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STUDY OF TRANSMISSION LINES EFFECT ON THE SYSTEM
OPERATIONON OF CONTINUOUS AUTOMATIC CAB SIGNALLING

Purpose. To conduct an effect research of the electromagnetic field of high-voltage transmission lines (HVTL)
(750 kV, 50 Hz) on the track circuits and continuous automatic cab signalling (CACS) with a signal current of 50 Hz in
the areas of convergence and intersection with the transmission lines and to propose possible methods to improve noise
immunity of CACS. Methodology. The measurements were performed both by means of car-laboratory and directly
on rail lines. During the study the electric field strength in the range of industrial frequency directly under the transmis-
sion lines and at the distance from it to the railway lines was measured, as well as the time dependence of CACS codes
with signal current frequency of 50 Hz directly under the transmission lines and at a distance from it in the absence of
the train and its passing. Findings. The root causes analysis of CACS faults and failures was carried out. The effect of
the electromagnetic field of high-voltage transmission lines (750 kV, 50 Hz) on the track circuit and CACS with signal
current of 50 Hz in the areas of convergence and intersection with the transmission line was investigated. Possible
methods to improve noise immunity of CACS were considered. Originality. The effect research of transmission lines
(750 kV) on the operation of the automatic cab signalling on spans Prishib-Burchatsk and Privolnoye-Yelizarovo, Prid-
neprovsk railway in places of oblique railroads crossing and transmission lines (750 kV, 50 Hz) was conducted. Elec-
tric field strength in the range of industrial frequency directly under the transmission lines and at a distance from it to
the railway line, as well as the time dependences of ALSN codes with signal current frequency of 50 Hz directly under
the transmission lines and at a distance from it in the absence of the train and as its passing were measured. It was
found that CACS codes in track circuits under transmission lines are strongly distorted, as strength measurements of
electric field are shown, it can be explained by the electromagnetic field effect of transmission lines on track circuits.
Practical value. Possible methods of CACS safety enhancement by improving the reliability of signaling from a track
on the locomotive were considered.

Keywords: automatic cab signalling system; fault; failure; high-voltage transmission line

Introduction tion, and in the future implementation of high-
speed train one, while ensuring the necessary

Recently, in Ukraine there is an increase of .
safety level of trains.

train speeds, implementation of accelerated mo-
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Fig. 1. Main reasons classification of faults and failures in ACS operation

Short-term faults and failures of continuous
automatic cab signalling (CACS) are connected
with a large number of reasons (Fig. 1) [7].

Natural destabilizing factors due to the design
features of the track structure and functional char-
acteristics of the system itself, can lead to the in-

terval in signalling and brief glimpses of locomo-
tive traffic lights. But the work of the ACS is con-
structed that the devices recognize the new electric
signal is not earlier than 5-6 seconds (time delay
for releasing the Compliance relay (CR)), which in
most cases let protect the system against faults.
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Furthermore, there are some protective measures:

—accelerated and preliminary signalling to the
track circuits, decoding by a decoder the yellow
light signal with red one after the second arrival,
matching the washer starting in the transmitter;

— fixation by a decoder the green light signals
with an extra impulse during a time delay of con-
trol relay in code combinations entry (CCE), the
use of code transmitters with a shorter duration of
code combinations - 1.6 sec. on the stations, the
location of insulated joints in the transition curves
of switches, and not on the main track [5].

External interferences in turn differ in the na-
ture of impact. Impulsive noise consist of short
current pulses, induced in the receiver coils of a
locomotive. They have an arbitrary shape and their
occurrence moment, amplitude and duration are
absolutely sporadic. It is impossible to determine
how often the pulses will follow in turn, there is no
regularity in their intensity, shape and duration.
Impulse noise effect on the electrical signals of cab
signalling can lead to quantitative errors (including
the received impulses) and quality impulse distor-
tions. Nature of these noise depends on their
sources (switch processes in the current collector,
in the collectors of cars, converter istallations and
other elements of the electrical circuit of the loco-
motive may be as impulse noise), so the choice of
the most effective fighting method is based on the
analysis of their characteristics, which are deter-
mined during research in those specific conditions
in which signal transmission takes place.

