European Journal
of Technical and
Natural Sciences

N23-4 2019

B PREMIER Vienna
Publishing 2019



European Journal of Technical and Natural Sciences
Scientific journal
N23-4 2019

ISSN 2414-2352

Editor-in-chief Hong Han, China, Doctor of Engineering Sciences

International editorial board
Andronov Vladimir Anatolyevitch, Ukraine, Doctor of Engineering Sciences
Bestugin Alexander Roaldovich, Russia, Doctor of Engineering Sciences
S.R.Boselin Prabhu, India, Doctor of Engineering Sciences
Frolova Tatiana Vladimirovna, Ukraine, Doctor of Medicine
Inoyatova Flora Ilyasovna, Uzbekistan, Doctor of Medicine
Kambur Maria Dmitrievna, Ukraine, Doctor of Veterinary Medicine
Kurdzeka Aliaksandr, Russia, Doctor of Veterinary Medicine

Ogirko Igor Vasilievich, Ukraine, Doctor of Engineering Sciences

Platov Sergey Iosifovich, Russia, Doctor of Engineering Sciences

Rayiha Amenzade, Azerbaijan, Doctor of architecture

Shakhova Irina Aleksandrovna, Uzbekistan, Doctor of Medicine

Skopin Pavel Igorevich, Russia, Doctor of Medicine

Suleymanov Suleyman Fayzullaevich, Uzbekistan, Ph.D. of Medicine
Tegza Alexandra Alexeevna, Kazakhstan, Doctor of Veterinary Medicine
Zamazy Andrey Anatolievich, Ukraine, Doctor of Veterinary Medicine
Zhanadilov Shaizinda, Uzbekistan, Doctor of Medicine

Khentov Viktor Yakovlevich, Russia, Doctor of Chemistry Proofreading Kristin Theissen
Kushaliyev Kaisar Zhalitovich, Kazakhstan, Doctor of Veterinary Medicine Cover design Andreas Vogel
Mambetullaeva Svetlana Mirzamuratovna, Uzbekistan, Doctor of Biological Sciences
Manasaryan Grigoriy Genrihovich, Armenia, Doctor of Engineering Sciences Additional design Stephan Friedman
Martirosyan Vilena Akopovna, Armenia, Doctor of Engineering Sciences Editorial office Premier Publishing s.r.o. Praha 8
Miryuk Olga Alexandrovna, Kazakhstan, Doctor of Engineering Sciences — Karlin, Ly¢kovo nam. 508/7, PSC 18600
Nagiyev Polad Yusif, Azerbaijan, Ph.D. of Agricultural Sciences E-mail: b blishi
Nemikin Alexey Andreevich, Russia, Ph.D. of Agricultural Sciences maitk pub@ppublishing.org
Nenko Nataliya Ivanovna, Russia, Doctor of Agricultural Sciences Homepage: ppublishing.org

European Journal of Technical and Natural Sciences is an international, German/English/Russian language, peer-reviewed journal.
It is published bimonthly with circulation of 1000 copies.

The decisive criterion for accepting a manuscript for publication is scientific quality. All research articles published in this journal have
undergone a rigorous peer review. Based on initial screening by the editors, each paper is anonymized and reviewed by at least two anonymous
referees. Recommending the articles for publishing, the reviewers confirm that in their opinion the submitted article contains important or
new scientific results.

Premier Publishing s.r.o. is not responsible for the stylistic content of the article. The responsibility for the stylistic content lies on an author
of an article.

Instructions for authors

Full instructions for manuscript preparation and submission can be found through the Premier Publishing s.r.o. home page at:
http://www. ppublishing.org.
Material disclaimer

The opinions expressed in the conference proceedings do not necessarily reflect those of the Premier Publishing s.r.o., the editor, the editorial
board, or the organization to which the authors are affiliated.

Premier Publishing s.r.o. is not responsible for the stylistic content of the article. The responsibility for the stylistic content lies on an author
of an article.

Included to the open access repositories:

ULRICHS

GLOBAL SERIALS DIR

© Premier Publishing s.r.o.

All rights reserved; no part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission of the Publisher.

Typeset in Berling by Ziegler Buchdruckerei, Linz, Austria.
Printed by Premier Publishing s.r.0., Vienna, Austria on acid-free paper.



MEANS OF SIMULATING NATURAL LIGHT AND VIEW QUT IN PUBLIC AND RESIDENTIAL PREMISES

Section 1. Architecture
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MEANS OF SIMULATING NATURAL LIGHT AND VIEW
OUT IN PUBLIC AND RESIDENTIAL PREMISES

Abstract. Recent trends in the field of lighting indicate that natural light should be a prototype
when designing high-quality artificial lighting. Basing on this tendency, the article outlines the main

means of natural light and view out simulation in public and residential premises. In general, three

main groups of simulation means were identified, namely: view out simulation means; natural light-

ing simulation means; means of simultaneous simulation of natural light and view out.

Keywords: simulation means, natural light, view out.

Problem formulation. By evolutionary develop-
ment the human body is genetically predisposed to
natural light (sunlight and light of the sky) [2, 889],
so natural light should be a prototype when design-
ing high-quality artificial lighting. The time from the
end of the twentieth century to the beginning of the
twenty-first century was characterized by the active
development of new light sources (LED - light emit-
ting diodes) and lighting materials. This tendency
has led to the appearance of a number of means of
simulating natural lighting in the interior design.
These tools greatly enhance the qualitative charac-
teristics of artificial lighting systems, so their detailed
study is a topical task. The conclusions obtained in
this study can be useful in designing light environ-
ment of modern residential and public interiors.

Analysis of recent research and publications.
In relation to the modern stage of light architec-
ture development, G. Kazakov notes that the cur-
rent characteristic architectural theme is the inter-
penetration and sometimes even blurring of the

distinctions between internal and external space
[6, 42]. The psychological connection with the
outer space or the possibility of looking at the dis-
tance for visual comfort and prevention of fatigue
is recognized as one of the most important require-
ments for high-quality lighting [1, 11]. Given the
fact that natural light is traditionally considered to
be the most favorable for a person’s comfort, the
number of artificial lighting installations simulat-
ing the properties of natural light is increasing. In
the course of the study, the lighting equipment and
systems of the following six manufacturers from dif-
ferent countries were analyzed: Sky Factory [7] and
Artificial Sky [3] (USA), product Sunlight LED
Window (USA, Australia) [8], Ewinlight (China)
[S], CoeLux (Italy) [4]. During the study the au-
thor used illustrative, video and text information
from sources of free access, in particular from of-
ficial sites of companies, as well as technical speci-
fications of products, which are provided by manu-
facturers under the subscription.
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The purpose of the article. The main purpose
of this work is to identify the main means of natural
light and view out simulation in public and residen-
tial premises.

Results. In general, in the context of this study,
three main groups of simulation means can be distin-
guished, namely: view out simulation means; natural
lighting simulation means; means of simultaneous
simulation of natural light and view out.

The first, technologically simplest and most com-
mon means of view out simulation consists in the inner
illumination of a light-penetrated surface with high-
quality color printing — a realistic image of the sky and
clouds or plants — applied on it. This simulation may
be exemplified by the light panels and LED light ceil-
ings produced by Sky Factory [7]. These light panels
consist of an aluminum case, high resolution photo-
graphic image printed on a semi-transparent sheet,
light scattering acrylic surface, which is superimposed
on this photo, LEDs as light sources that provide uni-
form illumination of the image at a small depth of the
entire design. LED ceilings are manufactured using
the same technology, but in this case polycarbonate is
used as a material for the light-scattering surface. Ar-
tificial sky by the company Artificial Sky also belongs
to the first simulation method [3]. It has the form of
asuspended light ceiling and consists of separate light
panels with LED illumination of a light-scattering sur-
face with a photographic image.

The second type of view out simulation is the use
of high-resolution screens built into the architec-
tural context which play a video captured by a fixed
video camera reproducing a view from a window in
natural dynamics. This simulation may be exempli-
fied by the virtual window and lighting system pro-
duced by the Sky Factory [7]. The virtual window
provides an illusion of natural landscape. Its visual
image, motion and sound are played back by means
of awall LED LCD that is embedded in a standard
size window frame. The light system on the ceiling
also contains a horizontal screen, which is embed-
ded in a special frame.

The main means of simulating natural lighting s the
use of artificial lighting, whose color temperature is
adjusted to the color temperature of natural light. Sun-
light LED Window [8], created by enthusiasts Craig
Proudley and Regina Putyrae may be considered as an
example of using this simulation means. This lighting
system has a range of color temperature from 2200 K
to 4000 K and comprises two components. The first
component is an LED illuminating device in the form
of alight panel that produces scattered light. The sec-
ond component is a device for real-time tracking of
color temperature and daylight intensity that is at-
tached to a window and sends information received
through a wireless radio frequency transmitter to the
light panel, providing automatic control of color tem-
perature and intensity of light radiation.

The first means of simultaneous simulation of natu-
ral light and view out is to use a virtual light ceiling
with pre-programmed LED lighting, which simu-
lates the natural dynamics of cloud motion through
the playback of a corresponding video. An example
of this simulation may be a product called Virtual
Sky by the Artificial Sky [3], which uses white LEDs
and RGB color type SMDs (surface mounting de-
vices) to create dynamic lighting.

The second means of simultaneous simulation of
natural light and view out comes closest to the repro-
duction of the natural lighting properties. It is based
on the use of complex optical systems for the visual
distancing of artificial sky and the illusion of the
parallel character of light beams cast. The product
Ewindow by the Ewinlight [S] may serve as an ex-
ample of using this simulation. It visually reproduces
daylight through the window spaces due to the use of
a complex optical system in conjunction with LED
lighting. The product looks like a light panel that sim-
ulates the clear or slightly clouded blue sky and its
structure resembles a window frame and is mounted
in the recesses in enclosing structures. With the light
on, the panel becomes transparent, forming an illu-
sion of three dimensions and visually distancing the

blue sky.
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The second example of this simulation, which
is even closer to the reproduction of the illusion of
natural light, is the lighting systems manufactured by
CoeLux [4]. Designed for installation in suspended
ceilings, these systems realistically reproduce the
distribution of natural light and contain two compo-
nents: cold scattered light perceived as a blue sky, and
warm direct light that simulates sunshine. This effect
is ensured by the use of light-diffusing panels made
of special nanostructured plastic, which being only
a few centimeters thick, reproduce the natural phe-
nomenon of Rayleigh scattering (this phenomenon
is the cause of the blue color of the sky in the nature).
Either an LED projector (in systems that imitate both
the appearance of the sun in the cloudless sky and the
corresponding lighting) or LED elements (in systems
simulating only sunlight in the cloudless sky) are used
as light sources. Using a complex optical system, such
as alight well, provides a sense of depth of the sky and
an illusion of the distance between a person and the
sun which is inherent in natural light. However, in ex-
isting models the artificial sun has an unchanging posi-
tion and the same angle of incidence of parallel rays.

Conclusions. In the course of the research the
means of simulation of natural light and view out in
public and residential premises were determined. Con-
sequently, the means of view out simulation include:

— inner illumination of permeable surface with
the application of a realistic image of the sky and
clouds or plants produced by means of high-quality
color printing;

— high-resolution screens embedded in the ar-
chitectural context which play a video captured by a
fixed video camera, reproducing a view from a win-
dow in its natural dynamics.

The means of natural light simulation include:

— artificial lighting, the color temperature of
which is adjusted to the color temperature of natu-
ral light.

The means of simultaneous simulation of natural
light and view out include:

— avirtual light ceiling with pre-programmed
LED lighting, which simulates the natural dynam-
ics of clouds motion through the playback of a cor-
responding video;

— complex optical systems for visual separation
of artificial skies and illusion of the parallel character
of incident light beams.

Prospects for further research. In the future, it
is advisable to explore each of the identified means
of simulating natural light and view out in the con-
text of harmonizing their light properties with the
properties of natural light while simultaneously us-
ing them within combined lighting systems.
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DETERMINATION OF CR, CU, NI, ZN, MN CONTRENTATION
LEVELS IN SEA WATERS BY ICP-OES

Abstract. In this work we evaluated the concentration levels of heavy metals such as Cr, Cu, Nj,
Zn, Mn, in the sea waters of the Vlora (Albania). The used technique was ICP-OES. The assesment
of heavy metals in Vlora bay indicates the presence of slight pollution by Cr, Cu, Ni, and Mn, while

the concentrations of Zn values were below the detection limit.

