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YOK 519.715 + 681.514
BBK 22.1

CUHTE3 AHU3OTPOINUUHOIO POBACTHOIO
PEFYNATOPA MPU CTPYKTYPUPOBAHHOW
HEONPEOENEHHOCTU OBBbEKTA YNPABIEHUA!

IOpuenkoB A.B?
(Vupeoicoenue Poccuiickoti akademuu nayk Uncmumym npobnem
ynpasnenus um. B.A. Tpanesnuxosa PAH, Mockesa)

Tonyueno pewienue 3a0auu cunmesa AHUIOMPORULUHO20 DPe2YIAMO-
pa npu CMpyKmypupo8asHou HeonpedeieHHoCmuy 8 mooeie 0bvekma
VAPAGIEHUSL.

KiroueBsie ciioBa: aHU30TPOINUHHAS TEOpHUs POOACTHOTO CTOXacTHYE-
CKOTO YIIpaBJICHUS, CTPYKTYPHPOBAHHASI HEONPEAEIECHHOCTb, METOJ
TOMOTOTIMH.

BeedeHue

[ocnenHue MBaALATH JIET B TEOPHH YIIPABICHUS Pa3BUBAETCS Ha-
MIpaBJIeHNE, Ha3BaHHOE aBTOPAaMH aHU3OTPOMHUITHOI Teopuel pobdacT-
HoTO ympasieHus [22, 25, 9]. OCOOEHHOCTBIO 3TOH TEOPUU SIBIISCT-
csl BBIOOp TakuX CIOCOOOB ONMMCAHMS BHELIHETO BO3MYIIEHHS U KO-
a¢¢umeHTa yCuiIeHns OT BXOAA K YINPaBIISEMOMY BBIXOIY CHCTe-
MBI, KOTOpbIe 0000IIIAI0T MTOCTAHOBKH U3BECTHBIX 33724 Ho— U Hoo—
YIpaBJICHUS.

BriepBrie 3amaun Ho—Teopun yrpaBieHHs ObLTH cHOPMYITHPO-
BaHel B paborax P.E. Kanmana m A.M. JleroBa B cepemune XX
Beka. [lozxke 3amada Ho—ONTUMU3AIUK pacCMaTpUBANIACH ABTOPAMH
J.C. Doyle, K. Glover, P.P. Khargonekar u B.A. Francis B pa6ote
[10]. IIpobnembl ‘H ~—ONTUMHU3AIUN MOTYT OBITh HaiiieHBI B paboTax

! Paboma evinonnena npu punancoeoii noodepicke PODU, spanm Nel2-
07-00267.

2 Anexcanop Buxmoposuy FOpuenxos, acnupanm (Mockea, yn. Ipoghco-
103Has, 0. 65, men. (495) 495 334-92-60 euymp. men. 1645).
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. 3eitmca [26], H. Hoitna [11], b. @pancuca [17], K. [mosepa [10],
. Ty [17], H. bepmana, V. llleiikena [7, 15], K. Illepepa [23, 24], T.
Usacaxu, P. Ckenrona [22, 19], II. I'aunera [13, 14], I1. AnkapsHa
[5, 6] u 1p.

[Ipu pemennn 3amgaum obecriedyeHHs POOACTHOTO KadecTBa s
JMHEWHON UCKPETHOW CUCTEMBI BBOAMUTCS a—aHU30TPOIUUHAS HOP-
Ma cuctemsl || F||,,. OTo HampaBineHue pasBuBaeTcs B psje padboT A.B.
Cewmenoga, I.I. Bnanumuposa, A. I1. Kyparokosa [22, 25], M. Kapuau
[20], U. [Terepcona, M. JIxeiimca, I1. Jalimonna [9].

B paborte [2] npuBeneHo pelieHne cToxacTudeckoil 3anaun Hoo—
ONTUMU3AINH TSI CHCTEMBI C TapaMeTpUYecKOi HeompeaeIeHHO-
CTbIO. ABTOpaMH IPOJEMOHCTPUPOBAHO, KaK MOXXHO H3MEHMTH Ma-
TEMaTUIECKYIO0 MOJIETb CUCTEMBI ITyTE€M BBEJCHHS JOMOIHUTEIHHOTO
BXOJIa, YTO IMO3BOJISIET MOTPY3UTh 3a/ladyy B Ooliee OOIIyr0, KOTOpas
peuaeTcst METOAAMH aHU30TPONMMHON TEOPHUH.

