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ONTUMU3AIMS TEPHOUYECKIX TRIKEHII
S - HEKOTOPBIX BEBPOYJTAPHBIX CHCTEM

'KOBAJIEBA A. C.

Pacemarpusaercs sajmaua onmrmMampmOro ympasmemms TePHOINISCKAME TBUKEHUIMI
BUODPOYNADHOHA cHCTeMBL [ MPHEGIMEEEHOTO OOCTPOCHAA ONTHMAJBHOTO YIPABISHHT
HCUOIL3YIOTCA METOMEL MAJOTO IADAMeTpa W BHePreTHIeCKOro Galamca; MAeTCs, OMEHKA
AOTPeIIHOCTA B OUPEeICHAN TPACKTOPHE I yIPABICHNSL. '

1. Paccmorpmm Bagaty onTEMANBEEOTO yUpaBIeRms OIHOYIAPHEIM NIEPHOTH-
eCKEM [BIKCEHeM BHGDPOYZAPHOM 'CHCTOMBI. P aHANOIMIHBIX 3ama¥ Ccra-
Briaca B pabotax [1—4] (8 [1, 3] mmeercs nonpo6HELl Gubinorpagmaeckmit
" «0630p). Haxk mpasmio, BammcHBamuch fud@epeEnuaTEHNe YPABHOHAA I[BHKe-
A CHCTOME, 3 YCIOBAA MEPHOAUIHOCTH M YCIOBHA Y/APA PACCMATPEBAIMCH
KaK [ONOJHATENLHEE OTparmIennd. IIpu momo6mEom moxxonie aPeRTHBHEIE Pe-
-3yIBTATEl YIABATIOCh MONYIATH TOMBKO [ CHCTEMEI ¢ ONHON CTEmeHBIO CBO-
"6OMEL, MEHEHHOK B MPOMEKYTRAX MeKny ymapamm [1—3]. . o :

Ecim cmerema ¢ meckomsrmMm crememsmm CBOOOIEI COREPIRUT ‘Of[EH yHap-
HBIH OCOUILIATOP, TO NePHOLTICCKAS NBHFKOHNS DIeMEETOR yI00HO meciemoBaTh
*C TOMOI[BI0 HHTETPANbHEX YDPABHEHMH HePHOIIIeCKOro pexmma [1]. B [4]
‘TOKA3aHO, 4TO NPHM TAKOM IIOAXORE 3a/java ONTHMAILHOTO YIPABICHMS MOMKET
«ObITH MOCTABIEHA KAK 3aja9a MEHIMABAINE dYHERImOHATA ¢ OrpAHEICHUAME
B BUJIE MATETPATbHEIX ypaBEeHmid. B [4] momydensr meobxommmsle. yemosns om-
“TEMANBLHOCTH [T BAGPOYAAPHBIX CHCTOM ¢ 7t CTeNeHAME CBOGOIE I OTHAM yEap-
HEIM DIIEMEHTOM, JHHEHHLIX B IPOMEKYTKE MeRLy ynapamn. B macrosmeit pa-
“60Te CTPOWTCH OUTEMATBHOE YIPABICHNE IS BHOPOYIAPHOH CHCTEMEL ¢ JIOTOI-
{HATENLHOH HeIWHEeNHOH CBA3LIO. ,

He mapymas o6mmocts, orpammammcs HCCIeNOBAHEEM CHCTEMEL C OHO-
*CTOPOHHEMM OTPAaHWYHTENIeM, TUHAMIKA KOTOPOH OMMCEHIBACTCSA ypABHEHEEM

- D(p)atf(z, the)=u(t) (1.1)

