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Abstract In this paper, we prove, under the Riemann hypothesis, that

17
S pn) = Sx + o(x .
nex T
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Let A(X) = D) p(n) — 6/xX. ¢))

n<x

Montgomery and Vaughan™ showed, under the Riemann hypothesis, that
A(X) = O(X%*®), (2)
where ¢ = 595 Graham@ obtained ¢ = % Using Heath-Brown’s method, Baker and

. . 7 . . . .
Pintz™ obtained = —, By means of the estimation for dual trigonometrical sums
12 y g ’

Jia Chao-hua!¥ got ¢ = -225 independently. Refer to the introduction in [5].

In this paper, developing the methods in [4] further and combining Heath-
Brown’s method, we get
Theorem. Assume Riemann hypothesis holds. Then

LA
).

A(X) = O( X5

Throughout this paper, we assume that X is sufficiently large, & is a suffi-

ciently small positive constant, § = ¢’ and that ¢, ¢,, ¢;, *+- are positive constants.

which have different values in different places. m ~ M denotes that there are
positive constants ¢; and ¢; such that e M < m < ¢, M.

1 Some Preliminary Lemmas

Lemma 1. When N<x<cN, f'(#) is continuous. Assume 0< ¢, <

I ()] < ¢€2d1y C;:" < |f7@)] < c;;q, N<a<b<c¢N. Then

> e(f(n)) K 2ENY + a0,

an<h
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If czllél then

2
D) e(f(n)) € 27

a<n<h

Lemma 2. Assume a(n) =0(1), 0<LK<M<N<cL, L>»1, T>=1. Then
T < a(l) Nt— M* ( . ( L ))
. . 0 1,
E: a(n) P ] }, = ; dr + min TIM]|

M<n<N ~Treicer

+ 0 (min (1, £ )) + 0 (LeEQE L),

where ||x|| denotes the nearest distance from x to integers.

Proof. Using the method of Theorem 2 on p.98 of [6], we can get the proof.
Lemma 3. Assume thar when x ~ N, f(x) K P, f(x) > A, then

Zmin(D,l—lm)«(P—i—l)Lp +A)10g (2+ 1)

n~N
m - 1}
) .

Proof. Let m be an integer and let E, = {n;-’zﬁ< f(n) <

When n,,n,€ E,_ ,n, > n,, we have

V() — (D)l = 1f(m) — f(n) | > A.
Because A|n, — n,| € |f(n,) — f(n,)| € 1, we know that the number of n be-

longing to E_, is < 1 + -i— By Lemma 2 on p. 92 of [7], it is known that

”é min ( Hf(n)”) LD + — 1 108 (2 + -i)

f(x) € P, so the number of m for which E, is not empty is € P + 1. Thus

2 min (D, ||f(1n)“) = Z z min (D’ m)

n~N m nEEp,

& (P +1) (D + i)log (z + i—) Q.E.D.

Lemma 4. Suppose thar &(n) is an arbitrarily complex number and thar
1< O<N. Then

PO

N<n<eN ] 0<g9<Q

Lemma 5. Suppose thar f(x) and (x) are algebraic functions in [a, b] and

that = < |1"(0)| < % 1@ < = W=D, lp@| <o, 1¢'@] < V.

< aN 2 (1 — -;‘;—) Re Z E(n)E(n + q).

N<n<eN-¢

La,B] is the image of [a,b] under the transformation y = f(x). Then

3 e =< (3) > ‘jg_zﬂye(f(n D= T
a<n<h alr< »

+ O((I)log(ﬁ—*a—l-Z) + U'¢(b —a+ R)



156 SCIENCE IN CHINA (Series A) Vol. 36

+ @ min (\/72_, ﬁ) + @ min(ﬁ, TI:TII))'

where n, is the solution of f(x) = 7.

Proof. Take U, = U in Theorem 2.2 on p.36 of [8]. Let b, = 1 when v = aor

g. The errors emerging can be combined into the error term O((D min(\/ﬁ_,ﬁ)ﬁ'
' o

(pmin(\/.l?, -1—)) Q.E.D.
il
Lemma 6. Suppose that when x ~ N, [f¥(x)| ~ 5’% (h=1,2,--+).
Then
i
> e(f(n)) € 23N + i
n~N
11 33 e . —
Proof. Because 53’ 53 (=BABA*BA*B(0, 1)) is an exponent pair, by the
theory of exponent pairs, the conclusion follows. Q.E.D.

