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The article presents the results of a preliminary investigation carried out to determine the effect of a small amount of potassium chloride
(KCI) on the efficiency of fine slag used for treatment of expansive soil. The quantity of KCI has been varied from 0,5 to 1,5 %, while fine
slag was varied from 5 to 15 % of the soil weight. It is found that the plasticity and differential free swell of the soil reduces with the addition
of KCl as well as fine slag. KCI is more competent in reducing the plasticity and swelling of soil compared to fine slag. Whereas, the en-
hancement in strength and maximum dry density is relatively large in case of fine slag as compared to KCI added to the soil. The efficiency
of fine slag to alter the properties of expansive soil increases significantly in the presence of a small quantity of KCI. The predictive models

were also developed to find out the improved properties of expansive Soil.
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Introduction
Expansive soil, also known as black cotton soil in In-

dia, is spread over more than 20 % land cover of India [1].

However, all expansive soils are not black cotton soils
and vice versa. These soils suffer from volume expansion
and shrinkage in wet and dry state, respectively. Within
the last two decades, India has gone through significant
advancement and growth in the road network and various
other construction activities. Presence of expansive soils
often affects the construction activities and performance
of structures [2, 3]. In India, these soils have affected the
functioning of roads and have hammered construction
activities severely. Therefore, it is required to enhance the
expansive soil properties before starting any construction
activity.

It has been revealed in earlier studies that chemical
stabilisation is a relatively more efficient and economical
solution to change and enhance the properties of expan-
sive soils [4-6]. The chemical stabilisation using materi-
als like Portland cement, KCI, NaCl, lime, and various
other conventional stabilisers are very common. The
chemicals undergo cation exchange with the clay miner-
als; and consequently, reduce the shrinkage and swelling
of soils [7]. Many researchers used various combination
of chemicals, and some studies used solid waste materials
to improve the properties of chemically treated soil [8-
10]. Solid waste material improves the strength of soil,
and chemical additives reduce the swelling and shrinkage
of soil. The solid material interrupts the free flow of
moisture and in its turn, reduces the swelling of soil.

R.K. Katti [11] used a number of chemicals to stabi-
lize the expansive soil and revealed that potassium chlo-
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ride (KCI) is relatively more efficient than other additives
such as sodium chloride, barium chloride, calcium chlo-
ride, and magnesium chloride. Various other studies have
also found KCI to be an effective additive for enhance-
ment of properties of expansive soils [12-14]. A few
studies used fine slag (FS) to enhance the strength of the
soil. It was found that the addition of FS increased the
strength of cohesive soils [1, 15]. The combined effect of
FS and KCI is missing in the literature. The main aim of
the study is to explore the influence of a small quantity of
KCI on the FS efficiency to modify the properties of ex-
pansive soil. The soil properties considered in the present
study include Atterberg limits, the unconfined compres-
sive strength of soil, water content — dry density relation-
ship, and differential free swell of expansive soil.

Materials used in the present study

The soil used in the present study was collected from
Guna city, India. Fig. 1 shows the sampling location (red
circle within a square) and the area where the study result
can be implemented (blue area). Soils of similar charac-
teristics are spread over more than 40 % area of Madhya
Pradesh and a large part of Maharashtra and Rajasthan
states of the country. Therefore, the outcome of this study
can be utilized for a large area of the country. The proper-
ties of soil are presented in Table 1. The finer content is
found to be more than 65 %. A small amount of organic
materials was also witnessed in the collected soil samples.

FS was used as a primary additive to enhance the soil
properties. Potassium chloride was used as secondary
material to increase the effectiveness of FS. KCl is avail-
able at a very low cost. The description of KCl and FS are
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presented in Table 2. The powder form of KCI, which has
a white crystalline appearance, is used in the study. FS
used in the present study is produced through the con-
trolled granulation and possesses good cementitious
properties. It has a specific gravity of 2,8.

