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Abstract:

Introduction: The resistance of road surfaces to the formation of a
longitudinal wear mark from passing vehicles at the present stage is one
of the most pressing problems in the field of asphalt concrete coatings.
Therefore, the search for a solution to this problem constantly continues,
including studying the behavior of various components of asphalt
concrete mixtures when they are loaded.

Methods: The studies were carried out under static load in three
temperature modes: 25°C, 40°C and 50°C, as well as using the standard
DSR (dynamic shear rheometer) method at temperatures above 70°C.
Two types of bitumen were used as binders: semi-blown petroleum road
bitumen BND 100/130 and polymer bitumen binder PmB 90. Various
fine fillers were introduced into their composition: marble dust, rubber
crumbs and modified powder obtained by simultaneous grinding of
marble with polyethylene.

Results: It was found that a fine filler has a stronger effect on creep than
a change in the grade of asphalt concrete binder. The lowest creep and
the greatest shear resistance in the entire temperature range of
measurements were shown by an asphalt binder based on a powder
obtained by joint grinding of marble and polyethylene.
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Conclusions: The effect of a fine filler on the creep of a bitumen binder
may exceed the effect associated with a change in the type of bitumen
binder. It is obvious that it is the fine filler that has a greater effect on the
stability of asphalt concrete to the formation of ruts than conventional
semi-blown bitumen binders.

Keywords: rheology properties, asphalt-concrete, bitumen binders,
asphalt binder, fillers, mineral powder, rutting, shear resistance, creep
of an asphalt binder.

Introduction

The rutting resistance of the pavement surface is one of the most
pressing problems in the field of asphalt concrete road construction. The
annual increase in speed, traffic intensity and weight of vehicles (Olsson
et al, 2019; Hou et al, 2015) indicates the increasing relevance of this
problem in the future. Therefore, the search for a solution to this problem
continues. To date, numerous studies have identified various factors
influencing the formation of rutting in asphalt concrete pavements (Lira et
al, 2019; Ai et al, 2017; Bodin, 2017; Ma et al, 2018). These include the
influence of bitumen viscosity: hard grades of bitumen have a lower
penetration degree and improve the resistance, whereas liquid grades
worsen it (Alekseenko et al, 2019). However, other less important factors
are suggested to affect rutting resistance. They may be roughly divided
into two classes:

- structural factors, which include: grain size distribution and mixture
homogeneity of mineral fillers, the maximum size and shape of crushed
rock, and the porosity of a mineral aggregate (Akisetty et al, 2009; Qian et
al, 2020);

- rheological properties of the binder: asphalt binder grade, the
behavior of binder properties in the reaction with a finedispersed filler
(mineral powder), the asphalt binder/mineral powder ratio, and the
concentration of a binder in asphalt concrete (Ibrahim, 2019; Arun Kumar
& Satyanarayana, 2015; Okhotnikova et al, 2019; Abdulmajeed &
Muniandy, 2017).

As noted earlier, the viscosity of bitumen depending on the asphalt
binder type has a considerable influence on the rutting resistance of
asphalt concrete. The question arises: what other factors besides the
bitumen grade might be relevant to the viscosity of bitumen? In our opinion,
one of the most important factors is the type and amount of fine-dispersed
filler. In most asphalt concrete compositions, this role is played by mineral
marble dust. In asphalt concrete, approximately 90% of the total area
occupied by mineral particles is the area of the mineral powder surface.
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Selective adsorption of bitumen components onto the surface of particles
or even inside them in modified powders of fine-dispersive fillers may
considerably change the viscosity of the bitumen mixture if compared with
the reference material. Therefore, the research into a bitumen composite
with a fine-dispersed filler will make an important contribution to the field
of asphalt binders. Therefore, it seems necessary to study the mixture of
bitumen and fine-dispersive filler.

Purpose and problem statement

This study examines changes on the rheological properties of asphalt
binders when mixed with a variety of fine-dispersed fillers. The properties
of this composite differ considerably from the reference binder, so the term
“an asphalt binder” is used throughout this paper as suggested in scientific
literature. It is the asphalt binder that bonds coarse particles of asphalt
concrete, and its properties are important for the rutting resistance of an
asphalt concrete pavement, but only in that part that depends on the
asphalt binder. Other structural factors influencing rutting resistance are
beyond the scope of this study.

