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I.0. IMMOBA

XepcoHChKHUIT AepiKaBHUI arpapHO-eKOHOMIUHUI YHIBEPCUTET

ORCID: 0000-0002-5294-1756
TH®OPMAIIAHUNA ITPOCTIP OB’EKTY B CHCTEMAX IIEHTU®IKAIII

YV cmammi npuoinena ysaea numanuam eusHauenus ingpopmayiiinozco npocmopy o6 ’ekma 8 3a0avax
ioenmugpixayii, npuyomy IHGHOPMAYITIHA MHONCUHA PO32TAOAEMBCSL SIK CYKYRHICIb OAHUX, U0 OMPUMAHI Ni0 Yac
CROCMeEpediCen sl 3a 3MIHHUMU 00 '€Kmy 8 npoyeci HOpMANbHOI ekchiyamayii cucmemu i anpiopHumMu OaHUMU
npo cmpykmypy 06 ‘exmy.

s moeo, wjob ynpagnamu, ciio 8uKopucmogysamu HeoOXioHy ingopmayito 0ns oyinku cumyayil, wo
ckaanacs, i upobnsmu pekomenoayii, wo sabe3neuyioms Haudinbul epexmusHe GUKOHAHHS Yyinell ynpasinisl
cumyayieio. Bubip mooeni npu po3s’sa3anni 3a0a4 ynpagiints ma Ue4eHHi be3nepeperux npoyecie 00ymMosneHul
AK ymMogamu peanizayii, mak i gumozamu aoexeamuocmi. B ymosax negusHayenocmi Ha nepuiuil niaH uxoosime
aneopummu i Memoou inopmayitinoeo ananizy OaHUX pizHol CMpPyKmypu.

s po3e sisanns npodnemu ynpasninus 8 yMo8ax HeguU3HaA4yeHOCmi GUKOPUCIOBYIOMbC MEMOOU Meopii
aoanmugHux cucmem, SIKi 00360NSI0Mb. 3a0e3neyumu GUCOKY MOYHICHb YAPAGNIHHA NpU CYIMMESI 3MiHI
OUHAaMINHIUX gracmugocmell 06 'ekma, 30UCHIO8AMU ONMUMI3AYil0 pedcumie pobomu 06 'ckma 8 yMosax 3MmiHu
020 Xapakmepucmuk, NiOsUWUmMY HAOIliHICMb cucmemuy, YHiikysamu okpemi niocucmemu ynpagninus i ix
ONOKU, cKOpomumu mepminu po3pooku i 0oedenns cucmemu. AOANMUBHIi MemMoOU SUKOPUCMOBYIOMbCS OJisl
PO38 3Ky 3a0ay, 8 SAKUX 8IOCYmHsl iHghopmayis npo xapakmep i yMo8u (YHKYIOHY8aHHs. 06 '€kma, a makooic y
BUNAOKY HEMOJCTUBOCH abO Hedocmamubo NOBHOI popmanizayii anpiopHux OaHUx.

IIpoyec cunme3sy a0anmugHol cucmemu MOXCHA po3doumu Ha oexinexa emanie. Cnouamky (opmyemocs
Mema YNpasninHs | GUKA3YIOMbCA 8UMO2U 00 CHPYKIMYPU MAmemMamuunoi mooeni 06’ekmy. [ia yvoeo
BUKOPUCMOBYEMbCSL anpiopHa i/abo exchepumenmanvha ingopmayis. B 6inew 3acanenomy 6unaoky cumnmes
cucmemu 38 ’s13aHuil 3 po36’sI3Kkom 3adayi cmpykmyphol idenmuixayii. Ha Opyeomy emani @usnauacmocs
cmpykmypa kepylouozo npucmporo. Jani 30iicHoemsbcs udIp ancopummy adanmayii napamempis peynsmopa.
Ha saxmounomy emani npogooumucsi 00IpYHmMY8aHHA NPULIHATNO20 AN2OPUMMY.

Kniouosi cnosa: inghopmayiiinuii npocmip, ingopmayitina MHOMCUHA, 00 €KM YNPAGIIHHS, AlI2OPUMM
OYIHIOBAHHSL napamMempig, ioeHmupixayis.

A.O. IIMOBA

XepcoHCKHIT TroCy 1apCTBEHHBII arpapHO-3KOHOMHYECKHIT YHUBEPCUTET

ORCID: 0000-0002-5294-1756
NH®OPMALMUOHHOE MPOCTPAHCTBO OB BEKTA B CHCTEMAX UAEHTU®UKALIUN

B cmamve yoeneno eHumanue gonpocam onpeoeneHus UuHGOPMayuoOHHO20 NPOCMpPanHcmea 00beKma 6
3a0auax uOeHmMuQukayuy, npuvem UHOOPMAYUOHHOE MHOMCECBO PACCMAMPUBAENCS KAK COBOKYNHOCHIb
OaHHBIX, NOJYHYEHHBIX NpU HAOIIOOSHUU 30 NePeMEeHHbLIMU 00beKma 8 npoyecce HOPMATbHOU SKCHIYAmMmAayuu
cucmembvl U ANPUOPHLIMU OAHHBIMU O CIpYKIMYpe 00bexma.

s mozo umobwl ynpaensame, ciedyem UCNONb308AMb HeoOX00uMylo uHgopmayuto Onsi OYeHKU
crooicusuieticss  cumyayuy U - 8blpabamelsams  pekomeHoayuy, obecneuusarouue Haubonee hghexmusHoe
BbINONIHEHUE Yellell ynpaesienus cumyayuell. Bvlbop moldenu npu peuwieHuu 3a0a4 YNpagneHus U u3yHeHuu
HenpepuiBHbIX NPOYecco8 0OYCI08NEH KAK YCAOBUAMU peanusayuy, max u mpebosanuamu adexeammocmu. B
VCNI0BUAX HEONpeOeleHHOCYU Ha Nepeblil NAAH 8bIX00AM AleOpUMMbl U MemoObl UHDOPMAYUOHHO20 AHANU3A
OQHHBIX PA3HOT CIPYKTNYPbL.

