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1. Thong tin chung:

- Tén dé tai: Mot sd tinh chit vé nghiém ciia phwong trinh vi phan, dao ham
riéng phan thi

- M4 s6: B2023-TNA-14

- Chu nhiém dé tai: TS. Nguyén Vian Thin

- T6 chuc cha tri: Pai hoc Thai Nguyén

- Thoi gian thuc hién: 24 thang
2. Muc tiéu:

- Phét trién duoc Ly thuyét Nevanlinna cho ham va duong cong chinh hinh. Cu thé:
thiét 1ap dugc mot s6 dang Pinh 1y co ban th hai trong Ly thuyét Nevanlinna-Cartan, nghién
ctiu ing dung cua Ly thuyét Nevanlinna-Cartan trong phuong trinh vi phan dao ham riéng
phuc.

- Dua ra dugc cac diéu kién vé sy ton tai nghiém, nghiém chuan hda, van dé co6 dic,
cling nhu su bung nd caa nghiém ciia mot s6 16p phuong trinh dao ham riéng chua toan tir
khong dia phuong loai elliptic.

3. Tinh méi va sang tao:

- Trong hudng nghién ciiu vé Ly thuyét Nevanlinna cho ham va dudng cong chinh hinh.
Chung toi thiét 1ap mot s6 dang dinh 1y co ban thir hai va Bo dé g-sai phan tuong tu nhu Bo
dé dao ham logarit cho ham phan hinh nhiéu bién. Ung dung céc két qua nay, ching toi
nghién ctu ham xap xi Nevanlinna cho nghiém cua phuong trinh sai phan-dao ham riéng
nhiéu bién phuc.

- Trong huéng nghién ciu thi hai, ching t6i nghién ctu vé tinh da nghiém, sy co dic
ctia nghiém, ciing nhu nghiém chuan hda cho bai toan kiéu Kirchhoff chira toan tir p-Laplace
phan tht. Chang t6i st dung phuong phap bién phan, Ly thuyét pham tr0 Lusternik-
Schnirelmann, phuong phép trén da tap Nehari, Ly thuyét cac diém téi han dé nghién ctu bai
toan dat ra. Dic biét 1an dau tién, Ly thuyét pham trd Lusternik-Schnirelmann dwoc 4p dung
nghién ctru sy ton tai da nghiém chuan héa cho mét 16p phuong trinh Elliptic véi thé vi khong
am. Chiing t6i ciing nghién ctru Sy ton tai va tinh bang nd nghiém caa phuong trinh truyén
s6ng phan tha ma ham phi tuyén co d6 ting mii kiéu Trudinger-Moser trong trudng hop mot
chiéu. Hon nira, k¥ thuat nghién ctru tinh da nghiém chuan hda bang céach sir dung ly thuyét
pham trd, tinh né cua nghiém cua phuong trinh truyén séng mot chiéu chia toan tir Laplace
phan thtr do chiing t6i d& xuat va phat trién dau tién. Diéu d6 phan anh tinh mai caa dé tai.

4. Két qua nghién ciru

- Thu dugc 03 két qua vé mot s dang Dinh 1y co ban thir hai cho duong cong chinh
hinh. D6 14 cac Pinh 1y 1.1.10, 1.1.11, 1.1.12. Ung dung Ly thuyét Nevanlinna, chiing t6i thu
duoc 02 két qua ude lwong ham xap xi clia nghiém phuong trinh g-dich chuyén sai phan dao
ham riéng va phan bd gia tri cho da thirc dao ham g-dich chuyén sai phin nhiéu bién.




- Thu duoc 02 két qua vé tinh da nghiém, sy c6 dac cua nghiém cho phuong trinh kiéu
Kirchhoff, Kirchhoff-Choquard chira toan tir p-Laplace phan thit ma ham phi tuyén c6 d6 ting
mil, do ting dudi téi han. Bo 1a cac Pinh 1y 2.1.3 va 2.2.2.

