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2. Model-oriented signal processing methods in radio engineering systems with increased functional reliability

Pedepar:

1. Incepranjiiina po60Ta NpUCBSIUEHA PO3B'SI3Ky aKTyaIbHOI HAYKOBO-TEXHIYHOI IPO6IEMU, CYTHICTD SIKOI MOJIIrae y
pOo3poO1LIi Ha CUCTEMHIll OCHOBi HOBUX Ta BIOCKOHAJIEHH] BiJlOMUX METO[IiB, IPUCTPOIB Ta aJTOPUTMIiB (POPMyBaHHS
CUTHAJIiB-HOCIiB JiaTHOCTUYHUX O3HAK, 4Ki y [I0€JHAHHI 3 BUKOPUCTAHHAM cyd4acHUx I'T- TexHoJori# 30aTHi
3a6e3MeYnTy periaMeHToBaHi OKa3HUKY TOYHOCTI, QyHKIIOHAIBbHOI HaAiHOCT] Ta € PeKTUBHOCTI
pazioHaBirauiiHoro o6aiHaHHs MOCAAIKOBUX CUCTEM 32 YMOBH Jii IMPOKOTO CIEKTPY HecIpaBHOCTEN. [Ipobaema
[IPOEKTYBaHHS IPUCTPOIB BiTHOBJIEHHS IOBHO()POPMATHOTO BEKTOPA CTaHy [1OCAAKOBOI CUCTEMU CAHTUMETPOBOTO
IianasoHy 3a pe3yJbTaTaMM HEIIOBHUX CIIOCTEPEKEHD B IIPUCYTHOCTI MOPYIIEHDb IIPaLe3AaTHOCTI OKPEMUX
(dyHKI[iOHANBHYX MiICUCTEM BUPIITyBaiach 3 3a7y4€HHSIM 6a30BUX MPUHIMIIB Ta METO/IiB CUCTEMHOTO aHAi3y i



