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Abstract. Problem. At present, on the existing roads of Ukraine the construction of road pavement
does not meet the requirements for durability and load-carrying capacity, because of constant in-
crease in traffic intensity, the emergence of new types of vehicles with increased axle loads and uncon-
trolled transport overload. The widespread use of roller-compacted cement mixes (RCC mixes) in the
construction of road pavements for highways will solve these problems. Goal. The aim of the work is
to study the effect of the components of a rigid cement-concrete mixture on the physical and mechani-
cal properties of concrete, as well as the industrial introduction of the technology of RCC in Kharkiv.
Methods. The methods for assessing RCC characteristics allow to carry out all necessary research on
the basis of existing regulations in Ukraine. Results. As a result of the studies carried out, composi-
tions of RCC mixtures on local materials with compressive strengths of 60 MPa were obtained, with a
bending strength of more than 4.5 MPa, density of 2420 kg/m’ and frost resistance of F200. Novelty.
The scientific novelty of the construction works is in the selection of the compositions of RCC mixes by
applying high-quality cement, fine sand, two (or three) fractions of rubble, mineral additives, complex
additives and nonmetallic fibers, which leads to an increase in the density and strength of the RCC,
and also increases the durability of the cement concrete coatings compacted. Practical value. Labora-
tory research and selection of cement-concrete mixes for production of RCC used in the construction
of road pavements were carried out to prove the aims of the work, as well as industrial introduction of
the technology of RCC mortar has been carried out by laying the road section on the territory of the
enterprise in Kharkiv city.

Key word: composition of cement-concrete mixture, stiffness of cement-concrete mixture, roller-
compacted cement concrete mix (RCC mix), compressive strength, tensile strength at bending.

Introduction

At present, on the existing roads of Ukraine
the construction of road pavement does not meet
the requirements for durability and load-bearing
capacity, because of the constant increase in
traffic intensity, the emergence of new types of
vehicles with increased axle loads and uncon-
trolled transport overload.

A consequence of this situation is the rapid
destruction of asphalt-concrete road surface
coatings and rutting. At the same time, it is nec-
essary to repair the surface of non-rigid road
coating more often, the repairing time is short-
ened, so the costs for the maintenance and sub-
sequent repair of road clothes are increased.

Analysis of publications
Construction of monolithic cement-concrete
coatings is carried out by concrete rollers on
wheel-rail or sliding formwork, as well as of
hard concrete mixes, which are compacted by

rolling with heavy road rollers [1-10].

The disadvantages of the technology for the
construction of monolithic cement concrete
pavements with the compacting of concrete mix-
tures by concrete pavers on wheel-rail or sliding
formwork include a longer term for the care of
freshly laid concrete, which is at least 28 days,
associated with the process of concrete strength
hardening; high initial cost of the cement con-
crete pavement, in comparison with asphalt con-
crete, at the expense of additional expenses for
the admission of motor transport with the exist-
ing network of roads, which is especially critical
in the construction of road clothes in cities and
towns; low comfort of travel on roads with ce-
ment concrete coating.

Roller-compacted concrete mixes, on the
contrary, allow to obtain a variety of monolithic
cement-concrete with the minimum possible
water-cement ratio (W/C), at which the maxi-
mum degree of compaction of the material by
rollers is possible which provides formation of a
dense structure. The consistency of the cement-
concrete mixture should be such that it can with-
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stand the mass of the vibrating roller, and also
provide the required degree of compaction [7-9].

When hydrating cement, about 15 % of the
water from its mass is needed. Therefore, at a
cement consumption of 300400 kg/m’, 45-60
liters of water are required for chemical interac-
tion. The rest of the water gives the cement-
concrete mixture such technological qualities as
workability and handling. Reduction of water
consumption reduces shrinkage and temperature
deformations of cement concrete [7, 10].

