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MeToa npoeKUHOHHBIX BO3MYLUCHHI B 32/1249aX NapaMeTPHICCKOk
ONTHMH3ALMHA AHHAMHYECKHX cHeTem!

[Ipeanaraetcs WTEPAUHOHMBIE METol ANA PELEHHA CHCTEMB! YpaBHEHMil B NMPOCTPAHCTBE MApaMETPoR,
CKOHCTPYHPOBAHHON Ha OCHOBE HEODXONHMMOro YCAOBUA ONTUMANBHOCTH ¢ NOMOLIBID ONEPaUMH NIPOSKTHPOBA-
HuA. [lnn 060CHOBAHHA MeTOAA HCMOAL3YIOTCS ANEMEHTE TEOPHH BOSMYILIEHHI,

© A.S. Buldaev

The method of projection perturbations for parameter’s
optimization problem of dynamic systems

An iteration method for selving a system of equations in the space of parameters, which is constructed on the
basis of necessary optimality condition with the use of the operation of projection, is proposed. In order to
ground the method, elements of the theory of perturbations have been applied.

PaccmatprBaeTca  3amada  ONTUMH3AIMH
YNPaBIAOLIMX NapaMeTpoB

D) = p(x(1, ) + [ F(x(t).u,0)dt — min, (1)

M) = f(x@),u,1), x(t,)=x°, teT={4,,4),(2)
B KOoTOpOoh x(1)={x{!),...,x,(t)) - BEKTOp CO-
croaHud, u(?)={y,,...,u,) - BEKTOp yIpaB-
JSIOIWX NapaMeTpoB (yNpaBieHne) cO 3Haue-
HUAMH B BbINYKJIOM KOMIMAKTHOM MHOMXECTBE
U < R". HauaneHoe cocrosune x° u npome-
KYTOK ynpasnenua T’ sanausl,

Beeaem craeayouikii Habop npeanonoxe-
Hui ans 3apauu (1), (2) JIIIM-ycnoeus):

1) ¢yuxkums  @(x)  HENPEPHIBHO-
mdpdepempyema  Ha  R", BeKTop-
dynkuns  F(x,u,7), BexTopHaa ¢yHKUMs
S(x,u,t) ¥ nx npownseogHble F (x,u,t),
F (x,uty, [fAxaut)y, f(xut) Henpe-
PHIBEHEL [10 COBOKYNMHOCTH AapryMeHTOB
(x,u,1) Ha MHOXecTBe R" xU xT;

2) byukuda  f(x,u,f) YAOBRETBOpSET
yenosmio Jlnnmmua no x B R xUxT ¢
KOHCTaHToH L > 0

“f(x,u,t)—f(y,u,t)”S.L"x—y”.
OIMM-yenoeua rapaurupytot [1] cymect-
BOBAHHE W €AMHCTBEHHOCThL peuieHns x(7,v),
teT cucrembl (2) naa noboro foNycTHMOro

YIIPaBJISHHA Vv .
Obpasyem ¢yHknmo [MowrpsaruHa ¢ co-

npsKeHHOH nepemenHol y € R”

H{y, x,u,t)= (f(x,u,t),g:/} — F(x,u,t).
BBeaeM cTanaapTHyIO COMPSOKEHHYIO CHC-
TEMY

wity=—H,(p(t),x(0)ut), 1T,

wit)=—@,(x()). 3

His gonyctumoro ynpasieHus vel obo-

3HauuM w(i,v), t€ T - peweHue creteMnl (3)

ApH

HJuddepecHunaNbHblit TPUHUMI MAKCHMYMA

(OITM) ana ynpaeneuna ve U/ B 3anade (1),
(2) umeer BuA

v=argma}3({ J;H“(gu(t,v),x(:,v), v,0)dt,w ).
4)

O603HayuM F, -onepatop NPoEKTHPOBAHHS

u=v, x(t)=x(tv).

Ha MHOKecTBO U/ B €BKAMAOBOH HOPME.

