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BBeaenue

MHorue cinoKHble IPOLECCHl ONUCHIBAIOTCS PA3IMUHBIMU MHTETPaIbHBIMU YpaBHEHU-
amu Tina Bonbreppa (cm. Hamp. [1-6]). [losTromy u3yuarorcs pa3nnyHbie 3a7a4d ONTUMAb-
HOT'O YIIpaBJICHUS, ONUCHIBAEMbIE MHTETPAIbHBIMU ypaBHeHUsIMU. B pabotax [1, 7-9] u np.
MCCJIEI0BAHBI Psijl 3a7a4 ONTUMAJIBHOTO YIIPABIEHUS, ONUCHIBAEMbIE HHTETPAIbHBIMU YpaBHE-
HusMU Tuna Bonbreppa ¢ kpurepusimMu kauecTBa Tuna Jlarpanixka i ke TepMUHAIBHOTO THIIA,
U YCTaHOBJIEHBI HEKOTOpPHIE HEOOXOAUMBIE YCIOBUS ONTHUMAILHOCTH MEPBOrO MOPSAKA MPHU
Pa3IUYHBIX [IPEANOIOKEHNUSIX Ha JTaHHBIE 3aJIa4H.

Ho Hepenko ycinoBusi ONTUMAIIBHOCTU NIEPBOTO MOPSAKA, BBIPOKAASICH, CTAHOBSTCS HE-
s dextuBHbIMU (cM. Hamp. [10]). [ToaToMy Bo3HHKaeT HEOOXOUMOCTH B MOJTYYEHUU HEOOXO-
JUMBIX YCIOBUH ONTHUMAaIbHOCTU BBICOKOTO, B YACTHOCTU BTOPOT0, NopsAaAka. OHU MO3BOJISIOT
TaK)Ke€ Cy3UTh MHO>KECTBO JONYCTUMBIX YIPABICHHH, 1003pUTENbHBIX HA ONITUMAIBHOCTD.

B npennaraemoii pabote paccMarpuBaeTcs 331a4a O MUHUMYME MHOT'OTOYEYHOTO (DYHKITH-
OHaJIa, ONPE/IETIEHHOTO Ha PEIIeHUSX HEIMHEHHOro MHTETpalbHOIO YpaBHEHUS, MOPOKIEHHBIX
BCEBO3MOKHBIMH KYCOYHO-HEMPEPHIBHBIMU YIPABISIONIMMU (QYHKIUSAMH (C KOHEYHBIM YHCIIOM
TOYEK pa3phiBa MEPBOT0 POa) MPU MPEANOT0KEHUN 00 OTKPHITOCTH 00IaCTH YIIPaBICHHUS.

Jlnst Hayana ObUIH TTONTy4YeHBI HESIBHBIE HEOOXOUMBIE YCIIOBUS ONITUMATBHOCTH MIEPBOTO
¥ BTOPOTO MOPSIAKOB. Mcronb3ys ux, ObLT YCTaHOBJICH aHAJIOT ypaBHEHUs Dityiepa (He00X01u-
MO€ yCIIOBHE ONTHUMAJIbHOCTH NEPBOrO MOPSAIKA), U MOIYYEH psAJ KOHCTPYKTUBHO MPOBEPsIE-
MBIX HEOOXOJUMBIX YCIOBUN ONTUMAIbHOCTH BTOPOTO MOPSIKA.

B xon11e paboThI U3y4eHbI 0cOOBIE B KIacCHUeCKOM cMbicie [10] ympaBieHus Ha ONTH-
MaJIbHOCTb.

ITocTranoBKka 3agaun

[Tpeamnonoxum, 4To yrnpapiseMblii 0ObEKT ONUCHIBAETCS HA 3alaHHOM OTPE3KE BPEMEHU
[to, t1] cucTeMOll HENMMHEHHBIX OJTHOMEPHBIX HHTETPAIbHBIX YpaBHEeHHH Tuia BonbTeppa.

