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úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 445, 2016 Ç.ï. í. æÏÍÅÎËÏüëó�òåíáìøîùå úîáþåîéñ äúå�á-æõîëãéêüðû�åêîá
§1ðÕÓÔØ Q(u1; u2; : : : ; ul) ÏÚÎÁÞÁÅÔ �ÏÌÏÖÉÔÅÌØÎÏ Ï�ÒÅÄÅÌÅÎÎÕÀ Ë×Á-ÄÒÁÔÉÞÎÕÀ ÆÏÒÍÕ

∑ dijuiuj (i; j = 1; 2; : : : ; l)ÏÔ l(> 2) �ÅÒÅÍÅÎÎÙÈ Ó �ÅÌÙÍÉ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ dij(= dji). òÁÓÓÍÏ-ÔÒÉÍ ÄÚÅÔÁ-ÆÕÎË�ÉÀ ü�ÛÔÅÊÎÁ �Q(s), ÁÓÓÏ�ÉÉÒÏ×ÁÎÎÕÀ Ó ÆÏÒÍÏÊ Q,�Q(s) = ∑

′(Q(u1; u2; : : : ; ul))−s;ÇÄÅ s = � + it, � > l2 É ÓÕÍÍÉÒÏ×ÁÎÉÅ ÉÄÅÔ �Ï ×ÓÅÍ �ÅÌÙÍ l-ÓÔÒÏËÁÍ(u1; u2; : : : ; ul) Ó ÉÓËÌÀÞÅÎÉÅÍ (0; 0; : : : ; 0). éÚ×ÅÓÔÎÏ, ÞÔÏ�Q(s)(s− l=2)Ñ×ÌÑÅÔÓÑ �ÅÌÏÊ ÆÕÎË�ÉÅÊ, �ÒÉÞÅÍ �Q(s) ÏÂÌÁÄÁÅÔ ÆÕÎË�ÉÏÎÁÌØÎÙÍÕÒÁ×ÎÅÎÉÅÍ ÒÉÍÁÎÏ×Á ÔÉ�Á ≪ s → l=2− s ≫.éÚ×ÅÓÔÎÏ [1℄, ÞÔÏ �ÒÉ l > 3 ×ÓÅ ÎÕÌÉ �Q(s), ËÒÏÍÅ ÂÅÓËÏÎÅÞÎÏ ÍÁÌÏÊ�ÒÏ�ÏÒ�ÉÉ, ÌÅÖÁÔ × �ÏÌÏÓÅ 12 −Æ < � < l−12 +Æ, Æ > 0 { ÌÀÂÏÅ ÆÉËÓÉÒÏ-×ÁÎÎÏÅ ÞÉÓÌÏ; × ÓÌÕÞÁÅ l = 2 ÒÏÌØ ÜÔÏÊ �ÏÌÏÓÙ ÉÇÒÁÅÔ 12−Æ < � < 12+Æ.åÓÌÉ l > 3, ÔÏ ÓÒÅÄÎÅÅ Ë×ÁÄÒÁÔÉÞÎÏÅ ÄÚÅÔÁ-ÆÕÎË�ÉÉ ü�ÛÔÅÊÎÁ ÕÄÏ-×ÌÅÔ×ÏÒÑÅÔ (ÓÍ. [2, 3℄)T
∫0 ∣

∣�Q( l − 12 + it)∣∣2 = BQT logT +O(T );ÇÄÅ BQ > 0 { ËÏÎÓÔÁÎÔÁ; × ÓÌÕÞÁÅ l = 2T
∫0 ∣

∣�Q(12 + it)∣∣2 dt = AQT (logT )2 +O(T logT );ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÄÚÅÔÁ-ÆÕÎË�ÉÉ ü�ÛÔÅÊÎÁ, Ë×ÁÄÒÁÔÉÞÎÙÅ ÆÏÒÍÙ, ÜËÓÔÒÅ-ÍÁÌØÎÙÅ ÚÎÁÞÅÎÉÑ. 250



üëó�òåíáìøîùå úîáþåîéñ 251ÇÄÅ AQ > 0 { ËÏÎÓÔÁÎÔÁ. ïÔÍÅÔÉÍ, ÞÔÏ × ÓÌÕÞÁÅ � > l−12 (l > 2) �ÏËÌÁÓÓÉÞÅÓËÏÊ ÔÅÏÒÅÍÅ ëÁÒÌÓÏÎÁT
∫0 |�Q(� + it)|2 dt ∼ CQ(�)T;T → ∞, CQ(�) > 0.áÎÁÌÏÇÉÞÎÏ ×ÅÄÅÔ ÓÅÂÑ ÄÚÅÔÁ-ÆÕÎË�ÉÑ òÉÍÁÎÁ �(s) ÎÁ ×ÅÒÔÉËÁÌØ-ÎÙÈ �ÒÑÍÙÈ �ÏÌÏÓÙ 12 6 � 6 1 (ÓÍ. [4℄).÷ 1928 ÇÏÄÕ �ÉÍÔÞÍÁÒÛ ÄÏËÁÚÁÌ ÓÌÅÄÕÀÝÉÊ ÆÁËÔ (≪ ÜÆÆÅËÔ �ÉÔÞ-ÍÁÒÛÁ ≫; ÓÍ. [4, �ÅÏÒÅÍÁ 8.12℄).ðÕÓÔØ � { ÆÉËÓÉÒÏ×ÁÎÎÏÅ ÞÉÓÌÏ, ÇÄÅ 1=2 6 � < 1. �ÏÇÄÁ ÎÅÒÁ×ÅÎÓÔ×Ï

|�(� + it)| > exp(log� t) (1.1)×Ù�ÏÌÎÑÅÔÓÑ ÄÌÑ ÎÅËÏÔÏÒÏÊ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ t = tn ÔÁËÏÊ, ÞÔÏlimn→∞
tn =∞�ÒÉ ÕÓÌÏ×ÉÉ � < 1− �.ãÅÌØ ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÙ { �ÏÌÕÞÉÔØ ÁÎÁÌÏÇÉ ÎÅÒÁ×ÅÎÓÔ×Á (1.1) ÄÌÑÄÚÅÔÁ-ÆÕÎË�ÉÊ ü�ÛÔÅÊÎÁ �ÒÉ l > 2. òÅÞØ ÉÄÅÔ ÏÂ ÜËÓÔÒÅÍÁÌØÎÙÈ ÚÎÁ-ÞÅÎÉÑÈ ÎÁ ×ÅÒÔÉËÁÌØÎÙÈ �ÒÑÍÙÈ �ÏÌÏÓÙ (l−1)=2 6 � 6 l=2. ïÂÏÚÎÁÞÉÍÄÚÅÔÁ-ÆÕÎË�ÉÀ ü�ÛÔÅÊÎÁ, ÁÓÓÏ�ÉÉÒÏ×ÁÎÎÕÀ Ó Ë×ÁÄÒÁÔÉÞÎÏÊ ÆÏÒÍÏÊQ(u1; u2; : : : ; ul) = u21 + u22 + · · ·+ u2l ;ÞÅÒÅÚ �l(s). ÷ §2 ÒÁÓÓÍÁÔÒÉ×ÁÀÔÓÑ ÄÚÅÔÁ-ÆÕÎË�ÉÉ ü�ÛÔÅÊÎÁ �l(s)(l >4) É ÏÂÓÕÖÄÁÅÔÓÑ ×ÏÚÍÏÖÎÏÓÔØ �ÏÌÕÞÅÎÉÑ ÜÆÆÅËÔÁ �ÉÔÞÍÁÒÛÁ × ÏÂ-ÝÅÍ ÓÌÕÞÁÅ �Q(s)(l > 4). ÷ §3 ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ÔÅÒÎÁÒÎÙÊ ÓÌÕÞÁÊ�Q(s), l = 3; × ÏÓÎÏ×ÎÏÍ, ÂÕÄÅÔ ÔÒÁËÔÏ×ÁÔØÓÑQ(u1; u2; u3) = u21+u22+u23.äÚÅÔÁ-ÆÕÎË�ÉÉ ü�ÛÔÅÊÎÁ, ÁÓÓÏ�ÉÉÒÏ×ÁÎÎÙÅ Ó ÂÉÎÁÒÎÙÍÉ ÆÏÒÍÁÍÉ,ÉÚÕÞÁÀÔÓÑ × §4.íÙ ÉÓ�ÏÌØÚÕÅÍ ÒÁÂÏÔÙ òÁÍÁÞÁÎÄÒÙ [5℄ É âÁÌÁÓÕÂÒÁÍÁÛÉÁÎÁ É òÁ-ÍÁÞÁÎÄÒÙ [6℄, × ËÏÔÏÒÙÈ ÏÂÏÂÝÁÌÓÑ É ÕÔÏÞÎÑÌÓÑ ÍÅÔÏÄ �ÉÔÞÍÁÒÛÁ.ðÒÉ �ÏÌÕÞÅÎÉÉ 
-ÒÅÚÕÌØÔÁÔÏ× ÄÌÑ ÄÚÅÔÁ-ÆÕÎË�ÉÊ ü�ÛÔÅÊÎÁ ÍÅÔÏÄÏÍ�ÉÔÞÍÁÒÛÁ �ÅÎÔÒÁÌØÎÙÍ Ñ×ÌÑÅÔÓÑ ËÌÁÓÓÉÞÅÓËÉÊ ×Ï�ÒÏÓ Ï �ÒÅÄÓÔÁ-×ÉÍÏÓÔÉ �ÅÌÙÈ �ÏÌÏÖÉÔÅÌØÎÙÈ ÞÉÓÅÌ �ÏÌÏÖÉÔÅÌØÎÏ Ï�ÒÅÄÅÌÅÎÎÙÍÉË×ÁÄÒÁÔÉÞÎÙÍÉ ÆÏÒÍÁÍÉ.



