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THE ROLE OF OIL AND GAS SECTORS IN THE SOCIO-ECONOMIC 
DEVELOPMENT OF SOUTHERN PARTS OF UZBEKISTAN

Abstract. The article gives an overview of the role of oil and gas sectors in the socio-economic 
development of Kashkadarya and Surkhandarya regions of Uzbekistan, as well as the key indicators 
of oil and gas sectors in the region currently.
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The availability of oil and gas resources is a key 

instrument for any country to solve economic issues 
and even to reach political goals. In this regard, Uz-
bekistan is also no exception. After gaining indepen-
dence in 1991, Uzbekistan sought ways to increase 
the production of natural resources and expand the 
consumer market. Today, significant progress has 
been made in this regard.

Nowadays, Uzbekistan is the second largest oil 
producer in Central Asia, fourth in the CIS, and 21st 
in the world, and second in the CIS in gas produc-
tion. Significant changes have been made in the sec-
tor as a result of targeted programs and favourable 
investments implemented in a short period of time. 
On the basis of implemented structural changes and 
attraction of foreign investments, gradual implemen-
tation of the tasks set by the President of the Re-
public of Uzbekistan, the oil and gas industry as well 

as new productive powers have also been created in 
geological and geophysical research, construction 
of deep oil and gas wells, extraction, processing and 
transportation of hydrocarbons, production capaci-
ties [1; 2; 3].

Currently, the primary fuel and energy resources 
of the Republic of Uzbekistan comprise 97% of oil and 
gas, 2.3% of coal, and 0.7% of hydropower. One of the 
largest companies in our country is UzTransGas.

Geological oil reserves – 5 bln. tons. Approved re-
serves – 100 mln. tons. Geological reserves of natural 
gas are more than 5 trln. cubic meters, and confirmed 
reserves – 1.1 trln. m³. According to the Center for 
Economic Research of Uzbekistan (CER), natural 
gas and coal reserves in Uzbekistan will last for the 
next 20–30 years, while oil and gas consumption is al-
most used up. However, it should be noted that in our 
country, as in other advanced oil and gas producing 
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countries, there are undiscovered very large deposits, 
non-traditional oil and gas fields as yet.

The capacity of manufacturing of Uzbekneftegaz is 
60–70 billion cubic meters of natural gas a year and 8 
mln. tons of liquid hydrocarbons. Uzbekneftegaz is the 
11th largest natural gas producer in the world [4; 5].

As a result of exploration work carried out in ac-
cordance with the Decree of President Sh. M. Mirzi-
yoev dated November 3, 2017, PG‑3372, it has been 
discovered 16 oil and gas fields and produced 171 
million tons of fuel of underground hydrocarbon 
reserves for the period of 2017–2018 and 9 months 
of 2019.

For reference: 16 deposits, 4 in Ustyurt region 
(Beshkala, Lower Surgil, Kushkair, Oralik), 2 in Fer-
gana region (Uchtepa, Chakar), 10 in Bukhara-Khiva 
region (Topichaksoy, Marvarid, Shortak, Chordar-
baza, Tumaris, Andakli, South Kulbeshkak, Yarmak, 
Dultatepa, Shorkum).

By the end of 2019 it is planned to increase its 
hydrocarbon reserves by 53 million tons of fuel, 
which is currently under exploration in the central 
part of the Ustyurt region (Alpomish, Ultan, Arslan, 
etc.), west of the Bukhara-Khiva region (Tumaris, 
Andakli, South Kulbeshkak, Eastern Xatar and etc), 
in the southern part of the Fergana region (Uchtepa, 
Chakar, Lower Kashkarkir3 and others).

In particular, the regions of South Uzbekistan 
(Kashkadarya and Surkhandarya) differ from other 
regions in the country in terms of volume, structure, 
specialization and inclusion of industrial products.

Currently, the region supplies about 1/6 of 
the country’s industrial output. The bulk of these 
products are oil, natural gas, gas condensate, sulfur, 
polyethylene, and building materials. These same 
industries, in particular, fuel products, represent the 
region’s share in the national labor distribution. Most 
of the existing cities function as district centers, with 
light industry enterprises such as food processing, 
cotton cleaning and textile processing. In rural areas, 
industrial production is concentrated mainly in dis-
trict centers – cities and towns.

Uzbekistan has a great potential for processing 
natural gas. In this regard, the Mubarek Gas Process-
ing Plant (GRES) is one of the largest enterprises in 
the world with annual capacity of $30 billion cubic 
meters of gas, the second is Shurtan Refinery. The 
plant’s annual capacity is 20 billion cubic meters of 
gas. During the years of independence, large-scale 
projects on deep processing of gas and production of 
products meeting international standards have been 
implemented. Major enterprises such as Shurtan Gas 
Chemical Complex (GKM) and Kandym Gas Pro-
cessing Complex have been established.

In April 2018, Kandym Gas Processing Complex 
was commissioned. The gas processing complex was 
built under the joint project of Uzbekneftegaz and Rus-
sian company, Lukoil. The Kandym group includes six 
gas condensate minefields – Kandym, Kuvachi-Alat, 
Akkum, Parsankul, Khodji and western Khodji.

Kandym JCC capacity is 8.1 billion cubic meters 
of gas a year, which produce 213.000 tonnes of stable 
condensate, 17.500 tonnes of compressed gas and 
over 191.000 tonnes of sulfur per year.

The project “Creation of synthetic liquid fuels 
(GTL) based on purified methane from the Shurtan 
Gas Chemical Complex” reflects advanced techno-
logical solutions in the gas and chemical industry. This 
project is one of the largest mega projects in the CIS.

Implementation of the project at Uzbekneftegaz 
is an evidence of the rapid development of the in-
dustry, along with the importance of ensuring the 
country’s fuel and energy security.

The project will produce 1.5 million tonnes 
of high quality Euro‑5 synthetic fuel by refining 
3.6 billion cubic meters of natural gas a year. Of 
these, 743.000 tonnes of diesel fuel, 311.000 tonnes 
of jet fuel, 431.000 tonnes of naphtha and 21.000 
tonnes of liquefied gas.

The launch of the new plant will allow saving 
foreign currency by developing real sectors of the 
economy, further increasing the transit potential of 
the country, meeting the major demand for oil prod-
ucts and reducing oil imports [8].



THE ROLE OF OIL AND GAS SECTORS IN THE SOCIO-ECONOMIC DEVELOPMENT OF SOUTHERN PARTS OF UZBEKISTAN

5

It is planned to complete construction and as-
sembly works in the second half of 2020 and create 
682 new jobs at the plant.

Based on the instructions of the head of our 
state, the Concept of Expansion of Production 
Capacities of Shurtan Gas Chemical Complex 
was revised and the issue of the involvement of 
synthetic naphtha in the production process was 
studied. When the project is launched, the plant’s 
polymer production capacity will be increased 
from 125.000 to 450.000 tonnes, or 3.6 times. As 
a result, there will be more opportunities for the 
development of the petrochemical sector. In the 
first phase it is planned to process high-grade raw 
materials synthetic naphtha and produce pyroly-
sis distillate with new types of polyethylene and 
polypropylene. Access to pyrolysis distillates for 
the production of new products will create a tech-
nological cluster in the region, which will be an 
important factor in the further development of the 
chemical, automotive, pharmaceutical, construc-
tion and textile industries.

Uzbekneftegaz and Russian Gazprom are imple-
menting a project to build a petrol station within the 
geological prospecting in Surkhandarya region. The 
total volume of investments in the framework of the 
agreements may reach up to 5.8 billion US dollars 
[3; 6].

The first phase for 2018–2022 there will be built 
a gas processing plant with a capacity of 5 billion cu-
bic meters a year. In particular, as part of “the Early 
Gas” Program, by 2020, up to 1 billion cubic meters 
of natural gas will be extracted from the 2.800-meter-
deep gas layer.

In 2023, another 15 wells will be put into opera-
tion, the second turn of the gas processing plant will 
be launched, which will increase gas production to 
5 billion cubic meters per year.

In the second phase, 2023–2025, it will be con-
structed a gas and chemical complex with the ca-
pacity of 500.000 tonnes of polymer products per 
year through processing 1.5 billion m3 of gas. After 

the project’s implementation, a total of 2.200 high-
skilled jobs will be created.

Investments in industry of Uzbekistan make up 
2704.8 billion sum, of this amount, Kashkadarya ac-
counts for more than 80.0% and Surkhandarya re-
gion – 20.0% (2019 y). The analysis of the territorial 
structure of capital investments is important because 
it demonstrates which regions and cities of the zone 
are going to develop in the near future.

At present, the major part of capital investments 
in Kashkadarya region is spent on identifying and 
exploiting new oil and gas fields, the construction 
of industrial enterprises and reconstruction of trans-
port infrastructure which all considered strategically 
important for our country. Therefore, investments in 
the region are dominated by oil and gas-rich districts 
like Mubarek (28.0%), Mirishkor (17.0%), Guzar 
(12.3%) and Dehkanabad (7.6%) due to the con-
struction of the potash plant. However, Kasbi, Kitab, 
Chirakchi, Yakkabog, Kamashi and Koson districts 
accounted for only 9.0% of total investment. In fact, 
even in these areas there are large undeveloped hy-
drocarbon deposits.

The internal structure of the industry by the end 
of 2018 is as follows: fuel industry (by product val-
ue) – 75.9%, light industry – 7.4%, food industry – 
4.8%, compound feed industry – 2.8%. For compari-
son: in 2008 these figures were 56.4; 18.1; 9.2; and 
2.6 percent. Thus, it is possible to conclude that for 
the last 10 years, the industrial sector of the region 
has either intensified the development of production 
tools or heavy industries. This is also the result of 
industrialization of the regional economy [9].

Gas condensate in the region is produced by 
Mubarek Oil and Gas Production Department, 
Mubarek Gas Processing Plant, Shurtan Oil and 
Gas Production Department, Shurtan Gas Chemical 
Complex and Gissarneftgaz LLC (limited liability 
company). Among them Mubarek Oil and Gas Pro-
duction Department and Shurtan Oil and Gas Pro-
duction Department are leaders in oil and natural gas 
production. About half of liquefied gas is supplied by 
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Shurtangaz Chemical Complex. Almost 100% of sul-
fur is supplied by the Mubarek Gas Processing Plant.

There are such plants as Mubarek Oil and Gas 
Production Department, Mubarek Gas Processing 
Plant, Shurtan Oil and Gas Production Department 
and Shurtan Gas Chemical Complex. More than 30 
thousand people are working at these enterprises.

More than 2,000 students are currently studying 
at the Oil and Gas Faculty of the Karshi Engineering-
Economic Institute. 16 laboratory services are used 
for their training. Work is underway to establish new 
oil and gas labs, and supply qualified specialists for 
the field [10].

With the launch of a very powerful GTL proj-
ect, not only diesel and aviation kerosene, but also 

export-oriented products like naphtha, polyethyl-
ene, polypropylene will be produced. In addition to 
the creation of about 900 jobs at the plant, it was 
noted that in the related industries, such as process-
ing, transportation and delivery, it would create 10 
times more, which is about 10.000 new jobs.

The above data shows that the oil and gas in-
dustry is one of the most important sectors in the 
economy of Uzbekistan. Uzbekistan has significant 
potential for industrial development and further 
economic growth in the country. Completion of 
current projects and further attraction of foreign 
investments into new projects will serve as a solid 
basis for the development of Uzbekistan’s fuel and 
energy complex.
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MONTE CARLO METHOD FOR CONSTRUCTING AN 
UNBELISED ASSESSMENT OF DIFFUSION PROBLEMS

Abstract. In this article is used the Monte Carlo method to solve Cauchy problems in a diffusion 
equation. A Markov chain is constructed with absorption on the trajectory of this chain, an unbi-
ased estimate is constructed for solving problems. Examples of estimates of solution functionals are 
given and the behavior of their variances is discussed. The resulting integral equation is solved using 
branched Markov chains with absorption.

Keywords: diffusion, Monte Carlo method, approximate solutions, unbiased estimates, algo-
rithm, algorithm efficiency.

Introduction. In the research of dynamic sys-
tems in computer modeling, Monte Carlo theories 
and methods are often used to solve linear bound-
ary value problems of mathematical physics. This 
has been sufficiently researched in [1–9]. Tasks 
usually come down to solving equivalent integral 
equations.

Algorithms of the Monte Carlo method for 
problems with initial conditions have been little 
researched even in the case of ordinary differen-

tial equations. The only research with examples of 
Monte Carlo solutions for systems of ordinary dif-
ferential equations was considered in [5]. In these 
cases, Monte Carlo methods may be more efficient 
than classical computational methods. If we keep 
in mind that the application of the Monte Carlo 
method, which has been shown to be effective in 
multidimensional problems, the development of 
numerical integration methods in a system with 
many noise is very relevant.
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Statement of the problem. Consider the Cau-
chy problem in the classical formulation in (n + 1) – 
dimensional space Rn+1  in a layer Ω = ×[ ]R O Tn , :

L u x t
u x t

t
a

u x t

x x
ij

j

k

l j1
1

2
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f x t

1 1

β
,

, , � (1)

	 u x x,0( ) = ( )φ , x Rn∈ , � (2)
where α ij  и β j

m  (i = 1, 2,…, k, j = 1, 2,…, k, m = 
= 1, 2,…, l) are constant coefficients, n k l= + . Let 
α α= ( )ij  is a matrix with dimension k k× , β β= ( )j

m

is a matrix with dimension l k× .
Further suppose that: 1. α α= ( )ij  – is a symmet-

ric matrix and is positive definite. 2. β β= ( )j
m  a ma-

trix such that the Gram matrix ( ( ) )ω βαβ= −T 1  with 
dimension l l×  is positive definite, i. e. she is non-
degenerate.

The functions f x t( , )  and φ( )x  will be considered 
continuous in Rn . Under the assumption of the exis-
tence and uniqueness of the solution of problems 

(1) – (2), we construct an algorithm for its numerical 
implementation.

To simplify the solutions of the problem, we in-
troduce (in block notation) the following matrices 
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l l× , matrices I o Ik l, , ,β  also have similar dimensions. 
Here in after, Ir  is the identity matrix with a size 
r r× , d ρ( ) is the diagonal matrix, s t= −τ .

The matrices a s( )  and q s( )  for s > 0 are positive 
definite. Then the fundamental solution of equation 
(1) with a singularity at a point y ,τ( )  has the form
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where a a= ( )det , γ = +k l3 . Using the fundamen-

tal solution Z x t y, ; ,τ( ) in space Rn+1 , we define areas 
(sharoid) as follows. Let the number (parameter) be 
positive, i. e. r > 0 . Further area
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n

B x tr

, , ; , ,
,

( ) = ( ) −







 ( )

− −

( )
∫∫ τ π τ τγ2

1
2 .

Here S1 0( )  is the (n −1 )  – dimensional unit 
sphere with the usual orthogonal coordinates: 
θ θ θ θ= ( )2 3, ,..., n , 0 ≤ ≤θ πj , for 2 1≤ ≤ −j n , 
0 2≤ ≤θ πn . H Sθ( )∈ ( )1 0  is unit n – dimensional 
vector

y e x d r b H

t r

rλ θ γ
λ

λ θ

τ λ

λ β, ln( ) = + 















 ( ) ( )

( ) = −

− −2 2 1
1
2

2 2 1

2λλ2

,�(6)

It follows from (6) that if r x t t,( ) ≤
1
2 , then when 

x t,( )∈Ω  we have B x tr , .( ) ⊂ Ω
We proceed to the construction of a Markov 

chain x tj j

j
,( ){ }

=

∞

0
 on which we will construct an un-

biased estimate of the solution u x t,( )  to problem 
(1) – (2).

For u x t,( ) =1 , applying formula (5) we get

γ
π

λ
λ

λ θ α θγ























 ( ) ( )−

( )
∫∫∫

n n

T

s

Td Н b b Н
2 1

2

00

1 1
4

1

ln dds =1

It follows that the core of integral equation (5) 
can be considered as the distribution density. Con-
sider the integral

J d

n

= 

















−∫λ λ
λγ 1

2

0

1 1
ln .

Making a change of variables λ
ρ
γ=

−
e , we get

J e d
Г

n

n

n

n
= =

+







+







−
∞

+







∫
1

1
2

1
2 0

2

1
2γ

ρ ρ

γ

ρ

where Г n( )  is the gamma function. Now we can 
imagine E u x tr( )( ), as follows

E u x t P d P H u y e er( )( ) = ( ) ( )


























− −
, , ,1 2ρ ρ θ τ

ρ
γ

ρ
γ





( )

∞

∫∫
S

dS
1 00

where P1 ρ( ) is the density of the gamma-distributed 
random variable with the parameter 1

2
+

n , ... 

P H
H b b HT T

n
2

4( ) = α
γσ

.

In what follows, we will model a random vector 
with a distribution density
	

P H P H H H K H H Hn
n

ij
ij

n

i j s2 2 1 2
1

0

1
1

( ) = ( ) = − ( )
=

( )∑, ,....,
γσ

χ

	
P H P H H H K H H Hn

n
ij

ij

n

i j s2 2 1 2
1

0

1
1

( ) = ( ) = − ( )
=

( )∑, ,....,
γσ

χ
� (7)

where χs H
1 0( ) ( )  is the indicator of the set S1 0( ) , σn

is the surface of the unit sphere, Kij are the elements 
of n n×  dimensional matrix K babT= 4 . Since 
H H Hn1 2, ,....,  are the coordinates of the unit vector, 
H H Hn1

2
2
2 2 1+ + + =...  we get that H KHT ≤ µ1 , where 

H KHT ≤ µ1 is the largest eigenvalue of the matrix K. Then we 

can model a random vector with a distribution den-
sity (7) by the Neumann method.

Below is shown the algorithm of modeling.
Algorithm: 1. An isotropic vector 

ω ω ω ω= ( )1 2, ,..., n  and γ 2  a random variable distrib-

uted uniformly in (0,1) are modeled. 2. E = µ γ1 1 . 3. If 

K

E
ij

ij

n

i j
=
∑









≥1

ωω

γ
,  then ω  it is accepted, otherwise 

paragraph (1) is repeated.
Let ξ j j

{ }
=

∞

1
 is a sequence of independent gamma 

distributed random variables with a parameter

1
2

+







n , ω j

j
{ }

=

∞

1
 is a sequence of independent vec-

tors with a distribution density P H2 ( ) . Now we de-

fine the Markov chain in Ω  the following recurrence 
relations:

x x0 = , t t0 = , t tj j j= −
−









−1 2
exp ,

ξ
γ

x x t bi
j

i
j

j
j

j im
m

n

i
j= + −











−
−

=
∑1

1

1
2

1

exp ,
ξ
γ

ξ ω
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j

k p
j

j
j

pc c
j

j
j

+ +
−

− −= − −








 + −









1

1 1

3
2

2 3
exp exp

ξ
γ

β
ξ
γ  +

==
∑∑ ξ ων
ν

j k p

n

c

k

i
jb

1
2

11
, , � (8)

where i k=1 2, ,..., , p l=1 2, ,..., , j =1 2, ,...,  

r x t tj j
j

− −
−( ) = ( )1 1

1

1
2,  and relation (8) is obtained 

from (6). Now (5) we can write in the form
	u x t E u x t f x tj j

x t

j j j j
j j

− −

( )
− −( ) = ( ) + ( )− −

1 1 1 1
1 1, , , .

,
� (9)

We define a sequence of random variables ηl l{ } =

∞

0

by the following equality,
	 η τl

j j j j

j

l
l lh x t f y u x t= ( ) ( ) + ( )

=

−

∑ , , , ,
1

1

� (10)

where y j j,τ( ) is a random point of a sharoid B x tr ,( )  

at fixed x tj j,( ) , having a distribution density in it as

Z x t y a r

h x t

j j
n

j j

, ; ,

,

τ π γ( ) −









( )

− −2
1
2

,

where h x t Z x t y a r dyd
n

B x tr

, , ; , .
,

( ) = ( ) −









− −

( )
∫∫ τ π τγ2

1
2

Assuming that u x t t,( ) = and applying formula 
(9) for j =1  from (8) we get

	 h x t r x t
n

, , / ( ) .( ) = ( ) +( ) +





2 1

22γ γ � (11)

Let ℑ{ } =

∞
l l 0

 is a sequence of σ  algebras generated 
by random variables ξ ξ ξ1 2, , ... , l  and a sequence of 
vectors ω ω ω0 1, ,..., l  and random points 

y y yl l0 0 1 1 1 1, , , ,..., ,τ τ τ( ) ( ) ( )− − . We denote the solu-
tions to problem (1) – (2) corresponding to those 
given f ,ϕ  as u x tf , , .ϕ ( )

Theorem 1. а) the sequence ηl l{ } =

∞

0
 forms a mar-

tingale with respect to the sequence of σ  – algebras
ℑ{ } =

∞
l l 0

; b) if u x tf , ,0 ( ) < +∞  and u x tf , ,0 ( ) < +∞ , 
then ηl  it is quadratically integrable.

Proof: First, we prove that ηi l{ } =

∞

0
 it forms a mar-

tingale. From the definition ℑl
 it is clear that ηl  is 

measurable ℑl
, in then using the conditional expec-

tation property and formulas (9, 11) we get

E x t h x j t j y j j u x t
j

l
l l

l l
l( , ) ( , )f( , ) ( , )/η ζ τ η+  = + =

=

−
∑1

0

1

It follows that ηl l{ } =

∞

0
 it forms a martingale rela-

tively ℑ{ } =

∞
l l 0

. Let us prove that E x t l( , )η
2 ≤ ∞ . It is 

enough to show that

I E h x t f y tx t
j j j j

j

l

= < +∞
=

−

∑( , )( ( , ) ( , ))
0

1
2

Dividing I into two terms r x t t2 ,( ) ≤ , we obtain 

from the final condition that h x t t

n

,( ) ≤
+











+
γ

γ 2

1 2

, 

this implies the proof of the theorem.
Now we show one of the methods for estimating 

a random node of a quantity

f x t z x t y a r f y dyd
n

B x tr

, , ; , , .
,

( ) = ( ) −







 ( )

− −

( )
∫∫ τ π τ τγ2

1
2

Lemma 1. For the function f x t,( ) , the relation

f x t r Ef y

n

, , , , , ,( ) =
+









 ( ) ( )( )

+





γ

γ
ξ ζ ω τ ξ ζ

2

1
2

2

where

	 y e x r
r

ξ ζ ω β
γ

γ
ξ α

ξ
γ

ξ
γ

ζ γ

, , exp
exp

( ) = +
+









 −

+

− −
+











2
22

2

1
2

2

2
2

22

2
1



















−ζ ωγb , � (12)

τ ξ ζ
ξ

γ
ζ γ, exp ./( ) = − −

+








t

2
2

2

Here ξ  is gamma when a distributed random 
variable with a parameter r n

2( ) , ζ  is beta distrib-

uted random variable with a parameter 2 2γ ,( ) , ω  
is a random unit vector.

Proof: We introduce the region
B y y a ad y rr

T= ( ) ( ) ( ) < > }{ , : / / / ln , ,/τ τ τ γ ττ1 1 2 02

The resulting mirror image of the spheroids 
Br ο ο,( )  relative to the plane τ = 0.  These areas will 
also be called sharoides (radius r ). Then we have

f x t
a

r
r y d ad yn

T

Br

, exp / /
/

/
/( ) = − ( ) ( )( ) −



×∫∫

1 2

2
2 1 1 1

π
τ τ τγ
γ γ
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× + −( )−f e x y t dydτβ τ τ,
We make a change of variables and some integral 

transformation and obtain the proof of Lemma 1.
Consider the question of the computational re-

alizability of estimate (10). Take  small enough and 
consider ( ) ( , )∂ = ∗[ ]Ω ε εRn 0 . Let 
N l x tl l

ε ε= ∈ ∂{ }min : ( , ) ( )Ω  be the moment of the 

first hit of the process ( , )x tl l  in ( )∂Ω ε , i. e. N ε  is the 
moment the process stops (Markov moment).

Lemma 2. There is an inequality: 

E N
t

x t

n

( , ) ε
γ
γ ε

≤
=









+
2

1
2

.

Proof. Having taken u x t t( , ) =  and applying for-
mulas (10) and (11) we get

t U x t E h x t E r x tx t
j j

x t
j j

j

N

= ≥ ( ) =
+









 ( )

=

−

1 0
2

12, ( , ) ( , )( , ) , ,
γ

γ

ε 11

1

1

∑∑
=

−

j

Nε

t U x t E h x t E r x tx t
j j

x t
j j

j

N

= ≥ ( ) =
+









 ( )

=

−

1 0
2

12, ( , ) ( , )( , ) , ,
γ

γ

ε 11

1

1

∑∑
=

−

j

Nε

It follows r x t( , )  from the definition that 

r x t tj t j2( , ) = { } ≥ ε . Hence we get that 

t E N
n

x t≥
+











+
γ

γ
ε ε2

1 2/

( , )
. Consequently 

E N
t

x t

n

( , )

/

ε
γ
γ ε

≤
+









+
2

1 2

. The lemma is proved.

Theorem 2. Let the conditions of Theorem 1 be 
satisfied. Then η

εN  is an unbiased estimate for u x t( , ). 
Its dispersion is finite.

Proof. It follows from Theorem 1 that ηι  it is qua-
dratically integrable and hence it is uniformly inte-
grable and N ε < +∞ . Further, the moment the pro-
cess is stopped is a Markov moment. Therefore, 
according to the Doob theorem “On the transforma-
tion of free choice” [2] and formula (9) 
E E u x tNη η

ε ι= = ( , )  i. e. η
εN  is an unbiased estimate 

for u x t( , ) . From η
εN  and η∞  the definition of ran-

dom variables it can be seen that D DNη η
ε
≤ ∞ . From 

η
εN  with the standard method, a mixed, but practi-

cally realizable estimate η
εN

* . Let ϕ φ1 0( , ) ( )x x=
x Rn∈  and ( , )*x t  be the point ∂Ω  closest to ( , )x t . 
In the assessment 

η τ
ε

ε ε
ε

N
j j j j N N

j

N

h x t f y u x t= +
=

−

∑ ( , ) ( , ) ( , )
0

1

 replace 

u x t N( , )ε  and u x t
N

( , )* ε  with get

η τ ϕ
ε

ε
ε

N
j j j j

j

N

h x t f y x t
N* *( , ) ( , ) ( , )= +

=

−

∑ 1
0

1

Theorem 3. Let u x t( , ) the Lipschitz condition 
and A( )ε  the modulus of continuity be satisfied. 
Then the random variable is a biased estimate for 
u x t( , ). D Nη ε

*  is limited parameter ε  function.
Proof: Since E u x tx t N( , ) ( , )η

ε
= then

| ( , ) | | | | ( , )( , )
*

( , ) ( , )
*

( , )u x t E E E E u x tx t N x t N x t N x t
N− = − =η η η

ε ε ε

ε −−

| ( , ) | | | | ( , )( , )
*

( , ) ( , )
*

( , )u x t E E E E u x tx t N x t N x t N x t
N− = − =η η η

ε ε ε

ε −−− ≤ − =E x t E u x t u x t Ax t x t
NN N

( , )
*

( , )
*( , ) | | ( , ) ( , ) | ( )ϕ εε

ε
ε

1

− ≤ − =E x t E u x t u x t Ax t x t
NN N

( , )
*

( , )
*( , ) | | ( , ) ( , ) | ( )ϕ εε

ε
ε

1

The theorem is proved.
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Abstract. This paper aims to build a predictive model about Americans’ financial worry over 
retirement on the basis of demographic factors and subjective financial, physical, and mental health 
conditions. In this paper, a cross-sectional nationally representative data set based on the National 
Health Interview Survey 2018 was used. Missing values in the data set were first indicated by dummies 
features and then replaced using mean value imputation. Three machine learning models, random 
forest, logistic regression, and multilayer perceptron, were built, and their respective performances 
were compared. As a result, all three algorithms reported fairly similar results with approximately 
0.9 true positive rate (TPR), 0.3 false positive rate (FPR), and 0.88 area under curve (AUC). We 
also found that financial condition is the most important factor relating to people’s financial worry. 
As a result, policy-makers should put more weight on this factor when designing specific policies or 
deciding an individual’s eligibility to receive necessary assistance.

Keywords: retirement, financial worry, random forest, logistic regression, multilayer perceptron
Despite recent rebounds in the economy, Ameri-

cans today have become increasingly worried about 
financing their retirement since the Great Recession. 
A survey conducted by the Pew Research Center in 
2012 has shown that people’s worry about retirement 
finances has been on the rise recently, compared to 
25% in 2009, about 38% adults expressed they are “not 
too” or “not at all” confident that they have enough 
money to support their retirement plans (Morin & 
Fry [18]). The same research has also shown that the 
proportion of people worry about financing their re-
tirement varies greatly among different age groups and 
income groups, with the mid-age and mid to low- in-
come level individuals being most worried.

While the subject of financial preparation for 
retirement has been extensively explored, most re-
search has only focused on how different factors are 
associated with people’s financial anxiety. Research 
by Owen and Wu in 2007 established the relation-
ship between psychological factors as well as mari-

tal status and people’s degree of concern about the 
adequacy of their retirement plans. The result of 
their study showed that compared to other groups, 
singles and those who have experienced negative 
financial shocks worry more about financing retire-
ment. In 2004, Morgan and Eckert found that age, 
health, and income are significant predictors of fi-
nancial preparation and anxiety.

Almost all of these studies, however, were done 
on the macro-level. There is a noticeable lack of stud-
ies that actually connect factors, such as age or mari-
tal status, to build a model that gives predictions on 
an individual level. This paper aims to fill this gap 
through developing, validating, and comparing sev-
eral models based on these factors, and, at the same 
time, find the most significant predictor relating to 
people’s financial worry after retirement. A more ac-
curate predictive model might help policymakers to 
tailor specific policies on the micro-level to address 
such worries more effectively.
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Method
Data Set Description
The National Health Interview Survey (herein-

after referred to as NHIS) is a nationally representa-
tive cross-sectional household study which monitors 
trends of illness and the progress of current health 
objectives. The survey was initiated in 1957 by Cen-
ters for Disease Control and Prevention and has been 
conducted annually since then with an approximate 
70% response rate (National Center for Health 
Statistics, [9]). Data from the survey conducted in 

2018 was used in this analysis, which had a response 
rate of 83.9%, with 25,417 completed surveys out 
of 30,297 eligible adults (NHIS2018 Survey De-
scription [11]). The dataset from the 2018 NHIS 
(NHIS2018 Sample Adult File [11]) was used to 
identify potential associations of financial worry af-
ter retirement among U.S. adults with factors includ-
ing demographic features, health condition, smoking 
behavior, sleeping habits, and mental condition.

A list of 28 different indicator features used in the 
model can be found in (Table 1).

Table 1. – Description of the 28 Features
Groups Code Description

1 2 3
Other

SEX Sex
REGION Region
RACERPI2 Race group
AGE_P Age
R_MARITL Marital status

Employment
YRSWRKPA Number of years on the job
WRKLYR4 Whether have a job or business at any time in the past 12 months

Health
HYPEV Ever been told having hypertension
CHDEV Ever been told having coronary heart disease
CANEV Ever been told having cancer
LIVEV Ever been told having chronic liver condition
AMIGR Had severe headache/migraine in the past 3 months
AINTIL2W Had stomach problem with vomit/diarrhea in the past 2 weeks
DIBEV1 Ever been told having diabetes
ARTH1 Ever been told having arthritis

Smoking
SMKSTAT2 Had smoked at least 100 cigarettes

Financial

ASISTLV How worried about not being able to maintain the standard of liv-
ing

ASINBILL … pay monthly bills
ASIHCST … pay rent/mortgage/housing costs
ASICCMP … make credit card payments
ASICNHC … afford medical costs of healthcare
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1 2 3
Mental

ASISLEEP Hours of sleep on average
ASISLPFL Number of times having trouble falling asleep in the past week

ASISAD How often did you feel so sad that nothing cheers you up in the 
past month

ASINERV How often did you nervous in the past month
ASIRSTLS How often did you restless in the past month
ASIHOPLS How often did you hopeless in the past month
ASIWTHLS How often did you worthless in the past month

Data Pre-processing
Recodin
Currently, the U.S. full retirement age is 66 years 

and 2 months (U. S. Social Security Administration 
[19]). For the purpose of this study, sample points 
with an age greater than 67 years were excluded from 
the data set. The final sample size is N = 19.090. The 
outcome variable is coded as “ASIRETR”, corre-
sponding to the question in the survey “How worried 
are you right now about not having enough money 
for retirement?” The effective responses consist of 
four levels, indicating the respondents are “very,” 
“moderately,” “not too,” or “not” worried about their 
financial condition after retirement. Then this vari-
able was recoded into a binary variable where the 
first three levels were combined and coded as 1, 
while the last level was coded as 0. In this way, one 
indicates a respondent has financial worry over re-
tirement while zero indicates the respondent does 
not have such feeling.

The explanatory variable representing race (cod-
ed as “RACERPI 2”) was recoded into three groups: 
white, black/African American, and other, where the 
third group is a combination of other races as well as 
multiple races.

The nominal variable is one kind of categorical 
variables whose levels are simply labels and thus does 
not contain any meaning of order. For example, in 
the variable “REGION”, “Northeast” is encoded as 
1, and “Midwest” is encoded as 2. Even though we 
want these two levels to be equally weighted, it is 

usually problematic if we feed the feature directly 
into the model, as most algorithms will mistakenly 
assume that Midwest is greater than Northeast. Thus 
the results produced in this way may not be optimal. 
A way to solve this is to use the one-hot encoding 
(Raschka [16]). The idea behind this approach is to 
create a dummy feature for each unique value in the 
nominal variables. Here, for each region in the “RE-
GION” variable, a new binary feature was created 
whose values were used to indicate the particular 
region of a sample.

Missing value
It is common in real-world applications that the 

samples contain missing values for variable reasons. 
In the NHIS data set, a missing value is introduced 
when the respondent either refused to answer the 
question or did not understand the answer. Most 
machine learning algorithms become problematic 
when missing values are present within the data 
set. A convenient yet defective approach to handle 
this is simply removing data that contains a missing 
value. However, depending on the size of missing 
values, we may end up removing too many sample 
points, which introduces a significant new selection 
bias, and, at the same time, we take the risk of losing 
valuable information that the classifier needs to learn 
model parameters. An alternative approach is to use 
mean value imputation, where the missing values are 
replaced by the mean of that feature.

As can be seen in (Figure 1), the frequency of miss-
ing values is relatively low in both classes: most features 
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have less than 5% missing values with only one excep-
tion that contains about 7% missing values. As a result, 
using mean value imputation is unlikely to have a sig-
nificant impact on the overall reliability of the data set.

In this research, two steps were taken to treat 
the missing values. First, a dichotomous dummy 
feature was created aside each feature, using one to 

indicate sample points containing a missing value in 
the corresponding feature and zero otherwise. Then 
the mean imputation method was utilized to fill the 
blank. This two-step method had the advantage of 
not only keeping all the original information, but 
also making the whole data set useable by nearly all 
algorithms.

Figure 1. The distribution of missing values for each class
Standardization
Some machine learning algorithms, such as neu-

ral networks, require a specific technique called fea-
ture standardization for better training speed and 
accuracy. Feature standardization transforms dif-
ferent features into comparable scales and ensures 
all features weigh equally in the training process.

For each feature, its mean and standard deviation 
were first computed as x  and s. Then each data point 
xi with respect to that feature was replaced by yi cal-
culated as:

y
x x

si
i=
−

After standardization, all features follow a stan-
dard normal distribution with mean zero and unit 
standard deviation.

Splitting up the data
For most machine learning algorithms, the data 

set typically needs to be randomly split into one 
training set and one test set. The training set is first 
fed into the model to learn parameters, while the 
test set is held untouched. Then the test set is used 
to give unbiased performance measure of how well 
the model fits on the training set. In this model, the 
training set has 70% of data and the test set has the 
remaining 30%.

Machine Learning Models
Logistic regression
Logistic regression is one of the most well-known 

algorithms for classification that performs very well 
on linearly separable classes. In logistic regression, 
each feature has its specific weight wi. The net input 
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z is calculated as a linear combination of input and 
feature weights, which is derived by:

z w x w w x w xT
m m= = + + +0 1 1 

Where m is the number of features. Given z in the 
entire real number range, it then can be transformed 
into the probability that a sample belongs to a certain 
class through the logistic function:

ϕ( )z
e z=

+
1

1
The goal of logistic regression is to find the opti-

mal weights that maximize the likelihood of overall 
classification, which then becomes to minimize the 
cost function over the entire data set given below:

C w
n

y z y zi

i

n
i i i( ) log( ( )) ( )log( ( ))= − + − −

=
∑1

1 1
1

ϕ ϕ

A typical problem during the training process 
is overfitting. Overfitting occurs when the model is 
more complex than the data. Overfitting can be iden-
tified when the model has much better performance 
on the training set than test set. A possible way to 
reduce high variance is to introduce regularization 
into the model. The concept behind regularization 
is to add an extra term to the cost function which 
gives penalties to the extreme parameter weights. A 
common form of regularization is called L2 regular-
ization, which can be written as follows:

L
C

w j
j

m

=
=
∑1 2

1

This paper used L2 regularization and 5-fold 
cross validation in the model. The regularization pa-
rameter C was set to be 100, which was found via grid 
search. The model was built using the scikit-learn 
package with other options set by default. Raschka’s 
book provides more details about logistic regression 
and regularization [15].

Artificial neural network
An artificial neural network is a computational 

model inspired by biological neural networks. Un-
like linear models such as logistic regression, neural 
networks are able to capture non-linear relations 
within data, which makes the algorithm stand out 
from linear models when the relationship between 
the input and output is highly complicated.

A multilayer network is an artificial neural net-
work that consists of one input layer, one or mul-
tiple hidden layers, and one output layer. The input 
layer is the first layer, the output layer is the last layer, 
and any layers between them are hidden layers. The 
data are passed into the input layer, processed by the 
hidden layers, and finally transformed into predicted 
labels in the output layer.

An activation function in neural networks brings 
in the much desired non-linearity property that en-
ables the model to capture almost any relationship. 
The three most common activation functions are 
logistic function, hyperbolic tangent function, and 
rectified linear unit (ReLU) given below:

f x x( ) max( , )= 0
This paper used ReLU as the activation function 

for the neural network. One advantage of ReLU over 
the other two functions in this model is the reduced 
computational cost (Arora et al. [2]). In this model, 
the network has two hidden layers, with 16 nodes in the 
first layer and 8 nodes in the second layer. The network 
was trained via a technique called back propagation. 
More detail about this technique and general neural 
networks can be found in Raschka’s book [17]. Like 
logistic regression, this paper used L2 regularization in 
the training process, and the regularization parameter 
α was set to be 0.0572, which was found via grid search.

Random forest
Random Forest is an ensemble learner where 

multiple weak learners (decision trees) are trained 
independently on a random sample of the training 
data with replacement. Usually, a single decision 
tree has a high chance of overfitting the data when 
it grows deeper. However, the high variance can be 
reduced when we introduce various uncorrelated 
decision trees into the same data set. Generally, a 
random forest outperforms a decision tree and can 
achieve a better balance between variance and bias. 
A more detailed description of random forest can be 
found in Breiman’s article [3].

The random forest in this model was built using 
scikit-learn with bootstrap samples, 100 decision 
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trees, and 50 minimum sample leaves. The cross-
entropy function given below was applied as the cost 
function to maximize the information gain for each 
decision tree:

I tt ( ) log ( )log ( ),= + − −ρ ρ ρ ρ2 21 1
Where p is the proportion of the samples that be-

longs to class zero for a particular node t (Witten et 
al. [24]). Unlike in some other random forest mod-
els that use the majority vote, the predicted labels 
of each sample point in this model are decided by 
averaging their probabilistic predictions of decision 
trees involved.

Environment
The data pre-processing process was mainly con-

ducted in R3.6.1 (R Core Team [14]). The missing 
value visualization was produced using the package 
ggplot 2 (Wickham [21]), the data cleaning process 
was done with packages dplyr (Wickham et al. [22]) 
and tidyr (Wickham & Henry [23]), and dummy 
features were created using dummies (Brown [4]). 
The data set read-in, partition, model training, and 
model validation process were done using scikit-
learn (Pedregosa et al. [13]), SciPy (Virtanen et al. 
[20]), NumPy (Oliphant [12]), and pandas package 
(McKinney [7]). Other graphs were produced using 
Matplotlib (Hunter [5]).

Model Validation
The most common metrics measuring the perfor-

mance of binary classification models are confusion 
matrix, receiver operating characteristic (ROC), and 
area under curve (AUC). A confusion matrix is sim-
ply a matrix that lays out the counts of true positive, 
true negative, false positive, and false negative pre-
dictions of a classifier. Figure 2 displays the meaning 
of these terms.

Figure 2. An illustration of confusion matrix

ROC graphs are useful in comparing the per-
formance of different models. The x-axis of a ROC 
graph is the false positive rate, and the y-axis is the 
true positive rate. When giving prediction to a par-
ticular test case, most machine learning algorithms 
return a probability rather than a binary label. The 
classification is made when we set a decision thresh-
old to dichotomize the result. When we shift the 
decision threshold from 0 to 100%, the false posi-
tive rate and the true positive rate will also change 
accordingly, which becomes the ROC curve if we 
connect those points together. The diagonal of a 
ROC graph can be interpreted as random guessing, 
while a curve that falls below the diagonal is said to 
perform worse than guessing. A curve at the top-left 
corner with a true positive rate 100% represents the 
performance of a perfect classifier that gives correct 
predictions under any decision threshold. In general, 
a classifier has better performance if its ROC is closer 
to the top-left corner.

