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Improvement of Video Measuring Systems for Electric Traction Network
Diagnostics

Purpose. The purpose of the article is system analysis of the state of electric traction networks, as well as methods
of complex diagnostics of the contact network from a moving laboratory car to increase the resolution capability of
the systems for monitoring the quality of interaction between the contact network and current collectors.
Methodology. The problem was solved by theoretical analysis and experimental studies of the current collection
parameters, a generalized model of the device for monitoring the wear of the overhead wire and its functional units in
order to determine the factors affecting the control error, as well as the development of methods that reduce the spec-
ified error. The apparatus of factor analysis, the theory of optoelectronic circuits and methods of statistical information
processing were used. Findings. Innovative approaches and qualitatively new diagnostic tools are proposed that allow
expanding the functionality of the laboratory cars for testing the contact network for power supply enterprises of
electrified railways, industrial and urban electric transport. Hardware and software have been developed to improve
the system for measuring the parameters of the overhead wire and other components of the contact network.
Originality. The theoretical maximum permissible, from the point of view of the contact network operation, error in
monitoring the wear of the overhead wire and other components of the electric traction network has been determined.
A method for increasing the resolution capability of a stereo television system and an adaptive lighting system is
proposed. It consists in preliminary image transformation and expansion of the dynamic range of image measurement.
The ways of introducing a high-speed real-time compression algorithm and using LED backlighting are proposed.
Practical value. The quality of the contact network diagnostics in difficult conditions for video surveillance has been
improved. A camera with a built-in image compression module without losing its performance is proposed, which
allows capturing and transmitting full-frame images to a computing complex for the application of new diagnostic
algorithms for contact network components. The modernized video measuring systems for the wear of the overhead
wire for monitoring the grounding of the contact network supports are proposed, as well as elements of track facilities
located in the visibility zone of specialized cameras, which ensure the operability of the systems at any time of the
day at speeds up to 160 km/h. An air curtain subsystem was implemented to protect the cameras.

Keywords: diagnostic systems; contact network; overhead wire wear; optical measurement methods

lines of railways and urban electric transport is
Introduction a contact network (CN), the failures of which lead
to delays of trains, urban electric transport and, as
a consequence, to economic damage [1-12]. Anim-
portant feature of the CN is its participation in the
current collection, which causes the appearance of
loads requiring the improvement of interaction

The basis for ensuring the traffic safety is sys-
tems for diagnosing the state of infrastructure de-
vices, which allow predicting their possible failures
and eliminating emergency situations in
a timely manner. A non-redundant link of electrified
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models of current collectors with the CN and the de-
velopment of a theory of high-current contact to im-
prove the diagnostic systems [3, 14]. The unique-
ness of the CN places high demands both on the de-
sign of its devices and to the methods of their tech-
nical operation [4, 7].

Reliable and economical operation of the CN is
impossible without automated diagnostic devices
that allow detecting the locations of malfunctions or
other aberrations, as well as analysing them to de-
velop managerial decisions to ensure the uninter-
rupted movement of the rolling stock [9, 11-13, 16].

Railway and industrial companies in many
countries strive to eliminate interruptions in the
movement of trains and electric industrial and urban
electric transport through high-quality diagnostics
of the CN and malfunction repair. In this case, the
economic aspect associated with the optimization of
the service life of the CN devices and, first of all,
the overhead wire (OW) plays the most important
role [7, 8].

Today, the triangulation method for determining
the height and zigzag of the OW, the phase measur-
ing method based on the use of light sources, the
method of monitoring the position of the video cam-
era system and OW wear are known in application.
The existing methods are based on one of two basic
principles: contactless measurement or contact one,
when the sensor is installed on the current collector
and touches the overhead wire. Using the contact-
less systems, measurements can be made at any
movement speed, but the measurement accuracy is
reduced. Contact systems have higher accuracy, but
they provide measurements at low speeds [15, 17].

The optical method of automatic control in-
volves installation of several optical systems on the
roof of the laboratory car for testing the contact net-
work (LTCN), which films the catenary suspension
with supporting structures on the move from differ-
ent points and transfers the resulting images to
a storage unit.

In the measurement system, specialized high-
speed television cameras are used, and fan-shaped
raster pulse laser illuminators are used to illuminate
the overhead wires.

