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LOI NOI PAU

Ho chun tic cac anh xa chinh hinh d3 va dang dugc nhiéu nha toan
hoc quan tdm nghién ctru trong ca truong hop mot bién va nhiéu bién phuc.
Ly thuyét vé ho chuén tic d3 c6 nhiéu ung dung va co mbi lién hé mat thiét
v6i Giai tich phitc hyperbolic. Muyc dich ciia dé tai nay 1a trinh bay lai két qua
cta J. E. Joseph va M. H. Kwach [19] vé ho chuén tic cic anh xa chinh hinh
nhiéu bién phtrc va ing dung trong viéc m¢é rdng mot sb dinh ly co dién cua
giai tich phuc 1én trudng hop nhiéu bién.

Bé cuc cua luan vin dugc chia 1am ba chuong:

Chwong I: Nhitng kién thirc chudn bi

Noi dung cta chuong ndy 1a trinh bay mot sé kién thic co ban cua Giai
tich phic hyperbolic. Péng thoi, trinh bay médt s6 khai niém va mét sb tinh
chit ctia cho chun tic, ho chuan tic déu cic anh xa chinh hinh. Nhirng kién
thirc nay s€ la co s& cho viéc nghién clru & cac chuong sau.

Chwong II: Ho chudn tic déu trén cac da tap hyperbolic

Trong chuong nay, ching ti s& nghién ctru mdt sd tinh chit quan trong
ctia ho chuén tic déu cic anh xa chinh hinh trén cac da tap hyperbolic. Nhirng
két qua nay c6 y nghia quan trong trong viéc téng quat hoa mot sé dinh 1y co
dién cua Brody Lohwater va Pommerenke, Lehto va Virtanen, Hahn,
Zaidenberg. Cudi chuong, gidi thiéu cac khai niém va mot sd két qua vé cac
anh xa chuan tic va ho chuan tic déu cta cac anh xa chinh hinh cta nhiéu tac
gia khac nhau.

Chuwong III: Ho chudn tic déu trén cdc khéng gian phirc va tong qudt
héa cdc dinh Iy c6 dién cia Schottky, Lappan, Bohr vé cdc ho chudn tic déu

Trong chuong ndy, mot s6 két qua trong chuong II vé& c4c ho chuén tic

déu trén cac da tap hyperbolic da dugc mo rong do1 véi cac ho chuan tac déu
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trén cac khong gian phirc tiy y. Ngoai ra, cac tinh chat nay con duoc st dung
dé tong quat héa mot sb dinh 1y cd dién cia Schottky, Hayman, bo dé cua
Bohr va dinh 1y 5 — diém ctia Lappan cho trudng hop ho chudn tic déu cac
anh xa chinh hinh trén cac khong gian phuc tuy y.

Trong qué trinh 1am luan vin, ching t6i da nhan duoc su huéng dan tan
tinh ctia PGS. TS. Pham Viét Puc. Tac gia xin bay t6 long biét on siu sac t4i
thay. Pong thoi tac gia cling xin phép giri t6i cac thay ¢ gido trong khoa Sau
dai hoc va khoa Toan — Trudong Pai hoc Su pham — Pai hoc Thai Nguyén 161
cam on chan thanh vi da quan tam va tao moi diéu kién thuén loi dé tac gia
hoan thanh tdt luan vin ctia minh.

Tac gia cling xin chan thanh cam cam on cac thiy cd phan bién di danh

thoi gian doc va dong gop nhirng ¥ kién quy bau cho luan van.

Thai Nguyén, ngay  thang nam 2010

Tac gia

Nguyén Quynh Hoa
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CHUONG |
MOT SO KIEN THU'C CHUAN BI

1.1 Mot s6 khai niém co ban
1.1.1 Gia khoang cach Kobayashi trén khong gian phirc

Gia sir X 1a khong gian phic, X va y 13 hai diém tuy ¥ thudc X;
H (D, X) la tap tt ca cac anh xa chinh hinh tr D vao X, duoc trang bi tOpo
compact md. Xét diy cac diém P, =X, P,y P, =Y thudc X, day cac diém
a,...,a, thuoc D va day cac anh xa f,..., f_ thuoc H (D, X) thoa man:
f(0)=p.; f(a)=p Vi=l..k
Téap hop :{ Pyseees Per@yeer @y T fk} théa man diéu kién trén duoc
goi 14 mot day chuyén chinh hinh ndi x va y trong X.
k
Ta dinh nghia K, (X, y) =inf {ZpD (O;ai ); e Qx,y}’ trong d6 €} la
a i=1
tap hop tit ca cac diy chuyén chinh hinh néi x va y trong X. Khi do,
k, : X x X —[ " théa min c4c tién dé:
(1) k. (x,y)=0, ¥x,yeX,
2) k(% y)=k, (v,x), ¥X,yeX,
3) k(X y)+k,(y,2)=k,(x,2), ¥X,y,ze X,
duoc goi la gia khodng cach Kobayashi trén khong gian phtrc X.

k
Tong Z o N (0; ai) dugc goi 1a tong Kobayashi cua day chuyén chinh hinh a.
i=1

1.1.2 Khong gian phirc hyperbolic
Khéng gian phtc X dugc goi 1a khong gian hyperbolic (theo nghia
Kobayashi) néu gia khoang cach Kobayashi K, 1a khoang cach trén X, tuc la

ke (X, y)=0=x=Yy, VX, yeX.
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1.1.3 Dinh nghia

Gia st E=0"" la mot khong gian vécto phirc n + 1 chiéu. Goi P(E)
1a tap hop tat ca cac khong gian con tuyén tinh mot chiéu (hodc 13 duong
thing di qua goc 0) trong E. Ta dinh nghia 4nh xa p:E\{0} - P(E) nhu
sau: Voi xe E\ {0} thi p(x) 1a dudng thang di qua 0 va X.

Tacé P(E)=P"(0) lakhong gian xa dnh phirc n chicu.

Ta goi P(E’) 1a khong gian xa anh déi ngdu ciia P(E), va do do
P" (D ) 1a khong gian xa anh d6i ngau caa P" (0).

Lay H,,...,H, la cac siéu phang trong P(E), goi Y-, Y, la céc diém
cua P(E*) twvong tUng véi cac siéu phang H,,..., H,, Gia st
p :E'\{0} >P(E") la phan thé Hopf va L,eE"\{0} sao cho

ol ( L, ) =Y,. Khi do, ta goi L, la dang tuyén tinh twong ing voi siéu phang

Ta néi rang ho cac diém y,,..., y, cua P(E*) 1a & vi tri tong quat néu
v&i mdi cach chon 1< J,<..< ], £0¢,0<k<n, tacé dim<Lj0,...,ij>:k+1,

trong do <LJ.0 yeens L > 1a khong gian con tuyén tinh ctia E* sinh bai L, L

ik B
Dinh nghia nay khong phu thudc vao cach chon L,...,L, véi p° ( L, ) =Y,
Cho H,,...,H, la cic siéu phang trong P”(D ) Ta néi rang H,,..., H,

1d & vi tri tong quat néu ho cac diém Y,,..., y, ctua P(E*) tuong Ung voi

H,,...,H, 1a & vi tri tong quat.

S6 héa béi Trung tam Hoc liéu — DPai hoc Thdi Nguyén 4 http://www.lrc-tnu.edu.vn



www.VNMATH.com

Hay n6i cach khac, cho H,,...,H, 1a céc siéu phang trong P"(0) va

L,...,L, 1a cac dang tuyén tinh twong Gng. Khi do, H,,...,H 1a & vi tri tong

o7 Tin

quat  néu {L L.} 13 hé doc lap tuyén tinh, véi moi cach chon
1<, <...< ] =q.

1.2 Ho cac anh xa chuin tic
1.2.1 Metric vi phan Kobayashi

Gia su M 1a da tap hyperbolic. Khi do, ta dinh nghia K,, la metric vi
phan Kobayashi trén M dugc xac dinh boi:

K, (p.,v)=inf {r>0:9(0)=p,dp(0,re)=v; véi pc H (D,M)},
trong d6 peM,v ETp(I\/I ), de 1a 4nh xa tiép xtc cua ¢ va e la vecto don
vi 1 tai 0 e D.

1.2.2 Pinh nghia

Gia st M 1a da tap hyperbolic, Y la khong gian phirc, E 1a ham d6 dai
trén Y va d. 1a ham khoang cach trén Y sinh bdi ham d¢ dai E. Khi do, ta
dinh nghia chuan |df |E ctia anh xa tiép xtc cua f e H (M ,Y) ung véi ham do
dai E, xac dinh boi:

df |, :sup{|df (p).:pe M},

trong do |df (p)|_ = sup{E( f(p).df (p,v)):K, (p.v) :1}.
1.2.3 Pinh nghia

Gia st X, Y la cac khong gian phic vaF < C(X,Y ). Khi do, ta dinh
nghia F 13 lién tuc dong déu tr pe X dén qeY néu véi mdi 1an can mo U
chtra diém ¢ trong Y thi ton tai cac tap md V, W trong X, Y chtra p, q tuong
imgsaocho {feF:f(p)eW|c{feF:f(V)eU}.
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Néu F 14 lién tuc dong déu véi mdi pe X dén mdi qeV thi ta ndi
rang F lién tuc dong déu tir X vao Y.

Khi 6, két qua sau duoc coi nhu 13 cach phat biéu khac cua dinh 1y
Arzela — Ascoli ddi vé6i ho lién tuc ddng déu.
1.2.4 Ménh dé

Gia su X la m¢t khong gian chinh quy compact dia phuong va Y la mot
khong gian chinh quy. Khi do, ho F C(X ,Y) la compact twong doi trong
C(X ,Y) khi va chi khi hai diéu kién sau dwoc théa man:

a) Flalién tuc déng déu,

b) F (X) = { f (X)|f € F} la compact twong doi trong Y véi méi x € X.
Cho X, Y 1a cac khong gian phirc. Ta ky hiéu:

+Y' =Y U{oo} 13 compact hoa mot diém Alexandroff cua khong gian
topd Y va Y* =Y néu Y la compact.

