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Pedepar:

1. ¥ nucepraliiiziil po60Ti BUpPillIEHO BaXKJIMBY HAYKOBO-TIPUKJIANIHYy ITPO6GJIEMY, KOTpa IOJISITae Y po3poblLii MeToziB
CTaTUCTUYHOTO aHaJIi3y CUTHAJIB BiOpaliil MOMKOI)KEHUX MEXaHi3MiB HA OCHOBi MaTEMaTUYHUX MOJEJIEN
6araTOKOMIIOHEHTHUX HeCTallioHaPHUX BUIIAIKOBUX ITPOLECIB 3i CTOXaCTUYHOIO aMILTITyIHO-()a30BOI0 MOIYJIALI€I0
HECy4Ux FApPMOHIK i 3 BAKOPUCTaHHSM IlepeTBopeHHs! ['inbpbepTa KoCiIKeHo iX KOpessIiiiHO-ClIeKTPaIbHy
CTPYKTYPY, 110 A€ MOKJIMBICTb BCTAHOBJIIOBATU TUIU Je(EKTIB y MeXaHi3max, iX JIoKaslizallilo Ta OLiHIBaTU

CTYIIiHb PO3BUTKY. [Ipo6yieMa BUpillleHa IIJISIXOM PO3POOKM Ta pealidallii KOMIIJIEKCHOTO HayKOBOTO MiIX04y Ha



