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AN OVERVIEW OF THE ETCS BRAKING CURVES

Introduction

Since the second half of the 20th century,
there has been a steady increase in the maxi-
mum speed of trains in industrialized coun-
tries. The first high speed railway (HSR) with
a maximum operational speed of 210 km/h
was built between Tokyo and Osaka (Japan) in
1964 and named Shinkansen (that means new
trunk line) [1]. After the big success of the
Shinkansen operation, the new technologies
and innovations aimed to establish the basis
for HSR has been developed in several Euro-
pean countries, particularly France, Germany,
Italy and UK. The French national railway
company SNCF started the operation of the
first high speed line between Paris to Lyons on
27 September 1981, at a maximum speed in
operation of 260 km/h. Then other HSR lines
have been built in some European and Asian
countries. At present time the average train
movement speed in operation in industry coun-
tries amount to 200 km/h and above, and on
certain lines the trains move with speed 300
km/h (fig. 1). In Great Britain the new project
High Speed Two (HS2) line from London to
Birmingham will planned to be operated in
2026 with speed 330 km/h (maximum line
speed is 360 km/h) [2].

A single standard definition of high-speed
rail and even the standard use of terms ("high
speed” or "very high speed") don’t exist.
Therefore, two explanations of the term high
speed railway are considered below in accord-
ance with European normative documents [1,
3].

EU Directive 96/48/EC (application 1) de-
fines the main features of high speed rail-way
(HSR) in such terms.
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Infrastructure. Track are built specially
for high speed movement or specially upgrad-
ed for high speed travel.

— Minimum speed of 250 km/h on lines
specially built for high speed and about 200
km/h on existing lines which have been spe-
cially upgraded. This condition must be ap-
plied to at least one site on the line.

— Rolling stock must be able to reach a
speed of at least 200 km/h to be considered
high speed.

According to the International Union of
Railways (UIC) norms [1] high speed railways
shall comprise:

— specially high speed lines built for
speeds generally equal to or greater than 250
km/h;

— specially upgraded high speed lines
equipped for speeds of the order of 200 km/h;

— specially upgraded high speed lines
which have special features as a result of topo-
graphical, relief or town-planning constraints,
on which speed must be adopted to each case.

The appearance of high-speed train
movement necessitated the upgrading of the
entire railway infrastructure, including signal-
ling and communication systems to ensure the
required level of movement safety.

Other important factor resulted in develop-
ing and unification train control systems, was
caused by demands of interoperability.

0 —Operation
---Test

1980 1990
Year

1%60

1970 2000 2010

Fig. 1. Increase in maximum speeds in
the operation of HSRs [1]
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European railways were operated simulta-
neously with large variety of incompatible
railway system types and procedures (more
than 6 electric supply systems, 27 different
signaling systems, etc.), which restricted com-
petition of supplied companies and put obsta-
cles in free train moving across frontiers. To
greatly enhance safety, increase efficiency of
trains and enhance cross-border interoperabil-
ity of rail transport in Europe European Coun-
cil issued a number of Interoperability Direc-
tives for high speed rail and for conventional
rail [1, 3-8] and a series of Technical Specifi-
cations for Interoperability (TSI) for Rail
Command, Control and Signalling (CCS) and
European Rail Traffic Management System
(ERTMS) [9].

ERTMS was defined by the first European
Commission (2001/260/EC) decision as the
combination of the European Train Control
System (ETCS) and the Global System for
Mobile Communication - Rail (GSM-R). The
ETCS as element of ERTMS provides two
principal functions: Automatic Train Protec-
tion (ATP) and Cab Signalling [10].

Automatic Train Protection is the system
that automatically applies the train brakes if a
driver does not keep the train’s speed below
the specific trackside safe limits for the train’s
current location and operating conditions.

Cab Signalling is the system that displays
information inside a train cab about the current
status of the track ahead. To do so the ETCS
onboard computer must predict the decrease of
the train speed in the future, from a mathemat-
ical model of the train braking dynamics and
of the track characteristics ahead. This predic-
tion of the speed decrease versus distance is
called a braking curve.

The ETCS on-board computer calculates
in real time braking distances, which will also
be used to assist the driver and to allow him to
drive comfortably, by maintaining the speed of
the train within the appropriate limits [11, 12].

ETCS is based on an a set of braking
curves, computed in real time and depending
on different physical parameters (estimated
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speed of the train, track profile, train accelera-
tion, etc.).

Today the ETCS specifications lay down
the basic principles for the braking curves and
the associated information displayed to the
driver, but there is still no harmonized method
to compute them [13, 14]. In the absence of
any requirement, the algorithms of the ETCS
on-board suppliers lead to different braking
distances for a given type of rolling stock. This
makes the engineering of the ETCS trackside
not only dependent on the pure performance of
the rolling stock braking system, but also on
the ETCS on-board supplier. For cross border
trains, the differences through national rules
require the implementation in the ETCS on-
board of several national braking curves [16].
It can obviously induce increased costs (soft-
ware design, cross acceptance tests, software
upgrade necessary whenever a national param-
eter is amended).

The purpose of this article is to present an
overview of the ETCS braking curves accord-
ing to the European specifications, including
the following main aspects: basic principle to
ensure of the train movement safety, the main
types of ETCS braking curves, the input pa-
rameters for braking curve calculation, con-
struction of the emergency brake deceleration,
and guaranteed emergency brake deceleration.

Train movement safety

The basic principle to ensure the train
movement safety for a conventional signalling
system 1is based on trains’ separation in fixed
block distance. The block-section can be oc-
cupied by only one train at a time and the train
in rear needs under all conditions to be able to
stop just before the border of an occupied
block section in front of it. The distance be-
tween two following trains must be more than
the maximum braking distance plus the length
of the block section, plus an additional safety
factor. The block-sections are equipped by
train location sensors (rail circuits. axels coun-
ters, balises, etc.).
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Another method for ensuring train move-
ment control (so called moving block-sections
method) is based on principle that distance be-
tween two trains moving in the same direction
on the same route must be not lower the max-
imal available on this section braking distance
plus additional safety factor. This method can
be used to increase rail line capacity. The
method with fixed block-sections is used in
conventional train control systems and in
EPTMC/ETCC levels 1, 2, the method with
moving block-sections is developed for
EPTMC/ETCC level 3.

The minimum interval between trains un-
der automatic train protection (ATP) system is
defined by minimum movement authority that
comprises odometer tolerance, driver allow-
ance, ATP reaction times, brake application
time. Minimum train separation for an
ERTMS Level 2 system is illustrated in
fig. 2 [16].

Odometer tolerance Length of block section

Time to detect block free
and set new route

Driver allowance

ATP reaction time

Movement authority

Brake application time transfer time RBC to ATP

i
i Braking distance
} (including influence H
1 of gradient)
T

1
1
| I 1
! Irain length 1
|
1

T T
Minimumheadway distance !

[

(]

[

1 [

. [
Train length : I : ;
] [
Ll

‘
1
1
1
1
—
l
1
1

|
Minimum movement authority ' RBC - Radio Block Centre
1 ATP - Automatic Train Protection

Fig. 2. Principle for determining the minimum
interval between trains under ATP

ETCS braking curves

Braking curve predict of the train speed
decrease versus distance by the ERTMS/ETCS
on-board equipment, from a mathematical
model of the train braking dynamics and the
track characteristics ahead. ETCS supervises
both the position and speed of the train to en-
sure they continuously remain within the al-
lowed speed and distance limits, and if neces-
sary it will command the intervention of the
braking system to avoid any risk of the train
exceeding those limits [14, 15].

To do so the ETCS onboard computer
must predict the decrease of the train speed in
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the future, from a mathematical model of the
train braking dynamics and of the track char-
acteristics ahead. This prediction of the speed
decrease versus distance is called a braking
curve. The purpose of braking curves is to as-
sure that the train remains within the given
speed and distance limits.

From this prediction the ETCS on-board
computer calculates in real time braking dis-
tances, which will also be used to assist the
driver and to allow him to drive comfortably,
by maintaining the speed of the train within
the appropriate limits [14, 15].

The following main ETCS braking curves
are defined [17]:
emergency brake deceleration (EBD);
service brake deceleration (SBD);
emergency brake intervention (EBI);
service brake intervention (SBI).

Emergency braking means the application
of a predefined brake force in the shortest time
in order to stop the train with a defined level of
brake performance. The braking curve related
to the speed decrease due to the emergency
brake is called EBD (Emergency Brake Decel-
eration) curve. The braking distance is deter-
mined by the performance of the service brake.
Each specific target location given by the
ETCS trackside is used by the ETCS on-board
to compute a fully deterministic EBD curve,
which depends on both train and track charac-
teristics. The shape of the EBD curve, for a
given piece of track, will therefore vary ac-
cording to the type of rolling stock.

From the EBD and the measured train
speed, the ETCS computer calculates in real
time, several times per second, the distance
necessary to stop the train from the time the
ETCS on-board would command the interven-
tion of the emergency brake.

The purpose of the emergency brake inter-
vention curve is to assure that the train will
remain within the limits of the Movement Au-
thority (MA) and the most restrictive speed
profile (MRSP) (fig. 3).

The movement authority related to permis-
sion for a train to run to a specific location
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within the constraints of the infrastructure.
End of Authority (EOA) is location to which
the train is permitted to proceed and where
target speed is equal zero.

Speed
P 5 km/h separation between each

Emergency brake curve
¥ g

Service brake curve

. x A A
Permitted speed Warning curve
Release speed —>

-

SvL
Typically 150 m
—

Fig. 3. Headway components for open line [2]

The speed limit is defined by the MRSP
that takes into account all speed restrictions
imposed by trackside and the train itself.

The MRSP defines the maximum opera-
tional speed for the train.

That means the estimated speed of the
train will be a certain margin higher than the
MRSP before the speed supervision function
will intervene. Danger point is the location be-
yond the EOA that can be reached by the front
of the train without creating a hazardous situa-
tion (fig. 4) [15].

The Supervised Location (SvL) shall be
defined onboard as [15, 17]:

— the end of the overlap, if an overlap is
implemented and if it has not timed out;

— if no overlap is implemented or if it has
timed out, then the Danger Point;

— if no Danger Point is implemented,
then the End of Authority.

The End of Authority and the Supervised
Location are related to the Movement Authori-
ty and are the references for the different brak-
ing curves under different circumstances.

Service braking means the application of
an adjustable brake force in order to control
the speed of the train, including stop and tem-
porary immobilization. The emergency brake
is available in the event that the service brake
does not provide sufficient retardation to stop
the train safely within the movement authority
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but the emergency brake will be requested by
the ATP further in advance, only when and if
the service brake does not perform adequately.

The EBD curve and the resulting EBI su-
pervision limit are the elements of the ETCS
speed and distance monitoring function, which
materialize the so called ETCS parachute.

Therefore the ETCS on-board calculates in
real time other supervision limits: Indication
(1), Permitted speed (P), Warning (W) and
Service Brake Intervention (SBI). They consist
of locations that, when crossed by the train,
will trigger some information to be given to
the driver through appropriate graphics, colors
and sounds on the Driver Machine Interface.

These locations are defined in order to:

— for the “I” supervision limit: leave the
driver enough time to act on the service brake
so that the train does not overpass the Permit-
ted speed, when this latter will start to de-
crease. Without the indication it would not be
possible for the driver to perform a transition
from ceiling speed supervision to the target
speed supervision without overpassing the
Permitted speed;

— for the “P” supervision limit: in case of
over speed, to leave the driver an additional
time to act on the service brake so that the
train will not overpass the point beyond which
ETCS will trigger the command of the brakes;

— for the “W” supervision limit, to give
an additional audible warning after the permit-
ted speed has been overpassed;

— for the “SBI” supervision limit, to take
into account the service brake build up time so
that the EBI supervision limit is not reached
after the command by ETCS of the full service
brake effort. The SBI supervision limit is fac-
ultative and can be implemented on-board the
train in order to avoid too frequent emergency
braking, which can be damaging for both the
rolling stock and the track.

The main purpose of the ETCS display is
to invite the driver to keep the train speed as
close as possible to the permitted speed
(fig. 4). However the driver might eventually
fail to do it and should be the case, ETCS of-
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fers him (her) a second chance to brake the
train before it takes over the responsibility to
command the brakes. This is materialized by a
more visible and audible warning and an addi-
tional time left to act on the service brake in
order to avoid the ETCS intervention, i.e. to
avoid that the EBI or the SBI supervision limit
(depending on whether the ETCS command on
the service brake is implemented) is reached.

Input parameters for breaking curve

Numerous input parameters are necessary
to feed the ETCS braking curve algorithms
and to allow the ETCS on-board computer to
perform in real time its supervision and advi-
sory functions; they can be classified in four
categories [15]:

— physical parameters, which results

from the real time measurements by the ETCS
on-board equipment: instantaneous position,
speed and acceleration;
ETCS fixed values, which are invariant
within a given ETCS baseline. They mostly
relate to the ergonomics of the braking curve
model itself (e.g. driver reaction times, see
fig. 1);

— ETCS trackside data. It consists of sig-
nalling data (target speed/locations), infra-
structure data (downhill/uphill slopes) and also
some of the so called ETCS national values,
which can affect the ETCS braking curve
model. These parameters are under the strict
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control of the infrastructure manager and are
transmitted through the relevant ETCS trans-
mission medium (balise, loop or radio);

— on-board parameters, which are cap-
tured before the start of mission as part of the
so called ETCS train data. They mostly relate
to the rolling stock braking system itself.

Amongst the two last categories of input
parameters, a particular care must be paid to
the ones contributing to the computation of the
EBD curve. Indeed, the responsibility of the
ETCS being solely to command the emergency
brake in due time, the overall safety of a rail-
way system highly relies on the fact that the
trains will be effectively braked according to
the predicted EBD.

Therefore the EBD curve must fulfil the
relevant safety, which is required for the oper-
ation of ETCS trains on a given infrastructure.
This is materialized in the ETCS braking curve
model by the so called “correction factors”.

The purpose of the emergency brake inter-
vention curve is to assure that the train will
remain within the limits of the Movement Au-
thority and the MRSP.

High speed trains are not capable of brak-
ing at the same rate throughout their speed
range since the power dissipation in the brakes
would be too high at maximum speed. The de-
celeration due to braking shall be given as a
step function of the estimated speed of the
train.

EBD curve

Speed measurement
inaccuracy

Estimated
speed

Supervised
location

>
>

Max safe
front

Estimated
front

distance

Fig. 4. Overview of the EBD braking curve and its related supervision limits
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As an example fig. 5 [15] depicts braking
force A_brake vs. estimated speed V. with 4
steps:

The dependence A_brake vs. speed V has
4 steps:

— A _brake=AD 0O when0<V <VI;

— A brake =AD 1 when VI <V <V2;

— A brake = AD 2 when V2 <V <V3;

— A _brake = AD_3whenV3<V.

The European High Speed Interoperability
legislation [7] defines a minimum braking ca-
pability for level track as shown below:

— 350-300km/h — 0.30 m/s%;

— 300-230km/h — 0.35 m/s;

— 230-0km/h — 0.60 m/s”.

Construction of the EBD

The EBD is a parabolic shaped curve that
starts from the target location and is computed
with the deceleration resulting
from [15,17,18]:

— the guaranteed deceleration due to the
emergency brake system itself (A_brake_safe);

the deceleration/acceleration due to the
uphill/downhill slopes (A_gradient).

To that effect, the emergency brake decel-
eration is modelled through a step function of
deceleration against speed (“emergency brake
deceleration profile”), while the track slopes
are sent by the ETCS trackside as a step func-
tion of constant slopes against distance (“gra-
dient profile”). The combination of both gives
a set of interconnected parabolic arcs, each of
them corresponding to a speed and distance
“region” with a constant (fig. 6).

A_brake o

AD_1

AD_0

AD 2
AD_3

VO V1 V2 V3 estimated speea

Fig. 5. The braking force A_brake vs.
estimated speed V
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Fig. 6. Construction of the EBD [15]
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Guaranteed emergency brake
deceleration

Even though the current ETCS baseline 2
specification introduces the concept of EBD
curve, they do not tell how reliable must be the
EBD curve, or in other terms what do repre-
sent the margins that are taken in order to ob-
tain the guaranteed emergency brake decelera-
tion [14,15].

With the ETCS braking curve model, the
margin between the nominal emergency brake
performance (A _brake emergency) and the
guaranteed one is quantified by the so called
correction factors. This margin is essentially
related to characteristics of the rolling stock
itself and depends on:

— the dispersion of the performance of
some braking elements (pads, cylinders, etc.);
the reliability of the braking system
components;

— the architecture of the braking system;

— the efficiency of the Wheel Slide pro-
tection system in case of wet rail etc.

Since there can be a natural tendency in
some countries to already include hidden mar-
gins when establishing the nominal braking
performance of a rolling stock, first of all
ETCS sets the reference conditions under
which the nominal emergency deceleration
must be established: environmental conditions,
friction elements, track profile, wear of the
wheels, all braking systems considered for the
emergency braking up and running.

While it is relatively easy to represent
through a statistical model the dispersion of
the braking performance on dry rails (fig. 7),
the physical phenomenon that occur when
braking on wet rails are still today extremely
difficult to model.

In order to overcome this difficulty, two
distinct rolling stock correction factors have
been created in order to get the guaranteed
emergency brake deceleration:

— Kdry_rst, to quantify the dispersion of
the emergency braking performance on dry
rails. This factor is relevant for confidence
levels, which represent the probability that one
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emergency braking will effectively ensure a
necessary deceleration;

Speed Guaranteed emergency brake

deceleration on dry rails
(A_brake_dry)

/

Nominal emergency
brake deceleration
(A_brake_emergency)

Distance

10™ = 1-confidence level

Fig. 5. Dispersion of emergency braking
performance on dry rails [15]

— Kwet_rst, to quantify the loss of emer-
gency braking performance on a reference re-
duced wheel/track adhesion, with regards to
dry rails. It can be retrieved from the field tests
prescribed to qualify the WSP system, as per
standard EN15595 [20].

On the one hand, these two correction fac-
tors offer the advantage to be strictly under the
responsibility of the railway undertaking, be-
cause only related to the rolling stock charac-
teristics. On the other hand, the ETCS braking
curve model offers the infrastructure manager
two levers in order to interact on the computa-
tion of the EBD curve:
the selection of the confidence level
with which the guaranteed emergency braking
on dry rails will be considered:;

— a weighting factor that can mitigate
Kwet_rst, in case the available wheel/rail ad-
hesion is higher than the reference one defined
in the standard EN15595.

As a matter of fact, these two parameters
(sent by ETCS trackside as national values)
are under the sole infrastructure manager re-
sponsibility and can be used to derive the
overall safety target applicable to a given
infrastructure.

Conclusion

The main features of the braking curves
have been reviewed in the article, including
the following main aspects: basic principle to
ensure of the train movement safety, the pur-
pose and main types of ETCS braking curves,
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the input parameters for braking curve calcula-
tion, construction of the emergency brake de-
celeration curve, and guaranteed emergency
brake deceleration.

Though the ETCS specifications lay down
the basic principles for the braking curves and
the associated information displayed to the
driver, but there is still no harmonized method
to compute them. In the absence of any re-
quirement, the algorithms of the ETCS on-
board suppliers lead to different braking dis-
tances for a given type of rolling stock. For
cross border trains, the differences through
national rules require the implementation in
the ETCS on-board of several national braking
curves. The basic principle to ensure the train
movement safety is based on their separation
in fixed block distance (for a conventional sig-
nalling system) or in moving block-sections
(for ERTMS/ETCS level 3). To ensure these
principles the ETCS onboard computer must
predict the decrease of the train speed in the
future, from a mathematical model of the train
braking dynamics and of the track characteris-
tics ahead. This prediction of the speed de-
crease versus distance is called a braking
curve. The minimum interval between trains
under automatic train protection system is de-
fined by minimum movement authority that
comprises odometer tolerance, driver allow-
ance, ATP reaction times, brake application
time. Braking curve predict of the train speed
decrease versus distance by the ERTMS/ETCS
on-board equipment, from a mathematical
model of the train braking dynamics and the
track characteristics ahead. ETCS supervises
both the position and speed of the train to en-
sure they continuously remain within the al-
lowed speed and distance limits, and if neces-
sary it will command the intervention of the
braking system to avoid any risk of the train
exceeding those limits.

There have been considered in the work
the main ETCS braking curves and the super-
vision limits of the EBD braking curves, the
movement authority, the end of authority, the
most restrictive speed profile, the supervised
location and others. Differences in braking on
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dry and wet rails are considered. The braking
on dry rails is relatively easy to represent
through a statistical model that take into ac-
count the dispersion of the braking perfor-
mance. But on wet rails the physical phenom-
enon that occur when braking are still today
extremely difficult to model. In order to over-
come this difficulty, two distinct rolling stock
correction factors have been considered in or-
der to get the guaranteed emergency brake de-
celeration.

The braking on dry rails is relatively easy
to represent through a statistical model that
take into account the dispersion of the braking
performance. But on wet rails the physical
phenomenon that occur when braking are still
today extremely difficult to model. In order to
overcome this difficulty, two distinct rolling
stock correction factors have been created in
order to get the guaranteed emergency brake
deceleration.
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MODELING OF THE TRACTION CURRENT HARMONICS

DISTRIBUTION IN RAILS

Introduction

Electrified railways are one of the most
powerful wide frequency range sources of dis-
turbances that interference on signaling and
radio communication systems. This is espe-
cially true for new types of vehicles equipped
with electronic static converters with pulse
width modulation (PWM), which high-
frequency interferences in rails can have fre-
quencies up to several tens of kHz. The elec-
trical disturbances from vehicles (trains, loco-
motives) propagate through traction net-
work [1].

There are five feeding systems that can be
used with an AC electric railway. : the direct
feeding system, the direct feeding system with
return wire, the booster trans-former feeding
system, the autotransformer feeding system
and the coaxial cable feeding system [2, 3].

In general, the traction network are com-
posed of the overhead supply conductors and
traction rails electrically connected to earth or
(and) with additional earth potential conduc-
tors. The return current from rolling stock ax-
les flows in rails back to the supply substation.
Therefore rails act as a path for electrical dis-
turbance propagation.

To ensure the electromagnetic compatibil-
ity (EMC) of new types of rolling stock with
signaling and radio communication systems,
they are subjected to an acceptance procedure
that includes on EMC tests in accordance with
European and national regulatory standards
and norms [1, 4].

But under some unfavorable operation
conditions for the trains that were successfully
tested and are in operation with old vehicles on
the same lines (sometimes with old feeding

20

system), the disturbing current generated by
vehicles may reach values greater than the al-
lowed values [4, 5]. As such unfavorable oper-
ational conditions may be considered increas-
ing number of trains, low distance between
track circuit receiver and vehicles or supply
substation, low rail-to-earth conductivity and
conductivity of earth. To proof the electro-
magnetic compatibility (EMC) between rolling
stock and signalling systems it is need accurate
modeling of the test cases with taking into ac-
count particular operation conditions [1].

The models for the distribution of the trac-
tion return current in the direct feeding AC and
DC electric railways have been described in
many works (see for example [2]). The multi-
conductor transmission line (MTL) approach
has been successfully used in [6, 7] to investi-
gate the electromagnetic processes in Auto
Transformer (AT) electric traction systems for
high speed railways.

The distribution of the traction return cur-
rent harmonics in rails and their influence on
track circuits have been modeled in [8,9]. To
describe various traction feeding networks in a
uniform way the chain circuit model was used
in [3]. Harmonic power flow in traction net-
work was analyzed in [10].

The aim of the work is to establish mathe-
matical and computer model for distribution of
traction current harmonics in AC direct feed-
ing traction network with multiple vehicles in
feeder zone. This model is an evolution and
simplification of models represented earli-
er [8].

The work has been performed in order to
proof the electromagnetic compatibility of new
trains equipped with electronic static convert-
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ers with existing traction lines and has been
used during tests of new types of train [5].

Arrangement of the Traction
network

The single-phase 1x25 kV and AT feeding
2x25 KV traction systems are commonly used
in modern railway AC electrification system,
including high-speed railways. The direct
feeding single-phase 1x25 kV traction system
with two tracks that have been intended for
new type of trains operation were considered
in the work.

The traction supply current flows from the
electric supply substation (ESS) through the
overhead supply conductors (messenger and
contact wires). The traction return current
flows back from the rolling stock axles to the
supply station through the rails and the
earth [2]. The return current divides among the
rails and it differential current that is caused by
electrical asymmetry of rails produces the dis-
turbing current through the track circuit’s re-
ceiver. If the frequencies of traction current
harmonics are in the frequency range of the
receiver's input filters the harmonics can cause
failures in track circuits (TCs) operation. To
obviate TCs failures the severe requirements
are imposed onto the spectrum components of
vehicle return current and also onto arrange-
ment of the path for return current flow (cross
bonds, earthing of masts, electrical asymmetry
of rails, rail-to-earth conductance, etc.).

The track circuits considered in work have
various designs, parameters of transmitter and
receiver, operational frequencies (25, 420,
480, 580, 720, 780 Hz). The length of audiof-
requency track circuits is 10%.10° m and TCs
with 25 Hz signal current — up to 2.5 km.

Parameters of traction network

Spacious non-uniformities having exten-
sive multitrack arrangement are the railway
stations, overtaking stations, block-posts, and
etc. Point discontinuities in railway arrange-
ment may be related to electric locomotives,
power transformers, track transformers, trans-
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mitters and receivers of TCs, all sort of power
devices along a railway line, tracks cross-
bonds, insulating joints, earthings of masts
connected to rails, short-circuits connections
along the catenary, and etc. In the model such
point discontinuities are represented as ele-
ments with lumped parameters connected to
lines.

For modeling longitudinally non-uniform
traction network it is usually divided on seg-
ments, which can be considered as homogene-
ous. So, the network is represented as a set of
connected multipole segments, which numbers
of input and output poles are dependent on the
numbers of lines in segments. Direct feeding
system has at least five lines per one track [2].

There have been made some simplifica-
tions for considered model. The lines with
equal or close to each other potentials are rep-
resented as single line with equivalent electri-
cal parameters and placement. In such way the
overhead system that consists of contact and
messenger wires is presented as single line
with equivalent impedance per unit length

(p.u.l) [2]

7 2

—KM

-2Z

=KM

1)

=M

were Z,, Z,, are impedances (p,u.l) of the
contact wire and the messenger wire, respec-
tively, Z,,, is mutual impedance (p.u.l.) be-
tween the contact and the messenger wires.

The equivalent circuit of infinitesimal
segment of length dx for two-track traction
system is shown in fig. 1.

The lines with indices 1 and 2 corresponds
to the rails of first track, 3, 4 — to the rails of
second-track, 5, 6 — to the equivalent overhead
wires of the first and second tracks, respective-
ly, and the line O-corresponds to the ground

conductivity. The voltage U (x) corresponds
to the voltage of i-th line relative to the
ground, [;(x) is the current in i-th line;
Zi =R+ jX; =R + jol; is the intrinsic im-
pedance (p.u.l.) of i-th line (without taking

© V. I. Havryliuk, 2017



into account inductive influence of other
lines), R, X; — active and reactive resistance
(p.u.l.) of i-th line, L; is inductance (p.u.l.), of
i-th line, Z; = jX;; = joM;; is the mutual im-
pedance (p.u.l.) between i-th and j-th lines,

M is the coefficient of mutual inductance

(p.u.l.) between i-th and j-th lines, j=+-1,
o=2nf — cyclic frequency; Y; is the admit-
tance between i-th and j-th lines.

The mutual inductance between lines of
first and second tracks isn’t shown in fig. 1.

Intrinsic impedance of the line consists of
three  components: internal line imped-
ance Z ;, external line impedance Z; and

impedance introduced by ground [12-15]
Zii
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Flg 1. The equivalent circuit of infinitesimal
segment of length dx for two-track traction
system

The internal impedance of the rail Z
(i=1,2,4,5) is determined taking into account
the skin effect in the rail steel [16]
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Cu( ) Rc"( )"'ch”(@)"'jxcn (60),(3)

where R.;'(T) and X; —the active and reac-

tive resistance (p.u.l.) of the rail at a given
temperature [16]

RCii” (CO) = %«/ Ho HsPs @ 4)
Xei = %\/Mo HsPs @, ®)

in which p, and p, are, respectively, the
magnetic permeability and conductivity of rail
steel, u is the equivalent perimeter of the rail

section.
The expressions for intrinsic impedance of

i-th line Zg; and the mutual impedance be-
tween i-th and j-th lines Zg; in the presence

of the earth as a return wire have been ob-
tained by Carson [12]:

ZGII - J(Du In(Zh ]+Z£}ii ! (6)

2n I
Lgij = J;Du In \/( ) +Zg;;.(7)

T \/( h J) +d, 2
- don [ _ORL) g g
o 0 &+ (& + joopcs)

h +h

_é.;” jmujexp[ ( + J)E.J:| COS((‘;dij)dF:,

0 §+\/(§2 + jcouc)

in which h;, h; are the heights of the wires
above the ground, r; is the radius of the wire,
d;; is the horizontal distance between the pro-
jections i-th and j-th lines, p, is the magnet-
ic constant.

The Carson's expressions for Z;; and
Zg; include infinite integrals with complex

arguments. It has been suggested to use for
their approximation the infinite series with the
restriction of the numbers of terms in the se-
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ries. The Carson's expressions are widely used
to determine intrinsic impedance of the line
above the ground [3, 6-11].

In this work the approximations proposed
in [14] for the intrinsic and mutual impedance
of conductors above the earth's surface as a
return wire have been used

}, 9)

i 2(h
Zgi = JHo In{ (h+p)
2n r
2
jon, | \/(hi+hj+2p) +d;?
2 2
" \/(hi—hj) +d;°

I
12

ZGij =

where p=(jop,o) " is the complex depth

of the earth layer which the return current
flows, o is the earth conductivity.

Mathematical model

The mathematical model of the traction
network has been performed using a Multi-
conductor Transmission Line (MTL) approach
with description of currents and voltage distri-
butions in lines with equations in matrix form.
The series impedances (p.u.l.) of the lines

Z (f) and the shunt admittances between the

lines (p.u.l.) J(f) are represented as rectan-

gular matrices of the size nxn. The matrixes
Z(f) and Y(f) are always symmetric.
The elements of matrixes are calculated on the
assumption that the dominant mode of wave
propagation is transverse electromagnetic
(TEM) in the dielectric and transverse magnet-
ic (TM) in conductors, and that contributions
from other modes are negligible.

The diagonal elements Z; of the imped-
ance matrix correspond to the intrinsic imped-
ance (p.u.l.) of the i-th line without taking in
account of the mutual inductive impedance.
Off-diagonal elements Z; correspond to the

mutual impedance between i-th and j-th

(10)

23

ISSN 2223-5620 (Print), ISSN 2411-1554 (Online)
EnexTpomarHiTHa cyMicHICTb Ta
Oesriexa Ha 3ai3HUYHOMY TpaHcnopti, 2017, Ne 13

The diagonal elements of the admittance
matrix are defined as

Yy =~ (Yoo + Y1), (11)

Yoo ==(Ya0 +Ya1), (12)
Yo ( 10+ Yas ) : (13)
Yo =—(Yap +Yes) (14)

The off-diagonal elements Y,, =Y,, and
Y,;s =Y, correspond to the conductivity

(p.u.l.) between the rails of the first and second
tracks, respectively. Since conductivity be-
tween the overhead line and rails under normal
operation conditions is negligible, the corre-
sponding elements of the admittance matrix
were assumed to be zero: Y=Y =0,
Y=Y =0 (i=1..4).

A multiconductor traction network is a dis-

tributed circuit with the voltage-current rela-
tions in a form

%=_§(f);(x,f), (15)
%:_Z(f)Z(x,f), (16)

F(x, f)={i;(x f)} is the vector of
harmonic currents of frequency f which
components I;(x, f), correspond to the cur-

i-th (i=1...N)
fl(x, f):{U'i (x, f)} is the vector of voltages

where

rents in line and

with  frequency f  which components
U, (x, f), correspond to the voltages between
lines i-th (i=1...N) and earth, x represents

distance along the line.

The boundary conditions for the differen-
tial equations (15, 16) depend on the type of
traction system, its arrangement and the trains
operation modes.

The voltage and current of the harmonic of
frequency f in rails at a point with coordinate
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x are presented in usual for telegraph equa-
tions form as

where £,, J, are the vectors of harmonics

currents and voltages with frequency f at the
point with x=0 (at the ESS terminals),

£ =.=[Z/Y is the matrix of the charac-
teristic (wave) impedances of the lines, and
[=,/Z Y is the matrix of the propagation
constants.

4,
7,

fl(x) ~ ch(Cx)—sh(Cx)Z

F0x) | [ Hsh(DX)—Dich(Dx) 2

Traction current harmonics from
single train in feeder zone

To evaluate influence of traction return
current harmonics on track circuits it is neces-
sary to determine the voltages and currents of
harmonics in both rails of one track at the
point where train receiver is connected and for
the frequencies which is in TC's operation fre-
guency range. Taking into account of longitu-
dinally non-uniformity of traction network
along feeding zone (transformers, TCs' trans-
mitters, receivers, cross-bonds, and etc. that
are connected to the rails) it is expedient to
represent two rails of one track as a single line
with equivalent longitudinal parameters and
then to determine the differential current of
harmonics in two rails directly at required part
of railway on the basis of electrical asymmetry
of rails.

The disturbing vehicles are modeled as a
sinusoidal current sources with several set of
frequencies that represented by current vector

3y ={Jy (1)} which components correspond

to currents with frequencies f; injected into
rails at a point of train location.

Depended of simulation aim the values of
harmonics J,,; (f;) at frequency f; are taken
as values measured during train tests or as the

maximum interference values according to
norms [1, 2].
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A simplified three-wire equivalent circuit
of the traction network with single train is
shown in fig. 2.

ESS)
4]

I
£ Q)

0

Fig. 2. A simplified three-wire equivalent
circuit of the traction network for single train

Traction return current harmonics from
train J,( f;) is divided in rails in two currents

(17)

(3o (f)=Tu(f)+T2(f)) which flow to
ESSlas I,(f;) and to ESS2 as I,(f;). These
currents are inversely proportional to the im-
pedances of two parts of the traction network
Z:s:(f;) and Zrg, ( f;) placed on the both side
from the train

. -1

[ () :(zm(mj

o () Zrs2(Fi)

The distributions of the voltage and current
of the traction return current harmonic in the
rails between ESS and train for three-wire
traction circuit have simple analytical form

UHi (x' f ): Cy [ev(x—L—le) +e_Y(X—|—z)i| (18)

; __ZC_:Hi v(x-L=2l,) _ ,-v(x-L,)

[ (% )= = e e | (29)

ClHieYL +C_:2Hie_YL

Chi = 1+e2" ’

(20)

where C1 and C2 are constants of integration
that are defined from boundary conditions, Z;

is the characteristic (wave) impedance of the
lines, y is the propagation constants, L is the

distance between train and substation, |, is the

spreading distance of the harmonic of the re-
verse traction current beyond the SSE.
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Traction current harmonics from
multiple trains in feeder zone

The equivalent circuit of a traction system
with two ESS and multiple trains is shown in
fig. 3.

The distribution of traction return current
harmonics in rails generated by multiple trains
in feeder zone are determined by using super-
position method. On first stage of this method
the partial currents in all branches of the cir-
cuit caused by one electromotive force (EMF)
or current source are calculated with assump-
tion that the other EMF sources are replaced
by short-circuited branches and current
sources are replaced by breaks in the circuit.
Then the total currents in each of the branches
are determined as a sum of the partial currents.

(h=1) r=mmmmomemmaemy )

----------------

ESS)
44

£ i

ESS,
ul z =

212

Eps

! "h{n—f} Z()r‘n—n’) Iy Jhin+1)

Zpn-1)

¢Zﬂm-1¢

________________

: —-‘—-n

Y+l b x

Fig. 3. The equivalent circuit of a traction system
with multiple trains (only two trains with numbers

n and (n+1) are shown)

On the basis of the established mathemati-
cal model, a computer program have been de-
veloped

Results

To illustrate the application of the devel-
oped computer model, the distribution of the
traction return current harmonics was comput-
ed for AC direct feeding traction network
2x25 KV electric railway system with two-side
ESSs. The parameters of the model have been
set as follows: distance between substations
D, is 40 km, number of trains N;, is varied

from 1 to 5, the trains’ coordinates are
X, =6,13,20,27,34 km, the electrical conduc-

tivity of the earth o, is varied from 1072 to

g
10~ Sm/km, the rail-to-earth conductivity o,
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is varied from 0.02 to 1 Sm/km, the harmon-
ic’s current at 25 Hz, generated in rails by each
of the trains is 1 A (RMS) (that corresponds to
maximum value of interference in the rails at
25 Hz [4]).

The maximum interference from trains is
in the areas nearest to trains and also to the
point of connection of return feeder to rails (at
ESS terminals). Therefore, simulation results
are represented for the traction return network
area between ESS1 (x=0) and the train
(x=6 km) (fig. 4). The traction harmonic cur-
rent in rails are increased with increasing of
train number in feeder zone and with decreas-
ing of the rail-to-earth conductivity.

Fig. 4. Dependence of the harmonic current at a
frequency 25 Hz in the rails from the coordinate X
and the rail to earth conductivity o, for one (a),

two (b) and five (c) locomotives in feeder zone

In case of one locomotive in feeder zone
the interference at 25 Hz in the rails near the
ESS don’t exceed a limit value of 1 A even in
unfavorable operation conditions for the rail-
to-earth conductivity equal 0.02 Sm/km.
(fig. 4 @). If number of trains in feeder zone
increased (from 1 to 5) the interference at
25 Hz also increased and it values at rail-to-
earth conductivity equal 0.02 Sm/km reach to
1.073 A for two locomotives (at x=6 and
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13km ) and 1.233 A for five locomotives
(fig. 4 (b), (c)). These values of interference
are exceed the limit value 1 A at 25 Hz. Simi-
lar results are obtained for traction harmonic
currents at frequencies 420, 480, 580, 720,
780 Hz.

Conclusion

A mathematical and computer model of
traction current harmonic distribution in direct
feeding traction network with multiple vehi-
cles in feeder zone has been established. The
traction network was represented as series-
connected multipoles, corresponded to longi-
tudinally uniform network areas which are
modeled with MTL equations.

The model has been simplified as follows.
The lines with equal or close to each other po-
tentials are represented as a single line with
equivalent electrical parameters. The disturb-
ing vehicles are modeled as sinusoidal current
sources with several set of frequencies that are

represented by current vector Jy, ={J,; (f;)}

which components correspond to currents with
frequencies f; injected into rails. Only return

current harmonics with frequencies that lie in
frequency range of track circuit receiver were
considered. Depended of simulation aim the

values of harmonics J,; (f;) at frequency f,

are taken as values measured during train tests
or as the maximum interference values accord-
ing to norms.

The distribution of the traction return cur-
rent harmonics was computed for direct feed-
ing traction network 1x25kV AC electric
railway system with two-side ESS and with 1
to 5 vehicles in feeder zone.

The maximum interference from trains is
in the areas nearest to trains and also to the
point of connection of return feeder to rails (at
ESS terminals). The traction harmonic current
in rails are increased with increasing of train
number in feeder zone and with decreasing of
the rail-to-earth conductivity.

The interference at 25 Hz in the rails area
near the ESS for one locomotive in feeder
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zone don’t exceed a limit value of 1 A even in
unfavorable operation conditions for the rail-
to-earth conductivity equal 0.02 Sm/km. If
number of trains are increased (from 1 to 5)
the interference at 25 Hz also increased and it
values at rail-to-earth conductivity equal
0.02 Sm/km reach to 1.073 A for two locomo-
tives and to 1.233 A for five locomotives, that
exceed the limit value of the interference in
rails at 25 Hz.
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MATEMATHUYHE MOIEJIIOBAHHS ITEPEXITTHUX IMTPOLIECIB B
YCTAHOBII POBMATHIYYBAHHSA ®EPOMATHITHUX AETAJIEN

HUJIHIAPUYHOI ®OPMU

IMocTanoBka nmpodaemu
Ta aHaJi3 myoJikanin

[Tpu npoexTyBaHHI Ta aHami3i podoTu pi3-
HOMAHITHHX EIIEKTPOTEXHIYHUX TMPHUCTPOIB
JOCUTH YacTO IOCTA€ 3a/1a4a PO3PaxyHKY eje-
KTPOMArHITHUX TOJIIB y BEIUKOrabapuTHUX
(epoMarHiTHUX MPOBITHUKAX IWITIHIPAIHOL
dhopmu. MOXXIMBO BUIUIMTH TPU OCHOBHI Ha-
NpsIMKH po3B’si3aHHs 1iel 3amadi. [lepmmii 3
HUX TOJISITaE y (QI3UYHUX MOJICIICH YCTaHOBOK
3MEHIIeHUX rabapuTiB Ha OCHOBI TeOpil momi-
OoHocti. IluTaHHs (i3MUYHOTO MOJIEITIOBAHHS
MOCTIHHUX Ta 3MIHHMX MArHITHUX TIOJIB Ta
O0COOJIMBOCTI Pi3HUX MOJCIIOIOUUX MPUCTPOIB
nokiaaaHo omnucaHo B [1]. Pesymbratu excre-
PUMEHTAJIBHUX JOCIIJ)KCHb HaMarHi4yBaHHs
(bepoMarHiTHOTO HWITIHIpPA HABEICHO TAKOXK Y
OibII cydacHiii po6oti [2]. IHmum Hampsm-
KOM € MaTeMaTUYHE MOJICITIOBAHHS MIPOIIECIB Y
3a3HAYCHUX CHCTeMax. 30Kkpema, B pobori [3]
3aIpOMOHOBAHO METOJUKY YHCEIBHOTO PO3pa-
XYHKY MarHiTHOTO CTaHy CYLJIBHOTO (epoma-
THITHOTO CTPMXKHSI KpPYroBOro Tmepepi3y, 1o
3HAaXOAMTHCS y MOCTIHHOMY Mar"iTHOMY MOJIi
[UITXOM 3aCTOCYBaHHS METOJY MPOCTOPOBHX
IHTEerpaJbHUX PIBHAHB. TpeTiM OKpeMHM Ha-
MPSIMKOM Yy MOJIEIIOBAaHHI €JI€KTPOMAarHiTHUX
IpoIeciB Yy  BKa3aHUX  CUCTeMax €
KOMIT FOTEpPHE MOJICJIIOBAHHS HA OCHOBI CHEIli-
aJIi30BaHOr0 MIPOrpamMHOro 3adesnedyeHHs. Tak,
HampukiIam, y poboti [3] BupiimieHo 3amauy
KOMIT'IOTEPHOTO MOJIEJIIOBAHHS €JIeKTPOMarHi-
THOTO T0JIS aCHHXPOHHOT'O JBUTYHA 13 30BHI-
IIHIM BEJIMKOTrabapuUTHUM POTOPOM Y CTaHWY-
HUX Ta JUHAMIYHHX peKUMax poOoTH 3a Io-
MIOMOT 010 MakeTa nporpam Maxwell.

s crarTs mMpoaOBXKYE paHilie 3TraJaHul
HampsIMOK ~ MaTeMaTHMYHOTO  MOJICJIIOBAHHS

MPOLIECiB B YCTAaHOBKaX HaMarHidYyBaHHS Be-
JUKOrabapuTHUX (HEPOMArHITHUX IHIIIHJPIB.
Take MopemOBaHHS Ma€ IepeayciM BH3HA-
YeHHs1 €(DeKTHBHUX TapaMmeTpiB Kojia Hamar-
HidyBaHHs a00 po3MarHiuyBaHHs Marepiaiy, a
TAKOX BUPILNICHHS NHUTaHHS 3a0e3MeYeHHs
€JIEKTPOMArHiTHOI CyMiCHOCTI YCTaHOBKH TpH
o0paHuX mapameTpax.

OOrpyHTyBaHHs pe3y/bTaTIiB

Omxe, B JHaHiil poOOTI AOCHIIKYIHOThCS
€JIEKTPUYHI Ta MarHiTHI BEJIMYUHU y CHUCTEMI,
300paxeniit Ha puc. 1. Huninap 1, Ha BiAMIHY
Big poOit [2] Ta [3] B 3aranpbHOMY BUMAIKY —
OararomapoBuii. 3 TOpIIB HOro 3aMKHEHO
IIMXTOBAHAM MAarHITOIPOBOJOM 2 BEIHKOTO
nepepizy. [lose yTBOPIOETHCS CTPYMOM, SIKUIH
npoTikae yepe3 oOMOTKy 3. 'ictepe3uc depo-
MarHiTHUX IIapiB BPaXOBYETHCS.

Puc. 1. EnexTpryHa IpHHIMIIOBA CXEMa IIPUCTPOIO
HaMarHiuyyBaHHS i po3MarHiuyBaHHS MaTepiaiiB

Cucrema piBHsSH MakcBena a7si KBa3icTa-
[[IOHAPHOTO CTaHy EJEKTPOMArHITHOTO TOJIs
Ma€ BUTIIAT

rotﬁzyE, 1)

— 0B
fotE =——. 2
p 2)
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Ao CyMICTHTH BICh Z MIIIHIPUIHOL
cucTeMu KoopauHat (p, ¢,z ) 3 BiCCIO CUMET-
pii mmiIiHapa, TOAl 3 YMOBH MPHUITYIICHb PO
TE, 0 TOJIE € MJIACKUM Ta MapaJieIbHUM a Ta-
KO)X CUMETPUYHUM BIJIHOCHO BiCl Z , BEKTOpH

HaIpyKEHOCTEH E, H, ta MaruitHoi THAYKIiT
B samexarb juuie Bin omHiei IIPOCTOPOBOI
KOOpJUHATH — BIACTaHI p BiJl BiCl UIIHJIpA.

EnextpomarHiTHe Mmojie y I[bOMY BHIAIKY

OIMHCYIOTh CHUCTEMOIO JIBOX OJIHOMIPHUX CKa-
JISPHUX PIBHSIHb Y YACTUHHUX MOX1THUX.

oH
o _E. 3
P Y 3)
10 oH
22 (pE)=—pn. Z1 4
pap(p ) =1, - (4)
nL<p<re. (5)

B skocTi mpukiamy, Ha puc. 2 HaBEIEHO
pe3yabTaTH YUCEIBHOIO PO3PAXYHKY 3a JI0T0-
MOTOI0 CTaHJIAPTHUX MPOIEIYp MPOrPaMHOTO
nakera Maple. L{i po3paxyHkH BiANOBIJAIOTH
mporecy po3MarHiuyBaHHs LwitiHAgpa 1 3 ma-
tepiany FOHK24b paxgiycom 10 MM Ha KOH-
Typ 4 (auB. puc. 1)3a Takux HOro mapameTpiB

R=0,4 Owm, L=4,56-10" 'y,

C=220-10"° ®. I'panuuHi YMOBH Y IbOMY
pa3i BUTIKAIOTh 13 CMIBBIIHOLIEHHS 32 JIPYTUM
3akoHoM Kipxroda /ist kona po3psny

H xA/m|u,B

15 1 LI
100 L}

1,01

L]
L]
L]
Ll
L] L]
Ll
05 o
L]
®
»

-0,5{ L

°

oo

Puc. 2. YacoBi 3a51eXHOCTI HaIIpy>KeHOCT1

MAarHiTHOT'O T10JIs1 Ha OBEPXHI LMITIHApa Ta

Hanpyra Ha EMHOCTI IIPOTSTOM TPOIIECY
pO3MarHiuyBaHHsI 3pa3ka

ISSN 2223-5620 (Print), ISSN 2411-1554 (Online)
EnexTpomarHiTHa cyMicHICTb Ta
Oesrieka Ha 3ai3HUYHOMY TpaHcnopti, 2017, Ne 13

do
dt

L%+Ri+uc(t)+w ¢ -0, (6)

e

(-0 Sfiow. )

Bucnosku

3a pe3ynbpTaTaMu BUKOHAHOI POOOTH MOXK-
Ha 3pOOHUTH HACTYITHI BUCHOBKH.

1. HasBHICTh y KOJI €MHOCTI mpu o0pa-
HId pallioHaJIbHIM KOMOIHAIi TapameTpiB
MPU3BOIUTH A0 TMEPIOAMYHO 3racardoro Ko-
JUBAIBHOTO TEPEeXiJIHOTO TMpolecy IiJ Yac
pO3MarHiuyBaHHsS [HJIIHAPHUYHOTO  3pa3Ka.
TpuBanicTe mporecy po3MarHiuyBaHHS MpHU
naHux napamerpax — 10 mc.

2. Ilpu posB’s3yBaHHI 3amaud 13 ypaxy-
BaHHSM SIBUINA TiCTEPE3NCy CIIiJ MaTH Ha yBa-
31, 110 3aIIPOMOHOBaHA MOJIENb TapaHTye Mpa-
BIWJIBHICTh PO3PaxyHKIB, SKIIO TapaMeTPH KO-
Ja 3a0e3ne4yyloTh MOHOTOHHICTh 3MIHH Ha-
NPY)KEHOCTI TOJs Big TMO3UTHBHOTO JO
HEraTUBHOTO MaKCUMYyMIB Ta BUXI1J HA TpaHU-
YHY METJII0 TICTePEe3UCy MPOTATOM IPOLECY
nepeMarHiuyBaHHsl MaTepiaiB.

3. Ha Hamy nymKy, mpu HayKOBHX JIOC-
JKEHHSX eJIeKTPOMArHiTHUX TMPOILIECIB Y CU-
CTeMax KJIacy «EJEKTPUYHE KOJO — EJIEeKTPO-
MAarHiTHE TOoJie» MepeBary CIiiJ BiIgaTH Mare-
MaTHYHOMY MOJIEITIOBAaHHIO HAa OCHOBI KJIacH-
YHOI Teopil €eJIEeKTPOMArHiTHOro TMOJas Y
MOETHAHHI 3 YMCETbHUMU METOJIaMH PO3paxy-
HKY BIJIOBIIHUX PIBHSAHb. Y TOH k€ 4ac mpu
MIPOEKTYBaHHI KOHKPETHHUX EIEKTPOTEXHIUYHUX
IIPUCTPOIB 0111 e(EeKTUBHUM €
KOMIT IOTEPHE MOJEIIOBAHHS, X0ua y OLIbIIO-
CT1 BUIAJKIB IpU HOTO 3aCTOCYBAaHHI JOCHIA-
HUK HE Ma€ TOBHOI 1H(OpMAIIii PO CTPYKTYPY
MoJielni, Ky BHKOpHCTOBYye. (Di3uuHe Moje-
JFOBaHHS TAKOX € aKTYaJIbHUM, OCKUTBKH T10-
3BOJISIE TMIATBEPIUTH AJ€KBATHICTh MPUHHATHX
MPUIYIIEHb IpU MOO0Y0B1 MaTeMaTUYHUX abo
KOMIT'FOTEPHUX MOJIeJIel 3a3HaYEHUX CUCTEM.

4. Tlomampmux JAOCHIIKEHb TOTpeOye
MUTaHHS 3a0€3MeUeHHs eIeKTPOMAarHiTHOI Cy-
MICHOCTI YCTaHOBOK HaMarHidyBaHHs Ta PO3-
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MarHigyyBaHHsI PEYOBHMH TPH OOpaHHMX parlio-
HAJIBHUX, 3 TOYKH 30py OCHOBHHX IHPOIIECIB,
napamMeTpax yCTaHOBKH.
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OINPEAEJIEHUE NHIAEKCA HAAEKHOCTHU CUCTEM

IJEKTPOCHABKEHMUSA

BBeaenue

[loHATHE HAAEKHOCTH B 3JIEKTPOIHEpre-
TUKE SIBJIIETCSI OJJHUM M3 OCHOBHBIX, TJIAaBHBIX
MOHATUH, XapaKTepu3ylmux 3Heprodddex-
TUBHOCTb IPOM3BOJICTBA, NEpEAayn U pacrpe-
JICJICHUS DJIEKTPUYECKOW dHepruu. B paszmmu-
HBIX HOPMAaTHUBHBIX M MOJOOHBIX JOKyMEHTax
[OJl HAJEKHOCThIO IOHHUMAeTCs CBOHCTBO
00BEKTa (AIIEKTPOYCTAHOBKH, IJIEKTPOIHEPTe-
TUYECKOH CTaHIMU WM €€ YacTH) obecredu-
BaTh TpeOyeMbie (yHKIMHU (Hampumep, Oecre-
peboiiHoe MeKTpOoCHAOKEHUE TOTPEOUTENCH B
3aJJaHHOM 00beME M HYKHOM KayecTBe) CO-
XpaHss CBOIO pabOTOCIIOCOOHOCTh U IKCILIya-
TalOHHBIE T[OKa3zaTelu. B coBpeMeHHbIX
YCIOBUAX HAJEKHOCTh PacCMaTpUBAeTCs TaK-
K€ Ha ONTOBOM pBIHKE (T.€. CHUCTEMHas
Ha/IeXHOCTh) U Ha PO3HMYHOM DBIHKE (IJIEK-
TpoceTeBasi HaJeXHOCTh). HamexHocTh Kak
BEPOATHOCTh Oe31epUIUTHON paboThl 3JeK-
TPOCTAHIIMM  XapakKTepu3yeTcs  MHIEKCOM
HagexxHoctH P; B CHI' Hopmupyercs unaekc
HaJIeKHOCTH, paBHBIA (0.966, 4TO 3HAUUTETHHO
HIDKE 3apyOeXHBIX HOPMATHBOB.

OOBEKTOM HCCIEeI0BaHUS SIBISIIOTCSL CH-
CTEMBI 3JIEKTPOCHA0XKEHUS MPOMBIIIJICHHBIX
MPEAIPUATHI.

[lenbto paboThl ABISETCS OIpeAeTIeHHE
MH/IEKCa HAJKHOCTH MPOMBIIUIEHHBIX CH-
CTEM DJIEKTPOCHAOKEHUSI.

B pesynbraTe uccnegoBaHmit
BBIPQKEHUS [UI1 ONTHMAJIbHOIO 3HAYECHHUS
CTETNIEHH HAJAEKHOCTU C YYEeTOM 3HaueHUi
MIPUBEJICHHBIX 3aTPaT U UX COCTABJISIONIHUX.

MOJTYYEHBI

31

1. Pacuer HHACKCA HAACKHOCTH

OObecneyeHre 3HAYEHUN P O3HAYaeT CHHU-
KEHUE BEPOATHOCTEM OrpaHUYEHUsI 3JIEKTPO-
cHaOXeHHus, 4To TpeOyeT JONMOJHUTEIbHBIX
KaIllUTaJIOBIOKEHUI B TOBBIIICHUE HAJEKHO-
CTH BCEX COCTAaBJISIOLIUX SHEpProcucreM (re-
HEPUPYIOIIUX MOIIHOCTEH, BJICKTPUUECKUX
CeTeil Pa3IUYHBIX YpOBHEH, aBTOMATHUYECKUX
YCTPOMCTB M Ap., a Takxke 3arpaT K Ha obec-
NEUYCHUE pe3epBa TeHEPHUPYIOIIUX PE3ECPBHBIX

momHocreit P,

3Havyenne K MOXKHO Tpej-
CTaBJISIETCS B BUJIC

K=P

pe3

K, (1)
raec Ky;[ — yIIeJ'II)HaSI CTOUMOCTBh OOJHOI'O KHUJIO-

BaTTa YCTAHOBKHM T'€HEPUPYIOIIEH MOIIHOCTH,
noJu/kBT.

Viiepd V BO3HUKAOMIMI W3-3a HEXBATKH
ANEKTPOIHEPTHH, TIPU OTCYTCTBUU aBaApUHHOTO
pesepBa

V= Ppe3Tyaque¢ ' (2)

rje y, — YAENbHBIN ymepO u3-3a HEI0OTIIyC-

Ka SJICKTPOSHECPT U

noi/kBT u; e

MOTPEOUTEITIO,
UHTErpaibHas BEpOSIT-
HOCTbh BOBHUKHOBEHHMS Jie(pUIIMTa MOIIIHOCTH.
OueBHUIHO,
p = 1_ q;{eq) ’ (3)
N3 conocraBnenus Belpaxenui mus K u Y,
y4uThIBasL, uTo ¥ > K, mony4aem [1]

qae(p > ya};{, ’

(4)

rne 7T =8760 u.
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[Tocmennee  BBIpaKEHHE  HCIONB3YETCS
OOBIYHO C YYEeTOM BIUSHHUS Kod(h(duImenrta
3(peKTUBHOCTH KalUTAIbHBIX BIOXKCHUH E,

B TCUCHUC OJHOI'0 IoJa, a TaKXE I'OJOBBIX
pacxonoB Ha aMOPTHU3aHUI0 Oy, PCMOHTHBIC

; TAKUM 00pa-

9KOH ?

pabotbl U obciyxuBanue [3

30M, OKOHYAaTCJIbHO

Oy > Kyn (anz\; :"0;0 + BaKOH) 5)

Tak, HaIpUMep, npu
Ky =2,75 nomy/kBr, 0y +Bor =0,05,
v, =0,125 nomr/xkBr u OKa3bIBACTCS

Opep 20,04 n p=1-¢,,=0,096. Ilpn Hop-

MupoBanuu 3HadeHudt P=0,996 Bo3MOKEH

NeQUIUT IEKTPOIHEPTUH Y TOTPEOUTENsI HE
ooiee AT 35 ygac/r.

3a pyOexoMm B psiie CTpaH MPUHUMAETCS
p~0,999 u cooTBETCTBEHHO NE(HUIIUT MOIII-

HOCTH He Ooiiee 8 yac/T.

2. OnTuMHU3aIuA HATEKHOCTH
B IPOMBILILIEHHOM
3JIEKTPOCHAOKEHU M

JUis pacnpeaenuTeabHbIX IEKTPUUECKUX
ceTeii B KayecTBE OCHOBHBIX ITOKa3aTeseit
HA/IKHOCTH MTPUHUMAIOTCS TaKXKe:

a) BEpOSITHOCTb OTPAHWYEHHUs HArpy3kd IIO-
TpebuTene (T.e., HapylieHHWE dJIEKTPOCHAO-
KEHHs) B CPAaBHEHHMU CO 3HAYECHUSIMU B HOP-
MaJIBHOM peKUMe, 100

0) BEpOATHOCTb HENPEBBIIICHUSI CPETHET010-
BOTO OTHOCHUTEJIBHOI'O HEJOOTIIYCKa 3JIEKTPO-
SHEPTUU CBEPX HEKOTOPOTO HOPMHUPOBAHHOTO
3HaueHwus [2].

B kauecTBe KpuTepus ONTHUMAIbHOCTU
MPUHUMAETCS MUHUMYM CYMMapHBIX 3KOHO-
MHUYECKHX 3aTpar:

E}IOH K'Ha):l

HOpM™ "UHB

(G’O + BaKOH)KIfI{;s +

+Ys —>min

3ian =

(6)
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3nece EX"

wopw — HOPMATHUBHBIA K03 duuy-

CHT OO0XOOHOCTHU I/IHBGCTI/IHI/Iﬁ B HaJACKHOCTD,
K

HWHB

CyMMa MHBECTHLUI B IOBBIIICHHE
HAJEeKHOCTH, O, U P, . — KoddduuneHts

aMOPTHU3aLMOHHBIX OTYUCIEHUHN U JKCILUTyaTa-
[UOHHBIX PAcXoloB, Vs — CPEIHEroJoBoe

3HaueHue ymiepda OT HapyLIEHWIl 3JIeKTpo-
cHaOKeHusl.

Ha puc. 1 mokazanbl u3MeHeHHUs 3aTpar U
UX COCTABJISIIOIIMX MPU U3MEHEHHH HaJEKHO-
CTH JJICKTPOCHAOKEHUSI.

N3 paccmorpenust puc. 1 ciemyer, 4rto
yBEJIMYEHUE HAJIEKHOCTH CHCTEMbI NMPUBOAUT
K YMEHBIICHUIO CyMMapHOro yiiepoa, HO Tpe-
OyeT IONOJHUTENIbHBIX WHBECTHUIMHI B pe3ep-
BUPOBAHUE CETH U IKCIUTyaTallMOHHBIX PacXo-
noB. CymMMapHbIe 3aTpaThl UMEIO JIOCTATOYHO
HIMPOKYIO 30HY ONTUMAaTbHOCTH.

OnTuMalibHasE CTETICHb HAJIKHOCTH HaXO-
JSTCS U3 paBeHcTBa [3]

03

Ham

0, (7)

oK

Hazx

P

»
L

Puc. 1. I'paduix n3mMeHEeHHs 3aTpaT U UX
COCTaBJISIIOIIMX NP U3MEHEHUH HaJIe)KHOCTH
ANIEKTPOCHA0XKEHHSI: KPUBBIE 1 —~MUHHMYyMa
CyMMapHBIX SJKOHOMHYECKHX 3aTpaT; 2 —
WHBECTHUIIMH B MOBBIIICHUH HAJIS)KHOCTH; 3 —
ymiep0a oT HapyIIeHUH deKTpocHab)eHns, 4 —
30Ha ONTUMAJIbHBIX 3HAYEHUI
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pelieHne KOTOporo

03 oY-
M= By T 0 B + =0, (8)
OK o P OK o
Otcrona
oY
z pi ()
- =E"" +o,+ . 9
P KHaH HOPM 0 B DKOH ( )
oVy

[TapameTtp MPEICTABISIET TpUpa-

HaJ
[IEHWE CyMMapHOTO yiiepba Ha eIWHUILY J0-
IIOJIHUTENIbHBIX HHBECTULIMH.

OueBUIHO, 4YTO HAJAEKHOCTb 3JIEKTPO-
CHA0XEHUSI OKa3bIBACTCS ONTHUMAJIBHOW MpH
pPaBEHCTBE MPUpPAIICHUS OXHAaeMOro yiiepoa
U CyMMBbI JOXOJHOCTH WHBECTULIMI, aMOpPTH-
3alIMOHHBIX U AKCILTyaTallMOHHBIX PaCcX0/10B.

[pumep. EgggM =0,12, o, =0,04,
Baxox—x = 0’ 09 *
oV _ 0.25 JI0JL1/TOJT _
oK JIOJLI

HaJl

3. 3Havyenus HHAEKCA HAAEKHOCTH

B cooTBeTCTBUM C TEXHUUYECKUMH, SHEpre-
TUYECKUMH W SKOHOMHYECKHMH OCOOCHHO-
CTSIMU  JJIGKTPOIHEPreTUKU  BBIJICNIEH DA
MEepapXUIEeCKUX YPOBHEH HAJEKHOCTH DIICK-
TpocHaOxeHus notpedureneil. Teppurtopu-
aJlbHbIe (pErMOHANbHBIC) pacHpeaeTuTeIbHbIE
cetn 220 — 150 — 110 — 35— 10(6) xB, mpen-
Ha3HAueHHbIE JUI1 OO0ECleUYeHUs: OTAENbHbIX
notrpeOuTeneil, OTHeCEHbI K 3-My YpOBHIO.
Jlnist DTIEKTPUYECKUX CEeTeH 3TOro YpOBHS Be-
posTHOCTh Oe3aepuuuTHON paboThl MOTPEeOH-
Tene Owbina ompenenena W. M. Mapkosuuem
BenmuuuHoit P =0,996. B pacuerax Obutn

MPUHATHI CICAYIOIIHUC I10KA3aTCIN: YACIbHAA
CTOUMOCTDb PE3CPBHBIX SHECPICTHUYCCKUX MOIII-

HOCTEH Kyﬂ — 2,75 nomn. / xBr, ynenbHbIN

yiuiepd OT HapyIIeHHs DIIEKTPOCHA0KECHUS
Yo— 0,075 nonn./kBT-4,). 3HaueHust HopMaTHU-

BOB BCPOATHOCTU 663H€(I)I/ILII/ITHOFO QJICKTPO-
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cHaOxenus ceroans B: CIIA — 0,9997, ®pan-
uun — 0,9977, Hupepnangax — 0,9995, Up-
nauauu — 0,9991, CxanauHaBCKUX CTpaHaxX —
0,999 [4].

B coBpeMeHHBIX YKOHOMHYECKHUX YCIOBHU-
six (mokazatenu B meHax 2014 rona) yaenbHbIe
KalMUTAJIbHBIC BJIOXKCHHUS B PE3ECPBHYIO TI'e€HE-
PUPYIOIIYIO  MOIIHOCTH  COCTAaBIISCT:
Kle =5,43 teic. nomn. / kBT, yAEIbHBIN

yiiepO Npu OrpaHUYEHHSX HArPY30K B [Haria-
3oH¢ 5-30% oT MakcumMyMmMa Harpy3ku

Yo =4...16 noyu. / kBt '4;  oTHOcuTeNbHOE

3HAQUEHHE pe3epBa TIECHEPUPYIOIIEH MOIIHO-
ctu — 0,9755. OueHouHble pacyeThl HHIECKCOB
HAJIOKHOCTH CYOBEKTOB JJICKTPOIHEPTETHKHU
VYkpaunsl u Poccun no rpanwmiy pasnena Oa-
JAHCOBOM MPUHAJICKHOCTH DIIEKTPUUYECKUX
ceTeil moTpeduTesnei ceroaHs Huxe rmokasare-
a5 0,996 u mHaxoxsarcs B npenenax 0,96...0,98;
IpU BEPOSTHOCTU PACUETHBIX OTKIFOUEHUSIX
ANEKTPUUECKUX CeTel CyMMapHBIN ymiepo mo-
TpeOUTEIIM COCTaBUT 0,5...2 map.
nost. / rox (mo 1 % BBII) [5].

B nocneanue rospl, ¢ 1e5bi0 000CHOBaHUS
pe3epBa reHepUPYIOIIMX MOIIHOCTEH B HEKO-
TOPBIX 3aMaJHBIX CTpaHaX HOPMUPYETCS UHTE-
rpajibHasi BEPOSITHOCTh Oe3aeduiuTHoN pado-
Tel: @pannus — 3 vaca/ron, Benukobpuranus
n Hunepnangel — 4 wyaca/ron, I'epmanus —
8 wacos/ron.

13380: 1001181

1. Ilpunsaroe B CHI' 3HaueHuwe uHIekca
HaJeXHOCTH, paBHO 0,996, cipaBeAJIMBO TUITH
MpU y4€Te€ aMOPTU3AIMOHHBIX W OJKCIUTyaTa-
[IMOHHBIX 3aTpar.

2. OO0OCHOBaHO MPUMEHEHHE B KaueCTBE
KpUTEpHs, TIPU PABEHCTBE ONTHMH3AI[MOHHBIX
3HaUEHUN HHJEKCa HAJeKHOCTH, MHUHUMYyMa
MIPUBEICHHBIX 3aTpar.

3. TloBeimieHue HaASKHOCTH (WMHIECKCA
HA/IeKHOCTH) cBepx 3HadeHus 0,996 comps-
’KEHO CO 3HAYUTEIbHBIMH JOTIOJIHUTCIHHBIMU
pacxogamMmu B pasMepe He MeHee 0,25
noJut. / roa /moi.
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AOC/IIKEHHS POBOTH PEMKOBOI'O KOJIA B YMOBAX
HACUYEHHSA KOJIMHUX JPOCEJb-TPAHC®OPMATOPIB

Beryn

MopepHizaliisi CUCTeM 1 TPUCTPOIB 3ali3-
HUYHOI aBTOMAaTHKH Ta TeJIEMEXaHIKU OCTaH-
HIM YacoMm Bce Oinblie HaOyBae €BpOiHTErpa-
1iHO1 crpsiMmoBaHoCTi. BuHukae motpeba y
CTBOPEHHI HEOOXITHUX YMOB /s 3a0e31edeH-
Hs Oe3nepebiitHoi poOOTH HOBOI amapaTypH Ta
3HIDKCHHSI KIUTBKOCTI BiZIMOB 3actapinoi. Ha
bOMY IUISXY JOCUTH BaroMor mpoOjaemMoro €
BiIMOBH Apocenb-Tpanchopmaropis (AT), a
camMe HacuueHHs ix MarHitonpoBoxiB. lLle
SBHIE Ma€ JOCHTHh KOMIUIEKCHUH Xapakrtep,
a/I’ke MOYKe BUHUKATHU 32 HACTYITHUX MPUYHKH.

[To-neprire, Ha AUITHKAX CTUKYBAaHHS JOPIT
3 EJEKTPUYHOIO TATOI0 MOCTIHHOTO Ta 3MiHHO-
ro CTPYMiB MOPYHIYETHCS POOOTa pPEHKOBUX
kin (PK) BHacIigoK MpoCTOPOBOTO PO3TiKAHHS
3BOPOTHOT'O MOCTIMHOTO TATOBOTO CTPYMY BiJ
CTaHILIi CTUKYBaHHs I10 IMOJIIFOHY, 110 MPUMHU-
Ka€ JI0 CTaHIIii 3 eJIeKTPUIHOIO TATOI0 3MIHHO-
ro ctpymy. B pe3ynbraTi BinOyBaeTbes miama-
THIYEHHS! TIOCTIMHUM TIOTEHINIAJIOM «pehka —
3emiisi» (Oi1st 60 B) marnitonposoais AT, mo
Mpu3BOAUTH 110 BiiMoB PK Ta mepexkputts cBi-
Tiodopis [1, 2].

[To-npyre, Ha mpoBOJAaX KOHTAaKTHOI Me-
pexi 3a OXxeneauli B KOJi 3BOPOTHOIO 3MiH-
HOTO TATOBOIO CTPYMY IpPHUCYTHI Oararouwc-
JICHHI TapMOHIYHI CKJIaJIOBi, Cepes SIKUX 1 Moc-
TifHA CKJIa/I0Ba, KA, SK BIJOMO, HaMarHidye
ocepas IT.

[To-Tpete, Ha TMpoOIEMATHUYHUX TIPCHKUX
TUISTHKaX JOpIT BHACIITOK HAsBHOCTI KPYTHX
MiIHOMIB 3BOPOTHUN TATOBHM CTPYM JIOCSTAE
KOJIOCAJIbHUX 3HaueHb. J[JIs mpukiaxy Mo)kHa
po3rsiHyTH  AUTIHKY JlaBoune — beckum —

35

Ckotapcbke JIBBIBCBKOI 3alli3HUIN, Ha SKii
migiiomu gocsararotb 30,4 %o, a MOCTIHHMI TH-
rosuii ctpym — 7000 A [3], B pe3ynbrari yoro
HaBiTh Tpu HoOpMaTuBHIA acumetpii 0,12
cTpyM acumetpii gocsirae 400 A 1 Ginbiue. Le
CYIIPOBOJDKYETHCSI HACUYCHHSIM MAarHITOIPO-
BoaiB komiitaux [T tumy JIT-0,6-1000 Ta AT-
0,2-1000 (Ha pO3TAAHYTIA TIPCHKIA IISHII
3actocoByroThesl kKoaoBi PK 50 I'm), 3HmxkeH-
HSIM BXIJHHX OIOPIB 1O KIHIIIM pEeUKOBOI JTiHIT
(PJI) 1 mopymieHHsAM 0051acTi CTIKOCTI poOOTH
PK aBto0s0kyBanus (AB).

Meta Ta 3aBaaHHA

OTxe MeTOr0 poOOTH € JOCITIKEHHS KOe-
¢biuieHTiB cxem 3amimeHHs komiHux AT y
peKHMI TiIMarHideHHs iX KiT MOCTIHHUM TS-
TOBUM CTPYMOM ISl TIPOBEJIEHHS OLIIHKH PO-
6otu kogosoro PK B yMoBax BIUIMBY CTpyMy
acuMeTpii.

AHaJIi3 0CTaHHIX J0CTi/IZKeHb
i myOJikanii

V¥ Teopii PK nocnimxeHHst Ta po3paxyHKH
NpEeACTaBISAI0Th CO00I0 pOOOTY MarHiTHUX CH-
CTEM JIPOCEIIIB 31 CXeMaMHM 3aMIIIeHHS, BU3HA-
YeHUMH Ha JIiHIWHIA AUISHII OCHOBHOI KPUBOI
HaMarHiueHHs 0pHU IHAYKWOI He Oliblie
0,25...0,5 Tx [3].

Jlo cux mip maibke He mpuaLIsIacd yBara
po3paxyHkam 1ux By3iniB PK y HemiHiliHil mo-
CTaHOBIII 33724 JAOCIIPKEHb, 32 BUKIIOYCHHSIM
HebaraTouncIeHHUX po0IT, OMyOJiKOBaHUX B
octanHi poku B Ykpaini [1, 3, 4]. Li npami €
Jy’Ke 3MICTOBHUMH, ajie 3allpOIOHOBaHI B HUX
METOAM Ta MOJET € JIOBOJI CKJIaTHUMH Ta
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rpoMizakumu. [[s mpoBeneHHsS po3paxyHKIB
pob6oru PK mpu migmarHidyBaHHI JIpOcCeliB
MOTPiIOHO MaTH BIAIMOBIIHI €KCIIEPUMEHTAIBHI
3aJIeKHOCTI MArHiTHUX XapaKTEPUCTHK IpH-
CTpOiB Bix cTpymy migmarHideHus [5, 6]. s
MPOBEICHHS MOAIOHMX E€KCIIEPUMEHTIB IOIIY-
Ky PO3paxyHKOBHX IapaMeTpiB CXEM 3aMi-
menns (C3) apocemniB moTpiOHI MOTYXHI JIKe-
pena TOCTiHHOrO CcTpymy [7], 1m0 3HA4YHO
YCKJIAHIOE Tiporiec. ToMy y poOOTi 3amporo-
HOBAaHO HETIPSIMHI METO]] 3HAXO/KCHHS €JICK-
TPUYHUX  TApaMETPiB  YOTHUPUIIOIIOCHUKIB
cxeM 3amimeHHs Kojaiiaux J[T.