z(t) = ff(tl,r,z(‘[),u(r))dr, T,t € [ty t1]. (D
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3necs f(t, T,z,u) — 3aKaHHas n-MepHast BEKTOP-(QYHKIIUS HEMPEPHIBHAS IT0 COBOKYITHO-
CTH MEPEMEHHBIX BMECTE C YaCTHBIMH MPOU3BOAHBIMHE 110 ( Z, U) 10 BTOPOTO MOPSIKA BKIIFO-
quTeabHO, U(t) — T-MEPHBIH KYCOYHO-HEIPEPHIBHBIN (C KOHEYHBIM YHCIOM TOYEK paspbiBa
IIEPBOIO POJa) BEKTOP YNPABJISIOUIMX BO3AEHCTBUI CO 3HAUEHUSIMH U3 33JaHHOI'O HENYCTOrO,
OrPaHMYCHHOTO M OTKPBITOr0 MHOXecTBa U — 7-MepHOro JHHEHHOro mpocTpancTBa R T.e.
u(t) e U C R",t € [tyt4]. 2)
Kaxnayto ynpasisomyro (pyHKIHIO C BRILIEIPUBEIEHHBIMU CBOUCTBAMU HA308eM OONY-
CMUMBIM YNPAGIEHUEM.
[Ipenmosaraercs, 4To MpH 3aaHHOM JIOMYCTHMOM yIpaBieHud U(t) HHTErpajIbHOE ypaB-
Henwe (1) IMeeT eTMHCTBEHHOE HENPEephIBHOE perienue Z(t) uarerpaabHoro ypasaenus (1).
Ha pemenusix unterpanbHoro ypaBHeHus (1), HOpOKICHHBIX TOMYCTUMBIMU YIpaBlie-
HUSIMH, OTIPEICIIMM MHOTOTOYECUHBINH (PyHKIIMOHAT:
Jw) = ¢(2(Ty), 2(Ty), ..., 2(T)). (3)
3neck (24,23, ... Z;) — 3aJaHHas HeMpepbIBHO-AUBGepeHIpyeMas cKauspHas QyHK-
uust, a T; € (t,, t;], i =1,k —3aganHble TOYKH, IPUIEM
to <Ty <Tp < <Tp <t.
Paccmotpum 3agauy o munumyMe ¢ynkimonana (3) npu orpanndenusx (1), (2).
Jlonyctumoe ympaBiieHue, JOCTaBIsolee MUHUMaIbHOE 3HadeHue GyHkiuoHany (3)
npu orpannueHusx (1), (2), Ha30BeM ONTUMAaJIbHBIM YIIPABIICHUEM.
[{enbto pabOTHI SBNSETCS BHIBOJI HEOOXOAUMBIX YCIOBHI ONITUMAIBHOCTH IIEPBOTO U BTO-
pOTo MOPSAKOB, HOCAIINE KOHCTPYKTUBHBIN XapakTep. Kak BUIHO, MHOTOTOUYEYHBINA (PYHKIIH-
oHain (3) siBisiercs 6osee 00mKUM, YeM TEPMUHAIBHBIN (PYHKIIMOHAII.

Bolunciaenue MEPBLIX U BTOPBIX Bapuaunifl (])ymclmona.ﬂa Ka4yecTBa

[Mpenmnonoxum, 4To (u(t),z(t)) u (ﬁ(t) =u(t) + Au(t),z(t) = z(t) + Az(t)) HEKO-
TOpPBIE JOIMYCTHMBIE POIECCHI.

Torna sicHo, uto npupamienue Az(t) OyaeT pelieHreM HHTETPaTbHOTO YPaBHEHHUS
t

Az(t) = f(f(t, T, Z'(T),ﬂ(r)) — f(t, T,Z(T),u(‘[))) dr. (4)

to
3anumieM npuparieHue MHOTOTOUYeuHOTO (yHKIHOHana (3):
A (W) =] @) —JW) = @(2(T1), Z(Ty) ... Z(Ti)) = @(2(T1), 2(T3) ... 2(Ti)). (5)
[Tycts P (t) moka mpoU3BOIBHAS 1 — MEPHAS BEKTOP-(YHKIIHS.
Torga u3 Toxaectna (4) NOJIy4uM, YTO

f W' (£)Az(t)dt =

= j 1 l Y'(t) (f(t, 1,2(7),u(v)) — (¢, T,Z(T),u(‘[))) drl dt. (6)

