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Pedepar:

1. Inceprauiiina po60Ta IpUCBIY€HA PO3B'SI3Ky aKTyaIbHOI HAyKOBO-TEXHIUHOI IPO6IeMU, CYTHICTD SIKOI [10JISITae y
PO3po0Lii Ha CUCTEMHIN OCHOBI HOBMX Ta BIOCKOHAJIEHH] BilOMUX METO/IB, IPUCTPOIB Ta aJITOPUTMIB (OPMYBaHHS
CUTHAaJIiB-HOCIiB JiarHOCTMYHUX O3HAK, fKi y I0€JHAHHI 3 BUKOPUCTaHHAM cydacHux I'T- TexHoJIorii 30aTHi
320€3MeYUTH perjaaMeHTOBaHi [I0Ka3HUKU TOYHOCTI, PYHKLiIOHAJIbHOI HaTitHOCTI Ta e(PeKTUBHOCTI
pazioHaBiraliiiHoro o6yagHaHHS TOCAJKOBUX CUCTEM 33 YMOBH Jiii IIMPOKOTO CIIEKTPY HeclpaBHOCTe. [Tpobiema
IIPOEKTYBAHHS IPUCTPOIB BiTHOBJIEHHS IOBHO(POPMATHOTO BEKTOPA CTaHy MOCaAKOBOi CUCTEMM CaHTUMETPOBOTO
Iiara3oHy 3a pe3yJbTaTaMM HEMIOBHUX CIIOCTEPEKEHDb B IPUCYTHOCTI MOPYIIEHb IIPALe€34aTHOCTI OKPEMUX
(yHKIiOHATBHUX MiJICUCTEM BUPilllyBajach 3 3ajly4Y€HHSIM 6a30BUX MIPUHLMIIIB Ta METO/IiB CUCTEMHOTO aHali3y i
CHHTe3y. 3allpONIOHOBaHa HAyKOBO OOI'PYHTOBAHOI KOHLEMII s, 3TiAHO SIKOi IIepeBaKHA OiIbIIICTh MPUKIIANHUX 3304
CHHTE3y IPUCTPOIB Ta AJITOPUTMiB (POPMYBaHHS CUTHA/IiB—HOCIiB 1ilaTHOCTUYHUX O3HAK MOXKe OyTH PO3B'sI3aHOIO 3

