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PROSPECTS FOR LAYING THE FASTENING OF THE TYPE CK165 - b
IN THE CURVESD TRACK SECTIONS WITH SMALL RADIUS

Purpose. To date, there is a tendency concerning complete transition of main tracks to concrete sleepers. The
reason for this is the lack of wooden sleepers, their high cost and low lifetime that in the curved track sections with
the radius R<300 m is only 5-7 years (this is 5 times less than the lifetime of concrete sleepers). After introduction of
fastening type CKJ165-5 it is possible to smoothly expand the track from 0 mm to 14 mm, and to narrow from 0 mm to
28 mm with a step 1 mm. At the increased train load on the track of 75...130 kN in a horizontal plane, which is charac-
teristic for the curved track sections R<300 m the violations in terms of track geometry often take place. It results in the
frequent surfacings, periodicity of which at the fastening type CK/165-b is absent for today. Therefore the purpose of
the article is the development of recommendations concerning maintenance of the track in a plan with the fastening
type CK/165-b. Methodology. The methodology of research is based on the comparative estimation of influence of
the track width change dynamics on the periodicity of surfacing in the plan in the case of the use of fastening type
110 and CKJI65-b. Findings. With the help of the developed research methodology it was established that the first
implementation of adjusting the track width at fastening type JIO is necessary to be executed on the 14™ month and
at the fastening type CKJI65-b on the 28™ month of operation. Originality. It was first described and expressed us-
ing the empiric dependence the process of the track width change, and periodicity of its adjusting in the case of the
fastening type CKJ165-b use. Practical value. The developed recommendations will allow in time to execute adjust-
ing of the track width at fastening type CK/165-b and ensuring the safety of train motion at the same time.

Keywords: fastening type CKJ165-b; track width; adjusting of track width; maintenance of track in plan

Introduction time that in the curved track sections with the ra-
dius R<300 m is only 5-7 years. This is 5 times
less than the lifetime of concrete sleepers [10].

During operation of the railway track in the
curved sections of small radius with wooden sleepers
and fastening type J1O the rail thread thrust occurs. It
leads to the deviations from the tolerances of rail
track width [6, 12]. When the track width exceeds the
tolerances it is necessary to carry out regaging, which
largely affects the life of wooden sleepers.

Production of sleepers of softwood species also
results in the fact that in the short term the metal
baseplate, which is the element of the fastening
type O, cuts into the wood fibers [3-6, 10, 12-15].
During production of wooden sleepers their manu-
facturing technology based on insufficient seepage
is violated. This leads to sleeper rotting and reduc-
tion in its operating lifetime in the track [12].

To date, according to the order of Ukrzaliznyt-
sia it was decided to fully transit the main tracks to
the concrete sleepers.

Increase in the train speeds, axial loading at the
Ukrainian railways requires increase in the strength
and stability of the railway track. Today, in the
vast majority of cases in small radius curves, espe-
cially in the areas of Lviv railway it is operated the
track with wooden sleepers and fastening type J10.

In the initial stages of operation the track on
wooden sleepers has little stiffness that provides
three-dimensional elasticity of the track superstruc-
ture (hereinafter TS) elements at the simultaneous
perception of both vertical and horizontal dynamic
forces from the rolling stock. During the mainte-
nance work wooden sleeper, unlike the concrete
sleepers, undergoes rapid replacement with the
new one without significant labor costs.

Despite the advantages, wooden sleepers have
several disadvantages that make economically un-
profitable their use. The reason for this is the lack
of wooden sleepers, their high cost and low life-
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To date, according to the order of Ukrzaliznyt-
sia there is a tendency to transition to the concrete
sleepers in curves of small radius, in connection
with the increased speed of trains, axial loads and
freight traffic on the railway. At the same time the
increase in strength and stability of railway track is
required.

With the fastening type CKJ165-b (Fig. 1) [1,
71, there is a possibility to use the concrete sleepers
in curved track sections of small radius without
construction modification of the sleeper type of
LI1-1. The use of concrete sleepers and fastening
type CK/165-b makes it possible to avoid many of
the problems arising in the railway track on wood-
en sleepers with the fastening type J10.

