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INVESTIGATION OF GEOMETRICAL DETERIORATION
OF TRAMWAY TRACKS

Purpose. The authors’ aim is to demonstrate their results of analysis of deterioration of tramway tracks’ geometry.
Methodology. This article is a start of a PhD research. At first, the superstructure systems and the used instrument
were summarized, after that the examination of running track, tramway stops, crossings and turnouts. Findings. The
authors examined separately the running track, tramway stops, level crossings and turnouts. In case of examination of
running track, we evaluated the measurement results according to two methods. To clarify the superstructure systems’
deterioration factor the authors had to do further measurements on other tramway lines too. Originality. The fulfilled
analysis is the first step to the complex method that can consider and determine the optimisation of life-cycle costs of
tramway superstructures. For this goal a lot of parameters, factors have to be taken into consideration in the future.
There are available methods and models for different civil engineering areas, e.g. there is very complex methodology
related to road pavements, but there is no special one related neither to railway tracks, nor tramway tracks.
Practical value. The authors tried to construct a calculation and evaluation method that can assess the examined
6 different tramway superstructure types on the tramway line No. 1 in Hungarian capital (Budapest). It is a very new
reconstructed tramway line that is the second longest one in Budapest. The authors showed which type of superstruc-
ture system is the «best» and the «worst» based on own made measurements and calculation-evaluation methods. The
next aim of the authors is to start a PhD research in the Multidisciplinary Doctoral School at Szechenyi Istvan Uni-
versity (Gy6r, Hungary) with the continuation of this topic.

Keywords: superstructure systems; deterioration; geometrical analysis; tramway; assessment

tracks [2, 8], as well as turnouts [6, 10, 11, 12, 13,
Purpose 14, 15] and crossings [1]. In the following the author
summarize the relevant point from them.

Kurhan [8] analysed the processes of emergence
and development of irregularities in the area of un-
equal vertical elasticity of railway track using math-
ematical modelling. He adopted model consists of a
wheel set moving on inertia-free beam and resting
on individual supports. It is described by Lagrange
differential equations. The work introduced the hy-
pothesis that the level of permanent strain is distrib-
uted in proportion to the dynamic deflection deriva-
tive. In [2] Kurhan investigated an entropy based
deformation (accumulative) calculation method for
railway tracks. These are very important in the area
of tramway tracks, too, mainly for ballasted types
tramway tracks, too, mainly for ballasted types.

In tramway tracks there are a lot of special turn-
outs. The literature [6, 10, 11, 12, 13, 14, 15] inves-
tigated the turnouts, mainly the common crossings

The aim of this paper is to demonstrate research
results related to analysis of deterioration of tram-
way tracks’ geometry. This paper deals with the
7 different superstructure systems in Hungary, and
with these deteriorations in a chosen tramway line.

This research is our first step to diagnose the
several superstructure systems’ life cycle cost man-
agements.

This paper is based on the MSc thesis of V. Jovér
(one of the authors of this article) [5], the defense
was in 2020 February. She would like to start her
PhD study in 2020 September with the topic of «Op-
timisation of life-cycle costs of tramway superstruc-
turesy.

The authors made a short literature review re-
lated to life time engineering and life cycle cost cal-
culation [4], tramway tracks’ superstructure types
[3], calculation of vertical deformation of railway
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and the frogs, as well as frog noses. The research
team applied mainly dynamic measurements tech-
niques that are important in case of tramway tracks,
too. They dealt with the material, geometry, traffic
loading, etc. of special elements in turnouts. In Hun-
gary according to tramway tracks, turnouts con-
structed with Vignol and grooved rail profiles are
applied [7].

In case the level crossings are investigated, there
is an interested article [1]. In [1] the authors per-
formed statistical analysis showed a steady trend of
growth of inequalities in the area of the railway
crossings. Generally, the level of inequalities in the
vertical plane increases in 1.3-3.2 times and in
1.2-2.0 times in the horizontal plane (compared with
areas that are outside crossing). During the deflec-
tion lines of action in the area of railroad crossing
concrete slabs work as ribs that limit deflections of
rail-tie grating. When placing the wheels of the bo-
gie before (or after) and within crossing the calcu-
lated modulus of elasticity under the rail base,
brought to the point of wheels contact can vary up
to 3 times.

Gaspar et al. [4] introduced the main factors re-
lated to lifetime of different transport infrastructure
elements (road pavements, railway tracks and
bridges). There are many factors that influence the
real and prognosed lifetime, e.g. plans, traffic types
and modes, construction method, materials, mainte-
nance, environment, etc.

