
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 430, 2014 Ç.å. ÷. éËÏÎÎÉËÏ×Áëáîïîéþåóëéê âáúéó çåîúåìñ{ûáæáòå÷éþá÷ æïòíáìøîùè íïäõìñè ìàâéîá-�åê�á
§1. ÷×ÅÄÅÎÉÅ÷ ÁÒÉÆÍÅÔÉËÅ ÆÏÒÍÁÌØÎÙÈ ÍÏÄÕÌÅÊ, �ÏÓÔÒÏÅÎÎÙÈ ÎÁ ÍÁËÓÉÍÁÌØ-ÎÙÈ ÉÄÅÁÌÁÈ �ÏÌÎÙÈ ÄÉÓËÒÅÔÎÏ ÎÏÒÍÉÒÏ×ÁÎÎÙÈ �ÏÌÅÊ Ó �ÏÍÏÝØÀ ÆÏÒ-ÍÁÌØÎÙÈ ÇÒÕ��Ï×ÙÈ ÚÁËÏÎÏ×, ÓÕÝÅÓÔ×ÅÎÎÕÀ ÒÏÌØ ÉÇÒÁÀÔ ÏÂÒÁÚÕÀÝÉÅÜÔÉÈ ÍÏÄÕÌÅÊ.õÖÅ ÓÏÚÄÁÔÅÌØ ÔÅÏÒÉÉ ÌÏËÁÌØÎÙÈ �ÏÌÅÊ ëÕÒÔ çÅÎÚÅÌØ ÄÁÌ �ÏÌÎÕÀÓÉÓÔÅÍÕ ÏÂÒÁÚÕÀÝÉÈ ÇÒÕ��Ù ÇÌÁ×ÎÙÈ ÅÄÉÎÉ� �ÏÌÎÏÇÏ ÄÉÓËÒÅÔÎÏ ÎÏÒ-ÍÉÒÏ×ÁÎÎÏÇÏ �ÏÌÑ ÈÁÒÁËÔÅÒÉÓÔÉËÉ 0 Ó ÓÏ×ÅÒÛÅÎÎÙÍ �ÏÌÅÍ ×ÙÞÅÔÏ×ÎÅÎÕÌÅ×ÏÊ ÈÁÒÁËÔÅÒÉÓÔÉËÉ. é. ò. ûÁÆÁÒÅ×ÉÞ × 1950 ÇÏÄÕ Ï�ÒÅÄÅÌÉÌÂÁÚÉÓ × ÇÒÕ��Å ÇÌÁ×ÎÙÈ ÅÄÉÎÉ� �ÏÌÑ, ÓÏÄÅÒÖÁÝÅÇÏ ×ÓÅ ËÏÒÎÉ ÓÔÅ�ÅÎÉpn ÉÚ 1, Ï�ÒÅÄÅÌÑÀÝÉÊ ÒÁÚÌÏÖÅÎÉÅ ÏÄÎÏÚÎÁÞÎÏ Ó ÔÏÞÎÏÓÔØÀ ÄÏ pn-ÙÈÓÔÅ�ÅÎÅÊ. üÌÅÍÅÎÔÙ ÜÔÏÇÏ ÂÁÚÉÓÁ ÓÔÒÏÉÌÉÓØ Ó ÉÓ�ÏÌØÚÏ×ÁÎÉÅÍ ÆÕÎË-�ÉÉ áÒÔÉÎÁ{èÁÓÓÅ.ó. ÷. ÷ÏÓÔÏËÏ× × ÓÔÁÔØÅ [1℄ �ÏÓÔÒÏÉÌ ÂÁÚÉÓ Zp-ÍÏÄÕÌÑ ÇÌÁ×ÎÙÈ ÅÄÉ-ÎÉ� ÄÌÑ �ÏÌÎÏÇÏ ÄÉÓËÒÅÔÎÏ ÎÏÒÍÉÒÏ×ÁÎÎÏÇÏ �ÏÌÑ Ó �ÒÏÉÚ×ÏÌØÎÙÍ �Ï-ÌÅÍ ×ÙÞÅÔÏ×.äÌÑ ÍÎÏÇÏÍÅÒÎÙÈ ÌÏËÁÌØÎÙÈ �ÏÌÅÊ ×Ï�ÒÏÓ �ÏÓÔÒÏÅÎÉÑ ÂÁÚÉÓÁ ÒÁÓ-ÓÍÁÔÒÉ×ÁÌÓÑ × [10℄.÷ ÄÁÎÎÏÊ ÒÁÂÏÔÅ ÜÔÉ ÒÅÚÕÌØÔÁÔÙ �ÅÒÅÎÏÓÑÔÓÑ ÎÁ ÓÌÕÞÁÊ ÆÏÒÍÁÌØ-ÎÙÈ ÍÏÄÕÌÅÊ ìÀÂÉÎÁ{�ÅÊÔÁ. óÎÁÞÁÌÁ ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ÓÌÕÞÁÊ ËÌÁÓ-ÓÉÞÅÓËÏÇÏ ÌÏËÁÌØÎÏÇÏ �ÏÌÑ (Ô.Å., �ÏÌÎÏÇÏ ÄÉÓËÒÅÔÎÏ ÎÏÒÍÉÒÏ×ÁÎÎÏÇÏ�ÏÌÑ Ó ËÏÎÅÞÎÙÍ �ÏÌÅÍ ×ÙÞÅÔÏ×), ÄÁÌÅÅ ÓÌÅÄÕÅÔ ÏÂÏÂÝÅÎÉÅ ÎÁ ÓÌÕÞÁÊ�ÒÏÉÚ×ÏÌØÎÏÇÏ �ÏÌÑ ×ÙÞÅÔÏ×.ðÕÓÔØK0 { ÌÏËÁÌØÎÏÅ �ÏÌÅ, har K0 = 0, k0 { �ÏÌÅ ×ÙÞÅÔÏ×K0, |k0| =q = pf > 0, K { �ÏÌÎÏÅ ÄÉÓËÒÅÔÎÏ ÎÏÒÍÉÒÏ×ÁÎÎÏÅ �ÏÌÅ, ÓÏÄÅÒÖÁÝÅÅK0, Ó �ÏÌÅÍ ×ÙÞÅÔÏ× k. ðÕÓÔØ ÔÁËÖÅ F (X;Y ) { ÆÏÒÍÁÌØÎÁÑ ÇÒÕ��ÁëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÂÁÚÉÓ çÅÎÚÅÌÑ{ûÁÆÁÒÅ×ÉÞÁ, ÆÏÒÍÁÌØÎÙÅ ÍÏÄÕÌÉ.òÁÂÏÔÁ �ÏÄÄÅÒÖÁÎÁ ÇÒÁÎÔÏÍ òææé 6.15.527.2014. á×ÔÏÒ ÔÁËÖÅ ÂÌÁÇÏÄÁÒÉÔóÁÎËÔ-ðÅÔÅÒÂÕÒÇÓËÉÊ çÏÓÕÄÁÒÓÔ×ÅÎÎÙÊ õÎÉ×ÅÒÓÉÔÅÔ ÚÁ ÆÉÎÁÎÓÏ×ÕÀ �ÏÄÄÅÒÖËÕ× ÒÁÍËÁÈ îéò. 186



