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GEOMETRY VARIATION OF BALLASTED RAILWAY TRACKS
DUE TO WEATHER CONDITIONS

Purpose. Investigate and establish the relationship between track geometry measurements and weather conditions to determine
the parameters that influence the lifetime of railway tracks’ superstructure system. The study of ballasted beds of railway tracks is
very important for operation and maintenance in case of main lines, industrial sidings and mine transport.

Methodology. Determination of the annual load of the selected section based on the regulations. Compari of the track param-
eters measurements made by TrackScan 4.01 instrument in different seasons and temperatures. Among the parameters measured
by the instrument, the track gauge, alignment, longitudinal level, and superelevation parameters are considered and analyzed in
this article.Since the main lines’ traffic are permanently loaded with passenger and freight transport and the industrial sidings and
mine tracks are used in the production process, the examinations can only be done on tramway tracks during the standstills at
night. The results of these measurement on tramway tracks can help to understand the identify of railway tracks’ lifetime and can
be used in mainlines, industrial and mining railway tracks.

Findings. The change in the average values of selected track geometrical parameters is analyzed, considering the typical weath-
er conditions. Based on the measurement and results, there is an evident connection between the evaluated results of track geom-
etry measurements and the change in weather conditions.

Originality. Finding the relationship between changes in track geometry values and weather conditions on the basis of an
evaluation of track geometry measurements taken on average every third month.

Practical value. The results can then be used as input data for determining the service life of the track superstructure in the case

of tramways, mainlines, industrial and mining railway tracks.

Keywords: railway transport, deterioration, ballasted track, traffic load, track gauge

Introduction. Nowadays, examining the deterioration of
railway tracks is critical, not only from the technical but also
from economic viewpoints: using the available resources to de-
velop the infrastructure as efficiently as possible is necessary.
The deterioration of superstructure systems of railway tracks
can be characterized by observing the structural deterioration
or the degree of change in the track geometry characteristics
[1]. In case of structural deterioration, the structural elements
like rails, fastenings, sleepers, etc., go to ruin, and they cannot
perform their task. On the other hand, geometric deterioration
means several geometrical characteristics, for example, track
gauge, alignment, superelevation, etc., deviation from the pre-
scribed values. The best case is when various examinations are
carried out regularly on time, so it is possible to interpret them
together and understand their changes over time.

For this article, a specific superstructure system (ballasted
track) was selected, and its traffic load and the changes in its
track geometry characteristics will be presented.

The study of ballasted beds of railway tracks is very impor-
tant for operation and maintenance in case of main lines, in-
dustrial sidings and mine transport.

Production of ballast material is a significant task, even in
Hungary and also all over the world. There are many problem-
atic issues related to selecting adequate quarries because there
are more locations with appropriate rock materials with re-
quired rock physics characteristics; however, the places are
related to, e.g., Natura 2000 (nature) reservation. Therefore, it
can also be an issue if some part of the quarry belongs to this
reservation area, which is a real problem in Hungary [2]. In
this way, the crushed stone material producers can “suffer”
from the requirements of ready railway ballast material to meet
customers’ demands.

Hungary has two main types of rocks available with variant
quantities for railway ballast: andesite and basalt. First, it has
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to be mentioned that the most appropriate type — based on
construction and operation experience — is granite; however,
Hungary does not have enough quantity from it [3, 4].

Supplying adequate quality crushed stone railway ballast
material in the required quantity is crucial and significant in
every country. One of the possible options is the production
opportunity inside the (own) country; the other is the supply
from abroad. In the case of supply, the price of the product is
the first factor; however, the transportation costs can reach or
exceed the supply costs: 1-ton railway ballast costs approx.
14.6 EUR, the shipping costs by electric train is 0.0025 EUR/
ton'’km whereas by truck it is 0.014 EUR/ton'km [5, 6]. It
means that the ratio between the shipping costs is 1 : 6. The
data are given based on 410 HUF/EUR rates.

