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INVESTIGATION OF EFFECT OF WATER CONTENT ON RAILWAY GRANULAR
SUPPLEMENTARY LAYERS

Purpose. To determine the relationship between water content of continuously graded granular supplementary layers for rail-
way substructure and their inner shear resistance and load bearing capacity.

Methodology. Four different ‘samples’ were produced as standard granular products from andesite. Two of them are common
base courses for road construction in Hungary, the other two are common railway supplementary layers. The author performed
laboratory measurements (multi-level shear box tests) that are adequate for the evaluation of inner shear resistance. The measure-
ments of load bearing capacity and Proctor tests were executed in the laboratory of Colas Hungaria Ltd. The author performed
measurements with the optimal water content values of each sample, as well as lower and higher values than them. This can show
how the given granular material is sensible to the change of water content.

Findings. It was proved that the granular supplementary layers, which are standardized products in road construction (as base
courses), also seems to be adequate in railway construction; they are not so sensible to the variation of their water content. It does
not mean that the other two granular layers are not adequate for railway substructures, but the application of road ‘products’ have
to be considered as substitute products.

Originality. The author tried to emphasize the adequacy of rock mining for construction of ballasted railway tracks, as well as
the optimal use of mineral wealth in every country with its results.

Practical value. The obtained results of the present paper can be useful in the area of rock mining, and railway infrastructure
engineering. During construction procedures the optimal water content values should be taken into considerations for compaction
to be able to reach maximal compactness (density), but too high water content has to be avoided, which is based on the results.

They can be also considered in the design phase.

Keywords: ballasted railway tracks, substructure, granular material, inner shear resistance, load bearing capacity

Introduction. Nowadays the mineral wealth is a very im-
portant and significant task all over the world. The stone quar-
ries and gravel pits provide the base materials for construction
of buildings, transport infrastructural facilities, and so on.
There are many researchers who have been dealing with this
area. It can be approached from the aspect of aggregates (geo-
physical and geotechnical point of view, type and quality of
rock, and others) [1, 2], as well as the technology of scaling,
crushing procedures [3, 4], transportation inside and outside
of the quarries (machines, vehicles) [5—7], mechanization, as
well as environmental protection [8], and so on.

The topic of the present article is related to railway infra-
structure. In the past 15—17 years more and more railway lines
have been rehabilitated and reconstructed in Hungary thanks
to the support of the European Union, this support was higher
than 6 billion EUR [9]. For example, approximately 3.3 billion
EUR was related to the financing period of 2014—2020 from
the Integrated Transport OP project [9]. This project had the
following details (not only upgrading of railway infrastruc-
ture):

- building almost 240 km of the highway to reach the bor-
ders;

- improving travel times on railways, upgrading approxi-
mately 280 km of the railway line;

- decreasing navigation accidents on the Danube com-
pared to the current annual 75;

- building and upgrading 132 km of the metro, tram and
local train lines.

The biggest and heaviest part of the railway permanent
way’s superstructure is the railway ballast bed. It is well known
that it consists of crushed stone material according to the re-
lated standards. Next to the railway ballast, the upper layers of
the substructure are so called supplementary layers with more
functions (protection, separation, reinforcement, filtration —
if needed). These layers are also produced, mixed from granu-
lar mineral materials, i.e. mainly from crushed rocks, stones
[10, 11].

Of course, not only the railway permanent ways need a lot
of ‘base materials’ — as mentioned earlier. The adequate qual-
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ity of crushed stone materials in needed quantity has to be pro-
vided so that it is possible to construct a significant length of
transport infrastructural facilities. The countries should try to
use their own minerals, because the import of this kind of
product can be very expensive due to high transportation costs.
In this way, the specific national regulations are recommended
to be in accordance with the national mineral wealth, the local
opportunities, and so on. It means that the optimal costs of
production, transportation, incorporation (construction,
building-in) have to be considered, as well as the quality of the
prepared facilities have to meet the requirements of interna-
tional and national standards and regulations regarding the
planned speed, axle load and proposed traffic of the railway
lines, roads, and the others.

