÓÌÅÄÕÅÔ ÉÚ ËÌÁÓÉÆÉËÁ�ÉÉ ëÉÒÉÌ-ÌÏ×Á{ïÌØÛÁÎÓËÏÇÏ ÕÎÉÔÁÒÎÙÈ �ÒÅÄÓÔ×ÌÅÎÉÊ ÇÒÕ��Ù U(∞), ÓÍ. [8, ÔÅ-ÏÒÅÍÁ 1.2℄).íÙ �ÒÉÍÅÎÑÅÍ ÜÔÏ ×ÙÓËÁÚÙ×ÁÎÉÅ Ë ÄÅÊÓÔ×ÉÀ ÇÒÕ��Ù U(∞)× L2(M).çÒÕ��Á U(∞) ÄÅÊÓÔ×ÕÅÔ ÍÁÒËÏ×ÓËÉÍÉ Ï�ÅÒÁÔÏÒÁÍÉ, ÓÌÁÂÙÅ �ÒÅÄÅÌÙÍÁÒËÏ×ÓËÉÈ Ï�ÅÒÁÔÏÒÏ× { ÍÁÒËÏ×ÓËÉÅ Ï�ÅÒÁÔÏÒÙ. ðÏÜÔÏÍÕ ÒÁÓÓÍÁÔÒÉ-×ÁÅÍÏÅ ÄÅÊÓÔ×ÉÅ ÇÒÕ��Ù U(∞) �ÒÏÄÏÌÖÁÅÔÓÑ ÄÏ ÄÅÊÓÔ×ÉÑ �ÏÌÕÇÒÕ��Ù

B(∞) ÍÁÒËÏ×ÓËÉÍÉ Ï�ÅÒÁÔÏÒÁÍÉ. �ìÅÍÍÁ 3. äÌÑ ÌÀÂÏÊ U(∞)-ÜÒÇÏÄÉÞÅÓËÏÊ ÍÅÒÙ ÎÁ Herm∞ ÄÅÊÓÔ×ÉÅÇÒÕ��Ù U(∞) ÎÅ�ÒÅÒÙ×ÎÏ �ÒÏÄÏÌÖÁÅÔÓÑ ÄÏ ÄÅÊÓÔ×ÉÑ �ÏÌÎÏÊ ÕÎÉÔÁÒ-ÎÏÊ ÇÒÕ��Ù U(∞).1�ÁËÏÅ ÄÅÊÓÔ×ÉÅ ÎÅ ÍÏÖÅÔ ÂÙÔØ �ÏÔÏÞÅÞÎÙÍ; �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ Ï�ÒÅÄÅÌÅÎÙ ÌÉÛØ�ÏÞÔÉ ×ÓÀÄÕ, É ÒÁ×ÅÎÓÔ×Á g1(g2m) = (g1g2)m ×ÅÒÎÙ ÌÉÛØ ÄÌÑ �ÏÞÔÉ ×ÓÅÈ m ∈ M ,ÓÍ. [1℄.



òáóðòåäåìåîéñ õéûáò�á{ðéëòåìñ 241äÏËÁÚÁÔÅÌØÓÔ×Ï. óÏÇÌÁÓÎÏ [9, ÓÌÅÄÓÔ×ÉÅ 2.14℄, �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÇÒÕ�-�Ù U(∞) × �ÒÏÓÔÒÁÎÓÔ×Å L2(Herm∞; �) ÎÅ�ÒÅÒÙ×ÎÏ �ÒÏÄÏÌÖÁÅÔÓÑ ÎÁÇÒÕ��Õ U(∞). ÷ ÓÉÌÕ ÎÅ�ÒÅÒÙ×ÎÏÓÔÉ ÇÒÕ��Á U(∞) ÄÅÊÓÔ×ÕÅÔ ÍÁÒËÏ×-ÓËÉÍÉ Ï�ÅÒÁÔÏÒÁÍÉ �(g). íÙ ÉÍÅÅÍ ‖�(g)‖ 6 1, ‖�(g)−1‖ 6 1. óÌÅ-ÄÏ×ÁÔÅÌØÎÏ, �(g) { ÕÎÉÔÁÒÎÙÊ Ï�ÅÒÁÔÏÒ. ðÏÜÔÏÍÕ ÏÎ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ�ÒÅÏÂÒÁÚÏ×ÁÎÉÀ, ÓÏÈÒÁÎÑÀÝÅÍÕ ÍÅÒÕ. �2.2. ÷ÙÞÉÓÌÅÎÉÅ. òÁÓÓÍÏÔÒÉÍ ÍÅÒÕ � Ó ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÏÊ ÆÕÎË-�ÉÅÊ (2). ðÕÓÔØ g ∈ U(∞), ÒÁÓÓÍÏÔÒÉÍ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÊ �ÏÌÉÍÏÒ-ÆÉÚÍ �g �ÒÏÓÔÒÁÎÓÔ×Á Herm∞. èÁÒÁËÔÅÒÉÓÔÉÞÅÓËÁÑ ÆÕÎË�ÉÑ �ÏÌÉ-ÍÏÒÆÉÚÍÁ �g ÒÁ×ÎÁF (�g |A;B)= exp{−
12 tr(A+ UBU−1)2 + i
2(trA+ trUBU−1)}
×

