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POTENTIALS RAILWISE PROPAGATION STUDY

Purpose. The article deals with conducting the study of the potentials and currents propagation along the rails to
evaluate the potential difference and the current asymmetry in the rails that may have an impact on the work of rail-
way automatics and supervisory systems. Methodology. To compass the purpose, the author applies methods of
analysis and synthesis of track circuit electrical engineering calculations, mathematical modeling and methods of
homogeneous and heterogeneous ladder circuits. Findings. The conducted theoretical studies indicate that in the
mountainous sections of DC traction railways there are very high-level currents, whereby even at nominal asymme-
try ratio the asymmetry current will be unacceptably high. The re-equipment of running line with the automatic
blocking system with tonal rail circuits resulted in reduction of the number of impedance bonds, the equalizing func-
tions of which required further advanced research, that allowed obtaining the potential railwise propagation curves
when installing the impedance bonds every 6 and 5 km. The resulting potential difference was too high for railway
automation systems, so the potential propagation study was conducted with impedance bonds placed every
3 and 3.5 km, which greatly improved the operation conditions of track circuits. Originality. The proposed method
for calculating the propagation of potentials and currents in the rail network of DC traction line is characterized by
the representation of the common ladder circuit of each rail as a series of T-shaped four-poles connected in cascade,
taking into account the grounding of the contact-line supports on the nearer rail. It has allowed estimating the levels
of asymmetry currents that branch into the equipment of track circuits and have a negative impact on their operation.
Practical value. The obtained results can be used in designing and re-equipping the running lines with new railway
automatics and supervisory systems, as well as for evaluating the influence of high asymmetry currents on the rail-
way automation systems operation.
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Introduction

Traction current has a significant impact on the
operation of automatic block systems (AB) [1].
There are rail sections where it reaches very high
levels, resulting in melting of track choke cables.
Such are the mountain sections of railways with
electric drive of direct current. In this way, the
problem of railwise propagation of potentials
caused by traction current becomes actual, the
study of which will allow to estimate the difference
between the derived potentials and the negative
impact on the equipment of the track circuits (TC),
in particular, the tonal ones (TTC).

Purpose

The purpose of the work is to study the propa-
gation of potentials along the rails in order to eval-
uate the impact of traction current on TTC opera-
tion. This will enable us to take a number of neces-
sary technical measures to combat asymmetry, as
well as to investigate their effectiveness in ad-
vance.

Methodology

As noted, high levels of traction currents are
peculiar for mountain railways. This can be ex-
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plained by the presence of steep climbs, to over-
come which the locomotive requires large traction
effort, provided by 2-3 electric locomotives. The
work examined the mountainous section with DC
electric traction of Lavochne — Beskid — Skotar-
skoye of Lviv Railways. As a result of the carried
out researches it was established that traction cur-
rents reach 7000 A on this site and it is expedient
to re-equip the section AB with 50 Hz frequency
TC onto the ABTK system, which uses TTC with-
out isolating joints [2], resulting in reduced number
of impedance bonds (IB), as in fact, in the case of
TTC, they are installed only for the potential
alignment in the rails, while the IBs pass less cur-
rent. This greatly facilitates the operation of the
track circuits on the running line because the im-
pedance bond is a weak point in the TC, especially
in the presence of large traction currents [3].

If we take into account such an important pa-
rameter as the asymmetry ratio, then its limiting
value according to the technical conditions is equal
to k; =0.12. In this case, the difference in rail
currents will be equal to AI=432 A . In practice,

the asymmetry ratio can reach 0.2. As a result of
the high traction currents flow, normal operation of
IBs is violated due to their inadmissible heating
and magnetization [4]. As a result of thermal over-
heating, IB may even break down. The common
occurrence is the IB core saturation, resulting in a
decrease in the IB input impedance to signal cur-
rent, which may lead to the voltage reduction on
the track receiver up to the voltage value of non-
attraction of relay armature. Consequently, the
asymmetry current increase can cause a parametric
failure of the TC.

Since the rails are not isolated, part of the re-
verse traction current flows through the ground.
This fact has a significant impact on a number of
phenomena, in particular, the traction network re-
sistance and TC operation [5]. The earth leakage
current from rails depends on the potential differ-
ence between the rails and the ground and the re-
sistance of the circuit through which this current
flows. The circuit consists of two consecutive
parts. The first part is the resistance of the transi-
tion point of the current from the rails to the sleep-
ers and ballast; the second part is the resistance of
the ground itself on the path of leakage current.

