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MODERNIZATION AS A WAY TO IMPROVE THE USE
OF UNIVERSAL CARS

Purpose. The main design requirements of the modernized cars are those allowing reduction of operating costs
and improvement of economic efficiency of their use. Due to the relevance of this subject the work presents the
complex of conducted research, which will allow in prospect to use the universal flatcar, converted according to the
Technical specifications TU 3182-065-71390252-2911 for container service. The research includes: evaluation of
strength, fatigue safety of the design elements and conformity assessment of the strength characteristics of the mod-
ernized flatcar elements to the regulatory documents. Methodology. The analysis covers the use of specialized and
universal rolling stock for transportation of containers, as well as the issues of modernization of universal cars. The
strength of the flatcar bearing structure is evaluated based on the complex of numerical and experimental studies. The
experimental part includes the static, repair load and impact tests. The car strength qualities and the fatigue safety are
evaluated on the basis of calculated and experimental data. Findings. The conducted static, repair load and impact
tests, given the quasi-static longitudinal forces, allowed the evaluation of the car structure strength according to the
regulatory documents. The calculated and experimental data make it possible to assess the fatigue safety of structural
elements. The present work is completed by obtaining the results that allow performing reasonable re-equipment of
universal flatcars with baseplates with fitting stops to fasten the containers. Originality. The results of calculated and
experimental studies showed that the modernized flatcars meet the conditions of strength and have sufficient fatigue
safety factor. This makes it possible to recommend the re-equipment of universal flatcars for all car-repair enterprises
that submitted the prototypes. Practical value. The complex of works was conducted that demonstrated the possibility
of re-equipment of universal flatcars for the transportation of large containers. Part of the car fleet, kept in reserve, with
little material costs can be transferred to the operational fleet. The modernization — re-equipment of universal flatcars
with stationary specialized devices will increase the car usability coefficient.

Keywords: flatcar; container; centre sill; structural strength; static tests; longitudinal loads; impact tests; fitting
stop; stress; strength evaluation

Introduction range of 40, 60, 80-foot cars for container service
[5], [6], [7], [8]. Further to the work on
improvement of such cars OJSC «Azovmashy» and
0OJSC NVC «Vagony» conducted the research and
developed the design of modern articulated flatcars
for container service [1], [5], 11]. However, the
completion of the rolling stock with new flatcars is
not a quick process both technically and eco-
nomically.
Therefore, there is a question of using the cars of
existing operating fleet.

Analysis of the inventory rolling stock of
Russian Railways, presented in [12], showed that a
largest number of cars in reserve are flatcars

doi 10.15802/stp2016/67334 © O. H. Reidemeister, V. O. Kalashnyk, O. A. Shykunov, 2016

In the last decade the average annual growth in
global container traffic reached 3%. This growth
requires augmentation of the rolling stock with
cars for container service. This can be carried out
by specialized container service cars and using the
universal rolling stock (gondola cars, flatcars).

The car-building enterprises such as CJSC
«Protractor-Wagon», CJSC «UK BMZ», OJSC
«AZOVY, OJSC «Altaivagony, 0OJSC
«Dneprovagonmash», OJSC «ZMK», OJSC
«KVSZ», 0OJSC  «Ruzkhimmash», OIJSC
«Tverskoy VSZ», OJSC «Transmash» offer a wide

148



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchkoro

HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOrO TpaHcmnopty, 2016, Ne 2 (62)

PYXOMUI CKJIAJL I TSTA IIOT3/1IB

(37%), whose normative service life (32 years) has
not expired and there is an opportunity to use them
for further operation after the modernization.

Problems of modernization and re-equipment
of cars for transportation of containers, pipes,
timber, etc. were the most substantively considered
by OJSC NVC «Vagony» [2], [3], [4], [12]. Here,
for several years they have been conducted the
research of ways for modernization (design study)
and justification of the further operation of
modernized cars. One of the developments is the
modernization of flatcars of models 13-401 and
13-4012 for transportation of large containers.
They developed Technical specifications TU 3182-
065-71390252-2911 and carried out a wide range
of theoretical and experimental studies, including:
car negotiation, dynamic qualities, car design
stability, static and impact strength tests. The
research results lead to approval by Russian
Railways of TU that were recommended for
widespread use. The modernization of universal
flatcars for transportation of heavy tonnage con-
tainers implies the equipment of cars with
baseplates with fitting stops to fasten the
containers (Fig. 1). The modernized flatcars are
marked 13-401-50 and 13-4012-50 respectively.
The production of equipment is agreed in time with
the scheduled type of repair (roundhouse servicing
or overall repair).

