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YACTOTHAA TEOPEMA OANA AHU3OTPOMUUHON
HOPMbIl MTMHEMHOW CUCTEMbI NMPU HEHYIEBbIX
CPEOHUX BO BHELUHEM BO3MYLLUEHUU

Kycros A.IO.,
(DI'BYH Uncmumym npobrnem ynpasnenus
um. B.A. Tpanesnukoea PAH, Mocksa)

na nodasnenusi delicmeyouux Ha 0ObEKMbl BHEUHUX 803MYU|eHULL
8 meopuu ynpaeieHus UCNONL3VIOMCA pA3luyHble No0X00bl. Xopo-
wo uzeecmuvl pabomul no nocmpoeruto Ha- u Hoo- Onmumanvuvix
ynpasnenuil. Cozoannas 8 cepedune 90-x ze. anuzomponutinas meo-
pus A61Aemcs OOHUM U3 HECKOAbKUX HANPABIeHUl, CMasauyux ceo-
etl 3adaueii obobwenue Ho- u Hoo- n00X0006. bazoevim nowsmu-
emM 2Mou meopuu AGIAEMCca AHU3OMPONULHAS HOpMA, Onpedersiemas
KaK Ccynpemym cpeOHeK8aopamuiHo20 Kodpguyuenma ycuieHus no
BCEBO3MONCHBIM BO3MYUJEHUAM C OSPAHUUEHHOU CpeOHell aHU30mMpo-
nuel — Mepoti OmaudUs Om SMAIOHHOU nociedosamenvHocmu. s
cunmesa cyOONMUMAIbHbIX AHU3OMPONULHBIX Pe2yNamopos, cmaodu-
JUBUPYIOWUX CUCEMY, HEODX00UMO YMeMb NPOSEPSIMb YCl08Ue 02pa-
HUYEHHOCMU AHUZ0OMPONUNIHOU HOPMbL 3A0AHHBIM YucioM. Pewenue
OaHHOU 3a0ayU 8 CyHae GHEWHUX BOIMYWEHUL C HYNe8blLMU Mame-
MAMUYECKUMU OHCUOAHUAMU OBLIO NOLYHEHO, U HA36AHO YACTHOMHOU
meopemotl 0151 AHU30MPORULHOU Hopmbl. B 0annoti pabome nonyuena
AHANO2UYHAL meopema OISl CLYYas GHEUWHUX 803MYUeHUll 6 guoe No-
C1e008AMENLHOCU 2AYCCOBCKUX CYUAUHBIX 8eKIMOPOS8 C HEHYLe8bIMU
CPeOHUMU U 02PAHUYEHHOU CPeOHell AHU30MPONUEIL.

KiroueBble crnoBa: AHM3OTpONMiIHAs TEOpHUs YNpaBICHUS, CPEAHAA
AQHU30TPOIMSI, AHU30TPOIUIHAS HOPMA, T'ayCCOBCKUE CIydailHbIE BEK-
TOpBI, 4YACTOTHASA TEOPEMa JJI AHU30TPOIUINHON HOPMBIL.

! Kyemos Apraouii FOpvesuu, m.u.c., (arkadiykustov@gmail.com).
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1. BeedeHue

C 1994 roga B Poccuu Hauanock co3/laHie TEOPUU ONTUMAIILHO-
TO yNpaBleHHs, LEIbI0 KOTOPOH SBISETCS MOCTPOECHHE POOACTHBIX
PETYNATOPOB, MUHHUMH3UPYIOIUX CHEUAIBHYI0O HOPMY 3aMKHYTOH
CHCTEMBI MIPH HAJIMYMH CIyJalHBIX BHEIIHUX BO3MyIeHui [1, 2, 3].
ba3oBeIMU TEpMUHAMU 3TON TEOPUU SIBIISIOTCS MOHATUS CPETHEN aHU-
30TPONUU IMOCIEN0BATEIbHOCTH U aHU3OTPOIIMMHON HOPMBI CHCTE-
Mbl [4]. [lepBast U3 HUX oIpeAeNseT KOJMYECTBEHHYIO Mepy MHGOp-
MAaI[OHHOTO OTJIMYHS MOCTYMAIOIETO Ha BXO/ CHCTEMbI BO3MYIICHHS
OT 3TAJIOHHOTO BO3JEHCTBHUS, 32 KOTOPOE MPUHUMAETCS T'ayCCOBCKUMN
Oenblii IyM. AHH30TPONUIHAS HOPMAa CHCTEMbl BBEICHA KaK Hau-
Oospliee 3HAYCHHE CPEAHEKBAJPATHYHOTO KOI(PPHUIMEHTA yCHUICHUS
[0 BCEM BHEUIHMM BO3MYIIEHHSAM C OTPAaHUYEHHOM CBEPXY CpeqHel
AHU30TPONUEH.