0

U3 bopmymnsl (6), npumenss dopmyny Jupuxie (cm. Hamp. [11], c. 136), Oyaem umeTthb

f W (OAx(E)dt = f [ 11/;'(1)( fr.t,z2(0,500) - f(z, t,z(t),u(t))) drl dt. 7)
t Hanee u3 cootHomeHus (4) cienyer, 4To

T;
Az(Ty) = | (f(T 6, 2(0), () —f (T t,2(8),u(®))) dt.
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Iycts a;(t),i = 1,k xapakrtepuctuueckue GyHKIMH Ha OTpe3Kax [to, T;], i = 1, k.
Torma nocseHee COOTHOIEHUE MOXKET ObITh 3aIlIUCaHO B BHIIE

Ax(T,) = f “a () (F(T 6,20, 80) — (T t,2(0),u(®)) ) de. )

to
Ucnons3ys hopmyny Teiopa u3 (5), morydaum, 4to
K

u) = z a(p'(Z(Tl)lZ(TZ)i "'iZ(Tk))

AJ(w) 37, Az(T;) +
I azfp(z(:; z(T,) z(T, )) k 2
' 1/ 2 ) anny k
+§; ; AZ'(T}) aziazj AZ(Tj) + 0, ;||A2(Ti)|| 9)

3ameTHM, UTO 371eCh BhIpaxkeHue ||a|| sBasercs Hopmoii BekTopa a = (aq,dy, -, a, ) B
R™, xoropas Beramcisercs o popmyie ||al| = Y5 ,|a;|, a (") mrpux — onepanus TpaHCIOHH-
POBaHMSL.

YuutsiBas dopmynsl (7) u (8) B popmyne npupaiienus (9) momydyum
ty

e = [ SEIDATD. 2T ) (10,8, 200,70) + 77, 1,20, 000)) e+

to

+ [y onwd - f tl[ tll/)'(‘[)( £(2.t,20,8(0)) - £(2.t,2(0), u(®)) dT] dt +

k
1 0?2 (T, z(T,), ..., z(Ty)
+§ZZAZ(Ti) o(z(h). 2 ok )AZ(TJ')"‘Ol

aZiaZj

2

k
D@z x))| | o

Teneps 1151 paccMaTpuBaeMoi 3a/1a4¥l ONTUMATBHOTO YIIPaBIECHUS BBE/IeM aHaAIOT (yHK-
unu ["amunbroHa—IloHTpsiTMHA B BUE:

) H(t,z(t),u(t),p()) =

_ Z () 6¢(Z(T1),ZE)(§2), ., 2(Ty)) £t 2O, u(0) +

+f V' @f(ztz(), u(®))dr.

VYuureiBasg Buj Gpynkiun ['amunsrona—Ilontpsiruna B popmyse (10), momyuum

N = - [ w©azde -

to

_ f (H (£.2(6), 20, B(®)) - H(t 2(0), u(t), wm)) b+

0
k
PXCEI)
i=1
A u3 popmynsl (11), Ha ocHoBanuu Gopmyisl Teitnopa, OyaemM UMeTh

oH'(t,z(), u(t), Y (1)) oH'(t,z(1), u(t), Y (1))
0z Jdu

k 2

k
1 a, (Tl)) (TZ)) ey (T )
+§;Z AL G ELIGR) WU

aZiaZj

(11D

j=1

Az(t) +

M) = - jt §

0

Au(t)l dt —
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1 j lAZm 02H(t, z(£), u(t), (t))

0z2

02H(t, z(t), u(®), (1))
oudz

Az(t) + 2Au'(t) Az(t) +

to
t1

02H(t, z(t), u(®), (1))

AU (D) L Au(t)] de = [ oozl + Iu@IPde + (12
k Zto .
rou | [ Iazll| |+ [ w©szoar.
i=1 to

