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THE RESULTS OF THE DEFECT PLACES INVESTIGATION
OF DONETSK RAILWAY ROAD BED BY GROUND PENETRATING
RADAR COMPLEX

Purpose. Defective places definition of road bed at ground penetrating radar is examined. Methodology. For
achievement of this goal the experimental research on ground penetrating radar inspection of road bed defective places
of the Donetsk Railway, which are caused by a complex of various reasons of geotechnical and constructive character,
were conducted. Findings. According to these diagnostic results of road bed on the three districts of the Donetsk Rail-
way is revealed the main causes which lead to the defects appearance, deformities and injuries in it, there is abuse of
process parameters and modify its physic mechanical soil properties of natural and technology-related factors. As it is
established, the use of ground penetrating radar of series “Losa” on the railways of Ukraine allows searching ballast
tank in the body of road bed, defining damp places in soil road bed and foundations, to find arrangement of foreign
matter in the soil road bed and work search heterogeneity and places weakening soil. In addition, the use of ground
penetrating radar provides rapid detection of defects, deformation and damage of railway track, especially in areas the
most dangerous for rolling stock that creates the high level security at the main and auxiliary lines of Ukrzaliznytsia. In
conducting the research was justified the high level of reliability and performance with autonomous use of ground
penetrating radar. Originality. In modern conditions of defects determination, deformations and damages by traditional
methods with application of engineering-geological investigations, it is impossible in connection with their insufficient
efficiency. Therefore the using of highly effective methodology of expeditious tool identification of defective places
allows reducing significantly the periods of repair of a railway track which is very important for introduction of the
high-speed movement on the Ukrainian Railways. Practical value. On the basis of the executed investigations the
main actions for defects elimination, deformations and damages which consist in the device of counter dams, the drain-
ing sections, the augercast and augured piles are offered.
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Introduction for repair of the damaged railway superstructure
and the road bed of the railways. As a result, it is
significantly complicated the operation of the track
especially for high-speed train.

In this regard, the development of scientific fun-
damentals and practical provisions sensing arrays soil
road bed, which are the most manifest of various de-
fects, is actual scientific and technical challenge.

The practice of construction and reconstruction
of a railway track introduced essential amendments
in the device instrument definitions of defective
places of a road bed on the different railways of
Ukraine in recent years. Such places can bring to
dangerous processes with accidents and smash ups
and to cause the organization of special windows
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Current state of the question

Due to the distribution of “sick” places in a road
bed on the railways of Ukraine much attention is
paid to their studying. The known scientists of Ger-
many, France, the USA, Russia, Sweden, Canada
and other states such as S. A. Lengren, 1. Bergstrum,
B. Erson, I. Simon, M. N. Parti, C. Coma, S. D. Ber-
nsayd, M. R. Clark, K. I. Broukhton, M. K. Ford,
T. Saarenketo, A. M. Kulizhnikov, N. A. Lush
Nicknames, A. A. Belozerov, G. A. Safonova,
M. A. Shabashova, E. S. Ashpiz and others, were
conducted many researches for the purpose of their
definition and classification. Performance of inspec-
tion of the road bed by means of geophysical in-
struments was the main goal of the majority of
works [1-9, 11-25].

The studies of the road bed defects on the run-
ning lines such as Naddvirna — Dilyatin, Khryplyn
— Dilyatin, Pidvolochynsk — Ternopil and L’viv —
Krasne of L’viv Railway by means of using the
ground penetrating radar “Loza-V” were provided
by the authors of the given work [9-10]. While
probing stations of road bed were found softening
of ground and waterlogged soil, resulting in subsi-
dence of the main area of the road bed. For another
thing, were found ballast bezel, subsidence of
counter dam running bridge and other defective
places. The ant deformation measures, which is
consisting in onboard cut-out and dumping of
counter dam, creation of a ditch drainage with pro-
duction of water in constructions which are on sites
were offered.