It might be hard to identify which algorithm 
performs better by looking directly at ROC curves, 
especially when one curve is not totally enclosed in 
another. AUC overcomes this by finding the area un-
der the ROC curve. A theoretically perfect classifier 
will have an AUC of 1, while a classifier that guesses 
randomly will have a value of 0.5. Generally, a higher 
value indicates better classification performance.

Results and Discussion
The confusion matrix of three algorithms can be 

found in (Figure 3). All three algorithms have about 
90% true positive rate and 30% false positive rate. In 
the diagnosis of worry about financing retirement, 
we are more concerned about providing potential fi-
nancial and mental assistance to those who are truly 
anxious. The models have 90% accuracy in identifying 
those people. At the same time, it is also important 
to decrease the potential waste of resources on those 
who are incorrectly identified as positive samples. In 
contrast to the true positive rate, the false positive rate 
provides insights about the fraction of incorrect posi-
tive samples out of total negative samples.
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Figure 3. Confusion matrix: random forest (left), logistic 
regression (middle), multilayer perceptron (right)

Table 2 shows a comparison of three algorithms 
used in this study. Each algorithm was run 10 times, 
and the values shown are mean and standard devia-
tion of the AUC score. As can be seen from the table 
as well as Figure 4, all algorithms report fairly simi-
lar results, with the multilayer perceptron having a 
slightly better score than the other two. However, 
considering the influence created by different par-
titions of the data set as well as other random dis-
turbance in the training process, such difference can 

safely be ignored. As a result, all algorithms demon-
strate the same performance on this data set.

Table 2. – AUC results generated from 
three classification algorithms

Algorithm Mean Std

Random Forest 0.884 0.0032

Logistic Regression 0.883 0.0034

Multilayer Perceptron 0.886 0.0042

Figure 4. The mean ROC curves for three classifiers trained on the data set
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When a model has high training accuracy but 
low test accuracy, the model is said to have high 
variance, and when both training and test accura-
cy are low, the model is suffering from high bias. 
Random forest is a pretty robust algorithm that is 
unlikely to overfit data, as long as the number of 

decision trees are large enough. To further diagnose 
the existence of variance and bias issues within the 
other two models and whether increasing the num-
ber of training samples will help, a learning curve 
was plotted for each algorithm in (Figure 5).

Figure 5. Learning Curves of two models: logistic 
regression (left), multilayer perceptron (right)

For both models, the testing score comes closer 
to the training score when the sample size increases 
from 1 000 to 2 500. Then both remain at approxi-
mately the same accuracy and stop improving with 
further enlargements of the sample. As a result, 
to further improve the classification accuracy, it 
would be of little help to collect more data, but it is 
possible to introduce new features to build a more 
complex model. In addition, as a linear model, the 
regular logistic regression might perform poorly in 
capturing the non-linear relationships within data. 
To remedy this, future research can focus on includ-
ing higher-order combinations of original features 
in the model in order to achieve a better trade-off 
between bias and variance.

When building a predictive model for situations 
such as worry about financing retirement, most re-
searchers care not only about the performance of 
their model, but also whether the model is able to 
provide a way that enables human users to inter-
pret the results. However, most machine learning 

algorithms do not offer a straight-forward explana-
tion about the relationship. In neural networks, for 
example, an input is passed through many layers of 
transformations with thousands or even millions of 
mathematical operations involved. Such processes 
make the algorithm difficult to interpret. Random 
forest does better for this purpose, as it is able to 
calculate feature importance via a technique called 
mean decrease in impurity (MDI). Louppe et al. in 
[6] provided a description about the technical de-
tails involved in this technique used in scikit-learn 
package. Figure 6 shows ten of the most important 
features and their respective importance in random 
forest.

It is worthwhile to note that the importance of 
all features adds up to 1. Referring to Table 1, it is 
not difficult to see that the top five features are in 
the financial group, which accounts for about 0.85 of 
total importance. Based on this result, the financial 
group is the most informative group and plays the 
most essential role in this model.
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Figure 6. Ten most important features in random forest
Therefore, upon proposing policies to address fi-

nancial worry after retirement in a more specific way, 
legislators should focus more on improving people’s 
current financial condition or overall economy rath-
er than tailoring specific policies for different races, 
ages, or other demographic groups. The results have 
also demonstrated that mental health, even though 
some factors are among the top ten features, actually 
plays a minor role in people’s thinking process, and 
thus should be less emphasized.

Conclusion
The intention of this study was to build a predictive 

model with the best performance and to investigate the 
factors most related to Americans’ worry about financ-
ing retirement. Three different models were built, and 
all of them have achieved a similar and superb perfor-
mance. The study finds that current financial condition 
is the key group involved in this process.

One limitation of the study is that it only estab-
lishes the importance of financial factors in pre-
dicting worry, but has not actually quantitatively 
discussed their relationships. A potential direction 
in this area could be to analyze how they are cor-
related. In addition, the mean value imputation 
method used in this paper to complete missing 
values is a very simple and rough approach: all 
samples with a missing value in a feature will be 
replaced by the same value. This method does 
not consider the potential feature correlations 
and is likely to reduce data variance. For future 
studies, more advanced imputation methods like 
k-nearest neighbors (kNN), which replaces miss-
ing elements with the mean of k nearest neighbors 
of that particular sample, can be used to obtain 
better performance.
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MULTIDISCIPLINARY APPROACH IN THE TREATMENT OF 
COGNITIVE DYSFUNCTIONS FOLLOWING STROKE

Abstract. This research work examines the effectiveness of a multidisciplinary approach in the 
restorative treatment of stroke patients. Features of restoration of cognitive functions of patients, 
increase of their level of household adaptation, achievement of independence in performance of 
individual household skills, as well as normalization of psychological and sensual-emotional state. 
The degree of recovery of cognitive functions was determined using the Montreal Cognitive Assess-
ment Scale (MoСA).

Keywords: stroke, psychological rehabilitation, neuroprotection, multidisciplinary team.
To date, cerebrovascular pathology has continued 

to be one of the most pressing and significant problems 
of modern Russian medicine for many years, largely 
due to the constant increase in the number of patients, 
as well as the severity of the medical, economic and 
social consequences of the disease, both for patients 
and their relatives and for society as a whole.

In our opinion, the most severe manifestation of 
cerebrovascular pathology is stroke. At present, many 
complex issues of diagnosis and treatment of cerebral 
stroke have been solved, which has significantly re-
duced the level of fatality, but other indicators char-
acterizing the outcome of the disease remain very 
disappointing. So, in the Russian Federation among 
all reasons of primary disability, disability owing to 
a cerebral stroke with firmness is high on the list. To-

day more than one million people who had a stroke 
live in our country, at the same time about a third 
make faces of working-age of them, however less 
than 15% of patients continue the work [1, 2–7].

Clinical practice shows that the possibilities of 
recovery of functions lost in patients due to stroske 
are very variable, and are largely determined by the 
nature and severity of the stroke suffered, the age of 
the patient, the presence of concomitant diseases 
and the severity of complications of the main dis-
ease. Along with it, the volume, adequacy and cor-
rectness of the choice of tactics of performing treat-
ment, coordination coherence of activity of doctors 
of various specialties participating in medical process 
[2, 26–31] also in no small measure have an impact 
on final result of rehabilitation.
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There is evidence in the scientific literature that 
demonstrates the high impact of the multidisciplinary 
approach in the management and early rehabilitation 
of patients in the acute period of cerebral stroke. At 
the same time, it has been proved that the termination 
or suspension of specialized medical care at the sub-
sequent stages of treatment is a direct factor causing 
an unfavourable prognosis for the restoration of lost 
functions of the post-insult patient [4; 5; 6].

Thus, in our view, there is no single generally ac-
cepted, scientifically sound system of measures for 
carrying out a multidisciplinary team of rehabilita-
tion and treatment of patients who have suffered a 
stroke in relation to the subsequent stages of medical 
rehabilitation – in particular at the stage of the primary 
vascular department of the hospital. Neither foreign 
nor Russian theory and practice rank rehabilitation 
and treatment activities, which initially complicates 
the task at the initial stage. In turn, we focus on the 
systemic approach of neuroprotection and hypno-
therapy, which for our clinical study is a hypothetical 
moment to increase the effectiveness of rehabilitation 
and treatment of stroke patients [7, 29–32].

To study the effectiveness and portability of 
drugs (“Citicoline” and “Cortexin”), patients who 
had undergone psychological diagnosis were se-
lected, as well as informed in detail about the tactics 
and strategies of the process of recovery of cognitive 
functions. In strict compliance with the criteria, 70 
patients were examined and treated for treatment in 
the neurological department. The blind randomiza-
tion method divided the patients into 2 groups.

The first group – 30 patients who received basic 
therapy in combination with the preparation “Cor-
texin” 20 mg/m.

The second group – 40 patients who were treated 
with basic therapy, combination therapy with prepara-
tions “Cortexin” 20 mg v/m and “Citicoline” at a dose 
of 1000 mg v/kap per day, as well as additional work 
of the multidisciplinary team including hypnotherapy.

The diagnosis and evaluation of the patient ‘s 
cognition functions included the study of language 

functions, short-term and working memory, atten-
tion, abstract thinking. The Montreal Cognitive As-
sessment Scale (MoSA) was used for this purpose. 
Non-parametric methods were used to determine 
differences between groups: U-test Mann-Whitney 
for two independent samples and Wilcoxton signed-
rank test for two dependent samples. The differences 
between the compared groups were considered sta-
tistically significant at p < 0.05. Statistical analysis 
was done by SPSS10, Excel.

In the analysis of the assessment of intellectual 
impairment evaluated by the Montreal Scale of Cog-
nitive Functions on the day of arrival, no reliable 
differences between the groups were identified. The 
duration of hospital treatment was 12 days.

Age list of patients: 30–39 years – 1.8%, 
40–49 years – 12.7%, 50–59 years – 38.18%, 60 years 
are also more senior – 47.2%.

Clinical studies conducted in Group 1, patients 
who were treated with cortexin in combination, 
showed that the average results of the MoCA scale, 
although statistically significant after treatment, re-
mained below the standard of 26 points (Wilcoxton 
Z-criterion = 2.73; p < 0.006. In the experimental 
group, the averages reached the norm (Wilcoxton 
Z-criterion = 5.12; p < 0.00001).

Thus, the results of the differences in the distri-
bution of scales between groups of patients treated 
with different approaches showed that the criteria for 
recovery of cognitive impairment after treatment by 
the multidisciplinary team were significantly higher 
than in the standard method (U-criterion = 194.5; 
p-level = 0.01).

Thus, our study fully confirms the effectiveness of 
the multidisciplinary approach in restoring cognitive 
functions in the rehabilitation period of stroke. The 
findings indicate the effectiveness of the complex 
therapy of these drugs in conjunction with hypno-
therapy, which may be recommended for introduc-
tion into clinical practice of the treatment of cogni-
tive disorders in patients who have suffered a stroke 
in the rehabilitation period.
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PROGNOSTIC SIGNIFICANCE OF RISK FACTORS 
FOR FETAL GROWTH RETARDATION IN PREGNANT 

WOMEN WITH CHRONIC HYPERTENSION
Abstract. The role of risk factors for fetal growth retardation during pregnancy in patients with 

hypertension has not been sufficiently studied and their interaction in such patients has not yet been 
fully understood. To determine the prognostic significance of risk factors for fetal growth retardation 
in pregnant women with chronic arterial hypertension, depending on their number, is the primary 
purpose of this work. Analyzing the results of the clinical course of pregnancy and childbirth and 
treatment of pregnant women with chronic arterial hypertension 1 and 2, we can draw the following 
conclusions: in the presence of both risk factors together (chronic arterial hypertension 2 degrees 
and the presence disorders of uterine placental circulation) fetal growth retardation will develop.

Keywords: fetal growth retardation, pregnancy, arterial hypertension.
Arterial hypertension (AH) is a leading among 

cardiovascular diseases. AH promotes the develop-
ment of long-term vascular and metabolic disor-
ders [1, 2]. Arterial hypertension causes a number 
of pathological changes in the body of a pregnant 
woman, in particular, increases the risk of developing 
fetal growth retardation (FGR) [4–6].

Nowadays, different fetal developmental criteria 
do not allow the diagnosis of FGR in early pregnan-
cy. This leads to late medical and preventative mea-
sures. Thus, there is a need to improve the methods 
of diagnosis of FGR.

There is also ambiguity in the assessment of prog-
nostic criteria for FGR in pregnant women. Thus, 
in [7], the risk factors for FGR were determined by 
arterial hypertension, nicotine dependence during 
pregnancy, acute respiratory infection, anemia, fe-
toplacental insufficiency, and chronic fetal hypoxia.

According to the case-control study [8], the 
following risk factors for FGR are identified: the 
mother’s age is less than 18 years and the father’s 
age is over 40; the birth of a mother in the autumn; 
poor socio-economic conditions; carrier of TORCH 
infections; presence of extragenital pathology; still-
births in history; gestational complications and con-
genital malformations of the fetus.

In pregnant women with FGR have identified 
increases in blood markers of protein peroxidation, 
lipids, and decreased activity of synthesis of nitric 
oxide, L-arginine and thiol compounds, indicating 
that the FGR is accompanied by a disorder of regula-
tory and adaptive processes [3].

It should be noted that the increase in blood pres-
sure during pregnancy in most cases is accompanied 
by a normal course of pregnancy, and moderate pres-
sure increase can be considered as an element of the 
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general process of adaptation of a woman’s body to 
pregnancy and preparation for childbirth, as well as 
a physiological mechanism for maintaining the re-
quired level of feto-placental blood [10].

The incidence of hypertension of pregnant 
women ranges from 5–30% [10]. AH is a condition 
in which systolic blood pressure (SBP) rises above 
140 mm Hg and diastolic blood pressure (DBP) ex-
ceeds 90 mm Hg as a result of repeated blood pres-
sure measurements. According to the classification 
of AH there are the following types: AH that existed 
before pregnancy, or during the first 20 weeks; gesta-
tional hypertension, which is induced by pregnancy 
and is not accompanied by proteinuria; gestational 
hypertension, which is accompanied by significant 
proteinuria (more than 300 mg / l), considered as 
preeclampsia; Hypertension diagnosed before preg-
nancy in conjunction with gestational hypertension 
and proteinuria; unclassified hypertension with or 
without systemic manifestations, which is diagnosed 
after 20 weeks of pregnancy, if previous values ​​of 
blood pressure were unknown [10; 11].

Even moderate chronic or gestational hyperten-
sion presents an increased risk of cerebrovascular 
and normal pregnancy [10].

The literature proposes models for prediction 
of occurrence FGR and preeclampsia in pregnant 
women with mild hypertension. Thus, in order to 
predict such complications in the first trimester of 
pregnancy, it is necessary to determine the degree 
of nocturnal reduction in DBT, left ventricular myo-
cardial mass, time index of day DBT and malonic 
dialdehyde concentration; in order to predict them 
in the second trimester, it is necessary to determine 
the degree of nocturnal decrease in DBT and con-
centration of malondialdehyde [11].

In pregnant women with hypertension due to 
changes in the functioning of the cardiovascular sys-
tem, there is a decrease in placental circulation. This 
includes a number of compensatory mechanisms 
aimed at restoring placental perfusion. The placenta 
begins to produce a number of pressor factors that 

can damage it. These factors include vasoactive hor-
mones of the endothelium: nitric oxide and prosta-
cyclin (vasodilators) and endothelin, thromboxane, 
fibronectin (vasoconstrictors). Disruption of the 
normal relationship between these factors in hyper-
tension is accompanied by dysregulation of vascular 
tone and leads to placental insufficiency.

Changes in fetal and uterine-placental complexes 
with violation of the adaptive-compensatory mecha-
nisms at the molecular, cellular and tissue levels are 
at the heart of the feto-placental insufficiency. Which 
leads to disorders of transport, trophic, endocrine, met-
abolic and antitoxic function of the placenta, and sub-
sequently – to the pathology of the fetus and newborn.

As a prognostic factor for possible FGR in preg-
nant women with hypertension, it is suggested to 
determine in the blood plasma the intermediate 
metabolite of methionine – homocysteine [9]. Hy-
perhomocysteinemia promotes the development 
of oxidative stress and the prothrombotic state of 
hemostasis. Thus, in women with hypertension, the 
levels of this metabolite were increased compared 
to pregnant women without hypertension. And the 
highest levels of homocysteine reached in pregnant 
women, who were subsequently defined by the FGR.

Given the established value of factors of an-
giogenesis and hormones of the placenta in the 
pathogenesis of FGR, it is promising to establish 
disturbances of their balance in combination with 
Doppler data of blood flow of the functional system 
of mother-placenta-fetus (circulation in uterine ar-
teries, umbilical cord arteries) factors in early preg-
nancy in women with hypertension. To date, only 
isolated works have been found in the literature to 
study these indices in complex and / or in women 
with hypertension.

Aim. To determine the prognostic significance of 
risk factors for fetal growth retardation in pregnant 
women with chronic hypertension.

Materials and methods. A retrospective analysis 
of 117 case histories of pregnant patients with hyper-
tension undergoing treatment at the Zaporizhzhia 
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Perinatal Center in 2017–2018 was conducted. A 
case-control study was performed. Criteria for in-
clusion in the study: pregnancy, chronic arterial 
hypertension (CAH) 1–2 stages. Exclusion criteria: 
stage 3 CAH, diabetes mellitus, multiple pregnancy, 
chromosomal and genetic disorders, thrombophilia, 
perinatal infections, systemic connective tissue dis-
eases. Women were observed at 26–36 weeks of ges-
tation. Pregnant women were divided into 2 groups. 
Group 1 included 14 pregnant women with hyper-
tension who were diagnosed with fetal growth retar-
dation. Group 2 (comparison group) included 103 
women with arterial hypertension who did not de-
termine fetal growth retardation. The CAH and the 
FGR were diagnosed according to current clinical 
protocols. Disturbances of uterine-placental circu-
lation were established by means of the ultrasonic 
device “MyLabClassC-Esaote”. Pregnant women 
were treated according to current clinical protocols. 
Statistical analysis was performed using the pro-

gram “STATISTICA® for Windows 6.0” (Stat Soft 
Inc., No. AXXR712D833214FAN5). The statistical 
significance of the differences between the groups 
was determined using qualitative Fischer criteria and 
quantitatively using the Student’s T-test.

Results and Discussion. Risk factors of fe-
tal developmental delay: 2 degree CAH, excess of 
blood pressure exceeding 140 and 90 mmHg, pres-
ence of disorders of uterine placental circulation of 
2 and 3 stages were analyzed using anamnestic and 
standard clinical and instrumental indicators. There 
were no statistically significant differences between 
the groups according to the structure of comorbidi-
ties, р > 0.05

Thus, analyzing the risk factors for fetal growth 
retardation revealed the prognostic significance of 
the risk factors for FGR (grade 2 CAH, grade 2–3 
disorders of uterine placental circulation (DUPC)) 
in pregnant women with CAH depending on their 
number (Table 1).

Table 1. – Analysis of the prognostic significance of the risk 
factors for FGR in pregnant women with CAH

Number of risk factors
1 group, n=14 2 group, n=103

р
Abs. % Abs. %

no factor 0 0 50 48.5 < 0.01
only one factor 4 28.6 43 41.7 > 0.05
2 factors together 10 71.4 8 7.8 < 0.001

In the absence of risk factors, no cases of FGR in 
pregnant women with CAH were reported, р < 0.01. 
While about half of CAH patients who did not have 
a FGR had at least 1 risk factor (51.5%), only 1/3 
of pregnant 1 group had 1 factor (28.6%), р > 0.05.

Only 8 women in group 2 had both risk factors, 
whereas 71.4% of pregnant women in group 1 had 
stage 2 CAH and 2–3 stage DUPC, р < 0.001.

Conclusions. Thus, analyzing the results of the 
clinical course of pregnancy and childbirth and treat-
ment of pregnant women with CAH 1 and 2 stages, 
we can draw the following conclusions: in the ab-
sence of risk factors (in women with CAH1 degree 
and in the absence of stage 1 or stage 1), it is most 

likely that pregnant women will not develop FGR. 
In the presence of both risk factors together (grade 
2 CAH and 2–3 grade DUPC), the most likely will 
be a FGR. In the presence of at least one risk factor 
(either HAG 2 degree and the absence of DUPC or 
DUPC1 degree, or CAH 1 degree and the presence 
of DUPC2–3 stages), it is impossible to predict the 
development of FGR in pregnant women.

Prospects for further research. In-depth 
study of methods of prognosis and prevention of 
FGR in pregnant women with CAH. We plane to 
find features of angiogenesis factors and placental 
hormones changes in patients with arterial hyper-
tension with fetal growth retardation and detect 
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early indicators of such complication of placental 
insufficiency.
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MANAGEMENT OF MINIMALLY INVASIVE SURGERY IN THE 
TREATMENT OF PROXIMAL BILE DUCT TUMOR OBSTRUCTION

Abstract. Obstructive jaundice induces catastrophic homeostatic disturbances that threaten the 
patient’s life. The material of the study consisted from 42 patients with proximal biliary obstruction 
tumor treated in the Unit of Endoscopy and Miniinvasive Surgery of the Republican Government 
Hospital and MSPI Oncologic Institute, gastrology department, in the period between 2010–2018 
years. There was carried out percutanattranshepatic decompression (PTHD) in 32 cases (76.2%) 
The success of the percutanattranshepatic approach in hilar tumors is in the limits of 90%.

Keywords: tumoral obstructive jaundice, percutanattranshepatic external decompression.
Background. Obstructive jaundice is a result of 

the serious complication of the biliary tract or pan-
creatic pathology, that during it’s evolution modifyes 
natural biliary flow from liver to the duoden. The ob-
structive jaundice is manifested by skin and mucous 

jaudice, skin prurit, modifications of urine and stool 
color. The pain and fever are also caracteristic for this 
syndrome [1; 2; 5; 6].

The main causes of the obstructive jaundice in 
patients after 50 years are malignant tumors. (67.3% 
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cases) [5; 6]. The proximal extrahepatic bile duct tu-
mors make 10–26% from whole malignant lesions of 
the bile duct [2; 3; 9; 10]. About 54.4% from these 
patients consists males.

The metabolic disturbances induced by obstruc-
tive jaundice, threaten the patient’s life if the obstruc-
tion isn’t rezolved as quickly as posible. From sur-
gical point of view these patients present a serious 
problem, because of low degree rezectibility of these 
tumors, while the obstruction has to be solved in a 
short time [2; 5; 6; 11].

As a solution, percutaneous biliary drainage for 
obstructive jaundice was introduced in 1970. It may 
be helpful in relieving obstructive symptoms, in spe-
cial, those due to unresectable malignant tumors [3; 
4; 7; 8; 9; 12; 13].

Implemented endoscopic ultrasonography-guid-
ed biliary interventions are of great and increasing 
interest in patients with unresectable biliary malig-
nant obstruction [3; 7; 9; 12; 13].

Percutaneous biliary drainage starts with the per-
formance of percutaneous transhepatic cholangiog-

raphy for the delineation of obstruction level. When 
the obstruction is high-degree, the external drainage 
is recomended [12; 13].

As a contraindication for percutaneous biliary 
drainage are mentioned presence of bleeging disor-
ders and massive ascities [3; 4; 10].

Endoscopic ultrasound-guided biliary drainage 
is an effective alternative for rezolvation of a biliary 
obstructive jaundice in cases of unresectable tumor 
lesions [1; 3; 9].

The aim of our study was to decrease the severity 
of metabolic manifestations in obstructive jaundice 
syndrome in patients with proximal bile duct tumor 
obstruction by minimal invasive methods for the pa-
tients life quality improving in unresectable tumors 
or as a first step for surgical radical treatment.

Materials and methods. The study is based on 
data of 42 patients with proximal bile duct tumor 
obstruction treated in our institutions from 2010 to 
2018.

Data on obstructive jaundice causes are present-
ed in (table 1).

Table 1. – The patients disturbation by pathology, gender and age
Pathology Nr. cases Age Ratio M/F

Tumor Klatskin 19 52–67 1.2/1
Extrahepatic Colangiocarcinoma 12 45–78 1.2/1
Hilar metastatic tumors 5 47–68 1.2/1
Gall bladder tumor 6 51–75 1/5

Resulting from table, the patient’s age varies from 
50 till 78 years old, middle age being 61.5 ±1.4 years. 
Male/female ratio being 1.2:1.0, excepting the gall 
bladder tumors with ratio 1.0: 5.0.

All the patients have fulfilled the following main 
steps:

1. Clinical-analytic step – determination of meta-
bolic disturbances;

2. Noninvasive step: ultrasound investigation, 
CT, MNR in cholangiography rejim;

3. Invasive step: endoscopic cholangiopancrea-
tography (ECPG), percutaneotranshepatic punction 
(PTHP).

In about 80% cases there was an opportunity to 
make an accurate diagnosis of malign tumor as a cause 
of obstructive jaundice by fulfilled diagnostic methods.

The extra- and intrahepatic ducts enlarging have 
been observed by echography investigation in all 
cases. The maximum attension during the investiga-
tion has been attended to hepatic sizes, the biliary 
duct obstruction level, comon biliary duct implica-
tion, presence of ascities and metastatic lesions. Fig. 
1 demonstrates enlargement of comon biliary duct 
(CBD), lack of ascities and hepatic metastatic le-
sions. These data presented the direct indications for 
biliary duct percutaneotranshepatic decompression.
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Figure 1. Ultrasonography. Extend common bile hepatic duct

To estimate the possibility of endoscopic drain-
age the retrograde endoscopy cholangiopancreatog-
raphy (RECPG) has been fulfilled.

The endoscopic bile ducts drainage is more 
physiological and comfortable for patients, produc-
ing good quality of life. Unfortunately, in 95% of our 

cases the RECPG results have been demonstrated a 
full common bile duct obstruction, that didn’t per-
mit to make an endoscopic stent introducing. There 
is a case of principal bile duct obstruction demon-
strated in (fig. 2). Fig. 3 demonstrates the results of 
percutanattranshepatic cholangiography.

 
Figure 2. Comon biliary 
hepatic duct obstuction

Figure 3. Percutanattranshepatic 
cholanghiography

 
Figure 4. Percutanattranshepatic 

drainage
Figure 5. Percutanattranshepatic 

extern drainage



MANAGEMENT OF MINIMALLY INVASIVE SURGERY IN THE TREATMENT OF PROXIMAL BILE DUCT TUMOR OBSTRUCTION

33

The obtained data on tumoral proximal bile duct 
obstruction was considered a direct indication for 
percutanattranshepatic external decompression. The 
fulfilled procedure is demonstrated in (fig. 4, 5).

If the monitoring of bile quantity and quality ef-
fected during 5–10 days, demonstrates good drain-
age function without any complications the second 

minimally invasive step is fulfilling. The jejunostomy 
after Witzel is carrying out by minimally laparotomy 
for bile – intestinal passage recovery.

In (figure 6) the jejunostomy technique is pre-
sented.

Figure 7 demonstrates the bile extern passage 
recovery.

 
Figure 6. Jejunostomie Figure 7. Extern bile drainage

The main serious complication after such inter-
vention could be nonfunctionality of bile drainage. 
The drainage has to be disconnected to avoid the 
complication as a cholanghitis. In these cases the 
antibiotics using and bile quantity and quality moni-
toring are of great importance.

Results and discussion
In our study from 42 patients with proximal bil-

liary tumoral obstruction the percutaneoustranshe-

patic decompression has been carried out in 32 cases 
(76.2% (fig. 8). Two cases (4.8%) were successfully 
resolved by external-intermal drainage (fig. 9), that 
is more physiological and comfortable for patients. 
In four cases of cholangicarcinoma with Bismuth I 
obstruction (9.5%) the endoscopic decompression 
of billiary ducts was successful (fig. 10).

   

Figure 8. PTHD Figure 9. Extern-
intern drainage

Figure 10. Endoscopic 
decompression

As a result of bile ducts decompression the pa-
tients general state has been improved in 48–72 
hours, manifesting by skin prurit diminuation and 
bilirubin level decreasing with 50% during 5–10 
days. There were registered the early complications 

as a bile peritonitis after endoscopy stentation in 
2 cases and intestinal hemorrages in 2 cases. The 
complication’s indexes in our study consisted 9.8% 
cases.
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The mortality in early postprocedure’s period was 
not inregistered. The survival period varied from two 
till 20 months. The data on patients survival are pre-
sented in tab. 2.

Table 2. – Patients’ survival level

Pathology Survival level 
in months

Tumor Klatskin 6–20
Extrahepatic colangiocarci-
nom 5–8

Hilar metastatic tumors 2–5
Gall bladder tumor 4–8

The uncleared problem remained, is it rationally 
to fulfill percutaneotranshepatic decompression in 
patients with multiple hepatic metastasis.

Conclusions
1. Minimally invasive surgery in proximale bile 

duct obstruction has a great importance in diagnos-
tic stages and as a first or final stage of treatment.

2. Percutaneotranshepatic external decompres-
sion in tumor proximal bile duct obstruction was 
successful in about 90% cases, and it’s preferable in 
comparisson with endoscopic one.

3. Contraindications for the percutaneotranshe-
patic external decompression fulfilling are the mas-
sive ascities and bleeding disorders.
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CHARACTERISTICS OF THE IMMUNE SYSTEM 
PARAMETERS IN CHILDREN WITH COMORBIDE 

PATHOLOGY HIV AND CHRONIC TONSILLITIS

Abstract. We studied 39 children with comorbid pathology-chronic tonsillitis (CT) and human 
immunodeficiency virus (HIV). The 1st group included 21 perinatal patients, and the 2nd group in-
cluded 18 children with HIV with a vertical route of infection. In both groups of children with CT, 
significant suppression of cellular parameters was observed against the background of HIV infection. 
You can also identify a disorder of the functioning of the B(CD19)-link of the immune system. If the 
2nd group had more intense disorders of immunological parameters, then the 1st group of patients 
had more pronounced clinical symptoms.

Keywords: chronic tonsillitis, children, HIV infection, cellular immunity, humoral immunity, 
immunoglobulins, inversion, immunodeficiency.

It is known that chronic tonsillitis (CT) is a com-
mon pathology – 4–15% of cases from all diseases 
of ENT organs. CT refers to multifactorial diseases, 
and the inflammatory process in the tonsils leads to 
pathological changes in them and the tonsils them-
selves become a source of infection [1; 2].

CT is also the most common bacterial infection in 
children with a normal immune system, but the fea-
tures of the course of chemotherapy are still poorly 
understood. It has been demonstrated that with any 
form of chemotherapy, certain immune genetic func-
tions of the tonsils are preserved. Damage to the im-
mune system during HIV infection is systemic, mani-
fested by deep suppression of the T– and B–units of 
cellular immunity, shifts in humoral immunity and 
non-specific defense factors, and the functional activ-
ity of lymphocytes and monocytes [3–5].

In the past two decades, the determining cause 
of secondary immunodeficiency in children has be-

come HIV infection, the pandemic of which con-
tinues to increase. HIV/AIDS is a kind of viral in-
fection, the first acquired immunodeficiency in the 
history of medicine associated with a specific patho-
gen and characterized by an epidemic spread. The 
first human epidemic disease caused by retroviruses 
that exclusively infect T-helpers [6–9].

It has been shown that chemotherapy in acute, 
chronic and recurrent forms is often found in HIV-
infected children. And although in most cases the 
etiology, symptoms and course of chemotherapy 
for both HIV-infected children and children with a 
normal immune system are the same, the protracted, 
severe or unusual course of this pathology with fre-
quent relapses or the release of atypical pathogens 
(including opportunistic infections) should alert the 
doctor about possible HIV infection [10–12].

Purpose of research: to study the immunologi-
cal parameters in HIV-infected children with CT.
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Material and methods. For the period from 
2017 to 2019 we observed 39 children with CT and 
HIV from the age of 10 months to 15 years who were 
registered with the Bukhara Regional AIDS Center. 
Of these, the 1st group consisted of 21 patients in-
fected prenatally (IPW). In the 2nd group there were 
18 patients with a vertical path of infection (VPI). In 
the control group there were 19 practically healthy 
children of a similar age who did not have a history 
of CT and HIV.

HIV diagnosis was based on the detection of spe-
cific antibodies in standard serological tests (ELISA 
analysis, Western-blot modification immunoblot-
ting) and a comparison of epidemiological and se-
rological data.

Immunological studies were carried out jointly 
with the Research Institute of Immunology of the 
Academy of Sciences of the Republic of Uzbekistan. 
(Tashkent). The study included patients with HIV 
infection and CT whose parents gave informed con-
sent to participate in this study (the work was car-
ried out in accordance with the Helsinki Declaration 
of the World Medical Association (World Medical 
Association Declaracion of Helsinki, 1964) and 
approved by the Ethics Committee of the Bukhara 
State Medical Institute).

Phenotyping of lymphocytic cells was carried 
out by an indirect immunofluorescence method us-
ing monoclonal antibodies to CD receptors manu-
factured by Sorbent-Servis Ltd, FSBI State Research 
Center “Immunology” FMBA of Russia (Moscow) 
using a Luminal R‑8 microscope. T cells were de-
termined (general population – CD3); T-helpers 
(subpopulation of Th – CD4); T-suppressors (sub-

population of Ts – CD8); T-killers (subpopulation 
of Tk – CD16), B-lymphocytes (subpopulation of 
CD19). The immunoregulatory index (IRI), the ra-
tio of CD4/D8, was calculated.

The concentration of serum immunoglobulin 
(Ig) A, M and G was determined by radial gel im-
mune diffusion according to G. Mancini et al. (1965) 
using mono specific serums against human immuno-
globulin and standard blood serum.

The data obtained were subjected to statistical 
processing using the Microsoft Excel 2003 computer 
program on an LG-Pentium IV computer. The signif-
icance of differences when comparing average values ​​
was determined by the criterion t of student. Data 
are presented as M ± m. Differences were considered 
significant at p < 0.05.

Results and discussion. It should be empha-
sized that in the Bukhara region and in Bukhara city, 
there has been a steady increase in both the rate of 
HIV-infected children and the number of pregnant 
women infected with HIV, as well as children born 
to HIV-positive mothers.

In approximately 70% of children with HIV in-
fection, clinical symptoms of CT are identified after 
the diagnosis of HIV infection in the form of severe 
lymphadenopathy, hepatomegaly, recurrent acute re-
spiratory infections complicated by sinusitis, bron-
chopneumonia. In 14 of them, AIDS-related diseases 
were recorded. Approximately 30% of patients had 
asymptomatic infection.

During the research, 8 children died. It is impor-
tant to note that, as the disease lasted, a lesion of the 
tonsils occurred in the spectrum of clinical manifes-
tations in our patients.

Table 1. – Clinical manifestations of CT in HIV-infected children, 
taking into account the pathways of infection

Symptoms of the disease 1st group (n = 21) 2nd group (n = 18)
1 2 3

Sore throat 21 (100%) 2 (11%)
Difficulty swallowing 21 (100%) 8 (53,3%)
Fever 21 (100%) 12 (80%)
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1 2 3
Symptom of Giza 21 (100%) 18 (100%)
Symptom of Zack 21 (100%) 18 (100%)
Symptom of Preobrajensky 21 (100%) 18 (100%)
Sepsis 17 (81%) 2 (11%)
Cramps 18 (86%) 9 (50%)
Vomiting 18 (86%) 3 (17%)
Vomiting 13 (62%) 2 (11%)
Swollen lymph nodes 12 (57%) 10 (56%)
Chills 9 (43%) 1 (6,7%)
Nasal discharge 7 (33%) 2 (11%)
Burning throat 4 (19%) 3 (17%)
Sore throat 4 (19%) 3 (17%)
Malaise 2 (10%) 2 (11%)

In children with mixed pathology of CT and HIV 
of the first group, such pathologies as generalized 
lymphadenopathy, hepatosplenomegaly, bacterial 
pneumonia occurred with a frequency of 100%. In the 
same category of patients, the presence of herpes sim-
plex virus and cytomegalovirus infection was signifi-
cantly more often observed in 41% and 16% of cases, 
respectively. A specific lesion of the parotid glands of a 
non-inflammatory etiology in the form of sialadenitis, 
which was also characteristic of HIV infection, was 
rarely observed in only 3 (14%) children.

In addition, in the 1st group, 6 symptoms were 
met with an absolute frequency of 100%, and symp-
toms of CT in the form of pain when swallowing 
were determined in 100% of cases, sepsis in 81% of 
cases, and lymph nodes in 12 patients (57%), chills – 
in 9 (43%) (Table 1).

Children of the 2nd group infected with VPI, in ad-
dition to CT, the following symptoms were noted: de-
layed psychomotor development (100%), protruding 
frontal part, flattening of the nose (70%), elongated 
palpebral fissures and bluish sclera (60%) against a 
background of deep prematurity, microcephaly – in 
50% of cases. In this group, 3 clinical symptoms were 
encountered with absolute frequency, and the severity 
of other symptoms was lower than in the 1st group.

The parameters of the cellular component of the 
immune status in HIV-infected children with chemo-
therapy are presented in (table 2). Our data indicate 
that patients of both groups show significant shifts in 
the functioning of their immune system, namely, pa-
tients of the 2 groups have a deep immunodeficiency 
of most parameters of the cellular component of the 
immune system.

Table 2. – Cellular parameters of the immune system in HIV-infected children with CT
Indicator Healthy (n = 19) 1st group (n = 21) 2nd group (n = 18)

1 2 3 4
White blood cells, cells/μl 6100 ± 187 3446 ± 283*** 3261 ± 247***
Lymphocytes,% 30.9 ± 1.4 21.4 ± 3.5* 18.8 ± 3.1**
Lymphocytes, аbs. 1884 ± 41.3 712 ± 84*** 612 ± 63***
Т(CD3),% 58.6 ± 2.1 33.1 ± 3.2*** 30.5 ± 3.8***
Т(CD3), аbs. 1071.5 ± 53 243 ± 36.4*** 176 ± 24.7***
Тh(CD4),% 32.6 ± 1.7 14.6 ± 2.7*** 12.4 ± 2.1***
Тs(CD8),% 20.3 ± 1.2 24.8 ± 2.3* 23.1 ± 2.9
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1 2 3 4
IRI (CD4/CD8) 1.6 ± 0.13 0.57 ± 0.26*** 0.51 ± 0.21***
Тk(CD16),% 16.5 ± 1.4 18.1 ± 2.3 18.8 ± 3.1
B(CD19),% 26.3 ± 3.2 20.4 ± 2.9 22.7 ± 2.3
В(CD19), аbs. 485.7 ± 31.6 147.3 ± 33.5*** 132.7 ± 31.7***

Note: in the numerator data before treatment, in the denominator – after treatment; * – p < 0.05; ** – p < 0.01; 
*** – p < 0.001 – compared with the control group

They revealed significant suppression of the total 
pool of T(CD3)-lymphocytes and its subpopulation – 
Th with the CD4 marker in relative and absolute terms 
with a high level of confidence – p < 0.001. In patients 
of the 2nd group with VPI, these two parameters were 
even lower compared to the 1st group (Table 2).

It is also possible to distinguish the inversion 
of the IRI parameter in the downward direction in 
both groups, which was associated with a signifi-
cant decrease in cells with the Th(CD4) phenotype 
and a parallel increase in the relative proportion of 
Ts(CD8)-cells with suppressor function, and this, in 
turn, indicates on the adverse course of immune pro-
cesses in the immune system in HIV-infected chil-
dren with CT. An increase in Ts(CD8) cells and in-
version of IRI can be attributed to negative immune 
predictors that have a definite effect on the immune 
system of patients with this mixed pathology in chil-
dren. Our data are completely consistent and con-
firmed by data of other authors in assessing the role 

of Th(CD4) lymphocytes as the central pathogen-
esis link in HIV infection in children. They investi-
gated the evidence in favor of such a version that the 
rapid development of deep immune suppression in 
children with HIV infection contributes to the tran-
sition of the disease to stage 4B. After 4–6 years from 
the onset of HIV infection, against the background 
of a significant decrease in Th(CD4) lymphocytes, 
attachment of various nosological forms of opportu-
nistic infections and then its generalized forms was 
noted, which caused the formation of severe multiple 
organ failure and death [9].

In relation to Tk(CD16) in patients of both 
groups, their slight increase can be noted, which can 
be explained by the fact that this type of cell takes on 
a certain protective function due to the inadequate 
functioning of other types of cells.

It is also possible to isolate the disruption of the B 
(CD19) – cellular component of the immune system, 
but this was not statistically confirmed (Table 2).

Table 3. – Humoral parameters of the immune system in HIV-infected children with CT
Indicator Healthy (n = 19) 1st group (n = 21) 2nd group (n = 18)
IgА, mg% 121.3 ± 11.7 89.4 ± 14.5* 79.7 ± 12.2**
IgМ, mg% 90.1 ± 12.3 134.2 ± 20.7* 127.8 ± 23.3*
IgG, mg% 1093.2 ± 65.6 876.7 ± 44.52** 1084.3 ± 60.6

Note: in the numerator data before treatment, in the denominator – after treatment; *- p<0.05; ** – p<0.01; 
*** – p<0.001 – compared with the control group.