International researchers dealt with the related issues of
railway and road transportation [7, 8], as well as quarry ballast
[2, 4, 9]. Naumoyv, et al. [7] proposes an approach to determine
the optimal parameters of production resources in multimodal
transport terminals. Saukenova, Oliskevych, et al. [8] investi-
gated the simulation possibilities of cargo delivery by road car-
rier. Milosevic, et al. [9] have dealt with model-based remote
health monitoring of ballast conditions in railway crossing
panels considering multibody simulation model which consid-
ers the complex wheel-rail interaction in the crossing transition
area, while also capturing the dynamic response of the track
using a finite element representation of the track structure.
Rao, et al. [10] executed finite element analysis regarding
structural dynamics on a railway freight wagon. The above-
cited papers [7, 8, 10] can be engaged and connected to the
transportation of railway ballast material: simulation, optimi-
zation of costs, reduction in transport routes, etc. In the “era”
of COVID, the Russian-Ukrainian war, the global financial
crisis, etc., the prices of fuels, electricity, gas, base, construc-
tion materials, and so on, can be increased dramatically. With-
out continuous optimization, the transportation costs — even
on roads and railways — can become more and more expensive,
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which modifies the result of the cost-benefit analysis of a con-
struction and/or an investment project anywhere in the world.

Nowadays, railway engineering research (mainly civil en-
gineering and transport infrastructure engineering) related to
railway ballast focuses on many issues, e.g., non-exhausting,
increasing the resistance against breakage |2, 4, 11], and con-
sidering point load test to classify them [12], etc.

Statement of the problem. The main lines’ traffic is perma-
nently loaded with passenger and freight transport and the in-
dustrial sidings and mine tracks [13, 14] are used in the pro-
duction process, the examinations can only be done on tram-
way tracks during the standstills at night. The results of these
measurement on tramway tracks can help to understand the
identify of railway tracks’ lifetime and can be used in main
lines, industrial sidings and mine rail transport.

In Budapest, the capital of Hungary, traveling by tramway
track is one of the essential parts of public transport. The first
tramway line was built in the city in 1887. Despite this, the
deterioration, life cycle, and life cycle cost of several super-
structure systems are not fully known until this day; their se-
lection and application are mainly based on experience.

In Hungary, seven types of superstructure systems are cur-
rently differentiated:

- ballasted track;

- concreted ballasted track;

- concrete slab track;

- ESCRB L. track system;

- ESCRBII. track system;

- ESCRB III. track system;

- ‘large slab’ (‘big panel’) superstructure [15].

ESCRB abbreviation means elastically supported continu-
ous rail bedding system; in Hungary, the ‘RAFS’ abbreviation
is applied.

During the execution of each superstructure system, there
can be many differences between the rail system, fastening,
sleeper, or the type of used covering.

Several factors can influence the lifetime of tramway tracks:

- planning;

- construction;

- traffic;

- effects of the environment;

- track maintenance;

- financing [16].

The ballasted track is the most commonly used super-
structure system for railways and light rail transits. The rail
system is generally not covered, the rail profile is Vignol or
grooved rail, and the fastenings are elastic or inelastic. The
material of (cross) sleeper can be wooden, synthetic, or some
types of reinforced concrete, and there is ballasted bad.

In the case of railway tracks, there are four types of lifetimes:

- technical (planning) life;

- economic lifetime;

- service lifetime;

- moral lifetime [14].

The technical lifetime of the ballasted superstructure sys-
tem in the case of railways is 30 years [16]. However, light rail
transits are not equivalent to railways: the vehicles travel at low-
er speeds and have less axle load, too, so it is assumed that their
lifetime values are not the same [16]. On the other hand, it can
be assumed that several types of lifetimes can be determined.

The purpose of the article is to evaluate the results of the
track geometry measurements, which have been made on av-
erage every third month since July 2021, and find a relation-
ship between the changes in values of the characteristics and
the weather conditions. In the future, these results may pro-
vide baseline data for determining the lifetime of ballasted
track superstructure system in the case of tramway tracks.