B nmannO# pabote GpopMynupyeTcs U pelraeTcss aHu30TPOIHHHAS
3a/a4a CTOXaCTHUECKON H oo—ONTHUMH3ANNHN IS TUHEHHBIX JUCKpET-
HBIX CUCTEM CO CTPYKTYPHPOBAaHHOHN HEOIpeIeeHHOCTHIO.

1. MocmaHoeka 3adayu

PaccMOTpuM JIMHEHHYIO JUCKPETHYIO CTALIAOHAPHYH) CHCTEMY
F, onuceiBaeMy1o ypaBHEHUSMHU
Tp+1 = Az + Bog + Biwy, + Bauy,
zp = Chrag + Digug,

(H pr = Coxy, + Doguy,
yr = Csxp, + D3azwy,
qr = Apy,

rne k € Z, x; € R™ — cocrosHue CUCTEMBI, 2z, € RP! — ympapmse-
MBIl BBIXOA, P, € R0 — BBIXOI HEONPEIENEeHHOCTH, ¥ € RP? — Ha-
OJTIOTaeMebli BBIXOM, g, € R0 — BX0 HEONPEMEICHHOCTH, Uy € R™™2
— ympasienue, wy € R"™ — Bosmymienue. Marpuisl cuctemsl (1)
OyZeM CUHMTaTh W3BECTHBIMH, 32 MCKIIOUCHHEM MATPHUIIBI OTepaTopa
HEOIPEICIIEHHOCTH A, KOTOpasi IPUHAIJICKUT MHOXKECTBY

() A = {A = block diag (A1, Aa) : Ay € R A, < 1}
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CTpyKTypHas cxeMa paccMaTpuBaeMoro o0beKTa IpeicTaBieHa
Ha puc.l.

Zk | Wi

S
ffts

> K —

Puc. 1. Cucmema c neonpedeireHHOCmbIO U pe2yIAmoOPOM 8 KOHMYpe
0bpammou ces3u

3amavya aHU30TPONMMHON ONTHUMH3AINN COCTOUT B CIEAYIOIIEM:
3anaua 1 /[ns cucmemst 6uoa (1) u sepxneii epanuyvl ypoeHs cpeoneti
anuzomponuu eoamyujenus a > 0 Halimu cmabunuzupyrowutl peeyisi-
mop K € K, xomopwitl munumusupyem mMakcumanibHoe 3HayeHue a—
anuzomponutinou nopmel cucmemvl Fy (F, (M, A), K) no écem dony-
CMUMbIM 3HAYeHusM Heonpedenennocmu A € A, m.e. docmagisem
MUHUMYM (DYHKYUOHATLY

3) Jo (K) = sup [|F} (Fu (M, A), K), -
AeA

OnuiieM MHOXKECTBO JIOMYCTUMBIX peryastopoB K. Perynsarop K Oy-
JIeM Ha3bIBaTh JOMYCTHMBIM (U3 MHOXecTBa L), €CIIM OH SIBISCTCS
CTaOMIM3UPYIOMIUM U IPUYMHHBIM.

B pamkax paccmarpuBaeMoii cucTeMbl TOTpeOyeM BBITOJTHEHNE
OCHOBHBIX IIPEIIOIOXKCHHIMA:

A
*) DiyDip = I

(B) HomuHanbHas cucteMa (mpu A = () HaOmogaeMa U ynpasiisie-
Ma;

(©) p1 <my;
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(D) marpunua Ds3 B (1) uMeeT NOMHBINA CTPOYHBIA PaHT:

rank D33 = pa < my;

(E) marpuna Dio B (1) MeeT NOJTHBIH CTONOIOBBINA paHT:

rank Do = mo < pi;

[Ipennonoxenne (A) HE OrpaHMYMBAEeT OONTHOCTH, TaK KakK €CIH
OHO HE BBIIOJHEHO, TO K CHCTEME cJelyeT NMPHUMEHHUThH Ipeodpaso-
BaHHUe, yKa3aHHOe B [16], koTopoe NMPHBOAUT €€ K yKa3aHHOMY BH-
ny. Ilpennonoxenus (B) sBnsirorcst cTaHOapTHEIMU A7 33724 YIpPaB-
nenus. llpenmonoxenue (C) rapaHTHpyeT, yTO AJS JIIOOOTO pery-
astopa K cucrema Fj (F, (M, A), K) ynoBieTBOpsieT HEPaBEHCTBY