[penmnonoxumM, 4to P (t) yIOBIETBOPSET COOTHOLICHUIO
o0 = OH(t,Z(t)éu(t),l/J(t)). (13)
z
CootHomenue (13) aBisercs JUHEHHBIM HEOAHOPOIHBIM MHTErPaJIbHBIM YpPABHEHHEM
OoTHOCUTENBHO P (t) (compspkennas cuctema) [10-12].
[Tpu sTom popmyna npupamenus (12) npumer Bu:

t1 ' t1 X
M) = — f oH (t,Z(t)(;llj(t),l,lJ(t)) pu()dt — %f [Az,(t) G, H(t,z(t;),;(t),tp(t)) Az(D)
0 + 0
rome®? H(t'z(;)i’;‘z OFO) 0 4o ) H(t'z(ta);z(t)'lp(t))Au(t) dt +
X 2 ts
+0, ZIIAZ(TL')II] - f o ([I1Az(O)| + llAu(®)[]]*)dt. (14)

to

B manpHeiimeM HaM OHAIO00MTCS OIEHKAa HOPMBI TIpUpAIIEHHs TpaeKTopun X (t).

13 hopmymsl (4), mepexoss K HOpMe, U HCIOIb3Ys yelaoBue JIMMmia mojaydaem, 9to
t

1Az(D)] < Ly f[IIAZ(T)II + [[Au(D)l]d7,

to
rae Ly = const > 0 HEKOTOPOE MOCTOSTHHOE.
[Tpumenss k mociieAHEMY HepaBeHCTBY JieMMy [ ponyoiuta—bennmana (cm. Hamp. [11]),
MOJIyYUM, YTO

I1Az(D)] < L, JIIAu(T)IIdT, (15)

(L, = const > 0).
U3 ypaBuenus (4) monyuaem, uto Az(t) sBISETCS pElIEHHEM JIMHEAPU30BAHHOW CH-
CTEMbI YPaBHEHU I

B . af(t,r,z(‘c),u(r))
Az(t) = — ][ %

Az(T) +

RiC - 2 8D) ) +oy (182 + 18u) D]ds. (16)

0
[To mpennonoxennto MHOKeCTBO U (0051aCTh yIpaBiIeHUs) ABISETCS OTKPBITOM.

10
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[TosToMy crieruanbHOE MPHUPAICHUE JAOMYCTUMOro yrpasieHus u(t) MOXHO ompeje-
JUTH 10 (hopmyIie
Au,(t) = edu(t),t € [ty, t1]. (17)
31ech € T0OCTATOYHO MAJIoe 1Mo abCONIIOTHOM BeMUUHE 4ucio, a du(t) € R, t € [ty, t4]
NPOM3BOJIbHASI KYCOYHO-HETIPEPhIBHAS M OTPAaHHUYCHHAST BEKTOP-(QYHKITHUSI.
Yepesz Az.(t) obo3HauMM crienuaabHOE NpuUpalieHre Ttpacktopun z(t), oTBevaromiee
creraibHOMy tipuparienuto (17) ynpasnenus u(t).
W3 ouenku (15) cnenyer, 4to
”Azs(t)” < L3£’ t € [t0: tl]' (18)
(L3 = const > 0)
YuuteiBas popmyny (17) u ouenky (18) B hopmyne (16), monydum, 4to

g af(t, T,Z(T),u(l')) g af(t, T,Z(T),u(’[))
ou

Az (t) = f Az (1)dt + ¢ j-
0z
to to
I1py OMOIIK STOTO Pa3JIOKEHHUS JTOKA3BIBACTCS
Jlemma. Jlns criennanbHoro npupamnienus Az (t) tpacktopuu z(t) ©UMEET MECTO pasiio-
KEHHE

Su(t)dt + o,(g; t).

Az (t) = €6z(t) + os(g; t), (19)
3aech 6z (t) ABIACTCS pelICHHEM JINHEHHOTO HEOIHOPOIHOTO HHTETPATBHOTO YPaBHEHHS
BonsTeppa
t
52(¢) = ] [6f(t, 7,2(7), u(1))
to 0z
Jlemma nokaspiBaeTcs IO cxeMe, aHaJoruyHoi cxeme u3 [10], ucnonszyemoii B ciayyae
3aJ1a4ud ONTUMAJILHOTO YIPaBIeHHsI OOBIKHOBEHHBIMH T (hepeHINaTbHBIMU YPABHEHUSIMH.
VYuursiBas paznoxenue (19) u popmyny (17) B npupamenuu (14) ¢pyHknuonana, noiy-
YHUM, 9TO

6z(t) +

(')f(t, T, z(r),u(r))
Tu du(r)|dr. (20)

t1

S(u+Au,) —S(u) = —ef

to

2O 0%p(2(T)),2(Ty), ., 2(Ty)
+72 Z SZ (Tl) aZl'aZj SZ(T]) B

oH'(t,2(0), u(®), p(®)) Su(t)dt +
ou

i=1 j=1

_§ f l(?z’(t) 92H(t,2(0), u(®), Y (1)) 0H(t, z(0), u(®), Y (1))

oudz

dz(t) + 26u'(t)

32 6z(t) +

02H(t, z(t), u(®), (1))

+ou'(t) s

Su(t)|dt + o(e?).