For the analysis of the spread of traction current
along the rails, regardless of the train situation and

the section complexity, it is necessary to determine
the load of the substations [6]. To simplify the cal-
culation, we can accept some assumptions that will
not make a tangible error. With good insulation of
rails from the ground in the absence of earth leak-
age, the train loads can be distributed between sub-
stations in the usual way — inversely proportional
to distances to the neighbouring substations (with
constant area of the section of the overhead wires
and the same voltage of traction substations). If the
transition resistance from the rails to the ground
will be minimal, then a significant part of the cur-
rent will flow on the ground and, in the distribution
of loads between the substations, one can neglect
the resistance of the earth return [7] (rails shunted
to earth), since it is much less than the resistance of
the overhead wires. The latter will mostly deter-
mine the current distribution. It can be assumed
that wandering currents do not significantly affect
the current distribution between substations [8].
Before carrying out the research it is necessary
to determine the load of the traction substations
[9]. The current of the first substation — I, the

second one — /;, the current of the locomotive —
I, . The distances from the substation to the loco-

motive are known. Then the load of the traction
substations (their currents) can be found, based on
the distances from the locomotive to each of the
substations. Thus, the traction current of the first
substation is determined by:
L, -1

2

I, = -1, =4200 A . Traction current of the

. l
second substation: I = l—1~[2 =2800A.
2

Once the load of all substations has been de-
termined, we can go to the calculation circuit. In
the calculations the following resistances play a
great role: r, — resistance of 1 km of track,
Ohm'km; 7. — transient resistance from rails to
earth at a length of 1 km, Ohm/km; 7, — earth re-
sistance.

If the resistances r, and 7; are constant over the
entire length, then we obtain a circuit with constant
parameters, that is, a circuit line. When calculating
such circuits, the superposition method can be
used. In this case, a complex contour containing

several substations and loads can be replaced with
a number of contours, in each of which flows a
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certain current. The calculation circuit contains one
load when the earthing connector is infinitely dis-
tant. At the same time, all loads are considered in
turn, taking into account the currents of substa-
tions.

The basis for analytical study of the distribution
of constant voltages and currents along the rail line
(RL), which is an electric long line, are differential
equations of the Helmholtz type [10]. At the line
input there is a source of reverse traction current
leakage, herewith the expressions for the distribu-
tion of voltage and current along the line have the

/4 .
d—U=ZOI, ar = (pOU . Solutions of these

X dx
equations lead to the following equations:

form,

d*U

dx* -

a1
dx*

VU=0, —-v1=0, )

Where y,=+/R,-Y¥, =a, (Np/km); o — RL
propagation coefficient at constant current;
R,,Y, — specific rail resistance (Ohm/km) and

isolation conductivity (Cm-km ) of element of the
line Ax.

Each track is replaced by two two-wire homo-
geneous ladder circuits (HLC) «rail-earthy [11]
and is presented by T-shaped four-poles sequen-
tially connected in a cascade (Fig. 1). The esti-
mated area of the RL can be taken of any length,
we conditionally take 1=3 km, it will contain N=6
identical segments of the line of 0.5 km (the quan-
tization scale can be varied, it is determined by the
line simulation accuracy).

If we neglect the resistance of IB to direct
current, then both of the HLCs of the line «rail —
earth» are shorted, providing alignment of the
potentials of both rails with each other.

During circuit design it is taken into account
that the parameters of the equivalent network
(C3 EN) of the lines can vary widely, and with the
relatively low isolation resistance, the input/output
resistance of HLC 1, 2 are equal to characteristic
ones. Then, the traction current load of each line at
the boundary of the block sections is the resistance
of the IB half-coils (~0.006 Ohm ), indicating the

operation of each of these HLC lines in the short-
circuit mode (SC).

General solutions for equation (1) can be writ-
ten for a symmetric four-pole in x coordinate sys-
tem and in A-parameters. We consider the voltage
U,., and current /, at HLC input (x =/) as given.
Then the equation of the four-pole for the entire
circuit can be written as follows:

U,=U,-chI'N -1, -R, -shT'N;

2
WUV L/ ehrw. @

I,=-U,-

C

The equations (2) correspond to the equations
of symmetrical four-poles in A-parameters, if
adopted:

A, =chI'N; 4, =R, -shI'N;

shI'N
Ay =——

C

; Ay, =ch'N.