ëáîïîéþåóëéê âáúéó 187ìÀÂÉÎÁ{�ÅÊÔÁ ÎÁÄ O0 (ËÏÌØ�ÏÍ �ÅÌÙÈ K0), F (M) { ÆÏÒÍÁÌØÎÙÊ O0-ÍÏÄÕÌØ, ÎÁÔÑÎÕÔÙÊ ÎÁ ÍÁËÓÉÍÁÌØÎÙÊ ÉÄÅÁÌ ËÏÌØ�Á OK .ïÓÎÏ×ÎÙÅ ÒÅÚÕÌØÔÁÔÙ (× ÏÂÏÚÎÁÞÅÎÉÑÈ, ××ÏÄÉÍÙÈ ÄÁÌÅÅ) ×ÙÇÌÑÄÑÔÔÁË.�ÅÏÒÅÍÁ 1. ðÕÓÔØ k ÓÏ×ÅÒÛÅÎÎÏ. �ÏÇÄÁ ÍÎÏÖÅÓÔ×ÏE(��s) ∪E(H�em ) ∪ E(��e1 );ÇÄÅ s ∈ Se; s 6= em, Ñ×ÌÑÅÔÓÑ ÓÉÓÔÅÍÏÊ ÏÂÒÁÚÕÀÝÉÈ ÍÏÄÕÌÑ F (M) ÎÁÄO0. �.Å, ÌÀÂÏÊ ÜÌÅÍÅÎÔ � ∈ F (M) �ÒÅÄÓÔÁ×ÉÍ × ×ÉÄÅ� = ∑F [ai℄"i;ÇÄÅ "i �ÒÏÂÅÇÁÅÔ ×ÓÅ Õ�ÏÍÑÎÕÔÙÅ ÍÎÏÖÅÓÔ×Á. ðÒÉ ÜÔÏÍ ai Ï�ÒÅÄÅÌÅ-ÎÙ ÏÄÎÏÚÎÁÞÎÏ �Ï ÍÏÄÕÌÀ �n0 .�ÅÏÒÅÍÁ 2. ðÕÓÔØ k ÎÅÓÏ×ÅÒÛÅÎÎÏ. �ÏÇÄÁ ÍÎÏÖÅÓÔ×ÏE(Aq� [Tq� ℄�q�s) ∪ E(��qe1 );ÇÄÅ s ∈ Se, Ñ×ÌÑÅÔÓÑ ÓÉÓÔÅÍÏÊ ÏÂÒÁÚÕÀÝÉÈ ÍÏÄÕÌÑ F (M) ÎÁÄ OT .�.Å., ÌÀÂÏÊ ÜÌÅÍÅÎÔ � ∈ F (M) �ÒÅÄÓÔÁ×ÉÍ × ×ÉÄÅ� = ∑s;�;(k);(r)[a�;� ℄E(�q� t(k)(r)�q�s) +F ∑F [b;�℄E(�e1):ðÒÉ ÜÔÏÍ a�;� ; b;� Ï�ÒÅÄÅÌÅÎÙ ÏÄÎÏÚÎÁÞÎÏ �Ï ÍÏÄÕÌÀ �n0 .
§2. ïÂÏÚÎÁÞÅÎÉÑðÕÓÔØ

• �0 { �ÒÏÓÔÏÊ ÜÌÅÍÅÎÔ K0;
• � { �ÒÏÓÔÏÊ ÜÌÅÍÅÎÔ K;
• O0 = OK0 , O = OK { ËÏÌØ�Á �ÅÌÙÈ �ÏÌÅÊ K0, K ÓÏÏÔ×ÅÔÓÔ×ÅÎ-ÎÏ;
• M =MK { ÍÁËÓÉÍÁÌØÎÙÊ ÉÄÅÁÌ × OK ;
• v : K → Z ∪ {∞} { ÎÏÒÍÉÒÏ×ÁÎÉÅ K;
• e = e(K=K0) { ÉÎÄÅËÓ ×ÅÔ×ÌÅÎÉÑ;
• ei = e(q−1)qi−1 ; i > 1;
• N { �ÏÄ�ÏÌÅ ÉÎÅÒ�ÉÉ × K=K0;
• Ñ { �Ï�ÏÌÎÅÎÉÅ ÍÁËÓÉÍÁÌØÎÏÇÏ ÎÅÒÁÚ×ÅÔ×ÌÅÎÎÏÇÏ ÒÁÓÛÉÒÅÎÉÑ�ÏÌÑ N ;
• ON É OÑ { ËÏÌØ�Á �ÅÌÙÈ �ÏÌÅÊ N É Ñ ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ;
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• ' { Á×ÔÏÍÏÒÆÉÚÍ æÒÏÂÅÎÉÕÓÁ �ÏÌÑ N É ÅÇÏ �ÒÏÄÏÌÖÅÎÉÅ ÎÁÑ ;
• △ { Ï�ÅÒÁÔÏÒ æÒÏÂÅÎÉÕÓÁ ÎÁ ON : ÄÌÑ g(X) = ∞∑i=0 aiX i�(g(X)) = ∞∑i=0 '(ai)Xqi;
• Se = {s ∈ Z : 1 6 s < qe1; q ∤ s}.

§3. ðÒÅÄ×ÁÒÉÔÅÌØÎÙÅ Ó×ÅÄÅÎÉÑ3.1. æÏÒÍÁÌØÎÙÅ ÍÏÄÕÌÉ.ï�ÒÅÄÅÌÅÎÉÅ 1. æÏÒÍÁÌØÎÕÀ ÇÒÕ��Õ F (X;Y ) ÎÁÄ ËÏÌØ�ÏÍ O Ó ÌÏÇÁ-ÒÉÆÍÏÍ �(X) ∈ K0[[X ℄℄ ÎÁÚÏ×ÅÍ ÆÏÒÍÁÌØÎÏÊ O0 -ÍÏÄÕÌØÎÏÊ ÇÒÕ��ÏÊ,ÅÓÌÉ Ï�ÒÅÄÅÌÅÎ ËÏÌØ�Å×ÏÊ ÇÏÍÏÍÏÒÆÉÚÍ[ · ℄F : O0 → EndO(F );a 7→ [a℄F (X) = �−1(a�(X)):ðÕÓÔØ F (M) { ÆÏÒÍÁÌØÎÙÊ O0 -ÍÏÄÕÌØ, ÎÁÔÑÎÕÔÙÊ ÎÁ ÉÄÅÁÌ M ,Ô.Å., �; � ∈ F (M) 7→ �+F � = F (�; �) ∈ F (M);a ∈ O0; � ∈ F (M) 7→ [a℄F� ∈ F (M):ðÕÓÔØ
F�0 = {g(X) ∈ O0[[X ℄℄ | g(X) ≡ �0X mod deg 2 É g(X) ≡ Xq mod �0} :�ÏÇÄÁ ÎÁÄ ËÏÌØ�ÏÍ O0 ÓÕÛÅÓÔ×ÕÅÔ ÅÄÉÎÓÔ×ÅÎÎÁÑ ÆÏÒÍÁÌØÎÁÑ ÇÒÕ��ÁF ×ÙÓÏÔÙ 1, ÔÁËÁÑ, ÞÔÏ g(X) { ÅÅ ÜÎÄÏÍÏÒÆÉÚÍ. äÁÎÎÙÊ ÜÎÄÏÍÏÒÆÉÚÍ× ÄÁÌØÎÅÊÛÅÍ ÏÂÏÚÎÁÞÁÅÔÓÑ ËÁË [�0℄. äÏËÁÚÁÎÏ (ÓÍ. [6℄), ÞÔÏ ÄÌÑ ÌÀ-ÂÙÈ Ä×ÕÈ g1; g2 ∈ F�0 ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÆÏÒÍÁÌØÎÙÅ ÇÒÕ��Ù ìÀÂÉÎÁ{�ÅÊÔÁ ÉÚÏÍÏÒÆÎÙ ÎÁÄ O0.ó ÜÔÏÇÏ ÍÏÍÅÎÔÁ F (X;Y ) { ÆÏÒÍÁÌØÎÁÑ ÇÒÕ��Á ìÀÂÉÎÁ{�ÅÊÔÁ ÓÌÏÇÁÒÉÆÍÏÍ �(X) = X + 1X + 2X2 + : : : :ðÕÓÔØ Fq { ÉÚÏÍÏÒÆÎÁÑ F O0-ÔÉ�ÉÞÅÓËÁÑ ÆÏÒÍÁÌØÎÁÑ ÇÒÕ��Á É �q(X) {ÌÏÇÁÒÉÆÍ Fq . ÷ÏÏÂÝÅ ÇÏ×ÏÒÑ, Fq Ï�ÒÅÄÅÌÅÎÁ ÎÅÏÄÎÏÚÎÁÞÎÏ. îÁ�ÒÉÍÅÒ([5℄), ÍÏÖÎÏ ×ÙÂÒÁÔØ × ËÁÞÅÓÔ×Å �q(X) ÒÑÄ�q(X) = X + qXq + q2Xq2 + : : : :