To assess the shear resistance and tensile strength of asphalt
concrete, it is necessary to know the rheological properties of the asphalt
binder in the contact zone of two mineral filler particles. At the same time,
the speed of force application in real conditions of interaction of a car wheel
with an asphalt concrete surface can vary greatly. Under rapidly changing
loads on an asphalt concrete pavement, the main rheological property is
the complex dynamic shear modulus (G*) which is stated by the equation:

G*=G’+i*G "= G*cos(d)+i* G*sin(d) 1)

where G’ is the storage shear modulus, G” is the loss shear modulus, & is
the phase angle, (in radians), defining the delay between sinusoidal
deformation and sinusoidal stress during tests with controlled deformation.
The value G/sin(d) is called resistance to shear deformation and it
determines the contribution of bitumen to the shear resistance of asphalt
concrete. For rapidly changing forces, there is a standard method
AASHTO T315-10 "Determining the Rheological Properties of Asphalt
Binder Using a Dynamic Shear Rheometer (DSR)" which allows to
measure the shear stress of not only bitumen, but also asphalt binders.

Under slowly changing loads, for example, stopping a car, the creep
stiffness of asphalt concrete will make a large contribution to the
deformation.
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The term “creep” refers to the deformation changing over time at a
constant pressure. At the same time, the creep of asphalt concrete, if the
fracture and rubbing of crushed mineral filler are ignored, is related to the
deformation of the asphalt binder AX(t); its dependence upon the applied
force P(t) and the impact time is stated in the equation:

AX() = P(t)/k + fa(t) )

where P(t) — the stress caused by external forces, k — the hardness of the
asphalt binder, t — the time, and fa(t) — the function of the asphalt binder
type and temperature. The constant k and the function fa(t) may be
estimated either experimentally or by a computer-assisted experiment
when fracturing asphalt concrete samples (Alekseenko et al, 2019). The
creep measurements were carried out on a Kinexus DSR device using a
special technique described below.

This study seeks to examine the creep and shear resistance of the
asphalt binder. These experiments are far less difficult (cost-demanding)
than measuring the creep (rutting) of asphalt concrete. In addition, the
results obtained may be used in the future for the computer-assisted
modeling of any physical and mechanical parameters of asphalt concrete.

Objects and materials for research

The study was carried out using two typical asphalt binders:
petroleum road semi-blown bitumen grade BND 100/130 (BND) and
polymer- modified bitumen grade PmB 90 (PmB). The three filler grades
were used: a standard mineral powder from marble flour (MM), crumb
rubber of automobile tires (RC), and a powder produced of marble dust
and modified by polymers, which was a joint grinding of marble and
polyethylene (MP).

These fillers were selected for some reasons:

- a standard powder from marble flour represents an etalon of an
asphalt binder,

- crumb rubber is associated with an urgent problem of recycling
waste tires; moreover, there is a vast body of literature on bitumen and
rubber binders (Akisetty et al, 2009; Qian et al, 2020);

- a powder modified by polymers may resolve a problem of polymer
recycling (Ibrahim, 2019; Arun Kumar & Satyanarayana, 2015;
Okhotnikova et al, 2019), wherein the rutting resistance of asphalt
concrete might be improved dramatically if the polymer and the powder
modification method are selected appropriately.
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Mineral powder from marble dust satisfied the Russian State
Standard (GOST) 32761-2014, and the crumb rubber of waste tires
(100%) was sieved (1 mm). The modified powder was a product of
intergrinding marble powder with 10% (to the mass of mineral powder from
marble) granulated high-density polyethylene. It took 4 hours to grind
materials in a laboratory ball mill.

All samples of the asphalt binders for the creep research were
prepared by heating and mix-ing bitumen binder and powder for 2 hours
at a temperature of 175°C. The amount of filler in the bitumen binders was
as follows: marble dust and bitumen binders were taken 1:1, 15% crumb
rubber was added to BND and 10% to PmB, and modified powder and
bitumen binders were in a ratio of 1:1. In this way, 8 samples of asphalt
binders were obtained to study creep (Table 1).