CHHTE3y. 3alIpOIIOHOBaHAa HAYKOBO OOI'PYHTOBAHOI KOHLEMIL s, 3TiJHO SIKOI TepeBaXkKHa OiIbIIiCTh MPUKJIATHUX 3a0a4
CHHTE3y IPUCTPOIB Ta aJITOPUTMiB (POPMYBaHHS CUTHAIiB—HOCIiB 1iarHOCTUYHUX O3HAK MOXKe OyTH PO3B'sI3aHOIO 3a
IIOTIOMOTOI0 CIEIiaIbHUX METO/IiB 06POOKY CUTHAJIIB, OPIEHTOBAaHUX HA KiIbKiCHI MaTeMaTUyHi MofiesTi
IOCJIiZIPKyBaHUX cucTeM. HazaHe o6IpyHTYBaHHS HAYKOBOTO MiIXO1Y, 3TiJHO SIKOTO OCHOBHA yBara B IOCiKeHHI
30cepeKeHa He CTIbKY Ha o6pe NOCIiIKeHUX NPUCTPOSIX BiiHOBAeHHs KanmaHa ta O'Peitni-Jlyen6eprepa,
CKiJIbKY Ha iX peKOHCTPyKIii y BinnosigHOCTI 70 BenbMU crienudiyHuX 33134 PyHKIIOHAJIBHOI iaTHOCTUKU
IVHAMIYHMX CUCTEM PEaIbHOIO Yacy. PO3BUTKY MiCTalu TEOPETUYHI OCHOBY MOZEILHO-OPi€HTOBAHUX
IliarHOCTUYHUX BiTHOBHMUKIB, NIOPSAOK SIKUX CIIBIIAJia€ 3 MOPSIAKOM KOHTPOJIbOBAHOI CUCTEMMU. 3aIllpOIIOHOBaHa
MoauQiKoBaHa CTPYKTypa NIPUCTPOIO BiJTHOBJIEHHS IIOBHOI'O NOPSAKY 3 HEBU3HAYEHVMHU BXOaMU. BCcTaHOBJIEH] Ta
JOKa3aHi yMOBU iCHYBaHHS TaKMX BiJJHOBJIIOBAJIbHUX [IPUCTPOIB. 3alIPOIIOHOBAHO aJIbTEPHATUBHUN METO]], BUBOLY
piBHSHB 1715 PinbTpa KasMaHa 3 CTaTUCTUYHO-HEBU3HAYEHVMU BXOJAMU, KU 6a3yeThCsl HA O3HAUYEHHI
(PyHKLiIOHANBHOrO BifHOBHUKA Y ¢popmi O'Peiisi — Jlyenbeprepa, 10 Ja€ MOXJIUBICTb y CIIPOLIEHUI CIIOCi6
KOHTPOJIIOBATU 30DKHICTb ITpoliecy inbTpaliii Ta i10ro onTUManabHiCTh. 3alpOlIOHOBAaHA MaTEMATUYHA MOIEJb
CEHCOPHOI MiICUCTEMH, SIKa OTPMMaHa IJIIXOM PEKOHCTPYKLIi HOMiHaJIbHOI MOZ€JIi KaHa/y CIIOCTEPEXKEHD i 31aTHA
36epraTu Mpane3faTHiCTb y MIMPOKOMY Jiala3oHi CMiBBifHOLIEHb CUTHAJ /IIYM y CTaHAapTHOMY (inbTpi KanmaHa.
[Topanpmoro po3BUTKY Haby11 TEOPETUYHI OCHOBU CUHTE3y IPUCTPOIB BiJHOBJIEHHSI BEKTOPY CTaHy JIiHIAHOI
IVHaMivHOi cucTeMH, CTIMKUX 1070 Aii HecrpaBHOCTE Y KaHauli CllocTepekeHb Ha OCHOBi 6ai1€COBOTO MMiAXOY.
[Tomanpmoro po3BUTKY HAbyIM METO]] CYKYITHOTO BUSBJIEHH Ta ifeHTUdiKallii panToBUX 3MiH Y OKpEMUX
CKJIa[IOBUX BEKTOPA CTaHy JIiHIMHOI IUCKPETHOI CUCTEMU JI€ HEBIIOMMU BEJIMYMHAMMU € 4Yac I10SIBU HECIIPABHOCTEN
Ta iX iIHTEHCUBHICTb Ta METOZ, BUSIBJIEHHS MHOXMHHUX HECIIPAaBHOCTEN y MifcucTeMax 06'eKTa KOHTPOJIIO Ta iX
PO3AIILHOTO OLiHIOBaHHS y MEXXaX T€OMETPUYHOrO MigXony. 3alipOIIOHOBAHA METOMOJIOTiS CUHTE3Y
JIOKaJIbHO-OIITMMAJIbHOTO po3lienieHoro ginbrpa @pinnanaa, BUXOAM SKOTO €KBiBaJIEHTHI BUXOJAaM PO3LMUPEHOr0O
¢inpTpa KasmaHa 3a yMOBY TOTPUMAaHHS [IEBHUX 0OMeKeHb. [IpuBeieHa MeTO0JIO s Biflpi3HIEThCS BiTMOBOIO Bif,
[IPUHLMITY aBTOHOMHOCTI CKJIaJIOBUX PO3IIEIVIEHOro (PinbTpa Ta OXOIJIEH] iX CUCTEMOIO TepPEXPECHUX 3B'SI3KiB,
YBEJIEHHSM [I0JIaTKOBOTO KOPETYBaJIbHOIO BXOZY, [0 CKEPOBYETHCSI OKPEMUM (DiIbTPOM OPi€HTOBAaHMM Ha OLIIHKY
HECIIPaBHOCTEN. Y MeXax po3po0sIeHOI METOH0IOTI, iicTany OO PYHTYBaHHS METOAU CUHTE3Y JIOKAJIBHO —
ONTHMAJIBHOTO TPhOX KaCKaJHOTo (iNbTpa pO3IIENJeHOro TUIY Ta METOJ, CUHTE3y CUCTEMU PO3ILIEIIEHNUX (ilbTPiB
po6acTHOrO THUITy, SIKMI 6a3y€eThCsl HA MPUIYLIEHH] TOBHOI BiJCyTHOCTi IMOBIPHICHOTO ONUCY CUCTEMHUX
HeCIIpaBHOCTE Ta 30ypeHb i IpeICTaBeHH] iX NOBiIbHUMU QYHKUIIMU Yacy. OCHOBHI pe3ysIbTaTU AUCEPTALINHO]
po6OTH, IO NPUCBAYEH] IPAKTUYHMM aclleKTam Teopii GyHKUiOHATBbHUX BiTHOBHUKIB 4iarHOCTUYHOrO THUITY,
[IpeJCcTaBJeHi IPUKJIAZOoM aBiallifHOI CUCTEMHU NTOCATKU CAHTMMETPOBOTO Aiana3oHy. Po3pobsieHa HoMiHambHA
MaTeMaTU4Ha MOJEJb AUHAMIKY 3MIHM KyTa MiCLis TIOBITPSHOTO CyiHA Y NIPOLLEC BUKOHAHHS I10CaKOBOTO
MaHeBpy. B pamkax 6aitecoBoi KOHLEMNL{i BUKOHAHO NOPIiBHSIbHE NOCJIIPKEHHS SIKiCHUX TOKA3HUKIB ONTUMAJbHUX,
KBa3iONTUMAaJIbHUM Ta aJallTUBHUX (PiNbTPIB 3 PI3HUM CTYIIEHEM 3aXUCTY BiJ aHOMaJIbHUX IOXUOOK Y KyTOMipHOTO
KaHaJli B 3aJI€XKHOCTI Bifl JOCTYIHOI anpiopHoi iHgopmalii. JlocifipKkeHi XapakTepUCTUKNA TOYHOCT] OL[iHIOBaHHS
napaMeTpiB TPAEKTOPIii MOBITPSHOrO Cy[lHA Ha eTali BUPiBHIOBAHHS 1151 IBOX Pi3HOBUIIB POOACTHUX CTPYKTYP,
no6ymoBaHMX Ha OCHOBI Moagu@ikoBaHux ¢inbTpiB Opiananga ta Kiranigica. [ToenHaHHS pe3ybTaTiB CTEHIOBUX
HaIliBHaTypHUX BUNIPOOOBYBaHb 3 pe3yJIbTaTaMM CTATUCTUYHOTO MOZEIOBAHHS Ta BUKOPUMCTaHHSIM HOMOTPam
BUTPALLiB Y TOYHOCTI OL,iHIOBAaHHS 3a HasIBHOCTI HECIIPABHOCTEN, K y KaHaJli ClIOCTEPEXKEHD TaK i y migcucremi
«006'eKT—PETYJISITOP», LO3BOJIUIIO C(POPMYBATH OOIPYHTOBAHMIA HAGIp aJITOPUTMIB BUCOKOHAJIiHOI (inbTpauii 3
ypaxyBaHHSIM KOHKPETHUX BUMOT JJ15 KOXKHOTO, OKPEMO B34TOTO BUIMAIKY.