B Altuvial soil .
Bl \edim and deep black soil
¢ W \ixed red and black soil

B Shallow and medim black soil

—_—p

Fig. 1. Distribution of Expansive soil and sampling location
(remodified after, MP land report, [16])
Puc. 1. Pacnpedenenue

ombopa npob (pemoduduyuposano nocie omuema
MII no 3emne [16])

06wupHO20  pynma u  mecma

Table1.  Properties of expansive soil used in the study

Taoauua 1. Ceoticmea 5KCHAHCUBHOU NOYBbL, UCNOIb308AHHOU
8 UCCIe008aHUU

Properties/CBoiicTBa Description/Omnmcanue
Specific gravity (G)/Y zenbHblit Bec (T) 2,42-2,44
Liquid limit (LL)/TIpexen Tekydectn 53-58 %
Plastic limit (PL)/IIpenen miaTH4HOCTH 30-35%

Plasticity index (PI)/MHaexc NIacTHIHOCTH 23-26 %
Optimum moisture content (OMC) 19-21 %
OnTiMansHOE COACPKAHNUE BIATH

Shrinkage limit (SL)/TIpenen ycanku 10,5-115%
Maximum dry density 151 gmice

MakcumainbHast CyXas IJIIOTHOCThH

Table 2. Description of KCI and FS used in the study
Taonuya 2. Onucanue KCI u FS, ucnonvzyemvix 6 uccneoo-
BaHUU
Descrip- | Chemical Con- | 5 e
Properties of KCI Scrip stituent of FS
. tion . | Cymma
CBoiicTBa XJIOPUCTOI'O KaJIns XUMUYCCKHI
Onucanne (%)
coctaB ®C
Molar mass 74,56 Cao 625
Mousipasi Mmacca g/mol
. 1,98 .
Density/ITnoTHOCT gm/cm3 SiO, 22
Solubility in water 344 gL ALO; 52
PaCTBOpI/IMOCTL B BOJC
Boiling point 1420 °C Fe,0; 425
Temneparypa KuIeHHst
Odour/Apomat EOdorIess SO; 2,25
¢3 3amaxa
¥e|tlng point 770 °C MgO 12
eMIIeparypa MaBICHHS

Method of testing
The liquid limit of untreated expansive soil and modi-

fied soil were determined using the Casagrande apparatus.

The plastic limit of soil was evaluated by the thread roll-
ing method. The detailed procedure to determine the LL
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and PL is given in 1S:2720:Part-V [17]. Shrinkage limit
of soil samples was determined using the mercury dis-
placement method by following a procedure specified in
1S:2720:Part-VI [18]. To determine the Atterberg limits
of modified soil, sufficient time was provided to allow the
uniform mixing of water within the soil samples. Follow-
ing the plasticity chart given in the Indian standard, IS
1498 [19], this soil is classified as silt of high plasticity
(MH).

The different testing approaches were used to deter-
mine the relationship between moisture content and dry
density of untreated soil and stabilized soil. For untreated
soil samples, Indian standard 1S:2720:Part-VII [20] was
used, while for the stabilized soil samples, 1S:4332:Part
111 [21] was used. The stabilized soil and water mixture
were compacted in the mould of size 1000 ml. The stabi-
lized soil sample added with the varying amount of water
content was compacted in the three layers. Each layer was
compacted with a hammer (weight of 2,6 kg) falling
through a height of 310 mm. The compaction of the stabi-
lized soil sample was completed within 20 minutes as
specified in the Indian standard. After this, the compacted
soil sample was removed from the mould. To determine
the moisture content of compacted soil, the soil samples
were taken from the top, center, and bottom of the com-
pacted soil specimen.

The unconfined compressive strength of untreated soil
and stabilized soil samples were determined using a
method specified in IS 2720:Part X [22]. Soil samples
with a diameter of 38 mm and length of 76 mm were used
to determine the UCS of soil. All soil samples were made
at optimum moisture content and maximum dry density.
All samples were compacted and tested under a constant
strain of 1,25 mm/min. Stress-strain curves were plotted
to determine the peak strength of the soil sample. Indian
standard code 1S 2720-40 [23] was used to determine the
differential free swell of expansive soil. As suggested in
the IS code, 10 grams of oven-dried soil sample passing
through a 425-micron sieve were poured into two gradu-
ated cylinders each of 100 ml capacity. One cylinder was
filled with kerosene oil as a non-polar liquid, and the oth-
er was filled with distilled water up to the 200 ml mark.
The entrapped air was removed from both the cylinders
through gentle shaking. After sufficient time (48 hours),
when soil samples attained equilibrium condition, the
final volume of the soil grains was measured. The differ-
ential free swell was determined by the following formula
given in IS code IS 2720-40 [23]: differential free swell
(DFS)=[(Vuw~V)/V(]x100, where Vi and V,, are the final
volumes of soil samples in kerosene and distilled water.

