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| .. Proface

A Conference on Ordinary Differential Equations and Control Theory was held
in Central China Normal University (Wuhan) during November 3-6,1987 More
than one hundred and thirty experts, scholars and postgraduates who came from more
than seventy units attended this'conference, Among these representations, there were
Professors Jin Fylin,Li Xunjing of Fudan University, Professor He Chongyou of Nan-
jing University, Professors Yu Shuxiang, Wang Lian of Institute of Mathematics, Aca—
demia Sinica, Professor Zhu Siming of Zhongshan University, Professor He Jianxun
of Xiamen University, Professors Zheng Zuxiu,Zhang Shunian of Anhui University,
Professor Wen Lizhi of South‘China Normal University.In this conference more than
one hundred papers were received, The contents of these papers ‘comcerned every
field of ordinary differential equations and control theory, During the conference,
Professors Jin Fylin, Wang Lian, Yu Shuxiang, Zhu Siming, Zheng Zuxiu,He Jianxun,
He Chongyou, Li Xunjing and so on, gdve invited special reports respectively.
The present volume is a symposium of this conference It includes four parts; sur—
vey papers, studies, research letters and list of tittles of other papers which had
been mostly submitted to other publications, We wish to express thanks to professots
Ye Yanqgian, Qin Yuanxun for their care and support. We also thank professors Lu
Jianke, Qi Minyou, Yu Yusen, Hu Dihe of Mathematical! Society of Hubet Province -
and Wuhan City for their directions and help, All funds of this conference were
supported by Central China Normal University. This conference was identically

acclaimed by the participants.
Editors

April 1988
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(HhFRE A, RIL)

W K

EXHHAEEAREX Bihari MERERLER, XTHANWAER, S/ AF B B R & K.
Wendroff RIMBLSALER, WHRBHALR, BEUAER, EHARSRNURHRTANARSERS
A FERENERT Gronwall-Bellman A4 R LR HE.

§1 Al B
1919 4E Gronwall 230 [47 vh 88 HAn T 455 .
I 1.1 EH e <I<t+h B, REREM s(DBRA%S
ng(t)gjt [Ma(z) + Aldr, (1. 1)
Kb M fn ARk w8, W
O<<@()<Ahe', (t,<t<t +h), (1.2)

AR E R B R TG 5 1880 47 Peano Myib (1081w gh L B, Bk, wLABEX R
B BEMOHACH 100 4T, R, BEUNIHRSIERSRIMEE. 19484
Bellman 7 3¢ (171 XML s BB I &5 R

518 1.2 ik
j2(t) | <M+ K| [aco) || o) dn), (1.3)
Wi, Hop MK hAESE R W
|a(t) | < Mexp( KM |F(v)|dv ). A

XAAZEA Gronwall R&AE ), Bellman fRERIBTE TLLUX A A LA T H, *Hek
PER DAY H R, B Rt R R A I S S AR A R . W RS T A
W, HBET —AABRELRISTY . RGN, X —P%REE Y Gronwall-
Bellman &K, '

1956 4£LLAT3: T Gronwall-Bellman 5455 # T 48 3 B AL By JH iR 5 K, PR i
#) X R, 1946 4 Guiliano My THE[48], ¥R K. 1956 4 Bihari (20 J 7Rt py 25 ™
Ik BT | |

BIE 1.3 & S()R{E w<t<b L CHESLTERY, kM HAEAEE, Win) Hu=



2 HHuAHBISEHNR
O Bt R Ak fAkmIE LR R B, AR ‘
| a(ty<k-+ M| f(0)W(a(v)) dr, (1.5)

|
x(t)gg-l[g (%) +Mrf(1)dr ], O<t<b’'<b, (1.6)

sk Q) =[P, w0, uuy, 07RO WRER, b Y e<t<’ B

Q) +Mrf(1)dm-e Dom (2-1),

iX H Dom(271) &R Q7 fye Lo

Bihari %t Gronwall R&ERAE T Rkt THE, RIMARERAE—-FRBMEAFT €
T—AFmREE. Hit, XTAESEEE OB S SEREF #EHA Gronwall-Bellman-Bihari
BRI ERo

1957 4 Opial ™ MR R3] # MR MEB A% RNA .

