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Jucepraliisi mpUcBsiYeHa BJOCKOHAJIEHHIO TEXHOJIOT1l BIOpPOJ11arHOCTYBAHHSI
TATOBUX  PEOyKTOPIB  €JEKTPOIOi3AiB  3aBASKH  PO3POOJICHIM  TEXHOMIOTIi
JIarHOCTYBaHHS, sKa 3JIIMCHIOE TIOALT 3apeECTPOBaHO1 BiOpallii Ha MiIIUITHUKOBY
CKJIAJOBYy Ta CKJIaJ0BY 3yO4yacTOro 3auyeryieHHs 3 TMOJaJlbIIUM aHali30M
OTPUMAHUX CMYT (PaKTAIBHOI PO3MIPHICTIO TIOKPUTTA Ta MOMJIMBICTIO
IPOrHO3YBaHHS OTPUMAaHUX HOBHX O3HAK PI3HUX MOIIKOIKEHb €JIEMEHTIB TATOBUX
PEAYKTOPIB TUCKPETHUMHU CTOXaCTUYHUMHU MOJACIISIMH.

HaykoBa HoBHM3Ha aucepTaIliiiHOi poOOTH TOJISTAE B PO3B’ I3aHHI HAYKOBOTO
3aBJaHHS YJOCKOHAJEHHsI TEXHOJIOT1l BiIOpOAIarHOCTYBaHHS TATOBHX PEIyKTOPIB
€JICKTPONOi3IiB, IO 0a3yeThcs Ha 3acCTOCYBaHHI METOJIB BEHBJIET-aHAII3Y,
pPO3KJIaIaHHS 33 EMIIPUYHUMH MOJaMH Ta (paKkTaIBbHOrO aHamildy, sKi
MIBHINYIOTH JOCTOBIPHICTH JiarHO3Y.

Ynepwe:

— BHU3HAYEHUIN XapakTep 3MIHU CHEKTPaJbHOTO CKJIaTy IOIIKOKEHOTO
HiAIUIHAKAa KOYEHHS TATOBOTO PEAyKTOpa EJEKTPOIoi3/ia BIPOAOBXK peamizaiii
IIUKJIOCTAIIOHAPHOI MOJIENi, sIka OOJIKOBY€E BHIAIKOBI KOMIIOHCHTH M MOJEIIOE
e(eKT MPOKOB3YBAHHSI POJIMKIB BITHOCHO 1HIIMX €JIEMCHTIB;

— po3po0iieHa TEXHOJOTis BiOPOIIaTHOCTYBAHHS TATOBUX PEIYKTOPIB,
OCOOJMBICTIO SIKOi € OJHOYACHE 3aJy4yeHHS MPOIENypu IUCKPETHOTO BEHBIET-
NEPETBOPEHHS /JIsi OTPUMAaHHA TapMOHIK 3y0o03aderyieHHS Ta CaMOaJalTHBHOI

MpoIeAyprH  PO3KIaJaHHSI 3a EMINPUYHUMH MojaMH. PoskiamanHs 3a
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EeMIIPUYHUMH MOJIaMH TI030aBJIeHEe TOTPEOU MONEPEeTHHOI0 BUOOPY MAaTEPUHCHKO1
(GyHKIIi, 10 NPU3BOAUTH A0 YCYHEHHSI MEPEKPUTTS BUCOKOYACTOTHHUX J1aMa30HIB
Ha PI3HUX PIBHAX PO3KJIaJaHHS 3 MOMJIMBICTIO MOJAIBIIOTO OOpaHHS MPUNUHST-
HOTO Jiana3oHy BiOpauii miJIIMITHUKIB;

— o0uMcIeH1 Jiana3oHy 3Ha4eHb (pakTaabHOI PO3MIPHOCTI MOKPUTTS, sKa
00JIIKOBYye MacIITaOHY IHBapiaHTHICTh Ta OI[IHIOE BIOparliiiHi CKJIaJ0B1 PI3HOI
OPUPOAM TATOBUX PEAYKTOPIB €JEKTPOMOi3/diB, sKI mNepedyBarOTh Yy PI3ZHUX
TEXHIYHUX CTaHaX.

Jloonpayvosano:

— METOJI BHW3HAYCHHS TEXHIYHOTO CTAaHY TATOBHX PEIYKTOPIB 3aBISKH
3a]ly4eHHIO HOBHMX IHJMKAaTOPIB 4acoBoi (opmu BiOpallii, 110 BUKOPUCTOBYIOTH
KOMOIHaIiT ekciiecy 1 cepennbokBaaparnunoro 3HaueHHs (TALAF 1 THIKAT);

— METOJI TPOTHO3YBaHHS TEXHIYHOTO CTaHy TATOBUX PEIYKTOPiB
€JIEKTPOMOI3/IB 13 BUKOPUCTAHHAM IHTETPOBAHOT AUCKPETHOI CTOXAaCTUYHOI MOENI
aBTOperpecii 1 KOB3HOTO CEpPeIHbOr0, YCIIIIHA peatizalis SKoi MoTpedye e
HAsBHOCT1 TOCTIOBHOCTI PO3paxOBaHUX (PpaKTaJIbHUX PO3MIPHOCTEH, SfKI
HAKOIMMYYIOTHCS BIPOJIOBXK BiJIMOBITHUX €KCIIEPUMEHTIB.

[IpakTu4Hi pe3yapTaTd MOJATAIOTh Yy copmoBaHiii 0a3i 3 HAKOMHMYCHUX
BIOpaIlifHUX CHUTHAJIB, YaCTOTHUX CMYT, HOMEpIB TapMOHIK, SKi BiIIOBIIAIOTh
CIIPaBHUM 1 MOIIKOKEHUM IIIITUITHUKAM 1 K1 PEECTPYBAIUCH JJIS PI3HUX YaCTOT
oOepTaHHS  KOJICHO-PEIYKTOPHUX OJIOKIB Ha BUIPOOYBaJbHOMY CTEHIAX
MOTOpBaroHHux jemno. OOpaHmii HaWkpamuii cmocid Ta Micle KpIirJIeHHS
BiOpoakcenepoMeTpa 10 TOBEPXHI TATOBOTO PEAYKTOpa EIEKTPOmoi3fga s
BUKOPHCTAHHS TMAacMOPTHOIO YacTOTHOIO Jiama3oHy BiOpoakcenepoMeTpa W
JOCSITHEHHS BUCOKO1 TOCTOBIPHOCTI JiarHOCTYyBaHHS.