Methodology

The invention of electricity has taken a huge turn
in development of public transport. The first Hun-
garian tramway was opened in Budapest (capital of
Hungary) in 1887, it was only one kilometer long.
Since then the public transport organizations which
build the tramways are constantly developing.

In case of tramways, 7 different superstructure
systems (types) can be differentiated in Hungary.
They are chosen for each project, depending on fac-
tors such as the installation site, the track closure
and the geometric characteristics. The 7 types are
the following:

o ballasted track (Fig. 1-2);

o concreted ballasted track (Fig. 3-4);

e concrete slab track (Fig. 5-6);

e ESCRB I. track system track (ESCRB means
elastically supported continuous rail bedding

system, in Hungarian RAFS abbreviation is applied)
(Fig. 7-8);

e ESCRB II. track system (Fig. 9-10);

e ESCRB III. track system (Fig. 11-12);

o «large slab» («big panel») superstructure
(Fig. 13-14) [7].
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Fig. 1. Cross-section of ballasted track [7]

Fig. 2. Ballasted track superstructure
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Fig. 3. Cross-section of concreted ballasted track [7]
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Fig. 4. Concreted ballasted track superstructure
during construction
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Fig. 6. Concrete slab track during construction
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Fig. 8. ESCRB I. track system during construction
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Fig. 9. ESCRB II. track system [7]

Fig. 10. ESCRB II. track system during construction
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Fig. 13. Cross-section of «large slab» («big panel»)
superstructure [7]

Fig. 14. «Large slab» superstructure

The aim of the authors’ research was to investi-
gate all the varieties (types) of tramway superstruc-
ture systems in Hungary. The most important task
during choosing the right tramway line (or track) for
the analysis was equal allowable load and the more
varieties of superstructure systems at the same tram-
way. The authors selected the tramway line No. 1 in
the Hungarian capital (Budapest) where six differ-
ent types of tramway superstructure systems were
able to be investigated.

The tramway line No. 1 in Budapest was built
for several years, applied the most modern technical
upgrades. The tramway was completed in 2019 and
became the longest tramway line in Budapest. It is
18.2 kilometers long and contains 32 tramway
stops, 35 crossings and 22 turnouts.

Tramway tracks’ geometry measurements

Geometrical measurements were executed in the
right track at nights, between 0:30 AM and 3:30 AM
with TrackScan 4.01 instrument (see Fig. 15). This
instrument can measure the following parameters
simultaneously:

e track gauge;

o flange gauge;
superelevation;
direction;
settlement;
length of the railway section;

o twist [9].

The authors were able to evaluate the measure-
ment data with TrackScan Desktop software where
they applied the so called «B — maintenance limity
category in accordance with Hungarian regulations
related to tramway tracks.
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Fig. 15. TrackScan 4.01 Instrument

Examination of deterioration of superstruc-
ture systems

To evaluate the measurement data, a subjective
scoring system was made with the following param-
eters:

o the type of the default;

o the length of the default;

e geometric characteristics;
the length of superstructures;
speed of trams;
load of trams;
unit costs;
life-span.

2(1,43%)

1(0.71%)

34 (24,29%)

Connecting to these parameters the authors have
assigned so called «weightsy, from which they were
able to calculate the «deterioration factor». The
higher the deterioration factor of a superstructure
system, the more intense, faster the track geometric
deterioration.

Examination of running track

The evaluation of measurement data of running
track manifested 140 defaults, they were the follow-
ings (Fig. 16):

o broadening of track gauge;

o narrowing of track gauge;

o twist;

o superelevation.

After the evaluation the authors had to check the
length of defaults. In many cases, the appearance of
local defaults was caused by contaminated of
grooved rail profiles.

In case of superelevation defaults two cases had
to be considered:

o the final tramway geometry plans do not
contain superelevation values but the measurement
results exceed the «B — maintenance limit» values,
or

e the final tramway geometry plans contain
superelevation values but the measurement results
also exceed the «B — maintenance limit» values.

The authors assessed the measurement results of
running track according to two methods detailed in
the «Findings» Chapter.

Name of defaults
#® Broadening of track gauge
& Narrowing of track gauge
& Twist
L]

Superelevation

103 (73.57%)

Fig. 16. The occurrence of defaults, as measured by «B — maintenance limit»
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Findings

In this Chapter the authors summarize the results
of the investigation related to the different calcula-
tion and evaluation methods.

