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IMPROVING THE SAFETY OF VEHICLES AT LEVEL CROSSINGS BY
MONITORING THE POSITION AND SPEED OF THE TRAIN AT THE
SECTION APPROACHING THE LEVEL CROSSING

Author: Regis Nibaruta, postgraduate student
Supervisor: doctor of phys.-math. sci., professor, head of department Automatics and
Telecommunications Havryliuk V. 1.
Dnipro National University of Railway Transport named after Academician V. Lazaryan

Level crossings (LCs) are the places where railway and motorway meet in the same level and
so they are one of the most dangerous areas for the rail and vehicle traffic. Ensuring traffic safety
at level crossings is based on the preferential right of train movement due to its large size, weight
and braking distance compared to vehicles. The so-called fixed distance system (FDS), which is
most widely used at level crossings, is based on the mandatory turning on light and sound signals
at LC when a train enters the level crossing approach section of fixed length. To detect an ap-
proaching train various types of sensors are used, of which track circuits are most commonly
used, especially in Eastern European countries. The fixed distance systems have a constant warn-
ing time (CWT), the value of which is determined by the length of the approach section and the
maximum speed of the fastest train. The disadvantage of such systems is that for slow-moving
trains, the warning time is excessive, which leads to long queues at the level crossing and may
provoke some drivers to cross the LC after the warning light and sound signal are turned on. To
match the warning time with train speed, it is necessary to control the location and speed of train
at level crossing approach section (so-called, arrival time estimation systems. The aim of the
work is to improve the safety of vehicles at level crossings by monitoring the position and speed
of the train at the section approaching the level crossing. To attain this purpose the previously
considered method based on measuring the electrical impedance of a rail loop in the section be-
tween a generator (located at a level crossing) and a train wheel axle are taken as the base for
investigation in the present work. The problem is that the input impedance of the rail loop is also
influenced by a number of factors, such as the transverse resistance of the ballast layer between
the two rails, the longitudinal impedance of the running rails, the axle resistance and the wheel-
to-rail contact resistance. The values of most factors given above are changed insignificantly,
while the value of the ballast resistance between two rails can vary over a wide range from 1 to
50 Ohm/km and more with changing environmental conditions. Therefore, for accurate position-
ing of the train on the track circuit, it is necessary to take into account variations in the track cir-
cuit parameters and, above all, the resistance of the track ballast. Track circuits are a key compo-
nent of automatic train control systems and used to detect whether the rail section is free or oc-
cupied and also to transmit trackside aspect into train cab. Respectively, track circuits at level
crossings are designed to detect the entry of a train into the controlled section in front of the LC.
In Ukrainian LC signaling systems the jointless audio-frequency track circuits (AFTC) with a
signal current carrier frequency of 420, 480, 580, 720 or 780 Hz and a modulated frequency of 8
or 12 Hz are used more often.

The results of measurements and modeling of audio-frequency track circuits (TC) show a
monotonic dependence of the input impedance of the TC on the distance to the train, as well as
the resistance of the ballast. Therefore, the TC input impedance can be used to locate the train on
the monitored section, provided that the ballast resistance value has been previously determined.

Two methods that allow you to take into account the resistance of the ballast when measur-
ing the TC input impedance are considered in the work. The first one is based on the simultane-
ous measurement of two values of TC input impedance for two different frequencies of signal
current for the same values of train coordinate and ballast resistance. The solution of the equa-
tions, described TC input impedance for two different frequencies of signal current makes it pos-
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sible to determine two unknown parameters, namely the train coordinate and the ballast re-
sistance. The second method is based on determining the ballast resistance by measuring the in-
put impedance of the unoccupied track circuit before the train enters this section (i.e., for track
circuit in normal operating mode). From this value it is possible to obtain an unknown value of
ballast resistance. Then, when the train enters the controlled section, its location can be deter-
mined using the predetermined value of the ballast resistance. In proposed method, it is assumed
that the changes in ballast resistance during the train movement along section are insignificant,
which is consistent with the data in. Combined use of these two methods allows us to get more
accuracy in determining the train location.

For ensuring traffic safety at a level crossing train positioning must be carried out correctly
and timely when the train moves along the controlled section of the approach to the LC It is pos-
sible to speed up the determination of the train location at the section of the approach to the lev-
el crossing if for this section the dependence of the train position on the TC input impedance
for different values of the ballast resistance is preliminary determined using regression analysis.

The random nature of the variations in the TC primary parameters, as well as nonlinear re-
sponses of the TC input impedance to these variations, leads to the fact that the use of multiple
nonlinear regression models for this problem becomes impractical from a computational point of
view. Another limitation is the strong model assumptions made by the multiple nonlinear regres-
sion models.

An alternative method to accelerate the determination of the train position at the approach to
the crossing is based on the use of an artificial neural network (ANN), which, in the process of
training on a finite sample of the measurement results, allows to obtain a model of the regression
dependences in the form of a weighted sum of a group of basic functions. In practice, there are
two main types of ANNs most commonly used, namely Feed-forward Neural Network (FFNN)
and Recurrent Neural Network (RNN). In FFNN, data can only flow from the input to the hidden
layer, whereas in RNN, data can flow in any direction. In the present study, a feed-forward neu-
ral network with an error back-propagation training algorithm and the Levenberg-Marquardt op-
timization technique to improve the performance of the training algorithm was implemented in
Matlab. ANN was built from three layers with one input and one output nodes.

To determine train coordinate, the combined method, considered above, was used, which in-
cludes measuring two values of the TC input impedance in shunt operating mode for two differ-
ent signal current frequencies and TC input impedance in normal operating mode. Thus, the vec-
tor of track circuit's input impedances in normal and shunt operating modes for two signal cur-
rent frequencies (420 and 580 Hz) was used as input data, and the distance from the level cross-
ing to train was used as the target for ANN. A three-layer neural network of direct propagation
with the number of neurons in the hidden layer equal to 6 is selected from the condition of the
minimum root-mean-square error of the ANN. The maximum values of the absolute error of the
results obtained using the ANN model were observed at a distance of 700-800 m from the level
crossing and amounted to 8-10 m. As the distance to the point of standard shunt application de-
creased, the absolute error also decreased.

Brief conclusions on the work are as follows. Unpredictable changes in the TC primary pa-
rameters, as well as nonlinear responses of the TC input impedance to these changes, lead to the
fact that the use of direct calculation of train location using considered nonlinear in the work
models becomes inappropriate from a computational point of view. To determine a train location
at the approach to the railway crossing using input impedance of track circuits, the ANN model
has been used. The absolute error of the proposed ANN model reached 10 m at a distance of
700-800 m from the level crossing and decreased with distance decreasing.
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THE ACCURACY OF TRACTION CURRENT HARMONICS
PARAMETERS DETERMINATION BY WINDOWED FFT

Author: Muhammad Jaseel, postgraduate student
Supervisor: doctor of phys.-math. sci., professor, head of department Automatics and
Telecommunications Havryliuk V. 1.
Dnipro National University of Railway Transport named after Academician V. Lazaryan

The values of the traction current harmonics, which can cause fails in the operation of rail-
way signaling systems, can be determined by passing of a measured signal proportional to the
traction current through special banks of selective filters with frequencies corresponding to the
frequencies of the signaling currents, as well as by spectral analysis of the signal using the Fouri-
er 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 con-
straints. One limitation is due to the uncertainty principle, which postulates that the product of
time and frequency resolutions cannot be less than a certain limit. 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 harmonics and in some cases can even to hide
the weak harmonics against the background 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
windowed 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 accord-
ance with the requirements of regulatory documents has been briefly overviewed and investiga-
tions of the influence of FFT parameters on the accuracy of the determination of harmonics pa-
rameters (such as effective current, frequency, duration) have been carried out. To assess the ac-
curacy of determining the RMS current and frequency of the harmonics, a computer study was
performed using a synthesized current with known harmonics parameters, the values of which
were chosen in accordance with the permissible values of the parameters determined by regulato-
ry documents and standards. Dynamic range of the traction current harmonics is defined as ratio
of the main harmonic level (for AC TC it is 50 Hz harmonic) to the level of the weakest harmon-
ic. As a result, the dynamic range for AC TC with RMS current 200 A is 60 dB for frequency
bands 4462-4538, 4962-5038, 5462-5538 Hz. The requirement that the duration of the harmonics
defined by the standard cannot exceed 0.3 s, together with the restriction on the values of the fre-
quency 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 har-
monics, which are specified by the standard. For the spectral analysis of traction current, four
types of windows were selected: rectangular, Hann, Hamming and Blackman windows with du-
ration of 0.3 and 1 s. For a sampling frequency of 27500 Hz and a window length of 0.3 s, the
frequency resolution is 0.27 Hz for a rectangular window, 0.54 Hz for Hann and Hamming win-
dows and 0.81 Hz for Blackman's window, which is consistent with the requirements of the
specifications. The type of windows used has a slight effect on the accuracy of determining the
frequency of harmonics. The relative error of the effective value of the harmonic current was
higher for a rectangular window, and relative error decreased in the row from the rectangular
window to the Blackman window.

The values of the relative error of the RMS current for several frequencies of the harmonics
did not meet the requirements necessary for the practical use of the method, and this is due to
spectrum leakage and scalloping. For windows with a length of 1 s, the frequency resolution of
the traction current was higher. than for windows with a length of 0.3 s, and the relative error of
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the RMS current and frequencies of the harmonics were much lower, but even in this case, the
relative error was high for individual frequencies.

ELECTROMAGNETIC COMPATIBILITY OF MODERN TYPES OF THE
ROLLING STOCK WITH SIGNALIZATION SYSTEMS

Authors: Regis Nibaruta, Muhammad Jaseel, postgraduate students
Supervisor: doctor of phys.-math. sci., professor, head of department Automatics and
Telecommunications Havryliuk V. 1.

Dnipro National University of Railway Transport named after Academician V. Lazaryan

The electrified railways are the spatially distributed sources of power electromagnetic noise.
Problem of their electromagnetic compatibility with railway signalization systems attracted
much attention last years following the development of new types of the rolling stock with an
asynchronous traction motors and pulse width modulation, that jeopardizes normal functioning
of rail circuits and can cause failures of railway signalization systems operation.

To eliminate these failures the new samples of rolling stock are usually subject to the elec-
tromagnetic emission tests including measurements of the disturbance current in rail lines in the
vicinity of the testing sample. Tests execute according to country specific rules and have to be
repeated in various countries due to the great diversity of rolling stock, power supply and return
current systems, and train detection systems installed in Europe.

The Electromagnetic Compatibility (EMC) Directive 2004/108/EC applies to a vast range of
equipment encompassing electrical and electronic appliances, systems and installations. The
main objective of the Directive is to guarantee the free movement of apparatus and to create an
acceptable electromagnetic environment in the Community. Trains must fulfill the requirements
in the railway EMC standard EN 50121, divided into six parts: ~EN50121-1 "General™;
EN50121-2 "Emission of the whole railway system to the outside world"; EN50121-3-1 "Rolling
stock - train and complete vehicle"; EN50121-3-2 "Rolling stock - Apparatus onboard the vehi-
cle"; EN50121-4 "Emission and immunity of the signaling and telecommunications apparatus";
EN50121-5 "Emission and immunity of fixed power supply installation and apparatus”. Also,
trains should comply with EN 50238 "Railway applications - Compatibility between rolling
stock and train detection systems™ and additional customer specification.

But measuring the interference and influence in the rails generated electrical rolling stock is
often not sufficient for proper EMC test results. For correct proof the EMC of the rolling stock
with environment and the signalization systems it is need accurate analysis and modeling of test
cases. The simulation allows to analyze the behavior of the system in the worst conditions.

The aim of this work is to carry out theoretical and an experimental investigation of elec-
tromagnetic influence of modern type of the rolling stock on railway signalization systems. To
achieve the aim the following tasks were solved:

— the model of the traction current harmonics distribution in rails from several trains in
feeder zone based on representation of feeding system as a multiconductor transmission line and
its computer realization in MatLab were developed;

— statistical analyses of traction current harmonics parameters were carried out for experi-
mental data obtained during electromagnetic tests of modern types of rolling stock with pulse-
width modulation.

To illustrate the application of the considered model, the distribution of the traction current
harmonics in rails was computed for 25 kV AC direct feeding system. The values of the 25 Hz
traction current harmonics in the rails significantly depends on distance from ESS1, the rail-to-
earth conductance, and number of trains in feeder zone.
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For one train the interference of 25 Hz in rails doesn’t exceed a limit value of 1 A even when
the rail-to-earth conductivity is 0.02 S/km, but if the number of trains in feeder zone increases,
the interference current also increases and, under certain worst-case conditions, may exceed the
limit values of interference specified by standards and national regulations.

