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§1 \�U	 G�i'7uo6 Hessian K�
σk(D

2u+ χ(x, u,Du)) =

k−1∑

l=0

αl(x)σl(D
2u+ χ(x, u,Du)), k Ω �, (1.1)U� Ω ⊂ R

n yesZ�^`, D2u yj� u 7 Hessian  v, χ(x, u,Du) � n × n �D� v, χij � v χ 7; i 9 j >7b�, αl(x) > 0 (l = 0, 1, · · · , k − 2) m αk−1(x)

(2 6 k 6 n) � Ω n\�7esj�.~(�oM2x	XR."Z 1.1 [1] DeS7.; λ = (λ1, · · · , λn) ∈ R
n R} 1 6 k 6 n, λ 7 k �x	D�F-w�T�

σk(λ) =
∑

16i1<···<ik6n

λi1 · · ·λik ,0 λi = 0 t, x	D�F-w�T� σk(λ|i). D\ n× n D� v A, � λi � A 7�w|, n v A 7x	D�F-w�T�
σk(A) = σk(λ(A)) =

∑

16i1<···<ik6n

λi1 · · ·λik ."Z 1.2 [1] �T G̊arding � Γk = {λ ∈ R
n : σj(λ) > 0, ∀1 6 j 6 k}, k λ(D2u +

χ(x, u,Du)) ∈ Γk, n u ∈ C2(Ω) �K� (1.1) 7 k g��.
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384 ��E�Q�'�A | 46 %uo6 Hessian K�/e\�F�=7�n"�, 7i Schneider Æ"<a�Iz�C��o7"� [2], 'G1"'>uo6 Hessian K�
σk(D

2u+ uIn) +

k−1∑

l=1

αlσl(D
2u+ uIn) = φ(x), x ∈ S

n.

Harvey-LawsonkIp1��n4DtÆ"u special Lagrangian K� [3]

sin θ

[n/2]∑

k=0

(−1)kσ2k(D
2u) + cos θ

[(n−1)/2]∑

k=0

(−1)kσ2k+1(D
2u) = 0yM1uo6 Hessian K�. Fu-Yau k Hull-Strominger &�7G��537 Fu-Yau K� [4−5]

σ1(i∂∂(e
u + α′e−u)) + α′σ2(i∂∂u) = 0,LyM1uo6 Hessian K�.'I$H�o:10 χ 6= 0 tuo6 Hessian K�77
, U�M17
/e\�n"�, �. Christoffel-Minkowski"� [6] ma�_C�C7 Alexandrov"� [7], t:�"�B℄K� (1.1) �Tk S

n n, Z α1 = · · · = αk−1 = 0, A = uI Zd. ?�M17
�.k9$Xj��'�r7 Darboux K� [8−9], R}p} Yamabe "� [10] 7M��
�aM*:�f7 Schouten r;K��.0 χ = 0, k = n, α0(x) > 0, α1(x) = α2(x) = · · · = αk−2(x) = αk−1(x) = 0 t, K� (1.1) ���=7 Monge-Ampère K�. Gutiérrez-Brezis k [11] �\"<d\*:
Monge-AmpèreK�7 Harnack�9wmH�1�7M� Hölder `�. 1984P Caffarelli-

Nirenberg-Spruck k [12] �yJ<�= Monge-Ampère K�7 Dirichlet �|"�



detD2u = f(x), k Ω �,
u(x) = ϕ(x), k ∂Ω nFZ��7(k�M:. Caffarelli-Nirenberg-Spruck k [13] �(B<�=R Monge-

Ampère K�7 Dirichlet �|"�, yJ<UK�F�'?m�7(k:. 1986P, Lions-

Trudinger-Urbas [14] kS{+�7�`�yJ<R' Monge-Ampère K�7�*: Neu-

mann �|"�



detD2u = f(x, u,Du), k Ω �,
Dνu = ϕ(x, u), k ∂Ω n�=�7(k:. Li [15] 53<R+�FZO�`� Monge-Ampère K�7 Neumann �|"��=F�'?m�7(k�M:.0 χ = 0, 1 < k < n, α0(x) > 0, α1(x) = α2(x) = · · · = αk−2(x) = αk−1(x) = 0 t, K� (1.1) � Hessian K�. d\ Hessian K�7 Dirichlet �|"�Z�FOT7G��h,i [16–18]. Trudinger [19] k 1987PG�<�T`�\t HessianK�7 Neumann�|"��7(k:�4, �Æ"<M�esFZ�^`ng��(k:7�,. Ma-Qiu[20]



4 T ?�� <_N /�N N2vp7 Hessian L 8 Neumann 
}#� 385yu< Trudinger �,7xb:. Qiu-Xia [21] yJ<FZ�`n Hessian K� Neumann�|"��=�7(k:, �6XU�=�\"< Alexandrov-Fenchel �9w7M�4yJ. Jiang-Trudinger [22−24] G�<"Zxn�	m�:�	7of Hessian K�M�3�|"�7(k�M:.0 χ = 0, 1 < k 6 n, αl(x) > 0 (0 6 l 6 k − 2), α0(x) = · · · = αl−1(x) = αl+1(x) =

· · · = αk−2(x) = αk−1(x) = 0t,K� (1.1)� HessianmK�. Trudinger [19] �&<M�7
Hessian mK�7 Dirichlet "�. Chen-Zhang [25] �&<M� Hessian mK�7 Neumann�|"�7(k�M:.�/, Guan-Zhang [26] yJ<

σk(D
2u) + α(x)σk−1(D

2u) =

k−2∑

l=0

αl(x)σl(D
2u) (1.2)k Γk−1 �y�dm�7. Chen-Chen-Mei-Xiang [27] �D<M1"Z Neumann �|�	7uo6 Hessian K�




σk(D
2u) =

k−1∑

l=0

αk(x)σl(D
2u), k Ω �,

Dνu = c+ ϕ(x), k ∂Ω n,53<uo6 Hessian K�7�= Neumann "�7 k g��7(k�M:�4. �n� q7WI, 	 ku�`nG�K� (1.1) 7 Neumann �|"�. ℄ [27] �7K�+�, 	 G�7K�p}M[r; χ(x, u,Du). U%, w5(H`��
-L, >KD χ�9z07g�. k Guan-Jiao [28] yJ�A7WI', $HVjR'�q�	, t2�	�X\yJ C0 m C1 `�.K3 1.1 ∀x ∈ Ω, χ EÆ
χij
u 6 0, i, j = 1, 2, · · · , n. (1.3)K3 1.2 �q(k9BMSj� ψ1, ψ2, ψ3, v5 ∀x ∈ Ω, χ EÆ