Yenosue (4) ¢ NOMOWBIO ONEpaTOPa Npo-
EKTUPOBAHUA F, MOXHO HPEACTABUTbL B DKBU-
BalEeHTHOM BHIC

v=F,(v+a LH,, (w(r,v),x(t,v),v,0)dt), a>0.
(5)
Hna ewinonuenua JTIM (4) moctaTouno
NpoBEPUTL YCinoBue (5) XoTs Obi AN OJHOTO
a > 0. Haoboport, n3 JIIM (4) cnexyer ycno-
Bye (5) ana Bcex a >0.
Omnpeaennm otobpawenue W, a>0 ¢
MOMOIIBLKS COOTHOLLICHUS
W= (u)y= P, (u+a | H, @ (6u),x0u),u0d0),

' PaBota BrImonHeHa mpy duHAHCOBOH noaaepikke POOU (npoektsl 05-01-00659, 07-01-90101).



A.C. Byroaes. MemoO npoexyuonnbix gosmMyteruti 6 3a0auux RAPAMEMPUNECKoil onmumiayuu Ou-

HOMUYECKHX CUCINEM

nell,
Ha ocHoBannn ycnosua Jlunmmuna pns

onepatopa F, dyukuus H” HenpepeiBHa no
u U . UMeeT MecTO OLIEHKA
( [H@enxund W @-u )z

2

kd

> LI () - u
o

ofycnoBNeHHa® H2BECTHBIM CBOHCTBOM Npo-
SKLHH.

CraHaapTHbe METOABl YCNOBHOIO Ipaju-
¢HTa W MPOCKIHH IpajguenTa A 3agaud (1),
(2) OCHOBLIBAIOTCA COOTBETCTBEHHO Ha Awd-
depeHUMAIBEHOM TIpHHUKAE MakcuMyma (4)
NpoeKUHOHHOM ycnoBuH (5) u obecneuuparoT
CXOAUMOCTE K Hymo Hessizxu JIIM, Jocto-
MHCTBOM 3THX METOZOB SBJISTIOTCS BHIYUCIIH-
TellbHasg YCTOHYHMBOCTHL pacdeTa (paszosodi M
COMPSDKEHHOI CUCTEM, a4 TAKKE pPerakcauus
no uenesor dyHxnuu (1) Ha Kaxaol urepa-
i Meroaos. Penakcaums obecneumpaeres
ApY ManbIX 3HAYEHHMAX MapaMeTpa, peryJiu-
pytomero oOnacTe BapbUPOBAHHA  yNpaBie-
HHA. JTOT DAPAMETPUHECKHH TIOHMCK MOXKET
oxasaTbcss Haubonee TpyAOEMKOH 4YacThio
HTEePALIMOHHOTO Nponecca.

B pabore npeanaraercs UTEpaUHOHHEIN
METON pellieHHA CcOOoTHOWeHus (5), He Wce-
NOMB3YIOWIHMH ONEepalHi0 NapaMeTPUYECKOro
MOKCKA YAYYHIAIOIIEro YIIpaBAeHus.

PaccMOTpHM TNapaMeTp NPOEKTHPOBAHMS
a>0 B ycnoBuu (5) B KauecTse MapaMmeTpa
BO3MYIICHMA. 3afauy (5) Ha30BeM BO3MYLIEH-
uoil. HeposMyluensas 3agaaya nosaydaercd M3
BO3MYLIEHHOH 3amaun (5) npu o =0 u ee pe-
weH1eM apnsgercs uoboe  gomyctUmoe
ynpagjicsHe vel .

HrepaiioHHEIil Npouecce pellieHus BO3MY-
IeHHOH 3amaud {5) umeeT BHA

W= B ra [ H (v )Xy 0dE)

kz0. (6)

Ha sauaneHo#t (Hyneso#) wrepaluu 3afa-
eTcs HauabHoe npubiykenne v° e U .