Lemma 7 (Vaughan’s Identity). Assume 1<<U, V< Z. Then

20 wWfn) = >3 wm) 2 b@f(mn) — D7 (k) D f(kr),
Z<n<2z V<m 62—;‘— ’Z;cs é-% k<UV %<r< lkZ_
where
b(n) = D>} w(d),c(k) = D w(d)u(n).

dln dn=4k
a>u d<UinsV

Lemma 8. Suppose thet D(x,y,2z) has second-order partial derivatives.
Then
D(myr,s) — D(m,0,8) — D(m,r,0) + D(m,0,0)

2
D(m,§ >
3r Os ( S 71)

=Ts

where 0 < i<r, 0 < n<s.
Proof. Let E(s) = D(m,r,s) — D(m,0,s).
Using Lagrange’s theorem twice, we get
D(myrys) — D(m,0,5) — D(m,r,0) + D(m,0,0)
= E(s) — E(0) = E'(n)s

= ("a‘@;' D(m,r,n) — % D(ms(}?’])) $

2

66 D(m,E,m). Q.E.D.
s

=1rs
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2 Transformation of the Problem

Lemma 9. Assume Riemann hypothesis holds. Then

AX) = — S u(n) (( X)) + o(xirey i+ yiv,

n<Y
where ((8)) = 6 — [6] — L.
See Theorem 1 in [1].

Taking Y = X7, we want to prove, when

it <z < le_; (3)
3 w((F)) = oo™ o
Let H= zx'g. (5)

3+ ((F) - -

Z<Ln<2Z

L 37 wme (AX)

27:'3 0L Al <H hzan;zz

ro(F e 3« (1)

h=-m ZLn<2Z

where a(k) = O (min (Eg_&, ﬁ))
. H hz

By Lemma 1, we know that

i: a(k) Z e(k—‘:-(—)

h=—w Z<n<27 n
73
<ZlogX+ Z (logX H)k(hX) + )
H H X
17 0
. il

7, .
In order to prove that A(X) = O(Xﬁ+ ), we need only to prove that, when

v

—21— <J<ZX 5, - (6)

> LS e (B M)« e (7
J<h<a) B ziacaz n*

3 Estimation for Trigonometrical Sums

3.1 Estimation for Trigonometrical Sums (1)

In the following we always assume

Z = 2MN, (8)
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Lemma 10. Suppose that a(n), b(m) = O(1) and tha:r (3) and (6) hold.
When

17
XM LKNKIXZ™, 9

we have

IS SIS a(n)b(m)e(( )z) < x5

J<h<ay B N<n<aN M<m<iM

Proof. We adopt the discussion in [3] and get the proof.

. o
Lemma 11. Suppose that X < W K ZX% and that a(n) = O(1). Suppose that
(3) holds. When

N K 23X, (10)
we have

._+56

D= > an) 2 (( )z)«x

17 1
Proof. When N << ZX%W ™%, by Lemma 1, it is known that

PIRIDS zz ()

N<n<2N
17
< N((WM"N‘*)%M%' + MNW ™) & X5,

Below we suppose that

17
N > ZX5W "%, (11)

Let 0 = [zzx“g]. : (12)

z)-}

By (3) and (10), 1< Q< ZX %27\

Zl«(N >

N<n<2N

W
Ezmzj-z;z— ’ <(m”)z)

By Lemma 4,

2, (e

n

We need only to prove that
- wil___ 1 _ ))l « ZX1
SIETDHIDIE D> M -

g=1! Nean<an P z<m<zz
H/_(.l. — _._._1___))
2 (m + ¢)

S-31 s .

N<oaN P Z e _z}zﬁ —q

/"_‘\
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When N < Z%, if qWN’Z“é%, by Lemma 1, we know that

D, KL Z''WTINT

0
By (11), N> Z¢'"WIIN K Z.
g=1
We can suppose that
- 1
WNZ™4 > —, 13
7 50 (13)
Wil 1
In Lemma 5, let f(m, n =__(_.‘_. )
fom, = E (L L),

—g—i-@(n,n,n) — 7y W) = Hg(ny7)s n) — 75(my 7).