3a Martepianamu aucepTariiiHoi poOoTH omy0ikoBaHO 12 HayKOBUX Mpallb,
3 IKUX 6 HAyKOBUX CTaTell — y (haxoBUX BUAAHHSX, 3aTBepkeHnX MOH Ykpaian
(onHE 3 HUX 1HAEKCYEThCA 0a3010 Scopus); 6 mpails ampoOaIiitHOro XapaxkTepy.

V¥ BcTyni OOrpyHTOBAHO aKTyaldbHICTh 00paHOi TeMHU, C(HOPMYIHLOBAHO METY

W 3aBmaHHsA, O0’€KT 1 MpEeaMeT MOCIIKEHHS, 3a3HAYeHH 3B’A30K pOOOTH 3
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HAYKOBHMH TE€MaMH Ta MPOTpaMaMH, PO3KPUTO HAYKOBY HOBH3HY Ta MPAKTUUYHY
LIHHICTh JUCEPTALitHOI poOOTH, HaBeAeHA il 3arajibHa XapaKTEePUCTHKA.

VY mepmioMy po3Aiii 3a3HAYAETHCS, IO OCHOBHOIO CHCTEMOIO PEMOHTY Ha
YKpalHCBKUX  3aTi3HUIMX JOTENep JIUIIAETHCS TUIAHOBO-TOMEpEIKyBaIbHA
CHUCTeMa PEMOHTY, SKa XapaKTEPHU3YEThCS BEJIMKOI KUIBKICTIO IMO3alIaHOBHUX
PEMOHTIB €JIEKTPONOI3/IB. YIOCKOHAJIUTU L0 CHUCTEMY MO>KHA, BIPOBAJUBIIH
Cy4yacHI CUCTEMH Il A1arHOCTYBaHHS BY3JiB 1 arperariB Miciid iX JEMOHTaxy a0o
YaCTKOBOTO pO30MpaHHsA, WIO0 B TMOAAJBIIOMY TpHU3BEAE A0 BIIMOBH BiX
BUKOPUCTaHHS 3acTapuiuX JIarHOCTUYHUX NOPUCTPOiB ((POHEHTOCKOMIB, TOIIO)
JOCTOBIPHICTh SIKMX 3aJIEKUTh Bl JOCBIAY MalCTpIB 1 CIIOCapiB. Y CTaHOBIEHO,
IO HAa BIiJMOBH TATOBHX PEIYKTOPIB ENEKTPOIOI3IiB i3 NMPUYUH PyHHYBaHHS
MIMIAITHAKA KOYEHHS MepeHbOI KPHUIKU mpunanae Ouibine 85 % BimMoB. Tomy
norpeda y BUaCHOMY BHSIBJICHHI ITOIIKO/DKEHb MiAMIUITHUKOBUX BY3JIIB JTUIIAETHCS
OJIHUM 13 TOJIOBHUX 3aBJaHb, SIKE€ MOXXHA PO3B’SA3aTH BIPOBAKEHHIM
(G yHKITIOHAJIBHOTO J1arHOCTYBAaHHS 3a aHAJIi30M BiOpaIrii.

VYcTaHOBIEHO, WIO PI3HOBUIM JIarHOCTUYHUX KOMILIEKCIB OCTAaHHBOTO
MIOKOJIIHHSA, SIKI PUCYTHI HA PUHKY ¥ BUKOPHUCTOBYIOTHCSI B TEXHOJIOT1i TEXHIYHOT'O
00CIIyrOBYyBaHHS Ta IMOTOYHOI'O PEMOHTY JIOKOMOTHBIB 3ai3HHIL 3aKOPJIOHHUX
KpaiH, XapaKTEepU3YIOThCA 3acTapiIMMU METOJaMH, sIKi Oyiu po3poOsieHi Oinbiie
30 pokiB Tomy. OTXe, MOTPUMAaHHS MiJBUIIEHUX BUMOT IO SIKOCTI PEMOHTY U
Oe3lekn pyxy akryajizye moTpeOdy B TEOPETHUYHHUX HAYKOBUX JIOCTIIKCHHSIX
HOBUX METOIB OOpOOKM i aHaNi3y BIOpamiifHMX CUTHAIIB Ta OTPUMAHHS HOBUX
TIarHOCTUYHUX O3HAK TEXHIYHOTO CTaHy.

Y JnpyroMmy po3misi  3ampONOHOBAHO OIKMCYBAaTH BiOpamiiHUN CHrHAI
MiAIIUIHAKA KOYEHHS TATOBOTO PEIYKTOpa €NEKTPOIoi3[a HUKIOCTAllIOHAPHUM
BHUITQJIKOBUM TIPOIIECOM 13 TEPIOIMYHOI0 aBTOKOPEIAIIMHOK (YHKIIIEI, SKHAM
JI03BOJIMB PO3MIMPUTH YSIBY IMPO TOBHICTIO OOEpPTaNbHUN XapaKTep €JIEMEHTIB
MIJIIUITHAKIB 3aBJISKU 00JIIKY €(peKTy KOB3aHHS TL1 KOYEHb BIIHOCHO KUIEIb, 1110
JOTEeNEp HE BJaBaJIOCA MOIIMPEHIM Mojell onucy BiOpailiii, sika Oepe A0 yBaru

JIMIIIE 4YacTOTH HAsABHUX TMIOMIKO/)KEHb Ta €(EeKTH MOIYJSIi YHACHiI0K
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LHUKJIIYHOrO MEPEKOYYBaHHs TUI KOYEHHS Yepe3 HaBaHTaXKEHYy 30HY. 3BakKarouu Ha
CKJIAJHICTh TEOPETHUYHOI'O aHali3y KOJMBAJIBHMX XapaKTEPUCTUK MiJUIUITHUKIB
KOYEHHS TATOBUX PEIYKTOPIB €JIEKTPONOi3/iB, 3alpOlOHOBaHA MOJEIb 3A1HCHIOE
CUMYJISIIII0  TMOUIMPEHUX TMOMIKOJKEHb E€JEMEHTIB MIAMIUIHUKIB KOYEHHS
(MOUWIKOMXKEHHSI POJIMKA, 30BHIIMIHBOIO W BHYTPIIIHBOIO KUl 0Oe3 Ta 3
JOJIaBaHHSIM IIyMYy) Yy BHUIJISAl coenu@iuHuX pe30HaHCHUX 30ypeHb Ha
IMIMPOKOCMYTOBUX CIEKTpax BiOpaimii B OKOJUISAX BIANOBIAHMX YaCTOTHUX
J1lara3oHiB.