B cnydae, ecnu cpeniHss aHM30TPONHNA CUTHAIA PaBHA HYIIIO, BBI-
pakeHue JUII aHU30TPOITMITHON HOPMBI ¢ TOYHOCTBIO JI0 TIOCTOSTHHOTO
MHOXHTEISI COBIANAET C Ho-HOPMOM 3aMKHYTOM cucteMsl. [Ipu oT-
CYTCTBHH KaKUX-JINOO OTpaHWYeHHUH Ha KIIacC BXOAHBIX BO3MYIICHHUN
AQHU3OTPONHUIHAST HOpMa CTAHOBUTCSI paBHOM H,o-HOpPME CHCTEMBI.
Takum 00pa3om, aHU30TPOMUITHAS TEOPHS B OMPEAEICHHONW CTENeHN
0000I11aeT TTOCTAaHOBKH M3BECTHBIX 3a/1ad Ho- U Hoo- ONTHMAIBHBIX
yIpaBICHUI.

Jlo mocnenHero BpeMEHU B paMKaxX aHU30TPONUIHOW Teopuu
MIPEAIOIarajoch, YTO Ha BXOA OObEKTa YNpPaBJCHUS MOCTYNAET CIIy-
YailHbI{l CUTHAJI C HYJEBBIM MAaTE€MaTHYECKUM OXHJaHueM. B peansb-
HBIX TEXHHYECKHX CHUCTEMaxX BHEIIHEE BO3MYILEHHE MOXKET COAEp-
KaTh JETEPMUHUPOBAHHYIO COCTABIIAIONIYIO, OTIAMYHYIO OT HYJs. [lo-
3TOMy OBbUIa MpoxesiaHa padoTa MO CO3AaHUI0 aHU3OTPOIIUIHON Teo-
pUM YIpaBJIEeHHUS B ClIydae HEHYJEBOTO CPEIHEr0 BEKTOPOB BXOAHOM
Mocea0BaTeILHOCTH [S].

s pemeHus 3a1a4u CUATE3a CyOONTHMAIbHOTO aHM30TPOIIHA-
HOT'O PerynsaTopa TpedyeTcs MpexkIie BCEro YMETh IPOBEPAThH, IIPH Ka-
KHX YCJIOBHSIX aHM30TPONMI{HAS HOpPMA 33/1aHHON CHCTEMBI C BBIOpaH-
HBIM ypOBHEM OTPaHMYEHHUS HA CPEIHIOI0 aHW30TPOIHIO BHEIIHETO
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BO3MYIIeHUs OblIa ObI MEHBIIIE HEKOTOPOTO IOJIOKUTEIBHOTO YHCIIa.
Pemenne nmanHOW 3amadu AT CUCTEMBI C BHEIIHUMH BO3MYIICHUS-
MU C HYJIEBBIMH MaTeMaTHU4eCKUMU OXHIAHUSAMH ObUIO IOJy4eHO,
Ha3BaHO YaCTOTHOM TeopeMoM JIsi aHW30TPONMHHHON HOpMmEI [6]. B
JAaHHOM paboTe MosyueHa aHaJOTHYHAs TeopeMa Ui Cydas BHEII-
HUX BO3MYIIEHHUI B BUJIE MOCIIEAOBATEIBEHOCTH TayCCOBCKUX CITyYaii-
HEIX BEKTOPOB C HEHYJIEBBIMU CPEIHWMH W OTPAaHUYCHHOU CpeIHEi
AHU30TPOMHUEH.