BHUITPOBYBAHHSA HOBUX THUIIIB PYXOMOI'O CKJIAAY HA
EJJEKTPOMATHITHY CYMICHICTD 3 CHCTEMAMM CUTHAJIT3AIIII 1
3B'A3KY

Asrtopu: [lynenko H. B., ctynent rpynu AT1811
HaykoBuii kepiBHUK: AOKTOp (i3.-MaT. HayK, mpodecop, 3aBiayBad kadeapu
ABToMaTuKa Ta TenekomyHikaii I'aBpuirok B. 1.
JHinpoBchKUil HAlliOHAIEHUN YHIBEPCUTET 3aII3HUYHOTO TPAHCTIOPTY
iMeHi akagemika B. JlazapsHa

besneka pyxy BH3HA4YaeThCS AK CTaH 3aXMIIEHOCTI PyXy 3aJi3HUYHOTO PYXOMOIO CKIIAAY,
SAKHH XapaKTepU3yeThCsl BIACYTHICTIO TPAHUYHOTO PU3UKY BUHUKHEHHS TPAHCIOPTHUX MOJIH 11X
HACIIKIB, SIKI MOXKYTh 3alOJIISITH IIKOAY KUTTIO Ta 30OPOB'I0 TPOMA/IsTH, HABKOJIHMITHHOMY Cepe-
JOBHIIY, MaiiHy (i3uyHUX a0 ropuanyHux oci6. TexHiuni 3aco0u, 30kpemMa JOKOMOTHBH 1 CHC-
TEMH YIPABIiHHSI PYXOM IOI3/iB, IO O€3M0CepeIHhO BU3HAYAIOTH PIBEHb OE3MEKU PYyXY, MAIOTh
BIJIIIOBIJaTH IIEBHUM BUMOI'aM Ha BCIX €Tanax »HUTTEBOTO LMKy, TOYMHAIOYM BiJl IPOEKTYBaH-
Hs, BATOTOBJICHHS, IPUUMAIbHUX BUNPOOYBaHb. B ocTanHi necstupivys B YKpaidi BBOIATHCS B
eKCIUTyaTallil0 HOBl TUIIU eneKkTpopyxomoro ckiany (EPC) 3 acHHXpOHHMM TSATOBUM HPUBOJOM
(ATII) Ta immynbecHuM perymoBanasM. Enekrpoobnannanas EPC 3 ATII renepye 3HauHi enek-
TPOMArHiTHI 3aBaJii B IIMPOKOMY JIiara3oHi YacToOT, [0 BIUIMBAIOTh Ha pOOOTY CHCTEM CUTHAIi-
3alii Ta 3B°A3Ky 1 MOXKYTb IIPUBECTHU A0 HeOe3MeyHux 300iB B X poOOTI. 3araibHOI0 MPOTPaMOI0
npuiiManbHuX BunpoOyBanb HoBUX TuniB EPC nepenbaueno BunpoOyBaHHS iX Ha eleKTpoMar-
HITHY CYMICHICTB 3 CHCTeMaMU CUTHaJI3aii Ta 38*s13ky. Bumoru 3 EMC pyxomoro ckiany cdo-
PMYJIbOBAHO y MI)KHApOJHUX 1 HAI[lOHAIbHUX HOPMAaTHBHUX JIOKyMEHTax. Benuka pi3HOMaHIT-
HICTh CHCTEM TATOBOTO €JIEKTPOIIOCTaYaHHsI, CUTHATI3AII] Ta 3B 3Ky B KpaiHax €Bpomnu morpe-
Oye npoBenieHHs cepTU(IKalifHIUX BUIIPOOYBaHb B KOKHIM KpaiHi OKpPeMoO, 110 MEePEIIKOKAE
iHTeponepabenbHOCTI 1 301nbiye BapTicth EPC. Haith B 0fHIN KpaiHi micis IPOBEIECHHS MOB-
HOTO UKy BunipoOyBanb HOBUX TumiB EPC va EMC 3 nmpucTtposiMu curnamizaiii, ieHTpanisarii
Ta 61okyBaHHs (CLIB) MOXyTh BUSBISTUCS 3001 B iX pOOOTI CHCTEM 3aJII3HUYHOT aBTOMAaTUKH HA
OKpeMHX AIIbHHULAX. Po3ciigyBaHHs 1 BU3HAUEHHS NMPUUYUH 3001B MOTpedye 10AaTKOBUX AOCIHI-
JDKEHb 3 ypaxyBaHHSIM KOHKPETHOI CXEMH TATOBOI MEpexi, pelkoBuX Kl 1 T.11. CyTTe€BOIO J10M0-
MOTOI0 TIpU LbOMY MOXe OyTH mpoejeHHs aHanizy EMC Ha koMn‘roTepHiil Mozeni 3 BU3Ha-
YEHHSIM BIPOT1HOCTI MOSIBU HEOE3MeYHOi CUTYyallll 3 ypaxyBaHHSM CTaTUCTUYHMX JAHUX MPO
napaMeTpH eJleKTpoMarHiTHUX 3aBajl Big EPC, mo 6ynu BUMIpsHI i yac BUITPOOYBaHb.

Mertoto poOOTH € TTPOBEICHHSI aHaJi3y BUMOT JI0 elleKTpoMarHiTHoi cymicHocTi EPC 3 cuc-
TeMaMM CHUTHAJI3alil Ta 3B 53Ky, TOCTIPKEHHs] CTATUCTUYHHUX 3aKOHOMIPHOCTEH 3aBaJ| TATOBOTO
CTpyMYy Yy 3BOPOTHIN TATOBOi Mepexi, po3poOka IMITalIiHOI MOJEN! JUIsl HAyKOBOI'O CYIPOBO-
JDKEHHS BUTIPOOYBaHb pyxomoro ckiany Ha EMC 3 npuctposiMu curHasizanii Ta 3B's3Ky.

JI1st po3poOKKM MaTeMaTHYHOI MOJIEN B SIKOCTI 0230BOT0 Y35ITO ABOKOJIIMHY ITBHUIIIO 3aJ113-
Hulll. Bifctanb MK TATOBUMH MiACTAHIISIMHU, KUIBKICT 1 MUTTEB1 KoopauHatu EPC mo koxHii
KOJI1, piJl TATOBOTO CTPYMY, YacTOTY 1 piBeHb 3aBaJl, 1110 reHepyroThest EPC, nepBuHHI napameT-
pH TAroBOi Mepeki oOpaHi sIK BapiaTUBHI MapaMeTpu Mojeni. TAroBuil CTpyM 3 ypaxyBaHHSAM
BEJIMKOT KUIBKOCTI BUMAJKOBUX (DaKTOPIB, K1 BIUIMBAIOTh HAa HHOTO, PO3TJISTHYTO SIK CyMYy KBa3i-
JIETepMiHOBAHOI 1 BUIMAJIKOBOI CKIIAJIOBOI.

Ha ocHoBi npoBeneHnx M0CiiKeHb 3p00IeHO Taki BUCHOBKU. Ha mifcTaBi aHamizy BUMOT
1o EPC 3 enekTpoMartiTHOI CyMiCHOCTI 3 CHCTEMaMM CUTHaJI3allil Ta 3B 53Ky, IPOBEJCHUX TEO-
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PETHYHUX Ta EKCHEPUMEHTAIBHNX JOCHTIPKEHb CTATUCTUYHNX 3aKOHOMIPHOCTEH 3aBaJl TATOBOTO
CTPYMY y 3BOPOTHIH TATOBOI Mepexki, po3poOaeHo iMITAIliiTHy MOJEINb I HAYKOBOTO CYIIPOBO-
JDKEHHSI BUITPOOYBaHb PyXOMOTO CKJIaly Ha €IeKTPOMArHiTHy CyMiCHICTh 3 PUCTPOSIMHU CHT'HA-
Ji3anii Ta 3B'A3Ky.

YAOCKOHAJIEHHA CIIOCOBY KOHTPOJIIO LIBUAKOCTI I
IMOJIOKEHHA ITOI3JA HA AJIAHII HABJIMKEHHSA 10
3AJI3HUYHOI'O IEPEI3Y

Astopu: CuBauenko M. B., crynent rpynu AT1811
HaykoBuii kepiBHUK: JOKTOp (¢i3.-MaT. HayK, mpodecop, 3aBiayBau Kadeapu
ABTOMaTHKa Ta TenekoMyHikanii I'aBpuiok B. .
JHinpoBchKUil HAlliOHAIEHUN YHIBEPCUTET 3aII3HUYHOTO TPAHCTIOPTY
iMeHi akagemika B. JlazapsHa

3abe3nedeHHs Oe3MeKy pyxy Ha 3aIi3HHYHHUX Mepei3fax € OIHIEI 3 HaWOUIbII roCcTpUX 3a-
BJIaHb 3arajbHOi NpoOJIeMH O€3MeKH Ha 3aJi3HMYHOMY TPAHCIOPTi. AHAII3 JOPOKHBO-
TPAHCHMOPTHUX MPHUTOJ] HA 3aJI3HUYHMX TEpei3iaX MOKa3ye, 10 3HaYHA 1X KIJIBKICTh BUKIIMKAHA
MOPYUIEHHSAM IpaBWJI MPOi31y Nepei3iB BOAISIMU, 1 OJHIEIO 3 IPUYMH LILOTO € HEOOIPYHTOBAHO
3aBHUIICHUN Yac OYiKyBaHHS MPOI3Iy MOI3/y MiCis Moadi CHOBIMAIBHOTO CUTHATY Ha mepeisi,
sIKE MOK€ CTAaHOBUTH B JISIKUX BUIAAKax 15 XBUIKH 1 OlbLie.

Ha meperonax 3 aBTOOJIOKYBaHHSIM, B 3aJIEKHOCTI BiJl pO3PaxyHKOBHX JOBXHH IIJISTHOK Ha-
OV KEeHHS 1 BiJl PO3TallyBaHHA MEpei3y 100 CBITIO(OPIB, B AUISHKY HAOIMKEHHS BKJIIOYA-
I0Th PEUKOBI KOJIa OJTHOTO a0 JBOX OJOK-IUTbHUIG. [Ipu mpoMy (akTH4HA JOBXKUHA TUISHKA
HaOJMMKEHHS, K MPaBUJIO, MEPEBUIIYE PO3PAXYHKOBY JOBXHHY, 1 MOBIJOMJIEHHS Mpo HabiIu-
KEHHS TO13/y 10 mepei3ay Oyzae momaBarucs nepeadacHo. s koMneHcanii 1boro B eeKTpHy-
HUX CXeMax Mepei3Hol curHajizamii nependaueHa CXxeMHa 3aTpUMKa BKJIFOYEHHS CUTHasli3aiii
TICJIA BCTYIY M0i3/1a Ha TUISHKY HAOJIMKCHHS.

Jliia xoMIieHcalii yacy o4iKyBaHHsI Ha Mepei3ii Oyau 3alpornoHOBaHi pi3HI IPUCTPOi 3 KOHT-
poJieM KOOpAWHATH 1 IMBUAKOCTI moi3na. KOHTpoiah KOOpAWHATH MPOMOHOBAHO 3AiHCHIOBATH
[IIIXOM PO3MIILIEHHS PI3HUX THIIB JAaTYMKIB, JOAATKOBO 10 PEUKOBUX Kii ab0 HUIIXOM 00po0-
KM 1H(popMallli mpo 6e3nepepBHO 3MIHIOKOTHCS MapaMeTpax pelKoBOro KoJjia, Ha JUISIHII HaOIu-
KEHHs 10 nepeizny. KoHTpoab MIBUAKOCTI 3apOIIOHOBAHO 3IHCHIOBATH TaKOX LUIIXOM BUMI-
PIOBAHHA Yacy MPOXOPKEHHS MIXK JaTYMKaMU Ha BUMIPIOBAJIbHIN JUISIHIII.

HenosnikamMy 3anponoHOBaHUX CUCTEM € 3HMIKEHHS PiBHA O€3MEeKH CUCTEMH, BUKIIMKAHE 3a-
CTOCYBaHHSIM JOJAaTKOBUX KOJIIWHUX TPHUCTPOIB (TOYKOBUX NATYMKIB, ENEKTPOHHHUX MPHCTPOIB
00pOOKH TaHUX MPO HAOIMIKEHHS MOTATY 1 NPUHHATTS BUCHOBKY PO Yac 3aTPUMKH BKIFOUEHHS
aBTOMATHUYHOI MEPEI3HO1 CUTHaNi3allli), a TAKOX YCKJIAJHEHHS 1 YOPOKYaHHS CUCTEMU CUTHAaI1-
3arii.

Crioci®6 KOHTPOJII0 KOOPAMHATH 1 MIBUIKOCTI MOi3/1a IIJISXOM BUMIPIOBAHHS BX1JHOTO CTpPY-
My, Hampyru abo iMIenaHcy Ha JKUBMWIIBHOMY KiHII pelikoBoro kojia (PK) onucanmii B sitepary-
pi. HenonikoM 3ampomnoHoBaHOro crnoco0y € moxuOka BUMIPIOBaHHS iMIenaHcy, o0yMOBII€Ha
3MIHOIO OTIOpY 130JIALIT 6anacTy, 10 3HIKY€E TOUHICTh KOHTPOJIIO apaMeTpiB pyXy Ioi3zia i He-
raTUBHO BIUIMBA€ Ha O€3MEeKy pyXy TPAaHCIOPTHUX 3ac001B HA Mepei3ai.

Mertoto 11i€1 poOOTH € BIOCKOHAJEHHS CIIOCO0Y KOHTPOJIIO IIBUAKOCTI 1 MOJIOXKEHHS Moi3/1a
Ha JUISHI HAOJIMKEHHSI 10 3aTI3HUYHOTO TIepei3y.

Jlnst TOCATHEHHS TOCTaBJIEHOI METH B pOOOTI MPOBEACHO aHali3 iICHYIOUMX TEXHIYHHMX pi-
IIEHb MPOOJIEMH 1 3aITPONIOHOBaHA MaTEeMAaTHYHA MOJIETb KOHTPOJIIO TIapaMeTpiB pyXy Moi3ia Ha
TUISHKaX HaOMMOKEeHHS, 00JIalHaHUX TOHAJIbHUMH PEHKOBUMH KOJaMHU.