Fig. 1. Arrangements of fitting stop

Herewith, the enterprise producing the repair
should be included in the list of enterprises that
have the right to re-equip the flatcars of these
models.

The figure shows that the elevated fitting stop
(Fig. 1. a) allows placing of containers, while the
lowered stop (Fig.1.b) — a wide range of goods.
Also, such arrangement of baseplates does not pre-
vent from placing a wide range of goods when the
fitting stops are lowered. Thus, the flatcar can be
used for transporting cargo in both directions,
which greatly increases its efficiency.

Purpose

The enterprise, which re-equips the flatcars in
accordance with TU 3182-065-71390252-2911,
should produce a prototype, conduct acceptance
testing, and an accredited test centre — preliminary,
periodic and standard tests. RPE «Vagonnik» en-
gaged Dnipropetrovsk National University of
Railway Transport (DNURT) to perform the tests.
Furthermore RPE specialists and employees took
part in tests performance, including: static strength
tests, collision strength tests and calculation-
experimental evaluation of the structure fatigue
safety.

There were tested 6 flatcars, which undergone
modernization in various car repair depots of OJSC
«VRK», located on the territory of the East Sibe-
rian, Far Eastern, Trans-Baikal, North and South
Urals Railways.

Methodology

Prior to the tests the tensoresistors (sensors)
were stuck onto the bearing elements of the car
frame. Herewith one side of the car (with respect to
the longitudinal symmetry axis) was the primary
one, and the other — the control one (one or two
sensors in the section). Fig. 2 shows the
arrangement of sections on the car frame and
designation (abbreviation) of elements. In total
there are 12 sections on the left and the right sides
(with respect to the longitudinal axis) of the car,
which house 44 sensors. Designations of elements
are as follows: CS — centre sill, SS — side sill, SB —
span bolster, LB — longitudinal beam, DG -
diagonal, LBM - longitudinal beam in the car
middle.

doi 10.15802/stp2016/67334
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Fig. 2. Arrangement of sections on the flatcar frame

The main purpose of the static strength test was
the compliance check of flatcar structure element
strength index with the requirements of regulatory
documentation.

There were conducted static vertical (a) and re-
pair load tests (Fig. 3);

Fig. 3. Static vertical (a) and repair (b)
load diagrams

The static vertical load was tested by way of
loading flatcar with two 20-foot containers with a
gross mass of 23.5 tons and 24.5 tons. During the
test the stresses in the frame elements were fixed
when the car was empty and laden.

The repair load tests included the following modes:

— Lifting of laden car using both ends of the
span bolster;

— Lifting of laden car using one end of the span
bolster;

— Lifting of empty car using the opposite ends
of the span bolster (by diagonal).

The collision strength tests were conducted by
the hammer-car locomotive rolling onto the
prototype car, standing in the retaining wall (Fig.
3). The wall was formed by 5 loaded cars with
total weight of more than 300 tons.

Fig. 4. Arrangement of prototype car
and a retaining wall

During the collision strength tests the following

parameters were recorded: collision speed, force in
automatic coupler (impact force), dynamic stresses
in the car elements. Collisions were made in the
speed range of 5...13 km/h. At the same time, in
the course of collisions the car was periodically
inspected for the structural integrity of the car, of
the containers and baseplates with fitting stops.
All kinds of tests were carried out with the use of
tension metering and recording equipment of
DNURT on the territory of the car repair depot
Chelyabinsk. Processes were recorded on elec-
tronic media (PC) with their subsequent process-
ing. Measured strains for all kinds of tests by
known methods were transformed into stresses.

The strength structure was evaluated by
summing-up the stresses caused by the vertical
loads due to the weight of the car cargo and
containers, the estimated longitudinal tensile load
by I (2.0 MN) and III (1.0 MN) design modes, the
estimated longitudinal compressive load by I (2.5
MN) and III (1.0 MN) design modes, the dynamic
addition of the vertical load (mode III), the lateral
load (III mode). The stress values due to quasi-
static longitudinal loads were obtained by calcu-
lation.

When evaluating the car collision strength there
were taken into account the stresses due to vertical

doi 10.15802/stp2016/67334
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load and collision longitudinal load, reduced to the
force of 3.5 MN.