2. OCHOBHbIe MOHSIMUSI aHU30MponuliHoU meopuu

B teopun mupopmannn ¢ cepenmHbl XX BeKa MPeAIararoTcs
pasyIMuHBIE CIIOCOOBI KOMMYECTBEHHOTO ONMCAHU HH(POPMAIIMOHHBIX
XapakTepucTuK curHaiga. OgHUM U3 Haubojee BAXKHBIX TEPMUHOB
CUNTAETCAd OTHOCHUTENBHAs 3HTponus. VIMEHHO Ha 3TOM IOHSATHH OC-
HOBaHbI ONPEACICHUSI aHU30TPONMH CIy4allHOTO BEKTOpA U CPeIHEN
aHM30TPONHH MOCIENOBAaTEIbHOCTH CIIy4YalHBIX BEKTOPOB.

PaccMoTpuM 1Ba m-MEpPHBIX TI'ayCCOBCKUX CIy4YallHBIX BEKTOpa
W U v € IIIOTHOCTSIMH PacCHpeAeeHns BEPOSTHOCTH

) = (" IS) ™ exp (=0 - )75 - )

2\
COOTBETCTBEHHO. Kak BHMIHO W3 NPUBEICHHBIX BBIPAXKCHUH, BEKTOP
w WMeeT HeHysleBoe cperHee [ # 0 M KOBapHALMOHHYIO MaTpHILY
S = ST = 0, a BekTOp v — HyJEBOE CPE/HEE U CKANSPHYIO KOBA-
puannoHHyI0 Marpuily Al,,. [lo onpenenenuto [1] aHM30TpOIHS BEK-
TOpa W paBHa MHHMMAJbHOMY 3HAYCHHIO OTHOCHTENIBHOIl SHTPOIHU
D(f||px) mo Bcem 3HaueHHsIM A > 0:
A . 1 mS
A(w) = minD(f|lps) = —5 Indet (m) :

AHU30TPONHS CIIy4alHOTO BEKTOpA W MOXKET TPAKTOBATHCS Kak
“paccTostHEe” MKy IUIOTHOCTBIO f () ero pachpeneneHus BeposT-
HOCTH M MHOXKECTBOM 3TaJIOHHBIX IUIOTHOCTeH {py(z) : A > 0}.

pa(x) = (200) "™ 2 exp (_xTx)
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PaccMoTpuM cTallMOHapHYIO 3PrOAMYECKYI0 IOCIIEA0BaTENb-
Hocth W = {wy }rez, BHICTYMAOIIYIO B PO BHELIHETO BO3MYIIC-
HUS, TTOJAIOIIETOCsT Ha BXOJI OOBbekTa ymnpamieHus. CpenHss aHH30-
TpOIHUs NOoCceaoBaTeNbHOCTH W BBeneHa B [1] kak OoTHOLIEHUE

— . A(Won—
AW) £ lim AWon-1) ,
vN%oo N
rne Wy.nN—1 — pacIIMpeHHBIA BEKTOP MOCIEIOBATEILHOCTH, OMpEe-
JIIEMBIA Kak
wWo
Won-1=
WN-1

Ucmone3yst pe3ynbrarel paboTsl [5] u dhopmyny tuma Kommoroposa-
Ceré [7], MOXXKHO TOKa3aTh, 4TO CPEAHSS AHH3OTPOIHUS TOCIEN0-
BaTeNBHOCTH W, CreHepHpOBaHHOW W3 TAyCCOBCKOTO OEOTO Iryma
{vk+v}rez (v # 0) nuneitHbIM GuIETPoM G CO CIEKTPATBHOMN IJIOT-
HOCTBIO S(w), BBIYKCISAETCS 10 HopMyIie

— 17 mS(w)
A = —— Indet | ————~2— ] d
(W) = [ mae (!G!%+!M2> =

e M = lim Efwy].
k—o0 ..
Jns BBENCHUS TOHATHS AHU3OTPONMUHONW HOPMBI TpUBEIEM
BcIioMoraresbHble onpeneneHus. [lycTs qaHa cucrema
Tpt1 = Axg + Buy,
D F~
2z = Cxp + Dwy,
OTOXIIECTBUMASI C MATPUYHOI Tiepenatounoi Gpyukuuent F(z) = D +
C(zI — A)~1B, rie A — acumnToTHyecKy ycToitunas Marpuia. Ho-