JocaixxenHs
Koe(pii€HTIB YOTUPUIIOJIIOCHUKIB
PeiKOBOro KoJ1a

CyTb 3alpOIIOHOBAHOTO CHPOIIEHOTO Me-
TOJly TOJISITa€ B OTPUMaHHI Koe(illieHTIB cxe-
mu 3amimienHs AT s pisHUX BeIMYHH MOJY-
JiB ONOPIB KOJAa HAMArHiuyyBaHHS Z;, IO 3Mi-

HIOIOTBCSI Yy TPOIeCi MiAMAarHi9YeHHs] MarHiTo-
nposoxis T mocriliaum ctpymom (puc. 1 a).
Z2

| —
 S—

Zi

| —
T

a) Hmp

VA]

PIT

Puc. 1. Cxema 3amimenns anaparypu CLIb:
a) apocenb-Tpancopmaropy; 6) komoBoro PK 50 I'iy

MeTtoa po3paxyHKy Ma€ HACTYIHI IPUITY-
IICHHS:

— ekBiBajeHTHa cxema 3amimieHHs T
npenacraBieHa T-moaiOHOIO Ta  17€albHOIO
cxemMamMH TpaHchOopMaTopy 3 BIAMOBIIHUMHU
KoedirieHTamu;

OIopH Z; Ta Z,, 10 BPaXOBYIOTb BTpa-

™1 y AT, BBakaeMO HenepepBHUMH, TOJI CXe-
Ma 3aMillIeHHs] BUXOJUTh CUMETPUYHOIO, BHA-
CJIIJIOK YOT'O CIIPOLIYIOTHCS PO3PAXYHKH.
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VY [8] npuBencHi 3HaYEeHHS OIMOPIB, IO
BXOJATh 10 ckiaxy cumerpuunoi C3 J[T-0,2-
1000 Ta JIT-0,6-1000, sika 3acTOCOBYETHCS Y
cxemi kogoBoro PK wacrotor (puc. 1 6), mo
HiUIAra€e po3paxyHKy.

[IpuBeneni gaHi oTpuMaHi 3 BUKOPUCTaH-
HSIM JIOBIIKOBUX BEJIMYMH KOE(DIIIEHTIB cCXeM
3aminienns komniitHux [T, mo BUKOpUCTOBY-
IOThCS 1)1 po3paxyHKiB kogoBoro PK. 3rimno
T-noxi6Hoi cxemu 3amimenus AT Bimomi Ko-
edimieaTn yoTUpunoatocHukiB JT.

n 0
Aﬂ BH 1 . ATH BTH (1)
Cn Dn 0 n CTH DTH
I
An:nn Am’ BH_nH'BTIT’
1 1
Cn :E'CTH’ Dn :E'DTH’

ae Ay, By, Ciy, Dpy — xoedinientu vo-
tupunofociuka C3  JKHBJISYOTO  KIHIIA,
Ng =15 — koediuient Tpanchopmarnii AT xu-
Bistyoro Kinns (ATm).

3naroun koedimientn JTn, 3Haxoaumo
xoedimientu (1).

AHAJIOTIYHO 3amUIIeMO MaTPUYHI PiBHSH-
HS JUIsl BU3HAYCHHS KOCQIIIEHTIB YOTHUPHIIO-
JIOCHUKA PEeNeHHOr0 KiHIIS:

n 0O

A By

— X ATP BTP
C, D, [0

c ol @
TP TP

ne Ay, By, Crp, Dpp — KOedinmienTH votn-

punomtocarka C3 peneltHoro KiHng; N, =23 —

koedimient Tpancopmaiii AT peneitHoro xi-

aus (ATp).
I3 C3 (puc. 1 6) 3HaxoAMMO 3HAYEHHS KO-
ediuientis J{T-0,6-1000:

Q310 I
Ay :i:&:Logg.e—ﬁ 10
Ny 15
B, 1815.¢ /™
BTH == =
Ny 15
=0,1134.¢ 17 (3)
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Cpy =Cyy -1y =0,135-¢718 .15 =
=2,025.¢7 1%
D, =Dy -n; =0,08-e1**.15=1,2.¢*",

Amnanoriuno koedimientn J[T-0,2-1000
3HAXOIAThCS HACTYITHUM YHHOM:

App = Ay -1, =0,152-¢7%.23=0,529.¢7 1%,
B, 0,842.¢/

Brp =— =0,0366-¢/%"", (4
TP n, 23 ( )
Crp =Cp N, =0,244.¢71%°.23=5612.¢71%,
e i 5
DTP :&:&:1.e711 .
Np 23

V [8] mpuBeneHi Koe(dillieHTH CXEeMH 3a-
MIIIIEHHS OCHOBHOI OOMOTKH, Ha OCHOBI SIKHMX
MOXHa 3HAWTH 3Ha4YeHHs omopiB T-momiOHOI
C3, mpuBeneHoi 1o ocHoBHOI oomotku [IT.
Koedimientn dotupunomtocHukiB T-momaiOHOT
C3 (puc. 1 6) 3HaX0aATHCS 32 BUPA3AMH:

Ag=1+2; B, =22, +3 %2 (5
ZS Zl
1 yA
Cop=—; Copy =142,
TI1 ZS TIT Z3

[TincTaBisroun CIOIU 3HAYCHHS Koedillie-
HriB C3, 3HaigeMo 3HaueHHs ckiagoBux C3
ocHoBHOi 0OMoTKH JIT.

JocaigkeHHss po00TH peiikoBOro
KO0JIa B yMOBAaX MiIMarHidyeHHs
MarHironposoais AT

[Tepeiinemo o po3paxyHky komoBoro PK
vacrororo 50 I'i [8, 9]. Ins po3paxyHKy BH-
KOPHCTOBYIOTHCS] HACTYITHI BUX1/IHI JaHi:

— KoedilieHTH dYoTupunoiarocHuka PJI
npu f. =50 I'm;

JIOBXKHUHA
2600 m;

omip 3omaii PJI 3 ypaxyBanHsam onop
KOHTAKTHOI Mepexi JJIs JIITHROTO Mepioy po-
Ky [, 0 =0,90M KM ;

PENKOBOTO KOJIa

IPK

— KoedilieHTH dYoTUpunoiarocHuka PJI
BIITKY:
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A=D=39-¢""; B=34.e"%;
C=4,722-e'%%,

omip i3omsaii PJI qs 3umoBoro mepio-

ay poky I, ... =500M-km;

— KoediieHTH dYoTupunoigrocHuka PJI
B3HMKY:

A=D=1024-¢%: B=21.¢/%;

B=0,052-e'"".
— omip Omop KOHTAaKTHOI  Mepexi
Iy min =2 OM-KM ;
— JUId  KONiHHOrO  mpuiiMava  pele

NMBIII-110 3 xoediunientom 3amacy Ky =12
Harpyra cipaitoBanss U, = 3,84 B;

pobounii ctpym pene |, =0,0233 A;

oIip penok Z, = 0,8-¢'% Om;

KoedinieHT noBepHeHHs Ky =0,75;
— KkoedirmieHT
Kgy =0,625;
— €MHICTh OOMEXYI0UOro KOHJEHCATOpY
Cp =24 Mk,
Koedimientn yornpumnontocauka JITm (6e3
i IMarHi9yBaHHs):
Ay, =15,5-¢ 317 B, =1,815-¢!";
C,=0,135-¢ 1%; D, =0,08-¢!**,
Koeginientn yotupunomocuuka ATp (6e3
i MarHiyyBaHHs):
A4, =0,052-¢71%; B, =0,842.¢'%";
C, =0,244.¢77%; D, =23.
BukopucToByroun po3paxyHKOBI Hapame-
TPH, pO3PaXyeEMO HOPMAIBHUN PEXUM poOOTH
(Oe3 migmarniuyBanHs). Koedirientu 3aranb-
HOI CXEMHM 3aMIIIEHHS JKUBJISYOro Ta penei-
Horo kiHUiB PK 3HaiifeHi 3 100yTKy MaTpuIlb
KOe(il1€HTIB YOTUPUIIOTIOCHHUKIB:
A, =16,424e""; B, =4,81e"*"
C, =0,031e*"; D,, =0,067¢'*
A =0,051e7'*; B, =6,65¢/3>
Cy =0,243¢71%; D, =40e!*"*

Ha/IHHOTO TTOBEPHEHHS
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Pe3ynbTaTu po3paxyHky:
— Hampyra Ta CTPyMH B KiHII Ta Ha MO-
yaTtky PJI

U, =0,354 B; I, =1,78¢ /%" A;
U, =7,25¢1*" B; I,, =8,363"® A;

Hampyra Ta CTPYM JKHBJITYOTO TPaHC-
dhopmaropa U, =149- 1% B;
| ;r =0,793-¢1% A,
Kyc =11, otpumaemo U, =164,9-¢% B;
| ;r =0,872-¢1%° A;

— ormip nepeaayi jis 3MMOBOTO MEPIOy:

Zymin = KoK (Zpoe +21+2,,,) =3220-€1%

— omip mepeaadvi Uit JITHHOTO MEPioAy:

Z,max = KunKo (A2, + B+

+(C+2,,+D) 7, ) =6416,6¢);

z

1 min

z

I max

NEPEMHOXKYIOUM  Ha

— MAakCUMaJlbHE 3HA4YeHHsS Hamnpyrd Ha
KOJIHHOMY TNpHIMadYi 3TiTHO PEryIOBaIbHUX
Tabauup popisHioe: U, =2-3,84=7,65 B.

Ili po3paxyHKOBI 3Ha4eHHS € 0a30BUMHU
JUISL OLIHKK pe3ynbTaTiB miaMarnigayBanus J[T.

3IMITYeEMO «I1iIMarHiuyBaHHSA» MAarHiToI-
posoaiB /IT-0,6-1000 ta AT-0,2-1000. YmoB-
HO BB2)KAEMO, 1110 BOHU HACHYYIOTHCS OJTHOYA-
CHO. Hnst JT-0,6-1000 MpURMEMO
2,=0,35-e!® | immi omopw z;, z, sammImIMO
TaKUMHU XK.

BuxopuctoBytoun (3), 3Haiinemo xoediri-
eHTu Tpancdopmaropy JAT-0,6-1000:

0,045¢1% o
Am =175 ggerr ~H 0%
Z3-7, j8ae
B =27, + . =0,096e’* Owm;
1
S 1
C.. =286e 8" — -
TII CM

D, =112¢ %,
Jlami BUKOPHCTOBYEMO BHIIEC 3HANACHI KO-
edinientun JIT-0,6-1000 nus
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Z3 .06 =0, 35-¢/% Om;
A, =16,8¢1"""; B, =1,44e’® Om
1

M
AHaJIOTIYHUM YMHOM OTpUMAEMO Koedirri-
et yotupunomtocauka C3 JIT-0,2-1000 mst

Z3 0 = 0,12¢"*" Owm:
A, =0,0488¢™"; B, =0,75% " Om

C, =0,362¢ 1% L
CmMm

C,=0,191e 8" —: D, =0,075¢ ",

. D, =25,83¢ 117,

bynu orpumani mapamerpu PJI mpu HOp-
MaJbHOMY PEXHMI pOOOTH:

— Hampyra i ctpyMm B ki1 PJI:

U, =0,332 B; [, =2,52¢ /%" A;
— Hampyra i ctpyM Ha oyatky PJI:
U, =9,92¢1% B; I, =11,1!"¥" A,

— Hampyra Ta CTpyM y JOAAaTKOBiil 00MO-
tui J[T-0,2-1000:

U, im0z =167 B | 0, =2,37 A

Hafpyra Ta CTpyM Ha XXHUBJITUOMY Tpa-
HchopmaTopi:

Uy =217e/% B; 1, =1,37¢ 7% A,

B pesynbraTi po3paxyHKiB OTpUMaHa 3a-
JISKHICTh HANPYrd Ha KOJIHHOMY mpuiimMaul
U BiJ BETHYHUHHU CTPYMY acHUMeTpii (puc. 2)

KIT
npu onopax izouswii [10, 11] y 3umoBuii (Bep-
XHsI KpUBA) Ta JITHIM nepioa (HUKHS KpPUBA).

UIJ[AB
7,5—1
45 \
; __"':'_"_]Eo__“'\
| _ ] Poboma | N 1 _
s obnactb Hepoﬁom
’ obmacth ~
5 '
120 240 360 Dlac,A

Puc. 2. 3anexHicTh HaIpyru Ha KOJiHHOMY
npuiiMadi Biji CTpyMy acCUMETpIi JIJIsl OTIOPiB
1300151111 y 3MMOBHH Ta JITHIH mepioj
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Bucnosxu

3 oTpUMaHUX 3ale)KHOCTEH (pUC. 2) MOXK-
Ha 3pOOMTH BUCHOBKHM, IO B3UMKY BIpOTif-
HicTh BiIMOBHU PK 3HauHO 3MeHIIyeTHCS, aIKe
HE JMBIISTYMCH HA T€, IO HANpyra Ha KOJiHHO-
My npuiiMadi Ma€ TEHICHII0 IO 3HUKEHHS
(BepXHsI KpHBa), MPUCYTHIN JNESIKUN 3amac Io
Hanpys3i. HaiGinbmn BiporiHi BiIMOBHU BIIITKY,
aJuKe, K BUAHO 3 OTpuMaHoro rpadiky, U .
3HWKYETHCS HIKYE MOPOTY CIPALIOBAHHSA, 110
€ He0a)KaHUM HETaTUBHUM SIBUILIEM.

Konmose PK 50 I'i mpartoe y Bkpail Bax-
KHX YMOBaX, 10 OYJIO BCTAHOBJICHO B PE3YJb-
TaTi MPOBEICHOTO JOCTIIKEHHS 3 3aCTOCYBaH-
HSIM 3alpPOIIOHOBAHOTO CIIPOLICHOTO METOMY
PO3PaXyHKY KOE(IIiEHTIB YOTUPUIOIIOCHUKA
AT 1 PK i po3paxyHKy HOPMaiabHOTO PEXKUMY
poGotu. Y 1poMy BHIAAKy HOTpiOHO IMPOBO-
JTUTH MPO(UIaKTHYHI POOOTH 31 3HMIKEHHS KO-
edillieHTy aCUMETpii Ta 3aCTOCOBYBATH BiIO-
BiJIHI TEXHIYHI pillICHHSI.

3anponoHOBaHU HEMPSMHUII METOA MOXKe
BUKOPHUCTOBYBATHCS JJISi KOPETYBaHHS PO3pa-
XYHKIB PEeKUMIB poOOTH PEHKOBUX Kil 3 ypa-
XyBaHHAM HacuueHHs komitaux J(T.

Biouiorpadgiunmii cnucox

3ammTa penbCOBBIX 1T B 30HE CTHIKOBAHHS
cucteM anekrporsrd /A, Il. PasroHos,
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C. A. PazroHoB // ABToMaTHKa, CBA3b HHDOP-
maTuka. — Mocksa, 2009. — Ne 9, — C.19-22.
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THE METHOD FOR DETECTING DEFECTS IN MOVABLE ARMATURE

OF THE SIGNALLING RELAY

Introduction

Despite significant progress in the devel-
opment of microelectronic rail automatic sys-
tems observed in recent decades, relay-contact
devices are still widely used in railway signal-
ling systems, that are fundamental to the safe
operation of railways and must perform pre-
dictably and reliably [1-6]. Thus, signalling
relays used for safety-critical or safety-related
applications in railway signalling systems
should be properly maintained and tested to
ensure their performing safely and reliably
throughout their expected service life. Signal-
ling relays should be derived from systems and
inspected periodically for any signs of dam-
age, distortion, corrosion, condensation or in-
gress of moisture, dirt, insects, etc. During re-
lay test sets there should be measured the op-
erating voltage, contact and coil resistances,
switching time, etc., and checked the properly
operation of the relay armature and contacts,
that demands to removing relay cover. Mostly
tests are performed manually. Prompt diagnos-
tics of relay fault is critical not only for the
safe operation of signalization systems, but
also for the reduction of maintenance cost. To
automation of the measurements of relay elec-
trical and time parameters the some methods
were proposed [1, 4, 6]. The method for relay
armature condition monitoring, based on ana-
lyzing of transition current flowing in relay
coil during its energizing, proposed in [6],
showed low sensitivity of transition current
characteristic to the armature fault. In order to
improve fault feature extraction, the mathe-
matical model of electromechanical processes
in the relay during its energizing, was pro-
posed in [4], but simulation results obtained by
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this model were not accurate enough due to
lack of correct analytical expressions for air
gap reluctance, magnetic flux leakage, eddy
currents in relay core and armature, etc. The
artificial neural networks (ANN) used for fault
recognition by analysis relay transient currents
showed promising results, but a huge amount
of experimental data was necessary for ANN
learning [1]. Preliminary processing of the
transient current for extraction of the relay
faults features can accelerate ANN learning
process. Last decades the wavelet transform
was widely and successfully used for the fault
feature extraction.

The purpose of the work is to develop a
method for revealing of the movable armature
defects of a signalling relay based on the
measurement of the transient current when the
relay is turned on and off with subsequent cur-
rents' processing using wavelet transform.

In this connection, the paper is composed
as follows: a brief review of electromechanical
processes in the railway signalling relay and
wavelet transform theory, measurement tech-
nique, results and discussion.

A review of electromechanical
processes in the signalling relay

The railway neutral relay consists of a coil
with iron core, an iron yoke, a movable iron
armature mechanically linked to sets of mov-
ing contacts, and contact springs [7, 8]. The
contacts of signalling relay has so-called
change-over or double-throw structure which
include normally open (NO) or front contacts
and normally closed (NC) or back contacts,
and also a common contacts. Signalling relays
differ from most other types of electromagnet-
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ic relays by lack of springs, and when relay de-
energized the armature returns in initial place
by the force of the earth's gravity.

Typical time dependences of the transient
current flowed through relay coil during volt-
age switching is shown in fig. 1.

The transient current plot can be divided
into six segments. First three segments (from
t=0 to t=t; ) correspond to relay energizing,

and second three (from t=t; to t>t; ) corre-

spond to its de-energizing. At first segment
from moment t=0 to t=t, the relay's arma-

ture doesn't move yet, and relationship for the
relay energy balance can be written in a
form [7, 8].
We () =W, (t)+We (t)+

+Wes (1), (tet...t) 1)
where W :j;U i(t)dt is a total energy sup-
by the
W, = I;i(t)z Rdt — the energy that dissipated

in the form of heat owing to active coil re-
sistance;

plied electric source;

d¥(t)
dt

is the energy stored in the magnetic and elec-

tric fields; W, is the energy loss due to hyste-

resis, eddy currents, and dielectric losses, etc.;
U is voltage applied to relay coil; R is active

resistance of relay coil; i(t) is instantaneous

dt

Wes = [ U dw(t)=['u

current value; lP(t) is instantaneous interlink-

age flux in relay core.
The transient current i(t) at first segment

is increased with time approximately as expo-
nential function. Second segment from t; to t,

corresponds to armature movement, and dur-
ing this time the part of the total energy, sup-

plied by the electric source W and the energy
stored in the magnetic and electric fields Wgg
are transferred into mechanical work W,, of
the armature movement. At time t, the relay
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armature is completely attracted to the core
and transient current i(t) is increased with

time approximately as exponential function
again.

The movement of the armature during re-
lay switching can be written in according to
Newton's law in the form

m, (X)X+r(x) %+ f, (x)x

=+(F, (x)-F,(x)), )

where m, is the equivalent reduced mass of all
movable relay components; x — instantaneous
coordinate of the mass centre; r(x) — equiva-

lent friction force, that reduced to mass center;
f. (x) — equivalent elastic force of the contact

springs; F, (x) — equivalent force of the mag-
netic attraction of the relay armature to the
core; F,(x) — the mechanical force returning

armature to initial place; the sign "+" or "-" is
used respectively for the anchor movement
toward the core, or in the opposite direction.

During the armature movement, contacts
and springs mechanically connected to it are
bent and the elastic forces in (2) are changing
its values. As a result the some tiny features
appear at the second segment of the relay tran-
sient current. These features can't be extracted
properly by the traditional spectral methods
such as fast Fourier transform, short time Fou-
rier transform, etc., because of non-periodic
transient current. For analysis such non-
periodic non stationary signals the wavelet
transform is widely and successfully used last
two decades.

Current
Nt

i

4t

Time
Fig. 1. Typical time dependence of the current in
relay coil during relay energizing — de-energizing
cycle
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Review of wavelet transform theory

The wavelet theory was first put forward
by Morlet in 1984 [9]. Wavelets are mathemat-
ical functions that cut up data into different
frequency components but different from short
time Fourier transform (STFT) in that each
component is studied with a resolution
matched to its scale. They are suitable for ana-
lyzing physical situations where the signal
contains discontinuities and sharp spikes. The
commonly used wavelet algorithms are con-
tinuous wavelet transform (CWT) [9-13], dis-
crete wavelet transform (DWT) [14], and dis-
crete wavelet packet transform (DWPT)
[15].

Generally, the Continuous Wavelet Trans-
form of a finite energy signal f (t), defined in

L*(R) space, can be written as

Cwr,, f (a'b):<f (t)"{’ab(t»

(e

a
where b and a are the so-called translation
(or time location) factor and the scaling (or

dilation) factor, respectively, |a|_]/2 is for en-
ergy normalization across the different scales,
¥, (t) is a function obtained by dilations and

translations of a so-called "mother wavelet"
¥ (t). The CWT is characterized as redundant

transform over representation of a signal in a
form of a two-dimensional array.
In DWT the mother wavelet dilate and

translate discretely by selecting a=a;', and

o0

=|a|_% I f(t)¥

—00

b=nhyay', where a, and b, are fixed values
with a; >1, b, >0, m,neZ ,and Z is the set
of positive integers. Then the corresponding
discrete wavelet transform is given by

DWT, f (m,n)=(f (t), ¥, (t)) =

=, 2 | f(t)\P(—t_ngnoaO Jdt
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DWT provides a decomposition of a signal
into sub bands with a bandwidth that increases
linearly with frequency. In the case of dyadic
transform (a, =2 and b, =1), each spectral

band is approximately one octave wide. In this
form, DWT can be viewed as a special kind of
spectral analyzer. The algorithm of multi-
resolution signal decomposition introduced by
Mallat [14] consists of a series decompositions
of the signal (with length 2n) into two com-
ponents: detail coefficients D;, which capture

the high frequency low-scale information in
the original signal and approximation coeffi-
cients A;, which capture the low frequency

high-scale information in the original signal,
both components with a reduced size of
2n—j, where j is the decomposition level.

Then the detail coefficients Dj remain un-

changed while the approximation coefficients
A, are decomposed into new detail and ap-

proximation coefficients. This process repeats
until the decomposition level reaches.

The wavelet packet transform (WPT) can
be viewed as a generalization of the classical
wavelet transform, which provides a multi-
resolution and time—frequency analysis for
non-stationary signal. A low and high pass fil-
ter is repeatedly applied to the function, fol-
lowed by decimation by 2, to produce com-
plete sub band tree decomposition to some de-
sired depth. Because WPT not only decom-
poses the approximations of the signal but also
details, it holds the important information lo-
cated in higher frequency components than
WT in certain applications.

Thus, with the use of WPT, a better fre-
quency resolution can be obtained for the de-
composed signal. DWPT recursive decomposi-
tion can be expressed as [14]:

doo( ):f()
|2J ka
ka

diy; (2t—k),
,1] (2t-k),

I2J
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where h(k) and g(k) are high-pass and low-

pass filter respectively, and d, ; is the recon-

struction coefficients of wavelet packet de-
composition (WPD) at the i-th level for the
j -th node.

Measurement technique

For investigations were taken ten different
signalling neutral relays, each of them was in
operable condition. After full cycle measure-
ments with them, there were artificially creat-
ed certain mechanical defects in a form of
curved contact springs, or by fixed additional
weights on the relay armature, etc. All meas-
urements were repeated for various voltages.
In this work there are presented results only
for one type of signalling relay. The results for
other relays had similar character and were
omitted in the work for brevity. The type of
investigated relay was NMSH 4-600, with
eight double-throw contact sets, nominal coil
resistance 600 Ohms, nominal switching volt-
age 12 V. There were artificially created four
types of mechanical defects in the relays:
completely dismantled and removed contact
sets (type A), with curved all contact springs
(type B), with curved common contact spring
toward to back contact (C),with curved com-
mon contact spring toward to front con-
tact (D).

Relay energized by connecting its coil to
stabilized voltage source, and de-energized by
disconnecting of the coil from voltage source
and short-circuiting coil terminals. Transient
currents trough coil and relay contacts were
digitized by a multi-channel ten-bit ADC with
a sampling frequency 20 kHz and recorded by
PC. To measure current trough contacts the
front and the back contacts of each group were
connected to each other, so the resulting cur-
rent through the contacts was interrupted only
when common contact switched between NC
and NO contacts. Obtained results were pro-
cessed with MatLab.
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Results and discussion

The time dependences of the transient cur-
rents in the relay coils and contacts during re-
lay energizing — de-energizing are shown in
fig. 2. Generally, measured current-time
curves have typical form as in fig. 1. For re-
lays of (B), (C), (D) types with curved contact
springs some additional features appeared at
the second segment of transient current plots.
For relays with curved contacts the switching
time was different compared to the time for
relay without defects.

To compare the transient current behavior
for the relays with different faults of contacts
their characteristics were shown in the same
axes in fig. 3. As can be seen from fig. 3, the
transient current for the first and third seg-
ments that corresponded to unmovable anchor,
increased with time approximately as expo-
nential function. The time constants t calcu-
lated by fitting of the transient current at first

segment by exponential function (exp(-t/t))

were practically independent on contact
springs faults (table 1), but strongly depended
on condition of relay coil and magnetic circuit.
Also the time constant values were approxi-
mately equal to the values calculated as
1. =L/R, where L is coil inductance. Such

behavior allows us to conclude that time con-
stants t for first segment can be used for mon-
itoring of relay electromagnetic system condi-
tion.

Table 1
Time constant values
Relay (A) (B) ©) (D)
Time con-
stant 0.127 0.134 | 0.131 | 0.126

The faults caused by defects of armature
and contact springs led to the appearance of
additional features on the second segment of
the transient current which corresponded to the
movement of the armature (fig. 3).
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In the case of incipient faults, the features
caused by defects of armature and contact
springs had small values and for their identifi-
cation the wavelet transform was used, that
allowed to clearly extract diagnostic faults fea-
tures. The CWT was computed using the
"Mexican hat" wavelet, DWT and DPWT by
using the "db2" wavelet. The wavelet types
were chosen to achieve the high resolution of
wavelet transform.

CWTs were carried out at scales 1 to 64,
DWTs and DPWTs were performed up to the
fourth level of decomposition. CWT of a D1
signal is a matrix containing the wavelet coef-
ficients for the different scale and translation
parameters. For better extraction of the faults
features, the matrix of the wavelet coefficients
energies were calculated as

Eyap =|CWT, f (a,b)[
Eymn =|[DWT, f (m, n)H2

2
Ejse =]

The time dependences of transient current
for the relays of (A), (B) types and respective
to them energies of the CWT coefficients at
scale parameter a =64 are shown in fig. 4.

For the relay with completely dismantled
and removed contact sets (type A) the transient
current curve was smooth with one singularity
at t~0.19 sec., which was corresponded to
the moment when armature was completely
attracted to the core. The CWT energy plot
shows the sharp spike at this time. For relay
with curved contact springs (type B) some ad-
ditional features appeared on the transient cur-
rent plot and their positions are clearly distin-
guishable by using CWT (fig. 4).

The time dependences of transient currents
for the relays of (B), (C), (D) types with dif-
ferent contact springs faults, and respective to
them DWT energies of detailed coefficients
Ey . at fourth level (D4) and DWPT ener-

gies E;, of the coefficients for 2-nd node at

4-th level (4,2) are shown in fig. 5.
The spikes which corresponded to contact
springs faults were clearly distinguishable on
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the DWT and DWPT energy plots. The rela-
tive differences in values of spikes for DWT
and DWPT energy plots were caused by dif-
ferent scale parameters used in these trans-
forms.

Conclusion

With the purpose of developing a method
for detecting defects in movable armature of
the signalling relay, the time dependences of
transient currents during relays switching have
been investigated for relay in various technical
conditions: in operable condition, as well as
with artificially created defects (bends) of con-
tact springs. The measured data have been ana-
lyzed in the time and frequency domain using
the wavelet transform modifications (CWT,
DWT, DWPT).

0.02

Current (A)

002 Fommmmeeeg 1F=—="1
Y \|| 2
al Ll

Time (S)

Fig. 2. The time dependences of the transient
currents in the contacts (1) and relay coils (2)
during relay energizing — de-energizing. The titles
above plots denote relay types

0.02

0.01

Current (A)

0

02 04

Time (S)

Fig. 3. The time dependences of the transient
currents during relay energizing
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The analysis of the transient currents was
carried out using segmentation of the current
characteristics of the relay. The relay transient
current at first and third segments which corre-
sponded to unmovable anchor state, increase
with time during relay switch-on approximate-
ly as the exponential function.

The time constants of the relay current
were calculated by approximating the meas-
ured cur-rent-time dependences at the first
segment of the current curve by exponential
function.

(A) (B)

> 0.02 0.02
0.01 M 0.01 /’/_/_\/
0 0

0.1 02 03 0.1 02 03
107

-

01 02 03 01 02 03
Time (S) Time (S)

A)

Current (

Ekl!ab
S = N
e

Fig. 4. The time dependences of transient currents
for the relays of (A), (B) types and respective to
them the energies of the CWT coefficients

s B C D
< 0.02 ®) 0.02 © 0.02 ®)
£ 0.01 /"Jﬁ 0.01 /ﬂ 0.01 /’ﬂ
E
g 0 0 0
0.1 0.2 0.3 0.1020.3 0.1 02
_x10"? _ x107™"2 _ x10"?
d S h]
o MM.LJ M'J-h“-j m
0 0 0
0.1 02 03 0.102023 0.1 02
. Rt _x10M ;. %I
5 5 5
g
=H
]
0 0 0
0.1 0203 010203 0.1 0.2
Time (s) Time (s) Time (s)

Fig. 5. The time dependences of transient currents
for the relays of (B), (C), (D) types and respective
DWT energies of detailed coefficients at fourth
level (D4) and DWPT energies of coefficients for
4-th level, 2-nd node (4,2)
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The presence of defects in the movable
armature of the relay had practically no effect
on the values of calculated time constants.

However, these values strongly depended
on the technical condition of the relay magnet-
ic circuit and the relay coil, as well as on the
voltage applied to the coil terminals. This be-
havior of the relay time constant on the first
segment of the relay current characteristic
makes it possible to use this parameter to mon-
itor the technical state of the electromagnetic
relay system.

Defects of the armature and contact
springs led to the appearance of additional fea-
tures at the second segment of the relay transi-
ent current, which corresponded to the move-
ment of the armature. The magnitude of these
features on the current curve depended on the
value of bending of the relay's contact spring.
The width and appearance time of the features
at the second segment of the current-switching
curve correspond to the non-simultaneous
switching of the relay contacts. To determine
the amplitude (energy) of these features
(peaks) on transient current curve, their dura-
tion and the times of appearance, the wavelet
transform was used. The results of investiga-
tions confirmed the possibility of determining
the defects of the relay movable armature by
using wavelet analysis of the second segment
of the relay transient current characteristic.
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THE COMPARATIVE ANALYSIS OF CALCULATING METHODS FOR
AC IMPEDANCE OF R65 TYPE RAILS AND TRACK 1520 MM GAUGE
IN THE AUDIO FREQUENCY RANGE

Introduction

Knowledge of the exact AC rail impedance
in a wide frequency range is necessary for de-
signing and modeling audiofrequency track
circuits [1, 2], determining of the return trac-
tion current distribution in rails of high-speed
railways [3, 4], testing new types of vehicles
on electromagnetic compatibility with track
circuits [5, 6], assuring of induction coupling
between jointless track circuits and track-
circuit-reader antenna [7], etc. Results of the
rail impedance investigations were published
in papers of Carpenter and Hill [8, 9],
Mariscotti and Pozzobon [10, 11]. A theoreti-
cal analysis of frequency dependence of rail
impedance is based mainly on the so-called
Carson/Pollaczek model or simply Carson’s
method that was proposed almost simultane-
ously by Carson [12] and Pollaczek [13] for
determining the AC transmission line imped-
ance considering earth return current. They
obtained equations for impedance under such
specific assumptions:

— conductors are parallel and infinite
length;

— ground under wires is homogeneous
and of constant resistivity;

— dielectric and magnetic permittivity of
the ground are considered to be equal to unity;

— the displacement currents in the air and
the ground are neglected.

Solutions of the equations for AC rail im-
pedance in[12, 13] were obtained for quasi
static transverse electromagnetic modes
(TEM) of an electromagnetic field (i.e. in as-
sumption that electromagnetic field include
only longitudinal modes).

49

Based on Carson’s work, Wise [14, 15]
proposed more general expression considered
the displacement currents in the air and the
ground. Sunde [16] summarized these works
and proposed generalized formula. Later some
approximate expressions were proposed by
Gary [17], Deri et al [18], Rachidi [19] and
others.

It has been shown in [19] that the validity
of the Carson’s approximation extends to fre-
quencies of about a few MHz for typical over-
head power lines and for earth conductivity of
about 0.01 Sm/m. Theoretical consideration of
the frequency dependence of running rails im-
pedance is more complicated task due to:

— complex structure of the railway track
consisting of two rails, sleepers, ballast;

— skin-effect in rails;

— strong current dependence of magnetic
permeability of rail steel;

— influence of the nearly lied ground due
to displacement current being inducted in the
ground and leakage current due to small re-
sistance between rail and a ground;

— complex shape of rail cross-cut.

Available data of rail impedance investiga-
tions [8—-11] are related mainly to the UIC 60
rail type with 1435 mm track. Data for electric
impedance of rails of R65 type and 1520 mm
track are given in table 1 [20].

The frequency dependences of real and
imaginary part of rail impedance plotted ac-
cording to [20] look like broken line, probably
due to a measurement error.

If to plot frequency dependence of rail im-
pedance calculated according to Carson's
method at the same axes as data [20], one can
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see differences between these plots especially
for frequencies greater than 1 kHz.

Despite the practical need to have a fre-
quency dependence of the impedance of P65
type rails and track 1520 mm gauge in audiof-

requency range (10%...10* Hz), few studies on
this issue are known.

The aim of the work is to perform a com-
parative analysis of the methods for calculat-
ing of the AC impedance of the R65 type rails
of a track 1520 mm gauge in the audiofre-
quency range.

Table 1
Traction rail impedance [20]
f, Hz Z, Ohm/km f, Hz Z, Ohm/km
25 0.308+0.394i | 580 | 1.077+6.106i
50 0.338+0.725i | 720 | 1.221+7.299i
75 0.401+0.992i | 780 | 1.236+7.803i
175 | 0.618+1.902i | 4545 | 1.529+43.773i
420 | 0.935+4.810i | 5000 | 1.700+48.670i
480 | 0.938+5.318i | 5555 | 1.871+53.567i

Mathematical formulation

A traction system of electrified railways is
a system of wires (lines) with spatially distrib-
uted parameters which voltage-current rela-
tions mathematically described on the base of
the multiconductor transmission line theory as
matrix differential equations

MON_ 2wy @
Ny @

where Z is a matrix of series impedances per
unit length (p.u.l.), and Y is a matrix of shunt

admittances (p.u.l.), x is a coordinate along
the line, o=2xf is a cyclic frequency. The

matrices Z and Y are always symmetric.

Series Impedance

At low and medium frequencies
(<10* Hz) the rail series impedance is given
by
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z

(0)=Zc(0)+Ze(0)+Zg(w), )

where Z. (o) is the internal rail impedance

that depends on frequency due to skin-effect;
Ze () is the external impedance and Z ()
is the ground-return impedance of the conduc-
tor.

For one track railway that consists of two
rails above lossy ground the diagonal elements
of a series impedance matrix Z; (i=12) are
the values of a rail self-impedance (p.u.l.) de-
fined as the ratio of the voltage drop (p.u.l.) to
the current flowed in the rail and returned
through the earth.

Off-diagonal elements of a series imped-
ance matrix Z; (i, j=12;i= j) are mutual
impedances between i-th and j-th conductors
defined as the ratio of the induced voltage
(p.u.l) in i-th conductor to the current in j-th

conductor. Both the self and mutual imped-
ances are affected by the earth return current.

Self impedance

Self impedance of the conductor is a sum
of two components

Ly =L + Lgii (4)

where Z; is the internal impedance of the

conductor and Zg; is the external impedance
of the conductor that is given by

Zeii = Legi + Lgii »

()

()
where Zg; is the geometric term due to reac-

tance involved in the magnetic field in the air
and Z; is the ground-return impedance of the

conductor.

The external self-impedance of the con-
ductor is equal Z; = jol;, where L; is an
external inductance of the conductor that is
given by
2h

r

Ly; :;—Oln
T

(6)
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where p, =47107 H/m is the magnetic per-
meability constant, h; is the height of the con-
ductor above the ground and r; is the radius of

the conductor.
The ground-return impedance of the con-
ductor can be written as

Zgi = Ryii + Xgii- (7)

The mutual impedance
The mutual impedance Z; of two conduc-
tors i and j can be written as

Zij = Zmij +Z (8)

where Z.; = jol; is the impedance due to

gij

mutual inductance L;; between two conductors
and Z;
path. The mutual inductance L; is defined by

geometric parameters of the line conductor
system (fig. 1) and can be written as

Moy di? +(h +h;)
27 \[dy®+(h-h,)

is the impedance of the earth return

Dy i
= 7:(9)

D.

1

L =;—°In
T

where D is the distance between conductors

i and j,and Dij' Is the distance between con-

ductor i and the image of conductor j. The

meanings of the other geometric parameters
from (9) are illustrated in fig. 1.

d.
D
P e
Bt oo D i
LA 1.
>, )
WD
e
i oo I
’ \f jo;

J

Fig. 1. Geometry of conductors and their images
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The ground-return impedance (due to the
earth influence) can be written as

Zgij = Rgij + X -
The internal impedance of a conductor in
(4) is given by
Zii = Reii + 1 Xgii »
where Rg; is the

Xij = olg; Is the internal reactance.

Under the assumption that current density
is uniformly distributed at cross-section of
conductor the internal self-resistance and in-
ductance are given by well-known simple for-
mulae

(10)

(11)

internal resistance and

Reii = (GS )71' (12)
Leii = %;ri’ (13)

where o is the conductivity of a conductor, S
is the area of the conductor cross-section, u is
relative magnetic permeability.

The radius of an equivalent circular cross-
section (geometric mean radius) of a rail may
be evaluated with two expressions [11, 21].
For low frequencies, when the current is dis-
tributed almost uniformly across the rail cross-
section, equivalent radius may be computed as

i=yY

For high frequencies, when the current is
distributed almost along the conductor perime-
ter, equivalent radius may be computed as

P
ri:%n’

where P, is a perimeter of rail cross-section.

Expressions (12)—(14) doesn't provide ac-
curate estimation of rail internal self-resistance
and inductance due to a complex shape of rail
cross-section, the skin effect at AC and vary-
ing magnetic permeability with current value
variation. For more precision estimation of a
rail internal self-impedance a finite-element
method (FEM) have been proposed [8].

(14)

(15)
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In present work for calculation of rail in-
ternal impedance an approximation method
with representation of the rail as equivalent
cylindrical conductor with taking into account
of skin effect has been used [21].

According to this method the internal im-
pedance of a cylindrical conductor is given by

_pm (xJO(amr) 3
=G onr Jy(amr) B

pm ber(ﬁ%)+ jbei(v2 %)

2nr ber'(ﬁ%)+ jbei'(ﬁ%)’ (19)
m= /%; (17)

p
o =exp( j3n/4), (18)
5=(\nfpo) (19)

where & is a depth of penetration (of scin-
effect), p is a resistivity of the conductor, J,

is the Bessel function of first kind and order
v, ber, bei, ker and kei are Kelvin’s func-
tions which belong to the Bessel function fam-
ily, and ber’, bei’, ker" and kei’ are their de-
rivatives. Kelvin’s functions are often defined
as

ber (x)=1- - (2!)2 + > a) : (19)
] X2 X6 10 -
bei (x) =7~ 5 (3!)2 + 210(5!)2 —...;(20)
and
ber (q)+ jbei(q)= Jo(j_%). (21)

Active and reactive resistances of a cylin-
drical conductor are given by

RS
42
 ber (q) bei"(q) —bei(q) ber'(q)

(ber'(q))” +(bei' ()’

RCII -

X

, (22)

!
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Rs
27,

_ ber () ber’ (qz) bei (q) bei'(q)

(ber'(a))" +(bei(q))’

- Y.

where R =(o5)"

Xeii =

X

. (23)

(24)
is a surface resistance.

Earth Contributions

The correction terms for the self-
impedance of i-th conductor and mutual im-
pedance of two conductors i and | due to

earth path impedance are obtained by Carson
method [12]:

7 _J(Du.[ exp(—2h&)
o 0 E+E" + jopo
Zq, - JwMIeXp[ (h+hy)g]

E_,+«f§ + jouo

More general expression for mutual
ground impedance between two conductors i
and j applicable to higher frequency band

derived by Sunde [16] is given by

(25)

de,

de. (26)

jou_
T

><Texp[ h+hj)§]
0 iﬂ[@ +75

where vy, is a wave propagation constant de-
fined as

ZGij =

cos(d;&)de, (27)

Vg = \/jmuo (Gg + jwsosg) . (28)

These expressions contain infinite integrals
with complex arguments. For theirs evaluation
Carson has proposed infinite series

Rgii =410~ {g—blk +b, (C, —Ink)k? +

Lk

+hk® —d,k* (29)
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Xgi = 4wl0”’ {%(0.6159315— Ink)+bk+

0,k +yk® b, (C, —Ink)k* +...} ; (30)
Rejj = 410”7 {g ~byk, cos0+b,[(C, -

—Ink, )k’ cos 20+ 6kZ sin 26] +
+b3km3c0336—d4km4cos46—...}; (31)

Xaij = 401077 {%(0.6159315 —Ink, )+bk, x

xc0s 0 —d?k,,? cos 20 +b°k, > cos30—b, [ (C, -
—Ink,, )k cos40+ 6k, sin 46]...} : (32

bﬁﬁ/:
b= M6

_p . _S19n .

Y (iv2)”

C, =1.3659315;
1 1

C=C_,+-+—;
e

b.

D,
k =4m5 102 [fo, ;

kn =415 10D, [To, .

where

d ==
4

0= arcsin(

These approximations are valid for a lim-
ited range of frequencies, and medium fre-
quencies are not covered [21].

The complex image method

The complex image method (complex
depth of earth return method) [17, 18] assumes
that the current in conductor i returns through
an imagined earth path located directly under

the original conductor at a depth of (h +2p)
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as shown in fig. 1, where p is the skin depth

of the ground. Thus, the self and the mutual
impedances can be written as

2(h
Zei = j@ﬁ|n('—+p); (33)
2n i
D__'
27 i
2
dZ+(h +h +2
= joton |2 (R +h; +2p) . (34)
27 2 2
where p= pjoau .
0
Results

The impedance of running rails of R65
type and track 1520 mm gauge have been cal-
culated using formulas (3)-(35). The correction
terms for the self- and mutual impedance of
the rails due to earth path were determined by
using two above considered methods - Car-
son's method with representation of integrals
as infinite series (16)—(25) and the complex
image method (34), (35). Calculations have
been performed for next parameters of tracks:

perimeter of rail cross-section is P.=0,7 m,
distance between axes of one track rails is
d; =1.6 m, height rails above a ground is
h,=0.5 m, conductivity of the ground is
o, =0.1 Sm/m, steel resistivity IS
6, =0.21 Ohm mm?/m, steel relative per-
meability is u=100.

The rail loop electrical parameters (p.u.l.)
are obtained as

R=(R+R,)=2R;;
L=2(L-Ly);
where R =R, and L, =L, are, respectively,

self-resistance and self-inductance of rails, L,
is mutual inductance of rails.

(35)
(36)
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Frequency dependences of the calculated
active resistance R and inductance L of rail
loop (p.u.l.) with rails of R65 type and track of
1520 mm gauge are shown in fig. 2.

R

25
-==calculated according to [12]

— calculated according to [18]
#- data [9] £y
x data [10] 54 |
o data [20] £ 7

20

n

R, Ohm/km

f Hz
L(p
|-~ calculated according[12]
|—calculated according[18]

+ data [9]
*data [10]

o | e data [20]

s ;"“‘-"% ——

. o
* o
L .2

L, mH/km

o

—_ b N

0.5

10 10°

b)
Fig. 2. Frequency dependences of the resistance
R (a) and inductance L (b) (p.u.l.) of rail loop for
R65 type rails and track of 1520 mm gauge

f.Hz

In fig. 2 the frequency dependences of the
rail loop resistance and inductance (p.u.l.) of
R65 type rails and track of 1520 mm gauge
according to [20] are also plotted (as zigzag-
form lines).

Values of rail loop resistance R calculated
by Carson's method [12] and the complex im-
age method [18] are in good agreement with
the data [20], while the values of inductance L
calculated by these two methods ([12]
and [18]) are differ in values from each other
and from data [20].

The resistance and inductance of the run-
ning rails of track 1435 mm gauge [8-11] are
also represented in fig. 2 for comparison. Da-
ta [8] were measured for railway section of
36 m length with concrete and wooden sleep-
ersin 1 Hz...25 kHz frequency range.

Serial rail loop resistance and inductance
were measured in [10] for loop circuit with
rails of UNI60 type, and area of cross-

section — 7679 mm? with full length— 5.8 m
and length between voltage terminals — 5.2 m.
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The data of [10] were recalculated on 1 km rail
length and also shown in fig. 2.

Since data [8-11] have been obtained for
the other types of track, rails, sleepers, etc.,
these data were presented for qualitative com-
parison with data for R65 type rails and track
of 1520 mm gauge (fig. 2).

Therefore, it may be concluded that the AC
running rail impedance obtained by Carson's
method [12] and the complex image meth-
od [18] are in good qualitative agreement with
the data of [8-11] for rails of UIC 60 type in

frequency range 10°...10° Hz.

The results of calculation for rails of R65
type and track of 1520 mm gauge according to
Carson's method and complex image method
differ from data in [20], and these differences
increase with increasing of frequency. Such
behavior may be due to error of calculation
methods caused by small height of rails above
lossy ground (h <1 m) and high electrical

conductivity between rails and ground.
Observed miscalculation of the AC imped-
ance of R65 type rails for frequencies

>10° Hz can be eliminated by using correc-
tion factors in calculation expressions.

Conclusion

In this work the comparative analysis of the
calculating methods for AC impedance of R65
type rails of a track 1520 mm gauge in the au-
diofrequency range have been performed.

Results of AC rail impedance measure-
ments and theoretical description of frequency
dependence of impedance for wires above los-
sy ground are briefly reviewed. Mathematical
formulation of Carson's method and the com-
plex image method proposed by Deri with co-
workers for impedance of transmission lines
were represented. The impedance of running
rails of R65 type and track of 1520 mm gauge
have been calculated by using Carson's meth-
od and the complex image method. Due to the
insufficient amount of literature data concern-
ing AC impedance measurements for rails of
type R65 of 1520 mm gauge, the results of
calculations for these rails were compared with
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the measured values for both rails of type R65,
1520 mm gauge, as well as for rails of type
UIC 60 with 1435 mm gauge. Calculated fre-
quency dependencies of the AC impedance of
R65 type rails are in good qualitative agree-
ment with literature data for rails UIC 60 in

frequency range 10°...10° Hz.

The results for rails of R65 type and
1520 mm gauge calculated according to Car-
son's method and complex image method dif-
fer from reference data presented in literature,
and these differences increase with increasing
of frequency. Such behavior may be due to
error of calculation methods caused by small
height of rails above lossy ground and high
electrical conductivity between rails and a
ground.
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AHAJII3 BIIMOB EJIEMEHTIB 3AJIIBHUYHOI ABTOMATUKHA

ITocTanoBka npoodJiemMu

3ami3HUYHA CTATHCTHKA SIBIILE COO0I0 00-
JaCTh MPAKTUYHOI JISIBHOCTI 31 300py, 00po-
OKHM Ta aHaJi3y CTAaTUCTHYHOI iH(opMaIlii mpo
poOoty 3ami3Hune. Lle po3ain Hayku, B sIKOMY
JOCTIDKYIOTBCSL MAacOBi SIBHINA Ha 3aJIi3HUY-
HOMY TpaHcnopTi. Bona BOupae B cebe cykyr-
HI CTATUCTHYHI JaHi, M0 XapaKTepU3yIOTh Ji-
SJBHICT TPAHCIIOPTY Ta OKpeMi Horo cropo-
HU.

3aji3HAYHA CTATHCTHKA, K HEOOXITHMHI
€JIEMEHT YNPAaBJIIHHS 3alTi3HAYHUM TPAHCIIOP-
TOM, B PI3HUX KpaiHaX Ma€ pi3HY CTYIiHb PO3-
BHUTKY i B YaCTHHI CUCTEM TOKa3HUKIB, 1110 BH-
KOPUCTAIOTbCS JJIsl XapaKTePUCTUKH, 1 B yac-
TUHI opraHizamiiftaux ¢opm. Y 1mpomy BinOH-
BA€ThbCA PiBE€Hb YCYCHUIBHEHHS 3aII3HUYHOTO
TPAaHCIOPTY, TUIAHYBAaHHS 1 HOPMYBaHHS HOTO
poboTH Ta iHII 0COOIMBOCTI €KOHOMIUHOTO 1
corfianmbHOTrO Jay [1].

BHacniJok cXeMHO-KOHCTPYKTHBHHX 1 BU-
POOHHYMX HEIIOJIKIB, @ TAKOXK HEJOJIKIB Y CH-
CTeMi 00CITyrOBYBaHHsI, B MMPUCTPOSX CUCTEMHU
3ani3HuyHOi aBTomMatuku (C3A) MOXyTb BHU-
HUKATH BIJIMOBH, SIKI MO-PI3HOMY BIUIMBAIOTh
Ha TIpare3/IaTHICTh cucteMu. B ogHuX BHMaj-
Kax BiIMOBa CXeMH, OJIOKY a00 eJIeMEeHTY MO-
e TMPHU3BECTU N0 HeOe3NMe4yHoi curyamii —
BTPATH Mpale3/1aTHOCTI, B 1HIINX — CHCTEMa B
CHIIy CBOET HaIMIPHOCTI B CTPYKTYpI, @ TaKOXK
y 3B'A3KY 3 MpaBUJIaMH OpraHizauii pyxy moi3-
JIIB, MOXKE€ BUKOHYBAaTH CBOI1 (YHKIIIi, aje mnpu
bOMY €(EeKTHUBHICTh (YHKIIOHYBaHHsS Oyne
3HIKCHA.

AKTyaabHicTh. BiqMiHHOIO 0cO0IMBICTIO
C3A € Haa3BUYailHO BIANOBIJANbHA POJIb Y

BUKOHAHHI TIEPEBI3HOTO MpoIeCy Ta 3abe3re-
YeHHsI 0€3MeKH pyXy MOi3/IiB.

Pimennst Garathox 3aja4 yrnpaBJIiHHS CHC-
TEMOKO YTPUMAaHHS, 3aCHOBAaHUX Ha KUTbKICHIN
omiHili e(peKTUBHOCTI CTUCHEHHS [2], moB's3a-
HO 3 HEOOXIJHICTIO BU3HAYEHHS ITOKA3HHUKIB,
SIK1 JIO3BOJISIIOTH OLIIHUTU MOTOYHUN CTaH eJe-
MEHTa aBTOMATHKH, a TaKOXX CIPOTHO3YBaTH
ix pecypc HamiiiHOCTi. OCHOBOIO Oyab-SKHX
CTAaTHCTUYHUX JIOCII/KCHb € HAsSBHICTh aKTYy-
QIBHUX CIOCTEpEKeHb Mpo 00'exT. s mpu-
HHATTS OOTPYHTOBAHUX pIllIEHb B YMpPaBIiHHI
CUCTEeMH YTPUMAaHHS MPHUCTPOIB 3alli3HUYHOT
ABTOMATUKH BXKJIMBE 3HAYCHHS Ma€ HasB-
HICTh JOCTOBIPHHX JaHHUX PO BiIMOBH.

MaremaTnyHe MOJICITIOBaHHS IMPOIIECY Bi-
JIMOB TIPUCTPOIB 3alII3HUYHOI aBTOMATUKU PO-
3TISTAETBCS K OJAWH 3 1HCTPYMEHTIB JOCII-
JOKEHHS, SIKUi mependadae po3OUTTs CKIAIHOT
CUCTEeMH YTPUMaHHS Ha MIJCUCTEMH JUIS
OUTpII €()EeKTUBHOTO IJIAHYBaHHSA TEXHIYHOTO
obcmyroByBanHs eneMeHTiB C3A.

3abe3neueHHs] BUCOKOI e(peKTUBHOCTI ¢y-
HKI[IOHYBaHHS CHCTEMH 3aJlI3HUYHOI aBTOMa-
TUKHA € BaXIIMBOI HAyKOBO-TEXHIYHOIO 3aj/1a-
Yer0, BUPIMICHHS SIKOT I03BOJUTH OpTaHi3yBa-
TH TEXHOJIOT1YHUH TPOIEC MEePEBE3CHb 3 MaK-
CUMAaJIbHOIO €(EKTUBHICTIO I O€3MEeK0I0 pyXy
noi3niB. HaykoBa po0ota BianoBigae mnpiopu-
TETHUM HAINPSMKaM PO3BUTKY TPAHCIOPTY, 11O
BU3HaueHa y «CTparerii po3BUTKY TPAHCIIOPTY
Ha mepiog g0 2020 poxy» (moctanoBa KMVY
Bix 16.12.2009 Ne 1555-p).

MeTo10 g0CTiIKeHHsI € TIEpBUHHA 00pO0-
Ka CIIOCTEpeX eHb IMpPO BIJIMOBU €IEMEHTIB
C3A na Onechkiit 3amizHui 3a nepiog 2011—
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2015 pp. 1 iX TOpIBHSHHS, BU3HAYCHHS SKiC-
HUX MPUYUHO-HACTIIKOBUX 3B'SI3KIB y BiIMO-
Bax eneMeHTiB C3A Ta iX CTpyKTypH aJjis 00-
paHoi JUCTaHIII], IO COPUATHUME TOMIMIICHHIO
1l CHCTEMH yTPUMAHHS.

Orasa nyoaikanii

Brnepie orinku 3HaueHb MOKa3HUKIB 0e3-
neku npuctpoiB CLIb Oynu BuzHaveHi B pobo-
Ttax A. A. Eitnepa i C. 1. 3anramiep. B nHux 0y-
JIM BUCYHYTI OCHOBHI BUMOTH TIpo 30ip Ta cTa-
THUCTHYHY 00pOOKY CIOCTEPEKEHb PO BIAMO-
B  EJIEMEHTIB  CHCTEMH  aBTOMATHUKHU.
dyHaMeHTalIbHI POOOTH, 1110 TMPUCBSIYCHI J10-
CIIIJDKCHHSIM HQTIMHOCTI ¥ O€3MeKu CHUCTeM
3aJTI3HUYHOT aBTOMATHKM Ha OCHOBI CIIOCTe-
PEXKEHb PO X MOTOYHHUH CTaH, 3’ IBHIUCS OJ-
HOYyacHo 3 poOotamu omybaikoBanumu 0. K.
bensesum, A. I beprom, b.B. T'Henenko,
I'. B. lpyxunina, [I. Helimanom, A. Ilipcom,
K. Bapnoy, C. [Ipoman, b. JIiioH Ta iHIIUMUA
(daxiBUSMHU, B SKHX PO3IIISAJAINCST MaTEMaTH-
YHI MMHATaHHS TEopii HAIHOCTI 1 BIAMOBITHI
pHKIaaHi 3a1a4i [3-6].

[HxeHepHI BUMOTH 10 SKOCTI CTATHUCTHY-
HUX JIaHUX Mpo cTaH enemMeHTiB C3A B pexumi
eKCIUTyaTalii 1 3arajgbHi NPUHIHUIN BUOODPY
MMOKA3HKMKIB HaIIHHOCTI BUKIIazaeHi B [7-12].

IlopiBHSIHHSA BiIMOB i IPUYMHHO-
HACJTiAKOBI 3B'I3KH Mi’K HUMH

3agadero JOCHIHKEHHS € MiArOTOBKA Ja-
HUX JJIS TPOBEJEHHS MAaTeMaTHUYHOIO MOje-
moBaHHs QyHKIIOHYBaHHA C3A 3 METOO OIli-
HIOBaHHS MTOTOYHOT'O CTaHy €JIEMEHTIB CHUCTe-
MU 1 IPOTHO3YBaHHS IX pecypcy HaJliMHOCTI.

HapiitHicTh Oyab-s1KOT TEXHIYHOT CHCTEMH
3QJIEKUTh BiJl CKJIAMy 1 KUIBKOCTI €JIEMEHTIB
(By3miB), sIKI 1 YTBOPIOIOTh, BiJl CIIOCOOY iX
0o0’€/lHaHHS B CHUCTEMY 1 Bl XapaKTEPUCTUK
KO)KHOTO Okpemoro enemeHra. Cepen mpu-
CTPOiB 3aJII3HUYHOI aBTOMATUKH MO>XHA BHU/II-
JUTH TaKi:

— eNeKTpHuuHi (peiikoBi Kona, kabenbHi Ta
MOBITPSIHI JIiHI1, CUTHAJIH, MYJIbTH, Ta0JO, ama-
patu KepyBaHHs, IPUCTPOT €IEKTPOKHUBIICHHS,
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€JIEMEHTH 3aXUCTy, TpaHchOpMaTopu, Ipo-
cenp-TpaHc(hopMaTopH T. 1L.);

—  eJNeKTpOMEXaHI4Hl (eJIEKTPONPHUBOIN
CTPUIOK, aBTomLIarbaymu mepeizaiB, pyxomi
JeTaii pene, MasTHUKOBI TPAHCMITEpH, KOMY-
TalliiHl MPUCTPOT 1 T.I1.).

SIKicTh pOOOTH 3aTi3HUYHOTO TPAHCIIOPTY
CYTTEBO 3aJICKHUTh BiJl HAAIMHOCTI BCIX MpuUiIa-
IIIB aBTOMATHKH.

Crnin 3a3Ha4yuTH, 0 HA HAAIHHICTH NPH-
CTpOIB 3QJi3HUYHOI aBTOMATHKH BILTUBAE
moJchkuil pakTop, a came, KBaidikallis 1 1u-
CIIUIUTIHOBAHICTh 00CITYTrOBYIOUOTO TIEPCOHATY
(eMeKTpOMExaHIKH, E€JICKTPOMOHTEPH, CTapIIi
CJICKTPOMEXaHIKH, HAYaJIbHUKH JUTHHHUIIB).
Jlis  miABUMILEHHS SIKOCTI  OOCIyrOBYBaHHS
NPUCTPOIB 3aTI3HMYHOI aBTOMATUKU OYyJ0O po-
3pobaeHo Tpadiku TEXHOJIOTIYHOTO O0CIyro-
BYBaHHS, JI0 KO)KHOTO BUAY POOOTH CKJIaJICHO
TEXHOJIOT14HI KapTH, Ha OCHOBI SAKUX €JEKTPO-
TEXHIYHUN TIEPCOHAT BUKOHYE CBOT 00OB’SI3KH.
TexHOoJoTiuHI KapTH MICTATh BiJJOMOCTI MPO
HOPMH Ta JOIYCKH, TPHUBAIICTH 1 TOCIHIJOB-
HICTh BUKOHAHHS POOIT, MepetiK 1HCTPyMEH-
TiB.

Jlxepena iHdopMarii Ipo BiJAMOBH IIPH-
CTPOIB 3JTI3HAYHOT aBTOMATUKH MOXYTb 1HOI1
MICTUTH BUKPHUBIICHI CTaTUCTHUYHI JaHI BHa-
CIIOK TOXMOOK MpU TPOBEIEHHI CIOCTEpe-
*KeHb. B nmeskux BUMaakKax XapakTep IMOIIKO-
JUKEHb KBali(QiKyeTbcsl HE 00’€KTHBHO, caMi
BIZIMOBHU HE (DIKCYIOTBCS, 10 MPSIMO 3aJICKUTh
Bi KBamidikamii Ta JAUCIHUIUTIHOBAHOCTI 00-
CIIyTOBYIOYOTO TiepcoHany. SIKio, cepen cra-
TUCTUYHUX JAHUX YACTKA TAKUX IMOMHUJIKOBHX
JAaHUX HE3HayHa, TO 1€ HE 3MIHUTH 3arajbHOI
KapTUHM JOCTIIHPKEHHS TUHAMIKU BI1JIMOB €lie-
MEHTIB 3a113HUYHOI aBTOMATHKH.

VY cTarTi mpencTaBiIeH] CIIOCTEPEKESHHS 3a
BITIMOBaMH CHCTEM 3alli3HUYHOT aBTOMATHUKHU
Opecbkoi 3ami3nuni 3a nepioq 3 01.01.2011 no
31.12.2015 pp. Ta mpoBedeHo ix aHami3. B
Tabn. | HaBeIeHO KUTBKOCTI BIJIMOB TTOKBapTa-
JBHO JUTS HACTYITHUX €JIEMEHTIB:

X, — B1IMOBa y pOOOTI pefKOBHX K1,

X, — BiIMOBa poOOTH anaparypy;

X3 — BIIMOBa y CTPLIOYHUX NIEPEBOJAX;
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X, — HECIpPaBHICTh KaOEJIbHUX JIHIMH;

X5 - BiI[MOBa Y4 IIOMHIIKOBA IIep€aada CUrHa-

JIiB;

Xs — BLIMOBa IyJbTIB, Ta0JIO, anapaTypu Ke-

pyBaHHS;
X; — HNOPYLIEHHS €JIEKTPOKUBIICHHS,

Xg — BIZIMOBa €JIEMEHTIB 3aXUCTY;

Xg — HECIIPAaBHICTb y CTaTUBAX;
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X;;— HECHPaBHICTb €JIEMEHTIB KOJIHHHUX KO-

pOOOK.
JUi1st KOXKHOTO 3 neperiueHux (akTopiB X, ,

X,, ..., X; BHKOHAHO BHUOIPKH 3 JBajALSTH

criocTepekeHb. JluHamiuHMI psll criocTepe-
JKEHb B1JIMOB HaJlaHO Ha puc. 1.

Amnanizytoun nani (amuB. puc. 1) MoxHa
3poOUTH BUCHOBOK, III0 OCHOBHA YacCTHHA BiJI-
MOB amaparypu 3aJli3HUYHOT aBTroMatuku Oxe-

X,p — HECIPABHICTb €JIEMEHTIB pEeJIeHHHX ChbKOi 3ai3HHMLI NPUXOAUTLCS Ha 130JIH0K0YI
mad; CTUKH (1M BIIACTUBUH «IIPOOIN»).
Tabnumng 1
CraTuCcTHKA BIIMOB NPUCTPOIB 3aTi3HUYHOT ABTOMATHKM 32 Mepion
01.01.2011 — 31.12.2015 pp. Onaecnkoi 3adizuuni [HAT «Ykp3anxizHuns»

Iepioxg X X, X3 X4 X5 Xg X5 Xg Xg Xi0 Xiq
1 xB. 2011 p. 19 35 3 1 2 2 1 2 0 1
2 xB. 2011 p. 31 27 2 4 3 1 1 3 6 1 1
3 kB. 2011 p. 23 19 9 8 2 3 2 2 3 3 0
4 kB. 2011 p. 22 19 4 12 4 1 1 6 ) 0 0
1 kB. 2012 p. 34 14 5 3 7 1 0 2 4 1 0
2 kB. 2012 p. 39 24 6 5 4 0 2 0 6 2 0
3 kB. 2012 p. 49 38 3 6 9 2 1 4 8 3 0
4 kB. 2012 p. 44 18 7 9 1 0 2 3 ) 1 0
1 kB. 2013 p. 52 22 8 ) 9 1 1 1 ) 4 0
2 kB. 2013 p. 35 26 4 9 8 1 5 11 3 6 0
3 kB. 2013 p. 53 21 3 6 4 2 2 2 7 3 0
4 kB. 2013 p. 49 43 6 10 9 2 3 7 2 4 0
1 kB. 2014 p. 30 31 7 11 14 0 2 6 3 3 0
2 kB. 2014 p. 41 14 4 4 5) 1 0 2 4 5 1
3 kB. 2014 p. 24 35 8 0 4 1 6 8 0
4 xB. 2014 p. 36 20 2 8 0 1 1 2 4 1
1 xB. 2015 p. 36 16 4 9 10 0 2 4 4 3 0
2 xB. 2015 p. 76 26 9 11 7 3 3 3 7 5 2
3 kB. 2015 p. 61 42 7 9 1 3 2 8 4 1
4 xB. 2015 p. 54 21 3 4 12 1 1 2 6 1 0
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Puc. 1. lunamika cnocTepeskeHb BiIMOB IPUCTPOIB 3aJ113HNYHOI aBTOMATHKH

BiamoBu B peiikoBUX KoOjax 3 IOYATKY
2013 no kinug 2014 poky CyTTEBO 3MEHIINIIH-
cs1 343 % 1o 29 % Bix iX 3arajabHOI KITBKOCTI
3aBASKU MAcOBil yCTAHOBII MOJIMEPHUX 130-
JIIOFOYMX CTHUKIB Ha TOJIOBHUX KOJISIX CTAHIIHA
Ta y MEPEeBITHUX KPUBHUX CTPIIOYHUX MEPEBO-
B, 5IK1 32 CBOIMU XapaKTEPUCTUKAMU CYTTEBO
BIJIPI3HAIOTHCS BiJl THX, 110 BHKOPHUCTOBYBA-
nucs panime. 3 iHIoro 00Ky, 3apa3 Ha 3aii3-
HUIAX YKpaiHU 3aCTOCOBYIOTHCSI HOBI CHCTE-
MU aBTOOJIOKYBaHHS 0€3 130JIFOIOYMX CTHKIB,
taki sk [IAb, ABTI] i T. iH., 110 TaKOX CyTT€-
BO 3MEHIIY€E KUIbKICTh BIIMOB PEHKOBUX KIJI.

B cnocrepexennsx 3a 2012-2015 pp. Ga-
YUMO TIePIOAMYHE 301TBIICHHS KITBKOCTI BiJI-

MOB 1HUIIOI anapaTtypu, KaOeabHUX JIiHIN, CUT-
HauiB, a 3 2013 p. — 1 KUIBKOCTI B1IMOB B eJe-
MEHTIB amaparypu 3axucry. IlymeTH, Tabmo,
anaparypa KepyBaHHs Ta MPHUCTPOI €JIEKTPO-
YKUBJIEHHSI CYTTE€BO HE 3MIHWJIM CBOi MTOKa3HU-
KU. Y CTPUIOYHHUX EJEKTPONPHUBOJAX 3 cepe-
nuan 2012 mo 2015 pik Takoxk 3poCTae YHCIIo
BIZIMOB, IIPH YOMY CHOCTEPITa€eThCs BIUIUB Ce-
30HHOCTI, B BECHSHO-3MMOBHUM TIE€PIOJ YHCIIO
BIIMOB 3pOCTAa€ 3 YOTHPHOX 10 BOCBMH —
JIEB’SITU 32 KBapTaJl.

B T1abn. 2 HaBeAeHO CyMH IO KOXHOMY
MOKa3HUKY X;, X,, ..., X;; 3@ IBaALSATh KBap-

TaiB, iX CEpeH] 3HAUEHHS Ta BIJICOTKHU Y BiJI-
HOILIEHHI JI0 3arajibHOi CyMH BiJIMOB.
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Cywmap-

Cepenne

HasBa nokasnuka HE 3Ha- | 3HAYCH- Binco-
YeHHS HA ToK;, %

PeiikoBi kona 808 40,40 40,81
Amnaparypa 511 25,55 25,81
CrpisiouHi enek-
TPOIIPUBOIH 1 104 5,20 5,25
NePEBOIU
KaGenpHi ninii 143 7,15 7,22
Cur”anu 133 6,65 6,72
[TyneTH, TabIMIO,
amaparypa Kepy- 22 1,10 1,11
BaHHsI (pee)
IIpucrpoi enexr- 38 1,90 1,02
POXKHBIICHHSI
EnemenTu 3axu- 63 3,15 3,18
CTy
Crartusu 96 4,80 4,85
Peneitni madu 57 2,85 2,88
Komiitai kopoOku 5 0,25 0,25

Kouiitni kopoOku

Peneitni mapu

raTiBu

Enementu 3axucty

IIpucTpoi enexkTp 0>KUBICHHS

IlynbTu, Tabno, anmapatypa KepyBaHHS

CurHaau

KabenpHi muii

EnextponprBoau CTpilIoK i rapHITYpH

Amnaparypa

PeiikoBi KoJa

3a manumu (nuB. Tabm. 2) MOOYIOBAHO Ii-
arpamy BiIMOB HPHUCTPOIB 3ai3HHUYHOI aBTO-
Matuku Opechbkoi 3ami3Huii 3a nepiox 2011—
2015 pp.(puc. 2). B pe3ynbrari MoxkHa 3po0Ou-
TH BHMCHOBOK, IO HAWOUIbIIE YHCIO BigMOB
MIPUXOJAUTHCS Ha PEHKOBI KOMa, MO MOSCHIO-
€ThCS YMOBAMH iX eKcIutyaraiii. Bonu 3Haxo-
JSITBCS. B YMOBaX IMOCTIHHOTO JTUHAMIYHOTO
HABAaHTAXXCHHS 1 PI3KOT0 KOJWBAHHS TeMIIepa-
Typu ¥ BOJIOTOCTI HABKOJMIITHHOTO CEPEIOBH-
ma. OCHOBHMUMH TpPUYHMHAMHU BiJIMOB peEHKO-
BUX KiJ1 € TIOPYIIEHHS 130JALii B CTUKY, OOpUB
CTHKOBOTO 3'€JIHyBauda, 3HIDKEHHS OIopy Oa-
JacTy.

VY CTpinOYHUX €JIEKTPONPUBOIIB HAHOIIBIIT
XapaKTepHUMH BiJIMOBAMU € MOPYIICHHS KOH-
TaKTy aBTOIICPEMHKAua, HEMIOBHE NMPUTHUCHCH-
HSl IITOK, 3a0pyAHEHHS KOJEKTOpa, OOpHB i
3aMHUKaHHS CEKI[iH OOMOTOK SIKOpS 1 cTaTopa,
HECIPABHOCTI MEXaHIYHOI IepeIadi.

[IpyurHaMu BiIMOB y CBiTIOQOpPIB B OC-
HOBHOMY € TIEPETOPAaHHS HHUTKH JIaMII, TOPY-
IICHHS KOHTAKTy B JIAMIOTpPHMAadYi, HECIPaB-
HOCTI MOHTaXy, 01l JTiH3.

10 15 20 25 30 35 40 45

BinmoBu, %

Puc. 2. JliniiiuaTa giarpama BiJIMOB IPUCTPOIB 3aTi3HUYHOT aBTOMaTHKU
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HaiiGinpm HeHamIMHUMU cepell BCIX pelie
CHCTEM KEpyBaHHS W KOHTPOJIIO MPHUCTPOSIMHU
3JII3HUYHOI aBTOMATHKHU € IMITYJIbCHI Ta HEM-
TpaibHi. [IppunHamMu BiAMOB B IMITYJBCHHX
pene sk HalvacTille € epo3is KOHTAKTIB, MPo-
01if BUIpsAMIITYA, PO3PETYJIIOBAHHS €ICKTPUY-
HUX XapaKTEepPUCTUK, B HEUTpaJbHUX MOPY-
IICHHS KOHTAKTy B INTENCEIbHOMY PO3’€MHI,
IIITOPSTHHS 1 €pO3isi KOHTAKTIB 1 1H.

OcTtaHHIM YacoM 3pOCTalOTh BHIIAIKH Ba-
HJIQTI3MY y BiJHOIIECHHI 10 MPHUCTPOIB 3aii3-
HUYHOI aBTOMAaTHKH. MaTepianbHi 30UTKH TIpU
IbOMY CKJIafaroTh 61u3bko 15...20 %. Haiiua-
CTIIlIE MiAAI0THCS PO3KPAJAHHIO Ta TICYBAaHHIO
TakKi eeMeHTH, SIK Apocelib-Tpanchopmaropu,
kabenpHi MydTH, Kabem, TpanchopmaTopH,
CBITIIO(OPHI JIIH3U Ta JIAMITH, SIKI TaKOX B1JIIT-
paroTh BXIIUBY POJIb Y CTATUCTUYHUX JaHHX.

I'pad kopensiniiiHOI 3a/1€5KHOCTI MiXkK
BiIMOBaMH Ta CTPYKTypa
MATEeMATHYHOI MoaeJi

[IpoBenenHst aHamizy piBHS HAAIHHOCTI
MPUCTPOIB 1 CUCTEM 3aJII3HUYHOI aBTOMATHUKH
Ha eTalll CKCIUTyaTallii — CKJIaJHe 3aBIaHHS.
J1y1st ioro BUpIIICHHS HEOOX1IHO:
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— OTpPUMATH OLIHKY JOCATHYTHX ITOKa3-
HUKIB HafiliHOCTI mpuctpoiB C3A B dakTuu-
HUX yMOBaX €KCIUTyaTarlii;

— TIPOBECTH aHaJII3 MOKA3HMWKIB HaAIHHO-
CTI.