+) Néu F CC(Y,Z) va G CC(X,Y) thi ta viét

FoG={fog:feF,geG}.

1.2.5 Pinh nghia

Mot ho F cac anh xa chinh hinh tir khong gian phirc X tdi khong gian
phuc Y dugc goi 1a chuan tic néu F 13 compact tuong ddi trong H (X ,Y)déi
v&i topd compact — md.
1.2.6 Dinh nghia

Gid sir X va Y 1a cac khong gian phitc. Mot ho F < H(X,Y) duoc goi
la chuan tic déu néu FoH (M : X) 14 compact tuong ddi trong C(M ,Y*)
v6i mdi da tap phitc M. Ta ndi rang f e H (X,Y) 14 mot anh xa chuan tic

néu { f } 1 chuén tic déu.
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Tir dinh nghia trén ta thAy mdi phan tir cia mot ho chudn tic déu 1a mot
anh xa chuan téc. Nhung nguoc lai, mot ho cac anh xa chudn tic c6 thé khong
1a chuén tic déu. That vay, ta ¢ vi du:

Vi du
Pinh nghia ho F < H(D,P*()) duoc x4c dinh boi F={f :n=12,..}

1

Vél fn(Z):m

. Khi @6, f 1a chuan tic v6i mdi n=12,... nhung F

khong 1a chuan tic déu.

f,(z)2

That vay, vi trén D nén f 1a mdt anh xa chuan tic

n(n+1)
theo Lehto-Virtanen. Dinh nghia anh xa ¢ eA(D) dugc xac dinh bodi
n’z+(1-n?)

w"(z)_(l—nz)z+n3' Khi d6, ta c6 f o@ (n?-n*)—>0, nhung

fop (0) khong dan dén 0. Vay ho F khong 13 chuan tic déu.
Tt dinh nghia 1.2.6 ta c6 cac ménh dé sau:
1.2.7 Ménh dé
Néu M la da tap phire, Y la khéng gian phirc va F cH (|\/| ,Y) la
chudn tdc déu thi F la compact twong doi trong C ( M,Y™ )
1.2.8 Ménh dé
Néu X, Y la cdc khéng gian phirc va F c H (X,Y) thi cdc ménh dé sau
twong dwong:
(1) F la chuan tdc déu.
(2) Néu Z la khéng gian phirc va G < H (Z, X) thi F oG la chudn tdac déu.
(3) Néu Z la khdng gian con phike ciia X thi ho cdc dnh xa thudc F han ché

trén Z la chuan tac déu.
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1.2.9 Ménh dé
Néu X, Y la cac khong gian phitc va F < H(X,Y) thi cdc ménh dé sau
tuong duong:
(1) F la chuan tdc déu.
(2) FoH(D,X) la chudn tic déu.
(3) FoH(D,X) la compact twong dsi trong C(D,Y").
(4) Bao déng ciia F trong H(X,Y) la chudn tic déu.
Chiing minh
Tirménh dé 1.2.7 va 1.2.8 taco (1) =(2)=(3); (4)=(1).
e Ching minh (3)=(1).
Gia sir (1) sai. Ta c6 thé gia st M ={pell ":||p|<1}.
T ménh dé 1.2.4,tacoé FoH (M, X) khong Ia ho lién tuc dong déu tir diem
0eM déndiém qeY”.
Ton tai cac day {p,}=(M—{0}),{f,}=F {p,}cH(M,X) sao cho

p.| =0, f,op,(0)—>qva f op, (p,) khdng hoi tu vé g.

n

Liy A, H(D,X) xdc dinh boi zn(z)_gon(ﬂj, f04,(0)>q.

n

Trong khi do, f, 4, (|p,|) khong hoi tu vé g.
Tir ménh dé 1.2.4 ta ¢c6 FoH(D,X) khong 1a compact twong déi trong
C(D,Y"). Suy ra mau thudn véi (3). Vay (3)=(1).

e Chimg minh (1) =(4).

Ta can chirng minh rang v&i mdi da tap phirc M thi

(FAH(X.Y))oH(M,X)=FoH(M,X),
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That vay, liy geFnH(X,Y),peH (M, X). Khi d6, ¢6 day {f }cF
théa man f —g. Do dé f o@—> gog. Viy ménh dé dugc ching minh.
1.2.10 DPinh nghia

Gia st X 1a mot khong gian con phirc cua mot khong gian phuc Y .
Khi d6, X duoc goi la nhing hyperbolic trong Y néu véi moi
p,qe X; p#q thi luon tdn tai cac 1an can mé V, W trong Y 14n luot chira p
va g sao cho K, (V NXWnNX ) >0, trong d6 k, la gia khoang cach
Kobayashi trén X.

T ménh dé 1.2.9, ta ¢ thé chi ra mét sb 16p quan trong cua cac khong
gian phtc dugc xac dinh bdi cac ho chuin tic déu. Cu thé, nim 1973,
Kierman [21] da chimg minh duoc két qua sau:
1.2.11 Ménh dé

Mgt khéng gian con phitc compact twong déi ciia mét khéng gian phirc
Y la nhung hyperbolic trong Y khi va chi khi H (D, X) la compact tuong
doi trong H (D,Y); hay noi cach khac, khi va chi khi H (D, X) la tdp con
chuén tac déu cia H (D,Y )

Nam 1971, Royden [29] va Abate [3] nam 1993 da chi ra
1.2.12 Ménh dé

Mot da tap phicc M la hyperbolic khi va chi khi H (D, l\/l) la lién tuc
déu. Hon nita, ta ¢6 M la hyperbolic khi va chi khi H (D,I\/I) la compact
twong doi trong C(D, M +). Do dé, H (D, M ) la ho chuan tdc déu khi va chi

khi M la hyperbolic.
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Nam 1994, Joseph va Kwack [18] da ching minh dugc
1.2.13 Ménh dé

Mot khong gian con phitc X cua mot khong gian phire Y la nhdng
hyperbolic trong Y khi va chi khi H (D, X) la compact twong déi trong
C(D,Y+); hay khi va chi khi H(D,X) la tdp con chuan tic déu ciia H (D,Y).

Tiép theo, ta s& chi ra rang ho cac anh xa giam khoang cach gitta nhing
khéng gian metric X, Y 1a compact tuong ddi trong tap cac anh xa chinh hinh
tir khong gian X vao khong gian compact hoa mot diém Alexandroff cua
khong gian Y.
1.2.14 Ménh dé

Gia su (Y,O') la mot khong gian metric compact dia phuwong, X la mot
khong gian topd va cho pla gida metric trén X, p lién tuc trén X x X. Khi
do, néu véi méi f eF CC(X ,Y) la giam khoang cdach twong ung voi p,o
thi F la compact twong déi trong C ( XY +).
Chitng minh. Ta sé& chi ra rang ho F 1a lién tuc ddng déu tir X vao Y.
That vdy, ta gia st nguoc lai ho F khong lién tuc ddng déu tir X vao Y ™.
Khi do, ton tai cac diem pe X;q,s€Y" vacac ddy {p,} = X; {f,} cFsao
cho p, > p,s=q, f (p,)—s f,(p)—>a

+) Néu q €Y thi v6i mdi o ta co:

0( fa( pa)’q)ga( fa( pa)’ fa(p))-l_a( fa(p)’q)gp(pa’ p)+0( fa( p)’q)

Do do, 0( f( pa),q) —0 va q=Ss. Suy ra mau thuan.

+) Néu s e thi voi mdi « ta co:

o(f.(p)is)<p(p.p.)+o(f.(p.)s)

Do do, 0( f( p),s) —0 va q=Ss. Suy ra mau thuan.

Viy F 1a lién tyc déngdéu tir X vao Y.
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CHUONG Il
HO CHUAN TAC PEU TREN CAC DA TAP HYPERBOLIC

Trong chuong nay, chiing t6i s& nghién ctru c4c tinh chét ctia ho chuan
tac déu trén cac da tap hyperbolic. Tir d6, chlng t6i ap dung nhiing tinh chét
nay dé tong quat hoéa mot sé dinh 1y ctia Brody, ctia Hahn, va ctia Zaidenberg;
ddng thoi nhitng tinh chat nay cling dugc st dung dé dua ra mot dinh 1y tuong
tu dinh 1y cua Aladro va Krantz. Hon nira, vdi nhitng tinh chit nay ta con co

duoc nhirng két qua quan trong trong chuong 3.

2.1 Mt s6 tinh chat ciia ho chuén tic déu trén cac da tap hyperbolic
Brody da chirmg minh dugc dinh 1y sau (xem [25], trang 68)

2.1.1 Pinhly

Cho X la mét khéng gian con phirc compact twong ddi cia khéng gian
phire Y. Khi @6, néu X khéng la nhing hyperbolic trong Y thi tén tai cdc ddy
{I‘n},{gn} sao cho r >0,9 €H (Drn,X) va mét dnh xa khdc hang
geH (D ,Y) thoa man T, T oo va g, — g trén cdc tdp con compact cua [].
Nhan xét. Trong dinh Iy trén ta c6 thé gia st rang r, =n.

That vay, truéc hét ta gia st r>1 va r_ —r >1. Néu k 1a mot sb
nguyén duong va kK <r, thidat f =g,; néu r <k<r  thidat f =g . Khi
do,taco f,eH(D,,X) va f, —> g trén cac tap con compact cua [J.

