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Positive solution of iterative functional fractional g-differential equation on infinite interval
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Abstract: In order to expand the theory of fractional difference equations, the existence of solutions to boundary value problems of a
class of iterative functional higher-order fractional ¢- difference equations with integral boundary conditions on infinite intervals is studied.
Firstly, the Green function of fractional difference equation boundary value problem is calculated and its properties are studied. Secondly,
given the appropriate Banach space and norm, and the integral operator is constructed. Thirdly, the existence theorem of positive solution
of the problem is obtained by using monotone iteration technique and upper and lower solution method. The effectiveness and
practicability of the main results are verified by a concrete example. The results show that, under certain growth conditions of the nonlinear
term, the iterative functional fractional quantum difference equation boundary value problem has at least one solution. The research results
enrich the solvability theory of g-fractional difference equations, reflect the influence of feedback iterative terms on the existence of
solutions, and provide certain theoretical guidance for the application of iterative functional fractional g-difference equations in many
fields such as control engineering, biomedicine, population theory, and social economy.

Keywords: nonlinear functional analysis; upper and lower solution; monotone iterative technique; infinite intervals; integral boundary
conditions

E?ﬁ’ﬁ”" IR g — ARy, 20 20T JACKSONUE Y, iz W H F402% . &1 HIR A )1 55540
WS, 20 e, Al-SalamlF1 Agarwal VR J& 143 ElT g — AR 0 I — R PEBR . 73U g — TR 43 7E VT
O ET IZHINA, MFEEZERE ISR 1%, BV, 5%, wihhe. E¥. 2% B9
Wk H: 2025-03-18; &EIHMI: 2025-07-10; Fi{Egm%E: HR
EETH : FERE TR HRISTH (2022YFB3806000); [ 2K H 4875 42(12272011); 64 H AR 2 8 (A2015208114); b B H B T 4
(QN2017063)

EFTA: KA L(1999—), oAb R N R 78 AR, 2 BN F o 7 FE A vl R 8- 22 90 J5 Rl 1] 4 THT (R AT 7o
EEEE: BKR, Al#Ed%. E-mail:changlongyu@126.com

1



ShEE . BRI R S 9K, DY g — Z 5 T FE AT AR BR B T o B B AR
[8-13],

H RGeS A TR R AR h s A E IS, A2 BRI RN 7T B RS f ook T 5. 1E
R BH G R T TR, HRE 2 AR TR A S I A G, B SRS R FECE TG . X b
R EAER IR SN RS 1 7 SRR R AT AT T B A HEAEH . 1984 4 Ederl"HH 5 T IEIZ B
TR X (1) = x(x(2)) » FINT X 8] AR ONE S, JF18 F I 4a g 5 3848 3 7 T AR A7 2t . 1993 4F
Feckan! SUR| AN B s 8 BEATE AL T — B ARIZ BRI T2 0/ (%) = f (u(u(x))) FRIAATENE . X BT FETEL P 3))
D15 DI RGYiAERE . NOURREL, @05 RG8) 1 2# 55808 2 N . RN, 3502 e/ o B i o 7
TSR T80y VB TRRSESUE, O T & BB 7T 0 I 300 B S E0 8 S S AOTVERIRI A . @b i
FVECAELAR SR AR DA B SR B AFAEME— PR M R SRk, AR B B ik 0 O R vl v O AL B T B 25 1
3k R 16-19]

2013 4F, WangPU% NBFL T S 308 A WIEARZ iR 73 B 3oy 77 12

D x(0) = f(t,x(0), x(x" (1) + A, t€[a,b],

x(1)=p(t),t €la,,al,x(1) =y (1), t€[bb],
fREIAEAENE, Hoh, “Dg, 7 Caputo MMM 340, veR\{0},ae(0,1),AcR, a,<a<b<b, a <a Hb <b,
feC(a,b]x[a,bT,R); HweC(b,bla,b]) Bl Schauder Nz sk & BLE . T ffIAFIEME BB

