55 43 B 2 1) L AR 25 22 Bt 2 4 2026 4 4 H
Vol. 43, No. 2 Journal of Shandong University of Aeronautics Apr., 2026

[(ERERARIMS FTRESHNREEE

Hessian 7577 #2 Neumann (320 B30 15 B fiy i1

3
CHr R Im i R~ B Bhoe i e . i & & K 5F 830017)

M E.AFR— £ BEA Neumann i R 4449 Hessian B 7 42, st BUA-1E 69 4 85 & 40 . ) A 42
187 32 5 Hessian J-F 09 2 MW M B AR 3T 5 A4 Z R W AR KT B 0 R JEAE T L2 4
EAET S A EAEIT, &3 E Hessian B A2 A fARM T . Du BB o9 4 B EAF T,

X 4§27 : Hessian & 7 2 ; & B # Z 45 ++ ; Neumann 5] 2 ; 38 {4 & 22 ; Hessian £ F

hESES: O 175 XARERIRAS: A DOI: 10. 13486/]. issn. 2097-4973. 2026. 02. 014
0 515
Hessian 77 2 & — 28 58 2 B 2R PR (1 52 B 0 Sl o0 A2 L X 2 0 AR 12 v FH F 6o U] O &2 LT A JL
AT ZE 4588, . VT 4F kK , Hessian J7 R E 8 i 020 7 R WSS A5 S5 22— . 7EWF9E Hessian J5 B8 f# 09 72 76 1
FNE—PER, 75 B AR B e I A5 T AE W . X)F Hessian 57 2
Ok (D2 u) o, ) X
a,(DZu)_f(I’vu)’leQ’ (1)

Hoh.0<<i<k<<n. D*u J2& u W) Hessian fil5 .o, Mo, ZAZHE FERFAEAE AT & By AT 2 By 56 AR X B ok 80 A0 2R w

WA (D) € T (B € T T SC D 7R (D I s B e WY AEVEAR . 24 1=0 B, 7R (D B
k-Hessian 512, K Y, Hessian i 7 12 4& & Hessian F 2R A RMET . X T A B0 2 Hessian T,
WP R B 2 A T T T TR B TN S5 R i il 8 5 B Neumann [R]85 6
BEREHH . 4 k= B . b Hessian J7 B2 4R % T 85 1952 FH42 55 07 B LA 132 B0V JT . A0 10 0] 5 05 3 ]
R S5 P A i )

F%F Hessian 2. SCHRLAIIFGE T 58 -G8 52 0, (D w) = o2 € B (0) CR® 3 F1) B ™ i 116 % 5 Fi
P B RS T NS C° Aliih. X F A=n=3 ) k- Hessian J5 &, SCHK[ S5 J5 H T — A il B IL &
TR NI I FF =1 k=2.n=3 WM T, XKL 6 IWFR T =4k k-Hessian 7 72
o, (D*uw)=1,x€ B (0)CR® f# I C Ahiit, Hessian J5 F 21 ) Bt £ 52 061, SCRk[ 7 B9 T A
2K F v B A 8] B k- Hessian J7 B C° A1 CY AL IHRD C° Al it i — 25 3045 T % B9 A 76 T e 3
Trudinger #) T & Hessian J5 2, /15 T % — & A9 Hessian J5 82 2k F v 75 ) 25 f 09 47 726 PE5 L JF 42

Wi B 89 :2025-07-21

EEWMB:FZXARBFIEETH (12061078) ; Frimde & /8 AR X AR #3E4W H (2024DO1AY0)
F—1EEE N R MEE2000— DB, mFEEBN LA, B NFE LM AT .
E-mail : 2634168487 @qq. com

