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Introduction

Under Article 288 of the Lisbon Treaty, legal acts
stated within the EU are the following: directives
(adopted by the European Parliament), decisions and
regulations (adopted by the European Commission)
and opinions or recommendations. The directives,
decisions and regulations are binding for the recipi-
ents, unlike the opinions or recommendations. To
understand the EU directives and decisions properly
— and to be able to discuss them — it is necessary to
learn some new terms used in these documents. Ac-
cording to the documents [1, 2]:

1. “New Approach Directives” — state a rule
that a product can be marketed in the whole EU,
i.e. it is possible to sell a locomotive to any country
within the EU and to operate it on railways any-
where in Europe only if it is compliant with the
essential requirements of the proper directives;

2.  “Essential requirements” means all the
conditions set out in Annex III which must be met
by a rail system, subsystems, and interoperability
constituents, including interfaces [1];

3.  “Subsystem” — should be considered as an
effect of division of a railway system. A subsystem
may be structural or functional;

4. “Interoperability” — is defined as “the abil-
ity of a rail system to allow the safe and uninter-
rupted movement of trains which accomplish the
required levels of performance for these lines. This
ability depends on all the regulatory, technical and
operational conditions which must be met in order
to satisfy the essential requirements.”;

5.  “Interoperability constituent” — An in-
teroperability constituent means any elementary
component, group of components, sub-assembly or
complete assembly of equipment that is incorpo-
rated or intended to be incorporated into a subsys-
tem upon which the interoperability of the rail sys-
tem depends directly or indirectly and includes
both tangible objects and intangible ones such as
software.
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6. “Technical specification for interoperabil-
ity” (TSI) — means a specification adopted in ac-
cordance with this Directive by which each subsys-
tem or part subsystem is covered in order to meet
the essential requirements and ensure the interop-
erability of the rail system [1];

7.  “Notified bodies” — means the bodies which
are responsible for assessing the conformity or suit-
ability for use of the interoperability constituents or
for appraising the ‘EC’ procedure for verification of
the subsystems [1]. Le. the Railway Institute is a
notified body, registered as number NB 1467;

8. “Upgrading” — means any major modifica-
tion work on a subsystem or part subsystem which
improves the overall performance of the subsystem
(11

9. “Open points” — in a case that some tech-
nical aspects — related to the essential requirements
— cannot be defined by the TSI they are called
“open points” [1].

The aim of the Directive [1] is to obtain the in-
teroperability of the railway system within EU terri-
tory covering the terms of the Directive. Those terms
concern the process of design, construction, authori-
sation for placing in service, upgrade, renewal, opera-
tion and maintenance of a part of the system. Moreo-
ver, they concern professional qualifications, health
and safety requirements for personnel responsible for
the operation and maintenance.

Decision 2011/274/EU concerns the ,,Energy”
subsystem for conventional railway lines. A con-
ventional line is a railway line with operational
speed is up to 200 km/h. On the other hand, the
Decision 2008/284/EU concerns the ,,Energy” sub-
system for high-speed railway lines. A high-speed
line is a railway line with operational speed ex-
ceeding 200 km/h, although speeds exceeding 320
km/h are not covered by any specific requirements,
but considered as an ,open point”. Both
2011/274/EU and 2008/284/EU decisions concern
1435 mm gauge railways only. However, European
Commission Regulation No 1301/2014 [13] con-
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cerns both the conventional and the high-speed
railways with all following track gauges 1435,
1520, 1524, 1600 and 1668 mm and therefore su-
persedes the 2008/284/EU and 2011/274/EU Deci-
sions for new projects.

“Energy” subsystem

According to Decision [2] and Regulation [13]
the ,,Energy” subsystem contains of a substation,
section cabin, separation section (placed between
two phases of the same AC power supply system
or between two different power supply systems),
overhead contact line (a facility transmitting the
energy to the electric vehicles on the line via pan-
tographs, containing manual or remote-operated
isolators for electrical re-sectioning operations on
particular tracks) and a return circuit (any conduc-
tors intended to carry the traction current from the
vehicle back to the substation).