2.1.2 DPinh nghia
Cho X, Y la cac khéng gian phirc va F < H (X,Y ). Khi dé:
(1) Mot day Brody doi véi F la mét day {f,0q,}, trong d6 f eF va
g,eH (Dn, X )
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(2) Mot dnh xa he C(0,Y ") dugc goi la mét gidi han Brody doi véi F néu
ton tai mgt ddy Brody {h.} déi véi F sao cho h, —h trén cdc tdp con
compact ciia [ .
Nhan xét. Néu Y 1a mot khong gian con phuc compact twong ddi ctia mot
khong gian phitc Z, va X 13 mot khong gian phtrc thi cac ddy Brody d6i véi
F < H(X,Y) s& dong nhat véi cdc duong cong chinh hinh cuia Zaidenberg
va cac giéi han Brody d6i v4i F s& dong nhat voi cac anh xa F - giéi han cia
Zaidenberg (xem [31]).
2.1.3 Bb dé

Cho M la mét da tap hyperbolic, Y la mét khéng gian phirc véi mot
ham do dai E va T eH(M,Y). Khi do:

df (p)|=sup{|df >¢(0):p € H(D,M),(0) = p| (peM),

df | = sup{|df o (0)]:p € H(D,M)} =sup{|df o |:pc H(D,M)}.
Chiing minh. Cho peM,veT (M) théa man K, (p,v)=1vacho &>0.
Khi do, ton tai @ € H(D,M) va r>0 sao cho ¢(0)=p, d(¢(0),re)=v va
r<l+e.

E(f(p).df (p,v))=E(fep(0),df op(0,re))<(1+¢)[df o(0)
<(1+¢)sup{|df op(0)|:¢ e H(D,M),p(0)= p}
£(1+8)Sup{|df o(p|:(pe H (D,M )}
<(1+¢)|df|.

Tir d6 suy ra cac dang thirc can chting minh.
2.1.4 Pinh Iy

Cho M la mét da tap hyperbolic, Y la khdng gian phirc va ho
FcH(M,Y). Khi dé, cdc ménh dé sau |a twong duong:
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(1) F la chudn tic déu.

(2) Véi méi da tap phirc Q, FoH(Q,M) la tdp con lién tuc dong déu

cia H(Q,Y).

(3) FoH(D,M) la tap con lién tuc dong déu ciia H(D,Y).

(4) Ton tai mét ham dé dai E trén Y sao cho véi moi feF ta co

df | <1.

(5) Ton tai mt ham dg dai E trén Y sao cho véi méi déy Brody {h,}doi

voi F, taco E(h, (0),dh, (0,e)) 0.

(6) Ton tai mot ham dé dai E trén Y sao cho v6i méi day Brody {h} doi

voi F ¢6 cing mét gid tri gici han Brody, ta c6 E(h, (0),dh,(0,e))—0.
Chiing minh

Hién nhién ta c6 (1)=(2)=(3) & (5)=(6).

o (3)=(4).

Ta c6 v6i mdi ham do dai E trén Y va tdp compact Q Y, ton tai ¢>0
sao cho [df (p)[<c trén f*(Q) voimdi f eF.

That vay, ta gia st nguoc lai, néu ton tai mot tap compact Q =Y khéng
thoa man diéu kién trong phat biéu trén d6i v6i ham do dai E thi khi d6 ton tai
cac day {p,}, {f.}.{v,} va qeQ, trong d6 p,eM, f eF,v eT (M),

f(p,)eQ K, (p.v,)=1L f (p,)—>a vaE(f(p,).df (p,V,))>n.

Theo bo dé 2.1.3, suy ra

dfn(pn)‘—wo va ton tai mot diy {(on}cH(D,I\/I)
théa man: ¢, (0)=p, va ‘dfn o, (0)‘ — o0,

Cho V 12 mét 1an can compact twong dbi ctia g nhung hyperbolic trong Y.
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Theo (3), vi FoH (D,M ) la tap con lién tuc déng déu cua H (D,Y) nén ton
tai mot s6 0<r<lsaocho f og (D, )cV.

Mit khac, c6 mot ddy con 14 han ché cua { f o (on} trén D. ma ta van ky hi¢u
la { f o (on}, 1a chuan tic déu va do d6 ta c6 day { f o (pn} la compact twong dbi
trong H(D,,Y).

Suy ra, ton tai mot day con cua day { f o (pn} hoi tutéi heH (Dr Y ) Piéu nay

dfn °Q, (0)‘ —> o,

mau thudn véi
Vay (4) dugc ching minh.
e (4)=(5)
Cho E 1a ham d9 dai thoa man (4). Néu {f o¢ } 1a mot ddy Brody doi
voi F thi ta co:
E(f 20,(0).df o, (0.))<K, (¢,(0).dg,(0.€))

Ko, (0.6)== 0 Kii n—>c0

IA

Do @6, (5) dang.
e (4)=(2).
Tu (4) suy ra ton tai ham khoang cach d_ trén Y sao cho v&i mdi
feFoH(D,M) la 4nh xa giam khoang cach tir k, t6i d. Khi d6, tir ménh
dé1.2.9val.2.14 suy ra (1) dung.
. (6)=(4)
Gid st (4) sai, khi d6 vé6i bat ky ham do dai E trén Y ton tai cac day

{f,} cF va{p,} cH(D,M) thoa man [df ogp, (0)|—> .
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Khi d6, ta c6 ton tai mot day Brody {g,} va gi6i han Brody g ddi véi F thoa

man g, — g trén cac tdp con compact cta [] va théa man:

E(g,(0).dg,(0))=1.
Diéu ndy mau thuin véi (6). Suy ra (4) ding.
Vay dinh ly hoan toan dugc chirng minh.
Nhén xét. Ta c6 the ndi thém rang dicu kién (4) cua dinh ly 2.1.4 1a tong
quat hoa dinh 1y ctia Lehto va Virtanen [26] vi moi ham do dai trén cac khong
gian phirc compact 13 twong duong. Hahn [11] d4 tong quét hoéa dinh 1y nay
voi feH (Q, P"(D )), trong 46 Q 13 mién thun nhat bi chan trong [J "

Viéc chung minh (6) = (4) trong dinh 1y trén c6 thé chimg minh bang
mot cach khac vai 1ap luan tuong tu ching minh khi tong quéat dinh 1y ¢6 dién
cua Lohwater va Pommerenke [26] trong dinh 1y 2.2.5 ctia chuong nay.

2.1.5 Pinh ly

Ham phan hinh f:D — P*(0) la chudan tac khi va chi khi |df | <oo.

2.1.6 H¢ qua
Cho M la mét da tap hyperbolic, F cH(M,Y) 1a ho chudn tdc deu. Khi do:

(1) Moi day Brody doi véi F déu cé mét diy con héi tu téi mét gidi
han Brody d6i véi F trén cdc tdp con compact ciia [ |

(2) Moi giGi han Brody déi véi F déu la hang.

Chirng minh. Trudc hét, tir (4) trong dinh 1y 2.1.4 suy ra ton tai ham d¢ dai
E trén Y thoa man F lam giam khoang cach tir k,, toi d..

e Chung minh (1)
Néu m 1a mot s6 nguyén duong va {gn} 14 mot diy Brody déi véi F thi véi

moéi geG= {gn n> m} la 4nh xa giam khoang cach tir k, t6i d..

Vi vay, theo ménh dé 1.2.14 suy ra G 1a compact twong d6i trong C ( D.,Y" )
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e Chung minh (2)
Gia sir {g,} 1a mot day Brody doi véi F va g 1a mot giéi han Brody d6i véi F
thoa man g, — g trén céc tap con compact cua [ . Khi do:

+)Néu p,gell va g(p),g(q)eY thivéin dilén ta co:

de(9,(p).9,(a)) <k, (P.0).
Vi k, (p,q)—0 nén g(p)=9g(q).

+) Néu g(p)=co thi tir tinh lién tuc cta g va tinh lién thong cua [ ta
co g(q) =00 Vi g(D )mY c6 nhiéu nhét 1a mot diém. Hé qua duoc chimg minh.

H¢ qua sau 1a mot tiéu chuin d6i v6i ho chuin tic déu trén cac da tap
hyperbolic.

2.1.7 H¢ qua

Gia suw M la mot da tap hyperbolic, Y la mot khong gian phirc va
FcH(M,Y) théa man F(x) la compact tuwong doi trong Y véi méi xe M.

Khi d6, F 1a ho chudn tdc déu néu va chi néu méi gi6i han Brody doi
véi F la hdng.

Chirng minh. Trudc hét, theo (2) ctia h¢ qua 2.1.6 thi ta co néu F 1 ho chuin
tac déu thi mdi gidi han Brody d6i véi F 1 hang.

Nguoc lai, gia st véi mdi gidi han Brody ddi véi F 1a hing nhung F
khong 12 ho chuan tic déu. Khi d6, gidi han Brody g dugc xay dung trong
phan chirmg minh (6) = (4) ctia dinh 1y 2.1.4 khong 13 hang Vi @ (0) €Y. Hon
nita, g, —>¢g ma E(g,(0),dg,(0))=1 nén E(g(0),dg(0))=1. Do do, dg 0.
Piéu ndy méau thuin voi gia thiét. Suy ra F 1a ho chuan tic déu. Vay hé qua

dugc chiing minh.
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Trong trudng hop dbi véi mét cau Riemann P*([)) ta c6 két qua sau.
2.1.8 H¢ qua

Cho M la mot da tap hyperbolic, F H(M,D ) Khi dé, cic ménh dé
sau twong duong:

(1) F la chuan tac déu.

(2) F la chudn tac déu nhw la mét tdp con ciia H (M P (0 ))

(3) Néu g la mét gidi han Brody doi véi Fva g e H (D U ) thi g la hang.
Chirng minh. Tir hé qua 2.1.7 va bd dé Hurwitz ta c6 ngay céc két luan cta
h¢ qua 2.1.8.