OCHOBI METOiB TeOopii BUNaJKOBUX NPOLECiB, Teopii curHasnis, meTogis Pyp’e-aHasnisy, MeTOAY MAJIOro apameTpy
Ta METOiB 00YMCIIIOBAIbHOI MaTeMaTUKu. Briepiie chopmyibOBaHO 03HAUEHHS PAaHHBOI CTafii PO3BUTKY AedeKTy
K I1€PiOANYHO HECTALIIOHAPHOTI'O BUIIAJIKOBOTO [IPOLIECY KOTPUN CYIIPOBOIKYETHCS ITOSIBOIO B PEAKLii CUCTEMU
MIPUXOBAHUX KOJIMBaHb, KOTPi € NepioinyHO HecTaljioHapHUMU BumaakoBumu curnanamu (ITHBC). BcranoBsneHo,
110 NepioguyHi HECTAaLliOHAPHOCTI IPYroro NOpsIKy (IPUXOBaHi 1epioInYHOCTI) € Pe3yIbTaTOM B3a€MHUX
KOpEJISILIIN BULIMX MOPSIKIB MK Mogyioounmu npouecamu [THBC. [IpoBeeHni NOPiBHANIBHAN aHAI3
KOT€pPEHTHUX Ta KOMIIOHEHTHUX METO/IiB BUSIBJIEHHS IIPUXOBAaHUX NepioguyHocTell. PO3po6seHo TeopeTuyHi
OCHOBYU BUKOPUCTAHHS NepeTBOpeHHs ['inbbepTa 1151 aHamnisy giarHoctuyHux [THBC 3 m1pOKOCMYToOBOIO i
BY3bKOCMYTOBOIO BUCOKOYACTOTHUMHU Ta aMILIITyAHO-(Pa30BUMU MO IALIIMU Hecy4yuX. [lokasaHo, 1110
aHasitnyHui curHan Big [THBC e takox [THBC. BcTaHOB/IEHO, 1110 3aCTOCYBAaHHS BilOMUX METOZIB “00BigHOI" ny1s
aHasizy 6araTokomnoHeHTHUX [THBC 3 TakuMy MOAysLisSIMYA € HECJIYLITHUM, OCKiJIbKYA KBaJIpaT MOMYJIS
aHaJIITUYHOTO CUTHAJTY, SIKUI Ha3MBaIOTh “KBaAPaTOM 00OBiIHOI” € BUIIaIKOBUM IIPOL[€COM, MOMEHTHI QyHKLii IKOro
3MIHIOIOTbCS IepiofyHO 3 yacoM. [TokazaHo, 10 CTOXACTUYHO aMILTITyIHO-(a30BO MOJyJIbOBaHi KOJIMBAHHS
[THBC npeacTaBsloThCs CyNEePIO3ULLi€I0 BUCOKOUYACTOTHUX KOMITIOHEHT, SKi € CTallioHapDHUMH i B3aEMHO
NepiogMyHO HECTAlLliOHAPHO 3B'SI3aHMMH BUIAIKOBUMU Tpoliecamu. Take NpecTaBIeHHs 3BOJUTD JOCiIPKEHHS
BJIACTUBOCTEN CUTHAJIY O aHAJIi3y KOPEJSLiHNX KOMIIOHEHTIB BUIIUX MOPSIKIB KBaAPATyP BUCOKOYACTOTHUX
Hecyuux. [IpoBeZieHO TEOPETUYHI NOCiI)KEeHHSI, [T0Ka3aJu CAYLIHICTb oLjiHOK MeTogamu [THBC dynkuiit
MaTeMaTU4HOrO CIOAiBaHHS, KOpesauiiHoi QyHKUii Ta ix koediuieHTis Pyp’e. BcTaHOBJIEHO, 10 YaCTOTHUMI
Iiana3oH, B IKOMy MUTT€EBa crieKTpasibHa ryctrHa [THBC 3MiHIO€ThCS 32 4aCOM, BU3HAYA€ThCSI KOCMHYCHUMU
[IepeTBOPEHHSIMU Bifi KOCUHYCHUX i CUHYCHHUX KOPEJILifHUX KOMIIOHEeHTIB. [TokasaHo, 1o Bubip cMyru ¢inbTparii
curnany [THBC noBuHHa 6a3yBaTHCS Ha OLiHKaX B3a€MHUX KOPEJISLiI BUCOKOYACTOTHMX KOMIIOHEHT BUIIAX
MOPSJIKIB, 110 JO3BOJIMJIO Ta MiABUIIATYA €(PEKTUBHICTD AiarHOCTyBaHHS. [10Ka3aHo, 1110 BUKOPUCTAHHS CMYTOBO1
dinprpauii i neperBopenHs 'inbbepTa A1 BULIZIEHHS Ta aHAJi3y KOPeJsLiil KBagpaTyp BUCOKOYACTOTHUX FapMOHIK
Jla€ 3MOTr'y I0OYAyBaTU KapTy KOpeJislii, KoTpa Mae XapakTepHi 0COOGIUBOCTI J1s1 pidHUX fedekTiB. OO PyHTOBAHO
poLenypu 06poOKU iarHOCTUYHUX CUTHAIIB, SKi JAIOTh MOKJIMBICTb BUSIBUTU Ta ONUACATU B PAMKax MOMEHTHUX
¢dyukuiit [THBII nepioro i Ipyroro nNopsiiKis ix CTPyKTypy, B TOMY YUCJIi CTPYKTYPY BUCOKOYACTOTHOI,
IIMPOKOCMYTOBOI Ta aMIIITYHO-(a30B0i MOLYyJIsILiil. Po3po6yieHui mifxin 3aCTOCOBAaHU [0 aHali3y CUTHAIB
PO3II0LiNEeHOrO i JIOKaNbHOro fedeKTiB MexaHi3MiB. B paMkax MOMEHTHUX (YHKIi} IEPLIOTO i IPyroro Nopsaxis
ONMCaHi OCHOBHI 3aKOHOMiPHOCTI Ta BiIMiHHOCTI MK CUTHallamMu Takux AedekTis. [IpoBeneHa o6pobka peasbHuX
CHTHAJIIB Ta OIKCaHa iX KopeJisliliHa CTPYKTypa Ha OCHOBI IOOYZOBAaHMX KapT KOpeJsLiil. BctaHOBIeHO, 110
BMCOKOYAaCTOTHA MOZyJIsiLisl Hecyunx rapmoHik [THBC mopesti Bibpaliil mignnHuka € By3bKOCMYTOBOIO i MOXKe
OyTu onucaHa 3a popmysamu Parica. [TokasaHo, 10 KOpeJisiii KBafpaTyp MOy € IOBIJIbHO 3aHUKAIOUUMU
OCLWISLIMHUMUA (PYHKLISIMA 4aCOBOTO 3CYBY, 1J0 3yMOBJIIO€ CXOXY (POpMY KOpeJILifiHUX KOMIIOHEHTIB a iHTepBan
3aHMKaHHS KOpeJISILiITHMX KOMIIOHEHTIB € HabaraTo 6i/bIIMM HiX Ilepiof, HecTaljioHapHOCTi. OCHOBHI pe3yJibTaTi
IycepTaliiHoi po60TH BIpoBagKeHo y Pisuko-mexaHiyuHomy iHcTuTyTi HAH YKpainu rpu BUKOHaHHI JOCTiIKEHb 3
PO3pOOKU METO[IiB BiiOOPY Ta 0OPOOKY CUTHAJIB 1Jis AiarHOCTUKY AedekTiB, y T3OB OIPMA “IIAJIAB” JIT[ nns
IIPOBEJIEHHSI TEXHIYHOTO [IiarHOCTyBaHHS NIPUBOiB MexaHi3miB, y T30B “TIOPTTEXEKCIIEPT” nins BUSBIEeHHS Ta
OIIiHIOBaHHSI CTYIEHsI PO3BUTKY Ae(deKTiB y NiAIMIHUKOBUX By3JlaX €JI€KTPOABUTYHIB ME€XaHi3MiB KOHTEIHEpPHUX
nepesBaHTaxysauis, y T30B “IIT BOPJII TIC ITIBIEHHWI” nns aHasli3y AiarHOCTUYHUX CUTHAJIiB B IIPOLLEC]
IiarHOCTYBaHHS M€XaHi3MiB IOPTOBUX KpaHiB, y T3OB “KUTIEP-TIJIACT” njist OLiHIOBaHHS CTYIIE€HSI PO3BUTKY

