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Summary - the automated method of measuring parameters of code current and
primary and secondary parameters of track circuits were elaborated. The mathematic
model of automatic locomotive signaling system channel was improved and it is
considered in this paper. The algorithms of definition of parameters of track circuit are
offered.
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INTRODUCTION.

There are six Railways in the Ukrzaliznytsia. The Pridnyprovska
Railway has railway sections at the 3 kV d.c. traction (93.3%) and
autonomous (diesel) traction (6.7 %). It was founded since 1873 year. The
length is 3275 km. The Pivdenna (Southern) Railways has railway section at
the 25 kV a.c. and at the 3kV d. c. traction (33.5 %) and autonomous
traction (64.5 %). Their length is 3000 km. It was founded from 1868. The
Pivdenno-Zakhidna (Southen-West) Railway was founded since 1870. Their
length is 4668 km. There are railways at the 25 kV a.c. traction (35%) and
autonomous traction (65 %). The Lviv Railway has 4521 km and it was
building in 1861. It is more oldest from all Railways of Ukrzaliznytsia. It
has all kinds of traction system. The 3207 km (71 %) from all length of
Lviv Railway is equipped by the electric traction. There were electrified 469
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km of railway lines at the 25 kV a.c. traction with shielding and powering
wires. The Odessa Railway has near 4000 km. There are sections at the 25
KV a.c. traction (1708 km or 41 % from all) 3 kV d.c. traction (1.6 km) and
diesel traction (2492 km or 59 %). It was built in 1865. Since 1997 it was
electrified 63 km of lines by the a.c. 25 kV 50 Hz. Since 2015 the Donetsk
Railway has 1616.7 km instead 2861.8 km and 639 km (40 %) is electrified
by the d.c. traction from it predominantly.

It was electrified 1571 km of railways: 1184 km at te a.c. traction
(Lviv, Pivdenno-Zakhidna, Pivdenna, Odesaa Railways) and 387 km at the
d.c. traction (Donetsk, Pivdenna, Lviv Railways) since 1997 year and to the
present time. So 47 % (10500 km from total length 22300 km) is railways
by the a. c. traction of 25 kV 50 Hz (5500 km) and d. c. 3 kV (5000 km).
Last time (1991 — 2018 years) the electrification of railways were carried
out by the a. c. 25 kV 50 Hz.

The automatic locomotive signaling (ALS) system and automatic
block systems use to transfer of the codes to the locomotive and receiving
apparatuses of track circuit and to regulate traffic of trains on the railway
sections. To transmit codes by the ALS canals (rail lines) it is applied
signals at the 50 Hz frequency for railways with d. c. electrical traction and
signals at the 25 and 75 Hz for a. c. electrical or autonomous traction. Also
there are code and tonal track circuits (TTC) to control traffic of trains on
railways of Ukraine. It was equipped 5200 km without isolative connection
(known also as “velvet track™) since 2010. It is meant to applied of tonal
track circuits TTC3 at the 420, 480, 580, 720, 780 Hz and at the modulation
8 and 12Hz frequencies, for example[1 — 6].

The code track circuits (TC) are the transferring channel of codes
automatic locomotive signal system from track-devices to the locomotive.
And they are a primary element directly determining safety of trains’
movement and they check integrity of rails [1]. The investigation of
parameters code current and spectrum of traction current is necessary to
control in pause of code at the using of method, which is assumed to
measure with the help of special device of car-laboratory ,,Automatics,
telemechanics and communication”. In given case it was carried out by the
record of signal from one or two inductive coil of locomotive, which moved
on the railway section. In result we able us a possibility to determine as the
parameters of code current, flowing in rails and spectrum composition of
return traction current, as the parameters of track circuits [2-5].

It is needed to elaborate method of automated measurement parameters
of track circuits and harmonics of return traction current. It is allowed us to
take into account different sources of electromagnetic influences. Most
perspective from other method is automated measurement method on the
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base of car-laboratory because it will allow us to proceed from scheduled
preventive maintenance to repair on a status of object and to reduce number
or staff and to raise safety of movement of trains.

The development of automated method of measurement parameters of
TC and harmonics of return traction current from car-laboratory is an actual.
To solve of this task it is necessary to develop of mathematic model of track
circuit, which was worked in mode of occupancy by train (mode of
automatic locomotive signaling (ALS)), to use the formula of electromotive
force (EMF) of inductive coils of locomotive [9, 10], to create algorithms of
determination of the track circuit serviceability and parameters of code
current.