Another advantage of using rigid cement-
concrete mixtures is the possibility of compact-
ing with the help of the most common machines:
motor graders, rubble-spreaders and asphalt
rollers. There is no need to use expensive con-
crete rollers, as well as reinforcement with flat
or rolled welded nets.

The technology of RCC includes the follow-
ing: mixture preparation, transportation, pack-
ing, compaction and maintenance. A large
spread of RCC received during the construction
of dams and retaining walls of dams.

In the countries of Europe and the USA RCC
mixtures in road construction are used in the
arrangement of layers of road coating intended
for the movement of heavy vehicles (container
trucks, military vehicles, forestry machinery);
container terminals, car parking; access roads,
rural, forest roads with high traffic loads; minor
roads and lanes, local roads and highways, road
access to airports, runways of airfields; as a rein-
forcement layer in the reconstruction of old road
surfaces [9].

Such road coatings are much stronger and
more durable than asphalt concrete, in addition,
much less time is spent on their compacting than
in traditional technologies of monolithic cement-
concrete coatings [7—10].

In the road construction, the cement mixes
used include Portland cement with the addition
of a microfiller, in many cases fly ash (15-20 %
of the cement consumption). Such cement-
concrete mixture should have a rigid consistency
(the workability index on a standard technical
viscometer is not less than 30 s), so that it can be
laid with asphalt pavers and compacted to the
required density by rollers. In Germany, this
consistency is classified from earthy-damp to
hard, in the USA — as «non-slump». The com-
ponents of cement-concrete mixture are joined
in stationary concrete mixing plants, and after
delivery the mixture is placed and pre-
compacted by asphalting machines having a
large mass. Final compaction is achieved by

means of vibrating, pneumatic or combined roll-
ers [7-10].

The existing experience in the production of
road pavements of RCC mixes has shown the
possibility of their application in the construc-
tion of roads on which vehicles with a large axi-
al load move, for example, in the construction of
access roads for super-heavy vehicles on indus-
trial enterprises; sites for parking of fueling and
military  vehicles, including military and
transport aircraft [7-10].

Compressive strength of the RCC can be ob-
tained at the rate of more than 50 MPa. The
flexural strength is directly related to the com-
pressive strength and, depending on the type of
concrete mix, is 3.5-7.0 MPa. The modulus of
elasticity is similar or slightly higher than that of
conventional cement concrete, if the mixtures
have the same cement content. The abrasion of
the coating from the RCC and ordinary cement
concrete is also similar. A higher percentage of
the mortar (micronutrient, cement and sand), as
compared to conventional cement concrete, will
allow mechanical processing to cure the surface.
The bond strength at the joint of layers is suffi-
cient for the placing of layers of the road surface
during 1 hour, but may require a reduction in the
interval in warmer weather. The mark for the
frost resistance of the RCC is higher than that of
the conventional concrete, the shrinkage values
are usually lower because of the lower W/C, and
the permeability (the SP test showed less values)
is comparable to that of conventional concrete
[9].

To assess the consistency of the cement con-
crete mix, a modified WEBE device is used.
Effective roller compaction of a rigid cement-
concrete mixture is achieved with the rigidity of
the mixture by a modified WEBE device from
30 to 40 s [7].

To assess the compatibility of the cement-
concrete mixture, the modified Proctor method
is used, which is usually applied to determine
the compactness of the cement mortar [7].

One of the main advantages of using rigid
cement-concrete mixtures as a material for the
construction of road coating is the possibility of
opening for traffic vehicles in 2 days at tempera-
tures above 20 °C and in 3—4 days at lower tem-
peratures (5-20 °C) [9].

Aims and stating the problem
The aim of the work is to study the influence
of the components of a rigid cement-concrete
mixture on the physical and mechanical proper-
ties of concrete, as well as the industrial applica-
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tion of the technology of RCC in Kharkiv. The
main task is to obtain the compositions of roller-
compacted cement-concrete mixtures for pro-
duction of coating and foundation of road pave-
ments using local materials.

