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AHHOTALUA

PaGora mnocBsimeHa pa3pa0oTke HOBOr0 MeTOJa CHHTe3a MaTpPUIbl MepeAaTOYHbIX (YHKIMI peryJasitopa
ONTUMAJILHOII MHOIOMEpPHOII Pa30OMKHYTOIl cHCTeMbl ynpapieHus. PeryiaaTop npeaHasHadeH JJIsi MAKCHMHM3alUH
TOYHOCTH IepexoJa HeJINHEHHOr0 MHOTOMEpPHOro 00beKTa YNpPaBJEHHS M3 OJHOI0 YCTAHOBHMBIIEIOCS pPe:XMMa B
apyroi. Ilpeamosiaraercsi, 4To Ha O0BEKT YNPABJEHHS [JIeliCTBYIOT BO3MYLIEHHS], a JATYMKH HW3MEPHUTEJbHOM
uHpopmanuu 00/1a1a10T HHepuMeil U nomexamu. Kak Bo3MyuieHus, TaKk U IOMeXU NPeACTABJIAIOT c000ii aJIUTHUBHYIO
KOMOMHAIIMIO PeryJsipHbIX M CIy4YaiHbIX cocTaBiasiiommx. CiydaliHble COCTaBJISIOIIME OrPAHHYEHbI KJIACCOM
B3aHMOCBSI3aHHBIX CTAIMOHAPHBIX NPOLECCOB ¢ APOOHO-PALMOHAJbLHBIMH MATPHLIAMHU CIEKTPAJBLHBIX IJIOTHOCTEI.
OO0ocHOBaHHBIII MeTOJ OT/IMYaeTCAd TeM, YTO NPH NMOCTAHOBKE M PelleHUH 3aa4d CHHTe3a HCIO0JIb3yeTcsl HOBas
CTPYKTYpPHasi CXeMa CHCTeMbl YNPAaBJICHHUS, YYUTHIBAIOWIAA Pe3y/JIbTAThl METPOJOrHYECKOH aTTecTAlMH JHHAMHKH
AaTunkoB. CHHTe3 pery/siTopa ocyuiecTB/seTcsl B YacTOTHOI o00JacTu MetooM Bunepa-Kosmoroposa. ITosryyeHHbIi
B pe3y/jbTaTe pelleHUs] 3aJa4M CHHTe3a HOBBII AJIrOPUTM IO3BOJIAET HAWTH MaTpHIbI MepPeJaTOYHbIX (PyHKIUIA
peryJasitopa, KoTopble o0ecne4ynBal0T MUHUMYM COOTBETCTBYIOIIUX KBAaJPAaTHYHBIX KpUTepueB kadectsa. IlepBbrii u3
HHUX MpeACTaBJsieT CyMMY OINpedeleHHbIM 00pa3oM B3BelIeHHBIX MHTErpPAJIbHBIX KBAJAPATHYHBIX OTKJIOHEHUI
peryJsipHbIX OIINOKH cJIeI0BaHHUs 00bEKTA N0 TPAeKTOPHHU M CUTHAJIA ynpaBiaeHus. Bropoii kpurepnii npeacrapiaser
CYMMY B3BCHICHHBIX JAMCHEPCHI CJIYyYailHBIX COCTABJISAIOIIUX OIIMOKHM W CUTHAJA ynpasjeHnus. st HcIoab30BaHusA
NPEAJIOKEHHOI0 ANTOPUTMA He00X0JHMO BBINOJHUTHL ONEPALIMH BHHEPOBCKOH (PaKTOPH3AIUM M ceNapanuy JPoOHO-
panoHanbHbIX MaTpul. CooTBeTcTBYIOMME (QYHKIMH cOoep:KaTcsi B CBOOOJAHO PAcPOCTPAHsIeMOM NaKeTe MPOrpaMm
SciLab.

KroueBble cjioBa
OnTuMabHBI, ypaBjieHue, 00beKT, MAaTPUIA, (pakTopU3amus, TUCHEPCUs], CTOXACTHYeCKHIt

Abstract

This article is devoted to the development of a new method of synthesis a regulators’ transfer functions matrix of an
optimal multivariable open-loop control system. The regulator is designed to maximize an accuracy of a nonlinear
multivariable control object transition from one steady state to another. It is assumed that disturbances act on the
control object and sensors measuring data has inertia and noise. Both disturbances and noises are an additive
combination of regular and random components. Random components belong to a class of interconnected stationary
processes with rational spectral density matrices. A substantiated method differs from the known one by the fact that
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during formulation and solution of the problem somebody uses a new block diagram of the control system, which takes
into account the results of metrological certification of a sensor dynamics. Synthesis of the regulator is carried out in
the frequency domain by the Wiener-Kolmogorov method. A new algorithm, which is obtained as a result of synthesis
problem solution, allows you to find the matrix of regulator transfer functions , which provides a minimum of
corresponding quadratic quality criteria’s. The first of them is equal to the sum of certain way weighted squared
deviations regular repetition errors of the object path and control signals. The second criterion is equal to the sum of
the weighted variance of the random error components and the control signals. To execute the proposed algorithm it is
necessary to perform the operations of Wiener factorization and separation of rational matrices. The corresponding
functions are contained in the freely distributed software package SciLab.

