
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 430, 2014 Ç.á. á. é×ÁÎÏ×BV -ó�òõë�õòá îá ëïçïíïìïçéñèèïèûéìøäá ìïëáìøîùè áìçåâòë÷á�åòîéïîîïçï �éðá ÷ èáòáë�åòéó�éëå 2÷×ÅÄÅÎÉÅäÁÎÎÁÑ ÓÔÁÔØÑ Ñ×ÌÑÅÔÓÑ �ÒÏÄÏÌÖÅÎÉÅÍ ÒÁÂÏÔÙ [10℄, × ËÏÔÏÒÏÊ ÂÙÌÁ×ÙÞÉÓÌÅÎÁ BV -ÓÔÒÕËÔÕÒÁ ÎÁ ËÏÇÏÍÏÌÏÇÉÑÈ èÏÈÛÉÌØÄÁ ÇÒÕ��Ï×ÏÊ ÁÌ-ÇÅÂÒÙ ÇÒÕ��Ù Ë×ÁÔÅÒÎÉÏÎÎÙÈ ÅÄÉÎÉ� kQ8 ÎÁÄ ÁÌÇÅÂÒÁÉÞÅÓËÉ ÚÁÍËÎÕ-ÔÙÍ �ÏÌÅÍ k ÈÁÒÁËÔÅÒÉÓÔÉËÉ 2. �ÁËÉÍ ÏÂÒÁÚÏÍ ÂÙÌ �ÏÌÕÞÅÎ ÏÄÉÎ ÉÚ�ÅÒ×ÙÈ ÒÅÚÕÌØÔÁÔÏ× ÔÁËÏÇÏ ÒÏÄÁ ÄÌÑ ÎÅËÏÍÍÕÔÁÔÉ×ÎÏÊ ÇÒÕ��Ù. ÷ ÎÁ-ÓÔÏÑÝÅÊ ÒÁÂÏÔÅ �ÏÌÕÞÅÎ ÁÎÁÌÏÇÉÞÎÙÊ ÒÅÚÕÌØÔÁÔ ÕÖÅ ÄÌÑ ÏÂßÅÍÌÀÝÅÊÓÅÒÉÉ ÁÌÇÅÂÒ Rk, ×ËÌÀÞÁÀÝÅÊ × ÓÅÂÑ �ÒÉ k = 2n ÇÒÕ��Ï×ÙÅ ÁÌÇÅÂÒÙÏÂÏÂÝÅÎÎÙÈ Ë×ÁÔÅÒÎÉÏÎÎÙÈ ÇÒÕ��. îÁ�ÒÉÍÅÒ, R2 ∼= kQ8: ðÏÓËÏÌØËÕ�ÒÉ k = 2 ÚÁÄÁÞÁ ÕÖÅ ÒÅÛÅÎÁ × ÓÔÁÔØÅ [10℄, ÄÁÌÅÅ ×ÓÀÄÕ �ÒÅÄ�ÏÌÁÇÁÅÔÓÑk > 3:îÁ ËÏÇÏÍÏÌÏÇÉÑÈ èÏÈÛÉÌØÄÁ ÁÓÓÏ�ÉÁÔÉ×ÎÙÈ ÁÌÇÅÂÒ ÉÍÅÅÔÓÑ ÂÏÇÁ-ÔÁÑ ÓÔÒÕËÔÕÒÁ, ÎÁ�ÒÉÍÅÒ, ËÒÏÍÅ ÓÔÒÕËÔÕÒÙ ÇÒÁÄÕÉÒÏ×ÁÎÎÏ-ËÏÍÍÕÔÁ-ÔÉ×ÎÏÊ ÁÌÇÅÂÒÙ, ××ÅÄÅÎÎÏÊ ç. èÏÈÛÉÌØÄÏÍ [9℄, ÅÓÔØ ÇÒÁÄÕÉÒÏ×ÁÎÎÁÑÓÄ×ÉÎÕÔÁÑ ÌÉÅ×ÓËÁÑ ÓÔÒÕËÔÕÒÁ, ÓÏÇÌÁÓÏ×ÁÎÎÁÑ Ó ÕÍÎÏÖÅÎÉÅÍ, Ï�ÒÅÄÅ-ÌÅÎÎÁÑ í. çÅÒÓÔÅÎÈÁÂÅÒÏÍ [6℄, ÔÁË ÎÁÚÙ×ÁÅÍÁÑ ÓËÏÂËÁ çÅÒÓÔÅÎÈÁÂÅ-ÒÁ. äÌÑ ÓÉÍÍÅÔÒÉÞÅÓËÉÈ ÁÌÇÅÂÒ �. �ÒÜÄÌÅÒ [21℄ Ï�ÒÅÄÅÌÉÌ ÎÁ ËÏÇÏ-ÍÏÌÏÇÉÑÈ èÏÈÛÉÌØÄÁ BV -ÄÉÆÆÅÒÅÎ�ÉÁÌ, ËÏÔÏÒÙÊ Õ�ÒÁ×ÌÑÅÔ ÓËÏÂËÏÊçÅÒÓÔÅÎÈÁÂÅÒÁ. ÷ÓÅ ÜÔÉ ÓÔÒÕËÔÕÒÙ ËÒÁÊÎÅ ÓÌÏÖÎÙ ÄÌÑ ×ÙÞÉÓÌÅÎÉÑ,× ÏÓÏÂÅÎÎÏÓÔÉ, ÓÔÒÕËÔÕÒÁ ÁÌÇÅÂÒÙ çÅÒÓÔÅÎÈÁÂÅÒÁ É BV -ÓÔÒÕËÔÕÒÁ.üÔÏ Ñ×ÌÑÅÔÓÑ ÓÌÅÄÓÔ×ÉÅÍ ÔÏÇÏ, ÞÔÏ ÏÎÉ Ï�ÒÅÄÅÌÅÎÙ × ÔÅÒÍÉÎÁÈ ÂÁÒ-ÒÅÚÏÌØ×ÅÎÔÙ ÁÌÇÅÂÒÙ, ËÏÔÏÒÁÑ �ÒÁËÔÉÞÅÓËÉ ÎÅ�ÒÉÇÏÄÎÁ ÄÌÑ ×ÙÞÉÓÌÅ-ÎÉÊ. ÷ ÒÁÂÏÔÅ [10℄ É × ÎÁÓÔÏÑÝÅÊ ÜÔÉ ÔÒÕÄÎÏÓÔÉ �ÒÅÏÄÏÌÅ×ÁÀÔÓÑ �ÒÉ�ÏÍÏÝÉ, ÔÁË ÎÁÚÙ×ÁÅÍÙÈ ÓÒÁ×ÎÉ×ÁÀÝÉÈ ÇÏÍÏÍÏÒÆÉÚÍÏ× ÍÅÖÄÕ ÒÅ-ÚÏÌØ×ÅÎÔÁÍÉ. òÁÂÏÔÁ, ÔÁËÖÅ ËÁË É [10℄, ÏÓÎÏ×Ù×ÁÅÔÓÑ ÎÁ ÓÔÁÔØÅëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ËÏÇÏÍÏÌÏÇÉÉ èÏÈÛÉÌØÄÁ, BV -ÁÌÇÅÂÒÁ, ÁÌÇÅÂÒÁ çÅÒÓÔÅÎÈÁÂÅ-ÒÁ, ÇÒÕ��Ï×ÙÅ ÂÌÏËÉ ÒÕÞÎÏÇÏ ÔÉ�Á �ÒÅÄÓÔÁ×ÌÅÎÉÑ, ÇÒÕ��Ï×ÁÑ ÁÌÇÅÂÒÁ, ÏÂÏÂÝÅÎÎÙÅÇÒÕ��Ù Ë×ÁÔÅÒÎÉÏÎÏ×.òÁÂÏÔÁ ×Ù�ÏÌÎÅÎÁ �ÒÉ �ÏÄÄÅÒÖËÅ òææé (ÇÒÁÎÔ 13-01-00902) É ÇÒÁÎÔÁ �ÒÅÚÉ-ÄÅÎÔÁ òæ íä-381.2014.1. 136



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 137á. é. çÅÎÅÒÁÌÏ×Á [5℄, × ËÏÔÏÒÏÊ ÂÙÌÁ �ÏÓÔÒÏÅÎÁ ÍÉÎÉÍÁÌØÎÁÑ �ÒÏ-ÅËÔÉ×ÎÁÑ ÂÉÍÏÄÕÌØÎÁÑ ÒÅÚÏÌØ×ÅÎÔÁ ÄÌÑ ×ÓÅÇÏ ÓÅÍÅÊÓÔ×Á ÁÌÇÅÂÒ Rk É×ÙÞÉÓÌÅÎÁ ÍÕÌØÔÉ�ÌÉËÁÔÉ×ÎÁÑ ÓÔÒÕËÔÕÒÁ ÁÌÇÅÂÒÙ ËÏÇÏÍÏÌÏÇÉÊ èÏÈ-ÛÉÌØÄÁ.îÅÏÂÈÏÄÉÍÏ ÏÔÍÅÔÉÔØ, ÞÔÏ ÁÌÇÅÂÒÙ ÓÅÍÅÊÓÔ×Á Rk ÒÕÞÎÙÅ É ×ÏÚ-ÎÉËÁÀÔ ÅÓÔÅÓÔ×ÅÎÎÙÍ ÏÂÒÁÚÏÍ × ËÌÁÓÓÉÆÉËÁ�ÉÉ ÒÕÞÎÙÈ ÇÒÕ��Ï×ÙÈÂÌÏËÏ× × ÒÁÂÏÔÅ ë. üÒÄÍÁÎÎ [3℄.
§1. ëÏÇÏÍÏÌÏÇÉÉ èÏÈÛÉÌØÄÁ÷ ÜÔÏÊ ÞÁÓÔÉ ××ÏÄÑÔÓÑ ÏÓÎÏ×ÎÙÅ Ï�ÒÅÄÅÌÅÎÉÑ. ðÕÓÔØ A { k-ÁÌÇÅÂÒÁ,ÅÅ ÇÒÕ��Ù ËÏÇÏÍÏÌÏÇÉÊ èÏÈÛÉÌØÄÁ Ï�ÒÅÄÅÌÑÀÔÓÑ ËÁË HHn(A) ∼=ExtnAe(A;A) ÄÌÑ n > 0, ÇÄÅ Ae = A ⊗ Aop ÏÂÅÒÔÙ×ÁÀÝÁÑ ÁÌÇÅÂÒÁ A.óÕÝÅÓÔ×ÕÅÔ �ÒÏÅËÔÉ×ÎÁÑ ÒÅÚÏÌØ×ÅÎÔÁ A ËÁË Ae-ÍÏÄÕÌÑBar∗(A) : · · · → A⊗(r+2) dr−→ A⊗(r+1) → · · · → A⊗3 d1−→ A⊗2(d0=�→ A);ÇÄÅ Barr(A) := A⊗(r+2) ÄÌÑ r > 0, ÇÏÍÏÍÏÒÆÉÚÍ � : A⊗A → A ÚÁÄÁÅÔÓÑÕÍÎÏÖÅÎÉÅÍ × A, É dr Ï�ÒÅÄÅÌÑÀÔÓÑ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍdr(a0 ⊗ a1 ⊗ · · · ⊗ ar+1)= r

∑i=0(−1)ia0 ⊗ · · · ⊗ ai−1 ⊗ aiai+1 ⊗ ai+2 ⊗ · · · ⊗ ar+1ÄÌÑ ×ÓÅÈ a0; : : : ; ar+1 ∈ A. �ÁËÉÍ ÏÂÒÁÚÏÍ �ÏÓÔÒÏÅÎÁ ÂÁÒ-ÒÅÚÏÌØ×ÅÎÔÁÁÌÇÅÂÒÙ A. åÅ ÎÏÒÍÁÌÉÚÏ×ÁÎÎÁÑ ×ÅÒÓÉÑ Bar∗(A) Ï�ÒÅÄÅÌÑÅÔÓÑ ËÁËBarr(A) = A ⊗ A⊗r
⊗ A, ÇÄÅ A = A=(k · 1A), É ÄÉÆÆÅÒÅÎ�ÉÁÌ ÉÎÄÕ-�ÉÒÏ×ÁÎ Ó Bar∗(A).ëÏÇÏÍÏÌÏÇÉÉ èÏÈÛÉÌØÄÁ ×ÙÞÉÓÌÑÀÔÓÑ �Ï ËÏÍ�ÌÅËÓÕ C∗(A)= HomAe(Bar∗(A); A). úÁÍÅÔÉÍ, ÞÔÏ ÄÌÑ ÌÀÂÏÇÏ r > 0Cr(A) = HomAe(A⊗(r+2); A) ∼= Homk(A⊗r ; A):ðÏÜÔÏÍÕ C∗(A) ÉÍÅÅÔ ÓÌÅÄÕÀÝÉÊ ×ÉÄ:C∗(A) : A Æ0

−→ Homk(A;A)→· · ·→Homk(A⊗r; A)Ær
−→ Homk(A⊗(r+1); A) → · · · :



138 á. á. é÷áîï÷äÌÑ ÄÁÎÎÏÇÏ f ∈ Homk(A⊗r; A), ÏÔÏÂÒÁÖÅÎÉÅ Ær(f) �ÅÒÅ×ÏÄÉÔ a1⊗· · ·⊗ar+1 ×a1 · f(a2 ⊗ · · · ⊗ ar+1)+ r
∑i=1(−1)if(a1 ⊗ · · · ⊗ ai−1 ⊗ aiai+1 ⊗ ai+2 ⊗ · · · ⊗ ar+1)+ (−1)r+1f(a1 ⊗ · · · ⊗ ar) · ar+1:åÓÔØ ÔÁËÖÅ ÎÏÍÁÌÉÚÏ×ÁÎÎÁÑ ×ÅÒÓÉÑ C∗(A) = HomAe(Bar∗(A); A) ∼=Homk(A⊗∗; A).ëÁ�-ÕÍÎÏÖÅÎÉÅ � ^ � ∈ Cn+m(A) = Homk(A⊗(n+m); A) ÄÌÑ � ∈Cn(A) É � ∈ Cm(A) ÚÁÄÁÎÏ ËÁË(� ^ �)(a1 ⊗ · · · ⊗ an+m) := �(a1 ⊗ · · · ⊗ an) · �(an+1 ⊗ · · · ⊗ an+m):ëÁ�-�ÒÏÉÚ×ÅÄÅÎÉÅ ÉÎÄÕ�ÉÒÕÅÔ ÕÍÎÏÖÅÎÉÅ ÎÁ ËÏÇÏÍÏÌÏÇÉÑÈèÏÈÛÉÌØÄÁ:^ : HHn(A)×HHm(A) = HHn+m(A);ËÏÔÏÒÙÅ ÓÔÁÎÏ×ÑÔÓÑ, ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÇÒÁÄÕÉÒÏ×ÁÎÎÏ-ËÏÍÍÕÔÁÔÉ×ÎÏÊÁÌÇÅÂÒÏÊ HH∗(A) = ⊕n>0HHn(A) ([6, ÓÌÅÄÓÔ×ÉÅ 1℄).óËÏÂËÁ ìÉ Ï�ÒÅÄÅÌÑÅÔÓÑ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ. ðÕÓÔØ � ∈ Cn(A) É� ∈ Cm(A). ðÕÓÔØ n;m > 1, ÔÏÇÄÁ ÄÌÑ 1 6 i 6 n, Ï�ÒÅÄÅÌÉÍ � ◦i � ∈Cn+m−1(A) ËÁË(� ◦i �)(a1 ⊗ · · · ⊗ an+m−1) := �(a1 ⊗ · · · ⊗ ai−1 ⊗ �(ai ⊗ · · · ⊗ ai+m−1)

⊗ ai+m ⊗ · · · ⊗ an+m−1);ÅÓÌÉ n > 1 É m = 0, ÔÏ � ∈ A É ÄÌÑ 1 6 i 6 n Ï�ÒÅÄÅÌÉÍ(� ◦i �)(a1 ⊗ · · · ⊗ an−1) := �(a1 ⊗ · · · ⊗ ai−1 ⊗ � ⊗ ai ⊗ · · · ⊗ an−1);×Ï ×ÓÅÈ ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ �ÒÉÄÁÄÉÍ � ◦i � ÎÕÌÅ×ÏÅ ÚÎÁÞÅÎÉÅ. �Å�ÅÒØÏ�ÒÅÄÅÌÉÍ � ◦ � := n
∑i=1(−1)(m−1)(i−1)� ◦i �É [�; �℄ := � ◦ � − (−1)(n−1)(m−1)� ◦ �:úÁÍÅÔÉÍ, ÞÔÏ [�; �℄ ∈ Cn+m−1(A). ï�ÒÅÄÅÌÅÎÎÁÑ ×ÙÛÅ ÓËÏÂËÁ [ ; ℄ÉÎÄÕ�ÉÒÕÅÔ ËÏÒÒÅËÔÎÏ Ï�ÒÅÄÅÌÅÎÎÕÀ ÇÒÁÄÕÉÒÏ×ÁÎÎÕÀ ÓËÏÂËÕ ìÉ ÎÁËÏÇÏÍÏÌÏÇÉÑÈ èÏÈÛÉÌØÄÁ[ ; ℄ : HHn(A)×HHm(A) −→ HHn+m−1(A);



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 139ÔÁË, ÞÔÏ (HH∗(A); ^; [ ; ℄) ÓÔÁÎÏ×ÉÔÓÑ ÁÌÇÅÂÒÏÊ çÅÒÓÔÅÎÈÁÂÅÒÁ (ÓÍ.[6℄).çÏÍÏÌÏÇÉÉ èÏÈÛÉÌØÄÁ HH∗(A) ×ÙÞÉÓÌÑÀÔÓÑ �Ï ËÏÍ�ÌÅËÓÕ C∗(A) =A ⊗Ae Bar∗(A). úÁÍÅÔÉÍ, ÞÔÏ Cr(A) = A ⊗Ae A⊗(r+2) ≃ A⊗(r+1) ÉÄÉÆÆÅÒÅÎ�ÉÁÌ �r : Cr(A) = A⊗(r+1) → Cr−1(A) = A⊗r ÏÔ�ÒÁ×ÌÑÅÔa0⊗· · ·⊗ar × r−1
∑i=0(−1)ia0⊗· · ·⊗ai−1⊗aiai+1⊗ai+2⊗· · ·⊗ar+(−1)rara0⊗a1 ⊗ · · · ⊗ ar−1:îÁ ÇÏÍÏÌÏÇÉÑÈ èÏÈÛÉÌØÄÁ Ï�ÒÅÄÅÌÅÎ B-Ï�ÅÒÁÔÏÒ ëÏÎÎÁ: ÄÌÑ a0 ⊗

· · · ⊗ ar ∈ Cr(A) ÚÁÄÁÄÉÍ B(a0 ⊗ · · · ⊗ ar) ∈ Cr+1(A) ËÁËr
∑i=0(−1)ir1⊗ ai ⊗ · · · ⊗ ar ⊗ a0 ⊗ · · · ⊗ ai−1+ r