1 157 79,5
| 310

Fig. 1. The CKJ165-b type of fastening:
1 — adjusting card, 2 mm width (two items);
2 — adjusting card, 3 mm width (one item);

3 —plate 2KBJI65; 4 — terminal I[TIKJI; 5 — terminal bolt;
6 — insert bolt; 7 — screw nut; 8§ — double coil washer;
9 — plate I1Pb-4; 10 — plain washer 1III1-1.1;

11 — insulating sleeve

At the fastening type CKJ165-b it is allowed to
build into the curves of radius between 450 m to
200 m concrete sleepers with distribution diagram
of sleeper laying 1.840 units/km. At this the fasten-
ing CKJ165-b ensures a smooth transition of width
in the transition curves for expansion from 0 mm
to 14 mm and narrowing from 0 mm to 28 mm. In
a circular curve using the fastening type CKJ165-b
one can set the pattern 1534 mm using the concrete
sleepers of type LLI1-1 according to the works [1, 7,
16].

At the increased train load on the track of
75...130 kN in a horizontal plane, which is charac-
teristic for the curved track sections R<300 m the
violations in terms of track geometry often take
place [9]. It results in the frequent surfacings, the

periodicity of which at the fastening type CKJ165-b
is absent for today. Therefore the purpose of the
article is the development of recommendations
concerning maintenance of the track in a plan with
the fastening type CK165-b.

Purpose

Therefore the purpose of the article is the de-
velopment of methods and recommendations con-
cerning maintenance of the track in a plan with the
fastening type CK65-b.

Methodology

The methodology of research is based on the
comparative estimation of influence of the track
width change dynamics on the periodicity of sur-
facing in the plan and adjusting of its width at the
fastening type 1O and CK65-b.

In 2015, on one of the Ukrainian railways two
curved track sections with the radius of 350 m
were chosen. At the one track section was laid the
track panel (further TP) with wooden sleepers and
fastening /10O, and the second TP with the concrete
sleepers and fastening CK165-b. The width meas-
urements were executed after laying of two TP for
five months, every 10 meters along the length of
the curve.

When performing the measurements on each of
the sections there were studied various additional
factors, the probability of which can affect the pro-
cess of changing the width of the rail track.

At TP with wooden sleepers it was observed
the influence of such factors as side wear of the
outer railway line, sloping caused by indentation of
metal baseplate into the wooden sleeper. At TP
with concrete sleepers it was mainly observed the
change of track width due to the side wear of the
outer railway line.

Using the obtained statistics there were deter-
mined the average values of track width change at
the type fastening JJO and CKZI65-b in the curve
with radius of 350 m over five months, which are
presented in the Table 1.

Mean values of the track width change at the
two track sections with the fastening type 10 and
CKI165-b during five months of operation are
shown in the Fig. 2-3.
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Table 1
Mean values of track width for each month
Fastening type in the curve Mean value of the track width, mm
November December January February March

1 2 3 4 5 6

10 1529.35 1 529.76 1530.35 1531.06 1531.71
CKJ165-b 1531 1531.24 1531.47 1531.71 1531.94

Track width, mm

0 10 20 30 40 50 60 70 B0 90 100 110 120 130
Curve length, m

140 150 160

Fig. 2. Change of track width at fastening
of type 10 for five months

According to the two-factor dispersion analysis
[8] taking into account the above mentioned im-
pacts, it was established the criterion of influence
«F» on the track width change:

— for track panel with wooden sleepers and
fastening of type J1O- F = 0.6824;

— for track panel with concrete sleepers and
fastening of type CKJ165-b — F=0.3311.

1540

1536

0 10 20 30 40 S0 60 70 80 90 100 110 120
Curve length, m

130 140 150 160

Fig. 3. Change of track width at fastening of
type CKI165-b for five months

Observation results of the track width change at
the track sections with the fastening type /IO and
CKJ165-b, depending on the time parameter, pre-
sented as coordinate pair «x» and «y» were ap-
proximated [8] (Fig. 4-5).

According to the approximation results in the
Fig. 4-5 one can clearly see that the change of the
track width with the fastening type J1O and
CKJ165-b is linear, which can be described by the
function:

)

y=ax+b

where a, b — are the constant parameters.

Function parameters (1) using the method of
least squares [8] can be described by the following
set of equations:

ay, xf+b§xi=fxiyi,

i=1 i=l i=1

ai X, +nb= iyi
i=1 i=1

where x , y — are the measured coordinates of the

2

i-th point; n — is the number of points with
measured coordinates.