χij
6 ψ1(x, u)(1 + |Du|γ1), (1.4)

(Du ·Dxχ
ij + |Du|2|χij

u |) 6 ψ2(x, u)(1 + |Du|γ2), (1.5)

−Du · χij
ps

6 ψ3(x, u)(1 + |Du|γ3), (1.6)U� i, j, s = 1, 2, · · · , n, 0 < γ1, γ3 < 2, 0 < γ2 < 4.�( [29] 7yJi�, $HVjR'�	yJ C2 `�.K3 1.3 λ(D2u+ χ) = (λ1, · · · , λn) (λ1 > · · · > λn), EÆ
{
λ :

λn

λ1
6 −θ

}
6= ∅, 0 < θ < 1. (1.7)'I\"n'�7�T.



386 ��E�Q�'�A | 46 %"Z 1.3 q Ω ⊂ R
n yM[ C4 7FZ�^`, ν � ∂Ω7/��J.;, χ(x, u,Du)� n × n �D� v, λ(D2u + χ(x, u,Du)) ∈ Γk, 0 < αl(x) ∈ C2(Ω) (0 6 l 6 k − 2),

αk−1(x) ∈ C2(Ω) (2 6 k 6 n), ϕ ∈ C3(∂Ω), ε ∈ (0, 1). ih u ∈ C2(Ω) ∩ C1(Ω) EÆ




σk

σk−1
(D2u+ χ(x, u,Du))−

k−2∑

l=0

αl
σk

σl−1
(D2u+ χ(x, u,Du)) > αk−1, k Ω �,

uν = −εu+ ϕ(x), k ∂Ω n, (1.8)KG u ��K� (1.1) 7 Neumann �|"�7M['�."Z 1.4 q Ω ⊂ R
n yM[ C4 7FZ�^`, ν � ∂Ω7/��J.;, χ(x, u,Du)� n × n �D� v, λ(D2u + χ(x, u,Du)) ∈ Γk, 0 < αl(x) ∈ C2(Ω) (0 6 l 6 k − 2),

αk−1(x) ∈ C2(Ω) (2 6 k 6 n), ϕ ∈ C3(∂Ω), ε ∈ (0, 1). ih u ∈ C2(Ω) ∩ C1(Ω) EÆ




σk

σk−1
(D2u+ χ(x, u,Du))−

k−2∑

l=0

αl
σk

σl−1
(D2u+ χ(x, u,Du)) 6 αk−1, k Ω �,

uν = −εu+ ϕ(x), k ∂Ω n, (1.9)KG u ��K� (1.1) 7 Neumann �|"�7M[n�.	 7�K�4i'."< 1.1 q Ω ⊂ R
n yM[ C4 7FZ�^`, ν � ∂Ω7/��J.;, χ(x, u,Du)� n× n �D� vZEÆ�	 1.1–1.3, u m u N�EÆ�T 1.3–1.4, 0 < αl(x) ∈ C2(Ω)

(0 6 l 6 k − 2), αk−1(x) ∈ C2(Ω) (2 6 k 6 n), ϕ ∈ C3(∂Ω), ε ∈ (0, 1). KGK� (1.1) 7
Neumann �|"�





σk(D
2u+ χ(x, u,Du)) =

k−1∑

l=0

αl(x)σl(D
2u+ χ(x, u,Du)), k Ω �,

uν = −εu+ ϕ(x), k ∂Ω n (1.10)(k�M7 k g�� u ∈ C3,α(Ω) (0 < α < 1)."< 1.2 q Ω ⊂ R
n yM[ C4 7FZ�^`, ν � ∂Ω 7/��J.;, χ(x,Du)� n × n D� vZEÆ�	 1.1–1.3, u m u N�EÆ�T 1.3–1.4, 0 < αl(x) ∈ C2(Ω)

(0 6 l 6 k − 2), αk−1(x) ∈ C2(Ω) (2 6 k 6 n), ϕ ∈ C3(∂Ω). n(k�M7�� c, v5K� (1.1) 7 Neumann �|"�




σk(D
2u+ χ(x,Du)) =

k−1∑

l=0

αl(x)σl(D
2u+ χ(x,Du)), k Ω �,

uν = c+ ϕ(x), k ∂Ω n (1.11)(k�M7 k g�� u ∈ C3,α(Ω) (0 < α < 1).
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§2 ℄�aDktM��, $H�o�X37Plmd�V4,�yJt2V4. �<KÆ�x, Vji'7�l:




U := D2u+ χ(x, u,Du), Uij := uij + χij(x, u,Du),

Gk(U) =
σk(U)

σk−1(U)
, Gl(U) = −

σl(U)

σk−1(U)
, 0 6 l 6 k − 2,

(2.1)





Gij =
∂G

∂Uij
, χij

ps
=
∂χij

∂us
,

L := GijDij +Gijχij
ps
Ds,

(2.2)nK� (1.1) *9��x�
G(U) := Gk(U) +

k−2∑

l=0

αl(x)Gl(U) = αk−1(x). (2.3)

(2.3) :��tD ξ ∈ S
n−1 ℄1, Z

Gijuijξ = (αk−1)ξ −
k−2∑

l=0

(αl)ξGl −Gijχ
ij
ξ

= (αk−1)ξ −
k−2∑

l=0

(αl)ξGl −Gij ∂χ
ij

∂xξ
−Gij ∂χ

ij

∂u
uξ −Gij ∂χ

ij

∂us
usξ, (2.4)

Gijuijξξ = (αk−1)ξξ −Gij,rsUijξUrsξ −
k−2∑

l=0

(αl)ξξGl − 2

k−2∑

l=0

(αl)ξG
ij
l Uijξ

−Gij ∂
2χij

∂x2ξ
−Gij ∂

2χij

∂xξ∂u
uξ −Gij ∂2χij

∂xξ∂us
usξ −Gij ∂

2χij

∂u∂xξ
uξ

−Gij ∂
2χij

∂u2
(uξ)