On the German Railways Network (DBAG), for
monitoring small devices, such as bolt heads or torn
wire strands of the carrier cable, the optics resolu-

tion is 1-2 mm, and the flash duration when illumi-
nating the object should not exceed 45 ps. When
measuring the OW wear, comparison with previous
results is not required. A comparison with the cross-
section of the new wire is enough here. The meas-
urement accuracy of this type is 0.1 mm, and a de-
crease in the wire thickness can be detected already
at a length of 2-3 cm [15, 17].

In recent years, qualitatively new diagnostic
tools have been developed based on video measur-
ing systems. Their speed and detection reliability
when diagnosing the CN elements have been in-
creased. Computing power has been significantly
increased, new more advanced photoreceiving com-
ponents and image processing algorithms have been
developed [9, 13-17]. Therefore, there is
a scientific problem of improving video measuring
diagnostics systems to ensure reliable and econom-
ical current collection on electrified lines of rail-
ways and urban electric transport.

Purpose

The main purpose of the article is a systematic
analysis of the state and development prospects of
electric traction networks of electrified railways and
urban electric transport, the development of hard-
ware and software for improving video measuring
diagnostic tools and expanding the functionality of
laboratory cars for testing the contact network.

Methodology

In our opinion, in the current situation, it is nec-
essary to solve the problem of complete replace-
ment of most of the devices of electric traction net-
works of railways and urban electric transport by in-
vesting significant funds in modernization. This is
evidenced by the experience of foreign countries.
On many railway sections of transport corridors, as
well as in large cities, a new CN is required, and
only in this case safe and economical operation of
the power supply for train traction system and urban
electric transport will be ensured [6, 14].

The problem of increasing the resolution capabil-
ity of the quality control systems of the current col-
lectors and CN’s interaction from the moving labor-
atory car was solved using a complex approach. This
approach includes theoretical analysis and experi-
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mental research of the parameters of the control ob-
ject — overhead wire (OW), modelling of the control
device of the wear of overhead wire and its func-
tional units, determination of factors influencing the
control error [3, 4, 7, 10]. At the same time, the ap-
paratus of factorial analysis, the theory of optoelec-
tronic circuits and methods of statistical information
processing were used to determine the theoretically
maximum allowable error in monitoring the wear of
the OW and other components, from the point of
view of the operation of CN.

Findings

Analysis of the state and development prospects
of electric traction networks of railways and urban
electric transport. At all stages of the development
of railways, electrification was the leading link in
their reconstruction, qualitatively changing the op-
erational work (Fig. 1). For the period 1994-2011
more than 1700 km of the operational length of rail-
ways were electrified, the polygon of electrified
lines was increased by 21%, while the volume of
electric traffic increased to 89.7%. The highest elec-
trification rates were achieved in 2011-2012 on the
sections of the accelerated movement of passenger
trains with an operational length of 176 km. The
specific weight of the length of electrified lines in-
creased to 47.3%, and the specific weight of electric
cargo turnover was more than 91.2% [1].

The task of further electrification was planned in
the volume of phased implementation: in total for
the period 2013-2020 — about 1 841 km. However,
this program failed. At the same time, in recent
years, there has been a tendency for the develop-
ment of urban electric transport in large cities.

The rate of ageing of power supply devices,
given the existing funding shortfall, continues to
outstrip the rate of reconstruction. The length of the
electrified lines operated beyond the average period
(40 years) increased from 5012 km (or 52.0%) in
2007 to 6393 km (or 62.3%) in 2012, and in 2020
up to 6820 km (or 67.9%). Today, 73% of the total
number of traction substations of urban electric
transport operate with a service life of more than
40 years, and 43% with a service life of more than
50 years. Thus, a complete reconstruction of more
than 80% of the length of the contact network and
traction substations of urban electric transport is re-
quired. There is no global experience in operating

a contact network with such ageing rates. Specific
damage to CN, which has served for 40 years or
more, is 2.7 times higher than in the sections with
a service life of 10 years [1, 2].
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Fig. 1. Specific weight of electric traction
in the railway network length and
in the total cargo turnover

Analysis of the replacement dynamics of the
main CN devices (Fig. 2) shows that the average
values and root-mean-square deviations (shown in
brackets) have the following values: overhead wire
— 188 km (80 km); carrier cable — 134 km (79 km);
high-voltage insulators — 40 thousand pcs.
(17 thousand pieces); supports — 2340 pcs.
(751 pcs.). Thus, the existing rate of replacement of
the main devices of the CN is incommensurate to
the rate of their ageing, and since 2021, it can cause
a snowballing growth of failures [2].
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Fig. 2. Replacement dynamics of the main
elements of the CN