1545

1540 o e e
[ ] ® L ]
n— $ . § > $
g 1535 ’ : L
- ° o y=06x+15286 °
]
= 1530 :_’_§————Zr’”§”§
I
-
g : . : g 8
£ 1525 ~ °
= : g L ] L ]
[ ]
1520 L] ° ° ° °
1515

November December January February March
Months

Fig. 4. Change of track width at fastening of type /1O
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Fig. 5. Change of track width at fastening
of type CKJ165-b

Recommendations concerning the frequency of
track width adjustment. On the basis of the work
[11] the state of track upon the condition of its ex-
pansion according to the tape of track measure-
ment car is evaluated in points. According to our
case for the studied track sections with radius
R =350m, the track state according to the width

based on evaluation scores will be fined:

— with TP on wooden sleepers with fastening
type 1O at the V-th degree;

— with TP on concrete sleepers with fastening
type CK/65-b at the V-th degree(according to
[11]).

According to the obtained function (1) it was
determined the time, when the track regaging (with
the fastening type /10) and track width adjusting
(with the fastening type CKJ165-b) should be car-
ried out. For clarity the frequency diagram of track
width adjustment in the curve radius of 350 m with
two types of fastening was constructed (Fig. 6).

$ ¢ @ 2 o

———————r———r—r—r——

12 14 16 : 18 20 22 24 26 28 30 32 34 : 36
l177 Months 35

4 Fastening type 1O @ Fastening type CKI65-B

Fig. 6. Frequency of adjusting the track width
of in the curve of R=350 m at fastenings
of type JIO and CK/165-b

This diagram shows that after the first track
width adjustment at the section with fastening type
10O, the next adjustment is carried out every three
months and at the curve with fastening type
CKJ165-b every 7 months.

According to the papers [7, 8] at the TP with
wooden sleepers the spike fastening holes already
broken after the third regaging this almost elimi-
nates a tight pressing of rail to the rail seat using
the spikes.

The proposed methodology of periodicity of the
track width adjusting upon the condition of its
widening at the fastening type JIO and CKJ165-b
was based not on the complete elimination of wid-
ening but on the bringing to the appropriate state of
retreat from the existing state, where the evaluation
in points, at which the section will be fined that
was the part of the range «good».

Based on the above mentioned data, and meth-
odology track maintenance upon the condition of
its widening, it is proposed to adjust the width of
the track when using the intermediate rail fastening
of type 10 and CKJ/I65-b under the schemes pre-
sented in the Figures 7-8.

lS=|543_1r,u STC:

Fig. 7. Adjusting of track width
in the studied curve with fastening of type 1O

sTC) S=1543.mv  sTC,

Fig. 8. Adjusting of track width
in the studied curve with fastening of type CK/165-b
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The Figures 7a and 8a show the existing condi-
tion dashed line of the track width in curves with
the dashed line, and the project condition with the
solid line. The numbers show by how many milli-
meters the existing track width is greater (+) or less
(-) than the project one. The arrows up or down in
the Figures 7b and 8b show how it is necessary to
expand or narrow the track (in mm) during opera-
tion of the railway track with the fastening type
J10O and CKJI65-5.

Technical and economic efficiency of the
proposed recommendations. A separate challenge
was to determine the technical and economic effi-
ciency from laying the railway track construction
with concrete sleepers in curves of small radius
with fastening type CK/165-b, as compared to the
railway track with wooden sleepers and fastening
of type J10.

During the studies it was used a methodology,
which allows to analyze the cost-effectiveness of
TS variant throughout the repair interval of opera-
tion [2]. This methodology is based on the analysis
of total reduced costs:

iy lip

I, =K, + ZEtini + th,nz (3)
=1

t=0

where K; — are the capital investments for laying of
i-th variant of track design, UAH/km (the cost for
capital repairs of the track); E,; — is the annual
operating costs of the i-th variant, UAH/km per
year; C; — is the simultaneous costs (for complex
and recreational medium and other repairs) on the
i-th in each year ¢, UAH/km; ¢, — is the year, in
which the costs are determined; #,, — is the lifetime
of the most long-term variant of the track construc-
tion; 1, — is the cost reduction coefficient of (dis-
count coefficient).