ëáîïîéþåóëéê âáúéó 189�ÏÇÄÁ ÒÑÄ (�−1 ◦ �q)(X) ÚÁÄÁÅÔ ÉÚÏÍÏÒÆÉÚÍ ÉÚ F × Fq .ï�ÒÅÄÅÌÅÎÉÅ 2. äÌÑ ËÁÖÄÏÇÏ ÜÌÅÍÅÎÔÁ � ∈ Ñ Ï�ÒÅÄÅÌÉÍ ÒÑÄ, ËÏÔÏ-ÒÙÊ ÎÁÚÏ×ÅÍ ÆÕÎË�ÉÅÊ áÒÔÉÎÁ-èÁÓÓÅ:EF (�X) = �−1(�X + q'(�)Xq + q2'2(�)Xq2 + : : :):÷ ÒÁÂÏÔÅ [3℄ ÄÏËÁÚÁÎÏ ÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ.ðÒÅÄÌÏÖÅÎÉÅ 1. äÌÑ ÌÀÂÙÈ � ∈ F (M); � ∈ OÑ ÜÌÅÍÅÎÔ EF (��) ËÏÒ-ÒÅËÔÎÏ Ï�ÒÅÄÅÌÅÎ É ÚÁÄÁÅÔ ÜÌÅÍÅÎÔ ÉÚ F (M̃), ÇÄÅ M̃ { ÍÁËÓÉÍÁÌØÎÙÊÉÄÅÁÌ × ËÏÌØ�Å �ÅÌÙÈ �ÏÌÑ KÑ . ðÒÉ ÜÔÏÍEF ((� + �)�) = EF (��) +F EF (��); �; � ∈ OÑ ;EF (a��) = [a℄F (EF (��)); � ∈ OÑ ; a ∈ O0;EF (��) ≡ �� mod (��)2:3.2. ðÒÉÍÁÒÎÙÅ ÜÌÅÍÅÎÔÙ × ÆÏÒÍÁÌØÎÏÍ ÍÏÄÕÌÅ. ðÒÅÄ�ÏÌÏ-ÖÉÍ, ÞÔÏ K ÓÏÄÅÒÖÉÔ ÑÄÒÏ ÉÚÏÇÅÎÉÉ [�n0 ℄.ï�ÒÅÄÅÌÅÎÉÅ 3. üÌÅÍÅÎÔ ! ∈ F (M) ÎÁÚÏ×ÅÍ �n0 -�ÒÉÍÁÒÎÙÍ, ÅÓÌÉÒÁÓÛÉÒÅÎÉÅK ( 1[�n0 ℄F !) =K ÎÅÒÁÚ×ÅÔ×ÌÅÎÏ, ÇÄÅ 1[�n0 ℄F ! { ÌÀÂÏÅ ÒÅÛÅÎÉÅÕÒÁ×ÎÅÎÉÑ [�n0 ℄F (X) = !.ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ K ÓÏÄÅÒÖÉÔ ÑÄÒÏ ÉÚÏÇÅÎÉÉ [�n0 ℄. ðÕÓÔØ � { ÎÅ-ËÏÔÏÒÙÊ �ÅÒ×ÏÏÂÒÁÚÎÙÊ ËÏÒÅÎØ ÜÔÏÊ ÉÚÏÇÅÎÉÉ, ÔÏ ÅÓÔØ [�n0 ℄F (�) =0; [�n−10 ℄F (�) 6= 0. éÚ Ï�ÒÅÄÅÌÅÎÉÑ EF ÓÌÅÄÕÅÔ ÓÕÝÅÓÔ×Ï×ÁÎÉÅ � ∈ F (M){ ÔÁËÏÇÏ ÜÌÅÍÅÎÔÁ, ÞÔÏ � = EF (�).ðÕÓÔØ � ∈ OT , É A { ÜÌÅÍÅÎÔ ÉÚ ËÏÌØ�Á �ÅÌÙÈ OT̃ ÔÁËÏÊ, ÞÔÏ A' −A = �. ÷ ÒÁÂÏÔÅ [2℄ ( §3.1, ÓÔÒ.775) ÂÙÌÁ Ï�ÒÅÄÅÌÅÎÁ ÆÕÎË�ÉÑH�(�) = EF (�n0A�):ðÒÅÄÌÏÖÅÎÉÅ 2. ([3℄) H�(�) { �n0 -�ÒÉÍÁÒÎÙÊ ÜÌÅÍÅÎÔ ÆÏÒÍÁÌØÎÏÇÏO0-ÍÏÄÕÌÑ F (M), Ô.Å., H�(�) ∈ K É ÒÁÓÛÉÒÅÎÉÅ K ( 1[�n0 ℄H�(�)) =KÎÅÒÁÚ×ÅÔ×ÌÅÎÏ. ëÒÏÍÅ ÔÏÇÏ, H�(�) ÎÅ ÚÁ×ÉÓÉÔ ÏÔ ×ÙÂÏÒÁ A.3.3. äÅÊÓÔ×ÉÅ ÉÚÏÇÅÎÉÉ [�0℄.ðÒÅÄÌÏÖÅÎÉÅ 3. ([2℄, §1.2, ÓÔÒ. 774) äÌÑ � ∈M[�0℄(�) ≡ �q mod (�qi+1) �ÒÉ v(�) = i < e1;[�0℄(�) ≡ �0� mod (�i+e1+1) �ÒÉ v(�) = i > e1;[�0℄(�) ≡ �0�+ �q mod (�qe1+1) �ÒÉ v(�) = e1:



190 å. ÷. éëïîîéëï÷áéÚ ÜÔÉÈ ÆÏÒÍÕÌ, × ÞÁÓÔÎÏÓÔÉ, ÓÌÅÄÕÅÔ, ÞÔÏ ÅÓÌÉ � ≡ 0 mod (�qe1+1),ÔÏ � = [�0℄(�); � ∈ F (M).úÁÍÅÞÁÎÉÅ. âÏÌÅÅ ÔÏÇÏ, ×ÔÏÒÏÅ ÓÒÁ×ÎÅÎÉÅ ÍÏÖÎÏ ÚÁÍÅÎÉÔØ ÎÁ[�0℄(�) ≡ −�0��e mod (�i+e+1) �ÒÉ v(�) = i > e1;ÇÄÅ �0 ∈ ON Ï�ÒÅÄÅÌÑÅÔÓÑ ÉÚ ÒÁ×ÅÎÓÔ×Á�0 ≡ −�0�e mod �e+1:
§4. óÌÕÞÁÊ ËÏÎÅÞÎÏÇÏ �ÏÌÑ ×ÙÞÅÔÏ×4.1. óÌÕÞÁÊ ÏÔÓÕÔÓÔ×ÉÑ ÎÅÔÒÉ×ÉÁÌØÎÙÈ ËÏÒÎÅÊ ÉÚÏÇÅÎÉÉ [�n0 ℄.òÁÓÓÍÏÔÒÉÍ ÓÌÕÞÁÊ, ËÏÇÄÁK ÎÅ ÓÏÄÅÒÖÉÔ ÎÅÔÒÉ×ÉÁÌØÎÙÈ ËÏÒÎÅÊ ÉÚÏ-ÇÅÎÉÉ [�n0 ℄.÷ÅÚÄÅ × ÆÏÒÍÕÌÉÒÏ×ËÁÈ ÔÅÏÒÅÍ �ÏÄ ÓÕÍÍÉÒÏ×ÁÎÉÅÍ �ÏÎÉÍÁÅÔÓÑÓÕÍÍÉÒÏ×ÁÎÉÅ Ó �ÏÍÏÝØÀ ÆÏÒÍÁÌØÎÏÇÏ ÚÁËÏÎÁ F , ÓÁÍ ÖÅ ÓÉÍ×ÏÌ FÏ�ÕÓËÁÅÔÓÑ ×Ï ÉÚÂÅÖÁÎÉÅ ÉÚÌÉÛÎÅÇÏ ÚÁÇÒÏÍÏÖÄÅÎÉÑ ÆÏÒÍÕÌ. �ÁËÖÅÂÕÄÅÍ �ÉÓÁÔØ E(X) ×ÍÅÓÔÏ EF (X).÷ ÒÁÂÏÔÅ [2℄ (§4.1, ÓÔÒ. 781) ÂÙÌ ÄÁÎ ËÒÉÔÅÒÉÊ ÄÌÑ ÓÉÓÔÅÍÙ ÏÂÒÁÚÕ-ÀÝÉÈ F (M):ìÅÍÍÁ 1. ðÕÓÔØ ÄÌÑ ËÁÖÄÏÇÏ i Ó ÕÓÌÏ×ÉÅÍ: i 6≡ 0 mod q, 1 6 i < qe1,Á ÔÁËÖÅ ÄÌÑ i = qe1, É ÄÌÑ ËÁÖÄÏÇÏ � ∈ R (ÍÎÏÖÅÓÔ×Á �ÒÅÄÓÔÁ-×ÉÔÅÌÅÊ �ÅÊÈÍÀÌÌÅÒÁ) ×ÙÂÒÁÎ ÜÌÅÍÅÎÔ "i(�) × F (M), ÕÄÏ×ÌÅÔ×ÏÒÑ-ÀÝÉÊ ÕÓÌÏ×ÉÀ �i(�) ≡ ��i mod �i+1. �ÏÇÄÁ ÌÀÂÏÊ ÜÌÅÍÅÎÔ � ∈ F (M)ÍÏÖÎÏ �ÒÅÄÓÔÁ×ÉÔØ × ×ÉÄÅ� = ∑r∈N;i[�r0 ℄("i(�i;r)):�ÅÏÒÅÍÁ 3. ðÕÓÔØ × �ÏÌÅ K ÎÅ ÓÏÄÅÒÖÉÔÓÑ ÎÅÔÒÉ×ÉÁÌØÎÙÈ ËÏÒÎÅÊÉÚÏÇÅÎÉÉ [�n0 ℄. �ÏÇÄÁ ÌÀÂÏÊ ÜÌÅÍÅÎÔ � ∈ F (M) ÍÏÖÎÏ ÅÄÉÎÓÔ×ÅÎÎÙÍÏÂÒÁÚÏÍ �ÒÅÄÓÔÁ×ÉÔØ × ×ÉÄÅ� = ∑i∈SeE(ai�i):äÏËÁÚÁÔÅÌØÓÔ×Ï. óÕÝÅÓÔ×Ï×ÁÎÉÅ ÔÁËÏÇÏ ÒÁÚÌÏÖÅÎÉÑ ÓÌÅÄÕÅÔ ÉÚ ÌÅÍ-ÍÙ 1: ÄÌÑ ËÁÖÄÏÇÏ i ∈ Se, É ÄÌÑ ËÁÖÄÏÇÏ � ∈ ℜ ×ÙÂÒÁÎ ÜÌÅÍÅÎÔ"i(�) = E(��i). ðÒÉÍÅÎÑÑ ÆÏÒÍÁÌØÎÕÀ ÁÄÄÉÔÉ×ÎÏÓÔØ ÆÕÎË�ÉÉ E, �Ï-ÌÕÞÁÅÍ ÔÒÅÂÕÅÍÏÅ ÒÁÚÌÏÖÅÎÉÅ.



