RS Global

INTERNATIONAL

yScientific and Practical
CONFERENCE

00000000 00CGFOCGROOS

International Trends
in Science and Technology




Proceedings of the
XXX International Scientific and
Practical Conference

International Trends In
Science and Technology

June 30, 2021,
Warsaw, Poland

Copies may be made only from legally acquired originals.

A single copy of one article per issue may be downloaded for personal use
(non-commercial research or private study). Downloading or printing multiple
copies is not permitted. Electronic Storage or Usage Permission of the
Publisher is required to store or use electronically any material contained in
this work, including any chapter or part of a chapter. Permission of the
Publisher is required for all other derivative works, including compilations and
translations. Except as outlined above, no part of this work may be
reproduced, stored in a retrieval system or transmitted in any form or by any
means without prior written permission of the Publisher.

ISBN 978-83-961179-8-4 © RS Global Sp. z 0.0

© The Authors

RS Global Sp. z O.0.
Warsaw, Poland
2021

Founder:
RS Global Sp.z 0.0,,

Scholarly Publisher

Warsaw, Poland

Publisher Office's
address:

Dolna 17, lok. A_02
Warsaw, Poland,
00-773

E-mail:
rsglobal.poland@gmail.com

The authors are fully
responsible for the facts
mentioned in the articles.
The opinions of the authors
may not always coincide
with the editorial boards
point of view and impose
no obligations on it.



International Trends in Science and Technology

CONTENTS

ENGINEERING SCIENCES
Nona Otkhozoria, Vano Otkhozoria, Medea Narchemashvili

FRACTALITY OF MEASUREMENTS OF QUANTITIES AND REAL PROCESSES...............

Abelashvili Nodari, Didenko Ekaterina
DETERMINATION OF THE ASSIGNED VALUE BY THE PARAMETER OF THE TEST
CONTROL SAMPLE USING A COORDINATE MEASURING MACHINE.....................

0. C. Ilimsakoe, 11. 1. Heexcmaxos, C. B. Ilnax, C. I. Kucnuysa, I. M. Koscyuwiko
KOPUT'YBAHHA CIIEKTPIB BUITPOMIHEHHS CBITJIOAIOJHUX
OCBITJIIOBAJIbHMX YCTAHOBOK JIJI51 HIIJABUIEHHS IX ®OTOBIOJIOT TYHOI

BESIIEUHOCTL. ...t e

ECOLOGY

Mzia Diasamidze, Anna Shotadze
EXPERIMENTAL STUDY OF POLLUTION BY OIL AND OIL PRODUCT

BATUMIPORT AREA. ... . i

MEDICINE

Elcin Huseyn

PARKINSON'S DISEASE MEDICAL REHABILITATION METHODS.................cooee.

13

20

25

2 June 2021 RS Global



International Trends in Science and Technology

ENGINEERING SCIENCES

FRACTALITY OF MEASUREMENTS OF QUANTITIES AND
REAL PROCESSES

Nona Otkhozoria, PhD, Georgian Technical University, Georgia, Thilisi
Vano Otkhozoria, PhD, Georgian Technical University, Georgia, Thilisi
Medea Narchemashvili, PhD, Georgian Technical University, Georgia, Thilisi

DOI: https://doi.org/10.31435/rsglobal_conf/30062021/7620

Abstract. In the present work, the measurement of quantities and time processes from the point of view
of their fractal properties is considered, which implies the calculation of the dimension proposed by
Mandelbrot in two ways: the first is the practical definition of the fractal dimension based on the
calculation of the correlation dimension, the second is the empirical determination of the fractal
dimension by the method of the normalized Hurst range. Experimental results were obtained using
Labview and Mathcad technologies. experimental studies support the persistence in measuring
dynamic processes and the ability to predict the behavior of an object in the future. It was revealed
that the second method for determining the fractal dimension is obvious and easy to implement.
However, for this we have to deal with data describing the dynamics of the process, i.e. with a time
series. In the article, using specific examples, the use of fractals in metrology is shown, in particular,
in relation to the uncertainty of the measurement result.

Introduction. When it comes to fractals, it should first of all be emphasized that the idea of
studying fractals arose due to the impossibility of measuring the length of the coastline of Norway.
Measurements were carried out by various tools and methods offered by many scientists [1]. And only
the introduction of fractals and fractal dimension made it possible to solve many problems and, in
particular, to study the behavior of real-natural processes in terms of the possibility of predicting their
behavior in the future [1-3]

Let's start by defining the fractal itself.

One of the definitions of fractal: fractal is a set, parts of which are similar to the whole. The
principle of self-similarity is a characteristic determinant of the essence of fractals. The first most famous
scientist to study fractals was B. Mandelbrot. In the mid-60s of the twentieth century, he developed
fractal geometry, which he called the geometry of nature. He is the "father" of fractals, because he was
the first to use them in the analysis of fuzzy, irregular forms. The idea embedded in fractals is in non-
target dimensions. We usually use integer dimensions - dimensions. However, non-integral dimensions
may exist, for example, 2.58, i.e., between two-dimensional and three-dimensional measurements.
Mandelbrot called such measurements - dimensions fractal (fractional, divided into parts) [1, 2].

The logic of the existence of non-target dimensions is very simple. So, in nature there is no
perfect ball or cube without scratches and other irregularities. And to describe such objects, there must
be other dimensions. To measure such irregular, fractal figures, the concept of fractal measurement
was introduced - fractal dimension [1-3].

For example, roll a sheet of paper into a lump. From the standpoint of classical Euclidean
geometry, this object will be a three-dimensional ball in a three-dimensional dimension. However, in
reality, this is still just a two-dimensional sheet of paper, crumpled in the likeness of a ball. Thus, it
can be assumed that the new object will have a dimension of more than two, but less than three, i.e. it
will be in the fractal dimension, i.e. it will have a dimension of about 2.5 pm. The physical meaning of
this dimension means that in classical space there remains, due to the gaps and holes naturally present
in the crumpled sheet of paper, part of the space. In his work [2], he showed that fractal dimension is
the inverse of H, where H is Hurst's index. So, if H=0.5 (Brownian motion) D =2, (1/0.5), and at
H = 0.8, the fractal dimension is 1.25 (1/0.8).

But there is another fractal dimension D, [1] (according to Mandelbrot), which is defined as
D = 2-H, and this is an estimate of the degree of fracture of the time series, which will be discussed
when assessing the persistence and antipersistency of actually observed data describing a dynamic
process (Hearst's empirical law is the normalized scope of R/S) [1].
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The purpose of this work is to consider the measurement of quantities and time processes from the
point of view of their fractal properties, which involves calculating the dimension proposed by Mandelbrot
in two ways: the first-practical definition of fractal dimension based on the calculation of correlation
dimension, and then the Hurst index. Second application of Hearst normalized span (R/S) empirical law for
direct measurement of H (Hearst index) followed by calculation of fractal dimension. The numerical value
of H depends on the presence of a deterministic pattern in the object of measurement, and therefore the
possibility of predicting its behavior in the future. The task was also to show, with specific examples, the
use of fractals in metrology, in particular with regard to the uncertainty of the measurement result.

2. Main part

2.1. Mathematical interpretation

How to imagine the dimension of fractals mathematically? Let to fill an arbitrary geometric
structure with a Euclidean dimension Dy require N (a) circles for flat figures with a diameter? and spheres
for figures in space (in a three-dimensional dimension). When dimensioned (e—0) the sum of the circles
tends to the volume occupied by the geometric object. In this case, the fractal dimension (Dy) is defined as

Dp = lim 2© (1)
e-01In (1/€)

Follows from expression (1) that for a set of the points forming the smooth line, Euclidean
Dy = Dp = 1. At the same time the structure of a geometrical object will be fractal if Dg # Dg.
Clearly, Dy always takes only integer values. Therefore, fractal dimension is non-numeric and
characterizes objects with a complex structure.

In practical fractal dimensionality calculations, the correlation dimensionity D is used, which
is determined by the expression:

D = lim 2€© 2)

e-0 In (&)
where (&) is a correlation function calculated as:
C(e) = lim - ©)
It follows from the expression (3) that the value of (¢) is calculated as the ratio of the number
of points n, the pairwise distances between which are less than sound, to the square of the total number
of points N. Accordingly, in order to determine the correlation dimension D first of all, it is necessary
to calculate the number of points, the pairwise Euclidean distances (d) between which are less than the
given distance?

d = —x1)%* + (v2=y1)? 4)
where x;,y; — are the coordinates of point 1, and x,, y, — are the coordinates of point d< .

Note that all the calculations of the fractal dimension of research objects presented below are
implemented by Mathcad and LabVIEW technologies, and are a powerful mathematical tool for
fractal research. In the present article it will be a question of application of fractals in the sphere of
measurements (metrology) and, in particular, the modern concept of measurement uncertainty (types)
and also at measurement and the analysis of temporary dynamic processes. (Heisenberg and Brillouin
uncertainty principle) [5].

The relationship of the fractal to the uncertainty of measurements is easy to see. No matter how
accurately we measure, we cannot approach the true value, and the reason is: firstly, due to the error of the
standard itself, secondly, due to the influence of the measurement conditions, thirdly, due to the change in
the measurement object itself (the principle of indeterminacy of Heisenberg and Brillouin).

It is impossible to talk about the size measured by the caliper, that it is equal to
24.5 + 0.05 mm. Metrologically, it is more correct to represent this size in the form of an area from
24.50 to 24.60 mm. If the same size is measured with a micrometer, then the boundaries of the result
will be from 24.554 um to 24.558 um. The uncertainty region decreases (0.004).

Let's say that we measure the same parameter by the verified measuring means: first by the
working measuring means, then by the working standard, then by the standard of the 2nd digit, then by
the standard of the 1st digit and, finally, by the main standard.

In this case, this process is similar to the fractal formation process. With each step, we get a
decreasing measurement uncertainty, that is, the blur of the measurement result decreases. In work [4],
the question of uncertainty is considered when assessing the quality of measurements. It should be
noted that the fractal approach can be effective in applying uncertainty type B [5].
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In the LabVIEW software, for example, [6] provides an example of measuring weights.

Our purpose is to define the fractal dimension offered by Mandelbrot, two ways of her
definition - D.

In the first case, the dimension is calculated directly, and Hurst H is described by H = 1/Dp,
and in the second case Dr=2-H when H is determined experimentally. In both cases, the numerical
value of H is necessary to judge the persistence and antipersistence of the process [1-3].

2.2 Determination of fractal dimension by method 1

When directly calculating the fractal dimension (method 1), the work consisted at the first
stage in modeling a random variable distributed according to a uniform law, and at the second stage in
processing real data obtained to determine the amount of gold (quartzite) in the ore. These works were
carried out by Company in an open career way. The first figure shows the ore guarry, and the second
figure 2, for example, a table containing the presence of quartzite (gold) in ore and without gold (K) in
ore. According to the data obtained in a certain time, fractal processing was carried out (the first
method of determining fractal dimension).

i'c oar o *iw” gad axsna
1 B 3736
2 2 14216
3 3 18357
4 4 28807
5 5 39422
6 -IIe 51907
7 3034 || 7 62797
8 8139 || 8 78941
9 15840 || 9 78941
10| 15840 |J10] 89391
11| 15840 |fJ11| 89391
12| 15840 |[12] 96211

Fig.1. Ore quarry Fig.2. availability of gold in ore and without gold

As mentioned above, the proposed method was modeled in the LabView. fig.3-a shows the
topology that is formed by an 800-point combination.

