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Abstract: The critical point theory and the variational method were used to study the existence of the
solution for the Caputo type fractional differential equation with the Sturm-Liouville boundary
condition in Banach space. By defining the appropriate fractional derivative space, the existence of the
solution to the boundary value problem of fractional differential equation was transformed into finding
the critical point defined as the corresponding functional in a certain space, and a series of unbounded
generalized solutions to the boundary value problem were obtained.

Keywords: Sturm-Liouville boundary condition; critical point theory; variational method; discontinuous

fractional derivative

0 51 §

RN T RRAH TR R, RETEEMM IR i — B ARG M. Hik,
BN ARRE Y B . Bk BhabE L PR AL BRI G SA AR A N T Y AT E R
— 2y T B AR T2 XT8N s F R MRS R, A SRS b E BSR4
Dyt T I S B R A0 B B I 43y R A 0] A A R TR (BRI A A e B 9T
B 300 (L (7] R %) A A SRk B T8 AR X g /b, ek 15 5T T 40 40 8B sk 43 8 300 (B 1) JL .

{ %(%OD,*M’(;:» +%,D;ﬁ<u’<z>>j+ VEGa() =0, ¢ € [0.T].
1(0) =u(T) =0,

Wi B, 2023-10-13. WEHEZBH . 2024-06-21.

F—1EEBN: FH2 (2000, &, WK, WA, NFSEGH R0 T RATESR, E-mail: qinrz427 @163, com. #EEH
B FSCE 976, B, BU%, WA, 2, NSRRI TS . E-mail: wxzhou2006@126. com.

E£TEH.: HFRARRBEIES G . 11961039).

& E &ML hitps://link. enki. net/urlid/22. 1340. 0. 20240620, 1442, 002,



832 O R R GE RO %62 %

AR YT AL T O T R A AR SR SCRRC16 IBESE T AR 2 KB 1 fEL ) AL

d
Cdr

w(0) =u(T) =0,
ARG I L BRI AR 43 5 ¥k, R T Hofi A e M A &
Z FRBFGELE RS K. AR SCHFSE A Sturm-Liouville 318 28 {4 B9 7R 3% 243 B0 1 (H 7] 1B (BVP) .

%(% gD’f(uz(t))Jr%,C'D’%(uz(t))JJrf(u(t)) —0, aer€[0.T],

(—OD*"W €2)) +— D7 (t))j € IF(t,u(t)), t€ [0,T],

au<o>—b(% SD'?u2<o>+%5‘D%~u2<o>):o, (D

cu(T) +d(i DI (T) +i ,“’D'%L/(T)):O

fi AP AEYE . Ferp T DI MTDE 23 i 2R 3<B<4 BrZe. 41 Caputo 0¥ F 4. a.b.c.d>0. f: R—>R
— LT AE AL 2L R ET, w (o) S TR R

1 Fi&HAiR

E X 1(&£. A Riemann-Liouville 3 M SHOU £ 5 BE XTE[a 0] B — RS, RE S 1Y
£ . 4 v>>0 B Riemann-Liouville ﬁﬁm@ﬁﬁ%umﬁf]‘(ﬂ%HIDZf(t)%:zﬂ? , EXUTE .

7 — — 1 d” j[ Ol oo .
DIf() = d DO =5 dt,,( =9 f<.\>d5),
Vs — (— n i r—n _ 1 _ n i J,’ . n—y—1 . .
DIf () = (1" 2 DEf (D =5 (=D dl,,( G0 f(.s)ds),
Hrprela.b], n—1<y<<m, n€ N. £FHH, HE oy<<1, N
YL fi 1 _ 1 d J _ Y
DIf () =3 DI =57 dt( (t—s) f«)d;), t € [asb],
pify=——L prignp——— 1t d (J (s—1)" 7f(s>ds) . 1€ [asb]
b de "7 ' —y) dt )