NG | Fi(x)[ly < [[F1(*)] o ITpenmonoxenue (D) rapanTHpyeT HEBbI-

POKICHHOCTh YpaBHEHHs PUKKAaTH JUISi ONTUMAaJIbHOTO OLICHHBATEIsS
n3 pazngena 7.1, a (E) — HEeBBIpOXKAECHHOCTh ypaBHEHUS PUKKaTH mis
ONITUMANBHOTO Ho—perynaropa, NoIy4eHHOro B 8.2.

2. MoepyxeHue e 6osiee obwyro 3adayy cmoxacmu4eckol
Hoo—Onmumu3sauyuu

Ha ocuoBe mozenu (1) BBeeM BCIIOMOTaTeIbHYIO CHCTEMY:
Try1 = Az + Biwg + Boug + Bany,
Cixy, + Diguy
[ 11 Crazg -l
) Zk=1  7Camy |
7 D1 22up
L Y2 D2 20U, J
yr = O3z + D3zwy,
e i, 4 = 1,2 — HEKOTOpPBIE MOJIOKHUTEIbHBIC TAPAMETPhI, MATPULIA
HEOIPeIeTICHHOCTH UMeeT auaroHaibHbid Bug A = diag(Aq, Ag),
A; € R%*%i g1 + 39 = my, a Matpulla B3 uMeeT OIOYHBIN BHU]T
Bs = [Bo1, Bo2, Bo1, Bog]T, rae OJIOKW MONYYEeHBI U3 MaTpullel By
ciaexyromuM obpasom By = [Boi, Boz|, Boi € R™* %, ananornuso
pasz6uBarorcss Marpuisl Co U Dog, Co = [Clg,ng]T,Cig € Rsixn
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T )
u Doy = [DLQQ, D2722] ,Di,22 € R%*™2_ Hcxonus cucreMa (D) 6y-
JIeT ABJATHCA BIOKEHHON IO OTHOIIEHHIO K cucTeme (4), ecnu mpu-
T
Hath 1 = (A1C121k, AaCoxy, A1 Dy 22up, Az Ds 22uy,)" . Cxema
3aMKHYTOH CHUCTEMBI IIPUMET BHJ, H300pakeHHBIN Ha puc.2.

5 Nk

2k o Je— Wk

Yk Uk

K

Puc. 2. 3amknymas cucmema ¢ 0OnorHumenbHbIM 6X000M

Chopmynupyem 3a1a4y CTOXaCTUIECKON H oo —ONTUMH3AINN IS
CUCTEMBHI (4):
3apaua 2 /[na cucmemvl 6uda (4) u eepxueil epanuyvl YPosHs aHuU-
30mponuu 6x00Ho020 cuenara 6 > 0 watimu donycmumsiii pezy-
aamop K € K, xomopulil munumusupyem makcumaibHoe 3Hae-
HUe G—AHU30MPONULUHOU HOPMbl NePedamoyHoOl QYHKYuU CUucmemvl
F; (M , K ) O0J151 TI0OBIX BXOOHBIX 8030€UCEUl, M.e. O0CMAAAem M-
HUMYM QYHKYUOHATY

=112 2
Q) J(K,y)= sup sup (HZ”P - ”Fn”P) .
npet2mo WeBWa

3. Cesiab mexOdy 3adayel 2 u cMewaHHoU 3adayvell
onmumu3ayuu

Crnenyromas TeopeMa MOsICHAET, IIOYeMy pelieHne 3afaqd 2 dK-
BHUBAaJICHTHO PEIICHUI0 CMEIIaHHON 3a/1auydl OTNITUMH3AIIHH.

Teopema 1. Pewenue 3a0auu 2 s61semcsi makice peuieHuem
credyrowell CMEWAanHol 3a0adu ONMUMU3ayUU.: 0ist YUKCUPOBAHHBIX
napamempos 1 u Yo Hatimu donycmumwlii pezyismop K € K, ma-

XI BCEPOCCUMCKA 1 LIKOJIA-KOH®EPEHLIUS MOJIOJIbIX YUEHBIX
“YIIPABJIEHUE BOJIBIIUMU CUCTEMAMW”



404
KOU Yymo

(6) IT:ull, — min,
Q) el < v i = T,4,

Teopema 2 moKa3bIBa€T CBS3b MEXKIY KPUTEPHUIMH KauyecTBa 3a-
maun 1 m 2.

