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Abstract

According to the studies of a number of authors, the confinement of earthquake epicenters to zones of active
deep faults has been established in Armenia. But, not all faults are characterized by the same seismicity. The most
seismically active are the general Caucasian faults and two northeast-trending faults: Akhuryan and Ararat-Sevan.
According to seismo-statistical data, Pambak-Sevan, Pambak-Sevan-Syunik, Garni, Akhuryan are especially
highly active. There is a differentiation of faults in terms of seismic activity along their strike. In the event of
earthquakes of medium and large strength, it is necessary to consider active blocks and fault nodes. Seismically
active fault nodes are Spitak and Sevan. To determine the activation of seismicity in the study area, based on the
catalogs of earthquakes for (2011-2022) and the general seismic regime, a map of background seismicity was
constructed. The hydrogeodynamic effects that preceded the geodynamic processes of the earth's crust in the cen-
tral region were revealed, according to changes in the dynamics of the groundwater level and the chemical com-
position of mineral waters.

Keywords: monitoring, seismic, fault dynamics, hydrogeodynamics, hydrogeochemistry, earthquake.

Introduction

Over the past ten years (2011-2022), a large num-
ber of seismic events have been registered in the region
of central Armenia. A map of the seismicity of the ter-
ritory of Armenia for the indicated years has been com-
piled. The increased activity of the geodynamic pro-
cesses of the earth's crust in the studied central region
of Armenia confirms the seismic activity of the region
in recent years. The purpose of this study is to confirm
the activation of the geodynamics of Central Armenia
according to seismic geodynamics, based on the data of
the study of the movement of the earth's crust and es-
tablishing a connection between variations in the stress-
strain state of the earth's crust and the kinematics of
deep faults. The stress-strain state of the earth's crust in
the central region is calculated based on the data of wa-
ter level variations in hydrogeodynamic boreholes and
anomalous changes in the chemical composition of
mineral waters. The stress-strain state of the earth's
crust in central Armenia contributed to the formation of
a compression structure along the middle segment of
the Garni fault and along the Ararat-Sevan fault. The
resulting stress field is characterized by numerical val-
ues of deformations (E=10-6, 10-7) on the fault zones
of the listed deep faults. Based on anomalous changes
in the composition and level of groundwater, hydroge-
ochemical and hydrogeodynamic effects that precede
tectonic movements of the earth's crust were revealed.
The gas composition is the first to react to the stressed
state of rocks: carbon dioxide (CO2), the second is the
macrocomponent composition of mineral waters. The
epicenters of the occurred earthquakes are mainly con-
fined to the zones of deep faults: Garni, Ararat-Sevan
and partly along the Yerevan deep faults. Based on the
research results, the dependence of earthquake epicen-
ters on the longitude and latitude of coordinates is
shown. From the dependence obtained, it follows that

the earth’s crust of central Armenia is subject to defor-
mation processes (compression) both in the meridional
and latitudinal directions. To determine the maximum
depth of the distribution of the hypocenters of the earth-
quake sources, a graph of the dependence of occurred
earthquakes on depth was drawn up. The predominant
depth of the distribution of the hypocenters of the oc-
curred earthquakes reflects the extent of the defor-
mation processes of the earth's crust along the vertical.
As a result, it can be noted that the strengthening of the
geodynamic processes of the earth's crust in central Ar-
menia is a manifestation of the activation of the Garni
and Ararat-Sevan deep faults.

Materials and Methods

The studies of the activation of geodynamic pro-
cesses of the Earth's crust of central Armenia were car-
ried out according to the seismic regime, changes in the
dynamics of groundwater in hydrogeodynamic bore-
holes, and variations in the chemical composition of
mineral waters. The seismically active region of Arme-
nia is characterized by complex tectonics with multiple
deep faults of the pan-Caucasian and anti-Caucasian
lineaments. Tectonics of the research area includes
seismotectonic megablocks of Yerevan and Gegam-
Vedi. The intensive development of the tectonic move-
ments of the Gegam-Vedi megablock were accompa-
nied by subhorizontal tectonic movements directed to
the SW. Currently, the movement of the Yerevan meg-
ablock is developing towards the SW-SE direction. All
these movements are accompanied by the development
of centers of numerous relatively weak earthquakes on
the front-facing SW and SE parts of the formations of
the folded and covered complexes. At the same time,
the faults of the folded complex are transformed into
structures of the first-order, and the structural plan for
the development of modern tectonic movements are
outlined by the locations of epicenters of relatively
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strong earthquakes at the intersection knots of trans-
verse (NE)-longitudinal (NW), i.e., fundamental-crus-
tal faults [9]. The Yerevan seismotectonic knot under
consideration is distinguished by the development of a
regional NE-SW prostration of the fault along the river.
Khndzorut - v. Chambarak - v. Shorzha- Lake Sevan -
v. Yeranos - Geghama Highlands between the rivers
Jrvezh - Azat, further moving to the East, according to
the earthquakes that occurred on October 23, 2011, fol-
lows the line of Aigezard - Mount Ararat - the city of
Van. At the same time, according to geophysical data,
the Ararat-Sevan fault is distinguished here [6]. The re-
gional fault is distinguished by geological interpreta-
tion of aerial and space photographs [10], a set of geo-
physical data, and field studies. Yerevan seismotec-
tonic knot is mainly the result of tectonic movements
of the fault-interfault zone. Moreover, the mentioned
movements were accompanied by multistep left-shifts
of blocks both inside the Azat fault zone and in the con-
tact aureole of parts of the Gegham-Vedi megablock
and are the consequences of the subhorizontal displace-
ment of the Gegham-Vedi megablock in the SW direc-
tion approximately within 28-36 km. As a result, Garni
seismically active fault was identified in this place [11].
Moreover, the mentioned movements were accompa-
nied by multistep left-shifts of blocks both inside the
Azat fault zone and in the contact aureole parts of the
Gegham-Vedi megablock and are the consequences of
the subhorizontal movement of the Gegham-Vedi meg-
ablock in the SW direction approximately within 28-36
km. As a result, the Garni seismically active fault was
identified in this place [12]. At present, the mentioned
relatively active tectonic movements have largely been
stabilized. Accordingly, the movement of the near-fault
parts of the Yerevan megablock continues relatively
weaker and more interestingly and is accompanied by
Yerevan fault and formations of the folded complex.
This is confirmed by the development of modern, as on
the example of 2006-2007, earthquake epicenters, rela-
tively weak and medium, slightly stronger than the
earthquake in the frontal SW and SE parts of the Yere-
van megablock. The earthquake centers of relatively
weak earthquakes are developed on the right bank of
the Araks River [7] . Thus, with the help of paleotec-

tonic analysis, it is possible to identify seismically ac-
tive and passive tectonic blocks and faults, as borehole
as to determine the nature and direction of modern tec-
tonic movements.

As the seismicity distribution on the map shows,
earthquake epicenters are not located on faults, but it is
possible to identify segments of regional faults, to
which areas of seismicity concentration (seismogener-
ating zones) gravitate. Active and passive fault seg-
ments (as regards the presence of modern movements)
are determined based on the data of GPS velocities:
2.7+-0.9mm/g in Metsamor, 1.7+-1mm/g in Yerevan
and 2.0+-0.9mm/g in Sevan tectonic blocks.

Seismicity analysis

It is typical for the seismicity of central Armenia
that the vast majority of earthquake sources have a
depth of 10-15 km, the stress field is sharply inhomo-
geneous. Earthquake epicenters are stretched out along
regional deep faults and boundaries of tectonic faults.
The territory of central Armenia includes the following
sources of seismic events: Yerevan, Dvin, Ararat, Para-
kar and Garni earthquakes [3]. The earthquakes belong
to the types of neotectonic movements and their devel-
opment zones correspond to areas of high velocity gra-
dients of the modern (Neogene-Anthropogenic) verti-
cal tectonic movements. In the study area the seismo-
genic knot Ararat is distinguished as the area of the in-
tersection of the Ararat zone of deep faults with Ararat-
Sevan. Ararat strong earthquakes dating back to 739
and 1840 (M=6.7) are also confined to the knot zone of
earthquakes, which includes Garni earthquake (1679,
M=7.0), the epicenter of this event was located in the
area of the Garni village. The process of seismic activ-
ity of the earth's crust manifests itself in the form of
discrete events - earthquakes.

The catalog of earthquakes in central Armenia in-
cludes about 150 events. The depths of the earthquakes
that occurred are in the range between 2.0+-16 km. In
the work, a sample of earthquakes with K>8.5 for 2011-
2022 was done as borehole as a diagram of the distri-
bution of seismicity in central Armenia was developed
(Fig. 1). The spatial distribution of earthquakes with K
= 7+8 compose the background seismicity of the study
area (Fig. 2)


https://context.reverso.net/translation/english-russian/contact+aureole+of
https://context.reverso.net/translation/english-russian/contact+aureole+of
https://context.reverso.net/translation/english-russian/contact+aureole+of

POLISH JOURNAL OF SCIENCE Ne 90, 2025 5
41.00 =
, \\: T |
"H:.-\H.."\ >
\I\ _%:;-u
40.50 . =
e A
‘ i) [ 3 o \
g ‘ Y
A o
\M\‘I\ Erevan g e
& <7
40.00 == = Gami P
» ™~ ¥
¢ ]
b
s
i
39.50 _\“‘\ f’wﬁ
44.00 44.50 45.00 45.50 46.00

Fig.1. Scheme of location of earthquake epicenters in central Armenia
®-M>25-10<K<8.5 - M>4-K>12.;

~"- deep faults: I-Yerevan fault, I1- Garni fault, 111- Ararat Sevan fault, IV- Pambak Sevan

The diagram indicates the confinement of strong
earthquakes to deep faults: in the west to the Yerevan
fault, in the east to the Pambak-Sevan fault, and in the
center to the Garni fault. The map of the seismic back-
ground of the region (Fig. 2) reflects an increased back-
ground of seismicity, which, possibly, contributes to
the activation of the dynamic processes of the Earth's

crust in the central part of the region and the develop-
ment of movements along the Bazum-Sevan, Garni and
Avrarat-Sevan deep faults.

The map of the seismic background reflects the
density of earthquake epicenters inside and at the bor-
ders of tectonic blocks: Metsamor, Yerevan, Aparan-
Sevan and Sevan research areas, as borehole as at the
fault zones of Yerevan, Ararat-Sevan, Garni and Pam-
bak-Sevan deep faults.
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Fig.2. The map of seismic background of Central Armenia for 2011+ 2022. e- 9<K<8.
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A graph of earthquake recurrence based on the Gutenberg-Richter law [15] in the integral form Lg N=a +bM

has been developed (Fig. 3).
g
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Fig. 3. Recurrence schedule for earthquakes that occurred in 2011-2022. N - number of earthquakes, N=51, M -
magnitude of earthquakes, M=1.5 - 5,5.

The main parameters of the seismic regime are de-
termined: a=3.5 - seismic activity and b=0.7 - graph in-
clination. The value of parameter b is overestimated in
relation to the average value b=0.5. on the territory of
Armenia. Figure 3 shows that the rectilinear section of
the graph is typical only for the interval of magnitudes
2.0< M<3.0. The M>3.0 graph indicates the recurrence
of stronger earthquakes. The reason for the nonlinearity
of the recurrence graph in the layered-block structure
of the Earth's crust [14] is that large sources of big
earthquakes do not fit in the same layer as small ones,
but have deeper horizons.

The paper studies a graph of the dependence of
earthquake epicenters on the longitude and latitude of

coordinates (Fig. 4). As a result, it was revealed that the
earthquakes that occurred in central Armenia in 2018
have a near-meridional direction (compression), earth-
quakes for 2019 have a latitudinal direction (compres-
sion). Epicenters of earthquakes that occurred in 2021
on the eastern coast of Lake Sevan, also have a meridi-
onal direction (compression). From which it follows
that in central Armenia the Earth's crust is subject to
deformation processes (compression) both in the me-
ridional and latitudinal directions, and on the eastern
coast of Lake Sevan in the latitudinal direction (com-
pression).
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Fig. 4. Graph of dependency from the longitude and latitude of the epicenters of earthquakes in central Armenia
e- earthquake epicenters

3.1 Hydrogeodynamic and hydrogeochemical
data. At present, great importance is given to the dy-
namics and geochemistry of groundwater and their role

in the development of geotectonic processes. Accord-
ing to the method of hydrogeodynamic (HGD) precur-

sors developed at the Institute of Physics of the Earth

[4], we have been conducting research on the territory
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of Armenia since 1989. There are long time series on
the water level of the observational network of hydro-
geodynamic boreholes and the chemical composition of
the waters of mineral springs in the central region of
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Armenia. In this area NN 2,3,8,18.27 hydrogeody-
namic boreholes and I, I, 1ll, IV mineral springs are
located (Fig. 5).

Fig.5. Map of the territory of Armenia with hydrogeodynamic and hydrogeochemical observation points in the
central part. ¢ I- Surenavan, II- Vedi, ll1-Arzni, IV-Bjni- Mineral sources, A (2,3,8,18,21,27) —hydrogeody-
namic boreholes, <~ - deep faults.

The method for highlighting hydrogeodynamic ef-
fects from the data of hydrogeodynamic boreholes in-
cludes statistical processing methods and data interpre-
tation. Periodic variations in the level of groundwater
have been identified, which can be associated with the
influence of tide-forming forces. Low-amplitude peri-
odic groundwater variations are identified, caused by
sawtooth variations, which are associated with a slow
rise in the water level and its sharp decline and indicate
the presence of weak deformations.

A characteristic feature of sawtooth variations is
that they occur against the background of a trend of ris-
ing or falling water levels in a borehole, which can be
used as an indicator for determining the activity of tec-
tonic blocks [8]. Further, we consider the results re-
ceived on changes in water levels in hydrogeodynamic
boreholes located in various tectonic blocks of central
Armenia (Fig.5) in order to identify active blocks, in
comparison with the seismic regime of the region for
2011+2022.

Observation borehole No. 2 is located in the north-
ern part of the Metsamor tectonic block, limited from
the north by the Yerevan deep fault. Metsamor block
GPS data is 2.7+0.9 mm/yr. The water level in the bore-
hole has a weak seasonal value, the average statistical
level is 16.2m. The amplitude of level fluctuations is 2-
3 cm. The upward trend has been observed in the water
level of borehole No. 2 since 2006. Hydrogeodynamic
effects are observed before earthquakes with M>4, the
duration of the effect is 1.0+1.5 months, the effect is
stepped. From 2011 to 2013, an increase in the water
level in the then a decrease in the water level of the
borehole was registered. The water level in the borehole
has been rising from 2017 to 2021.

Borehole: No. 3 was drilled in the Yerevan tec-
tonic block and is located near the NE-SE fault, which
runs diagonally along the marked tectonic block, with
the SW - Yerevan deep fault. The data of the Yerevan
tectonic block according to GPS measurements in the

block is 1.7+1 mm/yr. Weak seasonal value. The am-
plitude of water level variations is 0.92m. It is charac-
terized by low-amplitude variations in the water level
in the borehole. A sharp increase in the amplitudes of
water level variations was recorded from 2011 to 2015.
Then, an abrupt change in the water level in the bore-
hole is observed. Until 2021 a slow decrease then a
slow increase was recorded in the water level in the
borehole.

Borehole No. 18 is located in the SW of the Apa-
ran-Ankavan block. The borehole is characterized by a
multistage and continuously rising groundwater level.
From 1990 till mid 1994, within the Aparan-Hankavan
tectonic block, a continuous increase in stress was ob-
served, associated with the movements of this block,
mainly in the northeast direction. From 1999 till 2008
the water level in borehole No. 18 slowly increased.
Starting from 2009 until 2018 the water level in the
borehole almost remained unchanged, then a dramatic
rise in the water level by 126 cm started and since 2021
there is a trend of water level increase. The level of this
borehole is characterized by the presence of tidal vari-
ations, which is an indicator of the response of the bore-
hole-formation system to a change in volumetric defor-
mation.

Borehole No. 21 is located on the SE of the Yere-
van tectonic block. Since 2008 there has been an in-
crease in the water level in the borehole, which contin-
ued until 2015. Sawtooth changes amidst the rising of
the water levels were observed in the borehole between
2011-2015, which is a reflection of the geodynamic
processes (compression) occurring in the upper layers
of the Earth's crust of the Yerevan tectonic block. Dur-
ing the next two years, a decrease in the level was ob-
served, followed by an increase in the water level until
2021. Hydrogeodynamic effects according to the vari-
ations of the water level of boreholes No. 21 before
earthquakes with M>2.5, the duration of the effect is
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1.0+1.5 months, the form of effects in most cases is
stepwise.

Hydrogeodynamic borehole No. 27 was drilled in
the SE of Sevan tectonic block. The change in the water
level in the borehole is characterized by a weak sea-
sonal variation of the groundwater level. According to
the GPS data the Sevan block is -1.2 = 0.9 mm/yr. Since
1994, according to the variations of the water level of
borehole No. 27, a three-stage continuous increase has
been observed, which probably indicates the tectonic
activity of the Sevan block. Periodic variations in the
water level of borehole No. 27 for 2011+2015 have

been identified, which can be associated with the im-
pact of tide-forming forces. Since 2019 there is an in-
crease in the water level in the borehole.

When compared with the seismic regime of the re-
gion (for 2011+2022) the data on the water level in hy-
drogeodynamic boreholes, according to the method for
identifying hydrogeodynamic effects [4], hydrogeo-
chemical effects were revealed that preceded the geo-
dynamic processes of the Earth's crust.

Hydrogeodynamic effects of earthquakes accord-
ing to the changes in water levels in observation bore-
holes.

Earthquake parametres Hydrogeodynamic effects
dd.mm.yy. “
2 A M D g ‘ 5 ‘ e
Borehole Ne3
28.03.2012 40,05 44 55 2,7 19 8,21 0.02 A=K=3s
27.09.2012 40,12 45,03 24 45 8,28 0.03 A=K =+45
Borehole Nel8
10.02.2012 | 4068 | 4435 | 29 | 20 | 2519 | 002 | a=K-3d
Borehole Ne21
05.01.2012 39,95 44,42 2,3 20 23,68 0.01 A=K 434
01.05.2012 40,00 44,53 2 10 23,96 0.01 A=-K+45
Borehole Ne27
29.01.2012 40,33 45,65 2,4 20 22,91 0.04 A=K <34
28.09.2012 40,38 45,53 2,3 25 21,93 0.16 A=K=+24
05.02.2021 40,51 45,41 51 43 23,88 0.02 a=K=+24

= *
D*-epicentral distance, K. background value, 4 *-value of hydrogeodynamic effect, M- magnitude, 0.

dispersion

Thus, the geodynamics of the mentioned tectonic
blocks limited by deep faults are described: Yerevan,
Ararat-Sevan faults, the Garni deep transverse fault in-
tersects the Yerevan tectonic block. The strengthening
of the activity of the geodynamic processes of the
earth's crust under study in the central region of Arme-
nia confirms the seismic activity of the region in recent
years, the spatial distribution of earthquake epicenters
in the middle and on the borders of tectonic blocks,
near-fracture zones of deep faults. The strengthening of
the activity of the geodynamic processes of the earth's
crust under study in the central region of Armenia con-
firms the seismic activity of the region in recent years,
the spatial distribution of earthquake epicenters in the
middle and on the borders of tectonic blocks, near-frac-
ture zones of deep faults. Near meridional direction of
the epicenters of the earthquakes, indicating the pres-
ence of deformation processes (compression), in the
studied part of the region

The nature of changes in the level of water in hy-
drogeodynamic boreholes: raising and lowering,
against the background of the trend, water levels in hy-
drogeodynamic boreholes, the presence of periodic
sawtooth variations of the water level. Hydrogeody-
namic and hydrogeochemical effects (tab. 1, 2) have
been revealed preceding the earthquakes that occurred
in the region. All of the above-mentioned reflects the
increased activity of the Yerevan tectonic block and the
concentration of stress along the Ararat-Sevan and
Garni deep faults.

3.2 Hydrogeochemical data. The task of hydro-
geochemical monitoring is to identify hydrogeochemi-
cal effects, generally in the changes of the macrocom-
ponent and gas composition of water accompanying ge-
odynamic movements of the Earth's crust. The moni-
toring network includes observations of hydrogeo-
chemistry of mineral water sources. Surenavan (1),
Vedi (1), Arzni (111), Bzhni (1V) (fig. 5). The quantita-
tive composition of total mineralization and carbon di-
oxide dissolved in water mineral sources for the period
of observation is presented on Fig. 6. Methodology for
identifying hydrogeodynamic effects includes statisti-
cal methods of data processing and interpretation. The
observations on mineral water sources. NN 1, Il started
in 2006, and NN III, IV started in 2008. Hydrogeo-
chemical anomalies have been revealed, mainly in
changes in the macrocomponent and gas composition
of water, preceding and accompanying geodynamic
movements of the Earth's crust of central Armenia.
Anomalies of the gas and macrocomponent composi-
tion of groundwater are a reflection of the stressed state
of formations. Concentration changes under the influ-
ence of tectonic activity occur in a certain sequence.
Gas composition is the first to react to the stressed state
of formations: carbon dioxide (CO2), the second mac-
rocomponent composition. In the current research, the
obtained results of the geochemical composition of
mineral waters for the last years are presented, compar-
ing them with the seismicity of the region.
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Fig.6.
Diagram of the content of total mineralization and dissolved in water mineral sources of carbon dioxide (CO3).

