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1. �¢¥¤¥­¨¥

�ãáâì X ¨ P | ¤®áâ â®ç­® ¡®«ìè¨¥ ¢¥é¥áâ¢¥­­ë¥ ç¨á« ,   N | ­ âãà «ì­®¥ ç¨á«® á ãá«®-
¢¨¥¬

p
N < X � N ; p, p1, p2 | ¯à®áâë¥ ç¨á« ; D = p� , £¤¥ p > 2, � | ¯®«®¦¨â¥«ì­®¥ æ¥«®¥;

MD(X) | ¬­®¦¥áâ¢® ç¥â­ëå ­ âãà «ì­ëå ç¨á¥« n � X, ª®â®àë¥ (¢®§¬®¦­®) ­¥ ¯à¥¤áâ ¢¨¬ë
¢ ¢¨¤¥

n = p1 + p2; pi � li(modD); (li;D) = 1; i = 1; 2; (1.1)

ED(X) = cardMD(X); R(n) | ç¨á«® ¯à¥¤áâ ¢«¥­¨© n ¢ ¢¨¤¥ (1.1); c, cj (j = 1; 2; : : : ) | ­¥ª®â®àë¥
¯®«®¦¨â¥«ì­ë¥ ¯®áâ®ï­­ë¥, � | á¨¬¢®« �¨­®£à ¤®¢ , '(a) | äã­ªæ¨ï �©«¥à .

� [1] ¡ë«  ¯®«ãç¥­   á¨¬¯â®â¨ç¥áª ï ä®à¬ã«  ¤«ï R(n), á¯à ¢¥¤«¨¢ ï ¤«ï ¢á¥å ç¥â­ëå
n � X, §  ¨áª«îç¥­¨¥¬ ­¥ ¡®«¥¥ ED(X) � X ln�AX (£¤¥ A > 0 | ¯à®¨§¢®«ì­ ï ¯®áâ®ï­­ ï)
§­ ç¥­¨© n ¨§ ­¨å. � â¥¬ ¢ [2], [3] ¤«ï ED(X) ¢ á«ãç ¥ D = 1 á®®â¢¥âáâ¢¥­­® ¤®ª § ­®, çâ®
E1(X) < X exp(�c

p
lnX) ¨ E1(X) < X1��, 0 < � < 1. � [4] ¯®«ãç¥­  ®æ¥­ª  á­¨§ã R(n) ¯à¨

D = 1 ¤«ï ¢á¥å n � X, §  ¨áª«îç¥­¨¥¬ ­¥ ¡®«¥¥ X1�� §­ ç¥­¨© n ¨§ ­¨å.
� ¤ ­­®© à ¡®â¥ á®¥¤¨­¥­¨¥¬ ¬¥â®¤¨ª à ¡®â [1], [2] ¤®ª § ­ 

�¥®à¥¬  1. �à¨ D = p� ¨ D � lnAX á¯à ¢¥¤«¨¢ë ®æ¥­ª¨

ED(X)� X'�1(D) exp(�c1
p
lnX)

¨ ¤«ï n =2MD(X), n � X

R(n)� n

'(D) ln2 n

�
1� lnA n

exp(c2
p
lnn)

�
exp

�
� c2

4

p
lnn

�
;

£¤¥ ¯®áâ®ï­­ë¥ c1 ¨ c2 ­¥ § ¢¨áïâ ®â A.

�ãáâì s | ª®¬¯«¥ªá­ ï ¯¥à¥¬¥­­ ï, �q(n) | å à ªâ¥à �¨à¨å«¥ ¯® ¬®¤ã«î q ¨ L(s; �q) |

L-äã­ªæ¨ï �¨à¨å«¥, ®¯à¥¤¥«ï¥¬ ï ¯à¨ Re s > 1 à ¢¥­áâ¢®¬ L(s; �q) =
1P
n=1

�q(n)n�s. �á«¨ ­¥

áãé¥áâ¢ã¥â ¢¥é¥áâ¢¥­­ë© (¨áª«îç¨â¥«ì­ë©) ­ã«ì � á ãá«®¢¨¥¬ � > 1 � c3 ln
�1 q L-äã­ªæ¨¨

�¨à¨å«¥ ¤«ï ¢á¥å q � P (¢ íâ®¬ á«ãç ¥ ¯®«®¦¨¬ E = 0), â® ¬¥â®¤¨ª®© ¨§ ¤ ­­®© à ¡®âë ¬®¦­®
¯®«ãç¨âì  á¨¬¯â®â¨ç¥áªãî ä®à¬ã«ã ¤«ï R(n). � á«ãç ¥ áãé¥áâ¢®¢ ­¨ï â ª®£® ¨áª«îç¨â¥«ì­®-
£® ­ã«ï (â®£¤  ¯®«®¦¨¬ E = 1) â ª¦¥ ¯®«ãç ¥âáï  á¨¬¯â®â¨ç¥áª ï ä®à¬ã« , ­® ¢ íâ®© ä®à¬ã«¥
¢¬¥áâ¥ á ®¡ëç­ë¬ £« ¢­ë¬ ç«¥­®¬ ¡ã¤¥â ãç áâ¢®¢ âì ç«¥­, á®®â¢¥âáâ¢ãîé¨© ¨áª«îç¨â¥«ì­®¬ã
­ã«î (¯®àï¤®ª ª®â®à®£® ¯® áãâ¨ ®¤¨­ ª®¢ á £« ¢­ë¬ ç«¥­®¬), â. ¥. á¯à ¢¥¤«¨¢ 

�¥®à¥¬  2. �á«¨ D = p� ¨ D � lnAX, â® ¤«ï ¢á¥å n � X, ¨áª«îç ï ­¥ ¡®«¥¥ ç¥¬
c4X'

�1(D) exp(�c1
p
lnX) §­ ç¥­¨© ¨§ ­¨å, á¯à ¢¥¤«¨¢  ä®à¬ã« 

R(n) =
J(n)�(n)

'2(D) ln2 n
+E

J�(n)e�(n)
'2(D) ln2 n

+O

�
n('(D) ln2 n)�1

exp(c5
p
lnn)

�
;
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£¤¥

J(n) =
X

n=n1+n2
n1;n2�2

1; J�(n) =
X

n=n1+n2
n1;n2�2

(n1n2)
(��1);

�(n) = 2D
Y
p>2

p(p� 2)
(p� 1)2

Y
pnD
p>2

(p� 1)2

p(p� 2)

Y
pnn

p6nD; p>2

p� 1
p� 2

;

e�(n) = Y
pnrd
p6nn

1
p� 1

Y
p6nnrd
p>2

p(p� 2)
(p� 1)2

Y
pnndr
p>2

p

p� 1
;

£¤¥ d = (q;D), r | ¬®¤ã«ì ¢¥é¥áâ¢¥­­®£® (¨áª«îç¨â¥«ì­®£®) å à ªâ¥à  e�r ¨ � | ¨áª«îç¨-
â¥«ì­ë© ­ã«ì äã­ªæ¨¨ L(s; e�r).