For one link HLC can be recorded

U 1
r T
n+l e'; n+l e

U /

n n

B

Whence I'=In h =In ﬁ — transfer
U I

n n

constant (weakening) of the link (in long lines it is
the analogue of v-/), herewith

U,..1

n+l°> " n+l

— voltage and current at the input of
n+1-th link; U,.I, — voltage and current at the

R
input of n-th link; R, = 70

0

— characteristic re-

sistance of the line.

Permanent transfer of the entire HLC is charac-
terized by the ratio of voltages at the beginning and
at the end of the HLC:

re=tn Oy O 0],

where U,, U,,, — voltage at the input of the link
U

aea — VoOIt-

N, counting from end to start; U

n+l»
age at the input of the link n+1, counting from
end to start.
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Fig. 1. Homogeneous circuit «rail-earth» with T-links

Consequently, the transfer constant I'_ =I"- N .

The calculated parameters of the T-shaped circuit
«rail-earth» of the HLC-1 track are R, and Y.

The resistance of the rail loop to direct current is
0.1 Ohm/km (with copper rail bonds or steel du-

plicated ones) then the resistance of one rail
is0.05 Ohm/km . Herewith, the resistance of the

rail of the (butting) link track consists of two com-
ponents. As the practice of operation shows, both
of these components are random variables and de-
pend on a number of random factors such as ambi-
ent temperature, specific resistance of the steel,
bond resistance, which depends on the quality of
weld, the number of torn wire ropes, etc. The cal-
culations adopt the regulatory values of the pa-
rameter R,. The rail insulation conductivity Y, is

also a parameter that depends on many random
factors: ballast material (crushed stone, sand), type
of sleepers and term of their operation, humidity
and ambient temperature, foreign impurities clog-
ging the ballast section (mineral salts, coal, etc.).
The operation experience shows that ¥, can vary

from 10 to 0.02 Cm-km.

When connecting any types of grounding de-
vices to the rails in double rail track circuits, in
order to prevent the shunting of the latter, all
grounding devices must be connected to one rail
line [12]. In the case of connection of grounding
devices to the rail with two conductors, the dis-
tance between their connections should be minimal
and should not exceed 200 mm. The last require-
ment is determined by the fact that the continuity
fault of the rail line between the conductor connec-
tion points is not controlled. The connection of

grounding devices to one rail line of double rail
circuits creates a transverse asymmetry of the rail
line [13]. Parameters for calculating HLC-2 (of the
second rail) are selected taking into account the
ground of the contact line supports (3). Conductiv-
ity and resistance of general rail ground:

Gy =Y, +X,,
R -R 3
R32 — 1 sp ( )
R +R
1 sp
where ¥, R, — conductivity and resistance of the
support ground.

At the same time, the conductivity Y, during

the year to a lesser extent depends on the tempera-
ture, since the depth of landing in the soil is more
than 3 m. In the summer, the conductivity of the
supports can reach 0.3-0.4 cm, due to unsatisfac-
tory maintenance of the spark gaps IPM-62. Also,
the analysis of operating experience and calcula-
tions shows that the most unfavourable period of
the rail line operation is winter, because then the
potentials and currents can reach the highest value.

Consequently, according to the proposed meth-
od, each rail is considered separately as an HLC
consisting of a certain number of T-shaped four-
poles. Output parameters of one of the HLC are
selected taking into account the grounding of the
contact line supports. The use of the given meth-
odology resulted in writing the program in Maple
programming environment [14, 15], which allows
to obtain the diagrams of the propagation of cur-
rents and potentials along the rails.

Calculations are made for each of the rails sep-
arately by the four-pole method. The output poten-
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tial of one four-pole will be input for the next four-
pole. While the greater the number of four-poles,
the greater the accuracy of the data received.

The number of four-poles is given in the output
data. The received curves of the propagation of
currents and potentials along each of the rails give
an opportunity to evaluate the asymmetry currents
in the rails.
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Findings

As can be seen from the obtained dependencies
(Fig. 2, a, b), the potential levels for each of the
rails will be different. Their difference will fall
near the IBs, which align the potentials on the rails.
It should be noted that the potential difference
(A ) in the middle of the section between the 1B

onnection and the train will be maximal [16].
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Fig. 2. Potentials railwise propagation with IB:
a — installed every 5 km; b — installed every 6 km;
¢ — installed every 3 km; d — installed every 3,5 km

For example, in Figure 2, a, which shows the
potentials railwise propagation with IB installed
every 5 km A@= 34 V. This indicator is quite high,

since it will have a negative impact on the opera-
tion of RC equipment. When installing IB every 6
km (Fig. 2, b) Ap willbe 37 V.