In the statistical processing of the data of geo-
chemical time series, the method based on the estima-
tion of variability of dispersion in time intervals was
used. The considered forecasting method is based on
statistical evaluation of the variability of carbon diox-
ide dispersion in adjacent time intervals. At the same
time, the average value of the dispersion as borehole as
the speed of its changes is used. The processing of time
series of the change of concentration of carbon dioxide
has been carried out based on the water of hydrogeo-
chemical observation stations: NN 11, 1V. The average
value of carbon dioxide content in water is 1161mg/I
and 1957mg/I. The graph of variations of the time series
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of carbon dioxide gas, according to the laboratory anal-
ysis of water samples of mineral springs and variations
of the CO2 dispersion value was developed (Fig. 7).
The obtained image reflects the periods of increase and
correspondingly decrease of the dispersion values. The
obtained results were compared with seismic events
that took place at different distances from the observa-
tion point. Before seismic events, there is an increase in
the dispersion value at the beginning, and then its de-
crease. Most often, seismic events correspond to mini-
mal dispersion values, which can be taken as a prog-
nostic sign [2].
a) b)
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Fig. 7a,b. Graph of variation of CO; concentration and its dispersion in the waters of mineral springs of Vedi
(a) and Bjnim (b). 1-actual data, 2- dispersion. Arrows indicate earthquakes

According to the changes in the value of the total
mineralization of the water of the Arzni mineral spring,
there has been an increase in recent years, which indi-
cates the deformation processes in the areas where the
mineral waters are released due to the geodynamic pro-
cesses of the Earth's crust. It is possible to assume that

the water-bearing rocks of the Arzni deposit are under-
going deformation-compression, which suggests the
activation of tectonic movements of the Yerevan-Or-
dubat block, where the Arzni and Bjni mineral water
deposits are located.
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As a result of comparing the seismic regime of the
region (for 2011+2022) with the parameters of the
chemical composition of mineral waters, hydrogeo-
chemical effects preceding the geodynamic processes

of the earth's crust, in particular earthquakes, were re-
ceived[2] (Table 2).

Hydrogeochemical effects according to the pa-
rameters of the chemical composition of mineral waters
preceding earthquakes.

Table 2
Earthquake Hydrogechemical effects
| parameters

dd mm 3y W i — i

PLALMIDTIR e | Bf o] w |R0[6f] m | Erle
Arrni
a0 (43 46636 |9 (18 (2 |peFagg| 20 |8 [peFwzg |81 | 11 | a6
0 |0 | 48| 4 | B 055 (6 [a=K 4135
Bini
410201 (403 [4466( 36 | (T (4 |a=K426 | 47 |1 |peK456 |48 |9 |a=K 4454
0062018 | 4092 [428) 31 | 40 614 (3| gl 460 | 266 |10 [a=K 436
Vedi
o (anas] o2l Teins[ % [6 [tas w0 |7 [k 56
Surenavan
oA |00 | 48] 49 | B 051 | B | gL 454

=
background value, A*-value of hydrogeodynamic effect, K b

Thus, changes in the gas and chemical macro com-
ponent composition of mineral waters of central Arme-
nia are an indicator of the stressed-deformed state of the
Earth's crust in the region. The map of the stress-strain
state of the Earth's crust in central Armenia was built
based on the numerical values of calculated defor-
mation values, located around each observation point
of hydrogeodynamics and hydrogeochemistry, as a re-
sult of the earthquakes that occurred in recent years
with M>3. Based on the obtained values of calculated
deformations, maps of isolines of equal deformation

values were developed with the use of weight coeffi-
cients [8]. According to the map (fig. 8), in the central
part of the region of Armenia, a compression structure
is formed. The structure of the compression is most in-
tense along the middle segment of the Garni fault and
almost along the entire Ararat-Sevan fault. The result-
ing stress field is characterized by high values of defor-
mations (E=105, 10°7), which took place on the near-
fault zones of the Garni and Ararat-Sevan faults, as a
result of the earthquakes.
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Fig.8. Map of stress strain state of Earth’s crust of Central Armenia.-isolines of deformations,
- deep faults: I-Yerevan fault, I1- Garni fault, 111- Ararat-Sevan fault, V- Pambak-Sevan.

4 Discussions

Processing and interpretation of hydrogeodynamic
and geochemical data of groundwater in the region
makes it possible to increase the reliability of assessing
the stress-strain state of the earth's crust over time in the
territory of Central Armenia [2].

Using the results of hydrogeodynamics and geo-
chemistry of water and seismic regime in combination
is important when analyzing data from monitoring the
seismic geodynamics of the territory of Armenia [ 10].

5 Conclusions

Paleotectonic analysis of the studied material ac-
cording to a number of authors helps to identify seismi-
cally active and passive tectonic blocks and faults, as
borehole as determine the nature and direction of mod-
ern tectonic movements.

The compiled seismicity map of Central Armenia
indicates and confirms that strong earthquakes are con-
fined to deep faults.

The seismic background of the study area is over-
estimated, which may contribute to the activation of ge-
odynamic processes of the earth's crust in the central
part of the region.

Hydrogeodynamic and hydrogeochemical precur-
sor effects preceding the earthquakes that occurred dur-
ing the research period were identified.

An assessment of the stress-strain state of the
earth's crust in the territory of central Armenia is given,
as a result of the interpretation of the data obtained on
the water level of hydrogeodynamic boreholes, the ge-
ochemistry of mineral waters and the seismic regime.

It was also revealed that the change in tidal defor-
mations can be taken as a prognostic sign. Slow drops
(rises) in the level of groundwater in the form of a trend
reflect long-term changes in the stress-strain state of the
environment.
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The establishment of the Mongol Empire, which spanned Eurasia, was initiated by Genghis Khan and have been
successfully expanded by his successor, Ogedei Khan, and their decendants for a few hundred years. The success of this
empire has been undoubtedly attributed to its military might and organization. However, in this paper, we discuss the
economic policies of Genghis Khan and Ogedei Khan that potentiated the Mongol Empire's military power and helped
establish a vast empire where fair trade, communication, and exchange were possible throughout Eurasia. We believe
that these policies enabled the Mongol Empire's economy to be what we would call a globalized economy today.
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tax system.

The fact that Genghis Khan was a brilliant economic
policymaker is confirmed by the assessment by various
researchers and "Washington Post" has named him "Man
of the Millennium” in the 1990s. According to
Washington Post, "Genghis Khan and his successors
created a vast free trade zone covering Europe and Asia,
strengthening the ties between Western and Eastern
civilizations. It can be said that this was the General
Agreement on Tariffs and Trade (GATT) system of the
Middle Ages. They were the first to create a
communication network connecting the world 700 years
before the creation of the Internet."2

The question of what exactly the economic policy of
Genghis Khan, man of the second millennium, was aimed
at and by what mechanisms it was implemented, rightly
attracts the attention of today's scholars. Genghis Khan's
economic policy and the mechanisms by which it was
implemented are recorded to some extent in historical
sources such as "Mongolian Secret History", "Sudriin
Chuulgan (Jami® al-Tawarikh)", "Mongol National
Encyclopedia", "Zasakhd Bilig", and "lIkh Zazag Khuuli
(The Yassa)". According to these sources, in addition to
implementing specific economic and business measures,
Genghis Khan implemented his economic policy using
taxes, customs, and rewards. The main goal of his
economic policy was to eliminate any pretexts that
threatened the independence and sovereignty of
Mongolia, strengthen its independence in all respects, and
to revive the state's economy in a short time, and to
reliably ensure the economic independence and freedom
of his nation.34

In order to ensure the economic independence of the
Great Mongolian Empire, he took specific measures to
structurally reform the economy, such as developing

! Joel Achenbach. “The era of his ways; In which we choose
the most important man of the last thousand years”, Washing-
ton Post, December 30, 1995.

2 M. Hoang "Genghis Khan - An Emperor of All Men". New
York, 2000.

3 Ishjamts 1. "Compilation of Mongol Historical Writings",
Ulaanbaatar, 1998.

4 Nyamosor N. "Mongol Economy and Society in the 13th
Century: Execution of Great Yasa Law", Ulaanbaatar, 1999.

animal husbandry, regulating land relations, protecting the
environment, regulating internal and external trade,
economic infrastructure, state finance and the tax system,
and widely use knowledge, talent, and technical and
technological advances in economic activities.> Thus,
when implementing decisive measures to develop the
economy, first of all, nomadic animal husbandry was
brought under the jurisdiction of the mingghan (a social-
military unit of 1000 households) and the number of
livestock was intensively increased.® The traditional
Mongolian system of nomadic, agricultural, and military
systems was changed and organized into a compact urban
system. During the reign of Genghis Khan and his
successors, livestock was kept under state protection and
control, and was counted and accounted for annually.”

Within the framework of his policy on the
development of livestock, he prioritized a fiscally frugal
approach. Firstly, he promoted the economical use of
livestock for food and economic purposes and encouraged
the preservation and processing of livestock without loss.
Secondly, he established proper rules for hunting various
types of animals, determining under what conditions and
when hunts are allowed.?

Itis noted in the "Mongolian Secret History" that the
Great Khan paid great attention to caring for his livestock,
and this can be seen as an expression of his policy on
agriculture. In 1206, when the Great Mongol Empire was
established and Emperor Genghis Khan took over the
reign, a new era began in which land relations were made
a key component of state policy. In addition issues
surrounding national independence, social and economic
development, people's livelihood, customs, and
environmental protection were legally guaranteed in a
complex system.

5 Dorj Tudev, “The charm of leadership of Genghis khan”, pp
169, Ulaanbaatar, 2016.

6B.Y. Vladimirtsov " Chingiz Khan; The Social system of the
Mongols: Mongolian Nomadic Feudalism", Moscow, 1934.
7 Bayanjargal Ch. "Economic Policy and Legacy of Genghis
Khan", Ulaanbaatar, 2004.

8 Jack Weaterford, “Genghis Khan and the Making of the
Modern World”, pp 84, Crown and Three Rivers Press, 2004.
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At that time, the owner of the entire land was the ruler
of the state, Genghis Khan. For other purposes, land was
only lent for usage. At that time, land was divided the
following 3 types;

1. The State Land. Land which is under the complete
control of the Khan or the land belonging to the mingghan

2. The Protected Land. This was the land granted by

Genghis Khan to the Golden family (Genghis Khan's
direct relatives) for generations to own, and was called
"inj".
3. The Gift Land. This was land that was awarded as
a reward to nobles, military commanders, and others who
had served the emperor (the state and the people) and had
rendered meritorious service, and was called "tushee". Not
only the lands protected by Genghis Khan, but also the
lands under the authority of the Golden family, the Tumen
(a social-military unit of 10000 households), and the
Mingghan commanders were not their own property, but
were deemed their possessions.®

Genghis Khan paid special attention to trading with
neighboring countries, and as a result foreign merchants
came to Mongolia freely. For example, the “Mongolian
Secret History” records that “Genghis Khan met a
merchant named Hasan of Sartuul at Lake Balzhun, who
was buying ten thousand sables from Alahushdigithur of
Ongud and sables and squirels from the people living on
the Ergune River.”° It is also recorded that Genghis Khan
sent multiple envoys to Khorezm with a proposal to trade,
but the envoys were repeatedly masacred, causing him to
declare war with the country, which he the won and
occupied Khorezm. Thus, with the establishment of an
empire spanning Asia and Europe, a global free trade zone
was established. By paying close attention to the
importance of international trade relations in the
development of the national economy, and by actively
developing it and taking practical steps, Genghis Khan can
be considered to have laid the foundation for the current
economic globalization of mankind.!

Among the five major Mongolian livestock, horses
were of particular importance. This is because horses were
not only ordinary livestock, but also were military defense
and had strategic importance. In volume | of his work
"Khalkh Towchoon", the famous Mongolian historian
Gongor. D argues that the Ministry of Horse Breeding
used to carefully count the state's horse herd every year
and report to the Khan of how it grew or perished, and that
no one except the Khan was allowed known the exact
number of horses in the herds.?

Crafting also played a significant role in the Mongol
economy. Since ancient times, every Mongolian had a
tradition of making various weapons and ornaments from
wood, clay, bone, leather, bronze, iron, gold, silver, and
stone.'

% History of Mongol State. Vol. 5. pp 143, Ulaanbaatar, 2003.
10 The Secret History of the Mongols, Ulaanbaatar, 1990.

11 Adam Hart-Davis, "History: The Definitive Visual Guide:
from the Dawn of Civilization to the Present Day ", London,
2007

2 Gongor D. "Chronicle of the Khalkha Mongols. Vol. I",
Ulaanbaatar, 1978.

13 Amar A. "A Concise History of Mongolia", Ulaanbaatar,
1989.

When leading the state of the Great Mongol Empire,
Emperor Genghis Khan used to reward those who had
worked hard and devotedly, to stimulate their enthusiasm,
activity, and interest. Genghis Khan, after seeing the
results of people's work, generously rewarded those who
had achieved success with high positions and valuables,
regardless of their social status, whenever possible. The
rewards were both material and emotional X4

In continuation of his father's policy, Ogedei Khan,
while expanding Genghis Khan's political reforms, paid
great attention to the issue of economic management.
There is reason to believe that the success of Ogedei
Khan's economic policy was associated with some of the
specific advantages of his policies. During Ogedei Khan's
reign, handicrafts and manufacturing were greatly
encouraged. In addition to manufacturing military
products such as weapons, armors, curved swords and
bows suitable for slashing and shooting from horseback,
great attention was paid to establishing and operating
industries for the household needs of herders, such as ger
carts and simple carts that could be pulled by three, four,
or more oxen. There is evidence that there was a smelting
furnace (factory) in the city of Kharkhorum.® Ogedei
Khan established many handicraft factories in Mongolia
and employed about 200 thousand domestic and foreign
craftsmen and builders for crafting.

Ogedei Khan's customs and tribute policy had a
significant impact on the development of the country's
economy. In 1229, he issued a law on the unified state
tribute to be collected into the Khan's treasury, and
established the amount and procedure for the tribute to be
collected from livestock and agriculture.!” In addition, he
inspected and weighed the land of foreigners who settled
in Mongolia and imposed taxes. In 1233, an amendment
was made to the state tax law, and a tax was levied on
horses, cattle, and sheep for every 100 heads. Taxes on
traders were also tightened. In 1230, the Salt Tax Law, in
1234 the Trade Customs Law, and in 1236 the Millenary
Law (10.149) were issued, and customs duties were
collected in accordance with world standards, taking into
account the income of foreign and domestic merchants.*®

An orphan support fund was established, and
measures were taken to provide scholarships to the
families of heroes who had died in the war, and to reduce
and exempt the lower classes from taxes. In 1236, Ogedei
Khan issued a decree that issued paper money, which was
the first in the world. The Ministry of Internal Affairs was
established in 1231 and headed by Yulai Chu Cai, the
Khan's son-in-law. Yulai Chu Cai also initiated the
separation of military and civil administration in the same
year. This meant that the military governors and millenary
governors were only responsible for military affairs, and
the collection of tribute and other land affairs were
handled by specially appointed officials. This was the

14 Natsagdorj Sh. "Chronicles of Genghis Khan", Ulaanbaa-
tar, 1991.

15 Ishtseren. L, Sasada. T, et. al., “Some results of the chron-
ological study of ancient iron ore smelting furnaces”, Ancient
studies; Studies on Nomadic Cultures, Ulaanbaatar, 2024

16 John Larner, "Marco Polo and the Discovery of the World",
Yale University Press, 1999.

7 History of Mongol State. Vol. 5., Ulaanbaatar, 2003.

18 Unen Setsen "Studies on the Secret History of the Mon-
gols", Indiana University Press, 1965.
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beginning of a completely new relationship of
management, separating military and civil affairs.

During the reign of Ogedei Khan, a unified monetary
and financial policy was implemented throughout the
Empire. A census was taken in 1233-1236. Tax and credit
policies were reformed. Merchants were banned from
lending money at excessively high interest rates. Ogedei
Khan enriched the political and state reforms of Genghis
Khan with economic reforms and business reforms. It is
said that the great task of dismounting from concuring and
governing the great empire built by Genghis Khan on
horseback began precisely with Ogedei Khan.19%

Let us consider the purpose of the mechanisms noted
in historical sources, regarding the specific economic
measures, as well as the mechanisms of customs, taxes,
and incentives that were used as incentives for the
implementation of economic policies. Regarding taxes
and customs, Genghis Khan established and implemented
the norms of taxes and tributes to form the treasury of the
Great Mongol Empire. The amount of official taxes varied
in the regions of the Great Mongol Empire, and in general,
once a year, if one head of livestock out of a hundred was
less than one hundred, the official tribute was exempted, 1
tar was taxed on each hectare of grain from the peasants,
and any other goods could be taxed, and the rich were
obliged to pay 7-10 dinars in taxes per year.?* It is noted in
historical records as follows, "The king, who has inherited
the wealth from his great father should not burden the
citizens, and should only be given a sheep from his
country for soup every year. Only one sheep out of a
hundred should be slautered, and spare some for the poor.
Wonder how drink would be taken if all was taken from
the citizens every time his brothers and sisters, and the
great benefactors gather? He should be given a mare from
each myanggan, and permanent milkers should be
employed for milking, and herdsmen for herding those
mares, and they should be exchanged regularly, and some
should be employed for herding the foals."??

The government of the Great Mongol Empire
exempted the elderly and the disabled from taxes, and
provided tax relief under certain conditions. Intellectual
workers, monks, and religious figures were exempted
from paying taxes within the scope of the Great Mongol
Empire, and other citizens were obliged to pay customs
duties. In the classical formulation of economic theory,
serfs paid both product and labor for their taxes. However,
the form of monetary taxes was almost nonexistent at that
time.

An official called "darguchi"? was appointed and
employed, who was responsible for conducting a census
of the country's population, determining and collecting the
appropriate taxes from them, and transporting them to the
capital of the empire. Darguchi were special
administrative representatives or deputy governors
appointed by the Great Khan in the conquered territories
and were the tax collectors. Initially, Darguchi were
associated with military affairs, but later they became

19 Natsagdorj Sh. Duke Toh and his Disciples. - Ulaanbaatar,
1968.

2], A. Boyle, "The Mongol World Empire (1206-1370)",
London, 1977.

21 Boldbaatar. J, Baasanjav. Z, “History of the World”, pp
149, Ulaanbaatar, 2002.

exclusively civil servants. During the empire, the
Darguchi system spread rapidly throughout the conquered
countries of Asia and Europe. An example from historical
reports about daguchi system is as follows, "Genghis
Khan has issued a decree that "A darguchi was appointed
in all settlements. Father and son named Yalav and
Mashud Khurumi from the Sartuul clan, came from the
Urungechi settlement and discussed the customs of their
settlements with Genghis Khan, and they were told about
the taxes and customs. Mashud Khurumi was appointed
the chief for the settlements of Bukhara, Semisgei,
Urungechi, Odan, Kisgar, Uriyan, Gusen, and Daril, while
Yalav, the father, was appointed to the Khitan Enund
settlement. Since they knew of the customs and traditions
of settlements among the Sartan people, they were
appointed to govern over the Khyatan citizens and serve
as their leaders”. Thus, an independent special
organization with tax collectors called "Darguchi" worked
throughout the empire and established tax and tribute
standards, which on the one hand formed the state budget,
and on the other hand, implemented flexible tax policies
such as discounts and exemptions, which varied
depending on the living standards of the people.

