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DEVELOPMENT OF RECOMMENDATIONS FOR EXTENDING
THE USEFUL LIFE OF PASSENGER CARS

Purpose. The vast majority of passenger car fleet of «Ukrzaliznytsia» have cars with outlasted service life. In
this regard there is a need to find methods to justify the extending useful life of passenger cars and to assess the car
body frame residual life conformity to the operating load for the next life time. Methodology. The selection of cars
enforced technical diagnostics of cars to detect the level of corrosion and mechanical damage. The following steps
provided the car body frame strength analysis on the basis of experimental static and impact strength tests, the longi-
tudinal force effect endurance tests as well as assessment and forecasting of conformity of car body operating life
for the next period. Findings The car survey before testing showed that the technical condition of sleeper cars (SSC)
is better than that of open-type cars (SOC). So, in SSC cars the thinning of the main load-bearing elements due to
corrosion does not exceed 10%, there are no cracks, deformations, rack breakages, etc. At the same time in SOC
cars the thinning due to local corrosion reached 35%. There are deformations and corrosion damage of side sill Z-
shape of both cars, single corner post breakages, damage to the joints of longitudinal tie rod and span bolsters. The
conducted static and impact strength tests with following strength assessment of the car structural members showed
that the strength of the latter is provided according to the normative documents, and these cars pose no threat to traf-
fic safety. The impact endurance tests showed that all the cars passed the endurance tests without damage, which
would prevent from testing and could not be removed during the next depot repair or overhaul, and had life length
that allows them to extend the useful life for the next period. Originality. The results of experimental studies show
that passenger cars after 28 ... 30 and 33... 35 years of operation meet the requirements of strength and safety in
accordance with regulatory documents and allow, provided the impact endurance, reasonable extending of the car
service life. Practical value. The part of the car fleet, which was to be written off based on the service life, may
extend lifespan without additional measures.

Keywords: passenger car; service life; structural strength; conformity; static test; impact test; life length.

period 1991 — end 2013 3 298 passen-ger cars were
Introduction scraped (written off at the end of service life), 421 cars
were to be written off in 2014. Thus, the intensity of
passenger car fleet aging is increasing every year.
While the new cars are purchased in small amounts
— «Ukrzaliznytsia» in the period 1991 — end 2013 at
their own expense purchased 561 passenger cars, as
well as 10 nine-car trains and 2 double-decker six-car
trains. So every year the deficit of passenger cars is
becoming tangible and may reach 2,364 cars in 2017,
which is detrimental to the industry.

Total passenger car fleet of «Ukrzaliznytsia»
consists mainly of cars built in the eighties with the
designed: normative service life — 28 years and
maximum service life — 41 years. The research of
passenger car fleet is considered in [1], [5].

The car fleet has about 86% of passenger cars with
outlasted service life (over 28 years), about 500 cars
with normative service life of 20 years, only 343 of
which have the service life of 10 years. During the
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Because of the above objective reasons it be-
came necessary to extend the service life of cars
that have exhausted their primary resource. This
makes it possible to slow down the growing deficit
of passenger cars due to reasonable extension of
their service life. The prerequisites of the above
said extension are as follows:

— Designed service life was set at
substantially excessive strength coefficients;

—  Detailed analysis of technical condition of
the cars to be written off shows that some cars are
scrapped because of the malfunction incompatible
with their further safe operation, but many of cars
are written off from the inventory park when they
reach the normative service life. However, a cer-
tain number of the latter still remain in good condi-
tion.

The possibility of extending the life of car
supporting structures should be grounded by
experimental and calculation-theoretical methods
that include: inspection of their technical
condition; experimental determination of load level
and stress state of structural members; numerical
calculations based on modern software systems to
determine the stress-strain state by simulating the
most adverse operating modes; residual life
assessment (determination of the extended service
life) with the numerical calculations of fatigue
damage or by experimental life length testing. In
addition, it should be noted that cars require an
individual approach to the definition of the next
service life (life length). This range of activities
must be supported by repair technologies, which
go beyond the scope of this study.

Problems of need statement for adjustment of
cars useful service life extension in a particular
way was considered both in Ukraine [3, 7, 8, 9,
12], and in near [17] and far abroad [18, 19]. The
works [7, 9, 12] studied the problems and peculi-
arities of passenger car technical diagnosis. And
the works [3, 8, 17, 18, 19] performed numerical
calculations based on the finite-element model
with strength assessment by I and III design
modes. Further, considering the preliminary re-
sults, the calculations of structural memberss fa-
tigue damage were performed to assess the remain-
ing service life. In addition, the work [3] provides
calculations for new cars and cars with minimum
thickness of members (due to corrosion), as well as
calculated significant impact of mechanical or

welded damage (undercuts), depending on the size
of the latter, on the car service life.