Keywords
Optimal, control, object, matrix, factorization, variance, stochastic.

BBenenue

paSBI/ITI/Ie HCITIOJIB30BAHUA MOlIyJ'IBHOFO HpI/IHHI/IHa KOHCprI/IpOBaHI/IH CHUCTCM praBHeHI/Iﬂ MHOFOMepHBIMI/I O6'beKTaMI/I
NPUBOAMT K PACIIUPEHUIO MCIOJIB30BAHUS PA30MKHYTBIX CHUCTEM yrpasieHus. Haubosee sipkuM NpuUMEpOM TakKHX CHUCTEM
SABJIACTCA praBHeHI/Ie pa60qI/IMI/I OpFaHaMI/I pO60TOB MaHHHyHﬂTOpOB nin HpOFpaMMHBIMH JBWKCHUSIMUAU MeXanOHHBIX
00BeKTOB THNA Tekcanon [1].

Kak mpaBuiio, 0OBEKTHI YIPaBIECHHs 3TOrO KJacca SBISIOTCS MHOTOMEPHBIMH W HEJIMHEHHBIMHM, a WX IBHIKEHHE
MPOUCXOAUT B YCJIOBHAX COBMECTHOTO JCHCTBHUSI aJJTATHBHON CMECH BEKTOPOB JETEPMHHHPOBAHHLIX M CTAI[HOHAPHBIX
[IEHTPUPOBAHHBIX CIyYaWHBIX CHTHAIOB. [Iporiecc UX IBUKEHHUS TI0 TPACKTOPUH, KaK TPABHIIO, COMTPOBOKIAETCS H3MEHEHHEM
JMHAMUKHA O0BEKTa YIIPABJICHMS, a aMIUTMTY/Ia YIPaBJISIOMIEro BO3AEHCTBIS orpanndeHa. Kak mokaszano B MoHorpaduu [2]
yIIpaBJIcHHE OOBEKTAMH 3TOTO Kjlacca COMpOBOXKmaeTcs 3(pdekToM camoopranuszanuu [2], KOTOpBHIH YacTo MPHBOIHT K
YXYAIICHAI TOYHOCTH BBITOJHCHUS IPOTPaMMBbI IBIDKEeHHs. CIieI0BATENBHO, BBIMOJHCHHE HCCICI0OBAHM HAMPABICHHBIX HA
pa3paboTKy HOBBIX AITOPUTMOB TIPOCKTHPOBAHHUSI CHCTEM YIIPABJICHUS MPEIOTBPANIAIOINX BOSHUKHOBEHHE CaMOOPTaHU3aIIMH
SIBIISICTCS AKTYaTbHBIM.

B ocHOBY pa3pa0OTKu TpeaiaraeTcs MOJOKHUTh MPHHIUI pas3aeieHus BCEH TPAEKTOPUHM JBMIKEHHs HEIHMHEHHOIO
00BEKTa yIpaBlIeHHs Ha OrPAHMYEHHOE YHMCIIO YYACTKOB U CHHTE3a ONTUMAILHOTO M0 TOYHOCTH PETYJISATOPA IS KaXKI0ro U3
BBIZIEJICHHBIX YYaCTKOB.

AHAJIU3 JIMTEPATYPHBIX TAHHBLIX M OCTAHOBKA MPOGJIeMbI

Awanms 1enoro psma pa6or, Hampumep [3,4,5], mo3BoJseT cpenark BBIBOA O TOM, YTO COBPEMEHHBIC METOJIBI
MIPOEKTHPOBAHUS ONITHUMABHBIX HETMHEHHBIX CHCTEM YIIPABICHHUS TAPAHTUPYIOT YCIIEX B ABYX CiTydasx. [IepBeiit — BOSHUKAET
TIPH JICHCTBUHU TOJNBKO JIETEPMUHUPOBAHHBIX MOJIE3HBIX CHTHAIOB, BOMYIICHUH M TIOMEX B TpakTax yrpasieHus [3], BTopoit
P JIEHCTBHIH TOJBKO CITyIaiflHBIX BO3JEHCTBHI [4].

PaCCMOTpCHI/IIO TCXHOHOFI/Iﬁ I/I}ICHTI/I(bI/IKaI_H/II/I 1 CHUHTEC3a OIITUMAJIBbHBLIX CUCTCM praBHeHI/IH HpI/I HeﬁCTBHH al[]:[HTI/IBHOﬁ
CMECH BEKTOPOB PETYJISIPHBIX M CIYYaWHBIX COCTABIISIOIIMX MMOJIC3HBIX CUTHAJIOB, BO3MYIIICHUAN M MIOMEX B YaCTOTHOW 00JIACTH
nocBsIieHa MOHOTpadus [5], 0HAKO MPETOKEHHBIE B HEH METOMBI CHOPABEIIMBBI B Clydae JIMHECHHOTO MHOTOMEPHOTO
00BEKTa YIIPABIICHUS.