The coordinates of the points are formulated by random, evenly distributed numbers, and in
image 3-b, corresponding to this topology, the distribution of the correlation dimension D (g)
depending on the distance €. Abscissa axis is built on a logarithmic scale. Calculations are given at the
initial value of €0=0.1, step spacing Ae=0.1 the number of steps was 7.
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Fig.3. a topology formed by the coincidence of evenly distributed points and the distribution of the
correlation dimension Dc (¢) depending on the distance ¢

RS Global June 2021 5



International Trends in Science and Technology

The experiment showed that:

1. Fractal dimension is less than Euclidean

2. As g (e—1) increases, the fractal dimension of the collection of points decreases De—0.
With increasing resolution, i.e. ¢ — 0 the dimension tends to Euclidean Dp—De — Dg,

As a result of processing the actually presented data, the dimension turned out to be equal to
Dp=1,53, therefore H=1/1,53~0,6, which indicates the persistence of the measurement results, i.e., the
possibility of predicting: in this case, an increased amount of quartzite (gold) in the ore, if much more
ore is subjected to treatment over a longer observation time.

2.3 Determination of fractal dimension using the Hurst normalized rane method

Now let's turn to the definition of fractal dimension using the Hurst normalized method (the
second method of determining Mandelbrot dimension).

Algorithm of H indicator estimation consists in the following:

Empty (t) describes a random process to be evaluated by Hurst's score.

1. We will designate through

(€)e = ZTE®) (5)
(&), — - average value.
2. We will designate through
X(t,7) = Lo=1{8(W) — (§)IX (6)
X(t,7)- is the accumulated deviation from the average to the moment t.
3. The difference between the maximum and minimum accumulated deviation is called the
span - R.
R(7) = max;<;<;X(£,7) — miny ;<X (¢, 7) (7
In this formula, t is a discrete time taking an integer value, and t is the duration of the time
period under consideration.
4. The normalized span is defined as:

R
35 (8)
Where S is the standard deviation estimated by:
1 1/2
§ = (3210 — (©)0)?) ©)
As Hurst discovered, the normalized span is very well described by the empirical ratio:
H
=) (19
from here:
__logR/S
- logt/2 (11)

We conducted many experiments in this regard, which dealt with the change in the frequency of
cardiorhythm and the part of seismography. Hurst score for cardiogram is 0.795, for seismography 0.749.
Hurst algorithm representation graphs obtained for temperature change data are presented below.

The Hurts score makes it possible to associate fractals with the generalized Brownian
movement [3] and thereby determine the presence in the process of persistence and anti-persistence,
that is, predictability (deterministic) and its absence (anti-persistence), when it is impossible to predict
the behavior of the process in the future (a completely random process).

So, when H < = 1/2, the correlation of past and future values is absent - the process is anti-
persistent when H > 1/2 maintains the current trend. The process becomes predictable - which is very
important.

We have determined the H score for the processes showing the change in cardiorhythm
frequency and seismogram segment. H = 0.795 for cardiorhythm frequency and for seismogram
segment H = 0.749. There are presented graphs showing the implementation of the Hurst normalized
span method for the temperature change process.
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Y = READFRN("D:\Vector.dan")

mean(V) = 20.808
Stdew(V) = 8.072 t=0.T1

t
Ht,T) = Z (V,, — mean(V))

u=10

rows{V) = 366

length(V) = 366 t=0_rows(V) -1
mean(V} = 20.806 1 = rows(V) il=1.7-1
i
.-».}5&1 = X(il, 1)
man(X) = 4435.643
min{X) = =730.571 +
8 = stdev(V)
_ max(X) ~ min(X)
E = 145664 log(E)
H=——
M log(T) H= pmn2
40 T T T
300 T T
30 .
20f; . 0 }
Vi X
10 } — 500F -
or | 3 L L L
— 110 -
0 | | | 1] 100 200 300 400
] 100 200 300 400 il

t
Fig.4. a) dependence of temperature on time; b) the accumulated deviation from the mean until the moment t

5. Conclusions.

As a result of the studies carried out, it can be concluded:

As a result of processing the actually presented ore data, the dimension was equal to Dz=1,53,
therefore H=1/1,53~0,6, which indicates the persistence of the measurement results, i.e., the
possibility of predicting the behavior of the measurement object in the future (in this case, an increase
in the amount of quartzite in the ore), if much more ore is subjected to treatment over a longer
observation time.

The distribution of the correlation dimension Dc¢ in relation to € showed that with the increase
of ¢, the fractal dimension (D, — 0) of the collection of points decreases. In the process of decrease
(e = 0), the dimension of the set of points increases, tending to the value DE.

According to the second method, we have determined the H index for processes showing the
change in cardiorhythm frequency and seismogram segment. H = 0.795 for cardiorhythm frequency and
for seismogram segment H = 0.712. Graphs are presented showing the implementation of the Hurst
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normalized span method for the temperature change process. H = 0.81 The dimension is calculated by
the expression: Dr = 2-H. This proves persistence in the measurement of dynamic processes.

A comparison of the above described methods has shown that the second method of
determining fractal dimension is simpler, more obvious and relatively simple to implement. However,
to do this, we must deal with data describing the dynamics of the process, that is, with a time series.
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Abstract. In this paper will be discussed the theoretical and practical issues of preparing a control
sample for geometric parameters of qualification testing using bridge type coordinate measuring
machine (CMM) GLOBAL S GREEN 091208.

The use of a control sample prepared in this way ensures the high accuracy of the control parameters
of the test item, usually manufactured on the cutting machine (CNC), and the high quality of the
determination of measuring instruments, measurement methods and personnel competence.
Theoretical and practical studies have substantiated the possibility of using such a control sample in a
machine-building, car-building, aircraft-building and other similar factories.

Keywords: qualification testing, inter-laboratory comparison, control sample, Certified value,
Assigned value.

1. Introduction. Determining the competence of testing and calibration laboratories is the
main purpose of the interlaboratory qualification comparison, the objectivity of which depends
significantly on the preparation of a control sample. The accuracy of the production of control sample
is not so important as the accuracy of determining the existing linear dimensions of the control
geometric parameters, known as the Assigned Value.

2. Purpose and Methods of Research. The process of preparing a control sample for an
interlaboratory comparison begins with the creation of a test item and control sample. It is necessary to
consider requirements that the control sample should meet. Depending on the model, type, industry
and other factors, the test requirements should be adapted to the specific test conditions, taking into
account the relevant metrological requirements. The basic requirements that should be met in the
control geometry of the inter-laboratory qualification comparison of geometric parameters, include:

e Requirements for control sample surfaces, curvatures, spherical, conical, curved and
convex, circular, rectangular, oblong and bevel surfaces;

e Requirements for physical, mechanical, magnetic, chemical and corrosion resistance
properties of the control material;

o Requirements for the possibility of making the sample without certain difficulties using
standard metal-cutting machine tools;

e Requirements for the universality of the control sample, which means that one control
sample should combine the maximum number of control points or surfaces listed above;

e The design and construction requirements should ensure the ergonomics of the control
sample, and its dimensions should meet the limits of the measurement area of a particular measuring
machine in the direction of the X, Y, Z axes;

o No special measurement requirements are needed for the accuracy of production of the
control sample (surfaces, grooves, etc.), as the aim of the inter-laboratory comparison is to trace the
real size with maximum accuracy and reliability;

e |t is important that the control sample maintained the stability of geometric parameters,
both in operation and transportation, as well as in the influence of environmental factors, such as
temperature, humidity, dust, grease, mechanical damage, vibration, impact and other factors;

Given the above, a control sample of complex geometric shape was prepared (Fig. 1),
aluminum was selected as the material based on physical, chemical, mechanical properties and
requirements of the qualification testing.
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Fig. 1. The control sample for qualification testing of geometric parameters

In the table below are shown possible test parameters of the control sample which can become
objects of measurement during the approbation and qualification testing (Table 1).

Table 1. Control sample study zones
osition on the drawing Test parameter
2,3 Linear dimensions
Depth
Inner diameter
Outer diameter
Parallelity of curves and planes
Perpendicularity of ridges and planes
Radius
10 Angle
11 The inner radius of the sphere
12 Distance between centers

I IR I SIS s

After production of the control sample, GLOBAL S GREEN 091208 bridge type coordinate
measuring machine (CMM) approves measurements of the control points, and determines Assigned
Values of the control parameters. To ensure this, we use the requirements of 1ISO 13528-2015 standard
(Section 7.5) according to which: “An assigned value can be determined by a single laboratory using a
reference method, such as, for example, a primary method. The reference method used should be
completely described and understood, and with a complete uncertainty statement and documented
metrological traceability that is appropriate for the proficiency testing scheme. The reference method
should be commutable for all measurement methods used by participants.” [1]. It (Section 7.5.2.) also
states that “assigned value of the proficiency test item can be derived by a single laboratory using a
suitable measurement method, from a calibration against the reference values of a closely matched
certified reference material.”

This approach assumes that data of certified (CRM) value is compatible with all measurement
methods used by participating laboratories, requiring a series of measurements to be performed on a
control sample using the same method of measurement under reproducibility.

In this case, to calculate the Assigned Value of the qualification testing, we can apply the
following formula

Xpt = Xcrm +d 1)
where: Xcrwm - is the assigned value for the CRM;

Xpt - 1S the assigned value for the proficiency test item;

10 June 2021 RS Global
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di - is the difference between the average results for the proficiency test item and the CRM on
the i ™ samples;

d - is the average of the differences di.

The control sample with non-precision geometrical dimensions was made with respect to
above mentioned requirements. Sample was manufactured from aviation grade aluminum on the CNC
machine (Fig. 2).

For the approbation of the control sample measurements was chosen the distance between the
Lowest Point-1 of a concave cylinder and the Highest Point-2 of the convex sphere. Here we have the

values of the DIST_LOW-HIGH coordinates.

LOWEST-POINT-1

L=41.6111488 mm

HIGHEST-POINT-2

GENERIC-CONT-6 - CONT-POINT-6

LONEST-POINT-1 - HIGHEST-POINT-2

° P °

Fig. 2. Control sample to be measured at points 1, 2 and 6

i 2 | orsT_conT_cen o 6 - GENERIC-CONT-6 TO CONT-POINT-6

X NOMINAL +TOL ToL MEAS DEV ouTTOL

M 100.000000  0.100000 0.100000 100.083732  0.083732 0.000000 . . 8
e | o1ST_LOWHIGH - LOWEST-POINT-1 TO HIGHEST-POINT-2

AX NOMINAL +TOL ToL MEAS DEV ouTTOL

M 41606670  0.100000 0.100000 41611489  0.004819 0.000000 S
o [m | Loc7 - LowesT-pomiT

X NOMINAL +TOL oL MEAS DEV ouTTOL

X 55.000000  0.100000 0.100000 55.000432  0.000432 0.000000 [ |
¥ 10.000000  0.100000 0.100000 9.999665 0000335  0,000000 T
z 5.000000 0.100000 0.100000 4991522 0008078  0.000000 1
T 0.000000 0.100000 0.100000 0008078 0008078  0.000000 S B
- [rm | vocs - HigHesTPOINT-2

AX NOMINAL +TOL ToL MEAS DEV ouTTOL

X 90000000 0.100000 0.100000 90.001218 0.001218 0,000000 T ]
Y 10.000000  0.100000 0.100000 3.998775 0001225  0.000000 T
z 27.497000  0.100000 0.100000 27.49609  -0.000391 0.000000 T
T 0.000000 0.100000 0.100000 0000415 0000415  0.000000

Fig. 3. Measuring machine test protocol

The result of the approbation performed on the control sample for inter-laboratory comparison
of geometric parameters by CMM machine is shown in Fig 3.