As Genghis Khan deeply felt that the independence
of Mongolia would ultimately be secured by the growth of
its economic power, he consistently pursued his economic
policy and skillfully implemented economic levers and
mechanisms, thereby developing and strengthening the
economic base of all Mongolia, uniting many countries
and states and established a unified Great Mongol Empire.
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This paper examines the mechanisms of state regulation in promoting innovation and development, highlight-
ing key regulatory tools, policy frameworks, and economic incentives. We use empirical data from multiple coun-
tries to evaluate the effectiveness of these mechanisms and propose optimization strategies. Drawing on Schum-
peterian and endogenous growth theories, this study emphasizes the importance of technological progress and
knowledge spillovers in economic development. The role of the state is analysed in the context of market failures,
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regulatory approaches. The results of the study provide insights for improving policy efficiency and ensuring sus-
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Innovation and development are important drivers
of economic growth, technological progress and im-
proving national competitiveness. Economic growth is
a tool to measure the development and progress of a
country, and technological innovation is one of the fac-
tors influencing economic growth, which contributes to
the development and modernization of production
methods. Therefore, technological innovation is a ma-
jor driver of economic growth and human progress.
Spending on innovation, R&D, and investment in inno-
vation supports competition and progress. As a result,
sustainable economic growth has been achieved. This
ensures the conservation of resources for future gener-
ations and economic and social growth [1]. Effective
national regulation plays a key role in shaping innova-
tion ecosystems by providing financial incentives, legal
frameworks, and institutional support. This paper ex-
plores various regulatory mechanisms and evaluates
their effectiveness using empirical data. Innovative
concepts that have traditionally been limited to techno-
logical advancements have transcended their traditional
boundaries. The mechanism for the state to regulate and
develop innovation now covers a wider range of as-
pects, integrating economic, social and policy dimen-
sions. We suggest that "innovation cooperation” is a
better framework than "technology transfer" to advance
international efforts at technology for sustainable de-
velopment. Such a framework allows for a broader and
more holistic perspective on technology-related coop-
eration between countries. It also stresses the need for
equitable partnerships, rather than donor-recipient rela-
tionships, and the need to develop local innovation ca-
pacities to more effectively mobilize technology to help
developing countries achieve sustainable development
[2]. In this context, the role of national governments
goes beyond mere regulation and extends to being ac-
tive promoters and catalysts of innovation.

Innovation remains a key driver of economic
growth, requiring the creation of novel and enhanced
products and services that trigger an increase in eco-

nomic activity. For an invention or service to be con-
sidered an innovation, it must contribute significantly
to the national economy by contributing to the optimal
use of resources and the creation of a competitive ad-
vantage.

The concept of innovation dates to the beginning
of human existence and has played a key role in im-
proving labor productivity and the global economy.
Nevertheless, modern innovation systems are distin-
guished by their unparalleled speed of implementation
of new ideas.

The development of world civilization shows that
the phenomenon of "innovation" is considered a para-
digm for national development. Thus, the innovative
development of the national economy usually refers to
the process of social production, the key feature of
which is the use of accumulated knowledge and its
transformation into innovation. Only after that can in-
novation become the basis for the growth of the na-
tional economy and be appropriately adapted to dynam-
ically changing conditions. This process is initiated in
the context of the economic growth strategy and in-
volves the renewal of the engineering and technological
base of production, which is related to the reduction of
energy and resource intensity, the reduction of environ-
mental burdens, the increase of labor productivity, the
comprehensive development of individual capacities,
the increase of motivation to carry out creative (includ-
ing scientific) activities, the process of democratization
of society, etc. Innovative ideas for the development of
the national economy can be implemented through a
well-developed system of relations and institutions that
create the necessary conditions for the implementation
of scientific and technological progress within the
framework of a well-defined national development
strategy [3].

Government Policy & Innovation

Direct investment in R&D can be achieved
through an effective way for governments to regulate
innovation development mechanisms: governments
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fund basic and applied research through grants, subsi-
dies, and public research institutions. Tax incentives
and fiscal support: R&D tax credits, venture capital
support, and low-interest loans encourage private sec-
tor innovation. Strengthen IP protection: A strong pa-
tent system incentivizes innovation by ensuring a return
on investment. Promoting innovation clusters and in-
dustrial policies: The government promotes the devel-
opment of regional innovation hubs and strategic indus-
tries. At the same time, government efficiency has a
positive impact on innovation output, which promotes
innovation output by improving government efficiency

[4].

We can also further analyze from the direction of
the guiding mechanism, from the direction of the mar-
ket-oriented mechanism, rationally use market incen-
tives to protect the property rights of scientific and tech-
nological innovation, and incentives for the transfor-
mation of achievements to mobilize the enthusiasm of
enterprises and scientific research institutions, and use
investment and financing means to guide the flow of
capital to high-risk and high-return innovative enter-
prises, such as venture capital, government guidance
funds, etc., to maintain the social competition mecha-
nism through the market fair competition mechanism to
eliminate backward production capacity and stimulate
the innovation vitality of enterprises.

From the perspective of policy-oriented mecha-
nism, the use of financial support, industrial policy, sci-
ence and technology policy and other measures to play
the role of government policy at the macro level,
through financial allocation, subsidies, national pro-
curement, tax exemption and other ways to guide the

flow of resources to key innovation areas, and formu-
late priority development of industrial directions (such
as new energy, high-end manufacturing, digital econ-
omy, artificial intelligence, etc.). We will set up major
national science and technology projects to promote
basic research and original innovation, further release
the advantages of scientific and technological produc-
tion capacity and create an ecological chain of new en-
terprises empowered by science and technology.

In terms of the guidance mechanism of laws and
regulations, we will improve the system of scientific
and technological patent protection and trade secret
protection, formulate relevant international protection
laws on scientific and technological intellectual prop-
erty rights, and protect the rights and interests of the
achievements brought about by scientific and techno-
logical innovation. Formulate scientific and reasonable
standards and rules for innovation evaluation, avoid the
failure to implement scientific and technological
achievements, lack of scientific and technological prac-
ticability, and establish review and social ethics norms
in the development of new technologies (such as bioen-
gineering, Al, and new energy).

Based on having effective ways and guidance
mechanisms, we should strengthen innovation-oriented
performance evaluation, establish a multi-evaluation
system that includes social, environmental and ethical
dimensions, promote "shifting from input-oriented to
output-oriented"”, pay attention to innovation results
and value realization, carry out systematic coordinated
development, and “correct the direction” of guidance
failure or side effects in a timely manner.

Policy
orientation |

Market
Orientation

| Policy and
Innovation

Innovation-
oriented
performanc
e
evaluation

Regulatory
guidance

Figure 1: Government Policies and Innovation-Oriented Mechanisms

Analysis of regulatory mechanisms

Implement the basic functions of the regulatory
mechanism and supervise in accordance with laws and
regulations: ensure that innovative behaviors comply
with laws and regulations and national strategic direc-
tions. Formulate risk prevention and control mecha-
nisms: especially in the fields of financial technology

and biomedicine, to prevent systemic and ethical risks.
Dynamic supervision mechanism: In view of the rapid
evolution of technology, flexible mechanisms such as
"sandbox supervision" and "inclusiveness and pru-
dence" are implemented. Inclusive Prudential regula-
tion aims to pursue a dynamic balance between effi-
ciency and safety, and it requires the government to
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give the necessary time and room for trial and error in
the development of new business forms, and to inter-
vene in a timely and appropriate manner according to
the size of public risks, which is a new regulatory model
that is conducive to solving the traditional regulatory
dilemma [5].

Problems in the regulatory mechanism, the lag of
institutional iteration: the development of emerging
technologies is faster than the adjustment of regulatory
mechanisms (such as Al, blockchain, etc.), it is recom-
mended to improve the level of regulatory technology
and introduce regulatory technology: the use of big
data, artificial intelligence and other means to improve
the accuracy and real-time nature of supervision. Con-
struction of digital monitoring platform: Build a na-
tional database of innovative behaviors to achieve dy-
namic data analysis and risk early warning.

Multi-departmental supervision, poor coordina-
tion: inter-departmental functions are crossed, data is
not shared, reducing regulatory efficiency, it is recom-
mended to build a coordinated and efficient supervision
system to establish a cross-departmental linkage mech-
anism: such as the "ministry + local” joint supervision
team to achieve information sharing and rapid re-
sponse. Promote “inclusive and prudential™ regulation:
Implement regulatory sandboxes in emerging areas that
allow for controlled trial and error.

It is recommended to optimize and improve the le-
gal and regulatory system and revise relevant laws and
regulations in a timely manner: in view of the rapid
changes in emerging industries, establish a rapid legis-
lative response mechanism. Strengthen the protection
mechanism of intellectual property rights: optimize the
patent examination procedure and increase the punish-
ment for infringement.

Uneven local regulatory capacity: unbalanced re-
gional development, resulting in significant differences
in policy implementation effects Strengthen local gov-
ernments' innovative regulatory capabilities Classified
and hierarchical supervision: Formulate regulatory
standards and implementation strategies according to
local conditions. Local pilots drive national promotion:
accumulate experience through regional pilot reforms,
and then replicate and promote them nationwide.

As an institutional guarantee for the government
to regulate and control innovation and development, the
regulatory mechanism plays an irreplaceable role in
guiding technology for good, avoiding systemic risks,
and creating a fair innovation environment. The com-
plexity of the modern innovation ecosystem requires
the regulatory mechanism to shift from "static compli-
ance" to "dynamic collaboration”, from "command-
based management" to "flexible and inclusive", and
from "domestic control" to "global collaboration". Only
by building a systematic, intelligent and ethically com-

patible regulatory system can we truly achieve a bal-
ance between innovation and development and social
responsibility.

Empirical research and comparative analysis

Take, for example, the innovative cooperation be-
tween Chinese and Ukrainian enterprises.

Case 1: "Madasic" acquisition case

Madasich is a world-influential aircraft engine
manufacturing enterprise in Ukraine [6]. In 2017,
China Tianjiao Airlines signed an acquisition agree-
ment with a Ukrainian company with the intention of
introducing key aviation power technologies. However,
the National Security Service of Ukraine blocked the
transaction on national security grounds and froze the
trading assets under pressure from the United States,
and ultimately failed to complete the transaction. The
Chinese company then initiated international arbitra-
tion.

The case reflects the opaque regulation of the
Ukrainian state in terms of strategic technology exports
and its vulnerability to external political interference.
At the same time, it also shows that Chinese enterprises
face technology transfer barriers and institutional un-
certainty in overseas acquisitions. The absence or im-
balance of the national regulatory mechanism directly
restricts the smooth progress of innovation cooperation.
From Schumpeter's point of view, the instability of the
institutional environment inhibits the release of entre-
preneurship and the continuous advancement of inno-
vation.

Case 2: Sino-Ukrainian agricultural technical co-
operation project

In the context of the Belt and Road Initiative, some
Chinese agricultural technology companies have in-
vested in the development of agricultural technologies
in Ukraine, including intelligent irrigation systems,
seed improvement, and the introduction of agricultural
machinery and equipment [7]. Under the policy promo-
tion, the local government of Ukraine provides land re-
sources and tax incentives, and Chinese enterprises
bring technology and management experience. This co-
operation has significantly improved local agricultural
productivity in a short period of time and has formed a
good demonstration effect.

However, in the process of implementation, some
enterprises are facing investment uncertainty due to
problems such as unclear property rights and weak con-
tract enforcement in the Ukrainian land system. This
shows that although good macroeconomic policies can
promote the initiation of cooperation, a sound legal sys-
tem and regulatory mechanism are the foundation for
ensuring the stability of cooperation. From the perspec-
tive of endogenous growth theory, the project is condu-
cive to knowledge diffusion and human capital im-
provement, but institutional deficiencies limit its con-
tinuous spillover effect.
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Table 1

Comparison of typical cases of innovation cooperation between Chinese and Ukrainian enterprises

Acquisition of Introduction of aero

The name of the Content of Support .
. . . issue
project cooperation Mechanism
. The Ukrainian government blocks, politi-
Bilateral

agreements of

cal interference, and the supervision of na-

cooperation chinery support

Madasic engine technology intent tional technology export needs to be trans-
parent
Agricultural Seed breeding, irriga- | Policy encourage- The property rlghts_ of Fhe land are unclear,
. . . the contract execution is poor, and the rule
technical tion, agricultural ma- | ment and local

of law guarantees the implementation of
cooperation

Comparative analysis of the regulation and super-
vision mechanisms of China and Ukraine.A compari-
son of the mechanisms between the two countries
shows the following significant differences:

Policy formulation mode: China is characterized
by government-led policies, relying on national plan-
ning and top-level design, and has strong policy stabil-
ity; However, Ukraine's policies change frequently, and
there are problems such as insufficient implementation
and great influence of political fluctuations.

Technology transfer supervision: China has a clear
approval mechanism for technology import and export,
and it is supervised by classification and level. Ukraine,

on the other hand, lacks a systematic export control sys-
tem and often intervenes ad hoc administration, causing
uncertainty in cooperation.

Legal and intellectual property protection: China
has established a relatively complete intellectual prop-
erty protection mechanism and has set up special courts
to handle technology disputes. Although Ukraine has
relevant legislation, the level of law enforcement and
judicial guarantees is low.

Market participation mechanism: Chinese enter-
prises have strong innovation vitality and experience in
government funding, market demand and international
cooperationUkrainian enterprises rely on national re-
search institutes and lack market-driven and technology
transfer platforms.

Table 2

Comparison of key elements of the national regulatory mechanism of China and Ukraine

Key elements Situation in China

Situation in Ukraine

Policy stability

High (Five-Year Plan, Long-term Strategy)

Low (frequent party turnover)

Technology

export/introduction control | tem

Clarify the classification and approval sys-

Lack of systematic criteria, ad
hoc interventions

Intellectual property
protection system

Perfect, with specialized courts

Regulations exist, but enforce-
ment is poor

Enterprise innovation

driven .
search is close

The market is active and the combination of
government, industry, academia and re-

Rely on scientific research insti-
tutions, and lack of marketiza-
tion

Transparency of

cooperation Higher

There is a lot of political inter-
ference, and the information is
not public

Policy implications and optimization suggestions
As far as China is concerned, it should continue to
strengthen the compliance review mechanism for for-
eign technical cooperation, establish a platform for
tracking and evaluation of Belt and Road investment
projects and digital supervision and strengthen the
whole-process supervision and risk early warning of
overseas cooperation projects.

For Ukraine, it is necessary to promote the con-
struction of the legal system in the field of technology,
clarify the list of national strategic technologies, opti-
mize the foreign investment management system, and

introduce China's successful experience in the con-
struction of science and technology parks and the
mechanism for the transformation of achievements.

At the bilateral level, it is proposed to establish a
"China-Ukraine Coordination Committee for Scientific
and Technological Cooperation"”, establish a joint re-
view mechanism and a security framework for technol-
ogy transfer, and enhance the transparency and trust of
cooperation on the basis of respecting national inter-
ests.
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China-Ukraine Science and
Technology Coordination
Committee

| National
regulatory

on
mechanis
m

coordinati |

[

|

Legal framework (technical
checklist, safety regulations)

Technical classification
standards
(military/civilian/dual-use,
graded review)

Investment access mechanism
(transparent foreign investment
management)

Achievement sharing
mechanism (intellectual
property rights co-insurance)

Figure 2: Roadmap for the optimization of the regulatory mechanism for China-Uganda innovation cooperation

Conclusion

The innovation cooperation between Chinese and
Ukrainian enterprises has great potential in terms of
technological complementarity and market mutual ben-
efit, but the degree of matching between the state regu-
lation and regulatory mechanisms determines whether
the cooperation can be promoted steadily. Through the
empirical evidence and institutional comparison, it can
be seen that relying solely on market promotion is far
from enough to ensure the long-term benefits of coop-
eration, and it is necessary to establish a coordinated,
efficient and law-based cooperation mechanism at the
national level.

In the future, on the basis of jointly improving the
regulatory system and cooperation platform, China and
Uganda are expected to achieve high-quality innova-
tion and win-win results. Guided by Schumpeter's in-
novation theory and endogenous growth model, China-
Ukraine cooperation can form a virtuous circle in terms
of institutional incentives, knowledge dissemination
and technology accumulation, encourage non-govern-
mental cultural innovation exchanges, support indus-
try-university-research cooperation between universi-
ties of the two countries, and inject endogenous impe-
tus into the sustainable development of the bilateral
economy.

When using the established rules and mechanisms
to deal with specific matters, the two sides need to
avoid being bound by the rules, and need to follow the
development of the times to timely regulate, innovate,
and optimize the development mechanism to form a
virtuous circle.
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The economic system of subsoil use is a histori-
cally established and enshrined in law, operating in the
subsoil use sector as a set of principles, rules, and
norms that determine the form and content of the main
economic relations between entities arising in the pro-
cess of production, distribution, exchange, and con-
sumption of economic products obtained from the sub-
soil. In practical terms, it represents a specially orga-
nized system of relations between economic entities
that directly or indirectly ensure the production, distri-
bution, exchange, and consumption of resources natu-
rally found in the earth's subsoil.

The functioning of the economic system of subsoil
use should be aimed at fulfilling the most important so-
cio-economic tasks of society:

— ensuring the economic growth of all entities
involved in subsoil use;

— coordinating all types of economic activity in
the field of subsoil use;

— creating favorable socio-economic conditions
that contribute to improving the quality of life in the
country and region; complying not only with the coun-
try's industrial policy, but also creating favorable con-
ditions for the implementation of the social goals of the
entire national economy [1].

An important characteristic of the economic sys-
tem of the subsoil use sector is that it covers the entire
set of economic relations arising in the process of hu-
man interaction with the earth's resources in order to
transform them into elements of life. That is why the
functioning of the subsoil use sector is linked to the
emergence of many social problems in society, and not
only of an economic nature.

It is well known that the subsoil use sector gener-
ates the most significant portion of funds at the national
level. However, this raises a legitimate question: how
effectively and fairly are these funds being used?

The state protects its rights as the owner and cre-
ates conditions and prerequisites to ensure that the pro-
cesses of development and use of non-renewable min-
eral resources are in the public interest. The current sit-
uation in the field of subsoil use in Kazakhstan, on the
contrary, illustrates what can happen when the system
of basic and complementary institutions that determine
the norms, rules, and procedures for involving subsoil
resources in economic circulation is incomplete. As a

result, the interests of the controlling shareholders of
subsoil user companies have been taken into account in
the process of developing and using mineral resources,
rather than the interests of society.

On the other hand, social factors play a very im-
portant role in the dynamics of innovative development
in the field of subsoil use. Without changing the essen-
tial nature of the economic system of subsoil use, its
content is transformed in the process of its develop-
ment. Both the quantitative and qualitative characteris-
tics of economic entities elements of the system and the
content and forms of interaction between them change.

The economic system of subsoil use involves not
only economic processes based on the property rela-
tions that have developed in the relevant subsoil use
sectors. This system also involves organizational and
management processes based on the diversity and de-
velopment of various organizational and legal forms of
economic activity of entities in the subsoil use sector,
as well as direct production processes that ensure the
extraction, enrichment, transportation, etc. of land re-
sources. Therefore, from our point of view, the eco-
nomic system of the subsoil use sector is only a com-
ponent (albeit a very important one) of the complex
economic system of the subsoil use sector. The results
of research conducted over the past two decades con-
firm the fact that in practice there are no purely eco-
nomic (and even less so financial) mechanisms for sub-
soil use: there are organizational and economic, organ-
izational and managerial, economic and managerial
mechanisms, etc [2].

The economic system of subsoil use is an eco-so-
cio-economic system. Its economic goals cannot and
should not be achieved without addressing environ-
mental and social issues. However, these tasks are often
associated with the implementation of certain types of
non-economic efficiency, which in some cases contra-
dict traditional, generally accepted criteria of economic
efficiency. At the same time, the current activities of a
particular economic entity or its project management
are, by their nature, unprofitable or even loss-making.
Therefore, in our opinion, assessing the efficiency of
the economic system of the subsoil use sector solely
from the perspective of profitability and return on in-
vestment criteria does not take into account the useful-
ness of many types of infrastructure activities that cre-
ate the necessary conditions for its normal functioning
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[3]. In turn, a reliable system for supporting core activ-
ities is necessary for the effective operation of the main
production units of subsoil use companies and their
economic efficiency as a necessary condition for eco-
nomic growth not only at the micro level, but also for
improving the quality of life in the relevant region and
the country as a whole, at all levels of economic man-
agement.

The functioning of the economic system of the
subsoil use sector is a set of interactions between its el-
ements - economic entities linked by certain relation-
ships, among which financial and legal relationships
occupy a central place. At the same time, the forms of
ownership of the interacting economic entities may
vary. Their coexistence is the basis for the development
of various organizational and economic forms of pub-
lic-private partnership [4].

Under the general laws of globalization and inte-
gration of the world economy, the laws governing the
functioning of the economic system of subsoil use ex-
tend beyond its internal environment and beyond the
system itself. From this perspective, issues related to
the functioning of the internal market of the territorial-
economic system of subsoil use take a back seat. Small
and medium-sized businesses in the subsoil use sector
occupy a modest position for objective reasons, while
the activities of transnational corporations cannot be
confined to the rigid boundaries of the relevant terri-
tory. Therefore, subsoil use is characterized to a greater
extent by inter-country and inter-regional interactions
based mainly on commodity-money relations. The in-
ternal market within the territorial-economic system of
subsoil use, as a closed system, has minimal capacity in
reality and in some cases practically does not exist [5].

On the other hand, there are many regions in the
national economy with a pronounced raw materials
specialization, including single-industry towns and ur-
ban-type settlements, whose infrastructure directly de-
pends on the nature of the work of one or two city-form-
ing enterprises. However, even in this case, the finan-
cial support of the municipal and social infrastructure
of the relevant territory is mainly provided on the basis
of inter-country and inter-regional interactions, which
can be both inter-sectoral and intra-sectoral in nature.