Moreover, the ,,Energy” subsystem includes
any trainborne equipment of the Energy Measuring
System (EMS) and the ground-based Compiled
Energy Billing Data System (CEBD).

The ,,Energy” subsystem interfaces with other
subsystems i.e. pantograph interfaces with the
»Rolling stock” subsystem, while the structure
gauge is considered to be an interface with the ,,In-
frastructure” subsystem. ERTMS interfaces with
the ,,Control-command and signalling” subsystem.
Two parameters: current draw of a train and sepa-
ration sections (for both phase and system separa-
tion) interface with ,,Traffic operation and man-
agement” subsystem.

For the ,,Energy” subsystem, the overhead con-
tact line is the only interoperability constituent.

Parameters to be verified during the assess-
ment of “overhead contact line” IC of “Energy”
subsystem

Verification of the ,,Energy” subsystem should
be performed according to the following parame-
ters:

4.1. Voltage and frequency

4.2. Parameters relating to supply system per-
formance

4.3. Current capacity, d.c. systems, trains at
standstill,

4.4. Regenerative braking

4.5. Electrical protection coordination arrange-
ments

4.6. Harmonics and dynamic effects for AC
systems

4.7. Geometry of the overhead contact line

4.8. Pantograph gauge

4.9. Mean contact force

4.10. Dynamic behaviour and quality of current
collection

4.11. Pantograph spacing (for OCL designing
process)

4.12. Contact wire material

4.13. Phase separation sections

4.14. System separation sections

4.15. Ground-based compiled energy billing da-
ta system

4.16. Protective provisions against electric
shock

4.17. Operating rules

4.18. Maintenance rules

4.19. Professional competences of staff

4.20. Personal protective safety provisions

4.21. Registration arm uplift clearance.

In the case of verification of the ,,Energy” sub-
system the evaluation should be performed in two
phases, that is in the ‘design review’ phase and in
the ‘assembled, before putting into service’ phase.
During the ‘design review’ phase the points 4.1 to
4.14 and 4.16 to 4.17 should be assessed, whereas
during the ‘assembled, before putting into service’
phase the points to be assessed are 4.5, 4.10 and
4.16. In the case that the overhead contact line had
been already assessed as an interoperability con-
stituent at the ‘overall design’ phase it is not neces-
sary to perform the tests once again during the
»Energy” subsystem verification process.

In the case of ,,overhead contact wire” interop-
erability constituent assessment the choice of pa-
rameters is different. During the ‘design review’
phase the points 4.3, 4.7, 4.9, 4.10, 4.11, 4.12, 4.21
should be assessed, whereas during the ‘assembled,
before putting into service’ phase the points to be
assessed are 4.3, 4.10, and 4.21.

Ad. 4.1 Voltage and frequency

Regulation [13] states that it is necessary to use
one of the following power supply systems:

1) an a.c. system, 25 kV 50 Hz or 15 kV 16,7
Hz;

2)ad.c. system, 3 kV or 1,5 kV.

Voltage and frequency limits should comply
with EN 50163:2004, par. 4., as quoted in Table 1

The following requirements shall be fulfilled:

a) the duration of voltages between Uminl and
Umin2 shall not exceed 2 min;

b) the duration of voltages between Umax1 and
Umax2 shall not exceed 5 min;

c) the voltage of the busbar at the substation at
no load condition shall be less than or equal to
Umax]1.

© Kaniewski M., Glowacz M., 2016

14 ISSN 2307-4221 Enexmpudhixayis mpancnopmy, Ne 11. - 2016.



eJieKTponocrayaHHa / power suppl

Table 1
Nominal voltages and their permissible limits in values and duration
Lowest non- | Lowest per- Nominal volt- Highest per- | Highest non-
. . permanent manent volt- manent volt- permanent
Electrification age
system voltage age U. age voltage
(]minZ Umin 1 Umax 1 UmaxZ
\ \Y \ \Y \
d.c. 1 000 1 000 1 500 1 800 1950
(mean values) 2 000 2 000 3 000 3 600 3900
a.c. 11 000 12 000 15 000 17 250 18 000
(r.m.s. values) 17 500 19 000 25000 27 500 29 000
For d.c. substations it is acceptable to have this
voltage at no load condition less than or equal to
Umax2, knowing that when a train is present, the )

voltage at this train’s pantograph (s) shall be in
accordance with Table 1 and its requirements;

d) under normal operating conditions, voltages
shall lie within the range Uminl < U < Umax2;

Ad. 4.2 Parameters relating to supply system
performance

System performance on a given route section is
usually assessed on the basis of the three following
parameters: a) maximum train current b) power
factor of trains ¢) mean useful voltage.