However, only theoretical studies cannot fully
take into account all the factors affecting the car
during operation and possible deficiencies incorpo-
rated in the construction at the stages of design and
production. It implies permissible size tolerances,
replacement of materials during the manufacture,
specific possible mechanical damage during re-
pairs and corrosive damage in operation. Thus, the
car physical condition for each batch of individual
manufacturer will differ.

Therefore there is a need for implementing
relevant tests conducted once every five years ac-
cording to TSL-0070 [6]. Effectiveness of field
tests and their impact on rolling stock traffic safety
is proved in [10].

Purpose

In order to determine the feasibility of extend-
ing the useful life of passenger cars the car testing
laboratory of Dnipropetrovsk National University
of Railway Transport named after Academician
V. Lazaryan by order of «Ukrzaliznytsia»
conducted a set of field tests in 2013. The tests
included static  strength, impact strength
(determining) and impact life length testing of cars.

Methodology

The cars for testing were randomly selected
from the operating park, which exhausted the set
service life or underwent the required scheduled
types of repair. Some cars had damages allowed
under [6]. As the sample cars there were selected
two SOC cars (steel open-type sleeping cars) after
29 and 33 years of service, and two SSC cars (steel
close-type sleeping cars) after 30 and 33 years of
service.

Before testing the condition of cars underwent
technical diagnosis to detect the level of corrosion
and mechanical damage while metering the
member thickness. All tests were performed ac-
cording to the «Standards...» [11] and «Pro-
gramme and methods ...» [15].

Static strength tests were performed to
determine the stresses in car parts caused by
structure and passenger weight. Vertical static load
on the car body members caused by passenger
weight was carried out by the car shed employees,
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who were evenly distributed along the train, and
that caused by own structure weight was
determined as the total stress with the help of the
factor that takes into account body weight, water
and coal weight, etc. While carrying out the static
tests the equipment readings were registered and
the loading-unloading cycle repeated provided the
sensor indication stability.

The impact strength tests were carried out to
assess the stress state of the car structural members
affected by the determined longitudinal forces in
the range of 0,.5 MN...2.5 MN [11,15]. Herewith
the car structural member stress values and impact
force values were recorded.

The impact life length tests were performed to
calculate the life length of bearing members of car
body for impact endurance affected by longitudinal
force. Car impact was performed by run-up of
a hammer car with the help of locomotive onto a
test car, which was located in the head of a
retaining wall. The tests were carried out at speeds
of 3 km/h to 13 km/h [11,15] with a gradual impact
velocity increase by 1...2 km/h. The impacts were
carried out by series, corresponding to one year of
operation. The condition for the test completion
was to obtain the full amount of experimental data
or the car bearing structure integrity damage,
which would threaten the safety of further testing.
The tests determined the impact force and
selectively tensions in some structural members (at
impact force over 2 MN).

All kinds of tests were carried out on the terri-
tory of a car shed. To do this, after the removal of
technically diagnosed car body damages, the
strain-gage sensors were attached to the cars to
determine the stresses, and the serial couplers were
replaced with the strain-gage ones to determine the
impact force.

According to obtained results of mathematical
processing of the recorded processes (structural
members tension and impact force) each type of
the test determined the following:

— The results of static tests defined the
tension in the structural members caused by
passenger weight and own body weight;

—  The impact strength tests allowed to build
the dependency diagrams of impact force — speed
(Fig. 1), of car part stresses — impact force (Fig. 2), to
define tensions in some body members and to assess
the structure stress state by design mode I [11].

Findings

State of SSC car bodywork after 30 and
33 years of service differed little and is typical for
vehicles operating for 30 ... 33 years. Local thin-
ning of main bearing members (span bolster, cross-
bearer and underframe end, except diagonals) due
to corrosion did not exceed 10%, there were no
cracks, deformations, post breakages and other
damages. The largest local corrosion damages
were recorded in underframe sill diagonals
(about 20%).