Ha ocHoBi MojentoBaHHS cHCTeMH NpU Bapiallii MEpBUHHUX MMapaMeTpiB PeWKOBOi JiHii
OTpHUMaHa OIiHKAa IMOXMOKH BU3HAYEHHS KOOPJIMHATHU 1 MIBUAKOCTI Moi3Aa i BUOpaHi yMOBH, IO
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JO3BOJISIIOTHh 3 HAWOUIBIIIOI0 BIPOTIMHICTIO PO3paxOBYBaTH KOHTPOJILOBaHI mapameTrpu. Posris-
HYTO 33/1a4y MPUUHATTS PILICHHS NP0 3aKPUTTS Mepei3ay B yMOBax HEMOBHOI iH(opMariii momo
NEPBUHHUX NTApaMeTPiB CHCTEMHU.

DETECTION OF SIGNAL DISTURBANCES IN RAILS USING WAVELET
TRANSFORM

Authors: Honcharov 1 1., Kozhushko V. V., students of group CK19120
Supervisor: doctor of phys.-math. sci., professor, head of department Automatics and
Telecommunications Havryliuk V. 1.

Dnipro National University of Railway Transport named after Academician V. Lazaryan

One of the main sources of electromagnetic interference at electrified railways is the rolling
stock and the traction system as a whole. Rolling stock is a non-linear power load that generates
electrical disturbances in the traction network, covering a wide frequency range with significant
variations in amplitude, and these disturbances penetrate into railway signal lines through con-
ductive or inductive paths and can lead to maloperation of signaling systems. Information on the
state of the tracks, signal lights, railway switches, etc. is transmitted to the control room, and
control commands are sent in the opposite direction to the tracks and signaling systems. The
safety of train traffic is directly dependent on the accuracy of the transmission of information and
control signals. Data in railway electrical signaling systems are transmitted by coded current
with amplitude shift keying (ASK) or frequent keying (FSK). The ASK signals are more often
used because of their simpler generation by the contact transmitter, but such signals have low
noise immunity. Ensuring of the timely detection of possible signal distortions in transmission
lines is possible by organizing the monitoring of electromagnetic interference in them. The aim
of the work is to investigate the effectiveness of the using of the wavelet decomposition method
to identify distortion in continuous ASK railway signals with amplitude greater certain level.
STFT is widely used for spectral analysis of traction current, but this method has some limita-
tions, and one of them is associated with trade-off between the FFT window length and the fre-
quency band caused by the use of a fixed-length window. This restriction becomes important
when the signal has transient components localized in time. Therefore, the STFT is more useful
for analyzing quasi-stationary signals. In recent decades, wavelet theory has be-come a powerful
signal processing tool, widely used for non-stationary signal analysis in many practical applica-
tions. Wavelet transform (WT) allows simultaneous analysis of signal features in both the time
and frequency domains, but in contrary to STFT, wavelet analysis uses a varied time window,
the length of which depends on the frequency being analyzed. This property of WT makes it very
effective for revealing the features of continuous non-stationary signals. Simulation signals are
generated using MatLab in a form of a pure ASK (on-off keying) signal with a carrier frequency
of 50 Hz and a 6-bit frame, as well as five variants of a distortion in original signal in the form of
pulses with an exponential form envelop, additive noise, dips, swellings and with low-frequency
transients. The number, locations in time, amplitude values and durations of disturbances in sig-
nal were randomly varying by a computer program. The average value of disturbances was equal
to signal amplitude and average duration of disturbances was amount-ed to 0.25 from code pulse
or pause length. The signal segments of four period of keying were decomposed using a four-
level wavelet packet transform (WPT) with db4 wavelet. For signals with sags, swells and low-
frequency transients, some features appear in the time dependence of the WPT coefficients in
node (4.0), and, in general case, all investigated distortions of the signal cause appearance of lo-
calized features in the time dependences of the coefficients for higher order nodes. The strong
influence of distortions of ASK signals on the distribution of WPT coefficients in nodes allow to
use WPT to revealing and localization of signal distortions in time.
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However, the monitoring of long-duration signals by using WP decomposition meet some
obstacles, connected with need to perform pattern recognition for WPT coefficients in the time
domain, which requires considerable time and computer resources.

ABTOMATU3ALIISA BUMIPIOBAHHSA ITAPAMETPIB PEJIE
3AJII3HUYHOI ABTOMATUKHU

Astop: I'puns T. I1., crynentka rpynu CK2021
HayxoBwuii kepiBHUK: JOLI., K.T.H., IOIIEHT Kageaprn ABTOMaTHKa Ta TeIEKOMYHIKaIlil
[Tpodarumnos B. L.
JHinpoBchKUil HAlliOHAIEHUN YHIBEPCUTET 3aII3HUYHOTO TPAHCIOPTY
iMeHi akagemika B. JlazapsHa

EnexrpomarHiTHi pene 3ai1i3HUYHOI aBTOMAaTHKH BUKOPUCTOBYIOTBCS B CUCTEMaX aBTOMAaTH-
KH, 1110 320€3Me4yoTh O€3IeKy pyXy IMOi3/1iB Ha MeperoHax ta cranmisx. s 3abe3nedyenns o6e3-
NevyHoi poOOTH CHCTEM 3alli3HUYHOI aBTOMATHKHM BOHH MOBWHHI BIiAMOBIIaTH BUMOTaM JI0 pele
NepuIoro kinacy HajaiHocti. [l 1poro, pese 3aj1i3HUYHOI aBTOMATUKU IPOXOJAATh NMEPIOAUUHY
MIEPEBIPKY Ta PEryiIroBaHHA mapameTpiB. IIpu KOHTpoIi mapamerpiB pene 3ajli3HUYHOI aBTOMa-
THKHW, HaWOUIbII CKJIQJHMM € BHUMIPIOBAaHHS MEXaHIYHUX IapaMeTpiB, TaKUX SK KOHTAaKTHHM
TUCK, BUCOTa aHTUMAarHiTHOTO MITU(TA Ta CYMICHUN XiJ] KOHTAKTIB, SIKi BUKOHYIOTBCS 3a JOMO-
MOro1o0 rpamMmomeTtpa yacoBoro tumy ['-10-60 ta Habopa Tounux 1mymniB. CTaTUCTHKA TAaKUX BUMI-
pIOBaHb IOKa3ye, 10 HEJOJIKOM JaHOTO CIOCOOy KOHTPOJ MEXaHIYHUX HapaMeTpiB pele €
JOCTaTHBO BUCOKA MOTPImHICTH (110 40 %), sika 00yMOBIIeHa PyYHUM CIIOCOOOM BUMIipIOBaHb Ta
Cy0’€KTUBHICTIO IIPH BU3HAYEHHI MOMEHTY BIJUTIKY MOKa3aHb, a TAKOX MOTPILIHICTIO TPAaMOMET-
pa I'-10-60. Pe3epBu miABUIIEHHS TOYHOCTI MEPEBIPKA MEXaHIYHUX MapaMeTpiB pele, a TaKoX
CKOpPOYEHHS 4acy Ha MEpEeBIPKY peJie NPH BUKOPUCTAHHI 1CHYIOUOi TEXHOJIOT1] MPAaKTUYHO BUYE-
praHi, TOMy 3aBIaHHS aBTOMAaTH3aIlii MPOIlecy BUMIPIOBaHHS MEXaHIYHHUX IapaMeTpiB pere 3a-
J3HUYHOI AaBTOMATUKU € aKTyaJIbHHUM.

MeTtoa aBTOMaTH30BaHOTO BUMIPIOBAHHS MEXaHIYHHMX MapaMeTpiB peie 3ali3HHMYHOI aBTO-
matuku Tty HMII ta PEJI rpyHTYy€eThCS Ha 0COOMUBOCTSIX X KOHCTPYKIi. B 1iux pene Biama-
JAHHS SIKOPS 3/11HCHIOETHCS M1 II€0 BIACHOI Baru sIKOpsi, a HE MiJl JI€F0 3BOPOTHOI MPYKUHH, SIK
B IHIIMX TUMax peje. 3a JOMOMOT0l0 CHEliabHOrO MPUCTPOIO, IKUI BKIIIOYa€ B cebe OJI0K BBO-
JIy aHAJIOTOBOTO CUTHATY B IIU(GPOBY CUCTEMY Ta JIOTTYHHI aHaIi3aTop 3 KoHTposieM 16 mudpo-
BUX CUTHAJIB, 3a0€3MeuyeThCsl OJJHOYACHA PEECTPAIli0 YACOBUX JllarpaM CTaHy YCiX KOHTAKTiB, a
TaKOX IOJIOKEHHS SKOpS peJie BiJ 4acy IpH BMUKaHHI pese. Po3poOnennii npucTpiil migkioda-
€Tbcs 10 KoM toTepa yepe3 USB-nopt, a uis 0OpoOKH OTpUMAaHUX JaHUX BUKOPHUCTOBYIOTHCS
MIPOrpPaMHO peani3oBaHi alropuTMH HHU(POBOi 0OPOOKH CUTHAJIIB TA YUCIOBI METOM.

ANropuT™M porpamMHoi 0OpoOKH JaHUX CKJIAJA€ThCS 3 HACTYITHUX €TaliB:

- BU3HAUEHHS XOAY SKOps MpU BMUKAHHI pesie X(t) 1o onu@poBaHOMY aHAJIOTOBOMY CHUTHa-
1y,

- BU3HAUEHHS CIUIBHOIO X0y KOHTAKTIB LIUISIXOM CIIBCTaBJIEHHS 3aJIeXKHOCTI X(t) 1 yacoBoi
JiarpaMy po3MHKaHHS THWJIOBUX Ta 3aMUKaHHS ()POHTOBUX KOHTAKTIB, OTPMMAHMX 3a JIOMOMO-
T'OI0 JIOTTYHOTO aHaJi3aTopa;

- BU3HAUCHHs €JEKTPOMArHITHOI CUJIM NMPUTATHEHHS SKOPS LUIAXOM AM(EepeHLiOBaHHS 3a-
JeXHOCTI X(t);

- BU3HAYEHHS CKPUTUX XOIB JUIsI TUJIOBUX 1 PPOHTOBUX KOHTAKTIB;

- BU3HAYCHHS KOHTAKTHOTO THCKY.

JlaHuit MeTo/1 aBTOMAaTU30BaHOT'O BUMIPIOBAHHS MEXaHIYHUX MapaMeTpiB pelie 3ali3HUYHOI
aBTOMATHKH JI03BOJISIE PO3B’SA3aTH 33/1a4y aBTOMAaTHU3allli BUMIPIOBaHHS MEXaHIYHUX MapaMeTpiB
BIJIMOBIAHO JI0 €KCILTyaTalliiHO-TEXHIYHUX BUMOT JI0 pelie MepIIoro kiacy HafaiitHocti. [Toxu6-
Ka oOuncneHHs napamerpiB He nepeBuirye 10 % mist GpOHTOBUX KOHTAKTIB 1 S % NIl THIIOBUX
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KOHTAKTIB, IO J03BOJISIE BUKOPUCTOBYBATH PO3pPOOJIEHUN METOJI Ha 3aJi3HUYHOMY TPAHCIIOPTI
3aMiCTh ICHYFOUOI TEXHOJIOT1] MEPEBIPKU TapaMeTpiB perie.

YIOCKOHAJIEHHSI POBOTH TOHAJIbHUX PEUKOBUX KL 3A
PAXYHOK BUKOPUCTAHHSA METO/IIB IU®POBOI OFPOBKHA
CUI'HAJIIB

Astop: JleonoB M. B., ctynent rpynu AT2021
HayxoBwuii kepiBHUK: AOL., K.T.H., TOIIEHT Kadeapu ABTOMaTHKa Ta TeIEKOMYHIKaIlil
[Tpodarumnos B. L.
JHinpoBchKUil HAliOHAILHUN YHIBEPCUTET 3aII3HUYHOTO TPAHCTIOPTY
iMeHi akagemika B. JlazapsHa

Ha 3ani3anunoMy TpaHcmopti B YKpaiHi JOCHTh IIUPOKO BUKOPUCTOBYIOTHCS TOHAIbHI peid-
koBi koja (TPK). Icayrounit npuiimau TPK 3xificHioe aHanoropy oOpoOKy CUTHaIIB, IO TOTpE-
Oye BUKOPHCTaHHS LIJIOTO psALy (UIBTPIB Ha IHAYKTUBHOCTSAX Ta EMHOCTSIX, SIKI MAalOTh BUCOKY
BapTICTh 1 HE ayKe CTaOUIBHI MapaMeTpH B Mpolleci exciuryaramii. HabaraTo kparii pe3yabTaTu
MOJKHAa OTPUMATH, SK IO MIEPETBOPUTH BXIAHUN aHAIOTOBUI CUTHAN y HU(PPOBHUHA KO, a TIOTIM
00poOuTH HOro 3a JOMoMOrow MetoAiB IuppoBoi 0Opodku curHamiB. Takuil Mmetoa moOya0BU
mudposoro npuitmada TPK 103BoaHTE 301IbIINTH HAIIHHICT MPUCTPOIO, 3SMEHIIUTH rabapuTHI
po3MipHu anaparypu Ta ii BapTiCTb.

s amapatHoi peamizauii npuiiMadya TPK mponoHyeTbcsi BUKOPUCTOBYBATH MIKPOKOHTPO-
nep dsPIC30F1010 3 BOynoBaHuM U(POBUM CHTHAIBHHUM MPOIIECOPOM, KM MAa€ BHCOKY IIIBH-
nkicte podotu (1o 30 MIPS) 1 noTyxHy cructeMy KOMaH/ 3 MATPUMKOIO I poBoi 00poOKU cH-
rHaiiB. Ta Sk yci muQpPOBi CHCTEMU MPAIIOIOTh i3 CHTHAIAMH, 110 MAIOTh JIUCKPETHE 3HAYCHHS,
TOMY BOHH HE 3[]aTHI HampsIMy MPAIIOBATH 3 aHAJIOTOBUMHU cUrHanaMmu. J{is oOpoOku aHamoro-
BUX CHUTHAJIIB 3a JJOIMOMOTOI0 HHU(POBOTO MPHUCTPOIO, HEOOX1THO MONEpPeTHBO OUU(PYBATH CHUT-
Hai, TOOTO MiAJaTH HOro AMCKpeTu3allii, KBaHTYBAaHHIO Ta KOJYBaHHIO. MIKpOKOHTpoJEp
dsPIC30F1010 mae BOynoBanuii ananoroBo-uudposuit npuctpiii (ALIT). Ane ananorosuii cur-
HaJ He MOJIMBO Mojaatu Bijpa3y Ha Bxig ALIL, tomy Ha Bxoai nmepen ALIl BcTaHOBIIOIOTHCS
JOJJaTKOBI €JIEMEHTH, 1110 BUKOHYIOTh TOMOMIXKHI (DYHKIIIT Y3roJKEHHS PIBHIB CUTHAIy, 3aXUCTY
BiJl mepeHanpyr Ta ¢iabTpalii curHany. Ha puc. 1 mpuBeneHa cTpykTypHa cxeMa BBEICHHS aHa-

J0roBoro curaiy B Mikpokontposep dsPIC30F1010.