ëáîïîéþåóëéê âáúéó 191äÏËÁÖÅÍ ÅÇÏ ÅÄÉÎÓÔ×ÅÎÎÏÓÔØ. ðÒÅÄ�ÏÌÏÖÉÍ �ÒÏÔÉ×ÎÏÅ. �ÏÇÄÁ ÄÏÌ-ÖÎÏ ÓÕÝÅÓÔ×Ï×ÁÔØ ÎÅÔÒÉ×ÉÁÌØÎÏÅ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÎÕÌÑ:
∑i∈SeEF (ai�i) = 0:ðÕÓÔØ i0 { ÍÉÎÉÍÁÌØÎÏÅ i, ÔÁËÏÅ, ÞÔÏ ai 6= 0. �ÏÇÄÁ ai0�i0 ≡0 mod �i0+1.ðÒÏÔÉ×ÏÒÅÞÉÅ. �4.2. óÌÕÞÁÊ ÎÁÌÉÞÉÑ ÎÅÔÒÉ×ÉÁÌØÎÙÈ ËÏÒÎÅÊ ÉÚÏÇÅÎÉÉ [�n0 ℄.ðÕÓÔØ � { �ÅÒ×ÏÏÂÒÁÚÎÙÊ ÜÌÅÍÅÎÔ ÑÄÒÁ ÉÚÏÇÅÎÉÉ [�n0 ℄.äÌÑ ÜÌÅÍÅÎÔÁ � ∈ F (M) ÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ � ÌÀÂÏÊ ÒÑÄ ÉÚ ON [[X ℄℄,ÔÁËÏÊ ÞÔÏ �(�) = �.ïÂÏÚÎÁÞÉÍ sj(X) := [�j0℄(�); s := sn; u = ssn−1 .÷ ÒÁÂÏÔÅ [2℄ (§1.4, ÓÔÒ. 773) �ÒÏ×ÅÒÅÎÏ, ÞÔÏs ≡ s△n−1 mod �n0 :ï�ÒÅÄÅÌÉÍ ÎÁ XON [[X ℄℄ ÆÕÎË�ÉÀlF (g(X)) = (1− △�0)�(g(X)):ðÒÅÄÌÏÖÅÎÉÅ 4. ([2℄, ÓÔÒ. 780) äÌÑ ÌÀÂÏÇÏ a ∈ ON!(a) = E(as(X))|X=�Ñ×ÌÑÅÔÓÑ �n0 -�ÒÉÍÁÒÎÙÍ × F (M).�ÅÏÒÅÍÁ 4. ([2℄, §4.3, ÓÔÒ. 783) ÷ÓÑËÉÊ ÜÌÅÍÅÎÔ � ∈ F (M) ÍÏÖÎÏ�ÒÅÄÓÔÁ×ÉÔØ × ×ÉÄÅ� = !(a) + ∑i∈SeE(ai�i0); a; ai ∈ O0:ðÒÉ ÜÔÏÍ ai Ï�ÒÅÄÅÌÅÎÙ ÏÄÎÏÚÎÁÞÎÏ �Ï mod �n0 .

§5. óÌÕÞÁÊ ÓÏ×ÅÒÛÅÎÎÏÇÏ �ÏÌÑ ×ÙÞÅÔÏ×ðÕÓÔØ ÔÅ�ÅÒØ k { ÓÏ×ÅÒÛÅÎÎÏÅ �ÏÌÅ, ÎÅ ÏÂÑÚÁÔÅÌØÎÏ Ñ×ÌÑÀÝÅÅÓÑ ËÏ-ÎÅÞÎÙÍ. ÷ÙÂÅÒÅÍ × k ËÁËÏÊ-ÎÉÂÕÄØ ÂÁÚÉÓ � = {�i; i ∈ I} ÎÁÄ k0, É�ÕÓÔØ � = {�i; i ∈ I} { ÍÎÏÖÅÓÔ×Ï �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÜÔÏÇÏ ÂÁÚÉÓÁ × OK .äÌÑ ËÁÖÄÏÇÏ s ∈ Se Ï�ÒÅÄÅÌÉÍ �s ∈ Z, ÔÁËÏÅ, ÞÔÏe1 6 q�ss < qe1:



192 å. ÷. éëïîîéëï÷á5.1. óÌÕÞÁÊ e 6≡ 0 mod (q − 1).ðÒÅÄÌÏÖÅÎÉÅ 5. ðÕÓÔØ s ∈ Se.âÁÚÉÓÏÍ ÓÔÕ�ÅÎÉ F (Mq�s) \F (Mq�s+1); 0 6 � 6 �s, Ñ×ÌÑÀÔÓÑ ÍÎÏ-ÖÅÓÔ×Á [�q�0 ℄E(��s) ≡ E(�q��q�s) mod F (Mq�s+1):âÁÚÉÓÏÍ ÓÔÕ�ÅÎÉ F (Mq�ss+�e) \ F (Mq�ss+�e+1); � > 0; Ñ×ÌÑÀÔÓÑÍÎÏÖÅÓÔ×Á[��+�s0 ℄E(��s) ≡ E(��0�q�s�q�ss+e�) mod F (Mq�ss+�e+1):äÏËÁÚÁÔÅÌØÓÔ×Ï. ñÓÎÏ ÉÚ �ÒÅÄÌÏÖÅÎÉÑ 3. �5.2. óÌÕÞÁÊ e ≡ 0 mod (q − 1). ðÕÓÔØ m− 1 { ÍÁËÓÉÍÁÌØÎÁÑ ÓÔÅ�ÅÎØq, ÎÁ ËÏÔÏÒÕÀ ÄÅÌÉÔÓÑ e:em = e(q − 1)qm−1 ∈ Z; em+1 6∈ Z:ï�ÒÅÄÅÌÉÍ ÇÏÍÏÍÏÒÆÉÚÍ  : k → k;" 7→ "qm − �0"qm−1 :5.2.1. óÌÕÞÁÊ Ker = {0}. ï�ÒÅÄÅÌÉÍ�i = �qmi − �0�qm−1i ; i ∈ I;É ÏÂÏÚÎÁÞÉÍ
B = {�i; i ∈ I}:ìÅÍÍÁ 2. åÓÌÉ Ker = {0}, ÔÏ B = {�i; i ∈ I} { ÂÁÚÉÓ k ÎÁÄ k0.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÕÓÔØ l∑j=1 aj�ij = 0;ÔÏÇÄÁ l∑j=1 ((aj�ij )qm − �0(aj�ij )qm−1) = 0:



ëáîïîéþåóëéê âáúéó 193÷ÚÑ× � = l∑j=1 aj�ij , �ÏÌÕÞÁÅÍ �qm − ��qm−1 = 0. �ÁËÉÍ ÏÂÒÁÚÏÍ,� ∈ Ker , Á ÚÎÁÞÉÔ, m∑j=1 aj�ij = 0. éÚ ÌÉÎÅÊÎÏÊ ÎÅÚÁ×ÉÓÉÍÏÓÔÉ ÓÉÓÔÅÍÙ� ÓÌÅÄÕÅÔ aj = 0; j = 1; : : : ; l. �ðÒÅÄÌÏÖÅÎÉÅ 6. ðÕÓÔØ e ≡ 0 mod (q − 1), Ker = {0} É s ∈ Se.âÁÚÉÓÏÍ ÓÔÕ�ÅÎÉ F (Mq�s) \F (Mq�s+1), 0 6 � 6 �s, Ñ×ÌÑÅÔÓÑ ÍÎÏ-ÖÅÓÔ×Ï E(�q��q�s):âÁÚÉÓÏÍ ÓÔÕ�ÅÎÉ F (Mq�ss+�e) \ F (Mq�ss+�e+1), � > 0, Ñ×ÌÑÅÔÓÑÍÎÏÖÅÓÔ×Ï E(��0�q�s�q�ss+e�):âÁÚÉÓÏÍ ÓÔÕ�ÅÎÉ F (Mqe1+�e)\F (Mqe1+�e+1), � > 0, Ñ×ÌÑÅÔÓÑ ÍÎÏ-ÖÅÓÔ×Ï: E(��0B�qe1+�e):äÏËÁÚÁÔÅÌØÓÔ×Ï. éÓ�ÏÌØÚÕÅÍ �ÒÅÄÌÏÖÅÎÉÅ 3 (ÄÌÑ ÓÔÕ�ÅÎÉ qe1) É ÌÅÍ-ÍÕ 2. �5.2.2. óÌÕÞÁÊ Ker 6= {0}. ÷ ÜÔÏÍ ÓÌÕÞÁÅ �ÏÌÅ K ÓÏÄÅÒÖÉÔ ×ÓÅ ËÏÒÎÉÉÚÏÇÅÎÉÉ [�n0 ℄. úÁÍÅÔÉÍ, ÞÔÏ n 6 m. ðÕÓÔØ �n { �ÅÒ×ÏÏÂÒÁÚÎÙÊ ËÏÒÅÎØ.ðÕÓÔØ �∗ ∈ O∗K { ÔÁËÏÊ ÜÌÅÍÅÎÔ, ÞÔÏ �∗ ∈ Ker . �ÁËÉÍ ÏÂÒÁÚÏÍ,�qm∗ − �0�qm−1
∗ ≡ 0 mod �:ðÕÓÔØ H0 = {�i; i ∈ I0} { ÓÉÓÔÅÍÁ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ × OK ÂÁÚÉÓÁk \ Ker , Ô.Å., ÄÏ�ÏÌÎÅÎÉÅ �∗ ÄÏ ÂÁÚÉÓÁ �ÏÌÑ k ÎÁÄ k0. ðÏÌÕÞÁÅÍ H =H0 ∪ {�∗} { ÂÁÚÉÓ k.íÏÖÎÏ ÔÁËÖÅ ÚÁÍÅÔÉÔØ, ÞÔÏ

{ (�i); i ∈ I0} ⊂ Im { ÌÉÎÅÊÎÏ ÎÅÚÁ×ÉÓÉÍÁÑ ÓÉÓÔÅÍÁ × k (Ô.Ë., Ñ×ÌÑÅÔÓÑ ÏÂÒÁÚÏÍ ÌÉÎÅÊÎÏÎÅÚÁ×ÉÓÉÍÏÊ ÓÉÓÔÅÍÙ). äÏ�ÏÌÎÉÍ ÅÅ ÄÏ ÂÁÚÉÓÁ. ðÕÓÔØ � = {�j ; j ∈ J}{ ÓÉÓÔÅÍÁ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÄÏ�ÏÌÎÅÎÉÑ. �ÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ ÉÍÅÅÍ ÔÒÉÒÁÚÎÙÈ ÂÁÚÉÓÁ �ÏÌÑ k ÎÁÄ k0:� = {�i; i ∈ I}; H = {�∗; �i; i ∈ I0}; (H0) ∪ � = { (�i); �j ; i ∈ I0; j ∈ J}:ïÔÓÀÄÁ �ÏÌÕÞÁÅÍ



194 å. ÷. éëïîîéëï÷áðÒÅÄÌÏÖÅÎÉÅ 7. ðÕÓÔØ s ∈ Se; s 6= em. �ÏÇÄÁ ÂÁÚÉÓÁÍÉ ÓÔÕ�ÅÎÅÊF (Mq�s) \ F (M q�s+1); 0 6 � 6 �sÉ F (Mq�ss+�e) \ F (Mq�ss+�e+1); � > 0;ÂÕÄÕÔ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÓÉÓÔÅÍÙ ÉÚ �ÒÅÄÌÏÖÅÎÉÑ 6.ðÕÓÔØ s = em ∈ Se. �ÏÇÄÁ ÂÁÚÉÓÏÍ ÓÔÕ�ÅÎÉF (Mq�em) \ F (Mq�em+1+1); 0 6 � 6 m;ÂÕÄÅÔ ÓÉÓÔÅÍÁ E(Hq��q�em):âÁÚÉÓÏÍ ÓÔÕ�ÅÎÉ F (Mqe1+�e)\F (Mqe1+�e+1), � > 0; ÂÕÄÅÔ ÓÉÓÔÅÍÁE(��	�qe1+�e) ∪E(����qe1+�e);ÇÄÅ 	 { ÓÉÓÔÅÍÁ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ  (H0).5.3. âÁÚÉÓ ÆÏÒÍÁÌØÎÏÇÏ ÍÏÄÕÌÑ F (M) × ÓÌÕÞÁÅ ÓÏ×ÅÒÛÅÎÎÏÇÏ�ÏÌÑ ×ÙÞÅÔÏ×.5.3.1. óÌÕÞÁÊ ÏÔÓÕÔÓÔ×ÉÑ ÎÅÔÒÉ×ÉÁÌØÎÙÈ ËÏÒÎÅÊ ÉÚÏÇÅÎÉÉ [�n0 ℄.�ÅÏÒÅÍÁ 5. ÷ ÓÌÕÞÁÅ ÏÔÓÕÔÓÔ×ÉÑ ÎÅÔÒÉ×ÉÁÌØÎÙÈ ËÏÒÎÅÊ ÉÚÏÇÅÎÉÉ�n0 ÍÎÏÖÅÓÔ×Ï
{"i;s|i ∈ I; s ∈ Se};ÇÄÅ "i;s = E(�i�s), Ñ×ÌÑÅÔÓÑ O0-ÂÁÚÉÓÏÍ ÆÏÒÍÁÌØÎÏÇÏ ÍÏÄÕÌÑ F (M),Ô.Å. ÌÀÂÏÊ ÜÌÅÍÅÎÔ � ∈ F (M) ÏÄÎÏÚÎÁÞÎÏ �ÒÅÄÓÔÁ×ÌÑÅÔÓÑ × ×ÉÄÅ:� = ∑i∈I;s∈Se[ai;s℄E(�i�s);ÇÄÅ ai;s ∈ O0 É ÍÎÏÖÅÓÔ×Ï ÉÎÄÅËÓÏ×Is; = {i ∈ I |v(ai;s) 6 }ËÏÎÅÞÎÏ ÄÌÑ ÌÀÂÏÇÏ  > 0 É ÌÀÂÏÇÏ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ s.äÏËÁÚÁÔÅÌØÓÔ×Ï. {"i;s|i ∈ I; s ∈ Se} Ñ×ÌÑÅÔÓÑ ÓÉÓÔÅÍÏÊ ÏÂÒÁÚÕÀÝÉÈÄÌÑ F (M) �Ï ÌÅÍÍÅ 1.äÏËÁÖÅÍ ÅÄÉÎÓÔ×ÅÎÎÏÓÔØ ÒÁÚÌÏÖÅÎÉÑ. ðÕÓÔØ
∑i;s [ai;s℄"i;s = 0:îÁÄÏ ÄÏËÁÚÁÔØ, ÞÔÏ ai;s = 0 ÄÌÑ ×ÓÅÈ �ÁÒ (i; s).