Ha ocHoBanuu sToro PAa3JI0KCHUS 3aKIIFOYaCM, YTO IIE€pBast U BTOpPAsA Bapuallun (B KJ1ac-

CHUYECKOM CMbIcie) (pyHKIMOHaNA (3) UMEIOT, COOTBETCTBEHHO, BUI:
t

51 (s 60 = — f aH'(t,z(t;, ;L(t),l/)(t)) su(t)de, (21)
k kt0
, 62 ((Tl)l (Tz);---; (T ))
52 (u; 1) =;;6z (1) =2 a;az; 5 0u(1)) -

11
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02H(t, z(t), u(®), (1))
oudz

B f l6z’(t) 02H(t, z(t), u(®), (1))

0z2

02H(t, z(t), u(®), P(v))
ou?

6z(t) + 26u'(t) 6z(t) +

to

+6u'(t) du(t)| dt. (22)

H606X0)1HMI>IC Yci1oBudA OITUMAJIBHOCTH

[TockonpKy 1O TMPEANOIOKEHUI0 MHOXKECTBO U OTKpBITOE, TO JUIsl ONTUMAIbHOCTH
yIpaBlIeHUsT HEOOXOIMMO, YTOOBI TepBas Bapualus (QYHKIMOHAIA BJOJb ONTHMAIHLHOTO
yrnpasneHus u(t) Obla paBHOI HYNIO M BTOpas OJKHA ObITh HEOTPULIATEIBHON (CM. Hamp.
[10-13]).

[TosToMy U3 cooTHOomIeHu# (21) u (22) cienyeT, 4To BIOJIb ONTUMAIBHOTO YIIPABICHUS

u(t), st Becex du(t), t € T (Bapuanus yrpaBiIeHUS)
ty

f oH'(t,z(1), u(t), ¥(t))
Jdu

su(t)dt = 0, (23)

to

k 2 t1 )
z z 52(T) 0°p(z(Ty), ..., z(T})) 5Z(Tj) B j ISZ’(t) 0 H(t,z(t),u(t),tp(t)) 52() +
. 2

e 0z;0z; 0z2
(24)
125062 H(t’z(;zl'(;‘z ©.3$®) 52(6) + 1) H(t'z(g;z(t)'w(t))du(t) dt > 0.

CootHomienus (23) u (24) aBnsr0TCsS HEIBHBIMU HEOOXOIUMBIMU YCIIOBUSIMU [IEPBOTO U
BTOPOTO MOPS/IKA, COOTBETCTBEHHO. M3 HUX Ha/10 NOIY4YUTh HEOOXOAUMBIE YCIOBHSI ONTHMAIIb-
HOCTH, SIBHO BBIPQ)KEHHBIE Uepe3 MapaMeTpbl paccMaTpuBaeMoOil 3a1a4u.

U3 toxxaectsa (23) cnenyer

Teopema 1. [Iyi1 ONTHMaNBHOCTH JOIYCTUMOTO yripaBiieHHs U(t) HEOOXOIMMO, YTOOBI
COOTHOLLEHUE

0H(6,2(0),u(8),¥(6)) _ 0
ou B
BBIMTOJIHSIOCH ISt Beex O € [tg, t1).

3neck 6 € [ty,t;) MpOU3BONIBHAS TOYKA HEMIPEPHIBHOCTH yIIpaBieHuUst U(t).

CooTtHomenue (25) siBAsSETCS aHATIOTOM YpaBHEHUS Dilyiepa U3 BapUAIlMOHHOTO MCUNC-
nenus (cm. Hanp. [10, 11]).

