
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 436, 2015 Ç.à. á. îÅÒÅÔÉÎîåóëïìøëï úáíåþáîéê ï çòõððáèá÷�ïíïòæéúíï÷ ó÷ïâïäîùè çòõðð
§1. õÔ×ÅÒÖÄÅÎÉÑ1.1. ïÂÏÚÎÁÞÅÎÉÑ. ðÕÓÔØ Fn { Ó×ÏÂÏÄÎÁÑ ÇÒÕ��Á Ó n ÏÂÒÁÚÕÀÝÉÍÉx1, . . . , xn, Á F∞ = limn→∞

Fn{ Ó×ÏÂÏÄÎÁÑ ÇÒÕ��Á ÓÏ ÓÞÅÔÎÙÍ ÍÎÏÖÅÓÔ×ÏÍ ÏÂÒÁÚÕÀÝÉÈ. ïÂÏÚÎÁÞÉÍÞÅÒÅÚ Aut(Fn) ÇÒÕ��Õ Á×ÔÏÍÏÒÆÉÚÍÏ× ÇÒÕ��Ù Fn. �ÁËÉÅ Á×ÔÏÍÏÒÆÉÚ-ÍÙ Ï�ÒÅÄÅÌÑÀÔÓÑ ÏÂÒÁÚÁÍÉ ÏÂÒÁÚÕÀÝÉÈ,x1 7→ 
1(x); : : : ; xn 7→ 
n(x); (1.1)ÇÄÅ 
1(x), . . . , 
n(x) { ÎÁÂÏÒ ÜÌÅÍÅÎÔÏ× Fn (ÔÁËÏÊ ÎÁÂÏÒ ÎÅ �ÒÏÉÚ×ÏÌÅÎ;××ÅÄÅÎÉÅ × ÔÅÏÒÉÀ ÇÒÕ�� Aut(Fn) ÓÏÄÅÒÖÉÔÓÑ × ÍÏÎÏÇÒÁÆÉÉ [5℄, ÓÍ.ÔÁËÖÅ ÏÔÎÏÓÉÔÅÌØÎÏ ÎÅÄÁ×ÎÉÊ ÏÂÚÏÒ [20℄). äÌÑ ÏÔÏÂÒÁÖÅÎÉÑ (1.1) ÍÙÉÓ�ÏÌØÚÕÅÍ ÓÉÍ×ÏÌÉÞÅÓËÏÅ ÏÂÏÚÎÁÞÅÎÉÅx 7→ 
(x):ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ
G = Aut(F∞) = limn→∞

Aut(Fn)ÉÎÄÕËÔÉ×ÎÙÊ �ÒÅÄÅÌ ÇÒÕ�� Aut(Fn). çÒÕ��Á Aut(F∞) ÄÅÊÓÔ×ÕÅÔ Á×-ÔÏÍÏÒÆÉÚÍÁÍÉ ÇÒÕ��Ù F∞, ÎÏ ÜÔÏ ÎÅ ×ÓÑ ÇÒÕ��Á ÅÅ Á×ÔÏÍÏÒÆÉÚÍÏ×.ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ H = Hm ⊂ G ÓÔÁÂÉÌÉÚÁÔÏÒ ÏÂÒÁÚÕÀÝÉÈ x1,. . . , xm.õÄÏÂÎÏ �ÅÒÅÉÍÅÎÏ×ÁÔØ ÏÂÒÁÚÕÀÝÉÅ ËÁË x1, . . . , xm, y1, y2, . . . É ÚÁ�É-ÓÙ×ÁÔØ ÜÌÅÍÅÎÔÙ ÓÔÁÂÉÌÉÚÁÔÏÒÁ H × ×ÉÄÅ
{x 7→ x;y 7→ �(x; y);ÉÌÉ, �ÏÄÒÏÂÎÅÅ,x1 7→ x1; : : : ; xm 7→ xm; y1 7→ �1(x; y); y2 7→ �2(x; y); : : :ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: Ó×ÏÂÏÄÎÁÑ ÇÒÕ��Á, ÂÅÓËÏÎÅÞÎÁÑ ÓÉÍÍÅÔÒÉÞÅÓËÁÑ ÇÒÕ��Á,Ä×ÏÊÎÙÅ ËÌÁÓÓÙ ÓÍÅÖÎÏÓÔÉ, ËÌÁÓÓÙ ÓÏ�ÒÑÖÅÎÎÏÓÔÉ, ÂÅÓËÏÎÅÞÎÏÍÅÒÎÙÅ ÇÒÕ��Ù.ðÏÄÄÅÒÖÁÎÏ ÇÒÁÎÔÁÍÉ FWF, P22122, P25142.189



