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Contingent equation

maFERORE, Vector ficld WG LARIOTTH, FERAODO
ﬁﬁﬁﬁ%%@%&ﬂfmtm&%mﬁ,(ﬁ@%mbﬁﬁfw%.)%ﬁ
AREXRDLIPEEILEIDE—-HBRLAEAFERE2EL 2O ER DT RA.
cORECERRLAFERCE LT 9 3 0£88k, B2, BELERR LD
THEIN, LIEEBI, AMarchaud, S.K.Zaremba K IDT
contingent (paratingent) equation BELLNTVWAKTI. %k
@ contingent equation & control [HEEOBERAE, T.Wazewski
BEE LT (b LIE, BREEEORES [1] 22 LTCTE .

C ¢ ontingent squation DOWTRN%T.

I=[a,5i RoXHE, 120
w=1=xg"

N @& W &b RY ©  ompact “RESEASLE~ND mapping.
+%bb N(t,x), (t,x)eW & Rr" @ Compact set TF. COLX
57% mapping HhibhTwbE&E, W £ orientor field
bribhTrh i, (%K‘ compact set W—RIAEDkE &
%, Vector field T4. ) co orientor field O #ig O Ha i,
compact set @ topology % Hausdorff ﬁetric TEFH L,
C® topology THEAACEKL%F. +4hb%H, R © compact
set A, B ofE# o (AB) HRoRKEHEL 7.

p(A,B) = inf {5>0, ACU,(B), BCU, (A)}

L E % R" ® compact set &3 AHELE

U, (E) = {xe R™; dist(x,E)<s }



oo IDT, R @ compact sets A fkoZeffICEEEEK L\ b
BEMEZERICh b 2.

contingent equation T, WIS TEEG, KELEAT, 3D
ERCEREMCRERDLOTT RERBEERELES. Lak>T, C
EbbEWEY, ELAEBEEREIOL LTS,

-contingent derivative

I > t, x(t) ¢ R
x(t) - x(to)
P(t) = — 0, t(Fty) € I

0
wotnEEes MCRY % x(t) © t; kKkd s contingent

derivative &Wnwn D*x(ty) THEDbLDLZTT.

lim sup |p(t)]| <+e CTBDY
t—>t0

3

_ n - =
M= {ceR", tjé I, tj # ty, lim p(tj) = ¢}

tJ--*tO

ThHDDL  lim sup |p(t)|<e QEEF  wx (tg) WHEETHEL,
prx(ty) = N Lt 0T

ROBEEREE 2T T, Contingent equatibon bluozoBogEs
PRNE T

%% 1. (Marchaud) '(t,x) ¢ W €W LT N(t,X) @& compact
convex set T (t,x) oEHEEILTHE, FT, L¥EFETHHEL
9. x =x(t), tel ¥ N Kk~F5 contingent equation O

BTasrEld
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D*x(t) C N(t,x(t)). contingent equation

FFERTO tel CRwLTRITEDCETS B,

rOMomRE T.Nazewski [2] L LoT, KOEELAETH D

PEFREANE LK.

}E%Z; (Wazewski) N offE@REH1L.EFELETS. x(t)

N(t,x) WKrwiT2BTHSEE, /
x(t) & I THBIAERERTHOT

x'(t) € N(t,x(t)), a.e. t € I
BROVILDCETH A,

= 1. OFH T contingent equation @ﬁg@ﬁ@@ Cauchy @fﬁﬂ
ROBECRSNAOTHE, ¢ CRER2LOBRCOBOTEL TN
FEHEIDATEHEH LIS EBIwET. ALK, ¢TCTR Bmfc#%,ﬁ%
BET, controlability #ZzTabzrlkLZE+.
ENBLILLATHAEEE RN TEE 5.
BrouweT ORHABHOMBL LTABEED DD L7 B sEH (3]
R DS HROEHLES

2°DK(S) & S OBWHEAT, HhHELOLK
K(S) (& Hausdorff-metric T metric space rE25.

Ww% F: S - K(S) %A mapping ®#»DT, D F ;észiiﬁiiia%&%\
ThhEROBEBRTHAIRED 5.
HXO € S, x,¢ P(xo)
contingent equation OFOFEEERTRYHIC, TOEHE%E Banach-
space  ICHEEF AT EICLEF

& E: Banach-space



S & E @ compact convex set
K(8) it S @ closed convex subsetp4fhp
3 5.

