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NMneHapHbie aoknaabl / Plenary Addresses
THE IDENTIFICATION TECHNIQUE WITH ASSOCIATIVE SEARCH BASED LEARNING
N.N. Bakhtadze, V.A. Lototsky
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
A system identification method using prediction models based on the imitation of analyst’s associative
thinking is developed. The identification algorithms using associative search for description of
knowledge about control plant are given.
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MODEL OF THE LEARNING-TEACHING PROCESS IN OSDL
P. Rézewski
West Pomeranian University of Technology in Szczecin, Poland
0. Zaikin
Warsaw School of Computer Science, Poland
E. Kusztina
West Pomeranian University of Technology in Szczecin, Poland
Analysis of scientific literature, projects and existing market products show that distance learning is a
new direction in the development of information systems. The literature, however, lacks a system-
based insight at distance learning understood as a complex information system. Authors of this arti-
cle perform a soft system analysis based on the theory of hierarchical multilevel systems, which al-
lows developing a model of Open System of Distance Learning (OSDL). As a result of the soft system
analysis the management model for OSDL is proposed. The OSDL’s management model incorporated
the learning object approach to knowledge repository development, social aspect of e-learning pro-
cess, and competence-based learning. The hierarchical structure of the information system defines
the set of its sub-systems and their functioning scope.
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ONMTUMAJIbHOE YMNPABJIEHUE HEJINHEWUHbIM OB BEKTOM C NAPAMETPAMM,
3ABUNCALLMNMU OT COCTOSAHUA
B.H. AdaHacbes
UHCTUTYT npobsiem yripasrieHus uM. B.A. Tpanesxnmnkosa PAH, Poccusi, MockBa

3apgaya ynpaB/ieHUMS HENMHENHbIM 06bEeKTOM, MNoABEPratoWMMCcs BO3AENCTBUD HEKOHTPOJIMPYEMBbIX
BO3MYLLEHMUI, paccMaTpMBaeTcs B Kawoude anddepeHunansHoi nrpbl. CUHTE3 ONTUManbHbIX yrnpaBne-
HUI NPOMN3BOANTCS C MPUMEHEHNEM KOOPAMHATHOro npeobpasoBaHms HEMHENHOro ypaBHEHUS UCXOA-
Horo obbekTa B anddepeHunanbHoe ypaBHeEHNE C NapaMeTpamMu, 3aBUCALLMMUK OT COCTOsAHMSA. KBagpa-
TUYHbIM DYHKLMOHAN KayecTBa no3sonseT chopMyamMpoBaTb YCIOBUS CMHTE3a B Buae HEObXoaAnMMOCTH
nomncka peleHunii ypaBHeHust PukkaTtu. PeweHne ypaBHeHUS PUKKaTK C NnapaMeTpaMu, 3aBUCALWMMU OT
COCTOSIHMS, HAaXOANTCSA B CUMBOJIbBHOM BMAE C NpMMeHeHueM anrebpanyeckmx MeTonoB, YTO NO3BONSET
0606WMTb psAa paHee onyb6/MKOBaHHbLIX TEOPETUYECKUX pe3ynbTaToB, MOJYyUYMTb AOCTAaTOYHO KOHCT-
PYKTMBHbIE pELLUEHNS B psSAe NOCTAaHOBOK 3a4ay yrnpaBJieHUS.

OPTIMAL CONTROL OF A NONLINEAR PLANT WITH STATE DEPENDING PARAMETERS
V.N. Afanas’ev
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
The problem of control of a nonlinear plant subject to action of unmonitored disturbances is considered in the viewpoint of a
differential game. The synthesis of optimal controls is implemented by use of a coordinate transformation of the nonlinear
equation of the initial plant into a differential equation with parameters depending on the state. The quadratic performance
index enables one to formulate conditions of the synthesis in the form of necessity of searching for solutions to the Riccati
equation. Solution to the Riccati equation with parameters depending on the state is found in the symbolic form with applying
algebraic methods, enabling one to generalize a number of previously published theoretical results and to obtain quite con-
structive solutions in a number of control problem statements.

CekunoHHble aoknaabl / Regular papers
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K ®OPMAJIbHO PA3PELUNMbIM PEAJIM3ALNAM HENMMHENHbIX ANOOEPEHLUAJIbHbIX
CUCTEM B BAHAXOBOM INMPOCTPAHCTBE
B.A. PycaHoB
UHCTUTYT AnHamuky cuctem m teopumn yripassieHus CO PAH, Poccus, UpkyTck
J1.B. AHTOHOBa
BypsaTcknii rocyaapCcTBeHHbIN yHuBepcuTeT, Poccus, YnaH-Ya3
A.B. laHeeB
UDPKYyTCKUI rocyAapCTBEHHbIN YHUBEPCUTET nyTen coobuyeHusi, Poccusi, UpKyTcK

MpennoxeH TEOPETUKO-CUCTEMHbIA MOAXO0A, BOBJIEUEHHbLIA B CTPYKTYPHYI UAEHTUdMKaAUUO Henpe-
PbIBHbIX HENMHENHbIX 6eCKOHEYHOMEPHbIX AWHAMU4YeCKMX CUCTEeM C MPOrpamMMHO-MO3MLMOHHbBIM
ynpasneHueM. lNpmBoasaTca pasnunyHble dyHKUMOHaNbHO-aHanMTU4eckme moandukaumn xapakrepu-
CTUYECKOro npmsHaka 6MXeBNOPUCTUHECKNX CUCTEM (TUMNA «BXOA-BbIXOA»), AONYCKAKOLWMNX B CUIY 3TO-
ro nNpuM3Haka mMofenbHble peanusaunm B knacce cabo HelMHENHbIX HeCTauMOHAPHbIX 06bIKHOBEHHbIX
anddepeHunanbHbIX YpaBHEHUI COCTOSHUSA B paBHOMEPHO BbiNykioM 6aHaxoBOM npocTpaHcTee. [lo-
Ka3aHo, YTO 3TO TO HanpaBfieHWEe pa3BUTUA TEOpPEeTUYECKUX uUccnefoBaHuii B 061acTu KayeCTBEeHHOM
Teopuun 06paTHbIX 3a4a4 HEJIMHENHOINO CUCTEMHOIO aHasiM3a, B KOTOPOM HEKOTOPble U3 raBHbIX NMPUH-
LMMOB MO-NPEXHEMY HYXAAKTCA B KOHUENTyalbHOM yToyHeHuM. PaboTa BbinosiHEHa Npu nopaepxke
MporpaMmbl pyHAAMeHTaNbHbIX nccnegoBaHmin N2 15 OTaeneHuss sSHepreTmknM, MalMHOCTPOEHMs, Me-
XaHWKN 1 npoueccos ynpasneHns PAH (npoekTt N¢ 2.5).

TOWARDS FORMALLY SOLVABLE REALIZATIONS OF NONLINEAR DIFFERENTIAL SYSTEMS IN THE BANACH SPACE
V.A. Rusanov
Institute of System Dynamics and Control Theory of the Siberian Branch of the Russian Academy of Sciences, Russia, Irkutsk
L.V. Antonova
Buryat State University, Russia, Ulan-Ude
A.V. Daneev
Irkutsk State Railway University, Russia, Irkutsk
A system theory approach is proposed, involved into the structure identification of nonlinear infinite dimensional dynamic sys-
tems with the program-position control. Different functional and analytical modifications of the characteristic indicator of the
behaviorist systems (of the “input-output”) are presented, admitting, due to that indicator, model realizations in the class of
weakly nonlinear nonstationary ordinary differential equations of the state in the uniformly convex Banach space. It is shown
that this is the direction of development of theoretical investigations in the branch of the qualitative theory of inverse problems
of the nonlinear system analysis, in which some of main principles so far need a conceptual précising. The paper has been im-
plemented under support of the Program of basic researches No. 15 of the Department of power engineering, machinery, me-
chanics, and control processes of the Russian Academy of Sciences (project No. 2.5).
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MHBAPUAHTHOCTb NETPOBA N UAEHTU®UKALIUA TAMUTIbTOHOBbIX CUCTEM
C ynpABAdAOWMM NAPAMETPOM
A.T. KywHep, B.B. Jlblyarmtx
UHCTUTYT npobsiem yripasrieHuss uM. B.A. Tpanesxnnkosa PAH, Poccusi, MockBa

B paborte paccmoTpeHa npobnema knaccudukaumm (MAEHTUGUKALMKW) FaMUNBTOHOBBLIX CUCTEM C
ynpasBsoOWMM NapaMeTpoM OTHOCUTENBbHO npeobpa3oBaHuUn 0bpaTHOM CBA3M. [1O0CTpOEHbl CKansipHble
anddepeHunanbHble MHBapuaHTbl U HaWgeHbl MHBapuaHTHble anddepeHumpoBaHus. Ha anrebpe
AnddepeHunanbHbiX MHBApUaHTOB BBeAeHa MNyacCOHOBa CTPyKTypa. MccnenoBaHbl ramMuibTOHOBBI
CUCTEeMbl C OA4HON cTeneHbto cBoboabl.

PETROV INVARIANCE AND IDENTIFICATION OF HAMILTONIAN SYSTEMS WITH A CONTROLLING PARAMETER
A.G. Kushner, V.V. Lychagin
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
The paper considers the problem of classification (identification) of Hamiltonian systems with a controlling parameter with re-
spect to feed-back transformations. Scalar differential invariants are constructed, and invariant differentiations are found. A
Poisson structure is introduced on the algebra of the differential invariants. Hamiltonian systems with one degree of freedom
are studied.
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MAEHTUO®UKALNA ®PAKTAJIbHbIX YIIPABJIEHUA BYTKOBCKOIO-63PA B 3AJA4YAX
YINPABJIEHUA KOJIEBATEJIbHbIMU PACNPEAENTIEHHBIMN CUCTEMAMU
A.H. Arag>xaHos

UHCTUTYT npobnaem yrnpasaeHus nM. B.A. Tpane3zHnkosa PAH, Poccusi, MockBa
B pabote pasBuBaeTcsa NoAxoh, CBSA3aHHbIA C MOCTPOEHMEM MNOCNeAoBaTE/IbHOCTEN YMpaBASHOLWMX
dYHKUMN B pacnpeneneHHblX KonebaTenbHbiXx cMcteMax. MoTodyeuHblt npegen Takux nocraenoBaTtesb-
HOCTEel AaeT MCKOMYIo ynpasnsowyo pyHkumMio. BBoauTcsa knacc ynpasneHmii byTtkosckoro-bapa, co-
CTOSILLMIA U3 HEnpepbIBHbIX MUHUTHBIX Ha OTpe3Ke [-a, a] DYHKLUMA, KOTOPble HE MMEIDT K1aCCUUYECKOM
MpPOM3BOAHOM HM B O4HOW TOYKE AAHHOro oTpeska, Ho obnagatoT noytn BCrogy (no mepe Jlebera) an-
MPOKCMMATMBHOM MPOMU3BOAHON, PaBHOW HYJO, TO €CTb, SABASIOTCS annpOKCUMATUBHO CUHIYISPHbIMU
dyHKUNSAMHN.

IDENTIFICATION OF FRACTAL CONTROLS OF BUTKOVSKY-BER IN PROBLEMS OF CONTROL OF OSCILLATORY DISTRIBUTED
SYSTEMS
A.N. Agadzhanov
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
The paper develops an approach concerned with deriving sequences of control functions in distributed oscillatory systems.
Point-wise limit of such functions gives the searched control function. The Butkovsky-Ber class of control is introduced, consist-
ing of continuous finite at a segment [, a] functions that have no classical derivative in each point of the segment, but pos-
sesses almost everywhere (in the Lebesgue measure) approximate derivative being equal to zero, that is these are approxi-
mately singular functions.
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NMAEHTUNOUKALNA NCTOYHUKOB NMPOLIECCOB NEPEHOCA, ONMNCbIBAEMbIX

YPABHEHNAMU NAPABOJIMMECKOIO TUMNA
B.T. bopyxos, .M. 3asau
UHctnTyT Mmatematnkn HAH benapycu, benapycb, MuHck
N3ydaeTcsa 3apada naeHtTudukaumm UCTOYHUKOB MPOLIECCOB MNepeHoca, OMnMucbiBaeMblX pacrnpeneneH-
HbIMW JIMHEMHBbIMU U KBAa3WIMHENHbIMW AMHaMmnuyeckumm cuctemamm (AC) napabonnueckoro tuna. Mo-
NyyeHbl HeobxoaMMble U AOCTaTOYHbIe YCNOBUSA eAMHCTBEHHOCTU pelleHus 3aga4y naeHtmdukaumm ans
nmHenHbix OC. MpegnoXeH Noaxo4 K peleHuto, ncnonb3yowmn teoputo obpatHeix AC. MNpueogatca
pe3ynbTaTbl YMCNEHHOrO MOAENMPOBAHUS 3adauu maeHTUdUKauMn ANs KBasWIMHEWHbIX pacnpeje-
neHHbIX OC.

IDENTIFICATION OF TRANSFER SOURCES DESCRIBED BY PARABOLIC-TYPE EQUATIONS
V.T. Borukhov, G.M. Zayats
Institute of Mathematics of the National Academy of Sciences of Belarus, Belarus, Minsk
A problem of identification of transfer sources described by distributed linear and quasi-linear dynamic systems (DS) of the
parabolic type is studied. Necessary and sufficient conditions of uniqueness of the identification problem for linear DS are ob-
tained. An approach to the solution, applying the theory of inverse DS, is proposed. Results of numerical modeling the identifi-
cation problem for quasi-linear distributed DS are presented.
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ANOCTEPNOPHOE MUHMMAKCHOE OLLEHUBAHUWE C OTPAHUYEHUAMU NPABAONOAOBUA

A.B. bBopucos
UHCTuTYT npobsiem nHgopmatnkmn PAH, Poccusi, MockBa
PaccmaTpmBaeTca  3ajaya rapaHTMpOBAHHOIO  OUEHWBaHMUSA napamMeTpoB  HeonpeaesieHHo-
cToxacTnyeckon perpeccumn. OyHKUMEN NMOTEPb SABNAETCS YC/IOBHbLIN CpeaHWUIA KBaapaT OWNOKM OLEHKM
OTHOCUTESNIbHO uMetowmxcsa HabnaeHnn. MHOXECTBO HeonpeaeneHHOCTU COAEPXUT BCe BEPOSATHOCT-
Hble pacrnpeneneHuns, CocpeoTOYEHHble HAa M3BECTHOM KoMNakTe, dyHKUMSA npaBaonogobms KoTopbix
He HMXe 3adaHHOoro nopora. PelleHMe NOCTaB/IEHHON 3aJ4a4vn OUEHWBAHUS CBOAUTCS K HaXOXAEHMWIo
Cea0BON TOYKM, onpeaenstolen Kak caM MMHMMAKCHbIA OueHuBaTesb, TaK U MHOXECTBO COOTBETCT-
BYHOLUMX Hanxyawmnx pacnpegeneHnii. Ceanosas Touka siBAsieTcs peweHneMm 6onee NpocTo KOHEYHO-
MEepHOI ABOMCTBEHHOW OMNTUMM3AUMOHHOWM 3agaun. B pabote npeacrtaBneH YUCNEHHbIA anroputm pe-
WeHnsa 3TOM 3ajdaudun, M onpegeneHa ero TOYHOCTb. YMCeHHbIn NpuMep, NpeacTaB/ieHHbI B CTaTbe,
OEMOHCTPUPYET BANSHUE AOMONHUTENbHbLIX OFpaHMYeHUin Ha npasgonogobme Ha KayecTBO OLEHMBA-
HUS.

A POSTERIORI MINMAX ESTIMATION WITH LIKELIHOOD CONSTRAINTS}
A.V. Borisov
Institute of Problems of Informatics of the Russian Academy of Sciences, Russia, Moscow

A problem of guaranteed parameter estimation of uncertainly-stochastic regression is considered. The conditional, with respect
to observations available, mean square of the estimation error is the loss function. The uncertainty set contains all probabilistic
distributions supported on a known compact, whose likelihood function is not lower a set threshold. Solving the estimation
problem stated is reduced to finding the saddle point defining both the minmax estimator itself and a space of the correspond-
ing worst distributions. The saddle point is a solution to more simple finite-dimensional dual optimization problem. In the pa-
per, a numerical algorithm to the problem is presented, and its accuracy is determined. A numerical example, presented in the
paper, demonstrates influence the estimation quality of additional likelihood constraints.

Tpoepamma IX Medxwcoynapoonoi kongepenyuu «HMoenmudurayus cucmem u 3aoaqu ynpagienusi» SICPRO ‘12 Mockea 30 sinsapsi - 2 pespansn 2012 2.
Programs of the IX International Conference “System Identification and Control Problems” SICPRO ‘12 Moscow January 30 - February 2, 2012



WWW.SICPro.org

206

AJITOPUTMUYECKUN METOA MAEHTUOUKALIUN B YCNNIOBUSAX HEOMNPEAEJIEHHOCTHU
OTHOCUTEJIbHO AJINHbI BECOBOW ®YHKLIUN OB BEKTA
B.M. TposHosckuii, O.A. Cepatok
MockoBCKnit rocy4apCTBEHHbIN MHCTUTYT 3JIEKTPOHHOM TeXHUKM, Poccnsi, MockBa

HacTosiwas paboTta nocesilleHa pa3paboTke anropMTMMUYECKOro Metoda MAeHTUdMKauMm AnHaMmye-
CKUX CBOMCTB 06beKkTa B YCNOBUAX arpuOpHOW HeonpeaeneHHOCTUM OTHOCUTENbHO AJIMHbI BECOBOW
dyHKUMN. PaccMOTpeHa COBOKYMHOCTb CUCTEMHO-CBSA3AHHbIX YCNOBUIM, NPU KOTOPbIX AO/KHA pellaTb-
Csl 3afjava. BbigeneHbl ocobble ycnoBums ans npoBeAeHus npoueaypbl naeHTudrKaunm. 3HaHue asanHbl
BECOBOW (pYHKLMN COBEpPLUEHHO HeEO6X0AMMO AN NOCTPOEHUS BCEM Npoueaypbl naeHTudmnKkaumm mn on-
peaeneHns CTaTUCTMYECKUX CBOWMCTB MoOJlydaeMblX OUEHOK. Pa3paboTaHa KoHuenuus M peannsoBaH
MHOIOKOMMOHEHTHbLIN MeToA naeHTudKuKaumm obbekTa B YCNOBUSAX anNpuOpHOW HeonpeaeseHHOCTM OT-
HOCUTENIbHO AJIMHbI BEeCOBON (yHKUMK. [puBeaeHbl anropuTMbl, peanusylowme 3ToT MmeTtod. [pose-
AeHHOe MoAennpoBaHMe NOATBEPANIO paboToCNOCOBGHOCTb MPeasoXEHHOro afiropUTMUYECKOro MeTo-
Aa naeHTndukKaumm, KoTopblii B CBOO oyepeab 6bl1 NpOrpaMMHO peasin30BaH.

AN ALGORITHMIC METHOD OF THE IDENTIFICATION UNDER THE CONDITIONS OF UNCERTAINTY OF INFORMATION ON THE
LENGTH OF THE WEIGHT FUNCTION OF A PLANT
V.M. Troyanovsky, O.A. Serdyuk
Moscow State Institute of Electronic Engineering, Russia, Moscow

The present paper is devoted to developing an algorithmic identification technique of dynamic plants under conditions of a pri-
ori uncertainty with regard to the weight function length. A totality of system connected conditions is considered, under which
the problem is to be solved. Specific conditions to implement the identification procedure are emphasized. Information on the
length of the weight function is absolutely needed to build the complete identification procedure and to determine statistical
properties of obtained estimates. A conception is developed and a multi-component method of plant identification under the
conditions of a priori uncertainty with regard to the weight function length is implemented. Algorithms implementing the meth-
od are presented. A simulation implemented has confirmed the operability of the algorithmic identification technique proposed,
that, in turn, was implemented as a program code.
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METOAbl UAEHTUOUKALIMN NAPAMETPOB B CTOXACTUYECKUX ANDDEPEHLMUAJIbHbIX
YPABHEHUAX
B.B. Aukycap
BbruncnintenbHbivi UeHTPp uM. A.A. opoannibiHa PAH, Poccusi, MockBa
M. Byntosunu
Pagomckuit TexHn4deckui YHnsepcnteT, lonbLwa, Pagom

B naHHolM paboTe paccMmaTpuBaeTcs npobrnema oueHMBaHMS NapaMeTpoB cToxacTuyeckoro anddeper-
LUManbHOro ypaBHeHus: koadduumeHToB apenida n anddysum. PazpabaTbiBaloTcs METOAbI naeHTUbU-
Kauun: TOYHbIN MeToa (MeToA MakCuManbHOro npasaonoaobus) n YnucneHHble MeToAbl HA OCHOBE CXe-
Mbl MoHTe-Kapno (MeToa MakcuManbHOro npasgononobus, Metoabl C MCMOSb30BaHMEM CTaTUCTuYe-
CKMX KpUTEPUEB COrNacms M KOCBEHHbI METOA, C NCMONIb30BaHMEM BCNOMOraTesnibHON MoAenu).