It should be noted that the immune deficiency 
in the B-cell system of immunity was reflected in the 
spectrum of immunoglobulins. So, for example, in 
the 1st group, we revealed a tendency to a decrease 
in IgA and IgG with different levels of confidence 
(p < 0.05 and p < 0.01, respectively) and an increase 

in the level of IgM, then only a decrease was observed 
in the 2nd group Ig A.

A comparative analysis with the data of other 
researchers showed that in children suffering only 
chemotherapy (without mixed pathologies), the 
level of IgA was within normal limits, i. e. here, as it 
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were, “there was no second pathology in the form 
of AIDS,” which would affect the values of this IgA 
immunoglobulin and reduce it [3; 4].

On the contrary, the IgM level in patients of the 
2nd group with VPI was higher compared with the 
control group, which was probably of a compensa-
tory nature.

So, in sick children with mixed pathology of HIV 
and CT there are serious changes in their immune 
system, characterized by deep immune suppression 
and immune deficiency, with the development of a 
variety of clinical symptoms.

Thus, the presented results indicate the specific 
features of the clinical and immunological course of 
chemotherapy in HIV-infected children, depending 
on the route of infection. In patients of the 1st group 
with PPI, the characteristic symptoms of CT were 
frequent bacterial infections, generalized lymph-
adenopathies, viral infections and other symptoms 
against the background of deep prematurity. In pa-
tients of the 2nd group with VPI, chemotherapy was 
accompanied by more pronounced immune sup-
pression and a relatively lower frequency of occur-
rence of clinical symptoms.
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OUR METHOD OF SURGICAL TREATMENT 
FOR VARICOCELE IN CHILDREN

Abstract. The operation, named after Ivanissevich, performed in children for varicocele, under 
intraoperative phlebotesticulography, is highly effective. The venography method permits to prog-
nosticate a postoperative period course, to prevent the disease recurrence occurrence. A surgical 
method, applied for varicocele correction has an advantages, because it includes the excision of the 
testis veins in a wide fashion together with anastomoses from the upper third of a lumbar portion to 
deep inguinal ring, to the testis vein formation region, permitting to omit a reason for the disease re-
currence without application of roentgencontrast investigation. The method was used in 145 children 
for a left – sided varicocele stages II–III. Complications were not observed. In terms of follow – up 
before 2 years the recurrences were not observed.

Keywords: varicocele, phlebotesticulography, operation named after Ivanissevich, vein of testis.
Introduction
Varicocele is a common disease that is found in 

0.7–20% of older boys [5]. The interpretation of its 
origin remains controversial. The lateral varicocele ap-
pears to be an age-related puberty decompensation 
of a dysembryogenetic anomaly of the hemiazygos 
vein system. It is based on congenital mesenchymal 
dystrophy with subsequent development of local dis-
complexation of collagen in the vascular walls [3]. 
Coupled with circulatory disorders of the testicle, the 
disease leads to damage to the sperm epithelium and 
is one of the frequent causes of male infertility [9].

The process of organ parenchyma atrophy can be 
suspended surgically. Our observations and experi-
ence support the view that Ivanissevich technique 
is an optimal method of surgical operation. Palomo 

technique aggravates the circulatory disorders in the 
testicle. Endovascular occlusion of the testicular vein 
and endoscopic interventions are expensive meth-
ods that have not solved the problem of varicocele 
treatment [6]. However, isolated interventions per-
formed on the venous vessel, justified in terms of cir-
culatory physiology, are not always effective. In the 
children and adolescents, unsatisfactory results reach 
18–34% [7]. The same is proved by own experience 
of surgical treatment of 420 patients. The procedure 
was unsuccessful in 23% of patients [1; 2; 4].

Dissatisfaction with the results of treatment 
prompts the researchers to an in-depth study of the 
problem of varicocele, which in the circumstances of 
high morbidity and risk of irreversible changes in the 
genital glands becomes socially important.
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There are reports in the literature about the exis-
tence of untapped possibilities of known methods of 
surgical correction of varicocele. There are evidence 
of the expediency of X-ray control over the course of 
surgical intervention [8; 10]. With use of phlebotes-
ticulography performed at the afferent and efferent 
testicular vessels stages, the authors have achieved 
a significant reduction in the number of relapses to 
3.6% [8]. This fact served as the basis for the appli-
cation of our proposed modification of Ivanissevich 
technique.

Materials and methods
We used the method of phlebotesteculography 

during surgery using Ivanisevich technique. During 
the surgery we find and ligate vena spermatica, cut 
and catheterize the distal end. Through the catheter 
syringe is injected 15–20 ml 60% solution of vero-
grafine within 10–15 seconds. An X-ray image is 
taken. Analyzing the resulting phlebogram, the con-
dition of plexus pampiniformis is assessed, and the 
focus is fixed on the peculiarities of peripheral cir-
culation, in cases of contrast of the proximal section 
of the testicular vein, the localization of collaterals 
responsible for it is performed. They are found, li-
gated and cut. The procedure is repeated until all the 
vessels bypassing the ligated section of the testicular 
vein are completely bound. When the operation is 
complete, the catheter is removed and the wound 
is sutured tightly. This technique is used in 45 chil-
dren aged 12–15 years with left-sided varicocele 11 
to 111 degrees, of which 13 had a relapse. In order to 
achieve a final result maximum number of phlebo-
grams [3] was performed in 4 patients, in 25 patients 
1 phlebogram was enough.

Results and discussion
Long-term results of surgeries using Ivanissevich 

technique performed under the control of intraop-
erative phlebotesticulography were studied in 43 
patients. Varicocele was eliminated in all children. 
No progression of trophic changes in testicles was 
registered by ultrasound results during 1.5–3 years 
of observation.

Phlebotesteculograms made it possible to study 
X-ray anatomy of testicular vein system, to determine 
the reasons for unsatisfactory results of Ivanissevich 
technique.

The analysis of intraoperative phlebotesticulo-
grams confirms the opinion that the unsatisfactory 
results of Ivanissevich technique are connected with 
the renewal of blood circulation in the testicular vein 
basin by intra-system anastomoses represented by 
different caliber, sometimes thread-shaped, veins. 
They are located along the vascular bundle and may 
not be detected visually during the operation, but 
clearly contrast with intraoperative phlebotesticu-
lography. This mechanism of disease recurrence has 
been confirmed in 13 patients who were previously 
operated on for left-side varicocele.

The testicular veins own anastomoses are most 
often located at the junction of the anterior and pos-
terior parts of plexsus pampiniformis at the deep 
groin ring (20). Collaterals were found in 6 patients 
in the middle third and 9 in the upper third. The 
satellite veins accompanied the main trunk in 5 pa-
tients. In 3 cases collaterals were not detected, the 
veins of the scatter type were anastomized between 
each other at different levels.

After cessation of reno-caval anastomosis, the 
blood flow from plexus pampiniformis is directed 
to iliac vessels along the direct path through the cre-
master vein (42 patients). In this case, dilation of the 
enlarged veins in the scrotum occurred quickly, dur-
ing the first hours or days after surgery.

These anatomical features of the testicular 
vein pool provided the basis for a more effective 
method of surgical correction of varicocele, which 
is aimed at preventing recurrence of the disease 
without the use of X-ray contrast examination. In 
order to achieve this goal, we skeletonize the vein 
in the terminal area at the level of the upper third 
of the lumbar spine by exposing the test vessels ret-
roperitoneally and bandaging it. The ligated vessels 
are crossed 5 mm distally from the ligature. Similar 
actions are performed at the deep inguinal ring in 
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the area of the test vein formation. We tie all the 
vessels with collaterials detected by the ligatures 
underneath them and cross them 5 mm proximal 
to the ligature. The remaining section of the tes-
ticular vein crossed between two ligatures is sepa-
rated from the peritoneum, gently released from 
the testicular artery and lymphatic collectors, and 
dissected over the length.

The method was applied in 145 children with 
left-handed varicocele of 11–111 degree. The sur-
geries were performed without complications. No 
relapses were found during 2 years of observation of 
the operated patients.

Examination of the testicular vein has an advan-
tage in comparison with Ivanissevich technique as 
it provides for dissection of the main venous vessel 
in wide range together with visualized anastomoses, 
mechanical destruction during invisible “natural” 
collaterals, completely interrupting the blood flow in 
the pool of the testicular vein. Ivanissevich technique 
does not include excision, but a simple intersection 
of the venous vessel in its lower third does not pre-
vent the recurrence of the disease.

Therefore, the efficiency of Ivanissevich tech-
nique is increased using intraoperative phlebotes-
ticulography at the stages of ligation of afferent and 
efferent testicular vessels. However, the applied 
method of surgical correction of varicocele has the 
advantage, as it involves the dissection of the testicu-
lar vein in a wide range together with anastomoses, 
which eliminates the cause of the disease recurrence 
without X-ray contrast examination.

Our observations clarify the pathogenesis of vari-
cocele in terms of the pathophysiology of testicular 
circulation. In case of impaired venous outflow from 
the testicle, which caused the development of vari-
cose veins of the spermatic cord, ligation of the main 

venous vessel is a kind of provocative moment, an 
additional and deliberately created obstacle to the 
advancement of blood in the natural way. The cal-
culation is carried out on the intensification of the 
blood circulation pathways bypassing the blocked 
zone by the prepared collaterals, first of all, by the 
creamy vein, capable of “unloading” the partially 
bulky plexus, recreating the acceptable conditions 
for hemocirculation, preservation of the hemot-
esticular barrier. In response to the ligation of the 
testicular vein, the peripheral resistance increases 
sharply, and more arterial blood enters the testicu-
lar vein as the peripheral resistance in the testicular 
vessels has become less than in the testicular vein 
after the ligation. As a result, the testicle receives full 
arterial nutrition. Varicosities of the spermatic cord 
become empty.

Conclusion
When treating varicocele in children, Ivanissev-

ich technique is justified from the point of view of 
circulatory physiology. Let us note the high efficien-
cy of this technique, performed under the control of 
intraoperative phlebotesteculography. The efficiency 
of the surgery is related to the unloading of the pool 
of the hemiazygos vein. The absolute condition is a 
thorough ligation and cutting of the main and small-
est additional trunks of the testicular vein with oblig-
atory preservation of the lymphatic collectors of the 
testicle and the seminal cord. Radiological control 
over the course of the operation allows predicting 
the course of the postoperative period and prevent-
ing the possibility of a relapse. However, the applied 
method of surgical correction of varicocele has an 
advantage, as it involves cutting of the testicular vein 
in a wide range together with anastomoses, which 
eliminates the cause of the disease recurrence with-
out contrast X-ray monitoring.
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Of the total population of the republic, the pro-

portion of people 60 years and older is 19.2%. In this 
regard, society is interested in continuing a full life, 
first of all, in lengthening the period of human activ-
ity in the elderly and senile. The quality of life of the 
elderly largely depends not only on the conditions 
and lifestyle, but also on the effective treatment of a 
number of diseases of the elderly and the early pre-
vention of their complications.

Chronic kidney disease (CKD) is a significant 
factor that significantly increases the risk of adverse 
outcomes in elderly patients with diabetes mellitus, 
hypertension, heart disease and stroke, each of which, 
in turn, is the main cause of death and disability. Re-
cent statistics indicate in most developed countries a 
steady trend towards a steady increase in the number 
of people with a persistent decline in kidney function. 
This is a general population problem, because termi-
nal chronic renal failure requiring active treatment 
methods (programmed hemodialysis and / or kidney 
transplantation) are extremely expensive treatment 
methods, are not included in the compulsory medical 

insurance program, and are paid by local authorities. 
Which, of course, places a heavy burden on the small 
budget of many regions [1–3].

Ischemic nephropathy is also a danger to elderly 
patients. This independent disease, unfortunately, of-
ten develops gradually, without visible clinical mani-
festations, against a background of decreased renal 
function. And only a timely blood or urine test can 
reveal anemia, an increase in nitrogenous toxins, al-
buminuria, which allows you to diagnose CPD [4; 5].

According to large population registers, the preva-
lence of chronic kidney disease (CKD) in certain cate-
gories of individuals (elderly, type 2 diabetes mellitus) 
reaches up to 20%. Arterial hypertension (AH) is one 
of the most common causes of impaired renal func-
tion. In patients with arterial hypertension, renal dam-
age is up to 25%. In this regard, the search for markers 
of early kidney damage in hypertension is one of the 
urgent problems of modern nephrology and geriatrics.

The development of modern medical science 
and pharmacology has allowed the development 
of new affordable and highly effective methods of 
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prevention that can significantly slow down the pro-
gression of chronic renal diseases, reduce the risk of 
complications and the cost of treating patients with 
CKD. Interest in the preventive direction is also as-
sociated with the fact that impaired renal function 
and increased albuminuria are associated with the 
progression of cardiovascular diseases.

Objective: To study the incidence of CKD in 
patients with arterial hypertension in Tashkent. As-
sess the effectiveness of markers for the early diag-
nosis of CKD.

Materials and research methods: The study in-
cluded patients 55–70 years old, who were treated in 
the nephrology department of the multidisciplinary 
clinic of the Tashkent Medical Academy. During the 
study, the analysis of medical documentation data 
and anamnesis was carried out, screening methods 
of instrumental and laboratory diagnostics were 
performed. The degree of renal impairment was 
determined using the Cockroft-Gault and MDRD 
formulas developed by the Nephrological Associa-
tions and proposed in the EAG / EOC2007 Recom-
mendations and National Kidney Foundation K / 
DOQI, 2002.

Research results and discussion: Studies have 
shown that over the indicated period 103 patients 
were treated in the nephrology department, of which 
45% (57 people) were 55–70 years old. The average 
age of these patients was 52.3 ± 1.2 years (from 55 
to 70 years). Among diseases of the older age group 
in 56% of cases (56 people).

During the same period, at the reception of the 
multidisciplinary clinic of the Tashkent Medical 
Academy 157 patients were admitted to nephrol-
ogy, among them 76 people at the initial appoint-
ment. The group of patients over 60 years old was 59 
people: among the patients of the initial admission, 
there were 72 (60%) people. The average age of the 
patients was 52.3 ± 1.2 years (40 to 70 years). The 
main diseases for which elderly and senile patients 
addressed in 83% were hypertension and various 
forms of coronary heart disease (42 people). Hy-

pertension, as the main disease in elderly patients 
of the study group, was 85 people or 61.1% of all 
cardiac patients.

All patients with cardiovascular disease under-
went screening laboratory tests, including: a general 
urine test (with an emphasis on the presence of albu-
minuria), a general blood test, creatinine and blood 
urea, total blood protein, ECG, blood cholesterol. 
An ultrasound examination of the kidneys was per-
formed for all patients with changes in the analysis 
of urine and / or GFR, with the detection of anemia.

The identification of constantly elevated blood 
pressure or episodes of its increase has led to a more 
in-depth examination. All patients with AH used 
a complex of modern instrumental methods of re-
search: echocardiography, ultrasound duplex scan-
ning, ultrasound dopplerography.

In order to exclude the secondary (renal) gen-
esis of hypertension, an additional examination was 
performed: urine tests according to Nechiporenko, 
a sample according to Zimnyatsky, a biochemical 
blood test, ultrasound examination of the kidneys, 
dopplerography of the kidney vessels, and, if neces-
sary, examination by narrow specialists – a neurolo-
gist, nephrologist, endocrinologist, and oculist.

Further, the study included patients with hyper-
tension in whom, according to laboratory and in-
strumental methods of research, no primary organic 
diseases from the kidneys were detected. This group 
was 27 people.

Among the examined in this group, the average 
level of systolic pressure was 159.21 ± 6.68 mm RT. 
Art., diastolic pressure 90 ± 6.13 mm RT. Art.

An analysis of the data showed that of the total 
number of patients in the older age group with hy-
pertension (67 patients), 21 patients (31.5%) had 
signs of chronic kidney disease.

At the same time, 65% (63 patients) of them had 
blood creatinine and blood urea indices within nor-
mal limits. In 9.5% (19 people), the level of creatinine 
was clinically significant and was in the range of 200–
380 μmol / L. In the remaining 12 patients, creatinine 
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level was slightly increased to 130 μmol / L. Urinary 
excretion of albumin above 20 mg /L was detected 
in 36 people, which amounted to 47.9%. Moreover, 
microalbuminuria has been observed in these pa-
tients for a long time. However, the examination to 
determine its causes and preventive treatment has 
not been previously conducted.

In addition, in 12 patients with elevated creati-
nine levels, there was a varying degree of a decrease 
in red blood counts – hemoglobin and red blood cell 
counts.

Based on the data obtained, 21 patients with 
hypertension were diagnosed for the first time with 
chronic kidney disease, of which 11 patients with 
the development of chronic renal failure of varying 
severity.

Conclusions:
1. All patients with hypertension have a high 

risk of developing CKD. At least a third of patients 
with hypertension have chronic kidney disease. This 
circumstance should be taken into account when 
examining patients, for example, when performing 
coronary angiography.

2. It is necessary to screen patients with cardiac 
pathology, including hypertension, with the aim of 
early detection of CKD, timely initiation of nephro-
protection, delaying the onset of chronic renal fail-
ure, and inhibiting the growth of patients requiring 
PST.

3. Blood creatinine level in patients with underly-
ing extrarenal pathology is not always a reflection of 
the development of CKD.

4. When screening patients with cardiovascular 
disease, it is necessary to conduct a urine test for al-
buminuria and blood to detect anemia. The deter-
mination of MAU should be an obligatory part of 
the examination of patients with arterial hyperten-
sion with the aim of early detection of impaired renal 
function in hypertension and possible prevention of 
their progression.

5. When treating patients, it is necessary to focus 
not only on the recommendations of societies of ne-
phrologists, but also cardiologists, in particular, this 
applies to the treatment of arterial hypertension and 
anemia, as well as other measures for nephro- and 
cardioprotection.
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Teaching the basics of chemistry in higher edu-
cational institutions, secondary special and general 
educational institutions cannot be improved without 
the appropriate organization of a chemical experi-
ment. A chemical experiment – a source of knowl-
edge about a substance and a chemical reaction – is 
an important condition for activating the cognitive 
activity of students, fostering a steady interest in the 
subject, as well as ideas about the practical applica-
tion of chemical knowledge [1; 2].

The implementation of the experimental part of 
the program requires a chemistry teacher to have 
high and comprehensive training, a deep under-
standing of the role of a chemical experiment in the 
educational process, and creative activity in the ap-
plication of effective teaching methods [2; 4].

The experiment allows you to select and study the 
most significant aspects of an object or phenomenon 
with the help of various tools, instruments, techni-
cal means in the given conditions. The experiment 
can be repeated by the researcher if necessary. This 
largely determines the main function of a scientific 
experiment: obtaining reliable data about the sur-
rounding reality. A training experiment differs from 

a scientific one in that its results are known, the con-
ditions for its implementation are selected so that in 
the process of conducting experiments or observing 
them, students should detect known signs of a reac-
tion and arrive at the expected results.

In a chemistry course, an experiment is a peculiar 
object of study, a research method, a source and means 
of new knowledge. It is characterized by three main 
functions: cognitive – to learn the basics of chemistry, 
formulate and solve practical problems, identify the 
importance of chemistry in modern life; educating – 
for the formation of worldview, conviction, ideologi-
cal need for work, orientation of students to working 
professions: developing – for the acquisition and im-
provement of general scientific and practical skills.

The experiment and related observations are nec-
essary already in the formation of the initial chemical 
concepts. Their role grows in the study of theoretical 
problems of chemistry, in determining the proper-
ties of simple substances and compounds of the ele-
ments of the periodic system, the most important 
classes of organic substances, and also in identifying 
the genetic connection of the most important classes 
of inorganic and organic substances.
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Acquaintance with a chemical experiment as a 
method of scientific research, mastering the skills 
of chemical experimentation to acquire new knowl-
edge and apply it in practice play an important role 
in shaping the worldview of students, understand-
ing the role of science and scientific facts in building 
a society.

A chemical experiment is also important for the 
polytechnic training of students: introducing them 
to the basics of chemical production, its features, and 
the conditions for chemical reactions.

On the basis of the perception of observed phe-
nomena, students form ideas, and then concepts. 
Such an inductive way of cognition is peculiar to the 
initial stage of chemistry education. Gradually, this 
path of knowledge is supplemented by another – de-
ductive. After the students armed themselves with 
theory, acquired practical skills, the experiment be-
comes not only a source of knowledge of new facts, 
but also a method of verifying judgments and finding 
the unknown [3].

The same experiment is used differently at dif-
ferent levels of student training. From this it follows 
that it is advisable to repeat chemical experiments, 
paying particular attention to those aspects that are 
the subject of study in this educational situation.

To understand the essence of the studied sub-
ject or phenomenon, a chemical experiment is often 
supplemented with other visual aids – tables, mod-
els, virtual manuals.

In the practice of teaching chemistry, it is tradi-
tionally accepted to divide a chemical experiment 
into a demonstration one, carried out by a teacher, 
and a student one, performed by students in the 
form of laboratory experiments, practical exercises, 
and solving experimental problems. This classifica-
tion is based on the activities of teachers and stu-
dents [1; 3].

Demonstrations are used primarily in cases 
where students have not previously met with the 
studied subjects and phenomena and are not pre-
pared for observation. During the demonstration, es-

pecially the demonstration experiment, the teacher 
organizes the observation of students, shows the 
correct methods of handling laboratory equipment, 
fixes the students’ attention on the appropriateness 
and principle of its operation, the conditions of the 
experiments, and safety measures.

The demonstration is a kind of visual instruction 
for which the teacher in the learning process has to 
spend a lot of time. Visual instruction based on imi-
tation of a teacher, implemented with the help of 
various aids, including instruments, tables, diagrams, 
screen tools, reduces the time needed for the forma-
tion of skills of a chemical experiment and contrib-
utes to the correct implementation of the student 
experiment [2; 4].

A student experiment consists of laboratory ex-
periments performed frontally or by a group in the 
process of studying, fixing and checking new ma-
terial, as well as practical exercises, solving experi-
mental problems according to options after studying 
individual topics of the program. A promising form 
is a workshop conducted in the form of separate gen-
eralizing works after completion of the entire course 
of chemistry.

The basic requirement for any chemical experi-
ence is the requirement that it be completely safe for 
students.

The teacher is responsible for the accident both 
morally and legally. Therefore, preliminary testing of 
experiments and compliance with all safety require-
ments are mandatory for all working in the chemical 
room. The main guarantee of the safety of demon-
stration experiments is the high technical literacy of 
the teacher, armed with the proper safety skills.

Thus, a chemical experiment permeates all topics 
of a chemistry course, contributing to the disclosure 
of its content and is a kind of teaching method. For 
the successful manifestation of the cognitive, educa-
tional and developing functions of a chemical experi-
ment, its technical equipment, the rational organiza-
tion of the experiments and their inclusion in the 
educational process play an important role.
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Problem formulation in general and its con-
nection with important scientific and practical 
tasks. In the context of modern social changes be-
comes relevant to study the pedagogical mechanisms 
and conditions of self-identification of a specialist’s 
personality as one of the main factors of personal and 
professional development.

Issue of self-identification is of interest to many 
researchers. At the theoretical and methodological 
level the problem of self-identification of personal-
ity is covered in national works (Afanasenko L. A., 
Bech I. D., Gerchanovskaya P. E., Grebenyuk M. A., 
Guba S., Zlivkov V. L., Kurguzov A. A., Melnik D. M., 
Semenova Yu. A., Stoyan O. O., Schneider L. B.) and 
foreign (R. Brubaker, E. Erickson, J. Marcia, J. Mead, 
F. Cooper, H. Tajfel) scientists. Their theoretical 
analysis [1] shows that through self-identification, 
the personality establishes the ideal of personal and 
social values, establishes the values of the socio-pro-
fessional group, helps to form standards of spiritual 
and moral guidance, promotes active participation 
in the educational process. This, in turn, actualizes 
the problem of research on the professional self-

identification of future specialists in general and the 
motivational-orientation component in particular.

The motivational-orientation component of fu-
ture psychologists contains such components as the 
attitude to the profession, interest in it, knowledge 
and understanding of the peculiarities and condi-
tions of professional activity, its requirements for 
personality. The problem of preparing future psy-
chologists has already been the subject of research 
(Borisyuk A. S., Renke S. O., Andriychuk I. P., Dru-
zhinina I. A., Kobylnik L. M., Kucherenko E. V., Kul-
ish V. I. etc). Thus, recently more attention is being 
paid to the formation of personal characteristics 
during the preraring of future psychologists – pro-
fessional self-adjustment [2], professional self-im-
provement [6], professional self-development [3]. 
At the same time, pedagogical conditions for the for-
mation of professional self-identification of future 
psychologists, despite all relevance, did not act as a 
subject of special research.

The purpose of the article – analysis of levels and 
factors of motivational orientation component of pro-
fessional self-identification of future psychologist.
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Materials and methods. The study involved 141 
first- and fourth-year students of Dniprovskii Uni-
versity of the Humanitites (DUH), Oles Honchar 
Dnipro National University (DNU), Alfred Nobel 
University, Volodymyr Vunnychenko Central Ukrai-
nian State Pedagogical University (CUSPU), who 
study in the field of preparation 053 “Psychology”. 
The results of the study were processed using a table 
processor Microsoft Office Excel.

To evaluate the motivation-orientation compo-
nent of professional self-identification of a future 
psychologist used the method “Motives for choosing 
a profession” (R. V. Ovcharova), the author’s modi-
fication of the method of studying the factors of at-
tractiveness of the profession (author of the method 
Yadov V. A., modification I. Kuzmina, A. Rean) and 
author’s questionnaire “Professional self-identifica-
tion of the future psychologist”.

Results and discussion. First, during an empiri-
cal study, the emotional component of the choice of 
future specialists was determined by the method of 
R. V. Ovcharova.

The processing of this methodology consists 
in the division of all statements into four groups of 
motives: internal individually significant motives, in-
ternal socially significant motives, external positive 
motives and external negative motives.

Internal motives for choosing a profession – its 
social and personal importance; the pleasure that the 
work gives due to its creative nature; the ability to 
communicate, lead other people, etc. Internal mo-
tivation arises from the needs of the individual, so 
on its basis, the person works with pleasure, without 
external pressure.

External motivation is income, striving for pres-
tige, fear of condemnation, failure, etc. External 
motives can be divided into positive and negative. 
Positive motives include: material incentives, the 
possibility of promotion, the poisoning of the team, 
prestige, ie incentives for which a person deems 
necessary to make their efforts. Negative motives in-
clude influence on the individual through pressure, 

punishment, criticism, condemnation and other 
sanctions of a negative nature.

The predominance of internal motives is most ef-
fective in terms of job satisfaction and productivity. The 
same goes for positive external motivation [5, p. 7–9].

It is established that for all the first courses of DUH, 
DNU and Alfred Nobel University the most impor-
tant in choosing a profession were internal individu-
ally and socially significant motives. Moreover, the 
average values of these motives were almost the same 
(the difference of indicators in 0,02–0,33). However, 
more intrinsically individually relevant motives are 
more important to the students of the CUSPU (dif-
ference 0,49). It can be assumed that the difference 
in rates for students from different universities is due 
to their location – Dnipro City is a more promising 
career city, gives more opportunities to create their 
own social services through a larger population of the 
city, compared to Kropyvnytskyi City [4].

For the fourth-year students of all universities, 
the difference in the average individually and so-
cially significant motives is almost insignificant 
(maximum – 0,2). Moreover, the values of almost 
all parameters are increased compared to the first 
year students, which indicates a more conscious at-
titude to the questions or answers.

As expected, the least significant are the negative 
external motives.

The next step in our research was to identify 
the most attractive factors of the future profes-
sion for the author’s modification of the method of 
Yadov V. A. The essence of the author’s modification 
was to change the instructions for closed questions. 
Students were offered the following: “Check the 
points (factors) that reflect your attitude towards 
your chosen profession. Only record what really 
matters to you. Optional in all rows is optional.” The 
methodology sets the levels of satisfaction with the 
profession, which are determined by the total num-
ber of answers: up to 3 answers – low level of satisfac-
tion with the future profession, 4–7 – average level, 
more than 7 – high level.
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The research did not identify future professionals 
with low satisfaction with their chosen profession; 
the average level was found in 27% of respondents, 
and the high level – 73%. In addition, the study 
found that for students of the first year of all univer-
sities there were statistically significant differences 
in the mean values for only three factors – satisfyac-
tion with wages, availability of conditions for self-
improvement and the importance of the profession 
for society. For the fourth year, the average values of 
almost all parameters change, except for the value of 
satisfaction with pay, which, in our opinion, is relat-
ed to the rethinking of the attitude to the profession 
during the years of study.

It is established that the most important factors for 
future first-year psychologists are the factors – the im-
portance of the profession for society, creativity in the 
activity, the availability of conditions for self-improve-
ment. The least significant factors are the satisfaction 
with the salary and the length of the working day.

At the same time, for the fourth year students, the 
most important factors are – the ability to work with 
people, creativity in the activity, possible fatigue, the 
availability of conditions for self-improvement and 
satisfaction with the length of the working day. The 
least important factor is wage satisfaction.

At the next stage of our research, using the au-
thor’s questionnaire “Professional self-identification 
of the future psychologist”, the features of the moti-
vational-orientation component and students’ un-
derstanding of the concepts of “self-identification”, 
“professional self-identification” and the possibility 
of self-identification of the psychologist’s personality 
by modern means of information technology were 
identified. Respondents were asked 8 questions for 
outlined questions. Below are these questions and 
survey results, with parenthetical percentages ini-
tially for first and fourth year students.

1. How do you understand the term “self-iden-
tification”?

Most of the students surveyed (61% of first year 
students and 49% of fourth year students) agree that 

this is a process of defining oneself as an individual. 
Understanding the term as disclosing oneself in the 
context of a particular social group adheres to almost 
the same number as in the first year (28%) and in the 
fourth (25%). It was also proposed to define self-
identification as the presence of certain intrinsic 
qualities, behavior, character traits. In the first year of 
study, only 10% are inclined to this definition, and by 
the end of the study the indicator increases to 21%.

Thus, most respondents correctly understand 
this definition, but due to the lack of attention given 
to the issue during the educational process, students 
have doubts about the meaning of the term.

2. How do you understand the term “professional 
self-identification”?

The answer to this question among students is 
also ambiguous. The greatest preference was given 
to the answers of “presenting yourself as a psy-
chologist” – 49% of first year and 55% of fourth 
year courses and “desire to work in your chosen 
specialty” – 43% of first year and 35% of fourth 
year courses. A small number of first year students 
surveyed consider this presentation as a student 
(3%). While in the senior year this answer was not 
chosen at all. Also, freshmen understand profes-
sional self-identification as a complete definition in 
the profession, full disclosure of their professional 
skills, achievement of professional goals, process of 
becoming a professional in the chosen field.

3. How do you understand “readiness for profes-
sional self-identification”?

In this issue, the views of students of all courses 
agreed that it is the ability to acquire professional 
skills and qualities and understanding what difficul-
ties will have to face in future professional activity. 
Some students (around 6%) consider this training 
as a practice. In addition, they offered their own an-
swer options, such as the desire to develop in the 
field of psychology and to acquire professionalism, 
confidence in their professional abilities.

4. What prompted you (or could you induce) to 
professionally identify yourself as a psychologist?
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This issue, like the previous one, also did not 
cause differences in different courses. The majority 
of respondents to professional self-identification are 
interested in their chosen future profession (46% and 
41%), slightly less – life experience (32% and 34%), 
interesting literature (14% and 20%) and very few – 
Internet materials (8% and 5%). Respondents were 
also offered their options of motivation – the desire to 
know themselves and others better, the desire to im-
prove themselves, the presence of life difficulties, the 
solution of which requires the help of a psychologist.

5. What hinders (or might interfere with) your 
professional self-identification as a psychologist?

As it turned out, the biggest obstacles to profes-
sional self-identification were self-doubt (32% at 
all courses) and sloth (35% and 28%). Significantly 
smaller are the obstacles in life (14% and 23%). Min-
imal influence on the professional self-identification 
of the future specialist financial position (9% and 
14%). In addition, respondents noted as a hindrance 
to the professional self-identification of society’s at-
titude towards psychologists.

So, we see that as students age, there are some 
life-changing obstacles that may lead to financial 
difficulties. However, the statistics concerning self-
doubt are quite impressive. Thus, in the educational 
process it is necessary to introduce measures that 
will develop future specialists self-confidence.

6. What methods of professional self-identifica-
tion do you know?

All the proposed options were selected by the 
respondents as effective for the formation of profes-
sional self-identification. The difference in rates only 
affected the rating of the answers provided. Yes, in 
the first year the rating was lined up as follows:

1) tests, surveys – 32%;
2) trainings and seminars – 31%;
3) communication with experienced psycholo-

gists – 25%;
4) Internet materials, literature – 11%.
The fourth year rating is as follows:
1) trainings, seminars – 33%;

2) communication with experienced psycholo-
gists – 33%;

3) tests, surveys – 21%;
4) Internet materials, literature – 13%.
We see that future professionals have the least 

confidence in the Internet materials, but try to im-
prove themselves more through the experience of 
already formed specialists.

7. Do you use information technologies for pro-
fessional self-identification?

The answers to this question also change with 
the student’s course of study. In the first years, re-
spondents consider webinars, Youtube (44%) and 
thematic sites (37%) important for professional self-
identification, slightly less – blogs, e-books, Wikipe-
dia (15%). However, in the fourth year, webinars, 
Youtube and blogs, e-books, Wikipedia (30% each) 
are equally important in the opinion of respondents, 
and content sites (23%) are inferior. 16% do not con-
sider it necessary to use information technology for 
professional self-identification.

Therefore, it is necessary to introduce more in-
formation technology tools into the educational pro-
cess as an element of professional self-identification.

8. What forms of professional self-identification 
do you use when studying at your University?

Group training (14% and 21%, respectively) was 
considered to be the least effective for developing 
professional self-identification. Seminars (39% and 
22%) and practical assignments (28% and 27%) are 
influential forms. They also demand the transfer of 
experience from experienced psychologists (18% 
and 27%).

So, with age, future professionals are finding new 
and more effective ways to professionally identify 
themselves.

Conclusions and prospects for further re-
search. High motivational component, but insuf-
ficient level of orientation component of motiva-
tional and orientation component of professional 
self-identification of future psychologist are defined. 
The study found that for most future psychologists, 
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the chosen specialty is interesting and they want to 
develop it as professionals, but because of socio-
economic conditions, psychological obstacles may 
arise when receiving higher education. Although, 
even with these factors, future professionals are be-
ginning to neglect. There is also a lack of awareness 
of the concepts of “self-identification”, “professional 
self-identification”, “readiness for professional self-
identification”, distrust of information technology as 
a powerful tool for professional self-identification, 
psychological problems (self-doubt, laziness) and 
lack of self-identity in higher education institutions.

Therefore, the next stage of our work is to de-
velop a program for the development of a motiva-
tional-orientation component as an important fac-
tor in the professional self-identification of a future 
psychologist.
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Abstract. The article aim is to understand the nature of authoritarian leadership. The nature of au-
thoritarianism as a political phenomenon is quite complex and cannot be unequivocally interpreted. 
Research into authoritarian leadership helps clarify its subjective mechanisms. Notable contributions 
to the development of authoritarian leadership were made by Wilhelm Reich, Alfred Maslow, scholars 
from the Frankfurt School Erich Fromm, Theodor Adorno, Herbert Marcuse. They have identified a 
type of personality that predisposes to authoritarianism and seeks power. Such a personality is formed 
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The nature of authoritarianism as a political phe-
nomenon is quite complex and cannot be unequivo-
cally interpreted. Research into authoritarian leader-
ship helps clarify its subjective mechanisms. Notable 
contributions to the research of authoritarian leader-
ship were made by Wilhelm Reich, Alfred Maslow, 
scholars from the Frankfurt School Erich Fromm, 
Theodor Adorno and Herbert Marcuse. They have 
identified a type of personality that predisposes to 
authoritarianism and seeks power. Such a person is 
formed in an unhealthy social environment that gen-
erates mass frustrations, neuroses and the desire of 

man to flee from all this into the sphere of domina-
tion and submission. For an authoritarian personali-
ty, power is a psychological need to get rid of his own 
complexes by imposing their will on other people.

One of the first researchers of authoritarianism 
was Austrian scientist Wilhelm Reich, who in the 
early 1930 s undertook a special study of authori-
tarianism in his connection with fascism. In “The 
Mass Psychology of Fascism”, Reich expressed the 
hypothesis that fascist ideology is subject to individ-
uals with a certain psychological structure, which he 
called “mechanistic-mystical character”.

Fascism, as something irrational and uncon-
scious, is, in the opinion of Reich, the attitude of the 
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“little man” towards authoritarian society and power, 
when the individual simultaneously gravitates to-
wards the establishment of dictatorship and spon-
taneously revolts against it [1, 170]. Reich’s analysis 
of the origins of fascism does not so much correlate 
with the socio-economic structure of the Weimar 
Republic as with the disclosure of the specifics of 
the authoritarian family and intra-family relations. 
Reich believes that in the policy that led to the dic-
tatorship of fascism in Germany, the decisive factor 
was the ideology rooted in the character structure 
of the average person. Since a person’s character is 
shaped in childhood, in the circle of the family with 
its traditions, moral principles and norms of behav-
ior, Reich needs to understand the specifics of family 
relations, the type of family that contributes to the 
formation of a certain structure of character. Reich 
considers the authoritarian ideology of this type of 
family, the aggressive impulses of the average person, 
and the role of sexuality in the formation of the fas-
cist dictatorship, stressing that “sexual and economic 
sociology deals with the structure of man” and that 
it cannot be anything but a study of the subjective 
factor of history – “the structure of the character of 
people of a given epoch” [1, 171].

Reich sees the origins of fascism in the patriarchal 
family, where the basis for the manifestation of au-
thoritarianism, perverted sexuality, for the formation 
of such a structure of human character, where the 
secondary layer, “secondary impulses” that formed 
the basis of fascism, began to play a dominant role. 
Since this type of family and the personality structure 
based on it are particularly typical, it is, according to 
Reich, the potential base of fascism. Reich deduces 
the psychological foundations of fascism through 
the prism of suppressing the sexuality of children, 
through the dual attitude of the “little man” towards 
authoritarian power. Reich believes that the psycho-
logical consequences of suppressing natural sexuality 
have an impact on the formation of the pathological 
character of the personality. Fascism, according to 
Reich, is a pathology that corrodes the internal psy-

chological structure of a person. Reich also seeks to 
reveal the role of sexuality in the formation of the 
fascist dictatorship. It tries to explain the symbolism 
of the fascist swastika and its impact on the uncon-
scious attractions of man. Reich examines the history 
of the swastika from East Indian beliefs to Western 
European versions and concludes that the swastika 
was originally a sexual symbol. It is in this capacity 
that the swastika, as a symbolic sign of sexuality, is 
understood by Reich to have an effect on man.

Reich believes that the basis of fascist mentality 
is sexual suppression in the family, so its disestab-
lishment is associated with the elimination of sexual 
suppression and the emancipation of natural sexual-
ity, with the destruction of the gap between sexual 
morality and a truly human manifestation of love. 
The destruction of repressive morality should under-
mine the foundations of the patriarchal family and, at 
the same time, the sources of development of human 
pathological character. In the opinion of Reich, a sex-
ual revolution is necessary, which will lead to a true 
liberation of people from political oppression. Reich 
believes that the need for such a revolution is essen-
tial, not only because authoritarian society and its 
patriarchal family, suppresses the natural expression 
of sexuality in people, giving rise to various forms of 
perverted understanding of love [1, 73]. But because 
this is the basis for the emergence of antisocial, ag-
gressive types of human behavior, the pathological 
structure of the individual, and alienated relation-
ships that are the basis for the emergence of authori-
tarian consciousness. For Reich, “sexual revolution” 
is not simply an “addition” to political revolution, 
but a necessary element of radical transformation, a 
fundamental moment of liberation of the individual 
from moral, social and economic ways, a starting 
point for any transformation in society [1].

Reich believes that the reactionary way of think-
ing, combined with revolutionary excitement, gener-
ates fascist feelings, while sadistic brutality, combined 
with mysticism, generates fascist ways of thinking. 
According to Reich, Hitler was an expression of the 
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tragic contradiction inherent in the masses – the con-
tradiction between the desire for freedom and the 
fear of it. The masses of Germans wanted freedom, 
Hitler promised an authoritarian, absolutely dictato-
rial leadership, and the masses accepted it. The masses 
felt helpless, unable to solve social problems within 
the old political framework of thought and the old po-
litical system. The Fuhrer had to solve this problem 
for them. Hitler promised to abolish the democratic 
struggle. The masses were tired of this struggle, which 
passed by their personal daily needs. Hitler promised 
the abolition of individual freedom and the establish-
ment of a national one. This illusory freedom relieved 
them of all individual responsibility. They wanted the 
“freedom” that the Fuhrer had to win and provide. Hit-
ler promised to make women subordinate to a man, to 
abolish their maternal autonomy. Hitler promised the 
destruction of socialist and bourgeois-democratic or-
ganizations. Disappointment of the masses in institu-
tions guided by the ideals of freedom, combined with 
the economic crisis and the will to freedom, generates 
a fascist way of thinking. Hitler introduced a strong, 
though irrational emotion into old ideas.

“Mother Germany” and “God Father Hitler” 
became symbols. Identifying themselves with the 
“strong and unique German nation”, any citizen who 
feels his inferiority and really unhappy, could mean 
something, even if it is illusory. Reich concludes that 
the characteristic structure of the average person co-
incided with that of their leader, so phenomena such 
as Nazism in Germany and totalitarianism in the So-
viet Union became a reality.