The maximum permitted continuous current for
contact and messenger wires can be calculated us-
ing the formula (1) already published in the paper

[12]:
kASAY,
I = /—
P9

where: k — heat transfer coefficient;

A — circumference of the contact/messenger
wire;

S — transversal cross-section of the con-
tact/messenger wire;

A9, — permissible temperature increase;

pg— resistivity of the contact/messenger wire at
maximum permissible temperature.

According to the train timetable on a given
power supply section the current drawn by the
trains heats the contact wire resulting in the tem-
perature increase process. As long as there are no
trains on the section the contact wire cools down to
ambient temperature. In that case the maximum
permitted current /, for the wire can be calculated
using the formula (2).

)
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where:a, = (¢, (¢, +1,)), t, — presence du-
ration of the current, ¢, — absence duration of
the current.

The mean useful voltage on a pantograph

can be calculated using the formula (3) origi-
nally given in EN 50388:2012

| T
Z T I Up; x
U _ i=1 1 o
Srednie uzyteczne 0] T;
Z F I ‘Ip i

i=1 Li o

x dt

Ip,

3)

x dt

where: Ti —interval of integration for a train
number i;

n — total number of trains taken into account
during the simulation process for d.c. system;

Upi — actual mean voltage measured on panto-
graph of a train number i;

[Ipi] - modulus of actual mean train current
measured on pantograph of a train number i;

The above formula shows correlation between
the mean power value, calculated for reference
train/trains during their travel through the section,
and the corresponding mean current value.

To perform calculations according to formula
(3) an overhead contact line designer should know
or assume the following data: overhead contact
line cross-section, line speed, power and weight for
each type of train, maximum train current and its
characteristics, train timetable for the line (head-
way), track horizontal and vertical profile, substa-
tion and section cabin location, type and number of
rectifiers, short-circuit power at transform-
er/switching station measured on medium-voltage
side, transmission line voltage, number of trans-
mission lines.
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Simulation results have to prove that in case of
3 kV D.C. system the calculated mean useful volt-
age is higher than 2800 V (for line speeds >200

km/h) and 2700 V (for line speeds < 200 km/h). If
the simulation result is positive it is necessary to
3200 Up [V]
3100
3000

2900

2800

check if pantograph voltage for any train is never
lower than U minl (2000 V in that case).

Maximum current should be 2500 A for con-
ventional rail system and 3200 A for high-speed
rail system.

2700

2600 —t T T T T T T

S '[km]l

0 10 20 30

40 50 60 70

Pic. 1. An example of mean useful voltage distribution along a section

Ad 4.3 Current capacity, D.C. systems, trains
at standstill

According to the TSI it is required that — in case
of the 3 kV d.c. system — every pantograph should
be able to draw a current of 200 A. During this test
the static contact force should be kept at Fst=90 N
according to EN 50367:2012, Table 4 [11]. The
maximum temperature at contact point should not
exceed the limits given in EN 50119:2009, 5.1.2.
[7]. After 30 minutes of heating those limit values
are 120 °C for pure copper and 150 °C for copper
silver alloy.

Ad 4.4 Regenerative braking

According to the TSI for the ,,Energy” subsys-
tem, both d.c. and a.c. electrification systems
should be designed to permit the use of regenera-
tive braking and enable a train to exchange power
at least with other trains. However, more effective
use of the braking energy is possible if substations
are equipped with energy storage devices. If not,
the energy transmitted by braking locomotives and
EMUs to the overhead contact line can be recuper-
ated only by other electric trains that are working
on the same power supply section.