∞
∏k=1 e−i�k tr(A+UBU−1)det[1− i�k(A+ UBU−1)] : (4)÷ ÓÉÌÕ ÔÅÏÒÅÍÙ 2 ÄÌÑ ÌÀÂÏÇÏ Ï�ÅÒÁÔÏÒÁ R ∈ B(∞) Ï�ÒÅÄÅÌÅÎ �ÏÌÉ-ÍÏÒÆÉÚÍ �R �ÒÏÓÔÒÁÎÓÔ×Á (Herm∞; �). åÓÌÉ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ Ï�Å-ÒÁÔÏÒÏ× Rj ∈ B(∞) ÓÌÁÂÏ ÓÈÏÄÉÔÓÑ Ë R, ÔÏ ÍÙ ÉÍÅÅÍ ÓÌÁÂÕÀ ÓÈÏÄÉ-ÍÏÓÔØ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ �ÏÌÉÍÏÒÆÉÚÍÏ×, �Rj → �R. ïÎÁ ÜË×É×ÁÌÅÎÔ-ÎÁ �ÏÔÏÞÅÞÎÏÊ ÓÈÏÄÉÍÏÓÔÉ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÉÈ ÆÕÎË�ÉÊ. åÓÌÉ ÎÁÍÄÁÎ Ï�ÅÒÁÔÏÒ R ∈ B(∞) É �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ gj ∈ U(∞), ÓÌÁÂÏ ÓÈÏ-ÄÑÝÁÑÓÑ Ë R, ÍÙ ÍÏÖÅÍ ÎÁÊÔÉ F (�R|A;B) ËÁË �ÏÔÏÞÅÞÎÙÊ �ÒÅÄÅÌ�ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ F (�gj |A;B).ðÕÓÔØ S { ÆÉÎÉÔÎÙÊ Ï�ÅÒÁÔÏÒ Ó ÎÏÒÍÏÊ 6 1, É �ÕÓÔØ S �ÒÅÄÓÔÁ×ÉÍËÁË (�+∞)-ÂÌÏÞÎÁÑ ÍÁÔÒÉ�Á ×ÉÄÁS = (u 00 0) :�ÏÇÄÁ ÍÙ ÍÏÖÅÍ ×ÓÔÒÏÉÔØ u ËÁË ÂÌÏË × ÕÎÉÔÁÒÎÕÀ (� + �)-ÂÌÏÞÎÕÀÍÁÔÒÉ�Õ (u vw z) (ÓÍ., ÎÁ�ÒÉÍÅÒ, [5, ÔÅÏÒÅÍÁ VIII.3.2℄). ðÕÓÔØ U = Um