The main task of -calculation-experimental
evaluation of the structure fatigue safety was to
check the compliance of flatcar structure fatigue
safety index with the requirements of regulatory
documentation. For this purpose the equivalent
stress amplitude value was determined, that al-
lowed calculating the endurance limit and the
fatigue safety factor. When evaluating the fatigue
resistance there were taken into account both the
vertical and longitudinal loads. Stresses due to
vertical loads were determined by car dumping
from wedges (determining the stress frequency and
amplitude), while stresses due to longitudinal loads
were obtained in the course of the strength colli-
sion.

Findings

The results of structure strength evaluation al-
lowed building the diagrams of stress values in the
main elements taking into account the longitudinal
compression and extension loads (Fig. 5).

a
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b 200 181
compression 155 153
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Fig. 5. Stresses (in MPa) in the flatcar elements
by I and III design mode:
a — extension; b — compression

The lighter shade in the figure marks the stress-
es by I design mode, the darker one — by III design
mode, the designation of elements corresponds to
Fig. 2.

The figure shows that the most stressful
elements are the span bolster, the cross-bearers and
the diagonal. Herewith the value of total stresses
by I design mode under longitudinal compressive
loads is higher and reaches 181 MPa in the cross-
bearer. It should be noted that while the tensile
loads result mostly in strained span bolster, the
compressive ones force the work of cross-bearer
and centre sill (I mode). Weak entry into operation
of side sills also may be noted — the maximum
stress under compressive load was 81 MPa. In
general, the concerned flatcars are characterized by
a low level of stresses, and their values are
significantly lower than the permitted ones in both
design modes (Table 1).

Table 1
The values of allowable stresses in the elements
Element Allowable stresses by modes, MPa
1 111
extension/ impact
compres-
sion
Centre sill 274.5 305 190
and span
bolsters
Side sill and 289.75 305 195
cross beams

The evaluation results of the car collision
strength with the longitudinal force of 3.5 MN are
shown in Fig. 6. The stresses in 4012-50 model
flatcar elements are shown in grey, those of 401-50
model — in black. Designation of elements corre-
sponds to Fig. 2.

The diagram shows that the most stressful ele-
ments are the span bolster, the frame longitudinal
beams and the diagonal — 189...252 MPa. The ac-
tive entry into operation of 4012-50 model flatcar
side sills should be noted (174 MPa), while 4012-
50 model has the stress level in the centre sill by
23% lower than in the side sill. This can be attrib-
uted to a difference in frame structural variations.
Since the longitudinal force value of 3.5 MN re-
sults in operation of the car element metal in the
range of low-cycle fatigue, then the allowable
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stresses [O] = Ot = 305 MPa (see Table 1). In gen-
eral, the stress values in the flatcar elements, when
the impact force is 3.5 MPa, are lower than the
permitted ones.

The results of calculation-experimental evalua-
tion of the structure fatigue safety showed that the
value of the fatigue safety factor is above the regu-
latory value (1.5) in all sections of the flatcar ele-
ments. Fig. 7 shows the diagrams of fatigue safety
factor values for the car basic elements. Fig. 7 a
corresponds to the model 4012-50, Fig. 7 b — 401-
50. Here the darker line shows the minimum val-
ues, while the lighter line — the maximum values of
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the fatigue safety factor, designation of the ele-
ments corresponds to Fig. 2.

Maximum and minimum values of fatigue safe-
ty factor are recorded in the same section of the
structural elements. The diagram shows that the
distribution nature of safety factor values along the
flatcars is the same. The minimum fatigue safety
factor values for 4012-50 model are in the range of
1.61...1.97, while for 401-50 model are a little
lower — 1.51...1.82. But for both models the fa-
tigue safety factor values are not lower than the
regulatory ones (1.5).

LBM

Fig. 6. Collision stress values (vertically, MPa) in the flatcar elements
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Fig. 7. Diagram of fatigue safety factor values of the flatcar elements

doi 10.15802/stp2016/67334

152

© O. H. Reidemeister, V. O. Kalashnyk, O. A. Shykunov, 2016



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchkoro

HAI[IOHAJIBHOTO YHIBEPCHUTETY 3aIIi3HUYHOrO TpaHcmnopty, 2016, Ne 2 (62)

PYXOMUI CKJIAJ] I TSATA IIOI3/IIB

Originality and practical value

The results of the conducted static and impact
tests, computation-experimental evaluation of the
structure fatigue safety factor for flatcar models
4012-50 and 401-50 verified compliance of the
modernized flatcars with regulatory requirements.
The research results can be the basis for the re-
moval of flatcars from reserve and their re-
equipment for transportation of large containers.

