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Abstract

In this paper, we study the following critical nonlinear fractional Schrédinger equations

€ (=A)v + V(z)v = |v]|* 20 + plv|7%v,v € H*(RY)

where 0 < s < 1,N > 3,2 = NQiVQS is the fractional critical exponent, y is a normal
number, 2 < ¢ < 2*,¢ > 0 is a small parameter, V € C'(RY,R) satisfies a < V(z) < b,
b>a>0, Ve cRY. We obtain the existence of k pairs of sign-changing solutions by

combining critical point theory and invariant sets of descending flow.
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1. & EmA
A0 BRI 4800 Sobolev I S5 804 50 Schrodinger 772

e (=A)v + V(x)v = |v|* 20 + plv|7%v,v € H*(RY), (1.1)

BEMGGEELELT, 0 <s <1, N>32 = 2 RAKKIGRIEN o ERK
2 < q<2e>0 R ANSE BRIV TS

(A)) VeC' RYR), fFEDb>a>01ifFa<V(z)<b, Vo e RN FHFE—ANEHIIFILRM
AR M c RN i3
fi(z) - VV(z) > 0,V € OM, (1.2)
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Hrr fi(z) Fon o 1 OM ERIRALINE R &,

18 (1.2) BMBBEAAAE T, Im 4R
A={ze M|VV(z)=0}£0, (1.3)

IHH AR MBI —DMETEAR B, RATTRK 0 e A XN TAEERES BCRY Hé>0, &
filid B® = {z € RN | dist(x, B) := ig}fg |z —y| <6} N B Y& TFABIR. A E 245 R R

v
EEL BE max{{*2 2} < g <28 B (A) REZ MM THEIEER L, BE e > 0%1FS

N-27
O<e<ep B, 74 (11) 2V H kS EFMH +v,j=1,2-- k.

YEZ S v — ez, B X u(z) :=v(ex), W (1.1) FIENTELRWT
(=A)u+ V(ex)u = |u® ~2u + plu|?>u,u € H*(RY). (1.4)

1Z B T (u) B LR
L(u) = % /(|(—A)3uy2 +V(ex)u?)de — 2i / 2 d — g / lu|?da,u € H'RY).  (L5)
S RN RN

RN
AR, L(uw) Bm T RORTTRE (1.4) B85 A B30 — MNMETTIH Q. (w) FF B — MBI R (u) K
A R 20, B 22 08 T (u)

T(u) =

5 [ (D)8 + Vicpt)do + Q. / jultda

RN

o, we HRY) B Qeu) = 5( [ xeurdr = 1)5, Ro(u) = 5 [ [ul?|me(u)*~dz .

RN RN

2. FTESIFESZ R T (u) BY Palais-Smale &4
TEATTH, FRAER 7320 Sobolev Z= (8] H*(RN) TXF WK

(u,v):/(—A)Su(—A)Svdx+/uvdx

RN RN

Jull = ( / (~A)bufda + / uds)’

WHRu £0Hu #0, WZKu e H(RY) FONES, Hif vt = max{+u,0} . X TAEEN
5>0,e>oﬂé%é\BcRN,£a1|]mx

Hyakon

B.={z € R" | ex € B},
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B’ = {z € RY | dist(x, B) := inf |z —y| < 0}.
yeB

A e C*R) 22— NMEBERBMFMTEELte RIWGE:0< ) <1 HJ@) >0 t<0,((t)=0;0
Bt>0,C0t)>0:24t>10F, ¢t)=1. 94 FE-DEHRC >0 Mr > 0115

t'(t) > C¢(t),0<t <k (2.1)
H
C(t) >0t 0<t < k. (2.2)
40> 02
10,19
g 2 p’
/\E':‘ 1
p= 5(@ +27).
/T},\
0, WR ze M.,
Xe(®) = _ ! (2.3)
e ¢ (dist(z, M,)), WHE x¢ M.
XH, >0 Hilid ( )
12 22t —¢q
’y>max{4,N_2, e } (2.4)

REE G, W TR e 8 x. BT CLZEHAY 2 € M B, x(2) =0, %2 ¢ (M) I,
Xe(2) =7 IHFAEREM v e HS(RY), &

Qu(u) = 215< / yeutdz — 1))} (2.5)

Hrp gL
2<28<q
H (t)+ = max{t,0} .

L p € CP(R) HEIEZEM & € RIFLE o(—€) = ¢(&) WHE ¢ < 1,p(6) =1 ﬁﬂ% €l >
2,0(6) = 0 3 H o FEIX I [1,2] ik 740, B3 b.(€) = o(c€) H m.(€) = [ b,
WERL. 2B b, Foom, HAATHR

(i) VEER,Em(€)>0;
(ii) FRE=0, M Ebe(E) < me(§) ;

(iii) BT c>0FHAEEN A Im (&) <cle. F €] < 1/e, Mb (&) =1Hm (&) =¢.
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TR uwe HY(RY) , &
R.(u) = 2i / ||, () [~ (2.6)
SRN
HHXN RN v e HS(RY) | ik

L(u) = /(|(A)3u2 + V(ex)u?)dz 4+ Q.(u) — Re(u) — % / |u|9dx. (2.7)

RN RN

1
2
1. TS uv e HXRY), &

(T (u),v) = /((—A)Su(—A)Sv + V(ex)uv)dx + (/ xeuldr —1)77" /Xeuvda:

RN RN RN

—2q*/|u|q2|m€(u)|2:quvdx
SRN

(2.8)
=2 [ a0 2 b ()
S RN
— u/ |u|? *uvdx
RN
N T, 898 u & A2
(=A)’u+ V(ex)u+ (/ xeu?dr —1)7 'y
RN
= el )52 )0 0 ) (29)
+ p|u|2u,u € HS(RY).
#9fEF B Q. (u) =0, sup |u(z)| < 1/e, M T, 8917 & u 2 H 42 (1.4) 6%,
xeRN
© 1
FL€) = el me (€ + Lel (2.10)
= dF,
I (2.9) AT LA S
(—A)*u+ V(ex)u + (/ xeu?dr — 1) ' ou = fo(u),u € H(RY). (2.12)

RN
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S FTFTHEEL >0, A e, >0 BN EEFNO<e<er, Fe<L, NI i#HZ(PS), &4.
MEER: 4 {u,} C H*(RYN) 447

Ce(un) = ¢, T (u,) =0 Z(H(RY)) ¥.

HTIEREIE, AMAEERE H(RY) ¥, 77 {u,)} SH AT F]. &

of[lunll) + L
Zo(|[unl]) + ¢
(5~ ) [ (-8 b+ V(o))
. RN (2.13)
2B(/X5u dz — 1)} —(/Xeu dx—l)ﬁ 1/X5u dx

RN

+ 2t / [ ()P0, ()

H2<28<qTE, BE—NE e LXK AL > 01 ||lun|l < 0p B Qc(u,) <fp B, £ H¥(RY)
¥ &MNTRIEE n— oo B, u, ~u L

A 1= (/ Xeuidx — 1){?1 — A\, n — oo. (2.14)
RN
WL n,m— oo i, KAMA
o(1)

RN
= 2 [l ()P = a2 ) ) )
25sz (2.15)
22 —4q q 2T —q—2 q *_g—
— 2* (|u77,| |me<un) : me(un)be(un) - |Um| |m€(um) s me(um)be(um))
S RN
X (Up — Uy )dz
- lu /(|un|q2un - |u7n|q72um)(un - Um>dl‘
RN
B (2.14) T/, T n,m — oo B, A
[ Ot = At = ) = A [ = e + (1), 216

RN RN
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Ao >04F M C B, (0) .8 Q(u,) < B (M) C Be-1yy11(0) T4F

uldr < (14177 )€. (2.17)

|z|>e=1ro+1

BAq<p<2 Blullpe <|lull)lull? < Cfullul=f, AFEEHC 5 nfe REL
1/g=6/2+ (1—0)/p, M (2.17) F |u,| <7y, TEEE—ANE efon 9F 8 CL > 0 47

|tp|9de < Cpez . (2.18)

|z|>e—1ro+1

FIRPALR 2, BMNTEFAE—AFHO <v(z) <143
= = b =2t = )
RN

<(g—1) / [0t 4 (1 — 0) |72 (U, — Uy )2 de

|z|>e~1ro+1

(2.19)

+(¢g—1) / [Vt + (1 = 0) Uy |92 (U, — Uy, )?d.
|z|<etro+1
RAL HRY) P, u, = u, WEAMTHFELI{z | |z] <elrg+1}) F, u, » u ki, %
n,m — oo B, &
[0ty 4+ (1 = )t |72 (Un — U )?dz = o(1). (2.20)
|z <e~lro+1
FEHH (2.18) T
[Vt + (1 = 0) |72 (U — Uy )?d
|z|>e=1ro+1 (2.21)

<Cez@=20 |y, — ||
24 (2.19) — (2.21), EMTHE n,m — co B, A

= = =2t~
£V (2.22)

Sceév(qﬁ)@”un — Uy ||? + o(1).
BT R, BRI F AR IZTIE, 5E— T 0,(@) A2 (@) 28— N3 V()

‘ /('un|q_2un|m6(un)|2;_q - |u7n‘q_2um|m6(um)|2:_q)(un = Upy)dT
]RN

(2.23)
2 V|1 me (Vo) |5 79 20 (Vi) ) (i, — e ) 2dlz.

<C /(|Vn,m|q_2|me(vn,m)

RN
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W (2.23) A7 (€D (€)] < [me(§)] < ¢/e B Vi m() AT wn () F2 () Z 18T 45

‘ /(|u”|q2un|m6(un)|2:q - ’“m|q72um|me(um)|2:7q)(un — Uy, )dx
RN

¢ ( / (Jtn |72 + |t |7 2) (g — U ) dz

Teia (2.24)
|z|>e1rg+1
bl el ).
|z|<e~lro+1
Em (2.20) 89IEF, KAVFE S n,m — co B, A
(|tn]?™2 + [t |7 2) (Un, — um)?dz = o(1). (2.25)
|z|<emlro+1
B (2.21) BIEBATF, B n,m — oo B, #HE
(|un|q_2 + |um|q_2)(un - um)de
|z|>e~1ro+1 (226)
SCe%”(q_z)eHun _ Um||2
sE4 (2.24) — (2.26) T3
’ /(|u"|q2’uﬂ|m6(un) 20— ’um|q72um|me(um)|2ziq)(un — Uy )dT
i (2.27)
<Ce@=20=2=9) ||y — i [|2 + o(1).
B3, BoRAe A PR 8, BT REELE—DINT un(z) F2 up(x) 1 FEV, . (2) 7
’/<|u"|q‘me(un)’2:qsz(un)be(un) - |um|q‘me(um)yzziqizme(um)be(um))
RN
X (uy — um)dﬂc’
(2.28)
]RN
2= 0= 1) [ Wl Vo) 2028 Vo)t s

RN

* / |Vn7m|q|m€(Vnym)|2:7Q72m6(vn,m)b/e(vn,M)(Un - um)zdf .