Usx 2-uii
Uex | finehmk | N | BydoepHuit .| Miacuniosay xon _|MikpoKoHTponep
| Hanpyru | nincuniosau | obmexysau PHY ALN dsPIC

Y

Y.

A

Puc. 1. CrpykTypHa cXema BBEICHHS aHaJOrOBOTO CHTHAJy B MIKPOKOHTPOJEp
dsPIC30F1010

JUITBHUK HalpyTy 3MEHIIYe piB€Hb BXIJHOTO CUTHAIY IO HEOOXIAHOTO PiBHS, IO MOCTYIIAE
Ha BXIJl HaCTyNHOTo Kackaay. bydepHuil nijgcumoBayu 3abe3neuye BX1JHUHN oMip CXeMU HE MEH-
e 1 MOw. ITiacunroBau-oOmMexyBau 3a0e3neuye MiJJCUICHHs BX1HOIO CUTHAIY J10 HEOOXiIHO-
ro piBHs Ta 3axuct AL Big nepeBanTakeHHs no Hanpy3i. besnocepennbo Ha Bxoai ALII Bcra-
HOBIIOETHCS (PiAbTp HIKHIX yacToT (PHY) ans ycyHeHHs eeKTy HakaJaHHS CIEKTPIB, SKUH
BHUHUKAE MPU NEPETBOPEHHI aHAJIOTOBOr0 curHainy B nudposuii koa. g peanizanii ®HY Buko-
PHUCTOBYEThCSI aKTUBHUI (DIIBTp APYroro MOpsAKY, peanizoBaHMi Mo MoJu(iKOBaHIM cxemi
Camnena-Kes.

besneuna ta HaxiiiHa poboTa mmdposoro npuitMadya TPK 3a0e3nedyeTbcsi BUKOPUCTAaHHAM
TPHOXKAHATIBHOI CTPYKTYPH Ta MOXXJIMBICTIO aBTOMAaTHYHOTO MEPEXOJy MpHiiMada y 3aXUCHHA
CTaH y BUIAJIKy HECIPAaBHOCTI anapaTypH, 110 BIAMOBIJAa€ MPHIIaJAaM MEPLIOro Kiacy HaaiiHOC-
Ti.
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Buxopucranns mudposuit npuitmau TPK 3amicTs aHanmoroBoro mae psij nepesar:

- yHiBepcaibHicTh muppoBoro npuitMada TPK, mo 103BOMUTH BUKOPUCTOBYBATH BCHOTO
JIMIIE OJTMH TUII IpUiiMayva JIJIs Pi3HUX 4acTOT (MOIYJIIOIOUUX 1 HECYUHX ),

- 3HaYHE 3HWKCHHS MOTYXKHOCTI CrIoXKuBaHHS nudposoro npuitmada TPK;

- 3MEHIIIEHHS Baro-rabapuTHUX rmapameTpiB nudposoro npuitmada TPK;

- IIMPOKHI TeMIIepaTypHuil nianazon podotu npuitmaua (Big —40°C no +85°C);

- CTabLIBHICTh POOOTH y IIMPOKOMY Jiana3oHi HanpyTu uBieHHs (Bix 110 go 260 B);

- JIeTKiCTh BKJIIOUEHHs nudposoro npuitmada TPK y cucremy nucnerdepchbKOro KOHTPOIIO
JUIS TIepEeBIPKU Mpale31aTHOCTI MpuiiMaya.

CUCTEMA JUCTAHIINHOI JIATHOCTUKH PEMKOBHUX KLJI HA
MEPEIOHI

Astopu: Cepuenko M.C., cryaent rpynu CK2021;
Caepukos €.B., crynent rpynu CK2021
HaykoBwuii kepiBHUK: J0I1., K.T.H., IOIIEHT Kadeapn ABTOMAaTHKA Ta TEIEKOMYHIKaIlil
ITpodartunos B. 1.
JHINpoBChKMI HalliOHAEHUHN YHIBEPCHUTET 3aTI3HIYHOTO TPAHCIIOPTY
iMeHi akaiemika B. Jlazapsna

PeiikoBe kono (PK) € omHuUM 3 BaXJIMBUX €JIEMEHTIB CHCTEM 3ali3HUYHOI aBTOMATHKHU B
VYkpaiHi, Tak K BOHM Oe3mocepesiHbo 3a0e3leuyioTh Oe3leKy pyXy MOi3[iB Ha IeperoHax Ta
craHuisfx. Y Toi xe yac PK Bigpi3HAIOTBCS CKIIQJHICTIO B €KCIUTyaTallil Ta BUMAaraloTh 3HAYHUX
excrutyaraniitaux Butpat. [Ipu pemonTi PK He menm 60-80% uacy e Ha MOIIYK 1 BU3BHAYEHHS
HECIIPABHOCTI, TOMY pO3pO0OKa aBTOMAaTU30BAaHUX METOIB 1 TEXHIYHUX 3ac00iB miarHOCTHKH PK
€ aKTyaJIbHOIO HAyYKOBOIO 1 TEXHIYHOIO 33/1a4€I0.

Po3pobnena cuctema MUCTAHIIHOI JIarHOCTUKM TpPU3HAYEHA JJIi KOHTPOJIO HapaMeTpiB
PEMKOBHX KiJ1 Ha MEPEroHi B mpolieci iX eKcIulyaTalii, BUSBICHHS PUYUH Ta MiClLid HECIIPAaBHO-
CTCH, IPOTHO3YBaHHS Yacy Ta THITy BUHHUKHEHHS BijMoBHU. J[s sxicHoi miarHoctuku PK, ii ma-
TeMaTU4Ha MOJIeNIb TOBUHHA SIK MOKHA TOYHIIIE Bi1oOpaxatu (pi3uyHi MpoIiecH, 110 BILTUBAIOThH
Ha poOoty PK mpwm ix ekcrmyaranii Ta BiIOB1IaTH caMUM pi3HMM BUMOTraM: Bi1oOpaxaTH 3 3a-
JIAHOIO TOYHICTIO 3AJIEKHICTh BUXITHUX eNeKTpUYHHUX mapamerpiB PK Bix iX BHYTpimIHIX 1 30B-
HINIHIX MMapaMeTpiB B HIMPOKOMY Jiama3oHi iX 3MiIHM, MAaTU OJHO3HAYHY BIANOBITHICTH (13MU-
HuM mporiecam B PK, BkirouaTu HeoOXi/1HI aripoKcUMallii Ta CIIPOIIeHHs], sIKi JO3BOJSIOThH peai-
3yBaTH MOJIENb TPOTPaMHO.

ITpu pospaxynkax napamerpiB PK 3MiHHOTO CTpyMy, pefKOBY JiHIIO PO3IIIAIAI0Th Y BUIIISAI1
JBOXIPOTOBOI €JIEKTPUYHOI JIHIT 3 pO3MOIICHUMH MTapameTpamu. s anamizy poOOTH eleMeH-
TiB PK, nouinbHO npencTaBUTH iX YOTHPHOXIIOIIOCHUMH CXeMaMH 3aMilieHHs. Tak sk yacToT-
Huii aiana3zoH podotu PK oOmexenuit 061acTio HU3bKHUX 4acToT, To cxema PK 3amimaerscst ma-
CHUBHMM CHMETPUYHHUM YOTUPUIIOIIOCHUKOM 3 PO3MOJAIICHUMH MapaMeTpamMH, 110 OMUCYIOThCS
MaTpulsiM nepeaadi. s po3paxyHky pexxuMis podotu PK, ananizy Ta nepeBipku KpUTepiiB Ha-
JIMHOCTI LUX PEKUMIB BUMIPIOETHCS 3HAUSHHSI CTPYMY M HallpyTu Ha pesieiHOMY Ta JKUBJISTUOMY
kinmi PK 3a momomororo amapartHux 3aco0iB 1udpoBoi cuctemu miarHocTyBaHHs pobotu PK.
IToTiM maHHI mepenarThCs Ha CTaHLiIo (J1e BcTaHoBIeHN APM enexTpomexaHika) A po3pa-
XYHKY CTPYMIB Ta Hampyr Ha no4arky Ta B KiHui PK 1 Bu3HaueHHs Koe(ili€HTiB YOTUPUIIOIIOC-
HUKa pPEeHKOBOI JIiHIi Ta BTOPUHHUX MapaMeTpiB peiiKoBOi JiHii.

ExcnepumenTanpHa mepeBipka po3po0IeHOro METOY 3a JOTIOMOTOK MaTeMaTHYHOTO TTaKe-
Ty Mathcad nokasana, o IpoIEHTHE BIIXWJICHHS PO3PAaXyHKOBHX Ta €KCHEPUMEHTAIbHUX Jla-
Hux He nepesutnrye 10-15%, 10 MITKOM JOMYCTUMO JUIsl CUCTEMH JTIarHOCTUKH 1 JI03BOJISIE BU-
KOPUCTOBYBATH ii JJIs €KCIUTyaTallii Ha 3a1i3HUYHOMY TPAaHCHOPTi B YKpaiHi.
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BnpoBamkenHs cucteMu AUCTAHITIAHOT JIarHOCTUKY PEHKOBUX KiJI HA TIEPETOHI J1a€ HACTYII-
Hi TIepeBaru:

- MOYJIMBICTh TUCTAHIINAHOI AiarHOCTHKH PK, 110 103BOJIUTE ONIepaTHBHO BHUSBISTH BiIMO-
BH, 3MCHIITUTH YacC MOMIYKY Ta YCYHEHHS HECIIPABHOCTI;

- KOHTpoJb mapameTpiB PK B aBroMaTHYHOMY peXuMi MpU MiHIMAJIBHIN y4acTi eKCIlTyaTa-
[IHHOTO TIEPCOHATTY;

- 3HIDKCHHSI Yacy 3HaXOJDKCHHS JIFOJICH Ha MEperoHi, Mo MiABUIIUTH O€3MeKy IMpalli Ta 1mo-
JINIIUTH YMOBU POOOTH €IEKTPOMEXaHIKa;

- TIepexiJ 3 MIaHOBO-3am00KHOTO MeToy oO0ciayroByBanHs PK 10 metony oGciayroByBaHHs
«I10 CTaHy», IO JO3BOJUTH 3HAYHO 3HU3UTHU EKCIUTyaTaIliiiHI BUTPATH;

- 3aBYaCHO MPOrHOo3yBaTH BiaiMoBH PK, 3MEHIMTH KUJIBKICTh HECTIOIIBAHUX BIIMOB Ta MOX-
JUBICTH BUJABATH PEKOMEHJAIII] 3 peryatoBaHHs Ta oocimyroByBaHHs PK.

I’€E30EDEKT TA HOI'O IPU3HAUEHHSI

Asrop: Kocrenko K. JI., crynentka rpynu CK2011
HaykoBuii kepiBHHK: K.().-M.H., 1o1eHT kadeapu Dizuka ['ymisens O. M.
JHINpoBChKMI HalliOHAEHUHN YHIBEPCHUTET 3aTI3HIYHOTO TPAHCIIOPTY
iMeHi akaiemika B. Jlazapsna

IT’e30edexT — 1e epeKT BUHUKHEHHS €JIEKTPUYHUX 3aps/liB Ha IpaHsaX AESKUX KpUCTAJIB
npu ixHii pedopmariii. Po3pi3HAOTE NpSIMU Ta 3BOPOTHI IT’€30€TIEKTPUIHUIN ePEeKTH, SKi CIO-
CTEpIraloThCs B OJHHUX 1 THX )K€ KpHCTallaX — I’ €30eeKkTpukax. [1’e3oedekt crocrepiraerbes B
JEsIKUX KpUcTajax, 0e3 HeHTpa CUMETPIi, 10 TaKMX HajleXaTb KPUCTAJIM KBapIly, CETHETOBOI CO-
JIi, MeTaTuTaHary 6apiro.