The ground penetrating radars of series “Loza”
of Russian production for sounding “sick” places
of the road bed on the railways is widespread in
recent years in Ukraine. The given ground pene-
trating radars belong to the class of geophysical
instruments for survey of subsurface structure road
bed soil at depths of 10-15 meters or more depend-
ing on the model, antennas which were used and
receiving facilities and environmental parameters
that sounding. The principle of ground penetrating
radar’s operation is based on radiated emission to
broadband electromagnetic pulses and recording
their reflections from the boundaries of soil layers
sections or objects elements. Exploitation of
ground penetrating radar of series “Losa-B” on the
railways of Ukraine is effective in solving of the
following tasks:

— searching in the roadbed body of the ballast
tank and gun-stocks;
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— definition of damp places in soil;
—search for foreign objects in the ground and
the places of its relaxation.

Purpose

To identify the defective places definition of the
road bed at ground penetrating radar’s inspection.

Methodology

For achievement of the given goal, the pilot
studies at ground penetrating radar’s inspection of
road bed defective places of the Donetsk railway,
which are caused by the complex of various rea-
sons of geotechnical and constructive character,
were conducted.

Findings

According to these survey of road bed on the
three Donetsk railway stations is revealed, that the
main causes that lead to the appearance of defects,
deformities and injuries in it, there is a trouble of
process parameters of its design and modify the
physical and mechanical properties of the soil by
natural and man-made factors. As it is established,
the use of ground penetrating radar of series
“Losa” on the railways of Ukraine allows search-
ing in the body of the road bed ballast tanks, defin-
ing watery places in soil of road bed and founda-
tions, to find the location of foreign matter in the
soil road bed and search of irregularities and places
of soil weakening.

Originality and practical value

In the modern conditions of defects determina-
tion, deformations and damages by traditional
methods using engineering-geological researches it
is impossible in connection with their insufficient
efficiency. Therefore, the using of highly effective
methodology of operational instrumental detection
of the defective places allows reducing signifi-
cantly the periods of the track repair that is very
important for implementation of high-speed
movement on the railways of Ukraine.

On the basis of the executed investigations the
main actions for defects elimination, deformations
and damages which consist in the device of counter
dams, the draining sections, the auger cast and au-
gured piles are offered.
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Statement of the main material

The survey of the road bed and establishment
of “sick” places was carried out by line service
experts of the Donetsk railway on 23 km of the
section Ocheretne-Gorlivka, 962 km of the section
Svatove-Popasnaya and 18 km of Ocheretne-
Gorlivka.

The defective place on a site 23 km Ocheretne-
Gorlivka located on mounds up to 18 m, built in
1901-1 903. This section concluded odd track
welded on concrete sleepers with rails type R65 on
crushed stone ballast and steam gauge-sectional,
on wooden sleepers with rails type R65 and
crushed stone ballast. On the whole area of the
longitudinal profile should rise.

The defective place is divided by pipeline at
23 km (PK3 + 61) and by the bridge at 23 km
(PK6 + 15). On this section of track length 254 m
were anti deformation measures by means of one
stage counter dam on both sides of the embank-
ment over 150 m and 200 m from even side and
200 m — odd side. However, according to the pass-
port PU-9 since 2002 to present time at the “sick”
place observed subsidence track.

On-site inspection of the road bed status
showed that on the odd side the angle of slope em-
bankment is oversized, the outside of the track
makes 2.0-2.40 m, slopes and counter dams
shelves aren’t created, slopes are cluttered by hard
stone, on the approaches to bridges the track has a
hollow, in case of cable laying integrity counter
dam is broken.

From the even side such defects were marked:

— the outside of the track makes 1.5-2.0 m;

— the ballast section is oversized on 0.40-0.80 m;

— the angle of slope embankment is oversized;

—on the track the ballast is clogged with clay
soils, the outside of the track isn’t cut off from the
polluted ballast, in the period of rains surges are
carried out that also testifies to existence of ballast
dimples;

— slopes blockage by work-out hard-stone.