2022 4, HPUE AW T — AEBRI kb 2 O AR T R

Dgu(t) = f(t,u@®),u(u@®) te(s,t,1.i=0,1..,m,
u(t)=g,(t),te(t,s],i=12,..,m,
Au(s,)=0,Au(t,) =0.(¢,u(t)),i=12,..,m,
u(0)=0,u(l) =u,
IEfERAFAEEAIME L, Hoh, DTu(e) y Caputo MBI FHL 1<a<2, J=[01], Jy=J\{t.lysl,,}

O=s, <t <s <-:<s,<t, <<t =1, feCJ,R), O eC(J* R, i=1,2,---,m» Au(s,)=u(s')—u(s,) ,
Au(t)=u(t)—u(t’), u(s), u(s;)2u()Es, WAMBRFANIR, w), u(t) 53052 u) 15 ¢, P4 PRAN
AR . #id iz A Schauder A0 &5 € BEAI Banach 545 Wit BB 5453 T @ AR AE T A ME—1E

2023 4, LiuPAF 50 7287555 X 0] _F ARz ph 0 BN i R I A R (BVP)

CD; x(t)= f(t,x(2),x'(2),x(x(2))), teR, =[0,+0],

M@)=mﬁﬂ»=&x@)=£mpaﬂﬁﬂt

BBTFERL, JUT 2<a<3) “Dpa(0 = o [ San Uik Capuo AHITSHL [ CERLE,),

peL(R, R, a,eR, . @ REMDAEA R E LARGTFEMN B, R kRS2 T BT
e

EARZ BB g — Z 0 TR A2 g A BN . Bl B R/G0@EE T, effiRiciot. sy
PSRRI A % SR TAET, 2 S E 2 RN S B Rk, AR E I R B AR
o, R T RO R 2R AR TR Bk, NS E R SRR A I LRSS, Bl B2 R B R
Iy I RR A ME—VE O 2 BN Z - F B S SUE . SRR T &5 T2 9T . HIRARZ BR 0 B
B g — 2250 J7 R R AR IR FE i oK ILROE . 25T BIRBF SRR, ARSI 7T — 2R T8 55 X 1) _Eak A3z ek 0 5 g —
Z0r J7FE BVP

“Dv(t) - g(t,v(1), Dy(),v(»(1))) =0, teJ:=[0,+x],
D,v(0)=4, Dw(0)=D}v(0)=--=D,"v(0)=0, (1)
v(n) = | 0“” w(tv(t)d, t
rurfitk, K, n—1<a<n, neNHn>3, 1, neJ, geC(UxJ',J), wmt)eL,(J,J), ‘DI & Caputo
B g — S5
A SCABBE SR -



C)XTveed, B¥ilgeCUIxJ,HH
0<g(t,x,,y,,2,)— g(t,x,,),,2)

Hrbx <x,, y <y, 752,
(C) FHER B (e L, (J,J), i=123, XTVixyzel H
0<g(t,x,y,2) <[ (O)x+L(t)y+1L(t)z ;
jom L(s)(1+5“)d s =1, <+o0 5 jom L(s)(1+s*2)d,s =1, <+
j0+°°13 (s)d,s=1,<+0 j0+°°13 (A +5 ) d s =1, <40
(C,) BB w(t) e C(J,J) »

0< j0°° w(r)d,z <1, 0< jom 2 w(2)d, T < 40

n“ < J-:O (z—m“ w(r)d,t<+o, p< IOM tw(r)d, T <+ o

TR, L O@s) = sz(z'—qs)(a’”w(z')dqr , sedo

1 M&EHEIR
EX N FATAERE = v, () H [ 7 0(s) Dy (5)d, 5 <+00» /2

DIy () 2 g(t,vy (1), D,y (£), vy iy () €,
Dyy(0)= 4, D2vy(0)=D.v,(0)=+-=D!"v,(0) =0, (2)
v )= [ w0,
WK v, = v, (1) 7 BVP (1) {5 Ffi.
B 12 Yo, B0, WS 7E(0, 1] B B SR, W FoIER o
() (DL = £(O) s
(i1) (LI YO =L £)(0) »

g3 20242 ¥ o >0 H n=[a]+1, N
(L°DS f)0) = f(O)+ o+t +ot’ +--4c, 1"