Keywords: Maritime pollution, heavy metals, water samples, Inductively Coupled Plasma Opti-

cal Emission Spectrometry.

1. Introduction

The coastline of the Vlora is increasingly attacked
today by various forms of nuisance due to industrial
activity and massive urbanization, resulting in an in-
creasing extent of pollution not only from domestic
sources but also from industrial ones. The coastal
fringe is increasing wastewater discharge without any
treatment, causing biological and physicochemical
contamination of marine waters [1, 1-10].

From the hydrodynamical point of view, these
waters as a part of mediterraen sea have a flow as it
shown in figurel (Pano N. et al, 2014). Small and

medium size rivers such as Vjosa river discharge wa-
ter in the Vlora bay. In short, all those specifics are
expected to directly or indirectly affect the levels of
concentration of metals and metalloids in the waters
[2,163-167].

In this framework, traces of the metals Cr, Cu, N,
Zn, Mn, are considered. Metals such as Cu and Zn
are components of household garbage. Based on ma-
terial-flow studies, a contribution of 50-80% of these
metals may come from urban sewage [3, 77-87].

It would be worthy as routine environmental
study, comparative analysis regarding to other coun-
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try’s places measurement. The study of the maritime
pollution and contamination for the Albanian Adri-
atic coasts is attracting the interests of many actors
and agencies. Partial analysis have been undertak-
en in this framework as in [4, 81-89], but up now
there has not been established a large-scale process
of measurement, data elaboration and mapping the
metals and metalloid presence in the water. Bearing
in mind that the tourism is very important part of
the country’s economy, many researchers have been
involved independently recently in the study of pol-
lution from industrial activities as Hg for example
[S,1-5]. and the presence of metalloids in the rivers,
atmosphere and in the sea water. The main objective
of this study is to evaluate the presence and average

42705
40%27.664°
40%27 355
4027002
40°26. 760
40’25 464

40725288

168°27 461"
19'27.739:
19°28.198
19%29.384
159,618
19%29.350
1929.271

concentration total of heavy metals in the water of
Vlora Bay, investigating the possible natural sources
and influences of anthropogenic activities on the
water quality.

2. Materials and Methods of Analysis

In our study, we carried out seven sampling sta-
tions at the places where we considered more af-
fected by antropogenic sources. The measurements
were realized in a calm water, during springtime.
The stations were located at distance 50 m from the
coastline and samplers ware taken in three vertical
points along the water column: at surface and close
under-surface straits at 10 cm, 60 cm largeness, and
in aintermediate depth of 120 cm quote, with a hori-
zontal Van Dorn water sampler (see figure 1).

9 Em

Eaning

Figure 1. Positions of sampling Stations

After, we used a glass bottle, to keep it sterilized
and to avoid any kind of sample contamination.

Their capacities ranging from 500 ml, previously
washed with distilled water and transported at low
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temperatures 4 °C in portable coolers. The conserva-
tion of the water samples was done according to the
guide for the preservation and handling of samples
according to ISO 5667/3 [6, 1-6]. The determination
of the traces of metals is carried out by atomic emis-
sion spectroscopy with plasma coupled by induction
according to standard NF EN ISO 11885. The analyti-
cal method used is described by [ 7, 1-9]. The analyses
were performed in triplicate, the standard deviation
(SD) found in the analyzes of traces in triplicate ele-
4Cr (Depth 10cm)
0.07 3
0.06 1

0.05 9
0.04 s
0.03 ¢
0.02 1
0.01 1

0

Concentration (mg/L)
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£ 0.052 4 : - 1
FoosH

‘é 0.048 4 5l ! } ]
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56 57
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cCocoeD o

== — N N — ]
=Rl L P - e ]

81 82 S3 S4 S5 86 87
Sampling stations Sifori=1,....7

ments. The main objective of these measurements was
to evaluate the way and the quantity values in which
both the atmospheric pollutions and waste discarges,
due to water flows, would contribute in distributions
of heavy metals along the water column.

3. Results and Discussions

By direct analysis using ICP-OES the level of
concentration of the metals Cr, Cu, Ni, Zn, Mn have
been identified. Each of them shows specifics that we
are referring shortly herein.

& Cu (Depth 10cm)

- 0,014 o

0.012
0,01 o

0.008
0.006 o
0.004 o ‘ |

0.002 o
0

Concentration (mg/1

N
S1 S2 83 S4 S5 S6 ST
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_0.014 1 e 0% )

%, 0.012
E 0.01 +
E’o,uns
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En.um- |
Z 0.002 4
= |
- [1] -
S1 S2 S3 S4 S5 S6 S7
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2
[

& Cu (Depth 120cm)
~ 0.014 »
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E 0.01 »
E 0.008
E 0.006 1
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= i
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Sampling stations Sifori=1,....7

Figure 1. Cr and Cu concentrations (mg/I) in seawater column
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Figure 2. Ni and Mn concentrations (mg/l) in seawater column

Table 1.- Descriptive statistical data for Cr, Cu, Ni, Mn. (Depth-10 cm)

Variable| Mean | StDev |CoefVar| Min | Q1 |Median| Q3 Max |[Skewness|Kurtosis

Cr 0.05429|0.00335| 6.18 | 0.048 | 0.053| 0.05S | 0.057 | 0.088 | -1.09 1.33
Cu |0.00986(0.00267| 27.11 | 0.004 | 0.01 | 0.011 | 0.011 | 0.012 | -2.28 5.6

Ni 0.018 |0.00909| 50.51 | 0.007 | 0.007 | 0.02 0.024 | 0.032 0.09 -0.68
Mn |0.04529(0.00765| 16.9 0.04 | 0.04 | 0.043 | 0.046 | 0.062 2.26 544

Zn NDL' | NDL' | NDL' |[NDL'|NDL'| NDL' | NDL' | NDL' | NDL! NDL'

INDL = Non Dedection Limits
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Based on descriptive analysis on table 1 (depth
10 cm) it is shown that the mean concentration val-
ue of Cu is higher than allowed limit (0.008 mg/1)
[8, 1-4], where it is noticed that 75% of samples are
with concentrations over 0.01 mg/l (Q1). Mean-

while the mean concentration values of Zn, Ni, Mn
and Cr are below the allowed limit (Zn: 0.01mg/],
Mn: 0.05mg/], Ni: 0.050mg/1 and Cr: 0.1 mg/1)
[9, 101-120]. We noticed a high value for Ni varia-
tion coefficient of 50.51%.

Table 2.- Descriptive statistical data for Cr, Cu, Ni, Mn. (Depth-60 cm)

Variable | Mean | StDev |CoefVar| Min Q1 |Median| Q3 | Max |Skewness | Kurtosis
Cr 0.05214(0.00313| 6.01 0.048| 0.049 | 0.0583 | 0.055| 0.056|-0.18 -1.94
Cu 0.01014]0.00302| 29.81 0.004| 0.009 | 0.011 | 0.012| 0.013| -1.66 3.07
Ni 0.01757]0.00315| 17.95 0.013| 0.015| 0.017 | 0.021| 0.022| O0.11 -0.67
Mn |0.04486|0.00641| 14.3 0.04 0.041 | 0.043 | 0.044| 0.059| 2.34 5.85
Zn NDL' | NDL' | NDL! |NDL!'| NDL' | NDL' | NDL!' | NDL' | NDL! NDL!

INDL = Non Dedection Limits

Based on descriptive analysis on table 2 (depth
60cm) it is shown that the mean concentration val-
ue of Cu is higher than allowed limit (0.008 mg/1)
[8, 1-4], where it is noticed that 75% of samples are
with concentrations over 0.009 mg/1 (Q1). Mean-
while the mean concentration values of Zn, Ni, Mn

and Cr are below the allowed limit (Zn: 0.01mg/], Ni:
:0.050mg/1, Cr:0.001 and Mn: 0.050mg/1- except for
S2 station with a value 0.059 mg/1) [9, 101-120] We
noticed a high value for Cu variation coefficient of
29.81% which shows a high level of heterogeneity
which shows a high level of heterogeneity.

Table 3.- Descriptive statistical data for Cr, Cu, Ni, Mn. (Depth-120 cm)

Variable | Mean | StDev | CoefVar| Min Q1 |Median| Q3 | Max |Skewness | Kurtosis
Cr 0.05457/0.00896| 16.42 | 0.047 | 0.047 | 0.054 | 0.057 | 0.073 1.72 3.46
Cu 0.00957|0.00391| 40.85 |0.001 | 0.009 | 0.011 | 0.012 | 0.012 -2.31 5.54
Ni 0.01429(0.00502| 3S5.17 | 0.008 | 0.009 | 0.013 | 0.02 | 0.021 0.17 -14
Mn |0.05029(0.01818| 36.16 | 0.039 | 0.041 | 0.043 | 0.054 | 0.09 2.29 5.38
Zn NDL' | NDL' | NDL' |NDL'| NDL' | NDL' | NDL' | NDL' | NDL' NDL'

INDL = Non Dedection Limits

The zinc: The mean values of zinc found in samples
of seawater are under the detection limit of < 0.2ppb.
So our results are still below the norm [ 10, 1-2].

Based on descriptive analysis on table 3 (depth
120 cm) it is shown that again the mean concen-
tration value of Cu is higher than allowed limit
(0.008 mg/1) [8, 1-4], where it is noticed that
75% of samples are with concentrations over
0.009 mg/1 (Q1). Meanwhile the mean concentra-
tion values of Zn, Ni and Cr are below the allowed
limit (Zn: 0.01mg/1, Ni:: 0.050mg/1 and Cr: 0.001)

[9,101-120]. 25% of the concentrations of analyzed
samples for Mn are below the allowed limit (Q3 =
=0.054 mg/ 1). We noticed a high value for Cu varia-
tion coeflicient of 40,85% which shows again a high
level of heterogeneity which shows a high level of
heterogeneity.

4. Conclusion

Marine pollution is a serious problem, especially
in countries in the process of industrialization like
Albania. With the absence of stations and sewage
treatment systems in these countries, wastewater is

10



DETERMINATION OF CR, CU, NI, ZN, MN CONTRENTATION LEVELS IN SEA WATERS BY ICP-OES

discharged into the sea without any prior treatment,
leading to degradation of the sanitary quality of
coastal waters and disruption of marine ecosystems.

The assessment of heavy metals in Vlora bay
indicates the presence of slight pollution by Cr,
Cu, Ni, and Mn, while the concentrations of Zn
values were below the detection limit. According
to water column we noticed a heterogenic distri-

bution. These levels of concentrations may derive
from atmosphere pollution as well as anthropo-
genic sources. Despite the low levels at the study
period, longterm exposure will increase the total
metal content over the allows limit and will alter
aquatic life. An immediate improvement could be
aprior treatment of urban waste, mainly wastewater
according to the standards.
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INVESTIGATION OF THE GENOTOXICITY OF NEW DRUG
“BAKAGIN” FROM THE PAROTID SECRETES CENTRAL
ASIAN GREEN TOAD BUFO VIRIDIS LAUR

Abstract. The effect of the new pharmacological preparate of “Bakagin’, isolated from the Central
Asian green toad Bufo viridis Laur parotid, to induction of chromosomal aberrations in mammalian
cells was studied in the following tests: In vivo cytogenetic test for chromosomal aberrations in the
mice bone marrow cells; In vivo cytogenetic test for micronuclei in polychromatophilic erythrocytes
of mouse bone marrow, and in vitro cytogenetic test for chromosomal aberrations in human periph-
eral blood lymphocytes.

It is shown that preparate “Bakagin” at concentrations of 0.093; 1.4 and 2.8 mg/ml in vivo tests
has not genotoxicity to induction of chromosomal aberrations in bone marrow cells. Also, preparate
in vitro tests at concentrations of 0.8-3.2 mg/ml has not genotoxicity to the MN (micronucleus)
in the PCE (polychromatophilic erythrocytes) of bone marrow and in the test for the induction of
chromosomal aberrations in human peripheral lymphocyte culture.