[T’e30enextpuunuii edext Buepuie 6yB Binkputuit XKakom ta IT’epom Kropi B 1880 porri. Ha
KpHUCTaJl KBapIly BOHM MOMITHIIH, IO Tija 4ac aedopMarliii Ha HOro rpaHsx BHHUKAE €IEKTPUY-
Huit ctpyM. B 1881 pomi Jlunnman BiikpuB, 110 mif Ji€I0 €IEKTPUYHOTO MOJIsA BUHUKAE nedop-
Maris kpucraiiB. Came MU BUECHHMH 1 Oyno mependadeHo i BUBEACHO MPSIMHUI Ta 3BOPOTHI
1’ €30€ICKTPUYHI €PEKTH.

[T’e30edexT 1 3apa3 BUKOPUCTOBYIOTh Y JAESKUX MPHIIAiax, BUPOOHUITBI Toio. [lepmie Tex-
HiYHE 3acTocyBaHHS I’e30edekty Oyno 3ailicHeHo II. JlamkeBenom y 1920 p. — BiH CTBOpHB
yIIbTPa3BYKOBUI NEPETBOPIOBAY JUIsl MepeaaBaHHs 1 npuiiMaHHs iH(opmMalii y BoJl, SKUH cTaB
paoOpa3oM Cy4yaCHHX YJIbTPa3ByKOBUX BUIIPOMIHIOBAYiB, 1110 BUKOPUCTOBYIOTHCS /ISl HaBirarii
y TiBOTHUX YOBHAX, a TAKOX JJISI BUSBJIEHHS KOCAKIB PUO 1 B THIIIHNX ILJISX.

Jleski BUpoOH, Taki sIK TOJUHHMKH, (oToarnapatd, MOOiUIbHI Tele(dOHH, TEIEeBI30PH CTalIU
3BHYHUMH Y TIOBCSAKJIEHHOMY 1OOYTi. KOXeH 3 eNeKTpOHHHUX MPHUCTPOIB HEMOXKIMBUI 0€3 BUKO-
PHUCTaHHS I’ €30€JIEMEHTIB — 11€ BUIPOMIHIOBAYl Ta aHTEHH B TAPOAKYCTHUI, cTab1Ii3aTOpH Yac-
TOTH y KOMIT'IOTE€pax, paJAlOTEXHIUHUX MPHUCTPOSIX Ta €TaJoHaX 4Yacy, eJIeKTpU4YHI (QUIBTPH Ta
JHIT 3aTPUMKHU B pajiio i TeneoHHOMY 3B’ 43Ky, TaTUUKU JUIS BUMIPIOBaHHS NPUCKOPEHb, PIBHS
BiOpamii, aKkycTMYHOI eMicii JaJs HepyWHIBHOIO KOHTpOJIO, II’€30TpaHcopmaropu 1
I’ €30IBUTYHHU, MEJIMYHA YJIbTPa3ByKOBa TOMoOrpadis.

OyHKIIOHAIBHI ~ NPU3HAUEHHS  I1'€30€JIEMEHTIB,  PO3MIIIEHUX Y  TOJIMHHUKAX,
I’ €303aMaNbHUYKaxX, TeJIeBi30pax 1 MOOUTBHUX Tese(OHaX, pI3HOMaHITHI, IPOTE B OCHOBY TaKUX
MIPHUCTPOIB TOKJIAIEHO OJHE U Te came (i3uuHe SBHINE — I’ €30€NIeKTPHUKA, TOOTO 3AATHICTH Jie-
SAKHX KPUCTATIB, KEpaMiKU Ta TEKCTYp 31 3MiHOIO po3MipiB a00 (hopMu MpOAYKYBaTH EIEKTPHUKY,
1 HaBIIAKH, 3MIHIOBAaTH po3MipHu abo (opMy Mij Ji€0 eIeKTPUUHOI Hanpyru. MennyHi iHCTpyme-
HTH Pi3HOTO MPU3HAYEHHS TOLIO.

[T’e30eneKkTpuKy BUKOPUCTOBYIOTh y Cy4acHIN €HEepreTulll, sIK 1’ €30ABUTYHH BUCOKOI MOTY-
KHOCTI. [IJ11 eKOHOMIT eHeprii Ha peaKTUBHUX JIiTaKaX BCTAHOBIIOIOTHCS I’ €30IEPETBOPIOBaYl, B
SKUX B €JIEKTPOCHEPrito 0e3mocepeHb0 MEePETBOPIOIOTHCS KOJUBAaHHS 1 BiOpalii (Qro3ensxy 1
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kpui1. Po3po06ieHo cBitiodopu, 6aTapei SKuxX 3apsaKaroThCs BiJl IITyMy aBTOMOOLIIB Ha Tepex-
pecti. EKCiepiMeHTaIbHO MPAIIoe 11" €30€JIEKTPUYHA CHCTEMa Ha MepoHax 3a1i3HUYHUX CTaHIIN
JUTsL IGPETBOPECHHS €HEPTii KOJIMBaHb, CTBOPIOBAHUX MACAKUPAMH.

Inpoko BUKOPUCTOBYIOTH I1'€30€(EKT y CYYacHI MIKPOEJCKTPOHIlll Yy MiHIaTIOpHUX
1’ €30BUIPOMIHIOBaYAX, 110 €()EKTHUBHI Ha BUCOKMX YaCcTOTaxX Ta MAlOTh HEBEJHKI radaputh. J{s
MI0/IaBaHHS YOPHUJIA B MIUPOKO(HOPMATHUX MPUHTEPAX, IO JPYKYIOTh HAa COJIBBEHTHOMY YOPHU-
1 ¥ YOpHWIII 3 yAbTpadioIeTOBUM 3aTBEPAIHHIM TaKOXK MPUCYTHIHN 11’ €30€(EKT.

OTXe, KO’)KeH HOBHI BUHAX1J IPUHOCUTH KOPHUCTh IS JIFOJWHU, KOKHE HOBE JIOCIIIKCHHSI,
po3poOka, 51 Iymaro, MOXxe moJyieriuT KuTTs. Llle 6e3mi4 HayKoBUX JOCITiHKEHh MOKHA 3p00OH -
TH BUKOPHCTOBYIOUH IT"€30edeKT. Hanpukian, mpoaoBXKUTH BUHAXOAUTH I’ €300T, 10 BHKO-
PUCTOBYBAaTUME SHEPTiI0 JIOJMHU B KOPUCHUX IUIsX. MalOyTHE mpu3HaveHHs 11 e30edeKra 3a-
JIKUTD JIUIIIE BiJ| JIFOICH.

IHEPCIIEKTHUBH 3D-IPYKY

Astop: Paguenxo M. /1., cryaent rpynu AT2011
HaykoBuii kepiBHUK: K.(.-M.H., 10o1eHT kadeapu Dizuka ['yrisens O. M.
JHINpoBChKMI HalliOHAEHUH YHIBEPCHUTET 3ATI3HUYHOTO TPAHCIIOPTY
iMeHi akaiemika B. Jlazapsna

3D-npyk — dopMa TexHONOTIH alanTUBHOTO BUPOOHUIITBA, € TPUBUMIPHUN 00’ €KT CTBO-
PIOIOTh HAKJIaJaHHSM CJIOIB Marepiajly 3a JaHUMH LU(poBoi Mozeni. 3apa3 mepcrnektuBu 3D-
IpyKy Iyke 6aratooOinstoui. BueHi akTHBHO pO3BUBAIOTH iCHYI0Yi MeToau 3D-ApyKy, a Takox
PO3pOOIIAIOTh HOBITHI TEXHOJOTIT 1 TUIIM MaTepianiB, 3HAXOAATh C(hepH 3aCTOCYBAHHS Y SKHX
pasnime He OyJi0 HaBiTh AYMKH PO Taki TexHousorii. bararo xTo HazuBae 3D-ApyK TEXHOIOTIEO
MaiOyTHBOTO, 1 1Ie AIMCHO Tak. MeToauKa 37aTHA MOBHICTIO MEPEBEPHYTU KUTTS, 3MIHUBIIN
crioci6 BupoOHUIITBA OaraThox peueil. Hacpasni, 3D npunTep — 11e cripaBkHs Gadpuka MaiOy-
THBOT'0, KOMITAKTHA Ta OaratoyHKIiOHaNbHA. 32 PaXyHOK 1bOro nepcnekTuBy 3D-apyKy 3 yme-
BHCHICTIO MOKHA Ha3BaTH 06araTtooOiIsgo4oro.

3D-npuHTEepH 34aTHI 3HU3UTHU BUTPATU Ha BUPOOHUIITBO, 32 PAXYHOK I[bOI'O 3HU3HUTHCS 1 CO-
6iBapTicTh BUpoOiB. B minomy, nepcnexktusu 3D npyky BuzHaueHi Ay Oaratbox cdep. 3D-apyk
MO’KHa ySBUTHU B TakuX cepax sk OymiBHULTBO, (papMalleBTHKa, XapuoBa IPOMHCIIOBICTh, €ie-
KTPOHiKa, TPAHCIIOPTHA IPOMHUCIIOBICTH Ta OAraTo 1HIIMX.

Bu TifbKY ysBITH HACKIJIBKH 1151 TEXHOJIOTISI MOXE CIIPOCTUTH OyIiBHUITBO. Benukuii npux-
Tep Oyne ApyKyBaTH OyAUHOK MO KOHTYPY ab0 ysBITh, 1110 MOCTH TE€XK OyAyTh IPYKyBaTH, HACKI-
JIBKY 11€ CPOCTUTH OyiIBHUITBO TaKUX CKJIAJHUX CIIOPY., II€ IPOCTO HEUMOBIPHO.

Cytb 3D nepcnekTUBHOI TEXHOJIOTIT B (papMaleBTHUII MOJISTa€e B MOCTYIIOBOMY BUBUIbHEHHI
aKTUBHHMX PEYOBHUH, 3aBJISKH YOMY 3aMiCTh 0€3J1ii pi3HUX Ta0JIeTOK MOXHA Oyjie BUIIUTH TIJIbKU
OJTHY.

OpnHa 3 HalOUIBII CUPUX TEXHOJIOTIH JPYKY 1I€ XapyoBa MPOMMUCIOBICTh, ajle MOTEeHLIaN 3a-
KJIaaeHui 1 B Hiil. Xap4osi 3D-nipuHTEpH 1iKaBI MOXKIIMBICTIO IPUTOTYBAHHS 1K1 JIJIsI KOCMOHAB-
TiB, a TAKOX CBOOOJIOI0 MPOSBU KYTIHAPHOTO TalaHTy. [liITBEp/PKEHHSAM LIBOMY € MPUTOJIOMILI-
JIUBI JIECEPTH HAJIPYKOBaHI 3a JOMIOMOTOIO I[1€1 METOAMKH.

[Ilo 10 eneKTPOHIKM TO LIbOMY MYHKTY CJi MPUIUIMTH 0coONMBY yBary. BueHi BBaXaroTh
3D-mpyk eneKkTpoHiKM MaiOyTHIM JUIsi BUTOTOBIICHHS IUGPOBUX NPUIAJiB, 1 1Ie Mae ceHc. B
Halll 4aCc aKTMBHO NPOBOAATHCS JOCIHIIKEHHS BIACTUBOCTEH rpadeHy i Horo 3acToCyBaHHS B
aIUTUBHOMY BHUpOOHUITBI. Bennyesnuili npopus B 1iil obmacTi — cTtBopeHHs Ha 3D-mpuHTepl
rpad€HOBOr0 aKyMyJIsITOpa 3 HEOOMEXEHUM TePMiHOM €KCIUTyaTallii.

o 10 TpaHCIOPTHOI MPOMHUCIOBOCTI TO MaiOyTHe 3D NpyKy IrpyHTYy€eThCs Ha 3JaTHOCTI Bi-
ITBOPIOBATH OYy/b-AKi €IEMEHTH Oy/b-KO1 CKJIAIHOCTI. Y 3B'A3KY 3 LIUM, BXXE 3apa3 JAPYK LIHPO-
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KO 3aCTOCOBYETHCSI TIPH po3poOiri JitakiB, MamuH 1 cynytHukiB. Ha MKC HaBiTh € BrmacHui
MPUHTEP, HE KaXY4H BXKe MPO HU3KY BIAINX PE3yJIbTATIB APYKY aBTOMOOLTIB.

3a 3D TexHOO0TIE0 MaiiOyTHE, BOHA 3/1aTHA TTOBHICTIO 3MIHUTH HAaIllE€ KUTTS, 3MIHUBIIN HE
TUIBKH BUPOOHUIITBO OaratboX peder, ane i yKiaj ®KHUTTA JIOAUHA. 3D mpuHTep - 1€ HE TUTbKH
crpaBxHs pabprka MallOyTHHOTO, @ BIPOTITHO EBOFOIIMHUNA KPOK JIFOJICTBA 10 HOBOTO YKIIATy
iCHyBaHHS. 3a PaxXyHOK IIOTO MEePCIEKTHUBU 3D-IpyKy 3 BEIIMKOI YIEBHEHICTIO MOXKHA Ha3BaTH
PEBOITIONIHO 0araToo0iIAI0Y0I0.

KJIACHPIKANIA ITIPUBOAIB CTPLIOYHUX ITEPEBOJIB ITPU
CYYACHIH OPTAHIBALIIL PYXY MOI3/IIB

Asropu: [ainminenko L. C., Hekyp A. O., ctynentu rpynu AT1811
HaykoBuii KepiBHUK: AOIEHT, K.T.H., TOLIEHT Kadenapun ABToOMaTuKa Ta
tenekomyHikanii Jlaryra B. B.