∑i=0(−1)irai ⊗ 1⊗ ai+1 ⊗ · · · ⊗ ar ⊗ a0 ⊗ · · · ⊗ ai−1:
B Ñ×ÌÑÅÔÓÑ �Å�ÎÙÍ ÏÔÏÂÒÁÖÅÎÉÅÍ É, ËÒÏÍÅ ÔÏÇÏ, ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÓÏ-ÏÔÎÏÛÅÎÉÀ B ◦B = 0, ÔÁËÉÍ ÏÂÒÁÚÏÍ ÉÎÄÕ�ÉÒÕÅÔÓÑ B : HHr(A) →HHr+1(A).÷ÓÅ ×ÙÛÅ�ÒÉ×ÅÄÅÎÎÙÅ ËÏÎÓÔÒÕË�ÉÉ �ÅÒÅÎÏÓÑÔÓÑ ÎÁ ÎÏÒÍÁÌÉÚÏ×ÁÎ-ÎÙÊ ËÏÍ�ÌÅËÓ.ï�ÒÅÄÅÌÅÎÉÅ 1.1. áÌÇÅÂÒÏÊ âÁÔÁÌÉÎÁ{÷ÉÌËÏ×ÙÓËÏÇÏ (ÉÌÉ BV -ÁÌ-ÇÅÂÒÏÊ) ÎÁÚÙ×ÁÅÔÓÑ ÁÌÇÅÂÒÁ çÅÒÓÔÅÎÈÁÂÅÒÁ (A•; ^; [ ; ℄); ÎÁ ËÏÔÏÒÏÊÚÁÄÁÎ Ï�ÅÒÁÔÏÒ �: A• → A•−1 ÓÔÅ�ÅÎÉ −1 ÔÁËÏÊ, ÞÔÏ � ◦� = 0 É[a; b℄ = −(−1)(|a|−1)|b|(�(a ^ b)−�(a)^ b− (−1)|a|a ^ �(b))ÄÌÑ ÏÄÎÏÒÏÄÎÙÈ ÜÌÅÍÅÎÔÏ× a; b ∈ A•.�ÒÜÄÌÅÒ �ÏËÁÚÁÌ, ÞÔÏ ËÏÇÏÍÏÌÏÇÉÉ èÏÈÛÉÌØÄÁ ÓÉÍÍÅÔÒÉÞÅÓËÏÊ ÁÌ-ÇÅÂÙ { BV -ÁÌÇÅÂÒÁ [21℄, ÓÍÏÔÒÉ ÔÁËÖÅ [4, 19℄. ÷ ÓÌÕÞÁÅ ÓÉÍÍÅÔÒÉÞÅ-ÓËÏÊ ÁÌÇÅÂÒÙA, �-Ï�ÅÒÁÔÏÒ ÎÁ ËÏÇÏÍÏÌÏÇÉÑÈèÏÈÛÉÌØÄÁ ÓÏÏÔ×ÅÔÓÔ×Õ-ÅÔ Ï�ÅÒÁÔÏÒÕ ëÏÎÎÁ B ÎÁ ÇÏÍÏÌÏÇÉÑÈ èÏÈÛÉÌØÄÁ �Ï Ä×ÏÊÓÔ×ÅÎÎÏÓÔÉÍÅÖÄÕ ËÏÇÏÍÏÌÏÇÉÑÍÉ É ÇÏÍÏÌÏÇÉÑÍÉ èÏÈÛÉÌØÄÁ.ëÏÎÅÞÎÏÍÅÒÎÁÑ k-ÁÌÇÅÂÒÁ A ÎÁÚÙ×ÁÅÔÓÑ ÓÉÍÍÅÔÒÉÞÅÓËÏÊ, ÅÓÌÉ AÉÚÏÍÏÒÆÎÁ Ó×ÏÅÊ Ä×ÏÊÓÔ×ÅÎÎÏÊ DA = Homk(A; k) ËÁË Ae-ÍÏÄÕÌØ, ÉÌÉ,ÜË×É×ÁÌÅÎÔÎÏ, ÅÓÌÉ ÓÕÝÅÓÔ×ÕÅÔ ÓÉÍÍÅÔÒÉÞÅÓËÁÑ ÎÅ×ÙÒÏÖÄÅÎÎÁÑ ÂÉÌÉ-ÎÅÊÎÁÑ ÆÏÒÍÁ 〈 ; 〉 : A×A → k. üÔÁ ÆÏÒÍÁ ÉÎÄÕ�ÉÒÕÅÔ Ä×ÏÊÓÔ×ÅÎÎÏÓÔØ



140 á. á. é÷áîï÷ÍÅÖÄÕ ÇÏÍÏÌÏÇÉÑÍÉ É ËÏÇÏÍÏÌÏÇÉÑÍÉ èÏÈÛÉÌØÄÁ:Homk(C∗(A); k) = Homk(A⊗Ae Bar∗(A); k)
∼= HomAe(Bar∗(A); Homk(A; k))
∼= HomAe(Bar∗(A); A) = C∗(A):�ÁËÉÍ ÏÂÒÁÚÏÍ, �Ï Ä×ÏÊÓÔ×ÅÎÎÏÓÔÉ �ÏÌÕÞÁÅÍ ÄÌÑ ×ÓÑËÏÇÏ n > 1 Ï�Å-ÒÁÔÏÒ �: HHn(A) → HHn−1(A), Ä×ÏÊÓÔ×ÅÎÎÙÊ Ë Ï�ÅÒÁÔÏÒÕ ëÏÎÎÁ.ðÒÉ×ÅÄÅÍ ÁÅÏÒÅÍÕ �ÒÜÄÌÅÒÁ.�ÅÏÒÅÍÁ 1.2. [21, ÔÅÏÒÅÍÁ 1℄ ÷ �ÒÅÄÙÄÕÝÉÈ ÏÂÏÚÎÁÞÅÎÉÑÈ ^-�ÒÏ-ÉÚ×ÅÄÅÎÉÅ, ÓËÏÂËÁ çÅÒÓÔÅÎÈÁÂÅÒÁ É �-Ï�ÅÒÁÔÏÒ, Ï�ÒÅÄÅÌÅÎÎÙÊ ×ÙÛÅ,ÏÂÒÁÚÕÀÔ ÓÔÒÕËÔÕÒÕ BV -ÁÌÇÅÂÒÙ ÎÁ ËÏÇÏÍÏÌÏÇÉÑÈ èÏÈÛÉÌØÄÁ ÁÌÇÅ-ÂÒÙ A. �ÏÞÎÅÅ, ÄÌÑ � ∈ Cn(A) = Homk(A⊗n; A)�(�) ∈ Cn−1(A) = Homk(A⊗(n−1); A)ÚÁÄÁÎ ÕÒÁ×ÎÅÎÉÅÍ

〈�(�)(a1 ⊗ · · · ⊗ an−1); an〉= n
∑i=1(−1)i(n−1)〈�(ai ⊗ · · · ⊗ an−1 ⊗ an ⊗ a1 ⊗ · · · ⊗ ai−1); 1〉ÄÌÑ a1; : : : ; an ∈ A. �Á ÖÅ ÆÏÒÍÕÌÁ ×Ù�ÏÌÎÑÅÔÓÑ É ÄÌÑ ÎÏÒÍÁÌÉÚÏ×ÁÎ-ÎÏÇÏ ËÏÍ�ÌÅËÓÁ C∗(A).

§2. óÔÑÇÉ×ÁÀÝÁÑ ÇÏÍÏÔÏ�ÉÑ ÄÌÑ RkðÕÓÔØ k { ÁÌÇÅÂÒÁÉÞÅÓËÉ ÚÁÍËÎÕÔÏÅ �ÏÌÅ ÈÁÒÁËÔÅÒÉÓÔÉËÉ 2. ï�ÒÅÄÅ-ÌÉÍ ÓÅÍÅÊÓÔ×Ï ÁÓÓÏ�ÉÁÔÉ×ÎÙÈ ÁÌÇÅÂÒ Rk; ÇÄÅ k ∈ N; k > 2; × ÔÅÒÍÉÎÁÈÓÌÅÄÕÀÝÅÇÏ ËÏÌÞÁÎÁ Q:
•x

::

y
ddÓ ÓÏÏÔÎÏÛÅÎÉÑÍÉx2 + y(xy)k−1; y2 + x(yx)k−1; xk + yk; x(yx)k :áÌÇÅÂÒÁ Rk = kQ=I ÉÍÅÅÔ ÓÌÅÄÕÀÝÉÊ ÂÁÚÉÓ

B = {x(yx)j−1; y(xy)j−1; (xy)j ; (yx)j−1}kj=1:áÌÇÅÂÒÙ ÓÅÍÅÊÓÔ×Á Rk ÓÉÍÍÅÔÒÉÞÅÓËÉÅ, Ó ÂÉÌÉÎÅÊÎÏÊ ÆÏÒÍÏÊ
〈b1; b2〉 = {1; ÅÓÌÉ b1b2 ∈ So(A);0; ÉÎÁÞÅ;



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 141ÇÄÅ b1, b2 ∈ B. ä×ÏÊÓÔ×ÅÎÎÙÊ ÂÁÚÉÓ B∗ ÚÁÄÁÅÔÓÑ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:b ∈ B : 1 x(yx)j y(xy)j (xy)j (yx)j (xy)kb∗ ∈ B∗ : (xy)k y(xy)k−1−j x(yx)k−1−j (xy)k−j (yx)k−j 1÷ ÒÁÂÏÔÅ [5℄ �ÏÓÔÒÏÅÎÁ 4-�ÅÒÉÏÄÉÞÅÓËÁÑ ÍÉÎÉÍÁÌØÎÁÑ �ÒÏÅËÔÉ×ÎÁÑÂÉÍÏÄÕÌØÎÁÑ ÒÅÚÏÌØ×ÅÎÔÁ, ËÏÔÏÒÁÑ ÄÏ�ÕÓËÁÅÔ Ï�ÉÓÁÎÉÅ × ÔÅÒÍÉÎÁÈÓÌÅÄÕÀÝÅÊ ÔÏÞÎÏÊ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ:(0→ A �
→)A⊗A d3→ A⊗ kQ∗1 ⊗A d2→ A⊗ kQ1 ⊗A d1→ A⊗A d0→ A → 0;ÇÄÅ

• Q1 = {x; y} É Q∗1 = {rx; ry}; rx = x2 + y(xy)k−1 Éry = y2 + x(yx)k−1;
• ÏÔÏÂÒÁÖÅÎÉÅ d0 ÚÁÄÁÎÏ ÕÍÎÏÖÅÎÉÅÍ × A;
• d1(1⊗ x⊗ 1) = x⊗ 1 + 1⊗ x Éd1(1⊗ y ⊗ 1) = y ⊗ 1 + 1⊗ y;
• d2(1⊗ rx⊗1) = 1⊗x⊗x+x⊗x⊗1+ k−2

∑i=0(yx)iy⊗x⊗ y(xy)k−2−i+ k−1
∑i=1(yx)i ⊗ y ⊗ (xy)k−1−i + 1⊗ y ⊗ (xy)k−1;Éd2(1⊗ ry ⊗ 1) = 1⊗ y⊗ y+ y⊗ y⊗ 1+ k−2

∑i=0(xy)ix⊗ y⊗x(yx)k−2−i+ k−1
∑i=1(xy)i ⊗ x⊗ (yx)k−1−i + 1⊗ x⊗ (yx)k−1;

• d3(1⊗ 1) = x⊗ rx ⊗ 1 + 1⊗ rx ⊗ x+ y ⊗ ry ⊗ 1 + 1⊗ ry ⊗ y;
• �(1) = ∑b∈B

b∗ ⊗ b.÷ÓÅ ÏÓÔÁÌØÎÙÅ �ÒÏÅËÔÉ×ÎÙÅ ÂÉÍÏÄÕÌÉ Ï�ÒÅÄÅÌÑÀÔÓÑ, ÔÏÇÄÁ ÓÌÅÄÕ-ÀÝÉÍ ÏÂÒÁÚÏÍ:
• P0 = A⊗A = P3, P1 = A⊗ kQ1 ⊗A É P2 = A⊗ kQ∗1 ⊗A;
• P4 = P0 = A⊗A É d4 = � ◦ d0 : P4 → P3;
• ÄÌÑ n > 1 É i ∈ {0; 1; 2; 3} ÉÍÅÅÍ P4n+i = Pi É d4n+i+1 = di+1.óÌÅÄÕÑ ÍÅÔÏÄÕ ×ÙÞÉÓÌÅÎÉÑ BV -ÓÔÒÕËÔÕÒÙ ÉÚ ÓÔÁÔØÉ [10℄, �ÒÅÄß-Ñ×ÉÍ ÓÔÑÇÉ×ÁÀÝÕÀ ÇÏÍÏÔÏ�ÉÀ {ti : Pi → Pi+1; t−1 : A → P0} ÜÔÏÊ�ÅÒÉÏÄÉÞÅÓËÏÊ ÒÅÚÏÌØ×ÅÎÔÙ, ÓÏÓÔÁ×ÌÅÎÎÕÀ ÉÚ ÇÏÍÏÍÏÒÆÉÚÍÏ× �ÒÁ×ÙÈÍÏÄÕÌÅÊ.



142 á. á. é÷áîï÷ëÁË É × [10℄, t−1 = 1⊗ 1 É t0(b⊗ 1) = C(b) ÄÌÑ b ∈ B, ÇÄÅ C : kQ →kQ⊗kQ1⊗kQ { ÂÉÍÏÄÕÌØÎÏÅ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÅ, ÏÔ�ÒÁ×ÌÑÀÝÅÅ �ÕÔØ�1 · · ·�n, �1; : : : ; �n ∈ Q1 × n
∑i=1�1 · · ·�i−1 ⊗ �i ⊗ �i+1 · · ·�n.ïÔÏÂÒÁÖÅÎÉÅ t1 : P1 → P2 ÚÁÄÁÅÔÓÑ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:t1(b⊗ x⊗ 1)= 





























0; ÅÓÌÉ bx ∈ B,rx; ÅÓÌÉ b = x,T (yrx + (xy)k−1rxy(xy)k−2 + ry(xy)k−1); ÅÓÌÉ b = Tyx,ryy + yry; ÅÓÌÉ b = y(xy)k−1,rxx2 + xrxx+ x2rx + (yx)k−1ry(xy)k−1; ÅÓÌÉ b = (xy)k ;t1(b⊗ y ⊗ 1)= 









0; ÅÓÌÉ by ∈ B,ry; ÅÓÌÉ b = y,T (xry + (yx)k−1ryx(yx)k−2 + rx(yx)k−1); ÅÓÌÉ b = Txy;ÇÄÅ T ∈ B.ïÔÍÅÔÉÍ, ÞÔÏ t1(b1 ⊗ b2 ⊗ 1) = 0 ÄÌÑ b1; b2 ∈ B, ÔÁËÉÈ, ÞÔÏb1b2 ∈ B.ïÔÏÂÒÁÖÅÎÉÅ t2 : P2 → P3 ÚÁÄÁÅÔÓÑ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:t2(b⊗ rx ⊗ 1)
=































































0; ÅÓÌÉ bx ∈ B,1; ÅÓÌÉ b = x,i−1
∑j=1(yx)j ⊗ y(xy)i−j−1 + i

∑j=1(yx)j−1y ⊗ (xy)i−j ; ÅÓÌÉ b = (yx)i,i
∑j=1((xy)j ⊗ (xy)i−j + x(yx)j−1 ⊗ y(xy)i−j); ÅÓÌÉ b = x(yx)i,1⊗x; ÅÓÌÉ b=y(xy)k−1,k−1
∑j=0((yx)j ⊗ y(xy)k−1−j + y(xy)j ⊗ (xy)k−1−j); ÅÓÌÉ b = (xy)k;



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 143t2(b⊗ ry ⊗ 1)= 

































0; ÅÓÌÉ bx ∈ B,0; ÅÓÌÉ b = y,i−1
∑j=1(xy)j ⊗ x(yx)i−j−1 + i

∑j=1(xy)j−1x⊗ (yx)i−j ; ÅÓÌÉ b = (xy)i,i
∑j=1((yx)j ⊗ (yx)i−j + y(xy)j−1 ⊗ x(yx)i−j); ÅÓÌÉ b = y(xy)i.îÁËÏÎÅ�, Ï�ÒÅÄÅÌÉÍ � : P3 = A ⊗ A → A ÔÁËÉÍ ÏÂÒÁÚÏÍ: �(xyxy ⊗1) = 1 É �(b ⊗ 1) = 0 ÄÌÑ b ∈ B − {xyxy}. íÙ �ÏÌÏÖÉÍ t3 = t−1 ◦ � :P3 → P4 É Ï�ÒÅÄÅÌÉÍ t4n+i = ti ÄÌÑ n > 0 É i ∈ {0; 1; 2; 3}.ðÒÅÄÌÏÖÅÎÉÅ 2.1. ï�ÒÅÄÅÌÅÎÎÙÅ ×ÙÛÅ {ti}i>−1 ÏÂÒÁÚÕÀÔ ÓÔÑÇÉ×Á-ÀÝÕÀ ÇÏÍÏÔÏ�ÉÀ ÄÌÑ ÒÅÚÏÌØ×ÅÎÔÙ P∗.äÏËÁÚÁÔÅÌØÓÔ×Ï. òÅÚÏÌØ×ÅÎÔÁ 4-�ÅÒÉÏÄÉÞÎÁ, �ÏÜÔÏÍÕ ÄÏÓÔÁÔÏÞÎÏ�ÏËÁÚÁÔØ















d0t−1 = Id;dp+1tp + tp−1dp = Id; ÅÓÌÉ 0 6 p 6 2;t2d3 + �� = Id;�� = Id;ÞÔÏ �ÒÏ×ÅÒÑÅÔÓÑ �ÒÑÍÙÍÉ ×ÙÞÉÓÌÅÎÉÑÍÉ. �

§3. óÒÁ×ÎÉ×ÁÀÝÉÅ ÇÏÍÏÍÏÒÆÉÚÍÙ ÄÌÑ RkëÌÀÞÅ×ÙÍ ÉÎÓÔÒÕÍÅÎÔÏÍ × ×ÙÞÉÓÌÅÎÉÉ ÂÕÄÕÔ ÓÌÕÖÉÔØ ÓÒÁ×ÎÉ×Á-ÀÝÉÅ ÇÏÍÏÍÏÒÆÉÚÍÙ, Ó×ÑÚÙ×ÁÀÝÉÅ ÍÉÎÉÍÁÌØÎÕÀ ÒÅÚÏÌØ×ÅÎÔÕ P∗ ÉÂÁÒ-ÒÅÚÏÌØ×ÅÎÔÕ ÁÌÇÅÂÒÙ A := Rk. üÔÉ ÇÏÍÏÍÏÒÆÉÚÍÙ �ÏÚ×ÏÌÑÀÔ �Å-ÒÅÏ�ÒÅÄÅÌÑÔØ ËÏ�ÉËÌÙ, ÚÁÄÁÎÎÙÅ ÎÁ ÏÄÎÏÊ ÒÅÚÏÌØ×ÅÎÔÅ, × ÔÅÒÍÉÎÁÈÄÒÕÇÏÊ. üÔÏ ÎÅÏÂÈÏÄÉÍÏ, �ÏÓËÏÌØËÕ ÍÕÌØÔÉ�ÌÉËÁÔÉ×ÎÁÑ ÓÔÒÕËÔÕÒÁ ÁÌ-ÇÅÂÒÙ ËÏÇÏÍÏÌÏÇÉÊ èÏÈÛÉÌØÄÁ ×ÙÞÉÓÌÑÅÔÓÑ �Ï ÍÉÎÉÍÁÌØÎÏÊ ÒÅÚÏÌØ-×ÅÎÔÅ, Á BV -ÄÉÆÆÅÒÅÎ�ÉÁÌ É ÓËÏÂËÁ çÅÒÓÔÅÎÈÁÂÅÒÁ, × Ó×ÏÀ ÏÞÅÒÅÄØ,Ï�ÒÅÄÅÌÑÀÔÓÑ × ÔÅÒÍÉÎÁÈ ÂÁÒ-ÒÅÚÏÌØ×ÅÎÔÙ.äÌÑ ÁÌÇÅÂÒÙ A ÏÂÏÚÎÁÞÉÍ A = A=(k · 1). îÏÒÍÁÌÉÚÏ×ÁÎÎÁÑ ÂÁÒ-ÒÅÚÏÌØ×ÅÎÔÁ { ÜÔÏ ÆÁËÔÏÒ-ËÏÍ�ÌÅËÓ ÏÂÙÞÎÏÊ ÂÁÒ-ÒÅÚÏÌØ×ÅÎÔÙ, ÞÅÊ p-ÊÞÌÅÎ Ï�ÒÅÄÅÌÑÅÔÓÑ, ËÁË Bp(A) = A ⊗ A⊗p
⊗ A; Á ÄÉÆÆÅÒÅÎ�ÉÁÌ ÉÎÄÕ-�ÉÒÏ×ÁÎ ÓÔÁÎÄÁÒÔÎÙÍ ÄÉÆÆÅÒÅÎ�ÉÁÌÏÍ ÂÁÒ-ÒÅÚÏÌØ×ÅÎÔÙ.