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/230232

© I. V. Domanskyi, V. O. Vasenko, 2021

75


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBchKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2021, Ne 1 (91)

[HOOPMALIMHO-KOMYHIKALIITHI TEXHOJIOT' I TA MATEMATUYHE MOJIEJTFOBAHHS

Analysis of the number of damages at all junc-
tions of the CN of the railways for different periods
shows that the most often fail the overhead wire and
cables, insulators, droppers, clamps and parts.
Fig. 3 shows the failure dynamics of these devices
for railways. This is explained by the fact that struc-
turally all other elements of the CN are designed to
support the OW in the set position. Failures of any
element of the CN often result in OW failure. On the
other hand, the OW is the element of CN that di-
rectly interacts with the current collector. Interac-
tion with the current collector during the current col-
lection process causes intensive ageing of wires and
a large number of sudden failures caused by mal-
functions of the electric rolling stock.
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Fig. 3. Failure dynamics of the most damageable

catenary devices

Over the past 10 years, there has been a tendency
for an increase in the number of CN failures due to
mechanical and electromechanical wear of drop-
pers, as well as clamps and parts. The height deple-
tion of the support structures, which occurred on
a significant part of the polygon due to multiple
track repairs, also became a problem. The specified
problem can be solved only with the overhaul repair
of the CN [2].

Calculations have shown that over the past
10 years, there have been changes in the failure
risks, which reflected the growth of ageing, wear
and degradation processes of the CN. The most sig-

nificant is the risk of OW failures. The risk of fail-
ures of catenary suspension and current collectors in
monetary terms is so great that it requires drastic so-
lutions in the field of investments both in overhaul
repair or construction of new catenary suspension
and current collectors of electric rolling stock, and
in new systems for diagnostics of current collection.

Analysis of damage to power supply devices for
urban electric transport shows that the overwhelm-
ing amount of damage is accounted for by contact
networks, especially in the sections with
a service life of more than 40 years. Significantly
less damage occurs at traction substations (TS).
Damage distribution by the types of devices:
CN —49.7%; TS — 5.4%; cable lines and trackways —
44.6%.

The ratio of mathematical expectations and root-
mean-square deviations of damage to the contact
network and current collectors as a result of delays
of trams and trolleybuses in percent of the total
number of delays over the past 10 years are as fol-
lows: 194.5 and 15.5, which is 64.3% and 3.4%, re-
spectively.

The need to expand tram and trolleybus lines and
modernize power supply devices in a resource-sav-
ing environment requires new technologies for the
design, construction and operation of infrastructure
facilities. For the first time in Kharkiv,
a new generation of traction substation with dry
transformers, 12-pulse rectification circuits, digital
protection and equipment diagnostics was put into
operation, ensuring operation according to condi-
tion. It is necessary to create automated systems for
laboratory cars for testing CN of trams
(LTCN-T), which recognize hidden defects in CN
(Fig. 4), as well as laboratories on the basis of trol-
ley buses or trucks for trolleybus CN. This task is
posed in our country for the first time [7-12].

The modern LTCN-T include an optical-me-
chanical unit; laser fast-acting system for OW diag-
nostics; video surveillance and information pro-
cessing system; additional power supply system;
complex control panel and functional panel; rota-
tion angle sensors, stresses, lateral displacements,
ambient temperature, car movement speed.
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Fig. 4. LTCN-T:
a — appearence; b — workplace in the car;
¢ — operation of the video surveillance system and information processing synchronously
with the determination of the car geolocation

LTCN-T allows controlling the current height
position, OW displacement; OW suspension de-
fects; OW wear; distance travelled; movement
speed; ambient air temperature; CN voltage;
GLONASS/GPS coordinates; CN state with the
help of video recording.

The tram laboratory for a comprehensive assess-
ment of the infrastructure state, in addition to the
LTCN-T parameters, allows performing measure-
ments of track depression and alignment, longitudi-
nal track gradient, acceleration on the bogie and
body, track width, rail wear, CN support dimen-
sions, as well as video monitoring of the rail track,
connections of assembling joints, connection of
supply cables, inter-rail connections.

