IHOPOPMAILNIMNHO-KEPVYIOUYUI

CUCTEMMU HA 3AJIJIBHUYHOMY TPAHCIOPTI

iHppacTpyKTypu aias  HaOyTTS HE0  MOXKIHMBOCTI
nepepoOKH HapOCTAIOYUX KOHTEHHEPOIIOTOKIB.

VY pesynbTaTi MpOBENCHOTO JOCHIIPKEHHSI Cy4acHOTO
CTaHy KOHTEHHEPHHX IepeBe3eHb OYyJI0 BHUSBJIECHO CYTTEBE
BiZICTaBaHHs PIBHS PO3BUTKY KOHTEHHEPHHX IEpEBE3CHb
VYkpainn TOpiBHAHO 3 TpoBimHUMHU KpaiHamu (Kwuraid,
CIIIA), TOMY mpu MPOBEICHHI MoIepHi3altii
iHpacTpyKTypH MOTPIOHO YACTKOBO MEpPEHMAaTH TOCBiA Y
TaKAX JIep)KaB 3BEPTAIOYM TPU I[OMY YBary Ha MiCIIEBi
ymoBH. IIporpamy MomepHizallii JOIITBHO PO3IUIATH HA
KiTbKa €TamiB: ONTHUMI3allis Mepeki KOHTEHHEpHHX
TepMiHaNIB, KOHIEHTpalis poOOTH 3 KOHTelHepamMH Ha
OKpEeMHX CTaHILifX; TEPEeKIIOYCHHS BaHTaXiB, IO
NpUIATHI 10 NepeBe3eHHs y KOHTeHHepax, 31 3BUYaliHUX
BAaHTQ)XHUX BaroHiB y  KOHTEHHEpPH; NPOBEICHHS
MapKeTHHIroBoI  po0OTH 3  KII€HTAaMH; IiIrOTOBKa
cnemiajicTiB 'y cdepi KOHTSHHEPHHX I€PEBE3CHB;
Jep’)kaBHAa  IMATPUMKA  BHYTPINIHIX  KOHTCHHEPHUX
TepeBe3eHb.

CTOCOBHO MTOCBiLy MPOBITHUX KpaiH Oyi0 PO3IIISTHYTO
Ta BUSBJICHO, III0 HE BCI MOJIMIIYIOYi TeXHOJOTIi YKpaina
cnpoMoxkHa rnepeitatd. B fmonii  3amouarkyBanu
NepeBe3eHHsI IIBUIKOIICYBHIX BaHTaXiB KOHTEHHEpaMH y
MBUAKICHUX T0i31axX, SKuX B Ykpaini 3amano. B CIIIA Ta
Kanani PO3MOBCIOKEHU I croci6 MepeBe3eHHS
KOHTEHHEpIiB y ABa SPYCH, IO HEMOXJIMBE Ha 3alli3HUIIIX

Vkpainn depe3 HasBHICTb KOHTaKTHOI Mepexi Hajn
KOJTISIMH.

B pavmkax ontuMizamii  Mepexi KOHTCHHEPHHUX
TEPMIHANIB JOUIJIBHO BHIIJINTH OIOPHI KOHTCHHEpPHI

TEpMIHAIN Ta 3aKPUTH HEpeHTaOeNbHI 3 Iepepo3noAiIoM
MpAaIiBHUKIB Ta HABaHTAXYBaJIbHO-PO3BAHTAXKYBAIbHUX
MamuH. 3aBISKH IIMM JisiM OyJe MOXKJIMBO 3MEHIIMTH
eKCIUTyaTaliiHi Butpat. [lin OMOpHMM KOHTEHHEPHUM
TEpMIHAJIOM PO3YMIEMO KOMILIEKC, SIKMH BKJIIOYaE B cebe
HeoOXiTHi IHXEHEPHO-TEXHIUHI Cropyau JUTS
o0CNyroByBaHHs  (HaBaHTa)XCHHs, BHBAaHTAXKEHHS Ta
COpPTYyBaHHsI) KOHTEHHEpIB Ta aAMIiHICTPATHUBHY YacTHHY,
sSKa 3aiiMaeTbcs  JAOKYMEHTAIIEI0  KOHTEHHEpiB  Ta
00CITYyroBYBaHHSM KII€HTIB. Miclie I TepMiHAIY CIif
obupaTh 3a TaKMUMH KPHUTEPisSIMHU: HASBHICTH I I3HUX
3aJII3HUYHUX KOJIiH Ta aBTOMOOUILHUX JIOpIT, reorpadivne
pO3TallyBaHHS  BAXJIMBUX  BaHTAXKOBIIIPAaBHUKIB  Ta
BaHTa)X0O/IEPXKYBauiB, PEHTAOENbHICTH Ta  MOXIIHBI
KOHTEHHEPOIIOTOKH Ha I[bOMY ITYHKTI.

