
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 423, 2014 Ç.í. á. ðÕÓÔÏ×ÙÈëïìøãï ëïçïíïìïçéê èïèûéìøäáóáíïéîÿåë�é÷îùè áìçåâò äòå÷åóîïçï�éðá E6
§1. ÷×ÅÄÅÎÉÅòÁÓÓÍÏÔÒÉÍ ÓÁÍÏÉÎßÅËÔÉ×ÎÕÀ ÂÁÚÉÓÎÕÀ ÁÌÇÅÂÒÕ ÎÁÄ ÁÌÇÅÂÒÁÉÞÅ-ÓËÉ ÚÁÍËÎÕÔÙÍ �ÏÌÅÍ, ÉÍÅÀÝÕÀ ËÏÎÅÞÎÙÊ ÔÉ� �ÒÅÄÓÔÁ×ÌÅÎÉÑ. óÏ-ÇÌÁÓÎÏ ËÌÁÓÓÉÆÉËÁ�ÉÉ òÉÄÔÍÁÎÎ, ÓÔÁÂÉÌØÎÙÊ AR-ËÏÌÞÁÎ ÔÁËÏÊ ÁÌ-ÇÅÂÒÙ Ï�ÉÓÙ×ÁÅÔÓÑ Ó �ÏÍÏÝØÀ ÎÅËÏÔÏÒÏÇÏ ÁÓÓÏ�ÉÉÒÏ×ÁÎÎÏÇÏ ÄÅÒÅ×Á,ËÏÔÏÒÏÅ ÓÏ×�ÁÄÁÅÔ Ó ÏÄÎÏÊ ÉÚ ÓÈÅÍ äÙÎËÉÎÁ An, Dn, E6, E7 ÉÌÉ E8(ÓÍ. [1℄). äÌÑ ÁÌÇÅÂÒ ÔÉ�Á An É Dn ÓÔÒÕËÔÕÒÁ ËÏÌØ�Á ËÏÇÏÍÏÌÏÇÉÊèÏÈÛÉÌØÄÁ �ÏÌÎÏÓÔØÀ ÉÓÓÌÅÄÏ×ÁÎÁ É Ï�ÉÓÁÎÁ × [2{5℄ (ÔÉ� An) É [6{11℄(ÔÉ� Dn). òÁÓÓÍÏÔÒÉÍ ÁÌÇÅÂÒÙ ÄÒÅ×ÅÓÎÏÇÏ ÔÉ�Á E6. ìÀÂÁÑ ÁÌÇÅÂÒÁÔÉ�Á E6 �ÒÏÉÚ×ÏÄÎÏ ÜË×É×ÁÌÅÎÔÎÁ ÁÌÇÅÂÒÅ �ÕÔÅÊ ÎÅËÏÔÏÒÏÇÏ ËÏÌÞÁÎÁÓ ÓÏÏÔÎÏÛÅÎÉÑÍÉ. á ÉÍÅÎÎÏ, �ÕÓÔØ Qs (s ∈ N) { ÓÌÅÄÕÀÝÉÊ ËÏÌÞÁÎ:

ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ËÏÇÏÍÏÌÏÇÉÉ èÏÈÛÉÌØÄÁ, ÄÒÅ×ÅÓÎÙÊ ÔÉ� E6, ÂÉÍÏÄÕÌØÎÁÑÒÅÚÏÌØ×ÅÎÔÁ.òÁÂÏÔÁ ×Ù�ÏÌÎÅÎÁ �ÒÉ ÞÁÓÔÉÞÎÏÊ �ÏÄÄÅÒÖËÅ ÇÒÁÎÔÁ òææé 13-01-00902.205



206 í. á. ðõó�ï÷ùè�ÏÇÄÁ ÌÀÂÁÑ ÁÌÇÅÂÒÁ ÔÉ�Á E6 �ÒÏÉÚ×ÏÄÎÏ ÜË×É×ÁÌÅÎÔÎÁ ÁÌÇÅÂÒÅ,�ÒÉÎÁÄÌÅÖÁÝÅÊ ÏÄÎÏÍÕ ÉÚ Ä×ÕÈ ÓÌÅÄÕÀÝÉÈ ÓÅÍÅÊÓÔ×:1) Rs = K [Qs℄ =I , ÇÄÅ K { �ÏÌÅ, Á I { ÉÄÅÁÌ × ÁÌÇÅÂÒÅ �ÕÔÅÊ K [Qs℄ËÏÌÞÁÎÁ Qs, �ÏÒÏÖÄ£ÎÎÙÊÁ) ×ÓÅÍÉ �ÕÔÑÍÉ ÄÌÉÎÙ 5;Â) �ÕÔÑÍÉ ×ÉÄÁ �3 − �3, �
�, �
�.2) R′s = K [Qs℄ =I ′, ÇÄÅ K { �ÏÌÅ, Á I ′ { ÉÄÅÁÌ × ÁÌÇÅÂÒÅ �ÕÔÅÊ K [Qs℄ËÏÌÞÁÎÁ Q, �ÏÒÏÖÄ£ÎÎÙÊÁ) ×ÓÅÍÉ �ÕÔÑÍÉ ÄÌÉÎÙ 5;Â) �ÕÔÑÍÉ ×ÉÄÁ �3 − �3, �3t
t−1�3t−1, �3t
t−1�3t−1 (1 6 t 6 s − 1),�0
s−1�3(s−1)+2, �0
s−1�3(s−1)+2.úÄÅÓØ É ÄÁÌÅÅ ÍÙ ÂÕÄÅÍ ÞÁÓÔÏ Ï�ÕÓËÁÔØ ÉÎÄÅËÓÙ Õ ÓÔÒÅÌÏË �i, �i É
i, �ÏÓËÏÌØËÕ ÚÎÁÞÅÎÉÑ ÎÉÖÎÉÈ ÉÎÄÅËÓÏ× ÑÓÎÙ ÉÚ ËÏÎÔÅËÓÔÁ.äÁÎÎÁÑ ÓÔÁÔØÑ �ÏÓ×ÑÝÅÎÁ ÉÚÕÞÅÎÉÀ ÓÔÒÕËÔÕÒÙ ËÏÌØ�Á ËÏÇÏÍÏÌÏÇÉÊèÏÈÛÉÌØÄÁ ÄÌÑ ÁÌÇÅÂÒÙ Rs. äÌÑ ÜÔÏÊ ÁÌÇÅÂÒÙ ÍÙ �ÏÌÕÞÉÍ Ï�ÉÓÁÎÉÅËÏÌØ�Á ËÏÇÏÍÏÌÏÇÉÊ èÏÈÛÉÌØÄÁ × ÔÅÒÍÉÎÁÈ ÏÂÒÁÚÕÀÝÉÈ Ó ÓÏÏÔÎÏÛÅ-ÎÉÑÍÉ. úÁÍÅÔÉÍ, ÞÔÏ ÄÌÑ ÉÓÓÌÅÄÏ×ÁÎÉÑ ÓÔÒÕËÔÕÒÙ ËÏÌØ�Á ËÏÇÏÍÏÌÏÇÉÊÍÙ �ÏÓÔÒÏÉÍ ÂÉÍÏÄÕÌØÎÕÀ ÒÅÚÏÌØ×ÅÎÔÕ ÁÌÇÅÂÒÙ Rs, ËÏÔÏÒÁÑ ÔÁËÖÅ�ÒÅÄÓÔÁ×ÌÑÅÔ ÉÎÔÅÒÅÓ ËÁË ÏÔÄÅÌØÎÙÊ ÒÅÚÕÌØÔÁÔ.
§2. æÏÒÍÕÌÉÒÏ×ËÁ ÏÓÎÏ×ÎÏÇÏ ÒÅÚÕÌØÔÁÔÁäÁÌÅÅ ×ÅÚÄÅ �ÒÅÄ�ÏÌÁÇÁÅÔÓÑ, ÞÔÏ n = 6.ðÕÓÔØ HHt(R) { t-ÁÑ ÇÒÕ��Á ËÏÇÏÍÏÌÏÇÉÊ èÏÈÛÉÌØÄÁ ÁÌÇÅÂÒÙ R ÓËÏÜÆÆÉ�ÉÅÎÔÁÍÉ × R. ðÕÓÔØ ` { �ÅÌÁÑ ÞÁÓÔØ, Á r { ÏÓÔÁÔÏË ÏÔ ÄÅÌÅÎÉÑt ÎÁ 11, m { �ÅÌÁÑ ÞÁÓÔØ ÏÔ ÄÅÌÅÎÉÑ r ÎÁ 2.äÌÑ Ï�ÉÓÁÎÉÑ ËÏÌØ�Á ËÏÇÏÍÏÌÏÇÉÊ èÏÈÛÉÌØÄÁ ÁÌÇÅÂÒÙ Rs ××ÅÄ�ÅÍÓÌÅÄÕÀÝÉÅ ÕÓÌÏ×ÉÑ ÎÁ �ÒÏÉÚ×ÏÌØÎÕÀ ÓÔÅ�ÅÎØ t:(1) r = 0, 2 | `, `n+m ≡ 0(s) ÉÌÉ s = 1;(2) r = 0, 2 | `, 
harK = 3, `n+m ≡ 1(s) ÉÌÉ s = 1;(3) r = 1, 2 | `, `n+m ≡ 0(s) ÉÌÉ s = 1;(4) r = 1, 2 ∤ `, `n+m ≡ 0(s) ÉÌÉ s = 1;(5) r = 2, 2 ∤ `, `n+m ≡ 1(s) ÉÌÉ s = 1;(6) r = 3, 2 | `, 
harK = 2, `n+m ≡ 0(s) ÉÌÉ s = 1;(7) r = 3, 2 ∤ `, `n+m ≡ 0(s) ÉÌÉ s = 1;(8) r = 4, 2 ∤ `, `n+m ≡ 1(s) ÉÌÉ s = 1;(9) r = 4, 2 ∤ `, 
harK = 3, `n+m ≡ 0(s) ÉÌÉ s = 1;(10) r = 4, 2 | `, 
harK = 2, `n+m ≡ 1(s) ÉÌÉ s = 1;(11) r = 5, 2 | `, 
harK = 3, `n+m ≡ 0(s) ÉÌÉ s = 1;



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 207(12) r = 5, 2 ∤ `, 
harK = 3, `n+m ≡ 0(s) ÉÌÉ s = 1;(13) r = 6, 2 | `, `n+m ≡ 0(s) ÉÌÉ s = 1;(14) r = 6, 2 | `, 
harK = 3, `n+m ≡ 1(s) ÉÌÉ s = 1;(15) r = 6, 2 ∤ `, 
harK = 2, `n+m ≡ 0(s) ÉÌÉ s = 1;(16) r = 7, 2 | `, `n+m ≡ 0(s) ÉÌÉ s = 1;(17) r = 7, 2 ∤ `, 
harK = 2, `n+m ≡ 0(s) ÉÌÉ s = 1;(18) r = 8, 2 | `, `n+m ≡ 0(s) ÉÌÉ s = 1;(19) r = 9, 2 | `, `n+m ≡ 0(s) ÉÌÉ s = 1;(20) r = 9, 2 ∤ `, `n+m ≡ 0(s) ÉÌÉ s = 1;(21) r = 10, 2 ∤ `, `n+m ≡ 1(s) ÉÌÉ s = 1;(22) r = 10, 2 ∤ `, 
harK = 3, `n+m ≡ 0(s) ÉÌÉ s = 1.ðÏÌÏÖÉÍ M = 22s=îïä(2n; s).úÁÍÅÞÁÎÉÅ 1. ÷ �ÁÒÁÇÒÁÆÅ 3 ÍÙ �ÏËÁÖÅÍ, ÞÔÏ ÍÉÎÉÍÁÌØÎÙÊ �ÅÒÉÏÄÂÉÍÏÄÕÌØÎÏÊ ÒÅÚÏÌØ×ÅÎÔÙ Rs ÒÁ×ÅÎ M .òÁÓÓÍÏÔÒÉÍ ÓÎÁÞÁÌÁ ÓÌÕÞÁÊ s > 1. ðÕÓÔØ {t1;i; : : : ; t�i;i} { ÍÎÏÖÅÓÔ×Ï×ÓÅÈ ÓÔÅ�ÅÎÅÊ t, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÈ ÕÓÌÏ×ÉÑÍ i-ÇÏ �ÕÎËÔÁ ÉÚ Ó�ÉÓËÁ ×Ù-ÛÅ, É ÔÁËÉÈ, ÞÔÏ 0 6 tj;i < M (j = 1; : : : ; �i). òÁÓÓÍÏÔÒÉÍ ÍÎÏÖÅÓÔ×Ï
X = 22⋃i=1{X(i)tj;i}�ij=1 ∪ {T};É ÎÁ ËÏÌØ�Å ÍÎÏÇÏÞÌÅÎÏ× K[X ℄ ××ÅÄ�ÅÍ ÇÒÁÄÕÉÒÏ×ËÕ ÔÁËÕÀ, ÞÔÏdegX(i)tj;i = tj;i ÄÌÑ ×ÓÅÈ i = 1; : : : ; 22 É j = 1; : : : ; �i;deg T =M: } (◦)úÁÍÅÞÁÎÉÅ 2. äÁÌÅÅ ÍÙ ÂÕÄÅÍ ÞÁÓÔÏ ÉÓ�ÏÌØÚÏ×ÁÔØ Õ�ÒÏÝ£ÎÎÏÅ ÏÂÏ-ÚÎÁÞÅÎÉÅ X(i) ÄÌÑ X(i)tj;i , �ÏÓËÏÌØËÕ ÚÎÁÞÅÎÉÑ ÎÉÖÎÉÈ ÉÎÄÅËÓÏ× ÑÓÎÙ ÉÚËÏÎÔÅËÓÔÁ.ïÂÏÚÎÁÞÅÎÉÅ.X̃(i) = {X(i); deg X̃(i) < deg TTX(i); × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ.



