
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 458, 2017 Ç.ï. í. æÏÍÅÎËÏãåìùå �ïþëé ÷ þå�ùòåèíåòîïí ûáòå
§1. ÷×ÅÄÅÎÉÅ, ÒÅÚÕÌØÔÁÔÙðÕÓÔØ r4(n) { ÞÉÓÌÏ �ÒÅÄÓÔÁ×ÌÅÎÉÊ �ÅÌÏÇÏ n > 0 ÓÕÍÍÏÊ ÞÅÔÙÒÅÈË×ÁÄÒÁÔÏ× �ÅÌÙÈ ÞÉÓÅÌ; A4(x) := ∑06n6x r4(n)ÏÚÎÁÞÁÅÔ ÞÉÓÌÏ �ÅÌÙÈ ÔÏÞÅË (a1; a2; a3; a4) × ÞÅÔÙÒÅÈÍÅÒÎÏÍ ÛÁÒÅy21 + y22 + y23 + y24 6 x;V4(x) = �22 x2{ ÏÂßÅÍ ÜÔÏÇÏ ÛÁÒÁ.éÚ×ÅÓÔÎÏ, ÞÔÏ A4(x) = V4(x) + P4(x);ÇÄÅ P4(x) { ÏÓÔÁÔÏÞÎÙÊ ÞÌÅÎ �ÒÏÂÌÅÍÙ.ï�ÅÎËÁ P4(x) = O(x3=2)Ñ×ÌÑÅÔÓÑ ÔÒÉ×ÉÁÌØÎÏÊ. éÚ ÏÂÝÉÈ ÔÅÏÒÅÍ ìÁÎÄÁÕ [1℄ É [2, Ó. 54℄ Ï ÞÉÓÌÅ�ÅÌÙÈ ÔÏÞÅË × ÜÌÌÉ�ÓÏÉÄÁÈ ÓÌÅÄÕÅÔ, ÞÔÏP4(x) = O(x6=5):ïÄÎÁËÏ ÕÖÅ × [1℄ ìÁÎÄÁÕ ÎÁÈÏÄÉÔ �ÒÏÓÔÏÊ ÍÅÔÏÄ, ÏÓÎÏ×ÁÎÎÙÊ ÎÁ ÆÏÒ-ÍÕÌÁÈ ñËÏÂÉ ÄÌÑ r4(n), �ÏÚ×ÏÌÉ×ÛÉÊ ÅÍÕ �ÏÌÕÞÉÔØP4(x) = O(x1+�):ðÏÚÄÎÅÅ ÔÅÍ ÖÅ ÍÅÔÏÄÏÍ ìÁÎÄÁÕ [2, Ó. 149℄ ÕÌÕÞÛÉÌ ÜÔÕ Ï�ÅÎËÕ:P4(x) = O(x log x):÷�ÏÓÌÅÄÓÔ×ÉÉ ÷ÁÌØÆÉÛ [3℄, ÓÏÞÅÔÁÑ ÍÅÔÏÄ ìÁÎÄÁÕ Ó Ï�ÅÎËÁÍÉ ÔÒÉÇÏ-ÎÏÍÅÔÒÉÞÅÓËÉÈ ÓÕÍÍ, ÄÏ×ÅÌ ÒÅÚÕÌØÔÁÔ ÄÏP4(x) = O(x log2=3 x):ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÞÅÔÙÒÅÈÍÅÒÎÙÊ ÛÁÒ, ÓÒÅÄÎÉÅ òÉÓÓÁ, ÏÍÅÇÁ-ÒÅÚÕÌØÔÁÔÙ.236