Following Reich, Fromm addresses the authori-
tarian problem. In his work “Escape from Freedom”, 
published in 1941, Fromm makes a radical discovery. 
He describes a specific cultural and anthropological 
phenomenon – “escape from freedom “. He analyzes 
such a mechanism of escape from freedom, which 
consists in a tendency to renounce the independence 
of one’s personality, to merge one’s “ego” with some-
one or something external, so as to find the power 
missing from the individual himself [2, 56].

The people of mass do not long for freedom. Psy-
chologically, they are much more comfortable when 
their lives, their will and minds are controlled by a to-
talitarian leader. People need leaders who make deci-
sions for them. Fromm says that in the ХIХ century 
the problem was that “God died”, and in the XX centu-
ry it was that “man died”. The individual became more 
lonely. Previously, their “Ego” could rely on property, 
prestige, power and family. Loneliness, fear, loss re-
main, but people, according to Fromm, can’t tolerate 
them forever. A person is unable to move from nega-
tive to positive freedom, trying to get rid of freedom 
in general. The main way to escape from freedom is to 
obey a leader in totalitarian countries, i. e. to become a 
faceless and obedient mass. “The history of mankind is 
full of periods when the crowds rushed from freedom 
to tyranny, because such slavery seemed to be a deliv-
erance from freedom, from oneself, from duty” [3]. 
According to Fromm, both masochistic and sadistic 
aspirations help an individual get rid of the unbearable 
feeling of loneliness and powerlessness. Since the term 
“sadistic-masochistic” is associated with perversions 
and neuroses, Fromm prefers to talk not about sadis-
tic-masochistic, but about “authoritarian” character. A 
common trait, according to Fromm, of authoritarian 
thinking is the belief that life is determined by forces 
outside of the individual, outside his or her interests 
and desires. The only possible happiness is to submit 
to these forces. In an authoritarian mind, activity is 
based on a deep sense of powerlessness that one tries 
to overcome. In the opinion of Fromm, an authori-
tarian person gains power to act only by relying on 
a higher power. It must be indestructible and immu-
table. Lack of power is a sign of guilt and inferiority for 
such a person. If power shows a sign of weakness, his/
her love and respect turns into contempt and hatred. 
According to Fromm, the courage of an authoritarian 
person is to endure everything that fate has sent her/
him, or its live representative leader. To suffer painless-
ly, not to change their fate, but to obey it – is the virtue 
of an authoritarian character. The world for a person 
with an authoritarian character consists of people 
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who have or do not have power and authority, that is, 
the highest and the lowest. They are only capable of 
domination or obedience. Any difference – gender or 
race – for a person is a sign of superiority or inferiority.

Fromm shows that authoritarian character has 
masochistic and sadistic tendencies. Forms of man-
ifestation of masochistic tendencies are feelings of 
own inferiority. They are perceived as pathological 
and meaningless. In addition to masochistic tenden-
cies, the same type of tendencies are sadistic. The 
scientist identifies three types of sadistic tendencies. 
This is the desire to put other people in dependence 
on themselves and gain unlimited power over them. 
This desire is not only to have absolute power over 
others, but also to exploit them. It is an aspiration 
to make others suffer or to see them suffer [2, 281].

According to Fromm, the destruction of one’s own 
self and the attempt to overcome the unbearable feel-
ing of powerlessness at the expense of this is one of 
the sides of masochistic tendencies. The other is an at-
tempt to dissolve into an external force. This force can 
be an institution, a nation. Becoming a part of the force, 
a person becomes, according to Fromm, involved in its 
power and glory. The individual renounces themselves, 
their “ego”, their own freedom, they get rid of decision-
making, of responsibility for their destiny.

The basic aspiration of sadistic impulses is to be-
come the absolute master of another person, to do 
with them anything the master wants. But the most 
radical way to manifest the power, as Fromm writes, 
is the ability to cause suffering, pain to those who 
are unable to defend themselves. Such a mentality, 
as the scientist believes, defines the “human base” 
of fascism. This concept of Fromm denotes a special 
social type with a characteristic structure that allows 
its owners to successfully adapt to the requirements 
of totalitarian, fascist political regimes. Summarizing 
the above, we can identify the main features of an 
authoritarian character:

–  the need for authority, which can be both per-
sonal (political leader) and super personal (corpora-
tion, party, nation, state);

–  lack of need for freedom, constant readiness to 
‘escape from freedom’, inability to control oneself in 
conditions of freedom, perception of it as a burden;

–  the conviction that human life is at the mercy 
of super personal forces, the willingness to obey 
external dictatorship, to see it as something that re-
sembles a will of fate or fate;

–  an aversion to the idea of social equality; a 
belief in a hierarchical vision of a world in which 
the principles of domination and subjugation reign, 
where the presence of a ruling power and a kneeling 
weakness are indispensable;

–  a willingness to accept all the trials from the 
authorities, to bear all the burdens and to see valour 
in that completeness;

–  the perception of any force as an asset and 
any manifestation of weakness as an object worthy 
of contempt; Sadomasochistic combination of the 
willingness to repent before force with the willing-
ness to despise and trample on the personality – syn-
onymous with inferiority;

–  conformism, readiness to follow the group 
in everything, to reproduce in their worldview and 
social behavior the accepted worldview and activity 
stereotypes;

–  traditionalism of thinking, disregard for spiri-
tual, intellectual innovations;

–  xenophobia expressed in acute dislike and ha-
tred towards all those who differ in their racial, na-
tional-ethnic and other characteristics from herself 
and her social environment, whose intellectual level 
is superior to her own; hence, a sharp denial of the 
authoritarian personality to the intelligentsia;

–  the readiness to submit to the government and 
power is combined with the expressed need to rule 
over all those whose worldview and behavior do not 
meet her ideas of what is right and looks in her eyes 
as the lowest form of life position [4].

Fromm writes that first of all, the “leaders” enjoy 
the power, but the masses are also feeling sadistic sat-
isfaction. Racial and political minorities in Germany, 
and then other peoples, are the objects of sadism, 
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which “feed” the masses. Hitler and his bureaucracy 
revel in power over the German people, and at the 
same time they teach them to enjoy power over other 
nations and seek world domination. As a result of 
thousands of years of perversion in education and 
social life, the masses have acquired biological cru-
elty and have lost their ability to freedom.

In the works of E. Fromm it is impossible to find 
a detailed consideration of the problem of leader-
ship, but at the same time he says that in order to 
understand the specifics of the totalitarian regimes, 
it is necessary to look at the leaders of these regimes, 
who embodied whole nations. Fromm describes 
Hitler in his famous work “Adolf Hitler, A Clinical 
Case of Necrophilia”. The scientist concludes that 
Hitler is a narcissist, which cares only about him-
self. His main ambition was the desire for power 
and conquest of the world. The three most charac-
teristic features of character of Hitler, according to 
Fromm are narcissism, withdrawal from reality and 
an absolute lack of ability to love, give warmth and 
empathy. The love of the strong and the hatred of 
the weak, so typical of a sadistic-masochistic per-
sonality, explain, according to Fromm, the many 
political acts of Hitler, who hated the Weimar Re-
public because it is weak. He admired the industrial 
and military leaders because they had power and 
strength. Undoubtedly, Hitler had certain abilities, 
which helped him to climb the Olympus of political 
power. It was certain magnetism, an ability of sug-
gestion. He also had a simple and straightforward 
phrasing and a good memory.

Fromm also analyzed another dictator of the 
twentieth century – Stalin. One of the traits that 
he points out in Stalin, is the desire to display his 
limitless power over people. He, just like the God, 
had power over life and death, could destroy, cause 
pain or heal [3]. Fromm does not hide his personal 
sympathy for Stalin, defining him as the undisputed 
leader. Fromm insists that if the people did not want 
these dictators to come to power, they would not 
have claimed their place in history.

Fromm and Reich have tried to go beyond the one-
dimensional psychoanalytics and to present specific 
leaders as holders of a social character that coincided 
with the social character of the masses at the time.

In 1943, A. Maslow’s work “The Authoritarian 
Character Structure” was published, which showed 
that not only internal psychological factors play a 
role in the formation of the authoritarian structures 
of the individual, but also the situation, or “field” in 
which the formation of the individual takes place. 
Maslow distinguished typical features of an authori-
tarian character, such as:

–  hierarchy of consciousness – to consider all 
other people as competitors who are either superior 
or have a lower position in comparison with the most 
authoritative person;

–  a tendency to generalise characteristics of su-
periority or inferiority;

–  a tendency to generalize the characteristics of 
superiority or inferiority; a desire for external attri-
butes of prestige – power, money, status;

–  the presence of hostility, hatred, prejudice in 
character;

–  coupling of kindness with weakness;
–  sadomasochistic tendencies;
–  constant dissatisfaction;
–  intrapsychic conflict;
–  a sense of guilt that generates a sense of hostility.
The authoritarian character is also manifested in 

such situations as:
–  infringement of the personality of women;
–  the development of homosexuality;
–  the desire for a militarized, super-organized 

ideal, the desire to humiliate others;
–  an aversion to education;
–  avoiding responsibility for personal destiny.
In 1950, in New York the famous book of T. Ador-

no, E. Frenkel-Brunswik, D. Levinson, N. Sanford 
“The Authoritarian Personality” was published 
[5, 13]. The authors of this work pursued pragmatic 
goals – to develop psychological weapon against 
potential threat of fascist thinking. This project was 
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conceived as a search for personality characteristics 
explaining the reasons for accepting fascism. None 
of Adorno’s respondents belonged to a fascist or-
ganization. They were white, “middle” class, Chris-
tian, San Francisco suburb residents. The result of 
the study was unexpected. It turned out that among 
these middle-class Americans, an authoritarian type 
is also common. And their researchers found the 
same basic psychological features that were typical 
of the Germans who welcomed Hitler to power. The 
authoritarian personality, according to researchers, is 
a special set of psychological characteristics, among 
which they identified the desire to suppress others, 
intolerance, ethnocentrism and a number of others. 
In doing so, the person repressing the weak is afraid 
of those who are stronger than him.

Researchers of authoritarianism saw their task not 
only to describe this type of personality, but also to 
discover the origins of authoritarianism, which they 
find mainly in the family, in relationships with par-
ents. In their opinion, strict discipline, submission 
to the head of the family gives rise to an inferiority 
complex in children. Education, on the other hand, 
reduces the emergence of prejudice. In “The Authori-
tarian Personality”, ideas about the deep, unconscious 
determinism of the political appearance of fascism 
were expressed in the form of empirical indicators 
and measured on a special scale F. Also noteworthy 
is the theoretical study of the concept of “authoritar-
ian syndrome”, which provides a tool for identifying 
and microanalyzing macro-political objects. Empiri-
cal studies conducted by Adorno and other scientists 
have confirmed the real existence of the authoritarian 
type of personality and revealed some new features. 
As a whole, this project has greatly expanded the un-
derstanding of the nature and inner motivations of 
striving for authoritarian leadership.

Scientists’ conclusions about the danger of au-
thoritarianism were also confirmed in the post-war 
period. Outwardly, authoritarianism has changed. 
Impersonal authoritarianism, embodied in anony-
mous bureaucratic structures of state institutions, 

replaced the Fuhrer’s personalized power. This au-
thoritarianism gave birth to a new type of personal-
ity, called the “one-dimensional man”. The study of 
such a person was undertaken by Herbert Marcuse.

In 1964, the work of Marcuse “One-Dimensional 
Man: Studies in the Ideology of Advanced Industrial 
Society” was published. The ideas shown in “One-
Dimensional Man” quickly turned Marcuse into a 
popular ideologist of the “new leftists”, an idol of the 
opposition student movements of the 60s and one of 
the most influential Western philosophers. The cen-
tral idea in Marcuse’s book is the idea of “one-dimen-
sional”. His interest in the “one-dimensional” man was 
dictated by the desire to break through the alienation 
that arose between man and Western society.

Marcuse’s starting point is antiauthoritarianism. 
His arguments in criticizing Western society and alien-
ation are quite radical. Marcuse vividly illustrates the 
domination of impersonal forces over the individual, 
which leads to the impoverishment of the individual, 
to the appearance of a “one-dimensional” man.

In the sphere of production, Marcuse sees the 
basis for “one-dimensional” in the unification of 
separate production units and links into a single or-
ganism, all organs of which are strictly subordinate. 
As a result, according to Marcuse, the movement to 
“totalization”, i. e. to creation of comprehensive, in-
tegral rational-regulated system of production, man-
agement, educational institutions influencing each 
other, system of universal functional interaction of 
all elements of social life is decisive for the whole 
social climate. Technological, economic, managerial 
“totality” and “one-dimensional”, according to Mar-
cusa, finds its continuation in the “one-dimensional” 
political and social reality; in politics, the external 
differences of the main parties hide the internal uni-
ty; the opposition turns into a force that contributes 
to the preservation of balance and self-reproduction 
of the existing system. The role of the working class is 
reduced to the function of a “pressure group” [6, 83].

Marcuse considers the main feature of the “one-
dimensional society” to be the ability to resist de-
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structive social forces and changes and to preserve 
continuity and stability. As Marcuse writes, this soci-
ety and its state achieve “unity of opposites”. Marcuse 
is aware of the dangerous, destructive consequences 
for society and man, which are caused by “one-di-
mensional”. One of the main dangers for humanity, 
according to Marcuse, is that the “one-dimensional” 
consciousness in the USA and in the countries of 
Western Europe often perceives this state as having 
advantages over the historically preceding social 
states, and sometimes even sees it as an embodiment 
of ideals. Explaining this fact, Marcuse describes the 
advantages of the society criticized by him – it is an 
increase in material welfare, the level of consumption 
of quite large numbers of people. All this contributes 
to the formation of a person with a kind of “happy” 
consumer consciousness, with social conformism. In 
Marcuse’s opinion, this is the rational and material 
basis for “unification of opposites”, for “one-dimen-
sional political behavior”.

According to Marcuse, the category of “one-
dimensional” lets clearly and concisely capture the 
nature of this society. “One-dimensionality” is ho-
mogeneity, absence of a clearly expressed and ef-
fective alternative (social, political, ideological). It 
means that this is also homogeneity, unidirectional-
ity. “One-dimensionality” means the absence of any 
confrontation, any criticism, any going beyond the 
existing system of relations, institutions, evaluations, 
and reconciliation with the existing system. From the 
social and political point of view, “one-dimensionali-
ty” means the absence of social forces within society 
that oppose the existing social relations and seek to 
overthrow them [7, 56].

According to Marcuse, there are no antagonistic 
forces within the system, since both the proletariat 
and the bourgeoisie pursue common goals and share 
common political ideals. The style of life in the de-
veloped industrial society is homogeneous. A worker 
and an entrepreneur watch the same TV programs, 
films, read the same press, use the same advertised 
toothpaste, drive around in their own cars. And most 

importantly, both are generally satisfied with these 
benefits and have no desire to destroy the existing 
structure of needs, to go beyond it. The “one-di-
mensional” art, the “one-dimensional” language, as 
well as radio, cinema, television, advertising, allow 
to influence the consciousness of the proletariat, so 
that it begins to think in a direction favorable to ma-
nipulators. His proletarian consciousness dulls, the 
working class ceases to be a “class for itself,” that is, a 
revolutionary class [8].

Formation of “one-dimensional” society, “one-
dimensional” person with his “one-dimensional” 
consciousness Marcuse connects with new forms 
of control over people, based on modern science 
and technology, on “technical rationality”. Marcuse 
distinguishes three elements in them: a) system of 
creation and satisfaction of enslaving needs; b) all-
pervasive mass communication means – television, 
radio, press, “when the worker and the master enjoy 
the same television program and visit the same place 
of rest”; c) new forms of social control. According 
to Marcusa, the theory of human relations in an en-
terprise, the science used to influence the human 
psyche, also prevents the possibility of forming op-
position sentiments.

Marcuse considers “rational one-dimensionality” 
to be a negative characteristic of his modern society. 
This society is irrational, continues Marcuse. What 
Marcuse says is that direct, open and forced control 
gives way to administrative, ideological and psycho-
logical control, that the nature of labor changes and 
there is a certain increase in living standards. That 
the majority of people in the “one-dimensional” 
society do not realize their dependence “Slaves in 
the developed industrial civilization are slaves with 
sublimated feelings, but they are slaves…” [8, 140]. 
Marcuse in his concept gives a negative assessment – 
mainly from the fact that the development of this so-
ciety deforms the will and abilities of the individual 
and condemns him to undoubted, though disguised 
slavery. Marcuse concludes that such a society must 
be destroyed in a revolutionary way and replaced by 
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a society of a fundamentally new type. He dreams of 
a social revolution.

In “The End of Utopia” (1967), “An Essay on 
Liberation” (1969), Marcuse forms a new concept of 
revolution: the concept of world revolution, where he 
raises the question of the processes taking place in the 
“third world” and their relationship to the dynamics of 
social change in “developed industrialized countries”, 
and the concept of revolution as applied to the de-
veloped countries themselves. According to Marcuse, 
radical students and intellectuals are the “detonator”, 

the “catalyst” of the revolution in the developed indus-
trial society and its driving forces. In his opinion, they 
can start an anti-capitalist revolution [9, 133].

Marcuse was looking for an alternative to West-
ern society on the way to rejecting rational political 
behavior, developing new forms of sensuality, and 
emancipation of the individual. These anti-Western 
forms challenge the “one-dimensional” society and 
are political protest against impersonal authoritari-
anism embodied in anonymous bureaucratic struc-
tures of state institutions.
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EU ON GLOBAL ARENA: NEED FOR REBOOT OF A FOREIGN POLICY

Abstract. This article explores EU’s ability in establishing its strong position in world politics. Es-
sential to this analysis is the assumption that the EU will remain closely entangled with its immediate 
neighbors and this will shape the evolution of its external action. Key aim of this article is to analyze 
main ways for EU to enhance its involvement in global issues. The article begins by exploring the 
history of formation of EU foreign policy and current level of its involvement in different regions. 
It also analyzes the reasons EU is being criticized today for its passive international participation. 
Then article suggests main responses EU might take with response to challenges it faces today. The 
conclusion sums up the state of the of EU external action and concludes EU needs to take serious 
actions in order to face the impact of the challenges in the global arena.
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Introduction
The world today is dominated by the rivalries of 

global powers. The criteria for being considered the 
center of power as well as the list of states that can be 
attributed to these centers are also debatable. Often 
along with such countries as USA and China, Euro-
pean Union also finds itself in that list. Let us see to 
what extent this approach is justified.

There are different views related to EU’s position 
in world affairs. Over the last years EU is putting a lot 
of efforts in order to consolidate its foreign policy. In 
defense issues there has been made some progress, 
notably Permanent Structured Cooperation (PES-
CO) and the European Defense Fund (EDF) were 
established [10, P. 7]. However, EU foreign policy 
overall still fails to find quick common response to 
modern international challenges. Although the Lis-
bon Treaty has created quite an extensive institu-
tionalized machinery of EU and also strengthened 
its foreign policy apparatus, today there are fears 
over a decrease in Europe’s general influence over 
the global politics. With respect to the evolution of 
the CFSP the Lisbon Treaty has boosted the range 

of instruments available for EU action in this field. 
But despite this, in many areas, EU foreign policy 
still falls short. Pertinent research questions would 
be why does the EU have great or weak power in 
global affairs?

The formation of EU foreign policy
EU member States realized that a common for-

eign policy was inevitable and the idea itself started 
to form in 70s (European political cooperation and 
Common Foreign and Security Policy). It was then 
reaffirmed in Maastricht and Amsterdam Treaties 
and in a more elaborated way in the Lisbon Treaty 
of 2009 [5; 8; 9]. Despite of abovementioned institu-
tional reforms until Lisbon foreign policy remained 
profoundly intergovernmental. Lisbon Treaty grant-
ed EU’s foreign policy an institutional and legal basis. 
The post of the High Representative of the European 
Union for foreign affairs (at the same time Vice Presi-
dent of the European Commission) was set up in or-
der to encourage the coordination of Member States.

EU enlargements made the decision-making pro-
cess more complicated. Member States seek to show 
that their national interests are in some cases more 
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important than the common EU policy. Therefore, 
despite the creation of a single institutional structure, 
the EU still has limited opportunities to act with one 
voice in the international arena. Quite often we see 
states like Russia, China or USA seek to develop bi-
lateral and multilateral formats for interaction with 
European states rather than tedious and futile nego-
tiations on certain aspects with Brussels. Today in 
the context of Brexit, as well as discrepancies with 
the United States, experts suggest EU needs to en-
hance its independence in the field of foreign policy.

EU as global actor
The EU traditionally relies in its foreign policy 

on political and economic instruments such as Eu-
ropean Neighborhood Policy, attention to standards 
of democracy and human rights, humanitarian as-
sistance in the event of disasters, cooperation with 
the UN and other multilateral institutions. The EU 
played an important role in developing dialogue 
between Serbia and Kosovo in 2013, in concluding 
a “nuclear deal” with Iran in 2015, in reaching the 
world’s first universal, legally binding peace agree-
ment, adopted at the Paris Climate Conference.

Indeed, the EU has strong arguments in favor of 
its claim to be a global player. First of all, it is the 
economic potential and a high standard of living. The 
EU ranks third in the world in terms of population 
(after China and India). With its high GDP indica-
tors, it ranks largest economy in the world and largest 
trading block [1].

Secondly, we need to underline its “soft power”. 
Despite a number of crises being experienced by 
Europe, the democratic and integration EU remains 
attractive, both for European countries and for more 
distant countries.

Third argument would be the “hard power” of 
the EU: 22 out of 28 EU member states are members 
of the North Atlantic Alliance. EU military leaders 
are Britain, France and Germany, with the first two 
possessing nuclear weapons.

Today more than ever, EU member states are 
striving to find ways to focus on the European com-

mon interest. “Promoting European interests and 
values on the global stage” is among the main priori-
ties of the European Council’s new strategic agenda 
for 2019–2024 [4]. In it, covering issues like migra-
tion policy, fight against crime, resilience against di-
sasters, strengthening single market, social and envi-
ronmental issues, the European Council commits to 
make CFSP and CSDP “more responsive and active 
and be better linked to the other strands of external 
relations”. Relations with strategic partners are to be 
guaranteed by “more synergies between the EU and 
the bilateral levels” and in an “integrated manner” 
and “in a joint endeavor”.

Looking back on a bit more than ten years since 
the Lisbon Treaty was signed illustrates how difficult 
it remains to find the necessary consensus and sup-
port for joint foreign policy action within the CFSP 
framework. The EU often had no adequate answers 
to foreign policy crises, and its influence on the in-
ternational system as a whole has declined.

Along with outlined priorities of the mentioned 
agenda, EU also outlined as a priority the six Balkan 
states (Serbia, Kosovo, Montenegro, Albania, Bosnia 
and North Macedonia) aspiring to join the Union, 
stronger EU arms export control, a policy to stabilize 
Libya and maintaining EU sanctions on Russia [7].

With its immediate neighbors the EU has strong 
links via Eastern Partnership. We witness today EU’s 
unity in its support of Ukraine’s territorial integrity 
and sovereignty as well as in restrictive measures 
towards Russia over Ukraine crisis. European dip-
lomatic response comprises dialogue with Russia 
and at the same time commitment to support such 
principles as principle of democracy and territorial 
integrity.

One of the main challenges the EU faces is the 
migration crisis. Along with its humanitarian aid to-
day EU seeks to back UN activities to advance good 
local governance and a political transition in Middle 
East (Syria, Yemen) which is key to the return of 
refugees. The same approach is also valid with re-
spect to Israeli-Palestinian conflict where EU strives 
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to play crucial role of facilitator in communication 
between all parties.

EU foreign policy: lack of ability to act
Today EU foreign policy is being criticized for its 

irrelevance which is due to the structural inconsis-
tency between supranational and intergovernmental 
elements of EU CFSP. This inconsistency refers to the 
lack of unity and flexibility both between the member 
states themselves and also between EU institutions 
and member states. The decision of UK to leave the 
EU, US withdrawal from the Iran nuclear accord [6] 
and EU’s inability to contribute to stabilize neighbor 
countries starting from the Caucasus region to Af-
rica have further undermined the EU’s global weight. 
Critics claim that foreign policy still remains in a na-
tional domain of EU member states [3]. This and also 
voting rules of the Council of Ministers hold back 
frequently collective action at union level.

EU is also being criticized for having neither 
means nor the political will to play a decisive role in 
world politics issues ranging from transatlantic part-
nership to EU enlargement. It has been largely absent 
in the Middle East, including the crisis in Syria and 
Libya. EU’s failure to act as an effective player on a 
global politics is quite often depends on its relative 
lack of military might. But it is obvious that not only 
lack of military resources makes the EU weak.

With respect to the EU’s shrinking role in world 
politics, EU High Representative for Foreign Affairs 
and Security Policy and Vice-President of the Euro-
pean Commission Josep Borrell, who assumed his 
post in December 2019, underlined the need for EU 
to become a real geopolitical player:

“…we see the rebirth of geostrategic competition,” 
notably between China, Russia and the United States, 
the EU “has the option of becoming a player, a true geo-
strategic actor, or being mostly the playground” [2].

To be able to become a true global player Borrell 
as well as other leadership team in Brussels, namely re-
cently nominated President of European Commission 
Ursula von der Leyen and European Council Presi-
dent Charles Michel need to have a mandate from the 

member states to lead some priority foreign policy 
portfolios and member states go along with them.

One of the main reasons critics argument the 
inefficient EU foreign policy is the fact that foreign 
policy related decisions are taken unanimously with 
a possibility of veto by any member state. In 2019, 
for instance, veto was applied by Italy during a reso-
lution on Venezuela and by Poland and Hungary 
on migration accord between the EU and the Arab 
League. Another example would be China-friendly 
EU member states driven by their needs blocking EU 
initiatives aimed against China.

Another reason for criticism would be different 
perception of certain problems and country-specif-
ic attitude of particular EU members. For instance, 
Germany’ support to the gas pipeline project (to be 
built between Russia and Germany through Baltic 
Sea) rises concerns of EU members over increase of 
energy dependence from Russia.

In the area of security and defense the need for 
further reform derives from the fact that, the PESCO 
does not guarantee the participation of all EU Mem-
ber States.

Suggestions
Common proposal suggested to fix at least partly 

the problem of lack of unity is to abolish unanimity 
voting on certain issues and introduce qualified ma-
jority voting (when 55% of member states represent-
ing at least 65% of the EU’s population are in favor) 
for foreign policy. This would have enabled EU to 
certain actions (impose sanctions, authorize civilian 
missions etc.) which it is unable to implement today 
unless unanimous decision is made. However, if ad-
opted, it will not be a whole solution because, as per 
Treaty of European Union, there will still be issues 
for member states to decide unanimously.

Another option to overcome the deadlock in a 
decision-making process would be to implement 
constructive abstention in order to avoid the situa-
tion when a decision is blocked by a member state(s). 
Experts also suggest ideas such as to have a single 
seat at United Nations Security Council, form “ad 
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hoc coalitions” of like-minded member states that 
would act together but don’t undermine the cohe-
sion of the EU and to grant EU exclusive compe-
tence in the field of foreign policy. The latter seems 
for now unrealistic but it would have enabled EU 
with true united stance in world politics.

With respect to transatlantic relations EU can 
still use existing legal frameworks to face new chal-
lenges with greater unity. Solution here would be 
promoting structured dialogue with different U.S. 
stakeholders based on common values.

Enlargement of EU will still be based on the sup-
port of democratic development, pluralism, etc. But, 
more transparent, open and constructive approach 
is to be demonstrated in the accession process it-
self. For instance, Turkey, a candidate for accession 
since 1999, has strained relations with EU despite 

of strong economic and social relations. It is obvi-
ous that enhanced dialogue between the two parties 
would be beneficial both for Turkey and the EU.

Conclusion
Overall analysis of global politics shows that the 

EU cannot stay aside from world affairs and on the 
contrary needs to figure out common response to 
the modern challenges. By using its wide diplomatic 
experience, the EU needs to position itself in a more 
united way in today’s world order. can face the grow-
ing number of challenges is by uniting and acting 
even stronger together. Despite of national politi-
cians are in favor of prioritizing their national inter-
ests over the EU interests, it is clear that weakened 
EU means weakened nation states. In a globalized 
world effort will be not be spared to create an effec-
tive and united common European foreign policy!
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Introduction
One of the main directions of the Forth Indus-

trial Revolution is the design of digital bioagrotech-
nologies for solving problems of precision farming 
and preventive management of productivity of ag-
rophytocenoses. In this regard, an important direc-
tion in the development of digital bioagrotechnol-
ogies is the development of information systems 
for predicting the productivity of agrophytoceno-
ses based on cognitive and fuzzy models and algo-
rithms. The production of agrophytocenosis is de-
pendent by soil and climate conditions, including 
season changes in temperature, humidity, and air 
mass movements. These weather and climate con-
ditions may to influence on plant species-specific 
rhizosphere community, which included many mi-
crobial, fungi and viruses components. The rhizo-
sphere microbiome may be the mediator between 
plant and environmental climate conditions [1]. 
The structure of microbiome communities largely 

determined by the composition of plant exudates, 
performing as a substrate. Its dependence on ex-
ternal factors such as the type of soil, microbial 
species and climate factors is convincingly shown 
[2]. Plants have universal systems of interaction 
with microorganisms, but they can be mutualistic 
or antagonistic, depending on the type of micro-
symbiont, environmental conditions, the geno-
type of specific individuals [3]. The forecasting of 
the agrophytocenosis production may be realised 
on biophysical modelling of the “climate-soil-mi-
crobiome-plant” systems, including climate fluc-
tuations. Besides, productivity agrophytocenosis 
largely depends on both microbiome community 
and metabolic networks in agroecological system 
“climate-soil-microbiome-plant”. Factors of helio-
physical and geophysical activity play an important 
role in this system [4].

The aim of this article is the grounding of meth-
odological aspects of the Information systems for 
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forecasting of the agrophytocenosis productivity 
(ISFAPs) based on biophysical modelling of the 
“climate-soil-microbiome-plant” systems.

The biophysical simulation of the agrophyto-
cenosis productivity

The formal and biophysical models of ISFAPs 
are based on the cognitive algorithms, which are 
an implementation of the evolutionary operators, 
which recursively calculates the vectors of values of 
all characteristics of the simulated. Even relatively 
simple models of the dimension of the x vector can 
be counted in tens. Each implemented algorithm 
for modeling the dynamics of agrophytoecosystems 
may be formally written using the х(k) – vector of 
the system state variables at the k-th step, then cre-
ating the model (1) is equivalent to defining the 
evolutionary f operator:
	

x k f x k a w k u k x x k T( ) ( ( ), , ( ), ( ), ( ) , , , ..., .+ = = =1 0 0 10� (1)
	x k f x k a w k u k x x k T( ) ( ( ), , ( ), ( ), ( ) , , , ..., .+ = = =1 0 0 10

where к is the account step number;
х(к), х(к+1) are the vectors of the model state 

on two adjacent steps;
а – is the vector of static parameters of the model;
w(k) – is the vector of uncontrollable external 

influences (weather);
и(k) – is the vector of control actions of agro-

technics;
х0 – is initial conditions;
T this is the end time of the simulation process, 

usually coinciding with the date of the beginning of 
the harvest [5].

The biophysical models for ISFAPs are calcu-
lated by repeatedly applying the operator f to the 
initial state vector and observing the evolution of 
the agrophytocoenosis under study over time. For 
the model account, set the values of the parameter 
vector, external influences (or their parameters), and 
the initial state of the agrophytocenosis. At the same 
time, the main problem of modeling and forecasting 
the yield of agrophytocenosises based on the distri-

bution of received assimilates between all the plant 
organs included in the consideration – vegetative and 
non-vegetative. The total possible increment of its 
biomass as the total input item of the plant growth 
balance can be described in mathematical terms. It is 
the mathematical formalization of this problem that 
is the essence of building a model of organogenesis 
of cultivated plants based on the model of distribu-
tion of primary assimilates [5; 6]. In this case, the 
mathematical simulation of the problem in terms of 
the dynamical system theory may be to write by dif-
ferential equations (2):
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where X is the vector of all dynamic variables that de-
scribe the current state of plant organ compartments,

Z – determines the total number of available pri-
mary assimilates (growth resource),

Y – is vector of current values of concentrations, 
or absolute contents of nutrient or structure-forming 
elements,

V – is vector of random uncontrolled external in-
fluences (weather).

The vector of agrophytocenosis yield manage-
ment U = U(X, Y, V, Z, t) characterizes the rela-
tive proportion of primary assimilates arriving and 
available growth resource, where X is the vector of 
all dynamic variables that describe the current state 
of a particular organ of the plant organism compart-
ments at time t.

It is necessary to take into account that by defini-
tion L represents the maximum value of the func-
tional forecast of crop yield of agrophytocenosis un-
der a given influence of climatic factors. This allows 
you to write the basic equation of dynamic program-
ming of the yield of i-th agrophytocenosis (3):
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If L(X, Y, Z, t) is the maximum value of the goal 
functional that can be reached, that X, Y, and Z are 
values of the model’s dynamic variables in time t. The 
function L for the utility index may be expressed as 
the record (4):
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The logical interpretation of the resulting solu-
tion is trivial. At any given time, all available assimi-
lates are directed to the single organ whose growth 
is most important in achieving the ultimate goal [6].

The environment in interaction with agrophy-
tocenosis is a reservoir of a nutrient substrate or a 
growth resource that depends on integral indicators 
of meteorological characteristics, including changes 
in temperature, humidity, and air mass movements. 
This resource autonomously may by fluctuate over 
time. The rate of resource consumption is deter-
mined by the capacity of the vegetative organs. The 
share of resources directed by the plant at any given 
time to the growth of vegetative and generative or-
gans is management. The standard Bellman dynamic 
programming procedure can be used to search for 
management of agrophytocenosis productivity at the 
climatic condition fluctuations.

The conclusion
The ISFAP will be developed methodological 

foundations of geoclimatic agrophysical bioinfor-
matics, applicable for modeling and forecasting yield 
reductions of crop species. The ISFAP include the 
inpatient database (SDS – Sationary Data Set), the 
online database (ODS–Operational Data Set), the 
User interface DUIs (Data Set user interfaces) and 
models of microbial-plant interactions.

The inpatient database (SDS – Sationary Data 
Set) – the repository of agro-physical, agrotechnolo-
gy, bioecological, geoclimatic and heliophysical data 
and the results of metagenomic analysis of agrophy-
tocenosises. It is constantly updated with the onset 
of new seasons of vegetation. However, even for the 
first run of the model “on account” it must contain 
information for the period including the last 50 years 
of vegetation. The database is a hierarchically orga-
nized relational structure with cross-references. SDS 
consists of 60 tables and about 500 storage fields, 
where heterogeneous data relating to the period of 
time over the past 50 years is stored.

The online database (ODS–Operational Data 
Set) contains data for the executable file of the mod-
el, and its structure is a file that contains a standard 
set of named ranges. ODS includes topics such as: 
Place (terrain data), Weather and Climate (dynam-
ics of weather and climate data), Agroculture (data 
on agriculture), Soil data (physico-chemical data of 
soils), Agrotechnology (data on used agricultural 
technologies), Initials fate of Agrophytocenosises 
(initial conditions the functioning of agrophytoce-
nosises), Common Date of Agrophytocenosises (da-
taset description about agrophytocenosises).

The user interface DUIs (Data Set user interfac-
es) – is a separate program for interaction with the 
user in the formation of an operational database from 
a stationary database based on SQL-query.

Associated web resources (LWR–linked web 
resources) include specialized web-platforms for 
biohpysical analysis of agrophytocenosis development.

Beside of, the special information support for 
ISFAPs may to include the integrated environments 
of planning and carrying out multifactor computer 
experiments containing the relational databases of 
field observations and parameters of biophysical 
models and the approaches of system analyses of 
the agrophytocenosises and its productivity. The 
biophysical models of the “climate-soil-microbi-
ome-plant” systems are able to have powerful simu-
lation effects for formal and biophysical modelling 
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and forecasting of the agrophytocenosis produc-
tion at different conditions of climate fluctuations, 
including season changes of temperature, humidity, 
and air mass movements. The ISFAPs may be inte-
grated with the systems of monitoring for weather, 
climate, and soil factors, unmanned agrotechnical 

systems, and autonomous intelligent agricultural 
robots. The development of the methodological ba-
sis for creating ISFAPs based on biophysical mod-
eling will allow us to move to digital agricultural 
technologies that meet the realities of the Forth 
Industrial Revolution.
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THE POSSIBILITY OF OBTAINING TEA SUCH AS PARAGUAYAN 
MATE FROM THE CAUCASIAN RHODODENDRON

Abstract. The question is raised of identifying and producing products with nutritional, preven-
tive and therapeutic properties that are important for human life and health. Unique tonic and other 
useful indicators of a drink (tea) made from Paraguayan mate and Caucasian Rhododendron, critical 
for human health, are examined and the similarity of indicators of both drinks is shown. It has been 
proved that Paraguayan mate can be replaced by Caucasian Rhododendron, which will provide the 
possibility of producing mate type tea in Georgia. This will expand the raw material base for the pro-
duction of this expensive product and will make it possible for Georgia to become a producer of the 
product required worldwide. It is shown that for a complete replacement it is necessary to ensure the 
maximum approximation of the taste indices of both products, which requires the implementation 
of appropriate research and experimental work.

Keywords: Mate tea; rhododendron tea; useful properties; raw material base; taste indicators.
In today’s world, it is very important for us, as 

well as all over the world, to identify, create and 
produce highly effective products that will have 
both nutritional, preventive and curative proper-
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ties. Particular importance is given to products 
capable of timely and fully releasing oxidants and 
other harmful substances accumulated in the hu-
man body (such products are also called functional 
products).

The impact on human health of food products 
depends on both the chemical composition of the 
raw material and its processing technology and the 
use of optimal technological equipment. Therefore 
discovering and researching new resources for food 
production and their effective use is a very impor-
tant and topical issue. Due to the importance of the 
issue, intensive scientific and research work is un-
derway both with us and abroad. The main purpose 
of these studies is to obtain and produce non-toxic 
food-preventive products with ecologically pure, 
pleasant organoleptic and biological properties, us-
ing raw materials innature.

In this regard, the Georgian vegetable world is 
distinguished by its great diversity and richness of 
nutritional and therapeutic properties. Plants rich 
in a wide variety of biologically active substances are 
abundant here with a wide variety of nutritional and 
medicinal properties. Among such plants, the Cauca-
sian Rhododendron (Ghododendron caucassicum 
Fahl), or the Caucasian Deca, is notable.

Material and Methods
One of the most important products for human 

health is Paraguayan tea, or ”mate tea”, made from 
the leaves and young shoots of the tropical plant Ilex 
Paraguerinsis St.Hil.

Matte tea became a true gastronomic hit in Eu-
rope just 10–15 years ago, but it was not the begin-
ning of the popularity of this unique drink. Its tonic 
and other beneficial properties were known centu-
ries ago, but these properties were only available in 
the 20th century after scientific research.

Matte has a truly unique chemical composition, 
which is why it is often referred to as a ”store of useful 
properties”. It contains a very large number of vita-
mins and microelements, and at the expense of it has 
remarkably potent healing properties.

Figure 1. Mate tea utensils 
calabash; bombilla

According to the Pasteur Institute in Paris and the 
Paris Scientific Society, matte contains vitamins A, C, 
E, P, all B vitamins, magnesium, calcium, iron, copper, 
sulfur, nicotine and pantothenic acids and many more.

Matte contains matine, which acts similar to the 
positive effects of caffeine on humans,

but differs from it in the absence of adverse ef-
fects. In particular, it does not cause an increase in 
heart rate, nerve palsy. Matein is a stimulant for both 
physical and mental activities of humans, but with 
milder effects than caffeine. If caffeine acts on hu-
mans for 3–3.5 hours, exposure to methane lasts for 
9–10 hours, but it does not cause accustomment. 
Matte reduces depression, neurosis, and regulates 
the sleep cycle.

Scientists point to the immune-stimulating effect 
of drinking. They also suggest that matte is often used 
by residents of large cities, as it contains oxygen and 
chlorophyll to purify the blood. In addition, mate 
tea enhances appetite, stimulates heart rate, expands 
capillaries, lowers blood pressure and more. It is 
noteworthy that a comparison with green tea found 
in the Journal of Alternative Medicine that mate tea 
is very rich in polyphenols and its antioxidant prop-
erties exceed the antioxidant properties of green tea. 
Traditionally, matte is found to be much more ef-
fective in producing polyphenols than green tea and 
red wine and in increasing their blood concentration.
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Due to the many unique properties mentioned 
above, mate tea is in high demand not only in Eu-
rope and South America but worldwide. But as we 
mentioned, the raw materials needed to produce the 
matte are tropical. The native of this endemic plant 
are the countries of South America: Paraguay, Argen-
tina, Chile and Brazil. Because of this, the raw mate-
rial resources needed for production are extremely 
limited, leading to unmet market demand and cost.

Existing problems have put on the agenda the 
discovery of alternative raw materials for the produc-
tion of mate tea-like beverages and the development 
of technology for the production of the correspond-
ing products from these raw materials.