Evaluation of measurement results — case #1

According to the case #1 the authors applied the
following parameters:

o the type of the default;

e geometric characteristics;
the length of superstructures;
speed of trams;
load of trams;

unit costs;
life-span.
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In this case instead of the length of the default
the total length of each superstructure system to the
number of defaults they contain was considered and
compared.

Using the subjective scoring system, the results
are shown in Fig. 17. Figure 17 shows the percent-
age of the deterioration factors of the various super-
structure systems. The benchmark is based on the
most common superstructure system on the tram-
way line which is grooved rail profile, ESCRB on
RC slab, with asphalt pavement. Its deterioration
factor is 100% (see Fig. 17). It seems the deteriora-
tion of the superstructure type with Vignol 48 rail
profile, crushed stone ballast, and concrete sleepers
is outstanding. The type of the defaults is mostly
narrowing of the track gauge.

The deterioration factor of superstructure type with grooved rail profile,

ESCRB on RC slab with asphalt pavement is 14.9.

100.0
90.9
81.9
77.8
80.6
587 59.8
45,2

it ¥F $3F %% 8§ F3% ®i 6§%
S8 FE EfE sf 0% 8% gi .52
a9 - 2 e om o B g & T 0 2 552
=8 GEB gg& 83 3 Bs 2y azi
o 2 L"‘"E oz L ] ] a @ E
iy s8 W% ¥R 0§ &% 23 .3
g 50w R a a 23 &
22 BE £: F& = 1 3% sSw
g2 s: By 31 g 2 g5 §r
T L -
ES 5 %E o4 2 EP

& ge £ 2

I.EE e

Type of superstructure system

Fig. 17. The percentage of deterioration factors relative to each other — first version

Evaluation of measurement results — case #2

e geometric characteristics;
According to the case #2 the authors applied the e speed of trams;
parameters below: e load of trams;
o the type of the default; e unit costs:
e the length of the default; o life-span.

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/204152

© V. Jovér, L. Gaspar, S. Fischer, 2020

51


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec TpancnopTy. Bicaux [{HIIponeTpoBCLKOro

HaLliOHAJBHOTO YHIBEPCHTETY 3alli3HUYHOro TpaHcnopty, 2020, Ne 2 (86)

3AJIIBHUYHA KOJIISI TA ABTOMOBUIBHI JOPOT'

In this case instead of the length of the super-
structures the authors considered the length of the
defaults as follows:

maximum default value X length of the default

total length of the given superstructure system

The analysis of the measurement results shows
that as in case #1, the deterioration of the superstruc-
ture type constructed with Vignol 48 rail profile,
crushed stone ballast, and concrete sleepers has the
highest value — 14% higher than the benchmark
grooved rail profile, ESCRB on RC slab, with as-
phalt pavement superstructure system (Fig. 18).

The deterioration factor of superstructure type with grooved rail profile,

130 112.8 ESCRB on RC slab with asphalt pavement is 14.9.
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Fig. 18. The percentage of deterioration factors relative to each other — second version

Comparing the results from cases #1 and #2, it is
noticeable that by modifying the parameters, the
values of deterioration factors for each superstruc-
ture system have also been modified
(Fig. 19). This can be explained by the fact that
these superstructure system types are only found in
small lengths over the entire tramway line, but many
defaults have occurred since they were constructed.

It is also important to investigate the deteriora-
tion of different types of superstructure systems as

a function of elapsed time. The authors’ measure-
ments indicate a specific date and there isn’t other
measurement date since the construction, in this
way the relationship between deterioration of super-
structure system and elapsed time since construc-
tion is not able to be assessed, yet. The authors as-
sume that in practice this relation would produce an
exponential function that accelerates in time — but
they have to prove this by further measurements,
calculations, investigations and evaluations.
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The deterioration factor of superstructure type with grooved rail profile,
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Fig. 19. The percentage of deterioration factors relative to each other — first and second version

Evaluation of superelevation values

In case of superelevation defaults two cases had
to be examined:

o the final tramway geometry plans do not con-
tain superelevation values but the measurement re-
sults exceed the «B — maintenance limity values, or

o the final tramway geometry plans contain su-
perelevation values but the measurement results
also exceed the «B — maintenance limit» values.

Based on the analysis of the results the authors
noticed that superelevation defaults appeared at
considerable lengths where the values should be
0 mm.