Modern economic theory reserves for itself the de-
velopment and justification of the principles of func-
tioning of the territorial-economic system of subsoil
use. The practical significance of this work lies, first, in
assessing the place of the market in this system along-
side existing areas of weakened and completely absent
markets in order to identify the forms and scope of eco-
nomic laws; secondly, in assessing the place and role of

the state in this system at all levels of government;
thirdly, in assessing the effectiveness of the functioning
of subsoil use enterprises in terms of their impact on the
development of the territory and the country as a whole
[6].

The results of economic research show that the
growth of export prices for mineral resources, on the
one hand, creates favorable conditions for the growth
of both its revenues and those of the regions and the
country as a whole. On the other hand, it “washes out”
resources from the territorial-economic system of sub-
soil use as a closed system and thus reduces the busi-
ness activity of many domestic enterprises. However,
this is not always the case. According to the results of
even more global studies, it should be noted that inter-
nal and external interactions can behave in three ways:
dominate each other, compete with each other, or sup-
port each other. All these interactions are usually of a
flow nature. Therefore, in some cases, we may be talk-
ing not about individual interactions, but about flows of
interactions.

Based on an analysis of the key determinants of
the modern development of economic systems and the
economic system of subsoil use, in particular, it can be
concluded that research into the economic system of
subsoil use should be based on the integration of closely
interrelated political-economic and institutional ap-
proaches.
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AHHOTALUA

B cratse paccmatpuBaetcs CpenneBexoBsiid mepron (VII-XVBB), kak B cTpaHax Bocroka, Tak u 3amana, rie
Ha6J‘IIOZ[aJII/ICB 3HAYUTCIIbHBIC HAYYHBIC U TCXHOJIOTHUICCKUC JOCTUIKCHUA. C He3anaMATHBIX BPEMCH JIIOAU HACJIC-
JAO0BaJIM CBOU 3HAHUA OT NPCABLAYIINUX HOKOJ‘IGHI/II\/'I, COBCPUICHCTBOBAJINCH HAa UX OCHOBE, aJAlITUPYA OTU 3HAHUA K
CBOMM HYKJaM, IiepeaBaii uxX Oy IyIiM MOKOJCHHUSIM. SHAHUS COOUPAITHCH C TOMOIIBIO YIIOPHBIX HAOIIOICHUH,
[0 MEpEe HAKOIICHHUS OMBITa, a TAKXKE OJaroaps HHTYUTHBHOM Mpo3opiauBocTH. HecMoTps Ha reorpadudeckyro
YAAJICHHOCTb U KYJIbTYPHBIC pa3jiniusid, B pa3BUTUN HAYKU U TEXHOJOTHI ATHX PETUOHOB IMMPOCIICIKMUBAIOTCA I1a-
pajuiesy U B3aUMOBJMSHUA. Bynyiiee UemoBeueckol IMBHIH3AIMK TPSAMO CBA3aHO C HAIICH CIOCOOHOCTHIO
YYUTBCSI HA OCHOBE HCTOPHYECKOTr0 OMbITa Kak BocTouHoM, Tak n 3anaaHoi ruBmiu3auii. Ilompxor 3HaMeHUTON
oubmmoTeku B Anexcanapuu B 390r. XpucTHaHCKUMU (DyHAaMEHTATUCTaMHK TIPUBEI K IIOTepe OOJIBIIOro KoJnye-
CTBa KHHUI M3 KJIIaCCHUYCCKOI'O HACJICaHA YenoseuectBa. OCHOBHAS 4acTh pa60T TPCUYCCKHUX U pslla pPUMCKHUX y4C-
HBbIX OCTaBaJlaCh HePICCJ'Ie,I[OBaHHOﬁ Ha NPOTSHKCHUUN AJIUTCIBHOI'O IEpHUOJ1a UCTOPUU. MyCYJ'IBMaHCKI/Ie YUCHBIC HE
TOJIBKO BO3POANJINA 3TO HACJICAUEC, HO JOIMOJIHUIIN €TI0 CBOUMHA COOCTBEHHBIMU Ha6J‘IIO,E[GHI/I$IMI/I U UCCIICJOBAaHUAMU
B 00J1acTu (I)I/IJ'IOCO(bI/II/I, ACTPOHOMUHU, UCTOPHUU, MATEMATUKH, XUMHUHU U MCANINHBI. BKJ‘IaZ[ MYCYJbMAaHCKHUX y4e€-
HBIX B HAYKy CBHIETEIBCTBYET O OOJBIIOM IIporpecce HaydHOTo pa3BuTHs B Mupe. Jlo Peneccanca 3amana mpo-
m3omten Peneccanc Bocroka. C XVI Beka 1o pa3BuTHe HayKd Ha 3anajge. Y MaldYMBaIUCh MHOTHE TPYIbI, OT-
KPBITHS, M300peTeHUsI My IpeLioB cpeaHeBekoBoro Boctoka. C XIX Beka BeNHCh UCCIIETOBAaHUS TPYAOB YUEHBIX
CpenneBexoBoro Bocroka. CeroHst UMeeTCsi MHOTO UJIEH, OTKPBITUH, OTHOCSIIIUXCS] YUYEHBIM PAHHETO MEePHo/Ia,
KOTOpbIE UMEHYIOTCS yUE€HBIMH OoJiee mo3Hero BpemeHu. Mccnenys Tpyabl yuenbix CpenHeBekoBoro BocToka u
3amazga, MBI BUIUM CXOJICTBA MAEH, OTKPHITHI 1 n300perenuil. [Ipobiaema akTyanpHas.

Abstract

The article examines the Medieval period, covering the (V1I-XV th) centuries, both in the East and West,
where significant scientific and technological achievements were observed. Since time immemorial, people have
inherited their knowledge from previous generations, improved on it, adapted this knowledge to their needs, and
passed it on to future generations. Knowledge was collected through persistent observation, as experience accu-
mulated, and also thanks to intuitive insight. Despite the geographical distance and cultural differences, parallels
and mutual influences can be traced in the development of science and technology in these regions. The future of
Human civilization is directly linked to our ability to learn from the historical experience of both Eastern and
Western civilizations. The burning of the famous library in Alexandria in 390 by Christian fundamentalists resulted
in the loss of a large number of books from the classical heritage of Mankind. The bulk of the works of Greek and
some Roman scholars remained unexplored for a long period of history. Muslim scholars not only revived this
legacy, but supplemented it with their own observations and research in the fields of philosophy, astronomy, his-
tory, mathematics, chemistry, and medicine. Muslim scholars to science is evidence of the great progress of sci-
entific development in the world. Before the Renaissance of the West, there was the Renaissance of the East, which
we are only now beginning to talk about out loud. Since the XVI th century, science has been developing in the
West. Many works, discoveries, and inventions of the sages of the medieval East were hushed up. Since the XIX
th century, studies have been conducted on the works of scientists of the Medieval East. Almost all the works,
discoveries, and inventions of the sages of the medieval East were hushed up. Exploring the works of scholars of
the Medieval East and West, we see similarities in ideas, discoveries and inventions. There were no references


https://doi.org/10.5281/zenodo.17170474

POLISH JOURNAL OF SCIENCE Ne 90, 2025

25

from Western scholars, the information was hushed up. Recently, the scientific world has been talking out loud
about the works of Eastern scientists. The problem is relevant.

KuioueBblie ciioBa: Boctok, 3anan, Hayka, ©300peTeHUs, UIEH, CXOACTBA, TapaJlIeiu.

Keywords: East, West, science, inventions, ideas, similarities, parallels.

[Ipu uccregoBaHUM UCTOPUN HAYKH YacTO BCTpe-
YaroTCs mapajuieNid (MOBTOPBI) OTKPHITUH U M300peTe-
HUH, BBIMIOJTHEHHBIX Y4eHbIMU BocToka 1 3anana B pas-
Hoe Bpems. [losiBisieTcs: psa BOIIPOCOB, CaMblil OTBET-
CTBEHHBIN U3 KOTOPHIX: ~ 3HANHN JI OHU O TOM, YTO 3TO
65110 0 HUX? CeroHs IMEeTCsl MHOTO HIIeH, OTKPHI-
THH, OTHOCSIINXCS YYCHBIM PaHHETO IepHoaa, KOTO-
pBIE IMEHYIOTCSl YICHBIMH OOJiee TI03JHETO BPeMEHH.

B nepron CpemHeBekoBbs, oxBaTbiBaromuii VII-
XV Beka, kak B cTpaHax BocToka, Tak m 3amana
HAOJFOIaJIMCh 3HAYUTEIBHBIC HAYYHBIC M TEXHOJIOTHU-
4ecKHue MOCTHkeHus. HecMOTpsi Ha reorpapuueckyro
YAQJIEHHOCTh W KYJbTYPHBIE pPAa3JIMyMsi, B Pa3BUTHUU
HAYKH U TEXHOJIOTUH STUX PETUOHOB MPOCIIEKUBAIOTCS
napajuiesid ¥ B3aUMOBIIUSHUSA.

B ¢dopmupoBannu Lusunuzauun Hayka Yenose-
YecTBa MPOILIA PAJ CIOXKHBIX ATAarloB: MecomoTaMus,
Hpesnuit Kurait, Munus, Eruner; aHTH4HbBIN nepuoa —
Hpesnsta 'peuns u Pum; Cpennesexossiii BocTok; Pe-
HeccaHc 3anaja u coBpeMeHHas Hayka. O panHux Lu-
BIUTM3ALUAX MBI Majo 3HaeM. [Iporecc pa3BuTHs mmien
B cBoeoOpasHoil ¢opme BomHBI (Bocrok-3aman-Bo-
cTok-3anaza u T.4.). [loouepeaHo sTam mnepenaBaics ¢
Bocroka Ha 3amazn, KOTOpBIH BBINOJIHUB CBOIO (DYHK-
LU0 “BBICOKAs KyJIbTypa U Hayka’ IOCTENEeHHO Iepe-
JaBai 3To Ha BocTok u T.4. SICHO, 4TO Hay4dHbIE 3Ha-
HUs, HHGOPMAIUS BIMBAJIKCh W3 OJHOIO MEPHOIA B
npyroii. [Tomygast 3Ti mHPOpPMANNHU, YICHBIE TIOIH30-
BaJIMCh MU HE TOJIBKO B (popMe MaTeprana, KOTOpEIe
HCCICIOBAINCH, BO3OOHOBISUIMCH, TAK)KE, MOSBIISIINCH
HOBEIC UICH, OTKPBITHA U TaK IO Pa3BHUTHE.

C He3amaMsATHBIX BPEMEH JIONW HacIeJI0BaIIA
CBOM 3HAHUS OT MPEIBIAYIINX OKOJICHUH, COBEpIICH-
CTBOBAJINCh HAa MX OCHOBE, aJalTHPYs OTH 3HAHUS K
CBOMM HYXJaM, IepenaBalid uUX OyayIIuM IOKOJe-
HUSIM. 3HaHMA COOMpPANNCh C TOMOIIBIO YIOPHBIX
HAOJIFOICHU, 10 Mepe HAKOIUICHHS OIbITA, a TAKKE
Gmaromapst MHTYUTHBHOM mpo3opanBocTH. 1o Tpexo-
PUMCKON LuBUIM3auuM ydeHble Xanjew, Basuiona,
®unukuu, Erunra, Manuu u Kutast BHeCIM OrpoMHbIN
BKIIaJ B cdepy MOHUMAHHSA YEIOBEKOM YCTPOMCTBA
Bcenennoit u 310 npopomkanocs Biotk 10 VII B. 10
H.3.. Bknaa rpexoB nponomxkancs no IIB. 1o H.3., mocine
Yero OHM IMOTMOJIM, OKa3aBIIKCH B JKEJIE3HBIX THCKAX
Puma. [Tocneanuii He cMOT POJOJIAKUTH OJUTUKY CO-
3UJ/IaHUs, THHOBAIlUW ¥ HAyYHBIX UCCIIeIOBaHMA. B Te-
YeHHe 3TOTO MEePUO/ia BKIIa IPEKOB OKa3alcs B 3a0Be-
HUU JI0 TeX MOP, TIOKa He ObLIT BHOBb OOHAPYXKEH U YCO-
BEPIICHCTBOBAH JUIsl AallbHEHIIEro mporpecca Oiaro-
Jiapst MycyJibMaHaM.

Bynymee YenoBedeckoil LMBHIM3ALUU OPSIMO
CBSI3aHO C HaIIel CIOCOOHOCTBIO YYUTHCS Ha OCHOBE
HCTOPUYECKOI0 omnbITa Kak BocTouHoi, Tak u 3anan-
Hot nuBmnu3anuil. Jlo Peneccanca 3anaaa npousonien
Peneccanc Bocroka. YmamuuBaiuch MHOTHE TPYIBL,
OTKPBITHUS, M300PETCHUSI MYIPEIOB CPEIHEBEKOBOTO
Bocroka. IlpoGnema aktyambHas. McciaemoBaHust mo
ATOMY BOTIPOCY BEJHCH U BEAYTCS CETOIHS.

Kax 6bu10 BBIIIIE OTMEUEHO, EBpona nocine aHTHy-
HOTO BPEMEHM HaxXOJWIach B TSDKEIOM IOJIOXKEHMHU,
nbo Hay4HbIE, METUIIMHCKHE, aKaJeMHYECKUE, UCCiIe-
JIOBaTENNbCKUE PabOTHl OBIIIM OCTAHOBIIEHBI Ha MPOTA-
sxkeanu 1000 net. ITomkor 3HaMEHHUTON OMOIIMOTEKA B
Anexcarapun B 390r. XpHCTHAHCKUMH (QyHZaMEHTa-
JUCTaMH IPHUBET K HOTEPE OOIBIIOT0 KOJIMYECTBA KHAT
n3 KJ1accuueckoro Hacieaus YenoseuectBa. OcHOBHas
4acTh pabOT IpeyecKuX U PAa PUMCKHX YICHBIX OCTa-
BaJlach HEHCCIICJOBAaHHOW HA MPOTSHKEHUH 3TOTO JJIH-
TEJILHOTO NepHoia UCTOpUH. MycybMaHCKHE yUeHbIe
HE TOJIbKO BO3POAMIHM 3TO HACNIeAue, HO JOMOJHUIU
€ro CBOMMH COOCTBEHHBIMH HAOJIIOACHUSAMH U HCCIIe-
JOBaHMAMH B o0siactu puiocopun, aCTpOHOMUH, HC-
TOpPHUH, MaTEMaTHKH, XUMHH ¥ MEAUIUHBL. Bxian my-
CYJIbMAHCKUX YYEHBIX B HAayKy CBHUJETEILCTBYET O
0O0JIBIIOM TTpOTpecce HayYHOTO pa3BUTHA B Mupe. Mc-
JaMCKast IIMBIUIIN3AIMS XapaKTepPU30BaIach BEICOKOMH-
TEJUIEKTYaJIbHBIM pa3BUTHEM OOIIECTBA, I'/I¢ 3HAHUA U
MIPOCBEIIEHHE TPHOOPENN 3HAYMMYIO CYIIHOCTh H
¢ynknmo. Kaxnaelit permoH cocTssancs B BBICOKOM
IPOoQeCCHOHANBEHOM M MPOTPECCHBHOM Pa3BUTUHU MeJI-
pece-yHUBEPCUTETOB, I/l MPErnojaBalyd BUIHBIC yue-
HBIC-3HIUKJIONECTUCTEL. M 3TO ObLIO BaKHBIM (PaKTO-
poM 00pa3oBaTeNnbHOW CHUCTEMBbl. BakHylo posib Wr-
payia HUCIIOCTaHHAas CBsIeHHas kHura «Kopany, B ko-
TOpOM OBUIN AAHBI HE TOJBKO MPaBHJIA KU3HU COLIMYyMa
1 TMYHOCTH, HO ¥ BEKTOPBI Pa3BUTHS BCEX HAYK, KOTO-
pBIe MOTJIM J1aTh KOMIUIEKCHBII OTBET HA MHOTHE BO-
MPOCHI U3y4YeHHs caMoil BceleHHON U OCBOEHUS TallH
TUIAHETHl 3eMJIsl, U ee TIpeiHa3HadeHus YenmoBeyecTBy.
VIMeHHO Takoe MHOTOTpaHHOE M BCEOXBAaThIBAIOIIEE
OCBOEHHE HayK JalIH TaKHe HEBEPOSTHO MPOTPECCHB-
HBIE Pe3yJbTaThl W OTKPBITHS, ONEPEIUBIINE CBOIO
3MOXY, AABIIME TOTYOK MOCIEIYIOUIMM OTKPBITHAM 10
CEeTOHSAIIHETO TH. BocTouHbIe, MyCYyJIbMaHCKHE yUe-
HBIE TOTO TNepHOJa AOCTHUIJIM HAWUBBICIIETO YPOBHS B
Hay4YHOM pa3BUTHH. Haxomsck B aBaHrapae 3Tux 3Ha-
HHUM, OHM TeM CaMbIM OKa3ajgu OOJbIIOE BIMSHHE Ha
uctoputo Yemoseuectpa. B cBoeii paboTe yueHbIe pu-
MEHSIJIM TaKHEe HAay4YHbIE KaTeropuH, KaK SKCIIEPUMEHT,
HaOIONEHNUS, PAllMOHAIN3M, OOBEKTHBHOCTH M IPO-
(deccnonanm3M. WX TpyIpl BETHKOIENHO MPOAEMOH-
CTPHPOBAIN OTCYTCTBHE KOH(JIMKTa MEXAY BEpOH H
Haykoil. HayqHoe Hacreane MycyIbMaH 3a10KHII0 OC-
HOBBI IIPOrpecca HayKu U TexHojoruu B EBpone Bo II
ThIC. EBpoOma TOro BpeMeHn HaXOAMIach B COCTOSIHUM,
KOTOpOE Ha3bIBaeTCs "TEMHBIM BEKOM'", M HUCKOJIHKO
He OyIeT mpeyBeInYeHHeM CKa3aTh, YTO HUMEHHO 3Ha-
KOMCTBO €BpOIIEHIEB C MyCyJbMaHaMu U BocTouHoi
LUBWIN3aLUEed MociyXuno HadanoM EBponeiickoro
Peneccanca. PaboTbl MyCyJIbMaHCKHX yUEHBIX IIUPOKO
HCIIONIb30BAINCh B KadyecTBE YUEOHBIX IOCOOMH BO
MHOTHX €BpPONENCKUX YHUBEPCUTETAX BILIOTH 40 X VII
BeKa. ApaOCKHe TEKCTbI NEPEeBOJUINCH Ha €BpOIIEH-
CKue s3bIKH. B cpeiHeBeKoBbIl IEpUO] Y HUBEPCUTETHI
Hpaxa, Cupun, Erunta, Mcnannu, Kopnossr, Kanpa u
T.JI. CTalW KPYIMHBIMH MHPOBBIMH Yy4eOHBIMH IICH-
TpamH, KyJia CTYAEHTbI CTEKaIUCh CO Bcel EBponbl i
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MOJTydeHUsT O0pa30BaHUA. ODHITUKIONEANIECKHE pa-
60TBI MO MEIWIMHE M3BECTHBIX MEANKOB, TAKUX KaK
an-Pa3u u 16n CuHa, n3ydJanuch B €BPONEHCKUX YHHU-
Bepcuterax 10 X VIIB. Uctopuk Bpuddopt nucan: "To,
9TO MBI Ha3bIBa€M HayKOH BO3HMKIIO B pe3yJIbTaTe HO-
BBIX METO/IOB SKCIIEPUMEHTUPOBAHMS, HAOIIOACHHUS U
U3MepeHusi, KOTopble ObUIM BBeleHbl B EBpomy my-
cynsmaHamu. CoBpeMeHHas Hayka 6a3upyeTcs Ha Tpa-
quiusax ueaamckod nuBmiansanuu[10,¢.50]. Heo6xo-
JUMO OTMETUTH, 4TO 90% MyCyIbMaHCKOM HaydHOMH
JUTEPaTyphl CETOAHS XPAaHUTCS B €BPOIEHCKHUX PYKO-
MHUCHBIX (POHIAX U OMONMHOTEKAX.

ONeMEeHTBl TOYHBIX HayK MOSBIIINCH B CTpaHax
LIYMEPO-BaBUJIOHCKOW M ETUIETCKON KYJBTYpHI, 3a-
YaTKH (PU3NYECKUX, aCTPOHOMHUYECKNX, MaTeMaTHIe-
cKuX yudeHHi B cTpaHax FOro-Boctounoil A3uu, noss-
JICHHE U pa3BUTHE 3TUX yUCHUH B aHTUUHBIX ['perun u
Pume, 3apoxneHne HOBBIX yYEHHMM TOUYHBIX HayK B
snoxy CpenHeBekoBbsl Ha BocToke M uX pa3BuTHE B
snoxy Bo3poxaenus Ha 3anane — 3T0O IMyTh Pa3BUTHUS
TOYHBIX HayK. OTO ofuiee nocTosiHue YenoBeuecTsa.
IIpeemcTBeHHBIE CBs3U Mexay JpeBHuM Boctokom u
Hpesneit 'penueis, Jpesneit ['penueit u Cpeanenexo-
BbIM Bocrokom, CpenneBekoBbiM Boctoxom u Penec-
CaHCOM 3araja CHIIbHBI.