Materials of the article. The selected section which is ex-
amined in this article is ballasted track, and it was built in
2002. The applied rail profile is 49E1, with a reinforced con-
crete slab, (Vossloh) SKL type rail fastening system, and bal-

last bed. There are five level crossings on the section, one has a
high traffic load, and there is ESCRB III track system (Fig. 1).

The geometrical configuration (alignment) is mainly
straight; there is a 14-meter long (R = 278 m) left direction
curve and another 34-meter long (R = 250 m) right direction
curve. Both curves have no transition curve or superelevation.
In the first half of the selected section, the track has a 4.4 %o
gradient; in the second half: a 2.4 and a 3.6 %o rise.

During the track section, the patrol walk observed that the
rails’ running surface has slight corrugation, and the appear-
ance of defects in the rails is moderate. During the visual in-
spection, it was established that the railway operator applied a
rail-grinding machine (Fig. 2) to extend the lifetime of the rails.

The fastenings were not deficient, but their restraint was
not visibly reliable in all cases, so it can be assumed that the
forces from the rail to the sleeper are not always adequately
transmitted; the quantity of force of fastenings is not suitable
enough. The reinforced concrete cross sleepers are in good
condition: no flaw or detachment could be detected on the up-
per, visible plane. The ballast bed is exceptionally contami-
nated, and as a sign of operational deterioration, the rudimen-
tary fragmentation of the ballast can also be observed. There
are two places in the selected section where water pockets can
be discovered, which refer to the trapped water in the ballast
bed and the faults of the substructure.

In the examined section, vehicles of three several tramway
lines run for more than 21 hours daily. During peak-traffic
hours the following distance is 3—4 minutes, while the average
is 7 minutes outside this time interval. Typical vehicles in the
section are the CAF URBOS 3/5 vehicle and the TW6000 ve-
hicle. Table 1 shows some of their more essential characteristics.

Methods. To classify a tramway line there are several as-
pects known:

Fig. 2. Rail-grinding machine (own photo)
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- size of traffic;

- length of running vehicles;

- its location in the urban environment;

- the allowed speed for the track [15].

Characterization is often based on traffic size; the classifi-
cation depends on the annual through-rolled tonnages. The
through-rolled axle tonnage is the mass of all crossing vehicles
on a given line in one direction in one year. It is determined by
multiplying the total number of crossing vehicles on the line
and the average of the T0 loading (a serviceable vehicle with-
out crew and passenger) and T3 loading (a serviceable vehicle
with staff and maximum passenger capacity) [15, 17].

Four traffic load classes can be differentiated (Table 2).
The abbreviation MGT means million gross tons, i.e., the an-
nual through-rolled tonnages.

Based on the calculation described above, the annual
through-rolled tonnages of the examined line were calculated
and classified into the traffic load class. Therefore, according
to the calculations, it can be concluded that in the last four
years, the traffic load of the line has been similar; it is a medi-
um-loaded line (Fig. 3).

According to the classification of the length of running ve-
hicles, the selected section is in category two: the length of the
vehicles is less than 38 meters, so these are short vehicles [15].

Based on the classification of its location in the urban en-
vironment, its category is B/c. It is located in an inner-city
environment with road traffic on its side but separated from
the road traffic [15, 18].

The examined section has no speed limit; the permitted
speed is V' = 50 km/h. Therefore, according to the allowed
speed for the track, it can be classified into speed category I11.:
30 < V<50 km/h [15].

The selected section is generally in a suitable, operational
condition, there is an average traffic load, and the vehicles can
run at the maximum permitted speed.

The tramway tracks and their condition can be character-
ized most easily by the track geometry parameters and their
difference from the prescribed values. According to the current
regulations, the planners of the tracks always define a geome-
try with millimeter accuracy; however, the construction is al-
ways constructed with errors of a few millimeters. In Hungary,
on the network of BKV PLC., four categories of geometrical
dimension limits can be distinguished for the construction and
maintenance of tramway tracks:

- A — construction tolerance;

- B — maintenance tolerance;

- C — dispatch tolerance;

- D — stopping operation tolerance [19].