ãåìùå �ïþëé ÷ þå�ùòåèíåòîïí 237ÜÔÉ Ï�ÅÎËÉ ÕÖÅ ÂÌÉÚËÉ Ë ÎÅÕÌÕÞÛÁÅÍÙÍ, �ÏÓËÏÌØËÕ ÉÚ×ÅÓÔÅÎ 
±-ÒÅ-ÚÕÌØÔÁÔ [4℄ P4(x) = 
±(x log logx):îÅÄÁ×ÎÏ Á×ÔÏÒ ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÙ ÓÒÁ×ÎÉÔÅÌØÎÏ ÌÅÇËÏ ÄÏËÁÚÁÌ [5℄, ÞÔÏ
∑06n6xP4(n) = �24 x2 +	4(x);ÇÄÅ 	4(x) = O(x3=2+�):éÚ ÔÅÏÒÅÍÙ 1 ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÙ, ÄÏËÁÚÁÎÎÏÊ ÎÉÖÅ, ÓÌÅÄÕÅÔ, ÞÔÏ	4(x) = O(x11=8):éÚ ÒÅÚÕÌØÔÁÔÏ× þÁÎÄÒÁÓÅËÈÁÒÁÎÁ É îÁÒÁÓÉÍÈÁÎÁ [6℄ ÍÏÖÎÏ ×Ù×ÅÓÔÉ
±-ÒÅÚÕÌØÔÁÔ: limx→∞

supinf x−5=4	4(x) = +∞
−∞:üÔÏÔ ×Ù×ÏÄ Ï�ÉÒÁÅÔÓÑ ÎÁ ÉÚÕÞÅÎÉÅ ÓÒÅÄÎÉÈ òÉÓÓÁ ËÏÜÆÆÉ�ÉÅÎÔÏ× ÄÚÅ-ÔÁ-ÆÕÎË�ÉÉ ü�ÛÔÅÊÎÁ�4(s) = ∞

∑n=1 r4(n)n−s(Re s > 2) :D�(x; �4) := 1�(�+ 1) ∑n6x(x− n)�r4(n) (� > 0):ó×ÏÊÓÔ×Á ÄÚÅÔÁ-ÆÕÎË�ÉÉ ü�ÛÔÅÊÎÁ �k(s), k > 2, ÈÏÒÏÛÏ ÉÚ×ÅÓÔÎÙ:�k(s) = ∞
∑n=1 rk(n)n−s(� > k2 )ÄÏ�ÕÓËÁÅÔ ÁÎÁÌÉÔÉÞÅÓËÏÅ �ÒÏÄÏÌÖÅÎÉÅ ÎÁ ×ÓÀ ËÏÍ�ÌÅËÓÎÕÀ �ÌÏÓËÏÓÔØÓ ÅÄÉÎÓÔ×ÅÎÎÏÊ ÏÓÏÂÅÎÎÏÓÔØÀ { �ÒÏÓÔÙÍ �ÏÌÀÓÏÍ × ÔÏÞËÅ s = k=2 Ó×ÙÞÅÔÏÍ �k=2�(k=2); ÉÍÅÅÔ ÍÅÓÔÏ ÆÕÎË�ÉÏÎÁÌØÎÏÅ ÕÒÁ×ÎÅÎÉÅ�−s�(s)�k(s) = �−( k2−s)�(k2 − s)�k(k2 − s):éÚ ÏÂÝÉÈ ÒÅÚÕÌØÔÁÔÏ× ìÁÎÄÁÕ [2℄ É þÁÎÄÒÁÓÅËÈÁÒÁÎÁ É îÁÒÁÓÉÍÈÁÎÁ[7℄ ÓÌÅÄÕÅÔ, ÞÔÏD�(x; �4) = �2x2+��(�+ 3) + x��(�+ 1)�4(0) + ��(x; �4); (� > 0) (1.1)