IIOITOMOTOI0 CIIeliaJIbHUX MeTOiB 0OPOOKY CUTHAJIB, OPIEHTOBAHMX HA KiJIbKiCHI MaTeMaTU4Hi MOJIeTi



IOCiIXyBaHUX cucteM. HamaHne o6IpyHTYBaHHS HAYKOBOTO MiTXOAYy, 3TiIHO SIKOTO OCHOBHA yBara B JOCJIiI)KE€HHI
30cepepKeHa He CTUIbKY Ha Jo6pe IOCiIKeHUX IPUCTPOosIX BinHOBIeHHs KanmaHna ta O'Peiini-JlyeH6eprepa,
CKiJIPKM Ha iX peKOHCTPYKLUii y BiNOBIZHOCTI 10 BesbMU crieluivyHuX 387124 PYHKILIOHAJIbHOI JiarHOCTUKU
IVHAMiYHUX CUCTEM PeaJIbHOrO Yacy. PO3BUTKY AicTany TeOpeTHYHI OCHOBU MOJEJIbHO-OPi€EHTOBAHUX
IiarHOCTUYHUX BiJHOBHUKIB, ITOPSIOK SIKUX CITiBIIAJA€ 3 ITOPSAKOM KOHTPOJIbOBAHOI CUCTEMU. 3aIIPOIIOHOBAHA
MozaudikoBaHa CTPYKTypa MIPUCTPOIO BiJHOBJIEHHS [TOBHOTO IOPSIKY 3 HEBU3HAUYEHUMU BXOJaMu. BcTaHOBIEHI Ta
IIOKa3aHi yMOBHU iCHYBaHHS TaKUX BiJIHOBJIIOBAJIbHMX IIPUCTPOIB. 3allpOIIOHOBAHO aJIbTEPHATUBHUI METOJ, BUBOLY
piBHsHB 1J1s QinbTpa KasmaHa 3 CTaTUCTUYHO-HEBU3HAYEHVMU BXOAMU, SIKUH 0a3y€eThCsl HA O3HAYEHHI
dyHKUIioHaNMBHOTO BifHOBHMKA ¥ ¢popmi O'Peiini — Jlyenbeprepa, 110 Jae MOKIIMBICTb Y CIPOLIEHUH CrIocio
KOHTPOJIIOBATU 30DKHICTb ITpoliecy QisbTpalii Ta 10ro oNTUMasbHICTb. 3aIIPOIIOHOBAHA MaTEMATUYHA MOZEJb
CEHCOPHOI MiICMCTEMHY, SIKA OTPMMaHa IJIAXOM PEKOHCTPYKLIi HOMiHa/MIbHOI MOZEJIi KaHa/ly CIIOCTEPEXKEHD 1 34aTHA
36epraTy Mpane3faTHiCTb y MIMPOKOMY Jiara3oHi CHiBBifHOIEHb CUTHAJ /IIYM y CTaHAapTHOMY (inbTpi KanmaHa.
[Topganbioro po3BUTKY HabyJIM TEOPETUYHI OCHOBU CUHTE3Y [IPUCTPOIB BiTHOBJIEHHS BEKTOPY CTaHy JiHii1HO]
IVHaMiYHOI CUCTEMHU, CTIMKUX OO Jii HECIIPAaBHOCTEMN Y KaHaJIi CIIOCTEPEXKEHb HA OCHOBI 6alleCOBOTrO MiTX0my.
[Noganpmoro po3BUTKY HabyJIM METO, CYKYITHOTO BUSIBJIEHHS Ta ileHTH(iKallii palTOBUX 3MiH y OKpEMUX
CKJIQIOBUX BEKTOPA CTaHy JIiHIHOI AUCKPETHOI CUCTEMU € HEBIIOMUMHU BEJIMYMHAMMU € 4ac [IOSIBU HECIIPABHOCTEN
Ta ix iIHTEHCUBHICTb Ta METOZ, BUSIBJIEHHSI MHOKMHHUX HECIIPABHOCTEN Y MiJlCUCTEMaxX 00'€KTa KOHTPOJIIO Ta iX
PO3[iBHOTO OLiHIOBaHHS Y MeXaX FreOMEeTPUYHOTO MifxoAy. 3allpOIIOHOBAHA METOL0JIOTiSl CUHTE3Y
JIOKaJIbHO-OIITUMAaJIBHOTO po3ierieHoro ¢pinbrpa Opinjanna, BUXOOU SIKOTO €KBiBaJIEHTHI BUXOAAM PO3LIMPEHOTO
¢dinpTpa KasimaHa 3a yMOBU JOTPUMAaHHS [I€BHUX 0OMeXXeHb. [IprBeieHa MeTO0JI0Tis Biipi3HsAEThCS BiIMOBOIO Bif
IIPUHIMITY aBTOHOMHOCTI CKJIaJIOBUX PO3IIEIVIEHOrO (PiNbTpa Ta OXOILJIEHI iX CUCTEMOIO ITIEPEXPECHUX 3B'SI3KiB,
YBEIEHHSM I0IATKOBOTO KOPEryBaJIbHOI'O BXOY, IO CKEPOBYETHCSI OKPEMUM (PIIbTPOM OPi€HTOBAaHMM Ha OLIiHKY
HeCIIpaBHOCTEH. Y Mexax po3po6JsieHOi MeTO0JIor, AicTany OOrpyHTYBAaHHS METOIM CUHTE3Y JIOKAJIbHO —
ONTUMAaJIbHOI'O TPhOX KaCKanHOro ¢isbTpa po3IIeNIeHOro TUIly Ta METOJ, CUHTE3y CUCTEMU PO3LIeIeHUX PinbTpiB
po6acTHOro TUILY, SIKUH 6a3yeThCsl Ha NPUNYILEHHI TIOBHOI BiICYTHOCTI IMOBIPHICHOT'O ONMCY CUCTEMHHUX
HeCITPaBHOCTE Ta 30ypeHb i Ipe[iCTaBJIeHH] iX 10BiIbHUMU QYHKLiIMU Yacy. OCHOBHI Pe3yJIbTaTy AUCEPTALIAHO]
po6OTH, 10 NPUCBSYEH] IPAaKTUYHUM aclieKTaM Teopii QyHKI[iOHaJbHUX BiJHOBHUKIB AiarHOCTUYHOIO TUILY,
IIpeJcTaBieHi IPUKJIAZOM aBialliffHOI CUCTEMHU NTOCATKU CAHTMMETPOBOTO Aiana3oHy. Po3pobseHa HoMiHaIbHA
MaTeMaTU4Ha MOJeJIb IMHAMIKM 3MiHM KyTa MiCLs TOBITPSIHOTO Cy[IHA y IIPOLIECi BUKOHAHHS ITOCAAKOBOTO
MaHeBpy. B pamkax 6aitecoBoi KOHIeI1ii BUKOHAHO [OPiBHSJIbHE AOCTiIPKEHHS SIKICHUX IIOKa3HUKIB ONTUMAJIbHUX,
KBa3iONTUMAaJIbHUM Ta aJJalITUBHUX (PiNbTPIB 3 Pi3HUM CTYIIEHEM 3aXUCTY BiJ, aHOMaJIbHUX [I0XUOOK Y KyTOMipHOTO
KaHaJli B 3aJI€XKHOCTI Bif, JOCTYIHOI anpiopHoi iHgopmaii. JlociigKeHi XapakKTepUCTUKN TOYHOCTI OL[iHIOBaHHS
IIapaMeTpiB TPAEKTOPIi OBITPSIHOTO Cy[lHA HA €Talli BUPiBHIOBAHHS JIs1 BOX Pi3HOBU/IIB pOGACTHUX CTPYKTYP,
o0y i0BaHMX Ha OCHOBI MoaudikoBaHux QinbTpiB Opinnanza ta Kiraxigica. [loeHaHHS pe3yibTaTiB CTEHAOBUX
HaMiBHATypHUX BUIIPOOOBYBaHb 3 PE3YyJIbTaTaMU CTATUCTUYHOIO MOJEJIOBAHHS Ta BUKOPUCTAaHHSIM HOMOIPam
BUTPAILIiB Y TOYHOCTI OL,iHIOBaHHA 3a HasIBHOCTI HECIIPABHOCTE, K y KaHaJli CIIOCTEPEXKEHD TaK i y Mmigcucremi
«00'eKT-PeryJaTop», JO3BOJINIO CPOPMYBATH OO PYHTOBAHMI HAbip arOpUTMiB BUCOKOHAINHOI (inbTparii 3
yPpaxyBaHHSM KOHKPETHUX BUMOT JJ1s1 KOSKHOTO, OKPEMO B3STOrO BUIIAIKY.