Pewenne 3azaun (5) mng a0doro napamer-
pa Bo3mymnieHns a >0  yAOBAETBOpACT
andipepeHuransHOMY TIPHHUMNY MAKCHMYMA.

C nomoliero onepatopa W* Bo3MyLueHHAs
samava (5) M urepaumoHnbiil npouecc (6)
MpeACTaBAAIOTCA COOTBETCTBEHHO B (hopme

v=W (), a>0,
Ve (), k20.

Heposmymtewnas 3agaya mnoayuaerca u3
BO3MYIEHHOR 3aaa4M (5) npu a =0 ¢ cooT-
BETCTBYIOWIMM HEBO3MYUICHHBIM OMIEPaTOPOM

Wo:vav, vel.

VenoBus  CXOAMMOCTH  ATEPaLMOHHOTO
npouecca (6) B €BKAMAOBOH HOpPME AN peLue-
HAA ypasHEHHS (3) MoryT ObITh onpeaeIeHEl
H8 OCHOBE M3BECTHOTO MPHHLIKMNG CXXHMAKO-
WHX oTobpaxenni.

CoopmynupyeM aHanor WU3BECTHOW Teope-
Mt [2, c. 196-197].

Hna onepatopa G:U - U paceMoTpuM
ypaBHeHHUe

v=G(v), vel )]
M METO/ IPOCTOH UTCPALMU
VI =GOY)y, k=20, (3)

Teopema 1. Ilycte onepatop G yaoBne-
TBOpsieT ycnoBukd Jlumiouua B wiape

B(v,,)=4{ve U:“v-von <lv,elU,l>0} c kOH-
cTaHTof O <M =M({v, [} <1
IG(v) - Gu)|sM|v-4|,

ve B(v,,l), ue B(v,,i), 9)

IPHYEM BRINIOAHAETCA YCIOBHE
Gy = v Q- M) (10)
Toraa ypasHenue (7) uMeeT eANHCTBEHHOE
petuenye v € B(v,,/) H METOA NPOCTOH uTepa-

i (8) cxoauTea K v B Hopwme || npu moGom

HaganeHoM Tpubmbkernu V° € B(v,,!). Jlas
TIOrPEIIHOCTH METOAA CTIPaBeANIHBA OLEHKA
[v* =¥ < M*[p* -], k20.

JoKa3aTeNsCTBO TEOPEMEI NOTHOCTHIO aHa-
JIOTHYHO JAOKAaTCNBECTBY, TIPUBCACHHOMY B
pabote [2].

OrmeruM, 4yto yenoshe (10) BeoauTes s
ofecneueHns HeBbIXOAA npUGIMKEHNE uTe-
pauoHHoro npouecca (8) 3a npepearl MHO-
skecTBa  B(v,,/), Ha KOTOPOM BEITO/IHAETCS
yenosue Jvnuua (9).

Hcnonbsya onepaTtopHoe npejcraBieHue,
NOJYYHM YCNOBHS CXOAHMMOCTH npouecca (6)
Ha OCHOBE TeopeMbl 1.

Beenem BCMIOMOTaTeNbHBIN oniepatop V™ ¢
NIOMOR[EI0 COOTHOWEHHS

Ve (p.x,v)= B, (v+a | H, (w(0,x(0).v.0d0),
vel/, weC(T), xeC(T}),
rie C(7T) - NpOCTPAHCTBO HEMPEpPLIBHBIX HA
T BEKTOP-PYHKLUUH c HOpMO#H
|, = maxxo)] .
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O0ozHaunm ¥, X  COOTBETCTBYIOMLUE
onepatophl > y{f,u), telT n u—-x{tu),

teT. Toraa oneparop W MOXHO npeacra-
BHTH B GOpPME KOMITOIHLIMH
Wiy =V (¥, X(v),v), vel.

OTMETHM OHO3HAYHOCTE onepatopa W<,
a >0 BBUAY CBOHCTB ONEPATOpPa MPOECKTHPO-
BaHua F,.