208 í. á. ðõó�ï÷ùèï�ÒÅÄÅÌÉÍ ÇÒÁÄÕÉÒÏ×ÁÎÎÕÀ K-ÁÌÇÅÂÒÕ A = K[X ℄=I , ÇÄÅ I { ÉÄÅÁÌ,�ÏÒÏÖÄ�ÅÎÎÙÊ ÏÄÎÏÒÏÄÎÙÍÉ ÜÌÅÍÅÎÔÁÍÉ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÍÉ ÓÌÅÄÕÀ-ÝÉÍ ÓÏÏÔÎÏÛÅÎÉÑÍ.X(3)X(1) = X(3)X(2) = X(3)X(3) = X(3)X(5) = X(3)X(8) = 0;X(3)X(9) = X(3)X(10) = X(3)X(11) = X(3)X(12) = X(3)X(14) = 0;X(3)X(16) = X(3)X(17) = X(3)X(19) = X(3)X(21) = X(3)X(22) = 0;X(3)X(4) = X̃(5); X(3)X(6) = X̃(10);X(3)X(7) = 2X̃(8); X(3)X(13) = 2X̃(16);X(3)X(15) = X̃(17); X(3)X(18) = X̃(19); X(3)X(20) = X̃(21):X(4)X(7) = {X̃(10); 
harK = 2;0; ÉÎÁÞÅ; (r1)X(7)X(7) = {sX̃(14); 
harK = 3;0; ÉÎÁÞÅ; (r2)X(4)X(13) = {X̃(17); 
harK = 2;0; ÉÎÁÞÅ; (r3)X(7)X(18) = {
−sX̃(2); 
harK = 3;0; ÉÎÁÞÅ; (r4)

X(13)X(20) = {X̃(10); 
harK = 2;0; ÉÎÁÞÅ; (r5)X(18)X(18) = {
−X̃(12); 
harK = 3;0; ÉÎÁÞÅ; (r6)X(18)X(20) = {
−sX̃(14); 
harK = 3;0; ÉÎÁÞÅ: (r7)ïÓÔÁÌØÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ Ï�ÉÛÅÍ × ×ÉÄÅ ÔÁÂÌÉ� (ÎÏÍÅÒÁ (r1){(r7)× ÑÞÅÊËÁÈ ÔÁÂÌÉ� ÏÚÎÁÞÁÀÔ ÎÏÍÅÒ ÓÏÏÔÎÏÛÅÎÉÑ, × ËÏÔÏÒÏÍ Ï�ÉÓÁÎÏ�ÒÏÉÚ×ÅÄÅÎÉÅ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÜÌÅÍÅÎÔÏ×).



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 209X(1) X(2) X(4) X(6) X(7) X(8) X(9) X(11) X(12)X(1) X̃(1) X̃(2) X̃(4) X̃(6) X̃(7) X̃(8) X̃(9) X̃(11) X̃(12)X(2) 0 0 0 0 0 X̃(8) 0 0X(4) 0 X̃(8) (r1) 0 X̃(11) 0 sX̃(14)X(6) 0 0 0 0 0 0X(7) (r2) 0 sX̃(16) 0 0X(8) 0 0 0 0X(9) 0 0 −sX̃(19)X(11) 0 −sX̃(21)X(13) X(14) X(15) X(16) X(18) X(20) X(22)X(1) X̃(13) X̃(14) X̃(15) X̃(16) X̃(18) X̃(20) X̃(22)X(2) X̃(14) 0 0 0 0 0 X̃(21)X(4) (r3) 0 X̃(16) 0 X̃(20) 0 0X(6) X̃(19) 0 X̃(20) 0 0 0 0X(7)
−2X̃(20) 0 X̃(19)

−X̃(21) (r4) 0 −sX̃(5)X(8)
−X̃(21) 0 0 0 0 0 0X(9)
−X̃(22)

−X̃(21) 0 0 sX̃(3) sX̃(5) 0X(11) 0 0 0 0 sX̃(5) 0 0X(12) X(13) X(14) X(15) X(16) X(18) X(20) X(22)X(12) 0 −sX̃(2) 0 0 0 0 0 sX̃(8)X(13) 2X̃(4) 0 X̃(3) X̃(5)
−X̃(7) (r5) X̃(11)X(14) 0 0 0 0 0 0X(15) X̃(4) 0 X̃(6) X̃(8) 0X(16) 0 −X̃(8) 0 0X(18) (r6) (r7) sX̃(16)X(20) 0 0X(22) 0�ÅÏÒÅÍÁ 1. ðÕÓÔØ s > 1, R = Rs { ÁÌÇÅÂÒÁ ÔÉ�Á E6. �ÏÇÄÁ ÁÌÇÅ-ÂÒÁ ËÏÇÏÍÏÌÏÇÉÊ èÏÈÛÉÌØÄÁ HH∗(R) ËÁË ÇÒÁÄÕÉÒÏ×ÁÎÎÁÑ K-ÁÌÇÅÂÒÁÉÚÏÍÏÒÆÎÁ ÁÌÇÅÂÒÅ A.òÁÓÓÍÏÔÒÉÍ ÓÌÕÞÁÊ s = 1.÷×ÅÄÅÍ ÍÎÏÖÅÓÔ×Ï

X ′ = 



X ∪

{X(23)0 ; X(24)0 ; X(25)0 ; X(26)0 ; X(27)0 ; X(28)0 } ; 
harK 6= 3;
X ∪

{X(24)0 ; X(25)0 ; X(26)0 ; X(27)0 ; X(28)0 } ; 
harK = 3;É ÎÁ ËÏÌØ�Å ÍÎÏÇÏÞÌÅÎÏ× K[X ′℄ ××ÅÄ�ÅÍ ÇÒÁÄÕÉÒÏ×ËÕ ÔÁËÕÀ, ÞÔÏ



210 í. á. ðõó�ï÷ùèdegX(i)tj;i = tj;i ÄÌÑ ×ÓÅÈ i = 1; : : : ; 22 É j = 1; : : : ; �i;degT =M (ÁÎÁÌÏÇÉÞÎÏ (◦));degX(23)0 =degX(24)0 =degX(25)0 =degX(26)0 =degX(27)0 =degX(28)0 =0:ï�ÒÅÄÅÌÉÍ ÇÒÁÄÕÉÒÏ×ÁÎÎÕÀ K-ÁÌÇÅÂÒÕ A′ = K[X ′℄=I ′, ÇÄÅ ÉÄÅÁÌ I ′�ÏÒÏÖÄ�ÅÎ ÏÄÎÏÒÏÄÎÙÍÉ ÜÌÅÍÅÎÔÁÍÉ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÍÉ ÓÏÏÔÎÏÛÅÎÉ-ÑÍ, ËÏÔÏÒÙÅ ÕÖÅ ÂÙÌÉ Ï�ÉÓÁÎÙ ÄÌÑ ÓÌÕÞÁÑ s > 1, Á ÔÁËÖÅ ÓÌÅÄÕÀÝÉÍÉÓÏÏÔÎÏÛÅÎÉÑÍÉ:X(1)X(i) ={X̃(i); t1 = 0;0; ÉÎÁÞÅ; i ∈ {23; 24; 28};X(1)X(i) =



X̃(i); t1 = 0;X̃(2); t1 > 0 É 
harK = 3;0; ÉÎÁÞÅ; i ∈ {25; 26; 27};X(9)X(i) =X̃(8); i ∈ {25; 26; 27};X(13)X(i) ={X̃(14); 
harK = 3;0; ÉÎÁÞÅ; i ∈ {25; 26; 27};X(22)X(i) =X̃(21); i ∈ {25; 26; 27};X(j)X(i) =0; j ∈ [2; 28℄ \ {9; 13; 22}; i ∈ [23; 28℄;ÇÄÅ t1 ÏÂÏÚÎÁÞÁÅÔ ÓÔÅ�ÅÎØ ÜÌÅÍÅÎÔÁ X(1).�ÅÏÒÅÍÁ 2. ðÕÓÔØ s = 1, R = R1 { ÁÌÇÅÂÒÁ ÔÉ�Á E6. �ÏÇÄÁ ÁÌÇÅ-ÂÒÁ ËÏÇÏÍÏÌÏÇÉÊ èÏÈÛÉÌØÄÁ HH∗(R) ËÁË ÇÒÁÄÕÉÒÏ×ÁÎÎÁÑ K-ÁÌÇÅÂÒÁÉÚÏÍÏÒÆÎÁ ÁÌÇÅÂÒÅ A′.úÁÍÅÞÁÎÉÅ 3. éÚ Ï�ÉÓÁÎÉÑ ËÏÌÅ� HH∗(R) × ÔÅÏÒÅÍÁÈ 1 É 2 ÓÌÅÄÕÅÔ,× ÞÁÓÔÎÏÓÔÉ, ÞÔÏ ÏÎÉ ËÏÍÍÕÔÁÔÉ×ÎÙ.
§3. âÉÍÏÄÕÌØÎÁÑ ÒÅÚÏÌØ×ÅÎÔÁâÕÄÅÍ ÓÔÒÏÉÔØ ÍÉÎÉÍÁÌØÎÕÀ �ÒÏÅËÔÉ×ÎÕÀ ÂÉÍÏÄÕÌØÎÕÀ ÒÅÚÏÌØ-×ÅÎÔÕ R × ÓÌÅÄÕÀÝÅÍ ×ÉÄÅ:: : : −→ Q3 d2−→ Q2 d1−→ Q1 d0−→ Q0 "

−→ R −→ 0



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 211ðÕÓÔØ � { ÏÂ�ÅÒÔÙ×ÁÀÝÁÑ ÁÌÇÅÂÒÁ ÁÌÇÅÂÒÙ R. �ÏÇÄÁ R{R-ÂÉÍÏÄÕÌÉÍÏÖÎÏ ÒÁÓÓÍÁÔÒÉ×ÁÔØ ËÁË ÌÅ×ÙÅ �-ÍÏÄÕÌÉ.ïÂÏÚÎÁÞÅÎÉÑ.(1) þÅÒÅÚ ei; i ∈ Zns = {0; 1; : : : ; ns − 1}; ÏÂÏÚÎÁÞÁÅÍ ÉÄÅÍ�ÏÔÅÎÔÙÁÌÇÅÂÒÙ K [Qs℄, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ×ÅÒÛÉÎÁÍ ËÏÌÞÁÎÁ Qs.(2) ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ Pi;j = R(ei ⊗ ej)R = �(ei ⊗ ej), i; j ∈ Zns.úÁÍÅÔÉÍ, ÞÔÏ ÍÏÄÕÌÉ Pi;j , ÓÏÓÔÁ×ÌÑÀÔ �ÏÌÎÏÅ ÍÎÏÖÅÓÔ×Ï (�Ï�ÁÒÎÏ ÎÅ-ÉÚÏÍÏÒÆÎÙÈ) ÎÅÒÁÚÌÏÖÉÍÙÈ �ÒÏÅËÔÉ×ÎÙÈ �-ÍÏÄÕÌÅÊ.(3) äÌÑ a ∈ Z, t ∈ N ÞÅÒÅÚ (a)t ÏÂÏÚÎÁÞÉÍ ÎÁÉÍÅÎØÛÉÊ ÎÅÏÔÒÉ�Á-ÔÅÌØÎÙÊ ×ÙÞÅÔ a �Ï ÍÏÄÕÌÀ t (× ÞÁÓÔÎÏÓÔÉ, 0 6 (a)t 6 t− 1).ï�ÒÅÄÅÌÉÍ Á×ÔÏÍÏÒÆÉÚÍ �: R → R, ÄÅÊÓÔ×ÕÀÝÉÊ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁ-ÚÏÍ: �(ei) = 



ei+n2 ; i ≡ 0; 5(n);ei+n2+2; i ≡ 1; 2(n);ei+n2−2; i ≡ 3; 4(n);�(
i) = −
i+n;�(�i) = {
−�i+3n; i ≡ 0; 1(3);�i+3n; i ≡ 2(3); �(�i) = {

−�i+3n; i ≡ 1; 2(3);�i+3n; i ≡ 0(3):÷×ÅÄ�ÅÍ ×Ó�ÏÍÏÇÁÔÅÌØÎÙÅ ÆÕÎË�ÉÉ f : Z × Z → Z, h: Z × Z → Z É�: Z → Z, ÄÅÊÓÔ×ÕÀÝÉÅ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:f(x; y) = {1; x = y;0; x 6= y; h(x; y) = 




1; x ... 2; x < y;0; x 6
... 2; x < y;1; x 6
... 2; x > y;0; x ... 2; x > y;�(i) = 




i; i ≡ 0; 5(mod 6);i+ 2; i ≡ 1; 2(mod 6);i− 2; i ≡ 3; 4(mod 6):