I8 1.4 Bmgf. [0,v]x R">RB" &L H IEM «, yE R, iHE

s<SYy=>f(1, )< f(L,v),
HPEBERH R 2= (8, Ty, %)y Y=Y, Y, YD) ZIHBIKE “<” B
<Y Y HMNY <Y, ({=1,2,-,n)

AR EZER S w00, 710 53 By, HRALER

u(t)<n+ j:ﬂs,u(s))ds, 1.7)
K':P ne& R", BIIJ .
| u(H)<P(t), (1.8)
Kb d(DORBRYFE :
| w(t)=n+ [ f(s, 2())ds (1.9)
f 8 K

Opial BB BRI Gronwall-Bellman R4 X4 8 » Mk MR B WEE, mELEHE —
RBB BB KRB ARER, XA ERE R FRA Opial RER,
1960 4 Langenhop ) {2 i i i 4r H RMRIB A REAH T 4 F # X # Gronwall-
Bellman-Bihari &l Jz 75 [\ 4y R,
SIE 1.5 &a), f(OHRENI e<E<b W% |2(t)]| >0, f(£)=0, W(u)
% u>0 i RIERIERELZA Y, R
w(t)>a(ty) - | H(DW(a(n)dr, (1,10)
a<t9<t<b, ig=)
EOIEr R CRETONE r f(vdr) o
%t [a,b], AE
a(|a(@)]) - | f(mdr€ Dom(2), (1,12)
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B &AW H 3

Hp Q(w) I W(S)’ %, >0, uz=u,,

Langenhop (I AE TR TR A MRS RER, i HLRIEHILA %R T
Wik HBRMRIT R

19634F Beekenback 1 Bellman f5 £ (10T 4l T AR FIEARR LR

SIF 1.6 i u(®,y), v(&y)hELLE 2>0, y=0 LhIEFUELERS, (%) >0,b(y)
>0; o/ (2)=0, b/ (¥)=04%#% =0, y>0_t;§%, c=0 hE¥.

I, g
¥ (o
u(m,y)gc+]qu(w,s)u(r,s)drds, (1,18)
0JO
fip =] ,
Ve
w(#,y)<e eXpHv(r,s)drds; | (1.14)
oJo
0. 4 |
u(x, Y)<<a(xs) +b(Y) +J’yrv(r, SHu(r, s)drds; (1.15)
0Jo
U .
[a(0) +b(y)I[a(®) +b(0)] _ [*(* _ .
u(®Y) < a0) +5(0) XPUOU(T’SWMS’ (1.16)
OI. i .
(T, Y) <c+aj u(s,y)ds + bj w( %, 8)ds, (1,17
4
u(®, Y)<Cexp(GL+-bY + abay); , (1,18)
IV, ’
W@, y)<a(@ +b@)+af uo,v)ds+b| u(z,sds, (1.19)
E ‘
v (]
[a(0) +5(0) + [ exp( - BYDY' (1) dvs ][ 6(0) +5(0) +j exp( - 63,) 0 (#,)d3, |
(2, Y)<< e 2

a(0) +b(0)
X exp(Q%+ by abay).

XA R R BT iF R Gronwall-Bellman-Wendroff &, Wendroff REER IV
Gronwall-Bellman A& R T EH— T RBAFWA, HHEER Gronwall Bellman ARERKA
Hrostmtd o b RAB S FRBHEEN - T OEENT .

AT EMRLUE, Gronwall-Bellman RERDFIBHEXMMNIZEHR, XTRERFH
RS T+ 2SR BT oWEI A, CREMKENTTHEMNAERET EXEHNE.
MR AELedE, BB EL, f Riemann fA45) 3 Stielties B4y, hiEsh R PIR L &,
. B R WMBAZA BT, - EHEEBLTAER, RANHBRIAEELR, &K
FRABTHBEE, A, FEXGES ERATHE % o & Busseinam, s
HRE s mugﬁiﬁﬁﬁmo] fﬁﬁ%ﬁf&ug] s K ﬁ 4y ﬁ_ﬁmzssf’llauss {41;171—173!’
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Bhoy FRAUOPTNE. By Phay 5 B B0 07 SRy O R O R i oy AR ORS00 2 g fy
R, et MM ESHREME. MM AR et MORRMSETRIR
HAN T A O o M M T