RN

062 1 AT 4T

DOI: 10.12677/aam.2021.105166 1566 L FH Hy


https://doi.org/10.12677/aam.2021.105166

LY 2

‘ / |Vn,m|q_2Vn,m|me(Vn,m)|2:_q_2me(vn,m)be(vn,m)(un - Um)2d$
i (2.29)

<Cex " =20-CI=0)||y — |2 + o(1).

/ |V"vm|q|me(vn,m)|2:_q_2b§(vn,m)(un - um)de
RN (2.30)

SCE%V(qQ)G*(Q:*‘Z)Hun — upm [|* + o(1).

BAE €] >2/e, |b.(6)] < Ce, V(&) =0HFHEEHE, m(&) < Cle, NEMNTH

‘ / |anm|q|m6(Vn,m)|2:7Q72m6(Vn,M)b;(Vn,M)(UTL - um)ZdI
RN (2.31)

chéwq—z)e—uz—q) 1t — um ||* + o(1).
44 (2.28) — (2.31) , &AM THAF

‘/(|un|q|m6(un)|2:que(un)bs(un) - |um|q|m5(um)|2:7q72m€(um)b5(um))

X (Up, — Uy )dx (232)

<Ce @02 =)y, — g, |12 + o(1).

B iy(g—2)0— (2 —q) >0, MEA (2.15),(2.16), (2.22), (2.27) F= (2.32) THEE ¢, > 0 143
SHFAEEBO<e<e,, Bn,m— oo, |lu, —un|—0.

3. T WZETSInFSHFEM

4 X &7 Banach T ATE P C X, € X —P ={-ulu e P}. X MAXNFRTE All.e.— A=
A) B (Bl scik | [1]) e y(A) . WHER J € CHX,R) flce R, id J¢ = {u € X|J(u) < ¢}
HEK.={ueX|J(u)=cJ (u)=0}.
EXL. A J e CHX,R) R—/MB2FH, PCXR—ANEEFEHFELW =PU(-P) RXALE
70> 0 BAEE—ANHE AN) < 0o 8§ K\W @3FFRFARR N |, BIFEE 7 € (0,70) , HAE
neC(X,X)#HR4TF &4
(1). n(0P) C P,n(d(—P)) C —P,n(P) C P,n(—P) C —P;
(2). n(—u) = —n(u),Yu € X;
(3) n |Jc—2-rz ’Ld,
(4)- n(JT\NUW)) C Jo.

A P KL e AT T OEHRELE.
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EI2. Bk J € CH(X,R) R—AM&iz sy, PC X R—ANFEEFE, M =Pn(-P),W = PU(-P),
FAL=0PNI(-P) BERMATFTEEL>c, PREKFE ce e, L] LT JHEARTE,
HF o= 1161£J(u) B FHEZOne N, BE—NEZEWSH o, : B, ={reR"||z| <1} - X #
)3

(1). ©n(0) € M,p,(—t) = —pu(t),Vt € By;
(2). p,(0B,) N M = 0

(8). max{J(0), sup J(u)} <c*.

UE‘Pn(aBn)

s FEEN jeN, 2L

c; = inf sup J(u),
’ BeAjueB{)W ( )

AP
Ay = {B| B = p(B\Y)H 20 € Gon > jlBAZ,
FEHFEY C B EF -Y =Y H~Y) <n-—j}
B
Gn ={¢ | ¢ € C(Bn,X),p(—t) = —¢(t),Vt € B, ¢lop, = ¢nlop, }. WHTHEE j > 2,
4R L > Cj, %]‘
K. \W # 0. (3.1)
5 9k, WRJ>2HL>ci=cj="=Cjpm >, W
Y(EKA\W) >m + 1. (3.2)
5854

Py :={ue H*RY)|u>0} HP_ := {uec H*RY) | u <0}.
MR o >0, %4
P?:={ue H*R") | disty:(u, Py) < o}, P? := {u € H*R") | disty:(u, P_) < o},
He disty:(u, B) := inf |lu—o|,Yu e H*(RY) H. B C H*RY) .8, P?=—-P7.
NTRER 2 193 T 102 EAR SIS A, 7258 1 FE B 2 ) JRATTEL
X=HRY),P=P],J=T., MW =P7UP7. (3.3)

AR, Wk H*(RY) ) —AXFRITTEIF HAUAE H(RY)\W B EARSHE. 75, B0 T,
I A% o R AR IME T, FTRA o > 0 Fe 7/, AR BE 2 PR A ¢ AL

= inf T'.>0,
a(P7)NA(PY)
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ARk, B TAT BA B i
0e A (3.4)

M (3.4) A3, X TEED e > 0, BATH

B1(0) € M.. (3.5)

=

1 s .
Jo(u) = 2/3 ( )(|(—A)5u|2 + bu?)dx — Z/B o lu|dx,u € Hi(B1(0)).
1(0 1

W {en} C H§(B1(0)) & — M IERFIEH. E, :=spanfey, -+ ,e,} i ¢ > 2 715, fFFE—IEK)
BRI TS {R,} 115
Jo(u) < 0,Vu € E,, ||lu|| > R,.