238 ï. í. æïíåîëïÇÄÅ ��(x; �4) = {O(x3=4+�=2); ÅÓÌÉ � > 3=2;
±(x3=4+�=2); ÅÓÌÉ (� > 0):÷ ÒÁÂÏÔÅ [6℄ ÄÌÑ ÆÕÎË�ÉÉ ��(x; �4) �ÏÌÕÞÅÎÙ ÂÏÌÅÅ ÔÏÞÎÙÅ 
±{ÒÅÚÕÌØ-ÔÁÔÙ limx→∞
sup ��(x; �4)x3=4+�=2 = +∞; limx→∞

inf ��(x; �4)x3=4+�=2 = −∞; (1.2)ÅÓÌÉ 0 < � 6 3=2.÷ §2 ÂÕÄÅÔ ÄÏËÁÚÁÎ ÓÌÅÄÕÀÝÉÊ ÒÅÚÕÌØÔÁÔ.�ÅÏÒÅÍÁ 1. æÏÒÍÕÌÁ (1.1) Ó�ÒÁ×ÅÄÌÉ×Á Ó Ï�ÅÎËÏÊ ÏÓÔÁÔÏÞÎÏÇÏ ÞÌÅÎÁ�ÒÉ 0 < � 6 3=2��(x; �4) = 









O(x1=2+�+�)(1 < � 6 3=2);O(x9=8+�=4)(1=2 < � 6 1);O(x5=4+�)(0 < � 6 1=2):óÌÅÄÓÔ×ÉÅ 1. ó�ÒÁ×ÅÄÌÉ×Á Ï�ÅÎËÁ	4(x) = O(x11=8):ðÏÓÌÅÄÎÑÑ Ï�ÅÎËÁ ÌÅÇËÏ ÓÌÅÄÕÅÔ ÉÚ�1(x; �4) = O(x11=8):ëÏÎËÒÅÔÉÚÁ�ÉÑ ÒÅÚÕÌØÔÁÔÏ× (1.2) ÔÒÕÄÎÁ, ÏÄÎÁËÏ × §3 ÍÙ × ÏÄÎÏÍÞÁÓÔÎÏÍ ÓÌÕÞÁÅ ÓÄÅÌÁÅÍ ÜÔÏ. �ÏÞÎÅÅ, ÂÕÄÅÔ ÄÏËÁÚÁÎÁ ÓÌÅÄÕÀÝÁÑ ÔÅÏ-ÒÅÍÁ.�ÅÏÒÅÍÁ 2. ó�ÒÁ×ÅÄÌÉ× 
{ÒÅÚÕÌØÔÁÔ�1=2(x; �4) = 
(x log1=2 x):
§2. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 1óÌÕÞÁÊ 1 < � 6 3=2 �ÒÉ×ÏÄÉÔÓÑ × ÆÏÒÍÕÌÉÒÏ×ËÅ ÔÅÏÒÅÍÙ 1 ÄÌÑ�ÏÌÎÏÔÙ ËÁÒÔÉÎÙ; ÏÎ ÕÖÅ ÒÁÓÓÍÁÔÒÉ×ÁÌÓÑ × �ÒÅÄÌÏÖÅÎÉÉ 1 [8℄.ðÅÒÅÈÏÄÉÍ Ë ÓÌÕÞÁÀ 0 < � 6 1. íÙ ÉÓ�ÏÌØÚÕÅÍ ÏÂÏÚÎÁÞÅÎÉÑ É ÒÅ-ÚÕÌØÔÁÔÙ ÒÁÂÏÔÙ ìÁÕ [9℄. ÷ÍÅÓÔÏ ÒÑÄÁ ÄÌÑ �4(s) ÂÕÄÅÍ ÒÁÓÓÍÁÔÒÉ×ÁÔØÒÑÄ '4(s) = ∞