252 ï. í. æïíåîëï
§2òÁÓÓÍÏÔÒÉÍ ÓÎÁÞÁÌÁ ÄÚÅÔÁ-ÆÕÎË�ÉÉ ü�ÛÔÅÊÎÁ �l(s)(l > 4). ïÔÍÅ-ÔÉÍ, ÞÔÏ ÎÁÌÉÞÉÅ ÜÆÆÅËÔÁ �ÉÔÞÍÁÒÛÁ ÄÌÑ �4(s) É �6(s) ÏÞÅ×ÉÄÎÏ ×ÓÉÌÕ ÓÏÏÔÎÏÛÅÎÉÊ�4(s) = 8(1− 22−2s)�(s)�(s − 1);�8(s) = 16(1− 21−s + 24−2s)�(s)�(s − 3):íÙ ×ÏÓ�ÏÌØÚÕÅÍÓÑ ÒÅÚÕÌØÔÁÔÁÍÉ, ÓÆÏÒÍÕÌÉÒÏ×ÁÎÎÙÍÉ × úÁÍÅÞÁ-ÎÉÉ 3 ÒÁÂÏÔÙ [6℄. ðÕÓÔØ {an} { �ÏÓÌÅÄÏ×ÔÁÅÌØÎÏÓÔØ ËÏÍ�ÌÅËÓÎÙÈ ÞÉÓÅÌ,ÏÂÌÁÄÁÀÝÁÑ ÓÌÅÄÕÀÝÉÍÉ Ó×ÏÊÓÔ×ÁÍÉ. (i) òÑÄF (s) = ∞
∑n=1 ann−s;ÓÈÏÄÑÝÉÊÓÑ × ÎÅËÏÔÏÒÏÊ �ÏÌÕ�ÌÏÓËÏÓÔÉ ËÏÍ�ÌÅËÓÎÏÊ �ÌÏÓËÏÓÔÉ, ÍÏ-ÖÅÔ ÂÙÔØ ÁÎÁÌÉÔÉÞÅÓËÉ �ÒÏÄÏÌÖÅÎ × ÏÂÌÁÓÔØ� >

12 , T 6 t 6 T + Y É ÔÁÍ
|F (s)| 6 TA;ÇÄÅ A { ËÏÎÓÔÁÎÔÁ. (ii) óÕÝÅÓÔ×ÕÅÔ ÂÅÓËÏÎÅÞÎÏÅ ÍÎÏÖÅÓÔ×Ï S �ÒÏÓÔÙÈÞÉÓÅÌ É �ÏÓÔÏÑÎÎÏÅ �ÅÌÏÅ ÞÉÓÌÏ q ÔÁËÉÅ, ÞÔÏ an ×ÅÝÅÓÔ×ÅÎÎÙÅ É ÏÄ-ÎÏÇÏ É ÔÏÇÏ ÖÅ ÚÎÁËÁ (0 ÍÏÖÅÔ ÂÙÔØ �ÒÉ�ÉÓÁÎ ÌÀÂÏÊ ÚÎÁË), ÅÓÌÉ n�ÒÏÂÅÇÁÅÔ �ÅÌÙÅ ÞÉÓÌÁ, �ÅÌÉËÏÍ ÓÏÓÔÏÑÝÉÅ ÉÚ �ÒÏÓÔÙÈ ÍÎÏÖÉÔÅÌÅÊÉÚ S (× �ÅÒ×ÏÊ ÓÔÅ�ÅÎÉ) É �ÒÏÓÔÙÈ ÍÎÏÖÉÔÅÌÅÊ, ÄÅÌÉÔÅÌÅÊ ÞÉÓÌÁ q, ×ÌÀÂÏÊ ÓÔÅ�ÅÎÉ. (iii) åÓÌÉ n ÉÍÅÅÔ ×ÉÄq ∏p∈S pb(p)Ó b(p) = 0 ÉÌÉ 1 É b(p) = 0 ÄÌÑ ×ÓÅÈ p, ËÒÏÍÅ ËÏÎÅÞÎÏÇÏ ÍÎÏÖÅÓÔ×Á,ÔÏ |an| ÏÇÒÁÎÉÞÅÎÏ ÓÎÉÚÕ �ÏÌÏÖÉÔÅÌØÎÏÊ ËÏÎÓÔÁÎÔÏÊ. (iv) óÕÝÅÓÔ×ÕÅÔËÏÎÓÔÁÎÔÁ D′ > 1 ÔÁËÁÑ, ÞÔÏ ÄÌÑ ×ÓÅÈ x > 10 ×ÅÌÉÞÉÎÁ

∑x<p<D′x;p∈S 1ÌÅÖÉÔ ÍÅÖÄÕ ′x= logx É ′′x= logx, ÇÄÅ 0 < ′ < ′′ { ÎÅËÏÔÏÒÙÅ ËÏÎ-ÓÔÁÎÔÙ (ÚÁÍÅÞÁÎÉÅ: ÇÒÁÎÉ�Á Ó×ÅÒÈÕ ×ÓÅÇÄÁ ÓÕÝÅÓÔ×ÕÅÔ). ó�ÒÁ×ÅÄÌÉ×ÓÌÅÄÕÀÝÉÊ ÒÅÚÕÌØÔÁÔ ÉÚ [6℄.



üëó�òåíáìøîùå úîáþåîéñ 253ìÅÍÍÁ 1. ðÕÓÔØ ×Ù�ÏÌÎÅÎÙ ÕÓÌÏ×ÉÑ (i){(iv);  { ÌÀÂÁÑ �ÏÌÏÖÉÔÅÌØ-ÎÁÑ ËÏÎÓÔÁÎÔÁ, T > 200, logT > (200)1=, É (logT ) 6 Y 6 T . �ÏÇÄÁÓÕÝÅÓÔ×ÕÀÔ �ÏÌÏÖÉÔÅÌØÎÙÅ ËÏÎÓÔÁÎÔÙ D1, D2 ÔÁËÉÅ, ÞÔÏmaxT6t6T+Y |F (12 + it)| > exp{D1( logYlog logY )1=2}; (2.1)É maxT6t6T+Y |F (�0 + it)| > exp{D2 (logY )1−�0log logY } (2.2)ÄÌÑ ËÁÖÄÏÊ ËÏÎÓÔÁÎÔÙ �0, 12 < �0 < 1.äÁÌÅÅ, ÓÕÝÅÓÔ×ÕÅÔ �ÏÌÏÖÉÔÅÌØÎÁÑ ËÏÎÓÔÁÎÔÁ D3 ÔÁËÁÑ, ÞÔÏÄÌÑ (log logT )C 6 Y 6 T É log logT > (200)1= ÉÍÅÅÍmaxT6t6T+Y |F (1 + it)| > D3 log logT: (2.3)ëÏÎÓÔÁÎÔÙ D1, D3 ÚÁ×ÉÓÑÔ ÏÔ , ËÏÎÓÔÁÎÔÁ D2 { ÏÔ  É �0.÷ÏÚ×ÒÁÝÁÅÔÓÑ Ë �l(s)(l > 5). ìÅÇËÏ ×ÉÄÅÔØ, ÞÔÏ�l(s) = ∞
∑n=1 rl(n)ns (� > l2);ÇÄÅ rl(n) { ËÏÌÉÞÅÓÔ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÊ ÎÁÔÕÒÁÌØÎÏÇÏ n ÓÕÍÍÏÊ l Ë×ÁÄÒÁ-ÔÏ× �ÅÌÙÈ ÞÉÓÅÌ. ðÏ ËÌÁÓÓÉÞÅÓËÏÍÕ ÒÅÚÕÌØÔÁÔÕ èÁÒÄÉ (ÓÍ. [7℄), ÅÓÌÉl > 5, ÔÏ �ÒÉ n → ∞rl(n) = Dln l2−1 ∞

∑q=1 ∑′hmod q (S(h; q)q )le( − nhq )+O(nl=4);ÚÄÅÓØDl = �l=2=�(l=2), ÓÕÍÍÉÒÏ×ÁÎÉÅ ∑′ ÉÄÅÔ �Ï �ÒÉ×ÅÄÅÎÎÏÊ ÓÉÓÔÅÍÅ×ÙÞÅÔÏ×, e(z) = exp(2�iz),S(h; q) = ∑a mod q e(ha2q )ÏÚÎÁÞÁÅÔ ÇÁÕÓÓÏ×Õ ÓÕÍÍÕ. ïÓÔÁÔÏÞÎÙÊ ÞÌÅÎ O(nl=4) ÒÁ×ÅÎ ÎÕÌÀ �ÒÉ5 6 l 6 8.÷ÏÓ�ÏÌØÚÕÅÍÓÑ ÉÚ×ÅÓÔÎÙÍ ÆÁËÔÏÍ: �ÕÓÔØ (h; q) = 1, ÔÏÇÄÁ
|S(h; q)| = 









q1=2; ÅÓÌÉ q ≡ 1 (mod 2);0; ÅÓÌÉ q ≡ 2 (mod 4);(2q)1=2; ÅÓÌÉ q ≡ 0 (mod 4):