So

Z s N§2N%<e(%-)ul(n)§nz(ﬂ) é;;d)(ﬂ’ R
‘JW(E(’H 7)), n)
+ 0 (X" + M"(M + ﬁzs‘;:z) + min (5;_;, ”mé”)”)

i @qgf ok

where u(n) = 2Wa(Z( + gn)—27), pln) = 2Wn((2Z2) " —(2Z—gn)); p(n),
u,(n) is monotonic function in #; u,(n), u(n) ~ —qWN?Z™*; u; = ming,(n), x, =

max u,(n).
By Lemma 3, .
Z ~ min(MiN ’ L ) < X%+ (qW)éN‘%Z"i!'Xs,
N<n<2N B \/qW | r(m)|
L mi (MEN , — ) & X® + (qW)IN“IZTiXC,
N<n<aN 7 '\/qW || z22(m)| / '
4772 $vé
m<r<us ! a€ly M/G(n) qW NiZ¥2

2
where I, is a subinterval of (N,2N1, G(n) = %%(g(ﬂ,‘}’),ﬂ), o(n) = ¢(n, 7),
f m

g(n) = g(n, 7).,

7]
N D (X? + M'N}g ‘W™ + (qW)N 2272 X?) K Z.
=1

im) = |, ot (1 +0 ()
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of

In E—(g(u),n) = 7, differentiating for n, we can get
m

(o B - o)

G'(n) = J—S;SL“’ 1:(e(n)) — 12%9% 1 (o(n))g'(n)

”2

— S (1+0(2))

Hence, G(n) is monotonous and G(n) ~ gWM N2

¥ = L (gm,m) + (2L (etm) ) = 7) ¢

0 w
- a—f (e(m)om) ~ — 2,

o"(n) = ;%% (1 +0 (-%)) ~ %.

By Lemma 1 and Abel summation,

e(o(n))
nEfrm/G(n)

L qWZ + (gW) iZiN7%,

m<Y<p;

0
NI (gWwz 3+ zi(gw) "IN K Z.
=1

1 H L1
We have proved that, when N < Z7, 21 < x5,

Below we suppose that
N> Zz1, (14)

E } a M<m§4-—f N§2N -’l: ¢ ("E:.(;l? - (m_—:-_q-ji))

Zomg 2
m m+9q

(> =+ 3 3
ML m<2M—-¢q E{.qu ZM—Q{MQZME(' < 2Z
m m m+ 9

1 (Wl 1

2B )
zu«cém—q N<§zz n \a’ \m* (m+q)

¢ m+q

We only estimate
1 w(1l 1
20-,.2..2 e

2
M<n<IM—4 Z cuiN m (m +q)

The other two sums ¢an be estimated in the same way.
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If qWZ'"’é—SL, by Lemma 1 and Abel summation, it is known that
21, K Z'WTNT,

0
NI Z¢'WIINT K Z'W N X K Z,
=1
We can suppose that
1

qwz-lz? (15)

By Lemma 5,

Som 3 (eet) 3z e ggy))

1 1 1 4
Fﬂm){?é}u(n) TBWé (__ —_— )
m*  (m + q)*

M<Lm<2M—

N4

W(_l____l____))

m*  (m+ q)*

s )
\/W(;%_(m_}_g)z) | 22Cm)|

+ o min \/W i1 ) T )

(m + g)

where ps(m) = % WN3(m™— (m 4+ q)7?), p(m) =2Wm’Z(m™ — (m + q)7%);

us(m) and u,(m) are monotonous functions in m; wps(m), um) ~ qWZ™3; ps—
min p3;(m ), gy = max p(m). '

By Lemma 3,

E min ( N

, )
M<m<2M—q ,\/W(—L—- 1 ) | e2sCm)|

m*  (m + q)*
& (qw)'%M-%N-*XB + MX" ’
mlﬂ 1 )
w‘:mém ¢ ,‘/W 1 ) “ F‘+(m)ll
m (m + q)*

< (qW)*M_iN_‘X" + M?*q7'X°.

1 1 3
A I Y
Z.«ﬁ;ﬁ f_}:w E( (}_E 1( 3:)))
m*  (m+ q)
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+ (gW)EIMINTIX® + MYTINT'X?,
where I, is a subinterval of (M,2M — q1].

0
N > ((gW)IM™iN7IX? + Mq7'N7'X?) < Z X,

g=1

By Abel summation and Lemma 6, we obtain

1 1 3
2,1
c(c T’W’(“—"‘—_—‘_) ) 1
Z 2 m’ __(m + g)’ & qﬁW%M% Z_ii + q_%M523W",
mEly (.L — ——1—-)%
' m*  (m+ q)
11 75

s 1 l’— == —_— —;_g —.?- 5
N> D) wtr i(guwsMis Z 5 +q SMZ'W™) K Z.
g=1 p,ﬂ%.u‘ )

Thus, the lemma follows. Q.E.D.