3. Research results

In the report we see the nominal values of the X, Y, Z coordinates of the indicated points and
for each of them a tolerance value of 0,1 mm is indicated. (Fig 3.)

The spatial coordinates of point 1 and point 2 are also defined, limits of the tolerance interval
are indicated for each, and spatial coordinates are given which indicate the deviation values. The
report also indicates the measured distance between points 1 and 2 which is 41,611489 mm.
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Based on the coordinate data of the CMM machine, it is possible to calculate the result
algebraically.

For these points (1,2), according to the coordinates, we can calculate the distance between
them using well-known formula

d= \/(xz —x1)2+ = y1)?+ (2, —2)? =
\/(90,001218 —55,000432)2 + (9,998775 — 9,999665)2 + (27,496609 — 4,991922)2 =
\/1225,055 4+ 0,0000007921 + 506,460936 = \/1731,515934— =41,611488(mm)

Algebraically calculated distance value with a precision of 1 um was actually matched with
the value measured by the coordinate measuring machine, indicating the full adequacy of the
theoretical and practical results.

In the same way, we can calculate the deviation values defined in the report, which literally
represent the Type A uncertainty.

d€v1_2 == \/(devxl + devxz)z + (devy1 + devy 2)2 + (devzl + devzz)z

=+/0.0000027 + 0.000021 + 0.000072 = 0.00978 ~ 0.001mm
In such case in the formula (1) given for the calculation of the Assigned Value to the
qualification testing, (1) Xcrm - represents d lengths of the search section and d - deviation with respect
to each axis. Therefore formula (1) will be

Xpt = d + dev;_; 1)
Based on the above mentioned formula distance between the Lowest Point and the Highest
Point will be:

Xpe = L = 41,611488 + 0.001[mm)]

which is the Assigned Value of the given parameter of control sample.

4. Conclusions. Based on the theoretical analysis and practical research, it was determined
that the high-precision bridge type coordinate measuring machine can be used for qualification testing
of geometric parameters, to determine the control parameters of the control sample with high accuracy
and Assign Values to these parameters.

The requirements of 1SO 13528-2015 standard have been met to determine the value given to
a specific bridge type coordinate measuring machine (type GLOBAL S GREEN 091208, serial
number GLCS0013031A), which has undergone the calibration procedure (Calibration Certificate No:
SC20002771) with components according to the ISO 10360-2 (2001) methodology, meets the
metrological traceability requirements according to which "The calibration equipment calibrated by
accredited laboratories and are traceable to the national and international reference standards".
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Abstract. The paper considers the issues of increasing the photobiological safety of LED lamps by
adjusting the spectrum, which allows to fulfill the conditions of "melanopsin cross", the essence of
which is that the radiation intensity at a wavelength of 480 nm should always be greater than the
intensity at 460 nm and 450 nm. These conditions are met for a black body, but are not met at any
correlated temperature (CCT) for LEDs emitting bands of blue and yellow-green light. In LEDs, one
of the maxima of radiation is about 450 nm and coincides with the maximum of the weight function of
the dangerous action of blue light, and the minimum - at 480 nm - the region of the spectrum that most
effectively generates a signal to narrow the pupil. From the point of view of increasing
photobiological safety, the maximum at 450 nm must be reduced, and the "failure™ at 480 nm (for
effective pupil narrowing) must be filled to a level exceeding the level at 450 nm. In order to achieve
the "melanopsin cross" methods were proposed to adjust the spectral composition of the light
environment, forming LED lighting installations, by additional use of light sources with a radiation
spectrum that complements the spectrum of LED lamps in the region of 480 nm, and limiting the
radiation intensity of 450 lamps nm by using selectively absorbing and permeable materials.
Keywords: LED lamp, photobiological danger, blue light, radiation spectrum, "melanopsin cross".

Beryn. @ortobionoriyHOMY BIUIMBY CBITJIa Ha 30pOB’S JIO/eH NMPUCBSIYEHA BEJMKA KiJIbKICTh
cyuyacHux pociimkens [1-6]. CIE B [7] HamaHO po3’ICHEHHSI CTOCOBHO TEPMiHY «HeOe3MeKka CHHBOTO
cBiTiIay. BiH Mae 3acTOCOBYBaTHCh TUILKH MPU PO3IsAi (OTOXIMIYHOTO PH3UKY ITOIIKOJKEHHS
CITKIBKM OKa ((hOTOMaKyIomarii), 3a3BH4ail 1MoB’s3aHOi 3 (iKcalli€ro TMOTIsAAy Ha SICKpaBi JpKepena
cBiTia. Pu3nk (hOTOXIMIYHOTO TMOINIKOKEHHS CITKIBKM OKa CHHIM CBITIIOM 3aJI©KUTh BiJ JOBXHHH
XBHII (3 MakcUMyMoM Onn3bko 435 — 440 uM). MibKHapoIHA KOMICIS 3 3aXHCTy BiJl HEIOHI3yIHOUOTro
unipomineHHst (ICNIRP) omyOnikyBana ¢yHKIiO Baromocti HeOe3nmeKH CUHBOTO cBiTia [8], sika
Tenep CTaHgapTH30BaHa B MixHapogHomy cranmapTi IEC 62471 «®otobionoriuna Ge3neka Jami i
JaMroBux cucrem» [9].

Teopist pU3HMKIB HETAaTHBHOT'O BILITUBY CBITJIA 1 METOMOJIOTIS PO3paxyHKY (hOTOOI0IOTidHO1
Oe3nekn Oyna po3poOsieHa Ha 0a3i ocHoBomonoxHux craredt [1, 10]. 3 Touku 30py BHU3HAUCHHS
HQUTMIIKOBOT JIO3M CHHBOTO CBITJa TIPEACTaBIsE€ 3allikaBieHiCTh pobora [11]. B 1pomy
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€BpoMeichKoMy 3BiTi «OnTHyHa Oe3leka CBITIOAIOAHOTO OCBITIEHHS» y BIAMOBIAHOCTI 3 BUMOTaMH
MixkHapoaHoro cranaapty IEC 6247 1npoBeneHo MOPIBHSHHS CIIEKTPIB COHSYHOTO CBITJIA 31 CBITIOM
MITYYHAX JDKEpeNn CBITIa (3 METOK BH3HAYEHHS HAJIMIIKOBOI JIOJII CHHBOTO CBITIA B CIEKTpi
cBiTimomioniB). Ha puc. 1 mpeacTaBiaeHo CIEKTP CBITIOMIONIB B SIKHX KPHCTAJ, IO BUIIPOMIHIOE CHHE
CBITJIO, TIOKPUTHH >KOBTHM JIOMiHOGOpPOM Ui OTpUMaHHs Oinoro cBitia. Ha mpomy *k puCyHKY
HaBeJICHO CIIEKTP BUIIPOMIHEHHS YOPHOTO Tija i JJaMIHM PO3KAPIOBAHHS, a TAKOXK MMOKa3aHi TOYKH, Ha
AKi HEeoOXiTHO 3BEpTAaTH yBary IMpH aHalli3i CIeKTpy OyIb-SKOTO Kepena. B iHTepBami KomipHHX
temneparyp Big 4000 K mo 6500 K BUKOHYIOTbCSI YMOBH «MEJIaHOIICHHOBOTO XpECTa» MpHU SKUX Ha
EHEepreTUYHOMY CIEKTpi CBiTIa aMIutiTya 1uist 480 HM moBUHHA OyTH 3aBXXIM BHLIOIO 32 aMILIITYAy B
iHTepBajIi TOBKHH XBHIIb 450-460 HM.

Jlawama
POSXAPIOBAHHEA

BigHOCHA CIIEKTpaIbHA IyCTHHA BHIIPOMIHEHHS

JIOBKHHA XBHII, HM

Puc. 1. Bionocuuii po3nodin cnekmpanvbHoi 2ycmutu 0Jisi YOPHO20 Mind, IAMNU PO3AHCAPIOBAHHS A
cgimnodiooa

[lopiBHIOIOYM CHEKTp COHSYHOTO CBITJIa 1 CBITJIOAIONIB HABOMATHCS HACTYIHI JIaHI:
ceiTiomionHa jtamma (CCT=4200 K) mae BigHoCcHY amutiTyay Ha 450 HM BUIIY, HIXK Y COHSYHOTO CBIT/Ia
3 CCT 6500 K; B criektpi cBiTmomiogHoi jgammu 3 CCT 4200 K npoBan na noexuni xBuii 480 HM Ha
MOPSIOK Ouibilie, HiXK B criekTpi consunoro ceitia 3 CCT 6500 K; B criekTpi CBITJIOAIOAHOT JIaMITH 3
CCT 4200 K nposain Ha 480 HM B pa3u OUTBIINIA, HIX B CHIEKTp1 Jlammu pokaproBanns 3 CCT 2700 K.

3 mpOro CIiye, 10 1032 CHHBOTO CBiTNA (MoBXkHMHA XBHI 450 HM) B CHEKTpi CBITIOIiOHOT
namru  (cBitmiabHuka) 3 CCT 4200 K npu oxHakoBoMy piBHI OCBiTJIEHOCTI Oyzme 3Ha4yHO
nepesuinyBatd (Ha 40 %) 103y CHHBOTO CBiTJIa B CHEKTpi COHI. Llg pi3HUIS i € HaATUIIKOBOIO
103010 (npu ograkoBux CCT Ta piBHSIX OCBITIEHOCTI). AJie CITiI TAKOXK BPaXxOBYBAaTH, 110 J03a Oy/1e
301TBIIIEHA 32 PaXyHOK HEQJIEKBATHOTO YIPaBIiHHSA PO3MipaMU 3iHUIh, SKi 3aJeXaTh BiJ| aMILTITyaAd
Ha 10BXWHI XBUii 480 HM.

B [12] 3po0GiieHi BUCHOBKM PO Te, IO CBITJIO 3 MOBXUHOK xXxBHI 450-460 HM cripuunHse
OKHUCITIOBAIILHUI CTpEC CITKIBKHU a cBiTiIO 3 460 HM 1 480 HM — yepe3 MeNIaHOIICUH TaHTIII03HUX KIIITHH
YIOpaBJIsi€, BIANOBIIHO, TOPMOHAJIBHOK CHUCTEMOIO Ta JiamMerpaMm 3iHuii. [Ipu cBiTIOIIOIHOMY
OCBITJICHHI OLTMMU CBITJIOAI0aMU (CHHE CBITJIIO KPHCTAaJa i KOBTE CBITJIO JIIOMIHO(OPA), IKI MAIOTh
npoBail B crekTpi Ha 480 HM, BigOyBa€eThCsl HealleKBaTHE PETYJIIOBAaHHS PO3MIpy 3iHHUII. AJEKBaTHE
perymoBaHHs Jiamerpa 3iHHLI BigOyBaeTbcs NpuU YMOBI laso wy < laso ww, € luso wv — ammmiTyza
sckpaBocTi npu 450 HM; lsgo we — ammmiTyna sckpaBocTi npu 480 HM. Take CriBBiIHOUICHHS
SCKPABOCTEW Y COHSYHOTO CBITJIA 1 JIAMIT PO3KaproBaHHs. PiBeHb (HOTOXIMIYHOTO PU3HKY JIJIs OUeH BiJl
CHHBOTO CBITJIa 3aJICKUTh BiJ] HAKONUYEHOI J03HM, K4 CTBOPIOETHCA SIK NMPH BUCOKIH SICKPAaBOCTI
NPOTATOM KOPOTKOYACHOT €KCIIO3MINii, TaK 1 B Pe3yJIbTaTi HU3bKO IHTEHCUBHOTO BIUTUBY MPOTATOM
TpuBanoro vacy. [Ipy npoMy OCOOIMBOMY PU3WKY TiJUIAIOTHCS TaKi TPYIH, K JITH, JITHI JIIOJA Ta
NPaliBHUKH, AISUIBHICTD SIKMX MPOXOAMTH B YMOBaX BUCOKOT'O PiBHSI OCBITJIICHOCTI JKepeaMH CBITJIa 3
BHCOKOIO KOPEJIbOBAHO KOJIPHOIO TEMIIEpaTyporo, TOMY IOCIiIKEeHHS (aKTOpiB, IO BIUIMBAIOTh Ha
(horobionoriuny 6€3MeYHICTh CBITIONIOHIX JIAMII Ta CBITHIIFHHKIB € aKTYaJILHOIO 33/1a4€H0.