254 ï. í. æïíåîëïðÒÏÓÔÙÅ ×ÙÞÉÓÌÅÎÉÑ �ÏËÁÚÙ×ÁÀÔ, ÞÔÏ �ÒÉ l > 51 ≪ rl(n) · n− l2+1 ≪ 1:÷×ÅÄÅÍ ÆÕÎË�ÉÀ (l > 5)Fl(s) = �l(s+ l2 − 1) = ∞
∑n=1 al(n)n−s (� > 1);al(n) = rl(n)n− l2+1:åÓÌÉ × ÕÓÌÏ×ÉÉ (ii) ÌÅÍÍÙ 1 �ÏÌÏÖÉÔØ S = {p|p > p0(l)} É q = 1, ÔÏFl(s) ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÑÍ (i){(iv) ÜÔÏÊ ÌÅÍÍÙ. ðÏÜÔÏÍÕ ÆÕÎË�ÉÑFl(s) (l > 5) ÏÂÌÁÄÁÅÔ ÜÆÆÅËÔÏÍ �ÉÔÞÍÁÒÛÁ (2.1){(2.3).ðÅÒÅÈÏÄÉÍ Ë ÄÉÁÇÏÎÁÌØÎÙÍ Ë×ÁÔÅÒÎÁÒÎÙÍ ÆÏÒÍÁÍ ÏÂÝÅÇÏ ×ÉÄÁQ(u1; u2; u3; u4) = d1u21+d2u22+d3u23+d4u24, D = d1d2d3d4. ðÕÓÔØ rQ(n){ ËÏÌÉÞÅÓÔ×Ï �ÅÌÏÞÉÓÌÅÎÎÙÈ �ÒÅÄÓÔÁ×ÌÅÎÉÊ ÎÁÔÕÒÁÌØÎÏÇÏ n ÆÏÒÍÏÊQ. ëÌÏÓÔÅÒÍÁÎ [8℄ ×ÙÞÉÓÌÉÌ ÜÔÏ ËÏÌÉÞÅÓÔ×Ï: �ÒÉ n → ∞rQ(n) = �2√DnS(n) +O(n 1718+"); (2.4)ÇÄÅ S(n) { ÓÉÎÇÕÌÑÒÎÙÊ ÒÑÄ,S(n) = ∏p �(p){ ÒÁÚÌÏÖÅÎÉÅ ÎÁ p-ÍÎÏÖÉÔÅÌÉ; ÚÎÁÞÅÎÉÅ ÄÌÑ �(p) �ÒÉ×ÏÄÉÔÓÑ ÎÉÖÅ ×ÚÁÍÅÞÁÎÉÉ 1. S(n) = �(1)�(2);ÇÄÅ �(1), �(2) { ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ �ÒÏÉÚ×ÅÄÅÎÉÑ�(1) = ∏p|2D �(p); �(2) = ∏p∤2D �(p):îÁËÌÁÄÙ×ÁÑ ÎÁ n ÕÓÌÏ×ÉÅ �ÒÅÄÓÔÁ×ÉÍÏÓÔÉ ÒÏÄÏÍ ÆÏÒÍÙ Q (ÞÔÏ ÜË×É-×ÁÌÅÎÔÎÏ ÒÁÚÒÅÛÉÍÏÓÔÉ ÎÅËÏÔÏÒÏÇÏ ÓÒÁ×ÎÅÎÉÑ É ÇÁÒÁÎÔÉÒÕÅÔ S(n) 6=0) É ÎÅËÏÔÏÒÙÅ ÄÒÕÇÉÅ ÕÓÌÏ×ÉÑ (ÎÁ�ÒÉÍÅÒ, (n; 2D) = 1) ÂÕÄÅÍ ÉÍÅÔØ1≪ �(1) ≪ 1: (2.5)ó ÄÒÕÇÏÊ ÓÔÏÒÏÎÙ,�(2) = {

∑d|n(d;2D)=1 1d(Dd )}

·
∏p(p;2D)=1{1− (Dp ) 1p2}; (2.6)
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·

) { ÓÉÍ×ÏÌ ëÒÏÎÅËÅÒÁ. �Å�ÅÒØ ÌÅÇËÏ ×ÉÄÅÔØ, ÞÔÏ1log logn ≪ �(2) ≪ log logn:ðÏÌÏÖÉÍ FQ(s) = �Q(s+ 1) = ∞
∑n=1 aQ(n)n−s (� > 1);ÇÄÅ aQ(n) = rQ(n)n−1:äÌÑ Õ�ÒÏÝÅÎÉÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÎÁÌÏÖÉÍ ÎÁ ÆÏÒÍÕ Q ÕÓÌÏ×ÉÅ: ËÏÜÆ-ÆÉ�ÉÅÎÔÙ ÆÏÒÍÙ d1, d2, d3, d4 { �ÏÌÏÖÉÔÅÌØÎÙÅ ÎÅÞÅÔÎÙÅ �Ï�ÁÒÎÏ×ÚÁÉÍÎÏ �ÒÏÓÔÙÅ ÞÉÓÌÁ. ðÕÓÔØ ÔÁËÖÅ (n; 2D) = 1. �ÏÇÄÁ (ÓÍ. [8℄) ×Ù-�ÏÌÎÑÅÔÓÑ (2.5).ðÏÌÏÖÉÍ × ÕÓÌÏ×ÉÉ (ii) ÌÅÍÍÙ 1S = {p|p ≡ 1 (mod 4D); p > p0(D)}; q = 1:îÁ ÍÎÏÖÅÓÔ×Å ÂÅÓË×ÁÄÒÁÔÎÙÈ ÞÉÓÅÌ, �ÏÒÏÖÄÅÎÎÙÈ �ÒÏÓÔÙÍÉ ÞÉÓÌÁÍÉÉÚ S, × ÓÉÌÕ (2.5), (2.6), ÉÍÅÅÍ S(n) ≫ 1 É, ÓÌÅÄÏ×ÁÔÅÌØÎÏ, × ÓÉÌÕ (2.4),aQ(n) ≫ 1. �Å�ÅÒØ ÑÓÎÏ, ÞÔÏ ÄÌÑ FQ(s) ×ÓÅ ÕÓÌÏ×ÉÑ ÌÅÍÍÙ 1 ÓÏÂÌÀÄÅÎÙ;ÓÌÅÄÏ×ÁÔÅÌØÎÏ, FQ(s) ÏÂÌÁÄÁÅÔ ÜÆÆÅËÔÏÍ �ÉÔÞÍÁÒÛÁ (2.1){(2.3).íÙ ÄÏËÁÚÁÌÉ ÓÌÅÄÕÀÝÉÊ ÒÅÚÕÌØÔÁÔ.�ÅÏÒÅÍÁ 1. ðÕÓÔØ Q(u1; u2; : : : ; ul) { �ÅÌÏÞÉÓÌÅÎÎÁÑ �ÏÌÏÖÉÔÅÌØÎÏÏ�ÒÅÄÅÌÅÎÎÁÑ Ë×ÁÄÒÁÔÉÞÎÁÑ ÆÏÒÍÁ ÏÔ l > 4 �ÅÒÅÍÅÎÎÙÈ, �Q(s) { ÁÓ-ÓÏ�ÉÉÒÏ×ÁÎÎÁÑ Ó Q ÄÚÅÔÁ-ÆÕÎË�ÉÑ ü�ÛÔÅÊÎÁ. �ÏÇÄÁ ÆÕÎË�ÉÑ FQ(s) =�Q(s+ l=2− 1) ÏÂÌÁÄÁÅÔ ÜÆÆÅËÔÏÍ �ÉÔÞÍÁÒÛÁ (2.1){(2.3) × ÓÌÕÞÁÑÈ:Q(u1; u2; : : : ; ul) = u21 + u22 + · · ·+ u2l ;ÇÄÅ l > 5; Q(u1; u2; : : : ; ul) = d1u21 + d2u22 + d3u23 + d4u24;ÇÄÅ ËÏÜÆÆÉ�ÉÅÎÔÙ d1, d2, d3, d4 Ñ×ÌÑÀÔÓÑ �ÏÌÏÖÉÔÅÌØÎÙÍÉ ÎÅÞÅÔ-ÎÙÍÉ �Ï�ÁÒÎÏ ×ÚÁÉÍÎÏ �ÒÏÓÔÙÍÉ ÞÉÓÌÁÍÉ.úÁÍÅÞÁÎÉÅ 1. òÅÚÕÌØÔÁÔÙ ÔÅÏÒÅÍÙ 1 × �ÒÉÎ�É�Å �ÅÒÅÎÏÓÑÔÓÑ ÎÁ ÌÀ-ÂÙÅ �ÅÌÏÞÉÓÌÅÎÎÙÅ �ÏÌÏÖÉÔÅÌØÎÏ Ï�ÒÅÄÅÌÅÎÎÙÅ Ë×ÁÄÒÁÔÉÞÎÙÅ ÆÏÒÍÙÏÔ l > 4 �ÅÒÅÍÅÎÎÙÈ. äÅÊÓÔ×ÉÔÅÌØÎÏ, ÅÝÅ × ÒÁÂÏÔÁÈ [9,10℄ ÂÙÌÁ ÄÏËÁÚÁ-ÎÁ �ÒÉ l > 4 ÁÓÉÍ�ÔÏÔÉÞÅÓËÁÑ ÆÏÒÍÕÌÁ ÄÌÑ ËÏÌÉÞÅÓÔ×Á �ÒÅÄÓÔÁ×ÌÅÎÉÊ