Improvement of railway tracks is also important in the 2 7%
century. Some of developments are worth mentioning: ensur-
ing decreased stress in the track and beneath parts that guaran-
tee lower deformation; technologies that provide special work
procedure, method, e.g. side tamping that does not disturb the
density of ballast layer below the sleepers [12]; developing
methods and techniques to provide lower dynamic impacts
that can cause supplementary track defects (cracks, breakage,
etc.); reducing the wear of rails and other parts of the track
[13]; and so on.

Unsolved aspects of the problem. Hungary is relatively rich
in adequate quality mineral wealth. There are a lot of stone
quarries in the country, mainly in the North, North-East, mid-
dle and South parts [14]. In the most quantity Hungary has
limestone, dolomite, andesite, and limited quantity of basalt
and granite. In the aspect of railway ballast, the main applied
materials are basalt and andesite; in case of granular supple-
mentary layers andesite, limestone and dolomite are preferred.

There is a national regulation [11] that was prepared based
on the German prescription [10] in 2014 by Hungarian State
Railways (MAV), and it was upgraded in 2020. This regulation
is the official railway substructure regulation in Hungary. This
document contains chapters related to the supplementary lay-
ers of the substructure where two main categories are differen-
tiated:

a) railway lines with design speeds equal to or higher than
120 km/h;
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b) railway lines with design speeds lower than 120 km/h.

In category ‘A’ two products can be applied, CGM1 and
CGM2. CGM means coarse grain mixture (in the original
German regulation, Ril. 836 [10], their names are KG, i.e.
‘Korngemisch’). CGM1 is a quasi-water sealing, CGM2 is a
quasi-water pervious layer.

It is a research possibility to investigate several alternate
granular materials as protection layers for railway tracks. Prim-
er mining products, e.g. M (mechanical stabilization) and
CSBCG materials (crushed stone base layers with continuous
grading), can also be adequate for this task. According to the
Hungarian e-UT 06.03.52 specification [15], there are several
optional products: M22, M56 and M80; as well as CSBCGs:
CSBCG 0/22, 0/32, 0/56. It has to be mentioned that M and
CSBCG layers are principally related and prescribed for road
base courses, not railway supplementary layers.

M22 product can be an alternative material for CGM1, as
well as CSBCG 0/32 for CGM2. The basis of this idea can be
explained by Table 1. It can be seen in Table 1 that the func-
tions of the road base courses and railway supplementary lay-
ers are almost the same, this can be also interpreted with
Fig. 1. It means the products seem to be exchangeable with
each other. Of course, in case water sealing property is re-
quired, the alternate product has also to fulfil this requirement;
if water permeability is needed, this characteristic should be
guaranteed. In this paper laboratory tests of selected four types
of supplementary layers are summarized, these tests are not
only common tests used (standardized), but special multi-
level shear box tests [16]. The testing was performed with dif-
ferent water content values to make it possible to assess the
behavior of the materials related to different incorporation,
and installation circumstances.

In some cases, M and CSBCG layers can be cheaper than
the CGMs due to the mixing and additional transportation
costs of CGM layers. The financial aspect of this application is
not considered in the current article.

Purpose. The aim of this paper is to compare the mechan-
ical characteristics of CGM layers, as well as M and CSBCG
layers; i.e. the investigation of optional application of last two
products as railway supplementary layers.

Methods. The author applied the following methods for
his research:

- Proctor tests [18];

- measurements of load bearing capacity according to the
California Bearing Ratio [19];

- multi-level shear box tests [16].

The Proctor tests were used to be able to determine the
optimal water content of the examined granular supplementa-
ry layers. This test procedure is a standardized test. The value
of optimal water content was important for the further mea-
surements and investigations.

The CBR tests were executed not as usual. These measure-
ments contained the determination of CBR values with stages
with different water content values that were in accordance
with the previously performed Proctor tests, i.e. with the opti-
mal water content.