Result and discussion

To determine the optimum quantity, the amount of po-
tassium chloride was varied from 0,5 to 1,5 % with an
interval of 0,5 %. The amount of KCI at which the prop-
erties (in plots) showed a slight crest or displayed a rever-
sal as compared to the previous amounts was considered
as optimum quantity. The results of the study show that
the optimum quantity of KCI for this particular soil is
approximately found to be 1 % of soil weight. The evalu-
ated optimum amount of potassium chloride is also close
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to the other studies [24, 25] carried out on expansive soils
found in India. This amount was added to the soil sam-
ples to be treated with FS. To differentiate between the
distinct effect of FS and combine effect of KCI and FS,
the results are presented in the normalized form as a ratio
of the initial value of index property for untreated soil
(with a subscript “i’) to the final value of the same proper-
ty after treatment (with a subscript ‘f”).

Effect on consistency limit

Liquid limit and plastic limit are crucial index proper-
ties to classify finer soils, and it can be correlated with a
number of engineering properties and behaviour of soil.
The variation in Atterberg limit with KCI and FS is pre-
sented in Fig. 2. Fig. 2, a shows that the LL of the soil
decreases with the increase in the KCI content as well
increase in FS content.

The liquid limit indirectly designates the compressi-
bility of soil. Therefore, furthermore reduction in liquid
limit with the addition of FS in the KCI treated soil stipu-
lates the additional reduction in soil compressibility.
Fig. 2, b shows that the plastic limit increases and de-
creases with the increase in the quantity of KCI and FS,
respectively. In the case of KCI, the plastic limit is in-
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creased by 25 %, whereas in the case of FS, it decreases
by 12 %. A number of other studies used KCI and FS
separately to stabilize expansive soil, and made similar
observation [12-14, 26].

Fig. 2, c, d shows the affect of 1 % KCI on FS effi-
ciency to improve LL and PL, respectively. Fig. 2, ¢ de-
picts that the efficiency of FS to reduce the LL enhances
due to the presence of KCI. In case of FS added soil, the
LL initially decreases with increase in the FS and in-
crease for any quantity greater than 10 %. However, LL
reduces continuously, when FS was added along with
KCI. However, the PL of soil treated with FS and KCI
together always remains more than untreated soil and soil
treated with FS alone (Fig. 2, d).

The effect of KCI and FS on PI of soil is shown in
Fig. 3. Fig. 3, a shows that PI reduces significantly in
both cases, but the efficiency of KCI is relatively more as
compared to FS to reduce the PI of soil. The higher effi-
ciency of KCI shows that it is relatively more flocculation
than FS. It can be explained as the better ability of KCI
solution to perform electrolytic behaviour where the ions
can easily be imparted for better stability of soil grain
surface charge.
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Fig. 2. Variation in Atterberg limit: a) LL with KCI and FS; b) PL with KCI and FS; c) distinct effect of FS and combine effect
of KCl and FS on LL ratio; d) distinct effect of FS and combine effect of KCl and FS on LL ratio and on PL ratio

Puc. 2. Usmenenue npedena Ammepoepea: a) LL ¢ KCl u FS; b) PL ¢ KCl u FS; ¢) unousuoyanvnoe erusnue FS u
kombunuposannoe emwsnue KCl u FS na omnowenue LL; d) unousudyanvroe euusinue FS u xombunuposannoe
enusnue KCl u FS na omnowenue LL u na omnowenue PL
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Fig. 3. Variation in plasticity index: a) with KCI and FS; b) distinct effect of FS and combine effect of KCI and FS on PI ratio
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The addition of FS to KCI treated soil reduces the PI
from the 14,7 to 11,2 % for FS content of 10 %, and fur-
thermore, the addition of FS does not have any influence
on PI of soil. The stabilized soil became low plastic with
the addition of FS in KCI treated soil. Fig. 3, b shows a
significant reduction in P1 in case of KCl and FS added to
soil as compared to the soil in which only FS was added.
Presence of small amount of KCI increases the efficiency
of FS approximately two times. In stabilized soil, FS acts
as a diluent, and decreases LL. The presence of 1 % KCI
in expansive soil increases the efficiency of FS signifi-
cantly, which indicates the increase of diluent factor. Ad-
dition of coarser particles as additives decreases the
thickness of diffused double layer and flocculation of clay
particles and contributes to reduction of soil P1 [27].