- Thu duoc 01 két qua vé tinh da nghiém chuin hoa, sy ¢ dic cua nghiém cho mot 16p
phuong trinh Elliptic: Dinh 1y 3.1.15. Tiép theo chung t6i thu dugc mot sé két qua vé su ton
tai nghiém va tinh bung nd ctia nghiém cua phuong trinh truyén séng chira toan tir Laplace
phan tht trong R ma ham phi tuyén c6 d6 ting mil kiéu Trudinger-Moser: Pinh 1y 3.2.13,
3.2.18, 3.2.19 va 3.2.20.

5. San pham
5.1. Sdn pham khoa hoc

- 05 Bai bao trong danh muc SCIE (04 bai thuoc I6p Q1 cua Scimago, 01 bai thudc 16p
Q3 cua Scimago), 01 bai tap chi trong nudc dwgc HDCDGS tinh diém:

(1) C.O. Alves and N.V. Thin (2023), ~"On existence of multiple normalized solutions
to a class of elliptic problems in whole R”N via Lusternik-Schnirelman category (Vé su ton
tai nhiéu nghiém chuan héa cho mot Iép bai toan Elliptic théng qua pham trd Lusternik-
Schnirelman)”, SIAM Journal on Mathematical Analysis 55(2), 1264-1283, ISSN (print):
0036-1410 ISSN (online): 1095-7154, Q1.

https://epubs.siam.org/doi/10.1137/22M1470694.

(2) T. Boudjeriou and N.V. Thin (2024), " Asymptotics for a wave equation with
critical exponential nonlinearity (Van dé tiém can cho phuong trinh truyén séng voi do tang
toi han mii)", Nonlinear Analysis: Real World Applications 78, Article number: 104099,
ISSN: 1468-1218, Q1.

https://www.sciencedirect.com/science/article/pii/S1468121824000397.

(3) Y. Song, X. Sun, S. Liang and V. T. Nguyen (2024), "Multiplicity and
Concentration Behavior of Solutions to a Class of Fractional Kirchhoff Equation Involving
Exponential Nonlinearity (V& tinh boi va su c6 dic cua nghiém cho mot 16p phuong trinh
kiéu Kirchhoff phan thtr véi d6 ting mii)", The Journal of Geometric Analysis 34, Issue 9,
article number 283, (2024), Print ISSN 1050-6926, Q1.

https://link.springer.com/article/10.1007/s12220-024-01707-5.

(4) S.S. Liang, S.H. Liang, S. Shi and N.V. Thin (2025), ~"On multiplicity and
concentration of solutions for a fractional p-Laplace Choquard-Kirchhoff equations (Vé tinh
boi va sy c¢6 dic cua nghiém cho phuong trinh kiéu Choquard-Kirchhoff chira toan tur p-
Laplace phan thir)", Advances in Differential Equations 30, Numbers 1-2, 35-68, Print ISSN:
1079-9389, Q1.

https://projecteuclid.org/journals/advances-in-differential-equations/volume-30/issue-
1 2f 2.

(5) T. Cao, N. V. Thin, S. D. Quang (2024), “"Difference analogues of the second main
theorem for holomorphic curves and arbitrary families of hypersurfaces in projective varieties
(Twong tu sai phan cua Pinh 1y co ban tha hai va ho céc siéu mat tuy y trong da tap xa anh)",
Anal Math 50, 757-785, ISSN: ISSN / eISSN: 0133-3852 / 1588-273X, Q3.

https://link.springer.com/article/10.1007/s10476-024-00036-7.

(6) P. T. Thuy and T. T. D Linh (2024), g-difference analogue of the lemma on the
logarithmic derivative and some applications (B6 dé g-sai phan tuong tu cia B6 d& dao ham
logarit va mot sb tng dung)”, TNU Journal of Science and Technology 229(14), 35-42.

https://jst.tnu.edu.vn/jst/article/view/10735.