JHinpoBchKUil HAliOHABHUN YHIBEPCUTET 3aII3HUYHOTO TPAHCTIOPTY
iMeHi akagemika B. JlazapsHa

Knacudikamist eneKTpuyHUX TPUBOJIB CTPUIOYHOTO MEPEBONY HEOOXiAHA NMPH BHUPIIICHH]
3aBJIaHHs iX MMOAAJIBIIOrO YIOCKOHAICHHS ISl 3a0e3reueHHs Oe3MeKu pyxy Moi3/iB.

3rigHo 3 BuMoramu [IpaBui TeXHIYHOI eKCIUTyaTamii 3aIi3HALb CTPIIOYHI EPEBOIN MTOBHH-
Hi 3a0e3MevyBaTy: IIJIbHE NPUIATaHHS IPUTHUCHYTOrO TOCTPSAKA 10 PaMHOI peHKU NP KpaiHix
MIOJIOKEHHAX CTPUIKU; HE3aMKHEHHS CTPLJIKU MPH 3a30pi 4 MM 1 O1jIbIlIe Mi>K TPUTHUCHYTUM T'OCT-
PSAKOM 1 paMHOIO PEHKOIO; BiZIBEIEHHS TOCTPSIKA BiJl paMHOI peHKH Ha BiAcTaHb 125 MM; MexaHi-
YHE 3aMUKaHHA TOCTPSKIB CTPLIKU ISt 3anm00iraHHs iX BIAXOAY IMIPH MPOXO/i MOi3/ay; 3aXUCT Bif
NepeBaHTAKEHb ABUTYHA 1 BIIDKUMY paMHOI pEeHKH MPH MOMAAaHHI CTOPOHHBOTO TPEAMETY MiX
TOCTPSIKOM 1 PaMHOIO PeiKOI0; MOXKIIMBICTD MIEPEBEACHHS CTPUIKH BPYUHY.

CrpiyiouHi MpUBOAM HA 3AI3HHULIAX, B 3aJISKHOCTI BiJl 00JIaCTi 3aCTOCYBaHHS, YMOBHO TO/Ii-
JSIOTHCA Ha Taki TPYIMU: A7 3BUYAMHUX CTPUIOYHUX IEPeBOJIB 3 Mapkamu xpectoBuH 1/11 i
KpyTillle, IIMPOKO MOIMMUPEHUX Ha CTAHIisX 0€3 BUCOKOMIBUAKICHOTO PYXY; U CTPLIOYHUX IIe-
PEBOJIB 3 MOJOTMMHU TOCTPSIKAMH 1 PYXOMOIO CEpLEBUHOI0 XPECTOBUHHU BUCOKOIIBHJIKICHUX Mi-
JISHOK 3aJ113HULb; JJIs1 KPYTUX CTPUIOK COPTYBAIBHUX T1POK.

ITo Buy criO’KMBaHOI €Heprii NpUBOIU OyBatOTh €JIEKTPOMEXaHIuHi, eIeKTPOMAarHiTHI, eJIeK-
TPOIHEBMATUYHI, €JIEKTpOriapaBiiyHi. Jlis e1eKTpONHEBMAaTHUHUX 1 €JEKTPOT1IPaBIiuHUX CTpi-
JIOYHMX TEepEeBO/IIB 3aCHOBAHE Ha 3aCTOCYBaHHI THEBMAaTHYHUX 1 TipaBliyHUX ABUTYyHIB. [1o Bu-
Ny 3aMHMKaHHSI PO3PI3HSIOTH CTPUIOYHI MPUBOJU 3 30BHIIIHIM 1 BHYTPIIIHIM 3aMHKaHHSAM CTpi-
JIOYHHUX TOCTPSIKIB.

3a criocoboM CIPUIHATTS po3pi3y CTPUIKH, TOOTO ii MPUMYCOBOTO NEepeBEeCHHS pebopaamMu
KOJIIC PyXOMOT'0O CKJIaAy IpH MOIIEPCTHOMY pyci, IPUBOMU ALISATHCS Ha BPi3HI Ta HEB3PI3Hi.

3a yacoM mepeKiiaay CTPUIOYHI MTPUBOJM MOXKHA PO3IUIMTH Ha IIBUAKOAIOYI (Yac mepese-
JICHHS CTPUIKH 110 1 ¢), 3 HOpMaJIbHUM YacoM IepeBoy (10 5 ¢), 1 moBiabHOIt0U1 (OimbIme 5 C).

311CHIOBAaTH aBTOMATUYHUI KOHTPOJIb CIIPABHOCTI 1 JIarHOCTUKY YIIKO/KE€Hb €JIEKTPOBU -
I'yHa J03BOJIsIE BUKOPUCTAHHS KOMIT'FOTEPHUX TEXHOJIOTiM JUIsl BUSBJIEHHS HECIPaBHOCTEH B
CTPUJIOYHUX €JIEKTPOIIPUBOJIaX MOCTIHHOTO cTpyMmy. JlJisl i€l METH BUKOPUCTOBYETHCS CIIELIATIb-
HUll iHTepdeiic, 1m0 103BOJIsE KOPOTKOYACHO MEPEBECTH B MEPiO MEPEBEACHHS CTPUIKH €JIEKT-
POIBUTYH B PEXKHM IeHepaTopa i 3HATH 32 JOIOMOTOI0 aHaJOTrO-IIU(PPOBOTO MEPETBOPIOBaYa re-
HEPaTOPHY XapaKTepUCTUKY. Taka XxapakTepuCTHKa J03BOJII€ BU3HAYaTH HECTIPABHOCTI ABUTYHA
3 BUKOPUCTAHHIM pO3Mi3HaBaHHA 00pa3iB.

CyuacHi CTpUIOYHI €JIeKTPONPUBOIM MMOBHHHI T'apaHTOBAHO 3a0e3MeuyBaTH MOKAa3HUKU 0e3-
MEeKU PyXy Moi3AiB 1 OyTH BUCOKOHAMIHHUMHA. HeoOXiqHO 3HMKYBATH €KCIUTyaTalliiiHl BUTPATH
Ha IX YTPUMaHHS LUIIXOM CTBOPEHHS TEXHOJOTIH 1110 He 00CIYroBYIOThCS, BUKOPUCTAHHS Iepe-
JIOBHX TE€XHOJIOT1H BUTOTOBJIEHHS 1 CydacHMX MarepiaiB. TeHIeHIlT JOCITHEHHS! BUCOKUX IIBH-
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JKOCTEH pyXy BHUCYBAIOTh OUIBII )KOPCTKI BUMOTH JI0 HAJIHHOCTI TEXHIYHUX 3ac00iB, 1m0 3a0€3-
MEYyIOTh Oe3MEeKy PyXY MOI3/iB MO CTPLIOYHOMY ITEPEBOAY.

BucnHoBku. [Ipu cyuacHiit opranizarii pyxy oi3aiB HEOOX1THHH HOBUH MiAXIJ 10 PO3POOKH
CTPIJIOYHOTO TIEPEBOJIY 1 EIEKTPONPUBOAY. Pearizaiist JaHOTO 3aBJIaHHS MAa€ HA YBa3i CTBOPCHHS
€IMHOTO TEXHIYHOTO KOMIUIEKCY CTPIIOUHOTO MEPEBOTY 3 MOXKIIMBICTIO IIaTHOCTUKU HOTO CTaHy
i OIIHKOI MOKA3HUKIB Ge3nexu pyxy Hoi3aiB mo crpimmi. Foro BUPOGHUIITBO HEe MOKIMBO Ge3
3aCTOCYBaHHS MPUHIMIIOBO HOBUX TEXHIYHUX DPIllICHh MOOYJIOBU CTPLIOYHUX IEPEBOJIIB, EICKT-
POIPHUBO/IB, TAPHITYPHU 1 CHCTEM KOHTPOJIIO.

3SMEHILIEHHS BATPAT YACY HA KOHTPOJIb CTAHY CTAHIIMHUX
PEMKOBHUX KL

Agtop: Cepuenko M. C., ctyaent rpynu CK2021
HaykoBuii KepiBHUK: JJOLEHT, K.T.H., JIOLEHT Kadeapn ABTOMAaTHKA Ta
TejeKkoMyHikaiii Manosiuko B. B.

JHInpoBCchKMi HalliOHAEHUHN YHIBEPCHUTET 3ATI3HIYHOTO TPAHCIIOPTY
iMeHi akaiemika B. Jlazapsna

JUist yCHiIIHOTO BUKOHAHHS 3aBJIaHb 10 MEPEBE3CHHIO BAaHTAXIB Ta MMacakXUpiB Ha 3alli3HUY-
HOMY TPAHCITOPTi HEOOXiJHA HaJiliHA Ta 0€3B1IMOBHA POOOTA CUCTEM aBTOMATHKH SIK HA CTAHIII-
X Tak 1 Ha neperoHax. [Ipu bOMy Ha CTaHIINWHI CHCTEMHU €JIEKTPUYHOI LIEHTpai3alii J0BO-
IUThCs 011M3bKO 50 BIICOTKIB BCIX MPUCTPOIB aBTOMATUKH SIKI BUKOPUCTOBYIOTHCS Ha 3alli3HU Y-
HoMy TpaHcrnopTi. CtabinpHa poOOTa IMX CHUCTEM 1 BU3HA4Ya€ B OCHOBHOMY MPOITYCKHY 37aT-
HICTB 3aJII3HUII, a X BIIMOBH BUKJIMKAIOTh 3HAUHI 3aTPUMKHU B PYCi MOI3/iB.

[To cTaTmcTHYHUX JaHWUX OUTBIIICTH BiIMOB CHCTEM EICKTPUYHOI IICHTPaTi3aIlii JOBOIUTHCS
Ha HaIiJIbHI IPUCTPOI, @ caMe Ha PEHKOBI KoJia BIIMOBH SIKMX CKJIAMaroTh Oiiabiie 20 BiACOTKIB
BiJl 3arajbHOI KijbKOCTi. [Ipy aHami3i BiAMOB peUKOBUX KiJl MOYKHA 3pOOUTH BHCHOBOK, IO B TIe-
pPEBaKHIM OUIBIIOCTI 1€ Mepexis] PEHKOBOrO KoJia B 3aXMCHUW CTaH Yepe3 HEAOCTaTHIM piBEHb
CHTHAJIy Ha peleiiHOMY KiHIli, TOOTO HE BUKOHAHHS HOPMAJIBHOTO PEKUMY POOOTH PEHKOBOTrO
kona. [IpyunHamMu Takux BIAMOB € B IEpPILY Yepry He JIOCTaTHBO SIKICHE TEXHIYHE OOCIIyroBYy-
BaHHS PEeKOBOI JIiHIT Ta 0aJacTHOro Cioko 3 OOKY MpaliBHUKIB ci1yk0u kouii. bamacT Ha craHi-
AX 3a0pY/AHIOETHCS CUIIYYMMHU MaTepiajlaMM 3 BaroHiB, a TAaKOK BTpadae CBOI BJIACTUBOCTI 3 ya-
COM, a YUCTKa Ta 3aMiHa 0anacTy BUKOHYEThCS He perynspHo. KpiMm Ttoro omip pelkoBoi jiHii
3pocTae 3 yacoM IO MPHUYMHI BiANaJaHHA NPUBApPHUX 3’€JHYBadiB HA CTUKAX peHoK, I10 CIpu-
YUHSE€ TaKOX aCHMETPII0 TPU PO3MOBCIOKEHHI TATOBOrO CTpyMy. BigHOBIEHHS cCTaHy
3’€/IHyBayiB IIJISXOM NPUBAPIOBAHHS BUKOHYETHCS TaKOXX HE Jly’ke ornepaTtuBHO. OCOOIUBICTIO
HaBEJICHOI'0 TUIY BIIMOB PEHKOBUX KUI € iX IOCTYNOBUN PO3BUTOK, a HE panToBa mnossa. [Ipo-
MIOHYETHCSI CTBOPUTU CHUCTEMY KOHTPOJIIO CTaHY PEHKOBMX KiJ, sKa 3 3aJaHOI0 MEepiOIMYHICTIO
OyzZe BUMIPIOBATU pIBEHb CUTHAIYy Ha KOJIMHHUX pejie 1 aBTOMaTHYHO MPOrHO3YBAaTH MOXKIIUBY
MOSIBY BiZIMOBH.