Jns OyniBHMITBA HOBHUX KOHTEHHEPHHX TEpMiHAaliB
HEOOXiTHO CIIPOTHO3YBaTW  KOHTEWHEPONOTOKH,  SKi
OynyThb mepepoONsATHUCS Ha mHUX TepMiHaiax. lle moxHa
3pobuTtH 3a Jgonomororo koedimieHTd), SKHUH BpaxoBye
MOXITHBICTh npuBa0JIeHHS KOHTEHHEPOIIPUAATHUX
BaHTaXiB Ha OOpPaHOMY HANpPSMKY, BH3HAYAETHCSA 3TiITHO
aHalli3y TAaKUX BaHTaXiB, fAKi TNPAMYIOTH OOpaHHM
HanpsMKOM, a TaKOXX IMOBIPHOCTI IOSIBM HOBHMX KJII€HTIB
[2].

BpaxoByroun, mo OifbIIICTh TPaH3UTHUX BaHTaXIB
Ykpainu moTpeOyroTh MePEeBAIKH, TOOTO TIepEBaHTAKCHHS

3 OJIHOTO BUJAY TPAHCIOPTY HA IHINWH, BapTO 3BEPHYTH
yBary Ha KOHTpeisiepHi mepeBeseHHs. lleir cmocio
nependaydae MepeBe3CHHsS KOHTEHHEPIB aBTOMOOIISIMH, III0
JO3BOJISIE HE TIPOBOAWTH NEPEBANKYy IIpH 3MiHI BUAY
TPAHCIIOPTY 3 aBTOMOOITBPHOTO HA IHIMUHA 1 CYTTEBO
3MCHIITY€ Jac Ha BaHTAKHO-PO3BAHTAXKYBaJbHI omeparlii B
MYHKTax nepeBanku. B VYkpaiHni Bxke icHye NHepeBi3HHK
koHTpeitnepiB — ¢inis «L[TC «Jlickn» AT
«Ykp3amizaunss» [3]. OkpiM I[bOro HEOOXITHO OHOBUTH
TPaHCHOPTHI [UIAXH, SKi MEPEBaXHO 3HAXOMIATHCA B
HE3aJ0BUIBHOMY cTaHi. JIJIs BHYTpIIIHIX TIepeBe3eHb
mOTpPiOHO PO3MOBCIOMKYBATH CXEMy «BiZ IBeped 1o
IBepel», a i MDKHaApOTHUX JIONUIBHO — 3ayYUTH
iHO3eMHI  iHBEeCTHINi, 5Ki 30iIbIIYBAaTUMYTHh PIiBEHBb
E€KOHOMIKH YKpaiHH.
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THE ACCURACY OF TRACTION CURRENT
HARMONICS PARAMETERS
DETERMINATION BY WINDOWED FFT

The problem of electromagnetic compatibility (EMC)
between railway subsys-tems has attracted the attention of
scientists in recent years due to the wide spread of high-
speed railways. New types of rolling stock must be tested
on EMC with railway signaling before they are accepted
for operation. The maximum permissible values of
electromagnetic interference from electrical equipment of
rolling stock are given in standards and regulations.

The values of the traction current harmonics, which
can cause fails in the opera-tion of rail-way signaling
systems, can be determined by spectral analysis of the
signal using the Fourier transform. Since traction current is
non-stationary, the Short-Time Fourier transform (STFT)
is used for its spectral analysis.

But the STFT spectral analyzing techniques have some
constraints. One limita-tion is due to the uncertainty
principle, which postulates that the product of time and
frequency resolutions cannot be less than a certain limit.
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Another constraint of STFT is related to the side-lobe
levels of the window in the frequency domain, which leads
to a decrease in the measured values of the RMS current of
the har-monics and in some cases can even to hide the
weak harmonics against the back-ground of strong
harmonics. To improve the accuracy of the spectral
analysis of the traction current, it is necessary to correctly
choose the parameters of the win-dowed FFT.