In Georgia, based on the search for alternative 
raw materials, the plant – Rhododendron caucasi-
cum Pall, or Caucasian Decca, which is very close 
to the mate tea raw material, is selected based on its 
structural-mechanical characteristics and chemical-
biological properties. Rhododendron is also an en-
demic plant, but unlike mace it is common in the 
Caucasus. In Georgia it is mainly found in the moun-
tains of Svaneti, Tusheti and Bakhmaro.

Figure 2. Caucasian Decca

With its chemical composition, rhododendron 
is almost unlike mate. It contains a large number of 
essential elements for human health and life, such as 
flavonoids, tannins, arbutins,

essential oils, sugars, Vitamin C, nicotine and 
pantothenic acids, etc. Its composition includes all 
the metals needed for humans: magnesium, calci-

um, potassium, iron, copper, sulfur, etc. However, 
virtually every element in the composition of the 
Caucasian Rhododendron is characterized by drug 
properties.

It is these properties that make the Caucasian 
Rhododendron extremely useful for humans. It 
enhances the release of sweat and thus releases 
toxins and other harmful substances from the 
body, regulates body temperature and reduces heat 
when cooled, removes cholesterol from the blood, 
soothes the nervous system, burns fats and helps to 
lose weight, helping to reduce diarrhea Ave. draws, 
strengthens the heart muscle contractions and blood 
flow in the body, reduces venous pressure, the ben-
efits of rheumatism, epilepsy and kolitebisa case.

These healing properties of rhododendron 
have been known since ancient times and have 
been widely used (and are still used) in public 
health areas. Scientific research has made it possi-
ble to make many medicines from rhododendron 
that are used against various diseases. They are 
currently used to treat the following diseases: car-
diovascular problems, rheumatism, dental prob-
lems, insomnia, joint diseases, upper respiratory 
diseases, overweight, stomach problems, nervous 
disorders, osteochondrosis, etc. Rhododendron 
crude leaves can be used to treat dangerous metal 
poisoning such as mercury. It should be noted that 
rhododendron does not contain strong alkaloids 
(caffeine, theobromine, and theophylline), which 
gives it an advantage over mate.

Results and Discussion
As we can see, the Paraguayan Matte and the Cau-

casian Rhododendron are similar not only in chemi-
cal composition but also in human health benefits.

These two products are similar in their negative 
effects on the human body. Both Paraguayan mate 
and Caucasian Rhododendron tea are undesirable 
for pregnant and lactating women, for people with 
allergic reactions and kidney disease and for chil-
dren aged 10–12 years. It should be noted that the 
basic technological processes for making Caucasian 
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Rhododendron and Paraguay mate tea are similar. To 
obtain the Paraguay mat, the leaves and small stem 
(less than 4 mm in diameter) are coated, fixed on 
open fire, dried at 800 C- to final moisture content of 
5–7%, crushed to 4–6 mm in size and stored in a dark 
dry place. Caucasian rhododendron is also harvested 
from leaves, small stem (less than 4 mm in diameter) 
and flowers, dried in shade under natural conditions 
or artificially at 50–60 to final moisture content of 
5–7%, crushed to 4–6 mm in size and stored in the 
dark. In a dry place.

Accordingly, in terms of processing technology, 
the difference mainly lies in the process of raw ma-
terial fixing using open fire. This difference plays a 
very important role in shaping the taste and aroma of 
these two targeted products. In view of the foregoing, 
it can be safely assumed that the Paraguayan mat can 
be replaced by the Caucasian Rhododendron. This 
will create an opportunity for the production of mate 
tea in Georgia, which will increase the raw material 
base for the production of a very useful product for 
human health and contribute to the improvement of 
socio-economic issues.

In order to achieve the best results, it is necessary 
to conduct scientific studies to maximize the flavor 
and aroma of these two products.

Conclusion
It can be said that besides the Caucasian Rho-

dodendron there is no other plant that, like the 
Paraguayan mate, has such a wide range of positive 
effects on human health. The Caucasian Rhodo-
dendrons can be freely replaced by the Paraguayan 
mate as they resemble each other in chemical com-
position, with a positive impact on human life and 
health, and with recycling technology.

Such a replacement would be beneficial to con-
sumers of these products, as the expansion of the 
raw material base would increase the number of 
products produced. And Georgia could become 
the world’s most demanding product producer, 
which will have a positive impact on its economy. 
It is also worth noting, however, that the complete 
replacement of the Paraguayan mate would require 
a maximum convergence of their taste properties, 
which would require some scientific and experi-
mental research.
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ADAPTIVE ANALYTICAL CONTROL OF TECHNOLOGICAL 
PARAMETERS BASED ON THE PROBABILITY 
METHOD OF OIL REFINING INSTALLATIONS

Abstract. A systematic analysis of the existing system of analytical control of the technologi-
cal parameters of the equipment of oil refineries was carried out. It has been studied as an adaptive 
control object, which quickly changes its parameters, depending on the real state of the controlled 
technological process. A technique is proposed for determining the frequency of removal of tech-
nological parameters, based on the methods of mathematical statistics and based on the analysis of 
experimental data of a particular process. One of the ways to increase production efficiency is to 
obtain reliable, accurate, and timely data for management purposes. In this regard, an important role 
is played by the analytical control of technological processes in production, covering its entire life 
cycle, in the production station, i. e. from raw materials to final products.

The character of the functioning of this system in many respects depends on the completeness 
of reflection of the state of the technological process and the effectiveness of decisions made by the 
managing staff. In this regard, the use of the considered adaptive control algorithm of the analytical 
control system is essential for improving the production economy and increasing the level of tech-
nological discipline.

Keywords: Adaptive control, artificial intelligence, analytical control, optimization of the tech-
nological process, safety, self-adjusting regulator, stochastic control, probability.

1. Introduction
In modern conditions, the effectiveness of pro-

duction management is largely determined by the 
methods and technical means of monitoring and 

product quality control at all stages of technological 
processes [1]. The tasks of monitoring and control-
ling the quality of industrial products, optimization 
of technological processes are solved on the basis of 
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integrated production automation, widespread im-
plementation of automation systems and tools [2]. 
One of the main conditions for successfully solv-
ing the problem of automation of production is the 
provision of automatic control systems by means 
of operational automatic control of parameters – 
characteristics of technological processes: physical, 
chemical and other quantities, information about 
which is necessary to ensure optimal control [3].

The stochastic nature of the course of most real 
technological processes during the processing of 
petroleum products creates the prerequisites for 
deviations from the planned quality indicators of 
materials, substances and industrial products [4]. 
In this regard, attempts are currently being made 
to improve the quality of theoretical models used 
in the management of technological processes in 
industrial production. The creation of such models 
will allow the transition to adaptive control prob-
lem solving methods based on the theory of sto-
chastic control, vector optimization methods, and 
artificial intelligence theory [5].

2. Methodology
Deviations of technological parameters from 

regulated set norms, due to various destabilizing 
factors of real production, require adjustment of the 
composition of the feedstock, intermediate reagents. 
In practice, such an adjustment occurs with a certain 
delay, when compared with the moment the manage-
rial decision is made about its necessity [6].

It should also be taken into account that the tech-
nological processes occurring at various stages of pro-
duction are of both fleeting and slow-flowing nature, 
which essentially fulfills the control process [7].

In addition, information on technological pa-
rameters can be either redundant or insufficient, and 
these factors affect the quality of the management 
process, and this ultimately affects the quality of 
products and economic indicators of production [8].

These and other factors determine the creation 
of an effective control system that takes into ac-
count the features of the current state of the pro-

cess. In this regard, there is a need to search for so-
lutions that allows to reduce the cost of analytical 
control of the process parameters while maintain-
ing the necessary reliability, reliability and accuracy 
of the information received [9]. To this end, it is 
proposed to determine the frequency of data col-
lection on the state of the technological process 
based on the most effective experimental studies 
of the variability of a real technological process as 
a result of which an adaptive control algorithm for 
this system can be developed [10].

It is known that changes in the composition 
parameters and the properties of technological 
flows that need to be controlled in the real case 
are probabilistic in nature. Existing methods for 
reflecting the characteristics of objects under the 
influence of interference require not only infor-
mation about their static and dynamic properties, 
but also full information about their static charac-
teristics. Therefore, in our case, it is necessary to 
create a control system that provides high quality 
control processes for the control of the techno-
logical process under conditions of incomplete 
information on the static characteristics of signals 
and interference.

The technological parameters for solving this 
problem will be investigated by the system of ana-
lytical control of oil refining production as a control 
object. it should be taken into account that the qual-
ity of control of material flows of a technological 
process depends on the operating modes of tech-
nological equipment. Moreover, for all monitored 
parameters, the following states are characteristic: 
normal and emergency state. The emergency state 
has two varieties:

–  “leaving” from a normal state;
–  “return” from emergency to the zone of nor-

mal condition.
3. Experimental part
The nature of the changes in the controlled pa-

rameter of the technological parameter is presented 
in (Figure 1).
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Figure 1. The nature of the changes in the controlled process parameter
Marked states of controlled parameters are char-

acterized by the following features (see Figure 1) 
normal state (observed in time intervals 
τ τ τ τ τ τ τ τ τ τ< < < < < >( )1 2 3 6 5 8, , ,  the parameter 

values are located in the central part of the zone of 
its regulated (permissible) changes (1st zone):

	 P P P Pl l l lmin . . max . .+ ≤ −∆ ∆ � (1)

where is Р  – the current value of the controlled pa-
rameter;

P P Рl l u l lmax . . . . .− =∆  and Р P Pl l u l lmin . . . . .+ =∆  – the 
values of the upper and lower warning limits of regu-
lation (representing a reduced and accepted value   

. .l lP∆ margin of regulation upper and lower limits al-
lowed values of the parameter).

The emergency state of “departure” of the param-
eter values (observed in time intervals 
τ τ τ τ τ τ1 2 3 4< < < <,  and τ τ τ τ τ τ5 6 7 8< < < <,  the 
parameter values are inside the zone of regulated lim-
its of its permissible changes, but near one of its bor-
ders (2nd zone)):
P P P Pl lmin min . .< < + ∆  or P P P Pl lmax . . max− < <∆ � (2)

emergency state of “return” of indicator values (in the 
figure is observed in the time interval τ τ τ4 5< < ) – 
the parameter values are outside the zone of regu-
lated limits of its permissible changes (3rd zone):

	 P P> max  or P P> min � (3)
The determination of the optimal control fre-

quency for each of the conditions considered above 
is possible on the basis of the information obtained 

on the characteristics of the variability of the con-
trolled parameters of the technological process in a 
form that allows developing a reasoned approach to 
determining the reasonable time for their subsequent 
control. To obtain such information, it is necessary 
to conduct several series of focused experimental 
studies of the characteristics of the real variability of 
the technological process and its parameters.

Determination of the required control frequency 
(control interval) of the process parameters consists 
of the following steps:

1. Conduct several series (experiments) of the 
survey of the current production at the above-men-
tioned characteristic modes of its operation, during 
which it is necessary to determine the value of the 
parameter for each parameter at regular intervals X.

	 X Xiz
T

iz= � (4)
where i   – point number in this experiment 
( , ,..., );i k=1 2  z  – experiment number ( , ,..., );z m=1 2

Xiz
T  – current parameter value in i- the point z-is 

experiment.
According to the results of each of the z-th ex-

periments, it is necessary to determine the estimate 
of the mathematical expectation at the z-th imple-
mentation of the random process

	 ( )M X
X

Kz

iz
i

k

= =
∑

1 � (5)

where K  – total number of points obtained in this 
experiment.
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Figure 2. An example of an experimental study of the variability 
characteristics of a controlled process parameter

2. For each of the experiments, it is necessary to 
construct the corresponding graphs of the parameter 
changes (see the example in Fig. 2), plotting on them 
also the lines corresponding to:

–  assessment of mathematical expectation 
( )M X z ;
–  the boundaries of the zone of regulated param-

eter values X мах
reg  and X мin

reg  (they correspond to any of 
j( )+  and j( )−  levels respectively);

–  actual boundaries of the zones of increased 
risk of parameter control in this experiment X z ,max  
and X z ,min .

In each of the experiments, it is necessary to de-
termine the magnitude of the levels of variation in 
the intensity of control of the parameter:
∆

∆
X

X
z

zvar ,max+ =
ν

 at the ∆X X M Xz z z,max ,max ( )= − > 0�(6)

∆
∆

X
X

z
zvar ,min− =
ν

 at the ∆X X M Xz z z,min ,min ( )= − < 0� (7)

where is ∆X z
var+ , ∆X z

var−  – steps to vary the levels of 
control intensity, respectively, for cases when the 
current value of the parameter is greater or less 

( )M X z  the mathematical expectation of a variable in 
this experiment;

ν  – the number of selected levels of variation of 
the parameter control intensity (selected depending 
on the requirements for the accuracy of the experi-
mental data processing).

3. Next, calculate the magnitude of the levels 
of intensity control parameter is calculated by the 
equations:

	 X X jjz z
+ +

+= ⋅∆ var
( ) ,� (8)

	 X X jjz z
− −

−= ⋅∆ var
( ) ,� (9)

where j  – parameter control intensity level number 
( , , ,..., ).j = 0 1 2 ν

For each of the levels of control parameter inten-
sity, relative coefficients of control intensity are deter-
mined. For this, the current values Xiz

T  (see Fig. 2) in 
each experiment are compared with the correspond-
ing values X jz

+  и  X jz
−  and the number of points in the 

experiment is calculated njz
+  and njz

−  by inequalities
	 njz

+  at the X Xiz
T

jz≥ + ,� (10)
	 njz

−  at the X Xiz
T

jz≤ − ,� (11)
The relative coefficients of the intensity control 

parameter determine the equations:

	 A
n

Kjz
jz+
+

= ,� (12)

	 A
n

Kjz
jz−
−

= ,� (10)

where Ajz
+  – relative coefficient of intensity of param-

eter control at ∆X M Xiz
T

z≥
∧

( ); Ajz
−  – relative coeffi-

cient of intensity of parameter control at 
∆X M Xiz

T
z≥

∧

( ) .
For each of z experiments, data obtained in the 

form A Xjz jz
+ += ′φ ( ); A F Xjz jz

− −= ′( )
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represent two generalized variational series of the 
form

	 A X jz
+ += φ( ) ,� (13)

	 A F X jz
− −= ( ) ,� (14)

The values of the arguments of the variation se-
ries (13) and (14) are divided into equal intervals, 
the values of which are taken equal to the maximum 
values of the steps of variation of the relative coeffi-
cients of the intensity of control and. To determine 
the value of the functions A + and A– at each interval, 
one should be guided by the recommendations of 
the “theory of pessimism”. According to this theory, 
when assessing the case of stochastic uncertainty of 
conditions when the probability distribution for the 
parameters either does not exist or cannot be ob-
tained, it is always necessary to focus on the worst 
conditions. Therefore, from several values of the 
functions that appear inside the interval, the value 
corresponding to the smallest relative coefficient 
of control intensity is selected and is taken as the 
value of the function in this interval. After perform-
ing these calculations in all intervals, two curves are 
constructed that characterize the value of the rela-
tive coefficient of control intensity depending on the 
deviation of the parameter from its mathematical ex-
pectation of the form,

	 A Xmin ( )+ +=α ,� (15)
	 Amin

− =α( )X − ,� (16)
4. We accept, based on practical experience, the 

time interval between measurements:
–  with parameter values located in the area of its 

mathematical expectation (1st zone in Fig. 1), 
∆ ∆τ τ= M X( ) ;

–  at parameter values close to the boundary val-
ues of the regulated zone (2nd zone in Fig.1) 
∆ ∆τ τ= min

reg  и ∆ ∆τ τ= max
reg ;

–  for parameter values equal to the boundary in 
high-risk areas (2nd zone of Fig. 1), the time interval 
between measurements can be determined, for ex-
ample, on the basis of Kotelnikov’s theorem accord-
ing to which:

	 ∆τ
π
ω

≤
с

,� (17)

where is ∆τ  – time between measurements;
ωс  – maximum frequency of the spectrum of the 

studied variable.

Therefore, in our case ∆ ∆τ τ
π
ωmax = =

c

5. Based on the dependences obtained above, 
we can construct the desired resulting dependences 
of the time intervals between measurements on the 
deviation of the measured parameter from its math-
ematical expectation in the form at the Х+

	 ∆ ∆τ τ+ + + += − −{ }+

max
[ ]

min [ ]M X A B X M X ,� (18)
at the X–

	 ∆ ∆τ τ− − − −= − −{ }−

max
[ ]

min [ ]M X A B X M X .� (19)
The use of the considered adaptive control algo-

rithm of the analytical control system (which allows 
you to quickly determine the occurrence of violations 
and quantify changes in the parameters of the process) 
is essential for improving the production economy 
and increasing the level of technological discipline.

5. Conclusion
Thus, we performed an analysis of the analytical 

control system of oil refinery equipment as a con-
trol object, determining the requirement for experi-
mental studies of the variability of the parameters of 
analytical control in the development of an adaptive 
control algorithm for an analytical control system, 
an image of the prerequisite for creating an adaptive 
analytical control system for the process of produc-
tion of oil refineries. The character of the function-
ing of this system in many respects depends on the 
completeness of reflection of the state of the tech-
nological process and the effectiveness of decisions 
made by the managing staff. In this regard, the use of 
the considered adaptive control algorithm of the ana-
lytical control system (which allows you to quickly 
determine the occurrence of violations and quantify 
changes in the process parameters) is essential for 
improving the production economy and increasing 
the level of technological discipline.
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IMPROVING EFFICIENCY OF INVENTORY IDENTIFICATION SYSTEM

Abstract. Increasing globalization process requires permanent transformation in the supply chain 
management to meet present-day challenges and improve competitiveness of the local economy. Fol-
lowing from the above- stated, the complexity supply chain increases. Thus, intelligent automation 
of the supply chain processes using modern information technologies becomes necessary. Supply 
chain management industry progressively develops throughout the world and implementation of its 
efficiency depends on growth of economic potential of a country [5].

Movement of material flows in supply chain is impossible without concentration of the inventory 
reserves in certain locations. Management of inventory flows becomes a key issue for the competitive-
ness of supply chains. The process of efficient management of the above- mentioned material flow 
is complex, as it is related with compliance with quantitative and stock management requirements, 
stock keeping accuracy, formalization of necessary documents, loading and unloading processes, 
transportation, etc.

Keywords: RFID, SCM, Material flows, Identification, Modulation-demodulation, Non-contact 
data, Inventory, Warehouse, Algorithm, ABC classification.

Definition. Movement of material resources 
through warehouse is related to significant labor 
inputs, which increases the cost of goods sold. The 
problems, related to warehouse operation have im-
pact on rationalization of movement of material re-
sources in supply chain as well as to transportation 
and logistics costs.

Non-contact data exchange RFID (Radio 
Frequency Identification) technology, which al-
lows consumers to receive, remotely, the existing 
identification information about any object and 
the report about this object using radio frequency 
waves, may be considered as one of the innovative 

achievements of the recent years [1]. Introduc-
tion and implementation of the above-mentioned 
technology provides new opportunity of efficient 
management of the whole supply chain as well as 
one of its important components – warehouse. In 
warehouse logistics, the potential of use of RFID 
innovative technology is quite high, on the basis of 
which strategic results of high standard can be re-
ceived. In the case of use RFID technology, identifi-
cation of any goods is possible without the physical 
touch, i. e. visible contact. Use of RFID technology 
in warehouse logistics saves time and reduces the 
costs of operation.
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RFID technology, as a system, consists of sev-
eral components: the first one is RFID-transponder 
(i. e. RFID-labelled RFID-tag), where ID code of the 
object and various important information about the 
object is stored. The second one is a RFID-reader, 
which allows remote (max. 20 m), contactless read-
ing of information from the transponder, attached 

to the object and its transfer to the software, where 
processing/ analyzing of this information is possible. 
In its turn, RFID transponder represents the unity 
of a memory chip, radio frequency modulation- de-
modulation block and antenna. Fig. 1 [4] schemati-
cally presents the principle of operation of RFID 
technology:

Figure 1.
Automation of warehousing processes. As it 

was already mentioned, RFID technology plays im-
portant role in efficient management of economic 
processes, occurring in supply chain, and is particu-
larly favorable in warehousing processes.

Activities, occurring in warehouse may be divid-
ed into three conditional processes:

Receipt of goods in warehouse;
Identification and storage of goods;
Issue of goods.
When attaching RFID code, one of the most im-

portant processes is assigning of code to the goods 
and placing of goods on the relevant shelves in the 
warehouse. The subject of our research is a sectional 
warehouse of relatively complex structure, where 
goods are stored thematically. This, warehouse is 
divided into sections correspondingly. Certain 
SKUs (Stock Keeping Unit) is stored in specially 
allocated sections or racks. The goods, received in 
the warehouse, shall be attached an address, i. e. 
the place of its storage (number of rack, number 
of shelf, line, section on the shelf ) and shall be re-
corded into transponder.

It is possible to divide the whole storage space 
into several functional areas, e. g. according to the 
SKUs and inventory velocity. According to this 
principle, the warehouse area is divided into stor-
age blocks, having similar parameters (proximity 
to the goods loading/ discharge zone, similar tem-
perature regime, similar humidity regime, etc.). In 
their turn, storage blocks are unified into zones. 
Specific block cannot belong to several zones. 
For creation of storage blocks, these blocks shall 
have certain attributes. Certain storage zone cor-
responds to each group of goods nomenclature. 
Such approach allows creating flexible mecha-
nism of placement of the newly received goods in 
rack drawers. If the storage zone of the warehouse 
consists of several blocks and the system tries to 
place the newly received goods in the first block 
but finds out that the number of places is not suf-
ficient, it will look for places in the next block of 
the zone, etc. Looking for the free places in the 
blocks is carried out according to the priority of 
the block in the zone.
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In this paper the algorithm is discussed, which 
has been developed for the assigning of RFID code 
to the goods and arranging them on appropriate 
racks. This method will contribute to fast identifica-
tion of the goods and their placement on the shelf 
as well as fast issue/receipt process of inventory 
(Fig. 2). When arriving to the warehouse, the no-
menclature group of goods will be identified. Storage 
zone will be determined according to the assigned 
goods nomenclature code. Determination and con-
trol of norms of the status of inventory will be carried 
out through division of goods (inventory) of all no-

menclatures, material resources and other valuables 
into three unequal sets – A, B and C, which are equiv-
alent to some algorithm. In our case, total quantity 
of orders, received during certain period, shall be 
counted and divided by total number of SKU; thus, 
mean value of orders P per SKU of N nomenclature 
will be received.. In their turn, A, B and C sets may 
be considered as the unity of

A a a a a

B b b b b

C c c c c

k

n

m

=
=
=

( , , , ... ),

( , , , ... ),

( , , , ... ),

1 2 3

1 2 3

1 2 3

elements. The elements of these sets may be specific 
type of material resources as well as certain group.

All elements (material resource, goods), for 
which the number of orders exceeds average value of 
the number of orders P 10 times or more, will be uni-
fied in subset A. The sub-set C unifies the elements, 
for this the number of orders is twice less as P, and 
subset B unifies the rest. The probability of demand 
for specific material resources for sets A, B, C is based 
on different laws of distribution (2). It is assumed, 
that for example in retail and distribution 75% of 
the inventory cost is made up ca. 10% of total SKUs 
(subset A). 20% of the inventory cost is made up of 
only 25% of SKUs (subset B). Consequently, 5% of 
the remainder cost includes 65% of goods (subset 
C). Taking into consideration the above-mentioned 
method, the priorities of ABC sets in zones shall 
be necessarily indicated. As a rule, the most easily 
accessible inventory are allocated for block A (as a 
rule, the shelves of the lowest line of the racks in the 
closest proximity to the loading/discharge area), as 
the goods of this category have the highest inventory 
velocity and the number of their issue and receipt is 
quite high. Less accessible inventories are allocated 
for the goods of group B (second tier of racks, rela-
tively remote from loading/ discharge area, etc.). 
Consequently, inventory with lover velocity (shelves, 
located at higher level) are allocated for the goods of 
group C. Certainly, such method can be developed 
in any way; We assigned ABC classes according to 
the inventory velocity and, consequently, goods will 
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be placed in storage according to the number of their 
issue/receipt. We may divide into ABC groups not 
according to the inventory velocity, but according 
to perishability of goods, storage temperature re-
gime, humidity level, etc [6]. Correspondingly, ABC 
blocks will be allocated not according to the prin-
ciple of easy accessibility/ difficult accessibility, but 
according to temperature zones, humidity zones, etc.

Table 1.

Nomenclature class Sequence of searching
I II III

A A B C
B B C A
C C B A

In the blocks of goods storage zones of the ware-
house, goods are placed in the first free shelf which is 
available. It means that up to the level of zone blocks, 
the warehouse is organized according to sectional 
(static) model, and inside the blocks – according to 
usual (dynamic) model. To ensure higher mobility of 
arrangement of the goods in the warehouse and com-
pliance with every-day demands, periodically (once a 
week, once a month) the variance of demand for goods 
shall be determined, i. e. mean value P of the number of 
orders shall be calculated, i. e. new ABC classification 
shall be determined and, correspondingly, arrange-
ment of the goods on shelves shall be changed.

After the shelf for storage is determined for the 
goods using one of the methods, the goods will be 
assigned a code (address), which is recorded in tran-
sponder and the warehouse staff will be able to place 
the goods in the appropriate shelf. Another impor-
tant process is development of algorithm for control 
of movement of goods and empty shelves on the ba-
sis of data of RFID reader. Automated identification 
of products using RFID technology allows control 
of movement of various goods in different time pe-
riods (manufacturing, storage, transportation, etc.). 
Similar control is possible through introduction of 
the systems of automated identification and reading 
of transponder, which significantly determines the 
efficiency of an enterprise [7; 8].

The developed algorithm is based on statistical 
analysis radio frequency reader (RFID) data and 
their processing for the purpose of identification 
of products. For identification of goods and storage 
racks/shelfs, active transponders are used, which al-
low reading of data in relatively large radius (up to 
20 meters) and 100% result can be achieved in the 
case of simultaneous reading as a result of analysis of 
identification frequency in reading zone.

Special feature of the below given algorithm is in 
its uninterrupted operation, turning on/off which 
does not require human involvement. Operation of 
the algorithm may be divided into two logical parts: 
accumulation of data in time unit (n) about frequen-
cy on reading

ζ τ ,a n[ ] =∑
Where ζ  is frequency, time interval, a  – identi-

fication number of the rack, read from the transpon-
der, n – the umber of ID codes read in time ( )τ  unit. 
This part of the algorithm works permanently and 
consists of two parts of memory, where the informa-
tion, read from the transponders is stored in one, and 
the data, read from the rack transponders – in the 
other. The data are stored as the key (data) set, where 
time interval is the central data, on which the fre-
quency of reading the keys depend.

After each elapsed τ  period the code of rack is 
checked. In specific time period, transfer from the 
rack, marked with transponder 1 to the rack, marked 
with transponder 2, occurs. Consequently, the algo-
rithm of detection of transfer from one tack to the 
other will be as follows: if the current position (rack 
number) does not exist, maximum frequency indica-
tor in n seconds will be set.

γmax max[ ]= a n

Where γmax  is the position of maximum demon-

stration of frequency.
As soon as the frequency indicator of appearance 

of transponder exceeds the current one, timer will 
start; interval indicator is selected experimentally 
and represents a constant value
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τ
τ

time
overall=
2

Where τ time  is the time of timer starting, τ overall  – 
total time of current movement. If transponder 
changes and timer did not manage to start, timer 
value will be zeroed and restarted, and in the case of 
starting – the value of movement in the form of initial 
and final rack values will be transferred.

The given algorithm and RFID technology allow 
24-hour tracking and recording of products, present-
ed on the shelves.

Conclusion
Use of modern RFID technology in the pro-

cess of optimal management of material resources 
in supply chain and their identification ensures 
not only achievement of high economic efficiency, 
which is reflected in the process of supply/ demand 

of products, but also reduces the time, costs and 
risks, related to inventory management.

The algorithms discussed in this paper, are based 
on statistical analysis of radio frequency reader 
(RFID) data and their processing for the purpose of 
recognition of product. For identification of goods 
and storage racks active transponders are used, from 
which data are read and frequency parameters are 
analyzed. With minimum time and costs, compli-
ance of product with quantitative and nomencla-
ture demands is determined, type and quality is ac-
curately identified, necessary documents are drawn 
up, loading on/ discharge from transport vehicle is 
carried out, etc., which, finally ensures efficient man-
agement of processes, occurring in improvement of 
supply chain efficiency.
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NONDIAGONAL MATRIX ELEMENTS OF THE EFFECTIVE 
HAMILTONIAN IN A SEMICONDUCTOR (TAKING 

INTO ACCOUNT SPIN-ORBIT INTERACTION)

Abstract. The matrix elements of the effective carrier Hamiltonian are calculated as in the Kane 
approximation, where the conduction band, the valence band consisting of light and heavy hole sub-
bands, and the spin-split band, as well as in the Luttinger-Kohn model, are considered.

Keywords: matrix element, effective Hamiltonian, current carriers, wave function.
As indicated in the first part of this article [1], 

many physical parameters of the crystalline poten-
tial depend on the band structure of the semicon-
ductor [2–10]. Moreover, usually in band theory 
it is assumed that the crystalline periodic potential 
is always an even function of coordinates. How-
ever, in some cases, for example, in a semiconduc-
tor, where there is a heterojunction, the periodic 
potential of the crystal, along with the symmetric 
part, can have an asymmetric part. This case re-
quires a separate analysis of the matrix elements of 
the effective Hamiltonian of current carriers in the 
approximation where the conduction band, the 

valence band consisting of light and heavy hole 
subbands, and the spin-split band are considered 
[7; 8].

Following [1] we have the following Schrödinger 
equation

H
m

V p r E k r
C

nk n nk0

0

24 2

+ ∇ ×  ⋅











( ) = ( ) ( )� � � � � � �
� �σ ψ ψ . (1)

Here and below, the notation corresponds to the 
notation of [1].

If the solution (1) is searched in the form of the 
Bloch function ψ

nk
ikr

nk
r e u r







 ( ) = ( ) , then we obtain 
the equation for the Bloch amplitude u r

nk
 ( )  as
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where ′ = ( ) −E E k
k

mn

� �2 2

02
. The last term in (2) de-

scribes the spin-orbit interaction, which depends on 
the wave vector of current carriers. Thus, the effec-
tive Hamiltonian acting on the periodic function 
u r

nk
 ( )  is expressed as:

	 H H
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m
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=
� �� and H

m с
V k2

2

0
2 24

= ∇ ×  ⋅
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pear due to the transition from the Bloch function to 
the function u r

nk
 ( ), the term H

m с
V p3

0
2 24

= ∇ ×  ⋅
� � � �σ 

describes �


p  dependent in-orbit interaction. The 
Bloch amplitude u r

nk
 ( )  for electrons in the conduc-

tion band can be represented as: | ,iS ↑〉  | iS ↓〉 , and 
for holes in the valence band – | ,X ↑〉  | ,X ↓〉  | ,Y ↑〉  
| ,Y ↓〉  | ,Z ↑〉  | Z ↓〉  with the corresponding intrin-
sic energies Es  and Ep , which are defined as 
H S E Sc0 〉 = 〉,  H X E Xp0 = ,  H Y E Yp0 〉 = 〉 , 
H Z E Zp0 〉 = 〉 , where (see, for example, [1, 11])

|S〉 =
1

4π
, Z

z
r

=
3

4π
, | X iY

x iy
r

± 〉 =
±3

4π
,(4)

Below, the basic functions of current carriers 
both in the conduction band and in the valence 
band are presented as in [1] (see formulas (8, 9)). 
Based on these functions, we define the nondiago-
nal matrix elements of the Hamiltonian (3). This 
requires calculating the matrix elements of each 
term (3) separately, where in further calculations 

we take into account that 
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,
 

where dr dxdydz


= , m, l, μ are integers. Then the ma-
trix elements of the operators

	 H
m
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(5)

are defined with the following relations: due to the 
orthogonality of the spinors, the nondiagonal matrix 
elements 〈 〉1 20H , 〈 〉1 21H  is equal to zero, and the 
expression for the nondiagonal matrix elements 
〈 〉1 22H  and 〈 〉1 23H  are given below
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whence it is clear that the nonzero values of these 
matrix elements are determined by the physical na-
ture, i. e. depending on the coordinate of the crystal-
line potential: V r V r V rass sim

  ( ) = ( ) + ( ) .
Now we analyze the functions of  lm : a)  21  con-

sists of two terms, the first of which is nonzero for 
V


r V x V y V zasim sim sim( ) = ( ) + ( ) + ( ) , and the second is 
nonzero for V



r V x V y V zasim asim asim( ) = ( ) + ( ) + ( ) ; 
b)  22  consists of two terms, the first of which is non 
× zero for V


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Similarly, we obtain the expressions for the fol-
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It can be seen from the latter that the first term is 
nonzero for V 

r V x V y V zasim sim asim( ) = ( ) + ( ) + ( ) , and 
the second term is nonzero for 
V


r V x V y V zsim asim asim( ) = ( ) + ( ) + ( ) . Also
H iS H Z i
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whence it is clear that this matrix element is nonzero 
at V



r V x V y V zasim asim asim( ) = ( ) + ( ) + ( ) .
Thus, it was shown that, taking into account 

the asymmetric part of the crystalline potential in 
semiconductors, additional terms are obtained in 
the nondiagonal matrix elements of the effective 
Hamiltonian.
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If we assume that the crystalline potential does 
not have an asymmetric part, then all the expressions 

obtained above and related to V x y zasim , ,�( )  turn to 
zero automatically.
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The advent of lasers and masers made it possible 
to research nonlinear optical phenomena and the 
multiphoton linear circular dichroism of light ab-
sorption in a semiconductor [1–2].

At present, multiphoton linear-circular and 
circular-circular dichroism has been researched in 
semiconductors by absorbing light of different fre-
quencies and polarizations [3–6], which is caused 
between optical band transitions, i. e. two and three 
photon absorption of unpolarized light, due to opti-
cal transitions between the valence band and the con-
duction band of the semiconductor, are researched.

In the above researches, the processes of light 
absorption due to multiphoton optical transitions 
between the subbands of one, for example, the va-

lence or conduction bands of a semiconductor have 
remained open, and the simultaneous absorption of 
two photons has not been taken into account [4–6]. 
To fill this research gap, we first discuss the phenom-
enology of two and three photon linear circular di-
chroism in cubic symmetry semiconductors.

In further quantum-mechanical calculations of 
the coefficient of two and three photon absorption of 
light (linearly circular dichroism), we follow [4–6].

Note that the research of some optical parame-
ters of a semiconductor, for example, when calculat-
ing a single and multiphoton absorption coefficient 
of polarized radiation or a polarization-dependent 
photocurrent, it is necessary to calculate the matrix 
elements of the optical transitions under consider-
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ation. Therefore, we will further analyze the matrix 
elements of optical transitions for specific cases.

Following [4–6], the matrix element of two pho-
ton optical transitions can be represented as
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

, is the effec-
tive Hamiltonian of holes in the Luttinger-Kohn rep-
resentation [7; 8], e e ex y z' ' ', ,  are the components of 
the vector ′e , where e ex y' ',  are the projections of the 
light polarization vector e  on the axis x y', '  perpen-
dicular to the wave vector of holes (



k ). Note that the 
first term (1) describes a two quantum interband 
subband optical transition occurring by the absorp-
tion of two single photons, and the second term (1) 
characterizes the contribution of two photonic opti-
cal transitions flowing through virtual states located 
far from the valence band to the composite matrix 
element. M

mk m k
 

, ′
( )2  therefore, the second term (1) de-

scribes the simultaneous absorption of two photons.
Since we are interested in optical transitions of 

the type ± ±3 2 1 2/ /
, we therefore present the 

expressions for the matrix elements of photonic op-
tical transitions Mm m

N
, ′

( )( ) occurring between the 
subbands of the semiconductor valence band. In the 
calculations of Mm m

N
, ′

( ) , we pay attention to the mul-
tiphoton optical transitions depicted by the follow-

ing N = 2  , for N = 3  

, where  the diagram 

describes a single-photon, and the diagram  de-
scribes the simultaneous absorption of two photons.

Next, we calculate the matrix elements for vari-
ous types of two photonic optical transitions, de-
pending on the degree of polarization of light.

First, we group the optical transitions by their phys-
ical nature, i. e. let us consider both the sequential ab-
sorption of two or three photons, and the simultaneous 
absorption of two photons. Calculations show that the 
matrix element of two photon optical transitions of the 
type ± → → ±3 2 1 2/ /m  described by the 

diagrams  is equal to −
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the matrix element of two photon optical transitions 
of the type ± ⇒ ±3 2 1 2/ /  described by the diagram 
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. As a result, the square 

of the modulus of the matrix element of two photon 
optical transition described by the sum of the diagrams 

+  is described by the expression
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and after angular averaging we have
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Then the coefficient of linear circular dichroism 
calculated for the above optical transitions is 8/7.

If we take into account the coherent saturation 
effect [7–9], then the contribution of this effect to 
the matrix element of the above optical transitions 
is defined as
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We note here that in order to determine the prob-
abilities of optical transitions or the light absorption 
coefficient, angular averaging of expressions (2, 4, 5) 
over the solid angles of the hole wave vector is required. 
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These angular averages for N = 2 3, ,...  taking into ac-
count the effect of coherent saturation (taking into 
account (3a)) cannot be analytically solved. Consid-
ering that the condition is satisfied for the experimen-
tally interesting region of light intensity 

1 4 2 2

2
>> ′

α
ω
ω

�
�

M km m
N( ) ( ) , it is therefore convenient to 

integrate the hole vectors over the solid angles of the 
wave by expanding the radical (5) in a series In par-
ticular, for one photon optical transitions, we have
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and after angular integration we obtain the following relations
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It can be seen from the last expression that the 
contribution of the coherent saturation effect to the 
coefficient of two photonic linear circular dichroism 
in p-GaAs is 0.98.

Next, we will calculate the matrix elements of the 
three photon optical transition described by a dia-

gram , which can be represented as 
± → → ′ → ±3 2 1 2/ /m m . This matrix element 

is equal to 2 3 4
3
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, 

where m m, ′  are the numbers of intermediate 
states located in the subbands of the valence band of 
the semiconductor. m m→ ′ describes a single 
photon optical transition between m  and ′m  
states. In the calculations, a summation will be made 
according to the numbers of these states. If we de-
note the optical transition occurring during the si-
multaneous absorption of two photons as n m⇒ , 
then the matrix element of the three photon optical 

transition described by the diagram , which 
can be represented as ± → ⇒ ±3 2 1 2/ /m , is de-
termined by the expression 
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Similarly, the expression for the matrix element of 

the diagram  is definedThen the resulting ma-
trix element of the optical transitions described by 
the diagrams ± → → ′ → ±3 2 1 2/ /m m , 
± → ⇒ ±3 2 1 2/ / ,m  ± ⇒ → ±3 2 1 2/ /m is 

expressed as − 





 ′ ′ − ′( )+ ⊥

3
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. Ma-

trix elements for optical transitions of a type
± ⇒ →3 2 1 2/ / ,m   ± → → ′ →3 2 1 2/ / ,m m   
± → ⇒3 2 1 2/ /m   are defined in a similar way.

Thus, for the square of the modulus of the matrix 
element of optical transitions of the type 
± → → ′ → ±3 2 1 2/ /m m , we have the follow-

ing expression
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After angular averaging over the solid angles of the 
wave vector of holes in the last expression, we have:
for linearly polarized light
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and for circularly polarized light
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whence we obtain that the coefficient of linear circu-
lar dichroism of three-photon light absorption in p-
GaAs semiconductors is greater than one, i. e. 
η± ±

− −( ) =1 2 3 2
1 1 1 44 15/ ; / / .
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For optical transitions of type + , we have the following relations
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Thus, we obtained an expression for the matrix 
elements for two and three photonic optical tran-
sitions, where the simultaneous absorption of two 
photons was taken into account. It is shown that tak-

ing the last optical transitions into account gives a 
nonzero contribution to two and three-photon linear 
circular dichroism in semiconductors with a com-
plex valence band.
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The advent of lasers and masers made it possible 
toresearch nonlinear optical phenomena and the 
multiphoton linear circular dichroism of light ab-
sorption in a semiconductor [1–2].

At present, multiphoton linear-circular and 
circular-circular dichroism has been researched 
in semiconductors by absorbing light of different 
frequencies and polarization [3–6], due to inter-
band optical transitions, i. e. Two and three photon 
absorption of polarized light, due to optical transi-
tions between the valence band and the conduction 
band of the semiconductor, are researched.

In the above researches, the processes of light 
absorption due to multiphoton optical transitions 
between subbands of one, for example, valence or 
conduction band of a semiconductor, remained 
open, and the simultaneous absorption of two 

photons was not taken into account [7–11]. In par-
ticular, the theory of linear circular dichroism of 
multiphoton light absorption in semiconductors 
with a complex band structure in the developed 
nonlinearity region was constructed in [9], i. e. in 
the field of intensity, when the condition is not sat-

isfied 2
1

2 2

2
0
2 2

π

ω ωω

e I ep

cn m
cv

��

�( )
〈〈 , where e and I are the po-

larization vector and light intensity, 
p p epcv ck vk ck vk

= =   




, ,
 is the interband matrix element 

of the operator momentum, nω  is the refractive in-
dex of medium light at a frequency ω , and m0 is 
the mass of a free electron. To fill this research gap, 
we first discuss the phenomenology of two and 
three-photon linearly circular dichroism in cubic 
symmetry semiconductors.
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When linearly and circularly polarized light is ab-
sorbed, multi-quantum optical transitions through 
virtual electronic states are allowed, which are found 
both in the valence and conduction bands and in the 
zones located far from them. According to the law of 
conservation of the angular momentum of current 
carriers, the physical nature of optical transitions de-
pends on the degree of polarization of light. In par-
ticular, with photon absorption of circularly polar-
ized light, photoexcited carriers will have non-zero 
angular momentum. So that the following photons 
will interact with optically oriented current carriers. 
According to the rule of choosing the optical transi-
tion under consideration for the projection of the 
moments of current carriers relative to the wave vec-
tor of the photon, the probability of two and three-
photon optical transitions will depend on both the 
frequency and the degree of polarization of light. The 
latter leads to the identification of linearly circular 
dichroism of light absorption. This is true when the 
dependence of the absorption of polarized radiation 

on the anisotropy of the semiconductor crystal is not 
taken into account.