The cost reduction coefficient is determined by
the following formula:

1

T(+E,) @

N,

The calculation methodology was based on the
calculation of one kilometer of track consisting of
curves and straight sections. During calculations
the most optimal variants of the track construction
from the following ones were accepted (Fig. 9):

— is the straight (fastening type Kb) and curved
track sections (fastening type CK65-b) — is the
jointed track (Fig. 9a);

— is the straight (fastening type Kb) and curved
track sections (fastening type J10) — is the jointed
track (Fig. 9b).

2) straight curve, R=350 m straight

jointed track jointed track jointed track
with fastening type KB| with fastening tvpe CKI65-F (with fastening type K|

curve , R=350 m
jointed track
with fastening type JO

~_ straight straight

jointed track
iwith fastening type KB

b)

jointed track
with fastening type KB|

Fig. 9 Possible variants
of track construction replacement:
a — variant 1; b — variant 2

Labor costs are determined by the expression:
AConl- :PIV‘(ZNi'tH,-) (%)

where Py, — is the hourly tariff rate corresponding
to the fourth category; ¥ N; — is the total number

of elements that are changed at different current
repairs and maintenance; f, — is the time required

for replacement of the i-th element og TS.
The cost of materials is determined by the ex-
pression:
AC

mam;

=X NG (6)

where C; is and cost of the i-th element of the TS.

Chart of the total reduced costs that makes it
possible to determine the payback period of laying
the track construction with the fastening type
CKJ165-b as compared to the construction of the
track with the fastening type J1O is shown in the
Fig. 10.

From the graph of total reduced costs (Fig. 10)
it was established that the savings for 1 km railway
track when laying the concrete sleepers in the
curve of radius 350 m with the fastening type
CKJ165-b is 31.5%. This is mainly due to the re-
duction of the time required to perform the works
at the current maintenance and material savings of
TS.

At the current maintenance of one kilometer of
railway track with intermediate rail fastening of the
type CKI165-b the annual saving is 72.6% of the
costs for existing regulations of maintenance
(wooden sleepers, fastening type JO), which is
shown in the Fig. 11.
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Fig. 10 Chart of the total reduced maintenance costs
of railway track with fastening of type /IO and CKJ165-b
500 458,41 Originality and practical value
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50 . Presented preliminary studies and recommen-
0 dations make it possible to perform rail track width

with fastening type

with fastening type
CKI65-B Ao

Fig. 11 The economic effect
of the current maintenance of 1 km of railway track

When laying the concrete sleepers in curves
with radius less than 350 m with the fastening of
the type CKI65-b according to the above men-
tioned studies it is reduced the number regagings
and adjustings of the rail track width.

Thus, the number of regagings for the entire
turnaround time (27 years, 800 mln. tons gross) is
approximately:

— with wooden sleepers and fastening type /10
18100 times;

— with concrete sleepers and fastening of type
CKJ165-b is 41 times.

Findings

Using the above mentioned studies it was found
that the frequency of rail track width adjustment in
the curve with radius of 350 m at the intermediate
rail fastening CKJ165-b is twofold reduced as op-
posed to the fastening type J10. The railway track
width adjustment with the fastening type J1O is
required on the 14th month and with the fastening
of CKJ165-b type on the 28th month of the railway
track operation.

adjustment with the fastening of type CK/165-b in
time. This will partly prevent and eliminate further
development defects of the rail track in plan occur-
ring during its operation with simultaneous ensur-
ing the safety of train motion.

Conclusions

The work represents the studies, which are
based on comparative assessment of the influence
of the track width change on the periodicity of cor-
rection and adjusting its width at the fastening of
type 4O, and CK/165-b. It was chosen two curved
sections of track with curve radius of 350 m. On
the one section was laid the TP on wooden sleepers
with the fastening type J1O, on the second section
was the TP on concrete sleepers with the fastening
type CKZ165-b.

The track width change at the above mentioned
railway sections was investigated within five
months of operation. Using the above mentioned
data of the field tests it was for the first time estab-
lished the frequency of rail track width adjustment
with the fastening of CKJ165-b type during opera-
tion.

The first adjustment of track width in the curve
radius of 350 m with the fastening of type CKJ165-
b should be performed at the 28th month of opera-
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tion (then every 7 months), and with the fastening
of type 1O on wooden sleepers on the 14th month
(then every 3 months).

Using the technical and economic calculations
it was established that, unlike the track structures
on wooden sleepers with the fastening type /10, in
case of laying the concrete sleepers with the fasten-
ing type CKJ165-b the economy for 1 km of rail-
way track for the entire repair interval is 31.5%. At
the current maintenance for 1 km of railway track
the annual economy is 72.6%.