[Tig OWiHKOIO JOCSATHYTHX MMOKa3HHUKIB Ha-
niiHocTi mpuctpoiB C3A po3ymieTbes po3pa-
XYHOK KIJIbKICHMX 3Ha4eHb IIOKa3HUKIB, Ha
OCHOB1 CTaTUCTUYHHUX JAHHUX MPO (YHKIIOHY-
BaHHS CHCTEMH Ha eTarli eKcITyararlii. AHami3
[IOKA3HUKIB HAIIMHOCTI IOJISITa€e B 31CTAaBJIEHH]
B PI3HUX NOEAHAHHAX X, X,, ... , X, PO3pa-

XOBAaHMX HA €Taml eKCIUTyaTallii, 3 TOKa3HuKa-
MU, BBEJICHIMHU Ha €Tall MPOCKTyBaHHS, a Ta-
KOX — 3 JIOIYCTHMHMH TTOKa3HUKAMHU, BCTAHO-
BJICHAMH JUIS JaHOI JUIBHUL.

3a TaHUMHU CIIOCTepEeKeHb (IUB. Tadm. 1, 2)
Oyno 3AiiicCHEHO KopensauiiHui anami3. Mart-
puIst BUOIPKOBHX KOEQIIIEHTIB KOPETSAIil MK
BimMoBamu enemeHTiB C3A omucyerbes Gop-

Mmynor R = [X U.] 1 HaBesieHa B TaOII. 3.

Jlnst 3’sicyBaHHSl TIMTAHHS Y4 3HAXOISTHCS
(daktopu mporecy BiamoB enemeHtiB C3A B
KOPEJSIIIHHIA 3aJIeKHOCTI TIEPEeBIpUMO 3HA-
YymIicTe BHOIPKOBOTO KoedilieHTa Kopes-

mii N

Tabnumsa 3
Martpuus kopeysuii BiqMoB ejiemeHnTiB C3A
ITo-
Ka3- X X X3 X X X5 X7 X3 X X0 X
HHK
X 1
X, | 0,147 1
X; | 0,213 | 0,132 1
X, |-0,016 | 0,106 | 0,297 1
Xs | 0,327 | 0,236 | 0,041 | 0,157 1
X, | 0,293 | 0,193 | 0,156 | 0,014 |-0,248 1
X, | 0,075 | 0,502 | 0,371 | 0,437 | 0,086 | 0,052 1
X | 0,068 | 0,18 |-0,092 | 0,561 | 0,293 | 0,056 | 0,454 1
X, | 0,559 | 0,161 | 0,092 |-0,254 | 0,035 | 0,096 |-0,009 | -0,274 1
X, | 0,226 | 0,251 | 0,384 | 0,177 | 0,331 |-0,029 | 0,572 | 0,144 | 0,055 1
x, | 0,353 | 0,111 | -0,016 | -0,002 | 0,164 | 0,306 | -0,021 | -0,241 | 0,111 | 0,115 | 1
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Jl1st criocTepexeHb, 10 MAThCs, CTYIiHb
cBoOoan K =18, piBeHb 3HAYYIIOCTI TIPHUIME-
Mo o =0,1, Tomi xkputepiit Ct’roieHTa T0PiB-
HioBatume t,,., =1,73. Kpuruune 3HaueHHs
koedirienTa Kopesii Ay BiAmoBiAHUX o 1 t
cknanae r, =0,378.

SIkmio mpoaHanizyBaTy 3HaUYCHHsI BUOIPKO-
BHX Koe(imieHTiB Kopensmii B Matpuili R, To
OUTBIIICTh 3 HUX MEHIIE KPUTHYHOTO 3HAYCH-

Ha. Jlis Takux (akTopiB cuiia JIHIAHOTO
3B’SI3Ky CJIa0Ka 1 HeicTOTHA. [CTOTHUM € TiH1i-

HUH 3B 30K MDK mapamu (paxTopis (Xl,xg),
(%20 %), (X %i0) s (Xai %)y (XaiXg) s (X70%),
(X7, %)

[TokasHuku X; (B1AMOBA 4M IIOMMUIKOBA

neperadya CUTHANB) Ta Xy (BIAMOBA IIyJIBTIB,
Tabyo, amapatypu KepyBaHHS) HE KOPEIIo-
I0TBCS HI MiX c00010, Hi 3 IHIIMMH (haKTOpa-
MHU.

s moOynoBu rpady KOpENSIiiHOI 3aie-
KHOCTI MK BiIMOBaMH MPHUCTPOiB Oyna cKiia-
JIeHa MaTpuisl cyMibKHOCTI Q :<qi’ j), npu
i, j=111. Hexa#i q;; =0. [lana ymoBa BUKO-

HYETHCS TIPH ‘ri, j‘ <r, 10 ; =1. Orpumaemo

1 00000O0O01O00
100001O0O0O0TGO
100000010

10011000
1000 00O

Q= 1000 0O
11010

1000

100

10

1

BiamoBigauii rpad KopemnsimiiHOl 3amex-
HocTi BigMoB eneMeHTiB C3A 10 nmoOynoBaHol
MaTpuili cyMibKHOCTI Q 300pakeHo Ha puc. 3.
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Puc. 3. I'pad kopensiifiHol 3aJ1e)KHOCT1 BiIMOB
enemenTiB C3A (a=0,1)

[TobynoBanuii Tpad mMae ABI KOMIIOHEHTH
3B’SI3HOCTI: TepIa KOMIIOHEHTa Iie mapa ¢ax-
TOPIB X;, Xg (BLAMOBH Yy poOOTI peiiKOBUX KiIl,
HECTIPaBHICTh CTaTHUBIB), APYry KOMIIOHEHTY
3B SI3HOCT1 YTBOPIOIOTH (AKTOPU X,, X3, X,
X;, Xg, X,o (BLOMOBM B POOOTI amaparypw;
SNEKTPOJBUTYHAX, CTPUIOYHHX II€PEBOJAX;
HECTIPaBHICTh KaOENbHHUX JIiHIH;, MOPYIICHHS
CHEProXXMBIICHHS; BiJIMOBH E€JIIEMEHTIB 3aXwuc-
Ty; HECTIPaBHICTb peJIeiHO1 madmn).

Jlns moOymoBH CTPYKTYpPHU MaTeMaTHYHOI
Mojieni mporecy BinMoB einemeHTtiB C3A BuU-
KOPHCTOBYEMO arapaT 3anporoHoBanuii B [8].
s rpada (auB. puc. 3), BapiaHTOM CTPYKTY-
pH MOzl BU3HAYEHO CUCTEMY

Yo =X = fg(xl)'
Y3 =%X3= f3(X2,X4,X8,X10),
Y7 =% = f1(X0. X4, X, X0 );

(1)

®ynknii f;, f,, f; MoxyTs OyTH sx Ji-

HIHMMH, Tak 1 HENMIHIHHUMHU PIBHSHHAMHU pe-
rpecii. Cuctema (1) He yTBOpIO€ HECTIHMKY (ho-
pMy, fka Oyne MoOKa3zyBaTH HpOIEC BiMOB
C3A B MailOyTHHOMY IPOTSATOM YCHOTO Hacy.
Mopenb MOXHa BUKOPUCTOBYBATH TUIbKH IS
KOPOTKOYaCHOTO TPOTrHO3yBaHHS. DakTHuHi
JlaH1 PO BIIMOBH, B MOAANBIIOMY, HEOOXiTHO
BpaxoByBaTH Mmij 4yac ekcrutyarauii C3A 1 ne-
PIOMYHO TMEepeBU3HAYATH CTPYKTYPY MOJIENI,
3HAXOJUTH 1i MapaMeTPU HaAaHOBO.

Ha mincrasi momanoro rpada (aus. puc. 3)
1 MOOY0BaHOI CTPYKTYpPU MOJEI MOXKHA 3pO-
OUTH BUCHOBOK, IO JUIS CIIPOLICHHS KepyBaH-
HA cucteMmy yrpuMmanHs C3A MoKHA pO3IUTH-
TH Ha TaKi MiJICUCTEMHU:

— YTpPHUMAaHHS CTaTHUBIB;

— YTpPHUMAaHHS CUTHAJIB;
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— yTpUMaHHs MyNbTIB, TabJ0, amapaTypu
KepyBaHHS;

— YTPUMaHHSI €JIEKTPOJBUTYHIB, CTPLIOK
1 rapHITYpH;

— YTPUMAaHHS €JICKTPOKHUBIICHHS.

[ligBumut  ¢GyHKIIOHATBHY HAAINHICT
po0OOTH PEUKOBHX KiT MOXKIHBO 32 JOIOMO-
TOI0 JIOJaTKOBUX PEMOHTHHUX 3aXOJIiB 3 TEXHi-
YHOTO OOCIYrOBYBaHHS amapaTypu CTAaTUBIB.
[TinBumuTu QyHKIIOHATIBHY HAAIHHICTD €JIeK-
TPONPHUBO/IIB 1 TAPHITYPHU CTPUIOYHUX HEPEBO-
B, & TAKOX EJIEKTPOXKHMBIICHHS MOXKHA 3a pa-
XYHOK BIPOBA/DKCHHS JIOJATKOBHX IMpOQiiak-
THUYHO-PEMOHTHHUX i Mpu OOCIyroByBaHHI
amapatypu, KaOCIbHUX IIiHIA, TPHIATIB pe-
neiiHuX mad i eJeMEeHTIB 3aXUCTY.

BucHoBxku

byno 3’scoBano, mo mas Onechkoi 3ani3-
HUIl 3a 1mepiox cmocrepexxkeHas 2011-
2015 pp. HaWOLIBIINI BiZICOTOK BiJIMOB B €Jie-
MEHTaX 3aJI3HWYHOI aBTOMATHUKH MPHXOJIUTh-
cs Ha peiikoBi komna (40,81 %). Hactynmuumu
€JIEMEHTAaMU, Ha YTPUMAaHHSI IKHX Tpeda 3Bep-
HYTH OCOONHMBY yBary, € myjibTH, Tabjo, ama-
patypa kepyBanHs (25,81 %). JlanHi eneMeHTH
BUMAararoTh BUKOHAHHS PETYJISAPHUX PEMOHT-
HUX pOOIT Ta BIPOBAHKCHHS CYy4aCHHUX JI0JAT-
KOBHUX J1IalrHOCTUYHO-TIPODITAKTHYHUX [ 3
00CJIyroByBaHHSI NPUCTPOIB 3aJI3HUYHOI aB-
TOMATHKHU I CTBOPEHHS MOXIJIMBOCTI Tepe-
XOJy BiJ IJIAHOBO-TIONIEPEKYBATLHOT TEXHO-
Jorii 0 00CIYrOBYBaHHS 3a iX CTAHOM.

Cnig BiAMITHTH, IO B HajaHIA BHOIpII,
CTIIOCTEpEKEHHS 32 BiAMOBaMHU KONIMHUX KO-
poOOK BIJICYTHI 4Yepe3 HEpeNpe3eHTATUBHICTh
BIAMOBIAHUX JAaHUX.

BusHaueHHs (QakTHUYHMX MOKa3HUKIB Ha-
JIMHOCTI 1 6€3MeKr MOXYTh OyTH BUKOHaHI Ha
OCHOBI TIPE/ICTABJIIEHUX CIOCTEPEKEHb PO
pi3Hi BiaMoBu C3A, oTpUMaHi B MpoLECi eKc-
TTyaTarii.

AnHani3 (akTUYHUX MMOKa3HUKIB HaAiiHOC-
Ti C3A He BUUEPHYETHCS TUIBKM 3HAHHAIM iX
KIUTbKICHOTO 3HaueHHs. BaxxnmuBo 3HaTH:

— un € y C3A 3anac 3a HafAlfHICTIO 1 K-
IO TaKUH €, TO KA HOro BEINUHNHA;
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— vuu HasBHA y C3A TeHACHIlA 10 3MIHA
HEOOXITHOTO PIBHA HAMIMHOCTI 1 HACKUIBKH
BOHA HeOe3meyHa.

HayxoBa HOBU3HA MoJsiTrae B CTBOPEHI Ma-
TEMAaTUYHOI MOJEIi TPOLECiB BiIMOB €JIeMEH-
TiB 3aJ1I3HUYHOI aBTOMATHKU SIK CKJIQIHOI CHC-
TEMH , TOOY/I0BAaHOI Ha OCHOBI NMaCUBHUX CIIO-
CTepEeXKEHb.

OTxe, MOKpAIEeHHs eKCIUTyaTaliiHuX Mo-
Ka3HUKIB pOOOTH €JIEMEHTIB 3ali3HMYHOI aB-
TOMAaTHKU MOK€ OyTH JOCSATHYTO 3a JIOIIOMO-
rOI0 BIPOBAKEHHS JOJATKOBUX PEMOHTHO-
npodiTakTHYHUX PpodIT 3 0OCIYrOBYBaHHS
pEeHKOBHUX KiJI, amapaTyp, KaOenbHUX JIiHIH,
€JIEMEHTIB 3aXHUCTy W amapaTypu peleiiHux
mad.
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JAE®EKTYBAHHA TEXHIYHOI'O, TEXHOJIOI'TYHOI'O TA
OPT'AHI3ALIIMHOI'O 3ABE3NEUYEHHS KOHTPOJIBHOT'O IYHKTY

AJICH MOTOPBAI'OHHOI'O JEIIO

Beryn

EdexTuBHa Ta Ge3meuna poboTa 3aii3HUY-
HOTO TPAHCHOPTY HEMOXKIIMBA 0€3 HIMPOKOTO
BUKOPUCTAHHS CHCTEM IHTPEpPBaJIBLHOTO PEry-
moBaHHs pyxy mnoizais (IPPIT). Hesin’emHOMO
Ta BaXJIMBOI YACTHUHOIO IIUX CUCTEM € MpH-
CTpOi aBTOMATHYHOI JIOKOMOTHBHOI CHTHAJIi-
3amii (AJIC), cepen sxux HaiOiUIbIIE MOIIU-
penns orpumana AJIC yucioBoro Koay Here-
pepsroi nii (AJICH). Lla cucrema moxe ekc-
IUTyaTyBaTHCS K JIOTIOMDKHHN, TaK i OCHOB-
HUHl 3aci0 IHTEPBAJIBLHOTO PETYIIOBAHHS, TOMY
BHMOI'Y O HAMIMHOCTI TaKUX CHUCTEM MAarOTh
OyTH OJHUMH 3 HaiBHCOKHX [1, 2].

3a0e3neueHHs] BUCOKOI HaAIMHOCTI (yHK-
nionyBaHHs npuctpoiB AJICH moxiuBe nuiie
BHACJIIIOK AKICHOIO BUKOHAHHS IX TEXHIYHOTO
obciyroByBanHsi (TO) Ta peMOHTY, BaXXIUBY
JIAHKY B IbOMY TIPOIIeCi 3aiMar0Th KOHTPOJIbHI
MYHKTH aBTOMAaTHUYHO! JIOKOMOTHBHOI CHTHa-
mizauii (KIT AJICH). Came Ha HUX BUKOHY€ETb-
Csl 3HAYHMI 00OCAT peryiaroBaIbHUX Ta 1HIIUX
poOIT, 10 TO3BOJISIOTH HANIMHO Ta OE3MeYHO
excrutyaryBatu npuctpoi AJICH ming ygac py-
xy [3].

Ocob6muBOi yBaru 3acilyroBYIOTh IPHH-
UM OONMaHAHHA KOHTPOJIBHUX ITYHKTIB
AJICH wmotopBaronnux paerno (PITY), oco0-
JIUBO EJICKTPOIIOI3/IB, /1€ TEXHOJIOTIUHUN TIPO-
LIeC He JI03BOJIsiE B OaraThOX BHUIMAJKaX BUKO-
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HyBaTH ojxHodYacHe Ta sikiche TO mpucTpoi
AJICH nHa aBoX royioBHHX cekilisx. KpiM toro,
MopaiibHe Ta (pi3MuHe 3HOIIEHHS 0araThbox 3a-
co6iB TO npuctpoiB AJICH Ha KOHTPOJIBHUX
IMyHKTaX BHMAara€ TEPMIHOBOTO iX BJOCKOHa-
nenns [3-5].

IMocTanoBka mpodJemMu

MoTopBaroHHe  JIeno  eJeKTPONOoi3/IiB
PITY-1 perionansHoi ¢imii «[liBgenna 3ami3-
Huts»y [TAT «Ykp3anizHulsg» € KIFYOBOKO
JaHKOIO 3a0€3MeYEeHHs] MPUMICHKHUX TacakKup-
CBbKHX IepeBe3eHb y perioHi [6]. [IpoTe Hamiii-
HicTh poOoTu npuctpois AJICH Ha moTopBa-
roHHOMY pyxoMmomy cknaai (MBPC), mo nmpu-
nucannii 10 PITY-1, 3a octaHHI pOKH Mae TEH-
JEHILIII0 70 CYTTEBOTO  3HIDKEHHS, W10
BUSIBJIIETHCS, 30KpeMa — B 30UIbIIEeHHI 3001B
koniB AJICH 3a pesynpTaramu posmmdpy-
BaHHS LIBUAKOCTEMIPHUX CTPIUYOK €JIEKTPOIO-
i31iB mporo xaeno [7]. I'imoTreTnyHo, Taka TeH-
JICHIIIST MOJKE TIOSICHIOBATHCS HEJOCKOHATICTIO
nporeciB TO Ta motounoro pemonty (I1P)
npuctpoiB AJICH na MBPC. IlintBepaxeHHs
abo0 crpocTyBaHHS 3a3HAYEHOI TiMOTEe3H BUMa-
rae mpoBeJeHHs eeKTyBaHHS BCIX BHIIIB 3a-
6e3neuenHs ¢ynkuionyBanus KII AJICH na
6a3i PITU-1 3 momanmpmuM oOpOOJIEHHAM ITUX
pe3yabTaTiB Ta BUPOOJIEHHSM BHCHOBKIB Ha 1X
OCHOBI.

© A. b. Boitnik Ta in., 2017


mailto:at@kart.edu.ua
mailto:alexstein@meta.ua
mailto:onilsergey@yandex.uaf
mailto:elenka_12_90@mail.ru

AHaJIi3 10C/iIKeHb Ta MyOJiKamin

OCHOBHUMH MaTepianaMu, siKi CTOCYIOThCS
npobnemun BukoHanHa TO Ta IIP ma KII
AJICH PIIU-1, € BigoM4i TEXHIYHI BHMO-
ru [8], Texnomoriuni iHcTpykiii [9, 10] Ha 00-
nanHaHHs Ta ¢ynkuionyBanus KIT AJICH,
BHYTPIIIHA  TexHiyHa JgokymeHTamis KII
AJICH [11, 12], nmporokoiu, 00JIiKOBI KypHa-
a1 Ta 1HmI opranizamiitHi gokymenTtH KII
AJICH [7, 12-14]. Ha migcTaBi JOCHIKCHHS
3a3HAYCHHUX JTOKYMCHTIB BUKOHYEThCS Je(eK-
tyBanHs KIT AJICH.

Busznadyenust MeTH Ta 3aaa4i
JOCJIiIKeHHSA

MeToro 1OCHiIKEHHS € BUSIBJICHHS Ta aHa-
73 mpo0ieM TeXHIYHOTO, TEXHIYHOTrOo 1 opra-
HI3alIHOTO XapakTepy, sKi 3HIKYIOTh SIKICTh
TO Ta [1P npuctpois AJICH moTOopBaroHHoro
JIero, Ha MiJICTaBl 40ro (GOpMYyIOThCS peKoMe-
HJAIil 0 KOpEeryBaHHIO BCIX BHUIIB 3a0e3rie-
yenHs KII AJICH.

Buxian ocHOBHOro Martepiady.
XapakTepucTKa BUIIPOOYBAJIbHOI
ninauxku KIT AJICH

HedextyBanns BumiB 3abesmeuenHs KII
AJICH BuKOHYeTBCS SIK €Tal MepeArnpoeKTHO-
ro JIOCIiKEeHHs 00’ €KTY 3 METO0 Horo moja-
np110i MoAepHizanii. Ha nanuit yac nianpuem-
ctBo PITY-1 3xiiicHIO€ BUKOHAHHS PUMICHKHX
Maca)XUPChKUX INEPEBE3€Hb B MEXaxX 3aji3HU-
YHOI JUISHKH, 110 OXOIUTIOE TPU aaMiHICTpa-
THBHI 007acTi kpainu. [lpunucHuii mapk nemno
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ckiamae 69 oAMHUIL EIEKTPOMOI3/IiB, Xapak-
TEPUCTHKH SKMX BU3HAYalOThCs Ta0ur. 1 [15].

Bci 3 HaBegeHUX e€NEKTPOMOi3/AiB KOMILIE-
KTYIOTBCS 32 CBOIMU TEXHIYHHMHU XapPaKTEPUC-
TUKaMU KUTBKICTIO TOJOBHHX, NMPUYENHUX Ta
MOTOPHHUX BaroHiB y 3arajibHiii KUTbKOCTI BiJ
4-x no 12-tu. lle#t mapameTp BU3HAYAE JIOB-
KHHY TEXHOJOT1YHUX KaHaB, HA AKUX BigOyBa-
etbest TO Ta [1P enexktponoizai. [Ipu nbomy B
PITY-1 mMakcMManbHOIO MPUHHATA KOMITICKITIS
BCiX enekTponoi3aiB y 10 BaroHis, 1o i BHU-
3HAUa€E 3arajabHy JIOBXKUHY TEXHOJIOTIYHUX Ka-
HaB 11OT0 Jeno. Buxoasuu 13 qaHuX, HaBee-
HUX y Tabm. 1, Mae Takox BinOyBaTHCs 00Jsaj-
HaHHs BurnpoOyBansHOi AuneHuIl KII AJICH
(3 ypaxyBaHHSIM JIOBXXUHU TOJIOBHHX CEKIIii)
Ta BU3HAUEHHS IITATHOTO PO3KJIANy Cremiai-
3oBa”oro nexy AJICH Y na 6a31 PITY-1.
[Ipy 11pOoMy MaeThCsi Ha yBasi BCTaHOBIICHHS
Ha KOXXHIM MOTOPBArOHHIN TOJIOBHINA CEKIii
onnoro kommuiekty AJICH (memmdpatop
JKCB-1 a6o JAKCB-IM + mnigcuiioBay
YK25/50 M), a Takox onHiel moi3Hoi pamioc-
tanmii (PTM-4 a6o PB-4 «Opion»), cymapHa
KUTBKICTh SIKUX BHM3HAYa€ TEXHIYHY OCHAIlle-
HICTP LIeXY, BIAMOBIAHO 110 siKoi popmyeThes 1i
mrrat [9, 16, 17].

Bukonanns po6ir i3 TO Tta IIP 3xiiicHro-
€ThCSI HAa TEXHONOTIYHMX KaHaBax NoNe 1-3
PITY-1. Ilpu upomy BumnpoOyBaJibHa IIISHKA
KII AJICH po3sramoBana Ha kaHaBax NelNe |
Ta 2, Ha IKUX BUKOHYIOThCS pobotu 3 TO-3 Ta
ITP-1 i ITP-2 MBPC (B pamkax ganux TO i TP
nependaveHa nepesipka aii npuctpois AJICH
incrpykiieto L T-1I1-0072) [9].

Taoanmsg 1

3arajbHa xapakTepucTuka npunuctoro napky MBPC PITY-1

Cepis KinbKicTb Piz Tsiru YacToTa JoB>xuHa BaroHy (Cexuii), M
omuHuIb | (TArOBHE cTpym) | KomyBamHs, 'l | TonosHOi MortopHoi Mpuuinuoi
oP2 52 IocTitinmii 50 19,6 19,6 19,6
OP2P 9 IocTitinunii 50 19,6 19,6 19,6
OP2T 6 ITocritinuii 50 19,6 19,6 19,6
9T2 2 ITocritinuii 50 19,6 19,6 19,6
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JedekTyBaHHS TEXHIYHOIO
3a0e3neYeHHs

[Tpu Bukonanui nedexryBanus KIT AJICH
BUKOHYETbCS JOCIIPKCHHS HACTYMHUX (aK-
TUYHUX JaHUX MPo Horo obiiagHaHHS Ta Mpo-
eAYPY BUKOPUCTAHHS
BIJIIIOBIHICTh TEXHOJIOTIYHOro 00JIal-
HanHsi KII AJICH BcTaHOBIIEHUM TEXHIYHUM
BUMoram (BuUmpoOyBajpbHOrO mnuiekdy, madg
mojadvi KoJiB, 130JIbOBaHOI BUIIPOOYBAIBHOI
JUJISTHKH )

— pamiOHAIBHICTh TEXHOJIOTTYHOTO IIPO-
LIECy PETyNIOBaHHS Ta NEPEBIPKHU IMPUCTPOIB
AJICH na KIT AJICH y npoueci TO 1 I1P;
MOJKJIUBICTh BJJOCKOHAJICHHSI TEXHIY-
HUX 3ac00iB Ta TEXHOJIOTIi IMEepeBIpKH IpH-
ctpoiB AJICH na KII, a Takox BUIpaBiICHHS
BUSIBJICHUX HEOOJIKIB.

JlJiss BUKOHAHHS 3a3HaYeHUX JiH 31HCHIO-
€THhCS JIETANII30BAHUN aHAII3 SIK HOPMAaTHUBHO-
TEXHIYHOI JOKYMEHTAIlil Ha BUIPOOYBaJIbHY

Peneitna
maca Ne 1

L nok=196m

—_——— e — —

-

Texuonoriuna kanasa Ne | |

Texunonoriuna kanasa Ne 2 \

Texuonoriyna kanasa Ne 3

Le=200m
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ninsaky KIT AJICH (macmopriB, akTiB epeBi-
PKH, pamopTiB KEpiBHHUKA CIIELiaTi30BaHOTO
nexy, rpadikie TO Tomio), Tak i peaabHOTO
TEXHIYHOTO CTaHy OOJIaHAHHS 13 BUKOPHC-
TaHHAM (GOoTO- 1 Bimeodikcarrii.

Y pe3ynbTari JOCHIKCHHS PEabHOTO
CTaHy BUIPOOYBAJIbHOI JITHKA BCTaHOBIICHO,
mo (akTUYHUH 11 CTaH 3 TOYKH 30py MpPOKJIa-
JaHHS BUIPOOYBAIBHUX ILIeH(}IB BiAmoBigae
cxemi, 300paxeHiit Ha puc. 1 [11].

Sx BugHO 13 pHC. 1, cxema MPOKIaTaHHs
nuieiiiB  MOB3IOBXK TEXHOJOTIYHUX KaHaB
NeNe 1 1 2 »OIHMM YMHOM HE BIIIOBIIAE TEX-
HIYHUM BHMOTaMm (TakK, K II€ IOKa3aHO Ha
puc. 2 s feno eaekrponoisais) [3, 8].

Tyr L, — Haii0igblia roJOBHUX CEKIiH

MBPC, 1o excrulyaTryloTbcs B JaHOMY JETO.
[Tpu npoxnananui meitgpy na KIT AJICH ne-
10 eJICKTPOIOi3/IiB HEOOXITHO 3pOOUTH CXpe-
ryBaHHs nuieiida (puc. 2).

Peneifna
mada Ne 2

14

>

Puc. 1. litounii cran BunpoOyBabHoi AinsiHKA KIT AJICH moTtopsaronsoro neno PTTY-1

L ok + 8m

L siok + 4m

L JIOK

8

'gD \ > ——

;,
T

Peneiina
mada

Micue
3XpeILyBaHHS

Puc. 2. Tunosa cxema npokiazanHs BUIIPoOyBaabHoro mnieidy AJICH
B JICTIO €JIEKTPOIIOI3iB 3 00Ky MOJIOBHHX €JICKTPOCEKITIH
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HeBiamoBiaHICT MOJsTaE B HACTYIMTHUX T1O-
pYLICHHSAX OOjanHaHHA BUIPOOYBaNbHOI Mi-
nsaky [9, 11]:

— TMpOKJIaJKa nuiekda 3 TOUKU 30py Tex-
HIYHMX BHUMOT B3araji BiJICyTHS — IUIeH
MPOKJIAICHO BiJl peJIeMHMX Imad JMIIe Ha Bij-
CTaHb 2...3 M BIEpE]l pO3TallyBaHHS MpUIiMa-
JBHUX KOTYIIOK TOJIOBHOT MOTOPBAaroHHOi ce-
KIIT;

— BIJICYTHE HEOOXiJIHE 3aBaJI03aXUCHE
CXpEIICHHS HaBiThb B yMOBax MPOKJIaJaHHS
TaKOT'0 «CKOPOYEHOTO0» IIIeH]Yy;

— BIACYTHSI OpraHizailisi i30Jb0BaHUX JiJIs-
HOK B ME&Xax MPOKIaaHHsI nuiekdy (Hemae i30-
JFOOYMX CTHKIB Ta APOCETb-TPaHCPOPMATOpiB
JT-06-500, mo 3abe3mnedyroTh 00Xif] TATOBOTO
CTPYMY HAaBKOJIO 130JIFOFOUUX CTHKIB).

[Ipu upomMy Ha peiiKu BCIX TEXHOJIOTTYHUX
KaHaB BHKOHAHO 3a3eMJICHHS OaraTo4mceib-
HOTO €JIEKTPOOOIaHAHHSA AETO0, B TOMY YHCH1
BHCOKOITOTY>KHOTO — JIOMKpATiB, 3BaplOBajlb-
HUX arapariB, TEXHOJOTIYHUX MPECiB TOIIO. B
pe3yNIbTaTi BiMOBIAHO 1O BUKOHAHOTO JIOCII-
JDKEHHS, 30KpeMa BIAT'YKiB TEXHIYHOTO MepCco-
Hany KIT AJICH Ta qiasHKYA TOYHHUX TPHIIAIIB
PITY-1, gepe3 perynspHy poOOTy elIeKTpooO-
JIQJIHAHHS Ta MOTPAIUTHHS (DOPMOBAHHUX HEIO
3aBaJl 10 peWoK KOpPEKTHa MepeBipka Ail mpH-
ctpoi AJICH na GopTax A0BOJI 4acTO HEMOXK-
nuBa. Lle moB’s3aH0 3 TUM, 110 3aBaju, chop-
MOBaH1 eJIeKTpoOoOIaIHaHHAM, (HAKTUYHO HHU-
marh koau AJICH, ki mogaroThCs y BUIPO-
OyBanbHUI nuteld. Lle nposBisieTbes B TOMY,
0 Npu Hojadi KoAiB 1o uuieddy i kKoau
anapatypoto AJICH Ha GopTax enexTpomoiz-
JiB HE CHpUHMAIOTbCA — Ha JIOKOMOTHBHHX
CBITJIO()Opax TOPUTH MPHU I[bOMY YEpPBOHE a00
Oie CBITIO (3aJIeKHO Bif MepeaicTopii Horo
BUHUKHCHHS Ha HHOMY).

Takum unHOM, B paMKax MojepHi3alii 00-
nmaggagas KII AJICH PITY-1 HeoOXimHHM €,
K MIHIMyM, HpPUBEICHHA cHocoOy MpoKia-
nanns nuieiidy AJICH y BiIMOBIAHICTD A0 Te-
XHIYHUX HOpM, persiameHtoBanux LI i LT
e MIIC PansHcbkoro Corosy [11].

JlomaTKOBO BCTAHOBJICHO, IO HaOIMKEHA
MoAiOHICTh nuIeHdy, Mo MPOKIaJAeHa B JIETIO,
BUKOHaHa TPOBOJIOM, II[0 HE BIANOBiIa€ TeX-
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HIYHUM BHMOTaM — IUIOIIA TOMEPEYHOTO Tie-
pepi3y cymapHa KWl KaOelto MeHIa 3a 6 KB.
MM., a CIOCIO KPITUICHHs 0 PEHOK HE BiJIO-
BiZlae HopmatuBHOMY (puc. 3) [11].

Kpemnixkua ckoba

I30ms11tist

Puc. 3. HopmMaTuBHE KpilieHHs] BUIPOOYBAJILHOT'O
nuteticdha IIN-74 mo TubHOTO OOKY perKu
i3 3aCTOCYBaHHSM IIPOTHYTOHIB

ToOTo HaBiTh caM JIPIT HE € MPUAATHUM JI0
excruryaranii Ha KII AJICH i morpeGye 3ami-
Hu. lle miaTBepAMIIO TaKOXK BHUMIPIOBaHHS
OTIopy 130JALIT IPOTY B MICISIX HOTO BUXOMY
13 peneitnoi madu Ne 1 merommerpom — dak-
TUYHUH omip i3oyAwii craHoBUTh 7 MOM mipu
IPUITYCTUMOMY 3HaueHHi He MeHie 50 MOwm.

OO6cninyBanHs X amaparypu mad momadi
KOZIB, IXHbOT HOPMATUBHO-TEXHIYHOI TOKyMe-
HTalli MOKa3ye, 110 X 00JiaJHaHHS BIANOBIIAE
BCTaHOBIICHUM BuMoram [9, 11], a rpadik
Mpolecy iX TeXHIYHOro 0OCIyroByBaHHS MOB-
HICTIO BUKOHYEThCs [17].

[Ipu pomy cimij 3a3HAYUTH, 110 BiAMOBII-
HO mo iHcTpykmii LIT-I{II-0072 [9] Biamosi-
JMATBHICTh 332 YTpUMaHHA, OOJaJHaHHS Ta 00-
CIIyTOBYBaHHS mad) mojadi KOMAIB MOKJIaJIeHa
Ha TMpaliBHUKIB JUCTAHII CHUTHa3aIii Ta
38’s3ky (1Y), B Toil yac sk 3a MPOKIAIKY i
yTpUMaHHS 1uIei(y MOBHICTIO BIANOBIJAIbHE
PITY. Oxnak npauiBauku KIT AJICH 1Y na-
IUISIOTBCS MOBHOBAXEHHSM 3[1MCHIOBATH 1H-
CHEKIIHHUN KOHTPOJIb 32 JOTPUMAHHSIM Ipa-
uiBHukamu PITY mieiigiB y HanexxHomy cra-
Hi — BIATIOBIAHO J0 IOTO MIOPOKY (POPMYETH-
C aKT KOMICIHHOT TEpeBIpKHM  CTaHy
BUIPOOYBaJIbHOTO 1IIeH Dy 3a MmignucaMu cTa-
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pmoro enekrpomexanika CIb KIT AJICH Ta
MaiicTpa IUIBHHUIN Jero, BiANOBITANBHOI 3a
YTpUMaHHS 3aKpIIJICHUX 3a HE IPUCTPOIB
AJICH. Amnaniz po6o4oi JOKyMEHTAIlii Iexy
AJICH moxkazaB, 1m0 KEpIBHUIITBO LIEXY JIO-
KJIaJa€ 3HAYHUX 3YCWIb JUIS TOTO, 100 TpH-
mycutu PITY-1 BuKOHaTH CBO1 3000B’s3aHHS
JUI TIpUBEACHHS 1UIeldy B 3amaHUil TeXHIY-
HUii craH, a came [9, 12]:

BCTAHOBJIEHO, II[0 AaKTH KOMICIHHHX
orAiB nuteldy CTapmmid eneKTpoMeXaHiK
CIllb (IHHC) uexy AJICH-ITP3 ne miamucye, a
3aMiCTh HHMX THIIE i3 30EpeKEHHSIM 3apeecT-
pOBaHOI KOmii parnopTu A0 KEepiBHULITBA AMC-
TaHIII1, IeTI0 Ta JOPOKHBOI JTabopaTopii;
BcranoBiieHo, mo I[IIHC CIIb mnepio-
JUYHO BHOCHUTH PaIliOHATI3aTOPCHKI MPOIO3H1-
1ii o0 TepeobIagHaHHs BHIPOOYBAIIEHOTO
ey, Ta HaJae panopTy MIOJO0 WOro He3a-
JOBUIBHOTO TEXHIYHOTO CTaHY.

[Ipote depes opranizamiiHi CKIQTHOIII Ta
Opak (iHaHCyBaHHS BHUIpPOOyBajbHA IiISTHKA
Mo/1aji 3aJIMIIA€THCA B HE3aI0BIJILHOMY CTaHI.
TakuM 9MHOM, MOKHA BIAMITHTH IIUICCIIPSIMO-
BaHy poboty uexy AJICH 3amns 3abe3neueHHs
HanexxHoi podoru KII AJICH, ane uepe3 psn
mpo0JieM 1 nepenoH, nepeayciM — (hiHaHCOBUX,
OUTBIIICTh paIliOHATI3aTOPCHKUX 1/Iel HE pea-
Ti30BaHO.

JedexTyBaHHS TEXHOJOTiYHOTO
3a0e3ne4eHHs

TexHosoriuHui mporec NepeBipKU IMpH-
ctpoiB AJICH Ha roJoBHUX CEKIisiX €IeKTpO-
MOI3/1IB BHMAara€ TMPOBEJICHHS BIJIMOBIIHUX
MpOLIEyp Ha KOXKHIN OKpeMiii TOIOBHIM CeKIii
MBPC. Ilpu unpomy B PITY-1 TexHosoriuHi
KaHaBU 33 CBOEIO JOBXHHOIO IMOBHICTIO BMi-
IIYIOTh JECATUBArOHHUMN EJEKTPOIOi3] 13 ce-
piii, 3a3HaueHux y tad:xa. 1. Jlume B 1iboMy BH-
MajKy OOWJBI TOJIOBHI €JEKTPOCEKIIii MOi3/iB
JOTATYIOTbCS  NMPUMUMAaIbHUMU — KOTYIIKAMHU
AJICH po BumpoOyBanpHOro muieiiga. Ane
(aKkTUYHO JECATHUBArOHHI EJEKTPOMOi3IUd B
JIeN0 eKCIUTYaTyIOThCSl JIMIIE B <«Ja4HHUM ce-
30H» — KOJM MacoBO Bil0yBaloThCs JpiOHI
CUIbCHKOTOCTIONAPChKl poOOTH B 1H/IMBITyallb-
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HUX TOCTIOJIapCTBax, TOOTO B JITHIN 4yac. A B
IHIIMIA 4Yac eKCIUTYaTyIOThCSl TEPEBaXKHO BO-
ChbMU- Ta IIECTUBATOHHI €JIEKTPOIOI3/IH.

B Takux ymoBax craiioHapHO BHIIPOOyBa-
JpHOTO IUIeH(dy mocsrae nuie ogHa KabiHa
TOJIOBHOI CEKIIii eJIeKTPOMNoi3ay, 1HIa 3HaXO-
JTUTHCS Ha TIEBHIM BiJICTaHI Bij NUICH(y Ha Te-
XHOJIOTIYHIM KaHaBi. BiAMOBiIHO 0 TEXHOJO-
riunux kapt ta incrpykmii LI T-I{I11-0072 [9] B
TAaKUX BUITAJIKAX HEOOXITHO MOYEProBO Tepe-
BipsiTu mipucTpoi AJICH Ha KOXHIN enekTpo-
CeKIIil, MiCsl KOXHOI MepeBipKH MepeMiliaTu
€JIEKTPOMOi3/] 1HIIOK TOJOBHOIO CEKIIEI /10
BUMpoOyBasibHOrO nUIeidy. TodTO anropurm
nepeBipku y BepOanbHill popmi Moke BUTIIA-
JaTU TPUOJIU3HO TaK:
3aBelIeHHsT BOCbMH- a00 IIECTUBArOH-
HOTO €JIEKTPOIOi3a Ha TEXHOJIOTIUHY KaHABY
TaKUM YHHOM, 1100 TOJOBHA CEKIifA, 110 iJe
mo3aay BIANOBIAHO A0 PyXy 3axoay Tmoi3ja,
3YINUHWIACS B 30HI BUIPOOYBATBHOTO MUICHPY
peneitHoi madwu PII-1;

— BHKOHAHHS TMPOLEAyp NepeBipKH nii
npuctpoiB AJICH Ta iHmux po6it i3 TO 3 Bu-
KOPHUCTAaHHSIM BHUIIPOOYBAJILHOTO HUIeH(y Ha
BHIIIE3raJaHii KaOiHi CEKIIil;

— TMPOTSTaHHS EJIEKTPOINOi3a BIPUTYI
JI0 1HIIIOTO KIHIII TEXHOJIOTIYHOI KaHaBU — Ta-
KUM YHHOM, 100 TepIa 3a pyxoM Moi3aa Ka-
OiHa eJeKTpOCeKIii 3Haxoauiacs B 30HI BHU-
npoOyBanpHOTO 1HUICHDY peneiHoi madu
PII 2;

— BHUKOHaHHs poOIT 13 nepeBipku ta TO
(ITP) mpuctpoiB AJICH nns npyroi enextpo-
CeKIIii MOTOPBAaroHHOTO €JIeKTPOIoi3aa.

CxeMaTH4HO Taka Mporeaypa 300paxeHa
Ha puc. 4. Bci etanu nepemilieHHs Ta cTamio-
HapHoro crany MBPC MoxHa po3autuTé Ha
4OTUpH (a3u:

— asa 1, mis IKOi XapaKTepHO MOYATKO-
B€ MEpeMIIIeHHs (3ai3/1) pyXOMOTO CKJIaay Ha
TEXHOJIOTIYHY KaHaBY;

— (a3za 2, 1o XapaKTepU3yeTbCs 3YyNUH-
KOIO €JIEKTPOIoi3a rojoBHoI0 cekiieo 01 B
30H1 Ail BUNpoOyBaibHOrO nuieidy, miakito-
4eHoro o0 peneitHoi madu PII-1;
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— (aza 3, npu AKid BXKe MiCIIT BUKOHAHHS
BCIX TEXHOJIOTTYHHX poOiT 13 cekiiero 01 Bij-
OyBaerbcst mepemimennss MBPC Boputyn mo
IHIIOTO KiHI KaHaBH — 00 cekiis 09 Oyna B
30H1 Ai1 ey, miakimodenoro ao PII-2;

— ¢aza 4 — 3ynmuaka MBPC rosnoBHoto ce-
kiiero 09 B 30Hi i1 BUTPOOYBAIBLHOTO HUICHDY,
migkmoueHoro ao PII2 3 mocnmigyrodoro mepe-
Bipkoto fii mpuctpoiB AJICH Ha miit cekrii.

AJie Bechb OMHMCAHHMI TEXHOJIOTIYHUN TPO-
LIEC € 17eani30BaHuM, KM, 3riJHO BUKOHAHO-
ro JOCTI/DKCHHS MPAaKTUYHO HE Peai3yeThCsl.
Ile moB’s3aHO, mepenyciM, OCOOIMBOCTAMU
TEXHOJIOTIYHOTO TpOoIecy poOOTH MOTOpBa-
TOHHOTO JIETO, SIKUW BUMaraTUMe 3HaYHUX 4Ya-
COBHIX PECYpCiB I peaizallii JaHOi TEeXHO-
norii. Toune BU3HAYEHHS 3a3HAYEHUX HAIMIp-
HUX YaCOBHMX 3aTpaT BHUMAara€ OKPEMOTO PO3-

paxyHKy.

@®akTU4HO, 3a0€3MEUYEHHS  BHKOHAHHSA
OIMCAHMX BUILE YOTUPHOX TEXHOJIOTIYHUX (a3
3aJIOKUTh Bl  ONEPATUBHOTO  MEPCOHATY
PITY-1 — came BOHM MalOTh OPraHi3OBYBaTH
BIJIMOBIHE TEPEMIIICHHS 13  3yIHHKAMU

MBPC 1o pi3zHux nuieiis, y3roKyrodu I
MPOIECH i3 BiJNOBINAIEHUM EJIEKTPOMEXaHi-
koM KII AJICH.

3rifHO HCTPYKLINA 3 OXOPOHM Ipali MpH
TEeXHIYHOMY OOCIIYyTOBYBAaHHSI €JIEKTPOPYXO-
moro MBPC gBci po6otu 3 TO 1 I1P ycboro py-
XOMOTO CKJaJy Ha TEXHOJOTIYHUX KaHaBax
MaroTh BijOyBaTucs [18, 19]:

a) IpM  BIJKJIIOYEHI BHUCOKIH  Hampysi
3000 B Bii KOHTAaKTHHUX TPOBOJIB HAJl TEXHO-
JIOTIYHUMHM KaHaBaMHU Ta OMYLIEHUX MaHTOI-
padbax MBPC na kanaBi — s 3amoOiraHHs
ypaXXeHHsI PALiBHUKIB N0, CYMIKHUX 1 MiJI-
PAIHUX OpraHi3aliil eIeKTPUYHUM CTPYMOM;

0) Ipu poO3psA/DKEHIN TraJbMiBHIA Marict-
pani MBPC — 3aans 3ano6iranHs BUIIaJKOBO-
MY 3aTUCHEHHIO MaJbLIB PYK NpalliBHUKIB Ia-
JBbMIBHUMH KOJOJKaMU TMIPH  CIIpaIlOBaHHI
rajbM Ha KaHaBi;

B) IpU TMPOXO/KEHHI MEBHOro dacy (He
MeHIe 15 XBUIMH) micist 3yMUHKU M0137a Ha
TEXHOJIOT1YHIH KaHaBi.

[le npu npoMy mepesa Moaayverd BUCOKOT
Hampyru Ha KOHTAKTHUM NpoBia Mae OyTH
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TPUYi TIOJIAHE CIIOBIIICHHS TI0 TYYHOMOBHOMY
3B’A3KYy 13 BIANOBIAHUM TONEPEKEHHSIM HE
MEHIIIE HiXK 3a 15 XBUJIMH /10 TOJIa4i HANPYTH,
1 e CTUIBKHU X — JIO TIOYaTKy PYXy €IEKTPO-
mmoizxa. [licist orosomenHs BiAIOBIAHUX IIOBI-
JOMJIEHB T10 MMOAa4Yy BHUCOKOI Hampyru Ta/abo
PYX eJEeKTpoIorsira 3a00pOHSIEThCS BUKOHYBa-
TH Oyab-sKi poOOTH Ha TEXHOJOTIYHUX KaHa-
BaX, a MPOJOBXKCHHS BUKOHAHHS POOIT 103BO-
JSIETHCS. TUIBKU TICHIS TYYHOMOBHOTO JI03BOJTY
yeprosoro 1o gero (PITY/I-1).

TakuM 4MHOM, NIPY BUKOHAHHI BUIICHABE-
JeHol mporuenypu (a3oBaHOTO MEpeMilllCHHS
PYXOMOTO CKJIQAy ISl IEPEBIPKHU il IPUCTPO-
iB AJICH (puc. 4) yac nmpocToro y BUKOHaHHI
po6it i3 TO i [1P a1 KOXKHOTO eIeKTpOoIoi3ia,
IO 3aBOJUTHCS HA TEXHOJIOTIYHI KaHaBH,
CKJIaJlaTHMe:

T

mp.

t

04_pII-

 +t

1)

pe T,, — CyMapHHi 4ac TEXHOJOIIYHOIO IPO-

riep_piul-2 +toq | pr-2 !

cTom0; t — Yac OYiKyBaHHS MICJs 3aKiH-

ou_pi-1
gyerHs poOiT 3 TO AJICH Ha BUNpoOyBabHO-
my muieidi 6ims PII-1 (3akiHueHHs Apyroi
(asu); t,, o — YAC OUIKYBAaHHS J03BOIY Ha

HOYaToOK poOIT micist mpuOyTTS Moi3fa CeKIi-
eto 09 Ha BunpoOyBaneHuil meitdg PII-2 (ki-
HEellb TPEeThOi — IOYAaTOK YeTBepToi (haszn);
tep pui2 — 4ac mepemimenas MBPC  wmix

meiidamu PII-1 1 PII-2 (Tpets dasza).

[Ipu upomy B popmymni (1) He BpaxoBaHuil
He3ano0KHUIN Yac MPOCTOIO MICHs 3aX0Ay Io-
i37a Ha KaHaBy IEpe] J103BOJIOM Ha poOoTH
(xiHenpb mepuoi — movatok Japyroi ¢asm). la-
HUN TPOCTI € HEBLJ €MHUM €TallOM TEXHOJIO-
riunoro mporecy po6oru PITU-1 HezanexHO
B1Jl XapakTepy TEXHOJIOT1i 00CIyroByBaHHs Ta
pemonty npuctpoiB AJICH na moropBaros-
HUX CEKLISAX L[BOTO JAETO.

B cBoro wuepry, mNpoMiKHHUI mapamerp
tep pui2 TPHBIQIBHO JOPIBHIOE 4acoBi PyXy

€JIEKTPOTOi3/1a BiJl MOYATKOBOI TOYKHU, IO Bi-
AmnoBigae po3MimeHHo cekmii 01 Hax muiei-
¢om PIII-1, no xiHIIEBOT TOYKH, 1110 BiAMOBIIA€
nmoJIokeHHIO cekii 09 Hax nureripom PII-2, i
BU3HAYAECTHCI TAKUM YHHOM:
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tnep_pLul-2 = LK — Ln = ALKH (2)
V V

I I

Ae V, — IBHJIKICTb PYXy €JIEeKTpoNoi3na Ipu
nepemimenHi Big PIII-1 no PII-2, m/c; L —
JOBXKHMHA TEXHOJIOTIUHOI KaHaBH, M; L — 1o-
BXKUHA eneKkTponoizna, M; AL — moBxkuHa
HUISIXY — TepeMilieHHs i
PIII-1 mo PIII-2.

MakcuMaibHa MIBUAKICTH €JIECKTPOIOIi3aa
BIJIMOBIAHO 110 1HCTPYKIIi 3 OXOPOHH TMpari
PITY-1 npu mepemilieHHI TOB3I0BX KaHAaBH,
npu  sIKii 3a0e3rneuyBaTUMEThCSl BHUPOOHHYA
Oesneka mnpaniBaukiB PITY-1, cymikHUX Ta
MIIPSITHAX OpraHi3aiii, CTAaHOBUTH 5 KM/TOJI,
T00TO, 13 ypaxyBaHHSM TOTO, IO B OJHOMY
kimomerpi mictuthest 1000 M, a B ofHil roIH-
Hi — 3600 ¢ abo 60 xB, TO:

v. =5000 m/3600 ¢ =1,3888 ~ 1,4 m/c =

=84m/xB.

JIoB)KHMHA TEXHOJIOTIYHOI KaHAaBH, IO PO3-
paxoBaHa Ha BMIIIEHHS JCCSATH BarOHHOTO
enekTpomnoizaa, cranosuts 200 m: L =200 m.

€JEKTPOoIoi3ga BiJ

JloBkrHA TO13/1a BU3HAYAETHCS KUTBKICTIO
34YETUICHUX Y HbOMY TOJIOBHUX, MOTOPHHX Ta
MPUYITHUX BaroHiB:

Ln = 2LJ]0K + nBar LBar ! (3)
ne L, — JHOoBKHMHA rOJIOBHOI CEKIii eIeKTpo-

noizga, M; L, —

IPUYIITHOTO BaroHy eJeKTponoizfa, M; N, —

JIOB)KUHA MOTOPHOTO abo

KUTBKICTh MOTOPHHUX Ta NMPHYITHUX BAaroHIB Y
€JIEKTPOTIOi3I.

JIOBXXHHU TOJOBHUX, MOTOPHUX Ta MPUYi-
ITHUX BaroHiB, BIIMOBIIHO A0 Tabi. 1 Ha enek-
tpomnoizaax npunucku PITY-1 ogHakosi i cra-
HoBiATh 19,6 M: L =L, =19,6 m.

KinbKicTh MPUYINHUX BAaroHiB y MOTOpBa-
TOHHOMY €JICKTPOIIOI3i 103a JTAYHUM CH30-
HOM BH3HAUYa€ThCSI HMOTO IMOBHOIO KUIBKICTIO
BaroHiB y YOTHUpH, HIiCTh a00 BICIM IITYK,
BKJIFOYAIOYH TOJIOBHI:

nBar = mn -2 ) (4)
7€ M — 3arajbHa KUIbKICTh T'OJOBHUX, MO-
TOPHHUX Ta MPHUYCITHUX BAroHIB Yy €JIEKTPOIOi-
31 103a JaYHUM ce30HOM: M, =8, 6 abo 4.
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[MapameTtp t 3aJIeKUTh B crocoly

ou_piu-1
MEepPEMIIIEHHST MOTOPBAarOHHOTO  PyXOMOTO
CKJIQJTy TIOB3JIOBXK KaHABH IICJIS TIEPIIOT 3YITH-
Hku cekmii 01 Hax BUMpPOOYBaIBHUM MUICH-
¢bom madu PIII-1. Takux cnoco6iB € aBa:

/—4)%

Ineiid PIII-2 '
Ineiidy PLI-2 '
Uity PILI-2 '
lneiidy PII-2 !

Cexkuist 09

O

[6])

Cexuis 09

[0])
(@)

|
|
[

B

O

Cexkuist 09

[6])
O

®a3a 2 — cexuist 01 B 30ui aii nuteiidy PILI-1

Fe————————
TIVY TTTT7VYY

|
|
.

O

L sar

Fm————————
IV TTTT7YY

|
|
.

7VVVT OO

®aza 1 — noTAr 3aDKKAE HA KAHABY

HanpsiMok 3aX0/1y elIeKTPOIoTsra Ha KaHaBy

[0]6)

@aza 3 - notsr nepemintyetses cekuieio 09 1o mueiidy PILI-2
196 m
®aza 4 — cexuis 09 B 30mi aii wueiidy PILI-2

Ty T T
Lnar=196u
Cexuist 01
L ok =196 m

F-———————

1K

196m
[©8)
O

Cexkuis 01
=196m

L sar

[0])
L ok
O

S
1K

Cexuis 01
=196m

L sox

lneiidp PLI-1

neit¢ PII-1
"llneii¢ PILI-1
" llneii¢ PILI-1

Cexkuist 09

Puc. 4. TexHonorivni (a3u nmepeMirieHHs
PYXOMOTO CKJIaJy MPH MEPEBipIli TPUCTPOIB
AJICH Ha 1BoX CeKIisgX
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— @JIEKTpOIoi3/a  IMepeMillyBaTUMEThCs
MOB3/0BX KAaHaBU 32 PAaXyHOK CHJIM BJIACHHX
€JICKTPOJIBUTYHIB BiJl €HEprii, HaJaHOi KOHTa-
KTHUM IIPOBOJIOM (CBOIM XOJ0M);
CIIEKTPOIIOI3]l  MepeMilllyBaTUMETHCS
MIOB3JIOBXK KaHABHM 3a PaXyHOK TATU abO TOB-
KaHHs H1Or0 OKPEMUM MaHEBPOBHM JIOKOMOTH-
BoM UME-3, 10 3amigHui 17191 BUKOHAHHS Ma-
HeBpoBOi podoTHu Ha Teputopii PITY-1.

[Ipu mpoMy cimiJl BpaxoBYBaTH, IO MeEp-
muii cnoci6 nependavyae MiAKIIOUEHHS BHCO-
KOI Halpyru A0 KOHTAKTHOTO MPOBOJIY IMiCIIs
BHUKOHAHHSI MEPIIOTo eTanmy poOiT Ha cekmii 01
(daza 2) i3 He0OX1IHO BUTPUMKOIO YaCy Iic-
ISl CTIOBIIIEHHS TIEPCOHATY TI0 TYYHOMOBHOMY
3B’SI3KY, @ TAaKOXX OpraHi3amii BUTPUMKH 4Yacy
nepes; pyxoM Moi3/1a BXKe IMicis MiIKIIOYSHHS
BHCOKOi HaIlPyTH 10 KOHTAaKTHOTO MPOBOAY. B
TOM kK€ Jac APYruii criocid BU3HaUae HEOOXi-
HICTh TUIBKH BUTPUMKH Yacy Hepesa MoYaTKoM
pyXy moi3/1a, OCKIJIbKM Hampyra 10 KOHTaKT-
HOTO MPOBOJY MPH HbOMY HE ITiJKIFOYAETHCS.
BianmosigHo mapametp t y 3arajibHOMY

ou_pii-1
BUIIAJIKy BU3HAYAETHCS TAK:

" . "
t, o +1, ,, pPyx "cBOIM X0mOM",

o4_pin-1 = t
3.p!

pe t, ., — 4ac 3aTPUMKH Ha BUKOHAHHS POOIT

t ()

BaﬂiﬂHHﬂ JIOKOMOTHBY,

TICIIST TIKITFOUEHHS BUCOKOI HAIPyTH 10 KOH-
TaKTHOTO TMPOBOJIY HAJ TEXHOJIOTIYHOIO KaHa-
BOIO; t, = — Wac 3aTpUMKM Ha MOYAaTOK PyXy

o13/1a MicJIsl MOMEePEIKEHHS.

Sx Oymo BuIIE 3a3HAYEHO, TPUBAIICTH
000X 3aTpUMOK (Ha MIJKIOYEHHS HANPYTH Ta
Ha TOYaTOK pyXy) 3TIAHO MICHEBOI IHCTPYKIIT
3 OXOpOHHU Tpalll OJHAKOBa 1 CTaHOBHUTH 15
xpumme: £, =t =15x8=900c.

Yac oviKyBaHHS BUKOHAHHS pOOIT BXke Ii-
cist HaOmkeHHs cekuii 09 no nweitdy PII-2
t , HE 3aJIeKUTh Bij CrIoco0y MepeMilleH-

04_pi-
o pu2 =10 XB=900 c.

Ile mosiCHIOETBCS THM, IO BIJJIIK Yacy MOYH-
HAETHCS BXKE MICHS MPUOYTTS moi3aa A0 TOUKH
PIII-2, ko KOHTaKTHUN MPOBIJ, HABITH SKIIO
nepeMinieHHsl Big0yBajiocss 3a HOro J0momo-
roI0, BK€ HE 3aIisTHUH.

HA 1 CTAaHOBUTH 15 xB: t
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Otxe, noeanytoun hopmynu (1)—(5), Bu-
3HAYAETHCSI CyMapHUI Yyac BUMYILIEHOTO MPOC-
TOI0 B BUKOHAHHI pOOIT Ha TEXHOJIOTIYHIN Ka-
HaBl U1 KOXKHOTO 3aiXaBIIOTO TYAHU €JIEKTPO-
rnoizaa:

Trrp. :VHX{I-K _2LJIOK +(mn - 2) LBar}+
t371<n +t3 D

ou_piu-2 + t
3P

Ha mincrasi 3aiiicHennx 3a Gopmyoro (6)
PO3paxyHKiB, BUKOHAHUX 3 YpaxyBaHHSM BH-
3HAYCHHMX BUIIE MPOMDKHUX 3HAYEHb il CKIa-
JOBUX JUIA PI3HUX BHUMAJAKIB, (POPMYETHCS
TabJI. 2 3HA4E€Hb BUMYIIECHOI'O MPOCTOIO0 B BU-
koHaHH1 poOiT 13 TO Ta I1P enexTpomnoi3aiB Ha
TEXHOJIOTIYHMX KaHaBaxX MpPH Pi3HIA KUIBKOCTI
BaroHiB Ta pI3HUX CIOCO0ax TNepeMileHHS
MOB3/I0BK KaHABH.

Sk BUAHO 13 BHUKOHAHUX PO3PAXYHKIB,
TPUBAJICTh MPOCTOK B BUKOHAHHI pOOIT Ha
KO)XHIII TEXHOJIOTIYHIA KaHaBl JUII KOXXHOI'O
eneKkTponoizay, mo mpoxoauts TO ab6o IIP,
yepe3 3a0e3leyeHHs MITAaTHOro (YHKIIOHY-
BaHHs KII AJICH 3anexHO Bij KIJIBKOCTI Ba-
roHiB y MBPC ta ciocoOy iforo nepemimieHHs
cknanaae Bix 30,5 no 46,5 xBunuH. [Ipu npomy
B CepelHbOMY 3a po0ody 3MiHY MpPOLEAYPH
TO-3 ta IIP-1 B cepeagHpoMy Ha ABOX TEXHO-
JIOTIYHHUX KaHaBaX MPOXOASTh 3—5 eJIeKTporo-
i3aiB. Crnif BpaxoBYBaTH, 1110 BUXOJI4YH 3 Has-
BHOTO mTatHoro poskiaay uexy AJICH (mpo
110 MiJIe MOBa HWXKYE) po3MapasentoBaHHs PO-
6it 13 TO a6o IIP npuctpois AJICH HaBiTh Ha
JIBOX KaHaBaX PI3HUX MpaIliBHUKIB 1eXy B Oi-
JBIIOCTI BUMAJKIB HEMOXkIUBe. ToMy cymap-
HUU Yac MPOCTOIO CIIiJI BPaXOBYBATH SIK J10]1a-
BaHHs 4acy MPOCTOK B BUKOHAHHI poOOIT 1Jis
KOKHOTO OKpPEMO B3STOTO €JeKTPOIoi3za, 110
npoxonuth mpoueaypu TO i IIP mportsrom
po6oyoi 3MiHu. TakuM 4MHOM, 3arajJbHHUH Cy-
MapHHUIA Yac MPOCTOrO AJIsl BUMAAKiB, koau TO
1 [IP B neno mpoxoAasiTh 3a 3MiHY Bi TPHOX J10
IT’SITH €JIEKTPOIIOI3/1iB, BUBHAYAEThCS Ta0I. 3.

SAx BuaHO 13 Tabm. 3, cymapHUil Yac 3a-
TPUMKHU B poOOTi BUpoOHMYMX jaHOK PITU-1
yepe3 3abe3nedeHHsT HOPMaIbHOTO (YHKIIIO-
nyBaHHs KII AJICH s pisHux HabopiB elne-
KTPOTIOI3/IIB Ta CIOCOOIB 1X MEpEeMIIIeHHs 1M0-

+t

(6)
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B3IOBXX KaHaB ckiazae Bim 136,5 mo 232,5
xBUJIUH (Big npubmausno 2,3 a0 4 roaun). Ce-
peaHii Yac MpOCTO0 ISl BCIX HAOOPIB €JIEKT-
poOmoOi3aiB 1 BCIX CIOCOOIB iX MepeMileHHs
cknagae 154 xBunuHu, TOOTO OiNBIIE IBOX 3
MOJIOBUHOKO ToJuH (MpuOIU3HO 2,6 TOMIMH,
T00TO 2 ronuuu 40 xBwimH). [linpaxyHok Ta-
KOT'0 CEPETHLOT0 3HAYCHHS ISl IBOX CIIOCOOIB
MEPEMIIICHHS € KOPEKTHHM, OCKUIBKH TEXHO-
JIOTIYHUHA ITUKII pOOOTH JIETI0 HE MOXKE 3a0e3-
MEYUTH TIOCTIMHO OJHAKOBHM CIOCIO mepemi-
HIEHHS — a00 CBOIM X010M, a00 3a JI0ITOMOI'0X0
MaHEBpPOBOT'0 JIOKOMOTHBA (Il CIOCOOM Tepe-
MEXKOBYIOTBCS 3aJIC)KHO BiJl BAHHKIIOI KOHKpE-
THOI TEXHOJIOT14YHOI CUTYyaIlil). Y3araJbHEHO I1i
MPOIIECH JIEMOHCTPYIOTBCS €CKI3HOK YaCOBOIO
JiarpaMoro Ha puc. 5.

CepenHiii npoctiii y po6oTi nanok PITY-1
Npu 3HaXOKeHHs cekiii 01 B 30H1 mil 1UICH-
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¢y PILI-1, cexmii 09 B 30n1 nuteidy PII-2 ta B
mpoleci TMepeMillieHHsT TpHU JBOX CIOco0ax
Horo pearmizarii BH3HA4aBCS 3TiTHO JIaHHX,
oOpaxoBaHuX y TabI. 3.

Jloriuno mependavyuTH MO TaK Oyne, 1 TaK
BiIOYBAETHCS HACIIPaB/l — HI KEPIBHUIITBO, Hi
OTIepaTUBHUH, HI TeXHIYHMH nepcoHan PITY-1
HE CIIPUHMAIOTh cepenHii yac y 2 roaunu 40
XBWIMH ¥ MakCUMAaJIbHUH Yac MPOCTOI0 B PO-
00Ti CBO1 JJTaHOK Yy 4 TOJIMHU SIK TMPUAHITHHM.
Ile oOyMOBIIOETBCS SIK 00’ €EKTUBHHMH, TaK 1
cy0’ekTUBHUMH mpuynHaMu. Jlo mepmmx Ha-
JCKUTh TPUHIUIOBA CKJIAJHICTh BHKOHATHU
skicne TO a6o IIP enekTpomoizna B ymoBax
BUMYIIICHUN TIEpEepB Yy TaKWi 4ac (10 YOTH-
pPBHOX TOJMH 32 3MiHY), 10 IPYTrUX —HeOaKaHHS
BUKOHYBAaTH JOJIaTKOBY pOOOTYy MpalliBHUKA-
mu PITY-1.

Taonuusa 2

Po3paxyHnoxk yacy npoctoro B BUkoHaHHi pooit 3 TO Ta I1P Ha TexHoJI0riYHUX KaHABAX
yepe3 3a0e3neuends ¢pynkuionysanus KII AJICH

M Nyar m, M/XB Pyxy tnepﬁpml—Z tO‘UmI-l to‘tpm‘z T“p‘
1 ~0,5 30 15 45,5

156,8 43,2 8 6 84 2 ~0,5 15 15 30,5
1 ~1,0 30 15 46,0

117,6 824 | 6 | 4 84 2 | =10 | 15 15 | 31,0
1 ~1,5 30 15 46,5

78,4 1216 | 4 | 2 84 2 | =15 | 15 15 | 315
Taonunsa 3

Po3paxyHOK CyMapHOTO Ta CepEeJHLOT0 CYMapHOTO Yacy MPOCTO0 B pOOOTI BUPOOHMUYMX MinsHOK PITY-1
yepes 3a0e3nedyeHHs ¢pyHknionyBanas KIT AJICH

T . CymapHa TpHUBaJIiCTh IPOCTOO IS KITbKOCTI
Kinbkicts | Crioci6 pHBaICTh noi3ziB, mwo npoxomsts TO i ITP Cepente
BaroHiB, Ny, PyXy HPOCTI_?;?SEEHX(;HHOFO MPOTSIOM 3MiHH, XB 3HAYEHHSI, XB
’ 4 5
8 1 45,5 136,5 182 227,5 182
2 30,5 91,5 122 1525 122
6 1 46,0 138 184 230 184
2 31,0 93 124 155 124
4 1 46,5 139,5 186 232,5 186
2 31,5 94,5 126 157,5 126
CepenHe 3HaUYE€HHSI POCTOIO I BCIX €JEKTPOIOi3iB Ui JBOX CHOCOOIB MEpeMi- 154
LICHHS, XB

74

© A. b. Boitnik Ta in., 2017



[lomonanHa 3a3HAauY€HUX JABOX IIEPEIOH
s kepiBauka nexy AJICH e mpuHImmoBo
CKJIaJHUM. 3 OJHOro OOKy, HAmoJsraHHs Ha
peaizanii BUIIEHaBEIEHOI TEXHOJIOTIT poboTH
€ HEOJMIHHOIO YMOBOIO BUKOHAHHS SIKICHOTO
TO 1 IIP npuctpois AJICH nHa mpunucHux
€JIEKTIPOMNOi3/1ax. 3 1HIIOTO — 11€ HAMOJIATaHHS
HEOJMIHHO TPHU3BOAUTH 10 KOH(MIIKTHUX CH-
Tyaliid MiX TnpariBHEKaMu aBox ciyx0 (11 ta
HPIT) Ha TepuTopii MOTOPBaroHHOTO JIETIO, L0
OJIHO3HAYHO HE MOXKE AKICHO MO3HAUYUTHUCS Ha
TEXHOJIOTIYHOMY MpPOIECOBi. TakumM YHHOM,
€IMHUM BUXOJOM 13 KPUTUYHOI CHUTYallii, sKa
cknanacs, sk kopekmist texHonorii TO i1 TIP
npuctpoiB AJICH na KII AJICH, sxy MoxHa
peaynizyBaTd JIMIIE B peopraHizaiii crnocoo0y
MPOKJIAJIaHHs BUMPOOYBAaNbHUX ILICiH(iB Ta
iHpopmaru3zanii konoBoro oomagHannas KII.

Takum uMHOM, HaAMIpHI BUTPATH Yacy Ha
BUKOHAaHHS  TEXHOJIOTIYHUX  MEPEeMIlleHb
MBPC no310BX TEXHOJIOTIYHMX KaHaB PoOO-
ns7h Airoay texnosorito TO ta TP mpuctpois
AJICH y PIIU-1 needexTuBHOIO Ta MOTpedy-
IOTb 11 BJOCKOHAJICHHS.

JedexTyBaHHA OpraHizaniiHoro
3a0e3ne4yeHHsA

Opranizaniitne 3abe3neuenns KIT AJICH
BH3HAYAETHCS, MEPII 3a BCE, KAJPOBHM CKJIa-
oM (IITaTHUM PO3KJIAJ0M) CIIEIiali30BaHOTO
uexy, mo 3aiiicHioe TO 1 IIP mpuctpois
AJICH na MBPC. Bukonanns ¢ynkuiii TO i1
pemonty npuctpoiB AJICH 3 6oxy Y 3xiiic-
HIOIOThC crierianizoBani nexu AJICH Tta moi-

[

TIpocriii
6imst PIII-1

Tou_purtcep = 90 xB
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3HOro panio3s’s3ky (I1P3), mo migmopsmko-
BytoTbes 111U, ane posramoBani Ha TepHUTOPIi
3aKpIIUICHUX JIOKOMOTHBHHX a00 MOTOpBa-
TOHHHUX JIENO 1 B MpoOIeci BUKOHAHHS POOIT 3
TO Ta peMOHTY B3a€MOIIOTH 13 BiATIOBIAHUMHU
nigapo3aiaamu aero [9, 19, 20].

Kpim TOro, SIK BUIUIMBAE i3 Ha3BU IEXY
(AJICH-IIP3), iforo mpalliBHUKH 3iHCHIOIOTH
TO Ta pemoHT He TinbkH mpuctpoiB AJICH,
ane i [1P3 Ha 3akpituieHUX JIOKOMOTHBax abo
TOJIOBHUX MOTOPBAarOHHMX CEKIIisX.

CTpyKTypHa cXeMma CHeliali30BaHoOro Iie-
xy AJICH-TIPC IIIY nHa 6a3i JTOKOMOTHBHOTO
(MOTOPBAroHHOT0) JEMO y CKJIai BCIX MiApO3-
JIIJTiB HaBeJIeHa Ha puc. 6.

Oudoitoe pobOTy BCHOTO IIEXy HOTO KepiB-
HUK, [0 32 IITaTHUM PO3KJIAJIOM € CTapIIuM
enekrpomexanikom  (IIIHC)  curmanmizarii,
neHTpanizauii Ta 6mokysanns (CLIB) I abo II
TpyNHU — 3aJIEKHOTO Bij KaTeropii xeno, oocs-
Iy B3aKpIIUICHUX MPHUCTPOIB Ta 3HAYYIIOCTI
NPUITUCHOTO A0 JIETIO TATOBOTO ab0 MOTOpBa-
roHHoro pyxomoro ckiany (TPC a6o MBPC).
BignoBinHa rpyna NpUCBOIOETHCS TpAIliBHH-
KaM IIeXy Ha4aJbHUKOM JTUCTaHIIIl CHUTHaIi3a-
ii Ta 3B’s3Ky. He muBisumch Ha criemianiza-
iito B ramysi came CILIb, kepiBHUK cremiani3o-
BaHOTO IIEXY € BiJIOBIIaJLHUM TaKOX 3a Ha-
nifiHy ~ poboty  mpuctpoiB  IIP3  Ha
3akpimieHomy TPC a6o MBPC, a Takox 3a
3abe3neueHHs O0e3MeYHUX YMOB Ipalli MijJier-
JMX, MaTepialbHO-TEXHIYHE 3a0e3MeueHHs 1ie-
Xy TOIIO.

IIpocriii B
nporeci
Pyxy

tep_puwi-2cep = 4 xB

IIpocriii
6isst PII-2

| t, xB

@ ( Tou_puw-2cep = 45 xB

AR

A,

TpocTii

Cymapuuii

((

Tup_cep = 154 xB

/!
NN

Puc. 5. YacoBa niarpama cepeIHbOro MpOCTOI0 BUPOOHHYMX
naHok PITU-1 gepes 3abe3neuenns podotu KIT AJICH
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VYci pobotu 3 00CIyroByBaHHSI MPUCTPOIB
AJIC 1 KOHTPOJIIO MUIBHOCTI MalIMHICTa Ma-
I0Tb BUKOHYBATHUCS 3 JOTPUMAHHSIM BIJIOBIJI-
HUX TpaBWI Ta [HCTPYKIii 3 OXOpOHHM Iparli.
Came 3a ium mae ciigutu kepiBauk (LITHC)
CIELiaTi30BAHOTO 1IEXY, 10 HOMY CTaBUTHCS Y
3a71a4y HOpMaTUBHUMH JoKymeHTamu [10].