nedeKTiB B 06epTOBUX MexaHi3Max.

2. In this dissertation an important scientific and applied problem, which consists in developing methods for
statistical analysis of vibration signals of damaged mechanisms was resolved, based on mathematical models of
multicomponent non-stationary random processes with stochastic amplitude-phase modulation of carrier
harmonics and, using the Hilbert transform, their correlation-spectral structure is investigated, which makes it
possible to establish the types of defects in mechanisms, their localization and assess the degree of development.
The problem was solved by means of developing and implementing approach, based on methods of stochastic
process theory, signal theory, methods of Fourier analysis, the small parameter method, and methods of



computational mathematics. For the first time, the definition of the early stage of defect development as a
periodically nonstationary random process is formulated. It is accompanied by the appearance of hidden
oscillations in the system response, which are periodically nonstationary random signals (PNRS). It is established
that second-order periodic nonstationarities (hidden periodicities) are result of higher-orders joint correlations
between the modulating processes of PNRS. A comparative analysis of coherent and component methods for
detecting hidden periodicities is carried out. Theoretical basics for using of the Hilbert transform for the analysis
of diagnostic PNRSs, with wideband and narrowband high-frequency and amplitude-phase modulations of
carriers, are developed. It is shown that the analytical signal of PNRS is also PNRS. It is established that the use of
known methods of “envelope” for the analysis of multicomponent PNRS is inappropriate, since the square of the
modulus of the analytical signal, which is called the “square of the envelope”, is a random process, its moment
functions change periodically with time. It is shown that stochastically amplitude-phase modulated oscillations of
PNRS can be represented by a superposition of high-frequency components, which are stationary and jointly
periodically non-stationary joined random processes. Such a representation reduces the study of signal properties
to the analysis of the correlation components of higher orders of quadratures of high-frequency carriers.
Theoretical studies have been performed, showing the validity of estimates by PNRS methods of the functions of
mathematical expectation, correlation function and their Fourier coefficients. It has been established, that the
frequency range in which the instantaneous spectral density of PNRS signal changes over time is determined by
cosine transformations from cosine and sine correlation components. It has been shown that filtering of the PNVS
signal should be based on estimates of joint correlations of high-frequency components of higher orders, which
increase the efficiency of diagnostics. It is shown that the use of bandpass filtering and the Hilbert transform for
the extraction and analysis of correlations of quadratures of high-frequency harmonics allows building a
correlation map that has characteristic features for various defects. Diagnostic signal processing procedures have
been substantiated, which make it possible to detect and describe within the framework of the moment functions
of the first and second orders of the PNVP their structure, including the structure of high-frequency, broadband
and amplitude-phase modulations. The developed approach is applied to the analysis of signals from the
distributed and local defects in mechanisms. Within the framework of the moment functions of the first and
second orders, the main patterns and differences between the signals of such defects are described. Real signals
were processed. Their correlation structure is described based on the constructed correlation maps. It is
established that the high-frequency modulation of the carrier harmonics of the PNRS model of bearing vibrations
is narrow-band and can be described using to Rice’s equations. It is shown that the correlations of the quadratures
of modulations are slowly decaying oscillatory functions of the lag, which causes a similar shape of the correlation
components and decay interval of the correlation components is much larger than the period of non-stationarity.
The main results of the dissertation were implemented at the Institute of Physics and Mechanics of the NAS of
Ukraine when performing research on the development of methods for extraction and processing signals for
defects detection, at LLC FIRM “DIALAB” LTD for technical diagnostics of mechanism drives, at LLC
“PORTTECHEXPERT” for detecting and assessing the degree of development of defects in the bearing units of
electrical motors of container loaders mechanisms, at LLC “DP WORLD TIS PIVDENNYT” for the analysis of
diagnostic signals during port crane mechanisms diagnosing , at LLC “KIPER-PLAST” for assessing the degree of
development of defects in rotating mechanisms.
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BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. AuppintyyK Muxaisio IBaHOBUY