[TpeanonoxuM, 4TC CEMEHCTBO (Ha30BHIX
TPAEKTOPUI MCXORHOH CHCTEMEI (2) orpaHu-
YCHO

x(t, e X, (1)
rae X c R" - BHOyKAOE KOMMAKTHOE MHOMXE-
CTBO.

OTMETHM, UTO AOCTATOYHEIM YCNOBHEM OF-
paHH4eHHOCTU (11) ABASETCA BLINONHEHME
M3BECTHOI oueHkH [1, 3, 4]

[f(xun)| <Cx|+D),
xeR',uclU,teT. (12)

C yyerom J[I[IM-ycnosuii 1 nubeHHOCTH
conpsxkeHHOM cucTeMbl (3) Ha OCHOBE 1OCTa-
TOYHOTC yenosud (12) noaygaem yciosue or-
PaHUUEHHOCTH CEMEHCTBA COMPAMKEHHBIX Tpa-
EKTOpHi

teT,vell,

w(t,wyeP, eT,vel, (13)
rae Pc R’ - BHINYKAOE KOMNAKTHOE MHOMKE-
CTBO.

Jononunrensno k JIIM-ycnoBusam npea-
TONOXkUM, 4T0 GyHKIME f(x,1,0), F(xu,t),
@(x) Apaxabl HenpepsiBHO RnddepeHumpye-
Mbl 10 COBOKYTIHOCTH NMEPEMEHHBIX X, ¥ Ha
mMHOxecTBe R™ xUxT.

B caenaHBBIX anHHOHO}KeHHﬂX OMEPATo-
pl X, ¥ yaosileTBOPAKOT YCAOBUIO Jlnnmun-
i1a ¢ koHctanToi C, > G

X)) -Xx@). <Clv-uf. veU,uel,
e -¥e), <Clv-u|, velU,uel.

Ha ocuosanuu ycnoeua Jlunwuua pgns
ofiepaTropa IPOSKTHPOBAHHA £, H yCJI0BRMA

orpanndeHHocTu (11), (13) nonyuaem
' 2
Ve(p.xu) -V (g.yv)| €| (-v)+

|
+a [ (H,(p(t),x(0),u.1) -
~H,(q@), o) v,ept [ <

<lu~f +2a{ u-v, [ (H,(p@)x(0)u1) -

~H (q(0), p(@O),v,0)dt )+

+a| [ (H (P20, ~

—H,(q(0), 0y, v.00dt |,
uvel, p,gq,x,yeC(T).
[Ipeanonoxum, 4To AAa BeKTOP-QYHKLM
H BHITIONRAETCS YCNOBUE :
{u-v,H (px,u,t)~H, (q,y.v.1))<-Ku ~'v{|2 \
' uvel, pgelP, x,ye X, teT,

rie K =const>0. B urore HeTpyAHO NOJy-
YHTb OLEHK

I

VR, X)) -V (P, X)) <

|
<(-2aK+a’Myu—v|, uvel,
rie M =const >0 .

Takum oOpasom, B COCNaHHBIX Npearono-
HCHMAX MIPH JOCTATOHYHO ManblX « > 0 oncpa-
Top W ynoenereopseT ycnoeuro Jlunmuna ¢
KOHCTAHTOM MeHbllte eAuHuLLL. OTMETHM, 4TO
onepatop W’ HeBOIMYILUEHHOW 3a7ayH yIOB-
AeTBOPAET ycioBuio JIUNIBuUUa ¢ KOHCTAHTOH,
paBHOH E€AMHHLE, UTC COrMIAacyercs ¢ Nofy-
YEHHON OUeHKOH npy o = (.

B pesyneTate Ha ocHoBe Teopembl | noay-
HaeM Ccleaylollee YTBepiAeHHE O CXOAMMO-
cTH fipouecca (6).