METHODS OF IDENTIFICATION OF PARAMETERS IN STOCHASTIC DIFFERENTIAL EQUATIONS
V.V. Dikussar
A.A. Dorodnistyn Computation Center of the Russian Academy of Sciences, Russia, Moscow
M. Wojtowicz
Technical University of Radom, Poland, Radom
The present paper considers a problem of estimation of parameters of a stochastic differential equation: the drift and diffusion
coefficients. Methods of identification of are developed: an exact method (the maximum likelihood method) and numerical
methods based on the Monte Carlo scheme (the maximum likelihood methods, methods using statistical goodness-of-fit crite-
ria, and an indirect method using an instrumental model).
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NMAPAMETPUYECKAA WVAEHTUOUKALIA OBBEKTOB YNPABJIEHNA B 3BAMKHYTbIX
CUCTEMAX
A.J1. PytkoBckuin, B.M. Tekunes, A.H. JioHoBa
CeBepo-KaBKa3CKkuii ropHO-MeTaslayprudyeckuit MHCTUTYT, Poccusi, BnagnkaBkas
PaccMmaTpmBaeTcs NMHENHbIN 06bEKT, BbIXOAHAS NMepeEMeHHasi KOTOpPOro ctabmnmanpyeTcss OTHOCUTESb-
HO MOCTOSIHHOIrO 3HA4YEeHUS C MOMOLbIO 06paTHOM CBA3W C U3BECTHOW NepeaaToyHol dyHKumen. Bxoa-
HOe c/lyyaliHOoe BO3A4elCTBMe He KOHTponupyeTcsa. OnpeneneHbl YCIoBUS, NMPU KOTOpbIX No Habnwoae-
HUSM BbIXOLHOW MEPEMEHHON CUCTEMbl MOXET ObITb peleHa 3agada naeHTudmnkaumn nepesaToyHoOM
dyHKUMM 0b6bekTa M dhopMupyowero duabTpa BO3MYyLWeEHMS. ONa peweHns 3agaynm npensioxeH Kop-
pensumMoHHbin noaxon. O6GOCHOBaHbI YCNOBUSA WMAEHTUDUUUPYEMOCTM o06bekTa M (popMUpYyrOLLErO
dunbTpa BO3MYLLEHUS B 3aMKHYTOM CUCTEME NPU U3BECTHOM 3aKOHE perynmpoBaHus.

CLOSED-LOOP PARAMETRIC IDENTIFICATION OF CONTROL PLANTS
A.L. Rutkowski, V.M. Tekiev, D.N. Dyunova

North-Caucasian Mining and Smelting Institute, Russia, Vladikavkaz
A linear plant is considered, whose output variable is stabilized with respect to a constant value by use of a feed-back with a
known transfer function. The input random is not monitored. Conditions are determined, in accordance, in accordance to which
the problem of identification of the plant transfer function and forming disturbance filter may be solved by use of observations
of the output variable. To solve the problem, a correlation approach is proposed. Conditions of identifiability of the plant and
forming disturbance filter in the closed-loop system under known regulating law are justified.
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MCNOJIb3OBAHUE METOAA MUHBAPUAHTHOIO NOIrPY>XEHNA HA 3BAKPENMJIEHHOM
MHTEPBAJIE ANA1 OLLEHKU KO3®®ULMEHTOB AUHAMUYECKOI MOAENN
HECTALMOHAPHOIO OBBEKTA
B.M. MoHaTckuin
KoHcTpyKkTOpCckoe 610po npnbopocTpoenmnsi, TysibCKnii rocy4apCTBEHHbIN YHUBEPCUTET,
Poccunsa, Tyna
B paboTe paccMOTpeHO MCNO/b30BaHWE HESIMHENHOrO0 MEeToAa MHBAPMAHTHOIO MOrpyXXeHus AN uaeH-
TudmKaumm HecTaumMoHapHbIX AnMHaMmnyecknx obbvekToB. MNpeanoxeH nogxon, obecneunsarOWnMn yTou-
HEeHMe HauyasbHbIX YCNOBUI OLEHMBAEMbIX MapaMeTpoOB C MOMOLWbIO anropumtMoB maeHTUdUKaumn B
obpaTHOM BpeMeHU. NpoBeaeH CMHTE3 U nccneaoBaHMe anropuTMOB OLEHKM B 06paTHOM BpeMeHu He-

CTauMoHapHbIX NapaMeTpoB AMHAMNYECKoro obbekTa.

APPLYING THE METHOD OF INVARIANT IMMERSION AT A FIXED INTERVAL FOR ESTIMATION OF PARAMETERS OF A DYNAMIC

MODEL OF A TIME-VARYING PLANT
V.M. Ponyatsky
Design Bureau of Instrument Engineering, Tula State University, Russia, Tula
In the paper, using the nonlinear method of the invariant immersion for the identification of dynamic plants is considered. An
approach is proposed, assuring précising initial conditions of estimated parameters by use of backward time identification algo-
rithms. Synthesis and studying backward time algorithms of estimating time-varying parameters of a dynamic plant are im-
plemented.
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OB OJHOM ANNTOPUTME UAEHTU®UKALIUMN NAPAMETPOB B JINMHENHbIX
HECTALIMOHAPHbIX CACTEMAX
C.A. KoueTkoB
UHCTUTYT npobsiem yripasieHust uM. B.A. Tpane3sxnmnkoBa PAH, Poccusi, MockBa

PaccmoTpeHa npobnema napamMeTpuyeckon naeHtTuduKaumm B JIMHEMHbIX HeCTaUuMOHapHbIX CUCTeMax
HenpepbIBHOrO BpeMeHW. ANrOPUTM OCHOBbLIBAeTCs Ha MCMOSIb30BaHMN MAEHTU(PUKATOPOB Ha CKO/b-
39WMx pexummax, nmbo c 6onbwnmMm koadbduumeHTamm. B npegnonoxeHmun, 4to napameTpbl CUCTEMbI
M3MEHSIOTCA C TEYEHUEM BPEMEHU COMTACHO HEKOTOPOM MOAENW, NnokKasaHa acMMNTOTUYecKas cxoau-
MOCTb OLIEHOK HeCTauMOHapHbIX MNapaMeTpoB K MCTMHHbIM 3Ha4vyeHMsaM. PaboTa BbinosiHeHa npu 4yac-
TUYHOM nogaepxke rpaHta POOU 09-08-00429-a.

ON AN ALGORITHM OF THE PARAMETER IDENTIFICATION IN LINEAR TIME-VARYING SYSTEMS
S.A. Kochetkov
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
The problem of parameter identification in linear time-varying continuous-time systems is considered. The algorithm is based
on using sliding-mode identifiers, or ones with large coefficients. Under the assumption that system parameters vary in time in
accordance to a model, the asymptotic convergence of estimates of the time-varying parameters to their truth values is
shown. The paper is partially supported by RFBR grant 09-08-00429-a.
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10-30 - 14-00

Mpuno)xxeHnsa MeToaoB naAeHTUPUKauunm
Applications of Identification Techniques
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PA3PABOTKA MOJEJIEN NMOKA3ATEJIEN KAYECTBA PEKTUOUKALIMOHHDbIX KOJIOHH,
OYHKUNOHUNPYHOLWNX B NPEAEJIbHbLIX PEXXUMAX
A.10. Toprawos, N.C. Moxaposckuii, I'.B. uro
UHCTUTYT aBTromatuku m ripoyeccos yrpasienns [ABO PAH, Poccus, BnaanBocTtok
O6cyxpaeTcs oAMH M3 MOoAX0AO0B K MOCTPOEHMIO MOAENEN nokKa3aTesie KayecTBa MaCCOOBMEHHbIX
npoueccoB (B PEKTUPUKALMOHHbBIX KOJIOHHaX), MYHKLMOHUPYIOWMX B NpeaefibHbiX pexunmax. Manara-
eTCs MeToaMKa onpeaeneHns onTMManbHOro KOJM4YeCcTBa BXOAHbIX MepeMeHHbIX MoAesel nokasarenen
KayectBa (BMpPTyasibHbIX aHanM3aTopoB) Ha NpuMepe MPOMbIWAEHHOW PeKTUDUKALMOHHON KOJIOHHbI,
paboTatowlen B pexumme, 6IM3KOM K COCTOSIHUIO 3axsiebbiBaHUS.

DEVELOPING MODELS OF QUALITY INDEXES OF RECTIFYING COLUMNS, PERFORMING UNDER LIMIT MODES

A.Yu. Torgashov, I.S. Mozharovsky, G.B. Digo
Institute of Automatics and Control Processes of the Far-Eastern Department of the Russian Academy of Sciences,
Russia, Vadivostok
An approach to constructing models of quality indexes of mass-transfer processes (in rectifying columns) is discussed, per-
forming under limit modes. A procedure of determining the optimal number of input variables of models of quality indexes
(soft sensors) is presented by use of an example of a rectifying column performing under a mode being close to the flood sta-
tus.

302

NPUKJIAAHBLIE 3AA0AYUN TEOPUN NNTAHUPOBAHNA SKCNEPUMEHTA ANA NHBAPUAHTHbIX

OBBEKTOB rA3OTPAHCMNOPTHbLIX CUCTEM
0.B. Kptokos
OAO «lnnpora3uyeHTp», Poccusi, HuxHuin HosBropos
MpeactaBneHbl pe3ynbTaTbl 3KCMNEPUMEHTANIbHOIO aHaNAn3a TEXHUYECKUX XapaKTEPUCTUK 3MEKTPOrnpu-
BOAHbIX arperatoB KOMMPEeCCOPHbIX CTaHUWMI ra30TPaHCAOPTHLIX cUcTeM. [peanoXeHbl MPUHLMUNMDI,
CTPYKTYpPbl UHBapUaHTHbIX CAP 1 METOANKWN NONYYEHUS PErpecCUOHHbIX anroputMos ACY anekTpornpu-
BOAOB OCHOBHbIX TEXHO/IOMMYECKNX arperatoB KOMMPECCOPHbIX CTaHumi ans 3h@eKTUBHOro aHepro-
cbeperatowero ynpasneHusi. OnpeaeneHbl M TeopeTnyeckn O6OCHOBaHbl OCHOBHblE BO3MYLUEHMS,
BAUSIOWME HA ONTUMaNbHble NapaMeTpbl U 3HeproaddeKTMBHOCTbL paboTbl HarHeTaTenem U yCTaHoBOK
oxnaxpeHus rasa. lNpeacraBneHa KOMMAEKCHass MeToaMKa MCCNefoBaHUs PasfiIMYHbIX MHBApUaHTHbIX
CUCTEM C B3aMMOCBSA3aHHbIMW Ob6bekTaMu raszoTpaHCNOPTHLIX cucTeM, 6asupyrLwasca Ha Teopuu nna-
HUPOBaHMSA 3KCMepuMMeHTa, C peanu3aumein Ha sTanax MOAEpPHM3aUMM U PEeHOBALUMM KOMMPECCOPHbIX
CTaHLUN.

APPLIED PROBLEMS OF THE EXPERIMENT DESIGN THEORY FOR INVARIANT PLANTS OF GAS-TRANSPORT SYSTEMS
0.B. Kptokos
Public Corporation “Giprogazcenter”, Russia, Nizhny Novgorod

Results of experiment analysis of engineering characteristics of electroconductive aggregates of compressor st5ations of gas-
transport systems are presented. Principles, structure of invariant systems of automatic regulation and methods of obtaining
regression algorithms of automated control systems of electric drivers of main technological aggregates of compressor stations
for effective energy saving control are proposed. Main disturbances influencing optimal parameters and energetic efficiency of
performance of pump guns and gas coolers are determined and justified. A complex method of studying different invariant
systems with interconnected plants of gas-transport systems is presented, basing on the experiment design theory, with im-
plementation at the stages of modernization and renovation of compressor stations.
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LUOPOBASl CAMOHACTPAUBAIOLLIASIC CACTEMA YIMNPABJIEHUS JIEKTPUYECKUMMU
NEYAMMU MAJIOA U CPEAHEA MOLLHOCTHU
B6.A. Craposepos, B.B. OnoHunyes, M.A. CMUpHOB
KocTpomMckoi rocynapCTBEHHbINA TEXHUYECKMIA yHnBepcnuTeT, Poccus, Koctpoma
PaccMoOTpeHbl anroputMbl MaeHTUdOUKaAUUN M BblAeNeHbl Hanbonee NEepCneKTUBHbIE C TOYKM 3pEeHUs
peanusaumn caMmoHacTpaMBaloWeENCss CUCTEMbI HA COBPEMEHHOM MUKPOMPOLLECCOPHOM TexHuke. [oka-
3daHO, 4YTO MCMNOJZIb30BaHme LlMCprBOFO peryndartopa COCTOAHUNA U VI,EI,eHTVI(bVIKaTopa, peanan3oBaHHOro
peKyppeHTHbIM METOAOM HaMMEHbLUMX KBaApaToB, pewaeTr npobnemy kayectsa ynpaB/eHUs Npu He-
CTaUuMOHApPHOCTM NMapaMeTpoB TEXHOJZIOFMYECKOIro obbekTa. B cTaTtbe npeacraBneHa AnarpaMma Aesa-
TENIbHOCTM MHOrOMPOLIECCHOr0 KOMMJekca UunmdpoBOM CaMOHACTPaMBalOWENCS CUCTEMbI yMNpaBieHuUs

M o o
(=] ne4yamm Masion n cpeaHenm MOWHOCTU U NpuBeaeHbl COOTBETCTBYOLWMNE SKCNEPUMEHTAlIbHbIE PE3YJSibTa-
™ Thbl. Pa3pa60TaHHoe nporpaMmMmHoe obecnevyeHue OPNEHTUPOBAHO Ha COBpPEMEHHbIE MPOMbIWIEHHbIE
KOHTpOJI/1IEPbI C MOAAEPXKKOM OnepaumoHHOM cuctemsbl Linux.
A DIGITAL SELF-TUNING SYSTEM OF CONTROL OF ELECTRIC FURNACES OF LOW AND MEAN POWER
B.A. Straroverov, V.V. Olonichev, M.A. Smirnov
Kostroma State Technical University, Russia, Kostroma
Algorithms of identification are considered, and most prospective points of view of implementation of a self-tuning system at
advance microprocessor hardware are emphasized. It is proven that using a digital state controller and identifier implemented
by the recursive least square method solve the problem of the quality control under time-varying parameters of a technological
plant. In the paper, a diagram of activity of a multi-processor complex of a digital self-tuning system of control of low and
mean power furnaces is presented, and corresponding experimental results are reported. A software developed is oriented to
advance industrial controllers with the Linux operation system.
MAEHTUNOUKALUMNA MATEMATUYECKOUN MOAEJIN BHEAPEHUA CALS-TEXHOJIOIMAN HA
NMPEANPUATUN PAANOINMPUBOPOCTPOEHMUA
B.IM. XpaHwunos
Hwxxeropoackmii rocy4apCTBEHHbIVI TEXHUYECKUI yHUBEPCUTET uM. P.E. AnekceeBa,
Poccus, HmxHuii Hosropog
JI.H. T'yHWH
HHUIMN «KBapuy», Poccusi, HuxHuii Hosropoa
A.B. KaweHkoB
Hwxxeropodckuii rocy4apCTBEHHbIVI TEXHUYECKUI yHUBEPCUTET uM. P.E. AnekceeBa,
Poccusi, HuxxHuii HoBropog
I'Ipep,CTaBneH KOHLl,eI'ITya}'IbeIﬁ noaxoa K MoaennpoBaHumio npouecca BHeEAPEHNA CALS-TexHonormm Ha
npeanpusaTum paanonpubopocTpoeHnss B YCIIOBUSAX OPraHU3aLMOHHbIX M3MEHEHUIM U OrpaHUYEHHbIX
pecypcoB. OTMedeHbl npobnembl BHeapeHns CALS Ha oTeyeCTBEHHbIX NpeanpusaTmsax pagmonpmbopo-
< CTpOEHUA. O6ocHoBaH Bbl60p MaTeEMaTUUYECKOMN MoAaenwu. I'Ipe,u,no>|<eHHaﬂ MoAaesib VILI,eHTVI(bVIU,MpOBaHa B
,9, MPOCTPaHCTBaxX COCTOSSHUA M napamMeTpoB. OnucbiBaeTcss Cnocob CKansipHOW CBEPTKU BEKTOPHOWM

CTDYKTypHO-I'IpaMeTpMHECKOVI mopenu. lpuBogmuTCca onucaHue HDGAHO)KEHHOﬁ mMoaenun npun nomoLun
HEYETKNX MHOXECTB.

IDENTIFICATION OF A MATHEMATICAL MODEL OF IMPLEMENTATION OF THE CALS-TECHNOLOGIES AT AN ENTERPRISE OF
THE RADIO AND INSTRUMENT ENGINEERING
V.P. Hranilov
Nizhny Novgorod State Technical University named after R.E. Alekseev, Russia, Nizhny Novgorod
L.N. Gunin
Nizhny Novgorod Research and Design Institute “Quartz”, Russia, Nizhny Novgorod
A.V. Kashenkov

Nizhny Novgorod State Technical University named after R.E. Alekseev, Russia, Nizhny Novgorod
A conceptual approach to modeling the process of implementation of the CALS-technologies at an enterprise is presented, un-
der conditions of organizational changes and limited resources. Problems of implementation of the CALS at domestic enterpris-
es of the radio and instrument engineering are pointed out. The selection of a mathematical model is justified. The model pro-
posed is identified in the parameter and state spaces. A way of scalar conjugation of a vector structure-parametric model is
described. A description of the model proposed by use of fuzzy sets is presented.
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OCOBEHHOCTU OBPABOTKW CUITHAJIOB B HU3KOYACTOTHOM 3JIEKTPOMATHUTHOM

CUCTEME OTHOCUTEJIbHOIo NO3NLMNOHNPOBAHMA
A.K. Bonkosuuknii, E.B. Kapwakos, b.B. NaBnos
UHCTUTYT npobnaem yrnpasaeHns nM. B.A. Tpane3zHnkosa PAH, Poccusi, MockBa
B paboTe npeacraBneHo onucaHue metoga 06paboTkm CUrHanoB, MPUMEHSIEMOr0 B 3/1IEKTPOMarHUTHOM
CNUCTEME OTHOCUTENIBHOTO MO3MUMOHMPOBaHMA. OCHOBHbIM 3/1EMEHTOM [OAHHOW CUCTEMbl SBASIETCSH
TPEXKOMMOHEHTHbIN MHAYKUMOHHbIA AaTUMK, U3MEPSIOWMA HaNPsSXXEeHHOCTb NepeMEHHOr0 MarHUTHOro
noss Ha onpeaeneHHbIX YacToTax. MI3MepeHHble napaMeTpbl MoAs HEeCYT BbICOKOTOUYHYIO MHMOPMaumio
0 B3aWMMHOM pPacroioXXeHMN NPUEMHUKA U UCTOYHUKA Nond. Ons nonyvyeHuss gaHHOW MHGOpMaumn He-
obxoammo obecneunTb cTabunbHble N3MepeHUs NapamMeTpoB NepeMeHHOro MarHuTHoro nons. MNMpeana-
raeTcsi METOA KOHTPONA aMnauTyAHO-(ha30BbIX XapaKTEPUCTUK U3MepUTeNbHbIX KaHanoB C MCMNONb30-
BaHWEM OMOPHbIX CUTHaNOB 61M3KMX K pabounMm yacToT. PaccmaTpmBatloTCst acnekTbl MPUMEHEHUS AaH-
HOM CUCTEMbl OMOPHbIX CUIFHANOB B M3MepUTEesbHbIX cucTemMax, pabotalowmx Ha NOABUXXHOM OCHOBa-
HUW.

PARTICULARITIES OF SIGNAL PROCESSING IN A LOW-FREQUENCY RELATIVE POSITION CONTROL SYSTEM

A.K. Volkovitsky, E.V. Karshakov, B.V. Pavlov
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
The paper presents a description of methods of signal processing applied in an electromagnetic system of relative position con-
trol system. The main element of the system is a three-component induction sensor, measuring the alternating magnetic field
strength at certain frequencies. Measured field parameters possess high accuracy information on mutual position of the receiv-
er and source of the field. To obtain such information, one needs to provide stable measuring the parameters of the alternating
magnetic field. A method of monitoring amplitude-phase characteristics of the measurement channels by use of pilot-signals of
frequencies, being close to the operating frequencies, is proposed. Aspects of applying the support signal scheme in measure-
ment systems, operating at a movable base.