Y TperboMy pO3aUII BU3HAYAETHCS MPUIATHICTH BIAMOBIIHUX METOIB
OOpOoOKM CHUTHANIB JiJIi BUKOPUCTaHHS B TEXHOJIOTl BIOPOAIarHOCTYBaHHS.
30KpeMa 3a3HAYA€ThCS BAXKIMBICTH BUKOPUCTAHHS KOE(QILIEHTY EKCIECy fK
KPUTEPil0 IMIYJIbCHOTO HANOBHEHHS BiOpallii, sIKe acOLIIOEThCS 3 HAaIBHUMU
MOIIKO/DKCHHSAMH ~ MIAIIMIHUKIB 1 332  BEJIMYMHOI  ILOTO  KOEQIIIEHTY
3alpONIOHOBAHO TMOPIBHIOBATH €(PEKTUBHICTH BHUAUICHHS HIYKAHOTO YacCTOTHOIO
Jiana3oHy pi3HUMH METOJaMH. 3BaXkKalouud Ha HECTAI[IOHAPHICTh CUTHATIB BIOparlii
TSATOBOI'O PEyKTOPa €NEeKTpomnoi3aa i morpedy B 30epe’keHH] HAsIBHUX YUCICHHHUX
1HQOPMATUBHUX KOPOTKOTPHUBAIMX CKJIAJOBUX, IS peajizamii JUCKPETHOTO
BEUBJICT-TIEPETBOPECHHS 00MpaBCS MaTEpUHCHbKUH BeiiBieT JoOemni 4-ro mopsky,
a KpuTepieM OOpaHHS TPUHHATHOTO BEWBIETY 3-TIOMDK BEJIHMKOI BEHBJIETHOI
POJMHM € MiHIMaJIbHE 3HaYeHHS po3paxoBaHoi eHTporii IIlenHoHa.

YcTaHoBeHa TPUUHATHICTH Teopii PpakTamiB 3M1MCHIOBATHA aHAI3 YaCOBUX
BIOpaIifHUX TOCTIAOBHOCTEH. 3amporOHOBAHO BIPOBAKYBATH B TEXHOJIOTIIO
BIOpaIifHOTO iarHOCTYBaHHS TITOBUX PEAYKTOPIB  EJIEKTPOIOI3IB HOBY
TIarHOCTUYHY O3HaKy (pakTaabHOI PO3MIPHOCTI TOKPHUTTS, siKa 3a0€3MeUUTh
Kpamuii oO0JIIK KOPHCHHMX CKIIQJOBUX BIOpamiiiHUX peamizaiiii TOpiBHSIHO 13
3arajbHOBXHBAHUMHU O3HAKAMH.

Y dgeTBepTOMYy pO3IiII PO3POOIISETHCS TEXHOJOTIS BiOPOMIarHOCTYBAHHS
TATOBUX PEAYKTOPIB €IEKTPOMNOi3iB ynpoaoBxk mpoeaeHHs TO-3 i [1P-1. [{ns
BY3bKOCMYI'OBOTO MOJAULY 3apeeCTPOBAHUX BIOpAIITHUX YaCTOTHUX KOMIIOHEHTIB

oOMpaeTbcsl NUCKPETHE BEUBIET-TIEPETBOPEHHS Ta METOJ pPO3KJIAJaHHs 3a
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EMIIIPUYHUMH MOJIaMH, SIKUH YCYyBa€ NEPEKPUTTS YACTOTHUX Jlala30HIB Ha PI3HUX
PIBHAX pO3KJIAJaHHS Y BHMCOKOYAaCTOTHOMY JIalla30Hi, HATOMICTb JHCKPETHE
BEHBJIET-IEPETBOPEHHS Kpallle Macye A0 BUAUICHHS HU3bKOYACTOTHOTO Jiama3oHy
3 BiOpalli€ro 3y0uacToro 3a4erieHHS.

3BakaroyM Ha HU3bKY €(EKTUBHICTh KIACHUYHUX CKAISPHUX I1HIHUKATOPIB,
J0OMpaIlbOBaHUN METOJT BHU3HAYCHHS TEXHIYHOTO CTaHy TATOBUX PEAYKTOPIB
3aBJSIKM BIIPOBAKEHHIO oOuunciaeHHs HoBux iHaukatopiB THIKAT 1 TALAF.

Hocnimpkeno, 1mo oOuyuciaeHHs (GpakTaabHOI PO3MIPHOCTI TOKPUTTS
Halikpaiiie 00J1iKoBY€e 1HPOPMATUBHI CKJIaIOB1 BiIOpallifHUX CUTHAJIB Y BUILICHUX
BYy3bKOCMYTOBUX YAaCTOTHUX Jiama3zoHax. OOuncieHe HaliMeHIEe 3HAYeHHs
PO3MIPHOCTI BIATIOBIZa€ CIPABHOMY PEAYKTOPY, a HaWBHUIIE — KOMOIHOBaHUM
MOIIKOJKECHHSIM TATOBUX PEAYKTOPIB €IECKTPONOi3IiB.

JIJ1st IpOTHO3yBaHHS TEXHIYHOTO CTaHy TATOBHX PEAYKTOPIB CICKTPOIOI3/IiB
3alpOINIOHOBAHO 3ajydaTd JUCKpeTHi croxactudHi ARIMA wmopem, sxki
noTpeOyIOTh JIMIIE HASBHOCTI JUCKPETHUX BEIWYMH, W0 HAKOMUYYIOTHCS
BIIPOJIOBX BIATMOBIAHUX BUMIpIOBaHb. HaliHWk4a TOYHICTH 3a pe3yibTaTaMu
IociimKkeHs carana 91,4 %.

Y m’stoMy po3aull po3paxyHOK JOCTOBIPHOCTI BJOCKOHAJIEHOI TEXHOJOTT
BIOPO/IIarHOCTYBAaHHS BUSBUBCA BUIIUM Ha 25,7 % TMOPIBHSHO 3 BUKOPUCTAHHSIM
mTaTHOrO ()OHEHIOCKOIIa, PO3paxoBaHi JIarHOCTUYHI Barv Juisi 6 O3HAK CTaHIB, a
CKOHOMIYHHMK e(eKT 3a pO3paxyHKOBHH Tepios cTaHOBUTH 19227738 rpH.
Po3pobnena TexHONOTiS BIOPOJIarHOCTYBAHHS JO3BOJISIE CKOPOYYBATH Yac Ha
po30MpaHHS Ta TMICIAIPEMOHTHE BUMPOOYBAaHHS KOJICHO-PEAYKTOPHUX OJIOKIB
CJIEKTPOMOI3/IIB 3aBISIKA 3HIDKEHHIO YHCJIa HAIMIPHOTO OpakyBaHHS, a TaKOXK
3HIDKYE TPOMYCK MOMIKOKEHHS MiITUITHUKA KOUYEHHS.