∑n=1 r4(n)�−sn , ÇÄÅ �n = �n. òÏÌØ ��(x; �4) ÂÕÄÅÔ ÉÇÒÁÔØ



ãåìùå �ïþëé ÷ þå�ùòåèíåòîïí 239��(y;'4). óÎÁÞÁÌÁ ÄÏËÁÖÅÍ ÎÕÖÎÕÀ ÎÁÍ Ï�ÅÎËÕ ÜËÓ�ÏÎÅÎ�ÉÁÌØÎÏÊÓÕÍÍÙ (ÍÙ ÉÓ�ÏÌØÚÕÅÍ ÍÅÔÏÄ ÒÁÂÏÔÙ [10℄)VN (R) = ∑n≍N r4(n)e(R√n);ÇÄÅ R > 1, e(z) = e2�iz É n ≍ N ÏÚÎÁÞÁÅÔ 
1N < n < 
2N Ó ÎÅËÏÔÏÒÙÍÉ�ÏÌÏÖÉÔÅÌØÎÙÍÉ ËÏÎÓÔÁÎÔÁÍÉ 
1, 
2 (ËÏÔÏÒÙÅ ÎÅ ÏÂÑÚÁÔÅÌØÎÏ ÏÄÎÉ ÉÔÅ ÖÅ × ËÁÖÄÏÍ �ÏÑ×ÌÅÎÉÉ). óÎÁÞÁÌÁ ×Ù×ÅÄÅÍ, ÞÔÏVN (R) ≪ ∣

∣

∣

∑a;b;
;d e(R√a2 = b2 + 
2 + d2)∣∣
∣

≪ N1=2+� ∑n≍N ∣

∣

∣

∑
≪√N e(�
)e(R√n+ 
2)∣∣
∣

(2.1)ÄÌÑ ÎÅËÏÔÏÒÏÇÏ � ∈ R. äÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á (2.1) ÍÙ ×ÙÂÅÒÅÍ ÎÁÉÍÅÎØ-ÛÕÀ �ÅÒÅÍÅÎÎÕÀ, ÓËÁÖÅÍ 
, Á ÉÚ �ÅÒÅÍÅÎÎÙÈ a; b; d ÏÂÒÁÚÕÅÍ ÎÏ×ÕÀ�ÅÒÅÍÅÎÎÕÀ n = a2 + b2 + d2. õÞÉÔÙ×ÁÅÍ Ï�ÅÎËÕ r3(n) ≪ n1=2+�.äÁÌÅÅ ÒÁÚÂÉ×ÁÅÍ ÉÎÔÅÒ×ÁÌ ×ÎÕÔÒÅÎÎÅÇÏ ÓÕÍÍÉÒÏ×ÁÎÉÑ ÎÁ ÏÔÒÅÚËÉ ÄÌÉ-ÎÙ N 12−� É �ÒÉÍÅÎÑÅÍ ÎÅÒÁ×ÅÎÓÔ×Ï ëÏÛÉ, ÔÏÇÄÁ �ÏÌÕÞÁÅÍV 2N (R) ≪ N7=2+� +N2+� ∑y≍D ∣

∣

∣

∑x≍N e(f(x; y))∣∣
∣
;ÇÄÅ f(x; y) = R(√x−√x+ y):åÓÌÉ D ≪ N3=2R−1, ÔÏ, �Ï ÔÅÏÒÅÍÅ 2.1 [11℄,

∑x≍N e(f(x; y)) ≪ N3=2R−1D−1É N2+� ∑y≍D |
∑x≍N e(f(x; y))| ≪ N7=2+�:åÓÌÉ D ≫ N3=2R−1, ÔÏ ÉÓ�ÏÌØÚÕÅÔÓÑ ÈÏÒÏÛÏ ÉÚ×ÅÓÔÎÙÊ ÍÅÔÏÄ ×ÁÎÄÅÒ ëÏÒ�ÕÔÁ (�ÏÄÒÏÂÎÏÓÔÉ ÓÍ. × ÄÏËÁÚÁÔÅÌØÓÔ×Å ÌÅÍÍÙ 3.1 [10℄). ÷ÒÅÚÕÌØÔÁÔÅ, ÉÍÅÅÍ ÓÌÅÄÕÀÝÉÊ ÒÅÚÕÌØÔÁÔ.ìÅÍÍÁ 1. äÌÑ R > 1VN (R) ≪ N7=4+� +N1=2+�min{R3=8N15=16 +R1=8N17=16;R7=24N49=48 +R5=24N53=48}:



240 ï. í. æïíåîëïþÔÏÂÙ �ÒÉÍÅÎÉÔØ ÒÅÚÕÌØÔÁÔÙ ÒÁÂÏÔÙ [9℄, ÎÁÍ ÎÅÏÂÈÏÄÉÍÏ ×Ù�ÏÌ-ÎÅÎÉÅ ÎÅËÏÔÏÒÙÈ ÕÓÌÏ×ÉÊ. ÷ ÎÁÛÅÍ ÓÌÕÞÁÅ ÄÏÓÔÁÔÏÞÎÏ ×Ù�ÏÌÎÉÔØ ÔÒÅ-ÂÏ×ÁÎÉÅ (á4) ÉÚ [9℄ { ÎÁÌÉÞÉÅ ÁÓÉÍ�ÔÏÔÉËÉ ÄÌÑ ÓÕÍÍÙ
∑ := ∑n6x r24(n):óÆÏÒÍÕÌÉÒÕÅÍ ÓÁÍÙÊ �ÏÓÌÅÄÎÉÊ ÒÅÚÕÌØÔÁÔ ÎÁ ÜÔÕ ÔÅÍÕ [12℄:

∑ = 32�(3)x3 +O(x2(log x)5=3): (2.2)ïÓÔÁÌØÎÙÅ ÔÒÅÂÏ×ÁÎÉÑ ÎÏÓÑÔ ÓÔÁÎÄÁÒÔÎÙÊ ÈÁÒÁËÔÅÒ É ÚÄÅÓØ ÎÅ �ÒÉ-×ÏÄÑÔÓÑ.÷ÏÚ×ÒÁÝÁÅÍÓÑ Ë ÄÏËÁÚÁÔÅÌØÓÔ×Õ ÔÅÏÒÅÍÙ 1 × ÓÌÕÞÁÅ 0 < � 6 1.ðÕÓÔØX > y > 
X , Z > 2y > 
Z, ÇÄÅ 0 < 
 < 1 {ÁÂÓÏÌÀÔÎÁÑ ËÏÎÓÔÁÎÔÁ.éÚ ÔÅÏÒÅÍÙ 1 [9℄ ÓÌÅÄÕÅÔ, ÞÔÏ �ÒÉ 0 < � 6 1��(y;'4) = E1;�(y;X) +R1;�(y;X;Z) +H1;�(y;X);ÇÄÅE1;�(y;X) = e0(�)y 34+ 12 � 2
∫1 ∑�n<uX r4(n)�5=4+�=2n 
os(2(�ny)1=2 + k0(�)�)du;R1;�(y;X;Z) = 
0(�)y 14+ 12� ∑�n<Z r4(n)�5=4n

×
2

∫1 ∞
∫uX t−�=2−1 sin(2(y1=2 − �1=2n )t1=2 − ��2 )dtdu;H1;�(y;X) = e1(�)y 14+ 12 � 2
∫1 ∑�n<uX r4(n)�7=4+�=2n

× 
os(2(�ny)1=2 + k1(�)�)du +O(y 12 );ÚÎÁÞÅÎÉÑ e0(�), 
0(�), e1(�), k0(�) É k1(�) ÓÍ. × [9℄. ÒÁÓÓÍÏÔÒÉÍ ÆÏÒÍÕÌÕÄÌÑ E1;�(y;X). óÕÍÍÕ ∑�n<uX : : : ÒÁÚÂÉ×ÁÅÍ ÎÁ Ä×Å
∑�n<√uX · · ·+ ∑

√uX6�n<uX : : : :