As a result, we find that in crystals of cubic sym-
metry, when the absorbed light propagates along 
the principal axis of symmetry, a linearly circular 
dichroism of two- and three-photon absorption of 
light should be observed. We note here that in the 
spherical approximation in the energy spectrum of 
current carriers, the linearly circular dichroism of 
single-photon absorption of light can be observed 
when taking into account coherent saturation of the 
final state of photoexcited current carriers.

In the future, we will calculate then N photon 
absorption coefficient of polarized radiation 
K ecV

N( ) ,ω ( )  using the golden rule of quantum me-

chanics [12] under the condition 2
1

2 2

2
0
2 2

π

ω ωω

e I ep

cn m
cv

��

�( )
〈〈 . 

Then the probability of N photonic interband optical 
transitions in a semiconductor is determined by the 
expression
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with the help of which the spectral and temperature 
dependences are determined K ecV

N( ) ,ω ( ) , where 
f k f kc V

 ( ) ( ),  are the electron distribution function in 
the conduction band (valence band, M kcV

N( )
( )  is the 

composite matrix element of the transition), 
δ ωE k E k Nc v

� �
�( ) − ( ) −



  describes the energy con-

servation law of the optical transition under consid-
eration.

Note that the polarization dependence of the 
probability of two (three and four) photon interband 
optical transitions is determined by the tensor of the 
fourth (sixth and eighth) rank, i. e. W e e e e ecv

N N( )= =( ) ∗ ∗( ) =2 2

Ξαβγη α β γ η

W e e e e ecv
N N( )= =( ) ∗ ∗( ) =2 2

Ξαβγη α β γ η  (W e e e e e e ecv
N N( )= =( ) ∗ ∗ ∗( ) =3 3

Ξαβγηµλ α β γ η µ λ  
and W e e e e e e e e ecv

N N( )= =( ) ∗ ∗ ∗ ∗( ) =4 4

Ξαβγηµξζχ α β γ η µ ξ ζ χ ), where 
summation over repeated indices is implied; 
α β γ η µ ξ ζ χ, , , , , , , , ,= x y z . For example, for tetrahe-
dral symmetric semiconductors, the tensor has three 
linearly independent components. Therefore 

W e ee ee e e ecv
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where parameter Ξn

N =( )2  (Ξαβγηµλ
N =( )3  and Ξαβγηµξζχ

N =( )4 ) is pro-
portional to the square (cubic and fourth degree) of 
the light intensity and it was believed that the axes 
Ox Oy Oz, ,  are directed along the principal axes of 
symmetry of the semiconductor. If light propagates 
along the axis 111[ ] , then for semiconductors of tet-
rahedral and cubic symmetry we have

W e q eecv
N N N N( ) , ( ) (= =( ) =( ) =( )↑↑ [ ]( ) = + + +2

1
2

3
2 2

2
2111

1
2

1  

Ξ Ξ Ξ
33 3

2 2
Ξ N ee=( ) ∗)



W e q eecv
N N N N( ) , ( ) (= =( ) =( ) =( )↑↑ [ ]( ) = + + +2

1
2

3
2 2

2
2111

1
2

1  

Ξ Ξ Ξ
33 3

2 2
Ξ N ee=( ) ∗)

 .

Here q is the wave vector of the photon, whence 
for linear polarization the quantity 
W e qcV

N( ) ,= ↑↑ [ ]( )2 111
 

 does not depend on the light 
polarization vector. Then the coefficient of two 
photon linear-circular dichroism αcV

N
cV

N lin
cV

N circW W( ) ( , ) ( , )/= = ==2 2 2
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αcV
N

cV
N lin

cV
N circW W( ) ( , ) ( , )/= = ==2 2 2  is determined by the relation 
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it is taken into account that for linear polarization 
 

e e⋅ =1,  
 

e e× =∗ 0  (for circular polarization, con-
versely) and for an arbitrary complex vector a , the 
relation holds      

a a a a a a⋅ + × = ×∗ ∗ ∗2 2 2( ) .
Thus, a similar argument can be made for the 

quantities αcV
N

cV
N lin

cV
N circW W( ) ( , ) ( , )/ ,= = ==3 3 3 αcV

N
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We also note the probability of the interband op-
tical transition occurring by the absorption of two 
photons with different frequencies (ω1 , ω2 ) and 
polarization ( e1 , e2 ), then the spectral and polariza-
tion dependence of the probability of two photonic 
optical transitions is determined by the relation

ω ω ω ω1
2

2
2

1
1

2
1

1 2

2− − − − ∗+ + ⋅( ) 

e e . Then, having performed 
angular averaging over the solid angles of the wave 
vector of electrons W e ecv

N( ) , ; ,= ( )2
1 2 1 2

  ω ω , it is easy 
to verify that for semiconductors in a simple zone 
(when the energy spectrum of electrons is spheri-
cal), the value  

e e1 2

2
⋅ ∗  of two photon linear circu-

lar dichroism is unity, since the value is the same as 
for linear, i. e. in this case, two photonic linear cir-
cular dichroism does not occur. Note that it arises 
when the contribution of the resonance saturation 
effect to the absorption coefficient of polarized ra-
diation is taken into account (see, for example, 
[6–11].

Similarly, one can make for reasoning for multi-
photon optical transitions, taking into account the 
symmetry of the crystal.
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DIAGONAL MATRIX ELEMENTS OF THE EFFECTIVE 
HAMILTONIAN IN A SEMICONDUCTOR (TAKING 

INTO ACCOUNT SPIN-ORBIT INTERACTION)

Abstract. The matrix elements of the effective Hamiltonian of current carriers are calculated as 
in the Kane approximation, where the conduction band, the valence band consisting of light and 
heavy hole subbands, and the spin-split band, as well as in the Luttinger-Kohn model, are considered.

Keywords: matrix element, effective Hamiltonian, current carriers, wave function.
It is known that many physical parameters of the 

crystalline potential depend on the band structure 
of the semiconductor [1–5]. Moreover, usually in 
band theory it is believed that the crystalline peri-
odic potential is always an even function of coor-
dinates. However, in some cases, for example, in a 
semiconductor, where there is a heterojunction, the 
periodic potential of the crystal, along with the sym-
metric part, can have an asymmetric part.

This case requires a separate analysis of the ma-
trix elements of the effective Hamiltonian of current 
carriers as in the Kane approximation, where the 
conduction band, the valence band consisting of 
light and heavy hole subbands, and the spin-split 
band, as well as in the Luttinger-Kohn model [6; 7]. 
Next, we consider the case when the extreme points 
of the zones are in the center of the Brillouin zone, 
i. e. at the point 



k = 0 , where 


k  is the wave vector of 

current carriers. In this case, the effective Hamilto-
nian can be represented as

	 H H
m

V p= + ∇ ×  ⋅0

0

24 2

� � � �



σ � (1)

and the corresponding (1) Schrödinger equation has 
the form

H
m

V p r E k r
C

nk n nk0

0

24 2

+ ∇ ×  ⋅











( ) = ( ) ( )� � � � � � �
� �σ ψ ψ , �(2)

where H
p
m

V r0

2

02
= + ( )  consists of kinetic and po-

tential energy operators, the second term in (1) is 
the spin-orbit interaction operator, σ  is the vector 
of Pauli spin matrices with components:

	 σ σ σx y z

i

i
=








=
−








=
−









0 1

1 0

0

0

1 0

0 1
�

� �
� � (3)

whence for the spinors ↑≡ 





↓≡









1

0

0

1
�  we have the 

following relations
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σ σ σx y zi↑=↓ ↑= ↓ ↑=↑� � σ σ σx y zi↓=↑ ↓= − ↑ ↓= − ↓� � (4) If the solution (3) is sought in the form of the 
Bloch function ψ

nk
ikr

nk
r e u r







 ( ) = ( ) , then we obtain 
the equation for the Bloch amplitude u r

nk
 ( )  as

	 H
m

kp
m

V p
m

V k0
0 0

2

2

0

24 42 2

+ + ∇ × × + ∇ × ×






� ��� � � � � � � �

 

σ σ





( ) = ( )′u r E u r

nk nk
� �
� � (5)

where ′ = ( ) −E E k
k

mn

� �2 2

02
. The last term in (5) de-

scribes the spin-orbit interaction, which depends on 

the wave vector of current carriers. Thus, the effec-
tive Hamiltonian acting on the periodic function 
u r

nk
 ( )  is expressed as:

	 H H
m

kp
m с

V k
m с

V p= + + ∇ ×  ⋅ + ∇ ×  ⋅0
0

2

0
2 2

0
2 24 4

� �� � � � � � � � �σ σ � (6)

Here H
m

kp1
0

=
� �� and H

m с
V k2

2

0
2 24

= ∇ ×  ⋅
� � � �σ ap-

pear due to the transition from the Bloch function to 
the function u r

nk
 ( ) , the term H

m с
V p3

0
2 24

= ∇ ×  ⋅
� � � �σ 

describes �


p  dependent in-orbit interaction. The 
Bloch amplitude u r

nk
 ( )  for electrons in the conduc-

tion band can be represented as: | ,iS ↑〉  | iS ↓〉 , and 
for holes in the valence band -| ,X ↑〉  | ,X ↓〉  | ,Y ↑〉  
| ,Y ↓〉  | ,Z ↑〉  | Z ↓〉  with the corresponding intrin-
sic energies Es  and Ep , which are defined as 
H S E Sc0 〉 = 〉,  H X E Xp0 = ,  H Y E Yp0 〉 = 〉 , 
H Z E Zp0 〉 = 〉 , where [8]

|S〉 =
1

4π
, Z

z
r

=
3

4π
, | X iY

x iy
r

± 〉 =
±3

4π
,(7)

where it was considered that the wave function of 
the electrons in the conduction band is the wave 
function of the s-state, and for the valence band, the 
p-state of the hydrogen atom. Since the states in the 
conduction band are twofold degenerate along the 
spin, and in the valence band fourfold degenerate, 
therefore, the basic functions can be represented as:

1 2
2

3 4
2

〉 = ↓〉 〉 =
−

↑〉 〉 = ↓〉 〉 = −
+

↑〉iS
X iY

Z
X iY

, , , ,� � � (8)

1 2
2 2

〉 = ↑〉 〉 = −
+

↓〉 = ↑〉 =
−

↓〉iS
X iY

Z
X iY

, , , .� � � (9)

First, we determine the diagonal matrix elements 
of the Hamiltonian (6) from the basis functions (8) 
and (9). This requires calculating the matrix ele-
ments of each term (6) separately, where in further 
calculations we take into account that 

−∞

∞ +

−∞

∞ +

−∞

∞

∫∫∫ ∫∫∫ ∫∫∫
× × × × × ×

= =
x y z

r
dr

x y z
r

dr
x ym l

n

m l

n

m l2 1 2 1µ µ
  zz

r
drn

2 1

0
µ+

=


, 

−∞

∞ +

−∞

∞ +

−∞

∞

∫∫∫ ∫∫∫ ∫∫∫
× × × × × ×

= =
x y z

r
dr

x y z
r

dr
x ym l

n

m l

n

m l2 1 2 1µ µ
  zz

r
drn

2 1

0
µ+

=


,  where dr dxdydz


= , m, 

l, μ are integers. Then the matrix elements of the op-
erators

	 H
m

kp H
m с

V k1
0

2

2

0
2 24

= = ∇ ×  ⋅
� �� � � � �

, ,σ

	 H
m с

V p3
0
2 24

= ∇ ×  ⋅
� � � �σ � (10)

are defined with the following relations
H H iS H iS S E S Es s0 11 0 01 1( ) = 〈 〉 = 〈− ↓ ↓〉 = 〈 〉 = ,(11)

H H iS H iS S
m

kp S1 11 1 1
0

1 1 0( ) = 〈 〉 = 〈− ↓ ↓〉 = 〈 〉 =
� ��

,(12)

	 H H iS H iS2 11 2 21 1( ) = = − ↓ ↓=

= 〈− ↓ ∇ ×  ⋅ ↓〉 = −iS
m с

V k iS
m с

� �� � �2

0
2 2

2

0
2 2 14 16

σ
π

 .(13)

where

	 1 =
∂
∂

−
∂
∂







−∞

∞

∫∫∫
V
x

k
V
y

k dxdydzy x . � (14)

and take into account that p S| 〉 = 0  (since the func-
tion S is a constant value), as well as the conditions 
of orthonormal spinors
	 σ σ σx y zi↑=↓ ↑= ↓ ↑=↑, , ,� �
	 σ σ σx y zi↓=↑ ↓= − ↑ ↓= − ↓, , .� � � � (15)

If we consider that the crystalline periodic poten-
tial consists of two: even and odd terms with respect 
to the coordinate inversion: V r V r V rass sim

  ( ) = ( ) + ( ), 
where V r V r rsim

� � ���
( ) ( ) = −( ),  V r V rass ass

 ( ) = − −( ) , 
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V rass

( ) , then it is easy to verify that the integral 1  
has nonzero terms. Therefore, we analyze the follow-
ing cases.

It follows from (14) that: a) if V r
( ) has an odd 

term with respect to z, then 1 0= ; b) if V r
( )  has 

an odd term with respect to x, then 11 0↑ ; c) if V r
( ) 

has an odd term with respect to y, then 12 0↑ ; e) if 
V r
( ) has an odd term with respect to x and y, then 

1 0↑ .

	 H iS H iS iS
m с

V p iS
m с

S3 11 3
0
2 2

0
2 24 4

( ) = 〈− ↓ ↓〉 = 〈− ↓ ∇ ×  ⋅ ↓〉 = −
� � � � �

σ
�� �
∇ ×  =V p S

z
0. � (16)

The diagonal matrix elements of the effective 
Hamiltonianre defined by the following expressions:

	 H
X iY

H
X iY

Ep0 22 0
2 2

( ) =
+ −







= , � (17)

H
X iY

H
X iY

1 22 1 22
1

22
2

22
3

22
4

2 2
( ) =

+
↑

−
↑= + + +( ) ( ) ( ) ( )    .

where
 22

1
2

0
2 2 4

2 2 2

4
1 3

4
1( )

−∞

∞

= − + +( ){ }∫∫∫


m с i r
x yk xy xz k dxdydzy Xπ

,

 22
2

2

0
2 2 4

2 2 2

4
1 3

4
1( )

−∞

∞

= + + +{ }∫∫∫


m с i r
yx yz k xy k dxdydzy Xπ

( ) ,

 22
3

2

0
2 2 4

3 2 2

4
3

4
1( )

−∞

∞

= − + +{ }∫∫∫


m с r
x xz k x yk dxdydzy Xπ

( ) ,

 22
4

2

0
2 2 4

2 3 2

4
1 3

4
1( )

−∞

∞

= − + +{ }∫∫∫


m с i r
xy k y yz k dxdydzy Xπ

( ) ,

whence it is clear that: a)  22
1( )  consists of three terms, 

the first of which is nonzero for V


r V x V y V zsim asim sim( ) = ( ) + ( ) + ( )
V


r V x V y V zsim asim sim( ) = ( ) + ( ) + ( ) , and the second is different from 
zero for V



r V x V y V zasim sim sim( ) = ( ) + ( ) + ( ) ; b)  22
2( )  

consists of two terms, the first of which is nonzero 
for V



r V x V y V zasim sim sim( ) = ( ) + ( ) + ( ) , and the sec-
ond is nonzero for V 

r V x V y V zsim asim sim( ) = ( ) + ( ) + ( ); 
c)  22

3( )  consists of two terms, the first of which is 
nonzero for V



r V x V y V zsim asim sim( ) = ( ) + ( ) + ( ) , and 
the second is nonzero for V 

r V x V y V zsim sim sim( ) = ( ) + ( ) + ( )
V


r V x V y V zsim sim sim( ) = ( ) + ( ) + ( ); d)  22
4( ) consists of two terms, the first of 

which is nonzero for V


r V x V y V zasim sim sim( ) = ( ) + ( ) + ( )
V


r V x V y V zasim sim sim( ) = ( ) + ( ) + ( ) , and the second is nonzero for V r V x V y V zsim asim sim

( ) = ( ) + ( ) + ( )
V r V x V y V zsim asim sim

( ) = ( ) + ( ) + ( ).
	 H

X iY
H

X iY
2 22 2

2 2
( ) =

+
↑

−
↑=

	 = + + +( ) ( ) ( ) ( )   22
1

22
2

22
3

22
4 , � (18)

where

22
1

2

0
2 2 2

2 2

4
3

4
1( )

−∞

∞

=
∂
∂

−
∂
∂









∫∫∫


m с r
x

V
x

k x
V
y

k dxdydzy xπ
,

22
2

2

0
2 2 24

3
4

1( )

−∞

∞

=
−( ) ∂

∂
−

∂
∂









∫∫∫
i

m с r
xy

V
x

k xy
V
y

k dxdyy x



π
ddz ,

22
3

2

0
2 2 24

3
4

1( )

−∞

∞

=
∂
∂

−
∂
∂









∫∫∫
i
m с r

xy
V
x

k xy
V
y

k dxdydzy x



π
,

22
4

2

0
2 2 2

2 2

4
3

4
1( )

−∞

∞

=
∂
∂

−
∂
∂









∫∫∫


m с r
y

V
x

k y
V
y

k dxdydzy xπ
.

The last relations show that: a) 22
1( ) consists of two 

terms, the first of which is nonzero for 
V


r V x V y V zasim sim sim( ) = ( ) + ( ) + ( ) , and the second is 
nonzero for V 

r V x V y V zsim sim asim( ) = ( ) + ( ) + ( ) , and 
the third for V



r V x V y V zsim asim sim( ) = ( ) + ( ) + ( ) ; 
b) 22

2( ) consists of three terms, the first of which is 
nonzero for �V 

r V x V y V zsim asim sim( ) = ( ) + ( ) + ( ) , and 
the second is nonzero for V 

r V x V y V zsim sim asim( ) = ( ) + ( ) + ( ) 
V


r V x V y V zsim sim asim( ) = ( ) + ( ) + ( )  and the third with V


r V x V y V zasim asim sim( ) = ( ) + ( ) + ( )
V


r V x V y V zasim asim sim( ) = ( ) + ( ) + ( ); c) 22
3( )  consists of two terms, the 

first of which is nonzero for V


r V x V y V zsim asim sim( ) = ( ) + ( ) + ( )
V


r V x V y V zsim asim sim( ) = ( ) + ( ) + ( ) , and the second and third terms 
are nonzero when V 

r V x V y V zasim asim sim( ) = ( ) + ( ) + ( ); 
d) 22

4( )  consists of two terms, the first of which is non-
zero for V 

r V x V y V zasim sim sim( ) = ( ) + ( ) + ( ) , and the 
second is nonzero for V r V x V y V zsim asim sim

( ) = ( ) + ( ) + ( ) 
V r V x V y V zsim asim sim

( ) = ( ) + ( ) + ( ).
H

m с3 22
0
2 2 33

1
33
2

33
3

33
4

4
( ) + + +{ }= ( ) ( ) ( ) ( )

I I I I

I33
1

4
2 23

4
1( )

−∞

∞

=
∂ ( )
∂

−
∂ ( )
∂









∫∫∫i
r

V r

y
zx

r

z
x y dxdydz

�
� �

π
V

,

I33
2

4
2 2 23

4
1( )

−∞

∞

=
∂ ( )
∂

+ +
∂ ( )
∂









∫∫∫i
r

V r

y
y z yx yz

r

z
dx

�
� �

π
( )

V
ddydz ,

�I33
3

4
3 23

4
1( )

−∞

∞

= +
∂ ( )
∂

+ +( ) ∂ ( )
∂









∫∫∫
�

� �

π r
xyz

V r

y
x xz

r

z
dx

V
ddydz ,

I33
4

4
23

4
1( )

−∞

∞

= −
∂ ( )
∂

−
∂ ( )
∂









∫∫∫
�

� �

π r
xyz

V r

y
xy

r

z
dxdydz

V
,
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Analyzing the last relations, we have that: a) I33
1( )  

is nonzero at V


r V x V y V zsim asim asim( ) = ( ) + ( ) + ( ) ; 
b) I33

2( )  consists of three terms, the first of which is 
nonzero at V 

r V x V y V zsim asim asim( ) = ( ) + ( ) + ( ) , and 
the second is nonzero at V 

r V x V y V zsim sim asim( ) = ( ) + ( ) + ( )
V


r V x V y V zsim sim asim( ) = ( ) + ( ) + ( ) ,  and the third with V


r V x V y V zфsim sim sim( ) = ( ) + ( ) + ( )
V


r V x V y V zфsim sim sim( ) = ( ) + ( ) + ( ) ; c)  33
3( )  consists of three terms, 

the first of which is nonzero for V


r V x V y V zasim sim asim( ) = ( ) + ( ) + ( )
V


r V x V y V zasim sim asim( ) = ( ) + ( ) + ( ) , and the second and 
third terms are nonzero when V



r V x V y V zsim sim asim( ) = ( ) + ( ) + ( );

V


r V x V y V zsim sim asim( ) = ( ) + ( ) + ( ); d) I33
4( )  consists of two terms, the 

first of which is nonzero for V


r V x V y V zasim sim asim( ) = ( ) + ( ) + ( )
V


r V x V y V zasim sim asim( ) = ( ) + ( ) + ( ) , and the second is nonzero for 
V r V x V y V zasim sim sim

( ) = ( ) + ( ) + ( ) .
Below are expressions for the matrix element of 

each member of the Hamiltonian. In particular, 
H Z H Z Z E Z Ep p0 33 0( ) = 〈 ↓ ↓〉 = 〈 〉 =  and does 

not depend on the parity of the crystal potential 
relative to the coordinates;

H Z H Z Z
m

kp Z Z
m

kp Z1 33 1
0 0

( ) = ↓ ↓= ↓ ↓= ↓↓ =
� �� � ��

= −( ) + −( ) + +





−∞

∞

∫∫∫i
m с r

k xz k yz k z
y x

r
dxx y z



2

0
2 2 2

2 2
2 2

34
3

4
1

π
ddydz ,

whence we have that the first term of the last integral 
is nonzero for V



r V x V y V zasim sim sim( ) = ( ) + ( ) + ( ) , 
and the second for V 

r V x V y V zsim asim sim( ) = ( ) + ( ) + ( ), 
the third is when V 

r V x V y V zsim sim asim( ) = ( ) + ( ) + ( ) .

H Z H Z Z
m

kp Z Z
m

kp Z2 33 1
0 0

( ) = ↓ ↓= ↓ ↓= ↓↓ =
� �� � ��

= −( ) + −( ) + +





−∞

∞

∫∫∫i
m с r

k xz k yz k z
y x

r
dxx y z



2

0
2 2 2

2 2
2 2

34
3

4
1

π
ddydz .

It can be seen from the last relations that the first 
term of the matrix element H2 33( )  is nonzero for 
V


r V x V y V zasim sim sim( ) = ( ) + ( ) + ( ) , and the second 

for V


r V x V y V zsim asim sim( ) = ( ) + ( ) + ( ) , the third is 
when V



r V x V y V zsim sim asim( ) = ( ) + ( ) + ( ) .

H Z H Z Z
m с

V p Z3 33 3

2

0
2 24

( ) 〈 ↓ ↓〉 = 〈 ↓ ∇ ×  ⋅ ↓ == |
� � � �σ

= −
∂ ( )
∂

−
∂ ( )
∂







−∞

∞

∫∫∫
i
m с r

z
V r

x
y xz

r

y
dxdyd

�
� �2

0
2 2 4

2 2

4
3

4
1

π
V

and this matrix element is nonzero at 
V


r V x V y V zasim asim sim( ) = ( ) + ( ) + ( ) .
Thus, it was shown that, when the asymmetric 

part of the crystalline potential in semiconductors 
is taken into account, additional terms are obtained 
in the matrix elements of the effective Hamiltonian.

If we assume that the crystalline potential does 
not have an asymmetric part, then all the expressions 
obtained above and related to V x y zasim , ,�( )  turn to 
zero automatically.
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Introduction
Phraseology is “a section of linguistics that stud-

ies stable figurative combinations of words with a 
generalized-integral meaning in their current state 
and historical development. The subject of study of 
phraseology is phraseological turnovers, also called 
phraseological units”.

Phraseologisms are called stable language units 
consisting of two or more components, the sum of 
the values of which is not equal to the whole. So, the 
phraseology “through the sleeves” does not mean 
deflated sleeves in the literal sense, but conveys the 
idea of “poor quality work.” In English, the phraseo-
logical unit will be, for example, the expression “to 
look forward” in the meaning of “expect”.

According to B. A. Larina, “only phrases are in-
cluded in the circle of observations and become the 

subject of research of phraseology. However, not all, 
not all phrases…  As the simplest form of expres-
sion of synthesizing thought, phrases are dissected 
unity of speech related to syntax. But those phrases 
in which the internal commeasure of component 
words is determined by semantic unity, semantic 
integrity cannot be the object of syntactic study – 
they are so close to vocabulary as compound tokens 
that they must be considered either completely inde-
pendently – in phraseology or in terms of lexicology, 
lexicography, as was done until recently. The phrase, 
as a special and peculiar kind of speech unity, has 
been relatively recently noticed and highlighted 
by linguists. Further, it became apparent that the 
richest collection of phrases of any language is het-
erogeneous, that one part of it gravitates to a sen-
tence and relates to syntax, the other approaches 
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the word – these are “indecomposable combina-
tions” (A. A. Shakhmatov), “stable combinations” 
(S. I. Abakumov), i. e. close unity of several words 
expressing a holistic view. They are decomposable 
only etymologically, i. e., outside the system of the 
modern language, in historical terms. This part of 
phrases should be distinguished from the syntax, but 
cannot be transferred to the jurisdiction of lexicol-
ogy – it is precisely this that constitutes the subject 
of phraseology” [1].

Methods
There are several options for classifying phraseo-

logical units. A. A. Reformatski shared all the words 
into terms and idioms. The term is easily translatable 
into other languages, it is general and unambiguous. 
The idiom, on the contrary, is individual, often in-
comprehensible in translation, needs special com-
ments. As an example of an idiom Reformatski cites 
the word “hare” in the meaning “passenger without 
a ticket” [2, P. 95].

Results and discussions
In his opinion, idioms are identical to phraseo-

logical units which allows us to speak of an extremely 
broad understanding of phraseological units: in this 
case, almost all words used in a figurative meaning 
fall under this concept.

By V. V. Vinogradov phraseological units in the 
languages of the world can be divided into three types:

1) Phraseological accretions – “maximally fro-
zen lexical combinations, where the understanding 
of the whole does not depend on incomprehensible 
words (“get rid of it ”,“ near the devil on the sand 
pipes, “sharpen the baldness”), from incomprehen-
sible grammatical forms (“add nothing”, “can hardly 
”,“ Parable ”,“ and the whole short term”) or where the 
words and forms are understandable, but the mean-
ing of individual words does not clarify the whole 
(to  starve a worm, sit on beans, how to drink to 
give), finally, in cases where this the phrase requires 
a special intonation that conveys a special expression 
(here’s to you al! God forbid! That’s how cranberries! 
Vanish into thin air!)” [3, P. 119].

In English, phraseological units of this type in-
clude expression using the zoononym it’s raining cats 
and dogs, as well as expressive exclamations of the 
type by Jove!

2) Phraseological unity, where “there are weak 
signs of the semantic independence of individual 
words and the presence of dependence on under-
standing the whole on understanding the components 
(what the hell is not joking; and cheap and cheerful; 
not a bottom or a tire; an elephant grains; pour from 
empty to empty; make from an elephant’s flies; to keep 
a stone in his bosom; to take litter out of the hut)” 
[4, P. 66]. In English, combinations of this type are 
expressions in a nutshell – in a nutshell, a rolling stone 
gathers no moss – a rolling stone of moss cannot col-
lect, every cloud has its silver lining – each cloud has a 
silver side (there is no silver lining), etc.

3) Phraseological combinations are the most 
“free” of non-free combinations, where “understand-
ing the meaning of individual words is necessary for 
understanding the whole and, as a rule, substitutions 
are possible, but within certain lexical limits, and the 
meaning of the whole may change: look down (look, 
eyes, head), thought found (doubt, inspiration), hor-
ror takes (fear, longing, chagrin, envy)” [5]. In Eng-
lish, such phraseological units are the expressions 
(as) blind as a bat (brickbat or mole) – blind as a bat 
(mole, bat), (as) dead as a door-nail – dead as a door 
nail, (as) dry as a bone – dry as a bone, (as) sober as 
a judge – drunk as a judge, (as) soft as butter – soft 
as butter, (as) weak as a cat (or as water) – weak as 
cat (like water).

N. M. Shansky later added to this classification the 
type of “phraseological expressions”, to which he at-
tributed expressions consisting of freely used words, 
but reproduced in speech – that is, case statements.

Precedent statements form part of precedent 
phenomena. Precedent phenomena can be divid-
ed into precedent texts – a reference to some well-
known text, precedent situations – a reference to a 
certain proposition, plot, and precedent statements – 
a reference to a proverb, proverb and famous quote.
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A case statement is “a reproduced product of 
speech and thought activity; a complete and self-
sufficient unit, which may or may not be predicative; 
a complex sign, the sum of the values of which is not 
equal to its meaning; the latter is always “wider” than 
a simple sum of values; the precedent statement it-
self is included in the cognitive base” [6, P. 47]. In 
Russian and English practice, this can be a proverb, 
a proverb, a hidden or explicit quote from a classic 
work – To be or not to be – To be or not to be, May 
there always be a sun!

B. A. Larin considers phraseological units from the 
point of view of their history: for each phraseological 
unit, as he points out, there is a certain precedent situ-
ation (which brings phraseological units closer to case 
phenomena), and its essence allows us to divide phra-
seological units into idiomatic and metaphorical ones. 
“The first category is the variable phrases that prevail 
in every language at any stage of its development. 
According to the steps of ascending to indecompos-

able combinations (idioms), the closest category in 
the available classifications should be transition from 
free to stable, stereotypical phrases. … The second 
category of collocations is clearly distinguished by the 
presence of stereotype, traditionality and metaphori-
cal rethinking, a departure from the original meaning, 
allegorical application. We will call this group meta-
phorical phrases – according to the main attribute that 
defines them. … The third and final category are idi-
oms … Idioms differ from metaphorical phrases in a 
more deformed, abbreviated, distant from the original 
composition (lexical and grammatical) and a notice-
able weakening of the semantic articulation, which 
determines metaphoricality, i. e., semantic duplicity. 
Idioms, as was said, are formed as a result of the long-
term development of both the form and meaning of 
phrases; this is the last stage, since in the future they 
can only fall out of the phraseological reserve, either 
turning into service elements of speech, or completely 
disappearing from everyday life” [7].

Таble 1. – Classification of phraseological units by V. V. Vinogradov and B. A. Larin [8]:
V.V.Vinogradov B.А. Larin

Ph
ra

se
ol

og
y

Free = Free
Phraseological 
combinations = Free Metaphori-

cal collocations
Idioms Phraseological 

Unities = Metaphorical word combinations

Phraseological 
adhesions

Phraseology

Idioms

A. I. Smirnitsky, considering phraseological units 
on the example of the English language, identifies 
two main types of phraseological units – single-peak 
and two-peak. “In modern English, it is possible to 
distinguish two structural-semantic types of phra-
seological units. Some of them, similar to derivative 
words, have one semantically full-valued element 
and can be conditionally called single-peak. Others, 
like complex words, have at least two such meaning-
ful elements, but may have more (cf. every other 
day – every other day) – the same as the number of 

components of complex words (cf. one-hundred-
horse-power- engine – a car with a capacity of one 
hundred horsepower). It seems possible to call this 
phraseological units conditionally two-peer and 
multi-peaks” [9, P. 212].

An example of a single-peak phraseological unit 
in the Russian language can be an expression from a 
plow characterizing a person with a peasant past, and 
a two-peak expression, reluctantly, washing hands, etc.

N. N. Amosova, classifying English phraseo-
logical units, identifies the so-called idioms and 
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phrases. If phraseologism is easily divided and its 
general meaning is deduced from the meaning of its 
parts, then such combinations are called phrases: 
“We agree to name the meaning of a semantically 
realized word, depending on a constant, that is, the 
only possible index minimum, a phraseologically 
related meaning. The unit of a constant context in 
which the meaning of a semantically realized word 
is phraseologically connected, we agree to call 
a phrase” [10, P. 59]. Phrases differ from idioms 

whose components are less independent in mean-
ing: “Therefore, we have a special type of constant 
context in which there is no distribution of con-
textual functions characteristic of the phrase be-
tween the components of the phrase: there is no 
semantically realizable and keyword, and none 
of the components has a phraseologically related 
meaning, depending on the relationship with other 
components. There is a certain general, indivisible 
meaning of the whole phrase as a whole…

Таble 2. – The classification of English phraseological units by 
Smirnitsky can be combined in the following summary table: 

Single-vertex and two-vertex phraseological units
Phraseologisms Idioms

Single vertex Yes No
More than one vertex No Yes
Stylistically Neutral Yes No
Stylistically labeled No Yes

Units of a constant context in which the index 
and semantically realizable element normally make 
up the identity and both are represented by the gen-
eral lexical composition of the word combination 
and which are characterized by a holistic meaning, 
we agree to call idioms” [11, P. 72].

Close to this is the understanding of the idi-
oms of A. V. Kunin: “Holistic meaning is a type 
of structural meaning of phraseological units with 
constant completely rethought components. As 
a result of this rethinking, both the literal mean-
ings of the components and the syntactic rela-
tions are weakened. … An idiom is a nominative, 
interjective, or communicative phraseological 
unit with a holistic meaning, characterized by a 
monolithic structure, i. e. being a closed turnover. 
From this definition it follows that open phra-
seological units, even with completely rethought 
constant components, do not belong to idioms” 
[12, P. 316].

To phraseologisms according to Amosova’s clas-
sification, one should include such expressions as 
smoking bamboo (phrasem), to take off – take off 

(phrasem), beat baclos (idiom), an Easter egg – Eas-
ter egg (idiom).

A very detailed classification of English phra-
seological units belongs to A. V. Kunin. In his work, 
“English phraseology” provides a summary table of 
types of phraseological units. (Look to the Table 3).

In the work of A. V. Kunin distinguished nomina-
tive phraseological units, interjection units and com-
municative phraseological units:

“By nomination, we mean the designation of a 
non-linguistic entity (object, phenomenon, process, 
etc.) by means of a word, phrase or nominative-pred-
icative phrase, i. e. turnover with the structure (of an 
object, phenomenon, process, etc.) by means of a 
word, phrase or nominative-predicative turnover, 
i. e. turnover with the structure of the proposal with 
nominative value”.

These include, for example, phraseological units 
be on top of the world – to be on top of the world, a 
bitter pill to swallow – to swallow a bitter pill, a bull 
in a china shop – an elephant in a china shop, a cog 
in a machine – a tooth of a machine, a Daniel come 
to judgment – Daniel came to court, Hamlet without 
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the Prince of Denmark – Hamlet without the Prince 
of Denmark, have bats in the belfry – have bats in 

the tower, new wine in old bottles – new wine in old 
bottles and others.

Table 3. – Types of phraseological units by A. V. Kunin

Nominal phraseological 
units

Nominative-communi-
cative phraseological 

units

Phraseological units that 
cannot be considered 
either nominative or 

communicative

Communicative 
phraseological 

units

collocations with coordina-
tion link
collocations with control 
link
predicative combinations

verbal units that can be 
transformed into a pas-
sive voice of the verb

Interjection other types of phra-
seological logisms

as the crow flies – how a 
raven flies

the ice is broken – the ice 
is broken

By Jove! – By God!

In Russian, phraseological units of this type in-
clude not all of his expressions at home, Permian – 
salty ears, quieter driving – you will continue on, etc. 
“Interjectional phraseological units are phraseologi-
cal units that serve to express feelings and volitional 
impulses. They have neither nominative nor com-
municative functions. Their syntactic nature remains 
unclear to this day” [12, P. 315]. These phraseolo-
gisms include: by George! – I swear by St. George! 
by Jove! – by golly, hear, hear! – listen, listen!, sakes 
alive! – for the sake of the living! Jesus christ! – Jesus 
Christ! Father’s lights! Christmas trees, sticks, etc.

Under communicative A. V. Kunin understands 
phraseological units, which are whole sentences. “Com-
munication in accordance with the traditional linguistic 
understanding is a message about reality expressed by a 
sentence. The message can be both narrative, and inter-
rogative and incentive. Hence the division of sentences 
into narrative, interrogative and incentive”.

For example, these expressions are the coast is 
clear – the shore is clean, the fat’s in the fire – add oil 
to the fire, the shoe is on the other foot – the shoe is 
on the wrong foot, that’s a horse of another color – 
this horse is a different color, that’s another pair of 
shoes is another pair of shoes, it’s as broad as it’s long 
= it’s as long as it’s broad – as long as wide (what to 
put, what to put).

In the Russian language to communicative phra-
seological units by A. V. Kunin should include all 
sorts of proverbs and sayings. “Among communica-
tive phraseological units, one should distinguish say-
ings, that is, communicative phraseological units of a 
non-logical character, and proverbs, i. e. communica-
tive units, which are short sayings of a generalizing 
and edifying nature. At first glance, the difference 
between proverbs and proverbs is purely seman-
tic. However, it is not. In general, proverbs have a 
more closed structure than sayings. This is proved 
by the absence of proverbs with constant-variable 
and constant-variable-variable dependencies of the 
components. Proverbs are characterized not only by 
a completely rethought meaning, but also partially 
rethought, rarely found in proverbs, and the English 
proverb may contain one word with a metaphorical 
meaning, two words with a metaphorical meaning or 
a phrase with a metaphorical meaning” [13, P. 313].

The phraseology of any nation is inextricably 
linked with the history, culture, traditions and lit-
erature of a nation that speaks that language, and ac-
cordingly is often used by authors of literary works. 
Phraseologisms in Russian and English differ in 
their characteristics, since Russian phraseological 
units are more often single-peak phraseological 
unions in which obsolete or uncommon words are 
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preserved: beat bacilli, sharpen laces, etc. English-
language phraseological units are for the most part 
more flexible, more transparent in meaning, and 
therefore, you can often see a component replace-
ment or addition in them: for example, the name 
of the Die Hard franchise in the fifth series is ex-
panded to Good Day to Die Hard.

Further, Russian phraseological units often go 
back to some precedent situations: for example, 
porridge from an ax is part of a fairy tale about a 
soldier who cooked porridge from an ax a lime foot 
is also part of a fairy tale about a bear that broke 
his leg. In English-language practice, many phra-
seological units have not retained ties with certain 
precedent texts.

If we take the situation with the use of phraseo-
logical units in speech, then the use of phraseologi-
cal units in everyday speech, in anecdotes, in stories 
of life stories, etc. is common in the Russian lan-
guage uzus. At the same time, phraseological units 
are more often used in English-language practice 
as part of a journalistic and even scientific style. In 
Russian practice, there is a “gap” between everyday 
colloquial style and book styles: official business, 
scientific, etc. In English practice, this “gap” does 
not exist: a person can use phraseology in an official 
speech, and this will not seem inappropriate to any 
of the listeners or offensive.

Thus, phraseological unit (phraseological unit) is 
a stable expression consisting of two or more words, 
the meaning of which does not equal the sum of the 
values of the whole, but acquires a special idiomatic 
character. Several approaches to the classification of 

phraseological units are proposed. V. V. Vinogradov 
identifies phraseological units, phraseological uni-
ty and phraseological combinations based on the 
tightness of the cohesion of the elements of phra-
seological units. N. M. Shansky adds to this a fourth 
type with even less close connections between the 
components, phraseological expressions. B. A. Larin 
examines the types of phraseological units by their 
origin, highlighting the metaphorical and idiomatic 
phraseological units.

Conclusion
In order to study modern phraseological units, 

it is advisable to evaluate them according to the fol-
lowing criteria:

–  The presence of one or more peaks of phrase-
ologism – the number of phraseological units, which 
are semantic centers;

–  The attribution of this phraseology to one of 
the types according to the classification of V. V. Vi-
nogradova – phraseological units (indivisible units 
in which one of the components or both practically 
does not have independent use), phraseological units 
(independent units that combine into phraseological 
units, the meaning of the whole is not equal to the 
sum of the values ​​of the components) and phraseo-
logical combinations (independent components in 
stable phrases);

–  The type of phraseologism stability – sustain-
able use, lexical stability (a typical combination with 
a stable meaning), syntactic stability (a typical often 
reproduced phrase structure);

–  The connotation attached to the precedent 
statement within the framework of phraseology.
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the prism of the author’s “life text”, spiritual searches, the idea of the synthesis of “East-West”.

