36 1

( ) Vol. 36 No.1
2012 1 Journal of Jiangxi Normal University (Natural Science) Jan. 2012
XEHS: 1000-5862(2011)06-0041-06
( 330022)
HE: f o s Nevanlinna s m >my  mp,my
m=2 , G(2)=f(z")+ f(z"™) =21 (2) ; c>0
G(z) AG)=c(G)=mo .
K HE1A ;
FESES:0174.52 MERIRERS: A
0 SIEREELIL B f . u)<1,
ce C\{0} f Z;,2,
5 Nevanlinna Zj -z, =c, h(Z) — f(Z+C)—f(Z)
U3 n(r, f)
[51 , Shon Kwang Ho
<
n(r1/f) n(ra,f) ;o= , N N
a , N(r.f)y N1/ f)
< b
Nra. /) S sy c 7 . o(f)=o<l.
a , m(r, f) f 5 H=iz;} f(2) , ceC\{O} ,
T(r,f) / , o(f) Af) S 5
. feg 0 .
R Z-,Zk, Z"_Zk: 5
fog . g g N ! /
(i) lim zj+1/zl-| =1>1,
5 joo ’

AM(2)=f(z+c)-f(2) ;

, Bergweiler Langley, Shon Kwang Ho

>

[4] , Bergweiler Langley

A =f(z+c)=1(2)

AT f =11+ = f(D] f(2)

>

A 8 €(0,1/2),
A ,
1 _SE+D)-f(2)
O'(f)<0'<2+50<1 , H(z)= I

Yets BEA: 2011-10-20
HE&WAB:
fEZ R

(11171170)
(1955-),

6oy V) _SEro-f()
/) /@)

[6] ,Flether Langley Meyer q-

F(z)= f(qz)- f(2)
G(z)=F(2)/ f(2)

>

D qu,|q|>1. f



42

( ) 2012

L(f) = liminf T(r, ) /(logr)* =0,

F(z)=f(q2)- f(2), G(2)=F(2)/ f(2),
F G 1
, [6]
E S
L(f) = liminf T(r, f) /(logr)* = 0.
a,beC, |a|¢0,1,
F(z)= f(az+b)- f(2)
1
Alastair  Fletcher

F(2)/ f(2)

Langley [7]
g(z)=az+b
F=fog-f

F f o
. g m=2
F=fog-f, F
ag>0, F AMF)=mo .
) g
F=fog-f.
O<o<l/m, c=0 m=4, F

c=0, f(g(@)=f(z)

m=2

[8] , Shon Kwang Ho
; g2)=fGre)+f(z+
6)=2f(2) G(2)=g(2)/ f(2)
H f(@ ; f(@
O'(f):O'<1. cl,czeC\{O}

s b,.b,
b; =b; =kic; +kyoy (ky =0,£1,d =1,2),

g(2)

Ag)=0o(g)=0.

f(2) Z;
flzi+a)+f(z,+¢)=0,  G(2)=g(2)/f ()
MG)=a(G)=0.

ny

gl(z):zm‘,g2 (z):z

my, My 2

c+c, 0.

G(2)=f(g(2)+ [ (&(2) =21 (2) (M

1 f o
(1) G(z) m, > m,
my,m, m=2, G(z2)
c>0, G(z2)
AG)=0(G)=mo .
2 S (D
G(2), m>my,  my,m, m=2
f o : 0<o<l1/m, o=0
m=4, G(2)
1 5[
1®' (Béttcher Coordinates) — g(z) = az™ +---
m=2 , ©
u u ¢
zelU,
#(2)=z+0(1) ¢$(g(z)) =ad(z)".
j=0,---;m—-1, u;  w;(z)
u; =" 0, (2)= ¢ (u,9(2)), 2)
w;(z) o VcU
zelV
w;(z) =u;z+0(), g(w;(2)) = g(2) . 3)
2 f o & m(=2)
F=fog=f, 0,z )
€, :
(i) Vae CU{}, N(qr",a, f)-00) <
N(r,a, flg]) < N(c,r",a, )+0(1) (4)
(A=oMT (™, /) =
T(r, flgD =< d+o)T(c,r™, f)
r—> o0 ;
(i) o0>0,
T(r,F)y=m-1-5)T(r, f) (®)]
F o0 , F o(F)=mo ;
(i) o<l, R, r—>wo