2. Mykhaylo I. Andriychuk

KBasigikanis: n. 1. n., npodecop, 01.05.02



InenTudikarop ORCHID ID: He sactocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL OCOOM: [HCTUTYT NPUKIATHUX MPO6JIEM MEXaHiKU i MaTeMaTuku im. .

C. I[lipctpuraya HanjionanpHOi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 03534430

Micue3Haxoa>KeHHS: By Haykosa, 6y, 3-6, JIbBis, 79060, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu
Inentudikarop ROR:

CeKTop HayKH: AkafeMivHuit

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. JIutBuHeHKO fpocinas BomoguMuposny

2. laroslav Lytvynenko

KBasigikanis: n. 1. n., npodecop, 01.05.02
InenTudikarop ORCHID ID: 0000-0001-7311-4103
JoparkoBa iHdpopmamnist:

IloBHe HaliMEHYBaHHS IOPHIAHYHOI 0COOH: TepHOMINBCHKMI HALIOHAILHWIL TEXHIYHMI yHIBEPCUTET iMeHi
IBana Ilymos

Kog 3a €IPIIOY: 05408102

Micue3HaxoO KeHHS: By Pychka, 6y1. 56, TepHorinb, TepHOMiNbChKUii p-H., 46001, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETCHKUI

Bsacue IlpizBuuie Im's Ilo-6aThKOBI:
1. 3Bapunu Banepiit Mukosanosnd

2. Valerij Zvaritch

KBasidikamis: 1. 1. u., crapmuii HaykoBuii CriiBpo6iTHUK, 05.13.05

InenTudirarop ORCHID ID: 0000-0002-1271-4954

JopaTrkoBa indpopmamnis:

IToBHEe HafIMeHyBaHHS[ lopn,rmquoi ocoou: [HCTUTYT enekTpoasuHaMiku HanioHanbpHOI akagemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05417236

Micue3Haxoa KeHHS: np. Bepecreiicbkuii, 6y, 56, Kuis, 03057, Vkpaina



®opma BacuocTi: flepxanna
Cdepa ynmpasninms: Hauionantua akanemis ayx Vkpainu
InenTudirarop ROR:

CeKTop HayKH: AkasemiuHwmit

PeneH3zeHnTH

VIII. 3akniouni Bigomocri >
BiacHe MpizBume Im'st Ho-ﬁaTbKBBi-- i CayeHnko AHaTosiit OyekciiioBuy

roJIOBH pagu

Biacue l'Ipianmne Im'st [To- CayeHko AHarosiit OnekciitoBuy

roJIOBYIOYOro Ha 3acimaHHi
BignoBizansuuii 3a migroro Hy6u4axk Jlecst OpecriBHa

06JIiKOBHX IOKYMEHTIB

PeecrpaTop YkpIHTEI

KepiBauk Biaziny YKpIHTEI, mo €
BiiNIOBi1a/IbHAM 32 PeeCTpanilo HayKoBoi IOpuenko TeTsHa AHaToniiBHa

AignbpHOCTI