190 à. á. îåòå�éîïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ S∞ ÇÒÕ��Õ �ÅÒÅÓÔÁÎÏ×ÏË ÍÎÏÖÅÓÔ×Á {1; 2; : : :} ÓËÏÎÅÞÎÙÍ ÎÏÓÉÔÅÌÅÍ. çÒÕ��Á S∞ ÄÅÊÓÔ×ÕÅÔ ÎÁ F∞ �ÅÒÅÓÔÁÎÏ×ËÁÍÉÏÂÒÁÚÕÀÝÉÈ, ÜÔÏ Ï�ÒÅÄÅÌÑÅÔ ×ÌÏÖÅÎÉÅ S∞ → G. íÙ ÔÁËÖÅ ÍÏÖÅÍÒÁÓÓÍÁÔÒÉ×ÁÔØ S∞ ËÁË ÇÒÕ��Õ ÂÅÓËÏÎÅÞÎÙÈ 0-1 ÍÁÔÒÉ�. îÁËÏÎÅ�, ÍÙ××ÏÄÉÍ ÇÒÕ��Õ S∞[m℄ ⊂ S∞, ÓÏÓÔÏÑÝÕÀ ÉÚ ×ÓÅÈ �ÅÒÅÓÔÁÎÏ×ÏË, ÏÓÔÁ-×ÌÑÀÝÉÈ ÎÁ ÍÅÓÔÅ ÜÌÅÍÅÎÔÙ 1, 2, . . . , m.1.2. òÁÚÄ×ÉÇÁÎÉÅ É �ÏÌÕÇÒÕ��Á Ä×ÏÊÎÙÈ ËÌÁÓÓÏ× ÓÍÅÖÎÏÓÔÉ.ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ �m ÍÎÏÖÅÓÔ×Ï Ä×ÏÊÎÙÈ ËÌÁÓÓÏ× ÓÍÅÖÎÏÓÔÉ�m := H \ G=H:ï�ÒÅÄÅÌÉÍ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ �j ∈ S∞[m℄ �Ï ÆÏÒÍÕÌÅ�j = �j [m℄ := 







1m 0 0 00 0 1j 00 1j 0 00 0 0 1∞







:æÉËÓÉÒÕÅÍ g, h ∈ G. òÁÓÓÍÏÔÒÉÍ ÓÌÅÄÕÀÝÕÀ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØÄ×ÏÊÎÙÈ ËÌÁÓÓÏ× ÓÍÅÖÎÏÓÔÉ:
H · g�jh · H:ïÞÅ×ÉÄÎÏ, ÞÔÏ ÜÔÁ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÔÁÂÉÌÉÚÉÒÕÅÔÓÑ, ÎÁÞÉÎÁÑ Ó ÎÅ-ËÏÔÏÒÏÇÏ ÍÅÓÔÁ. íÙ ÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ g ◦ h ∈ �m ÅÅ ÚÎÁÞÅÎÉÅ ÄÌÑ ÄÏ-ÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÈ ÎÏÍÅÒÏ× j.ðÒÅÄÌÏÖÅÎÉÅ 1.1. (a) ä×ÏÊÎÏÊ ËÌÁÓÓ ÓÍÅÖÎÏÓÔÉ, ÓÏÄÅÒÖÁÝÉÊ g◦h,ÚÁ×ÉÓÉÔ ÔÏÌØËÏ ÏÔ Ä×ÏÊÎÙÈ ËÌÁÓÓÏ× ÓÍÅÖÎÏÓÔÉ, ÓÏÄÅÒÖÁÝÉÈ g É h.(b) ï�ÅÒÁ�ÉÑ g ◦ h ÎÁ �m ÁÓÓÏ�ÉÁÔÉ×ÎÁ.ðÅÒÅÉÍÅÎÕÅÍ ÏÂÒÁÚÕÀÝÉÅ ÇÒÕ��Ù F∞, ÏÂÏÚÎÁÞÉÍ ÉÈ ÞÅÒÅÚ x1, . . . ,xm, y1, . . . , yN , z1,. . . , zN , u1, u2, . . . , ÇÄÅ N ÄÏÓÔÁÔÏÞÎÏ ×ÅÌÉËÏ (ÔÁËÞÔÏ ÏÂÁ Á×ÔÏÍÏÒÆÉÚÍÁ g, h ÏÓÔÁ×ÌÑÀÔ ÎÁ ÍÅÓÔÅ ÏÂÒÁÚÕÀÝÉÅ z, u). íÙÂÕÄÅÍ ÚÁ�ÉÓÙ×ÁÔØ g, �N , h ËÁËg : 

















x 7→ �(x; y)y 7→ �(x; y)z 7→ zu 7→ u �N : 








x 7→ xy 7→ zz 7→ yu 7→ u h : 

















x 7→ 
(x; y)y 7→ Æ(x; y)z 7→ zu 7→ u: (1.2)