212 í. á. ðõó�ï÷ùè÷×ÅÄ�ÅÍ Qr (r 6 10). äÌÑ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÏÊ ÓÔÅ�ÅÎÉ r ÏÂÏÚÎÁÞÉÍ ÞÅ-ÒÅÚ m �ÅÌÕÀ ÞÁÓÔØ ÏÔ ÄÅÌÅÎÉÑ r ÎÁ 2. éÍÅÅÍQ2m = s−1⊕r=0Q′2m;r; 0 6 m 6 n− 1;Q2m+1 = s−1⊕r=0Q′2m+1;r; 0 6 m 6 n− 2;ÇÄÅQ′2m;r = 


f(m;2)⊕i=0 P(r+m)n−1+h(m;2)+i;rn


⊕

f(m;3)⊕i=0 (P(r+m)n+1+(m)3+3i;rn+1 ⊕ P�((r+m)n+1+(m)3+3i);rn+3)
⊕

f(m;2)⊕i=0 (P(r+m)n+1+(m+1)3+3f(m;5)+3i;rn+2
⊕ P�((r+m)n+1+(m+1)3+3f(m;5)+3i);rn+4)

⊕




f(m;3)⊕i=0 P(r+m+1)n−h(m;3)+i;rn+5 ;Q′2m+1;r = 


1−f(m;4)⊕i=0 P(r+m)n+1+h(m;0)+4f(m;4)+2i;rn


⊕ P(r+m+1)n−1+h(m;5)−4f(m;0);rn+1 ⊕ P�((r+m+1)n−1+h(m;5)−4f(m;0));rn+3
⊕ P(r+m+1)n−1+h(m;0)+4f(m;4);rn+2

⊕ P�((r+m+1)n−1+h(m;0)+4f(m;4);rn+2);rn+4
⊕




1−f(m;0)⊕i=0 P(r+m+1)n+1+h(m;5)−2f(m;0)+2i;rn+5 :



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 213ï�ÉÛÅÍ ÄÉÆÆÅÒÅÎ�ÉÁÌÙ dr ÄÌÑ r 6 10. �ÁË ËÁË Qi { �ÒÑÍÙÅ ÓÕÍÍÙ,ÔÏ ÉÈ ÜÌÅÍÅÎÔÙ ÍÏÖÎÏ ÒÁÓÓÍÁÔÒÉ×ÁÔØ ËÁË ×ÅËÔÏÒÙ-ÓÔÏÌÂ�Ù, Á ÔÏÇÄÁÄÉÆÆÅÒÅÎ�ÉÁÌÙ Ï�ÉÓÙ×ÁÀÔÓÑ ÎÅËÏÔÏÒÙÍÉ ÍÁÔÒÉ�ÁÍÉ (ËÏÔÏÒÙÅ ÕÍÎÏ-ÖÁÀÔÓÑ Ó�ÒÁ×Á ÎÁ ×ÅËÔÏÒ-ÓÔÏÌÂÅ�). ï�ÉÛÅÍ �ÏËÏÍ�ÏÎÅÎÔÎÏ ÍÁÔÒÉ�ÙÄÉÆÆÅÒÅÎ�ÉÁÌÏ×.úÁÍÅÞÁÎÉÅ 4. îÕÍÅÒÁ�ÉÀ ÓÔÒÏË É ÓÔÏÌÂ�Ï× × ÍÁÔÒÉ�ÁÈ ÄÉÆÆÅÒÅÎ-�ÉÁÌÏ× ×ÓÀÄÕ ÎÁÞÉÎÁÅÍ Ó ÎÕÌÑ.ïÂÏÚÎÁÞÅÎÉÑ.(1) þÅÒÅÚ wi→j ÏÂÏÚÎÁÞÉÍ �ÕÔØ ÉÚ i-Ê ×ÅÒÛÉÎÙ × j-À.(2) þÅÒÅÚ w(m)i→ ÏÂÏÚÎÁÞÉÍ �ÕÔØ, ÎÁÞÉÎÁÀÝÉÊÓÑ × i-Ê ×ÅÒÛÉÎÅ É ÉÍÅ-ÀÝÉÊ ÄÌÉÎÕ m.(3) þÅÒÅÚ w(m)
→i ÏÂÏÚÎÁÞÉÍ �ÕÔØ, ÚÁËÁÎÞÉ×ÁÀÝÉÊÓÑ × i-Ê ×ÅÒÛÉÎÅ ÉÉÍÅÀÝÉÊ ÄÌÉÎÕ m.÷×ÅÄ�ÅÍ ÆÕÎË�ÉÉ g: Z → Z f0: Z × Z → Z É f1: Z × Z → Z, ÄÅÊÓÔ×Õ-ÀÝÉÅ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:g(j) = {1; (j)2s < s;3 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ;f0(x; y) = {1; x < y;0 x > y; f1(x; y) = {1; x < y;

−1 x > y:ï�ÉÓÁÎÉÅ d0d0 : Q1 → Q0 { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (7s× 6s):åÓÌÉ 0 6 j < 2s, ÔÏ(d0)ij = 




w(j+m)n→(j+m)n+g(j) ⊗ ejn; i = (j)s;
−e(j+m)n+g(j) ⊗ wjn→jn+g(j) ; i = j + s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 2s 6 j < 4s, ÔÏ(d0)ij = 




w(j+m)n+g(j)→(j+m)n+g(j)+1 ⊗ ejn+g(j); i = j − s;
−e(j+m)n+g(j)+1 ⊗ wjn+g(j)→jn+g(j)+1 ; i = j + s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:



214 í. á. ðõó�ï÷ùèåÓÌÉ 4s 6 j < 6s, ÔÏ(d0)ij = 




w(j+m)n+g(j)+1→(j+m)n+5 ⊗ ejn+g(j)+1; i = j − s;
−e(j+m)n+5 ⊗ wjn+g(j)+1→jn+5 ; i = 5s+ (j)s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 6s 6 j < 7s, ÔÏ(d0)ij = 





w(j+m)n+5→(j+m)n+6 ⊗ ejn+5; i = j − s;
−e(j+m)n+6 ⊗ wjn+5→(j+1)n ; i = (j + 1)s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:ï�ÉÓÁÎÉÅ d1d1 : Q2 → Q1 { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s× 7s):åÓÌÉ 0 6 j < s, ÔÏ(d1)ij = 




wjn+1+j1+2f(j1;2)→jn+5 ⊗ wjn→jn+j1 ;i = j + 2sj1; 0 6 j1 < 3;
−wjn+3+j1→jn+5 ⊗ wjn→jn+j1+2(1−f(j1;0));i = j + 2sj1 + s; 0 6 j1 < 3;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ s 6 j < 3s, ÔÏ(d1)ij = 





w(4−j1)
→(j+1)n+1+g(j+s) ⊗ w(j1)jn+g(j+s)→;i = j + 2sj1 + s− s(1 − f0(j; 2s))f(j1; 2); 0 6 j1 < 3;w(1−j1)
→(j+1)n+1+g(j+s) ⊗ w(j1+3)jn+g(j+s)→;i = (j + 1)s + 2sj1 + s(1− f0(j; 2s)); 0 6 j1 < 2;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 3s 6 j < 5s, ÔÏ(d1)ij = 




w(2)
→(j+1)n+g(j) ⊗ ejn+g(j+s)+1; i = j + s;w(1)
→(j+1)n+g(j) ⊗w(1)jn+g(j+s)+1→; i = (j)s + 6s;e(j+1)n+g(j) ⊗ w(2)jn+g(j+s)+1→; i = (j + 1)s + sf0(j; 4s);0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 215åÓÌÉ 5s 6 j < 6s, ÔÏ(d1)ij = 



w(j+1)n→(j+2)n ⊗ ejn+5; i = j + s;w(j+1)n+1+j1+2f(j1;3)+2f(j1;2)→(j+2)n
⊗wjn+5→(j+1)n+j1+2f(j1;3);i = (j + 1)s + 2sj1; 0 6 j1 < 4;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:ï�ÉÓÁÎÉÅ d2d2 : Q3 → Q2 { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (8s× 6s):åÓÌÉ 0 6 j < 2s, ÔÏ(d2)ij = 




w(j+m−1)n+5→(j+m)n+g(j)+1 ⊗ ejn; i = (j)s;
−f1(j; s)e(j+m)n+g(j)+1 ⊗ wjn→jn+g(j); i = j + s;f1(j; s)w(j+m)n+g(j)→(j+m)n+g(j)+1 ⊗ wjn→jn+1+g(j+s);i = (j + s)2s + 3s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 2s 6 j < 4s, ÔÏ(d2)ij = 




w(j+m)n+g(j)+1→(j+m)n+5 ⊗ ejn+g(j); i = j − s;
−w(j+m)n+g(j+s)→(j+m)n+5 ⊗ wjn+g(j)→jn+g(j)+1; i = j + s;
−f1(j; 3s)e(j+m)n+5 ⊗wjn+g(j)→(j+1)n; i = (j + 1)s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 4s 6 j < 6s, ÔÏ(d2)ij = 





w(j+m)n+g(j+s)→(j+m+1)n ⊗ ejn+g(j)+1; i = j − s;
−e(j+m+1)n ⊗ wjn+g(j)+1→jn+5; i = 5s+ (j)s;w(j+m)n+5→(j+m+1)n ⊗ wjn+g(j)+1→(j+1)n; i = (j + 1)s; j < 5s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 6s 6 j < 8s, ÔÏ(d2)ij = 





w(j+m+1)n→(j+m+1)n+g(j) ⊗ ejn+5; i = 5s+ (j)s;
−w(j+m+1)n−1→(j+m+1)n+g(j) ⊗wjn+5→(j+1)n;i = (j + 1)s; j < 7s;
−e(j+m+1)n+g(j) ⊗ wjn+5→(j+1)n+g(j+s)+1;i = 3s+ (j + 1)s + sf0(j; 7s);0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:ï�ÉÓÁÎÉÅ d3d3 : Q4 → Q3 { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (9s× 8s):



216 í. á. ðõó�ï÷ùèåÓÌÉ 0 6 j < s, ÔÏ(d3)ij = 




w(j+m)n+2→(j+m)n+5 ⊗ ejn; i = j;
−w(j+m)n+4→(j+m)n+5 ⊗ ejn; i = j + s;e(j+m)n+5 ⊗ wjn→jn+1; i = j + 2s;e(j+m)n+5 ⊗ wjn→jn+3; i = j + 3s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ s 6 j < 2s, ÔÏ(d3)ij = 





w(j+m)n+2+j1+2(1−f(j1;0))→(j+m+1)n ⊗ wjn→jn+j1 ;i = j − s+ 2sj1; 0 6 j1 < 3;
−e(j+m+1)n ⊗ wjn→jn+4; i = j + 4s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 2s 6 j < 4s, ÔÏ(d3)ij = 





w(2−j1)
→(j+m+1)n+g(j+s) ⊗ w(j1)jn+g(j)→; i = 2j1s+ j; 0 6 j1 < 2;e(j+m+1)n+g(j+s) ⊗w(2)jn+g(j)→; i = 6s+ (j + s)2s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 4s 6 j < 6s, ÔÏ(d3)ij = {w(1−j1)

→(j+m+1)n+g(j) ⊗ w(j1)jn+g(j)+1→; i = j + 2sj1; 0 6 j1 < 2;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 6s 6 j < 8s, ÔÏ(d3)ij = 




w(2)
→(j+m+1)n+g(j+s)+1 ⊗ ejn+g(j)+1; i = j − 2s;w(1)
→(j+m+1)n+g(j+s)+1 ⊗ w(1)jn+g(j)+1→; i = (j + s)2s + 6s;

−f1(j; 7s)e(j+m+1)n+g(j+s)+1 ⊗ w(2)jn+g(j)+1→;i = (j + 1)s + sf0(j; 7s);0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 8s 6 j < 9s, ÔÏ(d3)ij = 



w(j+m+1)n+2→(j+m+1)n+5 ⊗ wjn+5→(j+1)n ; i = (j + 1)s;e(j+m+1)n+5 ⊗ wjn+5→(j+1)n+1; i = 2s+ (j + 1)s;w(j+m+1)n+1→(j+m+1)n+5 ⊗ ejn+5; i = j − 2s;
−w(j+m+1)n+3→(j+m+1)n+5 ⊗ ejn+5; i = j − s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 217ï�ÉÓÁÎÉÅ d4d4 : Q5 → Q4 { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (8s× 9s):åÓÌÉ 0 6 j < 2s, ÔÏ(d4)ij = 




w(j+m−1)n+5→(j+m)n+1 ⊗ ejn; i = j; j < s;
−f1(j; s)w(j+m)n→(j+m)n+g(j) ⊗ ejn; i = (j)s + s;
−e(j+m)n+g(j) ⊗ wjn→jn+g(j+s) ; i = (j + s)2s + 2s;e(j+m)n+g(j) ⊗ wjn→jn+1+g(j) ; i = j + 4s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 2s 6 j < 4s, ÔÏ(d4)ij = 




w(j+m)n+5→(j+m+1)n ⊗ wjn+1→(j+1)n; i = (j + 1)s; j < 3s;w(j+m)n+g(j+s)→(j+m+1)n ⊗ ejn+g(j); i = j;
−w(j+m)n+g(j+s)+1→(j+m+1)n ⊗ wjn+g(j)→jn+g(j)+1; i = 4s+ j;
−f1(j; 3s)e(j+m+1)n ⊗ wjn+g(j)→(j+1)n; i = (j + 1)s + s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 4s 6 j < 6s, ÔÏ(d4)ij = 





e(j+m)n+5 ⊗ wjn+g(j)+1→(j+1)n; i = (j + 1)s; j < 5s;w(j+m)n+g(j)→(j+m)n+5 ⊗ ejn+g(j)+1; i = j;
−w(j+m)n+g(j+s)+1→(j+m)n+5 ⊗ ejn+g(j)+1; i = j + 2s;
−f1(j; 5s)e(j+m)n+5 ⊗ wjn+g(j)+1→jn+5; i = 8s+ (j)s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 6s 6 j < 8s, ÔÏ