[ns pewenuss npobaemsl Ynpasnenus @ yCao8usax HeonpeoeneHHOCHU UCHOTb3YVIONCs Memoodsl meopuul
A0anMuUBHLIX CUCHIEM, KOMOpbIe NO3GOSUOM 00ecnedums BbICOKYIO MOYHOCMb YAPABIeHUs HpU USMEHEeHUU
OUHAMUYECKUX CBOUICE 0ObeKmA; OCYWeCmBIANMb ONMUMUBAYUIO PeNCUMO8 pPabomel 0ObEeKMA 8 YCI08USIX
UBMEHEHUs] XapaKkmepucmuk, NOBLICUMb HAOEJICHOCHb CUCHEMbI, YHUDUYUPOBAMb OmOeNbHble NOOCUCHEMbl
YUpasnenuss u ux OJIOKU; COKPAMUMmMb CPOKU pazpabomiKu U OOKA3bIBAHUS CUCHEMbl. AdanmusHbie Memoobl
UCNONL3YIOMCS. O peulenus 3a0ay, 8 KOMOPuIX OmMCYymCcmeyem uH@opmayus o xapakmepe U YCI08UsX
DYHKYUOHUPOBAH U 0OBEKMA, 4 MAKICE 8 CIyYAe HEBO3IMONICHOCIU Ui HeOOCMANOYHO NOIHOU hopmanuzayuu
anpuopHuIX OGHHBIX.

IIpoyecc cunmesza aoanmugHotl cucmemsl MOJICHO pazdoume Ha smanst. Cuauana gopmupyemcs yeio
YApasneHusi U Bul08U2AIOMCs MpeboBaHUs K CMPYKMype Mamemamuieckoi mooenu obvexma. s 2mozo
UCNONL3YEMCSl ANPUOPHASL W UNY dKCnepuMenmansHas ungopmayus. B 6onee obwem ciyyae cunmes cucmemuol
C6A3aH ¢ pewieHueM 3a0avu cmpykmypHoil uoenmuguxayuu. Ha emopom smane onpedensemcs cmpykmypa
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yupagasiouweco ycmpoiicmsa. Janee npousgooumes glbop ancopummda aoanmayuyu napamempos pezyismopa.
Ha saxnouumenvHom smane npouzgooumces 000CHOBAHUE NPUHSNO20 AleOPUMMA.

Knrouesvie cnoga: unH@popmayuoHHoe NpoCmMpancmseo, UHDOPMAYUOHHOE MHONCECNBO, 00beKm
VIPAGIEHUS, ANeOPUMM OYEHKU NAPAMEMPOS, UOSHMUDUKAYUSL.

H. DYMOVA

Kherson State Agrarian and Economic University

ORCID: 0000-0002-5294-1756
INFORMATION SPACE OF OBJECT IN IDENTIFICATION SYSTEMS

The article focuses on the issues of determining the information space of an object in identification
problems, and the information set is considered as a set of data obtained by observing the variables of an object
in the normal operation of the system and a priori data on the structure of the object.

In order to manage, you should use the necessary information to assess the current situation and
develop recommendations that ensure the most effective implementation of the objectives of the management of
the situation. The choice of a model when solving control problems and studying continuous processes is due to
both the conditions of implementation and the requirements of adequacy. In conditions of uncertainty,
algorithms and methods of information analysis of data of different structures come to the fore.

To solve the problem of control in conditions of uncertainty, methods of the theory of adaptive systems
are used, which make it possible to ensure high accuracy of control when changing the dynamic properties of an
object; to optimize the operating modes of the object in conditions of changing characteristics; improve the
reliability of the system; unify individual control subsystems and their blocks; reduce the time required to
develop and prove the system. Adaptive methods are used to solve problems in which there is no information
about the nature and conditions of the object's functioning, as well as in the case of impossibility or insufficient
complete formalization of a priori data.

The process of synthesis of an adaptive system can be divided into stages. First, the purpose of
management is formed and requirements are set for the structure of the mathematical model of the object. For
this, a priori and / or experimental information is used. In a more general case, the synthesis of the system is
associated with the solution of the problem of structural identification. At the second stage, the structure of the
control device is determined. Next, an algorithm for adapting the controller parameters is selected. At the final
stage, the adopted algorithm is substantiated.

Keywords: information space, information set, control object, parameter estimation algorithm,
identification.