State of SOC car bodywork after 29 and 33
years of service is even worse in general, but is
typical for this class of vehicles operating for
29...33 years. The span bolster thinning due to
local corrosion reached 30% for 29-year service
car and 35% for 33-year service car. The largest
local corrosion damages in the side sill are re-
corded in the car after 29 years of service — 33%,
the longitudinal tie rod thinning is about the same
for both cars — up to 24%. There are deformations
and corrosion damage of side sill Z-shape of both
cars, single corner post breakages, damage to the
joints of longitudinal tie rod and span bolsters.

The above damages can be removed during the
scheduled repair in accordance with the instruc-
tions of TSL-0026 [4], TSL-0036 [14], TSL-0041
[2] — so all the cars listed above have been taken
for testing.

Static and impact strength tests showed:

— Total static stress caused by passenger
weight with luggage is insignificant. Herewith the
stress in the sleeping car body members did not
exceed 10.4 MPa. In the open-type cars the max-
imum stress was recorded in span bolster
(20 MPa), cross-bearer (23.8 MPa) and side sill
(30.3 MPa);

— The obtained mathematically processed
results of car impact strength tests provided the
stress value and dependence in the structural
members and the hammer car run-up velocity
caused by impact force (Fig. 2).

The diagrams show the strict linear relationship
of parameters. This dependency of stress on impact
force is peculiar for the structural members of all
tested cars:

—  The sleeping cars constructed in 1980 and
1983 take the impact load with the draft sill
(105 MPa) and the span bolster (118 MPa), as well
as the side wall panel bottom (230 MPa). Other
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members of the body have much lower impact
stress. The largest total stress in the structural
members is marked in the draft sill (130 MPa),
span bolster (152 MPa), side sill (208 MPa) and
cross-bearer (158 MPa). In general, the total stress
does not exceed the allowable value that for 09G2-
grade steel of 295 strength class is 305 MPa. The
sstressed state of the sleeping car bodies after
30 and 33 years of service has no significant dif-
ferences;
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Fig. 1. Dependency diagram of impact
force (vertical, in MPa) on hammer
car run-up velocity (horizontal, in km/h).
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Fig. 2. Dependency of span bolster
stress (MPa) on impact force (MN)

— The open-type cars constructed in 1980
and 1984 take the impact load with longitudinal tie
rod (187 MPa), span bolster (164 MPa) and side
wall sill (228 MPa). Other structural members have
much lower impact stress. The largest total stress
in the structural members is marked in the
longitudinal tie rod (127 MPa), span bolster
(164 MPa), cross-bearer (214 MPa) and side sill

(156 MPa). It should be noted that the stress level
in some parts of the car built in 1984 is by 20%
lower than that of the car built in 1980. In general,
total stress of both cars does not exceed the al-
lowable values.

As a result of impact endurance tests the entire
range of longitudinal forces was distributed at in-
tervals followed by calculation of impact endur-
ance intervals, and then by total life length for each
car. Fig. 3 shows an example of impact distribution
in each force range (MN) for sleeping cars.

The figure shows the lighter tone for the num-
ber of efforts received by the car in the wall, the
dark one — as a hammer. The largest impact num-
ber, 202, is recorded in the operating load range
(0.5 1.5 MN). In total each car received
257 impacts from 0.5 to 2.94 MN.
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Fig. 3. Number of impacts (vertical)
in the force range (horizontal, MN)

The impact endurance tests showed:

—  Sleeping cars were not damaged during the
test

— Open-type cars constructed in 1980 and
1984 after the tests had damages common to both
cars: deformation of side sill Z-shape (Fig. 4),
cracks and breakages of the corner posts from side
sill, cracks in span bolster bottom sheet welds.
Besides the car built in 1980 got a crack in
the joint of longitudinal tie rod and span bolster
(Fig. 5);

—  All cars passed the endurance tests without
damage which would prevent from testing and
could not be removed during the next depot repair
or overhaul;

—  All cars have life length that allows them
to extend the useful life for the next 5 years.
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Fig. 4. Deformation of side sill at 2500 mm
length of non-boiler side, bend 20 mm

Fig. 5. The crack on the welding seam
at the joint of the lower sheet of span bolster
with the longitudinal tie rod

The results of experimental tests are correlated
well with the results of theoretical studies [3]. In
both cases, the sleeping car design has a larger
strength margin than that of the open-type car.