Kaxmoe momyctumoe yrpaBiieHHe, SBISIONICECS PEIICHUEM ypaBHEHus Ouiepa (25),
HA30BEM KJIACCUYECKOU IKCMPEMaabio.

B npunnune, 4ucino Kiaccu4eckux sKcTpeMaleil MOXKeT ObITh JOCTaTOUYHO OOJIBIIUM.

[TosTOMy HEOOX0IUMO UMETH HEOOXOTUMBIE YCIOBHSI ONITUMAIEHOCTH BTOPOT'O MOPsiIKa
HOCSIIIHUE SIBHBIA XapakKTep.

IIycts R(t,7) (n X n) —marpuuHas QyHKIHsI, SBISIOMIASICS PEIICHHEM MATPHYHOTO JTH-
HEIHOT0 MHTErpajbHOTO ypaBHEHUS

) af (s, 7,2(1),u(r)) s + of (¢, T,Z(T),u(T))_
0z 0z

(25)

R(t,7) = fR(t,s

T

12



Ananoe ypasnenus Jilnepa u Heooxooumble YCI108UsL ONMUMATLHOCU 8MOPO20 NOPAOKA. ...

Torga pemenue z(t) ypasuenus (20) gomyckaer npejacrabienue (cM. Hamp. [6])

; df (t,s,z(s),u(s) g of (t, 7, z(7),u(r)
du

6z(t) = fR(t,r) J. 7 ou(s)ds dr+f

to to to

du(t)dr.

Ortcrona npumensist popmyny JAupuxie moiydaem, 4To
¢

52(t) = f [ f Rt (S’T’Za(;)’u(r)) Su(t)ds| dr + J (6 2@u@) o v

ou

to
IMonaras

)af(s,r,z

d T),u(r)) ds + af(t, 7, 2(7), u(r))’
u

t
Q(t,7) = fR(t,s 7u

T
MOJIy4YuM

t
6z(t) = fQ(t,T)Su(T)dT. (26)

W3 npencraBnenus (26) cienyet, 4To
21
to
Teneps, ucnonb3ys npeacrapineHus (26) u (27), 3aiimemcs mpeodpazoBaHruEM OTAETbHBIX
ClIaraeMbIX B HEpaBEHCTBE (22).
Ha ocHoBe ¢popmyisl (27) nonydaem, 4To

62¢(Z(T1)J Z(TZ) y Z(Tk))

6z'(T;) 9797, SZ(TJ-) =
194
- [ [ a@a@owme,o
o 02p(2(T,), 2(T) <., 2(T)
X (p(z aZziazj 2k )Q(Tj,s)Su(s)dsdT. (28)
Hcnonb3ys dpopmyiy (26), Oynem UMeTh:
f s (6) 92 H(t,Z(atzt, ;Z(t),q;(t)) s2(t)dt =
_ f [ f su'(©)” H(t, 2(2; (t)'w(t))Q(t,T)(Su(r)dr)] dt, (29)
; 2
f6z'(t)a H(t’Z(g'ZZ(t)'qJ(t)) oz(t)at =
t; tq . )
= ] f su' (1) [ f ( Q'(t, T)a H(t’z(g’;(t)'q’(t))()(t, s)dt] Su(s)dt. (30)
to to max(t,s)

13
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ITo ananoruu ([12]) BBenem o603HaUCHHE

k k
K(ns) =~ Z Z a;(Da;(s) Q'(T;,7) 0*¢(2(T), 2(T3), .., 2(Ti))

0z;0z;
i=1 j=1 L

N ]tl 02H(t, z(6), u(®), (o))

( )Q'(t, 7) 972 Q(t, s)dt. 3D

VYuaursiBas BBeeHHBIC 0003Ha4YeHue K (T, s) u ToxxaectBa (28)—(31) u3 HepaBencTsa (22)
HOJTY4UM.

Teopema 2. [t ONTUMATBHOCTH KJIACCHYECKOM dKcTpeManu U(t) Heo0X0auMO, YTOObI
HEpPaBEHCTBO

(T s) +

ty &g

] J6u'(r)K(T,s)6u(s)dsdT+

to to

+f[ té“u’(t)azH(t’Z(t)'“(t)"l’(t))

Tudz Q(t,t)du(r)dr|dt +

N tlé‘u'(t)a H(t,z(?;:(t),ll}(t))

to
BBINOIHsIIOCH 11 Beex O(u) ER™, t € T.