OCHOBHUM  CTPYKTYPHHM  HiApPO3JiJIOM
CIEIIali30BaHOr0 1[eXYy € KOHTPOJbHI IMYHKTH
(KIT AJICH-IIP3), sxi 3a0e3meuyroTh mepeBi-
pky nii npuctpoiB AJIC 1 KOHTPOJIIO MUIBHOC-
Ti MammMHicTa, a Takoxk Bei Buan ix TO (TO-1,
TO-2, TO-3) i morounoro pemonty (IIP, a ca-
me I1P-1 i I1P-2) 6e3 po3OupanHs mpuiIaniB
AJICH (memudparopis, miacuaoBadiB (HiIbT-
piB).

Ho cxmany KIT AJICH Bxoauth Opurana
smigHEX enekrpomexanikiB (IIIH) CLIb I a6o
II rpynu, mo 3aiiicH00TE podoTH 13 TO-1 —
TO-3 sax mpuctpois AJICH, Tak i mpuctpois
I[IP3 na Ooprax JIOKOMOTHBIB a0 CEKIIiAX
MBPC. Ilpu Benukux o0carax HPUIHCHOTO
MapKy, a TaKoXX IMPHU 3aKpIIJICHHI 3a IEXOM
CIELiaTbHOTO CAMOXITHOTO PYXOMOTO CKIIaay
(CCPC) na monomMory ejnekTpoMexaHikaM MoO-
KyTb JojaBatucsi einekrpomontepu (LLILIM)
CIlb 4-x — 6-x po3psmiB. Pexxum pobotu Ta-
KHUX TpAIiBHUKIB — MO3MiHHE 4YEpryBaHHS B
rpadiky «IeHb—HI4—48», 10 BpaxoBYye IJIO-
000BUI TEXHOJIOTTYHHUMA UK POOOTH JETO.

Kpim Opuraau 3MiHHUX pPOOITHUKIB [0
ckiany KII AJICH Bxoauts Opurana poboue-
THKHEBOTO (IL10JIEHHOT0) peXXUMY pOOOTH, 110
CKJIAJIA€ThCS, SIK TPABUIIO, 3 oHOro-aBox LIIH
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CUb I-1I rpynu 1, y pasi AOIIIBHOCTI, OJJHOTO
M CIb. Taka Opurama 3aiiicHIOE OLTBIIT
netanbH1 pobotu 3 1P mpucrpois AJICH-ITP3
Ha 6oprax TPC, MBPC a6o CCPC Ha oxkpe-
MHUX TEXHOJOTIYHUX JUISHKax. [IpamiBHUKH
i€l OpUraad MOXYTh 3aJTy4aTHCs AJS BUKO-
HaHs poOIT 3 MIAMIHU TPEICTABHUKIB OpUTaIn
3MIHHUX MpaliBHUKIB Yy pasi iX BiAcyTHOCTI
(mo mpuYWHI BIAMYCTKH, JIKAPHSIHOTO, 3aiIy-
YEeHHs J0 [UTbOBUX POOIT TUCTAHLIT TOIIO).
OkpemMoI0 Ba)JIMBOKO JIAHKOIO B CKJIaJi
cnemiamizoBanoro nexy AJICH-TIP3 cuyrye
KOHTpoJiIbHO-peMoHTHHI myHKT (KPIT) AJICH,
10 € aHaJIOTOM KOHTPOJILHO-
BunpoOysansHoro nynkry (KBII) CLb. V
cxiani KPIT AJICH mpamioroTh enekrpoMexa-
Hiku CHBb III rpymnu Ta, 3a HEOOXigHOCTI, erne-
krpomonTepu CLIB, siKi 3A1iCHIOIOTE MEepioau-
yHe abo0 emi30uYHe PeryiroBaHHs Jemudpa-
TopiB, ¢QinbTpiB Ta mincwmoBadie AJICH, ix
peMOHT (i3 3puBOM IJIOMO Ta po3OUpaHHAM), a
TaKOX PEMOHT 3arajlbHUX SIIWKIB (MOHTaX-
Hux maci) AJICH. He nuBnsuuch Ha 3HA4HO
Olmpmr  KkBami(pikoBaHWI Xapakrtep pobOoTH,
npariBauku KPIT maroTh mocamoBuii okiaa Ha
10...20 % HwKYMiA, HIX Yy €JIeKTPOMEXaHIKiB
KII, i e He € cipaBeIMBUM MOPSIAKOM pEUeH.
Takuii mopsmok pedeir moTpedye HEOAMIHHOT
3MiHH B Ipoleci peopMyBaHHS 3a113HUYHOTO
TpaHcropTy Ykpainu. Tpeba croaiBaTtucs, 1110
HoBuit ['onoBa IlpaBninns ITAT «YkpaiHchka
3QII3HULISY, SKUA 0OpaHWi Ha If0 Tocaay 3a
KOHKYPCOM, CIIpaBeUIMBO BIJHECEThCS J0
YMOB 1 OIUIaTH Ipalll NiJUIETJIUX MpaliBHUKIB.

Kepisuuk nexy AJICH-TIP3
(ILIHC CUB I-1I rpymn)

/

l

T~

KIT AJICH-TTP3

KPIT AJICH

KPIT ITP3

3minni IIH i HIIM
CLB -l rp. 3 TO
AJICH i ITP3

Twxnesi HIH i
LM CLB I-1I rp. 3
I1P AJICH i ITIP3

TuxHeBi a0o 3MiHHI
IIH i HIIM CLb
HIrp.3
PETy/IOBaHHSA Ta
PEMOHTY HPHUCTPOIB
AJICH

TrxHeBi a00 3MiHHI
IIIH i HILIM 3B’s3Ky
HIrp.3
PEryIIOBaHHSA Ta
PEMOHTY HPHUCTPOIB
TIP3

Puc. 6. CtpykrypHa cxema crierianizoBanoro mnexy 3 TO ta peMoHTY

npuctpois AJICH Ta [1P3 Ha 6a3i nemno

76

© A. b. Boitnik Ta in., 2017



I ocTaHHBOIO JTAHKOIO Yy CKJIAJIl CIeriati-
3oBa”oro 1exy € KPII ITP3, npaiiBHUKH SKOTO
(enmexTpomMexaniku 3B’s13ky III rpynu Ta enex-
TPOMOHTEpH) 3MAIHCHIOITH PETYIIOBaHHS Ta
peMoHT mpuctpoiB I1P3 (pamiocranmiii Ta ix
€JIEMEHTIB), 3HATUX 3 OopTiB Ta cekuiii TPC,
MBPC uyu CCPC.

CrnemniamizoBanuii 1nex AJICH-IIP3 wmae
OyTH OCHAIIICHUI BCIMa HEOOX1THUMH TEXHIY-
HUMU 3aco0aMu: BUTIPOOYBaIbHUMU MuIeH(pa-
MU, madaMu mojia4i KoJiB, BUIPOOyBATLHUMU
CTCHJIaMU JJIsi PETYJIOBAHHS Ta PEMOHTY ara-
parypu AJICH ta ITIPC3. IltaTHuii po3mnuc
1exy popMyeThCs 3TiIHO HOPMATHUBIB YUCEITh-
HOCTI MPaliBHUKIB MiAPO3JLTIB CIyx O CUTHa-
mizamii Ta 3B’SA3Ky HAKa30M HavaJbHUKA JHC-
TaHIIIi 32 MOJIaHHSAM 1H)KEHEepa 3 HOPMYBaHHS 1
opranizanii npari [YImp.

Kanpose 3abe3rneueHHs crieriaaizoBaHOTO
nexy AJICH-IIP3 na 6a3i PITY-1 ¢opmyerbes
BIJIMOBIAHO 10 CTPYKTYpPHOI CXeMH, 300pake-
HO1 Ha pHcC. 5, Ta BIANOBIAHUX HOPMATHUBIB YH-
CEJIbHOCTI LITaTy, BU3HAUEHUX Ha MiJCTaBi Te-
XHIYHMX OJHMHHIIb, 3a0€3[eUeHNX KOMILIEKTa-
mu AJICH Ta pagiocraniiiii I[TP3 [19].

3riIH0 TEXHIYHOI OCHAIICHOCTI JIEIMO
PITY-1 mpuctposimu AJICH 1 TIP3 mraraux
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posnuc nexy AJICH-ITIP3 xapaktepusyerbcs
Tabn. 4. Sx BugHO 3 Hel, (akTWyHMU MmTAT
crnernianizopadoro nexy AJICH-IIP3 ckmanae
aume 8 4YojoBik, mpu HOopMi B 11, ToOTO
8/11>< 100% =72,7 =~ 73% Bixg HEOOX1AHOI HO-
pMHu.

[Ipu upomy ciig BpaxoByBartu, 1o tadi. 4
BHU3HAYAE JIUIIC CIIHUCOYHHIA KOHTHHIEHT IEXY,
B TOM 4ac K SBOYHHI KOHTHHIEHT, 3 ypaxy-
BaHHAM CIelU(iKu BHPOOHHUITBO 1 HASBHOTO
010JIOTTYHOTO PECYpCy, 3HAYHO HIKUHUH.

DakTUYHO, 32 pe3yIbTaTaMU MEePearpoeK-
THOTO JOCTIPKCHHS 00’ €KTY, BCTAHOBJICHI Ha-
CTyHnHI 0COONMBOCTI (OPMYBaHHS SBOYHOTO
KOHTHHTEHTY LIeXY:

— BiciM MicAIiB Ha piK Xo4a O omuH i3
NPAaliBHUKIB 1I€Xy 3HAXOIUTHCS B TapudHIN
BIAMYCTHI (TPUBAIICTH BIIIMYCTKU ISl PI3HUX
MPaLiBHUKIB 1[EXY, 3aJIeKHO BiJl BUCIYTU PO-
KiB Ta 4acy NPUHHATTA Ha pOOOTY, CKIaIa€ BiJl
24 no 31 xaneHgapHUX THIB);

— JIBOE TIPAIIBHUKIB IIEXY BiA3HAYAIOTHCS
CTA0KMM 3JIOBPOB’SIM, BIOIOBIJHO JIO YOTO
MPaKTUYHO UMK PiK X04a O OJWH IpaIliBHUK
1[eXy 3HaXOJUTHCS B CTaHI THMYACOBOI HETpa-
1€31aTHOCTI (Ha JTiKapHIHOMY);

Tabnung 4

ITaTHuii po3nuc cneniaxizoBanoro nexy AJICH-IIP3 npu PITY-1

) ) ) KimpkicTs, 9o
ITocana I'pyma/pospsn | [Migposnin mexy OcHOBHi 000B’sI3KH
3a HOpMaM# | (aKTHIHO
HIHC I KII-KPII KepiBHHUIITBO 11€X0M, Opra- 1 1
Cllb AJICH-ITP3 | wi3amis iioro po6otu
II1H CLIB I KII AJICH Eg? mpuctpois. AJICH i 4 4
IIIH CI{B 1 KII AJICH gg; ,2 mpuctpois AJICH i 2 1
PeryntoBanHs Ta peMOHT
ITH CUb I KPIT AJICH nprctpois AJICH 1 1
l,HH 1 KPII TIP3 PCFYJ'IIOB:EIHHH Ta PEMOHT 1 1
3B’ A3KY npuctpois [1P3
M 5.6 KII-KPIT Honomixaa pobota B TO 1 1 B
Cllb AJICH pemonTi npuctpois AJICH
HJ’HM 5.6 KIT-KPTI TIP3 HOHOMI?KH& p060"Ta BTO 1 1 B
3B A3KY pemonTi npuctpois [1P3
Bcworo, yoin: 11 8
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— OJMH TpaliBHUK I€Xy HABUYA€TbCA B
YHIBEpCUTETI 3a 3a049HOI0 (POpMOIO, TOMY Iie-
pioguuHo Oepe HaBYAIBHY BIAIYCTKY IIiJ 4ac
eK3aMeHalliiHO-3aIIKOBUX CECIH;

— Ha mocanu mnpaniBauus KPIT AJICH
OepyThCsl MOJIOJII BUIYCKHHUIIl YHIBEPCUTETY
3aJI3HUYHOTO TPAHCIOPTY, SIKI HE MpOIpalto-
BaBIIIM 1 POKY BHUXOMATH Y BIIIYCTKY 3a JIO-
IJIA70M 32 IUTHUHOIO J10 JOCSTHEHHS HEel TpH-
pI4HOrO BIKY.

Ocranniii pakrop popmye curyartito, Ko-
mu noniepenust npauisauist KPIT AJICH Bu-
HIuIa B IEKPETHY BIANYCTKY, @ HACTyIHa Ile
He MpHu3Ha4YeHa il Ha 3aMiny. TpuBaTu 1€ MO-
e JI0 JeKUIbKoX MicsmiB. Kpim Toro, micis
HAJIXO/KEHHS MPAIliBHUIII, IO 3aMiHSIE TY, 110
nepeOyBae B JCKPETHIA BIAMYCTII, 3a3BUYail
MOB’s13aHE 3 HEOOXIJHICTIO HANpaBJICHHS HO-
BO1 MpAIiBHUIII HA HABYAHHA 1 CTAXXyBaHHS J10
iHmoro nexy AJICH-IIP3, Tak sik mi€r0 HOBOIO
IPaLiBHULCIO € 3a3BMYail TakoXX MOJIOJa BH-
MyCKHULS YHIBEPCUTETY 3aJII3HUYHOTO TpPaHC-
HOPTY.

Takum unHOM, (DaKTUYHO SBOYHUI KOHTH-
HreHT nexy AJICH-IIP3 cranoButh He 8 4o-
JIOBIK, a 5—6 YOJIOBIK, IPUYOMY XPOHIYHO He-
JOYKOMIUIEKTOBAHOIO 3allMIIAETbcs Opuraaa
3MIHHUX TPAIiBHUKIB («IeHb—HIY—48»), 10
BUKOHYe pobotu 3 TO-3. B pe3ynbrati 10 po-
00TH B 3MIHHOMY pEXHUMI 3a]y4yaroThCsl HE
TinbkH enekrpoMexaHik CLIb 3 BHKOHaHHA
[1P, ane i crapmuii eneKTpOMEXaHIK LEeXy 1
enexktpomexaniku KPIT AJICH i I1P3. B Toit
K€ Yac eJNeKTPOMEXaHIKM 3MIHHOi Opuraiau
BUMYIIEHI KPiM OCHOBHOI CBO€i poOOTH BUKO-
HyBaTtH i podotu 3 IIP-1,2 npuctpois AJICH
Ha Ooprax, a TakoX 1 3aCBOIOBAaTH OCHOBHI
NIPUHLMIINA peryioBaHHs amapatypu Ha KPII
(3a mpuHuunom enexkrpomexanik KIT AJICH
perymoe, a enextpomexanik KPIT AJICH 3a
HUM JIOpETryJIbOBY€E, POOUTH 3alMCU B JKypHa-
JlaX peryJaioBaHHs, PO3MHUCYEThCS Ha Oipii Ta
Hakjiagae wioMO0y Ha BiApPErylbOBaHUN IpH-
nam).

OpHak HaBITh y OUTBII Kpamliii eKOHOMiY-
HIi cuTyanii po3MUPUTH (AKTUYHHM IITaT
nexy AJICH-TIP3 ne BmaBanocs. omi i e
pOOUTH B HHUHIIIHBOMY CKPYTHOMY CTaHOBH-
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1, y sskomy nepedyBae kpaina. Kpim Toro, sk
BIKE 3a3HAYAIOCS, MOPATHHO 3aCTAPUINMHU € HE
TUIBKH 00JaHaHHs, aJie i caM TEXHOJIOTTYHUN
MpoLIeC TEXHIYHOTO OOCITYroBYBaHHS TIPH-
crtpoiB AJICH (sx 1 iHmoi Texniku CIIb Ta
3B’s13Ky). TOMY BUXOJIOM 13 CUTYAIlii € ONITUMi-
3aris 1 pamioHanizamis Texnojorii TO Ta pe-
Monty npuctpoiB AJICH na G6oprax MBPC,
IpH SKIM HASIBHOTO ITaTy TEXHIYHUX MPaIliB-
HUKIB Oyne OUTBII HIX AOCTaTHBO. B Toii ke
yac 3miHeHHs TexHousorii TO Ta I1P npuctpois
AJICH HeoaMmiHHO TATHE 3a co0O0I0 BIpOBa-
JOKEHHS BiAIOBIAHOI €JIEeMEHTHOT 0a3u, sKa 110
TEXHOJIOTII0 3a0e3MeTyBaTH.

Takum 4uHOM, MOJCpHI3aIlisa 00JaTHAHHS
KIT AJICH PITY-1 oxomito€ MOHATTS HE TUIb-
KU PEKOHCTPYKIIli amapaTHO-TEXHIYHOTO 3a-
Oe3meyeHHs, ae W peopraHizaiii TeXHOJIOTIY-
HOTO 1 KaJIpOBOTO 3a0€3MeYEeHHSI LIEXY.

BucHoBKku 3 gocaigKennd i
nepcneKTUBH, MOAATbIINI
PO3BUTOK y JaHOMY HANPSAMKY

BukoHaHo mnepeanpoeKTHE AOCHIKEHHS
(medexTyBaHHS) 00’ €KTa MOJEPHI3AIlil, IKUM €
koHTposibHUM NTyHKT AJICH MoTopBaronHoro
nernio (PITY-1). HociimpkeHHsT BKIIIOYAIO B ce-
O0e nedeKxTyBaHHsS anapaTHO-TEXHIYHOTO 3a-
0e3nevyeHHs KOHTPOJIBHOIO IYHKTY, aHali3
TEXHOJIOTiT poOOTH Ta KaJpoBOro 3abe3NneyeH-
Ha cnerianizoBanoro 1exy AJICH-TITP3 Biamo-
BiZIHOTO 1eno. B mpoueci qocmikeHHs BcTa-
HOBJICHO HAaCTYIIHE:

— amapaTHo-TexHiuHe 3abe3neuyenHs KII
AJICH B uacTuHi IpoKJIaJlaHHs Ta eJIeMEeHTHOI
0a3u BUNPOOYBaNbHUX INUICH(]IB HE BIAMOBI-
Jla€ BCTAHOBJIEHUM TEXHIYHMM HOpMam, Ipa-
miBaukr PITY-1 He BXMBAOTHL 3aXO0XiB IJII
HOpMaTi3allii CUTyartii;

— HaBITh 32 YMOBU NPUBEJCHHS LUIEH(IB
710 TEXHIYHUX HOpM (aKTUYHA TEXHOJOTIs Te-
XHIYHOTO 00ciyroByBanHsi npuctpois AJICH
13 ypaxyBaHHSIM BChOTO TEXHOJIOTTYHOTO IPO-
necy podoru PITY-1 He no3Bossie opranizyBa-
TH TIOBHOLIHHY TEPEeBIPKY [ii MpHUCTPOiB
AJICH miis BOCbMH-, HIECTH- 1 YOTHPHOXBa-
TOHHHUX €JICKTPOIOi3/iB, TaK SK il MOBHOIIIHHA
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peaizailisi BAMaraTuMe CEepeHbOTO MPOCTOIO
B pOOOTI OCHOBHUX TEXHOJIOTIYHHX JIAHOK Jie-
1o B 2 roguan 40 XBWIMH 32 3MiHY;

— sBoyHUM KoHTUHreHT uexy AJICH-

[1P3 He n03BOJsIE MOBHOLIHHO OpraHi3yBaTh
skicHuid mporiec TO Ta peMOHTY MPUCTPOIB
AJICH 06e3 monagHOpMOBaHOI pPOOOTH CBOI
MpaIiBHUKIB, 10 BUMAara€ HEBIIKIAIHUX Pi-
IICHb.

TakuM 4YHHOM, HEralfHOIO € HEOOXIOHICTh

KOMIUICKCHOI MOJepHi3ailii 00laHaHHS, TeX-
HOJIOTIYHOTO Ta OpraHi3aliifHOro 3a0e3reyeH-
Ha KIT AJICH uexy.
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TEXHIYHU KOHTPOJIb CUCTEM YA CJIOBOI'O KOJOBOT'O

ABTOBJIOKYBAHHAA

Beryn

VY cyuacHuX yMOBax poOOTH 3aJII3HUYHOTO
TPaHCHOPTY YKpaiHH, JUIS SKUX XapakTepHa
HOro KOHKYpEHI[S 3 IHIIMMH BHJaMU TpPaHC-
MOPTY, OYEBHJIHOI € HEOOXIJHICTh ITiIBU-
IIEHHSI KOHKYPEHTOCIIPOMOKHOCT1 Ta e€(eKTH-
BHOCTI poOOTH 3aJli3HHUIIb, PO3BUTKY X TpaH-
3UTHOTO T4 €KCIIOPTHOTO MOTEHIiay, MpOomy-
CKHOT CIIPOMO>KHOCTI, 30UTBIIICHHS IIIBHIKOCTI
pyXy, TOKpaIIeHHS SKOCTI OOCIYroBYBaHHS
TOIO. EQEKTUBHICT TEPEBI3HOTO TPOIECY
HampsiMy TOB’si3aHA 3 HAIIAHICTIO MPHUCTPOIB
KEpyBaHHS PyXOM TIOi3/iB Ta OpraHizamiero ix
TEXHIYHOTO 00ciyroByBaHHs. OCHOBHUM Ha-
NPSIMKOM TIiIBUIIEHHS €(EKTUBHOCTI 00CITy-
TOBYBaHHSI CUCTEM CHUTHali3allii Ta 0J0KyBaH-
HSl € po3poOKa aBTOMAaTHYHUX 1 aBTOMAaTH30-
BaHMX CHCTEM KOHTPOJIIO Ta KepyBaHHs [1, 7].
3HayHa KUTBKICTh BIJIMOB CHCTEM CHTHaTI3a-
1ii, nentpanizaii ta 6aoxysanns (CLIb) mpu-
najiae Ha PeHKOBI KOJIa Ta CUCTEMY YUCIIOBOTO
KOJIOBOTO aBTOOJIOKYBAHHS, SIKOIO 00JaJHAHO
OuIpllIe TOJIOBUHM MAariCTpaJibHUX KOMi B
Vkpaini. CknagHicTh po3poOKH MPUCTPOIB KO-
HTPOJIIO Ta JiarHOCTYBAaHHS CHUCTEMH YHUCIIO-
Boro kojoBoro aBtobnmokyBanHs (UK ADB)
MOB’si3aHa 3 1X aBTOHOMHICTIO Ta PO3MIIIEH-
HSIM araparypy Ha 3HAYHUX BiJICTaHIX B3JJOBXK
MIEPETOHY.

Meta

Meroto poOOTH € BH3HAYEHHS OCHOBHHX
HanpsIMKIB PO3pOOKH Cy4acHOi aBTOMAaTH30-
BaHOT CUCTEMH JiarHocTyBaHHs npuctpois UK
ADb Ha OCHOBI1 aHANITUYHOTO OTJISAY ICHYIOUHX
Ta MEPCIEKTUBHUX 3aCO0IB TEXHIYHOTO KOHT-
POJIIO CUCTEM, a TaKOXX €(PEeKTHUBHOCTI BIPOBa-
JDKEHHSI HETePEpBHOIO JI1arHOCTYBAHHS TeX-
HIYHOTO CTaHy MPUCTPOIB Ha TIEPETOHi.

81

OrJisi1 CHCTEM THCIETYEPCHKOro
KOHTPOJTIO

CucteMa 4YacTOTHOTO AMCIIETYEPCHKOTO
koHTpost0 (YJIK) BUKOpHUCTOBYETHCS HA 3ai-
3HUIX YKpainu 3 1966 poky Ta HaOyna Beiu-
KOT'O MOIIUPEHHS.

Cucrema 103BONIHJIA MOI3HOMY JHCIIETYE-
py Bi3yaJIbHO KOHTPOJIOBAaTH IOKa3aHHS CTa-
HI[IHUX CBITIO(MOPIB 1 pyX MOi3/iB HA MiJSH-
i, a YEproBUM IO CTaHLIi — pyX MOI3IiB Ha
neperonax. OnHOYacHO 3 ii JONOMOroOI0 3a-
Oe3neuyeTbcs AMCTaHIIMHE JUCHETYEpChKe
KEepPYBaHHS JPYTOPSAIHUMH TPaHCIOPTHUMHU
00’€KTaMu, TaKUMM SIK HpUJIaau 3B 3Ky Ta
OCBITJICHHS MOCAIKOBUX wiathopm,
pO3’€HyBayYl BUCOKOBOJBTHHX JIIHIN 1 T.1., a
TAaKOX aBTOMATHYHUNA KOHTPOJb CTaHy Hau-
OLTBII BIAMOBIMALHUX €JIEMEHTIB MEPETiHHUX
npuctpoiB Ab i nepei3noi curnamizanii [2].

VY cucremi YK nepenbauena TpupiBHEBa
cucteMa KoHTpouo. [Hpopmarlis Big CUTHATIb-
HUX 1 Mepei3HUX YCTAaHOBOK aBTOOJOKYBaHHS
11 aBTOMaTUYHOI MEpei3HO1 curHamizamii (Hx-
Hill piBeHb) Oe3nepepBHO HAAXOJUTh HA MPO-
MIXKHI cTaHlii (cepenHii piBens). [Ticas oOpo-
OKM BOHA IEpeJaeThcsi HAa LEHTPAIbHUN MOCT
MOI3HOMY aucnerdepy ¥ aucneruepy Y
(BepxHiii piBEeHb).

SIK maTuMK 3aMHATOCTI OJIOK-IUIBHUIE 1
cTaHUifHMX Komii y cuctemi YJIK Bukopuc-
TOBYIOTbCSI KOHTaKTH KoliiHUX pene. [Tpu uu-
CJIOBOMY KOJJOBOMY aBTOOJIOKYBaHHI KOJiiHe
perie Mmpamroe B IMITYJIbCHOMY PEKUMi, TOMY B
CHCTEMY JMCIIETUYEPCHKOIO KOHTPOJIIO BKIIO-
YarOThCs KOHTAKTH CUTHAIBHOTO pere K, sike
3aJISKUTH BiJl KOJIHHOTO pese 1 nepedyBae mix
CTPYMOM, SKIIO OJIOKIIIBHUISL BUIbHA ¥ Yy
3HECTPYMJICHOMY akimo 3aiHsATa. Komm
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OJIOK-TITBHUIISA BUTbHA, Y JIHIIO TMOCHIAETHCS
CUT'HQJI TOHAJIBHOI 4acTOTH, SIKMM CIIpUiMa-
€ThCS BIAMOBIIHUM TNpUMMadYeM Ha CTaHIIII.
CrpanpoBye pene Ha HOro BUXOJi, KOHTaKTH
SIKOTO BKJIFOUYAIOTh 1HJUKAIIIO Ha TabJIO B Yep-
TOBOT0 IO MPOMDKHIN cranmii. [Hpopmaris
PO CTaH MOI3/iB MepeaaeTbcs 3 IEPEroHiB Ha
MIPUJIETIII CTaHIlli MO JiHII MOJABIMHOTO 3HH-
KEHHSI HAmpyTrd BiJ KaMEPTOHHUX T'€HepaTo-
piB (I'K), mo po3mimytoTscs B madax aBToO-
JIOKYBaHHS, 1 BY3bKOCMYIOBHX MpHIIMauyiB,
BCTAaHOBJICHUX HA CTaHITISX.

YacToTHI CUTHAJIM Ha MPOMIDKHHMX CTaHIIi-
X MICJISL BBIJHOTO IIATKA IMOCHJIAIOTHCS IIIH-
poxocmyroBuM mijncuwitoBadem YIIJIK-2 i Ha-
IXOISATh Ha BXOAM BOCBMH IPHUIMadiB —
[IK5-1...IIK5-8. KoxeH npuiimau mae aBa By-
3bKOCMYTOBHX MiJICHIIOBaYil 13 MIBHIKOJIIO-
YUMH PEECTPYBAILHUMU PEJie, KOHTAKTU SKUX
KEepYIOTh PeKUMaM{ YBIMKHEHHS JiaMn Ta0i0
yeprosoro no craniii (JICII) 1 miakaroueHi 1o
BxoiB posnoaiutbHuka PJ/IK-2. KoxeH By3b-
KOCMYTOBHUH MiJICHIIOBAY Ma€ OJMH JBOKOH-
TypHUI KaMEpTOHHHUU ¢inbTp TUILY
[Id1-1...J1d1-16. Ilepenava indopmarii Ha
[EHTPATBLHUHN TOCT 3MIMCHIOETHCS MUKITIYHO 32
JIOTIOMOT010 32-TaKTHOTO PO3MOIITHHUKA THITY
PJIK-2, niniiiHOrO reHepaTopa OIHIET 3 MOIH-
¢ikamin (I'V13-1...T'J13-15), 6noka kepyBaHHS
poboroto posnoauibHUKAa TUy BYP, Omoxa
nepenadyi inpopmanii Tumry BITI [7].

[Mpunagn YK Takox 3abe3nedyroTh 06e3-
MepepBHUN KOHTPOJIb CHPABHOCTI amapaTypu
neperinHux 1 nepeizHux npucrpois CLb. ¥V
pa3i BUHUKHEHHS TOLIKO/KEHHS TEHepaTrop
JUCIETYEPCHKOT0 KOHTPOJIIO MOCUIIAE B JIIHIIO
KOJIOBaHMI CHUTHAI, IO COPUIMAETHCS HA OJI-
HI{ 3 IpUJIETTIUX CTaHIIH.

BinmoBigHa namma Ha Tablo B 4eproBoro
MMOYMHAE OJIMMATH B TaKT 3 KOJOM, IO TIepe-
Ja€ThCs, 3arOpsIIOYKCh B IHTEpBajax 1 3racaro-
YH B IMITYJIbCAX.

PozmmdpoBka noBiTOMIIEHb PO XapakTep
noIKokeHb BUKoHyeThest JICIT BisyanbHO 3a
PEKHMOM TOPIHHS KOHTPOJIBHUX JIAMIT Ta0JIO.

Cucrema YJIK yacTo BHUKOPHCTOBYETHCA
Ha 3ali3HUIX YKpaiHy, ajne B ii poOOTI MOXK-
Ha BHUJUINTH HU3KY CYTTEBUX HeNO’NiKiB. [lo
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HUX MOXXHa BIJHECTH 3aCTapily €JIEMEHTHY
06a3y, mo mnorpedye pPEeTEeIbHOT0 KOHTPOIIO,
TOYHOI HACTPOMKU Ta MEPIOJUYHOTO PEMOHTY.
OOcsar mlarHOCTUYHUX [aHMX, SKUH MOXKHA
OTpUMATH 32 JIOIIOMOTOI0 €] CUCTEMH, € He-
JOCTaTHIM JUIS TIOBHOTO aHANi3y CTaHy MpH-
CTpOiB aBTOOJOKYBaHHS. Tak0oX CIPUHHATTS
iHpopmarii, mo HagaeTscs cucrtemoro YK, €
JOCUTUTh HE3PYUYHUM IPOLECOM, IO IMOTpe-
Oye OIAaTKOBHX 3HaHb BiJ €lEKTpOMeXaHiKa
Ta HE rapaHTye ii OJHO3HAYHOTO PO3MHQPY-
BaHHS, a K HACIIJZOK MOJIIMBI IIOMHJIKH IIiJI
yac aHali3zy JiarHOCTHYHOI iHdopmarltii, 1o
MPU3BOANTH JIO 3alBUX BTPAT y 4aci B XOIi
MOIIYKY Ta yCyHEHHsS HecnpaBHocTed. Cucre-
Ma 3[aTHa TepelaBaTH JIMIIEe AUCKPETHY iH-
dopmariito mpo craH OOMEKEHOI KIUIBKOCTI
00’€KTiB A1arHOCTYBaHHS, IO 3BY)KYE MOMKIIH-
BOCTI aHaji3y CTaHy MPUCTPOIB aBTOOJIOKY-
BaHHS Ta 3MEHIIYE BIPOTITHICTh MPUHHSTTS
MPaBUJILHOTO PIIICHHS MPO HEOOXITHICTH pe-
MOHTY. /{0 TOro X criopagiu4yHUN NPUHINI I1e-
penaui iHdopmalii He 3abe3nedye 10CTaTHbOI
IIBUJKOCTI pOOOTH CHCTEMH, IO CTAE OCOOIIH-
BO BaXJIMBUM, BPaXxOBYIOUHM Cy4yacHY TEHJICH-
I[i10 /10 301IBIIEHHS MBUAKOCTI pyXy MOTSTIB.

VY pe3ynbTaTi BUKOHAHOTO aHAJI3y MOXHA
3pOOUTH BHCHOBOK, III0 CHCTEMa YaCTOTHOTO
JIMCTIETYEPCHKOI0 KOHTPOJII0 HE € CHCTEMOIO
TEXHIYHOTO J1arHOCTYBaHHSA B Cy4aCHOMY pO-
3yMiHHI LIbOTO TEPMIHY Ta HE 37aTHa SIKICHO
BUKOHYBaTH CBOi (PYHKIIi B yMOBax MOJaJib-
IIOTO PO3BUTKY IIBUJKICHOTO PYXY.

Tomy BBaxkaemMo, 0 MOJAIBIIMI PO3BHU-
TOK I1Ii€1 CHCTEMH B 3aBIaHHI J1arHOCTYBaHHS
MPHUCTPOIB aBTOOJIOKYBaHHS HE € paIliOHaTb-
HUM. HeoOXigHOo mykaTH HOBI MiIXOAU MO
nporecy 300py Ta mepenavi JiarHOCTUYHO1
iH(popMmarlii, 3HaXOAUTH 3acO0U, IO JAO3BOIS-
I0Th aHAJII3yBaTH HE JIMIIE JUCKPETHI, a U He-
NepepBHI MapaMeTpu CHTHAIbHOI YCTaHOBKH,
BHOCUTH (YHKIIi aBTOMAaTHYHOTO aHali3y Ta
MPUAHSATTS TOTIEPETHBOTO PIICHHS.

Amnaniz poboTH cucTEMH aBTOMAaTH30BaHO-
ro JHCIETYEPCHKOTO KOHTpOIr. bimemn cy-
YacHOI0, 3 MO3MIIii 00JalHaHHS, 110 BUKOPHC-
TOBYETBHCS, Ta OOCATY N1arHOCTUYHUX (yHK-
i, mopiBHsAHO i3 cucremoro YJIK e aBTOMa-
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THU30BaHa CUCTEMa JUCHETUYEPCHKOT0 KOHTPO-
mo (ACIK), ska € anapaTHO-IIPOrpaMHUM
KOMIUIEKCOM, 10 3a0e3meuye qUCreTyepChbKuil
KOHTPOJIb CTaHy OKPEMHUX BY3JIB Ta MIPUCTPOIB
aBTOMATHKH, TEJIEMEXaHIKH Ta 3B f3KY, IO13-
HUX TIepecyBaHb, BUIBHOCTI Ta 3alHATOCTI
MPUHMaILHO-BIAIPABHUX KO, pEHKOBUX KIJT
Ta OJIOK-IIJIBHULID TIEPETOHY, CTaHy Mepei3uiB,
BXIJIHUX 1 BUXITHUX CBITJI0(OpPIB HA CTAHIIIT Ta
iHmi  ¢ynkuii [4]. Cucrema ACJIK Bukonye
30ip, 0OpOOKy Ta mepenady y BIACHY MEPEKY
nudpoBoi Ta aHaMOroBoi iH(oOpMauii 3 npu-
ctpoiB CLIb Ha cTaHIisIX Ta meperoHax, BHsB-
JIEHHS 1X Mepe/BiIMOBHUX CTaHIB Ta pPeecTpa-
1[i}0 BIIMOB y PEKHUMI PEaIbHOTO Yacy.
CucremMa TEXHIYHOTO JiarHOCTYBAaHHS Ta
moniTopuary ACJIK sBnsito coboro Garatopi-
BHeBy iH(popMariiiHy mepexy. TexHiuHi Ta
MporpamMHi 3aco0M HWKHBOTO PIBHS IIPH3HA-
4eHi Juia 300py, MepBHHHOI 00poOku iH)OP-
Marlii Ipo CTaH MPUCTPOIB HA CTAHILIIAX Ta Ie-
peroHax, a TakoX il KOHIIEHTpaIlii Ha JiHIHHNIX
MIYHKTaX CUCTEMH, 110 PO3TAIIOBaHI Ha MOCTaX
SJICKTPUYHOI IMeHTpamizamii. BoHM ckiama-
I0TbCS 3 €NEeKTPUYHUX JATYHKIB CTaHy KOHT-
POJBOBAHUX TEXHIYHHX 3aCc00IB 1 KOHTPOJIEPiB
JTUCTIETYEPCHKOTO KOHTPOJIIO.
AmnapaTHO-TIpOrpaMHi 3aco0M BEPXHBOTO
PiBHS SABJISIIOTH COOOI0 aBTOMAaTHU30BaH1 poboui
Mmicus (APM), mist onepaTMBHOIO Ta TEXHId-
HOTO TMEePCOHAITY, a TAKOXK JOKaJIbHI O0UUCITIO-
BaJIbHI MEpEXl Ha CTaHLIAX Ta LEHTPaIbHUX
nocrax. Ha mpomy piBHI BUKOHYETBCS MpHIi-
MaHH$ Ta MaplIpyTU3allisi HOTOKIB 1HpOpMaIii
BiJl KOHTPOJIEPIB TUCIIETYEPCHKOTO KOHTPOIIO,
il 00poOKa Ta BUBEJEHHS Ha BianoBigHne APM
Mmepexi AC/IK. Takox Ha nboMmy piBHI 3]1HcC-
HIOETHCS 11 3B 30K 13 30BHIIIHIMU OOYHCIIO-
BaJIbHUMHU CHUCTEMaMH, 30KpeMa aBTOMAaTH30-
BAaHOI0 CHCTEMOIO ONEPAaTHBHOTO KEpyBaHHS
(ACOVII), Ta aBTOMAaTH30BaHOI CHCTEMOIO
ciyx6u CLIb.
Sk xaHan 3B’S13Ky BUKOPHCTOBYIOThCS (i-
3WYHI BOJIOKOHHO-OMTUYHI JIiHIi 3B’ SI3KY.
KepyBannst cuctemoro Ta BiIoOpakeHHS
JiarHOCTUYHOI 1H(OpMaLii BUKOHYEThCS 3a
JIOTIOMOTOI0 aBTOMAaTH30BAHUX POOOUUX MICIh
BiMOBiAHUX TpaniBHUKiB. Koxkne APM pea-
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Ji3y€ TEBHI 3araJlbHOCUCTeMHI (DYHKIIII, Taki
aK: rpadiyHe BiZOOpakeHHS Ha eKpaHi MOHi-
TOpa y BUTIISAI MHEMOCXeMH iH(opmMariii mpo
peanbHuit crad npuctpoiB CLIb, Benenns cuc-
TEMHHX TPOTOKOJIB, MPOTOKOJIIB POOOTH MpH-
ctpoiB CLIb Ta miifi mepcoHay, cTaH 3B S3KYy
MDK €JIEMEHTaMU CHCTEMH, BiIOOpa)KEHHS 1H-
¢dopMmarlii B pa3i BHHHKHEHHS IO3aIITATHUX
CUTyallli, HaJaIITYBaHHS Ta KOPEKTYyBaHHS
cucteMHuX napametpis [9, 10].

APM KO0>XHOTO KOHKPETHOT'O THITy KOpHC-
TyBadiB Ma€ TMEBHI OCOOJIMBOCTI, IO MOB’sI3aH1
3 XapakTepoM poOOTH KOpUCTyBaya Ta JOMOB-
HIOIOTHCSI XapaKTePHUMH MPOTPaMHUMHU 3aCO-
0aMH Ta IIiICUCTEMAaMU.

OT1xe, MOKHA 3pOOUTH BUCHOBKH, IIIO CH-
creMa ACJZIK sBisie coboro cydacHy Oararto-
(GyHKIIOHAIBHY CUCTEMY IiarHOCTHUKU Ta MO-
HITOPUHTY, BIAMOBiJIa€ BCIM BUMOTaM JI0 CHC-
TEM TaKOro KJacy Ta BHKOHYE pPI3HOMAaHiTHI
GyHKIIT, MOB’sA3aHI 3 aBTOMAaTH3AIEI0 Kepy-
BaHHS PYXOM TOi3IiB Ta 300poM, 30epexeH-
HSM Ta BiTOOpa)KEHHSM J1arHOCTHYHOI 1H()O-
pMariii, sska BUKOPHCTOBYETHCS IIiJT 4ac MpH-
HHATTSA PIiIlICHBb BiMOBITHUMH TTpaIliBHUKAMH.

Opnnak BogHoyac y cucreMi ACIK moxHa
BUJIUIMTHA HU3KY HEAOMIKIB, 0 SKHX CIiJ BiJ-
HECTH HEIOCTaTHHO MOBHMHU 30ip iH(opmarrii
Ipo CTaH TPUCTPOIB aBTOOJIOKYBaHHS, Maly
KUTBKICTh aHaJoroBoi iHdopmarlii, 1o He J0-
3BOJISi€E BU3HAYUTH BC1 MOXKITUBI BapiaHTH Bij-
MOB B cuHcTeMax aBTOOJOKyBaHHA. Bincyt-
HICTh TPYHTOBHOTO aBTOMATHYHOTO aHaJi3y
J1arHOCTUYHOI 1H(oOpMaIlli He Ja€ 3MOTH BHU-
3Ha4yaTu Miclle Ta TUI BIJIMOB y POOOTI MpH-
ctpoiB CIIb Ta mepeknanae 3aBaaHHs aHATIZY
Ha 1HKEHEPHUH Ta eKcIlTyaTaliiHO-TeXHIYHUN
TePCOHAJ TUCTAHIIIT CUTHATI3aIll] Ta 3B’ SI3KY.

Cuctemy ACIIK moxHa OpaTu 3a OCHOBY
i 49ac po3poOKH HOBUX CHCTEM TEXHIYHOI
TIaTHOCTHKU  TPUCTPOiB  aBTOOJIOKYBaHHS,
BPAaxXOBYIOYH BUSBJIEHI ii HEJIOMIKH.

Ornsn  poOOTH  amapaTHO-TIPOTPaMHOTO
KOMIUIEKCY ~ JUCIETYEPCHKOTO  KOHTPOIIIO.
ATapaTHONPOrpaMHUI KOMILIEKC AUCIETYEp-
cekoro koHTpoidto (AIIK-/K) npusnauenuit
JUTSL TICHTPATI30BAHOTO KOHTPOJIIO, JA1arHOCTH-
KM TEXHIYHOTO CTaHy aBTOOJIOKYBaHHS, a Ta-
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KOXK Oprasizallii KepyBaHHsS PyXOM TMOI3JiB Y
paMKax JucreTdyepchkoro kona [11].

Ha BigMiHy Bij BHIIIEHAa3BaHUX CHCTEM, y
ATIK-JIK mmpoko BUKOPHUCTOBYIOTHCS 3aCO0U
Cy4acHOi OOYMCIIOBAJIbHOI TEXHIKH, IO JO-
3BOJIMJIO 3HAYHO PO3LIMPUTH (DYHKIIOHAIBHI
MOJKJIUBOCT1 CUCTEMH B 3aBIAHHIX SIK PEECT-
parii crany oO’€KTiB IIarHOCTYBaHHS, TaK i
aHaJli3y Ta MPOTHO3YBaHHS CTaHy anapaTypu
CUTHQJIBHUX YCTAHOBOK. Lle 3HauHUN KpOK y
Mepexo/ii Bijl TIaHOBO-TIPO(ITAKTUYHOTO Me-
TOIy OOCIIyrOBYBaHHSI MPHUCTPOIiB aBTOOJIOKY-
BaHHS, KW 3araJbHOMPUUHITHN Ha 3aJ1i3HU-
X YKpainu, 10 o0ciIyroByBaHHs 3a (hakTHy-
HHUM CTaHOM 00’ €KTiB KOHTPOJIIO.

Takum ynHoM, cuctema AIIK-/IK Bukonye
Taki TOJIOBHI (PyHKIi: orepaTUBHE 3HIMaHHS
iHpopmanii mpo craH OJIOK-AITBHUIG MEPEro-
HYy, peHKOBHX K, CBITJIOGOpIB Ta IHIIMX 3a-
co0iB aBTOMAaTUKHU ¥ miepeaBaHHs ii Ha JTiHIN-
HI MMYHKTH CHCTEMH, IO PO3TAIIOBAaHI Ha CTa-
HIiSX; Tepenava iHpopmanii ans ii BUKopuc-
TaHHS TMOI3HUM JHUCIETYEPOM, TUCIETUEPOM
[IIY Ta 1HIMMH BiIIOBITaTFHUMU IPAIliBHU-
KaMH SIK Ha PiBHI BIUJICHHS 3ai3HHUIN, TaK 1
Ha piBHI YIPaBJIiHHS BiIIOBITHUX CITYKO.

HiarnoctuuHi QyHKIII cMcTeMU BHpa)XeHi
B MOKJIMBOCTSIX JIOTIYHOTO BH3HAYEHHS XHO-
HOT BUIBHOCTI OJOK-TUTHHMIII Ta TMOMApPHOTO
30IM>KEHHS MOTATIB, aHali3y poOOTH MPUCTPO-
iB, BUSIBIIEHHSI 1X IE€PEJIBIIMOBHOIO CTaHy, OIl-
THMI3allii IOIIYKY Ta YCYHEHHS BiJIMOBHU, MO-
MJIMBOCTI apxiBallii Ta BIIHOBJICHHS MOMIH, a
TaKOX BEJICHHS OOJIIKY pecypcy MPHUCTpPOiB 3a
ix pakTHUHKM HampaioBaHHsM [5, 8].

Crpykrypa cucremu AIIK-JIK Bkitouae
TPU HiJACUCTEMH, 110 Peani30BaHi 3 BUKOPHC-
TaHHSIM MPOTPAMOBAHUX KOHTPOJIEPIB, MPOMHU-
CIIOBMX KOMII'IOTEPIB Ta CIELiaJIbHOTO Ipo-
rPaMHOTO 3a0€3MEUeHHs, a TaKOoX KaHaJliB
3B’S3KYy MK HUMH, 10 103BOJISI€ OpPraHi3yBaTu
O0YHCITIOBAJIBHY MEpeXy Ta aBTOMAaTHU30BaHi
po0oui Micls KOPUCTYBaYiB.

Ha HmXHbOMY piBHI BUKOHYETbCS 30MpaH-
HsI, TIEPETBOPEHHS Ta KOHIIEHTpaIlis iHpopma-
1ii Ipo CTaH MeperiHHUX Ta CTaHLIMHUX MpH-
ctpoiB CLIb.
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Bona BimobpaxaeTtscss Ha APM ueprosoro
M0 CTaHIIii Ta YeproBOro eleKTpoMexaHika, a
TaKOX NEpeNaeTbcsl Ha APYTUi pIBEHb CHCTe-
mu Ta Ha APM mnoi3Horo aucnerdepa Ta Juc-
neruepa Y.

[Hdopmarito mpo craH NEeperiHHuX MpH-
CTPOIB OTPUMYIOTH 3@ JIOTIOMOT'OI0 aBTOMATHU-
KM KOHTpOJt0 curHabHUX Touok (AKCT), mo
BHKOHAaHa Ha 0a3il creniaai3oBaHUX KOHTpOJIe-
piB. HaiiGinbme nommpenns mae 6mok AKCT-
CUM, sikuii siBIIIE COOOKO0 T€HEPATOP YaCTOTH,
mo (opMye IUKITIYHI BOCBMUIMITYJIBCHI Yac-
TOTHI TTOCHJIAHHS B JIIHIIO 3B’S3KY BIJIITOBITHO
JI0 CTaHy KOHTPOJIHOBAHUX 00’ €KTIB.

[Ipu BocbMH BUXIJTHUX IMITYJIbCAX 3aBJSKH
MaHIIMyJAii 32 TPUBAIICTIO IMITYJIBCIB Ta iH-
TEpBaJliB BUHUKAE MOXKIIUBICTH KOHTPOJIIOBATU
CTaH CeMH AMCKPETHHX 1 JBOX MOPOTOBUX Ja-
TyukiB. [HpopMmalis Tpo cTaH CTaHIIHHUX
IPUCTPOIB BBOJHUTHCS B CHCTEMY 3a JIOTIOMO-
rOI0 MPOrPaMOBaHUX 1HIYCTPIAIbHUX KOHTPO-
nepiB [TUK-10 ta ITMK-120.

3i0pana iHdopMmaris gam HAAXOAUTH 0
HiJCUCTEeMH CEPEAHBOTO PIBHS JBOMA IMOCIIi-
JOBHHMH JIIHISIMU THUIy TOTOKOBa MeTis abo
xoHBepropoM RS-485 [6, 12].

[Tincucrema cepenqHbOro piBHA CKIAAA€Th-
cs 3 KOHIEHTPATOpPiB JIHIMHOTO MOCTa, SKi
30uparoTh iH(OpMaIio BiJl MiJICUCTEMH HUXK-
HBOTO pIBHS, Ta 3a0e3mneuyioTh ii 0OpoOKy,
30epiraHHs, apxiBalil0 Ta MNepeady I1HIIUM
KOHIIGHTpaTopaM IeHTpaibHOro mocra. Kon-
LIEHTPaTopH, 1110 BUKOHAHI Ha 6a3l MpOMUCIIO-
BHX KOMIT IOTEPIB, O0’€IHYIOTHCSI B MEPEKY
nepeadvi JaHuX, sika 3a0e3meuye oOMiH iH(]O-
pMari€ro 3 NiCUCTEMOIO BEPXHBOTO PIBHS.

BepxHill piBeHb CHCTEMM CKJIAJA€ThCS 3
iH(popMaLIHHOTO Ta MporpaMHOro 3adesre-
YEeHHs1 BEPXHBOT'O DIBHS, K€ JI03BOJISE peai-
3yBaTH BHKOHAHHS CHEIlaTbHUX TEXHOJOT14-
HUX (QYHKLIA Ta OpraHi3yBaTH pi3HOMaHIiTHI
Bu APM BiAnoBiganbHUX MpPalliBHUKIB: MOi-
3HOTO aucrerdepa, nucnerdyepa Y, nucner-
Yyepa 3aJIi3HUYHOTO BY3Ja, oreparopa OO0JIKY
BaroHiB Ta 1HIIMX, a TAaKOX 3a0e3rneyye oOMiH
iHpopMalli€ro 3 IHIMMHU 1HPOPMALIHHUMU CH-
cremamu Ta APM mpaiiBHUKIB piBHS yIpaB-
JHHS 3QTI3HUII Ta BIAMOBITHUX CITYXO.
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3 ychOro BHUIEHEPETIUEHOT0 MOXHA 3pO-
outn BUCHOBOK, mo cuctema AIIK-JIK € cy-
YaCHUM KOMIUIEKCOM TEXHIYHOI J1arHOCTHKHU
Ta MOHITOpUHTY pobotu mpuctpois CLIb, mo
BUKOHY€E UIMPOKUN CHEKTpP 3aBAaHb, K1 BUCY-
BAIOTHCS J0 CYYaCHHUX CHUCTEM JIIarHOCTHKH.
3aBAsIKM MOJYJBHINA CTPYKTYpl CUCTEMHU BECh
KOMIUIEKC MpPOrpaMHOTO 3a0€3MeUYeHHS €
OUTBIII THYYKUM II0/I0 MOXJIMBOCTI J0/IaBaHHS
HOBUX 3aBJIaHb, 0€3 3MIHU BCHOI'O KOMILICKCY.
Buxopucranns AIIK-JIK mo3Bossie monmepHi-
3yBaTH MpOIeC KepYBaHHS PyXOM MOi3/liB, aB-
TOMaTH3yBaTH BEJIUKY KIJIbKICTh PYTHUHHOI PO-
00TH 3 00CIIyrOBYBaHHS MPUCTPOIB aBTOOIIO-
KyBaHHsI, MPUILBU/IIINTH MPOIIEC MOUIYKY He-
CIPAaBHOCTEW Ta 3MEHIIUTH iX 3arajbHy
KUIBKICTh 32 paXyHOK BHUSIBIICHHS MEpPEABIAMO-
BHHX CHTYaIliil.

3 ypaxyBaHHSM YCiX Ha3BaHUX IepeBar
Ii€1 CHCTEMH B Hill BCE K TaKH MOKHA BUSBH-
TH JIeAKl HEIONIKH, Cepe]] SKUX: HENOCTaTHs
KUTBKICTh BUMIPIOBAJIBHUX TTapaMeTpiB CHTHa-
JBHOI YCTaHOBKM aBTOOJOKYBaHHS, 1110 HE /A€
MOJKITUBOCTI TIOBHICTIO aBTOMAaTH3yBaTH po00-
Ty 3 TEpeBIpKU MapaMeTpiB CUCTEMH, TaKOX
BIJICYTHi# BUOip MiarHOCTHYHOI iH(pOpMaIlii 3a
il AKICTIO, HE TOBHOIO MIpOI0 BUKOHaH1 QyHK-
i MPOTHO3YBaHHS CTaHy amapaTypud aBTOO-
JIOKYBaHHSI.

Takum umnoM, cucremy AIIK-JIK moxHa
BUKOPHUCTATH K OCHOBY JJIS MOJAJBIINX PO3-
pPOOOK CHCTEM JiarHOCTYBaHHS MPHUCTPOIB aB-
TOOJIOKYBaHHS, BpaXxOBYIOUM BKa3aHi HEIOJIi-
KH.

AHami3 pobOTH cHCTeMHU TEXHIYHOI mdiar-
HOCTUKH TIPUCTPOIB aBTOOJIOKYBAHHS Ta aBTO-
MaTM4yHOI mepei3Hoi curHamizamii. Cucrema
TEXHIYHOT JIarHOCTUKHU MPUCTPOIB aBTOOJIOKY-
BaHHS Ta aBTOMATHYHOI Mepei3Hoi cUrHami3a-
uii (CATC-AIIC) npu3HaueHa Jjisi aBTOMATH-
3anii (yHKUii KOHTPOJIO Ta JiarHOCTYBAaHHS
CTaHy CHUTHAJIbHUX TOYOK YHUCIOBOTO KOJOBO-
ro aBTOOJOKYBaHHS Ta aBTOMAaTHYHOI Iepei3-
Hoi curHamizarii [12].

OcHOBHI CTpaTeriydi 3aBAaHHs, 10 BUKO-
nye cucrema CIITC-AIIC, ue: 36ip i nepBUHHA
00poOka 1H(hopmarltii AJIs CUCTeM BiIIaJIEHOTO
MOHITOPUHTY TEXHIYHOTO CTaHy CHUTHAJIBHOI
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TOYKH aBTOOJIOKYBaHHS, ITiIBUIICHHS HaJli-
HOCTI (YHKIIOHYBAaHHSI CHCTEMH aBTOOJIOKY-
BaHHS 32 PaXyHOK MPOTHO3YBaHHS TEXHIYHOTO
CTaHy MPUCTPOIB 3aJTI3HUYHOI aBTOMATHUKH Ta
ONEpaTUBHOTO BUSBIEHHS (DAKTy Ta MPUUYUHU
BiJIMOBH, BIIPOBADKEHHS TEXHOJOTIH 00cTy-
TOBYBaHHS 3 MIHIMaJbHOIO KUIBKICTIO TEPCO-
Hally, 3aBISKH ABTOMAaTHYHOMY BHUKOHAHHIO
rpadika poOOTH 3 OOCIYrOByBaHHS CHTHAJIb-
HOI TOYKH, 3aMiHa Fe€HEepaTopiB 1 CTAHLIHHOTO
obmagnanus YJIK.

Cucrema CJITC-AIIC moOynoBana 3a ie-
papXiyHUM TPHHIIMIIOM Ta BKJIIOYAE JIHINAHI
MyHKTH JIarHOCTYBAaHHS, IO MOJIUISIOTHCA Ha
CTaHIIMHUNA Ta NMEPETIHHWH PiBHI, 1 LIEHTPaIb-
HUH MOCT JIarHOCTyBaHHS 1 MOHITOpUHTY. [Te-
pPETriHHUI pIBEHb MICTUTH JIIHIHHE IeperiHHe
oOjajHaHHsA, a camMe (DYHKIIOHAIBHI KOHTPO-
nepu tuny KIACT-AC, 3a n0mnoMorow skux
3MIHCHIOIOTHh 30MpaHHs AUCKPETHOI iH(pOpMa-
i MPO CTaH MPUCTPOIB CUTHAIILHOI YCTaHOB-
KM, BHMIPIOBAHHS YaCOBHX XapaKTCPUCTHK
KOZOBO1 amaparypu. Hampyry B KOHTPOJIBHUX
Toukax BuMiproe kontpoisep tuny KJACT-AC,
3a SKICTIO EJEeKTPOXXHMBIIEHHS HAa OCHOBHOMY
Ta pe3epBHOMY (ifepax CTEKUTb KOHTPOJIEP
KJICT-®]I. B3aemo3B’s3aHa poOoTa IMX KOH-
TPOJICPIB JO3BOJISIE BUSBJIATH IEPEIBIIMOBHI
CTaHH amapaTypy ¥ BIAXWUJICHHS TapaMeTpiB
B BCTAHOBJIEHUX HOPM, (opmye mepemady
JiarHOCTHYHOI iH(pOpMaIlii Ha CTaHIIIHHUH pi-
BeHb no jdiHil JICH abo BuaineHiit ¢izuuHiit
minii 31 mBuakictio 9 600 box.

[Hdopmariis BiJ ycix CUTHaJIbHUX YCTaHO-
BOK Hajaxoauth Ha koHueHtparop KICT CB,
SIKUW YBIMKHEHUH Yy JIOKaJIbHY MEpEXY 3 1HTe-
pdeiicom RS-485 3 miHIiHUM KOHIIEHTpATO-
pom iH@opmanii JIKU, sxuit kepye namnamu
Ha MyJIbT-TabJI0 YeproBOro Mo CTaHIlii Ta aB-
TOMAaTHU30BAHOTO poOOYOro MICLs eIeKTPOMe-
XaHika.

HiarHocTnuHa iH(opMmaris 30epiraerbes
Ta BioOpaxaeTbcs Ha APM enexkTpoMexaHika
y BUIJIAZI MHEMOCXeM, TaOiuib Ta rpadikis.
Jani niarHoctuyHa iHGoOpMalis Mpo CTaH CHUT-
HaJIbHUX YCTAHOBOK Ta PE3yJIbTaTH BHUMIipIO-
BaHb TEPENIAEThCS HA BHINUN PIBEHb IEHTpa-
JBHOTO TIOCTA JIarHOCTUKH Ta MOHITOPHHTY.
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Yac pocraBku iHOpMaIlii Big MHEPETIHHOTO
obmagHanus 10 APM enekrpoMexaHika cTa-
HOBUTH He Oiumbmie S5 c. Jlna aHamizy BigMOB
nependadeHe MporpaMHe 3a0e3MedYeHHs IS
MPOTOKOJIIOBaHHS TMEPEABIIMOBHUX 1 BIIMOB-
HUX CTaHIB BIAMOBITHO JO HEOOXiTHUX Tapa-
metpiB [7, 3].

[IpoananizoBana cucrtema mMae BelHKi (y-
HKIIOHAJIbHI MOJJIMBOCTI Ta MOJIHUBOCTI 3
JIarHOCTYBaHHSI CTaHy MPHUCTPOIB aBTOOIOKY-
BaHHS Ta aBTOMAaTHUYHOI IMEpei3HOi CHUTHaTi3a-
11ii, BUKOPUCTOBYE Cy4YacCHYy €JIEMEHTHY 0a3y
Ta BUKOPHUCTOBYETHCS K OCHOBHHH ()YHKIIIO-
HAJIBHUI BY30JI Ul LEHTPIB JiarHOCTYBaHHS
Ta MOHITOPHHTY.

[Tonpu 1e mpomecu aHamizy Ta BimoOpa-
JKEHHs J1arHOCTHYHOI 1H(opmarlii Bce-Taku
noTpeOyl0Th yJOCKOHAICHHS.

PesyabTrarn

Ha ocHOBI aHami3zy iCHyIOUHX Ta TEpCIIeK-
THUBHHUX 3aC00IB TEXHIYHOTO KOHTPOJIIO CUCTEM
YHCIIOBOTO KOJOBOTO aBTOOJIOKYBaHHS BH3HA-
YEHO, 1110 OCHOBHUM HEJOJIKOM iICHYIOUUX CH-
CTE€M € HEJIOCTaTHA KUTbKICTh KOHTPOJIbOBAHUX
napaMeTpiB, 30KpeMa 1€ CTOCY€EThCSI peHKOBUX
k. OOMexeHicTh iHpoOpMaIlii, sika mepena-
€TbCS Ha CTaHIIIO, CYTTEBO 3MEHIIY€E e(heKTU-
BHICTh KOHTPOJIO, IO 3BOJHUTHCS MPAKTHIHO
TIJBKH JI0 MPaLe3JaTHOCTI IPUCTPOIB.

30UIbIIEHHS] MapaMeTpiB (IUCKPETHUX Ta
aHAJIOTOBUX), L0 KOHTPOJIIOIOTHCSA Ta Iepe-
JAf0ThCS Ha CTaHIIIIO, CYTTEBO YCKJIAIHIOE Ta
3011bIIye BapTiCTh cucTeMH. Po3B’s3aTH 110
CYNEpPEUHICTh MOXJIMBO Uepe3 po3poOKy
LEHTPaJ1i30BaHO-PO3MOIEHOI CUCTEMU 3 PO-
3minieHHsIM APM enekTpoMexaHika Ha CTaHI1
1 JIOKaIbHUX KOHTPOJIEPIB HA CUTHAJIBHUX TO-
ykax [13, 14].

3 ypaxyBaHHSIM HENOBHOI iH(opMmarii, 1o
nepeaaeThecsl Ha NEHTPATBHUN KOMII 0Tep, Be-
JTUKOT KITBKOCTI BHUMAJAKOBUX (HAKTOpPIB, IO
JII0Th Ha peiKoBi Koia Ta Ha cuctemy YK Ab
B IIUIOMY, a TaKO PO3MUTOCTI KPUTEPIiB Mpa-
1e3zaTHoro crany okpemux By3iiB UK Ab cu-
CTeMa Ma€ BKJIOYATH IHTENEKTYyalbHY MiJIT-
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PUMKY MPUHHATTS PIlICHHS B YMOBaX HEIMOB-
Hoi iH(opMaIlii Ta HEUITKUX YMOB.

HaykoBa HOBH3Ha Ta TpakTHYHA 3HAYH-
MICTh

VY pesynbTaTi aHami3ly BHUSABICHO, IO iC-
HYI0Ul 3aCO0M TEXHIYHOTO KOHTPOIO aBTOOIO-
KyBaHHS HE MOXYTh HAaJaTH TOBHY OIIHKY
CTaHy TMEpPEriHHUX MPUCTPOIB CUTHATI3aIil Ta
OJIOKYBaHHS, 3aIIPOIIOHOBAHO KPUTEPii 10 po-
3pOOKM HOBHMX CHCTEM TEXHIYHOTO J[IarHOCTY-
BaHHS 31 30UILIIEHO0 KIJIBKICTIO I1arHOCTHY-
Hoi iH(opMarlii Ta Il aBTOMAaTUYHUM aHATI30M.

Pesynbratn aHamizy MoXyTh OyTH BHKO-
pPUCTaHI Ha MPAKTHII I BUOOPY 3ac00y TeX-
HIYHOTO KOHTPOJIIO MPHUCTPOIB aBTOOJIOKYBaH-
Hsl, a TAKOX ISl MOJANIBIIOI PO3POOKH CUCTEM
JIarHOCTYBaHHSI aBTOOJIOKYBaHHS, IO JIO3BO-
Jsi€ 3MIMCHUTHU MTOCTYIMOBUH MepexiJ Bija Iura-
HOBO-TIPO(MITAKTUYHOI MOjeNi 00CIyroByBaH-
HS 710 00CITYroByBaHHSA 32 ()aKTUYHUM CTAaHOM
KOHTPOJIbOBAaHUX MPUCTPOIB.

BucHoBku

[cHyroui 3aco0M TEXHIYHOTO KOHTPOIIIO
NPUCTPOIB aBTOOJOKYBAaHHS HE MOXKYTh HaJa-
TH MOBHOI 1H(opMartii mpo crad npuctpoiB UK
AB. Y 3B’s3Ky 3 IIUM BUHHUKA€ HEOOXIiTHICTH
PO3pOOKH HOBHX JIarHOCTMYHUX KOMILJIEKCIB 3
ypaxyBaHHSM PO3IIUPEHHS 00CATY J1arHOCTHU-
4yHO1 1H(opMaIlil Ta BIPOBAKEHHAM (QYHKII]
il aBTOMAaTUYHOTO aHaJli3y 3 METOI0 aBTOMAaTH-
YHOI'O BCTaHOBJIEHHS CUTYAI[IITHOrO JiarHosy
crany npuctpoiB UK Ab Ta, B pa3i BUHUKHEH-

YUHU.
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HOBI CTPATEI'Il TEXHIYHOI'O OBCJIYTOBYBAHHS I PEMOHTY

BAHTA’KHUX BAI'OHIB

Beryn

Cucrema TEXHIYHOrO OOCIYrOBYBaHHA i
pemonty (mami— CTOIiP) - me xomruieke
OpraHi3aiiHuX 1 TEXHOJIOTIYHUX 3aXOJiB IO

OOCITyrOBYBaHHIO 1 PEMOHTY PYyXOMOTO
ckragy. CTOiP  Bkmowae — IUIaHyBaHHSA,
MiJrOTOBKY, peanizaiiito TEXHIYHOT'O
OoOCITYyrOoBYBaHHS 1 PEMOHTY 3 3aJIlaHOIO
OCJITOBHICTIO, MepIOINYHICTIO Ta B

3aJIeKHOCTI BiZl 00paHOi cTparerii TeXHIYHOTO
oOciyroByBanHsi 1 peMoHTy. [lng nux wninei

PO3pOOISIOTHCS KOHKPETHI ~ HOpPMAaTWUBHU
TPUBAJIOCTI MDKPEMOHTHHUX MepioiB,
PEMOHTHUX IHUKJIIB Ta iH.

Cucrema TOiIP BaHTaxXHUX  BaroHiB

MOKJIMKaHa 3a0e31e4yBaTu:

1) minTpuMKy BaroHa B Ipale3aTHOMY
CTaHi 1 3amo0iraT HECIOIiBaHOMY BHUXOIY
WOro 3 januy;

2) mpaBWIbHY OpTraHi3alil0 TEXHIYHOTO
00CIIyrOBYBaHHS 1 pEMOHTY;

3) 30LIbIICHHS Yacy KOPHCHOTO BHUKOPH-
CTaHHS BaroHa 3a paxyHOK ITiJIBUIIEHHS SIKOCTI
TEXHIYHOTO OOCIIyrOBYBaHHS 1 PEMOHTY, 3Me-
HIIIEHHS POCTOI0 B PEMOHTI;

4) cBO€YacHY MiArOTOBKY HEOOXiTHHX
3aMacHUX YacTHH 1 MaTepiajiB.

[TepiognuHiCTh HATXOHKEHHS BAHTAKHOTO
BaroHa JI0 PEMOHTY BU3HAYA€ThCS 13 YMOBHU
3a0e3neyeHHsl 0e3NeKu pyXy, €KOJOrIYHHUX Ta
€KOHOMIUHUX pH3UKiB. Ilpm mpoxo/KeHH1
BaroHOM BCTaHOBJICHOTO BHJY PEMOHTY:
nenoBcbkoro  (/IP), xamitampHOoro  (KP),
KalmiTaJbHOTO 3 TPOAOBKEHHSIM TEPMIHY
ciyx6u (KPII) #ioro BimHOBIEHHH pecyp
MOBUHEH 3a0e3NMeyuTH 3aJaHl IOKa3HUKHU

88

HaI1HHOCTI
nepios.

Ha HACTYNHUHW MIKPEMOHTHUMN

AHaJIi3 monepeaHix 10CJIiKeHb

[Ipu BpoBa/KEHHI BaroHiB HOBOT'O IOKO-
JHHS, a TaKOX EKCIUTyaTallil iCHyHoUOoro map-
Ky BaHT&XKHUX BaroHiB MOCTAlOTh MUTAHHS
onTHUMi3aIii mpoOiriB BaroHiB Mi’k TUITAHOBUMH
BUJAMU PEMOHTY Ta MiJBHIICHHS €()EeKTUBHO-
cri gitoyoi CTOIP B misomy [1]. Bupimenusim
[IUX MTUTaHb Ha €Tari OYJIBHUIITBA T CKCIUTY-
aTtauii pyxoMoro ckjagy 3aliMaeTbcs Teopis
HanxidHocTi. OUIHII TOKa3HWKIB HAAIHHOCTI
PYXOMOI'O CKJIaAy 3ali3HHMIb Ta BaHTaKHUX
BaroHiB 30KpeMa IpPHUCBAYCHI myOuikarii [2—
5], ormsin sIKUX 103BOJISIE 3pOOHMTH BHCHOBOK,
IO JAif0Ya Ha IUIAHOBO-TIONEPEKYBaIbHA CH-
CTeMa PEMOHTY PYXOMOTI'O CKJIaJy He 34aTHa
MOBHOIO MIpOI0 MIATPUMYBATH HAJICKHHUU Te-
XHIYHUM CTaH BaroHHOTO MapkKy, Ta HE BiAIoO-
BiJIa€ Cy4yaCHUM TEHJICHIIISIM TiABUIIICHHS Ha-
JIMHOCTI BaHTa)XHUX BaroHiB. OJHUM 3 Bapia-
HTIB MOJIOJIAaHHS TEepPEeTiueHnX HEJOJIKIB € OIl-
TUMi3allisi MpoOIriB BaHTAXHUX BaroHiB MiX
IUIAHOBUMH BHUJAMH peMoHTY [6, 7], ame
OupII e(EeKTUBHUM HUIAX — 1€ MOCTYHOBUH
nepexiza no HoBux crpareriii CTOIP [8, 9].

Amnaniz nmyOunikauii miATBEp/PKYE aKTyalb-
HICTh Ta HEOOXIJHICTh MPOBEJACHHS OCII-
JDKEHB 3 MOIIYKY HOBUX CHCTEM PEMOHTY BaH-
TaXXHUX BaroHiB.

Pe3yabTaTn noc/izkeHHs

[cHyroul cTparerii sSiki MOXYyTb OyTH 3a-
crocoBadi jiug CTOiIP BadTaXHHX BaroHiB
MpHUBe/eHI Ha puc. 1
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CTPATEI'I TEXHIYHOI'O OBCJIYI'OBYBAHHS I PEMOHTY

4——————____________—&/;/\—_:‘“-*‘_“_“——_;

IL1anoso-
HONepeKYBATLHA
CHCTEMA PEMOHTY
(planned preventive
maintenance)

PemoHT 32
TeXHIYHHM CTAHOM
(condition-based
mainfenance)

Hoecanannsa cacrem
PEMOHTY HA OCHOBI
pH3HKIB
(reliability centered
mainfenance)

Excuiyaranis 10
BUIMOBH
(run-to-failure)

3a gacom
(scheduled
maintenance by fime)
3a HapodiTkom
(scheduled
maintenance by
mileage)

Puc. 1. Crpaterii CTOiP

JletanpHime po3riITHEMO
JCHUX CTpATeTiii pEMOHTY.

Il1anoBo-monepeKyBaIbHA  CHCTEMA
PEMOHTY BaHTaxKHMX BaroHiB (nami — [1I1P)
3aCHOBaHAa Ha IOTEPEPKYI0OUOMY MPODiTaKkTH-
yHOMY BIUIMBI. Hakomuuena 3a 6araTo pokiB
eKCILTyaTalii pyXOMOro CKJaxy CTaTHCTHKa
J03BOJISIE PO3paxyBaTH CEPEeIHIN Yac poOOTH
BAaHT@)XHOTO BaroHa, TOOTO HOPMH Mepiouy-
HOCTI ITOTPAIUISIHHS B PEMOHT, pUC.2.

KOXXHY 3 HaBC-

A Yacrora suMEKmennE
HecupassoCTi

pal

Puc. 2. Crpareris mnaHoBo-Tonepe»KyBalIbHOT
CTOiP

Jlo mepeBaru crparerii [II[IP moxHna Bia-
HECTH:

— KOHTPOJIb TPHUBAJIOCTI MIXKPEMOHTHHUX
nepioniB poboTH;

— perjiaMeHTOBaHMW Ta 3aBYacCHO BiJIO-
MUH 4ac IPOCTOI0 B PEMOHTI;

IIPOrHO3YBaHHsI BUTPAT HAa PEMOHT Ba-
HTa)KHOT'O BaroHa MOro arperariB Ta By3JiB;

— PpO3paxyHOK YHCEIbHOCTI PEMOHTHOTO
MIEPCOHANY B 3aJIEKHOCTI BiJ] POTpaMH PeMo-
HTY.

