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Pedepar:

1. Y puceprauiiiHiil po60Ti BUpilI€eHO BaXJIMBY HAYKOBO-TIPUKJIAHY IIPOGJIEMY, KOTpa OJISITae y po3poo1Lli METOIiB
CTAaTUCTUYHOTO aHaJli3y CUTHAJIB BiOpalliil MOIKOI)KeHUX MeXaHi3MiB Ha OCHOBI MaTeMaTUYHUX Mojieslel
6araTOKOMIIOHEHTHUX HeCTallioHapHUX BUIIQJKOBUX ITPOLIECIB 3i CTOXaCTUYHOIO aMILIiTyIHO-()a30BOI0 MOLYJISLIEI0
HECY4YUX FAPMOHIK i 3 BAKOPUCTAHHSIM NepeTBOPeHH: ['inbbepTa NOCiIKEHO iX KOPeSLiliHO-CIIEKTPAIbHY
CTPYKTYPY, L0 A€ MO>KJIMBICTh BCTAHOBJIIOBATH TUIY JedeKTiB y MeXaHi3MaX, iX JIOKasi3alio Ta OLiHIBaTH
CTYIiHb pO3BUTKY. [Ipo6siemMa BupilleHa IIISIXOM PO3POOKK Ta pearlizallii KOMIIJIEKCHOIO HAyKOBOTrO MiXoy Ha
OCHOBi METO[IiB TeOopii BUIIaAKOBUX NPOLECIB, TEOpii curHasis, Metogis Oyp’e-aHanidy, METOAY MaJIOro IIapaMeTpy
Ta METOZiB 064NCIIIOBAIbLHOI MaTeMaTUKU. Briepie chopmMyIbOBaHO O3HAYEHHS PAHHBOI CTalii PO3BUTKY Ae(PEeKTy