Keywords: spatial images, symbols, geometry of “meaning”, path, travel, “East-West” synthesis.
In modern literary criticism, a lot of attention 

is paid to comprehending and studying the life and 
work of Andrei Bely, the brightest representative of 
the Silver Age literature: his individual works, the 
author’s idiostyle and motives (the idea of synthesiz-
ing East and West, “spiritual pilgrimage”, about the 
connection of the Russian idea with the West, and 
also consider philosophical and aesthetic issues of 
culture and literature in the “transitional” periods, 
the stages of “cultural breakdown” (as, for example, 
in the “travel literature”): [2, 7, 28, 18, 16, 20, 24, 11, 
12, 14, 13, 22, 19, 30, 15, 17]. However, in the region 
studies of the spatial model of Bely’s poetic world, 
the relationship of these two complex and contra-
dictory phenomena, mysterious and inexplicable – 
Space (“Topos / Aristotle seems to be something 
great and elusive) and Andrei Bely (“There is neither 
Time nor Space”; “And there will be new times and 
new spaces” / Andrei Bely) – there are practically 
no full-fledged scientific works and monographs. 
Turning to one of the constants of the “Bely poetic 
Universum – the” horizontal “vector – we set as our 

goal to determine the main e spatial parameters and 
images-symbols that allow us to perform tasks: us-
ing the “travel literature” as an example, we reveal 
the urgent orientation in the work of the leading 
representative of Russian symbolism (the symbolic 
component of the “vertical” sphere of space and the 
futuristic code of “mixed” space were considered by 
us in other articles) [24, 25, 26]. The material of the 
study is individual works of Andrei Bely prose re-
lated to the literature of travelogues (African Diary, 
Orfeira, Traveling Notes …). As basic methods are 
used: structural-semantic and interpretive.

The literary text can be considered as “a device 
to the input of which texts circulating in the culture, 
which, having crossed its internal borders, are trans-
formed into new messages, are sent” [18, 105]. So, any 
works, “turning out to be the object of research atten-
tion, can be better and more correctly understood if 
their understanding begins with the work of textual” 
[1, 4]. The most interesting material of literature is 
“travels” (“travel literature”, from the French. Voyage – 
travel) or “travelogue” (from the English travelogue – 
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description of the trip), being a literary text and space 
of culture, at the same time carries information about 
countries, cultures, events and people, and also rep-
resents a dialogue of cultures (“a dispute between the 
possibilities of culture”, “logic of the dialogue of log-
ics”), expressed in the text [9, 131]). It is known that 
“a traveler seeks to expand his personality, to some-
thing that he hopes to achieve through increasing and 
diverse sensations from external reality” (according to 
Schönle) [Cit. By: 22, p. 44–45]. We see that external 
movement is impossible without correlation with the 
internal movement, and any external landscape imme-
diately turns into a “landscape of the soul”, composed 
of impressions, experiences, memories, appeals to pre-
vious cultural impressions.

In studies on semiotics (Y. M. Lotman), travel 
is perceived as a situation of “cultural breakdown”, 
a clash of cultures; and in this regard, literary trav-
els represent the basic material for applied linguistic 
and cultural studies, which was originally based on a 
comparative (contrastive-comparative) basis).

On the one hand, almost all of Bely’s works in the 
context of “travelogues” represent a single metatext 
in which the motive of pilgrimage and spiritual 
quest (including the synthesis of East and West) 
is dominant. On the other hand, the text model of 
“literary travels” – both fictional and real – is often 
constructed by Bely by analogy with the author’s 
life context model; and then it becomes difficult to 
separate a life biography from any fiction and fantasy, 
“Having denied the name of “autofiction” (S. Du-
brovsky, M. Darr’ssek ta in.) [8, 8]. Many literary 
figures whose creative production was not limited 
to writing poetry or prose (just refer to the works of 
V. Rozanov, A. Remizov, M. Tsvetaeva, V. Kamensky 
and others) involved life forms in their sphere (cf. 
Rozanova: “Every person in his lifetime must write 
at least one book – the book of his life”).

The desire for spiritual knowledge of the East, 
which swept Russia in the late XIX – early XX centu-
ries, when it was time for new discoveries, reassess-
ment of values and changes in the country’s life and 

public consciousness, manifested itself in a special 
way in Russian literature. And, of course, one of the 
main intellectuals of the Silver Age, Andrei Bely, a 
vivid representative of the “conquerors” of space and 
lovers of wanderings and travels, “strange wanderers” 
(A. M. Remizov), could not leave his mark in the lit-
erature of the “travelogue”, associated with travels in 
the East. Andrei Bely is not attracted to the journey 
as such, but to spiritual pilgrimage as a religious and 
philosophical idea.

The ideas and images of the East were for the poet 
and philosopher Andrei Bely a way of “world-experi-
ence.” The peculiarity of Russian literature, which is 
based on the principle of the struggle of two princi-
ples – “homesickness” and “homesickness” (in Kant’s 
terms) was manifested in the fact that at the turn of 
the century a large number of works with “foreign” 
oriental themes appeared in Russian literature. “Travel 
Literature” is an attempt to find “homesickness” in a 
“welcome foreign land”, the desire for the synthesis of 
“one’s own” and “another’s”, eastern and western in a 
“single country of his personality” [2, 31].

The journey of Andrei Bely (whose relationship 
with space was based on the formula “I love you, but 
with a strange love”) through the countries of the 
Mediterranean and North Africa becomes a key mo-
ment in his life and creative pursuits. In 1910 he and 
his wife Asya Turgeneva went to Italy, and from there – 
to Tunisia; Having left cozy Rades, they head to Egypt 
(with a stop in Malta), then to Palestine and return to 
Odessa. Bely prepared his travel notes back in 1912, 
however, for the first time they were published only in 
1922 under the title “Ofeira” (later a second, enlarged 
edition entitled “Travel Notes” and “African Diary” 
was also published). In one of the Glossolalia essays, 
the author talks about the heavenly Aeria (Ofeira or 
Zephyra), emphasizing that there is no “on earth” this 
desired ancestral home of mankind, and does not clar-
ify where the “golden earth”, formed from a substance 
“invisible to ordinary eye (“oko”).

An important role in organizing the artistic 
space in Notes and the African Diary, Andrei Bely, 
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endowed with the special gift of “keenly seeing the 
world in lines and colors” [5], assigns light and color 
(as the foundations that form spatiality) that are in-
volved in creating storylines and motives.” “Tunis 
la blanche!” – that inscription was thrown clearly 
from all the windows of Tunisia; and white spots are 
thrown again when I recall Tunisia; he is the snowi-
est, he eats unbearably eyes with the spots of houses, 
… I only know that these are white days, and that 
white Tunisia; yes, it is internally white; and at the 
same time it is white for the outside eye. So he first 
appeared; and so he stands before me. “This color” – 
a symbol of the embodied fullness of being” [6] – 
and this image of the “white city” receive a special 
cultural and semantic content in the work of Bely. 
Thus, the Tunisian “snowballing” takes on its bright 
(sometimes excessively geometrized) shape: bizarre-
ly built squares of houses, “pot-bellied” domes and 
minarets, turrets and “white burnus” (national men’s 
clothing). Light and color, the brightness of colors 
are refracted in the “Notes …” in the decorative ele-
ments of architecture, in national clothes, the tunic 
of Tunisia: “I open a window on the Arab street; col-
orful spots – where is white tunisia? He – parted on a 
rainbow of colors, he published white; near – glossy, 
earthenware, rainbow <…> So is the Arab: how to 
throw a burnus – a ghost, whitish fog; it will open – it 
is orange, blue, bluish and pink; and Tunisian street: 
from a distance – white; if it comes closer, it’s a mot-
ley evidence” [3, 178]. A diverse atmosphere of the 
work is created by the diverse characters found in 
Bely’s book – representatives of almost all ranks and 
professions, with different religious backgrounds – 
bei, qadi (judge), dervish, lawyer, sheikh, merchants 
and merchants, “silver-wandering” old man, Monsi-
neur Epinat, Mahmoud, Ali Jalluli and others. The 
national color is reproduced by the writer through 
the names of national clothes, local names of certain 
things, etc. (Burnus, Chechi, Litam, grandmothers, 
there and there), and the national diversity and mul-
ticolor of Tunisia (which goes back centuries), hiding 
behind the external “snowy” whiteness, the large and 

diverse population of the country (Berbers, Moors, 
Arabs, Sudanese, Tuaregs, French, Italians, Sicilians, 
Jews), is transmitted in “Ophira …” sound recording 
of speech of different peoples. So Bely, (fully master-
ing the art of musical instrumentation of the text) 
through the means of visualization of sound recre-
ates the feeling of what is depicted: “… the Arabic 
language sprinkles around a wooden-laryngeal frac-
tion, from which an Italian-French solo emerges, like 
a violin amid a swarm of deaf drums: – “Dha – dharb-
abab! ”… then the Arabs drum with their larynxes. 
“Zen-zen-zen,” the thin-legged Frenchman hummed 
with a mosquito. – “Jare-jare-majare” – then two Ital-
ians met [3, 178].

On the pages of the Traveling Notes and the 
African Diary, Bely represents several spaces that 
are comparable to each other, endowed with com-
pletely opposite characteristics, with different color 
schemes. One of the spatial oppositions is the east-
ern and European quarters in Tunisia: The contrast 
between the two cities (the eastern whiteness of the 
Arab quarters and the yellow, dirty color of the Eu-
ropean quarter) smoothly switches to a comparison 
of two nations: on the one hand, the Frenchman has 
neurotic gestures, a funny figure, he is “Mouse stal-
lion”, not strong in body, not proud, but on the other 
hand, the Arab has beautiful lazy leisurely move-
ments, “delicate gestures”, he is proud and noble, 
old people are “white worthy”; (Compare: “the pale 
moor in a luxurious turban”, “the white marbles of 
the moor … emitting smoke rings”) [4, 353].

Another comparable pair of spatial images can 
be considered the images of two countries – Tunisia 
(through eastern exoticism) and Egypt (through the 
prism of the West): “Tunisia has sprouted for centu-
ries; he built the body from ancient times: the Arabs 
of Tunisia made up of Carthaginian, strong stone: 
the whiteness of its walls is gray, it is whitened with 
lime: old age …” [3, 233]. Passing through the “bor-
ing” streets of Port Said (“a town sticking sadly above 
the sea among the sands <…> and overflowing with 
the hubbub of all the dialects where Europe, Asia, 
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Africa sends its crooks”) Andrei Bely disappointedly 
remarks: “a strange country; there is one remark-
able phenomenon: a pile of ash; a pile of ashes – old 
Egypt”, while noting the beauty and originality of 
Egyptian landscapes [23, 172].

These models of spaces, the difference in images, 
and the incompatibility in the guise of two peoples 
(and cultures) are a kind of opposition between two 
cultures, a confrontation between Europe and Af-
rica, West and East. On the one hand, condemning 
the “cultural” colonization of Africa, the writer is 
outraged: “Tunisia – where is Tunisia? Not Tunisia, 
but Paris; <…> why did they pollute Tunisia here, 
off the coast?” [3, 175], believing that Europeans are 
appropriate in Europe, and the Moors and Berbers 
are harmonious in Africa. On the other hand, as if 
anticipating today’s realities, Andrei Bely wrote: 
“Bely compares Africa and France, believing that 
Africa is the “twenty-two” of France, which over 
time can conquer France itself: “France is gaining 
weight quickly, she is a black woman; not a Galician 
cock her symbol; and – not the square dance of her 
dance, rather her symbol is a giraffe, her dance is a 
cancan; and one does not have to be a subtle seer in 
order to clearly understand: even in the 20th century, 
the muffled, wailing sound of a drum, tam-tama, will 
enter into the subtle sounds of the “piano culture” of 
Europe; “La-la” will turn into a sound: “boom”. And 
the sound of the booming boom space of Europe. 
Oh, poor France” [4, 330]. Bely sought the true path 
of development of his country not in the East and 
not in the West, but in their synthesis, striving, as 
usual, to “unite the unconnected”.

In addition, another opposition of two spaces ap-
pears on the pages of the African topos of the writer, 
reinforced by numerical, color and sound symbols and 
geometric lines and figures. This is an urban space with 
a positive connotation – filled with “things”, a cozy and 
cramped space of minarets and turrets, colored streets 
with cafes and bazaars (sukk): “The whole of Cairo 
is on the edge of the pyramid”; “Here is the mosque 
of the Three Gates, this one is a white turret, bearing 

walls high above …, the window eyes are square”; 
“Eight-gang Susa – the arsenal of the whole of Tuni-
sia”; “Like fleur, black and white spots of people along 
with arcs, cells …; white checkers on a powerful arc 
of the turned gate.” At the same time, there is another 
space, natural – empty, spacious, yellow space of sand, 
evil and uncomfortable: “And there is nothing but the 
chaos of yellow screaming … sand from the window”; 
“Look through the window: how evil, how yellow!”; 
“From the sands – it is planned: the deadly yellow 
sand of Kairouan … <…> exactly the Kremlin <…> 
is strengthened by the yellowing walls of the battle-
ments” [4, 340]. On the pages of the “trips”, visual 
images of the perceptual, perceived space appear: old 
and gray-haired, shabby and rebellious, ancient and 
burnt Kairouan – with a clear geometry of the pic-
ture, with a dominant black and white architectural 
filling, repeating in the color of clothes (Compare: 
“turn black silk”, Sudanese in a“ white burnus”) and 
young, beautiful, arrogant and proud filled with vital 
energy, reminiscent of a “pale Moor”, at the same time 
white and motley Tunisia – with floral ornaments (“ar-
abesques”), and bright colors (Cf .: Yellow Tunisia’s 
blue ornament”, tunisia “wrapped in a glaze of silk”).

In Bely’s letters, a comparison of Cairo with Tu-
nisia arises: “Tunisia is charming, cheerful, graceful; 
Cairo is more significant, more impressive, more 
amazing; Tunisia is cozy, Cairo is threatening, some-
thing is overwhelming in Cairo: the millennia of the 
past unwittingly stand up. <…> here everything looks 
predatory at a foreigner “[23],” Tunisia is assembled, 
Cairo is scattered; Tunisia is snow-white, Cairo is 
black-gray “…”; Tunisian mosques are gracefully 
small; Cairo – “magnificent”; “Tunisia refers to Cairo 
(in the sense of the Arabs) as pre-Raphaelitism refers 
to Rococo; … Tunisia is nice, comfortable, cheap; 
Egypt is majestic, terrible, monstrously dear; but, in 
spite of everything, this is the most beautiful country 
in terms of landscape …” [23, 165].

In the exotic of the new space and new culture, 
the writer finds some similarities with his native 
expanses, and the outlines of the Kairouan plain 
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remind him of the Russian plain of the middle zone: 
“… through the wind the same sands creep from the 
East in the spaces of the dashing Orenburg, Samara 
steppes” [4]. We have already noted Bely’s special 
“spatial” dictionary, worked out and very rich, in a 
number of our other articles [25]. The number of 
uses of the elements of this dictionary in a number of 
fragments of the text is very large, which even gives 
the impression of some spatial “logomania” (accord-
ing to V. N. Toporov):

One of the leading spatial images can be consid-
ered the “distance” locus, and this is understandable, 
since the road and the path are connected with the 
horizon line: “Next – they gave the desert; <…> 
further – the world of expansion of swam”. But be-
sides this, “distant distances” and the worlds of outer 
space contribute to the comprehension of the inner 
(“near” world) space of the soul, the world of the 
“wanderer” Images of empty spaces of the steppe 
and desert are often associated with thanatological 
motifs: “The remote steppe, not the desert …”; “We 
reached the stone cubes of a dead planet, which fell 
sideways to the ground: and now – my head fell over 
on my shoulders” [4, 426]; “From the sands is out-
lined: the dead yellow sand of Kairouan”; “And there 
is nothing but the chaos of yellow, screaming, flying 
sands outside the window” [4, 454].

However, in Bely’s “Notes …” even the Chaos of 
deserts and cities, which in many medieval topogra-
phies was called the “great void”, is perceived more 
as “the beginning of Order” (and not “mess”), carries 
the potential of “new places”. The horizontal image 
of the steppe and desert is emphasized by the verti-
cal of the spiritual world of the East: “And the whole 
distance came out with minarets … ps” [4, 422].

In general, Belyi’s African topos is built on the 
contrast, the contrast of two main defined space 
models that change their appearance during the trip: 
two different images of culture in the same space of 
the country and the continent (the cities of Tunis 
and Kairouan, the countries of Tunis and Egypt), 
the images of two continents Europe and Africa), 

as two incompatible cultures. Tunisia has become a 
turning point in the biography of a symbolist writer, 
a “moment” that gave rise to an “adventurer, entre-
preneur”: “… I  felt Tunisia as a base from where 
I could dive into the vast Africa, like a diver attached 
by a rope to a ship.” [4, 348] Bely notes this revolu-
tion in his journey, which turned out to be not only 
a journey somewhere, an escape from myself (“… 
I came to Tunisia to relax, wait out the cold”), but 
also became a journey inside myself, a kind of revela-
tion: “… They were waiting for us: Messina, Catania, 
Pompeii, Naples, Rome, galleries, museums; and we 
looked somewhere in the opposite direction; called 
south and east; and the voice of the Sahara was 
heard” [ibid]:“ … staying in a quiet Arab village in 
Rades was a tremendous revelation to me, expand-
ing the horizons; from here I traveled mentally into 
the bowels of Africa, into the depths of the centuries 
that made up her modern life; we already feel this 
life, thousands of threads connect us with Africa,” 
writes Bely in the preface to the “Diary …” [4, 330]. 
That is, in this case, we can talk about the journey not 
only of the body, but also of the soul, moreover, “the 
journey “outside the body” is rather the plot moti-
vation for the “journey of the soul”” [13, 174]. In 
“Notes …” and “Diary …” there is no sense of hope-
lessness in the perception of space; the “living soul” 
does not suffocate. Foreign spaces turned out to be 
closer and dearer to his soul. Africa for the writer 
was associated with the idea of a genuine “earthly 
paradise” (as  for many Cueists), presented in the 
form of the primary, blessed world, the world of the 
natural order of things. There Bely found refuge with 
his rushing soul – the soul of “self-aware”, his “captive 
spirit” [29]. It is no coincidence that in one of the let-
ters that the writer wrote to A. M. Kozhebatkin, Bely 
called himself and Asya (wife) “the perfect patriots 
of Africa” [23].

Thus, in conclusion, the expressive landscape 
lyrics and urban topos, the sophistication and bright-
ness of associative images and motives (landscape 
and architectural), their complex interweaving, in 
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which part of the images flow into each other or 
merge, are contaminated, creates the impression of 
multi-layer, a kind of “palimpsest” of the Bely’African 
topos. An incredible sense of space and a thirst for 
knowledge of the new world allowed Bely to build 
his geometrical spatial model of the Universe, which 
we examined on the example of the “African topos”. 
The Bely’s inherent love for exotic countries, for en-
ergetic overcoming and knowledge of space brings 
him closer to representatives of the acmeistic trend 
(Comp.: African diary” by N. Gumilyov). Andrei 
Bely, like many acmeists, overcomes emptiness, non-
existence by creating “filled places”, bizarre lines, or-
naments and patterns, geometric shapes.

One of the main spatial parameters of Bely’s po-
etic world – “fret” can be considered the “Farness”-lo-
cus (overcoming the external, real, perceptual – visi-
ble and felt – “space-I”) and the spatial locus “Depth” 
(comprehension of “I-space”, “The inner space of the 
soul; compare the expression of N. Berdyaev:” The 
depth of a person pulls him in height”). The image 
of travel and the image of the traveler, the image of a 
new real space (geographical and cultural) and the 
image of the soul, whose life, according to Bely, “is 
determined by internal impulse, movement to dis-
tant horizons, desire to distant” [19]. The holistic im-
age of Africa is represented by the vast and not fully 
developed space, clothed in sands and steppes. And 
at the same time, “alien open spaces” turned out to 
be much more understandable, closer and dearer to 
his soul for his soul. In Belyi’s “travel literature” (the 
“horizontal vector” of his model of the Universe), 
the acmeistic attitude of being is traced. Hence not 
only the material detail, visibility and tangibility of 

space (its essence), dynamism and movement, but 
also the deduction of the category of space from the 
number of abstract ones and endowing it with real 
ontological features. Such an attitude led to anthro-
pomorphism of a number of spatial categories, as 
well as to the substantialization of space, endowed 
with a visible, perceived materiality. In some spatial 
images, “faunistic” and “floristic” motifs are traced. 
In descriptions of the urban landscape, steppes and 
deserts of Africa (comp.: image-metaphor – sym-
bol of the Sahara – gate of Africa) Bely actively uses 
the “organic” metaphor. A number of non-spatial 
images-symbols (snake, fez, burnus, etc.) perform 
the function of organizing the artistic space of Bely.

Spatial symbols and semantic images are ex-
tremely saturated with geometric terminology. The 
combination of geometric symbols of a circle (in the 
concept of Bely – East, nature, semicircular lines, 
arcs, etc.) and a square (West, city, cubes, straight 
lines) leads to another recognizable image – the im-
age of a “mandala” (figures where the circle inscribed 
in a square, and the square is in a circle), a symbol of 
stability, harmony and order. One of the philosophi-
cal thoughts of Andrei Bely reflects the writer’s desire 
to synthesize the cultural concepts of the “East” and 
“West”, to search for “his own way” in world culture 
and literature:

“Spiritual science and Christianity are synonyms 
for me now; and the children’s song of the soul, turned 
into an orchestrated Symphony, is our way; song of 
the soul – East; orchestration and counterpoint – the 
West: and the human desire (not the man himself), 
leading him from the song to the Symphony, is east 
in the west or west in the east” (Andrei Bely).
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Introduction
One of the most important tasks of linguistic sty-

listics at the present stage of its development is the 
study of functional styles. Today, increasing trans-
parency between cultural models, strengthening in-
tercultural social and business relationships is being 
transformed, traditional communication styles and, 
above all, commercial discourse are being updated.

It should be noted that the concept of commer-
cial discourse combines the totality of interactions 
in the economic, political, technical, social, scientific 
and cultural spheres of human activity. Modern busi-
ness communication is faced with the need to adapt 
to modern communicative requirements, new con-
ditions and means of communication, as a result of 
which commercial discourse over the past decades 
has acquired new features that have become “canoni-
cal”, determining its textual and linguistic-stylistic 
identity. At the same time, despite the widespread 
recognition that commercial communication, like 
communication in any other field, is undergoing 
profound transformations and changes today, to 
this day new signs that have emerged in recent de-
cades, the essential characteristics of commercial 
discourse remain poorly understood, little studied 
in modern scientific literature. Meanwhile, business 
communication is an integral part of the life of each 
individual, society, nation-state and state alliances. 

Without business communication today, it seems 
impossible to reach an agreement in any sphere of 
life: from the military to the cultural, to the sphere 
of art, therefore, understanding the features and spe-
cifics of the modern business discourse is an urgent, 
significant problem.

Methods
First of all, it is necessary to dwell on the study 

of the essence of commercial communication. 
E. G. Azimov, A. N. Shchukin is understood by 
commercial communication as “a type of communi-
cation whose purpose is to exchange information in 
the professional, commercial and non-commercial 
fields of activity” [1, P. 448], emphasizing that the 
main difference between business communication 
is the sphere functioning. According to scientists, 
in the course of business communication, each of 
the participants seeks to solve, first of all, the tasks 
relevant to their own profession, which allows us 
to conclude that business communication is always 
focused.

Results and discussions
Business communication takes place in the pro-

fessional sphere, reflects the focus of communicants 
on achieving certain professionally significant goals, 
covers the whole variety of interactions in the profes-
sion, which lead to the formation of various forms 
of business communication. A. M. Sosnovskaya dis-
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tinguishes the following forms of commercial com-
munication [2, P. 92, 117]:

1. A business conversation is “the desire of one 
person or group of people through words to arouse 
the desire of another person or group of people to 
take action that will change the situation or estab-
lish new relations between the participants in the 
conversation” [2, P. 92]. In the most general form, a 
business conversation is understood as oral contact 
between partners, interlocutors.

2. Negotiations are “interdependent processes of 
the development, exchange and fulfillment of cer-
tain sets of promises (contracts, agreements, treaties, 
conventions, etc.) that satisfy the basic interests of 
the contracting parties” [2, P. 96];

3. Press release – “press release; an information-
al message containing news about the organization 
(possibly a private individual) that issued the press 
release, an exposition of its position on any issue and 
transmitted for publication in the media ” [2, P. 105]. 
There are several types of press releases:

a) Press release announcement – an information-
al message about an upcoming event;

b) Press release-news – an informational message 
about an event that has already occurred;

c) Informational press release – an informational 
message about the current, unfinished event;

d) Background grader – “informational PR mate-
rial for the media, representing information about 
the organization, its profile, products and services, 
history of creation, development, etc.” [2, p.106];

e) Fact sheet – information material for the press 
containing reference information about the organi-
zation, its products and services. Unlike the back-
ground grader, it may contain information about the 
organization’s management, statistics, lines of busi-
ness, etc. A fact list is usually created for publications 
that work directly in the area in which the organiza-
tion issues goods or services.

4. Briefing – a brief informational message that is 
usually voiced by an official: a representative of the 
government, commercial structures, international 

organizations, etc. with media representatives in or-
der to inform about important events, the progress 
of negotiations, conferences, results achieved, etc.

5. Business meeting – “a discussion of the orga-
nization of production, company management, mar-
keting activities, conducted by the first person or his 
replacement specialist”;

6. Presentation – “the presentation of one’s abili-
ties, one’s product or one’s company to partners, cus-
tomers, investors or consumers in order to obtain the 
necessary solution (action) from them” [2, P. 111].

Of course, commercial communication is not 
limited to these forms. In a separate type of com-
munication can distinguish commercial, business 
letters, documents, etc., which can accompany a 
business conversation, negotiations, etc.

As you can see, business communication can take 
a variety of forms of its implementation, covers a total-
ity of the most diverse situations, one way or another 
related to the achievement of professionally significant 
values, is characterized by high variability, can occur 
verbally and in writing, be aimed at the implementa-
tion of certain functions, which significantly compli-
cates the processes of researching business discourse.

The form of business communication and com-
municative intentions determine the characteristics 
of the formation of commercial discourse. Moreover, 
other communicative factors also influence the for-
mation of commercial discourse. V. A. Zhelamskaya 
names the following factors as such [3, p. 116–117]:

1) the nature of the addressee (s), first of all, the 
criteria of certainty / uncertainty of the addressee; 
number of recipients.

2) the nature of the addressee (s);
3) positional (role) relationships: whether the 

addressee occupies a higher or lower social position 
or are the communicants equal

4) socio-psychological distance: for example, 
close distance, which may be in commercial com-
munication between colleagues, or far, which may 
be in interactions between individual commercial 
organizations.
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These factors are external to the commercial dis-
course, form its communicative context, their sig-
nificance, influence significantly differ depending on 
the form of commercial communication, as well as 
communicative intentions.

At the same time, despite the high variability and 
variety of manifestations of business communica-
tion, it seems possible to identify a number of uni-
fying signs that allow us to identify the interaction as 
commercial. First of all, such characteristics should 
include the sphere of communication – professional, 
which determines the characteristics of the course 
of interaction, the formation of significant features, 
characteristics of communication.

The objectives of commercial interaction are di-
rectly related to the profession, the functioning of 
commercial organizations or institutions. V. Zhelem-
skaya names the following as the goals of commercial 
discourse [3, p. 97–101]:

1) Information, information function, which 
dominates in the field of commercial communica-
tion. One way or another, all forms of business com-
munication, all commercial discourses serve the pur-
pose of informing;

2) A description of the fact, event: as a rule, the 
initiation of commercial communication in this case 
is due to a certain fact, an event that necessitated the 
implementation of communication. Achieving this 
goal, as a rule, is carried out on the basis of a repre-
sentation of facts, a chronological sequence of events;

3) Fixation of a specific fact or event – communi-
cation devoted to the preparation of estimates, cata-
logs, registers, etc. It is important to add that not only 
real, but also alleged events can be recorded;

4) Confirmation / denial of a certain fact;
5) The establishment / consolidation of a certain 

order: this communicative intention is associated 
with the need to regulate the economic, production 
activities of the organization, institution. Decisions, 
documents resulting from this form of communica-
tion are binding, as they constitute the legal basis for 
the activities of the organization, institution;

6) the prescription of action – one of the most 
important functions of commercial communication, 
which determines the order of actions, the circle 
of persons, actors involved in commercial, indus-
trial or other activities. In other words, as noted by 
G. I. Bubnova and N. K. Garbovsky, the implementa-
tion of the indicated intention “consists in prescrib-
ing to the addressee a specific character of action, for 
which it is necessary to name the addressee, indicate 
the action that he needs to perform, and indicate the 
conditions, in which this action can or should take 
place” [4, P. 20];

7) Request for action – a form of communica-
tion initiated by the author so that certain actions 
are taken to correct the negative, according to the 
initiator, situation. As a rule, this form of interaction 
consists of two parts: the first sets out the features of 
the current situation, the factors that led to its occur-
rence; the second contains information that clarifies 
the actions and their sequence, which will make it 
possible to change the situation for the better;

8) the establishment of legal relations between 
the parties – forms of commercial communication 
involve interactions with various individuals and 
legal entities, moreover, these interactions are most 
often accompanied by the presence of certain obli-
gations to each other, therefore, there is a need for 
the establishment, coordination and legal consoli-
dation of these obligations;

9) expression of an authoritative opinion – a form 
of communication, which, as a rule, consists in the 
fact that an authoritative specialist offers his opinion, 
vision regarding a particular situation, actions that 
should be taken to increase the efficiency, productiv-
ity, effectiveness of commercial interactions.

Researcher A. M. Sosnovskaya names the follow-
ing functions, intentions of business communication 
[2, P. 92]:

1) The beginning of promising events, processes;
2) Control function – control and coordination 

of already begun activities and processes, regulation, 
coordination of joint actions of partners;
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3) Supporting function – support for business 
contacts;

4) The search, promotion and development of 
work ideas;

5) A communicative function – establishing new 
connections and relationships, getting to know po-
tential partners, exchanging ideas, points of view;

6) The distracting function is to gain time 
[2, P. 98].

In other words, commercial communication is 
always focused, focused on achieving professionally 
significant goals, regulating interactions between au-
thors, working out agreements, agreements, and the 
legal basis for interactions.

Based on the analysis of theoretical sources, the 
relationship of various forms of commercial commu-
nication, communicative intentions and communica-
tive factors can be presented in the form of (Table 1):

Table 1. – The relationship of forms of commercial communication, 
communicative intentions and communicative factors

Form of com-
mercial com-
munication

Communicative intentions Communicative factors

1 2 3
Business conver-
sation

Informational; description of fact, event;
fixing fact, events;
confirmation / denial of a certain fact;
establishing / securing a certain

specific addressee and addressee;
role relationships and socio-psychologi-
cal distance can be any

Business meet-
ing

order;
prescription of action;
request for action;
establishment of legal relations between the 
parties;
expression of authoritative opinion;
the beginning of promising events, processes;
control function;
supporting function;
search, promotion and development of work 
ideas

specific addressee and addressee;
as a rule, the addressee is in a higher posi-
tion than the addressee
socio-psychological distance may be 
close or far

Conversation informational;
description of fact, event;
fixing fact, events;
confirmation / denial of a certain fact;
establishment / consolidation of a certain order;
prescription of action;
request for action;
establishment of legal relations between the 
parties;
communicative function;
control function;
distracting function

specific addressee and addressee;
as a rule, the addressee and the addressee 
occupy equal social positions;
socio-psychological distance tends to 
close
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1 2 3
Press conference informational;

description of fact, event;
fixing fact, events;
confirmation / denial of a certain fact;
request for action;
expression of authoritative opinion;
communicative function;
control function;
distracting function

The addressee can be either specific (tar-
get audience) or uncertain. The message 
is always directed not to an individual 
person, but at least to a group of people, 
most often, to a mass audience.

Press release
Briefing

informational;
description of fact, event;
fixing fact, events;
confirmation / denial of a certain fact;
request for action;
communicative function;
control function;
distracting function

Destination always defined
Role relationships can be different
Socio-psychological distance is far, even 
if the producer of the statement seeks to 
express closeness to the audience

Presentation informational;
description of fact, event;
fixing fact, events;
confirmation / denial of a certain fact;
establishment / consolidation of a certain order;
prescription of action;
expression of authoritative opinion;
the beginning of promising events, processes;
control function;
supporting function;
search, promotion and development of work 
ideas;
communicative function;
control function;
distracting function

The addressee can be either specific (tar-
get audience) or uncertain.
Destination always defined
Role relationships and socio-psycholog-
ical distances can be different

As the data in (Table 1), forms of commercial 
communication differ both in their basic functions 
and in their communicative factors. If business con-
versations and negotiations, as a rule, are designed 
to optimize the activities of an individual institution, 
are multifunctional, then press releases, briefings 
are intended primarily for “external” to the actor’s 
institution, their functional potential is somewhat 
different.

Goals, functions of commercial communication 
determine the style characteristics, features of com-
mercial communication.

At its core, communicative interaction in the 
business sphere refers to the business functional 
style, which, according to O. A. Krylova, is a system 
of linguistic means of all levels, which was devel-
oped and formed in the process of functioning of 
the language in the field of official business com-
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munication [5, P. 214]. In other words, the sphere 
of business communication operates with special 
language units, the choice of which is determined 
by the requirements of the communicative situa-
tion, as well as the communicative attitudes of the 
participants in the interaction.

In the most general form, all the principles of 
business communication in French linguistic cul-
ture are presented as follows: the desire for clarity, 
accuracy, the need to adapt to the requirements of 
the audience, emphasized courtesy and the desire to 
avoid any demonstration of excellence [6].

As noted by E. A. Konyaeva, the influence of 
business speech etiquette finds its representation in 
the choice of language tools that are understandable 
only to specialists in this field, a certain grammatical, 
syntactic and stylistic specificity [7, P. 28]. Features 
of business communication are formed under the 
influence of the desire to save language resources, 
due to the desire for compression.

Achieving officiality, accuracy, standardiza-
tion, conciseness of commercial communication is 
achieved through the selection of appropriate lexical, 
syntactic tools. According to V. A. Zhelamskaya, the 
lexical system of commercial communication is or-
ganized by three stylistic meanings [3, P. 137]:

1. “Norma” – “a literary processed language stan-
dard that is regarded as the best example of a national 
language and is introduced by society through the 
educational system and through the mass media” [8, 
P. 74]; “The rules of pronunciation, grammatical and 
other linguistic means, the rules of word use adopted 
in the social and speech practice of educated people” 
[9, P. 163]; “The conditioned socio-historical result of 
speech activity, fixing traditional system implementa-
tions or creating new linguistic facts in the context of 
their connection both with the potentialities of the 
language system, on the one hand, and with realized 
patterns, on the other” [10, P. 9]; “The choice of one 
of the functional variants of the language sign histori-
cally accepted in this language collective” [11, P. 22].

2. Functionally marked vocabulary – clericalism 
[12, P. 36],

3. “Norm plus terminology” [13, P. 34].
Conclusion
Taking into account the nature, diversity, vari-

ability of commercial communication, we can con-
clude that the vast majority of commercial texts will 
refer to multi component, complex texts, including 
several equal components. Moreover, each of the 
components can have its own structure, its own de-
sign features, language tools and designs.
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The order of words in a sentence refers to the ar-
rangement of the syntactic units in the sentence [1, 
5–6]. Therefore, words in any language are arranged 
a particular syntactic sequence in the sentence. The 
order of words is reflected simultaneously on two 
levels of sentence structure – syntactic structure and 
the communicative structure. However, the role of 
the word order in these two levels is not the same – 
the syntactic function depends on the communica-
tive function [3, 12].

In modern linguistics, there is a significant de-
viation from the tendency of syntactic study of this 
phenomenon – the approach is not only syntactic, 
but also communicative-semantic and stylistic.

M. Tukhsanov approaches to the issue on the basis 
of the theory put forward by K. G. Krushelnitskaya, 
arguing that the structural-syntactic and communica-
tive-syntactic division of the sentence is a factor that 
determines their interconnectedness, the form and 
meaning of the thought expressed [8, 76].

Hence, the syntactic structure of the sentence 
stems from the communicative purpose of the speak-
er. Therefore, it is not accidental that the word order, 
especially in the Turkic languages, is considered to 

be the dominant factor in the actual division of the 
sentence.

Word order may have different functions. Ac-
cording to O. B. Sirotonina there are three different 
functions of the word order: [5, 16].

1. Grammatical function, which serves to express 
certain syntactic relationships, that is, the relation of 
the subject with the predicate and the other parts;

2. Stylistic function. The use of word order here 
aims at giving a certain stylistic and expressive shade 
to a sentence;

3. Communicative function is often understood 
as the role of word order in the actual division of the 
sentence P. Adamets highlights the functions of the 
word order in the following framework [1, 5]:

1. In the syntactic structure;
2. In the actual division of the sentence;
3. In emotional and expressive shade of the sen-

tence;
4. Within the stylistic framework.
Many linguists have similar views mentioned 

above on the function of the word order [6], how-
ever, due to the specific language structure and fea-
tures, these functions may be involved in different 
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plans, that is, the word order can simultaneously per-
form several of the above functions, but one of these 
functions certainly plays a dominant role. From the 
foregoing, one can conclude that as the word order is 
free in the Uzbek language, its communicative func-
tion is predominant in almost all contexts, that is, it 
identifies the communicative centre in the content of 
the message, but also performs a stylistic task, such 
as expressive shade.

As the Uzbek language belongs to the group of 
agglutinative languages, the peculiarity of the word 
order in the sentence is that the predicate, the logi-
cal and grammatical centre of the message, comes at 
the end of the sentence. All the other parts fill in the 
“blank spaces” of the predicate and come in a specific 
cases related to it.[9,9] In particular, in the right or-
der, the subject is at the beginning of the sentence, 
the parts subordinating the predicate – object and 
adverbial modifier are unstable in a sentence, they 
substitute their position in different variants during 
the communicative-syntactic division [8, 76].

It is worth noting that even though the word or-
der in the grammatical level is free, it cannot be said 
in terms of the communicative level – the commu-
nicative center of any sentence is preceded by the 
predicate and becomes relevant with intonation. 
Let`s see how the word order defines the communi-
cative centre of the sentence in Uzbek by the follow-
ing examples: Anvar buvisini ko`rgani kasalxonaga 
bordi(It was to the hospital that Anvar went to see his 
grandmother) – communicative centre here is the ad-
verbial modifier of place

Anvar kasalxonaga buvisini ko`rgani bordi 
(It was to see his grandmother that Anvar went to the 
hospital) – communicative centre here is the adver-
bial modifier of purpose

Buvisini ko`rgani kasalxonaga Anvar bordi (It was 
Anvar who went to the hospital to see the grandmoth-
er) – communicative centre here is the grammatical 
subject of the sentence

As can be seen, free word order in Uzbek, un-
like in English, enables the sentence to be used for 

different communicative purposes without marked 
grammatical changes. Hence, the syntactic structure 
of the sentence in most cases obeys the requirements 
of communicative structure, that is, the main factor 
that changes the word order is the communicative 
purpose of the speaker. Therefore, the study of the 
actual division of the sentence in Uzbek serves as a 
solid basis for a communicative approach to the is-
sues of word order in the language [4, 106].

The logically correct structure of a literary lan-
guage that is stylistically neutral in Uzbek requires 
the point of the sentence(topic) known to the lis-
tener or reader to be at the beginning of a sentence. 
The rheme (focus)that gives the information new to 
the listener / reader comes at the end of the sentence, 
after the theme/topic. The violation of this rule re-
sults in the change in the logical consistency, or the 
formation of a sentence with expressive- emotional 
colour [4, 106].

Hence, in the communicative-syntactic level in 
the Uzbek language, word order units are denoted 
by the parts of the sentence. In neutral sentences in 
the Uzbek language, there are various structural and 
communicative forms of the word order, depending 
on which part of the sentence is actual (according to 
the position of the predicate):

In simple unextended sentences, the syntactic 
form combines with the communicative structure, 
that is, the subject coincides with the theme, the 
predicate – with the rheme, but in such sentences the 
function of the word order decreases and the commu-
nicative center is defined according to the intonation:

Abdulla kuldi (Abdulla laughed)
You mother has come (Onang keldi)
In simple extended sentences, the communica-

tive-stylistic function of the word order becomes 
dominant, and the actual part is often placed before 
the predicate, and so is the subject: To`yga nuqul 
soldatlar, ofitserlar kelganmish (Only soldiers and 
officers came to the wedding) [11, 94]

Endi bitmagan yana bitta ishimiz qoldi(We have 
one more thing to do) [12, 42]
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Sirdaryoning beldan yo`g`on laqqa balig`i cho`zilib 
yotibdi. (There is a very thick catfish of Syrdarya lying) 
[10, 274]

It is worth noting that the presence of certain 
adverbs of degree, quantity and manner in the sen-
tence restricts the possibility of actualizing the sub-
ject through the word order, that is, it is imposible to 
“push” the subject to the position before the predi-
cate, otherwise the syntactic-semantic relationship 
of the sentence may be violated, thus, the meaning 
may change or become illogical. For example:

Chempion tez yugurdi (Champion ran fas)t – Tez 
champion yugurdi(Fast champion ran);

The actualization of the object also occurs in the 
position before the predicate:

Men nima deb maslahat berishni bilmas edim, shun-
ing uchun yelkamni qisib qo`ya qoldim (I didn’t know 
what to advise, so I shrugged my shoulders) [12, 73].