EF1 WE recasb] . RY), MBI £ AEXE a,b0] EAETE y=>0 B i) Riemann-Liouville 43 %X fr
By, % —J7m, Wk rEAC (Lasb], RN, MTE[a,b6] FAETE € [n—1,2) B Riemann-Liouville 434X
Br g8, Horp C([a,0],RY)(k=0,1,)FRTE[a,b] LFH b WHELLAT LS4, AC([a.b]. RY)
JETELa 0] fECT " (Lasb]s ROXTEZL R sRELZS 1], AC™ ([asb ], RY) (B=0,1,)JEREL f A
b, ffifg P eACLasb], RY). 55, AC([as6], RYN)=AC" ([a,b], RY).

EX 2k, A Caputo FE M SH)O" 4 y=0 Hn€E N,

D R yen—1,mH fEAC (Lab], RY), WpRE A 4 v By Caputo 4385 %053 51
DIfOMD;f (O FR, HEELa 0] EILTFAMAETE. CDIF(ORD]f ()53 3l LH

CN7r g — r—n () _ 1 J _ —r—1 ()
‘DIf (D =DI 70 =5 y)( (Gt—s) 7 f mds),

cryr — (_— n y—n £ n) _ (_1) Jh o n—y—1 G ¢ . N
DIf () =(—1D" DI "f" ) 71“(”7”(}3 DTS <.s>d3),

Hrbr€lab] Fepld, R o<<y<<1, W

DYF() =D (1) = — L - (ﬁ(;:—s)*yf’«s»ds), ¢ € [ab],

ra—

I S
'n—y

2) R y=n—1H f€AC" ' (La,b], RY), WD f O MDD f () 53 5IRR KD f (1) =
FOV@ORD fO=(=D" @), t€lasb]. Falk, D (D) =Dy f ) =f), tE€[a\b].

DIf () =—D] ' f' (1) =— (J (s—0)7f (s)ds) .t € [asb].



543 ZFHE . A I IS TE 0 KOG oy O AR 17 U ) 8 833

2 SEHMEEHZE

EX 3 L€ (1/2.1], pE[1,+0o0), SEH T 5075 ]
5 LI Co ([0, T, RYTE Ef? {4

T 1/p
ol q.p:(J () [+ | Dsu (o) sz) (2)
Y P AL
S 17 4 o€ (0,17, pE (1o oo, MZsf E~ X F % | ., & — 74 H X Banach
25 [H].
512 4 0<esl Hlsp=rco, U"JXM%%E’J FEL (0. TT.RY), &
[ D7 f“ﬂ’([/T])\(T Hf“ﬂ’(z'rm ce [, T], € [0,T]. (3)

I'(a +1>
WERT . TSR p=1, WA

1
H D f H LY nthH —

I'(a)

1 1 -
I (a )JJ (s—& | f(s)|dsdé =

JJ | (s— &) fls)ds|de <

T
F(l )JJ (s— &V de| () | ds = F(l )J =" ” | (o | ds <
rmeyd I DI @

R 1<p<<too, & geLi([0,T],RY), /\rh +—*1 kS

J;;(@(L s— O f(s)ds ds‘ g(S)(J (T—o) ' f(T—r+8&de ds‘

J{ (T—o) ! (J/g(é)f(sz'Jrf)d{:) dr| <

T T 1/q T 1/p
j (T— )" ‘df(J \g<5>\«d5) (j \f(T—r+S)\PdS) <
L0 f vy g . )
YAEEE R t€[0,T], ZEEE He. o L(L0,T],RO—>R, &N
T T
ng,/(g):J g (® (J (x—é)‘ﬂfu)ds)ds, (6)
t 3

R R (5), (6) Al Rieze Fon EFH, FHEREL' (L0, T, RV UEFTEK g€ L (L0, T], RY),
%

T T T
J g(Oh®de=H,. ,(g) :J g (® (Lu—s)“ 1f<s>ds)ds, <)
H h H LY ([e.TD < @ H f H LP ([ TD «
(718
ﬁh(f) P( )J (\_S) ]f(\)ds D,“f(E), ge [f,T],
A
. h b (e T
I3 | irgury = gers < ST =00y ®)

4 A O (8) B AR (3).
BlH 317 A 0<a<<l H 1<<p<<co, MXIHAM uEE", &



834 oMK A R (B 2R RO %62 %

o Dsu | e

lall o <

S T+D Jrl)

1

L + 1

1
e =1, )rl[J
P q

Tal/)
1"(a)((ozf1)q+l)l !