242 à. á. îåòå�éî{ ÕÎÉÔÁÒÎÁÑ ÂÌÏÞÎÁÑ (�+m+m+ �+∞)-ÍÁÔÒÉ�Á ×ÉÄÁUm = 











u 0 0 v 00 0 1 0 00 1 0 0 0w 0 0 z 00 0 0 0 1 :ïÞÅ×ÉÄÎÏ, ÍÙ ÉÍÅÅÍ ÓÌÁÂÕÀ ÓÈÏÄÉÍÏÓÔØUm → S;É ÍÙ ÈÏÔÉÍ ÏÔÓÌÅÄÉÔØ ÓÈÏÄÉÍÏÓÔØ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÉÈ ÆÕÎË�ÉÊF (�Um |A;B). îÁ ÓÁÍÏÍ ÄÅÌÅ ÍÙ �ÏËÁÖÅÍ, ÞÔÏ �ÒÉ ÌÀÂÙÈ ÆÉËÓÉÒÏ-×ÁÎÎÙÈ A, B ÜÔÁ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÔÁÂÉÌÉÚÉÒÕÅÔÓÑ Ó ÎÅËÏÔÏÒÏÇÏÍÅÓÔÁ.æÉËÓÉÒÕÅÍ A, B ∈ Herm0
∞. ðÕÓÔØ ÎÁ ÓÁÍÏÍ ÄÅÌÅ A, B ∈ Herm�+� .ðÕÓÔØm ÄÏÓÔÁÔÏÞÎÏ ×ÅÌÉËÏ (ÎÁÍ ÎÕÖÎÏm > �). ðÒÅÄÓÔÁ×ÉÍ ÍÁÔÒÉ�ÙA, B ËÁË ÂÌÏÞÎÙÅ ÍÁÔÒÉ�Ù ÒÁÚÍÅÒÁ �+�+(m−�)+�+(m−�)+∞:A = 













a11 a12 0 : : : 0a21 a22 0 : : : 00 0 0 : : : 0... ... ... . . . ...0 0 0 : : : 0














; B = 













b11 b12 0 : : : 0b21 b22 0 : : : 00 0 0 : : : 0... ... ... . . . · · ·0 0 0 : : : 0














:íÙ ÈÏÔÉÍ �ÏÓÞÉÔÁÔØdet[1− i�k(A+ UmBU−1m )] É tr(A+ UmBU−1m )2:ðÒÑÍÏÅ ×ÙÞÉÓÌÅÎÉÅ ÄÁÅÔA+ UmBU−1m = 



















a11 + ub11u∗ a12 0 ub12 ub11w∗ 0 0a21 a22 0 0 0 0 00 0 0 0 0 0 0b21u∗ 0 0 b22 b21w∗ 0 0wb11u∗ 0 0 wb12 wb11w∗ 0 00 0 0 0 0 0 00 0 0 0 0 0 0




















:ðÏÎÑÔÎÏ, ÞÔÏ ÍÙ ÍÏÖÅÍ ÕÂÒÁÔØ ÎÕÌÅ×ÙÅ ÓÔÏÌÂ�Ù É ÎÕÌÅ×ÙÅ ÓÔÒÏËÉ ÉÚÍÁÔÒÉ�. æÏÒÍÁÌØÎÏ,det(1− i�k(A+ UmBU−1m )) = det(1− i�kH);
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





a11 + ub11u∗ a12 ub12 ub11w∗a21 a22 0 0b21u∗ 0 b22 b21w∗wb11u∗ 0 wb12 wb11w∗









:ðÕÓÔØ � { ÂÌÏÞÎÏ-ÄÉÁÇÏÎÁÌØÎÁÑ ÍÁÔÒÉ�Á Ó ÂÌÏËÁÍÉ 1, 1, 1, w. ðÒÅÄ-ÓÔÁ×ÉÍ H × ×ÉÄÅ H = �Z (ÇÄÅ ×ÙÒÁÖÅÎÉÅ ÄÌÑ Z �ÏÎÑÔÎÏ). ðÒÉÍÅÎÉÍÆÏÒÍÕÌÕ det(1− i�k�Z) = det(1− i�kZ�):ïÂÏÚÎÁÞÉÍ H ′ := Z�,H ′ = 







a11 + ub11u∗ a12 ub12 ub11w∗wa21 a22 0 0b21u∗ 0 b22 b21w∗wb11u∗ 0 b12 b11w∗w 







: (5)�ÁË ËÁË ÍÁÔÒÉ�Á (u vw z) ÕÎÉÔÁÒÎÁ, ÍÙ ÉÍÅÅÍ w∗w = 1−uu∗. ðÏÄÓÔÁ-×ÉÍ ÜÔÏ ×ÙÒÁÖÅÎÉÅ ÄÌÑ w∗w × 4-Ê ÓÔÏÌÂÅ� ÍÁÔÒÉ�Ù (5) É, ÚÁ�ÏÍÎÉ×ÒÅÚÕÌØÔÁÔ, �ÒÏÄÏÌÖÉÍ ÎÁÛÅ ×ÙÞÉÓÌÅÎÉÅ. ïÂÏÚÎÁÞÉÍT = 