/H\:EP CysCiytyCyy X%{E%‘fﬁ%ﬁo
5138 3 % (C,) HOL, iE y(1) e C(J,J) j0°° O(s)y(s)d,s <+oo » M g — 25 J7FE BVP
‘Div(t)=y(), ted,
Dv(0)= 4 D:v(0)=D;v(0)=---=D,"v(0)=0, (3)

vap) = [ womod 1,

A ME—fif
v(0) = [T Ug9)y(s)d, s+ (0) (4)
H
_ 1 ETPRAN (25!
D(t) = C D) IO (t—gs)“ 7 y(s)d, s+ A5
Hrp



rw (z—g9) " " w(@)d, 7+ At —gs)“™" = (17— )" ", 0 < gs < min{n,t} < +o0,
qs

“(r—gs CDyw(r)d T —(n—gs)“",0< 1< gs <+,
[ @-as -(1—q q

Ult.qs)= (5)

1
AL [ (2 - g5)“w(z)d, 7 + At - gs) " < gs <1 <400,
qs

[ 7z~ g9)“ " w(z)d, z,maxin, 1} < gs < +oo,
qs

0! :%(jfrw(r)dqr—n)Mt o A=1-[Tw)d,r
WERR B e, XU5RE (3) WILHEAT o M ¢-BRr, WA

n-1
V(t)=c, +et+e,t’ +te, t +17 ()5

n—-1

EEJ‘M?!%#DMO):MuD;V(O)zDjv(0)=---=D;*‘v(0):0, Wffe=AHc,=¢,=-c,,=0. HI,

IO (t—gs)“™" y(s)d,s

v(t)=c, + At +

1
I ()
N v(g) = jo“’ w(t)v(t)d t, W1

“TAT (@ )U [, =) d (), = [ - 4) ) v(s)d s} i(jo“’”rw(r)dqr—n)o

T,
O=3F

! @ Ug i J‘: w(t)(z—gs)“"d Ty(s)d,s — J: (=) """ y(s)d,s + AJZ (t—gs)“ ™" y(s)dqs:l

A +00
+X(.[o ™w(t)d r—n)+ﬂt

= AT (@ )U O(s)y(s)d,s - j (1—g5)“" y(s)d s+AI (t—gs)* " y(s)d s:|+l//(z‘)

= jo Ult,qs)y(s)d s +y(t) »

H
Dv(t)=D,(c, + At + r 10!) I; (t—gs)“™ y(s)d,s)
_ 1 Lo Na-2)
= F o)) IO (t—gs)“ " y(s)d,s+4,
.

5138 4 % (C) —(Cy) oL, WXTV(t,gs) e JxJ » BREU@E, gs) Fly () BA FHIER:
(D) BB U@, gs) RESEN;

(j “y(r)d, T+ At 1)

(2) OSU(t,qs)_AF( )

(3 w()=0.
WERA 45 (C) A (1) F1(3) BARMT, R R FIEH (2) Hor.
BIRA>0, Hn<gs<+olfl, U@, gs)=07;

Ho<gs<nhf, (p—gs)“ " <p*'< L (r— n)(“"l)w(z')dqr < Ls (t—gs)“™" w()d,T

Mo<gs<nll, U(t,gs)=0. T7&, V(t,gs)eJxJ, U(t,gs)=0-
%*7‘7@ XFv(t,qgs)exJ, A5

Ult.gs)< (7 =g o)+ A g0 | <

IFE

1
ATl (@)

q

AF( ) (J‘JWT‘Z_IW(T)dqr+Az“‘1) :