Teopema 2. /[ns1 i00bix 6xo0Hwix 6030eticmeutt W € BW, u

M, € l%mo BbINONHAEMCS HEPABEHCMBO
@®) Jo (K) < J(K,7).

Teopemsl 1 u 2 03HaYaIOT, YTO HUCXOAHYIO 3ajlady C KpPHUTEpH-
eM KadecTtBa (3) MOXKHO cBecTH K 3amade 2. Kpurepuil kadectsa
(5) Oymer MaxopupyromuM Kputepuem s (3), nIpudyeM pa3HOCTb
J(K,v) — J(K) Oyaer MHHHMaJbHa, €CIH HalIeTcs -y, yIOBJIe-
TBOPSIIOIIEE YCIOBUSIM TEOPEMBI 2.

4. «Hauxydwuli» exo0 ¢ oepaHU4eHHoU 3aHepauel ons
cucmembl, 3aMKHYmMolU Npou3eosibHbIM Pe2ysiimopoM

Pemenne 3amaun 2 HaUHEM C TTOMCKa HAUXYIIIETO BXOJHOTO BO3-
JecTBUs 1) ¢ orpaHndeHHoi sHeprued. [lycts perymarop K umeer
CJICAYIOLIYIO peai3anuio
) k1 = A&k + By,

up = C&,
e A, B u C — nenssecrasie Marpuisl. Hanxysmummii Bxox 77 popMu-
pyeTcs CIeAYIOmUM 00pa3oM:
(10) i = LGk + 2wy = Ly + Lo, + 2wy,
rae Marpunsl L u $'/2 nomnexar onpenenennio. 3aMKHyTas CHCTe-
ma Fj(M, K) u306paxena Ha pUC.2, ee PeaTH3alis B POCTPAHCTBE
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COCTOSTHHI MMpeACTaBJIICHA HUXKC!

(11)

BCs A BDs;

1 D12C 0

F(M,K)=1 7C1 0

I 72C5 U
{ 0 mDi2C J

0 ’}/Q.DQVQQC 0 0
O003HaYUM BEKTOP COCTOSHUS 3aMKHYTOW CHUCTEMBI FZ(M , K)
Kak 00bEIWHEHHBINA BEKTOP COCTOSIHUS OOBEKTA YIIPABICHUS Xy, U Pe-
rymsitopa &, To ectb (i, = (g, §k)T M BBEJEM CIIETYIOMIYIO MATPHILY:

o C?Cl + ’71201712012 + 72202712022
(12) Q= [ 5

o

[ A ByC By 331
|
|
|

o O O
o O O O

0
CT(DI,D1o ++3DT 22D1,22 + v2DT 22D, 22)C } ’
PaccmoTpnm fuckpeTHOE anre6panqec1<oe ypaBHEHHUE Pukkatu oTHO-
CUTEJIHbHO MaTPHIIbI Y € R2nx2n

(13) Y =ATYA+ LTS 'L +Q,
(14) L=[L, L] =XFTYA,
(15) »= M- FTYF) ™,

e matpuna L € Rix2n pasneneHa Ha aBa Oimoka L u Lo. Pemenue
Y ypasaenus (13)-(15) HasbiBaeTCsl CTAOMIM3HPYIOLIMM, SCIIH MaT-
prma Y CHMMETPHYECKas, MaTPULA X IOJOKHUTEIBHO ONpPE/EIeHa 1
MaTpHLa A+ F L acuMITOTHYECKH ycToiuuBa. 3aMeTUM, 4TO IS JIFO-
651X (uKcHpoBaHHBIX Y; > || Tiy, ||, @ = 1,4 ypasnenne (13)-(15)
HMMeEEeT eTUHCTBEHHOE peIlleHHe.
Teopema 3. ITycmo || Tz, | < i, @ = 1,4. Toeoa

(16)

sup {WZ, — ey L = Trace { (BTV B + BTY FSEFTY B) Ry (0)+
nel?,mo

+ 2(ATYFSETY B+ ATY B)Ruc(0)}
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20eY, Lu¥ yoosenemeopsirom ypasrenuro (13)-(15), a mauxyowuii
6x00 gpopmupyemcs coenacro (10).