The Basics of Acquiring RCC

One of the vectors for obtaining cement-
concrete mixes for RCC is the use of various
industrial wastes to minimize the cost of the fi-
nal product [11-13].

We know the methods of preparing a cement
concrete mixture [11] for the construction of
road and airfield coatings, including mixing ce-
ment, ash and slag waste incineration, fillers,
additives, modifiers, detoxifying additives and
water at the following ratio of components
(wt. %): Cement 20-25; ash and slag wastes of
incineration 40-60; filler 0-30; additive-
modifier of concrete 0.02-0.075; additive-
detoxicant 0-0.35 and water.

As a modifier additive, a mixture of additives
is used: siliceous, plasticizing and curing agent
in the ratio, wt. %: siliceous additive 058, plas-
ticizing additive 17-35 and curing agent 25—65.
In this case, the modifier MB 10-01 or microsil-
ica or marshalite is used as a siliceous additive.

As additives, detoxicants the following sub-
stances are used: SDO, SNB, SGK or their dou-
ble or triple mixtures, at a weight ratio of
1:(0.5-1) or 1:1:(0.25-0.3), respectively.

The disadvantage of this method of preparing
cement-concrete mixture is the need for sorting
and separation from metal inclusions and un-
burned fractions of waste incineration, as well as
their detoxification. The instability of the phys-
ic-mechanical characteristics of waste incinera-
tion can lead to a significant spread of strength
and frost resistance of the RCC.

The procedure of preparing a cement con-
crete mixture is known [12], which involves
mixing cement, fly ash, sand, coarse aggregate
and water with the following component ratio,
wt. h.: cement 270-340; fly ash 60-130; sand
510; a large aggregate 1260 and water 200. Var-
ious functional additives are added to the ash
slurry during the activation and/or after its ter-
mination: plasticizing and water-reduction, wa-
ter-retaining or pumping improvers, retarders
and/or accelerators of setting and curing, colma-
tizing pores, gas forming, air-entraining and an-
ti-freezing.

The disadvantage of this method of prepara-
tion of cement-concrete mixture is a wide spread
of cement consumption and fly ash, which af-
fects the amount of fine and coarse aggregate.

Additional activation of the ash is necessary for
a twofold increase in the specific surface area of
the ash particles. The composition uses a large
amount of water (W/C = 0.42-0.50), which re-
duces the stiffness of the concrete mixture, and
therefore cannot be used as a high-strength roll-
er-compacted cement mortar for road surfaces.

Another method of preparing cement-
concrete mixture [13] for the construction of
road and airfield coatings is to mix cement, acti-
vated fly ash, sand, coarse aggregate, fine frac-
tion up to 3 mm and coarse fraction from 5 mm
to 20 mm of asphalt concrete granulate (AG)
with water at the following ratio of components,
wt. h.: cement 356; fly ash 89; sand 561; large
filler 685; AG (fine) 50; AG (large) 468; water
180. The superplasticizer C-3 is used as the plas-
ticizing additive.

The disadvantage of this method of prepara-
tion of the mixture is a large number of compo-
nents in its composition, the need for additional
activation of the fly ash in the pebble mill, as
well as crushing followed by screening along the
fractions of the milled asphalt concrete. In this
case, the strength class of concrete does not ex-
ceed B25, and the frost resistance of F100. The
method of preparing a mixture of this type is
very complex, along with the breakdown of all
the aggregates into three parts and with the
phased introduction of each component into the
mixer, with the necessary subsequent processi-
ing.
To select the composition of the roller-
compacted cement-concrete mix, laboratory
tests were performed with different types of ce-
ments, gravel, sand and additives (Table 1).

The optimum water-cement ratio was select-
ed for the formation of samples from a rigid ce-
ment-concrete mixture (Fig. 1).