In the harmonic noise occurence a certain regular-
ity is defined, so protection against them is often con-
structed on the frequency selection using electric fil-
ters. They prevent effect of oscillations with a fre-
quency different from the frequency of the signal
current of cab signalling on the receiving devices.

The percentage of faults caused by the transmis-
sion line effect, in relation to the total number of
repeated faults due to the blame of signal telephone
and telegraph service (Sh) on the Prydneprovsk
railway for the last 4 years is shown in Figure 2.

Purpose

Research conducting of the electromagnetic field
effect of high-voltage transmission lines (750 kV,
50 Hz) on the track circuit and CACS with signal
current of 50 Hz on the sections of approach and
crossing with the transmission line and to propose
possible methods to improve CACS noise immunity.

Analysis of faults in the CACS operation

An important task of traffic safety is to ensure
trouble-free operation of automatic cab signalling.

A special place is the problem of protection
against the effects of transmission lines (TL) on the
sections with DC electric traction and diesel trac-
tion when the cab signalling devices operate at a
frequency of 50 Hz, and so the methods of fre-
quency-division signalling and harmonic noise are
not applicable [1].

400
0
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® The total number of failures due to
250 — the service Sh fault, of them:
200 H transmission lines effect
-L.....__. % 11
e
so | . E —_—
0 == % e =] =
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Fig. 2. The percentage of faults caused by the transmission lines effect, in relation to the total number of repeated
faults due to the blame of signal telephone and telegraph service (Sh) on the Prydneprovsk railway
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There are two ways of solving this problem.
The first method is external in relation to the sys-
tem and represents the maximum exclusion of the
transmission line effect by shielding the current-
carrying elements, or electric circuits use with an-
tiphase protection currents which flows in the vari-
ous circuits in order to reduce effects of electro-
magnetic noise of the transmission lines on the
receiver coils.

The second method of protection is intersystem
method. It is a necessity to develop such a mecha-
nism or algorithm of the system operation that
transmits traffic lights readings on the locomotive,
so that even small changes in the shape, amplitude,
duration of pauses and intervals are excluded and
do not result in the faults of codes.

One should determine what the most effective
method is. To do this we will carry out the analysis
of the work and functioning of the automatic cab
signalling system under the transmission lines ef-
fect. In accordance with the analysis of noise im-
munity under the effect of high electromagnetic
fields one can judge about advantages and disad-
vantages of a particular protection method.

Fig. 3. Transmission lines crossing the railway track

Ttransmission lines noise have sinusoidal nature
and occur in places of transmission lines approach
with the railway as crossings or in the form of mu-
tual parallel arrangement [14]. Zone of interference
factor is small (approximately 30-40 m on each side
from an axis of the transmission lines). However, on
a number of roads faults in the vicinity of the inter-
section with the transmission lines are significant.
Lines that are parallel to the railways, are usually
low-power, that is why they do not require a special
protection methods. But the lines crossing the track

at different angle, have a fundamental importance
on the ACS receiving system.

The transmission lines effect on ACS receiving
devices depends on many factors. The most impor-
tant is: angle of crossing of transmission lines of
the railway line, suspension type of wires on the
support, the phase currents and their asymmetry,
asymmetry of locomotive receiver coils relatively
to the wires of the influencing line and others [10].

Effective protection measures are necessary to
reduce the level of noise from transmission lines.
To some extent, this protection is ensured with ef-
ficiency of automatic gain control (AGC). AGC is
required to avoid distortion of the receiving code
signals [4]. Current level in the rails under the re-
ceiver coils while the locomotive moves may in-
crease more than 20 times, depending on the length
of the rail line. The signal amplitude at the output
of the filter increases during the impulse and expo-
nential decrease during the pause. If the sensitivity
of the locomotive receiver remained unchanged,
then with an increase of the input signal would oc-
cur pulse stretching and shortening of pause, as at
invariable time constant of the transition process in
this case the wavefront would decrease and the
recession would increase the amplitude of the sig-
nal from the steady-state value to the threshold of
sensitivity.

gy 7
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Fig. 4. Time dependence of the amplifier sensitivity
recovery

With the help of AGC sensitivity of a locomo-
tive receiver is reduced, it promotes undistorted
reception of code signals.