Hauxynmmii Bxon 7) MOXET OBITh Cr€HEpUpOBaH W3 BXOJ-
HOoro curHama W  mocpenctBoMm  (opmupyromero  GuibTpa
G,y € R’Hgmo)xml, BHYTPEHHEE COCTOSIHUE KOTOPOTO SIBJISI-
€TCsl KOTMEH COCTOSIHUS (), CUCTEMBI Fj (M , K ) Peanuzanus takoro
¢uneTpa UMeeT BU
A+ FL| B+ Fx'/?

{17 @ = L | =7

5. «Hauxyodwuii» exo0 ¢ oepaHU4€HHbIM CIEKMpPOM OJisi
cucmembl, 3aMKHymou GonycmuMbIM pe2ysisimopoM
npu «Hauxyodwem» 0ornosIHUMmesIbHoM exoode ¢
o2paHuU4YeHHoU 3Hepauel

Paccmotpum cucremy (4), Ha Bxon kotopoit monaercs (10). Ha
A3BIKE TIEPEIaTOYHBIX (PYHKIMIA BXOI-BBIXOAHOE COOTHOIIICHHE HMEET
Bug Z = F,W, rne F,, uMeeT cnenyoIyo CTpyKTypy

(18) Fw:Fl(M,K)[ ! ]:[Aw BUJ}:

Gy Cw| O
{ A+ BsLy ByC + BsLy | By + B3x1/? ]
BC; A BDss
I 1 DiC 0 I
I 71Ch2 0 0 I,
| Y2Co9 0 0 |
{ 0 71D1,22(§' 0 J
0 Y2D2 20C 0

rae marpunst L = [Ly, Ly] u XY/? onpenensrorca uz (13)—~(15).
CTpyKTypHas cXeMa CHCTEMBbI NIPEJICTaBIIeHa Ha pUC.3.

Ha nanHOM STane HeoOXOOMMO OOECHEYUTh Ha BXOJ CHCTEMBI
HaMXyAIIYI0 BXOIHYIO moclenoBarensHocts W € W,, nocrasmsio-
YK MakCHMyM (DYyHKIIHOHAITY HFwﬂg Jlinst 5TOro HEOOXOMUMO pe-
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Zk ~

Tk

A
S
A
@

Wk

Yk Uk

K

Puc. 3. 3amknymas cucmema ¢ 0ononrHumenbHuiM 6X000M

IIUTH CIIEAYIONIYIO 3a]1a4y ONTHMHU3AIHN
) o I, 112
(19) Sup HFwGOHQ = Ssup ||FZ(M,K) G
Go€Ga Go€Ga 1
3amaga (19) MoxeT OBITH pelIeHa ¢ TTOMOIIBIO aHU30TPOIHITHON Teo-
pun. YactoTHOe ommcaHue Hauxyamiero ¢uibrpa Go MOXKHO TONY-
YHUTH COTIACHO YTBEPKICHHIO.
Teopema 4. ITycmb cucmema F,, € RHPIT2m0)Xm1 156650
1
vm

naomnocms gurempa Gy € RH™ ™ umeem 6uo

. . -1
(20) Go(w)Gy(w) = (Im1 - qFJ]Fw) , —TSw<T

meopsiem yCio8uio |Fully, < ||Fullo Ectu cnexmpansnas

ot q = a! (Go), mo Gy npunadnedxicum MHONCECMBY HAUXYOULUX
Gopmupyrowux urempos.

YToGB! OMHCaTh HAaHXyAUHi Gopmupyrommii Gpuistp G B mpo-
CTPaHCTBE COCTOSHHI, Oy/IeM UCKaTh CUTHANW i, B BHJIE
1) Wy, = LGy + X 2ok,
e L, € R™*2" takas, uto Ay + By Ly aCHMITOTHYECKH yCTOHYH-
Ba, a X, € R"1*™1 [010)KUTENBHO ONpPEIeICHHAs: CHMMETPHYECKas
Mmarpuua. CoorBeTcTBYIOMUH popMupyomuii Guistp Go co BXOAOM
V € Wy u Beixomom W € VW, uMmeeT Clenyonyo pealn3anuio B
MIPOCTPAHCTBE COCTOSTHUH

Aw + ByLy | By

22 Go =
() 0 Lw ‘ Z%UQ
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PaccmoTpuM ypaBHeHue Puxkatu oTHocuTenbHO Marpuubl R €
R2n><2n

(23) R=ATRA, +q¢CLCy, + LIS 1L,
(24) Ly = Yy (BIRA, + q¢DLCy),
(25) S = (Im, — BLRB,) .