B ncnamckom mMupe CpeHEBEKOBBs HAOIIO1AJICS
3HAYUTEIbHBIN IIPOTPecc B MaTeMaTuke, GU3HKe, acT-
poHomMHHM W MemuuuHe. B X Beke Ha apaOCKHil s3bIK
ObLa mepeBeieHa “Benukas MmaTreMaTudyeckasl cucreMa
actporomun’” IlTonemes, n3BecTHas Kak “AnbMarect’.
Taxxke ObuM mepeBeneHbl Tpynsl EBkamaa, Apucro-
Tenss ¥ ApXUMeZa, 4TO CIOCOOCTBOBAIO Pa3BUTHIO
TOYHBIX HayK. ApaOCKue ydeHbIe aKTHBHO 3aHUMAJIHCh
MPaKTHIECKUMH 3aJa4aMHt U SKCTIEPUMEHTaMH, 9TO OT-
JMYAJI0 UX MOJXO0] OT aHTUYHBIX TPAJAULIHN.

YpoBeHb MeOUUUHEI W OOJBHUII B MYyCYJIbMaH-
CKOM MHpE Ha HECKOJIBKO CTOJIETHH omepeskall eBpo-
nelickue aHaitoru. Yro kacaercst y4eOHbIX METO/IOB, TO
OHM OKa3anu OOJBIIOE BIMSHHE HAa EBPOINEHCKYIO
HayKy. ApaOckas mpakTuka 00Xo/1a CTyAeHTaMu 00Jib-
HUYHBIX TIajaT, NpPaKTUKyeMas NpH MEIUIIMHCKHX
IIKOJaX, HEOJHOKPATHO BCTpeYasach B MEIUIIMTHCKUX
mkosiax B Canepano. ApaOCkue METOIbl OOydYeHUs
OCTaJIMCh YacCThI0 CTAHAAPTHOM CHUCTEMBI MEIHUIIMH-
CKHX 3aHATHH B 3aIla/IHBIX MEJUIMHCKHX IIKOJIaX.

B memummue MoH an-Hadpuc an-Kapmm (1210 —
1288rr) u3 Jlamacka cocTaBmiI cxeMy U OOBSICHII IHp-
KYJIUIO KPOBH 3a TPH Beka 10 Bumbsima ["apses (1578
— 1657rr). B Vcnannu an-3axpasu B XB. H300per Xu-
pyprudecKkre HHCTPYMEHTHI, YIaIuI KaTapakTy U yCco-
BEPIICHCTBOBAJI MHOTHE XHUPYPTHUECKHE MPOLEIYPHI.
ITpu xupyprudeckux oneparysx OH HaKJabIBaj BB
HUTSMH, TOJTYYCHHBIMH W3 KHIIEYHUKOB >KHBOTHBIX,
4YeM IOJIB3YIOTCA U B cOBpeMeHHoe Bpems. M6H 3yxp
(1094 — 1162rT) BBET METO/T HAJIOKEHUS IIIBOB HA PaHy
C MOMOIIBIO NIETKOBON HUTU. bobIIOH BKIag BHECTH
MyCyJbMaHCKHE Bpadd B obsacTu (apmakosnoruu. B
XVII B. B AHrIMu orpomHas paboTta 1o cucTeMaTHsa-
IIMM JICKApCTBEHHBIX IpenapaTroB Obula IpojesiaHa B
®apmakornuu Jlongonckoro Komnemxa Jlokropos
(1618r.). IIpu 3TOM OBUIM HCIIONB30BAHBI TPYIBI He-
CKOJIBKHX KPYIHBIX YUEHBIX, TAKUX Kak I nmokpart (460
1o H.9. — 370 mo H.3.), [anen, (129 — 216rr) ABunieHHa
(16Hn Cuna) (ym.1037r.)u 1OH 3akapus Pasu (865 —

925rT). MycylbMaHCKHUE Bpadu MPEIIPUHSIIA CePhe3-
HBIE IIard U BBIMOJTHWIN MOHYMEHTAIbHYIO 3a7ady 0
CO3JJAHUIO MEPBBIX KIACCHUECKUX MEIUINHCKHX y4ueO-
HHUKOB B TOM (popMmate, KOTOPBIH HCIOJIB3YETCS CPET
CTYZCHTOB MEIUIIMHCKUX YUPEKICHUN Ja’ke CeroIHs.
OTH y4eOHHUKHN OBLIM OCHOBAaHBI KaK HA OPUTHHAIBHBIX
rpedeckux paboTax, Tak ¥ Ha HOBBIX HAyYHBIX JaHHBIX,
COOpaHHBIX MYCYJIBMAaHCKMMHU MeaukaMu. CaMbIMU
W3BECTHBIMH YYEHBIMHU, KOTOpPBIE BHECIU BKJIAJ B CO-
3maHue Takux TpynoB Obutn an-Pasm (Pazec, 932 r.),
an-3axpasu (1013 r.) u 161 Cuna(1037 1.). [14,¢,139.]

Ha BocToke noHsIM 3HaY€HUE YUCIIa HOJIb, KOTO-
poe ObIIO M3BECTHO B MHAMHM, M Nepefaid ero s
ocranpHOoro Mmmupa; Jleomapno ma Buaum (1452 —
15191T) m3yumn apaOCKyl0 CHCTEMy HWCUUCICHHS M
BBen ee B EBpomne; anroputM Obu1 n3o0pereH an-Xa-
pasmu B IX B., a AOy amb-Bada Bysmxasu (940 —
998rr.) paspabdoran Tpuronomerpuro. Mou an-Xaiicam
(965 — 1040rr) u3006pes ONTHKY, TOKA3aB, YTO JIyYH OT-
pakaroTcsi OT IPEAMETOB U MOMAJal0T B TJ1a3a, a TaKxKe
JlaJl CBeJleHHs1 00 ONTHYECKOM oOMaHe, OMHOKYJISIPHOM
3pEHUH, MEPAXaX, paayre u cusHusaxX. B tpynax Hacu-
penmuaa Tycu (1201 — 12741T) MMeroTCS MCCIeI0Ba-
Hust 1o ontuke. Ho mosxe 3Ty Temy 3arponyn Mcaax
Hetoton (1643 — 1727), KOTOPOTO HA3EIBAIOT OCHOBA-
TeseM onTukd. xabup noH Xaiis (721 — 815rr) mpu-
TOTOBHJI CEPHYIO KHCIIOTY M KJIaCCH(UINPOBAT XUMH-
yeckue BemecTsa B VIII B. MycyiabMaHCKOMY y4eHOMY
No6n Xannyny (1332 — 1406rT) nmpuHaJISKUT 3aciIyra
B OCHOBaHHU AUCIUIUINHBI O connooruu. An-Mapucu
(1100 — 1165rr.), KOTOPBIi KM B CHIIHUITHU, COCTABHI
KHUTY IO OJINKHEBOCTOYHOM HMCTOpPUU M reorpaduu
EBpomnsl, m306pa3uB 70 kapT pa3IuvHBIX YacTeld MHpa.
Axn-bupynu (973 — 1048rr.) u 16H barryTa (1304 —
1377) ObUIM M3BECTHBHIMH ITyTECIICCTBEHHUKAMH H HC-
TOPUKaMH, YbM Hay4dHble paOOTBl IO CEroIHSIIHEro
JHS CYUTAIOTCS! OOJIBIINM BKJIAZIOM B UCTOPHIO M T€0-
rpadwuto.

[MpousBenenue “3umx Onpxanu” (“Tabmurst
Onpxan”) SBIAETCS aCTPOHOMUYECKIM KaTaJIoroM, KO-
TOpBIN OBIT COCTABJIEH B pe3yJbTaTe yIOPHOIO Tpyla
nox pykoBoncteoM Hacupemnuna Tycu (1201 — 1274)
KoJUIeKTHBa MaparuHckoil obcepBaTopuu Ha TNPOTS-
JKEHUH LEebIX 12-Tu JeT. DT0 ObLT €IMHCTBEHHBIN acT-
POHOMHYECKHH KaTaJor, KOTOPBIM MOJIB30BAJIMCH B TE-
yernu 200 et 1o mocTpoiiku Yiyroekckoit odcepBa-
topuu. bmaronapst mpowussenenuto “llakiynb-rura”
(“TIlpousBenieHre O TIONHOM YETBIPEXCTOPOHHHUKE)
TUTOCKast M cepuuecKas TPUTOHOMETPHS CTaIH He3a-
BUCHUMBIMH MAaTE€MaTHYeCKHMHU MpeaMmeTramu. B atom
npousBeneHnu H.Tycu BriepBrie naeT MoHATHE O che-
pUYECKOM TOISIPHOM TPEYTOJBHUKE, a TaKKe MPUBO-
JIUT JTOKa3aTeIbCTBO MHOTHX TEOPEM, IIPHUHAIICIKAIITNX
bupynu. IMeHHO B 3TOM CBOEM NPOU3BEIACHUH OH YKa-
3pIBa€T Ha HANHWCaHWE CO CTOpoHBI AOyns Bada
By3mxanu (949 — 998) TeopeMbl TaHT€HCOB U POPMYIT
noJicueTa CUHyca eIMHUYHOro yria. Bo Bpems uccne-
JIOBaHUI! 3amaHbIE BOCTOKOBEABI BBIICHUIIU, UTO TPHU-
roHoMmerpudeckue oTkpeituss Hacupennuna Tycu, a
TaKoKe TOJIydeHHbIE UM (OPMYJIBI B 00IaCTH TPUTOHO-
METpHH, TOYb B TOYb ObUIN “moBTOpEHBI” cmycTs 200
JIeT HEMEUKHM acTPOHOMOM M MaTeMaThkoM Permo-
MoHTaHOM (XVB.). B pesynerare nputsokenus JIyHsl,
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CoJHIIa ¥ APYTUX TUIAHET (B TO BPeMs B TEOIICHTpHYC-
ckoit cucreme Jlyna u ConHIIe CYUTAIUCH TUIAHETAMH),
TOYHOE 3HAYECHHUE NMPELECCUN 3EMIH, CyTOUYHOE BHEIII-
Hee cKoibkeHne ConHIa, TabINIa COMHEYHbIX U JIyH-
HBIX 3aTMEHUi, ONpelelieHHe TOYHBIX Teorpadudie-
CKUX KOOpAMHAT 256 HacelICHHBIX ITyHKTOB, LIEHHAs
Hay4Has HH(GopMaLus 0 HATMYUH HOBBIX 3€MEJIb — BCE
9710 OBUTO MocTIKeHneM H.Tycu u pykoBoauMoro um
koJutekTrBa Maparunckoii oocepBaropun. H.Tycu BbI-
YHCIIAN TIOJIOKEHUE TOYKH BECEHHETO PaBHOACHCTBHS
B TE€UCHHU CTa JIET U YTOJ CKONBXEHHUS OCHOBHBIX TO-
yek HebecHOU cepsl - 1°23'.4, a TakKe UIYyIWI U HC-
clenoBaN CTPYKTypy KaneHnaps [16,c.9]. UnaTepecHo,
yTOo wWMeHHO mpomsBeneHus “llapxu-tarBum” u
“Uxtusapsaru-Celipyn ['amap”, KoTOpwie SBISIOTCS
Ype3BBIYAIHO BaXKHBIMH B 00JIACTH aCTPOHOMHH, OBUTH
BeJIMKOJIENTHO Hanucanel HacupammuHom Tycu B
tdopme cruxoB. Cpenu mpousBeneHuit Tycu ocoboe
BHHMaHHE IPUBJIEKAET TaK)KE W3BECTHAsE BCEM KHHTa
noj Ha3BaHueM ‘‘J[xaBaxupHamd” wiam ‘‘TamasBy-
rHaM?”. DTa KHUTa COCTOUT U3 26-TH IJIaB, B KOTOPBIX
TIOBECTBYETCSI O JIPAaroleHHBIX KaMHIX, HEKOTOPBIX
JIPYTHX KaMHSX, apOMaTHYECKHX OpPTaHHMYECKHX CO-
eIMHCHUSX U JIaXKe O BAXKHBIX JIGKAPCTBEHHBIX pacTe-
HUSX. 3/1€Ch TaK)Ke KPaTKO TOBOPHUTCS O MECTaX HAXO0XK-
JICHUS! IparolieHHbIX KaMHEH, METOAax X 00paboTKH,
HEJ0CTaTKax M NpaBwiax xpaHeHus. Criemyer oTme-
TUTh, 4TO, CO3/[aBasi CBOIO I'EJIUOLEHTPUUECKYIO TEO-
puto, H.KonepHuk B OOJBIIMHCTBE CBOEM HCIOJIB30-
BaJl TEOpEMY OKpYKHOCTeW, Aoka3zaHHyr Hacupen-
quaoM Tycu [16,c.10]. Hayunyto “Maparuackyio pe-
BOJIFOI[MIO” B ACTPOHOMMH, BBINOJIHEHHYIO yUEHBIMHU
Tycun, Ypau u Wateip B X111 B, Ha3Banu “peBosronneit
Konepnauka”(XVIs). [Ipennonaranock, ato KonepHuk,
UCTIONB3YS IOCTYIHYIO MaTeMaTHKY, ObUT B COCTOSIHUT
CO371aTh HOBYIO IUIAHETapHYyIo cucteMy. CUuTaiy, 4To
“peBomtonusi KomepHuka” 3aBucesna OT TBOPUYECKOH
CIIOCOOHOCTH HOBOTO IPUMEHEHUS! KJIIACCHYECKUX Tpe-
geckux npomsBeneHnit (EBkmmnma, Iltomemes). Oto
MperonokeHue K koHy 50-x rogoB XX B. cTano pas-
pyuiatscs. Takue yueHsle — HCTOPUKH HayKH, Kak OTTO
Heiirebaysp, Omsapa Kennemu, [Dxopmx Cammba
HayvalMu IepecMarpuBaTh MareMaTtuky Kemnepa. Oxu
00Hapy>XKHIJIH, 9TO PEBOJIIOINIO B acTpoHOMIHM Kemepa
c/lenany ABe HeoOXOoIUMBbIE TEOPEMBI, HE pa3paboTaH-
HbIe 1peBHUMH rpekaMu. Cama cxema [Itonemest dpuzn-
4yecKkn HeBo3MoykHa. [Ipobiema — HerocTaTok DKBaHTa
[17, c.55].

VY Heiirebayspa BO3HHK BOIIPOC: MOCTPOMI 3TH
JBe TeopeMbl KomepHUK caMm MM 3aMMCTBOBAJ U3 Ka-
KOT0-TO Tpedeckoro Tpyaa? Mexay Tem, Kenneau, pa-
6otas B belipyte, 0OHapy U aCTPOHOMUYECKHE CTa-
ThH, HATIMICAaHHbIE Ha apaOCKOM S3bIKE, TaTHPOBAHHBIE
1350 1. DT JOKYMEHTBI COIeP KaTl HE3HAKOMYIO I'e0-
Mmetpuio. Bo Bpems mocemenus CIIIA on mokasan ux
Heiire6ayspy. Ot paboThl OBIIIM MHTEPECHBI MOCIIEA-
HeMy. OHH cozepKalli TE€OMETPHIO, HASHTHYHYIO MO-
nenu Konepuuka o nemxenun JIynsl. Texct Obi1 Hamm-
caH actpoHoMoM M6H anmb-Illatep (ym.1375). B ero
paboTe KpoMme Bcero mpodero, Obuia u «reopema Ko-
NepHHKay, KoTopyro paszpadoran 300 ner no Komep-
HUKa u3BecTHBIN actpoHoM Hacup an-/{un at-Tycu.

“ITapa Tycu”, kak Ha3bIBae€TCA dTa TEOpeMa, pe-
1aeT MHOT'OBEKOBYIO IIP00JIEMY, OT KOTOPOH CTpamain

IIronemeit 1 MHOTHE IpyTHE IPEBHETPEUECKUE YUEHbIE
— acCTPOHOMBI. JTa TeOpeMa O TOM, KaK KPyroBO€ IBH-
KEHHE MOXKET T'€HEPHUpPOBATH JIMHEHHOE ABM)KEHHE.
31eck paccMaTpUBaeTCs ABHKEHHE IBYX IIapoB. B nBa
pa3a MEHBILMI map nomenieH B 0onbmoi. OHu oba B
JBIDKEHHH, HO B IPOTUBOIIOJIOKHOM HAIPaBICHUU.
Manbiii map Bpamaercss BHyTpu Ooibmioro. “Ilapa
Tycu” AuKTyeT, 4TO MCXOJHAs TOYKAa KacaHUs ITHUX
mapoB OyzeT koje0aThesi Ha3a U BIepel BJONb Jua-
MeTpa 6ombIol chepsl. YcTaHOBUB HeOeCHBIE chephl
JOJDKHBIM 00pa3oM, 3Ta TeopeMa OOBICHSET, KaK JIIH-
LUKJI MOT JBHUTIAaThCS PAaBHOMEPHO BOKPYT SKBaHTA
muddepenTa, ¥ 10 cux mop KoiedaeTcs Ha3al v BIIepe.T
0 HaIpaBleHUIO K Touke auddepenrta. Bropas teo-
pema, HaiineHHas B cucteme Komephuka, 3Ta Jlemma
Ypnu, BeiasuHyTas B 1250 r coTpyaHukoM Maparus-
cKkoit obcepBaropun Myaiiiian an-/{un an- Ypau.

Crano wusBecTHO, 4TO myTemecTBeHHUK X.Ko-
JTyMO, OTHPABISSICh B CBOM ITyTEILIECTBUS C LIENBIO OT-
KPBITHSI HOBBIX HACEIEHHBIX TEPPUTOPHUI, B CBOEM
JHEBHHUKE C OOJBIIMM MacTepCTBOM W YMEHUEM HC-
M0JIb30Ball TAaONHIy M3 reorpaguyecKux KOOpIHMHAT
U1t 256 HaceleHHBIX IMyHKTOB, COCTABJIECHHYIO I'€HHU-
anbHbIM yueHbIM Hacupenaunom Tycu. Ilpuyem sta
tabmmia OpUTa 09eHs nomyisipHa B EBpone ere 3a 200
net 1o camoro X.Komym6a. beiio mokasano Taxxke, 9To
HaxoJsmmecs B obcepaTopun atdannHa Tuxo bpare
HECKOJIbKO MPUOOPOB SIBJISIIOTCS TOUYHOW KOTIHEH TeX,
KOTOPBIMHM I10JIb30BAJINCH B MaparuHckoi obcepnarto-
puu. Bruiots 1o ceropHAmHux AHed B Jpe3neHckon
rajiepee XpaHWUTCA 3BE3HBIA TJIOOYC, SBISIOIIMNACS
npubopom u3 MaparuHckoii 00cepBaTopyH, U cleayeT
CEpBhE3HO UCCIIEAOBATH TO, YTO KAKUM IIyTEM 3TOT IIPHU-
60p ObuI BEIBe3eH Ha 3amaa. K coxaneHuro, MHOTOE Hc-
MI0JIb30BaHHOE yueHBIMH CpEeaHEBEKOBOTO HE OTMEYa-
ercs, fenaercs 0e3 cchlIoK. B Tpynax ydeHsIx cpeaHe-
BeKoBOTro BocToka, MycysbMaH, HCHOJIB30BaHHAS JIH-
TepaTypa, MaTepHaJl WIN HIEs SCHO OTMEYAeTCs, Ubs
oHa U oTKyna [18, ¢.57].

Kuwuru Benukoro yuenoro Hacupagauna Tycu mo
MaTemaTHke, B ocodoeHHocTH “Taxpup driuauc”, 1m-
TEJILHOE BPEMS ABJISUINCH JICKIIMOHHBIMHU KHUTAMHU U3-
BECTHBIX yUeHBIX 3anaHoi EBpOIsI, B TOM YHCIIE yIH-
tenst I.HeroToHa - [I)xona Bammuca u3 Oxcdopackoro
yHuBepcurera. OueHb MHTEPECHO, YTO B IEPBOHM pe-
nakuuu kaury “Taxpup Orauauc” H.Tycu npencrasui
JI0Ka3aTeNnbCTBO TeopeMbl [ludaropa B 36-T Bapuan-
Tax.