[ligumienHss ¢GoTo0ioNoTiyHOI OE3MeYHOCTI CHHBOTO CBIiTIIa MOXKHA JIOCSATTH IUISIXOM
3MEHIICHHS] €HEPreTUYHOI SICKPABOCTI B CHHIH 00JacTi CIEKTpa Ta 3MIHOIO CIEKTPAIbHOTO CKIIAAY
BUIIPOMIHEHHS B I oOmacTi. 3HWKEHHS SCKPaBOCTI € (haKTOpPOM, IO BIUIMBAE IEPCBAXKHO Ha
¢doTo0iooriuny Oe3MeuHICTh Npu NPSIMOMY CIOIJISAaHHI Ha sCKpaBe JDKEPENI0 IPOTIroM
00OMEKEHOr0 dacy 1 BHUPILIYETbCA NIISIXOM 3aCTOCYBaHHS pPI3HMX pO3CiIOBaviB CBiTia. 3MiHa
CIIEKTPAJIBHOTO CKJIAAy BIUTMBAE Ha OE3MEUYHICTH SK MPU MPSIMOMY CIIOTIISIaHHI Ha SICKpaBe CBITIO,
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Tak 1 Tpu OOMEKEHHI /103 ONMPOMIHEHHs BiJl PO3CIIOBAaHOTO CBITJIa MPOTSATOM TPHBAJIOTO dYacy.
CyTTeBUX 3MIH CHEKTPaJbHOTO CKJIagy BHUIPOMIHIOBAHHS CYyYacHHX CBITJIOHIOMIB, IO MAacOBO
BUKOPHUCTOBYIOThCA TPU BUPOOHMIITBI CBITIOMIONHUX JIaMI Ta CBITWJIBHHUKIB, SIKi O 3a0BONBHSIN
BUMOTaM «MEIIAaHOTICHHOBOTO XpEcTay JIOCATTH HEMOXJIMBO 0e3 3aCTOCYBaHHS KPUCTANIB 1
TIOMiHOGOPIB 3 IHIIMMHU MapaMeTpamMH BHIIPOMiHEHHS B obOnactsax cmektpy 450 um, 460 HM Ta
480 am. Taki po3poOku BenyThes B [13], anme Ha ChOTOAHI BOHM III€ HE MalOTh KOMEPIIHHOTO
3actocyBaHHA. B Tabnmmi 1 Ta Ha pumc. 2 HaBeAeHiI JAaHI (OTOMETPHUYHUX Ta CIEKTPATbHHUX
BUMIpIOBaHb IOCIITHOTO 3pa3ka jqamnu Soraa PAR38 [13].

Tabmuns 1. Pe3ynpTaTn ekcriepuMeHTAIBHUX BUMipIOBaHb 1aMmni Soraa PAR38

DoTOMETpUIHI, KOJTOPUMETPHYIHI Ta €JICKTPUYIHI ITapaMeTpH JlaHi BUMiproBaHb
- CBITJIIOBHH IIOTIK, IM 1044

- cBiTioBa Biggaya, 1M/Bt 58

- KopenboBaHa KoJipHa Temneparypa (CCT), K 3015

- 3arajJbpHUH iHAEKC KoJaboporepenadi, Ra, BiqH. ofnHUIE 95 -96

- TOTYXHICTb, BT 18

Spectral power distribution

2.5E-02

2.0E-02

1.5€-02

1.0E-02

Radiant flux (W/nm)

5.0E-03

0.0E+00
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Wavelength (nm)

Puc. 2. Cnexmp eunpominrosanns namnu Soraa PAR3S [13]

AHamizyroud Il JiaHi CiJi BiJI3HAYHMTH, IO CBITJIOBA BijJladya JOCIIHOTO 3pa3Kka JIaMIH, B
TIOPIBHSIHHI 3 JIAaMIIAMH, B SIKMX BUKOPUCTOBYIOTHCS CBITJIOMIONN 3 CHHBO-)KOBTHM CBITJIOM, 3HAYHO
HWKk4a, nocuth Hu3bka Takok i CCT. OcHOBHI mepeBard JIaMITd: BUCOKHH 3arallbHAN 1HIEKC
KOJIbOpOIIEpeIadi i BiAMOBIIHICTh CIIEKTPY BUMOTaM «MEJIAHOTICHHOBOT'O XPeCcTay.

JJis 3MiHM CIEKTPAJIbHOTO CKJIAJAy PO3CIFOBAHOTO CBITJIA, SKH BIUIMBAE TMPH TPUBANTIH
€KCIO3MLIl Ha HAJJMIIKOBY 103y CHHBOTO CBITJa, TO TYT, KpiM BHIIE 3raJaHOro, iCHye KiJibKa
BapiaHTIB: OJHOYAaCHE 3aCTOCYBaHHS JKEpesl CBITIa 3 PI3HUM CHEKTPaJbHUM CKIaJO0M s
TIOKpAIlleHHS CIIBBIIHOMIEHHS MK CIIEKTpalIbHOIO TycTrHO mpr 480 HM Ta 450 HM (HanpuKIam, s
3arajgbHOTO OCBITJIGHHS 3acTOCOBYBaTH cBiTinomionHi cBitmwibHukH 3 CCT 3000 K — 4000 K, a ans
MICIIEBOTO — CBITHJIBHHKH 3 TaJIOTeHHUMHU Jlamnamu pozxaproBanns 3 CCT 2900 K); 3acrocoByBatu B
JIaMIIaX Ta CBITHJIBHHUKAX CENEKTUBHI QIIbTPH, sIKi OOMEXYIOTh SICKpPaBicTh BUIPOMiHEHHSI B 00JacTi
450 HM; BUKOPHCTOBYBATH Yy CBITJIOJIOJHHX CBITHJIBHHUKAX BHYTPIIIHE BiJIOMBaroue IMOKPUTTS 3
koedimieHTOM BigOMTTS B obOsacti cnektpy 450 HM MeHmuMM, HDK B obOmacti 480 HMm;
BUKOPHUCTOBYBAaTH Ui (hapOyBaHHs CTEJIi Ta CTiH NPUMILIEHb MaTepiajid, y AKUX KoeQilieHT BiIOUTTS
B 00J1aCTi CIIEKTPY 3 MaKCUMyMOM 11pu 450 HM € MeHIIUM, HiX B o0sacTi 480 HM.

MeTo10 1aHOi podOTH € TOCTIDKEHHS LMX METOJIB KOPUT'YBaHHS CIIEKTPIB BHUIIPOMiHEHHS
CBITJIONIOJHUX CBITWJIBHUKIB AJIs1 3a0e3MEUeHHs] YMOB «MEJIAHONICHHOBOTO XpecTa» 1 3MEHLICHHS
YTBOPEHHSI HAJUIMIIKOBOI 103U CHHBOTO CBiTHAa. CyTh YMOB «MEJaHOIICHHOBOTO XPECTa» IOJSrac B
TOMY, III0 PiBEHb BHIIPOMIHEHHsS IPH IOBXHMHI XBUIl 480 HM Mae OyTH 3aBXAM OLIBIINM 3a PIBEHb
npy A0BXUHI XBUIi 450 HM.

B poGoTi HaBemeHi pe3ysbTaTH MOCITIDKEHHS BIUIMBY PO3CiIOBadiB Ha SICKPAaBICTh CBITIA Ta
KOpETyBaHHS CITEKTpy B oOmacti 450 aM — 480 HM 3a paXyHOK OJTHOYACHOTO BUKOPHUCTAHHS JIAMIT Ta
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CBITWJIBHHKIB 3 PI3HUM CHEKTPaIbHUM CKJIaJIOM, CEJIEKTUBHO TMPOMYCKAIOUUX Ta BiAOWBalOUMX
CBITJIOMaTepialiB.

MeTtoau Ta pe3yJabTaTH Jocaif:keHHs. CIIEKTPH BUIPOMiHEHHS CBITHIIFHUKIB BUMIPIOBAJIH 3
BUKOpHCTaHHAM criekTpopaniomerpa MK350S. Ha ocHOBI BUMIipSHMX 3HaUY€HBb CHEKTPAIHHOI TYCTHHH
BUIIPOMIHEHHsI 3 BUKOpDHCTaHHsIM THporpamHoro 3abesmeueHHs MK350S pospaxoByBanuchk
¢dorometpuuHi (ocBiTieHicTs) Ta KonopuMeTpuuHi (CCT) napamerpu. HeBu3HaueHOCTi BUMipIOBaHb
Oysii B MeKax OO/KETY HEBH3HAYEHOCTEH, PEKOMEHIOBAHOTO €BPONEHCHKUM cTanaapToM [14]. Jlms
CCT «xamiOpoBaHa cTaHgapTHa HeBHM3HaueHicTh craHoBwia 30K, a 3arampHa po3mmpeHa
HeBU3HauyeHicTh (k=2) — 60 K. Cnextpu nponyckanHs (iabTpiB Ta BiZOUTTS HEMPO30pUX MaTepiajiB
BHMIPIOBAJIH 3 BUKOPHCTAaHHAM criekTpodoTomerpy A950.