Pemenne ypaBaenus (23)—(25) Ha3pIBaeTCs CTAOMIM3UPYIOIINM, €CITH
MaTpuia R cuMMeTpudeckasi, MaTpHUIIa Y., TIOJIOKUTEIHHO OTpeaesie-
Ha, a Marpuna A,,+ By, L, acumntoTudecku yctoituusa. Crenyromias
TeopeMa JaeT SBHBIC BBIPAXCHUS sl MaTpuil L, U Y, TO €CTh pe-
anu3anuio GuisTpa (22).

Teopema 5. [lycmv cucmema (18) acumnmomuyecku ycmouuu-

8a, q € [07 |]Fw||;02> u mampuywl Ly, u ¥, coomeemcmsyiom cma-

ounuzupyrowemy peutenuro R ypasnenus Pukkamu (23)—(25). Toeoa
1) opmupyrowuii punemp (22) yoosremeopsiem (20);

2) a—anuzomponutinas Hopma cucmemuvl F, 3a0aemcs svipadice-
Huem

1 mi
Full,==(1- ,
15l q( dehﬁ%£+2@>
20e P — smo pewenue ypasnenus Jlanynosa
(26) P = (Aw + BuwLy)P(Aw + BuwLy)' + BuSuBL

u napamemp q € [O, |]Fw||;o2) YO08ILEMBOpsiem YPAGHEHUIO

1 by
27)  a=—-Indet Ul .
2 Trace(LwPLg + Zw)

W3 Teopemsl 5 cienyert, 4To

1/2
_L( B
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[IpencrapneHne BXOJHOIO CUTHANAW  Kak (21) mo3BomnsieT mpeodpa-
30Barb BeIpaxkeHue (16) mnsa ¢yHkuuonana J (K , fy), SIBHO BbIpa)kas
KoBapHaMH Ry, (0) 1 Ry (0):

Ruw(0) = Ly, PLL + %,
Ry (0) = Ly, P,

rme P — ato pemenue ypaBHeHnus JlsmyHoBa (26).

Jlemma 1. /[na 3a0annoti cucmemsl (4) ¢ 6X00HbIMU CUSHATIAMU
Nk U Wk, gopmupyrowumucs coenacro (10) u (21), snavenue kpume-
pus kauyecmaa (35) byoem pagno
(28)
J(K,7) = Trace { (B"Y B + B"Y FSFTY B) (L, PLY, + ) +

+ 2(ATYFRFTY B+ ATV B)L, P},

20e Mampuyvl 6x00uue 8 NPAsyr Yacmb GbIUUCTSIOMC COSNACHO
svipavicenuro (11), pewenusm ypasnenuu Puxxamu (13)—(15) u (23)-
(25).

IMocne cunte3a oboux Gopmupyoonmx GuisrpoB Gy u GG 3a-
MKHYyTasi CHCTEMa UMEET BUJI, TIPE/ICTABICHHBIN pucC.4.

2k -
< M
Yk Uk

Gy Gy <—Uk

A
A

Nk

K

Puc. 4. 3amxnymas cucmema ¢ ,Hauxyowumu'* popmupyrowumu
Gunvmpamu

6. Ho—peaynsamop e gpopme Habnrodamernsi

PaccmotpumM cucremy
29)  F=F(MK) [ ! ] Go=F(M,K) { Gy } :
G 1 Gl GO
XI BCEPOCCUMCKA S IIIKOJIA-KOH®EPEHIINS MOJIO/IbIX YUEHBIX
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NPEACTaBICHHYIO Ha pucC.4, Tae QUIBTPBI IOCTPOEHBI B COOTBETCTBHUE
C mpoueaypaMu, OIMCAHHLIMUA B IIPEABIAYIIEM pasieie, I HEKOTO-
poro peryastopa K. 3aMKHyTasl cHCTEMa UMEET Peau3aluio B MPo-
CTPAHCTBE COCTOSIHUM