For example, a specialized video system
(Fig. 4, c) records a video image, the viewer of

which is shown on the screen. The programs work
synchronously. This makes it possible to stop the
tape in the places where clarification is needed (for
example, a large zigzag), enter the video program at
this place and take a photo with the necessary com-
ment to analyse, issue to the repair site and for ser-
viceability.

The use of LTCN-T allows obtaining objective
data on the CN state, conducting an automated as-
sessment of the CN state by one or several passes,
linking the measurement results to a place on the
map and performing video surveillance of the CN
infrastructure. All the above makes it possible to
create databases on the state of the contact network,
track, cable lines, etc., as well as the conditions for
the transition of their service by state. The solution
of the problem allows improving the assessment
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quality of the CN state and reducing the possibility
of failures, as well as ensuring energy and resource
saving in the process of passenger transportations.

Video measuring systems for diagnostics of con-
tact networks. In recent years, hardware and soft-
ware have been developed to improve the system for
measuring the OW parameters and other CN com-
ponents. A method for increasing the resolution of
a stereo television system and an adaptive lighting
system is proposed. It consists in preliminary image
transformation and expansion of the dynamic range
of image measurement. The quality of CN diagnos-
tics in difficult conditions for video surveillance has
been improved. A camera with a built-in image
compression module without loss of its fast action
has been proposed, which allows capturing and
transmitting full-frame images to a computer com-
plex for the application of new CN diagnosing algo-
rithms [8, 10, 15, 16].

The stereo television system is based on a spe-
cialized fast-acting television camera of a new gen-
eration, and the lighting system can operate both in
continuous and in pulsed mode with a duration of
light pulses from 20 ps. Cameras can be equipped
with lenses with automatic iris control according to
the P-iris standard; serial interface; serial interfaces
and high-speed video compression module and
frame grabber.

For the enterprises of power supply of electrified
railways, industrial and urban electric transport, in-
novative means of complex diagnostics of the CN
state have been developed. They are laboratory cars,
which provide monitoring of OW wear, the state of
high-voltage insulation, heating of electrical con-
nections, grounding of supports on rail.

An automated video-measuring system for mon-
itoring the CN supports grounding and its other
equipment, as well as elements of the track facilities
located in the visibility zone of specialized cameras,
which ensure the system's operability at any time of
the day at speeds up to 160 km/h, is proposed: dis-
cretization of image lines along the track length
from 0.5 mm; the value of the electronic shutter at a
speed of 160 km/h is not more than 22 ps; the num-
ber of pixels in a line is at least 1000. An air curtain
subsystem is implemented to protect the cameras.

Development of new diagnostic tools for the
contact network and improving the efficiency of ex-
isting ones is a priority area of activity of DAK-

Energetika LLC, which carries out the entire range
of works, including research, design, manufacture,
installation, commissioning, warranty and service.

The manufactured measuring equipment is in-
cluded in the State Register of Measuring Instru-
ments and Register of Measuring Instruments, Test
Equipment and Methods of Measurements Used in
Ukrainian Railway OJSC, and is metrologically cer-
tified and protected by patents.

Improvement of WEAR laser fast-acting system
for measuring the parameters of the contact wire.
The Aptima MT9M413C36STC video sensor used
in the WEAR system has a 100-bit output data bus
that transmits a block of 10-bit brightness readings
of 10 neighbouring pixels of the current line per one
cycle of the operating frequency f.. Each line of the
image has a size of 1280 pixels and is transmitted in
a block consisting of 128 f. cycles. For contactless
measuring of the profile of the worn out OW part,
measuring the position of the OW relative to the
current collector axis, detecting OW overturns and
lateral slopes of the OW clips (dropper, pull-off,
etc.), LTCN is equipped with WEAR fast-acting la-
ser diagnostic OW system.

This diagnostic system belongs to the group of
systems that measure OW wear by its profile, their
operating principle is indicated in [8, 10, 13].

The measuring system consists of 8 laser fan-
shaped emitters, in which the collimated laser beam
is converted into a flat fan out light beam
0.3-0.6 mm thick using a spreading system, and
4 matrix television cameras. When the fan beam of
light strikes the OW, a visible line of its intersection
with the plane is formed on the wire surface, in
which the correct beam lies. It is this intersection
line that is distinguished by the processing system
from the resulting image of the current frame of the
television camera. In this case, the shape of the fixed
line weakly depends on the OW inclination and is
mainly determined by its wear. The program pro-
vides the ability to display a 3-D OW model with
imposed measured wear for the selected camera
(Fig. 5).