54 MR c/2,1], MIHMEEN uCE, B
T T
\cosm)\J \OD‘,‘u(z)\Zdt<—J (Diu () s, D5u())dt <
0 0

H oDiu H L’

Tl

1

| cos(ma) |

J |y D (1) | *de. (9

WEW]: w€E Ha s u fER\[O, T] EMEIES, W sup pGO [0, T1. Mz, £ 5 4802
SRR
sup pC..Diw () S [0, +22), sup p(,\D=u(1)) & (—oo,T],
B D, D) FEL0, T 7.
—Jim, A

J (. Die(o),,De ﬁ(t))dz‘—cos(na)J | D (o) | dt—cos(na)J | Dew(o | 2de,  (10)

Hrp__De f1,D R 522k I B9 Riemann-Liouville 8B S48, X AN « € (1/2,1], FrPh cos(ma) €
[—1.00, \iiiF

T T +oo
—J (()D‘,’u(t),,D‘»',-u(t))dt:—J GDja (), Dy (1)) de = —J C.Dia(o,,Deu))dr =

e T
— COS(KQ)J ‘, Dsu (1) ‘Zdt =— cos(mz)J ‘ODfu(t) ‘Zdt.
H—J5 . M Young A%, A
U (o Diu(t) DY u(t))dt‘< — oD ) [ V2 | D5 (o) | de <

1 (" r ‘

EJ | o Diu (1) \Zdt+sj | D4 () | *dt <
1 T . oo

*J |y Diu (1) \ZdtJrsJ Dt w() [P de=

J o Diu (o) | 7de + GDfu () s D5u () de |

‘CO%(TCQ) \ ‘
M B e= | cos(na) | /2, 4
1

| cos(ma) |

J (G D”u(t),,DTu(z‘))dt‘ J |0 Diu (1) | 2 de.

3 THEM
A a=—1+p/2, W o€ (1/2,1], MImRE (DAL R PIF .
%(égD?H(OD‘}u(Z))*i,CD‘TH(,D“Tu(t))\J—l—f(u(t)):0, ae 1t €[0,T],

2
au(O)*b[%gDTH(ODTu(O))*%,CD?H(,D“TLL(O))):O, 1D
cu<T>+d(igD¢1<oD7u,(T>>—%EDHT“(,D“TMT))):O,

K, sk BVPQID) B R w BIXF R TR BVPD B w.

ic
D"(u(t)):%ﬁ 1<Dm(r))—%EDQT“(,DHT(u(t))). (12)



543 ZFHE . A I IS TE 0 KOG oy O AR 17 U ) 8 835

EX D, :={z€ R|fIEzAARELL), WHE D, & (Lebesgue) a1 H m(D,) =0, W f & ILF
AbAbEZER. BEAL, GAR FAE R LA SRR, WX e R, 2
f (2) =lim ess ‘mff(z) , fT(2) =lim ess Tupf(z)

om0 7z P e

WELR £, R T e [ E SR
2 R R ESREL WD () (CDEu? (1)) € CLOL T, w R (11) A 24 3L i
MEA u€E ¢ E*>RE XN

1 T a a 2 2 1 2
go(u)=—?L(oD,u,,DTu>dt+i<u<T>> +2ib<u<o>> = Il (13)
T
T(u)zzj FCu(t))de,

ot F(w) “=wa(s)ds,l(u)==0,1?(u)=:T(u)-—l(u)==T(u), 1) = o) — T () = () — ).
0
XTJ‘,EE/JE;':\E/‘J u;‘UGEav ﬁ
T
(¢ () 0 :—%J (D () Do () + (Diu(t) sy Div (1)) Jde +
0