These positive results of prototype tests after
the modernization performed during the scheduled
repairs in six car-repair depots allow these depots
to re-equip the flatcars of the mentioned models
commercially.

Conclusions

The conducted research provided rationaliza-
tion for modernization of universal flatcars for
container service according to TU 3182-065-
71390252-2911 in the conditions of the car-repair
enterprises. This makes it possible to use the roll-
ing stock cars that are out of operation.
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MOJAEPHI3ALIA AK CIIOCIBb ITOJHITIIEHHA BUKOPUCTAHHSA
YHIBEPCAJIbHUX BAI'OHIB

Meta. OCHOBHUMH BUMOTaMH 10 KOHCTPYKIIii MOJIEPHI30BaHUX BATOHIB € Ti, SIKi JO3BOJATH 3HU3UTH €KCILTya-
TaliiHI BUTPATH Ta MIABHUIIUTH €KOHOMIUHY €(DEKTUBHICTh iX BUKOPUCTAHHS. Y 3B'SI3Ky 3 aKTYalIbHICTIO L€l Tema-
TUKH HEOOX1IHO IPOBECTH KOMIUIEKC JOCITIHKEHbB, SIKHH TO3BOJHTH y MOJANTBIIOMY BUKOPHCTOBYBATH YHiBEpCATbHI
wiaropmu, nepeodaaHani BianosigHo 10 TexHiuanx ymoB TY 3182-065—71390252-2911 mig nepeBe3cHHs KOH-
TeifHepiB. Y mpoleci AoCiKeHb NependavyacTbcsi BUKOHATH: OLIIHKY MILHOCTI, 3aracy OIopy BTOMHU €JIEMEHTIB
KOHCTPYKIIi Ta OIIHKY BiJIIOBITHOCTI XapaKTEePHCTHK EIEMEHTIB MOJEpPHI30BaHOI IuIaTGOpMI HOPMATHBHIH JOKY-
MmeHTanii. Metomuka. [IpoBeeHo aHaii3 BUKOPUCTAHHS /IS IEPEBE3EHHsI KOHTEHHEPIB CIIELiali30BaHOTo Ta yHi-
BEPCAJILHOTO PYXOMOTO CKJIaJy, MMTaHb MOJIEpHi3alii yHiBepcaIbHUX BaroHiB. BUKOHAHO OIIHKY MIIIHOCTI HeCy4oi
KOHCTPYKIIi TUIaTGOPM Ha IICTaBI KOMIUIEKCY PO3PaXYHKOBHUX 1 €KCIIEPUMEHTAIBHHUX TOCTiMKeHb. ExcriepumMen-
TaJbHA YaCTHHA BKIIIOYAE B ceOe BUMPOOYBaHHS: CTATHYHI, YAapHI Ta HA PEMOHTHI HaBaHTakeHH:. [IpoBeneHo ori-
HKY SKOCTEH BaroHa Ha MIIHICTH 1 3amacy BTOMHOI MIITHOCTI Ha 0a3i po3paxyHKOBO-€KCIEPUMEHTAIBHUX JTAHUX.
PesyasTaT. Ha migcraBi mpoBeIeHNX CTAaTUYHUX, YOAPHUX Ta HA PEMOHTHI HaBaHTaXCHHS BHUIPOOYBaHB, i3 ypa-
XyBaHHSM KBa3iCTATHYHMUX MO3JOBXKHIX CHJI, IPOBEIEHA OIliHKa MIIIHOCTiI KOHCTPYKIIi BaroHiB 3TiAHO HOPMaTHBHOI
JoKyMeHTallii. Po3paxyHKOBO-eKCIEpUMEHTANIBHI JTaHi JO3BOJISIOTH 3pDOOUTH OIHKY 3aracy Omopy BTOMH €JIEMEH-
TiB KOHCTpYKIii. /laHa poOoTa 3aBepiieHa OTPUMaHHAM Pe3YJIbTATiB, SKi J03BOJIAIOTH OOIPYHTOBAHO 3[1HCHIOBATH
nepeo0iaHaHHs YHIBEpCAJIbHUX IUIATGOPM OIIOPHUMH IUIMTaMH 3 (DITHHTOBUMH YIIOPaMH JUIsl KPIIUICHHS KOHTEMH-
HepiB. HaykoBa HoBH3HA. Pe3ynbratu npoBeieHUX PO3paxyHKOBUX Ta €KCIIEPUMEHTAJIbHUX JOCIIHKEHb IoKa3a-
JIM, 10 MOJICpHI30BaHi IIaTopMHu BiANIOBIAAIOTH YMOBAM MIITHOCTI i MalOTh JOCTaTHii 3amac onopy Bromu. Lle
JIO3BOJISIE PEKOMEH/TyBaTH NepeodiiafHaHHs YHIBEpCATbHUX IUIATGOPM CepiifiHO BCiM BarOHOPEMOHTHHM IiAIIPUEM-
CTBaM, LI0 MpEICTaBWIN AociinHi 3pasku. [IpakTuyna 3HaYMMicTh. ABTOpaMH NPOBEACHUH KOMIUIEKC poOiT, Ha
MiZCTaBl SIKMX OOTPYHTOBaHA MOJIMBICTH IepeoONaTHAHHA YHIBEpPCAThHUX IUTATGOPM A MEepeBE3CHHS BEIHUKO-
TOHHa)XHHX KOHTeHHepiB. YacTHHA BaroHHOIO MapKy, IO 3HAXOAWTHCS B 3allaci, 3 HEBEJIMKUMHU MarepialbHHUMH
BUTpaTaMH MOXe OyTH TepeBe/ieHa B eKCIDTyaTaliiHui mapk. 3a paXyHOK MPOBEICHOT MOJIepHi3allii — mepeoba-
HaHHS YHIBEpCAbHUX IIAT(OpPM CTal[lOHAPHUMH CIIELiadi30BaHUMHU HPUCTPOSIMU, — 30UIBLIYETHCS KOEDIL[IEHT
BHUKOPUCTaHHs BaroHa.