256 ï. í. æïíåîëïrQ(n) ÎÁÔÕÒÁÌØÎÏÇÏ n ÆÏÒÍÏÊ Q: ÅÓÌÉ n → ∞, ÔÏrQ(n) = (2�)l=2√D�(l=2)n l2−1S(n) +O(n l−14 +");ÇÄÅ D { ÄÅÔÅÒÍÉÎÁÎÔ ÆÏÒÍÙ; S(n) { ÓÉÎÇÕÌÑÒÎÙÊ ÒÑÄ, ËÏÔÏÒÙÊ ÚÁÄÁ-ÅÔÓÑ × Ñ×ÎÏÍ ×ÉÄÅ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ. ðÕÓÔØn = ∏p p�(p){ ÒÁÚÌÏÖÅÎÉÅ n × �ÒÏÉÚ×ÅÄÅÎÉÅ ÓÔÅ�ÅÎÅÊ �ÒÏÓÔÙÈ ÞÉÓÅÌ, �(2) = �(2)+3É �(p) = �(p) + 1, ÅÓÌÉ p > 3; �(p) { ËÏÌÉÞÅÓÔ×Ï ÒÅÛÅÎÉÊ ÓÒÁ×ÎÅÎÉÑQ(u1; u2; : : : ; ul) ≡ n (mod p)�(p)): (2.7)�ÏÇÄÁ ÓÉÎÇÕÌÑÒÎÙÊ ÒÑÄ S(n) ÄÁÅÔÓÑ ÆÏÒÍÕÌÏÊS(n) = ∏p �(p); �(p) = p−(l−1)�(p)�(p):òÁÚÒÅÛÉÍÏÓÔØ ÓÒÁ×ÎÅÎÉÑ (2.7) ÄÌÑ ËÁÖÄÏÇÏ �ÒÏÓÔÏÇÏ p|2D ÇÁÒÁÎÔÉ-ÒÕÅÔ × ÓÌÕÞÁÅ l > 5 ×Ù�ÏÌÎÅÎÉÅ ÎÅÒÁ×ÅÎÓÔ×Á S(n) >  > 0, Á × ÓÌÕÞÁÅl = 4 (ÅÓÌÉ n ÎÅ ÓÏÄÅÒÖÉÔ ×ÙÓÏËÉÈ ÓÔÅ�ÅÎÅÊ �ÒÏÓÔÙÈ ÞÉÓÅÌ p, ÄÅÌÑÝÉÈ2D É ÎÁÚÙ×ÁÅÍÙÈ ÁÎÉÚÏÔÒÏ�ÎÙÍÉ) ×Ù�ÏÌÎÅÎÉÅ ÎÅÒÁ×ÅÎÓÔ×ÁS(n) ≫ 1log logn:üÔÏ ÏÚÎÁÞÁÅÔ �ÒÅÄÓÔÁ×ÉÍÏÓÔØ ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÈ n ÎÅ ÔÏÌØËÏ ÒÏÄÏÍÆÏÒÍÙ Q, ÎÏ É ÓÁÍÏÊ ÆÏÒÍÏÊ Q.ïÔÍÅÔÉÍ, ÞÔÏ ÁÎÉÚÏÔÒÏ�ÎÏÅ �ÒÏÓÔÏÅ ÞÉÓÌÏ p = 2 ÕÖÅ �ÒÉÓÕÔÓÔ×ÕÅÔ× ÓÌÕÞÁÅ ÓÕÍÍÙ ÞÅÔÙÒÅÈ Ë×ÁÄÒÁÔÏ×, �ÏÓËÏÌØËÕ ÄÌÑ ÞÅÔÎÙÈ nr4(n) = 24 ∑dodd;d|n d:ðÒÉ �ÒÉÍÅÎÅÎÉÉ ÌÅÍÍÙ 1 ÎÁÄÏ ×ÙÂÉÒÁÔØ ÍÎÏÖÅÓÔ×Ï �ÒÏÓÔÙÈ ÞÉÓÅÌ SÉ �ÏÓÔÏÑÎÎÏÅ ÞÉÓÌÏ q ÔÁËÉÍ ÏÂÒÁÚÏÍ, ÞÔÏÂÙ ÞÉÓÌÁ qn (ÇÄÅ ÂÅÓË×ÁÄÒÁÔ-ÎÙÅ n �ÏÒÏÖÄÁÀÔÓÑ ÔÏÌØËÏ �ÒÏÓÔÙÍÉ ÉÚ S) �ÒÅÄÓÔÁ×ÌÑÌÉÓØ ÆÏÒÍÏÊQ, Á × ÓÌÕÞÁÅ l = 4 ÅÝÅ É ÕÄÏ×ÌÅÔ×ÏÒÑÌÉ ÎÅÒÁ×ÅÎÓÔ×Õ S(qn) ≫ 1.



üëó�òåíáìøîùå úîáþåîéñ 257
§3ðÅÒÅÈÏÄÉÍ Ë ÄÚÅÔÁ-ÆÕÎË�ÉÉ ü�ÛÔÅÊÎÁ �Q(s), ÇÄÅ Q(u1; u2; u3) { �Ï-ÌÏÖÉÔÅÌØÎÁÑ ÔÅÒÎÁÒÎÁÑ Ë×ÁÄÒÁÔÉÞÎÁÑ ÆÏÒÍÁ Ó �ÅÌÙÍÉ ËÏÜÆÆÉ�ÉÅÎ-ÔÁÍÉ. ðÏÄÒÏÂÎÏ ÒÁÓÓÍÏÔÒÉÍ ÌÉÛØ ÓÌÕÞÁÊ�3(s) = ∞

∑n=1 r3(n)ns (� > 32):ðÒÉ×ÅÄÅÍ ÆÏÒÍÕÌÕ çÁÕÓÓÁ ÄÌÑ r3(n):r3(n) = ∑d2|nR3(n=d2);ÇÄÅ R3(n) { ËÏÌÉÞÅÓÔ×Ï �ÒÉÍÉÔÉ×ÎÙÈ �ÒÅÄÓÔÁ×ÌÅÎÉÊ �ÅÌÏÇÏ n > 0 ÓÕÍ-ÍÏÊ ÔÒÅÈ Ë×ÁÄÒÁÔÏ× �ÅÌÙÈ ÞÉÓÅÌ (Ô.Å. �ÒÅÄÓÔÁ×ÌÅÎÉÊ, × ËÏÔÏÒÙÈ ÏÂ-ÝÉÍ ÄÅÌÉÔÅÌÅÊ ÔÒÅÈ Ë×ÁÄÒÁÔÏ× u21, u22, u23 Ñ×ÌÑÅÔÓÑ ÔÏÌØËÏ 1); ÄÁÌÅÅ,R3(n) = Gn� n1=2L(1; (−4n∗ ));ÇÄÅ L(1; (−4n∗ )) = ∞
∑m=1 (−4nm ) 1m;Gn = 









0; ÅÓÌÉ n ≡ 0; 4; 7 (mod 8);16; ÅÓÌÉ n ≡ 3 (mod 8);24; ÅÓÌÉ n ≡ 1; 2; 5; 6 (mod 8):ðÏÌÏÖÉÍ F3(s) = 16�3(s+ 12) = ∞
∑n=1 a3(n)n−s (� > 1);ÇÄÅ a3(n) = 6−1r3(n)n−1=2, a3(1) = 1.íÙ ÄÏËÁÖÅÍ ÜÆÆÅËÔ �ÉÔÞÍÁÒÛÁ ÄÌÑ F3(s) × ÆÏÒÍÅ (1.1), ÉÓ�ÏÌØÚÕÑÍÅÔÏÄ ÓÔÁÔØÉ [5℄. éÚÌÏÖÉÍ ÜÔÏÔ ÍÅÔÏÄ (ËÏÔÏÒÙÊ ÔÁËÖÅ ×ÏÓ�ÒÏÉÚ×Ï-ÄÉÔÓÑ × ÓÔÁÔØÅ Á×ÔÏÒÁ [11℄).òÁÓÓÍÏÔÒÉÍ ÒÑÄ äÉÒÉÈÌÅF (s) = ∞
∑n=1 a(n)ns ;ÁÂÓÏÌÀÔÎÏ ÓÈÏÄÑÝÉÊÓÑ × �ÏÌÕ�ÌÏÓËÏÓÔÉ � > 1 É �ÒÏÄÏÌÖÉÍÙÊ ËÁËÍÅÒÏÍÏÒÆÎÁÑ ÆÕÎË�ÉÑ × �ÏÌÕ�ÌÏÓËÏÓÔØ � > 1=2.