IMocTanoBka npodaemn

B ymoBax anpiopHoi HeBU3HAYE€HOCTi U1 YNpaBliHHA 00’ €KTaMU LIMPOKO BUKOPUCTOBYIOTHCSA CUCTEMHU
3 HeMpAMUM aJanTHBHUM YNpPAaBJIiHHAM, TaK K JO3BOJIAIOTH 3a0e3MEeUYUTH BUCOKY AKICTb (DYHKLIOHYBaHHS.
OCHOBHOIO JITAaHKOIO TaKUX CHUCTEM € OJoK ineHTu(ikamii. Y 3ajie)HoCTi Bif BIACTUBOCTElN 00’ €KTa 1 BUMOT, 110
npeq’sBIAIOTECA  CHCTEMi, MOXYThb BHUKOPHCTOBYBaTHUCS AK METOOM PETPOCNEKTHBHOI, CTpaTeriyHol
ineHTrdikalii, ToOTO MO/ BU3HAYAETHCS MO3a KOHTYPOM YMpaBIiHHA, TakK i MiJIXOIW, 110 3aCHOBaHI Ha
MOTOUHI Ta omeparuBHill imeHTHdikauwii [1]. TTonpu Benukoi KimbKocTi MyOmiKamiii IMOAO MiAXOMIB 10
igeHTHGikalii cucTeM MOXKHa BHIUINTH TiIbKKM AEKiJIbKa TMiOXOMIB OO0 aJanTUBHOTO TapaMeTpHIHOro
OLIiHIOBaHHA. B OCHOBHOMY Ile MeTon HalMEHIUMX KBaapaTiB, METO CTOXacTHMYHOI ampokcumarii Ta ix
Moau(ikamii, a TakoX pi3HI rpamieHTHI anroputMu. [Ipu po3B’s3aHHI MPAaKTUUHUX 3a1ad Teopii ympaBiIiHHS
TEOpEeTHYHI TepeIyMOBH, IO JIeKaTb B OCHOBI BKa3aHMX METOHIB, fK MpPaBHMJIO, He BUKOHYBAIUCh i TOMY
e(ekTHBHICTh OaraTthox mpouenyp ineHTHdikanii Oyna HeBucokoro. HeBpaxyBaHHS peanbHUX BIACTHBOCTEH
TIPUBOJIMB JIO BTPATH BIIACTUBOCTEH ONTUMAITLHOCTI, YITOBITBHEHHIO 200 TOTIPIIEHHIO MBUIKOCTI 301HOCTI [2].
Tomy B Teopii imeHtudikauii roctpo BcTana npodiema 3ade3neueHHs rpy0OCTi ajJrOPUTMIB i METOMIB, fKi
BUKOPHCTOBYIOTHCS, O€3M0CepeHbO 3B’s3aHa 3 ypaxyBaHHAM OOMEXeHb Ta YMOB (DYHKLIOHYBaHHS CHCTEMH
«00’€eKT + cepenoBulley. Lle HaCTYNHUIA eTan PO3BUTKY CTATHCTUYHOIO HANpPAaBJIEHHS YIOCKOHAICHHS METO/iB
NapaMeTpUYHOro OLUiHoBaHHA. Jlna piweHHs mnpoGiaeMu poOacTHOCTI aJaNTUBHUX ATOPUTMIB  OyIlo
3anpoONOHOBAaHO psan miaxomiB [1, 3], ski B HACTYMHOMY CKJIaJi OCHOBY HOBOIO HAYKOBOI'O HAMNpsMKy —
iHdopmauiiiHoi Teopil ineHTudikawil. Bka3anuii HanpsMok O6a3yBaBcs HA ypaxyBaHHi anpiopHoi iHpopmaLii npo
cepeloBUllle y BHAI 3aBOaHHA KJacy HaliMeHII CHPUATIMBUX PO3MONUICHb mNepewikon. Takuii miaxin He
JO3BOJISIE TOBHICTIO BpaxyBaTH peanbHi YMOBU (YHKLIOHYBaHHA 00 ekTy. KpiM TOro, B LbOMYy BHIAmKy
BUHMKAIOTh TPYIHOLI, MOB’SA3aHi 3 OLIHKOIO SKOCTI poOOTH anropuT™iB igeHTH(ikaUil 3a KiHIEBUMHU
BubipkamMu. OTpUMaHi aJrOPUTMU SBJISIFOTHCS HEJTIHIIHUMM BiJIHOCHO MOMUJIKU OLIiHIOBAHHSI. SIKIIIO OOMEXKEHHS
Ha MepellKoAy HOCATh HeCTATUCTUYHHIA XapakTep, abo Bizoma nonmatkoBa iHpopmauis mpo BXid, BHXid ado
napameTpu 00’ €KTY, TO 3aPOMOHOBAHA METONOJIOTiS ABISETHCSA HEMpPaLe3aaTHOLO.
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BukopucraHHs HEBM3HAUSHOCTiI SK BHYTPIIIHBOI BJIACTHBOCTI CHCTEMH, fKa TPOMOHYE MiAXim M0
npobseMu ineHTUdiKaUil: iHpopMallist HiHHA He TiJIbKM CBOEIO HASBHICTIO K (pi3uHMM aTpubOyTOoM, ajie i CBOIM
BHYTpIIIHIM HATMOBHEHHSAM, LIO MPENCTaBJsie OCHOBHHUiII iHTepec B mpoueci aHanizy [1]. Tomy chopmyemo
npuHOUN iH(GOpMaILiiiHOT MOBHOTH B 3a/1auax igeHTudikalii: MeToro igeHTudikarii Ta il aropuTMiuHIX 3ac00iB
€ (opmyBaHHs iH(pOpMaLiiiHOI MHOXHMHHU | CUCTeMM Ha OCHOBI HASIBHOTO PiBHS MOBHOTH. 3 I[BOTO MPUHIUIY
BUILIMBAE, 10 PiBeHb iHPOpMaLiiiHOT TOBHOTH MHOXKHHHY | € THM 0OMeXyBaHHSM, SIKHI BH3HaYa€ MeETy, piBeHb
Ta AKICTh OTPUMAHOTO PillleHHS.