The effectiveness of the AGC is characterized
by the generalizing parameter ts. It is defined as the
time during which the sensitivity of the amplifier
after the termination of the current I, remains be-
low the nominal one. Time ts at switching of the
current corresponding to 10-fold overload is 1 sec
(see Fig. 4) [10]. The effectiveness and anti-
interference features of the AGC are in the Figure 5.
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Fig. 5. Efficiency graphics and anti-interference
features of the AGC:

1 — maximum value of interference current for provision
of normal ACS operation during the noise in phase with the
desired signal; 2 — maximum value of interference current
for provision of normal ACS operation during the noise
influemece in antiphase

Another way to improve the reliability of the
ACS operation is the development of protective
devices (Fig. 6) [9]. The proposed device allows
preventing the effects of the noise influence from
transmission lines on the ACS work regardless of
the train speed. This greatly improves the operation
reliability of the ACS devices.
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Fig. 6. Protection equipment of operation devices of
automatic cab signalling from transmission lines noise:
1 — plus and 2 — minus poles of energy source; 3 — equivalent
relay; 4 — frontline contacts of code presence relay; 5 — third
counter; 6 — green light relay; 7 — red and yellow light relay;

8 — resistor; 9 — condenser; /0 — contact of impulse relay;
11 —reversal repeater of impulse relay; /2 — spark quenching
diode; 13 — spark quenching resistor; /4 — contact of reversal

repeater; 15 — additional resistor; /6 — additional diode;
17 — the first additional capacitor; /8 — the second additional
capacitor; /9 — the third additional capacitor; 20 — the fourth

additional capacitor; 2/ — the fifth additional capacitor;

22 — speed gauge; 23 — the first, 24 — the second, 25 — the

third and 26 — the fourth contacts of speed gauge

In addition, there are other ways to reduce the
transmission lines effect: increasing the height of
the suspension and reducing the distance between
the wires of transmission lines at the point of inter-
section, arranging of special, closed and suspended
or laid on the ground stubs, which are served with
the current, frequency of 50 Hz, the phase-shifted
with respect to the current of induced noise, com-
pensation of current interference by specially laid
on the locomotive circuit and increase the signal
current at the intersection.

Since the effect of transmission lines can be
conditionally subdivided into direct and indirect, it
is necessary to take into account that most of the
protection methods grade the direct influence of
the transmission lines magnetic field on ACS coils.
But studies show [13] that the noise level is deter-
mined mainly by an indirect effect, i.e. it is a con-
sequence of the guidance in the electromagnetic
mass (frame, bogies, body and so on.) the locomo-
tive of eddy current, their magnetic field directly
affects on the receiver coils. Therefore, the task of
protective measures development remains vital.

Methodology

Among the all varieties the transmission lines
with a voltage of 110 kW, 220 kW, 330 kW and
750 kW are most commonly used. Transmision
lines with voltage 500 kW and above, with cur-
rents exceeding 600 A, and typical unbalances be-
sause of the large distances between the phase
wires and the increasing load currents have the
greatest interfering effect. Maximum EMF (elec-
tromotive force) of noise induced by transmission
lines in the receiver coils can reach 800 mW (ac-
cordingly to measurements). This is equivalent to a
disturbing current approximately of 5.5 A in rails.
Transmission line of 220 kW (current up to 500 A)
with vertical wires are more symmetrical and less
disturb significantly in the receiver coils. The in-
duced EMF in the receiver coils in the first case
is 400-500 mW and in the vertical placement is
135-165 mW. Other transmission lines usually do
not have perseptible effect. To determine the pro-
tective measures it is convenient for EMF, induced
by transmission lines in the receiver coils, to repre-
sent as an equivalent current in rails (1 A directs in
coils 165 mW) at 220 kW (transmission lines) -
1.5-2.5 A at 330 kW — 2-3 A at 500 kW - 3.5-5 A,
750 kW - A 4-6 [9].
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Electric Codes of Ukraine regulate norms of rail-
way tracks crossing (item 2.5.207-2.5.211) [6, 11]:

— crossing angle of HVL with electrified rail-
ways or subject to railway electrification, as well
as the crossing angle of 750 kW with the railways
of general use should be approximately 90°, but
not less than 40°;

— for the non-electrified railways distance from
the wire to the rail head in the normal mode of the
HVL vertically should be at least 7.5 m - 20 m at a
voltage of 110 kW to 750 kW properly;

—span of railroad crossing limited with spun
poles (Fig. 7).

Let us take for the research two spans on Pryd-
niprovsk railway stations on the crossing sections
with the transmission line 750 kW: Prishib-Bur-
chatsk, Zaporizhzhia region (Figure 8) and distilled
Privolnoye—Yelizarovo (Figure 9).
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Fig. 7. Scheme of the span crossing with the railway

Span Prishib-Burchatsk is electrified with di-
rect current, measurements were carried out with
system "Control" on the basis of a car-laboratory
of Prydniprovsk signal telephone and telegraph
service.

Fig. 8. Span Prishib-Byrchak

1 - H|4. -

Fig. 9. Span Privolnoye—Eylizarovo

On the span Privolnoye Eylizarovo the con-
tinuous welded railway track with self-contained
traction. The length of the track circuit between
signal points 1 and 18, where there is a crossing
section with the transmission lines, 839 m.

The electromagnetic emission meter levels
P3-41, ampervoltmetr TS-43-80 («C-4380») with
an internal resistance of 0.06 ohms, Rogowski coil
were used for the research.

The following methods for measuring the ACL
signal current in rails are presented [12]:

1) Continuous current measurement sent to the
RC during the check-up instead the impulse. Do
this requires to shunt transmitter relay contact with
a jumper for temporary sending the continuous
current;

2) Measurement of pulse current. During this
prosess one shunt a track circuit at the input end by
an ampervoltmeters with a special driver provided
with an outer head or by ammeters with the inter-
nal resistance not more than 0.06-0.08 ohms TS-56
(«C-56»), TS-760 («C-760%»), TS-4380 («C-4380»),
at a scale 6A );

3) Current measurement in the additional wind-
ing of an impedance-bond. The ammeter is con-
nected parallel to this winding without disconnect-
ing the load. In this case, the ammeter shunts the
track circuit. Current strength in rails one can de-
termine by multiplying the readings on the volt
ratio. The disadvantage of this method is due to an
important role of the ammeter resistance. It is rec-
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ommended to use an ammeter TS-4380 («C-4380»),
with a scale of 0-1.5 A with a resistance of
0.32 ohms;

4) Current measurement with track circuit
shunting with a test shunt. This method finds ap-
plication in the absence of an ammeter with low
input impedance. Voltage on a shunt is measured
and divided on its resistance (0.06 ohms), the re-
sulting value is current of locomotive signaling.

In the research of the span Privolnoye-
Eylizarovo a second method using an ammeter
TS-4380 («C-4380»), with an internal resistance of
0.06 ohms was applied. Using probes the track cir-
cuit was shunted for a short time. On one of the
probes a Rogowski coil was put on, which was
connected to the analog-to-digital converter. Wir-
ing diagram is presented in Figure 10. In addition,
since the interfering effect area of transmission
lines is approximately 30-40 m, measurements of a
level of electromagnetic field emission were con-
ducted by means of unit RR-41 («PP-41») at a
given distance, a height of about 20 cm above the
railhead elevation (taking into account the height
of the receiver coilws) and at a height of about 2.5 m.