For each tolerance category, the deviation from the nomi-
nal value in millimeters is defined [19].

Table 1
Characteristics of vehicles [13]
T fvehicl Axle load, | Maximum axle load, | Number
ype ot vehicle kN kN of axles
TW6000 48.5 78.0 8
CAF URBOS 3/5 68.0 102.0 6
Table 2
Traffic load classes [15]
Traffic load class MGT /year/direction
1./A. | extremely heavy loaded line >7.5
1./B. | heavily loaded line 5.0-7.5
1I. medium loaded line 2.5-5.0
III. | low loaded line <2.5
76
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Fig. 3. Traffic load of the examined section in the last four years

In the case of a newly constructed tramway track, the con-
tractor must comply with the ‘A — construction tolerance’;
however, checking compliance with the regulations of the
other categories is the operator’s responsibility. Based on the
track geometry measurements and the evaluation of their re-
sults, it becomes possible to decide where and when the ap-
plication of track maintenance intervention is necessary.

The TrackScan 4.01 instrument was developed and main-
tained by Metalelektro Méréstechnika Ltd (Fig. 4). This in-
strument was applied to measure track geometry characteris-
tics on the tramway network of BKV PLC.

During the research, track geometry measurements are
also made with the TrackScan 4.01 instrument, on average ev-
ery three months, during standstill at night. Among the track
geometry parameters listed above, the following parameters
are considered and analyzed in this article:

- track gauge;

- alignment;

- longitudinal level;

- superelevation.

Track gauge is the distance between the two rails of the
track, measured at a given height of the head of the rails be-
tween the inner guiding surface perpendicularly in the axis of
the track, in the radial direction in the case of a curved track
[15, 17].

Superelevation is raising the outside rail to the inside rail to
reduce side acceleration in the curve. The change in superele-
vation is usually made along the entire length of the transition
curve [15, 17].

Fig. 4. TrackScan 4.01 instrument (own photo)
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The alignment parameter shows the horizontal deviations
of rails, its base length is 1350 millimeters, and it is symmetrical.
On the other hand, the longitudinal level shows the vertical de-
viations of rails from the ideal, the base length of measurement
is 1510 millimeters, and it also uses a symmetrical basis [15, 17].

The article also tries to construe these parameters together
so that the deterioration of the section’s superstructure system
characteristics can be better understood.

Results. In the previously described section with the bal-
lasted track system, the track geometry measurements were
made in different seasons since July 2021. A relationship was
assumed between the measurement results and the changes in
the seasons and temperature. The typical weather conditions
[22] in the week before the measurement were the followings:

1. July 2, 2021: the average daily medium temperature was
24 °C, and there was no precipitation. The average relative hu-
midity was 40 %.

2. September 25, 2021: the average daily medium tempera-
ture was 17 °C, and there was no precipitation. The average
relative humidity was 65 %.

3.January 15, 2022: the average daily medium temperature
was 0 °C, and there was no precipitation. The average relative
humidity was 72 %.

4. April 8, 2022: the average daily medium temperature was
10 °C, and significant precipitation fell until the third day be-
fore the measurement. The average relative humidity was 65 %.

5. September 14, 2022: the average daily medium tempera-
ture was 20 °C, and significant precipitation fell until the
fourth and the third day before the measurement. The average
relative humidity was 50 %.

After explaining the weather conditions, the analysis of the
change in the average values of the track gauge parameter will
be presented first.

Fig. 5 shows that the average values of the measurement
results change minimally concerning each other. Based on the
evaluation of the measurement results in September 2021, the
track had a minimal broadening of track gauge compared to
the average value in April 2021. In January 2022, the average
value of the track gauge parameter is less than in the case of the
other four measurements. It can be assumed that the track
gauge’s narrowing at that time was due to the persistently cold
weather. The average values of the measurement results in
April 2022 are the highest, but it is important to note that in
the days before the measurement, the average daily tempera-
ture rose permanently, and the number of hours of sunshine
was also high. Although the average temperature in the week
before September 2022 was 20 °C, the temperature decreased
significantly from the beginning of the month, which may
have resulted in a smaller average track gauge than the mea-
surement in September 2021.