K MI€PiOANYHO HECTALIIOHAPHOTO BUIIAIKOBOTO [IPOLIECY KOTPUM CYIIPOBOIKYETHCS IOSIBOIO B PEAKIIii CUCTEMU



IIPUXOBAaHUX KOJIMBaHb, KOTPi € epiognMYHO HecTalioHapHUMH Bunagkosumu curHanamu ([THBC). BetaHoBieHo,
110 NepioguYHi HeCTallioHapHOCTI PYroro Nopsaky (IIpUXOBaHi NepioANYHOCTI) € pe3yJIbTaTOM B3aEMHUX
KOpEJISILIN BULIMX MOPAIKIB MibK Mogyioounmu nnpouecamu [THBC. IIpoBeeHni NOPiBHANIBHAN aHAI3
KOT€PEHTHMX Ta KOMIIOHEHTHUX METOZiB BUSIBJIEHHS [IPUXOBAHUX [1€PioAUYHOCTEN. PO3p06s1eHO TeopeTuyHi
OCHOBHU BUKOPUCTAHHS NepeTBOpeHHs ['inbbepTa 17151 aHamnisy giarHoctuyHux [THBC 3 m1poKocMyroBoro i
BY3bKOCMYTOBOIO BUCOKOYACTOTHUMHU Ta aMILIITyAHO-(Pa30BUMU MO IALIIMU Hecyyux. [lokasaHo, 1110
aHasitnyHui curHan Big [THBC e takox ITHBC. BcraHoB/I€HO, 1110 3aCTOCYBAHHS BilOMUX METOAIB “00BigHOI" ny1s1
aHaii3y 6araTokomnoHeHTHUX [THBC 3 TakuMy MOAyJIsLisSIMUA € HECJIYLITHUM, OCKIJIbKYA KBaJIpaT MOIYJIS
aHaJIITUYHOI'O CUTHAJY, SIKUI Ha3MBAIOTh “KBaApPaToOM 00BiHOI" € BUIIaIKOBUM IIPOLI€COM, MOMEHTHI QYHKIii IKOro
3MiHIOIOThCS IEPioUYHO 3 YacoM. [ToKa3aHo, 1110 CTOXACTUYHO aMILTITyIHO-(a30BO MOJyJIbOBaHi KOJIMBAHHS
[THBC npeacTaBIsiloThCs CYNEePIO3ULLEI0 BUCOKOYACTOTHMUX KOMITOHEHT, SKi € CTallioHapDHUMH i B3a€EMHO
NepiogMYHO HEeCTAlLliOHAPHO 3B'SI3aHMMU BUIAIKOBUMU Tpolecamu. Take NpecTaBieHHs 3BOJUTD JOCiIPKEHHS
BJIACTUBOCTEN CUTHAJIY IO aHAJIi3y KOPEJISLiHHNX KOMIIOHEHTIB BUIIUX TOPSIKIB KBaAPATyP BUCOKOYACTOTHUX
Hecyudux. [IpoBeZieHO TEOPETUYHI NOCIIiIPKEHHSI, [T0Ka3aJu CAYLUHICTb oLjiHOK MeTogamu [THBC dynkuiit
MaTeMaTU4HOrO CNOAiBaHHS, KopessuiiiHoi GyHKii Ta ix KoedilienTiB yp’e. BcTaHOBIEHO, 1[0 YACTOTHUI
Iliaras3oH, B SIKOMY MUTTEBA ClieKTpasibHa ryctrHa [THBC 3MiHIOETBCS 32 4aCOM, BUBHAYAETbCS KOCUHYCHUMU
IIepEeTBOPEHHSIMU Bifi KOCUHYCHUX i CUHYCHHUX KOPEJIsLifHUX KOMIIOHEHTIB. [TokasaHo, 10 Bubip cMyru ¢inbTparii
curnany [THBC noBuHHa 6a3yBaTHCS Ha OLiHKaX B3a€MHUX KOPEJISLiI BUCOKOYACTOTHMX KOMIIOHEHT BUIIAX
MOPSIAKIB, IO TO3BOJIMJIO Ta MiABUIMTY e(DEKTHUBHICTb AiarHOCTyBaHHS. [I0Ka3aHo, 10 BUKOPHUCTAHHS CMYTOBOI
dinprpauii i neperBopenHs 'inbbepra AJ1s1 BULIZIEHHS Ta aHAJi3y KOpeJsiliil KBagpaTyp BUCOKOYACTOTHUX FapMOHIK
Jla€ 3MOTr'y I10OyAyBaTU KapTy KOpeJIsilii, KOTpa Mae XapakKTepHi 0COOIUBOCTI AJ1s1 pidHUX fedeKTiB. OO PyHTOBAHO
IpoLenypu 06poOKM IiarHOCTUYHUX CUTHAIB, SIKi JAIOTh MOKJIMBICTb BUSIBUTU Ta ONUACATU B PAMKax MOMEHTHUX
¢dynkuii I[THBIT nepiuoro i Apyroro nopsnkis ix CTPyKTypPy, B TOMY YUCJi CTPYKTYPY BUCOKOYACTOTHOI,
IIMPOKOCMYTOBOI Ta aMILIITYHO-(a30B0i MOLYyJIsLiil. Po3po6yieHuii Mifxin 3aCTOCOBAaHUM [0 aHasli3y CUTHAIB
PO3IOLiNEHOrO i JIOKAJIbHOTO Ae(eKTiB MeXaHi3MiB. B paMKkax MOMEHTHUX (YHKIi} IEPLIOTO i IPyroro Nopsaxis
OMKCaHi OCHOBHI 3aKOHOMIPHOCTI Ta BiIMIHHOCTI MiXK CUrHajlaMi Takux JedeKTiB. [IpoBeieHa 06po6Ka peanbHUX
CHTHAJIIB Ta OIKCaHa iX KopeJsliliHa CTPYKTypa Ha OCHOBI IOOYZOBaHUX KapT KopeJisLiil. BctaHoBeHO, 1110
BHMCOKOYAaCTOTHA MOZYJIsiLisl Hecyunux rapmoHik [THBC mopesti Bibpaliil miguHuKa € By3bKOCMYTOBOIO i MOXKe
6yTu onucaHa 3a popmynamu Parica. [TokasaHo, 1110 Kopesslii KBapaTyp MOIYJISLIHN € MOBibHO 3aHUKAIOYMMU
OCLMJIALIHHAMY QPYHKLISIMU YaCOBOTO 3CYBY, 1[0 3yMOBJIIOE CXOKY (POPMY KOpEJALiIHUX KOMIIOHEHTIB a iHTepBa
3aHUKaHHS KOpeJISLiIHMX KOMIIOHEHTIB € HabaraTo 6i/bIIMM HiX Ilepiof, HecTalioHapHOCTi. OCHOBHI pe3yJibTaTh
JycepTaLiiHoi po60Ty BIIpoBagKeHo y Pisuko-mexaniyHomy inctuTyTi HAH YKpainu rpu BUKOHaHHI JOCTIIKEHD 3
PO3pPOOKU METO[IiB BiiOOpy Ta 0OpOOKM CUTHAJIB 11J1s1 AiarHOCTUKY AedekTiB, y T3OB GIPMA “IIAJIAB” JIT] nns
IIPOBEJIEHHSI TEXHIYHOTO JIiarHOCTyBaHHs NIPUBOJIiB MexaHi3MiB, y T30B “TIOPTTEXEKCIIEPT” nins BUsSB/IEHHS Ta
OLIiHIOBaHHSI CTYIEHsI PO3BUTKY Ae(EKTIiB y NiALMIHUKOBUX By3JlaX €JI€KTPOABUTYHIB ME€XaHi3MiB KOHTEIHEPHUX
nepeBaHTaxysauis, y T30B “JIIT BOPJIJI TIC MIBAEHHWI" iy aHanisy [iarHOCTUYHUX CUTHAJIB B TIPOLIEC]
IiarHOCTYBaHHS MeXaHi3MiB nopToBux kpaHis, y T30B “KUITEP-TIJIACT” nJ1s1 OLiHIOBaHHS CTYII€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 PIVDENNYTI” 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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Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. AHppiiyyk Muxaiio IBaHOBUY