For all measurements of ground penetrating ra-
dar soil embankment was presented by moist clay
loam. At work with the ground penetrating radar
was used the following modes:

— type of pass — longitudinal shooting;

— step of each frame passage 50 sm;

— measurement mode is manual;

— mode of wave forms - logarithmic;
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—processing of the data — by the program
“KROT”.

Considering that the “sick” place is divided by
the overpass and the bridge, shooting was carried
out on sections by length 56 m, 173 m and 188 m
between pickets of PK2 + 75-PK7 + 60 (full length
makes 485m).

In processing data of shooting by means of the
program “KROT” were found ballast tanks (hol-
lows) gun-stock, heterogeneity and instability of the
embankment soil and moisture accumulation. This
ballast hollows were filled with water to the depth
of 1,Im from the surface within 35 m from the
bridge with the largest accumulation of moisture on
the approaches to it. Also was determined the pres-
ence of ballast gun-stocks at a depth of 1 m, subsi-
dence of body of railroad over 53 m, violating the
integrity of the structure of road bed within 50 m
and its subsidence over a length of 80 m.

As it is set the basic reasons which lead to ap-
pearance of the road bed defects on 23 km
Ocheretne-Gorlovka is the following:

— badly organized collection and lead out of a
surface water;

— blockage of slopes by work-out hard stone by
execution of track operations;

—width of the sub ballast is insufficient for
placement of the ballast section;

— low-quality cutting of old suitable soils from
the outside of the track by execution of track op-
erations;

— increasing the thickness of ballast layer when
changing the ballast for heavier types.

To eliminate the specified defects, it is neces-
sary to execute the following:

—to provide the water drainage from the base
of a road bed and the sub ballast;

— to dump slopes of the embankment;

— to lower the level of the rack head;

—1in case of ballast depressions drain drainage
board cuts or tenderloin cluttered ground;

— to bring slopes and counter dams shelves into
the appropriate status in case of calculation of the
embankment on stability.

The main recommendations about design con-
sist in the following. Design the anti deformation
actions of the road bed shall provide:

— continuity and traffic safety of trains at exe-
cution of construction works;

— the design decisions on the placement of road
bed should provide the most complete of its use;

© V. D. Petrenko, V. V. Kovalevych, 2014

85



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

Hayxka ta nporpec Tpancnopty. BicHux J{HimponeTpoBcEKOro

HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2014, Ne 5 (53)

3AJIIBHMYHA KOJIIA

— high stability, durability and normal operation
of the road bed after its reconstruction;

—the execution of all operations with a maxi-
mum level of mechanization.

“Sick” place on 962 km of the section of Sva-
tovo-Popasnaya it is located on an embankment up
to 32 m high, constructed in 1895. On this section
are concluded odd and even track from link seg-
ments on wooden cross ties with rails of the P 65
type on a crushed-stone ballast. On all section the
longitudinal profile had rise. For elimination of
defects of a track the following anti deformation
actions were executed:

— the dumping one-step counter dam from the
odd side is on length of 200 m;

—the dumping of two-stage counter dams on
the even side on length of 170 m;

—the device of draining sections from bored
piles on the even side at the bottom of counter
dams.

According to PU-9 passport embankment is lo-
cated out of a slope but if to consider a difference
between embankment heights from both sides, an
embankment the odd side less conjugate has the
embankment that testifies that the embankment is
on a slope. The execution the anti deformation
measures in last years on this object didn’t give
any result in stability of the road bed and track.
Therefore on-site investigation of its status showed
the following. From the odd side the gradient of
the embankment is oversize, the outside of the
track makes 2.0 m, slopes and the shelf of the
counter dams which aren’t created slopes blockage
by work out hard stone, on PK4 the track has a
hollow, at the bottom of an embankment the vege-
tation that testifies about remoistening of a road
bed and bad lead out of a surface water from an
embankment is marked hygrophilous, the drainage
system from dredging is absent.