Kak BuziHO, HepaBeHCTBO (32), sABJIAACH OOLUIMM UHTErpaJIbHbIM HEOOXOAUMBIM YCIIOBUEM
ONTUMAJILHOCTU BTOPOTO MOPSI/IKA, HOCUT KOHCTPYKTHUBHBIN XapakTep.

Bosee TOro, U3 HEro MOXHO, 33 CYET MPOM3BOJIBHOCTH JOMYCTUMBIX Bapuanuii du(t)
yrpasistomei Gyakiwn w(t) MoayduTh psi eiie Gosee JIETKO MPOBEPSIEMBIX HEOOXOMMBIX
YCIIOBUIM ONITUMAJIBHOCTH.

IIpuBeneM oHy U3 HHX.

Teopema 3. J[71s ONTUMAIBHOCTH KJIACCHYECKO# IKcTpeManu U (t) HEOOXOAMMO, YTOOBI
HEPaBEHCTBO

su(t)dt < 0 (32)

0%H(6,2(0),u(6),(6))
v v<0
ou?

BBITIOJIHSAIIOCH JUIs BeeX 6 € [ty t) mv € R.

3neck 6 € [ty, t1) — MPOU3BOIBbHAS TOUKA HEMPEPHIBHOCTH yrpaBieHus U(t).

HepagenctBo (33) ects ananor yciosus Jlexannpa—KieOria n3 BapualinoOHHOTO UCYHC-
nenus [10—-12] nns paccMarpuBaeMon 3a1a4H.

JlokaxkeM ycroBue onTUMabHOCTH (33).

I[Tycts 8 € [t, t;) — MPOM3BOJIBHAS TOYKA HEMTPEPHIBHOCTH yrpaBieHus u(t), € > 0 mo-
CTaTOYHO MaJO€ MPOU3BOJILHOE YHCIIO, Takoe 4To, 8 < € < t;, vV € R” NMpOU3BOIBHBIIA BEK-
TOP.

(33)

B cuity nmpou3BONBHOCTH AOMYCTUMOM Bapuamuu Su(t) ympasnenus u(t), ero onpese-
UM 110 popMyIie
(v, t€[0,0+¢),
Suc(t) = {0, t € [to, t11\[6,0 + ).
VYuuteiBast Beipaxkenue du,(t), B popmyste (34) u3 HepaBeHcTsa (32), Mociae HEKOTOPHIX
npeoOpa30BaHU MMOTYYUM, YTO

0%H(6,2(6),u(6),1(6))
EV

ou?

(34)

v+o(e) <0. (35)

14
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Pa3nenuB 00e yacTu mocieHEro HEpPaBEHCTBA Ha € U Mepexos K nepezeny npu € — 0
MOJIYYUM YTBEPKICHUE TEOPEMBI 3.

Teopema 2 mo3BOJIAET MOITYYUTh HEOOXOJUMBIE YCIOBUS ONTUMAIBHOCTHU TAKKE MPH BbI-
pokaeHuu aHaiora ycioBus Jlexxanapa—KneoOma.

ITo ananoruu ¢ padoramu [10, 12] BBegeM moHATHE 0COOOTO B KIIACCHUYECKOM CMBICIIE
yIpaBJICHHUS.

Onpenenenune. Eciu uis Bcex 0 € [ty t;]uv € R”

02H(0,2(0),u(6),¥(6))
v ou? vE

TO KJIACCHYECKUH IKCTpeMasb Oy/ieM Ha3bIBaTh 0coObiM (B KIIACCHYECKOM CMBICIIE) yIpaBiie-
HueM B 3agade (1)—(3).

13 BBEICHHOTO OIpEeNICHHsI SICHO, YTO JJIsi 0COOBIX B KIIACCUYECKOM CMBICIIE YIIpaBie-
HU# aHaor ycioBus Jlexanapa—KiieOma, BRIpokaasich, CTAHOBUTCS HEA()PEKTHBHBIM.

ITycts u(t) ocoboe (B KIIaCCHYECKOM CMBICIIE) ONITUMAIBHOE YIIPaBJICHHUE.