Keywords: Bufadienolides, bakagin, genotoxicity, mutagenicity, carcinogenicity, chromasomes,
cytogenetic test, aberration, micronuclei, polychromatophilic, lymphocytes, cytostatics, transloca-

tion, polyploidy, karyotype, hypotonization.

Itis known that drugs along with their basic prop-
erties may have genotoxic potency, namely, mutagenic
and carcinogenic activities. Identification of such a
negative effect of drugs has become necessary part of
a pre-clinical study for safety of drug use in the world
and is recommended by the internationally agreed
Harmonized trilateral guidelines for testing genotox-
icity (European Union, Japan and the USA) [1; 2].

In this work it is investigating the pharmacologi-
cal drug of Bakagin, consisted sum of bufadienolides
isolated from the Central Asian green toad Bufo viridis
Laur venom. The preparate is recommended for the
treatment of acute and chronic cardiovascular diseases
of I and III degree, caused by rheumatic heart dis-
ease, atherosclerotic cardiosclerosis, hypertension and
other conditions, requiring use the cardiac glycosides.
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According to international recommendations
[1; 2], the main method for assessing the genotoxic-
ity of pharmacological preparations is cytogenetic in
vivo analysis of mammalian bone marrow cells. The
study of the genotoxicity of chemical compounds
in chromosomal aberrations in the bone marrow of
small rodents is generally accepted, reliable, more in-
formative and most accessible method, since it allow
to explore the full range of structural and quantita-
tive damage of chromosomes [3].

The main aim of this work is to identify in the
pharmacological drug “Bakagin” ability to induce
chromosomal abnormalities in mammalian cells by
the following tests:

« Cytogenetic in vivo test for chromosomal ab-

errations in the mice bone marrow cells;

« Cytogenetic in vivo test for micronucleus in
the mice bone marrow polychromatophilic
erythrocytes;

« Cytogenetic in vitro test for chromosomal
aberrations in human peripheral blood lym-
phocytes.

Experimental

Chromosomal aberration induction in vivo
test in mouse bone marrow cells

The study of the genotoxicity of “Bakagin” prep-
aration was carried out in male mice with mass of
18+2.0g, 6 animals per group. Mice were kept in the
vivarium of the Institute of Bioorganic Chemistry,
Academy of Sciences Republic of Uzbekistan with
12-hour light mode, free access to food and water.
The basic rules of maintenance and care were ac-
cording to the standards given in the manual [4]
and by Good Laboratory Practice. The drug is in-
jected intra-peritoneal according to general accept-
ed methods at doses of 0.093 mg/kg; 1.4 mg/kg
and 2.8 mg/kg for S days. For control mice were
injected physiological solution. As a positive con-
trol cytostatic Cyclophosphamide once in a dose
of 20 mg/kg intra-peritoneal is injected. Mice were
sacrificed 26 hours after injection of Cyclophospha-
mide [S; 6].

Last day of the experiment, 2 hours before
slaughter, mice of all groups were intra-peritoneal
injected with 0.2 ml of a 0.025% Colchicine. The
bone marrow was removed from the tibia bones by
washing it with RPMI-1640 nutrient medium and
fetal calf serum, and to maintain cell viability placed
to thermostat for 37°C. After centrifuge the cell sus-
pension was removed and remaining cells were hy-
potonized with a potassium chloride solution. Cells
were fixed using a mixture of methanol and glacial
acetic acid. Further, preparations were prepared from
cell suspension and in the Motic BA210 microscope
(at 100 x 10 magnifications) chromosome damage
on metaphase cells were analysed. For each drug
dose the number of studied metaphases was not less
than 600.

As cytogenetic indices were distinguished and
counted:

1. Chromosomal aberrations: paired fragments,
paired micro fragments, symmetrical and asymmet-
rical translocations;

2. Chromatid aberrations: single fragments, sin-
gle micro fragments, symmetrical and asymmetrical
translocations;

3. Changes in the number of chromosomes: an-
euploidy, polyploidy.

Taking into account the possibility of artefacts,
associated with the drug preparation specifics, cells
with aneuplodia were not taken into account, from
the nature of chromosome damage analysis genes
(achromatic gaps) were excluded.

Statistical processing of obtained data was per-
formed with the calculation of x> with the Yates ],
correction for small numbers and p values. Results
were considered statistically significant at p < 0.05 [S].

Micronucleus in vivo test for mice bone mar-
row polychromatophilic erythrocytes

The study of micronucleus (MN) in polychro-
matophilic erythrocytes (PCE) is a convenient mod-
el, since firstly, these cells do not contain their own
nucleus and MN are well-visualized structures of the
cytoplasm; secondly, the maturation time of PCE is
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about 24 hours and the influence of genotoxic drugs
can be clearly differentiated from previous violations:
the discover of micronucleus in NHE are formed be-
fore the start of the experiment, they are not taken into
account, whereas the micronucleus in PCE are formed
under influence of studied drugs (Fig. 1).

Figure 1. Micrograph of a micronucleus
in a polychromatophilic erythrocyte

Studies have been carried out on male white out-
bred mice aged 8-9 weeks. Bakagin was intra-peri-
toneal injected into mice at doses of 0.093 mg/kg;
1.4 mg/kg and 2.8 mg/kg, daily for S days, 6 mice
were taken in each group. A physiological solution
is used as a negative control, the volume of injected
solution was 0.2—0.3 ml depending on the body mass
of mice, and the solution was injected for S days. As
an inducer of genotoxic effect (positive control), cy-
tostatic Cyclophosphamide at a dose of 20 mg/kg
is used, immediately injected once intra-peritoneal
after dilution by water for injection. The slaughter
of mice was carried out 28 hours after injection of
Cyclophosphamide. After the slaughter in all ex-
perimental and control variants, bone marrow was
isolated from 2 femoral bones from each mouse and
placed in 0.5 ml of Fetal calf serum. After that sus-
pension is centrifuged for 10 min at 1000 rpm, su-
pernatant removed, precipitate is re-dissolved and
applied to glass slides. The smears were left to dry
for overnight. The glasses were fixed in 96% ethanol
for S minutes. The staining of glasses was performed
with 5% Gimsa. Further, for differentiate PCE from
NHE, glass was clarified with 0.001% citric acid. Mi-
croscopic analysis of glasses were done at a magni-
fication of 10 X 100 using a Motic light microscope
with an integrated video camera (EU).

For each experimental variant, the ratio of PCE /
(PCE + NHE) was determined and compared with
the indicator in the control [7]. In the absence of sta-
tistically significant differences in the amount of PCE
and NCE from control (at p> 0.05), more than 1000
PCE were calculated for each animal and the number
of MN was determined, with further calculation of
the mean value (M) and standard deviation (s) in the
group. Statistical data processing was performed by
Student’s t-test at a significance level of p < 0.0S.

In vitro test for inducing chromosomal aber-
rations in human peripheral blood lymphocytes

Cultivation of lymphocytes: Human lympho-
cytes as a model object have a number of advantag-
es: the availability of obtaining material; mass cell
population; the natural initial synchrony of the lym-
phocyte population, since they are in the peripheral
blood in the G, - phase; possibility of stimulation
of lymphocytes with phitohemoagglutinin; human
karyotype knowledge (2n = 46). (Fig. 2)
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Figure 2. Normal karyotype of human pe-
ripheral blood lymphocytes, 2n = 46

These features of lymphocyte culture cells give
the reason to use them as a model object in the study
of pharmacological drugs [8; 9].

The peripheral blood lymphocytes of healthy
donors were cultured according to the Hungerford
method [10]. After thorough treatment of donor
skin with 70% ethanol, blood from the cubital vein
was taken, then placed in a tube containing heparin
(20 U/mlblood). Cultivation was performed in a ster-
ile box. Samples of heparinized whole blood under
sterile conditions were poured over 0.8 ml into culture
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medium vials. The composition of culture medium:
RPMI 1640 medium with Glutamine (Russia); fetal
calf serum (Russia); Gentamicin, Phitohemoaggluti-
nin (Russia). In to the blood medium concentration
of 0.8; 1.6; 3.2; pg/ml was added Bakagin and as a
control physiological solution is used. The vials were
placed in to thermostat at 37°C for incubation of cells
before fixation, for 54, 60, 66, 72 hours, while the cells
were exposed to the drug at all phases of the first mi-
tosis cell cycle, then the culture medium with Bakagin
was replaced with fresh medium without Bakagin. Into
culture medium 1.5 hours before fixation was injected
Colchicine (0.4 pg/ml), which destroy the microtu-
bules of spindle division and prevents to diverging of
chromosomes, and therefore, the cells stop at the stage
of mitosis metaphase.

Hypotonization of cells: After the end of culti-
vation, the cell culture centrifuged at 1000 rpm for 7
minutes, supernatant was removed using water pump,
preheated at 37°C a hypotonic solution of potassium
chloride (0.75 M) was added and obtained precipitate
re-suspended. Further, the cell culture tubes were kept
in a water bath at (37°C for 15 min. At the end of hy-
potonization, the tubes again centrifuged under the
same conditions and supernatant is removed.

Cell fixation: Cells were fixed at 4 time points:
54, 60, 66, 72 hours after the start of cultivation. For
cell fixation, the precipitate was re-suspended in 1-1.5
ml of freshly prepared fixative (mixture of methanol
and glacial acetic acid in a ratio 3:1) and its volume
was adjusted to 10 ml, then the tubes were kept for
20 min at 4°C. The change of the clamp with subse-
quent centrifugation was performed three times.

Preparation of chromosome preparations:
The preparations were prepared immediately after
fixing. The cell suspension was excavated onto pre-
cooled slides moistened with distilled water. After
drying, the preparations were stained according to
Romanovsky-Giemsa. For each drug concentration
of Bakagin analysed at least 600 metaphases.

Cytogenetic analysis of metaphase plates was
performed on a Motic BA210 light microscope, un-
der immersion with an increase of 100 x 10. The se-
lection of metaphase plates for cytogenetic analysis,
classification and counting of chromosomal aber-
rations was carried out according to the generally
accepted method.

Statistical processing of obtained data was per-
formed with the calculation of x> with the Yeats cor-
rection for small numbers and p values. Results were
considered statistically significant at p < 0.05 [5].

Results and discussion

Results of chromosomal aberration induction
in vivo test in mouse bone marrow cells

The results of mutagenic activity of Bakagin in
various doses showed that with the studied doses
drug did not induce a statistically significant dose-
dependent increase of the number of aberrations,
i.e., the number of microscopically detected chro-
mosomal aberrations in the experimental variants
remain at the level of the control. The aberrations de-
tected in the control and in all doses of drug were in
the nature of single and pair chromosome breaks in
bone marrow cells. In the control and experiments,
no aberrations of exchange were found, as well as a
deviation number of chromosomes against to norm.

Table 1.— The frequency of chromosome aberrations in the mice

bone marrow cells by in vivo action of Bakagin

_ Physiolo-gi- Dose of Bakagin (mg/kg) Cyclop-hos pha-
Indicators cal solution 0.093 1.4 2.8 mide,
. ] ) (20 mg/kg)
Number of studied meta- 600 €00 00 o0 .
phase
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1 2 3 4 S 6
The number of metaphases 4 3 (3 =0.000. 5 (x*=0.000. |4 (x*=0.126.| 74 (x* = 65.282.
with rearrangements p=1.000) | p=1.000) | p=0.723) p<0.001)
Total 0.6% 0.5% 0.8% 0.6% 12.3% (n="74)
. 3.6% (n=22)
Share meta- - Single frag- 0.5% 0.2% 0.5% 0.3% (x = 13.236.
phases with  |ments <0.001)
restruc-tu- 1P3(y ( 8)
. 3% (n=
ring% D °u]t°le frag 019 0.3% 0.3% 0.3% (x = 4.030.
fents p < 0.045)
7.3% (n = 44)
Exchange aberrations,% - - - - (¢ =43.622.
p < 0.001)
Chromosome number ~ ~ ~ ~ ~
change,%

A number of microscopically detected chromosom-
alaberrations in all concentrations (between 0.093-2.8
mg/ kg) remain in the level of control, without statisti-
cally significant differences (p > 0.05) (see Table 1).

Cyclophosphamide in a dose of 20 mg/kg, used
as a positive control, induced a statistically signifi-
cant increase the number of chromosomal aberra-
tions in the mice bone marrow cells relative to the
negative control (P < 0.001).