_w
Lemma 12. Suppose that -%- < JK ZX 5, a(n) = 0(1) and thar (10) holds.

We have

LS 3 e((f:;)z) < x5,

jéray B nia<an Z emalZ
L n

- -7
3.2 Estimation for max (—;—, -;—ZSX 27) <I<ZX o

1

1 (kX -z -
In Lemma 7, let f(n) = 2 —e (—T), V=J"12X 7, U= JPZ7X7.
J<h<a) n

17 17 )
Noting that U > Z}X™°, ZV' K JXvZ™', UV K JXvZ™" and using Lemmas 2,
-2 A
10 and 12, we can get (7) when max (—;-, -;—Z’X z?)é.fé ZX %,

3.3 Estimation for Trigonometrical Sums (II)

When Z’X_§<l, we can get the Theorem in Sec. 3.2, Below we always
suppose .
Z = X# (16)
Lemma 13. Suppose thar a(n), b(m) = 0(1) and that (3) and (10) kold.
When

N>» Z3, (17)
N > WZiX | (18)
N>WwZ X_g, (19)
X<w« Z’X“‘%, (20)

we have

S= >, > a(n)b(m)e( L4 )<< X;T?‘HB

N<n<2IN M<m<4M (m”)z
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Y, ’
Proof. Let Q = [Z:X » ° 1. (21)
By (10) and (16), X < Q0 < MX™’.

2K (N > > b(m)e( 14 )r)%.

N<n<IN ' M<m<iM (mn)
By Lemma 4,
ROl
< cM g(l - -g—) Re Mﬁ;_ b(m)mq_)e(%(;-nl—; — m))

We want to prove that

3, = g(l — %>M<,..§,«_,, b(n«)mmzm e (,,H:" g(msq)) L ZX%,

where g(m,qg) = m™ — (m + q)7,
By Lemma 1,

W ) (gW)iN: | Z?
—_ < -+
N{NZ:S;ZN ¢ (732 glm>q) zZ¥ QW’

é(l - %) > b(m)b(m +q) >, e (-:—I: g(m,q)) L Z.

IMeQ<m<iM—g N<n<2N

When gWZ7 < 6i4’ by Lemma 1, we know that

> e (H:—g(m,q)) & z

N<n<2N n qw

o

S E«az,

=1 M<m<im G
We need only to prove, for

Lzwr<o,<o, (22)

128

that

5= 3 (1—5-) ST b(m)ECm F 4)

9)<a<20, M<m<iM—0
L3 (¥ gm)) < 2X". (23)
N<n<aN n’

By Lemma 5,

N<§m e (—HT/ g(m,q)) = ¢, (-—é—) > (Wg(m>q))* e(ciWigi(m,q))

n -);-2.1"3
Welm:q) o L2WE(msa)
4N N°
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+O(X"+—1-(N+ N' )+m1n( )
N we(m, q) JWg(m, Y ”&LH
NS

b (1))
N Welm, q) HZWgI(V’:x,q)”

> > (X"+ ——L)«Z.

0,<a<20, M<m<tM weg(m, ‘?)

By Lemma 3,
) N? 1 )
min ( — 1K Z.
quzzm; Mcéu VWelm, 9) HMH
N3
' ‘1 q TN
2= e (- > {1—==) > b(m)b(m =+ q)
0,<ae<20, Q M<m<iM—Q
LY W)t (m,g)) + O(2). (24)
Wemia) <y IWe(m,a) Y
4N? NS
Because
4qW _ 2Weg(m, q) _ 8¢°'W - -
0<m"‘N3 N", <M‘N’ < X® (25)
1 < 8¢'W |[2W g(m, || when ‘ ZWg(m q)l 8¢*W ,
. MN Il N? M*N?
- = 2Weg(m 8q'W
Welpnd) <1 <HF 0 when H gz(\.F3 : q)l’ = J4N3
2 =1
< min {18 [0, )|}
MmNl N
By Lemma 3,

2 > 1

M<m<iM 21Wg(m,.q) 1gW
m N"' ) gy & gy

-ZWg(ms
N?-

)

. W |
< min {1 g
u<§u MN?l

<L ¢WZX°,

> (1-4) = wmimF o

0,<a<10, M<m<iM—0
. Z (Wg(m;f,s 9’)) e(c 7’2{3W g3 (msq))
zW;{m aq) <7,<-14W v
N® m N