C a
Su(D) + o0 + a0« o). (14)
BIIE S 2 o€ (1/2,1]H «€E, W | u |l .9 EH T
T . 1/2
Il :[—J (ODj*u(t),ID"Tu(Z))dZJr:T(u(T))ZJr%(u(())y] i (15)
0
PER . E X 3 Mg 4 n] 15
T 1/2 T . 1/2 T . 1/2
[ :(J (\u(t)\er\onu(t)\z)dt) <(J \um\Zdz) +(J \()D‘,’u(t)\zdt) <

Il +( 1 J G D”u(t),,DTu(t))dt) "< (1+

cos(ma)

1
cos(na)) Fal (16)

T4 () CE B 2T < {pCu) VA e ¢ (u)—0, 543t A4), (15) AT

T N
M¢uh>—<¢%un,m>::@f—%JJ gDm”u>”Dawxn>m—#%3(m<T>ﬂ4#%§<wxo»2—

< . _a . 2 1 :
S (T« u, (0 = o, (0) u,,(t)<(2 1)\cos<m>\” w, |2+
o ap 2 (€ a 2
(24* ij | w, 0 || (d *z)) |, (T || 2. an
= (13) A&
woCu,) — (¢ (u,) su, )—#1 o, 12— e, I 2. (18
R QD MR Q) H AL,
o I oy (G apn :_(c | a 2
(=)l < (B =) he b2+ (25 + %) T 1 = (S 45 ) D 12,
A A
G apn 2 [ € 4, a4 ) 2
(2d+2bj [ w, (O | (d+b) [ w, (T2 >0,
[

ey 17 s 21
b e AR o= (B a0 1= () L 1 Wi

full < lul,+ec, (19
Horb e, HRT 0 M H AL



836 oMK A R (B 2R RO %62 %

Mllwll.=lal,.. HEEXAOMKXADHREAEL.

( cos(ma)

ﬁ) lalloe < lall < lulloe+es

B a0 F Ll

S 6 K . E*>RIEH NP,

TEH . AR o 5 FAELM. NIEW o 76 E° B2 FHEen, RFEIEW o £ E« E= M.
LA€W,y usv€ E Mo, il u Mo ZER/[0.T]IEMEY R, FHN

T
o (1 —=Du+2v) :—%J LoDi (1 —Du(t) +2Av (), D5 (1 —Dut) + () Jdt =

+oo
— %J, [ D1 —2u) +20()),,De ((1—Duale) +20) Jde =

"‘»;
%ZWLL | D (1 —a + @) [Pde =

B
JCO*(Z—"“)LL (A= | Do | +a| Do |*Jde =

foo _
J ‘ [— %(,m D () s D= (1)) — %LD D5 (1) ,,Df;%(z))} dt =

T_o1=2, 1 ; A D ;

JO [—TQD,uu),,Dru(t))*g%Dro(t%z Tv“))}df:
(11— D¢ (w) + g, (),

UL @ 2 B LHMIZ . B9 g0 = (D |50 [w () [* 78 B LR, BTEL o) =) () +

@ () FE—E LTE E° Mz .
517 4 u.v€Ll'([0,T], R, WENEA o€ C[0,T], A

T T

J (u<t>,gp/<t>>dt:—J (1) () de

W ow v WIEEE. X L&A €0, T], 88 ult) ZJrv(s)derc, Hrpce R,
0
B (o =] oo ds i Lo € C0,TT, R, fisfi
J <w<z>,¢’<z>>dz=J (J v(s)ds,SD(t))dt.