(d4)ij = 




−w(j+m+1)n−1→(j+m+1)n+g(j)+1 ⊗ wjn+5→(j+1)n;i = (j + 1)s; j < 7s;w(j+m+1)n−1→(j+m+1)n+g(j)+1 ⊗ ejn+5; i = 8s+ (j)s;f1(j; 7s)w(j+m+1)n+g(j)→(j+m+1)n+g(j)+1 ⊗ wjn+5→(j+1)n+g(j+s);i = 2s+ (j + 1)s + sf0(j; 7s);
−f1(j; 7s)e(j+m+1)n+g(j)+1 ⊗wjn+5→(j+1)n+g(j+s)+1;i = 6s+ (j + 1)s + sf0(j; 7s);0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:



218 í. á. ðõó�ï÷ùèï�ÉÓÁÎÉÅ d5d5 : Q6 → Q5 { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (9s× 8s):åÓÌÉ 0 6 j < s, ÔÏ
(d5)ij = 




w(j+m)n+1→(j+m+1)n ⊗ ejn; i = j;w(j+m)n+3→(j+m+1)n ⊗ ejn; i = j + s;(2f(j1; 0)− 1)w(j+m+1)n−j1→(j+m+1)n ⊗ wjn→jn+1+j1 ;i = j + 2s(1 + j1); 0 6 j1 < 2;(2f(j1; 0)− 1)w(j+m+1)n−j1→(j+m+1)n ⊗ wjn→jn+3+j1 ;i = j + 2s(1 + j1) + s; 0 6 j1 < 2;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ s 6 j < 3s, ÔÏ(d5)ij = 



w(1)
→(j+m+1)n+g(j+s) ⊗ ejn+g(j+s); i = j + s;

−e(j+m+1)n+g(j+s) ⊗ w(3)jn+g(j+s)→;i = (j + 1)s + s(1− f0(j; 2s));0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 3s 6 j < 5s, ÔÏ(d5)ij = 




−w(3)
→(j+m+1)n+g(j)+1 ⊗ w(1)jn+g(j+s)→; i = j + s;w(2)

→(j+m+1)n+g(j)+1 ⊗ ejn+g(j+s); i = j − s;w(1)
→(j+m+1)n+g(j)+1 ⊗ w(3)jn+g(j+s)→; i = (j + 1)s + sf0(j; 4s);

−f1(j; 4s)e(j+m+1)n+g(j)+1 ⊗ w(2)jn+g(j+s)→; i = (j)2s + 6s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 5s 6 j < 7s, ÔÏ(d5)ij = 



f1(j; 6s)e(j+m+1)n+g(j+s)+1 ⊗ w(1)jn+g(j+s)+1→; i = j + s;w(3)
→(j+m+1)n+g(j+s)+1 ⊗ ejn+g(j+s)+1; i = j − s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 219åÓÌÉ 7s 6 j < 8s, ÔÏ(d5)ij = 



w(j+m+1)n+1→(j+m+1)n+5 ⊗ wjn+5→(j+1)n; i = (j + 1)s;w(j+m+1)n+3→(j+m+1)n+5 ⊗ wjn+5→(j+1)n; i = s+ (j + 1)s;
−e(j+m+1)n+5 ⊗ wjn+5→(j+1)n+2; i = 4s+ (j + 1)s;
−e(j+m+1)n+5 ⊗ wjn+5→(j+1)n+4; i = 5s+ (j + 1)s;w(j+m+1)n+2→(j+m+1)n+5 ⊗ ejn+5; i = j − s;
−w(j+m+1)n+4→(j+m+1)n+5 ⊗ ejn+5; i = j;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 8s 6 j < 9s, ÔÏ(d5)ij = 



w(j+m+1)n+2→(j+m+2)n ⊗ ejn+5; i = j − 2s;
−e(j+m+2)n ⊗ wjn+5→(j+1)n+3 ; i = 3s+ (j + 1)s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:ï�ÉÓÁÎÉÅ d6d6 : Q7 → Q6 { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (8s× 9s):åÓÌÉ 0 6 j < 2s, ÔÏ(d6)ij = 





w(j+m)n→(j+m)n+g(j)+1 ⊗ ejn; i = (j)s;
−w(j+m)n+g(j)→(j+m)n+g(j)+1 ⊗ wjn→jn+g(j) ; i = j + s;
−e(j+m)n+g(j)+1 ⊗ wjn→jn+g(j+s) ; i = (j + s)2s + 3s;e(j+m)n+g(j)+1 ⊗ wjn→jn+g(j)+1 ; i = j + 5s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 2s 6 j < 4s, ÔÏ(d6)ij = 





w(j+m)n+g(j)→(j+m)n+5 ⊗ ejn+g(j); i = j − s;
−w(j+m)n+g(j+s)+1→(j+m)n+5 ⊗ ejn+g(j); i = j + s;
−w(j+m)n+g(j)+1→(j+m)n+5 ⊗ wjn+g(j)→jn+g(j)+1; i = j + 3s;e(j+m)n+5 ⊗wjn+g(j)→jn+5; i = (j)s + 7s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 4s 6 j < 6s, ÔÏ(d6)ij = 





w(j+m)n+g(j)+1→(j+m+1)n ⊗ ejn+g(j)+1; i = j + s;
−f1(j; 5s)e(j+m+1)n ⊗ wjn+g(j)+1→jn+5 ; i = (j)s + 8s;e(j+m+1)n ⊗ wjn+4→(j+1)n ; i = (j + 1)s; j > 5s;
−w(j+m)n+5→(j+m+1)n ⊗ wjn+4→jn+5; i = j + 2s; j > 5s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:



220 í. á. ðõó�ï÷ùèåÓÌÉ 6s 6 j < 8s, ÔÏ(d6)ij = 




w(j+m)n+5→(j+m+1)n+1 ⊗ ejn+5; i = j + s; j < 7s;
−w(j+m+1)n→(j+m+1)n+1 ⊗ wjn+5→(j+1)n; i = (j + 1)s; j < 7s;
−f1(j; 7s)w(j+m+1)n→(j+m+1)n+g(j) ⊗ ejn+5; i = (j)s + 8s;e(j+m+1)n+g(j) ⊗wjn+5→(j+1)n+g(j);i = (j + 1)s + s+ s(1− f0(j; 7s));0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:ï�ÉÓÁÎÉÅ d7d7 : Q8 → Q7 { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s× 8s):åÓÌÉ 0 6 j < s, ÔÏ(d7)ij = 





w(j+m)n+2→(j+m)n+5 ⊗ ejn; i = j;
−w(j+m)n+4→(j+m)n+5 ⊗ ejn; i = j + s;e(j+m)n+5 ⊗ wjn→jn+1 ; i = j + 2s;
−e(j+m)n+5 ⊗ wjn→jn+3; i = j + 3s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ s 6 j < 3s, ÔÏ

(d7)ij = 




−e(j+m+1)n+g(j+s)+1 ⊗ w(3)jn+g(j+s)→;i = (j + 1)s + s(1− f0(j; 2s));w(3)
→(j+m+1)n+g(j+s)+1 ⊗ ejn+g(j+s); i = j + s;w(2)
→(j+m+1)n+g(j+s)+1 ⊗ w(1)jn+g(j+s)→; i = j + 3s;

−w(1)
→(j+m+1)n+g(j+s)+1 ⊗ w(2)jn+g(j+s)→; i = j + 5s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 3s 6 j < 5s, ÔÏ(d7)ij = 




w(1)
→(j+m+1)n+g(j) ⊗ ejn+g(j+s)+1; i = j + s;e(j+m+1)n+g(j) ⊗ w(1)jn+g(j+s)+1→; i = (j)2s + 6s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:
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(d7)ij = 




w(j+m+1)n+4→(j+m+2)n ⊗ wjn+5→(j+1)n; i = (j + 1)s + s;
−w(j+m+1)n+5→(j+m+2)n ⊗ wjn+5→(j+1)n+1; i = (j + 1)s + 2s;
−e(j+m+2)n ⊗wjn+5→(j+1)n+2; i = (j + 1)s + 4s;
−e(j+m+2)n ⊗wjn+5→(j+1)n+4; i = (j + 1)s + 5s;w(j+m+1)n+1→(j+m+2)n ⊗ ejn+5; i = j + s;w(j+m+1)n+3→(j+m+2)n ⊗ ejn+5; i = j + 2s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:ï�ÉÓÁÎÉÅ d8d8 : Q9 → Q8 { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (7s× 6s):åÓÌÉ 0 6 j < s, ÔÏ

(d8)ij = 




w(j+m−1)n+5→(j+m)n+5 ⊗ ejn; i = j;
−e(j+m)n+5 ⊗ wjn→(j+1)n ; i = (j + 1)s;
−w(j+m)n+2→(j+m)n+5 ⊗ wjn→jn+1 ; i = j + s;w(j+m)n+4→(j+m)n+5 ⊗ wjn→jn+3 ; i = j + 2s;w(j+m)n+3→(j+m)n+5 ⊗ wjn→jn+2 ; i = j + 3s;
−w(j+m)n+1→(j+m)n+5 ⊗ wjn→jn+4 ; i = j + 4s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ s 6 j < 3s, ÔÏ

(d8)ij = 



w(j+m)n+5→(j+m+1)n ⊗ wjn+g(j+s)→(j+1)n;i = (j + 1)s; j < 2s;w(j+m)n+g(j+s)+1→(j+m+1)n ⊗ ejn+g(j+s); i = j;
−w(j+m)n+g(j)→(j+m+1)n ⊗ wjn+g(j+s)→jn+g(j+s)+1; i = j + 2s;e(j+m+1)n ⊗ wjn+g(j+s)→jn+5; i = (j)s + 5s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:



222 í. á. ðõó�ï÷ùèåÓÌÉ 3s 6 j < 5s, ÔÏ
(d8)ij =





−w(j+m)n+5→(j+m+1)n+g(j) ⊗ wjn+g(j+s)+1→(j+1)n ;i = (j + 1)s; j < 4s;w(j+m)n+g(j)→(j+m+1)n+g(j) ⊗ ejn+g(j+s)+1; i = j;
−e(j+m+1)n+g(j) ⊗ wjn+g(j+s)+1→(j+1)n+g(j+s)+1 ;i = (j + 1)s + 3s+ s(1− f0(j; 4s));
−w(j+m+1)n→(j+m+1)n+g(j) ⊗ wjn+g(j+s)+1→jn+5 ;i = (j)s + 5s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 5s 6 j < 7s, ÔÏ

(d8)ij = 



w(j+m+1)n→(j+m+1)n+g(j+s)+1 ⊗ ejn+5; i = (j)s + 5s;w(j+m)n+5→(j+m+1)n+g(j+s)+1 ⊗wjn+5→(j+1)n;i = (j + 1)s; j > 6s;e(j+m+1)n+g(j+s)+1 ⊗wjn+5→(j+1)n+g(j+s);i = (j + 1)s + s+ s(1− f0(j; 6s));w(j+m+1)n+g(j+s)→(j+m+1)n+g(j+s)+1 ⊗ wjn+5→(j+1)n+g(j)+1;i = (j + 1)s + 3s+ sf0(j; 6s);0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:ï�ÉÓÁÎÉÅ d9d9 : Q10 → Q9 { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s× 7s):åÓÌÉ 0 6 j < s, ÔÏ(d9)ij = 




w(j+m)n+5→(j+m+1)n ⊗ ejn; i = j;e(j+m+1)n ⊗ wjn→jn+1 ; i = j + s;
−e(j+m+1)n ⊗ wjn→jn+3; i = j + 2s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ s 6 j < 3s, ÔÏ(d9)ij = 




w(1)
→(j+m+1)n+g(j) ⊗ ejn+g(j+s); i = j;e(j+m+1)n+g(j) ⊗ w(1)jn+g(j+s)→; i = j + 2s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 223åÓÌÉ 3s 6 j < 5s, ÔÏ(d9)ij = 




w(1)
→(j+m+1)n+g(j)+1 ⊗ ejn+g(j+s)+1; i = j;e(j+m+1)n+g(j)+1 ⊗ w(1)jn+g(j+s)+1→; i = (j)2s + 5s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 5s 6 j < 6s, ÔÏ(d9)ij = 





e(j+m+1)n+5 ⊗ wjn+5→(j+1)n; i = (j + 1)s;w(j+m+1)n+2→(j+m+1)n+5 ⊗ ejn+5; i = j;
−w(j+m+1)n+4→(j+m+1)n+5 ⊗ ejn+5; i = j + s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:ï�ÉÓÁÎÉÅ d10d10 : Q11 → Q10 { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s× 6s):åÓÌÉ 0 6 j < s, ÔÏ