JE X7 [H E
D, v(2)

14672

V(f )

E_{veCl(JJ)|

< +oo,‘ < +oo} ,
© 0

}, Hort (@), =sup|v(®)| - ZIE(E,|| « ||;) v Banach Z5[A]. fHAHE
teJ

()

T+, {1+ 2272
B, Arzela-Ascoli EAETEF X i) b2 iy, DL B AL T B s e
SIS WX CER ANERTE. B
<>{ EX}, {ﬁ :(’) veX}fJE’JE%E’%%EI@LEJ—}FE&E‘J;

(11) V8>O, HY:Y(8)>07 1@?‘3}th,1 >Y(€)’ velX, ﬁ

EON v(t)| Dv(t) Dv(t)|
|l+t§"1 1+ 1+£77 1+t |

R, X 7E E R R .
SERR T SR (261 1931 B2 2. 3 (i ).
136 #(C) K, YweE, A
[ NEIOSRONCONERED WA MIEANY & (6)
WEBR vve E, HI(C,) %
[ e v, D000 4,1

< [ + LODM0) + L@V d ¢

( ) +l ([)(1 ta 2) qu(g
1+

HIR 754 ||v|| = max{

w(t)

+LOA+v* (1) )

= [, T+

d,t

< [Tl @O+ )+ LOA+ )+ LOA+T @) v

<[TI@O@+ )+ LOA+ )+ O+ A+ ) [ d | v

- [ [Thoare+ [ TLoar ey [T (t)dqt} IVll+[, B@Q+ A+ d ||
=L+ L)V VI

XEAIE

.
2 EEHIP
;"\'_E:)‘(ﬁ?‘ T: P>FE y\j
(Tv)(@) = J‘OM U(t,gs5)g(s,v(s), D,v(s),v(v(s))d s + v (1), ted,

D, (Tv)(t) = I; (t—gs)“? g(s,v(s), D v(s),v(v(s))d s+ A,

L (a1
Hip P={ve Ev®)=0,Du(t) 2 0,t € J | J&— M.

VAR, veP AR (1D MIEMLHA Yy BET T IAZ) .

513 7 Bk (C)~(C) Bor, WHTT: P— PRRAESN.

WERR H 4G, EMlvve PAEfR Tve P . HIGIH 4 RI(C) 513 (Tv)(6) 20, D,(Tv)(1)20.

NG| 4 f5 3 6, A5

05 = 1) v Dy s s+




1

(I o 1w(‘z')a' T+ At* 1)

gJ.“O AT () — g(5,v(5), D, v(s),v(v(s)))d,s + ‘//(i)i1
o 1+¢
KA w ()
SI AT, (@)(1+1° 1) 2(s5,v(s), D,v(s),v(v(s)))d,s + e
3 K+A™ | y()
(Z RIEARIE jArq(a)(l+tm)+l+tm

K+A ()
<AF( )(Zl IvIl+L vl j T

< 400,

- D, (Tv)(¢)

)(Dt 2) A
=85, v(s), D,v(s),v(v(s))d ;s + ——
1+1¢

=
I+17 T (a Do 1+¢
: r, (olz -1 Jtr 12 .[ot g(s,v(5), D,v(s), v(v(s)d s + A

1
[ (a=1)-°

1

L (a-1)
I (@ _1)(21 VIl 1V ]

< +o0,

<

I g(5,v(s), D,v(s),v(v(s)))d s + A

<

[ g (5.9(5). D,v(s). v (W), + 2

<

He, K:[*” “w(t)d,r . Bk, TveE, (Iv)(6)20, D,(I0)20, W[{FvveP, TveP, BIT: P>P.