Thus, it can be concluded that “Bakagin” drug in
the used concentrations (0.093 mg/kg; 1.4 mg/kg;
and 2.8 mg/ ml) and within the sensitivity of the meth-

od for the induction of chromosomal aberrations in
bone marrow cells in vivo has not genotoxicity.
Results of micronucleus in vivo test for mice
bone marrow polychromatophilic erythrocytes
Polychromatophilic erythrocytes are defined on
the glass as small rounded, nucleus-free cells of a blu-
ish-gray colour with a delicate net in the cytoplasm.
In contrast, normochromatophilic erythrocytes have
a gently pink colour due to discoloration with citric
acid, which removes the dye from DNA and RNA-free
cells. Micronucleus in PCE and NHE are defined as
clear rounded purple formations inside of cytoplasm.

Table 2.— The frequency of micronucleus in PCE of mice

bone marrow under action of “Bakagin”

Number of ma- Number of Nu.mber of PCE Proportion of
Number of ] with MN1000
Group ture red blood PCE. M + s PCE with PCE PCE to all erythro-
cells. Mts T |MN.Mts ) cytes.% Mt s
M=z*s
1 2 3 4 S 6
gzlgatwe O | 1480.8+12.08 | 1149.8+8.03 | 53+0.6 46+0.6 43.71+1.28
Bakagin, 1174.2 £ 49+0.5 43,08 +1.25
1551.3+12.42 8+0.
0.093 mg/kg 5513 4 10.57 > 5 (p=0.972) (p > 0.05)
Bakagin, 1291.0 £ 4.6+£0.5 44,10+ 1.22
1 3+12. .0x0.
1.4 mg/kg 633.3 30 11.52 6006 (p=0.847) (p > 0.05)
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1 2 3 4 S 6

Bakagin, 45+0.5 43.23£1.22
1636.0 + 13.81 | 1246.3 £ 10. .6x0.
2.8 mg/kg 3 3 463 3| > (p=0.893) (p >0.05)
Cyclophos-
+ =

pha-mide, 1628.0+11.12 | 1222.5+11.8 | 50.3+1.4 (41;10_0;;‘-) 4(2.8>8 6;52)3
20 mg/kg p= P

The study was carried out in doses of Bakagin
0.093 mg/kg; 1.4 mg/kg and 2.8 mg/kg. In the doses
used, the appearance of micronucleus in polychro-
matophilic erythrocytes was observed in insignifi-
cant amounts. A number of microscopically detected
micronucleus in all investigated concentrations of
“Bakagin” (between 0.093-2.8 mg/kg) remains at
the control level, without statistically significant dif-
ferences (see Table 2).

Cytostatic antitumor drug Cyclophosphamide
was used as a positive control. In a dose of 20 mg/kg,
it led to appear statistically significantly large num-
ber of MN in PCE of mice bone marrow against to
control (P < 0.001).

Thus, “Bakagin” in studied doses in vivo condi-
tions polychromotophil erythrocytes of mice bone
marrow did not lead to increase the yield of micro-
nucleus. Preparate did not show genotoxicity in the
test for MN in PCE of the bone marrow within the
sensitivity of method.

Results for in vitro test to inducing chromo-
somal aberrations in human peripheral blood
lymphocytes

To establish mutagenic activity of the “Bakagin’,
the peripheral blood lymphocytes of healthy donors
in vitro were used (see Table 3).

Table 3.- The frequency of structural mutations of chromosomes in
human peripheral blood lymphocytes by influence of Bakagin

Dose of Bakagin. Cyclophos-phamide
Indicators Control pg/ml per 1 culture pg/ml per 1 culture
0.8 1.6 3.2 20 pug/ml
1 2 3 4 S 6
Number of studied meta- 525 536 521 531 529
phases
(V)
Number of metaphases 5 3(¢=023; | 2(x*=024; | 2 (X’ =0.24; (;(Z_Glé 13/;;
. _— = = B ’ ’
with rearrangements P=0.630) | P=0.623) | P=0.625) P =0.002)
Number of rearrange- 5 3 2 ) 22
ments
22 (4.15%)
Total 0.38 0.56 0.38 0.37 (% =15.245;
P<0.002)
_ 4(0.75%)
Share rear- | Single frag- 0.19 0.37 0.38 0.18 (5 =0.789;
range-ments |ments P =0.375)
11(2.08%)
an l?r)lzlts 0.19 0.18 - 0.18 (X =6.759;
g P =0.010)
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1 2 3

4 S 6

Exchange aberration - -

7(1.32%)
(x> =5.32; P =0.024)

Chromosome number
change

The results of mutagenic activity evaluation for
Bakagin by the tests for induction of chromosomal
aberrations in a culture of human peripheral blood
lymphocytes in several concentrations showed that
the drug did not induce a statistically significant dose-
dependent increase in the number of chromosome
aberrations. The number of microscopically detected
chromosomal aberrations in the experimental variants
remains at the control level. Microscopically detected
aberrations, both in the control and experiments, were
characterized as single and pair breaks. Both in the
control and experiments, no aberrations for exchange
nature were found, as well as deviation of the number
of chromosomes from the norm, which indicates the
absence of genomic mutations.

The number of microscopically detected chro-
mosomal aberrations in all doses of drug (between
0.8-3.2 pg/ ml) without statistically significant dif-
ferences (p > 0.05) remain at the control level.

Cyclophosphamide, used as a positive control,
relative to the negative control (p = 0.002) induced
a statistically significant increase in the number of
chromosomal aberrations in human peripheral
blood lymphocytes.

Thus, Bakagin in vitro tests in concentrations (be-
tween 0.8-3.2 pg/ml) and within the sensitivity of
the method used did not show genotoxicity for the
induction of chromosomal aberrations in human pe-
ripheral blood lymphocyte culture.
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Abstract. The article provides survey of bibliography related of diagnosis of erectile dysfunction.
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APTEPUOINEHHASA 3PEKTUJIbHAA ANCDPYHKLUA
N UHOPAKPACHOE U3JTYYEHUE

AnnoTanms. B poaHHOI cTaThe M3A0XKEHBI COBpeMEHHbIe AAHHbIE AUTEPATYPbl, KACAIOIUeCs AUa-
THOCTUKY apTePUOTeHHOM 9PEKTUABHOM AUCPYHKITHH. 3aTPOHYThI BOIIPOCHI B3aUMOAEHCTBUSA HHPPa-
KPaCHOT'O H3AY4YeHHs TeparepljoBOro AUANa3oHa ¢ OH00ObeKTAMH Pa3AUYHOM CAOXKHOCTHU PeaAr3a-
un. Peaanzanus adppexra HHPPAKpaCHBIX BOAH TePareprieBOro AUAIa3oHa B OHOCHCTEMAX BO3MOXKHA
Ha MOAEKYASPHOM, KA€TOYHOM U CUCTEMHOM YPOBHSX Per yASLIHH.

KaroueBblie cAOBa: oapeKTHAbHAS AUCPYHKIIHS, AMATHOCTHKA, 9HAOTEAHAAbHAS AUCQYHKISA, UH-
PpakpacHOe H3AyYeHME TeparepreBoro AMana3oHa.

Aprepuorennas apexruabHas Auchynkims (DA,
Pa3BUBAeTCs BCAGACTBHE HApyIIeHHUs IIPUTOKA apTe-
PHAABHOM KPOBH K KaBePHO3HBIM apTepUsM H Ka-
BepHO3HBIM TeaaM | 1]. VIMeroTcss MHOrOYHCACHHBIE
apryMeHTHPOBaHHbIE AAHHBIE O TOM, YTO B OCHOBE
apTepHOreHHON D/ AeXKUT He OPTaHNIeCcKoe, a PyHK-
IIMOHAABHO OOpaTHMOe IIOpaXKeHUe APTEPUIT — IHAO-

TeanaabHas aucynxuus (OuA). B Hacrosmee Bpems
OHA paccMaTpUBAIOT B KauyecTBe QpyHKIIMOHAABHOM
CTaAWMH Pa3BUTHUSL aTepocKaeposa [2—4].

Briepsrie cocTosiHue OH/A KOpOHAPHBIX apTEPHIL
uccaepoBar Ludmer P.L. u coaBT.( 1986) AO M IIOCAE
MHTPAaKOPOHAPHOTO BBEACHHS alleTHAXOAMHA. AaH-
Hasl METOAMKA OTPAaHMYHBAETCS HHBA3HBHOCTDHIO,
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TEXHUYEeCKOMN CAOXKHOCTBIO M BBICOKOM CTOMMOCTBIO.
B 1992 1. Celermajer D.S. u coaBT. BrepBsle ommca-
AVl METOA HEMHBA3UBHOM OLIEHKH 9HAOTEAUAABHOM
QYHKIMU IIA€YeBOI U OeAPEHHOI apTepHil.

Heob6xoanmMo oT™meTHTD, 4T0 JH/ He OrpaHU4UBa-
eTCsl KOPOHAPHBIMU APTEPUSIMH, A SIBASIETCS CHCTeM-
HbIM HapyIIeHHeM, KOTOPasi IOPaXKaeT BCe COCYAUCTBIE
pycaa [7]. CocrosiHue CHCTEMHON 3HAOTEAHAAD-
HO (QYHKIMHU y MAIMeHTOB ¢ O/ BIepBbIe U3YYHA
Kaiser D.R. u coasr. (2004). ABTOPBI CA@AAAM BBIBOA,
4TO ApTEPUOTeHHYI0 D/\ MOXKHO PacCMAaTpPHBATh B Ka-
JecTBe KAMHMYECKOTO MapKepa, YKa3bIBAaIOIIero Ha
HPHUCYTCTBHE CHCTEMHOT'O COCYAUCTOTO MOPasKEHHS.

Virag R. (2002), BriepBble NCIIOAB30BAA METO-
AVIKY TIOCTKOMIIPECCHOHHBIX U3MEHeHHI AaMeTpa
KaBEpPHO3HBIX APTEPHI C IIEABIO OLIEHKH SHAOTEAH-
aAbHOI QyHkrmu. Virag u coasrt.(2004) npuman
K 3aKAI0OYEHHIO, YTO B ITATOTeHe3e OPTaHUIeCKOM DA
Ba)KHOE 3Ha4YeHHe UMeeT HapylleHHe QYHKITHU dH-
AOTEAVSI KABEPHO3HbIX apTePHUHL.

OCHOBHBIM METOAOM AMAaTHOCTHKH apTepUOTeH-
HOW D/ Ha COBpeMeHHOM IJTalle SIBASIETCS AOTIIIAE-
porpadus KaBepHO3HBIX apTePHIl IIOAOBOTO YACHA
IOCAe HHTPAKaBEPHO3HOT'O BBEACHNS Ba30AKTHBHBIX
npenapatoB — dpapmakoponmnaeporpadpus (OATL)
[11]. OTOT MeTOA MMeeT psiA HEAOCTATKOB — 60AD
U CTpax OOABHOTO ITepeA MHbeKIIHel B IOAOBOM YAEH,
4TO MOXKET CHU3UTb AUATHOCTUYECKYIO IIeHHOCTb IO-
Ay4aeMBbIX pe3yAbTaTOB. JacTb IepevncAeHHbIX He-
AOCTAaTKOB AMIIIeHAa METOAHKA AOIIAeporpaduu co-
CYAOB IIOAOBOT'O YA€HA IIOCAE IIPHeMa HHTHOUTOPOB
S-pocpoanacrepaser [12; 13]. OpHAKO pe3yABTATHI
AQHHOT'O ICCAEAOBAHUS B OOABILE CTETTEHH 3aBUCST
OT CTelleHH CEKCYaAbHOTO BO3OY)KAEHISI MaI[eH-
Ta. He0OXOAMMO OTMETUTD U BHICOKYIO CTOMMOCTb
noAOGHOro MccAepoBaHuUs |14], 1 AAMTEABHOCTD
(mo Bpemenm) 06cAeAOBaHUSL.

TexHMYECKH TPYAHOBBIITOAHUMBIM ITOPOI SIBASI-
eTCsl ¥ IOCTKOMITEPCCHOHHBIA MEeTOA OIleHKH JHA
KaBepHO3HBIX apTepmit [ 15].