� ¬¥â¨¬, çâ® ¬¥â®¤¨ª  à ¡®âë [3] ­¥ ¯®§¢®«ï¥â ¯®«ãç¨âì ¤ ¦¥ â ªãî  á¨¬¯â®â¨ç¥áªãî ä®à-
¬ã«ã. �â¬¥â¨¬ â ª¦¥, çâ® ¢ [5] ¯à¨¢®¤¨âáï ®æ¥­ª  ED(X)� '�1(D)X1��, ®¤­ ª® ®­  ¤®ª § ­ 
¤àã£¨¬ ¯ãâ¥¬ ¨ â®«ìª® ¢ á«ãç ¥, ª®£¤  D = p | ¯à®áâ®¥ ç¨á«®.

�§¢¥áâ­®, çâ® ¨§ãç¥­¨¥ äã­ªæ¨¨ R(n) ¬®¦­® á¢ï§ âì á ¨§ãç¥­¨¥¬ äã­ªæ¨¨
Q

n(X;D), ®§­ -
ç îé¥© ç¨á«® ¯ à ¯à®áâëå ç¨á¥« p, p+2n ¨§ ¨­â¥à¢ «  (0;X), ¯à¨­ ¤«¥¦ é¨å á®®â¢¥âáâ¢¥­­®
 à¨ä¬¥â¨ç¥áª¨¬ ¯à®£à¥áá¨ï¬ Dt1 + l1, Dt2 + l2 á ãá«®¢¨¥¬ 1 � l1; l2 � D, (l1; D) = 1; (l2;D) = 1
[1].

�¥â®¤¨ª , ¨á¯®«ì§ã¥¬ ï ¢ ¤ ­­®© à ¡®â¥, ¤ ¥â ¢®§¬®¦­®áâì ¤®ª § âì  ­ «®£¨ç­ë© à¥§ã«ì-
â â ¨ ¤«ï

Q
n(X;D),   ¨¬¥­­®, á¯à ¢¥¤«¨¢ 

�¥®à¥¬  3. �á«¨ D = p� ¨ D � lnAX, â® ¤«ï ª ¦¤®£® æ¥«®£® 0 < 2n � X ln�AX, 2n �
l1 � l2(modD), ¨áª«îç ï ­¥ ¡®«¥¥ ç¥¬ c4X'

�1(D) exp(�c1
p
lnX) §­ ç¥­¨© ¨§ ­¨å, á¯à ¢¥¤«¨¢ 

®æ¥­ª  Y
n
(X; D)� n

'(D) ln2 n

�
1� lnA n

exp(c2
p
lnn)

�
exp

�
� c2

4

p
lnn

�
;

£¤¥ ¯®áâ®ï­­ë¥ c1 ¨ c2 ­¥ § ¢¨áïâ ®â A > 0.

�®«ãç¥­­ë¥ à¥§ã«ìâ âë ï¢«ïîâáï ãá¨«¥­¨¥¬ à¥§ã«ìâ â®¢ [1] ¨ ®¡®¡é¥­¨¥¬ à¥§ã«ìâ â  [2].
�®ª § â¥«ìáâ¢® â¥®à¥¬ë 3 ¢ ®á­®¢­®¬  ­ «®£¨ç­® ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 1, ¯à¨ç¥¬ ­¥®¡å®-

¤¨¬ë¥ ¨§¬¥­¥­¨ï ¤«ï ¢ë¢®¤  â¥®à¥¬ë 3 ¬®¦­® ¯®á¬®âà¥âì ¢ [1]. � å®¤¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë
1 á­ ç «  ãáâ ­®¢¨¬ á¯à ¢¥¤«¨¢®áâì â¥®à¥¬ë 2.

2. �á­®¢­ë¥ «¥¬¬ë

�ãáâì �(n) | äã­ªæ¨ï � ­£®«¤â , ®¯à¥¤¥«ï¥¬ ï à ¢¥­áâ¢®¬

�(n) =

(
lnn; ¥á«¨ n = pk;

0 ¢ ®áâ «ì­ëå á«ãç ïå:

�¡®§­ ç¨¬  (x; �m) =
P
n�x

�(n)�m(n) ¨

�� =

(
1; �m = ��m (£« ¢­ë© å à ªâ¥à);

0; �m 6= ��m:

�¨¬¢®«ë
P
�q

¨
qP0

a=1
®¡®§­ ç îâ á®®â¢¥âáâ¢¥­­® áã¬¬¨à®¢ ­¨¥ ¯® ¢á¥¬ å à ªâ¥à ¬ mod q ¨ ¯®

¯à¨¢¥¤¥­­®© á¨áâ¥¬¥ ¢ëç¥â®¢ mod q.

�¥¬¬  2.1 ([6], x 19; [2], ¯. 4). �«ï ¤®áâ â®ç­® ¡®«ìè¨å X ¨ N á ãá«®¢¨¥¬ 3 � n � X,p
N < X � N ¨ ¤«ï ¢á¥å m � exp(c5

p
lnN) á¯à ¢¥¤«¨¢ë á«¥¤ãîé¨¥ à ¢¥­áâ¢ :
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a) ¥á«¨ E = 0 ¨ E = 1 ¨ m | ¬®¤ã«ì å à ªâ¥à  �m ­¥ ¤¥«¨âáï ­  r | ¢¥¤ãé¨© ¬®¤ã«ì
¨áª«îç¨â¥«ì­®£® å à ªâ¥à  e�m, â®  (n; �m) = ��n+ �n;

b) ¥á«¨ ¦¥ E = 1 ¨ r nm, â®  (n; �m) = ��n � ��1n� + �n, ¯à¨ç¥¬ ¢® ¢á¥å á«ãç ïå ¤«ï �n
á¯à ¢¥¤«¨¢  ®æ¥­ª 

�n � X exp(�c6
p
lnN):

�¥¬¬  2.2 ([7]). �á«¨ �0(t) ¨ �00(t) | å à ªâ¥àë �¨à¨å«¥ á®®â¢¥âáâ¢¥­­® ¯® modQ0 ¨ Q00,
â® ¯à®¨§¢¥¤¥­¨¥ �0(t)�00(t) | £« ¢­ë© å à ªâ¥à â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  �0(t) = �00(t) ¤«ï
¢á¥å (t;Q) = 1 ¨ �0 | ¯à®¨§¢®¤­ë© å à ªâ¥à, ¯®à®¦¤¥­­ë© ®¤­¨¬ ¨§ å à ªâ¥à®¢ ¯® mod d, £¤¥
d = (Q0; Q00), Q = Q0Q00d�1 ¨ �00(t) | å à ªâ¥à, á®¯àï¦¥­­ë© á �00(t).