HAE X, € C(B,, H3(B1(0))) M
on(t) = Rp > tiejt=(t1, - ,t,) € By. (3.6)
i=1

IRZZ Gy IRAE, 1E (3.3) MR AT, o, WEEH 2 B4 (1) — (3) .
WTFAERER j e N, & X

c;= inf sup Tc(u),é = inf sup Jo(u),
BeAj yeB\w BEA; ue B\W

Hrp
Aj ={B| B =¢(B,\Y) ¥ty € Gn,n = j,

HHIFEY € B, {5 —Y =Y HA(Y) <n—j},
A;={B|B=¢(B,\Y) W¥tpec G, n>j
FHFEY € B, #8 -Y =Y Hy(Y) <n—j},
Gn={p | € C(Bn H'RY)),p(~t) = —p() X TAERII € By, ¢ lop,= ¢n o, },
G ={¢ | ¢ € C(By, Hy(B1(0))), p(—t) = —p() X TAER It € By, ¢ [op, = @n lom, }

= NS

0<c5 <5< -r, G<ig<---. (3.7)

K xe =0in M, WM (3.5) MV < b, FATAG Te(u) < Jo(u),Yu € H§(B1(0)) .
£E N C Ay, BATTHER, HTFRM DM e >0, H

0<cs<E,V) > 2. (3.8)

SI3B2. ([2))BE 00> 0 A EENO0<o <o HL>0,%50<e<er, WHFHEZHc<L,
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Py RAB T T 9B ARLE, b e, RATAIEL.
SIEE3. M TFHEEWLeN, e >0R[AIEENO<e<e, [ EVAENETER S

Fe(uj,e) = c§‘+1 < ék-{-la 1< ] < k.

HERR: @313 2, =32 249 (3.3),(3.7) A= (3.8) X T4F 2% 5| 3L 49iE 9.

4. fEFF 5 RORIE 53 REFIHERR 1SR

FEARTTH, A TRAEN] 51 B 3 tP A3 BRI S 5l {uyc ;AR EHER U, BATHRAIERT A

iy R
R, X {u; } AT E3IFHETERENAEFTHE M, >0F ¢ > 0FFTFHEEHO<e <€
A
sup [uje(z)] < My, 1 < j <k. (4.1)
zERN

BI384. ([2)4 {u; ) RAE3 PHE SR EMTFEEHEHR LN 0<e<e,, HEK
Ha,NAqgHAXOEFTHK ofrl e LXK EF & ny, 457

0 < |lujell <mr LQc(uje) <me, 1<j<k.
S5, B n—ooobt, 6, 20 M TFTHEENFKRLI<j<k, HLoji,>0Huz,, cRYIEHF
hm Jj,i,n = +OO,

n—oo

N-2
U = Y Uil = @jim) + D 0,7, Uji(0iin(- = 2jin) +7n (4.2)

1€EA €A

(1). Ay Ao Ay AAFREL A, Ao Ao BT E L7 ARG K5 kA £,

(=AW +agW < W24 et ZRY (4.3)
FHMTFHEE € A, W = |U; | #H 2

(=AW < W21 4wt AR, (4.4)
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(3). AE—AMLE N HEXOFRC, >0 THEEN e A, HE

RN

(4). FRIARFE Xk =
% da. (4.6)

Z /|U],Z|2:dI S hmlnf/ |Uj7€n
i€A1UAOQ]RN nree RN
(5) /[J—‘T’— HS(RN) ‘:P, ifi;{i%%éﬁ 1€ A1 , Y n— oo H:J-, 11_ uj’gn(' + xj,i,n) — Uj’i 7é 0.

N-—-2

(6). D2 F, FTFHEEHNIicA,, Tn—oolf, A Tiim ujm(oj_’il’n ATjin) = Uj £0, EF

,n

DS’Q _ CSO<RN>H~HDS)2

||u||Ds,2 = (/ |(7A)%u|2)%

(7). SFFAHEEG i, c Ay, Hn—ocolf, A
|xj,i,n — Ij,i’,n’ — OQ.

HANFHEEW i, Ao, Bn—o00 i, A

0j,in 9j,i",n

+ + Uj,i,naj,i’,n|xj,i,n — Zji'n 2 — OQ. (47)

0ji'n Ojin
(8). £ L*>RN) ¥, n—oobf, r, >0.

MERR: @Ak [3/89 2 32 2.1 AeR 32 3.3 TTAFE| 4508 (4) — (8) H Hd LAk [//89 &M 2.3 A=dfit 2.4
TIFLR (1) - (3) .
51386, R ic A, MELE—ANFIUEF 25, e M. B

lim o, dist(x;;,, OM) = +0o0. (4.8)

n—o0
WERR: M EA L, KNS AT (e, |, Tjin 7 0jin A Up,xp # 0y . A wuje, & (2.9) 89 #%H
me(&)| < Cle, P C E—NE e LXGEFHK, NAMTHEFLHELE - NEn AXGFHRC > 014
% u, A

(=A)su, < Ce,®"Dyd~t ARV & (4.9)

A, = g;(N_Q)/Qun(ng. + 1) R v, #HE

N—2

(=A)°v, < C’e;@:*q)an 2

(4=2)=250-1 RN o (4.10)
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N-—-2

T uje (ot ), WA

ik w, = on

(-A)’w, + 077251/(6”0;11: + €nTn)wn + )\nagzsxen (U;Ix + Xy )Wy,

_N-2 4 N-2 No2 oy _og B
=opn ? gn(Unz wn)"'UTLZ (=22 H‘|w"|q Qw"’
H
A = (/Xenuiendaj — 1)?__1
RN
- 2
4\ e - s 4 g

gn(u) = 27|u‘q 2‘m€n(u) Bty 4 T|u|q‘men(u) % —a 2m€n(u)b5n(u>'

i

Ay ={on(y—zn) |y € M, }.