A IR B %t Gronwall-Bellman 78 % 3 ¥ £7 (B FIEE K, A RHEAN T . §2 £k Gronwall-
Bellman A5%3%; §3 Gronw:illmBellman—Bihari A% s §4 2y A% Gronwall-Bellman o2
X §5 & £ B KM Gronwall-Bellman A% & ; §6 Gronwall-Bellman-Wendroff R
§7 Btiffi % Gronwall-Bellman 5 &3:; §8 B B %! Gronwall-Bellman 7v % 3{;; §9 45 BE #i
Gronwall-Bellman %% ; §10 3% 23 ja] ity Gronwall-Bellman RZE A,

§2 & Gronwall-Bellman R

197447, Dhongade 1 Deo [ 118 TE & T Volterra &4y 75 Bt £ ¥ Gronwall-Bellman
21U B @(f), k(E): (0,00)>(0,00)5 F(£); (0,00)-(0,c0) H ¥ iH 4k
g(t): (0,00)>(1,00) H #(¢), h(t), F(E)F1g()E(O,00) |- R:5ELEN, #
w<t><f<t>+g<t>[:h<r>w<r>dr, 2.1
i '
x<t><f<t>g(t)expj:hwm(r)dr. (2.2)
 RLAE1965%4:, Willet ™) ghiit Gronwall-Bellman 25504 5 # /S MEIRARS T, 0 F
1095|348 Dhongade Fil Deo pieifh Ty &5 R,
2 2™ g a(t), FOREM2.1, g:8): (0,00)>(1,00); hi(t); (0,c0)>(0,
OO)B.QU hi jf-éi’ %

a(t)<f (1) + 2 .0 h(nm (s, (2.8)
i
| 2(t)< E'f, (2.4
;itf' E‘(i:lagv“ﬁn);‘t’)‘(%:
E'szf,
¢ ‘
B =f(E T goexp( [ b 0,d7)), k=12, 0, n.
vy
19644F Tones £ AT F 45 4. )
EE2.8°9 i (D), FOR (D 0<t<7 LMREESRK. B o) 6, Wi
a(t) <F(1) +[ g(®)a()ds, <t (2.5)
i '
t . ¢
m(t)gf(t)+Lg<s)f<s>epr_gw)da]ds, O<t=, (2.6)

197641 Pachpatte 52 P2, S#E) Ay
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B2 40T B a(t), gV HENTEI=T0,0) LKA ELEEE, (DR
I By RdEsGESEIE R, AR

e(tYST(E) +’h(t)(jog(s) %(8) ds), tel, | (2.7)
i
aty<f(b 141t ([ g(8) exp (| B(8)9(6) db }ds) ], tel. (2.8)
Pachpatte Wyt —# TIEEE - ,
EE2 504 i a(t), F(OFgREXET FHTEEREERY, MR
a(t)y<m+ [ fmamde + [ 1([ a(pr009) a8 Jav, tel, (2.9)
Hrp oo, Z2AEUES, W
aty<afi+ [ 1 (wexp[[ #6) +g(07)d8 e }, ey, (2.10)
B (198748), JLIKWLAGR AR e B2 48 B 2 MR WNHE.
BE2.65 % (1), 9, (5)>0, h(H)>08 I Fiksk, R
a(t)<f(H)+ B o[ hu)g.(o) ds, (2.11)
il |
5()< A1) + Au(90) [ InAu(Frexp ([ BaAo(g,) 48 )as, (2.12)

ﬁq: AK(“)(k:1s2i y n)'li".)z-%]:
A (U)=14,

A (%) = Ay(n) + Ay(gy) j' hkAk(u)exp([:hkAxm 4 )ds

Chu#n Metcalf T-196744E T T Y
E@2.1%% ke feCD, I=[0,1], K, »)eCAxD AR, mR

s <f(t) +[ Kt,)m(e)ds,  tel, (2.18)
‘mu
2(t)<f(t) +j:H(-t,s>f<s>ds, tcl, | (2.14)

Horft H(t,8) = S1K.(8,5), 0ST<LEFIME, Ti K. 2 K 050K

1981424y IS T LA B25 . |
EE2.8™ g at), m(t), fAOCCIR, R, HIOH>08FEIER, K, 8)€
CLR, xR, R, JH% s BazkXT t LARR MR

w(t)<m<t>{f(t> +[:K<t,s>x<,s)ds}, teR,, (2.15)

x(t)<f(t)m(t)exp]:K(t,s)m(s)ds, tcR,. &l (2.16)