Takum 06pasoM, HCIIOAb3yeMble METOABI AUATHO-
CTHKH apTepuoreHHOi DA, (KOMIIPeCCHs, CTHMYASIIHS

AeKapCTBEeHHBIMH ITPEapaTaMH — Per 0S, HHTPaKaBep-
HO3Has uHbeKus, aprepuorpadus, OAT) He dusuo-
AOTHYHBI 110 CBOEH CyTH, UHBA3UBHBI U TeXHUYECKU
CAOXKHBI IT0 HCIIOAHeHHI0. KomOuHarims MeTopuk
C IpUMeHEeHHeM ayAUOBHU3yaAbHOM CeKCYyaAbHOH CTH-
MYASILIe MOBBIMAeT AUArHOCTHYECKYIO IJeHHOCTb
[16] B onpeaeAeHNH SHAOTEAMAABHOM QYHKIMHU Ka-
BEpPHO3HBIX apTEePHIil, OAHAKO B IIEAOM TOYHOCTD pe-
3YABTaTOB OCTAeTCS HEYAOBACTBOPUTEABHOIL.

Unoe peno — undpaxpacuoe (UK) usayuenue,
a IMEHHO eT0 AAABHMI AMAIIa30H.

HIK - nsayuyenue, Aexalnee B CIIeKTPAABHOM AH-
armaszoHe U3Ay4eHHs OT 3,5 MKM A0 56 MKM UTpaeT
BAXHEHIITYIO POAD B KH3HEAESTEABHOCTH 1 Pa3BUTUH
JeAOBEeYeCKUX KAETOK.

YcTaHOBAGHO, UTO pacCMaTpUBAaeMBIN AUAIIA30H
9AEKTPOMATHUTHBIX BOAH HCIIOAb3YeTCS YKUBBIMH Op-
TaHU3MaMH AASI CBSI3U M YTIPABAEHHS, IIPH 9TOM CaMH
KUBbIE OPTaHHM3MbI H3AYYAIOT KOACOAHSI MUAATIME-
TpoBoro pAuanasoHa [ 17; 18]. Boansl, Bos6yxaaembre
B OpraHu3Me Ipu BopericrBur Ha Hero MK msaydenus
AAABHETO AMAIIa30Ha, B M3BECTHOM Mepe UMHUTUPYIOT
CHTHAABI BHYTPEHHei CBS3M U yrpaBaeHus (undop-
MALJMOHHbIE CBSI3H) OUOAOTHYECKUX 06BeKTOB. B pe-
3yABTaTe BOCCTaHABAMBAETCS HOPMAABHOE IO CIIEKTPY
Y MOIJHOCTH U3Ay4eHHe, CBONCTBEHHOE 3A0POBOMY
oprauusmy [17; 19]. Takum 06pa3om, MpeACTaBAeH-
HbII AMAIIA30H YACTOT KAaYeCTBEHHO He U3MeHseT Op-
TaHU3M, HO MOXXeT OTPeryAHpPOBaTh, HOPMAAHU3OBATh
ero QpyHKIIMOHAABHOE COCTOSIHUE B IIPEAEAAX, IPUCY-
X AAHHOMY 6roaormaeckoMy Buay [ 20; 21].

Kaskaast )1Basi KAETKA SIBASIETCS] OAHOBPEMEHHO
U U3AyYaTeAeM, i IPUEMHHUKOM 9AEKTPOMAarHUTHBIX
BOAH OIpeAeAEHHOM yacToThl. CHcTeMa yIpaBAeHI
B OpraHU3Me 3aBUCHUT OT TOTO, KAKUM 00OPa3oM Xu-
Bble KACTKH OOMEHHUBAIOTCS TUMH BOAHOBBIMH CHI-
Haramu. Ha xaeTouHOM ypOBHe curHaA OT AI060I
3AOPOBOI KAETKHU BCETAQ OAMH H TOT XK€ IO JacTOTe.

BoAbHbIE KAETKM OPraHOB TaKHe CUTHAABI IIPO-
AYLIIPYIOT Pa3HbIMHU ITOKA3aHUSMH 110 aMITAUTYAE,
¢ase 1 yacTOTE U, KOTOPbIE, IO CBOMM PUIUIECKUM
XapaKTepHCTHKAM, 3aBUCAT OT MHOXeCTBa PaKTOPOB.
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Teparepuossiit IK pAnanaszon gacToT aaexTpo-
MarHUTHbBIX BOAH PacIIOAAraeTcs B IIKAA€ JAKTPO-
MaTrHUTHBIX BOAH M&XAY MUKPOBOAHAMH U OIITH-
4eCcKUM HMHQPPAKPACHBIM AHAINa30HAMHU (pI/IC. 1)
U MHTepeceH, NpeXAe BCero, TeM, 4YTO MMEHHO
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PucyHok 1. CnekTp 9N1eKTPOMarHUTHOrO N3y4eHns

CoBepIlleHHO 3aKOHOMEPHO HAWOOABIIMI HH-
Tepec BI3bIBAET JAeKTPOMATHUTHOE U3AyUeHUe Ha
JacToTax MoAekyasipHoro crekrpa NO, koTopsiit
SIBASIETCSI HE TOABKO YHUBEPCAABHBIM PEryASITOPOM
$U3NOAOTUYECKUX U MeTaOOAUYECKHX IIPOLIECCOB
B OTAEABHON KA€TKe M B OpPTaHH3Me B I[eAOM, HO
U OCYIIEeCTBASIET MEXXKAETOUHbIE B3AHMOAEFICTBHS,
QYHKIMOHUPYS KaK CUTHAABHASI MOAEKYAQ IIPAKTHU-
YeCKH BO BCEX OPraHaX U TKAHSX YeAOBeKa U XKUBOT-
HbIX [27-34].

NO siBAsieTCSI HEfIpOMeAUATOPOM, BA3OAHAATATO-
POM, MOIIHBIM $AKTOPOM reMOCTa3a 1 AHTHATPEeraH-
Tom [29,30,32-34].

Kak 65140 0TMeueHO paHee, CIIEKTPAABHBIIT AUA-
na3oH MK-usaygenns

(AAMH2 BOAH 3,5-56 MKM) MIpaeT BaXHEMIIYIO
POAD B XXU3HEAESTEABHOCTH U Pa3BUTUH KAETOK, I10-
9TOMY 0COOEHHO BaKHO U3yYeHIe MEXaHU3MOB BAU-
sinst IK-usAydgeHns Ha mpoljecchl 9HepreTHYeCKOro
obMeHa B KAETKAX, KOTOpPbIe OCHOBAHBI HA OMOXUMH-
YeCKUX PeaKIfisIX KaTaboAM3Ma 1 aHAOOAU3MA.

Br1a0 06HapyKeHO, YTO 0OAyUeHHe OpraHn3Ma
WK-usayuenuem sneprueii 0,02+0,3 aB mpusopuT
K aKTUBAIIUM aHAOOAMYECKUX IIPOLIeCCOB U MPOILjec-
COB TPAHCIIOPTA B KAeTKe. B 4acTHOCTH, yCHAUBAIOT-

sl cuHTe3 OeAKa, 3aXBaT KHCAOPOAA HA MOH JKeAe3a
B reMOTAOOMHE U MHOTAOOUHE, IIepeHOC HOHOB Me-
TAAAOB Yepe3 KAeTOuHble MeM6panbi [35].
WK-usaydeHne B TepareplieBOM AHAIa3oHe
BBI3BIBAIOT ITOBBIIIEHME IIPOAYKIIMUA OKCHAQ a30-
Ta 9HAOTEAUEM COCYAOB, YTO COIPOBOXAAETCS
HOPMaAM3alMell CHIDKEHHON 0a3aAbHON U WH-
AYLIMPOBAaHHON BAa3OAMAATHUPYIOIEN €ro aKTHUB-
HOCTH y )XUBOTHBIX B COCTOSIHUH OCTPOTO UMMO-
6ransannoHHOro crpecca [36]. Kypc o6ayuenns
TeparepieBbIMU BOAHAMHU Y )XMBOTHBIX IIPH AAH-
TEAPHOM CTpecCe BbI3bIBAaeT [IOBBIIIEHNEe KOHI[eH-
TpalM¥ HUTPUTOB — CTAOHMABHBIX METAO0OAUTOB
NO [37] u

TeAMHa | B CBIBOPOTKe KPOBH, CIIOCOOCTBYSI HOpMa-

[38] cumxenue KOHIIeHTPaljuH 9HAO-

Ausanuu 6araHca MPOAYKIMH Ba30KOHCTPHUKTOP-
HBIX U Ba30AMAATATOPHBIX BENECTB SHAOTEAUEM,
TO €CTb MPEMATCTBYeT PA3BUTUIO SHAOTEANAABHOM
AMCQYHKITUU.

[To MHEHMIO PSIAA COBPEMEHHBIX AaBTOPOB, MPH
o6ayuennu MK-usayueHns TeparepiioBoro Auarma-
30HA MOYKET He TOAbKO BO3PACTaTh CHHTE3 SHAOTEH-
Horo NO U MOBBIIIATHCS €70 PEaKIMOHHAS CIOCO6-
HOCTb, HO M YBEAUUUBATbCS TIPOAOAKUTEABHOCTD
cymecroBanust NO B kaetkax [39].
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Takum obpasom, IK-usayuenue paapbHero auara-
30HQ, COOTBETCTBYIOLIee COOCTBEHHOMY U3AYIEHHUIO
veroBeka ( puc. 2), OKa3bIBaeT eCTeCTBEHHOE BAUS-
HHe Ha KAeTKU ¥ TKAaHU OPTaHM3Ma, YTO He IIPOTHBO-
peunT $U3HMOAOTHHU KAETOK U TKaHeH, CAeAOBaTeAbHO
IpoLecchl aHAOOAM3MA U KaTabOAM3MA IIPOTEKAIOT
COTAACHO YCTaHOBAEHHBIM 3aKOHAM, 6aAQHC 9HEPro-
obMeHa B KA€TKAX He HapyIIeH.

ITpu oAHOKPAaTHOM BO3AEHCTBUHU Y3KOCIEKTPAAD-
HOTO AaAbHero MK-u3AydeHus Ha KA€TKH AU TKaHb,

BOCCTAHOBUTDb HAPYILIEHHBIN 9HEProoOMeH HeBO3-
MOJKHO, 4TO OYAET PErnCTPHPOBATHCS OIPEACAEH-
HbIMU TapameTpami. [Ipu oTcyTcTBHU HapyIeHUI
B 9HEProoOMeHe, periucTpUpyeMble apaMeTpsl Oy-
AYT COOTBETCTBOBATD IIOKA3aTEASIM HOPMBL

BelmreykazaHHbIe apryMeHTHPOBAHHbIE AAHHBIE,
II03BOASIIOT yTBEPXKAATD, uT0 MIK-13AyueHme paabHe-
IO AMANa30Ha MOXET OBITh HCIIOAB30BAHO AASI AUA-
THOCTHUKY U ACYEHIUS SHAOTEAMAABHOM AUCPYHKIIUM
KaBepPHO3HBIX APTEPHIL.
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CURRENT STATE AND GEOGRAPHIC DiSTRIBUTION
OF WATER SOURCES KARIZz

Abstract. The article systematizes the materials on the geography of distribution, history and
current state of the ancient sources of water kyariz. It is established that the kyarizes were first built
3,000 years ago and they have spread to more than 40 countries. Ancient kyarizes were first built
in Iran and Azerbaijan, and then spread throughout the world. Kyarizes are unique underground
structures and historical monuments, and therefore in 2007 kyarizes are included in the UNESCO
world heritage List. However, due to a number of reasons, in particular due to careless attitude to
them, the use of modern water intakes, etc. the number of operating kyarizes decreases from year
to year. At the beginning of the last century, there were more than 1.500 kyarizes in Azerbaijan,
but now their number is about 382. Performance kariz compared with 1938 decreased more than
11 times. Therefore there is an urgent need for the restoration of the ancient irrigation tunnels
and construction of new ones.

Keyword: the kiariz, the geographical spread, the history of the construction and current state.

Introduction. In modern and ancient literature,
historical documents and archives there is no sys-
tematic and comprehensive information about the
world’s sources of water kyarizes. In selected mono-
graphs, manuscripts, articles, questionnaires, online,
Wikipedia and other sources provide accurate infor-
mation about kyariz [14; 16; 17; 18; 19; 20]. There
is no accurate information on the number and status
of these sources.