The basis for obtaining a cement-concrete
mixture is the use of high-cement cement, fine
sand, two (or three) fractions of rubble, mineral
additives, complex additives and nonmetallic
fibers, which will lead to an increase in the den-
sity, RCC compressive strength, waterproofness
and frost resistance, and also increase the dura-
bility of the produced road coatings.

As complex additives, depending on the
temperature conditions of laying the roller-
compacted cement-concrete mixture, there can
be the following components: plasticizing and
water-reducing; water-retaining or improving
pumping capacity; retarders of setting and cur-
ing; accelerators for setting and curing; colored
pores; gas-forming additives; air-entraining and
anti-freezing components.
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Table 1 — Selection of the composition of the roller-compacted cement-concrete mixture for coating and base

Composition variations
Components

I 11 111 v \Y% VI VII | VIII | IX X
Cement PC I-500R-N
Ivano-Frankivsk * * * * * *
Cement PC I1/B-S-400 Krivoy Rog + +
Cement PC II/A-S-500 Belorus + +
Sand Mk = 1.4-1.6 Kremenchuk + +
Sand Mk = 0.6-0.9 Unspecified + + + + +
Crushed granite. 5-10 mm "Quartz" + + + + +
Crushed granite. 5-20 mm "Quartz" + + + + + +
Ground granulated slag +
Universal Additive-Accelerator Uni-

) + + + + + + + +
versal-BM (metakaolin)
Quantec PL-421 Additive + +
Polyplast additive PFM-NLK + +
Complex additive Plasticent BV-41
(lignosulfanate with air-entraining + + + + + +
component)
Basalt fiber 24 mm + N
Propylene fiber 10 mm + + +
Strength (class) of concrete, MPa 69.4 | 21.8 | 66.7 | 21.2 | 66.6 20.2 61.4 | 20.8 | 62.8 | 204
C50/60[{C16/20| C50/60 |C16/20] C50/60 | C16/20 | C50/60 |C16/20{C50/60|C16/20

Fig. 1. Selection of the composition of the roll-
er-compacted cement-concrete mixture: a —
mixing cement-concrete mixture in the la-
boratory; b — laying of the cement-concrete
mixture in the form-prism; ¢ — laying ce-
ment-concrete mixture in a cube-shape

In the method of preparing cement-concrete
mixture, which received the patent of Ukraine
[14], the order is as follows: two fractions of
rubble 5-10 and 5-20 mm are mixed with sand
and nonmetallic fiber 10-25 mm long, then ce-
ment and mineral additive with a specific sur-
face of not less than 3—5 thousand cm®/g is tak-

en, followed by mixing, Subsequently, mixing
water with a complex additive is added and all
the components are finally mixed.

Compositions of rigid cement-concrete mix-
tures, offered for the construction of road coat-
ings for motor roads, are given in Table 2.

Table 2 — Compositions of rolled cement for concrete
and coating

Components and prop- | Units of Composition
erties of concrete meas-
urement 1 2

Cement PC 500 kg/m’ 420 | 180
Crushed stone 5-20 mm kg/m’ 770 | 1400
Crushed stone 5-10 mm kg/m’ 480 —
Sand kg/m® | 550 | 702
Mineral additive kg/m’ 25 —
Complex additive Plas- 3
ticent BV41 kg/m 2.1 1.1
Basalt fiber 24 mm kg/m’ 1.5 —
Water kg/m’ 151 58
Density kg/m® | 2420 | 2350
Characteristic cubic

strength 3 days MPa 12.0 | 6.0
Characteristic cubic

strength 28 days MPa 60.0 | 20.0
Tensile strength for

bending 28 days MPa 4.5 2.0
Frost resistance brand F200 | F100
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In the laboratory of the Department of Build-
ing Constructions of the KhNUUE named after
O.M. Beketov tests were conducted with cement
concrete-type prism specimens, molded in an in-
sheet metal formwork during the laying of the
experimental section of the road from the rolled
concrete, located at: Babayi, Soborna st., 18.
Experimental site is chosen at the entrance to the
territory of industrial warehouses, where inten-
sive traffic of freight transport is carried out.