I'.Ix.Mamen0beitnu ykaspiBai, uro B 1891-om
roay B CtamOyJsie ObLT HAlICH OJUH APEBHHUI SK3eM-
wiap npousBeaenus Tycu “Illaxmyns-T'ura” u ero
TEKCT OTIeYaTaH TUIOrpad)CKUM CHOCOOOM Ha (paH-
Iy3CKOM M apaOCKoM s3bIKax. [Ipoxomur coBceM He-
MHOTO BPEMEHH, KaK CPeIN HCTOPHKOB MaTeMAaTHKH
3amagaoit EBpombl pasroparorcs CHIBHBIE CIIOPHI U
I'enpux 3yTep, NOTPaTUBLIMKA MHOTO CHJI HA U3YUEHUE
HUCTOPHUU acCTPOHOMHHM M MaTeMaTUKH Ha BocToke, no-
XOJWT JI0 TOH CTEIEHH, YTO HauYMHaeT BOOOIIEe OTpH-
HaTh poib PermomMoHTaHa B pa3BUTUH 3TUX Hayk. K
TOMY JK€ TOJIOKUTEIBHOE BIMSHUE 3TOW paboThI cO-
CTOSIO €Ille U B TOM, uTo y bpayn Hroxns cpenu npo-
W3BEJICHNUH, MOCBAICHHBIX HCTOPUU TPUTOHOMETPHH,
MOSIBIJICSI HOBBIM Hay4HbIH Tpyn — “Nassir Eddin Tusi
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and Regiomontan”, sBustomuiicss B psAay MOAOOHBIX
MPOU3BEACHUH MOHYMEHTAIbHBIM.

B oTnuume oT 3anagHON TpaaMIUK, C TOYKH 3pe-
HUS MYCYJIBMAaHCKHX YUYCHBIX, MEXIY PpeIuUTHed Hu
HayKOH HE CyIIecTBOBaJIO KOH(IIMKTA. DnBH U Jlyriac
OIPEJICTMIIN IIATh OCHOBHBIX IPHYHMH, CHOCOOCTBYIO-
IIUX NPOAYKTUBHOMY Pa3BUTHIO MCIAMCKON HayKu:
4ype3BbIYaiiHO OoJbIIOe yBaXKeHUe, KoTopoe Mciam
OKa3bIBAaeT 3aHATUIO HAayKOW; o0Inas moajepxkka co
CTOPOHBI NIPABUTENEH U APYTHX BIUSATENBHBIX JIFOCH;
TOTOBHOCTh MYCYJIbMaH OOMEHHMBATBhCA HICAMH C
MPEACTABUTEISIMUA APYTUX KyJBTYp; apaOckuil s3bIK,
KOTOPBII BCKOPE CTAaHET CPEACTBOM OOMEHA HIESIMH BO
BCEM MYCYIbMaHCKOM MHpe, U TpeboBaHHEe cOoOIroIe-
HHSI aKKyPaTHOCTH M TOYHOCTH B MCTIOJIHEHUH HCIIaM-
CKHUX 00s13aHHOCTEH.

MycynbpMaHCKHE Y4€HbIE TOTO IEPUOIA JOCTUTIIH
HaWBBICILIETO YPOBHA B Hay4HOM pa3Butuu. Haxonsce
B aBaHTapjie TUX 3HaHUIl, OHU TE€M CaMbIM OKa3ajH
Gombiioe BIUsSHUE Ha cToputo YenoBeuecTBa. PaboThl
MYCYJIBMAaHCKMX YYEHBIX LIMPOKO HCIIOJIb30BAIUCH B
Ka4yecTBE y4eOHBIX TOCOOMII BO MHOTHX €BPOIEHCKHX
yHHEBepcHuTeTax B otk 10 1600 r. Apabckne TEKCTHI
MIEpEBOAMIINCH HA JIATHHCKUHA M JPYTHe eBpOIeHcKue
S3BIKH. DHIMKIIONEINYECKHE PA0OTHI IO METUIINHE H3-
BECTHBIX MEIMKOB, TakuxX Kak an-Pasu um Mon Cuna,
M3yYalluCh B €BpONEMCKUX yHuBepcuTeTax 10 XVIB.
Kak ObU10 OTMEuUEHO BBbIlIE, MYCYJIbMaHCKUE Y4CHBIC
Jlaliu Hay4Hble 3HaHus EBporie, Korna oHa nepekuBaia
nepuof "TemHoro Beka". Jxopmk CapToH, H3y4yaBIInit
BOIIPOC O MYCYJIBMaHCKHX Y4EHBIX, IHCAJ, YTO B TE€Ye-
Hue nepuoaa 750-1150 rr. BKiIax MyCyJIbMaHCKUX y4e-
HBIX B HayKy ObIJI HSCPaBHHM B CBOEM BEITUKOJICIIHH U
BKJIIOYAJl JOCTIDKCHMS TaKMX THUTAHOB, Kak ai-Pasw,
an-Qapadbu, No6H an-Xaiicam, am-Xasapusmu, HOH
Cumnsl, an-baiipyan u MoH Xanmyn. P.C.Bpuddonst
numiet: “To, 4TO Mbl Ha3blBa€M HAYKOH HOSBHJIOCH B
pe3ysbTaTe HOBBIX 3KCIIEPUMEHTAIBHBIX METO/IOB, Me-
TOJIOB HAOJIFOJICHNSI U U3MEPEHHS, KOTOPbIE ObLIM MPH-
BHeceHbl B EBpomy apabamu. CoBpeMeHHasi HayKa siB-
JISIeTCSL CaMBbIM BECOMBIM BKJIAJOM HCIIAMCKOW IIUBUIIH-
3alKH, KOTOPBIN CTall JOCTYIEH BCEM HE3aBHCHUMO OT
poza, pachl, KacTbl, BEpOyOSKACHHS WM Hal[OHAJb-
Horo mpoucxoxaeHus. CoxpaHeHHE NMBIIN3ALUN
HYXJaeTcsl B JydlIeM ITOHHMaHWH, COBMECTHOM HC-
MOJIG30BAaHNM M TPU3HAHUM HAIIEro OOINEeTo Hacle-
nusa’[13,c.139].

B 3anaanoit EBpone HayuHoe pasButue B Cpen-
HHE BEKa TECHO CBS3aHO C PEIMTHO3HBIMH YUPEKICHH-
SIMH, OCOOCHHO MOHACTBIPSIMHM, TJI€ COXPAHSJIKCh U TIe-
PENUCHIBATINCH aHTUYHBIE TeKCThI. OHAKO B 3TOT IIe-
PHOJ TaKkKe BO3HUKAJIM HOBBIE HJIEH M METO/BI, TAaKUe
KaK CXOJIACTHKA, CTPEMHUBIIAsICI OOBEIUHHUTH BEPy U
pasym. B nmoznHee CpenHeBEKOBbE, 0COOCHHO B ATIOXY
Bozpoxaenust, Mpoucxoanino BO3pOKICHUE HHTEpeca
K aHTHYHBIM 3HaHMSIM W Pa3BUTHE HOBBIX HAYYHBIX
HOJXOM0B.

Hcaak Hetoron B XVII Beke oOHapysxumi1, uTo Oe-
JIBIA CBET COCTOMT M3 JIydei pa3HOro 1BETa, HO 1000~
HOE OTKPBITHE OBLIO CHIeNaHo aib-XahTamoM ( an-Xa-
caH)B XI Bexe u Hacupennuuom Tycu XII Beke (Tpax-
taT “O pagyre®), Kamans an-/{unom B XIV Beke. Azep-
GalmxaHcKkuil ydeHbIH, yueHmk MOH Cunbl, bax-
MaHHap an- AsepOaiimkanu (XI) B Tpyne “ar-Tacwmr™

W3/1araeT CBETOBBIC SIBICHHUS W NPHPOAY COJHEUHBIX
nydeit. Tpyn an-Xacana o0 onTuke ObUT Ha YPOBHE
TpynoB WM.HeiotoHa. Anp-XaiiTama CYMTAIOT OTLOM
OIITHKH.

Cunrtaercs, 4YTO KOHLEMIUS OrPaHUYCHHOCTU
MIPUPOJIBI MaTepuy OblIa BIEPBBIC BBEJICHA AHTYaHOM
JlaByaszbe B XVIII Beke. OH 0OHapy>Xui1, 4YTO NPHU U3-
MEHEHHH COCTOSHUA WX (POPMBI MaTepHH, €€ Macca He
MeHsiercs. Hanpumep, ecnu Bogy mpeBpaTUTh B Hap,
WIN COJIb PaCTBOPHUTH B BOJE, TO OOIIast Macca OCTa-
HETCSl HEM3MEHHOM. [IpHHIUIIBI 3TOTO OTKPHITHS OBLTH
pa3paboTaHbl MYCYJIbMAaHCKAM Yy4YEHBIM H3 Y30eKu-
ctaHa anb-bupynu (973-1048). JIaByas3ne moap30BajCs
TPylaMH MYCYJIbMaHCKHX YUEHBIX CPETHEBEKOBbS.

Cunraercst, YT0 KOHIEHINS OTPUIATEIbHBIX YH-
Cell crajla W3BeCTHa TOJbKO B 1545 romy Omaronaps
Jxeporumo Kapnano. OnHako, oTpuliaTeabHbIe Yucia
ObUTH N300pETEHBl MHANHCKUM MaTeMaTHKOM U acTpo-
HoM bpaxmarynroii (598-665 rr). Ero ocHoBHas pa-
6ora “Bpaxma-crnxyra-cuiaxaHTa”  BIIOCICIACTBUU
Obla nepeBezieHa Ha apaOckuii sA3bIk “Cuna XuHmoM”.
MycynbpMaHCKHE MaTeMaTHKH HCIOJIb30BAIH OTPHUIIA-
TENbHbIC YHCIIA B PA3IMIHBIX apUPMETHIECKUX (QyHK-
LUsX, 10 KpaiiHel Mepe, 400 et 1o eBponencKux yue-
HBIX [3, c 6].

B 1614 roxy Jxon Henep n3o6pen morapudmsl u
norapupmugeckue Tadbnuipl. OJHAKO MyCyIbMaHCKHE
MaTeMaTHUKH M300peny JIorapudMbl U jorapudmuye-
CKHe TabJuIBl Ha HECKOJIbKO BekoB paHbiie, B XIII
Beke. Takue ydeHble kak Anb-Xopesmu (0k.780 —
0k.850), 3aHMManuch anreOpoil ¥ TaOIUIIAMH YHCEIL.
Hx pabota ¢ mporpeccusiMu, 0COOEHHO TeoMeTpHYe-
CKHMH, 3aKJaJbIBaJIa OCHOBBI AJS NOHUMAaHHS JIOTa-
PUPMITIECKUX OTHOIICHHUHA. AJb-XOpe3MH — OIHH U3
OCHOBOIIOJIO)KHUKOB alTreOpbl, MaTeEMaTHK, aCTPOHOM,
reorpad. ACTpOHOMBI MCIIOJIB30BAIIN TAOJHUIBI CHHY-
COB M TaHT'€HCOB, YTO TPEOOBAJIO CIOXKHBIX BBIYHCIIE-
HUH. DTO B JaNbHENUIIEM OATOJKHYJIO K CO3JIaHUIO JIO-
rapupMoB Kak Criocoda ymnpocTHTh TaKHe pacdeTsl. B
EBporie TabyuIbl TPUrOHOMETPUYECKUX 3HAUCHHUH UC-
noss3oBaiuch B XV-XVIBB [1, ¢.27]

B XVII Beke Pene JlekapT oOHapy i, 4To aji-
reOpa MOXKET OBITh MCIIOJIB30BaHA IS PEIICHHS I'eo-
MeTpuueckux 3anad. OgHako maremMatuku Xanudara
caernanu 3to emre B Havdane [X Beka. Cabut 6un Kyppa
ObUT MIEpBBIM, KTO C/ENal 3TO, U €ro I0cie0BaTelb
AOy-11-Bada, ubs kHuTa X BeKa HCIIOB30Bala anredpy
JUISL pa3BUTHS TEOMETPHH.

Cuuraercs, uro HMcaax HerotoH, B XVII Beke, pas-
paboTan GMHOM, KOTOPBIN SBISETCS KIIOYEBBIM KOM-
MOHEHTOM B anredpe. OJHAKO MyCyJIbMaHCKHE MaTe-
MaTHKHM Ha4ajd HCIIOJIB30BaTh OWHOM [UIS pelIeHHS
anreOpanveckux 3anad eme B X Beke [4, ¢.206].

N6n ®@upnac u3 ucnamckoi Mcmanum n3odpenn
oukd B [X Beke, OHM U3rOTaBIMBAIUCH U MPOJABAIUCH
o Bcelt Mcnannm Ha npoTspKeHnH Goliee IBYX BEKOB.
Ho cuwuraerca, uto aHrnmiickuil y4é€nelii Pomxep
BakoH (ym. 1292) nepBbIM H300peIT CTCKISTHHBIC JTHH3EI
JuIs yimydmenus 3pernsi. McenenoBanus B odsactu om-
THKM WM n3o0pereHne oukoB Pomxepa Bskona Bcero
JMIIb TTOBTOpPEHUE paboT anb-Xaiirama (ym. 1039), Ha
KoTOpbIe bakoH gacTo ccriaercs.
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Ha 3amame mopox Oblnm pazpaboran Pomxepom
bakonom B 1242 rony. Pomkep bakon y3Han o ¢op-
MyJie IOopoXa W3 JIATHHCKOTO IiepeBojaa apabckoit
kauTH. Co3marensaMu (OpMyJIIBl TOpOXa SBISAIOTCS K-
Taiiuel. Kuralickue n3o0peraTteny co3aany Nopox 1 uc-
MOJIB30BATH €r0 COCTaB, OYMCTUB C MOMOIIBIO Kayue-
BOW CEJIMTPBI, M HA4aJId MPUMEHSATh B BOCHHBIX LIEIIIX,
n300peTs pakeTsl U Topreabl. OHU UCTIONIB30BANIN HO-
POX B BOGHHBIX IIEJISIX, BKJIOYAsl IPaHATHI, OCKOJIOYHBIE
OOMOBI, pakeTsl W JaXe paHHIOI (GopMy py-
Kbs,/mymkn eme B XII Beke (muHactus CyH).Uepes
apaboOB OTHECTpENbHOE OpyXHe momajio B Eporry.
Ilepsrie u300paxenus mymek B EBpone maTupyrorcs
1326 romom, 1 k XV BeKy eBpOmeHIIsl pazpadoTanu 60-
Jilee COBEpIICHHBIC MOMETH, TaKkhue Kak apKeOy3bl H
O6oMOap kL.

Kommac Obut M300peTeH KuTaliamMu, KOTOpBIE,
BO3MOJKHO, OBIIM MEPBBIMH, KTO HCIIOJIB30BAJ €r0 IS
HaBUranuoHHbIX nenei Mexay 1000 u 1100 rogamu.
Hawnbouee paHHHE CCBUIKY HA MCIIOJIb30BAHUE KOMITAca
B HABUTAllMU Ha 3amnaje ObUIN ClIeNIaHbl AaHTJTHYaHUHOM
Anexcargpom Hexkamom (1157-1217). Ograko Mmy-
CyIbMaHCKHE Teorpadbl ¥ MOPEIUIaBaTeNIN, BO3MOYKHO
y3HaB O MarHUTHOM ctpeinke w3 Kwuras, paHpme wc-
MIOJIb30BAJIN MATHUTHBIC UTIIHI B HaBUTAuu. OHU U300-
per KOMITaC ¥ TIepeAalii 3HAHUS O €TO HCIIOB30BAHNN
B HaBUTannu Ha 3amana. EBponeiickne MoperaBaTeu
MOJIaraluch Ha MYCYJIbMAHCKUX JIOIIMAHOB U HMX HH-
CTPYMEHTBI IIPU N3YyUYCHUH HEU3BECTHBIX TEPPHUTOPHUIL.
J1o KOMITacoB ¢ IPEBHUX BPEMEH IS OIIpeACTICHUS Me-
cTonoyioxkeHus: Ha Boctoke u teppuropun AszepOaid-
JUKaHa MCIIOJIb30BaIU aCTPOJIIOHH.

I'peueckuit pumocodp m Marematuk Pajgec Mu-
JeTckuii Oojiee 25 BEKOB HazaJ HaOJIOIAT CTpAaHHOE
SIBIICHUE: SHTaph (IMO-TPEUYECKH “‘DIICKTPOH’), HATEep-
THIA IIEPCTHIO, MPUTATHBACT JIETKHE MpenMeThl. Yem
oput BEI3BaH mHTepec Daneca? Moxer OBITB, JIOIU
JIPEBHOCTH HAIUIN CIIOCO0 ITOJyYaTh M UCHOIB30BaTh
ANEKTPUYECTBO? DTO TPEANOTIOKEHHE MOXKET OKa-
3aTbcs npasnoi. B 1936 roay apxeosnoru HanuIm apes-
HUU TJIMHSAHBIYA TOPIIOK C JKEJIE3HBIM IPYTOM U METHOM
racTHHOM. KOHCTpyKINsS o4eHp ToX0Xka Ha mpuobop,
KOoTOpbIi n300pen B 1800 roxy MTambsTHCKUN yUESHbIH
A. BoabTa. “BoJbToB €T010” COCTOST U3 Yepeayro-
IIMXCSI TUCKOB [IMHKA W MEIW, Pa3lIeICHHBIX KapTOH-
HBIMH TIPOKIJIAJIKAMH, CMOYCHHBIMH COJICHOH BOJOH.
[Ipu KOHTaKTE ITHX METAIJIOB BO3HUKAJIA XUMHUYECKas
peakmms, KoTopas co3laBalia MOCTOSHHBIA TOK. DTO
OBLT TEepBBIl B MUPE MCTOYHHWK HETPEPHIBHOTO JIICK-
TpHu4eckoro Toka. M3o0peTeHne Nponu3Beso CeHCAINIo
B HAYYHOM MHpPE M OTKPBUIO HOBYIO 3Dy B pa3BUTHH
JIEKTPOTEXHHUKH. BOJILTOB €T0.16 CTa] IpapoanuTeieM
COBPEMEHHBIX aKKyMYJISTOPOB U OaTapeexk.

Apxumen (287-212rr.mo H.3.) TpeArIoNarai, 9To
TUTaHeThl BpamarTcst BOKpyr ConHia. 910 ObLTO CKa-
3aHo no3xe Komepuukom(1473-1543).

Pyxonmcu cpeiHeBEKOBBIX aBTOPOB, HAlMCAHHBIE
Ha apabckoM M (apcuaACKOM S3bIKaX, CEroJHS Xpa-
HSTCSI B U3BECTHBIX PYKONHUCHBIX (POHAAX, HyHIaMEH-
TaJIbHBIX OMONMOTEKax W yHHBepcuTeTax Mupa ([pes-
nen, Jlewinmur, Jlounon, bepnue u 1.1). MHOTHE 13
3THX PYKONHUCEH OBIIM HECKOIBKO Pa3 IepenucaHbl,
NepeBe/ICHbl Ha €BPOIECHCKUE S3bIKM, U3/IaHbl U Iepe-

H3JIaHbl. DTO TOBOPUT O TOM, YTO Ha 3amaje ObLIv 3Ha-
KOMBI C TIPOM3BEICHUAMH, TPYJaMH yUeHBIX BocToka
[12, c.7] 1o cmoBam 3aMeUaTeNbHOTO aHTIIMIHCKOTO BO-
ctokoBena ¥Y.M.Vorra-“Hayka, co3ganHas Haporamu
MycCyJlbMaHCKOro BocToka, ocTaBamack Ha BBICOKOM
ypoBHe 1o kpaitHeir mepe o XVII B.” [15,c.178].
Hayunoe nacnenue CpenneBexoBoro Boctoka 3amo-
JKHJIO OCHOBBI Il IpOrpecca HayKu M TEXHOJIOTUHU B
EBpone. Unen-xkopp. AHCCCP E.O.beprensc mucan:
“Ecyin BCIOMHUTD, YTO B HCTOPUU EBPOIEHCKOM KyJIb-
Typs! nepuon IX-XIII BB mpexacraBmsieT coboit BpeMms
riryOodaiiero ymamka, TO HElb3s HE MPUHTH K BBI-
BOJIY, YTO IMEHHO TPYIBI BOCTOYHBIX (HHIOCO(OB BBI-
BEJIM €BPOIICHCKUE HAPOIBl U3 TYNHKa W yKa3ald UM
My Th JansHeimero passurus’” [14,.97].