The ratio of the length of the given superstruc-
ture system to the superelevation defaults on that is
also evaluated. This value is compared to the aver-
age of the deterioration factors (average of cases #1
and #2), it should be noticed that the deterioration
of the superstructure type with grooved rail profile,
direct rail fixation with Icosit materials on RC slab,
with asphalt pavement is outstanding (Fig. 20).

Examination of tramway stops

Related to the evaluation of tramway stops the
authors used the following parameters:
geometric characteristics;
speed of trams;
load of trams;
unit costs;
life-span.

Furthermore, the cumulate lengths of platforms
with the same superstructure system were examined
and they were compared to the cumulate number of
defaults they contain.

Using the subjective scoring system, it should be
noticed that the deterioration of the superstructure
type with Vignol 48 rail profile, crushed stone bal-
last, as well as concrete sleepers is outstanding — as
in the case of running track (Fig. 21). The bench-
mark is based on the most common superstructure
system on the tramway line which is grooved rail
profile, ESCRB on RC slab, with asphalt pavement.
Its deterioration factor is 100%.
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Fig. 20. The joint analysis of length of superelevation defaults and average
of first and second versions’ deterioration factors
The deterioration factor of superstructure type with grooved rail profile,
120 ESCRB on RC slab with asphalt pavement is 8.4.
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Fig. 21. The percentage of deterioration factors relative to each other at tramway stops
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Examination of level crossings

Related to the evaluation of level crossing the
authors used the following parameters:

e geometric characteristics;

o speed of trams;

e |oad of trams;

Furthermore, the authors examined the cumulate
lengths of crossings with the same superstructure
system and then compared it to the cumulate num-
ber of defaults they contain.

The results show that the deterioration of the
grooved rail profile, ESCRB on RC slab, with as-

e unit costs: ph_alt pavement_superstructure system Is outstanding
o life-span. (Fig. 22.). Inthis case, the benchmark is the grooved
rail profile, ESCRB on RC slab, with basalt concrete
pavement superstructure system.
The deterioration factor of superstructure type with grooved rail profile,
4 ESCRE on RC slab with basalt concrete pavement is 10.4.
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Fig. 22. The percentage of deterioration factors relative to each other — in level crossings

Examination of turnouts

The tramway line No. 1 in Budapest contains
22 pieces of turnouts in the right track, with both
grooved and Vignol rail profiles.

Generally, they are in good condition, only two
of them has superelevation defaults. In the first case,
the Phoenix 50/50 type turnout has 13.7 mm super-
elevation default value on average. In the second
case, the B48 100/100e type turnout has
10.5 mm superelevation default value on average.

Originality and practical value

The authors investigated the deterioration of
tramway track geometry based on example of tram-
way line No. 1 in Hungarian capital, Budapest. This
tramway line was reconstructed in the past few
years and it contains 6 different superstructure types
from the 7, that can be applied in Hungary [7].

Because of this tramway line works with the
highest tram traffic in Budapest, as well as the su-
perstructures are relatively new, geometric meas-
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urements were executed on the whole line in No-
vember and December 2019. The measurement in-
strument was a Trackscan apparatus [9]. Based on
the measurements the authors made calculations
and assessments according to two cases (#1 and #2).
They considered not only the running tracks, but the
tramway stops, level crossings, as well as the turn-
outs, too.

In the analyses several parameters were taken
into consideration, e.g. the type of the default, geo-
metric characteristics, the length of superstructures,
speed of trams, load of trams, unit costs, and life-
span. The authors calculated deterioration factors
according to the previous parameters and made
evaluations where they compared the different
tramway superstructure types in running tracks,
tramway stops, level crossings, turnouts.

The authors determined — according to their
measurements and calculations — that the 49E1 rail
profile, crushed stone ballast, RC sleeper type su-
perstructure is almost the ‘best’ and the Vignol
48 &rail profile, crushed stone ballast, and concrete

sleepers type superstructure is the «worst» for con-
struction tramway tracks using a subjective scoring
system.

The observation of geometrical deterioration of
tramway tracks’ is a very important part of the rail-
way tracks’ maintenance procedure. Because of it,
the knowledge has to be improved and as many
methods as possible has to be applied to learn more
about tramway’s deterioration.

To clarify the superstructure systems’ deteriora-
tion factor the authors have to execute further meas-
urements on other tramway lines, too. They can be
Hungarian tramway lines, as well as examples from
abroad.