HK, EH T: P—>PRIESN. %v,, veP Hnoolfv, —>v, MIERE g LMK Lebesgue 15
HilsiuE®, H
|| Tv, Tv ||

u J'+°°U(t ,4s)

0 1 a-1

(£(5,v, (). D,v,(5),v, (v, () = g(5.v(5), D, (), v(¥(5))) )d, s

I+ 1467 er
K+A
SAT (@)%

-0 (n—>x) ,

I | g(5,v,(5),D,v,(5),v,(v,(s))) = g(s,%(s), D,v(5),v(v(s))) | d s

H
||Dq (Tv,) D, (Tv) ||
|| 1472 1+ tH

t—qs)*?
—oup| ! e
T (@—1)% 1+

teR,

(2(5,v,(5).D,v,(5),v,(v,())) = g(5,(5), D,v(s),v(™(s))) ), s

Za 2
Sl"q(a—l)(1+t”"2 Io g
1
<
L (a-1-°
-0 (n—>x),
Zib, |Tv,-Tv||>0 (n—>w). WHETT: P— PRELN.
P, ST R—BE R0, EXEREQ={v0) e P |,<M}, MTEEMv)eQ, HIIEH
4 FI51H 6, H

(5,,(5), D, (5),v,(v,(5))) = (s, ¥(s), D, (), v(v(5))) | d s

[ 71853, (5.0, (5).9, (5, (5)) = g (5.9(). D,v(s). v(W(5)) | d, 5



% = supf - Ut 95) qs) — 1 8(s5,v,(5),D,v,(5),v,(v,())d,s| + (?71
+t o teR, 0 1+ +t
—(rwrw(r)d T—n)+ At
K+A 0 q
Ao )(21 IvI+, ”V”J =
K+A
oo )[Zl TIEARG J Zle-m+i
H
D (Tv)(®) (t—qs)(afz)
e |, Ir e e s
< ﬁ [[ g(5.(5). D, v(s). v (W(s))M, 5 + 4

i : l)j 2(5,(5), D,v(), v(v($)))d, 5 + A

F @ —1)(21 v+, [|v]® jm,

Hr, C:J.(:wTW(T)quo Bl

+A (S A
LvI+ IIVII“j+—(c—77)+ﬂ; )
q(a)(; ! A

||Tv|| < max{ K
AT

BI T &—8H M.
RJG, EMT BT MR EFXN S, LRSEESN. T ERNv) e, Ht,,ed He, >4, H

|1 +6,7 1+

1 | : - (a-1)
SAC @[ 1“““ O()G,()d,s = | (7~ gs) G(s)ds}

L_prlte a7 (6 ﬂG(s)ds
T J@)0] 1+8° 1+4°7"
+ - - f—
|1+t2a—1 1+ta1 ( 77) 1+ta1 1+ta—l|
1 1 - A [
G,(s)d, @ d, }
AT L@+ A+ I ()G, (s)d,s - f (n—gs)“"G,(s)d,s
n J-t1|(tz —qS)(“ D _(tl —qs)(a—l) |G (S)d )
r (0!) 0| 1+t2'171 v q
t —dJgs (a 1) t - _t - t
I %GV(S)QI‘!S—J lal a1 | (c—m+4 a-1
d | 1+t [(+0,° )1+, )|A 1+t2
-0 (t,—>t),
H
|Dq (Tv)(t,) D, (Tv)(1)|
| 1-+-t20’72 1+t‘7*2 |
“ (t,—qs)“ G (S)d s+ J' t, - g5)“ G (s)d S+/I‘
T (a D] 1+ T |



4 _ (a-2) _ (a-2) X (a-1)
<! j[(tz eV~ 69" d s [ 2TE i () s
I (a=-D]°" 1+¢, I+1¢ 6| 1+
+4 ! ! |

1+4,°7 1+ |

1 — (a=2) _ t — (a=2)

1 J‘fl
TT(a-DY
tla—Z _ tza—Z |
1+, )1 +1°7)|

(e — as)@™
g1 ) (& qs)l |f’(s)ds+/1
T (a-1%| 1+5,°

-0 (t,>t),
Horpr G, (s) = g(5,9(5), D,v(s),v(W(s5))) o T, HF T RERIELEN
BJa, WEM TR T b RIS mEI B 5 mfAlive>0, Ir=Y() iR vy, >Y, B
v v(t)| |Dv(t) Dv(t)|
|1+t“1 1+t‘“| ’ |1+t 1+ | ’
3, WTve>0, fFAEFHL>0, f#15
I:va(s)dqs<e .