6 EHMAsHEES EHRB

FA—EBX&Ed, HEEDIEEHE2. 5 & F » MHWNEE.
EE2.9" & a(t)>0, b(£)>0, @), ¢ ()€ CLE,, R, JHAIFAH, hi(t,8) €
CIR,xR,,R,JH MsemMattyuBlAR f(OH-0kegd)ECIR,, R,JH MR

_d_ [ g«(t) a .
. (k#f(_t)_)go, u t€ BB,

w(t)s@a(t)—kb(t)j:f<s>w(a>ds-+;éqcf<t>j:g<7> ([:h.<r,s>x<s)ds)dw (2.17)

i

- PN " b () (T gus) | '
@(t) \a(t){la b(t)]of(r)exp[b(t)‘[of(s)ds+12,1 L L s kit )ds :Id’t‘} (2.18)

3 T£5 #: R Gronwall-Bellman 75 28 & iy 1R £ £5 B B [ 7£ Tones®, Willert 139,
Agarwal®®l, Beesack (s 13/ Chandra F1 Davist?®, Deo %1 Murdeshwar®®, Losonczi'®®!, &
AT, BB T SRR R DL RS T IE MR e A A RN, RAT
FREHEENE. .

§3 Gronwall-Bellman-Bihari 7%=

b L By SR B TR T R Rk 19604 AT
3 ERLCIT |
(1) p(t), q(t)eld), I=[-h,h], D,q=0; h>0/%'xr'%'ﬁ

dT} o >09 a>0’ "l;]; xOr\)O’ toe I;

T
to

(ii){;,1_+<1_~a>moa-l ] q(T)exp(a—l)J p(8)ds
i) #(H)€ CD), s(t)>0, MR
_['p(r)x(r)dv%-+{j‘q<r>w“(v>dr

B(E)< @, + , : (3.1)

Y
#(£) =<2, eXP(H:}’(T)dr-‘){lﬂl!a)aio“* j:uqm exp(a—“l)Hjop(s)dsl dr!}“il,

(3.2)

1988 Viswanatham 7 — i i 50 F F 8 % Rk TE0 T 4 F 45
TEI. 20 J L OERRE. |6-t]<a, |@-n|<bi (a,b ZEXE) £ oM
SYRMINAE RN (DT~ t,|<a digsh, M(H)RaIEIE

W) =F(, ), Y(E) = (3.3)
PR, SRR | :
¢U)<n+J:ﬂTuMTNdT | (8.4
R, M R : |
b()<M(E). (8.5)

CARTRY R & 55 I RAFH G, FX L, () Q8= |fD)] -2, 5=0, n=M
B, BR7 Bellman Rk (i) % F (L @) =F(Dg(m), f(t) BIEG@AE, g(@) RUER



fr*"‘%ﬁ}f? R % T

&lﬁ', ﬁ EBlharlﬂjLangenhopl 912’ 25y () Hf(E ») - f(t w2)|<w(t |:c1 I
i, WA IR R, XBEw(E v)8R 51 ) HE;: Gv) B t%m:lﬂkaﬂ:i’zlebur““
Mg R,

197147 Butler i Rogers 28§ Biheri JR4 BN T X,

EES.3%Y K a(t), a(d), b(I)he<id LMAR EH %K, kb e<i<d,
e<s<sd BIEMAT: X3k 2 M, k(t 8)3EA T oss<d LT s "/l f(u) >0,
g(w)>>0, w=0; B F(E) FaeHim, o(®) 3 B, 12 A)= sup a(s), B (£)= sup b(s),
K(t,8)= sup k(o,8). R ‘ o

SRSt

f<w<t>)<a<t>+b(t>jfk<t,s>g<m(s>>ds, e<t<d, (8.6)
i - | -
m(t)gfﬂ{g-l[nm(t)) +B(t) f_K(t,s) ds]}, e<t<d'<d, 3.7

H q“g(“):ﬁ#%s—))*, e>0, u>0, W

d’_-_—max{c<r<d: Q(A(T) + B(T)JTK(T,S)dS«< Q(f(c0)) }

ARG DT Gollwitzer6l ) Willent U84 {5 M, Rogers it — # T. tE 18
#T118,114],
19784 Lakshmikantham ™7 i Fi 4 %8s 5 i 7 b s JE B8 980 48 ) T 2 7188,
EHES.ATT F ), a(t), b(t), e(HECLR,], I=[%,T,], f{Lh€C[R, R, 1T,
Fresgsein, g ik, k€ ClIxI, R,], WeCIxE,, R.IHA M #AtxTuik®, ic
A(t)= sup a(s), B(t)= sup b(s), C(t)= sup c(s), K(t,8)= sup k(c,s), sk '