ëáîïîéþåóëéê âáúéó 195äÌÑ s ∈ Se É  > 1, Ï�ÒÅÄÅÌÉÍ I(s) ⊂ I ËÁË ÍÎÏÖÅÓÔ×Ï ÉÎÄÅËÓÏ×, ÄÌÑËÏÔÏÒÙÈ v(ai;s) = . úÁÍÅÔÉÍ, ÞÔÏ ÜÔÏ ÍÎÏÖÅÓÔ×Ï ËÏÎÅÞÎÏ. �ÏÇÄÁ0 = ∑i;s [ai;s℄"i;s = ∑s∈Se ∑>1 "()s ;ÇÄÅ "()s = ∑i∈I()s [ai;s℄"i;s:äÌÑ ËÁÖÄÏÊ ÆÉËÓÉÒÏ×ÁÎÎÏÊ �ÁÒÙ (s; ) ÓÕÍÍÁ ∑i∈I()s [ai;s℄"i;s ÌÉÂÏ ÒÁ×-Îa 0, ËÏÇÄÁ ×ÓÅ ai;s = 0, i ∈ I, ÌÉÂÏ ×ÓÅ ÓÌÁÇÁÅÍÙÅ, ÏÔÌÉÞÎÙÅ ÏÔ 0, ÌÅ-ÖÁÔ × ÏÄÎÏÊ ÓÔÕ�ÅÎÉ. ðÒÉ ÜÔÏÍ ÄÌÑ ÒÁÚÎÙÈ �ÁÒ (s; ) É (s′; ′) ÓÔÕ�ÅÎÉ,× ËÏÔÏÒÙÈ ÌÅÖÁÔ "()s É "(′)s′ , ÎÅ ÓÏ×�ÁÄÁÀÔ.åÓÌÉ ÎÅ ×ÓÅ ai;s ÒÁ×ÎÙ ÎÕÌÀ, ÔÏ ÎÁÊÄÅÔÓÑ �ÁÒÁ (s; ), ÄÌÑ ËÏÔÏÒÏÊ"()s �ÒÉÎÁÄÌÅÖÉÔ ÓÔÕ�ÅÎÉ F (Mr)\F (Mr+1) Ó ÎÁÉÍÅÎØÛÉÍ ÎÏÍÅÒÏÍ r.�ÏÇÄÁ 0 = ∑i;s [ai;s℄"i;s = ∑s∈Se ∑>1 "s ∈ F (Mr) \ F (Mr+1){ �ÒÏÔÉ×ÏÒÅÞÉÅ. �5.3.2. óÌÕÞÁÊ ÎÁÌÉÞÉÑ ÎÅÔÒÉ×ÉÁÌØÎÙÈ ËÏÒÎÅÊ ÉÚÏÇÅÎÉÉ [�n0 ℄.�ÅÏÒÅÍÁ 6. ïÂßÅÄÉÎÅÎÉÅ ÍÎÏÖÅÓÔ×E(��s); s ∈ Se; s 6= emE(H�em) É E(��e1 ):Ñ×ÌÑÅÔÓÑ ÓÉÓÔÅÍÏÊ ÏÂÒÁÚÕÀÝÉÈ ÍÏÄÕÌÑ F (M) ÎÁÄ O0. �.Å, ÌÀÂÏÊ ÜÌÅ-ÍÅÎÔ � ∈ F (M) �ÒÅÄÓÔÁ×ÉÍ × ×ÉÄÅ� = ∑[ai℄"i;ÇÄÅ "i �ÒÏÂÅÇÁÅÔ ×ÓÅ Õ�ÏÍÑÎÕÔÙÅ ÍÎÏÖÅÓÔ×Á. ðÒÉ ÜÔÏÍ ai Ï�ÒÅÄÅÌÅ-ÎÙ ÏÄÎÏÚÎÁÞÎÏ �Ï ÍÏÄÕÌÀ �n0 .äÏËÁÚÁÔÅÌØÓÔ×Ï. óÕÝÅÓÔ×Ï×ÁÎÉÅ ÄÏËÁÚÙ×ÁÅÔÓÑ ÁÎÁÌÏÇÉÞÎÏ �ÒÅÄÙ-ÄÕÝÅÊ ÔÅÏÒÅÍÅ. åÄÉÎÓÔ×ÅÎÎÏÓÔØ ÒÁÚÌÏÖÅÎÉÑ �Ï ÍÏÄÕÌÀ �n0 ×ÙÔÅËÁÅÔÉÚ ÓÌÅÄÕÀÝÅÊ ÌÅÍÍÙ.ìÅÍÍÁ 3. � ∈ K ÔÏÇÄÁ É ÔÏÌØËÏ ÔÏÇÄÁ �ÒÉÎÁÄÌÅÖÉÔ (�n0 ), ËÏÇÄÁ×ÓÅ ËÏÜÆÆÉ�ÉÅÎÔÙ × ÒÁÚÌÏÖÅÎÉÉ � = ∑[ai℄"i ÄÅÌÑÔÓÑ ÎÁ �n0 .



196 å. ÷. éëïîîéëï÷áäÏËÁÚÁÔÅÌØÓÔ×Ï. äÏÓÔÁÔÏÞÎÏÓÔØ ÏÞÅ×ÉÄÎÁ. äÏËÁÖÅÍ ÎÅÏÂÈÏÄÉ-ÍÏÓÔØ. ðÕÓÔØ v0 { ÎÏÒÍÉÒÏ×ÁÎÉÅ ÎÁ K0 É � = min{v0(ai)}. ðÒÅÄ�ÏÌÏ-ÖÉÍ, ÞÔÏ ÔÅÏÒÅÍÁ ÎÅ×ÅÒÎÁ. �ÏÇÄÁ � < n. ðÕÓÔØ i0 = min{i; v0(ai) = �}.òÁÓÓÍÏÔÒÉÍ ÜÌÅÍÅÎÔ ! = 1[��0 ℄�. ðÏÌÕÞÉÍ, ÞÔÏ ! ≡ �i0 mod �qe1+1,ÇÄÅ  { ÌÉÎÅÊÎÁÑ ËÏÍÂÉÎÁ�ÉÑ ÜÌÅÍÅÎÔÏ× ÉÚ H �ÒÉ i0 = em, ÜÌÅÍÅÎÔÏ×ÉÚ � �ÒÉ i0 = em, ÜÌÅÍÅÎÔÏ× ÉÚ � × �ÒÏÞÉÈ ÓÌÕÞÁÑÈ. �ÁËÉÍ ÏÂÒÁÚÏÍ,! 6≡ 0 mod �qe1 É ÒÁÓÛÉÒÅÎÉÅK( 1[��+10 ℄�)=K ÂÕÄÅÔ ÎÅÔÒÉ×ÉÁÌØÎÙÍ, ÞÔÏ�ÒÏÔÉ×ÏÒÅÞÉÔ ÕÓÌÏ×ÉÀ � ∈ (�n0 ). �

�

§6. óÌÕÞÁÊ ÎÅÓÏ×ÅÒÛÅÎÎÏÇÏ �ÏÌÑ ×ÙÞÅÔÏ×ï�ÒÅÄÅÌÅÎÉÅ 4. üÌÅÍÅÎÔÙ {tr; r ∈ R} ÏÂÒÁÚÕÀÔ p-ÂÁÚÉÓ �ÏÌÑ k, ÅÓÌÉk = kp[{tr}℄ É (kp[t1; : : : ; tn℄ : kp) = pn ÄÌÑ ÌÀÂÙÈ �Ï�ÁÒÎÏ ÒÁÚÌÉÞÎÙÈt1; : : : ; tn.úÁÍÅÞÁÎÉÅ. �ÁËÉÍ ÏÂÒÁÚÏÍ, k = kpl [{tr}℄ ÄÌÑ ÌÀÂÏÇÏ l > 1.ðÕÓÔØ {tr; r ∈ R} { ÓÉÓÔÅÍÁ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ × O p-ÂÁÚÉÓÁ {tr; r ∈ R}.ïÂÏÚÎÁÞÉÍ t(k)(r) = tk1r1 : : : tklrl , ÇÄÅ ×ÓÅ ri �Ï�ÁÒÎÏ ÒÁÚÌÉÞÎÙ.äÌÑ ÍÕÌØÔÉÉÎÄÅËÓÁ (k):(1) l1 6 (k) 6 l2, ÅÓÌÉ l1 6 ki 6 l2 ÄÌÑ ×ÓÅÈ i,(2) p ∤ (k), ÅÓÌÉ p ∤ ki ÄÌÑ ×ÓÅÈ i.÷×ÅÄÅÍ ÏÂÏÚÎÁÞÅÎÉÅ T̃l = {t(k)(r) | 1 6 (k) 6 l}, T̃0 := {1}. ðÕÓÔØ Tl =
{t(k)(r) ∈ T̃l; p ∤ (k)} �ÒÉ l > 0 É T0 := T̃0.ðÕÓÔØ A { ÓÉÓÔÅÍÁ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÜÌÅÍÅÎÔÏ× ÉÚ k × O.ìÅÍÍÁ 4. A = Apl +Apl [T̃l℄ = ∑06i6nApl [T pil−i℄:äÏËÁÚÁÔÅÌØÓÔ×Ï. éÎÄÕË�ÉÅÊ �Ï l ÉÚ Ï�ÒÅÄÅÌÅÎÉÑ p-ÂÁÚÉÓÁ �ÏÌÕÞÁÅÍk = kpl + kpl [T̃l℄ = ⊕06i6n kpl [T pil−i℄: �óÌÅÄÓÔ×ÉÅ. A = Aql +Aql [T̃lf ℄ = ∑06i6lf Aqf [T pilf−i℄:



ëáîïîéþåóëéê âáúéó 197äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉ q = pf ÚÁÍÅÎÑÅÍ l ÎÁ lf . �6.1. óÌÕÞÁÊ e 6= 0 mod (q − 1).ìÅÍÍÁ 5. ðÕÓÔØ s ∈ Se. ðÏÌÎÏÊ ÓÉÓÔÅÍÏÊ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÓÔÕ�ÅÎÉF (Ms) \ F (Ms+1) Ñ×ÌÑÅÔÓÑ ÍÎÏÖÅÓÔ×ÏE(A�s):ðÏÌÎÏÊ ÓÉÓÔÅÍÏÊ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÓÔÕ�ÅÎÉ F (M�e+s) \ F (M�e+s+1)Ñ×ÌÑÅÔÓÑ ÍÎÏÖÅÓÔ×Ï E(��0A�s+�e):äÏËÁÚÁÔÅÌØÓÔ×Ï. ñÓÎÏ ÉÚ ÌÅÍÍÙ 3. �ìÅÍÍÁ 6. ðÕÓÔØ s ∈ Se. ðÏÌÎÏÊ ÓÉÓÔÅÍÏÊ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÓÔÕ�ÅÎÉF (Mq�s) \ F (Mq�s+1); 0 6 � 6 �s;Ñ×ÌÑÅÔÓÑ ÍÎÏÖÅÓÔ×ÏE(( ∑06i6�Aq� [T p�f−ii ℄)�q�s):ðÏÌÎÏÊ ÓÉÓÔÅÍÏÊ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÓÔÕ�ÅÎÉF (Mq�s + �e) \ F (Mq�s+�e+1)Ñ×ÌÑÅÔÓÑ ÍÎÏÖÅÓÔ×ÏE((�� ∑06i6�Aq�s [T p�sf−ii ℄)�p�ss+�e):äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉÍÅÎÑÅÍ ÌÅÍÍÕ 5 É ÓÌÅÄÓÔ×ÉÅ ÉÚ ÌÅÍÍÙ 4. �6.2. óÌÕÞÁÊ e ≡ 0 mod (q−1). áÎÁÌÏÇÉÞÎÏ ÓÌÕÞÁÀ ÓÏ×ÅÒÛÅÎÎÏÇÏ �Ï-ÌÑ ×ÙÞÅÔÏ× Ï�ÒÅÄÅÌÑÅÍ ÇÏÍÏÍÏÒÆÉÚÍ  : k → k.6.2.1. Ker = {0}.ìÅÍÍÁ 7. ðÏÌÎÏÊ ÓÉÓÔÅÍÏÊ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÓÔÕ�ÅÎÉF (Mq�s) \ F (Mq�s+1); s ∈ Se; 0 6 � 6 �s;Ñ×ÌÑÅÔÓÑ ÍÎÏÖÅÓÔ×ÏE(( �∑i=0 Aq� [T q�f−ii ℄)�q�s):



198 å. ÷. éëïîîéëï÷áðÏÌÎÏÊ ÓÉÓÔÅÍÏÊ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÓÔÕ�ÅÎÉF (Mq�s+�e) \ F (Mq�s+�e+1); s ∈ Se; s 6= em;Ñ×ÌÑÅÔÓÑ ÍÎÏÖÅÓÔ×ÏE((��0 �s∑i=0 Aq�s [T p�sf−ii ℄)�q�ss+�e):ðÏÌÎÏÊ ÓÉÓÔÅÍÏÊ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÓÔÕ�ÅÎÉF (Mqe1+�e) \ F (Mqe1+�e+1); s ∈ Se; s 6= em;Ñ×ÌÑÅÔÓÑ ÍÎÏÖÅÓÔ×Ï E(��0B�qe1+�e);ÇÄÅ B = m−1∑i=0 Bi,
Bi = Aqm[T pmf−i]

− �0Aqm−1[T pmf−i−1]= {aqm[T pmf−i]
− �0aqm−1[T pmf−i−1] : a ∈ A}:äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÅÒ×ÙÅ Ä×Á ÕÔ×ÅÒÖÄÅÎÉÑ �ÏÌÕÞÁÅÍ �Ï ÁÎÁÌÏÇÉÉ ÓÌÅÍÍÏÊ 6. ðÏÓÌÅÄÎÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ �ÏÌÕÞÁÅÍ, ×ÏÓ�ÏÌØÚÏ×Á×ÛÉÓØ ÌÅÍÍÏÊ1 É ÔÅÍ, ÞÔÏ A = B mod M , Á ÚÎÁÞÉÔ, B { �ÏÌÎÁÑ ÓÉÓÔÅÍÁ �ÒÅÄÓÔÁ×É-ÔÅÌÅÊ k × O. �6.2.2. Ker 6= {0}. ðÕÓÔØ Ker �ÏÒÏÖÄÅÎÏ �0 ∈ A. �ÁË ËÁË  (A) =Aqm

− �0Aqm−1 , ÔÏ, ÏÂÏÚÎÁÞÉ× A0 = A \ {�0}, �ÏÌÕÞÉÍ ÓÉÓÔÅÍÕ �ÒÅÄ-ÓÔÁ×ÉÔÅÌÅÊ  (A) × O:
(Aqm0 − �0Aqm−10 )+B:ïÂÏÚÎÁÞÉÍ � = { ∈ O |  ∈ k \ Im }.ìÅÍÍÁ 8. ðÏÌÎÏÊ ÓÉÓÔÅÍÏÊ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÓÔÕ�ÅÎÉF (Mq�s) \ F (Mq�s+1); s ∈ Se; 0 6 � 6 �s;Ñ×ÌÑÅÔÓÑ ÍÎÏÖÅÓÔ×ÏE(( �∑i=0 Aq� [T q�f−ii ℄)�q�s):ðÏÌÎÏÊ ÓÉÓÔÅÍÏÊ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÓÔÕ�ÅÎÉF (Mq�s+�e) \ F (Mq�s+�e+1); s ∈ Se; s 6= em;