HopMa QyHKImMU F'(z) onperensercst Kak
” 1/2
1

171, = | 57 [ 6 @F@H]
—~ . d
e F(w) = F(e!*). CpeaHekBaapaTHIHbIH KO3DOUIHEHT YCUICHHS

cuctemsl F' ¢ Bo3mymenuem W omnpenennm kak
1/2
N
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AHU30TpONUitHasE HOpMa TMpPEACTaBIsieT COOOH CympeMyM cpeaHe-
KBQIpaTUYHOTO KO3(PUIFIEHTa YCUIICHUS TT0 BHEIIHUM BO3MYIIECHU-
sIM C OTPaHUYEHHOMN CpelHer aHU30TPONHUEH:
IFl, = sup  QEF,W).
W:A(W)<a

HecnoxHo moka3arh, 9TO aHU3O0TPONHITHAS HOpPMA JOITyCKaeT Mpe-
CTaBJICHUE

FG3 + |FMP\ '
@ rl= sy (HEREIEE)T
G:A(W)<a H HQ + ’M’

rae G — popmupyromuii GUILTp, reHepupyonmid Bo3myineHue W, a
M u FM — mMareMaTuuecKue OKHJIaHUS COOTBETCTBEHHO BEKTOPOB
Wy U 2}, Ha CTAIIHOHAPHOM PEXKUME:
M = lim E[wg], FM = lim E[z].
k—o0 k—o00

JIIsi HaXOXK/ICHHSI TOYHOTO 3HAYCHUS aHWU30TPOIMHHON HOPMBI
¢opmyna (2) mpencraBnseTcsi HEYIOOHOH BBHIY TPYAOEMKOCTH BbI-
yucienus: uibrpa G, Ha KOTOPOM JOCTUraeTcs cynpeMyM. B cBsizu
C 9TUM LeNIeco00pa3HO MPUBECTU ATBTEPHATUBHYIO (HOPMYILY IS BBI-
YHCIJICHUS] aHU30TPOITMHHON HOPMBI.

ITycth M3BECTHBI EBKIHMIOBa HOpMa Maroxumanus (M| u Ha-
HopMma ¢uibsrpa ||G||2. Be3 morepu OOLIHOCTH MOXHO CYHTATh, YTO
M| < 1, |Glla < 1 u |[M|*>+||G||3 = 1. Beenem crenyromme
¢$yHKINN:

B(g) = g [ Sl Alw))do,

W(q) = —— [ Indet S(g, A(w))dew,

2mm,
m 0}
Ag) = 5 <1n (%) - ‘I’(Q)> ,
) N(g) = ‘I’éé’—(;)lu M)+ M,
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me S(¢, A(w)) = (Im — ¢AW))™! u Alw) = F*(w)F(w). Torna
AHU30TpONHIHAs HOpMa (2) MOXKET OBITh BBIYMCIICHA COIIAacHO (op-
MyIe

IFll, = N(g), e g.=A""(a),
a BBIPXCHHUS JIUIS CPETHEH aHU30TPOITHH M CPETHEKBAIPATUIHOTO KO-
3¢ GUIMEHTa YCUICHHS CBSI3aHbBI C BBEJICHHBIMH (DYHKIIUSIMH KaK

A(W) = A(g), Q(F,W)=N(q).

3. YacmomHasi meopema 0nsi aHU30MPONuUUHOU HOPMbI
npu HeHyneebix CPeOHUX 80 HEWHEM 803MYUW,eHUU

Hycts F' € HE™ — nuneiinas muckpeTHas cTalMoHapHas CH-
crema Buza (1). bynem cumrarh, 9TO Ha ee BXOA MOJAETCS MOCIEN0-
BaTEJIbHOCTh I'ayCCOBCKUX CIIy4alHBIX BEKTOPOB C HEHYJECBBIMHU Ma-
temarndeckumn oxugaHusiMu Elwy| # 0, npudeM u3BeCTHBI ypo-
BCHb ¢ OTPAHWYEHUS HA CPEOHIOI0 aHU30TPOIUIO IOCJIEN0BATEIbHO-
ctu A(W) < a, a Taxxke 3nauenus | M| u ||G||,.