(d10)ij =




w(j+m)n→(j+m+1)n ⊗ ejn; i = j;
−e(j+m+1)n ⊗ wjn→(j+1)n; i = (j + 1)s;
−w(j+m)n+3→(j+m+1)n ⊗ wjn→jn+1; i = j + s;w(j+m)n+1→(j+m+1)n ⊗ wjn→jn+3 ; i = j + 2s;w(j+m)n+4→(j+m+1)n ⊗ wjn→jn+2 ; i = j + 3s;
−w(j+m)n+2→(j+m+1)n ⊗ wjn→jn+4; i = j + 4s;w(j+m)n+5→(j+m+1)n ⊗ wjn→jn+5 ; i = j + 5s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ s 6 j < 3s, ÔÏ

(d10)ij =





f1(j; 2s)w(j+m+1)n→(j+m+1)n+g(j) ⊗ wjn+g(j+s)→(j+1)n ;i = (j + 1)s;w(j+m)n+g(j)→(j+m+1)n+g(j) ⊗ ejn+g(j+s); i = j;
−e(j+m+1)n+g(j) ⊗ wjn+g(j+s)→(j+1)n+g(j+s) ;i = (j + 1)s + s+ s(1− f0(j; 2s));
−w(j+m)n+g(j)+1→(j+m+1)n+g(j) ⊗ wjn+g(j+s)→jn+g(j+s)+1 ;i = j + 2s;
−f1(j; 2s)w(j+m)n+5→(j+m+1)n+g(j) ⊗ wjn+g(j+s)→jn+5 ;i = (j)s + 5s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:



224 í. á. ðõó�ï÷ùèåÓÌÉ 3s 6 j < 5s, ÔÏ
(d10)ij =






−f1(j; 4s)w(j+m+1)n→(j+m+1)n+g(j)+1 ⊗ wjn+g(j+s)+1→(j+1)n;i = (j + 1)s;w(j+m)n+g(j)+1→(j+m+1)n+g(j)+1 ⊗ ejn+g(j+s)+1; i = j;w(j+m+1)n+g(j)→(j+m+1)n+g(j)+1 ⊗ wjn+g(j+s)+1→(j+1)n+g(j+s);i = (j + 1)s + s+ s(1− f0(j; 4s));
−e(j+m+1)n+g(j)+1 ⊗ wjn+g(j+s)+1→(j+1)n+g(j+s)+1;i = (j + 1)s + 3s+ s(1− f0(j; 4s));f1(j; 4s)w(j+m)n+5→(j+m+1)n+g(j)+1 ⊗ wjn+g(j+s)+1→jn+5;i = (j)s + 5s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:åÓÌÉ 5s 6 j < 6s, ÔÏ

(d10)ij = 



−w(j+m+1)n→(j+m+1)n+5 ⊗ wjn+5→(j+1)n; i = (j + 1)s;w(j+m)n+5→(j+m+1)n+5 ⊗ ejn+5; i = j;w(j+m+1)n+3→(j+m+1)n+5 ⊗ wjn+5→(j+1)n+1; i = (j + 1)s + s;
−w(j+m+1)n+1→(j+m+1)n+5 ⊗ wjn+5→(j+1)n+3; i = (j + 1)s + 2s;
−w(j+m+1)n+4→(j+m+1)n+5 ⊗ wjn+5→(j+1)n+2; i = (j + 1)s + 3s;w(j+m+1)n+2→(j+m+1)n+5 ⊗ wjn+5→(j+1)n+4; i = (j + 1)s + 4s;
−e(j+m+1)n+5 ⊗ wjn+5→(j+1)n+5; i = (j + 1)s + 5s;0 × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ:�ÅÏÒÅÍÁ 3. ðÕÓÔØ R = Rs { ÁÌÇÅÂÒÁ ÔÉ�Á E6. �ÏÇÄÁ ÍÉÎÉÍÁÌØÎÁÑ�ÒÏÅËÔÉ×ÎÁÑ ÒÅÚÏÌØ×ÅÎÔÁ �-ÍÏÄÕÌÑ R ÉÍÅÅÔ ×ÉÄ:: : : −→ Q3 d2−→ Q2 d1−→ Q1 d0−→ Q0 "

−→ R −→ 0; (+)ÇÄÅ " { ÏÔÏÂÒÁÖÅÎÉÅ ÕÍÎÏÖÅÎÉÑ ("(a⊗ b) = ab); Qr (r 6 10) É dr (r 610) Ï�ÉÓÁÎÙ ×ÙÛÅ; ÄÁÌÅÅ Q11`+r, ÇÄÅ ` ∈ N É 0 6 r 6 10, �ÏÌÕÞÁÅÔÓÑÉÚ Qr ÚÁÍÅÎÏÊ ËÁÖÄÏÇÏ �ÒÑÍÏÇÏ ÓÌÁÇÁÅÍÏÇÏ Pi;j ÎÁ P�`(i);j ÓÏÏÔ×ÅÔ-ÓÔ×ÅÎÎÏ (ÚÄÅÓØ �(i) = j, ÅÓÌÉ �(ei) = ej), Á ÄÉÆÆÅÒÅÎ�ÉÁÌ d11`+r �ÏÌÕ-ÞÁÅÔÓÑ ÉÚ dr �ÒÉÍÅÎÅÎÉÅÍ �` ËÏ ×ÓÅÍ ÌÅ×ÙÍ ËÏÍ�ÏÎÅÎÔÁÍ ÔÅÎÚÏÒÏ×ÉÚ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÊ ÍÁÔÒÉ�Ù.äÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÔÏÇÏ, ÞÔÏ ÞÌÅÎÙ ÒÅÚÏÌØ×ÅÎÔÙ Qi ÉÍÅÀÔ ÕËÁ-ÚÁÎÎÙÊ ×ÉÄ, ××ÅÄ�ÅÍ Pi = Rei { �ÒÏÅËÔÉ×ÎÙÅ ÎÁËÒÙÔÉÑ �ÒÏÓÔÙÈ R-ÍÏÄÕÌÅÊ Si, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ×ÅÒÛÉÎÁÍ ËÏÌÞÁÎÁ Qs. îÁÊÄ�ÅÍ ÍÉÎÉ-ÍÁÌØÎÙÅ �ÒÏÅËÔÉ×ÎÙÅ ÒÅÚÏÌØ×ÅÎÔÙ �ÒÏÓÔÙÈ R-ÍÏÄÕÌÅÊ Si.



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 225ïÂÏÚÎÁÞÅÎÉÅ. äÌÑ R-ÍÏÄÕÌÑ M ÞÅÒÅÚ 
m(M) ÏÂÏÚÎÁÞÉÍ ÅÇÏ m-ÀÓÉÚÉÇÉÀ.úÁÍÅÞÁÎÉÅ 5. ÷ ÄÁÌØÎÅÊÛÅÍ ÇÏÍÏÍÏÒÆÉÚÍ ÕÍÎÏÖÅÎÉÑ Ó�ÒÁ×Á ÎÁ �ÕÔØw ÔÁËÖÅ ÏÂÏÚÎÁÞÁÅÍ ÞÅÒÅÚ w.ìÅÍÍÁ 4. îÁÞÁÌÏ ÍÉÎÉÍÁÌØÎÏÊ �ÒÏÅËÔÉ×ÎÏÊ ÒÅÚÏÌØ×ÅÎÔÙ ÍÏÄÕÌÑSrn ÉÍÅÅÔ ×ÉÄ: : : −→ P(r+3)n+5 ( �
−�)
−→ P(r+3)n+2 ⊕ P(r+3)n+4 (�2 �2)

−→

−→ P(r+3)n (
�2
�2)
−→ P(r+2)n+1 ⊕ P(r+2)n+3 (�
 0

−� �)
−→

−→ P(r+1)n+5 ⊕ P(r+2)n ( � 
�
−� 0 )
−→ P(r+1)n+2 ⊕ P(r+1)n+4 (�2
 �2
)

−→

−→ Prn+5 ( �2
−�2)
−→ Prn+1 ⊕ Prn+3 (� �)

−→ Prn −→ Srn −→ 0:ðÒÉ ÜÔÏÍ 
9(Srn) ≃ S(r+4)n+5.ìÅÍÍÁ 5. îÁÞÁÌÏ ÍÉÎÉÍÁÌØÎÏÊ �ÒÏÅËÔÉ×ÎÏÊ ÒÅÚÏÌØ×ÅÎÔÙ ÍÏÄÕÌÑSrn+1 ÉÍÅÅÔ ×ÉÄ: : : −→ Prn+2 �
−→ Prn+1 −→ Srn+1 −→ 0:ðÒÉ ÜÔÏÍ 
2(Srn+1) ≃ S(r+1)n+2.ìÅÍÍÁ 6. îÁÞÁÌÏ ÍÉÎÉÍÁÌØÎÏÊ �ÒÏÅËÔÉ×ÎÏÊ ÒÅÚÏÌØ×ÅÎÔÙ ÍÏÄÕÌÑSrn+2 ÉÍÅÅÔ ×ÉÄ: : : −→ P(r+4)n+3 �

−→ P(r+4)n 
�
−→ P(r+3)n+2 �2


−→ P(r+2)n+5 (�2−�)
−→

−→ P(r+2)n+1 ⊕ P(r+2)n+4 (� �2)
−→ P(r+2)n 
�2

−→

−→ P(r+1)n+3 �

−→ Prn+5 �

−→ Prn+2 −→ Srn+2 −→ 0:ðÒÉ ÜÔÏÍ 
9(Srn+2) ≃ S(r+5)n+3.ìÅÍÍÁ 7. îÁÞÁÌÏ ÍÉÎÉÍÁÌØÎÏÊ �ÒÏÅËÔÉ×ÎÏÊ ÒÅÚÏÌØ×ÅÎÔÙ ÍÏÄÕÌÑSrn+3 ÉÍÅÅÔ ×ÉÄ: : : −→ Prn+4 �
−→ Prn+3 −→ Srn+3 −→ 0:ðÒÉ ÜÔÏÍ 
2(Srn+3) ≃ S(r+1)n+4.



226 í. á. ðõó�ï÷ùèìÅÍÍÁ 8. îÁÞÁÌÏ ÍÉÎÉÍÁÌØÎÏÊ �ÒÏÅËÔÉ×ÎÏÊ ÒÅÚÏÌØ×ÅÎÔÙ ÍÏÄÕÌÑSrn+4 ÉÍÅÅÔ ×ÉÄ: : : −→ P(r+4)n+1 �
−→ P(r+4)n 
�

−→ P(r+3)n+4 �2

−→ P(r+2)n+5 ( �

−�2)
−→

−→ P(r+2)n+2 ⊕ P(r+2)n+3 (�2 �)
−→ P(r+2)n 
�2

−→

−→ P(r+1)n+1 �

−→ Prn+5 �

−→ Prn+4 −→ Srn+4 −→ 0:ðÒÉ ÜÔÏÍ 
9(Srn+4) ≃ S(r+5)n+1.ìÅÍÍÁ 9. îÁÞÁÌÏ ÍÉÎÉÍÁÌØÎÏÊ �ÒÏÅËÔÉ×ÎÏÊ ÒÅÚÏÌØ×ÅÎÔÙ ÍÏÄÕÌÑSrn+5 ÉÍÅÅÔ ×ÉÄ: : : −→ P(r+1)n 

−→ Prn+5 −→ Srn+5 −→ 0:ðÒÉ ÜÔÏÍ 
2(Srn+5) ≃ S(r+2)n.äÏËÁÚÁÔÅÌØÓÔ×Ï. äÏËÁÚÁÔÅÌØÓÔ×Á ÌÅÍÍ ÓÏÓÔÏÑÔ ÉÚ �ÒÑÍÏÊ �ÒÏ×ÅÒËÉÔÏÞÎÏÓÔÉ ÕËÁÚÁÎÎÙÈ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÅÊ É ÎÅ �ÒÅÄÓÔÁ×ÌÑÀÔ ÔÒÕÄÁ.