îåóëïìøëï úáíåþáîéê ï çòõððáè á÷�ïíïòæéúíï÷ 191�ÏÇÄÁ �ÒÏÉÚ×ÅÄÅÎÉÅ ÒÁ×ÎÏg ◦ h : 








x 7→ 
(�(x; y); z)y 7→ Æ(�(x; y); z)z 7→ �(x; y)u 7→ u: (1.3)úÁÍÅÞÁÎÉÅ. çÒÕ��Á ÏÂÒÁÔÉÍÙÈ ÜÌÅÍÅÎÔÏ× × �m ÓÏ×�ÁÄÁÅÔ Ó Aut(Fm).1.3. äÅÊÓÔ×ÉÑ × �ÒÏÓÔÒÁÎÓÔ×ÁÈ L2. ðÕÓÔØ K { ËÏÍ�ÁËÔÎÁÑ ÇÒÕ�-�Á, U ⊂ K { ÚÁÍËÎÕÔÁÑ �ÏÄÇÒÕ��Á1. ÷×ÅÄÅÍ ÎÁ K ×ÅÒÏÑÔÎÏÓÔÎÕÀ ÍÅÒÕèÁÁÒÁ. òÁÓÓÍÏÔÒÉÍ ÓÞÅÔÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅK∞ := K ×K × : : :çÒÕ��Á U ÄÅÊÓÔ×ÕÅÔ ÎÁ K∞ ÓÏ�ÒÑÖÅÎÉÑÍÉ(k1; k2; : : : ) 7→ (uk1u−1; uk2u−1; : : : ): (1.4)òÁÓÓÍÏÔÒÉÍ �ÒÏÓÔÒÁÎÓÔ×Ï ËÌÁÓÓÏ× ÓÏ�ÒÑÖÅÎÎÏÓÔÉ K∞==U .ðÕÓÔØ k = (k1; k2; : : : ) ∈ K∞. äÌÑ ÌÀÂÏÇÏ ÜÌÅÍÅÎÔÁ (1.1) ÇÒÕ��Ù GÍÙ Ï�ÒÅÄÅÌÉÍ ÏÔÏÂÒÁÖÅÎÉÅ K∞ → K∞ ËÁËg : (k1; k2; : : : ) 7→ (l1(k1; k2; : : : ); l2(k1; k2; : : : ); : : : ) (1.5)(ÍÙ �ÏÄÓÔÁ×ÌÑÅÍ k1, k2, . . . × ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÓÌÏ×Á). �ÁËÉÍ ÏÂÒÁ-ÚÏÍ ÍÙ �ÏÌÕÞÁÅÍ ÄÅÊÓÔ×ÉÅ ÇÒÕ��Ù G × �ÒÏÓÔÒÁÎÓÔ×Å K∞. õËÁÚÁÎÎÙÅÏÔÏÂÒÁÖÅÎÉÑ ÓÏÈÒÁÎÑÀÔ ÍÅÒÕ èÁÁÒÁ ÎÁ K∞ (ÜÔÏ ÏÞÅ×ÉÄÎÏ ÄÌÑ ÏÂÒÁÚÕ-ÀÝÉÈ ÇÒÕ��Ù G; Ï ÅÓÔÅÓÔ×ÅÎÎÙÈ ÓÉÓÔÅÍÁÈ ÏÂÒÁÚÕÀÝÉÈ ÜÔÏÊ ÇÒÕ��ÙÓÍ. [5, §1.4℄).ðÒÅÏÂÒÁÚÏ×ÁÎÉÑ (1.5) ËÏÍÍÕÔÉÒÕÀÔ Ó ÄÅÊÓÔ×ÉÅÍ (1.4) ÇÒÕ��Ù U .óÌÅÄÏ×ÁÔÅÌØÎÏ, ÍÙ �ÏÌÕÞÁÅÍ ÄÅÊÓÔ×ÉÅ ÇÒÕ��Ù G ÎÁ K∞==U �ÒÅÏÂÒÁ-ÚÏ×ÁÎÉÑÍÉ, ÓÏÈÒÁÎÑÀÝÉÍÉ ÍÅÒÕ, É ÕÎÉÔÁÒÎÏÅ �ÒÅÄÓÔÁ×ÌÅÎÉÅT (g)f(k) = f(g(k))ÜÔÏÊ ÇÒÕ��Ù × L2(K∞==U).ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ H ⊂ L2(K∞) �ÒÏÓÔÒÁÎÓÔ×Ï ÆÕÎË�ÉÊ, ÚÁ×ÉÓÑÝÉÈÌÉÛØ ÏÔ k1,. . . , km: H ≃ L2(Km):1ïÓÎÏ×ÎÏÊ ÉÎÔÅÒÅÓÎÙÊ �ÒÉÍÅÒ { ÜÔÏ K = U = SU(2).