Knrouosi crosa: mUCKpeTHE BEUBIIET-TIEPETBOPEHHS, JUCKPETHI CTOXACTHYHI
MOJIeNIi, PO3KJIANaHHA 3a CeMIIPUYHUMH  MOJIaMH, TSATOBHH  PEAYKTOP
eJeKTponoizaa, (paxkraibHa PO3MIPHICTh MOKPUTTS, IIMPOKOCMYTOBHUM CHEKTP

BiOparlii.



ABSTRACT

Bulba V. I. Improvement of the technology for the vibration-based
diagnostics of electric train traction gearboxes. — Qualification scientific work —
manuscript copyright.

Thesis for the degree of Candidate of Technical Sciences (Ph.D. — Doctor of
Philosophy) in specialty 05.22.07 — Rolling Stock and Traction of Trains (273 —
Railway Transport). — Ukrainian State University of Railway Transport, Ministry
of Education and Science of Ukraine, Kharkiv, 2021.

The thesis deals with improvement of the technology for the vibration-based
diagnostics of electric train traction gearboxes by means of the developed
diagnostic technology which provides decomposition of the acquired vibration on
the bearing component and gear mesh component with further analysis of the
obtained bands with the box counting method and the possibility of prediction of
the obtained new features of various faults of traction gearboxes elements with
discrete stochastic models.

The scientific novelty of the thesis involves solving the scientific task of
improvement of the vibration-based diagnostics of electric train traction gearboxes
based on the use of the wavelet analysis, empirical mode decomposition and fractal
analysis methods, which increase the confidence of the diagnostics.

For the first time there was:

— defined the nature of the change in the spectral composition of a damaged
rolling bearing of the electric train traction gearbox during the implementation of
the cyclostationary model, which takes into account random components and
simulates the effect of rollers slip relatively to other elements;

— developed the technology for the vibration-based diagnostics of traction
gearboxes, the feature of which is the simultaneous involvement of the discrete
wavelet transform procedure to obtain gear mesh harmonics and self-adaptive
procedure of the empirical mode decomposition. The empirical mode

decomposition doesn’t need to pre-select the mother function, which eliminates the



8
overlap of high-frequency band at different levels of decomposition with the
possibility of further selection of the acceptable band of bearing vibration;

— calculated the bands of the box counting method values, which takes into
account the scale invariance and evaluates the vibrational components of different
nature of the electric train traction gearboxes being in different technical states.

There was refined:

— an assessment method for the technical state of traction gearboxes by
applying new time-domain indicators of vibration which use a combination of the
kurtosis and root mean square (TALAF and THIKAT);

— a method of technical state prediction of electric train traction gearboxes
using an integrated discrete stochastic model of autoregression and moving
average, the successful implementation of which requires only the availability of a
sequence of calculated fractal dimensions that accumulate during the relevant
experiments.

The practical results consist in the formed base of accumulated vibration
signals, frequency bands, harmonic numbers, which correspond to nonfault and
faulty bearings and which were registered for different rotation frequencies of
wheel-gearbox units on the test rigs in electric train depots. The best method and
place of mounting of the vibroaccelerometer to the housing of the electric train
gearbox was selected for the application of the passport frequency band of the
vibroaccelerometer and achievement of the high diagnostic confidence.

The introduction substantiated the relevance of the selected topic, formulated
the goal and objectives, object and subject of the research, emphasized the
connection of the thesis with scientific topics and programmes, developed the
scientific novelty and practical value of the thesis, gave its general characteristics.

The first chapter noted that the main repair system on Ukrainian railways is
still a scheduled preventative repair system, which is characterized by a large
number of unscheduled repairs of electric trains. This system can be improved by
introducing modern systems for the diagnostics of components and assemblies

after their dismantling or partial dismantling, which in turn will lead to the refuse
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to use obsolete diagnostic devices (phonendoscopes, etc.) whose confidence
depends on the qualification of technical workers. It was established that the
failures of electric train traction gearboxes caused by the destruction of a bearing
of the front cover account for more than 85% of failures. Therefore, the need for
timely detection of bearing faults remains one of the main tasks that can be solved
by introducing functional diagnostics by vibration analysis.

It was established that the different last-generation diagnostic complexes,
which are available on the market and are used in the technology of repair and
maintenance of foreign railway locomotives, are characterized by outdated
methods that were developed more than 30 years ago. Thus, compliance with the
increased requirements for the quality of repair and traffic safety requires
theoretical research of new methods for vibration signal analysis and processing,
and new diagnostic features of the technical state.

The second chapter proposed to describe the vibration signal of a rolling
bearing of the electric train traction gearbox with a cyclostationary random process
with periodic autocorrelation function, which allowed to expand the idea of fully
rotational nature of bearing elements due to taking into account the sliding effect of
rollers relatively to races, which so far the common model for describing vibrations
failed to do because it took into account only the frequency of existing faults and
the effects of modulation due to the cyclic rolling of rollers through the loaded
area. Given the complexity of the theoretical analysis of the oscillatory
characteristics of rolling bearings of electric train traction gearboxes, the proposed
model simulates common faults of rolling bear elements (faults of rollers, outer
and inner rings without and with noise) in the form of specific resonant excitations
on the broadband vibration spectra in the vicinity of the corresponding frequency
bands.

The third chapter determined the suitability of appropriate signal processing
methods for use in the vibration-based diagnostics technology. In particular, the
importance of using the kurtosis as a criterion for impulse filling of vibration,

which is associated with existing bearing faults, and according to the value of the
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kurtosis, it was proposed to compare the efficiency of the extraction of a searched
frequency band with different methods. Due to the nonstationarity of vibration
signals of the electric train traction gearbox and the need to preserve the available
numerous informative short-term components, for the implementation of the
discrete wavelet transform the fourth-order Daubechies mother wavelet was
selected, and the criterion for selecting an acceptable wavelet from a large wavelet
family is the minimum value of the calculated Shannon entropy.