f(z(®))<a(t) +b(t)h[ec(d) + Lk(t,S)W(S,O«'(S))dS'],tE I, (3.8)
] '
(1) 2s@®<fYea(t) +dbE)h{r.(¢,1, C(E))I}, tEL ],
Hrep I={tcL:a@)+b(t)h(r, (¢, to,C(t)))EDomf N, (T, g, 1) }i?ﬂ{é_lu}@
ri=K(T, ) W[t,f-H(aty+b@®h(r))], ri(t,) =1y, 6,1,
R A (1Ll |),
(1) FHIMNE b (@) F7E, HEEHAER, W | :
w(t)<f“[7'2(t,ta,A(t)+B(t)h(C(t))],t€Izoc:I, (3.9)
Herhr, (T, by, 700) 5 018 ) 81 o

ri=B(Th[n-! (’géf)“)]xw,t)W'(t,f*m))-,n(to):n,,,toeIw
mExM (& LT b). |

: Lakshmikanthame$ix g J R R % K FR HGronwall-Bellman- Re1dF‘JT%ﬁ, Lakshmikan-
tham 7 i J5 8 JE R 4 )2 b T ) Fi R JR & X A& R Gronwall-Bellman r%m 40 1977
4 Beesack 121 %t 3 Ay

fla)<att) +Ht, | Wt 7, a(x)dn), t€1=[4,0]




8 WiHSdHFES EH L
M$$A,ﬂw@ e BiE, TRWRE T
' ) z(t)y<<f-[a(t) + H(L ?"(t))],a<t<b <b,
Hrhr(t) —-r(t T G)Emfﬁlvﬂﬁ

=W(T,t,f~ [a(t) +H(t,r)]),r(@)=0

BB K AR Beesack'“’nﬂ‘r%’ TR R A B R

1973 4¢ Pachpatte 87 T Z1F Reid &T%‘“ﬁ: '

EES.57Y  Be(t),a(t),b(t) ECLLRY), TREHBETFMCDHBCD), MERHA &
LR B w,vEC[,R*], TiHRut)<sv(t) =>TuxTv, ost<t,,t,€1; R f,heCIR,,
R.1,f miiim, kb, k€CLIxI,R*], g

FE@) <o) +b@he® + [ kr,9)g0,5(), Ta(s))ds] (3.10)
g (¢, %,9) ECLI < R, x C(I), B, ] A EA Hieh t€1 % T 2,y 434, i
a(t)<fLat) +b(HRE®) +rENLEEL . (3.1D)

IL={tcl, a(t) +b(t)h(c(t) +r(f)) € Domf1}, r () B WiH A}

7 (&) =k (7,8 g(t, fLa(E) +bER(e®) +r )], TF[a(t) +b(E) h(c() + r(t))]),
r(ty) =0, t,€ I, B3 B KMo

1973 4£ Dhongade 1 Deo 3% Bihari By % ﬁ{%?ﬂjﬂ‘ﬁ‘ : 3L,

SEFE3. 6 Uk W

(1) 2(),f(t), g(t): (Q,00)>(0,00) HIEI= (0, c0) P %4

() W(w)iEsk. k6, BFERAKATR@>0);

Gil) @(t)y<k+ ﬂﬂr)xmdwj;gmmx(mdr,tez,k>oxfm&; |

Ll . . ~
w(t)exp< - I;f(':)dr><()“1[{2(k) -f—J; g(T)exp(IZf(S)dS)dr] (3.12)

S = [0 um,>0,0< t<b, i MO <D {7

QU+ [lg(mrex ([Zf(s)ds)dreoomm-f);

SEII.TW (), (i) B 3.5, (iD) W(w) &l i, o) >0, (t)>04k 1k , i &
(t>0), i
x(t)<p(t>+j f(r>x<r>dr+w"(j g(r)W@(r))dr) (8.18)
’x(t)exp<—J‘; f(r)dr ><p(t)+!If{Q“1 ( U (s)W(p(s)ex J f(r)dr)ds]
<

+ I:g(s)W(expL f('r)dr)ds)} b, (8.14)
ot 00 = [ gy 0w, Sk

9[j;g(8)W(p(S)expjif(T)dT)dS] +j'zg(_8)W(expj:f(’r)dr)dsgDom(.Q-l)