AHaJni3 ocTaHHIX A0CTiKeHb i myOaikamiit

Panni po6otu, siki Oysiu 3pobsieHi B 06nacTi ineHTudikaiii cucteM, 1o 38’ A3aHi 3 YACOBUMHU PSIIaMH, i
IpyHTyBanmick Ha pobortax K.®. I'aycca «Theoria motus corporum coelestium in sectionibus conicis solem
ambientiumy (1809) ta P.E. ®imepa «On an Absolute Criterion for Fitting Frequency Curves» (1912) otpumanu
Ha3BY CTATUCTUYHE OLIIHFOBAHHSI.

Binpia uwactmHa npouenyp ineHTudikauii TpyHTyBajach Ha CIOCTEPEXKEHHI peakiiii KepoBaHHX
00’€KTIB 32 HAsBHICTIO NEAKHUX YNpPAaBJSIOYMX BIUIMBIB i B 3aJIKHOCTI Bil TOro, SIKWii BuA iH(opMaLii npo
00’€KT BUKOPHCTOBYBABCS, METO/IM iieHTU(iKalLii po3aiisitics Ha yacToTHI Ta yacosi. P.E. Kanman npencrasus
OIMC KepOBAHOI CUCTEMH Yy BUIIANI POCTOPY CTaHIB, 110 MO3BOJIMIIO NpaLloBaTH 3 6araTOMipHUMU CUCTEMaMU
[4].

Meroau inentudikauii cucreM ms 3aaa4 ynpasiidia Oynu po3poOueHi i onucaHi B podori b.JI. Xo Ta
P.E. Kanmana «Effective construction of linear state-variable models from input-output functions» — meron
M ANpPOCTOpPY, OCHOBaHMi1 HA BUKOPUCTAHHI MPOEKLil B eBKIiI0BOMY IPOCTOpi, a Takox B podoti K.M. Octpema
ta T. bonina «Numerical identification of linear dynamic systems from normal operating records» — meron
MOMUJIKM Tiepen0OaueHHs, OCHOBAaHMI Ha MiHIMI3allil KpuUTepis, 110 3aJeXuTh BiA napamerpiB moneni. Pobora
B.JI. Xo ta P.E. Kanmana npucBsiueHa noiyky Mozeni o0’€KTa, 110 BUBYAETHCS, B MIPOCTOPI CTaHIB, KU Mae
HaliMeHIINH TOpsAI0K BEKTOpa CTaHiB, HA OCHOBI iH(opmalii mpo iMIMyNIbCHY MepexigHy XapakTepucTuky. L{s
3ajaya MpU HasABHOCTI peajii3aliii BUMaakoBoro mnpoiecy, A€ (GopMyeTbcs MapkiBcbka MOIEsb, OMMCAaHAa B
pobotax I1. ®oppe «Realisations markoviennes de processus stationnaires» Ta X. Axaiike «Stochastic theory of
minimal realization», mo i cramo ocHoBolw Meroma migmpocropis. Ilpams K.M. Ocrpema ta T. Bonina
npefcTaBuia METON MaKCUMajbHOI MNpaBaoOMomiOHOCTI, po3pobneHuit ¢axiBuiMu 3 yacoBux psnpis T.U.
Kynmancom B poboti «Measuring the Equation Systems of Dynamic Economics» i E.JI. XenHanom B po0ori
«AHaJli3 4acoBUX PsIiBY» LIS OLIHIOBAHHS MapaMeTpiB Mojerneil y BUTIsAi pisHALeBUX piBHAHb. LI Monerni, 1o
BiZIOMi sIK aBTOperpeciiiHe KOB3He cepelHe Ta aBTOperpeciiiHe KOB3He CepelHe 31 BXOOM, YyTBOPUIM OCHOBY IUIs
Metona momunku mnependadenHs. Jxopmk E.II. Bokc ta I''M. JleHkiHC omyOuikyBajau poOoTy «AHai3
YacOBHX psJIiB, MPOTHO3 Ta YMPaBJiHHA», [ OMUCAIM BUKOPUCTAHHS METONIB iAeHTUdiKalii 3 MOMEHTY
nouaTky 300py iHpopmauii mpo 06’ €KT 10 OTPUMaHHS Ta MepeBipKU MOJEII.

[Tpu po3B’sa3aHHi 3ana4i igeHTH(iKaLiT BBaXKAETHCSA BiIOMUMH CTPYKTYpa CHCTEMH Ta Kiiac MOJIelNei, 10
SKOTO BOHA BiTHOCHTbCS. AmpiopHa iHpoOpMallis NMpo CHCTEMY JOCTaTHLO IIMpoka. Taka MocTaHoBKa 3amadi
ineHTHGikalii HalOLIbII BiAMOBINae peaJbHUM yMOBaM TPOEKTYBaHHs i iii mpucesiueHa podota A. Ceitmka Ta
Jx. Mernca «IneHtudikaiis ciucteM ynpaBiiHHSY.

Ha Bigminy Bin poboru /1. I'poriom B poboti «Metonu inenTudikauii cuctem» OyB pO3TJISIHYTHIA OGilbII
HIMPOKHMH Kiac Pi3HUX METONiB ineHTH(ikalil Ta MpeacTaBieHWid MaTepiad NMpo YyTIMBICTh XapaKTEPUCTHK
CHCTEeM 0 MTOMUIIOK ineHTH(iKarii.

DopMyJTIOBAHHSA METH AOCTiKEHHS

Meroto poboty € popMyBaHHS Ha OCHOBI HAassBHOTO PiBHS MOBHOTH iH(OpPMAaLiliHOT MHOXKHHU CUCTEMHU,
BU3HAueHHs iHQopMalliifHoro mpocTopy 00’ekTa B 3amadax igeHTH(IKail Ta CTPYKTYypH eKClepUMEHTaIbHUX
JaHVX.