The multi-level shear box tests (Fig. 2) were fulfilled based
on the concept published Fischer’s [16]. Because of the limit-
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Table 1

Requirements for railway and road supplementary (base)
layers [11, 17]

Functions of railway

Functions of road base courses
supplementary layers

1. Uniform distribution of 1. Effective load distribution

loads

2. Reduction of settlements
during loading

2. It has to ensure adequate load
bearing capacity

3. Separation of layers 3. Avoiding harmful

post-compaction during traffic

4. Protection of substructure
against rainwater (precipitation)

4. It should be adequate plate
and have uniform surface

5. It must not be water and frost
sensitive

5. Dewatering

6. Filtration 6. It must not cause cracking in

the asphalt layer (pavement) above

7. It should ensure the
construction traffic “flow” as an
adequate “road”

7. Reinforcement of load
bearing layer structure

8. Frost protection 8. Economy

9. Its lifetime should be in
accordance with the planned as
the related prognosis

9. Reduction of vibration

ed space the whole test and the test procedure are not detailed
in this current paper. The FE, static plate load bearing capacity
was considered to be 7.2 M Pa, which was ensured by thickness
of 50 cm XPS sheets. Fj vertical loading, loading plate, as well
as geogrid layer were not applied during the tests. In every test
series the measurements were carried out with shearing at all
of the shearing planes from top to down. The result of these
tests are the inner shear force values as a function of the verti-
cal distance measured from the shearing plane No. 1. As a
boundary condition the inner shear resistance of the sample
on the top surface is considered as 0 value.

It has to be mentioned that the Proctor tests and the CBR
tests were performed in the laboratory of Colas Hungaria Ltd,
hence the multi-level shear box tests were carried out in at
Szechenyi Istvan University, Gyor, Hungary.

After the optimal water content values had been defined
with the help of the Proctor tests, the samples for CBR and
multi-level shear box tests were made ready. The CBR tests
were carried out with 5—11 % water content with 2 % steps; the
multi-lever shear box tests were completed with three stages of
water content: the optimal water content value related to the
given sample, and some percentage lower, as well as higher
than the optimal one.

The variation of the water content is able to ensure the as-
sessment of their sensitivity in the aspect of load bearing ca-
pacity and inner shear resistance.

Properties of the examined granular materials. In this paper
four different types of granular supplementary layers were tested:

Asphalt wearing layer b
_______ Asphalt bounding layer Track
racl
Asphalt Asphalt top base layer structure

Top of
Asphalt bottom base layer embankment

R RS SRR

Frost protection layer

A\
N? 2N
and/or enhancement layer \7>\/\\ SRR /\\><§\//\\/\//x
as required >/%\//<\>§\/\/{§//§>/\\>/§>//\ /%g/%\((% Embankment
IR e
A =TT L_Hm_
Compacted soil ﬁ ﬁ ﬁﬂzjﬁzmgﬁ ﬁ:m:
EIIET=T=== =T =]

Fig. 1. Cross-sectional set-up of ballasted railway track and asphalt pavement on embankments |11, 17]
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Fig. 2. The conceptual measurement set-up of multi-level shear
box, shearing at plane No. 1[16]

- CGMI1 and CGM2;

- M22;

- CSBCG 0/32.

In Figs. 3 and 4, the particle size distribution (PSD) func-
tions of the four examined materials (samples) are shown.
Each sample was made of andesite rock. CGM1 and CGM?2
samples were prepared with mixing of 5—6 fractions, the M22
and CSBCG 0/32 samples were primer mining products. Each
sample is from the quarries of Colas Eszakko Ltd.

It can be seen in Figs. 3 and 4 that neither the M22, nor the
CSBCG 0/32 samples do not fit the border lines of PSD of
CGMI1 and CGM2, respectively.

The PSD curve of the examined CSBCG 0/32 sample
sticks out only a little bit at the lower border line of the CGM2
material; with a small modification it could be adequate for
this requirement. The PSD curve of the M22 sample hardly
meets the CGM1’s requirement, the main part of the PSD
curve sticks out the lower border line.

The Colas Eszakko Ltd. prepared an adequate quantity of
samples for all the laboratory tests. These amounts were ap-
proximately 1 m?® of granular ‘mixture’ from each product:
CGMI1, CGM2, M22 and CSBCG, respectively.
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Fig. 3. Particle size distribution of CGM1 and M22 materials
(samples) (the border lines are in accordance with [11])
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Fig. 4. Particle size distribution of CGM2 and CSBCG (/32 ma-
terials (samples) (the border lines are in accordance with [11])

Results. In this chapter the results of the Proctor tests, load
bearing capacity tests (California Bearing Ratio), as well as
multi-level shear box tests are interpreted.