The alignment parameter shows the horizontal deviations
of rails [15, 17]. These values can have negative or positive
signs, so the alignment parameter values were examined in ab-
solute terms to avoid errors.
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Fig. 5. Average values of the track gauge in the selected section

Fig. 6 shows that the right rail’s average alignment param-
eter remained almost the same during the measurement, but it
changed significantly in the case of the left rail. The increasing
value means that the horizontal deviation of the left rail in-
creases inversely as the temperature decreases.

The longitudinal level parameter shows the vertical devia-
tions of rails from the ideal [15, 17]. These values can also be
negative or positive, so to avoid errors, the longitudinal level
parameter values were examined in absolute values, similar to
the alignment parameters.

Fig. 7 shows that, similarly to the alignment parameter, in
the case of the longitudinal level parameter, the deviation be-
tween the measurements in the right rail is minimal but signifi-
cant in the left rail. Based on this, it is clear that when the weath-
er is cooler, the vertical deviation of the left rail is more signifi-
cant compared with the ideal than in the case of the right rail.

The superelevation values could be positive or negative,
depending on whether the outside rail is higher or lower than
the inside rail. Therefore, during the evaluation of the mea-
surement results, all of the measured data were shifted by
+25.0 millimeters to eliminate the errors caused by the differ-
ent signs (positive and negative ones).

The deviation of the average values of the superelevation
parameter is minimal between the measurements. As shown in
Fig. 8, the value is the lowest for the measurement in April
2022, even though the lowest value would have been expected
in January, considering the weather conditions. Therefore,
based on the evaluation of the measurement results, the
change in the average values of the superelevation parameter
cannot be linked to the weather conditions.

Furthermore, it is essential to note that the selected sec-
tion has no planned superelevation. Nevertheless, when the
positive and negative values of the superelevation parameters
measured and recorded by the TrackScan 4.01 instrument are
examined, clear “superelevation” can be identified, which can
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Fig. 6. Average values of the alignment in the selected section
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be problematic (Fig. 9).

The six highest superelevation parameter values are
marked in Fig. 9; positive values indicate a higher position of
the left rail than the right rail.

In each case, it can be said that these are not just one-time
outstanding values, but they are preceded by a gradual increase
and followed by a gradual decrease.

Forexample, the second marked outstanding value (21.4 mm)
is located in the platform, just like the fifth marked value
(19.2 mm). The third and highest value (27.8 mm) is found in a
level crossing, and the fifth value is also (—20.0 mm). Based on the
evaluation of the measurement results, it can be established that
the deviation of the superelevation parameter from the prescribed
value typically appears in platforms and level crossings.

The evaluated results of the five measurements of the ex-
amined section are summarized in Table 3 so that the changes
in the several track geometry characteristics can also be nu-
merically compared.

There is a clear connection between the evaluated results
of the track geometry measurements and the change in weath-
er conditions, except for the average value of the shifted values
of the superelevation parameter. Therefore, it is more appro-
priate to monitor the changes in the values measured and re-
corded by the instrument over the entire examined section in
analyzing the superelevation parameter.

During the winter measurement (January 2022), the other
track geometry parameters developed as expected:

- the average values of the track gauge parameter are the
smallest in this case;

- the alignment parameter is outstanding;

- the longitudinal level parameter is also outstanding.

For the spring and autumn measurements (September
2021, April 2022, September 2022):

- the evolution of the average values of the track gauge pa-
rameter is similar;

- the alignment parameter in the case of the right rail is
almost constant, but in the case of the left rail, it is approx. 1.5
times smaller than the winter measurement;

- the longitudinal level parameter is a few percent less than
in the case of the winter measurement.