57T lim —=1, yela-lLa-2}, WHEELERKY >0, EESTVL>4>Y,, A

t—o | 4

ta—l ta—l | | ta—z ta—Z |
2 1 2 1
|<g S rr=te —|<¢
+1, 1+,

1+, 1+

FeALlty lim %_1, p={a-la}, fFERERIY,>LHfFve,>,>Y, H0<gs<L, H

(=g @ WW”Ig,Im—wW”_m—wW”Fg,

142, T+ | | 14,77 1+
p t t
[, A9 lim =0, MWAIY;>0, Vi, > > MG —A—F-— 71|<go
oo ] 4 ¢* |1+t2“ 1+¢° |

BY =max{Y,Y,,Y,}, NTAEEMv)eQ, 6,>4>Y, 4t >4, f
(o)1) (Iv)(@)|

1+, 1+

1 1
< - s)G . (s)d s — s(‘“)Gsds}
MwﬂleHﬂ[jg)() [/(1-49“"G.(s)
4 _ (a-1) (a-1)
+ 1 J‘ (tZ qs3_| ( qsa 1 qs) G (S)d s
(@] 1+¢ 1+¢ .
A 1 1| t t |
+—(c— - +A z_ 1
AT e A I T
<1 n 4 U O(s)G, (s)d, s+ max G(s)j (1 —gs)'* ”ds}
CAT ()16 1 sonfve 4
1 Jlt. = gsy @™ (a-1)
[ G i) 6.(5)d.s
T S| 1447 144"
f _ (a-1) a-1 a-1
Lje|tezas) 6. s+ - (c |- R O NS
T | 1 |1+t T I YRR
SEIOnfﬁ)V(EQG (S) tza_l tla_l |

1 0,57 1

L A
1+t'“|I Q)G (), + = - (a+1)

TAT S|+,



0|6 =) (=)

s d K
T (a)I o] 144, 144" +(5)
1 t —as (a-1) ta 1 tzz—l t
+ J. ( q ) |F (S)d S+— (C 77)| a-1 - 1 a—1| | 20:—1 - a-1
T (@)% | 1+8,° |1+t e B I E e
.k | T sepm,,a)fegG (5) .| 1|
< - j G,(s)d,s A P T
AT ()|l +1, 1+t AT (a+1) " 142,57 1447
(a-1) (a-1)
Iqunl USSPy
F(a) | 1+ 144,
T _ (a-1) (a-1) _ (a-1)
L] Ilm g (=99 "| (=g Nl
T ()% || 1+8° o || 1e | ‘
t a-1 tla—l | t2 tl |
+—(c— - -
( 77)1+t“1 e A 1+t‘“|
* n* max G (s) max (a-1) EPNCE
KM n s€[0,77],veQ e+ se[0,L], VEQ j‘ |(t qs) _ (tl qS) |d s
TAT,(a) AT (a+1) r,(a) | 1! 1+ [
G d s+—(c—n)e+ e
r()j () ( 7)
KM* 77 se[lz)r}]E]Dv(eﬂG (S) 3+ se[()rnLE]D\feQG (S) /l
< + + +—(c-n)+A1|e>
AT (@) AT, (a+1) r,(a) A
H
|D,(Tv)(t,) D, (Tv)1)|
| 1+, 1+ |
1 | —e G ds A [ —qs)(“_Q)GV(s)dqs+ﬂ,‘
I(a-1) 1+, 14477 ‘
_ (a-2) _ (a-2) (a-1)
G %G (5)d, s
L (=D} 1+4° 1+ 1+2,%"
.
16,52 144772
1 0l (t, —qs) ™ —(t, —gs)
S J' ( 2 qS) (7; qS) |Gv (S)dqs
T,(a-1)%| 1+,
1 nl(t, —gs)“ ™" 17 -1,
e [ s s
T (a-1)%| 1+4° |(l+t )1+
_ (a=2) (a-2)
L] IMeqqz _=a) e s
T (a-1)%| 1+5° 1+1,%
+0 —gs)@ 2 (a-2) _ o@D
S [ M [T PP
T a-1) || 1+ e | 1+t2 |
gL 3 +o0
<= max G()+———[ G(s)Md,s+ Az
T (a_l) s€[0,L],veQ Fq(a_l) L q
L max G,(s)+3
S s€[0,L],veQd +/1 £,
I (a-1)