« (3 5N 1 )Eo«e

0,<4<20, "M<m<IM 2WE(m, @) <r AW (qW) TM?
w® f’?
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5, = cye (L) > (1—-""—) PO CET)

0,<q<20, Q / yu<main-0
4 .
o W DX (dwigt)(m, )) +0(Z),  (26)

By Lemma 2, we need only to prove that

= 3 (1=2) 3 s+ (L) Welm, )t

0,<a<20, Q

ML<m<iM-Q
. Z e(cﬂ’an’%gé(ma q)_) & ZX%. (27)
2/3+it
midny 7
wt . 3
2y K E T Z E i(g9)g*(m,q)
M<m<iM—0'Q,<q<20,

e
G F @) eCen™Whghm, 0)
where j(g) = (1 —407)q".

2] >V i(@et(m, 9)b(m + q) eCer”*wigi(m, q))l

M<msiM—~Q Ql<q<291
1 2\%
<(M 3 | 3 ieatne) 5 F oy eCeawigman | ).
M<m<iM-Q ' Q.<q<20,
We need to prove that, for
-11—6 OWZ <7< 64Q,WZ73, (28)
{ — 11 :
Si= 3| 3 i@ekme) B F @) elerWigh(m, )|
M<m<iM—0Q | Q,<q<20,
« z'M w0 Exe, (29)
Let R = [max(1,MWQiZ™)]. (30)

By (17), (20) and (21), 1 < R< Q,X%, By Lemma 4,

Q_lR
Zs((RZ

r=1

> i@ig+ ) D) gi(m,q)gt(m,q + r)b(m + q)

0,<q<20,-r M<m<eM—Q

« b(m + g + )e(car Wi (gh(m,q) — gh(mr g + )| + 0z M- w107,

> @ilg+ry > gHm,q)et(m,q + r)b(m + q)

0,<q<20—r M<m<iAM—-0
« o(m + g + r)e(e”*wi(g3(m,q) — gi(myq + r)))
= 2D i@ie+r > el—get(l— g9+ 1)

0,<q<2Q,-r M+a<I<iM+g-0

5D b+ r)e(e Wi (g3l — ¢,9) — 51— g, ¢+ 1))
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= > i@ia+r)y > g(m—gq, )gt(m—gq, g+r)

0,<a<20,—r M<m<iM—Q
+ B(mYb(m + r)e(eaWik(m,g,r)) + O(QFM™),
where k(m,q,r) = g3(m— g, ) — g*(m— g, g+ 1),
By (20) and (21),
Qi M~ = 0(Z* MW7),
We need only to prove that

R

5= D (i@t S tm—aq.det(m—q, g+ 1)

R 721 g,<a<20,~r M<m<iM—Q

o 5(m) b(m + r)e(c,‘f”’Wék(m,q,r))‘ < Z‘M"W"Q{%X“. (31)
5= > i@ila+r) > gtm—q,9)et(m—gq, g+7r)

0,<q<20,—r M<m<iM-0

« 5(m) b(m + re(e 7 W3k(m,q,7))
< (M > > iDilag+r)et(m—q, 9)egt(m—gq, g+ 1)

M<m<IM—-Q '0,<q<20,—r

+ eCewikmya, )| )'.
Let $ = [max(1, M*W2QSZ7*)], (32)
By (18) and (21), 1<S< 0,X7°, By Lemma 4,
= >, > i(ilg+r)egt(m—qg,9)g*(m— g, g+ 1)

M<m<¢M—-0 'Q,<q<20,-r

. 2
e e(eWik(myg, r»[

«23 3

s=1 ¢,<q<20,

> gt(m— q,9)gt(m — q,9+ 1)

M<m<AM—0

cgtm—qg—s, g+ s)gt(m—gqg—s, g+ r+s)
e eCe Wi (k(m,q,r) — k(m,q + s,0)))| + O(Z* MW ™Q73),

k(ms‘hf)—k(m’q_i":r)‘

=g (m—q—s, g+r+s)—g(m—qg—s, g+5)
—gim—q, g+ 1)+ (m—q,9),
gm—q—s, g+r+s)y=(m—qg—s)?—(m+r)7

F(my,q,r,s) = —éa;g%(m— g—s, g+ r=+5s)

== (m—g =)=+ )HFH(m+ )= (n =g =)
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G(m,q,r,s)ﬂ%gé(m—q—s, g+r—+s)