Ay Ap | B
F _ >k * B3 ’
* * *k
Cy1 Co | D J

rae

A1 = A+ B3Ly + (By + B3SY?) Ly,
Ayy = BoC + B3Lg + (By + BsZY?) Ly,
B = (B + B3x'/?)nl/2,

Co1 = C3 + D33Ly,

Caz = D33 Ly,
D = D33xl/?,

a marpunst L, Y, L, u X, Takue, kak B (14)—(15) u (24)—(25). 3amaua
2 HKBUBAJICHTA 3aj[a4€ ONTHMH3ALNN

‘ ‘ T I . I
50D = VPR = o O | gy | oo,
3O10 3amaya Ho—ONTHMHU3ALMU B YCIOBHSIX HENOJHOW MH(pOpPMAaLMU
0 BEKTOpE COCTOSIHHSA JJISI cHCTeMBI (29), Ha BXOA KOTOPOH MOCTyma-
eT «Oenblif mrym». Pemenue takoi 3amaun xopomo usBectHo [10]. B
COOTBETCTBUM C IIPUHIIMIIOM pa3JleJIeHHs], PEIICHNE yKa3aHHOU 3aja-
4y pa3OuBaeTcs Ha JBa dTana. Ha mepBoM 3Tame cTpoUTCS OLCHHBA-
TeNb cocTogHuA. Ha BTopoM 3Tarme cTponuTcs CTaTHUeCKUi peryasTop,
o0ecTieunBaOIINH MUHUMYM H2—HOPMBI IEPEeAATOUHON (YyHKINH 3a-
MKHYTOW CHUCTEMBI.

OmnuiieM npouexypy HOCTPOCHHUS PEryiIsaTopa, OLEHHBAIOIIETO
COCTOSIHUE cHCTeMBbl. PaccMOTpuM ypaBHEHHE PUKKaTH OTHOCHTEIb-
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HO Mmarpuusl S € R™"*™:

(30) S = A SAT, + BBT — AOAT,
(31) 0 =CySCL + DDT,
(32) A= (A SCEH + BDTYo L.

Pemenne S = ST € R™" ypasnenus (30)—(32) Has3biBaeTCs cTaOU-
JU3UPYIOLINM, €CITH MaTpHIia S SBISETCS MOJIOKHUTENHHO MOIyoIpe-
neneHHol u Matpuna Aj; — ACh| acHMITOTHYECKH yCTONH4mBa. 3a-
MeTHM, 4To B cuity npeanonoxenus (D) ypasaenue (30)-(32) numeer
He 0osiee OTHOTO CTAOMITU3UPYIOIIErO PELICHNSI.

Teopema 6. [lycmo cucmema (4) yoosnemeopsiem npeononoxce-
Huam (A), (B) u (D) u nycme mampuywvl peanuzayuu 8 nNPOCMpPaAHCmEe
COCMOSIHULL 0ONYCMUMO20 pe2yaamopa (9) y0oseiemaopsiom coomHo-
weHuaAM o R ~ R
(33) A=An+ A — ACx + Cn),

B =A,

20e mampuya N evipasicaemcs uepez cmaburuzupyiowee ypasHenue
Puxxamu (30)—(32). Toeoa pezynsamop (9) sensemcs oyenusarowum.
Jloka3aTesnbCTBO TEOPEMbI — CyTh XOPOIIIO U3BECTHOM MPOLIEAYPHI I10-
cTpoeHus ¢puiapTpa Kanmana mis 3aMKHYTOH cucTteMbl (29), Ha BXOX
KOTOpPBIN MOCTYMHAeT «OeNbIil IIym».

3aKIIIOYUTENIBHBIN ATAll B PEIICHUH 3a/1a4 2 3aKIII0YaEeTCs B 1O-
CTPOCHHHU CTATHYECKOTO PETryIATOpa A Pa3OMKHYTOW CHCTEMBI

[ A BsL+ (By + BsSY2)L, | (B) + Bs£Y2)sl? B,

1

F_ 10 Ay + ByL B,X1/? 0
e 0 0 Dqy
{ Cs D33 L., Dysxi/? 0
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A BsLy + (B1 + 3321/2)Lw1
0 A+ (B + B3X'?) Ly, + B3Ly

| * *
C; 0
L Cs D33 Ly,
BsLo + (By + BsSY2) L, * By ]
(By 4 B3XY?) Ly, + BsLy 4+ ByC - 0
* * x o,
0 0 Dp
Ds3 Lo, Dyzi® 0|

1/2
rae Marpuusl L, »l/ 2 L, Ew/ Takue ke, Kak U B TeopeMax 3 u 5.
Cucrtema 7 u300paxkeHa Ha puc.S.