Teopema 2. TlycTe

1) cemeticTBo $a30BLIX TPACKTOPUA B
sagaye (1), (2) orpanuueHo:

xt,w)ye X, teT,uel/, rtne X < R" - BHI-

NYKJIOE KOMIIAKTHOE MHOWKECTBO;

2) bynkuun  f(x,u,t), F(x,u0), ¢(x)
IBaXKAbl HenpepblBHO AH(hepeHLUpyeMb!
[0 COBOKYITHOCTH MEPEMEHHBIX X, u Ha
MHOKecTBe R"<xUxT;

3) ans ynxuuv H, BBINOIHAETCA YC-
JOBHE

{(u~v,H (p,x,ut)-H/(q.yv,0)<~K|u ~v||2 ,
uvel, p,geP, x,ye X, tel,

rae K=const>0, Pc R’ - BHIYKIOE

KOMNAKTHOE MHOMKECTBC, OTPaHWUHBAO-

e€ MHOXKECTBO CONPAKCHHBIX TPACKTO-

pui: w(t,uye P, teT,vel.

Torpa ana pocraTo4dHo Majloro napamerpa
NpOeKTHPOBaHNA & >0

1} 3apava (5) umeer eAUHCTBEHHOE pe-
wenke v¥ el ;

2) virepauroHHbBIit npouece {6) CXOANHT-

C B €BKAMAOBOI HOpME K peLIeHHO V°

quia moboro HAHasIbHOre MpHONUAKEHUA



J.O. Tpynun. Merosn da3opoil TUHEapH3auMy B 3a1a4aX ONITAMAALHOTG YIIPABIEHHS ¢ TEPMHHAILHEIMH OTpa-

HHYEHHAMH

¢S B €BKAMIOBOH HOpME K peieHHo v*
s mo6oTo HavanbHOro NpHONHKkenns
VeU.

OcHOBHOE OTAKWYHE METOAA TIPOCKUMOHHEIX
BO3MYIHEHHH OT CTAHAAPTHBIX MPOCKLUHOHHbIX
METOJOB COCTOUT B TOM, YTO napaMeTp npo-
exTHpoBanus ¢ >0 (UKcHpyeTCa B HTEpaLi-
OHHOM MPOLECCE MOCIENOBATEIbHBIX  [TPH-
OawxeHHit ynpasienusa. B metonax npoexuui
rpafHeHTa 3TOT TNApaMerp BapbHPYETCA Ha
KOKIOH MHTEpauuu ¢ UeBI0  YRYYIICHHA
YpaBAeHHS.

OtMeTHM, YTO B Ciy4Yae CXOAMMOCTH Mé-
TOA NPOEKIMOHHEX BO3MylleHw# obecneun-
BACT NpPUOIKECHAS K YMPABICHHIO, YROBJE-
reopiowemy HIIM, ans swoboro 3HaueHHs
napamerpa a > 0.

[Ipeanoxennblii B paboTe METOA BO3MY-
LHEHUIT He rapaHTHPYET PefaKcalHio 1o uene-
BoMY GyHKUHOHANY B OTAMMHE OT IPAJUEHT-
HHX METOMOB, HO KOMIICHCHPYIOT 3T0 CBOHCT-
BO OTCYTCTBUCM OTIEPALIMM NAPAMETPHIECKOTO
NONCKA  YAYVIUAIOUIETO YNPaBAeHHs, HEJIo-

KalnbHOCTBIO MpHOAKeHuil, 00yCI0OBICHHBIX
(HKCMPOBAHHBIM 3HaueHHEM NapaMerpa Tpo-
SKTUPORAHUA, TMPOCTOTOR peanu3aunu U Ha-
CTPOHKM Ha KOHKPETHYIO 3afady. YKasaHHEIE
CBOMCTBA SBIIAIOTCS CYLUECTBEHHBIMYU (akTo-
PaMU  TOBBIIUEHWS BbluHCIUTENbHON 3bhdex-
TMBHOCTH PELIEHUN 3a7a4¥ ONTHUMH3aLHH
YIPaBRFIOLINX NAPAMETPOB.
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