Table 1 — Characteristics of the asphalt binder samples for creep research

Ne The composition of the asphalt binder Short name of
Bitumen type Fillers (Mineral powder) the binder

1 BND 100/130 no filler BND

2 PmB 90 no filler PmMB

3 BND 100/130 mineral powder from marble flour (MM) BND/MM

4 PmB 90 mineral powder from marble flour (MM) PmB/MM

5 BND 100/130 15% crumb rubber of automobile tires (RC) BND/15RC

6 PmB 90 10% crumb rubber of automobile tires (RC) PmB/10RC

7 BND 100/130 powder produced of marble dust and modified BND/MP
by polymers (MP)

8 PmB 90 powder produced of marble dust and modified PmB/MP
by polymers (MP)

Table 2 — Characteristics of the asphalt binder samples for the study of shear stability

Ne The composition of the asphalt binder Short name of the
Bitumen type Fillers (Mineral powder) binder
1 BND 100/130 no filler BND
2 PmB 90 no filler PmMB
3 BND 100/130 |100% mineral powder from marble flour (MM)| BND/100MM
4 PmB 90 100% mineral powder from marble flour (MM)| PmB/100MM
5 BND 100/130 | 90% mineral powder from marble flour (MM) [BND/9OMM/10RC
+ 10% rubber crumb from car tires (RK)
6 BND 100/130 | 90% mineral powder from marble flour (MM) |BND/9OMM/10MP
+ 10% polymer modified powder from marble
flour (MP)
7 PmMB 90 90% mineral powder from marble flour (MM) PmB/90MM/10MP
+ 10% polymer modified powder from marble
flour (MP)
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The filler amount in bitumen binders during shear resistance tests was
as follows: the powder was mixed with the bitumen binders in a ratio of
1:1, while the powder consisted of 90% marble powder and 10% modifier
by weight. Such a small amount of modifier was caused by the fact that
dynamic measurements are more sensitive to changes in viscosity than
creep measurements. Thus, 7 samples of asphalt binders were obtained
for creep testing (Table 2).

Method for measuring shear resistance and creep
research

The asphalt binder creep measurement was carried out using the
standard procedure described below on a DSR instrument which is used
to measure the creep of asphalt binders. The measurements were carried
out at temperatures of 25 °C, 40 °C and 50°C for eight types of asphalt
binders, the characteristics of which are given in Table 1. This temperature
range is typical for real asphalt concrete pavements. In addition, at lower
temperatures, the creep of the asphalt binder is too small; at higher
temperatures, the difference in the creep of various asphalt binders is
increasingly leveled out. The measurement of the complex shear modulus
of the asphalt binder was carried out according to the standard methods
when determining the grade of bitumen according to PG (Performance
Grade). The temperature range of the measurement in this case cor-
responded to the expected softening temperature of the asphalt binder.

Measuring creep and shear resistance by Kinexus
DSR

The measurements were carried out for a spindle of 25 mm, a space
of 1 mm, and a shear force of 50 kPa. Once the temperature was
stabilized, a shear force was applied for 60 seconds (20 seconds at high
temperatures and low shear resistance of the asphalt binder), and the
curve presenting the rotational displacement of a spindle vs. time was
analyzed. It is apparent that the deformation is linear for all types of asphalt
binders at all temperatures under consideration, so the creep function may
be stated in the equation:

fa(t)= a-t 3)

where the constant a is related to the asphalt binder type and temperature.
In some tests, the creep demonstrated non-linear behavior over the first
seconds, so Table 3 below provides the data for the linear section of the
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creep. To compare, the creep of the bitumen binders without fillers was
measured at low temperatures. The measurement failed at a temperature
of 50 °C and a shear force of 50 kPa because bitumen binders without
fillers have low shear resistance.

Results

The speed of the spindle phase angle change characterizes the creep
of the asphalt binder at a constant shear force. The results of its
measurement are presented in Table 3.

Table 3 — The rate of the change of the spindle rotation angle (rad/s) at different

temperatures

Ne | Short name of the Temperature

binder 25,°C 40,°C 50,°C
1 BND 0.325 605 *
2 PmB 0.030 2.400 *
3 BND/MM 0.028 3.333 1200
4 PmB /MM 0.013 0.188 890
5 BND/15RC 0.011 0.183 667
6 PmMB/10RC 0.003 0.140 625
7 BND /MP 0.00014 0.0035 0.057
8 PmB/MP 0.00002 0.0015 0.011

*- no data, because bitumen binders without fillers have low shear
resistance

Thus, any fine-dispersed filler decreases dramatically the creep of the
bitumen binder. Furthermore, a PmB-based asphalt binder has lower
creep than a BND-based material; however, a modified mineral powder
provides the best creep reduction effect. Rubber crumb at temperatures of
25 °C and 40 °C has a stronger effect on the bitumen binder than marble
dust, while at 50 °C it is vice versa.