PL 750 kV

H

MU

( R ) RC

HH
>

Hi

ADC S

Fig. 10. Wiring diagram for the organization
of measurements:
MU — measurement unit TS-4380 («C-4380»);
RC — Rogowski coil; ADC — analog-to-digital converter;
R —relay end of track cicuit; S — supply end of track circuit

Findings

Measurements results of signal current of the
green light code (Z) with a car-laboratory of signal
telephone and telegraph department on Prydni-
provsk railway are presented in Figure 11.

As in the Figure, noise in the coils, induced by
transmission lines of 750 kV, are so strong that
code availability [3] is hardly discerned. Noise fill

short pause, long interval between codes and su-
perimposed on impulses of code. The magnitude of
the greatest noise reaches more than 1 W, which is
about equivalent to a disturbing current in the rails,
value 6 A.
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Fig. 11. Signal current code Z

The measurements results of the signal current
of yellow light code (W) with a car-laboratory are
presented in Figure 12.

01 2 3 4 5 6 7 8 910¢s
Fig. 12. Signal current code W

As in Figure noise in locomotive coils distort
three consecutive cycles W. The magnitude of the
greatest interference reaches about 1 W that is also
approximately equivalent to a disturbing current in
rails 6 A as in the previous measurement. In these
both cases, the signal through the ADC was taken
directly from the locomotive coils, so we observe
both direct and indirect effects of transmission lines.

The measurements results of the signal current,
code W (a tested section of a track is located in front
of preinput signal point) are presented in Fig. 13.

Also as in Figure 11 one can observe that noise
from transmission line of 750 kW fill a signal code
lengthwise. But unlike the previous figure, the
magnitude of the disturbing current in the rails is
no more than 1 A. In actual operating conditions
on the given sector there is a problem of major
faults in the ACS reception code. In the measure-
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ments, the average position of the instrument indi- End of Table 1
c.ator TS-4380 (f<C-4380») at steady-state oscilla- e e o g | Height 20cm | Height 2.5 m
tions under the influence of the.measured current Jne distance T 0| above the head | above the
has shown the current rate in rails of 8 A. On the ero point-projectio level of arail, | head level of
on the railway track m V/m a rail. V/m

given section the current signal level is too high
due to the need for protection against noise, in- 16 11,7 24,9
duced with HTL (see Fig. 12). In this case, we can

talk about research of direct transmission lines im- 9 9,3 18,2
pact, as readings were taken directly from the track +12 8.3 13,4
circuit without 'the. presence of ‘Fhe rqlling stock. +15 72 10,0
Consequently significant disruptions in the ACS
codes on this section are caused by the indirect +18 6.5 9.1
effect of the HVL. +21 6,2 8,6
LA +24 5,4 8,0
GHHHH 1l m\wlu ‘W"W’U
4
2 l ‘ +30 42 7,6
' | 1T !

'“J-"'

I L T

The average electro-

7,98 14,35

magnetic field strength

“MI” The results of measurement with an instrument
RR-41 («PP-41») are presented in the Table 1. The

25 s electromagnetic field strength at a height of 2.5 m
is 2-3 times greater than at a height of 20 cm from

the railhead elevation - height of receiver coil sus-
The results of measurements with the RR-41 pension.

(«PP-41») are presented in Table 1.

Fig. 13. Signal current code W

Table 1 Originality and practical value
The electromagnetic field strength in the zone of in- The research of transmission line 750 kW effect
terference effect of transmission line on the operation of automatic cab signalling on

spans Prishib-Burchatsk and Privolnoye-Yelizarovo
above the head above the Prydmproysk railway in thg placeg of oblique rail-
level ofarail, | headlevelof ~ Toad crossing and transmission line of 750 kW,

V/m a rail, V/m 50 Hz were conducted. Measurements were made
both by means of the car-laboratory and directly on