In order to reduce the potential difference, it
was proposed to set equalizing IB with a smaller
interval. Figures 2, ¢, d present the curves of poten-
tials railwise propagation when IB installed every
3 km and 3.5 km, which show that at a distance of
1.5 km A¢@will be maximum and will equal 14 V.

This indicator is completely satisfactory for the

operation of railway automation devices [17].
Figure 3 shows the dependence of the potential
difference from the IB installation interval. Curve
1 shows the change in the potential difference with
IB installed every 5 km, curve 2 — with IB installed
every 3 km. This graph confirms the expediency of
the proposed reduction in the IB installation inter-
val, because the maximum values A between the

two curves vary significantly.
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Fig. 3. Dependence of the potential difference
from the IB installation interval

Originality and practical value

The proposed method for calculating the prop-
agation of potentials and currents in the rail net-
work of DC traction line is characterized by the
representation of the common ladder circuit of
each rail as four-poles, taking into account the
grounding of the contact-line supports on the near-
er rail. It has allowed estimating the levels of
asymmetry currents that branch into the RC
equipment. The obtained results can be used in
designing and re-equipping the running lines with
new railway automatics and supervisory systems
(RAS), as well as for evaluating the influence of

high asymmetry currents on RAS systems opera-
tion.

Conclusions

The study of impact of high levels of traction
currents on the equipment of AB systems was car-
ried out. The method for calculating the propaga-
tion of potentials and currents along the rails for
the railway sections with DC electric traction was
improved. It consists in the study of propagation of
¢ of each individual rail, which is represented as

HLC «rail-earth» and presented as a series of T-
shaped four-poles connected in cascade, taking
into account the grounding of the contact-line sup-
ports on the end rail.

The proposed method allowed carrying out the
potentials railwise propagation study with IB in-
stalled every 6 and 5 km (Fig. 2, a, b). The poten-
tial difference was too large for uninterrupted func-
tioning of RAS equipment. Therefore, it was pro-
posed to shorten the IB installation interval to 3
and 3.5 km [18]. As shown in the received dia-
grams and in the resulting comparative graph in
Figure 3, the proposed solution is appropriate.
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JTOCJLIYKEHHSI PO3IIOBCIOIKEHHSI HOTEHIUAJIIB Y310BK
PEMOK