2. The dissertation work is devoted to the solution of the actual scientific and technical problem - development of
new and improvement of known methods, devices and algorithms of formation of diagnostic signs signals-carriers,
which in combination with the use of modern IT-technologies are able to provide regulated indicators of accuracy,
functional reliability and effi-ciency of landing systems radio-navigation equipment under the influence of wide
range faults. The designing devices problem for restoring the full-format state vector of a centimeter-range
landing system based on the incomplete observations results in the presence of ndividual func-tional subsystems
performance violations was solved with the involvement of basic principles and methods of system analysis and



synthesis. The scientifically substantiated concept according to which the overwhelming majority of devices
synthesis applied problems and formation algorithms of diagnostic signs signals-carriers can be decoupled by
means of signal processing special methods oriented on quantitative mathematical models of the investigated
systems is offered. The substantiation of the scientific approach is provided, according to which the main attention
in the research is focused not so much on the well-known Kalman and O'Reilly-Luenberger observer devices, as on
their reconstruction in accordance with very specific tasks of functional diagnostics of real-time dynamic systems.
The theoretical foundations of model-oriented diagnostic observers whose order coincides with the order of the
controlled system have been developed. Proposed modified structure of the full-order resumption device with un-
certain inputs. Established and proved conditions for the existence of such observers. An alter-native method of
derivation of equations for the Kalman filter with statistically uncertain inputs is proposed, which is based on the
definition of the functional observer in the O'Reilly-Luenberger form. This makes it possible to control the
convergence of the filtering process and its optimality in a simplified way. A mathematical model of the sensor
subsystem is proposed, which is obtained by reconstructing the o bservation channel nominal model and is able to
maintain operability in a wide range of signal-to-noise ratios in the standard Kalman filter. The theoretical bases of
synthesis of devices for restoring the state vector of a linear dynamic system, stable with respect to the faults
action in the observation channel on the basis of the Bayesian approach, were further developed. Methods of joint
detection and sudden changes identification in the linear discrete system state vector individual components
where the unknown values are the time of faults occurrence and their intensity, as well as the method of multiple
faults detection in the control object subsystems and their separate evaluation within the geometric ap-proach
have acquired further development. We propose a methodology for synthesizing a locally optimal decoupled
Freedland filter whose outputs are equivalent to those of the extended Kalman filter subject to certain constraints.
The presented methodology differs by rejecting the principle of decoupled filter components autonomy and
covering them with a cross-link system, by introducing an additional corrective input, which is controlled by a
separate filter oriented to fault estimation. Within the developed methodology, the methods of synthesis of disjoint
type locally-optimal three-cascade filter and the synthesis method of the robust type disjoint filters system have
been substantiated. They are based on the assumption of complete absence of system faults probabilistic
description and their representation by arbitrary functions of time. The main results of the dissertation work,
which are devoted to practical aspects of the diagnostic type functional observers theory, presented by the
example of a centimeter range air-craft landing system. A nominal mathematical model of the aircraft trajectory
angle change dynamics during the landing maneuver is developed. A comparative study of qualitative charac-
teristics of optimal, quasi-optimal and adaptive filters with different degrees of protection against anomalous
errors in the angle channel depending on the available a priori information has been carried out within the
framework of the Bayesian concept. The characteristics of the accuracy of estimation of aircraft trajectory
parameters at the alignment stage for two types of robust structures based on modified Friedland and Kitanidis
filters are investigated. Combining the results of bench semi-natural tests with the results of statistical modeling
and the use of gains nomograms in estimation accuracy in the presence of faults, both in the observation channel
and in the subsystem "object-regulator”, allowed us to form a reasonable set of algorithms for high-reliability
filtering taking into account specific requirements for each individual case.
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Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. Ipy>xuHiH Bonogumup AHaTOIIMOBUY