The acceptability of fractal theory to analyze temporal vibration sequences
was established. It was proposed to introduce a new diagnostic feature of the box
counting method into the vibration-based technology of electric train traction
gearboxes, which will provide a better account of the useful components of
vibration signals compared to commonly used features.

The fourth chapter introduced a new technology of vibration-based
diagnostics of electric train traction gearboxes during the 3™ level maintenance and
the 1% level current repair. For narrowband separation of registered vibration
frequency components, there were selected the discrete wavelet transform and
empirical mode decomposition, which eliminates the overlap of frequency bands at
different levels of decomposition in the high frequency band, while the discrete
wavelet transform is better suited for the extraction of a low-frequency band with
gear mesh vibration.

Taking into account the low efficiency of classical scalar indicators, the
method of determining the technical state of traction gearboxes was refined due to
the introduction of the calculation of new THIKAT and TALAF indicators.

It was proved that the calculation of the box counting method best takes into
account the informative components of vibration signals in extracted narrowband
frequency bands. The calculated minimum dimension value corresponds to a
nonfault gearbox, and the maximum one - to the combined faults of electric train
traction gearboxes.

For prediction of the technical state of electric train traction gearboxes, it

was proposed to use discrete stochastic ARIMA models, which require only the
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presence of discrete values that accumulate during the relevant measurements. The
lowest accuracy according to the research results reached 91.4%.

In the fifth chapter the calculation of the confidence of the improved
technology of the vibration-based diagnostics turned out to be higher by 25.7%
compared to the use of a standard phonendoscope, the diagnostic influence for 6
features of the states was calculated, and the economic effect for the reference
period was 1,922,773 UAH. The developed technology of the vibration-based
diagnostics reduces time for dismantling and post-repair testing of wheel-gearbox
units of electric trains due to the reduction of the quantity of excessive faults, and
reduces omissions of rolling bearing faults as well.

Key words: box counting method, broadband vibration spectrum, discrete
stochastic models, discrete wavelet transform, electric train traction gearbox,

empirical mode decomposition.
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BCTVII

AKTyaJbHicTh TeMH. Haremep TeXHIUYHWN pecypc 3ali3HHIb MPAKTHYHO
BUYEPIAHO, IO CTaBUTh IMiJ 3arpo3y ix mojaibiie e(eKTUBHE Ta Oe3neyHe
(GyHKIIOHYBaHHS. 3BOJIKaHHA 3 peali3all€el0 KapAWHAIbHUX 3aXO[iB, 5Kl
COpsIMOBaH1 Ha 3aMIHYy 3aCTaplIUX TEXHIYHHUX 3aC001B, HAMOIMKYMM 4acoOM MOKeE
CIPHYMHUTH YHEMOXXJIUBJICHHS 3a0e3ledeHHs TOoTpeOM y  IMepeBEe3CHHAX
MacaKUpiB 1 BAaHTAXXIB Ta BUHMKHECHHS KPU30BHX SIBUIIl HE TUIBKU B 3ali3HUYHIN
rajys3i, ajie ¥ B IHIIMX CTPATEriyHO Ba)XJIMBUX 1 OB’ S3aHUX 3 HEI Taly3siXx
€KOHOMIKU Y KpaiHH.

OnHuM 13 TOJIOBHHMX 3aBllaHb CHCTeMH MOTOKOBUX pemoHTIB (ITP) moTop-
BaroHHoro pyxomoro ckiany (MBPC) e 3a0Ge3nedeHHs HaaIHHOCTI eKCIUTyaTarii
TATOBHX PEIYKTOPIB, OCKIIBKHA IX BIJIMOBH MOXXYTh CIPUYUHUTH CXOJKEHHS
CKJIaay, IO Tpu3Beae a0 aBapii abo karactpodu. Bimomo, 1m0 TpUBaIiCTh
CIpaBHOI pOOOTH TATOBOTO PENYyKTOpa 3pinka mepeBuIirye 1,5 MIH. KM mpooiry
3aMICTh yCTaHOBJEHUX 2,5 MiH. kM. OCTaHHIMHU poKaMH Ha 3y0dacTi mepenadi Ta
HiAITMIHAKYE KOYeHHs TATOBUX penykropiB MBPC npunanae mo 41,2 % Binmos
BIJI 3arajJlbHOr0 YWCJIa BIIMOB 3a MEXaHIYHUM oOJiagHaHHAM. HesBakaroun Ha
BXKUTI 3aXO0JIM IIOJ0 MiJBHINCHHS €KCITyaTalliiHOI HaJIIMHOCTI K HOBHX, TaK 1
BI[IPEMOHTOBAHMX EJIEKTPOIOI3AiB 1X eKCIUIyaTarlisi CyNpOBOIKYEThCS, 3 OJHOTO
00Ky, BETUKMMU MPOCTOSIMU Y€pe3 HECIIPABHOCTI TATOBUX 3yOUacTUX mepesad, a 3
HIIOT0 OOKYy — TMepeaYacHUM pPEMOHTOM 3 IOBHUM pPO3OHMpaHHSM 3HAYHOI
KUTBKOCT1 TATOBUX PEIYKTOPIB.

OTke, 3Bajkarouud Ha He3amoBLIbHHH TexHIuHMM ctaH MBPC, Bumaerbcs
aKTyaJIbHAM PO3pOoOKa 3axOJiB 13 MIABUIICHHS €()EKTUBHOCTI TEXHIYHOTO
niarHocTyBaHHS sk HUHIIIHRoro MBPC, sxuii OyB moOynoBaHuii 32 TEXHIYHUMU
BUMOramMu 60-uX pOKiB MUHYJIOTO CTONITTS i Ha cboTOoH1 gocar 84 % 3HOCY, TaK i
1u1st HoBoro MBPC 31 3HaYHO TOCKOHAIIIMMU XapaKTEPUCTUKAMU.

3B’130Kk Ppo0OTH 3 HAYKOBMMH [porpaMamMu, IUIAaHAMH, TeMaMHU.