192 à. á. îåòå�éîïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ P ÏÒÔÏÇÏÎÁÌØÎÙÊ �ÒÏÅËÔÏÒ ÎÁ H . äÌÑ g ∈ Aut(F∞)ÍÙ Ï�ÒÅÄÅÌÉÍ Ï�ÅÒÁÔÏÒ T (g) : H → HËÁË T (g) = P T (g):ïÞÅ×ÉÄÎÏ, ÄÌÑ ÌÀÂÙÈ h1, h2 ∈ H ÍÙ ÉÍÅÅÍT (k1gk2) = T (g):ðÏÜÔÏÍÕ g 7→ T (g) Ñ×ÌÑÅÔÓÑ ËÏÒÒÅËÔÎÏ Ï�ÒÅÄÅÌÅÎÎÏÊ Ï�ÅÒÁÔÏÒÎÏ-ÚÎÁ-ÞÎÏÊ ÆÕÎË�ÉÅÊ ÎÁ �ÏÌÕÇÒÕ��Å �m.�ÅÏÒÅÍÁ 1.2. T Ñ×ÌÑÅÔÓÑ �ÒÅÄÓÔÁ×ÌÅÎÉÅÍ �ÏÌÕÇÒÕ��Ù �m × L2(Km).úÁÍÅÞÁÎÉÅ. üÔÏ ÔÁËÖÅ Ï�ÒÅÄÅÌÑÅÔ ÄÅÊÓÔ×ÉÅ �ÏÌÕÇÒÕ��Ù �m ÎÁ �ÒÏ-ÓÔÒÁÎÓÔ×Å Ó ÍÅÒÏÊ Km==U �ÏÌÉÍÏÒÆÉÚÍÁÍÉ (\ÒÁÚÍÁÚÙ×ÁÀÝÉÍÉ ÏÔÏ-ÂÒÁÖÅÎÉÑÍÉ", ÓÍ., ÎÁ�ÒÉÍÅÒ, [19℄, [6, §VIII.4℄).1.4. ëÏÍÍÅÎÔÁÒÉÉ. ñ×ÌÅÎÉÑ, ÏÂÓÕÖÄÁÅÍÙÅ ×ÙÛÅ (ÓÕÝÅÓÔ×Ï×ÁÎÉÅ�ÏÌÕÇÒÕ��Ï×ÏÊ ÓÔÒÕËÔÕÒÙ ÎÁ ÍÎÏÖÅÓÔ×Å Ä×ÏÊÎÙÈ ËÌÁÓÓÏ× ÓÍÅÖÎÏÓÔÉÉ ÄÅÊÓÔ×ÉÅ ÜÔÏÊ �ÏÌÕÇÒÕ��Ù ÎÁ �ÒÏÓÔÒÁÎÓÔ×Å ÎÅ�ÏÄ×ÉÖÎÙÈ ×ÅËÔÏÒÏ×),ÏÂÙÞÎÙ ÄÌÑ ÂÅÓËÏÎÅÞÎÏÍÅÒÎÙÈ ÇÒÕ��. ðÅÒ×ÙÅ ÞÁÓÔÎÙÅ ÓÌÕÞÁÉ ÜÔÉÈÑ×ÌÅÎÉÊ ÂÙÌÉ ÏÂÎÁÒÕÖÅÎÙ ò. ó. éÓÍÁÇÉÌÏ×ÙÍ × 1960-È ÇÇ. (ÓÍ. [3, 4℄).ñ×ÌÅÎÉÑ ÓÕÝÅÓÔ×ÕÀÔ ÄÌÑ ËÌÁÓÓÉÞÅÓËÉÈ ÇÒÕ�� ÎÁÄ R É p-ÁÄÉÞÅÓËÉÍÉ�ÏÌÑÍÉ, ÄÌÑ ÓÉÍÍÅÔÒÉÞÅÓËÉÈ ÇÒÕ��, ÄÌÑ ÇÒÕ�� �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ �ÒÏ-ÓÔÒÁÎÓÔ× Ó ÍÅÒÏÊ. üÔÏ ÛÉÒÏËÏ ÉÓ�ÏÌØÚÏ×ÁÌÏÓØ ç. é. ïÌØÛÁÎÓËÉÍ ×ÔÅÏÒÉÉ �ÒÅÄÓÔÁ×ÌÅÎÉÊ ÂÅÓËÏÎÅÞÎÏÍÅÒÎÙÈ ËÌÁÓÓÉÞÅÓËÉÈ ÇÒÕ�� (ÓÍ. [14,15℄, Á ÔÁËÖÅ [6℄). ï ÎÅÄÁ×ÎÅÍ �ÒÏÇÒÅÓÓÅ É Ï Ñ×ÎÙÈ Ï�ÉÓÁÎÉÑÈÔÁËÉÈ �ÏÌÕÇÒÕ�� ÓÍ. [7{12℄. îÁÓÔÏÑÝÁÑ ÚÁÍÅÔËÁ �ÏËÁÚÙ×ÁÅÔ, ÞÔÏ ÇÒÕ�-�Á Aut(F∞) �ÏÈÏÖÁ (�Ï ËÒÁÊÎÅÊ ÍÅÒÅ, ÞÁÓÔÉÞÎÏ) ÎÁ ÂÅÓËÏÎÅÞÎÏÍÅÒÎÙÅÇÒÕ��Ù. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 1.3, �ÒÉ×ÅÄÅÎÎÏÅ ÎÉÖÅ (�. 2.2), ÓÏ-×�ÁÄÁÅÔ Ó ÄÏËÁÚÁÔÅÌØÓÔ×ÏÍ ÔÅÏÒÅÍÙ VIII.5.1 ÉÚ [6℄.ðÒÏÓÔÒÁÎÓÔ×Á ËÌÁÓÓÏ× ÓÏ�ÒÑÖÅÎÎÏÓÔÉ (K× · · ·×K)==K É ÄÅÊÓÔ×ÉÑÄÉÓËÒÅÔÎÙÈ ÇÒÕ�� ÎÁ ÜÔÉÈ �ÒÏÓÔÒÁÎÓÔ×ÁÈ ÛÉÒÏËÏ ÏÂÓÕÖÄÁÌÉÓØ × ÔÅ-ÏÒÉÉ �ÒÏÓÔÒÁÎÓÔ× �ÅÊÈÍÀÌÌÅÒÁ É ÒÏÄÓÔ×ÅÎÎÙÈ ÉÍ ÏÂßÅËÔÏ× (Ï ÄÅÊ-ÓÔ×ÉÑÈ × L2 ÓÍ. [1, 2, 16℄).