306

BUKPUTEPUAJIbHbBIE MOAEJIN N NAPETO-ONTUMAJIbHbBIE CTPATErN OBCNTY)XXUBAHUSA
rPYnnnPOBKN CTALNOHAPHbIX OB BEKTOB
O.1. KoraH
MockoBCKMii rocy4apCTBEHHbINM YHUBEPCUTET rpubopoCTpoeHns u nHgpopmatuku, Poccnsi, MockBa
H0.C. ®epoceHko, H.A. lyHWUYKKNHa
Bosixxckasi rocyaapCcTtBeHHas akagemmsi BogHoro TpaHcriopta, Poccusi, HuxkHui HoBropoa

PaccmaTpumBatoTcs AMCKpeTHble Mogenn oaHodasHoro o6cnyXuBaHuUsA rpynnMPOBKKM CTAUMOHApPHbIX
061bEKTOB, paccpeAoTOYEHHbIX BAOJIb OAHOMEpPHOM paboyen 30HbI ABYX MO6MNbHbIX npoueccopoB. C
KaXkablM 06beKkToOM accouumpoBaHa napa MOHOTOHHO BoO3pacTaloWwMX QOYHKUMKA MHAWBUAYANbHOIO
wTpada. opMynmpyoTCca 3a4aynm CMHTE3a MOJIHbIX COBOKYMNHOCTEN 3 HDEKTUBHBIX OLEHOK N COOTBET-
CTBYHOLWMX UM [lapeTo-onTMManbHbIX CTpaTerMn obcnyxuBaHusa. BblBOAATCS pellatolme COOTHOLEHUS
6uKpuUTEPMANbHOro AMHAMUYECKOro MporpaMMMpOBaHMsl, M3narakTCs COOTBETCTBYHOLWME BbIYMUCIN-
TenbHble Npoueaypbl. MiccnegyeMble MoAenn ONUCHIBAOT TUMOBbIE TEXHONOrMYECKne cxembl CHabxe-
HUS TPYNMUPOBKM MJaBy4Ynmx [A06bIBAOWMX KOMMIEKCOB AU3ENbHbIM TOMJMBOM, OCYLLECTBASEMOro
OBYMS MAEHTUYHbLIMW TaHKepaMu-3anpasLmMKamMn B npouecce nx o4HOHaNpPaBAEHHOrO UM BCTPEYHOrO
ABWXEHUS OT MCXOAHbIX 6a30BbIX NYHKTOB.

BI-CRITERIAL MODELS AND PARETO-OPTIMAL STRATEGIES OF SERVICE OF AN ALIGNMENT OF TIME-INVARIANT PLANTS
D.I. Kogan
Moscow State University of Instrument Engineering and Informatics, Russia, Moscow
Yu.S. Fedosenko, N.A. Dunichkina
Volga State Academy of Water Transport, Russia, Nizhny Novgorod

Discrete models of single-phase service of an alignment of time-invariant plants distributed along a single-dimensional working
area of two mobile processors are considered. A pair of monotonically increasing functions of an individual penalty is associat-
ed with each of the plants. Problems of synthesis of full totalities of effective estimates, and Pareto-optimal strategies of ser-
vice, corresponding to them, are formulated. Solution relationship of the bi-criterial dynamic programming are derived, compu-
tational procedures corresponding to them are presented. The studied models describe typical technological schemes of supply
of floating producing complexes with the diesel fuel, implemented by two identical fuelers within a process of unidirectional or
opposing motion from source bases.
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MAEHTUO®UKALMNA MATEMATUYECKOW MOAE/IN YNPABJIEHUA TPAHCMNOPTHbIMM
NOTOKAMM B CETU FOPOACKUX AOPOI HA OCHOBE TEOPUM YNPABJISSEMbIX CETEW
A.N. OneeeB
BbiuncnntensHbivi yeHTp uM. A.A. [opoaHuubiHa PAH, Poccnsi, MockBa
E.A. CodpoHoBa
Poccuiickuii yHnBepcuTeT Apyx6bl Hapoaos, Poccusi, MockBa
OnucbiBaeTca MateMaTuyeckas Moesnb ABUXEHUS TPAHCNOPTHbLIX MOTOKOB MO CeTU ropoackux Aopor C
ynpaB/ieHNEM Ha OCHOBE COrnacoBaHus anutenbHocTen paboumx a3 ceBeTodopoB Ha peEryanpyemMbix

S nepeKkpecTkax CeTu. MaTtemMaTunyeckasa Moaenb NMOCTpPOEHA Ha OCHOBE TEOPUU YyNpaB/IAEMbIX ceTen un
M Y4YUTbIBaeT 3HaHME MapLlpyTOB ABUXEHUA YHAaCTU NMOTOKOB MO CETU.
IDENTIFICATION OF A MATHEMATICAL MODEL OF CONTROL OF TRANSPORTATION FLOWS IN THE NETWORK OF URBAN
ROADS, BASED ON THE THEORY OF CONTROLLED NETWORKS
A.I. Diveev
A.A. Dorodnistyn Computation Center of the Russian Academy of Sciences, Russia, Moscow
E.A. Sofronova
People’s Friendship University of Russia, Russia, Moscow

A model of motion of transportation flows in the network of urban roads is described, with control based on coordination of

duration of working phases of traffic lights at signaled crossings of the network. The mathematical model is derived on the

basis of controlled networks and accounts the knowledge on routs of motion of a part of flows in the network.

WAEHTUOUNKALUNA NAPAMETPOB MOAEJNIEM YINMPABJIEHUA COLUMAJIBHO-
SKOHOMMNYECKNMN CUCTEMAMMU
H.B. OAunureHckun, M.B. LlaneHko
CamapcKkunii rocyjapCTBEHHbINA TEXHUYECKMI yHMBEpcnTeT, Poccusi, Camapa

PaCCMOTpeHbI pe3ynbTaThbl Mﬂ,eHTMCbVIKaLI,MM napamMeTpoB CUCTEMHOW MaKp03K0HOMW-IeCKOl71 MoAaenun

ynpasneHna permoHasibHbIM Mpon3BoACTBEHHO-3KOHOMUYECKMM KOMIMJIEKCOM. B OCHOBY CUCTEMHOW

MOAENN, ABASOWENCSH ABYXKOHTYPHOW CUCTEMOM yrnpaBieHUS C OAHOM MONOXUTENbHON U O4HOMN OTpU-
0 Ll,aTeJ'IbHOﬁ O6paTHbIMM CBA34MU, NOJZI0XKEHAa MO,CI,I/ICI)VILI,MpOBaHHaH MoAes1b COJ‘IOY. npep,CTaBﬂeHbl pe-
g 3y/bTaThbl Vlﬂ,eHTVI(bMKaLI,MVI napamMeTpos CUCTEMHOWM mMoaenn Aansa peFMOHaﬂbHOVI 9KOHOMWKKMN B MJ1aHO-

Bbl NMepuog X03sMCTBOBaHMUS.

IDENTIFICATION OF PARAMETERS OF CONTROL MODELS OF SOCIAL AND ECONOMIC SYSTEMS
N.V. Diligensky, M.B. LlaneHko
Samara State Technical University, Russia, Samara

Results of identification of parameters of a system macroeconomic model of control of the manufacturing-economic complex

are considered. A basis of the system model, being a two-loop control system with one positive and one negative feed-backs,

is the Solow model. Results of identification of parameters of the system model for a regional economics within the planning

period of management are presented.

PA3SPABOTKA MHTEJUJIEKTYAJIbHOWU CUCTEMbI ANA YNPABJNEHNA AUHAMUYECKNMU
9KOHOMUNYECKNUMU CUCTEMAMMU
B.A. UBaHiok, A.[l. LIBMpPKYH
UHCTUTYT npobsiem yripasrieHuss uM. B.A. Tpanesxunkosa PAH, Poccusi, MockBa

Ha CGFO,EI,HHLIJHMVI A€Hb N3BECTHO 3HAYUTEJIbHOE KOJIMYECTBO METOAO0B, MNMO3BOAWNX MO CTAaTUCTUYE-

CKVUM AaHHbIM, XapaKTEPU3YIOLWMM TEKYLLYIO SKOHOMUYECKYIO CUTYaUWUto, MPOrHO3nMpoBaTh AalibHenlee

ee pa3BuTMe C AOCTAaTOYHO BbICOKOM TOYHOCTbO. K Hanbonee adh@PeKTMBHLIM U3 TPaAULMOHHbBIX METO-
& A0B MNMpPOrHo3anpoBaHnda MOXHO OTHECTW CTaTUCTUYECKME METOAbI. B HaCTOFlU.leVI pa60Te npeacraBJieH
g noaxon K paspaborke CMCTEM MPOrHO3MPOBAHMS, OCHOBAHHLIA Ha MPUMEHEHUN OLHOBPEMEHHO CTaTu-

CTU4eCKNX METOA0B N METOAOB UCKYCCTBEHHOIO MHTENNIEKTA.

DEVELOPMENT OF AN INTELLIGENT CONTROL SYSTEM FOR CONTROL OF DYNAMIC ECONOMIC SYSTEMS
V.A. Ivanyuk, A.D. Tsvirkun
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
Up to day, numerous methods are known, enabling one to predict further development of an economical situation with quite
high accuracy, by us of statistical data characterizing the current economical situation. Most effective among conventional pre-
diction methods, statistical methods may be related to. The present paper presents an approach to the development of predic-
tion systems, based on applying simultaneously statistical methods and methods of the artificial intelligence.

31 saHBaps, BTOpHUK / January 31, Tuesday
15-00 - 18-30

Cno)>xHble cucrtemMbli
Complex Systems
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TOWARDS THE ANALYSIS OF TCP WITH THE AID OF STOCHASTIC CONTROL
A. Miller
A.A. Kharkevich, Institute for Information Transmission Problems, Moscow, Russia
B. Miller
School of Mathematical Sciences, Monash University, Clayton, Victoria, Australia,
A.A. Kharkevich Institute for Information Transmission Problems, Moscow, Russia

The article considers the optimal stochastic control approach to the analysis of various TCP. Generally
the analysis of TCP schemes relates to so-called liquid models which provide the asymptotic behavior
of the queuing system where the number of jobs is huge. At this level of consideration only the as-
ymptotic results could be obtained and the real performance of existing protocols is still unclear par-
ticularly for the case of seasonal changes and congestions. Meanwhile, the models of controllable
Markov chains (CMC) are more appropriate to the analysis of control of flows in the Internet that has
been observed by many authors long ago. The principal difficulty of the application of CMC is the
problem of the models high dimension particularly for connected controllable Markov chains (CCMC).
But nowadays this problem is less important due to the development of multiprocessor supercomput-
ers that make the numerical solution of the optimal control problems for CMC more achievable. Mod-
els of CCMC arise in queuing systems with many service lines where some idle lines may be used to
avoid the congestion if the principal lines have been subjected the huge workload. Here we suggest
the tensor form of the representation for such CMC and give the dynamic programming equation in
corresponding tensor form. As an example we consider the system with two service lines, namely the
main and reserve ones, having different service rates and the cost of service. Numerical approach to
the solution of the access and service rate control has been proposed.

402

STATISTICAL APPROACH TO SATELLITE NAVIGATION INTEGRITY MONITORING
I. Nikiforov
ICD - LM2S - Université de Technologie de Troyes - UMR STMR CNRS, France

One of the most important challenges for a satellite navigation system (GPS, GLONASS, future
GALILEO, etc) is its integrity monitoring for safety critical applications. Integrity monitoring requires
that the navigation system detects, isolates faulty measurement sources, and removes them from
the navigation solution before they sufficiently corrupt the output. The principal limitation of the con-
ventional “snapshot” RAIM FDE algorithms based on the least squares algorithm is a low availability
of its detection and especially exclusion functions. This problem becomes crucially important when
the RAIM has to be used to provide integrity for safety-critical applications like the aircraft guidance
with the vertical positioning information or the safe train positioning.

403

BOUNDING THE DOMAIN CONTAINING ALL COMPACT INVARIANT SETS OF TWO MODELS
OF CHEMICAL CHAOS
K.E. Starkov, A. Villegas Ortiz
CITEDI-IPN, Tijuana, B.C., Mexico
In this paper we examine the localization problem of compact invariant sets of the Willamowski-
Rdssler system and the Lorenz Chemical system exhibiting the chemical chaos. We demonstrate that
all compact invariant sets are located in some linear convex domains and compute its bounds. Re-
sults of numerical simulation are provided as well.

404

IMMERSION AND INVARIANCE ADAPTIVE CONTROL OF A CLASS OF NONLINEAR SYSTEMS
WITH UNKNOWN CONTROL DIRECTION
0. Monfared, A.R. Khayatian
School of Electrical and Computer Engineering, Shiraz University, Shiraz, Iran
M. Mahzoon
Department of Mechanical Engineering, Shiraz University, Shiraz, Iran
P. Karimaghae
School of Electrical and Computer Engineering, Shiraz University, Shiraz, Iran
The goal of this paper is to extend the adaptive control problem of parametric strict feedback form
nonlinear systems, using Immersion and Invariance to the case of unknown, possibly, time-varying
control direction. The idea is to immerse a target system in $\mathbb{R}~{n-1}$, which is stabilized
through the design of virtual controllers into an extended system in $\mathbb{R}”~{n+p}$. The de-
signed controller takes advantage of the well-known Nussbaum functions to deal with the unknown
sign of input multiplier and is designed through the manifold dynamic belonged to
$\mathbb{R}~{p+1}$. The effectiveness of the proposed method is shown through simulation and is
also compared to the classical adaptive backstepping approach with unknown control direction.
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ON THE FIXED ORDER STABILIZING CONTROLLER DESIGN BY REFLECTION SEGMENTS
APPROACH
U. Nurges, S. Avanessov
Institute of Cybernetics, Tallinn University of Technology, Tallinn, Estonia

A novel randomized approach to fixed-order controller design is proposed for discrete-time SISO
plants. It is based on the random generation of Schur stable polynomials using reflection coefficients
and reflection segments of polynomials. Stable reflection segments are projected onto affine set of
closed-loop characteristic polynomials which is defined by the controller parameters and the stable
line segments in the controller parameter space are then determined. A novel approach is proposed
for global and local optimization over reflection segment pencils on the basis of the weighted sum of
absolute values of reflection coefficients.

406

TUNING OF GENERALIZED PI AND PID CONTROLLERS FOR NONLINEAR SYSTEMS
DESIGNED VIA SINGULAR PERTURBATION TECHNIQUE
V.D. Yurkevich
Novosibirsk State Technical University, Novosibirsk, Russia

The paper treats a question of output regulation for nonlinear systems in the presence of plant's pa-
rameter variations and unknown external disturbances. The design of a generalized controller, which
is an extension of PI and PID control schemes, is discussed. The presented design methodology guar-
antees desired output transient performance indices by inducing of two-time-scale motions in the
closed-loop system. Stability conditions imposed on the fast and slow modes and sufficiently large
mode separation rate between fast and slow modes can ensure that the full-order closed-loop non-
linear system achieves the desired properties in such a way that the output transient performances
are desired and insensitive to external disturbances and plant's parameter variations. The method of
singular perturbations is used throughout the paper in order to get explicit expressions for evaluation
of the controller parameters. The tuning rules for controller parameters are explained. Numerical ex-
ample with simulation results are presented.

407

ACTIVE VIBRATION DAMPING OF ELASTIC MULTIBODY SYSTEMS
D.V. Kozlov
Tula State University, Russia, Tula

A method of active vibration damping, which arises in systems with high dynamic compliance, is pro-
posed. Idea of the method is consist in the correction of reference signal, which enter the regulator.
Fundamental notion of linear wave theory and the theory of multiport network are used in the paper.
Based on these theories, the elastic linkages are represented as linear, reactive, reversible, and
symmetric two-port networks. As example is considered the elastic two-mass system, operated by
DC motor. The linkage between the masses represented by Hooke element. At first for an absolutely
rigid 3rd order system is obtained time-optimal control law. Then the synthesis of unit for damping
vibrations arising in the system is performed. Results of modeling with MATLAB/Simulink, confirming
the efficiency of the proposed method, are given.

408

HIGH SPEED BLDC MOTOR DRIVE BASED ON A DYNAMIC SLIDING MODE OBSERVER
M. Divandari, R. Sosar
Islamic Azad University, Aliabad Katoul Branch, Iran
J.C. Teixeira
Center of Engineering, Modelling and Applied Social Sciences, Federal University of ABC

A high performance brushless DC motor (BLDC) drive based on a dynamic sliding mode observer is
presented. The observer acts on the motor current, and its gains are corrected by estimating current,
rotor position and speed. A PI speed control was chosen due to its low processing time and fast con-
trol. In order to reduce the model complexity, the back-EMF is assumed as being trapezoidal in a
simplified machine model. The presented drive has been simulated by the MATLAB®/SIMULINK®
software on the high speed BLDC motor model. Simulation results show that the proposed drive is
able to estimate the rotor position and speed with high precision when high speeds are considered.
Simulation results also show the robustness, reliability, fast computation and excellent dynamic per-
formance for this high speed BLDC motor.
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A SIMPLIFIED LPV MODEL FOR MOBILE ROBOTS NAVIGATION WITH AUDIO FEATURES
M. Manzanares, Y. Bolea, A. Grau
Technical University of Catalonia, Barcelona, Spain
In this article a new simplified LPV (Linear Parameter Varying) theoretical model is presented which
corresponds to the acoustic response of an industrial plant. The parameters of this model vary with
the characteristics of the closed room. The aim of the model is to locate mobile robots in such envi-
ronments. A general methodology is proposed in order to simplify the robots self-localization process
in industrial plants using the acoustic signals generated by typical engines in those environments.

410

OBSERVER-BASED LIVE STEAM TEMPERATURE CONTROL FOR A 550~MW HARD COAL
POWER PLANT
S. Meinke, J. Nocke, E. Hassel
Chair of Technical Thermodynamics, University of Rostock, Rostock, Germany
A. Rauh, R. Prabel, H. Aschemann
Chair of Mechatronics, University of Rostock, Rostock, Germany

Due to worldwide governmental encouragement of renewable energy sources, the installed capacity
of wind energy converters has been increased considerably in recent years. To allow for a complete
integration of this continuously fluctuating energy source, it is essential to enhance the flexibility of
conventional power stations by enabling them to follow the high dynamics of the wind power produc-
tion. To limit additional component stress and fatigue of future power plant operation with higher dy-
namics, it is amongst others crucial to minimize variations of steam temperatures during transient
conditions. For this reason, advanced control strategies have to be taken into consideration. In this
paper, an observer-based live steam temperature control is presented for coal-fired power stations.
The starting point for control design has been a detailed one-dimensional thermodynamic model of a
superheater, describing the system's transient behavior. A simplified low-dimensional model with
state-dependent coefficients is derived and employed for the design of an observer-based control ap-
proach. The control design systematically exploits the minimization of a quadratic cost function by
solving the algebraic Riccati equation for selected operating points. The results of the control synthe-
sis are validated numerically for the detailed simulation model by a comparison of the new approach
with a state-of-the-art control procedure.

411

SENSITIVITY-BASED STATE AND PARAMETER ESTIMATION FOR LITHIUM-ION BATTERY
SYSTEMS
A. Rauh, H. Aschemann
Chair of Mechatronics, University of Rostock, Rostock, Germany

Complex electro-chemical models for the description of the dynamics of charging as well as discharg-
ing of battery systems, such as Lithium-Ion batteries, are characterized by numerous parameters
which are not directly accessible for measurements. To describe the influence of different operating
conditions on charging and discharging of battery systems as well as to characterize the effects of
ageing and temperature variations in terms of a low-dimensional mathematical representation, mod-
el-based observer techniques are required to determine internal state variables, parameters, and the
degree of ageing of battery systems. The observer approaches applied for this purpose aim at esti-
mating non-measurable values in real time. This paper focuses on the possible improvement of the
efficiency of state and parameter estimation strategies by a novel sensitivity-based procedure. Its
capabilities are highlighted by a comparison with a continuous-time implementation of the Extended
Kalman Filter. The numerical comparison of both procedures deals with estimating states and param-
eters for a system model with accurately known parameters as well as for a model with significant
parameter deviations originating from ageing.
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CLASSIFICATION OF DEFECTS OF THE GLASS FOR PACKING USING FUZZY DECISION TREE
Herbert R. do N. Costa, Alessandro La Neve
Department of Computer Science, Centro Universitario da FEI - Brazil

This work presents a proposal for the classification of defects in the process of production of glass
packing. Fuzzy Decision Tree (FID 3.4) and other algorithms were used for the classification of the
defects that occur in the production process of glass for packing. The proposed classification involves
inputs variables: Extraction of the glass, Iron Oxide, Coking Coal, Redox (Reduction-Oxidation), Py-
rite and Sodium Sulfate. The output variables are the stones type defect, blisters and the Transmit-
tance of light in glass. The classification obtained through Fuzzy Decision Tree was compared with the
results obtained in manufacture of glass for packing. The classifications obtained in manufacture and
in the FID 3.4 software were also compared with the classification obtained with CART (Classification
and Regression Tree) and Artificial Neural Network (ANN) algorithms. The validation of results allow
that these algorithms be used for automation and control of the manufacturing process. Besides this
they permit to optimize the process and diminish the number of defects in the production of glass for
packing.