CF:r S -+ K(S)

z® mapping %, FEEBETDODhENTHIABERETH. 745dHD

E
£, ¢ S,

0 € P(fo)

£
£, (
(*s) S; ompact set HoT "e0 KhnLTEREO

(£, 770 £3CS BEDRELTERDLD e -EHET, S BESCL

ﬁj(f) = max {0, e—ﬂf—fjﬁ }

n
&L, %;1 wy (£)

T(£f) = J

n
2o u.(f
3:}- AJL)

EtRTE, $XTO fes wranlLt ITE-fl < /2 Tz

W, eldbdbh T OER T(S) =S8’ BRERKTEZMEOFF O RH
KEeCry, COFR T dERERELCRYEF.

s ki) s

T-F(f), (feg) W& S'" OFFHALELCRL .
St 2 T-F(f) T S' @AM AEEEE%EOT
. To(T"F(f)) C 8!
TH»2T, Co(T'F(f)) BhEREALALED 2.
ﬁfa%‘lfﬁé Co; TyE(f) 40‘6("? F(f)) WBEEROT

T-F; £ . Co(T F(£f)) C S

gl
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g s hb 25 ~oREERICED ET.
| To T+ F |g,
L FRE, BRATEEMEIC 30 5 R A T & T
3f ¢ s'Cs, To T E(f) » f
B2 v OBELDL
U (F(£)) D U_, (T(F(H)
%DT
U_(F(£)) D To T-F(£) > £
+abb
U(F(£) > %5 f¢ S Hpbisd.
e, v 0 7wl T, EO fOLEDE £ EThnld
{fn}CZ S, (compact set)
LSO THY AR AL ERETNEIE I CE Ol .
WEORBIC £, f¢S &FnE V0 KewlT

3

Y
N, U (£) > £, 'nzN

v

ETHTERTE XS,

7%, F O EREELILILE, T9REAE N &b élCLDT
ROBE S & b S ORRIC HikE T
U_(F(£)) D F(£), Ynx N

Le#oT, Ye>0 Rkirwl<T

U, (F()D U_ (F(£)) > f_
n . n

T
U _(F(£)) > £

¢ WEBEEOT
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f ¢ F(f), fe€ S
chT, fEfE0oEERRINET L.
EHE N; I xRY - 2

N(t,x), (t,x) ¢ I X RY I compact convex set

N(t,x) & (t,x) oW L TCEFERTHERTS L.

ax compact convex

N(t,x) K, Pet,x)

T

cokE, MAAREEZ x(t) BHDT

x'(t) # N(t,x(t)) a.e, t €

x{0} = xo ‘ (xO 3 “p)

i

(%) E= {x; x = x(t) d I TESINKEREM

sup |x(t) |
tel

=
il

»  Banach-space W%k 4.
x e EREELC, ROBE E OESEEGLEL L.

Clx) = {y; v(0)id 1 Csaxds,

v'{t) € N{t,x(t)) a.e. t I, y{0) =x}
Cx) #9970 x¢E Chvw LT, BEETRWT L.

y

N{t,x) o(n,x) ZELTEPERETSY x = x(t) B I TH

wraow  NEx(t)) @ ot ol t, I TEFHERTDS.
LB N{t,x(t)) OMERRNMEE w(t) EThE



u(t) & I T measurable TH Y wu(t) ¢ N(t,x(t)] [4]

L7eds>T

t
Y(t) = j{ uf{r) dr

U

ERJE y(r) @H THhDT,

=4

R
SPEEs

&
&

/

y'(t) € N{t,x(t)), a.e. t¢€1l

bbb Cx) HEE&TEDDLEIXHA.
. C(x) @ ccmpact-sel T3 A & .

C({x) 3 Yis Yoo 0 < Vo

A
o

a,j:

ay (1) + (L-ady,(t) @ 1 THEEHKTEOT,

ay; " (£} + (1-a)y, ' (t) © N{t,x(t])},

Edd

wy,(0) * (1-a)y,(0) = x°
L7ed>T

ay; * (l-a}yz e C(x)
C{x) ¥ compact-set THAHI &.

C(x) » Y (n=1,2,3... )

ThHhiE, N(t,x) BFERTTOT

yo(0) = x

P e
a.

e.

ThRPD ’{yq(t}} B, MEEERTHAKCRZDES.

3

tel
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LaBoT, BSEEaflt nd—RINRIF Lok +.

Ledo2T, (X)) BELTwsCcEBRINSEE CX)E compact
%y 2. {y 1} € Cx)
E T {y,} »vy
Ednd 1T (yn(0) > y(t) (—RIE) THAHT &, [y (1))
© “niform Lipschitzian T%ét&%ﬁﬁ?‘ﬁﬁ, y(t) & 1 T
SRR D 2T,

e Y1 (t) RFAECRBFEELT, FRTFOT 12(1) T
ERTT.