MATHEMATIC MODEL OF THE ALS CHANAL.

The equipment of car-laboratory uses for the definition parameters of
code current in rails during measurement travel two times in year usually.
The experimental data can be given with the help of special elaborated
measuring system [6, 7], based in the car-laboratory for the control of
parameters of code current. So there is a continuous communication
between track and locomotive devices in the ALS system. The coils are
situated before first wheel pair of locomotive and connect inductively with
the current in rails, by the means of a magnetic field, series and towards
each other (fig.1). Magnetic field is formed around of rails by the alternating
code current. Thus, there is a separate channel of communication within the
limits of each track circuit.

To the device of nductive Wheel
Isolative processing data ] n ggi:\/f Saif
connect
T A I
| I | 11 t1 .
i i I —— Rail 1
drossel- Direction of | l l i ‘ s
transformer movement | r ‘
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end One rail circuit | end
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Fig. 1. Structure scheme of data transferring canal to the locomotive

For the definition of parameters of track circuit we used the equivalent
scheme, given on the fig. 2. This scheme includes supplying end, rail lines
and receiving end, each from which are four-poles accordingly. Four-poles
of supplying and receiving end include intermediate and protective
apparatuses, and four-pole of rail lines consist of only rails, connected with
the help of electrical connections.
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Fig. 2. Equivalent scheme of track circuits at the present train shunt
on the receiving end

According with the theory of four-poles write system of equation of
voltage and current in the begin of track circuit:

Us: XUr+B Xir
| Agh | sh | ’ (1)
Is :CshXUr+DshX|r

where Us, 15 — voltage and current in the begin of track circuits (supplying
end),

U, | —voltage and current in the end of track circuits (in the point of
putting train shunt),
A, By, C,, Dy — coefficients of rails four-poles in the regime of

automatic locomotive signalling.
Coefficients of rails four-poles in the regime of automatic locomotive
signalling are equal:

Z - 1
As :1+_’ Bs :Z’Cs -5 Ds :1’ (2)
h Rsh h h Rsh h

where Z = z-1 —impedance of rail line, Ohm,

z — specific impedance of rail lines, Ohm/km,
| — distance between supplying end and locomotive, km,
R, — resistance of train shunt,
R,, =0,06 Ohm.
So knowing value of current in the begin and end of track circuit and
voltage on the outputs of generator, which should be equal minimal voltage

of way’s transformer Us =Uminand can be taken from regulative tables [4],
we are allowed to define impedance of rail lines
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The wave impedance and propagation coefficient are equal [3, 9]:

7. = /2. R.,y= arcsmh(I«/ZvRsh) (@)

where R, — equivalent resistance of isolation of rail line and grounding

of supports of catenary, Ohm-km.
Thus, the resistance of isolation of rail line can be defined as

R = : (5)

So, knowing the value of current in the begin and end of track circuits
in the results of measurements with the help of equipment, established in the
car-laboratory, and taking value of generator’s voltage from regulation
tables we can define primary and secondary parameters of track circuits

We have obtained the equation of EMF induced in the coils of ALS,
which takes into account the wave delay effect, which occurs in tonal track
circuits of high frequency and high-frequency noise. The resulting
relationship between the current ALS and EMF can be used to determine
the parameters of the code current by using the proposed hardware and
software measuring complex, in which sensors are information locomotive
coils [7, 9, 10].

DEFINITION OF TRACK CIRCUIT PARAMETERS.

The designed hardware and software measurement system can record
the signal from the output of the filter of the ALS system, as required by the
instructions for maintenance of signaling, centralization and blocking
devices [1], and the outputs of the receiving coils. Signal recorded by the
receiving coils of ALS, is the amount of code signals from ALS and traction
current with all its harmonics, and transients that occur during operation of
the locomotive. And therefore, this device allows us to analyze not only the
temporal and amplitude parameters of codes of ALS, but also assess the
impact of noise on the automation systems and analytically determine their
cause.