From the even side it was marked. that the
roadside makes 1.5-2.0 m, on the way the ballast is
clogged with splashes of clay soil on approaches to
an embankment and on an output from dredging,
testifies to existence of ballast dimples, the drain-
age system from dredging is absent, slopes block-
age by work-out hard stone.

During the work with a georadar earlier speci-
fied modes were applied. At shooting data process-
ing by means of the “Krot” program the same de-
fects as well as on 23 km at section Ocheretinoe-
Gorlovka were found. Furthermore, it was estab-
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lished irrigation areas of the soil mass of counter
dam length of 40 m on the depth of 1.0 m to the
ground surface, the accumulation of moisture and
unstable of road bed length is 20 m, rich moist soil
subsidence over a length of 140 m and the pres-
ence of foreign objects on the station distance PK
2, 3, 6 at depths 2-7 m from the ground surface.

The main reasons which are resulted in defects
of a road bed on 962 km, except specified for
23 km, the following is:

— the lack of drainage systems at the exit from
dredging;

—the low-quality off take superficial riding
party of a slope;

—the blocking up and insufficient depth of
mountain ditches;

—the dumping of an embankment from low-
quality soils developed near the located dredging.

To eliminate the specified defects, it is neces-
sary to implement the same recommendations
about technology of works as well as on 23 km of
site Ocheretne-Gorlovka, and on design of their
implementation. “Sick” place on 18 km of the sec-
tion Ocheretne-Gorlovka it is located on an em-
bankment height to 17,3 m, constructed in 1903
and it is reconstructed in 1966. On this site it is
concluded a joint less track on ferroconcrete cross
ties with rails of the P65 type and a crushed-stone
ballast. On all site the longitudinal cross-section
has descent. In 1991-1992 from both parties of an
embankment on length of 150 m of one-stage
counter dams were poured out. According to PU-9
passport since 1998 to the present time on “sick”
place track sagging is watched. On-site investiga-
tion of a status of a road bed showed that on the
odd side the steepness of the slope of the embank-
ment is oversize, the roadside makes 1.2-2.40 m,
slopes and shelves of the counter dams not created,
on slopes of the counter damps the vegetation that
testifies to availability of moisture in a body of a
counter banquet is hygrophilous, water conducting
pipes on an input is shielded, the rainwater catch-
ment isn’t created on a bottom. From the even side
it was marked that the outside of the track makes
0.6-1.0 m, and in curve part of track a roadside of a
road bed is absent, the ballast section is oversized
on 0.4-0.6 m, the steepness of a slope of an em-
bankment is also oversized, on the shelf counter
dams of a crack have disclosures 0.2-0.7 ¢cm, on an
output from a pipe the course and the appropriate
ditch silted between the left wall of a day off the
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crown of tube and a body of a road bed is pockets
with a source output.

By operation with a georadar the modes speci-
fied earlier were applied to determination of de-
fects. In case of shooting data handling the “Krot”
program revealed the same mains defect as well as
on 23 km and 962 km.

The basic reasons leading to appearance of de-
fects of the road bed and the recommendation
about elimination of shortcomings and the main
recommendations about design against deforma-
tion actions on 18 km similar which are found and
offered for 23 km the section Ocheretne-Gorlovka.

Thus, georadar application in case of survey of
sections of a “sick” road bed of a track allows re-
fusing the device of labor-consuming prospecting
apertures first of all.