ãåìùå �ïþëé ÷ þå�ùòåèíåòîïí 241ðÅÒ×ÕÀ ÓÕÍÍÕ Ï�ÅÎÉ×ÁÅÍ ÔÒÉ×ÉÁÌØÎÏ, Á ×ÔÏÒÕÀ { Ó �ÏÍÏÝØÀ ÌÅÍÍÙ 1.÷ ÒÅÚÕÌØÔÁÔÅ, �ÏÌÕÞÁÅÍE1;�(y;X)≪ y9=8+�=4 + y5=4+�:÷ ÆÏÒÍÕÌÅ ÄÌÑ R1;�(y;X;Z) ÉÎÔÅÇÒÁÌ2
∫1 ∞

∫uX · · · ≪ y−�=2;Á ÓÕÍÍÁ
∑�n<Z r4(n)�5=4n ≪ y3=4;ÓÌÅÄÏ×ÁÔÅÌØÎÏ, R1;�(y;X;Z)≪ y:îÁËÏÎÅ�, × ÆÏÒÍÕÌÅ ÄÌÑ H1;�(y;X)

∑�n<uX r4(n)�7=4+�=2n ≪ (uX)1=4−�=2;�ÏÜÔÏÍÕ H1;�(y;X) ≪ y1=2. �ÅÏÒÅÍÁ 1 ÄÏËÁÚÁÎÁ. �

§3. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 2éÚ ×ÙÞÉÓÌÅÎÉÊ ìÁÕ É �ÚÁÎÇÁ [13℄, Ï�ÉÒÁ×ÛÉÈÓÑ ÎÁ ÏÂÝÉÅ ÒÅÚÕÌØ-ÔÁÔÙ èÁÆÎÅÒÁ [14, Theorem B℄, ÓÌÅÄÕÅÔ ×ÙÒÁÖÅÎÉÅ ÄÌÑ ��(y;'4): ×ÉÎÔÅÒ×ÁÌÅ 1=2 < � 6 3=2��(y;'4) = e0(�)y3=4+�=2
×

∞
∑n=1 r4(n)�5=4+�=2n 
os(2√�ny + k0(�)�) + e1(�)y1=4+�=2

×
∞
∑n=1 r4(n)�7=4+�=2n 
os(2√�ny + k1(�)�) +O(y−1=4+�=2); (3.1)ÇÄÅ ×ÙÒÁÖÅÎÉÑ ÄÌÑ e0(�); e1(�); k0(�) É k1(�) ÄÁÀÔÓÑ × [13℄, O-ËÏÎÓÔÁÎÔÁÏÔ � ÎÅ ÚÁ×ÉÓÉÔ; ÜÔÏ ×ÁÖÎÏ, �ÏÓËÏÌØËÕ ÎÉÖÅ ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ �ÅÒÅÈÏÄË �ÒÅÄÅÌÕ � → 12+. ïÔÍÅÔÉÍ, ÞÔÏ ÕÓÌÏ×ÉÅ � > 12 ÔÒÅÂÕÅÔÓÑ × ÒÁÂÏ-ÔÅ èÁÆÎÅÒÁ [14℄. ðÏ [14, Theorem B℄, �ÅÒ×ÁÑ ÓÕÍÍÁ × (3.1) ÓÈÏÄÉÔÓÑ