2k - Nk & &
< le——
LI wg| 70 Vg,

T M=
Yk Uk

Puc. 5. Pasomxnymas cucmema

PaccmorpuM ypaBHeHHe PHKKaTM OTHOCHUTENBHO MAaTPULBL
T € R2n><2n:

(34) T =ATTA, +CTC, — NTTN,
(35) Y = BI'TB, + D¥,D5,
(36) N =[Ny, Ny] = -y Y(BITA, + DL,C,),

e A, € R B, e R*™Xm2 g C, € RP1X?" onpenensiorcs
CIIETYIOIINM 00pa3oM:

A A (B + B3X'/?)L,, + B3L }

“ | 0 A+ (By+ BsSY?) Ly + BsL + ByC

Bu:[f’g?],cu:[cl 0].

Pemenne T = T7 € R?"*?" ypapnenus (34)-(36) GyneM Ha3bIBaTh
CTaOUIM3UPYIOIINM, €CITH MaTpHIia T TOJIOKUTENBHO OIpeieicHa, a
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marpuua A, + B, N acumnrtornuecku ycroiumsa. V3—3a npenmono-
KeHwns, yTo Matpuma Do B (1) UMeeT HONHBIA CTONOIMOBBINA PaHT, TO
ypaBHeHue (34)—(36) umeeT He Ooliee OJJHOTO PEUICHUS.

Teopema 7. [lycmo cucmema (1) yoosnemeopsiem npeononodice-
Huam (A), (B), (E) u nycmos mampuysl pearuzayuu 6 npocmpancmee
cocmoanull oyeHusarouezo pezyramopa (9) ebivucisiomesa co2nacHo
coomHuowenusam (33) u ypasHenuio
(37) é = Ny + N,
20e mampuywvt N1 u Na gvipascaiomcs yepe3 cmadbunusupyiowee pe-
wenue ypasuenust Pukxamu (34)—(36). Tocoa pezynsamop (9) sensiem-
cs peweHuem 3adaqu 2.

Jloka3arenbCcTBO TEOpPEMBI TPENCTaBIseT COO0M CHHTE3 OITH-
MasibHOTO L(Q)QG—perynaroa ¢ KpuTepueM MHHUMH3ALUN Fo—HOPMBI
NepeaTouHON MaTpullbl 3aMKHYTONW CUCTEMBI.

7. 3aknroyeHue

B nanHo# paboTre moay4yeH alropuT™M MOCTPOSHUS ONTUMANIbHO-
ro yrmpaBJ€HUS Ha OCHOBE MUHHMM3AIMA aHU3OTPONMUUHONW HOPMBI
3aMKHYTON CHUCTeMBbl. 3ajiaya CTaBUTCA IJIsl AUCKPETHON JHHEUHOM
CHUCTEMBI CO CTPYKTYPUPOBAHHOW HEONPEJEICHHOCThIO U 3aJJaHHBIM
YPOBHEM CpeIHEl aHU30TpOIUU BXxomHOro curHana. [lokasaHo, 4to
peleHre 3ajaud MOCTPOEHUSI aHU30TPOIUMHOIO PEryasaTopa MOXKET
OBITH CBEICHO K PEUICHUIO 3aJ1a4d H oo—ONTHMH3AIUH JJI1 CHUCTEMBI
C OJHHUM JIOTIOTHHUTEILHBIM BXOJIOM.
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ANISOTROPIC ROBUST REGULATOR SYNTHESIS
FOR STRUCTURED UNCERTAINTY CONTROL
MODEL

Alexander Yurchenkov, Institute of Control Sciences of RAS,
Moscow.

Abstract: The anisotropic control synthesis problem is considered
and solved. The model of the control plant contains a structured
uncertainty.

Keywords: robust stochastic control anisotropic theory, structured
uncertainty, homotopy method.
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