Ad 4.5 Electrical protection coordination ar-
rangements

The principle of the proper electrical protection
coordination arrangements is the following.
A traction vehicle, overhead contact wire, electri-
cal circuits of a substation (on the 3 kV side) are
protected against short-circuiting by high-speed
circuit-breakers. On the ground side, they are in-
stalled on the supply end of feeder cables in each
substation. Aboard a traction vehicle they are in-

stalled just behind its pantographs. Those areas are
therefore protected against short-circuit negative
effects. Once a short-circuit occurs aboard the
train, the current will exceed the circuit-breaker
threshold value. Preferred circuit-breaker to break
this current is the trainborne one in order to avoid
an unnecessary triggering of the substation one.
The assessment criterion usually taken into account
is the delay time for the substation circuit-breaker.
This time should be 20 to 60 ms for 3 kV d.c. and
80 ms for 25 kV 50 Hz respectively.

Ad 4.6 Harmonics and dynamic effects for
AC systems

This paragraph is about a.c. electrification sys-
tems. To obtain compatibility of power supply sys-
tems harmonics values should be kept below the
limits given in EN 50833:2012, 10.4.

Ad 4.7 Geometry of the overhead contact
line

Nominal contact wire height HCW,,, values
(Fig. 2) as well as minimum and maximum permit-
ted contact wire height values for 1435 mm and
1520/1524 gauges, for both speeds ranges <250
km/h and 250-320 km/h, are shown in Table 2.

The contact wire can be installed higher than
indicated, i.e. on level crossings, yards, etc. In that
case the design contact wire height HCWjymax
should not be greater than 6,20 m. Therefore, in-
cluding installation tolerances and contact wire
uplift, maximum contact wire height (HCWy.y)
should not be greater than 6,50 m.

The assessment on the design phase is per-
formed by confirming that the minimum, nominal
and maximum contact wire heights are proper.
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Table 2
Track gauge 1435 Track gauge
Description v>250 km/h v<250 km/h 1520 and 1524
mm mm mm
Nominal contact wire height 5080 to 5300 5000 to 5750 6000 to 6300
Minimum contact wire height 5080 EN 5211109;‘2009’ 5550
6200 or 6500
Maximum contact wire height 5300 see description 6800
below
HCW ax
v I oA, -
e
HCW om
..., W
e _I oa, =
e

KE/KLG

Pic. 2. Relationship between the contact wire height and the pantograph position (KE/KLG — kinematic loading
gauge, EC - electrical clearance, other symbols described in EN 50119:2009 [7], 5.10.4)

Permitted variation in contact wire height due
to local conditions depends on line speed. Maxi-
mum gradient and maximum changes of gradient
values are given in EN 50119:2009, 5.10.3.

Maximum permitted horizontal deflection of con-
tact wire caused by crosswind is equal 0,55 m for
1950 mm pantograph head, measured from track cen-
tre. The deflection caused by crosswind is determin-
ing maximum span length on both tangent and
curved track. The assessment on the design phase is
performed by finding the longest design span on tan-
gent track and checking if the lateral crosswind de-
flection is not exceeding the limit value.

Ad 4.8 Pantograph gauge

According to the 7SI, any part of the ,,Energy”
subsystem shall not enter the kinematic pantograph
gauge envelope, except for the contact wire and
steady arm.

The calculation method for the pantograph
gauge envelope for 1435 mm gauge railways is
described in the Regulation [13], Annex D. As-
suming that: lateral pantograph sway on lower
height ', < 5,0 m is equal e,,=0,110 m; on upper
height 4', = 6,5 m is equal e,, = 0,170 m respec-
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tively; half of collector head width 5, = 0,975 m
(i.e. for Poland); and regarding permitted electrical
clearances it is therefore possible to calculate the
pantograph gauge envelope and then to compare it
with structure gauge in a given country. For
1520/1524 mm railways static pantograph gauge is

shown on Fig. 4.
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Pic. 3. Determination of the kinematic pantograph gauge
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Pic. 4. Static pantograph gauge for the track gauge
1520/1524 mm

Ad 4.9 Mean contact force

The contact force applied on the wire is a sum of
static, dynamic and aerodynamic force. To calculate
value of the mean contact force F,, the static force as
indicated in EN 50367:2012, table 6 should be adopt-
ed. The mean contact force for the 3 kV d.c. system
should be kept within following limits (4):

90 N<F,, <0,00097-v] + 110 N “

where: v — train speed in km/h, F,,— mean con-
tact force in N.