Originality and practical value

The results of experimental static and impact
endurance tests prove that passenger cars after
28 ... 30 and 33... 35 years of operation meet the
requirements of regulatory documents relating to
strength and safety of operation. The conducted
life length tests have shown that provided the im-
pact endurance the car service life can be extended
for the next 5 years. The results can be used to ex-
tend the service life of above mentioned cars. The
conducted research allowed justifying the possibil-
ity to continue the operation of passenger cars
without additional measures after 28...30 and
33...35 years of service in the amount of
1,766 units.

Conclusions

The conducted studies determined that the
passenger sleeping cars and open-type cars
constructed before the year 1989 with specific
corrosion damage level have the life length
sufficient for their subsequent operation over the
next 5 years. After the term exhaustion it is
recommended to carry out the life length tests for
assessment of the remaining life, which will
depend on general and operation conditions of the
cars.

In relation to open-type cars after 28 years of
operation, when conducting the scheduled repairs,
special attention should be paid to the state of side
sill and corner posts. In case of suspected breakage
in corner posts and side sill (visual subsidence of
side wall) it is necessary to conduct a survey with
removed outer skin and appropriate repairs. And in
case of OR-1 these measures are mandatory.
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PASPABOTKA PEKOMEHJIALIMIA 11O IPOIJIEHUIO CPOKA
MOJIE3HOM DKCIITYATALIMM MMACCAKUPCKUX BATOHOB

Henb. Tlaccaxupckuii BaroHHBIM TapK YKP3aJu3HUIBI B TOJABISIONIEM OOJBIIMHCTBE MMEET BAaroHbl CO
CBEPXHOPMHPOBAHHBIM CPOKOM CIIykObl. B CBf3M ¢ 3TMM BO3HHKAaeT HEOOXOIMMOCTh ITOMCKa METOJ0B 00OCHOBA-
HUS TIPOJIOJKEHUS MOJIE3HOM 3KCIITyaTalluy MAacCaXXMPCKUX BarOHOB M OIIGHKHM COOTBETCTBUS OCTaTOYHOTO pecypca
KOHCTPYKLIMM Ky30BOB BaroHOB JKCIUTyaTallMOHHBIM HAarpy3kaM B TEUEHHE CIEIYIONIEro CPOKa HCHOJIb30BaHUS.
MeToz[mca. le/l 0T60pe BaroHoOB BBIMOJHAJIIOCHh TEXHUYCCKOC JUATHOCTUPOBAHUC UX COCTOSAHHA C LCIIbIO BBIABIIC-