�¥¬¬  2.3 ([7]). �«ï (j; k) = 1, d n k ¨ (h; d) = 1 ¨¬¥îâ ¬¥áâ® á®®â­®è¥­¨ï

kX0

l=1
l�h(modd)

e

�
jl

k

�
=

8<:0; ¥á«¨ (d; kd�1) > 1;

�
�
k
d

�
e
�
j�h
d

�
; ¥á«¨ (d; kd�1) = 1;

£¤¥ e(�) = e2�i�, �(k) | äã­ªæ¨ï �¥¡¨ãá  ¨ � | à¥è¥­¨¥ áà ¢­¥­¨ï kd�1z � 1(mod d).

3. �á­®¢­ë¥ ®¡®§­ ç¥­¨ï ¨ ¤¥«¥­¨¥ ¥¤¨­¨ç­®£® ¨­â¥à¢ « 

�ãáâì

P1 = exp
�
c6

p
lnN
200

�
; P2 = P

1=4
1 :

�á«¨ E = 0 ¨«¨ ¦¥ E = 1 ¨ P2 < r, â® ¯®«®¦¨¬ P = P2, ¢ ®áâ «ì­ëå á«ãç ïå P = P1.
�®« £ ï Q = NP�1, á¥£¬¥­â [Q�1; 1 + Q�1] ¤¥«¨¬ ­  ®á­®¢­ë¥ ¨ ¤®¯®«­¨â¥«ì­ë¥ ¨­â¥à¢ «ë.
�à¨ a � q � P ç¥à¥§ M(q; a) ®¡®§­ ç¨¬ § ªàëâë© ¨­â¥à¢ « [aq�1 � (qQ)�1; aq�1 + (qQ)�1],
(a; q) = 1. �á­®, çâ® ®á­®¢­ë¥ ¨­â¥à¢ «ë ­¥ ¯¥à¥á¥ª îâáï ¨ M(q; a) � [Q�1; 1 +Q�1].

�¥à¥§ T ®¡®§­ ç¨¬ ¬­®¦¥áâ¢® â¥å â®ç¥ª �, Q�1 < � < 1 + Q�1, ª®â®àë¥ ­¥ á®¤¥à¦ âáï ­¨
¢ ª ª®¬ M(q; a). � ¤ «ì­¥©è¥¬ ®¡ê¥¤¨­¥­¨¥ ¢á¥å M(q; a) ­ §®¢¥¬ ¡®«ìè®© ¤ã£®©,   T | ¬ «®©
¤ã£®©.

�¢¥¤¥¬ äã­ªæ¨¨

Si(X;�) =
X
�D

�D(li)
X

2<pi�X

�D(pi) ln pie(pi�); i = 1; 2; (3.1)

g(i)u (x; �) =
X

2<n�X

nu�1i e(ni�); i = 1; 2; (3.2)

Vi(X;�; q; a) = R(q)
�(qd�1)
'(qd�1)

e

�
a

q
N1li

�
g(i)1 (X; �); i = 1; 2; (3.3)

£¤¥ � = aq�1+ �, d = (q;D), N1 = gqd�1(mod q) (N1 | ­ ¨¬¥­ìè¨© ¯®«®¦¨â¥«ì­ë© ¢ëç¥â ç¨á« 
gqd�1 ¯® mod q), g ¯® modd ®¯à¥¤¥«ï¥âáï ¨§ gqd�1 � 1(mod d); R(q) = 1, ¥á«¨ (qd�1;D) = 1, ¨
R(q) = 0 ¢ ¯à®â¨¢­®¬ á«ãç ¥, ®¡®§­ ç¨¬

S = S(X;�) = S1(X;�)S2(X;�);

V = V (X;�; q; a) = V1(X;�; q; a)V2(X;�; q; a):
(3.4)

�®£¤  ¨¬¥¥¬

S(X;�) = '2(D)
X

2<n�2X

R(X;n)e(�n); (3.5)
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£¤¥

R(X;n) =
X

n=p1+p2
2<p1;p2�X

p1�l1; p2�l2(modD)

ln p1 ln p2; (3.6)

¨

V = R(q)
�2(qd�1)
'2(qd�1)

X
2<n�2N

J(N;n)e
�
a

q
(N1(l1 + l2)� n)

�
e(�n); (3.7)

£¤¥

J(N;n) =
X

n=n1+n2
2�n1;n2�N

1: (3.8)

�ç¥¢¨¤­®,

n=2 < J(N;n)� N (J(N;n) = 2(n� 2)) ; (3.9)

¥á«¨ 2 < n � N . �á«¨ 1=2 � u � 1, â® áã¬¬¨à®¢ ­¨¥ ¯® ç áâï¬ ¤ ¥â ([8], «¥¬¬  3.5)

g(i)u (X;�)� min(k�k�u;Xu); (3.10)

£¤¥ k�k | à ááâ®ï­¨¥ ®â � ¤® ¡«¨¦ ©è¥£® æ¥«®£® ç¨á« .

4. � «ë¥ ¤ã£¨

�¥¬¬  4.1. �à¨ ¤®áâ â®ç­® ¡®«ìè®¬ N á¯à ¢¥¤«¨¢ë ®æ¥­ª¨Z
T
jS(N;�)j2d�� N 2D2'(D)P�1 ln12N; (4.1)Z

T

���� X
q�P

qX0

a=1

V (N;�)
����2d�� N 3P�2(D ln lnP )4: (4.2)

�®ª § â¥«ìáâ¢®. � á¨«ã (3.4) ¨¬¥¥¬Z
T

jS(N;�)j2d�� max
�2T

jS1(N;�)j2
Z
T

jS2(N;�)j2d�: (4.3)

�¤¥áì Z
T
jS2(N;�)j2d� �

Z 1+Q�1

Q�1
jS2(N;�)j2d� = '2(D)

X
2<p�N

p2�l2(modD)

ln2 p2:

� á¨«ã â¥®à¥¬ë 5.2.1 ¨§ [9] ¯à¨ N � 2 ¨ D � N 1=2X
p�N; p�l(modD)

ln p� N'�1(D):

�®íâ®¬ã Z
T

jS2(N;�)j2d�� '(D)N lnN: (4.4)