Teopema 1. Anusomponutinas Hopma YCMOUYUBOU CUCMEMbL

F € HE™, na 6xo0 xomopoii nodaemcs eosmyuenue ¢ nenyne-
BbIMU CPEOHUMU U OZDAHUYCHHBIM YPOBHEM CPeOHell aHU30Mponuu
A(W) < a, yoosnemsopsiem nepasencmey |F||, < v oaa nexomo-
po20 nonodxcumenvroz2o uucia vy > 0, ecau cywecmeyem makoe q u3
unmepeana [max (0, q1 ), min (qg, ||F||;02)) 20e

@ = (1= M =™ (5" = |FMP) 7,
g2 = (1= M) — |[FMP*),
umo HepageHcmeo
det(&)"/™ > (1 = [MP* + g|FMP? — gy*)le 24/

gvinonneno ons mampuyvt S = (I, — BT RB — DT D)™, coomsem-
cmeyioweii cmabunusupyrowemy pewenuo R = RT = 0 ypasnenus
Puxxamu

R=ATRA+q¢CTC + L& 'L,
L=6(BTRA+ ¢DTC).
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Hoxa3areiaberBo. IIpu nssectHbix | M| u ||G||2 BeIpakeHus st
CpelHeH aHHM30TPONUU W CPEJHEKBAAPATHYHOTO KOAPPHUIHECHTA
YCHJICHHSI MO>KHO HIEPEINCATh B BUJIE

s

A(W) = —i /lndet(qu(w))dw,

Q(F,W) \J /tr w))dw + [FM]|

e
@) Syw)=0(ln—qAw)™", o= 1—|MP)(md(g)~".

B cuny cBoiictBa MonoToHHOCTH (yHKIMA A(gq) m N(g) mo
aprymMeHty ¢ HepaBeHCTBO || F'||, < < 9SKBHBAJIEHTHO YCIOBHIO
A(N~Y(y)) = a. VI3 dpopmymnsi (3) wis N (g) MOKHO BBIPa3uTh ByHK-
o P(q). JeiCTBUTENBHO, TIOCKOIBKY

2 _<I>(q)—q . 2 2
N (q)—iqq)(q) (1= [M[) + [FM]7,

TO

1—|M|?
1 — M2+ q|FM2 - qN%(q)

CrnenmoBatensHO, YIUTHIBAS (4), TOTYIHM

®(q) =

A(W) = —ﬁ/lndet([m—qA(w))ldw

— 2 In (1= |MP + qlFM? = gN%(q)) = ala. N(a)).

YuureiBas cssb Mexay ynkuusvu A (W) u A(q), npunem x
ToMy, uto HepaBeHcTBO A(N~!(Y)) > a >KBHBaTeHTHO HEpaBEHCTBY
a(q,7) = a. Bonee TouHoO,

ANT) =a(N"'(y),7) = sup  a(g,7).
¢€[0,|[F32)
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3HauuT, cyllecTBOBaHUE Takoro uucna g € [0, | F||32), uro cnpasen-
nuBO a(q,7) > a, rapaHTUPYeT BHIIONHEHNE HepaBeHeTBa || F||, < 7.
CdopmynmupyeM Termepb B TEPMHHAX ypaBHEHHs PHKKATH MOITy-
4eHHBIN pe3ynbrar. CrieKTpaibHas IIOTHOCTE S(w) (OPMHUPYIOLIEro
¢unsrpa G Moxer ObITh 3amucana B Buue S(w) = Sg(w) Torma u
TOJIBKO TOTJ[A, KOTA Al MepefaTouHoi GpyHKuun O (z) cucTeMsl

o[

BBINIOITHEHO yC/IOBHe HHHEpHOCTH: O (w)O(w) = I,,,. Ecmu dustp
(G uMeeT mpeacTaBIeHHe
G zhi1 = (A+ BL)xy + BEY2(vg + p),
™~ wk = Lay, + SV2 (v + p),
TO OOpaTHas eMy CHCTeMa 3alHChIBACTCSA B BHIIE
. Ty1 = Axy + Bwg,
G {uvk +p= —E_l/zka + E_l/zwk.

CnenosarensHo, O limeeT Bug
A | B
O~ C D
—oX V2L | JoxT1/?

BBejis HOBYI0 MAaTpHUHYIO niepeMeHHyio & = o~ !X, Bepakenune s
© MOXHO TPEICTAaBUTh B BHJIE

A | B
6 ~Y
c D |,
_671/2[/ 671/2

a ¢popmyna tuna Koiamoroposa-Ceré

™

Qi Indet(S;(w))dw = Indet(X)
T

—Tr

NpUMET BUJ

QL /1ndet([m — gA(w)) " ldw = Indet(&).
T
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Crnenys [9], ycrnoBre HHHEPHOCTH ollepaTopa © MOXXHO Mepenucars B
BHJIE CUCTEMBl MaTPUYHBIX yYpaBHEHWH Pukkaru otHOCHTENBsHO R =

RT = 0:

R = ATRA+q¢CTC+L'E7'L,
L = 6&(BTRA+¢D'C),
& = (I,—BT'RB—-¢D"D)™.