M@ YCIOBEAME yHapa :
' z(0)=A,  z,"(0)=—Rz_"(0) (1.2)
3pece D(p) — omepaTop NMEAMEMECKON RECTKOCTH IUHeHmof wacTm ca-
<cTeMH [5], mpuBeneHELIH K KoopaHHATE T K equaAIHOA Macce, p=d/dt. Ha-
"IAN0 OTCUETA BPEMEHM COBMEIIEHO C MOMEHTOM yaapa, ¢ — ¢asa ynapa, R —
KOI(PUIIEHT BOCCTAHOBIEHTSA CROPOCTE npm yrape, z- (0) m z, (0) — nesas
"I OpaBad OPOMSBONHEIE Z () B MOMEHT yiapa, A — Beimamua 3a30pa (marsira).
-Yropasnesme u(t) m dymrnus f(x, ) TpEBENEHH K eTMHEMYHOM Macce W TIe-
"PHOAMYIHEL IO { ¢ (PHKCHPOBAEHEIM nepurorom T'. ' ,
Ilepmonmuecxoe nemmenne cmeremsr (1.1) ¢ opamM coymapenmen 3a mepHEOJ
“ONICEIBAETCA YDaBHeHHEM
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2O==IO+ [xG-9) )~ ste) s (13)
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3pecs J — yRapHLIE AMITYIEC, npuBefieEHbLH K eIEHIIHOR Macce .
L (+Ryz0) (1.4)

% (t) — mepmopmaecKas ¢yrrnua [puEa IEHEEHHOE JACTH CACTEMBI (1.1) [6]

o (B =T 'iD;’_(ik,mt)iexp (tkot) (L.5)

Re=—o0

Hocrpomm ynpasienne u(tv) , JaIoIIee MaKcEMyM (yHKIHOHAILY

7

. T -
G=J.—-% [w(9)ds, >0 S ey
) . |

Ha TPAEKTOPHAX yPABHEHHEA (1.3) . lomonEATEIPHEME OrDAHHICHAAMM CIYHAT
mepBoe 73, yCIOBHE yAapa (1.2) m reoMeTpHEIECKOE YCIOBHE

z(t)<A, J=0 ‘ (1.7)

HCKITIOUAIONIEe 3aX0f CHCTEMs 3a orpammamrenb. (DESMIECKHH, CMBICL PyaR~
- mmomana (1.6) oueBHpeH: ONTEMAIbLHOE YIPABJIEHNE usx (t) peammsyeT MaKCH-
MaJTBHELA yJAPHEIH mMIyiIbc J OPEM MAHEMAIBEBIX SHEPTETHYECKHX CDEAHE- '
'KBAJ{PATHIHEIX 3aTPATAX. '
* .Cgopmynmpyem HeoOXomMbie YCIOBHA ONTHMANBHOCTH, MPEIIONATad, IT0
coorHoierns (1.7) BHINONHAITCA KAk CTPOTHE HEPABEHCTBA.
Vuirreisas (1.4) @ mpmuEEMas BO BHAMAHUE OYGBHJHEIC 3aMEHBI

oo (t—8) =—9s (t—8),  [%:(E—5) Lemo=—%s (T —S)

(ammEnME HHEKcAME 0GOBHAYEHE! JACTHBIC HPOH3BOJHBIE dyERIHEE ¥), me-
gmoanm J m3 (1.3), (1.6). Ioxyamm : '

Jmmt [ (T=5) [0(5) ~f(2(), s+e) 1ds s
e @ERTRO L W)
z(t)= [ K(t,9) [u(s) 1 (x(s), s+¢) 1ds (10)

K (¢, s)=y,(t—s)Fp~'xs(T—s) % (£)

G= [hlz(s),nis), s olds (140

fymtao? () — 1 (T—s) [1(8) —F (@, 5+9)

Bajaga CBeIach K OMPE/EICHAKN MaKCAMyMa QYHKIEOHALA (1.11) =a Tpaer-
topuax (1.10) mp: HONOTHATENIHHOM OrPAHMYCHAN (1.2). HeoOxommMELIe YCIIO-
Bus omTEManbEOCTE mif 3amadn (1.10), (1.41), amamormumble DNPHHIWIY MAK-
caMyMa, cdopmynuposasst B [7—9]; B [9] VEKa3aH CI0C06 ydIeTa OrpaEmICHUE
tana (1.2). ‘ : : ,