2 −Gij ∂
2χij

∂u∂us
uξusξ −Gij ∂χ

ij

∂u
uξξ −Gij ∂2χij

∂us∂xξ
usξ

−Gij ∂
2χij

∂us∂u
uξusξ −Gij ∂2χij

∂us∂uq
usξuqξ −Gij ∂χ

ij

∂us
usξξ. (2.5)k Ω n�T$3j� d(x) = dist(x, ∂Ω), �Z���^`�T�

Ωµ = {x ∈ Ω : d(x) < µ, µ > 0},0 Ω y C4 ^`t, (kx�� 0 < µ 6 1, v5 d(x) ∈ C4(Ωµ), �Zk ∂Ωµ n/��J.; ν = −Dd, �
cij = δij − νiνj , k Ωµ �, (2.6)

|D′u|2 =

n∑

i,j=1

cijuiuj. (2.7)[< 2.1 ih u � C2(Ω) j�, λ(D2u+χ) ∈ Γk−1, �Z αl (0 6 l 6 k− 2) yx�,KG	
 G y�dm�7._ � [26].
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 G, Gk m Gl 7:�.[< 2.2 ih u y"� (1.10) 7 k g��, αl > 0 (0 6 l 6 k − 2), nZ
0 <

σl(U)

σk−1(U)
6 C(n, k, inf αl), (2.8)

0 <
σk(U)

σk−1(U)
6 C

(
n, k,

k−1∑

l=0

supαl

)
. (2.9)_ � [27].[< 2.3 ih u �"� (1.10) 7 k g��, αl > 0 (0 6 l 6 k − 2), nZ

n− k − 1

k
6

n∑

i=1

Gii
6 n− k − 1, (2.10)

∣∣∣
n∑

i=1

GijUij

∣∣∣ 6 C
(
n, k,

k−1∑

l=0

supαl

)
. (2.11)_ �9w (2.10) 7yJ*�( [27] �7V4 3. 'IyJ (2.11).

∣∣∣
n∑

i=1

GijUij

∣∣∣ =
∣∣∣∣∣

n∑

i=1

∂
( σk

σk−1

)

∂λi
λi −

k−2∑

l=0

αl

n∑

i=1

∂
( σl

σk−1

)

∂λi
λi

∣∣∣∣∣

6 |αk−1|+
∣∣∣
k−2∑

l=0

(k − l)αl
σl

σk−1

∣∣∣

6 C
(
n, k,

k−1∑

l=0

supαl

)
,U%�9w (2.11) �8.Æ'/7V4kyJ(H`��V3sN�K7�X.[< 2.4 �q λ = (λ1, λ2, · · · , λn) ∈ Γk, k > 2, �Z λ1 < 0. nZ

∂G

∂λ1
>
n

k

1

(n− k + 2)2

n∑

i=1

∂G

∂λi
. (2.12)_ yJi�*�( [25] �7�4 2.5 m [27] �7V4 4.

§3 PV+1ktM��, $HG�"� (1.10) 7(H`�.

§3.1 C
0 *0	0�yJ C0 `�."< 3.1 q Ω ⊂ R

n � C1 Z�^`, u ∈ C2(Ω) ∩ C1(Ω) �"� (1.10) 7 k g��, �	 1.1 �8, u m u N�EÆ�T 1.3–1.4, 0 < αl(x) ∈ C0(Ω) (0 6 l 6 k − 2),
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αk−1(x) ∈ C0(Ω) (2 6 k 6 n), ϕ ∈ C0(∂Ω), ε ∈ (0, 1), nZ
max
Ω

|u| 6 C,U� C yO0\ n, k, diam(Ω), max
Ω

|u| m max
Ω

|u| 7��._ iX'�EÆ7K� (1.8), *5
0 6 G(D2u+ χ(x, u,Du))−G(D2u+ χ(x, u,Du))

=
∂G

∂Uij
[uij + χij(x, u,Du)− uij − χij(x, u,Du)]

=
∂G

∂Uij
(uij − uij) +

∂G

∂Uij
(χij(x, u,Du)− χij(x, u,Du))

=
∂G

∂Uij
(uij − uij) +

∂G

∂Uij
χij
u (u− u),�o�	 1.1 Z u− u k��n`5�+|, nZ Dν(u− u) > 0, ~ u > u.�4, u − u k��n`5�+|, �o���	, Z Dν(u − u) > 0, 'G u 6 u, ~

max
Ω

|u| 6 C.

§3.2 C
1 *0ktM0��, N:�yJ C1 `�. ; 1 �yM�
C`�, ; 2 �y��
C`�. "< 3.2 q Ω ⊂ R

n y C3 M~�^`, u ∈ C3(Ω) ∩C2(Ω) �"� (1.10) 7 k g��, u m u N�EÆ�T 1.3–1.4, �	 1.1–1.2 �8, 0 < αl(x) ∈ C1(Ω) (0 6 l 6 k − 2),

αk−1(x) ∈ C1(Ω) (2 6 k 6 n), ϕ(x) ∈ C2(∂Ω), ε ∈ (0, 1), nZ
sup
Ω

|Du| 6 C (3.1)m
sup
Ω

∣∣∣u−
1

|Ω|

∫

Ω

u
∣∣∣ 6 C, (3.2)U� C yM[O0\ k, n, diam(Ω), |u|C0 , max |ψ1|, max |ψ2|, inf αl, |αl|C1 , |αk−1|C1 m

|ϕ|C2 7��.

§3.2.1 ��G$*0ktM0��, �X [30–31]�7�,�1""� (1.10) k g��7M�
C`�."< 3.3 q Br(x) ∈ Ω (∀x ∈ Ω), u ∈ C3(Ω) ∩ C2(Ω) �"� (1.10) 7 k g��,

λ(D2u + χ(x, u,Du)) ∈ Γk, ε ∈ (0, 1), u m u N�EÆ�T 1.3–1.4, �	 1.1–1.2 �8,

0 < αl(x) ∈ C1(Ω) (0 6 l 6 k − 2), αk−1(x) ∈ C1(Ω) (2 6 k 6 n), nZ
sup
Ω

|Du| 6 C,U� C yO0\ l, k, n, diam(Ω), |u|C0 , max |ψ1|, max |ψ2|, inf αl, |αl|C1 , |αk−1|C1 m
|ϕ|C2 7��.