Tp(r, f(@;(2))) < (A+o(T((A+oMW)r, f) ,
Tp(r, f)=m(r, [)+ Ng(r, ),



Ve )= [ ar.
2,

3 f o , my,my (my
m), 8,8, G (1) > G >
o(G)=mo.
g¥=id, g' =g, g"(k”)=g’°g°k

4 R>0, f R<l|z]<e

, g m=2) ,

N A A
hy og™ . Ry>0, hy Ry<
2| <o0

5 P(z)=z", Qz)=z",
PoQ=QoP.

PoQ=P(0(z))=P(z"™) = (2")" = """ |
QoP=0(P(2)) = Q(Zm2 )= (Z’"z )m] — m,m2
PoQ=QoP.

6 f , g m(=2)
(2) u;  w;(2)
3R, >0, j=01-,m=-1, R <|z<o
So;(2)=f(2), (6)
by, S=heg.
7 H ,
t, >0, e- K zeC\E|
z>o , H(z+o)/H(EZ)—>1 =<t
8 gy w() t=1)
, w() ,

limg(7) = +o0, lim ¢(¢)/w(t) =0,

roo,
#(1) =< ¢()(to<t<r)
o(1)Jw (1)< /l//
P(')lya
[10, P116]
9 D z=0
, r w, D, D z=0
{z:]z] < r} , 6. D,
|z| =7 , ro(r) . o,

43
|z|:r r , 9::9(r); |z|=r
r C |d=r D ), 6, = .
u.(z) 6, . zeD |Z|<kr/2,
9 ,njk"L
216" (1)
u,(z) S —e (0<k<1).
V1-k
8 [10]¢ [10]P117 68)
10 f(z D , r|fe|<

M(r,[)=M(r;D) = zenDlE\lz)\(:)Jf(Z)' :

3z,eD, |/ (z0)|>1,

log] f (z9)] < log" | /(29| <

ke dt

o dr
log M (r, fu,(zo) < clog M(r, f)e 100

2 EIEBYIUERP

1 f 0, 3
G 0. f
1) G , G
f o(f)=0>0. 3 o(G)=mo.
g(z)=z"(m my,m, , m=2),
4 N,
f:hNOgONa hy ) 5 G=Hyog

Hy =hyog +hyog,—2hy.
f:hNOgON = hNL(Zm)ONJ»
o(hy)=m "o, 3 o(Hy)=
mlm_Na, hy . Hy
MHy)=c(Hy)=mm "o,
2 (4
UG)=m" A(Hy) = mo .
G=Hyog™", N=0 , Hy=G.
Hy AMHy)=0o(Hy),
N=0 , UG)=0(G),
hy S fzhzv°g0N
6 Elje{1,2,~--,m—1} 6) ,
fi@=f(o;)-f(z) = 0,
w;(z) (2) ; wi(z) oz J



44

( ) 2012

) h@=fa(2)-f(z) o

MG)<mo MG)<o(G) ,
Hadamard n=mo ,
n P, 1 n
M(z),
G(2) = f(g(2)+ f(g:(2) =2/ (2) =TI(2)e" P . (7)
Poisson-Jessen p(I)<n

() TI(z)

D[ <0, (8)
k

AR >1, 2| >R, zeH =BGy, |u|™)
k
log|H(z)| = O(|Z|n) .
(7 G(2)|
3d, eR , &>0
5 3 d2 >0 z
keZ,
(2k+Dm .

d, +%+g<argz<d1 +
n

log|G(z)| <—d, |z|n ; 9
ze H,

, QktDr (k+2m

d, +e<argz <d, +

log|G(z)| > d, |=|". (10)