258 ï. í. æïíåîëïðÒÅÄ�ÏÌÏÖÅÎÉÅ �. åÓÌÉ ak(n) Ï�ÒÅÄÅÌÅÎÙ ÄÌÑ k=1; 2; 3; : : : ÓÏÏÔÎÏ-ÛÅÎÉÅÍ (F (s))k = ∞
∑n=1 ak(n)ns (� > 1);É Fk(�) = ∞

∑n=1 |ak(n)|2n� (1 < � < 2);ÔÏ ÄÌÑ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ � �ÒÉ k → ∞log logFk(�) ∼ (2=�) log k:ðÒÅÄ�ÏÌÏÖÅÎÉÅ �. ðÕÓÔØ  > 0 { �ÒÏÉÚ×ÏÌØÎÁÑ ËÏÎÓÔÁÎÔÁ É (logT )
6 Y 6 T , ÇÄÅ T > 20 ÆÉËÓÉÒÏ×ÁÎÏ; �0, 12 < �0 < 1, ÆÉËÓÉÒÏ×ÁÎÏ. íÙ�ÒÅÄ�ÏÌÁÇÁÅÍ, ÞÔÏ F (s) ÒÅÇÕÌÑÒÎÁ × ÏÂÌÁÓÔÉ � > �0, T 6 t 6 T + Y ,É ÞÔÏ × ÜÔÏÊ ÏÂÌÁÓÔÉ

|F (s)| 6 TA;ÇÄÅ A { ËÏÎÓÔÁÎÔÁ, ÚÁ×ÉÓÑÝÁÑ, ×ÏÚÍÏÖÎÏ, ÔÏÌØËÏ ÏÔ F (s).üÔÉÈ �ÒÅÄ�ÏÌÏÖÅÎÉÊ ÄÏÓÔÁÔÏÞÎÏ ÄÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÜÆÆÅËÔÁ �ÉÔ-ÞÍÁÒÛÁ Õ F (s) × ÆÏÒÍÅ (1.1). íÙ �ÒÉÍÅÎÉÍ ÍÅÔÏÄ ÉÚ [5℄ Ë ÆÕÎË�ÉÉF3;"′(s), ËÏÔÏÒÕÀ Ï�ÒÅÄÅÌÉÍ ÔÁË. ðÕÓÔØ −� < 0 { ÆÕÎÄÁÍÅÎÔÁÌØÎÙÊÄÉÓËÒÉÍÉÎÁÎÔ, L(s; �) { ×ÅÝÅÓÔ×ÅÎÎÙÊ ÎÅÇÌÁ×ÎÙÊ ÈÁÒÁËÔÅÒ �Ï ÍÏÄÕÌÀ�. ðÏ ÔÅÏÒÅÍÅ úÉÇÅÌÑ, ÉÍÅÅÍL(1; �) > 1�" ;ÅÓÌÉ � > C". èÏÒÏÛÏ ÉÚ×ÅÓÔÎÏ, ÞÔÏL(1; (−4n∗ ))

≪ logn:úÄÅÓØ É ÎÉÖÅ ", "′ : : : { �ÏÌÏÖÉÔÅÌØÎÙÅ ÓËÏÌØ ÕÇÏÄÎÏ ÍÁÌÙÅ �ÏÓÔÏÑÎÎÙÅÞÉÓÌÁ. ðÏÌØÚÕÑÓØ ÜÔÉÍÉ Ï�ÅÎËÁÍÉ, ÂÅÚ ÔÒÕÄÁ �ÏÌÕÞÁÅÍ �ÒÉ ÎÅËÏÔÏÒÏÊÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÏÊ ËÏÎÓÔÁÎÔÅ C"′ > 0, ÚÁ×ÉÓÑÝÅÊ ÏÔ "′,1 + ∑′n>C"′ 1n�+"′ < 1 + ∑n>C"′ a3(n)n� < 1 + ∑n>C"′ 1n�−"′ (1 < � < 2); (3.1)ÇÄÅ ∑′ ÏÚÎÁÞÁÅÔ ÓÕÍÍÉÒÏ×ÁÎÉÅ �Ï ÂÅÓË×ÁÄÒÁÔÎÙÍ n, �ÏÒÏÖÄÅÎÎÙÍ�ÒÏÓÔÙÍÉ ÞÉÓÌÁÍÉ ÉÚ S, ÇÄÅS = {p|p ≡ 1 (mod 8); p > C"′}:



üëó�òåíáìøîùå úîáþåîéñ 259äÏÓÔÁÔÏÞÎÏ ÄÏËÁÚÁÔØ ÜÆÆÅËÔ �ÉÔÞÍÁÒÛÁ ÄÌÑ ÆÕÎË�ÉÉF3;"′(s) = 1 + ∑n>C"′ a3(n)ns (1 < � < 2):îÁÊÄÅÍ ÄÌÑ ÎÅÅ ÁÎÁÌÏÇ �ÒÅÄ�ÏÌÏÖÅÎÉÑ �. ðÕÓÔØ(F3;"′ (s))k = 1 + ∑n>C"′ a3;k(n)ns (1 < � < 2)É F3;"′;k(�) = 1 + ∑n>C"′ a3;k(n)2n� (1 < � < 2):çÒÁÎÉ�Á Ó×ÅÒÈÕ ÓÌÅÄÕÅÔ ÉÚ (3.1) Ó �ÒÉÍÅÎÅÎÉÅÍ ÁÎÁÌÏÇÉÞÎÏÊ Ï�ÅÎËÉ ×ÓÌÕÞÁÅ �(s) (ÓÍ. [4, 5℄). éÍÅÅÍF3;"′;k(s) < exp{′′ · k2=(�−"′)}:çÒÁÎÉ�Á ÓÎÉÚÕ ÓÌÅÄÕÅÔ ÉÚ (3.1) Ó �ÒÉÍÅÎÅÎÉÅÍ ÎÅÒÁ×ÅÎÓÔ×Á
∏′p>(2k2)1=(�+"′)(1 + k2p−(�+"′)) < F3;"′;k(�);ÇÄÅ ∏′ ÂÅÒÅÔÓÑ �Ï �ÒÏÓÔÙÍ ÞÉÓÌÁÍ ÉÚ ÍÎÏÖÅÓÔ×Á S; ÄÁÌØÎÅÊÛÉÅ ×Ù-ÞÉÓÌÅÎÉÑ ÓÍ., ÎÁ�ÒÉÍÅÒ, × [11℄. éÍÅÅÍexp{′(k2=(�+"′)log k )} < F3;"′;k(�):÷ ÒÅÚÕÌØÔÁÔÅ ÄÏËÁÚÁÎ ÁÎÁÌÏÇ �ÒÅÄ�ÏÌÏÖÅÎÉÑ �: �ÒÉ k > k0("′)exp{k2=(�+2"′)} < F3;"′;k(�) < exp{k2=(�−2"′)}: (3.2)ðÒÅÄ�ÏÌÏÖÅÎÉÅ � ÄÌÑ F3;"′(s) ÌÅÇËÏ ÓÌÅÄÕÅÔ ÉÚ Ó×ÏÊÓÔ× �3(s).äÏËÁÚÁÔÅÌØÓÔ×Ï ÜÆÆÅËÔÁ �ÉÔÞÍÁÒÛÁ ÒÁÚÂÉ×ÁÅÔÓÑ × [5℄ ÎÁ ×ÏÓÅÍØÌÅÍÍ, ËÏÔÏÒÙÍ �ÒÅÄÛÅÓÔ×ÕÅÔ ÓÌÅÄÕÀÝÅÅ ÄÏ�ÕÝÅÎÉÅ (ÎÁ�ÏÍÎÉÍ, ÞÔÏ(logT ) 6 Y 6 T ,  > 0 { ÌÀÂÁÑ ËÏÎÓÔÁÎÔÁ, �0 { ËÏÎÓÔÁÎÔÁ ÉÚ ÉÎÔÅÒ-×ÁÌÁ 12 < �0 < 1):

|F3;"′(�0 + it)| 6 M; ()ÇÄÅ M > 1 ÂÕÄÅÔ ×ÙÂÒÁÎÏ �ÏÚÄÎÅÅ. ìÅÍÍÁ 1 ÓÔÁÎÄÁÒÔÎÁ É ÍÙ ÅÅ ÎÅ�ÒÉ×ÏÄÉÍ (ÓÍ., ÎÁ�ÒÉÍÅÒ, [11℄). óÆÏÒÍÕÌÉÒÕÅÍ ÏÓÔÁÌØÎÙÅ ÓÅÍØ ÌÅÍÍ�ÒÉÍÅÎÉÔÅÌØÎÏ Ë ÆÕÎË�ÉÉ F3;"′(s). îÉÖÅ ËÏÎÓÔÁÎÔÙ, ÚÁ×ÉÓÑÔ ÏÔ ËÏÎ-ÓÔÁÎÔ A, , �0, �1, ", ÇÄÅ �0 < �1 < 1.