Various issues related to archeology and Ethnog-
raphy, as well as other arguments about kyarizes were
examined by researchers in many countries, includ-
ing Azerbaijan [2; 4; S; 10; 13; 21; 24; 25; 26; 27;
28;29; 30; 31; 32]. In general, information on geo-
graphical distribution, kyarizes, history of creation,

its current state, its design features and other indica-
tors are distributed.

The purpose of the study is to systematize infor-
mation about the geography of distribution, kyarizes,
history of creation and its current state.

Research methodology. Information about
kyarizes in the world and in our country has been
collected, studied, analyzed and systematized. Dur-
ing the research we used archives, funds, Internet,
review books and works of some scientists, as well
as the results of our research in 2014-2019.

Geography and origin of geographical distri-
bution of kyarizes. Kyariz are mainly distributed in
the middle East, Central Asia and the Upper Cau-
casus. According to the studied sources, the search
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engines can be found in Iran, Afghanistan, China,
Pakistan, Azerbaijan, Syria, Jordan, Saudi Arabia,
Tunisia, United Arab Emirates, Morocco, the Team,
Turkmenistan, Tajikistan, Uzbekistan, Kyrgyzstan,
Kazakhstan, Ukraine, Spain, Turkey, Algeria, Mexi-
co. Peru, great Britain, Belgium and other countries,
and currently most of these kyarizes operate in most
of these countries.

Kariz in Iran, Afghanistan, China, Pakistan, Turk-
menistan, Tajikistan, Uzbekistan, Crimea, Turkey
and several countries and are called kariz In Peru,
they are called pakis or fugues, drainage in the UK,
falkin in Saudi Arabia, Tunisia tagara in Mexico
Mambo or alcasar, Jordan and Syria ganat Romani,
cetara in Morocco, Gallery or posesia in Spain, in
the United Arab Emirates and Oman Falaj, Belgium
Kahn, in Ukraine (Crimea) called catacomb.

Since there were no records and statistics of
kyriz, it was impossible to obtain accurate informa-
tion about their number. However, according to
some reports, a large number of kyarizes are located
in Azerbaijan and Iran. At the beginning of the Jast
century there were more than 1500 in Azerbaijan
and about 2000 in Iran [2; 4]. According to the data
collected, more than 1.000 kyarizes were registered
in Azerbaijan in 1938.

According to researchers, studying the irrigation
tunnels in Iran was previously 22.000 kariz [S]. The
total length of the plots was 314.84 thousand km, and
their total productivity (consumption) was 93.5 m*/s.
the Researchers compared the consumption of the
Iranian kyarizes with the Euphrates river, which was
approximately 75% of the expenses of the Euphrates.
With kariz was watered 1280 hectares of dry land.

In Yazd province in Iran, the length of the cur-
rent kiariz is 40 km, and the length Kunabadha well -
20 km depth of the main well Kunabadha well kiariz
is 300 metres away. In Yazd province in Iran, the
length of the current kiariz is 40 km, and the length
Munabadha well — 20 km depth of the main well
Munabadha well kiariz is 300 metres away. Research-
ers are surprised to find that this well was excavated

by hand. The exact date excavated well Kunabadha
of kiariz unknown and but it does not prevent its
stable operation. In general, in the East kyarizes are
considered the most unique underground hydraulic
structures in the world due to its architectural struc-
ture, durability and smooth operation. In Turkmeni-
stan in 1951 there were about 700 kyarizes. In other
countries, except Central Asia and the Middle East,
the number of kyarizes was small. According to some
reports, kyarizes are widespread in Afghanistan. Here
almost every village has its own kyariz [16].

History of kyarizes. In many sources you can
read about the history and author of the first kyarizes
[10; 15; 20]. The first kyariz according to sources
was built 3000 years ago in Iran, about three hun-
dred years before the war between the Greeks and
the Iranians [15]. Currently, he is in Kunabadi,
Iran. In 2007, this water source was included in the
UNESCO World Heritage List. The method of dig-
ging kyarizes was later adopted and used by other
peoples and countries. For example, Morocco, Alge-
ria, Lebanon, Afghanistan and other countries used
the Iranian experience.

This source also noted that the kyarizes were
created by the Uighurs 2000 years ago and were
used as an irrigation system [15; 20]. However, it
is assumed that the idea and technology of creat-
ing kyarizes were brought here along the silk road
from the Iranians. That is, the Uyghur kyariz built
by Iranian technology. Unique services of scientists
and specialists who study the history, Ethnography,
archeology and irrigation agriculture in our country,
it should be emphasized their invaluable contribu-
tion in the study in Azerbaijan. The works created
by Azerbaijani scientists in this field today are impor-
tant sources of evidence that the kyarizes are ancient,
advanced engineers and strategic installations [ 1; 2;
3;4;10; 23; 25].

According to studies, Azerbaijan archeology and
Ethnography, kyariz in our country was established
in the first century BC [29; 71; 74]. This proves that
the history of irrigation agriculture in Azerbaijan dates
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back to ancient times [ 73]. Thus, irrigated agriculture
in Azerbaijan was formed about 8.000 years ago.

According to Yu. Safarov’s research, the settle-
ment of people in the territory of Azerbaijan coin-
cides with the period of 2 million years ago. There-
fore, its agricultural culture has a more ancient
history. So, in the course of archaeological excava-
tions was discovered 150 the earliest examples of
agricultural material and cultures of the era of the
anolyte, and more than 70 p.c. of these samples were
found on the territory of Azerbaijan, including in the
basin of the river Kur, in the plain of mil-Karabakh,
Mugan and Araz. Comparative analysis showed that
Kur-Araz intensively developed in the form of early
agriculture in the VI-III Millennium BC, before the
era of enolitic culture in Azerbaijan [8]. The history
of kyarizes were studied in a variety of ways:

— ceramics, burnt bricks and other remains
found in archaeological excavations;

— according to the age of the tools and vehicles
used in the construction of kyariz, as well as con-
struction equipment;

— preliminary comparison of the old materials
found as a result of agrochemical studies;

— technology and tools ispolzuemye in ra-
masesane kariz.

The study leads to the conclusion that the kyariz-
es were created simultaneously both in Iran and in
Azerbaijan. Therefore, Iran and Azerbaijan are con-
sidered to be the homeland of the kyarizes.

The only one built in Europe, in the city of Evpa-
toria in the Crimea kyariz, attracted attention with its
uniqueness. Originally built in the XVI century, the
well was 9 meters from the surface of the earth. The
entrance to kyariz was carried out through vertical
passages. The dug well, every S0 m, was covered with
a stone resembling a door. The base of the well was
made of brown stones rather smooth.

Water-pressure ceramic pipes are made of red
clay connected to each other with a special compo-
sition of the mixture installed on the bottom of the
well. Pipes are connected with rings. Running water

from the pipeline is collected in the water purifier
and reservoir, and then was transferred to the Khan
mosque and Khan Hamam. In the late 40s Evpato-
ria was a military base of the Soviet Union on the
black sea coast. So they could not use kyarizes sap-
pers filled most of the vertical wells of the cellar with
concrete. Currently, the remains of this kyariz remain
on the territory of private houses.

On the map of Evpatoria 1811 specified the place
ofkiariz “as the ancient reservoir”. Currently, this place
is located between Golden Army street and Banny
lane. Archaeologist L. M. Moiseev involved in Lenin-
grad in 193S at the Congress of specialists in archi-
tecture and art of Iran, likened the kariz system — a
water system with Iran’s kariz and showed that they
were similar. It should be noted that Iranian and Azer-
baijani kyarizes were built in the same architectural
style. Kyarizes were also widespread in Turkmenistan,
mainly in Kopetdag, and they were much larger.

They were dug on the slopes of the cliff, had a
depth of 100 m and a length of over 10 km, Width
of wastewater kariz whose age was more than 2500
years with up to 2 meters in width and 4 meters in
height. By 1925, in Turkmenistan there were more
than 35 major kaprizov. In the Bahar district more
than 20, 17 in Ashgabat, 4 in Ashgabat and 10 in the
village of Bahir. on the slopes of the Kopetdag moun-
tains in places Actype and Bikrova found the remains
of 38 archaeological and wells kariz.

According to Gulshad Gundogdyev, the em-
ployee of Institute of archeology and Ethnography
of the Academy of Sciences of Turkmenistan, alarge
part of the irrigation tunnels dug in the mountain
and foothill areas of the Kopetdag mountains, had
already been reached before the construction of the
channel Garakum. But the work and memory of the
creators of these kyarizes were engraved in history as
an eternal monument [ 14; 20].

In China, kyarizes were distributed in the Turfan
massif, mainly in areas inhabited by Uighurs, they
used this source of water for irrigation and water sup-
ply. Two thousand years ago, the Uighurs adopted
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ideas and technologies from the ancient Iranians.
The Iranians brought this technology to China along
the ancient silk road [16].

Turpan was turned into a blooming oasis when
the kyarizes were an ideal irrigation system. Today,
the kyariz irrigation system is considered to be the
main source of water in Turpan, as it was many
years ago. The total length of kyarizes is more than
2500 km. Vertical wells with a diameter of 1.0-1.5m
and a depth of 100 m are dug 30-50 m and have
drainage. It is no coincidence that experts compare
the kyarizes of Turpan with the Great Wall of China.
Currently the Museum of Turpan kariz. The number
of tourists visiting this Museum is increasing every
year, and tourists watching them have the opportuni-
ty to learn more about these unique sources of water.

Since the era of Alexander the Great kyarizes in
Afghanistan are still being built. In this hot and sandy
country you can live only because of groundwater.
In these places, the villagers are engaged in digging
kyariz. Vertical wells up to SO m deep are dugand in-
terconnected with underground drainage, where the
accumulated water flows to the surface from a dis-
tance of hundreds of meters. According to A. Bakina,
almost every village in Afghanistan has an extensive
network of kyariz [86].

A terrible misfortune befell the Afghan people,
turned the kariz in the clandestine war. The parties
fighting each other use the kyarizes as a “shelter” and
“guerrilla warfare”. Explosives are destroyed. As a re-
sult, these historical monuments are destroyed.

The current state of kyarizes. In Azerbaijan,
kyarizes were very little studied as an engineering
asset. According to information received at the be-

ginning of the last century, more than 1.500 kyariz-
es operated in Azerbaijan. According to other data,
since 1950 there have been more than 900 kyarizes
in Azerbaijan [22]. Their total consumption was
25 m*/s and about 50.000 hectares were irrigated
with drinking water.

According to the materials stored in the archives
of the Azerbaijan state Institute of water projects
(“Azdovsutlaslayiha” Institute), in 1938 there were
1023 kyarizes in Azerbaijan (table 1). The total wa-
ter consumption was 23645 m?/s, and the length
was more than 731 km. More than 27850 vertical
wells were fixed on the wells. The famous traveler
and geographer-scientist G. R. Grum-Gryzhimaylo,
who was in Azerbaijan in the early twentieth century,
after getting acquainted with the kyarizes in Azer-
baijan, he expressed his impressions: “The more dif-
ficult and difficult this device is to build, the more
it requires courage and talent. Sometimes the water
from a depth of 60 meters and more sometimes she
rises to the surface. Are we wrong to say that we can
conquer nature and admire and respect the farmers
who are changing it?” [4].

According to the unanimous opinion of the re-
searchers, the kyarizes built in Azerbaijan and Iran
differ in the national architectural style built in other
countries. Here you can feel the traditions and crafts
inherent only to the Eastern peoples. Near the vertical
wells there are architectural monuments (Fig. 1, 2).

A magnificent view of one such monument,
called “Girhpille”, fascinates with its beauty. They
were built using stone and burnt bricks. Breed were
used not only for water, but and as seats for refresh-
ment and storage food.

Table 1.-Information about functioning kyarizes in 1938 on the territory of Azerbaijan

Number No. Region Numeral | Expencel/sec | Long.km | Numeral of well. piecec
1 2 3 4 S 6
1. Ganja 103 3500 166.829 7062
2. Gazah 8 397 17.710 530
3. Tovuz S 297 12.719 361
4. Shamkir 29 1042 14.926 734
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According to the researchers [4; 6], the monu-
ment “Girhpille” built over kiariz in the city of Yazd
inIran, isalso a product of the monument “Girhpille”
and the skill created in the city of Ordubad in Azer-
baijan (Fig. 1, 2). The outer part of ancient kyariz
also created according to ancient arnamentom. From
the outer part of the kyarizes created pools and chan-
nels for water drainage (Fig. 3, 4).