Tiép theo, tir nhitng két qua trén vé gii han cua cac diy Brody, ching
ta c6 mot sd tinh chat dic trung cta khong gian hyperbolic va khéng gian
nhung hyperbolic. Nhung trudc hét, ta dwa ra khai niém khong gian phtic
hyperbolic Brody nhu sau:

2.1.9 DPinh nghia

Mot khong gian phitc Y duoc goi 1a hyperbolic Brody néu mdi anh xa

chinh hinh f eH (D ,Y) déu 14 anh xa hing.
Nhan xét. Khong gian phtic Y 1a hyperbolic Brody néu va chi néu moi giéi
han Brody ddi v6i 4nh xa dong nhat i:Y —Y voi gia trj trong Y 13 hang . Tac
la, néu feH(U,Y) va {f} 1a mot ddy théa man f eH(D,Y) va f —f
trén cac tap con compact cua [1, thi f 1a hing.

Cac hé qua 2.1.10 — 2.1.12 la dac trung ctia khong gian hyperbolic va
khong gian nhang hyperbolic théng qua day Brody.

2.1.10 H¢ qua

Mot khong gian phurc Y la hyperbolic khi va chi khi ton tai mét ham do

dai E trén Y sao cho E(f,(0),df,(0,e))—>0 véi mdi day {f,} théa man
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f eH (Dn,Y) va f >ge C(D ,Y+) trén cdc tdp con compact cua 1, trong
dé dnh xa g la hang.
Chirng minh. Ta c6 néu Y la hyperbolic thi H (D,Y) 1a compact twong ddi

trong C(D,Y").

Nguoc lai, gia st H (D,Y) compact tuong doi trong C ( D,Y*) nhung
khong 14 hyperbolic. Khi do6, trong Y c6 hai diém phan biét X , Yy, sao cho
K, (%,Y,)=0. Lay cac lan cin compact twong d6i U,V cua X, sao cho
VcU va vy, ¢U. Véi mdi nell” ta déu co f eH (D,,Y) sao cho
fn(O) eV nhung fn(DUn) Z U. That vay, néu c6 mot sd nguyén duong n
sao cho f,(0)eV kéo theo f (D,,)cU voimdi f eH(D,Y). Khi do, tir
dinh nghia k, ta ¢6 K, (X,,Y,)>p,(0,1/n)>0. Diéu nidy mu thuin voi gia
thiét. Tir d6, ta thiy rang véi mdi s6 nguyén duong n déuco f eH (Dn,Y)
vat eD,, saocho f,(0)eV nhung f,(t,)zU.

Vi H (D,Y) compact tuong d6i trong C(D,Y*) nén {fn} c6 day con
{f,} hoitutsi feH(D,Y"). Mat khac, theo trén ta c6 f, (t, ) khong hoi
tutsi f(0) eV. Suy ra mau thun.

Do do, Y la hyperbolic khi va chi khi H (D,Y) compact tuong ddi
trong C(D,Y"). Pat F=H(D,Y). Khi d¢, Y Ia hyperbolic < F=H(D,Y) Ia
tap con chuan tic déu cua C ( D,Y*) <> Ton tai ham do dai E trén Y sao cho

E(f,(0),df,(0,e)) >0 voi mdi day Brody {f,} déi voi F c6 gioi han Brody.
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Vay Y la khong gian hyperbolic khi va chi khi ton tai ham d6 dai E
trén Y sao cho E( fn(O),dfn(O,e)) — 0 v6i moéi day Brody {f,}, trong do
f.eH(D,Y)va f,>geH(D,Y")
2.1.11 H¢ qua

Mot khong gian con phirc Y cua khong gian phiec Z la nhUng
hyperbolic trong Z khi va chi khi ton tai mét ham dé dai E trén Z sao cho
E( fn(O),dfn(O,e)) —0 véi méi day {f,} théa man f eH(D,Y) va
f>ge C(D ,Z+) trén cdc tdp con compact ciia ', trong dé dnh xa g la hang.
Chirng minh. Ta c6, Y la nhing hyperbolic trong Z < H(D,Y) compact
tuong dbi trong H (D,Z) < F=H (D,Y) 1a tap con chuan tic déu cua
H(D,Z) < ton tai mét ham d6 dai E trén Z sao cho
E(f,(0).df (0,€)) >0 véi mdi diy {f} théa man f eH(D,Y) va
f >ge C(D ,Y+) trén cac tdp con compact ctia U ; trong d6 g can phai la
ham hang.
2.1.12 H€ qua

Gid s Y la mét khéng gian con phirc compact twong doi cia khéng
gian phire Z. Khi d6, Y khéng la nhing hyperbolic trong Z néu va chi néu ton
tai ham geH(0,Z) va mét day {g,} sao cho g, €H(D,,Y), g, —g trén
cdc tap con compact cua .
Chirng minh. Ta c6 Y khong la nhing hyperbolic trong Z < H(D,Y)
khong compact tuong ddi trong H (D,Z)<:> F=H (D,Y) khong 1a tap con
chuan tac déu cua H (D, Z).

V1Y la compact tuong d6i nén F (X) compact twong ddi trong Y.
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Do d6, theo hé qua 2.1.7 thi F khong 13 ho chuan tic déu khi va chi khi c6
mot gidi han Brody dbi voi F khong 1a hiang. Vay Y khoéng 1a nhing
hyperbolic trong Z khi va chi khi ton tai {g,} <H(D,,Y),geH(0,Z)

théa man g, — g trén cac tap con compact cua . Hé qua dugc chung minh.

2.2 Tong quat héa mot s6 dinh 1y c6 dién ciia giai tich phirc ddi v6i ho
chuan tic déu trén cac da tap hyperbolic

Trong phan nay, ta s& 4p dung nhiing tinh chat cua ho chuan tac déu cac
anh xa chinh hinh trén cac da tap hyperbolic dé tong quat héa mot sé dinh 1y
co dién trong giai tich phuc.
2.2.1 Dinh nghia

M6t ham phan hinh f trén D dugc goi 1a chuan tic néu day
{f cpipe A(D)} 1a chuan tic theo nghia ciia Montel, tic 1a day {f ogo}
chtra mdt day con hodc 1a hoi tu déu trén mdi tap con compact hodc la phan
ky compact, trong dé A( D) 13 nhém céc ty dang cau bao giac cua D.

Niam 1957, Lehto va Virtanen [26] d3 chimg minh dugc két qua co
dién sau:
2.2.2 Dinhly

Mot ham phan hinh £ :D — P'(0)) la chudn tac néu |df | < co.

Khi d6, vi tit ca cac ham d6 dai trén nhimg khong gian phirc 13 tuong
duong nén ching ta thdy rang ménh dé (4) trong dinh ly 2.1.4 chinh 1a sy
tong quat hoa dinh 1y 2.2.2 ctia Lehto va Virtanen ddi voi anh xa chinh hinh

feFcH (M ,Y). Mit khac, nim 1986, Hahn [7] d3 chimg minh dugc két
qua nay d6i voi ham chinh hinh f € H(Q,P"(1)), trong d6 Q la mdt mién

bi chan thuan nhit trong [ "
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Nam 1991, Aladro va Krantz [5] da chirng minh duogc dinh ly sau
2.2.3 Pinh ly

Gid sir Q la mét mién hyperbolic trong 01" va M la mét da tap Hermit
ddy di thi ho FcH(QM) khong la chudn tic khi va chi khi ton tai tdp
compact Qe Q va cac day {p,}<Q,{f,}cF {a}véi a,>0,a, -0 va
mot day {Vn} cac vécto don vi Oclit trong [1", sao cho day {gn} cH (D ,I\/I)
xdc dinh boi gn(z) = fn(pn +anVnZ) hoi tu déu trén cdc tdp con compact clia
0 dén mét ham nguyén g khdc hang.

2.2.4 H¢ qua

Gia suw M la mot da tap hyperbolic, Y la mot khong gian phirc va
FcH (M ,Y). Khi d6, F khéng la chudn tic déu néu va chi néu véi méi ham
dé dai E trén Y, ton tai mét ddy Brody {gn} déi véi F va mot gidi han Brody g
doi véi F sao cho g, — g va limE(g,(0),dg, (0,e))>0.

Ta cha ¥ rang, néu ¢ (D )mY # ¢ thi g khong 1a 4nh xa hang.

Tir hé qua 2.2.4, ta c6 két qua sau chinh 1a sy tong quat hoa dinh 1y cua
Lohwater va Pommerenke [26] nim 1973 d6i voi ho cic anh xa phdn hinh
chuan tic cho trudng hop ho chuan tic déu cac anh xa chinh hinh tir mién D
vao mot khong gian phuc tuy y.

2.2.5 Pinh ly

Cho Y la mgt khong gian phirc va FcH(D,Y). Khi do, F khong la
chudn tic déu néu va chi néu véi méi ham dé dai E trén Y, ton tai cdc day
{ fn} cF, {pn} D, {I‘n} - (0;00) va {(on} théa man cdc diéu kién sau:

r
)rd0 —r 50,
ar, 1_p—>

n
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(2)(pneH(Dsn,D) dugc xdc dinh boi @,(z)=p,+1r, trong do

)

3) f,o0,>geC(I,Y"),

1
S :r_(l_

n

P,

n

@ limsupE(f o, (2),df o, (z,e))<1 véi z<l] va

E(f,c¢,(0),df, o (0,))=1.
Hon nita, néu g (D )ﬁY # & thi trong diéu kién (3) g sé khéng can la
ham hang.
Chirng minh
e Diéu kién du dugc suy ra tir hé qua 2.2.4 va nhan xét & muc 2.1.1.
e Dé chirmg minh diéu kién can, gia st F khong 1a chuan tic déu va cho E
1a mot ham do dai trén Y.

—> 00,

Suy ra, ton tai cic diy {Zn} cD, { f.} cF thoa min |dfn (z,)

Lay o, >0 xac dinh boi:

N|EF

khi 7|z, <1

n 2
1+

yA

n

khi 7|z >1.