BlEEEG N5 FEAI73— )L, ILVERBTA B A A S, =S I
E-mail; 137823121@qq. com

+ 116 -



% 2 /H}q %@ﬂi@ 7%1@1@ ,ﬁﬁ jﬁ Hessian ﬁﬁﬁﬁ Neumann l"ﬂﬂﬁﬁﬁ@ E@*ﬂﬁE{ﬁﬂ‘

k-Hessian 5 #2 i) Neumann [a] B7E i1 5 — 20" X 381 n] figf2 A i s A8 . SClik[ 10 148 8 7 — gt X 38 |
k-HessianJ7 ## Neumann 31 {H [] 8 i 305 086 BEAG TF . SCHROTT 138 2 44 15 538 09 B F 1) eR WIS i e 1
Trudinger 5548 . 3345 T k- Hessian J7# Neumann [a] U A9 3 B 8L 1) S 804G 1. X F Hessian @4
L, SCHRC12JBF5E T 7 72

Gk(Dzu)
o, (D*w)

ARAG T I 5 R AR O PN B BE A s M e<<n— 1 I, SCHRC 13 857 T — 28 Hessian 5 7 A C° Al
T SCERL T4 JRFSE T — 28 Hessian B J7 2 Neumann [a] 875 2 1 H A (49 9 5 5 56 Al 15 SCRRL LS T 4% (5
JU R R SCHRL10- 11 1vp Ay REVAEL 77 At M i1 A JE S T Hessian 7 J5 72

JG%(D)L{)
O'[(D

lu»u:go(l‘yu) , €I
(% Neumann 1 [a] 85, Ff-4 SCHRL 1T IR 45 R4 ) 21 0H — 52 . %18 EIRXS Hessian Ry FE 4 {F ) &
B4 AR SCHFSE R Hessian 75 # #9 Neumann 1 {f 7] 5

JO‘}Q(DZM)
Gz(Dzu)

111{ :§D<1’9u>sl‘€(/)ﬂa
ISR T H A A R Rk A T e o S BAALANE ). 5 SCERL TS JAH F L O AR (2) A AR 2t B BR T R O i
TN A 22, TO0F T4 S Mg 000 6 B8 Ak 1 T B Bk Rk

1 fi& R

B2 Hh S o A — SE LRI AR AL 45 B AT Hessian 57 19 L4
MFAEEN k=1.2.n. 6. (3 = 2 Wi, 7+ FEHT

1<) <Tiy <ol <<n

oo (P =1, (P =00CY k=>n ) .0, (3 | i)=0:.(y | 7:=0),0. (3 | ij)=o.(y | 7i=n7=0),
EX 1 XT2A=Qss sl =g s gD TR 9 = ZAj, £ X Garding 4
jFi

=f(xsu,Vu) ., 2€ B,(0)CR",

_f(I)v-TG\Qm

=f(x,Vu) ,x€Q,
f(x,Vu) ,x 2

I'.= {AGR” :O',(/\)>Oa Y 1<l</€} ,1</€<7’l,

/%F;\,:{/\:(/\l9""/17,):6,(77>>0’Vlgigk}o
W QCR (n=2) WA F X, HoQe C', 4 d(x) =dist(2,9Q),Q,={x€ Q:d(x)<p}, Hfr,p J&

FEA /N IESR . HESCHR[12] 80 v=—Dd. H. v & Q, " C*(Q,) i &7, 7] L7535
| Du| 4+ | D*o| <<C, (n,Q) VzeQ,,

E"UD'U =0, EIJD’U =0, |v|l=1,Yx e Q,.
M8 SCHR[16-17 ], L ¢ =6; — v'v’ ,vxen WAL 6 € R.E e iy, s i Mo h
SN, A Dl g BRI U
| D'w |* = D) cuu,s | Du|* = D'u |* +u?,

Horp o AN I HE
ﬁ@l &772(771»772,“'777”)€R”Elgkgn»ﬂﬂﬁ:

o () =0 (3 | i) tqo (g | i),V 1<<i<<n; Erjzmﬂ(r] | O :/euk(rl);ZUk(rj\ )= m—kalp.
i=1 i=1

¢ 117 »



A 25 2 B 2 4l A3 &

#E 2(Newton-Maclaurin A& & A€ Fﬁ ,n>/€>l>0,n>r>s>0 = =5, )
[a; (){)/(/,,} <[ar(/1)/(/,,]
o, (1) /C, . (L /C, ’
H,C ARG EHAY A == =2, BIESRor . R,
kn—Il+ Do (VDo— WO<In—k+ D1 Mo, (A1),