�«ï ®æ¥­ª¨ max
�2T

jS1(N;�)j2 ¨á¯®«ì§ã¥¬ à¥§ã«ìâ â à ¡®âë [10]: ¥á«¨ R < q � NR�1, 1 � R � N 1=3,

(a; q) = 1, j�� aq�1j � 2R(qN)�1, â®

Si(N;�)� NR�1=2D(lnN)11=2: (4.5)
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�®£« á­® â¥®à¥¬¥ �¨à¨å«¥ áãé¥áâ¢ãîâ â ª¨¥ q � Q ¨ � á ãá«®¢¨¥¬ 1 � a � q, (a; q) = 1, ¤«ï
ª®â®àëå j��aq�1j < (qQ)�1. �â® ®§­ ç ¥â, çâ® � 2M(q; a), ¥á«¨ q � P . �­ ç¨â, ¤«ï � 2 T ¨¬¥¥¬
q > P ¨, á«¥¤®¢ â¥«ì­®, ¢ (4.5) ¬®¦¥¬ ¯®« £ âì R = P . �¥¯¥àì ¨§ (4.3){(4.5) á«¥¤ã¥â (4.1).

�æ¥­ª  (4.2) ¤®ª §ë¢ ¥âáï â ª ¦¥, ª ª ®æ¥­ª  (5.9) ¨§ [2].

5. �« ¢­ë¥ ¤ã£¨

A. �«ãç © P = P2. �§ (3.7) á«¥¤ã¥â, çâ®

X
q>y

qX0

a=1

V (N;�; q; a) =
X

2<n�2N

J(N;n)�(y; n)e(n�); (5.1)

£¤¥

�(y; n) =
X
q>y

R(q)
�2(qd�1)
'2(qd�1)

qX0

a=1

e

�
a

q
(N1(l1 + l2)� n)

�
: (5.2)

�¥¬¬  5.1. �á«¨ � 2M(q; a), â®

X
q�P

qX0

a=1

Z
M(q;a)

���� X
k�P
k 6=q

kX0

h=1
h6=a

V (N;�; k; h)
����2d�� P 9

Q
(D ln lnP )4:

�®ª § â¥«ìáâ¢®. �à¥¤¯®«®¦¨¬, çâ® a � q � P , (a; q) = 1, h � k � P , (h; k) = 1, k 6= q, h 6= a
¨ � 2M(q; a). �®£¤  j��aq�1j � (qQ)�1. �«¥¤®¢ â¥«ì­®, k��hk�1k = k��hk�1+aq�1�aq�1k �
kaq�1 � hk�1k � j�� aq�1j � (qk)�1 � (qQ)�1 > (qk)�1. �®íâ®¬ã, ãç¨âë¢ ï n'�1(n)� ln lnn (¯à¨
n � 3) ¨ d1 = (k;D) � D, ¨§ (3.3), (3.4), (3.10) ¯®«ãç¨¬���� X

k�P
k 6=q

kX0

h=1
h 6=a

V (N;�; k; h)
����2 � ���� X

k�P
k 6=q

�2(kd�11 )
'2(kd�11 )

k�� hk�1k�2'(k)
����2 �

� (qD ln lnP )4
�X
k�P

'(k)
�2

� (qDP ln lnP )4:

� ª¨¬ ®¡à §®¬,

X
q�P

qX0

a=1

Z
M(q;a)

���� X
k�P
k 6=q

kX0

h=1
h6=a

V (N;�; k; h)
����2d��
�
X
q�P

qX0

a=1

(PDq ln lnP )4(qQ)�1 � P 9Q�1(D ln lnP )4: �

�¥¬¬  5.2 ([1], x 7). �«ï áã¬¬ë �(P; n), ®¯à¥¤¥«ï¥¬®© à ¢¥­áâ¢®¬ (5:2), á¯à ¢¥¤«¨¢  ®æ¥­-
ª 

�(P; n)� D2P�1�(n)(ln lnN)3;

£¤¥ �(n) | ç¨á«® ­ âãà «ì­ëå ¤¥«¨â¥«¥© n.

�§ «¥¬¬ë 5.2 ¨ ¨§ (5.1), (3.9) á«¥¤ã¥â

�¥¬¬  5.3. �à¨ ¤®áâ â®ç­® ¡®«ìè®¬ N ¨¬¥¥â ¬¥áâ® ®æ¥­ª Z 1+Q�1

Q�1

���� X
q>P

qX0

a=1

V (N;�; k; h)
����2d�� N 3P�2(D lnN)4:
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�¥¬¬  5.4. �á«¨ a � q � P , (a; q) = 1 ¨ � 2M(q; a), â®

Si(N;�) � Vi(N;�; q; a) � N 2q�1Q�1 exp(�c6
p
lnN)4:

�®ª § â¥«ìáâ¢®. �á­®, çâ®���� X
pi�N

�D(pi) ln pie(�pi)�
X

pi�N; pi 6nq

�D(pi) ln pie(�pi)
���� � ln q: (5.3)

�á¯®«ì§ãï á¢®©áâ¢® ®àâ®£®­ «ì­®áâ¨ å à ªâ¥à®¢, ¢ëç¨â ¥¬ãî áã¬¬ã ¢ «¥¢®© ç áâ¨ (5.3) ¬®¦­®
­ ¯¨á âì ¢ ¢¨¤¥

1
'(q)

X
�q

� qX
j=1

�q(j)e
�
aj

q

�� X
pi�N

(ln pi)�D(pi)�q(pi)e(pi�): (5.4)

�¡®§­ ç¨¬

Ai = Ai(�D; �q; q; a) =
1

'(q)

X
�D;�q

qX
j=1

�D(li)�q(j)e
�
aj

q

�
(5.5)

¨

Gi = Gi(�D; �q; N) =
X
pi�N

(ln pi)�D(pi)�q(pi)e(pi�); i = 1; 2: (5.6)

�®£¤ , ¨á¯®«ì§ãï (5.3){(5.6), ¨§ (3.1) ­ å®¤¨¬

Si(N;�) = AiGi +O('(D) ln q); i = 1; 2: (5.7)

�­ ç «  ®æ¥­¨¬ Gi. �®«®¦¨¬ �D(pi)�q(pi) = �m(pi), £¤¥ m = qDd�1, â®£¤  ¨§ (5.6) ¯®«ãç¨¬

Gi =
X
pi�N

�m(pi) ln pie(pi�) =
X
ni�N

�m(ni)�(ni)e(ni�)�
X

p�

n
�N

�2

�m(p
�
i ) ln pie(p

�
i �) =

=
X
ni�N

( (�m; ni)�  (�m; ni � 1))e(ni; �) +O(N 1=2):