The next aim is to sentence research plan related
to one of the authors (Vivien Jovér), and start her
PhD research at Széchenyi Istvan University (Hun-
gary). Hopefully, she can submit her dissertation
in 2024 or 2025.
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JOCJAIIXKEHHS MMOTTPIIEHHSA TEOMETPII TPAMBAMHUX KOJITA

MeTta. OCHOBHOIO METOIO CTATTi € JEMOHCTpALlisl pe3yJIbTaTiB aHaJIi3y MOTIPIICHHS reoMeTpil TpaMBaitHUX KOJiH.
Metoauka. L5 cTaTTs € 4acTKOIO AOCITIKEHHs B paMKax KaHnunarchkoi nmucepranii. Crioyatky OyiM y3arajibHEHi
CHCTEMH BEpXHBOI OyJIOBH KOJIii Ta IHCTPYMEHTH, BUKOPUCTAHI i 9ac poOOTH, Ticis 4oro Oyia MpoBe/IeHa IepeBi-
PKa KouIii, 3yIIMHOK TpaMBasi, IEPETHHIB KOl i CTPUTOYHHX MepeBoIiB. Pe3yabpTaTn. ABTOPH MPOBEIU TOCIIIHKCHHS
OKpeMoi TpaMBalHOI KOJIii, 3yIIMHOK TpaMBasi, IEPEIi3AiB Ta CTPUIOYHHX mepeBomiB. [1ix yac mociiKeHHS KOl o1li-
HIOBAJIM pe3yJIbTaTH BUMIpPIOBaHb BIAMOBIHO 10 ABOX MeTOMK. /Iyt BU3HaYCHHS (pakTopa 3HOCY CHCTEM BEPXHbBOI
OyIOBH KO IPOBEIH JOJATKOBI BUMIPIOBaHHS TaKOXK Ha iHIINX TpamBaiHUX TiHisX. HaykoBa HoBu3Ha. BukoHa-
HU aHalli3 € MepUIMM KPOKOM CKJIaJHOT METOJUKH, SIKY BUKOPHUCTOBYIOTH ITiJl 4ac PO3IJIsIy i onTUMizauii BUTpaT
JKUTTEBOTO IMKITY BEPXHBOI OY0BU TpamBaiHOl Kouii. JIJIsi TOCATHEHHS ITi€l MeTH iCHye 0arato mapameTpis, Gakro-
PiB, sIKi HEOOX1IHO B35TH J0 YBaru B MaiOyTHpOMY. HasiBHI MeTO1H i1 MOJIei, SIKi BUKOPHUCTOBYIOTh Y PI3HHUX raly3six
LUBUILHOTO OYIIBHHULITBA, HANPUKIIAM, IyXKE CKJIaJHA METO/MKA, [OB’s3aHa 3 JIOPOXKHIM MOKPHUTTSIM; alie HE ICHYE
creniaibHOT METOJIMKH, II0 CTOCYEThCS 3ali3HWYHUX ab0 TpamBaiiHux konid. [IpakTHyHa 3HaYMMicTh. ABTOpH
crpoOyBaJid PO3POOUTH METOJIUKY PO3PaxyHKY i OI[IHKH, 32 JOIIOMOT'OI0 SIKOT MOYKHA OL[IHUTH 6 Pi3HUX THIIIB BEpX-
HBOI OyZOBU TpaMBaifHOI Koiii Ha miHil Ne 1 B cromuni Yropmunu (bynamernr). Lle HaliHOBIma pekoHCTpyHOBaHA
TpaMBaiiHa JIiHisl, Jpyra 3a JOBKHHOO B bynanemti. BusHauwim, sikuii THI CUCTEMH BEpXHBOi OyJOBH KOJIii € «Hai-
KpaluM» 1 «HaWTipIIuM» Ha OCHOBI BIIACHMX BHMIPIOBaHb i METOJIB PO3PaxyHKY Ta OIHKH. [IpoBemeHe mocii-
JLKESHHS aBTOPIB JSDKE B OCHOBY HAITMCAHHS KaHIUAATChKOI ArcepTalii B OaratonpodineHiil acipaHTypi npu YHiBe-
pcureri ImrBana Ceueni ([pep, Yropiuna).