Mouorpadust [6] comepKUT LENBIH P METOAOB M TOAXOJOB K paspaboTKe ONTUMAIBHBIX MHOTOMEPHBIX CHCTEM
YIpaBICHAS. OOBEKTAMH B TIPOCTPAHCTBE COCTOSIHHUM, HCIIOIB30BAHKE KOTOPBIX, OJHAKO, OrpaHMdYeHo IMbo 3ajadeit
VIIpaBJICHUS, OO KIIACCOM BO3MYIIECHHH, TEHCTBYIOMINX BO BPEMs YIIPABICHUs, MO0 KIACCOM JIMHEAPH30BAHHOM MOIEIH
o0BekTa yrpasieHus. OrpaHudeHre 3a1a4uu YIPaBICHUS — 9TO 0TPabOTKA HAYAIBHBIX YCIOBHUH MPU OTCYTCTBHH BO3MYIICHHUI
u momex. Kiracc BO3MyIIeHHI OrpaHryeH WX TPUHANICKHOCTHIO K CTAIHOHAPHBIM MHOTOMEPHBIM IPOIECCaM THIIA «OeITbIit
IIyM», a KJIacc JIMHEapH30BaAHHOM MOICITH 00BEKTa YIPABICHHS OTPAHMIUBACTCS TOJIBKO TEMH 00BEKTaMH, MOJICIb THHAMHKH
KOTOPBIX MOKET OBITh MIpEICTaBICHA B BHC TuDhepeHIManbHBIX ypaBHeHuH B hopme Korm.

B peanbHOW CcHTyalMu yOpaBieHHs CIOXKHBIM MHOTOMEPHBIM HEITHHCHHBIM JTHHAMUYECKUM OOBCKTOM YKa3aHHbBIC
OrpaHWYeHus JajeKo He BCErga BBINONHAIOTCA. Hauboliee SPKUM  TPUMEPOM  TAKOTO HEBBIMOJHEHHS — SBIACTCS
CyIEePKaBUTALMOHHBIN MOABOIHBIN 00BEKT [7].

Jlnst yeTpaHeHHsl TaKMX OTPAHHMYEHHI W KakK pasBUTHE METOJOB, MPEUIOKEHHLIX B padorax [3,5], B jmaHHOW crarhe
CTABUTCS M peEIIaeTcs 3ajavya CHHTE3a ONTHMAIbHOW MHOTOMEPHOW Pa3sOMKHYTOM CHCTEMbI YIpaBI€HWsS HETHHEHHBIM
JIMHAMUYECKAM OOBEKTOM, B YCIIOBHUSIX JEHCTBHUS AJUINTHBHOM CMECH BEKTOPOB JETEPMHHHUPOBAHHBIX M IEHTPHPOBAHHBIX
CTAIIMOHAPHBIX CIYYAHHBIX TTOJE3HBIX CUTHAIIOB, BO3MYIICHHUI 1 TOMEX.

IHocranoBKa 32124

Ilycts 3amaHa CTPYKTypHAs CXeMa Pa3sOMKHYTON CHCTEMBbI yIpaBieHus B J-ToM pexume (puc. 1). Ona BKiIIO9aeT
HEJIMHEIHBIA 00BEKT yIpaBJICHUsI, UMEIOIINI M yIpaBIIsieMbIX BXOZOB U N BBIXOJIOB, H PETYJISTOD.
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Puc. 1 - CTpykTypHas cXxeMa pa3oMKHYTOU CHCTEMBI YIIPABJICHHUS HEJTUHEHHBIM OOBEKTOM B j-TOM PEKUME €r0
(YHKIHOHUPOBAHHUS

OO0BeKT MOXKET (YHKIHOHMPOBAaTh B ONHOM M3 K pexXMMOB, a e€ro JMHaMHKa B PEKHME HOMEp | OlucaHa
JIMHEApU30BaHHON CHCTEMOH OOBIKHOBEHHBIX MH((hepeHnanbHbIX YpaBHEHUH B

Pt =milull +wi'g, (1)