Effect on density and optimum moisture content

The effect of FS and KCI on soil dry density is present-
ed in Fig. 4. The increase in maximum dry density is very
nominal with the addition of KCI and FS. However, the
increase in the density is comparatively more noteworthy
in case of FS added soil due to the higher specific gravity
of FS. Moreover, the FS particles are believed to form a
dense cohesive matrix with the finer ones. The density in-
creases due to change in soil gradation and a decrease in
soil surface due to the addition of relatively coarser particle
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of FS. It decreases the micro-pores in expansive soil and
decreases water holding capacity of expansive soil [1, 29].
Therefore, there is a reduction in OMC, and it can be ob-
served in Fig. 5. The OMC of soil is reducing with the in-
crease of KCI. It also decreases with the addition of FS
content in KCl added to the soil. The reduction in the OMC
is quite significant when FS is added to KCI treated soil.
Fig. 5, b shows that the change in OMC of soil is insignifi-
cant in FS-treated soil. However, the OMC reduced signifi-
cantly when the soil is treated with KCI and FS together.

The affinity of soil for water reduces with the addition
of KClI, and the addition of FS further reduces the ability of
expansive soil to absorb moisture from the surroundings.
This reduces the moisture content in the soil admixture
matrix and causes a significant increase in the density of
soil. Earlier studies found that the chemical reduces the
thickness of water around the soil particles, which also
helps in higher concentration and better packing of grains,
and hence OMC reduces and density increases with the
addition of chemicals [13]. The reaction between anions of
additives and cations of soil creates a condition in which
the small soil particles group together to the bulky particle,
and it finally increases the density of soil. The decrease in
concentration of cations in expansive soil causes the reduc-
tion in affinity of soil particles to water [30].

1,2
m 1%KCl+
1
0,8
0,6
0,4
0,2
0
> Fs )
b

Fig. 4. Variation in maximum dry density: a) with KCI and FS; b) distinct effect of FS and combine effect of KCI and FS on

74 ratio

Puc. 4. Usmenenue maxcumanvroii cyxou niomuocmu: a) ¢ KCl u FS; b) unousudyanvroe eénusnue FS u xombunuposannoe

enusnue KCl u FS na coomnowenue yq
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Fig. 5. Variation in optimum moisture content: a) with KCI and FS; b) distinct effect of FS and combine effect of KCIl and FS

on OMC ratio

Puc. 5. U3menenue 6 ONMUMAIbLHOM COOEPICAHUU 6ALU:

a) ¢ KClI u FS; b) unousuoyamvnoe enusunue FS u

kombunuposannoe sruanue KCIl u FS na xoagpguyuenm OMC

Effect on soil strength

The effect of KCI and FS on the strength of expansive
soil is shown in Fig. 6. The strength of soil increases with an
increase in KCI and FS quantity. The strength increases by
the 1,3 times of the unaltered soil for the KCI content of
1,5 %. The addition of FS increases the strength of untreated soil
by 2,4 times when added at 5 % of the soil content and beyond.
However, the strength of the soil increases by 3,5 times after
addition of FS with KCI. The strength of soil increases due
to reduction in the thickness of double layer of water around
the soil particles [1, 14, 29]. It causes the increase in shearing
resistance between soil particles [28-31].
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The distinct effect of potassium chloride on the
strength of expansive soil is relatively small as com-
pared to FS. However, a small amount of potassium
chloride influences the efficiency of FS significantly
(Fig. 6, b). It may be attributed to the competency of
KCI to decrease the double layer repulsive force signifi-
cantly [28]. Strength enhancement can also be noted due
to FS alone seizes after 10 % concentration, but the
same continues rising with the increasing content of FS
when used in combination with KCI. It indicates the
significance of using two different natures of additives
to the soil.
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Fig. 6. Variation in unconfined compressive strength: a) with KCI and FS; b) distinct effect of FS and combine effect of KCI

and FS on UCS ratio

Puc. 6. Hsmenenue 8 neocpanuuennoil yoenvnoti pabome paspwisa: a) ¢ KCl u FS; b) unousudyanvnoe enusnue FS u
kombunuposannoe enusinue KClu FS na koagpgpuyuenm UCS

Effect on soil differential free swell

The effect of FS and KClI on differential free swell (DFS)
is presented in Fig. 7. The differential free swell of plain soil
lies close to 80 %, which shows that the soil belongs to the
very high expansive group [32]. Fig. 7, a shows that the dif-
ferential free swell reduces significantly with an increase in
KCI and FS quantity. However, the rate of decrease in the
DFS is nominally higher in KCI as in solution form it has a
better reactivity with the mineral content in the soil. Fig. 7, b
shows that the addition of 1 % KCI increased the efficiency
of FS significantly. The formation of cementitious leads to
decrease of soil swelling [33, 34].