Figure 1. The entrance of “Girhpille” made of
for descent into the well kyariz at Yazd, Iran [4]

1 2 3 4 S 6
S Goranboy 20 561 21.644 693
6. Barda 4S5 2428 40.051 2024
7. Yevlakh 4 150 3.759 222
8 Tartar 2 54 1.143 49
9. Aghdam 105 3040 112.424 3908
10. Aghchabedi 68 2118 124.278 4630
11. Fuzuli 71 603 37.830 1491
12. Jabrayil 111 2099 59.311 2234
13. Nakhchivan 136 2365 31.714 1058
14. Sharur 129 1203 21.974 903
1S. Shahbuz 9 300 1.042 29
16. Julfa 28 900 11.533 143
17. Ordubad 99 928 31.940 992
Mountainous
18. Karabakh 52 734 20.181 887
Total: 1023 23645 731.008 27950

T

Wi

Figure 2. The entrance of “Girhpille” made of for
descent into the well at Ordubad Azerbaijan [4]
Despite the fact that kyarizes are monuments of
ancient heritage, most of them are subject to wear
and tear or have been spoiled by waste and dried
up. In 1938, 1023 kyarizes were registered in Azer-
baijan (this is the official figure. Their number was
much higher). In 1958, there were 931, 763 in 1972
and 382 in 2004. The total capacity was 23645 1/s,
13720 1/s in 1955, 6961 1/s in 1972 and 2230 1/s
in 2004 (tab. 1, 2). Over the years, the number of
kyarizes, in particular the number of active kyarizes,
decreased by about 2.7 times compared to 1938 and
productivity decreased by 11 times.
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Figure 4. The exit part of the
ancient kyariz in Shamkir

= N The decrease in the productivity of kyarizes is as-

Figure 3. The pool and drenagge
chanel at exit kyariz in Ordubad [4]

sociated with their timely repair and the inability to
recover.

Table 2.— Dynamics of quantity and consumption of kyarizes in Azerbaijan

1955 1972 2004
Num- . Numeral | Total con- | Numeral | Total con- | Numeral | Total con-
Bolgaloar va rayonlar . ) . ) . )
ber No. ofkyariz, | suption, | ofkyariz, | suption, | ofkyariz, | suption,
pieces I/sec pieces I/sec pieces I/sec
1. Nakhchivan AR 377 2698 334 1063 320 1033
2. Ganja-Gazakh region 165 3997 108 968 40 790
3. Mountin Karabakh 52 134 51 125 - -
4. Barda 45 1428 35 1150 8 162
S. Yevlakh 4 150 2 35 - -
6. Tartar 2 54 - - - -
7. Aghdam 105 2040 100 1210 - -
8. Aghhcabede 68 1518 58 1112 10 220
9. Fuzuli 71 604 70 316 4 25
10. Chabrayil 111 1099 101 982 - -
Total: 931 13720 763 6961 382 2230

Conclusion. Kyarizes is an ancient and under-
ground hydraulic device that delivers water to the
consumer without any mechanical means and en-
ergy and works flawlessly for thousands of years. But
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Abstract. In this article the study and analysis of the relationship between the main elements
of the chemical composition of malleable cast iron (carbon and silicon) used in manufacturing of
the permanent castings, are performed. The main properties of malleable cast iron: ultimate tensile
strength, elongation at tensile strength, temporary tensile strength.

Keywords: permanent mold casting, malleable cast iron, main chemical elements of malleable
cast iron, chemical composition elements correlation, correlation coefficient.

The spreading of the permanent mold casting
method is due to a number of advantages over sand
casting [ 1; 2]. The advantages are in the homogene-
ity of the material properties over the section of the
part, the practical absence of stresses in the castings,
high mechanical properties, machinability. Mallea-
ble iron castings are widely used for standard parts
in the automotive, tractor and agricultural engineer-
ing, car-building, shipbuilding, the electrical indus-
try, machine-tool construction, sanitary engineering
and construction equipment, and heavy engineering.
The quality malleable cast iron permanent mold cast-
ing depends on many factors: 1. The main elements
of the chemical composition of malleable cast iron
(carbon and silicon), their interaction in forming the
structure of the permanent mold casting, 2. On the

thermal state of the permanent molds before they
are filled with molten metal, 3. On the temperature
of the molten metal in a permanent mold, 4. On the
initial temperature of the permanent molds, 5. On
the quality of the permanent coatings, 6. On anneal-
ing modes, etc. The purpose of the study is to estab-
lish correlations between the main elements of the
chemical composition malleable cast iron: carbon
and silicon. Table 1 shows the statistical data on the
chemical composition (carbon and silicon), ensuring
the production of high-quality permanent castings
from malleable cast iron. The table has two variables:
X is the carbon content in percent, Y is the silicon
content in percent, the frequency of occurrence of
a pair of numbers X Y _ s at the intersection of the
rows and columns.

Table 1.
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1 2 3 4 S 6
Y, =12 8 3 4 7 8
Y, =14 5 6 1 3 0
Y,=16 4 2 1 2 0

The sample size is 7S. Let’s make an uncondition-
al distribution law for each of the elements of the

chemical composition of malleable cast iron: carbon
and silicon: (table 2 and table 3), respectively.

Table 2
X, X =25 X,=2.6 X,=2.7 X,=2.8 X,=29
n, 17 19 12 13 2.9
P, 17/75 19/75 12/75 13/75 14/75
Where p | is the probability of X occurrence.
Table 3.
Y, Y,= 1.0 Y,=12 Y,= 1.4 Y,= 1.6
n, 21 30 15 9
q; 21/75 30/75 15/75 9/75

Where q,is the probability of Y occurrence.

Using the data of (table 2 and table 3) to assess the
closeness of the relationship between the main ele-
ments of the chemical composition of malleable cast
iron, we find the mathematical expectation M (X), the
variance D (X) and the standard deviation of the X
;and Y respectively [3].M(X) =2.684,D(X) =0.02.

M(X) =) X,p,, D(X) = M(X}) - M*(X),
o(X) = JD(X)

By using the similar procedure we calculate
M(Y),D(Y).M(Y) = 1.205,D(Y) =0.3, the values
of the quadratic deviations are given below:

o(X)=0.14, o(Y)=0.5477.

To establish the density of the relationship be-
tween the elements of the chemical composition of
malleable cast iron (carbon and silicon), we calculate
the correlation moment

n(X.Y) =Y XY,p, - MX)x M(Y),
H(XY)+0.06391. 7,
Then the correlation coeflicient is found from the
relationship

_ plxy)

Xy

G(x)G(y) > xy = 079

The percentage of silicon does not depend on the
percentage of carbon, but there is a relationship be-
tween them. The value of the correlation coefficient
indicates a strong relationship between the elements
of the chemical composition of malleable cast iron:
carbon and silicon. The values of the percentage of
carbon and silicon in the technological process of
production are random, but for high-quality perma-
nent castings their total value should be in the range
of 3.6-4.2.
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rA30Bbi METOA, A9 YBEJINHEHUA HEOGTEOTOAYU NJIACTOB

AHHOT&I.II/ISI. B AaHHOﬁ CTaTb€ paCCMaTPUBAETCA OAHNH 13 Ia30BbIX METOAOB AA ITOBbIICHMS HE-

(I)TeOTAa‘{I/I ITAACTOB 3TO METOA BOAOIa30BOTIO BOSAQIZCTBI/UI U ITpoLeCcC BPITECHEHUA He(l)TI/I BOAOTIa-

30BOM CMECHIO. HPeAAaI‘aeTCﬂ HCIIOAb30BaHNE HACOCHO-KEKTOPHYIO TEXHOAOTIHIO AAS PE€AAN3aATNI

AAHHOT'O METOAAQ.

KaroueBbie caoBa: Boporazosoe Bospetictsue (BI'B), koapunment ussaeuenns nepru (KMH),

CKBOXKUHHASI AOOBIYA, IOy THHIN HePTSIHOM ra3 (HHF) , TIOAAEPYKaHUe IIAACTOBOT'O AABACHHS (TITIA).

B Hacrostiee BpeMs B CBSI3U C yBeAIeHHEM 00'b-
€MOB TPYAHOU3BAEKAeMbIX 3a[1aCOB HeTHU U ra3a, 1mo-
SABASIETCS HEOOXOAUMOCTD HUCIIOAb30BAHHUS METOAOB
BO3AeNCTBUS Ha maacTsl. OAMH U3 COBpPEMEHHBIX
ra30BBIX METOAOB AASI yBA€UEHMST HePTEOTAAUH IAQ-
CTOB SIBASIETCSI BOAOTAa30BO€ BO3AEHCTBHE.

YauTbiBas pU3NIECKHE YCAOBUS COACPIKAHMS YTAE-
BOAOPOAOB B ITyCTOTHOM IIPOCTPAHCTBE KOAAEKTOPOB
(MX PUIMKO-XUMUYECKHX CBOCTB, OTIPEAEASIOIX
[IOBEPXHOCTHBIE B3aHMOAEHCTBIS PAIOHAOB U IIOPO-
ABL, KAITMAASIPHBIX M AP. ) TEXHOAOTHYECKHE U TeXHIIe-
CKHe BO3MOXHOCTH ( AOCTHraeMO#t CTeIleHH TOAHOTHI
oxBaTa 0ObeMa IAACTA MIPOLIECCOM BbITECHEHUS IIPH
peaAnsyeMoi CHCTeMe Pa3paboTKH), SKOHOMUIECKOe
OrpaHMYeHHs Ha IIAOTHOCTD CeTKU CKBKHH, BEAMYH-
HbI IPEAEABHOTO AeOUTa, 0OBOAHEHHOCTH IIPOAYKIIHN
U Apyrre $aKTOPBL, MOXKHO SICHO CKa3aTh, YTO U3 IIPO-

AYKTHBHBIX ITAQCTOB Ha ITOBEPXHOCTb H3BAEKAeTCs
TOABKO HEKOTOpPas 4YacTb 3aMacOB YTAEBOAOPOAOB.
IIpu aTOM OTAEABHBIE KOMIIOHEHTHI TOAYIaeMOTO H3
CKBYKHH ITPOAYKTA MOXKHO MCIIOAb30BaTh AAS TTOBBI-
meHns 9P GeKTUBHOCTU U3BACYEHUS HePTHU.

KoAndecTBeHHO AOAS 3aI1acoOB, KOTOpPasi MOXKeET
6bITh usBAedeHa (P MpUMeHeHUH HauboAee -
($EeKTHUBHDIX B AQHHbIX T€OAOTO-PU3MYECKUX YCAOBU-
SIX TEXHOAOTHI1 M TEXHOAOTHYECKHX CPEACTB C BbIITOA-
HeHHeM ONITUMAAbHbIX 9KOHOMUYECKUX TOKa3aTeAeH
U cOOAIOAeHHEM TPeOOBAHUIT OXPAHBI HEAP U OKPY-
QIO CPeAbl), OTIpeAeAseTCs KoaPHIueHTOM
usBAevenus Hedpru [1].

B o6miem Brae k09 PuUIIMEeHT U3BACUEHIUS HePTH
MOXeT OBITb BBIPO)KEH KaK OTHOIIEHHe KOAMYeCTBa
He(TH, U3BAEYEHHON Ha oBepxHOCTb (Q_ ), X Ga-
AaHCOBBIM 3amacaM Hedy 3arexu (Q, )
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Qs (1)

6an

Koneunsiit KH 06p14HO BbIpaskaeTcsi B BUAE

KHH =

IIPOU3BEACHUA TPeX K03 pPUIIMeHTOB — BbITeCHEHUS
(K ), oxsara npoujeccom Bhitechenus (K ) u 3a-
BBIT OXB.
Bopnenus (K ):
KHH =K

ebim

*Kons Ko (1.1)

Taxum 06pa3oM, MepOIPHUSTHS 10 BO3AEHCTBHIO
Ha [IAACT AOAKHBI OBITH HAIIPABAEHbI B IIEPBYIO OUe-
PpeAb Ha yBeAndeHUe KO3 PHUIIMEHTOB BbITeCHEHMS
U OXBATa, YTOOBI B KOHEYHOM CYeTe, YBEAUIUTD KO-
s durrenT usBrederus HedpTu [2].