Figs. 5 and 6 demonstrate combined diagrams of the Proc-
tor tests and CBR tests. In these figures the optimal water con-
tent (w,,) and maximal dry density values (p;ma,) were also
represented; they differ between 5.60 and 9.00 %, as well as
between 1.957 and 2.063 g/cm?, respectively. The figures con-
tain the so called saturation lines (57) with different saturation
levels (mainly between 0.48 and 1.0). Sr= 1.0 means the totally
saturated stage.

Analyzing the data of CBR tests with different water con-
tent values, we can state the followings:

- while the water content of mixtures of CGM1 and CGM2
increased from 5.0 to0 9.0 %, their CBR value decreases to 10—
15 % of their initial load bearing capacity; in case of their water
content values being higher than 11.0 %, their load bearing ca-
pacity fell down to 0;

- in case of M22, at 9 % water content stage it had 30 % of
the initial CBR value (related to 5 % water content), at 11 %
water content the M22 sample resulted in 19 % of the initial
CBR value;

- in case of CSBCG 0/32 sample at 7 % water content stage
it had 89 % of the initial CBR value (related to 5 % water con-
tent), at 9 % water content the CSBCG (/32 material provided
223 % of the initial CBR value (it was a very unexpected result,
but it can be explained by its very stable grain ‘skeleton’).

In Fig. 7, the results of the multi-level shear box tests are
summarized. It has to be mentioned that all of the published
results are related to compacted stages. The compaction pro-
cedure is detailed in [16]. The depicted values are the average
values of the calculated characteristic values from three mea-
surements (basis and two repetitions additionally) related to
each sample and each shearing plane. Because of the limited
space, the single graphs of vertical load vs. horizontal displace-
ment of the frames during the shear tests are not published,
only their usable results.

Based on the results that are shown in Fig. 7, it can be stated
that CGM2 sample (w=9.72 %) ensured the absolute maximum
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Fig. 7. Results of multi-level shear box tests

inner shear resistance (i.e. the pushing force value in Fig. 7):
28.44 kN on the shearing plane No. 2 (10 cm higher than the
lowest considered shearing plane), among all of the tested sam-
ples. The other result lines can be hardy compared with each
other. Only one relevant statement can be drawn, the maximal
inner shear force can be measured in the shearing plane No. 2
related to each sample and each water content value.

Because of the fact that the results cannot be assessed with
adequate method, the author decided to define and calculate
an additional parameter based on the results of multi-level
shear box tests. This parameter was the integer of the graphs
(i.e. the area below the lines/graphs).

Fig. 8 represents the integer of the inner shear resistance
graphs as a function of water content of the samples.

The water content values are represented as saturation
stages (levels) (Fig. 8); dry stage means the normal water con-
tent without mixing additional water (the stage of equilibrium
in the laboratory air humidity and temperature); optimal stage
means the sample with optimal water content; wet stage is re-
lated to a considered water content higher than optimal water
content value during the multi-level shear box tests. The exact
water content values can be seen in the legend of Fig. 7.

Based on the results that are shown in Fig. 8, the following
can be declared:

- in the first approach, the integer of the inner shear resis-
tance graph varies in almost the same interval (279.0—
405.2 kN - cm), only the CGM2’s result line sticks out from this
zone in case of 9.72 % water content. This extreme high value can
be measured due to the increased pressure of pore water (based
on calculations it had more water than the saturated stage);

- the products M22 and CSBCG 0/32 were hardly or less
sensible on the variation of water content, whose effect did not
strongly appear during the multi-level shear box tests.

Conclusions. The author introduced and summarized his
laboratory tests and their results. These tests were Proctor
tests, load bearing capacity measurements (as California Bear-
ing Ratio), as well as multi-level shear box tests. Four different
granular railway supplementary layers were considered with
different water content values. These granular mixtures were
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Fig. 8. Integer of the inner shear resistance graph saturation stages
(levels) related to all the four considered granular materials

the CGM1 and CGM2 products, as well as the M22 and CSB-
CG 0/32 materials. The first two mixtures are common (stan-
dardized) supplementary layers for railway substructure [11];
hence the M22 and CSBCG 0/32 products are mainly applied
for road base courses [15, 17].

All the tested samples were produced with the application
of the same andesite rock.