Kniouosi cnosa: nnardopma; koHrteitHep; xpeOToBa 0Oanka; MIIHICTh KOHCTPYKI{, CTATU4HI BUIPOOYBaHHS;
MO3/I0BXKHI HABAaHTXKEHHS; yJapHi BUIPOOYBaHH:; (pITHHIOBUIA yIIOp; HANPYKEHHST; OLIHKA MII[HOCTI
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MOJAEPHMU3AIINA KAK CIIOCOB YJIYYIHIEHUA UCITOJIB30OBAHUA
YHUBEPCAJIBHBIX BAI'OHOB

Henb. OcHOBHBIMU TPEeOOBaHMAMH K KOHCTPYKLMH MOJEPHU3UPOBAHHBIX BAarOHOB SIBIISIFOTCS T€, KOTOPBIE IO-
3BOJIAT CHHU3MTh SKCIUTyaTal[MOHHBIE PACXOMAbl M IMOBBICUTH SKOHOMHUYECKYIO 3()(EKTHBHOCTh MX HCIIOJIB30BAHMUA.
B cBsi3u ¢ aKTyaJIbHOCTBIO JAaHHOM TEMaTHKHW HEOOXOANMO NPOBECTH KOMIUIEKC UCCIIEIOBaHUM, KOTOPBIH MO3BOJIUT
B JaJbHEHIIEeM KCIOJb30BaTh YHUBEpCAIbHbIE IIaT(OPMbI, NEepeoOOpPYIOBaHHBIE COINIACHO TeXHHYECKUM
yenoBusim - TY  3182-065-71390252-2911 mnonx mepeBo3Ky KoHTeiiHepoB. B  mpomecce wuccnenoBaHuit
MpEeaIoNaraeTcsi MPOU3BECTH: OLIEHKY MPOYHOCTH, 3alaca COINPOTHUBIEHUS YCTAJOCTU 3JIEMEHTOB KOHCTPYKLUH
1 OLEHKY COOTBETCTBHS MPOYHOCTHBIX XapaKTEPUCTHK 3JIEMEHTOB MOJICPHU3UPOBAaHHOHN 1aT(GOpMBbI HOPMATHBHOMN
JokymeHTar. Meroauka. [IpoBeneH aHannM3 MCHONB30BaHUS IS TIEPEBO3KH KOHTEHHEPOB CIICNNAIM3UPOBAHHOTO
W YHUBEPCAJIBHOTO IOABI)XHOTO COCTaBa, BOIPOCOB MOJCPHHU3ALMK YHHBEPCAIBHBIX BAaroHOB. BhINoiHEeHa olieHKa
MPOYHOCTH Hecyllell KOHCTPYKIMM IDIaTGOpM HAa OCHOBAaHHMHM KOMIUIEKCA PACUYETHBIX M SKCIIEPUMEHTAIBHBIX
UcCleIoBaHNni. DKCIEPUMEHTANIbHAS YacTh BKJIIOYAET B CEOsl MCIBITAHUS: CTATHYECKHE, YAAPHBIE U HA PEMOHTHBIC
Harpy3ku. [IponsBesieHa OlLlEHKa IPOYHOCTHBIX Ka4eCTB BaroHa M 3araca yCTaJOCTHOM NMPOYHOCTH Ha 0a3e pacdeTHO-
9KCIIEPUMEHTAIBHBIX JaHHBIX. Pe3yabTaThl. Ha 0OCHOBaHMN NMPOBENEHHBIX CTAaTUYECKHX, YAAPHBIX U Ha PEMOHTHBIE