S(0,Ry) N H, ; ®) R,
r |7=g, o &e>0

2 2
d, ~ e < argz < d, SELL Y
m m n

w=z=wm()=c"""z r
d+e<agz<d +(n/n)—¢ . )
G(@)] =[Gz <exp{-dy 2"}

zel,

|G(2)| =]/ (g(2)+ f(g2(2) -2/ (2)| =l f(g (@) +
[ (g (@) -2/(2) [<|G(@)|+2|f (@) - f(2)|=
O(exp(R,7H*M)),

log | G(2) = 02" ")y < d,|4". (10)

D argze
{dl+%—g,dl+w+g} zeH|,
n n
S(0,R,)NH, ,
[dl—z—n+25,dl—2—n+£—2g}g
m m n
[dl+%—g,dl+(2k+1)n+g},
n n
‘—Z—E—% <3¢, emn s
m n
km=-n, m n .
1, >0 , Ry
c=d+n/2n, Qe{zeC:z|>Ry,|argz—cl<
&}, ze (2, arga)l(z)—z—n—c <2¢.
m

oy ()|~ [z =2, Um Un
, )
log|G(z2)| < —d,|z|"  log|G(a(2))| <—d,|z|" /2.
G(2) = f(g(2)+ f(g2(2)-2f(2) =
fa(@ (@) + f(g(ax(2)) -2/ (2) =
G(@(2)+2£,(2). an
ze log|f1(z)| < -d, |z|n /4.
, R>0 d;>0,
Tr(r, f;) = my (r,1/ f;)—O(logr) = dyr".  (12)
h(2) (12)
MG)=0(G)=mo .
2 f(2)  G@) 2
) 4, N
f=hy °g°N ) hy >
5 : G=Hyog™,
Hy =hyog + hyog,—2hy.
Hy , G
: Hy
1, N=0 ,G
N=0 |, 6 ,3je{l,2,m-1}
fi(@=flo;@)-f(z) = 0,
h@) = flo(2)-f(z) o 0.

r—w

o(hy)= m Vo .



1

45

0<o<l/m o(G)<1, 7, 1
- K, |z| uz & E
G(@(2)) ~ G(uyz) = G(e™"z) . (13)
(i) , O<o<l/m , G
G s 1/G
P,
H=P/G (14)

o' =c(H)=0(G)=mo<(0,]),
G m &l o .
>0
0<o' —e<o ' =mo<o +e<l/(l+&)<1. (15)
k , ¢;>0(j=3,45)
e k .
Polya , 8
#(t) =T, fle /17w (t)=1*

A

;u,f[gl]) - (LJ a<r<s)
G flgD) s, ‘ (16)
T(r.fle]) (_J (s, <r <o)
TG, flgD) s,
, s, <7< 8ks, 2
fi(2) (16)
Te(r, )< Q+o)TQ2r, /)< (2+ o(l))T(c3r1/m ,
Fla) < 2+oW)T(c;(8k)™s,"™, flg,]) =
o(T(s,. flg1 D) = o(T(r, flg,]), (17

|Z|>R

R Hh(2)
r .
T(r,[)=oT(r,f1g]D), T(r,fIg, ) =0T (r,f1g]),
IT(r,H)~T(r,G)~T(r, fI&] - (18)
Zy,

|zo| =5, , log|H (zy)| = log M (s, H) = T(s,,H). (19)

A {zeC:log|H(2)| = eT(s,. H)|
Z, s r=s,, o) S0,rnNA4
r€(2s,,2ks,]
o)< n(l+e¢), (20)
(15) (17)~(20) 9 10 ¢

k

T(s,, H) <log|H(zy)| < €T (s,, H) +c, log M (4ks,, H)-

2ks
exp [—nj " i} < £T(s,, H)+csT(8ks,, H)k ™19 <

2, 1O(t)
T(s,, H)(& +c5(8k) T kY < 7(s,, H) /2.
! (20) dr, e
[2s,,2ks,],

S, = {z €S0,7,): log|H(z)| = gT(sn,H)}

n(l+e), T,={zeS0,r):uzeSs,},
S, NT, 2ne
zeS,NT,, wz e- K (13)
u,cS,NT,,
2ne—-o0(1), zeU,, (14)

max {log|G(z)|,log|G( (2))|} < —&T (s,,, H) + O(log ),
(11)