It is proposed to use following method for the definition of parameters
of track circuit from car-laboratory. The technique of control of the
parameters of track circuits from car-laboratory includes measurements,
which performed by two electromechanics. The measurement system of
parameters code ALS was checked in laboratory (Fig. 3).
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It is necessary to calibrate the apparatuses of car-laboratory on the base
of real track circuit before measurement. It is important that track circuit
work in mode of occupying by rolling stock. Thus it checks the conformity
of results of measurement, carried out by the developed apparatuses, to data
was given directly in the track circuit at the measurement of code current.
Next step is the definition of original data of investigated section: or station,
the name of railway section, length and type of TC, the sampling frequency
settings and the quantization step, which used at the analog-to-digital
conversion of the signal. Developed apparatuses was established in car-
laboratory (Fig. 4).

As a result, the number of parameters controlled from car-laboratory,
equipped with the developed hardware and software apparatuses, expands.
The method of measurement parameters track circuits is proposed in [6, 7].
It is based on the comparison a measuring data with the theoretical
characteristics, corresponding normalized functioning of TC.

Further actions of operator-electrician are the observations of work of
equipment. Reading the data from the inductive coils and checking of
parameters of TC and code current is carrying out automatically. At the
same time the monitoring of levels and spectral composition of current in
rail lines are done to identify their and to remove the reasons of their
appearance. According to the results of control of parameters of track
circuits is created a database that allows us to automate the process of
finding of TC with faults and predict their causes.

Fig. 3. Test proposed measurement system of parameters code ALS
in laboratory
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Fig. 4. Work place of electrician of car-laboratory “Automatics,
telemechanics and communicaion” and results of measurements of code
and return traction currents

As a result, the time spent on the control parameters of TC will be
reduced, the working conditions of personnel will be facilitated | and the
subjectivity in the measurement will be excluded.

At the determining the types of code signals received from the track
circuits, we solve such problems: measurement of the pulse duration and
pause with the exception of sags and surges of a signal; selection of the type
of code by the pulse duration and pauses; determining the type of the code
received from the track circuit and the type of the code track transmitter;
definition of amplitude and time parameters of the code signal.

To solve the first problem were taken signatures of pulses and pauses
when a signal with an amplitude greater than or equal to 0.6U_ for at least

0.2 s is recognized as a useful signal, and the signal with an amplitude of
less than or equal to 0.4U_ for at least 0.1 s - as the pause. The value 0.6U,

Is the minimum value that will be recognized as a useful signal when the
system is the automatic locomotive signaling. To calculate the duration of
pulses and pauses the software timers are used. Algorithm for determining
the duration of the pulses and pauses is shown in Fig. 5.

In addition to determining the duration of the pulses and pauses, also
their adjustments are made, designed to prevent a momentary signal. For
example, if short-term loss of signal during the determination of the pulse
duration the pause timer can start. If a signal for 0.1 seconds is not
recovered, the pause counting continues, but as the pulse timer has not been
disabled, then after stop the pulse timer the pulse correction is carried out

SBTSATU.9.1.6



HaykoBuit BicHuK TAATY Bun.9, Tom 1

8314

(the subtraction of the pulse duration by 0.1 s). A similar process is
organized during the determination of the pause in the event of a pulse.

To solve the second problem and determine the type of message frame
and code track transmitter (CTT) all pauses and pulses were divided into
certain types (P1 — P7, 11 — 17). The combination impulses and pauses of
codes is accorded type of codes: “Red-yellow”, “Yellow”, “Green” for
different code track transmitters KPTSH-5 and TPTSH-7.

To solve the third problem, and determine compliance with the
requirements of the decrypted code signal amplitude was also been
developed appropriate software. Automated measurement hardware and
software package calculates the duration of the pulses and pauses in the
message frame and therefore can determine what type of code track
transmitter is used in this track circuit. It is known that, when a stage is
equipped with automatic lock-haul code system, each signaling point is an
alternation of code track transmitters, which allows for protection against
dangerous failures on short-circuit block joints separating the track circuits.
Therefore, it is possible by changing one code track transmitter by another
one to determine the location of insulation junction.