rae PjH - TOJMHOMHAJbHAs MaTpula PasMEPHOCTH NXN , 3JEMEHTaMHU KOTOPOH SIBISIIOTCS MOJMHOMBI OT olepaTopa
T pepeHIIPOBaHNS; XJ-H — N-MEpHBIA BEKTOP OTKJIOHCHHH BBIXOJHBIX CHTHAIOB B PEXHME | MjH - TOJMHOMHAJIbHAs
Marpula pa3MepHOCTH MXN ; ujH — M-MEpHBIA BEKTOP OTKIOHEHUI CUTHAJIOB YIIPaBJICHHUS; 5”jH — NOJMHOMHUAJIbHAS MaTpuLla
pa3MepHOCTH NXN , KOTOpasi XapaKTepPH3yeT BIISTHAE BO3MYIICHUN HA BEKTOP BBIXOJHBIX KOOPAWHAT 00BEKTa; § — N-MEpHBIH
BEKTOpP THUIIOBBIX BO3jeicTBHil. Eciay jeByro ¥ MpaByr0 4YacTH CHCTeMbI ypaBHeHHH (1) MOMHOXHTH Ha OOpaTHYIO K PjH
MaTpuIly (PjH)'l, TO MpPH HYJCBBIX HAYAIBHBIX YCIOBHSIX (POPMHUPYETCsl K-MEPHBIA HaOOp MoOjesei AMHAMHKH BEKTOPOB
BBIXOJHBIX CUTHAJIOB O0OBEKTA BUIA
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Perynsartop tarke MoxeT QyHKIIMOHHPOBATh B 0MHOM 13 K peskrMoB. Ha ero Bxonax JeHCTBYIOT BEKTOP MPOrPaMMHBIX
CHTHAJIOB [y M BEKTOp NOMEX 3aJaHUs HPOrpaMMBI (p, @ Ha BEIXOAE (HOPMHUPYETCS BEKTOP CUTHAIOB YIPABICHUS ujH.
JMHaMHKy pPeryJsTopa XapaKTepu3yIOT MaTpHLBI IepelaTOYHbIX (YHKLIMN 3a1aTdika rmporpaMmbl Ko U 3BeHa KOPPEKIUH
yIpaBJIeHUs B pexume HoMep | Gyj.

KauectBo paGoTsl cuctemsl (prc. 1) olleHHBAEeTCST BEKTOPOM OMIMOOK YIIPABICHUS B KAKIOM U3 PEKUMOB PabOTHI ajH,
KOTOPBIil XapaKTePU3yeT OTKIOHEHNE BEKTOPA OTKIOHEHHUI BBIXOJHBIX CUTHAJIOB OT BEKTOPA JKEIACMbBIX CHTHAJIOB Ig

H H H
gj =Xj —lg=Xj =Dyl @)

rae @y — Marpuna MepefaTovYHbIX (YHKIHMN JKEIaeMOro mpeoOpa3oBaHMsl BEKTOpa MPOrPaMMBI COOTBETCTBYIOIICH
Pa3MEepHOCTH.

OueBHIHO, YTO MPUOTMKEHNAE BEKTOPA Yo K BEKTOPY Fp U COOTBETCTBYIOIINH BHIOOP MATPHIIBI MEPEAATOUHBIX (DYHKIIHIT
G4 I03BOJIAIOT YMEHBLIATH BEKTOP OIIMOOK yrpaBiieHus (4).

Jst popMyTHpOBaHUS 337a4d CHHTE3a ONTUMANBHOW CTPYKTYpPBI PEryJsaTOpa B Pa3sOMKHYTOW CHCTEME YIPABICHHUS
LeNeco00pasHo MOICPHU3UPOBATh TPAKT 3a/1aHUs BEKTOpPA MPOrPAMMHBIX CHTHAJIOB KaK MOKa3aHo Ha pHUC. 2.

58



m ABTOMaTH3allis TEXHOJOrYHKX 1 6i3Hec-nporeciB Volume 8, Issue 3 /2016 m
www. journal-atbp.com

rg

Yo

K K1 -

:{) 0 ) ) :> 0 :{) 7o
Po ’t;'f'n

Puc. 2 - CtpykTypHas cxemMa MOIEPHIU3UPOBAHHOTO TPAKTA 3a1aHNs IIPOrPaMMBbl IBHOKCHHS

Toraa Ha BXOJ 3BeHa KOPPEKLMH YNPABICHUS OyAET MOJNABaThCS BEKTOP Io, KOTOPBIH (OPMHUPYETCS B pe3yiIbTaTe PeICHUs
CJIC/TYIOIIETO YPABHEHUS

~ -1 ~ - -1
o =Ky (Koro +0g — o)~ Iy + Ky 04, » (%)
rJie MHIACKC «~» HaJ BEKTOPAMHU M IMepelaTOYHbIMH (DYHKIUSIMU 3BEHbEB OTpaXkaeT (AKT MOIyUSHUs] YKa3aHHbBIX

XapaKTEePUCTHK 10 pe3ynLTaTaM CTIENMANBHBIX HCHBITAHUH, a BEKTOp O, momaraercss ManbiM. CrefoBaTelIbHO, BEKTOP
CUTHAJIOB YIPaBICHUS uJ Oynet paBeH

H _ -~
uj =Gph.
Vuaursisas Beipakenust (2), (3) u (5), a Takke CTPYKTYpHBIE CXeMBI pHC.1, pUC. 2, 4aCTOTHAsT XapaKTePUCTHKA BEKTOPa
BBIXOJIHBIX CHTHAIIOB B PEKUME | IPEICTABISIETCS B BUIIC
> -1
g

[MoactanoBka BhipakeHus (6) B ypaBHeHHE (4) MO3BONSAET ONMPEACTUTH BUA BEKTOpA OMIMOOK YIIPaBICHHS st U 3PMHUTOBO

COIIPS’KCHHOT'O K HEMY BECKTOpa Cﬂe}lyIOHlI/IM 06pa30M
H H

H
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371eCh HIDKHUM MHIEKC * 03HAYaeT OTEpPAIliio 3PMUTOBOTO COTIPSKEHHS BEKTOPA HITH MaTpuisl [9].