2. Mykhaylo I. Andriychuk
KBasigikamnis: 1. 1. ., npodecop, 01.05.02
InenTudikarop ORCID ID: He 3acrocosyerbcs

JoparkoBa iHdpopmamist:



TloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [HCTUTYT IPUKIIALHMX IPOGIEM MEXAHIKM | MATEMATUKY iM. 5.

C. [lipctpuraya HanjionanpHOi akagemii HayK YKpaiHu

Kopg, 3a €IPIIOY: 03534430

Micue3HaxoaKeHHS: ByJ1. HaykoBa, 6ya. 3-6, JIpBiB, 79060, YkpaiHna
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. JIutBuHEHKO Spocnas BonoguMuposuy

2. laroslav Lytvynenko

KBasigikanis: 1. 1. n., npodecop, 01.05.02
Inentudikarop ORCID ID: 0000-0001-7311-4103
JoparkoBa indopmamnist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0COOH: TepHOMiNbCHKMI Hal[iOHAILHUI TeXHIYHMI yHIBEPCUTET iMeHi

IBaHa [lymos

Kopg 3a €IPIIOY: 05408102

Micue3HaxoaKeHHS: ByJI. Pychbka, 6yz. 56, TepHominb, TepHoOminbCbKUil p-H., 46001, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. 3Bapuy Baznepiit MukosnanoBuy

2. Valerij Zvaritch

KBastidikamis: 1. 1. 1., crapmuii HaykoBuiA CriBpo6iTHUK, 05.13.05

Imentudikarop ORCID ID: 0000-0002-1271-4954

JoparkoBa indpopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[I/I‘{HOi 0Co0M: [HCTUTYT enekTpoauHaMiku HanioHanbHOI akagemii HayK
Ykpainu

Kopg 3a €IPIIOY: 05417236

Micue3HaxoaKeHHS: np. bepecreiicbkuii, 6y, 56, Kuis, 03057, Ykpaina

dopma BiracHOCTI: JlepxasHa

Cdepa ynpaBiiHHS: Haujonanbha akazemist HayK YKpainu

InenTudikarop ROR:

Penensentu



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpi3Buie Im'sa I1o-6aTbKOBI
TOJIOBH pagu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCifiaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi

OisIJIbHOCTI

CaueHko AHatouirt OsekciifioBu4

Cauenko AHatoJin OsekciiioBuy4

Hy6uaxk Jlecs OpecrTiBHa

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