501

STRATEGIC ALIGNMENT VALUE-BASED ANALYSIS
A. Loukianov
University of South Australia, Mawson Lakes, Australia
G. Quirchmayr
University of Vienna, Vienna, Austria
M. Stumptner
University of South Australia, Mawson Lakes, Australia
We propose a model and analytical approach for value-based analysis of strategic alignment. The
fundamental idea is to use the theory of stochastic processes in leveraging information technology.
Our model is effectivel perturbed Markov Chain (MC).
1 ¢eBpansa, cpeana / February 1, Wednesday
10-30 - 14-00
I/IHTenneKTyaanble MeToAabl MoaenunpoBaHumA, MAeHTM(bMKaI.IVIVI
U ynpasneHus
Intelligent Techniques of Modeling, Identification, and Control
METOAMKA OBYYEHUS1 HEMPOSKCMNEPTHOWN MOAEJ/IN OBBEKTA B CUCTEME YMNPABJIEHUSA
B.b6. Tpodmmos
Cunbupcknii rocy4apCTBEHHbIN MHAYCTPUAIbHbINA YHUBEPCUTET,
Poccusi, KemepoBckasi obsactb, HoBoky3HelK
Mpeano)xeHa CTpyKTypa HEWpoaKkcnepTHon moaenn obbekTa yrnpaBfeHus, pas3paboTaHa MeToauKa
0byyeHuns HerMpO3KCNEPTHOM MOAENN C/IOXHOI0 HeCcTauuoHapHoro obbekTa ynpaBieHUs B pexume pe-
aslbHOro BPEMEHM, Y4UTbIBalOWaAa BAMSHWE MPSAMbIX M 06paTHbIX yrnpasasowmx ceasen, obecneym-
Bawwasa cobnogeHne nNpeanocbylIoK UCKYCCTBEHHBIX HEMPOHHbIX CETEN 3a CYET OAHOBPEMEHHOMO Ha-
HeceHMns MoAesibHbIX, HaTYPHbIX U KOMOUMHUPOBAHHbIX TECTOBbLIX BO34AENCTBUMA MO BCEM YMNpPaB/SOWNM
BxogaM obbekTa B npegenax 6e3aBapnitHOro GyHKUNOHMPOBAHNSA CUCTEMbI yMpaB/ieHusl.

TECHNIQUES OF LEARNING A NEURAL EXPERT PLANT MODEL WITHIN A CONTROL SYSTEM
V.B. Trofimov
Siberian State Industrial University, Russia, Kemerovo region, Novokuznetsk
A structure of a neural expert model of a control plant is proposed, techniques of real-time learning of a neural expert model of
a complex time-varying control plant is developed, accounting influence of control feed-forwards and feed-backs, providing
observing pre-conditions of the artificial neural networks due to simultaneous applying model, full-scale, and combined test
actions on all controlling inputs of the plant within the limits of trouble-free performance of the control system.
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ONTUMU3ALUSA HEYETKNX HEUPOHHbIX KJTACCUOUKATOPOB C MOMOLLbIO MOAEJ/IbHO-
OPUEHTUPOBAHHOIO KJIACTEPHOIO AHAJIU3A
A.l. HateknH, M.A. KanmHkuH
JAenaptameHT KopriopatuBHbix TexHosorni, OO0 «CumeHc», Poccusi, CaHKT-lleTepbypr

HenpoceTeBoe npeacTaBneHMe He4vyeTKUX MPOAYKUMOHHbIX MOAenen ycrnewHO MCMNOoJb3ylTCA B pas-
JIMYHbIX 3adadax MaWuHHOro obydeHms. OCHOBHas TPyAHOCTb MPUMEHEHMUS AaHHbIX MoAenen 3aKso-
yaeTcsa B npoueaype nHuunanusaummn 6as HeyeTKMX NPOAYKUMOHHbIX npaBwun. PaccmaTpuBaeTcsa crno-
cob6 MHMumanmsaumnm 6a3 npaBus HEYETKMX MPOAYKLMOHHbIX MoAenen ¢ noMowbio EM-anroputma kna-
cTepu3aunmn. MNMonyyeHHbie MOAENN WUCMNOAb3YOTCA ANS 3a4aHMsA HEYETKMX MPOAYKLUMOHHbIX Moaenen C
MHOrOMepHbIMM DYHKUMSAMU MNpUHAANEXHOCTU. [peasoxeH cnocob HerpoceTeBOro npeacrtaBieHUs
Noly4YeHHbIX Moaenen, 3pdeKTUBHOCTb KOTOPOro NMpoBepeHa KakK Ha MOAeNbHbIX AAHHbIX, TaK U Ha
peanbHbIX AaHHbIX M3 061acTK NpokaTa cTanu.

OPTIMIZATION OF FUZZY NEURAL CLASSIFIERS BY USE OF THE MODEL-ORIENTED CLUSTER ANALYSIS

A.G. Natekin, M.A. Kalinkin
Department of Corporative Technologies, “Siemens” Ltd, Russia, Saint Petersburg
Neural network representation of fuzzy production models is successfully used in various problems of the machine learning.
The main difficulty of applying these models is the procedure of initializing the bases of fuzzy production rules. A way of initial-
izing the rule bases of fuzzy production models by use of the EM-algorithm of clustering is considered. The models obtained
are used for setting fuzzy production models with multivariate membership functions. A way of neural network representation
of the obtained models is proposed, whose efficiency has been verified by use of both modeled and real-world (from the steel
rolling branch) data.

503

KAJINBPOBKA BUEOKAMEP C MOMOLLbIO HEMPOHHbIX CETEWN
U TEHETUYECKUX AJITOPUTMOB
H.M. JemeHkos, M.IO. ApTioxoB
MockoBCKMi rocy4apCTBEHHbIN TEXHUYECKNI yHUBEepcuTeT nmeHn H.3. baymaHa, Poccusi, MockBa

MpoaeMOHCTpMpoOBaHa BO3MOXHOCTb KaimbpoBKKN BuaeokaMmep nocpeacrsoM PB® cetn ¢ NnpuMeHeHuem
reHeTM4YeCcKkuxX anropmMTMoB ranjaongHoro n gUnaoOnAHOro TMNoB. Pe3ynbTaTbl, NOJYYEHHbIE C MOMOLLbIO
PB® ceTeil, cpaBHMBaNUCb C APYrMMK pacrnpoCTpaHeHHbIMU MeToAaMu KannbpoBku kamep. Mccnepo-
BaHWA rnokasasjiv, YTO HEeMpPOHHas CeTb Ha peasibHbIX BuAeoKaapax OCYyLEeCTBASET npouecc ycrpaHe-
HUS UCKaXEHWUIN KaMep HECKObKO fyylle, YEM Aa)ke XOPOoLOo 3apekoMeHaoBaBLmne cebs Metoabl, yuu-
TbiBatowWmne 60sbLLOEe KONMYECTBO NapaMeTpoB.

CALIBRATION OF VIDEO CAMERAS BY USE OF NEURAL NETWORKS AND GENETIC ALGORITHMS

N.P. Demenkov, M.Yu. Artuehof
Moscow State Technical University named after N.E. Bauman, Russia, Moscow
A possibility of calibration of video cameras by use of a RBF network with applying genetic algorithms of the haploid and diploid
types is demonstrated. Results obtained by use of the RBF networks have been being compared with other commonly used
methods of calibration of cameras. The investigations have shown that a neural network on real video frames implements the
process of removing aberrations of cameras somewhat better than even good experience methods accounting a large nhumber
of parameters.
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HEWPOCETEBASl CUCTEMA UAEHTU®UKALIUN COCTOSSHUS COEANHEHUSA «BAJ1-BTYJIKA »
NP ONEPATUBHOM YNPABJIEHUUN TEXHOJIOTMYECKUM NMPOLIECCOM
E.B. TecneHko, B.B. AHapeeB
Huyxeropoackuii rocyapCcTBeHHbIN TEXHUYECKU yHuBepcnteT uM. P.E. Anekceesa,

Poccusi, HuxHnii HoBropoa
CraTbs noceBslWeHa BonpocaM naeHTudurKaunmm CoOCToaHNS CoOeanHEHNM «Ban-BTyKa» M Bbibopa noca-
OOK C MOMOLLbI HepoceTeBbIX aAropMTMoB. Llenbio nccrnenoBaHus ABNSETCS NOCTPOEHME HelpoceTe-
BOM Mogenu, Kotopas no BXoAHbIM AaHHbIM (dakTopaM, BAUAIOWMM Ha obpa3oBaHMe HaTsra B coeau-
HEeHUN) naeHTnduunpoBana 6bl NpeaenbHble HaTArK, NoJsiydaemble B pe3ynbTaTe COoeaAWMHEHWI aeTa-
nen, n gnst HoBoro Habopa MCxXoaHbIX AaHHbIX AaBana 6bl CPpeAHKO KBaApaTUYECKYlo OWnbKy MeHee
1%. PaccMmoTpeHa 3agava naeHtudumkaumm coCTOSHUS COeanHEHUs C HATAaroM aeTtanen «Ban-BTysKa»
Mo 3MNMpPUYECKMM AaHHbIM, pellaeMas B npouecce obyyeHus HeMpoHHOW ceTun. lMpeanoxeHa Moaenb,
oTpaxkatowas CBsA3b Mexay dakTopamu, BAMSKOWMMKM Ha obpa3oBaHmMe HaTara B coeamHeHun (BXoAbl
MoZenu), n npeaenbHbIM HATArOM, a TakXXe NpeacTaB/ieHbl pe3yfbTaTbl UCCIef0BaHNUS.

A NEURAL NETWORK SYSTEM OF IDENTIFICATION OF A STATUS OF THE “SHAFT-BUSH” JOINT UNDER OPERATIVE CONTROL
OF A TECHNOLOGICAL PROCESS
E.V. Teslenko, V.V. Andreev
Nizhny Novgorod State Technology University named after. R.E. Alekseev, Russia, Nizhny Novgorod

The paper is devoted to issues of identification of statuses of the “shaft-bush” joint and selection of fits by use of neural net-
work algorithms. The aim of the study is constructing a neural network model that, by use of input data (factors influencing
arising a tightness in a joint) would identify extreme tightness obtained as a result of part joints, and, for a new set of initial
data, would provide the mean square error less being than 1%. A problem of identification of a joint with a tightness of “shaft-
bush” parts by use of empirical data is considered, solved in within the process of the neural network learning. A model, re-
flecting a connection between factors influencing the tightness appearance in the joint (model inputs) and an extreme tight-
ness, is obtained, as well as results of the study are presented.

505

NOBbILEHWUE POBACTHOCTU 3JIEKTPONPUBOAA C ®A30OBON CUHXPOHU3ALIMEN
METOAAMU HEUPO-HEYETKOIO YNPABJIEHUS
MN.M. lMoknag

UBaHOBCKMI rocyAapCTBEHHbIN SHEPrETUHECKNE yHUBEPCUTET uMeHn B.U. JleHnHa, Poccus, IBaHOBO

B ctaTbe npeanaraeTcs ucnonb3oBatb B UMDPOBOM CUCTEME ynpaBrieHus snekTponpusoaa fuzzy-
perynaTopbl ANs YBENUYEHUS CTEMNeHU YCTOMUYMBOCTU CUCTEMbl B 061acTM napamMeTpoB HEobXOoAUMbIX
ANa ONTUManNbHOro yrnpasfneHusa asuratenem. Ha 6ase npeanoxeHHblX GopM DYHKUUIA NPUHALANEXHO-
CTW cOpMMpPOBaHbI, NPOCTble N0 KOHMUrypaunn, HeyeTkne MHoXecTBa. [poBeaeHO MoaennpoBaHue
CUCTEMbI YMNpPaB/IEHNA C KJIACCMYECKMMW U HEeYeTKUMW perynatopamu. [na aHanam3a 4YacTOTHbIX
CBOWCTB 2/1€KTPONpMBOAA C HEYETKUM ynpasreHneM paspaboTaH cneumanbHbiii MOAYAb ANS BbliNoaHe-
HUS rapMOHUYeCKOW NIMHeapusauum obbekTa ynpasfeHUs Npu pasHbiX YacToTax U aMnanTygax BXOA-
HOro curHana. lNpepnoxeH onTuManbHbI MeToa Aedas3ndukaumm gnas ero annapaTtHoW peanvsauumn
Ha DSP-mMukpokoHTponnepax. MNokasaHbl pa3fiMyHble BapuaHTbl NOCTPOEHUS CTPYKTYp rMbpuaHbIX pe-
rynsaTopos.

INCREASING THE ROBUSTNESS OF AN ELECTRIC DRIVE WITH PHASE LOCKING BY USE OF METHODS OF THE NEURAL FUZZY
CONTROL
P.M. Poklad
Ivanovo State Power Engineering University named after V.I. Lenin, Russia, Ivanovo
The paper proposes using fuzzy-regulators in a digital control system in order to increase the degree of stability of the system
in the domain of parameters required for optimal control of the engine. Based on proposed shapes of the membership func-
tions, simple, in the configuration, fuzzy sets are formed. Simulation of the control system with classic and fuzzy regulators is
implemented. To analyze frequency properties of the electric drive with fuzzy control, a special module for the harmonic linear-
ization of the control plant under different frequencies and amplitudes of the input signal is developed. Optimal method of the
defuzzification for its implementation in DSP-microcontrollers is proposed. Different variants of constructing structures of hy-
brid regulators are shown.
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MAEHTUOUKALMA NMPOLIECCA YNJIOTHEHUSA ACOASIbTOBETOHHOU CMECU HA OCHOBE
HEYETKOW JIOMMKU
B.N. NBaHuypa, A.T. Npokonbes, M.H. 3aBbsanos
Cnbupcknii pegepasbHbivi yHuBepcntTeT, Poccusi, KpacHosipck
PaboTa nocesilleHa TeoOpeTUYECKUM N MPaKTUYECKMM 3ajadvyaM naeHTudukaumm npouecca ynaoTHeHUS
[OPOXHOrO MOKPbITUS HEXeCTKOro Turna Ans pa3paboTKu CUCTEMbl aBTOMaTUYECKOro YynpaBieHus.
PaccMmoTpeHa avHaMuuyeckas cucrtema BMOpaUMOHHOrO KaTtka C rmaponpusBoAoM. 3ajada pa3paboTku
UMUTALMOHHOM MOAEeNN CUCTEMbI aBTOMaATUYECKOro ynpasneHna sMbpaumMoHHOro KaTka paccMoTpeHa C
npuMmeHeHneMm nporpammbel MATLAB&Simulink. MpuBeaeHbl pesynbTaTbl UccnenoBaHusa. PaccmoTpeHa
cucTeMa aBTOMaTMYeCcKOoro yrnpasieHUs AOPOXHOro KaTka, NMOCTPOEHHAs Ha OCHOBE HeyeTKOW SI0rmKu
C Y4eTOM NnapaMeTpuyecKon HeornpeaeneHHoCTU npouecca ynaoTHEHUS.

IDENTIFICATION OF THE PROCESS OF COMPACTION OF THE ASPHALTIC CONCRETE MIXTURE BASED ON THE FUZZY LOGIC
V.I. Ivanchura, A.P. Prokopiev, M.N. Zavyalov
Siberian Federal University, Russia, Krasnoyarsk
The paper is devoted to theoretical and practical problems of the identification of the process of the flexible pavement compac-
tion for developing an automatic control system. A dynamic model of the vibrating roller with a hydro drive is considered. The
problem of developing a simulation model of the vibration roller is considered by use of the MATLAB&Simulink application. Re-
sults of the study are presented. An automatic control system of a road roller is considered, built on the basis of the fuzzy logic
under accounting the parametric uncertainty of the compaction process.

CNEAALWAA CUCTEMA ABTOMATUYECKOTIO YINMPABJIEHUA NPOLIECCOM YK/TIAAKMU
ACOAJIbTOBETOHHOW CMECU HA OCHOBE HEYETKOWM JIOFTMKMN
A.T. MNMpokonbes, P.T. EMenbsAHOB
Cnbupckunii pegepasbHbiii yHuBepcnteT, Poccus, KpacHosipck
PaboTa nocaslleHa TeopeTUYeCcKMM 1 NpuKNaaHbiM 3ajadvyaM aBTOMaTUYECKOro yrnpasieHUs npoLeccom
YKIaAKN OOPOXHOrO MOKPbLITUS HEXeCTKOro Tuna. PaccMoTpeHa AnHamun4deckas cuctema pabouero op-
raHa acdanbToyknagymka C ruaponpumeogoM. MMmTaumoHHas Mopeslb CUCTeMbl aBTOMaTU4ecKoro
ynpasneHns pabounMm opraHom acdanbToyknagumka paccMoTpeHa C MpUMEHEHWEM MporpaMmbl
MATLAB&Simulink. TMpueeaeHbl pe3ynbTaTtbl uccnenoBaHus. PaccmoTpeHa apanTuBHAs cucTeMa

B ynpaB/ieHNS HEJIMHENHbIM ANHAMUUYECKMM O06BbEKTOM, Ha NMpuMMepe MOoACUCTEMbI yrnpaBneHuns pabounm
in OpraHom acq)aanoyKna,quKa, C y4eToOM ANHaAMUKM nNpoueccoB B rmgponpueoae.

A TRACING SYSTEM OF THE AUTOMATIC CONTROL OF THE PROCESS OF LAYING THE ASPHALTIC CONCRETE MIXTURE BASED

ON THE FUZZzY LOGIC
A.P. Prokokiev, R.T. Emelianov
Siberian Federal University, Russia, Krasnoyarsk

The paper is devoted to theoretical and applied problems of automatic control of the process laying and compacting a flexible

pavement. A dynamic system of the operating element with a hydraulic actuator of an asphalt paver is considered. The prob-

lem of development of a simulation model of the automatic control system of the operating element of the asphalt paper is

considered by use of the MATLAB&Simulink application. Results of the investigation are presented. A method of modeling

adaptive control systems of nonlinear dynamic plants is considered by use of en example of the asphalt paver compacting sys-

tem under accounting the hydraulic actuator process dynamics.

MAEHTUOUKALUUNA MHTENNIEKTYAJIbHOU CUCTEMbI YNPABJIEHUA METOAOM
JIOFMYECKOIO CETEBOIO ONEPATOPA
A.N. IneeeB
BbruncniutenbHbivi UeHTPp uM. A.A. opoanunibiHa PAH, Poccusi, MockBa
E.A. CodbpoHoBa
Poccuiicknit yHuBepcuTeT Apy»6bl Hapoaos, Poccus, MockBa

PaccMoTpeHa 3agada ngeHTndurkKaunum MHTeNeKTyaabHOW CMCTeMbl ynpaBneHums. 3a4ada 3aKi4aeTcs
8 B HaXoXXAeHuun NOrnyecKomn dJYHKLI,MM no 3aLI,aHHOﬁ Ta6m/|u,e UCTUHHOCTU. loKa3aHo peweHne 3aaayun
n

Ha OCHOBE MeTo4da CETEBOIO onepartopa.

IDENTIFICATION OF AN INTELLIGENT SYSTEM BY USE OF THE LOGIC NETWORK OPERATOR METHOD
A.N. InseeB
A.A. Dorodnistyn Computation Center of the Russian Academy of Sciences, Russia, Moscow
E.A. CodpoHoBa
People’s Friendship University of Russia, Russia, Moscow
A problem of identification of an intelligent control system is considered. The problem is to find a logic function in accordance
to a given truth table. Solving the problem is shown based on the network operator method.
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METOA MOAEHTUO®UKALIMMN NAPAMETPOB MOZEJ/IN NAPAJIJIEJIbHOU NPOrPAMMbLI B
PAMKAX 3AA4YU PACMAPAJIIE/IUBAIOLLEN TPAHCNSILUN LIUKJIOB /151 APXUTEKTYPbI
NVIDIA CUDA
A.A. HoBokpelleHoB
Hwxxeropoackmii rocy4apCTBEHHbIVI TEXHUYECKUI yHUBEPCUTET uM. P.E. AnekceeBa,

Poccus, HmxHuii Hosropog
MNpennaraetcs MeTon waeHTUdMKAUMW NapamMeTpoB MOAENW napanfenbHOn nporpammbl B pamkax
3ajayn  pacnapanfienuearollen TpaHCAaUMWM  NociefoBaTesSibHbIX UMKNOB  ANs  napajienbHoMn
apxutektypbl NVIDIA CUDA. MeTtoa nNpuvMeHMM [Af19 Kfacca nporpaMmM, coaepXawmx UWMKbl C
adPUHHBbIMK rpaHnuamm n addrHHBIMKM obpalleHaMM K AaHHbIM. [peanaraeTcs MeToa onpeaeneHns
pasMepHOCTM MNpPOCTpaHCTBa MOTOKOB, B paMKax KOTOPbIX BbIMOMHAETCS napannenbHas dQopma
WCXOAHOM BNIOXEHHOCTN LUMKNOB. Takxe, npeanaraetca Metoa onpeaeneHus 3h@eKTUBHON CTPYKTYpPbI

peLeTKN NOTOKOB AN 3anycka napasnaenbHON nNporpaMmmbi.