Zn

2

Zn

Khi d6, o, thoa man cac dieu kién sau:

a) o e {%;1};

b) (1— ZJE(fn(zn),dfn(zn,e))Too.
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bit M, =max{1— ‘

O

n

jE( fn(z),dfn(z,e)):|z|£o-n}

1

Gia st M dat duoctai p , datr, = :
" . . . pn E(fn(pn)’dfn(pn’e))

i r
Taco ———0.
o —p,

n

1-—
r

n

r, P,

Gia su I\/InToo, 0. it s, =

P,
Dinh nghia ¢, ¢ H (DSn : D) xac dinh bo1 @, (Z) =p, +zr.

Cho r>0,s >r. Véi ze D, taco:

E(f,o0,(2).df, 20, (z8)=rE(f, °¢n(2)1dfn(¢:(2)’6))
s{l— - rirpn Jl.(n - Tpn )1.

va bi€u thurc v€ phai ctia bat dang thirc cuoi cung dan toi 1.

P, +Zr,
(o}

n

SrnM{l—

Do d6, {f o¢,} 1a lién tyc dong déu trén D, tng véi metric Euclid trén D,
va d_ trén .

Tir ménh @& 1.2.14 suy ra {f o¢,} la compact tuong ddi trong C(D,,Y").
Do d6 ta c6 thé gia sir f, o0, >geC(0,Y").

D@ thay dicu kién (1), (2), (3) dugc théa man bsi { f.}, {p.}. {r.}. {o.}.

Mit khéc, ta c6 E(f,op,(0),df, 0p,(0.€))=1. Vay (4) dung.

Pinh 1y hoan toan dugc chirng minh.
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Gia st M 1a da tap hyperbolic thuan nhat. Ta ky hiéu A(M) la khong
gian cac tu déng cdu cua M. Pinh 1y 2.2.6 sau day la mdt dac trung cho ho
chuan tic déu trén cc da tap hyperbolic thuin nhit va hé qua 2.2.7 chi ra ring
tai sao chung ta lai st dung thuat ngir “ho chun tic déu”.

2.2.6 Pinh ly
Cho M la mét da tap hyperbolic thudan nhdt, Y la khéng gian phirc va
FcH (M ,Y). Khi d6 cdc ménh dé sau tiwong dwong:
(1) F la chuan tac déu.
(2) Fo A(I\/I ) la mét tap con lién tuc dong déu ciia H (I\/I ,Y).
3) Fo A(I\/I ) la compact twong doi trong C(I\/I ,Y+).
4 FoH (M M ) la compact twong doi trong C(I\/I ,Y+).
Chirng minh
o (1) :>(2) Piéu nay dé dang duoc suy ra tir dinh nghia 1.2.6 va ménh

de 1.2.4.

o (2) :>(3) Gia st (3) khong xay ra. Ta can chi ra rang F o A(I\/I) la
lién tuc ddng déu tir M vao Y.
That vay, giast XeM, peY va {Xn}, { fn}, {gon} la cac day tuong ung trong
M, Fva A(M) théa mén x, > X, f, 0@, (x)>o va f og (X, ) p.
Lay cac tu dang cdu A e A(M) thoa man A, (X) =X.
Suyra f o oA khong la lién tuc dong déu tir x t6i p. Do do, (2) khong
Xay ra.

o (3) :>(1) Ta s& chirarang FoH (D, M ) 14 mot tap con lién tuc déng
déucta H(M,Y).

That vay, gia su FoH (D, M ) khong 12 lién tyc dong déu tir 0 D dén peY.

S6 héa béi Trung tam Hoc liéu — DPai hoc Thdi Nguyén 24 http://www.lrc-tnu.edu.vn



www.VNMATH.com

Suy ra ton tai cac diy {z,} =D, {f o¢,} cFoH(D,M) va mjt lan cén U

cua p trong Y sao cho z, -0, f o, (0)—>p va f o (z,)2U.

Liy aeM, {1} = A(M) théa man 4 (a)=¢,(0).

Khi do, taco f,04,(a)—>p va f,o4 (4 (e (z,)))2V.

Vi moi 4nh xa f eA(M) déu bao toan khoang cach hyperbolic; va mdi

feH(D,M) déu | giagm khoang cach doi véi k, va k, nén ta cé

ki (27(2,(2,)).2) =Ky (2 (2,). 24, (3)) =k, (2,(2,).2, (0)) <k, (2,,0).

Mit khac, vi z —0 nénsuy ra k, (ﬂ*l((pn(zn)),a)—w.

Do d6 4,*(¢,(z,))— a. Suy ra mau thudn véi gia thiét cia ménh @& (3).

Vay FoH(D,M) 1a mot tap con lién tuc dong déu cua H(M,Y ). Theo dinh

ly 2.1.4 suy ra F la chuan tic déu.

e (3)=(4).

Do FoA(M) la compact tuong déi trong C(M,Y") nén FoA(M) I lién

tuc déu tir M dén Y*. Nhu vay, véi mdi xeM, yeY" vamoi U e ) (y)

trong Y déuco V € > (x) trongM va W € > (y) trong Y* sao cho
{[feFoAM): f(x)eW}lc{feFo-AM): f(V)cU}.

Suy ra v6i méi Xxe M, yeY vamoi Ue) (y) trong Y déuco Ve ()

trongMva W e > () trong Y sao cho
{feFoAM):f(x)eW}lc{feF-AM): f(V)cU}.

N6i cach khac, F o A(M) Ia lién tuc dong tir M dén Y.

Vi FoA(M)cH(M,Y) nén FoA(M) la tap con lién tuc déng déu cua

H(M,Y).
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. (4)=(0)
Vi Fo A(M)c FoH(M,M) nén chimg minh twong ty nhu (3)=(1) ta c6
diéu phai chirng minh.
2.2.7 H¢ qua
Gia sit M la mét da tap hyperbolic thuan nhat, Y la mét khéng gian
phirc va gia swrho F c H (M ,Y) thoaman F=F o A(M ) Khi do:
(1) Fla chudn tic déu khi va chi khi F la compact twong déi trong
C(M.Y");
(2)Néu M =D, Y =0 thi F la chudn tdc déu khi va chi khi F la chudn tdc
theo dinh nghia cua Wu [30].
Chirng minh. Su khéng dinh (1) duoc suy ra tor m¢nh dé 1.2.7 va ménh dé
(4) cua dinh ly 2.1.4. Su khéing dinh (2) dugc suy ra tu (1) va bo dé
Hurwitz.
Nhin xét. Hayman [15] goi Fc<H(D,P'(])) Ia bit bién néu
F=Fo A( D) va goi mot ho bat bién 14 chuan tic déu néu né 1 ho chuan tic
theo dinh nghia cua Montel.
2.3 Mot so vi du vé cac ho chuin tic déu
2.3.1 Vidu
Gia st f eH(D,P*(1])) va Ac D la mét dia dong va ky hiéu 0A la
bién cua A, cho J ( f (A)) va L( f (A)) lan luot 1a dién tich ciu cua f (A)
va d¢ dai cau cua f(0A). Lay h>0 va

F(h)={f eH(D,P"(1)):3(f(A))<hL(f(A))véiméi dia dongA < D}.
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Khi d6, Hayman ([15], trang 164) da ching chi ra rang F(h) 1a bat
bién va chuan tic theo dinh nghia ctia Montel. Do d6, F (h) 1a chuén tic déu

theo h¢ qua 2.2.7.
2.3.2 Vidu

Gia sir M 1a mot da tap phtte, r >0, va F < H(M,P*()) 1a mdt ho cac
anh xa sao cho véi mdi f eF ton tai cac diem a,b,,c, eP'(0)-f(M) véi
;((af b, );((Cf b, );((Cf ,a, ) >r, trong d6 y la metric cau. Khi do,
Carathéodory ([6], trang 202) d chimg minh ring F o H (D, M ) 1a chuan tic

theo dinh nghia ciia Montel. Vi vay F 1a chuan tac déu.

Tat ca nhitng anh xa x4c dinh trong cc vi du 2.3.3 — 2.3.9 13 nhiing 4nh
xa chuén tic theo dinh nghia 1.2.5.
2.3.3 Vidu

Lehto va Virtanen [27] da dinh nghia 4nh xa feH(Q,P'(0)) la
chuan tic néu f o A(Q) 132 mot ho chuan tic theo dinh nghia cua Montel,
trong d6 €2 1a mot mién thudn nhét bi chin trong [ .

2.3.4 Vidu

Hahn [16] dinh nghia anh xa feH (Q,Y) la chuin tic néu
foH (D,Q) la chuan tic theo dinh nghia ciia Wu [30], trong d6 Q 1a mot
mién bi chin trong 0" va Y 1a mot khong gian con phtc compact twong ddi
cua mot da tap Hermit.

2.3.5 Vidu

Funahashi [9] dinh nghia anh xa feH(Q,Y) 14 chuan tic néu

f o A(Q) 1a compact trong H(€,Y), trong d6 Q 1a mdt mién thudn nhat bi

chan trong " va Y la mot khong gian phirc.

S6 héa béi Trung tam Hoc liéu — DPai hoc Thdi Nguyén 27 http://www.lrc-tnu.edu.vn



www.VNMATH.com

2.3.6 Vidu

Cima va Krantz [7] dinh nghta 4nh xa f € H(Q,P*(0)) 1a chuén tic
néu |df (Z,V)| <cK,(z,v) véi mdi ¢ >0, trong d6 Q la mot mién hyperbolic
trong J". Hon nita, ho cling chi ra réng f 1a chuan tic khi va chi khi
f oH(D,Q) la compact twong ddi trong H (Q, P* (0 ))
2.3.7 Vidu

Krantz ([23], trang 115) dinh nghia anh xa f e H (Q,D ) la mot anh xa
Bloch néu |df ( p,V)|SCKQ(p,V) v6i mdi ¢>0, trong d6 Q 1 mdt mién
hyperbolic trong [ ".
2.3.8 Vidu

Aladro va Krantz [5] dinh nghia anh xa f e H (Q,Y) 1a chuan tic néu
ton tai mot s6 ¢>0 sao cho E( f(p),df (p,v))<cK,(p,v), trongdo Q la
mot mién hyperbolic trong 0" va Y 1a mot da tap Hermitian phtic day ddi véi
ham d¢ dai Hermit E.
2.3.9 Vidu

Gia str Y 1a cac khong gian phirc va X 1a khong gian con phitc compact
tuong d6i trong Y. Dat

Feoo = { f e Hol(D,Y)| f (Y \ X ) gom nhiéu nhat mot diém}.