Bymem cumraTh Takke, WTO B Tpolecce (PYHKIMOHHUPOBAHWS HA CHCTEMY ICHCTBYIOT CTOXAaCTHYECKHE BEKTOPBI
nporpaMMHBIX CHUI'HAJIOB, BO3MyHJ;eHPIﬁ U TIOMEX, KOTOPBIC MNPEACTABIAOT AAAUTUBHYIO CMECH ,HeTepMHHHpOBaHHOﬁ u
CTAlMOHAPHOM IIEHTPUPOBAHHOW CIy4allHOM cOCTaBislOMMX. B Takux yCIOBHSX (YHKIMOHAI KadyecTBa YIPABICHUS

00BEKTOM Bj TOM PEIKUME CTO (l)yHKLII/IOHI/IpOBaHI/IH npu jleTepMI/IHI/IpOBaHHBIX BXOJIHBIX BO3L[eI/ICTBI/I$IX JOJIDKCH OBITH TAKUM
IR =] 8
*RiMds, s=jo, (8)
a IIpy CTallMUOHAPHBIX CquaﬁHBIX BOSﬂeﬁCTBHHX JOJI2KEH 6BITI) CJ'IC}IyIOHlI/IM

Hoz j tr(S 9)

oo
rae j — KOMIUIGKCHas eauHuma, tr — 3HaK omepaumu TOMCKa cema Matpuibl [9]; depra Hamg BEKTOPOM — CHMBOI
JICTEPMHUHHUPOBAHHON COCTaBJISIIOLICH BEKTOpa; S, - TPAHCIOHMPOBAHHAS MAaTPHIA CIEKTPAJIbHBIX TUIOTHOCTEH Clly4ailHON

COCTaBJ’IHIOHIeﬁ BCKTOpa OIIHOOK yYHpaBJICHUSA (7), Rj u R] - BECOBBIC TOJIOKUTCIIBHO-OIPCACIICHHBIC MATPHULIBI. Ilo TEOpEME

Bunepa-Xununna [10] TpancrmonupoBanHas martpuna S’ CBS3aHa C MAaTPHIIAMH CIEKTPATbHBIX IUIOTHOCTEH CITydaitHbIX
COCTaBJIAIONINX BO3AEHCTBUI Ig, 0,0 M § ypaBHEHHEM

/ H / H H v —la/ H -1 1
S/, = @GS/, G +@{|G5K;'S (G ®]. + | G 1SerK Gsl*cD1]*+cD1]Gle0 SeeKo*Gsl*cD“
H ! pH H ¢ -lc/ pH H 1/
@GS\ Pj + D1 G 1K S pg @ — P Gls”K D5, — chjGleO S/oDs- + Dy 5! @Zj*-cpzjsmqbg*—

CD(S)Sr/rGJsl*d)lj @OserK GS1*@1] @SSArCDZj*"'@SSr/r@S*! (lO)
rue Srr/ - TPaHCIIOHMPOBAHHas MaTPULIA CIEKTPAIbHBIX IUIOTHOCTEH CIIy4allHON COCTaBJISIOLIEH BEKTOpa MPOrpaMMHBIX
CHUTHAJIOB [y, Srgl - TPaHCIOHUPOBAHHAs MAaTPULA B3aUMHBIX CHEKTPAJIBHBIX IUIOTHOCTEH MEXIy ClydalHbIMU
COCTABJIIIOLIMMU  BEKTOPOB Iy U O0; Sggl - TPAHCIOHHMPOBAHHAs MAaTpHULA CIEKTPAIbHbIX IIJIOTHOCTEH Cily4yailHON
COCTaBIIAIOLICH BEKTOPA Hwo, SArI - TpaHCHOHI/IpOBaHHaﬂ MaTpULA B3aUMHBIX CIEKTPAIbHBIX IUNIOTHOCTEH MEXAY CllydyalHbIMU
COCTaBJIAIOLIMMH BEKTOPOB A u I, SM TPAaHCIIOHUPOBAHHAsL MAaTpUlla B3aUMHBIX CIEKTPAJbHBIX IUIOTHOCTEH MEKAY
CJIly4allHBIMHM COCTaBJISIOIIMMH BEKTOpoB J u 6, Gjls — Marpula MepelaTouHbIX (QYHKIMH 3BEHa KOPPEKIMHU CITydyaiHOW
COCTaBJISAIOLIEH yIIpaBICHMUSL.

Takum 06pa30M, 3a7a4ya CHHTE3a COCTOUT B TOM, 9TOOBI TIO HU3BCCTHOMY Ha60py Mojeneld JAMHAMHUKH 00BeKTa
ynpasieHust (2), BEKTOPOB IIPOTpaMMHBIX CHTHAJIOB [p, BO3MyIeHHH ( m momex 0,y 00OCHOBaTh IpOLELYpPY IIOMCKA
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CTPYKTYPBl M IapaMETPOB MaTpHIl IepelaTOuHbIX (DYHKUIUH JeTepPMUHUPOBAHHOTO (Gdjl) u caydaiinoro (G%;) Tpakros
peryssiTopa, KOTOpble B KX/IOM U3 BO3MOXKHBIX PEKMMOB (DYHKIIMOHUPOBAHUS JI0CTaBSIT MUHUMYM (YHKI[OHAJIaM KauecTBa
(8), (9).