BuknaneHHsi 0CHOBHOI0 MaTepiany J10CTizKeHHs

IMapamerpudHi MomeNli BUKOPHUCTOBYIOThCS B aJalTHBHHUX cUCTeMaxX ineHTUdikamii Ta yrmpaBiHHS.
PoznoBciomkeHHS MapaMeTpUYHOTo MiAX0Ly MOSCHIOEThCS:
- PO3BUTKOM TeOpii aBTOMaTHYHOTO yNpaBJIiHHS;
- crpo6oro onucary y BUrJsii Mojeneit GizuuHi npouecu, 1o nepediratoth B 00’ €KTI;
- AJITOPUTMI3aLli€I0 MPOLIECIB, 110 AOCTIKYIOThHCSL.

BBenenns napameTpiB B MOZeNb I03BOJISIE BiNOOpa3UTU CTPYKTYPY, OpraHi3alilo eleMeHTIiB B 00’ €KTi
Ta ix B3aeM03B’s130K. [1po mpane3naTHicTh 00’ €KTa CynsaTh 0 MeKax 3MiHM HOro mapamerpis. | TibKY 3aBIAKH
napamMeTpUYHOMY TPEICTABICHHIO MOXKIIMBO PO3B’A3aTH 3a]a4y yNPaBIliHHSI B yMOBaX HEBU3HAUCHOCTI.

[NapamerpuuHuii miaxin NoB’si3aHuii 3 MeTogamMu MoOYyIOBM i peani3awii Moaeneil, ki 3anexarb BiJ
napametpiB. MatematuuHa Mozenb OyayeThes IS ONUCY OYyIb-SIKUX MPOLECIB, 10 nepediratoTh B 00°€KTi, 00
BUBUEHHS SIBUILL Pi3HOI mpuponu. MaTemaTuuHi Mojeni BiJoOpa)KatOTh MPUUMHHO-HACIIIKOBI 3B’SI3KH MiX
3MiHHUMU B TIPOCTOPi «BXiA-BUXi», AKi CIOCTEPiraroThes.

OO6’€eKT, IO PO3MIIAAAETHCSA 3 TOYKH 30py CHiBBIIHOLICHHS «BXiJ-BUXiI», 3BUYAIHO MPENCTABIAETHCS
y BUIi, 300pakeHOMY Ha puc. 1.
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YIpaBmiHHS [ > 0

Yi(9)

Puc. 1. Cxema 06’ekTa ynpasJiHHA

Ha pucynky 1 ¥(t) — BekTOp 3MiHHMX, 11O CHOCTEpIira€Thes, SKMH 1A OiMblIOCTI 00’€KTiB
ynpaBiliHHA MOYKHA 3anucat y Burni [ 1, 3]:

Y@)=vy@® ur(@,

ae Y (t) € R™ — 6e3nocepentiii Buxia 00’exra;
Y,(t) € R! — BeKTOp OnocepeKoBaHUX 3MiHHMX, 33 AKMMU MOXKHA CY/IUTU NPO CTaH 00’ €KTa

Y, @) = Y, ¥,t).

[Mpoctip BXiAHMX 3MIHHMX TAKO)X MOXKHAa PO3OMTH Ha JBi MiJMHOXWHU: YNPAaBISIOYMX 3MIHHUX
U(t) € R* i 3minHux &(t) € R? (30ypeHb), LI0 3MiHIOIOTHCA 3a HE3aJIOKHUMH | B 3aralbHOMY BHIAiKy
anpiopi HeBimoMMMM npuuumHaMu. &(t) BimoOpakae BIUIMB 30BHILIHBOrO CEpeloOBUINA HA O0’€KT i MOXkKe
HOCUTH BuUMajakoBUil Xapaktep. [leski 3MiHHI 3 &(t) MiAJalOTbCS KOHTPOMIO i BUKOPUCTOBYIOTbCS IS
pO3B’sI3aHHS 3aJa4 YMpaBIliHHA, IHIII SBJIAIOTHCA IIKIIJIMBUMH 1 TIO BiJHOUIEHHIO 1O 00’€KTY MOXYTh
posrnaaatucs sk wyMm. B 3agadax igeHTtudikawii nepenbavaeTbcs, L0 BIJIMB cepeloBMINA Ha 00 €KT
MPOSIBISETBCS Y BUAI JEIKOT0 LIyMY (TIepeLIKO/IN).

[lpyuuHHO-HACMiAKOBI  3B’S3KM B O0’€KTi HAa  MHOXKHMHI  €KCMIEpUMEHTaJbHUX  JAaHMX
I, ={Y(t),U(t),t € J} MOXKHa MMHCATH 3a AOMOMOIOI0 MaTEMAaTHYHOI MOJIENi

X(t)=F(XA,U,t1),
Y(t)=F(X,AUZé,t). (D)

ae X(t) € R™ — BeKTOp CTaHy;

T € J — mesikuii iHTepBa yacy (4acoBa 3aTpUMKa);

F,F, — mesKi HeniHilHi ornepaTopy, CTPYKTypa SKHX BioMa 3 TOUHICTIO [0 BEKTOPiB HEBiZOMHX
napameTpiB A, (t), A(t), o HanexaTh oOMesKeHiii, abo anpiopi HeBimomiii odnacti G, < R”.