A METHOD OF PARAMETER IDENTIFICATION OF A MODEL OF A PARALLEL PROGRAM CODE WITHIN THE PROBLEM OF
PARALLELIZING TRANSLATION OF CYCLES FOR THE NVIDIA CUDA ARCHITECTURE
A.A. Novokreshchenov
Nizhny Novgorod State Technical University named after R.E. Alekseev, Russia, Nizhny Novgorod

A method of parameter identification of a model of a parallel program code within the problem of the parallelizing translation of
successive cycles for the parallel NVIDIA CUDA architecture is proposed. The method is applicable for a class of program codes
containing cycles with affine bounds and affine data call. A method of determining the dimension of the flow spase is proposed,
within which the parallel form of initial nesting of cycles is executed. Also, a method of determining an effective structure of
the flow lattice for launching a parallel program code is proposed.

510

MOJEJ/INPOBAHMWE BbIYUCJ/IUTE/IbHON CUCTEMbI C MOTOKOM BUAA T-SPEC C
U3MEHEHVUEM MACLUTABA NOTOKA
B.l". lNpombicnos
UHCTUTYT npobsiem yripasneHust uM. B.A. Tpane3znmnkoBa PAH, Poccusi, MockBa
AHaNM3npyTCA BOMPOChbI MOAEMPOBAHMS U pacyeTa BblYUCINTENbHbIX pacrnpefeneHHbiX cmcteM. Ans
MoaenupoBaHus ucnonb3dyetca Metoa “Network calculus”, 6a3sumpywwmnnca Ha MUHU(MaKCKU)-NAOC
anrebpe. OCHOBHOE BHMMaHWE yAesieHO BblYMCAUTENbHBIM CUCTEMAM C NEpPEMEHHbIM MOTOKOM AaHHbIX
Mexay KoMmmnoHeHTamu. [peanoxeHo Kucnonb3oBaTb 0606weHHOe npeobpa3oBaHue JlexaHapa Ans
pacyeTa KOHBepTa BbIXOAHOIrO NoTOKa cucTeMbl. MNpuBeaeH npumep MOAENNPOBAHUSA BblUMCIINTENBHOM
CUCTEMbI C CYMMUPOBAHMEM ABYX MOTOKOB, A€ OCHOBHOW NMOTOK nmeeTt Bug T-SPEC.

MODELING A COMPUTING SYSTEM WITH THE RATE OF THE T-SPEC FORM WITH VARYING THE RATE SCALE
V.G. Promyslov
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
Issues of modeling distributed computing systems are analyzed. To model, the method of network calculus is used, based on
the mini(maxi)-plus algebra. The basic attention is paid to computing systems with the variable bit rate between (VBR)
components. The generalized Legendre transform is proposed to use to calculate the envelope of the output system rate. An
example of modeling a computing system with summation of two rates, when of the main rate the T-SPEC form.
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ABTOMATUYECKMWN CUHTE3 TOMOJIOMMN BbIYUCJIUTE/IbHOIO AAPA BCTPAUBAEMbIX
CUCTEM
B.A. lNoauykaes

CapatoBCKkui rocyaapCTBEHHbIV arpapHbii yHuBepcutetT nmeHn H.W. Basunosa, Poccusi, CapaTtos
CTtaTbs nMocBsAWEHa pa3BUTUIO TEOPUWN aAaNTUBHbBIX BblYNUCAEHU (MW BbIYMCNEHWIA, MPU KOTOPbIX amn-
napaTHas apxuMTekTypa BbIUMCAUTENS MNOACTpPaMBaEeTCs Mnoh CTPYKTypy (TOMOsormnio) 3agaHHOro Bbi-
YNCINTENbHOro npouecca). B cratbe nNpeanaraercsa MaTeMaTMyeckasl MoAeslb BblUMCIUTENBHOINO Npo-
Lecca n ee matemMatnyeckun obpas, 3agatoWnin ABYMEPHYIO TOMOMOMMIO BblYMCAUTENbHOrO sapa. Ans
pacnapannenuBaHms BbIYUCIEHNIA B UCXOAHOM TOMONOrMW MPeasOXXEeH WHTENNeKTyanbHbI anropuTtM
pacno3HaBaHMs o0bpa3oB MaTeMaTudeckux ¢opMys, anpobupoBaHHbIA Ha knacce anrebpanyeckmx
dopmyn n 6AM3KMX K HUM. B cTaTbe noctaBneHa 3agava pedqeKCMBHONM CEMAHTUKKM MO 3aMeHe Moge-
el MaTeMaTMYeCcKnx onepauun MoaensiMm TeXHUYEeCKOW peanusaumm 3TUX onepauun, U npuBeneHbl
BO3MOXHbl€ pelleHMs 3TOM 3aj4aun Ans cny4vaeB rpadmueckoro npeacraB/ieHns TeXHUYECKon peanu-
3aumMn MaTteMaTuyeckux onepaumi, ux npeacrasneHus dparMeHTamMum NpOrpaMMHOrO Koda, a Takxe
o6cyXaeHa BO3MOXHOCTb TEXHMYECKON peannsaumu npyu atToMapHO-MOJIEKYISIPHOM NpeacCTaB/IeHUN.

AUTOMATIC SYNTHESIS OF THE TOPOLOGY OF A COMPUTING KERNEL OF EMBEDDED SYSTEMS
V.A. Podchukaev
Saratov State Agriculture University named after N.I. Vavilov, Russia, Saratov

The paper is devoted to development of the theory of adaptive computations (or, computations under which the hardware ar-
chitecture is adapt to the structure (topology) of a given computing process). In the paper, a mathematical model of a compu-
ting process and its mathematical pattern are proposed, setting a two-dimensional topology of a computing kernel. To parallel-
ize computations in the initial topology, an intelligent algorithm of recognition of patterns of mathematical formulas is pro-
posed, verified on the class of algebraic formulas and formulas being close to them. In the paper, a problem of reflexive se-
mantics on substitution of models of mathematical operations with models of hardware implementation of these operations is
stated, and possible solutions of this problems for cases of graphical representation of hardware implementation of mathemati-
cal operations, their representation with fragments of a software code are presented, as well as a possibility of hardware im-
plementation under the atomic-molecular representation is discussed.

512

AOANTUBHAA KOMNMUIAUNA B KOHTEKCTE KOHTPOJIMPYEMOI'O BbINMOJIHEHUA

B.A. lNanateHko, H.U. BbtokoBa, K.A. KocTioxuH, H.B. LLMbipeB
HayuHo-uccnenoBaTe/ibCKuit MUHCTUTYT CUCTEMHbIX nccregoBaHuii PAH, Poccusi, MockBa
B noknage paccmatpmBaloTCa MeTOAbl, Hanpas/ieHHble Ha afanTUBHOE BbIMOJIHEHUE ONMTUMU3UPYIOLWMX
npeobpasoBaHnin C y4ETOM AaHHbIX NPOdMAMPOBAHNA O YacTOTe BbINMOJIHEHUS YYaCTKOB KoAa M O 3Ha-
YEHUAX, MPUHMMAEMBbIX MPOrpaMMHbLIMU MepeMeHHbIMU. PacCMOTpeHbl NpUMepbl U pe3ynbTaTbl NpuMe-
HEHUS OMTUMM3AUUNA N0 NPOMUIK B KOMOUASATOPE, @ TaKXe pasfiMyHble Noaxoabl, UCMNOoJib3yeMble B
APYrnX MPOMBbIWNEHHbBIX N 3KCNEPUMEHTAsNIbHbIX KOMMOUAATOpPax, B 4YacTHOCTU, B KOMNUAATOpax Ans
BCTPOEHHbIX CUCTEM.

ADAPTIVE COMPILATION IN THE CONTEXT OF MONITORED EXECUTION
V.A. Galatenko, N.I. Viukova, K.A. Kopstyukhin, N.V. Shmyrev
Scientific and Research Institute of Systems Research of the Russian Academy of Sciences,
Russia, Moscow
In the paper, methods oriented to adaptive execution of optimizing transformation under accounting data of profiling on the
frequency of execution of parts of a code and on values taken by software code variables are considered. Examples and results
of applying optimizations on the profile in compiler, as well as different approaches used in other industrial and experimental
compilers, particularly, in compilers for in-built systems, are considered.

1 ¢deBpann, cpena / February 1, Wednesday
15-00 - 18-30

CTpyKTypHas y napaMmerpumyeckans naeHtudbdunkayumm I1
Structure and Parameter Identifications II
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NAEHTU®UKALMOHHbIN NoAXoA K NOCTPOEHUIO CUCTEM YNPABJIEHUSA
OAVNCKPETHbIMU OBBEKTAMM C OFTPAHUYEHHOIN HEOMNMPEAENTIEHHOCTbIO
A.J1. ByHwny
UHCTUTYT npobnaem yrnpasaeHus nM. B.A. Tpane3zHnkosa PAH, Poccusi, MockBa

MpuBeneH 0630p OCHOBHbIX HAaMpPaB/IEHMN TeOpMU afanTUBHbBIX CUCTEM ynpaBfieHus C uaeHTudunkaTo-
poM B Lenu obpaTHOM CBSA3M AN OUCKPETHbIX 06bEKTOB C OrpaHM4YeHHOWN HeonpeaeneHHocTbto. Oc-
HOBHOE BHMWMaHWe yAesieHO CBSA3WM MpenesbHbIX BO3MOXHOCTEM TaKMX CUCTEM B CMbiCNe 3aAaHHOro
KpUTEPUS CTOMMOCTW yNpaBieHna U CneKTpasibHbIM COCTAaBOM BO3MYLLUEHUN.

THE IDENTIFICATION APPROACH TO CONTROL SYSTEMS OF DISCRETE-TIME PLANTS WITH A BOUNDED UNCERTAINTY
A.J1. ByHny
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
A survey of main directions in the theory of adaptive systems with an identifier in the feed-back loop is presented for discrete-
time plants with a bounded uncertainty. The main attention is paid to connection of limit abilities of such systems in the sense
of a set control cost criterion and spectral make-up of disturbances.

602

M-OLEHKW KO3®PULIMEHTOB AIBYMEPHOU ABTOPEMPECCUM
B.B. NopsaunHos
MockoBCKunit rocy4apTCTBEHHbIN TEXHUYECKNI yHMBEpcuTeT nm. H.3. baymaHa, Poccmnsi, MockBa
OnpeneneHbl M-oueHkM KO3 PUUMEHTOB ABYMEPHOr0 aBTOperpeccnmoHHoro nons nopsaka (1,1) Ha
NMJIOCKOWN MPSMOYrofIbHOW pelleTke, AoKa3aHa MX acMMNATOTMYecKas HOpManbHOCTb. M3yyeHbl pobacT-
Hble cBOMCTBa M-OLEHOK.

M-ESTIMATES OF BIVARIATE AUTOREGRESSION
V.B. Goryainov
Moscow State Technical University named after N.E. Bauman, Russia, Moscow
M-estimates of coefficients of the bivariate autoregression field of the order (1,1) at a plane rectangular lattice are determined,
their asymptotic Gaussian property is proven. Robust properties of M-estimates are studied.

603

MAEHTUOUKALIMA MAPAMETPOB MHOIFOMEPHbIX MO BXOAY HETMHEWUHbBIX
AVWHAMUYECKUX CUCTEM NPU HAJTUMUU NOMEX B BbIXOOAHOM CUTHANE
B.E. Manuenko, O.A. Kautoba
Camapckuii rocy1apCTBEHHbIN YHUBEPCUTET ryTer coobujeHus, Poccusi, Camapa

B cTtaTbe paccMmaTpuBaeTcs npobneMa napamMeTpuyeckor naeHTuduKaumMm MHOrOMEPHbIX MO BXOAY He-
JIMHEMHbIX AWHAMUYECKNX CUCTEM MPU HaNMUYMM NOMEX B BbIXOAHbIX CUrHanax. CTaHOapTHbIA MeToq
HanMeHbLUNX KBAAPaTOB B YC/I0BUSIX arnpuUOpPHOM HeornpeaesneHHOCTM (HeM3BeCTeH 3aKOH pacrnpegere-
HUS MoMex HabntoAeHMN) He NO3BOMISIET MOJlydYaTb CTPOr0 COCTOSATE bHbIE OLEHKM NapaMeTpoB. [pea-
NlaraeTcs HeNMHENHbIA MeTo4 HaMMeHbLUMX KBaApaTOB, AOKa3biBAeTCs CTporas COCTOSTE/IbHOCTb MO-
JIYYaeMbIX OLIEHOK.

PARAMETER IDENTIFICATION IN MULTI-INPUT NONLINEAR DYNAMIC SYSTEMS WITH OUTPUT SIGNAL DISTURBANCES
V.E. Papchenko, O.A. Katsuba
Samara State Railway University, Russia, Samara
The paper considers the problem of parameter identification of multi-input nonlinear dynamic systems under disturbances cor-
rupting the output signals. The standard least mean squares method under conditions of a priori uncertainty (the distribution
law of the disturbances is not known) does not permit to obtain strongly consistent estimates of the parameters. A nonlinear
least mean squares method is proposed, the strong consistency of obtained estimates is proven.

604

MATEMATUYECKUE MOAEJIN W METOA4bl, OCHOBAHHbIE HA COBMECTHOM
MCNOJZIb30BAHUN NAEW METOAOB «I'YCEHULIA»-SSA N BOKCA-I)KEHKNHCA
B.H. WenkanunH

XapbKOBCKWI HaLNOHAaJIbHbINA YHUBEPCUTET paano3/1EKTPOHUKN, YKpanHa, XapbKoB
B naHHOM cTaTbe npeacTtaBnseTcss 0630p CTpeEMUTENIbHO pa3BMBAKOLLNXCSA B NMOCNeAHEEe BpeMS aBTOPOM
B pas/IMyHbIX OTPAC/AX HAayYKU U TEXHUKN COBPEMEHHbIX MaTeMaTU4YeCKMX Moaenein pasiMyHoro ypoB-
HS OMMCaHUS MPOLLECCOB M C/IOXHOCTM M METOAbl UX CTPYKTYPHOW MAEHTUdMKALUMKU, OCHOBAHHLIX Ha
COBMECTHOM MCMONb30BaHMKN naen metoga «FyceHmua»-SSA n metoga bokca-xeHkuHca. MNMpegnarae-
Mble aBTOPOM MoOAenn SBNAKOTCA MNPUOPUTETHBIMU  Ha  CErogHsIWHWIA OeHb BEPOSATHOCTHO-
AOEeTEPMUHNUPOBAHHBLIMWN AEKOMMO3ULMOHHLIMW MOAENAMMU.

MATHEMATICAL MODELS AND METHODS BASED ON JOINT APPLYING IDEAS OF THE “"CATERPILLAR"-SSA AND BOX-JENKINS
METHODS
V.N. Shchelkalin
Kharkov National University of Radioelectronics, Ukraine, Kharkov
In the present paper, a survey of advanced models of different levels of the description and complexity, intensively developed
by the author during the last time within different branches of the science and engineering, and methods of their structure
identification, based on joint applying ideas of the “Caterpillar’-SSA and Box-Jenkins methods, are presented. The models,
proposed by the author, are priority, at present time, probabilistic-deterministic decomposition models.
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NOCTPOEHME CEKTOPHOIO YCJ/IOBUSl B CUCTEME CTPYKTYPHOWN UAEHTUDUKALIUMN
HEJTMHEWHbIX CTATUYECKUX OB BEKTOB
H.H. KapabyToB
MockoBCKkni rocy4apCTBEHHbIN MHCTUTYT PaANOTEXHNKM, S/IEKTPOHUKN M aBToMaTmnku, Poccusi, MockBa
MpeanoxeH MeToA MOCTPOEHUSI CEKTOPHOMO YCNOBUS B CUCTEMaxX MAEHTUMOUKAUNM HENMHENHbIX CTaTU-
yecknx obbeKToB AN psaa Hambosiee 4acTo NPUMEHSIEMbIX HennHenHocTen. CeKTop CTpOUTCS B cre-
LManbHOM MPOCTPAHCTBE, Ha KOTOPOM 3ajaHa CTaTMdeckas CTPyKTypa, OTpaxatollasi CBOMCTBA Henu-
HEeNHOM cucTeMbl naeHTudmnkaumn. BeegeH KoadpdOULUNEHT KOrepeHTHOCTU, Ha OCHOBE KOTOPOro mnpu-
HUMAETCH pelleHne O NPUHAANEXHOCTU pacCMaTPUBAEMON HENTMHEMHOCTN CEKTOPY.

CONSTRUCTING A SECTOR CONDITION IN A SYSTEM OF THE STRUCTURE IDENTIFICATION OF NONLINEAR STATIC PLANTS
N.N. Karabutov
Moscow State Institute of Radioengineering, Electronics, and Automatics, Russia, Moscow
A method of constructing a sector condition in systems of identification of nonlinear static plants for a number of most fre-
quently used nonlinearities is proposed. The sector is built in a special space, on which a static structure is given, reflecting
properties of nonlinear identification system. A coherence coefficient is introduced, based on which the decision on belonging a
considered nonlinearity to the sector is made.

606

CTPYKTYPHAS1 VAEHTUO®UKALUSA LLEJIEBON ®YHKLIUN B 3AJA4YAX BbIBOPA
MHOIONAPAMETPUYECKUX OB BEKTOB
B.B. lNaBenbes
UHCTUTYT npobnaem yrnpasaeHns nM. B.A. Tpane3zHnkosa PAH, Poccusi, MockBa

B pabote npeacraBneH noaxoa K opManunsaunm rnpeacrtaBneHmss 3HaHUM 3KCNEepPTOB NpU CTPYKTYPHOWN
MAEHTUPUKAUNM LeneBon (PYHKUUN B CUCTEME MOAAEPXKU MPUHATUS pelleHui. [aHbl onpeaeneHus
MOHATMSAM MHQOPMaLUWN, AAHHbIX, 3HAHWI B KOHTEKCTEe 3afayd KOMMJIEKCHOro OLEHMBAHUSA U LeneHa-
npasneHHoOro Bbibopa MHoronapameTpmyecknx obbLekToB. B OCHOBY nmoaxoAa K MOCTPOEHWUIKD CTPYKTY-
pbl KpUTEPUEB KOMMIEKCHOIO OLEHUBAHUSA MOJIOXEH MPUHLUNIM AMXOTOMUYECKON KOHKpeTU3auum un ge-
TanuMsaunm 3agaHHon GopMynnpoBKU uenun. Llenblo SBNseTcs pelleHne KOHKpeTHOoM npobnembl ¢ uc-
MoJIb30BaHWEM CUCTEMbI MOAAEPXKKN MPUHATUSA pelleHni. MNMpuBeaeH anropMtM KOMMAEKCHOro OLeHU-
BaHWA M LefieHanpaB/ieHHOro Bbibopa BapMaHTOB CpeACcTB AOCTUXEHUS MOCTaBNEHHOM Lenn, paccMar-
pvBaeMbIX Kak MHoronapameTpuyeckme o6bekTbl. Pelwatowee npaBuiio KOMMIEKCHOrNO OLEeHMBaHUSA
dopMumpyeTca NyTeEM WCMOAb30BaHUSA MaTpul NocnefoBaTeNlbHOM NOrMYEeCcKON CBEPTKU 3SKCMepTHbIX
OLEHOK NapaMeTpoB 06bekTOB Bbibopa.

STRUCTURE IDENTIFICATION OF THE GOAL FUNCTION IN PROBLEMS OF SELECTION OF MULTIPARAMETER PLANTS
V.V. Pavelyev
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow

The paper presents an approach to formalization of expert knowledge representation under structure identification of the goal
function in a decision making support system. Definitions for notions of information, data, knowledge within the context of
complex evaluation and purposeful selection of multiparameter plants are given. The basis of the approach to deriving a struc-
ture of complex evaluation criteria is the principle of the dichotomous concretization and detailing of a set purpose formulation.
The purpose is a solution of a specific problem by use of a decision support system. An algorithm of complex evaluation and
purposeful selection of variants of tools of achieving the set purpose, considered as multiparameter plants, is presented. The
decision rule of the complex evaluation is formed by use of matrices of the subsequent logic convolution of expert estimates of
the parameters of the object o the selection.
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NPUHATUE UHANBUAYANDbHbIX PELULEHWUN B YCJIOBUAX HAPACTAHUS KOFEPEHTHOCTHU
MOBEAEHNA YYACTHUKOB
.. ropsuy
UHCTUTYT npobnem ynpasieHus uM. B.A. Tpane3Hnkosa PAH, Poccusi, MockBa
PaccMmaTpmBaloTCs HEKOTOpblE acnekTbl MHAMBUAYaNbHOrO BbibOpa akTopa B MOoAensx counanbHoOu ce-
TW, ONUCLIBAIOLLEN N3MEHEHNS B NOBEAEHUN BCe 60/1ee MHOMOYNCEHHbIX YY4aCTHMKOB.