�âáî¤ , ¨á¯®«ì§ãï «¥¬¬ã 2.1  ), ­ å®¤¨¬

Gi(�m; N)� ��
X

2<ni�N

e(ni�)�
���� X
2<ni�N

(�ni � �ni�1)e(ni�)
����+p

N �

�
���� X
2<ni�N

(�ni � �ni�1)
����+ ���� X

2<ni�N�1

(e(ni�)� e((ni + 1)�))
X

2<t�ni

(�t � �t�1)
����+

+
p
N � j�N j+

X
2<ni�N

je(ni�)� e((ni + 1)�)j j�ni j+
p
N:

� «¥¥, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ je(ni�)� e((ni + 1)�)j � j�j � (qQ)�1, ¡ã¤¥¬ ¨¬¥âì

Gi(�m; N)� ��
X

2<ni�N

e(ni�)� j�N j+N(qQ)�1max
ni

j�N j+
p
N �

� N(qQ)�1j�N j � N 2(qQ)�1 exp(�c6
p
lnN): (5.8)

� ª¨¬ ®¡à §®¬, ¨§ (5.7) ¨ (5.8) ­ å®¤¨¬

Si(N;�) = ��Ai

X
2<ni�N

e(ni�) +O

�
N 2

qQ
jAij exp(�c6

p
lnN)

�
: (5.9)
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�¥¯¥àì ­ ©¤¥¬ Ai. � á¨«ã «¥¬¬ë 2.2 �D(pi)�q(pi) = �m(pi) = ��m | £« ¢­ë© å à ªâ¥à (â. ¥.
�� = 1) â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  �D(pi) = �q(pi) ¨ �q(pi) = �d(pi) ¤«ï ¢á¥å (pi;m) = 1.
�®íâ®¬ã, ¯à¨¬¥­ïï «¥¬¬ã 2.2 ¯à¨ Q0 = D, Q00 = q, Q = m, ¨§ (5.5) ¯®«ãç¨¬

Ai =
1

'(q)

X
�D;�q

qX
j=1

�D(li)�q(j)e
�
aj

q

�
=

1
'(q)

X
�d

qX
j=1

�d(li)�d(j)e
�
aj

q

�
=
'(d)
'(q)

qX0

j=1
j�li(mod d)

e

�
aj

q

�
:

�âáî¤ , ¨á¯®«ì§ãï «¥¬¬ã 2.3, ­ å®¤¨¬

Ai = R(D)
�(qd�1)
'(qd�1)

e

�
aN1li
q

�
: (5.10)

�§ (3.3), (5.9) ¨ (5.10) á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ «¥¬¬ë 5.4

�¥¬¬  5.5. �¯à ¢¥¤«¨¢  ®æ¥­ª 

X
q�P

qX0

a=1

Z
M(q;a)

jS(N;�) � V (N;�; q; a)j2d�� N 3P 3D2 exp(�2c6
p
lnN):

�®ª § â¥«ìáâ¢®. �â¢¥à¦¤¥­¨¥ «¥¬¬ë á«¥¤ã¥â ¨§ «¥¬¬ë 5.4, ¥á«¨ ãç¥áâì ¢ á¨«ã (3.3) ¨
(3.10)

Vi(N;�; q; a)� '�1(qd�1)jg(i)1 (N; �)j � N'�1(qd�1):

�¥©áâ¢¨â¥«ì­®, ¨§ «¥¬¬ë 5.4 á«¥¤ã¥â

S(N;�) � V (N;�; q; a)� (jV1(N;�; q; a)j + jV2(N;�; q; a)j)NPq�1 exp(�c6
p
lnN) +

+ (NPq�1 exp(�c6
p
lnN))2 � N 2P'�1(qd�1)q�1 exp(�c6

p
lnN) +N 2P 2q�1 exp(�2c6

p
lnN):

�âáî¤ 

X
q�P

qX0

a=1

Z
M(q;a)

jS(N;�)� V (N;�; q; a)j2d��

� N 4P 2

exp(2c6
p
lnN)

X
q�P

'(q)
q3Q'2(qd�1)

+
N 4P 4

exp(4c6
p
lnN)

X
q�P

'(q)q�5Q�1 �

� N 3P 3D2 exp(�2c6
p
lnN): �

�¥¬¬  5.6. �¯à ¢¥¤«¨¢® á®®â­®è¥­¨¥Z 1+Q�1

Q�1

����S(N;�) � 1X
q=1

qX0

a=1

V (N;�; q; a)
����2d�� N 3D2P�1 ln12N:

�®ª § â¥«ìáâ¢®. � á¨«ã «¥¬¬ë 5.3 ®æ¥­¨¢ ¥¬ë© ¨­â¥£à « ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥Z 1+Q�1

Q�1

����S(N;�) �X
q�P

qX0

a=1

V (N;�; q; a)
����2d�+O

�
N 3D4 ln4N

P 2

�
: (5.11)

�ãáâì M = [Q�1; 1 +Q�1] n T . �®£¤  ¨­â¥£à « ¯® [Q�1; 1 +Q�1] ¢ (5.11) ¬®¦­® § ¯¨á âì ª ª
áã¬¬ã ¨­â¥£à «®¢ ¯® M ¨ ¯® T , ª®â®àë¥ ®¡®§­ ç¨¬ ç¥à¥§ K1 ¨ K2 á®®â¢¥âáâ¢¥­­®.

K2 ®æ¥­¨¬ ¯à¨ ¯®¬®é¨ «¥¬¬ë 4.1

K2 �
Z
T

jS(N;�)j2d�+
Z
T

���� X
k�P

kX0

h=1

V (N;�; k; h)
����2d�� N 3D2P�1 ln12N: (5.12)
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�«ï ®æ¥­ª¨ ¨­â¥£à «  K1 ¨á¯®«ì§ã¥¬ «¥¬¬ë 5.1 ¨ 5.5. �â® ¤ ¥â

K1 �
Z
M

����S(N;�) � X
k�P

kX0

h=1

�2M(k;h)

V (N;�; k; h)
����2d�+

+
Z
M

����X
k�P

kX0

h=1

�=2M(k;h)

V (N;�; k; h)
����2d�� N 3P 3D2 exp(�2c6

p
lnN): (5.13)

�¥¯¥àì ¨§ (5.11){(5.13) á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ «¥¬¬ë 5.6.

�. � á«ãç ¥ P = P1 ¯®«ãç¨âáï E = 1 ¨ áãé¥áâ¢ã¥â ¨áª«îç¨â¥«ì­ë© ¢¥é¥áâ¢¥­­ë© (­ã«ì �)
å à ªâ¥à e�r, £¤¥ r � P

1=4
1 = P2. �ãáâì �(�k) | áã¬¬  � ãáá , â. ¥.