390 ��E�Q�'�A | 46 %_ ∀(x, ξ) ∈ Br(x)× S
n−1, ^mQ�j�

W (x, ξ) = uξ(x)φ(u)ρ(x),U� ρ(x) =
(
1− |x|2

r2

)+
> 0, φ(u) = 1√

M0−u
> 0 m M0 = 4 sup

Ω
|u|. �	*5

φ′′ −
2(φ′)2

φ
=

1

4
(M0 − u)−

5

2 >
1

16
(M0 − u)−

5

2 >
1

16
M

− 5

2

0 , (3.3)D W (x, ξ) N�℄M&1mH&1, Z
Wi(x, ξ) = uξiφρ+ uξφ

′uiρ+ uξφρi,

Wij(x, ξ) = uξijφρ+ uξuijφ
′ρ+ uξuiujφ

′′ρ+ uξφρij

+ (uξiuj + uξjui)φ
′ρ+ (uξiρj + uξjρi)φ

+ (uiρj + ujρi)φ
′uξ.q W k (x0, e1) $`5�+|, Z�q u1 = |Du|, nk%$Z

0 =Wi(x0, e1) = u1iφρ+ u1uiφ
′ρ+ u1φρi,P-�	q, *5

u1i = −
u1

φρ
(uiφ

′ρ+ φρi), (3.4)�o (3.4) m u1 = |Du| R}�	 1.2 �7 (1.4), Z
U11 = −

(u1)
2φ′

φ
−
u1ρi

ρ
+ χ11(x, u,Du) < 0.�*:t	
 L �Xk W n, ~

LW = (GijDij +Gijχij
ps
Ds)W = GijWij +Gijχij

ps
Ws, (3.5)U�





Gijχij
ps
Ws = Gijχij

ps
(u1sφρ+ u1φ

′usρ+ u1φρs)

= Gijχij
ps
u1sφρ+Gijχij

ps
u1φ

′usρ+Gijχij
ps
u1φρs,

GijWij = Gijuij1φρ+Gijuiju1φ
′ρ+Gijuiuju1φ

′′ρ

+Gijρiju1φ+ 2Giju1i(ujφ
′ρ+ ρjφ) + 2Giju1uiρjφ

′,

(3.6)� (2.4) m (3.4) -j (3.6), *5
GijWij =

[
(αk−1)1 −

k−2∑

l=0

(αl)1Gl −Gij ∂χ
ij

∂x1
−Gij ∂χ

ij

∂u
u1 −Gij ∂χ

ij

∂us
us1

]
φρ

+GijUiju1φ
′ρ−Gijχiju1φ

′ρ+Gijuiuju1φ
′′ρ+Gijρiju1φ

− 2Gij (φ
′)2ρ

φ
u1uiuj − 4Giju1uiφ

′ρj − 2Gij u1ρiρjφ

ρ
+ 2Giju1uiρjφ

′

> Gij
(
φ′′ρ− 2

(φ′)2ρ

φ

)
u1uiuj −

[
Gij ∂χ

ij

∂x1
+Gij ∂χ

ij

∂u
u1

]
φρ−Gij ∂χ

ij

∂us
us1φρ

−Gijχiju1φ
′ρ− Cu1ui

n∑

i=1

Gii − Cu1

n∑

i=1

Gii − C

n∑

i=1

Gii,
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0 > LW

>
1

16
M

− 5

2

0 G11u31 −
[
Gij ∂χ

ij

∂x1
+Gij ∂χ

ij

∂u
u1

]
φρ

−Gijχiju1φ
′ρ− Cu1ui

n∑

i=1

Gii − Cu1

n∑

i=1

Gii − C

n∑

i=1

Gii

+Gijχij
ps
u1φ

′usρ+Gijχij
ps
u1φρs. (3.7)�o�	 1.2 R}V4 2.4, Z

0 >

n∑

i=1

Gii
( 1

16

n

k

1

(n− k + 2)2
|Du|3 − C|Du|2 − C|Du| − C|Du|γ1+1

− C|Du|γ2−1 − C|Du|γ3+1 + C
)
. (3.8)YV4 2.3 *z

n∑

i=1

Gii
>
n− k − 1

k
,�iP-�	q*5 |Du| 6 C, U� C yO0\ k, n, diam(Ω), |u|C0 , max |ψ1|, max |ψ2|m k−1∑

l=0

supαl 7��.

§3.2.2 6�G$*0��
C`�7yJi'."< 3.4 q Ω ⊂ R
n � C3 Z�^`, u ∈ C3(Ω) ∩ C2(Ω) �"� (1.10) 7 k g��, u m u N�EÆ�T 1.3–1.4, �	 1.1–1.2 �8, 0 < αl(x) ∈ C1(Ω) (0 6 l 6 k − 2),

αk−1(x) ∈ C1(Ω) (2 6 k 6 n), ϕ(x) ∈ C2(∂Ω), ε ∈ (0, 1), nZ
sup
Ωµ0

|Du| 6 C,U� C yO0\ µ0, n, k, diam(Ω), |αl(x)|C1 , inf αl, |ϕ|C2 m |u|C0 7��._ (B'I7Q�j�
H = log |Dw|2 + h(u) + g(d),U� h(u) = − log(1 + 4M1 − u), w(x) = u(x) + (−εu + ϕ(x))d(x), g(d) = Ad(x), Z

M1 = sup
Ω

|u|, A �.���. D h N�℄M�1mH�1, Z
1

1 + 5M1
6 h′ 6

1

1 + 3M1
,

1

(1 + 5M1)2
6 h′′ 6

1

(1 + 3M1)2
.D w ℄1, Z





wi = ui + (ϕi − εui)d+ (ϕ− εu)di,

wij = (1− εd)uij + ϕijd+ 2(ϕi − εui)dj + (ϕ− εu)dij ,

wijk = (1− εd)uijk − 3εuijdk − 3εuidjk − εudijk

+ϕdijk + ϕijkd+ 3ϕijdk + 3ϕidjk.