ëáîïîéþåóëéê âáúéó 199Ñ×ÌÑÅÔÓÑ ÍÎÏÖÅÓÔ×ÏE((��0 �s∑i=0 Aq�s [T p�sf−ii ℄)�q�ss+�e):ðÏÌÎÏÊ ÓÉÓÔÅÍÏÊ �ÒÅÄÓÔÁ×ÉÔÅÌÅÊ ÓÔÕ�ÅÎÉF (Mqe1+�e) \ F (Mqe1+�e+1))Ñ×ÌÑÅÔÓÑ ÍÎÏÖÅÓÔ×ÏE(��0 (Aqm0 − �0Aqm−10 �e1+�e)) ∪ E(��0B�qe1+�e) ∪E(��0��qe1+�e):6.3. âÁÚÉÓ ÆÏÒÍÁÌØÎÏÇÏ ÍÏÄÕÌÑ F (M) × ÓÌÕÞÁÅ ÎÅÓÏ×ÅÒÛÅÎ-ÎÏÇÏ �ÏÌÑ ×ÙÞÅÔÏ×.6.3.1. óÌÕÞÁÊ ÏÔÓÕÔÓÔ×ÉÑ ÎÅÔÒÉ×ÉÁÌØÎÙÈ ËÏÒÎÅÊ ÉÚÏÇÅÎÉÉ [�n0 ℄.�ÅÏÒÅÍÁ 7. íÎÏÖÅÓÔ×Ï E(Aq� [Tq� ℄�q�s);ÇÄÅ s ∈ Se; 0 6 � 6 �s, Ñ×ÌÑÅÔÓÑ O0-ÂÁÚÉÓÏÍ ÆÏÒÍÁÌØÎÏÇÏ ÍÏÄÕÌÑF (M), Ô.Å. ÌÀÂÏÊ ÜÌÅÍÅÎÔ � ∈ F (M) ÏÄÎÏÚÎÁÞÎÏ �ÒÅÄÓÔÁ×ÌÑÅÔÓÑ ××ÉÄÅ � = ∑s;�;(k);(r)[a�;�℄E(�q� t(k)(r)�q�s);�ÒÉ ÜÔÏÍ (r) �ÒÏÂÅÇÁÅÔ ËÏÎÅÞÎÏÅ ÞÉÓÌÏ ÎÁÂÏÒÏ× ÉÎÄÅËÓÏ× ÉÚ R, ÉIs; = {� ∈ A; (k); (r)|v(a�;�) 6 }ËÏÎÅÞÎÏ ÄÌÑ ÌÀÂÏÇÏ  > 0 É ÌÀÂÙÈ ÆÉËÓÉÒÏ×ÁÎÎÙÈ s É �.äÏËÁÚÁÔÅÌØÓÔ×Ï. óÕÝÅÓÔ×Ï×ÁÎÉÅ ÒÁÚÌÏÖÅÎÉÑ ÓÌÅÄÕÅÔ ÉÚ ÔÅÏÒÅÍÙçÅÎÚÅÌÑ. äÏËÁÖÅÍ ÅÄÉÎÓÔ×ÅÎÎÏÓÔØ. åÓÌÉ ÅÓÔØ ÎÅÏÄÎÏÚÎÁÞÎÏÓÔØ ÒÁÚÌÏ-ÖÅÎÉÑ, ÔÏ ÓÕÝÅÓÔ×ÕÅÔ É ÎÅÔÒÉ×ÉÁÌØÎÏÅ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÎÕÌÑ. ðÕÓÔØ�s;�; = ∑[a�;�℄E(�q� t(k)(r)�q�s);(k); (r); � �ÒÏÂÅÇÁÀÔ ×ÓÅ ÎÁÂÏÒÙ, ÄÌÑ ËÏÔÏÒÙÈ v(a�;�) = . �ÏÇÄÁ, ÅÓÌÉ
∑(s;�)(∑>1 �s;�;) = 0;ÔÏ ÌÉÂÏ ×ÓÅ �s;�; ÒÁ×ÎÙ ÎÕÌÀ, ÌÉÂÏ ÄÌÑ ÎÅËÏÔÏÒÏÊ ÔÒÏÊËÉ (s; �; ) �s;�;ÌÅÖÉÔ × ÓÔÕ�ÅÎÉ Mr \Mr+1 Ó ÎÁÉÍÅÎØÛÉÍ r. éÚ ÜÔÏÇÏ ÓÌÅÄÕÅÔ, ÞÔÏ1 ∈Mr \Mr+1 { �ÒÏÔÉ×ÏÒÅÞÉÅ. �



200 å. ÷. éëïîîéëï÷á6.3.2. óÌÕÞÁÊ ÎÁÌÉÞÉÑ ÎÅÔÒÉ×ÉÁÌØÎÙÈ ËÏÒÎÅÊ ÉÚÏÇÅÎÉÉ [�n0 ℄.�ÅÏÒÅÍÁ 8. íÎÏÖÅÓÔ×ÏE(Aq� [Tq� ℄�q�s) ∪ E(��qe1 );ÇÄÅ s ∈ Se, Ñ×ÌÑÀÔÓÑ ÓÉÓÔÅÍÏÊ ÏÂÒÁÚÕÀÝÉÈ ÍÏÄÕÌÑ F (M) ÎÁÄ O0. �.Å,ÌÀÂÏÊ ÜÌÅÍÅÎÔ � ∈ F (M) �ÒÅÄÓÔÁ×ÉÍ × ×ÉÄÅ� = ∑s;�;(k);(r)[a�;�℄E(�q� t(k)(r)�q�s) +∑[b;�℄E(�e1)ðÒÉ ÜÔÏÍ a�;� ; b;� Ï�ÒÅÄÅÌÅÎÙ ÏÄÎÏÚÎÁÞÎÏ �Ï ÍÏÄÕÌÀ �n0 .äÏËÁÚÁÔÅÌØÓÔ×Ï. äÏËÁÚÁÔÅÌØÓÔ×Ï ÅÄÉÎÓÔ×ÅÎÎÏÓÔÉ ÒÁÚÌÏÖÅÎÉÑ �Ï×-ÔÏÒÑÅÔ ÓÌÕÞÁÊ ÓÏ×ÅÒÛÅÎÎÏÇÏ �ÏÌÑ. �ìÉÔÅÒÁÔÕÒÁ1. ó. ÷. ÷ÏÓÔÏËÏ×, ëÁÎÏÎÉÞÅÓËÉÊ ÂÁÚÉÓ çÅÎÚÅÌÑ{ûÁÆÁÒÅ×ÉÞÁ × �ÏÌÎÙÈÄÉÓËÒÅÔÎÏ-ÎÏÒÍÉÒÏ×ÁÎÎÙÈ �ÏÌÑÈ. | úÁ�. ÎÁÕÞÎ. ÓÅÍÉÎ. ðïíé 394 (2011),174{1932. ó. ÷. ÷ÏÓÔÏËÏ×, îÏÒÍÅÎÎÏÅ Ó�ÁÒÉ×ÁÎÉÅ × ÆÏÒÍÁÌØÎÙÈ ÍÏÄÕÌÑÈ. | éÚ×ÅÓÔÉÑáî óóóò. óÅÒ.ÍÁÔÅÍ. 43 (1979), No. 4, 706{794.3. ó. ÷. ÷ÏÓÔÏËÏ×, é. ì. ëÌÉÍÏ×É�ËÉÊ, ðÒÉÍÁÒÎÙÅ ÜÌÅÍÅÎÔÙ × ÆÏÒÍÁÌØÎÙÈ ÍÏ-ÄÕÌÑÈ. | óÏ×Ò. �ÒÏÂÌ. ÍÁÔÅÍ. 17 (2013), 153{163.4. I. B. Fesenko, S. V.Vostokov, Loal �elds and their extensions. AMS Bookstore,2002.5. M. Hazewinkel, Formal Groups and Appliations. Pure Appl. Math. 78 1978.6. J. Lubin, J. Tate, Formal omplex multipliation in loal �elds. | Ann. Math.Seond Series 81 (1965) 380{387,7. ä. ç. âÅÎÕÁ, ó. ÷. ÷ÏÓÔÏËÏ×, îÏÒÍÅÎÎÏÅ Ó�ÁÒÉ×ÁÎÉÅ × ÆÏÒÍÁÌØÎÙÈ ÇÒÕ��ÁÈ É�ÒÅÄÓÔÁ×ÌÅÎÉÑ çÁÌÕÁ. | áÌÇÅÂÒÁ É áÎÁÌÉÚ 2, No. 6 (1990), 69{97.8. ï. ÷. äÅÍÞÅÎËÏ, æÏÒÍÁÌØÎÙÅ ÇÒÕ��Ù èÏÎÄÙ: ÁÒÉÆÍÅÔÉËÁ ÇÒÕ��Ù ÔÏÞÅË. |áÌÇÅÂÒÁ É áÎÁÌÉÚ 12, No. 1 (2000), 132{149.9. H. Hasse, Die Gruppe der pn-prim�aren Zahlen f�ur einem Primteiler pn von p. |J. Reine Angew. Math. 176 (1936), 174{183.10. å. ÷. éËÏÎÎÉËÏ×Á, å. ÷. ûÁ×ÅÒÄÏ×Á, âÁÚÉÓ ûÁÆÁÒÅ×ÉÞÁ × ÍÎÏÇÏÍÅÒÎÏÍ ÌÏ-ËÁÌØÎÏÍ �ÏÌÅ. | úÁ�. ÎÁÕÞÎ. ÓÅÍÉÎ. ðïíé 413 (2013), 115{133.Ikonnikova E. V. Hensel-Shafarevih anonial basis in Lubin-Tate for-mal modules.In this paper we present a generalization of the Hensel{Shafarevih basisfor Lubin{Tate formal modules over a loal �eld. These formal modulesare onstruted on the maximal ideal of some extension of this �eld. We



ëáîïîéþåóëéê âáúéó 201study both the ase when the extension has perfet residue �eld and thease with an imperfet residue �eld. ðÏÓÔÕ�ÉÌÏ 24 ÓÅÎÔÑÂÒÑ 2014 Ç.ó.-ðÅÔÅÒÂÕÒÇÓËÉÊÇÏÓÕÄÁÒÓÔ×ÅÎÎÙÊ ÕÎÉ×ÅÒÓÉÔÅÔõÎÉ×ÅÒÓÉÔÅÔÓËÉÊ �Ò. 28, ðÅÔÒÏÄ×ÏÒÅ�,198504 óÁÎËÔ-ðÅÔÅÒÂÕÒÇ, òÏÓÓÉÑE-mail : elena.mm112�gmail.om