The aim of this paper was to investigate and examine the
possibility of using M22 and CSBCG 0/32 materials as granu-
lar railway supplementary layers because they can be produced
more easily due to the fact that they are primer mining prod-
ucts, hence the CGM1 and CGM2 are mixtures. Mainly 5
fractures have to be applied for preparation of CGM1 and
CGM2 products. The investigation was executed and made
with earlier mentioned laboratory tests.

The article did not have the goal to assess the confor-
mance, adequacy of the CGM1 and CGM?2 materials as rail-
way supplementary layers. They have been applied in Germa-
ny for many years with adequate results, as well as in Hungary
they have a lot of references in the railway projects. It has to be
mentioned that in Hungary CGM1 and CGM2 layers were
mixed using dolomite material that has hydraulic bonding ca-
pability; with the application of dolomite, quite high load
bearing capacity values can be obtained during and after the
railway constructions. It should be also noted that CGM?2 lay-
ers can be mixed from old, used, fragmented railway ballast
material (with application of other fractions, or crushing of the
mentioned degraded particles). It is a commonly used method
to build a CGM2 layer on the top of the embankment, while
above it a CGM1 layer is installed. The CGM2 layer is impor-
tant because of the capillary break related to ‘sublayers’ in the
substructure; hence the CGM1 layer is important because of
its water sealing property.

Based on the results that were detailed in the previous Chap-
ter ‘Results’ the author formulated the following conclusions:

- although CGM1 and CGM2 granular mixtures provided
relatively low CBR values of at higher water content (7—9—
11 %), the inner shear resistance values during multi-level
shear box test were average;

- CGM2 sample provided the highest inner shear resis-
tance on the shearing plane No. 2, but it can be explained with
the ‘oversaturated’ stage and the increased pore water pressure;

- M22 and CSBCG 0/32 materials ensured good or very
good results; based on the CBR tests they held their quite high
load bearing capacity with increasing water content;

- the CSBCG 0/32 product provided extreme high CBR
value at 9 % water content;

- M22 and CSBCG 0/32 layers seem to be adequate for
installing them as granular railway supplementary layers — but
this statement is supported and certified with the executed
laboratory tests. It means that water permeability tests, long-
term field tests are also recommended and needed.

The author draws the attention to the optimal water con-
tent of the CGM1 and CGM2 layers during the construction.
His laboratory tests and obtained results proved that water
content values that are higher than the optimal ones can cause
load bearing capacity problems and installation problems. It is
a well-known geotechnical fact, but this attention is related to
the very narrow zone between the problematic stage and the
optimal water content. These complications were not observed
with M22 and CSBCG 0/32 materials; they are not sensible to
variation of water content.

The author emphasizes the relevancy of the mineral wealth
in every country. Hungary is quite rich in adequate quality
minerals that can be applied for civil engineering facilities. The
present paper deals with the transport infrastructure, mainly
the railway permanent ways and the ballasted tracks. He ana-
lyzed the opportunity of the use of road base courses in railway
construction projects. The application of M22 and CSBCG
0/32 materials seem to be alternate products such as CGM1
and CGM2 layers after detailed and long-term investigations.
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The following points and tasks can be formulated as fur-
ther research possibilities:

- financial and economic calculations related to the exam-
ined granular supplementary layers (samples) as alternate
products;

- performance of additional laboratory tests (e.g. water
permeability tests, etc.);

- FE modelling of water seepage related to saturated, un-
saturated and ‘oversaturated’ soils;

- building complex models that can consider the whole
railway track, mainly the dynamic effect of loaded superstruc-
ture onto the substructure [20].
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JlocaimKeHHs BIUIMBY BMICTY BOIM
Ha 0aJACTHHWII AP 3aMi3HHYHOI KOJIii

C. Diwep

VuiBepcuretr Ceueni lmTBaHa, Kadbeapa TpaHCIOPTHOI iHO-
pacTpykKTypu Ta BOAHUX pecypciB, M. JI’ep, YropiiuHa,
e-mail: fischersz@sze.hu

Meta. BuzHaunTi B3a€EMO3B’I30K MiXXK BMiCTOM BOIU y
Oe3nepepBHUX IPaHYIbOBAHUX OATACTHUX LIApaX MiJINaab-
HOI OCHOBM 3aJIi3HUYHOI KOJIil Ta IXHIM BHYTPIllIHIM OTTIOPOM
3CYBY i1 HECYYOI0 3aTHICTIO.