The results of testing the shear resistance of asphalt binders (the
parameters of the dynamic modulus of elasticity of asphalt binders),
carried out according to the standard method, which is performed when
determining the grade of binder according to PG (Performance Grade), are
shown in Figure 1.

From Figure 1 it is obvious that, as in the experiments measuring
creep, fine powders noticeably change the viscosity of the binder. The
strongest effect on the change in viscosity is provided by mineral powder
obtained by jointly grinding the mineral part and polyethylene.
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BND
PBV
BND/100MM
PBV/100MM

= BND/90MM/10RC
BND/90MM/10MP
PBV/90MM/10MP
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G*/sin(d), kPa
| 2,501
56

1.336
0.628
1.136
1,627
I 1,509
] I 1 I
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0,86
1.09
I | 1.357
1.418
I 0,614
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0.875
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Temperature, °C

Figure 1 — Parameters of the dynamic modulus of elasticity of asphalt binders

Conclusion

The study showed that fine-dispersed fillers have a strong influence
on the creep and shear stability of bitumen binders. This influence is far
more significant than the behavior of bitumen if SBS grades are dissolved.
Moreover, the influence of fine-dispersed fillers is equally pronounced in
bitumen and polymer bitumen binders. The least creep and the highest
shear resistance over the entire temperature range were shown in the
asphalt binder produced by joint intergrinding marble and polyethylene.

The technology for improving the shear resistance of asphalt concrete
through the use of modified mineral powders has a significant advantage
compared to the technology for modifying bitumen by dissolving polymers.
When using modified mineral powders, there is no problem of storage,
change in properties and delamination of the binder. When modifying
bitumen with various polymer and inorganic modifiers, the problem of
binder degradation as a result of delamination, oxidation and other factors
is always relevant.
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It should also be noted that the estimation of the rheological
parameters of asphalt binders is the quickest and most reliable method to
assess the strength and shear resistance of asphalt concrete.
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Resumen:

Introduccién/objetivo: La resistencia de las superficies de las carreteras a
la formacion de marcas de desgaste longitudinal por el paso de vehiculos
es en la actualidad uno de los problemas mas apremiantes en el campo de
los revestimientos de hormigon asféltico. Por lo tanto, la busqueda de una
solucién a este problema continda constantemente, incluido el estudio del
comportamiento de los diversos componentes de las mezclas de hormigén
asfaltico cuando se cargan.

Métodos: Los estudios se llevaron a cabo bajo carga estéatica en tres modos
de temperatura: 25°C, 40°C y 50°C, asi como utilizando el método estandar
DSR (redbmetro de corte dindmico) a temperaturas superiores a 70°C.
Como aglutinantes se utilizaron dos tipos de betdn: betin de petréleo semi
- soplado para carreteras BND 100/130 y aglutinante de bettin polimérico
PmB 90. En su composicion se introdujeron diversos rellenos finos: polvo
de marmol, virutas de caucho y polvo modificado obtenido mediante
trituracion simultdnea de marmol con polietileno.
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Resultados: Se encontré que un relleno fino tiene un efecto mas fuerte
sobre la fluencia que un cambio en el grado del ligante de concreto
asfaltico. La menor fluencia y la mayor resistencia al corte en todo el rango
de temperaturas de medicion las mostré un aglutinante asfaltico a base de
un polvo obtenido mediante la trituracion conjunta de marmol y polietileno.

Conclusion: El efecto de un relleno fino sobre la fluencia de un ligante
bituminoso puede exceder el efecto asociado con un cambio en el tipo de
ligante bituminoso. Es obvio que es el relleno fino el que tiene un mayor
efecto sobre la estabilidad del hormigén asfaltico ante la formacién de
surcos que los aglutinantes bituminosos semi - soplados convencionales.

Palabras claves: propiedades reolégicas, asfalto-concreto, ligantes
bituminosos, ligante asfaltico, rellenos, polvo mineral, ahuellamientos,
resistencia al corte, fluencia de un ligante asfaltico.