2. Volodymyr Druzhynin

KBasmiikanisi: n.r.u., npodecop, 05.12.13



InenTudirkarop ORCHID ID: He sactocosyerbcs
JonmaTkoBa iHdopmanist:

IloBHe HalMeHYBaHHSI IOPHUAHUYHOI 0COOM: KuiBCbKMil HALiOHANbHNI YHIBepcuTeT iMeHi Tapaca

[lleBueHka

Kopg 3a €IPIIOY: 02070944

Micuesnaxo,qxceHHﬂ: BYJL. Bosopumupceska, 6yg. 60, Kuis, 01033, Vkpaina
dopma ByracHOCTI: Jlepkasna

Cdepa ynpaBiriHHS: MinictepcTso ocBity i Hayku Vkpainu
Inentudikarop ROR:

CeKTOp HayKH: YHiBepCUTETCHKHIA

BaacHe IlpizBume Im'st I10-6aTbKOBI:
1. Boriko FOmiit MukosiaiioBU4

2. Juliy Boyko

KBasigikanis: n. . u., npodecop, 05.12.13

Inentudikarop ORCHID ID: He 3acrocosyerscs

JonaTkoBa iHpopmalist:

IloBHE HaﬁMeHyBaHHﬂ IOpIrI/IH‘IHOi 0COOH: XMeIbHUIBKUF HAliOHAIbHUI VHiBEpCUTET

Koz 3a €IPIIOY: 02071234

Micueanaxomxennﬂ: ByJ. IHCTUTYTCBHKA, Oy, 11, XMenbHULIbKUI, XMeTbHULIBKUI P-H., 29016, Ykpaina
dopma ByracHOCTI: Jlepkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

CeKTOop HayKH: YHiBepCUTETCHKHIA

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. IlonitaHceku# PycraH JleoHiToBUY

2. Ruslan Politanskiy

KBasigikanis: n. . u., npodecop, 05.12.02
InentudikaTop ORCHID ID: He 3acrocosyerscs
JonaTkoBa iHdopmalis:

IloBHe HaliMEeHYBaHHS IOPHAUYHOI 0COOM: UepHiBelbKuii HallioHanbHYI yHiBepcuTeT iMeHi IOpis

depnproBuya
Kopg 3a €IPIIOY: 02071240
Micue3Hax0IKEeHHS: ByJ1. Komto6uHcbKoro, 6ya. 2, YepHisui, 58012, Ykpaina

dopma ByacHOCTI: Jlepkasna



Cdepa ynpaBiHHS: MiHicTepcTBO OCBITH i HayKy YKpaitu
InenTudikarop ROR:

CeKTOp HayKH: YHiBEPCUTETChKHIA

PenieH3€eHTH

o

Bnacue Ilpizuine Im'st Tlo-6gf B0y
3

= ]

Bo6ano FOpiit SipocnasoBuy

rOJIOBH pagu ‘

Bnacue Ilpizsume Im's Ilo-6a Kiimmarn Muxaitno MUKoJ1aioBrY

rOJIOBYIOYOTO HA 3acCiJlaHHi

BinmnoBigaJbHHH 3a MiZATOTOBKY : / bemnen M.1.

00JIIKOBHX JOKYMEHTIB

PeecTpartop YKpIHTEL

KepiBuuk Bigginy YKpIHTEIL mo e
BiZIIOBiZa/IbHUM 3a PEECTPAlLil0 HayKOBO1 lOpuenko TeTsiHa AHaToIiBHA

IisiIBHOCTI