Moreover, the object in the active voice can be 
the communicative centre as the subject in the pasive 
voice. In this case, the object becomes more important 
from communicative point of view than the performer 
of the action; although the subject is actualized, the 
speaker / author’s purpose is to draw the listener / 
reader`s attention to the object of the sentence:

U kitob o`qidi (He read a book) – Kitob o`qildi 
(A book was read) Among the parts of the sentence, 
the adverbial modifier is distinguished by its fixed or 
free order. The adverbial modifiers of fixed order get 
into a close semantic-grammatical relationship with 
the predicate and do not change their position. The 
adverbial modifier of free order may come in various 
positions in a sentence [4, 74].

Abstutay o`choq boshiga pildirab ketdi(Abstutay 
briskly walked to the hearth – adverbial modifier of 
free order) [13, 278].

Men gap nimadaligini bilganimdan ataylab 
indamadim(I specially didn’t say anything as I knew 
what had happened – adverbial modifier of fixed or-
der) [12, 229].

It is important to note that as the intonation is the 
main means of the actual division of the sentence, 

depending on what part the logical or emphatic 
stress falls on, it causes the adverbial modifier be-
fore the predicate to leave the rheme group. In this 
case, the speaker tries to convey the communication 
center only through prosodic means, without chang-
ing the order of words: Farzandining muomalasidan 
xafa bo`ldi (He  was offended by how his child 
treated him (the focus here – the predicate, i. e. the 
fact that he was offended is emphasized); Farzandin-
ing muomalasidan xafa bo`ldi (What offended him 
was how his child treated him (how his child treated 
him is the focus, but not anything else).

In reverse order of the words, the rheme usually 
moves to the position before the theme. In this type 
of discourse, extra emotional and expressive shade 
is added to the message, which is typical for poetry 
and verbal communication. In this case, the syntactic 
structure of the sentence changes depending on the 
speaker’s emotional state and communicative purpose:

Qulog`ini kesib olaman uning!(I’ll teach him a les-
son! – fronting of the object)[12, 90]. As the above 
examples show, inversion is an effective means of 
achieving the speaker’s communicative purpose.

When the speaker wants to emphasize a certain 
part of the sentence in the course of the speech, to 
draw the listener’s attention to it, to remind them of 
the importance of the action performed by the sub-
ject, the subject and predicate inversion is used. In 
this case, the subject of the sentence moves to the 
position after the predicate. This can also change 
the grammatical nature of the sentence: a declara-
tive sentence may become an exclamatory one, al-
beit both declarative and exclamatory shades are 
retained.

The inversion of the secondary parts also has 
the above-mentioned characteristics. The subject 
and predicative inversion occurs more frequently in 
interrogative, imperative and exclamatory sentences, 
while the inversion of the secondary parts does not 
change the grammatical nature of the sentence. In 
this case, the highlighted part will only be moved to 
the position next to the predicate.
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The inversion is a very active and effective tool, es-
pecially in imperative sentences. The predicate, which 
is the central part of the imperative sentences, moves 
to the beginning of the sentence: Olib ket meniyam. 
Va`da beraman! Boshqa qilmayman! Odam bo`laman! 
(Take me with you too! I promise! I won’t do it any-
more. I’ll be a good person!) [11, 65] / Ur, nomard 
qo`shmachini! (Hit the mean souteneur!) [10, 258].

Also, the omission of the predicate(ellipsis) is a 
characteristic feature of imperative sentences. Ellip-
sis is a common tool in Uzbek not only for language 
economy but also for actualizing a particular part, 
and the effective use of ellipsis in the imperative 
mood is particularly sensitive to the emotional and 
expressive form of spoken language.

In this situation, imperative sentences imply 
the meaning of invitation, involvement, compelling 
and the communicative center of the sentence often 
corresponds to the adverbial modifier of manner 
or place: Qisqaroq! (Shorter! (which means “make 
it shorter”)) [11, 56]; Vatan uchun jangga! (To the 
battlefield for the Motherland!, which means “Let`s go 
to the battlefield and fight for the Motherland”)[12, 80].

Thus, inversion is a pure speech phenomenon, 
and its use in written discourse is the result of at-
tempt to express the opinion in the most appropriate 
way [2, 100].

In interrogative sentences, the communicative 
center is defined according to their form and con-
tent structure. In particular, in special questions, the 
communicative structure is remapped as the focus 
precedes the topic:

Nega kech qolding? (Why are you late?); / Kim 
keldi? (Who has come?);

In neutral interrogative sentences which are free 
from expressiveness the actual division is in the top-
ic-focus(or theme-rheme)sequence as in declarative 
sentences, and the part where the particle is usually 
the communicative center:

O`zimizning sigir-chi? (What about our own 
cow?; Here, the particle is the suffix –chi, which 
changes a declarative sentence into a question).

In Uzbek, as in many languages too, a declara-
tive sentence may gain an interrogative meaning 
through the intonation of interrogation. This phe-
nomenon is mainly characteristic of oral discourse, 
and here the theme precedes the rheme: Tanimay-
man, degin?(So you don`t know him?/)[10, 241]; 
Taroziga qo`y, bolam,-dedi chol ruschani chaynab ga-
pirib. – Kilosi yetmish tiyin; – Yetmish tiyin? – Lyova 
ajablandi (Put it onto the scale, son,-said the old man 
murmuring in Russian. – Seventy tiyinsa a kilo; – 
Seventy tiyins?-–Lyova was surprised) [11, 40].

The communicative centre of such sentences is 
the part where the emphatic or logical stress falls on.

According to the abovesaid, it can be stated that 
inversion is an effective means of enhancing the con-
tent of the message and moving it from neutral to 
expressive emotional position.

In sum, the communicative aspect of any sen-
tence, that is the actual division, is a method chosen 
by the speaker to convey a message that is relevant, 
and it is characterized by the actualization of certain 
parts of the sentence. Word order variations in Uz-
bek, are used to convey the communicative purpose 
in discourse, which is associated with specific prag-
matic functions [7, 150]. In non-emphatic declara-
tive sentences the initial position tends to be the top-
ic, pre-verbal position is the communicative centre, 
that is the focus, whereas interrogative sentences and 
orders have the focus in the front position. As can be 
seen, the communicative structure of the sentence is 
quite different from the syntactic composition, as the 
former is related to the communicative content of 
the text, and the latter is of grammatical importance. 
Both of them, however, play an important role in the 
semantics of the sentence and are inextricably linked 
to each other.
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As a social phenomenon, corruption has existed 
since ancient times and, like a virus, has spread to all 
of humanity, poisoning the consciousness of people.

And of course, corruption is becoming a national 
problem. Even Abraham Lincoln said: “The first of 
civil rights is freedom from fear.” Do not be afraid 
of corruption, it must be defeated. In addition, Karl 
Marx’s statement can describe the essence of cor-
ruption: “There must be something rotten in the 
very core of a social system in which crime grows 
even faster than the population.” Corruption is not 
just ordinary theft, cheating and fraud, it is a crime 
that leads the country into complete decline. With 
certain differences in views on the very concept of 
corruption expressed by a number of researchers, 
most authors correlate with corruption abuse of 
state power, use of official position in selfish, other 
personal or group purposes [2].

The problem of the difficulty in eradicating is de-
scribed by the great utterances of Leo Tolstoy, who 
accurately noted: “One of the usual temptations 
leading to the greatest misfortunes is the temptation 

of the words “everyone does it”. The manifestation 
of corruption can be seen already from an early age, 
starting from kindergartens and clearly manifesting 
itself in the system of higher educational institutions. 

Corruption is a long-standing disease, therefore 
it constantly changes its images and manifestations 
and, together with social, social, economic relations, 
also evolves, mimics. In this regard, to combat it, it 
requires not only anti-corruption legislation, but also 
a study of the causes and conditions that give rise 
to it, the formation of a social environment for the 
rejection of corruption in all its manifestations [3].

According to statistics, 70% of the country’s 
population are afraid of those who should protect 
them – law enforcement officials. It is not necessary 
to show weak character in the fight against corrup-
tion. We need tough, punitive measures, repressive 
measures against those who abuse their official posi-
tion, use the benefits illegally. After all, we want to 
live in a country free from lawlessness, the arbitrari-
ness of officials, and the criminal irresponsibility of 
the authorities.
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Uzbekistan is constantly taking measures to 
limit corruption, organizing special events and in-
troducing laws and regulations to combat corrup-
tion. A vivid example of the manifestation of a se-
rious attitude in the fight against corruption in the 
country is the adopted reforms. One of these was 
the reform that was implemented in the frame-
work of the event, organized with the cooperation 
of the General Prosecutor’s Office of the Republic 
of Uzbekistan, the Republican Interdepartmen-
tal Commission for Combating Corruption, the 
OSCE Office in Uzbekistan and other partner orga-
nizations, an international conference on the topic 
“Anti-corruption reforms of the Republic of Uz-
bekistan: achievements and priority tasks.” At the 
opening of the conference, the Deputy Prosecutor 
General of the Republic of Uzbekistan E. Yuldashev 
emphasized that the fight against corruption in our 
country has been raised to the level of state policy.  
Anti-corruption in the field of public service is one 
of the most important areas in politics, and also acts 
as the basis for an anti-corruption mechanism that 
implements the principles of openness and public-
ity in the functioning of state bodies. Practice shows 
that public servants are most corrupt. Due to the 
violation of the law by officials, the quality of state 
administration of the country decreases, the process 
of progress of the anti-corruption policy is hindered 
and the entire state apparatus is compromised. As 
noted in the report of the President of the Repub-
lic of Uzbekistan Shavkat Mirziyoyev at the solemn 
meeting dedicated to the 25th anniversary of the 
adoption of the Constitution of the Republic of Uz-
bekistan, we are mobilizing all the forces and oppor-
tunities for the widespread introduction in society of 
the principle “Our priority is law and justice, punish-
ment for crime is inevitable”. Along with significant 
work in this direction, the creation of an integrated 
anti-corruption system should be noted.

Indeed, in our society, strict measures are envis-
aged to stop corruption, the commission of various 
crimes and other cases of offenses, their prevention, 

ensuring in practice the requirements of the law that 
punishment for a crime is inevitable. The Law of the 
Republic of Uzbekistan “On Combating Corrup-
tion”, which entered into force on January 4, 2017, 
served as an important legal basis in this direction.

The Republic of Uzbekistan in 2008 ratified the 
United Nations Convention against Corruption. In 
2010, the Organization for Economic Cooperation 
and Development joined the Istanbul Anti-Corrup-
tion Action Plan:

–  “No state in the world can consider itself im-
mune from corruption. Therefore, the fight against 
this phenomenon should be ongoing,” says Ashita 
Mittal, the regional representative of the UN Office 
on Drugs and Crime;

–  The UN Convention against Corruption is im-
portant in this area. It is noteworthy that by joining 
this convention, Uzbekistan is increasing attention 
to ensuring the priority of the law, strengthening the 
judiciary and the rule of law, and most importantly, 
the prevention of offenses and crimes.

In his report to the 72nd session of the UN Gen-
eral Assembly, the President of Uzbekistan Shavkat 
Mirziyoyev acquainted the whole world with the 
ongoing reforms. It is noteworthy that the report 
emphasizes that it is not the people that serve the 
government, but the government that should serve 
the people. Considerable work is being done to put 
this principle into practice.

On February 2, 2017, a resolution of the Presi-
dent of our country “On measures to implement the 
provisions of the Law of the Republic of Uzbekistan 
“On Combating Corruption” was adopted, in accor-
dance with which the State Program on Combating 
Corruption for 2017–2018 was approved. Under the 
leadership of the Prosecutor General, the Republi-
can Interdepartmental Commission on Combating 
Corruption was formed, its position was approved.

The General Prosecutor General’s Office has been 
identified as the working body of the Republican In-
terdepartmental Commission for Combating Cor-
ruption. The commission included senior officials 
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of ministries and departments, non-governmental 
non-profit organizations, scientific institutions – a 
total of 43 people.

“Over the past period, the interdepartmental 
commission carried out systematic legal work and 
practical measures to combat corruption,” said Bah-
rom Kobilov, deputy head of the Office for Combat-
ing Organized Crime and Corruption of the General 
Prosecutor’s Office of the Republic of Uzbekistan.

Draft laws have been developed that include anti-
corruption provisions. A number of departmental 
legal documents have been adopted. The expected 
results are achieved by the establishment of coopera-
tion between state bodies, non-governmental non-
profit organizations and civil society institutions in 
the fight against corruption, ensuring the implemen-
tation of legislative documents related to the field.

Another example, which confirms that the fight 
against corruption is conducted at the state level, is 
the speech of President Shavkat Mirziyoyev at the 
solemn meeting dedicated to the 26th anniversary of 
the adoption of the Constitution of Uzbekistan. In 
his speech, the Head of state proposed to form anti-
corruption committees in the chambers of the Oliy 
Majlis. As representative authorities, they should 
contribute to strengthening the fight against corrup-
tion in public institutions at all levels.

In the parliaments of many countries, including 
the United States, Russia, Great Britain, Bulgaria, 
Greece, Latvia, Estonia, there are commissions and 
committees to combat corruption. Now a similar 
structure is formed in the Legislative chamber of the 
Oliy Majlis. The Committee on combating corrup-
tion and judicial and legal Affairs will exercise parlia-
mentary control over the implementation of internal 
anti-corruption programs in state bodies, analyze the 
current legislation to identify the norms that create 
conditions for corruption, prepare proposals for its 
improvement.

In our country, especially important are the laws 
adopted by the Oliy Majlis, which should not con-
tribute to the emergence of corruption. Among the 

main tasks, as the Chairman of the Committee on 
combating corruption and judicial and legal Affairs 
of the legislative chamber of the Oliy Majlis Tulkun 
Abdusattarov says, are monitoring the implemen-
tation of legislative acts in the spheres of state and 
public construction, combating corruption and judi-
cial and legal issues. In the fight against corruption, a 
special role belongs to civil society institutions in the 
systematic study of the identification and disclosure 
of corrupt authorities, therefore, on the initiative of 
President Shavkat Mirziyoyev, the organization of 
parliamentary hearings on the activities of state of-
ficials is envisaged. Appeals of individuals and legal 
entities with the availability of materials on corrup-
tion will also be considered. It is believed that in or-
der to combat corruption, it is necessary to develop 
comprehensive measures with the participation of 
civil society institutions, especially non-governmen-
tal non-profit organizations at the level of districts, 
regions and republics.

A weak civil society cannot keep the state appa-
ratus under its control, which ultimately leads to the 
separation of managers from it and their “privatiza-
tion” of their posts, due to the lack of staff rotation in 
the state apparatus. Because of this, the real threat of 
corruption of democratic institutions is real, which 
is a political consequence of corruption. As a rule, 
this entails the expansion of the shadow economy 
sector. Consequently, the competitive mechanism 
of the market is violated, since it is not the one who 
is competitive who wins, but the one who can get 
advantages for bribes. As a result, the effectiveness 
of market relations decreases, which discredits the 
idea of market competition. In addition, corruption 
in government and officials acts as an obstacle to the 
development of public administration [5].

At the event, it was stressed that corruption is 
a great threat to the socio-economic development 
of the country and destroys the spiritual and moral 
foundations of society, the idea of reform, negatively 
affects the participation of citizens in the manage-
ment of state and society. The purpose of the organi-
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zation and holding of this event was not propaganda 
of the party or another entertaining meeting, but the 
intention to explain to society, especially to young 
people, that corruption not only causes damage to 
daily public relations, but also leads to the internal 
destruction of entire States. The fight against it will 
be effective if the majority begins to understand that 
corruption is a Vice that destroys the constitutional 
foundations of the state and the spiritual and moral 
foundations of society.

The analytical material of sociological studies 
on the problem of corruption shows that the wide-
spread abuse of officials dissuaded people from the 
possibility of bringing high-ranking criminals to jus-
tice. According to the data received, only 10.3% of 
respondents complained about officials infringing on 
their legal rights. To the question “Why did not com-
plain?” answered that consider the complaint against 
the official hopeless. They are convinced that abuse 
of officials has become the rule, and that higher agen-
cies have no interest in a fair trial. Of all the officials 

who complained of abuse, only 2.3% remained fully 
satisfied with the proceedings, partially‑3.3%. Thus, 
the conceptual idea of the fight against corruption 
is that it should be fought primarily by the forces of 
civil society, using such mechanisms as the creation of 
independent non-governmental public associations, 
independent media, strengthening the independence 
of the judiciary, the wide dissemination of local self-
government. It is important to emphasize that suc-
cess in the fight against corruption depends primarily 
on the active participation of the population in this 
process. To change the situation, people must real-
ize their legitimate right to control officials, demand 
from them a report on the expenditure of public 
funds, check their professionalism and moral quali-
ties, get rid of negligent and dishonest bureaucrats.

Thus, it is necessary to remember that at the pres-
ent stage of the fight against corruption and the con-
struction of civil society, one of the main conditions 
is the revival and restoration of justice in the state, as 
well as the protection of human rights and freedoms.
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In recent years, there has been a growing interest 
in the study and interest of view in the field of philos-
ophy. In the context of rationalism and irrationalism, 
esoteric views of the world and plots, symbols and 
ideas associated with various aspects of the scientific 
view of the world play an important role among dif-
ferent sectors of society. Esoteric essence is directly 
embedded in the scientific, philosophical, religious 
and mythological paradigms. In particular, from the 
60 s of the XX century, departments and research so-
cieties were created to study esotericism in the Unit-
ed States and in some European countries (France, 
Germany, Great Britain, and the Netherlands). Since 
the 1990 s, this problem has been the focus of atten-
tion of Russian scientists. As a result, several funds 
served to study the esoteric landscape of the world.

Firstly, a deep philosophical study of the essence 
of esoteric teachings; Secondly, to identify the nega-
tive and positive features of esoteric teachings that 
manifest themselves in social processes;

Thirdly, to determine the relevance of these ideas 
to scientific realities by determining the status of 
such doctrines on the world stage;

Fourthly, on this basis, the need will be studied 
for the development of textbooks of a theoretical and 
methodological nature and recommendations in the 
work of spiritual and ideological education. This, in 

turn, expresses the importance of the natural study 
of esoteric culture, the study of esotericism, as well as 
the role and role of the human factor in the esoteric 
space. At the same time, the importance, role and 
role of esoteric doctrines in the consciousness and 
experience of social life in modern society.

The study of the esoteric nature of the world is 
a product of a great period, from antiquity to the 
present day. In particular, it can be argued that the 
foundations of Indian philosophy used early eso-
teric knowledge in India. Because in Hinduism and 
Jainism there are rituals associated with esotericism 
[1, 131–137]. But Indian mythology, on the one 
hand, connects the concept of supernatural manu-
facture, and on the other, an extraordinary event, 
which is a figurative lesson. That is why Indian eso-
teric teachings have a special place.

Mystics also have different ways and means to 
understand the hidden nature of the world. In par-
ticular, Muhammad Ghazali is an exercise and effort 
to achieve his final inner ideology, and it refers to 
moral purification and human perfection [2, 144].

To date, a number of approaches to the esoteric 
phenomenon of the world have been developed, 
of which the most popular are A. Faivre, Hane-
graaf, Stukrad, V. M. Rosen and S. V. These are the 
approaches developed by Pakhomov: to interpret 
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the esoteric landscape of the world as an integrated 
system, you must first understand its essence. The 
esoteric picture of the world and its evolution is con-
nected with modern postclassical science. In particu-
lar, the fact that during the sociocultural crisis the 
structure of values in a number of areas underwent 
natural changes, the sociocultural character of the 
cultural system is manifested in esoteric views. The 
principle of maintaining my esoteric view of the 
world and hidden knowledge about a person from 
people who do not know about him, but share them 
with educated students.

Esoteric researchers note that in critical times in 
society, escalation of esoteric, mystical, eschatologi-
cal moods occurred in dramatic times [3; 6].

Therefore, it is based on the principle of unity 
and progress as a system of knowledge representing 
the world through the esoteric view of the world. The 
principle of uniqueness is, first of all, the theoreti-
cal level of awareness of the integrity of the esoteric 
landscape of the world and nature in which it com-
bines. Secondly, it is the experience of human theo-
retical knowledge of the integrity of the esoteric view 
of the world and the objective unity of the universe. 
The whole model of man’s creation of an objective 
universe is reflected in the nature of his mental activ-
ity and his psychology.

Esotericism of Faivre is a “form of thinking”, 
which differs from other forms of thinking by the 
following criteria: 1) reasoning in harmony, pro-
portion; 2) the idea of living nature; 3) imagination 
and mediation; 4) transmutation skills; 5) the fun-
damental coincidence of several or all spiritual tradi-
tions; 6) The idea of a mysterious passage of spiritual 
knowledge, that is, a radiant esoteric, selective men-
tor [5; 12]. For reflections of the universe, we can see 
the specific stages of the living image of the world, an 
analysis of the esoteric view of the world.

“We note that the problem of determining the 
parameters and grounds for highlighting the eso-
teric discourse as a separate, independent type of 
discourse is currently debatable. The definitions of 

this discourse that appear in studies can be called 
“experimental”- claims Pokrovskaya O. S. [6, 77–84].

In esotericism, the concepts of space are asso-
ciated with a sacred concept, the study of which 
is R. Genon. Later this question was addressed to 
M. Eliade A. G. Dunes were taken into account. Ac-
cording to the followers of esoteric teachings, space 
is not only physical, but also physical. It includes 
all esoteric teachings on the existence of a plan of 
existence that can be captured in one or another of 
these sacred places. Sacred spaces are vibrant, mov-
ing, vibrating and evolving in accordance with their 
own laws. It is filled with all kinds of mental influ-
ences and is open in all directions – deep, wide, up 
and down. Each element in the sacred environment 
is reborn.

All points and objects in the sacred environment 
are connected by a complex chain of relationships. 
Each of these points indicates that the adherent is mov-
ing to another similar point and the reality behind this 
point. Thus, the entire space is absorbed by images. 
These images may appear in a special place or where 
they have never been. The esoteric landscape of the 
world served as the basis for the emergence of various 
esoteric views as a spiritual part of human existence 
and a distinctive part of culture. The time category re-
quires a direct definition of time. A similar picture of 
time is found in esotericism. For esoteric time, time has 
a cyclic structure. But in many esoteric doctrines, with 
the exception of archaic and primitive societies, there 
is no idea that participation in the rituals associated 
with the cycle actually provides space for renewal and 
its existence. In esotericism, the emphasis shifts from 
objective history to subjective history. During Great 
Practice, an adherent separates his personal history of 
eternity from his archetypal history.

Schehlova L. V. and Borisova Yu.V say: “Esoterics 
and science operate in modern culture with the same, 
mostly natural, scientific concepts (“substance”, “en-
ergy”, “information”, “quantum reality”)” [7, 22–27].

From the earliest times, esotericism was seen as a 
mysterious, special form of knowledge that combines 
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with types of scientific, everyday, and religious knowl-
edge. The division of esotericism into a specific field of 
knowledge allows us to study it from the point of view 
of the phenomenological features of philosophy, which 
is an important component of phenomenological sci-
ence. This is because knowledge is the main object of 
philosophy, in particular epistemology, and knowledge 
arises in society. The main attention is paid to the func-
tion and distribution of knowledge, the social defini-
tions of knowledge, their transfer and preservation, as 
well as the social status of various types of thinking at 
different times. However, the study of esoterics as a 
sociocultural phenomenon is an important factor in 
choosing this methodology. We also see an interdisci-
plinary integration of approaches to the esoteric view 

of the world. At the same time, esoteric studies were 
carried out without any doubt, both in the natural di-
rection and through emerging psychology.

Summing up all of the above, we can conclude 
that the esoteric view of the world retains a special 
kind of knowledge that has an irrational source. The 
basis of this knowledge lies in the construction of a 
figurative world that allows the formation of mysti-
cal or occult skills. This is the theoretical foundation 
upon which both mystical and occult practices are 
built. Modern science, in turn, combines the esoteric 
landscape of the world and the similarities of ancient 
hermetic knowledge, as well as the most important 
hypotheses about the enrichment of science at the 
end of the second millennium.
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RANGE OF MEASURING OF BASE ERROR OF SELECTIVE 
THERMOCATALYTICAL SENSOR ON METHANE

Abstract. In wide intervaleinfluence of voltage on the analytical signal of thermocatalytic sen-
sor on methane has been investigated. Additional error ofthermocatalytic sensor in the process of 
determination of methane caused by changing temperature in interval from –10 to +40 ºC, pressure 
in intervals from 600 to 800 mm Hr. and humidity of the gas mixture up 95% has been determined.

Keywords: Sensor, methane, thermocatalytic method, catalyst, measurement range, determina-
tion error.

Introduction.The most widely used in the elab-
oration of analyzatorsof CH4 is the thermocatalytic 
method. The principle of operation of this control 
method is consisted in flameless burning of CH4 on 
the surface of catalyst and measuring the amount 
of released heat [1].Thermocatalytic methane sen-
sor consists of two sensible elements. which, de-
pending on the purpose are divided at measuring 
(or working) and compensating(or comparative). 
Both sensible elements are in the reaction chamber. 
Comparative (R1) and measuring (R2) elements are 

included, as a rule, in one of the arms of the bridge 
measuringscheme [2, 3]. Auxiliary resistors (R3 and 
R4) are included in the other arm of the bridge. At 
heat extractionchangings of the resistance (R) of the 
spiral on thevalue ΔR was carried outwhich was de-
termined by the formula: 

	 ΔR = R0(1 +α ΔT)� (1)
where: R0 is the resistance of the spiral at T = 25 ° C; 
α is the temperature coefficient of resistance of the 
platinum wire, ΔT is the change of temperature of 
the spiral. The reaction rate of methane oxidation in 
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the kinetic region is usuallyis represented as a func-
tion of volume-molar concentrations of methane 
and oxygen:

	 W = kFэ f (CCH4CO2)� (2).
where: W is the reaction rate, mol / s; k is the reac-
tion rate constant, s-1; Fe– active surface of the cata-
lyst, m2. The value k does not depend on the concen-
tration of methane in the air and has increased with 
increasing of temperature.

The low concentration limit of explosive methane 
(LEL) is usually 5%, and the upper explosive limit 
(ERW) is 16% [4]. An explosion of maximum strength 
corresponds to stechiometric methane concentra-
tion9.5%. Therefore, the main range of application of 
this method is monitoring beforeexplosive concentra-
tions of methane as a rule in the range of 0–5% vol. All 
this has provided the actuality of investigation aimed 
on improving of control of fire and explosion hazard 
of gas mixtures by elaboration of selective sensors of 
combustible components of a gas mixtures.

The experimental procedure and the obtained 
results. For analytical devices, as a rule, the interval 

characteristic of errorhas been standardizedas limit 
of the main absolute (∆i), relative (δi) or reduced (γi) 
errors.

Control of the measurement range and the main 
error was carried out by supplying on input of GS sen-
sorof gas mixtures (GM) in the following sequence 
No. 1-3-5-5-1-5, where number of GM corresponds 
to content of measured component (%): No. 1 = 10 ±  
± 5; No. 2 = 50 ± 5; No. 3 = 95 ± 5. All calculations 
were carried out in accordance with GOST 13320-81. 
The main absolute (∆i) and reduced (γi) errors of sen-
sor were determined by formulas (3) and (4):

	 ∆i = Сп – Ст� (3)
	 γi = (Сп – Ст) / (Ск – Сн)� (4),

where: Cn – is the readings of the device,%; St is 
the volume fraction of methane in the standard 
mixture,%, Ck–Cp are the initial and final limits of 
measuring of concentrations of the determined 
component of the gaseous mixtures,%. The results 
of checking the measurement range and the basic er-
ror of the gas-analyzator with measurement limits of 
0–5.0% vol. are presented in table. 

Table 1. – The results of error determination of the thermocatalytic sensor on methane
Contents methane in a mix-

ture,% vol.
ТКС-СH4   0–5.0 % об.

Found CH4% vol Basic Abs. error.(D) Basic. pref. error.(g)
0.51 0.52 0.01 0.2
2.55 2.51 0.04 0.8
4.74 4.81 0.07 1.4

As followed from the presented data in the inves-
tigation interval the main reduced error of the sen-
sor with range of 0–5.0% vol.was equaled 0.2–1.4%.
Control of the additional error of TKS-CH4 caused 
by changingof temperature ofenvironment was car-
ried out in the temperature range –10 ± 50 º С. The 
influence of the parameters of the gaseous mixture 
on the additional error of the sensor (%) for each 
point was determined by the formula:

	 gдоп = gt + gнор ,� (5)
where: gt  – is the error obtained at i- value of 
temperature;gнорis the error of the gas-analyzator-
atusual temperature (20 ± 2  ºС). The results of 

determination of the additional error of the gas-
analyzator due by changingof temperature of envi-
ronment (0 – 50 ºС) are presented in table 2, from 
which it followed that it doesn’t exceed 3% in range 
–10 ± 50 ºС and less than the main error of the 
device by GOST 13320-81.

As follows from the presented data, the output 
signal of sensor has remained stable and has allowed 
continuously control of the methane content even in 
the region of low temperatures.

In the results ofexperimentswasfoundthat in the 
range of pressure from 600 to 800 mm rt. the sensor 
signal has maintained stable.
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Table 2. – The results of determination of additional error of sensor 
in the temperature range –10 to + 40 ºС (n = 5, P = 0.95)

The temperatu-re of the 
gas mixture, ºC

Finding value of additional error Additional er-
ror by GOSTCcн4=0.5% Ccн4=2.5% Ccн4=5.0%

–10 0.4 3.0 2.0 5.0
0 0.2 2.0 2.0 5.0

+10 0.7 1.0 0.7 5.0
+20 0.6 0.3 2.0 5.0
+30 0.5 0.3 0.4 5.0
+40 0.2 0.3 0.7 5.0

The analyzer error due by change of moisture 
content in the analyzed gas mixture was determined 
as difference between signals of the humidified and 
didn’t-moistened mixtures of the analyzed gas at 
usual conditions. Some of the obtained results are 
presented in (table 3), from which it can be seen that 
the average value of the changingof output signal 
doesn’t exceed 2.3 mV. Control of sensor stabilityto 

concentration overloads was carried out at the meth-
ane content in the mixture 7.50% vol. As a control 
mixture a gas mixture was used where the methane 
content was equal to 4.85% vol. At this concentra-
tion the output signals of TCS-CH4 before and after 
exposure to an concentrations overload were com-
pared. The time of influence of the transshipment 
mixture was 20 min.

Table 3. – The results of determination of the dependence on 
TCS-CH4 signal on the changingof moisture content in the gas 

mixture (CH4 content in the mixture 2.0%; n = 5, P = 0.95)
Sensor signal (х ± Δх), mV Changingof output signal (Δ)Drygasmixture Humidifiedgasmixture

126.4 123.8 2.6
127.7 124.8 3.1
126.3 124.9 1.4

Средн. 126.8 Средн 124.5 Средн.2.3

The recovery time of the usualwork of the sen-
sor was determined by it’s output signal in zone of 
the main error. The experiments have shown that 

elaborated sensor by CH4in the investigated range 
of concentrationswas stable toconcentration over-
loads (table 4).

Table 4. – The results of checking the signal resistance to concentration verloads 
(measurement range of CH40-5.0%; vol. CH4 = 4.85% vol., N = 5, P = 0.95)

TCS signal, mV The main absolute. er-
ror (Δ), мВ

The main given. error 
(γ),%

Beforeexposure-
tooverload

Afterexposuretoover-
load

312 305 7 2.24
310 307 3 0.97
311 308 3 0.96
312 306 6 1.92
314 308 6 1.91
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The value of the main reduced error of TKS-CH4 
atinfluence of overload concentration didn’t exceed 
2.24%. The total additional error characterizing the 
set of error values from the influence of various fac-
tors was determined by the formula:

...)( 2
6

2
5

2
4

2
3

2
2

2
1 ++++++= γγγγγγγ s

,(6)

where: sγ  and ... are the values of the additional er-
rors obtained at changing the influencing factors. 
According to GOST 13320-81, the maximum per-
missible valueof the total additional error should not 
exceed of the twice value of the limit of the permis-
sible main error.

The total additional error of the thermocatalytic 
sensor TCS-CH4 was ± 2.1%. Carring out investiga-

tions have shown that the thermocatalytic methane 
sensor TKS - CH4 has carresponded to metrologi-
cal and some other characteristics and fully require-
ments of GOST for this class of devices.

Conclusion. Using of the elaborated catalysts 
selective thermocatalytic sensorson natural gas was 
manufactured. The values of the main absolute, rela-
tive and reduced errors of selective sensor TKS-CH4 
have been determined. Additional error of the ther-
mocatalytic sensor was established in the process of 
methane determining caused by temperature chang-
ing in the –10 +40 ºС, pressure in the range 600 – 
800 mm Hg and humidity of gas mixture up to 95%. 
The signal stability to concentration overloads was 
determined.
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Abstract. The article analyzes the the concept of traceological traces which allows the classifica-
tion of traces. Criminological literature has not developed a broader definition of traces or materi-
alistic traces in the criminal sense. This is because the concept and types of tracheological traces are 
also regarded as criminalistic traces.
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Defining the concept of traceological traces al-
lows the classification of traces. In the forensic litera-
ture there is a great deal of commentary on the clas-
sification of traces. For example, scientists such as LK 
Litvinenko, LG Granowski, VYKoldin, MM Grrodz-
insky, GM Minkovsky and AA Eysman have created a 
classification system in which the traces of mechani-
cal effects are It is.

Any subject or any of its fields is its subject. It 
is important for the science of trasology to define 
a research framework that focuses on its tasks and 
methodology. Therefore, the definition of traceo-
logical traces is a prerequisite for studying trasology 
as an important area of forensic science. Crimino-
logical literature has not developed a broader defi-
nition of traces or materialistic traces in the crimi-
nal sense. This is because the concept and types of 
tracheological traces are also regarded as criminal-
istic traces.

For example, LK Litvinenko describes the con-
cept of traces as follows: “traces are defined in a tra-
sological way, that is, they reflect the appearance of 
one object in another, and as a result it is possible to 
identify the trace object.” It is the same author who 
has included traces of rupture and breakage in trasol-
ogy. However, since these traces have not had any 
effect on their formation, it would be a mistake to 
include them in the trasology. Therefore, as the au-
thor knew of his mistake, he also explained the con-
cept of traces produced by exposure. As a result of 
an object, one object interacts with another, and the 
effects of that object are reflected in the structure of 
one object. This notion of traces more fully explains 
the nature of trasological traces.

Another forensic scientist GL Granowski de-
scribed the traces differently. In his view, it is the 
result of actions and actions related to the crime, as 
well as the material reflection of features and external 
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features of various objects. The other properties of 
the objects are not fully described in this description 
because they are the subject of research in trasology 
and are the external structure of traces reflected on 
the trace surfaces of objects.

Such descriptions have been described by many 
forensic scientists, but one of the last authors, BI 
Shehevchenko, has given a clear and complete de-
scription of the tracological traces. This definition 
can be regarded as a definitive definition of tracheo-
logical traces.

Trasological traces are defined as changes in the 
environment that result in the exterior of one object 
being reflected in another. Such traces are known as 
reflections of external structures.

Two important considerations should be made 
in the definition of tracheological traces.

The first side is that the traceological traces are 
the result of changes in the material environment 
and, therefore, have a common trait.

Second, and most importantly, these traces are 
traces in which the outer structures of an object only 
reflect their expression in the second.

From this definition it is possible to identify trac-
es belonging to the trasology itself, that is, to remove 
traces that do not reflect on the trace sites and have 
no external structure. Such traces can be counted 
as whole or fragments, small objects (hair, matches 
of grains, etc.), biological and fluid (blood, saliva, 
etc.), unless their identification is done by trasologi-
cal methods.

Thus, the traces are widely understood in terms 
of the various shapes and signs left behind. Any ob-
ject leaves its reflection in the second.

The narrow trace marks are the traces left from ob-
jects, objects and objects directly related to the crime.

As mentioned earlier, the concept of footprints 
has not been developed for a long time. Some crimi-
nals interpreted the traces in the narrow sense, that 
is, only tracheological traces, while some authors in-
terpreted the traces only in the broadest sense, ie in 
the meaning of forensic traces.

Science is a network of forensic science that de-
velops the mechanism for the formation of traces, 
group and individual affiliation of trace objects, the 
methods and techniques used to detect, record and 
verify traces.

Each subject, thing or object has its own indi-
vidual or distinctive features and symbols. There are 
no two objects, objects or objects that are similar in 
all their signs and features. Identities are identified 
based on these individual or individual characters 
and symptoms.

The mechanism for the formation of traces is 
unique, that is, unique. The characteristic of the traces 
is that they are identified only on the basis of their in-
dividuality or individuality, as well as their individual 
characteristics and characteristics. These particular 
signs and symptoms leave one object in the process 
of interacting with another object, resulting in traces.

Based on the definitions of the aforementioned 
tracheological traces, the following classification of 
the traces is

1. By origin: – sunken traces; – superficial or su-
perficial traces.

2. The mechanism of formation: – static traces – 
dynamic traces.

3. By traces of traces from a third object:
–  local traces – Peripheral traces.
It should be noted that at least two objects must 

be involved in the formation of both tracological 
traces and broader, ie criminalistic traces. One of 
these two objects is called a trace object and the 
other is called a receiving object.

The concept of traces, from a trasological point of 
view, is based on independent material. The image of 
such an object on the surface of another similar object 
is considered to be a trace. Due to the fact that dif-
ferent trace data can be obtained from different trace 
parameters, there is still an unsolved question in the 
literature and practice that questions on non-identifi-
cation tasks should be raised by forensic authorities. 
These are very different questions, such as the timing 
of the other traits, correlation data, and so on.
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Definition of footprint. In criminalistics, the con-
cept of traces has two main dimensions.

The first direction is to carry out scientific re-
search and scientifically justify the concept of trace 
in its broadest sense.

The second direction is the scientific research to 
determine the nature and nature of tracological traces.

These two directions are interconnected, since 
the tracological traces form part of the forensic trace 
and should therefore not be separated. Perhaps their 
cohesive study provides the basis for the develop-
ment of forensic doctrine.

While some forensic scientists do not deny that 
there is a difference between the basic and the struc-
tural concepts of traces, the main problem has been 
to create a trasological understanding of the traces. 
For example, Danisyavichus said of the notion of 
large-scale traces: “This kind of trace is very broad 
and does not determine the direction of criminal 
forensic research, nor does it partly reveal the im-
portance of traces in other evidence-based systems.”

In our view, such conclusions are not scientifi-
cally grounded. The problem of defining the general 
concept of footprints is the problem of forensic sci-
ence. This problem has arisen at the time of criminal-
istics and still exists. As for the notion of traceologi-
cal traces, this question arises from the emergence of 
trasology and is developing within this network of 
criminalistics. Then this question poses little prob-
lem, and P. It is reflected in the works of such scien-
tists as Danisyavichus.

Indeed, A. Kanger (1934), E. Anushat (1954), 
K. Tbiden (1957), E. Knobloch (1959) and many 
other forensic scientists rate the concept of traceabil-
ity in criminalistics. Attempted to give. Thanks to the 
efforts of several foreign and domestic scientists, we 
have a common understanding of the trail. Consider 
the Polish scientist Yan Sehnang’s tariff: “Forensic 
traces are the changes in objective reality that are the 
basis for re-establishing and determining the course 
of a process or event as an occurrence of an event, 
process or activity”.

Although such rates do not cover all the compo-
nents of the tracks and therefore do not fully cover 
the nature of the tracks, this tariff covers the grounds 
previously unknown to us. This tariff emphasizes the 
criminalistic importance of traces.

All of the above traces lead us to believe that the 
following key elements must be included in the con-
cepts of the traces:

The trace is, first and foremost, the material 
reflection of the crime scene. The crime, which is 
proved by the advances in modern science, that the 
material world is capable of reflecting events and pro-
cesses in its environment, is subject to this general 
law, and vice versa.

Trace is a reflection of material reality in vari-
ous dimensions. All other previous track rates are 
reflected in the change elements. The changes play 
a key role in the crime mechanism. However, it is 
not enough to justify the concept of footprints with 
this single concept. Changes are expressed in various 
forms and levels as a form of action, which cannot 
be altered in any crime or crime scene. Therefore, as 
a sole basis for the tracks, the whole of the tariff it-
self adds uncertainty to the notion of footprints. For 
changes that are represented as traces, other forms of 
reflection are also needed, within which the traces 
should be reflected.

Traces are carriers of information about changes 
in objective reality as a result of crimes or criminal 
acts. The nature of the information or information 
that the trailers bear is not limited to identifiable data 
or information, such as tracological traces.

As a result of the advanced advances in science 
and technology, micro-organisms, which are still 
unknown, are indicative of the greatness of human 
thinking. The discovery of microRNAs also indi-
cates that human thinking is unstoppable in the 
future.

It is necessary to fully analyze the presented clas-
sification system and to mention some conditions for 
its further improvement. Separate tracks in this sys-
tem include the characteristics of other traces. Other 



EXPLANATION AND CLASSIFICATION OF TRACES IN THE THEORY OF TRASOLOGICAL EXPERT

147

traces, such as trasological traces, are insufficiently 
studied. There is very little information about the 

third. All this is indicative of the need for a deeper 
study of the traces, their essence and foundations.
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