CydacHi CBITJIONIONHI JIaMIHM 1 CBITHJIBHUKH, B SIKUX BHUKOPHCTOBYIOTHCA CBITIONIONH 3
KpHCTalaMH, LI0 BUIPOMIHIOIOTH CHHE CBITJIO (YacTHHA SIKOTO Ui OTpUMaHHS Oiloro cBiTIa
TIOTJIMHAETHCS JTFOMIHOQOPOM, IO BHIIPOMIHIOE JKOBTE CBITJIO) MalOTh MaKCHMyM BHUIIPOMiHEHHS B
obmacti 450 M 1 miHiMyM B oOmacti 480 M. Makcumym mipu 450 HM cmiBnamae 3 MakCHMyMOM
HeOe3MevHo Ti [ii CHHBOTO CBITNA, a IpU AOBXHHI XBUIi 480 HM HalHOUIbII e)EeKTUBHO HOPMYETHCS
CUTHAJ JUIA 3BY>KCHHs 3iHUII Oka. Mixk 1umu o0jacTsaMu, mpu A=460 HM, CHHE CBITJIO MAaKCUMAaJILHO
MIOTJIMHAETHCS YKOBTOIO TUIIMOIO CITKIBKH, fIKa 3axWIIae ii Bij 1Woro HeratwBHOI mii. Ha pucynky 1
HAaBEJCHO CIIEKTP BHUIIPOMIHIOBAaHHS CBITIIOMIONA 1 BKa3aHi TOYKH, HA SKi HEOOXiTHO 3BEpHYTH yBary
Ui miaBuieHHS (poTobionoridHoi 0e3MeYHOCTI CHHBOTO CBiTia. J[ns TOpIBHAHHS Ha PUCYHKY
HaBeZIeHI CIIeKTpu BunpoMiHeHHs dopHOro Tina mpu CCT=6000 K ta mammu poxaproBaHHS. 3 TOUKH
30py migBUIIEeHHS (HOTOOI0NOTIUHOI O0€3MeYHOCTI CHHBOTO CBiTIIa MakCUMyM Iipu 450 HM HEOOXiTHO
3MEHINYBaTH, a «mpoBa» B oOmacti 480 HM, AN €QEeKTHBHOTO 3BYXEHHS 3iHHUII, MOTPiIOHO
3aMOBHUTH. [lJI1 CHEKTPaIbHOIO CKJaly BHUIPOMIHEHHS JPKepena CBiTiia 3arajbHOr0 OCBITJIICHHS
MalOTh BHMKOHYBaTHCh YMOBH «MEJIAHOICHHOBOIO XpECTa», CYyTh SKHX IOIAra€E B TOMY, LIO
CHEKTpalibHAa TYCTHHA BUMNpOMiHeHHS npu A=480 HM Mae OyTW 3aBKIW OUTBLIOI 3a TYCTHHY HpHU
460 am Ta 450 BHM: I4g0 um = la60 um = la50 ums A€ 140wy 1460 v, ldso wv — BIAHOCHI aMIuTiTYAM Ha
rpadiky crektpanbHoro posnonainy mpu 480 aM, 460 uHM Ta 450 HM.

Sk BuAHO 3 puc. | yMOBH «MENAHOIICHHOBOTO XPECTa» BUKOHYIOTHCS [UISl YOPHOTO Tijia 1 AJIs
JIaMI pO3KaprOBaHHs. B CBITIIONIONHUX JKepenax CBITJIa B CIIEKTPAJILHOMY Jiara3oHi 3 MAaKCHMYMOM
npu 450 HM € BiIHOCHMH HAQJUIMIIOK CHHBOTO CBITJa B TIOPIBHSHHI 3 COHSYHUM Ta JIaMIIaMH
pozxaproBaHHA. Lls pisHULSA 1 CKIagae HaUIMIIKOBY J03Y CHHBOTO CBIiTJIa BiIHOCHO COHSYHOrO (IpH
onHakoBuX piBHAX ocBiTiieHoCTI Ta CCT). Jlo3a JOMOBHIOETHCSA TaKOXK 332 PaXyHOK OLIBIIOrO PO3MIpy
31HMII, 10 Ma€ Micle MPU OCBITIICHHI CBITJIOAIOMHIMH JDKEPEIaMH 3 «IIPOBAJIOM» B 00JACTI CIIEKTPY
480 um. Came cymapHa Ha[UIMIIKOBAa J03a CHHBOTO CBiTJa 1 MNPHU3BOIUTH OO0 NPUCKOPEHHS
JIETpaIalliifiHuX TPOIECiB, SKi 30UIBIIYIOTh PU3HK MOTIPIISHHS 30pY B IMOPIBHSAHHI 3 COHIYHUM CBIiTIIOM
(pu ogHakoBuX piBHX ocBiTIeHOCTi, CCT 1 e(heKTUBHOTO 3aXUCTY CITKIBKH KOBTOIO TUISIMOIO).

OnmuH 13 nuUIaxiB 3a0e3ledeHHs yMOB «MEJAHOIICMHOBOIO XpEcTa» € BUKOPHCTAHHS B
OCBITIIFOBAJIbHUX YCTAHOBKAaX, KPIM CBITJIOAIOMHUX CBITHJIBHHKIB Ta JIaMIl, JJAMIH Ta CBITWJIPHUKH B
SKHX IIi yMOBH BUKOHYIOThCS, HAIPHUKIIAJI TaJOTeHHUX Jiami posxaproBanas (I'JIP). B tabnwvmi 2 Ta Ha
puc. 3 HaBeJeHI pe3yJNbTaTH BUMIPIOBAHHsS CBITJIOTEXHIYHHX Ta CIIEKTPAIBHUX XapaKTEPHCTUK
OCBITJIIOBAJIbHUX YCTAHOBOK 31 CBITJIOAIOMHMMHK CBITWJIBHUKAMH Uil 3arajbHOTO OCBITJIICHHS Ta
ceitTwibHuKamMu 3 IJIP gua wmicueBoro ocBiTiieHHs. CCT  CBITJIONIOAHUX CBITHUJIBHUKIB HE
nepeBumryBana 3500 K.

Tabmuns 2. PesynpTaru BHMIpDIOBaHHS IapaMeTpiB  OCBITIIIOBAIBHUX YCTaHOBOK 3
CBITJIOAIOHUMHM CBITWJIILHUKAMU Ta CBiTWIbHUKaMHu 3 [ JIP

p— o m . .
= sElEgEy o Eg =5 | Bg
=i el d8Eg £ | 2| 85| SE | 5E
= FE|EREE O : S = : E
= S8 85ERL O ) ) )
) S| O & = i =
3aranpHe OCBITICHHS 292 - 2948 81,8 3,89 3,55 2,17
MicrieBe OCBITIEHHS - 248 2909 98,7 1,35 1,58 3,03
CyMapHuit pe3yJpTart 540 2800 91,7 5,24 5,13 5,20
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Puc. 3. Cnexmp oceimniosanvHol ycmanosku 3i c8imio0io0HUMU CEIMUTbHUKAMU OJiS 3A2aAIbHO20
ocsimnenns ma ceimunvhuxamu 3 I'JIP 0ns micyeo2o oceimieHus

I3 oTpumaHWX pe3yNbTaTiB BUAHO, IO TAKUM IIUISXOM MOXKHA JOCSTTH BUKOHAaHHS YMOB
«MEJIaHOTICHHOBOTO XpecTa». [Ipw 1bOMy MOXHA TaKOX 3HAYHO WiJBUIIMTH 3arajJbHUN 1HIEKC
KopoporniepenaBaHdss Ra. HemomikoM Takoro TeXHIYHOTO pilIeHHS € Te, MO eQeKTUBHICTH
OCBITITIOBAIFHUX YCTaHOBOK 3HIKYEThea a0 40 — 45 mv/BT, Tak sk cBitinosa Bigmada ['JIP 3Hagno
HWKYa 32 CBITJIOBY Biflady CBITIIOAIOAHUX JPKEPEN CBITIIA. AJie pe3ylibTyloua CBITIIOBA €hEKTUBHICTD
CBITWIBHHKIB 31 cBiTiomiogamu Ta [JIP He HabaraTo HWX4Ya BiJ MOCHIJHHX 3pa3KiB HOBUX
CBITJIOIO/IB, IO 3aCTOCOBYIOThCS B ammax Soraa PAR38 (nuB. Tabm. 1).

[HIIMM TUITXOM MOKpAIIeHHs CIIEKTPaIbHOTO PO3MOALTY BHUIPOMiHEHHS B oOsacti 450 HM —
480 HM € 3acTOCYBaHHS B CBITHIILHHKAX CEJICKTUBHUX (PUIBTPIB I OOMEKEHHS PIBHS BUITPOMIHEHHS
npu goBxuHI XBmii 450 HM 1 30umemmTH #Woro B oOmacti 480 HM, Ae Mae wmicre «mposamy. s
JOCHIDKEHHS] MM BUKOPHCTOBYBanu cTanAapTHi »koBTi ¢imsrpu JKC3, XKC4, XKC10, XKC11, XKCI12.
CriekTpy TpormycKaHHs WX (QUILTpIB HaBeleHi Ha pwuc. 4. B sKkocti BigOMBarouux MatepialiB
BUKOPHUCTOBYBAJIH 3pa30K papom 3 KoedimieHTaMu BiqOUTTsI, HABEJJCHUMH Ha pUC. 5.
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Puc. 4. Koeghiyienmu nponycxanns t; scoemozo  Puc. 5. Koegiyienm iooumms p; 3paska scosmoi
CKIA MOBWUHOIO 5 MM dapou

B Tabmuui 3 ta Ha puc.6 i puc.7 HaBeAeHI pe3yJbTaTH BUMIPIOBAHHS CBITJIOTEXHIUYHHX Ta
CHEKTPAIbHUX XapaKTEePHCTUK CBITJIONIOAHMX CBITHJBHHKIB 3 BHKOPHCTaHHSM IIMX MaTepiajiB.
3acTocyBaHHS (QUIBTPIB, 10 OOMEXKYIOTh BHUIPOMIHEHHS CHHBOTO CBITJIA J03BOJISIE OUIBII €(PEKTUBHO
KOPHT'YBaTH CIIEKTP CBITJIONIOJHOTO CBITHJIBHHKA JJISl JOCSTHEHHS YMOB «MEJIAaHOIICHHOBOTO XPEcTa» B
NOpiBHAHHI 3 BUKOpUcTaHHsM [JIP, ame mpu 1poMy 3HIKYEThCS SIKICTH KOJbOpoIlepeAaBaHHs. Mu
BHOHpaIH (GLIBTP TAKMM YUHOM, 100 3araibHUH 1HIEKC KONboporiepeiaBaHHs R, He 3HmKyBaBcst MeHine 80.
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550 600 ! 550 600
Wavelength (nm) Wavelength (nm)

Puc. 6. Cnexmp ceimnodioonozo ceimunvuuxa 3 Puc. 7. Cnekmp c8imno0io0H020 ceimuivHuxa 3
CCT 2950 K 3 giobusarouoro 6inorw emannio ma  CCT 2950 K (3 6i06usarouoio co8moro emaiiio
KOpe2ylouum ceimaopinbmpom iz #oemozo ma srcosmum ghinempom JKC12)
ckna KCI2

Tabmuns 3. Pe3ynbTaTét BUMIpIOBaHHS TIApaMETPiB CBITWIIBHUKIB 3 BUKOPUCTAHHAM (DiIBTPIB
13 JKOBTOT'O CKJIa Ta BiIOMBAIOYMX €KPaHiB 3 01101 Ta XOBTO1 hapOn
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JKCl11, 6ina dapba 329 245 2971 82,8 1,09 2,21 1,84
JKC12, 6ina dapba 329 257 2905 81,6 0,59 1,87 1,86
XKC16, 6ina dapda 329 232 2820 79,5 0,14 0,86 1,56
XKCl11, xoBra dapda 329 329 2977 84,1 1,71 3,24 2,53
KC12, xoBra dapbda 329 301 2865 81,6 1,39 2,71 2,19
JKC16, xoBTa (apbda 329 307 2845 80,7 1,17 2,30 1,92

3acTocyBaHHSI CENEKTHBHUX BiIOMBalOUMX MaTepialiB B CBITHJIBHHMKAX TaKOX JI03BOJISIE
3MIHIOBATH CHIEKTPAILHUM CKJIa]| BUIPOMiHEHHS 1, 38 IEBHUX YMOB, pa30M 3 3aCTOCYBaHHSM (IBTPIB,
0 OOMEXYIOTh BHIIPOMIHEHHSI CHHBOTO CBITJIa, MOXXYTh BUKOPHCTOBYBATHCH JUISI IiJBHIICHHS
(hoToOiONOTiYHOT OE3MEeYHOCTI CBITIOMIOMHUX CBITHIBHUKIB. [l TOKpamieHHS CBITIO-KOJIPHOTO
CEepeloBHINA, IO CTBOPIOIOTH  CBITJIIOMIONHI  OCBITJIFOBAJIIbHI ~ YCTAHOBKH, MOJXHa  TaKOX
BUKOPUCTOBYBATH CEJIEKTUBHE BiJIOWBAHHS CTiH Ta CTEJ MPUMILIICHHSI.