The quantity of cementitious products increases with the
increase of FS and KCI content. However, the rate of for-
mation of the cementitious product reduces at higher con-
tents of FS and KCI. Therefore, the differential free swell of
the soil decreases with an increase in the amount of FS and
KClI, but the rate of decrease in DFS reduces with an increas-
ing amount of these additives. The DFS also decreases due
to decrease in thickness of the diffused double layer of water
due to the supply of cations by FS and KCl in the soil struc-
ture. It can be noted that the soil became low expansive after
modification with KCI and FS as the DFS reduces to 50 %
after treatment with KCI and further reduces to 25 % on the
combined effect of both additives.
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Fig. 7. Variation in differential free swell: a) with KCI and FS; b) distinct effect of FS and combine effect of KCI and FS on

DFS ratio

Puc. 7. Paznuyua 6 oupgepenyuanvroii becniamuvie omexams: a) ¢ KCl u FS; 6) unousuoyarvnoe eiuanue FS u
xkomburuposannoe enusanue KCl u FS na xospgpuyuenm DFS

The addition of chemicals and FS causes cation ex-
change and flocculation of particles and consequently
increases the strength of soil [1, 12-14]. The enhance-
ment in strength of swelling soil might be observed due to
reduction in plasticity of swelling soil (liquid limit and
plasticity index). However, the overdose of chemicals and
FS increases the cation concentration and reduces the
efficiency of chemical and FS. It is also possible that the
excess compound formation due to excessive addition of
FS (content >10 %) would have caused the weakening of
bonds between the soil particles and the formed cementi-
tious compound as observed from the various previous
studies [32, 34].

Predictive models

Nowadays, regression analysis is very popular in civil
engineering to predict the influence of various parameters
on soil properties. From the experimental study, it is ob-
served that the liquid limit, plastic limit and compaction
parameters are varying more or less linearly with change
in FS content, while, plasticity index, unconfined com-
pressive strength and free swelling are varying nonlinear-
ly with the change in amount of FS. However, to accu-
rately predict the variation in soil properties with addition
of FS, the relationship between FS content and soil prop-
erties was assumed to be varying nonlinearly. The equa-
tion (1) was used to predict the modified soil properties
due to FS addition. Though the equation (1) is nonlinear, it
can be changed to linear equation by changing the form of
equation (1) to equation (2).

Index properties of treated soil
Index properties of untreated soil 1)

=A+A(FS)+ AZ(FS)2 +..A,(FS)";
Index properties of treated soil
Index properties of untreated soil B @
=A+A(FS) +A(FS,) +..A(FS,).

Table 3 shows the predictive models, developed to
predict various index properties of treated expansive soil
with R% These models use the index properties in dimen-
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sionless forms as a ratio of initial value of index property

for untreated soil (with a subscript ‘1’) to the final value

of the same property after treatment (with a subscript ‘f*).

Table3.  Predictive models to predict the Index proper-

ties of soil

Taonuua 3. Ilpoenocmuueckue moodenu 0asi NPOSHOZUPOBA-
HUsL UHOEKCA C8OUCME NOYBLL

Index properties | KCI 2
Cofictsa %) Model/Moznens R
LL/LL 0 1-0.275(FS)+0.0012(FS)’ 0,999
- 1 | 0.91-0.0175(FS)+0.0004(FS)’> | 0,998
_ 0 1-0.0031(FS) 0,985
PL/PLi 1 0.98-0.0079(FS) 0,951
BI/PI 0 1-0.04(FS)—0.002(FS)? 0,997
o 1 0.75-0.034(FS)+0.001(FS)2 | 0,999
_ 0 1+0.013(FS)-0.003(FS)? 0,999
MDDIMPD: 155511 (FS)-0.0001(FS)?__| 0.998
. 0 1+0.25(FS)-0.01(FS)? 0,998
OMC/OMCi [ 57800.024(FSY+0.001(FS) | 0,991
. 0 1-0.04(FS)—0.002(FS)? 0,999
UCS/UCS, 1 1.43+0.16(FS)-0.001(FS)> | 0,998
ESI/ES| 0 1-0.1(FS)+0.005(FS)> 0,998
ol 1 1.625-0.4(FS)-0.0012(FS’ | 0,978

These models are developed using Microsoft excel.
The coefficient of determination gRZ) was used as a crite-
rion to define the best fit. The R value close to 1 shows
the good predictive capacity and 0 shows low predictive
capacity. From Table 1, it can be observed that the R
value is ranging from 0,95 to 0,999, which shows good
capacity of the developed model. However, a large num-
ber of tests are needed to be carried out in order to in-
crease the reliability of the predictive model. The pre-
sented model may predict the variation in index proper-
ties for other expansive as well. However, there are
chances that the accuracy might not be similar to the pre-
sent case as the test are carried out on particular soil. This
limitation can be omitted by carrying out the tests for
other expansive soils with different plasticity.