A3 BRI W= W )Rtk A
omez WVik),i=j ,k=1,iFk,
— 62 W|ik) ,i=1,j=k,iF],

5, (W) {a,,,l Wi ,i=j, g, (W) J
0, HA,

IW,; 0,7, IW ,; aW 1
;H\:'T‘ sm )ﬁIE?éﬁo
W4 —U Hessian BT HPER
(i) Ty %&%E’E_ =202, 20;

Cil) BA=Qys A0 €T A

(n)

a| 25012

[0/(7])} Em L(n | pPo(p —a(pae . (y| p) n(kfl)zml(n\ p)a,(q\ p)>0,
dA; por 0_[(77)2 k(n—l) oy’ (7])

X“J"E‘f%‘i i:1’27'" 977’:,H\:EF‘ O<Z<k<n9

Cii ) &Hr= ,---,A,I)erk,ﬂlﬂ[‘:—gr’%]m<o<z<k<n)a‘é7b AN, B EREE 8D B
[

or (n) :
: a[ ()] 1 - n
) SO < (1) o
= (A[;)AJ k*[ Gﬁ(ZZ)

61(77)

BIIE 1 BiEA=Q . A0 EDT HA, =A==, . A .
Ci) p=sp<-<y Hp-11>0;
Cii) a;\,fl(q\n—kJrl)Zc(n,/e)akﬂ(q),O<l<k<n;

a[dﬁ(zz):| a[dﬁ({l)] a[dl(zz):|
Cii o, () o, () o ()
i = == L0 <k<nj
(7771 9772 (777”
7[0‘}1(12)] a[dk(zz)} (7[5&(12)]
. 01(7]) < 0'1(7]) 0'1(77) < <.
(|V) Fre S N, <" N, ,O\Z<k\n,
(»}[Gk( )J [a (g)}
(V) V1<z<n,%§ﬂ>c<n,k 2D M 0L k< n,
s a2 e
P O‘Ar(zz)
Z [G/(Zz) _ (n—l) —k+1or 1(7]>61(77)_ (n_l+1>6ﬁ(ﬂ>01 1 (77)
[. A o ()
(n—k+ 1 (o () = (kD Cpay ()
(n—1) o () =
1=
<n—1>(n—k+1)(1—L)M>L(n,k z>[ﬁ] .
k 6/(77) 1(7])

+ 118 -



% 2 /H}q %@ﬂi@ 7%1@1@ ,ﬁﬁ jﬁ Hessian ﬁﬁﬁﬁ Neumann l"ﬂﬂﬁﬁﬁ@ E‘J*ﬂﬁﬁ1ﬁﬂ‘

Mol B1CV) KIrfE (D) s

a[m(ﬂ)} 7[m(n)}
Vi,%yp— c(n.k, Z)E M = c(nsk, l)f7ﬁ

T3 R (D)X T BRI KAFHE B V2 S ™A% A R B9 S5 40 1

o ()
j{g[( J =c(n.klomin O,
[
[%} S TRV 0 STV X SRR €, A
o (q) g
g2 Lo Gp | loe (| )\ E G/ Q e,
2 ‘J/(Zz) EE << 1 )
‘‘‘‘‘‘ duy k—1 gk(ﬁ)
o ()

TRV fEHE T4 AT XS AL S T

(e8] 28], ]

Juy R, duy l w
0,i#4j,
32[‘7"(12)}
O/(ZZ) .. .
FTWERE JI=] N r=15,
82[0‘&({2)} az[o‘z«(zz)} a[dk(zz)} ) T
oopd_ Lei(y) 9/1,79/\(,+ oG d A, a[ﬁk("])} H[Gk(ﬂ)}
du;du, IA, A, duydu, I, du; du,, 0'1(77) - o',(17)
dA dA ..
: . <0,s= =7,
A <0,s=iF£j=r
’/\’f‘m
AR 6 IR PRI E A= {a; |0, 0 Ban <<0 Hia; oo X AR LAA) €T (A =D A
a[dk(A)] a[dk(A)] [O‘A(A)}
6,;(A) 21)0 O';(A) , Z Gz(A) /)1 (—a”)k”’l,VOglgk,
dan da;; =1
k—1 k—11
Eqﬂ”’():/%n—z’/’l:Tc“’