[TpoGnema nBHKEHUS IJIaHET, 3aHUMAaBIIAsl yMBI
JpEBHUX TPEKOB, acTpojoroB Xanaesd u BaBuinosa,
co3jaTens reoleHTpudeckoit cucremsl KonepHuka u,
HakoHel, Benukoro ["anunes, npeBpaTuiack BO BpeMs
HeloToHa B IpUKIaHYIO Hay4yHy!o 3afagy. OHa cTana
U/ieanbHON 001aCThIO AT MPUMEHEeHHs 3aKoHOB Hblo-
TOHA, U, MOJKHO CKa3aTh, YTO PEIICHIE IPOOIEMBI ABH-
JKCHHS IDTAaHET C MOMOIIbI0 Teopuu HeloToHa OBLIO
BbICIIMM AocTKeHUeM HayK X VII Beka u “EctectBen-
HOE U BEYHOE” MO ApPHUCTOTENIO, JBUKEHHE IUIAHET
0Ka3aJloch TpeOyIOMMM HeKoTopo cwsl [8; 9]. Jloru-
YECKH UYBCTBYS 3Ty HAYUHYIO 3aKOHOMEPHOCTB, €IIe B
XI Bexe baxmaniiap an-Azep6aiimkanu (993-1066) B
kaure “At-Taxcun” nucain: “KpyroBoe nBuxeHne Mo-
JKeT CYLIeCTBOBATH JIUIIb IOTOMY, YTO €CTh Kakas — TO
npuyuHa Y HeOecHOro KpyroBOro IBIKEHHS €cCThb
Hayauo, OTpEIICHHOE OT MAaTepuH, TeJleCHas CHIIa,
MIpeCTaBIAIOMmas cede YacTHBIC IIPEAMETHI, CHIIA, CBS-
3aHHad ¢ XKeJlaHUEM U IBIxKyas cuna” [4,c. 87].

B pesynabrare cBoux ucciaenoBanuil baxmanitap
MPUXOJNT K 3aKIIOYCHHIO, 9TO BO BceneHHO# enwH-
CTBCHHBIM JBIDKEHHUEM SIBISICTCS BPAMIaTeIbHOE H TEM
CaMBIM JIeNlaeT HOBOE IPEAIONIOKEHHE O CBOMCTBaX
MPOCTPAaHCTBA U BpeMeHu. baxmaniiap numiet: ... TBU-
JKEHUsI MPSIMOJIMHEHHOTO0 M yXOJSIIIEro B OECKOHEed-
HOCTh, He ObiBaeT’[6 ,c107; 5; 7; 2], 13 aTor0 3aKiII0-
YEeHHS CTAHOBHUTCA TaK K€ 3pUMBIM UCKPUBIEHHUE MPO-
CTpaHCTBa. JTa XapaKTepUCTHKa MPOCTpAaHCTBa Oana
BBIsIBJIEHAa A.DUHIITeHHOM B XXB.

Cunraercs, 4To MeYaTHBIH CTaHOK OBLT pa3zpabo-
tad B 1454 rogy Horamnom ['yrenGeprom. OmHako,
100 net panbiie B ucnamckoil Mcnanum ucnosib3oBa-
J¥Ch COOpHEIC TATYHHBIE (OpMBI. Eciu mocMoTpeTs B
Ooiee paHHUI TEPHOA, TO OKasbIBaeTCs, COOpHBIC
(dopMmbI IS TIeYaTH BriepBbie ObUTH M300peTeHsl B Ku-
tae. B 1041 roay kuraer [Tu-11lenr co3aan mpudTe u3
oboxoxkenHoN riuHBL. B1200 rogy B Kopee Ovinm co-
31aHBI IPHQTHI, OTIUTHIEC U3 OPOH3EI.

TexHOMOTHS O MPOU3BOJCTBY OyMmaru Obuia 3a-
MMCTBOBaHa MyCyJbMaHaMH y KHTaHIeB, 3aTeM pac-
npoctpaneHa Ha bnwxnem Bocroke u B EBporne, uto
TIPUBEIIO K pocTy KHHUromznauwus. [lepBas ¢adpuka mo
MIPOM3BO/ICTBY Oymaru Oblia mocrpoeHa B barnmane B
794 rony, 3arem B Erunte B 800 rony u Anpanycuu B
950 romy. DT0 CcHmOCOOCTBOBANO PACIPOCTPAHCHUIO
3HaHUIl ¥ Pa3BUTUIO HAYKH B HciaaMckoM mupe. B EB-
porie Mpou3BOACTBO Oymaru Hadaioch mosxe: B Bu-
3anTHH okoio 1100 roxa, B 'epmannu B 1228 roxy, B
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Anrmmn B 1309 romy. D10 Takke criocod6CcTBOBAJIO pas-
BUTHIO 00pa3oBaHus 1 Hayku B EBporre.

Anb-JIxazapu B 1206 Toxy omucan okono 50 me-
XaHU3MOB, BKJIIOYasl 4achbl, KOJOBBIE 3aMKU U aBTOMa-
TUYECKUE YCTPOICTBA, UTO CBUIETEIBCTBYET O BBICO-
KOM YpOBHE MH)KEHEpHOH MbIcaM Ha Boctoke. B EB-
porie cX0XHe MEXaHU3Mbl Hauallu MOSBIIATHCS MO3XKE,
BO BpeMs PeHeccaHca, korjga ujaeu aBTOMaTH3alluU U
CJIOKHBIX MEXaHM3MOB CTaju OoJjee pacrnpocTpaHeH-
HBIMH.

MycynbMaHCKUE YY€HbIE, Takue Kak AJjb-Xo-
pe3Mu, BHECIIN BKJIA B Pa3BUTHE anreOphl U TPUTOHO-
MeTpun. X TpyIbel OBUH TIepeBEICHBI Ha JIATBIHCKUI
SI3BIK M OKA3aJIM BIIMSHUE HA €BPOIEHCKYIO HayKy. EB-
porieiickie y4ueHble, MCIIONb3Ys MepeBeICHHbBIE apad-
CKHE TEKCThl, MPOJOJIKUIN Pa3BUTHE MaTEeMAaTUKU U
aCTPOHOMMH, YTO MPUBEIO K HAYYHOH PEBONIOLMU B
nocneaytomue Beka [11; 12; 14].

[Tog00HBIX BBIIIE U3JIOKEHHBIM CXOJCTBAM M I1a-
pajuiensiM B MHpEe O4eHb MHOT0. MOXKHO cZeaTh BBI-
BOJI, YTO HEKOTOpBIE M3 HHUX BBIIOJHEHBI NPH HEU3-
BECTHOCTH paHHHX paboT. B maHHOM ciydae x maee
WM OTKPBITHIO PUBOAUT COCTOSIHUE HAYKU B TOT MO-
MeHT. Ho ecTb ciyuau, Kkorja aBTop UAEH WIA OTKPbI-
TS 3HAKOM C PaHBIIIE BHITOJHCHHBIMHA PadOTaMH B HE
MPU3HACT MOBTOPOM CBOKO pabory. Yacto mMup mpu-
3HAET MOCJIEAHUE OTKPBITHUSL.

CxonctBa Mex 1y Bocrounoit u 3anagHoi Haykoi
CpenHeBeKOBbs NPOSIBJISIIMCE B CTPEMIIEHUH K CHCTe-
MaTH3aliy 3HAaHUH U ITOUCKE PAIlOHAIbHBIX 00bsICHE-
HHUW NPUPOJHBIX siBieHuid. [lepeBonbl apaOckux Hayd-
HbIX TpyaoB Ha nateiab B XII-XIII Bekax crocoGcTBo-
BaJIM nepenave 3HaHuM ¢ BocToka Ha 3aman, 4To OKa-
3aJI0 3HAUYUTENBHOE BIUSHUE HAa €BPONEUCKYIO HAYKYy.
B Cpennue Bexa mexny BoctokoM u 3anaznom cyuie-
CTBOB&JIM 3HAUMUTENbHBIE MApaIEIM B HAy4HBIX OT-
KPBITHSAX U M300PETCHUAX, YACTO 0OYCIOBICHHEIE 00-
MEHOM 3HAaHWSMH M TEXHOJIOTHSAMH. TakuM o0paszom,
HECMOTPS Ha pa3iu4us B KyJIbTYPHBIX U PEITUTHO3HBIX
KOHTEKCTax, Mex1y BocTokoMm u 3amagom cymiecTBo-
Bal OOMEH 3HAHHUIMHM, CIOCOOCTBOBABIIMH 0OIIEMY
IIpOrpeccy HayKu U TEXHOJIOTUI.
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AHoTamis

BopoTs0a 3 MUIOM € BOXJIMBUM HANPSIMOM B Tally3i OXOPOHH TIpalli Ta €KOJOoTriuHOo1 6e3neku. s omiHro-
BaHHS ¢(DEKTHBHOCTI BUKOPUCTAHHS TOTO a00 1HIIOTO 3ac00y 0OpOTHOM 3 MUIOBHM 3a0pyAHEHHSM TTOBITPS TIOT-
piObHO MaTH crieriagbHI METOAM PO3PaxyHKy. B poOOTI po3risiHyTO TOOYIOBY YHNCENBFHIX MOJIENIeH aepoAnHAMIKH
Ta MaCcolepeHoCy, M0 AarTh MOXKIIUBICTH METOAOM 00YHUCIIOBAIBLHOTO CKCIICPUMCHTY BU3HA4YaTU e(beKTI/IBHiCTL
BUKOPUCTAHHA 3aXUCHUX eraHiB JI1 3HUKCHHS ITHJIOBOI'O Ba6pyI[HeHHH l'IOBiTp)I Ha MMPOMUCIIOBUX MaﬁﬂaH‘II/I-
kax. [ToOynoBa uncenbHUX Mojeneil 0a3yeThCst Ha IHTErpyBaHHI (GyHIaMEHTaNbHUX PIBHAHb MEXaHIKH CYIiJIb-
HOT'O CEPEAOBUIIA 3a JOITOMOTI'0OI0 KiHHeBO-pi3HI/IHeBI/IX CXEM. HaBe,ueHo pe3yIbTaTU 00YHUCIIOBAILHOIO CKCIICPU-
MEHTY.

Abstract

Dust control is an important area of occupational health and safety. To evaluate the effectiveness of using a
particular means of protecting against dust air pollution, it is necessary to have special calculation methods. This
paper considers the construction of numerical models of aerodynamics and mass transfer, which make it possible
to determine the effectiveness of using protective screens to reduce dust air pollution at industrial sites by compu-
tational experiment. The construction of numerical models is based on the integration of the fundamental equations
of continuum mechanics using finite-difference schemes. The results of a computational experiment are presented.

Koarouosi ciioBa: HpOMI/ICJ'IOBI/Iﬁ MaﬁﬂaH‘{I/IK, IIHJIOBEC 336pyHHeHH$I HOBiTpH, MacCOII€pEHOC, YUCCIIbHE MOJC-

JIFOBAHHA.

Keywords: industrial site, dust air pollution, mass transfer, numerical modeling.

Beryn

BopoTrba 3 mioBuM 3a0pyIHEHHSM MOBITPS Ha
MPOMHUCIIOBUX MailaHYMKax BITHOCHUTBCA 1O 0COO-
JIMBO BaXXJIMBHX 33734 B TaTy31 OXOPOHH Mparli Ta eKo-
noriynoi 6e3neku [1, 4, 10]. Ha npaktuii BUKOpUCTO-
BYIOTh Pi3HiI 3aco0M OOpOTHOI 3 MHIOYTBOPEHHSIM Ta
3MCHIICHHSIM iHTCHCHBHOCTI Ta PO3MipiB MIJIOBOTO 3a-
OpynuenHs B oBiTpi. KoxkeH 3acid Mae cBoi mepeBaru
Ta HEJJOMIKU. AJie Ha MPaKTHLl, PU po3poOIli cTpaTerii
00poTHOM 3 MUIIOM, TTOTPIOHO MAaTH METOIU PO3paxy-
HKY e(peKTUBHOCTI BUKOPUCTaHHs TOro abo iHIIOro 3a-
co0y. B mepury uepry, 1ie BiJHOCUTBCS [0 TEOPETHY-
HUX METO/IiB BU3HAUYCHH: e(h)eKTUBHOCTI 3acC00iB O0po-
THOH 3 TIIJIOM, OCKIJIBKH MIPOBEACHHS (Pi3MUHUX eKCIIe-
PUMEHTIB B JaHiil o6macTi moTpedye 3HAYHOTO Yacy Ta
JIOCUTH BENIUKHX KOIITiB. ToMy, 30kpema B poOOTi Ipo-
eKTHHX OpraHi3amiii, 3HaYHa yBara NMPUAULIETbCS BH-
KOPHCTaHHIO MaTeMaTHYHHX Monesiei. Jlo Takux mo-
Jieliell BUCYBA€EThCS Psiji BUMOT, a caMe, IIBHIKICTh pO-
3paxyHKy Ta BpaXyBaHHs HAHOLIbII BAXJIUBUX (Pi3nd-
HUX (DaKTOPIB, 110 BILUIMBAIOTh HA (OpMyBaHHS KOHIIE-
HTpaLiiHUX TOJIiB. AHaI3 JiTepaTypHux JKepen [1-3,
5-8] mokasas, 110 PO3BUTOK TAKUX TEOPETUYHHX METO-
JUB JTOCITIZPKEHHS 3aJIMIIAETHCS BAYKIIMBOIO 3a/1aUelO.

Mera

[ToOynoBa ynceNbHUX MOJIENCH aepOIMHAMIKH Ta
MacoIIepeHOCY IS OLlIHIOBaHHS KOHIIEHTPALIHHIX HO-
JIB ITMJTy HA IPOMHUCIIOBUX MalaHIMKaX IPH BUKOPH-
CTaHHI 3aXHCHUX CKPaHiB.

Mertoauka

Jlnst mporHO3yBaHHs MHJIOBOIO 3a0pyJHEHHS Ha
MIPOMHUCIIOBOMY MaiIaH4MKYy, A€ € 00JIaCTi IMUII0yTBO-
PEHHS, TOTPiIOHO BUPIINTH IBi 3a1a4i:

1) 3agaua aepogWHAMIKM — BHU3HAYEHHS OIS
IIBUJIKOCTI IOBITPSHOTO TMOTOKY HAa IPOMHCIOBOMY
MalJaH4YMKy 32 HasBHOCTI IEPEIIKOI;

2) 3aj1a4a MacoIepeHoCy — po3paxyBaTH KOHIICH-
TpaLiifHe oJIsl NIy Ha IPOMUCIOBOMY MalIaHUUKY.

Mopgean aepoauHamiku. Tak gk po3riasaacTbes
3aja4a M0 BU3HAYCHHIO €(DEKTUBHOCTI 3aXHUCHOTO €K-

paHy Ui 3MEHLICHHs NMUJIOYTBOPEHHS Ha MPOMUCIIO-
BOMY Mai/IaHUUKy, TO MIOTPIOHO BU3HAYUTH Jeopma-
L0 TOJIS MIBUAKOCTI MOBITPSTHOTO TOTOKY TIiJ BIUIH-
BOM eKpaHy. HasBHICTb 3aXHCHOTO €KpaHy Ha MPOMHU-
CIIOBOMY MaifJaHYUKy MPU3BOAUTB J0 3MCHILCHHS MH-
JIOYTBOPEHHS LUIAXOM 3MiHH AepPOAMHAMIKU MOTOKIB
Ha MalIaHYMKy. AJle JUIi MPAaKTHKA BaXKIMBO MAaTH
HIBUIKOPO3PaXyHKOBI METO/IM BH3HAUYEHHS KOHLIEHT-
pauiiHUX NOJIB MUY IIPU PI3HUX METEOyMOBaXx, apa-
MeTpiB ekpaHy Touo. lani posrisgaerbes nodynoBa
TaKUX MOJEJICH.

Jlnist po3paxyHKy IMoJisl IBUAKOCTI HA MPOMUCIIO-
BOMY Mai{JaHYMKy BUKOPUCTOBYETHCS MOJEIb IOTCH-
[iaJbHOTO PyXy. B mpOMy BHMIAnKy, BUKOPHCTOBY-
€ThCS HACTYITHE PiBHSHHS:

o0°P  0°P
et o=
ox~ oy

e P — noreHIian MIBUAKOCTI.

KoMIoHeHTH BeKTOpa MIBUAKOCTI BITPY BU3HAYA-
I0ThCS TaK:

0, (1)

U=—,v=—1. @)

SIKIO pO3MIISIaeThCsl TPUBUMIpHA 33ja4a aepo-
JUHAMIKH, TO MOJIC/IIOI0YE PIBHSHHS aepOJHHAMIKA
Ma€ BUTJISL;

o°P o°P 0O°P
7t - +t—7=0
ox° oy® oz
KoMIioHeHTH BeKTOpa IBUAKOCTI BITPY JUIS TPHU-
BUMIpPHOTO NIPOLIECY PYXY BU3HAYAIOTHCS TaK:
oP. oP, . OP
U=—,V=—-W=—, 4)
OX oy 0z
I'parnuni ymoBu 1uis piBHsAHHS Jlammaca po3ris-
HyTO B [7].
[ po3B’ss3aHHS piBHAHHSA (1) BUKOPHUCTOBY€ETHCS
sIBHA PI3HHLIEBA CXEMa:

3)
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Pl —2R +P" Pl —2P+P",
Pn+1 Pn + At i+1,j A 2 + At i,j+l . 2
X y
Po3paxyHOK 3aKiHUY€THCS KOJIH BUKOHYETHCS YMOBA:
‘Pi,nj+1 -R)] ()

. . [V n . .
e Pinj+1 — 3HAQYCHHA NOTCHINATY IMBUAKOCT1 HA HOBIX 1TE€paIlll, PI i — 3HA4YCHHA ITOTCHINAIY IMBUAKOCT1 Ha

HonepeHil iTepallii; &~ Maie 4ucio.
3HaveHHs KOMIIOHEHT LIBHJKOCTI PO3PaxOBYETHCS HA CTOPOHAX KOMIPOK TaK:
Pi, i P. j-1
Vij =
JJis grcenpHOTO iHTETpyBaHHS PiBHAHHA (3) BUKOPHCTOBYETHCSA METOJ] YMOBHOI anmpokcumanii. s msoro
piBHAHHA (3) IPHBOAUTHCS IO «HECTAIIOHAPHOT0Y» BHUTIISAY:

oP 0°P 0O°P 82P

+ ) (6)
. ox oy? 822
ne t — dikTuBHUII yac.
Jlani 3amucyeThes JBOKPOKOBA CXeMa PO3LICTUICHHS:
1 1 1 1 1 1 1
n+ 0 Pn+E Pn+E Pn+E Pn+E Pn+E Pn+E
Pif P« | TRk TRk | Tk +F ik | ik +H
- 2 2 2 !
At AX Ay Az
(7)

i+, j,k i,j,k+1 ij, i,j,k+1 i,
At AX? Ay® AZ®
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SIBHOIO CXEMOIO.

Po3paxyHOK 3aKkiHUy€ThCsl, KOJIM BUKOHYETBCSI yMOBa, 110 aHayoriuHa (5).
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MartemMaTH4Ha MoAeJdb MaconepeHocy. /sl onucy KOHLIEHTpaUiifHUX MOJiB HA MPOMUCIOBOMY MaiiaaH-
YHKY BUKOPHCTOBYETBCS HACTYITHE MOJICIIOI0YE PIBHSHHS:
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MIBUAKOCTI HOBITPSTHOTO MOTOKY B MPOEKIIi Ha OCi KO-  Ha IPOMHUCIOBOMY MalIaHUUKY.
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JIeNTi 3a1a€ThCs Miclie eMicii muimy. [HTeHCUBHICTD eMi- oC ouC ovC
cii muty mopisuioe Q. JaHuii mapaMeTp BH3HAYAETHCS + + = 0’ (9)
Ha 0a3i iCHYIUMX eMITIpUYHUX MOeleil abo BiJOMHUX ot OX ay

CKCIICPUMCHTAJIbHUX NaHUX.
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Po3pobka koxiB Ha 0a3i HOOYIOBaHUX YHCENBHIX
Mojenei 3ailicieHa Ha MoBi FORTRAN.

Jlaini Ha pucyHKax HaBeAEHO Pe3yJIbTaTH YHCeIb-
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Puc. 3. Konyenmpayiiine none nuuy Ha RpoMUcio8omy MalOaGH4uKy, cyeHapiu Ne 2.

Sk MoxxHa 0a4uTH 3 pUC. 2 Ta pHC. 3, HAUOUIBII
IHTCHCUBHE MUJIOBE 3a0pYIHEHHS Ma€ Miclie Ha JiIsH-
Kax, [0 PO3TalllOBaHi MK 3aXMCHUMU ekpaHamu. Ta-
KO’K MOJKHA TMOOAYMTH, 10 KOHIICHTPAIisS MUIy HaJ
«T»-mo1iOHAM 3aXUCHUM €KPAaHOM MEHIIIC Hi’K HaJl Be-
PTHUKAJIEHAM €KPaHOM.