Bexropu A, (t),A(t) B (1) MoxyTh OyTH MOCTiHHUMM a00 3MiHIOBATHCA 3 YaCOM t € J HEBiAOMHM
yuHOM. Bekrop X (t) xapakrepusye BHYTpilUHil cTaH 00’€kTa, a Y (t) ABASETHCSA BUXOAOM.

®opmyna (1) npencrasise 3aranbHAN 3aNHC TPOLECIB, IO NMepediralTh B 00’ €KTIi, B MapaMeTpHIHil
(hopmi, Tomy 3 1i€l GpopMynH MOXKHA OTPUMATH Pi3HI BUIW MapaMeTPUIHUX MPEICTABIIEHb 32 paXyHOK 3MiHU
ab0 mepeTBOpeHHs apryMeHTiB abo BUMIIALY omepaTopiB F,F,. /laHe mpencTaBneHHs CHpaBeIMBO SK AN
JUHAMIYHUX, TaK i Ui cTaTUUHUX 00’ekTiB. s auHamiuyHuX 06’ekTiB 3 (1) MOXKHa OTpUMaTH MOJENb B
npocTopi craHiB. [Ipy npOMy Tepine piBHSHHS OMKCYE EBOJIOLII0 BHYTPILUIHBOTO CTaHy 00’€kTa (Monenb
CTaHy), a Ipyre — Mpoliec BUMiproBaHHs (Moaenb cnocrepexenHs) [3].

Haiibinpi 3aranbHIM KacoM NapaMeTpUYHUX MOZENEH € AuHaMiuHi, ki MokHa po3ainuti [1] Ha
OesiHepuiiiHi Ta iHepuiiiHi. Knacudikauis, 0 NpoOmoOHyeTbCA, OCHOBaHA HA aHaji3i 1 BUKOPHUCTaHHI
indopmamii I, crmocrepexxyBaHoi Ha HesKoMy iHTepBami J = [t,,t,] 1 OlTbII MOBHO BigmOBimae mpobieMmi
inentudikauii. Jo IMHAMIYHUX BiAHOCATH MOJENI, IO OMUCYIOTh MPOLIECH, SIKI BOJIOAIIOTH BJIACTUBICTIO
iHepliiiHOCTI. [HepuiliHicTh — e peakiis 00’ekTta Ha BXiAHUN BIKMB. TOMy MNOHITTS iHEPUIMHHOCTI
acoliroeThes 3 mapoto (U,Y) 06 exty. besinepuilini 1uHaMivHI MoIesi BKIIOYAOTh B ceOe 1e OqHY 3MiHHY —
yac, SIKMii B NESKUX BMMAJKaX MOXE BUCTYNMaTh $K BXiJHaa 3MiHHA, 1 SK 3MiHHA, LI0 BifoOpaxkye
nepenicTopito 00’ekTy. BpaxoByrouu mnpuBeneHi MipKyBaHHS, AWHAMIYHY MOIEJb MOXKHA MPEICTaBUTH
HACTYITHUM YHHOM.

Beenemo 3MiHHY T € | = [t,, t, ] i Oynemo mpumyckary, mo t, < 7 < t. Toxi 3 piBrstHHA (1) MOXHA
OTpHUMATH JUHAMIUHE MPEACTaBIeHHS B IpocTopi {U, Y}

88



BICHHK XHTY Ne4(79), 2021p. IH®OPMAIIHHI TEXHOJIOT'TI

V() = F(A Y (1), U(r2), § (), 7 € [t ] i = T3), )
ne ty, = to.
3 piBHAHHA (2) BUIHO, IO TWHAMIYHI BIIACTUBOCTI 00’€KTa MOXXYTh BH3HAYATHCS SIK BIIACHE HOTO
BHYTPILIHA CTPYKTYpa, TaK i IMHaMiuHi BI1acTUBOCTI Bxofy U(t) Ta nepemkonn & (t).
bBe3miy nmuHAMIYHMX TIpomeciB B 00’€KTaX YNPaBIiHHA MOXHA ONUCATH 3a IOTOMOTOIO
o epeHLiaTbHOTO PiBHSIHHS 3 OJTHAM BXOJIOM 4 i BUXOIOM )

agy™ + a;y™m Y + -+ a,y = bou® + bu® + -+ hu + . 3)
ae &— BUMAJKOBE 30ypEHHS;
a, b — BaroBi koe(iuieHTH AUpepeHLIiaTLHOT0 PiBHAHHS.
Bin piBusiHHS (3) MOKHA MepeiTu 10 KiHIIEBO-Pi3HULIEBOTO MpencTaBlieHHs. Baxatoun ¢ = nAt, ne
n=0, 1, ..., At— iHTepBaj 3HIMaHHS JaHWX, TAa BBOASYM ONepaTop z 3cyBy Hazan zy(n) = y(n — 1), orpumaemo

Dy (2)y(n) = Dy (2)u(n) +¢(n),

“4)

ne Dy(2) = apz™ + a; 2™ + - + apy, Dy (2) = byz* + byz*t + -+ b,
Skimo & (f) BUNaakoBa MOCiI0OBHICTh, TO (4) MpeCcTaBIIsie COOOIO PiBHAHHA aBTOPErpecii — 3MiHHOrO
cepenHboro, a mpu D,(z) =1 — Momenb 3MIiHHOTO CEPENHBOro. Y 3arajbHOMY BUMAAKY PiBHAHHA

aBTOperpecii — 3MiHHOro cepeHLOro 3 AMHaMiYHO creurdikaniero ms £ (1) B mpoctopi {U, Y} Mae BUTIIAN