5.2. San phdm dao tgo: 02 luan vin thac si di bao vé thanh cong, hd trg dao tao 01 NCS da



bao vé thanh cong.
+ Vi Xuan Sang (2023), Dang sai phan cta Dinh 1y co ban thir hai cho &nh xa phéan hinh
Va0 da tap dai s6 giao vai cac siéu mat ¢ vi tri dudi tong quat, Truong Pai hoc Su pham -
Dbai hoc Thai Nguyén.
+ Nguyén Anh Tuan (2023), Su ton tai va d6 ting ctia nghiém phan hinh ddi véi phuong
trinh sai phan phi tuyén, Truong Pai hoc Su pham - Pai hoc Théai Nguyén.
+ NCS Inthavichit Padaphet (2024), V& Pinh 1y co ban tha hai kiéu Cartan cho ham dém
rdt gon va van dé duy nhat, Truong Pai hoc Su pham - Pai hoc Thai Nguyén.
6. Phwong thirc chuyén giao, dia chi &ng dung, tac dong va lgi ich mang lai caa két qua
nghién cau
6.1. Dia chi wng dung
Céc truong Pai hoc.
6.2. Tdc dong va lgi ich mang lai ciia két qud nghién civu
6.2.1. Boi véi linh vuee gido duc va dao tao
Két qua nghién ctru cua dé tai 1a tai lidu chuyén khéo cho sinh vién, hoc vién cao hoc, Nghién
ctru sinh chuyén nganh toan giai tich quan tim dén phuong trinh dao ham riéng thir. Dic biét boi
dudng kha ning nghién ciru ctia cac giang vién tré, gop phan nang cao chat luong, hiéu qua do tao
va nghién ctru khoa hoc cua Truong Pai hoc Su pham thudc Pai hoc Thai Nguyén.
6.2.2. Poi véi linh vue khoa hoc va céng nghé cé lién quan
Phuong trinh dao ham riéng thir, phirc c6 nhiéu tmg dung trong toan tai chinh, mo
hinh sinh hoc, vat Iy luong tir,.... Do d6 cac két qua theo huéng nghién nay goép phan thic
day cac linh vuc nghién ctru lién quan.



INFORMATION ON RESEARCH RESULTS

1. General information

Project title: Some properties about solutions to differential equations, fractional partial
differential equations
Code number: B2023-TNA-14

Coordinator: Dr. Nguyen Van Thin

Implementing institution: Thai Nguyen University

Duration: from 1/2023 to 12/2024
2. Objective(s)
- Develope Nevanlinna Theory for holomorphic functions and holomorphic curves. Namely,
established some forms of the Second Main Theorem in Nevanlinna-Cartan Theory and
studied the application of Nevanlinna-Cartan Theory in complex differential equations.
- Give some conditions for the existence of solutions, normalized solutions, concentration of
solutions, as well as the blow up of solutions of some classes of partial differential equations
containing non-local operators of the elliptic type.
3. Creativeness and innovativeness
- On the first topic about Nevanlinna theory for functions and holomorphic curves, we
establish some forms of second main theorem for holomorphic curve and g-difference
analogue of the lemma on the logarithmic derivative. Apply that results, we study the
approximated function of solutions to g-difference-partial differential equations in several
variables and value distribution of g-difference-partial differential polynomials.
- On the second topic, we study the multiplicity and concentration of solutions, normalized
solutions to Kirchhoff equation involving fractional p-Laplacian. We use variational method,
Lusternik-Schnirelmann category theory, method on Nehari manifold, ciritical points theory.
Special, it is the first time that Lusternik-Schnirelmann category theory is applied to study
the multiple of normalized solutions for a class of Elliptic equation with nonnegative
potential. We also study the existence and blow up of solution to wave eqaution which
nonlinear reaction has Trudinger-Moser critical growth. Our prolems are studied in the first
time. Furthermore, we give the methods in studying the multiple solutions and blow up of
solutions to wave equation involving fractional Laplace in R with critical exponential
growth. That shows the novelty of the project.
4. Research results
- Obtain three results on some forms of Second main theorem to holomorphic curves. They
are Theorem 1.1.10, 1.1.11, 1.1.12. Apply that results, we obtain two theorem on
approximated function of solutions to g-difference-partial differential equations and value
distributions of g-difference-partial differential polynomials.
- Obtain two results about multiple and concentration of solutions to Kirchhoff, Kirchhoff-
Choquard problem involving fractional p-Laplacian when nonlinear reaction has exponential



critical growth, subcritical growth, respectively. They are Theorem 2.1.3 and 2.2.2.