Joseph va Kwack [18] di chting minh rang mot khong gian con phirc
X cta mot khong gian phic Y la nhdng hyperbolic trong Y khi va chi khi
F,, 1a compact trong dbi trong C(D,Y") va do d6 X nhang hyperbolic

trong Y khi va chi khi Fxy H(D,Y) 1a mot ho chudn tic déu.
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CHUONG Il
HQ CHUAN TAC PEU TREN CAC KHONG GIAN PHUC
VA TONG QUAT HOA CAC PINH LY CO DPIEN
CUA SCHOTTKY, LAPPAN, BOHR VE
CAC HQ CHUAN TAC PEU

Trong chuong nay ta st dung nhiing két qua trong chuong | va Il dé
nghién ctru tinh chit ciia cac ho chuan tic déu trén nhitng khong gian phirc
tly v, dong thoi tong quat hoéa mot sd dinh 1y c¢o dién cta Schottky, Hayman
va Lappan bang cach thay thé nhitng mién bi chin trong [ bdi nhitng khong
gian phirc tlly y thong qua cac tinh chat ciia ho chuan tic déu.

3.1 M@t so tinh chit ciia ho chuan tic déu trén khong gian phire tuy y

Trudc hét, ta co két qua sau day doi1 voi cac day Brody va cac gioi
han Brody.

3.1.1 Ménh dé

Gia su X, Y la cac khong gian phiec va F c H (X Y ) Khi do:
(1) {gn} la mét day Brody déi véi F néu va chi néu {gn} la mot day
Brody doi véi FoH (D, X).
(2) g la mét gi6i han Brody doi véi F néu va chi néu g la mét gidi han
Brody doi véi FoH (D, X).
Chirng minh
¢  Chtung minh (1)
Néu g,=f og¢, trongdd f eF, ¢ eH(D,, X), thi g, =f o om om’

véi m, e H(D,D,) la phép nhan véi n.
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Khido f o om eFo H(D,X), m'e H(Dn,D).
Suy ra {g,} 1a mot day Brody doi véi FoH(D,X) néu {g,} 1a mot day
Brody dbi véi F.
Mat khée, v6i h eFoH(D,X),p e€H(D, D), néu g ,=hog thi
g,=f ca, 0@, trongdd f eF, a,op eH(D,,X).
Vay mdi diy Brody ddi véi F o H (D, X) 12 mot day Brody d6i véi F.
e  Ching minh (2)
Ta co, (2) dé dang duoc suy ra truc tiép tur (1)
Vay ménh dé duoc chirng minh.
Ta c6 két qua sau day chinh 1 tiéu chuan cta ho chuan tic déu trén cac
khong gian phuc tuy y.
3.1.2 Pinhly
Gia sur X, Y la cac khong gian phirc va F cH (X,Y). Khi do, cac
ménh dé sau 14 twong dwong:
(1) F la chudn tic déu.
(2)FoH (I\/I : X) la mét tdp con lién tuc dong déu cia H (I\/I ,Y) véi moi
da tap phirc M.
3)FoH (D, X) l& mét tdp con lién tuc dong déu cia H (D,Y).
(4)Ton tai mét ham a6 dai E trén Y sao cho |dg|E <1 véi moi
geFoH(D,X )
(5) Ton tai mot ham dé dai E trén Y sao cho E(hn(O),dhn(O,e)) —0 voi
moi day Brody {hn} doi voi F.
(6) Ton tai mot ham dé dai E trén Y sao cho E(hn(O),dhn(O,e)) —0 vgi

moi déy Brody {hn} d6i véi F ¢é ciing mot gidi han Brody.
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Chitng minh. Ta c6 dinh 1y 3.1.2 13 hé qua truc tiép tir dinh nghia 1.2.5 két
hop voi cac ménh dé 1.2.9, 3.1.1 va dinh 1y 2.1.4.
3.1.3 DPinh ly
Gia sw X la mot khong gian phuc va F c H (X ,Y) la chudn tic déu.
Khi do, ta co:
(1) Moi day Brody doi véi F déu cé mot day con hoi tu toi mot gioi han
Brody doi véi F trén cdc tdp con compact ciia 0 .
(2) Moi giéi han Brody doi véi F déu la hang.
Chirng minh. Ta c6 dinh 1y 3.1.3 13 hé qué suy ra tryc tiép tir ménh dé 1.2.9,
3.1.1 va h¢ qua 2.1.6.
3.1.4 Dinh ly
Gia s X, Y la cac khong gian phiec va F c H (X ,Y) thoa man F (X)
la compact tiwong doi trong Y véi méi X € X. Khi d6, F la chudn tic déu néu
va chi néu moi gidi han Brody doi véi F déu la hdng.
Chirng minh. Ta co két luan cta dinh 1y 1a hé qua duoc suy ra tr caic ménh
dé 1.2.9,3.1.1 va hé qua 2.1.7.
3.1.5 Dinh ly
Gia s X la mot khong gian phiec va F c H (X il ) Ta c6 cdc ménh dé
sau la rwong dwong:
(1) F la mét ho chuan tdc déu.
(2) Flamét tép con chuan tic déu ciia H (X : Pl(D ))
(3) Néu geH (D U ) la mot gidi han Brody doi véi F thi dnh xa g la hang.

Chirng minh. Xem hé qua 2.1.8.
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3.2 Tong quat héa mot s6 dinh 1y c6 dién ctia giai tich phirc ddi véi ho
chuén tic déu trén cac khong gian phirc tuy y

DPinh 1y sau 1a sy téng quat hoa mot dinh 1y cua Lohwater va
Pommerenke cho nhitng ho chudn tic déu trén nhitng khong gian phirc tuy ¥.
3.2.1 Pinh ly

Gia su X, Y la cac khong gian phirc va F c H (X ,Y). Khi do, F khéng
1 ho chudn tdc déu néu va chi néu véi méi ham dé dai E trén Y ton tai mot
day Brody {gn} doi véi F va mot giéi han Brody g doi véi F sao cho g, — g,
limsupE(g,(z).dg, (z.e))<1 véi méi zell va E(g,(0).dg,(0,e))=1.
Chirng minh. Xem hé qua 2.2.4 va 2.2.5.

Hon nita, Hayman ([15], trang 165) di chimg minh dugc mot két qua
manh hon dinh ly cua Schottky. Cu thé, ta c6 dinh 1y sau:

3.2.2 DPinh ly

Gia s FcH (D,D ) la mét ho chuan tdc bat bien. Khi do, ton tai mot

= 2cr N
s6 ¢>0 chi phy thuéc vao F sao cho sup|f |<,u“exp(l—j vOi moi
—r

jer

feF,0<r<lva x=max{L|f(0)}.
Gia sir X 1a mot khong gian phirc, v6i mdi f € H (X,D ) va xe X ta
ky hiéu max{1,| f (x)|} boi w( f,x). Khi d6, két luan cua dinh 1y 3.2.2 ¢6 thé

duoc thay thé boi sy ton tai cia s6 ¢>0 chi phu thudoc vao F sao cho

14|
u(f.x) [u f O)}l Zexp[ZC|Z|J véimdi f eF va zeD.

Mit khac, Zaidenberg [31] ¢ md rong két qua ctia Hayman cho cac ho
chuan tic déu trén nhitng da tap phirc. O day, ta s& s dung k¥ thuat ching
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minh dinh Iy 3.2.2 ctia Hayman dé mé rong két qua ctia Zaidenberg cho cac
ho chuén tic déu trén cac khong gian phirc ty y. Ta c¢6 dinh 1y sau:
3.2.3 Pinh ly
Gia sw X la mot khong gian phiec va F c H (X [ ) Khi do, cac ménh
dé sau twong dwong:
(1) F 1& mét ho chudn tic déu.
(2) Ton tai mét sé ¢>0 sao cho moi ham f e F, X,y e X théa man bdt

dang thire

p( )< u(f, y)]exp[ZKX(X'y)] exp[c[exp[ka (xy)] —1]].

(3) Ton tai mét s6 ¢>1 sao cho moi ham f e F, X,y e X théa man bdt
dang thire
log(cp( f.x))< [exp[ZkX (X, y)ﬂlog(c,u( fy)).
(4) Ton tai mét sé6 ¢>1 sao cho moi ham f eF, xeX va @#Qc X théa

man bat dang thirc

log(cu( f,x))< |:SyLeJQp log(cu(f, y))}exp[ka (x.Q)].

(5) Ton tai mét sé6 ¢>1 sao cho moi ham f e F, X,y e X théa man bdt

dang thire

CIL[( f 1X) < [Cﬂ( f ’ y):|eXp[2kX (xy)] .

(6)T5n tai mét s6 ¢ >1 sao cho moi ham f eF, ) eH(D,X), X,Y€D thoa
man bat dang thirc

cu(fop,x)< [C,u( fop, y)]exp[ZKD(x'yﬂ .

Chirng minh

e (1)=(2).