For validation of the coordinates of the insulation junction we need to
check for compliance with the calculated length I, of the i -th track circuit

with an error of 3 % to the actual value. Coincidence of the real and the
measured length matches the TC working condition of isolating joints,
different — is faulty. Data correction means specification of the measured
TC length in mind that the type of CTT is determined only after deciphering
code of three parcels from one type of CTT. Therefore, the length of the
track circuit is subtracted the measured distance traveled by the train during
the decoding of the three code packages. Algorithm for computing the
length of RC and definition isolating joints fault is shown in Fig. 6.
Algorithm for checking the status of the track circuit involves
determining the state of the track circuit and it is carried out on the current
curve of the locomotive signaling 1(x),.. depending on the coordinates

obtained from the measurements.

meas
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Fig. 5. Algorithm for determining the duration of the pulses and
pauses
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‘ Drop of the timer of a pulse ‘ ‘ Drop of the timer of a pause ‘
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Fig. 6. Algorithm for determining the length of the track circuit and
serviceability of block joints
Evaluation is done by comparing the measured code current curve
1(x),.... OF ALS with calculated 1(x)at nominal operating conditions of the
track circuit (for example, the impedance of the rails Z1 = Z2 = 0,8¢%
Ohm / km with welded copper connectors, the frequency of the current
signal of 50 Hz, the conductivity of insulation Y1 =Y2 =05 S/ km) and
given its length. Appearance of break points of the first kind in the current
curve 1(x),.. Of locomotive signaling indicates an open rail connectors at

SBTSATU.9.1.6



-\,f HaykoBuit BicHuK TAATY Bun.9, Tom 1

i iii'{ i
o 4 S

v

Ao 11314

this point. Underestimated the value of ALS current 1(x),,,, compared with

the calculated value indicates an undervalued ballast impedance.

The ocsillogram and spectrum of “Green” code at the 25 Hz and at the
autonomous traction are given in Fig. 7. After measurements all data are
processed. There are interferences in the dividing pause of code. The
reasons of appearance interferences are power system and current of traction
motors.

The resulting databases are created. This allows us to observe the
results of measuring the current of locomotive signaling along the length of
each track circuit. The shape of the ALS current curve and other parameters
determined during the measurement of the trip. It also creates a database,
which indicates the number of TC, which revealed the following variations:
the amplitude at the beginning of TC, which is below the minimum value;
the time parameters of the code, which does not confirm to requirement; the

underestimated impedance of ballast; break of electrical connectors.
Eqs. V Ocsillogram
0.3 ! ' ' ' ! '
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03 i i i i i i
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Fig. 7. Ocsillogram and spectrum of code of track circuit at the 25 Hz

and at the diesel traction recording from ALS coils at the measuriment trip
of car-laboratory

CONCLUSIONS.

The method for definition of parameters of TC and harmonics of return
traction current was elaborate. This method and hardware-software
apparatuses allows you to define by the EMF induced in the one or two
receiving coils, which is proportional of current in rails. So, we are
determined the following quantities: the magnitude of the code current for
the entire length of the track circuit, the duration of the pulses and pauses
for all parcels of code, the type of code signal and the type of CTT,
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coordinate, the length of the TC, serviceability of insulating junctions and
electrical connectors. The results of measurements of EMF induced in each
of the receiving coils apart, the spectral composition of the noise occurring
in the traction network, and harmonics amplitude and impulse noise, the
causes of noise in the rail net can be revealed. The test of given measuring
apparatuses was executed on the base of car-laboratory ,,Automatics,
telemechanics and communication” of Pridneprovsky Railway of
Ukrzaliznytsia.

The application of proposed method of control parameters of TC from
car-laboratory will reduce service time and allowed us to change a type of
TC’ maintenance to the service as an object in further.
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ABTOMATHU30BAHUIA METO/I IEPEBIPKA
IMAPAMETPIB PEUKOBHX KLTT

Cepaiok T., Ky3nenon B., Cepaiok K., Hikosienko A.

Anomauyia - po3poOIECHO METOJ BHU3HAYCHHS NapaMeTpiB KOIOBOTO CTPyMY i
rapMOHIK 3BOPOTHOT'O TATOBOI'O CTPYMY, a TAaKOK NMEPBUHHUX 1 BTOPUHHUX IapaMeTpiB
peiikoBHX K. B cTaTTi mpeacTaBieHO yJOCKOHAJIEHY MaTeMaTW4YHYy MOJETbh KaHALy
CHUCTEMH aBTOMAaTHMYHOi JIOKOMOTMBHOI CHTHami3alii, ska cTaja HayKOBUM
OOIpYHTYBaHHSM JJIsi PO3POOKHM aBTOMATH30BAHOTO METOAY IMEPEBIPKU IapaMmeTpiB
pelikoBHX Kit. Po3po0iieHi anropuTMu BU3HAYCHHS MTapaMeTpiB pEHKOBUX KiJl.