- Obtain one result about multiple of normalized solutions and concentration of solutions to
Elliptic equation: Theorem 3.1.15. Next, we get some results on the existence and blow up
solutions to wave equation involving fractional Laplacian in one dimension with exponential
critical growth: Theorem 3.2.13, 3.2.18, 3.2.19 va 3.2.20.

5. Products

5.1.  Scientific products published: 05 SCIE paper (04 paper belongs the class Q1 of
Scimago, 01 papers belongs to the class Q3 of Scimago), 01 paper on domestic journal.

(1) C.O. Alves and N.V. Thin (2023), ~On existence of multiple normalized solutions to a
class of elliptic problems in whole R*N via Lusternik-Schnirelman category”, SIAM Journal
on Mathematical Analysis 55(2), 1264-1283, ISSN (print): 0036-1410 ISSN (online): 1095-
7154, Q1.

(2) T. Boudjeriou and N.V. Thin (2024), " Asymptotics for a wave equation with critical
exponential nonlinearity”, Nonlinear Analysis: Real World Applications 78, Article number:
104099, ISSN: 1468-1218, Q1.

(3) Y. Song, X. Sun, S. Liang and V. T. Nguyen (2024), “Multiplicity and Concentration
Behavior of Solutions to a Class of Fractional Kirchhoff Equation Involving Exponential
Nonlinearity”, The Journal of Geometric Analysis 34, Issue 9, article number 283, (2024),
Print ISSN 1050-6926, Q1.

(4) S.S. Liang, S.H. Liang, S. Shi and N.V. Thin (2025), "On multiplicity and concentration
of solutions for a fractional p-Laplace Choquard-Kirchhoff equations”, Advances in
Differential Equations 30, Numbers 1-2, 35-68, Print ISSN: 1079-9389, QL.

(5) T. Cao, N. V. Thin, S. D. Quang (2024), “Difference analogues of the second main
theorem for holomorphic curves and arbitrary families of hypersurfaces in projective
varieties”, Anal Math 50, 757-785, ISSN: ISSN / eISSN: 0133-3852 / 1588-273X, Q3.

(6) P. T. Thuy and T. T. D Linh (2024), "g-difference analogue of the lemma on the
logarithmic derivative and some applications”, TNU Journal of Science and Technology
229(14), 35-42.

5.2. Training products: 02 master theses successfully defended, 01 Ph. D thesis
successfully defended:

+ Vi Xuan Sang (2023), Difference analogue of second main theorem for meromorphic
mapping into algebraic variety intersecting with hyersurfaces in subgenenral position, Thai
Nguyen University of Education.

+ Nguyén Anh Tuén (2023), On the existence and growth of meromorphic solutions for
nonlinear difference equation, Thai Nguyen University of Education.

+ Ph. D Inthavichit Padaphet (2024), On Second Main Theorem of Cartan type for reduced
counting function and uniqueness problem, Thai Nguyen University of Education.

5.3.  Application products

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



6.1. Application institutions

The universities

6.2. Impacts and benefits of research results

6.2.1. For education and training fields

The research results of the project are monographs for students, graduate students, PhD
students in analysis mathematics which are interested in fractioanl partial differential
equations. Specially fostering research capabilities of young lecturers, contributing to
improving the quality and efficiency of training and scientific research of Thai Nguyen
University of Education.

6.2.2. For related science and technology fields

Fractional partial differential equations have many applications in financial math, biological
modeling, quantum physics, .... The results in this direction that contribute to promoting
related research areas.