On the construction site, prism samples were
made in an inventory metal formwork measur-
ing 15x15x60 cm, which were stored in condi-
tions close to reality. The seal was carried out
using a HILTI TE 76 perforator with a special
packing (two layers 7-8 cm thick, Fig. 2).

7y

Fig. 2. Forming of a prism sample

Tests of cement-concrete prism samples on
stretching during bending as well as on com-
pression were carried out at a temperature of
18 °C on a hydraulic press PSU-250 in accord-
ance with the requirements of DSTU B V.2.7-
214:2009. The compression test was carried out
by means of two metal plates measuring 15 cm
by 15 cm in thickness, 1 cm thick by loading the
end part of the half-prisms (Fig. 3).

Fig. 3. Strength tests: a — sample-prism; b —
sample-cube

Below in Figures 3 and 4 the processing data
of the test results for cement-concrete samples
are shown.

To assess the consistency of a rigid cement-
concrete mixture, only the WEBE device was
used, the Krasnyi device and the Skramtaiev
method did not allow to obtain reliable data for
determining the grades of concrete mixes ac-
cording to the workability of L3-L4. Effective
placement of cement concrete mix with a vibra-
tion plate was achieved with a stiffness of
25-30s.

The main technological operations performed
during the laying of the roller-compacted ce-
ment-concrete mixture on the test site:

1. Cutting old asphalt concrete on an area of
36 m”.

2. Overplacement and leveling as the base of
the crushed stone, with thickness of 20 cm.

3. Compacting of crushed stone with a vibra-
tion plate weighing 450 kg (Fig. 4, a).

4. Irrigation of the upper layer of the base be-
fore placing the cement-concrete mixture
(Fig. 4, b).

5. Delivery of cement concrete mix covered
with a tarpaulin to the construction site with an
onboard dump truck (Fig. 4, c).

6. Unloading cement-concrete mixture in the
middle of the compacted section (Fig. 4, ¢).

7. Leveling the cement-concrete mixture and
cutting off the surplus small-sized caterpillar
excavating machine (Figure 4, f).

8. Compacting RCC mix with a vibration
plate weighing 450 kg (Fig. 4, e).

9. After compaction, apply RCC Surfase Pro
(grouting agent) to improve surface treatment
and cure it (Fig. 4, g).

10. Mechanical surface treatment was carried
out using a two-rotor concreting machine with a
disc diameter of 900 mm. In places where old
asphalt-concrete is interfaced with a new ce-
ment-concrete coating, the mechanical treatment
was carried out by a single-rotor concrete cut-
ting machine with a disk diameter of 600 mm
(Fig. 4, h).

11. To enhance the bond strength, the surface
of the coating was applied with a special metal
brush.

12. After the processing of concrete ma-
chines and the creation of a smooth surface, the
Sinak S-102 concrete care agent was applied to
prevent early evaporation of water and addition-
al hardening of the surface, which is equivalent
to 14 days of watering (Fig. 4, k).
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Table 3 — Determination of the strength of cement concrete for bending elongation

Ne Area A, Moment of re- Destructive force Bending moment Bending ten51le2
cm? sistance W, cm’ P, kgs M, kgs-cm strength kgs/em
(MPa)
1 225 562.5 4800 24000 4.27
225 562.5 5700 28500 5.07
3 225 562.5 5200 26000 4.62
The average value of the tensile strength at bending 4.65
Table 4 — Determination of the compressive strength of cement concrete
. The coeffi-
Ne | Area A, | Destructive Compressive (R, —R), [Mean square devia-| cient of Strength
cm’ force P, kgs strength, cube ZMP ! tion, MPa variation (class) of con-
’ R, MPa a ’ o > | crete, MPa
1 225 132000 58.7 -0.9
2 225 142500 63.3 +3.7
3 225 129000 57.3 -2.3 83 43 54.7
4 225 132500 58.9 -0.7 ' ' (C40/50)
5 225 127500 56.6 -3.0
6 225 141500 62.9 +3.3
The average value, R, 59.6
The coefficient of variation for heavy cement concrete is adopted, % 5.0