D@ thay, theo h¢ qua 2.2.7, F o H (D, X) 1a chuén tdc déu, bat bién.
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Do d6, FeH(D,X) la ho chuan tic theo dinh nghia ctia Montel.
Mit khac, Hayman ([15], trang 165) da chi ra ring ton tai mot sé ¢ >0 sao

cho v6i moi ham geFoH(D,X) ta cé |g'(0)|£2,uo(logyo+c), trong do6

1, = max{1,|g (0)|}

W42
1+ 72w’

Véimdi zeD, ta dinh nghia y, € A(D) dugc xéc dinh béi v, (W)=

Khi d6, véi moéi ham g € F o H (D, X)) ta co:
(1-12f)lg’ (2)| =|(g °v.) (0)] = 24, (log 4z, +c),

trong d6 4, :max{1,|g(z)|}. Liy x,ye X, f eF vasd £>0.

Khi do, ton tai mot sO nguyén j>1, @,¢,,...,, €H(D,X) va

a,a,,...,a, €(0;1) théa min ¢, (0)=y, @ (a)=¢.,(0) v6i moi

Ta c6 thé gia sir |f (X)| >1; va g, ([O,ai])cﬁ hodc gi([O,ai])cD -D,
trong d6 g, = f og; va gia su ZkD(O,ai)<kX(X,y)+§.
pat | ={i:g,([0,a]) =0 — D}. Khido, véimdi i< taco:

oz 2
|gi(z)|(log|gi(z)|+c) 1-|z|
Do d6, véimbi i e |, co:

. log|g, (a)|+¢ 3 .
! g|:Iog|g,(0)|+c:l_2kD(0’ )

vO1 Ze[O,q].
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Néu lel thi

Iog|:IOg| |+C} 2k, (X, y)+e&

log| f (y)|+c

.(0)[=1va

Néu 1¢ |, goi o 1a phan tir nho nhét trong I. Khi do,

Tur d6 suy ra (2)
o (2) :>(3) Thay ¢ boi logc trong két qua cta (2) ta dugc diéu can

chirng minh.

(3)=(4). Néu F=#Qc X va xe X thi lay diy {y,} =Q sao cho

dy (% y,) =
( ) ( ) Hién nhién.
)

( ) Khi d6, ta c6 diéu can chting minh.

(5)=(6). Néu f eF, peH(D,X) va x,yeD thitr (5) taco:

ca(f o0.X)=cu( f.p()<[eu( ()]
<eu(To(y)]™"" =[ou(fopy) """,
e (6)=(1).
Tir ménh d& 1.2.9 va do tinh thuan nhét ctia D, néu ta chi can chi ra
rang néu {f }, {@,} 1an luot la cac day trong F va H(D,X) thi ton tai ddy
con ctia ddy {f o¢,} hoitudén geC(V,Y") trén mot lan can V ciia 0.

That vay, néu v6i mdi tap con compact K <Y va mot 1an can V cia 0, ta c6

f og (V)NK =0 thita cé diéu can ching minh.
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Nguoc lai, ta co thé gia sit co mot diy {z,} =D, sao cho day
{f,2p,(z,)} bichan. Khi do, ton tai mt s6 ¢>1 sao cho véi mdi ze D, ta

exp[ 2kp (2,29

c6 cu(f op,.2)<[cu(f, 00,2,)] U va {f,o@,} bichindéutrén D,,.
Vay dinh ly hoan toan dugc chirng minh.

Hayman ([15], trang 50) da ching minh dugc bo dé cua Bohr sau déy:
3.2.4 Boaé

Gia sit w= f (z) 1a ham chinh quy trong dia don vi |z|<1, théa man

f(0)=0 va max| f (Z)| >1. Khi do, f(Z) xdc dinh trong dia don vi |Z|<l

2172
sé nhdn tat ca cdc gid tri trén dwong tron |W| =1, trong do r> A va A la mot
hing s6 dwong.

Ta c6 két qua sau 13 su md rong bd dé ctia Bohr ddi voi cac ham chinh
hinh dugc dinh nghia trén cac khong gian phirc tuy v.
3.2.5 H¢ qua

Gia sir X la mot khong gian phire, va B X, f e H (X U ) thoa man:

(1) B 1a bj chan doi véi gia khoang cdach K.,

(2) sup|f(x)>1

xeB

(3) 0e f(B).
Khi d6, ton tai v >0 khéng phu thuéc vao f sao cho hodc
{well ir<w<2rfc f(X) hodc {well :4r<w<5r}c f(X).
Chirng minh. Ta chi y rang H(X,0 -{0,1}) 1a ho chuén tic déu trong

H (X,D ) Tu (2) trong dinh 1y 3.2.3, suy ra ton tai ¢ >0 sao cho:

lor(p)|< exp[c[exp(ka (p.q)) —1]]
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véimoi p,geB,aeH (X,D —{0,1}) thoa man |a(q)|£l.

Dt A:exp{c{exp(Zsupkx(x,y))—lﬂ var=(7A+ 2)_1.

X,yeB
Gia sir W efwel ir<jw|<2rf-f(X), w,e{wel :4r <[w|<5r}- f(X).

Dinh nghia ¢ € H (X U —{0,1}) xac dinh bai gp( p)zm.

W, =W,

Khi d6, ton tai ¢ € B sao cho f(q)=0.

¢(q)|£1.

Mit khac, véimdi peB taco |p(p)/< A va

Do do

£ (p)|=le(p)(W, —w,)+w,|< A, |+ W)+ w,| < (7A+2)r =1.
Suy ra mau thuin véi gia thiét. Vay ta c6 diéu phai ching minh.
Nhin xét. Cac tuong duong (1)=>(3)=(4)=(1) cta dinh ly 3.2.4 da
duoc Zaidenberg [31] chimg minh dbi v&i cac ho chuan tic déu trén cac da
tap phuc.

Nam 1974, Lappan [25] d4 chting minh duoc dinh Iy 5 diém sau
3.2.6 Dinh ly

Cho A la mét tap con cua Pl(D ) va chita it nhat 5 diém. Khi do,

feH (D, = (D )) la ham chudn tdc néu va chi néu
2
sup{‘ f (z)‘% Ze fl(A)}<oo.

Ta s& mo rong dinh 1y ndy cua Lappan cho ho cac ham chuan tic déu
tir nhitng khong gian phirc tiiy ¥ dén khong gian xa anh phirc n chiéu P" (D )
3.2.7 Dinh nghia

Ta néirang g e H(U",P"(J)) 1 suy bién néu g(0") =7 véi rla

mdt siéu phang nao d6 trong khong gian xa anh phirc P" (D )
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3.2.8 Dinh nghia

Cho 7 la siéu phang trong P" (D ), ky hiéu T_ 1a mot phiém ham tuyén
tinh khac khong trén [1™* sao cho 7 1a hat nhan cta né. Goi o la tap hop
cac siéu phang & vi tri tong quat trong P"(0 ). Khi d6, ta néi rang mot ham

khong suy bién g € H (D " P" (D )) 13 r& nhanh toan cuc trén o néu voi mdi

reo thitaco (Tﬁ o g) (é’)zO, trong do T o g(§)=0.

Bo dé sau ctia Hahn [11] tong quat hoa mot két qua noi tiéng trong ly
thuyét Nevanlinna cho nhitng ham phan hinh (xem [16], trang 231).
3.2.9 Bo dé

Gia sir o = {7[ ,...,7Z'q} la mét tdp hop bat ky Cac siéu phdng ¢ vi tri tong

1
quat trong P”(D ) Khi @6, néu geH (D " P" (0 )) la ré nhdanh toan cuc
trén o thi q<2n+2.

Ap dung nhiing k¥ thuat ching minh b dé trén ctia Hahn, ta s& mo
rong dinh 1y 5 — diém cd dién cua Lappan d6i voi ho chuan tic tir khong gian
phirc tuy vy vao khéng gian cac xa anh phirc P" (D ) Nhung trudc hét, ta s&
mo rong cho truong hop déi v6i ho chudn tac déu trén cac da tap hyperbolic.
Cu thé, ta c6 két qua sau:

3.2.10 Pinhly
Gid sit M la da tap hyperbolic, o la tdp hop chiva it nhat 2n+3 siéu

phing & vi tri téng qudt trong P"(D) va cho A=Ux. Khi ds,

FcH (M ,P" (D )) la chudn tdc déu néu va chi néu hai diéu kién sau

dwoc thoa man.
1. sup{‘df (p)|:p eLFJfl(A)} <o,

2. Moi gidi han Brody suy bién déi véi F déu la hang.
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Chirng minh.

e Vi tit ca cac ham d6 dai trén P”(D ) la tuong duong va theo
(4), (6) cua dinh ly 2.1.4, nén ta c6 diéu kién can cua dinh ly 1 hién nhién.

e Dé chimng minh diéu kién du, ta s& chi ra rang néu diéu kién (2)
xay ra va F khong 1a chuan tic déu thi diéu kién (1) khong xay ra.

That vay, vi P" (D ) la compact va F khong 1a chuan tic déu nén tir (6)
trong dinh 1y 2.1.4 suy ra ton tai mot gigi han Brody khac hang
geH(0,P"(0)) déi véi F.

Lay cac day {f.}, {,} théamén f eF,y, eH(D,M)va f oy, —>0.

Khi do, tir (2) ta c6 g la khong suy bién, va tir bo dé 3.2.9 ta c6 g khong la r&
nhanh toan cuc trén {ﬂ} vl T € 0.

Chon hé toa d¢ thudn nhat [ w°,..,w" | trong P"(C) sao cho 7 duge xac
dinh boi w° =0.

Néu g, =f ow, thi ta biéu dién g, g, boi nhiing toa do thuin nhat
[9°9" ], 90107 | V6i 0%, ¢ (5=0...,n) la cdc ham chinh hinh va g — g°.
Mt khac, phuong trinh g°(z)=0c6 nghiém z, €[] thoa man (go )'(ZO) = 0.
Do d6, néu E 1a ham d dai trén P" (U ) thi E(g(z,),dg(z,.e))=a =0.