(3.9)
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(1− εd)uij − C|Du| − C 6 wij 6 (1− εd)uij + C|Du|+ C, (3.10)` |Du| Æ_+,d Æ_0, v5

1

4
|Du| 6 |Dw| 6 2|Du|. (3.11)�q H(x) k x0 ∈ Ωµ0

$*3�+|, N�l�[,yJ.A9 1 ih x0 ∈ ∂Ω. ℄! Hopf V4, k x0 $, Z
0 6 Hν =

|Dw|2i ν
i

|Dw|2
− gν + h′uν .Y\ wν = uν + (ϕν − εuν)d− (ϕ− εu) = 0, nZ

|Dw|2i ν
i = cijmwiwjν

m + 2cijwimwjν
m + 2wνDmwνν

m

= cijmwiwjν
m − 4cij(ϕi − εui)wj + 2cij(1− εd)uiνwj

+ 2cij(ϕ− εu)dimwjν
m. (3.12)Y���	Z uν = −εu+ϕ,X cijDj �Xkw
:�, *5 cijuνj = −εcijuj+cijϕj ,~ cijujν + cijumDjν

m = −εcijuj + cijϕj , n |Dw|2i ν
i 6 C|Dw|2 + C|Dw|, bZ

0 6 Hν 6 −A+ C +
C

|Dw|
+

C

1 + 3M1
6 −C +

C

|Dw|
.` A !N+, Z |Du| 6 C.A9 2 ih x0 ∈ Ωµ0

, DQ�j�℄:&1�, k x0 $, Z
0 = Hi =

2wkwki

|Dw|2
+Adi + h′ui, (3.13)

Hij =
2wkiwkj + 2wkwkij

|Dw|2
−

4wkwkiwmwmj

|Dw|4
+Adij + h′′uiuj + h′uij . (3.14)k x0 $D`��&, v5 |Dw| = w1 R} {Uij} yD�7, U%

u1 =
w1 − ϕ1d− (ϕ− εu)d1

1− εd
, w11 = −

1

2
(Ad1 + h′u1)w1, (3.15)DeS 2 6 i 6 n,

ui =
−ϕid− (ϕ− εu)di

1− εd
, w1i = −

1

2
(Adi + h′ui)w1. (3.16)` |Du| Æ_+, v5D\eS7 i > 2, Z

|ui| 6
1

64n
|Du|, (3.17)U%Y (3.11) m (3.17), Z

u1 =

√√√√|Du|2 −
n∑

i=2

u2i >
|Du|

2
>
w1

4
. (3.18)` |w1| Æ_+, Z�o�	 1.2 �7 (1.4) m (3.15), Z

U11(x0) =
1

1− εd

[
−

1

2
(Ad1 + h′u1)w1 − ϕ11d+ 2(εu1 − ϕ1)d1 + (εu− ϕ)d11

]
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+ χ11(x, u,Du)

6 −
h′w2

1

128
+ Cw1 + χ11(x, u,Du)

< 0. (3.19)	
 L �Xk H n, Z
0 > LH = (GijDij +Gijχij

ps
Ds)H = GijHij +Gijχij

ps
Hs, (3.20)U�

Gijχij
ps
Hs = Gijχij

ps

(2wkwks

|Dw|2
+Ads + h′us

)

= Gijχij
ps

(2(1− εd)u1s
w1

+
2ϕ1sd

w1
+

4(ϕ1 − εu1)ds
w1

+
2(ϕ− εu)d1s

w1
+Ads + h′us

)
.�	
 Gij �Xk (3.14) n, Z

GijHij = −
1

2
Gij(A2didj + 2Ah′diuj + (h′)2uiuj) +AGijdij

+ h′′Gijuiuj +
2Gijwij1

w1
+ h′Gijuij

= Gij
[(
h′′ −

1

2
(h′)2

)
uiuj −Ah′diuj +Adij −

1

2
A2didj

]

+
2Gijwij1

w1
+ h′Gijuij .Y (3.11) *z, nw; 1 -*t�

Gij
[(
h′′ −

1

2
(h′)2

)
uiuj −Ah′diuj +Adij −

1

2
A2didj

]

>
(h′)2

2

[
G11u21 − 2

n∑

i=2

|G1iu1ui|
]
−Ah′|Du|

n∑

i=1

Gii −AC

n∑

i=1

Gii

>
(h′)2

32
G11w2

1 −ACw1

n∑

i=1

Gii −AC

n∑

i=1

Gii.G
2Gijwij1

w1

=
2(1− εd)

w1

[
(αk−1)1 −

k−2∑

l=0

(αl)1Gl −Gij ∂χ
ij

∂x1
−Gij ∂χ

ij

∂u
u1

]

−
2(1− εd)

w1
Gij ∂χ

ij

∂us
us1 −

6ε

w1
Gijuijd1 −

6ε

w1
Gijuidj1

+
2Gij

w1
[−εudij1 + ϕdij1 + ϕij1d+ 3ϕijd1 + 3ϕidj1]
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> −

C
n∑

i=1

Gii

w1
−

2(1− εd)

w1
Gij ∂χ

ij

∂x1
−

2(1− εd)

w1
Gij ∂χ

ij

∂u
u1

−
6ε

w1
Gij(Uij − χij)d1 −

6ε

w1
Gijuidj1 −

2(1− εd)

w1
Gij ∂χ

ij

∂us
us1,�n��	�h-j (3.20) ��o�	 1.2 7 (1.4), Z

0 > LH

> Gijχij
ps
(2ϕ1sd+ 4(ϕ1 − εu1)ds + 2(ϕ− εu)d1s +Adsw1 + h′usw1)

+
(h′)2

32
G11w3

1 −ACw2
1

n∑

i=1

Gii −ACw1

n∑

i=1

Gii

− C

n∑

i=1

Gii − 2(1− εd)Gij ∂χ
ij

∂x1
− 2(1− εd)Gij ∂χ

ij

∂u
u1

− 6εGij(Uij − χij)w1d1 − 6εGijuidj1

>
(h′)2

32
G11w3

1 −
n∑

i=1

Gii(C + Cw2
1 + Cw1 + Cw

γ1+1
1 + Cw

γ2−1
1 + Cw

γ3+1
1 ).YV4 2.3 �7 (2.10) mV4 2.4, Z G11 >

n(n−k+1)
k2(n−k+2)2 , Z h′ > 1

1+5M1

, ~ w1 Zn�, 'G |Dw| 6 C, ~ |Du| 6 C.A9 3 ih x0 ∈ ∂Ωµ0
\ ∂Ω, Y�4 3.3 *5 |Du| 6 C.n QyJ (3.1) �8, Y (3.1) *{Æ�1" (3.2).

