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i po3po6sieHO MeTOH MifBUIIEeHHS (PYHKIIOHATBHOI 6€311eKU PEeNKOBUX Kijl. HaykoBa HOBU3HA IUCepTaLiHOl
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Briepie:po3po6seHO MaTeMaTUYHy MOJIeJlb [TOMMPEHHS eJIeKTPUYHUX 3aBa], Bif, IeKinbkox oguHulb EPC B



[I030BXHbO HEOJHOPIIHI HECUMETPUYHIN PENKOBIN JIiHii, IKa J03BOJI€ BUSHAYUTH CTYIIiHb BIUIUBY 3aBaj, Ha
PEKOBi K0J1a; po3p06JIeHO METO MiABUILIEHHS (YHKIIOHAIBHOI 6e3l1eKy peiKOBYX Kijl, 3aCHOBaHUI Ha
BHMKOPHMCTaHHI BelBJIeT-aHaJli3y CUTHAJIbHOTO CTPYMY i Kjlacu@ikaTopa Ha OCHOBI IITyYHUX HEUPOHHUX MEPEX, 110
IO3BOJISIE CBOEYACHO BUSIBUTH IOSIBY HALHOPMAaTUBHUX 3aBafl i CIIOTBOPEHb CUTHAJILHOTO CTPYMY i onepennuTu
Hebe3neyHi 3601 TPK; po3pobieHo meton nifgpuieHHs GyHKLioHaNbHOI 6e3nexu TPK misgxoM MOHITOpUHTY
CHUTHAJILHOTO CTPYMY 3 BUKOPMCTAHHSM aJalITUBHOI HEYiTKOI HEMPOHHOI MEePEeXi, 1[0 JO3BOJISIE BUSBUTH i
KOHTPOJIIOBAaTU PO3BUTOK Je(PEKTIB PEIIKOBOr0 K0JIa, IOYMHAIOUHY 3 iX 3apO/KEHHS], B PE3YJIbTATI YOTO CTaE
MOXJIMBUM CBO€YACHE 3aII00IraHHs IEPEXOAY CUCTEMU B TPAHUYHMI CTaH, a B I0JAJIbIIOMY MO>KJIMBUAM Mepexin 0o
o6cyroByBaHHs TPK 3 ypaxyBaHHAM iX paKTMUYHOTO CTaHy. YIOCKOHAJIEHO: MATEMATUYHY MOZEJb allapaTHO-
[IPOrPaMHOr0 KOMILIEKCY [IJISl BUMIPIOBaHHS €JIEKTPUYHUX 3aBaf Bif, EPC B pelikax, sKa Biipi3HA€TbC Bifl iCHYIOUMX
THM, 110 BPAXOBY€ B3a€MHU BIIJINB KOMIIOHEHTIB CUCTEMH, 110 [103BOJII€ HAYKOBO-OOI'PYHTYBATH BUOIp [IapaMeTpiB
KOMILJIEKCY JJ1s1 3a6e3eyeHHs] HeOOXiJHOTO AMHAMIYHOrO Jiara3oHy, TOYHOCTI i pO3ZiNbHOI 30aTHOCTI 32
aMILIITYZ010, YACTOTOIO i TPUBAJIICTIO €JIEKTPUYHUX 3aBajl; MaTEMAaTUYHY MOJIEJIb BILJIMBY FADMOHIMHUX 3aBaj, Ha
KOJIHMI ITPMIIMay TOHAJIBHOTO PEMKOBOIO KOJIa, sIKa Biflpi3HA€ThCS Bill iCHYIOUMX TUM, IIO BPaxOBye aMIUIITYyLy,
49acToTy i ¢pa3y rapMOHIK TATrOBOrO CTPYMY, 1O JO3BOJIsIE BUSHAUYNTH T'PAHUYHI IapaMeTPU €JIEKTPUYHUX 3aBaf,
NIEPEBUILEHHS SIKUX MOXKE BUKJIMKATH 36il1 B po60Ti PK B HOpManbHOMY, LIYHTOBOMY i KOHTPOJIBHOMY PEXUMAax
po60Tu. ¥V BCTyIIi OGIPyHTOBaHA aKTyajIbHiCTh TEMU, COOPMYJIbOBAHA META, 3aBHAHHS JOCiIPKEHHS, BUKJIAJ€HO
HAyKOBY HOBU3HY, TPaKTUYHE 3HAaYEHHS Pe3yJIbTaTiB JucepTallii, BiZOMOCTI Ipo anpobaliito Ta myoJiikarii
Pe3yJIbTaTiB JOCiKeHb. Y IIepIIOMY PO3Jijii MpoBeneHui aHali3 PyHKIiOHAJIbHOI 6e3I1eKy peHKOBUX KiJ i
eslekTpoMarHiTHoi cymicHocTi (EMC) cucteMm 3as1i3HUYHOI aBTOMATUKY 3 TATOBOIO MEPesKelo, 30KpemMa, 3
€JIEKTPOPYXOMHUM CKJIQIOM 3aJ1i3HUIb, @ TAKOK PO3TJISIHYTO BIVIUB €JIEKTPOMArHiTHUX 3aBafl Bifi €1eKTPOPYXOMOrO
ckIany Ha QyHKIIOHAJIbHY 0€3I1eKy PEMKOBUX KiJl. Y IPYyroMy po3zisi yIOCKOHAJIEHO MAaTEMAaTUYHY MOJIEJIb
araparHo rnporpamHoro Komiunekcy (AITK) niis BuMiproBaHHS eleKTpOoMarHiTHUX 3asaf Bin EPC B peiikax.