1 0 0 u0 1 0 00 0 1 00 0 0 1 :�ÏÇÄÁ H ′ = 







a11 + ub11u∗ a12 ub12 a11u+ ub11a21 a22 0 a21ub21u∗ 0 b22 b21b11u∗ 0 b12 b11 







T−1
= T 







a11 a12 0 a11ua21 a22 0 a21ub21u∗ 0 b22 b21b11u∗ 0 b12 b11 







T−1:



244 à. á. îåòå�éîóÌÅÄÏ×ÁÔÅÌØÎÏ,det (1− i�kH ′) = det


1− i�k 







a11 a12 0 a11ua21 a22 0 a21ub21u∗ 0 b22 b21b11u∗ 0 b12 b11 













= det


1− i�







a11 a12 a11u 0a21 a22 a21u 0b11u∗ 0 b11 b12b21u∗ 0 b21 b22





= det [1− i�(A 00 B)( 1 SS∗ 1)] ; (6)
É ÍÙ �ÏÌÕÞÁÅÍ ÖÅÌÁÅÍÏÅ ×ÙÒÁÖÅÎÉÅ.äÁÌÅÅ, tr(A+ UmBU−1m )2 = trA2 + trB2 + 2 trAUmBU−1m :ðÅÒÅÍÎÏÖÁÑ ÍÁÔÒÉ�Ù, ÍÙ ×ÉÄÉÍ, ÞÔÏ AUmBU−1m ÉÍÅÅÔ ÅÄÉÎÓÔ×ÅÎÎÙÊÎÅÎÕÌÅ×ÏÊ ÄÉÁÇÏÎÁÌØÎÙÊ ÂÌÏË, Á ÉÍÅÎÎÏ a11ub11u∗. ðÏÜÔÏÍÕtrAUmBU−1m = tra11u b11u∗ = trASBS∗É, ÓÌÅÄÏ×ÁÔÅÌØÎÏ,tr(A+ UmBU−1m )2 = tr[(A 00 B) ( 1 SS∗ 1)]2 :éÔÁË, �ÒÉ m > � ÚÎÁÞÅÎÉÅ F (�Um |A;B) ÄÁÅÔÓÑ ÆÏÒÍÕÌÏÊ (3).íÙ ×ÉÄÉÍ, ÞÔÏ ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ ×Ù�ÏÌÎÅÎÏ ÄÌÑ ÆÉÎÉÔÎÙÈ ÍÁ-ÔÒÉ� S. òÁÓÓÍÏÔÒÉÍ �ÒÏÉÚ×ÏÌØÎÕÀ ÍÁÔÒÉ�Õ S ∈ B(∞). ïÂÏÚÎÁÞÉÍÞÅÒÅÚ S[m℄ ÅÅ ÌÅ×ÙÊ ×ÅÒÈÎÉÊ ÕÇÏÌ ÒÁÚÍÅÒÁ m. ðÕÓÔØSm := (S[m℄ 00 0) :ïÞÅ×ÉÄÎÏ, Sm → S ÓÌÁÂÏ. ó ÄÒÕÇÏÊ ÓÔÏÒÏÎÙ, ÍÙ ÉÍÅÅÍ �ÏÔÏÞÅÞÎÕÀÓÈÏÄÉÍÏÓÔØ F (�Sm |A;B) → F (�S |A;B)(ÆÁËÔÉÞÅÓËÉ ÜÔÁ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÔÁÂÉÌÉÚÉÒÕÅÔÓÑ �ÒÉ ÌÀÂÙÈ ÆÉË-ÓÉÒÏ×ÁÎÎÙÈ A, B).üÔÏ ÚÁ×ÅÒÛÁÅÔ ÄÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ.
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