The distance from the Height 20 em Height 2.5 m

zero point-projection
on the railway track m

-0 4 4 rail lines. In the research course the electric field
-27 53 8,0 intensity in the range of industrial frequency directly
24 5.7 8.3 under the transmission line and with distance from it
)1 6,1 8’5 along the railway, as well as the time dependences

of CACS codes with signal current frequency of
-18 6,7 8,8 50 Hz is directly under the transmission lines and
with distance from it in the absence of the train and

-15 8,5 9,6 . .
its passing were measured. It was found that CACS
-12 8,8 12,4 codes in rail circuits under the transmission lines are
9 9.9 17,9 strongly distorted, which as shown by measure-
ments of the electric field intensity can be explained
-6 11,5 24,8 by the influence of the electromagnetic field of the
-3 12,3 27,0 transmission line on the track circuits.
The possible methods of CACS safety increas-
0 12,6 35,0 . . . R . . .
ing by improving reliability of signaling from their
+3 12,0 26,0 way on a locomotive were considered.
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Conclusions 7.  Komeswuii, C. B. EjgekTpoMartitHi 3aBaau B Me-

. . Kax peikoBoi JiiHiT 1 iX BIUIMB Ha poOOTY aBTOMa-

Root causes analysis of the faults and failures THHOT TOKOMOTHBHOI cHrHamisawii / C. B. Kome-

in CACS was conducted. The effect of the elec- Buit, M. C. Kowesuit, M. M. BaGaes // Indop-

tromagnetic field of high-voltage transmission MalL.-KepyIoui CHCTeMH Ha 3ali3H. TpaHcil. — 2008.

lines (750 kV, 50 Hz) on the track circuits and —Ne 4, —C. 13.

CACS with signal current of 50 Hz in the areas of 8.  Jleonos, A. A. Texuuueckoe 00CITyKUBAHUE

convergence and intersection with the transmission ABTOMATHYCCKOH JIOKOMOTHBHOM CHIHATM3ALMH /

line was studied. A. A. JleoHOB. — 5-¢ u3n., nepepad. u gom. — M. :
. . . Tpancnopt, 1982. — 255 c.
The possible methods of increasing interference - PHCURL Poccrst, B61L25/02. YerpoiicTso

protection of CACS were considered. . N
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JOCJLI’KEHHS BILVIMBY .JI[HIﬁ EJIEKTPOIIEPEJAYI HA POBOTY
CUCTEMHU ABTOMATHUYHOI IOKOMOTHUBHOI CUT'HAJIIBALI
HEITEPEPBHOI 11