�(�k) =
kX

n=1

�k(n)e(n=k):

�§ â¥®à¥¬ë �¥©¤¦  ¨ �¨£¥«ï ® ­ã«ïå L-äã­ªæ¨¨ �¨à¨å«¥ [6] á«¥¤ã¥â, çâ® 1� c7 ln�1=2N < � <
1� c(")r�", â. ¥. r � (lnN)1=2". �®«®¦¨¬ " = "1 = (2A+ 6)�1, â®£¤  r > (lnN)A+2.

�§¢¥áâ­®, çâ® ¢¥¤ãé¨¥ ¬®¤ã«¨ ¢¥é¥áâ¢¥­­®£® ¯à¨¬¨â¨¢­®£® å à ªâ¥à  ¬®£ãâ à ¢­ïâìáï
â®«ìª® 4, 8 ¨ p > 3 | ¯à®áâ®¥ ç¨á«®. � ª ª ª m = qDd�1, d = (q;D), D = p� , D � lnaX,
(qd�1; D) = 1, qd�1 ¡¥áª¢ ¤à â­ë©, â® ®âáî¤  á«¥¤ã¥â, çâ® r nm à ¢­®á¨«ì­® â®¬ã, çâ® r n qd�1,
â. ¥. r n q.

�¥¬¬  5.e1. a) ¥á«¨ r 6 nq, â®
X
q�P

qX0

a=1

Z
M(q;a)

jS(N;�) � V (N;�; q; a)j2d�� N 3P 3D2

exp(2c6
p
lnN)

;

b) ¥á«¨ r n q, â®
X
q�P

qX0

a=1

Z
M(q;a)

����S(N;�) � 2Y
i=1

(Vi � eVi)����2d�� N 3P 3 lnP

exp(2c6
p
lnN)

;

£¤¥ eVi = Ai(�q; �D; q; a)g
(i)
� (N; �):

�®ª §ë¢ ¥âáï â ª ¦¥, ª ª ¨ «¥¬¬  5.5. �à¨ íâ®¬ ¢ ¤®ª § â¥«ìáâ¢¥ ãâ¢¥à¦¤¥­¨ï a) ¨á¯®«ì-
§ã¥âáï «¥¬¬  2.1 a),   ¢ ¤®ª § â¥«ìáâ¢¥ ãâ¢¥à¦¤¥­¨ï b) | «¥¬¬  2.1 b).

�¥¬¬  5.e2 ([3], «¥¬¬  5.2). �á«¨ �k | å à ªâ¥à ¯® mod k, ¨­¤ãæ¨à®¢ ­­ë© ¯à¨¬¨â¨¢­ë¬
å à ªâ¥à®¬ ��k, â® r n k ¨ �(�k) = �(k=r)��r(k=r)�(�

�
r), j�(��r)j2 = r.

�§ à ¢¥­áâ¢  (5.5) á«¥¤ã¥â
�¥¬¬  5.e3. �á«¨ áãé¥áâ¢ã¥â ¨áª«îç¨â¥«ì­ë© å à ªâ¥à ¯® ¬®¤ã«î m = qDd�1, â®

Ai(�D; �q; q; a) =
1

'(q)
e�m(ali) qX0

h=1

e�m(h)e(h=q):
� «¥¥ ¤«ï a � q � P , (a; q) = 1, r nm, � 2M(q; a) ¯®«®¦¨¬ W (N;�) = eV1 eV2 � V1 eV2 + eV1V2, ¢

¤àã£¨å á«ãç ïå W (N;�) = 0.

�¥¬¬  5.e4. �¯à ¢¥¤«¨¢  ®æ¥­ª Z 1+Q�1

Q�1

����S � 1X
q=1

qX0

a=1

V (N;�; q; a) �W (N;�)
����2d�� N 3D2P�1 ln12N:
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�®ª § â¥«ìáâ¢®. � á¨«ã «¥¬¬ë 5.3 ®æ¥­¨¢ ¥¬ë© ¨­â¥£à « ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥Z 1+Q�1

Q�1

����S �X
q�P

qX0

a=1

V (N;�; q; a) �W (N;�)
����2d�+O(N 3P�2(D lnN)4): (5.14)

�­â¥£à « ¯® [Q�1; 1+Q�1] ¢ (5.14) ¯à¥¤áâ ¢¨¬ áã¬¬®© ¨­â¥£à «®¢ ¯®M ¨ T . �®£¤  ãç¨âë¢ ï,
çâ® W (N;�) = 0 ¤«ï � 2 T , ¨ ¨á¯®«ì§ãï «¥¬¬ë 4.1, 5.1 ¨ 5:e1, ¯®«ãç¨¬ ãâ¢¥à¦¤¥­¨¥ «¥¬¬ë
(¯®¤à®¡­®áâ¨ | ¢ [2]).

6. �áá«¥¤®¢ ­¨¥ äã­ªæ¨¨ W (N;�)

�®«®¦¨¬

D(N;h) =
Z 1+Q�1

Q�1
W (N;�)e(�h�)d�: (6.1)

�¥¬¬  6.1. �¬¥¥â ¬¥áâ® ®æ¥­ª X
2<n�2N

j'2(D)R(N;n)� J(N;n)�(n)�D(N;n)j2 � N 3D3P�1 ln12N;

£¤¥ R(N;n), J(N;n) ¨ �(n) = �(0; n) ®¯à¥¤¥«¥­ë ¢ ¢¨¤¥ áã¬¬ (3:6), (3:8) ¨ (5:2).

�®ª § â¥«ìáâ¢®. �ãáâì

F (N;h) =

(
'2(D)R(N;h) � J(N;h) �D(N;h); 0 < h � 2N ;

D(N;h) ¢ ¤àã£¨å á«ãç ïå:

�®£¤  ¢ á¨«ã (6.1), (5.1) ¨ (3.5) äã­ªæ¨ï F (N;h) ï¢«ï¥âáï ª®íää¨æ¨¥­â®¬ �ãàì¥ äã­ªæ¨¨

S �
1X
q=1

qX0

a=1

V (N;�; q; a) �W (N;�):

�à¨¬¥­ïï ­¥à ¢¥­áâ¢® �¥áá¥«ï ¨ «¥¬¬ã 5:e4, ¯®«ãç¨¬ ãâ¢¥à¦¤¥­¨¥ «¥¬¬ë.