Conclusions

According to these survey and research road
bed on three areas of Donetsk railway to the fol-
lowing conclusions:

— the basic reasons of defects origin and “sick”
places of the road bed on the railways of Ukraine
including Donetsk railway, violation of techno-
logical parameters of its construction and change
of physic and mechanical properties of soil under
the influence of natural and technogenic factors is;

— the application of the georadar of the “Loza”
series on the railways of Ukraine allows to solve a
number of tasks:

1) to carry out the search in a body of a road
bed of ballast tanks and gun-stocks;

2) to define the wet places in soils of a road bed
and the bases;

3) to find locations of outside objects in soil of
aroad bed;

4)to run for search of non-uniformity and
places of weakening of the soil.
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PE3YJIbTATH OBCTEKEHHS T'EOPAJIAPHUM KOMILIEKCOM
JE®EKTHUX MICIh 3EMJISTHOTO MOJIOTHA JOHEILKOI
3AJIIBHULI

Meta. OCHOBHOIO METOIO POOOTH € BCTAHOBJICHHS Je(PEKTHHX MICIh 3€MIITHOTO IOJIOTHA NPHU T'eO0JapHOMY
oOctexxeHHi. Meroauka. /111 JOCATHEHHS MTOCTaBJICHOT METH OyJIM IPOBE/IeH] eKCIIEPUMEHTAJIbHI JJOCIIIXKEHHS 10
reopagapHOMy OOCTEKCHHIO Ae()EKTHHUX MICIbh 3eMIITHOTO TONOTHA JIOHENbKOI 3ai3HUIl, SKi OO0yMOBICHI
KOMIUIEKCOM PI3HOMAHITHMX NPHYMH T€OTEXHIYHOTO 1 KOHCTPYKTHBHOTO xapaktepy. PedyiabraTm. 3rimHo 3 Ha-
BEJICHHMH pe3yJbTaTaMi OOCTEXKEHHs 3eMJISIHOTO ITOJIOTHA Ha TPHOX AUIBHHUISAX J[OHEIbKOI 3ali3HUMLI BHSBIEHO,
10 OCHOBHUMH IPUYMHAMH, II0 NPU3BOISATH IO MOSIBH JedeKTiB, Aedopmaliiii Ta IMOIIKOKEHb Y HbOMY, € II0-
PYIICHHS TEXHOJOTIYHUX MapaMeTpiB HOro KOHCTPYKIIi Ta 3MiHEHHS (i3UKO-MEXaHIYHUX BIACTHBOCTEH IPYHTY IIi[
BIUIMBOM IIPHPOJHHUX Ta TEXHOTEHHHX (hakTopiB. SIK BCTaHOBIIEHO, 3aCTOCYBaHHs TeopamapiB cepii «Jloza» Ha
3TI3HUIIX YKpaiHU JO3BOJISIE POBECTH IMOIIYK B TiMI 3€MIITHOTO MOJIOTHA 0aacTOBUX KOPHUT, BU3HAYUTH BOJIOTI
MICIISI B IPYHTaxX 3€MIITHOTO ITOJIOTHA Ta OCHOB, 3HAXOIWTH MICUS PO3TAIlyBaHHA CTOPOHHIX 00’€KTiB B IPYHTI
3eMJITHOTO TIOJIOTHA 1 pOOMTH TMOIIYK HEOAHOPITHOCTI Ta MiCIb OciabieHHs IpyHTY. KpiM TOro, BUKOpMCTaHHS
reopagapis 3abe3rneuye OIepaTHMBHE BHSBICHHS Je(ekTiB, aedopMariliii Ta MOIIKOKECHb 3ali3HUYHOI KOJIil,
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3AJIIBHMYHA KOJIIA