[Tpob6sema pauioHanbHOro Bubopy napamerpis AlIK nosigrae B KOPCTKUX BUMOTrax HOPMaTHMBHUX JOKYMEHTIB 11070
TOYHOCTI BUMipIOBaHHSI TapaMeTpiB rapMoHik Tarosoro ctpymMy (TC). [IpoBeseHi TeopeTHYHi i eKcliepuMeHTasIbHi
IOCJIiIPKEHHS N03BOJIMIIM HAyKOBO OOI'PYHTYBATH BUOip NapaMeTpiB BUMipIOBaJIbHOTO KOMILIEKCY, 10 JO3BOJIUIIO
3a0€31eYuTy HeoOXiJHY pO3/iJIbHY 3[aTHICTh i TOYHICTh BU3HAYEHHS [TapaMeTPiB TapMOHIYHUX 3aBa]], a TAKOX
PO3pOOUTH MaTeMaTUYHy MOZEJb IOMUPEHHS €JIEKTPUYHUX 3aBaf Bifl J€KiJIbKOX OJMHUIIb PYXOMOTO CKJIany B
NI03/10BXXHbO HEOJHOPIHIM HeCUMETPUYHIi PEIKOBIil JiHil. Y TpeTboMy pO31ili po3p0o6IeHO MaTeMAaTUYHy MOJIEJb
MPOTiKaHHS eJIeKTPUYHUX 3aBajl Big EPC B HecuMeTpryHil peiikoBil sinii. HeobxigHicTh B Takilt Mozeti
006YMOBJIEHA TUM, 1O LOCJIAUTH BIUIUB Pi3HMX YMHHUKIB HA EMC HOBUX THUIIIB PyXOMOTO CKJIa/ly 3 PEHKOBUMU
KOJIaMU IIPY €KCILyaTallilHUX BUIIPOOYBAHHSX IPAKTUYHO HEMOJKJIMBO, IO TOTO X TaKe TECTYBAHHS € JOCUThb
IOpPOrUM. Y YETBEPTOMY PO3JiJi HaBEAEHO MOZEJIb BIUIMBY TADMOHIYHUX 3aBaji Ha MIPUIMay TOHAJIbHOTO PEMKOBOTO
KoJia. B pesysbTaTi JOCIiIpKEeHHS BUSHAYEHO TPAaHUYHUI CTPYM 3aBajl Ha BXOJi KoJiiHOro npurimada TPK 3
4acToToo B cMy3i +(0..0,5) I'l] BiTHOCHO 4aCTOTH CUTHAJILHOTO CTPYyMy. Y I'ATOMY PO3[IiJli pPO3IJISIHYTO METOIU
nigBuIeHHs PyHKIiOHAIbHOI 6e311eKU PEeMKOBUX KiJl B yMOBaX BIUIMBY €JIEKTPOMArHiTHUX 3aBafl. B po6oTi
3aMIPONIOHOBAHO JBa METOM BUPilIeHHS Lijiei 3aayi, a came metog, MOHITOpuHry TPK 3 BUKOpUCTaHHSIM BEUBIIET
IepeTBOPEeHHs i Kinacu@ikaTopa Ha OCHOBI IITYYHUX HEMPOHHUX MEPEX i MeTO, 6€311epePBHOT0 MOHITOPUHTY
curnanbHoro crpyMmy TPK 1171 BUSIBJIEHHS CIIOTBOPEHD HA [T0YATKOBUX CTAlisIX iX BUHMKHEHHS 3 BUKOPUCTAHHIM
aZaNTUBHOI HEYiTKOI HepOHHOI Mepexi. PO3pobka MeTOly MOHITOPUHTY Ie(EeKTiB B IIPOLeCi iX PO3BUTKY [ O3BOJISE

NEePEeNTH y NOJAJIbIIOMY 4O OOCIYTOBYBAHHS PEMKOBUX KiJl 3 ypaxyBaHHSIM (PaKTUYHOTO CTaHY.