Meta. Y HaykoBiit poOOTi nependayaeTbesi MPOBEISHHS JOCHIIIKEHHS PO3MOBCIOKEHHSI IOTESHIIAIB Ta CTPY-
MIB y3/I0BX PEHOK i3 METOIO OLIHKM PIi3HMII MOTEHIIANB 1 CTPyMy acHUMeTpil y peiiKax, sSiKi MOXKYTh 3J1HCHIOBATH
BIUIUB Ha POOOTY CHUCTEM 3aJIi3HUYHOI aBTOMAaTUKHU Ta TesieMexaHiku. Meroamka. J[Jsi TOCSATHEHHS MMOCTaBlIeHOT
METHU 3aCTOCOBaHI METOAM aHAI3y Ta CHHTE3Y €JIEKTPOTEXHIYHMX PO3PaxyHKIB CXeM PEHKOBHX KiJl, MATEMAaTUYHOTO
MOJIETIIOBAHHS, METO/N OIHOPIAHUX Ta HEOAHOPIAHUX JIAHIIOTOBHX cxeM. PedyasTaTn. IIpoBeneHi TeopeTwuHi
JOCIIKEHHS CBiYaTh MPO Te, MIO HA TiPCBKUX AUISHKAX 3aJi3HULB 3 €JICKTPHYHOK TATOK MOCTIHHOTO CTPyMy
MPOTIKAIOTh CTPYMH AY>K€ BUCOKHX DIBHIB, 32 SIKMX HaBiTh NPH HOMiHAIBHOMY KOeQillieHTI acuMeTpii cTpyM acu-
MeTpii Oy/le HeTOMyCTHMO BEJIMKAM. Y Pe3yNbTaTi mepeoOiaHaHHs MEPEeroHy CUCTEMOIO aBTOOJIOKYBAaHHS 3 TOHA-
JHPHAMH PEHKOBHMH KOJAMH CKOPOTHJIAcS KUTBKICTB Ipocelb-TpaHchopMaTopiB, BUPIBHIOIOYH (DYHKI{ SKUX TO-
TpeOyBaJH MOJANBIIOT0 JOCKOHAIOTO TOCIIHKEHHS. Byl OTpruMaHi emopy po3MOBCIOIKCHHS TOTSHIIATIB Y3J0BK
peioK Mpy BCTaHOBJICHHI BHPIBHIOIOYHX APOCEIb-TPaHCHOPMATOPIB KOXKHI 6 Ta 5 kM. OTprMaHi Pi3HHUII TMOTCHIIIA-
JIB BUSBUIIUCS 3aBHCOKHMH JUIsi POOOTH CHCTEM 3aJli3HMYHOI aBTOMATHUKH, TOMY OyJO MPOBENEHO NOCIHIIKEHHS
PO3IIOBCIOKEHHS TIOTEHI[IaIiB NPU 1HTEpBali pO3TalllyBaHHs JPOCENb-TpaHcGopMaTopiB KoxkHI 3 Ta 3,5 kM, 10
3HAYHO MOKPALIMIO YMOBU poOOTH pelkoBHX Kijl. HaykoBa HOBH3HA. 3aripOIIOHOBAHUI METO/I PO3PAXyHKY PO3IIO-
BCIO/DKCHHS TTOTEHIIIANIB Ta CTPYMIB y PEHKOBIH Mepeki EeperoHy eNIEKTPUYHOT TATH MOCTIHHOTO CTPYMY BiApi3HS-
€TBCSl TPE/ICTABJICHHIM 3arajbHOI LIEMHOI CXeMH KOXKHOI PEeHKH Yy BUIVIAIl TIOCIIIOBHO 3’€IHAHMX B KacKa]
T-moiOHNX YOTHPUIIOMIOCHUKIB 13 YpaxyBaHHSIM 3a3eMJICHHs ONOp KOHTAKTHOI Mepeski Ha OuvpkHIO peliky. Lle mo-
3BOJIMJIO OLIHUTH PiBHI CTPYMIB acCUMETpIi, SKi BIIralyKyIOThCS B anaparypy peHKOBHX KiJl Ta 3[iHCHIOIOTH Hera-
THUBHUI BIUTMB Ha iX poOoty. IIpakTuyHa 3Ha4yuMicTh. OTpUMaHi pe3yabTaTd MOXKYTh BUKOPHUCTOBYBATHCS IMPU
MPOEKTYBaHHI Ta epeoOIagHaHH| MEPEroHiB HOBIMH CHCTEMaMH 3aJi3HHYHOI aBTOMATHKA Ta TEIEMEXaHIKH, a Ta-
KOX JUIS OLIHKY BIUTUBY BUCOKHX CTPYMiB aCHMETpii Ha pOOOTY CHCTEM 3aTi3HAIHOT aBTOMATHKH.

Kniouosi crnosa: TATOBI CTpyMH; peWKOBI KOJIA; APOCETb-TPAHCPOPMATOP; CTPYM aCHMETPii; PO3TOBCIOMKEHHS
MOTEHIIIaIB
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NCCIEJOBAHUE PACITIPOCTPAHEHHUSA ITIOTEHIIUAJIOB B/10JIb
PEJIBCOB