s LTI, T T RSE. TR, T: P PRAELEN.



513 8 # (C,) L, veE, EJ.(:wQ(S)CD;v(S)dqs<+oo , FE 2

‘Div(t) 2 y(t), ted,
D,v(0)20, D*v(0)=D}v(0)=+--=D!"v(0) =0,
V() = jom WOV, 1y
M*res, vePIW(#)20, Dy()=0.
ERR B2 Djv() = y() 20, DWO0)=m =0, d=0, vip=[" wowod+d, 1

‘Div(t)y=y(), ted,
D,v(0) =m, D;V(O) = Djv(O) == D;HV(O) =0,
V() = jom w(w(t)d,t +d,
AL 3 R RE, kTR A M — iR
o d
w(t) = jo Ut,g5)y()d,s + /(1) + 20,
1
T, (a-1)
FH1 B (C)~(C) L, 2978 (1D ALy, =v(0), W (1) BHHFAEMY =v () B
0V (1)< v (1), DYV ()20, teJ .

D)= jo (t =) “ 2 y(s)d,s + 220,

MERR #7 v, = (f) &7 HE
‘D, (1) = g(t,vy (1), D, vy (1), v, (v (1)) tEJ,
Dy, (0)=2 D2v,(0)=D;v,(0)=---=D!"v,(0)=0, (7)

wm = [ wom0)d 1

(PIME—fF, W51 3 Al (1) = I0+wU(t, q5)g(5, v, (), D, v, (), v, (v (S5 + w(2)
€ X 1 A(7) 745
‘DY (v () - (1)) 20, tel,
D, (v ()= v,(0))20, Dv,(0)~Dv,(0) = Dv,(0) — Dv,(0) == D™'v,(0) — D!, (0) = 0,
=m0 = [ WO (v -3 ©)d,t
MAEFIH 8 W13 v, (1) — v, (1) 20, D, (vy()—1,(0))20, RIv()<v,(H)eP.
BB (C) (C)F1 (1) F
DIy (6) = g(1,vy (1), D,y (1), v, (v (1)) = g(t,v, (1), Dy, (), v, (v (1)) > 1€
Dy (0)=4 , Dv(0)=Dv,(0)=--=D'"v(0)=0 ,
V() = jom w(tw,(6)d ¢
Hox< jO” O(s)° Dv, (s)d,s = jom O(5)2(t,v,(5), D, vy (5),v, (vy ($)))d, s < jom O(s)° Dvy(s)d, s < oo » MR _EMRAE X
AL v =) 27 (D 1 EfE.
¥ v, = v (O VERERIG S, B (D) B—ANL@Fsl{vicP,
Vi =V, (0) = (Tv)(0) = U(t,g5)g(s,v,(5), Dy, (s),v, (v, (s))d,s +y () » i=1,2---5
GAEQ0L <y, <y <<y, Sy <y, B v < PR RIEIBIRIIE ST . AT T Ak n 5, £7
EV e PR limy, =V, BV =Tv'. #AES, v RET T3, Hy' 20, DV ()20, Wi
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(D FA—ANIEMY =v () BAARREET), FEd—PRE 1208 Vied, gt,x,y,2) 20UV =v' ()& (1D K
—AEE SRR
3 MRz
B REIERIZ R B g — 225 T FEIAAE )
Dy3v(t) — g(t,v(t), Dy (1), v(v(1))) =0, 1 €[0,+0),