For the summer measurement (July 2022):

- the average value of the track gauge parameter is not the
highest; it can be explained that there were many hours of sun-
shine in the period before the measurements in September
2021 and April 2022;

- the alignment parameter in the case of the left rail is approx.
2.5 times smaller than in the case of the winter measurement;

- the longitudinal level parameter in the case of the left rail
is approx. 2.7 times smaller than in the case of the winter mea-
surement.

It is essential to note the difference between the measurement
results of the two rails in the case of the alignment and longitudi-
nal level parameters. Based on the evaluation, for both parame-
ters, in almost every case, the values of the left rail are three times
higher than the right one. Another critical factor for this result is
that the change in the superelevation values over the entire section
indicates that the left rail is higher than the right rail in several
cases. Therefore, the evaluation of the measurement results al-
lows concluding that the fastenings of the right rail fix the rail bet-
ter than the left rail. On the other hand, it may indicate that the
fastenings of the left rail are no longer working entirely correctly
or that the ballasted bed or substructure may also be faulty.

It is necessary to carry out additional measurements and
evaluate the measurement results to draw further conclusions
about the deterioration of the tramway track geometry.

Conclusions. Nowadays, examining the deterioration of rail-
way tracks is critical from technical and economic viewpoints.
Unfortunately the main lines’ traffic is permanently loaded with
passenger and freight transport and the industrial sidings and
mine tracks are used in the production process, so the examina-
tions can only be done on tramway tracks during the standstills at
night. The results of these measurement on tramway tracks can
help to understand the identify of railway tracks’ lifetime and can
be used for main lines, industrial sidings and mine rail transport.

For this article, a specific superstructure system (ballasted
track) was selected, and its traffic load and the changes in its
track geometry characteristics will be presented. Regarding the
section, it is generally in a suitable, operational condition,
there is an average traffic load, and the vehicles can run at the
maximum permitted speed.

During the research, track geometry measurements are
made with the TrackScan 4.01 instrument, on average every
three months, during standstill at night. The following track ge-
ometry parameters were considered and analyzed in this article:

- track gauge;

- alignment;

- longitudinal level;

- superelevation.

Table 3
Track geometry characteristics of the five measurements

Track geometry characteristics 2021/07 2021/09 2022/01 2022/04 2022/09
Track gauge [mm] 1432.66 1432.97 1431.15 1433.20 1431.81
Alignment, mm Right rail 0.2172 0.2070 0.2068 0.2036 0.2147
Left rail 0.2830 0.6986 0.7264 0.7150 0.3039

Longitudinal Right rail 0.7477 0.6812 0.5382 0.6018 0.5975
level, mm Left rail 0.5363 1.4032 1.4894 14390 1.4290
Superelevation (shifted), mm 26.75 26.82 25.63 24.21 27.69
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During the measurements, the track gauge parameter
changed almost as expected. Based on the evaluation, for
alignment and longitudinal level parameters, in almost every
case, the values of the left rail are higher than those of the right
rail. Another significant result is that the change in the super-
elevation values over the entire section indicates that the left
rail is higher than the right rail in several cases.

Based on the measurement and results, there is an evident
connection between the evaluated results of track geometry
measurements and the change in weather conditions.
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Meta. BUBUNTH Ta BCTAHOBUTH B3a€EMO3B'SI30K MiX BH-
MipIOBaHHSIMU T€OMETPUUHUX XapaKTepUCTUK KOJIii Ta Io-
TOOHUMU YMOBaMU Ul BUBHAUECHHS TTapaMeTpiB, IO BIUIM-
BalOTh Ha TEPMiH CJTY>KOU CUCTEM BEPXHbOI OYI0BU PEHKOBUX
Kotiii. JlochiikeHHsI 0aJlacTOBOro I11apy pedKOBUX KOJIii
JIy>Ke BaKJIMBE ISl €KCIUTyaTallii Ta 00CIyroByBaHHs B pasi
MaricTpajbHOTO, TPOMMCIIOBOTO i IIIAXTHOTO PEHKOBOTO
TPaHCMOPTY.