Theo bd dé& coa Hurwitz, ton tai mét diy {Zk}CD théa man

yA

z, >7,,9.(z,)=0va E(g,(z).dg, (z.€)) > e
Zk

bat p, =, (z,). Khi do:
df, (p,)|> E[ f ot//{zk,k(l— ZJeBZ k[l— ?sz(gk(zk),dgk(zk,e)).

k
Do d6 |dfk ( pk)| — 0. Vip, e f (7)< f,"(A) nén (1) khong xay ra.

Kk

Vay ta c6 diéu phai ching minh.
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Bay gio ta s& mé rong dinh 1y 5 - diém ciia Lappan cho truong hop dbi
v6i ho chuin tic déu tir khong gian phirc tuy ¥ t6i khong gian xa anh phirc
P"(0 ). Ta c6 dinh ly
3.2.11 Pinhly

Gid sir X la khéng gian phite, o la tdp hop chira it nhat 2n+3 siéu

phang ¢ vi tri téng quat trong P" (D ) va gia st A=Un. Khi do,
FcH (X P" (D )) la chuan tdc déu néu va chi néu hai dieu kién sau
duwoc thoa man:
. -1
(1) sup{[df > p(0): 0 € H(D,X), 9(0) U T *(A)} <ox
(2) Moi giéi han Brody suy bién ciia doi véi F déu 1a hang.
Chirng minh
Tir dinh 1y 3.2.10 va ménh dé 1.2.9 ta ¢4 F 14 chuan tac déu néu va chi
néu hai diéu kién sau dugc théa man:
a) sup{‘dg( p):geFeoH(D,X), p eUg‘l(A)} < oo,
b) Moi ham gi¢i han Brody suy bién d6i v6i F o H(D, X ) déu la hang.
bicu kién a), b) lan luot twong duong véi dicu kién (1), (2) trong ménh d&

3.2.11 va ta c6 dang thic sau:

d(p)): g FoH(D.X), pely (W)} ={d(f -)(0):0€H(D.X), p(0)UT (A}
Vay dinh ly dugc chirng minh.
3.2.12 Hé qua

Gid sir X la mot khong gian phirc. Khi @6, F <H(X,P*(0)) 1a ho chudn
z A A \ , A ) 4 ;.
tac déu néu va chi néu Sup{‘d(f o(p)(O)‘.gpeH(D,X),qp(O)eLFJf (A)}<oo, VO

Ac P (D ) la tdp cé nhiéu hon 4 phan tir (twong vng A c6 nhiéu hon hai

phan tir hitu han néu F < H (X,D ))
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3.2.13 H¢ qua
Gia sir M la mét da tap hyperbolic. Khi @6 F < H(M,P*(0)) la

ho chudn tic déu néu va chi néu Sup{‘df(p)‘ipeUfl(A)}<oo, VOi
F

Ac P! (D ) la tdp cé nhiéu hon 4 phan tir (twong iing A ¢é nhiéu hon hai

phan tir hitu han néu F < H (I\/I U ))
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KET LUAN

No6i dung chinh cua ludn van “Mot s6 dinh 1y c6 dién va ho chuan tac

cac anh xa chinh hinh trong giai tich phirc nhi€u bién” 1a nghién ctru cac tinh

chat cua ho chuén tic, ho chuan tac déu cac anh xa chinh hinh trén cac da tap

hyperbolic va trén cac khong gian phirc tuy . Tt d6, 4p dung nhiing két qua

nay dé tong quat hoa mot s6 dinh 1y c6 dién cia Giai tich phirc dbi voi ho

chuan tic déu. Nhiing két qua chinh luan van da dat dugc la:

Trinh bay mot sd tiéu chuan ho chuan tic déu cia cac anh xa chinh
hinh trén cac da tap hyperbolic va trén cac khong gian phuc tuy .
Trinh bay viéc tong quat hoa cac dinh 1y ¢ dién cta Lehto — Virtanen,
Aladro — Krantz, Lohwater va Pommerenke ddi véi ho chuan tic déu
trén cac da tap hyperbolic.

Trinh bay viéc tong quat hoa cac dinh 1y cd dién cua Lohwater va
Pommerenke d6i voi ho chuan tic trén cac khong gian phic tuy .
Trinh bay viéc mé rong dinh 1y ¢o dién ciia Schottky cho truong hop
ho chun tic déu.

Trinh bay viéc mé rong bo dé cua Bohr dbi v&i cac anh xa chinh hinh
trén cac khong gian phuc tuy y.

Trinh bay viéc mo rong dinh 1y 5 — diém cta Lappan d6i v6i ho chudn
tac déu cac anh xa chinh hinh tir mot khong gian phire tity v vao khong

gian xa anh phtc n chiéu P" (D )

S6 héa béi Trung tam Hoc liéu — DPai hoc Thdi Nguyén 42 http://www.lrc-tnu.edu.vn



www.VNMATH.com

TAI LIEU THAM KHAO

Tiéng Viét

[1] Pham Viét Buc (2005), Mo dau vé Iy thuyét cdc khéng gian phirc
hyperbolic, Nha xuat ban Pai hoc su pham, Ha Noi.

[2] Poan Quynh (2000), Hink hoc vi phdn, Nha xuat ban DPai hoc su
pham, Ha Noi.

Tiéng Anh

[3] M. Abate (1993), A characterization of hyperbolic manifolds, Proc.
Amer. Math. Soc. 117, 789 - 793.

[4] G. Aladro (1987), Applications of the Kobayashi metric to normal
functions of several complex variables, UtilitasMath. 31, 13 - 24,

[5] G. Aladro and S. G. Krantz (1991), A criterion for normality in [ ",
J. Math. Anal. and Appl. 161, 1 - 8.

[6] C. Carathéodory (1954), Theory of Functions, vol. I1.Chelsea, NY.

[7] J. A. Cima and S. G. Krantz (1983), The Lindelof principle and
normal functions of several complex variables, Duke Math. J. 50, 303 - 328.

[8] E. E Collingwood and A. J. Lohwater (1966), The Theory of
Cluster Sets, Cambridge University Press, London.

[9] K. Funahashi (1984), Normal holomorphic mappings and classical
theorems of function theory, Nagoya Math. J. 94, 89¢104.

[10] M. L. Green (1977), The hyperbolicity of the complement of 2n+1
hyperplanes in general position in P,, and related results, Proc. Amer. Math.
Soc. 66, 109-113.

[11] K. T. Hahn (1986), Higher dimensional generalizations of some
classical theorems on normal meromorphic functions, Complex Variables 6,
109 - 121.

S6 héa béi Trung tam Hoc liéu — DPai hoc Thdi Nguyén 43 http://www.lrc-tnu.edu.vn



www.VNMATH.com

[12] K. T. Hahn (1988), Non-tangential limit theorems for normal
mappings, Pac. J. Math. 135, 57 - 64.

[13] K. T. Hahn (1987), Boundary behavior of normal and nonnormal
holomorphic mappings, Proc. KIT Math. Workshop, Analysis and
Geometry, KIT Math. Research Center, Taejon, Korea.

[14] K. T. Hahn (1989), Hyperbolicity of the complement of closed
subsets in a compact Hermitian manifold, Complex Anal. and Appl. '87,Sofia,
211 - 218.

[15] W. K. Hayman (1964), Meromorphic Functions, Oxford
University Press, Oxford.

[16] E. Hille (1962), Analytic Function Theory, vol. Il, Ginn,
Lexington, MA.

[17] P. Jarvi (1988), An extension theorem for normal functions in
several variables, Proc. AMS 103, 1171 - 1174.

[18] J. E. Joseph and M. H. Kwack (1994), Hyperbolic imbedding and
spaces of continuous extensions of holomorphic maps, J. Geom. Analysis 4, 3,
361 - 378.

[19] J. E. Joshep and M. H. Kwack (1996), Some classical theorems
and families of normal maps in several complex variables, Complex
Variables, Vol. 29, 343 - 362.

[20] J. L. Kelley (1955), General Topology, Van Nostrand, Princeton,
NJ.

[21] P. Kiernan (1973), Hyperbolically imbedded spaces and the big
Picard theorem, Math. Ann. 204, 203 - 209.

[22] S. Kobayashi (1970), Hyperbolic Manifolds and Holomorphic
Mappings, Marcel Dekker, New York.

S6 héa béi Trung tam Hoc liéu — DPai hoc Thdi Nguyén 44 http://www.lrc-tnu.edu.vn



www.VNMATH.com

[23] S. G. Krantz (1993), Geometric Analysis and Function Spaces,
CBMS, Amer. Math Soc. 81, Providence, RI.

[24] S. Lang (1987), Introduction to Complex Hyperbolic Spaces,
Springer - Verlag, NY.

[25] P. Lappan (1974), A criterion for a meromorphic function to be
normal, Comment. Math. Helvetici 49, 492 - 495.

[26] A. J. Lohwater and Ch. Pommerenke (1973), On normal
meromorphic functions, Ann. Acad. Sci. Fenn. Ser Al 550.

[27] O. Lehto and K. I. Virtanen (1957), Boundary behaviour and
normal meromorphic functions, Acta Math. 97, 47 - 65.

[28] K. Noshiro (1938), Contributions to the theory of meromorphic
functions in the unit circle, J. Fac. Sci. Hokkaido Univ. 7, 149 - 159.

[29] H. Royden (1971), Remarks on the Kobayashi metric, Proc.
Maryland Conference on Several Complex Variables, Lecrure Notes 185,
Springer - Verlag, Berlin.

[30] H. Wu (1967), Normal families of holomorphic mapping, Acta
Math. 119, 193 - 233.

[31] M. G. Zaidenberg (1992), Schottky - Landau growth estimates for
s-normal families of holomorphic mappings, Math. Ann 293, 123 - 141.

[32] M. G. Zaidenberg (1983), Picard's theorem and hyperbolicity,
Siberian Math. J. 24, 858 - 867.

S6 héa béi Trung tam Hoc liéu — DPai hoc Thdi Nguyén 45 http://www.lrc-tnu.edu.vn