It was established possible number of the track
for width adjustment for the entire turnaround time
(800 mln. tn. gross) with concrete sleepers and the
fastening type CKJ165-b decreased in 59 times.
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HEPCIIEKTUBU YKIIAJAHHA CKPHIVIEHHSA TUITY CK 65-b
B KPUBUX JIJITHKAX KOJII MAJIOT'O PAJIYCA

Merta. Ha croropHimHii JIeHb iCHy€e TEHAEHMLIs LIOA0 HOBHOTO IEPEXOoay TOJIOBHUX KOJii Ha 3a1i300eToHHI
mmnany. [TpranHOI0 1bOTO0 € AeilMT AepeB’THUX MIMall, IX BUCOKa BapTICTh Ta HU3bKUH TEPMIH CIIy>KOH, 110 B KPH-
BUX IiIsHKaX Koiii pagiycom R<300 M ckiramae Bcroro 5—7 pokiB (e y 5 pasiB MEHIIIe CTPOKY CIIy>KOH 3aiizo0e-
TOHHHX mmai). I3 BopoBamkerHsaM ckpimieHHs Tairy CKJ{65-b 3’saBuiack MOMXIIHMBICTh IDIABHO PO3IIUPIOBATH KO-
mito Bix 0 MM g0 14 mMm Ta 3By3utTH — Big 0 MM 10 28 MM i3 kpokoM 1 mm. [Ipu 30inbIIeHOMY ITOI3HOMY HaBaHTa-
*keHH1 Ha komito 75...130 kH B ropu3oHTaNbHIN MJIOMIWHI, IO XapaKTepHO I KpUBHX AUISHOK KoJii R<300 M,
gacTo BiAOyBarOThCS MOpPYIIEHHS TeoMeTpii koiii y miaHi. lle mpu3BOIUTH A0 YacTUX BHUIPABOK, MEPIOTUYHICTH
MpoBeAeHHS SKuX npu ckpituienHi tury CKJ165-b Ha crorogninmHii neHs BiacyTHS. ToMy METOIO CTaTTi € po3podKa
pEeKOMEHAAIIN I0J0 YTPUMaHHS peiikoBol koutii y rwiaHi 31 ckpimiennsM tuny CKI165-b. Meroanka. B ocHOBI
METOJIUKH TIPOBEICHHS JIOCHTIIPKEHb JIOKHUTh MOPIBHSUIbHA OL[IHKA BIUIMBY JAWHAMIKW 3MiHH IIUPUHU PEUKOBOT KOJIIT
Ha INepioJMYHICTh BUKOHAHHS BUIPABKH ii B IUIaHI y BUNAJAKy BUKOpHCTaHHs ckpimteHHs tumy 10 ta CK/165-b.
PesyabraTn. 3a 10moMoror0 po3poOiieHOT METOAMKHU JOCTI/DKEHb OYyJIO BCTAaHOBJICHO, IIO IEpIIE PeryoBaHHS
IMIMPHUHHE PEHKOBOI Kol npu ckpimieHHi tuny J{O HeoOXiTHO BUKOHYBaTH yke Ha 14-nit Micslp, a IpH CKPIIIeHH]
tunty CK/165-b — Ha 28-mit Micsamnp ekciuryaranii. HaykoBa HoBH3HA. Briepie Oyio omnmcaHo Ta BUPAKEHO €MITi-
PUYHOIO 3AJIEKHICTIO MPOIeC 3MIHH IMUPUHN PEHKOBOI KOl Ta MepioAMYHICTh BUKOHAHHSA ii perytOBaHHS y BHIIA-
Ky BuKopucTanHs ckpimieHHs tuiry CKJ[65-b. IIpaktuyna 3HaunMicTh. Po3poOiieHi aBTOpamMm pexoMeHmarii
JTO3BOJISITH BYUACHO BUKOHYBATH PETYJIIOBAHHS IIMPUHU peiikoBoi koii mpu ckpimwienHi Tamy CKI65-b i onHouacHo
3a20e3MedyIoTh 0e3MeKy pyxXy MOi3MdiB.