BucHoBku. CBITHIEHUKA Ta CBITJIONIOAHI JIAMIIH HAa OCHOBI CBITJOZIOJIB, KPUCTAIH SIKHUX
BUIIPOMIHIOIOTH CHHE CBIiTJIO, IO YAaCTKOBO IEPETBOPIOETHCS 33 JOMOMOTOI0 JIIOMIHO(GOpPY B *KOBTO-
OpaH)KeBe MArOTh Ha/UIMIIOK CHHHOTO BUIIPOMIHEHHS BiJJHOCHO PIBHS TpH JOBXHHI XBuii 480 HM.
st migBuieHHst poTo0i0I0T uHOI Oe3MeKH CBITIOMIOMHMX JIAMIT Ta CBITHJIBHUKIB HEOOXIIHO 3HAYHO
3HIKYBaTH DPIiBEHb BUIPOMIHEHHS Ha MOUISHLI CHEKTpYy 3 AoBkuHOW xBuib 400 — 450 HM i
30LIBIIYBATH B 00J1aCT1 3 MAKCUMyMOM Iipu 480 HM.

Hnst 3HmKeHHs (POTOOI0NOTiYHOT HeOEe3MeKH CHHBOTO CBITNIA TMPH OCBITIICHHI XHTIOBUX
MPHUMIIIEHb, JUTSYNX Ta HABYAIBHUX 3aKJIaJiB HEOOXiJHO 3aCTOCOBYBAaTH CBITJIOIOHI JaMId Ta
ceitmbHUKH 3 CCT nHe Bumoro 3a 3500 K, siki CTBOPIOIOTH HE CYTTEBY HAJUIHIIKOBY /103y CUHBOTO
cBiTIA 1 € OibIn Oe3meuni, Hixk CBITHIBHKMKH 3 BucokuMu CCT.

Po3po0ieni TexHiyHI PilIEHHS LIOA0 KOPHUI'YBAaHHS CIIEKTPAJbHOTO CKJIagy BHIPOMiHEHHS
OCBITIIFOBAJIbHUX YCTAaHOBOK IUISXOM CHUILHOTO 3aCTOCYBaHHS CBITJIOMIOJAHUX JIaMIil (CBITHIHHHKIB)
Ta TaJOreHHUX JIaMIT PO3KaproBaHHs. [Ipu IbOMY JUISL TOCSATHEHHS YMOB «MEJaHOTICHHOBOTO XPECTay
CCT ceitnogiogaux nami mae He nepesuinysatu 3500 K, a piBeHb ocBiTiieHOCTI, 110 cTBOproe ['JIP
Mae OyTH He HIDKUHU PiBHSI, yTBOPEHOTO CBITJIOAIOAHUMH JKepeinaMu cBiTia. CBiT/IOBa e(eKTHBHICTb
MIPH IOMY 3HWKYEThCS puOan3Ho Ha 40 %, a iHIeKC KOIboponepeaaBaHHs 3p0ocTae 10 95 oNNHUIL

3 METOI0 3MCHITICHHS PiBHSI BUIPOMIHEHHS B 00JIACTI CIIEKTPY 3 MakcuMyMmoM nipu 450 HM Ta
MiABULICHHS PiBHS BUIPOMiHEHHS B 00nacTi 3 MakcuMymoM mpu 480 HM, 10 MOXke 3a0e3MmednTH
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BUKOHAHHS YMOB «MEIaHOTICHHOBOTO XpecTa» A cBitimomionuux cBiTimipHuKiB 3 CCT mo 3500 K ta
Ra > 80, 3ampomoHOBaHa TEXHOJIOTiSI KOPUTYBaHHS CHEKTPY LUIAXOM 3acTOCYBaHHS (iIbTpiB 3
MiHIMaTbHAM Koe(ilieHTOM mpomnyckanHg npu 450 HM 1 MakCHManbHUM KOe(]illieHTOM B iHTEpBai
TOBXUH XBWIH 460 — 760 HM Ta BiIOWMBAaOYMX CBITIIO MarepiaiiB 3 MiHIMaIbHHUM KoedirieHToM
BinOUTTs pu 450 HM Ta MakcUManbHUM B iHTepBaii 460 — 760 HM.
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Abstract. As you know Artificial pollution is a serious environmental problem of the Black Sea, which
is created by household, industrial, atmospheric and river waste, as well as garbage - intentionally or
unintentionally dumped from ships. A significant part of sea transportation is occupied by
transportation of energy carriers (crude oil, oil products). This represents our scientific interest as
one of the leading maritime academies in the Black Sea basin. Previous studies were devoted to the
study of the possible pollution of the Black Sea coast of Adjara by the inflowing rivers, (by 7
components). Our Research was of an experimental nature and was carried out using a
multifunctional photometer and bathometer, purchased within the framework of a research project of
an internal grant from the Maritime Academy. This study was conducted under the same project,
which concerns the most urgent problem of pollution of the Batumi Black Sea water area with oil and
oil products. Samples taken in different parts of the water area of Batumi were investigated.
Laboratory studies were carried out to determine the content of petroleum products, the results of
measurements were obtained. Research has revealed signs of water pollution.

The research results are presented in the form of tables and diagrams, consisting of the studied
components. conducted environmental studies are of great practical importance. We are going to
continue research in this direction, by comparing the results obtained with previous data and on the
basis of causal conclusions, which will make it possible to identify trends in the processes associated
with oil pollution of the Black Sea coast. As a consequence, it will be possible to outline and plan
preventive measures to protect the environment.

Keywords: Water area of the port of Batumi, pollution by oil and oil products, fractional distillation,
waste water.

Little things from history. The history of the Batumi oil terminal dates back to the XIX century
and is closely related to the historical events of the development of the oil industry in the Caspian region.
By 1876, Ludwig Nobel (founder of the Nobel Brothers) had become the principal oil tycoon of Baku, the
Caspian "Black Pearl". In 1883, the Nobel Brotherhood built their first oil depot in Batumi. The history of
Batumi Oil Terminal starts from the construction of this facility. In 1883, Baron Alphonse Rothschild
financed the construction of a railway from Baku to the port of Batumi. In 1886, the Rothschilds founded
the famous Caspian and Black Sea Oil Company, through which oil storage reservoirs and trading
enterprises were built on the existing areas of the oil terminal in Batumi. With the new Baku-Batumi
railway, Batumi has literally become one of the major oil ports in the world.

Fig. 1. Batumi oil terminal.
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Shipping through ports, coastal waters and special economic zones, especially oil transportation
by tankers, is associated with the risk of marine pollution as a result of possible collisions, accidents, oil
overload and bunkering operations and other maritime incidents [3]. Such pollution can endanger
recreational areas, sensitive environments, seabirds, marine life, coastal facilities, and fisheries. A large
part of maritime shipping is occupied by shipments of energy carriers (crude oil and petroleum
products). These purposes are served by two specialized facilities: the Supsa Oil Terminal and the Kulevi
Port, as well as specialized terminals in the ports of Poti and Batumi. In turn, this causes pollution of the
sea area with petroleum hydrocarbons. Due to the ability of oil and oil products to float on the water
surface, coastal beaches are also polluted. The main pollutants are petroleum hydrocarbons. In this
regard, the so-called. The "hot spot" is the coast of Adjara, in particular the water area of Batumi.

Batumi, Kobuleti, Poti, Ureki, Anaklia - are famous resort cities in the Black Sea basin. At
least 50% of its population lives in the coastal zone. Added to this is a significant increase in coastal
population during the holiday season. The role of shipping in global transport systems is growing. The
so-called the vector of most of the "transport corridors" is directed towards the sea, which, in turn,
leads to an increase in the cargo turnover of ports. This in turn leads to an increase in coastal pollution.

The attractiveness of Georgia's coastal zone and the strengthening of its economic potential
are linked to the intensive consumption of natural resources in this zone. Therefore, knowledge of the
potential of existing natural complexes and the current ecological condition of the environment is very
important for achieving the goal of sustainable development of the coastal zone [4]. The pollution of
the Black Sea environment is also facilitated by the accumulation processes that take place due to the
limited exchange with other oceanic waters. Despite the multifaceted measures taken in the field of
ecological protection of the Black Sea, interest and research are urgent in identifying sources of
marine pollution and taking preventive measures.

Oil extraction, reloading and refining operations have been carried out in Batumi for a long
time. Currently operating Batumi Oil Terminal provides services for the reloading of crude oil,
petroleum products and liquefied hydrocarbon gas. In addition to the ongoing oil-related operations in
the port of Batumi, the current unfavorable situation is significantly due to the historical pollution on
the former territory of the Batumi oil refinery. The rivers Korolistskali and Bartskhana, in the direction
of which the groundwater is discharged from the territory of the former oil refinery in Batumi, are
practically a permanent source of hydrocarbon pollution Black Sea with oil.

Fig. 2. pollution of coastal areas of Batumi.

The composition of the industrial waste differs significantly from household. Table 1 shows
data on the maximum permissible concentrations of oil products in wastewater.

Table 1. Maximum Allowable Concentration petroleum products in wastewater

Ne These norms are strictly regulated and have the following meanings: mg/L
1 | Maximum permissible concentration a lot of sulphurous oil in the drains 0,1
2 | The maximum permissible concentration in wastewater of other types of oil 0,3
3 | The maximum permissible content of gasoline in wastewater 0,1
4 | The maximum permissible concentration of technical, oxidized, tractor kerosene 0,01
5 | The limiting value of the content of lighting kerosene 0,05
6 | Maximum allowable concentration of sulfated kerosene in drains 0,1
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We decided to study the Black Sea (Batumi and its vicinities) Pollution point and diffuse
sources. Point sources - the discharge of polluted water from factories through pipes into rivers and
then into the sea in this way. Diffuse sources - simultaneous pollution of various facilities at multiple
points through drainage water generated by rains (which is abundant in Adjara). For this purpose, we
carried out field | and field I field trips at the confluence of rivers and various points of Batumi water
area. We took water samples at different points in sunny and rainy weather. The Maritime Academy
owns a training vessel for “Cadet”, which were used to take samples from various points of the coast.

Fig. 3. Students in the process of research

After laboratory research of water samples, we processed the data. Comparing the permissible
norms, we made the relevant conclusions. Norms for the content of oil products in wastewater. Some
of the Estimated Objects assume the presence of oil products in the effluent. In particular, this applies
to enterprises in the automotive service sector - car washes, parking lots, service stations, etc.

And, of course, the content of oil products in the wastewater of oil refineries is inevitable.
However, whatever the nature of the facility's activities, it must ensure the purification of its effluents
from oil products in accordance with the established standards. The study was conducted on a laboratory
apparatus for fractional distillation oil, through which we determined the content of the petroleum
product in samples taken at eight different points. The obtained results are presented in Table 2. The
obtained results are compared with the permissible norm, the corresponding conclusion is made.