Conclusions

The efficiency of FS increases with the presence of a
small quantity of potassium chloride. The plasticity index,
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flow index, liquid limit and OMC of potassium chloride
treated expansive soil reduces significantly with the addi-
tion of FS. The plasticity of soil is reduced from high to
low due to the combined effect of potassium chloride and
FS. Potassium chloride is found to be more efficient in
improving the Atterberg limits and reducing the optimum
moisture content of the soil, whereas the FS is more effi-
cient in improving the density and unconfined compressive
strength of soil. The addition of potassium chloride alone
increases the strength of soil by nearly 30 % of the initial
strength of the soil. The addition of FS with KCI treated soil
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BIUAHUE XNOPUAA KANUA HA 3OOEKTUBHOCTb MENKOIO LUNAKA,
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1 [lenapTaMeHT rpaxaaHcKoro CTPOMTENLCTBA U MHXEHEPHOW UHGPaCTPYKTYpbI,
WHCTUTYT MHXEHEPHON MHAPACTPYKTYpbl AdaHu,
Axmepabapn, 382427, Nnaus

2 CTpouTenbHbIN dhakynbTeT, YHUBEPCUTET MHADOPMALMOHHBIX TEXHOMOTMIA UM. [IKaiinu,
BakHaxart, Xumanyan MpageLw, 173234, UHaus

MpedcmasneHsl pesynbmamsi npedeapumesnbHo20 uccredosaHus, npogedeHHo20 0515 onpedeneHus enusHUs HebOoMbLWOeo Konuyecmsa
xnopuda kanus (KCl) Ha aghghekmugHoCmb MenKo20 winaka, ucnosb3yemoeo 0n1si obpabomku obwupHbix novs. Konuyecmso KCI eapbu-
poganocs om 0,5 00 1,5 %, 8 Mo epems Kak KO/lu4ecmeo MeJIKo20 Wiiaka eapbuposanock om 5 0o 15 % om geca noygbl. YcmaHoeneHo,
ymo nnacmuyHocmb U QughgheperyuanbHoe c8obodHoe HabyxaHue noyski cHuxaemces npu 0obaeneruu KCI, a makxe Menkoeo wiaka.
KCI 6onee komnemeHmeH 6 CHUXEHUU NnacmuyHoCmu U HabyxaHusi No4Ybl N0 CPABHEHUIO C MEJTKUM WTaKoM. YeenuyeHue npoyHocmu
U MakcuMarbHol cyxoli NTomHOCMU OMHOCUMENbHO 8EIUKO 8 CiTydae C MefKuM witakom no cpasHeHuro ¢ KCI, dobaeneHHbIM 8 noysy.
OphexkmusHOCMb MENKO3EPHUCMO20 Winaka 0ns U3MeHeHus cgolicme 0bLIUPHO20 2pyHMa 3Ha4YumerbHO 8o3pacmaem 8 npucymemeuu
Hebonbwozo kouyecmsa KCl. MpoeHo3Hble Modenu makxe paspabambisaromcs, Ymobbl 8bISCHUMB yyHweHHble cgolicmea 0bLwupHOU
noyebl.

Knroyesble crnosa:
Xnopud Kanusi, Menkuli winak, sKkchaHcugHasi no4ga, UHOeKCHble cgolicmea, Heoz2paHU4YeHHasa npo4YHOCMb Ha cxamue.

UHdopmaums 06 aBTopax
Hlykna P.1I1., noxtop ¢unocoduu, noreHt, MHCTUTYT HHKEHEPUH HHPPACTPYKTYPHI ATaHM.
Hapuxap H.C., M. Tech, noueHT, YHUBEpCUTET HHPOPMAIIMOHHBIX TEXHOIOTHI UM. [Dkaiimu.

TI'ynma A.K., noxrop ¢unocodpuu, npodeccop, 3apeayomunil kadeapoi, YHUBEPCUTET HHHOPMAIMOHHBIX TEXHOJIOTHI
uM. [Ixainu.
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