0COOJMBO B MICIIIX HAWOUIBII HEOE3MEUHHX I PYyXOMOTO CKIAAy 3alli3HHUIb, IO MPU3BOAWTH OO CTBOPEHHS
BHCOKOTO piBHS Oe3MeKH Ha TOJIOBHHMX Ta JOMOMDKHUX JiHIAX YKp3amizHumi. I[Ipu mpoBeneHHi gocmimkeHs OyB
OOIpyHTOBaHMIN BHCOKHH PiBEHb HAIIMHOCTI Ta €()EKTUBHOCTI POOOTH reopanapiB 3 aBTOHOMHHM 3aCTOCYBAaHHSIM.
HaykoBa HoBM3Ha. B cywacHux ymoBax Bu3Ha4yeHHs aedexTiB, aedopmaniii Ta MOIIKO/PKEHb TpaaULiHHUMHU
METOJIaMH 13 3aCTOCYBAaHHSM 1H)KEHEPHO-T€OJIOTIUHUX JOCITIPKEHh HEMOXJIMBE B 3B’SI3KY 3 iX HEIOCTaTHBOIO
orepaTuBHICTI0O. TOMy BHKOpPHCTaHHSI BHCOKOE(EKTUBHOI METOMOJIOTI] ONEpaTHBHOIO IHCTPYMEHTAIbHOTO
BUSBJIICHHS Je(DEKTHUX MICIb JO3BOJIIE CYTTEBO CKOPOUYYBATH IEPIOJM PEMOHTY 3alli3HUYHOI KOJIi, IO JTyXkKe
BaXXJIUBO ISl BIIPOBADKEHHS MIBHIKICHOTO PyXy Ha 3ali3HUIIX YKpainw. [IpakTwuHa 3naummicts. Ha ocHOBI
BUKOHAHUX JIOCIIDKCHB 3aIIPOIIOHOBAHI TOJIOBHI 3aX0/U TI0 YCYHEHHIO Ne(EKTiB, qeopMalliil Ta MOMKOIKEHb, SKi
MOJISTAIOTh Y BIAIITYBaHHI KOHTPOAHKETIB, IPEHYIOUNX TepepisiB, Oypoin’ ekuiiHux a00 OypoHAOWBHUX Malb.

Kniouosi cnosa: 3emisiae monotHo; AedekTHI Mmicist; Hacui; OamacT meOeHeBwit; OanacTHa Mpu3Ma; KOHTPOaH-
KETH; reopauap
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PE3YJbTATHI OBCJEJOBAHUSI TEOPAJTJAPHBIM KOMILIEKCOM
NE®EKTHBIX MECT 3EMJISTHOI'O TOJIOTHA JJOHELIKOM
’KEJIE3BHOH JTOPOT'H