Huceprariiiiny po6oTy BHKOHAHO 3rigHO 31 CTpaTeri€ro po3BUTKY 3alI3HUYHOTO
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TpaHcnopTy Ha mepion Ao 2020 poky (cxBajeHa posnopspkeHHaMm KaOinety
MinictpiB Ykpainu Nel555-p 16 rpynus 2009 p), Jlep’kaBHOIO HOpPOrpamoro
OHOBJICHHSI pyxomoro ckiany Ha 2017-2021 poku (3atBepakeHa Ha 3acimaHHi AT
«Yxp3anizuuusg» 29 nucronmaga 2016 p) 1 HayKOBO-IOCHIAHOIO  POOOTOIO
«Ilonepenne He3amexHe OOCTEKEHHS OOCTaBMH, XapakTepy Ta MpHYUH
pyiinyBanns auzens [1J[1M rtemnoBo3a TEM2 Ne 2685» (JIP0119U102154), B sikiit
3100yBay OYB BUKOHABLIEM OKPEMUX PO3/ILIIB.

Merta i 3aBaaHHs AociaigxkeHHs. MeTta nucepTarliiiHoi poOOTH ToJiArae B
NiABUIIEHH] €()EeKTUBHOCT1 J1IarHOCTYBAHHS TATOBUX PEAYKTOPIB €JIEKTPOIOi3/1iB
3aBISIKA  JIOCKOHAJIMM METOJIaM BHJIUICHHS 1H(GOPMAaTHBHOI YacTOTHOI CMYTH
MAITMITHAKOBOT BIOpaIlii, 3aJy4eHHIO JI€BUX JIarHOCTUYHUX O3HAK TEXHIYHOTO
CTaHy MiJAMUITHAKIB KOYCHHS 3 TOJIAJIbIIIMM MPOTHO3YBAHHSAM TCXHIYHOTO CTaHY.
CdopmynboBana MeTa oTpeOyBaia po3B’si3aHHS TaKUX 3aBJaHb JOCTKCHHS :

— 3IACHUTH aHaji3 BiIMOB TATOBUX PEAYKTOPIB €JIEKTPOIOi3aiB 1 oOpaTu
3aci®6 oTpuMaHHS J1arHOCTUYHOI 1HGOpMaIlii Mpo iX TEXHIYHUHN CTaH;

— o0paTu NMPUUHITHY MOJENb BiOpallii MiNIUITHIKA KOYSHHS, sIKa OIHCYE
OUTBIIICTH TIPOIECIB, IO TMPOTIKAIOTH NPOTATOM IIEPEKOYYBAHHS CJIEMCHTIB
I IIIAITHHAKIB;

— pO3pOOUTH TEXHOJIOTII0 BiOpOAIarHOCTYBAaHHSA TATOBUX PEIYKTOPIB
€JICKTPOMOI3 B 13 3allydeHHSM J1€BUX METOJIIB OTPUMAHHS YaCTOTHHX CMYT i3
1HGOPMATUBHUMU CKIIAJOBUMU;

— OTPUMATH HOB1 JIarHOCTMYHI O3HAaKM TEXHIYHOTO CTaHy TATOBUX
PEAYKTOPIB €JICKTPOTIOI3/IIB;

— YAOCKOHAJIUTA  METOJ, BU3HAYCHHA TEXHIYHOTO CTaHy TATOBUX
PEAYKTOPIB HOBUMHU IHAUKATOPAMU 9acoBOi (hopmu BiOpaIrii;

— 3MIMCHUTH TPOTHO3YBAaHHSA TEXHIYHOTO CTaHy TITOBUX PEIyKTOPIB
EJIEKTPOMOI3/iB Ta BU3HAYUTH €(PEKTUBHICTH YITPOBAIKEHUX 3aXO/IIB.

06'exm docnidaicenHss — mpoliec BIOPOA1arHOCTYBaHHS TSITOBUX PEIYKTOPIB

€JIEKTPOIIOi3/IiB.
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IIpeomem Oocniodcenns — TEXHOJOTIA BIOPOJIArHOCTYBAHHA TATOBHUX
PEAYKTOPIB €IEKTPOIOi31B.

Metoau aocaigxkeHns. Y poOOTI BUKOPUCTAHO METOIU ITU(POBOi 00poOKHU
CUTHATIB, 30Kpe€Ma CIIEKTPAIbHOTO aHali3y IJs MOOYAOBH HIMPOKOCMYTOBUX
cnekTpiB  BiOpamii, MaTeMaTHUYyHOI CTaTHUCTUKH, MAaTEMaTU4YHOrO amapary
JIMCKPETHOTO BEUBIICT-NIEPETBOPECHHS ISl BIJOKPEMJICHHS CKJIaJOBUX BiOparliid
MOIAIIUIHAKIB  Ta 3y04acTOrO 3aueIuieHHs, TPOILEAypUu PpO3KIaJaHHS 3a
EMIIIPUYHUMH MOJAMU JUISl BUAUICHHS IIIYKAaHOTO YAacCTOTHOTO Jiana3oHy
HiAIIMITHAKOBOT  BIOparlii, dbpakTtanibHOrO  a”HAmM3y IS JOCTIKCHHS
IHBApIaHTHOCTI W PO3PAXyHKIB (PpaKTaIBHOI PO3MIPHOCTI, JUCKPETHI CTOXAaCTUYHI1
MOJIeJIi JUIS TIPOTHO3YBAaHHS TEXHIYHOTO CTaHy BHJIIB HECIPABHOCTCH CIIEMCHTIB
TATOBHX PEIAYKTOPIB.

HaykoBa HOBH3HAa oJep:KaHUX Ppe3yJabTaTiB. Y aucepTalliiiHiii poOoTi
pO3B’si3aHe HAyKOBE 3aBJAaHHS YIOCKOHAJIEHHS TEXHOJOTii BIOpOAIarHOCTYBaHHS
TATOBUX PEAYKTOPIB €IEKTPOMOi3iB, IO 0a3yeThcsl HAa 3aCTOCYBaHHI METOJIB
BEHBIET-aHAII3y, PO3KIaJaHHS 3a EMIIPUYHUMH MOJaMH Ta (PaKTaIbLHOTO
aHaji3y, Kl MiJBUIIYIOTh JOCTOBIPHICTH J1arHO3Y.