2 FEER ALY

il FH*&{EJ?EE&)‘L‘@XDO]*E’JEE*E 5% Hessian [ 7 2 Neumann [a] 8 (2) , i#F — 2515 3] [a] 81 i 1 4=
JR s AR T A RANT
EE 1 uuecwmmc?(?z)% Hessian F§ 782 (2) 10 b YAVEE. £ A1 @ 48 B 52 SLAE C (QXRXRY)
HCOQXR) B R BRBAFTER AL L, 573 /A W LT 5604
f(2.2)=>0, ¥ € QXR,
| faazap) |+ fulasz.p) |+ Eu w, v f, (xazip) \< "\'/xé QX R,

1<<i<in

‘§0(1)|LT°(QXR)<142’
Ho o= /14 [V |* WAFTEHHL >0 1;%1%sgp\vu\<max{M1 M} My RAURAE T 2ok Lo Ly B IE

+ 119 -



A 25 2 B 2 4l A3 &

ﬁﬁ( M, %{1@2%\:}: 77\/€\l\,u\L1 WL, E"]J—_Eﬁﬁo

(D*u)
,(D*u

/ﬁ\’lq:ﬁ@?]lEJ_.E ﬁﬂ|f‘( <L1vlﬂu’_§fﬂ£%§&/x1@4?51113‘vu‘<Mo’/H\:EPMoﬂS1IXW%?n kL. NYZ2N

‘M|<70 \‘f‘(‘l E]’JIEI%?&O
SEFE L RIERR Bl ASEEIRE G (2) =log |Vw|*+h(u)+g(d) . Hrp

21® 20 B Q2R PR C l:iuﬁ,uecwmaﬂﬂ‘” =S V) B TR kB

w(x) =ulz) +olx,wd(x), (3
h(u):*log(leu), (4)

R M= [l 0 1 aae 523853 K IE H 8 O 7 e W 5 EFPE%KE) B G (o) 7 o, € Q, A IS ek
{6 U T w 78 o REBIRBIEA T . BE| Vul (e =120 @l o0 TR AL RS o i 24D AT A7
1 1 1

1 , )
— <h<— , <h'< , Fh < ,
log(1-+3M<h<—log(1+ M) - T <h <t o i <V <aryes O
Xt 2 (3) B 1 3k — W A4 v 45
wi:u1+(901+90uui)d+€0dio 7
|
AN Ly
T 0 R B W
i\DuV(IO)g\Dw\2<xo><2|pu\2<xo>o (8)

T4 = RS BAE ] GO TE A w0 € Q, MBI . — R FIEIE . 2 2 €90 I G (o) 16 0 TR AT
KA ; ZRIENTEIE . 24 20 € Q, B G 7R3 31 DX S8 AT d5c AR, AT A AR (E 34 B G () B AR 35 =
FENEREIE 4 2 € Q\Q, B G TE N BRI I KA 7Tl 5138 2 A6 2 AL 1145 3 | Du| (o) B4k 3, 2
A3 E GCxo) Bfh T
2.1 HRBEEMIT

MG SCHR 17 ), S BGE S AR R . B T0QEC . 20 =0 HaQ BRI ERNIQ= (2", o)), H
Hi o)t C BRELHH 2 0(0)=0,Vp(0) =0, Kt

v(x) =(0,,0, —Dsw,=u, +(D,pted,)=ut¢.

H Neumann i F5&AF AT w, =u, + =0, i A FRIERS . WK w) (20) = | Dw| (o) o B AE 53R AT %0
e x bF

026, = D W g = g =R b )
X RSP AN I W) ey J5 WU
—u, Tuvi =uy v Tuvi =D, @, (10)
JH wi,=u,—Diod —Diod,—D,od —¢di. XHTd|n=0.d (x,)=0"(x,)=0,fFLI
w, =u, +Diptod,. (1)
KX AORAKX QDT
Wy, = u;vy — U, = u; v T u, vl —eu, = —w v —¢v,=—Cw; , (12
Ho W Cc>2 [Dd|e A+ |gle). FEHERXADIRAT RO H