2. In the dissertation work the research of electromagnetic influence of rolling stock on rail circuits is carried out
and methods of increase of functional safety of rail circuits are developed. The scientific novelty of the dissertation
is to solve the scientific and practical problem of improving the functional safety of rail circuits in the operation of
new types of rolling stock by ensuring their electromagnetic compatibility. For the first time: developed a
mathematical model of the propagation of electrical noise from several units of EMF in a longitudinally
inhomogeneous asymmetric rail line, which allows to determine the degree of influence of noise on the rail
circuits; developed a method of improving the functional safety of rail circuits, based on the use of wavelet analysis



of signal current and classifier based on artificial neural networks, which allows to detect excessive noise and
distortion of signal current and prevent dangerous failures of broadcasters; developed a method to increase the
functional safety of broadcasting by monitoring the signal current using an adaptive fuzzy neural network, which
allows to detect and control the development of rail circuit defects, starting from their origin, resulting in timely
prevention of system transition to the limit state transition to maintenance of broadcasting stations taking into
account their actual condition. Improved: mathematical model of hardware and software complex for measuring
electrical interference from EMF in rails, which differs from existing ones in that it takes into account the mutual
influence of system components, which allows to scientifically substantiate the choice of complex parameters to
ensure the required dynamic range, accuracy and resolution amplitude, frequency and duration of electrical
interference; mathematical model of the influence of harmonic interference on the track receiver of the tonal rail
circuit, which differs from the existing ones in that it takes into account the amplitude, frequency and phase of
traction current harmonics, which allows to determine the limiting parameters of electrical interference,
exceeding which can cause failure in normal and control modes of operation. The introduction substantiates the
relevance of the topic, formulates the purpose, objectives of the study, outlines the scientific novelty, the practical
significance of the results of the dissertation, information about testing and publication of research results. The
first section analyzes the functional safety of rail circuits and electromagnetic compatibility (EMC) of railway
automation systems with traction network, in particular, with the electric rolling stock of railways, and also
considers the impact of electromagnetic interference from electric rolling stock on the functional safety of rail
circuits. In the second section, the mathematical model of the hardware-software complex (APC) for measuring
electromagnetic interference from EMF in rails is improved. The problem of rational choice of parameters of agro-
industrial complex consists in strict requirements of regulatory documents concerning accuracy of measurement
of parameters of harmonics of traction current (TS). Theoretical and experimental studies allowed to scientifically
substantiating the choice of parameters of the measuring complex, which allowed to provide the necessary
resolution and accuracy of determining the parameters of harmonic interference, as well as to develop a
mathematical model of electrical interference from several units of rolling stock in longitudinally inhomogeneous
asymmetric line. In the third section, a mathematical model of electrical interference from EMF in an asymmetric
rail line is developed. The need for such a model is due to the fact that to investigate the influence of various
factors on the EMC of new types of rolling stock with rail wheels during operational tests is almost impossible, in
addition, such testing is quite expensive. The fourth section presents a model of the effect of harmonic
interference on the receiver of the tonal rail circuit. As a result of research the limiting current of disturbances at
an input of the track receiver of TRK with frequency in a band * (0..0,5) Hz concerning frequency of a signal
current. The fifth section considers methods for improving the functional safety of rail circuits under the influence
of electromagnetic interference. The paper proposes two methods for solving this problem, namely the method of
monitoring TRC using wavelet transform and classifier based on artificial neural networks and the method of
continuous monitoring of signal current of TRC to detect distortions in the initial stages of their occurrence using
adaptive fuzzy neural network. The development of a method for monitoring defects in the process of their
development allows to move further to the maintenance of rail circuits, taking into account the actual condition.
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