Merta. Po6oTa Mae 3a METy MPOBENCHHS TOCIIKCHHS BIUIMBY CIIEKTPOMATHITHOTO ITOJISI BHCOKOBOJIBTHOI JIiHIT
enexrponepenadi (JIEI) (750 kB, 50 I'r) Ha peiikoBi Koa i aBTOMATUYHY JIOKOMOTHBHY CHUTHANI3aIii0 HEepEPBHOI
nii (AJICH) 3 curransanM ctpymoM 50 't Ha ainsakax 30mmkeHHs 1 mepetuny 3 JIEII Ta 3ampomnoHyBaTH MOXKITHBI
MeTOoIM miaBHIeHHS Tmepemkoao3axuiieHocti AJICH. Meroaumka. Bumipu mpoBenmeHi sk 3aco0amMu BaroH-
naboparopii, Tak i Oe3rmocepeHb0 Ha PEeHKOBHX JiHIsX. B mporeci gociiikeHb BUMIPIOBAIM HANPYKEHICTh €IIEKT-
PHUYHOTO IMOJIS B Jiana3oHi MPOMHUCIIOBOI YyacTotu Oe3nocepennno mig JIEIT i B Mipy BimganeHHs BiJ Hel 1O 3ai3HU-
YHIi KOJIii, a TaKOX TUM4AcoBi 3anexkHocTi koaiB AJICH 3 wacrororo curaaiapHoro crpymy 50 I'ni 6e3mocepenHbo
miyx JIEIT i Ha Bifcrai Bix Hel y BiICYTHOCTI I0i3/1a Ta pH Horo npoxopkeHHi. PesyabraTu. [IpoBenennii anamnis
OCHOBHUX IIPUYMH BUHMKHEHHS 300iB 1 BiiMoB y poboti AJICH. [locmifkeHo BIUIMB €JIEKTPOMArHiTHOTO MOJIS BH-
cokoBosbTHOT JIEIT (750 kB, 50 I'm) na peiikoBi kxona i AJICH i3 curnamsaum ctpymom 50 I'm Ha minstHKax
30mmkenHs 1 meperuny 3 JIEIL. Po3rmsHyTOo MOXIHBI MeTOAM MigBUINEHHS Nepemkomo3axuiienocti AJICH.
HaykoBa noBu3na. [Iposeneno mocmimkenss BmuBy JIEIT 750 kB Ha poO0oTy aBTOMAaTHYHOI TOKOMOTHBHOI CHT-
Hamizanii Ha neperonax [Ipumu6-bypuansk i IlpuBineae-€mizapose IIpuaHITPOBCHKOI 3aIi3HUIN B MICIISIX KOCOTO
nepetury 3amizanyanx koiii i JIEIT 750 kB, 50 I'u. BumipsHi HanpyXeHiCTh eIeKTPUYHOTO HOJIS B Aiana3oHi Mpo-
MHCIIOBOI yacTtoTu Oe3nocepennro mix JIEIL i B Mipy BimmaneHHs Bix Hel MO 3aii3HWYHIN KOIii, a TAKOK THMYACOBi
3anexHocti koaiB AJICH 3 wacroroto curnansHoro crpymy 50 I'i 6e3mocepennro min JIEIT 1 Ha Bigcrani Bin Hel
Y BiZICYTHOCTI 110i3/1a Ta IpH Horo npoxopxeHHi. BussieHo, mo koau AJICH B peiikoBux naniorax mig JIETT cunbHO
CIIOTBOpEHI, Li€, SIK TI0Ka3yTh BUMIPU HAIPYXKEHOCTI €IEKTPHYHOTO TOJIs, MOXKE OyTH HOSICHEHO BILIMBOM €JIEKTPO-
MarHiTHOTO TI0JIsI JIiHII enexTponepenadi Ha peiikosi koina. [IpakTHyHa 3HAYNMicTh. PO3MIIsTHYTO MOXIIMBI MeTOIU
nigBumieHHs Oesnekn AJICH nuisixom miBUINEHHS TOCTOBIPHOCTI Mepeiadi CUTHATIB 31 IUIIXY Ha JJIOKOMOTHB.

Knrouosi crnosa: cuctema aBTOMaTHYHOT IOKOMOTHBHOT CUTHAI3allii; 301i; BiIMOBa; BUCOKOBOJITHA JIiHIs €JIeK-
Tpomepeaadi
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W CCJEJIOBAHUE BJIUSHUS JIUHUHA SJIEKTPOIEPEJIAYUA HA
PABOTY CUCTEMbI ABTOMATI/I‘IECKOUI?‘I JOKOMOTHUBHOM
CUT'HA/INBALIMU HEITPEPBIBHOI'O IEMCTBUA