0 0 0

B Fubini EH, 8
T , T T T
J (w(t) g (t))dt:J H(v(s),go(z))dt]dszj (u(s) () ds,
Jir LA J (u(s) —w(s) o)) ds =0, MIELEHBENEAGIH, H u® —w@=c, Hp c€E R, JEHE.
0

513 8 HIEN M

%(% E‘D"f(uQ(t))Jr%f’D@(uZ(l‘))jJrh(z‘):O, a.e. t €[0,T],

au(O)*b(% g’D"?ﬁ(O)+%$D’%‘u2(0>j:o, 20)

cu(T) +d(% SDfE(T) + % ,CD@I‘uZ(T)j:O,
Hor e L* ([0, TD. MAEQO)AME— € E 15 D), (DY ) R LT b b iE S, H w
T .
it min{—f (OD‘,’v”,,D“Tv”)dt—O—ivz(T) +%v2(o>}1s}§ua@.
‘UEEO( 0 s

UERT s AR o 2200 B9 — A2 iLfig . X TR 1 o€ B, il iR



543 ZFHE . A I IS TE 0 KOG oy O AR 17 U ) 8 837

T T
%JO [SDCu? () + DA () ] v () de Jrjoh(z)v(z)dz =
-
%J LD (), D40 () + (D5u () sy D" () ]de —
0
. T
ju(T)v(T) —%u<o>v<o> +J h(D v de.
é\
- »
alCu,v) :*%J [(,Du,,D%0") + (,\D%u 5o D) ]dt + ju(T)v(T) —+ %u(O)’U(O).
B, alu,v) & E° FRES G WL IE X, 1 Lax-Milgram E 5 WL X a(u.v) . 1 K4
T
cv—> | hWo()de ATH, FIHE—NME—HILE uC E XTTAN vEE . A
¢
T
alu,v) :J h(t)v(e)dr. @D

AN @ R min{%amw - jTh<z>v<t>dz} Y I A o€ B B
L'GE“ 0

T N T
0= —ij [ (D +,D9") + (D% +o D) Jdt + ig(T)’U(T) + %ﬁ(omm —j h(Dov()dt =
0

%J SDf? + DA’ o )dt—Q—*u(T)v(T) +*u(0>v(0) J h()o(e)de. (22)

AER—rk, KCOBBHTHER veC CE*, Hd Cr={u€C7[0,T]: u(0)=u(T)=0}. X}
A 0€Cyy KQOMET

0= J DM GDwu () =D (D%u (1)) .o () dr — J h()v()dt.

eI 7A
7( "D, Du(l)))—*( ‘D& (,DY u(t)))——th(s)derC, a.e. 1t €0, T], ¢c€ R.
0
Jr LA
L d e — 4 (Leper D) — L epsropren -
Cn u(t)))—; 2 oD u(t 5 u()) |+h)=0, t€[0,T]. (23

AN h L0, T] FJLFAab4bZE ﬁ&ﬁ—(D”(um))T[o T] EJLF4abab %
BREOMARX 22, WA v E, il
0= ?J (SDfu? +SDEu? o ) de + L‘;(T)v(T) + %ﬂomm +

[ (5 som g vt ) o) ae =
de

§u<T>v<T>+—u<o>v<o>+?< Diu? 4 “Dhu’ o) | =

ﬁﬁ(T)v(T)—l—%ﬁ(O)v(O)—l— ; 5D”u7(T)v(T)—0— 1 ‘DR (TYo(T) —

—_

Lepmz0)o0) — % CDEE(0)0(0) =

Do

[—u(ﬂ +Lepaneor +% ,CD»’;&Z(T)]U(T) +

2
a-— L crpe 1 e
4 0(0)=0, v(T)0, N

Suc + % DI (T) + % DL (T) —0.



838 oMK A R (B 2R RO %62 %

[v) FH W] 15
Li0) — % ¢ D (0) — % DA% (0) =0,

OB A S, ORI ILSDR € L0, T, WikiDiw? € L*[0, T]. @k re Cclo,T], W
SDiu*€CL0,T], (D) €C[0,T].