The use of LED illumination, which effectively
illuminates the entire surface of the lower part of the
overhead wire and clamps, together with the possi-
bility of obtaining a full frame of the image at the
input of the information-computing complex, can
significantly increase the informativeness of the
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WEAR system. Thus, many unclear situations
caused by the insufficient informativeness of the

visual or programmatic assessment of the received
frames corresponding to the CN section that causes

measuring system can be resolved in real time by  questions.
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Fig. 5. Reconstructed 3-D model of the worn-out section
of the OW (a) and a photograph of this place (b)

The second important aspect of the WEAR sys-
tem modernization is the need to obtain full-frame
illuminated images of the CN elements at a high
speed for continuous scanning of objects of interest.
Based on the optical characteristics of the lenses, the
frame resolution and the distance at which the
cameras are located relative to the measured objects,
the field of view along the OW s
[ = 37 mm. The maximum speed at which the
WEAR system operates is v = 72 km/h. The maxi-
mum time 7 of receiving one frame, at which
continuous scanning of the CN is provided, is
determined by the expression 7=c - (// v), where ¢
=0.0036 is the reduction coefficient of values to the
Sl system.

With the given values / and v T = 0.00185 s,
which corresponds to the frequency of obtaining
frames f = 541 fps.

The required bandwidth of the channel C for
transmitting only an uncompressed image for
a frame with a resolution r and a bitness of one pixel
n is determined by the following expression:
C=r-n-f Withr=1280"-128 and n =10
C =846 Mb/s.

Test results of the WEAR system. The automated
system for measuring the wear of the overhead wire
installed on the LTCN was tested along the 1 and 2
station track in variable cloud conditions at
a temperature of +28°C. A double contact wire MF-
100 is suspended within the test section. Automated
measurements were carried out at a measuring car
speed of 37 km/h.

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/230232

© I. V. Domanskyi, V. O. Vasenko, 2021

79


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBchKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2021, Ne 1 (91)

[HOOPMALIMHO-KOMYHIKALIITHI TEXHOJIOT' I TA MATEMATUYHE MOJIEJTFOBAHHS

Manual wear measurements were taken between
the 69th and 71st supports along the first station
track. For accurate synchronization of measure-
ments, manual measurements were carried out next
to the dropper and pull-off clips, since such places
can be easily identified using the measurement data
from the WEAR system. The measurements results

point at the mark of 4 473 cm (right wire), where
there is strong lateral wear of the wire and an error
could be made during manual measurements.

Table 2

Results of manual and automated measurements
of OW wear along the second station track

are given in Table 1. _ _ Distance | Manual Wear system
It was found that at the points being checked, the from  |measurements, | measurement, | Error, mm
difference between the automated measurements of  support, mm mm
the WEAR system and manual measurements of the cm left | right | left | right | left | right
residual height does not exceed 0.26 mm. 0 115 115] 114] 113] 01| o2
Table 1 25 | 925 104/ 9.11| 1043| 0.14| —0.03
Results of manual and automated
measurements 1075 | 9.27| 11.2| 9.04| 10.63| 0.23| 0.57
of OW wear along the first station track 1174 | 9.27| 11.75| 9.35| 11.7 | -0.08| 0.05
Distanc Manual Wear system 1211 | 9.38| 11.65| 9.19| 11.63| 0.19| 0.02
e from measurements, measurement, Error, mm
support, mm mm 1982 | 9.75| 10.95| 9.78| 10.88| -0.03 0.07
cm left right | left right left | right 2767 | 9.45| 10.12| 9.89| 9.855| —0.24] 0.265
0 1047 8.1 | 10.3| 835 0.17|-0.25 2839 | 10.1| 10.15f 10.03] 10.01| 0.07| 0.14
075 957 | 949 | 95 9.29 0.07| 0.2 3557 | 1045 11.55| 10.37) 11.7 | 0.08| -0.15
150 | 10.13| 9.57 [10.16 9.54 |-0.03] 0.03 4 390 11 | 11.15| 10.73] 10.94| 0.27| 0.21
850 945| 892 | 9.8 8.9 |-0.35 0.02 4408 | 9.32| 11.25| 8.9 | 11.05| 0.32| 0.2
1875 | 9.36 9.1 9.3 8.98 0.06| 0.12 4 420 11 | 11.05| 10.7| 10.75| 0.3 0.3
2875 8.5 9.38 | 8.65| 9.05 |-0.15| 0.23 4446 | 11.65 11.15| 11.32] 10.85| 0.33| 0.3
3745 | 8.17| 8.75 | 8.25 8.9 |-0.08|-0.15 4473 | 11.27) 11.16| 11.1| 10.35| 0.17| 0.81
4025 | 98 | 871 | 95| 876 | 0.2|-0.05 S _
Originality and practical value
4085 | 924 | 871 | 97| 87 |-0.26/ 0.01 _ _ o
1875 9 593 | 912] 893 | 012 owt The theoretical maximum permissible, from the
' ' ' e ' point of view of the contact network operation, wear
5850 | 98 | 935 | 95| 9.2 | 0.24| 023 control error of the overhead wire and other compo-
6000 | 937 967 | 92| 95 | 016| 026 hents of the electric traction n_etwork has be_en de-
termined. A method for increasing the resolution ca-
6075 | 92 | 976 | 9 | 961 | 0.25] 0.15 pability of a stereo television system and an adap-