1 g2
Tr(7,, f1)+O(logr,) = my (rn,7)27T(sn,H).
1

(17) (18) !
, G
(ii) c=0 m=4 , G
G , (14) H,
o(H)=0(G)=0. S5, &
2, [11, 4] [12, ch.6]
COS TP
E, <[l1,0] |z|=rek,
Tr(r, )< 2+oNT((L+oM)r, f) <
Q+oW)T'(r, f) (21)

log|H ()| = (1 —Zj log M (r,H) = (1 —gj T(r,G). (22)

|z|=reE2, S0,r) e&-

E, , 3) G) (13) 22) , |7f=rek,
max {log|G(z)|,log|G(e, (2))]} <
~(1-&)T(r,G) < -(1—&)m—1-6)T(r, f).
an |2|=rekE,,
Tr(r, f;) = m(r,1/ fi)—O(logr) = (1-&)(m—-1-6)T(r,
f)—0(ogr) = (1-£)3-86)T(r, /) —O(logr).
(21) G
2
1 [13]



46

) 2012

p(z)=f(z+e)+ f(z+e)++ f(z+c,)—nf(2)
D(z)=9p(2)/ f(2)
1 2 ,

G(2) = f(g1 (2D + f(g2(2) +--+ [ (g,(2)) —nf (2)
, f ,
g =z",g,=2" g, =2" (m,my,,m

2 , m=2)

n

3 SEHR

[1] Hayman W K. Meromorphic functions [M]. Oxford: Clarendon
Press, 1964.

[2] Laine I. Nevanlinna theory and complex differential equations
[M]. Berlin: W de Gruyter, 1993.

[3] . [M]. , 1982.

[4] Bergweiler W, Langley J K. Zeros of differences of meromorphic
functions [J]. Math Proc Camb Phil Soc, 2007, 142: 133-147.

[5] Chen Zong-Xuan, Kwang Ho Shon. On zeros and fixed points of

differences of meromorphic functions [J]. J Math Anal Appl,

—
=)
[}

—
~
—

—
el
—

[10

=

[11

—

[12

—

[13]

2008, 344: 373-383.
Fletcher A, Langley J K, Meyer J. Slowly growing meromorphic
functions and the zeros of differences [J]. Mathematical Pro-
ceedings of the Royal Irish Academy, 2009, 109A(2): 147-154.
Alastair N, Fletcher A, Langley J K. Mermorphic compositions
and target functions [J]. Ann Acad Sci Fenn, 2009, 34: 615-636.
Chen Zong-Xuan, Kwang Ho Shon. Estimates for the zeros of
differences of meromorphic functions [J]. Science in China: Se-
ries A, 2009, 52(11): 2447-2458.
Steinmetz N. Rational iteration [M]. Berlin: de Gruyter Studies in
Mathematics 16, Walter de Gruyter, 1993.
Tsuji M. Potential theory in modern function theory [M]. Tokyo:
Maruzen, 1949.
Hayman W K. On the characteristic of functions meromorphic in
the plane and of their integrals [J]. Proc London Math Soc, 1965,
14A(3): 93-128.
Hayman W K. Subharmonic functions [M]. London: Academic
Press, 1989.

, s . [J].

,2010, 34(2): 183-187.

The Estimate on Zeros of Composition Differences of
Meromorphic Functions

Y1 Cai-feng, LI Ai-ping

(College of Mathematics and Informatics, Jiangxi Normal University, Nanchang Jiangxi 330022, China)

Abstract: Let fis hypothesized as a transcendental meromorphic function of finite order o. By using the funda-

mental theory and method of Nevanlinna, it is proved that composition differences G(z)= f(z™)+

f(z™)=2f(z) have infinity zero and if o >0 then the exponent of convergence of the zeros of G(z)is

AMG) = p(G)=myp, under the condition that m; >m, and the greatest common divisor m=2 of mj,m,.

Key words: meromorphic function; differences; composition differences; zero
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