139 4 u€E, MEXMKAMN o€ L [0.TIH aCusv) =0, Mt t€[0,TIH u=0.

TEM . R X A o€ L [0. T alusv) =0, MIARK—BME. A aCusu)=0. T alusu)=
|l ?y B €0, TIH ult)=0.

BRI -

(H) MILFEAD (€ [0, TIREN ueD,, f (w<<0<f () BIFEW fu)=0.

SIE 10 4 f: R>REZRIARAFMILT A &L R % BIHO M H u€E &1 ) X
I L, W o & BVPAID B — AT A,

WEHT: 2w € E° & T B—AT Ui, BIXEITA I o€ E, 17 (uo »0) =0, NIIXT T A B o€ E, A

@ (up) (0) + (— 1) (ug 30) = 0.

BUXS Fr A ) vE E*s £

T .
%J (Diug«D50) + (D oo D) dt = Sy (To(T) = S, (0)0(0) < (= 1) Cuysw). (24)
0

E?fg’ X‘TF)‘T‘%‘E/‘J ‘UGEav é\
L“O(v):%J (G Diug s D) + (D s Divd Jde = g (D o(T) — o (00(0)
0
L, 2 E Ef— SRz, HhslQOFRL, €9(—D) = (u). BT E 7L [0, TIHE,
SCHRCI8 I (=) | i Cu) S0 =D [ 2o Cug ) o BA Ly €9 (=T | 2000 Cug) s L 7E LP[0. T S

HE LI HLAREH). MM BT v€ L*[0,T], 14— A€ L'L0 TIE L., () = h()uCa)dr.
BIBE T, AW w€ B, R (CDIG)) (DA () LA AL FE B, (15 (21) B
HERIM . X AT o€ Ee L A
J:E(I)v(x)dx :%J:[(o Déu s ,D%v) + (\D%u ., Div) Jdt — 55( D o(T) — %E(O)U(O).
e

T T -
%J LGDsus Do) + (Do Div) Jdt — dLmT)v(T) — [%a(omm =L, (v =J h()o(x)des
0 0

BIXTRR A v € L2 [0, T aCuy —usv) =0. Bl 9 T wo=u, FFLLD!2)) €CL0, T,
D42 eclo,T], IFH

1

T -
ZJ [(QD?MO 9)‘D%‘"U) + (,DHTMQ 90D7'U>:|dt7:liuo<T>'U(T) - il/l()(O)'U(O) -

b
Trd(1 cmp 20 1 opp 2
J‘() (E(? o Diug + 2 ,Dgruo) 9’0(1‘))(125
XA I v€ E* B SAL. IIMXT A 1) vE E*y

‘le(:Dpz 1(‘,92 0
5 0 /u0+?zDTu0 »u(t) dt<(*T> (uo;v).

o \dt 2
CHRLC IS IHa R T X L84 €0, T]. A
%% ¢ Diu? % FD%M%;) € L= Cun(a)) s (— ) (g 2], (25)

HTF m(D) =0, Hilk



543 ZFHE . A I IS TE 0 KOG oy O AR 17 U ) 8 839

B CHD S X ace. 1€ur (D) fQuy () =0. FfLI

—%% CDius +%$D6~u;ﬁj:f<uo<z>>, ace 1€ u (D).
Fi—Jit. X a.e. t€[0, T N\uy ' (D), (25 BIK
—%%SDM 15Drué)—f(u(.(t)).