B coorsercreun ¢ [9] BBemeM B paccMOTpeHUE pacCIIMpeHHEIH (yHRIEOHAT

Jlarpamsxa
L(z,u, p, A, @) =fo(z(s),u(s),s,¢)+p(s)z(s)+

() -A18 () - [P K s) [n(s) 1 (e(s), st@)lde  (112)
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TRe MHOxATeNH Jlarpamxa p(t), A ompemenAoTcsa U3 yCIOBHil ONTUMAaJIBHOCTHY
0 (s) — 6-pyrrmma [lmpara. ‘ :

[Ipmenun mMakcmmyma mus HHTETPANBHEIX YPAaBHEHAH € OrpaHuYeHBAME
cocromr B cuepyiomem [9]. Ha omrtmmamsmoit Tpaektopmm ¢pymxmms L cra-
.IHOHAPHA II0 T ¥ JOCTHTaeT MAaKCHMYyMa II0 U: :

L/9z=0, OLjdu—0 . - (1.13)

Ilockonbky ymrmma L sapmcdr oT LDOCTOAHHOTO, ITapaMeTpa ¢, ompejease-
Moro TpeGoBaEmAME omTHManbHOCTH, To K (1.13) ciuemyeT ID00ABATH ypaB-
HeHume [9]: ’ :

T . R
ja—Lds=o o (1.1%)
d dp. : : .

0

Jia ompeneNeENA ONTHMAILEOTO YIPABICHHT u(s), Tpaexropmm z(s),
dasst @ um- Mmommreneir p(s), A mmeem ypasmemms (1.2), (1.10), (1.13),
(1.14) ; 9meno memaBecTHEIX PaBHO UHCIY yPaBHOHMII. ,

2. IlocTpomM cxeMy HOCIeXOBATEIBHBIX OpHONMKeHAR, MCHOML3YA METO
Majoro mnapamerpa. OrpaEMYEMCA [JIA OPOCTOTH ABTOHOMHOM CHCTEMOM
f(=, t)=ef(x), & — manzst mapamerp. , B ’

B srom crywae ¢ymxmms L mepecraer saBmcerh oT ¢ 7 ypasmenme (1.14)
He paccMaTpuBaercsa. Bummmenm ypasmenma (1.13): '

O ()= [ 5O R 5) ity (Tms) =0
0u_ au ; :!.P AL, 8 w X“ S, _ ,
© oL - ) : o
== =p(s)+hb(s)H |
ax . . .

 ref(e) [ T+ [P0 K 5)dt] =0

\

Wcxrmiouns p(s), moiydmm maETETpaNTbHOE YPAaBHEHHO ,
u(s) =0 g (Ts) —p~s (T —s) (1=01(0)) I -
e ffx[x(t)]K(t, Hu(tydt ey
Takum o6pasom, ms onpe;:enegml z, u, A HMEeM CHCTeMY ypaBHeHHH
0)= (K1 w0 —et (@) 1at 0= @2

5(8) == (MR (T, 8) =~y (Ts) |-

~e [ K, 0)f:L2(0) Ju () di=hvi () H

v, (s) +e [U(@),n(0),5 0)d

Beenenme Manoro mapaMerpa IO3BONAET MCKATh DENICHWE B BEME MOCIENO-
BATEJIBHBIX NPACIMIKEHNH 0 exeme, mpuMenentoi B [10]. -

Ilycrs cmerema (2.2) mMeer efmHCIBeHHOE pelrerme; GpyHRuAA f(z) open-
TONIATaeTCA [BAKALI HEOpephiBHO nudgepernmpyemoir. [lpmmenmm x (2.2)

31



cxXeMy HOCJIG}IOB&TGJILHHX npnﬁmzcmemm

[ (s)—jK(s,t)u @), a° (0) =A

| u (s) or‘[?fK(t s)—p” xs(T $)]
()= [ Ko, ) [ () —ef (& () 1
L S0=A #EO=Ame) T+

+e j U(x"“(t) ,""u’—"(t) 5, 8)dt

Hycn, z:(8), ug(s) A— pemeﬁne BoaMyimenHol sagaun (2.2), Jo=(1+R)X

X[dl'g/dt] t=0_+"
" Torga cymecTByeT ei>0 Taxoe, 9T0 IpH 0<s<31 0<s<T umMe0T MeCcTo