§3.3 C
2 *0�( [14] 7�,, � C2 `�7yJN�:�: ; 1 ��a�H�1�`�gt3��n7�J.H�1�`�, ; 2 �yJ��n7�J.H�1�`�Z�."< 3.5 q Ω ⊂ R

n yM[ C4 M~�^`, u ∈ C4(Ω) ∩ C3(Ω) y"� (1.10) 7 kg��, um uN�EÆ�T 1.3–1.4,�	 1.1–1.3�8, 0 < αl(x) ∈ C2(Ω) (0 6 l 6 k−2),

αk−1(x) ∈ C2(Ω) (2 6 k 6 n), ϕ(x) ∈ C3(∂Ω), ε ∈ (0, 1), nZ
sup
Ω

|D2u| 6 C, (3.21)U� C yO0\ n, k, diam(Ω), |αk−1|C2 , |αl|C2 , inf αl, |ϕ|C3 m |u|C1 7��.

§3.3.1 B7%4�E*0k	0��, $H53<a� C2 `�."< 3.6 q Ω ⊂ R
n yM[ C4 M~�^`, u ∈ C4(Ω) ∩ C3(Ω) y"� (1.10) 7 kg��, um uN�EÆ�T 1.3–1.4,�	 1.1–1.3�8, 0 < αl(x) ∈ C2(Ω) (0 6 l 6 k−2),

αk−1(x) ∈ C2(Ω) (2 6 k 6 n), ϕ(x) ∈ C3(∂Ω), ε ∈ (0, 1), nZ
sup
Ω

|D2u| 6 C(1 + sup
∂Ω

|uνν |), (3.22)U� C yO0\ n, k, diam(Ω), |αk−1|C2 , |αl|C2 m |u|C1 7��.
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n−1, (BR'�|j�
Φ(x, ξ) = ek1|Du|2(uξξ − v′(x, ξ)), (3.23)U� v′(x, ξ) = 2(ξ · ν)ξ′(Dϕ − εDu − umDν

m) = amum + b, Z ξ′ = ξ − (ξ · ν)ν, am =

2(ξ · ν)(−εξ′m − ξ′iDiν
m), b = 2(ξ · ν)ξ′mϕm. (3.23) :��t`D�, Z
logΦ(x, ξ) = k1|Du|

2 + log(uξξ − amum − b).�q Φ(x, ξ) k x0 ∈ Ω $`5�+|, k x0 C���&, v5 {Uij} yD�7Z U11 >

U22 > · · · > Unn, %t {Gij} LyD�7, DeS
�7 ξ ∈ S
n−1, Z

0 = (log Φ)i(x0, ξ) = 2k1

n∑

t=1

ututi +
uξξi −Dia

mum − amumi − bi

uξξ − amum − b
,~

uξξi −Dia
mum − amumi − bi = −2k1

n∑

t=1

ututi(uξξ − amum − b). (3.24)D log Φ ℄:&1, j� (3.24) -j, ��	
 Gij �Xkw
:�, Z
Gij(logΦ)ij

=

n∑

t=1

(2k1 − 4k21u
2
t )G

ijutjuti + 2k1

n∑

t=1

Gijututij

+
Gijuξξij −GijDija

mum − 2GijDia
mumj −Gijamumij −Gijbij

(uξξ − amum − b)
, (3.25)U�

2k1

n∑

t=1

Gijututij

= 2k1

n∑

t=1

ut

[
(αk−1)t −

k−2∑

l=0

(αl)tGl −Gij ∂χ
ij

∂xt
−Gij ∂χ

ij

∂u
ut −Gij ∂χ

ij

∂us
ust

]

> −2k1

n∑

t=1

utG
ij ∂χ

ij

∂us
ust − C

n∑

i=1

Gii.Y Gk = σk

σk−1

7�:m [27] ��4 4 7yJ, Z
−2

k−2∑

l=0

(αl)ξG
ij
l Uijξ −Gij,rsUijξUrsξ > −C.�U℄ (2.5) -j (3.25), Z

Gij(logΦ)ij

>

n∑

t=1

(2k1 − 4k21u
2
t )G

ijutiutj − 2k1

n∑

t=1

Gijut
∂χij

∂us
ust −

Gij ∂2χij

∂xξ∂us
usξ

uξξ − amum − b

−
Gij ∂

2χij

∂u∂us
uξusξ

uξξ − amum − b
−

Gij ∂χ
ij

∂u
uξξ

uξξ − amum − b
−

Gij ∂2χij

∂us∂xξ
usξ

uξξ − amum − b
−
Gij ∂

2χij

∂us∂u
uξusξ

uξξ − amum − b
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−

Gij ∂2χij

∂us∂uq
usξuqξ

uξξ − amum − b
−

Gij ∂χ
ij

∂us
usξξ

uξξ − amum − b
−

2GijDia
mumj

uξξ − amum − b
+
amGij ∂χ

ij

∂us
usm

uξξ − amum − b

−

C

n∑

i=1

Gii

uξξ − amum − b
− C

n∑

i=1

Gii,�i�	, Z
Gijχij

ps
(log Φ)s

= Gijχij
ps
2k1

n∑

t=1

ututs

+
Gijχij

ps
uξξs −Gijχij

ps
Dsa

mum −Gijχij
ps
amums −Gijχij

ps
bs

uξξ − amum − b
.� ξ = e1, n

0 > L log(Φ)

>

n∑

t=1

(2k1 − 4k21u
2
t )G

ijutiutj +
−CU11 − CU2

11 − 2GijDia
mumj − C

u11 − amum − b

+
−Gijχij

ps
Dsa

mum −Gijχij
ps
bs

u11 − amum − b

>

n∑

t=1

(2k1 − 4k21u
2
t )G

ijutiutj +
−CU11 − CU2

11 − C

U11 − χ11 − amum − b

>

n∑

t=1

(2k1 − 4k21u
2
t )G

ij(Uti − χti)(Utj − χtj)− CU11 − C

>

n∑

t=1

(2k1 − 4k21u
2
t )G

iiU2
ii − CU11 − C.`z07 k1, v
(2k1 − 4k21u

2
t ) > M2,U� M2 > 1 yx�, �

J = {i : Uii 6 −θU11} (0 < θ < 1),n ∑
i∈J

Gii >
n−k−1

nk (�( [29] ��4 1.1 7yJ), n
GiiU2

ii > G11U2
11 +

∑

i∈J

GiiU2
ii > G11U2

11 + θ2U2
11

∑

i∈J

Gii
>
θ2(n− k + 1)

nk
U2
11,'G

0 > L log(Φ) >
M2θ

2(n− k + 1)

nk
U2
11 − CU11 − C > 0,
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R Φ(x, ξ) k ∂Ω n`3�+|. �q�+|k (x0, ξ0) ∈ ∂Ω× S
n−1 n`5. ∀x0 ∈ ∂Ω, D ξ0 �9N1.~(, 0 ξ0 �Y.t, Y Hopf V4, 5