îåóëïìøëï úáíåþáîéê ï çòõððáè á÷�ïíïòæéúíï÷ 1931.5. îÅËÏÔÏÒÙÅ ÏÂÏÂÝÅÎÉÑ. òÁÓÓÍÏÔÒÉÍ ËÌÁÓÓÙ ÓÏ�ÒÑÖÅÎÎÏÓÔÉ�m := G==H:äÌÑ g, h ∈ H ÍÙ ÒÁÓÓÍÏÔÒÉÍ ËÌÁÓÓ ÓÏ�ÒÑÖÅÎÎÏÓÔÉ, ÓÏÄÅÒÖÁÝÉÊg · (�jh�−1j ):üÔÁ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÔÁÂÉÌÉÚÉÒÕÅÔÓÑ ÎÁÞÉÎÁÑ Ó ÎÅËÏÔÏÒÏÇÏ ÍÅÓÔÁ,É ÍÙ �ÏÌÁÇÁÅÍ g ∗ h ÒÁ×ÎÙÍ ÅÅ ÚÎÁÞÅÎÉÀ �ÒÉ ÂÏÌØÛÉÈ j.ðÒÅÄÌÏÖÅÎÉÅ 1.3. ∗-õÍÎÏÖÅÎÉÅ Ñ×ÌÑÅÔÓÑ ËÏÒÒÅËÔÎÏ Ï�ÒÅÄÅÌÅÎÎÏÊÁÓÓÏ�ÉÁÔÉ×ÎÏÊ Ï�ÅÒÁ�ÉÅÊ ÎÁ �m.äÁÌÅÅ, �ÕÓÔØ Gk = G × · · · × G { �ÒÏÉÚ×ÅÄÅÎÉÅ k ËÏ�ÉÊ ÇÒÕ��Ù G.òÁÓÓÍÏÔÒÉÍ ÄÉÁÇÏÎÁÌØÎÕÀ �ÏÄÇÒÕ��Õ G = diag(G) É �ÏÄÇÒÕ��Õ H ×diag(G).äÌÑ g, h ∈ Gk ÒÁÓÓÍÏÔÒÉÍ ÓÌÅÄÕÀÝÕÀ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ Ä×ÏÊÎÙÈËÌÁÓÓÏ× ÓÍÅÖÎÏÓÔÉ:
H · g�jh · H;ÇÄÅ �j ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ËÁË ÜÌÅÍÅÎÔ × H. ï�ÑÔØ, ÜÔÁ �ÏÓÌÅÄÏ×ÁÔÅÌØ-ÎÏÓÔØ ÓÔÁÂÉÌÉÚÉÒÕÅÔÓÑ ÎÁÞÉÎÁÑ Ó ÎÅËÏÔÏÒÏÇÏ ÍÅÓÔÁ, É ÍÙ ÏÂÏÚÎÁÞÉÍÞÅÒÅÚ g ◦ h ÅÅ ÚÎÁÞÅÎÉÅ ÄÌÑ ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÈ j.ðÒÅÄÌÏÖÅÎÉÅ 1.4. ◦-õÍÎÏÖÅÎÉÅ Ñ×ÌÑÅÔÓÑ ËÏÒÒÅËÔÎÏ Ï�ÒÅÄÅÌÅÎÎÏÊÏ�ÅÒÁ�ÉÅÊ ÎÁ H \ Gk=H.ñ ÂÌÁÇÏÄÁÒÀ ð. íÉÈÏÒÁ ÚÁ ÏÂÓÕÖÄÅÎÉÅ ÜÔÏÊ ÔÅÍÙ.