The aerodynamic force F,. depends on the de-
sign of a given pantograph. An example of the
F..tF value depending on speed is shown in Fig. 5.

In case of a.c. electrification systems, for train
speeds up to 200 km/h the maximum contact force
can be calculated using the formula (5) and for
speeds between 200 and 320 km/h using the for-
mula (6).

Fpmax <0,00047 -vI + 90 N (5)
Fypy max <0,00097 -v1 + 70 N (6)

Ad 4.10 Dynamic behaviour and quality of
current collection

The dynamic behaviour is to be checked in two
phases, that is the ‘design review’ phase and in ‘as-
sembled, before putting into service’ phase. During
the ‘design review’ phase it is to verify the dynamic
behaviour using simulation and during the ‘assem-
bled’ phase by measuring the contact wire uplift at a
support and by assessing the quality of current collec-
tion from the overhead contact wire. Assessment of
the quality can be performed using two methods: by
checking mean contact force Fy, and standard devia-
tion o, or by calculating percentage of arcing be-

tween collector head and contact wire.

The verification of the dynamic behaviour in the
‘design review’ phase is to be done by performing
proper calculations according to assumed mathemati-
cal model of the pantograph and the overhead contact

wire. Some mathematical models are described in
paper [15]. The adopted method has to be validated
using the algorithm given in EN 50318:2002 [10].

An example of simulation result, presenting cal-
culated force against time, is shown in Fig. 6. How-
ever, verification of the dynamic behaviour in the
‘assembled, before putting into service’ phase is to be
performed by measuring actual values of the contact
force and then by calculating the mean contact force
F,, and standard deviation o Accuracy of the

measurement is defined by EN 50317:2012 [9]. The
assessment result is deemed to be positive if the max-
imum contact force is lower or equal to the sum of £,

+ 30, - In the case of so-called ‘stiff points’ the
contact force can be higher up to 350 N.

Ad 4.11 Pantograph spacing (for OCL de-
signing process)

The pantograph spacing is to be assessed accord-
ing to the Regulation [13] on basis of contact wire
uplift with at least two adjacent operating panto-
graphs. Spacing values are indicated in paragraph
4.2.1. of the this Regulation. Minimum distance be-
tween pantographs depends on line speed. Assess-
ment is performed on the ‘design review’ phase.
During the assessment contact wire uplift at a sup-
port should be simulated, resulting in an uplift over
time waveform. Afterwards, two waveforms should
be summed using the superposition method, de-
scribed in paper [16]. Eventually, on the basis of the
resultant waveform the given overhead contact line
should be assigned to one of the following groups
‘A’, ‘B’, or ‘C’, defined in the Regulation.

Ad 4.12 Contact wire material

The contact wire material should be compliant to
the requirements described in EN 50149:2012, 4.2,
4.3 and 4.6 to 4.8. Assessment is to be performed on
the ‘design review’ phase. Essential requirements
are: the dimensions, chemical composition and me-
chanical properties of the contact wire.

Ad 4.13 Phase separation sections

This clause is for a.c. systems only. In order to
avoid short-circuiting of two consecutive phases
during train transition from one to another, an OCL
designer should apply one of the preventive solu-
tions presented in EN 50367:2012, A.1.

Ad 4.14 System separation sections

Design of the system separation section has to
allow for train passing from one system to another
without short-circuiting them. There are two meth-
ods to do so: with pantographs raised and with
pantographs lowered.

© Kaniewski M., Glowacz M., 2016
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Pic. 5. An example of F,. depending on speed for a given pantograph
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Pic. 7. Contact wire uplift against time for two pantographs

Ad 4.15 Ground-based compiled energy bill-
ing data system

The ground-based compiled energy billing data sys-
tem (CEBD) should collect train energy consump-
tion data from a trainborne energy measuring sys-
tem (EMS) and store for billing purposes. The TSI
does not define any requirements for the system
nor for data transmitting protocol.