260 ï. í. æïíåîëïðÒÉ ÒÁÓÓÍÏÔÒÅÎÉÉ ÒÑÄÏ×
∞
∑n=1 a3;k(n)jns (j = 1; 2)�ÏÄÒÁÚÕÍÅ×ÁÅÔÓÑ, ÞÔÏ a3;k(1) = 1, a3k(n) = 0 (2 6 n 6 C"′).ìÅÍÍÁ 2. ðÕÓÔØ �1, �0 < �1 < 1, ÆÉËÓÉÒÏ×ÁÎÏ É t1 { ×ÅÝÅÓÔ×ÅÎÎÁÑ�ÅÒÅÍÅÎÎÁÑ Ó t1 = T + Y=4 + �, ÇÄÅ |�| 6 Y=80. îÁËÏÎÅ�, �ÕÓÔØ �1 =�1 + it1. �ÏÇÄÁ ÒÁ×ÎÏÍÅÒÎÏ �Ï t1 ÉÍÅÅÍ(F3;"′(s1))k = ∞

∑n=1 a3;k(n)ns1 e−n=Y +O((MC0)k):äÏËÁÚÁÔÅÌØÓÔ×Ï ÓÔÁÎÄÁÒÔÎÏ.ìÅÍÍÁ 3. éÍÅÅÍ800Y −1 u+Y=800
∫u ∣

∣

∣

∣

∞
∑n=1 a3;k(n)n−s1e−n=Y ∣

∣

∣

∣

2 dt= ∞
∑n=1 a3;k(n)2n−2�1e−2n=Y +O(W );ÇÄÅ W = Y −1 ∞

∑n=1 a3;k(n)2n1−2�1e−2n=Y :äÏËÁÚÁÔÅÌØÓÔ×Ï ÓÌÅÄÕÅÔ ÉÚ ÔÅÏÒÅÍÙ Ï ÓÒÅÄÎÉÈ ÚÎÁÞÅÎÉÑÈ �ÏÌÉÎÏÍÏ×äÉÒÉÈÌÅ [12, Ó. 130℄.ìÅÍÍÁ 4. éÍÅÅÍ(MC1)2k +W ≫
∞
∑n=1 a3;k(n)2n2�1 e−2n=Y :äÏËÁÚÁÔÅÌØÓÔ×Ï ÉÓ�ÏÌØÚÕÅÔ ÓÔÁÎÄÁÒÔÎÙÅ ÆÁËÔÙ É ÌÅÍÍÙ 2, 3.ëÁÖÄÁÑ ÉÚ ÓÌÅÄÕÀÝÉÈ ÔÒÅÈ ÌÅÍÍ ×Ù×ÏÄÉÔÓÑ ÉÚ �ÒÅÄÙÄÕÝÅÊ.ìÅÍÍÁ 5. äÌÑ ËÁÖÄÏÊ ËÏÎÓÔÁÎÔÙ ", 0 < " < 1, ÉÍÅÅÍ(MC2)2k ≫ F3;"′;k(2�1)− C3Y −"F3;"′;k(2(�1 − ")):



üëó�òåíáìøîùå úîáþåîéñ 261ìÅÍÍÁ 6. îÁ ÏÓÎÏ×ÁÎÉÉ ÁÎÁÌÏÇÁ �ÒÅÄ�ÏÌÏÖÅÎÉÑ � (Ô.Å. ÕÔ×ÅÒÖÄÅ-ÎÉÑ (3.2)) ÉÍÅÅÍ(MC2)2k ≫ exp{k1=(�1+"′)} − C3Y −" exp{k1=(�1−"−"′)}:ìÅÍÍÁ 7. ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏY "
> 2C3 exp{k1=(�1−"−"′)}É ÞÔÏ k" > 2. �ÏÇÄÁMC2 > (1=C4)1=(2k) exp{k1=(�1+"′)−1−")}:ìÅÍÍÁ 8. ðÕÓÔØ k { ÎÁÉÂÏÌØÛÅÅ �ÅÌÏÅ ÞÉÓÌÏ ÔÁËÏÅ, ÞÔÏY "
> 2C3 exp{k1=(�1−"−"′)}:�ÏÇÄÁ maxT6t6T+Y ∣

∣F3;"′(�0 + it)∣∣ > C−12 ( 1C4 )1=(2k) exp{k1=(�1+"′)−1−"}:õÔ×ÅÒÖÄÅÎÉÅ ÌÅÍÍÙ 8 Ó�ÒÁ×ÅÄÌÉ×Ï, × �ÒÏÔÉ×ÎÏÍ ÓÌÕÞÁÅ ÌÅÍÍÁ 7�ÒÏÔÉ×ÏÒÅÞÉÔ ÄÏ�ÕÝÅÎÉÀ ().�ÁË ËÁË �ÏÌÏÖÉÔÅÌØÎÙÅ ËÏÎÓÔÁÎÔÙ ", "′ �ÒÏÉÚ×ÏÌØÎÏ ÍÁÌÙ É �1ÍÏÖÅÔ ÂÙÔØ ×ÙÂÒÁÎÏ ÄÏÓÔÁÔÏÞÎÏ ÂÌÉÚËÉÍ Ë "0, ÌÅÍÍÁ 8 ÚÁ×ÅÒÛÁÅÔÄÏËÁÚÁÔÅÌØÓÔ×Ï ÜÆÆÅËÔÁ �ÉÔÞÍÁÒÛÁ × ÓÌÅÄÕÀÝÅÊ ÆÏÒÍÅ: ÄÌÑ 1=2 <�0 < 1 Ó�ÒÁ×ÅÄÌÉ×Ï ÎÅÒÁ×ÅÎÓÔ×ÏmaxT6t6T+Y ∣

∣F3;"′(�0 + it)∣∣ > exp{(logY )1−�0−"}; (3.3)ÇÄÅ " > 0 { ÌÀÂÁÑ ËÏÎÓÔÁÎÔÁ É T > T0(�0; A; ; ").ðÏ �ÒÉÎ�É�Õ ÍÁËÓÉÍÕÍÁ ÍÏÄÕÌÑ, ÉÚ (3.3) ÌÅÇËÏ ÓÌÅÄÕÅÔ ÁÎÁÌÏÇÉÞÎÏÅÕÔ×ÅÒÖÄÅÎÉÅ ÄÌÑ 1=2 6 �0 < 1.�ÅÍ ÓÁÍÙÍ ÄÏËÁÚÁÎÁ�ÅÏÒÅÍÁ 2. ðÕÓÔØ �0, ",  ÆÉËÓÉÒÏ×ÁÎÙ É ÔÁËÉÅ, ÞÔÏ1=2 6 �0 < 1, " > 0,  > 0. ðÕÓÔØ (log T ) 6 Y 6 T . �ÏÇÄÁ ÄÌÑ×ÓÅÈ T > T0 (�0; "; ) ÆÕÎË�ÉÑ F3(s) = 16�3(s+ 12) ÏÂÌÁÄÁÅÔ ÜÆÆÅËÔÏÍ�ÉÔÞÍÁÒÛÁ maxT6t6T+Y ∣

∣F3(�0 + it)∣∣ > exp{(logY )1−�0−"}:úÁÍÅÞÁÎÉÅ 2. òÅÚÕÌØÔÁÔ ÔÅÏÒÅÍÙ 2 �ÅÒÅÎÏÓÉÔÓÑ ÎÁ �ÏÌÏÖÉÔÅÌØÎÏ Ï�-ÒÅÄÅÌÅÎÎÙÅ �ÅÌÏÞÉÓÌÅÎÎÙÅ ÔÅÒÎÁÒÎÙÅ Ë×ÁÄÒÁÔÉÞÎÙÅ ÆÏÒÍÙ Q. ðÕÓÔØ



262 ï. í. æïíåîëïD = detQ, rGenQ(n) { ËÏÌÉÞÅÓÔ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÊ (ÕÓÒÅÄÎÅÎÎÏÅ �Ï úÉ-ÇÅÌÀ) ÎÁÔÕÒÁÌØÎÏÇÏ ÞÉÓÌÁ n ÒÏÄÏÍ ÆÏÒÍÙ Q,L(s; (−Dn∗
)) = ∞

∑n=1 (−Dnm )m−s;Dn = r2!, ÇÄÅ ! ÂÅÓË×ÁÄÒÁÔÎÏ. éÚ×ÅÓÔÅÎ ÓÌÅÄÕÀÝÉÊ ÒÅÚÕÌØÔÁÔ [13℄:�ÕÓÔØ �ÒÉÍÉÔÉ×ÎÏ ÒÁÚÒÅÛÉÍÏ ÓÒÁ×ÎÅÎÉÅn ≡ Q(u1; u2; u3) (mod 8nD):åÓÌÉ n 6= n21n2, ÇÄÅ n2|2D, ÔÏrQ(n) = (n)n1=2L(1; (−Dn∗
))+O(n 12−Æ); (3.4)ÇÄÅ Æ < 128 É (n) > (D); (D) > 0 { ËÏÎÓÔÁÎÔÁ, ÚÁ×ÉÓÑÝÁÑ ÌÉÛØ ÏÔ D.çÌÁ×ÎÙÊ ÞÌÅÎ × (3.4) ÒÁ×ÅÎ rGenQ(n); ÜÔÁ ×ÅÌÉÞÉÎÁ ÍÏÖÅÔ ÂÙÔØ ×Ù-ÞÉÓÌÅÎÁ. äÌÑ ÄÉÁÇÏÎÁÌØÎÙÈ ÆÏÒÍ Q Ñ×ÎÏÅ ×ÙÒÁÖÅÎÉÅ ÎÁÛÅÌ ç. á. ìÏ-ÍÁÄÚÅ [14℄. éÚ (3.4) É Ï�ÅÎËÉ úÉÇÅÌÑL(1; (−!∗ ))