144 á. á. é÷áîï÷éÓ�ÏÌØÚÕÑ ÍÅÔÏÄÙ ÉÚ ÞÁÓÔÉ 2 ÓÔÁÔØÉ [10℄, ÍÏÖÎÏ ×ÙÞÉÓÌÉÔØ ÓÒÁ×ÎÉ-×ÁÀÝÉÅ ÇÏÍÏÍÏÒÆÉÚÍÙ ÍÅÖÄÕ ÍÉÎÉÍÁÌØÎÏÊ ÒÅÚÏÌØ×ÅÎÔÏÊ P∗ É ÎÏÒ-ÍÁÌÉÚÏ×ÁÎÎÏÊ ÂÁÒ-ÒÅÚÏÌØ×ÅÎÔÏÊ Bar∗(A), ËÏÔÏÒÙÅ ÍÙ ÏÂÏÚÎÁÞÉÍ �∗ :P∗ → Bar∗(A) É 	∗ : Bar∗(A) → P∗.÷ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÆÏÒÍÕÌÁÈ, �ÒÉ×ÅÄÅÎÎÙÈ ÎÉÖÅ ÄÌÑ �i �ÒÉ i66;×ÓÀÄÕ b ∈ B\{1}; Á ÔÁËÖÅ ××ÅÄÅÎÙ f∈F=B\{1; y(xy)k−1; x(yx)k−1; (xy)k}É fa ∈ F\{Ta |T ∈ B\{1}}. ï�ÒÅÄÅÌÉÍ ÔÁËÖÅ Ï�ÅÒÁ�ÉÀ fx ÓÌÅÄÕÀÝÉÍÏÂÒÁÚÏÍ: x = 1; y(xy)i = y(xy)k−2−i É (xy)i = (yx)k−1−i; ÁÎÁÌÏÇÉÞÎÏ fyÏ�ÒÅÄÅÌÑÅÔÓÑ, ËÁË (yx)i = (xy)k−1−i; y = 1 É x(yx)i = x(yx)k−2−i:
• �0 = Id : P0 = A⊗ A → B0 = A⊗A;
• �1 : P1 = A ⊗ kQ1 ⊗ A → B1 = A ⊗ A ⊗ A ÉÎÄÕ�ÉÒÏ×ÁÎÁ×ÌÏÖÅÎÉÅÍ kQ1 ,→ A;
• �2 : P2 = A⊗ kQ∗1 ⊗A → B2 = A⊗A⊗2

⊗A ÚÁÄÁÅÔÓÑ ËÁË�2(1⊗ rx ⊗ 1) = 1⊗ x⊗ x⊗ 1 + k−2
∑i=0 1⊗ (yx)iy ⊗ x⊗ y(xy)k−2−i+ k−1
∑i=1 1⊗ (yx)i ⊗ y ⊗ (xy)k−1−iÉ�2(1⊗ ry ⊗ 1) = k−1

∑i=1 1⊗ (xy)i ⊗ x⊗ (yx)k−1−i + 1⊗ y ⊗ y ⊗ 1+ k−2
∑i=0 1⊗ (xy)ix⊗ y ⊗ x(yx)k−2−i;

• �3 : P3 = A⊗A → B3 = A⊗A⊗3
⊗A ÚÁÄÁÅÔÓÑ ËÁË�3(1⊗ 1) = 1⊗ x�2(1⊗ rx ⊗ 1) + 1⊗ y�2(1⊗ ry ⊗ 1)= 1⊗ x⊗ x⊗ x⊗ 1 + k−2

∑i=0 1⊗ x⊗ (yx)iy ⊗ x⊗ y(xy)k−2−i+ k−1
∑i=1 1⊗ x⊗ (yx)i ⊗ y ⊗ (xy)k−1−i + 1⊗ y ⊗ y ⊗ y ⊗ 1+ k−1
∑i=1 1⊗ y ⊗ (xy)i ⊗ x⊗ (yx)k−1−i
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∑i=0 1⊗ y ⊗ (xy)ix⊗ y ⊗ x(yx)k−2−i ;

• �4 : P4 = A⊗A → B4 = A⊗A⊗4
⊗A ÚÁÄÁÅÔÓÑ ËÁË�4(1⊗ 1) = ∑b 1⊗ b�3(1⊗ 1)b∗;

• �5 : P5 = A⊗ kQ1 ⊗A → B5 = A⊗A⊗5
⊗A ÚÁÄÁÅÔÓÑ ËÁË�5(1⊗ a⊗ 1) = 1⊗ a�4(1⊗ 1) = ∑b;;f 1⊗ a⊗ b⊗ ⊗ f ⊗ ~⊗ fb∗= ∑b 1⊗ a⊗ b⊗ x⊗ x⊗ x⊗ b∗ + k−2

∑i=0 ∑b 1⊗ a⊗ b⊗ x⊗ (yx)iy ⊗ x
⊗ y(xy)k−2−ib∗ + k−1

∑i=1 ∑b 1⊗ a⊗ b⊗ x⊗ (yx)i ⊗ y ⊗ (xy)k−1−ib∗+∑b 1⊗ a⊗ b⊗ y ⊗ y ⊗ y ⊗ b∗+ k−1
∑i=1 ∑b 1⊗ a⊗ b⊗ y ⊗ (xy)i ⊗ x⊗ (yx)k−1−ib∗+ k−2
∑i=0 ∑b 1⊗ a⊗ b⊗ y ⊗ (xy)ix⊗ y ⊗ x(yx)k−2−ib∗;ÇÄÅ a, , ~ ∈ {x; y}; É ÌÉÂÏ f; f~ ∈ B; ÌÉÂÏ  = f = ~: ÷ �ÅÒ×ÏÍÓÌÕÞÁÅ ÍÙ �ÏÌÁÇÁÅÍ f = fa ÄÌÑ fa = f; Á ×Ï ×ÔÏÒÏÍ �ÏÌÏÖÉÍf = 1:
• �6 : P5 = A⊗ kQ1 ⊗A → B6 = A⊗A⊗6

⊗A ÚÁÄÁÅÔÓÑ ËÁË�6(1⊗ ra ⊗ 1) = ∑fodda ;b;f; 1⊗ fodda ⊗ a⊗ b⊗ ⊗ f ⊗ ~⊗ �fb∗fodda+ ∑fev~a ;b;f; 1⊗ fev~a ⊗ ~a⊗ b⊗ ⊗ f ⊗ ~⊗ fb∗fev~a= ∑fodda ;b 1⊗ fodda ⊗ a⊗ b⊗ x⊗ x⊗ x⊗ b∗fodda



146 á. á. é÷áîï÷+ k−2
∑j=0 ∑fodda ;b 1⊗ fodda ⊗ a⊗ b⊗ x⊗ (yx)jy ⊗ x⊗ y(xy)k−2−jb∗fodda+ k−1
∑j=1 ∑fodda ;b 1⊗ fodda ⊗ a⊗ b⊗ x⊗ (yx)j ⊗ y ⊗ (xy)k−1−jb∗fodda+ ∑fodda ;b;f 1⊗ fodda ⊗ a⊗ b⊗ y ⊗ y ⊗ y ⊗ b∗fodda+ k−1
∑j=1 ∑fodda ;b 1⊗ fodda ⊗ a⊗ b⊗ y ⊗ (xy)j ⊗ x⊗ (yx)k−1−jb∗fodda+ k−2
∑j=0 ∑fodda ;b 1⊗ fodda ⊗ a⊗ b⊗ y ⊗ (xy)jx⊗ y ⊗ x(yx)k−2−jb∗fodda+ ∑fev~a ;b 1⊗ fev~a ⊗ ~a⊗ b⊗ x⊗ x⊗ x⊗ b∗f~aev+ k−2
∑j=0 ∑fev~a ;b 1⊗ fev~a ⊗ ~a⊗ b⊗ x⊗ (yx)jy ⊗ x⊗ y(xy)k−2−jb∗f~a+ k−1
∑j=1 ∑fev~a ;b 1⊗ fev~a ⊗ ~a⊗ b⊗ x⊗ (yx)j ⊗ y ⊗ (xy)k−1−jb∗fev~a+ ∑fev~a ;b;f 1⊗ fev~a ⊗ ~a⊗ b⊗ y ⊗ y ⊗ y ⊗ b∗fev~a+ k−1
∑j=1 ∑fev~a ;b 1⊗ fev~a ⊗ ~a⊗ b⊗ y ⊗ (xy)j ⊗ x⊗ (yx)k−1−jb∗fev~a+ k−2
∑j=0 ∑fev~a ;b 1⊗ fev~a ⊗ ~a⊗ b⊗ y ⊗ (xy)jx⊗ y ⊗ x(yx)k−2−jb∗fev~a ;ÇÄÅ a; ; ~ ÔÁËÉÅ ÖÅ ËÁË É × �ÒÅÄÙÄÕÝÅÍ �ÕÎËÔÅ, fodda ÏÂÏÚÎÁÞÁ-ÅÔ fa ÎÅÞÅÔÎÏÊ ÄÌÉÎÙ, feva , ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ, { ÞÅÔÎÏÊ, ÎÁËÏÎÅ�,~a = {x; ÅÓÌÉ a = y;y; ÅÓÌÉ a = x:



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 147ãÅ�ÎÏÅ ÏÔÏÂÒÁÖÅÎÉÅ 	∗ : Bar∗(A) → P∗ ÍÏÖÅÔ ÂÙÔØ ×ÙÞÉÓÌÅÎÏ�Ï ÍÅÔÏÄÕ ÞÁÓÔÉ 2 ÒÁÂÏÔÙ [10℄ × ÔÅÒÍÉÎÁÈ t∗. ïÄÎÁËÏ ÒÁÚÍÅÒÎÏÓÔØBarn(A) ÏÞÅÎØ ÂÙÓÔÒÏ ÒÁÓÔÅÔ. ïÔÏÂÒÁÖÅÎÉÅ 	n ÎÅÏÂÈÏÄÉÍÏ ÚÁÄÁÔØ ÎÁ7n ÜÌÅÍÅÎÔÁÈ. �ÁËÉÍ ÏÂÒÁÚÏÍ, �ÏÌÎÏÅ Ï�ÉÓÁÎÉÅ ÂÕÄÅÔ ÄÁÎÏ ÌÉÛØ ÄÌÑ	0 É 	1; Á × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ ÂÕÄÅÔ ÄÌÑ ÕÄÏÂÓÔ×Á ÞÉÔÁÔÅÌÑ �ÒÏÓÔÏ×Ù�ÉÓÁÎÁ ÒÅËÕÒÅÎÔÎÁÑ ÆÏÒÍÕÌÁ, ÄÏËÁÚÁÎÎÁÑ × [10℄.
• 	0 = Id : B0 = A⊗A → P0 = A⊗A;
• 	1 : B1 = A⊗A⊗A → P1 = A⊗kQ1⊗A ÚÁÄÁÅÔÓÑ 	1(1⊗b⊗1) =C(b) ÄÌÑ b ∈ B − {1}.
• 	2 : B2 = A⊗A⊗A⊗2

→ A⊗ kQ∗1 ⊗A ÚÁÄÁÅÔÓÑ	2(1⊗ a1 ⊗ a2 ⊗ 1) = t1(a1C(a2))
• 	3 : B3 = A⊗A⊗A⊗3

→ A⊗ kQ∗1 ⊗A ÚÁÄÁÅÔÓÑ	2(1⊗ a1 ⊗ a2 ⊗ a3 ⊗ 1) = t2(a1t1(a2C(a3)))
• 	4 : B4 = A⊗A⊗A⊗4

→ A⊗A ÚÁÄÁÅÔÓÑ	4(1⊗ a1 ⊗ a2 ⊗ a3 ⊗ a4⊗ 1) = t3(a1t2(a2t1(a3C(a4))))
§4. BV -ÓÔÒÕËÔÕÒÁ ÎÁ HH∗(Rk)á. é. çÅÎÅÒÁÌÏ× �ÏÌÕÞÉÌ ÓÌÅÄÕÀÝÉÊ ÒÅÚÕÌØÔÁÔ × ÓÔÁÔØÅ [5℄.�ÅÏÒÅÍÁ 4.1. [5, ÔÅÏÒÅÍÁ 1.1, ÓÌÕÞÁÊ 1Á)℄ ðÕÓÔØ k { ÁÌÇÅÂÒÁÉÞÅÓËÉÚÁÍËÎÕÔÏÅ �ÏÌÅ ÈÁÒÁËÔÅÒÉÓÔÉËÉ 2. ðÕÓÔØ R = Rk. �ÏÇÄÁ HH∗(Rk) ≃k[X℄=I; ÇÄÅ

• X = {p1; p2; p′2; p3; u1; u′1; u2; v1; v2; v′2; w; z};
{

|p1| = |p2| = |p′2| = |p3| = 0; |u1| = |u′1| = |u2| = 1;
|v1| = |v2| = |v′2| = 2; |w| = 3; |z| = 4;

• ÉÄÅÁÌ I �ÏÒÏÖÄÅÎ ÓÌÅÄÕÀÝÉÍÉ ÓÏÏÔÎÏÛÅÎÉÑÍÉÓÔÅ�ÅÎÉ 0
{ pk1 ; p22; (p′1)2; p1p2; p1p′2; p2p′2;p23; p1p3; p2p3; p′2p3;ÓÔÅ�ÅÎÉ 1 pk−11 u2; p2u2; p′2u2; p3u2;p2u1 − p′2u′1; p′2u1 − p1u′1;p1u1 − p2u′1; p2u1 − pk−21 u2;



148 á. á. é÷áîï÷ÓÔÅ�ÅÎÉ 2














pk−11 v1; p2v2; p′2v′2; p3v1; p3v2; p3v′2; u1u′1 − kpk−21 v1;p2v1 − p1v′2; p2v1 − p′2v2; p2v1 − p3u21;p′2v1 − p1v2; p′2v1 − p2v′2; p′2v1 − p3(u′1)2;u22; u1u2 − kp3(u′1)2; u′1u2 − kp3u21;ÓÔÅ�ÅÎÉ 3u′1v2 − u1v′2; u′1v1 − u1v2; u1v1 − u′1v′2; u31 − (u′1)3;p2w; p′2w; p3w; u′1v2 − pk−21 w;u2v2; u2v′2; u2v1 − p1w;ÓÔÅ�ÅÎÉ 4v21 − p21z; v22 ; (v′2)2; v1v2; v1v′2; v2v′2;u1w; u′1w; u2w:ÓÔÅ�ÅÎÉ 5 v2w; v′2w; v1w − p1u2z;ÓÔÅ�ÅÎÉ 6 w2:úÁÍÅÞÁÎÉÅ 4.2. ðÕÓÔØ P { ÞÌÅÎ ÍÉÎÉÍÁÌØÎÏÊ ÒÅÚÏÌØ×ÅÎÔÙ P∗. âÕÄÅÍÏÂÏÚÎÁÞÁÔØ ÜÌÅÍÅÎÔÙ HomAe(P;A) ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ. åÓÌÉ P = A⊗A É a ∈ A, ÔÏÇÄÁ ÏÂÏÚÎÁÞÉÍ a ÏÔÏÂÒÁÖÅÎÉÅ, ÏÔ�ÒÁ×ÌÑÀÝÅÅ 1 ⊗ 1 ×a. åÓÌÉ P = A ⊗ Q1 ⊗ A (P = A ⊗ Q∗1 ⊗ A), a; b ∈ A, ÔÏ ÏÂÏÚÎÁÞÉÍ(a; b) ÏÔÏÂÒÁÖÅÎÉÅ, ÏÔ�ÒÁ×ÌÑÀÝÅÅ 1 ⊗ x ⊗ 1 É 1 ⊗ y ⊗ 1 (1 ⊗ rx ⊗ 1 É1 ⊗ ry ⊗ 1) × a É b, ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. âÕÄÅÍ ÔÁËÖÅ ÉÓ�ÏÌØÚÏ×ÁÔØ ÜÔÉÏÂÏÚÎÁÞÅÎÉÑ É ÄÌÑ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ËÏÇÏÍÏÌÏÇÉÞÅÓËÉÈ ËÌÁÓÓÏ×. éÚÒÁÂÏÔÙ á. é. çÅÎÅÒÁÌÏ×Á [5℄ ÓÌÅÄÕÅÔ, ÞÔÏ p1 = xy + yx, p2 = x(yx)k−1,p′2 = y(xy)k−1, p3 = (xy)k, u1 = (1; x(yx)k−2), u′1 = (y(xy)k−2; 1), u2 =(xyx; 0), v1 = (y; x), v2 = (x; 0), v′2 = (0; y), w = xy É z = 1 × ÜÔÉÈÏÂÏÚÎÁÞÅÎÉÑÈ. ðÏ [5, ÚÁÍÅÞÁÎÉÑ 3.0.3, 3.1.3℄ ÉÍÅÅÍ((xy)i + (yx)i; 0); (0; (xy)i + (yx)i);(x(yx)i; y(xy)i) ∈ B1(Rk); 1 6 i 6 k − 1;É ((xy)i + (yx)i; 0); (0; (xy)i + (yx)i); (x(yx)j ; 0); (0; y(xy)j);(0; x(yx)k−1); (y(xy)k−1; 0); (xyx; (xy)k); ((xy)k ; yxy) ∈ B2(Rk);1 6 i 6 k − 1; 2 6 j 6 k − 1:



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 149ðÏ Ï�ÒÅÄÅÌÅÎÉÀ 1.1 É ×ÓÌÅÄÓÔ×ÉÅ ÓÏÏÔÎÏÛÅÎÉÑ ðÕÁÓÓÏÎÁ,[a ^ b; ℄ = [a; ℄^ b+ (−1)|a|(||−1)a ^ [b; ℄;×Ù�ÏÌÎÅÎÏ ÒÁ×ÅÎÓÔ×Ï (ÚÄÅÓØ ÍÙ ÕÞÉÔÙ×ÁÅÍ, ÞÔÏ har(k) = 2)�(ab) = �(ab)+�(a)b+�(b)a+�(a)b+�(b)a+�()ab: (4.1)�ÁËÉÍ ÏÂÒÁÚÏÍ, ÎÅÏÂÈÏÄÉÍÏ ×ÙÞÉÓÌÉÔØ �(x) ÌÉÛØ ÎÁ x ∈ X É x = a∪b,ÇÄÅ a; b ∈ X. ðÕÓÔØ a ∈ HHn(kQ8) ÚÁÄÁÎ ËÏ�ÉËÌÏÍ f : Pn → A, ÔÏÇÄÁ×ÙÞÉÓÌÉÍ �(a) �Ï ÆÏÒÍÕÌÅ�(a) = �(f ◦	n) ◦ �n−1:ïÞÅ×ÉÄÎÏ, ÞÔÏ �(a) = 0 ÄÌÑ a ∈ {p1; p2; p′2; p3} ÔÁË ËÁË � ÓÔÅ�ÅÎÉ −1.äÌÑ b;  ∈ B ÉÍÅÅÍ
〈b; 〉 = {1; ÅÓÌÉ  = b∗,0 ÉÎÁÞÅ.�ÏÇÄÁ �Ï ÔÅÏÒÅÍÅ 1.2:�(�)(a1 ⊗ · · · ⊗ an−1)= ∑b∈B\{1}〈 n

∑i=1(−1)i(n−1)�(ai ⊗ · · · ⊗ an−1 ⊗ b⊗ a1 ⊗ · · · ⊗ ai−1); 1〉 b∗ÄÌÑ � ∈ Cn(A), a1; : : : ; an−1 ∈ A.ìÅÍÍÁ 4.3.�(u1) = �(u′1) = 0; �(u2) = (k − 1)p1;�(p1u1) = �(p1u′1) = �(p′2u1) = �(p2u′1) = 0;�(p2u1) = �(p′2u′1) = pk−11 ; �(p3u′1) = p2; �(p3u1) = p′2;�(p2u2) = �(p′2u2) = �(p3u2) = 0; �(p1u2) = (k − 2)p21:äÏËÁÚÁÔÅÌØÓÔ×Ï. õÞÉÔÙ×ÁÑ �ÒÉ×ÅÄÅÎÎÏÅ ×ÙÛÅ Ï�ÉÓÁÎÉÅ ËÏÇÒÁÎÉ�B1; ÉÍÅÅÍp1u1 = (xy + yx; 0) = 0; p1u′1 = (0; xy + yx) = 0p1u1 = p′1u1 = p2u2 = p′2u2 = p3u2 = 0;p2u′1 = p′2u1 = (0; x(yx)k−1);p2u1 = p′2u′1 = (0; y(xy)k−1);p3u1 = ((xy)k ; 0); p3u′1 = (0; (xy)k); p1u2 = (x(yx)2; 0)



150 á. á. é÷áîï÷× HH1(A) (ÓÍÏÔÒÉ ÚÁÍÅÞÁÎÉÅ 4.2). äÌÑ a ∈ HH1(A) ÉÍÅÅÍ�(a)(1⊗ 1) = �(a ◦	1)�0(1⊗ 1) = ∑b∈B\{1} 〈a(C(b)); 1〉 b∗:ìÅÇËÏ �ÒÏ×ÅÒÉÔØ, ÞÔÏ
〈a(C(b)); 1〉= 





























1; ÅÓÌÉ a = p3u1 É b = x, ÉÌÉ a = p3u′1 É b = y,ÉÌÉ a ∈ {p2u1; p′2u′1} É b ∈ {xy; yx},k − 1; ÅÓÌÉ a = u2 É b ∈ {(xy)k−1; (yx)k−1},k − 2; ÅÓÌÉ a = p1u2 É b ∈ {(xy)k−2; (yx)k−2},0; ÉÎÁÞÅ.ðÒÉÍÅÎÑÑ ÜÔÉ ÆÏÒÍÕÌÙ, �ÏÌÕÞÁÅÍ ÕÔ×ÅÒÖÄÅÎÉÅ ÌÅÍÍÙ. �ìÅÍÍÁ 4.4. �(ab) = 0�ÒÉ a ∈ {v1; v2; v′2}; b ∈ {1; p1; p2; p′2; p3};�(u1u2) = �(u′1u2) = �(u1u′1) = 0:äÏËÁÚÁÔÅÌØÓÔ×Ï. äÌÑ a ∈ HH2(A) ÉÍÅÅÍ�(a)(1⊗ x⊗ 1) = �(a ◦	2)�1(1⊗ x⊗ 1)= ∑b∈B\{1} 〈(a ◦	2)(b⊗ x+ x⊗ b); 1〉 b∗;�(a)(1⊗ y ⊗ 1) = �(a ◦	2)�1(1⊗ y ⊗ 1)= ∑b∈B\{1} 〈(a ◦	2)(b⊗ y + y ⊗ b); 1〉 b∗:



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 151ðÒÑÍÙÍÉ ×ÙÞÉÓÌÅÎÉÑÍÉ �ÏÌÕÞÁÅÍ	2(b⊗ x+ x⊗ b) = t1(b⊗ x⊗ 1 + xC(b))
=















































































0; ÅÓÌÉ b = xÉÌÉ b = y(xy)j ,1⊗ rx ⊗ y(xy)i−1 + (yx)k−1 ⊗ ry ⊗ (xy)i−1+Æi;1y(xy)k−2 ⊗ rx ⊗ (yx)k−1; ÅÓÌÉ b = (xy)i,y(xy)i−1 ⊗ rx ⊗ 1 + Æi;1(xy)k−1 ⊗ rx ⊗ y(xy)k−2+(yx)i−1 ⊗ ry ⊗ (xy)k−1; ÅÓÌÉ b = (yx)i,(xy)i ⊗ rx ⊗ 1 + x(yx)i−1 ⊗ ry ⊗ (xy)k−1+1⊗ rx ⊗ (yx)i + (yx)k−1 ⊗ ry ⊗ x(yx)i−1; ÅÓÌÉ b = x(yx)i,1⊗ ry ⊗ y + y ⊗ ry ⊗ 1; ÅÓÌÉ b = y(xy)k−1,x⊗ rx ⊗ x+ y(xy)k−1 ⊗ rx; ÅÓÌÉ b = (xy)k;	2(b⊗ y + y ⊗ b) = t1(b⊗ y ⊗ 1 + yC(b))
=















































































0; ÅÓÌÉ b = x(yx)jÉÌÉ b = y,(xy)i−1 ⊗ rx ⊗ (yx)k−1 + x(yx)i−1 ⊗ ry ⊗ 1+Æi;1(yx)k−1 ⊗ ry ⊗ x(yx)k−2; ÅÓÌÉ b = (xy)i,1⊗ ry ⊗ x(yx)i−1 + (xy)k−1 ⊗ rx ⊗ 1+x(yx)k−2 ⊗ ry ⊗ (xy)k−1; ÅÓÌÉ b = (yx)i,1⊗ ry ⊗ y + y ⊗ ry ⊗ 1; ÅÓÌÉ b = x(yx)k−1,y(xy)i−1 ⊗ rx ⊗ (yx)k−1 + (yx)i ⊗ ry ⊗ 1+1⊗ ry ⊗ (xy)i + (xy)k−1 ⊗ rx ⊗ y(xy)i−1; ÅÓÌÉ b = y(xy)i,1⊗ ry ⊗ x(yx)k−1 + y ⊗ ry ⊗ y; ÅÓÌÉ b = (xy)k ;ÇÄÅ 1 6 j 6 k − 2; 1 6 i 6 k − 1:áÎÁÌÏÇÉÞÎÏ ÄÏËÁÚÁÔÅÌØÓÔ×Õ ÌÅÍÍÙ 4.3, ÔÅ�ÅÒØ ÕÔ×ÅÒÖÄÅÎÉÅ ÌÅÍÍÙ4.4 ÌÅÇËÏ ÓÌÅÄÕÅÔ ÉÚ ÚÁÍÅÞÁÎÉÑ 4.2 É �ÒÉ×ÅÄÅÎÎÙÈ ×ÙÛÅ ÆÏÒÍÕÌ. �ìÅÍÍÁ 4.5.�(u1v1) = �(u′1v′2) = (u′1)2; �(u′1v1) = �(u1v2) = u21;�(u′1v2) = �(u1v′2) = (k − 2)pk−21 v1; �(w) = v1; �(p1w) = 0:



152 á. á. é÷áîï÷äÏËÁÚÁÔÅÌØÓÔ×Ï. äÌÑ a ∈ HH3(A) ÉÍÅÅÍ�(a)(1⊗ rx ⊗ 1) = �(a ◦	3)�2(1⊗ rx ⊗ 1)= ∑b∈B\{1}〈(a ◦	3)(b⊗ x⊗ x+ x⊗ b⊗ x+ x⊗ x⊗ b); 1〉b∗+ k−2
∑i=0 ∑b∈B\{1}〈(a ◦	3)(b⊗ (yx)iy ⊗ x+ x⊗ b⊗ (yx)iy+ (yx)iy ⊗ x⊗ b); 1〉b∗y(xy)k−2−i+ k−1
∑i=1 ∑b∈B\{1}〈(a ◦	3)(b⊗ (yx)i ⊗ y + y ⊗ b⊗ (yx)i+ (yx)i ⊗ y ⊗ b); 1〉b∗(xy)k−1−i;�(a)(1⊗ ry ⊗ 1) = �(a ◦	3)�2(1⊗ ry ⊗ 1)= ∑b∈B\{1}〈(a ◦	3)(b⊗ y ⊗ y + y ⊗ b⊗ y + y ⊗ y ⊗ b); 1〉b∗+k−2
∑i=0 ∑b∈B\{1}〈(a ◦	3)(b⊗ (xy)ix⊗ y+y ⊗ b⊗ (xy)ix+(xy)ix⊗ y ⊗ b); 1〉b∗x(yx)k−2−i+ k−1
∑i=1 ∑b∈B\{1}〈(a ◦	3)(b⊗ (xy)i ⊗ x+ x⊗ b⊗ (xy)i+ (xy)i ⊗ x⊗ b); 1〉b∗(yx)k−1−i:ðÒÑÍÙÍÉ ×ÙÞÉÓÌÅÎÉÑÍÉ (ÓÍÏÔÒÉ ÔÁËÖÅ ÌÅÍÍÕ 4.4) ÍÏÖÎÏ �ÏËÁÚÁÔØ,ÞÔÏ:	3(b⊗ x⊗ x+ x⊗ b⊗ x+ x⊗ x⊗ b)= t2(b⊗ rx ⊗ 1 + xt1(b⊗ x⊗ 1 + xC(b)))
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=











































































1 ⊗ 1; ÅÓÌÉ b = x,1 ⊗ y(xy)i−1; ÅÓÌÉ b = (xy)i; 2 6 i 6 k,y ⊗ 1; ÅÓÌÉ b = yx,xy ⊗ 1 + x⊗ y + 1 ⊗ yx+ (yx)k−1 ⊗ (xy)k−1; ÅÓÌÉ b = xyx,i
∑l=1(xy)l ⊗ (xy)i−l ÅÓÌÉ b = x(yx)i,+ i

∑l=1x(yx)l−1 ⊗ y(xy)i−l + 1⊗ (yx)i; 2 6 i 6 k − 1,1 ⊗ x+ x⊗ 1; ÅÓÌÉ b = y(xy)k−1;0; ÉÎÁÞÅ;	3(b⊗ y(xy)i ⊗ x+ x⊗ b⊗ (yx)iy + (yx)iy ⊗ x⊗ b)= t2(xt1(bC((yx)iy)) + (yx)iyt1(xC(b)))
= 





















































k−1
∑l=0(xy)l ⊗ (xy)k−1−l + k−1

∑l=1 y(xy)l−1 ⊗ x(yx)k−1−l; ÅÓÌÉ b = xy, i = 0,(yx)k−1 ⊗ (xy)i; ÅÓÌÉ b = xy, i > 1,k−1
∑l=0(yx)l ⊗ y(xy)i+j−l−1 + k−1

∑l=0 y(xy)l ⊗ (xy)i+j−1−l+x⊗ y(xy)i+j−k; ÅÓÌÉ b = (yx)j ,i+ j > k;0; ÉÎÁÞÅ;	3(b⊗ (yx)i ⊗ y + y ⊗ b⊗ (yx)i + (yx)i ⊗ y ⊗ b)= t2(yt1(bC((yx)i)) + (yx)it1(yC(b)))
=



























































































1⊗ x(yx)i−1; ÅÓÌÉ b = y,qijy ⊗ x(yx)i+j−k + Æj;k−1( i
∑l=1(yx)l ⊗ (yx)i−l+ i

∑l=1 y(xy)l−1 ⊗ x(yx)i−l); b = x(yx)j,1 6 j 6 k − 1;Æi;1(xy)k−1 ⊗ y(xy)k−1 + (xy)k−1x⊗ x(yx)i−1; ÅÓÌÉ b = (xy)k,(xy)k−1 ⊗ y(xy)k−1 + (xy)k−1x⊗ x; ÅÓÌÉ b = (yx)j,i+ j = k + 1;(xy)k−1x⊗ x(yx)i+j−k−1; ÅÓÌÉ b = (yx)j,i+ j > k + 2;0; ÉÎÁÞÅ;



154 á. á. é÷áîï÷	3(b⊗ y ⊗ y + y ⊗ b⊗ y + y ⊗ y ⊗ b)= t2(b⊗ ry ⊗ 1 + yt1(b⊗ y ⊗ 1 + yC(b)))
=



































































































x⊗ 1; ÅÓÌÉ b = xy,j−1
∑l=1(xy)l ⊗ x(yx)j−l−1 + j

∑l=1x(yx)l−1 ⊗ (yx)j−l; ÅÓÌÉ b = (xy)j,2 6 j 6 k − 1;1⊗ x(yx)j−1; ÅÓÌÉ b = (yx)j,1 6 j 6 k − 1;yx⊗ 1 + y ⊗ x+ (xy)k−1 ⊗ (yx)k−1 + 1 ⊗ xy; ÅÓÌÉ b = yxy,j
∑l=1(yx)l ⊗ (yx)j−l + j

∑l=1 y(xy)l−1 ⊗ x(yx)j−l + 1⊗ (xy)j ; ÅÓÌÉ b = y(xy)j,2 6 j 6 k − 1;k−1
∑l=1(xy)l ⊗ x(yx)k−l−1 + k

∑l=1x(yx)l−1 ⊗ (yx)k−l; ÅÓÌÉ b = (xy)k,0; ÉÎÁÞÅ;	3(b⊗ (xy)ix⊗ y + y ⊗ b⊗ (xy)ix+ (xy)ix⊗ y ⊗ b)= t2(yt1(bC((xy)ix)) + (xy)ixt1(yC(b)))
=































































































1 ⊗ x(yx)i + i
∑l=1(xy)l ⊗ x(yx)i−l−1+ i+1

∑l=1 x(yx)l−1 ⊗ (yx)i+1−l; ÅÓÌÉ b = x(yx)k−1,y ⊗ x(yx)i+j−k + Æj;k( i
∑l=1(xy)l ⊗ (xy)i−l+1 ÅÓÌÉ b = (xy)j,+ i+1

∑l=1 x(yx)l−1 ⊗ (yx)i+1−ly); 1 6 j 6 k;i+ j > k;k−1
∑l=0(xy)l ⊗ (xy)k−l−1 + k−1

∑l=1 x(yx)l−1 ⊗ y(xy)k−1−l; ÅÓÌÉ b = yx, i = 0;(xy)k−1 ⊗ (yx)i; ÅÓÌÉ b = yx, i > 0;0; ÉÎÁÞÅ;	3(b⊗ (xy)i ⊗ x+ x⊗ b⊗ (xy)i + (xy)i ⊗ x⊗ b)= t2(xt1(bC((xy)i))) + (xy)it1(xC(b)))
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=







































































































1⊗ y(xy)i−1; ÅÓÌÉ b = x,x⊗ y(xy)i+j−k; ÅÓÌÉ b = y(xy)j,i+ j > k,1 6 j 6 k − 1;1⊗ x+ k−1
∑l=0(yx)l ⊗ y(xy)k−l−1 + k−1

∑l=0 y(xy)l ⊗ (xy)k−1−l; ÅÓÌÉ b = (xy)j;i+ j = k,1 6 j 6 k − 1;k−1
∑l=0(yx)l ⊗ y(xy)i+j−l−1 + k−1

∑l=0 y(xy)l ⊗ (xy)i+j−1−l; ÅÓÌÉ b = (xy)j,i+ j > k + 1;1 6 j 6 k − 1;0; ÉÎÁÞÅ;ÇÄÅ qij = {1; ÅÓÌÉ i+ j > k;0; ÉÎÁÞÅ, Æij = {1; ÅÓÌÉ i = j;0; ÉÎÁÞÅ.ðÏ ÔÅÏÒÅÍÅ 4.1 ÄÏÓÔÁÔÏÞÎÏ ×ÙÞÉÓÌÉÔØ � ÎÁ u′1v′2, u1v2 É u′1v2. ðÏ [5,ÌÅÍÍÁ 4.1.2℄ É ÚÁÍÅÞÁÎÉÀ 4.2 ÉÍÅÅÍu1v1 = u1T 1(v1) = (1; x(yx)k−2)(y ⊗ 11⊗ x) = y;u1v2 = u1T 1(v2) = (1; x(yx)k−2)(x⊗ 10 ) = x;u′1v2 = u′1T 1(v2) = (y(xy)k−2; 1)(x⊗ 10 ) = (xy)k−1:áÎÁÌÏÇÉÞÎÏ, u21 = (1; 0); (u′1)2 = (0; 1):éÚ �ÒÉ×ÅÄÅÎÎÙÈ ×ÙÛÅ ÆÏÒÍÕÌ ÓÌÅÄÕÅÔ, ÞÔÏ:�(u′1v′2) = (0; 1) = (u′1)2; �(u1v2) = (1; 0) = u21;�(u′1v2) = ((k − 2)y(xy)k−2; (k − 2)x(yx)k−2) = (k − 2)pk−21 v1;�(w) = (y; x) = v1; �(p1w) = 0: �ìÅÍÍÁ 4.6. �(az) = 0�ÒÉ a ∈ {1; p1; p2; p′2; p3}.