Peonoruyeckme xapakTepUCTUKN BUTYMHbBIX BSXKYLLUX C Pa3fMYHbIMMI
HanonHMTEeNs MU

Bukmop AnekceeHko?, EneHa BepxoTypoBa?,

Pomar XntosS, [mumputi HeGpaTeHKo®, KoppecnoHAeHT

@ VIpKYTCKUIA HaLlMOHarnbHbIN UCCNefoBaTeNbCKU TEXHUYECKUI YHUBEPCUTET,
r. pkyTck, Poccuiickaa ®egepauus

5 MpKyTCKMIN rocyAapCTBEHHbIN YHUBEPCUTET,
r. MpkyTck, Poccuiickas ®epgepaumns

B Poccumnckuin yHMBepcuUTET TpaHenopTa, r. Mockea, Poccwuiickaa degepauus

PYBPUKA TPHTW: 67.15.00 TexHonormsa npom3BoAcTBa CTPOUTENbHBLIX
MaTepuarnoB 1 U3genun,

67.15.49 NMpon3BoacTBO MaTepuarnoB Ha OCHOBE
opraHMyeckux BaXyLmx. [NponssoacTso
acganbtobeToHa

BWO CTATbW: opuruHanbHas Hay4Has ctaTbsl

Pesrome:

BsedeHue: Ycmoltidusocmb O0pOXKHbLIX MOKPLIMULU K 06pa3osaHuUro Koneu
om rpoe3sxarowux mpaHCopmHbIX cpedcme Ha CO8PEMEHHOM amarie
sensiemcss o0HoU U3 Hauboree akmyarbHbiXx npobrem 6 obnacmu
acghanbmobemoHHbIX MOKpbIMUU. YeenudeHue ckopocmel O8UXeHUSs
asmompaHcriopma u yeesudyeHue HagpysKu Ha 0cb aemomoburis deriaem
amy 3adady u3 200a 8 200 ece bosiee 8axxHOU. [1oamMomy noucK peuwieHuUst
amod npobrieMb! MOCMOSIHHO POoOOHKAemcsi, 8 mMoM Yucre nymem
U3y4eHus1 rosedeHUs] pasfiuyHbIX KOMIMOHEHMO8 acqharibmobemoHHbIX
cmeceli nod Haepyskod.

Memodsi: [HaHHoe uccriedosaHue ompaxaem 3KCriepuMeHmarnbHbie
O0aHHbIe M0 U3MEPEHUI0 PeosioaudecKux ceolcme bUmyMHbIX BSKYyULUX
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fpu pasnu4HbIX ckopocmsix Aeghopmayuu. ViccriedosaHusi nposodusnUCh
fpu cmamudeckol Hagpy3ke 8 mpex memrepamypHbix pexumax: 25°C,
40°C u 50°C, a makxxe ¢ ucrnonb308aHuUeM cmaH0apmHo20 memoda DSR
(GuHamuueckuli peomemp cdsuea) npu memrnepamypax ebiwe 70°C. B
Kayecmee 08yXKOMIMOHEHMHbIX 8XKyUUX Bblnu UCronb308aHbl 08a euda
bumyma: oKucreHHbIl HegmsHoU dopoxHbiti 6umym BH/ 100/130 u
nonumepHo-6umymHoe esxyuwee NBB 90. B ux cocmas bbinu eeedeHnbl
pasnuyHbie  MEesIKOOUCNePCHbIE — HaroIHUMenu: MpaMopHasi  Mbifib,
pesuHogasi Kpowka U MoOOUGUUUPOBaHHbIU MOPOWOK, MOMy4YeHHbIl
ymem 83aUMHO20 U3METbYEHUST Mpamopa C nosu3MmuieHoM.

Pesynbmamei: lNokazaHo, Ymo MesnKul HaromHUmersb okadbieaem bornee
CusbHoe 8uUsIHUEe Ha Mon3y4Yecms acghasibmobemoHHO20 8sKyUle20, Yem
U3MeHeHue Mapku acghanbmobemoHHO20 eskyuwe20. HaumeHbwyro
ron3y4ecms U HaubobLWYy yecmouyueocmb K cOguay 80 ecem Ouara3oHe
memnepamyp  USMEPEHUU  MpodeMoHCMpUposano  acghasrbmosoe
esKyliee Ha OCHO8E  [OPOWKa,  [Ofly4YEHHO020  COBMECMHbLIM
usmeribyeHueM Mpamopa U rnoausamurneHa.

Bbigodki: Noka3aHo, Ymo eusiHue MesiIKkoOUCrepCcHO20 HarosIHUMmersi Ha
rondyyecms 6GUMYMHO20 8sXKyweeo Moxem rpesbiwamb 3ghghekm,
cesi3aHHbIli  C U3SMeHeHueM muna 6umymMHO20 8sKywez20. 3mom
pe3ynbmam yKasbleaem Ha mo, 4YMO UMEHHO MesIKoOUCMEPCHbIU
HaronHuUmersb Oka3blgaem borbwee e/usHUe Ha ycmol4usocmb
acghanbmobemoHa K obpa3oeaHuto Koneu, Yyem obblyHble 6umyMHbIe
ssKyujue.