During the test drive on the second station track,
several places were found where, due to lateral wear
of the overhead wire, the wear area reached the
clamp itself, as a result of which the bite wear began
(Fig. 5).

The difference between manual and automatic
measurements (Table 2) does not exceed 0.33 mm
in the residual wire height, except for the reference

tive lighting system is proposed, which consists in
preliminary image transformation and expansion of
the dynamic range of image measurement.

The quality of diagnostics of the contact network
in difficult conditions for video surveillance has
been improved. A camera with a built-in image
compression module without loss of its perfor-
mance has been proposed, which allows capturing
and transmitting full-frame images to a computer
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complex for the application of new diagnostic algo-
rithms for the components of the contact network of
electrified railways and urban electric transport.

Conclusions

To reduce the wear of the overhead wire and cur-
rent collector plates, to ensure reliable and econom-
ical current collection in the process of transporta-
tion by electric transport, high-quality diagnostics
of the electric traction network is required. The pro-
posed video system has the following speed charac-

teristics: obtaining a JPEG image with a compres-
sion ratio of k> = 10 and a resolution of 1 280 x 128
at a speed of 976 fps. In this case, the required max-
imum speed of compressed data transfer does not
exceed 85 Mb/s. The system is equipped with fast-
acting LED backlighting, which makes it possible
to obtain a continuous illuminated image of the CN
elements in real time. Thus, the improvement of the
WEAR laser fast-acting system can significantly in-
crease the reliability and reduce the detection time
of emerging OW malfunctions and other CN com-
ponents.
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YaockoHa/IeHHs BiIeOBUMIPIOBAJILHUX CHCTEM NIarHOCTUKH eJIeKTPOTAr0BOI
MepeKi