Hean. OcHOBHAs 1ENb Pa0OTHI — OMpe/IeliCHHe Ne(PEKTHBIX MECT 3eMIISTHOTO MOJIOTHA TIPH TeOpagapHOM 00CIIeI0-
BaHny. MeToauka. [ JOCTH)KEHUS TIOCTAaBICHHOM e OBLTH MPOBENEHBI SKCIIEPUMEHTABHBIC UCCICIOBAaHUS 110
reopasiapHOMy OOCIeOBaHUIO Ne()EeKTHBIX MECT 3eMIITHOTO ITOJIOTHA JIOHEIKOH JKele3HOH HOporH, KOTopbie 00y-
CIIOBJICHBI KOMITJICKCOM Pa3sHOOOPa3HBIX MPHUYHH TEOTEXHUIECKOTO M KOHCTPYKTHBHOTO Xapakrepa. Pesyabratsi. Co-
TJIACHO C MPHUBEACHHBIMU pe3yJbTaTaMH 00CIEIOBaHMS 3eMJITHOTO TOJIOTHA Ha TPEX ydacTkax J{OHeIKo# kene3Hoi
JIOpPOTH OOHAPYKEHO, YTO OCHOBHBIMH IPHUYMHAMH, KOTOPbIE TIPUBOJIT K MOSBICHUIO Je(EKTOB, AehopMaliii U 1mo-
BPEXICHUH B HEM, SIBIISIFOTCSI HapyLIEHHs TEXHOJOTMUYECKUX IapaMeTpoB €ro KOHCTPYKLIUH M M3MEHEHHUs (hH3UKO-
MEXaHUYECKUX CBOICTB TpyHTa NOA BJIMAHUEM C€CTCCTBCHHBLIX M TEXHOI'CHHBIX (l)aKTOpOB. Kak YCTAHOBJICHO, ITPUMEC-
HEHHE TeopaziapoB cepuu «J103a» Ha jKeNe3HBIX 1oporax YKpauHbI IO3BOJISIET IPOBECTH MOUCK B TEJE 3EMIITHOTO IIO-
JIOTHA OAJTACTOBBIX KOPKIT, OIPEICITUTh BIYKHBIC MECTA B TPYHTAX 3EMIITHOTO ITOJIOTHA U OCHOBAHUIA, HAXOAUTH MEC-
Ta pa3MeICHHs] MOCTOPOHHUX OOBEKTOB B TPYHTE 3EMIITHOTO TIOJIOTHA ¥ MPOU3BOJMTH MOUCK HEOIHOPOIHOCTEH
U MecT ocna0ienus rpyHTa. Kpome Toro, UCIoib30BaHIE TeopaiapoB 00SCIICUNBACT ONEPATUBHOE BBIIBICHHE Ae(heK-
TOB, Ae(hOpMAIii U TIOBPEKACHHUH KEJIE3HOIOPOKHOTO ITyTH, OCOOEHHO B MECTaX HamOoJee OMAacHBIX JUIS TIOIBHYKHO-
TO COCTaBa XEJE3HBIX TOPOT, YTO MPHUBOIUT K CO3IaHHUIO BBICOKOTO YPOBHS 0€30MAaCHOCTH HA TJIaBHBIX M BCIIOMOTA-
TENFHBIX JTMHUSAX YKp3am3HbIM. [Ipu mpoBeneHnn MccieqoBaHnil ObII 0O0OCHOBAaH BBICOKHH YPOBEHB HAJECKHOCTH
1 3G PEeKTUBHOCTH PabOThI re0paapoB ¢ aBTOHOMHBIM NprMeHeHneM. Hay4uHast HoBu3Ha. B COBpeMEHHBIX YCIIOBUSIX
ompeneneHue nedexTos, neGopManyii ¥ NOBPEXKICHUN TPaJUINOHHBIMA METOJAMHU C HCIIOJIF30BAaHIEM HHKEHEPHO-
T€0JIOTHYECKUX HM3BICKAaHMHA HEBO3MOXKHO B CBS3M C MX HEIOCTATOYHOW OMEPAaTHBHOCTHIO. [lo3TOMy mcmomb3oBaHME
BBICOKOI()(DEKTHBHOM METONOJIOTHH OIEPAaTUBHOIO WHCTPYMEHTAIBLHOIO ONpereneHust NeeKTHBIX MECT pasperiaer
CYILIECTBEHHO COKpAIIAaTh MEPUOJIbl PEMOHTA JKEIE3HO0POKHOM KOJIEH, YTO SIBJISIETCS] BAYKHBIM 11 BHEIPEHUST CKOPO-
CTHOTO JIBMDKEHUS Ha KeJe3HBIX Joporax Ykpauusl. [IpakTuyeckas 3HauumMocTb. Ha oCHOBaHMM MPOBEICHHBIX HC-
CJICZIOBAHUH MPEUIOKCHBI TIIABHBIC MEPOTIPHATHS [0 YCTPAHCHUIO Ae(hEeKTOB, TeopMaIHii U MOBPEKICHUIA, KOTOPHIC
COCTOSIT B YCTPOHCTBE KOHTPOAHKETOB, IPESHUPYIOIINX CCUCHUH, OyPOMHBEKIIMOHHBIX WA OypOHAOUBHEIX CBaii.

Kniouegvie cnosa: 3eMiIsiHOE NOJOTHO; Ie()eKTHBIE MECTa; HACHIIb; OayuiacT 1me0eHOYHbIN; OaacTHas MprU3Ma;
KOHTPOAHKETHI; Teopaaap
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