Bk, KAMA
olr+mr, €M, SxEN,

dist(o; x + x,, M,,) = o, dist(z, A,,).
i, EATT HAF

0, 4w Rr e A,

Xe, (07 2 +2,) =
€, 7C(o  dist(x, Ay)), HRx ¢ A,.

AR —fE, BB {z,} ZEABE {z,} C M., Z2AHZ {z,} CRN\M,, .
F—F. X —F, BMNEEN, AE-ANTIUER

lim o,dist(z,,0M.,) = +oc.
n—oo

fBIX & T 2, W

lim o,dist(z,,OM.,) =1 < +o0.

n— oo

Bk, it sk st e, KA

A I, :={x= (21, - ,zny) €ERY |y <7}, o R {x,} C M.,
"=
I :={x= (1, ,zy) eERY |y < -1}, HR{z,} CRV\M,,.

FT R, EMFKERALE RN, F, & {z,) M., , WU, Z0 JeREHT R,

ARN\IL, .44 U,,; € D2, M THF

Uy € Dy*(ILy),

(4.11)

(4.12)

(4.13)

(4.14)

(4.15)

(4.16)

(4.17)

(4.18)

UjJ' =0 a.e.

(4.19)
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Dy *(Il}) = Cio(1L4) .
tFEREN e CP(ILL) , % n— oo B, &AH

W=2)a=2) 5,

a;QS/wnnp—M) Hop

/ |wn |7 2wne — 0. (4.20)
RN RN

HApeCe(), Md (4.18) THNFTAS KRG n, o WX EOSE AN, ¥ AWM, | (4.15) TH,
St F RS KRG n iR
Xen (0;11' + mn)wn(p = 0. (421)

® (4.11), (4.19), (4.20), (4.21) ## % n — oo B, g,(u) = |u

22_2’& GRS Uj,i R TAE

(N—2)(2%-2)
2

(=A)°u =0y

T 20,0 € DYA(ILL). (4.22)

B — AN Rk [5/0R 2 11 T, £ DY) ¥, U, =0 .8k, &£ D2RY) +, U;; =0.i%
F23| 32 3.11 694538 (6) A AF B MA@, £ RN\, ¥, AU, 0.

R, EAVT AR, £ RV\IL. ¥, % {x,} CRY\M,, H, U;; £0.

B AL RN F, U;; 0, MAMNTURERES KR R>0 L5406 > 0484

. 2
b= / U2, > 0. (4.23)
Br(0)N(RN\(I1+)9)
W 3|5 5 a9 453k (6) TR

N-—-2

Vp =00 2 |uje|(ont +xn) — |Uji| # 0 EDY2

i (4.18) Ao (4.23) THANF RS KM n, #

1
5b’ < / v2. (4.24)
Br(0)N(RN \(An)%)

8 Q(uj.,) < 1o xe R SUTIE, BEEH C = COk) >0 473

((dist(z, M., )uZdx < Ce). (4.25)
RN\Msn
H b, KATH
/ C(o, tdist(z, Ay))v2de < Celo?. (4.26)
RN\A,
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W (2.2) A= (4.18) TH L n Ao KM, 3 FHEZ 2 € Br(0) N (RV\(A,)?), A

(o, M dist(z,A,)) > Clot (4.27)
¥ (4.27) T35
Clot V2 < C(o M dist(z, Ay))vide < Celo?.
Br(0)N(RN\(An)?) Br(0)N(RN\(A,)?)
M, BAVT 4 E]
v2 < C€lab. (4.28)
Br(0)NRN\(A,)9%)
W& (4.24) F= (4.28) T4F
e <Cal?, (4.29)

S O R G n A EE RIS (4.20) A2 (4.10) , HAVT A 5]

6(2% —q) 4 (N72%(q—2) s

(—A)*v, < Coy ? vi~t ARN ¥ (4.30)

B Ay >12/(N—2), 0 S0 4 N22(g—9) — 925 < 0 4 (4.30) F, A n— oo, Ml v, =W =
‘Uj,i| ;é 0 ZTL DS’2 s &{']—E]-’f’?’
(=AW <0 £ARY 4.

ETHEW>0,W#£0F [ [(-A):W|? <+4oo ZAEFE. Bk, (4.17) TR L IMm (4.16) & L.

RN

 RMHEIE A AR {2,) C M., . RIRZER TR, WS

¥, EX—F P
2EL (4.16) TR THEENFH R >0, $n Aok, &

{z,} C RN\ M,

Br(0) € RV\(A,)". (4.31)
BAU;; 0, WHELEFH Ry > 01247
v o= / Uz, > 0. (4.32)
BRO(O)

&R % — % T AR 69 5%, N E (4.31) F= (4.32) THF (4.29) Rz Rl A, SMNTHEH—F L0486
FE.Rk, HAEAFI {2} C M.,.

W PR E— S A —F R AR ST 43 8] 5] 32 6 A9E A .