o (8)
Dv(0)=1, quv(O) = D;V(O) == D;_IV(O) =0, v(%) = IO wOv()d,t

HArg=05,a=25gtx,y,z)=e' In(l+x)+2e"'y+ez,A= %,w(t) =e'n= % o

Xﬁ?te[o,-koo), X, Y52, e[O,+oo),i=1,2,

0<g(t,x,,y,,2,)—g(t,x,),2), Hhx<x,, »<y,, 7<z,
L (1) et L()=3¢", I()=e¢", FILAfEH]
[Th) 0+ s s =1 ~6.8672< 400, [ L(s)(1+5")d,s =1, ~4.0818 <+o0 ,
jo*wg (s)d,s =1, ~0.7213 < +o0 , josz(s)(l +5°) N d s =1, ~3.1521 < 40

Ho<g(t,x,y.2) <L (Ox+L(Oy+1(Hz Bk, F4(C)F(C,) L.

HEHE, H

0< J.(:m w(z')dqr = I:O e’”dqr ~0.2404<1, 0< J‘Om TOHW(Z')qu' = .[Om T%e’“dqr ~0.0615 < +o0 ,

e = (%)1-5 ~0.0172< j S w)d, T = [ (- %)("ﬂ ed, T ~0.0504 <+,
U 15

n= % < J.Om tw(r)d,r = IOM re7d,T ~0.0801< +0,
B4 (C, ) AR

BYME v, (£) =3t + 1 + % =31 41 +% » WDy, (1) =3T,(3.5) ~ 5.8806 ,
HO®s)= Ls (r-g9)“ " w(r)d,z = L (r-gs)"e™¥d,r~0.1695¢™ jo‘” O(s)°Dvy(s)d s = 0.2396 < +0 ,
(1) = g(2,v, (), D, v, (1), v, (v, (1))

=e” ln(% +377 1)+ e [31-0.57)" +1]+ e ¥ [3(3™ + ¢t + %)25 +37 1t +1]

S, Ht e[0,+00) I, BREL A(r) B KAE h(0) = 2.9357 -
“Div, (1) =3I (3.5)>max,_,h(t) = g(t,v,(1), D,vy (1), v, (vy(2)))s 1€,

3 -
D,v,(0) = 1>Z =4 D}v,(0)=Dv,(0)=---=D,"'v,(0) =0,

1 1 1 1 +0
=1,(—) =3 (=) +—+=~0.5701> tyv,(t)d t =0.3542,
) = v () =3+ () o [, wom o,

T v, = v, (1) & E3RIAE v B A
PRlt, MRYEEH 1 arAL, WERE (8) BAE—AMEY =v'(1) .
4 LEiE
EZ BT EZS TN THE ¢ - Z0 7 IR B R HE, ASGs B F s s AR
A, PR T KT T XN AR R B O B g — 2200 5 A ) B FT R, 433 T RS X R Rk
B HBT g — Z TR R KIE M. AEARER N, 2q > UK, JrREal IR0y SCHR 22101 78 A7 FEJF 008 2
4R, DL, ARSI RAMN A 1 AR B iR AT R RS, T OISR A T
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FRAERL =AU ) B R AL T IR 4R S Rk, KR Krasnosel'skii 452l i 8 #E DL — L4358 (AN Bl a5 € FLBIF 75
IEAZ R B g — Z 0 D5 REAE SRR IR L, JE 53 DX TR 3R 1) S i Tk, O 2 ulik FE BB i
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