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1. Thong tin chung:

- Tén dé tai: Dinh 1§ co ban thit hai trong 1y thuyét Nevanlinna-
Cartan va mot s6 ting dung

- Ma s6: B2024-TNA-19

- Chti nhiém dé tai: PGS. TS. Ha Tran Phuong

- Té chiic chi tri: Dai hoc Thai Nguyén

- Thoi gian thyc hién: 2 nam, tir 1/2024 dén 12/2025
2. Muc tiéu:

- Dua ra cac ting dung ctia Ly thuyét Nevanlinna trong van deé xac
dinh duy nhat cadc dudng cong chinh hinh.

- Nghién cttu cau tric nghiém ctia phuong trinh vi phan, sai phan
va dao ham riéng.

- G6p phan thic day huéng nghién citu Ly thuyét Nevanlinna vi
ting dung tai Pai hoc Thai Nguyén va phuc vu cong tac dao tao dai
hoc, sau dai hoc tai DHTN.

3. Tinh méi va sang tao

Ching minh dugc moét dang dinh 1y co ban tht hai cho dudng
cong chinh hinh trén hinh vanh khuyén, tit d6 chiing minh mét dang
dinh 1y duy nhat.

Chiing minh dudec mot s6 két qué mdéi danh gia ham dic trung va
bac clia mot dudng cong chinh hinh két hop véi cac sieu mat 6 vi tri
duéi tong quat phan bd trong cac goc;

Chiing minh dudc mot két qud mdi vé van dé duy nhat cho duong
cong chinh hinh lién quan dén diéu kién dai s6 ctia mot ho cac siéu

mit 6 vi tri duéi tong quat;
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Chiing minh hai két qud mdi vé nghiém ctia phuong trinh vi phan
- sai phan tuyén tinh.

4. Két qua nghién citu

a. Dinh 1y co ban thi hai v vAn dé duy nhat cho dudng
cong chinh hinh trén hinh vanh khuyén:

Dinh 1y 1. Cho f : A — P"(C) la mot duong cong chinh hinh
khong suy bién dai s6 va D;j,1 < j < q, la cdc sieuw mat trong P"(C)
bac d; tuong tung J vi tri tong quat. Goi d la boi chung nho nhat
ctia cdc d; va dat M = ("1%) — 1. Khi d6, vdi méi 1 < r < Ry va
q=M+1, ta co

q

1

| (g — M — 1D)Ty(r) Zd—JNJM r, D;) + O(r). (0.1)
7=1

Dinh 1y 2. Cho D = {Dy,...,D,} la mét ho gom q siéu mat
d vi tri tong qudt va f,g : A — P*(C) la cdc duong cong chinh
hinh khong suy bién dai so6 théa man O(r) = o(Ty(r)) va O,(r) =
o(T,(r)). Gid st ring

a) Ey(D;))NE¢(D;) =0 véi moii+#je{l,...,q};

b) E¢(D;) C E,(D;) vdi méi j = 1,2,...,q va f(z) = g(z) vdi
moi z € E (D).

c) liriilglof Z;]-:l N}(r, Dj)/zgzl Ngl(r, Dj) > M]\—4|— T
Néu q > 2M + 3 thi ton tai tap con S C {1,...,q} théa man #S >
M 41 va

(f7 Dk)d/dk — (ga Dk)d/dk 4 .
(7 D)7 = (g, Do) voi mot k #1 € S. (0.2)

b. Do ting ctia dudng cong chinh hinh két hop véi cac
sieu mit ¢ vi tri dudi tong quat
Dinh 1y 3. Goi f : C — P"(C) la moét duong cong chinh hinh siéu

viét tren C co bac dudi 7 < 0o va bac 0 < p < 0o. Goi D la mot siéu
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phang di dong nhé doi vdi f va § = §;(D) > 0. Gid st vdi mot hing

séa>0th5amdn7§a§p,

- 4 5
4 (ajp1 — Bj) < - arcsin \/; (0.3)