Kniouosi crosa: ckpitutenns tuny CKJ[65-b; mmprHa Komii; perymoBaHHS MMUPUHU KOJii, yTPUMaHHS KOJil y
IUIaHI
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INEPCIHHEKTUBBI YKJIAJIKN CKPEIIVIEHUSA TUITIA CK/ 65-b
B KPUBBIX YYHACTKAX ITYTHU MAJIOT'O PAJINYCA

Heas. Ha ceromusmnuii AeHs CyniecTBYyeT TEHACHIH TOJHOTO epexo/ia TTaBHBIX IMyTeH Ha XKele300eTOHHBIE
mmansl. [TpuauHoi 3TOTO sIBNseTCS Ne(UINT NEPEBAHHBIX IIITAT, MX BBICOKAs CTOMMOCTh M HU3KHI CPOK CITy>KOBI,
KOTOPBII B KPWBBIX y4acTKax ImyTH paamycoM R<300 M cocrtaBiser Bcero 5—7 jer (4To B 5 pa3 MEHBIIE CPOKa
ciy>x0bI Jxene3o0eronnsix mmain). C BHeapenuem ckperuvienus tuna CKJ[65-b mosiBiiiach BO3MOXHOCTh IUIABHO
pactumpsTh KoJiero oT 0 MM 110 14 MM 1 cy3uTh — oT 0 MM 710 28 MM ¢ marom | mMM. IIpu yBenmuueHHOH Mmoe3qHOM
Harpy3ku Ha myTh 75...130 xH B ropu3oHTanbHON MIOCKOCTH, YTO XapaKTEPHO AJIsi KPUBBIX y4acTKOB myTu R<300
M, YacTO MPOUCXOJAT HAPYLIEHUsI TEOMETPUH IIyTH B IUIaHE. DTO MPUBOJAUT K YaCThIM BBIPABKaM, EPUOIUIHOCTD
MpoBeieHus1 KOTopbIX Mpu ckperuiennd tuna CKI65-b Ha ceroansiunuil neHs orcyrerByeT. [loaTtomy nensbto cra-
TBU SIBJISCTCS pa3pabOTKa PEKOMCHIAIMKA IO COJCPKAHUIO PEIhCOBOW KOJIEM B IUIAHE CO CBSA3BIBAHWEM THIIA
CKJ165-b. MeTonuka. B ocHOBe METOAMKH TPOBENEHHS MCCIEIOBAHUN JIS)KUT CPABHUTENFHAS OIICHKA BIIHSHUS
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JUHAMMKH W3MEHEHHS IIHPHHBI PEIbCOBOM KOJIEN Ha MEPHOJMYHOCTD BBINOJIHEHHS BBIIPABKY €€ B IUIAHE B CIydae
ucnonp3oBanus ckperuienus tTamna 10 u CKI65-b. Pe3yabTaThl. C moMOMIB0 pa3paboTaHHONH METOANKU HUCCIIEN0-
BaHWH OBLIO yCTaHOBIICHO, YTO IIEPBOE PEryJIMPOBAHUE IIUPUHBI PEIbCOBOM KoJen mpu ckperuieHnnu tuna 1O He-
00XO0IMMO BBITONHATE yxke Ha 14-b1if Mecs, a npu ckperuieHnn Tuna CKJ[65-b — Ha nBannare BOcbMO#t MecsIl aKc-
mryaranuy. Hayynass HoBu3Ha. BriepBble ObUIO ONMMCAHO M BBIPRKEHO SMIMPHUECKONW 3aBHCHUMOCTBIO IPOLIECC
H3MEHEHHUS HIMPHUHBI PEIbCOBOM KOJIEH U NEePUOJUYHOCTD BBIIIOJHEHUS €€ PEryIUpOBaHUA B CIIydae UCIOJIb30BaHUS
ckperuienns: tuna CKJ(65-b. IlpakTtnyeckasi 3Ha4nMocTh. PazpaboTaHHble aBTOpaMH PEKOMEHJAUH MO3BOJISIT
CBOEBPEMEHHO BBINOIHATL PETYJIUPOBKY IIUPUHBI PEIbCOBOM Kosien npu ckperuieHnu tuna CKJ65-b u onHoBpe-
MEHHO 00ecIeunBaoT 0€30MaCHOCTh BIKEHUS TTOE3/I0B.

Kniouesvie cnosa: ckpennenue tuna CKJ165-b; mupuHa koseu; perylupoBaHUe MIMPUHBI KOJIEH; COAEPIKaHHE
IyTH B IUIaHE
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