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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Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. Ipy>xuHiH BosioguMmup AHaTOIi10BUY

2. Volodymyr Druzhynin

KBasigikamis: n.1.1., npodecop, 05.12.13
Imentudikarop ORCID ID: He zactocoyerbcs
JonaTkoBa iHdopmalist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIUYHOL 0C00H: KuiBchkuiil Hal[ioHaJIbHUI YHiBepcuTeT iMmeHi Tapaca

[IleByenka



Kog 3a €IPIIOY: 02070944

Micue3HaxoaKeHH: ByJI. Bosmogumupceska, 6yz. 60, Kuis, 01033, YkpaiHa
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. boriko [0t Mukosanosuy

2. Juliy Boyko

KBasigikamis: n. 1. u., npodecop, 05.12.13

InenTudikarop ORCID ID: He 3acrocosyerbes

JoparkoBa iHdpopmamnist:

IToBHE HafIMCHYBaHHH Iopn,zmqﬂoi OCOOM: XMeIbHULIBKHIT HAL[IOHATIBbHUI YHiBEpCUTET

Kopg 3a €IPIIOY: 02071234

MicueSHaxo,T.pKeHHﬂ: BYJI. [HCTUTYTCBKA, 6yA. 11, XMenbHULIbKUI, XMEeIbHULBKUN p-H., 29016, YKpaiHna
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im'a Ilo-6aTbKOBI:
1. Ionitancekuii PycnaH JleoHinoBrY

2. Ruslan Politanskiy

KBasidikamnis: 1. 1. n., npodecop, 05.12.02
InenTudgikarop ORCID ID: He 3acrocosyerncs
JoparkoBa iHdpopmamuist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: YepHiBelLbKuil HalliOHAIbHUIA yHiBepCUTET imMeHi FOpis

denpkoBrya

Kopg, 3a €IPIIOY: 02071240

Micue3HaxoaKeHHS: By Kouo6uncekoro, 6y, 2, UepHisii, 58012, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi



Biiacue IlpisBuie Im's I1o-6aThKOBI BoGano fOpii Sipocnasosuy
TOJIOBH pajgu

BaacHe IlpizBume Im'a ITo-6aTbKOBI Knmrmam Muxaiino MukonaioBid
rOJIOBYIOYOrO Ha 3acCimaHHi

BignoBigasbHuUI 3a MiATOTOBKY Bemneit M.I.

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