3anpornoHOBaHUN METOJ OOCIYroBYBaHHS PEWKOBHX KIJ TOJATAaE y 3amuci 1
NOJAJIBIIIOMY aHaJli3l CHUTHalLy, OTPUMAHOIO 3 TNPUIMAIBHUX KOTYIIOK BaroHy-
naboparopii (a00 1HAYKTUBHUX KOTYIIOK aBTOMATUYHOI JJOKOMOTHBHOI CHUTHaji3alii).
Curnan e mnponopuiiHum enektpopywriiniii cuii  (EPC), ska iHAyKyeThCcsi B
NpUMMaNbHUX KOTYIIKax 1 MPOMOpIiiiHa cTpyMy B pelKkax (KOJOBOMY 1 3BOPOTHOMY
TAroBomy). Po3po0iieHo amapaTHO-IpOrpaMHUi KOMIUIEKC, SIKUIl J03BOJIS€ BU3HAYUTH
TaKl BEJIMYMHU: BEIMYMHA CTPYMY KOJY IO BCIi JIOBXHHI peHKOBOTO KOJia, TPUBAIICTh
IMIOYJbCIB 1 May3 I BCIX MOCHJIOK KOJAY, THUIl KOJOBOTO CHUTHAJy 1 THUII KOJIOBOTO
komiiiHoro tpancmitepy (KIITII), koopauHaty, JOBXKHUHY PEMKOBOrO KOJia, CIIPaBHICTh
130CTHKIB 1 €JIEKTPUYHMX 3'€/IHYBauiB, NEPBUHHI Ta BTOPUHHI apaMeTpH peHKOBHUX KiJ.
AnapatHo-iporpamMHuil komiuiekc fo3Boiisie BuMipstu EPC, iHnykoBaHy B KOXHIN 3
OpUHMaIbHUX KOTYIIOK, BH3HAYUTH CHEKTPaJIbHUH CKIaqy 3aBaj y 3BOPOTHOMY
TATOBOMY CTpyMi, IMIIYyJbCHI 3aBaJu, a TaKOX  IpoaHali3yBaTH MPUYMHH IX
BUHUKHEHHA. ATmpo0alio 3ampornoHOBaHOI METOJMKHM 1 amnapaTHO-IMPOrpaMHOIO
KOMIUIEKCY OyJio 3aiiicHeHO Ha 0a3i Barony-yiaboparopii «ABTOMAaTHKa, TEIeMEXaHiKa
Ta 3B'130K» [IpuaIHINPOBCHKOT 3aTi3HUI Y KP3ali3HULL.

3acToCcyBaHHS 3alPONOHOBAHOTO METOAY KOHTPOJIIO MapaMeTpiB peHKOBUX KiT 3
BaroHy-yiaboparopii «ABTOMaTHKa, TelleMeXaHiKa Ta 3B'SI30K» JO3BOJHUTH CKOPOTUTH
yac, SIKWH BUTPAva€eThCsl HAa 0OCITYroBYBaHHS PEMKOBHUX KU 1 Y MOJAAJIBIIOMY 3MIHUTH
BUJ  OOCIYrOoBYBaHHA  pPEMKOBHX KUI 3  IIAHOBO-TIOMEPEKYBAaJIbHOTO  Ha
00CITyTOBYBaHHSI «3a CTAHOM 00'€KTa.

Knwuosi cnoea — peiikoBe KoJO, BUMIPIOBAHHS, KOJOBHUH CTpyM, MapameTpu
pEeMKOBUX KiJI, aMILIITYy/1a, YaCOB1 TapaMeTpU KOJIB, TATOBUN CTPYM FapMOHIKH.
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ABTOMATHU3UPOBAHHBIN METO/]] ITPOBEPKH
ITAPAMETPOB PEJIbCOBbIX HEITEU

Cepawok T., Ky3nenosn B., Cepaiok K., Hukojsienko A.