> C"!−"ÓÌÅÄÕÅÔ, ÞÔÏ ×ÓÅ ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÅ ÞÉÓÌÁ n, n 6= n21n2, �ÒÅÄÓÔÁ×ÉÍÙÅÒÏÄÏÍ ÆÏÒÍÙ G, �ÒÅÄÓÔÁ×ÌÑÀÔÓÑ ÓÁÍÏÊ ÆÏÒÍÏÊ Q.÷ÓÅ ÜÔÏ �ÏÚ×ÏÌÑÅÔ �ÒÉÍÅÎÉÔØ ÍÅÔÏÄ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÔÅÏÒÅÍÙ 2 Ë�Q(s), Q { ÔÅÒÎÁÒÎÁÑ ÆÏÒÍÁ ÏÂÝÅÇÏ ×ÉÄÁ.
§4òÁÓÓÍÏÔÒÉÍ, ÎÁËÏÎÅ�, ÄÚÅÔÁ-ÆÕÎË�ÉÀ ü�ÛÔÅÊÎÁ ÂÉÎÁÒÎÏÊ ÆÏÒÍÙ�Q(s), ÇÄÅ Q(u1; u2) = au21 + bu1u2 + u22 { �ÒÉÍÉÔÉ×ÎÁÑ �ÅÌÏÞÉÓÌÅÎÎÁÑ�ÏÌÏÖÉÔÅÌØÎÏ Ï�ÒÅÄÅÌÅÎÎÁÑ ÂÉÎÁÒÎÁÑ Ë×ÁÄÒÁÔÉÞÎÁÑ ÆÏÒÍÁ ÄÉÓËÒÉÍÉ-ÎÁÎÔÁ Æ = b2 − 4a, Ô.Å. Ï.Î.Ä.(a; b; ) = 1, Æ < 0.[Q℄ É Gen(Q) { ËÌÁÓÓ É ÒÏÄ ÆÏÒÍÙ Q ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ; � = −Æ=4,ÅÓÌÉ 2|b; � = −Æ, ÅÓÌÉ 2 ∤ b. h(Æ) { ÞÉÓÌÏ ËÌÁÓÓÏ× ÆÏÒÍ ÄÉÓËÒÉÍÉÎÁÎÔÁÆ, N(�) { ÞÉÓÌÏ ÒÏÄÏ× ÆÏÒÍ ÄÉÓËÒÉÍÉÎÁÎÔÁ Æ.íÅÔÏÄ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÜÆÆÅËÔÁ �ÉÔÞÍÁÒÛÁ × §2,3 Ï�ÉÒÁÌÓÑ ÎÁ ÆÏÒ-ÍÕÌÙ ÄÌÑ rQ(n). ÷ ÂÉÎÁÒÎÏÍ ÓÌÕÞÁÅ ÆÏÒÍÕÌÙ ÄÌÑ rQ(n), ÇÄÅ Q �ÒÏ-ÉÚ×ÏÌØÎÁÑ ÆÏÒÍÁ, ÎÅ ÉÚ×ÅÓÔÎÙ. ðÅÒÅÞÉÓÌÉÍ ÔÏ ÎÅÍÎÏÇÏÅ, ÞÔÏ ÍÏÖÎÏÔÒÁËÔÏ×ÁÔØ. ïÂÝÉÅ ÒÅÚÕÌØÔÁÔÙ �ÏÌÕÞÁÀÔÓÑ ÌÉÛØ ÄÌÑ ÓÏ×ÏËÕ�ÎÏÓÔÅÊÆÏÒÍ × Ä×ÕÈ ÓÌÕÞÁÑÈ.



üëó�òåíáìøîùå úîáþåîéñ 2631) ðÕÓÔØ 	(n; Æ) { ËÏÌÉÞÅÓÔ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÊ ÎÁÔÕÒÁÌØÎÏÇÏ n ×ÓÅÍÉËÌÁÓÓÁÍÉ �ÒÉÍÉÔÉ×ÎÙÈ �ÏÌÏÖÉÔÅÌØÎÏ Ï�ÒÅÄÅÌÅÎÎÙÈ ÂÉÎÁÒÎÙÈ ÆÏÒÍÄÉÓËÒÉÍÉÎÁÎÔÁ Æ. �ÏÇÄÁ �ÒÉ (n; Æ) = 1	(n; Æ) = w∑d|n ( Æd); (4.1)w { ÞÉÓÌÏ ÅÄÉÎÉ� ÆÏÒÍÙ, w = 2 (�ÒÉ Æ < −4). üÔÏÔ ÆÁËÔ �ÒÉÎÁÄÌÅÖÉÔäÉÒÉÈÌÅ. ðÏÌØÚÕÑÓØ (4.1), ÌÅÇËÏ ÄÏËÁÚÁÔØ, ÞÔÏ ÄÚÅÔÁ-ÆÕÎË�ÉÑ�	(s) = ∞
∑n=1 	(n; Æ)ns(ÎÁ ÏÓÎÏ×Å ÌÅÍÍÙ 1) ÏÂÌÁÄÁÅÔ ÜÆÆÅËÔÏÍ �ÉÔÞÍÁÒÛÁ (2.1){(2.3).2) òÁÓÓÍÏÔÒÉÍ ×ÅÌÉÞÉÎÕ	0(n;Gen(Q)) = ∑[Q℄∈Gen(Q) rQ(n);Ô.Å. ËÏÌÉÞÅÓÔ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÊ n ×ÓÅÍÉ ËÌÁÓÓÁÍÉ [Q℄ �ÒÉÍÉÔÉ×ÎÙÈ �Ï-ÌÏÖÉÔÅÌØÎÏ Ï�ÒÅÄÅÌÅÎÎÙÈ ÂÉÎÁÒÎÙÈ ÆÏÒÍ Q, ×ÈÏÄÑÝÉÍÉ × ÒÏÄGen(Q).éÚ×ÅÓÔÎÏ, ÞÔÏ 	0(n;Gen(Q)) = 12�(n;Q) h(Æ)N(�) ; (4.2)ÇÄÅ �(n;Q) { Ô.Î. \ÓÉÎÇÕÌÑÒÎÙÊ ÒÑÄ", ÏÎ ×ÙÞÉÓÌÅÎ × [15℄. ë ÄÚÅÔÁ-ÆÕÎË�ÉÉ �	0(s) = ∞

∑n=1 	0(n;Gen(Q))ns�ÒÉÍÅÎÉÍ ÌÅÍÍÕ 1; �ÏÓÌÅ ÎÅËÏÔÏÒÙÈ ×ÙÞÉÓÌÅÎÉÊ ÕÂÅÖÄÁÅÔÓÑ, ÞÔÏ �	0(s)ÏÂÌÁÄÁÅÔ ÜÆÆÅËÔÏÍ �ÉÔÞÍÁÒÛÁ (2.1){(2.3).æÏÒÍÕÌÁ (4.2) �ÒÅ×ÒÁÝÁÅÔÓÑ ×rQ(n) = 12�(n;Q) (4.3)ÅÓÌÉ ÒÏÄ Gen(Q) ÓÏÓÔÏÉÔ ÔÏÌØËÏ ÉÚ ÏÄÎÏÇÏ ËÌÁÓÓÁ; ÔÁËÉÈ ÒÏÄÏ× ËÏÎÅÞ-ÎÏÅ ÞÉÓÌÏ.óÏÏÔÎÏÛÅÎÉÅ (4.3) ×Ù�ÏÌÎÑÅÔÓÑ ÔÁËÖÅ ÄÌÑ ÎÅÓËÏÌØËÉÈ ÎÅÏÄÎÏËÌÁÓÓ-ÎÙÈ ÒÏÄÏ× (ÓÍ. [15℄). äÌÑ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÆÏÒÍ ÎÁÂÌÀÄÁÅÔÓÑ ÜÆÆÅËÔ�ÉÔÞÍÁÒÛÁ.òÑÄ Á×ÔÏÒÏ× (×ÁÎ ÄÅÒ âÌÅÊ, ìÏÍÁÄÚÅ, ÷Å�È×ÁÄÚÅ) �ÏÌÕÞÉÌÉ ÆÏÒÍÕÌÙÄÌÑ rQ(n) ÄÌÑ ÎÅËÏÔÏÒÙÈ Ó�Å�ÉÁÌØÎÙÈ ÆÏÒÍ Q, �ÒÉÎÁÄÌÅÖÁÝÉÈ ÒÏÄÁÍ,



264 ï. í. æïíåîëïÓÏÄÅÒÖÁÝÉÍ Ä×Á ÉÌÉ ÔÒÉ ËÌÁÓÓÁ. ÷ ÂÏÌØÛÉÎÓÔ×Å ÓÌÕÞÁÅ× ÜÔÉ ÆÏÒÍÕÌÙÚÁ×ÉÓÑÔ ÏÔ ËÏÜÆÆÉ�ÉÅÎÔÏ× ÒÁÚÌÏÖÅÎÉÑ ÎÅËÏÔÏÒÙÈ �ÒÏÉÚ×ÅÄÅÎÉÊ ÔÅÔÁ-ÆÕÎË�ÉÊ. ðÒÉ×ÅÄÅÍ ÎÅÓËÏÌØËÏ �ÒÉÍÅÒÏ×.ðÒÉÍÅÒ 1 [15℄. âÉÎÁÒÎÙÅ ÆÏÒÍÙ ÄÉÓËÒÉÍÉÎÁÎÔÁ {39 ÏÂÒÁÚÕÀÔÄ×Á Ä×ÕÈËÌÁÓÓÎÙÈ ÒÏÄÁG1 = {Q1 = u21 + u1u2 + 10u22; Q2 = 3u21 + 3u1u2 + 4u22};G2 = {Q±3 = 2u21 ± u1u2 + 5u21}:äÏËÁÚÁÎÏ: ÅÓÌÉ n = 2�3�13u, (u; 78) = 1, ÔÏrQ1 (n)= �+ 14 (1+(−1)�(u3 )