2w
;‘ —h'o+g' =—20—|g|le +a, >0,
1

« 120 -



% 2 /H}q %@ﬂi IR ﬂ%ﬁ? ,ﬁﬁ jﬁ Hessian ﬁﬁfi Neumann l'ﬂ ﬁﬁ?ﬂ/ﬂﬁvﬁ1ﬁﬂ‘

2.2 EihKEEfEIT
4 G () fEx, € Q, AW T RAEMT » eI G (o) T AL T @ J7 il 19— B A B 4 A

, 2wy

O:G,- W+h u; Jrg :ﬁwkwkﬁrh u,+aod,-* @ +/”L u; +0{o i

VINI[]
%z—(h’u,ﬂoduo (13)
1
M T
(‘Dw‘z), 222 wkuvk,,(‘Dw‘z),_, 222 wk_,wk;+22 Wy, Wyij
k=1 k=1 k=1
Fr LA
2 , 2
G;j:(‘Dw‘ o)ij*(‘Du ). (| Dw|®) ]Jrhu,jJrhuu +g'd;, +g'dd, =
| Dw|? ‘Dw‘ w|?
‘ |22(wk, wy + Wy wy; )— |Dw ‘42<uﬁwh wi )R wy 1w, ¢ dod, +gd,.

k=1
. , _on(Vu) . JF A i mEs ¢ D2 H o Aib
it F(V u)igi(vzu)’F e R w S b YV W FY (D) >0, AR 3 A (8 IR B 78 p5 o Ab A

l I U;j
0=FiG, = F ‘Dw Z<w~ wyy + w, wyy )— FY ‘Du‘IZmﬁuh wyy )+
Fi(huy+huu, +g'dd; +and; )=
i i i i i ’ ’ ”
ZuF Z(wﬁ, wy +wywy; +w wy )— FY %%Jrf‘” W uy +h uu;,+g did; +ady).
St 1 1

XF 27D W g — R A5
w,,:u,,+§0,,d+gomu,d+go,dj—Q—gouju;d+gp,mu,‘u,d+gpuugd+gpuu;dj+50,di+gpl,ujd1+god,,:
(I+ed))u; + (puun; Touu; +gu+ ¢, )d+ (o, T ou; dd + (g T ou))d; +od,;

[ 1t
wy; = (1 +ed)du+ (puuyu; +guur Horu:+@u)d + (on Fou ) di+ (o +guud, +god1,° QEY)
FEE YA bR R R Sl AR AR BE R i) () = | Dwo | (20) =04 oy (o) oy R X AR

A: (/\z 9'"’171):(1@2 (o) s sty (X0) )5

. ) + d+ d . z 4 4
AT IR G RS e IRREAT o A, = B0 SR (13 T A wi == (g'dy R
USSR & 2<i<n, &
Uy — “ +1_1d+ & >Ovu'1i:7i(g/di+h/ui)wlo (15)
e.d 2
BT | Dul| (xo) =120 @] o +1) HI
w T ol F1_w
M1>1+# ‘90‘ 1> 5 (16)
WS E 2<i<n
lu lele + .. (17)

T 1ty \so\
= (14) W] 15

wy = (It ed))un + (puuiuy Foau toru Hon)d+20o Hou ) di Hodi .
M5 wwy (o) FE 53 K W i =8 (14) (15) n] 45

« 121 -



L 7R 0235 2 B 2 4 A3 B

Wiy _._(gDuuulul—’—Z 301(1u1+§011)d_~_2(501+50uu1)d1_._ 506111

T d 1—¢.d 1—o.d 1—g.d
(/l/ul+aod1)’wl gom,ulu1+2(50,,1ul+gpu)d 2(301+§D“u1)d1 SDdU
- <
2(1—¢.d) T 1—¢.d T 1—¢.d +1*90,,d\
o h/M1w1 o a0 wi d; +‘d“90uu M%JFZMD,A ‘d‘ul+2‘90u ‘dl‘u]+2‘§01‘+‘§011‘+‘§0"dll‘<
2—@d) 2(1—¢.d) 1—od 1—q.d -
7(h/ul+adl)wl N~ 2 ~ ~ 7}17/ o 1 2
2(1—901151) +I£[(/u1+(/u1+(/< 2u1w1< 4M0w1<07
Al
|u [ <Cwis V1<i<n, (18)
ﬁEP’ﬁéﬂlCﬂﬁWﬁ?\ga c'—’*ﬂ‘d (,‘2’5/1363%0