Paszom 3 Tum cucrema I111P BaHTa)XHHX Ba-
TOHIB Mae 0arato HEIOJIKiB, OCHOBHI 3 SIKHX
HactymnHi [10]:

&9

— 70 TOTOYHOTO BIIYIITHOTO PEMOHTY
MOTpAIuIsg€ 3HayHa KUIBKICTh BaroHiB (BiACYT-
HICTBh TapaHTii 0e3BiAMOBHOI poOOTH BaroHiB
B IIPOMIXKY MK TUTAHOBUMHU PEMOHTaMH);

— 3HayHa KUIbKiCTh (hiHAHCOBHX, MaTepi-
QIBHUX BUTPAT Ta JIOACBKUX PECypciB Ha 00-
CIIyTOBYBaHHS 1 pEMOHT;

— 3acrapii HOPMATWBH, SIKi peryiaMeH-
TYIOTh TOTPAIUIIHHSI BAaroHiB JI0 PEMOHTY, B
CBOii1 OinbIIOCTI po3pobiieHi 3a yaciB CPCP;

— He Bi1oOpaxaroThcs PakTHUHI MOTpedn
y TEXHIYHOMY OOCIIyrOBYBaHHI i pEMOHTI KOH-
KpETHOT'0 BaroHa B 3aJIe)KHOCTI Bl YMOB HOTO
eKCIUTyaTallii, poay TIepeBe3eHOr0 BaHTAXY,
HESKICHUHM PEMOHT, Marepiaju, 3alacHi 4ac-
TUHU;

— HEJOBUKOPUCTaHHSA pecypcy JAeTanen
Ta BY3JIiB BaroHa;

— 3Ha4YHa KUIBKICTh pErjJaMeHTOBAaHUX
PEMOHTHHUX POOIT BHUKOHYIOThCS 0€3 0coOu-
BOI HEOOXI1JHOCTI;

— TIPOBEACHHS HEOOIPYHTOBAaHUX PEMOH-
TiB 3011bIIIy€ MOKJIMBI OMHJIKM MOHTaXy Ta
BUKITUKAE TIOBTOPHE BHHHMKHEHHS 3HOIYBAaHb
IIpU TPUNPAIIOBAHHI, a 3HAYUTh 3MEHIICHHS
pecypcey neraiei;

— pecypc BaroHa OOMEXEHHUIl pokamu
(HOPMaTHBHO BCTAHOBJIEHUH TEPMIH CIIY>KOM),
a He (aKTHYHHUM CTaHOM.

[Ticns meKiIbKOX PEMOHTHHX IMKJIIB Ba-
TOH SIBJIsIE COOOI0 KOMILIEKC BY3JIB SIKI MalOTh
pi3HHUIA pecypc (cTapi aeTanti, HOBI JeTai, Bif-
PEMOHTOBAHI1 JieTalll) TOMYy 3aCTOCOBYBATH IO
HbOro KiacuuHy cucremy I1IIP He norinbHO.

© B. I0. Mlanomnuk, 2017



PeMoHT 32 pakTHUYHO BUKOHAHOIO pP000-
TOI0 (naJi — 3a HapoOiTkom) CucTtema 3acHO-
BaHa Ha IIOCTAHOBII 00 €KTa B PEMOHT IPH
JOCSTHEHHI 33/1aHOTO  3HA4YCHHS OOpaHOTro
Kkputepito. Haituacrime B TEXHIIl TaKMM KpH-
TEpi€M BHCTYNAIOTh MOTOTOAMHU (VI JABHTY-
HIB), KIJIOMETpH IpoOiry (pyxoMoro ckjiamay)
Ta iH.

[lepexin Ha TaKy CHCTEMY PEMOHTY Ha 3a-
JTI3HUYHOMY TPAHCHOPTI CTaB MOXJIUBHUH Tic-
7Sl TOTO, SIK OyJia opraHizoBaHa cucTeMa 00Ii-
Ky mpobiry pyxomoro ckiany. Ilepesaroro Ta-
KOI CUCTEMHU PEMOHTY € Te, IO MOTPAIUITHHS
70 PEMOHTY BiOyBaeThCs Mo (hakTy BUKOHA-
HO1 poOOTH, TOOTO BaroH sSIKMW €KCILTyaTyBaB-
sl OLIBII IHTEHCUBHO MOTPANHTH IO PEMOHTY
pasime, HXK TOH Mo OyB MEHIIE 3aliTHUM Yy
poIeci IepeBe3cHb.

Jlo HenoMiKiB TaKoi CHCTEMH CIIiJT BiJTHEC-
TH HEOOXIJHICTh CTBOpPEHHS iH(OpMamiiHOT
0a3u. HeBupilleHUM MUTAHHSAM TaKOX 3aJIH-
Ia€Thcss BUOIP ONTHMAIBLHOTO TapaMeTpy,
KU OyZe TOYHO BIAMOBIAATH CTaHy 00 €KTa.
Tak, HampuKIIag, peMOHT IO MPoOIry HE Bpa-
XOBYye Oarato (akTOpiB peayibHOi eKCILTyaTa-
1ii, ski Oe3mocepeHhO BIUIMBAIOTh HA CTaH
BaHT)KHOTO BaroHa, a caMe, YMOBH Ta paiOHH
eKCIUTyaTallii, 3aBaHTaXEHICTh, EKCILTyaTalliii-
Hi HAaBaHTA)XCHHS Ta iH.

Crpareris 3a HapoOITKOM NMOBUHHA TEepe-
0ayaTh MOXJIMBICTH PETYJIIOBAHHS 33JaHOTO
HaMpaloBaHHA UIS Pi3HUX MOJeNed 1 THMIB
BaroHIiB B 3aJIE)KHOCT] BiJ MOKa3HUKIB IX Ha-
IIMHOCTI, TEpMiHY CIIy>KOH, OcoOJInuBOCTEMH
KOHCTPYKLi, MOZepHi3alii 1 T.11.

PemoHTy 32 TEXHIYHHM CTaHOM (Tl — 32
CTaHOM) Tepeadayae, 0 NOTPAIJITHHS BaroHa
B PEMOHT BiJI0OYBa€ThCS MICIs JOCSTHEHHS,
3TiIHO BUMOTI HOPMATUBHO-TEXHIYHOI JOKY-
MEHTallii TPaHUYHOI'0 CTaHy BaroHa, Mojaib-
I1a eKCIUTyaTallisl SKoro 3arpoXkye Oe3meri py-
Xy, a00 poOUTh HOro eKcrulyaraiito HepeHTa-
0enbHOI0. PEMOHT 3a CTOHOM BHKOPHCTOBYE
NPUHIUI TIOTIEpPEe/KEHHST BIIMOB 13 3abe3me-
YEHHSM MaKCHUMaJbHO MO>KJIMBOTO Harparo-
BaHHS MpH MIHIMIBHUX EKCIUTyaTaliiHuX
BuTparax, puc.3. TexHiuHa ckiagoBa 00Cy-
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TOBYBaHHS PYXOMOTO CKIIQAy 3a TEXHIYHUM
CTaHOM 3aCHOBAHO Ha TOMY, II0 iCHY€ B3a€MO-
3B'SI30K MK MOXKITUBUMH TEXHIYHUMH HecIpa-
BHOCTSIMH 1 JIarHOCTUYHUMH TlapaMeTpaMH,
SIKI MOKJIMBO KOHTPOJIFOBATH, a OUIBIIICTh Bi-
JIMOB BaroHa BHHUKAIOTh Yepe3 AedekTu, a He
TepMiH poOoTH. OCHOBOIO PEMOHTY 1 TEXHIid-
HOT'O OOCITYrOBYBaHHS 32 CTAHOM — € TEXHIYHE
J1arHOCTYBaHHS 1 IPOTHO3yBaHHS CTaHy Baro-
Ha 1 HOro BY3IIB 3 3aIy4€HHSM MaTeMaTHYHO-
ro amapary teopii HaxiiHocTi [11, 12].

Tex-mcuu} //‘//‘

Hecnpaenicts

N

%. TlepioHYEa MOBITOPI3aLIA CTAHY .ﬁ T

TTamm;c obcayToByBaHEA

Puc. 3. Crparerist CTOiP 3a cranom

Texuiqae 06CTyroByBasHs

[IpakTka TOKa3ye, MO BIPOBAKCHHSIM
cTpaTerii TEeXHIYHOTO OOCITyrOBYBaHHS 1 pe-
MOHTY 32 TEXHIYHHM CTaHOM MOXIJIUBO JOCST-
TH CKOpPOYEHHs BUTpaTH Bix 5% mo 24% i 6i-
nbmie [10].

3acTOCYBaHHS CUCTEMH PEMOHTY 1 TEXHIY-
HOTO 0OCJIYrOBYBaHHS, OpPIEHTOBAHOIO Ha (a-
KTUYHUM CTaH BaroHa i WOro By3JiB, Ma€ Ha-
CTYIIHI IEpeBaru:

— IIOCTaHOBKa BaroHa B PEMOHT Big0yBa-
€THCSI TUIBKM TIPU HEOOXITHOCTI, BUXOISYH 3
YMOB 3amo0iranHs 3arposi 6esmnerii pyxy, eko-
HOMIYHOI TOIIILHOCTI, €KOJIOTIYHOT OS3IEeKU.
3aMiHa TUIbKM OKpEMUX JeTajel Ta By-
3]IIB BaroHa MpH JOCATHEHHI iX TI'PaHUYHOIO
3HOCYy a0o0 BIAXHWJIEHHI poOOYMX MapameTpiB
(6inbII TOBHE BHKOPUCTAHHS PeCypcy BaroHa
Ta MOro OKpeMHMX BY3JIB Yy TMOPIBHAHHI 3
[1I1P);

— OuIbIIM MDKPEMOHTHMH TEpPMIH CIly-
#0u BaroHa y nopiBHsHHI 3 [1I1P;

— BpaxoBYIOTbCA (aKTU4HI MOTpeOu Yy
TEXHIYHOMY OOCITyrOBYBaHHI 1 PEMOHTI KOHK-
PETHOTO BaroHa B 3aJI€KHOCTI BiJ yMOB HOro
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eKCIUTyaTallii, poAy IEepeBe3eHOr0 BaHTAXKY,
SIKOCT1 TIOTIEPEHHLOTO PEMOHTY, MaTepialliB Ta
3aracHUX YacTHH.

BripoBamkeHHSI CUCTEMH PEMOHTY 3a CTa-
HOM TOTpeOye T0AaTKOBUX (DiHAHCOBI BHUTpa-
TH Ha 30UIBIICHHS ICHYIOUHX Ta BIPOBAKCH-
HSl HOBUX CHCTEM MOHITOPUHTY Ta JiarHOCTY-
BaHHS CTaHy BaroHa Horo JeTajieil Ta BYy3JiB B
eKCIUTyaTallii Ta B peMOHTi. 3abecnieueHHs Cy-
YaCHMMHM 3aco0aMH J1arHOCTUKH OIJISJIadiB
BaroHiB JJisi KOHTPOJIFO Ba)XKKOJIOCTYIMHHX Ta
HalOIIbII BiANMOBIAAILHUX €JIEMEHTIB BaroHa,
BUKOPUCTAHHS JETaleil Ta BY3JiB 3 MapKepa-
Mu 3HoCy [13].

Excnuryaraniss 10 BiaMoBM 1€ Haimpoc-
TillIa CUCTeMa PEMOHTY siKa mepeadavae 31iii-
CHEHHsI OIepaliid 3 TEXHIYHOro OOCIyroBY-
BaHHA 1 peMOHTY 00naaHaHHs, abo Horo 3ami-
HY TIPU TOCSTHEHHI KPUTUYHOTO CTaHY SIKE, SIK
MPaBWIIO, XapaKTEPU3YEThCS HEMOKIUBICTIO
BUKOHAHHA 3aaHuX (PyHKIIIH, TOOTO BTpaTOIO
mpare31aTHoOCTI (BiIMOBOM), puc.4. Taka cuc-
TeMa HalMEHII BUMOIJMBA 3 YCIX J0 piBHA
oprasizariii 1 aHyBaHHs Mparfi.

Hecnpasnicts

L TexniHe 00CTYTOBYBAHEA, PEMOHT

Puc. 4. Crpareris CTOIiP no BigMoBu

Jlo mepeBar Takoi CTparerii peMOHTY CIij
BITHECTU HaWOUIBIIY TPUBAIICTH MIKPEMOHT-
HOTO Teploay siKa JOPIBHIOE TEPMIHY €KCILTY-
atamii 00’exkTa (MOBHE BUKOPHCTAHHS pecyp-
Cy), TOYHE BU3HAYEHHS MOMEHTY BHXOJIY 00-
TIaJIHaHHA 3 eKCIUTyaTalii Ta iH.

[Tpu BpoBaKeHI TaKOi CUCTEMH PEMOHTY
CJIiJT BpaXOBYBATH ii 1Ba TOJIOBHUX HEJOMIKU —
BUTpaTH, SIKI CIHPUYMHUTH BUX1A 00’€KkTa 3
eKCIUTyaTallii, Ta HAacHiJKU BIIMOBU $IKi TIO-
BUHHI BKJIIOYaTH B ce0€ TEXHOJOTIYHI, €KOJI0-
T4l Ta EKOHOMIYHI HACIIIKHU.

Hespakatoun Ha 3a3HayeHl HEIOJIKH, Yy
pas3i HeIOPOro, TUIIOBOTO OOJIAHAHHS, BiIMO-
Ba SKOTO HE CIPUYMHSIE KPUTUYHUX HACII/IKIB,
JlaHa CTpaTeris YCHIIIHO 3aCTOCOBYETHCS Ha
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3QJII3HUYHOMY TPAHCIOPTi, B TOMY YHCII 1 B
BaroHHOMY T'OCIIOJJAPCTBI.

IloenHaHHS cHUCTEM PEMOHTY HA OCHOBI
pu3uKiB. IcHyro4i 6a30Bi CUCTEMH PEMOHTY —
[ITIP, 3a craHoM 1 70 BiAMOBH y 0a30BOMY
CBOEMY BWIJISAL IS BEIMKOTO BHPOOHUIITBA
a00 CKJIaJHOT MaIIMHU 3 MiABUIIEHUMHU MOKa-
3HHKaMH HaJIIHHOCTI 3aCTOCYBaTH YK€ CKJIa-
JTHO, a TOJAEKYAH 1 HEMOXJIHMBO. Y TaKuX BH-
MaJIKax pi3Hi CUCTEMHU PEMOHTY HOEIHYIOTHCS.

Texniune 00CTyroByBaHHsSI 3aCHOBaHE Ha
ominii pu3ukiB (xami — RCM) orpumano cBiii
po3BuTOK y 1960-x pokax B aBiarii. 3rigHo 3
MikHapoaauMm ctargaprom [EC 60300-3-11
TeXHIYHE OOCIYroBYBaHHS OpIEHTOBaHE Ha
HQTIHICTD SBIIIE COOOI0 METOJIOJIOTIIO BHUSIB-
JIeHHsI 1 BUOOPY MOJITHUKU MOIepeKeHHS Bi-
MOB (a1l - MOJIITUKA YIPaBIIiHHS BiIMOBaMH),
HalliJieHoT Ha e(peKTUBHE 3a0e3MeueHHsT He00-
XIIHUX CKJIAJOBUX O€3IEKH, TOTOBHOCTI 1 €KO-
HOMIYHOI ekcruyaraiii Bupo6is [14]. ITomitu-
Ka YIpaBIIiHHS BiJIMOBaMH MOXKE BKJIIOYATH B
cebe nii 3 TeXHIYHOTO OOCIYrOBYBaHHS, 3MiHU
IIPABHJI 3aCTOCYBaHHS, KOHCTPYKTUBHI JOPO0-
KM Ta 1HII Aii, HaIliJeHl Ha mocia0leHHs Hac-
miakiB BigmoB [15].

OcHoBHuMH eTanamu niporpamMu RCM e:

a) nua”yBaHHa nporpamMu RCM;

0) aHami3 QyHKIIOHAIBHUX BiJIMOB;

B) B1101p 3a1auy;

T') BIPOBAKEHHS;

1) O6e3nepepBHE BAOCKOHAJICHHS.

MakcuManbHy KOPUCTh MPUHOCHUTH TPO-
BeneHHss RCM-ananizy Ha cranii po3poOku
BUPOOIB, KOJIM MOTO pe3yabTaTH MOXYTb 0€3-
MOCePEHhO BIUTMHYTH Ha iX KOHCTPYKIIIIO.
Pazom 3 TuMm RCM-aHani3 Takox KOpUCHUI Ha
eTamnax eKcCIuryaTallii, KOJIi MOXYTh OyTH BJIO-
ckoHaneHi 3MmicT 1 meromu TO, mpoBeneHi
KOHCTPYKTHUBHI 1 1HII1 IOPOOKH.

Crparerii TeXHIYHOTO OOCIyrOBYBaHHS
BaHTQ)XHUX BaroHiB 3aCHOBaHI Ha OI[HII pU-
3UKIB SIBJISIIOTH COOOO MPOIEC CHCTEMATHYHO-
rO BU3HAYEHHS BiPOTiTHOCTI BiJIMOB 1 HACIHIJ-
KiB BIIMOB JUIsl JIeTaJel Ta BY3JIB BaroHa 3
METOI BU3HAYEHHS ONTHUMATbHHUX, MPIOPHUTE-
THUX TEPMIHIB HACTYIMHOI'O TEXHIYHOTO OIJIs-
ny Ta ctpateriit CTOiP.
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Meroanka oOcayroByBaHHs, Opi€HTOBaHA
Ha HAAIMHICTh BAHTAXKHOI'O BaroHa:
KOHIIEHTPY€E 3yCUJUIS Ha Mpale31aTHO-
CTi BaroHa B IIIJIOMY, @ HE Ha IpaIe3aTHOCTI
HOro KOXHOTIO By3J1a;

— Ppi3HI BY3JIM Ta JAETalli BaroHa MaroTh
PI3HY 3HAYUMICTh Ui BUKOHAHHS MPOLECY
MepeBe3eHHs, a 1X BiIMOBA MPHU3BOAUTH JIO Pi-
3HUX HACHIIKIB;

— 3abe3nedeHHs HaJiHOI poOOTH 0COO-
JTUBO BAXKIMBUX BY3JIB, BUXIJI 3 JAAy SKHX
CTAaHOBUTBH 3arpo3y Oe3merli pyxy.

Takuii miaxix nepexbavae kiacudikariro
BY3JIiB BaroHa BIJANOBIIHO 10 iX BIUNIMBY Ha
oe3neky pyxy. s cucremu RCM moxe 0ytu
BU3HAUYHUN BHUJA OOCIYrOBYBaHHS 1 PEMOHTY
JUTST KO)KHOTO BY3Jla YW €JIEMEHTa BaroHa, 3a-
CHOBaHWI Ha BIJIMOBIIHUX CTpaTerisix. 3acTo-
cyBanHss RCM mepenbadae BIPOBaKCHHS
€JIEKTPOHHOI 0a3u, ae (PIKCYeThCS CTaH KOXK-
HOTO BY3JIa YH JIETalli BaroHa.

IMoennannsa cucremu IIIIP 3 pemonTOoM
3a cranoM. B cucremi IIIIP mizcraBoro s
BHU3HAUEHHS 00'€KTa pEMOHTY, TEPMiHIB Ta 00-
csriB poOIT € HampamloBaHHS OOJaIHAHHS, a
IIPU PEMOHTI 3a TEXHIYHUM CTaHOM (paKTHY-
HUM cra”H oOmamHa”dsg. I[loBHa BigMoBa Bifg
[ITTP BaHTa)XHMX BaroHiB HEMOXKJIMBa 3 Oara-
THOX TPHYUH, TOJIOBHOIO 3 SKHX € HEMOIIH-
BICTh JIarHOCTYBaTH CTaH JESIKUX BY3IiB Ta
netanei BaroHa. Hampukian, moBiTpopo3mo-
JTBHUKY Ta aBTOPEKUMHU, MMOBUHHI MiJISATaTH
[P Tak sk ix mepeBipka NOTpeOye 3HATTA 3
BaroHy Ta BUIIPOOYBAaHHS Ha CTEH[Il, TAKOXK B
X CKJa/i € TyMOBI JladparMu Ta MaHXeTH, SIK1
MOBUHHI OYyTH 3aMiHEHI Ha HOBI B TEpMiH
BCTAHOBJICHUN BUPOOHUKOM Ta 1HCTPYKIIIO 3
PEMOHTY TaJbMIBHOTO OOJIaJJHAHHS BaroHiB.
Jlesiki By3JIM BaroHa eKCIUTyaTYIOThCS 3a CTa-
HOM, HamNpUKIaJ, TaJbMOBI KOJOIKH, €KCILIY-
aTaIlis AKuX oOMeXeHa X TPaHWUYHUM CTAaHOM
(TOBIIMHOIO).

[Toenqnanns cucremu 1P 3 pemonTOoM 32
cranoM nependayae pizHi konuenuii CTOiP
JUTSE KOXKHOTO BY3J1a BAaHT@XXHOTO BaroHa. 3Ha-
YHI PEMOHTHI POOOTH Ha BaroHi MOBHHHI BH-
KOHYIOTBCS TIJTBKH 32 pe3yJIbTaTaMu TIOepe/i-
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HBOTO JIarHOCTYBaHHS Ta KOHTPOJIO Horo (da-
KTHYHOTO CTaHy.

KomobinoBanuii kpurepiii. Cucrema 3a-
CHOBaHa Ha 3aCTOCYBaHHI KOMOIHOBaHOTO
KPUTEPII0 MOCTAHOBKU BaroHiB B JEMOBCHKUI
PEMOHT, IO BKJIIOYAE NMEPBUHHUN HOPMATHB -
00csr BUKOHAHOT POOOTH (3araJibHUM Ipooir) 1
BTOPUHHUN HOPMATHUB - TPAHUYHO AOMYCTUMY
KaJIeHJapHy TPUBAIICTh BUKOPUCTAHHS BaroHa
MK peMOHTaMHu. Taka cuctema 3apa3 yCHilllHO
mie gHa 3amizaunax CHI.

Bunyuennsi Barona 3 ekcrutyarauii B pe-
MOHT 3[IICHIOETbCS, KOJMU JTOCSTHYTHHA OJIUH
(Oynb-sxmii) 3 1BOX HOpMaTHBiB. [lepeBuiieH-
HSl HOpMaTHUBIB He JonyckaeTrbes. KoHTpoib 1
001Kk iHpopMalii npo GakKTUYHO BUKOHAHOMY
MDKPEMOHTHOMY MpoOIry BaroHa B MeEXax
KOXKHOT JIOpOTH 3JIIMWCHIOIOTBCS Ha ITiJICTaBl
[IOB1IOMJIEHB iHdopmariino-
O0YHMCITIOBAILHUMU ~ LIeHTpamu  jaopir. [lpu
Ipea'ssBICHHI BaroHiB JI0 MiATOTOBKH Iija 3a-
BaHTakeHHd npaniBHukam [1TO noBuHH1 OyTH
MOB1IOMJICHI BijioMocTi mpo mpoOir. Tlpu Bix-
CYTHOCTI B JOBiJKax BiJJOMOCTEH IMpO HEOO-
XIHICTh BITYCTUICHHS BaroHa B PEMOHT OTJIsI-
Jladi BaroHiB IMOBUHHI KEpyBaTHCS NATOIO JI0-
IMYCTHUMOI KaJIeHJapHOI TPHUBAJIOCTI BHKOPHC-
TaHHS BaroHa ITiCIIsi PEMOHTY, HaHECEHOI Ha
KY30BI.

AJuroput™m BHOOpY cTpaTerii
TeXHIYHOro 00C/IyrOByBaHHA i
PEMOHTY

Jiist BIOCKOHAJIEHHS iICHYIOUOI UM Tepexo-

ny 10 HoBoi CTOIiP BaHTa)XKHUX BaroHiB HEOO-
X1JTHO OIIIHATH HAJIWHICTh BaroHa y MIXpe-
MOHTHOMY Tiepioai. |yt iboro HEOOX1AHO BU-
PIIIMTH HACTYIHI TUTAHHS:
BU3HAYMTH CJIa0K1 €JICMEHTH, SKi JiMi-
TYIOTh Yac MK T€XHIYHMM OOCIYrOBYBaHHSAM
YM PEMOHTOM, 1 MPHU MOKJIMBOCTI BU3HAYUTHU
CITIOCOOM MIIABUIICHHS 1X HAIIHHOCTI;

— o0patu MIHIMQJIbHO JIOCTaTHE YHUCIIO
KOHTPOJHOBAHUX IMMApaMETPIB UISI OTPUMAHHS
o0rpyHTOBaHO1 iH(popMamii nmpo cTaH 06'ekTa
JIarHOCTYBaHHs (BaHTa)KHOTO BaroHa) Ha TO-
TOYHHH MOMEHT yacy;
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— oOrpyHTtyBat 00JacTi JOMYyCTHUMHX
3MiH KOHTPOJHLOBAaHUX TTapaMETPiB;

— pO3pOOUTH HOBI aNTOPUTMH Ta BJIOC-
KOHAJIUTH 1CHYIOUl IPOTPaMHU JiarHOCTYBAaHHS
TEXHIYHOTO CTaHy OKPEMHUX BY3IIB, JeTayien
Ta BaroHa B IIUJIOMY, SIK CKJIQJHOI MEXaHIYHOI
CUCTEMH.

Onwuparounch Ha OTPUMAaHHI JaHHI PO3PO-
OJIFOETHCSI MAaTEeMAaTHYHI MOJIEI, K1 OITUCYIOTh
Iporec eKCIuTyaTalii BaHTaXHOrO BaroHa 3
ypaxyBanHsM BBy CTOIiP Ha BigMoBH Ba-
rOHa, sIKi MOXYTh BapilOBaTUCS BiJl HE3HAYHUX
1o karactpodiunux I[lpu BpoBamkeHi HOBUX
CHCTEM PEMOHTY HEOOXiJHO BpaxoByBaTH ix
BIUTUB HA TMOKA3HUKU HAAIMHICTH Ta BHUPILIY-
BaTH 3a7a4y MiHIMi3allii eKcITyaTaliiHuX BH-
Tpar.

BucHoBxku

EdexTuBHa excrutyaTailisi BATOHIB MOKJIHU-
Ba TUIBKHM 32 YMOBH MiHiMi3allil BUTpaT Ha iX
TEeXHIYHE OOCIyroByBaHHS 1 PEMOHT IMpHU 3a-
Oe3neveHHl 3aJaHuX IMOKAa3HUKIB HamIHHOCTI
Ta Oe3neku pyxy. ToMy akTyaJabHOIO € 3ajayda
HAayKOBO OOIPYHTOBAaHOTO BHOOpY cTparerii
CTOI1P BanTa)xHHX BaroHiB, sika OyJe Bpaxo-
ByBaTH (aKTHYHUHA CTaH BaroHa HWOTro KOHC-
TPYKTHUBHI OCOOJMBOCTI, MiATPUMYBATH MOKa-
3HUKA HAJIAHOCTI BaroHa Yy BCTAHOBJIEHUX
Mexax Ta OyTH €KOHOMIYHO BHTifHOMN0. Jlnis
I[OTO MOBUHEH OYTH MPOBEICHUN KOMILIEKC-
HUH aHall3 HaIIHHOCTI BAaHTA)XHOT'O BaroHa 3
ypaxyBanHsM BmiuBy CTOIiIP Ta po3pobieni
BIAMOBIAHI MaTEMATHUYHI MOJEIII.
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IHAPAMETPBI U TEXHOJIOT'UA SKCIHEPUMEHTAJIBHBIX B3PBIBOB
HPU ITPOXOAKE JEBOI'O IIEPEI'OHHOI'O TOHHEJIA

METPONOJIMTEHA B I'. THEIIPE

IHocTanoBKka npodeMbl

OTtpaboTka mapaMeTpoB OYPOB3PBIBHBIX
pabot mpu mpoxojake crnenmamuctamu TO-14
I[TAO «KueBmeTpocTpoil» NEeperoHHOro TOH-
Henst JIHEeMpPOBCKOTO METPOIOJIUTEHA BBITION-
HSJIach C LENbIO BBISBICHUS Hamboee 3pdek-
TUBHOTO PEKUMa €ro OpraHu3ald U IpOBe-
JICHUS B CJIOKHBIX WHXEHEPHO-TEOJIOTHYECKIX
YCIIOBUSX.

Ilocne  o3HakOMJIeHUST C  T€0JIOro-
CTPYKTYPHBIMU M THAPOr€0JIOTMYECKUMHU JaH-
HBIMU TIPEACTOSIEH MPOXOAKH, (HUUKO-
MEXaHUYECKUMHU XapaKTePUCTUKAMU TOPHBIX
MOpOJl, MMEIOUIMMCS Ha YdacTKe OypoBBIM
000pyZI0BaHUEM, ACCOPTUMEHTOM B3PBIBYATHIX
BEIIECTB M CPEACTB HMHHUIMUPOBAHMS ObUIM
IIpOaHAIU3UPOBaHbl HauboJiee CyIEeCTBEHHBIE
(bakTophl, BIUAIOLIME HA KAYEeCTBO BBHIMOJIHE-
HUS B3pPBIBHBIX paboT. B pesynbprare uero Obl-
JIO TIPUHSATO COBMECTHOE PELICHHE CIHeIHau-
ctoB TO-14 ITAO «KueBmerpocTpoi» U yue-
HbIMU JIHENTPONETPOBCKOIO HAIlMOHAJIBLHOTO
YHUBEPCUTETA >KEIE3HOAOPOKHOTO TPAHCIOP-
Ta (kadenpa «MoOCTbl U TOHHEIN») O MO3TAl-
HOW OTpaboTKe TMpH Tpex o00s3aTeabHbIX
OTBITHBIX B3pbIBaX Haumbosiee 3((eKTUBHBIX
CXE€M pa3MEUICHHUs M B3PbIBAHUS IIIYPOBBIX
3apsioB B 3a6oe BeIpaboTku. Ilpu mpousBon-
CTBE BCEX TPEX OMBITHBIX B3pBHIBOB LIeHTpom
no npoOiemMaM B3pbIBHBIX paboT JlHemponer-

95

POBCKOTO HaIlMOHAIBHOTO TOPHOTO YHHBEPCH-
TeTa OBUIM BBINIOJHEHBI 3aMepbl WHTCHCHUBHO-
CTH CEHCMHUYECKOTO BO3JICHCTBHS Ha >KHUJIBIC
3/IaHMsI B paifOHE CTPOUTEIIHCTBA MEPETOHHOTO
TOHHEJIS, IpoXoAuMoro Ha riryoune 20...25 M,
¥ HaxoJsIuecss Ha paccTosHuu 35...55 M oT
MecTa MPOBEICHHSI B3PHIBOB.

B cOBpeMEHHBIX YCIOBHSX TPH IMPOBEIE-
HUWU BBIpAaOOTOK muameTpoM 5,5...6,5 M B
KpPEeNKUX M Kpermyalmmx Hopoaax MHpoOieM-
HBIM SIBJISIETCS BOIPOC BBIOOpA paliliOHaJIbHO-
ro KOJHWYEeCTBA HHTEPBAIOB 3aMENJICHUS U
TPYII 3apsAA0B, B3pbIBAEMBIX KOMOWHUPOBaH-
HO KOPOTKO3aMEJUIEHHO M 3aMeJUIEHHO, C
NPUMEHEHHEM HEINEKTPHUUECKoro crocoda
B3pBIBAHUS JJIS1 IOJYYEHUSI BBICOKOTO YPOBHS
UHTEHCU(DUKAIMU IPOOJICHUS MOPOA, YETKOTO
KOHTypa BBIPaOOTKM KpPYrOBOTO CEUYEHMS C
MHUHHMMaJIbHBIM 11€pe0OpOM MOpPOJ M CHUXKe-
HUSl CEMCMHUYECKOro JAEHUCTBUS Ha 3MaHUA U
COOpY>KEHUsI, HaXoAsIuecs BOIU3HU MPOXOIH-
MOH BBIPaOOTKH.

Takum oOpa3oM, 3amauya BbiOopa 3¢ dek-
TUBHOW TEXHOJIOTMM BEJEHMS OypOB3pPBIBHBIX
paboT MpH MOJ3EMHOM CTPOMTEIBLCTBE IEpe-
TOHHOI'O TOHHENS B Kpenmuaiimux 1 0OBOTHEH-
HBIX TOPHBIX MTOPOJIAX SBISETCS aKTYaIbHOM.

eas padoTsl

Lenbio HAy4HO-TIPAKTHYECKON paboTHI AB-
asieTcss 0O0OCHOBaHHME pAalMOHANbHBIX Iapa-

© B. 1. Ierpenko u ap., 2017


mailto:shat.g@ukr.net
mailto:anat.st.70@ukr.net

METPOB U BBIOOpP A(DPEKTUBHOW TEXHOIOTHH
BeJIeHUSI OypOB3PBIBHBIX pabOT MyTeM IpPOBE-
JICHUS OTBITHBIX B3PHIBOB Ui CTPOUTEIHCTBA
MIEPETOHHBIX TOHHEJEH B OOBOJHEHHBIX Ipa-
HUTax Ha rayoune 20...25 m.

CpaBHUTEILHBIH aHAIN3
COBpPEMEHHBIX TEXHOJIOTUI BeleHUus
OypOB3pPBIBHBIX PadoT

B cBs3u C HeNpepblBHBIM  Hay4dHO-
TEXHUYECKUM DPa3BUTHUEM IOJ3EMHOI0 CTPOU-
TEJIbCTBA W TOPHBIX pa3padOTOK B 00JacTH
TEXHOJIOTUH BeAeHUs OypOB3pBIBHBIX paloT
MIPOUCXOJIAT CYLIECTBEHHBIE M3MEHEHUs, 00y-
CIIOBJICHHBIE YCIIOKHEHUEM TOpHO-
re0JOrM4eCKUX M T'MJIPOr€0JOrH4YeCKUX YCI0-
BHUH, YBEIMUYEHUEM pPa3MEpPOB IIONEPEUHOTO
CEUEHHUS U JUIMHBI TOHHEJIbHBIX U JPYIUX BBI-
pabOTOK, CO3/ITaHMEM HOBBIX B3PbIBUATHIX Be-
LIECTB U CPEJICTB UX NHULIUUPOBAHUS.

BaxkHoe 3HaueHHME HUMEET ONBIT CTPOHU-
TENbCTBA C TPUMEHEHHUEM OypOB3PHIBHOTO
cnocoba beckuackoro kKeae3HOJOPOKHOIO
JIBYXITyTHOTO TOHHeNA B Kapnarax B Ykpaune

ceuennem 1154 m> u mmmaoit 1760 ™ [1].
[Ipu 5TOM OBUIO TPUMEHEHO KOMOWHUPOBAH-
HOE€ KOpPOTKO3aMEIJICHHOE U 3aMEJIEHHOE
B3pPbIBAHUE IIMTYPOBBIX 3apsAI0B B IECYAHHUKAX,
aJIEBpOJIUTAX M apruiMTax ¢ Kod(dduuueH-
ToM Kpernoctu 1o [IpoToassikoHoBy 4...8 Oain-
noB. Ilpu obmieit macce 3apsiioB MpU MPOXO/-
K€ KalJIOThl M IITPOCCHI, Ha KOTOpPbIE OBLIO
MOJIEJICHO TMONEPEeYHOe CEYEHHE TOHHEs,
B3PBIBAEMBIX C TPUMEHEHUEM HEedIEeKTpUYe-
ckoro crocoba cucreMbl «HoH11b», ObLIN 1O-
JTy4eHbl TOJIOKUTEIbHBIE PE3YyNbTaThl IO
JIpOOJICHUIO TOpPOJ, OO0pa30BaHUIO UYETKOTO
KOHTYypa TOHHEJNS U CHIKEHUIO CECMUYECKO-
rO JICHCTBUS MPHU B3PHIBE 3apSJIOB KaK IO KaJl-
JI0Te, TaK M IO IITPOCCE.

N3BecTeH Takxke MepenoBOi OMBIT OTpa-
0O0TKH TIapaMeTpoB OypPOB3PBIBHBIX PabOT mpu
MIPOXO/IKE JKEJIE3HOJIOPOKHOTO TOHHENST No 2
Okcnopckom pymaauke OAO «Anartut» Ha
KonsckoMm monyoctpose PO [2].

[Ipu sTOM B3pBIBaHUE 3apSIOB B HIMypax
riyounoit 3,5 u 4,5 M B anaturax u gochopu-
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Tax ¢ ko3ddunmentom kpernoctu mno I[Iporo-
JIBSIKOHOBY 6...8 0ajia mpuBeIo K CHHKEHUIO
Kod(dumeHTa UCIIOJIb30BaHUs Hiypa
(KHUII) mo 0,698...0,852. D10 O6BLIO 00YCIIOB-
JeHO TeM, 4YTo Obula MpPUMEHEHa Hepaluo-
HajbHasg CHUCTEMa HHUIIMUPOBAHUS 3apsJiOB,
IpU KOTOPOU LEHTpaJbHbIe BPYOOBbBIE ILITYpPhI
B3PBIBAJIKCH C 3aMEUICHUEM 25 MC, a BCIIOMO-
raTesnbHbIe BpyooBbIe — 250 Mc.

Baxknyto poib ChIrpajl OMBIT MPOXOJIKU
HAKJIOHHOTO cTBoJIa «BOCTOYHBIN» B Kper-
YalINX CUJIMKAT-MarHETUTOBBIX KBaplIMTaX
ToHHENBHBIM OTpsiioM Ne 7 TTAO «KueBmer-
poctpoit» Ha Kpubopoxckom HWMHryneuxom
I'OKe, rne 6bU10 MpUMEHEHO KOMOMHUPOBAH-
HOE KOPOTKO3aMEJICHHOE M 3aMeIJIEHHOE
B3pbIBaHHE 3apsAoB  SMylbcuoHHOro BB
«AHEMHUKC» C UCIOJb30BAaHUEM HEIJIEKTpUYe-
CKO# cucTeMbl ux nHUIMUpoBanus. [Ipu sTtom
OBLITM TIOJIYYEHBI TIOJIOKHUTEIIbHBIC PE3YIbTAThI
0 KauyecTBY APOOIEHUS M OKOHTYPUBAHHIO
BBIPA0OTOK M 0€30MaCHOCTU NP MPOBEICHUU
B3PBIBOB.

B urone u urone 2017 r. ObuTH POBEICHBI
TPU OMBITHBIX B3pbIBAa Ha MPOXOJKE JIEBOTO
MeperoHHoro ToHHenst ot croja Ne 11 Jlxe-
IPOMETPOBCKOrO METPOMOJIUTEHA B HaIpaBlie-
HUU K 1eHTpYy (cTBOay Ne 14). [Ipu sTom mpo-
XOJIUTCS] TOPU30HTANbHAS BBIPAOOTKA KPYTJIO-
0 CEYEeHHs CO CICAYIOIHMMH MapaMeTpamHu:
IJIOIIaAb TONEpEeYHOro cedyeHus 28,26 M2,
muamerp 6,0 M. Ilopoasl, B KOTOPBIX MpPOXO-
JUTCS. TIEPETOHHBIN TOHHENb, MPE/ICTABICHBI
TPaHUTaMH TPEUIMHOBATHIMH, OOBOIHEHHBIMU,
IJIaTMOTPAHUTAMH, TPaHUTAMU MUKPOKIHWHO-
BBIMH, THEKMCaMH ILUIOTHOCTBIO OT 2,59 r/em®

1o 2,79 r/ cM® ¢ KOd(pUIHEHTAMH KPEToCTH
mo IIporompskonoBy f =10...14. VYposenb
OOBOJTHEHHOCTH TIOPOJ JTOCTaTOYHO BBICOKHI
¥ COCTaBiIseT 6 M° / qac .

IIpoBeneHue BBIPaOOTKH OCYLIECTBISAETCS
C moMompl0 OypoB3pbIBHBIX paboT. Cxema
pacIoNoKEeHHs IIIYPOB B 3a00€ Mpe/CTaBIeHa
Ha puc. 1.
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Puc. 1. Cxema pacrnoioskeHus IImypoB B 3a00e:
a) — Buf Ha 3a00i1; 6) — BEpTUKATIBHBII pa3pes;
6) — TOPU3OHTAIIBHEIN pa3pes3

J171st TpOXOAKY BBIPAOOTKHU ObUIA TTPUHSITHI
CIIeyIOIIMe TapaMeTpbl IIIMYypoOB: JAHAMETP
42 MM, xonmdecTBo mmypoB 84 mrt. U3 HUX B
LEHTPAJbHOW YacTH pacHojiaralorcs AeBSTh
KOMITCHCAIIMOHHBIX IMYpOB TIyOuHON 1,8 M,
KOTOpBIE€ HE 3apsDKAIOTCA U CIIYKaT JUIsl CO3/1a-
HUSl JIONOJHUTEIBHBIX IOBEPXHOCTEH IpHU
B3pbIBE BOCHMH BPYOOBBIX 3apsiiOB TYOHMHOU
1,8 M, mpoOypeHHBIX Ha paccrosauu 0,6 M
Ipyr oT Apyra mo 3abor0 moj yriaom 85° k
BepTHKanu. Kpome Toro, mo KOHTYpy BbIpa-
00TKM NpoOYpHBAIOTCA IIECTh KOMIIEHCAIIH-
OHHBIX He3apsyKaeMbIX LIMYPOB B BEPXHEH MO-
JIOBHHE 32004, pacroyiaraeMble uepe3 Tpu 3a-
pskaembIx Immypa. Jlanee pacmonaratorcs 9
BCIIOMOTATeNbHBIX U 42 OTOOWHBIX ULIMYpOB
riyouHoi 1,6 M neprneHANKYISIpHO MII0CKOCTH
3a004. Ilo KOHTYpy mHOnepe4yHoro cedyeHus
TOHHEJI B BepXHEW M OOKOBOI yacTsIX ObLIO
npobypeHo 19 OKOHTYpHBAIOIIMX IIMYPOB
rnyouHoi 1,8 M u B HUKHeH yactu 9 riayou-
Ho#t 1,8 M mox yrimom 85°.

B Hacrosmee BpeMsl MOJY4YMIU HIMPOKOE
pacnpocTpaHEHHE SKOJIOTMYECKH YHCThIE U
6e3omacHble dMyabcoHHBIe BB (OBB). Ot0
CTaJI0 3HAYUTEIbHBIM JOCTH)KEHHUEM B paspa-
6oTke mpomeinuieHHBIX BB 3a mocnennue 30
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JIET, YTO CYHMIECTBEHHO U3MEHWIO KOHLEIINIO
OpTaHMU3aIMK ¥ MPOBEICHUS B3PBIBHBIX PabOT
Ha TOPHBIX NPEANPUATUAX U B TPAHCIOPTHOM
CTPOUTENTHCTBE TOHHEJIEH U METPOIIOJIUTEHOB.
Kpome Toro, 6b1710 NpoCTUMYJIHPOBAHO Pa3BU-
THE HOBBIX BHUJIOB CHIPbSl U MaTepUalioB, 000-
PYZIOBAaHMS U 3aPSAHON TEXHUKH.

B cocraB sMylbCHOHHBIX HE BXOJST HC-
XOJIHbIE MaTepHalibl, KjlacCu(PUIMpyeMble KaK
BB, onu npuoOpeTaroT B3pbIBUaThIE CBOMCTBA
JUIIb B KOHEYHOM CTaJAuM MPUTOTOBJICHUS.
OBB npakTuyecku HE YyBCTBUTEIBHBI K CIIY-
YallHOMY WHULMUPOBAHUIO OT TPEHHUs, MeXa-
HUYECKUM BO3JICUCTBUSIM WJIU OTHIO U SIBJISI-
10Tcsi Oosiee Oe30MacHBIMU B IPOU3BOJICTBE,
yeM Jpyrue npomsinieHHsie BB. Kpowme Toro,
OHM HE COJEPKAT B CBOEM COCTABE BBICOKO-
TOKCUYHBIE BEIICCTBA.

OBB cocTOAT W3 KOHIIEHTPHUPOBAHHOI'O
(80-90 %) BomHOrO pacTBOpa OKHCIIATENSL
(HampuMep, aMMUAYHOMN CEITUTPHI) B TOPIOYEM
KOMIIOHEHTE (Hampumep, HWHIYCTPUATIBLHOE
Macliio), CTaOWIM3UPOBAHHOTO  CIHEIHAIBHO
MOJ00pPaHHBIMM ~ TOBEPXHOCTHO-aKTHBHBIMH
BELIECTBAMU — IMYJIbFaTOPAMH.

B pesynbrare B YkpanHe Obuin paspado-
TaHbl 3MyJlnbcuOHHBIE BB THna I'pemukc, Opa,
AHEMUKC U1 TIOA3EMHBIX pabOT, KOTOPBIE IO
CBOMM B3pBIBUATBIM XapaKTEPUCTHUKAM SIBJISI-
IOTCSI BBICOKOA(P(EKTHUBHON 3aMEHOW TpUMe-
HsBuIerocs: panee BB tuma AmMMonut Ne 6
XB, comepxanuem B cBoeM coctaBe 19-21 %
TPOTHJIA, SIBJSIOLIETOCS CUJIBHEWIIUM KaHIIe-
POTEHHBIM BEIIIECTBOM.

JlanHubie BB UMEIOT BBICOKHN YPOBEHb Ji€-
TOHAIMOHHBIX XapaKTEPUCTUK M O€30IMacHO-
cTd Tipu ux npumenenun [3-5]. Tak ux mwior-

HocTh jpocturaer 1100...1300 KF/ M>, a cKo-
pocts aeronamuu 4000...5800 m/c, 4to mo3-

BoysieT A(QQEKTUBHO pa3pyliarb Kpemkue
CKaJbHbIE TOPOJBI B 3a00SX MOJ3EMHBIX BBI-
paboTOK.

[Ipu mpon3BOACTBE B3PBIBHBIX pabOT OBLIO
MPUMEHEHO MaTPOHUPOBAHHOE IMYJILCUOHHOE
B3pBIBUATOE BEIIECTBO THUMA «AHEMHKC-
[132/250» B xommuectBe 64,75 Kr U cucrema
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WHULIMAPOBaHUS 3apsanoB «HoHAIb» mpoms-

BojicTBa [1X3 «IIpuma-3pay (r. [laBmorpan).
TexHu4ecKue XapaKTePUCTUKH TaTPOHH-

poBaHHbIX OBB «AHeMuKC» crienyromue:

— INIOTHOCTH B naTpoHe -
1,03...1,2 r/em®;
— JuaMmeTrp marpoHa — oT 25+1 1o

40+2 MM u Ooiee;

— Macca OBB B narpone nuameTpom:
25m—200£10T,
32M—200£10r 1 400+£20 T
nepenavya JCTOHAIMU Ha PacCTOSHUU
MEXIy JBYMs MaTPOHAMH IS TUAMETPOB OT
25 1050 MM BKJIFOUMTEIIBHO — 2 CM;,
KHCIIOpOIHEIHN Oamanc — 1,5 + 40,5 %;
teruiota B3peiBa — 2990 kx/KT;
00BEM ra3zos — 890 J/kr;
Temneparypa B3pbiBa — 2098°C;
TPOTHJIOBBIN 3KBHUBAJICHT I10 TEILIOTE
B3pbiBa — 0,72;

— CKOpOCTB JETOHAITUHU — 5,5 KM/C;
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YyBCTBUTEIBHOCTh K yapy B COOTBET-
ctBun ¢ pexomenmamusimu OOH — He Oonee
50 Ix;

— YYBCTBUTEJIBHOCTh K TPEHHIO B COOT-
BercTBHM ¢ pekoMeHnanusmu OOH — 360 H;

— KPUTHUYECKUM JUaMETp JEeTOHAIUU —
15...20 mm;

— BOJIOCTOMKOCTh B HENPOTOYHOH BOJIE
(moTepst aMMHa4YHOM CENUTPBI C OTKPBITOM I10-

BepxHocTt DBB 3a 24 yaca) — 0,05 KF/ M2

— TOKCHYHOCTh COCTaBa — YMEpPEHHO
onaceH (3 kiacc);
— YyBCTBUTEIBHOCTH K KariCIojb-

neroHatopy Ne 8 — 4yBCTBUTEIbHBIN.

HaumeHoBaHMe U 04epeHOCTb B3PbIBAHMS
LIITYPOBBIX 3apsAJ0B IPU MPOU3BOACTBE OIBIT-
HOI'O B3pbIBA B JIEBOM II€PETOHHOM TOHHEIE
npeJcTaBieHbl B Ta0. 1.

Cxema oO4YepenHOCTU B3pbIBAHMS TIPYII
IIITYPOBBIX 3aps/I0B MPEICTaBICHA HA PUC. 2.

KoHcTpykunu 3apsiioB B IIIypax IpHBe-
JIeHbI Ha puc. 3.

Taonuna 1

HaumeHoBaHMe U 04epeHOCTh B3PbIBAHMSA LIITYPOBbIX 3apPsii0B

No Hurep- Komuue- | Ty6u- Benuuuna 3apsna,
Py HaumenoBanue mmy- Bl CTBO Ha KT
TTBI 3aMe- No mimypa B rpymme
1y~ poB [— HIITypoB, mmmy- B B
poB Me ’ I0T. poB, M mype | rpymme
I BpyOogsie 20 2 1,8 3,7 1,0 2,0
I BpyOoBsie 40 2 1,8 2,6 1,0 2,0
11l | BpyOoBsie 60 2 1,8 51 1,0 2,0
IV | BcnoMmorareabHble 100 2 1,6 8,4 1,0 2,0
V | BcmomorareabpHEBIE 200 7 1,6 12-18 0,75 5,25
VI | Orboiiuble 300 12 1,6 9-11, 19-22 0,75 5,25
VIl | Orboiinbie 500 12 1,6 24-29, 33-38 0,75 9,0
VIl | Orboituble 700 12 1,6 42-47, 50-55 0,75 9,0
. 23, 30, 31, 32, 39,
IX | Orboitubie 1000 10 1,6 40, 41, 48, 49, 56 0,75 7,5
58, 60, 62, 64, 76,
X | OxontypuBatomue | 3000 9 1,6 78, 80, 82, 84 0,75 6,75
XI | Oxonrypusaromme | 5000 | 10 | 1,6 57; 57% % %31 %53 05 | 50
X1l | OxonrypuBaronpe | 7000 9 1,8 66-74 1,0 9,0
Bcero: 84 64,75
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B3pbiBanue 3apsiioB MpOU3BOJIUIOCH Me-
TOJIOM TIOCJIEIOBATEIBHOIO OKOHTYPUBAHUS C
00s13aTebHBIM TPUMEHEHHUEM KOPOTKO3aMe -
JIEHHOTO ¥ 3aMEUIEHHOTO TMOJpbIBA TPYIII
IIMYPOBBIX 3apsA/I0OB B TaKOM IMOCienI0BaTelNb-
HOCTHU:

BpyOOBEIE;
BCIIOMOTaTeIbHEIC,
OTOOMHBIE;
KOHTYpPHBIE.

Puc. 2. OuepenHOCTB B3pBIBaHUS TPYIIT
LIMTyPOBBIX 3apsAJIOB

Bpy6oesie wnypsi :

YHC- 3a6oeyrbili mMamepuan AHemukc-I132/250 [Mampon-60eeuk

BcnomozamenbHbIe U OKOHMYypuUSarwue wnypb!
( HomuHanom 3amedneHusi 3000 mc):

YHC- 3a6oeunbiii Mmamepuan AHemukc-I132/250 [Mampor-60eeuk

Oxkonmypuearouue wnypbl (HOMUHanom sameoneHust 5000 mc):

YHC- 3a6oeynbili Mamepuan AHemukc-I132/250 [MampoHn-6oesuk

Puc. 3. KoHcTpykunu 3aps10B B mImypax
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[Ipu sToM BpyOOBBIC OBUTH TONETCHBI HA
TPU TPYHNbl U3 JABYX 3aps/iOB Kaxjas, KOTO-
pBIe B3PBIBAJIUCH KOPOTKO3aMEUICHHO C WH-
tepBaigamu 20, 40, 60 MumtrceKyHa (McC).

3a HMMU TOJAPBHIBAINCH JBa BCIIOMOTa-
TeNbHBIX 3apsiaa ¢ uarepasioM 100 mc. [Totom
yepe3 200 MC B3pBIBAIUCH CEMb BCIIOMOTa-
TEJNbHBIX 3apSAJ0B, MOCIE KOTOPBIX C MHTEpPBa-
aom 300 mc moapsiBaiach nepBas rpymnmia ot-
OOMHBIX HIMTYPOBBIX 3apsAa0B — 12 mT., BCaexd
3a HuUMH yepe3 500 mc u 700 Mc nBe TpymIibl
otOoiHbIX 12 3apsanoB B kaxaou. [Tocie aToro
MOAPBIBATIUCH Tpynma oTOoHHbIX U3 10 3aps-
noB yepe3 1000 Mc 1 Tpu rpymnmnbl KOHTYPHBIX
CcOOTBETCTBEHHO M3 9, 10 u 9 3apsa0B, B3pbI-
BaembIX uepe3 3000 mc, 5000 mc u 7000 mc.

[TaTpoH-060€BUK B Ka)KIOM 3apsie COCTOUT
W3 OJHOTO MaTpoHa SMyJbcHOHHOTO BB Tuma
«Auemukc-1132/250» ¢ nDoOICOEIMHEHHBIM K
Hemy BojHOBogoM Tuma YHC-IIIK-20-4 u
pacroJiaraeTcsi IepBbIM y JTHA IITypa.

MoHTa)X W KOMMYTalHsl B3pPBIBHOW CETH
MIPOU3BOJIUTCS CIEAYIONUM 00pa3oM: KOHIIBI
BostHOBOJIOB  YHC-IIIK-20-4, BBICTYHmaOIIME
W3 YCTBhEB IIMYPOB, MOCJIE 3aBEpIICHUS IPO-
1ecca 3apsaaKd, coOMparoTcs B My4ku (He 00-
aee 15 mrTyk), CTITHBAIOTCSA TUIACTHKOBBIMU
xomyTamu 00Bs3bIBaroTcs y3nom JIII. ITocie
OOBSI3BIBAHMSI BCEX OOpPa30BABIIMXCS IYYKOB
YHC ¢ JII o6a xonna I cBoasiTcst kK MecTy
COCIMHEHHUSI C dJeKTpojaeToHaropamu. Ha
Ka)KJIBIN HITTyp TIpUMEHsIeTCs 84 IIT. BOJIHOBO-
na, a Ha B3peIB — JIIII nmmuaoM 25 M m naBa
3JIEKTPOIETOHATOPA.

OmpenenuM  TEOPETUYECKOE  3HAYEHUE
KPUTHUYECKOW CKOPOCTH KOJICOaHWM ISl JKH-
JIBIX 3/IaHUM HA TIOBEPXHOCTH TIPH MPOBECHUN
OTIBITHBIX B3PHIBOB B MEPETOHHOM TOHHENE B
COOTBETCTBUH ¢ [6], B KOTOpO# MNpHBEICHBI
OCHOBHBIE TMMapaMeTPhl CEHCMUYECKUX BOJH B
3aBMCUMOCTH OT Macchl 3apsiga BB u paccros-
HUSI OT IIEHTPA B3phIBA 10 TOUKH HAOJIIOICHHUS.

IIpu B3peIBe BB B MaccuBe CKaJIbHBIX I10-
pon (TpaHUTHI, MECYAHUKHU U JIp.) MAaKCUMallb-
Hasi CKOPOCTh MPOJIOIHFHOM BOJHBI TIPH TTPUBE-

JICHHOM PaCCTOSTHHH R=R/ %/6 <10 ompene-
asieTcs o popmyie
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Q1,8
V. =5/3=]| |,
({2

rae Q —wMacca 3apsna, kr; R — paccrosiHue ot
[IEHTpa B3PbIBa 10 OXPAHAEMOT0 0O0BEKTA, M.
Ha paccrossuun R=R/ ?fQ >10...20 mak-

CHMaJIbHasi CKOPOCTh KOJIEOaHHA OTpeaessieT-
cs o opMmyiie

Q 15
V... =25 3= .
29[ {2]

Ornpeenum NMpUBEICHHOE PACCTOSIHUE MTPU
CyMMapHOW Macce 3apsaa Ha MUk 64,75 kr u
MHWHUMAJIBHOM PAaCCTOAHUH OT LCHTPA B3PbIBa
710 OXpaHsIEMOro 00beKTa

- R 30
R=—==—+-==7,47<10.
3Q «3/64, 75
CrenoBarensHO,

- 6475 )"
Viax =9 )2 =5/ 3}—— | =0,134cm/c.
R {30

[Ipu paccrossHUM OT LIEHTpa B3pbIBa [0
oxpansemMoro o0bekTa B 53 m

— R 53
Re—=——__-13199>10.
IQ 364,75
Torna,
o) 6475 )"
V = 2,5 3= — 2,5 3— — =
=0,052 cwm/c.

[Ipn ouneHke CEeNCMHUYECKOTro JEHCTBUSA
MOA3EMHBIX B3PBIBOB BAXKHO TAaKKE€ YCTaHO-
BUTh HMHTCHCHUBHOCTH IWHAMHYCCKOTO IIOJIS
HalpsHKEHUH B OCHOBAHMM TOBEPXHOCTHBIX
COOPY>KE€HH, KOTOPOE BHI3BIBAECTCS BOSHUKHO-
BEHHEM JIMHAMHYECKHX KOJeOaHuM, 00yclIoB-
JIEHHBIX TPOJIOJIBHBIMU U TIONEPEUYHBIMU BOJI-
HaMH, CKOPOCTh KOTOPBIX OMNPENESETCS IO
crnenyroumm popmynam [7]
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Eg(1-v)
v(1+v)(1-2v)

Eg
Vg = ’— e,
ST\ 2g@ev)

Ve = , M/C;

rne g — YCKOpEHHE CHJIBl TSKECTH,
g=9381 M/ c?; E — Moxynb neopMaruu 1o-
pon, Mlla; y — ynenpHbIA BEC IMOPOJ,

MH/ M3 v — kosddunment Iyaccona.
OrnpeneniuM CKOPOCTH MPOAOIBHON M TO-
NIEPEYHOM BOJIH JIJIsl KPETKUX MOPO]T TUIA Tpa-

HutoB, mnpuHsaB E£=40000 MIla, v=0,2,
y=0,027 MH/m®.
Torna,
B 40000‘9,81(1—0,2) B
" 40,027(1+0,2)(1-2-0,2)
=4016,4 wm/c;
i 40000-9,81 =2459,5 M/c,

®7\2.0,027(1+0,2)

[TapameTpbl AMHAMUYECKOTO TIOJS HAIpsi-
JKEHHI ONPENIeNISIOTCSI Ha OCHOBE pacyeTa dKC-
TpEeMaJIbHbIX 3HAYCHHI HOPMAJbHBIX M Kaca-
TEJBHBIX HANPSDKEHUN MO clieayromuM Gop-
Mmynam [7]

1
Omax = 2_ AKlVVPTO Kh )
min s
1
Tmax = =~ AKYVsToK,,
min 1

rie A — yCIOBHOE CEHCMUYECKOE YCKOPEHHE
Y4acTUIl MOPOJbI B A0NAX ( ; kodddumment 4

npuHuMaetr 3Hauenusa 0,1; 0,2; 0,4 coorBer-
CTBEHHO JIJIsl pac4eTHOU celicMu4HocTu 7, 8, 9
OaJyIoB.

JInst ycinoBHil MOA3EMHOIO CTPOUTEIBCTBA
MIpU CEHCMUYHOCTH MeHee 7 OalioB 3HauUEHHUE
A npumeM paBHbiM 0,1; K; — ko3ddunment,
YUUTBHIBAIOIINNA JIOMyCKaeMble TOBPEKICHUS
MaccuBa W WHXEHEPHBIX 00bekToB, K1=0,25;
Ty — mpeoOmamaronuii Meproj; cOOCTBEHHBIX
KoJIeOaHUH MOPOHOTO MAacCHBa B OCHOBAHHUH

© B. 1. Ierpenko u ap., 2017

100



COOPYXEHHUM, ONTPEeACIISIEMbIN MO AJaHHBIM CEeH-
CMUYECKHUX HCCIIECIOBAHMM, a IIPU UX OTCYT-

cTBUU NpuHKUMaeMsblii paBHeIM 0,5 c; K, — Kko-
3 PUIMEHT, YIUTHIBAIOIINN TIyOHHY 3aI0%kKe-
coopyxenuit, K, =1-0,005H, npu
H <100m K, =1.

[To maHHBEIM dopMylaM OIPECIISTIOTCS
MaKCUMaJlbHble TUHAMUYECKHE HANPSIKEHUS B
MaccuBe B cucreMme koopauHaTt X, Y (oce X
COBIAJAET C HAIIPaBJICHUEM PACIIPOCTPAHECHUS
BOJIH), JICHCTBYIOIIME TAKXXE U HAa OCHOBAaHUE
37aHUN U COOPYKEHUH.

Torna Gy, =0

X:v/(l—v), T,

ys — Cmax

HUsA

max 1 Sy :kcmax '

[ToxcraBuB B BBINICHPHUBEACHHBIE (HOpPMY-
Tl 3HAYEHMs] BEJIWYUH JJI1 KPENKHUX TMOPOJ]
THUIIa TPAHUTOB, B PE3YyJIbTATE MOIYYUM

Oyp 2%-0,1-0,027-4057-1:1, 745 Mlla;
T
Oy zi-l, 745=0,437 MIla;
-0,2
Tuys =i-0,1-0,027~2484,5-1,0=
21

=1,069 MIla.

Ha ocHoBaHMu aHanm3a pe3yabTaTOB pac-
YEeTOB MOXKHO C/IETIaTh BBIBOJ], YTO JTUHAMUYEC-
CKHEC HAIIPSXKCHHUA B MAaCCHMBE M Ha IMOBCPXHO-
CTH TIpY B3PbIBE UMCIOT 3HAYCHUS, KOTOPHIE
CYIIECTBEHHO MEHbBIIIE MPEICIOB MPOYHOCTH
KUPIHYHON KJIaJIKU TIPU CKATUU U U3THOE.

BriBoabI

Takum 00Opazom, TEOpeTUUECKHE 3HAYCHUS
KPUTHUYECKOW CKOPOCTH JUIsi TPHHSATBIX YCIIO-
BUIl B3pHIBaHUS CYIIECTBEHHO MEHBIIE periia-
MCHTUPOBAHHBIX TAOJMYHBIX 3HAYCHHH JUIS
KJIaCCOB 3JaHUM W WHXXEHEPHBIX COOpYKe-
Hwuii [6, 7].

W3mepeHns: ypoBHSI CEHCMHUYECKUX KOJe-
OaHMii TIPU MTPOBEICHUU TPEX OIMBITHBIX B3PbI-
BOB, BBINOJHEHHBIE «L[eHTpOoM Mo mpobiemam
B3pBIBHBIX paboT HarmoHaapbHOrO TOPHOTO
YHUBEPCHUTETay, MIOKa3allv, YTO 3apETUCTPUPO-
BaHHBIC KOJICOAHUS TPYHTA HA PACCTOSHHUSAX OT
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30 10 53 M UMEIOT BEJIUYUHBI CKOPOCTEMN MPO-
nponbHoi BosHBL 0T 0,9 mo 0,11 cM/c. OHu He
IPEBBIIIAIOT T0NMyCcTUMBIE 3HaueHus B Il 6anna
no Mexaynapoanoi mkaie MSK-64 u siBiusi-
10TCa 0€30MacHBIMH, T.€. CYIIECTBEHHO MEHb-
e KPUTUYECKUX 3HAUCHUN NI KUPIHYHBIX
3MaHUi 03 aHTUCEUCMHYECKUX YCHJICHUH,
pacmnoyioxeHHbIX BOIu3u ctBoja Ne 11,

Kpome TOro, ycranoBieHoO, YTO NpHU BCeX
TPEX ONBITHBIX B3PBIBAX KOJEOAHUS WMMENN
BBICOKOYACTOTHBIN Xapaktep — 50 1.

Takue konebGaHHWS HE COBMAAAIOT C COO-
CTBEHHBIMHU KOJICOAHUSIMH 3[JaHUI U COOpYKe-
HUM ¥ HE BBI3BIBAIOT PE30HAHCHOTO SIBJICHUS,
MPUBOJISIIETO K UX TOBPEXKICHUIO.

B coorBerctBun ¢ JICTVY 4704:2008 [8]
3aperucTpUpoBaHHbBIC KoJeOaHUA HE TMpe-
CTaBJSUTM  YIPO3bl 3/IaHHSIM, KOTOPBIE IOCTE
B3pPBIBOB HaXOJWIUCH B YIOBJIETBOPUTEILHOM
COCTOSIHMH, COTJIACHO JIAHHBIM, TTPUBEICHHBIM
B paborax [9, 10].

CHWXEHUIO YpOBHA KoJjeOaHWH croco0-
CTBOBAJIO TO, YTO OBLIO MPUMEHEHO KOMOWHU-
pOBaHHOE KOPOTKO3aMEJJICHHOE W 3aMeJICH-
HO€ B3pBIBAHUE 3apsA0B, COOTBETCTBYIOIIEE
no «lllkane HMHTEHCHBHOCTH CEUCMUYECKUX
KoseOanuii mmpu B3pbBax» [11] 1...4 Gamram
co cKopocThio Kosebanuit ot 0,1 mo 1,5 cm/c.

TakuMm 00pa3oM, MpUMEHEHUE HOBBIX TEX-
HOJIOTHH BEJICHUS B3PBIBHBIX Pa0OT MpH IMPO-
XOJIKE TMEPErOHHBIX TOHHENEW C MCIOJIb30Ba-
HHEM HOBBIX BB, cpencts mHunmupoBaHus u
KOMOMHHMPOBAHHOTO KOPOTKO3aMEIJIEHHOTO U
3aMEJICHHOTO B3PBIBAHMS TTO3BOJIUIIO TIONTY-
YUTh CHUKCHHE YPOBHS CEHCMUYECKUX KOJe-
OaHMil 37aHUI U COOPYKEHUI NIPU CTPOUTEIb-
CTBE JTMHUI METPOIOIUTEHA MEJIKOTO 3aJI0Ke-
HUSI B CIIOKHBIX WHXKEHEPHO- M THAPOTEOJI0-
THYECKHUX YCIOBHSIX.
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HNPOBJIEMHU EHEPI'O3BEPEKEHHSA TA YIOCKOHAJIEHHSA
METOJ0JO0I'Ti PO3PAXYHKY TAPU®IB HA EJIEKTPOEHEPITIO

Beryn

B punkoBux ymoBax Tapudu Ha eHepro-
HOCIT CTaJIM OJTHUM 13 OCHOBHUX (PaKTOPIB ITiJI-
BUIIIEHHS €(EKTUBHOCTI iX BHUKOPHCTAHHA, a
BIMOBIAHO METOMOJIOTIST BCTAHOBJIEHHS Ta
OOTpYHTYBaHHSI CUCTEMH I[IH € OJHUM 3 Haii-
OUTBII JIEBUX MEXaHI3MIB PETYJIOBAaHHS €KO-
HOMIYHHUX BiJIHOCHH, SIKUH 3abe3meuye iX mpo-
30picTh Ta 00’ eKTUBHICTH [1-5].

[inu Ha Oynab-aki ToBapu (QOPMYIOTHCS 3
ypaxyBaHHSIM TOMUTY Ta BIANOBIAHO 3 HOTO
€JIACTUYHICTIO, 1IHIINX MPOMO3UIIN PUHKY, BU-
TpaT Ha BUPOOHUIITBO TOBAapy Ta HOro SKOCTI,
PUHKOBHX 300piB Ta MOJATKIB, a TAKOXK BUTPAT
Ha 30epiraHHs i peamizaiito. PuHOK 1 BiIbHA
(pyMHKOBA) IiHA HE € yHIBEpCAIbHUM 3aCO00M
pETYIIOBaHHS €KOHOMIKH, TaK SK HE MOXYTh
BpaxoOBYBaTH BCi€i PI3HOMAHITHOCTI yMOB Ta
IiJel  COIallbHO-€KOHOMIYHOTO  PO3BHUTKY
kpainu [1]. L{ina BU3HAYA€THCSI TPOLIOBUM BH-
pa3oM MOBHOI BapTOCTI BUPOOHHIITBA TOBapy
a00 HaJaHHS MOCITYTH 3 ypaXyBaHHSM ITIE€BHO-
ro piBHA pEHTA0EIBHOCTI JAHOTO BHUIY Mislb-
HOCTI, TOOTO 1€ € KUIbKICTh TPOIIEH, 10
CIUTaYy€eThCSl 200 OAEPKYETHCS 3a OIMHHIIIO
ToBapy abo mociyru. L{iHoyTBOpeHHs — 1ie
mpoliec oOrpYHTYBAaHHS 1 BCTAHOBJICHHS 11iH Ha
TOBapH Ta MOCIYTH (LIIHHOCTI) 32 YMOBU IpH-
OYyTKOBOCTI BIANOBIAHOIO BUAY AiSNIBHOCTI Ta
3 ypaxyBaHHSM iX €KOHOMIYHHUX 1 CIIOKHBUUX
BJIACTUBOCTEH.

AKTYyaJIbHICTH NIP00J1eMH

B cyuacHuX yMOBax eIeKTpOEHepris € O
HUM 13 OCHOBHUX KOMIIOHEHTIB B CUCTEMI €HE-

preTuyHoro 3abe3neueHHs KpaiHu. Y 3B’S3KY 3
YUM BCTAHOBJICHHS €KOHOMIYHO OOIDYHTOBa-
HUX TapUQiB HA ENEKTPOCHEPTIIO € BAXKINBUM
(akTOpOM €HEepreTUYHOi OE3MEeKH JeprKaBH.
CrioniBaHHs Ha X PUHKOBE aBTOPETYIIOBAHHS
Ta BIIMOBA BiJl 3aCTOCYBaHHs €(EKTUBHOI CH-
CTEMH YIpPAaBIiHHS IiHaMHU a00 ) HEKOPEKTHE
BUKOPUCTaHHS MEXaHI3My I[IHOYTBOPEHHS
MOYX€E TPU3BECTH IO HETaTUBHUX HACIHIJIKIB.
XapakTepHUM MPUKIIAJO0M ITHOPYBAaHHS €KO-
HOMIYHUX CKJIAJIOBUX TpPH I[IHOYTBOPEHHI €
BCTAHOBJIEHHS TaK 3BAaHMX PUHKOBMX I[iH Ha
NPUPOIHUHN Ta3, sIKi B JIEKUJIbKA pa3iB MEpeBH-
IIYIOTh HOr0 €KOHOMIYHO OOIpYHTOBaHY Bap-
tictb [10]. ToMy mnomanbmivii pPO3BUTOK Ta
YIOCKOHAJIEHHS] MEXaHi3My LIIHOYTBOPEHHS Ta
BU3HAUYEHHS €KOHOMIYHO OOIpYHTOBaHUX Ta-
pudiB Ha eHeproHocii Mae Ha/I3BUYAtHO aKTy-
aJIbHE 3HAYCHHS SIK JUIS TiIBUIIICHHST €HEeproe-
(eKTUBHOCTI TakK 1 AJs 30€peKeHHs] eHepreTH-
yHOT O€3MeKn JeprKaBH.

AHaIi3 ocTaHHIX JOCTiTKeHb Ta
nyoaikanii

Ilinxonu 1o GopmyBaHHS LIHOYTBOPEHHS
Ha TOBapy B PUHKOBUX YMOBaX PO3TIISIAIOTh-
cst B HaykoBiii po6ori [2]. IliHoBi ctpaTertii,
0COOJIMBOCTI I[IHOYTBOPEHHS Ha IHHOBALiIHI
TOBapu HaBeleHO B pobotax [3, 4]. AcmekTu
(dhopmyBaHHS I[IHM Ha TIEBHI BUJU TOBapiB Ta
MOCTYT, a TaKoX METOIMKH LIHOYTBOPEHHS
JUTSL THATIPHEMCTB PO3TIISAA0THECS B HAYKOBUX
npargx [5, 6, 7]. JocmimpkeHasm TapudiB Ha
€JIEKTPOSHEPTII0 SIK OCHOBHOTO €KOHOMIYHOTO
IHCTPYMEHTY PperyiioOBaHHs B3a€MOBIJIHOCHH
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€HEPronoCTavYaJbHUX KOMIMAHIN 1 CIIOKUBaviB
eNEKTPOCHEePTii, MpucBsueHO podoTty [8]. Me-
XaHI3M I[IHOYTBOPEHHS B PHHKOBHUX YMOBax
posrisiHyTo B poboti [9]. Kiacuunuit mexa-
HI3M IIHOYTBOPCHHsSI OCHOBaHWH Ha coO0iBap-
TOCTI MPOAYKIT MPOIMOHYETHCSI BUKOPUCTOBY-
BaTH B pobori [11].

Merta crarTi

Meroro crarTi € moOymoBa HaWOLIBII pa-
[[IOHAJILHUX CXEM 1 aJlTOPUTMIB iX 3acTocy-
BaHHS JUIi  BCTAQHOBJICHHS  CKOHOMIYHO-
OOTpYHTOBAHMX MPO30PUX IiH HA EIEKTPOCHE-
prito Ta iHII TOBapH B YMOBaxX PUHKOBOI €KO-
HOMIKH Ha OCHOBI CHCTEMHOIO aHaji3y iCHY-
IOYUX CHUCTEM 1 METOJIiB LIIHOYTBOPEHHS, a Ta-
KOK BU3HAUEHHS KPUTEPIIB 00’ €KTHBHOI OIliH-
KU piBHA Tapu(iB Ta pO3paxyHOK €KOHOMIYHO-
OOTIPYHTOBAHOI 1 COIIAJILHO OPI€HTOBAHOT I[IHU
Ha CJIEKTPOCHEPTil0 Ha OCHOBI 3aIllPONOHOBA-
HOTO TiIXO0.Y.