OIeHKHA .
|22 (5) =2t (s) |<ce™,  [ue(s)—u!(s)[<e™

. Oyerp x,(s) — pemenne ypaBHeHna
L al)= jK(s,n[u - ef(x(t))]dt
T'or:xa' '
|xe(s)—x;(s)|<czs , =T <cse™!
J=(1+R) [dxlldt],_o_, ¢;=const

- Jloka3aTeanCTBO STOT0 YTBEPIKAEHHA CIefyeT HeIl0CPEeCTBeHHO U3 NPARIHA- -
na memonsmmkuol Towkm [11]. IlpaMoe moKasaTeIbCTBO aHAJNOIETHOTO YTBEP:H-
nerna upwmsene=o B [10]. e '

3. PaccmorpuM cmcTeMy ‘¢ MAaIoi AmCCHUANAEd, |=&.

i

Ce@=—Ty@Fe 19 B F@Elds @D

[ KoTOPoH yHRIWOHAX KadecTBa mMeeT BUJ

G=1-2 j u? (1) dt

Jlm cmeremsr (3.1), (3 2) CTPOHMTCHA CXEMA ]IOCJIeI[QBaTeJILHBIX upn6mmce-

it °=—J° x(‘t), s PP=—Ay"1(0) =Js, #'(0)=A A
- : | (3.3)
(=T (0) o Jrt- w1 s
el Jl——j [u () 1 ds e

Ji=—p,! ‘j’xs (T—s)[u'(s)—f (sv) ]d;*'
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3mecs f'(s)=flz'(s)], J+ — smavenme HMIyThCa HpW BHOPOYZApPHOM peso- -
mance. OnTEMaTbHOE ympapienme u'(s) ompepmensercs ma Ka)KIOM mIare . me
METOJIKe, H3I0KeEHoi B . 1. Beemem B paccMoTperme (HYHKITHIO .
- Li==tYwealut (s) P—p =y, (T—s) [u* (s) -~ (s) 1+p'(s)=' (s)+

L () A10()~ o' (1) Lo () Fiity, (T—5) (8

Heobxogmmire yerosusa onramanpmoctm OL'[02'=0, OL'/6u'=0 upmBopar &
ypasmemuaM - pi(s)=—A'0(s), u'(s)=a'[Ay(T—s)— (ep) =t (A% (0) —1) X
an (T—S)] . ‘

Hcmonssys mepsoe us yemopmit yaapa (1.2), meknognm A u3 u’

2 (0)=~I'y(0) tea~Nki—eF ' =A . (34
Jl=8_106—1l1:12k2[1'17\rlx (0) ]_}__Mif.inl—i .
1t (s) =o'y~ (0)x (T—s) —ky ="y (T—s) [—poT st Fp ]

Fi= [aT=9)f ()ds, Fim [ gu(T—5) 1 (5)ds “
) ) - (3.5)

' k= fx’ (t)(dt, kz= f [Xt (t) ]zdt

\. BBogs B cucremy ympasienme (3.4), monyumm mBmmenme c YOapHBIM HM-
IYIBCOM ‘ ' Loy .

F=Ji—eF "y~ (0) +ek,[ o (0) ]-* (3.6)

- Iocnemrme craraemeie B (3.6) XapaKTePEIYIOT yBeImYeHTe EMOyIbCca B

YIPaBigeMoil CECTEME IO CPaBHEHTIO ¢ HOyIPABIAEMOL.

CxopmMocTs 1mMOCIeN0BATENBEEIX IPHOTIKEHTH TarKe CIeNyeT U3 NPHHIE-
U3, HeNOABIKHON Toukm, Onenkn m. 2 ocTaiores CIIPaBeJ[IABEIMA.