156 á. á. é÷áîï÷äÏËÁÚÁÔÅÌØÓÔ×Ï. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ Z �ÒÏÉÚ×ÏÌØÎÙÊ ÜÌÅÍÅÎÔÉÚ HH4(Rk). ðÏ ÆÏÒÍÕÌÅ �ÒÜÄÌÅÒÁ ÄÌÑ BV -ÄÉÆÆÅÒÅÎ�ÉÁÌÁ ÉÍÅÅÍ�(Z)(1⊗ 1) = �(Z ◦	4)�3(1⊗ 1)= ∑b∈B\{1}〈(Z ◦	4)(x⊗ x⊗ x⊗ b+ x⊗ x⊗ b⊗ x+ x⊗ b⊗ x⊗ x+ b⊗ x⊗ x⊗ x); 1〉b∗+ k−2
∑i=0 ∑b∈B\{1}〈(Z ◦	4)(x⊗ (yx)iy ⊗ x⊗ b+ (yx)iy ⊗ x⊗ b⊗ x+ x⊗ b⊗ x⊗ (yx)iy + b⊗ x⊗ (yx)iy ⊗ x; 1〉b∗y(xy)k−2−i+ k−1
∑i=1 ∑b∈B\{1}〈(Z ◦	4)(x⊗ (yx)i ⊗ y ⊗ b+ (yx)i ⊗ y ⊗ b⊗ x+ y ⊗ b⊗ x⊗ (yx)i + b⊗ x⊗ (yx)i ⊗ y; 1〉b∗(xy)k−1−i+ ∑b∈B\{1}〈(Z ◦	4)(y ⊗ y ⊗ y ⊗ b+ y ⊗ y ⊗ b⊗ y + y ⊗ b⊗ y ⊗ y + b⊗ y ⊗ y ⊗ y); 1〉+ k−2
∑i=0 ∑b∈B\{1}〈(Z ◦	4)(y ⊗ x(yx)i ⊗ y ⊗ b+ x(yx)i ⊗ y ⊗ b⊗ y+ y ⊗ b⊗ y ⊗ x(yx)i + b⊗ y ⊗ x(yx)i ⊗ y; 1〉b∗(xy)k−2−ix+ k−1
∑i=1 ∑b∈B\{1}〈(Z ◦	4)(y ⊗ (xy)i ⊗ x⊗ b+ (xy)i ⊗ x⊗ b⊗ y + x⊗ b⊗ y ⊗ (xy)i + b⊗ y ⊗ (xy)i ⊗ x; 1〉b∗(yx)k−1−i:ðÒÑÍÙÅ ×ÙÞÉÓÌÅÎÉÑ �ÏËÁÚÙ×ÁÀÔ, ÞÔÏ 	4(a1⊗a2⊗a3⊗a4) = 1 ÌÉÛØ�ÒÉ a1 ⊗ �2 ⊗ �3 ⊗ �4; ÒÁ×ÎÏÍ ÏÄÎÏÍÕ ÉÚ ÓÌÅÄÕÀÝÉÈ ÜÌÅÍÅÎÔÏ×:x⊗ x⊗ (xy)k ⊗ x; (xy)k ⊗ x⊗ x⊗ x; x⊗ (xy)k ⊗ x⊗ x;y ⊗ y ⊗ y ⊗ (xy)k; y ⊗ y ⊗ (xy)k ⊗ y; y ⊗ (xy)k ⊗ y ⊗ y;ÎÁ ÏÓÔÁÌØÎÙÈ ÓÌÁÇÁÅÍÙÈ ÏÎÏ ÒÁ×ÎÏ 0. ïÔÓÀÄÁ ÌÅÇËÏ ÓÌÅÄÕÅÔ ÕÔ×ÅÒÖÄÅ-ÎÉÅ ÌÅÍÍÙ. �åÓÌÉ ÎÁÍ ÉÚ×ÅÓÔÎÙ ÚÎÁÞÅÎÉÑ �(a) É �(b), ÔÏ ÄÏÓÔÁÔÏÞÎÏ ×ÙÞÉÓÌÉÔØ[a; b℄; ÞÔÏÂÙ ÎÁÊÔÉ �(ab). åÓÌÉ a É b ÚÁÄÁÎÙ ËÏ�ÉËÌÁÍÉ f : Pn → A É



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 157g : Pm → A, ÔÏ ÓËÏÂËÕ [a; b℄ ÍÏÖÎÏ ×ÙÞÉÓÌÉÔØ �Ï ÆÏÒÍÕÌÅ:[a; b℄ = [f ◦	n; g ◦	m℄ ◦ �n+m−1:ìÅÍÍÁ 4.7.�(u1z) = �(u′1z) = 0; �(u2z) = (k − 1)(p1 + pk−11 )z:äÏËÁÚÁÔÅÌØÓÔ×Ï. äÏÓÔÁÔÏÞÎÏ ÄÏËÁÚÁÔØ, ÞÔÏ [u1; z℄ = [u′1; z℄ = 0,[u2; z℄ = (k− 1)pk−11 z. ÷×ÅÄÅÍ ÏÂÝÅÅ ÏÂÏÚÎÁÞÅÎÉÅ ÄÌÑ ÏÂÒÁÚÕÀÝÅÊ �ÅÒ-×ÏÊ ÓÔÅ�ÅÎÉ u. éÍÅÅÍ[u; z℄(1⊗1) = ((u◦	1)◦ (z ◦	4))�4(1⊗1)+((z ◦	4)◦ (u◦	1))�4(1⊗1):ðÏËÁÖÅÍ, ÞÔÏ 	4�4 = Id. ðÒÑÍÙÍÉ ×ÙÞÉÓÌÅÎÉÑÍÉ ÄÏËÁÚÙ×ÁÅÔÓÑ, ÞÔÏ	3�3 = Id (ÓÍÏÔÒÉ ÄÏËÁÚÁÔÅÌØÓÔ×Ï ÌÅÍÍÙ 4.6). �ÏÇÄÁ(	4�4)(1⊗ 1) = ∑b∈B\{1} t3(b	3�3(1⊗ 1))b∗ = ∑b∈B\{1} t3(b⊗ 1)b∗ = 1⊗ 1:åÓÌÉ |u| = 1, ÉÍÅÅÍ
((a◦	1)◦ (z ◦	4))�4(1⊗1) = (a◦	1)(z(	4�4)(1⊗1)) = (a◦	1)(1) = 0:ïÓÔÁÅÔÓÑ ÄÏËÁÚÁÔØ, ÞÔÏ

((z ◦	4) ◦ (u ◦	1))�4(1⊗ 1) = 0ÄÌÑ u ∈ {u1; u′1; u2}.÷ ÄÏËÁÚÁÔÅÌØÓÔ×Å �ÏÎÁÄÏÂÑÔÓÑ ÚÎÁÞÅÎÉÑ u1 ◦	1; u′1 ◦	1 É u2 ◦	1 ÎÁÜÌÅÍÅÎÔÁÈ ÂÁÚÉÓÁ B. ðÒÑÍÙÍÉ ×ÙÞÉÓÌÅÎÉÑÍÉ ÄÏËÁÚÙ×ÁÅÔÓÑ, ÞÔÏ
(u1 ◦	1)(b) = 













































1; ÅÓÌÉ b = x;(xy)j + (yx)j ; ÅÓÌÉ b = x(yx)j ; 1 6 j 6 k − 1;x(yx)k−2; ÅÓÌÉ b = y;x(yx)k−1; ÅÓÌÉ b = yxy;0; ÅÓÌÉ b = y(xy)j ; 2 6 j 6 k − 1;y(xy)j−1; ÅÓÌÉ b = (xy)j ; 1 6 j 6 k;y(xy)j−1; ÅÓÌÉ b = (yx)j ; 1 6 j 6 k − 1;



158 á. á. é÷áîï÷
(u′1 ◦	1)(b) = 













































y(xy)k−2; ÅÓÌÉ b = x;y(xy)k−1; ÅÓÌÉ b = xyx;0; ÅÓÌÉ b = x(yx)j ; 2 6 j 6 k − 1;1; ÅÓÌÉ b = y;(xy)j + (yx)j ; ÅÓÌÉ b = y(xy)j ; 1 6 j 6 k − 1;x(yx)j−1 ; ÅÓÌÉ b = (xy)j ; 1 6 j 6 k;x(yx)j−1 ÅÓÌÉ b = (yx)j ; 1 6 j 6 k − 1;(u2 ◦	1)(b) = 

















(j + 1)x(yx)j+1; ÅÓÌÉ b = x(yx)j ; 0 6 j 6 k − 1;jy(xy)j+1; ÅÓÌÉ b = y(xy)j ; 0 6 j 6 k − 1;j(xy)j+1; ÅÓÌÉ b = (xy)j ; 1 6 j 6 k;j(yx)j+1; ÅÓÌÉ b = (yx)j ; 1 6 j 6 k − 1:ïÂÏÚÎÁÞÉÍ 1⊗ b⊗ a1 ⊗ a2 ⊗ a3 ⊗ 1 ÓÌÁÇÁÅÍÙÅ �4(1⊗ 1); ÔÏÇÄÁ u	1(1⊗b⊗ a1 ⊗ a2 ⊗ a3 ⊗ 1) = ut3(bt2(a1t1(a2C(a3)))):�ÁËÖÅ ÏÂÏÚÎÁÞÉÍ F u = (z ◦	4) ◦ (u ◦	1) É F ui = (z ◦	4) ◦i (u ◦	1):1) CÒÁÚÕ ÚÁÍÅÔÉÍ, ÞÔÏ F u1 ; É F u2 ÎÕÖÎÏ ×ÙÞÉÓÌÉÔØ ÌÉÛØ ÎÁ Ä×ÕÈÓÌÁÇÁÅÍÙÈ 1⊗x⊗x⊗x⊗ 1 É 1⊗ y⊗ y⊗ y⊗ 1 ÉÚ Ï�ÒÅÄÅÌÅÎÉÑ �4(1⊗ 1);�ÏÓËÏÌØËÕ ÎÁ ×ÓÅÈ ÏÓÔÁÌØÎÙÈ ÓÌÁÇÁÅÍÙÈ ÜÔÉ ËÏÍ�ÏÚÉ�ÉÏÎÎÙÅ �ÒÏÉÚ×Å-ÄÅÎÉÑ ÒÁ×ÎÙ ÎÕÌÀ, ××ÉÄÕ ÔÏÇÏ, ÞÔÏ ÄÌÑ ×ÓÅÈ ÔÁËÉÈ ÓÌÁÇÁÅÍÙÈ a2a3 ∈ B,�ÏÜÔÏÍÕ ÉÍÅÅÍ t1(a2C(a3)) = 0: ÷ ÏÓÔÁ×ÛÉÈÓÑ ÓÌÕÞÁÑÈ:F u1 (1⊗ y ⊗ y ⊗ y ⊗ 1) = zt3(u	1(b)t2(yt1(y ⊗ y))) = 0;ÔÁË ËÁË t2(yt1(y ⊗ y)) = t2(yry) = 0;F u1 (1⊗ x⊗ x⊗ x⊗ 1) = zt3(u	1(b)t2(xt1(x⊗ x)))= zt3(u	1(b)⊗ 1) = {k − 1; ÅÓÌÉ u = u2 É b ∈ {(xy)k−1; (yx)k−1};0; ÉÎÁÞÅ;F u2 (1⊗x⊗x⊗x⊗1) = 













































zt3(bt2(1⊗ rx)) = 0; ÅÓÌÉ u = u1;zt3(bt2(y(xy)k−2 ⊗ rx)) = 0; ÅÓÌÉ u = u′1;zt3(bt2(xyx ⊗ rx)) = 





























1; ÅÓÌÉ u = u2É b = (xy)k−1;y; ÅÓÌÉ u = u2É b = y(xy)k−1;0; ÉÎÁÞÅ;F u2 (1⊗ y ⊗ y ⊗ y ⊗ 1) = 0, �ÏÓËÏÌØËÕ



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 159t2(u	1(y)ry)) = 









t2(x(yx)k−1 ⊗ ry) = 0; ÅÓÌÉ u = u1;t2(1⊗ ry) = 0; ÅÓÌÉ u = u′1;t2(0⊗ ry) = 0; ÅÓÌÉ u = u2:2) �Å�ÅÒØ ÏÂÒÁÔÉÍÓÑ ËF u3 (1⊗ b⊗ a1 ⊗ a2 ⊗ a3 ⊗ 1) = zt3(bt2(a1t1(u	1(a2)C(a3)))):òÁÓÓÍÏÔÒÉÍ ÎÅÓËÏÌØËÏ ÓÌÕÞÁÅ×, ËÁÖÄÙÊ ÉÚ ËÏÔÏÒÙÈ × Ó×ÏÀ ÏÞÅÒÅÄØ,ÒÁÓ�ÁÄÅÔÓÑ ÎÁ ÔÒÉ, | ËÏÇÄÁ u = u1; u = u′1 É u = u2.2.1) ðÕÓÔØ a1 ⊗ a3 = x⊗ x; ÔÏÇÄÁ ÌÉÂÏ a2 = x ÉF u3 (1⊗ b⊗ x⊗ x⊗ x⊗ 1)= 





























zt3(bt2(xt1(1⊗ x))) = 0;zt3(bt2(xt1(y(xy)k−2 ⊗ x))) = 0;zt3(bt2(xt1(xyx ⊗ x))) = 









(yx)k−l−1; ÅÓÌÉ b = (yx)k−l;x(yx)k−1−l; ÅÓÌÉ b = x(yx)k−l;0; ÉÎÁÞÅ,1 6 l 6 k − 1;ÌÉÂÏ a2 = (yx)jy; 0 6 j 6 k − 2 ÉF u3 (1⊗ b⊗ x⊗ y(xy)j ⊗ x⊗ 1)= 





























zt3(bt2(xt1(0⊗ x))) = 0;zt3(bt2(xt1(((xy)j + (yx)j)⊗ x))) = 0;zt3(bt2(xt1(jy(xy)j+1 ⊗ x))) = 









k − 2; ÅÓÌÉ b = y(xy)k−1;j = k − 2;0; ÉÎÁÞÅ,1 6 j 6 k − 2 ÉF u3 (1⊗ b⊗ x⊗ y ⊗ x⊗ 1)= 

















zt3(bt2(xt1(x(yx)k−2 ⊗ x))) = {(xy)k−1; ÅÓÌÉ b = yx; k = 3;0; ÉÎÁÞÅ,zt3(bt2(xt1(1⊗ x))) = 0;zt3(bt2(xt1(0⊗ x))) = 0;�ÒÉ j = 0.



160 á. á. é÷áîï÷2.2) ðÕÓÔØ a1 ⊗ a3 = x⊗ y; ÔÏÇÄÁF u3 (1⊗ b⊗ x⊗ (yx)j ⊗ y ⊗ 1) = 









zt3(bt2(xt1(y(xy)j−1 ⊗ y))) = 0;zt3(bt2(xt1((xy)j−1x⊗ x))) = 0;zt3(bt2(xt1(j(yx)j+1 ⊗ x))) = 0;1 6 j 6 k − 1:2.3) ðÕÓÔØ a1 ⊗ a3 = y ⊗ y; ÔÏÇÄÁ ÌÉÂÏ a2 = y ÉF u3 (1⊗ b⊗ y ⊗ y ⊗ y ⊗ 1) = 









zt3(bt2(yt1(x(yx)k−2 ⊗ y))) = 0;zt3(bt2(yt1(1⊗ y))) = 0;zt3(bt2(yt1(0⊗ y))) = 0;ÌÉÂÏ a2 = (xy)jx; 0 6 j 6 k − 2 ÉF u3 (1⊗b⊗y⊗x(yx)j⊗y⊗1) = 









zt3(bt2(yt1(((xy)j + (yx)j)⊗ y))) = 0;zt3(bt2(yt1(0⊗ y))) = 0;zt3(bt2(yt1((j + 1)x(yx)j+1 ⊗ y))) = 0;2 6 j 6 k − 2;F u3 (1⊗ b⊗ y ⊗ xyx⊗ y ⊗ 1) = 









zt3(bt2(yt1((xy + yx)⊗ y))) = 0;zt3(bt2(yt1(y(xy)k−1 ⊗ y))) = 0;zt3(bt2(yt1(0⊗ y))) = 0;É F u3 (1⊗ b⊗ y ⊗ x⊗ y ⊗ 1)= 

















zt3(bt2(yt1(1⊗ y))) = 0;zt3(bt2(yt1(y(xy)k−2 ⊗ y))) = {(yx)k−1; ÅÓÌÉ b = xy; k = 3;0; ÉÎÁÞÅ,zt3(bt2(yt1(xyx⊗ y))) = 0:



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 1612.4) ðÕÓÔØ a1 ⊗ a3 = y ⊗ x; ÔÏÇÄÁF u3 (1⊗ b⊗ y ⊗ (xy)j ⊗ x⊗ 1)= 





























zt3(bt2(xt1(y(xy)j−1 ⊗ y))) = 0;zt3(bt2(xt1((xy)j−1x⊗ x))) = 0;zt3(bt2(xt1(j(xy)j+1 ⊗ x))) = 









(k − 1)x; ÅÓÌÉ b = x(yx)k−1;j = k − 1;0; ÉÎÁÞÅ,1 6 j 6 k − 1:3) îÁËÏÎÅ�, ÒÁÓÓÍÏÔÒÉÍF u4 (1⊗ b⊗ a1 ⊗ a2 ⊗ a3 ⊗ 1) = zt3(bt2(a1t1(a2C(u	1(a3))))):ëÁË É × �ÕÎËÔÅ 2), ÒÁÚÂÅÒÅÍ ÒÁÚÌÉÞÎÙÅ ÓÌÕÞÁÉ.3.1)F u4 (1⊗ b⊗ x⊗ x⊗ u	1(x)⊗ 1)= 

















zt3(bt2(xt1(xC(1)))) = 0;zt3(bt2(xt1(xC(y(xy)k−2)))) = 0;zt3(bt2(xt1(xC(xyx)))) = {1; ÅÓÌÉ b = (yx)k−1;0; ÉÎÁÞÅ;3.2)F u4 (1⊗ b⊗ x⊗ (yx)jy ⊗ u	1(x) ⊗ 1)= 

















zt3(bt2(xt1((yx)jyC(1)))) = 0;zt3(bt2(xt1((yx)jyC(y(xy)k−2)))) = 0;zt3(bt2(xt1((yx)jyC(xyx)))) = {1; ÅÓÌÉ b = y(xy)k−1;0; ÉÎÁÞÅ,0 6 j 6 k − 2;



162 á. á. é÷áîï÷3.3)F u4 (1⊗ b⊗ x⊗ (yx)j ⊗ u	1(y)⊗ 1)= 









zt3(bt2(xt1((yx)jC(x(yx)k−2)))) = 0;zt3(bt2(xt1((yx)jC(1)))) = 0;zt3(bt2(xt1((yx)jC(0)))) = 0;1 6 j 6 k − 1;3.4)F u4 (1⊗ b⊗ y ⊗ y ⊗ u	1(y)⊗ 1) = 









zt3(bt2(yt1(yC(x(yx)k−2)))) = 0;zt3(bt2(yt1(yC(1)))) = 0;zt3(bt2(yt1(yC(0)))) = 0;3.5)F u4 (1⊗ b⊗ y ⊗ (xy)jx⊗ u	1(y)⊗ 1)= 









zt3(bt2(yt1((xy)jxC(x(yx)k−2)))) = 0;zt3(bt2(yt1((xy)jxC(1)))) = 0;zt3(bt2(yt1((xy)jxC(0)))) = 0;0 6 j 6 k − 2;3.6)F u4 (1⊗ b⊗ y ⊗ (xy)j ⊗ u	1(x)⊗ 1)= 





























zt3(bt2(yt1((xy)jxC(1)))) = 0;zt3(bt2(yt1((xy)jxC(y(xy)k−2)))) = 0;zt3(bt2(yt1((xy)jxC(xyx)))) = 









x; ÅÓÌÉ b = x(yx)k−1;j = k − 1;0; ÉÎÁÞÅ,1 6 j 6 k − 1:



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 163äÏËÁÖÅÍ ÔÅ�ÅÒØ ÕÔ×ÅÒÖÄÅÎÉÅ ÌÅÍÍÙ. ðÏ Ï�ÒÅÄÅÌÅÎÉÀF u�4(1⊗ 1)= F u( ∑b∈B\{1} 1⊗ b⊗ x⊗ x⊗ x⊗ b∗+ k−2
∑i=0 ∑b∈B\{1} 1⊗ b⊗ x⊗ (yx)iy ⊗ x⊗ y(xy)k−2−ib∗+ k−1
∑i=1 ∑b∈B\{1} 1⊗ b⊗ x⊗ (yx)i ⊗ y ⊗ (xy)k−1−ib∗+ ∑b∈B\{1} 1⊗ b⊗ y ⊗ y ⊗ y ⊗ b∗+ k−1
∑i=1 ∑b∈B\{1} 1⊗ b⊗ y ⊗ (xy)i ⊗ x⊗ (yx)k−1−ib∗+ k−2
∑i=0 ∑b∈B\{1} 1⊗ b⊗ y ⊗ (xy)ix⊗ y ⊗ x(yx)k−2−ib∗):éÚ �ÒÉ×ÅÄÅÎÎÙÈ ×ÙÛÅ ÆÏÒÍÕÌ ÓÌÅÄÕÅÔ, ÞÔÏF u1�4(1⊗ 1) = Æk;3(xy)k−1(yx)∗ = Æk;3(xy)k−1(yx)k−1 = 0;F u′1�4(1⊗ 1) = Æk;3(yx)k−1(xy)∗ = Æk;3(yx)k−1(xy)k−1 = 0;F u2�4(1⊗ 1)=(k − 1)((xy)k−1 + (yx)k−1)∗+1((xy)k−1)∗+y(y(xy)k−1)∗+k−1

∑l=1(yx)k−1−l((yx)k−l)∗+k−1
∑l=1 x(yx)k−1−l(x(yx)k−l)∗+(k−2)y(y(xy)k−1)∗+ (k − 1)x(x(yx)k−1)∗ + 1((yx)k−1)∗ + 1y(y(xy)k−1)∗ + x(x(yx)k−1)∗= (k − 1)(xy + yx) + xy + yx+ (k − 1)(yx)k−1 + (k − 1)(xy)k−1+ (k − 2)yx+ (k − 1)xy + yx+ yx+ xy = (k − 1)pk−11 z: �



164 á. á. é÷áîï÷ìÅÍÍÁ 4.8. �(v1z) = �(v2z) = �(v′2z) = 0:äÏËÁÚÁÔÅÌØÓÔ×Ï. ÷×ÅÄÅÍ ÏÂÝÅÅ ÏÂÏÚÎÁÞÅÎÉÅ ÄÌÑ ÏÂÒÁÚÕÀÝÅÊ ×ÔÏ-ÒÏÊ ÓÔÅ�ÅÎÉ v: �ÏÇÄÁ �(vz) = �(v)z+v�(z)+[v; z℄ = [v; z℄ �Ï ÌÅÍÍÅ 4.4,É ÄÌÑ ×ÙÞÉÓÌÅÎÉÑ BV -ÄÉÆÆÅÒÅÎ�ÉÁÌÁ ÄÏÓÔÁÔÏÞÎÏ ×ÙÞÉÓÌÉÔØ ÓËÏÂËÕçÅÒÓÔÅÎÈÁÂÅÒÁ[v; z℄(1⊗a⊗1)=((v◦	2)◦(z◦	4))�5(1⊗a⊗1)+((z◦	4)◦(v◦	2))�5(1⊗a⊗1)ÄÌÑ a ∈ {x; y}:ðÒÏ×ÅÄÅÍ ×ÙÞÉÓÌÅÎÉÅ × ÎÅÓËÏÌØËÏ ÛÁÇÏ×.ðÒÅÖÄÅ ×ÓÅÇÏ ÏÔÍÅÔÉÍ, ÞÔÏ ×ÓÅ ËÏÍ�ÏÚÉ�ÉÏÎÎÙÅ �ÒÏÉÚ×ÅÄÅÎÉÑ v ◦	2 É z ◦ 	4 ÏÂÒÁÝÁÀÔÓÑ × ÎÏÌØ ÎÁ ×ÓÅÈ ÓÌÁÇÁÅÍÙÈ ×ÔÏÒÏÊ, ÔÒÅÔØÅÊ,ÞÅÔ×ÅÒÔÏÊ É �ÑÔÏÊ ÓÕÍÍ ÉÚ Ï�ÒÅÄÅÌÅÎÉÑ �5(1 ⊗ a ⊗ 1); ××ÉÄÕ ÔÏÇÏ,ÞÔÏ ÄÌÑ ×ÓÅÈ ÜÔÉÈ ÓÌÁÇÁÅÍÙÈ ×Ù�ÏÌÎÅÎÏ f; f~ ∈ B; Á ÚÎÁÞÉÔ t1(f ⊗~) = t1(C(f)) = 0; ÔÁË ËÁË t1(ab) = 0 ÄÌÑ ÌÀÂÙÈ a; b ÔÁËÉÈ, ÞÔÏ ab ∈
B: �ÁËÉÍ ÏÂÒÁÚÏÍ, ÄÏÓÔÁÔÏÞÎÏ �ÒÏ×ÏÄÉÔØ ×ÓÅ ×ÙÞÉÓÌÅÎÉÑ ÔÏÌØËÏ ÎÁÓÌÁÇÁÅÍÙÈ ×ÉÄÁ a⊗ b⊗ x⊗ x⊗ x; a⊗ b⊗ y ⊗ y ⊗ y:1) ðÏËÁÖÅÍ, ÞÔÏ ((v ◦	2) ◦ (z ◦	4))�5(1⊗ a⊗ 1) = 0:1.1) äÌÑ a⊗ b⊗ x⊗ x⊗ x ÉÍÅÅÍz(t3(at2(bt1(x⊗ x))))=zt3(at2(b⊗ rx⊗1))={1; ÅÓÌÉ a = x; b = (xy)k;0; ÉÎÁÞÅ,z(t3(bt2(xt1(x ⊗ x)))) = z(t3(b⊗ 1)) = {1; ÅÓÌÉ b = (xy)k;0; ÉÎÁÞÅ,ÎÏ 	2(1⊗ x) = 	2(a⊗ 1) = 0:1.2) òÁÓÓÍÏÔÒÉÍ a ⊗ b ⊗ y ⊗ y ⊗ y; ÔÏÇÄÁ z(t3(at2(bt1(y ⊗ y)))) =zt3(at2(b ⊗ ry ⊗ 1)) = {1; ÅÓÌÉ a = y; b = (xy)k;0; ÉÎÁÞÅ, ÎÏ 	2(a ⊗ 1) = 0:äÁÌÅÅ ÚÁÍÅÔÉÍ, ÞÔÏ t2(yt1(y ⊗ y)) = t2(yry) = 0 É, ÚÎÁÞÉÔ, ×ÔÏÒÏÅÓÌÁÇÁÅÍÏÅ × ÜÔÏÍ ÓÌÕÞÁÅ ÔÏÖÅ ÏÂÒÁÝÁÅÔÓÑ × 0:2) ðÏËÁÖÅÍ ÔÅ�ÅÒØ, ÞÔÏ (z	4) ◦3 (v	2) + (z	4) ◦4 (v	2) = 0:äÌÑ ÜÌÅÍÅÎÔÁ ×ÉÄÁ a⊗ b⊗ y ⊗ y ⊗ y ÒÁ×ÅÎÓÔ×Ï ÓÌÅÄÕÅÔ ÉÚ ÔÏÇÏ, ÞÔÏ
((z	4) ◦3 (v	2) + (z	4) ◦4 (v	2))(a ⊗ b⊗ y ⊗ y ⊗ y) = z(t3(at2(bt1(y ⊗v	(y ⊗ y) + v	(y ⊗ y)⊗ y)))); 	2(y ⊗ y) = ry É



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 165t1(y ⊗ v(ry) + v(ry)⊗ y) = 









t1(y ⊗ x+ x⊗ y) = 0; ÅÓÌÉ v = v1;0; ÅÓÌÉ v = v2;t1(y ⊗ y + y ⊗ y) = 0; ÅÓÌÉ v = v′2:óÌÕÞÁÊ a⊗b⊗x⊗x⊗x ÔÁËÖÅ Ó×ÏÄÉÔÓÑ Ë ÓÏ×ÅÒÛÅÎÎÏ ÁÎÁÌÏÇÉÞÎÏÍÕÒÁ×ÅÎÓÔ×Õ t1(x⊗ v(rx) + v(rx)⊗ x) = 0:3) ÷ÙÞÉÓÌÉÍ ÔÅ�ÅÒØ (z	4) ◦1 (v	2):
((z	4)◦1 (v	2))(a⊗ b⊗ y⊗ y⊗ y) = zt3(v	2(a⊗ b)t2(yt1(y⊗ y))) = 0;
((z	4) ◦1 (v	2))(a⊗ b⊗ x⊗ x⊗ x) = zt3(v	2(a⊗ b)t2(xt1(x⊗ x))) =zt3(v(t1(aC(b))⊗ 1).3.1) ðÕÓÔØ a = x; ÔÏÇÄÁzt3(v(t1(xC(b)) ⊗ 1) = 









zt3(v(t1(yC((xy)i)))); 1 6 i 6 k − 1;zt3(v(t1(yC(x(yx)i)))); 0 6 i 6 k − 1;0; ÉÎÁÞÅ,= {zt3(v(t1(x⊗ x⊗ y(xy)i−1 + x2 ⊗ y ⊗ (xy)i−1)));zt3(v(t1(x⊗ x⊗ (yx)i + x2 ⊗ y ⊗ x(yx)i−1)));
= 

























































zt3(v(rxy(xy)i−1 + y(xy)k−2(xry + rx(yx)k−1)(xy)i−1))= 









zt3(y2(xy)i−1) = 0; v = v1;zt3((xy)i); v = v2;zt3(y(xy)k−1) = 0; v = v′2;zt3(v(rx(yx)i + (yx)k−1ryx(yx)i−1))= 









zt3(y(yx)i) = 0; v = v1;zt3(x(yx)i) = 0; v = v2;zt3(y(xy)k−1 + (yx)k+i−1); v = v′2:ìÅÇËÏ ×ÉÄÅÔØ, ÞÔÏzt3((xy)i) = {1; ÅÓÌÉ i = k;0; ÉÎÁÞÅ,zt3(y(xy)k−1 + (yx)k+i−1) = {1; ÅÓÌÉ i = 1;0; ÉÎÁÞÅ:�ÁËÉÍ ÏÂÒÁÚÏÍ, (z	4) ◦1 (v2	2) = 1 ÎÁ ÜÌÅÍÅÎÔÅ x ⊗ (xy)k ⊗ x ⊗x ⊗ x; (z	4) ◦1 (v′2	2) = 1 ÎÁ ÜÌÅÍÅÎÔÅ x ⊗ xyx ⊗ x ⊗ x ⊗ x: ÷Ï ×ÓÅÈ



166 á. á. é÷áîï÷ÏÓÔÁÌØÎÙÈ ÒÁÓÓÍÏÔÒÅÎÎÙÈ ÓÌÕÞÁÑÈ (z	4) ◦1 (v	2) = 0. úÄÅÓØ É ÄÁÌÅÅÍÙ ÄÌÑ ÜËÏÎÏÍÉÉ ÍÅÓÔÁ �ÉÛÅÍ zt(a) ×ÍÅÓÔÏ zt(a⊗ 1).3.2) ðÕÓÔØ a = y; ÔÏÇÄÁzt3(v(t1(yC(b)))⊗ 1) = 





























zt3(v(t1(yC((yx)i)))); 1 6 i 6 k − 1;zt3(v(t1(yC(y(xy)i)))); 0 6 i 6 k − 1;zt3(v(t1(yC(x(yx)k−1))));zt3(v(t1(yC((xy)k)))); 0 6 i 6 k − 1;0; ÉÎÁÞÅ,= 

















zt3(v(t1(y ⊗ y ⊗ x(yx)i−1 + y2 ⊗ x⊗ (yx)i−1)));zt3(v(t1(y ⊗ y ⊗ (xy)i + y2 ⊗ x⊗ y(xy)i−1)));zt3(v(t1(y(xy)k−1 ⊗ x⊗ 1)));zt3(v(t1(y(xy)k−1 ⊗ x⊗ y + (yx)k ⊗ y ⊗ 1)));
=



















































































































zt3(v(ryx(yx)i−1 + x(yx)k−2(yrx + ry(xy)k−1)(yx)i−1))= 









zt3(x2(xy)i) = 0;zt3(x(yx)k−1) = 0;zt3((yx)i) = 0;zt3(v(ry(xy)i + x(yx)k−2(yrx + ry(xy)k−1)(yx)i−1)))= 

















zt3(x(xy)i) = 0;zt3(x(yx)k−1+(xy)k−1rxy(xy)i−1) = {1; ÅÓÌÉ i=1;0; ÉÎÁÞÅ,zt3(y(xy)i) = 0;zt3(v(ryy + yry)) = 0; v = v1; v2; v′2;zt3(v(ryy2 + yryy + (xy)k−1(xry + rx(yx)k−1)))= 









zt3(yxy) = 0;0;zt3((xy)k) = 1:÷ ÉÔÏÇÅ, ÒÁÓÓÍÁÔÒÉ×ÁÅÍÏÅ ËÏÍ�ÏÚÉ�ÉÏÎÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ ÏÂÒÁÝÁ-ÅÔÓÑ × 1 ÌÉÛØ ÎÁ ÜÌÅÍÅÎÔÁÈ: y ⊗ yxy ⊗ x ⊗ x ⊗ x; �ÒÉ v = v2; Éy ⊗ (xy)k ⊗ x⊗ x⊗ x; �ÒÉ v = v′2: ÷ ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ ÏÎÏ ÒÁ×ÎÏ 0.4) îÁËÏÎÅ�, ×ÙÞÉÓÌÉÍ (z	4) ◦2 (v	2): òÁÓÓÍÏÔÒÉÍ ÚÎÁÞÅÎÉÅ ÜÔÏÇÏËÏÍ�ÏÚÉ�ÉÏÎÏÇÏ �ÒÏÉÚ×ÅÄÅÎÉÑ ÎÁ ÜÌÅÍÅÎÔÅ a⊗b⊗x⊗x⊗x:÷ÙÞÉÓÌÅÎÉÅÒÁÚÂÉ×ÁÅÔÓÑ ÓÎÁÞÁÌÁ ÎÁ ÛÅÓÔØ ÓÌÕÞÁÅ×, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÒÁÚÌÉÞÎÙÍ



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 167ÂÁÚÉÓÎÙÍ ÜÌÅÍÅÎÔÁÍ b: y; yx; x(yx)j ; (yx)j ; y(xy)k−1 É (xy)k : úÁÔÅÍ ËÁ-ÖÄÙÊ ÉÚ ÜÔÉÈ ÓÌÕÞÁÅ× ÒÁÚÂÉ×ÁÅÔÓÑ, × Ó×ÏÀ ÏÞÅÒÅÄØ, ÎÁ ÔÒÉ �ÏÄÓÌÕÞÁÑ,ÓÏÏÔ×ÔÅÔÓÔ×ÅÎÎÏ, ÒÁÚÌÉÞÎÙÍ ×ÙÂÏÒÁÍ ÏÂÒÁÚÕÀÝÅÊ v: v1; v2 É v′2:
((z	4) ◦2 (v	2))(a⊗ b⊗ x⊗ x⊗ x)= zt3(at2(v	2(b⊗ x)t1(x⊗ x))) = zt3(at2(vt1(b⊗ x)rx))

=



























































































































































































































































zt3(at2(v(rx)rx)) = 









0; ÅÓÌÉ v = v1;z(t3(x)) = 0; ÅÓÌÉ v = v2;0; ÅÓÌÉ v = v′2;zt3(at2(v(yrx + (xy)k−1rxy(xy)k−2 + ry(xy)k−1)rx))= 

















zt3(a k−1
∑l=1((xy)l ⊗ (xy)k−1−l + x(yx)l−1 ⊗ y(xy)k−1−l)) = 0;zt3(ay ⊗ 1) = 0;zt3(a⊗ x) = 0;zt3(at2(v(x(yx)j−1(yrx + ry(xy)k−1))rx)) == 









































0;zt3(a j
∑l=1((xy)l ⊗ (xy)j−l + x(yx)l−1 ⊗ y(xy)j−l)) = 0;zt3(a k−1
∑l=0((yx)l ⊗ y(xy)k−1−l + y(xy)l ⊗ (xy)k−1−l))= {1; ÅÓÌÉ j = 1; a = x;0; ÉÎÁÞÅ,zt3(at2(v((yx)j−1(yrx + ry(xy)k−1))rx)) == 

















0;zt3(a( j
∑l=1(yx)l ⊗ y(xy)j−l + j+1

∑l=1 y(xy)l−1 ⊗ (xy)j+1−l)) = 0;0;zt3(at2(v(ryy + yry)rx)) = 0; v = v1; v2; v′2;zt3(at2(v(rxx2 + xrxx+ x2rx + (yx)k−1ry(xy)k−1)rx))= 





































zt3(a(xy ⊗ 1 + x⊗ y)) = 0;zt3(a k−1
∑l=0((yx)l ⊗ y(xy)k−1−l + y(xy)l ⊗ (xy)k−1−l))= {1; ÅÓÌÉ a = x;0; ÉÎÁÞÅ,0;ÇÄÅ 1 6 j 6 k − 1:



168 á. á. é÷áîï÷÷ÙÞÉÓÌÉÍ ÔÅ�ÅÒØ (z	4) ◦2 (v	2) ÎÁ a⊗ b⊗ y ⊗ y ⊗ y :
((z	4) ◦2 (v	2))(a⊗ b⊗ y ⊗ y ⊗ y)= zt3(at2(v	2(b⊗ y)t1(y ⊗ y))) = zt3(at2(vt1(b⊗ y)ry))

=






































































































































































































zt3(at2(v(ry)ry)) = 0; v = v1; v2; v′2;zt3(at2(v(xry + (yx)k−1ryx(yx)k−2 + rx(yx)k−1)ry))= 

























zt3(at2(x2ry)) = zt3(a k−1
∑l=1((yx)l ⊗ (yx)k−1−l+y(xy)l−1 ⊗ x(yx)k−1−l)) = 0;0;zt3(ax⊗ 1) = 0;zt3(at2(v((xy)j(xry + (yx)k−1ryx(yx)k−2 + rx(yx)k−1))ry))= 













