OcHoBHMI MaTepiaJ 10CTiIKeHHS

OpHMM 13 OCHOBHUX IPHUBIIHUX MEXaHi3-
MIB €KOHOMIYHOI B3a€MOIii Cy0’€KTIB PUHKY €
3aKOHOMIPHOCTI B3a€MO3B’SI3Ky IPOLECIB MO-
IUTY Ta MpoMno3ulii. Ik npaBuio, 3a yMOB pH-
HKY CIHIBBIAHOIIECHHS MOMUTY 1 MPOMO3HIIii
3JIIACHIOETBCS HA OCHOBI CaMOpEryJIIOBaHHS,
yepe3 (yHKIIOHYBaHHS MEXaH13My pUHKOBOTO
L[IHOYTBOPEHHS. AJle BCTAHOBJICHHS LIH JIUIIIE
Ha OCHOBI PHHKOBOTO CAMOPETYJIIOBaHHS HE
3a0e3neuyye CyCHiIbHI, COIlialbHI, €KOIOTIYHI
Ta 1HUI notpedu. ToMy PUHKOBHM MeXaHI3M
CaMOPETYJIIOBaHHS 1IHOYTBOPEHHSI JIOMIOBHIO-
€TBCS, TO-TIEpIE, 3aCTOCYBAHHAM BHPOOHHU-
KaMd Ta NPOJAABLSIMH MEBHUX METOJMYHHUX
MIJIXO/IIB 1 CMIOCOOIB I[IHOYTBOPEHHS 3 METOIO
MIPUCKOPEHHS 30yTY NPOIYyKIii 1 3a0e3rnedeHHs
peanizaiiii oOpaHoi HUMHU I[IHOBOT TOJITHKH 1,
no-Aipyre, 3axoJaMH Ha OCHOBI HOPMAaTHUBHO-
MIPABOBOTO PETYJIIOBAHHS BIUIUBY JI€pKaBH Ha
MPOIEC PUHKOBOT'O L{IHOYTBOPEHHSI.

Tak MexaHi3M BIUIMBY MOKYII[IB Ha PHH-
KOBY IIHY 3[1HCHIOEThCS O€3MocepeiHbO ue-
pe3 KymiBio abo BiAMOBY BiA KymMiBJi 1 BBa-
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KAETbCS aKTUBHUM METOJOM BIUIMBY CIIOXKH-
BayiB Ha CKOHOMIYHE CTHMYJIOBaHHS abo
CTpUMYBaHHSl 4epe3 MeXaHIi3M IiH. Brmus
poAaBLiB (TOBapOBHUPOOHUKIB) HA piBEHb PH-
HKOBUX WIH 3/1MCHIOETHCS HUIIXOM 3aCTOCY-
BaHHS MEBHHUX BUIB I[iH 1 METOJIIB IIHOYTBO-
peHHs, sKi mependadyeHi IIHOBOIO CTpPATETIEI0
Ccy0’ekTiB rocmojaproBaHHs. Perymrorouunit
BIUIMB 3aXO/IB Jep>KaBu Ha (DOPMYBaHHS pUH-
KOBUX IIiH peajli3yeThCsi yepe3 HOPMATHBHO-
paBoBe 3a0€3MEUYEeHHS I[IHOYTBOPEHHS, SKE
CTHMYJIIO€ TMPOIEC BUPOOHHUIITBA 3 ypaxyBaH-
HSIM CYCITUJIBHHMX 1HTEpeciB. B nitomy edexTu-
BHICTh Ta JII€BICTh MEXaHI3MY IIHOYTBOPEHHS
3HAYHOIO MIPOI0 BU3HAYAETHCA HOTO MOXKIIU-
BICTIO KOMITJIEKCHOTO BpaxyBaHHs BCiX CKJa-
JIOBUX TOCIIOIAPChKOr0 MexaHizmy [2].

TakuM YWHOM, PHHKOBE I[IHOYTBOPEHHS
IpeJCTaBiIsie COOOK CHCTEMY LIJIECHPIMOBa-
HUX 3aXO0[iB €KOHOMIYHOTO BIUIUBY CYO €KTIB
pUHKY Ha (pOpMyBaHHS LiH 3 METOIO 3a0e3me-
YeHHS e(DEeKTUBHOTO COIIAIbHO-€KOHOMIYHOTO
PO3BUTKY CYyCHUIbCTBA. Pe3ynbraTtu mpoBene-
HOTO CHCTEMHOT'O aHali3y iCHYIOUHX METOiB
I{IHOYTBOPEHHS TO3BOJIAIOTH BUIUIUTH YOTUPH
OCHOBHHX T'PYIIH: BUTPATHI METOIH LIHOYTBO-
peHHst — Tabin. 1.1; pyHKOBI METO/IM LIHOYTBO-
peHHs1 — TaO. 1.2; mapaMeTpuyHi METOIH IIi-
HOYTBOpPEHHS — Ta0:. 1.3; 1HIII METOIU LIHOY-
TBOpeHHA — TaOn. 1.4. OcHOBOWO BCIX Mpea-
CTaBIIEHNX METOAIB € KIACHYHHUN Miaxig 3a
dhopmymnoro cobiBapTicTh + MPUOYTOK, a TMOTIM
B 3QJIEXHOCT] BiJl YMOB PUHKY BOHHU aJamnTy-
I0ThCS M1 3MiHY CUTYyalli (€eKOHOMIYHOI, MO-
JITUYHOI) 3aCTOCYBAaHHSIM CHCTEM OLIbII TOH-
KOTO pearyBaHHS Ha KOH IOHKTYPY PUHKY.

Po3rnsiHeMO Tenep MOXJIMBOCTI TOOYI0BU
AITOPUTMY pPO3paxyHKy €KOHOMIYHO-
OOIPYHTOBaHOI LIHM Ha EJIEKTPOEHEprilo Ha
OCHOB1 C(OPMYITLOBAaHUX MIAXOAIB. TpuBanHit
yac PUHOK €JIEKTPOEHeprii 3ajuIlaBcsi MOHO-
MOJIBHUM — B HbOMY OyJia BiICYTHS Oy/b-sika
KOHKYPEHTHa MisSUTbHICTh. AJie OCTaHHIM dYa-
COM CBITOBOIO TEHJICHLIEIO CTAJI0 (OPMYBaHHS
KOHKYPEHTHHUX €JIeKTPOECHEPTeTUYHUX PUHKIB.
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Taomumsa 1.1

ButpaTni MmeTOaM HiIHOYTBOpPEHHA

MeTon

CyTb MeTORY

[ToBHUX BUTpaT

CyTb MeTOay MOJsirae B po3paxyHKy I[iHM Ha 0a3i BCiX BUTpAT, sKi, He3aje-
HO BIJl IOXOJDKEHHSI, CIIUCYIOThCS HAa OAMHULIIO BHUPOOy. Takum umHOM,
L[iHA BKJIIOYa€ peasibHy ((pakTU4Hy) MOBHY cOOIBapTIiCTh BUPOOY 1 HaJOABKY
- HUTLOBHM pHOYTOK. JI0o BUTpAT HaJIeXkKaTh 3MIHHI Ta OCTIHHI BUTPATH.

[IpsiMux BUTpat
(3MiHHI+TIPHOYTOK)

Co0iBapTicTh TOBapy PO3PAXOBYEThCS HE 3 TOBHOI HOMEHKJIATYPH BHUTpPAT, a
JIUIIIC BUXOJSTYH 31 3MIHHHX a00 MPSMUX BHTpAT.

3MIHHHUX BUTpAT
(6e3 ypaxyBaHHs

CyTh METOAY TOJIATAE B PO3PAXYHKY JESIKOI BiJICOTKOBOI HAIIHKH JI0 3MiH-
HUX BUTPAT JIJIS1 KOXKHOTO BUAY TIPOTYKIIii.

puOyTKY)

MinimanpauX BU- | MeToa mepenbayae BCTAaHOBJICHHS IIHM Ha MiHIMajabHOMY piBHi, JOCTaT-
Tpart (6e3 ypaxy- HBOMY ISl TIOKPHUTTSI BUTPAT, MOB’S3aHUX 13 BUPOOHUIITBOM KOHKDPETHOI
BaHHsI IPUOYTKY) IPOAYKIII.

MiHiMaIbHUX BU-
TpaT Ta NpUOYTKY

3a 0CHOBY OepeThCsi KOHKYPEHTHA PUHKOBA I[iHA, sIKa YTBOPHUIIACS ITiJl BILTH-
BOM IIONUTY 1 Mpomo3uilii. BusHayaerscs coOiBapTicTh 1 MiHIMAIBHUIN MTPU-
OyTOK, SIKHi MOXE OTPHMATH IiJIPHUEMCTBO, OKPEMO BU3HAYAIOTHCS YMOB-
HO-TIOCTi¥HI Ta 3MiHHI BUTpaTH. Lleil MeTom 3aCTOCOBYETHCS 3 METOIO BHU-
3HAYCHHS] OPIEHTOBHOT LIIHK T4 NEPBUHHOTO PO3PaXyHKOBOTO PiBHSI.

CepenHi BUTpa-
TU+HTIPUOYTOK

B ocHOBI 11p0r0 METOIy JEKUTH 111€s PO3paxyHKy cOOIBapTOCTI TOBapy SIK
TOJIOBHOT CKJIaI0BO1 IiHK. [|Jis po3paxyHKy IIHU IIUM METOJO0M HeoOXiaHe
IiICYMYBaHHs CYKYIHMX BUTPAT i HOPMaTUBHOI'O MPUOYTKY.

Amnanizy 6e330uT-
KOBOCTI

[{iHa BCTAHOBIIOETHCS HA TOMY DiBHI , SIKHH JO3BOJIMB OW MiANPUEMCTBY
OTPUMYBATH OakKaHHWW OOCIT MPUOYTKY HUIIXOM ITiI0O0PY IIiH 1 BiAMOBI THUX
iM 00CSTIB MOMUTY MPH OJHOYACHOMY IPOPAXYHKY PiBHS BUTPAT BUPOOHUII-
TBa.

PenTabensHOCTI
IHBECTHIIIHI

€ BIJHOCHOIO BEJIMYMHOKO 1 BU3HAYAETHCS SIK BIIHOIICHHS CYMH IPHBEJIC-
HUX JIOXOJIIB IO CyMH MPUBEICHUX Ha Ty K ATy IHBECTUIIIHHUX BUTPAT.

3rigHo 3 MapriHa-
JILHUMH BUTpaTaMH

30ibIIeHHS (3MEHIIICHHS) TIOBHUX BUTPAT 3@ BIAMOBITHOTO
301IbIIICHHS UM 3MEHIICHHS 00CSTiB BUPOOHUIITBA HAa MPOAYKIIi

Hanbasku

3rigHO 3 UM METOJIOM IIiHY TOBapy BU3HAYAIOTh JOJaBaHHIM J0 BUTPAT HA
1oro BUpOOHHUIITBO i 30yT NMEBHOT HaI0ABKH.

ArperatHuii METOJ

CyTb MeTOy HOJIATa€ B MiICYMOBYBaHHI LliH OKPEMUX KOHCTPYKTUBHMX Ya-
CTHH BUPOOIB (AeTasnel, By3JiB, KOMIUIEKTYIOUHNX), 10 BXOAATH A0 Mapame-
TPUYHOTO Py, a TAaKOX J10JIaBaHHI HOpMaTUBHOMY NpHuOyTKy. Lleit meron
3aCTOCOBYIOTh, SIKIIO LIHM PI3HUX KOHCTPYKTHUBHHMX €JIEMEHTIB BUPOOY Bi-
JIOMi, BIITaK CYKYITHA IIiHA MPOAYKIIii OOUMCITIOETHCS K iXHS cyma.

Kpusoi nocsiny

«KpuBa nocBiny» IpyHTY€EThCS Ha TaKild 3aKOHOMIPHOCTi: BUTPATH HA OH-
HUIIO TPOAYKIIii, SIKIi BUMIPIOIOTBCSA B CTAOUIBHUX TPOIIOBUX OJMHUIIAX,
3MCHIIYIOThCS Ha (PIKCOBaHMIU MPOIEHT MPU KOXXKHOMY IOJBOEHHI BUITYCKY

MIPOYKIIIi.

L{impoBOTO IIHOYT-
BOPCHHS

Ilina BU3HAYa€ThCA SIK LLIbOBA JUIl KOHKPETHOTO PUHKY 3 YPaxXyBaHHIM Ji-
I0YMX YMHHHUKIB 200 IIbOBOTO NPUOYTKY. 3a LIUM METOJIOM PO3PAXOBYETHCS
co0iBapTiCTh MPOAYKIIi], sIKa Ja€ 3MOTY BIITBOPUTH BCl BUTPATH MiANPHEMC-
TBAa Ha BUPOOHHMIITBO Ta peasi3allifo, a TaKOX OTPUMATH NMPHUOYTOK, SKHUH
MOKHa Oyzie CpsSMyBaTH HAa PO3BUTOK MIJIPUEMCTBA 1 CTUMYIIIOBAHHS PO-
OITHHKIB.
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Taonuuga 1.2

PunkoBi MeTOIM iIHOYTBOPEHHA

OpieHTOBaHI Ha CIIO’KUBaya

Merton CyTtb MeTony
Ha ocnogi minHoCTi | Po3paxyHOk poOHUTbCS Ha MEBHY KaTETrOpil0 MOKYIIIIB, SIKi MOTOIKY-
TOBapy: FOThCS IJIATUTH TPOLIL HE TUIBKH 32 BapTICTh TOBApPY, a i 3a KOMILIEKC

-pO3paxyHKy eKo-
HOMIYHOI [IIHHOCTI
TOBapy

-OI[IHKA MaKCHMa-
JIBHO IPUAHSTHOT
iHA

IHIIMX TOCIYT: JOIJIaTH, MOB’A3aHl 3 JIOCTaBKOI, OOCIYrOBYBaHHS
Tomo. PiBeHb MOCHyT, 10 HAAAIOTHCS, BUSHAYUTH 0€3YMOBHO BaXKO.
TyT nopeyHo BeCTH MOBY IpO MPECTHXKHI TOBApH, MPO OCOOJIMBI MOC-
JyTH, 32 SAKi 32 PI3HUX OOCTABHH 1 PI3HUX YMOB IOKYIEIb ITOTOIKY-
€THCSI TUIATUTH OYIb-5IKi TPOIIII.

3 opieHTaIli€r0 Ha
TIOTIUT:

-aHaJ3y MEX;
-aHaJi3y eKCTpUMa-
JIbHUX 30UTKIB 1
npuOyTKiB

B ocHOBI 1aHOTO METOAY JEKHUTh CYO €KTHBHA OIliHKA ITOKYTIIEM ITiH-
HOCTI ToBapy abo mociyru. [lina, po3paxoBaHa ITMM METOJIOM, Bpaxo-
BYE€ B IIEpIIY Yepry MOIHUT.

Ha ocHoBI iHOBOT
€JIACTUYHOCTI

Mertoa nae 3MOTy MiJIPUEMCTBY 3pOOUTH BHCHOBKH IIOJI0 HANPSMIB
(opMyBaHHsI KOHKYPEHTHHX I€peBar BJIACHOI MPOIYKIIi, 3’sCyBaTH,
K1 (paKTOpU KOHKYpeHLi OyAyTh BiAirpaBaTé MEepBUHHY POJIb — LIHO-
Bl UM HEIIHOBI.

[{inoBa €NnacTUYHICTh MOIUTY XapaKTEPU3y€e UYTIHMBICTH CIIOKHWBAYIB
JI0 3MiHH ITiH 3 ypaxyBaHHSIM OOCSTIB 3aKYITiBIII.

OpieHTOBaHI HA KOHKYPEHTIB

CrnigyBaHHS 32 pU-
HKOBUMH
HiHAMH

Ilepenbavae, 1m0 KOXKEH MPOAABElb, 110 MIPOJAE TOBAP HA PUHKY abo
IPOTIOHYE BiANOBIJHY MOCIYTY, BCTAHOBIIIOE LIIHU, TIOBa)Kal04u 3BHYAl
L[IHOYTBOPEHH: 1 piBEHb IIiH, 1110 CKJIAINUCSA HAa PUHKY, BUXOJIIYH 3 pea-
JIbHO ICHYIOYOT'O piBHS PMHKOBHX IiH 1 IPU IIbOMY ICTOTHO HE HOpPY-
rytouu ioro. Skmo aanHa ¢ipma nocuwiroe nudepeHiiamio cBoiX To-
BapiB 1 HOCIyr MO BIJHOWIIEHHIO 0 TOBapiB 1 mnocayr ¢ipm-
KOHKYPEHTIB, TO BOHA Ma€ MIPaBO BCTAHOBUTH IIHM HAa OLIBII BUCOKO-
MY piBHI B IOPIBHSHHI 31 3BUYaHHUMH.

Ha ocHoBI piBHS
IIOTOYHUX I[IH

[ToniOHMt miaXia A0 BU3HAYCHHS I[IHU BUKOPUCTOBYIOTh Tl MiANPUEM-
CTBa, IO Yy CBOii POOOTI HAMararThCs OPIEHTYBAaTHCS Ha I[iHH, SKi
B)KE BCTAHOBWJIMCSI HAa PUHKY, MPHUITYCKAO4H, 0 100pe opraHizoBaHi
MiANPUEMCTBA 3HAIOTH I[IHU, IPUHHATHI U1 puHKY. [Ipu 1ipomy mign-
PUEMCTBO OCHOBHUM CBOIM 3aBJaHHSIM MAa€ KOHTPOJIb BJIACHUX BH-
Tpar.

CrnigyBaHHs 3a Jii-
JepoM

3a maHoro Meromy ¢ipma Opi€HTYEThCS Ha IIHM JIijiepa Ha PUHKY 1 B
MEHIIIH Mipi 3BepTa€e yBary Ha BJIACHI BUTPATH. 3aCTOCOBYETHCS, KON
Ha PUHKY JIOMIHYIOTh 3-5 KOMIaHii.

Ha ocuHoBi 3Marau-
Hi

[IponaBels BCTAHOBIIOE IiHY B MPOIIECi 3MaraHHs 3 KOHKYPEHTaMH 3a
OTpPUMaHHs KOHTPAKTy. BUIIISIOTH TEHIEp Ta ayKIIiOH.

Tennepue
I[IHOYTBOPEHHS

BuxopucToByeThCs TOMI, KOJMH ACKUTbKA MiIPUEMCTB BEJIE JKOPCTOKY
KOHKYPEHIIIIO0 Ha PHHKY.

[TpecTrxHUX 1iH

BuKopHCTOBYIOTH TOI, KOJIM KOMITAHI JOIIIBHO BCTAHOBUTH NIpEMia-
JILHO BHUCOKI IIiHYU MPH MPOIYKITIIO.

3 ypaxyBaHHSM pe-
aKuii KOHKYPEHTIB

BukopucTtoByeTbes TOJI, KOJIM BUTPATH TSKKO MiApaxyBaTH 1 MiANPH-
€MCTBO KE€PYETHCS IIIHAMU HAaHOIMKUMX KOHKYPEHTIB.
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Tabannsa 1.3

IapameTpu4Hi MeTOIM HiIHOYTBOPEHHA

Merton CyTtb MeTony
O N— BuxopucToByeTbCs [1s1 BA3HAUYEHHS 1 aHATI3Y IiH HEBENMKUX IPYMI npo,uyxui'iv, 1o
. XapaKTepU3yIThCsl OJTHUM OCHOBHHM MapaMeTpoM, KM BU3HAYa€ 3arajlbHUM pi-
MOKa3HHKIB .
BEHb I[IHU BUPOOY.
Perpeciiinoro | BukopuctoByeTbes Jutsi BU3HAUCHHS 3aJI€KHOCTI (JIIHIMHOT, CTENEHEBO1, MOIIHO-
aHajizy MiaJIbHO1 TOIIO) IIHM BiJI 3MiH B TEXHIKO-EKOHOMIYHHX TTapaMeTPiB BUPOOY.
Ha ocHOBI eKCIepTHHX OIlIHOK 3HAYYIIOCTI MapameTpiB BHUPOOIB MPOBOIUTHCS
banpauit OIliHKAa TE€XHIKO-€KOHOMIYHOTO piBHS BUPOOY. LliHa HOBOTO BHpOOY BU3HAYAETHCS
Ha OCHOBI IIIHA OJTHOTO Oay.
OCHOBYETBCSI Ha CyMi IIH OKPEMHUX YacTUH BUPOOY, IO BXOJATh B MapaMeTpuy-
ArperatHuii | HUH psij, 3 JOJAaBaHHSM BAapTOCTI OPHUTiHAJIBHUX BY3JiB, BUTPAT HA CKJIAJAaHHSA 1
HOPMATUBHOTO MPUOYTKY.
Tabaunsa 1.4
Ini MeToan HiHOYTBOpEeHHS
Merton CyTb MeTony
1 2 3
3a JaHUM METOJOM IliHa TOBapy BCTAHOBJIIOIOTHCA y JEKIJIbKA €TalliB,
'E KOXKeH eTam rnependadae BUKOPUCTAHHS PI3HUX MOJeENeH, LiHOYyTBO-
é Kom6iropanmii | PEHH 1O 0a3yloThCs Ha BUTATaX, MOMUTI Y1 KOHKYPEHILi. BI:I[HOBI-
& | meron AHO 7O TaKOTO METOA MiANPHEMCTBA MOKYTH PO3paxyBaTH LiHy Ha
z CBilf TOBap, CMIOYATKY OPiEHTYIOYHMCh HA BUTPATH TIANPHEMCTBA, A I0-
bd TIM KOPUTYIOYHM BEITMYMHY BiJIMOBIIHO 10 KOHKYPEHTHOI CHUTYyallii, 110

Bun metony

CKJ1aj1acCs.

3a HOMEHKIIa-

TYpPHOIO Tpy-
1 (0)10)

3rigHO 3 TaKUM MiAXOJ0M IiHa Ha HAWIOpOKYUIl TOBap YCTaHOBIIIO-
€ThCSI HA PiBHI cO0IBapTOCTi, a00 W TpoXu HUXKYE. 30UTKH, SIKi MAIOTh
MiCIle, IEPEKPUBAIOTHCS 32 PAXYHOK BHUIUX IIH HA IHII TOBapH JaHOI
HOMEHKJIATYpPHOI TPYIIH.

HOMEHKJIATypH

O0OMexeHHs
KIJIBKOCTI

Pi3HOBHIOM METOIMKH PO3PaXyHKY IiH Y paMKax TOBapHOI HOMEHKJIa-
TypH € OOMEXeHHS IXHBOI KiNbKOCTi. OJTHAKOBA I1iHA BCTAHOBIIOETHCS
Ha TPYITy TOBApiB, 1 32 PaXyHOK OUTBIINX MPOJIaX OJHUX BHIIIB IIOKPHU-
BalOTHCsI 30MTKM HA 1HIIII.

3a reorpadiuaum | Y pamkax ToBapHOI

MNPHUHOHUIIOM

30HAJIBHE IIi-
HOYTBOPEHHS

®dipma Buminsie aBi a0 KidbKa 30H, MPU3HAYAIOUM B MEXax KOKHOT
30HU €IUHY I[iHY. YCi 3aMOBHUKH, SIKI 3HAXOISATHCS B MEXaxX OJHIET
30HM, TJIATATH OJHY LiHY, a Ti, [0 3HAXOAATHCS B 1HIIIH 30HI - iHIIY.
Uum OubIN BifjIajeHa 30HA Bij TOKYIIA, TUM BUIIE IiHAa. Taki yMOBH
MOXXYTh HaBITh CTBOPHTH I[IHOBY JAMCKPHMIHAIIIO: HANPUKIAI, IBa
MOKYTII, 10 MepeOyBarOTh Ha OJHAKOBIN BiJCTaHI BiJl MPOJABI, Ye-
pe3 MPUHAJICKHICTD JIO PI3HUX 30H 3MYIICHI IUIATUTH TO-Pi3HOMY.

HinoyTBOpeH-
HS BITHOCHO
0a30BOro MyH-
KTy

s cTpateris nojisrae B TOMy, IO MpOJaBelb 00Mpae TOW UM 1HIIHMA
HACEJICHUH MyHKT SIK 0a3UCHMH 1 CTATY€ 3 yCiX 3aMOBHHKIB TPAHCIIOP-
THI BUTPATH B CyMi, IO IOPIBHIOE BapTOCTI JOCTaBKH TOBAapy J0 HHUX
came 3 I[bOT0 IMyHKTY HE3aJIeXKHO BiJl TOTO, 3BIAKM HACTIPABIi 3iHCHIO-
€TbCS BiBaHTaXEHHs. [Ipu 3acTOCYBaHHI IbOTO METOLY JUISI 3aMOBHHU-
KiB, 1110 3HAXOAATHCS MOONHM3Y MiAMPUEMCTBA, KiHIIEBA I[iHA MiABUIILY-
€TbCs, a IS BIAJAJIEHUX - 3HUKYETHCS.
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[MponoBxenns radbnuni 1.4

3

dpaHKo-iHU

Ile o3Havae, 110 BCi BUTPATH 3 TPAHCIIOPTYBaHHS MPOAYKIIii 10 Ha3Ba-
HOTO IMyHKTY BXOJISITh y LIIHY TOBapy. ICHy€ micTh BUIB (hpaHKO-1IiH.

izwm 3rigHO 3
yMoBamu «IH-
KOTEPMC»

3BayKarouu Ha TOTO, XTO OPTaHi3ye 1 OIUIadye TPAHCIIOPTYBAaHHS TOBA-
piB BiJl BUpOOHWKA IO MOKYMI (OTXKE PHU3UKYE), OPIEHTYIOTHCS Ha
ymoBu «IHKOTEPMCy.

BipxoBe 1iHo-

dikcyBaHHS IiH Yo KYITiBIi-TIPOAaKy Ha TOBapHUX Oipkax. bipxkose
[IHOYTBOPEHHS MOXE 3iHCHIOBATUCH SIK 3a pe3yibTaTaMu OipKOBOTO

BaHHSIM JIep-
’KaBHOT I10JT1-
TUKHU

MOJIITUKA OMOAATKYBAaHHS, siKa 3a0e3nedye CoLiadbHO CIIPaBEIMBUIN
PO3MOIiT HAIIOHAIBHOTO JOXO/Y, MOJIITUKA B Tally3l TOPTiBIIi, 1HBEC-
THUIIH, KypCy HaIllOHAJILHOI BAJIFOTH, PO3PaxXyHKIB Ta iH. MiKpopiBHEBE
PETYJIIOBaHHS I[iH TOJISATa€ y CTBOPSHHI CHCTEMH 3aKOHIB, y MATPHMY-
BaHHI JICP)KaBOIO OKPEMHUX Taly3ei, 3a0e3MeUeHHI COIliaIbHUX MOTpeO,

[a]
= € | yrBopeHHs nHs (KiHIIeBE KOTHUPYBaHHS), TaK 1 B MpOIeCi TOPriB (MPOMiXKHE KOTH-
GE > pyBaHHs).

S . . : - -
=| E Po3pi3HsitoTh Makpo- Ta MIKpPOPIBHEBE JEp:KAaBHE PETYJIIOBaHHS LIiH.
5 2 MakpopiBHeBe peryJioBaHHs — 1ie¢ €KOHOMIuHa Ta (iHaHCOBA MOJIITHKA

> . JiepKaBU, CPSMOBAHA Ha 30UIBLICHHS TEMITIB €KOHOMIYHOTO 3pOCTaH-

2. | [[iHoyTBOpEH- . .

= Hsl, CTBOPEHHS YMOB JUIsl CTaOUIBHOTO PO3BUTKY €KOHOMIKH, Jiep>KaBHA

£ | HA 3 ypaxy-

.

o]

)

e}

Q

S}

o]

an

[ToctynoBa miGeparizalii puHKIB €IEKTPO-
eHeprii — rmepexia BiJ MOHOITOJIBHOTO /10 KOH-
KYPEHTHOI'O PHUHKY, NMOIIYK €(EeKTUBHUX Me-
XaHI3MIB B3a€MO3B 13Ky HOKYIILIS Ta IPOAaBLs
€JICKTPOCHEPTii, MOXJIMBICTD ITiIBUIICHHS KO-
MepuiiHOT TPHUBaOINBOCTI AIIBLHOCTI eHepre-
THYHUX KOMITaHIA Ta 1X BIAMOBIAAIBLHOCTI 3a
3HWKEHHS BUTpAT BUPOOHUIITBA €JIEKTPOECHEP-
rii i SKOCTI 0OCIyrOBYBaHHS CIIOKMBAYiB, 3a-
Jy4eHHsl 1HBECTOPIB Ul CHOPYKEHHSI HOBUX
1 TMEepeoCHAlleHHs JII0YMX EHepPreTMYHHUX
YCTAHOBOK — II€ BCE CTaJIO 3arajibHOI0 TEH/ICH-
L[I€I0 PO3BUTKY €HEPreTUYHOl ranysi B OuIb-
mocTi KpaiH cBity [12].

3a HaBeleHMMHU B Tabi. 2 TOKa3HUKaMHU
co0iBapTOCTI BUPOOHUIITBA €JIEKTPOEHEPrii Ha
CBITOBUX pUHKax YKpaiHa Mae HalMeHIi Io-
Ka3HMKHM 32 BapTicTh 1 kBT enekTpoeneprii 3a
roauny, pisenb BBII Ha aymy HacenenHs, i
piBeHb cepeaHboi 3apoOiTHOI miatu. | skio
BapTICTh €JIEKTPOEHEprii JJsi HaceleHHs B
VYkpaini maitke y 15 pa3iB MeHII1a, HIXK Yy JIijie-
pa peritunry — [anii, To pisens BBII B Ykpa-
a1 Bix ToOi % camoi Jlanii menme B 17 pasis, a
BiJ JltokcemMOypra — B 21 pa3. A sKIIo MopiB-

30epekeHH1 1 MPUMHOKEH] TIPUPOTHUX PECYPCIB TOIIIO.

HIOBaTH PiBeHb 3apo0iTHOI 1u1atu, To B 37 pa-
3iB 3apmiiaTta B YKpaini MeH1Ia, Hix B JlaHii.

Bapricth kinoBar-roguHu i3 Tabauii Bap-
TO MpUIMAaTH 3 ypaxyBaHHSM 3HA4YCHHS DPO3-
mipy BBII i piBHs cepeanboi 3apo0iTHOT miia-
TH, @ HE K aOCOJIOTHI BelW4YMHU. BapTicTh
OJIHI€T KUIOBAT-TOJMHM €JIEKTPOEHeprii s
KIHIIEBOTO CHOXHMBaya Oararo B 4OMY 3aile-
XKHTb BiJl MOJITUKH KOHKPETHOTO MPABIIHHA 1
cucremu Tapudikanii. Tomy U1 nmpoBeneHHS
00’€KTUBHOTO TOPIBHSIBHOIO aHaNi3y TapH-
¢iB Ha eNeKTpOeHeprifo B PI3HUX KpaiHax
HPOTNOHYETHCSI BUKOPUCTOBYBATH TPHUBEIEH]
KoedilieHTH Tapudy Ha eNeKTPOESHEPrito, SKi
BU3HAYAIOTHCS BIAHOIIEHHAM Tapudy 10 piBHSA
cepenHboi 3apo0iTHOI Tuiatu Ta piBHa BBII Ha
JyIIy HaCEJIEeHHS:

K3H :T/S3H ; I<BBI'I :T/RBBH ) (1)

Po3paxyHKoBi 3HaUEHHS Takux KoeirieH-
TIB JJIsl POBIAHUX €BPONEUCHKUX KpaiH HaBe-
IeHi B Tabum. 3.

Tak, 3a piBHEM BBEJCHOIO IOKa3HUKA
Vkpaina 3aiimae 15 micue cepen 26 eBponeii-
ChbKUX KpaiH 3a piBHeM BBII Ha oxny ocoOy, i
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22 Micme 3a pIBHEM CcepeaHboi 3apoOiTHOI
miaTu. Sk 6aummo 3 TabiuIll, HAMKpali moKa-
3HUKH Ma€e JIrokcemOypr.

B €Bpomi nie Oinpmie 8-mu TapudHUX
IJIaHIB, SIKI BPaXOBYIOTh IOPY POKY, Yac A00H,
BHXIJIHI JIHI Ta iH. KpiM 11bOTO, iICHYIOTH TPO-
rpamMH JIOTYBaHHS 3a Iepeaady HaJIMIIKIB B
3arajbHI MEpeXi eHeprii, IKy OTPUMYIOTh Bila-
CHUKHU aJbTCPHATUBHUX JDKEpen (HAmpUKIIaL:
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nuterosi Tapudu i FIT-cxema 3a nepxkmnporpa-
moto Green Deal B BenmukoOputanii). € Bim-
MIHHOCTI y BapTOCTI €JIEKTPOCHEPTii A Clilb-
ChbKOI MICIIEBOCTI 1 mepeaMicTh. Y OUIBIIOCTI
KpaiH BCTaHOBJICHO JIIMIT «JICIIEBOI» EIEKTPO-
eneprii B 150...200 kBt na wmicsup. IlepeBu-
IICHHS JIIMITY KOPUCTYBa4eM HPU3BOIMTH O
36ibmeHHs mink Ha 50...80 % [13].

Tabnung 2

CooiBapTicTh enexTpoeHeprii, noxkasauk BBII
i piBeHb cepeIHbOI 3ap00ITHOI IVIATH VIS €BPONEHCHLKUX KPaiH

| | o | BB | Coennan
ABcTpis 0,201 37,2 49670 3729,41
Benbris 0,213 14,5 47260 4556,67
Bosnrapist 0,095 16,7 7620 510,92
Benuka bpuranis 0,212 4,8 43430 2984,87
['pemist 0,176 31,5 22680 1772,31
Hanis 0,307 58,4 61310 5843,48
EcTonis 0,13 27,0 19030 1200,00
Ipnannis 0,243 18,8 46550 3850,85
Icnanis 0,231 214 29440 2470,59
Itamis 0,245 38,5 34270 3153,96
JlaTBis 0,163 33,8 15280 896,00
JIutBa 0,125 30,4 15430 748,94
JIroxcemOypr 0,177 24,7 75990 4924,14
Hinepnanau 0,195 35,6 51890 4030,08
Himeuunna 0,295 51,5 47640 3975,00
[TonbIa 0,145 22,1 13690 1066,67
[Mopryranis 0,228 495 21360 1587,4
Pymymnis 0,13 28,9 9520 590,77
CrnoBayunHa 0,15 18,8 17750 1176,47
CrnoBeHis 0,159 29,3 23580 2101,69
YropuiuHa 0,113 21,3 13340 960,00
Dpaniist 0,163 34,3 42960 3821,29
Xopaartist 0,132 23,5 12980 1261,02
Yexis 0,127 18,3 18370 1121,17
[Bernis 0,185 36,1 61610 4405,48
VYkpaina 0,026 24,0 3560 156,00
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Ha punky enextpoeHeprii icHye 0arato Ha CBITOBHX PHHKAx 3a BIJHOCHO CITIBBUMIp-
(bakTopiB, SAKi BILIMBAIOTH HA (POPMYBAHHS Li- HUMH LIHAMH, OUIBII IIMPOKUH Jliana3oH IiH Y
Hu. Ha BiaMiHY BiJI IIiH Ha BUKOITHI BYTJIEBOJI- MEKax TEBHOTO PETiOHY XapaKTEPHHUH €JIeKT-
HEBl BUJIM MAJIMBA, SKMMHU 3a3BUYall TOPTYIOTh  POEHEPrii, [0 3aJIeKHUTh BiJ] TAKUX (PAKTOPIB:

Tabaunsa 3

IlpuBenenuii koedilieHT Tapu(y Ha eJTeKTPOEHEPTiI0

. 2 E
Kpalia s £ : g B 5 g ElE S g2
ak = = ¢ - JE | 22%
. 2= 7 : 13
O [% e ©
JTrokcemMOypr 0,177 24,7 75990 4924,14 2,16 3,59
[IBerist 0,185 36,1 61610 4405,48 2,78 4,2
Hinepnauau 0,195 35,6 51890 4030,08 3,48 4,84
Dpaniis 0,163 34,3 42960 3821,29 3,51 4,27
ABcTpis 0,201 37,2 49670 3729,41 3,75 5,39
Benbrist 0,213 14,5 47260 4556,67 4,17 4,67
Benuka Bpuranis 0,212 4,8 43430 2984,87 4,52 7,1
Janis 0,307 58,4 61310 5843,48 4,64 5,25
Ipnanmis 0,243 18,8 46550 3850,85 4,83 6,31
Himeuunna 0,295 51,5 47640 3975 5,73 7,42
CrnoBeHis 0,159 29,3 23580 2101,69 6,24 7,57
EcTonis 0,13 27 19030 1200 6,33 10,83
Yexis 0,127 18,3 18370 1121,17 6,40 11,33
Irasis 0,245 38,5 34270 3153,96 6,62 7,77
Vkpaina 0,026 24 3560 156 6,76 16,67
I'perist 0,176 31,5 22680 1772,31 7,19 9,93
Icnanis 0,231 21,4 29440 2470,59 7,27 9,35
JIutBa 0,125 30,4 15430 748,94 7,50 16,69
CroBauyunna 0,15 18,8 17750 1176,47 7,82 12,75
VYropuriaa 0,113 21,3 13340 960 7,84 11,77
Xopsaris 0,132 23,5 12980 1261,02 9,42 10,47
[Monbma 0,145 22,1 13690 1066,67 9,81 13,59
JlatBist 0,163 33,8 15280 896 9,877 18,19
[Mopryramis 0,228 49,5 21360 1587,4 9,883 14,36
Bosrapis 0,095 16,7 7620 510,92 11,54 18,59
PymyHis 0,13 28,9 9520 590,77 12,64 22,01
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— TlepBuHHI eHepropecypcHu Ta IliHaA Ha
HuXx. HeoOxinHO BpaxoByBaTH, IO 3HUKEHHS
I[iH Ha MEPBHHHI €HEPropecypcu HE 3aBXKIU
3YMOBJIIOE aBTOMATUYHE 3HMKEHHA ILIH Ha
elekTpoeHepriro. Tak, He3BakaroyW Ha 3HU-
KEHHS 1[IH Ha NPUPOJHUI ra3 y 3B 53Ky 3 Ma-
TiHHSIM 1iH Ha HadTy 3 2014 p., a Takox mepe-
BHUPOOHUIITBO  €JIEKTPOEHEPTii  €BpONEHCHKI
CIOKMBa4l HUHI CIUTAYyIOTh 32 HAJAaHUHA 1M
pecypc OinbIne. 3rigHo 3 PiYHUM 3BiTOM Are-
HTCTBAa IO CIIBIpalli OPTaHiB peryJtOBaHHS
enepretuku (Agency for the Cooperation of
Energy Regulators) cepenni paxyHku s mo-
OyToBUX crnokuBadiB €C Ha eJIeKTpOEHEPTII0
30impIiucs Oinmbine HiK Ha 2 % y 2015 p.
nopiBHsiHO 3 2014 p. 3BOpOTHIN 3B’SI30K € pe-
3yJIbTaTOM PO3IIUPEHHS TMOCTIHHUX BHUTpAT,
30KpeMa TMOAATKiB, CyOCHIIyBaHHSI TMPOEKTIB
PO3BHUTKY BiJHOBIIOBAIBHUX JDKEpEN €Heprii,
3MIiH B 3aKOHOJIaBCTBi, HasIBHOCTI PEryJbOBa-
HUX I[IH Ta BIJCYTHOCTI KOHKYpEHIIi B OKpe-
MHX KpaiHax.

— HasBnicTh BnacHOi reneparmii Ta ii co-
6iBapTicTb. OHUM 13 BOXIMBHX (PAKTOPIB IIi-
HOYTBOPEHHSI Ha PUHKY €JIEKTPOCHEpTii € Hasi-
BHICTh BJIACHOI reHeparlii, ika € OCHOBHHM Ba-
pTiCHUM eneMeHTOM (OpMyBaHHSA 1iHU Ha
€JIEKTPOEHEPTi0. BibIIICTh KpaiH MalOTh pi3-
Hi BUJM TeHepalii, [0 B pe3ynbTaTi BILIMBA€E
Ha ii BapTicTh. OCKUTbKH COOIBAPTICTH BUPOO-
HUIITBA €JIEKTPOEHEPrii BiJPI3HAETHCS 3aJIeXK-
HO 1 BIJ TUIy €JEKTPOCTaHIIH, 110 BUPOOIS-
I0Th €JIEKTPOEHEpPrito, 1 BiJ BapTOCTI MO3HM-
KOBHX KOIITIB Ha iX OyAIBHUITBO Ta €KCILIya-
Talilo, JIOTIYHMM € TE€BHHM  Jiama3oH
PO3XOKEHHS 1LIH. 30KpeMa coOIBapTICTh Te-
Hepalii enekrpoeHeprii y Himeuuusi 3 Byriji-
a5t ctanoBuTh $38 3a MBT-TO1., 3 MPUPOIHOTO
razy — $89 3a MBrt-roxa., BitpoBa — $77 3a
MBrT-ron., consuna — $92 3a MBrron.; y
®panuii 3 aromHoi eHeprii — $50 3a MBT-roz.;
y Benukiit bpuranii 3 atomuoi eneprii — $64
3a MBtrox., BitpoBa — $94 3a MBrrOn.; ¥
[Mopryranii constuna — $74 3a MBr-ron., Bit-
poBa — $61 3a MBT-rox.

— Po03BHTOK BiTHOBIIOBAILHUX JDKEPEI
e”eprii. Ha xoHdirypamiro 1iH Ha eleKTpoe-
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HEPrit0 OCTaHHIMHM POKaMH BIUTMBAE HE TUIBKU
KOJIMBAaHHS I[iH HAa MEPBUHHI €HEPrOpecypcH,
asie i pO3BUTOK BiAHOBIIOBAHOI E€HEPreTHKHU.
Amnaini3 cTpaTeriyHuX 1 NPOrpaMHHUX JOKY-
MeHTiB €C 3acBiuye npo OyAiBHUITBO A€l
OUTBIIOT KITBKOCTI CTaHIIH, 110 BUPOOISIFOTH
“gucty” eHeprito. IlepeBaxxHo OYIIBHUIITBO
BITPOBUX Ta COHSYHMX €IEKTPOCTAHIIIN 31iiic-
HIOETBCS 1 32 PaXyHOK CYOCHIIIN, IO BUILIA-
I0ThCSl 3 OIO/DKETIB PI3HUX PIBHIB KpaiH, 1 3a
pPaxyHOK MiABUINEHHS Tapu(iB I KIHIIEBUX
CMOXHBayiB. Y pe3ynbTaTi, came B KpaiHax,
0 HAHOUIBIII aKTUBHO MIATPUMYIOTH PO3BH-
TOK BiJHOBIIOBAIBHUX JpKepen eHeprii — Jla-
Hist, Himeuunna, I1IBewisa, — HalBUIIOIO € KiH-
IIeBa BAPTIiCTh €JIEKTPOCHEPTii.

— Bapricte ceptudikariB Ha eMicito
CO, . Huska kpain mij yac GopMyBaHHs KiH-
1IEBO1 I[IHU Ha €NEKTPOCHEPTil0 BPaxoBY€ IO-
natok Ha Bukuau CO, . IluranHs edekTUBHI-

IIOTO BUKOPHCTAHHS €HEprii, 3MEHILCHHS 3a-
JIEKHOCTI BiJ BHKOIHHX BHMIB ITaJIMBa, BHKO-
pPUCTaHHS BiJHOBIIOBAJBHHUX JDKEpEN €Heprii
ta 3MeHIIeHHa emicii CO, Oynu nopyuesi

€Bporneiicbkoro komiciero y 3Biti “Facing the
Challenge of Higher Oil Prices” (COM (2008)
384)11). lns xpain €C BaKJIMBOIO € €KOJIOTi-
YHICTh BUPOOHUYOIO MpoOIleCcy — Mepexiz 3 na-
JMBa 3 BEJIMKUM BMICTOM CIpKHM Ha Tra3, a Ta-
KOX BCTAQHOBJICHHSI OYMCHOTI'O OOJIaJlHAaHHS Ha
eHeprooJoKax (mepeayciM Ha BYyTUIbHUX).

— MepexeBl BUTpaTH, IO 3ajexaTh Bij
TEeXHIYHUX XapaKTEPUCTUK, PIBHS MIJKIIOYECH-
HS CIOXMBaya JI0 eHeproMmepexi. Bucokuit
pPiBEHb 3HOCY €HEproreHepyruuXx 1 repenaBa-
JBHUX MOTYXXHOCTEH MoTpedye X MacmTaOHOT
MOJIepHi3allii, 10 TpU 3alJaHOBaHIM Ji0e-
paizanii HiHOyTBOPEHHS BUKJIMKAE CTaJe 3pO-
CTaHHS I1H Ha €JICKTPOCHEPTIIO.

Jlo HaBeneHUX (PaKTOpiB, 110 BIUIMBAIOTH
Ha (OopMyBaHHS LIIHU Ha €JIEKTPOEHEPrito, Ba-
KIJIMBO JIO/IaTH DPIBEHb 3araJbHOEKOHOMIYHOI
KOH IOHKTYPH SIK CBITOBOI, TaK 1 HAI[lOHAJILHOI,
sKa BIUIMBAa€ Ha BEIMYUHY Ta CTPYKTYpy IO-
MUTY 1 MPOIO3ULIli HA €JIEKTPOCHEPTi0 Ha Ha-
LIOHAJIBHUX PUHKAX, HASBHICTh HAJIHIIKOBUX
MOTYXKHOCTEH, reorpadiyHe po3TallyBaHHS
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KpalHH, HasBHICTh CIIEKTPHUYHHX MEPEK, BU-
TpaTh Ha OXOPOHY HABKOJIMIIHBOTO CEpelo-
BHIIIA Ta IMOToaHI ymMmoBH [12].

ExoHomiuHe OOTpYHTYBaHHS 1 QJITOPUTM
peanizaiii pe3ynbTariB qociipkeHHs. B Ykpa-
HI eNEeKTPOEHEePreTuKa € JOCUTh PO3BUHYTOIO
rajy33i0 sKa 3aCTOCOBYE BCi BHIM TeHeparii
eJIeKTpOoeHeprii. 3a JaHUMHU LEHTPY 3 MpodIIeM
MAJIMBHO-EHEPTETUYHOTO Komruiekcy [14],
CTPYKTypa Ta JWHaMiKa BUPOOHMIITBA €TIEKT-
poeHeprii B YKpaiHi XapakTepu3yeTbcs TaHH-
MU HaBEJCHUMH B Ta0II. 4.

Posnonin obcAriB renepartii eaekTpoeHep-
rii 3a BUAaMu HaBeJeHo Ha puc. 1.
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AHali3 HaBeIEeHMX JaHWX IIOKa3ye, MI0
HallOibIe  eJIEKTPOeHeprii  BHPOOIIAIOTH
aTOMHI 1 TerIoBi enekTpocTaHIi. Bei iHmm
BHUJIM TeHepallii 3a0e3nedyloTb BUPOOHHUIITBO
mumie 13 % enexTpoeHeprii BiJl 3arajibHOTrO
o0csry. IIpu mpoMy Mae Mmiciie TEHJACHIlS Ha
3MEHIIICHHSI CIIOXXHBAHHS EJIEKTPOCHEPTil sKe
BiOyJIOCS, TIEPEBaXKHO, 32 PAXyHOK 3MEHIICH-
Hsl CIIO)KMBAHHS TIEPEPOOHOI0 MTPOMHCIIOBICTIO
(na 23,2 %), meranypriiiHoto (Ha 2,4 %), Ximi-
YHOIO Ta HATOXIMIYHOI MPOMHUCIIOBICTIO (Ha
1,7 %), KOMyHaIbHO-IOOYTOBUMH CIIOKHBa-
yamu (Ha 2,8 %), HaceneHHsM (Ha 5,6 %).

0,43%

39,73%

. - Atomni exexTpocTanmii (AEC)

- Tenepyrodi KOMHaHIT TEILIOBEX
exextpocrarmii (TEC)

- Tiapoenextpocranmii (TEC),

OKPpIM MATHX

- TizpoeaexTpocTanmii Ma.Ti

- Birpogi eaexrtpocranmii (BEC)
- Conauna enepris

- Inmi

Tenanocexexrponentpani (TEID

Puc. 1 Ctpykrypa reHepariii e1ekTpoeHeprii
3a BUJIaMH B Y KpaiHi

Tabnuug 4
Junamika i cTpyKTypa BUPOOHHITBA eJleKTpPoeHeprii B Ykpaini
8 micsmi 2015 poky 8 micsmi2016 poky +/- mo 2015 p.
kBT %o 0 3ar. kBT %o 0 3ar. MJH. KBT %
o0csTy o0csTy
Bupotueno 104624,3 | 1000 | 99937,9 | 1000 | -46864 | -4,5
€IIEKTPOEHEPTIT BCHOTO
y TOMY YHCIIi:
1pe a TELL 373165 | 357 | 369026 | 369 | -4139 | -11
—TECTK 33524,7 32,0 32854,2 32,9 -670,5 -2,0
— TEI] 3791,8 3,6 4048,4 4,1 256,6 6,8
PEC ma FAEC, 40187 | 47 6203,8 62 | 12851 | 261
i3 HUX:
—T'EC 3885,8 3,7 5151,5 5,2 1265,7 32,6
—T'AEC 1032,9 1,0 1052,3 11 194 19
AEC 57433,9 54,9 51412,2 51,4 -6021,7 -10,5
AnbTepHaTHBHI JpKeperna ) )
(BEC, CEC, Giomaca) 1100,4 11 1035,9 1,0 64,5 5,9
BIOK- CTAHNISIMH T2 3854,8 37 4383,4 44 5286 | 137
IHIIMMU JDKEpeIaMu
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VY BIAMOBIAHOCTI 13 3aPOIIOHOBAHUM ITijI-
XOJIOM JI0 PO3paxyHKy Tapudy Ha eIeKTpoe-
HEPTril0 WOro OCHOBHOIO CKJIAJIOBOIO € COOiBa-
PTICTh i BUPOOHHUIITBA, SIKA CYTTEBO 3AJIEKHUTD
BiJ BUY reHepartii. ToMmy muist miaTBepIKeHHS
JOCTOBIPHOCTI BH3HAYEHHS COOIBApTOCTI BH-
pPOOHMIITBA €JIEKTPOCHEPTii MPOBEAEMO aHaTI3
co0iBapToCTI BHPOOHUIITBA ENEKTPOCHEPTii B
Vkpaini [13, 15, 16] Ha pi3HUX BHOax TreHe-
PYIOUHX YCTAaHOBOK 3 BiAMOBITHUMU TOKAa3HU-
kamu B Pociticekiit @enepartii [17]. Pe3ynbra-
TH TPOBEICHOTO IMOPIBHUIBHOTO aHAJI3y Ha-
BeneHi B Ta0u. 5.

Tabnung 5

Co0iBapTicTh eeKTpoeHeprii B
Ykpaini i Pocii

. Pocis,
Bun renepanii Ykpaina, rpa/(kBt*rox)
enekrpoeneprii | rpa/(kBr*ron) (py6/(xBT*ron))
0,09-0,23
AEC 0.18 (0,20...0,50)
0,1-0,16
TEC 0.45 (0,22...0,35)
TELL 0,46 0,17 (0,36)
0,07-0,09
T'EC 0,16 (0,15...0,20)
0,14-0,69
CEC 0,97 (0,30...1,5)
0,14-0,41
BEC 0,36 (0,30...0,90)

HaBeneni mani moka3yroTh, 10 coOiBap-
TICTb €JeKTpoeHeprii B YKpaiHi ICTOTHO BUIIIA,
a Ha OKPEMHUX BHJIaX T'€HEPYIOUUX YCTAaHOBOK
B3arajii BIApI3HSETbCA B JEKUIbKA pasiB, He-
3Ba)Kalo4u Ha Te, 10 YKpaiHa 3HAaXOJUThCS B
OUIBbII CHPUATIMBUX KIIMaTHYHHUX YMOBax.
Takuii pe3ynbTaT MOPIBHSAHHS CBIAYUTH IPO
Te, 110 B YKpaiHi reHepyrodl KOMIaHii 3acTo-
COBYIOTH 3aBHIIEHY COOIBApTICTh €NEKTPOCHE-
prii NpakTU4YHO 3a BCiMa BUJAaMM reHepallii, a
JaHi Tabs. 5 J0CTaTHhO 00’ €EKTUBHO (3 IEBHUM
3armacom) Bi10Opa)karoTh peajibHI BUTPATH Te-
HEPYIOUUX KOMIIaHili Ha BUPOOHUITBO €JIEKT-
poeHeprii 1 X MOXHa BUKOPUCTOBYBATH IJIs
PO3paxyHKy EKOHOMIYHO OOIPYHTOBAaHUX Ta-
pudiB Ha OCHOBI KJIJACUYHOT'O MIAXOAY:
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T,=C,(1+1I1,)(1+10, )(1+IL,), (2
ae C, — coOiBapTiCTh BUPOOHULITBA €IEKTPO-
eneprii; Il — piBeHbp HmpuOYTKYy IeHEpYHOUUX
KOMIIaHIH, HHB — CTaBKa MOJATKy Ha HOHAHY
Bapricts, I — mpubyrok kommanii mocrada-

JTHHUKA.

Ha ocHOBI 3alpOnOHOBAHOrO MIiAXOIY
MPOBEAEMO PO3paxyHOK TapudiB mist Hinpo-
NeTPOBChKOI oOsacTi. EHepris mis HacelneHHs
Hagxoauth 3 [pumninposcebkoi TEC, Kpuso-
pizekoi TEC, a Takoxx OJIMIKHIX CTaHIIIH, OCKi-
JBKU €Heprii HEeAOCTaTHBO IJISi 3a/I0BOJICHHS
noTped HaceneHHs. CoOiBapTICTh €IEKTpoe-
Heprii Ha TEC cranoButs 45 xom/kBt*rog.,
piBeHb NPUOYTKY TreHepyrouoi KoMIaHii —
25 %, piBeHb IPUOYTKY KOMIaHIi MOCTayallb-
auka — 20 %. Toxi Ha OCHOBI KJIACUYHOTO ITi-
JXOy JI0 I[IHOYTBOPEHHs OyJIeMO MaTu TaKy
00’€KTUBHO OOTPYHTOBaHY BEIWYHHY Tapudy
U1l HACEJICHHS:

Tree =0,45(1+0,25)(1+0,2)°
=0,81 rpu/kBr*roz. 3)

AHami3 ke mirounx TapudiB mokasye, Imo
I[IHa Ha €JICKTPOCHEPril0 3HAYHO BHINA, a BiJI-
MOBiTHO TMPHUOYTKOBICTh JAHOTO BUIY IisiI0-
HocTi cknaaae oOinbmie 50 %. TobTo mepxasa
yepe3 YIMOBHOBaKEHUU 1HCTUTYT — Hariona-
JbHY KOMICIIO 3 MUTaHb PEryJIOBaHHA B ce-
pax eHepreTMKd Ta KOMYHAJIbHHX IOCITYT
(HKPEKII), mae 3Ha4HO MOCHIUTH POOOTY 3
T1JIBUIIICHHS] €HEPreTUYHOi Oe3MeKu JeprKaBu
3a paxyHOK BIIPOBA/KEHHS 00 €KTMBHO 00-
I'PYHTOBaHMX Tapu(iB HA €IEKTPOEHEPTIIO.

3ayBa)kUMO, 110 B HABEJCHUX PO3paxyH-
Kax HE BpaXxOBaHO BIUIMB Ha COOIBapTICTh yac-
TKH BUpoOHMITBa enekrpoeHeprii Ha TEC y
BIIHOIIIEHHI /IO 1HIIMX BUJIB TeHeparii. s ii
BpaxyBaHHS HEOOXIJHO MPOBECTH YCEPEIHEH-
Hs co01BapTOCTI BUPOOHUIITBA €JIEKTPOEHEPTii
3a PI3HUMH BHUJAMHU TeHepamii 3a JaHuMH
Tabmn. 5. Pe3ynmpTatH po3paxyHKIB cepeaHbOi
BapTOCTI €JEKTPOEHeprii y BiAMOBIIHOCTI 13
3arpONOHOBAaHUM aJITOPUTMOM Ta 3 ypaxyBaH-
HSM HasBHHMX BMJIIB IeHepalii 1 iX 4acTKu y
o0csirax BUpOOHUIITBA HaBe/IeHI B Ta0II. 6.
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Jlani HaBeneHi B TabJ. 6 TOKa3ylOTh, IO
yCEepEeHECHA BapTICTh CICKTPOCHEPTil Ha Tep-
BHHHOMY PHHKY ckianae 46 korm/kBt*rom 3a
PaxyHOK JOCTaTHBO BUCOKOi €()eKTUBHOCTI Ta
BEJIMKOI YaCTKM aTOMHOi €HEpPreTUKU B 3ara-
JBHOMY 00Cs31 TeHepamii eleKTpoeHeprii.
ToOTo po3paxyHKOBa BapTICTh Maiyke B 2 pa3u
MEHIIIE JiF0YnX TapuQiB HA €IEKTPOCHEPTIIO.

[TocraBka enextpoeneprii B Ykpaini 3apa3
HE Ma€ KOHKYPEHTIB 1 MPAaKTUYHO € MOHOIOJI-
€10. Lle € BemMKUM HEIOJIIKOM, OCKUIBKHU IIIHU
HE MalTh 3JI0pOBOI KOHKYpeHIii. 3a iHaHCO-
BuM 3BiToM 2016 poky Ykpenepro [18] mae
€KOHOMIYHI TTOKA3HUKH 3 TIOCTAaBKH €JIEKTPOe-
Heprii HaBelleHI B Ta0JI. 7. 3 HaBEICHUX JTaHUX
Tabu. 7 ciiaye, mo Tapud Ha mepeaavy eleKT-
poeneprii Ykpenepro na 2016 pik, sxuii cta-
HOBHUTH 6,230 kom/kB-rox. A cobiBapTicTb
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€JICKTPOCHEPTii ISl CIIOKUBaYiB, sika Oyia po-
3paxoBaHa B JaHiii poOoTi, ckianae 46 Korri-
fiok. Skmio no miei cymu nonatu e tapud Ha
TPAaHCHOPTYBaHHS €JEKTPOCHEPTii 10 obJeHe-
pro i BIIOKpPEMJICHHUX IMiAPO3/iIiB, TO OTPUMY-
emo 52,23 kon./kBt-roa. BpaxoByrooun peHra-
oenpHicTh 1 [1/IB, a Takox HakIagHi BUTpATH
Uil KOMIaHid oOneHepro, mMaemo Tapud Ha
enektpoeneprito 75,21 kom/kBt-roa. Tobrto
IOTO Tapudy MOCTATHHO JJISi MOKPUTTS BH-
TpaT, a TAaKOXK JIJIsl PpEHTA0CIIbHOCTI BUPOOHHII-
TBa. 3BUYAHO, HABEACHI PO3PAXYHKHU MiJIs-
rarTh JI0JIaTKOBOMY YTOUYHEHHIO, aJle OUEBHU/I-
HO, IO Cy4yacHi Tapu(u Ha €NEeKTPOCHEPTIIO €
HEJIOCTaTHhO OOIPYHTOBAHMMH Ta 3HAYHO 3a-
pumeHnmMu. Tomy HKPEKII BapTo 3BepHYyTH
yBary Ha LIHOYTBOPEHHs Tapu(iB B €IEKTPO-
€HEepETHIIi 1 MPOBECTHU BIATOBIAHI PO3PAXyHKH.

Tabnunsa 6
Po3paxyHok Tapudy reHepyroyux KoMIaHiii Ha eJJeKTPOeHEPrilo
S |55 23| 8| g |EEif 2
5 | £2 888 o | & |88%8 &
o st | E&Y| H s eE &
S ° v T = = @ ©
2 5| &R 3| X
1 2 3 4 5 6 7
AEC | 0,18 0,05 0,05 | 0,27 0,47 0,13
TEC | 0,45 0,11 0,11 | 0,68 0,40 0,27
TELl | 0,46 0,12 0,12 | 0,69 0,07 0,05
I'EC | 0,11 0,03 0,03 | 0,17 0,06 0,01
CEC | 0,97 0,24 0,24 | 1,46 | 0,004 | 0,006
BEC | 1,40 0,35 0,35 | 2,10 | 0,001 | 0,003
Cepennst BapTicTh enekTpoeneprii (rpu/kBr*ron) 0,46
Tabnunsa 7
®dinancoBumii 3BIiT YKpeHepro 3a 2016 pik
OIS 11 micsiB )
BuMipY 2015 p. 2016 p. Bimxunenns %
[lepenano enekTpoeHeprii Ma- MUIH
riCTpaJIbHUMHU MEpeKaMu ’ 109705,057 | 100189,066 —9515,991 91,3
. kBt*ron
Ykpainu
Bapricts mocnyr 3 nepenaui
eJIEKTPOCHEprii (ToBapHa IMpo- | MIH. TPH 4801,744 6241,928 1440,184 130,0
JLyKLLis)
Tapu¢ Ha nepenauy enexTpo- oI/
eHeprii (3TiIHO TOCTaHOBU B ) 4,377 6,230 1,853 142,3
HKPEKIT) kBTN
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Tomy nmns mibepanizariii €KOHOMIYHOTO
CTaHy B EHEpPreTUYHId Tamy3i A IOYaTKy
MPOTIOHYETHCSI OOpaTH HAMOUIBII TPOCTHH 1
eeKTUBHUN METOJ JIJs BU3HAYCHHS IIHU Ha
TOBapH CTPATEriuHOTO 3HAUYEHHS — KJIACUYHUN
MiIXiT B IIIHOYTBOPEHHI, OCKUIBKH PHUHKOBA
I[IHA € 3HAYHO 3aBUIICHOIO Ta € JKEPETIOM T10-
PYILISHHS CHEPTeTUYHOI OE3MEeKH JIePIKaBH.

Meron mnoBHHUX BUTpar (cobiBapToC-
Ti) OJIAiTa€ B PO3paxXyHKy LIHM Ha 0a3i BCiX
BHUTpAT, $5Ki, HE3aJICKHO BiJ TOXOKEHHS,
CIUCYIOTBCS HA OJUHUIO BUPOOY. Takum 4uu-
HOM, IliHa BKJItOYa€e peajbHy ((pakTuyHy) mOB-
Hy co0iBapTicTh BUpOOY 1 HanbaBKy — IIbO-
BUii puoOyTOK. /[0 BUTpaT HanekaTh 3MiHHI Ta
MOCTIiHI BUTpATH.

i yKpalHCHbKUX MiJMPUEMCTB caMme Iei
METOJI € HalbiIbI XapakTepHuM. Moro mupo-
KO BUKOPUCTOBYIOTh B TOPTiBIli, OYJiBHUITBI,
OJMHUYHOMY BHUPOOHMIITBI, TPH IIHOYTBO-
peHHI Ha a0COJIFOTHI HOBWHKH, Ha TOBapH
3HIDKEHOT KOHKYPEHTOCIPOMOXKHOCTI, TpajIu-
iiHI ToBapu Ta iH. BomHowac BiH Mae i cBO1
HeHONIKH, Ta0u. 8. YV OUIBIIOCTI BUIIANKIB IIEH
METO]l 3aCTOCOBY€ETHCS JJIi BU3HAYCHHS MiHi-
MaJbHOI IHH (IOBrOCTPOKOBOI HW)KHBOI Me-
k1), Ky MOTIM Tpeba CHiBBIAHECTH 3 PUHKO-
BHMHU YMOBaMH.

3a paxyHOK MpO30pOCTI y BCTAaHOBJEHI
€KOHOMIYHO OOIPYHTOBAHOi I[IHU Ha TOBAp
METOJl TOBHUX BHUTpPaT Ma€ BHUKOPUCTOBYBa-
THUCH y SIKOCTI OCHOBHOTO B CHCTEMI I[IHOYTBO-
pPEHHS TIpH TPOBEJEHHI TOPTOBEIHHUX Olepa-

IlepeBaru i HegoJTiKH
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11, 1110 Oy/1e CIPHATH BCTAHOBJICHHIO ITUBLITI-
30BaHUX EKOHOMIYHUX BIJIHOCHH.

BucnoBok

B pesynbrati aHanmizy JOCHTIKEHHS pUHKY
eJIeKTpoeHeprii Oysi0 BCTAHOBIEHO, II0 MOHO-
moJrizalis, sKka 3apa3 € JOMIHYIOUOIO B JaHIl
00J1acTi, JIOCUTh HEraTUBHO Big0OpakaeThCs
Ha LIHOYTBOPEHHI €JIEKTPOEHEprii, OCKIIbKU
BUKJIIOYA€E OyIb-sKe KOHKYPEHTHE CepelOBU-
mie. B Toif e yac B MpoBiTHUX KpaiHax CBITY
came KOHKYPEHIIiSl € THM CTUMYIIOI0UUM (ak-
TOPOM, SIKHI CTUMYJIIO€ PO3BHTOK JAHOI raiy-
31. [Ipu upomy B YkpaiHi coOIBapTICTh €IEKT-
pPOCHEpPTii € ONHIE 13 HAWHWKYMX 3-TIOMIXK
yCiX €BPOIEHCHKUX KpaiH, ane 1 HaWHWKIUMU
€ TaKi BaroMi MOKa3HUKH, K PiBEHb CEPEIHBOT
3apo0iTHOT matu 1 pisenb BBII Ha gymy Ha-
CeJICHHS, SIKi TAaKOK HEOOXiHO BpaXOBYBAaTH.

B npaniit po6oTi mokazaHo ehEKTHBHICTbH
BUKOPUCTAHHS KJIIACUYHOTO MIAXOMy ISl BH-
3HaueHHS Tapu]iB Ha EJIEKTPOEHEPrito 3 ypa-
XyBaHH:M i c00iBapTOCTI 1 TOCTATHHOTO PiBHS
pPEHTA0ENbHOCTI JaHOTO BHUAY BHPOOHMIITBA.
Taxuii miaXig IpOMOHYETHCA B SIKOCTI 0a30BO-
ro s hopMyBaHHS Tapu]iB HA €JIEKTPOEHEP-
riro. B po0oTi 3ampornoHOBaHO BUKOPUCTOBY-
BaTU MpuBeJeHUI KoedilieHT Tapudy Ha elne-
KTPOEHEPTilo, KUl BU3HAYa€ BIJHOLIEHHS Ta-
pudy 10 piBHS cepeAHbOI 3apOOITHOI MIaTH Ta
piBHa BBII Ha nymry HaceneHHs.

Tabnuosa 8

METOAY IMOBHUX BUTPAT

[lepeBaru MeTory HOBHHX BUTpAT

Hepmomiku MeToxy OBHUX BUTpAT

— IIpocToTa 3acTOCYBaHHS, OCKIJIBKM HE MOTPI-
6Ho GaraTo iHpOpMarii

— IToBHa mpo30picTh AN BUPOOHHKIB, CIIOXKH-
BayYiB 1 KOHTPOJIIOIOUUX OpPTaHiB

— CripaBeIIMBICTh IIIHU IO BiJHOIICHHIO 1 JIO
MOKYTIIiB, 1 O MPOJABIIB, OCKUIBKH MPHU BUCO-
KOMY TOIHUTI MPOJaBLI HE 30aradyroThcs 3a pa-
XYHOK TIOKYTIIIB 1 BOJHOYAC OTPUMYIOThH CIIpa-
BEUTMBY HOPMY NIPHOYTKY.

—BiH rpyHTyeThCs Ha (PAaKTHYHHX BUTpaTax
HiATPUEMCTBA, a HE HA OYIKYBaHHUX (IUIAHOBHUX,
NpOTrHO3HMX). Ha mpakTuil  Maixe 3aBXKIu €
BUTpPATH, 5K TpU 30yTi MPOOHOI mapTii mpoay-
KIIii He BUSBIISIFOTHCS.

— He BpaxoBye 3B’430K L[IHU 3 PIBHEM IOIUTY
Ta IHIIMMHU HIHOYTBOPIOIOYUMH (PaKTOpaMHU.

— SIKmo BUpOOHUITBO MYJIBTUIIPOAYKTOBE, TO €
MeBHA CKJIQJHICTh BiTHECEHHS IMOCTIHHHUX BH-
TpaT Ha KOHKPETHI BUIH MPOIYKIII.
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dopmMyBaHHs Tapu(]iB Ha €IEKTPOCHEPTIIO
Hapasi 3aJUIIAETbCA MPOOIEMHUM MUTAHHSIM,
OCKUTBbKY BCTAaHOBJICHA I[iHA HE MA€E MPO30POT0
€KOHOMIUHOTO OOTpyHTYBaHHs. ToMy nepkaBa
yepe3 HKPEKII mae 3a6e3neuntu mpo3opicTh
Ta OOIPYHTOBAHICTh LIHOYTBOPEHHS B JaHIN
rajysi.
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EJEKTPOMAT'HITHA CYMICHICTD HA 3AJIIBHUYHOMY
TPAHCIIOPTI

YK 629.4.012

laBpwmok, B. . Ornsan kpuBUX rajabMyBaHHS €BPOMEHCHKOI CHCTEMH YIPABIIHHS IOI3I0M
ETCS / B. I. T'aBpuiiok // EnekrpoMartitHa CyMiCHICTB Ta Oe3leka Ha 3a1i3HHYHOMY TPaHCIIOP-
Ti. — 2017. — Hom. 13. — duinpo: Bun-so IHY3T, 2017. — C. 11-109.

MeTo10 cTaTTi € MPOBEACHHS OISy KPUBHX TajJbMyBaHHS €BPOIEHCHKOI CHCTEMHU YIpaB-
ninag noizaoM ETCS BianoBigHO 10 MpUWHATHX B €BpoI crienudikarii.

Xoua cnenudikanii ETCS BcTaHOBIIOIOTH OCHOBHI MPUHIIMITNA KPUBUX TalbMyBaHHS 1 TOB'SI-
3aHy 3 HUMH 1H(POPMAIIiI0, IO BiI0OpaX)aeThCs MAIIUHICTY, aje J0 CUX Mip HEMae y3roKeHUM -
HOTO METOAY iX OOYHMCIICHHS. 3a BiJICYTHOCTI OYIb-IKHUX BUMOT, aJITOPUTMHU MOCTABIIHMKIB OOp-
toBoro oomnagHanus ETCS npu3BoasTh 10 pi3HUX rajJbMiBHUX BiJICTaHEH JJIsl JAHHOTO THILY PY-
XOMOTO CKJIany. JIms TpaHCKOPIOHHUX TOI3/1iB BIIMIHHOCTI B HAIIOHAIBHUX MPaBUJIaX BUMara-
I0Th 3aCTOCYBaHHA B TOKOMOTHBHOMY oOnanHanHi ETCS kinbkoxX HalliOHaTbHUX KPUBHX Tallb-
MyBaHHS.

OcHoBHi ocobmuBocti mozeni rampmyBaHHs ETCS po3rnsHyTi B cTarTi, BKIIOYAIO4M CIi-
Jyt0ul OCHOBHI MUTaHHS: OCHOBHUN MPUHIUN 3a0e3MeYeHHs Oe3MeKn pyXy MOi3/1iB, IpU3HAUCH-
Hs Ta OCHOBHI TUNHU KpuBuX raneMyBaHHs ETCS, Bxiani mapameTpu Uis po3paxyHKy KpHBOi ra-
JbMYBaHHS, KOHCTPYIOBaHHS KPHBOi €KCTPEHOTO 1 rapaHTOBAHOTO aBapiHOTO TraIbMyBaHHS.

OcHoBHMIT npuHIMI 3a0e3nedeHHs Oe3MeKn pyxXy Moi3/iB 3aCHOBAaHWM Ha iX POAUICHHI ITi[
qac pyxy (ikcoBaHUMH OJIOK-AUISHKAMHU (A1 3BUYAMHOI CHUTHAJIBHOI cuctemu) abo OJok-
nustHKamMu 13 3MiHHAUME MeskaMu (st ERTMS/ETCS piBas 3).

Jnst 3abe3neueHHs nuX NMpUHOMIIB Oe3nekn 6oproBuii komm'totep ETCS moBuHeH mporHo-
3yBaTH 3HIMXKEHHS MIBUJIKOCTI PyXy IMOi3/1a, TPYHTYIOUUCh Ha MAaTeMaTUYHIN MoJenl JUHAMIKU
raJibMyBaHHS 013712 1 XapakTepucTukax komii. L{eif mporuo3 3HMKEeHHS MBUIKOCTI B 3aJI€KHOC-
Ti BiJI Bi/ICTaHI Ha3MBAETHCSI KPUBOIO TraJIbMyBaHHs. MiHIMaNbHUI iHTEpBaJ MiX T0i3/1aMH B CH-
CTeMi aBTOMAaTU4YHOI O€3MeKH MOi3/liB BU3HAYAETHCS MiHIMAIbHUMH MOBHOBXCHHIMH Ha PYX,
K1 BKJIIOYAIOTh B c€0€ TOUHICTh 0/IOMETpPa, Peakililo MalIMHICTa, Yac peakiii CUCTeMHU Oe3MeKH
moi3ga, Yac BKIIIOYEHHS TaibMma. KpuBa TajgbMyBaHHS MPOTHO3YE OOPTOBUM 0OJaIHAHHIM
ERTMS/ETCS 3HMXeHHs LIBUAKOCTI pyxXy B 3asexHocTi Bij BiacTaHi. ETCS koHTpostoe sk mo-
JIOXKEHHS, TaK 1 IBUAKICTb MO13/1a, U TOT0, 00 iX 3HAYEeHHS 3aBXKAM 3aJIMIIAIKCS B JOMYCTHU-
MHUX MexXax, 1 B pa3i HeoOxinHocTi ETCS Oyne ynpaBisTé ragbMiBHOIO CUCTEMOIO, TAKMM YH-
HOM, 1100 YHUKHYTH PU3HK MTEPEBHUIICHHS T0i3/I0M JOMYyCTUMHX MEX.