Table 2. Content of petroleum products (mg /L)

(Norm in the sea — 0,05 mg /L, in industrial waters - upto 5 mg /L)
sea buoy mooring Terminal berth Batumi port water area External raid

| 1 | 1 | 1 | ]
05-18 0,8 1,1-20 0,3 05-2.2 0,15 1,3-2,7 0,35

. Sea strip near Lake river. Bartskhani Delta river Kubistskali

City beach Ardagan (at 50 m) (at 50 m)

0,3-0,8 0,25 0,17-0,2 0,1 1,2-1,28 0,2 0,7-0,9 0,39
norm norm norm norm

We have generalized the result of the verification of Samples taken at eight different points
(during I and 11 flied trips), drew histogram (Figures 4 and 5) and came to the following conclusion:
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Fig. 4. Bar graph (field I)

seabuoy Trmma\ Bav umlpm Externalraid Citybesch Sessripnear  rive

moaring Lake Ardagan Br!skha Kb\sb@l
Delta (at50 (at S0m)
m)

Fig. 5. Bar graph (field 1)
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Any ecosystem has the ability to self-clean. This also applies to organic substances of natural
origin - oil and fuel oil produced from it, oils, diesel fuel, various types of gasoline, kerosene. They are
subject to natural biological destruction, but it takes a very long time and proper conditions, as well as
a very long process.

Conclusions. Thus, our field-scientific studies conducted in the Black Sea water area allowed us to
determine the nature of the change in the ecological parameters of the Black Sea Batumi water area. In
particular, we can assume that the oil pollution of the Batumi coastline is caused by drainage water. Using
the results of the research in practice, it is possible to assess the ecological safety of the Batumi port in a
complex way and to make a complex, optimal conclusion. Our research is complex in nature. It could not
be otherwise, because any kind of pollution is equally harmful to the Black Sea, differing only in the issues
of prevention and disposal. One of the reasons for the existing environmental problems is precisely that the
well-established approaches and methods of complex management are not being used.

This creates the ground for conflicts between the ecological and economic interests of the
society. To achieve a positive effect, it is important to consider the natural environment and economic
activities as one system. Finally, by describing the cause-and-effect relationships of the research
analysis, we came to the following conclusions:

o It is known that mechanical and chemical methods of combating pollution with petroleum
products can not ensure its complete elimination. Unsustainable consequences and side effects of some
methods (subsequent disposal of soils, oil contaminated with oil leachate and oils) significantly
increase the environmental improvement measures using them. It is important to introduce modern,
environmentally friendly, environmentally and economically viable innovative approaches and
technologies. In modern approaches, more and more preference is given to different methods of
cleaning the oil-contaminated environment (water, soil, soil and any other type of substrate) [5].

o Oil mostly pollutes the Black Sea coast, as it is where river confluences, wastewater
discharge points, ports and industrial facilities are concentrated. Oil spills from ships pollute not only
the coast but also the sea. Almost 111,000 tons of oil are spilled into the Black Sea every year, which,
according to official data, is mostly due to negligence. Spilled oil damages the coastal ecosystem,
destroys fish spawn and leaflets; This in turn directly affects seabirds, who face another threat: if they
are trapped in oil, they lose the ability to fly and dive, can no longer maintain body temperature, their
feathers lose their water resistance, and as a result, the birds get sick and die [6].

o Due to the poor condition of the communal infrastructure of the coastal settlements, the sea
is polluted with wastewater, and the pollution of the beaches is sometimes close to the almost
catastrophic limit. This leads to the impoverishment of the recreational resources of the coastal zone,
the reduction of the flow of vacationers and tourists, as well as, ultimately, the deterioration of the
socio-economic conditions of the part of the population that is self-employed in tourism and resort
services - small hotels, apartment rental, transport services, food and Other [7].

o In addition to oil pollution, visual observations have identified cases of solid waste pollution of
rivers and seashores. The Black Sea coast is highly polluted with plastic-containing solid wastes that pose a
threat to marine mammals as they swallow them. Too often, foreign bodies are found in the stomachs of
dead dolphins on the shore. The debris that floats on the surface carries the waves away from the shore,
eventually forming large motive islands of debris in the middle of the sea. The plastic waste is broken down
into small pieces, which are eaten by sea animals. As a result of consuming seafood, these wastes get into
the human body and are harmful to health - this is the task of our next study [8].

o Air pollution (intense smell of oil) is also noticeable in this zone, which is very noticeable. Due
to the oil pollution of the ground, several tens of hectares are practically unusable. From an ecological point
of view, oil pollution has quite serious consequences. If we take into account the recreational and tourist
importance of the Batumi coastline - the economic consequences of water pollution of beaches and beaches
may be even more serious, although these two factors are closely interrelated [9].

o According to Article IX of the 1992 Convention on the Control of Pollution of the Black
Sea (Bucharest Convention), all Black Sea countries are obliged to cooperate with other coastal
countries in order to protect the ecological environment of the Black Sea from pollution caused by
emergency pollution and disasters. Fight against it. Therefore, in the future, we aim to conduct joint
studies on the ecological condition of the Black Sea basin together with the Turkish and Ukrainian
naval academies, within the framework of which various unique observations will be made and
complex results will be obtained [10].

RS Global June 2021 23



International Trends in Science and Technology

10.

REFERENCES

Diasamidze Mzia, Shotadze Ana. 2021. Renewable energy sources in maintaining environmental stability
on the Black Sea coast. 2021 1%t Conference on Traditional and Renewable Energy Sources: Perspectives
and Paradigms for the 21 Century (TRESP 2021) E3S Web Conf. V. 250.

Diasamidze M., Shotadze A. 2019. Ballast water management and their system progressing. Fundamental
and Applied Researches in Practice of Leading Scientific Schools, No 31(1), pp. 58-60.

Paresisgvili O., Kvaratskhelia L., Mirzaeva V. 2017. Rural tourism as a promising trend of small business
in Georgia: Topicality, capabilities, peculiarities. Annals of Agrarian Science. V. 15. Pp.344-348.

Lauren Bradney, Hasintha Wijesekara and others. 2019. Particulate plastics as a vector for toxic trace
element uptake by aquatic and terrestrial organisms and human health risk. Environment International,
2019, V.131, 104937.

Anthony Chukwunonso Opia. 2019. Biomass as a potential source of sustainable fuel, chemical and
tribological materials 0 Overview. SIE 2019: Sustainable Integrated Engineering International Conference.
V. 39. Pp.922-928.

Elly Kristiani Purwendah, Dewa Gede Sudika Mangku, Aniek Periani. Dispute settlements of oil spills in
the Sea towards Sea Environment pollution. Proceedings of the First International Conference on
Progressive Civil Society (ICONPROCS 2019). Advances in Social Science, Education and Humanities
Research, volume 317. Pp.245-248.

Koval V., Mykhno Y., Antonova L., Plekhanov D. Analysis of Environmental factors effect on the
development of tourism. Journal of Geology, Geography and Geoecology. V.28. N. 3 (2019). Pp. 445-456.
Frederic Gallo, Cristina Fossi, Roland Weber. Marine litter plastics and microplastics and their toxic
chemicals components: the need for urgent preventive measures. Gallo et al. Environ Sci Eur (2018).
Mikhael P. Croissant and Bulent Aras. 1999. Oil and Geopolitics in the Caspian Sea Region. Book.
Westport, Connecticut London.

Aylin Ulman, Mustafa Zengin. The Lost fish of Turkey: A Recent history of disappeared species, and
commercial fishery extinctions for the Turkish Marmara and Black Sea. Frontiers in Marine Science. 2020.

24

June 2021 RS Global



International Trends in Science and Technology

MEDICINE

PARKINSON'S DISEASE MEDICAL REHABILITATION
METHODS

Elcin Huseyn, Research Laboratory of Intelligent Control and Decision-Making Systems in Industry
and Economics, Azerbaijan State Oil and Industry University, Baku, Azerbaijan,
ORCID ID: https://orcid.org/0000-0001-5965-7419

DOI: https://doi.org/10.31435/rsglobal_conf/30062021/7623

Abstract. Parkinson's disease ranks first among the neurodegenerative pathology. The approach to the
treatment of Parkinson's disease must be comprehensive. Medical rehabilitation methods include not
only basic drug therapy, surgical methods of treatment, but also methods of physiotherapy,
reflexology, physiotherapy, speech therapy and psychotherapy. When prescribing physical factors in
patients at different stages of the disease, it is possible to recommend those methods that will have a
more pronounced effect on the clinical symptoms of Parkinson's disease. From physical factors,
balneotherapy, thermal mud therapy, impulse currents, electrophoresis, electrostatic field, microwave
therapy, phototherapy, barotherapy are prescribed. The use of trans cerebral Electrotherapy methods
and computer-Stabil graphic programs in complex treatment based on biofeedback by
statokinesogram will reduce the severity of the main symptoms of the disease.

Keywords: medical rehabilitation, physiotherapy, Parkinson's disease.

1. Introduction. Parkinson's disease remains a common neurological disorder in the elderly.
The frequency of its occurrence ranges from 100 to 250 cases per 100,000 people [1]. Today in
economically developed countries, there is an increase in life expectancy and the number of elderly
people, which leads to an increase in the number of people with Parkinson's disease.

2. Materials and Methods. The etiology of Parkinson's disease is still unknown. However, it has
been suggested that there is a hereditary predisposition to it. At the heart of the disease is a decrease in the
number of substantial nigra neurons that produce the inhibitory neurotransmitter dopamine. In addition to
the substantial nigra, degenerative changes are also observed in the hypothalamus, reticular formation,
peripheral, autonomic system, cerebral cortex and some other structures. There is not only an imbalance in
the dopaminergic system, but also in the noradrenergic, cholinergic, serotonergic mediator systems [2].

Psychotrauma can become a triggering external factor. In patients with Parkinson's disease,
changes in psychoemotional and cognitive spheres are often observed [3]. The diagnosis of
parkinsonism syndrome is made in the presence of hypokinesia, as well as one of the symptoms:
muscle rigidity, resting tremor, postural instability not associated with visual, vestibular, cerebellar or
proprioceptive dysfunction [4].

In the clinic, the forms of Parkinson's disease are distinguished: trembling, rigid, kinetic - and
also "mixed" - according to the predominance of the symptom: tremor-rigid and akinetic-rigid.

Medicinal methods correct the rising imbalance in the dopaminergic, cholinergic and
glutamatergic neurotransmitter systems. Prescribe drugs to increase the level of dopamine: dopa-
containing drugs (levodopa, etc.), amantadine drugs (midantan, PK-merz), monoamine oxidase B
inhibitors (selegiline), catechol-o-methyltransferase (entacapon, tolcapon). They use drugs that
stimulate the receptors of the postsynaptic membrane of neurons sensitive to dopamine: dopamine
agonists (bromocriptine, pramixol, etc.) And anticholinergic drugs (cycloidal, parkopan, etc.).

Surgical methods are used when the effectiveness of pharmacotherapy decreases, the
occurrence of motor fluctuations. These include stereotaxic destructive and stimulation methods. The
stereotactic method has a pronounced effect on tremor and rigidity, but does not affect akinesia. Deep
brain stimulation is more effective and safer than stereotaxic surgeries. The method reduces the severity
of tremor and rigidity, but does not affect gait disturbances.