P ORARLE AT D FY Gy X AT 38 Y h 4
i1

0= 2 Fi G, >Mflp} ﬂﬂ_’_}:‘l/ W ouy +h w,u, +g'dd, +g' d;H)=
w

Py 1 2 wh W
2Fifw1;j 1 i / i / ij Vi
T LT POt ad) (W Faod)) e D SR (W —and )=
ooy
B i (W b Y, — Faoh'd i, + Flayd, =5 Fatdd, .
W 2
R (6) & (16) ~(18) 4
i ” 1 /2 1 2 S i
F (h —5h )uu ;m(F” ) —2; | Fuyu | )=
1 (i Fu ufizz”: F”uf)> 1 Fu "UUI)*CZ”) Fi, (19)
8M 2 i=2 /16Ml i=1
i (16) 18
—F ook d;u; =—d;aoh’|Du| D) F' = Cw, > F", (20)
i=2 i=2
p1 b (5) AT 75
F (v d, —%ag did)=—CX) F. 21)
X2 (1) BRI Ay — K R BEA TR M 4R A
2 Figw,.: B 3 .
S [y, 4D, DD,gd +F (2 DiDigd, +DD,pd ) +F (2 Digd, +Dipd, ) +oFid, 1=
1 gl

ui[uwmd VE g+ d @tir F' 42 @ Fuy ;14
)1

2

w1

|:2dF” ui uy, + (o +d o +deu YFV uy —Ci} F¥ w%]}

wi[(H@“’d)F” wy — Cd P wl —CY) Fwt = wl(l—i—%d)le—ZCd F' ot —20) Fia,,
1 i=2 1 i=2

HTFu;=G—0Df Witk

PRy o 2 pdy (k=D (fr + fo wn)—2Cd FV i — 200 g, =
wh wy i=2
C : C ., 0o O g
A+ @d)f. +— f, un —2Cd F"' wi —2C>) F'w, =
Wi wyr i—2

. 122 -



% 2 /H}q %@ﬂi@ 7%1@1@ ,ﬁﬁ jﬁ Hessian ﬁﬁﬁﬁ Neumann l"ﬂﬂﬁﬁﬁ@ E@*ﬂﬁE{ﬁﬂ‘

— L P W =) Frw, —C, (22)

wh

S 6 15

F11>/)02 Fikvz Fli>hl (_ull)kﬁil}bz ( “ ) ’
=2 i=2
R (19) ~ (22) 75

0= Fe, >—(—3—( 1 —cd)Fn W —CY) Frow, — C=
i=1 i=1

w,  \16 M,
C 1 A o .
_ o Fllw? —C Fiw, —C,
o 32 M, wi — C ; w, — (
Fh
SO — F“w%—ciF"‘wl—c>§)Fh< S et = G —C)
w, = 32 M, 2 = 27 \3z M, :

o A1 e T (Bl —>c2) B B8 0007 0. e, (o) <0 00C
2.3 WEHE T

M G(x) Ex, € O\Q, ALBUAHF AL+ i SCERC10 ] Chen i Py 356 JE £l 31 CEI ST 3 2) AT 45 | Ve | (1)
it M3 G (o) BAh T

EEy 1R =R BT G () TE M, € Q0 HAS KAH L HETT A3 51 | Veo | * () 7E i, € Q, Kb RIS
FAB T () T A5 w b B AL E B 1 A5

3 45

i 51 ATE 245 9 i Bl R R MR (A IR B Hessian 5901 B S5 A 1R 5T . A3 B 1 J5 R 18 A7 i pREL S <
T & Du W HAT Neumann M {E R Hessian 7§77 T2 i 09 2 a6 BEAE TF . 2 28 1 B9 aiE W15 A 32 280 ]
BRI BCTE AN B s B M S5 20 D B R A AR 3 5 L S AN B = R S B 2R A5 e . b T RAE— 20 R 2k
Hessian (577 F i B9 By S 205 - AT T 2645 7 35 T8 i i 77 A2 P )

5% Uk

(1] #& & 3. F ¥ £ 5 42 Neumann FIAL 4 ZAE [ D] e F BAZH AR F.2014.