B poGoti po3rnsiHyTi OCHOBHI KpuBi raneMyBanHs ETCS Ta KOHTpoJIbOBaHI IpaHWYHI 3Ha-
YEeHHS KpUBUX raJIbMyBaHHS, KOMaHAM JIO3BOJIY PyXY 1 3aKIHUEHHS J03BUI pyXy, IpoQiIb IIBU -
KOCTI 3 HAOUIBIIMMU OOMEXEHHSIMHU, KOHTPOJILOBAHE MICII€ PO3TAITyBaHHS 1 T.JI.

Po3rnsiHyTO BiAMIHHOCTI TaJbMyBaHHSI Ha CyXHUX 1 MOKpUX pelikax. ['ambMyBaHHS Ha CyXHX
peiikax MOPIBHSHO JIEKO MPEJCTaBUTH CTaTUCTUYHOIO MOJEIUIIO, SIKa BPaXOBY€E AMCIEPCIIO Xa-
PaKTEepPUCTUK TaJbMyBaHHA. AJle HA MOKpUX pelikax (i3u4Hi SBUILA, SIKI BUHUKAIOTH MPH Tajlb-
MYBaHHI, HAJJ3BUYAifHO CKJIAIHO MOJICIIOBATH B TEEPIlIHii yac. J{s momonaHHs UX TPYIHO-
IIiB PO3IJIHYTI J1Ba PI3HUX KOPUTYBAIbHUX (PAKTOPH AJs 3a0e3MeueHHs] TapaHTOBAHOTO Tajb-
MYBaHHS PyXOMOTO CKJIAAy.

In. — 7, Tabn. — 0, ciucox jit. — 20 Ha3B.

YK 621.331

I"aBpuitiok, B. I. MopentoBaHHsI po3MOALTy TapMOHIK 3BOPOTHOTO TATOBOTO CTPyMy B peii-
kax / B. . 'aBpuniok // EnexTpoMartiTHa cyMicHICTh Ta Oe3neka Ha 3ajJi3HHYHOMY TpPaHCIOp-
Ti. — 2017. — Hom. 13. — uinpo: Bunx-8o JIHY3T, 2017. — C. 20-27.
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EnextpudikoBaHi 3aJ1i3HULI € OJHUM 3 HAUTOTY>KHIIINUX MIMPOKO-CMYTOBUX JKEPEN 3aBaj B
cucTeMax CUTHami3amii i pamio3B'a3ky. Lle 0co0aMBO akTyaabHO U1 HOBHX THITIB TPAHCIIOPTHUX
3ac001B, OCHAIIEHUX €JICKTPOHHUMHU CTATUYHUMU 3 ITUPOTHO-IMITYJIbCHOIO Moayssiieto (ILIM),
SIKi MOXKYThb CTBOPIOBATH BHCOKOYACTOTHI 3aBaJM B pEiiKax 3 4acTOTOIO JO JCKUIBKOX JCCATKIB
KiJIorepi.

Jlnst 3a6e3nedeHHs enekTpoMarHiTHoi cyMicHocTi (EMC) HOBHX THIIB pyXOMOTO CKIaay 3
CHUCTEMaMHU CHUTHaJi3amii 1 pagio3B'sa3Ky iX MIAAAIOTh MPOIEAYPl IPUMaHHA, KOTpa BKIIOYAE B
cebe BurpoOyBanHs Ha EMC BiAnoBiHO 70 €BPONEHCHKUX 1 HAIlIOHATBHUX HOPMATUBHUX CTa-
HIAPTIB 1 HOPM. AJle TIpU JCSKUX HECHPHUATIMBUX yMOBAaX €KCIUTyaTallli /I MOi3/iB, SAKi Oyiu
yCHIITHO BUIMIPOOYBaHI 1 3HaXOAATHCS B €KCIUTyaTallli pa3oM 31 CTapUMHU TPAHCTIOPTHUMH 3aCO-
0aMM Ha TUX JKe JiHIIX (1HOJ 31 CTAPOI0 CHCTEMOIO EIEKTPOTIOCTAYaHHS ), CTPYM 3aBajl, CTBOPIO-
BaHUIl TPAHCHOPTHUMH 3aC00aMU, MOXKE JIOCATAaTH 3HAYEHb, 110 NEPEBUILYIOTh JOMYCTUMI 3Ha-
YeHHs. B SKOCTI TaKMX HECHPHUATIMBUX YMOB €KCILTyaTarlii MOYKHA PO3TJIsAAaTH 301IbIICHHS Ki-
JIBKOCTI MO13/1iB, HEBEJIMKY BiJICTAaHb MK HpUHMayeM PEHKOBOTO KoJia i TPAaHCIIOPTHUMH 3aCO-
6aMu abo mpuiiMayeM 1 MiJCTaHIIEI0 eJIeKTPONOCTaYaHHs, HU3bKY IPOBIAHICTh peiKa-3emis i
MpoBiaHICT 3emii. s nokasy enekrpomarHiTHOI cyMmicHOCTI (EMC) Mixk pyXOMHUM CKIIQZOM 1
CUCTEMOIO CUTHaJIi3allil HeoOX1IHO TOUYHE MOJIETIOBAHHS PE3YJIbTATiB BUMPOOYBaHb 3 ypaxyBaH-
HSIM KOHKPETHHX YMOB €KCIUTyaTallii.

MeTto0 poOOTH € CTBOPEHHSI MAaTeMAaTUYHOI Ta KOMI'FOTEPHOI MOJIENi PO3MOAITICHHS TapMo-
HIK TSTOBOTO CTPYMY B TSTOBIH Mepexi Mpu JEKIIbKOX TPAHCIOPTHHUX 3ac00ax B (igepHii 30HI.
Lls Momenb sBiiste COOOIO €BOJIIOIIIO 1 CHPOIICHHS MOJENEH, MmpeacTaBieHux panime. Pobota
BHKOHAHA 3 METOIO JI0Ka3y €JEeKTPOMArHiTHOI CyMiCHOCTI HOBHX TI0i3]iB, OCHAIIEHUX €JIEKTPOH-
HUMHU CTaTUYHUMH MEPETBOPIOBAYAMH 3 ICHYIOUHMMHU JIHISIMH €JIeKTPOIIocTayaHHs 1 Oyna BUKO-
pucTaHa npu ix BUMPOOyBaHHSX.

Monens Oyna cripornieHa B Takuid crioci6. JIiHii 3 piBHUME a00 OJIM3BKUMHU OJIMH JO OJTHOTO
MOTEHIliaJlaMi TIPEJICTaBJICHI AK OJHA JIiHis 3 €KBIBAJICHTHUMH EJICKTPUYHUMH MapaMeTpaMu.
3aBaJ TPAHCHOPTHUX 3aC00IB MOEIIOIOTHCS SIK JKEpeNa CUHYCOiIalbHOrO CTpyMy 3 Habopa-
MU YacTOT, sIKi IPEACTaBICHI Ha €KBIBAICHTHIN CXeMi BEKTOPOM CTpyMiB. Po3rmsmamucs TiTbKu
TapMOHIKH 3BOPOTHOTO CTPYMY 3 4YacTOTaMH, sIKi JieKaTh B YaCTOTHOMY Jiama3oHi mpuiimaua
peiikoBoro Kosa. 3a1eHo BiJl LiJdeH MO/ETIOBaHHS, 3HAYeHHs TapMOHIK B34Ti K 3HAU€HHs, BU-
MIpSIHI MiJ Yac BUMIPOOYBaHb M0i3/1a ab0 K MaKCUMallbHI 3HaYEHHs 3aBaJl BIAMNOBITHO /10 HOPM.
Po3nonin rapMoHik TATOBOTO CTpyMy OYJI0 po3paxoBaHO JJisi TATOBOI Mepexi 1x25 kB 3minHOTO
CTPYMY 3 ABOCTOPOHHIM €JIEKTPONOCTAauYaHHIM 1 IIPU 3HAXOKEHHI BiA 1 10 5 TpaHCIIOPTHUX 3a-
co0iB y (imepHoi 30HI. MakcumalibH1 3aBajy Bl TOI3/1iB CTBOPIOIOTHCS Ha JIUISTHKAX, HANOIM K-
YHUX JI0 TIOTATIB, a TAKOXK J0 TOYKH IIKIIOUYEHHS BIJICMOKTYIOUOT0 (ifiepa TATOBOT MiACTAHIT 10
peiiok. 'apMOHIKM TATOBOro CTPyMy B peikax 30UIbIIYIOThCS 31 30UIbIIEHHSIM YMCia MOi3/1iB B
¢biaepHiil 30Hi 1 31 3MEHIIEHHSM MPOBIAHOCTI peiika-3emiis. [HTepdepentiis Ha yacToTi 25 't Ha
JUISHI TOOIU3Y TATOBOI MIJCTAHINT AJIE OJJHOTO JIOKOMOTHBA B (DiJIepHOI 30HI HE MEPEBUIILYE
TPaHUYHOTO 3HaueHHs | A HaBiTh MPH HECHPUATIMBUX YMOBAaX MPH MPOBITHOCTI perKa-3emIs
0,02 Cm/xM. OpnHak, SKIIO KUTBKICTh MOi3/iB 301bmIyeThbes (Bix 1 1o 5), iHTepdepeHtitis Ha yac-
TOTI 25 'l TakoX 30UTBIIYETHCS MPHU TiK K€ €IEKTPONPOBITHOCTI peitka-3emus a0 1,07 A mist
JIBOX JIOKOMOTHBaxX 1 70 1,33 A ans n'aty TOKOMOTHUBIB Y (h1/IepHOI 30HI1, 1110 IEPEBUIIY€E IPAHU-
YHE 3HaUYEHHS CTPyMy 3aBaj B pelkax mpu 25 I'm.

In. — 4, Tabn. — 0, ciucox Jit. — 16 Hass.

YK 621.3.011
bonnap, O. I. MaremarnyHe MOAETIOBAaHHS MEpPEXiTHUX MPOIECIB B YCTAHOBIII PO3MarHiuy-
BaHHS (epoMarHiTHUX aetaneil muninapuuHoi Gopmu / O. 1. bonnap // EnekrpomarsitHa cymic-

HICTH Ta Oe3meka Ha 3aimizHunYHOMY TpaHcnopTi. — 2017. — Howm. 13. — [Tainpo: Bun-so JJHY3T,
2017. - C. 28-30.

119



ISSN 2223-5620 (Print), ISSN 2411-1554 (Online)

AHOTALIT

VY cTarTi npeAcTaBIeHO YacoBi 3aJIe)KHOCTI HANPYKEHOCTI MarHiTHOTO TOJISL IPU PO3MarHi-
YyBaHHI MWIIHAPUYHOTO 3pa3Ky MAarHiTHOTO Marepiaily, a TaKOXX HAIPyTd Ha KOHAEHCATOPI, SIKi
OTPHUMAHO [UIIXOM MaTeMaTUYHOTO MOJICTIOBAHHS.

In. — 2, Ta6un. — 0, cricok iT. — 4 Ha3s.

YK 621.311

XKexenenko, I. B.  BusHauenHs iHACKCY HAIiHHOCTI CHCTEM  €JIEKTpONOCTa4YaHHs /
I. B. XXexenenko, B. E. CapaBac // EnekTpoMarHniTHa CyMiCHICTh Ta Oe3leKa Ha 3aJli3HUYHOMY
tpancnopti. — 2017. — Hom. 13. — {ninpo: Buxa-so IHY3T, 2017. — C. 31-34.

VY crarTi mokaszaHo, 10 OAHHM 3 BaXKJIMBUX MOKAa3HUKIB €HEProe(eKTUBHOCTI € MOKa3HUK
(imaeKc) HamIMHOCTI €IeKTPONOCTaYaHHs, SIKUH XapaKTePHU3y€EThCS 3HMKCHHSIM YacTKU 30MTKY
BiJl MEpepB €IEKTPOIOCTAa4YaHHS Y BAJIOBOMY BHYTPIIIHBOMY MPOIYKTi. PO3rNIsIHYTO mMUTaHHS
OTpUMAaHHS BUPA3Y JJII ONTUMAILHOTO 3HAYCHHS CTYIEHS HAIIHHOCTI 3 YpaxXyBaHHSIM 3HAYCHb
MIPUBEACHUX BUTPAT 1 IX EKOHOMIYHUX 1 eHEPreTUYHUX CKJIa/I0BUX.

[TokazaHa 3HaYMMICTh OLIIHKH 30HMTKY, III0 BUHUKAE yepe3 Opak eNeKTpOeHeprii, MpH BiACYT-
HOCTI aBapiiHOTO pe3epBy. 30UTOK, 00YMOBICHUI HECUMETPIEIO 1 HECHHYCOiTATBHOCTI HAIPYTH,
B CE€peIHbOMY B KiJIbKa pa3iB MEHIIIE MOB'A3aHOr0 3 BIAXUJICHHSIMHU HAMPYTy 1 B HAUOUIBIIINA Mipl
MPOSBIIETHCS B METANypriiiHiil 1 MamuHOOYIiBHIM mpomuciaoBocTi. JlaHa ekcrepTHa OIliHKa
3HAa4YeHb IIOPIYHHUX BTPAT, MOB'I3aHUX 3 HU3BKOIO SIKICTIO €JeKTpoeHeprii B YKpaiHi i B CBITI
BLILJIOMY.

[TigkpecneHo 3HAYYyIIICTh MPOOJIEMU MIABUIIEHHS SKOCTI €JIEKTPUYHOI €Heprii, 3BEpHYTO
yBary Ha MOCHJICHHS POJIi CIIOTBOPEHHS CHHYCOMIATLHOCTH KPUBOI HAIIPYTH y BU3HAYCHHI Ha-
TIIHOCTI €TIeKTPOIIOCTaYaHHs, @ TAKOXK 11 3B'I30K 3 €EKOHOMIYHUMH TTOKa3HUKAMHU PO3BHUTKY Kpai-
HU. [IpakTHYHO BCl MOKA3HUKH SIKOCTI €JICKTPUYHOI €HEprii BIUIMBAIOTh HA HAMIMHICTH 1 €KOHO-
MiYHI TOKa3HUKH €JIEKTPOOOIaJHAHHS 1 B KIHIIEBOMY PaxXyHKY BIUIMBAIOTh HA €EKTHBHICTh (Y-
HKIIOHYBaHHS BCi€l crucTeMu enekTpornocradans. [lokasana BayKIMBICTh B KOHKPETHHX BHIIAI-
Kax MepPEeBUIIECHHS BapTOCTI 3aX0/(iB 11010 KOPEKIii piBHIB HECUHYCOiJATHHOCTI HaJl 3HAYECHHSIM
eKOHOMIUHOro 30uTKy. CPopMysboBaHiI 3HAUEHHS 1HAEKCY HAIIHHOCTI €JIeKTPONOCTayaHHsS B
KOMIUICKCI TTOKa3HWKA €HEePreTUYHOI e()eKTUBHOCTI, HABE/ICHI 3HAUCHHS MUTOMHUX KaIliTAIIbHUX
BKJIAJICHHS B PE3EpPBHY I'€HEPYIOUY MOTYXHICTh. HaBeneHo OLiHOYHI pO3paxyHKH 1HACKCIB Ha-
JIMHOCTI Cy0'€KTIB €IEKTPOCHEPTeTUKU Y KpaiHH.

VY BUCHOBKaxX OOIpyHTOBAHO 3aCTOCYBAaHHS MIHIMYMY NPUBEACHUX BUTPAT SIK KPUTEPIIO OLli-
HIOBaHHS HAIIMHOCTI CUCTEMH €HEProNnoCTayaHHs 3a OJHAKOBOT KUIBKOCTI ONTUMI3AIITHUX 3Ha-
YeHb 1HAEKCY HaIIHOCTI.

In. — 1, Ta6un. — 0, cucox Jit. — 5 Has3s.

YK 656.256.3:621.316.9

Amyk, K. I. locaimxenns poOoTu peiikoBOro Kosia B yMOBaxX HaCHUEHHs KOJIHHUX IpOCEIib-
tparchopmaropis / K. L. Smyk, 1. C. Kypuno // EnekrpomarHiTHa cyMicHIiCTh Ta Oe3reka Ha
3amisangHOMY TpaHcnopTti. — 2017. — Howm. 13. — Tainpo: Bun-so IHY3T, 2017. — C. 35-40.

MeTo10 CTATTI € JTOCTIKEHHS POOOTH KOJOBOIO PEHKOBOr0O KOJia B YMOBAaX HACHYEHHS KO-
JiitHUX pocenb-TpaHcopmaropiB. PedyabraTn. OTpuMaHO 3a€XHOCTI HAIPYTry Ha KOJiHHO-
My OpuiiMadi BiJl BETUYUHU CTPYMY acCUMETPIi JIs1 OMOPIB 130J1A11T Y 3MMOBMI Ta JIITHIN Mepioj
3a YMOBH HAacCHUYEHHS KOJIIMHUX Jpocenb-TpaHcgopmaTopiB. BecraHoBieHo, 1m0 BHAcHiAOK 301-
JIBIIEHHS CTPYMY aCUMETpii MOXe CIOCTepiraTics 3HM)KEHHS Halpyrd Ha KoJiHHOMY IpuitmMaui
HIDKYE TTOPOTY CIIPAIOBAHHSA, IO € BIIMOBOIO PEHKOBOTO KOJIa, YCYHEHHS SIKOI BUMarae 3acTo-
CyBaHHS IIJIOTO KOMIUIEKCY 3axo/iB. HaykoBa HOBH3HA TOJSTa€E y 3aCTOCYBaHHI HEMPSIMOTO
METOJIy PO3PaxyHKy, 10 0a3yeThCs Ha OTPUMAaHHI KOEPIIIEHTIB CXEMHU 3aMillleHHS IPOCellb-
TpaHchopMaTopy A Pi3HUX BEIMYMH MOJYJIIB OMOPIB KOJIa HAMAarHidyyBaHHS, 110 3MIHIOIOThCS
y mpoteci nigmardiyeHHs marHitonposoiB [T moctilinuM ctpymoM. OTpuMaHuii MeToa 1o-
3BOJISIE 3MIIHCHUTH PO3PaxXyHKH HOPMAIBHOTO PEXKUMY POOOTH KOJIOBOTO PEUKOBOTO KOJIa B YMO-
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Bax BIUIMBY CTPYMY acCHMETpii P HACHUEHHI KONMIHHUX Apocenb-TpaHchopmaTopis. IlpakTuy-
HA 3HAYUMICTh. 3aIIPONIOHOBAHUI HETIPSMHIA METOJT MOKE BUKOPHUCTOBYBATHUCS JUIsI KOPETYBaH-
HS PO3PAXyHKIB PEXKUMIB POOOTH PEUKOBUX KT 3 ypaxyBaHHSM HACUUYEHHS KOJIHHUX JIPOCEIb-
TpaHchopMaTopis.

In. — 2, Tadn. — 0, ciucok iT. — 11 Ha3Bs.

BE3IIEKA HA 3AIIBHUYHOMY TPAHCIIOPTI

YK 629.4.012

I'aBpmittok, B. I. Merton BusBieHHs aAedeKTiB pyxoMoi apMarTypd CUTHalIbHOro peine /
B. I. I'aBpumtok // EnmekTpoMarHiTHa CyMiCHICTH Ta Oe3leKa Ha 3aJi3HUYHOMY TPaHCIOPTI. —
2017. — Howm. 13. — duinpo: Bua-so AHY3T, 2017. — C. 42-48.

He3Baxaroun Ha 3Ha4YHU Iporpec B po3poOll MIKPOEIEKTPOHHUX CHCTEM 3ali3HUYHOI aB-
TOMATHUKH, SIKUH CIIOCTEPIraeThCsl B OCTaHHI JECSATUIITTA, PeIeHHO-KOHTaKTHI IPUCTPOI, 5K 1 pa-
HillIe IHUPOKO, BUKOPUCTOBYIOTHCA B 3AJII3HUYHUX CHCTEMax CUTHaJi3alii, siki € OCHOBOIOJIOXK-
HUMU Tt 0€3TMeYHOT eKCIUTyaTallil 3ali3HAIb 1 TOBHHHI ()YHKI[IOHYBaTH TependadyBaHe i Ha-
TIHHO.

Takum 9uHOM, pene CUrHami3allil, 10 BUKOPHUCTOBYETHCS IS KPUTUYHO BXKIMBHX IS TIEKU
a00 ToB's13aHUX 3 0e3MeK0r0 QYHKIIIN B 3aJII3HUYHAX CHCTEMax CUTHAJI3aIlii, Mae HAIC)KHUM UH-
HOM EKCIUTyaTyBaTHCS 1 MepeBipsTHCS, 100 rapaHTyBaTH ix Oe3MeyHy i1 HaliiHy poOOTY MpPOTs-
TOM BChOTO OYiKYBAHOT'O TEPMIHY CIIYkKOU.

3 MeTO0 po3pOoOKH METO/y BUSBICHHS Je(PEKTIB pyXOMOI apMaTypu pelie CUrHasizaiii, 0ymu
JOCTIPKEH1 YacoBi 3aJIEKHOCTI MEPEXiTHUX CTPYMIB MPU MEPEeMHUKaHH1 pesie, M0 3HAXOMINCS Y
PI3HUX TEXHIYHUX CTaHaX, - B p0OOYOMY CTaHi, a TAKOXK 3 IITYYHO CTBOPEHUMH JAedeKkTamu (BU-
TMHAMH) KOHTaKTHUX TPYXHUH. BuMipsHi naHi Oyiu mpoaHaiti30BaHO B YaCOBiM 1 YacTOTHIN 00-
JacTi 3 BUKOpUCTaHHAM Moaudikarii BeiiBier neperBopenns (CWT, DWT, DWPT).

AHai3 nepexiiHuX CTpyMiB IPOBOAMIIN 3 BUKOPUCTAaHHAM CEIMEHTallli CTPYMOBHX XapakTe-
puctuk pene. [lepeximuuii cTpyM pelie Ipu BKJIIOYSHHI HA MEPIIOMY 1 TPEThOMY CETMEHTaX, KO-
TPi BiIMOBIIAIOTh HEPYXOMOMY SKOPIO, 301IbIIYBAaBCS B Yaci IO €KCIIOHEHIIAIbHOMY 3aKOHY.

ITocrTiitHl Yyacy HapOCTaHHS CTPyMy pelle, pOo3paxoBaHi IIJISXOM arpoKCcHUMalii BUMIpSHUX
YaCOBHX 3aJIKHOCTEH MEepexiTHOro CTPyMY B IEPIIOMY CETMEHTI KpUBOI CTpPyMy B OOMOTII pe-
Jie TIpU BKJIFOUEHHI €KCITOHEHIIabHOI0 PyHKITi€r0. HasBHICTD edexTiB pyxoMoi apmaTypu pese
MPAaKTUYHO HE BIUIMBAJIO HA 3HAY€HHS MOCTIHHUX 4acy. OJHAK Il 3HAUEHHsS CUJIBHO 3aJeXalu
BiJl CTaHy MarHiTHOTO KoJjia pejie i 0OMOTKH pejie, a TaKoX BiJl Hapyrd Ha ooMotui pene. Taka
MOBE/IIHKA TOCTIIHOI Yacy pelie Ha MEepIIOMYy CEerMEHTI CTPYMOBOI XapaKTEpPUCTUKH JO3BOJISIE
BUKOPHUCTOBYBATH il 17151 KOHTPOJIIO TEXHIYHOTO CTaHy €JIEKTPOMArHiTHOI CUCTEMHU pelle.

HecnpaBHocTi, BUKIMKaHI Ae(eKTaMu SKOpsS 1 KOHTAKTHUX MPYXHUH, NMPUBOIWIN 0 TMOSBU
JOJJaTKOBUX OCOOJMBOCTEN Ha IPYrOMYy CETMEHTI MEpEXiTHOrO0 CTpPyMy pelie, KM BIANOB1/IaB
nepeMIIIeHHI0 sIKopsi. BennunHua 1iux 0coOIMBOCTEN Ha CTPYMOBIN KPHUBIH 3ajexkaiia BiJ CTyIe-
HSl BUTMHY KOHTAaKTHOI NPYKUHU pelie, a pI3HUI y MOMEHTax iX MOSBU Ha CTPYMOBIH KpuBiit
BKJIFOYEHHS pejie BIANOBIAa€ HEOJAHOYACHOCTI PO3SMMKAHHS 1 3aMMKaHHS KOHTakTiB pene. [[ns
BUJIIEHHS] aMIUTITYyIU (€Heprii) LuX MiKiB, iX TPUBAJIOCTI 1 Yacy MOSIBU BUKOPUCTAHO BEHBIET-
nepeTBOpeHHs. JlocmiKeHHsT MATBEPANIA MOXKIIUBICTh BH3HAYEHHS JE(PEKTIB PyXOMOi apma-
TYypH pelnie (SAKOps, KOHTAKTiB, KOHTAaKTHUX MPYXHH) 32 (POPMOIO CTPYMOBOI XapaKTEpUCTUKH
BKITIOUCHHSI pejie Ha JAPYroMy CETMEHTI ¢ JEeTaJbHUM BHU3HAYCHHSM OCOOJIMBOCTEH CTPYMOBOI
KPHUBOI 32 JOIIOMOTOO BEUBJIET aHAIII3Y.

In. — 5, Tabn. — 1, cnucox mit. — 14 Hass.
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YK 656.259.12

IaBpwmtok, B. 1. [TopiBHsUIbHMI aHaIi3 METOMIB PO3paxyHKY iMIleaHcy peiok Tumy P65 ko-
mii 1520 MM B ToHanbHOMY niama3oHi yactot / B. L. 'aBpuitok // EnexktpomarHiTHa CyMiCHICTb
Ta Oesneka Ha 3amizHuyHomy TpaHcnopti.— 2017.— Hom. 13. — [duinpo: Bua-so JHY3T,
2017. — C. 49-56.

3HaHHS IMIIEIaHCY PEeWKH Ha 3MIHHOMY CTPyMi B IIMPOKOMY Jiama3oHl 4acTOT HEOOX1THO
UL pO3POOKH 1 MOJENIOBAaHHS TOHAJIBHUX PEMKOBUX KiJl, BU3HAYEHHS PO3MOJLITY 3BOPOTHOTO
TATOBOT'O CTPYMY B peiiKaX BHCOKONIBHAKICHUX 3aJi3HHUIb, TECTYBAaHHS HOBUX THUIIIB PyXOMOI'O
CKJIa/Iy Ha €JICKTPOMArHiTHY CyMICHICTb 3 PEHKOBHUMH KOJIAMHU 1 T.II.

Mertoro poOOTH € MPOBEEHHS MOPIBHSUIBHOTO aHAI3y METOJIB PO3PAXYHKY IMIIEIaHCY pe-
fok Tumy P65 xomii 1520 MM Ha 3MiHHOMY CTpPYMi B Jiana3oHi TOHAJbHUX YacTOT.

HaBeneHo KOpoTKHil OTJIsAl pe3ybTaTiB BUMIPIOBaHb IMIICIAHCY PEHOK HA 3MIHHOMY CTPyMi
1 PO3MIIIHYTO TEOPETUYHUIN ONKC YACTOTHOI 3aJIEKHOCTI IMIIEIaHCY MPOBIHHUKIB PO3TAIIOBAHUX
HaJ| TOBEPXHEIO 3€MJIi 3 YpaxXyBaHHSIM €JEeKTPOMArHiTHUX BTPAT B MOBEPXHEBOMY IIapi TPYHTY.
HaBeneno matematuuny ¢opmymoBanHs merony Kapcona i MeToqy KOMILIEKCHOTO 300paskeH-
Hs, 3ampornoHoBaHoro Jlepi i3 cmiBaTopamu AJis BU3HAYCHHsI IMIIEAAHCY JIiHIHM eleKTpornepeaaui.
Omip petiok tumry P65 komii 1520 mm Oyno po3paxoBaHO 3 BUKOpUCTaHHSAM Mmerony Kapcona i
METOJly KOMIUIEKCHOTO 300paxkeHHs. BHacHiIoK HEAOCTaTHROI KUTBKOCTI JITEpaTypHUX ITaHHUX
10 BUMipax iMmenancy peiok tumy P65 Ha 3MiHHOMY CTpyMi, pe3yJabTaTh PO3paxyHKiB IS LbO-
ro THUIy pelok Oyiu 3icTaBlieHi 3 BUMIPSHUMHU 3HAQUYEHHSAMHU SIK JJIs peiiok Tumy P65 komii
1520 mm, tak i s peitok tumy UIC 60 komii 1435 MmM. Po3paxoBaHi 4acTOTHI 3aJI€KHOCTI iMI1e-

JaHCy peiok Tury P65 Ha 3MiHHOMY cTpyMmi B miamasoni wactor 10°...10° 'y B skicHOMY Bif-
HOIICHHI 33/I0BUTBHO Y3TO/KYIOTHCS 3 JIITEPaTypHUMH JaHUMH, HABEICHUMHU JUISI PEHOK TUITY
UIC6O.

Pesyneratn ans peiiok tumy P65 komii 1520 mm, po3paxoani 3a meronom Kapcona i mero-
JIOM KOMILJIEKCHOT'O 300payKE€HHS, BIPI3HAIOTHCS Bl JOBIAKOBUX JaHUX, MPEJICTABICHUX B JITE-
parypi, i i BiAMiHHOCTI 30UTBIIYIOTECS 31 30UTBIICHHAM YacTOoTH. Taka moBeniHka Moxe OyTu
MOB'S3aHO 3 MIOMUJIKOIO METOMIB PO3PAaXYHKY, BUKIMKAHOI MO0 BUCOTOIO PEHOK HaJl MOBEpX-
HEIO 3eMJI1, 1110 Ma€ eJEeKTPUYHI BTpaTaMH 1 BUCOKOIO €JIEKTPOIIPOBIIHICTIO MIXK peWKaMH 1 TpyH-
TOM.

In. — 2, Tabin. — 1, ciucox jit. — 20 HasBs.

YK 658.5:614.8

Jlaryra, B. B. Amnaniz BiAMOB elleMeHTIB 3aii3HW4yHOi aBTomatuku / B. B.Jlaryra,
T. M. Ceparok, A. A. [Tapxomenko // EnekTpoMartitHa CyMiCHICTb Ta Oe31eKa Ha 3aJi13HUYHOMY
tpancnopti. — 2017. — Hom. 13. — ninpo: Bua-so JIHY3T, 2017. — C. 57-65.

AKTyalbHICTb. Y CTaTTi PO3TJSAAIOTHCS MUTAHHA 3a0e3MeueHHs MiABUILEHHS e()eKTUBHOCTI
(GYHKIIOHANTBHOT HAAIMHOCTI CHUCTEMM 3ali3HMYHOI aBTOMAaTHKU. lle € BaxIMBOIO HAyKOBO-
TEXHIYHOIO 33/1a4€l0, BUPILICHHS SIKOI J03BOJIUTh MOKPAIIATH TEXHOJOTIYHUHI IMpolec nepese-
3€Hb 3 MAKCUMAaJIbHOI €(PEKTUBHICTIO I OE3MEKOI0 PyXYy MOi3/iB.

MeTo10 € aHalli3 CIIOCTEPEk EHb MPO BIIMOBH €JIEMEHTIB CUCTEMHU 3aJli3HUYHOT aBTOMATHKH Yy
perionanbHiN (inii «Oxecbka 3amizHuI 3a nepiox 2011-2015 pp., iX mopiBHSHHS; BU3HAYSHHS
SAKICHUX MPUYMHO-HACIIAKOBUX 3B'I3KIB MK BIIMOBaMH Ta iX CTPYKTYPH JIJIsl OOpaHOi AUCTAHIIIT
JUIS TIOJIMIIEHHS 11 CUCTEMU TEXHIYHOTO 00CIyroBYBaHHS.

[IpakTnyHa MiHHICTh. BU3HAYEHO OCHOBHI MPUYMHU BiJIMOB €IEMEHTIB CHUCTEMU 3alIi3HUYHOI
aBToMaTuku. HalO1apImuii BIICOTOK BiIMOB B €JIEMEHTAX 3aJi3HMYHOI aBTOMATHKH MPUXOIUTb-
cs Ha peiikoBi koua (40,81 %) 1 anapatypy kepyBanus (25,81 %). IIporHo3yBaHHs npoliecy Bij-
MOB €JIEMEHTIB 3aJII3HHYHOI aBTOMATHUKH 32 MAaTEMaTHYHOI MOJEIUTIO CKJIaJHOI CHCTEMH, BUKO-
HaHHS PEryJIipHUX PEMOHTHHUX POOIT Ta BIPOBAPKEHHS CYYaCHUX JIOJATKOBHX JI1arHOCTUYHO-
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npopUIAKTUYHMX il CTBOPSTH MOKJIMBICTH NEPEXOAY BiJ MIaHOBO-TIONEPEKYBAIBHOI TEXHO-
Jorii 70 00CIYroBYBaHHS MPUCTPOIB 3aJ1I3HUYHOT ABTOMAaTHKH 32 X CTAaHOM.

HaykoBa HOBU3HA. 3alpoOlIOHOBAHO MAaTEMaTHUYHY MOJIEIh MPOIIECY BiJIMOB €IIEMEHTIB 3ai3-
HUYHOI aBTOMATHKH SIK CKJIQJHOI CUCTEMH Ha OCHOBI ITACHBHUX CIIOCTEPEKEHb.

Pesynprat. Ha ocHOBI po3po0ieHol CTPYKTypH MaTeMaTHYHOI MO/IEN1 3aIpOIIOHOBAHO 3aci0
CIIPOIIEHHS KEPYBAHHS CUCTEMOIO TEXHIYHOTO 0OCIyrOBYBaHHS MPUCTPOIB 3aIi3HUYHOI aBTOMa-
TUKU IUSIXOM BHJUICHHS IIJCHCTEM YTPUMAaHHS: CTAaTHBIB; CUTHAIIB; anapaTypy KepyBaHHS;
CTPUIOYHHX TEPEBOJIIB Il €IEKTPONPUBO/IIB; CUCTEMH €JIeKTPOXKUBIeHH:. [lokpalenns excrya-
TaI[iHHUX MMOKA3HHUKIB POOOTH €IEMEHTIB 3aJII3HHYHOI aBTOMAaTUKH MOXE OYTH JOCATHYTO 3a J0-
MIOMOTOI0 BIPOBA/PKEHHS JOJATKOBUX PEMOHTHO-TIPO(MITAKTUYHUX /il 3 00CIyroByBaHHS peii-
KOBHX KiJI, arapatypu, KaOeIbHUX JIiHIN, €JIEMEHTIB 3aXUCTY # amapaTrypu peieiHux mad.

In. — 3, Tabi. — 3, crmcok JiT. — 12 Ha3B.

YK 621.391:681.518

boiinik, A. b. JlegexTyBaHHsI TEXHIYHOTO, TEXHOJIOTIYHOTO Ta OpTaHi3aliifHOro 3abe3nedyeH-
Hs KoHTpoibHOro nyHKTy AJICH wMmotopBaronnoro aemo / A.b. boiinik, O. }O. Kamenes,
C. O. 3wmiit, O. B. Illebnukina, B. B. 'aeBcbkuii // EnexTpomarnitHa cymicHICTh Ta Oe3meka Ha
3amisangHOMY TpaHcnopti. — 2017. — Howm. 13. — Quinpo: Bun-so IHY3T, 2017. — C. 66-80.

[IpoBeneHe B CTATTi JOCHIIKEHHS MPHUCBSYCHO Je(PEKTYBaHHIO BCIX OCHOBHHMX BHUJIB 3a0€3-
MEYEHHS! KOHTPOJIBHOTO MMyHKTY aBTOMATHYHOI JIOKOMOTHBHOI CUTHai3alii HermepepBHOi 1ii o1-
HOro 3 MOTOpBaroHHux jemno IliBaeHHOI 3ali3HUII B paMKax MNEPeIIpPOEKTHOIO OOCTEKEHHS
00’exTa.

B npoueci nedexryBaHHs TEXHIYHOro 3a0e3MeYeHHs KOHTPOJIBHOTO MYHKTY OYJI0 BCTaHOB-
JICHO, 10 TEXHIYHI MapaMeTpu Ta CIOci0 MpOKIagaHHs BUNPOOYBAIbHHUX NUICH(IB TMOB3IOBK
TEXHOJIOTIYHUX KaHaB MOTOPBAaroHHOI'O JIENIO HE BiJINOBIAIOTh BCTAHOBJIEHUM TE€XHIYHUM HOp-
MaM. Y Tepury 4epry 1e CTOCYEThCS THUITY HMPOKIAJCHOT0 Kadelto, crocody HOro KpiruieHHs 110
peiiku, BiZICYTHOCTI 3aBa/I03aXUCHUX CXPEIIEeHb, JOBXKUHI i 1301111

JledexTyBaHHS TEXHOJOTIYHOTO 3a0e3MeueHHs MOKa3aJIo, MO JiF0Ya TEXHOJIOTiS TeXHIYHOTO
00CIJIyroByBaHHS Ta OTOYHOTO PEMOHTY MPHUCTPOIB aBTOMATUYHOI JIOKOMOTUBHOI CUTHaJIi3awii
MOTOPBArOHHOTO PYXOMOTO CKJIay JIETo ISl TOBHOIIIHHOT CBOET peastizallii BUMarae HaaMipHuX
YacOBUX PECYpCiB, 110 MOB’S3aHO 13 COCOOOM MPOKIaJaHHS BUIPOOYBaNbHUX HUIEH(DIB MO3-
JIOBJK TEXHOJIOT1YHUX KaHaB. [Ipu 1boMy cepeaHiil MpocTiii OCHOBHUX BUPOOHMUYHUX JAHOK JETIO
yepe3 3a0e3neueHHs] GYHKIIOHYBAaHHS KOHTPOJIBHOTO IyHKTY MEPEBUIILY€E JIB1 TOJUHHM, 110 MTPU3-
BOJIUTH JI0 HEXTYBaHHS OKPEMUMH €TallaMy TEPEBIpKH il aBTOMAaTHYHOI JIOKOMOTHBHOI CHTHa-
Ji3anii, 10, B pe3yJbTaTi, MOTIpIIye AKICTh BUKOHAHOTO ii TEXHIYHOT'O 00CIyroByBaHHs abo Mmo-
TOYHOTO PEMOHTY.

HedexryBanHs opraHizamiiiHoro 3ade3nedeHHs, OB’ s13aHOro, MepII 3a BCe, 13 ITAaTHUM pO3-
KJIaJIOM CIICI[1aTi30BaHOTO 1[€Xy aBTOMATHYHOI JOKOMOTHUBHOI CHTHaI3allii, TOKa3a10 HEJ0CKO-
HaJIICTh KOMIUIEKTYBaHHS HEOOX1HOTO IITATy JJIi BUKOHAHHS POOIT 13 TEXHIYHOTO 00CIyroBY-
BaHHS Ta PEMOHTY BIAMOBIAHUX MPUCTPOiB. Jlumie ¢popMyBaHHS KaJIpOBOTO PE3EPBY 3/1aTHE Yac-
TKOBO BUPIIIUTH MOPYLIEHY MPoOIeMy.

VY pe3ynbTaTi JOCHII)KEHHS BCTaHOBJIEHAa HEOOXIJIHICTh KOPEryBaHHS BCIX BHUIIB 3ale3me-
YEeHHS1 KOHTPOJIBHOTO IIYHKTY 3 METOIO IMiJIBUIIEHHS SKOCTI TEXHIYHOI'O OOCIyrOBYBaHHS 1 peMo-
HTY NPUCTPOIB aBTOMAaTUYHOI JIOKOMOTHBHOT CUTHaII3aLii 1, IK HACTIIOK, - MiABUILIEHHS SIK €KC-
IUTyaTaniiHoi HaJIliHOCTI Ta O6e3neyHocTi GyHKUiIOHYBaHHS. Ha BUKOHaHHS JaHUX KOpEryBaHb
MaroTh OyTH CTIPSIMOBaHI MOJAJIBIII JOCTIKEHHS B PEAMETHIH ramysi.

In. — 6, Tabin. — 4, ciucox Jit. — 19 Hass.
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YK 656.259.12 : 656.256.3

Menemko, B. B. TexHi4yHMII KOHTPOJIb CHCTEM YHCIOBOTO KOJIOBOTO aBTOOJOKYBaHHS /
B. B. Menemko // EnektpomarHiTHa CyMICHICTh Ta Oe3leka Ha 3alli3HUYHOMY TPAHCHOPTI. —
2017. — Howm. 13. — Ininpo: Bua-so IHY3T, 2017. — C. 81-87.

MeTor po0OoTH € BUSBICHHS XapaKTePHUX O0COOIUBOCTEH pOOOTH 3aCO0IB TEXHIYHOTO KOHT-
POJII0 CHCTEMH YHUCIIOBOTO KOJOBOI'O aBTOOJIOKYBAHHS, iX IepeBar 1 HeJ0MIKiB, aHaIi3 MOYKJIMBO-
CTi X BUKOPUCTAHHS JJIS A1arHOCTYBAaHHS CTaHy MPHUCTPOIB aBTOOJIOKYBAaHHS 1 OCTAHOBKA 3a-
Ja4 Juisi po3po0KU HOBUX JIIarHOCTUYHHUX KOMIUIEKCIB. JlJisi JOCATHEHHS TOCTaBIeHOI MeTH Oynn
BUKOPHUCTaHI TEOPETUKO-aHATITUIHHIA METO]T 1 MeTO] PYHKIIIOHATHHOTO aHAII3Yy.

AHaJi3 ICHYFOUYMX 1 IEPCIIEKTUBHHUX 3aCO0IB BIIJAIICHOTO KOHTPOJIIO 1 TEXHIYHOTO J1arHOCTY-
BaHHS MPUCTPOIB aBTOOIOKYBaHHSA MOKa3aB, 110 ICHYIOYi CUCTEMH MalOTh HEIOCTATHIO iHpOpMa-
THUBHICTb, CIIPSIMOBaHI B OCHOBHOMY Ha KOHTPOJIb AUCKPETHUX MapaMeTpiB, 10, B CBOIO Yepry,
HE J03BOJISIE€ MOOYyBaTH HA 1X OCHOBI MiJJICHCTEMH MiATPUMKH MPUHHATTS pillieHb. 3alIPOIIOHO-
BaHO IPU PO3POOIl HOBUX CHUCTEM TEXHIYHOIO JIarHOCTYBAHHS BHUKOPHUCTOBYBATH LIEHTPAJi30-
BaHO-PO3MOIIJICHUH MPUHIAI 0OPOOKH AIarHOCTUYHUX JAHHX, BKIIOYHTH B 1X CKJIaJ MiACHCTE-
MY TIATPUMKH TPUKAHATTS PillIeHb, 110 JO3BOJUTH 3MEHILIUTHU KUIBKICTh TPYJAOBUTPAT Ha 00CTY-
TOBYBAaHHS IPHUCTPOIB aBTOOJIOKYBAHHS 1 CKOPOTHUTH 4Yac Ha BiJHOBIICHHS IMiCIs BUHUKHEHHS
MOIIKO/[)KCHHS.

B pesynbTati g0CHiKEHb BUSIBICHO, IO ICHYIOY1 3aCO0HM TEXHIYHOTO KOHTPOIIO aBTOOIOKY-
BaHHS HE MOXYTbh HaJaTH MOBHY OI[IHKY CTaHY MEPEeriHHUX MPUCTPOIB CUTHaM3aIlii 1 0J0KyBaH-
Hs1, 3aIIPOTIIOHOBAHI KpUTEpii Ui po3p0oOKH HOBUX CHCTEM TEXHIYHOTO JiarHOCTYBaHHSA 31 3011b-
MIEHHSM KUTBKOCTI J1arHOCTUYHOI iH(popMaIIii Ta il aBTOMAaTHYHUM aHAIII30M.

Pesynpratn aHaizy MOXyTh OyTH BUKOPHUCTaHI Ha IPAKTHUII JJIs1 BUOOPY 3ac00iB TEXHIYHOTO
KOHTPOJIO MPUCTPOIB aBTOOJIOKYBaHHS, a TaKOX IPU MOJANbIIi po3poOIili cUCTEM JTiarHOCTY-
BaHHS, 110 J03BOJISE MPOBECTH IMOCTYNOBHU MEPEXia BiJ IIaHOBO-TPO(ITAKTHIHOI MOJENi 10
00cCIyroByBaHHs 10 (PAKTHUHOMY CTaHY KOHTPOJIbOBAHUX MPUCTPOIB.

In. — 0, Tadbu. — 0, ciucox jit. — 14 Hass.

YK 629.488:629.4.6

anomnuk, B. FO. HoBi cTpaTerii TeXHIYHOTO 00CIyroByBaHHs 1 PEMOHTY BaHTa)KHUX Baro-
HiB / B. IO. lllanomnuk // EnekrpoMarHiTHa cyMicHICTh Ta 0e3meka Ha 3alli3HUYHOMY TPaHCIIOP-
Ti. — 2017. — Hom. 13. — [Juinpo: Bun-so JIHY3T, 2017. — C. 88-94.

[TinTpuMaHHs mpane3JaTHOCTI Ta 3aJaHiX MMOKAa3HHUKIB HAJAIMHOCTI Ha BCIX eTamax TeXHIYHOT
eKCIUTyaTallll pyxoMOro CKjaay — TOJIOBHA 3a/lada CUCTEMU TEXHIYHOTO OOCIYroBYBaHHS 1 pe-
MoHTY (#ani — CTOIiP). Po3poOka Ta BpoBaKeHHI BaroHiB HOBOTO MOKOJIHHS 3 MiABUILIEHUMU
MOKa3HUKaMH HaJIIHOCTI Ta MIATPUMAaHHS 33JJaHUX MOKA3HUKIB O€3MEeKH pyXy HasBHOIO MapKy
BaHT&KHUX BAaroHIB B YMOBaxX HOI'o 3HaYHOI'O CTPOKY CIIY’KOH, HEOCTAaTHbOMY 3a0€3MEUEeHHI0
PEMOHTHHUX JI€NO MaTepiajaMH 1 3allaCHUMH YaCTUHAMH, CTapiHHAM 1H(QPACTPYKTYpH Ta iH. BU-
MararoTh niasumieHHs epextuBHocTi CTOI1P. Jliroua cucrema TeXHIYHOTO 0OCITYyroBYBaHHS 1 pe-
MOHTY BaHTa)XHHX BaroHiB MOTpeOye 3MiH, sIK1 OyyThb TOPKATUCS HE TIAbKU ONTHMI3alLii Mpooi-
TiB BaroHiB MiX IJIJAHOBUMH BUJIAMU PEMOHTY, a TAKOX nepexoay a0 HoBux ctpateriit CTOiP.

VY cTarTi HABOJATHCS MO3UTUBHI 1 HEraTHBHI CTOPOHU PI3HUX CTPATErid TEXHIYHOTO 00CIyro-
BYBaHHS 1 PEMOHTY, PO3IJISIAl0THCS MOKIMBOCTI iX BrpoBapkeHHs y CTOIP BaHTaxHMX Baro-
HiB. 3anpornoHoBaHuii anroput™m Bubopy crparerii CTOIP sxuii 06azyeTbcsi Ha KOMIUIEKCHOMY
aHaJli31 HaIMHOCTI BaHTA)KHOTO BaroHa 3 ypaxyBaHHSAM TUX €JIEMEHTIB KOHCTPYKLIN, K1 JIIMi-
TYIOTh Yac M TEXHIYHUM OOCIIyTOBYBaHHSIM YU PEMOHTOM. BaxknnBolo 3ajaueto € BU3HAUEHHS
MIHIMaJIbHO JOCTaTHHOTO YMCJa KOHTPOJHOBAHMX MapaMeTpiB Uil OTPUMaHHS OOIPYHTOBAaHOI
iHpopMarii mpo cTan 00'exTa IarHOCTYBaHHA (BaHTa)KHOT'O BaroHa) Ha MOTOYHUI MOMEHT 4acy,
po3po0JIeHHS MPOTpaM JIarHOCTYBAaHHS TEXHIYHOTO CTaHY OKPEMHX BY3JIIB, JeTallel Ta BaroHa B
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nitomy. Onuparouncs Ha OTPUMaHHI JaHHI pO3pOOISIOTHCS MATEMAaTUYHI MOJIEINI, SIKI OMUCYIOTh
MpoIriec eKcIuTyaTailii, BpaxoByrTh ¢akTuuauii ctaH Ta BB CTO1P Ha BimIMOBH BaHTa)KHOTO
BaroHa.

In. — 4, Tabi. — 0, crimcox iT. — 15 Hass.

YK 625.4:622.235.63

[Terpenko, B. JI. [TapameTpu 1 TEXHOJIOTISI eKCIEPUMEHTAIBHUX BUOYXIB TP MTPOXOIIIL JIIBO-
ro MEeperiHHoro TyHenro wmerpomnoiiteny y M. Juimpo / B. JI. Ilerpenko, €. M. lllaraiikiH,
A. M. tangapun, O. JI. Trotekin, B. I1. Kynpiii // EnexrpomarnitHa cyMicHICTB Ta Oe3meka Ha
3anmisangHOMY TpaHcnopti. — 2017. — Hom. 13. — quinpo: Bun-so JIHY3T, 2017. — C. 95-102.

PosrnsHyTo muTaHHS €QEKTHMBHOTO 3aCTOCYBaHHS OypOBHOYXOBHUX pOOIT NpH NMPOBEACHHI
TPbOX JIOCTIHUX BHOYXiB B EpEriHHOMY TyHenm J{HIMponeTpoBcbKOro MeTpomnomiteny. O0rpy-
HTOBaHa HEOOX1IHICTh KOMOIHOBAHOTO 3aCTOCYBaHHS KOPOTKOYIOBIILHEHOTO Ta YIOBIILHEHOTO
MiAPUBAHHS LITYPOBUX 3apsiiiB AJIsl 3a0€3MeUeHHS BUCOKOTO PiBHS OCHOBHMX IOKA3HUKIB MPO-
XOJIKH 1 CEMCMIYHOI Oe3mneku i OyAiBeb Ta CIOpY/I, M0 3HAXOAATHCS MO0IM3y 00’ €KTa mia3e-
MHOTO BHOYXY. 3alpOroHOBaHO BUKOHYBATH JOCIITHUIIbKI BUOYXH BPYOOBHX 3apsiliiB 3 PO3IO-
JIOM X Ha TPH TPYIH TI0 JBa 3apsu B KOXKHIM, 110 miapuBarThes yepe3 20 mc. Kpim Toro, ms
MiABUILEHHS KK/ BUOYXY 3aCTOCOBAHO PO3TAaIlyBaHHS 9 HIMypiB, IO HE 3apsHKAIOTHCS, TOMIXK
BPYOOBHMHU Ta JIOTIOMI>XHUMH 3apsIJIaMH.

[IpencraBneHo po3paxyHKH MIBUAKOCTEH CyMIIlEeHb YaCTUHOK IPYHTY Ta HANpy>KEeHb, 110 BHU-
HUKAIOTh B HbOMY il 4ac BHOYXY, KOTpl HE MEPEeBHUILYIOTh HEOE3MEUHI 3HAYCHHS MO0 yMOBax
ceiicMiYHOT Oe3IeKH.

In. — 3, Tabn. — 1, ciucok mit. — 11 Ha3s.

YK 656.022

[Taciunuk, A. M. [Ipo6iiemu eHepro3depekeHHs Ta yI0CKOHAJIEHHS METOI0JIOTT PO3paxyHKy
tapudiB Ha enekrpoeHeprito / A. M. [laciunuk, B. B. Kyrupes, B. A. Ilaciunuk, JI. B. [lynna //
EnexTpomarniTHa cyMicHICTh Ta Oe3leka Ha 3ami3HU4YHOMY TpaHcrnopTi. — 2017. — Howm. 13. —
Huinpo: Bug-so IHY3T, 2017. — C. 103-117.

Mera. Metoro cTaTTi € moOya0oBa HAOUIBII palliOHATBHUX CXEM 1 allfOPUTMIB iX 3acTOCy-
BaHH$ /Il BCTAHOBJIEHHSI €KOHOMIYHO-OOTPYHTOBAHUX IPO30PHX LIH Ha €JIEKTPOCHEPT1IO Ta 1H-
Il TOBapu B YMOBAaX PHUHKOBOi €KOHOMIKHM Ha OCHOBI CHCTEMHOTO aHali3y ICHYIOUHMX CHCTEM 1
METO/IIB IIIHOYTBOPEHHSI, @ TAKOK BU3HAYEHHS KPUTEPIiB 00’ €KTUBHOI OI[IHKU P1BHS TapuQiB Ta
PO3paxyHOK €KOHOMIYHO-OOIPYHTOBAHOI 1 COLIaJIbHO OPIEHTOBAHOT I[IHM Ha €JIEKTPOCHEPTiI0 Ha
OCHOBI 3aIPOTIOHOBAHOTO MiJIXOTY.

MeToaunka. 3anponoHOBaHa METOAMKA PO3PAaXyHKY €KOHOMIUHO-00IPYHTOBAaHUX Tapu(DiB Ha
€JIEKTPOEHEPTit0, 1110 0a3yeThCsl Ha KJIACUUHOMY METOJ1 LIIHOYTBOPEHHS (co01BapTiCTh + Npuody-
TOK). JI51s1 mpoBeIeHHs MOPIBHAUIBHOTO aHalli3y YKpaiHChKUX TapH(iB Ha eNeKTPOSHEPTilo 3 Ta-
pudamMu B €BpONEUCHKUX KpaiHax, 3alpOIIOHOBAHA METOJIMKA PO3PAXYHKY MPUBEIEHUX KOoe]ili-
€HTIB Tapu(]y 3 ypaxyBaHHIM PiBHA CepeHbOI 3apo0iTHOI Tuiatu Ta piBHA BBII Ha aymy Hace-
JICHHS.

PesyabTaTn. B pe3ynbrarti nmpoBeAeHOI cucTeMaTH3anii MeTO/iB IHOYTBOPEHHS MOKAa3aHo,
1110 BCI MPE/ICTaBICHI METOAN OCHOBYIOTHCS Ha KJIACUUHOMY MiAX0A1 (cO01BapTICTh + MPUOYTOK),
a TIOTIM B 3aJISKHOCTI BiJl yMOB PUHKY BOHM aJIaliTYIOThCS il 3MiHY OTOYHOi cutyauii. Ha oc-
HOBI IPOBEJCHOTO aHANi3y BU3HAUEHO, IO Ul PO3PaxyHKY Tapu(]iB Ha eNEeKTPOCHEPril0 Hai-
OUTHIII paIliOHAIBHUM € 3aCTOCYBAHHS KJIACHYHOTO METOY IIIHOYTBOPEHHS 3 YpaxXyBaHHSIM CO-
61BapTOCTI Ta EKOHOMIYHO-O0IPYHTOBAHOI'O PiBHS peHTa0eIbHOCTI i1 BUPOOHHUIITBA.

[IpoBeneHo nopiBHUIBHUN aHai3 Tapu(iB Ha EIEKTPOCHEPTito B YKpaiHi Ta B €BPONEHCHKUX
KpaiHax Ha OCHOBI 3allpOIIOHOBAHMX B POOOTI KOMIIJIEKCHUX MOKa3HUKIB: MPUBEICHUX Koedillie-
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HTIB Tapu(y Ha eIeKTPOEHEPrito, SKi BU3HAYAIOTh BiAHOIIEHHS Tapudy 10 piBHS CEepeaHbOI 3a-
pobitHOi mmatu Ta piBHsA BBII Ha xymy HaceneHHs.

Jnst mibepanizaliii eKOHOMIYHOTO CTaHy B €HEPreTHUHil Traigy3i 3alponoHOBaHO 00paTu Haii-
Ou1blI epeKTUBHUI METOJ JUIsl BUSHAUEHHS 1IHU HA TOBapU CTPATET1YHOTO 3HAYEHHS — KIJIACH4-
HUH MAX1] B IHOYTBOPCHHI.

HaykoBa HoBu3Ha. HaykoBa HOBU3HA TOJISITae B pO3pOOII METOJAUKH PO3PaXyHKY €KOHOMi-
YHO-00IPYHTOBAHMX MPO30PUX IIiH HA EIEKTPOCHEPTII0 T 1HIII TOBAPU B YMOBAX PUHKOBOI €KO-
HOMIKM Ha OCHOBI CHCTEMHOT'O aHajJi3y ICHYHUHMX CHCTEM 1 METOIB I[IHOYTBOpEeHHs. Brepiie
3aCTOCOBaHA METO/MKA MPOBEICHHS MOPIBHSIBHOTO aHANII3Y YKPailHCHKHX Tapu(]iB HA €IEKTPO-
eHepriro 3 Tapudamu B MPOBITHUX €BPONEHCHKUX KpaiHax Ha OCHOBI MPHUBEACHUX KOE]IIi€HTIB
tapudy 3 ypaxyBaHHSM PiBHS CEpeqHBOI 3apo0iTHOT TuiaTu Ta piBHs BBII Ha mymny HaceneHHS.

I[pakTuuna 3HAYUMIicTh. 3anpONOHOBAHMW TMIiAXiJ JO3BOJISIE BU3HAYUTH EKOHOMIYHO-
oOrpyHTOBaHI Tapudu Ha €IEKTPOCHEPTII0 3 YPaxXyBaHHIM PEHTA0CIBHOCTI ii BUpOOHUIITBA Ta
CIPUSATHIME BCTAHOBJICHHIO IUBLTI30BAHUX EKOHOMIYHUX BIJIHOCHH HAa €HEPreTHYHOMY PHHKY
Vkpainu.

Iim. — 1, TaGmn. — 12, ciucox nait. — 18 Hass.
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KEJE3HOAOPOKHOM TPAHCIIOPTE

YK 629.4.012

IaBpwrok, B. . O630p KpUBBIX TOPMOXKEHHUSI €BPONECHCKON CUCTEMBI YIIPaBJICHUS MOE3I0M
ETCS / B. U. TI'aBputiok // DneKTpoMarHuTHasE COBMECTUMOCTh U 0€301MacHOCTh Ha KeJIe3HO 10~
poxkaoMm Tpancmnopre. — 2017. — Hom. 13. — [{nenp: U3n-Bo AHYXT, 2017. — C. 11-19.

Lenpto cTaThyl SBISETCS MPOBEACHHE 0030pa KPUBBIX TOPMOXKEHHUSI €BPOINEHCKON CHCTEMBI
ynpasienns noe3gom ETCS B coorBeTcTBUU ¢ puHATHIME B EBporie cnenudukausmu.

Xotsa cnenudukanun ETCS ycraHaBiaMBaOT OCHOBHBIE NMPUHIMUIIBI KPUBBIX TOPMOXKCHHS U
CBSI3aHHYIO C HUMU MH(pOpMaIUIo, 0TOOpakaeMyro BOAMUTENIO, HO JI0 CHX IOP HET COIJIaCOBaH-
HOTO METOJ]a UX BBIYHCICHHA. B OTCyTCTBHE KaKMX-ITMOO TpeOOBaHHA, aJITOPUTMBI ITOCTABIIH-
KoB 6opToBoro obopyaoBanus ETCS npuBoasT K pa3HbIM TOPMO3HBIM PACCTOSTHUSM ISl JaHHO-
ro THUIA MOJBUYXKHOTO cocTaBa. [[jsl TpaHCTpaHUYHBIX MOE3/10B pa3iNyus B HAllMOHAJIBHBIX Mpa-
BUJIaX TPEOYIOT MPUMEHEHHUs B TIOKOMOTUBHOM oOopynoBaHuu ETCS HeckonbKUX HAallMOHAIIb-
HBIX KPUBBIX TOPMOKEHUSI.

OcHoBuble ocobennoctu Monenu Topmoxkenus ETCS paccmoTpeHsl B cTatbe, BKIIIOYas clie-
JYIOIl€ OCHOBHBIE BONPOCHI: OCHOBHOM IPHUHIIUII 00€CIIeYeHHs] O€30M1aCHOCTH JIBUYKEHUS M10€3-
JI0B, Ha3HAUYEHUE U OCHOBHBIE THIIBI KpUBBIX TopMokeHus: ETCS, BxoHbie mapameTpsl ajs pac-
4yeTa KPpUBOW TOPMOXKEHHS, KOHCTPYUPOBaHHE KPUBOM 3KCTPEHHOTO M rapaHTUPOBAHHOI'O aBa-
PUIHOTO TOPMOKEHUS.

OcHoBHOU npuHIHN oOecrieyeHns Oe30MaCHOCTH JBMKEHUS MOE370B OCHOBAaH HA WX pasje-
JICHUM TPU ABUKEHUU (PUKCHUPOBAHHBIMU OJIOKa-ydyacTKaMu (711 OOBIYHOM CUTHAJIbHOW CHCTe-
MBI) WU OJI0K-yyacTkaMu ¢ n3MenseMbiMu rpanutamu (aiust ERTMS/ETCS yposas 3).

s obecnieuenust 3Tux NpuHOUNOB OopToBOi KoMmmbioTep ETCS nmomkeH mporHo3upoBaTh
CHIDKEHHE CKOpPOCTHU JIBUYKEHUS I10€371a, OCHOBBIBACh HA MAaTEMAaTHUYECKON MOJEIN TUHAMUKU
TOPMOXKEHHUS TI0€3/1a U XapaKTePUCTUKAX MyTH. DTOT MPOTHO3 CHIKEHUSI CKOPOCTH B 3aBUCUMO-
CTH OT PACCTOSIHMSI Ha3bIBaeTCs KPUBOM TOPMOKEHUS. MUHUMAaIIbHBII MHTEPBAT MEXAY IM0€3-
JlaAMU B CHCTEME aBTOMAaTHYECKOM 0e30MacHOCTH MOEe3/I0B ONpeAeseTcs MUHUMAIbHBIMU TOJI-
HOMOYMSIMHU Ha JIBUKEHHUE, KOTOPbIE BKJIIOYAIOT B c€0S1 TOUHOCTh OJIOMETPA, PEaKIUI0 MallluHH-
CTa, BpeMs peakIMi CUCTeMbl OE30MIaCHOCTH M0e3/1a, BpeMsl BKIIIOUeHUs1 TopMo3a. Kpusas Top-
MOKE€HHUsl TNporHoszupyer OoproBeiM obOopynoBanueM ERTMS/ETCS cHuxeHue CKOpOCTH
JBYKEHMSI B 3aBUCUMOCTH OT paccTostHus. ETCS KOHTpoiMpyeT Kak IOJIOXKEHHE, TaK U CKO-
POCTh Moe3/1a AJisl TOTO, YTOOBI X 3HAYEHUSI IOCTOSIHHO OCTABAJIUCh B JOMYCTUMBIX Npejaeax, u
B ciyyae HeoOoxonumoctd ETCS Oyner ynpaBiasiTh TOPMO3HOI CHCTEMOM, TakKUM 00pa3oM, 4To-
Obl N30€KaTh PUCKa MPEBBIILIEHUS T0E310M J0MYCTUMBIX ITPEJIENIOB.

B pabote paccMmoTpeHsl ocHOBHbIE KpHBble TopMmoxeHuss ETCS u koHTponmpyemble mpe-
JIeJIbHbIE 3HAYEHUs KPUBBIX TOPMOXKEHMSI, KOMaH/bl pa3pellieHusl JBUKEHUS] U1 OKOHYaHUE pa3-
peleHre JBMKEHUs, MPoduiIb CKOPOCTH C HAMOOJBIIMMHU OrpaHMUYCHHUSIMHU, KOHTPOIUPYEMOE
MECTOIIOJIOKEHHE U T.JI.

PaccMoTpeHsl pa3nuuus TOPMOXKEHHUS Ha CyXUX U MOKPBIX penbcax. TopMokeHue Ha Cyxux
penbcax CPaBHUTENBHO JIETKO MPEICTaBUTh CTATUCTUYECKOW MOJIENbIO, YUUTHIBAIOLIEH nucnep-
CHIO XapaKTepUCTUK TopMokeHHs. Ho Ha MOKpBIX penbcax (pu3ndeckue sBIeHHs, KOTOpbIe BO3-
HUKAIOT IpU TOPMOKEHHUH, YPE3BbIUAIHO CII0KHO MOJIETIMPOBaTh B HacTosIiee BpeMs. s npe-
OJIOJICHUS 3TOU TPYAHOCTU PACCMOTPEHBI JIBa Pa3IMYHBIX KOPPEKTUPYIOMUX (GakTopa i odec-
MEeYEeHUsI TapaHTUPOBAHHOTO TOPMOKEHHS MOJBUKHOIO COCTABA.

Wn. — 7, taba. — 0, ciucok nmut. — 20 HauM.
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I"aBpuitiok, B. 1. MonenupoBanue pacnpeneieHus rapMOHUK OOpaTHOTO TSATOBOTO TOKAa B
penbcax / B. W. 'aBpuittok // DnekTpoMarHuTHasi COBMECTUMOCTh M O€30MaCHOCTh Ha JKEJIe3HO-
nopoxxaom tpancnopte. — 2017. — Hom. 13. — lnenp: M3a-so AHYXKT, 2017. — C. 20-27.

OneKTpupUIMPOBAHHBIC KEJIE3HBIE TOPOTH SBISIFOTCS OJHUM M3 CaMbIX MOIIHBIX HIHPOKO-
MOJIOCHBIX MCTOYHHKOB MOMEX B CHCTEMaX CHUTHAJIM3ALMU U PAJHOCBA3U. ITO OCOOEHHO aKTYy-
aIbHO JJIs HOBBIX THUIIOB TPAHCIOPTHBIX CPEACTB, OCHALICHHBIX 3JEKTPOHHBIMH CTaTUYECKUMU
peoOpa3oBaTes MU C MIUPOTHO-UMITYIIbCHON Moayssinueid (IIIMM), koTopble MOTYT CO3/1aBaTh
BBICOKOYACTOTHBIE IOMEXH B PEIbCaX C YACTOTOM JO HECKOJIBKUX JIECATKOB KHUJIOTEPL.

Jlnst obecrieueHust 3JeKTpOMarHuTHOM coBMecTUMOCTH (DMC) HOBBIX THIIOB IOJBHYKHOTO
COCTaBa C CUCTEMaMHU CUTHAJIM3ALMM U PAIUOCBI3U UX MOABEPratoT NPOLEAYPe IPUEMKH, KOTO-
past BKirodaeT B ce0st ucnbitanust Ha DMC B COOTBETCTBHHU € €BPONEHCKUMH U HAITMOHAIBHBIMU
HOPMAaTUBHBIMHM CTaHAapTaMd M HopMamMu. Ho mpu HEKOTOpHIX HEOJIArompUATHBIX YCIOBHSIX
SKCIUTyaTalH ISl TI0€370B, KOTOPbIE OBLIM YCIEIIHO MCIBITAHBI U HAXOJATCSA B OKCILTyaTalluu
CO CTapblMHU TPAHCHOPTHBIMU CPEICTBAMU Ha TEX XK€ JIMHUSIX (MHOTAA CO CTApod CHCTEMOM
ANEKTPOCHAOKEHUS ), TOK IIOMEX, CO3/IaBAEMbIii TPAHCHOPTHBIMU CPEACTBAMU, MOXKET JIOCTUTaTh
3HAYEHUH, MPEBBIIIAIONINX JIONYCTUMBIC 3HaUeHHs. B KauecTBe Takux HEOIArompUATHBIX YCIO-
BUH 3KCIUTyaTallud MOKHO paccMaTpHUBaTh YBEIMYEHHE KOJIMYECTBA MOE3/0B, HEOOJbIIOE pac-
CTOSIHUE MEXIY MPUEMHUKOM pEIbCOBOM LENU U TPAHCIOPTHBIMU CPEICTBAMH WM MPUEMHH-
KOM U MOJCTaHIIMEN 3IEKTPOCHAOKEHUS, HU3KYIO MPOBOJUMOCTD PENbC 3eMJIsI U MPOBOJUMOCTD
3emiu. Jlns jokasarenbcTBa 3JIEKTpOMAarHUTHOM coBMecTuMocTd (OMC) Mexy MOIABUKHBIM
COCTAaBOM U CHCTEMOI CUTHAJIM3AlMU HEOOXOAMMO TOYHOE MOJEIIMPOBAHUE PE3YIbTATOB HCIIbI-
TaHUM C yYETOM KOHKPETHBIX YCIOBUHM HKCILTyaTallUu.

Lenbto paboTHI ABISETCS CO3aHNE MAaTEMAaTHUECKOW M KOMITBIOTEPHOW MOJIEIH pacrpeiene-
HUS TAPMOHUK TSATOBOTO TOKA B TATOBOM TATH MPH HECKOJBKUX TPAHCIOPTHBIX CPEICTBAX B (Hu-
JIEpHOI 30HE. JTa MOJIeNb MPEACTABISET COOON BONIOIMIO M YIPOIICHUE MOJIeeH, peIcTaB-
JIEHHBIX paHee. PaboTa BBINONIHEHA ¢ LENbIO JOKAa3aTeNbCTBA AJIEKTPOMArHUTHOW COBMECTHMO-
CTH HOBBIX I0€3/10B, OCHAILIEHHBIX 3JIEKTPOHHBIMH CTaTUYECKUMH MIPEOOPa30BATEISIMU C CYIIE-
CTBYIOIIMMU JIMHUSIMH 3JIEKTPOCHA0XKEHUS U ObLlIa HCIIOIb30BaHAa MPU X UCTIBITAHUSX.

Monens ObUTa ympolneHa cleAyomuM oopazom. JIMHUK ¢ paBHBIMHU WM OJIU3KUMHU JPYT K
Jpyry MOTEHIMaIaMU MPEICTaBICHbl KaK OJJHA JUHUS C SKBUBAJICHTHBIMH AJIEKTPUUECKUMHU Ia-
pamerpamu. [lomexu TpaHCHOPTHBIX CPEIACTB MOJETUPYIOTCS KaK HCTOYHUKHU CUHYCOUJAIBbHOIO
TOKa ¢ HabopamMH YacTOT, KOTOPbIE MPEICTaBICHb HA YKBUBAJIIEHTHOW CXeMe BEKTOPOM TOKOB.
PaccmaTpuBanuce TOIbKO rapMOHUKHA OOpPaTHOIO TOKa € YaCTOTAMM, KOTOPBIE JIEKAT B YaCTOT-
HOM JIMaria3oHe MpUEeMHUKa pelbCOBOM IIenu. B 3aBUCUMOCTH OT Lieeil MoJaenupoBaHusl, 3Haue-
HUSI TADMOHMK B35Thl KaK 3HAYEHUs, U3MEPEHHbIE BO BpeMs MCIBITAHUM, 110€3/1a UM KaK Mak-
CUMaJbHbI€ 3HAYEHUs NIOMEX B COOTBETCTBUHU C HOpMamu. PacrmpesneneHne rapMOHHUK TATOBOTO
TOKa ObUIO pacCYMTaHO TATOBOM ceTu 1x25 kB mepemMeHHOro ToKa ¢ ABYXCTOPOHHHUM 3JIEKTPO-
CcHaO)KEHUEM U TIPU HAXOXJACHUU OT 1 70 5 TPaHCIOPTHBHIX CpencTB B GuaepHOM 30He. Makcu-
MaJbHbIE TOMEXH OT MOE3/]0B CO3/IAI0TCS HA yJacTKax, ONMKalIINX K MOoe371aM, a TakKe K TOUKe
MOJIKJIFOUEHUST OTCAChIBAIOIIErO (uaepa TAroBOM MOJACTAHIIMU K pelbcaM. | apMOHUKH TSATOBOTO
TOKa B peJIbcax yBEIWYMBAIOTCS C YBEIMYEHUEM YUCIIA NTOE3/I0B B 30HE MO/IaYl U C YMEHbLICHH-
€M MPOBOJUMOCTH penbc-3emiisi. MHTepdepennus Ha yactote 25 ['1 B 061acTi penbcoB BOIU3U
TATOBOW IMOJACTAHIUU JJI1 OJHOTO JIOKOMOTHBA B (MIEPHOI 30HE HE MPEBBIIIAET MPENETbHOTO
3HaueHus | A paxe mnpu HEOJAronmpUATHBIX YCIOBUSX MJI MPOBOJUMOCTH PEIbC-3eMJIs
0,02 Cm/xkM. OHaKO eclii KOJMYECTBO Moe3/10B yBenuuuBaetcs (ot 1 1o 5), uatepdepenius Ha
gactoTe 25 'l Takke yBEITMUMUBAETCS MPU TOM 7K€ 3IEKTPOIIPOBOJHOCTH penbe-3emis 10 1,07 A
JUIS IBYX JIOKOMOTHBOB H /10 1,33 A 1715 nATH TOKOMOTHUBOB B (PMI€PHON 30HE, UTO MPEBHIIIAET
MpEeAEIIbHOE 3HAaYEHHNE TOKA ITOMEX B pesibeax mpu 25 1.

Wn. — 4, tabn. — 0, ciucok uT. — 16 HauM.
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bonnaps, O. 1. Maremartnueckoe MOJCIUPOBAHUE MEPEXOTHBIX IPOIECCOB B YCTAaHOBKE
pa3MarHW4MBaHuUs (EPPOMArHUTHBIX Jetaneil munuHapudeckod dopmer / O. U. bonmaps //
DNEeKTPOMarHWTHAasE COBMECTUMOCTh M O€30MacHOCTh Ha IKEJIE3HOIOPOKHOM TPAHCIIOPTE. —
2017. — Howm. 13. — uenp: Uzn-Bo JIHY KT, 2017. — C. 28-30.