§2. äÏËÁÚÁÔÅÌØÓÔ×Á2.1. äÏËÁÚÁÔÅÌØÓÔ×Ï �ÒÅÄÌÏÖÅÎÉÑ 1.1. ÷Ï-�ÅÒ×ÙÈ, ÍÙ �ÏËÁÖÅÍ,ÞÔÏ �ÒÏÉÚ×ÅÄÅÎÉÅ ÎÅ ÚÁ×ÉÓÉÔ ÏÔ ×ÙÂÏÒÁ N . äÅÊÓÔ×ÉÔÅÌØÎÏ, ÏÂÏÚÎÁÞÉÍÏÂÒÁÚÕÀÝÉÅ Ó×ÏÂÏÄÎÏÊ ÇÒÕ��Ù ÞÅÒÅÚx1; : : : ; xm; y1; : : : ; yN ; y′1; : : : ; y′p; z1; : : : ; zN ; z′1; : : : ; z′p; u1; u2; : : :íÙ �ÏÌÕÞÁÅÍ g�N+ph : 


















x 7→ 
(�(x; y); z)y 7→ Æ(�(x; y); z)y′ 7→ z′z 7→ �(x; y)z′ 7→ y′u 7→ u:



194 à. á. îåòå�éîíÙ ÕÍÎÏÖÁÅÍ ÜÔÏÔ Á×ÔÏÍÏÒÆÉÚÍ ÎÁ �ÏÄÓÔÁÎÏ×ËÕy′ 7→ z′; z′ 7→ y′É �ÅÒÅÎÕÍÅÒÏ×Ù×ÁÅÍ ÏÂÒÁÚÕÀÝÉÅ × �ÏÒÑÄËÅx1; : : : ; xm; y1; : : : ; yN ; z1; : : : ; zN ; y′1; : : : ; y′p; z′1; : : : ; z′p; u1; u2; : : :�ÏÇÄÁ ÍÙ �ÏÌÕÞÁÅÍ (1.3). üÔÏ �ÅÒÅÎÕÍÅÒÁ�ÉÑ ÒÁ×ÎÏÓÉÌØÎÁ ÓÏ�ÒÑÖÅ-ÎÉÀ ÜÌÅÍÅÎÔÁ g�N+ph ÎÅËÏÔÏÒÙÍ ÜÌÅÍÅÎÔÏÍ ÉÚ S∞[m℄.äÁÌÅÅ, ÒÁÓÓÍÏÔÒÉÍ ÜÌÅÍÅÎÔÙ r, q ∈ H, ÚÁÄÁÎÎÙÅ ËÁËr : 








x 7→ xy 7→ �(x; y)z 7→ zu 7→ u; q : 








x 7→ xy 7→ �(x; y)z 7→ zu 7→ u:�ÏÇÄÁ g�Nrh : 

















x 7→ 
(�(x; y); �(�(x; y); z))y 7→ Æ(�(x; y); �(�(x; y); z))z 7→ �(x; y)u 7→ u:óÌÅÄÏ×ÁÔÅÌØÎÏ, g�Nrh = r� · g�Nh;ÇÄÅ r� { ÜÎÄÏÍÏÒÆÉÚÍ ÇÒÕ��Ù F∞, ÚÁÄÁÎÎÙÊ ËÁËr� : 

















x 7→ xy 7→ yz 7→ �(�(x; y); z)u 7→ u:þÔÏÂÙ �ÏËÁÚÁÔØ ÏÂÒÁÔÉÍÏÓÔØ ÜÎÄÏÍÏÒÆÉÚÍÁ r�, ÍÙ ÚÁ�ÉÓÙ×ÁÅÍ r−1ËÁË r−1 : 








x 7→ xy 7→ s(x; y)z 7→ zu 7→ u:�ÏÇÄÁ s(�(x; y); y) = y; �(s(x; y); y) = y:



îåóëïìøëï úáíåþáîéê ï çòõððáè á÷�ïíïòæéúíï÷ 195÷ ÜÔÉÈ ÕÒÁ×ÎÅÎÉÑÈ ÍÙ ÍÏÖÅÍ ÚÁÍÅÎÉÔØ x1,. . . , xm ÎÁ ÌÀÂÏÊ ÎÁÂÏÒ ÓÌÏ×× F∞, ÎÅ ÓÏÄÅÒÖÁÝÉÈ y. ðÏÜÔÏÍÕ ÜÎÄÏÍÏÒÆÉÚÍ


