0 6 Φν

= ek1|Du|2(uξ0ξ0ν −Dνa
mum − amumν − bν + 2k1umνumuξ0ξ0 − 2k1umνumv

′),~
0 6 uξ0ξ0ν + (2k1uξ0ξ0 − am)umν + C. (3.26)Y [20], *5
uξ0ξ0ν 6 −κminuξ0ξ0 + C(1 + |uνν |), (3.27)

|umν | 6 C, m = 1, · · · , n, (3.28)U� κmin y ∂Ω n7�0�_C. � (3.27)–(3.28) -j (3.26), Z
0 6 −2κminuξ0ξ0 + C(1 + |uνν |) + (2k1C − am)C + C,P-q, Z

uξ0ξ0 6 C(1 + |uνν |).U&, 0 ξ0 MYK.t, �
ξ0 = α̂τ + β̂ν,U� α̂ = ξ0 · τ , τ · ν = 0, |τ | = 1, β̂ = ξ0 · ν 6= 0, Z α̂2 + β̂2 = 1, nZ

uξ0ξ0 = α̂2uττ + β̂2uνν + 2α̂β̂uτν

= α̂2uττ + β̂2uνν + 2(ξ0 · ν)[ξ0 − (ξ0 · ν)ν][Dϕ − εDu−DmuDτν
m].U%

Φ(x0, ξ0) = α̂2Φ(x0, τ) + β̂2Φ(x0, ν) 6 α̂2Φ(x0, ξ0) + β̂2Φ(x0, ν),

Φ(x0, ξ0) 6 Φ(x0, ν) 6 C(1 + |uνν |),b
uξ0ξ0 6 C(1 + max

∂Ω
|uνν |).

§3.3.2 �5CF&S��E*0ktM��, $HyJ��n7�J.H�1�`�."< 3.7 ih Ω yM[ C4 M~�^`, u ∈ C4(Ω) ∩ C3(Ω) �"� (1.10) 7 k g��, u m u N�EÆ�T 1.3–1.4, �	 1.1–1.3 �8, 0 < αl(x) ∈ C2(Ω) (0 6 l 6 k − 2),

αk−1(x) ∈ C2(Ω) (2 6 k 6 n), ϕ(x) ∈ C3(∂Ω), ε ∈ (0, 1). nZ
max
∂Ω

|uνν | 6 C,U� C yO0\ n, k, diam(Ω), |α|C2 , |αl|C2 , inf αl, |ϕ|C3 m |u|C1 7��.
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∂Ω

|uνν |, Ωµ′ = {z ∈ Ω : d(z, ∂Ω) < µ′}, U� µ′ yx��, k ∂Ω n
d = 0 Z ∂d

∂ν
= −1, ^mi'Q�j�

P (x) = Du · (−Dd) + εu− ϕ(x) +M− 1

2 (Du · (−Dd) + εu− ϕ(x))2 −
1

2
Md.�q P kM< z0 ∈ Ω `5�+|, k z0 C���&, v5 {Uij} yD�7, n*N�l�[8yJ.A9 1 k z0 ∈ Ωµ′ , D P ℄1, k z0 $, Z

0 = Pi

= (Du · (−Dd) + εu− ϕ(x))i[1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))] −
1

2
Mdi,~

(Du · (−Dd) + εu− ϕ(x))i =
1
2Mdi

1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))
. (3.29)j&℄1, k z0 $, *5

0 > LP = (GijDij +Gijχij
ps
Ds)P = GijPij +Gijχij

ps
Ps,U�

Gijχij
ps
Ps

= [−Gijχij
ps
umsdm −Gijχij

ps
umdms +Gijχij

ps
εus −Gijχij

ps
ϕs]

· [1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))] −
1

2
MdsG

ijχij
ps
,�Z

GijPij

= Gij(Du · (−Dd) + εu− ϕ(x))ij [1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))]

+
GijM

3

2 didj

2[1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))]2
−

1

2
MGijdij

>

[
− (αk−1)mdm +

k−2∑

l=0

(αl)mGldm +Gij ∂χ
ij

∂xm
dm +Gij ∂χ

ij

∂u
umdm

+Gij ∂χ
ij

∂us
usmdm − 2Gijumidmj + εGijuij − C

]

· [1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))]

+
GijM

3

2 didj

2[1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))]2
−

1

2
MGijdij

> −C(1 +M)[1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))]

+Gij ∂χ
ij

∂us
usmdm · [1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))]
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+

n∑

i=1

GiiM
3

2 didi

2[1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))]2
−

1

2
MGiidii.q

M > 64(sup
Ω

|Du|+ ε sup
Ω

|u|+ sup
Ω

|ϕ(x)|)2,n
|M− 1

2 (Du · (−Dd) + εu− ϕ(x))| 6
1

8
,

3

4
6 1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x)) 6
5

4
,ZY |Dd| = 1 *5, M�(k i, v5 d2i >

1
n . �oV4 2.3 mnw, Z

0 > LP > −
5

4
C(1 +M) +

2(n− k + 1)

5nk
M

3

2 −
1

2
MC > 0.U%, [, 1 ��8.A9 2 k z0 ∈ ∂Ωµ′ \ ∂Ω, U^` d = µ′, n

P (x) = Du · (−Dd) + εu− ϕ(x) +M− 1

2 (Du · (−Dd) + εu− ϕ(x))2 −
1

2
Md

6 C′ + C′′M− 1

2 −
1

2
Mµ′,0 M Æ_+t, P 6 C′ + C′′

√
M

− 1
2Mµ′ < 0.A9 3 k z0 ∈ ∂Ω. U^` d = 0, n P = 0, b�+|k��n, �+|*N�:�[,:

(1) k sup
∂Ω

|uνν | = − inf
∂Ω
uνν =M , Y Hopf V4, Z

0 6
∂P

∂ν

=
(
uνν −

n∑

m=1

umdmν + εuν − ϕν

)
[1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))] +
1

2
M,n

uνν >

−
1

2
M

1 + 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))
+

n∑

m=1

umdmν − εuν − ϕν

> −
2

3
M − C,KG inf

∂Ω
uνν > − 2

3M − C, L�y inf
∂Ω
uνν >

2
3 inf∂Ω

uνν − C, 'G inf
∂Ω
uνν > −C.