- -29— ((m—g— )= (m+ 1)) 3(5(m— g — )™

— Y m—g—s) M (m+r)?+8(m—qg—s)(m+r)"
—9(m—g—s) (m+r)*+5(m+r)),

OrOs

F(myqyrys) = f; ((m—qg—s5)t—(m+ 7)) (m—g—s)

s (m ) (m A+ )= = g — ) m+ )7
+9(m— g — ) m+ )= (m— g — ) ~ mg

2 G(mg,r ) = 2 (=g = )= (m+ ) H(m— g — )7

c(m+r)2+9(m—gqg—s)(m~+r)"*
—8l(m—qg—s) " (m+r)?+142(m—qg—s) (m~+r)"¢
—8l(m—qg—3s)"(m+r)"+9(m—qg—s)"*
c(m+ )P4+ (m—qg—35)(m+ 7))~ —m™3g7",

By Lemma 8,

‘56; (k(msqsr) — k(msq + s,7))

= F(msq’fa-f) - F(”’!?aos-") - F(m’gﬂ"o) -+ F(maQ:osﬂ)
2

OrOs

=rs F(m,q,E,m) ~ rsm™q™"3,

-ai (e Wi (k(myqsr) — k(mrq + 5,7))) ~ g WrsM™Z ™2,
m

*
om?

= G(ma'?af :5) - G(’”a?aoﬁ) - G(msg-.-?'ao) -+ G(m,q,[),ﬂ)

(k(myqyr) — k(myq + s,7))

i G(”’a%@’?) ~ ___,.Sm—:iq—ifs.
rOs

=7rs

al

om?

e W5 (k(msqsr) — k(maq + 557))) ~ —q WM ™Z s,

By Lemma 1 and Abel summation, we know that

> et (m—aq,Qet(m—q, g+ r)gi(m—q—s, q+s)

M<m<AM—Q

. gé(m — qg— S5, q + 5 '+' r)e(c;‘)’z"sW%(’{(m,st) - k(m!q + I,f)))
K giWIMTAZ i + P T T

5 _10
28 & % Z Z CQ%W%M_%Z_II'%S% -+ QSJSW—lzz’.—IJ—l) -+ zﬂM—SW—IQl 3

=1 @<q<zQ
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13 i 1 1 1-1
& QSWiriSiM™1Z™' + Q3Z'W 4 TISTIX® + Z'M W TIOrS,

13 s 1
3, & QRwirisiM3Z i + QFZMiW i TiSTIXO + ZOM W IO,
By (19),(20),(21),(22),(30) and (32), it is known that

B . o,
S K QFW%R*S*M-%Z-? + QFZM‘EW"?R“;S'*,-XB -+ Z4M—1W—IQI—§
& z'lM—lW—lQl—i/in.

So far, Lemma 13 is proved.
10

17
Lemma 14. Suppose that a(n), b(m)=0(1) and thar X5 < Z < X», %<
B :
J< -21,— Z’X 7, Then
1 3 A
(i) when NK Z3X™°, N> Z3:, N> JZ*X 5%, N> J*Z?* X 1, we have

SLS S amsme ()« x5

2
j<ner) B nlacan Z emg 2Z (mn)
n n

31 31
(ii) when M > X¥Z7, MK Z¥, MK J'Z7'X5, M L J2Z " 3X5, we have

17
PHE DI a(n)b(m)e( bX 2) < x#
J<h<2] M<m<IM Z op o 22 (mn) '

Proof. By Lemmas 2 and 13, the lemma is obtained.

1

3 2
3.4 Estimation for X2 273 < J < = Z3X 7z

In Lemma 7, let

_y u
fm)= % ¢ (":f), V =J"Z: X 5, U = J'Z X7,
J<a<2]

1 -3 z i 17 17
Noting that U > max (Z%,J2?X %, J?Z* X v), ZV'KJXuZ™', UV K JXuZ™*
31 3 -2
and using Lemmas 10, 12 and 14, we can get (7) when X5 Z~? éJé-;—Z’X 7,

T | s _29
3.5 Estimation for %g J < min ( X527%, %z’x n)
In Lemma 7, let

p _u
=3 +e(t), v=v =rzxs,
iy B N

1 - z n 17
Noting that Z7 » JZ?X 5, Zi» JPZX v, ZV 'K JXvZ™' and using Lemmas
/4 -
10, 12 and 14, we can get (7) when %é]émin kXﬂ Z’i, -%Z’X %,

4 Conclqsion

Combining the above conclusions, we can get (4). Hence, Theorem follows.
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