YauteiBas pe3ysbTarhl, MOJXydeHHbIe B MOoHOTpadusx [5, 10], penieHune mocTaBieHHON 3a1a4u CBOIUTCS K pa3paboTke
JIBYX QJITOPUTMOB CHHTE3a MaTPHIL IEPEAATOIHBIX (DYHKIHUH peryssTopa.

A. CuHTe3 ONTHMAJBHOM CTPYKTYPhI MATPUIBI NIePeIaTOYHBIX (yHKIMIA Gdjl peryJjsitopa B cCUCTeMe yIPaBJIeHHs
HeJIMHEHHBIM 00bEKTOM B |-TOM peknMe yHKIIMOHMPOBAHMSI MPH IETEPMHHHPOBAHHBIX BO3/IeHCTBHIX

Eciu B ypaBHenue (7) BMECTO MaTpHibl HepeJaTo4HbIX (GyHKuuH Gjj MOACTaBUTH MaTpPHIly HEPeNaTOUYHBIX (yHKIHI

JeTePMUHUPOBAHHOTO TPaKTa perynsrtopa Gj;- , a BMECTO MaTPHIIbl KeTaeMbIX Npeodpa3oBannii Py — MaTPUIly NepelaTOYHBIX
(GyHKIMI KenaeMoro npeoOpa3oBaHKs JETEPMHUHUPOBAHHON COCTABISIIOIICH MPOrpaMMHOIO CUrHana @ TO (YHKIHOHAI
kauectsa (8) HpCI[CTaBJ'IHeTCH B BUJIE

H

,Jw
H~d 2 -15 °-1~d dz-13 H Hrd== =-1zd
Hnd o-17 = pd H H = o d= H

+ o0l R ds, (11)

a 3aJjaya CHHTE3a CBOAMUTCS K TOMY, YTOOBI MO HM3BECTHBIM MAaTpPHUIIAM IEPeAaTOYHBIX (DYHKIHIA chjH' Ko, (Dod A BEKTOpaM
YaCTOTHBIX XaPaKTEPUCTHK ACTEPMUHHPOBAHHBIX COCTABILIIOLIMX CHIHANOB Iy, J, Oy HAUTH ypaBHCHHE IS pacueTra TaKoil
u3MYeCKH peatu3yeMoii U yCTOHUMBON MaTPHIB! TiepeaTounsix dynkimit Gy , pu kotopoit dynkimonan (11) nocturaer
MHHHUMYMa.

Jnst pelieHusi MOCTABICHHOH 3aauyd MCMOJb30BaH MeTo] BuHepa-KomMmoropoBa, B COOTBETCTBHH C KOTOPBIM
HEOOXOMMO HAWTH YCIOBHE PAaBEHCTBA HYIIO TIepBOM Bapuarmu (yHkunoHana (11) Ha kimacce yCTONUYMBBIX M (DH3MUECKH
peanu3yeMbIX BapbupyeMbIx MaTpHIl Gj; .

HepBa;I Bapuais gyukironana (11) nmeer Bug
3l =— Itr{[q)lj*R i)/ G Jl(roro*-i- Ko By0for +ToB0r Kot + Ko 8y00,0+K ot )+ DR (q){'j OFe + D3} 98,0- Ko —

e
ox: Ko bG8 + 864 [[ofo- + K5 8,0% + FyB,0rKok + K3 18,00,0e Kot B PR 0 +(Fog.0F
+ K 0,00+ Py v — TG — K 0,0 e DG )ﬁj @] ]}ds : (12)

Eciu B pesynbTaTe BUHEPOBCKOiT (akropusariu [11] HaiiT 1po6HO-paloHaTbHYI0 MaTpHILy I}, yCTORYHBYIO BMECTE C
00OpaTHOM M TaKylo, 4YTO

d Ho sH
F T =D R Dy (13)
B pe3yJibTare NPHOJIKCHHOW (aKTOpU3alMU HAWTH APOOHO-PAMOHAIBHYIO MAaTPHILY Djd CO CBOHCTBaMH aHAJIOTMYHBIMHU
Mmatpuue /j Ipu KOTopoii BLIHOJIHSICTCH paBeHCTBo

a TaKXKe BBIIIOJIHUTH BUHEPOBCKYIO cenapaumo [10] ManI/II_IbI TJ BHJIA
d _d ,rd , rd d ' aH 5 (pH o Hop )R-l pdeo ded  w-1fnd |1
T] :Tjo +Tj++Tj— :(Fl*) (Dlj*Rj(CDzjgl’O* +(D2ng(PO*K0*—(DO roro*—(po roe(po*Ko*XDj*) 3 (15)

T0 (yukimonan (12) MoKHO nepenucarh TaK:

11030t 1t i, ool
6I Itr[F I Gle *SGjl*+SGJlD D; *Gjl*FJ* T )5 fs. (16)
e

VcaoBus paBeHCTBA HYJIIO HepBoﬁ Bapuaimu (16) Ha Kimacce yCTOHUYMBBIX M (H3MYECKH pealn3yeMbIX MAaTpHIl

TepelaTOYHbIX (DYHKIIUHA Gjld 0 aHAJIOTUH C COOTBECTBYOLINM Pe3yIbTaToM u3 MoHorpadwuii [5,10] umeet Bua
ric4ns ~ fT 4.1,

TOTrJla YpaBHEHHE JUIs pacueTa Takod (PU3NYECKH peaju3yeMOd W YCTOHYMBON MaTpHIBI INEpefaTOYHBIX (DyHKIUHA Gjld
MIPEACTABIISETCS TaK

1 d d Yd )—l
Gl ~(ra ) rd +7¢ o! . 17)
ITocne cunTE3a CTPYKTYpBI Gjld HEOOXO0AMMO ONPE/ICNINTh YACTOTHYIO XapaKTEPUCTUKY HOBOT'O BEKTOpA CUTHAJIOB YIIPABIICHHUS
0" =G 1R+ Ko0,0) (18)
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U CpPaBHUTH €€ C 3aJ[aHHBIMH YaCTOTHBIMH XapaKTEpPUCTUKAMHM HabOpa BEKTOPOB yIpaBieHUs. B pesynbrare cpaBHEHUS
HEoOX0JMMO HalTH HOMep j Hambojee Oim3koro Kk BekTopy (18) Bekropa curHanoB ympasieHus. Ilocie ycTaHOBIICHUS
HOMEpa BEKTOpa CHIHAIOB YIPABJICHHS NPUBEICHHAs BBIIIC TPOIETypa CHHTE3a CTPYKTYphl HOBOTO 3BEHa KOPPEKINH
JIOJDKHA OBITH TOBTOPEHA C MCIIOIB30BAaHUEM ITOJTYYEHHOTO HOMEpa pexnuma.

Takum oOpazoM 3agaya CHHTE3a ONTHMAIBHONW CTPYKTYPHl TI€pPENaTOYHOM (YHKIMH 3BEHAa KOPPEKLUHUH IIPH
JIETEPMUHUPOBAHHBIX CUTHANIAX PEIICHA.

b. CuHTte3 CTPYKTYpblI peryJsitopa G2H B CHCTeMe YNpPaBJIEeHUs] HeJUHEHHBIM 00beKTOM MPH CTANMOHAPHBIX

cJIy4YailHbIX BO3eHCTBUAX

3ajjaya CHHTE3a MaTpUIIbl NepeIaTouHbIX (QyHKIU 3BeHa KOPPEKLHUH IPU CIy4YalHBIX BO3ICUCTBUSX COCTOUT B TOM,
YTOOBI 110 M3BECTHBIM MAaTpPHI[AM nepenaroqnmx q)yHKuMH (151J Ko, (Dod ¥ TPAHCIIOHHPOBAHHBIM MATPHIIAM CIICKTPAIbHBIX U
B3aMMHBIX CIIEKTPATBHBIX IUIOTHOCTEH Sy, Srg, Sgg, S, SM HaWTH ypaBHCHHUE JJIS pacueTa TaKoi (pU3NIECKH peaan3yeMon U
YCTOWNYMBOI MATPHIIBI TEPEIATOYHBIX (PYHKITHH Gjl , TIpu KoTopoi yHkimona (9) gocTHraeT MUHUMYyMa.

DOrta 3a/1a4a CHHTE3a TaKKe pemaeTcs MetogoM Buaepa-KommMoroposa, B COOTBETCTBHH C KOTOPBIM HEOOXOIMMO HANTH
YCIIOBME paBEHCTBA HYJIO TepBoi Bapuanmu ¢yHkmmonana (9) Ha Kimacce yCTOWYMBBIX W (DM3HYCCKH pEaM3yeMBIX
Bapbupyembix Marpur] Gj;’.

B cooTBeTCTBHH ¢ BRIOpaHHBIM METOIOM HalijieHa riepBas Bapuaius GpyHkimonana (9):

seft =~ jtr {[q)lj*R o'G Jl(s{r +Kg's! +S) Kot + RglsgeK53)+ LR, (cp;jsr’A + D5 Shy Kot —
s
~ @3S —d8s), Rg&)]sefl* +5G J?l[(sﬁ, +KgiSly + S Kot + Kty k'g&)sj?l*@lﬁ-'*R (o + (sgrq);j* +
+ Ko 'Sne@5 e — S} D — K 'S 1o @ )R P ]}ds : (19)

Eciu B pesynbTate BUHEpOBCKoii (axTopusamuu [11] Haiitu 1po6HO-pamoHanbHyro Matpuity I'°, ycToiuuByI0 BMecTe ¢
00paTHOU M TaKy¥0, YTO

.05 =of.R@f] (20)