Po3po0Gnena cucrema mpaiitoe HacTymHUM 4MHOM. Ha mocty enexTpuyHoi neHTpai3alii aB-
TOMATHUYHO 3 3a/IaHOI0 MEPIOAMYHICTIO BUMIPIOETHCS HaNpyra Ha OOMOTKaxX KOJIHHMX pere Ta
MOJTAETHCS HA BXOJM MYJIBTHUIUIEKCOPIB, 3 SKHX IO Yep3i CHTHAJIM HAIXOAATh Ha aHAJIOTOBO-
uGpoBuil nepeTBoproBay 1 nani ouudpoBaHi JaHHI 4yepe3 OydepHi pericTpu MocTymarTh A0
00YHCITIOBAJIBHOT MAllIMHH, SIKA BUKOHYE 3aIIUC PE3YJbTaTiB BUMIPIOBaHHS Ta aHaJII3 Mpale3aat-
HOCTI peiikoBuX KiJl. CrcTeMa aBTOMAaTUYHO 1O 4ep3i mepeBipsie BCl pelKOBI KoJsia CTaHIIi 1 KON
KOHTpPOJIbOBaHA JUISHKA BiJIbHA BUKOHYE BUMIPH HANPYryl Ha KOJIWHUX pelne. SKio piBeHb Ha-
NpYTY BUIIKMK a00 HIKYMN HOpMAaJIi sl JaHOTO BiAralyKeHHsI peHKOBOro KoJja, cucTeMa Bijpa-
3y CIIOBIIIAE TIPO 1€ OOCITYTOBYIOYHI NIEpcoHal. SIKIIO piBeHb B HOPMI, CHCTEMa BUKOHYE aHAIII3
3MIHU BEJIMYMHU HANPYTH MiJ Yac OCTaHHIX BUMIPIOBaHb 1 BUKOHY€E POTHO3YBaHHS BUXO/Y piB-
HS 32 TpaHWI HOpMaii. TakuM YHMHOM CHUCT€Ma aBTOMATHYHO BHKOHYE IPOTHO3 BUHUKHEHHS
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B1IMOB TIOB’sI3aHUX 3 MOCTYIIOBUM 3MEHIICHHSIM 13011111 Oanacty. Takox CIiJl BiI3HAYUTH, 110
crcTeMa MOJKE TPAIOBaTH 1 3 TOHAJIBHUMH, 1 3 ()a309yTIMBUMH, 1 3 KOZOBUMH PEHKOBUMH KO-
JaMu, 3arajibHa CTPYKTypa CHCTEMH KOHTpOJIO Oy/e MpakTHYHO HE3MiHHOW. BukopucranHs
TaKoi CUCTEMH 3HAYHO CKOPOTUTH BUTPATH Yacy Ha MEPEBIpKy HANPYTH HA KOJIHHHUX pere 3 6o-
Ky 00CIIyrOBYIOUOTO TMEPCOHATY 1 MOKPAIIUTh TOYHICTh BUMIPIOBaHb TaK SK 3 MPOLECY BHUKIIO-
YUTHCS JOACHKHNA (akTop. [IporHo3yBaHHS MOCTYNOBHX BiJIMOB PEUKOBUX KiJ JO3BOJIUTH Ta-
KO’ JIIKBiZyBaTH NMPUYMHU SKi MOXYTh IPU3BECTH JI0 BUXOAY 3 JIaJy PEHKOBOTO KoJa 3a3jaie-
Tilb, TUM CAMHUM BUKJIFOUMBIIH 3aTPUMKH B PYCi MTOTI3/[iB HA YacC MOUIYKY Ta YCYHEHHS BiJIMOBH.

PO3SINIUPEHHA ®YHKIIOHAJIBHUX MO)E(JII/IBOCTEIL/'I CUCTEMMU
MIKPOITPOLECOPHOI HEHTPAJII3ALII I10 3ABE3ITEYEHHIO
OINTUMAJIbHOI BUJMUMOCTI CTAHI[IMHUX CBITJIO®OPIB

Astop: Hekyp A. O, crynent rpynu AT1811
HaykoBuii KepiBHUK: AOIEHT, K.T.H., IOIIEHT Kadeapn ABTOMaTHKa Ta
TenekoMmyHikanii Manosiuko B. B.
JHInpoBchKUi HAIIIOHAILHUN YHIBEPCUTET 3aTi3HUYHOTO TPAHCTIOPTY
iMeHi akagemika B. JlazapsnHa

Enexrprana nenrpamizanis (ELL) ctpinok Ta curHaiiB, MO BHKOPUCTOBYETHCS HA CTAHINSIX HA
JaHuii yac, OyayeThbesl Ha perieiiHii eneMeHTHii 0asi, sika Mae 3HauHi rabapyuTH Ta MOTPedye BEIUKUX
MIPUMILIEHb JUTs 11 pO3MIILIeHHS, TIpH i CTBOPEHH1 BiIOYBaIOThCS 3HAYHI 3aTPATH KOIITOBHUX Marepia-
JIB, piBEHb CIIOKUBAHHS EJIEKTPOCHEPTii Y TaKoi TEXHIKM 3HAYHO BHIIMI HIX Yy HAIiBIPOBITHUKOBO.
Kpim 1mporo ii o6cayroByBanHs oTpedye 3HAYHUX EKCILTyaTalliiHUX BUTPAT 1 JOBOJI BAaroMoro (oH-
Ty 3alacHUX eJIEMEHTIB /Ul 3aMiHM Ha mepiof mnepeBipku. CydacHi MIKpOIpPOIECOPHI CHCTEMH
LEHTpaTi3allii CTPUIOK Ta CUTHAMIB, sIKI IPUXOJITH HA 3aMiHY peleiiHuM 1030aBlieH] TaKuX HEOMIKIB,
aJie BIPOBA/KEHHS TAKUX CUCTEM Ha 3AJTI3HUIIAX YKPAiHU BiIOYBAETHCS MOBUIHHUMH TEMITAMH.

Opniero 3 cuctem mikpomnporuecopHoi nentpanizamii (MIIL) € cucrema MIIL[-Y, sxy Bce
YaCTillle BCTAHOBIIIOIOTH HA 3aII3HUYHKMX CTaHIisAX. OCOONMBICTIO TaHOI CUCTEMH € Te, IO B Hii
BUKOPUCTOBYEThCS HaJiiiHE €EKTPOKUBJICHHS HA CYYacHIi eleMEeHTHIN 0a3i 3 po3poOKOr0 KH-
BUJIBHOI TTAHEJi BJIACHOTO BUPOOHUIITBA, a TAKOXK CHCTEMa aBTOMATHYHOTO MMPOEKTYBAaHHS CTaH-
uii (CAIIP), mo mae 3Mory onepaTuBHO 3MIHIOBAaTH CTPYKTYpPY CHCTEMH Ta ii IporpamHe 3abes-
neyeHHs1 0e3 3allydeHHsl crheriaiicTiB 3 00Ky po3pooHukiB. CAIIP aBTomMatnuHO reHEpye mpo-
rpamu (PyHKIIIOHYBaHHS, MHEMOCXEMH, 0a3u JaHMX, 3aBaHTaKyBaJIbHI MOJYJIl 1 IPOrpaMHO BU-
JI0O3MIHIOE aBTOMATU30BaHE poOoUe MICIIe €JIEKTpOMEXaHiKa Ta 4eproBoro mo craniii. B maniii
CHCTeMI TaKOX JJOBOJII SIKICHO peali3oBaHi (PyHKIIIT KOHTPOIIIO CTaHy sIK CaMOl CUCTEMH Ha TOCTY
LEHTpaJIi3alii TaK 1 HAMUIBHUX MPUCTPOIB. 3 ypaxyBaHHSAM BUIIE NEPEIiueHOro 0yno NpUMHATO
pillIeHHS BUKOPHUCTATH caMe I[F0 CUCTEMY JUIsl PO3LIMPEHHs ii (yHKIIOHAIBHUX MOXKIMBOCTEH 1
SIK HACJIIIOK MIJIBUINEHHS 11 HaXIHHOCTI.

[Ticna mpoBepeHoro anamizy Oyino BHU3HAYEHO, IO BiJOOpaKEHHS E€JIEMEHTIB KOJIMHOTO
PO3BHUTKY Ha MHEMOCXEMax CTaHIlii pobouyoro mictsg yeproBoro o craiii (JICIT) HaBoguThcs
CIIPOILIEHE 1 A7 OTPUMaHHs 1H(opMaIlii mpo cTaH 00’€KTa YeproBoMy HoTpiOHO po3ropraTH iH-
(dopMalliro BIIKpUBAIOYH BIAMOBIIHE JOJAaTKOBE MeHI0. Hampukiag BOrHi BXiAHOTO CBiTiIohopa
Ha MoHitopi JCII BimoOpakaroTbCsl TIABKM JBOMA IOKAa3aHHSAMH YEPBOHMUHU Ta 3€JIEHHH, X04a
peasibHO Ha JaHoMYy cBiTiodopi 5 BorHiB. [Ipu npuitomi Ha OOKOBY KOJIit0 Ha CBITI0(OPI craia-
XYIOTh /IBa *OBTUX BOTHI, a Ha MoHiTopi [ICII BinoOpaxkaeTbcst ogun 3eneHuil. Take BigoOpa-
xeHHs He no3Bosiste JICII Bimpa3y opieHTyBaTHCS 1O CTaHy CTaHLIMHMX 00’€KTIB 1 AJisi OTpH-
MaHHsI IOBHOI iH(popMarlii notpedye 10JaTKOBUX 3aTpaT yacy. [IponoHyeThCs A Malnux CTaH-
il BitoOpakeHHs HamuibHUX 00’€ekTiB Ha MoHiTopi JICII Binpa3zy npuBOIUTH B MaKCUMalIbHO
PO3rOpHYTOMY BUTJISAL 110 MOKpamuTh epexTuBHicTh podotu JICII. Takoxx aBTopom po3pobdie-
HO 1 MPOMNOHYEThCA aJANTUBHUNA AJITOPUTM IO/ayl KUBJIEHHS BiJl MOAYJIB CBITOBHX CHTHAJIIB
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MCC no cranmiitaux cBiTnodopis. Ha ganuit Moment B cuctemi MIIL-Y nani Momayni BUAarOTh
Ha cBiTIO(OpHU HANpyry B pexxuMi «aeHb» Bix 197 B no 248 B, B pexxumi «Hiu» Bix 161 B 1o
201 B, B pexxumi JICH (manpyra 3HmkeHa B 18a pasu) Big 97B mo 123B. Takox B Moy peaiti-
30BaHa (PYHKIs IJIABHOTO BKJIIOYEHHS JIaMIT CBITJIO(Opa, MPH SKii HAmpyra Ha JJAMITy [10/Ia€Th-
csl He CTPUOKOM, a TUIABHO IMiBUIIYETHCS IS 3aI100IiraHHs ePEeropaHHs JIaMITH. ABTOPOM IIPO-
MOHYETHCS B 3AIEKHOCTI BiJ] pealIbHUX MOTOJHUX YMOB TJIABHO 3MIHIOBATH HAIPYTy HA JIamMIax
B HaBEJICHUX MEXKax IS OpraHizaimii OnTUMajabHOI BHAMMOCTI CUTHAIIB B Oy/b KM MOMEHT
gacy Ta €KOHOMIi eJeKTpOeHEprii Py BUAUMOCTI SKa 33JI0BOJIbHSIE BUMOTaM. Takox CiiJl Bif-
3HAYMTH 10 TaKa MOJIEPHI3allisl CTOCYEThCS B OCHOBHOMY IPOTPAMHOTO 3a0€3ICUCHHS a KOHC-
TPYKIIiSl CAMUX MOJYJIIB HE 3MIHUTHCS.

TEXHIYHE JIA'HOCTYBAHHSA CTPIVIOYHUX ITIEPEBOJIB

Agrop: ITupoxenko 1. C., crynent rpynu AT19120
HaykoBuii KepiBHUK: AOIEHT, K.T.H., IOIIEHT Kadeapn ABTOMaTHKa Ta
tenekomyHikanii bypsk C. 1O.

JHinpoBchKUi HAIIIOHALHUN YHIBEPCUTET 3aII3HUYHOTO TPAHCTIOPTY
iMeHi akagemika B. JlazapsnHa

[Ipu nieHTpaIbHOMY JKUBJICHHI €JIEKTPOIPUBOMAIB 3pyYHO BECTH 30ip IiarHOCTUYHOI iH(pO-
pMariii, OCKUIbKY MpH Takid opraHizalii mogayi eJeKTpUuHOi eHeprii HalOIbII TPOCTO BUKOHY-
BaTH 301p Ta aHaJIi3 AaHUX, 110 HAJXOIATh 3 OAHOIO JUKepea.

[Tomaua enekTpudHOi eHeprii AJIsl IEPEBEACHHS CTPIJIOK 3A1HCHIOETHCS 3 PO3IOILIBHOT 200
cTpinouHoi naHeni. KoHTponb cTpymy nepeBelleHHS CTPLIOK B poOOYOMY KOJII BHUKOHYETHCS
BKJIFOUEHHSIM IIIyHTa a0o TpaHcopmaropa cTpymy, a mapajiellbHO oMy — amrepMmeTpa. Jlanuii
amIepMeTp BUBOAMUTHCS Ha MyJbT YEProBOrO MO CTaHIII].

OCKiTbKH Ha YaCOBHUX JiarpamMax MOKHA YiTKO BHUIUIMTH TaKi OCHOBHI MOMEHTH SIK: ITyC-
KOBUH CTPYyM €JIEKTPOJBUIYHA — CTPYM SIKUH MPOTIKA€E B KOJI €JIEKTPOJBUIYHA HA MOYATKY pY-
XY; MOMEHT HaJlaHHS KOHTPOJIIO aBTOIIEPEMHUKAYEeM — iICKPIHHS HOXIB aBTOIEpPEMHUKAYa; 3aJIHII-
KOBe 00epTOBE MarHiTHE M0JI€ Ha CTaTOpi ABUT'YHA, — 32 SKUMH MOXHA IIPOBOJUTH JTOCIIAKEHHS
CTaHy CTPUIOYHOTO TIEPEBOJY, TOMY TMPH MiAKIIOYEHHI BIIMOBIIHOTO OOJaJHAHHS 0 BHUBOIB
BHUMIPIOBAJILHOI CXeMH pOO0YOro KoJja, siki B CBOIO 4epry MiA'€[JHaHI 10 aMIepMeTpa Ha MyJbTi
YeproBoro Mo CTaHIIil, MOJKHA J1arHOCTYBAaTH CTaH CTPUIIOYHOTO MEPEBOAY 3a JOMOMOTOI0 aHai-
3y 4acoBOT1 3aJIe)KHOCTI Ta CIIEKTPAIbHOI XapaKTEePUCTUKU CTPYMY IIiJl 4ac MEePEeBOY CTPIIKH.