Metoauka. YoTupu pi3Hi «3pa3ku» OyJu BUTOTOBJIEHI SIK
CTaHAAPTHI I'paHy/JIbOBaHi BUPOOM 3 aHAe3uTy. /IBa 3 HUX €
3arajibHUM 0a30BUM BapiaHTOM [Jisi OydiBHULTBA AOPIr B
YropiumHi, iHIIi 1Ba — 3arajbHi 3aJi3HUYHI OaJacTHI apu.
ABTOpOM OyJI TIPOBENICHI JTabOpaTOpHi BUMipIOBaHHS (bara-
TOPiBHEBiI BUIIPOOYBaHHS Ha 3pYILIEHHS), 1110 € JOCTATHIMU
IIJI OLIHKM BHYTPILIHBOTO OIOpY 3CyBY. BuMipioBaHHs He-
cyyoi 3aaTHocTi i Tectu [IpokTopa npoBoawIKCh y Jabopa-
topii «Colas Hungaria Ltd». ABTOp MpoBOAWB BUMipIOBaHHS
3 ONTUMAIbHUMMU 3HAYEHHSIMU BMiCTy BOJIM B KOXHili TTpo0i,
a TaKOX i3 MEHIIMMHU Ta OUIbIIMMU 3Ha4YeHHAMU. Lle moxe
MOKa3aTH, HACKIJIbKY TaHUi TpaHyJbOBaHUI MaTepial yyT-
JIMBUI 10 3MiHU PiBHS BMIiCTY BOIIU.

PesymbTaT. Byso noseneHo, 110 TpaHyJbOBaHi O6anacTHi
MaTepian, siKi € CTAaHAAPTU30BAaHUMU TIPOLYKTAMU B TOPOXK-
HbOMY OYMiBHUUTBI (SIK 0a30Bi 1Iapu), TaKOX BUSIBJSIOTHCS
MPUAATHUMU [T 3aJTi3HUYHOTO OYIiBHUIITBA; BOHM HE Ha-
CTiJIbKM YyTJIMBI 10 3MiHU BMicTy Boau. Lle He o3Hauae, 1110 1Ba
IHIIMX OaJaCTHUX MaTepiLIu HE € NOCTATHIMU ISl TiALINaIb-
HOI OCHOBM 3aJli3HUYHOI KOJii, ajle 3aCTOCYBaHHSI JTOPOXKHiX
«TIPOAYKTIB» CJIi/l PO3IJISIAATH SIK MPOIYKTU-3aMiHHUKM.

HaykoBa HoBHM3HA. PesynbTaTu NOBOJSATH aleKBaTHICTb
BUAOOYTKY TipCbKMX MOPil sl OyIiBHUUTBA 3aJi3BHUYHUX
KOJIii Ha GaJ1acTi, a TAKOX ONTUMaJIbHE BUKOPUCTAHHS MiHe-
paJibHUX 0araTcTB y KOXHIl KpaiHi.

IIpakTiyna 3HaymMmicTb. OTpUMaHi pe3yJbTaTU MOXYTb
OyTU KOPMCHMMMU B NipHUYON00YBHIl rajy3i Ta iHXXeHepii 3a-
JIi3HUYHOI iHdpacTpyKTypu. [1ix yac mpoeKTHUX i OyaiBesib-
HUX TIPOIEAYp CIifl ypaXxOoByBaTU ONTUMAJbHi 3HAYEHHS
BMICTY BOIM /ISl YUIUIbHEHHS, 1100 JOCSATTU MaKCUMAaJIbHOL
KOMITaKTHOCTi (IIiIBHOCTI), ajie, BUXOISUM 3 Pe3yJIbTaTiB,
3aHaJTO BEJIMKOTO BMIiCTY BOAM TAKOX CJIiJl yHUKATH.

KoouoBi ciioBa: 3asiznuuna Konis Ha 6asacmi, niownanvHa
0CHO8A, 2PAHYNbOBAHUL Mamepian, GHYMPIWHIL Onip 3¢y8y, He-
cyua 30amuicmo
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