1

J

Khi d6 vdi moi day dinh Pdlya {r,,} bac o, ta cé
T(r) < K.Wp(r. .D) 0.4)

vdi mot hing s6 duong K, chi phu thudc vao {r,,} va khong phu thuoc

vao m, trong dé Wp(r, f, D) = max{r*i B, s, s(r,D) : 1 < j <p}.
Dinh 1y 4. Gid s ¢, N,n la ba so tu nhién théa ¢ > N + 1 va

f: C — P"(C) la mot duong cong chinh hinh siéu viét khong suy

bién dai s6, c6 bac dudi hitw han 7. Goi D, Dy,...,D, la ¢+ 1 (g >
(M+1)(2N —n+1)

n+1
P"(C), va 6 = 64(D) > 0. Gid si vdi mot hé tia D(ay, b1, - .., ap, Bp),

dieu kién (0.8) théa man vdi o = max{w(D), T} va

) siéu phang & vi tri N-dudi tong qudt trong

i Nozjﬁj,f(r7 Dk)

— o(T 1< i<
dog D o(Ty(r)), 1 < j<p,

k=1
trong dé N, (1, D) la ham dém ciia f két hop vdi Dy trong Q(cy, 3;)
voij=1,...,p,1 <k <gq. Khi dé p(f) < w(D).
c. VAn dé duy nhét cho dudng cong chinh hinh lién quan
lien quan dén diéu kién trén mién goéc
Pinh 1y 5. Cho ¢, N,n la cic s6 nquyén duong sao cho g > N +1,

f va g la cdc duong cong chinh hinh siéu viét khong suy bién dai s6

te C vao P*(C), ¢o bac dudi 0 < 7 < 0o. Goi Dy,...,D, la q siéu

5 (M+1)2N —-n+1) NM . .
mat (¢ > —— + 5 b = mm{dl,...,cjlq}, vdi
di,...,d, la bac cia Dy, ..., D, tuong dng) ¢ vi tri N-dudi tong quat

trong P*(C), D la mot siéu mat di dong va la nhé déi vdi f sao cho
6 = 0¢(D) > 0. Gid st vdi mot hé D(au, B, ..., qp, By), dieu kién
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(0.8) théa man vdi o = max{w(D),7} va ba dieu kién sau day thda

man:

(Z) f_l(Dj) NX = g_l(Dj) NnxX, jg=1,...,q, vo
X=U_{z:a, <argz < fi};

(i1) f(2) = g(2) vdi moi z € Ui_(f~1(D;) N X);
(143) logTy(r) = O(log T,(r)) wva loglogT¢(r) = o(logr) khi r — oo,
Néu w(D) < p(f), thh f = g.

d. Vin dé nghiém ctia phuong trinh vi phan - sai phan
tuyén tinh:

Dinh 1y 6. Cho k,n la cdc s6 nguyén duong. Gid si f(z) la mot
ham phdn hinh khdc hang cé siéu bac mhé hon 1, va gid st rang
(L(f))™ khong phdi la mot hing s6. Gid sit rang f—1 va (L(f))™ -1
chia sé gia tri (0,1), f va (L(f))"™ chia sé co-IM, ngoai ra ta cé

B(0. ) € B0, (L(FH™) (i >2).
Khi do
(L™ = f (0.5

néu théa maot trong cic dieu kién sau:
(1)1 =0 (nghia la f — 1 va (L(f))™ — 1 chia sé gid tri 0 IM) va

252(0, f)4+306(0, f)+((2n+4)k+3)O (o0, f)+2(k—1)d(c0, f) > (2n+6)k+5.
(2)1=1vi

252(0,f)-l—%@(o,f)-l—((n—l—Q)k—l—g)@(oo,f)+(k—1)5(oo,f) > (n+3)k+3.
(3)1>2 va

205(0, f) + ((n+ 2)k +2)O(o0, f) + (kK —1)d(00, f) > (n+ 3)k + 2.



Dinh 1y 7. Cho k,n la cdc s6 nguyén duong. Gid si f(z) la mot
ham phan hinh khdc hang cé siéu bac nhé hon 1 sao cho L(f) va f
khong phdi 1o cdc hing sb. Gid si ring f — 1 va L(f) — 1 chia sé
gid tri (0,1), f® wa L(f) chia sé oco-IM va

Eu(0,f) C Eq(0,L(f))) (i >2).