Annomayua - pazpaboTaH METOJ ONpEAEICHUs MapaMeTpoB KOAOBOIO TOKa U
TapMOHUK OOpPATHOTO TATOBOTO TOKA, a TaK)Ke MEPBHUYHBIX U BTOPUYHBIX MApaMETPOB
pENIbCOBBIX Lieneil. B crarbe mpencTaBicHbl yCOBEPIIEHCTBOBAHHYIO MATEMATUYECKYIO
MOJZICJIb KaHaJla CHUCTEMbl aBTOMAaTHYECKOM JIOKOMOTUBHOM CUTHAIM3ALUU, KOTOpas
CTajla Hay4yHbIM OOOCHOBaHMEM Ui pPa3pabOTKU aBTOMATU3MPOBAHHOIO MeETOZa
IIPOBEPKU IMapaMETPOB PEJIbCOBBIX Lienel. Pa3paboTaHHblE aJIrOpUTMBI OINPENEICHUS
[1apaMeTPOB PEJIbCOBBIX LEMEH.

[IpensioxkeHHBIN METO 00CITY)KMBAaHUS PEJILCOBBIX IIETICH 3aKII0UAETCs B 3alIUCH
U IOCIEAYIOLIEM aHAJINW3€ CHUTHaA, IOJIyYEHHOTO C IIPUEMHBIX KaTyIIEK BaroHa-
naboparopur (WIM MHAYKTUBHBIX  KaTyIIeK aBTOMATUYECKOM JIOKOMOTHBHOM
curHanuzauuu). CurHan nponopuuoHaieH snekrpoasrkyuei cune (3C), kotopas
MHAYLUUPYETCs] B IPUEMHBIX KaTylIKax U MPONOPIHOHAIbHA TOKY B pelibcax (KOJIOBOMY
U oOpaTHOMY TSArosoMmy). Pa3zpaboran anmapaTHO-IPOrpaMMHBIA KOMIIJIEKC, KOTOPBIi
IIO3BOJISIET OINPEACIIUTh CIECAYIOUIME BEJIMYMHBL: AMIUINTYAA KOJOBOTO TOKAa IIO BCEH
JUIMHE PEJICOBOM LIETIH, JUINTEIBHOCTh UMITYJIBCOB U IIay3 JUIS BCEX KOJIOBBIX IIOCBUIOK,
TUI KoAa U Tull KopoBoro myreBoro Tpancmutrepa (KIITLL), xoopaunary, IIHHY
pEJIbCOBOM LIENM, MCIPABHOCTb M3-3a CTBIKOB M DIJIEKTPUYECKUX COCIUHUTEINIECH,
IIEPBUYHBIE U BTOPHUYHBIE MapaMETPbl PEJIbCOBBIX LENel. AMNMapaTHO-IPOrPAMMHBIN
KOMIUIEKC Mo3BossieT u3Meputh O/IC, MHIyIMpPOBaHHYIO B KaXAOHW M3 INPUEMHBIX
KaTyIlIeK, OIpPEAEIUTh CIEKTPAJIbHBI COCTaB NMOMEX B OOpaTHOM TSITOBOM TOKE,
UMITYJIbCHBIE TIOMEXH, a TaKKe IPOAHAIM3UPOBATH IPUYMHBI UX BO3HUKHOBEHUS.
ArnpoOanuio npeaaoKeHHOW METOJMKH U allapaTHO-IPOrpaMMHOIO KOMILIEKca ObUIO
OCYILIECTBJIEHO Ha 0a3e BaroHa-n1abopaTopuu «ABTOMAaTHKa, TEIEMEXaHUKA U CBSI3b»
IIpuaHEenpoBCKO Kee3HON JOPOTH Y KP3aIU3HbILH.

IIpuMeHeHne NpeIoKEHHOI0 METOJa KOHTPOJIS IIapaMETPOB PEIbCOBBIX LIETIEH C
BaroHa-jabopaTopuu «ABTOMAaTHKa, TEJIEMEXaHUKa U CBA3bY» IO3BOJHUT COKPATUTh
BpeMs, 3aTpauuMBacMoe Ha OOCIYy)XKMBAHUE pPENbCOBBIX IeNedl W B JajbHEHIIeM
W3MEHUTH BUJ OOCITYXKUBAHHUS PEJIbCOBBIX ILIETEH C IIAHOBO-TPEAYNPEAUTEILHOTO Ha
00CITy’)KUBAaHHE «I10 COCTOSIHUIO OOBEKTa».

Kniouegvie cnogea - penbcoBas 1ENb, U3MEPEHHUs, KOJIOBBIM TOK, IapameTpbl
pENbCOBBIX LIENEH, aMIUIMTYAa, BPEMEHHBIE IapaMeTpbl KOAOB, TATOBBIM TOK
TapMOHHKH.
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