S3E7. AE—ANFHC>0EEMNTHEEN i c Ay, HA

Uja(2)| < Cla|~ ™2 | > 1.
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REUBIBL T U, SR b 7 72
SIS, M TAEEM i€ Ay, Ak y;, € MAER U, 742

(=) + V(ys)u = [l 2w+ plul*2u,u € H*(RY). (4.33)
AR TFTHEEN € A, U, RTH

%72y, u € DV(RY). (4.34)

b — MR
MR Zie Ay, ME KAk (2] 49312 43 TiF 200 € M A

lim dist(z;;n,0Me.,) = +o0.

n— oo

W& 315 5 a9 2kik (5), BAVTE U, & 742 (4.33) 9 AL

yji = lim e,x;;, € M.
n—roo

T i€ A, M uy,, RFHE(2.9) 890, BMTR w, = 0,07 e, (071 +3500) BATF
A (411) M THEZEY o c CPRY), ¥ n— oo B, &
s (N=2)(a=2) _gg -2
Oiim | Wnp =0 Hay, o |lwn |7 “wne — 0. (4.35)
RN RN
W5 4536 TH N\, A FH
A / Xe., (U]_Zlnx + 2 in)wne — 0,1 — 00. (4.36)
RN
8 (4.11), (4.35), (4.36) #2 % n — oo B, g, (u) — |ul®"2u, MTF U;,; #HL (4.34) .
L e € Moo AL
[ O—j,iw,n = min{am,n | ) c Aoo} (437)
i
Tn = Ljisg,n- (438)

5139, AE—ANFHC >0RAESE

L = 1 1
An = B(6+5)a;§ (x")\Bar;5 (zn)

A}L N {{Ej,i,n | 7 S Aoo} = @

DOI: 10.12677/aam.2021.105166 1575 L FH Hy


https://doi.org/10.12677/aam.2021.105166

LIRS

MERR: w5132 4 THfF
T:=1+ limsup/ |uj,6n|2: < +o0.

n—00
RN
4

mo = [7]—’—17

EEHC, kA (45) B (2] AR 2 R kKRR 4

Bym =D 1 (zn)\B

_ L (x,),m=1,2,---,mg.
6mo,

(6m—5)y, 2
TR, AEMNEZIEN, A TE> KGO n, H£1<m, <mo &7
B, N{Zjin|i€ A} =0.
BAR TR Rz, MM TAS K n, B iy, € Ao 177
Zjimn € Bom,m=1,2,--- ,mg.

W B, 897 LFe (4.42) T1F

o on 2 /4
e, KA

JRE
RN

0 N—2s N—2 L .

N-2 - — -
>> / O i Tginin Wisen (O 4 @+ Ty )™ dt.
m=1 1
Boj imn 100 2 (0)

HE 00 M, 0, non® > 08 =00, We (4.44) #2315 5 694538 (6) T4

mo
.. 2* 2
hyfr_l)g.}f/ (e, [P =) / Ujin [
N m:lRN

R

254 (4.5), (4.39) A= (4.45) TH
T Z moC’*.

A (4.40) = AT A,
W (4.41) TH, BEFE m, #5530} A

Bnl,m* N {xj,i,nl | i€ AOO} = ®7l = 1727”' .

(4.39)

(4.40)

(4.41)

(4.42)

(4.43)

(4.44)

(4.45)

(4.46)

(4.47)
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A C =6m, —5, M d (4.47) Bp 7T £33 3% 3| 2L AYIE .
313810. 4

2 _ 1 1 .
An = B(6+4>a;f (x”)\B(al)a; 4 (@)
W B &b n L6 EF K C 113
[uje, (z)| < Crz e A2.

B BAY e=c, B, uy., HL (212), WAERN %, 4 (4.2) 43132 8 T3

(—=A)°r, + V(€nx)ry + AnXe,Tn
Lo, (D Usilr —wjim) + Y 0,2, Uji05in(@ = 2500)) + 1)

€A €A

+ D (— U@ = 25.0) % 72U i@ = 20m) — 1lUja(@ = 25001 Us i@ — 25m)

i€ (4.48)
+ Vi, ,‘)U‘ (= 2j00) = V(ea2)Uji(x — 2550) = AXen Uji(T = i)
+ > (=102, Ujil0gin(@ = 2550) % 720, 2, Uji(0,im (@ = 2.0m))
€A
- V(an)ajﬁn Uj,i(aj,i,n(x - Jiﬂn)) - )\nXe,LUﬁ Uj,i(Uj,i,n(Jf - x]’bn)))7
EH N, kB (412) 4
R, = |yl
HABE NG e LR EFHC S
O < Sl + Ol t e R,
] (448) A2V > a (BN (A) TH, AELS n RXEEF 3 C 447
a
<Ol 2Ry + C Y Ui — wjan) |74 C Y 1052, Usi(0gim(x — 355.0)) %7
1€EA 1€Ao
(4.49)
+CY |Ujiw —z550) +C Y |0Jm ,i(05in (T = Tj0,n))|
€A €N
N-2
F A Xen DUz = ziam)| + AaXew D 1057, Usi(0gim(@ = 2550))].
€A 1€Ao
4 RV R
(—A)* R 4 R D 4 Xuxe, RY — Clrp|>2RY
(4.50)
=C > Uil = zin)* 7 4+ C D |Ujilw — jin)], ARV,
1€EAL 1€EAN1
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BAMFEEG ic A, Uy € L°RY) L% n— oo B, || L2 ey = 05 MRS [6]
WY € I 2.9 By (2.47) 89 RANE A Fedth B T A28 Moser ik (flde, 7T A L Lk [7]6’3 ZIL 4.1 69iEH ),
BMNTHALE—ANE n LXYEF K C LA