(2) k sup
∂Ω

|uνν | = sup
∂Ω

uνν =M , ^mi'℄ P 1�7Q�j�
Q(x) = Du · (−Dd) + εu− ϕ(x) −M− 1

2 (Du · (−Dd) + εu− ϕ(x))2 +
1

2
Md.�J:,

0 >
∂Q

∂ν
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=

(
uνν −

n∑

m=1

umdmν + εuν − ϕν

)
[1− 2M− 1

2 (Du · (−Dd) + εu− ϕ(x))] −
1

2
M,*5�D sup

∂Ω
uνν 6 C.
n*y sup
∂Ω

|uνν | 6 C.

§4 eW#=!`?ktM��, \"�4 1.1–1.2 7yJ�A. �o; 3 �7(H`�m Evan-Krylov�4, *5
|u|C2,α 6 C,U� C yM[M~��, 0 < α < 1. WX Schauder 4D, $H53 u 7 C3,α(Ω) `�.�i9B:KJ (� [5]), *RyJ�7(k:, X{|
4*R53�7�M:. �4
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4 T ?�� <_N /�N N2vp7 Hessian L 8 Neumann 
}#� 401

[12] Caffarelli L, Nirenberg L, Spruck J. The Dirichlet problem for nonlinear second order

elliptic equations I: Monge-Ampère equation [J]. Communications on Pure and Applied

Mathematics, 1984, 37(3):369–402.

[13] Caffarelli L, Nirenberg L, Spruck J. The Dirichlet problem for nonlinear second

order elliptic equations II: Complex Monge-Ampère, and uniformly elliptic equations

[J]. Communications on Pure and Applied Mathematics, 1985, 38(2):209–252.

[14] Lions P L, Trudinger N, Urbas J. The Neumann problem for equations of Monge-

Ampère type [J]. Communications on Pure and Applied Mathematics, 1986, 39(4):539–

563.

[15] Li S Y. On the Neumann problems for complex Monge-Ampère equations [J]. Indiana

University Mathematics Journal, 1994, 43(4):1099–1122.

[16] Caffarelli L, Nirenberg L, Spruck J. The Dirichlet problem for nonlinear second order

elliptic equations, III: Functions of the eigenvalues of the Hessian [J]. Acta Mathematica,

1985, 155(1):261–301.

[17] Trudinger N. On the Dirichlet problem for Hessian equations [J]. Acta Mathematica,

1995, 175(2):151–164.

[18] Wang X J. The k-Hessian equation [J]. Geometric Analysis and PDEs, 2009, 177–252.

[19] Trudinger N. On degenerate fully nonlinear elliptic equations in balls [J]. Bulletin

of the Australian Mathematical Society, 1987, 35(2):299–307.

[20] Ma X N, Qiu G H. The Neumann problem for Hessian equations [J]. Communications

in Mathematical Physics, 2019, 366(1):1–28.

[21] Qiu G H, Xia C. Classical Neumann problems for Hessian equations and

Alexandrov-Fenchel’s inequalities [J]. International Mathematics Research Notices,

2019, 2019(20):6285–6303.

[22] Jiang F D, Trudinger N. Oblique boundary value problems for augmented Hessian

equations II [J]. Nonlinear Analysis, 2017, 154:148–173.

[23] Jiang F D, Trudinger N. Oblique boundary value problems for augmented Hessian

equations I [J]. Bulletin of Mathematical Sciences, 2018, 8(2):353–411.

[24] Jiang F D, Trudinger N. Oblique boundary value problems for augmented Hessian

equations III [J]. Communications in Partial Differential Equations, 2019, 44(8):708–

748.

[25] Chen C Q, Zhang D K. The Neumann problem of Hessian quotient equations [J].

Bulletin of Mathematical Sciences, 2021, 11(1):2050018.

[26] Guan P F, Zhang X W. A class of curvature type equations [J]. Pure and Applied

Mathematics Quarterly, 2021, 17(3):865–907.



402 ��E�Q�'�A | 46 %
[27] Chen C Q, Chen L, Mei X Q, Xiang N. The classical Neumann problem for a class of

mixed Hessian equations [J]. Studies in Applied Mathematics, 2022, 148(1):5–26.

[28] Guan B, Jiao HM. The Dirichlet problem for Hessian type elliptic equations on Rieman-

nian manifolds [J]. Discrete and Continuous Dynamical Systems, 2016, 36(2):701–714.

[29] Chen X J, Lu W, Tu Q, Xiang N. Pogorelov estimates for a class of fully nonlinear

equations [J]. Nonlinear Analysis, 2021, 212, 112482.

[30] Chen C Q. The interior gradient estimate of Hessian quotient equations [J]. Journal of

Differential Equations, 2015, 259(3):1014–1023.

[31] Chou K S, Wang X J. A variational theory of the Hessian equation [J]. Communications

on Pure and Applied Mathematics, 2001, 54(9):1029–1064.

[32] Chen C Q, Wei W. The Neumann problem of complex Hessian quotient equations [J].

International Mathematics Research Notices, 2021, 23:17652–17672.

The Neumann Problem for a Class of Mixed-Type

Hessian Equations

XU Botao1 XIONG Yuni2 XIANG Ni1

1Faculty of Mathematics and Statistics, Hubei University, Wuhan 430062, Chi-

na. E-mail: 202321104011256@stu.hubu.edu.cn; nixiang@hubu.edu.cn
2Corresponding author. Faculty of Mathematics and Statistics, Hubei Univer-

sity, Wuhan 430062, China. E-mail: 202121104011767@stu.hubu.edu.cn

Abstract This paper derives the a priori estimates for a class of mixed-type Hessian

equations with Neumann boundary conditions, and establishes the existence theorem for

admissible solutions to the classical Neumann problem of such mixed-type Hessian equations.

Keywords Neumann problem, A priori estimate, Mixed-type

Hessian equations

2020 MR Subject Classification 35J60, 35B45

The English translation of this paper will be published in

Chinese Journal of Contemporary Mathematics, Vol. 46 No. 4, 2025

by ALLERTON PRESS, INC., USA