Kniouosi crosa: cucremu BepXxHBOi Oy10BH KOJii; HOTIpIIEHHS; FTeOMETPUYHHN aHai3; TpaMBalHi JIiHI{; olliHKa
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NCCJIEJOBAHUE YXYAIEHWSI TEOMETPUH TPAMBAMHBIX
IIYTEU

Heab. OCHOBHOI LENBIO CTAThU SABJSIETCSA AEMOHCTpAIMS Pe3yIbTaTOB aHAIN3a YXYAIICHHUS F€OMETPUH TpaM-
BaliHbIX IyTell. MeToauka. J[aHHas CTaThs SABIAETCS YaCTbIO UCCJIEOBAHNUS B paMKaxX KaHAMJATCKOM JuccepTanuu.
ChauaJia ObUTH 0000IIEHB! CHCTEMBI BEPXHETO CTPOSHHS IIyTH M HHCTPYMEHTBHI, UCIIOJIb30BaHHbBIE BO BpeMs paboTHl,
rocJie 4ero OblIa IpOBEAEHa MPOBEPKa IyTH, OCTAHOBOK TPaMBasi, IIEPECCUCHUI MyTeH M CTPEIIOYHBIX MEPEBOIOB.
Pe3yabTaThl. ABTOpPHI IPOBEJIN HCCIIEOBAHNE OTAEIBHOTO TPaMBAHHOIO IMyTH, OCTAHOBOK TpaMmBasi, IEpee3loB
U CTPEJIOYHBIX TNEpeBOZOB. Bo Bpems mcciemoBaHUs MyTH OLCHWBAIN PE3YyJIbTaThl M3MEPEHHH B COOTBETCTBHHU
¢ naByMs MeroaMkamu. Jlns ompexeneHus (¢akTopa H3HOCA CHCTEM BEPXHEr0 CTPOEHHS IyTH MPOBENH
JIOTIOTHUTENbHBIE U3MEPEHUS TAKXKE Ha JPYTHX TpaMBaWHbIX MuHUAX. HayuHasi HOBU3HA. BeImonHeHHbIH aHamm3
SIBISIETCSI TIEPBBIM IIarOM CJIOKHOH METOAMKH, KOTOPYIO HCIIONIB3YIOT HPH PACCMOTPEHHH M ONTUMM3AIMH 3aTpaT
KHM3HEHHOTO IIMKJIAa BEPXHETO CTPOCHMS TpaMBalHOro myTu. [Iimsi JOCTHIKEHHS 3TOW IENH CYIIECTBYET MHOTO
napameTpoB, (akTOpPOB, KOTOPbIe HEOOXOIUMO MPUHSITH BO BHUMaHue B OyayiieM. CyIIecTBYIOT METObI U MOJICIIH,
KOTOpBIE UCIOJIB3YIOT B Pa3IUYHBIX O0NACTIX ITPaKIAHCKOTO CTPOUTEIHCTBA, HAIIPUMED, OUCHD CI0KHAS METOINKA,
CBsI3aHHAs C JOPOXHBIMH HMOKPBITHAMHU; HO HE CYIECTBYET CHEIHUAIBHOW METOIUKH, KacaroIlecs KeIe3HOI0POXK-
HBIX WIN TpaMBaiiHbIX MyTed. [IpakTHyeckas 3HaYMMOCTh. ABTOPHI MONBITATUCH pa3paboTaTh METOAUKY pacdera
U OLIEHKH, C TOMOIIBIO KOTOPOH MOXHO OLEHHUTh 6 pa3NUYHBIX THUIIOB BEPXHETO CTPOEHUS TpaMBailHOTO IyTH Ha
muaun Ne 1 B ctonuue Benrpuu (BymanemT). 3To camas HOBas peKOHCTpYUpPOBaHHAs TpaMBalHas JUHMSA, BTOpas
no amuHe B bypamemre. Onpepenuny, KakOd THUII CHCTEMBI BEPXHETO CTPOEHUS IYTU SIBISACTCA <«JIyYLIHM»
U «XyIIHM» Ha OCHOBaHWHM COOCTBEHHBIX M3MEPEHHH M METOJIOB pacdeTa M OLEHKH. [IpoBelneHHOE HccieoBaHue
JSDKET B OCHOBY HAaITMCaHWS KaHIMIATCKOW JUCCEpTalik B MHOTONPOQHIBHONW acHHMpaHType Ipu YHHUBEPCUTETE
NmrBana Ceuenn ([Ipep, Berrpus).

Kniouesvie cnosa: cucteMbpl BEpXHETO CTPOSHUS ITyTH; YXYALICHHE; TCOMETPUUECKIN aHAIN3; TPaMBalHbIC INHNN;
OLIeHKa
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