Harpy3KH HCIBITaHUI, ¢ y4€TOM KBa3UCTaTMYECKUX MPOJOJIBHBIX CHJI, IPOU3BECHA OILIEHKA MPOYHOCTH KOHCTPYKIIUHU
BaroHOB COIJIACHO HOPMATHBHOM JOKyMeHTaluu. PacdeTHO-3KCIepHMeHTalbHbIE JaHHbIE MO3BOJIIIOT NMPOM3BECTH
OLIEHKY 3amaca COIPOTUBIIEHMS YCTAJIOCTH 3JIEMEHTOB KOHCTpYKIMH. JlaHHas paboTa 3aBepllieHa MHOJyYCHHEM
pe3ynbTaToB, KOTOPbHIE IO3BOJSIIOT OOOCHOBAaHHO MPOW3BOAMTH I€peoOOPYIOBAHNE YHHMBEPCAIBHBIX IUIAT(OPM
OTIOPHBIMU TUIMTaMH C (PUTHHTOBBIMH yIIOpaMH JUIsi KpeIuleHusi KoHTeliHepoB. Hayuynasi HoBu3Ha. Pe3ynbraThl
NPOBEJICHHBIX PAcUYETHBIX M IKCIEPHMEHTAIBHBIX HCCIECJOBAaHUN IOKa3aJId, YTO MOJCPHU3MPOBAHHbIE ILIAT)OPMBI
OTBEYAIOT YCJOBHMAM IIPOYHOCTH M HMMEIOT JOCTATOYHBIM 3amac COMPOTHBICHHS YCTAJIOCTH. JTO IIO3BOJSIET
PEKOMEHJ0BaTh Nepeo0OpyIOBaHNE YHUBEPCAIBHBIX IUIAT(OPM CEPUIHO BCEM BarOHOPEMOHTHBIM MPEINPUSATHSIM,
NPE/ICTaBUBIINM ONBITHBIE 00pasipl. IIpakTHyeckasi 3HAYMMOCTh. ABTOpaMH NPOBENCH KOMIUIEKC paboOT, Ha
OCHOBaHMH KOTOPBIX OOOCHOBaHA BO3MOXHOCTb INEpeo0OpYHOBaHMS YHHBEPCAIbHBIX ILIaTGOPM IIOJ IEPEBO3KY
KPYIHOTOHHaKHBIX KOHTEHHEpOoB. YacTh BArOHHOTO IapKa, HAXOJMIAACS B 3amace, ¢ HEOONbIINMU MaTepHAIbHBIMU
3aTpataMd MOXXET OBbITh NepeBelleHa B OKCIUTyaTAlMOHHBIM MapK. 3a CYeT IMPOBEICHHOW MOJEpHHU3AIUU —
nepeo0opyJOBaHUsS  YHMBEPCAIBHBIX IUIAT(GOPM  CTAlMOHAPHBIMU  CIHELHAIN3UPOBAHHBIMU  yCTPOHCTBAMH,
yBeNU4MBaeTCsl KO3((GHUIMEHT UCIOJIL30BAaHUS BaroOHa.

Knouesvie crosa: nmnartdopma; KOHTeHHep; XpeOToBast 0ajika; NPOYHOCTh KOHCTPYKIUU; CTATUYECKHUE UCIIBITA-
HUSL; IPOJIOJIbHBIE HATPY3KH; YAapHbIE HCIBITAHUS, (PUTUHTOBBIN YIIOP; HAIPSDKEHNUS; OLIEHKA TPOYHOCTH
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