0<RrRY <cC (4.51)

SHFHEEN €Ay, & Tjin €D iHA

(—A)'Tyin — Clwjinl® > Thim = ClUjnl* " ERNF, (4.52)
HP
 N-2s 1 N
wjin(x) = Oiin rn(aj%na: +Zjin),x € RY. (4.53)
A
||sznHL2 (RN) = HrnHLz*(RN —0,n — 00

HU;; € LRY), MHEMTRALE-ANEHn LXGEFHK C T
0< Tjin <C. (4.54)

Bk, & (4.54)THAEE NG n X EF I C T

0<Tjin <C+|z))~ P2 z e RN, (4.55)
é\ (@25-1H(N-2) )( )
—1)(N—-2 _9s
RP =3 o T (050 (T = 2550))- (4.56)
€A
)
(~A)RY + R(2 + AuXen R — Ol 2R
N2 (4.57)
>C Z |UEUj,i(Uj,i,n(x - xj,i,n))|2fl RN ¢
€A
8% @ iR
@ € CRY), >0 and ¢ #0 ERN . (4.58)

HTHEEH ic Ao, ® Hjin e DV iHE
(=AY Hjip —Clhjin|>2Hj,;n = ZRV %, (4.59)

£

N—2s
o~ 2 —1 o
hjim = Ojin rn(aj,i,ny +Zjin)-
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B |[hjinl* 2

= [[lral* =2l

N
L%(]RN) L%(RN —0, N’ER ‘:F [4'3(459)74\3‘, jznZOéi

(—A)°Hj,;, >0 ARN .
Wi, BE—ANGn REG IR C HL
Hjin > C(1+a)" "2 2 e RY. (4.60)
59k, W (4.55) AR, RMNTHAEE N5 n RXYGEFH C 7
Hjipn < C'(1+|2))~" "2,z e RV, (4.61)
W53 7 Fo (4.60) TG HELE—NE n RXGEFH p B A

min {g 1} pH, . > max{C,1}|U,| AR % (4.62)

XEMFHC kA (449) .4

Qj,i,n(x) = UE/)H]'JW(O']‘J‘,”(I — 17]‘71'7”)), x € RN (463)
W (4.59) TH
(7A)3Qj,i,n - C|rn|2:_2Qj,i,n = ¥n ERNEF; (464)
A
52 42s

On =070 PP(Tjin(- — Tjin))

B (4.62) F= (4.64) TH
) a *_
(=A)*Qjim + §Qj,i,n - C|7"n|25 QQj,i,n

(4.65)
>C|Ug ZaUi(0im(- = 550))] ERYF,
H
a x
(=A)°Qjin + §Qj,i,n + A XenQjiin — C|Tn|2s sz,i,n
(4.66)
>N Xen |0 20 Uji (050 (- — j,00)) | RN %
4\
RY =" Qjin. (4.67)
1€AN o
| A
(=A)°R® 4 R<5 + AnXe, R — C|r,,|*2R®)
(4.68)

>C > 10,20 Usi (0,00 (- — j,00))| ERY %,

€A
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s a *_
(AVRD + 2R 4 Ao, B — Clry 2R

N2
>AXen Y 1057, Usi(00m(- = Tjim))| ARV .

€A

FHEE Ay, A Sj,i,n e D52 iH A

(4.69)

(=A)*Sjim = Clral* 728 im = Ui (- — @j50) | 7+ plUj (- — @j00) |97 ERN . (4.70)

AU (- —xjin) #E (4.33), W EATF

(=D |Uji (- = 2ji0)| = Clral* 72|Uji (- — i) (4.71)
Ui = @) |70 + plUja (- = @50) |7 ERN P
A (4.70) , BMTHRERY #, A
Siim 2 Uji(- = jim)|- (4.72)
B0, TR €Ay, Uyye LRY) B n oo 8, 2 x o 0, Ml (451) 8
ERTIF, BE—NE5n RXOEFHC HL

B, & (4.70) = (4.72) T3

s a -
(—A)*Sin+ §Sj,i,n + A XenSjin — C|7"n|2§ QSj,i,n

(4.74)
>N Xen Ui (- — 2,00)| RN F.
é\
RY = Z Siin- (4.75)
€N
W HE—ANEn LAY EFH C T
0<RW <C ARV, (4.76)
HFH
(AR + gR;‘*) + Anxe, RY — Clro [ 2RW
477
>AaXen Y NUjale = @500)] ERV (4.77)
N
M, W (4.49), (4.50), (4.57), (4.68), (4.69) F= (4.77) T3
0<R, <RV + R+ 2R® + RW. (4.78)
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B (4.51), (4.55), (4.56), (4.61), (4.63), (4.67) #= (4.76) TiFHELE—ANEn LXGEFHK C #HZ

R+ R® +2R® 4+ R

<C+C Y 0,7, (L +0gnlz —aj))
5 J (4.79)

(2 —1)(N—-2)