0;0;zt3(at2((xy)j+1ry))= zt3(a( j
∑l=1((xy)l ⊗ x(yx)j−l + j+1

∑l=1 x(yx)l−1 ⊗ (yx)j+1−l))= {1; ÅÓÌÉ a = y; j = k − 1;0; ÉÎÁÞÅ,zt3(at2(v(y(xy)j−1(xry + (yx)k−1ryx(yx)k−2 + rx(yx)k−1))ry)) == 













































0;zt3(at2(y(xy)j−1x(yx)k−1ry))= zt3(a( k−1
∑l=1((xy)l ⊗ x(yx)k−1−l + k

∑l=1x(yx)l−1 ⊗ (yx)k−l))= 









1; a = y;j = 10; ÉÎÁÞÅ;ÇÄÅ 1 6 j 6 k − 1:�ÁËÉÍ ÏÂÒÁÚÏÍ, ËÏÍ�ÏÚÉ�ÉÏÎÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ (z	4) ◦2 (v	2) �ÒÉ-ÎÉÍÁÅÔ ÚÎÁÞÅÎÉÅ 1 ÎÁ x ⊗ (xy)k ⊗ x ⊗ x ⊗ x; y ⊗ yxy ⊗ y ⊗ y ⊗ y �ÒÉv = v2 É x⊗ xyx⊗ x⊗ x⊗ x; y⊗ (xy)k ⊗ y⊗ y⊗ y �ÒÉ v = v′2; É ÒÁ×ÎÏ 0×Ï ×ÓÅÈ ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 169îÁËÏÎÅ�, �ÏÌÕÞÁÅÍ:[v2; z℄(1⊗ x⊗ 1)= ((z ◦	4) ◦1 (v2 ◦	2) + (z ◦	4) ◦2 (v2 ◦	2))�5(1⊗ x⊗ 1)= 1((xy)k)∗ + 1((xy)k)∗ = 0;[v2; z℄(1⊗ y ⊗ 1)= ((z ◦	4) ◦1 (v2 ◦	2) + (z ◦	4) ◦2 (v2 ◦	2))�5(1⊗ y ⊗ 1)= 1yxy∗ + 1yxy∗ = 0;[v′2; z℄(1⊗ x⊗ 1)= ((z ◦	4) ◦1 (v′2 ◦	2) + (z ◦	4) ◦2 (v′2 ◦	2))�5(1⊗ x⊗ 1)= 1xyx∗ + 1xyx∗ = 0;[v′2; z℄(1⊗ y ⊗ 1)= ((z ◦	4) ◦1 (v′2 ◦	2) + (z ◦	4) ◦2 (v′2 ◦	2))�5(1⊗ y ⊗ 1)= 1((xy)k)∗ + 1((xy)k)∗ = 0;[v1; z℄(1⊗ x⊗ 1) = [v1; z℄(1⊗ y ⊗ 1) = 0: �ìÅÍÍÁ 4.9. �(wz) = v1z:äÏËÁÚÁÔÅÌØÓÔ×Ï. ÷Ï-�ÅÒ×ÙÈ, ÚÁÍÅÔÉÍ, ÞÔÏ ××ÉÄÕ ÓÏÏÔÎÏÛÅÎÉÑ ÍÅÖ-ÄÕ � É ÓËÏÂËÏÊ çÅÒÓÔÅÎÈÁÂÅÒÁ ÉÚ Ï�ÒÅÄÅÌÅÎÉÑ 1.1 ÄÏÓÔÁÔÏÞÎÏ ×ÙÞÉ-ÓÌÉÔØ [w; z℄: ðÒÅÖÄÅ ×ÓÅÇÏ ×Ó�ÏÍÎÉÍ, ÞÔÏ[w; z℄(1⊗ ra ⊗ 1) = (

((w ◦	3) ◦ (z ◦	4))�6(1⊗ ra ⊗ 1)+ ((z ◦	4) ◦ (w ◦	3)))�6(1⊗ ra ⊗ 1)= (

3
∑i=1 ((w ◦	3) ◦i (z ◦	4))�6(1⊗ ra ⊗ 1)+ 4

∑i=1 ((z ◦	4) ◦i (w ◦	3)))�6(1⊗ ra ⊗ 1): (4.2)�Å�ÅÒØ ÚÁÍÅÔÉÍ, ÞÔÏ ÚÎÁÞÅÎÉÑ [w; z℄ ÎÁ ÓÌÁÇÁÅÍÙÈ ×ÓÅÈ ÓÕÍÍ ÉÚ Ï�ÒÅ-ÄÅÌÅÎÉÑ �6, ËÒÏÍÅ �ÅÒ×ÏÊ, ÞÅÔ×ÅÒÔÏÊ, ÓÅÄØÍÏÊ É ÄÅÓÑÔÏÊ, ÒÁ×ÎÙ ÎÕÌÀ.üÔÏ ÓÌÅÄÕÅÔ ÉÚ ÆÏÒÍÕÌ ÞÁÓÔÉ 3 ÄÌÑ 	3;	4 É �6: äÅÊÓÔ×ÉÔÅÌØÎÏ, ÄÌÑ



170 á. á. é÷áîï÷×ÓÅÈ ÓÌÁÇÁÅÍÙÈ 1⊗ fa⊗a⊗ b⊗ ⊗ f⊗ ~⊗ �fb∗ �fa ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÓÕÍÍÉÍÅÅÍ:
(

3
∑i=1(w ◦	3) ◦i (z ◦	4) + 4

∑i=1(z ◦	4) ◦i (w ◦	3))
× (1⊗ fa ⊗ a⊗ b⊗ ⊗ f ⊗ ~⊗ �fb∗ �fa)= (w(t2(zt3(fat2(at1(b⊗ )))t1(fC(~)))+ w(t2(fat1(z(t3(at2(bt1(C(f)))) ⊗ ~))+ w(t2(fat1(aC(z(t3(bt2(t1(fC(~)))))))))+ z(t3(w(t2(fat1(aC(b))))t2(t1(fC(~)))))+ z(t3(fat2(w(t2(at1(b⊗ )))t1(fC(~)))))+ z(t3(fat2(at1(w(t2(bt1(C(f)))) ⊗ ~))))+ z(t3(fat2(at1(bC(w(t2(t1(fC(~)))))))))) �fb∗ �fa = 0;××ÉÄÕ ÔÏÇÏ, ÞÔÏ t1(fC(~)) = t1(C(f)) = t1(fC(~)) = 0;ÔÁË ËÁË f; f~ ∈ B É t1(ab) = 0 ÄÌÑ ÌÀÂÙÈ a; b ÔÁËÉÈ, ÞÔÏ ab ∈ B:�ÁËÉÍ ÏÂÒÁÚÏÍ, ÏÓÔÁÅÔÓÑ ÉÓÌÅÄÏ×ÁÔØ ÚÎÁÞÅÎÉÑ [w; z℄ ÎÁ ÓÌÁÇÁÅÍÙÈ�ÅÒ×ÏÊ, ÞÅÔ×ÅÒÔÏÊ, ÓÅÄØÍÏÊ É ÄÅÓÑÔÏÊ ÓÕÍÍ ÉÚ Ï�ÒÅÄÅÌÅÎÉÑ �6.éÚ ÆÏÒÍÕÌÙ ÄÌÑ �6 ×ÉÄÎÏ, ÞÔÏ Õ ÓÌÁÇÁÅÍÙÈ, ÏÔ×ÅÞÁÀÝÉÈ ÚÎÁÞÅÎÉÀ�6 ÎÁ 1⊗rx⊗1, �ÅÒ×ÙÅ Ä×Á ÔÅÎÚÏÒÎÙÈ ÓÏÍÎÏÖÉÔÅÌÑ ÍÏÇÕÔ ÂÙÔØ ÒÁ×ÎÙx ⊗ x; (yx)iy ⊗ x; (yx)j ⊗ y; Á Õ ÓÌÁÇÁÅÍÙÈ, ÏÔ×ÅÞÁÀÝÉÈ ÚÎÁÞÅÎÉÀ ÎÁ1 ⊗ ry ⊗ 1, ÏÎÉ ÒÁ×ÎÙ y ⊗ y; x(yx)i ⊗ y; (xy)j ⊗ x; ÇÄÅ 1 6 i 6 k − 1 É0 6 j 6 k − 2:òÁÓÓÍÏÔÒÉÍ ÚÎÁÞÅÎÉÅ [w; z℄ ÎÁ ÓÌÁÇÁÅÍÏÍ 1⊗fa⊗a⊗b⊗x⊗f⊗x⊗ �fb∗ �fa�ÅÒ×ÏÊ ÓÕÍÍÙ:w(t2(z(t3(fat2(at1(b⊗ x))))t1(x⊗ x))+ w(t2(fat1(z(t3(at2(bt1(x ⊗ x)))⊗ x))+ w(t2(fat1(aC(z(t3(bt2(xt1(x⊗ x))))))))+ z(t3(w(t2(fat1(aC(b))))t2(xt1(x⊗ x))))+ z(t3(fat2(w(t2(at1(b⊗ x)))t1(x⊗ x))))+ z(t3(fat2(at1(w(t2(bt1(x ⊗ x)))⊗ x))))



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 171+ z(t3(fat2(at1(bC(w(t2(xt1(x⊗ x))))))))b∗ �fa;ÇÄÅ fx ∈ {x} ∪ {(yx)iy}k−2i=0 ∪ {(xy)i}k−1i=1 É fy ∈ {(yx)i}k−1i=1 ∪ {y} ∪

{(xy)ix}k−2i=0 : ÷ ÄÁÎÎÏÍ ÓÌÕÞÁÅ f = x É �f = �x = 1:ðÒÏÁÎÁÌÉÚÉÒÕÅÍ ÓÌÁÇÁÅÍÙÅ �Ï ÏÔÄÅÌØÎÏÓÔÉ.1) òÁÓÓÍÏÔÒÉÍ w(t2(z(t3(fxt2(xt1(b⊗ x))))rx)) =


























































w(t2(z(t3(fxt2(xrx)))rx)); ÅÓÌÉ b = x;w(t2(z(t3(fxt2(xyrx + xry(xy)k−1)))rx)); ÅÓÌÉ b = yx;w(t2(z(t3(fxt2((yx)k−1yry(xy)k−1)))rx)); ÅÓÌÉ b = xyx;w(t2(z(t3(fxt2((xy)i+1rx + x(yx)iry(xy)k−1)))rx));ÅÓÌÉ b = (yx)i+1; 1 6 i 6 k − 2;w(t2(z(t3(fxt2(xryy + xyry)))rx)); ÅÓÌÉ b = y(xy)k−1;w(t2(z(t3(fxt2(xrxx2 + x2rxx+ x3rx + x(yx)k−1)))rx));ÅÓÌÉ b = (xy)k ;
=























































































w(t2(z(t3(fx ⊗ 1))rx)) = 0; ÔÁË ËÁË fx 6= (xy)k ;0;w(t2(z(t3(fx(yx)k−1 ⊗ (xy)k−1))rx))= {w(t2(z(t3(x(yx)k−1 ⊗ (xy)k−1))rx)) = 0;0;0;0;w(t2(z(t3(fx k−1
∑l=0((yx)l ⊗ y(xy)k−1−l + y(xy)l ⊗ (xy)k−1−l))rx))= {w(t2(rx)) = 0;0;ÁÎÁÌÏÇÉÞÎÏ, w(t2(z(t3(fyt2(yt1(b⊗ x))))rx)) =



172 á. á. é÷áîï÷
=





































w(t2(z(t3(fyt2(yrx)))rx));w(t2(z(t3(fyt2((xy)k−1xrx+y(xy)k−1rxy(xy)k−2+yry(xy)k−1))rx)));w(t2(z(t3(fyt2(yxyrx + yxry(xy)k−1)))rx));w(t2(z(t3(fyt2((yx)i+1yrx + (yx)i+1ry(xy)k−1)))rx));w(t2(z(t3(fyt2(yryy + x(yx)k−1ry)))rx));w(t2(z(t3(fyt2(yrxx2 − yxrxx)))rx));
= 





















































0;w(t2(z(t3(fy k−1
∑l=1((xy)l ⊗ (xy)k−1−l;+x(yx)l−1 ⊗ y(xy)k−1−l + 1⊗ (xy)k−1))rx));0;w(t2(z(t3(fy ⊗ x))rx));0;w(t2(z(t3(fyy ⊗ x))rx)): = 0

2) þÔÏÂÙ �ÏËÁÚÁÔØ, ÞÔÏ w(t2(fat1(z(t3(at2(bt1(x ⊗ x))) ⊗ x)) = 0;×ÙÞÉÓÌÉÍz(t3(at2(bt1(x⊗ x))) ⊗ x)
= 

























































z(t3(a⊗ 1))⊗ x);z(t3(a i−1
∑l=1(yx)l ⊗ y(xy)i−1−l + a i

∑l=1 y(xy)l−1 ⊗ (xy)i−l))⊗ x);1 6 i 6 k − 1;z(t3(a i
∑l=1((xy)l ⊗ (xy)i−l + x(yx)l−1 ⊗ y(xy)i−l))⊗ x);0 6 i 6 k − 1;z(t3(a k−1
∑l=0((yx)l ⊗ y(xy)k−1−l + y(xy)l ⊗ (xy)k−1−l))⊗ x);= 

















0;0;0;1; ÅÓÌÉ a = x É 0 ÅÓÌÉ a = y:îÁËÏÎÅ�, t1(1⊗ x) = 0:



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 1733) w(t2(fat1(aC(z(t3(bt2(xt1(x⊗ x)))))))) = 0; ÔÁË ËÁËz(t3(bt2(xt1(x⊗x)))) = z(t3(b⊗ 1)) = {1; ÅÓÌÉ b = (xy)k ;0; ÉÎÁÞÅ; É C(1) =0: 4) z(t3(w(t2(fat1(aC(b))))t2(xt1(x⊗ x))))= 









k − 1; ÅÓÌÉ fy = (yx)k−1; a = y; b = (xy)k−1x;1; ÅÓÌÉ fy = y; a = y; b = y(xy)k−1;0; ÉÎÁÞÅ.÷ÙÞÉÓÌÅÎÉÅz(t3(w(t2(fat1(aC(b))))t2(xt1(x ⊗ x)))) = z(t3(w(t2(fat1(aC(b)))) ⊗ 1))ÓÒÁÚÕ ÎÅÏÂÈÏÄÉÍÏ ÒÁÚÂÉÔØ ÎÁ Ä×Á ÓÌÕÞÁÑ:4.1) ðÕÓÔØ a = x: ðÏËÁÖÅÍ, ÞÔÏ z(t3(w(t2(fxt1(xC(b)))) ⊗ 1)) = 0:éÔÁË,t1(xC(b)) = 





























t1(x⊗ x⊗ (yx)i + x2 ⊗ y ⊗ x(yx)i−1); ÄÌÑ b = x(yx)i;0 6 i 6 k − 1;t1(x⊗ x⊗ y(xy)i + x2 ⊗ y ⊗ (yx)i−1); ÄÌÑ b = (xy)i;1 6 i 6 k;0; ÉÎÁÞÅ;= {rx(yx)i + (yx)k−1ryx(yx)i−1;ry(xy)i−1 + (yx)k−1ry(xy)i−1 + Æi1y(xy)k−2rx(yx)k−1;ÇÄÅ Æij = {1; ÅÓÌÉ i = j;0; ÉÎÁÞÅ.w(t2(fx(rx(yx)i + (yx)k−1ryx(yx)i−1)))= 









w(t2(xrx(yx)i + x(yx)k−1ryx(yx)i−1));w(t2((yx)jyrx(yx)i));w(t2((xy)jrx(yx)i));= 









w(1⊗ (yx)i) = 0;0;0:



174 á. á. é÷áîï÷w(t2(fx(ry(xy)i−1 + (yx)k−1ry(xy)i−1 + Æi1y(xy)k−2rx(yx)k−1)))= 









w(1⊗ y(xy)i−1);0;0;Á w(1⊗ y(xy)i−1) = 0:4.2) ðÕÓÔØ a = y: �ÏÇÄÁz(t3(w(t2(fyt1(yC(b)))) ⊗ 1))=

















k−1; ÅÓÌÉ fy=(yx)k−1; b=(xy)k−1x;k − 2; ÅÓÌÉ fy=x(yx)k−2; b = (xy)k ;1; ÅÓÌÉ fy=y; b=y(xy)k−1;0; ÉÎÁÞÅ.áÎÁÌÏÇÉÞÎÏ �ÒÅÄÙÄÕÝÅÍÕ,t2(fyt1(yC(b)))
= 

























































t2(fyt1(y(xy)k−1 ⊗ x⊗ 1));ÄÌÑ b = x(yx)k−1;t2(fyt1(y(xy)k−1 ⊗ x⊗ y + (yx)k ⊗ y ⊗ 1));ÄÌÑ b = (xy)k;t2(fyt1(y ⊗ y ⊗ (xy)i + y2 ⊗ x⊗ y(xy)i−1));ÄÌÑ b = y(xy)i; 0 6 i 6 k − 1;t2(fyt1(y ⊗ y ⊗ x(yx)i−1 + y2 ⊗ x⊗ (yx)i−1));ÄÌÑ b = (yx)i; 1 6 i 6 k − 1;= 

















t2(fy(ryy + yry));t2(fy(ryy2+yryy+(xy)k−1(xry+(yx)k−1ryx(yx)k−2+rx(yx)k−1)));t2(fy(ry(xy)i+x(yx)k−2(yrx+(xy)k−1rxy(xy)k−2+ry(xy)k−1)y(xy)i−1));t2(fy(ryx(yx)i−1+x(yx)k−2(yrx+(xy)k−1rxy(xy)k−2+ry(xy)k−1)(yx)i−1)):òÁÚÂÅÒÅÍ ËÁÖÄÙÊ ÉÚ ÜÔÉÈ ÞÅÔÙÒÅÈ ÓÌÕÞÁÅ×.4.2.1) z(t3(w(t2(fy(ryy + yry)))⊗ 1))= 









z(t3(w(t2((yx)iyry))⊗ 1)); ÅÓÌÉ fy = (yx)i;0; ÅÓÌÉ fy = y;z(t3(w(t2((xy)i+1ry))⊗ 1)); ÅÓÌÉ fy = x(yx)i;
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z(t3(w( i
∑l=1((yx)l ⊗ (yx)i−l + y(xy)l−1 ⊗ x(yx)i−l))⊗ x);z(t3(w( i
∑l=1(xy)l ⊗ x(yx)i−l + i+1

∑l=1 x(yx)l−1 ⊗ (yx)i−l+1)⊗ x);= {k − 1; ÅÓÌÉ fy = (yxk−1); b = (xy)k−1x;0; ÉÎÁÞÅ.4.2.2) z(t3(w(t2(fy(ryy2 + yryy + (xy)k−1(xry + (yx)k−1ryx(yx)k−2 +rx(yx)k−1))) ⊗ 1)) =






























z(t3(w(t2((yx)iyryy))⊗ 1)); ÅÓÌÉ fy = (yx)i;1 6 i 6 k − 1z(t3(w(t2((yx)kry + y(xy)k−1rx(yx)k−1))⊗ 1)); ÅÓÌÉ fy = y;z(t3(w(t2((xy)i+1ryy))⊗ 1)); ÅÓÌÉ fy = x(yx)i;0 6 i 6 k − 2
=



































































z(t3(w( i
∑l=1((yx)l ⊗ (yx)i−ly + y(xy)l−1 ⊗ (xy)i−l+1))⊗ x) = 0;z(t3(w(k−1
∑l=1 (xy)l ⊗ x(yx)k−1−l ;+ k