Khi do

L(f) = f™ (0.6)

neu thoa man mot trong cac gia thiet sau:

(1)1 =0 (tic la f™ —1 va L(f) — 1 chia sé gid tri 0 IM) va

(4k + 2n + 3)O(o0, f) + 2(k — 1)d(c0, ) + 20(0, f) + (0, f)
+ 28,5100, f) + 6,42(0, f) > 6k + 2n + 6;

(2) 1 =1 va

52(0, ) + 120, ) + 5000, ) + (2K + 2)0(ox, )

+ (k —1)d(oc0, f) > 3k + 3;
(3) 1> 2 va
(2k +2)O(o0, f) + (k — 1)d(o0, f) + 02(0, f) + 6,+2(0, f) > 3k + 2.

5. San pham:

a) 03 bai béo khoa hoc

[1] Ha Tran Phuong and Inthavichit Padaphet, (2024), "A unique-
ness theorem for holomorphic curves on annulus sharing hypersur-
faces", Complex variables and elliptic equations, Vol. 69, No. 9, 1558-1577.
(SCE-1, Q2)

|2] Nguyen Van Thin, (2025), "Growth of holomorphic curves with
radially distributed hypersurfaces and uniqueness of holomorphic curves
in angular domain", Asymptotic Analysis. Vol. 143(2) 768-782. (SCE-

I) Ql)
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[3] H. T. Phuong, N. V. Thin, (2025), "On meromorphic solution
of linear difference - differential equation via partially shared values
of meromorphic functions and their growth", Jounal of Mathematics
and Mathematical Sciences, 31-54.

b) Huéng dan thanh cong 02 luén vin thac si:

Ha Thi Ngoc Cham véi dé tai: Dinh 1§ co ban tht hai cho dudng
cong chinh hinh trén hinh vanh khuyén, DHSP Thai Nguyén 2024;

Nguyén Ngoc Duy véi dé tai: Van dé duy nhat cho ham phan hinh
lien quan dén da thic dao ham, DHSP Thai Nguyén 2024;

¢) Tham gia dao tao 1 NCS :

Phommavong Chanthaphone, huéng dan TS. Vi Hoai An va PGS.
TS Ha Tran Phuong.

6. Phuong thiic chuyén giao, dia chi tng dung, tac dong
va 10i ich mang lai ctia két qua nghién citu

a) Phuong thiic chuyén giao: dé tai 1a cac két qua nghién citu co
ban dudc chuyén giao truc tiép cho Dai hoc Thai Nguyén lam tai lieu
nghién cttu va hoc tap cho hoc vién.

b) Dia chi ting dung: Khoa Toan Trusng Dai hoc Su pham - Dai
hoc Thai Nguyén va cac khoa Toan cia cac truong dai hoc trong ca
nudéc.

c) Tac dong va lgi ich clia két qud nghién citu: lam phong phi
thém 1y thuyét Nevanlinna va déng gép vao viéc ddo tao sau dai hoc
cua Truong Dai hoc Su pham - Dai hoc Thai Nguyén.

Thang 10 nam 2025
T6 chiic chi tri Cht nhiem dé tai

PGS.TS Ha Tran Phuong
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INFORMATION ON RESEARCH RESULTS

1. General information:

- Project title: The Second Main Theorem in Nevanlinna—Cartan
Theory and Some Applications

- Code number: B2024-TNA-19

- Coordinator: Ass. Prof. Dr. Ha Tran Phuong

- Implementing institution: ThaiNguyen University

- Duration: from 1/1,/2024 to 31/12/2025.

2. Objectives

Present the applications of Nevanlinna theory in the problem of
determining the uniqueness of holomorphic curves.

Study the structure of solutions of differential, difference, and par-
tial differential equations.

Contribute to promoting research on Nevanlinna theory and its
applications at Thai Nguyen University, serving university and post-
graduate education at TNU.

3. Creativeness and innovativeness:

- Established a version of the Second Main Theorem for holomor-
phic curves on an annulus, and from this, we prove a uniqueness
theorem.