VY 3B’s3Ky 3 MiJABUILEHHSAM HIBUAKOCTEH pyXy MOI3/IB Y 00CIYrOBYyHOUOI0 MEPCOHATY BCIX
BUJIIB FOCHOJAPCTB HA 3aJli3HUII 3aJIUIIAETHCSA 3HAUHO MEHIIIE Yacy Ha YCYHEHHS MOIIKOKEHb.
SKu1o faHui Yyac po3AUIMTH Ha MPOMDKOK 4acy Bil MOMEHTY HOSIBU HECIIPABHOCTI 10 MOMEHTY
iH(pOpMYBaHHS PO HHOTO BIAMNOBIAAIBLHOIO CHIBPOOITHUKA, Yac MPUOYTTS, MOIIYK MOIMIKOPKEH-
Hs1 1 BJIacHE HOT0 YCYHEHHs, TO, 3MEHIINBIIN X0Y OJHHH 3 CKJIQJIOBUX, € MOXKIIUBICTH CKODOTUTH
3arajibHy Horo TpuBajicTb. OCKIJIBKY BIUIMHYTH Ha Yac HEOOX1IHUH Ju1st pUOyTTS CiBpOOITHU-
Ka Ha MICLIe TIOUIKO/XKEHHS JIy’K€ BaKKO, a TOBHA 3aMiHa oOJaJHaHHs NMoTpe0ye 3HaYHUX Kali-
TaJIOBKJIA/IeHb, TO 3aJIMIIAE€THCS MOXIINBICTH CKOPOTUTH Yac Ha €Tari BCTAaHOBJIECHHS (DakTy mosi-
BU TOIIKO/DKEHHS, iHQOPMYBaHHS PO HHOTO, a TAKOXK Yac Ha MOIIYK MOUIKOKEHHS, SKE CTaJIO
MIPUYMHOIO BIIMOBH 3a JIOIIOMOT0I0 aBTOMATH3allli CUCTEMU KOHTPOJIIO Ta J1arHOCTYBaHHSA CTpi-
JIOYHUX TIEPEBO/IIB.

ABTOMaTH30BaHa CHCTEMa KOHTPOJIIO Ta J1arHOCTYBAaHHS KPIM TOTO, IO JO3BOJIUTH B pe-
KHUMI1 peabHOro 4acy 30upaTu JaHi Mpo cTaH 00'€KTiB, sIK1 3HAXOASTHCS HA BIAJIAJICHH] Bij MOC-
Ta eNIEKTPUYHOI LIEHTpati3allii, 1 y pa3i 3MiHU 3HaYeHb BIANOBIAHUX MOKAa3HUKIB BH/1aBaTH MOBi-
JOMJIEHHS PO MOLIKO/KEHHS abo MepeBIAMOBHHM CTaH, 3amo0iralouv TUM CaMHUM 3aTpPUMIIL
MO13/1iB 3 BUHU YIIKO/KEHb CTPIJIOYHOTO MEPEBOY, ajle TAKOXK 1 3MOXKE 3a0€3MEeUUTH YCYHEHHS
4acOBOTO MPOMDKKY BiJl MOSIBU HECTIPABHOCTI 10 HAAXO/KEHHS Mpo Hel iHdopmarii 10 KoMmrie-
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TEHTHHX CITIBPOOITHUKIB. A 3aKJaJieHl B JaHy CHCTEMY OCHOBHI THITH BiJIMOB, IPUYUHU iX TTOSIBH
Ta METOAM YCYHEHHS JaJyTh MOXKJIMBICTb MPOBEACHHS 3aBYacHOi inenTudikamii. [Ipu mossi mo-
IIKO/DKEHHS TaKa CUCTEMa HE TUIbKM 3MOXe HOro BU3HAYMTH, ajie ¥ BUAATH PEKOMEHJAMIi 1o
croco0y Horo yCyHEHHsI, IHCTPYMEHTY, NETAISIM 1 BUMIPIOBAIBHUM IMpHUIaJaM, SKi MOTPiOHO
B34TH 3 CO0OI0, BUCYBAIOUNCh HA O0'€KT 3 TMOIIKOKEHHSIM, a TAKOXXK aBTOMATUYHO BHKOHYBATH
3aIMCH B €JIEKTPOHHOMY JKYpHAJIi PO BUKOHAHHS POOIT.

TakuMm 4MHOM, IarHOCTYBaHHS CTPLIOYHOTO MEPEBOAY 3BOJUTHCS 10 BHU3HAYCHHS O3HAK
HOro CrpaBHOTO 1 HECIIPABHOTO CTaHiB. BUKOHYeTbCs 30ip Ta MOPIBHAHHS OTPUMAHUX IAHUX,
oJIepKaHUX 3 MPAIIOIYHNX CTPUIOK 1 MOKAa3HUKIB €TaJJOHHUX CUTHAIIB, Y3ATHX B SKOCTI 3pa3ka i
3a3/ajeriip 3anMcaHuX 31 CIIPaBHUX CTPLIOK. [IOpiBHAHHS 3HAYEHb BUKOHYETHCS 3a KiJIbKOMa
MOKAa3HUKAaMH CTPYMOBOi KpHBOI poO0OYOro kojia, 0OpaHOTO B SKOCTI JOCTIDKYBaHOTO 3pa3Ka
enexkTpoaBuryna. Oco0nuBe 3Ha4€HHS MAIOTh aMIUTITY/a i TPUBAJIICTh MIEPEBOAY, 3a SIKUMH MO-
’KHa BCTAaHOBUTH HASBHICTh MEPELIKOJ] PYXy TOCTPSKIB BHACHIIJOK MONaJaHHS CTOPOHHIX Hpea-
METIB MIX TOCTPSKOM 1 pPaMHOI0 PEHKOl0, ab0 3 MPUYUHM 3a0pyJHEHHS NpPU PYyCi CTPUIKH,
YCKJIaJHEHb B MEXaHIYHIN Mepeadi, a TaKoxK JIO(TIB B MICISIX 3'€THAHHS 1 HEMPABUIBHOTO pe-
T'YJIIOBaHHS BY3JIiB B MICISIX KPITUICHHS.

NIIBUIIEHHS HAIMHOCTI POBOTH CTAHIIIAHAX CUCTEM
LHEHTPAJI3ALII HIJIIXOM ABTOMATHU3ALIL MOLIYKY BIJIMOB

Astop: IlerpoBebkuii O. C., cryaent rpynu AT2121
HaykoBwuii KepiBHUK: acUCTEHT Kadeapu ABTOMAaTHKA Ta TEIEKOMYHIKaIil
Manosiuko H. B.

JHINpoBCHKMI HalliOHAEHUHN YHIBEPCHUTET 3aII3HIYHOTO TPAHCIIOPTY
iMeHi akaiemika B. Jlazapsna

Ha nanwii yac B YkpaiHi eKCIUTyaTyeThCs TIOHA]] 2 TUCSAY1 3aTI3HUYHUX CTaHIIN 00JIaIHaHUX
cucremamu enektpuyHoi nentpamizamii (ELL). [Ipaktuuno Bci cuctemu EL| moOynoBani Ha 3a-
cTapiiiid peseiHii eneMeHTHii 0a3i Ta ekcruryaTytoThest 30 pokiB i HaBiTh Oinbmie. PoGora Ta-
KHX CHUCTEM CTa€ BCE MEHII Ha/IIiHOIO0, TaK SK Bi0yBaeThcs (Di3UUHE CTApiHHSA CUCTEMHU IO MPH-
3BOJUTH 10 OUIBIIOI KUIBKOCTI iX BiAMOB. CydyacH1 penelHO-IPOLECOpHI Ta MIKPOIPOLECOPHI
cucremu nentpamizanii (MIIL]) nmoku mo B YkpaiHi He OTpUMaIH LIMPOKOTO PO3MOBCIOJKEHHS
(menme 5% craHmiil obnagHaHl TAKUMH CHCTEMaMH) 10 MPUYHMHI JOCUTh BUCOKUX (PIHAHCOBUX
3aTpar, Ki BUHUKAIOTh IPU MePEOCHAIIeHHI CTaHIIi1.

[Ipu BunmkHeHHI BigMoBH B cuctemax MIIL] Ha momomory oOcmyroByrouomMy MepcoHaTy
MPUXOJUTH MpOrpaMHe 3a0e3NedeHHs] aBTOMaTU30BaHoro pobouoro micis (APM) sikumu obma-
nHaHi Bei cydacHi cucremu MIILL. 3a nonomororo APMa enekrpomexaHik Ma€e 3MOTy OTpUMaTH
iH(popMallito B K YacTUHI OONaAHAHHS CTaHIi (OCTOBIM YW HaMiIbHIN) BUHUKIA BiIMOBA.
SIK110 npuYKMHA B HaMIBHOMY IPUCTPOI (CTpLIKa, CUTHAM 1 T.J.) TO BiIMOBa Oy/ie JOKalli30BaHa
70 eJeMEeHTa, a SKIIO MpUYMHA B MOCTOBIM amaparypi, TO cMCTeMa BU3HAUYUTh HaBITh MOJIYJb
SIKUI BIIMOBHB Ta Horo no3uuito B madi. Taka peanizaiis HorIu0IE€HOr0 KOHTPOJIIO CTaHy ama-
patypu Ja€ 3MOTY ONEpaTHUBHO JIKBIJYBaTH OLIbIIICTh BiAMOB OOCIYTOBYIOUMM IE€PCOHAIOM
HaBITh 0€3 IMMOOKUX 3HaHb 3 IPUHLIUIIIB POOOTH CUCTEMH Ta 11 001 HAHHS.

ITpu BuHMKHEeHHI BigMoB B cuctemax ELl Ha peneliniii eneMeHTHiN 0a3i cuTyallis 3Ha4HO Ti-
pma. Jlyis eheKTUBHOTO MOIIYKY BIJIMOBH €JIEKTPOMEXaHIK TOBUHEH 3HATH MPUHIIMIN Ta MOCITi-
JIOBHICTh pOOOTH BCiX €JI€MEHTIB CUCTEMH, BMITH KOPHCTYBATUCh BUMIPIOBAIbHUMHU NPUIIaJJaMH,
MPUHITUTIOBUMHU T4 MOHT&KHUMH cxeMaMu. KpiM IbOTO ISl MPUIIBUAIICHHS MOMIYKY BiJIMOBH
HEOOX1THO JJOTPUMYBATUCh MIEBHUX MPOLEAYP MEPEBIPOK OLIBIIICTh 3 AKUX 0a3yeThCsi HA OCOOU-
CTOMY JIOCB1Jll eJIeKTpoMeXaHika. B 3B’s3Ky 3 IMM, 4YacTO BUHHUKAE CUTYallisl, 1110 MOIIYK B1IMO-
BU B mocToBii yactuHi Ell Bumarae Ginbmiux 3aTpar yacy, HiX ii nikBigamis. Ha 6a3i Burie cka-
3aHOT0, aBTOPOM IPOTIOHYETHCS PO3POOUTH CUCTEMY aBTOMATH30BAHOI IarHOCTUKH CTaHY ITOC-
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ToBOI anapatypu cucteM ELl, sika Oye 3Ha4HO MPHUIIBUANIYBATH TOIIYK BiIMOB B PEIICHHHUX CH-
cTeMax.

3anporoHoBaHa CHCTEMa CKJIAIAEThCS 3 MPHUCTPOI0 0OpoOKHM Ta BimoOpakeHHs i1H(opmarltii
Ha 0a3i KOMIT'I0Tepa, MPUCTPOIB y3TOMKEeHHs Ta 00poOku iH(popMalii (ralbBaHiuHI PO3B’SI3KH,
pericTpu, MyJIBTHIUIEKCOpPH) Ta JaT4MKiB (pikcarii crany peneiHoi TexHiku. B cucremax Ell ne
pelie Ha CTaTWBaxX PO3MILIYIOTHCS HE B 3aKPUTHX OJOKAaX B SIKOCTI ATYMKIB MPONOHYETHCS BU-
KOPUCTOBYBATH Oyab SIKI IOPOTOBI eleMeHTH (Hanpukiaa tpurep lIMinra) ski MOKHA TI1IKITIO-
YaTH Ha BUIBHI KOHTAKTH pelie M0 NoTpeOyIoTh KOHTpoIo. [HpopMarlis mpo craH pene Haaxo-
JUTH JI0 IPUCTPOIO 00poOKHM iHOpMAIIii Je 1 IEPEeBIPSIETHCSA BIAMOBIAHICTh MMOJIO0KEHHS KOHTAaK-
TiB 33JJaHOMY aJTOPUTMYy POOOTH CUCTEMH. SIKIIIO CTaH pesie He BIAMOBIIAE 3alaHOMY, CHCTEMA
BHJ1a€ 1HPOPMAIIIIO €IEKTPOMEXAHIKY ITPO MICIIE3HAXOKCHHSI €JIeMEeHTa KM BiIMOBUB. B cuc-
TeMi 3 OJIOYHUM PO3MIIIEHHSM armapaTypy 3a JOMOMOIOK JaTuuKiB XoJla MOKHa (iKCyBaTH
CTaH MDK OJIOYHHUX JIiHIN 3’€THaHHS HAOIpHOI Ta BUKOHABYOI IPYIH IO J1a€ 3MOTY JIOKaIi3yBaTH
BiJIMOBY JI0 OJTHOTO Koja abo 10 rpynu O010okiB. Takok BUKOPUCTAHHS aBTOMATH30BAaHOI CHCTE-
MU KOHTPOJIIO Ja€ 3MOry (iKCyBaTH BHHUKHEHHS KOPOTKOYACHUX BIJIMOB ISl MOJAIBIIOTO iX

YCYHEHHS.
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