Heas. B pabore HE0OXOANMO MPOBECTH WCCICAOBAHUS BIHSHUS AJIEKTPOMATHUTHOTO TMOJS BBHICOKOBOJIBTHOM
mmann exrponepenaun (JISII) (750 kB, 50 ') Ha penpcoBEIe IENMN M ABTOMAaTHYECKYIO IOKOMOTHBHYIO CUTHAIIN-
3anuto HerpepsiBHOTO aelcTBHsS (AJICH) ¢ curnampaeiM TokoM 50 I'm Ha y4yacTkax CONMIKEHHS U IIepecedeHUs
¢ JIDII, a Taxxe MpeasioKUTh BO3MOXHBIE METOBI MOBBIIIeHHUS ToMexo3ammuieHHoctd AJICH. Meroauka. M3me-
peHUA NPOBCACHBI KaK CPEACTBaAMU BaFOH-Ha60paTOpI/II/I, TaK U HENOCPCACTBCHHO Ha PEJILCOBLIX JIMHUAX. B mpouec-
ce HCCIIEeI0BAaHUIN M3MEPSIH HaNpSKEHHOCTh 3JIEKTPUYECKOTo MO B JUana3oHe NMPOMBIIUIEHHON 4acTOThl Hero-
cpencreenHo nox JIOII u mo Mepe ynaneHus OT Hee IO JKeJIe3HOIOPOKHOMY ITyTH, a TaKXKe BPeMEHHbIE 3aBUCHMO-
ctu ko708 AJICH ¢ wactoroii curnansHoro Toka 50 I't HenocpeactsenHo nox JIOII u Ha ynaneHuu oT Hee B OTCYT-
CTBMH TI0€3/1a ¥ TIpH ero npoxoxaeHnu. Pe3yabrarsl. [IpoBeneH aHami3 OCHOBHBIX NPUYUH BO3HUKHOBEHUS COOEB
n orkazoB B pabore AJICH. MccnenoBaHo BIMSIHHE 3JIEKTPOMArHUTHOTO 1ojisi BeIcokoBosbTHOH JIDIT (750 kB,
50 I'n) Ha penbcoBsie nenw 1 AJICH ¢ curransHbM ToKOM 50 I'11 Ha yyacTkax cOmmkenus u nepecedenus ¢ JIOII.
PaccmoTpensl Bo3MokHBIE MeTOABI TOBEIMeHH momexo3amumerHoctn AJICH. Hayunas HoBu3Ha. [IpoBeneHb!
uccnepoBanus BimstHKUA JIDII 750 kB Ha paboTy aBTOMAaTHYeCKOH JIOKOMOTHBHOW CHTHANM3AIlMHM HAa IEPETOHAX
[Mpumm6-bypuark u IIpusoasaoe-EnnszapoBo [IpuaHenpoBCKoii jKene3H0i JOPOrH B MECTaX KOCOTO IepeceueHHs
xene3HoJopoxkHbIX myTei u JIDII 750 kB, 50 I'n. M3mMepeHs! HAPSHKEHHOCTD AIIEKTPUYECKOTO OIS B JUAra3oHe
MPOMBIIIJICHHON 9acTOThl HemocpeAacTBeHHO noa JIDII u mo Mepe yaaneHus OT Hee MO KeJNe3HOJOPOKHOMY ITyTH,
a TaKke BpeMeHHbIe 3aBucuMocTd KofoB AJICH c vactoroii curnansHoro Toka 50 I'p HenmocpenctserHo nof JIDII
Y Ha yaJICHUH OT Hee B OTCYTCTBHH I0€3/1a M MpH ero npoxoxaeHuu. O0HapyxeHo, uto kol AJICH B penbcoBbIx
nersx nof JIOII cuibHO HMCKaXeHbI, YTO, KaK MOKA3bIBAIOT MU3MEPEHHs HAMPSIKCHHOCTU IEKTPUUYECKOrO MO,
MOXET OBbITh OOBSCHEHO BIHMSHUEM OBJICKTPOMArHUTHOTO IIOJISI JIMHUM OBJIEKTPOIEpEeNladyd Ha PEIbCOBHIC LIETH.
I[pakTnyeckasi 3HAYAMOCTb. PaccMOTpeHBI BO3MOXKHBIE MeTOIbI ToBEImeHus Oe3onacHoctu AJICH myrem mo-
BEIIIICHUSI JOCTOBEPHOCTH TIEpeAayll CUTHAIOB C ITyTH Ha JOKOMOTHB.

Kniouevle cnosa: cucteMa aBTOMaTHYECKOH JJOKOMOTHUBHOM CHUTHaJIM3alluK; cOOIf; 0TKAa3; BEICOKOBOJBTHAS JIH-
HUS JEKTpoInepesaun
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