�îÁÍ �ÏÔÒÅÂÕÅÔÓÑ ÌÅÍÍÁ èÁ��ÅÌÑ (ÓÍ. [12℄), ÕÔÏÞÎ�ÅÎÎÁÑ × [3℄:ìÅÍÍÁ 10 (èÁ��ÅÌÑ). ðÕÓÔØ
· · · → Qm → Qm−1 → · · · → Q1 → Q0 → R → 0{ ÍÉÎÉÍÁÌØÎÁÑ �ÒÏÅËÔÉ×ÎÁÑ ÂÉÍÏÄÕÌØÎÁÑ ÒÅÚÏÌØ×ÅÎÔÁ R. �ÏÇÄÁQm ∼= ⊕i;j P dimExtmR (Sj ;Si)i;j :äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 3. �Ï, ÞÔÏ ÜÌÅÍÅÎÔÙ Qi ÉÍÅÀÔ ÕËÁÚÁÎ-ÎÙÊ ×ÉÄ, ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÏ ÓÌÅÄÕÅÔ ÉÚ ÌÅÍÍ 4 { 9 É ÌÅÍÍÙ èÁ��ÅÌÑ.ëÁË ÄÏËÁÚÁÎÏ × [13℄, ÄÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÔÏÞÎÏÓÔÉ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏ-ÓÔÉ (+) × ÞÌÅÎÁÈ Qm (m 6 11) ÄÏÓÔÁÔÏÞÎÏ �ÏËÁÚÁÔØ, ÞÔÏ dmdm+1 = 0.üÔÏ ÓÏÏÔÎÏÛÅÎÉÅ �ÒÏ×ÅÒÑÅÔÓÑ �ÒÑÍÙÍÉ ×ÙÞÉÓÌÅÎÉÑÍÉ �ÒÏÉÚ×ÅÄÅÎÉÊÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÍÁÔÒÉ�.éÚ ÔÏÞÎÏÓÔÉ × ÞÌÅÎÅ Q11 ÓÌÅÄÕÅÔ, ÞÔÏ 
11(�R) ≃ 1R�, ÇÄÅ 
11(�R) =Imd10 { 11-Ñ ÓÉÚÉÇÉÑ ÍÏÄÕÌÑ R, Á 1R� { ÓËÒÕÞÅÎÎÙÊ ÂÉÍÏÄÕÌØ. óÌÅÄÏ-×ÁÔÅÌØÎÏ, × ÞÌÅÎÁÈ Qt (t > 11) ÔÏÞÎÏÓÔØ ÔÁËÖÅ ÉÍÅÅÔ ÍÅÓÔÏ. �



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 227îÁ�ÏÍÎÉÍ, ÞÔÏ ÄÌÑ R-ÂÉÍÏÄÕÌÑ M ÓËÒÕÞÅÎÎÙÍ ÂÉÍÏÄÕÌÅÍ ÎÁÚÙ×Á-ÅÔÓÑ ÌÉÎÅÊÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï M , ÎÁ ËÏÔÏÒÏÍ ÌÅ×ÏÅ É �ÒÁ×ÏÅ ÄÅÊÓÔ×ÉÑÁÌÇÅÂÒÙ R (ÏÂÏÚÎÁÞÁÅÍÙÅ Ú×ÅÚÄÏÞËÏÊ) ÚÁÄÁÎÙ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:r ∗m ∗ s = �(r) ·m · �(s) ÄÌÑ r; s ∈ R É m ∈ M;ÇÄÅ �; � { ÎÅËÏÔÏÒÙÅ Á×ÔÏÍÏÒÆÉÚÍÙ ÁÌÇÅÂÒÙ R. �ÁËÏÊ ÓËÒÕÞÅÎÎÙÊÂÉÍÏÄÕÌØ ÏÂÏÚÎÁÞÁÅÍ ÞÅÒÅÚ �M�.óÌÅÄÓÔ×ÉÅ 11. éÍÅÅÔ ÍÅÓÔÏ ÉÚÏÍÏÒÆÉÚÍ 
11(�R) ≃ 1R�.ðÒÅÄÌÏÖÅÎÉÅ 12. á×ÔÏÍÏÒÆÉÚÍ � ÉÍÅÅÔ ËÏÎÅÞÎÙÊ �ÏÒÑÄÏË, �ÒÉÞ�ÅÍ(1) ÅÓÌÉ 
harK = 2, ÔÏ �ÏÒÑÄÏË � ÒÁ×ÅÎ 2s=îïä(2n; s);(2) ÅÓÌÉ 
harK 6= 2, ÔÏ �ÏÒÑÄÏË � ÒÁ×ÅÎ 2s=îïä(2n; s), ÅÓÌÉs=îïä(n; s) ÄÅÌÉÔÓÑ ÎÁ 4, É 4s=îïä(2n; s) × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ.ðÒÅÄÌÏÖÅÎÉÅ 13. íÉÎÉÍÁÌØÎÙÊ �ÅÒÉÏÄ ÂÉÍÏÄÕÌØÎÏÊ ÒÅÚÏÌØ×ÅÎÔÙR ÒÁ×ÅÎ 22s=îïä(2n; s).äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÏÓËÏÌØËÕ 
11(�R) ≃ 1R�, ÔÏ �ÅÒÉÏÄ ÒÁ×ÅÎ 11a.éÍÅÅÔ ÍÅÓÔÏ ÉÚÏÍÏÒÆÉÚÍ �a(Q0) ≃ Q0, Ô. Å. �a ÄÏÌÖÅÎ ÄÅÊÓÔ×Ï×ÁÔØÔÏÖÄÅÓÔ×ÅÎÎÏ ÎÁ ÉÄÅÍ�ÏÔÅÎÔÁÈ. óÌÅÄÏ×ÁÔÅÌØÎÏ, ÅÓÌÉ 
harK = 2, ÔÏa = deg�. äÌÑ 
harK 6= 2 ÎÁÍ ÎÁÄÏ �ÏËÁÚÁÔØ, ÞÔÏ a = deg�=2, ÅÓÌÉs=îïä(n; s) ÎÅ ÄÅÌÉÔÓÑ ÎÁ 4. òÁÓÓÍÏÔÒÉÍ ÓÌÕÞÁÊ, ËÏÇÄÁ 
harK 6= 2,s=îïä(n; s) ÎÅ ÄÅÌÉÔÓÑ ÎÁ 4. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ b = deg �=2. éÍÅÅÍ�b(ei) = ei; �b(
i) = 
i,�b(�i) = {
−�i; i ≡ 0; 2(3);�i; i ≡ 1(3); �b(�i) = {

−�i; i ≡ 0; 2(3);�i; i ≡ 1(3):÷×ÅÄ�ÅÍ ÜÌÅÍÅÎÔx = s−1∑i=0 e6i+1 + e6i+2 + e6i+3 + e6i+4 − e6i − e6i+5:éÍÅÅÍ: x−1 = x, �b(w) = xwx−1, ÄÌÑ ÌÀÂÏÇÏ �ÕÔÉ w, Ô. Å. �b {×ÎÕÔÒÅÎÎÉÊ Á×ÔÏÍÏÒÆÉÚÍ, ÓÌÅÄÏ×ÁÔÅÌØÎÏ, 11b Ñ×ÌÑÅÔÓÑ �ÅÒÉÏÄÏÍ ÂÉ-ÍÏÄÕÌØÎÏÊ ÒÅÚÏÌØ×ÅÎÔÙ. �

§4. áÄÄÉÔÉ×ÎÁÑ ÓÔÒÕËÔÕÒÁ ÁÌÇÅÂÒÙ HH∗(R)ðÒÅÄÌÏÖÅÎÉÅ 14 (òÁÚÍÅÒÎÏÓÔÉ ÇÒÕ�� ÇÏÍÏÍÏÒÆÉÚÍÏ×, s>1). ðÕÓÔØs > 1 É R = Rs { ÁÌÇÅÂÒÁ ÔÉ�Á E6. äÁÌÅÅ, t ∈ N∪{0}, ` { �ÅÌÁÑ ÞÁÓÔØ,Á r { ÏÓÔÁÔÏË ÏÔ ÄÅÌÅÎÉÑ t ÎÁ 11.



228 í. á. ðõó�ï÷ùè(1) åÓÌÉ r = 0, ÔÏdimK Hom�(Qt; R) = 




6s; `n+m ≡ 0(s) ÉÌÉ `n+m ≡ 1(s); 2 | `;2s; `n+m ≡ 0(s) ÉÌÉ `n+m ≡ 1(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(2) åÓÌÉ r = 1, ÔÏdimK Hom�(Qt; R) = 



7s; `n+m ≡ 0(s); 2 | `;5s; `n+m ≡ 0(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(3) åÓÌÉ r ∈ {2; 8}, ÔÏdimK Hom�(Qt; R) = 



3s; `n+m ≡ 0(s); 2 | `;s; `n+m ≡ 0(s); 2 ∤ `;s; `n+m ≡ 1(s); 2 | `;3s; `n+m ≡ 1(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(4) åÓÌÉ r ∈ {3; 5; 7}, ÔÏdimK Hom�(Qt; R) = {8s; `n+m ≡ 0(s);0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(5) åÓÌÉ r = 4, ÔÏdimK Hom�(Qt; R) = 



2s; `n+m ≡ 0(s); 2 | `;6s; `n+m ≡ 0(s); 2 ∤ `;5s; `n+m ≡ 1(s); 2 | `;7s; `n+m ≡ 1(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(6) åÓÌÉ r = 6, ÔÏdimK Hom�(Qt; R) = 




7s; `n+m ≡ 0(s); 2 | `;5s; `n+m ≡ 0(s); 2 ∤ `;6s; `n+m ≡ 1(s); 2 | `;2s; `n+m ≡ 1(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 229(7) åÓÌÉ r = 9, ÔÏdimK Hom�(Qt; R) = 




5s; `n+m ≡ 0(s); 2 | `;7s; `n+m ≡ 0(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(8) åÓÌÉ r = 10, ÔÏdimK Hom�(Qt; R) = 




2s; `n+m ≡ 0(s) ÉÌÉ `n+m ≡ 1(s); 2 | `;6s; `n+m ≡ 0(s) ÉÌÉ `n+m ≡ 1(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.äÏËÁÚÁÔÅÌØÓÔ×Ï. òÁÚÍÅÒÎÏÓÔØ dimK Hom�(Pi;j ; R) ÒÁ×ÎÁ ËÏÌÉÞÅÓÔ-×Õ ÌÉÎÅÊÎÏ ÎÅÚÁ×ÉÓÉÍÙÈ ÎÅÎÕÌÅ×ÙÈ �ÕÔÅÊ ËÏÌÞÁÎÁQs, ×ÅÄÕÝÉÈ ÉÚ j-ÏÊ×ÅÒÛÉÎÙ × i-ÕÀ, É ÄÏËÁÚÁÔÅÌØÓÔ×Ï ÓÏÓÔÏÉÔ × �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÍ ÒÁÓÓÍÏ-ÔÒÅÎÉÉ ÓÌÕÞÁÅ× r = 0, r = 1 É Ô. Ä. �ðÒÅÄÌÏÖÅÎÉÅ 15 (òÁÚÍÅÒÎÏÓÔÉ ÇÒÕ�� ÇÏÍÏÍÏÒÆÉÚÍÏ×, s=1). ðÕÓÔØR = R1 { ÁÌÇÅÂÒÁ ÔÉ�Á E6. äÁÌÅÅ, t ∈ N ∪ {0}, ` { �ÅÌÁÑ ÞÁÓÔØ, Á r {ÏÓÔÁÔÏË ÏÔ ÄÅÌÅÎÉÑ t ÎÁ 11.(1) åÓÌÉ r = 0, ÔÏdimK Hom�(Qt; R) = {12; 2 | `;4; 2 ∤ `:(2) åÓÌÉ r = 1, ÔÏdimK Hom�(Qt; R) = {7; 2 | `;5; 2 ∤ `:(3) åÓÌÉ r ∈ {2; 8}, ÔÏ dimK Hom�(Qt; R) = 4.(4) åÓÌÉ r ∈ {3; 5; 7}, ÔÏ dimK Hom�(Qt; R) = 8.(5) åÓÌÉ r = 4, ÔÏdimK Hom�(Qt; R) = {7; 2 | `;13; 2 ∤ `:(6) åÓÌÉ r = 6, ÔÏdimK Hom�(Qt; R) = {13; 2 | `;7; 2 ∤ `:



230 í. á. ðõó�ï÷ùè(7) åÓÌÉ r = 9, ÔÏdimK Hom�(Qt; R) = {5; 2|l;2 ∤ `:(8) åÓÌÉ r = 10, ÔÏdimK Hom�(Qt; R) = {4; 2 | `;12; 2 ∤ `:äÏËÁÚÁÔÅÌØÓÔ×Ï. äÏËÁÚÁÔÅÌØÓÔ×Ï ÁÎÁÌÏÇÉÞÎÏ ÄÏËÁÚÁÔÅÌØÓÔ×Õ �ÒÅÄ-ÌÏÖÅÎÉÑ 14. �ðÒÅÄÌÏÖÅÎÉÅ 16 (òÁÚÍÅÒÎÏÓÔÉ ÇÒÕ�� ËÏÇÒÁÎÉ�). ðÕÓÔØ R = Rs {ÁÌÇÅÂÒÁ ÔÉ�Á E6, É �ÕÓÔØ0 −→ Hom�(Q0; R) Æ0
−→ Hom�(Q1; R) Æ1

−→ Hom�(Q2; R) Æ2
−→ : : : (×)ËÏÍ�ÌÅËÓ, �ÏÌÕÞÅÎÎÙÊ �ÒÉÍÅÎÅÎÉÅÍ ÆÕÎËÔÏÒÁ Hom�(−; R) Ë ÍÉÎÉ-ÍÁÌØÎÏÊ �ÒÏÅËÔÉ×ÎÏÊ ÂÉÍÏÄÕÌØÎÏÊ ÒÅÚÏÌØ×ÅÎÔÅ (+) ÁÌÇÅÂÒÙ R.òÁÓÓÍÏÔÒÉÍ ÇÒÕ��Ù ËÏÇÒÁÎÉ� ImÆt ËÏÍ�ÌÅËÓÁ (×). ðÕÓÔØ ` { �ÅÌÁÑÞÁÓÔØ, Á r { ÏÓÔÁÔÏË ÏÔ ÄÅÌÅÎÉÑ t ÎÁ 11, m { �ÅÌÁÑ ÞÁÓÔØ ÏÔ ÄÅÌÅÎÉÑr ÎÁ 2. �ÏÇÄÁ:(1) åÓÌÉ r = 0, ÔÏdimK ImÆt = 




6s− 1; `n+m ≡ 0(s); 2 | `;2s; `n+m ≡ 0(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(2) åÓÌÉ r = 1, ÔÏdimK ImÆt = 




s; `n+m ≡ 0(s); 2 | `;3s− 1; `n+m ≡ 0(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(3) åÓÌÉ r = 2, ÔÏdimK ImÆt = 



3s; `n+m ≡ 0(s); 2 | `;s; `n+m ≡ 0(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 231(4) åÓÌÉ r = 3, ÔÏdimK ImÆt = 



5s− 1; `n+m ≡ 0(s); 2 | `; 
harK = 2;5s; `n+m ≡ 0(s); 2 | `; 
harK 6= 2;7s− 1; `n+m ≡ 0(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(5) åÓÌÉ r = 4, ÔÏdimK ImÆt = 




2s; `n+m ≡ 0(s); 2 | `;6s− 1; `n+m ≡ 0(s); 2 ∤ `; 
harK = 3;6s; `n+m ≡ 0(s); 2 ∤ `; 
harK 6= 3;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(6) åÓÌÉ r = 5, ÔÏdimK ImÆt = 



6s− 1; `n+m ≡ 0(s); 2 | `; 
harK = 3;6s; `n+m ≡ 0(s); 2 | `; 
harK 6= 3;2s; `n+m ≡ 0(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(7) åÓÌÉ r = 6, ÔÏdimK ImÆt = 




7s− 1; `n+m ≡ 0(s); 2 | `;5s− 1; `n+m ≡ 0(s); 2 ∤ `; 
harK = 2;5s; `n+m ≡ 0(s); 2 ∤ `; 
harK 6= 2;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(8) åÓÌÉ r = 7, ÔÏdimK ImÆt = 



s; `n+m ≡ 0(s); 2 | `;3s; `n+m ≡ 0(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(9) åÓÌÉ r = 8, ÔÏdimK ImÆt = 



3s− 1; `n+m ≡ 0(s); 2 | `;s; `n+m ≡ 0(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.