-Obtained several new results concerning the characteristic func-
tion and the order of a holomorphic curve in relation to hypersurfaces
in subgeneral position distributed in angular domains.

- Proved a new result on the uniqueness problem for holomorphic
curves associated with algebraic conditions of a family of hypersur-
faces in subgeneral position.

4. Research results

a. The second main theorem and the uniqueness problem

for holomorphic curves on an annulus:

Theorem 1. Let f : A — P"(C) be an algebraically non-degenerate
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holomorphic curve, and let D;,1 < j < q, be hypersurfaces in P"(C)
of degree d; in general position. Let d is the least common multiple
of the d;j and set M = ("Zd) — 1. Then for any 1 < r < Ry and
qg=> M+ 1, we have

| (a— M- 1)Ty(r) Z%N DO, (0)

Theorem 2. Let D = {D,...,D,} be a collection of q hyper-
surfaces in general position and f,g : A — P"(C) be algebraically
non-degenerate holomorphic curves such that Of(r) = o(T¢(r)) and
Oy4(r) = o(Ty(r)). Assume that

a) E;(D;)NE¢(D;) =0 foralli#je{l,...,q};

b) E;(D;) C E,(D;) for any j = 1,2,...,q and f(2) = g(z) for

all z € E¢(D);

M
1 , g 1 _
)limlélfz Ny(r,Dy)/ >0 Ny (r, Dy) > TR
If ¢ > 2M + 3 then there exists a subset S C {1,...,q} such that

#S > M +1 and

(f, Di)¥% (g, Dy) %
(f, D)/ (g, Dy)¥/d

forany k #1€S. (1.1)

b. Growth of holmorphic curves with hypersurfaces in
subgeneral-position

Theorem 3. Let f : C — P"(C) be a transcendental holomorphic
curve on C of lower order 7 < oo and order 0 < p < oo. Let D be
a small moving hypersurface with respect to f and § = 6¢(D) > 0.
Assume that for a o > 0 with 7 < o < p,

z 4 5
g (ajs1 — B;) < —arcsing/ . (0.8)
, o} 2
J=1
Then for any sequence of Pélya peaks {r,,} of order o, we have

Ty(rm) < KWp(rm, f, D) (0.9)
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for some positive K, only depending on {r,,} independent of m, where
Wo(r, f, D) = max{r“iB, g, ;(r,D): 1 <j < p}.

Theorem 4. Assume that q, N,n are three natural numbers such
that ¢ > N + 1, and f : C — P"(C) be a nondegenerate alge-
braically transcendental holomorphic curve of finite lower order T. Let
D,Di,....,D, beq+1 (¢ > (M+ DN —n+1)
N-subgeneral position in P"(C), and (?I d¢(D) > 0. Assume that for
a ray system D(ovy, 1, - .., 0y, Bp), (0.8) holds with 0 = max{w(D), T}

and

) hypersurfaces in

“~ Nop,.1 (7, Di)

’ = o(Ty(r)), 1< j <
; deg Dy o(Ty(r)), 1< j <p,

where N, g, 1(1, D) is counting function of f with respective to Dy,
in Qay,B;) forj=1,...,p,1 <k <q. Then p(f) < w(D).

c. Unicity of holomorphic function concerning differential
polynomials

Theorem 5. Let q, N,n be positive integers such that ¢ > N + 1,
and f and g be nondegenerate algebraically transcendental holomor-

phic curves from C into P"(C) and f has lower order 0 < 7 <
M+ 1)(2N — 1 NM
oo. Let Dy,...,D, be q (¢ > (M +1)( nT )—l— N

n+1 o
min{dy,...,d,}, whereds, ..., d, are degree of D1, ..., D, respectively)

hypersurfaces in N -subgeneral position in P"(C), and D be a small
moving hypersurface of f such that 6 = 6;(D) > 0. Assume that for a
ray system D(aq, B, ..., ap, 5y), (0.8) holds with 0 = max{w(D), T}
and three following conditions hold:

(@) fFFAD)NX =g YD;)NX, j=1,...,q, where

X =U_{z:ap <argz < Bi};