T SIE B2 300 08 [ A7 7 — A i
4 BVP(D)EHTEAENE

SIFE 111 R X & —4 H X Banach 5[0, o il ¥ J&/H ) Lipschitz 32 86, WK 31 4538

D XA r=info, MBLT=g—Wa ¢ ' (oo D IR R — A @R EUME. B THE X
R — A I A Ry i e /IMED

2) MR r<"-Aoo, MPLF K2 — 0T

O I B —A%Rf/ME

@ I A — 55 Ry e /AMED 30 {w,, ) {ﬁﬁnljg o(u,) =+,

3) MR o<<+4oo, MITFHN K2 —1WiaT

@O ¢ B2 R /MASE T 1R H e/ ME ;

@ A —A O AT 1 1 P25 OR B /MED B9 TP 8 () Hort lim g(u,)=inlg, KK ¢

(1) 4 Jy e /ME.
IR
max F (1)
T S _ _F©
A slgnmmfig2 , B é1}{1}“5up P
_ T _ 1 (— D2, ¢
M]*ma)((a—l)qﬂ)w’ M-=tcta—oy 1 ‘Ta
XA EE R, 4 (o = | f(ods,
(H) %54 220 41 | Fode =0
max F (2)
CHO lim inf 5 <k lim sup TG b k:m.
FHE1 2 R>REZ—DREARA R ILF LA %2 k. R R 5 (H) ~ (Hy)

WAL, MR D AE E° A — RIV TR L.
WERH . ST 1R, B CHO R, A — PSP e, )y TR lim o, =+, H

>+ oo

lim M5 A <o, (26)

ntoo  Ch

AR e N 4 =g ().

HGIE3H, MITAMK o€ EWR | o | *<<2r,, WA [ ol <M, | vl <M, v/2r, =c,.
T,
( sup  Y(w))— ¥ sup ¥(uw) —¥(0)

§0<7’ ) . lnf u€ ¢ '([ w‘.r“]) < HMHZ“SZ/-“ B
n - < _
146¢*1([,:>:_,”]) r, — Sp(u) r
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sup J F(o(x))dax T max F () '
lol 2<ar,” 0 nes M:T
< =2 —— max F(@),

Ty ry [ "‘5;\4,,
R 2OH, oG )<2MiTA. Bl T := lim inf ¢() << lim inf ¢(r,) << 2M, TA <4 <o,
rotoo S
AR LRI, BB (HD 2 W) R—DEFH, WL limd, =+, B

=B. 27

AR nE R, &L

2d, (1 — 9" T
M [0, T].

w,,(t) ==
d, = [%T}

Eﬁ}.g’ Cl),,eX9 E_
PRE =—J (Do, D5, )+ -0, (T)* + (0, (00)" =
0

T ¢ ' :
J (* dj (t — ) “w,(s)ds, 1 dj (S*I)ﬁwn(S)dsj df"‘?‘ii =

AT —a) dido (1—a) deJ,

1 J QJ" L 2d, (= ) QJ L 2d, (9" j o
7@(17&))2{0 (dt S FE s, | G Sy dz}+dd,,_

1 J 2d, <—1>”2d,,j c o 1 (—De2d> ¢, )
b e DR g g < 9 Sd =M.
(T —an?)s (T T It = Ta—oy 1 @ gdiTMd

A,
2 T 2 T
o(w,) — ¥(w,) :M—J Flw, (1)) dt < Mzzd“ —J Fw, (1) dz.

mREH), &
T T
JF(w”(t))dt}J F(d,,)dt:F(d,,)(%Tj.
0 T/2

ik, XA e N, A
M., d’
2
WH B<<+oco, MWD, MEEM e<B—M\T, f£1£ N.€E N, 83X E0 n>N., A
F(d,) > (B—e)d>.

o(w,) — () <

T
?F(d,,).

F)]"[)J\Fﬁ% n~>+oo, ﬁ
o)) — W) < M‘ZZ‘Z"
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F(d,) > M,d,.

*%(Bfe)di :%(Mg —T(B—¢)) > — oo,

HILHE n—>—+oo, H

o(w) — W(w) < Medn T

d,
2 _?M:zdizz(Mz_TMa)—’—oo.

Zil. GIH 1L R 2) BB AT BB T R E. BT A — AT O R S () A
lim | w, | =4co, Blu, )£ E° BRI, W31 10 H, (u,) & BVP QD B —A)" 351,
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