YuutsiBas popmyiny (36) B HepaBeHCTBe (32), OJIy4HM, 4TO B 0COOOM cliydae

e2v'K(8,0)v +
y 02H(0,2(6),u(0),¥(9))

oudz
+0(e?) <0.

Orcrofa, B cuily Ipou3BOJIbHOCTH € > ( moay4yaem, 4yTo

92H(8,2(6),u(6),9(0))
oudz

0,

+¢e?

Q(6,8)v+

v'|K(6,0) + Q(6,9)|v<o. (36)
TakuMm oOpa3om, qoka3zaHa
Teopema 4. J[J1si ONTUMATBHOCTH 0COOOTO B KIIACCHYECKOM CMBICITE yripaBieHus U(t)
HEOOXO0IMMO, YTOOBI HEPABEHCTBO (36) BBIMOIHSIOCH /1jIst BeeX O € [ty t) u v € R”.

3ameuanue. Kak usBectHo, (cM. Harp. [13]) npumeHeHHe cepru UTOJIbYAThIX Bapualuil
[P J10Ka3aTeNIbCTBE HEOOXOAUMBIX YCIOBHM ONTUMAIBHOCTH NEPBOTO MOPSIJIKA HE YCUIUBAET
HU NpuHIuna MmakcumyMma [lontpsiruna, Hu ero cineactBus. B ocobom ciyyae jxe nucnosb3oBa-
HUE CEepUU UIOJIbYATHIX BapHallUil MO3BOJSET YCUIUTh HEOOXOIUMBIE YCIOBHS ONTUMAIIbHO-
CTH, OCOOBIX YIpPaBJIEHUH, MOJIYYEHHBIX C MOMOIIBIO MPOCTHIX UTOJbYATHIX BapHalui (CM.
Hanp. [13, 14, 16, 17]). Ucxoas u3 sToro, pe3yabtaT TeopeMbl 4 MOKHO YCHUIIHTD.

3aMeTuM, YTO sl HEOOXOAUMBIX YCIOBHM ONTUMAaIbHOCTU MEPBOTO U BTOPOTO MOPSI-
KOB, B YaCTHOCTH aHayor ycioBus Jlexanapa—Kiebma 11 3aaun oNTUMaIbHOTO YIpaBie-
HUS, OMMCBHIBAEMOT0 CUCTEMON OOBIKHOBEHHBIX U (hepeHITNaIbHBIX YPABHEHUH C HETUIIOBBIM
KpUTEpHEM KadecTBa, IoJiyuyeHsl B padote [15].

3akiaouenue

B pabote paccmarpuBaercss 3aJaua MUHUMH3AIMM MHOTOTOYEYHOTO (YyHKIIMOHAJA,
ONPENIETICHHOT0 Ha PELICHUSAX HETMHENHOTO MHTETPAIbHOTO YPaBHEHHUS B KJIaCCE KYCOUHO-HE-
MPEPHIBHBIX YIPABIAIOMNX (PYHKIHMHA MPH MPEANONI0KEHUH, YTO 00JaCTh YIpaBJIeHUS SBIIS-
€TCsl OTPAaHMYEHHBIM M OTKPBITHIM MHO>KECTBOM. METO0M NpupalleHusl BHIBEACHBI IIEpBasi U
BTOpAasi BapHaluy KpUTEPUs Ka4yeCTBa.
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W13 ycnoBus paBeHCTBa NepBOH BapHaluK (yHKIIMOHAJIA BJOJIb ONTHMAIBHOTO YIIpaBiie-
HUS MOJIYYEeH aHAJIOT ypaBHEHUs Diiiepa.

A M3 yCIIOBHS HEOTPHILATEIBHOCTH BTOPOW BapHallK (PYHKIIHOHAJA TOIYyYCHBI 00IIne
HEOOXOJMMBIE YCIIOBUS ONTUMAIbHOCTH, MO3BOJIIOIINE YCTAaHOBUTH aHanor ycioBus Jle-
xanapa—Kiebma u ucciaenoBarb ocoOble (B KJIACCHYECKOM CMBICIE) YIPABICHHUS Ha OINTH-
MaJIbHOCTb.
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