x 7→ xy 7→ yz 7→ s(�(x; y); z)u 7→ uÑ×ÌÑÅÔÓÑ ÏÂÒÁÔÎÙÍ Ë r�.äÁÌÅÅ, ÒÁÓÍÏÔÒÉÍ ÜÌÅÍÅÎÔ gq�Nh. ðÅÒÅÈÏÄÑ Ë ÏÂÒÁÔÎÏÍÕ ÜÌÅÍÅÎÔÕ(gq�Nh)−1 = h−1�Nq−1g−1;ÍÙ �ÒÉÈÏÄÉÍ Ë ÔÏÌØËÏ ÞÔÏ ÒÁÚÏÂÒÁÎÎÏÍÕ ÓÌÕÞÁÀ,h−1�Nq−1g−1 = q▽ · h−1�Ng−1ÄÌÑ ÎÅËÏÔÏÒÏÇÏ q▽ ∈ K. ðÏÜÔÏÍÕgq�Nh = g�Nh · (q▽)−1:üÔÏ ÄÏËÁÚÙ×ÁÅÔ ÕÔ×ÅÒÖÄÅÎÉÅ (a).þÔÏÂÙ ÄÏËÁÚÁÔØ ÁÓÓÏ�ÉÁÔÉ×ÎÏÓÔØ, ×ÏÚØÍÅÍ ÔÒÉ ÜÌÅÍÅÎÔÁ ÇÒÕ��Ù G,g : 









x 7→ �(x; y)y 7→ �(x; y)z 7→ z; h : 









x 7→ 
(x; y)y 7→ Æ(x; y)z 7→ z; f : 




x 7→ '(x; y)y 7→  (x; y)z 7→ z:ðÒÉ ×ÙÞÉÓÌÅÎÉÉ ◦-�ÒÏÉÚ×ÅÄÅÎÉÊ(g ◦ h) ◦ f; g ◦ (h ◦ f) (2.1)ÍÙ ÍÏÖÅÍ ÚÁÍÅÎÑÔØ ÜÔÉ ÜÌÅÍÅÎÔÙ ÓÏ�ÒÑÖÅÎÎÙÍÉ ÜÌÅÍÅÎÔÁÍÉg : 





























x 7→ �(x; y)y 7→ yz 7→ zu 7→ �(x; u)v 7→ v; h : 





























x 7→ 
(x; y)y 7→ yz 7→ Æ(x; z)u 7→ uv 7→ v; f : 














x 7→ '(x; y)y 7→  (x; y)z 7→ zu 7→ uv 7→ v:



196 à. á. îåòå�éî�ÏÇÄÁ �ÒÉ ×ÙÞÉÓÌÅÎÉÉ ◦-�ÒÏÉÚ×ÅÄÅÎÉÊ × (2.1) ÍÙ ÍÏÖÅÍ �ÏÌÏÖÉÔØ�N = �0, Ô.Å. ×ÙÞÉÓÌÑÔØ ÏÂÙÞÎÙÅ �ÒÏÉÚ×ÅÄÅÎÉÑ. �Å�ÅÒØ ÁÓÓÏ�ÉÁÔÉ×-ÎÏÓÔØ ÓÔÁÎÏ×ÉÔÓÑ ÏÞÅ×ÉÄÎÏÊ. ïËÏÎÞÁÔÅÌØÎÁÑ ÆÏÒÍÕÌÁ ÉÍÅÅÔ ×ÉÄg ◦ h ◦ f : 














x 7→ '(
(�(x; u); z); y)y 7→  (
(�(x; u); z); y)z 7→ Æ(�(x; u); z)u 7→ �(x; u)v 7→ v:üÔÏ ÔÁËÖÅ ÏÂßÑÓÎÑÅÔ, ËÁË �ÉÓÁÔØ ÍÎÏÇÏËÒÁÔÎÙÅ �ÒÏÉÚ×ÅÄÅÎÉÑ.2.2. äÏËÁÚÁÔÅÌØÓÔ×Ï �ÒÅÄÌÏÖÅÎÉÊ 1.3 É 1.4. �Å ÖÅ ÄÏ×ÏÄÙ ÄÏ-ËÁÚÙ×ÁÀÔ �ÒÅÄÌÏÖÅÎÉÅ 1.4.äÁÌÅÅ, ÉÍÅÅÔÓÑ ×ÚÁÉÍÎÏ ÏÄÎÏÚÎÁÞÎÏÅ ÓÏÏÔ×ÅÔÓÔ×ÉÅ ÍÅÖÄÕ ÍÎÏÖÅ-ÓÔ×ÁÍÉ
H \