Fig. 4. Compacting of cement-concrete mixture using technology of roller-compacted cement-concrete

in the experimental section: a-i — sequence of technological operations

After a set of 70-75 % concrete strength on
the fourth day, the traffic was opened on a

stretch of road laid with the roller-compacted

cement mix.

i

Conclusions

The use of high-strength Portland cement
with a mineral additive in the form of me-
takaolin or ground granulated slag, nonmetallic
fiber, fine sand and two (or three) fractions of
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coarse aggregate made it possible to obtain the
compositions of the roller-compacted cement
mix for the construction of road coating of
highways with high strength and density of ce-
ment concrete.

It should be noted that the use of such a con-
crete mix requires a low energy intensity, pro-
vides less shrinkage due to a low water-cement
ratio (V/C = 0.23-0.36), increases the distance
between the expansion joints, and, most im-
portantly, shortens construction time.

The conducted laboratory and pilot tests con-
firmed the possibility of widespread use of roll-
er-compacted concrete mixtures for the con-
struction of cement concrete roads in Ukraine
and the need to develop local regulatory docu-
ments for the selection of the composition and
technology of laying on the basis of the experi-
ence of the United States and European coun-
tries.
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JIO TIMTAHHS ITPO 3ACTOCYBAHHS
IEMEHTOBETOHHMX CYMIIIEH, 11O
YKOUYYIOTBHCS 1151 BY IIBHUIITBA
JIOPOKHIX OJISATIB ABTOMOBLILHHAX
JIOPIT

Byraescokuii C.0., Kopzyn C.M., XHAJY,
Binnukos O.B., Cemenenxo B.C.,
TOB «BK “®@opric I'pyn”»,
Byraescbknii M.C.,
XapkiBcbKkuii HalliOHAJILHUI YHiBepcUTET
panioeseKTPOHIiKH