Meta. OCHOBHOIO METOIO CTATTi € CHCTEMHHH aHaNi3 CTaHy EJIEKTPOTATOBUX MEPEIK, a TAKOK METO/IB KOMILICK-
CHOI AiarHOCTHKH KOHTaKTHOI Mepexi (KM) 3 pyxomoro BaroHa-nabopaTopii IUTs i IBUIIEHHS PO3AUIBHOT 31aTHOCTI
CHCTEM KOHTPOJIIO IKOCTi B3a€MO/Iii KOHTAKTHOI Mepexi i cTpyMmonpuiimadiB. Meroauka. [TocraBneny 3anaqy BUpi-
IIEHO [UITXOM TEOPETUYHOTO aHATI3Y Ta EKCIIEPUMEHTAIBHIX JOCIIKEHb TapaMeTPiB CTPYMO3HATTSI, y3araJlbHEHOT
MOJIEJI IPUCTPOIO0 KOHTPOIIIO 3HOCY KOHTakTHOTO mpoBoy (KII) Ta ioro ¢yHKIIOHATBHHUX BY3JIiB 13 METOIO BU3HA-
4yeHHsI (aKTOPIB, 110 BIUIMBAIOTH HAa MOXUOKY KOHTPOJIIO, & TAKOXK PO3POOKH METO/IIB, 1110 3HWKYIOTh 3a3Ha4YeHY MO-
xubKy. Ilpu 1OMY BHKOpPHCTaHO amapaT (AaKTOPHOTO aHali3y, TEOPIF0 ONTUKO-CICKTPOHHUX CXEM
1 METOJM CTaTUCTUYHOI 00poOKH iH(popMalii. Pe3yabraTn. 3anpornoHOBaHO 1HHOBALINHHI MIXOAU Ta SKICHO HOBI
JIiarHOCTU4HI 3aC00H, 10 JI03BOJISIOTH PO3IIUPUTH (DyHKIIOHATBHI MOYKIIMBOCTI BaroHiB-1ab0paTopii BUIPOOYyBaHHS
KOHTaKTHOI Mepexi M TiJNPHEMCTB €JIEKTPOIOCTauyaHHsA elIEeKTPH(IKOBAHUX 3ali3HMIb, IPOMHCIOBOTO
I MICBKOTO €JIeKTpOTpaHcnopTy. Po3po0ieHo amapatHi Ta mporpaMHi 3aco0u AJ1s1 BIOCKOHAJICHHS CHCTEMH BUMIpIO-
BaHHS NapaMeTpPiB KOHTAKTHOTO IPOBOJY Ta iHIINX KOMIIOHEHTIB KOHTAaKkTHOI Mepexxi. HaykoBa HoBU3HA. BusHa-
YEeHEe TEOPETHYHY MAaKCUMAaJIbHO JOIYCTUMY, i3 TOUKH 30py CKCILTyaTallii KOHTAKTHOI MEpexi, IMOXHOKY KOHTPOIIIO
3HOCY KOHTAKTHOTO IIPOBOJY Ta iHIIMX KOMITOHEHTIB €IEKTPOTATOBOI MEpEXi. 3alPOITIOHOBAHO METO/ MiABUIICHHS
PO3IUIBHOT 3IaTHOCTI CTEPEOTENIEBI3IHHOT CHCTEMHU 1 alallTUBHOI CUCTEMH OCBITJICHHS, IO TOJISITAE B ITOTEPEHiH
TpaHcdopmarii 300paXkeHHs i PO3LMIMPEHHI AMHAMIYHOTO Jiarna3oHy BUMIpIOBaHHs 300paKeHHs. 3alporNOHOBaHO
LIISIXH BIPOBaXKEHHS BUCOKOILIBHIKICHOTO aJiI'OPUTMY CTUCHEHHS peajIbHOTO Yacy i 3aCTOCYBaHHS CBITJIOA10IHOTO
mizcBiuyBants. IlpakTuvHa 3HAYNMICTD. [TiBUIIICHO AKICTh AIarHOCTHKH KOHTAKTHOT MEPEXi B CKJIQIHUX JUIS Bi-
JIEOCIIOCTEPEIKECHHS YMOBaX. 3apONIOHOBAHO KaMepy 13 BOYJ0BaHHM MOJyJIeM CTUCHEHHs 300paXkeHHs O0e3 BTpaTH 11
LIBHUKO/II, IO 03BOJISIE 3aXOIUIIOBATH 1 NepeAaBaTH B 00UMCIIOBAIbHIIN KOMIUIEKC TOBHOKAPOBI 300pasKeHHS ISt
3aCTOCYBAaHHS HOBUX aJITOPUTMIB JiarHOCTHKH KOMIIOHEHTIB KOHTaKTHOI MepexXi. 3arponoHOBaHO MOAEPHI30BaHi Bi-
JICOBUMIPIOBAJIbHI CHCTEMH BHUMIPIOBAHHS 3HOCY KOHTAKTHOTO NPOBOJY, KOHTPOIIIO 3a3¢MJICHHS OIIOP KOHTaKTHOI
MEpexi, a TaKOXK EIEMEHTIB KONIHHOTO TOCIIOAapCTBa, PO3TAIIOBAHOTO B 30HI BHIUMOCTI CITeIlialli30BaHUX KaMep,
K1 3a0€3MedyI0Th Mpale31aTHICTh CUCTEM y Oyb-Kuii yac 1001 Ha MBHAKOCTSX 10 160 km/rox. s 3axucty kamep
peali3oBaHo IIiICHCTEMY OBITPSHOT 3aBiCH.

Knrouosi crosa: cucremu miarHOCTHKH, KoHTakTHa Mepexa (KM); 3Hoc xoHTakTHOTO TpoBoxay (KII); omruusi
METOJIU BUMIPIOBaHb
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