+C Z o ST _28(1+(7j,i,n|x szn‘) (N=2),

W (4.2), (4.61), (4.62), (4.72), (4.73), (4.78) F= (4.79) TR AL —A b n £ AW EF $ C 1543

N-2
[Uje, (z)] <C +C Z 05in(1+0jnlz— xj,i,n|)7(N72)
1€A

(4.80)
(2% —1><N CI-D(N=2) o _(N-2)
+C Z o; (T4 o0jinle—xjn|) .
1€A
WEEYTH, HTHEENicA,ve A, A
O—j7i,n|x - xj,i,n' > Uj,z',no—;% > O—j%,i,n' (481)
Mo, BAVT 32| (4.80) F= (4.81) #9IEH.
51311, FAIARF Kk
(=A)Fuy, [Pde < Coy V=272,
A,
HF
3 _ ) . )
An = B(6+3)a;7 <m")\B(6+2)a;? (zn)
313812, 4
B, = 3@2‘7)0_%(%) (4.82)
HopeCrR)FAERY, B >0 ;E?t>(C—|—27) EOMg(t)=0;Ft < (C+21)0, 2, M
() =171 >0, M ¢/(t) <0 R [¢()] <307 . 4
¢(x) = ¢(|z — xn]), € By. (4.83)
W A E—/5 n LXEEFHK C 1247
An / VX, |45 e, 0 < Con = (4.84)
A,
i:
An / Xe w2, 9 < Cop 7 . (4.85)
A3,
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WERR: B A uj,, #HR (2.12), MAFAE (2.12) BAR K u; ., HFXT A By TH

SO 0, 0, + Ve, + et e = [ fo s ), o
A3 A

45132 10 #2532 11, KATAF

)\n/xenuiéndm—/fen(uj,67l)uj’€7de—/V(enm)uiendx—/|(—A)§uj,6”|2dx
A3 A3 A3 A3
< CU;¥.
3]
0, R xe M.,

VXe(x) =
e 7 (dist(x, M.,))Vdist(z, M.,), 4% xeRV\M..

W (2.14) 42313 10 T3

)\n/|VX6n|u?,€n<pdx
A3

N-3

<Con ? .

3. R max{{t2 2} < g < 2F, W A, =0

WERR: R A # 0, BRAVTER z, F2 0, 2 HiH 2 (4.38) #= (4.37) AAX THEEN 2 € A,

V| <302 B |z — 2, < (C+3)on? , W35 10 T3

N-—2

/V(enx)uiéngo—{—zn/|(x—xn,VV(enJ;))|uiEn<p§ Con 2 . (4.86)
A%, A3
w3132 12 TH
An/xenuienso <Cop' T, (4.87)
A%
H
An 5
2 (=) Vxo el o)
A
SCané)\n/|Vxen|qungp (4.88)
A,
_N-2
<Co, * .

Wit AR, 0GR 1 89253 (id) TR

=
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N —
NFe(g)_ gfe(g)
_E q t—q VM q_N
= g lElIm O+ Z Ll
_N—2s

910 s —a
32 Ao
2 T P (€6

N — 2s
>C|¢]7.
£ 4 (4.86) — (4.89)

(4.89)
plél?
, JANTAF

N — 25
/ (NF., (u;.) e for (t50.)) 0 — / (V(en) + Ao, 02 .0
_ &

2 [(@ 2 YV (@)l /
A3
20/|uj,6n|q<pdx—0crgm
A3

VXGn ) 7, enS@
2

(4.90)
W B, () ={z| v —2,| < Lo, '} B Gy = By -1 (2,)\B
HAHR

ra;l (xﬂ) )

XEE L RESKE

Uji | dw >
B (0\B.(0)

C.
= (4.91)

PO, RAFIESM%ZH (3) M TFEA» R n, RNA
G, C B(6 +2)OT_L%(ﬂsn)\]-%’m (@) C Bu\B 3 (x5)
HEANTHEEN e G,, pla)=1.BARHED?> ¥, 4, =
SFRSKRG 0, BRNA

n

N-—2
= O’; 2 uj75n((7;1 . —|—117n) Uj7ioo ) lHZ,
q q Mr2q-N — 852 -1 q
|, |Tpde > | |uj.. |9de = on lon Uje, (0, T+ x,)|%dx
A3 n r
& B (0)\B(0) (4'92)
uqu C* Nﬁzqu
N0n2 / |Uj,ioo|qu Z ZUnZ
B (0)\B(0)
B (4.84), (4.85) #=3] 32 10 7T
N —-2S
/(NFen (uj,en) - 5 Ujep fen (uj 6n /(V €n) + Aan) Uje, P
AL A3,
n An
=2 (=) VW), o= 5 [ (@ —a2) - Vxe, i, 0 (4.93)
A3 A3
N-—2
<Cop 2
DOI: 10.12677/aam.2021.105166 1583

AR ESS


https://doi.org/10.12677/aam.2021.105166

LIRS

224 (4.93), (4.90) A= (4.92) , £AVTH

on? "N <Con T (4.94)

R g > 2 W

e (4.94) = AT

WRL 2 AERR. XM n — oo B, He, — 0. MM 3 F (4.2) 73X TEEM n >0, 77
S n TRMIEFER S EHMEEN 1 <j <k, H

sup / t)e, | da < 1. (4.95)

B W = |u,., | 2
(_A)SW S WQ:fl +NW(171 %ERNEP,

1 (4.95) , 518 4 MRS FE AR AE IE W VE AT HERS, AAAEH L M), > 0 65

Sup |uj75n ("L‘>| < Mk'
z€RN

5. EIE 1 BYIERA
HAr 2 713, 71 ¢, > 0 EEHMEEM O0<e<e, , A
me(uj.e) = uj.. (5.1)
BT Ao = 0 A1 (5.1) LA FIHI MR (4.2) AIAELE € > 0 AR FABHO0<e<c, B
Qe(uje) = 0. (5.2)

MIE (5.1), (5.2) FI5HE 3 RT3 252 H 1 {IIERH.
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