Ynepwe:

— BU3HAYCHUHN XapaKkTep 3MIHU CIEKTPAIbHOTO CKJIAIy TMOIIKOIXEHOTO
HiAIIMITHAKA KOYEHHS TATOBOT'O PEIYyKTOpa €JIEKTPOIOoi3/Ia BIPOJIOBXK peaiizarii
[IUKJIOCTAIIIOHAPHOI MOJIeNi, siIka OOJIKOBY€E BHIAIKOBI KOMIIOHCHTH M MOJEIIOE
e(eKT MPOKOB3YBAHHSI POJIMKIB BITHOCHO 1HIIMX €JIEMEHTIB;

— po3po0iieHa TEXHOJOTis BiOPOIIarHOCTYBAHHS TATOBUX PEIYKTOPIB,
OCOOJIMBICTIO AKOI € OJHOYACHE 3aIy4eHHS TPOLEAypU TUCKPETHOTO BEWBIIET-
MEPETBOPEHHS I OTPUMAHHS TapMOHIK 3y0O3aderyieHHs Ta CaMOaJanTHBHOI
mpoleaypu  pO3KIaJaHHS 3a eMITIpUYHUMHA  Moaamu. Po3kimagaHHsS 32
EMIIIPUIHIMH MOJIaMH TI030aBJIeHEe TOTPEOH MOMEPETHHOT0 BUOOPY MAaTEPUHCHKOT
GyHKIIl1, 1110 NPU3BOAUTH A0 YCYHEHHSI MEPEKPUTTS BUCOKOYACTOTHUX J1ana3oHIB
Ha pI3HUX PIBHIAX PO3KIAJaHHA 3 MOXIIMBICTIO TMOJAJBIIOIO OOpaHHS

MPUUHATHOTO Jlana3oHy BiOparlii miAmMITHUKIB;
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— o0uMcIeH1 J1ana3oHu 3Ha4eHb (pakTaibHOI PO3MIPHOCTI MOKPUTTS, SKa
00JIIKOBYe MacIITaOHY IHBapiaHTHICTh Ta OI[IHIOE BiOpaIliiHi CKJIaJOB1 PI3HOT
OPUPOAN TATOBUX PEAYKTOPIB €JIEKTPONOi3AiB, SKI MepedyBaloTh y pPIZHHUX
TEXHIYHUX CTaHaX.

Jloonpayvosano:

— METOJI BHW3HAYCHHS TEXHIYHOTO CTaHy TATOBUX PEIYKTOPIB 3aBISKU
3aJly4eHHIO HOBHMX IHJMKAaTOPiB 4acoBoi (opmu BiOpalii, 110 BUKOPUCTOBYIOTH
KOMOIHaIiT ekciiecy 1 cepeanbokBaaparuuHoro 3HaueHHs (TALAF 1 THIKAT);

— METOJI TPOTHO3YBaHHS TEXHIYHOTO CTaHy TATOBUX PEIYKTOPiB
CJICKTPOMOI3/IiB 13 BUKOPUCTAHHSAM IHTETPOBAHOT TUCKPETHOI CTOXaCTHYHOT MOJIEITI
aBTOperpecii 1 KOB3HOTO CEpPeIHbOro, YCIIIIHA peai3allis Kol MmoTpedye nuiie
HAsIBHOCTI TOCJIIIOBHOCTI PO3PaxOBaHUX (paKkTaJbHUX PO3MIPHOCTEH, SIKI
HAKOITUYYIOTHCS BITPOJIOBXK BIAIOBITHUX EKCIICPHUMCHTIB.

IIpakTnyHe 3HaYeHHS  OJep:KaHUX  pe3yJbTaTiB. Pe3yinbrarom
YIOCKOHAJICHHS  TEXHOJOrii  BIOpOMIarHOCTYBaHHS  TATOBHX  PEIYKTOPIB
€JIEKTPONOi3/iB CTaJ0 30UIBIIEHHS JOCTOBIPHOCTI BHSBJICHHS TIOIIKOIKCHD
MINIAITHAKA KOYCHHS TIePeIHbOT KPUIIKU TATOBOIO PEAYKTOpa €IEKTPOIoi3aa Ha
25,7 % TOpiBHIHO 31 MTATHUM (POHEHTOCKONOM, €(DEKTHUBHICTh SIKOTO 3aJICHKUTh
BiJl TOCBIZTy Ta OPraHOJICTITUKH JI1arHOCTA.

3aBAsiIKM  BUKOPUCTAaHHIO  MPOTPaAMHO-alapaTHOTO  KOMILIEKCY — Ta
0E€3KOHTAKTHOTO TaTYuKy 00epTiB, chopMoBaHa 0a3a 3 HAKOMMMYEHUX BiOpaIiiHux
CUTHAJIIB, YaCTOTHUX CMYT, HOMEpPIB TapMOHIK, SKi BINOBIAAIOTH CIPABHUM 1
MOIIKO/DKEHUM TIAMIUITHUKAM 1 SIKI PEECTPYBAIKCH JIJISl PI3HUX YaCTOT 00epTaHHS
KOJICHO-PEAYKTOPHUX OJIOKIB Ha BHNPOOYBATbHOMY CTEHII MOTOPBArOHHOTO
neno. UncienHi eKCriepruMeHTAIbHI JOCTIHDKSHHS JO3BOJIUTHA 00paT HaWKpamun
cocid Ta Micle KpimjieHHs BiOpoakcelepoMeTrpa 10 TIOBEPXHI TATOBOTO
PEAYKTOpA €JNEKTPOIIOi3a JIsl BAKOPUCTAHHS MACTIOPTHOTO YaCTOTHOTO Jiana3oHy
BiOpoakcenepoMeTpa i JOCATHEHHSI BUCOKOI JOCTOBIPHOCTI JIarHOCTYBAHHSI.

[IpakTuHe  BHOPOBAJKEHHSI  PE3yJibTaTiB  pOOOTH  MIATBEPKYETHCS

BIIMOBIITHUMU aKTaMWd BUKOPHUCTaHHS BIPOJOBXK 3IMCHEHHS IM03aIlIaHOBUX
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pemontiB KMb enextponoizais cepii EP2P y moropBaronHomy neno «XapkiB» Ta
enextponoiznie EP2 y mortopBaronHomy nemno «Jlro6otun» PerionanbHoi ¢umii
«IliBmenna 3anidHunsg» AT «YKp3ami3HHIsl» Ta B HaBUaJbHOMY MpoOIECi
YKpailHCBKOTO  JEp>KAaBHOTO  YHIBEPCUTETY 3ali3HHYHOTO TPAHCHOPTY TpHU
BUBYEHH1 TUCHUILTIH «CUCTEMU J11arHOCTYBAaHHS PyXOMOT'O CKIaay», « TeXHOoIoris
PEMOHTY JIOKOMOTHBIB». BiNMoOBiHI akTH HaBENEH1 B JoAaTKaX AUCEPTAI[IHHOIO
JOCTIIKEHHS.