®OyHkuust «(q,y) TP 3TOM MPUMET BH]
1
a(q,7) = 3 Indet ((1 — |M|? + ¢|FM|* — ¢7*)&),

YTO U TPeOOBAJIOChH JI0Ka3aTh.
|

3ameuanue 1. B oOokazamenvcmee Teopemwvl I napamemp q
npunaonexcum unmepéany [0,||F||52). Dmo mmuoscecmeo moxncro
ymounume credyiowum oopazom. Bo-nepevix, 01s Heompuyameiv-
HOCMU 8bIPAJICEHUs. NOO J102APUPMOM 8 HEPABEHCMEE

—% Indet (1 — [M|* + ¢|FM* — ¢7*)8) > a
6 cuny HeompuyamenvHol onpedeiennocmu mampuyvt S credyem
1= M + ¢ FMP? —q7* > 0,
UnU, YMo mo e camoe,
¢<q2= 1~ [MP)(* - |FMP)7
Bo-emopuix, nockonvky R = RT = 0, mo BTRB+qD™D > 0. Cre-

oosamenvro, &1 < I, umo npusodum k nepasencmsy trn(G) >
0. Taxum obpazom, u3 ycrosus

1
~5 Indet (1= IMP+ g FMP* —7*)&) > a
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maxaice cnedyem mIn(1 — |[M|? + ¢| FM|? — ¢7?) < —2a, omxyda
HECILOJNCHO NONYUUMb HEPAGEHCMEO

q > = (1 _ |M|2 _ 672a/m)(,72 . |JT_-M|2)71'

Yucaennblii mpumep. [IpoBepuM yTBepXkIeHUE TEOpEeMBbI Ha
crnenyromeM npumepe. [lycTh maHa nuHEWHas ITUCKpETHAs CTallu-
OHapHas cucTeMa

o § Thi1 = Az + By,
zr = Cxp + Dwy,

C MaTpullaMHu

0.23596  —0.85556 —0.68156
A= | —0.77842 0.0075576 —0.26014 | ,
1.0996 —0.93759 —0.2288

—0.52481 1.8551
B=|11283  —02773 |,
0.55014  1.0666

o — —2.0992 0.37147  0.69535
~ 1 0.63848 —0.37418 0.87763 |’

D 1.0336  0.60107
© ] 041979 —0.67402 |-

Hecnoxuo mpoBeputh, 49T0 Hoo-HOPMA 3TOM CHCTEMBI paBHA
|F'|lcc = 8.6432. Bymem cuntarh, 4TO BHEIIHEE BO3MYyILIeHHE {wy }
MMEET CIIeYOIIIEe XapaKTePHCTUKN: HOpMa MaTOXUIAHHS Wy, Ha CTa-
[IMOHAPHOM pexxume paBHa | M| = 0.5, cien KOBapHALIHOHHOM MaTpH-
16l W), HA CTAIMOHAPHOM pekume paseH ||G||3 = 0.75, cpenusis anu-
30Tponus nocnenosarenbioctn W o= {wy} pasua A(W) = 0.375.
ToyHOE 3HaYEeHHE aHU30TPONUKUHON HOPMBI IPUBEJEHHOW CUCTEMBI C
yKa3aHHBIM THIIOM BHEIIHETO BO3MYILEHHUS PABHO

I Ello.575 = 6.178.
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B crnenyromieit tabnuie npuseneHs! peuierns (¢, R, &) must pasmud-
HBIX 3Ha4YeHui v € (6.178,8.6432). B ciyuyae, eciu v < 6.178 pere-
HUS HE CYILIECTBYET, a pu 7y > 8.6432 perieHue TpUBUANBHO (g — JtO-
00e), Tak KaKk aHU30TPOINUITHAsS HOpMa BCETNa MEHBIIE H .,-HOPMBI:
IF, < || F|loc mnst moboro 0 < a < +o0.