242 ï. í. æïíåîëïÒÁ×ÎÏÍÅÒÎÏ ÎÁ ÌÀÂÏÍ ËÏÎÅÞÎÏÍ ÚÁÍËÎÕÔÏÍ ÉÎÔÅÒ×ÁÌÅ × (0;∞); ×ÔÏ-ÒÁÑ ÓÕÍÍÁ ÓÈÏÄÉÔÓÑ ÁÂÓÏÌÀÔÎÏ ÄÌÑ ÌÀÂÏÇÏ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ � > 12 ,�ÏÓËÏÌØËÕ r4(n) ≪ n logn. éÚ ÓÏÏÔÎÏÛÅÎÉÑ (1.1) ÓÌÅÄÕÅÔ, ÞÔÏ ÆÕÎË�ÉÑ�(y) = lim�→ 12+��(y;'4)ÓÕÝÅÓÔ×ÕÅÔ É �(y) = �1=2(y;'4)ÄÌÑ ×ÓÅÈ y 6= �n. ðÅÒÅÈÏÄÉÍ ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÏ Ë ÄÏËÁÚÁÔÅÌØÓÔ×Õ ÔÅÏÒÅ-ÍÙ 2. éÓ�ÏÌØÚÕÅÍ �ÒÉÅÍÙ ÒÁÂÏÔÙ [13℄. ðÕÓÔØ L ÄÏÓÔÁÔÏÞÎÏ ×ÅÌÉËÏ ÉL 6
√x. âÕÄÅÍ ÉÓ�ÏÌØÚÏ×ÁÔØ ÑÄÒÏK(u) = B( sin(�Bu)�Bu )2;ÇÄÅ B = [L1+1=7℄L−1 ≍ L1=7:óÎÁÞÁÌÁ ÒÁÓÓÍÏÔÒÉÍF�(t) = L

∫

−L ��((t+ u)2;'4)(t+ u)3=2+� K(u) duÄÌÑ 1=2 < � 6 3=2 É t > 2L. ÷ [13℄ ÄÏËÁÚÁÎÏ, ÞÔÏL
∫

−L K(u)eiuydy = max(0; 1− ∣

∣

∣

y2�B ∣

∣

∣

)+O(BL−1y−2):äÁÌÅÅ, �ÒÉ |t| > 2L ÉÎÔÅÇÒÉÒÏ×ÁÎÉÅÍ �Ï ÞÁÓÔÑÍ �ÏÌÕÞÁÅÍL
∫

−L (t+ u)−1K(u)eiuydu ≪ B|t|−1y−1:éÓ�ÏÌØÚÕÑ ÔÁËÖÅ Ï�ÅÎËÕ L
∫

−L K(u)du≪ 1É Ï�ÅÎËÉ, ÌÅÇËÏ �ÏÌÕÞÁÅÍÙÅ ÉÚ (2.2), ×Ù×ÏÄÉÍ ÉÚ (3.1)F�(t) = ∑

−L �(t) +O(BL−1); (3.2)
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∑� (t) = eo(�) ∑�n6(�B)2 r4(n)�5=4+�=2wn 
os (2√�nt+ k0(�)�)wn = 1 − √�n=(�B). äÁÌÅÅ ÉÓ�ÏÌØÚÕÅÍ ÈÏÒÏÛÏ ÉÚ×ÅÓÔÎÙÅ �ÒÉÅÍÙ ÉÚÒÁÂÏÔÙ [15℄: ×ÏÚ×ÅÄÅÎÉÅ × Ë×ÁÄÒÁÔ É �ÏÞÌÅÎÎÏÅ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÅ Ó �ÒÉ-ÍÅÎÅÎÉÅÍ Ï�ÅÎËÉ T+L

∫T 
os(ut+ �)dt ≪ min(L; |u|−1):ðÏÓÌÅ ×ÓÅÈ �ÏÄÓÞÅÔÏ× ÉÍÅÅÍL−1 T+L
∫T ∑� (t)2dt = eo(�)22 ∑�n6(�B)2 r4(n)2�5=2+�n w2n +O(B1+�L−1): (3.3)ïÔÍÅÔÉÍ, ÞÔÏ wn ≪ 1 É wn > 12 ÄÌÑ �n 6 (�B=2)2.÷ ÓÉÌÕ (3.2) É (3.3) ÉÍÅÅÍL−1 T+L
∫T F�(t)2dt = eo(�)2 ∑�n6(�B)2 r4(n)2�5=2+�n w2n +O(B1+�L−1): (3.4)éÚ (1.1) ÓÌÅÄÕÅÔ, ÞÔÏ ��(x;'4) ÏÓÔÁÅÔÓÑ ÏÇÒÁÎÉÞÅÎÎÙÍ ÄÌÑ 1=2 <� 6 3=2, ÅÓÌÉ x ÌÅÖÉÔ × ÌÀÂÏÍ ËÏÎÅÞÎÏÍ ÉÎÔÅÒ×ÁÌÅ; �ÏÜÔÏÍÕ ÍÙÍÏÖÅÍ �ÅÒÅÊÔÉ Ë �ÒÅÄÅÌÕ � → 1=2+ �ÏÄ ÚÎÁËÏÍ ÉÎÔÅÇÒÁÌÁ É �ÏÌÕÞÉÔØlim�→1=2+F�(t) = L