B pesysbTare (aKTOpPU3aLMK HAHTH APOGHO-pALMOHANBHYI0 MaTpuily D} co cBoWcTBaMM aHANOrMYHBIMU Matpuue /] mpu
KOTOPOH BBITIOJIHSIETCS] PABEHCTBO

DD =S} + Koo + S Kot + Ko SgoKor, (21)
a TaKk)Ke BBITIOIHATH BUHEPOBCKYIO cemapanuio [10] matpuiist TJ BHJA
TEoTs+T5 +T5 = (1) ofLR, (0fs), + ofls! Kot ass!, —agsh Kot DL (22)

T0 (yukiponan (19) MOKHO mepenucarhb Tak:

Sé J‘tr[l“S (F G 1DS i ) *SGSl*JrSG 1DS( D:.G 1*Fs T )l” ]ds (23)
oo
VYciaoBue paBeHCTBa HYJIIO TepBoi Bapuanuu (23) Ha Kiacce YCTOWYMBBIX M (DU3HUECKU PEATH3YEMBIX MATPHII
nepefaTouHbIX GpyHKImH Gji® [0 aHAIOIMH ¢ COOTBECTBYIOLINM ()eSyHBTaTOM u3 MoHorpaduii [5,10] umeer Bug

S~S S _ [Ts R
TOr/ia ypaBHEHHE U pacdera Takoil (U3MYecKd peanu3yeMOW M yCTOWYMBOW Marpuibl nepeartodssix (GyHkimi Gj® ,
KOTOpasi 00eCcreunBaeT PaBEeHCTBO HYITIO MepBOi Bapuaimu GyHKIMoHaa (23), mpecTaBiseTcst Tak

Jl ~(rs) (TJO +TJ+XD T (24)

Ananu3 Beipaxennit (20)-(23) u ypaBHenus (24) mokasbIBaeT, YTO CTPYKTYpa U MapaMeTpPhl MATPHIIBI MEPEIaTOYHBIX

(GYHKUMH ONTUMAIBHOTO KOPPEKTHUPYIOLIETO0 YCTPOMCTBA IPU CIIy4allHBIX CHUTHAJaX YYHUTHIBAIOT CBOMCTBA BO3MYLICHHH,

JEHUCTBYIOIIUX HA CHCTEMY B TOM M TOJIBKO B TOM Clly4yae, KOTJa BEKTOPHI IPOrpaMMHBIX CHUTHAJIOB, ITyMOB U3MEPEHUS U
BO3MYILEHHH SIBISIOTCS B3aMMOCBSI3aHHBIMU BEKTOPHBIMU CITy4ailHBIMU ITPOIIECCAMHU.

[Tpn ycnoBun 6IM30CTH BEKTOPA CUTHAIOB L]2H BXOJIOB B 00BEKT K OJJHOMY 13 BEKTOPOB BXOIOB B 00BeKT u3 Habopa (1)

XapaKTEPUCTHK OOBEKTa IO pPe3yibTaTaM HICHTH(OUKAIMN €ro MOJeNeH IMHAMHUKH MaTbHEUINHA CHHTE3 KOPPEKINH B
HCCIIEAYEeMON CHCTEME YIPABICHHUS MOKHO MTPEKPATHTb.

Takum 00pa3om, 3a1a4a, OCTaBICHHAS B CTAThe, PEILICHA.

3akaroueHue

B pabore mnpemiokeHbl METOJ W aJrOPUTM CHHTE3a ONTHMH3HPOBAHHOW (ONTHMABHON) CTPYKTYp pEryisTopa B
Pa30MKHYTOH CHCTEME CTOXACTHYCCKOTO VIIPABJICHUS MHOTOMEPHBIM HEJIUHEWHBIM OOBEKTOM. [IpemIoKEeHHBIA METO[
npejyiaraeT TMOCJIE0BATCIFHOCTh BBITIOJHEHUS OMEpaIiii NPUOIMKEHUS K ONTHMAaJIbHOM CHUCTEME IIyTeM CpaBHEHUS
XapaKTEPUCTHK BEKTOPOB YIPABJICHHUS M BEIOOpA COOTBETCTBYIOIICH MOCTH TUHAMUKA O0BEKTA YIIPABIICHHUS.
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B PE3YIbTATE PACCMOTPCHHUA MOJTYUYCHHBIX ypaBHeHI/Iﬁ IJIA CUHTEC3a CTPYKTYPBI U MAapaMETPOB MATpUIl MEPECAATOYHBIX

(yHKIMH 3BEHBbEB KOPPEKIMH YCTAaHOBICHO, YTO PA30MKHYTYIO CHCTEMY YIIPABICHHS I€JIecO00pa3sHO NPUMEHSTH IS
HEJIMHEHHOTO MHOTOMEPHOTO OOBEKTa, MOJBEP)KEHHOTO JICHCTBHIO CTOXACTHUECKHX ITOJIE3HBIX CHUTHAJIOB, BO3MYIICHHH M
TIOMEX, €CJIN CIyJaifHbIe COCTABIISIONINE STUX BO3/ICHCTBHUIH SBISIOTCS KOPPEINPOBAHHBIMH.
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