INDIVIDUAL DECISION MAKING UNDER INCREASING OF THE COHERENCE OF THE BEHAVIOR OF PARTICIPANTS
G.G. Gorvits
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
Some issues of the individual choice of an actor in models of the social network are considered, describing changes in the be-
havior of increasingly large number of participants.
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KOHLUENUNA HAYYHOIO NPOEKTUPOBAHUNA MH)XEHEPHOIO MOAEJINPOBAHUNA ANA
CJZIABO U3YYEHHbIX OBBEKTOB YNPABJIEHUS: HOBbI NOAXOA K NMPOBJIEMAM
CTPYKTYPHON UAEHTUDUKALIUN
K.C. N'mHcbepr
UHCTUTYT npobsiem yripasneHust uM. B.A. Tpane3sxnmnkoBa PAH, Poccusi, MockBa
N3naraertcsa KOHUENUMS NPOEKTHOM Hay4YHOW AeATEeNbHOCTU MO CO34aHWUKD CUCTEMHO OpPraHW30BaHHbIX
Hay4HbIX OCHOB MHXXEHEepHOro mMozenupoBaHumsa ansa cnabo mayuveHHblX 06bekTOB ynpaBneHus. KoH-
Lenuus CoAEepXWUT: OMnuMcCaHue MpeanocblSIOK BO3HMKHOBEHMS MPO6SiEeMbl MHXEHEPHOro MOAEeNMpoBa-
Hus; obwune HopMaTMBHbIE NpeacTaB/ieHns 06 MHXEHEPHOM MOAE/IMPOBAHUM U CTPYKTYPHOW WAEHTU-
duvKaumm; uccnepoBaTesibCKyd MNporpaMMmy pa3paboTKM HayuHbIX OCHOB CTPYKTYPHOM uaeHTUdUKa-
umMn. NHXXeHepHbIM MOAENMPOBAHMEM Ha3biBAE€TCS MPOLIECC OTbICKaHWS pa3paboTyMKOM afanTUBHOM
cuctembl ¢ naeHtudmkatopom (ACU) uHXeHepHON napamMeTpuyeckoir mogenu obbekTta ynpasrieHus,
T.€. MaTeMaTU4YeCKON MOoAeNN, KOTopasi BXOAUT B COCTaB UCXOAHbIX AAHHbIX, MCMOJSIb3YEMbIX MPU pa3-
paboTke OKOH4YaTeNbHOro MaTeMaTuyeckoro onmcaHms ACU, BBOAMMOW B MOCTOSIHHYH 3KCrJlyaTaumio.
CTpykTypHast naeHtTudumKaums paccMaTpmMBaETCsa KaK CUCTEMHbI 06bekT u 6a30Bblil Npouecc nHxe-
HEpPHOro MoaenupoBaHus. lNpeanaraeTcs HOBbIA NOAXOA K MOCTAaHOBKE M pelleHuto npobniem CTpyk-

TYPHON naeHTUdmnKaunm.

A CONCEPTION OF SCIENTIFIC DESIGN OF ENGINEERING MODELING FOR MILDLY STUDIED CONTROL PLANTS: A NEW
APPROACH TO STRUCTURE IDENTIFICATION PROBLEMS
K.S. Ginsberg
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
A conception of scientific activity on creating of systematically organized scientific grounds of engineering modeling for mildly
studied control plants is presented. The conception contains: description of premises of arising the problem of the engineering
modeling; general normative notions on the engineering modeling and structure identification; research program on develop-
ment of the scientific foundations of the structure identification. The engineering modeling is referred as a process of search by
a developer of an adaptive system with the identifier (ASI) of an engineering parametric model of a control plant, i.e. a math-
ematical model that is involved into the make-up of initial data utilized under developing a final mathematical description of an
ASI putted in operation. The structure identification is considered as a system object and a basis process of the engineering
modeling. A new approach to the statement and solution of structure identification problem is proposed.
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ApanTuBHbIe U po6acTHble CUCTEMDI

Adaptive and Robust Systems
OLIEHKA NOJIOXXEHNA POBACTHO MHBAPUAHTHbIX KOMMNMAKTOB ANCKPETHbIX CUCTEM C
BO3MYLWEHUEM
A.H. KanaTtHukos, A.l. KpuiieHko
MoCKOBCKMit rocy4apCTBEHHbIN TEXHUYECKMI yHnBEpCUTET M. H.3. baymaHa, Poccnsi, MockBa

PazpaboTaH MeToA NOCTPOEHUS MHOXECTB B (pa30BOM MPOCTPaHCTBE AUCKPETHOM CUCTEMbI C BO3MYLLLe-
HUeM, cogepxawmnx Bce (NONOXMTENbHO, OTpuUATeNbHO) pobacTHO MHBApMAHTHbIE KOMMAKTbl 3TOWM
cuctembl. Takme MHOXeCTBa Ha3blBAlOTCA NOKaNM3MpylowmnmMm. MonyyeHol HeobxoanmMbie U AOCTaToO4-
Hbleé YCNOBUS CYLLEeCTBOBaHUSA Y AUCKPETHOM CUCTEMbl C BO3MYLIEHWEM MaKCUManbHOro (MOMoXUTenb-
HO, OTpMUATeNbHO) pobacTHO MHBAPMAHTHOrO KoMnakTa. [poaHann3MpoBaHa HeonpeaesieHHas cucre-
Ma XeHOoHa, Y KOTOpPOM OAMH M3 NapaMeTpoB MMeeT HeornpeaeneHHoe, MeHsloleecss BO BpeEMEHWN 3Ha-
yeHue.

ESTIMATION OF LOCATION OF ROBUST INVARIANT COMPACTS OF DISCRETE-TIME SYSTEMS WITH A DISTURBANCE
A.N. Kanatnikov, A.P. Krishchenko
Moscow State Technical University named after N.E. Bauman, Russia, Moscow
A method of constructing sets in the phase space of a discrete-time system with a disturbance is developed, containing all
(positively, negatively) robust invariant compacts of this system. Such sets are referred as localizing. Necessary and sufficient
conditions of existence of a maximal (positive, negative) robust invariant compact for a discrete-time system with a disturb-
ance are obtained. Uncertain Hennon system is analyzed, in which one of the parameters has uncertain, time-varying value.
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KOMMEHCALIMS1 BO3MYLLEHMW NMPU POBACTHOM YMNPABJIEHUN OB BEKTOM C
3ANA34bIBAHUEM MO COCTOAHUIO MPU HAJTUYNUN NOMEX USMEPEHUSA
E.A. Napwesa, M.B. 3anuesa

ACTpaxaHCKuii rocyapCTBEHHbIN TEXHUYECKUI YHUBEPCUTET, Poccusi, ACTpaxaHb
PewaeTtcs 3agaya NoCcTpoeHnst pobacTHOM CUCTEMbI YNpaBfiEHUS JIMHENWHbIM CTaUMOHApPHbIM 0H6BHEKTOM
C 3ana3fgbiBaHWEM MO COCTOSHWIO, KOTOpash MO3BONSET CKOMMEHCMPOBATb BO3MYLUEHUS U MOMEXMU.
ObocHoBaHa paboTOCNOCOBHOCTL CUCTEMbI YNpaBaeHUs Npyu AEACTBUM Ha O6beKT He M3MepsieMbiX He-
OrpaHMYEeHHbIX BO3MYLLEHMA Ha BXO4E M OrpaHWYEHHbIX BO3MYLLEHMA Ha Bbixoge. OCHOBHbIE pe3y/ib-
TaTbl NOAYYEHbl C UCNOb30BAHNEM TEXHOSIOMTMM KOHCTPYKTMBHOMO BJIOXEHUS CUCTEM M MeToAa BCro-
MoraTefibHOro KoHTypa. [MpuBoANTCA MANOCTPUPYIOWMUIA NMPUMEP U pe3ysibTaTbl KOMMbIOTEPHOIO Moae-
IMpoBaHus.

COMPENSATION OF DISTURBANCES UNDER ROBUST CONTROL OF A STATE-DELAY PLANT UNDER MEASUREMENT
DISTURBANCES
E.A. Parsheva, M.V. Zaytseva
Astrakhan State Technical University, Russia, Astrakhan

A problem of constructing a robust control system of a linear time-invariant state-delay plant, that enables one to compensate
disturbances and noises is solved. Operability of the control under disturbing the plant by immeasurable unbounded disturb-
ances at the input and bounded disturbances at the output is justified. Main results are obtained by use of the technology of
the constructive systems embedding and by use of the auxiliary loop method. An illustrating example and results of computer
simulation are presented.
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AHAJINTUYECKUWA CUHTE3 POBACTHOWU CUCTEMbI YINPABJIEHNSI MHOIOCBSAI3HbIM
OB bEKTOM C KOMNEHCALMEA BO3MYLLEHUN
A.3. AcaHos, WN.3. AxmeT3saHos, O.H. eMbsHOB
Qunnan KazaHckoro (lpusBosmkckoro) peaepasibHoro yHuBepcuteTa B r. HabepexHbie YesHsbl,
Poccusi, HabepexxHbie HesnHbl

Mpeanaraetcs HOBbIM MNOAXOA K MOCTPOEHWUKD CUCTEMbI YMpaBfeHUS MHOMOCBSA3HbIM AWHAMUYECKUM
06bEKTOM C KOMNEHCAaLUMeNn BO3MYLLAOLWMX BO3AENCTBUI. PaspabaTbiBaeMas cuctemMa BKJItOYaET B cebs
acTaTuyeckmii HabnaaTenb COCTOSHUSA U HEM3MEPSAEMbIX BHELUHUX BO3MYLUEHUA C 3a4aHHOM AMHAMMU-
KOM nmpouecca OUueHUBaHUs, perynsatop n npegkomneHcaTop. CucremMa no3BonsieT B 3a@aHHON CTENEHMU
KOMMEHCUpPOBaTb BAUSIHWE HEU3MEPSIEMbIX BO3MYLUEHUI M obecreymBaTb Xenaemyl AMHAMUKY MNpo-
LeccoB ynpasneHus. Ona obecrnedyeHnss pobaCTHOCTM MOJIYYAEMOrO pPELIEHUS Ha HayalbHOM 3Tane
ocywecTsaseTca Bbibop mMaTpuubl HabnwageHun, obecneunmBarOWnMn MUHUMANbHO-(A30BOCTb 0b6bekTa
WU, CNeaoBaTesibHO, €ro BHYTPEHHIOK YCTOMUYMBOCTb. [Mofly4YeHbl YCNOBUS Pa3peLlinMoCcTh 3adadun CUH-
Te3a, a TakXe COOTHOLWEHMS, onpeaensowme NosiHOE MHOXECTBO PELUEHUN B aHanMTudeckon dopme.
[Ons peweHns 3agadn UCNONb3yeTcs TEXHOMOMMS BNOXEHUSA CUCTEM, MeTOAbl KaHOHU3aUMKU MaTpuL U
pELUEeHNS IMHENHbIX MaTPUYHbIX YPaBHEHUNA.

ANALYTICAL SYNTHESIS OF A ROBUST CONTROL SYSTEM OF A MULTIPLY CONNECTED PLANT WITH COMPENSATION OF
DISTURBANCES
A.Z. Asanov, 1.Z. Akhmetzyanov, D.N. Demianov
Branch of the Kazan (Volga region) Federal University in the city of Naberezhnye Chelny, Russia, Naberezhnye Chelny
A new approach to constructing a control system of a multiply connected dynamic plant with compensation of disturbances is
proposed. The developed system involves an astatic observer of the state and unmeasured external disturbances with a given
dynamics of the estimation process, a regulator, and a precompensator. The system enables one to compensate, up to a set
degree, the influence of unmeasured disturbances and provide the desired dynamics of control processes. To assure the ro-
bustness of the obtained solution, at the initial stage selecting an observation matrix is implemented, providing the plant to be
minimum-phase, and, consequently, to be inherently stable. Conditions of solvability of the synthesis problem are obtained, as
well as relationships determining the full set of solutions in the analytical form is obtained. To solve the problem, the technolo-
gy of the system embedding, methods of matrix canonization, and methods of solving linear matrix equations are used.
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OLIEHKA CTOMMOCTMU YNPABNEHWUSA NPU HEMNOJIHOU NH®OPMALIUUN O CMEKTPAJZIbHOM
COCTABE BO3MYLLEHUN
A.J1. ByHnu
UHCTUTYT npobsiem yripasrieHus uM. B.A. Tpanesxnnkosa PAH, Poccusi, MockBa
PaccmaTpuBaetcsa npobnema 4yBCTBUTENIbHOCTU LEHbl ynpaB/ieHUs K BapuauusiM CnekTpasibHOro co-
CTaBa BO3MYLLUEHUN A1 IMHENHOMN AUCKPETHOM CUCTEMbI C BUHEPOBCKUM PEryISTOPOM.

ESTIMATION OF THE CONTROL COST UNDER INCOMPLETE INFORMATION ON THE SPECTRUM OF DISTURBANCES
A.L. Bunich
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
The problem of sensitivity of the control cost to variation of spectra of disturbances for a linear discrete-time system with the
Wiener regulator is considered.
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CTPYKTYPHAA MUHUMUN3ALNA CTALUNOHAPHbDbIX CUCTEM
B.B. [ukycap
BbiuncnunrenbHbiit 4eHTp uM. A.A. [opoaHuubiHa PAH, Poccnsi, MockBa
.A. 3eneHkoB
Mopckasi rocyaapcTBeHHasi akagemusi um. agmmpasnia @.@. YwakoBa, Poccusi, HoBopoccurick

ONs NWHENHbIX CTauMOHApPHbIX YMNpaBisSiEMbIX CUCTEM pelleHa 3agava onpeneneHms MUMHMMasbHOro
yncna ynpasnsiiolmMx BO34enNCTBUN (BXOA0B), NPM KOTOPbIX OTKPbITYHO CUCTEMY MOXHO cAesnaTb MNOSHO-
CTblO ynpaBnsemoini. MNMonydeHHbIn pe3ynbTaT peayumpoBaH Ha JIMHENHbIE CTauMOHApPHbIE CUCTEMbI Ha-
6niogeHnsa Takum obpasom, 4yto B paboTe peleHa 3agada onpenesieHns MMHMMaabHOMO YMcia BbIXO-
A0B, MPU KOTOPbIX OTKPbITYIO CUCTEMY MOXHO caenaTtb Habniogaemoi. NMonyyeHHble pe3ynbTaThbl TaKXe
MCNOMb3YOTCA A4S UCCNeaoBaHMs CUCTEM cTabunmsaumm B Criyyae JIMHEWHbIX U KBa3WUJIMHENHbIX AW-
HaMMU4YeCKUX CUCTEM.

STRUCTURE MINIMIZATION OF TIME-INVARIANT SYSTEMS
V.V. Dikussar
A.A. Dorodnistyn Computation Center of the Russian Academy of Sciences, Russia, Moscow
G.A. Zelenkov
Marine State Academy named after Admiral F.F. Ushakov, Russia, Novorossiysk

For linear time-invariant system a problem of determining the minimal number of control actions (inputs) under which an open
system may be done completely controllable is solved. The results obtained is reduced to linear time-invariant systems in the
manner, enabling in the paper to solve a problem of determining the minimal number of outputs under which an open system
may be done observable. The results obtained are also used to study the system stabilization in the case of linear and quasi-
linear dynamic systems.
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KOHCTPYUPOBAHME PErYJISTOPOB HA OCHOBE YC/TOBMU KAYECTBEHHOM

3KCMNOHEHLUWUAJIbHON YCTOUYUBOCTU
E.1O. Pabbiw, B.B. 'puropbes
CaHkT-lleTepbyprckunii rocy4apCTBEHHbIN YHUBEPCUTET, MHGHOPMALIMOHHbBIX TEXHO/I0MNIA, MEXAHUKN U
ontnku, Poccus, CaHkT-leTepbypr
Ha ocHOBe 4OCTaTOYHbLIX YCAOBWUIA KauyeCTBEHHOM 3KCMNOHEHUWaNbHOW YCTOMYMBOCTU, MeToda NoKasib-
HOW ONTMMU3ALMKN N BbIpaXXEHU OLLEHOK MPSAMbIX NoKasaTenen Kayectsa nepexoiHblX MpoLeccoB Mno-
JIY4EeH anropuTM, NO3BONSOWMNIA C €ANHbIX MO3ULMA KaK ANs HernpepbiBHbIX, TaK U A9 OUCKPETHbIX
OVHAMUMYECKNX CUCTEM aHaNUTU4YeCKM CUHTE3NpPOBaTb PErynsaTopbl MO >KefaeMbiM NpsSMbIM MokasaTe-
sIM KayecTBa.

DESIGN OF REGULATORS BASED ON CONDITIONS OF THE QUALITATIVE EXPONENTIAL STABILITY
E.Yu. Rabysh, V.V. Grigoriev
Saint Petersburg State University of Information Technologies, Optics, and Mechanics, Russia, Saint Petersburg
Based on sufficient conditions of the qualitative exponential stability, method of local optimization, and expressions of esti-
mates of direct quality indexes of transients, an algorithm enabling one from unique positions for both continuous-time and
discrete-time dynamic systems to synthesize regulators in accordance to desired direct quality indexes.
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CUHTE3 U ULWO®POBAA PEANINSALUNA ALANTTUBHOIO AJITOPUTMA YINPABJIEHUA
JIETATEJIbHbIM ANMNAPATOM
A.M. MNyukos, E.M. Kapesa
MocKoBCKO€E 0rbITHO-KOHCTPYKTOPCKoe 6iopo «Mapc», Poccusi, MockBa
B.M. Nymos
UHCTUTYT npobnem ynpasieHus uMm. B.A. Tpane3Hukosa PAH, Poccusi, MockBa
N3naraetca metoq peleHnsa 3adadn afanTUBHOMO MHBAPWMAHTHOMO YMpaBfieHUS C NepeMeHHON CTpyK-
Typo. OanH 13 METoAO0B peleHns 3a4aym Ha OCHOBE BBEAEHMS MHTErpupyoLwero yCTponcTea no pac-
COrslacoBaHMIO MOXeT MpUBOAUTb K HapylweHuto TpeboBaHMii Ha AMHAMUYECKYK TOYHOCTb ABUXEHUS
CUcCTeMbl ynpasneHus. MNpoTnesopedne mexay TpeboBaHMSMU MHBAPMAHTHOrO actatu3amMa M AnHamu4e-
CKOWM TOYHOCTM B NpeaslaraeMoM pelleHnM OCHOBAHO Ha MPUHUKMME YNpaB/ieHUs C NEPEMEHHON CTPYK-
Typon. MNpeanaraercs anropuTM nepekstoyveHns B afanTUBHON CUCTeMe yrnpaBieHUs Mo KpeHy neta-
TeNbHOrO annaparTa v BapuaHT peanusauun anroputmMa B 6optoson LIBM.

SYNTHESIS AND DIGITAL IMPLEMENTATION OF AN ADAPTIVE ALGORITHM OF CONTROL OF A FLYING VEHICLE
A.M. Puchkov, E.M. Kareva
Moscow Design Bureau “Mars”, Russia, Moscow
V.M. Glumov
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow

A method of solving the problem of adaptive invariant control with a varying structure is presented. One of the methods of
solving the problem based on involving the integrating gain on the mismatch may lead to violation of requirements on the dy-
namic accuracy of motion of the control system. The contradiction between requirements of the invariant astaticism and the
dynamic accuracy in the proposed solution is based on the principle of control with a varying structure. An algorithm of switch-
ing in the adaptive system on the list of a flying vehicle and a variant of implementation of the algorithm in the on-board com-
puter are proposed.

Tpoepamma IX Medxwcoynapoonoi kongepenyuu «HMoenmudurayus cucmem u 3aoaqu ynpagienusi» SICPRO ‘12 Mockea 30 sinsapsi - 2 pespansn 2012 2.
Programs of the IX International Conference “System Identification and Control Problems” SICPRO ‘12 Moscow January 30 - February 2, 2012



WWW.SICPro.org

708

CUHTE3 H,-ONTUMAJIbHbIX PEFrYJIATOPOB ANNTEBPO-AN®OEPEHLUANTIbHbIX CUCTEM
O.10. Toprawosa, O.E. LLiBopHeBa
CapaTtoBCKuii rocyAapCTBEHHbIN TEXHNYECKNI yHUBepcuTeT, Poccnsi, CapaTtoB

PaccmaTpmBaeTcs 3agada CUMHTe3a AMHAMMUYECKOro perynsatopa no BbiXo4y MOSIHOrO nopsiaika, MUHU-
Mu3mpytowero H,-HOpMy nepeaaTo4yHOW MaTpuubl 3aMKHYTOW anrebpo-anddepeHunanbHOn CUCTEMBI.
C ncnonb3oBaHWEM U3BECTHOW CTPYKTYPbl perynsatopa c HabnwaaTeneM rnosiHOro nopsaka, a Takxe C
y4yeToM npeacTaB/ieHNs CUCTEMbl B LeHTPanbHOM KaHOHW4YecKolh ¢dhopMe, MoKasaHo, 4TO 3Ta 3agaya
CBOAMTCS K pelleHUto ABYX YpaBHEHMN PUKKATU, pa3MEpHOCTb KOTOPbIX COOTBETCTBYET Pa3MEpPHOCTU
«MeANIeHHOM» noAcucTeMbl anrebpo-auddepeHumansHon cnctemol. MNpmBognTcs nNpuMep cuHTesa H,-
ONTUMasIbHOrO perynsaTopa, WANKCTPUPYIOWMA NOAYYEHHbIE pe3ysbTaTbl.