∑l=1x(yx)l−1 ⊗ (yx)k−l + 1⊗ x(yx)k−1)⊗ x) = 0;z(t3(w( i
∑l=1(xy)l ⊗ x(yx)i−ly+ i+1

∑l=1 x(yx)l−1 ⊗ (yx)i−l+1y)⊗ x) = (k − 2); ÅÓÌÉ i = k − 2:îÁ�ÒÉÍÅÒ, w( i
∑l=1(xy)l ⊗ (xy)i−l+1) = i(xy)i+2; ÎÏ i 6 k− 2 É �ÏÜÔÏÍÕ�ÒÉ i = k − 2 ÉÍÅÅÍ: (xy)i+2 = (xy)k ; Á ÚÎÁÞÉÔ zt3((xy)i+2 ⊗ 1) = 1:4.2.3)z(t3(w(t2(fy(ry(xy)i + x(yx)k−2(yrx + (xy)k−1rxy(xy)k−2+ ry(xy)k−1)y(xy)i−1))) ⊗ 1))= 









0; ÅÓÌÉ fy=(yx)i; 16 i6k−1;z(t3(w(t2((yx)k−1yrxy(xy)i−1))⊗1)); ÅÓÌÉ fy=y;0; ÅÓÌÉ fy=x(yx)i; 06 i6k−2;



176 á. á. é÷áîï÷= 

















0;z(t3(w(1⊗ (xy)i)⊗ 1))=zt3((xy)i+1 ⊗1)={1; ÅÓÌÉ i=k−1;0; ÉÎÁÞÅ,0; ÉÎÁÞÅ.4.2.4)z(t3(w(t2(fy(ryx(yx)i−1 + x(yx)k−2(yrx + (xy)k−1rxy(xy)k−2+ ry(xy)k−1)(yx)i−1))⊗ 1))= {z(t3(w(t2((yx)k−1yrx(yx)i−1))⊗ 1)); ÅÓÌÉ fy = y;0; ÉÎÁÞÅ.îÁËÏÎÅ�,t3(w(t2((yx)k−1yrx(yx)i−1))⊗ 1) = t3(w(1⊗ x(yx)i−1)⊗ 1)= t3(x(yx)i ⊗ 1) = 0:5) z(t3(fat2(w(t2(at1(b⊗ x)))t1(x⊗ x))))
= 





























ky(xy)i−1; ÅÓÌÉ fy = (yx)i; a = y; b = yx;k(xy)i; ÅÓÌÉ fy = x(yx)i; a = y; b = yx;y; ÅÓÌÉ fy = (yx)k−1; a = y; b = (xy)k;1; ÅÓÌÉ fy = x(yx)k−2; a = y; b = (xy)k ;0; ÉÎÁÞÅ.õÞÔÅÍ, ÞÔÏ t1(x⊗ x) = rx , É ÓÎÏ×Á ÒÁÓÓÍÏÔÒÉÍ Ä×Á ÓÌÕÞÁÑ.5.1) ðÕÓÔØ a = x: �ÏÇÄÁ z(t3(fxt2(w(t2(xt1(b⊗ x)))rx))) = 0:äÅÊÓÔ×ÉÔÅÌØÎÏ, z(t3(fxt2(w(t2(xt1(b⊗ x)))rx)))
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=































































































z(t3(fxt2(w(t2(xrx))rx)));ÅÓÌÉ b = x;z(t3(fxt2(w(t2(x(yrx + (xy)k−1rxy(xy)k−2 + ry(xy)k−1))rx)));ÅÓÌÉ b = yx;z(t3(fxt2(w(t2(x2ry(xy)k−1))rx)));ÅÓÌÉ b = xyx;z(t3(fxt2(w(t2(x(yx)i(yrx + ry(xy)k−1))rx)));ÅÓÌÉ b = (yx)i+1; 1 6 i 6 k − 2;z(t3(fxt2(w(t2(xry + xyry))rx));ÅÓÌÉ b = y(xy)k−1;z(t3(fxt2(w(t2(xrxx2 + x2rxx+ x3rx + y2ry(xyk−1))rx));ÅÓÌÉ b = (xy)k ;
=













































z(t3(fxxy));0;z(t3(fx k−1
∑l=1((yx)l ⊗ (yx)k−1−l + y(xy)l−1⊗x(yx)k−1−l)(xy)k−1)) = 0;0;0;0:5.2) ðÕÓÔØ a = y: òÁÓÓÍÏÔÒÉÍ z(t3(fyt2(w(t2(yt1(b⊗ x)))rx)))

=














































































z(t3(fyt2(w(t2(yrx))rx)));ÅÓÌÉ b = x;z(t3(fyt2(w(t2(y2rx + y(xy)k−1rxy(xy)k−2 + yry(xy)k−1))rx)));ÅÓÌÉ b = yx;z(t3(fyt2(w(t2(yxyrx + yxry(xy)k−1))rx)));ÅÓÌÉ b = xyx;z(t3(fyt2(w(t2((yx)i+1yrx + (yx)i+1ry(xy)k−1))rx)));ÅÓÌÉ b = x(yx)i; 1 6 i 6 k − 2;z(t3(fyt2(w(t2(yryy + y2ry))rx)));ÅÓÌÉ b = (xy)k;



178 á. á. é÷áîï÷
= 





















































0;z(t3(fyt2(w(k−1
∑l=1 ((xy)l ⊗ (xy)k−1−l + x(yx)l−1 ⊗ y(xy)k−1−l)+1⊗ (xy)k−1)rx)));0;z(t3(fyt2(w(1⊗ x)rx))); ÅÓÌÉ i = k − 2 É 0; ÉÎÁÞÅ;0;z(t3(fyt2(w(y ⊗ x)rx)));= 





































0;z(t3(fyt2(k(xy)krx)));0;z(t3(fyt2(xyxrx)));0;z(t3(fyt2((yx)2rx)));= 

















z(t3(fyk k−1
∑l=0((yx)l ⊗ y(xy)k−1−l + y(xy)l ⊗ (xy)k−1−l)));z(t3(fy(xy ⊗ 1 + x⊗ y)));z(t3(fy(yx⊗ 1 + y ⊗ xy + yxy ⊗ 1))):òÁÚÂÅÒÅÍ ÜÔÉ ÔÒÉ ÓÌÕÞÁÑ.5.2.1) z(t3(fyk k−1
∑l=0((yx)l ⊗ y(xy)k−1−l + y(xy)l ⊗ (xy)k−1−l)))= 









z(t3(k(yx)i+l ⊗ y(xy)k−1−l)); ÅÓÌÉ fy = (yx)i; 1 6 i 6 k − 1;z(t3(y ⊗ y(xy)k−1 + y2 ⊗ (xy)k−1−l)); ÅÓÌÉ fy = y;z(t3(k(xy)i+l+1 ⊗ (xy)k−1−l)); ÅÓÌÉ fy = x(yx)i; 0 6 i 6 k − 2= 









ky(xy)i−1; 1 6 i 6 k − 1;0;k(xy)i; 0 6 i 6 k − 2:5.2.2) z(t3(fy(xy ⊗ 1 + x⊗ y))) = 0; �ÒÉ ×ÓÅÈ fy:5.2.3) z(t3(fy(yx⊗1+y⊗xy+yxy⊗1))) = {y; ÅÓÌÉ fy = (yx)k−1;1; ÅÓÌÉ fy = x(yx)k−2:



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 1796) z(t3(fat2(at1(w(t2(bt1(x⊗ x))) ⊗ x))))= {(k − 1); ÅÓÌÉ a = x; fx = x; b = x(yx)k−1;0; ÉÎÁÞÅ.úÁÍÅÔÉÍ, ÞÔÏ t1(w(t2(bt1(x⊗ x))) ⊗ x)= 





























t1(xy ⊗ x); ÅÓÌÉ b = x;t1(iy(xy)i ⊗ x); ÅÓÌÉ b = (yx)i; 1 6 i 6 k − 1;t1(i(xy)i+1 ⊗ x); ÅÓÌÉ b = x(yx)i; 1 6 i 6 k − 1t1(xyx⊗ x); ÅÓÌÉ b = y(xy)k−1;0; ÅÓÌÉ b = (xy)k;=

















(k − 1)(ryy + yry); ÅÓÌÉ b = (yx)k−1(k−1)(rxx2+xrxx+x2rx+(yx)k−1ry(xy)k−1); ÅÓÌÉ b=x(yx)k−1xyrx + xry(xy)k−1; ÅÓÌÉ b = (yx)k ;0; ÉÎÁÞÅ.äÁÌÅÅ ÓÎÏ×Á ÒÁÓÓÍÏÔÒÉÍ Ä×Á ÓÌÕÞÁÑ.6.1) ðÕÓÔØ a = x; ÔÏÇÄÁ z(t3(fxt2(xt1(w(t2(bt1(x⊗ x))) ⊗ x))))= 









z(t3(fxt2((k − 1)(xryy + xyry))));z(t3(fxt2((k − 1)(xrxx2 + x2rxx+ x3rx + x(yx)k−1ry(xy)k−1))));z(t3(fxt2(x2ry(xy)k−1)));
= 





































z(t3(fx(k − 1)x⊗ 1)) = 0;z(t3(fx(k − 1) k−1
∑l=0((yx)l ⊗ y(xy)k−1−l + y(xy)l ⊗ (xy)k−1−l))= {k − 1; ÅÓÌÉ fx = x0; ÉÎÁÞÅ,z(t3(fx(yx)k−1 ⊗ (xy)k−1)) = 0:6.2) ðÕÓÔØ a = y; ÔÏÇÄÁ z(t3(fyt2(yt1(w(t2(bt1(x ⊗ x)))⊗ x))))= 









z(t3(fyt2((k − 1)(yryy + y2ry))));z(t3(fyt2((k − 1)(yrxx2 + yxrxx))));z(t3(fyt2(yxyrx + yxry(xy)k−1)));



180 á. á. é÷áîï÷= 









0;z(t3(fy(k − 1)y ⊗ x)) = 0;0:7) îÁËÏÎÅ�, z(t3(fat2(at1(bC(w(t2(xt1(x⊗ x)))))))= 









y; ÅÓÌÉ a = x; fx = x; b = (xy)k ;1; ÅÓÌÉ a = y; fy = y; b = y(xy)k−1;0; ÉÎÁÞÅ.ðÏÓËÏÌØËÕ w(t2(xt1(x ⊗ x))) = xy; Á C(xy) = 1 ⊗ x ⊗ y + x ⊗ y ⊗ 1;ÉÍÅÅÍz(t3(fat2(at1(bC(w(t2(xt1(x ⊗ x))))))) = z(t3(fat2(at1(b ⊗ x ⊗ y)))) +z(t3(fat2(at1(bx⊗ y ⊗ 1)))):éÓÓÌÅÄÕÅÍ ÜÔÉ Ä×Á ÓÌÁÇÁÅÍÙÈ.7.1.1) ðÕÓÔØ a = x; ÔÏÇÄÁ z(t3(fxt2(xt1(b⊗ x⊗ y))))= 

















z(t3(fxt2(xrxy)));z(t3(fxt2(x(yx)iyrxy)));z(t3(fxt2(xryy2 + xyryy)));z(t3(fxt2(x2rxxy + x3rxy)));= 





























z(t3(fx ⊗ y)) = 0;0;z(t3(fxx⊗ y)) = 0;z(t3(fx((yx)k−1 ⊗ y2 + y(xy)k−1 ⊗ y))) = {y; ÅÓÌÉ fx = x;0; ÉÎÁÞÅ.7.1.2) ðÕÓÔØ a = y; ÔÏÇÄÁ z(t3(fyt2(yt1(b⊗ x⊗ y))))= 

















z(t3(fyt2(yrxy)));z(t3(fyt2(y(x(yx)i)yrxy))); 0 6 i 6 k − 2;z(t3(fyt2(yryy2 + y2ryy)));z(t3(fyt2(yxrxxy));= 

















0;z(t3(fy ⊗ xy)) = 0;0;z(t3(fyy ⊗ xy)) = 0:



BV -ó�òõë�õòá îá ëïçïíïìïçéñè èïèûéìøäá 1817.2) éÚÕÞÉÍ �ÏÓÌÅÄÎÅÅ ÓÌÁÇÁÅÍÏÅ z(t3(fat2(at1(bx⊗ y ⊗ 1)))): ÷ÙÞÉ-ÓÌÉÍ ÓÎÁÞÁÌÁ at1(bx⊗ y ⊗ 1)=









ay(xy)k−2(xry + (yx)k−1ryx(yx)k−2 + rx(yx)k−1); ÅÓÌÉ b = x;a(xy)k−1(xry+(yx)k−1ryx(yx)k−2+rx(yx)k−1); ÅÓÌÉ b=y(xy)k−1;0; ÉÎÁÞÅ, �ÏÓËÏÌØËÕ ÔÏÇÄÁ ÌÉÂÏ bxy ∈ B; ÌÉÂÏ bx=0:ïÔÓÀÄÁ ×ÉÄÎÏ, ÞÔÏ �ÒÉ a = x; ÕÖÅ �ÒÉÍÅÎÅÎÉÅ t2 ÄÁÓÔ 0: ÷ ÓÌÕÞÁÅa = y; × �ÅÒ×ÏÍ ÓÌÕÞÁÅ ÓÒÁÚÕ �ÏÌÕÞÁÅÍ 0; Á ×Ï ×ÔÏÒÏÍ ÉÍÅÅÍ:z(t3(fat2(y(xy)k−1(xry + rx(yx)k−1))))= z(t3(fx k−1
∑l=1(xy)l⊗x(yx)k−1−l+ k

∑l=1 x(yx)l−1⊗ (yx)k−l+1⊗x(yx)k−1))= {1; ÅÓÌÉ fy = y;0; ÉÎÁÞÅ.òÁÓÓÍÏÔÒÉÍ ÔÅ�ÅÒØ ÚÎÁÞÅÎÉÅ [w; z℄ ÎÁ ÓÌÁÇÁÅÍÏÍ 1⊗ fa⊗ a⊗ b⊗x⊗f ⊗ x⊗ �fb∗ �fa ÞÅÔ×ÅÒÔÏÊ ÓÕÍÍÙ:w(t2(z(t3(fat2(at1(b⊗ y))))t1(y ⊗ y))+ w(t2(fat1(z(t3(at2(bt1(y ⊗ y)))⊗ y))+ w(t2(fat1(aC(z(t3(bt2(yt1(y ⊗ y))))))))+ z(t3(w(t2(fat1(aC(b))))t2(yt1(y ⊗ y))))+ z(t3(fat2(w(t2(at1(b⊗ y)))t1(y ⊗ y))))+ z(t3(fat2(at1(w(t2(bt1(y ⊗ y)))⊗ y))))+ z(t3(fat2(at1(bC(w(t2(yt1(y ⊗ y))))))))b∗ �fa:÷ ÄÁÎÎÏÍ ÓÌÕÞÁÅ f = y É �f = �y = 1: íÏÖÎÏ ÓÒÁÚÕ ÚÁËÌÀÞÉÔØ,ÞÔÏ ÔÒÅÔØÅ, ÞÅÔ×ÅÒÔÏÅ É ÓÅÄØÍÏÅ ÓÌÁÇÁÅÍÙÅ ÒÁ×ÎÙ 0 ××ÉÄÕ ÔÏÇÏ, ÞÔÏt2(yt1(y⊗ y)) = t2(yry) = 0: äÁÌÅÅ ÓÏ×ÅÒÛÅÎÎÏ ÁÎÁÌÏÇÉÞÎÏ �ÒÅÄÙÄÕÝÅ-ÍÕ �ÏÌÕÞÁÅÍ:w(t2(z(t3(fat2(at1(b⊗ y))))t1(y ⊗ y))= w(t2(fat1(z(t3(at2(bt1(y ⊗ y)))⊗ y))+ z(t3(fat2(w(t2(at1(b⊗ y)))t1(y ⊗ y)))) = 0



182 á. á. é÷áîï÷É z(t3(fat2(at1(bC(w(t2(yt1(y ⊗ y)))))))= {k − 1; ÅÓÌÉ a = y; fy = y; b = y(xy)k−1;0; ÉÎÁÞÅ.ðÒÏÓÕÍÍÉÒÏ×Á× ÔÅ�ÅÒØ ÚÎÁÞÅÎÉÑ ËÏÍ�ÏÚÉ�ÉÏÎÎÙÈ �ÒÏÉÚ×ÅÄÅÎÉÊ ÎÁÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÓÌÁÇÁÅÍÙÈ �6(1⊗ra⊗1) (ÓÍÏÔÒÉ ÎÁÞÁÌÏ ÄÏËÁÚÁÔÅÌØ-ÓÔ×Á), �ÏÌÕÞÉÍ ÚÎÁÞÅÎÉÑ [w; z℄ ÎÁ (1⊗ ra ⊗ 1):[w; z℄(1⊗ rx ⊗ 1)= (k − 1)(x(yx)k−1)∗(yx)k−1 + k k−1
∑i=1 y(xy)i−1(yx)∗(yx)i+ y((xy)∗)(yx)k−1 + (k − 1)(x(yx)k−1)∗x+ y((xy)k)∗x= (k − 1)y + y + (k − 1)y + y = 0[w; z℄(1⊗ ry ⊗ 1) =(k − 2)((xy)k)∗x(yx)k−1 + 1(y(xy)k−1)∗y+ k k−2

∑i=0(xy)i(yx)∗x(yx)i + 1((xy)k)∗x(yx)k−1+ 1(y(xy)k−1)y + (k − 1)(y(xy)k−1)∗y= (k − 2)x+ x+ x+ x+ (k − 1)x = 0úÄÅÓØ ÍÙ ÕÞÌÉ, ÞÔÏ y = 1; x(yx)i = x(yx)k−2−i ; (yx)i = (xy)k−1−i; ÁÔÁËÖÅ, ÞÔÏ(yx)∗x(yx)i = (yx)k−1x(yx)k−2−i = 0; ÅÓÌÉ 0 6 i 6 k − 2;y(xy)i−1(yx)∗ = y(xy)i−1(yx)k−1 = 0; ÅÓÌÉ 1 6 i 6 k − 1:éÔÁË, [w; z℄ = (2ky; 2kx) = (0; 0) = 0:�ÏÇÄÁ, �(wz) = �(w)z + w�(z) + [w; z℄ = v1z + 0 + 0 = v1z: ��Å�ÅÒØ ÍÏÖÎÏ ÓÆÏÒÍÕÌÉÒÏ×ÁÔØ ÔÅÏÒÅÍÕ, Ï�ÉÓÙ×ÁÀÝÕÀ BV -ÓÔÒÕË-ÔÕÒÕ ÎÁ HH∗(Rk).
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