v e ] R | S

8 00017 - —0.0072 0.0101 0.0059

0.0138 —0.0072  —0.0042 ] [
| —0.0042 0.0059 0.0067

1.0416 —0.0262
—0.0262 1.0475

[ 0.0247 —0.0131  —0.0077 ]

7 0.0031 —0.0131 0.0183 0.0110 [ 1605234 7106%58%4 ]
| —0.0077  0.0110 0.0122 - :

6.2 0.0083 —0.0389 0.0570 0.0356

0.0695 —0.0389 —0.0243 [ 1.3106 _0.20278 }

—0.0243 0.0356 0.0384 —0.2027 1.3080

Tabm.1. Pemenus (q, R, S), mony4eHHbie MpU Ipo-
BEpKe YCIIOBUI T€OPEMBI JUIS Pa3IMIHbIX 3HAYECHUH .

Takum 00pa3om, TOIyYEeHHBIE JaHHBIE MMOATBEPIKIAIOT YCIOBUS
TeopeMbl. CTOUT OTMETUTh, YTO JIJIS KaXJAOTo cirydas v = 8, v = 7
u v = 6.2 mapameTp ¢ IPUHAICKUT CBOEMY HUHTEPBAIy, KOTOPHI
CTPOWTCS COTIACHO ONHMCAHHOMY paHee MPaBUITY.

4. 3aknryeHue

B nannoii pabore cdopmynupoBaHa yacTOTHas Teopema Ui
AQHU30TPONUMHON HOPMBI JIUHEMHON CHCTEMBI IPU BHEIIHUX BO3MY-
LIEHUAX C HEHYJIEBBIMHU CPEIHMMH. JlaHHAas TeopeMa MpencTaBIIs-
eT co0OM JTOCTAaTOYHBIE YCIOBHUSI OTPAaHUYEHHOCTH aHHW30TPOIUHHON
HOpPMBI HEKOTOPBIM MOJOXKUTENBHBIM YHCIOM. OTOT KpUTEpUH 3a-
[ACaH HAa MAaTeMaTU4YECKOM SI3bIKE YpaBHEHMM PukkaTtu U HepaBeH-
cTBa crienuaibHoro Buaa. ChopmMyIupoBaHHAs TEOpEMa MOXKET HAUTH
[IPUMEHEHHE B 3a/lade CHHTE3a CyOONTHMAalIbHOIO aHU30TPONUHHOTO
peryisitopa sl CHCTEM C HETPUBHAJIBHBIM BHEIIHUM BO3MYILEHUEM,
HMMEIOIINM KaK CTOXaCTUYECKYIO, TaK U JETEPMUHUPOBAHHYIO COCTAB-
JSIOIIHE.

X BEEPOCCHICKAS HKOAAKOHDEPERHTT MOAOABEX Y HEHBEX
“YIPABJIEHME BOJIBILIUMU CUCTEMAMU”
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ANISOTROPY-BASED BOUNDED REAL LEMMA FOR
LINEAR SYSTEM UNDER INPUT DISTURBANCES
WITH NONZERO MEANS

Arkadiy Kustov, Institute of Control Sciences of RAS, Moscow,
(arkadiykustov@gmail.com).

Abstract: To suppress acting on objects external perturbations,
different approaches are used in control theory. The works about
constructing Ha- and Heo- optimal controllers are well-known.
Created in the 90th anisotropy-based control theory is one of several
directions, which concentrates on the generalization of the Ha-
and Hoo- approaches. The basic concept of this theory is the
anisotropic norm, defined as supremum of root-mean-square gain
over all disturbances with constrained mean anisotropy, which is
the measure of difference between certain sequence and etalon one.
For the synthesis of anisotropic suboptimal stabilizing controllers,
one have to find the conditions, under which the anisotropic norm
is bounded by a specified number. The solution of this problem in
the case of external disturbances with zero expectations had been
received, and is called anisotropy-based bounded real lemma. In this
paper, author obtain a similar theorem for the case of disturbances
in the form of a sequence of Gaussian random vectors with nonzero
mean and bounded mean anisotropy.

Keywords: Anisotropy-based control theory, mean anisotropy,
anisotropic norm, Gaussian random vectors, anisotropy-based
bounded real lemma.

XI BCEPOCCUMCKAS LIKOJIA-KOH®EPEHIIUSA MOJIOJIbIX YUEHBIX
“YIPABJIEHME BOJIbIHTUMU CUCTEMAMM”