Henocpencrsenno#t mposeproit Mosxmo YAOCTOBEPUTECA, ITO IPH JOCTATOT-
HO MambIx & Hepasencrsa (1.7) seimoamsioTes crporo. .

Bee HBII0KEHHOE OCTAETCH B CHJIE H IS HeaBTOHOMEEBIX CHCTEM, HO K yCI0-
BHAM OUTEMANLHOCTH CIEAyeT JOGaBETH PaBeHCTBO ( 1.14). :

=

Paccruorpum npumep: YUDpaBIeHAE YIAPHBIM OCIEIIATOPOM. JIHCCHIANHIO YINTEIBACM
%omﬂcomnp]z]f YAape. YpaBHeHWE [BMKEHHA uMeer BafL =z '+Q2z=eF c0s (014 Q) +eu(t).
orja [4, 6]: : : )
' % (2)=[2Q sin(QT/2) -t cos Q (t-T/2), O<i<T

X(T=t)=x(t), x:(8)=—[2sin(QT/2)]~* sin Q(t-T/2), x-'(0)=—=1,
m==p,  p=[2(1+R)]~1(1-R), |
Fi°=(Q2-02)~'Fcos @, F,°= (Q~w?)~Fo sing
Yupasaemme u(t) B mepsoyM npubamrenan BEIHCIACTCS 110 (i)opMnye (3.4): mpm =l
B )=y O O -k (TP ()

Tarmm o6pasom, mMIyIsG & YUPaBIeHHe 3aBHCAT 0T (haser ¢. [lum ompemedemma @
crymnt ypasrenme (1.14), xoropoe B pammod sanawe DPHBONATCA K BHAY ?4] .

T . .
- [reom@a=o  16,0=Feos(orte

W C Y9eTOM BHIDAKEHHS NI u!(f):

—o~'%~1(0)sin o+ 0k~ [pls+Fo Sin' @ (Q%—02)~1] cos =0
Hexmouns ¢, onpenesrmm Bee TapaMeTpHl 3a7aqH.
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4. Ecam ¢ysrnms f, orpaykaomas BIMAHEE JOMOIHUTENLHEBIX cBAzel, 3u-
BECHT He TOXBKO OT %, HO U OT & , TO BMECTO OJHOTO HHTerpaIbHOT0 ypaBHe-
mua (1.5) mpExommTCA paccMaTpPEBATH CHCTEMY ypaBHEHHH s IEPeMEHHBIX
Z, z', U CIOIKHOCTS B 00'-eM BEIIHMCICHAA PE3KO BO3PACTAIOT. Jlast opmbmume-
HOTO HCCIEOBARUA MEPHONATECKAX [BIKEHMH CHCTEM CIOFKHOR CTPYKTYPHL
. y10GHO' MCIOTB30BATH METOJ| DHEPTeTHIECKOTO Gamamca [1], ocoberHO d>Pder-
TEBHEIN JUIA AHAIN3a CHCTeM, ONMHM3KHX K KOHCEPBATABHBIM.

Tlepenmmen ypasuerume (3.1) B Bufe ’

(41

‘ x(t)=_JX0(t)+3 jxc(t—s)g(:t(s),u(s),cp, Sap)ds’ .’L'(‘O)———‘A, =—ZZ;

. Brecs y,(t) — mepmopmueckaa gyErnusa I'puEa KOHCEPBATHBHOM JacTd CH-
CTEMEBI o

%o () =j‘—i ZIDO (l:cio) exp (kiwt), Do(kio)=Re ‘D‘(kim)

g(z, w, @, s, p) — PyEKIHEOHAI, OTPayKAIOILEH BIMAHNE [ONONHEATENbHBIX He-
- KOHCEDBATHBEBIX CHJI, TOLOJHATEIBHBIX cremeneit cBoboner m T. A. IIpereGpe-
rag anenamz O (&?), mpepcrasam (4.1) B BHEME o

2= [ t5) [78(5) ot (5,0,) 1ds,* 2(0) =0 (4.2)