Ocobuctunii BHecok 3100yBaya. HaykoBi pe3ynbratu poOOTH OTpUMaHi
aBTOPOM OCOOMCTO ¥ 3/11CHIOBAIMCH B YKPAaiHCHKOMY JIep:KaBHOMY YHIBEPCHUTETI
3QJII3HUYHOTO TPAHCTIOPTY. Y HAYKOBUX MpalsiX, ONyOJIKOBaHUX y CIIBaBTOPCTBI,
3m100yBaueBl HanexuTh: [l] — 37ilicHeHHA mOporoBoi (GinbTpanii BeiBIET-
posknamanHaMm; [2] — cmoci6 kpimaeHHS BiOpoakcenepomMeTpa Ta OOpaHHS
peXUMY poOOTH BUIPOOYBAIBHOTO CTEHNA KOJICHO-PEIYKTOpHUX OJOKiB; [3] —
OOYHCIIEHHSI YacTOTU HAaWOUIbIIOro 30y KeHHS MITIIUITHUKOBO1 BiOparii; [4] —
po3paxyHok eHTpornii llleHHOHa I OTpUMaHHS HAWKPAIIOr0 MAaTEPUHCHKOTO
BeiBneTa; [5] — BuOIp NMPUHHATHOTO YACTOTHOTO Jilama3oHy 3a pe3yJbTaTaMu
MOJICJTFOBAHHS 30CEPEKCHOr0 IOIIKO/PKEHHS IIAIIMITHAKA KO4YeHHS; [6] —
obuncnenns koedimientiB ARIMA wmoneneit; [7] — cmocid peectparii
BIOPOAKYCTUYHOTO CUTHAIy TSATOBOTO PEAYKTOpa EJEKTPOIOi3/la Ha OTJISIOBOMY
cTitini; [8] — mopiBHAHHSA €GEKTUBHOCTI BUKOPHUCTAHHS HOBHUX I1HJIMKATOPIB
gacoBoi ¢opmu BiOparii TALAF 1 THIKAT; [9] — mocnimkeHHS MEepiogudHUX
CKJIQJIOBUX Y CHTHAII 3a JIOTIOMOTOI0 aBTOKopersminaux ¢yHkmin; [10] —
PO3PaxXyHOK YacCTOT MEPEKOUYBAHHS €JIEMEHTIB POJIMKOBOTO MiAIINITHUKA KOYCHHS
TSATOBOTO peyKTOpa enekrpomnoizaa; [11] — kmacudikariis BHIIB HECTIPABHOCTEH
TSATOBHX PEAYKTOPIB €IEKTPOIOi3iB; [12] — po3paxyHOK cepeaHbOKBAaIPATUIHOT
MTOMIJIKH TIPOTHO3YBaHHSI.

Amnpobanis pe3yabratiB aucepranii. OCHOBHI MOJIOKEHHS Ta PE3YyJIbTaTH
JqucepTaliiHoi poOOTH AOMOBiAAIKMCS Ta Oyl CXBaJIeHI Ha TaKUX MIKHAPOJIHUX

HaykoBO-TexHIYHUX KoHPepeHusix (MHTK):
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— 78-it  MHTK VkpAV3T «Po3BUTOK HaykoBOi Ta 1HHOBAI[IHHOI
JISUTbHOCTI Ha TpaHcnopTi» (M. XapkiB, 26 — 28 kBiTHA 2016 p.);

— XIX-1i MHTK «IIporpecuBHa TeXHiKa, TEXHOJIOTIS Ta IHXKEHEpHa
ocBiTay, (M. KuiB, 19 — 22 yepns 2018 p.);

— 79-1i MHTK «IIpobsemMu Ta NEpPCHEKTUBH PO3BUTKY 3aJII3HUYHOTO
Tpa"ncnopTy» (M. Juinpo, 16 — 17 tpasus 2019 p.);

— XX-iii MHTK «IIporpecuBHa TexHiKa, TEXHOJOTid Ta IHXXEHEpHa
ocBiTay, (M. Xepcon, 10 — 13 Bepecus 2019 p.);

— XV-ii MHTK «IIpoGiemu MexaHIKH 3aJI3HUYHOTO TPAHCIIOPTY»,
(M. Huinpo, 22 — 23 xoBtHa 2020 p.);

— XXI-ii MHTK «IIporpecuBHa TexHiKa, TEXHOJIOTS Ta IHXKEHEpPHa
ocBitay, (M. Kuis, 06 — 09 xostHs 2020 p.).

[ToBHICTIO pe3ynbTaTH OUCEPTAIIHHOT pOOOTH 3acilyXaHO M CXBaJIeHO Ha
pO3IIMpPEHOMY 3acifiaHHl KadeIpu ekcIUTyaTallii Ta PeMOHTY PYXOMOTO CKJIaay
VYKpaiHCBKOTO JEp’KaBHOTO YHIBEPCUTETY 3allI3HUYHOI'O TPAHCIOPTY 32 YYacTIO
YICHIB CIeIiali30BaHoi yueHoi paau (M. XapKiB).

Ilyoaikanii. 3a matepianamu naucepramniiHoi poOoTH omyOsiikoBaHo 12
HAyKOBHX IIpallb, 3 SKUX 6 craredl omyOiikoBaHO Yy (axoBUX BHUIAHHAX,
satBepokeHMXx MOH  Vikpainm, sKi TakoX BKIIOYEHI 0 MDKHAPOJIHHUX
HAyKOMETpUYHUX ©0a3 (30kpemMa 1 crarra omyOJikoBaHAa B JKypHaji, IO
IHACKCYEThCSI 'y MIUKHApOAHINA HaykoMeTpuuHii 0a31 Scopus) i1 6 mpamp
anpoOaIifHoOro XapakTepy.

CtpykTypa Ta obcsr aucepranii. /(ucepramis MIiCTUTh aHOTAIif0, BCTYII,
I’ SITh PO3/ILTIB, BACHOBKH, CITUCOK BUKOPUCTAHUX JIKEPEIT Ta JOJATKH.

[ToBHuit 00csT TeKCcTy maucepraiii CTaHOBHTH 186 CTOPIHOK, o0OCST
OocHOBHOTO TekcTy ctaHoBuTh 130 cropiHok. PobGora mictuth 33 puCYHKH,
10 Tabnuip, COMCOK BHKOPUCTAHUX JDKEpesn MICTUTh 146 HaliMmeHyBaHb,

3 ITOIaTKH.
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