HUSI YPOBHSI KOPPO3HOHHBIX W MEXaHMYECKUX MOBpEXIeHUH. Ha ciemyromux sTanax BBHITOJIHAJIOCH UCCIIEI0BaHNE
MPOYHOCTH HECYIIMX KOHCTPYKLUH Ky30BOB BarOHOB Ha OCHOBE SKCIIEPHMEHTAIILHBIX CTATHUECKUX M YAAPHBIX HC-
MBITAHUH HAa TIPOYHOCTH, PECYPCHBIX MCIIBITAHMI Ha AEHCTBHE MPOJOIBHBIX CHJI. BBHIMOIHANACH OIIEHKA U MPOTHO-
3MPOBaHNE COOTBETCTBHUS pecypca Ky30BOB BaroHOB Ha cieAylomuii mepuoa. PesyabraThl. OOcnenoBaHus BAroHOB
JI0 UCIIBITAHUU TOKa3aJ0, YTO TEXHUYECKOE COCTOSIHUE KyneWHbIX BaroHoB [IMK nyuiie, yem BaroHOB OTKpBHITOIO
tuna [IMO. Tak, B Baronax [IMK yMeHbIIeHHE TOJIIIWHBI OCHOBHBIX HECYIIMX 3JIE€MEHTOB BCIEICTBHE KOPPO3UHU
He npesbimano 10 %, OTCyTCTBOBaIM TPEILHHEL, JedopMarni, oOphIBEI CTOEK U Ipodee. B To jxe BpeMs B BaroHax
[IMO ym™meHblIeHHE TONIIMHBI BCIEACTBHE JIOKATBHONW Koppo3un pocturano 35 %. Mmetotes aedopmarum u koppo-
3UOHHBIC MMOBPEKIACHUSA Z, 1 HIDKHEN O6B513KI/I O6OI/IX BaroHoB, CAMHWUYHBIC 06pI)IB])l CTOCK, MOBPECKACHUA MECT CO-
€/IMHEeHUs XpeOTOBOM M MIKBOpPHEBOW Oanok. [IpoBe/ieHHbIE cTaTUYECKHE U yAapHbIE MCIBITAHHS C TOCIeTyonen
OLIEHKOM MPOYHOCTHU 3JIEMEHTOB KOHCTPYKIIMM BaroHOB MOKAa3ald, YTO MPOYHOCTH MOCIEJAHUX 00eCcIeunBaeTcs co-
TJIACHO HOPMAaTHBHBIX JIOKYMEHTOB U TaKHE BaroHbl HE HECYT Yrpo3bl O€30MTaCHOCTH JABMKEHHS. Y apHBIE pecypc-
HBIC WCIIBITAHUS TOKa3aJIM, YTO BCE BAaroHbI NPOLUIM MX 0Oe3 moBpexieHui. /laHHble TOBPEXICHUS MOTJIH OBl
NPEISITCTBOBAThH MTPOBEJICHUIO UCTIBITAHUN W HE MOTJIHM OBITh YCTPAHEHBI IIPU ITPOBEJCHUH OYEPETHOTO JIEIIOBCKOTO
VUM KaITUTAIBHOTO PEMOHTA M UMETH HapaOOTKN Ha Pecypc, KOTOPHIE TO3BOJISIFOT IPOUTUTH CPOK UX MOJIE3HOU 3KC-
IUTyaTanuy Ha ciexyronmii nepuos. Hayunass HoBu3Ha. Pe3ynbpTaTsl MPOBEIEHHBIX 3KCIEPUMEHTAIBHBIX HCCIIEN0-
BaHUU JOKa3bIBAIOT, YTO MaccaKupckue BaroHsl nocie 28...30 u 33...35 ser skcIuryaTaluu OTBEYAIOT YCIOBUSIM
MPOYHOCTU U OE30IaCHOCTH ABMKEHHS B COOTBETCTBHM C HOPMATUBHOM JOKyMEHTAIMEH U MO3BOJISIOT IIPU YCIIOBH-
SIX yAapPHOW BBIHOCIMBOCTH OOOCHOBAHHO IPOJJIEBATH CPOK CIIy>KObI BaroHOB. IIpakTHyeckas 3HaYMMOCTh. YacTs
BaroHHOTO TapKa, KOTOpas JOJKHA CIHCHIBATHCS MO CPOKY SKCIUTyaTaluH, O€3 OMOIHUTEIBHBIX MEPOIpPUSTHI
MOJKET MPOOJDKUTH CBOM CPOK CITYKOBI O1aroaps pa3pabOoTaHHBIM PEKOMEHIAIUSIM.