B crarbe mpencraBieHsl BpeMEHHBIE 3aBUCHMOCTH HAINPSDKEHHOCTH MarHUTHOTO TIOJISL TIPU
pasMarHU4MBaHUM IMIMHAPHUYECKOro oOpasua (peppoOMarHUTHOTO MaTepHaja, a TakKe Harps-
’KEHUs Ha KOH/IEHCATOPE, TIOJIyYSHHBIE ITyTeM MaTeMaTHYECKOTO MOJICIINPOBAHUSI.

Wn. — 2, taba. — 0, criucok nuT. — 4 HauM.

YK 621.311

Kexenenko, . B. OmnpeneneHre WHIEKCa HAISKHOCTH CUCTEM JJIEKTpOCHaOkeHus /
. B. Kexenenko, B. E. CapaBac // DnekrpoMarHuTHasi COBMECTUMOCTh U 0€301MacHOCTh Ha JKe-
ne3nonopoxHoM Tpancmnopre. — 2017. — Hom. 13. — Tuenp: M3x-so JHYXKT, 2017. — C. 31-34.

B crarbe mokazaHo, YTO OJHUM U3 BaXKHBIX IOKazaresieil sHeprodhPpexTUBHOCTU SBISETCS
MoKa3aTeNb (MHIEKC) HAIEKHOCTU AJICKTPOCHAOKEHUS, KOTOPBIA XapaKTEPU3YETCs] CHUKECHUEM
J07H yiep0a OT MepephIBOB AIEKTPOCHA0XKEHHS B BaJIOBOM BHYTPEHHEM IpoaykTe. PaccmoTpe-
HBI BOIIPOCHI MOJTYYEHUs BBIPAXKEHUS JIs1 ONTUMAJILHOTO 3HAYEHUS CTETICHH HAJCKHOCTHU C y4e-
TOM 3HAYEHUU IPUBEICHHBIX 3aTPAT U UX SKOHOMUYECKUX U SHEPTETUUYECKUX COCTABIISIONIHX.

[TokazaHa 3HAYUMOCTH OLIEHKH yIepOa, BO3HUKAIOUIETO M3-32 HEXBATKH DJIEKTPOIHEPTHH,
IIpU OTCYTCTBHM aBapUUHOTO pe3epBa. YiuiepO, 00yCIOBICHHBIH HECUMMETPHUEH U HECHHYCOU-
JTATBHOCTBIO HAMPSDKEHUSI, B CPETHEM B HECKOJIBKO Pa3 MEHBIIE CBSI3aHHOTO C OTKJIOHEHUSMU
HaMpPsDKEHUS U B HAaUOOJIbIIEeH Mepe MPOSBIISETCS B METALTYPTUUYECKON M MallTMHOCTPOUTEIBHON
MIPOMBIIICHHOCTH. JlaHa SKCnepTHAs OLICHKA 3HAYEHUN €XKETOAHBIX MOTEPh, CBA3AHHBIX C HU3-
KHM KaueCTBOM 3JIEKTPOIHEPTUH B YKpauHe U B MUPE.

[ToguepkHyTa 3HAYMMOCTH MPOOJIEMBI MOBBIIICHUS KaueCTBa JJIEKTPUUYECKONW SHEPruH, 00-
palleHo BHUMaHUE Ha YCUJIMBIIYIOCS POJIb UCKAKEHUSI CHHYCOMIATbHOCTH KPUBOW HAIIPSKEHUSI
B OINpECIICHUU HAJICKHOCTH JIEKTPOCHAOKEHHUS, a TAK)KE €Tr0 CBSI3b C SKOHOMUYECCKHMH TOKa-
3aTeNs MM pa3BUTHs cTpaHbl. [IpakThuecku Bce MokaszaTesld KayecTBa JIEKTPUUECKOW IHEPTrUu
OKa3bIBAIOT BJIIMSHUE HA HAJIEKHOCTh M SKOHOMUYECKHUE MOKA3ATENH JIEKTPOOOOPYAOBaHUS U B
KOHEYHOM CueTe BIUAIOT Ha 3PHEKTUBHOCTh (PYHKIIMOHUPOBAHUS BCEl CHCTEMBI AIEKTPOCHAO-
xeHus. [lokazaHa BaKHOCTh B KOHKPETHBIX CIy4asX MPEBBIMICHUS CTOUMOCTH MEPONPHUSITUH 110
KOPPEKIIMH YPOBHEW HECUHYCOMIAILHOCTH HaJ 3HAa4eHHEeM dKOHoMudeckoro yiiepoa. Chopmy-
JIUPOBaHbl 3HAUYEHUS MHJAEKCA HAJIeXKHOCTU 3JIEKTPOCHAOXKEHNS B KOMILJIEKCE MOKa3aTels SHep-
reTuueckoil 3(pPeKTUBHOCTU, MPUBEIEHBI 3HAYEHUS YAENbHBIX KalUTAIbHBIX BIOXKEHUS B pe-
3€pBHYIO TEHEPHUPYIOIIYI0 MOITHOCTh. [[prBEIeHbI OLIEHOYHBIE pacdyeThl MHACKCOB HAC)KHOCTH
CyOBEKTOB DJIEKTPOIHEPTETHKU Y KPAUHBI.

B BBIBO1aX 000CHOBaHO MPUMEHEHHUE MUHUMYMA MPUBEICHHBIX 3aTPAT B KAYECTBE KPUTEPUS
OILICHUBAHUS HAJIEKHOCTH CUCTEMBbI YHEPrOCHA0KEHUS MPU PABEHCTBE ONTHMHU3AIMOHHBIX 3HA-
YEHU UHAEKCA HAJEKHOCTH.

Hn. — 1, taba. — 0, criucok nuT. — 5 Haum.

YK 656.256.3:621.316.9

Amyk, E. . UccnenoBanue pabOThl pPeNbCOBONM IEMH B YCIOBHUSX HACHIIMICHUS MYTEBBIX
npoccenb-tpanchopmaropos / E. U. Smyk, 1. C. Kypuo // DnekTpoMarHuTHas COBMECTHMOCTb
1 0€30MMacHOCTh Ha Xelle3HOAopokHOM TpaHcmopTe. — 2017. — Howm. 13. — JIaenp: U3n-o
JHVYXKT, 2017. — C. 35-40.

[eablo craTbu SBISETCA HMCCIENOBAaHUE PaOOTHI KOJAOBOM PEIbCOBOM IIEMH B YCIOBHSX
HACBIIIEHUST IMYTEBBIX JIpoccenb-TpaHchopmaTopoB. Pesyiabrarhl. [lomydeHbl 3aBUCHMOCTU
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HaIpsDKEHUs Ha TyTEBOM IMPUEMHUKE OT BEJIMUMHBI TOKA aCUMMETPHUH JUIsl COIPOTUBIEHUN U30-
JAUUU B 3UMHHMA W JIETHUM TMEpHOJ TMpHU YCIOBUU HACHIINIEHUS MYTEBBIX ApPOCCEIb-
TpaHcopMaTopoB. YCTaHOBJICHO, YTO BCIICJACTBUE YBEIMUYCHUS TOKA ACHMMETPHH MOKET
Ha0JII0/1aThCSl CHIDKEHUE HAMPSHKEHUS Ha MMyTEBOM MIPUEMHHKHU HIKE Topora cpabaThIBaHUA, YTO
SIBJIICTCS. OTKA30M PEIIbCOBOM IIETH, YCTPAHEHHE KOTOPOro TPeOyeT MPUMEHEHHs IeJI0ro KOM-
wiekca MepornpusaTuili. HayyHasi HOBH3HA 3aKII0OYaeTCsl B MPUMEHEHUM KOCBEHHOTO METOoJa
pacdera, Oa3upyIOMIErocs Ha TONYyYEeHUH KOIPPUIMEHTOB CXEMBI 3aMEIICHUS JIPOCCEllb-
TpaHcopmaTopa Uil pa3MYHbIX BETUYMH MOAYJIEH CONMPOTHUBIICHUWN MM HaMarHUYKWBAaHUS,
M3MEHSIONIUXCS B TIpoliecce noaMaranyeBanust MarautonpoBoaos T nocrosiuubiM TokoM. [o-
Jy4eHHBIH METOJ MO3BOJSET OCYHIECTBUTH PacyeThl HOPMaJbHOTO pexuma padoThl KOJOBOM
PEeNBCOBOM IIENU B YCIOBUSX BO3JICUCTBUS TOKA aCUMMETPUU MPU HACBIIIEHUHU MYTEBBIX APOC-
cenb-TpancopmatopoB. IIpakTrnueckass 3HaYMMOCTh. [IpetoKeHHBII KOCBEHHBIH METO/T
MOXET HMCIOJB30BaThCs JJII KOPPEKTUPOBKH PACUETOB PEKUMOB PabOTHI PEbCOBBIX LIEMEH ¢
Y4€TOM HACBIIIEHUS TyTEBbIX JPOCCENb-TPaHC(HOPMATOPOB.
Hn. — 2, tabiu. — 0, circok aut. — 11 Haum.

BE3OITACHOCTD HA KEJIE3HOAOPOKHOM TPAHCIIOPTE

YK 629.4.012

I"aBpmtiok, B. 1. Metox oOHapyxeHus 1e(heKTOB IMOABIKHON apMaTypbl CHTHAJILHOTO peJie /
B. U. I'aBpuittok // DneKTpoOMarHUTHas COBMECTUMOCTb U 0€30MacHOCTh Ha KeJe3HOI0POKHOM
tpancnopte. — 2017. — Howm. 13. — Inenp: U3a-so JHYKT, 2017. — C. 42-48.

HecmoTpst Ha 3HaYMTENBHBIN MpoOrpecc B pa3pab0TKe MUKPOIIEKTPOHHBIX CUCTEM KEJIe3HO-
JIOPO’KHBIX AaBTOMAaTUKH, HaOJIOJAaeMblil B TOCJIEIHUE MAECATUIIETHS, PEICHHO-KOHTaKTHBIE
YCTPOMCTBA MO-NPEKHEMY HIMPOKO MCIOIB3YIOTCS B XKEJIE3HOAOPOKHBIX CUCTEMAX CUTHAIU3a-
LIUU, KOTOPBIE ABJIAIOTCS OCHOBOIIOJIAraloIIMMHU JUIsl O€30MaCHOM 3KCIUTyaTalluM >KEIEe3HBIX J0-
POr U JOJKHBI (PYHKLIMOHUPOBATH MPEICKAa3yeMO U HaJIEKHO.

Takum 00pa3zom, pesie CUTHAIHM3AINH, UCTIONB3YeMOe Il KpUTHUECKH BaXKHBIX I Oe3o0mac-
HOCTH WJIU CBSI3aHHBIX C 0€30IaCHOCTBIO MPUIIOKEHUN B XKEJIE3HOJOPOKHBIX CUCTEMAX CUTHAJIU-
3alMH, JOJDKHO HaJJIeKaluM 00pa3oM SKCITyaTUPOBAThCA U MPOBEPSTHCS, YTOOBI rapaHTUPO-
BaTh MX 0€30MaCHYIO U Ha/Ie)KHYIO paboTy B TEUEHHE BCEr0 0KMJIAeMOI'0 CpOKa CITYKOBI.

C nenpto pa3pabOTKH METO/IA BBISBICHUS JE(PEKTOB MMOABMKHON apMaTypbl pejie CUTHaIN3a-
1IUH, OBUTN HCCIIEI0BAaHbl BPEMEHHbIE 3aBUCMMOCTH MEPEXO/IHBIX TOKOB MPH MEPEKIOYESHUH pe-
Jie B Pa3JIMYHBIX TEXHUYECKUX COCTOSHUSAX, — B pab04YeM COCTOSIHUH, a TAKXKE C UCKYCCTBEHHO
CO3JIaHHBIMH JieeKTaMU (M3rnbaMu) KOHTAKTHBIX MPYKUHBL. V3MepeHHble TaHHbIE OBbLIM MPO-
AQHAIM3UPOBAHBI BO BPEMEHHOM M YaCTOTHOW OO0JacTH C UCIOJIb30BaHUEM MOAMUKAIII
BeliBneT npeobpazoanus (CWT, DWT, DWPT).

AHanu3 nepexoaHbIX TOKOB MPOBOAWINA C UCIOJIBb30BAaHUEM CETMEHTALMM TOKOBBIX XapaKTe-
puctuk pene. IlepexoaHslii TOK pene NpU BKIOYECHUU HA NEPBOM U TPETbEM CETMEHTAax, KOTO-
pbI€ COOTBETCTBYIOT HEIOABUKHOMY SIKOPIO, YBEJIMYMBAJICS BO BPEMEHH I10 SKCIIOHEHIIMAIbHO-
MY 3aKOHY.

[TocTostHHBIE BpEMEHM HapacTaHUs TOKAa peJie, PACCUUTHIBAIMN IIyTEM alllPOKCHUMALMKU U3Me-
PEHHBIX BPEMEHHBIX 3aBUCHUMOCTEH MEepeX0JHOro TOKa B IMEPBOM CErMEHTE KpUBOW TOKa B 00-
MOTKE pejie MpH BKIYEHUU SKCMOHEHIUadbHOU (yHkuueid. Hammune nedexToB moaBHKHOMN
apMaTryphbl pene MpaKTUYeCKH HE OKa3bIBAJIO BIMSHHUE HA 3HAUEHUS NOCTOSHHBIX BpeMeHu. Ox-
HAKO 3TH 3HAUEHUSl CUJIBHO 3aBHUCEIHM OT COCTOSIHHSI MarHUTHOW LieNU pejie U1 0OMOTKH pele, a
TaKXe OT MPHUIIOKEHHOTO K OOMOTKE HanpspkeHus. Takoe rmoBe/ieHHe MOCTOSIHHON BpeMEHH pene
Ha IIEPBOM CEIrMEHTE TOKOBOW XapaKTEPUCTHUKH IMO3BOJISAET UCIOJIB30BATh €€ JUIsl KOHTPOJISI TeX-
HUYECKOI'0 COCTOSIHUS JIIEKTPOMATrHUTHON CUCTEMBI peIIe.
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HeucnpaBHoCTH, BBI3BaHHBIE AePEKTaMU SKOPS U KOHTAKTHBIX MPYKHH, TPUBOAMIN K MOSB-
JICHUIO JIOMTOJIHUTEIIbHBIX OCOOCHHOCTEH Ha BTOPOM CEIrMEHTE MEePEX0THOTO TOKA peJie, KOTOPhIH
COOTBETCTBOBAJI IIEPEMEILEHUIO sIKOps. BennunHa 3TuX ocoOeHHOCTEN Ha TOKOBOW KpHBOH 3a-
BHCEJIa OT CTETICHH M3TH0a KOHTAKTHOW MPYKUHBI pejie, a pa3Inuie B MOMEHTAX MX TOSIBICHUS
Ha TOKOBOW KPUBOM COOTBETCTBYET HE OJJHOBPEMEHHOCTH Pa3MbIKAHMS U 3aMbIKaHUSI KOHTAKTOB
pene. J{ns BBIACICHHS aMIUTUTY/IbI (SHEPTHH) 3THX MUKOB, UX JUTUTEIIBHOCTH U BPEMEHH IOSB-
JICHUS WCIIOJIb30BAaHO BEHBIET-TIpeoOpa3oBanue. VccnenoBaHus TOATBEPAUIN BO3MOXKHOCTH
onpeeacHus AePEKTOB MOABUKHON apMaTyphl pefie (IKOpsi, KOHTAKTOB, KOHTAKTHBIX MPY>KHUH)
o (hopMe BTOPOTO CErMEHTa TOKOBOW XapaKTEPUCTUKU BKIIOYCHHUS PeJie C ACTaTbHBIM BBIJEIIC-
HHUEM 0COOCHHOCTEH TOKOBOM KPUBOM C TIOMOIIBIO BEUBJIET aHAIM3A.

Wn. — 5, Tabn. — 1, cnucok aut. — 14 HauM.

YK 656.259.12

I'aBpumtok, B. 1. CpaBHUTENBHBIN aHAIM3 METOAOB pacueTa IOJIHOIO CONPOTHUBIICHUS PEIlb-
coB tuma P65 konen 1520 Mmm B TOHanmpHOM nuamazone 4actot / B. WM. ['aBpunrok // Dnextpo-
MarHuTHasE COBMECTUMOCTh M 0€30MacHOCTh Ha >KEJIEe3HOAOpPOXKHOM TpaHcmopre. — 2017. —
Howm. 13. — Muenp: Uzn-Bo IHYXKT, 2017. — C. 49-56.

3HaHue UMITEJ]aHCa PEbca Ha TIEPEMEHHOM TOKE B IIMPOKOM JIMAa30HE YaCTOT HEOOXOIMMO
Ui pa3paboTKU U MOJETMPOBAHUS TOHAJIBHBIX PEIbCOBBIX IIETICH, OTpEAeIICHUs paclpeaeIecHus
00paTHOTO TATOBOTO TOKAa B PEIbCaX BHICOKOCKOPOCTHBIX JKEJIE3HBIX JOPOT, TECTHPOBAHUS HO-
BBIX TUIIOB MOJBUKHOT'O COCTAaBa Ha AJIEKTPOMArHUTHYIO COBMECTUMOCTD C PENbCOBBIMU LEMSIMU
U T.IL.

[enbto paboOTHI SBISETCS MPOBEICHUE CPABHUTENHLHOTO aHAIM3a METO/IOB pacueTa UMIIeIaH-
ca penbcoB Tumna P65 xonen 1520 MM Ha IEpEeMEHHOM TOKE B IMAa30HE TOHAIBHBIX YaCTOT.

B pabore mpuBeneH KpaTkuii 0030p pe3ylbTaTOB U3MEPEHHI MMIIelaHca PEeNbCOB Ha Iepe-
MEHHOM TOKE€ U PacCMOTPEHO TEOPETHYECKOE OINMCAHUE YAaCTOTHOM 3aBUCHMOCTH HMMIIEJIaHCa
MIPOBOJHHUKOB PACIIOJIOKEHHBIX HAJl TOBEPXHOCTHIO 3€MJIM C YYETOM DJIEKTPOMArHUTHBIX MOTEPh
B MOBEPXHOCTHOM ciioe 3emutd. [IpuBenena maremarndeckas ¢popmynupoBka merona Kapcona u
METO/a KOMIUIEKCHOTO U300paXkeHHs, IpesIo’KeHHOro Jlepu ¢ coaBTopaMuu JUisl ONpeaeiaeHus
UMIlefaHca JIMHUHN 3nekTponepenaun. ConpoTuBieHue penbcoB tTuna P65 xonen 1520 mm 66110
paccuMTaHo € HCHONb30BaHMEM MerToja KapcoHa M MeTosa KOMIUIEKCHOTO H300paskeHHs.
BcenenctBre HEnOCTaTOYHOIO KOJMYECTBA JIMTEPATYPHBIX JAHHBIX MO M3MEPEHUSM HMIIeaHca
penbcoB Tuna P65 Ha mepeMeHHOM TOKe, pe3yJbTaThl pacyeToB JAJIS 3TOTO TUIA PEBCOB ObUIH
COTIOCTABJIEHBI C U3MEPEHHBIMU 3HAUYEHUSAMHU KakK Juisl penbcoB Tuna P65 xonen 1520 mm, Tak u
st penbeoB tuna UIC 60 konen 1435 mMm. PaccurTanHble 4acTOTHBIE 3aBUCUMOCTH UMIIE/IaHCa

penbeoB THIA P65 Ha mepeMeHHOM Toke B auarasose dactor 10°...10° I' B Ka4eCTBEHHOM OT-
HOILIEHUU YJOBJIETBOPUTEIBHO COIJIACYIOTCS C JIUTEPATypPHBIMH JTaHHBIMH, TPUBEACHHBIMU JIS
penscoB Tuna UIC60.

Pesynbrarel mia penascoB tuna P65 xosen 1520 MM, paccunranHbele o merony Kapcona u
METO]ly KOMIIEKCHOTO N300pa)Ke€HMsl, OTIMYAI0TCS OT CIPAaBOYHbBIX JAHHBIX, [IPE/ICTABICHHbBIX B
JUTEpPAType, U 3TH Pa3iInuydds YBEIMUUBAIOTCA C YBEIMYEHUEM YacTOTBL. Takoe MOBENEHHE MO-
KET OBITh CBSA3aHO C OIMMOKON METO/J0B pacyeTa, BbI3BAHHOW Majol BBICOTOW PENbCOB HAJ IMO-
BEPXHOCTBIO 3€MJIM HMMEIOIEH JJIEKTPUYECKHE IMOTEPU M C BBICOKOW AJIEKTPONPOBOJHOCTHIO
MEX1Y peiabcaMH U IPYHTOM.

Wn. — 2, Tabn. — 1, cnucok nmuT. — 20 HauM.

YK 658.5:614.8
Jlaryta, B. B. AHanu3 oTKa30B 3JIEMEHTOB >KeJIe3HOJ0pOkHOIM aBTomatuku / B. B. Jlaryra,
T. H. Ceparok, A. A. [TapxomeHko // DneKTpoMarHuTHasi COBMECTHUMOCTh M 0€30MacHOCTh Ha

131



ISSN 2223-5620 (Print), ISSN 2411-1554 (Online)

AHHOTAIIMM

xKenezHogopoxkHoM Tpancnopte. — 2017, — Hom. 13. — duenp: Uzn-so JJHYXKT, 2017. — C. 57—
65.

AKTyanpbHOCTh. B cTathe paccMaTpHBaIOTCS BOIPOCH 0OecreUeHUs MOBBIICHUS 3 (PEKTHB-
HOCTH (DYHKIIMOHAJIBLHOM HAJICKHOCTH CHUCTEMBI JKEIC3HOJOPOKHOM aBTOMATUKU. JTO SBJISCTCS
BaXXKHOM HAyYHO-TEXHMYCCKOM 3ajadeii, pelieHrue KOTOPOM IMO3BOJIUT YIYUIIUTh TEXHOJOrHYe-
CKHI TMPOIIECC TIEPEBO30K C MAKCUMAIIbHON 3((HEKTUBHOCTHIO U O€30MAaCHOCTHIO JBHMIYKEHHUS I10-
€3J10B.

Llenpto sBIsCTCS aHANIM3 HAOIIOJCHUN 00 OTKa3aX 3JICMEHTOB CHCTEMbI JKEJIC3HOIOPOKHOM
ABTOMATHKH B pervoHajabHOM (punuaie «Onecckas xxene3Has gopora» 3a nepuon 2011-2015 rr.,
CpaBHEHHE M OIPEICICHNE KaueCTBEHHBIX MPHUYMHHO-CIICACTBEHHBIX CBS3€H MEXIy OTKa3aMH H
WX CTPYKTYPBI JUISI BBIOPAHHOUN JAUCTAHIUM /ISl YIYUYIICHHUS] €€ CUCTEMBbI TEXHHYECKOTro 00ciy-
JKUBaHHMSI.

[IpakTrueckas neHHOCTh. OnpeAciacHbl OCHOBHBIC NMPHYMHBI OTKAa30B 3JIEMEHTOB CHCTEMBI
JKEJIe3HOI0POKHON aBTOMATHKKH. HanOonbIuii IpOIIEeHT OTKA30B B AJIEMEHTAX KEJIE3HOI0POXK-
HOW aBTOMATHKU NPUXOJUTCH Ha penbcoBblie mnenu (40,81 %) u anmaparypy ymnpaBieHUS
(25,81 %). ITporuo3upoBaHme MPOIECCa OTKA30B SJIEMEHTOB JKEJIE3HOI0POKHON aBTOMATHKH 110
MaTeMaTUYeCKON MOJICIH CJIOKHOM CHCTEMBI, BBIIIOJIHECHUH PErYJISIPHBIX PEMOHTHBIX PadOT H
BHEJIPEHHUS COBPEMCHHBIX JOMOJHUTEIBHBIX JHATHOCTUYCCKUX M MPO(GUIAKTHUSCKUX ICHCTBUI
CO3/1ayT BO3MOXKHOCTH Mepexoa OT MIaHOBO-IIPEAYNPEAUTEILHOM TEXHOJIOTHH K 00CTyKUBa-
HHIO YCTPOMCTB KEIC3HOIOPOKHON aBTOMATUKH 110 COCTOSHHIO.

Hayunas noBu3zna. [Ipemioxkena MaremaTiueckas MOJCHb MPoIlecca 0TKa30B JIEMEHTOB Ke-
JIC3HOJIOPOKHOM aBTOMATHKHU KaK CJIOYKHOM CHCTEMbI Ha OCHOBE MACCUBHBIX HAOJIIOICHHUM.

PesynbpraTel. Ha ocHOBe pa3paboTaHHON CTPYKTYpPhl MaTeMaTHYECKON MOJEIN MPEII0NKEHO
CPEACTBO YIIPOIICHUS YIPaBJICHUS CHCTEMOM TEXHHYECKOTO OOCTY)KHMBAaHHS YCTPONCTB KEJe3-
HOZOPOKHOM aBTOMATHKHU IyTEM BBIICICHUS IOJCUCTEM COJICpKaHUE: CTATHBOB; CHUTHAJIOB; all-
IapaTyphl YIPaBICHUS, CTPEIIOYHBIX IEPEBOJOB U 3JICKTPOIPUBOIOB; CUCTEMbI 3JCKTPOIIMTA-
HHS. YIydIlIeHHE SKCIUTyaTal[MOHHBIX ITOKa3arelield paOOThl 3JIEMEHTOB KEIC3HOIOPOKHOM aB-
TOMATUKH MOXET OBITh JOCTUTHYTO 3a CYCT BHCAPCHUS JOMOJHUTCIBHBIX PEMOHTHO-
poUIaKTUYECKUX EHCTBUI MO 0OCTY>KMBAHUIO PEIbCOBBIX IIETEH, anmaparypbl, KaOeIbHbIX
JTUHUH, SJIEMEHTOB 3alllUTHI U alapaTypbl pejeHbIX mKadoB.

Wn. — 3, Tadi. — 3, crircok uT. — 12 HanuM.

YK 621.391:681.518

boitauk, A. b. JledexkToBKa TEXHMUECKOTO, TEXHOJIOTHYECKOTO ¥ OPraHU3al[MIOHHOIro obecre-
yeHust koHTpoabHoro nyHkra AJICH moropsaronnoro aemno / A. b. boitnuk, A. 0. Kamenes,
C. A. 3wmeii, E. B. llle6nbikuna, B. B. ['aeBckuit // DnexTpoMarHuTHas COBMECTUMOCTh U 0e€3-
OIAaCHOCTh Ha Kelle3HO0pokHOM TpaHcnopTe. — 2017. — Hom. 13. — [Inenp: U3a-so JHYXKT,
2017. - C. 66-80.

[IpoBeeHHOE B CTAaThe MCCIIEIOBAHUE TOCBSIIEHO Ie(PEKTHPOBAHUIO BCEX OCHOBHBIX BHJIOB
o0ecrieyeHne KOHTPOJBHOIO IYHKTa aBTOMATHYECKOH JIOKOMOTMBHOHM CHUTHAJIM3alMM Hempe-
PBIBHOTO JIEHCTBUS OTHOTO U3 MOTOPBAroHHBIX Jieno KOxHOM *kene3Hol JOpory B paMKax mpe-
MIPOEKTHOT0 00CIeI0BaHMs 0ObEKTA.

B mpouecce nedexkrupoBaHMs TEXHMUECKOTO OOECIEUeHUs KOHTPOJBHOTO IyHKTa OBLIO
YCTAQHOBJICHO, YTO TEXHUYECKHE MapaMeTpbl U CIOCO0 MPOKIAIKU HCIIBITATENbHBIX Iel(oB
BJIOJTb TEXHOJIOTHYECKUX KaHAB MOTOPBAaroHHOTO JIETIO HE COOTBETCTBYIOT YCTAHOBJICHHBIM TEX-
HUYECKUM HOpMaM. B mepByro odepesib 3TO KacaeTcsl THMa MpOJIOKEHHOro kabessi, crocoda ero
KpEIJIeHHs K peiike, OTCYTCTBUS MIOMEXO03aIUIIEHHBIX NTePeCceUeHUH, JUIMHE U U30JISALIUH.

JledexToBka TeXHONIOTHYECKOro o0ecreueH s oKas3al, 4To AeHCTBYIOIast TEXHOJIOTUS TeX-
HUYECKOTO OOCITY)KHBaHHS M TEKYIIETO PEMOHTa YCTPOHCTB aBTOMATHYECKON JOKOMOTHBHOM
CUTHAJIN3AIM MOTOPBArOHHOTO TMOJIBUKHOTO COCTaBa JETO JUIS MOJIHONIEHHON CBOEH peanm3a-
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UM TpeOyeT upe3MEepHBIX BPEMEHHBIX PECYpPCOB, YTO CBS3aHO CO CIIOCOOOM MPOKIAJIKU HCIIBI-
TaTeJbHBIX NUICH(OB BIOIh TEXHOJIOTMYECKHX KaHaB. [Ipu 3ToM cpenHuil mpocToil OCHOBHBIX
IIPOM3BO/ICTBEHHBIX 3BEHbEB JIENO 3a oOecrieueHne (PyHKIMOHUPOBAHUS KOHTPOJBHOIO ITyHKTa
MIPEBBIIIACT J[BA Yaca, YTO MPUBOIUT K NMPEHEOPEKECHUIO OTICIBHBIMU 3TAallaMH MPOBEPKH JEH-
CTBUs aBTOMATHYECKOW JIOKOMOTUBHON CUTHAJIM3ALUH, YTO, B PE3YJIBTATE, YXYAIIAET KAa4YECTBO
BBINOJIHEHHOI'O TEXHUUYECKOT0 00CITY>)KHUBaHUS WJIU TEKYILEro pEMOHTA.

HedekToBka opraHu3allMOHHOIO 00ecreueH s, CBI3aHHOIO, IIPEXKAe BCEro, C IMITaTHBIM pac-
MIACAaHUEM CIELUAIU3UPOBAHHOIO 11€Xa ABTOMATUYECKON JIOKOMOTHBHOM CUTHAJIM3ALMU, ITOKa-
3aJI0 HECOBEPIIEHCTBO KOMIIJIEKTOBAHMS HEOOXOIMMOIO IITAaTa /sl BBIOJIHEHUS padoT Mo Tex-
HUYECKOMY OOCIYKUBAaHHIO U PEMOHTY COOTBETCTBYIOIIMX YCTpoicTB. Tosbko dopmupoBaHue
KaJpOBOT0 pe3epBa CIIOCOOHO YaCTUYHO PEHIMTh 3aTPOHYTYIO poliIeMy.

B pesynprare wnccrnenoBaHusi yCTaHOBJIEHAa HEOOXOAMMOCTb KOPPEKTUPOBKM BCEX BHJIOB
obecreyeHnss KOHTPOJIBHOTO IIYHKTA C LIEJIbI0 MOBBIIICHHs Ka4eCTBa TEXHUYECKOro 00CIIyKUBa-
HUs U PEMOHTA YCTPOMCTB aBTOMATHYECKOW JIOKOMOTHBHOM CUTHAJIU3ALMM U, KAK CIEICTBHE, -
MOBBIIIEHUE HKCIUTYaTAI[MOHHON HAJIe)KHOCTH U Oe30macHOCTH (DyHKIIMOHMpoBaHus. Ha BeINOII-
HEHHE JJaHHBIX KOPPEKTUPOBOK JIOJKHBI OBITH HAllpaBJlIeHb! JaJbHEHIINE HCCIeI0BaHUs B Mpe/-
METHOH 00J1aCTH.

Wi. — 6, Taba. — 4, ciucok uT. — 19 HauM.

YK 656.259.12 : 656.256.3

Mernemko, B. B. TexHuyeckuii KOHTpOJIb CHUCTEM YHUCIOBOW KOJOBOI aBTOOJIOKMPOBKU /
B. B. Meneniko // DneKTpoMaraHuTHasi COBMECTHMOCTh M 0€30IaCHOCTh Ha KeJE3HOI0POKHOM
tpancnopte. — 2017. — Howm. 13. — Inenp: U3a-so JHYKT, 2017. — C. 81-87.

Lenbto paboThI ABISIETCS BBIABICHHE XapaKTEPHBIX 0COOEHHOCTEH pabOThl CPEACTB TEXHUYE-
CKOTO KOHTPOJII CUCTEMBI YMCIOBOW KOJOBOW aBTOOJIOKHPOBKH, UX MPEUMYIIECTB U HEJOCTAT-
KOB, aHaJIU3 BO3MOYKHOCTH MX HCHOJb30BAaHHUS AJIS JUArHOCTUPOBAHMSI COCTOSIHUS YCTPOMCTB
aBTOOJIOKMPOBKY M ITOCTAHOBKA 3a]a4 AJIs pa3pab0TKH HOBBIX JUATHOCTHUECKUX KOMILIEKCOB.

JUist 1OCTUXKEHMsI ITOCTABICHHOM LieNy ObUIM UCIOJIb30BaHbl TEOPETUKO-aHATUTUYECKHH Me-
TOJ M METOJT PYHKIMOHATBHOTO aHAIH3A.

AHanus CylecTBYIOIMX U MEPCHEKTUBHBIX CPEJICTB YAAIEHHOTO KOHTPOJIS U TEXHHUYECKOIO
JMarHOCTUPOBAHUS YCTPOUCTB aBTOOJIOKUPOBKHU MOKA3ajl, YTO CYIIECTBYIOIIUE CUCTEMbI UMEIOT
HEJ0CTaTOYHYI0 UH()OPMATUBHOCTH, HAIIPABJIEHbl B OCHOBHOM Ha KOHTPOJb JAUCKPETHBIX Mapa-
METpPOB, YTO, B CBOIO OUYE€pPE/lb, HE MO3BOJISET MOCTPOUTH Ha UX OCHOBE MOJCUCTEMBI TIOJAEPHKKU
npuHATUS peteHui. [lpeanoxeHo mpu pa3paboTKe HOBBIX CUCTEM TEXHUYECKOTO AUAarHOCTUPO-
BaHUS MCIOJIb30BaTh LEHTPAIN30BAaHHO-pACTIpEACIEeHHBI MPUHIUMI 00pabOTKM JHarHOCTUYe-
CKUX JJaHHBIX, BKJIIOYUTh B UX COCTAB MOJICUCTEMY MOJACPKKU MPUHATHS PELIEHUM, YTO M03BO-
JIUT YMEHBIIUTh KOJIUYECTBO TPYy103aTpaT Ha 0OCIIy)KUBAaHUE YCTPOICTB aBTOOJOKHUPOBKH U CO-
KpaTUTh BPEMsl Ha BOCCTAHOBJIEHHUE 10CJIE BOSHUKHOBEHUS TTOBPEXKICHHUS.

B pesynbTare nccnenoBaHuil BBISBJIEHO, YTO CYIIECTBYIOLINE CPEACTBA TEXHUUECKOIO KOH-
TPOJIsL ABTOOJIOKUPOBKUM HE MOTYT IPEJOCTAaBUTh IOJIHYIO OLIEHKY COCTOSHHSI MEperoHHbIX
YCTPONCTB CUTHAJIM3ALUU U OJIOKUPOBKH, MPEJIOKEHBI KPUTEPUU JJIsi pa3pabOTKU HOBBIX CH-
CTEM TEXHHYECKOI'O JUarHOCTHPOBAHMS C YBEIMUYEHUEM KOJIMYECTBA JTUArHOCTHYECKON MHGOP-
Maluy ¥ €€ aBTOMaTUYECKUM aHAJIN30M.

Pe3ynpTaThl aHaM3a MOTYT OBITh MCIOJB30BAHbI HA MPAKTUKE JJIs1 BEIOOpA CpPECTBA TEXHU-
YECKOTO KOHTPOJISI YCTPOUCTB aBTOOJOKHPOBKHU, a TaK)Ke MPH JaTbHEHUIIEH pa3paboTKe CUCTEM
JMarHOCTHUPOBAHUS aBTOOJIOKUPOBKH, YTO MO3BOJIIET IPOBECTH MOCTENEHHBIN Mepexo/] OT Iia-
HOBO-TIPO(PUITAKTHUECKONW MOJENN 00CITYy)KMBaHUS K 00CTYKMBAHUIO IO (PAKTHYECKOMY COCTOSI-
HUIO KOHTPOJIMPYEMBIX YCTPOMCTB.

Wi. — 0, taba. — 0, crircok muT. — 14 HauM.
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anomnuk, B. FO. HoBble cTpaTerun TeXHMYECKOro OOCIY)KMBaHHUS U PEMOHTA TPY30BbIX
BaroHoB / B. 0. [llanoumrHuk // DaeKTpoMarHuTHasi COBMECTUMOCTh U O€30MAaCHOCTh Ha JKele3-
HoJtopokHOM TpaHcnopte. — 2017. — Hom. 13. — duenp: U3x-Bo JHY KT, 2017. — C. 88-94.

[Monnep>kanue pabOTOCIIOCOOHOCTH M 33/IaHHBIX TOKa3aTelel HaJe)KHOCTH Ha BCEX JTamax
TEXHUUYECKON SKCIUTyaTalliy MOJIBUYKHOTO COCTaBa - IJIaBHAs 3ajjauya CHUCTEMbl TEXHUYECKOTO
obcimyxuBaHust U pemoHTta (nanee - CTOuP). Pa3paboTka u BHeIpeHUH BaroHOB HOBOT'O MOKO-
JIEHUS C TOBBIIIEHHBIMH ITOKA3aTEIsIMU HAJEKHOCTH, U MOJAJEP)KaHUs 3aJaHHbIX IOKa3aTesen
0€30MMacCHOCTH JIBH>KEHUS UMEIOIIErocs MapKa rpy30BbIX BarOHOB B YCJIOBUSIX €0 3HAUUTEIbHO-
IO CpoKa CIIykObl, HEIOCTATOYHOM 0OECIIEYEHHIO0 PEMOHTHBIX JEMO0 MaTeprallaMy U 3alaCHbIMU
YacTsAMH, CTapeHueM HUHQPACTPYKTYpsl U 1p. TpeOytoT mnoBbimeHus dp¢pexruBHoctd CTOuUP.
JlelicTByroIasi CUCTEMa TEXHUYECKOTO OOCTYXKMBAHHUS M PEMOHTA I'PY30BBIX BaroHOB TpeOyer
W3MEHEHUH, KOTOpble OyAyT KacaTbCs HE TOJBKO ONTHUMM3AIMK MTPOOETOB BaroHOB MEXAY Ilia-
HOBBIMU BUJIAMHU PEMOHTA, a TAK)KeE Iepexo/ia K HoBbIM crparerusm CTOwuP.

B craThe mpuBOASTCS IMOJIOKUTEIBHBIE U OTPULATEIbHBIE CTOPOHBI PA3JIMUHBIX CTpaTEruit
TEXHUYECKOr0 OOCIY)KMBAaHHUS M PEMOHTA, PACCMATPUBAIOTCS BO3MOXXHOCTH HMX BHEJPEHHS B
CTOwuP rpy3oBsix Baronos. [Ipeanoskenusiii anroputM Beibopa crparerun CTOuP 6azupyro-
LIUICSl Ha KOMIUIEKCHOM aHAJIW3€ Ha/IeKHOCTU IPy30BOr0 BaroHa ¢ y4€TOM TE€X 3JIEMEHTOB KOH-
CTPYKIUUH, KOTOPBIE TUMUTUPYIOT BPEMSI MEXKAY TEXHHUECKUM OOCITY’)KUBAaHHEM HIIM PEMOHTOM.
Baxxnoii 3agaueit siBnsieTcs onpeaeneHue MUHUMAIBHO JOCTATOYHOIO YUCIIa KOHTPOJIUPYEMBIX
apaMeTpoB YIS MOTyYeHHss 000CHOBAaHHON MH(OpPMAIMHA O COCTOSIHUHM OOBEKTa JHArHOCTHPO-
BaHUsA (TPy30BOr0 BaroHa) Ha TEKYLIMIl MOMEHT BPEMEHH, pa3paboTKa MporpaMmM JAUarHoCTUPO-
BaHUS TEXHUYECKOT'O COCTOSIHMSI OTJENBbHBIX Y3JIOB, AeTajeil u BaroHa B neiaoM. Omnupasich Ha
IIOJIyYE€HHbIE JaHHbIE, Pa3padaThHIBAOTCd MaTEMaTHYECKHE MOJENU, KOTOPbIE OINKCHIBAIOLINE
MPOIIECC IKCIUTyaTalluy, YYUTHIBAIOT (Paktuueckoe coctostHue u Biausgaue CTOuP Ha oTkassbl
Ipy30BOT0 BaroHa.

Wn. — 4, tabdn. — 0, cincok aut. — 15 HaumM.

YK 625.4:622.235.63

Ilerpenko, B. JI. IlapaMeTpsl U TEXHOJOTUS 3KCIEPUMEHTAIBHBIX B3PBIBOB IIPU MPOXOJKE
JIEBOT'O MIEPErOHHOr0 TOHHEN MeTpononuTena B T. J{nenpe / B. 1. Ilerpenko, E. M. IlaraiikuH,
A. M. llltangapun, A. JI. Trotekun, B. I1. Kynpuii // DnexrpoMarHuTHas COBMECTUMOCTD U 0€3-
OITACHOCTH Ha KeJe3HomopokHOM Tparncmoprte. — 2017. — Hom. 13. — [Tuenp: M3a-Bo JHYXKT,
2017. - C. 95-102.

Paccmotpens! Bonpochl 3¢ (HEeKTUBHOIO MPUMEHEHHUS! OypOB3PBIBHBIX paOOT MPH MPOBEACHUH
TPEX OMBITHBIX B3PHIBOB B IEPETOHHOM TOHHENE J[HenponeTpoBckoro Merpornonuresa. Od6ocHo-
BaHa HEOOXOIMMOCTh KOMOMHUPOBAHHOTO MMPUMEHEHHSI KOPOTKO3aMEeJIEHHOTO U 3aMeJIEHHOTO
B3pBIBaHUS HIMYPOBBIX 3apsAI0B Ul 0OecreueHHs] BBICOKOTO YPOBHS OCHOBHBIX IOKazaTresei
MPOXOAKUA M CEMCMHUYECKON 0€30MacHOCTU ISl 3IaHUM U COOPYKEHHM, HAXOMSIIUXCS BOJIHM3U
00BEKTa MOA3EMHOTO B3pbiBa. [Ipe/yioskeHO BBIMOIHATH ONBITHBIE B3PHIBBI BPYOOBBIX 3apsJIOB C
pa3JesieHneM UX Ha TpH TPYIIIBI 10 JBa 3apsiaa B Kax10H, B3peiBaeMbIX uepes 20 mc. Kpowme To-
ro, JJis MOBBIIEHUS KIIJ B3pbIBa IPUMEHEHO PACIIOIOKEHHE 9 He3apsyKaeMbIX IIIMTYPOB MEXIY
BpyOOBBIMU U BCIIOMOT'aTE€IbHBIMU 3apSAaMH.

[IpencraBieHsl pacdeTbl CKOPOCTEH CMEIIEHUN 4YacTUI] TPYHTa U HANPSDKEHUH, BO3HUKAIO-
X B HEM IIPU B3pPbIBE, KOTOPHIE HE MPEBBIIIAIOT OMACHBIX 3HAYEHUH MO YCIOBUAM ceiicMHue-
CKOM 0€3011aCHOCTH.

Wn. — 3, Taba. — 1, cniucok nmuT. — 11 HauM.
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YK 656.022

[Taceunuk, A. H. IIpo6aembl sHEprocOepekeH st U yCOBEPIICHCTBOBAHHUS METOAOJIOTUU pac-
yeta TapudoB Ha snekrpodHepruto / A. H. Ilaceunuk, B.B. Kyteipe, B. A.Ilaceunuk,
JI. B. lynna // DneKTpoMarHuTHas COBMECTUMOCTh M O€30MACHOCTh Ha JKEJIE3HOJOPOKHOM
tpancnopre. — 2017. — Hom. 13. — JTnenp: U3a-so JJHYXKT, 2017. — C. 103-117.

Heas. Llenpto craThy sABISETCS NOCTPOCHHUE HanOOJIee PALMOHAIBHBIX CXEM U alrOPUTMOB
UX NPUMEHEHUS TS ONpeIeJIEHUs] SKOHOMHUYECKH 00OOCHOBAHHBIX IPO3PAYHBIX LIEH Ha 3JIEKTPO-
SHEPTHIO U IPYrue TOBAPHI B YCIOBHUAX PHIHOYHOM KOHOMMKHM Ha OCHOBE CUCTEMHOI'O aHAJIA3a
CYIIECTBYIOIUX CUCTEM U METOJOB LIEHOOOPa30BaHus, a TAKXKe ONpPeAeICHUE KPUTEPHEB 00bEeK-
TUBHOW OLIEHKH YpOBHsI Tapu(OB U pacueT SKOHOMUYECKH 0OOCHOBAHHOW M COLUAIILHO OPUEH-
TUPOBAHHOM LICHBI HA YJIEKTPOIHEPIUIO HA OCHOBE IIPEUIOKEHHOTO ITOAXO0AA.

Metoauka. [lpemioxena MeToauKa pacdyera 3KOHOMHUYECKH OOOCHOBAaHHBIX Tapu(oB Ha
JIEKTPOIHEPIUI0, Oa3UPYyIOIIAsAcsa Ha KIACCHYECKOM MEeToJie LIeHO0Opa3oBaHus (ce0ecTOMMOCTh
+ npuObLIb). 711 IPOBEACHUS CPABHUTEIILHOTO aHAIN3a YKPAWHCKUX Tapu(oB Ha dIIEKTPOIHEP-
THIO C Tapu(aMu B €BPONEHCKUX CTPaHaX, MPEAJIOKEHAa METOUKA pacyeTa MPUBEICHHBIX KO3 (-
¢bueHToB Tapuda ¢ y4eToM ypoBHs cpeaHel 3apaboTHOH miatel U ypoBHs BBII Ha nymy Ha-
CEJICHUS.

Pe3yabTaThl. B pesynbrate mpoBeAeHHON CUCTEMaTH3AIlMA METOAOB IIEHOOOpa30BaHUs I10-
Ka3aHO, YTO BCE MPE/ICTaBIEHHbIE METObl OCHOBBIBAIOTCS HA KJIACCMUYECKOM noaxoje (cedecro-
UMOCTh + NpUObLIB), a 3aTEM B 3aBUCHUMOCTHU OT YCJIIOBUH PbIHKA OHM aJlaiTUPYIOTCS MO U3Me-
HEHHE TEeKyllled cuTyauuu. Ha OCHOBE IPOBENEHHOIO aHaIM3a YCTAHOBJIEHO, YTO Ul pacuera
Tapu(oB HA AIIEKTPOIHEPTHIO HaNOOJIee PAllMOHAIFHBIM SIBIISCTCS IPUMEHEHHE KITACCHYIECKOTO
MeTO/a 11IeHO0Opa30BaHUs C y4e€TOM Ce0EeCTOMMOCTU U SKOHOMHUYECKHM OOOCHOBAHHOIO YPOBHS
PEHTa0ETHLHOCTH €€ TIPOU3BO/ICTBA.

[IpoBeneH cpaBHUTENBHBIN aHAIM3 Tapu(OB HA HNEKTPOIHEPTHIO B YKpauHEe U B €BpoIIeiic-
KHUX CTpaHaX Ha OCHOBE IIPE/UIOKEHHBIX B pa0OTe KOMIUIEKCHBIX IOKa3aTeseil: MpuBeIeHHbIX
KO3(QpHUIHUEHTOB Tapuda Ha 3IEKTPOIHEPIHI0, KOTOPBIE ONPENENsIoT OTHOLIeHHEe Tapuda a0
ypOBHs cpeliHel 3apaboTHOM 1uiatkl U ypoBHs BBII Ha qymy HaceneHus.

Jns mubepanu3alnuy SKOHOMHUYECKOTO MOJIOKEHUSI B SHEPreTUYECKON OTpaciid Mpea1okeHo
BbIOpaTh Hanbosee 3(pPeKTUBHBIN METOJ ISl ONpeAeTeHHUs LIeHbl Ha TOBaphl CTPATErMYECKOr0
3HAYEHUS - KJIACCUYECKHH MOAX0/1 B IEHOOOPa30BaHUH.

Hayunas noBu3Ha. HayuHas HOBH3HA 3akitodaeTcsi B pa3pabOTKe METOJIMKH pacdera KO-
HOMUYECKH 00OCHOBAHHBIX MPO3PAYHBIX LIEH HA AJIEKTPOIHEPTHUIO U JIPYTHE TOBAPHI B YCIOBUIX
PBIHOYHON 3KOHOMHKHM HA OCHOBE CHCTEMHOI'O aHAJIM3a CYIIECTBYIOIIMX CUCTEM M METOJOB IIe-
HOOOpa3oBaHus. BriepBeie mprMeHEeHa METOMKA IPOBEACHHS CPAaBHUTEIIBHOTO aHAJIM3a yKpau-
HCKUX Tapu(OB Ha 3JIEKTPOIHEPTHUIO ¢ TapupaMH B €BPONEHCKUX CTpaHaX Ha OCHOBE MPUBECH-
HBIX KOA(QPHUIMEHTOB Tapuda ¢ yueTOM YPOBHs cpelHell 3apaboTHO muiaTel 1 ypoBHs BBII Ha
JyIIly HACEJICHMUS.

IIpakTnyeckas neHHOCTh. [IpennokeHHbIM MOAX0/ MO3BOJISAET ONPEAEIUTh YKOHOMUYECKH
000CHOBaHHBIE TapU(bl HA IEKTPOIHEPTHUIO C YIETOM PEHTA0ENBHOCTH €€ IPOU3BOJICTBA U CIIO-
CcOOCTBOBATh YCTAHOBJICHUIO LIMBUIM30BAaHHBIX S KOHOMHUYECKUX OTHOIICHUN HA SHEPreTUYECKOM
pPBIHKE Y KpauHBI.

Wn. — 1, tabn. — 12, cincok aut. — 18 nanm.
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UDC 629.4.012

Havryliuk, V. I. An overview of the ETCS braking curves / V. I. Havryliuk // Electromagnet-
ic compatibility and safety on railway transport. — 2017. — No 13. — Dnipro: DNURT, 2017. —
P. 11-19.

The purpose of the article is to present an overview of the ETCS braking curves according to
the European specifications.

Though the ETCS specifications lay down the basic principles for the braking curves and the
associated information displayed to the driver, but there is still no harmonized method to com-
pute them. In the absence of any requirement, the algorithms of the ETCS on-board suppliers
lead to different braking distances for a given type of rolling stock. For cross border trains, the
differences through national rules require the implementation in the ETCS on-board of several
national braking curves.

The main features of the braking curves have been reviewed in the article, including the fol-
lowing main aspects: basic principle to ensure of the train movement safety, the purpose and
main types of ETCS braking curves, the input parameters for braking curve calculation, con-
struction of the emergency brake deceleration curve, and guaranteed emergency brake decelera-
tion.

The basic principle to ensure the train movement safety is based on their separation in fixed
block distance (for a conventional signalling system) or in moving block-sections (for
ERTMS/ETCS level 3).

To ensure these principles the ETCS onboard computer must predict the decrease of the train
speed in the future, from a mathematical model of the train braking dynamics and of the track
characteristics ahead. This prediction of the speed decrease versus distance is called a braking
curve. The minimum interval between trains under automatic train protection system is defined
by minimum movement authority that comprises odometer tolerance, driver allowance, ATP re-
action times, brake application time. Braking curve predict of the train speed decrease versus dis-
tance by the ERTMS/ETCS on-board equipment, from a mathematical model of the train braking
dynamics and the track characteristics ahead. ETCS supervises both the position and speed of the
train to ensure they continuously remain within the allowed speed and distance limits, and if
necessary it will command the intervention of the braking system to avoid any risk of the train
exceeding those limits.

There have been considered in the work the main ETCS braking curves and the supervision
limits of the EBD braking curves, the movement authority, the end of authority, the most restric-
tive speed profile, the supervised location and others.

Differences in braking on dry and wet rails are considered. The braking on dry rails is rela-
tively easy to represent through a statistical model that take into account the dispersion of the
braking performance. But on wet rails the physical phenomenon that occur when braking are still
today extremely difficult to model. In order to overcome this difficulty, two distinct rolling stock
correction factors have been considered in order to get the guaranteed emergency brake decelera-
tion.

Ill. — 7, the table — O, ref. — 20 names.

UDC 621.331

Havryliuk, V. 1. Modeling of the traction current harmonics distribution in rails /
V. I. Havryliuk // Electromagnetic compatibility and safety on railway transport. — 2017. —
No 13. — Dnipro: DNURT, 2017. — P. 20-27.
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Electrified railways are one of the most powerful wide frequency range sources of disturb-
ances that interference on signaling and radio communication systems. This is especially true for
new types of vehicles equipped with electronic static converters with pulse width modulation
(PWM), from which high-frequency interferences in rails can have frequencies up to several tens
of kHz.

To ensure the electromagnetic compatibility (EMC) of new types of rolling stock with signal-
ing and radio communication systems, they are subjected to an acceptance procedure that in-
cludes on EMC tests in accordance with European and national regulatory standards and norms.
But under some unfavorable operation conditions for the trains that were successfully tested and
are in operation with old vehicles on the same lines (sometimes with old feeding system), the
disturbing current generated by vehicles may reach values greater than the allowed values. As
such unfavorable operational conditions may be considered increasing number of trains, low dis-
tance between track circuit receiver and vehicles or supply substation, low rail-to-earth conduc-
tivity and conductivity of earth. To proof the electromagnetic compatibility (EMC) between roll-
ing stock and signalling systems it is need accurate modeling of the test cases with taking into
account particular operation conditions.

The aim of the work is to establish mathematical and computer model for distribution of trac-
tion current harmonics in direct feeding traction network with multiple vehicles in feeder zone.
This model is an evolution and simplification of models represented earlier.

The work has been performed in order to proof the electromagnetic compatibility of new
trains equipped with electronic static converters with existing traction lines and has been used
during tests of new types of train.

The model has been simplified as follows. The lines with equal or close to each other poten-
tials are represented as a single line with equivalent electrical parameters. The disturbing vehi-
cles are modeled as sinusoidal current sources with several set of frequencies that are represented
by currents vector. Only return current harmonics with frequencies that lie in frequency range of
track circuit receiver were considered. Depended of simulation aim the values of harmonics are
taken as values measured during train tests or as the maximum interference values according to
norms.

The distribution of the traction return current harmonics was computed for AC direct feeding
traction network 1x25 kV with two-side ESS and with 1 to 5 vehicles in feeder zone. The maxi-
mum interference from trains is in the areas nearest to trains and also to the point of connection
of return feeder to rails (at ESS terminals). The traction harmonic current in rails are increased
with increasing of train number in feeder zone and with decreasing of the rail-to-earth conductiv-
ity.

The interference at 25 Hz in the rails area near the ESS for one locomotive in feeder zone
don’t exceed a limit value of 1 A even in unfavorable operation conditions for of the rail-to-earth
conductivity equal 0.02 Sm/km. If number of trains are increased (from 1 to 5) the interference at
25 Hz also increased and it values at rail-to-earth conductivity equal 0.02 Sm/km reach to
1.073 A for two locomotives and to 1.233 A for five locomotives, that exceed the limit value of
the interference in rails at 25 Hz.

lll. — 4, the table — O, ref. — 16 names.

UDC 621.3.011

Bondar, O. I. Mathematical simulation of transient processes in the setting of cylinder mag-
nets’ demagnetization / O. |. Bondar // Electromagnetic compatibility and safety on railway
transport. — 2017. — No 13. — Dnipro: DNURT, 2017. — P. 28-30.
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In this article the temporal dependences of magnetic intensity in a cylindrical pattern of mag-
netic material during its impulse demagnetization and capacitor’s voltage are carried out by the
mathematical simulation.

. — 2, the table — 0, ref. — 4 names.

UDC 621.311

Zhezhelenko, I. V. Definition of the dependability index of power supply systems/
I. V. Zhezhelenko, V.E. Saravas// Electromagnetic compatibility and safety on railway
transport. — 2017. — No 13. — Dnipro: DNURT, 2017. — P. 31-34.

The article shows that one of the important indicators of energy efficiency is the index (index)
of dependability of electricity supply, which is characterized by a decrease in the share of dam-
age from interruptions of power supply in the gross domestic product. The questions of obtaining
an expression for the optimal value of the degree of dependability are considered taking into ac-
count the values of the reduced costs and their economic and energy components.

The significance of an assessment of damage caused by a shortage of electricity is shown in
the absence of an emergency reserve. The damage caused by asymmetry and nonsinusoidal ten-
sion, on average, is several times less than the voltage associated with the deviations and is most
pronounced in the metallurgical and engineering industries. An expert assessment of the annual
losses associated with the low quality of electricity in Ukraine and in the world is given.

The importance of the problem of improving the quality of electric energy was stressed; at-
tention was drawn to the increased role of the sinusoidal distortion of the voltage curve in deter-
mining the dependability of electricity supply, as well as its relation to the economic indicators
of the country's development. Virtually all indicators of the quality of electrical energy affect the
dependability and economic performance of electrical equipment and ultimately affect the effi-
ciency of the entire power supply system. It is shown the importance in specific cases of exceed-
ing the cost of measures to correct the levels of nonsinusoidality over the value of economic
damage. The values of the power supply dependability index in the complex of the energy effi-
ciency index are formulated; the values of the specific capital investments in the reserve generat-
ing capacity are given. Estimated calculations of dependability indices of electric power industry
subjects of Ukraine are given.

In the conclusions, it is justified to apply the minimum of the given costs as a criterion for es-
timating the dependability of the power supply system with the equality of the optimization val-
ues of the dependability index.

[ll. — 1, the table — O, ref. — 5 names.

UDC 656.256.3:621.316.9

Yashchuk, K. I. Investigation of a track circuit operation under conditions of saturation of the
track’s impedance bonds/ K. I. Yashchuk, D. S. Kurylo // Electromagnetic compatibility and
safety on railway transport. — 2017. — No 13. — Dnipro: DNURT, 2017. — P. 35-40.

The article’s purpose is studying the operation of the code track circuit in the conditions of
track’s impedance bonds saturation. Results. The dependences of the track receiver voltage on
the asymmetry current magnitude for the insulation resistances in the winter and summer period
are obtained, provided the track’s impedance bonds saturation. It is established that, due to an
increase in the asymmetry current, there can be a decrease in the voltage across the track receiv-
ers below the threshold, which is a failure of the track circuit, the elimination of which requires
the use of a whole range of measures. Scientific novelty consists in applying an indirect calcula-
tion method based on obtaining the coefficients of the impedance bond’s equivalent circuit for
various values of the resistance modules of the magnetization circuit, which change during the
magnetization of the impedance bonds magnetic core by DC. The obtained method makes it pos-
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sible to perform calculations of the code track circuit normal operating mode under the condi-
tions of the impedance bonds’ saturating. Practical significance. The proposed indirect method
can be used to adjust the calculation of the track circuits operating modes, with considering the
saturation of track impedance bonds.

ll. — 2, the table — 0, ref. — 11 names.

SAFETY ON RAILWAY TRANSPORT

UDC 629.4.012

Havryliuk, V. I. The method for detecting defects in movable armature of the signalling re-
lay / V. I. Havryliuk // Electromagnetic compatibility and safety on railway transport. — 2017. —
No 13. — Dnipro: DNURT, 2017. — P. 42-48.

Despite significant progress in the development of microelectronic rail automatic systems ob-
served in recent decades, relay-contact devices are still widely used in railway signalling sys-
tems, that are fundamental to the safe operation of railways and must perform predictably and
reliably.

Thus, signalling relays used for safety-critical or safety-related applications in railway signal-
ling systems should be properly maintained and tested to ensure their performing safely and reli-
ably throughout their expected service life.

With the purpose of developing a method for detecting defects in movable armature of the
signalling relay, the time dependences of transient currents during relays switching have been
investigated for relay in various technical conditions: in operable condition, as well as with arti-
ficially created defects (bends) of contact springs. The measured data have been analyzed in the
time and frequency domain using the wavelet transform modifications (CWT, DWT, DWPT).

The analysis of the transient currents was carried out using segmentation of the current char-
acteristics of the relay. The relay transient current at first and third segments which corresponded
to unmovable anchor state, increase with time during relay switch-on approximately as the expo-
nential function.

The time constants of the relay current were calculated by approximating the measured cur-
rent-time dependences at the first segment of the current curve by exponential function.

The presence of defects in the movable armature of the relay had practically no effect on the
values of calculated time constants.

However, these values strongly depended on the technical condition of the relay magnetic
circuit and the relay coil, as well as on the voltage applied to the coil terminals. This behavior of
the relay time constant on the first segment of the relay current characteristic makes it possible to
use this parameter to monitor the technical state of the electromagnetic relay system.

Defects of the armature and contact springs led to the appearance of additional features at the
second segment of the relay transient current, which corresponded to the movement of the arma-
ture. The magnitude of these features on the current curve depended on the value of bending of
the relay's contact spring. The width and appearance time of the features at the second segment
of the current-switching curve correspond to the non-simultaneous switching of the relay con-
tacts. To determine the amplitude (energy) of these features (peaks) on transient current curve,
their duration and the times of appearance, the wavelet transform was used. The results of inves-
tigations confirmed the possibility of determining the defects of the relay movable armature by
using wavelet analysis of the second segment of the relay transient current characteristic.

lll. - 5, the table — 1, ref. — 14 names.
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UDC 656.259.12

Havryliuk, V. I. The comparative analysis of calculating methods for ac impedance of R65
type rails and track 1520 mm gauge in the audio frequency range / V. I. Havryliuk // Electro-
magnetic compatibility and safety on railway transport. — 2017. — No 13. — Dnipro: DNURT,
2017. — P. 49-56.

Knowledge of the exact AC rail impedance in a wide frequency range is necessary for de-
signing and modeling audiofrequency track circuits, determining of the traction return current
distribution in rails of high-speed railways, testing new types of vehicles on electromagnetic
compatibility with track circuits, etc.

The aim of the work is to perform a comparative analysis of the methods for calculating of
the AC impedance of the R65 type rails of a track 1520 mm gauge in the audiofrequency range.

Results of AC rail impedance measurements and theoretical description of frequency depend-
ence of impedance for wires above lossy ground are briefly reviewed. Mathematical formulation
of Carson's method and the complex image method proposed by Deri with co-workers for im-
pedance of transmission lines were represented. The impedance of running rails of R65 type and
track of 1520 mm gauge have been calculated by using Carson's method and the complex image
method. Due to the insufficient amount of literature data concerning AC impedance measure-
ments for rails of type R65 of 1520 mm gauge, the results of calculations for these rails were
compared with the measured values for both rails of type R65, 1520 mm gauge, as well as for
rails of type UIC 60 with 1435 mm gauge. Calculated frequency dependencies of the AC imped-
ance of R65 type rails are in good qualitative agreement with literature data for rails UIC60 in

frequency range 10°...10° Hz.

The results for rails of R65 type and 1520 mm gauge calculated according to Carson's method
and complex image method differ from reference data presented in literature, and these differ-
ences increase with increasing of frequency. Such behavior may be due to error of calculation
methods caused by small height of rails above lossy ground and high electrical conductivity be-
tween rails and a ground.

. — 2, the table — 1, ref. — 20 names.

UDC 658.5:614.8

Laguta, V. V. Analysis of failures of railway automatics elements / V. V. Laguta,
T. M. Serdiuk, A. A.Parhomenko // Electromagnetic compatibility and safety on railway
transport. — 2017. — No 13. — Dnipro: DNURT, 2017. — P. 57-65.

Relevance. The questions of functional reliability efficiency increase maintenance railway au-
tomatics system are considered in the article. This is an important scientific and technical task,
the solution of which will improve the technological process of transportation with maximum
efficiency and safety of train traffic.

The purpose are to analyze observations of the failures of the elements of the railway auto-
matics system of the «Odessa Railway» Regional Branch of JSC “Ukrzaliznytsia” for the period
from 2011 to 2015 years, to compare and define of qualitative cause-effect relationships between
failures and their structure for the given distance to improve maintenance.

Practical value. The main causes of the elements failures of railway automatics system are de-
termined. The highest percentage of failures from all devices of railway automatics has track cir-
cuits (40.81 %) and control equipment (25.81 %). Predicting failures process of railway automat-
ics elements based on the mathematical model of a complex system, performing regular repair
works and introducing modern additional diagnostics and preventive actions will create the pos-
sibility of transition from planned preventive techniques to maintenance of railway automatics
devices on requirement.

140


http://www.uz.gov.ua/en/press_center/up_to_date_topic/445396/

ISSN 2223-5620 (Print), ISSN 2411-1554 (Online)

ABSTRACTS

Scientific novelty. A mathematical model of the failures process of railway automatics ele-
ments is proposed as a complex system based on passive observations.

Results. On the basis of the developed structure of the mathematical model, a means of sim-
plifying the management of the railway automatics devices maintenance system is proposed by
the separation of subsystems: supports; signals; control equipment; switch pointers and electric
drives; power supply systems. Improving operational coefficients of rail automatics elements can
be achieved by the introduction of additional maintenance techniques and repair works for the
track circuits, apparatuses, cable lines, protection devices and equipment of relay cabinets.

ll. — 3, the table — 3, ref. — 12 names.

UDC 621.391:681.518

Bojnik, A. Flaw technical, technological and organizational support checkpoint ALSN motor-
wagon depot / A. Bojnik, S. Zmij, A. Kameniev, O. Shcheblykina, V. Gajewsky // Electromag-
netic compatibility and safety on railway transport. — 2017. — No 13. — Dnipro: DNURT, 2017. —
P. 66-80.

A study in the article is devoted to basic flaw of all types of security checkpoint automatic lo-
comotive signaling of continuous action of a Southern Railway depot multiple units within pre
inspection of facilities.

During flaw logistics checkpoint was established that the technical parameters and testing
method of laying cables along technological ditches motor-wagon depot does not meet the tech-
nical requirements. In particular this applies to the type of cable laid, its mode of attachment to
the rails, no jam proof crossed, length and insulation.

Flaw technological support showed that the current technology maintenance and repair of au-
tomatic locomotive signaling motor-wagon rolling stock depot for full implementation of the ex-
cessive time required resources due to the method of laying cables slit testing process ditches.
Thus the simple average of fixed parts depot functioning through checkpoint than two hours,
leading to neglect of certain stages of verification of the automatic locomotive signal that, as a
result, it degrades the quality of the service or maintenance.

Organizational Support flaw associated primarily with staffing specialist shop automatic lo-
comotive signaling, Fashion Lo imperfect state staffing required to perform work on the mainte-
nance and repair of the devices. Only personnel reserve formation capable of partially settle the
problem.

The study established the need for correction of all types of security checkpoint in order to
improve the quality of technical maintenance and repair lock automatic locomotive signal and as
a consequence - increase in both operational reliability and safety of operation. To perform these
adjustments should aim further research in the subject area.

lll. — 6, the table — 4, ref. — 19 names.

UDC 656.259.12 : 656.256.3

Meleshko, V. V. Technical control of digital code autoblock system / V. V. Meleshko // Elec-
tromagnetic compatibility and safety on railway transport. — 2017. — No 13. — Dnipro: DNURT,
2017. - P. 81-87.

The purpose of the work is to identify the characteristic features of the technical control of the
digital code autoblock system, their advantages and disadvantages, to analyze the possibility of
using them to diagnose the condition of the autoblock devices and to set tasks for the develop-
ment of new diagnostic complexes.

To achieve this goal, a theoretical analytical method and a method of functional analysis were
used.
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The analysis of existing and prospective means of remote control and technical diagnostics of
auto-blocking devices showed that existing systems have insufficient information content, they
are aimed mainly at controlling discrete parameters, which, in turn, does not allow them to build
a subsystem of decision support on their basis. It was proposed to use the centralized-distributed
principle of diagnostic data processing to develop a new system of technical diagnostics, to in-
clude a decision support subsystem in their structure, which would reduce the amount of effort
required to service autoblock devices and shorten the time for recovery after the occurrence of
damage .

As a result of the research, it was revealed that the existing means of automatic control of au-
tomatic blocking can’t provide a full assessment of the condition of the distillation devices of
signaling and blocking, and proposed criteria for the development of new systems of technical
diagnostics with increasing the number of diagnostic information and its automatic analysis.

The results of the analysis can be used in practice to select the means for technical control of
autoblock devices, as well as for the further development of autoblock diagnosis systems, which
allows a gradual transition from a scheduled preventive maintenance model to maintenance ac-
cording to the actual state of the monitored devices.

lll. - 0, the table — O, ref. — 14 names.

UDC 629.488:629.4.6

Shaposhnyk, V. New strategies of freight wagons repair and maintenance / V. Shaposhnyk //
Electromagnetic compatibility and safety on railway transport. — 2017. — No 13. — Dnipro:
DNURT, 2017. — P. 88-94.

The main target of repair and maintenance system (hereinafter referred to as RMS) is target
reliability rate maintenance at all stages of rolling equipment technical operation. Development
and implementation of improved reliability rate of new wagon generation, safety running indica-
tor maintenance, present fleet of wagons maintenance in the context of long operating life, insuf-
ficient providing of repair depot with spare parts and other materials, infrastructure aging re-
quires RMS efficiency upgrading. Current maintenance and freight wagons repair system re-
quires changes that concern not only car-mileage optimization between scheduled repair, but also
transition to new strategies of RMS.

This article concerns positive and negative aspects of different strategies of maintenance and
repair, possibilities of their implementation in RMS of freight wagons. The algorithm of RSM
strategy is suggested. It is based on integrated analysis of freight wagon reliability taking into
account those construction units that limit the time between maintenance and repair. In addition
crucial task is sufficient minimum number of controlled variable for obtaining the information
about diagnosing object’s current state. This task requires improvement of separate units tech-
nical condition diagnosis programs. Based on obtained data mathematical models for current op-
eration process and RMS impact on freight wagon fault are developed.

lll. — 4, the table — O, ref. — 15 names.

UDC 625.4:622.235.63

Petrenko, V. D. Parameters and Technology of Experimental Blasts during Drilling of the
Left Running Tunnel of the Metro in the City of Dnieper / V. D. Petrenko, E. M. Shataikin,
A. M. Shtandarin, A. L. Tyutkin, V. P. Kupriy // Electromagnetic compatibility and safety on
railway transport. — 2017. — No 13. — Dnipro: DNURT, 2017. — P. 95-102.

The problems of effective application of drilling and blasting operations during three experi-
mental blasts in the Dnipropetrovsk subway tunnel are considered. The necessity of combined
application of short-delay and delay blasting of the hole charges is substantiated to ensure a high
level of basic indicators of driving and seismic safety for buildings and structures located near
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the object of the underground blast. It is proposed to carry out experimental blasts of cutting
charges with their division into three groups from two charges in each, which are detonated in 20
msec. In addition, to increase the efficiency of the blast, were used the location of 9 uncharging
holes between the cutting and auxiliary charges is applied.

Calculations are given of the rates of displacement of soil particles and stresses arising in it
during the blast, which do not exceed dangerous values on conditions of the seismic safety.

. — 3, the table — 1, ref. — 11 names.

UDC 656.022

Pasichnyk, A. N. Problems of energy conservation and improvement of the methodology of
calculating tariffs on electric energy/ A. N. Pasichnyk, V.V.Kutyrev, V. A. Pasichnyk,
L. V. Dunda // Electromagnetic compatibility and safety on railway transport. — 2017. — No 13. —
Dnipro: DNURT, 2017. — P. 103-117.

Purpose. The aim of the article is to construct the most rational schemes and algorithms for
their application to determine economically sound transparent prices for electricity and other
goods in a market economy based on a system analysis of existing systems and pricing methods,
as well as the definition of criteria for an objective assessment of the tariff level and the
calculation of economically justified and socially oriented electricity prices on the basis of the
proposed approach.

Methodology. A methodology for calculating economically justified electricity tariffs based
on the classical pricing method (cost + profit) is proposed. To conduct a comparative analysis of
Ukrainian tariffs for electricity with tariffs in European countries, a methodology for calculating
the given tariff factors is proposed, taking into account the level of average wages and the level
of GDP per capita.

Findings. As a result of the systematization of pricing methods, it is shown that all the meth-
ods presented are based on the classical approach (cost price + profit), and then, depending on
the market conditions, they adapt to the change in the current situation. On the basis of the analy-
sis it was established that the most rational method for calculating electricity tariffs is the use of
the classical pricing method, taking into account the cost price and the economically justified
level of profitability of its production.

A comparative analysis of electricity tariffs in Ukraine and European countries was carried
out on the basis of the complex indicators proposed in the work: the given tariff coefficients for
electricity, which determine the ratio of the tariff to the level of the average wage and the level of
GDP per capita.

To liberalize the economic situation in the energy sector, it was suggested to choose the most
effective method for determining the price of goods of strategic importance-the classical ap-
proach to pricing.

Originality. Scientific novelty consists in developing a methodology for calculating
economically sound transparent prices for electricity and other goods in a market economy based
on a system analysis of existing systems and pricing methods. For the first time, the
methodology of conducting a comparative analysis of Ukrainian tariffs for electricity with tariffs
in European countries is applied based on the quoted tariff factors, taking into account the level
of average wages and the level of GDP per capita.

Practical value. The proposed approach makes it possible to determine economically feasible
tariffs for electricity, taking into account the profitability of its production and to promote the
establishment of civilized economic relations in the energy market of Ukraine.

Il. — 1, the table — 12, ref. — 18 names.
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