AAS ICTIOAB30BaHMS AAHHOTO METOAQ B TIPOMBIIII-
AGHHOCTH, TIPEAAATal0 IPHMEHATbh HACOCHO-MKEK-
TOPHYIO TeXHOAOTHIO 3aKaYKU BOAOTa30BOM CMECH.

HacocHo-2KeKkTOpHas TEXHOAOTHS HCTIOAB3YeT
TOABKO IIPOMBIIIACHHO BBIIIyCKaeMOe 060pyAOBa-
HHe, He NMelolllee AOPOTOCTOSIIMX UAM HAASKHbBIX
3A€MEHTOB. B uacTHOCTH, CTpyHHBIE amIapaThl
(3KeKTOpHBIE YCTPOICTBA) XapaKTePHU3YIOTCS MPO-
CTOTOM KOHCTPYKIIMM, HH3KHUMH KaIlUTaAbHBIMH
BAOXKEHHSIMHM Ha MX H3rOTOBAeHMe. B ycrpoiicTse

I'AS

0, 1A

TRy

CA 0TCYTCTBYIOT KaKre-AUOO ABIDKYIUECS ACTAAH,
YTO IIOAOXKHUTEABHO BAMSIET Ha OOIIYI0 HAAEKHOCTb
CHCTeMbL. JTa TEXHOAOTHSI MOXKeT IIPUMEHSThHCS KaK
Ha OTAEABHBIX CKBXXHMHAX, KYCTaX CKBaXKHH, TaK U Iie-
ABIX MECTOPOXXACHHSIX.

VHTepecHbIM BapHAaHTOM HACOCHO-3KEKTOPHOM
texHororuu BI'B sBasiercs HacocHo-KoMImpeccopHast
TeXHOAOTHS 3aKadyku Boporaszosoit cvecu (BI'C). Ee
CYIJHOCTD 3aKAIOYAeTCS B TOM, YTO AABA€HHe rasa,
IOCTYTIAIOIIETO B MIPUEMHYIO KaMepy KeKTOpa, Io-
BBIIIAETCS 34 CYET UCIIOAb30BAHUS TaK Ha3bIBAEMOI'O
“CTpy#HOTO KOMIIpeccopa’, COCTOSIILErO U3 CTPYHHOTO
amrapara (3>KeKTopa), HIOATIOPHOTO HACOCa, eMKOCTH
BBICOKOTO AQBAEHHS. TaKo¥ BApHAHT HACOCHO-KeK-
TOPHOII CUCTeMBI 60Aee QYHKIIOHAAEH, AAET BO3MOX-
HOCTb ITOAOOpATh 9)KeKTOP C MEHBIIUM 3Ha4eHHeM
K09 PUIIEHTA HEDKEKIJHI, KOTOPBII 00AapaeT boaee
BBICOKUM Oe3pa3MepHbIM ITepeIlaAOM AABACHIS, U IIPH
IIOCTOSIHHOM Pa004eM AABACHHH [IEPeA, COIIAOM IKeK-
TOpa IO3BOAUT ITOAYYUTb OOAee BBICOKOE AABAEHHE
BI'C na BbIxope u3 cucremsl. BapuanTt peaausarm
AQHHOI TEXHOAOTHUI ITOKA3aH Ha (pHc. 1).

=

PucyHok 1. OgHa n3 cxem peanm3aumm HAaCOCHO-3XEKTOPHOW TEXHONOMMM BOAOra3oBOro
BO34eNCTBUA Ha nnacT: 1 — TpexdasHbin cenapaTop; 2 — BUHTOBOM KOMMNPECCOP;
3, 6 — 9XXeKTOp NepBoOi, BTOPOW CTyneHun; 4 — eMKOCTb BbICOKOro aasneHus (5 Mrlla);
5 — noanopHbIn Hacoc nepeon ctyneHn BHH8-2000; 7 — noanopHbI HACOC BTOPOM CTYMEHn
OUH7A - 340; 8 — poxumHom Hacoc QUHIM7-470; 9 — wydp; 10 — HarHeTaTenbHas CKBaXXMHa
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Cuscszom +raz
.

Taz uz 1(2) coymast
cerapainol

-

Bogaxs cucresae TTILT
(uepes 3LH)

PucyHok 2. Boaora3oBbiil 3HXEKTOP
ITpu

BO3ACHMCTBHS Ha HePTAHOM IIAACT IIpeAAaraeMm

peaAM3aliii  MeTOAQ  BOAOIa30BOTO
HCIIOAB30BaTh Ha yCTbe POHTAHHON apMaTyphl —
2). YcraHoBka

IIpeAHa3HAYeHAa AAS TIOAQYM BOAOTA30BOM CMeCH

BOAOTa30BbI  3XKeKTop  (pHC.

BHeTAHONIAACT CI]€AbIO TOBBIIEHNA KO3 P PUIIeHTa
HepTH.
BOAOTA30BOM CMeCU IPOMCXOAUT B TPU CTYIIeHH,

U3BACYEHHS IToBbimeHre  AABAGHUS
AABAEHHE CMECH Ha BbIXOAE M3 YCTaHOBKM — oT 12,0
Ao 18,0 MIIa, razo-BoasiHOM $aKTOP, IPHUBEACHHDIH
K CTAHAQPTHBIM YCAOBISIM — 43,5 M* /M.

ITorryTHbIE HedTsAHBIE Ta3bl IPU HaTHETAHUU UX
B HepTera3oBblil KOAAEKTOP BBUAY HaAM4Ms 9 dexTa
YaCTUYHOM UAU IIOAHOH B3aMMHOM CMELIMBAeMOCTHU
C IIAACTOBOM HePTBIO 00AAAAIOT AYUIINMH OTMBIBA-
IOIMMU U BBITECHSIOIUMH CIIOCOOHOCTSIMH, YeM
IpHMeHseMasi B CHCTeMe IIOAAEPIKaHM TAACTOBOTO

paBaenus (ITITA) Bopa.

Ilpu 3axaumBaHMY ra3a B HATHETaTeAbHbIE CKBa-
>KHHbI Ha IIEPBOM 3TaIle CII0C006a, B IIEPBYIO OYepeAb
UM OYAyT 3aIlOAHSITHCS HamboAee MPOHUIIAEMBIE,
a B CAy4ae BHEAPEHMsI CIIOCo0a Ha 00beKTax IKCIIAya-
TALIUH C yKe AeficTBytomeit cuctemoit ITTTA -Han6o-
Aee TIPOMBITbIE IIPOINAACTKHU M CUCTeMbI TpenuH. by-
AYT TIPOMCXOAMTD BbITecHeHUe HedTH (OCTaTOUHOI
B CAyYae peaAn3aliiuy Clioco0a Ha HCTOIIEHHBIX 00'b-
eKTax) K 326051M AOOBIBAIOIUX CKBAYKUH, IIPHYEM AO-
CTUraeMsblit K09 pPUIUEHT BHITECHEHHUS OYAET BBIILE,
4yeM IIPU BbITECHEHUHU BOAOM 3a CYET PacCTBOPEHMS
rasa B HeQTH, CHIDKEHHS BA3KOCTHU IIOCAAHEH U pe-
AAM3aIMM peXXKMMa OTPAaHMYEHHOM CMEIINBAaeMOCTH.
AocTHraeMbIi Ha 9TOM 3Tarne KO3QPHUITMEHT 0XBaTa
BbITeCHEHHeM OYAeT HeBBICOK.

TaxuM 06paszoM, ImpepAOXKeHHbIE TEXHOAOTHHU
peaAH3aIi BOAOTa30BOrO BO3ACMCTBHS Ha IIAACT
HACOCHO-KEeKTOPHas U HACOCHO-KOMIIPeCCOpHas
CHCTeMa ITO3BOASIIOT IIPEOAOAETh HEAOCTATKH, CBOM-
CTBEHHbIE APYTHM TeXHOAOTHsM [3].

3akarouenne: B HacTosmee Bpems npolriecc npu-
MEHEHHS BOAOTa30BOT0-BO3ACHCTBHA Ha HePpTeraso-
BBIX MECTOPOXKACHUAX HU3Kasl. AAHHBINA METOA Ipe-
AOTBpAIIJAeT IPOPbIBbI Ia3a B AOOBIBAIOLI e CKBAXKUHBI
U yBeAMIHMBaeT KOAMYECTBO U3BACKAEMOM HePTH.

ITpeaaaraemblit METOA, HE CMOTPSI Ha TIOAOXKH-
TeAbHbIE Pe3YAbTaThl, IOAYYE€HHbIE IIPU UCCAEAOBA-
HUU, HY)KAQ€TCS B AOIIOAHUTEABHBIX HCCAEAOBAHUAX
Y U3YYEHHUI.
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solving method.

Organization of material and finished products
transportation is an important national economic
task. The cost of transportation is an integral part of
the base cost of the final product, so it is important to
reduce the cost of transportation of products. In this
study, the task under consideration is the optimal rout-
ing for transportation of fuel and lubricants between
the major industrial centers of Ukraine: Kiev, Kharkiv,
Dnipro, Zaporizhia, Lviv. The optimal route is the route

of shortest length. The task is formulated as follows: to
visitall the cities, enter and leave each city once, and re-
turn to the initial city of the route. We solve the problem
by the branch and bounds algorithm [1; 2].

The mathematical model of the task is presented
in the table demonstrating the distances between cit-
ies (Table 1) in kilometers. In Table 1, the numbers
1,2, 3, 4, § indicate the cities of Kiev, Kharkiv, Dni-
pro, Zaporizhia, Lviv, respectively.

Table 1.
1 2 3 4 S
1. - 487 496 544 487
2. 500 - 222 303 1042
3. 510 250 - 90 948
4. 570 300 89 - 1014
S. S50 1050 950 1020 -

The algorithm for compiling the optimal trans-

mal element h Ifor each row of Table 1. This is the

portation route consists of the following steps:  smallest value in each row. Table 2 shows the mini-

1) reduce Table 1 to rows. Itis done by finding mini- ~ mal elements of rows.

Table 2.
1 2 3 4 S h
1 3 4 S 6 7
1. 487 496 568 544 h =487
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1 2 3 4 S 6 7
2. 500 - 222 303 1042 h =222
3. 510 250 - 90 948 h_ =90
4. 570 300 89 - 1014 h =89
S. 550 1050 950 1020 - h_=550
From each element of the row we subtract the minimal element of this line — we get (Table 3) given in
lines.
Table 3.
1 2 3 4 S

1. - 0 9 81 57

2. 278 - 0 81 820

3. 420 160 - 0 858

4. 481 211 0 - 925

S. 0 500 400 470 -

q,=57

2) reduce (Table 3) by columns. To do this, we
find in the columns of (Table 3), where there are no
zeros, the minimal elements q,in the columns as the

smallest value of the corresponding column and sub-
tract its minimal element from each element of the
column. Table 4 is the result of the reduction.

Table 4.
1 2 3 4 S
1. - 0 9 81 07
2. 278 - 0¥ 81 763
3. 420 160 - 0 801
4. 481 211 02! - 868
S. 0°s 500 400 470 -

3) let us estimate the number of zeros in
(Table 4). We find an estimate of the zeros as the
sum of the smallest element of the row and the
smallest element of the column, at the intersection
of which is the estimated zero. We select the first
link in the chain of the optimal route of cities ac-
cording to the highest estimate of zero, in our case
itis 1-S.4) cross out in table 4 the row and column
at the intersection of which there is zero with the
highest rating. We return to point 1) of the algo-

rithm for finding the optimal route for city bypass.
We work following the steps of the algorithm until a
2 x 2 table remains. From a 2 x 2 table, pairs of cities
are automatically found. From the links of cities an
optimal transportation route is built. In our case,
this route has the form: 1-5-4-3-2-1.Itslength is
2903 km. This is the shortest route length. It is pos-
sible to make sure that the shortest route length is
possible if one of the links of the route is prevented
from use in the calculation [3].
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