[2] POGORELOV A V. The minkowski multidimensional problem[ M]. New York: Halsted press,
1978.

[3] TRUDINGER N S, WANG X J. On strict convexity and continuous differentiability of potential
functions in optimal transportation[J]. Archive for rational mechanics and analysis,2009,192(3):
403-418.

[4] HEINZ E. On elliptic Monge-Ampére equations and Weyl’s embedding problem[ ] ]. Journal d’analyse
mathématique,1959,7(1) :1-52.

[5] URBAS J. On the existence of nonclassical solutions for two classes of fully nonlinear elliptic equations
[J]. Indiana University mathematics journal,1990,39(2) :355-382.

[6] WARREN M,YUAN Y. Hessian estimates for the s,-equation in dimension 3[J]. Communications
on pure and applied mathematics,2009,62(3):305-321.

[7] 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

« 123 -



A 25 2 B 2 4l A3 &

(1):261-301.
[8] TRUDINGER N S. On the Dirichlet problem for Hessian equations[]]. Acta mathematica, 1995,
175(1) :151-164.
[9] TRUDINGERS. Weak solutions of Hessian equations[]]. Communications in partial differential
equations,1997,22(7/8) :25-54.
[10] s . 3B . % 4 . Hesse 7 #4249 Neumann F] 4 69 4 A4+ [J]. B A 5. 45,2016, 46
(8):1117-1126.
[11] MA X N,QIU G H. The Neumann problem for Hessian equations| J ]. Communications in mathematical
physics,2019,366(1) :1-28.
[12] CHEN C Q. The interior gradient estimate of Hessian quotient equations[ ] ]. Journal of differential
equations,2015,259(3) :1014-1023.
[13] MEI X Q. Interior C* estimates for the Hessian quotient type equation[] ]. Proceedings of the
American Mathematical Society,2023,151(9):3913-3924.
[14] LIEBERMAN G M. Oblique derivative problems for elliptic equations M ]. New Jersey: World
Scientific,2013.
[15] CHEN C Q,ZHANG D K. The Neumann problem of Hessian quotient equations[J]. Bulletin of
mathematical sciences,2021,11(1). DOI.10.1142/S1664360720500186.
[16] POGORELOV A V. Regularity of a convex surface with given Gaussian curvature[ J |. Matematicheskii
sbornik,1952,31(1):88-103.
[17] CHEN C Q,DONG W S,HAN F. Interior Hessian estimates for a class of Hessian type equations
[J]. Calculus of variations and partial differential equations,2023,62(2). DOI; 10. 1007/s00526-
022-02385-3.

The gradient estimates of solutions of Neumann problems

for Hessian quotient equations

YUAN Shengtong, WU Tingting, HAN Fei
(School of Mathematics and Science, Xinjiang Normal University » Urumqi 830017, China)

Abstract: A class of Hessian quotient equations with Neumann boundary conditions is studied. The
gradient estimates are divided into boundary gradient estimates, near-boundary gradient estimates and
interior gradient estimates by selecting appropriate auxiliary functions and utilizing maximum principle
and structural properties of the Hessian operator. Finally, a global gradient estimate for the solutions of
such Hessian quotient equations when f depends on x and Du is obtained.

Keywords: Hessian quotient equations; global gradient estimate; Neumann problem; maximum
principle; Hessian operator

(Fv 4 2 45« Y dh dh)

SRR =k, REE TR, Hessian & J7 f& Neumann [A] 8 0986 BEAG 7T, L0 AR A 28 24 B 2441t , 2026,43(2) : 116-124.
YUAN S T,WU T T,HAN F. The gradient estimates of solutions of Neumann problems for Hessian quotient
equations[ J]. Journal of Shandong University of Aeronautics,2026,43(2):116-124.

. 124 -