Kniouegvie cnosa: maccaXMpCKU BaroH; CPOK IKCIUIyaTallK; IIPOYHOCTh KOHCTPYKLUH; COOTBETCTBHE; CTATH-
YECKHE UCTIBITAHUS; YAapHbIC HCIIBITAHKS, HApabOTKa Ha Pecypc
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PO3POBKA PEKOMEHJIAIIIN I3 TPOJOBXEHHS TEPMIHY
KOPHUCHOI EKCIIJTYATAIII TACAKUPCBKHX BATOHIB

Merta. [lacaxxupchkuii BaroHHWi napk YKp3aji3HMLI B IepeBakHiil OLNbIIOCTI Mae BaroHW 3 IOHaJHOPMOBaA-
HUM TEPMIHOM CIIy>KOH. Y 3B’SI3Ky 3 IIMM BHHHUKA€ HEOOXIIHICTH MOIIYKY METOJIB OOIPYHTYBAaHHS IPOIOBKEHHS
KOPHUCHOI eKcIuTyaTallii NacaXKHPChKUX BaroHiB Ta OLIHKM BIANOBIJHOCTI 3aJMIIKOBOTO PECYpCy KOHCTPYKII{
Ky30BiB BaroHiB eKCIUIyaTalliiHUM HaBaHTAXXCHHSIM IPOTArOM HACTYITHOTO TEPMiHy BHKOpHUCTaHHA. MeToamka.
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[Tpu BigOoOpi BaroHiB BUKOHYBAJIOCH TEXHIUHE J1arHOCTYBAHHS 1X CTaHy 3 METOIO BHSIBJICHHS PIBHS KOPO3iMHHX Ta
MEXaHIYHUX IMOUIKO/KeHb. Ha HacTynHMX erarnax BHKOHYBaIOCH JOCIHIKEHHS MILHOCTI HECYYMX KOHCTPYKIIH
Ky30BiB BaroHiB Ha MiJICTaBi €KCHEPHUMEHTAIBHUX CTATHYHHMX Ta yIApHHUX Ha MIIHICTh BUIPOOYBaHb, PECYPCHHUX
BUNPOOYBaHb Ha JIiI0 TO30BXKHIX cuil. BHKkOHyBajach OIliHKA Ta MPOTHO3YBAaHHS BIJIIOBIHOCTI pecypcy Ky30BiB
BaroHiB Ha HacTynHuH nepion. PesyabTaTn. OOCTe)XEHHS BaroHiB 1O BUIPOOYBaHb 110KA3alIo0, 0 TEXHIYHUN CTaH
kyneitanx BarosiB LIMK kpammuii, Hixk BaroHiB Bigkputoro tuiy [IMO. Tak, y Baronax [IMK 3MeHIIeHHs TOBIIMHI
OCHOBHHMX HECYYMX €JIEMEHTIB BHACIiIOK Kopo3il He mepesuinyBano 10 %, Oynm BixcyTHI Tpimmau, nedopmarii,
oOpuBH CTiliOK Ta iHmE. B Toif ke wac y BaroHax [IMO 3MeHIIEHHS TOBIIMHU BHACNIJOK JIOKAIBHOI KOPO3ii
nocsirano 35 %. Hasui nedopmarii Ta Kopo3iiiHi HOIMIKOKEHHS Z HMKHBOI OOB’SI3KM 000X BaroHIB, MOOJUHOKI
00pHBH CTIHOK, MONIKOKCHHS MICIIb 3’ €JHaHHS XpeOToBO1 1 mKBOpHEBOI Oanok. [IpoBeneHi cratuyHi Ta yaapHi Ha
MIIHICTD BHITPOOYBAHHS 13 OJATBIIOI0 OLIHKOIO MIITHOCTI €JIeMEHTIB KOHCTPYKIIii BarOHIB MOKa3aJH, 1[0 MIillHICTh
OCTaHHIX 3a0e3MeuyeThCs 3TiHO HOPMATUBHMX JIOKYMEHTIB Ta Taki BaroHW He HECYTh 3arpos3u Oesmeni pyxy.
VYaapHi pecypcHi BUITPOOYBaHHsI MOKa3ajIM, [0 BCI BATOHU MPOMIUIHA iX 0e3 yiikopkeHb. i yikompxeHHs: Moy 6
MePEIIKO/PKATH POBEJCHHIO BUIIPOOYBaHb 1 HE MOTIIM OyTH yCyHEHI IPH MPOBEJICHHI YeproBOro JeMoBCHKOTo abo
KalliTaIbHOTO PEMOHTY Ta Majli HalpallOBaHHS Ha pecypc, SKe J03BOJSIE NMPOJOBXKHUTH TEPMiH iX KOpHCHOI
eKcIUTyaralii Ha HacTynHuii mnepion. HaykoBa HoBu3HA. Pe3synmbTaTé NpOBENEHUX EKCHEPHUMEHTAIBHUX
JIOCJIIIPKEHB JIOBOASATS, 110 MacaXupcebki BaroHu micis 28...30 Ta 33...35 pokiB ekcruryaranii BiJlIOBiIalOTb yMO-
BaM MiIIIHOCTI Ta Oe3MeKku pyxy 3TiIHO 3 HOPMATHBHOIO JOKYMEHTANI€l0 Ta J03BOJIOTHE 3a yYMOB YJapHOI
BUTPUBAJIOCTI OOTPYHTOBAHO MPOJOBXKYBATH TEPMiH ciTykOu BaroHiB. [IpakTuuna 3HaynMicTh. YacTHHA BaroHHO-
TO HapKy, SKa MOBHHHA CIMCYBATHCS 3a TEPMIHOM eKCIUTyartarii, 0e3 JOJaTKOBHX 3aXOJiB MOXE ITPOJOBKHTH
TEPMIiH CITy>KOH 3aBISKU pO3POOICHNM PEKOMEHIAIIISM.

Knrouosi crosa: macaXupChKi BaroH;, TEPMIiH SKCIUTyaTallii; MIIIHICTh KOHCTPYKIIii; BiAIIOBIAHICTh; CTATHYHI
BUIPOOYBaHHS; yAapHi BUMPOOYBaHHS; HANPAIIOBAaHHS HA pecypc
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