In the work the correct choosing of the windowed FFT
parameters to achieve the necessary time and frequency
resolution of the traction current spectral analysis in
accordance with the requirements of regulatory documents
has been investigated.

Dynamic range of the traction current harmonics for
AC TC is 46 dB for fre-quency band 21-29 Hz, 55 dB for
frequency bands of TRC-3, and 60 dB for fre-quency
bands TRC-4 (for TC 200 A).

The requirement that the duration of the harmonics
defined by the standard can-not exceed 0.3 s, together with
the restriction on the values of the frequency and time
resolutions, should also be taken into account when
selecting the window type, especially in the frequency
range from 19 Hz to 58 Hz, which contains very closely
spaced harmonics, which are specified by the standard.

For the spectral analysis of traction current, four types
of windows were select-ed: rectangular, Hann, Hamming
and Blackman windows with duration of 0.3 and 1 s. For a
sampling frequency of 27500 Hz and a window length of
0.3 s, the fre-quency resolution is 0.27 Hz for a rectangular
window, 0.54 Hz for Hann and Hamming windows and
0.81 Hz for Blackman's window, which is consistent with
the requirements of the specifications.

The results of spectral analysis of traction current
showed that the frequency resolution of harmonics, and
accordingly the relative error in determination the
frequency and the RMS value of harmonics is lower for
high frequencies in spec-trum.

Havryliuk V. 1., doct. of phys.-math. sci., professor
(DNURT)

WAVELET BASED DETECTION OF
SIGNAL DISTURBANCES IN CAB
SIGNALLING SYSTEM

The problem considered in the work is concerned to
the methods to reveal and identify the signal disturbances
occurred in the railway cab signaling system caused by
electromagnetic interference from traction current. The
continuous automatic locomotive signalling system
(ALSN) is a type of cab signalling systems that provides
track status information to the train cab and uses the rails
as a continuous communication channel between track and
train. To ensure the reliability of the transmission of ALSN
commands to the train cab, the basic parameters of the

coded current are periodically checked for compliance with
certain requirements during planned test trips of a specially
equipped railway car-laboratory. The ALSN signal is
received by the coils of the car-laboratory and recorded by
computer. Then an operator visually analyzes the recorded
signal to detect problem segments with interference
exceeding the limit level what requires a lot of time and
does not provide the necessary accuracy.

The purpose of this work is to investigate the
effectiveness of the proposed algo-rithm for the automatic
revealing and identifying of electromagnetic interference
in the ALSN signal, based on discrete wavelet packet
transform, wavelet packet ener-gy Shannon entropy and an
artificial neural network for EMI classification.

To automate the detection and identification of the
ALSN signal disturbances, the following algorithm has
been proposed. At the first stage, the wavelet packet
energy Shannon entropy is used to reveal problem
segments of ALSN signal. At the second stage, a detailed
analysis of the ALSN signal using DWPT is performed to
determine the type and parameters of interference at the
revealed problem seg-ments.

By using three-level DWPT decompositions of ALSN
signals the features of main signal disturbances have been
extracted. The wrong number of pulses in the ALSN signal
is proposed to detect by a relative number of pulses (RNP).
Long-term electromagnetic interference with amplitude
exceeding the permissible level can be revealed by the
relative energy (REN) of the DWPT coefficients in the
wavelet decomposition nodes. To detect sharp pulses in the
ALSN signal, it is pro-posed to use the kurtosis of the
DWPT decompositions coefficients of signal.

To classify the ALSN signal disturbances the three-
layer feed-forward artificial neural network with three
input nodes, a hidden layer, four output nodes and sig-
moid function neurons was used. The overall mean square
error of the trained neu-ral network is 0.031043 and the
testing and the validation curves have similar
characteristics which is an indication of efficient training.

The performed investigations have confirmed the
effectiveness of the proposed algorithm of computer
processing of ALSN signals for revealing and identifying
of the ALSN signal disturbances.
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FAULT DIAGNOSTICS OF THE NEUTRAL
SIGNALLING RELAY ARMATURE

Signalling relays are used for safety critical and safety
related applications in railway signalling systems, so they
should be properly maintained and periodically tested to
ensure their safe and reliable performance. During relay
test sets the oper-ating voltage, contact and coil
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