232 í. á. ðõó�ï÷ùè(10) åÓÌÉ r = 9, ÔÏdimK ImÆt = 



2s; `n+m ≡ 0(s); 2 | `;6s− 1; `n+m ≡ 0(s); 2 ∤ `;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(11) åÓÌÉ r = 10, ÔÏdimK ImÆt = 



2s; `n+m ≡ 0(s); 2|l;6s− 1; `n+m ≡ 0(s); 2 ∤ `; 
harK = 3;6s; `n+m ≡ 0(s); 2 ∤ `; 
harK 6= 3;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.äÏËÁÚÁÔÅÌØÓÔ×Ï. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÈÎÉÞÅÓËÏÅ É ÓÏÓÔÏÉÔ × �ÏÓÔÒÏ-ÅÎÉÉ ÍÁÔÒÉ� ÏÂÒÁÚÁ, ÉÓÈÏÄÑ ÉÚ Ï�ÉÓÁÎÉÑ ÍÁÔÒÉ� ÄÉÆÆÅÒÅÎ�ÉÁÌÏ×, É�ÏÓÌÅÄÕÀÝÅÍ ×ÙÞÉÓÌÅÎÉÉ ÒÁÎÇÁ ÍÁÔÒÉ�Ù ÏÂÒÁÚÁ. ��ÅÏÒÅÍÁ 17 (áÄÄÉÔÉ×ÎÁÑ ÓÔÒÕËÔÕÒÁ, s > 1). ðÕÓÔØ s > 1 É R =Rs { ÁÌÇÅÂÒÁ ÔÉ�Á E6. äÁÌÅÅ, t ∈ N ∪ {0}, ` { �ÅÌÁÑ ÞÁÓÔØ, Á r {ÏÓÔÁÔÏË ÏÔ ÄÅÌÅÎÉÑ t ÎÁ 11, m { �ÅÌÁÑ ÞÁÓÔØ ÏÔ ÄÅÌÅÎÉÑ r ÎÁ 2.�ÏÇÄÁ dimK HHt(R) = 1, ÅÓÌÉ ×Ù�ÏÌÎÅÎÏ ÏÄÎÏ ÉÚ ÓÌÅÄÕÀÝÉÈ ÕÓÌÏ×ÉÊ:(1) r ∈ {0; 6; 7; 8}, `n+m ≡ 0(s), 2 | `;(2) r ∈ {0; 6}, `n+m ≡ 1(s), 2 | `, 
harK = 3;(3) r ∈ {1; 9}, `n+m ≡ 0(s);(4) r ∈ {2; 4; 10}, `n+m ≡ 1(s), 2 ∤ `;(5) r = 3, `n+m ≡ 0(s), 2 | `, 
harK = 2;(6) r = 3, `n+m ≡ 0(s), 2 ∤ `;(7) r ∈ {4; 10}, `n+m ≡ 0(s), 2 ∤ `, 
harK = 3;(8) r = 4, `n+m ≡ 1(s), 2 | `, 
harK = 2;(9) r = 5, `n+m ≡ 0(s), 
harK = 3;(10) r ∈ {6; 7}, `n+m ≡ 0(s), 2 ∤ `, 
harK = 2.÷Ï ×ÓÅÈ ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ dimK HHt(R) = 0.äÏËÁÚÁÔÅÌØÓÔ×Ï. �ÁË ËÁË dimK HHt(R) = dimK KerÆt−dimK ImÆt−1,Á dimK KerÆt = dimK Hom�(Qt; R)−dimK ImÆt, ÕÔ×ÅÒÖÄÅÎÉÑ ÔÅÏÒÅÍÙÌÅÇËÏ ×Ù×ÏÄÉÔÓÑ ÉÚ �ÒÅÄÌÏÖÅÎÉÊ 14 { 16. ��ÅÏÒÅÍÁ 18 (áÄÄÉÔÉ×ÎÁÑ ÓÔÒÕËÔÕÒÁ, s = 1). ðÕÓÔØ R = R1 { ÁÌÇÅÂÒÁÔÉ�Á E6. äÁÌÅÅ, t ∈ N∪{0}, ` { �ÅÌÁÑ ÞÁÓÔØ, Á r { ÏÓÔÁÔÏË ÏÔ ÄÅÌÅÎÉÑt ÎÁ 11.



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 233(Á) dimK HHt(R) = 7, ÅÓÌÉ t = 0.(Â) dimK HHt(R) = 2, ÅÓÌÉ ×Ù�ÏÌÎÅÎÏ ÏÄÎÏ ÉÚ ÓÌÅÄÕÀÝÉÈ ÕÓÌÏ×ÉÊ:(1) r ∈ {0; 6}, t > 0, 2 | `, 
harK = 3;(2) r ∈ {4; 10}, 2 ∤ `, 
harK = 3.(×) dimK HHt(R) = 1, ÅÓÌÉ ×Ù�ÏÌÎÅÎÏ ÏÄÎÏ ÉÚ ÓÌÅÄÕÀÝÉÈ ÕÓÌÏ×ÉÊ:(1) r ∈ {0; 6}, t > 0, 2 | `, 
harK 6= 3;(2) r ∈ {1; 9};(3) r ∈ {2; 3}, 2 ∤ `;(4) r ∈ {3; 4}, 2 | `, 
harK = 2;(5) r ∈ {4; 10}, 2 ∤ `, 
harK 6= 3;(6) r = 5, 
harK = 3;(7) r ∈ {6; 7}, 2 ∤ `, 
harK = 2;(8) r ∈ {7; 8}, 2 | `.(Ç) ÷Ï ×ÓÅÈ ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ dimK HHt(R) = 0.
§5. ïÂÒÁÚÕÀÝÉÅ ÁÌÇÅÂÒÙ HH∗(R)äÌÑ s > 1 ××ÅÄ�ÅÍ ÍÎÏÖÅÓÔ×Ï ÏÂÒÁÚÕÀÝÉÈ Y (1)t , Y (2)t , . . .Y (22)t , ÔÁ-ËÉÈ ÞÔÏ deg Y (i)t = t, 0 6 t < 11 deg� É t ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÑÍ ÄÌÑ�ÒÏÉÚ×ÏÌØÎÏÊ ÓÔÅ�ÅÎÉ t (ÓÍ. §2). äÌÑ s = 1 ××ÅÄ�ÅÍ ÍÎÏÖÅÓÔ×Ï ÏÂÒÁÚÕ-ÀÝÉÈ Y (1)t , Y (2)t , . . .Y (28)t , ÔÁËÉÈ ÞÔÏ deg Y (i)t = t, 0 6 t < 11 deg� É tÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÑÍ ÄÌÑ �ÒÏÉÚ×ÏÌØÎÏÊ ÓÔÅ�ÅÎÉ t (ÓÍ. §2). ï�ÉÛÅÍ�ÏËÏÍ�ÏÎÅÎÔÎÏ ÍÁÔÒÉ�Ù ÜÌÅÍÅÎÔÏ× Y (i)t .ïÂÏÚÎÁÞÅÎÉÅ. äÌÑ ÓÔÅ�ÅÎÉ t ÜÌÅÍÅÎÔÁ ÉÚ ÍÎÏÖÅÓÔ×Á ÏÂÒÁÚÕÀÝÉÈ�ÒÅÄÓÔÁ×ÉÍ t × ×ÉÄÅ t = 11` + r (0 6 r 6 10) É ÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ� = (−1)⌊ 2̀ ⌋.(1) Y (1)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s × 6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏyij = {�ejn ⊗ ejn; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ s 6 j < 3s, ÔÏyij = {ejn+g(j+s) ⊗ ejn+g(j+s); i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.



234 í. á. ðõó�ï÷ùèåÓÌÉ 3s 6 j < 5s, ÔÏyij = {ejn+g(j+s)+1 ⊗ ejn+g(j+s)+1; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 5s 6 j < 6s, ÔÏyij = {�ejn+5 ⊗ ejn+5; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(2) Y (2)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ:y3s;3s = wjn+g(j+s)+1→(j+1)n+g(j+s)+1 ⊗ ejn+g(j+s)+1:(3) Y (3)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (7s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ: y5s;6s = �wjn+5→(j+1)n ⊗ ejn+5:(4) Y (4)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (7s × 6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏyij = {
−wjn→jn+g(j+s) ⊗ ejn; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ s 6 j < 5s, ÔÏ yij = 0.åÓÌÉ 5s 6 j < 6s, ÔÏyij = {�wjn+g(j)+1→jn+5 ⊗ ejn+g(j)+1; i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 6s 6 j < 7s, ÔÏ yij = 0.(5) Y (5)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ:y3s;3s = wjn+g(j+s)+1→(j+1)n+g(j+s) ⊗ ejn+g(j+s)+1:(6) Y (6)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (8s × 6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏyij = {wjn→jn+g(j)+1 ⊗ ejn; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 235åÓÌÉ s 6 j < 2s, ÔÏyij = {wjn→jn+g(j)+1 ⊗ ejn; i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 2s 6 j < 4s, ÔÏ yij = 0.åÓÌÉ 4s 6 j < 5s, ÔÏyij = {wjn+g(j)+1→(j+1)n ⊗ ejn+g(j)+1; i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 5s 6 j < 6s, ÔÏ yij = 0.åÓÌÉ 6s 6 j < 7s, ÔÏyij = {wjn+5→(j+1)n+g(j) ⊗ ejn+5; i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 7s 6 j < 8s, ÔÏ yij = 0.(7) Y (7)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (8s × 6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < 2s, ÔÏyij = {wjn→jn+g(j+s)+1 ⊗ ejn; i = (j)s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 2s 6 j < 4s, ÔÏyij = {
−�wjn+g(j)→jn+5 ⊗ ejn+g(j); i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 4s 6 j < 6s, ÔÏyij = {

−�wjn+g(j)+1→(j+1)n ⊗ ejn+g(j)+1; i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 6s 6 j < 8s, ÔÏ yij = 0.(8) Y (8)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (9s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ: y3s;6s = wjn+g(j)+1→(j+1)n+g(j)+1 ⊗ ejn+g(j)+1:(9) Y (9)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (9s × 6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏ yij = 0.



236 í. á. ðõó�ï÷ùèåÓÌÉ s 6 j < 2s, ÔÏyij = {�ejn ⊗ ejn; i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 2s 6 j < 4s, ÔÏyij = {ejn+g(j) ⊗ ejn+g(j); i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 4s 6 j < 6s, ÔÏ yij = 0.åÓÌÉ 6s 6 j < 8s, ÔÏyij = {ejn+g(j)+1 ⊗ ejn+g(j)+1; i = j − 3s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 8s 6 j < 9s, ÔÏyij = {�ejn+5 ⊗ ejn+5; i = j − 3s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(10) Y (10)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (9s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ: y5s;8s = wjn+5→(j+1)n+5 ⊗ ejn+5:(11) Y (11)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (8s×6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏyij = {wjn→jn+g(j) ⊗ ejn; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ s 6 j < 2s, ÔÏ yij = 0.åÓÌÉ 2s 6 j < 3s, ÔÏyij = {�wjn+g(j)→(j+1)n ⊗ ejn+g(j); i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 3s 6 j < 4s, ÔÏ yij = 0.åÓÌÉ 4s 6 j < 5s, ÔÏyij = {
−�wjn+g(j)+1→jn+5 ⊗ ejn+g(j)+1; i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 5s 6 j < 6s, ÔÏ yij = 0.