SYNTHESIS OF H,-OPTIMAL REGULATORS OF ALGEBRO-DIFFERENTIAL SYSTEMS
0.Yu. Torgashova, O.E. Shvorneva
Saratov State Technical University, Russia, Saratov
A problem of output dynamic regulator of the full order is considered, minimizing the H,-norm of the transfer function of a
closed-loop algebro-differential system. By use of known structure of the regulator with full order observer, as well as by virtue
of the system representation ion the central canonical form, the problem is shown to be reduced to solving two Riccati equa-
tions, whose dimension corresponds to the dimension of the “slow” subsystem of the algebra-differential system. An example
of synthesis of a H,-optimal regulator, illustrating the results obtained.
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YNPABJIEHVUE YOAAPHbIMU BOJIHAMU B PACNPEAENTIEHHbBIX CUCTEMAX
Mn.A. Kynuos, A.l. KywHep, B.B. Jiblyarux
UHCTUTYT npobsiem yripasraeHust uM. B.A. Tpane3sxnmnkosa PAH, Poccusi, MockBa
B paboTte npeanoxeH MeToA MOCTPOEHUS CUHIYASIPHbIX pelleHun anddepeHumanbHbiX YPaBHEHUN C
YaCTHbIMW MPOU3BOAHBLIMU M CNOCO6 ynpaB/ieHUS MU MPU MOMOLLM FPaHUYHbIX YCA0BUN. Pe3ynbTaTbl
MPOUNNKOCTPUPOBaAHbI Ha ypaBHeHUM XoxnoBa-3abosouKOM, ONUCbIBaKLWEM pacrpocTpaHeHue Henu-
HEMHOro 3ByKOBOIro ny4yka. OnucaHo siBfieHne OKYCUMPOBKM 3BYKOBOIO My4kKa.

SHOCK WAVE CONTROL IN DISTRIBUTED SYSTEMS
L.D. Kuptsov, A.G. Kushner, V.V. Lychagin
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
In the paper, a method of deriving singular solutions to partial differential equations and a way of control of them by use of the
boundary conditions is proposed. The results are illustrated by use of an example of the Khokhlov-Zabolotskaya equation de-
scribing the expansion of a nonlinear sound beam. The phenomenon of focusing the sound bean is described.
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YNPABJIEHUE KONNEBAHUSIMU C UCMNOJIb3OBAHUEM NOABM)XHOIO BO3AEVUCTBUS B
PACNPEAQENIEHHbBIX CUCTEMAX
B.A. Kyb6bIWKNH
UHCTUTYT npobsiem yripasrieHus uM. B.A. Tpanesxumnkosa PAH, Poccusi, MockBa
PaccMaTpmBaloTCcs CUCTEMbI C pacnpeneseHHbIMXU napaMeTpaMn, OMNUCbIBAEMble YpaBHEHUAMU runep-
6onuyeckoro TMna. YnpaBneHusaMm SBNAKOTCS pacrnpenesieHHble BO3AENCTBUSA, yAOBAeTBOpstoWwme on-
peaeneHHbIM OrpaHuYeHnsaM, U NoABMXHbIE BO3AENCTBUS KaK HernpepbiBHbIE, TakK U UMMNYbCHble. CTa-
BUTCS 3ajayva HamTM MIHOBEHHO-OMTMMasibHOEe ynpaBseHue, T.e. Takoe ynpasfieHue, MNpu KOTOPOM
CKOpPOCTb M3MEHEHMUS SHEPrnm CUCTEMbI B KaXAbl MOMEHT MpUHMMaET Haubonbliee no abcontoTHOM
BENIMUYMHE 3HayeHue. [loka3aHo, YTO MFHOBEHHO OMTMManbHbIM B KNacce pacrnpefesieHHbIX ynpasrie-
HUI SBNSIETCS TOUYe4yHOoe MOABMXXHOE ynpaBfieHWe, a MeCTOM ero MpUIOXeHUs — Touka, B KOTOpPOW
NAOTHOCTb UMMyNbCa CUCTEMbI AOCTUraeT Haumbonbwero no abcontoTHOM BenuynHe 3HaveHus. Paspa-
60TaHbl anropnTMbl ynpaB/eHusl, No3BoJAIOWME KaK YMEHbLWNUTb aMNANTYyAy KonebaHuii cMcTtemMbl, Tak
M yBennuunTb ee. NpueeaeHbl pe3ynbTaTbl UMC/IEHHbIX NCCNefoBaHMi pa3paboTaHHbIX anropnuTMoB.

CONTROL OF OSCILLATIONS BY USE OF A MOVABLE ACTION IN DISTRIBUTED SYSTEMS
V.A. Kubyshkin
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow

Systems with distributed parameters, described by parabolic-type equations are considered. Controls are distributed actions
meeting certain restrictions, and movable actions, both continuous and pulse ones. The problem is to find instantaneous opti-
mal control, i.e. such a control, under which the rate of changing the system energy at each time instant takes the largest
absolute value. It is proven that the optimal control in the class of distributed controls is the point movable control, while the
location of its action is a point in which the pulse density approaches the maximal absolute value. Algorithms of control are
developed, enabling one both to decrease the amplitude of system oscillations and to increase it. Results of numerical studying
the algorithms developed are presented.
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AJITOPUTM PEIrYNAPU3ALUUN PELLEHNA 3A0AYUN PASAEJIEHNA CUTHANOB,
MCMOJ1Ib3YIOLWWNIA PE3YJIbTATbl AHAJIN3A YCTOMUYMNBOCTH
B.A. 3acos, E.H. HukoHopoB
Camapckuii rocy1apCTBEHHbIN YHUBEPCUTET ryTer coobujeHms, Poccusi, Camapa

PaccMoTpeH anroputMm perynspusaumu, No3BoasOWMKA obecneumBaTb YCTOMYMBOCTb pelueHus obpat-
HOM 3ajayn pa3feneHnst UICTOYHUKOB curHanoB. OCOBEHHOCTbIO MpPeasioXEeHHOro aaropmtMa, no3Bo-
NAoWen YMEHbLWNTb ero BblYNCIUTENbHYO CITIOXHOCTb, SBNSETCS UCMNOJ/Ib30BaHWe pe3ynbTaToB aHanu-
3a YCTOMYMBOCTU. AHanu3 yCTOMYMBOCTM MPOU3BOAMTCA MyTEM ONpeAeneHus CUHIYNSpHbIX MHTepBa-
noB ans abCcontoTHbIX, OTHOCUTENbHbBIX N KPUTUYECKUIA BUAOB Bapuauuin napaMeTpoB MoAENN.

AN ALGORITHM OF REGULARIZATION OF A PROBLEM SOLUTION OF SIGNAL SEPARATION, USING RESULTS OF STABILITY
ANALYSIS
V.A. Zasov, E.N. Nikonorov
Samara State Railway University, Russia, Samara
An regularization algorithm is considered, enabling one to provide stability of the solution of the inverse problem of signal
source separation. A feature of the algorithm proposed, enabling one to decrease its computational complexity, is using results
of the stability analysis. The stability analysis is implemented by determining singular intervals for absolute, relative, and criti-
cal types of variations of the model parameters.

712

nPOBJIEMbl NUH®POPMALIMOHHOIO OBECNEYEHNA CNEAALWLNX CUCTEM NMPU OTCYTCTBUMN
FEHEPATOPA 3AAIOLLENO BO3AENCTBUSA
C.A. KpacHoBa, H.C. Mbicnk
UHCTUTYT npobsiem yripasrieHust uM. B.A. Tpanesxnnkosa PAH, Poccusi, MockBa

PaccMaTpuBaeTcsl 3afada ClieXeHus BbIXOAHOMW NepeMeHHOW HEeNMMHEMHOW AMHAMWUYEeCKOW CUCTEMbl 3a
3a4aHHOMN TpaeKTopueln B CAeaywmnx NpearnosioXXeHUsaxX: NpsiMbiM U3MEPEHUSM NOANEXNT TObKO Bbl-
X0AHas NepeMeHHasl, WyMbl B U3MEPEHUSAX OTCYTCTBYIOT, aHaAUTUYECKUI BUA 3ajatoLero BO3AENCT-
BUS He n3BecTeH, HabnaaloTcs TONMbKO ero Tekyuwme 3HavyeHms. Ans nHpopMaunoHHoro obecneyeHuns
6a30B0ro 3akoHa KOM6MHMPOBAHHOIO yrnpasneHus, obecneymsatowero aCMMANTOTUYECKYO CXOANMOCTb
BbIXOAHOM MepeMeHHON K 3adaHHOW TpaekTtopuu, Tpebyetcsa Tekywaa mHdbopMaums 0 HeMaMepseMblx
nepeMeHHbIX BEKTOpa COCTOSIHMS, @ TakXXe O MPOM3BOAHbIX 3aJ4alollero BO34eNCTBMSl, KOTOpble Tpak-
TYIOTCS KaK Hen3BeCTHble OorpaHnyeHHble dyHKUMN BpeMeHu. B pamkax kackagHoro noaxoga paspa-
60TaHbl MeToAbl CMHTE3a HabntgaTenen COCTOAHUA C pa3pbiBHbIMU KOPPEKTUPYHIOLWMMKN BO3OENCTBUS-
MU, DYHKUMOHUPYIOLWMX B CKOMb3SILLEM pEeXMMe, KOTOpble CTPOSATCS Ha OCHOBE KBAa3MKAHOHWMYECKOW
MoAenn BXOA-BbIX0A, 3aNUCaHHOMW OTHOCUTESIbHO HEBSA3O0K, M MO3BONAKT HEMNOCPEeACTBEHHO MOAYYUTb
TeKylure oueHKM cocTasnsawwmx 6a30Boro 3akoHa ynpasneHust (B TOM 4uCne, U MPOM3BOAHbLIX 3a-
Jawouwero Bo3aencreus). B 3aBncnuMmoctn ot ocobeHHoCTeN ornepatopa obbekTa ynpaBfieHUs pacCMoT-
peHbl TUMNOBLIE CUTYaUUK, onpeaenstowme BO3MOXHOCTU U CTPYKTYpy noacuctemsl HabnwogeHus. lMo-
Ka3aHo, YTO KacCKaAHbI/ NMPUHLMIM MOXET ObITb peanm3oBaH B HabntogaTtene COCTOSHUSA C curMmomaanb-
HbIMW KOPPEKTUPYOWMMU BO3LENCTBUSIMU, KOTOPbIE SBASIKOTCA MMaAKoW AONpeaesibHOM peannsaunen
pa3pbIBHbIX ynpaBneHn n obecneuymsatoT nydllee KayecTBO OLEHMBAEMbIX CUIHas0B MpU MCMNONb30-
BaHWM UYMCNEHHbIX anropMTtMoB pelleHnss anddepeHunanbHblX YPaBHEHUA C KPYMHbIM LIAroM MHTer-
pMpOBaH1S, YTO B CBOK Oo4epeab NO3BOJISIET SKOHOMUTb pecypCbl UCMOAHUTENBHOIrO YCTPONCTBA.

PROBLEMS OF DATAWARE OF TRACKING SYSTEMS UNDER ABSENCE OF A MASTER CONTROL GENERATOR
S.A. Krasnova, N.S. Mysik
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
A problem of tracking of the output variable of a non-linear dynamic system on a set path is considered under following as-
sumptions: only the output variable is directly measured, measurement disturbances are absent; an analytical form of the
generating control is unknown, its current values are observed only. For the dataware of the basic law of the combined control
providing the asymptotic convergence of the output variable to the set path, current information on immeasurable variables of
the state vector is required, as well as information on derivatives of the generating control, that are treated as unknown
bounded functions in the time. Within the scopes of the cascade approach, methods of the synthesis of state observers with
discontinuous correcting actions are developed, performing in the sliding mode, that are derived on the basis of a
quasicanonical input-output model expressed in terms of residuals, and enable one to obtain current estimates of components
of the basic control law (involving the generating control derivatives). In dependence on particularities of the plant operator,
typical situations are considered, defining the possibilities and structure of the observation subsystem. The cascade principle is
shown to be able to be implemented in a state observer with sigmoid correcting actions that are a smooth pre-limit realization
of discontinuous controls and provide better quality of estimated signals under using numerical methods of solving differential
equations with a large integration step, what, in turn, enables one to retrench resources of the execution unit.

2 dpeBpans, yerBepr / February 2, Thursday
15-00 - 18-30

CTtoxacTuuyeckue CucTeMbl U HenapaMmeTpuueckasa ngeHtudpumkaumna
Stochastic Systems and Nonparametric Identification
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SEQUENTIAL KERNEL ESTIMATION OF A MULTIVARIATE REGRESSION FUNCTION
D.N. Politis
University of California, San Diego, USA, San Diego
V.A. Vasiliev
Tomsk State University, Russia, Tomsk

This paper presents a sequential estimation procedure for an un\-known multivariate regression func-
tion. Observed regressors and noises of the model are supposed to be dependent and form sequenc-
es of dependent vectors and numbers respectively. Two types of estimators are considered. Both
estima\-tors are constructed on the basis of Nadaraya-Watson kernel estimators. First, sequential
estimators with given bias and mean square error are defined. According to the sequential approach
the duration of observations is a special stopping time. Then on the basis of these estimators, trun-
cated sequential estimators of a regression function are constructed on a time interval of a fixed
length. At the same time the variance of these estimators is also bounded by a non-asymptotic
bound. Together with finite-sample, asymptotic properties of the presented estimators are investigat-
ed. It is shown, in particular, that by the appropriately chosen bandwidths both estimators have op-
timal (as compared to the case of independent data) rates of convergence. The research was sup-
ported by RFBR Grant 09-01-00172

802

O BbIBOPE NAPAMETPA PErynsapPnAumn B SAAA4YAX HENAPAMETPUYECKOIO
OLEHUBAHUA CUTHAJIOB
A.B. lobpoBnaos
UHCTUTYT npobnaem yrnpasaeHus nM. B.A. Tpane3zHnkosa PAH, Poccusi, MockBa

B paboTte paccMatpuBaeTcs ogHa M3 3a4ay HenapaMeTpuyeckoro OUEeHMBaHUSA CUrHanoB — 3ajada
dunbTpaumm B yCnoBUAX HenapaMmeTpuyeckon HeonpeneneHHoCcTU. BepoaTHOCTHas Moaenb Nosie3Horo
CUrHana npegnosiaraeTcsd HEM3BECTHOM, TaK 4YTO HampsIMyl MeToh onTuManbHOro 6amecoBCKOro oue-
HMBaHWA B AAHHOM Crlydae NpuUMeHsaTb Henb3s. Moaenb HabnwaeHusa curHana mssectHa. Ecan ycnos-
Has NJIOTHOCTb HabnwaeHUn Npu HGUKCMPOBAHHOM CUrHase, onNucbiBatowWas 3Ty MoAesb, NMPUHAANEXUT
YC/TOBHO-3KCMNOHEHTHOMY CEMENCTBY, TO A/ 6aNecoBCKON ONTUMaIbHOM OLEHKM MOXHO BbIMUCaTb He-
pPEKYPPEHTHOE ypaBHEHME ONTUManabHOM (UAbTpauMn, KOTOPOE 3aBUCUT TONbKO OT BEPOSTHOCTHbIX
XapakTepuctnk Habniogaemoro npouecca. locnegHne xapakTEPUCTUKM OLEHMBAOTCS MpPU MOMOLLM
YCTOMUMBbBIX HENapaMeTpUYecKmnx aA4epHbIX npoueayp, afaanTMpoBaHHbIX K 3aBUCUMbIM HabAOAEHUSM.
Mpn NOCTPOEHUM YCTOMYMBBLIX HeNapaMeTpuyeckmx npoueayp TpebyeTcs 3HaHMe KoadhPUUMEHTOB
pa3MbITOCTU M NapaMeTpoB peryaspms3aunm, CyLeCTBEHHO BAMSIIOWMX Ha TOYHOCTb OLeHMBaHus. Ho-
BbIM B paboTe ABngeTcs MeToa HaXoXAeHUS ONTUMAasIbHOro napameTpa perynspusaumm no MHTerpasib-
HOMY KpuTepuio. lNpuBeaeHHble MeTOoAbl MO3BOJISKOT CTPOUTH 3aZ4adu OUeHMBaHMS HeHabnogaembix
CUrHasoB B aBTOMaTU4YeCKOM pexume. PaboTa BbinonHeHa npu puHaHCcoBOW noaaepxke Poccuinckoro
¢doHaa dyHaaMmeHTanbHbIX nccnegosaHui (npoekt 09-08-00595-a) u MpoekTta N2 29 lMNpe3ngnyma PAH
«MaTeMaTunyeckas Teopms ynpaBneHus».

TOWARDS THE CHOICE OF A REGULARIZATION PARAMETER IN A PROBLEM OF THE NON-PARAMETRIC SIGNAL ESTIMATION
A.V. Dobrovidov
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow

In the paper, a problem of non-parametric signal estimation, the problem of filtering under the conditions of non-parametric
uncertainty, is considered. No probabilistic model of the useful signal is assumed to be known, so the direct method of the op-
timal Bayesian estimation may not be applied in this case. A model of the signal observation is known. If the conditional densi-
ty of observations under the fixed signal, describing this model, belongs to the conditionally exponential family, then for the
Bayesian optimal estimate one may write a non-recursive equation of the optimal filtering, which depends on probabilistic
characteristics of the observed process only. The latter are estimated by use of non-parametric kernel procedures adapted to
dependent observations. Under constructing stable non-parametric procedures, one requires information on the bandwidth
coefficients and regularization parameters, considerably influencing the estimation accuracy. The paper novelty is a method of
finding the optimal regularization parameter in accordance to the integral criterion. The methods presented, enable one to
construct problems of estimation of unobservable signals in automatic mode. The paper is supported by the Russian Founda-
tion for Basic Researches (project 09-08-00595-a) and by Program No. 29 of the Supreme of the Russian Academy of Sciences
“Mathematical control theory”.
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CTATUCTUYECKUN AHANIN3 KJTACTEPOB 3KCTPEMAJIbHbIX BEJINYMUH U EFO
NMPUMEHEHME
H.M. Mapkosuy
UHCTUTYT npobnem ynpasaeHus uM. B.A. Tpane3Hnkosa PAH, Poccusi, MockBa
CnoxHble AgMHaMuyeckme KpynHoMmacwTabHble CUCTeMbl Takne, Kak MIHTepHET, SKOHOMUYECKne, aHep-
reTMyeckme M aKOSIorMyeckne CUCTEMbl, NOABEPXEHbl PeAKMM, HO pa3pylUTeNbHbIM BAWSHUAM 3KC-
TpeMasbHbIX cobbiTMN. Takue CcobbiTUS OMUCLIBAKOTCS pacnpeneneHussMnm C TSXKeSbiIMM XBOCTaMuU U
MpoOsIBASAIOTCA B MNOSBNEHMM HETUNU4HbIX HabnwogeHnn (outliers), BeAMYMHbLI KOTOPbLIX MNpeBbIWAOT
AOCTaTOYHO BbICOKME YPOBHU. B cTaTbe NpMBOANTCHA CTaTUCTUYECKMIA aHaNM3 KlaCTePOB MpPEeBbIEHMWNA
MU3yyaemblM MpoLECCOM HEKOTOPOro AOCTAaTOYHOIMO BbICOKOIro YpOBHSA. lMony4yeHHble pe3ynbTaTbhl Npu-
MEHSIOTCA AN MOHUTOPWHra Kadecrsa nepegayvm naketos nHdbopmaumm B oBeprerHbIX ceTsax MHTep-
HeTa Takmx, Kak Ckann u MIHTepHeT-TeNeBnaeHme.

A STATISTICAL ANALYSIS OF CLUSTERS OF EXTREME VALUES AND ITS APPLICATION
N.M. Markovich
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
Complex dynamic large-scale systems, such as Internet, economic, power engineering, and ecological systems, are undergone
to rare but destructive influence of extreme events. Such events are described by heavy-tailed distributions and occur as ap-
pearance of non-typical observations (outliers), whose values exceed rather high levels. In the paper, a statistical analysis of
clusters of excesses of a rather high level by a process under study. The results obtained are applied to monitoring the quality
of transfer of information packages in overlay networks of the Internet, such as Skype and Internet-television.