LasioT, BSABAsEE bRtE, 55 L2(1) OTEBFMEKS
HHCEBEEDDOT, HEDRDIC |

(' (t)}> g(t) weakly in L2 (1)

<E L’i‘é‘u —"jj.’
| ¢
(® =70 ¢ [y ) &

%D T

t
y(t) = y(0) + Jbg(T) &

ThEDLD  y'(t) = g(t) TH D, Hy,'(8)} > y'(t) weakly
in LZ(I) T3 .
LEBDT (y,' (D) OEEREAT  (y ()} E& DR
{ Ynigt)+...+yn£(t)}

K
HIC, IbRELABMIEENERAL, BRBF  yr(r) IR L

@ y'(t) k Liry THWELET

5.



HBORDIC

{ ynl'_(t) to.lt yn}'((‘t)

k
B L DT

Yﬁi(t) ¢ N(t,x(t)), a.e. t €1
T N(t,x(t)) 1T convex ﬁ@*{f

L]
Vgl () *ooot vyt ()

1S

€ N(t,x(t))
k .

7% N(t,x(t)) & compact %A ®DOT

y'(t) e N(t,x(t)), a.e. tel

L®2T, C(x) © <closed ThrCctdEmInzLr.

x »C(x) ZANNGEEEHFCEDC E.
Ve so P8 >
%= %) < s
bl
U (G- x(6))) D N(t,x (£))
Ty ' (8) e y(tx () KrewlT
B y'(t) e N(t,x(t)) ‘q:»&-o_'c |
O )] o vl g
Li BT EBERET.

o S
7 @ = ey o) e

() -y (8)] < 1|

}ﬁy?(t), a.e. t eI
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Thbb
C(xy) C UEIII(C(X))
B x - x| < ¢ THROILLE .
chT, C(x) ofr¥ERErERINILZ.
Le#DT, KD L% compact T convex AEAIRWLT,
OME*3 bW, contingent equation OREOEFEEERLTT.

S=1{x; x=x(t) F I THNHER

x'(t) « K, a.e. tel

x(0) = xo }’

S»x »C(x) %% mapping %*%25&¢, CxX)CS %OT
Tx-e S, x € C(x)
+%bb I THd#EREE X(t) #BHDT
x'(t) € N(t,x(t)), a.e. te I
x(0) = x0
CNhTHROFERXRINE L.
| I, controlability K& A EHREHEFHMLTLES.

Z 2 5FBRAE,
x(t) = A(t)x(t) + B(t)u(t)
x(0) = xo
A(t) = (ai_j(t)), I TE#H7% nxn-matrix
B(t) = (bij (t)), I THEH%AE nxr-matrix
U  ompact convex C RF

u(r) i I T measurable
ulfr) € U

- 10 -
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mEHFREANTTOT

X(t) = A(t)X(t)
X(0) = B (Bffiz )
FHETHERG
x(t) = X(t)[x’o + j; X—l(T}B(T)U(r) dr]
tELE T T,
o . [t . -1
A = x@nd s+ [ X OB e

u(t) measurable u(r) ¢ U

CO A(t) W t - BeM%® attainable set T+9!, ¢ it compact
T convex 7%nHEAKARD % .

A(t) %  convex THhAHC k.

A(t) » xP, x2
@20, B 20, a+tB =1 VLT
axt + 8x% = aX(t)[x" + J tx ltosul (1) dr
o

| L
v ex(t) [k + Jo Loy oudn dr]

t

= xee)[x? + J X 1B o) [anl (1)# u? (1) 1d7]

0
aul(r) + BuZ(T), € U, Vo oel

T measurable %DT

axt + sz e A(t)

- 11 -



Thb.
A(t) 9% compact THBC E.

A(t) 3 x* (i =1,2,3,...)

control u % ut Eshid ul»(t)e—U, Vtc— 1

wh o ) THEREOT, W EHAFRFRE L 5.
D 7220 |

X' ChRessTs

i ) : >
{u™} » uy# “Wegakly in LZ{I}

Z¥niE, U % compact T convex % g

' u*(7) € U
Lot
lim ici(tj = x*(lﬁ‘,)v
1> .
EThiE

. 0t .1 | !
X*(t) = X(t)[x0 + Jo X L)BeOu () de]

Thbb X*(t) € A(t) ¢ Aﬂ)@%tfmécaﬁﬁéhibk.i
RERTHBCE DBDETOT A(t) it compact Ao,

4, FIHATE XO’ b ot - E%ng&@ attainable set % Ax (t)

v 0
EEE xy - AXO(t) %A mapping #EX i 4.

COMBOEBRERRE N -
%CT, ﬁg&‘ compa’c:t’fc‘onvex‘sét“S:;@:»%o*t Xg€ S oLz
mg%aqcs f@5caﬁ$@ﬁ$f¢$ﬁﬁ%ﬂ§mm<,

S 3xo ¢ S, Xy € AX’ (t)

o 0
BB Xy OFERRINE S,
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+hbb, Xq bR LR ¢ BEREI xp ©3 &R

control u BLbURrRELTERAED .

%

% X B
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