Y(t) = F(AY(11),U(12),$(T3), 7; € [t t], £ =1,3) )
ne t, = to-
3 (3) BumHO, IO AMHAMIYHI BJIACTUBOCTI 00’€KTa MOXYTh BHM3HAYaTHCS SK HOr0 BHYTPILIHBOIO
CTPYKTYpOIO, TaK i IMHAMIYHUMH BJACTUBOCTAMU BXomy U(f) Ta meperukonu & (f).
Piusinns (3)-(4) MoxHa 3amucati B MatpuuHiii dopmi (B ¢opmi mpocropy crauiB). J{is miHiliHOTO
CTalliOHAPHOT0 00’ €KTY PIBHSHHS B MPOCTOPi CTaHIB Ma€ BUJ

X =AX+BU +§,
Y=CX+DU+¢, (6)

ne XeR™ — BEKTOp CTaHy;

AeR™" — MaTpUIs CTaHY;

UeR"** — pextop BXOMY;

Y eR" — BEKTOp BHXOLY;

BeR"*, CeR"™ DeR",

{eR" — HecriocTepeKyBaHUH BEKTOP TIOMHIIOK BUMipIOBaHH,

EeR™ — BEKTOp MEPELIKOI.

Iepure piBHsSHHS B (6) Ha3WBalOTh pIBHAHHAM CTaHy, a JApPYre — pIiBHSIHHSIM BUMIipPIOBaHHS
(cnocrepexenns). B 3anauax inentudikauii maTpuid D 3a3Buuaii JOpiBHIOETCS HYIIO.

Bynb-sikuii 00’€KT Moxe 6yTu OXapaKkTepU30OBaHMI CyKYIHICTIO 3MIHHUX U(t) € U, 110 NOCTYNAOTh
Ha 0ro BXi, i CyKyNHICTIO 3MiHHUX X(t) € X, AKi ABNAIOTHCA PeaKilielo 00’€KTa Ha BILIMB Ta BiZloOPaKaloTh
fioro craH. O0’€KT 3aHypeHHil B 30BHIILHE CepelOBHUILE, BIUIUB SKOTO MPOSBIISETHCSA y BUIli KOHTPOIbOBAHUX
£ () € E Ta HEKOHTPONBOBAHUX & (f) € ¥ 30ypeHb | TakoX BIUTMBA€E HA Horo cTaH. B 3amauax ineHrudixanii
30ypeHHs1, 10 KOHTPOJIOIOThCS, BKIIIOYAIOTLCA B CKIajJ BekTopa BXxomy u(t). HekoHTponboBaHi 36ypeHHs
& () mposABNIAIOTHCA Yepes3 BUXiA 00°eKkTa Y(t) € Y, AKuii HANEeXuTh X i ABIAECTHCA TiNbKYM YaCTHHOIO BEKTOPA
crany, T00To ¥ — X. IHdopmauilinuii npoctip 00’ekta npencrasnsgerbes y Bumi [1, 4]

I=UXXXWX]XS, %)

ae Y = ¥ X E —npocrtip 36ypeHs;
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J — iHTepBas crocTepexkeHHs 3a 00’ €KTOM;
S — mpocTip CHCTEMHUX MapaMeTpiB

S c R"™R",

ae K ¢ R" — npocTip CTpyKTypHHX O3HaK CHCTeMU «00’ekT+cepemoBuiey, K  S.

InpopmaruBamii mpoctip | B pealbHUX yMOBaX € HEMOBHICTIO CIOCTEPEKYBAHUM i TOMY BiH
MOKPUBAETRCS JIEAKOI0 1HPOPMAIIITHOIO MHOXUHOIO [, 110 MiCTUTh JOCTYIHI JUI BUMIPIOBaHHS MHOXHHU U
ta X. B npomy Bumanky muoxuna 1 sBnse coboro cykymHicTs BekTopiB (t) € U c U, y(t) €Y C X,
CIOCTEPEIKYBAHUX HA J,

I, ={U e R™Y € R"|U(t),y(t),t €]} )

Tak sk enemeHTH | OTpUMYIOTBCS B TpOLeCi BUMIpIOBAaHHA CHOCTEPE)KYBaHHX 3MIHHHX CTaHy, TO
MHOXUHA | MicTUTB TifIBKU YucesbHI 00pasu emeMenTiB mpoctopiB U ta X. [Is MOBHOI XapaKTepUCTHKH
00’€exTy B MHOXKMHY | BKJIIOUaIOTh anpiopHi BinoMocTi, Tomy | npencraBisieTscs y Buji

I= {Ia, Ie}s (9)

ae I, . — BiamoBigHO anpiopHa i ekcriepuMeHTalIbHa iHpopMaLlis.

Jna inentudikanii o0’ekTiB ynpaBlliHHA BHKOPUCTOBYeThca iH(opmauiiina MHoxuHAa [ (9).
CTpyKTypa i BIaCTHBOCTI MHOXHHM I, Tyke BIUTMBArOTh Ha BUOIp MeToma CHHTE3y MaTeMaTHYHOI MOZENi i
BUJI BUKOPMCTOBYBAHOTO aJITOPUTMY OLiHIOBaHHs mapamerpiB. [Hdopmaris [, mae Bun (8) i Bkmouae B cebe
pe3yJIbTaTH BUMIpPIOBaHb SIK BXIIHMX Ta CHOCTEPEXYBaHMX (BUXIOHMX) 3MIHHHMX CTaHy, TaK i HENpsAMHUX
napaMeTpiB, 110 3aJie)KaTh Bi/l BUXiHUX 3MiHHUX [5, 6].