804

MOBbLILWWEHVNE TOYHOCTU SSA-NMPOTHO3A 3ALULYMJIEHHOIO CUrHAJIA 3A CYHET

YBEJIMMEHUSA NOPAAKA JIMHEMHOWN PEKYPPEHTHOW ®OPMY/Jbl
H.3. NonanauHa, A.1O. LLinemos
CaHkT-lleTepbyprckuii rocya4apCcTBEHHbIN YHUBEPCUTET,
Matematuko-mexaHndeckuii pakysbtet, Poccusi, CaHkT-lNeTepbypr
B paboTe npeanaraercs moandukaumst UI3BECTHOrO afirOpUTMa PEKYPPEHTHOrO NporHo3a, NoOCTPOEHHO-
ro B pamkax Metoga «lyceHmua»-SSA. PaccmaTpuBaeTca mogenb Habnwgaemoro psiga Bumaa <«Cur-
Han+wWwym», rae CUrHan — psj KOHe4yHoro nopsigka, wym — 6enblil, rayccosckuii. B ocHoBe npeana-
raeMoro aaropuTMa NexuT naes yBenmndyeHUs nopsiaka fexallelh B OCHOBE peKyppeHTHOro nporHosa
JIMHEHON peKyppeHTHOM (OpMy/bl, KOTOpas MCXOAHO CTPOUTCHA C MOMOLLbK OLEeHMBAHUS MNOAMNpPO-
CTpaHCTBa CUrHasna, a ee nopsiaokK yBennymBaeTcs C nomouwbio Metoaa ESPRIT. Ha moaenbHbIX npu-
Mepax AEMOHCTPUpPYETCS NMPeENMYLLECTBO, KOTOpPOe MOXeT AaTb paccMaTpmBaeMas Mogmdukaums anro-
puTMa NporHosa.

INCREASING THE ACCURACY OF THE SSA-PREDICTION OF A NOISY SIGNAL VIA INCREASING THE RECURSIVE FORMULA
ORDER
N.E. Golyandina, A.Yu. Shlemov
Saint Petersburg State University, Mathematical and Mechanical Faculty, Russia, Saint Petersburg

In the paper, a modification of the known recursive prediction algorithm is proposed, derived within the “Caterpillar”-SSA
method. A model of an observable series of the form “signal+noise” is considered, where the signal is a finite order series, the
noise is white, Gaussian. The basis of the algorithm proposed is the idea of increasing the order of the linear recursive formula,
being a ground of the recursive prediction, which is initially constructed by use of estimation of the signal subspace, while its
order is increased by use of the ESPRIT method. Using modeled examples, an advantage is demonstrated, which may be done
by the considered modification of the prediction algorithm.
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METOAbl N AITOPUTMbl AHAJIU3A CUCTEM YNPABJIEHUS AHCAMBJIEM TPAEKTOPUMN NPU
MMNYJIbCHbIX BO3AENCTBUSAX U CZTYYANHOM U3MEHEHUW CTPYKTYPbI
T.A. ABepuHa
UHCTUTYT BbIYNC/TUTENIbHOM MAaTEMaTUKN M MaTtematmnyeckoi reounsmnkm CO PAH,
HoBocnbupckuii rocygapCTBEHHbIN YHUBEPCUTET, Poccusi, HoBocnbupck

K.A. PbibakoB
MoCKOBCKMiT aBUaLMOHHbINI MHCTUTYT (roCcyAapCTBEHHbIN TEXHUYECKNI YHUBEpCUTET), Poccnsi, MockBa
PaccmaTpmBaeTcs 3agada aHanM3a HeSIMHENHbIX CUCTEM yrnpaBieHusa aHcaMbiieM TpaekTOpUn C y4eToM
C/TYYaMHOrO0 M3MEHEHUS CTPYKTYpPbl CUCTEMbI M CKaudkoB (CNyYaMHbIX MMMNYJbCHbIX BO34EWCTBUI).
Mpeanaraetcs ABa METOAa €€ pEelleHUsi: MeTod CTaTUCTUUYECKOro MOAESIMPOBAHUS U CNeKTpasibHbIN
meToa. PaboTa BbiMmosiHEHA NMpM YacTM4HOM MHaAHCOBOW noapepxkke Poccuiickoro ¢poHaa dpyHOAaMeH-
TanbHbIX nccnegosanmin (npoektbl 09-01-00798, 11-01-00282).

METHODS AND ALGORITHMS OF ANALYSIS OF SYSTEMS OF CONTROL OF A PATH ENSEMBLE UNDER PULSE ACTIONS AND
RANDOM STRUCTURE VARYING
T.A. Averina
Institute of Computational Mathematics and Mathematical Geophysics of the Siberian Branch
of the Russian Academy of Sciences,
Novosibirsk State University, Russia, Novosibirsk
K.A. Rybakov
Moscow Aviation Institute (State technical university), Russia, Moscow

A problem of analysis of nonlinear systems of control of a path ensemble is considered, under accounting random varying sys-
tem structure and shocks (random pulse actions). Two methods to solve it are proposed: the statistical modeling method and
the spectral method. The paper has been partially supported by the Russian Foundation for Basic Researches (projects 09-01-
00798, 11-01-00282).

806

MWHUMAKCHBIE CTPATErMS1 U PUCK B MHOIOAJIbTEPHATUBHOWM C/TYYANHOW CPEQE
(BAQAYE O MHOIFOPYKOM BAHAOMUTE)
A.B. KonHoropos
HoBropoackuii rocyaapCTBEHHbIN yHUBEpPCUTET uM. Sipocnasa Myaporo, Poccusi, Beamkunit HoBropoa
MMWHMMaKCHbIE CTpaTerns M pucKk B MHOroasbTEPHATMBHOM CTaUMOHAPHOWM Cry4daliHOM cpeae uwyTcs
Kak 6anecoBckme, COOTBETCTBYIOLME HaMXyaLleMy anpmopHOMY pacrnpeaeneHunto, KoTopoe B paccMar-
pvBaeMoOM cny4yae MoOXeT 6biTb BblIbpaHO CMMMETPUYECKMM M aCMMATOTUYECKN OAHOPOAHbIM. DTO MO-
3BOJISIET ONpeaenuTb CTpaTermio N pUCK YNCNEHHbIMU MeTOoAaMM

MINMAX STRATEGIES AND RISK IN A MULTIPLE-CHOICE ENVIRONMENT (THE MULTI-ARM BANDIT PROBLEM)
A.V. Kolnogorov
Novgorod State University named after Yaroslav the Wise, Russia, Novgorod the Great
Minmax strategies and risk in a multiple-choice time-invariant environment are searched as Bayesian, corresponding to a
worst a priori distribution that in the considered case may be selected as symmetric and asymptotically uniform. This enables
one to determine the strategy and risk by use of humerical methods.

807

ANTEBPANYMECKMWA METOA BbIYMUC/IEHUS NPOU3BOAALLNX ®YHKLUMOHANIOB B TEOPUU
CNYYAMAHbBIX NOTOKOB
M.E. WankuH
UHCTUTYT npobsiem yripasrieHuss uM. B.A. Tpanesxnnkosa PAH, Poccusi, MockBa

Cny4aliHble MOTOKM BO3HMKAOT B paboTe B KauyecTBe CTOXACTUYECKUX Moaenen npeacraBfieHuns ciy-
YaMHOWM COBOKYMHOCTN O6BHLEKTOB M HEM3BECTHbIX MapaMeTpoB MX MEeCTOMONIOXKEHMSs, a Takxe npea-
CTaBNEHUS CUIHaNOB, NPUHMMAaEMbIX CPeaCTBaMM JIOKALUMOHHOIO Ux HabnogeHusa. B pabote oCHOBHbIe
pe3ynbTaTbl arnoCTEPUOPHOro aHanmsa crydarHblX NOTOKOB 06bEKTOB MU CUIMHAJIOB MOJSTyYeHbl UCKITOUM-
TenbHO anrebpanyeckummn cpeacresamu, 6e3 obpaweHnsa K TexHmke amddepeHumnpoBaHms Npons3Boas-
Wwux dyHKUMOHaNoB No (yHKUWOHANbHOMY apryMeHTy. PaccMoTpeHa 3agada obHapyXeHus noToka
06BbEKTOB MO MNOTOKY M3Ny4YaeMblX UMW CUTHAMOB.

THE ALGEBRAIC METHOD OF CALCULATION OF GENERATING FUNCTIONALS IN THE THEORY OF RANDOM FLOWS
M.E. Shaikin
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow

Random flows arise in the paper as stochastic models of representation of a random totality of plants and unknown parameters
of their location, as well as representation of signals received by tools of their location observation. In the paper, main results
of the a posteriori analysis of the random plants and signals are obtained exclusively by use of algebraic tools without applying
the technique of differentiation of generating functionals on a functional argument. A problem of detection of a flow of plants
via a flow of signals, emitted by the plants.
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HWXXHUE OLLEHKKN CKOPOCTU CXO4ANMOCTUN MAPKOBCKOIo CMMMETPUYHOI O
CJZTYYAUHOI O MOUCKA
A.C. Tuxomuposn
Hosropoackuii rocyaapCTBeHHbIN yHUBEPCHUTET uM. Spocnasa Myaporo, Poccusi, Beankuii HoBropoa
MonyyeHbl HMXHME OLEHKM CKOPOCTU CXOAMMOCTM MApPKOBCKMX anropuMTMOB CNy4YamHOro nomcka 3KC-
TpeMyMa yHKunmn. MNMokasaHo, 4YTO AN LWMPOKOro Kiacca CcnydyanmHbiX NMOMCKoB, obnagatwowmx ecrecT-
BEHHbIM CBOMCTBOM CUMMETPUU, YNCNO BbIYNCAEHUN LeneBon yHKUMM, Heobxoammoe ans AoCTuXKe-
HUS TpebyeMoin TOYHOCTU ¢ pelleHmns 3a4a4n, He MOXET pacTu MeasieHHee, YeM |Ingl.

LOW ESTIMATES OF THE CONVERGENCE RATE OF THE MARKOVIAN SYMMETRIC RANDOM SEARCH
A.S. Tikhomirov
Novgorod State University named after Yaroslav the Wise, Russia, Novgorod the Great
Low estimates of the convergence rate of Markov algorithms of the random search of function extremum are obtained. It is
shown that for a wide class of random searches, possessing the natural symmetry property, the number of calculations of the
goal function, required to achieve a desired accuracy ¢ of the problem solution, may not grow slower than |Ing|.

809

NMPUMEHEHME NOPAAKOBbIX CTATUCTUK B SAAAYAX OBHAPY)XEHUSA
n.M. Pyabko

UHCTUTYT npobsiem yripasieHust uM. B.A. Tpane3snmnkoBa PAH, Poccusi, MockBa
BbiBeaeHbl aHaNUTUYECKME BblpaXXeHus 418 MaTeMaTUYeCKMX OXMAAHUNA U AUCMEPCUIA YCEYEHHbIX MO-
PSAAKOBbIX CTaTUCTUK ANs ABYX BAapMaHTOB 3aZaHMs Nopora oTceyeHus: nopora, GUKCMpOBAHHOIo no
3a4aHHOMY KBaHTWIO (PYHKUMM pacnpegeneHus, n nopora, GMKCMpPOBaHHOINO MO 3aaHHOMY HoOMepy
ysieHa BapuMauWoHHOro psiaa. Ans cucteM obHapy)XeHUs, peanm3ylownx airopuTtM NpoBepKN ABYyX CTa-
TUCTUYECKUX TUMnoTe3, pa3paboTaH anropmutM obHapyXXeHus CMrHanoB Ha OHe LWyMa, OCHOBAHHbIN Ha
CTaTUCTUYECKMX CBOMCTBAX NOPSAKOBbIX CTAaTUCTUK.

APPLYING THE ORDER STATISTICS TO THE DETECTION PROBLEMS
I.M. Rudko
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow
Analytical expressions for the mathematical expectations and variances of the truncated order statistics for variants of setting
the threshold of cut off are derived: a threshold fixed on a set fractile of the distribution function, and a threshold fixed on a
set number of a member of the variational series. For detection systems implementing an algorithm of testing two statistical
hypotheses, an algorithm of signal detection on a noise ground is derived, based on statistical properties of the order statistics.

810

MCNOJIb3OBAHUE ®UJIbTPALIUUN KAJTIMAHA HA OCHOBE MUHUMAKCHOIO NoAXOAOA nPU
OBPABOTKE PE3YJ/IbTATOB U3MEPEHUN
B.M. MoHaTckuin

KoHcTpyKkTOpCKkoe 610po npnbopocTpoenHusi, Ty/ibCKnii rocy4apCTBEHHbIN yHnBepcnTeT, Poccus, Tyna

B pabote paccMoTpeH MeToAMYECKUN MoaxoA K MPOEeKTMPOBaHUIO MHTepBanbHOro gunbtpa KanmaHa
KaK B HenpepbiBHOM, TaK U ANCKpPeTHOM Buae. [NpoBeAeHO NPOEKTUPOBaHUE MHTEPBANbHOIo GunbTpa
KanmaHa 1 cpaBHeHWe ero C TpaguMuMOHHbIM GuUAbTPoM KanmaHa. AHanmM3 NoNy4YeHHbIX pe3y/bTaToB
nokasasi, YTO MMHMUMAKCHbIA punbTp KanMaHa no3BossSeT NOBbICUTb TOYHOCTb OTPabOTKM MONE3HOro
CUrHasna npu coxpaHeHnn GUNbTPYHOLWMX CBONCTB TpagmunoHHoro ¢dunbtpa KanmaHa.

USING THE KALMAN FILTERING BASED ON THE MIN-MAX APPROACH UNDER PROCESSING MEASUREMENT RESULTS
V.M. Ponyatsky
Design Bureau of Instrument Engineering, Tula State University, Russia, Tula
The paper considers a methodological approach to design of the interval Kalman filter both in the continuous and discrete
form. Design of the interval Kalman filter and its comparing with the conventional Kalman filtering is implemented. An analysis
of results obtained has shown that the min-max Kalman filter enables one to increase the accuracy of processing of the useful
signal under preserving the filtering properties of the conventional Kalman filter.
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TOYHbIE ®OPMY/J1bl AJ1S1 BbIYMNCJIEHUSA BEPOSATHOCTEW PACMO3HABAHUSA
HAMPABJIEHUS1 NEPEHOCA TOYKW HA NMJIOCKOCTU HA ®OHE CJZIYYAMUHbLIX MOBOPOTOB
A.A. Xapkux, C.M. BblukoBa
MypmaHCKuii rocy4apCTBEHHbIVI TEXHNYECKNI yHUBepcuTeT, Poccnsi, MypmaHck
B paboTte paccMOTpPeHO CA0XHOEe ABMXEHWE TOUKM Ha MIOCKOCTWU. 3ajada ONMCbIBAETCS B ANCKPETHOM
BpeMeHU. B Kakablih MOMEHT BpeMeHMN TOYKa C HEKOTOPON BEPOSTHOCTbLIO p OCYLLEeCTBAsSeT napanienb-
HbI NEpPeHOC B O4HOM W3 m 3KBUAWCTAHTHbIX MO YrNy HanpasfieHuii. KpoMe TOro, B KaXxabli MOMEHT
BpPEMEHM TOYKa OCYLLECTBSET MOBOPOT OTHOCUTESIbHO HEKOTOPOro ABWXKYLLErocs LUeHTpa Ha ciydam-
Hbin yron. B pabote BBoauTCA O06OCHOBaHWe pellalowero npaswna Ans onpeaesieHMs HanpasieHWUs
nepeHoca Ha oHe c/y4darHbIX NOBOPOTOB. Ha OCHOBaHWMM 3TOrO pellatrolero npasmia BBOAUTCH ce-
MENCTBO YCNOBHbIX MNOTHOCTEN pacrnpeneneHns BepossTHOCTEN BbIGOPOUHbIX CPeAHUX KOOpAMHAT Ha-
61100aEMON TOUKM M COOTBETCTBYHOLLUMX XapaKTepUCTUYeCcKnx (yHKumi. Ha oCHOBE MOSyYEHHbIX Xa-
paKTepuUcTUYeckmx yHKUUNA BbIBOAATCSA TOYHblEe (POPMYNbl 4S9 BEPOSTHOCTM MPaBMIbHOIMO pacro3Ha-

BaHWA HanpaB/ieHWs NepeHoca 3a n Wwaros HabnaeHWs.

EXACT FORMULAE TO CALCULATE PROBABILITIES OF RECOGNITION OF THE DIRECTION OF SHIFT OF A POINT ON A PLAIN
UNDER RANDOM TURNS
A.A. Zharkih, S.M. Bychkova
Murmansk State Technical University, Russia, Murmansk
The paper considers a complex shift of a point on the plane. The problem is described within the discrete-time statement. At
each time instant, the point with a probability p implements the parallel shift in one of m directions being equidistant in the
angle. Besides that, at each time instant, the point implements the turn with respect a moving center by a random angle. The
paper presents a justification of the decision rule to determine the shift direction under random turns. Based on this decision
rule, a family of conditional densities of distribution of probabilities sampled averages of coordinates of the observed point and
the corresponding characteristic functions is introduced. Based on the characteristic functions obtained, exact formulae for the
probability of the correct recognition of the shift direction for n steps of observations are derived.
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CTOXACTUYECKME CUCTEMbI N TEOPETUKO-UH®OPMALIMOHHbIE METOA4bIl: AHAJIN3
HEKOTOPbLIX noaoxoanos
K.P. YepHbiweB
UHCTUTYT npobsiem yripasneHus uM. B.A. Tpanesxunkosa PAH, Poccusi, MockBa

JaHHasa paboTa HOCUT METOAOIOMMYECKMIA XapaKTep 1 NOCBSLLEHA aHaIn3y HEKOTOPbIX METOAOB MAEH-
TMduUKaumMm n MoOAEINPOBAHNS CTOXaCTUYECKMX CUCTEM, NMpeacTaBfieHHbIX B OAHOM M3 y4debHbIX NOcCo-
6un (astop — O©.O®. lNaweHKo) m3gaTtenbcrTBa «®uHaHCbI KU ctatuctmka» (r. Mockea, 2007 r.) n noa-
aepxaHHoro Poccunckum doHaoM dyHAaMeHTanbHbIX nccrneaoBaHuin (npoekt 05-08-50336a) wm Mpo-
rpammon N? 15 dyHaameHTanbHbIX nUccneaoBaHnin OTAeneHuss 3HEePreTnukKmM, MalMHOCTPOEHUS, Mexa-
HUKW W NPOLECCOB ynpaBrieHus POCCUMMCKOM akaaeMun HayK. PaccMoTpeHHble BOMPOChbI CBSA3aHbl C
npUMeHeHneM TeopeTUKo-NMHHOPMaLIMOHHbIX METOA0B U METOAOB TEOPUM ONTUMAsbHbIX cUCTeM. lMoka-
3aHO, YTO NpOAHaN3NPOBAHHbIE MOJIOXEHMS NMO0 NULLEHBbI CoAepXaTesbHOro cMmbicna, anbo soobule
npeacTaBnaoT cobon 3abnyxaeHus, 4To, yumTbiBas ydebHblli XxapakTep AAHHOW KHUMM, cneayeT pac-
cMaTpMBaTb KaK UesieHanpaB/ieHHble AeWCTBMS, HarnpasB/fieHHble Ha CHUXXEHMEe YPOBHS MOArOTOBKM
OTeYeCTBEHHbIX CNeLnanancTos.

STOCHASTIC SYSTEMS AND INFORMATION THEORETIC METHODS: AN ANALYSIS OF SOME APPROACHES
K.R. Chernyshov
V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of Sciences, Russia, Moscow

The paper is of a methodological nature and is devoted to analysis of some methods of identification and modeling of stochas-
tic systems, presented in a recent text book (the author: F.F. Pashchenko) of the “Finansy i Statistika” (“Finances and Statis-
tics”) Publishing House (Moscow, 2007), and supported by the Russian foundations for basic researches (project 05-08-
50336a) and Program No. 15 of the basic researches of the Department of power engineering, machinery, mechanics, and
control processes of the Russian Academy of Sciences. Issues concerned with applying information theoretic methods and
methods of the optimal system theory are considered. The analyzed results are shown to be either having no substantial
sense, or being delusions at all, what, taking into account the educational intention of the book, should be considered as goal-
oriented actions directed to decreasing the educational level of Russian specialists.

Tpoepamma IX Medxwcoynapoonoi kongepenyuu «HMoenmudurayus cucmem u 3aoaqu ynpagienusi» SICPRO ‘12 Mockea 30 sinsapsi - 2 pespansn 2012 2.
Programs of the IX International Conference “System Identification and Control Problems” SICPRO ‘12 Moscow January 30 - February 2, 2012
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