Anomauin. ¥V naw uac na icnyiouux aemomooi-
JbHUX 0opoeax Yxpainu KoncmpyKkyii 00poXNCHbO20
00512y He 8I0N06I0arms UMO2AM 34 O0B20BIUHICTIIO |
Hecyuoro 30amuicmio, y 36 3Ky 3 NHOCHIUHUM 3POC-
MAHHAM  THMEHCUBHOCII PYXY, BAHMANCOHANPYIICe-
HOCmi nepegesens, NOABOI0 HOBUX BUOI8 MPAHCHOPIN-
HUX 3aco6ig 3i 30in1bueHUMU HABAHMANCEHHIMU HA
0cl Ul HeKOHMPOLLOBAHUM NEPEBAHMANCEHHIM MPAH-
cnopmy. Llupoke 3acmocysanns yemenmooemoHHux
cymiwtetl, Wo yKouyromscs npu 0y0ieHuymesi 0opoiic-
HIX 00512i6 A8MOMOOLIbHUX O00pie, 00360IUMb GUDI-
wumu yi npodremu. Memoro pobomu € docniodxicenHs
6NIUBY KOMNOHEHMIE HCOPCMKOI YeMeHMOoOemoHHOL
cymiuti Ha @I3UKO-MEXAHIYHI GIACTMUBOCMI YeMEH-
mobemony, a maKoic 00CIIOHO-NPOMUCTIO8E BNPOBaA-
OJiCeHHsI MeXHONO2II YeMeHMOOEemonny, Wo YKouy-
emvcs 6 m. Xaprosi. Memoouxa oyinku xapaxme-
PUCMUK YKOYYBAHUX YEeMEHMOOEMOHI8 BUKOHYBANACS
Ha OCHOSI OOYUX HOPMAMUBHUX OOKYMEHMIE 6
Vipaini. B peszyremami nposedenux 00CaiodiceHb
OMPUMAHO CKIAOU YKOYYBAHUX YEeMEHMOOEMOHHUX
cymiwell Ha BIMYUHAHUX Mamepianax i3 MiyHicmio
Ha cmuck 60 Mlla, npu posmszysanni Ha 6ucuH
Ginvwe 4,5 MIa, 3i winenicmio 2420 ke/m’ i moposo-
cmitxicmio F200. Hayxkosa nosusna pobomu nonsieae
6 niobopi cK1adié YKOUYBAHUX YEMEHMOOEemMOHHUX
cymiweli wsaxXomM 3aCmOoCY8ants 8UCOKOMAPOUHOO
yemenmy, OpibHo20 nicky, 060x (abo mpvox) gpax-
Yl webewnio, MiHepaibHOI 000a6KU, KOMUIEKCHOT
dobasku [ Hememanesoi iopu, wo npueooums 00
30LIbUEHHs] WITbHOCMI 1l MIYHOCMI YeMenmobemo-
HY, WO YKOYYEMbCS, A MAKOIC NIOBUWYE 006208614~
Hicmb nOKpummie, wjo 3600amucs. IIposedeno 1abo-
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pamopui 0ocaiodicenHss i niobip CcKIadie yemeHmo-
bemonnux — cymiwen O OMPUMAHHS — Ye-
MEHMOOEMOHY, Wo YKOUYEMbCS Ma 3ACMOCO8YEMbCS
npu 6yOieHUYmMSE 00PONCHIX 00s2i6. Buxonano ooc-
JIIOHO-NPOMUCTO8E BNPOBAOINCEHHSI MEXHONO2II YeMe-
HMOOEMOHA, Wo YKOUYEMbCA, WLIAXOM VKIAOAHHS.
OIISIHKYU  00pOcU HA Mepumopii nionpuemcmea 6
M. Xaproagi.

Knrouosi cnosa: cknao yemenmobemonuoi cymi-
Wi, HCOpCmMKicmb YeMeHmoOemoHHol cymiuti, yeme-
HMOOEMOH, WO YKOUYEMbCA, MIYHICMb HA CMUCK,
MIYHICMb HA PO3MA2 NPU 3CUHI.

K BOITPOCY OB UCITIOJIb30BAHUU
YKATBIBAEMBIX HEMEHTOBETOHHBIX
CMECEM J1JIs1 CTPOUTEJILCTBA
JOPOXKHBIX OJEXKI ABTOMOBUJIBHBIX
JAOPOI

Byraescknii C.A., Kopsyn C.H., XHALY,
BunnukoB A.B., Cemenenko B.C.,
000 «CK “®optuc I'pynn”»,
Byraesckmii M.C., XapbKOBCKHI HAIMOHAJIBHBIH
YHHBEpPCUTET PaAN03T1eKTPOHUKH

Annomauyus. Ilposedenvt 1abopamopnvie uccie-
006anUst U NOOOOP COCMABOE YEMEeHMOOEMOHHbBIX
cmecell 0Nl NOMYYEeHUsl YKAMbIBAeMO20 YeMeHmobe-
MOHA, NPUMEHSEMO20 NPU CMPOUMETbCMEe YeMeH-
mobemonHblx noKpulmuil.  Beinoaneno  onwvimmuo-
NPOMBIULIEHHOE HeOpeHUe MEeXHON02UU YKAmbleéde-
MO20 yemenmoOemona nymem YKIAOKU YHACTKA
0opoau Ha Meppumopul NPeonpusmusL 6 2. Xapvkoee.

Knroueevie cnoea: cocmas yemenmobemonHol
cmecu,  JICecmKoCmb  YeMeHmMoOemoHHOU — cMmec,
VKQMbI8AeMblll  YeMeHmMoDemoH, —NPoYHOCMb  HA
corcamue, NPOYHOCMb HA PACMAdICEHIe NPpuU uz2ube.