�ãáâì r nm ¨

I(i)1 = I(i)1 (n; q;D; a) =
Z
M(q;a)

Vi eVie(�n�)d�; i = 1; 2; (6.2)

I
(i)
2 = I

(i)
2 (n; q;D; a) =

Z
M(q;a)

eV e(�n�)d�; eV = eV1 eV2; (6.3)

B(i)
1 = B(i)

1 (n; q;D; a) = �(qd�1)'�1(qd�1)e(aq�1(N1li � n))Ai; i = 1; 2; (6.4)

B2 = B2(n; q;D; a) = A1 � A2e(�aq�1n); (6.5)

â®£¤ 

I
(i)
1 = B

(i)
1

Z 1=qQ

�1=qQ
g(i)1 (N; �)g(i)� (N; �)e(�n�)d�; i = 1; 2; (6.6)

¨

I2 = B2

Z 1=qQ

�1=qQ

g(1)� (N; �)g(2)� (N; �)e(�n�)d�: (6.7)

�¥¯¥àì, ¥á«¨ q � P , r n qd�1 ¨ k = qr�1, â® ¨§ (6.4) ¨ «¥¬¬ë 5:e3 á«¥¤ã¥â ®æ¥­ª 
qX0

a=1

B
(i)
1 (n; q;D; a)� r1=2

'2(q)
'(d)'(r)e�r(k)2jCk(N1li � n)j�2(k):
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�­ «®£¨ç­® ¨§ (6.5) ¨ «¥¬¬ë 5:e3 ¯®«ãç¨¬
qX0

a=1

B2(n; q;D; a)� 1
'2(q)

e�r(l1l2)�2(k)e�2r(k)�(e�r)2Cq(�n); (6.8)

£¤¥

Cq(m) =
qX0

a=1

e

�
am

q

�
=
�(q1)
'(q1)

'(q); q1 =
q

(q; jmj) : (6.9)

�¥¬¬  6.2 ([2], «¥¬¬  9.4). �ãáâì Li = jN1li � nj, â®£¤ X
k�Pr�1

�2(k)'�2jCk(N1li � n)j � Li'
�1(Li):

�¥¬¬  6.3. �á«¨ r nm, â®
X
q�P

qX0

a=1

I
(i)
1 (n; q;D; a)� Nr1=2'(d)Li('(r)'(Li))

�1:

�®ª § â¥«ìáâ¢®. �á¯®«ì§ãï ­¥à ¢¥­áâ¢® �¢ àæ  ¨ (3.2) ¢ (6.6),   § â¥¬ ¯à¨¬¥­ïï «¥¬¬ã
6.2, ¯®«ãç¨¬ ãâ¢¥à¦¤¥­¨¥ «¥¬¬ë.

�ãáâì

J�(N;n) =
Z 1=2

�1=2

g(1)� g(2)� e(�n�)d� =
X

n=n1+n2
2�n1;n2�N

(n1n2)��1: (6.10)

�®£¤  Z 1=qQ

�1=qQ

g(1)� g(2)� e(�n�)d� = J�(N;n) +O

�
qN

P

�
: (6.11)

� «¥¥ ¯®«®¦¨¬

G(N;n) =
X
q�P

rnqd�1

qX0

a=1

B2(n; q;D; a): (6.12)

�¥¬¬  6.4. �á«¨ n � N , â®

X
q�P
rnq

qX0

a=1

I2(n; q;D; a) = J�(N;n)G(N;n) +O

�
qN

P
�(n)(ln lnN)4 ln1=2N

�
:

�®ª § â¥«ìáâ¢®. �®£« á­® (6.7) ¨ (6.11) ¨§ (6.8), (6.9) ¨ (6.12) ¯®«ãç¨¬

X
q�P

rnqd�1

qX0

a=1

I2(n; q;D; a) � J�(N;n)G(N;n)� Nr2

P'(r)

X
1
; (6.13)

£¤¥ X
1
=

X
k�Pr�1

(k;r)=1

�2(k)�2
�

k

(k; n)

�
k

'(k)
'�1

�
k

(k; n)

�
� (ln lnN)3�(n) ln1=2N: (6.14)

� ª ª ª r'�1(r)� ln lnN , â® ¨§ (6.13) ¨ (6.14) á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ «¥¬¬ë.
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�¥¬¬  6.5. �á«¨ n � 2N , â® D(N;n) � J�(N;n)G(N;n) � NP�1r�(n)(ln lnN)4 ln1=2N +
Nr�1=2'(d)(ln lnN)2.

�®ª § â¥«ìáâ¢®. � á¨«ã (6.1){(6.3) ¨¬¥¥¬

D(N;n) =
X
q�P

qX0

a=1

(I2 � I
(1)
1 � I

(2)
1 ):

� «¥¥, ¯à¨¬¥­ïï «¥¬¬ë 6.3 ¨ 6.4, ¡ã¤¥¬ ¨¬¥âì

D(N;n)� J�(N;n)G(N;n)� NP�1�(n)r(ln lnN)4 ln1=2N +Nr1=2'(d)'�1(r) ln lnN:

�âáî¤  á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ «¥¬¬ë 6.5, ¥á«¨ ãç¥áâì, çâ®

'(r)� r(ln ln r)�1; £¤¥ P � r > lnA+2N: �

7. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 1

A. �«ãç © P = P2. �§ (3.5) ¨ (5.1) ¯à¨ y = 0, ¨á¯®«ì§ãï â®¦¤¥áâ¢® � àá¥¢ «ï ¨ «¥¬¬ã 5.6,
­ å®¤¨¬ X

n�2N

('2(D)R(N;n)� J(N;n)�(n))2 � (ND)2

P
'(D) ln12N: (7.1)

�¤¥áì ¤«ï ç¥â­®£® n

�(n) = �(0; n) = D
1X
k=1

�(k)'�2(k)
X

tnn; (t;D)=1

�2(t)'�1(t) =

= �D
Y
p>2

p(p� 2)
(p� 1)2

Y
pnD
p>2

(p� 1)2

p(p� 2)

Y
pnn;p 6nD
p>2

p� 1
p� 2

;

£¤¥ � = 1, ¥á«¨ D ç¥â­®¥; ¯à¨ D ­¥ç¥â­®¬ � = 2 (¡®«¥¥ ¯®¤à®¡­® ®â­®á¨â¥«ì­® �(n) á¬. x 7 ¨§
[1]). �âáî¤ 

�(n)� D: (7.2)

�§ (7.1) á«¥¤ã¥â, çâ® ¤«ï ¢á¥å n � 2N , ¨áª«îç ï ­¥ ¡®«¥¥ ç¥¬

c8NP
�1=3'(D) ln4N (7.3)

§­ ç¥­¨© ¨§ ­¨å, á¯à ¢¥¤«¨¢  ä®à¬ã« 

R(N;n) =
J(N;n)�(n)