Kntoyesbie crioga: peorioaudeckue ceolicmea, acgarnbmobemoH,
bumymHbie ssKywue, acghanbmossixyuiee, HarnosHumenu,
MuUHeparbHbIl MOPOWOK, KorleeobpasogaHue, conpomusreHue coguay,
rnonsy4yecms acghasibmossiKyuiezo.

Peonowke kapakTepucTmke BUTYMEHCKNX BE3uBa ca pasnmynTum
dunepuma

Bukmop AnekceHko?, EneHa BepxoTyposa?,
Pomar XXuntos®, [mumpuj HeGpaTteHko®, ayTop 3a npenucky

& HaumoHanHm NCTpaXnuBaykm TEXHUYKM YHUBEP3UTET Y VPKYTCKY,
WpkyTck, Pycka ®eagepauuja

6 NpxaBHn yHnBep3uTeT y VpkyTcky, MpkyTtck, Pycka ®epepauuija
& Pycku caobpahajHu yHuBep3uTeT, MockBa, Pycka ®enepauuja

OBJNACT: xemujcke TexHOMOrnje, xemujcka nHaycTpuja, rpaheBuHapcTBO
KATEITOPWUJA (TWUM) YITAHKA: opyruHanHu Hay4Hu pag
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Caxemak:

Y800: JedaH 00 eopyhux npobrniema y obriacmu ripesnaka 00 acghanimHoz
6emoHa jecme omrnopHOCm noepLiUHa rnymeea Ha hopmMupar-e y30yKHUX
mpaesosga xabara 00 moykoea eo3una. Pewere ce jow yeek mpaxu, a
obyxeama u nrpoy4yaearbe [loHalWaka pPasfnu4YuUMuUX KOMIMOHeHmMU
MewasuHa acghanmHoe 6emona npu onmepehersy.

Memode: Ucnumuearsa cy epweHa nod cmamuykum onmepehemem y
mpu memrnepamypHa pexuma (25°C, 40°C u 50°C), kao u nomohy
cmaHOapOHe memode [CP (peomemap 3a OUHaMUYKO CMUUaH-E€) Ha
memnepamypama usHad 70°C. [Jge epcme bumymeHa KopuwheHe cy Kao
sesusa: bumymeH 3a nymeee 00 sa3dyxom ripodysaHe Hacpme BH[]
100/300 u nonumep modughukosaHu bumymer mb 90. Y mewasuHy cy
ysedeHe pasnuyume cumHe bpakyuje — cbunepu: MepMepHU rpax,
MpsuLe 2yme U MOOUGhUKOBaHU rpax O0BUjEH UCMOBPEMEHUM MITEBEHEM
Mepmepa U nonuemusieHa.

Pesynmamu: YmepheHo je da cumHa ¢ppakuyuja uma eehu ymuuaj Ha
meyetrbe 00 rPoMeHe cmerneHa ee3usa acghanmHoe 6emona. Nokasarno
ce Oa HajHUXy epedHoCm meyetrba U Hajeehy ommnopHocm Ha cMuyarse y
C8UM UCMUMUBaHUM meMrepamypHUM pexumuma uma acghanmHo
e8e3us0 Ha basu npaxa 0obujeHoe 3aje0HUYKUM MIleseH-eM MepmMmepa U
ronuemurieHa.

Bakrbyyak: Ymuyaj cumHe ¢ppakyuje cunepa Ha medere bumymeHcKoe
eesusa Moxe Oa byde 3HayajHuju 00 ymuuaja npPoMeHe epcme
bumymeHckoe gesusa. O4uanedHo je da cumHa hpaKkyuja — chunep uma
eehu egpekam Ha cmabunHocm acghanmHoe 6emoHa rnpu opmupary
Korlompaza 00 KOH8eHUUOHarHuUx 6umymeHcKux ee3usa 0obujeHux
yOysasar-em sa3dyxa.

KrbyyHe pedu: peornowka ceojcmea, acghanmHu 6emoH, bumymeHcka
ee3usa, acghasimHoO 8e3U8o, huriepu, MUHepasHu npax, ghopmupar-e
Korompaeza, omrnopHoOCm Ha CMulakre, me4yere acghasmHoe gesusa.
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