∫

−L lim�→1=2+ ��((t+ u)2;'4)(t+ u)2 K(u)du= L
∫

−L �1=2((t+ u)2;'4)(t+ u)2 K(u) du; (3.5)ÔÁË ËÁË lim�→1=2+��(y;'4) = �1=2(y;'4);ÉÓËÌÀÞÁÑ y = �n.



244 ï. í. æïíåîëïó ÄÒÕÇÏÊ ÓÔÏÒÏÎÙ, �Ï (3.4), (2.2) É ÔÏÍÕ ÆÁËÔÕ, ÞÔÏ B ≍ L1=7; ÍÙÉÍÅÅÍL−1 T+L
∫T lim�→1=2+F 2� (t)dt= e0(1=2)2 ∑�n6(�B)2 r4(n)2�3n w2n +O(B1+"L−1)

>
eo(1=2)8 ∑�n6(�B=2)2 r4(n)2�3n +O(B1+"L−1)

> logL: (3.6)
ïÔÍÅÔÉÍ, ÞÔÏ supt∈[T;T+L℄ lim�→1=2+ |F�(t)|ÄÏÓÔÉÇÁÅÔÓÑ × ÔÏÞËÅ t = to. ðÏÜÔÏÍÕlog1=2 L ≪ lim�→1=2+0 |F�(t0)|:éÚ (3.5) ÓÌÅÄÕÅÔ, ÞÔÏlim�→1=2+ |F�(t0)| 6 supu∈[−L;L℄ |�1=2((t0 + u)2);'4|(t0 + u)2 L

∫

−L K(u)du: (3.7)õÞÉÔÙ×ÁÑ (3.6), (3.7) É L
∫

−L K(u)du ≪ 1;�ÏÌÕÞÁÅÍ supu∈[−L;L℄ |�1=2((t0 + u)2);'4|(t0 + u)2 ≫ log1=2 L:÷ÙÂÉÒÁÑ T = √x+ L, ÄÏËÁÚÙ×ÁÅÍ ÔÅÏÒÅÍÕ 2. �úÁÍÅÞÁÎÉÅ 1. îÁ ÓÁÍÏÍ ÄÅÌÅ ÍÙ ÕÓÔÁÎÏ×ÉÌÉ ÎÅÓËÏÌØËÏ ÂÏÌÅÅ ÓÉÌØÎÙÊÆÁËÔ, ÞÅÍ ÓÆÏÒÍÕÌÉÒÏ×ÁÎÎÙÊ × ÔÅÏÒÅÍÅ 2. á ÉÍÅÎÎÏ, ÍÙ �ÏÌÕÞÉÌÉÈÏÒÏÛÕÀ ÌÏËÁÌÉÚÁ�ÉÀ �ÏÑ×ÌÅÎÉÑ ÜËÓÔÒÅÍÁÌØÎÙÈ ÚÎÁÞÅÎÉÊ ×ÅÌÉÞÉÎÙ
|�1=2(v;'4)| : ÄÌÑ ÌÀÂÏÇÏ ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÏÇÏ L 6

√x ÉÍÅÅÍsupu∈[x;x+L√x℄ |�1=2(v;'4)| ≫ x log1=2 x:
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







O(x1=2+�+�) (1 < � 6 3=2);O(x9=8+�=4) (1=2 < � 6 1);O(x5=4+�) (0 < � 6 1=2):In §3 one proves that �1=2(x; �4) = 
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