Ad 4.16 Protective provisions against electric
shock

For a d.c. electrification system the ‘design
review’ assessment is performed by checking

© Kaniewski M., Glowacz M., 2016
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the kind of provisions against electric shock
and earth faults of OCL. The provision can be
a system using group bonding of supporting
structures with individual groundings or
a system using individual bonding of support-
ing structures. It is to be checked if the return
circuit contains transversal jumper bondings
between rails and tracks where needed. More-
over, it is to be checked if the bonding jumpers
cross-sections and electrical clearances are
sufficient, according to EN 50122-1:2011,
5.2.1,5.3.115.3.2 and 6.1 1 6.2. Eventually, it
is to be confirmed that touch voltages values
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are not exceeding the limits given in par.
9.2.2.1 1 9.2.2.2 of this standard (for a.c. sys-
tems) and in par. 9.3.2.1 1 9.3.2.2. (for d.c. sys-
tems, respectively).

Ad 4.17 Operating rules

Before placing a subsystem in operation it
is obligatory to prepare complete technical
documentation containing maintenance rules
for the overhead contact line and the ,,Energy”
subsystem in order to make sure that all TSI
requirements will have to be under control
during the whole life cycle of the subsystem.

Ad 4.21 Registration arm uplift clearance

According to the TSI the contact wire uplift
at a support should not exceed a half of static
distance between the contact wire and the reg-
istration arm. Calculations or measurements
should be performed using mean contact force
of the pantograph, as defined in formula (5),
and maximum line speed. Conformity assess-
ment of the clearance in the ‘design review’
phase should be performed using a validated
simulation method compliant to
EN 50318:2002 [10].

At first, contact force should be calculated ac-
cording to paragraph Ad. 4.10. Knowing the val-
ue of overhead contact wire elasticity at a support
(eswp) 1t 18 possible to calculate the maximum up-
lift at a support, using the simple formula (6).

Vstup = Fm - estup (7)

The calculation method should be validated
during in situ dynamic tests. Moreover, the over-
head contact line should be assessed in ‘assembled,
before putting into service’ phase by performing
proper measurements during dynamic tests.

Summary

In order to obtain an EU Certificate it is nec-
essary to develop the design of renewal, upgrade
or construction of ,,overhead contact line” IC (or
,Energy” subsystem) and then to perform verifi-
cation tests according to the TSI requirements.
Conformity assessment process is to be per-
formed by a specialized notified body who there-
fore will issue the EU Certificate valid through-
out European Union. This certificate is required
for the settlement of European funds granted for
realization of the investment.

Internal reviewer Sychenko V. G.
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eJiIieKTponocTayaHHs / power suppl

The introduction to this article gives the definitions of general terms used in the European Union Directives
and Decisions. Subsequently, those interoperability constituents and subsystems which can be assessed by the
Electric Power Division of the Railway Institute will be discussed. Those interoperability constituents are: over-
head contact line, pantograph and contact strip. Issues relating to main circuit breaker assessment — which is
also performed by the Division - are not a subject of this paper. Moreover, the paper describes the process of
assessing the 21 basic parameters that are subject to analysis during the assessment of overhead contact line
interoperability constituents and the ,Energy” subsystem. Due to the limited volume of this paper the panto-
graph and the contact strip interoperability constituents — which are a part of the ‘Locomotives and passenger
rolling stock’ subsystem - have only been described briefly.

Keywords: interoperability, infrastructure, overhead contact line, locomotive, TSI requirements.
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BAMOTH TA OIIHKA THTEPOIIEPABEJILHOCTI IHOPACTPYKTY-
PU: KOHTAKTHI MEPEKI IIIJICUCTEMHU «EHEPTETUKA» TIPA
B3ACMO/III 31 CTPYMONIPUIIMAYAMM I KOHTAKTHUMHA
HAKJIAJIKAMH MIJICUCTEMH «JIOKOMOTHUBH TA TACAKHP-
CBbKHUI1 PYXOMHUI1 CKJIAI» BUIITOBIJIHO 10 BUMOT €C TSI