Metoauka. BuzHaueHHsI piYyHOrO HaBaHTaXXEHHSI oOpa-
HOI JiJISHKU Ha OCHOBI HOPMATMBHUX IOKYMeHTiB. [TopiB-
HSHHST BUMipIOBaHb XapaKTepUCTUK KOJIii, BAKOHAHUX MPH-
nagoM TrackScan 4.01 y pi3Hi mopu poKy Ta 3a pi3HUX TEMIIe-
patyp. Cepen mapaMeTpiB, 110 BUMipIOIOThCS MPHWIAAOM, Y
JaHiii poOOTi PO3MISIHYTI Ta ITpoaHali30oBaHi MapaMeTpU LU -
PUHU KOJIii, BUPIBHIOBAHHS, MMO3I0BXHbOTO PiBHS 11 HAIBU-
COTHOCTI. OCKiJIbKM MaricTpajibHi LIJISXU MTOCTiHO 3aBaHTa-
JKEHi TTaCcaXkMPChKUM i BAHTaXKHUM TPAHCIIOPTOM, a TIPOMUC-
JIOBI 1 1IaXTHI peiKOBi KOJIii LIiJIoH000BO BUKOPUCTOBYIOThHCS
Yy BUPOOHMYOMY IIpOLIeCi, OOCTEKEHHSI MOXKHA TTPOBOIUTH
JIMIIE Ha TpaMBaHUX KOJIiSIX il Yac 3yIMMMHOK PyXy TpaMBaiB
y HiYHWIA yac. Pe3yabTaTt X BUMIpIOBaHb Ha TpaMBatHUX
KOJIISIX MOXYTh JOITOMOTITHU 3pO3YMIiTH TEPMiH CIIy:KOU peii-
KOBUX KOJIili i MOXXYTbh OYyTH BUKOPUCTAHI HA MaTiCTPAJIbHUX,
IMPOMUCJIOBUX i IIAXTHUX 3aTi3HUUHUX KOJisIX.

Pesyabratu. [IpoaHanizoBaHa 3MiHa cepefHiX 3HaYeHb
00paHMX TeOMETPUYHUX MapaMeTpiB KOJIii 3 ypaXyBaHHSIM
TUTIOBUX TTOTOAHUX YMOB. Ha OCHOBI mpoBeneHUX BUMIpIO-
BaHb i OTPUMMAaHUX peE3YJbTaTiB BCTAHOBJICHO OYEBUIHUIA
3B’SI30K MiX OLIIHEHUMU pe3yJibTaTaMU BUMiplOBaHb reoMe-
TPUYHUX IMapaMeTpPiB KOJIii Ta 3MiHOIO MOTOIHUX YMOB.

HaykoBa HOBM3HA. 3HAXOMKEHHS 3B’S13KiB MiX 3MiHaAMU
3HAYEHb FTeOMETPUYHHUX MapaMeTPiB KOJIii Ta TOrOAHUMU YMO-
BaMU Ha 06a3i OLIiHKY pe3yJIbTaTiB BUMipIOBaHb il XapaKTepuc-
THUK, 1110 BUKOHYIOThCS B CEPEAHBOMY KOXXEH TPETiil MiCSI1Ib.

IIpakTiyHa 3HaYUMicTh. Y MOJAJIBIIOMY OTPUMMaHi pe-
3yJIbTaTU MOXYThb CTaTU BUXiTHUMU JaHUMU ISl BUSHAUEH-
HS TEpMiHy CIyXOM cucteMu OajlacTHOI BEpXHbOI Oyn0BU
KOJi1 y BUNaAKy TpaMBaiiHUX, MaricTpajJbHUX, IPOMUCIOBUX
i IIaXTHUX 3aJ1i3HUIHUX KOJIiHA.

KunrouoBi caoBa: peiikosuii mpancnopm, 3Hoc, baracmua
KO0aisd, mpaHcnopmHe HA8AHMAICEHH, WUPUHA KOAIT
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