B 3anexxHocti Bin 3amavi imeHTHdikamii, 0 PO3B’S3YEThCSI, MHOXHMHA [, MOke MaTH pi3HY
CTPYKTYpY. SIKImIo po3B’si3yeThcs 3amada pa3oBoi imeHTU(dikalii 00’€KTy ympaBiiHHA, TO MpOLEC
BUMIiproBaHHA Mae (iKcoBaHe 3aKiHUCHHS f., IPHUOMY £, > fy, i€ f) — 9ac MOYATKy CIIOCTEepeKEHHS. B 1bomMy
Bunaaky indopmauis I, mae Bun (8) i mpencraBisieThes y BUMIISIL

L(J) = {Hu(J), Hy())},

ne Hu(J) = [u(t), u(t), ..., u(t.)], Hy(J) = [v(t), y(t1), ..., ¥(t.)] — MaTpuLli BiAIOBIAHNX PO3MIPHOCTEIA.
SIKI10 BUKOHYETHCS MOTOYHA iieHThdiKalis, To iHpopmauis I, Mae Bux

I = {u(®), y(®©)};

e t=tyHi—1)gi=1,2, ..., —NOTOUHMII MOMEHT Yacy;

7— iIHTepBaJl 3HIMaHHS aHHX.

IMpu notouniii ineHTndikamii /| HeoOMEXEHO 3pocTae B Mipy 3pocTaHHS 4acy (yHKLiOHYBaHHS
00’exTa.

TakuM YrHOM, MHOXKMHA |, B KOHKpETHUX AomaTkax Mae pisHuil BUrsiA. Inpopmaris I, mictuts nani
Npo MapaMeTpy Ta XapaKTepUCTUKU 00’e€kTa i Mexi iX BuMiptoBaHHSA. B HesBHomy Bumi I. BimoOpaxkye
0oOMeXeHHsI Ha apaMeTPUYHUI MPOCTip MpolieciB, o nepediratoTs B 00’ exTi. Tomy MHOXUHA 1., Matoun BUT
1 (poBOro MacuBy, MOKE MaTH JOCTaTHBbO CKJIAAHY CTPYKTypy. Enement w(f) e I, MoxHa npencraButu y
Bumi [1, 7, 8]

w(t) = w(t) + w, (1) + wy(8) +$(1),

ae we(f) — nocriiina a6o (yHKILis, 10 JOBIIBHO 3MiHIOETHCS;
We(?) — rapMoHiuHa (yHKLiA 3 QikcoBaHMM TEpioaoM;
wy(f) — mesikuit mpotec;
£(f) — mepelikoza BIMipIOBaHHS.
CkanoBa w,(f) BizoOpaskye OCHOBHUIA peXXUM POOOTU 00’ €KTa, a W,(f) — OyIb-siKi MepiofnyHi sBUIIA
i mporecy, Tako 3B’s3aHi 3 OoCHOBHUM mpouecoM. DyHkumii wi(f) Ta &£(f) BimoOpakylOTh BIUIHB Di3HUX
30ypeHb: Wy(f) XapaKTepu3yloTh BHYTPIlLHI, @ £ (f) 30BHIlLHI BIIUBHY.
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Taky cTpyKTYpy MHOXKUHA I, Oye MaTh He 3aBkau. Y 3aJIeKHOCTI BiJl BJaCTUBOCTEH 00’ €KTY HesKi
i3 CKIIAIOBUX W MOXYTh OyTH BiICyTHI a00 MaTu OijibI KOHKPETHWI B, TOOTO (QYHKLiIO w(f) MOXKHa
3anucarty y BUIi

w(t) = ws(t) +$(1),
e w;y(f) — dyHKIis, sika BioOpa)ae CTPYKTYPHI 0COOJIMBOCTI 00’ €KTa;
& (f) — cepenoBuma.
BucHoBknu

Ipouecu wy(f) Ta £(f) MOXKYTh MaTH AK CTOXacTHYHY, TaK 1 PErylspHy CTPYyKTypy. Y BHIAAKy
PeryIsipHOi CTPYKTYpH BUKOPHCTOBYIOTBHCS PI3HI OIMUCH, SIKi JOMYCKAalOTh aJTOPUTMIYHE MpeICTaBIeHHS. Y
BUNAJKy CTOXAaCTUYHOIO XapakTepy MpPOLECIB Ans MPeICcTaBIeHHs & (f) BUKOPUCTOBYIOThCS Pi3HI CTATUYHI Ta
HMOBIpHICHI XapaKTepUCTHKH.

Buxopucranss TMX 4M IHIIMX METOMIB aHaNi3y €KCHEePUMEHTAIbHUX JAaHUX B CUCTEMax 3aleXuTh BifJ
BUMOT, IO Npea’sBJSIOTbCA A0 MaTeMaTMYHOrO OMUCY, YMOB Mepediry mnpoueciB B 00’€KTIB, CTPYKTypH
MHOXUHU L. Tak, AKIIO MHOXXMHA [, 3a[0BOJbHS€E YMOBI 30Yy[KEHHA, TO aHali3 [, 3 MeTo (opMyBaHHA
iHdopmauii /; MoXKe He NIPOBOAUTUCS, TOMY L0 BIACTUBOCTEH €KCIEePUMEHTAbHUX JaHUX, 110 MAEMO, JOCUTh
JUIl OTPUMaHHs aneKBaTHOI MareMaTH4HOi Mopneni. B iHmmX ymoBax BHMOIp i peasni3alis METOHIB aHamizy i
00poOKM MoTpedye peTenbHOro BUBUSHHS BCi€T anpiopHoi iHpopMaii mpo 00’ exT.
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