Y BCTyni cTaTTi HaBeAEeHO BU3HAYEHHS 3arasibHUX TEpPMiHIB, BUKOPUCTOBYBaAHMX B PiweHHAX i AupekTmnBax
€sponerncbkoro Coto3y. 3rogoM, MOBa Mige Mpo Ui CKAafAoBi B3aEMOAIi Ta miacucTeMn, ki MOXyTb ByTW OuUiHEeHI
Bigainom 3 enektpoeHeprii 3anisHM4Horo IHCTUTYTY. LMMn cknagoBuUMM B3aEMOAIT €: KOHTaKTHa Mepexa, NaHTo-
rpad i noro nonos. NMUTaHHS, WO CTOCYHTbCA OCHOBHMX OLIIHOK aBTOMAaTM4YHOro BMMMKAaya, SiKi TaKOX BMpilly-
I0TbCs Bigainom - He € npeaMeToM AaHoi cTaTTi. binbw TOro, y craTTi ONUCYETHCA NpouUec OuiHKM 21 OCHOBHOro
napaMeTpa, WO Mignsra€ aHanisy npu OuiHLUI KOHTAKTHOI MepeXxi, CKNnaaoBi iHTeponepabenbHOCTI Ta nmigcucreMm
«EHepris». Yepe3 obMexeHWI 06car AaHoi cTaTTi B3aEMOAiS CKNafoBUX naHTorpada i Moro nonosa, ski € 4actu-
HOI JIOKOMOTUBIB i niacucTeMun «lMacaxmpCbKoro pyxoMoro cknagy» OnucaHi KopoTko.

KnrouoBi cnoBa: iHTeponepabenbHicTb, iHPpacTpyKTypa, KOHTaKTHa Mepexa, TOKOMOTMB, BUMOrn TSI.
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TPEBOBAHUSA U OIEHKA HHTEPOIIEPABEJIBHOCTH
NHO®PACTPYKTYPBI: KOHTAKTHBIE CETU HOACUCTEMBI
«3HEPTETUKA» ITPU B3AUMOJIEMICTBUU C
TOKOIITPUEMHHUKAMM U KOHTAKTHBIMU HAKJIAJIKAMHAX
MOJACUCTEMBI « JIOKOMOTHUBBI U TACCAKHUPCKUM
MOJABUKHOM COCTAB» COI'/TACHO TPEBOBAHUWM EC TSI

Bo BBeaeHWM cTaTbW MpUBEAEHbl onpeaeneHns o6lWmnxX TEPMUHOB, NCMONb3yeMblX B PelwleHnax u Jupektusax
EBponelickoro Coto3a. Bnocneactesnm, peub NOMAET O 3TUX COCTaBASALWMX B3aUMOAENCTBUS U NOACUCTEMAX, KO-
Topble MOryT 6bITb oueHeHbl OTAENOoM MO 31eKTPo3Heprun XenesHoAopoXHOro MHCTUTyTa. DTUMKM COCTaBsito-
LWMMW B3aUMOAENCTBUS SIBNSIOTCA: KOHTaKTHas CeTb, NaHTorpad v ero nosos. Bonpockl, kacarowmecs 0CHOBHbIX
OLEHOK aBTOMaTU4YecKoro BblkJllouaTessi, KoTopble Takxe pewatoTcst OTAENIOM — He SIBASITCS NpeAMeToM AaHHOWM
cTaTbu. bonee Toro, B cTaTbe OMUCbIBAETCS MPOLECC OLEHKM 21 OCHOBHOrO MapaMeTpa, noajexallero aHanusy
npu oUEeHKe KOHTaKTHOM CeTH, CoCTaBnsoWwmne nHTeponepabenbHOCTU U NOACUCTEMbI «DHeprus». MN3-3a orpaHu-
YeHHOro o6beMa AaHHON CTaTbM B3aMMOAENCTBME COCTaBAIOWMX NaHTorpada v ero nosio3a, KoTopble ABSOTCS
YacTblo TOKOMOTMBOB M MOACUCTEMbI «[lacca)XMpCKOro NOABUXHOMO COCTaBa» OMMcaHbl KPaTko.
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