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 237åÓÌÉ 6s 6 j < 7s, ÔÏyij = {wjn+5→(j+1)n+g(j)+1 ⊗ ejn+5; i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 7s 6 j < 8s, ÔÏ yij = 0.(12) Y (12)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (8s×6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏyij = {
−wjn→jn+g(j+s) ⊗ ejn; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ s 6 j < 4s, ÔÏ yij = 0.åÓÌÉ 4s 6 j < 5s, ÔÏyij = {�wjn+g(j)+1→jn+5 ⊗ ejn+g(j)+1; i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 5s 6 j < 8s, ÔÏ yij = 0.(13) Y (13)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (9s×6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏ yij = 0.åÓÌÉ s 6 j < 3s, ÔÏyij = {

−f1(j; 2s)ejn+g(j+s) ⊗ ejn+g(j+s); i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 3s 6 j < 5s, ÔÏ yij = 0.åÓÌÉ 5s 6 j < 7s, ÔÏyij = {
−f1(j; 6s)ejn+g(j+s)+1 ⊗ ejn+g(j+s)+1; i = j − 2s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 7s 6 j < 8s, ÔÏ yij = 0.åÓÌÉ 8s 6 j < 9s, ÔÏyij = {

−�wjn+5→(j+1)n ⊗ ejn+5; i = j − 3s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(14) Y (14)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (9s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ: y0;0 = �wjn→(j+1)n ⊗ ejn:



238 í. á. ðõó�ï÷ùè(15) Y (15)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (9s×6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏyij = {ejn ⊗ ejn; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ s 6 j < 3s, ÔÏ yij = 0.åÓÌÉ 3s 6 j < 5s, ÔÏyij = {wjn+g(j+s)→jn+g(j+s)+1 ⊗ ejn+g(j+s); i = j − 2s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 5s 6 j < 7s, ÔÏ yij = 0.åÓÌÉ 7s 6 j < 8s, ÔÏyij = {ejn+5 ⊗ ejn+5; i = j − 2s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 8s 6 j < 9s, ÔÏ yij = 0.(16) Y (16)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (8s×6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ j = 0, ÔÏyij = {wjn→jn+g(j)+1 ⊗ ejn; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 0 < j < 2s, ÔÏ yij = 0.åÓÌÉ j = 2s, ÔÏyij = {
−�wjn+g(j)→jn+5 ⊗ ejn+g(j); i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 2s < j < 8s, ÔÏ yij = 0.(17) Y (17)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (8s×6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ j = 0, ÔÏyij = {wjn→jn+g(j+s)+1 ⊗ ejn; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 0 < j < 2s, ÔÏ yij = 0.



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 239åÓÌÉ j = 2s, ÔÏyij = {wjn+g(j)→jn+5 ⊗ ejn+g(j); i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 2s < j < 8s, ÔÏ yij = 0.(18) Y (18)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s×6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏ yij = 0.åÓÌÉ s 6 j < 3s, ÔÏyij = {wjn+g(j+s)→jn+g(j+s)+1 ⊗ ejn+g(j+s); i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 3s 6 j < 5s, ÔÏ yij = 0.åÓÌÉ 5s 6 j < 6s, ÔÏyij = {
−�wjn+5→(j+1)n ⊗ ejn+5; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(19) Y (19)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (7s×6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏ yij = 0.åÓÌÉ j = s, ÔÏyij = {�wjn+g(j+s)→(j+1)n ⊗ ejn+g(j+s); i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ s < j < 2s, ÔÏ yij = 0.åÓÌÉ j = 2s, ÔÏyij = {�wjn+g(j+s)→(j+1)n ⊗ ejn+g(j+s); i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 2s < j < 7s, ÔÏ yij = 0.(20) Y (20)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (7s×6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏyij = {�wjn→jn+5 ⊗ ejn; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.



240 í. á. ðõó�ï÷ùèåÓÌÉ s 6 j < 2s, ÔÏyij = {�wjn+g(j+s)→(j+1)n ⊗ ejn+g(j+s); i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 2s 6 j < 3s, ÔÏ yij = 0.åÓÌÉ 3s 6 j < 4s, ÔÏyij = {
−wjn+g(j+s)+1→(j+1)n+g(j+s) ⊗ ejn+g(j+s)+1; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 4s 6 j < 6s, ÔÏ yij = 0.åÓÌÉ 6s 6 j < 7s, ÔÏyij = {

−wjn+5→(j+1)n+g(j)+1 ⊗ ejn+5; i = j − s;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.(21) Y (21)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ: y0;0 = −�wjn→(j+1)n ⊗ ejn:(22) Y (22)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s×6s), ÜÌÅÍÅÎÔÙ yij ËÏÔÏÒÏÊ ÉÍÅÀÔÓÌÅÄÕÀÝÉÊ ×ÉÄ:åÓÌÉ 0 6 j < s, ÔÏ yij = 0.åÓÌÉ s 6 j < 3s, ÔÏyij = {f1(j; 2s)ejn+g(j+s) ⊗ ejn+g(j+s); i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 3s 6 j < 5s, ÔÏyij = {f1(j; 4s)ejn+g(j+s)+1 ⊗ ejn+g(j+s)+1 ; i = j;0; × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ.åÓÌÉ 5s 6 j < 6s, ÔÏ yij = 0.(23) Y (23)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ:y3s;3s = wjn+g(j+s)+1→(j+1)n+g(j+s)+1 ⊗ ejn+g(j+s)+1:(24) Y (24)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ: y0;0 = wjn→(j+1)n ⊗ ejn:



ëïìøãï ëïçïíïìïçéê èïèûéìøäá áìçåâò �éðá E6 241(25) Y (25)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ: ys;s = wjn+g(j+s)→(j+1)n+g(j+s) ⊗ ejn+g(j+s):(26) Y (26)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ: y2s;2s = −wjn+g(j+s)→(j+1)n+g(j+s) ⊗ ejn+g(j+s) :(27) Y (27)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ:y4s;4s = −wjn+g(j+s)+1→(j+1)n+g(j+s)+1 ⊗ ejn+g(j+s)+1 :(28) Y (28)t { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ (6s × 6s) 
 ÅÄÉÎÓÔ×ÅÎÎÙÍ ÎÅÎÕÌÅ×ÙÍÜÌÅÍÅÎÔÏÍ: y5s;5s = wjn+5→(j+1)n+5 ⊗ ejn+5:
§6. ðÒÏÉÚ×ÅÄÅÎÉÑ × HH∗(R)ðÕÓÔØ Q• → R { ÍÉÎÉÍÁÌØÎÁÑ �ÒÏÅËÔÉ×ÎÁÑ ÂÉÍÏÄÕÌØÎÁÑ ÒÅÚÏÌØ×ÅÎ-ÔÁ ÁÌÇÅÂÒÙ R, �ÏÓÔÒÏÅÎÎÁÑ × �ÁÒÁÇÒÁÆÅ 3. ìÀÂÏÊ ËÏ�ÉËÌ f ∈ KerÆs�ÏÄÎÉÍÁÅÔÓÑ (ÏÄÎÏÚÎÁÞÎÏ Ó ÔÏÞÎÏÓÔØÀ ÄÏ ÇÏÍÏÔÏ�ÉÉ) ÄÏ �Å�ÎÏÇÏ ÏÔÏ-ÂÒÁÖÅÎÉÑ ËÏÍ�ÌÅËÓÏ× {'i : Qs+i → Qi}i>0. çÏÍÏÍÏÒÆÉÚÍ 'i ÎÁÚÏ×�ÅÍi-Í ÓÄ×ÉÇÏÍ ËÏ�ÉËÌÁ f É ÂÕÄÅÍ ÏÂÏÚÎÁÞÁÔØ ÞÅÒÅÚ 
i(f). äÌÑ ËÏ�ÉËÌÏ×f1 ∈ KerÆs1 É f2 ∈ KerÆs2 ÉÍÅÅÍ
lf2 · 
lf1 = 
l(
0(f2)
s2(f1)): (∗)ï�ÉÓÁÎÉÑ 
-ÓÄ×ÉÇÏ× ÏÂÒÁÚÕÀÝÉÈ ÜÌÅÍÅÎÔÏ× Y (i)t ÇÒÏÍÏÚÄËÉÅ É ÎÅ×ËÌÀÞÅÎÙ × ÄÁÎÎÕÀ ÓÔÁÔØÀ. ó ÎÉÍÉ ÍÏÖÎÏ ÏÚÎÁËÏÍÉÔØÓÑ × �ÒÅ�ÒÉÎ-ÔÅ [14℄. éÚ Ï�ÉÓÁÎÉÑ ÜÌÅÍÅÎÔÏ× Y (i)t É ÉÈ 
-ÓÄ×ÉÇÏ× ÍÙ ÍÏÖÅÍ ÎÁÊÔÉ�ÒÏÉÚ×ÅÄÅÎÉÑ ÜÌÅÍÅÎÔÏ×, �ÏÌØÚÕÑÓØ ÆÏÒÍÕÌÏÊ (∗). ðÒÏÉÚ×ÅÄÅÎÉÑ ×ÓÅÈÜÌÅÍÅÎÔÏ×, ËÒÏÍÅ Y (5), Y (10), Y (17), Y (19) É Y (21), ÎÁÈÏÄÑÔÓÑ �ÕÔ�ÅÍ �ÒÑ-ÍÙÈ ×ÙÞÉÓÌÅÎÉÊ (ÂÏÌÅÅ �ÏÄÒÏÂÎÏ ÓÍ. [14℄). úÁ×ÅÒÛÁÅÔ Ï�ÉÓÁÎÉÅ �ÒÏ-ÉÚ×ÅÄÅÎÉÊ ÓÌÅÄÕÀÝÁÑ ÌÅÍÍÁ.ìÅÍÍÁ 19.(a) ðÕÓÔØ Y (5) { �ÒÏÉÚ×ÏÌØÎÙÊ ÜÌÅÍÅÎÔ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÇÏ ÔÉ�ÁÉÚ ÍÎÏÖÅÓÔ×Á ÏÂÒÁÚÕÀÝÉÈ. �ÏÇÄÁ ÓÕÝÅÓÔ×ÕÀÔ ÜÌÅÍÅÎÔÙ Y (3) É Y (4)ÔÁËÉÅ, ÞÔÏ Y (5) = Y (3)Y (4).



242 í. á. ðõó�ï÷ùè(Â) ðÕÓÔØ Y (10) { �ÒÏÉÚ×ÏÌØÎÙÊ ÜÌÅÍÅÎÔ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÇÏ ÔÉ�ÁÉÚ ÍÎÏÖÅÓÔ×Á ÏÂÒÁÚÕÀÝÉÈ. �ÏÇÄÁ ÓÕÝÅÓÔ×ÕÀÔ ÜÌÅÍÅÎÔÙ Y (3) É Y (6)ÔÁËÉÅ, ÞÔÏ Y (10) = Y (3)Y (6).(×) ðÕÓÔØ Y (17) { �ÒÏÉÚ×ÏÌØÎÙÊ ÜÌÅÍÅÎÔ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÇÏ ÔÉ-�Á ÉÚ ÍÎÏÖÅÓÔ×Á ÏÂÒÁÚÕÀÝÉÈ. �ÏÇÄÁ ÓÕÝÅÓÔ×ÕÀÔ ÜÌÅÍÅÎÔÙ Y (3) ÉY (15) ÔÁËÉÅ, ÞÔÏ Y (17) = Y (3)Y (15).(Ç) ðÕÓÔØ Y (19) { �ÒÏÉÚ×ÏÌØÎÙÊ ÜÌÅÍÅÎÔ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÇÏ ÔÉ-�Á ÉÚ ÍÎÏÖÅÓÔ×Á ÏÂÒÁÚÕÀÝÉÈ. �ÏÇÄÁ ÓÕÝÅÓÔ×ÕÀÔ ÜÌÅÍÅÎÔÙ Y (3) ÉY (18) ÔÁËÉÅ, ÞÔÏ Y (19) = Y (3)Y (18).(Ä) ðÕÓÔØ Y (21) { �ÒÏÉÚ×ÏÌØÎÙÊ ÜÌÅÍÅÎÔ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÇÏ ÔÉ-�Á ÉÚ ÍÎÏÖÅÓÔ×Á ÏÂÒÁÚÕÀÝÉÈ. �ÏÇÄÁ ÓÕÝÅÓÔ×ÕÀÔ ÜÌÅÍÅÎÔÙ Y (3) ÉY (20) ÔÁËÉÅ, ÞÔÏ Y (21) = Y (3)Y (20).äÏËÁÚÁÔÅÌØÓÔ×Ï. óÔÅ�ÅÎØ 1 ÅÓÔØ ÓÔÅ�ÅÎØ ÔÉ�Á 3, ÄÌÑ ÌÀÂÏÇÏ s. ïÓÔÁ-ÅÔÓÑ ÉÓ�ÏÌØÚÏ×ÁÔØ ÓÏÏÔÎÏÛÅÎÉÑ ÄÌÑ ÔÉ�Á (3). �ìÉÔÅÒÁÔÕÒÁ1. C. Riedtmann, Algebren, Darstellungsk�o
her, �Uberlagerungen und zur�u
k. | Com-ment. Math. Helv., 55 (1980), 199{224.2. K. Erdmann, T. Holm, Twisted bimodules and Ho
hs
hild 
ohomology for self-inje
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