'2(D)
+O

�
N(lnN)4 ln lnD

'(D) exp(c6
p
lnN=600)

�
: (7.4)

�®£« á­® (7.2) ¨ (3.9) ¯à¨ N=2 < n � N ¨¬¥¥¬

J(N;n)�(n)� DN:

�®£¤  ¨§ (7.4) ­ å®¤¨¬

R(N;n)� DN'�2(D)
�
1� P�1=3 ln4N

�
� N'�1(D): (7.5)

�§ (7.3) ¨ (7.5) áà §ã á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 1 á X = N . �§ (7.5) á«¥¤ã¥â, çâ®

R(n)� n('(D) ln2 n)�1
�
1� (lnn)2 exp(�c9

p
lnn)

�
: (7.6)
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�. �«ãç © P = P1. � á¨«ã (6.13) ¨ (6.8) ¨¬¥¥¬

jG(N;n)j � e�(n) +O(P�1rd�(n)(ln lnN)4); (7.7)

£¤¥

e�(n) = Y
pnrd
p6nn

1
p� 1

Y
p6nnrd

p(p� 2)
(p� 1)2

Y
pnnrd

p

p� 1
� �(n)

(¯®¤à®¡­ë¥ ¢ëª« ¤ª¨ á¬. ¢ [1] ¨ [2]).
�ç¨âë¢ ï J�(N;n)� N� (á¬. (6.10)), ¨§ «¥¬¬ë 6.5 ¨ ­¥à ¢¥­áâ¢  (7.7) ¯®«ãç¨¬ ¤«ï ç¥â­®£®

n � 2N

jD(N;n)j � J�(N;n)�(n) +O
�
P�1dr�(n)(ln lnN)4 ln1=2N

�
+O

�
Nr�1=2'(D)(ln lnN)2

�
: (7.8)

�¥¬¬  7.1. �ãé¥áâ¢ã¥â â ª ï ¯®«®¦¨â¥«ì­ ï ¯®áâ®ï­­ ï c10, çâ®

J(N;n)� J�(N;n) > c10r
�"1J(N;n); "1 = (2A+ 6)�1:

�®ª § â¥«ìáâ¢®. � á¨«ã â¥®à¥¬ë �¨£¥«ï 1=2 � � < 1 � c("1)r�"1 . �®íâ®¬ã ¯à¨ n1n2 > 1
¡ã¤¥¬ ¨¬¥âì �

1� (n1n2)��1
�
> 1� exp

�� c("1)r�"1 ln(n1n2)
�
> c10r

�"1 :

�¥¯¥àì, ¨á¯®«ì§ãï ¯®á«¥¤­îî ®æ¥­ªã, ¨§ (6.10) ¨ (3.8) ¯®«ãç¨¬ ãâ¢¥à¦¤¥­¨¥ «¥¬¬ë.

�§ (7.8) ¨ «¥¬¬ë 7.1 á«¥¤ã¥â, çâ® ¥á«¨ n � 2N ¨ n � 0(mod 2), â®

jJ(N;n)�(n) +D(N;n)j > c10r
�"1J(N;n)�(n) +

+O

�
N

P
rd�(n)(ln lnN)4 ln1=2N

�
+O

�
N

r1=2
'(D)(ln lnN)2

�
: (7.9)

�®£« á­® «¥¬¬¥ 6.1

'2(D)R(N;n)� J(N;n)�(n) �D(N;n)� NP�1=3D'(D) (7.10)

¤«ï ¢á¥å n � 2N , §  ¨áª«îç¥­¨¥¬ ­¥ ¡®«¥¥ ç¥¬

c11'
�1(D)NP�1=3 ln12N (7.11)

§­ ç¥­¨© ¨§ ­¨å.

�¥¬¬  7.2. �«ï ¢á¥å ç¥â­ëå ç¨á¥« n, N=2 < n � N , §  ¨áª«îç¥­¨¥¬ ­¥ ¡®«¥¥ ç¥¬
c12N'

�1(D)P�1=3 lnN §­ ç¥­¨© ¨§ ­¨å, á¯à ¢¥¤«¨¢  ®æ¥­ª 

jJ(N;n)�(n) +D(N;n)j � NP�"1=4D:

�®ª § â¥«ìáâ¢®. �§¢¥áâ­®, çâ®
P
n�N

�(n) � N lnN . �âáî¤  �(n) � P 1=3'(D) ¤«ï ¢á¥å n,

n � N , §  ¨áª«îç¥­¨¥¬ ­¥ ¡®«¥¥ ç¥¬ c12NP
�1=3'�1(D) lnN §­ ç¥­¨© n.

�«¥¤®¢ â¥«ì­®, á®£« á­® (7.9)

jJ(N;n)�(n) +D(N;n)j > c10J(N;n)�(n) +O(Nr�1P�5=12'(D)d(ln lnN)4 ln1=2N) +

+O(Nr�1=2(ln lnN)2'(d))� r�"1ND(1� c13(ln lnN)2(lnN)�(A+2)(
1

2
�"1))� r�"1ND:

� ª ª ª r � P , â® ®âáî¤  á«¥¤ã¥â ãâ¢¥à¦¤¥­¨¥ «¥¬¬ë.
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�®áª®«ìªã R(N;n) ­¥ ®âà¨æ â¥«ì­®¥, â®

R(N;n) � '�2(D)fjJ(N;n)�(n) +D(N;n)j � j'2(D)R(N;n)� J(N;n)�(n)�D(N;n)jg:
�«¥¤®¢ â¥«ì­®, ãç¨âë¢ ï P = P1, ¨§ (7.10) ¨ «¥¬¬ë 7.2 ¯®«ãç¨¬

R(N;n) >
ND

P "1=4

�
c14 � c15'(D)P

� 1

3
+
"1
4

�
> NDP� 1

20 :

�§ ¯®á«¥¤­¥£® á®®â­®è¥­¨ï á«¥¤ã¥â

R(n) >
n exp(�c14

p
lnn)

'(D) ln2 n

�
1� lnA n

exp(3c14
p
lnn)

�
: (7.12)

�§ (7.6) ¨ (7.12), ãç¨âë¢ ï (7.3) ¨ (7.11), ¯®«ãç¨¬ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 1. �

� § ª«îç¥­¨¥  ¢â®à ¢ëà ¦ ¥â ¡« £®¤ à­®áâì §  ¯®¤¤¥à¦ªã ¨ ¯®«¥§­ë¥ á®¢¥âë ¯à®ä¥áá®à ¬
�.�.� ¢à¨ªã ¨ �.�.�áà ¨«®¢ã.
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