)(1+(−1)�( u13)

)

∑d|u ( d39)+�(n);ÇÄÅ �(n) = ∑40n=x2+39y22∤x;2∤y;x>0;y>0x≡±y (mod 10)(−1) x∓y10 (xy5 );ÄÌÑ rQ2(n) Ó�ÒÁ×ÅÄÌÉ×Á ÁÎÁÌÏÇÉÞÎÁÑ ÆÏÒÍÕÌÁ, ÎÏ Ó ÄÏ�ÏÌÎÉÔÅÌØÎÙÍÞÌÅÎÏÍ −�(n);rQ±3 (n) = �+ 14 (1− (−1)�(u3 )

) (1− (−1)�( u13)

)

∑d|u ( d39):óÌÕÞÁÊ Q±3 ÕÖÅ ÏÂÓÕÖÄÁÌÓÑ ×ÙÛÅ (ÄÌÑ ÜÔÉÈ ÆÏÒÍ ÄÚÅÔÁ-ÆÕÎË�ÉÑ ü�-ÛÔÅÊÎÁ ÏÂÌÁÄÁÅÔ ÜÆÆÅËÔÏÍ �ÉÔÞÍÁÒÛÁ), ÞÔÏ ËÁÓÁÅÔÓÑ ÆÏÒÍ Q1, Q2,ÔÏ �ÒÉ×ÅÄÅÎÎÙÅ ×ÙÛÅ ÆÏÒÍÕÌÙ ÎÅ ÄÁÀÔ ×ÏÚÍÏÖÎÏÓÔÉ �ÒÉÍÅÎÉÔØ ÌÅÍ-ÍÕ 1. üÆÆÅËÔÏÍ �ÉÔÞÍÁÒÛÁ ÏÂÌÁÄÁÅÔ ÌÉÛØ ÄÚÅÔÁ-ÆÕÎË�ÉÑ �	0(s), ÇÄÅ	0(n;G1) = rQ1 (n) + rQ2(n):ðÒÉÍÅÒ 2 [16℄. òÁÓÓÍÏÔÒÉÍ ÆÏÒÍÕ Q4 = u21+32u22 ÄÉÓËÒÉÍÉÎÁÎÔÁ-128. äÏËÁÚÁÎÏrQ4 (n) = ∑d|n (

−2d )+ 12v(n), ÅÓÌÉ � = 0, u ≡ 1 (mod 8);rQ4 (n) = 2∑d|n (

−2d ), ÅÓÌÉ � = 2, u ≡ 1 (mod 8);rQ4 (n) = 0 × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ; ÚÄÅÓØ n = 2�u, u ÎÅÞÅÔÎÏÅ, É v(n)ÏÂÏÚÎÁÞÁÅÔ ËÏÜÆÆÉ�ÉÅÎÔ �ÒÉ Qn × ÒÁÚÌÏÖÅÎÉÉ ÆÕÎË�ÉÉ �80(� ; 0; 8)



üëó�òåíáìøîùå úîáþåîéñ 265�01(� ; 0; 16) �Ï ÓÔÅ�ÅÎÑÍ Q = exp(2�i�), ÇÄÅ�gh(� ; ;N) = ∞
∑m=−∞m≡ (mod N)(−1)h(m−)=NQ(m+g=2)2=2N :ðÏÌÏÖÉÍ × ÕÓÌÏ×ÉÉ (ii) ÌÅÍÍÙ 1S = {p|p ≡ 1(mod8)}; q = 4:�ÏÇÄÁ ÄÌÑ ÆÕÎË�ÉÉ �Q4 (s) ×ÓÅ ÔÒÅÂÏ×ÁÎÉÑ ìÅÍÍÙ 1 ÓÏÂÌÀÄÅÎÙ, �ÏÜÔÏ-ÍÕ �Q4 (s) ÏÂÌÁÄÁÅÔ ÜÆÆÅËÔÏÍ �ÉÔÞÍÁÒÛÁ (2.1){(2.3).ðÒÉÍÅÒ 3. ÷ ÒÁÂÏÔÅ [17℄ ×�ÏÌÎÅ ÜÌÅÍÅÎÔÁÒÎÙÍÉ ÍÅÔÏÄÁÍÉ Á×ÔÏÒÙ�ÏÌÕÞÉÌÉ ÔÏÞÎÙÅ ÏÆÒÍÕÌÙ ÄÌÑ rQ(n), ÇÄÅ Q �ÒÏÂÅÇÁÅÔ ÒÑÄ ÂÉÎÁÒÎÙÈÆÏÒÍ Q; ÜÔÉ ÆÏÒÍÕÌÙ ÍÏÇÕÔ ÂÙÔØ ÉÓ�ÏÌØÚÏ×ÁÎÙ �ÒÉ �ÒÉÍÅÎÅÎÉÉ ÌÅÍ-ÍÙ 1. òÁÓÓÍÏÔÒÉÍ ÆÏÒÍÙ ÄÉÓËÒÉÍÉÎÁÎÔÁ −44, ÏÂÒÁÚÕÀÝÉÅ ÒÏÄ:Q5 = u21 + 11u22; Q±6 = 3u21 ± 2u1u2 + 4u22:äÏËÁÚÁÎÏ: �ÕÓÔØ n = 2�11�u, ÇÄÅ (u; 22) = 1; ÅÓÌÉ � = 0, ÔÏrQ5 (n) = −

∑x21+x1x2+3x22=n(−1)x1 ;rQ±6 (n) = ∑d|u (−11d )+ 12 2
∑x21+x1x2+3x22=n(−1)x1 ;ÅÓÌÉ � > 1, ÔÏrQ5 (n) = rQ±6 (n) = 12(1 + (−1)�)(1 + ( u11)

)

∑d|u ( d11):ðÏÌÏÖÉÍ × ÕÓÌÏ×ÉÉ (i) ÌÅÍÍÙ 1S = {p|p ≡ 1(mod11)}; q = 4:÷ÓÅ ÔÒÅÂÏ×ÁÎÉÑ ÌÅÍÍÙ 1 ÓÏÂÌÀÄÅÎÙ, �ÏÜÔÏÍÕ ÄÚÅÔÁ-ÆÕÎË�ÉÉ ü�ÛÔÅÊ-ÎÁ �Q5(s), �Q±6 (s) ÏÂÌÁÄÁÀÔ ÜÆÆÅËÔÏÍ �ÉÔÞÍÁÒÛÁ (2.1){(2.3).�ÅÍ ÓÁÍÙÍ, ÍÙ �ÏÌÕÞÉÌÉ ÓÌÅÄÕÀÝÉÊ ÒÅÚÕÌØÔÁÔ.�ÅÏÒÅÍÁ 3. äÚÅÔÁ-ÆÕÎË�ÉÉ �	(s) É �	0(s) ÏÂÌÁÄÁÀÔ ÜÆÆÅËÔÏÍ �ÉÔ-ÞÍÁÒÛÁ (2.1){(2.3). üÔÉÍ ÖÅ ÜÆÆÅËÔÏÍ ÏÂÌÁÄÁÀÔ ÄÚÅÔÁ-ÆÕÎË�ÉÉü�ÛÔÅÊÎÁ �Q(s) ÎÅËÏÔÏÒÙÈ ÂÉÎÁÒÎÙÈ ÆÏÒÍ, �ÅÒÅÞÉÓÌÅÎÎÙÈ ×ÙÛÅ.
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′(Q(u1; u2; : : : ; ul))−s



üëó�òåíáìøîùå úîáþåîéñ 267where the aent indiates that the summation is over all integer l-tuples(u1; u2; : : : ; ul) with the exeption of (0; 0; : : : ; 0). It is known that �Q(s)(s−l2) is an entire funtion.We treat 
-theorems for �Q(s)(l > 3) and for some �Q(s)(l = 2). Letl > 4 and FQ(s) = �Q(s+ l2 − 1). As t tends to in�nity, we havelog |FQ(12 + it)| = 
+(( log tlog log t)1=2);and log |FQ(�0 + it)| = 
+( (log t)1−�0log log t )for �xed �0 ∈
( 12 ; 1). ðÏÓÔÕ�ÉÌÏ 9 ÍÁÒÔÁ 2016 Ç.ó.-ðÅÔÅÒÂÕÒÇÓËÏÅ ÏÔÄÅÌÅÎÉÅíÁÔÅÍÁÔÉÞÅÓËÏÇÏ ÉÎÓÔÉÔÕÔÁÉÍ. ÷. á. óÔÅËÌÏ×Á òáîæÏÎÔÁÎËÁ 27, 191023ó.-ðÅÔÅÒÂÕÒÇ, òÏÓÓÉÑE-mail : fomenko�pdmi.ras.ru