(

G × H
)=H É G==H:ðÅÒ×ÏÅ ÍÎÏÖÅÓÔ×Ï Ñ×ÌÑÅÔÓÑ �ÏÄ�ÏÌÕÇÒÕ��ÏÊ ×

H \
(

G × G
)=H;�ÏÜÔÏÍÕ É ×ÔÏÒÏÅ ÍÎÏÖÅÓÔ×Ï ÉÍÅÅÔ �ÏÌÕÇÒÕ��Ï×ÕÀ ÓÔÒÕËÔÕÒÕ. ïÓÔÁ-ÅÔÓÑ �ÒÏÓÌÅÄÉÔØ, ÞÔÏ Ä×Á ÕÍÎÏÖÅÎÉÑ × G==H ÓÏ×�ÁÄÁÀÔ.2.3. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 1.2.ìÅÍÍÁ 2.1. (a) ðÏÄ�ÒÏÓÔÒÁÎÓÔ×Ï S∞[m℄-ÉÎ×ÁÒÉÁÎÔÎÙÈ ×ÅËÔÏÒÏ× ×L2(K∞==U) ÓÏ×�ÁÄÁÅÔ Ó H.(b) ðÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ Ï�ÅÒÁÔÏÒÏ× T (�N) ÓÈÏÄÉÔÓÑ Ë �ÒÏÅËÔÏÒÕP × ÓÌÁÂÏÊ Ï�ÅÒÁÔÏÒÎÏÊ ÔÏ�ÏÌÏÇÉÉ2.äÏËÁÚÁÔÅÌØÓÔ×Ï. (a) äÌÑ �ÒÏÓÔÒÁÎÓÔ×Á L2(K∞) ÜÔÏ ÓÌÅÄÕÅÔ ÉÚ ÚÁËÏ-ÎÁ ÎÕÌÑ ÉÌÉ ÅÄÉÎÉ�Ù èØÀÉÔÔÁ{óÜ×ÉÄÖÁ, ÓÍ., ÎÁ�ÒÉÍÅÒ, [18, § IV.1, ÔÅ-ÏÒÅÍÁ 3℄. ðÒÏÓÔÒÁÎÓÔ×Ï L2(K∞==U) ÍÏÖÅÔ ÒÁÓÓÍÁÔÒÉ×ÁÔØÓÑ ËÁË �ÒÏ-ÓÔÒÁÎÓÔ×Ï U -ÉÎ×ÁÒÉÁÎÔÎÙÈ ÆÕÎË�ÉÊ ÉÚ L2(K∞), Á ÄÅÊÓÔ×ÉÅ �ÏÄÇÒÕ�-�Ù U ËÏÍÍÔÉÒÕÅÔ Ó ÄÅÊÓÔ×ÉÅÍ ÇÒÕ��Ù S∞[m℄.(b) õÔ×ÅÒÖÄÅÎÉÅ ÌÅÇËÏ �ÒÏ×ÅÒÑÅÔÓÑ ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÏ. �ÁË ÉÌÉ ÉÎÁ-ÞÅ, ÜÔÏ ÏÂÝÉÊ ÆÁËÔ ÄÌÑ ÎÅ�ÒÅÒÙ×ÎÙÈ �ÒÅÄÓÔÁ×ÌÅÎÉÊ �ÏÌÎÏÊ ÂÅÓËÏÎÅÞ-ÎÏÊ ÓÉÍÍÅÔÒÉÞÅÓËÏÊ ÇÒÕ��Ù (ìÉÂÅÒÍÁÎ{ïÌØÛÁÎÓËÉÊ, ÓÍ. [6, §VIII.1,ÓÌÅÄÓÔ×ÉÅ 5℄, [13℄). �2óÍ., ÎÁ�ÒÉÍÅÒ, [17℄; ÎÉÖÅ × (2.2) ÍÙ ÉÓ�ÏÌØÚÕÅÍ ÒÁÚÄÅÌØÎÕÀ ÎÅ�ÒÅÒÙ×ÎÏÓÔØ�ÒÏÉÚ×ÅÄÅÎÉÑ × ÓÌÁÂÏÊ ÔÏ�ÏÌÏÇÉÉ.



îåóëïìøëï úáíåþáîéê ï çòõððáè á÷�ïíïòæéúíï÷ 197äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 1.2. òÁÚÌÏÖÉÍ L2(K∞==U) × �ÒÑÍÕÀÓÕÍÍÕ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Á H É ÅÇÏ ÏÒÔÏÇÏÎÁÌØÎÏÇÏ ÄÏ�ÏÌÎÅÎÉÑ. òÁÓÓÍÏ-ÔÒÉÍ Ï�ÅÒÁÔÏÒ
(T (g ◦ h) 00 0) : L2(K∞==U)→ L2(K∞==U):ïÎ ÒÁ×ÅÎ P T (g�Nh)P ÄÌÑ ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÈ N . óÌÅÄÏ×ÁÔÅÌØÎÏ,

(T (g ◦ h) 00 0) =P T (g�Nh)P =P T (g�N+kh)P= limj→∞

P T (g�jh)P = limj→∞

P T (g)T (�j)T (h)P=P T (g)( limj→∞

T (�j))T (h)P =P T (g)PT (h)P=(P T (g)P )(P T (h)P )=(T (g) 00 0)(T (h) 00 0) : (2.2)úÄÅÓØ limj→∞

ÏÂÏÚÎÁÞÁÅÔ ÓÌÁÂÙÊ Ï�ÅÒÁÔÏÒÎÙÊ �ÒÅÄÅÌ. �ÁËÉÍ ÏÂÒÁÚÏÍ,ÍÙ �ÏÌÕÞÉÌÉ T (g ◦ h) = T (g)T (h): �ìÉÔÅÒÁÔÕÒÁ1. W. Goldman, An ergodi
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