Physical methods played a significant role in the treatment of Parkinson's disease until the
1960s, before the introduction of L-dopa drugs into medical practice. However, at present, interest in
non-drug methods, especially in physiotherapy and exercise therapy, has increased again, since some
limitations in the appointment of drug therapy and pronounced side effects of atyparkinsonian drugs
have become apparent.
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The comprehensive program of rehabilitation measures for Parkinson's disease includes
physical factors, exercise therapy, reflexology, psychotherapy, speech therapy, which, when combined,
have a positive effect on clinical manifestations. Under the influence of physiotherapeutic factors,
hemo- and liquorodynamics improves, the permeability of the blood-brain barrier increases, the level of
metabolic processes in the brain and vitality increase.

It is recommended to prescribe balneotherapy to patients with the initial stages of the disease to
reduce the severity of clinical symptoms, reduce depressive and anxiety symptoms. If patients have
concomitant diseases of the cardiovascular system, hydrogen sulfide baths are used with a hydrogen
sulfide concentration of 50-100 mg/l and a temperature of 34-37°C, lasting 8-10 minutes, every other
day, for a course of 10 baths. Radon baths are prescribed with a radon concentration of 40 nCi/l
(1.5 kBqg/l) and a temperature of 36-37°C, lasting 10-15 minutes, every other day, 10-12 baths, if there
are concomitant diseases of the musculoskeletal system and peripheral nervous systems. Mineral baths
are used with a salt concentration of 20-40 g/l, a temperature of 36°C, a procedure duration of
10 minutes, daily or every other day, for a course of 10-12 procedures in the presence of concomitant
pathology of the musculoskeletal system. lodine-bromine baths are recommended to reduce the
depressive and anxious symptoms of the disease with a temperature of 36-37°C, lasting 10-15 minutes,
every other day. The course of treatment includes 10 procedures.

When using thermal mud therapy, the excitability of spinal motoneurons decreases, the
functional lability of the neuromotor apparatus increases, and the functions of the central nervous
system (CNS) are activated. Thermal mud therapy is prescribed to reduce the symptoms of stiffness,
hypokinesia and tremors. Apply paraffin wax with a temperature of 46-52°C or ozokerite 50-60°C on
the lower thoracic and upper lumbar spine lasting 20 minutes, every other day, 12-15 procedures.
Prescribe mud therapy with a temperature of 40-44°C in the form of applications in the same areas, 15-
20 minutes, every other day, 12-15 procedures per course [5].

Patients are recommended to electrophoresis of various medications using the "collar" or
orbital-occipital techniques, duration 15-20 minutes, daily, 12-15 procedures. The procedures help to
improve the tropism of the brain structures, to reduce the severity of the symptoms of the disease. From
medications for electrophoresis, a solution of nicotinic (0.5-1%) or ascorbic (2-5%) acid, potassium or
sodium iodide (2-5%), noshpa (1-2%), dibazol (0.5-2%), aminophylline (0.5%). Electrophoresis of
levodopa is used according to the endonasal or frontal-occipital technique. A solution of the drug is
injected from the cathode, daily or every other day. The course is prescribed 10-15 procedures.

Electrosleep procedures are carried out according to the orbital-occipital technique with a
frequency of 10 Hz, the exposure time is usually from 15 to 40 minutes, daily or every other day, the
course of treatment includes 12 procedures [6]. Electrosleep is prescribed for patients with mixed forms
of the disease in the presence of depressive symptoms and cognitive impairments.

The method of mesodiencephalic modulation is used, which is based on the activation of brain
structures located in the mesodiencephalic (subcortical) region. The procedures are carried out
according to the front-occipital technique (the anode is placed on the forehead, the cathode is in the
occipital region) with a pulse frequency of 70-90 Hz, duration of 20 minutes, every day or every other
day, 10 procedures per course of treatment.

Sinusoidal modulated currents (CMT therapy) can be recommended after stereotaxic surgery
and to reduce rigidity and hypokinesia. CMT-therapy procedures are prescribed paravertebrally on the
cervicothoracic and thoracolumbar spine, level ClII — Thl and ThIX — LI, variable mode, type of
work - 1l — 1V, frequency 80—30 Hz, modulation depth 50—100%. The exposure is carried out for 5
minutes on each zone, until a feeling of moderate vibration, daily, 20 procedures.

3. Results and discussion. In previous years, medical complexes were developed at the
Central Institute of Balneology and Physiotherapy, which included the appointment of UHF-
(decimetwave) and CMT-therapy procedures, hydrogen sulfide and radon baths [7]. Complex |
consisted of the sequential application of CMT therapy, hydrogen sulfide or radon baths. The purpose
of the complex has a significant effect on the severity of the symptoms of parkinsonism. Complex Il
included UHF-therapy, hydrogen sulfide baths, exercise therapy procedures. UHF-therapy was carried
out on the occipital or the collar region from the "Volna-2" apparatus with an exposure power of 20-
30 W, lasting 7-10 minutes, 10-12 procedures.

In order to improve microcirculation, reduce muscle rigidity, darsonvalization of the head,
collar or paravertebral zone is prescribed. The procedures are carried out with a spark discharge for 5-
10 minutes of the total exposure time, daily or every other day, 10-15 procedures.
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High, UHF electric field procedures (e. UHF) has a positive effect on the main manifestations
of Parkinson's disease. The capacitor plates are positioned bitemporally with an air gap of 3 cm on each
side. During the first 5 procedures, the exposure power is 15-20 W, in the rest - 20-30 W. The duration
of exposure is 7-15 minutes, with a gradual increase in time by 3 minutes. Treatments are scheduled
daily. The course consists of 12 procedures.

The combined method of influence, developed by the Department of Physiotherapy of the
Russian Medical Academy of Postgraduate Education, includes the use of e. p. UHF, on the second -
the appointment of procedures for electric sleep. The method is used to enhance the influence of
physical factors of various nature of the clinical manifestations of this disease. The method of combined
exposure is prescribed to patients with mixed forms of the disease, cognitive impairment.

In the method of transcerebral magnetotherapy, a "running" pulsed magnetic field from the A
limp apparatus is used, with a pulse frequency of 100 Hz, an intensity of 30% of the magnetic induction
in the first 2 procedures, and 100% in the subsequent ones. The procedures are carried out daily, lasting
15 minutes. The course of treatment involves the appointment of 10 procedures. Magnetotherapy has a
pronounced effect on depressive-anxiety and cognitive impairments [8].

Ultraviolet irradiation (UFO) has a beneficial effect on the autonomic nervous system, helps to
normalize the psychoemotional status of patients. UFO is prescribed for the cervicothoracic, thoracic
and lumbar segments along the spine. An erythema dosage is usually used. With the extinction of
ultraviolet erythema, follow-up procedures are carried out in 2-3 days 2-3 times a week. The next
irradiation is carried out at a dose that exceeds the previous one by 25-50-100%. 3-5 procedures are
prescribed for the course of treatment.

Under the influence of light therapy procedures (treatment with bright white light), the main
symptoms of parkinsonism are reduced: rigidity, hypokinesia and symptoms of depression. For this, the
"Biolamp" apparatus is placed at a distance of 60 cm and at an angle of 450 in the eyes of a sitting
patient. The exposure time is 30 minutes. The procedures are carried out in the morning. The course of
treatment includes 10 sessions [9].

Hyperbaric oxygen therapy procedures are recommended for patients under the age of 65 and
disease duration of 1 to 5 years. Barotherapy helps to normalize the neurotransmitter imbalance of the
brain and sympathoadrenal system. In the course of the course of treatment, a gradual increase in
pressure is carried out — from 1.6 to 2 am. The procedure takes 40 to 60 minutes. 8-12 procedures are
prescribed for the course.

The alternating electrostatic field from the Khivamat apparatus is used in patients with restless
legs syndrome, which occurs in the clinical picture of Parkinson's disease and refers to the motor
manifestations of the disease. Restless legs syndrome is a condition in which unpleasant, painful
sensations develop in the lower extremities, which most often occur at rest in the evening and at night
and lead to sleep disturbance. The appointment of an alternating electrostatic field significantly reduces
pain and movement disorders, has a positive effect on the emotional sphere, the quality of life of
patients. Procedures with a pulse frequency of 85 Hz are prescribed for the muscles of both legs. A
handheld applicator is used in the work. The duration of exposure to one limb is 10 minutes, the total
time is 20 minutes. 10 procedures are used in the course of treatment.

Massage procedures are carried out with the aim of significantly affecting the neuromuscular
apparatus, providing a relaxing effect. Massage of the collar and segmental zones of the spine is
prescribed. The course of treatment includes 10-20 procedures. It is necessary to use medication and
acupressure massage, avoiding rigid techniques. The massage method is used when the symptoms of
rigidity prevail and the presence of distortion in the clinical picture of the disease.

The tasks of exercise therapy as one of the important methods of medical rehabilitation for this
category of patients include the maintenance and development of motor stereotypes that help reduce
injuries and falls, the prevention of arthropathies that occur when the symptoms of rigidity and hypokinesia
increase. In the initial stages of Parkinson's disease, the goals of prescribing exercise therapy procedures
are: 1) reduction of the symptom of rigidity; 2) increased range of motion, increased endurance and muscle
strength; 3) training in muscle relaxation. In the later stages of Parkinson's disease, the goal of exercise
therapy is to reduce the postural instability that occurs in these stages of the disease.

To correct posture disorders, increase stability, reduce falls, computer stabilographic games are
used, which are based on the use of visual feedback according to a stabilogram [10]. The computer
stabiloanalyzer with biofeedback "Stabilan 01" is used. To improve and consolidate the motor
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stereotype, walking skills, a method of tempo-rhythm correction of walking is prescribed, based on the
synchronization of the patient's step with individually selected sound stimulation.

Tai chi gymnastics classes have an effective impact. It is based on a complex that includes
smooth and slow movements that promote a relaxing effect, reduce rigidity and improve balance.

The speech therapist conducts the correction of speech disorders in patients, in addition,
independent exercises are recommended. Patients are encouraged to read poems aloud, repeat phrases
from television and radio broadcasters, use dictaphone recordings to correct speech. Reflexology can be
recommended for patients with akinetic-rigid and rigid-trembling form of the disease. The effectiveness
of the method decreases in the presence of severe tremor. Acupuncture points of the extremities, heads
are used, oral acupuncture can be used for speech disorders.

The psychotherapy method includes hypnosis and auto-training. Their use in clinical practice has a
sedative effect, a decrease in hypokinesia is noted, but there is no effective effect on resting tremor.

Patients in the early stages of the disease in a resort and the sanatorium are prescribed
balneotherapy, Electrotherapy, massage, exercise therapy, walking, swimming, aerobics, sports games
(badminton, golf, towns) [7]. It must be remembered that in the early stages of the disease, when the
manifestations of the main clinical symptoms of parkinsonism are not pronounced, depressive disorders
may be present. Therefore, the complex of rehabilitation measures should include sedative therapy,
psychotherapy, auto-training. As the disease progresses and the ability to self-service is preserved,
treatment is prescribed in local sanatoriums without changing the climate or in the physiotherapy
departments of polyclinics.

To maintain employment, it is recommended to maintain habitual life stereotypes, professional
activities, and social contacts. Removing the patient from work can negatively affect his condition.
Social adaptation of the patient in the work collective is possible even with the progression of the
disease in the conditions of creating a sparing work regime, organizing early medical rehabilitation.

As the disease progresses and the development of a pronounced deficit of motor functions, the
patient is released from work, however, it is necessary to maintain and maintain a motor stereotype and
self-service skills. To date, medical and social groups for medical examination and rehabilitation and
schools for people with Parkinson's disease and their relatives have been organized at the Center of the
Ministry of Health of the Russian Federation and its regional branches [2].
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