Hens. B Hayunoii pabote mpeanonaraercs IpoBeICHUE UCCIIEIOBAHUS PACIPOCTPaHEHNs IIOTEHIATI0B U TOKOB
BJIOJIb PEJIBCOB C LIENBIO OIIEHKH Pa3HOCTH MOTEHIHAJIOB U TOKa aCHMMETPHHU B pelibcaX, KOTOphIe MOTYT OKa3bIBaTh
BIMSHHE Ha pabOTy CHCTEM >XEJE3HOJOPOKHOW aBTOMATHKHM W TeleMexaHWkd. Meroauka. [ IOCTIKEHUS
MOCTaBJICHHON LIeTH MPUMEHEHbI METOBI aHAIN3a U CHHTE3a IEKTPOTEXHUYECKHX PACUETOB CXEM PEIbCOBBIX Lie-
neil, MaTeMaTH4eCKOro MOJCIHUPOBAaHMs, METOAbl OJHOPOAHBIX M  HEOJHOPOAHBIX  LEMHBIX  CXEM.
Pe3yabTatsl. [IpoBeeHHBIE TEOPETHIECKUE NCCIIEIOBAHNS CBUIETEIBCTBYIOT O TOM, YTO HA TOPHBIX y4acTKaxX XKe-
JIE3HBIX OPOT € AIEKTPUUECKOH TATOH MOCTOSHHOTO TOKA MPOTEKAIOT TOKHM OYEHBb BBICOKHUX YPOBHEH, IPH KOTOPBIX
Jake Tpd HOMHHATBHOM KOd(D(HUIIMEHTEe acHMMETPHH TOK AaCHMMETPHUH OyIeT HEZONMYCTHMO OOIBIINM.
B pesynbrate nepeoOopynoBaHUS NEperoHa CHCTEMOI aBTOOIOKHPOBKH C TOHAJIBHBIMH PEJILCOBBIMHU LEMAMH CO-
KPaTHJIOCh KOJMYECTBO JPOCCENb-TPaHC(HOPMATOPOB, BEIPaBHUBAIOIINE (yHKIIMN KOTOPHIX TpeOOoBanu fajibHeie-
T0 JIOCKOHAJIBHOTO HCCIIEAOBAHUS. BBl MOIydeHB! 3MIOPHI PacIpOCTPAaHEHUsS! OTEHIIUANIOB BIOJb PEIbCOB MPU
YCTaHOBKE YPaBHHUBAIOUIMX Jpocceiib-TpaHcopmaTtopoB kaxzapie 6 u 5 kM. [lomyueHHbIe pa3HOCTH MOTEHINAIOB
OKa3aJIMCh CIIUIIKOM BBICOKMMH /sl pabOThI CHCTEM >KEeJIe3HOAOPOKHOW aBTOMATHUKH, MOITOMY OBUIO MPOBEIEHO
UCCIJIEIOBAaHUE PACIPOCTPAHEHH HOTECHIMAIOB IIPH MHTEpPBAJe PACIONIOKEHUS APOCCEIb-TPAaHC(HOPMATOPOB Kax-
Jble 3 1 3,5 KM, 94TO 3HAYUTENIFHO YIIy4IINIO YCIOBUs paboThl pesibcoBhIX Lenell. Hayunas noBusHa. [Ipemioxken-
HBII METOJ] pacueTa pacIpOCTPAHEHUs IOTEHLIUAIOB U TOKOB B PEIBLCOBOM CETH NEPEroHa dAEKTPUIECKON TATH MO-
CTOSTHHOTO TOKa OTJIMYAETCs! MPEACTaBICHUEM OOIIel LEMHOW CXEMBI KaXKIOTO peibca B BHUJIE MOCIIET0BATEIHLHO
COCAMHEHHBIX B Kackaj T-00pa3HbIX YETBHIPEXIOIIOCHUKOB C YYETOM 3a3€MJICHHS OTIOp KOHTAaKTHOW CETH Ha OMNK-
HHUH penbe. DTO MO3BOJIMIIO OLIEHUTh YPOBHU TOKOB aCHMMETPHUH, KOTOPBIE OTBETBIIIOTCS B alllapaTypy PeIbCOBBIX
LeTeil ¥ OKa3bIBAIOT HEraTHBHOE BIMSHUE Ha MX pabory. [IpakTHuyeckast 3HAYMMOCTb. [lomydeHHbIE pe3yabTaThl
MOTYT HCIIOJIB30BaThCS IPH MPOESKTHPOBAHUU U IEPE0OOPYAOBaHUU IIEPErOHOB HOBBIMHM CHCTEMaMH JKEJIE3HOIO-
POXKHON aBTOMATUKH U TEJIEMEXaHUKH, a TAKXKe IS OLICHKH BIMSHUS BHICOKUX TOKOB aCHMMETPUH Ha paboTy CHC-
TEM JKEeJI€3HOI0POKHON aBTOMATHKU.

Knrouesvie criosa: TATOBBIE TOKH; PEIbCOBBIE LIEMH; APOCCENb-TPAaHC(HOPMATOP; TOK aCUMMETPHUH; PacIpocTpa-
HEHHUE [TOTCHLIUAJIOB
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