.. Breck x,(f) — pemieHme MOPOMAIONIel CHCTEMEL (upm £=0):

2o () =—Tsxo(®), Tw=—Axt(0), o
. : o ©(4.3)

) gﬂ(sa u, (p)=g(xo'(s), u(s), ¢1 $, P)
' Vuopasnenme u(f) mIMETCH u3 YCIOBHS MAKCEMYMA (I)yHRunoHéJIa
' ’ T T
1
G=1-= j () ds=.§ 17— e ) |

mo yeuaosme ynapa (1.4) saMeHsercsa YCIOBEEM fanaEca DHEPrA¥ 3a IEPHOJ
ma pemeesmm (4.3) [1]: E,=E.. 3pecs E, — morepn K@HETHYECKOll 9HEPIHH
pu ynape, mo teopeme Hapmo Ei=pls?, o=(1—R)[2(1+R)]™", E, — pabota -
HeKOHCePBATHBHEIX CHI : , ' :

E= [g:(s,u(s), 0) dan (5) = —T [ gos, u(s), @) (s)ds

B mTOre MOIYYEM OLOJHUTEIBHYI0 M30IEePHMETPHIECKYI0 CBASD '

BB ([T Oa(e @, @1l 45

. BammimeMm pacmnpéHHym (QyHKIAIO JIarpaﬁﬁca IS BaTAUH (4.4) ‘cO CBA- -
gavz (4.2), (4.5) [9]: , . '
v L=JT“‘———z—socuz(s)—l-p(s)x‘(s)— jp(t<)x0(t—s)‘[—.76(s)+--
Fego(s, uls); @) 1dtthalz () —AT8 () Fho[pTa T4y () 85 (5, u(s), @) ]
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I/IM]Iy.]ILC J He HCRII0YAETCA, a BXOJWT BO BCE ‘COOTHONICHM KaK: JoMojiHH-
TeNpHEI mapamerp. [A OmpeJeNeHns HEW3BECTHHX, B ToM wntie [, ¢y me-
HOIBL3YI0T yeaosus, ananormaase (1.13), (1. 14) S ’

0L oL oL oL SRR O
—— =V, —= —~—ds=0, |——-ds=0 T (4.8
w0 e Vo P W™ e

ITocnenmee PaBeHCTBO 03HAYALT, 9TO napaMeTp J maxogmres B3 TpeﬁoBa‘
HOll OITEMATHEOCTH, .
U3 (4.6) nomyamm

OL/ox=p(s)+r:b(s)=0, p(s)=—hb(s) "
OL/du=—gan (s) +gou (s, u, @) [ehio(s)FA2xo (s) ]=0

AN

8—L- ds= j [T— —7\.1(3 (S) %o (S) ]dS-— _7‘11X0 (O) 0 7‘/1"%0_‘ (O)

Iycrs, & mpamepy, go=/(s)+u. Torma go.=1 W
u(s)=a"*[%"" (0) %o (s) T~ Aao (s) ]

,H,JI}I uckmioueHns A, mopcrasuM u B (4.5). Ilomyumm pJ*+(sd)“17¢zkz+
+F,°=0, rme QyErnmm F12 gaorea gopmyramz (3. 5) npm l=1. Cmeposa-

TENBLHO .
' u(s)=a= %" (0)%e (8) — (pJaFF2) ka""%0 (5) ] (4.7)
Wmmynsc J maiem nopcrasms (4.7) B (4.2) m nomomms z(0) =A:

\

Bmgum, 910 B cIydae KOHCEPBATHBHOH C]Z[CTBMBI, g=f(z), Bmpamenna (4.7),
(4.8) cosmagaior ¢ mepsrIM npmbammernem u', J', HalinennsM mo (3.4), (3.6).
Metopn HEPIeTHTECKOTO Ganamca 3HAYATENLHO YUPOIGACT BEITHCISHUS A
cmeTeM 00lee CIOJKHON CTPYKTYDHI, COMEP/KAINEX HEKOHCePBATHBHEIE CHIIEL
PaccymorpuM mpuMep: co3maEme MaKCAMATBHOTO mmym.ca B CHCTEME ¢ 3a30-
POM H CyXUM TPEHHEM :
VYpasreHue [BIKOHAA X YCIOBUA yAAPa MMEIOT Blzt;a;

z "+ Qzteb sign #'=eu(t), u(t)=u(i+7T) e

z(0)=A, =z, (0)=—Rz-"(0), R=1—er

KpETepnil KavecTBa 3a7avud BhIpaskeH (yHkmmonamom (4.4). Mcmombays meron
3Heprem11e01coro faIaEca, MOIyImM

F°=0, FP=b[Qsin(QT/2)]"

Brmoca seipamenme pua F), B (4.7), (4.8), ompemesmM OUTEMAIBHOB
yIpaBieHue I MaKCHMAaIbHEI IMIynsc. Pemenne sToll 3amavn KIacCHIeCKAME
MeTOaMH 0UeHb TPOMO3/[KO, TAK Kak NPEXOAUTCA He TOIBKO YYHTHIBATEH YCIO-
BAS yIapa W YCIOBHA IEPHOANIHOCTH, HO  PACCMATDPUBATH ¢yexnmo sign z
Ha y9acTKaxX HeIPePLIBHOCTH.

7

JINTEPATYPA

1. Ba6uyxuii B. H. Teopus pubpoymapusx cucreM. M.: Hayxa, 1978, 352 c.

2. Ba6uykui B. H., Hspausosuu M. A. HeroTopHe 3afa9d UOCTPOEHHA OITHUMAJILHBEIX
TmepEOMYeCKUX [BWKeHHN BEGPOYZApHEIX cHcTeM.— B ®a.: Mexammka Mamum.
Brin. 33—34. M.: Hayka, 1972, c. 23—35.

3. B¢eun A. A. ONTHMANLHEIA peskEM B BEOPOYHAPHEIX CHCTEMaxX © o;tmon CTelleHbIo
cBoboyer.— Was. AH CCCP MTT, 1976, N2 2, ¢. 23—35.

4

J=lstekaye (0)1-*+eF % (0) S8

)



4, Koeanesa A. C. OnTEMAILEOS ynpaB.neHne HePHOAUIECKAME KOTeGaRIAMM Bnﬁpoynap-
Holt cmcremsr.— Was, AH CCCP. MTT, 1982, Me 6, c. 40—47.

5. Koaoscruii M. 3. ABToMaTHIECKOE YIPABICHHE BUGDOBAMIATHLIMA CcHCTeMaMH. N.o
Hayxa, 1976. 319 c.

8. Poseneaccep E. H. KoneGamms meammeiinirx cmerem. M.: Hayka, 1969. 576 c.

7. Bakke V. L. A maximum priciple for optimal control problem with mtegral const-
raints.— J. Optlmlz Theor. and Appl., 1974, v. 13, No. 1, p. 32—55.

8. Bakke V. L., Guinn T. Optimal fields for mtegral equatlons—-J Math Anal ‘and
Appl, 1978, v. 64, No. 3, p. 592—601.

9. llup.wn A. M., Ba./mnupee B. C., Jydnuroe E. I'.. BapmanmoHHEIe MeTop;H ONTHEMHA3A~
I¥WH yOpaBisieMsix o0bexrToB. M.: Smeprnsa, 1976, 448 c.

40. Hepsossancruii A. A., I'atiyzopu B. I. ,[I;eRomnosmj;wI arperHpoBaHEEe I npnﬁmm(en—
Hasl ONTEMH3ATHI. M . Hayxa,1979. 342 c.

i4. Kanroposuu JI. B., Ammoe I'. II. OYyEKOUOBANLEEI aHAIW3 B HOPMHPOBAHHEIX
UpPOCTPAHCTBAX. M: dmamaTrms, 1959. 634 c, .

Mocksa : . . IlocTymana B pegarmuio

26.11.1982