(#1) f(z) = g(z) for all z € Uj_,(f~ (D) N X);
(i73) log Ts(r) = O(log T,(r)) and loglog T (r) = o(logr) as r — oo.
If w(D) < p(f), then f=g.



d. On meromorphic solution of linear difference-differential
equation
5. Products

Theorem 6. Let k,n be positive integer numbers. Let f(z) be a
non-constant meromorphic function with hyper order less than 1, and
assume that (L(f))™ is not a constant function. Suppose that f — 1
and (L(f))™ — 1 share value (0,1), f and (L(f))™ share oo — IM

and
Eu(0, f) € EG(0, (L(f)™) (i > 2).
Then
(L™ = f (0.10)

if one of the following assumptions holds:

(1) 1 =0 (i.e. f—1 and (L(f))"™ — 1 share the value 0 IM) and

252(0, f)+30(0, f)+((2n+4)k+3)O (o0, f)+2(k—1)d(c0, f) > (2n+6)k+5.
(2) I=1 and

26,(0, f)+%@(0, f)—l—((n—l—Q)k—i—g)@(oo, H+(k=1)5(c0, f) > (n+3)k+3;
(3) 1> 2 and

205(0, f) + ((n+ 2)k +2)O(c0, f) + (kK —1)0(c0, f) > (n+ 3)k + 2.

Theorem 7. Let k,n be positive integer numbers. Let f(z) be a
nonconstant meromorphic function with hyper order less than 1, and
assume that L(f) and f) are not constant functions. Suppose that
f™ —1 and L(f) — 1 share value (0,1), f™ and L(f) share co-IM,
and

E(0, f) € B(0,L(f)) (i > 2).
Then

L(f) = f™ (0.11)
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if one of the following assumptions holds:
(1) 1 =0 (i.e. f® —1 and L(f) — 1 share the value 0 IM) and

(4k 4+ 2n + 3)O (o0, f) + 2(k — 1)d(o0, f) +20(0, f) + 92(0, f) + 28,4+1(0, f)
+ 9p+2(0, f) > 6k + 2n + 6;

(2) =1 and

5300, £) + 81200, £) + 5000, f) + (2K + 2)B(00, ) + (k — 1)3(00, f) > 3k +5;
(3)1>2 and

(2k +2)0(00, f) + (k — 1)8(c0, £) + 620, f) + Gns2(0, f) > 3k + 2.

a) 03 science papers

[1] Ha Tran Phuong and Inthavichit Padaphet, (2024), "A unique-
ness theorem for holomorphic curves on annulus sharing hypersur-
faces", Complex variables and elliptic equations, Vol. 69, No. 9, 1558-1577.
(SCE-1, Q2)

|2] Nguyen Van Thin, (2025), "Growth of holomorphic curves with
radially distributed hypersurfaces and uniqueness of holomorphic curves
in angular domain", Asymptotic Analysis. Vol. 143(2) 768-782. (SCE-

I, Q1)

[3] H. T. Phuong, N. V. Thin, (2025), "On meromorphic solution
of linear difference - differential equation via partially shared values
of meromorphic functions and their growth", Jounal of Mathematics
and Mathematical Sciences, 31-54.

b) Guiding successfully 02 master projects:

+ Ha Thi Ngoc Cham with topic The Second Main Theorem for
Holomorphic Curves on an Annulus, Thai Nguyen University of Ed-
ucation, 2024.
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+ Nguyén Ngoc Duy with topic The Uniqueness Problem for Mero-
morphic Functions Concerning Derwative Polynomials, Thai Nguyen
University of Education, 2024.

+) Guiding 01 Ph.D projects:

Phommavong Chanthaphone, Supervisor Dr. Vu Hoai An and Assc.
Prof. Ph.D. TS Ha Tran Phuong.

6. Transfer alternatives, application institutions, impacts and
benefits of research results:

a) Transfer alternatives: all of results in the projects are theoretical
research and it is directly transfered to ThaiNguyen University to use
for research and training.

b) Application institutions: mathematic falcuty in Thai Nguyen
University and mathematic falcuties in other universities.

c¢) Impacts and benefits of research results: development the Nevan-
linna theory and contributing to graduate training in Thai Nguyen

University.