Cnig BiA3HAYWTH, IO Yac PO3PaxyHKY KOXKHOTO
creHapito 0yB 3 c¢. TakuM 9UHOM, 3a JOIOMOTOIO IO-
OyZOBaHUX YHCETPHUX MOJENICH MOJKHA BUKOHATH Ce-
Pifo MPOrHO3HUX PO3PAXYHKIB IIPOTITOM POOOUOTO JHS
3 METOI0 BH3HAYEHHS MICISl Pal[iOHaJBHOTO PO3Tally-
BaHHs €KpaHiB Ta iX Po3MipiB.

BucHoBku

1. Ilo6ynoBano 2D Ta 3D yucensHi Mozei s pi-
HICHHS 3a/1a4i aePOIUHAMIKH — BU3HAYEHHS T10JIS LIIBH-
JIKOCTI TIOBITPSIHOTO TIOTOKY Ha ITPOMUCIIOBOMY Maiija-
HYMKY 32 HasBHOCTI MIEPEIIKo/ (3aXUCHI eKpaHH).

2. ITobyzmoBano 2D ta 3D uncensHi Moemni 1 pi-
IIEHHA 3a]]a4i MacolepeHOCY — BU3HAUCHHS KOHIIEHT-
paniifHIX MOJIIB Ty Ha IPOMUCIOBOMY Mai/IaHUHUKY.

3. Po3po0OreHi vncensHi BpaXxOBYIOTh HAHOLIBII
Ba)kITUBI (i3n4HI (HaKTOpH, IO BIDTMBAIOTH HA POPMY-
BaHHSI KOHIICHTPAIIHHKX OB [TWTY B MOBITPI.

4. Mogeni MoOXyThb OyTH peajii3oBaHi Ha
KOMIT FOTepax Majol Ta CepeIHbOI MOTYKHOCTI.

5. loganbmuiit pO3BUTOK JAHOTO HAMPSMKY OyIie
MPUCBAYCHUHN OCTIKSHHIO 3aKOHOMIPHOCTEH MU0y~
TBOPEHHSI BiJ JDKEpeNl Ha Pi3HUX 00’€KTaxX TipHUYOI
TIPOMHUCIIOBOCTI.
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Abstract

Distance-based methodologies for mine detection leverage various principles of distance measurement to
enhance the efficiency and accuracy of identifying landmines in both military and humanitarian operations. These
approaches employ physical sensors—such as radar, magnetic, acoustic, and optical systems—to measure the dis-
tance between the sensor and potential targets, thereby enabling the detection and localization of mines. Technol-
ogies like ground-penetrating radar (GPR) and electromagnetic induction (EMI) have demonstrated effectiveness
in identifying mines at different depths. Furthermore, recent advancements in machine learning and artificial in-
telligence have significantly improved the interpretation of sensor data, facilitating mine detection in complex and
cluttered environments. This methodology presents a promising solution for increasing safety, reducing manual
labor, and accelerating the clearance process. In this study, global practices in explosive detection were analyzed,
key indicators for mine detection were identified, and the potential application of innovative technologies in this
field was evaluated. Emphasis was placed on methods based on dielectric conductivity, as well as radio and thermal
radiation, due to their effectiveness in remote mine detection. Landmine contamination continues to pose a severe

challenge to national security, humanitarian safety, and post-conflict reconstruction efforts.
Keywords: Mine detection; Distance-based methodologies; Ground-penetrating radar (GPR); Electromag-

netic induction (EMI); Sensor technology.

Introduction

The ability to detect mines from a safe distance us-
ing advanced sensor-based technologies offers a trans-
formative solution to both military and civilian mine
action programs. This paper examines the strategic ap-
plication of distance-based detection methods-includ-
ing ground-penetrating radar (GPR), electromagnetic
induction (EMI), and thermal imaging in the context of
post-conflict security operations. It explores how inte-
grating these technologies with unmanned aerial vehi-
cles (UAVs) can enhance operational effectiveness, re-
duce human casualties, and accelerate clearance time-
lines. The study highlights the importance of techno-
logical integration into defense policies, military doc-
trines, and international demining standards, contrib-
uting to the broader discourse on security innovation
and risk reduction in mine-affected regions (Valters
2014).

Landmines influence the development of vegeta-
tion due to the emission of explosive vapors, which al-
ter the chemical and physical properties of the sur-
rounding soil. In 1996, the United Nations initiated the
formulation of the International Standards for Mine
Clearance Operations for humanitarian purposes .Ac-
cording to these standards, existing technical means for
mine detection and neutralization do not ensure a suffi-
ciently high level of clearance. As a result, more than

80% of cleared areas are still manually demined with
human involvement [1] which significantly compro-
mises the safety of mine clearance personnel. The de-
tection and neutralization of mines and explosives re-
mains a critical issue for the Republic of Azerbaijan. In
line with Presidential Decree No. 854 dated July 18,
1998, titled On the Restoration and Reconstruction of
Territories, the National Agency for Mine Action
(ANAMA) was established to coordinate mine clear-
ance efforts in the liberated territories. The use of un-
manned aerial vehicles (UAVS) in mine detection pre-
sents promising opportunities. For instance, drones
equipped with metal detectors can fly close to the
ground surface to identify buried mines. Once a mine is
detected, the UAV can mark its location on a digital
map, signal it physically on the terrain, or even deploy
a detonator for remote neutralization. Plastic mines,
which differ thermally from the surrounding soil, can
be identified through thermal contrast observable at
sunrise and sunset. Infrared cameras and UAVS
equipped with specialized software are employed for
this purpose. Conventional mine detection methods un-
der the soil surface rely on detecting disturbances in
static properties—such as magnetic, electrostatic, ther-
mal, and olfactory anomalies—caused by the presence
of foreign objects. However, these methods often re-
quire large, complex equipment and do not guarantee
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100% detection accuracy [2-3] Landmines represent a
continuing threat to security, not only as remnants of
past conflicts but as persistent tactical hazards in cur-
rent and future hybrid warfare environments. Their in-
discriminate nature affects civilians, impedes recon-
struction, and challenges stabilization efforts. Interna-
tional norms, such as the Ottawa Treaty, seek to limit
landmine deployment, but millions remain active in
former war zones. For Azerbaijan and other post-con-
flict states, comprehensive mine clearance is essential
to restoring territorial integrity and enabling displaced
population return. Despite technological advances,
mine clearance still relies heavily on manual labor. This
exposes demining personnel to considerable risk, un-
dermines operational efficiency, and slows recovery.
The integration of distance-based technologies—par-
ticularly those deployed via unmanned systems—offers
strategic benefits for state actors seeking to enhance de-
fense readiness, border security, and post-conflict resil-
ience. The strategic dimension of mine action has gar-
nered increasing attention across security, defense, and
policy research. NATO's Standardization Agreement
(STANAG) 2910 outlines procedures for military mine
clearance but acknowledges limitations in conventional
manual detection. Similarly, the United Nations Mine
Action Service (UNMAS) identifies the adoption of ad-
vanced technologies as a priority for both military and
humanitarian missions. Recent scholarly work [3,10]
emphasizes the growing role of sensor-based mine de-
tection in improving situational awareness and reduc-
ing operational risk. These technologies also align with
doctrines of Intelligence, Surveillance, and Reconnais-
sance (ISR), offering value not just in mine detection
but in terrain mapping, logistics planning, and hybrid
threat environments.

Furthermore, the deployment of unmanned sys-
tems for mine detection parallels broader trends in
asymmetric warfare and remote engagement, allowing
state actors to exert control in denied areas without risk-
ing personnel. The integration of these tools into strate-
gic security frameworks remains an evolving but urgent
imperative. Distance-based mine detection encom-
passes a range of techniques using electromagnetic,
thermal, and acoustic principles to locate subsurface
explosive threats. The technologies fall under two main
categories:

Active methods: Emitting signals (e.g., radio,
UHF) and analyzing reflections (e.g., GPR, EMI)

Passive methods: Measuring environmental
anomalies (e.g., thermal radiation, dielectric permittiv-
ity)

UAV integration enhances these methods, ena-
bling real-time imaging and wide-area coverage-essen-
tial for mine detection in inaccessible or hazardous
zones. This not only improves tactical ISR capabilities
but also aligns with modern battlefield doctrines em-
phasizing mobility, automation, and precision. GPR
transmits high-frequency radio waves into the ground
and measures reflections to detect buried objects. Its ef-
fectiveness varies based on frequency: higher frequen-
cies (200 kHz) offer greater resolution but shallower

depth; lower frequencies (50 kHz) penetrate deeper but
reduce accuracy. This method identifies conductive ob-
jects by detecting disturbances in electromagnetic
fields. EMI systems are efficient in detecting metal-
cased mines and can be mounted on drones for large-
scale scanning. Exploiting differences in thermal iner-
tia, thermal cameras detect anomalies in surface tem-
perature caused by buried mines—particularly effec-
tive during diurnal cycles (sunrise/sunset). This passive
method is promising for detecting plastic mines often
missed by metal-based systems. The adoption of dis-
tance-based mine detection methods holds significant
strategic value:

Force Protection: Reduces risk to personnel dur-
ing clearance operations, especially in unstable regions.

Operational Mobility: Enhances rapid area de-
nial or clearance for advancing military units.

Post-Conflict Stabilization: Accelerates the res-
toration of infrastructure and resettlement.

ISR Enhancement: Adds intelligence-gathering
value beyond mine detection (e.g., terrain mapping).

Civil-Military Integration: Strengthens dual-use
capabilities applicable to border security, counterterror-
ism, and disaster response.

For Azerbaijan, the integration of these technolo-
gies into national demining and defense operations di-
rectly supports its strategic goals in reclaimed territo-
ries. At the international level, such technologies con-
tribute to cooperative security initiatives and peace-
keeping doctrines. While the Ottawa Convention fo-
cuses on banning the use of anti-personnel mines, it
lacks enforcement mechanisms for clearance speed and
innovation. Countries like Azerbaijan—dealing with
legacy minefields—require not only compliance but ac-
tive support for high-tech solutions. International part-
nerships, including NATO’s Science for Peace and Se-
curity Programme and EU CBRN Centres of Excel-
lence, can play pivotal roles in transferring, funding,
and scaling mine detection technologies. Embedding
these tools in international policy frameworks is crucial
for long-term impact.

Material and method

Recent research highlights two promising applica-
tions of ultra-high-frequency (UHF) technologies for
subsurface object detection:

Radio Location Method: This approach involves
the directional emission of UHF signals onto the soil
surface and the registration of signals reflected by bur-
ied objects. Its development is challenged by the high
absorption capacity of the soil, which reduces the sig-
nal-to-noise ratio. Nevertheless, it is useful for detect-
ing metallic objects and mines containing metal com-
ponents. The PRS-7 is a handheld mine detection sys-
tem engineered to locate both metallic and minimum-
metal (non-metallic) mines using advanced ground-
penetrating radar (GPR) and electromagnetic induction
technology. Designed for rapid deployment in combat
and humanitarian demining scenarios, the PRS-7 offers
reliable detection even in mineralized or cluttered soil
conditions. [2]
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Electromagnetic
induction

PRS-7 PORTABLE MINE DETECTING SET

Figure 1. - PRS-7 Portable Mine Detecting Set: Designed for detecting both metallic and non-metallic mines
(Daniels, D. J.,2004)

1. Thermal Irradiation Method: This tech-
nique involves irradiating the soil with UHF energy and
accurately measuring changes in surface temperature.
Detection is based on the disruption of the heat flow
caused by objects whose thermal properties differ from
those of the surrounding soil. Unmanned aerial vehicles

The image shows a high-resolution quadcopter
drone equipped with a forward-facing thermal imaging
camera. The drone is in mid-air, hovering low above a
grassy terrain. Its thermal camera lens emits a distinct
reddish hue, indicating active infrared sensing. The ro-
tors are in motion, and the background reveals a mixed
patch of dry and green grass—suggestive of a real-
world outdoor environment such as a former conflict
zone or a mine-contaminated field.

Technical capabilities of such a drone system:

(UAVs) outfitted with thermal imaging systems are ca-
pable of surveying expansive terrain to identify poten-
tial landmine locations. By detecting subtle variations
in thermal signatures on the surface, these drones en-
hance the efficiency and safety of demining operations,
especially in inaccessible or high-risk zones.

Figure 2. — Drone with Thermal Camera: Dns uped with emal cameras can ry large areas to de-
tect landmines based on thermal signatures.
(Rzayeva 2025)

Payload: Thermal infrared (IR) sensor, typically
operating in the 8—14 um range for landmine detection.

Imaging Technology: Radiometric thermal imag-
ing capable of detecting minute heat variations caused
by subsurface anomalies (e.g., landmines absorbing so-
lar heat differently).

Flight Capabilities: Autonomous or remote-pi-
loted, with GPS navigation, waypoint mapping, and
real-time data transmission.
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Use Case: Humanitarian demining, battlefield
surveillance, search and rescue, and environmental
monitoring.

Strategic Application:

Mine Action Operations: ldentifying thermal
differentials where landmines disturb the soil or vege-
tation heat profile.

Risk Reduction: Minimizes human exposure by
enabling aerial inspection prior to manual demining.

Cost-Efficiency: Offers scalable, repeatable, and
safer alternatives to traditional ground-based detection.

Thermal performance can be affected by weather,
soil composition, and vegetation.

Best results during early morning or late afternoon
when temperature contrasts are more pronounced.

Great — here’s a comprehensive technical and
schematic overview of drones equipped with thermal
cameras for landmine detection, structured for aca-
demic or strategic research use:

Schematic Layout of Drone-Based Thermal Detection System
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Table 1.

A comprehensive technical and schematic overview

Component

Description

Drone Platform

Multirotor (e.g., DJI Matrice, Parrot Anafi USA), suitable for low-altitude, stable flight.

Thermal Camera

Long-Wave Infrared (LWIR), e.g., FLIR Tau 2, DJI Zenmuse XT2

Resolution

640x512 pixels (typical for radiometric thermal imaging)

Spectral Band

814 um (sensitive to heat signatures)

Gimbal System

3-axis stabilization for precise imaging

Processing Unit

Onboard CPU or edge Al (e.g., NVIDIA Jetson) for image preprocessing

Connectivity

Encrypted RF link or 4G/5G with real-time transmission to ground station

Operational Workflow

el N

Mission Planning: UAV flight paths defined over suspected minefields.

Thermal Data Capture: Conducted during optimal time (dawn or dusk).

Image Analysis: Thermal anomalies flagged using edge-Al or later processed via ML models.
Ground Verification: Heat anomaly maps guide human deminers or ground robots.

Table 2.

Strategic Advantages

Benefit

Implication for Military / Humanitarian Ops

Reduces personnel exposure in high-risk zones

Rapid Deployment

Suitable for post-conflict zones and border regions

Thermal Signature Use

Detects buried mines based on disturbed soil heat exchange

Interoperable

Can be integrated into broader ISR (Intelligence, Surveillance,
Reconnaissance) networks

Experts suggest that the second method—thermal
(infrared) radiation detection—is more promising for
mine identification. When exposed to sunlight, the soil
above a mine heats differently than the surrounding
soil. In infrared imagery, this creates a visible thermal
contrast: during the day, the mine area appears brighter,

while at night it cools faster and appears darker (Fig. 3)

[4-6]
(1)

Here, Tt — soil temperature, Mt — temperature of
underground object (mine). If the condition expressed

Te# My
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in Equation (1) holds true, it indicates a potential pres-
ence of a mine within the surveyed area.

Accordingly, the model representing the probabil-
ity of mine presence in the area can be formulated as
follows:

Ti= Mthere are no mines in the area,
Ti# M, there are mines in the area.

Results and discussion

Dielectrics are materials that do not conduct elec-
tric current. They exist in gaseous, liquid, and solid
states and are composed of electrically neutral atoms
and molecules. Dielectrics can be classified into two
categories based on molecular structure: polar and non-
polar. When subjected to an electric field, the charges
bound within the dielectric material shift in opposite di-
rections, causing the dielectric to become polarized.
This induced polarization generates its own electric
field, which counteracts and thereby reduces the exter-
nal electric field within the dielectric. Dielectric perme-
ability (also referred to as relative permittivity) is a di-
mensionless physical quantity characterizing a dielec-
tric medium. It indicates the extent to which the force
of interaction between two electric charges in the me-
dium is reduced compared to the force in a vacuum. The

value of dielectric permeability varies depending on the
material type and is influenced by parameters such as
frequency, temperature, and pressure of the applied
electric field.

€=— )

Here, ¢ is the dielectric permittivity of the me-
dium, a single nameless physical quantity that shows
how many times the Coulomb force decreases when
pa{éing from vacuum to a homogeneous dielectric,
while the distance between the charges remains con-
stant [8-11]

The dielectric permittivity of the medium is also a
quantity that shows how many times smaller the elec-
tric charge is inside a homogeneous dielectric and the
intensity it creates at a given point.

Eo
£€=— 3)

The dielectric constant of different substances can
differ significantly. For example, in vacuum g=1, in
distilled water €=81. The following table shows the di-
electric constant of substances at a temperature of 20°
C.

Table 3.
Dielectric permittivity of various substances [2].
Materials Dielectric strength Materials Dielectric strength
paper 3-7 paraffin 2,1-2,2
vacuum 1 plastic 2,8-4,5
water 80-81 mica 6-7
air 1 glass 4-7
guartz 4,3 porcelain 6-8
kerosene 2,1 ebonite 2,8
oil 2,5 ethyl alcohol 24

Let us assume that the dielectric permittivity of the
soil is & , and the dielectric permittivity of the mine or
V object under the ground is &n. Then, the model of the
presence of a mine in the area will be as follows:

& = emthere are no mines in the area,

& = &mthere are mines in the area

To enhance the contrast between the dielectric per-
mittivity of subsurface objects and that of the surround-
ing soil, it is essential to increase the soil moisture con-
tent. Typically, water is sprayed onto the area being sur-
veyed for mines using specialized technical equipment.

As a result, the dielectric permittivity of the moistened
soil differs significantly from that of the mines, ena-
bling effective mine detection through microwave-
based methods.

The underlying physical principle of this detection
process is as follows: an electrical impulse is converted
into radio waves by a transducer and directed towards
the suspected mined area. When these waves encounter
a mine, they are reflected back and captured by the
transmitting device. The reflected signal is then pro-
cessed, and the image of the detected “object” is dis-
played on a computer monitor for further analysis.
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Figure 3. — Transmission and reception of signals from a ground penetrating radar [3].

Waves are transmitted at 2.45 and 5.8 QHs.

The quality of the results depends on:

- The power of the transmitter (1 mkC<W-<...);

- The efficiency of the converter;

- The sensitivity of the receiver;

- The high resolution and contrast of the display.

The system must be designed so that it can be used
in any weather conditions, even at extreme tempera-
tures [19]. The stronger the signal transmitter, the
greater the probability of detecting an object

Ilm Pobyek’( :1.
W— Wmax

Here, W and Wnax are the power of the transmitted
signals, and Popyeit t is the probability of detecting an
object (mine).

With this method, it is possible to detect not only
mines, but even small details under the ground. Simi-
larly, the receiver must work with minimal losses. In
other words, it must “hear” the sound of mines hidden
in the ground well (Fig. 4).

El.sign El.sign
Signal Converter Buried Signal Receiving
transmitter > device mine or converter | | gevice
object device

Figure 4. — System operating principle

The system can be briefly outlined as follows. It
consists of four main components:

Transmitter,

Converter,

Receiver,

Monitor (screen).

Electrical signals generated by the transmitter are
converted into radio waves by the converter and di-
rected towards the Earth's surface [12-13] When these
waves encounter any subsurface object, including a
mine, they are reflected back. The reflected waves are
converted once again into electrical signals by the con-
verter, amplified by the receiver, and then transmitted
to the monitor for visualization.

Knowing the propagation speed of radio waves in
soil or rock, the distance to the detected object can be

calculated by measuring the time interval between sig-
nal transmission and reception. This process is repeated
multiple times per second to generate continuous data.
[14] Although the system is primarily designed to op-
erate at a frequency of 200 kHz, variants functioning at
50 kHz can also be developed.It is important to note
that the monitor may also display signals reflected from
various other subsurface objects encountered along the
wave's path between the surface and the mine [15]. Sig-
nal filtering and purification is a complex topic and thus
is beyond the scope of this discussion; however, it suf-
fices to mention that signals from other underground
objects, aside from mines, can also be captured and in-
terpreted.

Regarding operational frequencies:

At 200 kHz:

The detection depth decreases,
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The radiation angle narrows,

Target detection accuracy and resolution improve,

Sensitivity to noise decreases.

At 50 kHz:

The detection depth increases,

The radiation angle widens,

Target resolution and detection accuracy deterio-
rate,

Sensitivity to noise increases.

Conclusion

The system’s performance is inherently dependent
on the chosen operating frequency, as it influences both
the electromagnetic wave’s penetration depth and spa-
tial resolution. Higher frequencies (e.g., 200 kHz) offer
improved resolution due to shorter wavelengths, ena-
bling better discrimination between closely spaced sub-
surface objects. However, increased soil attenuation at
these frequencies limits effective detection depth.
Lower frequencies (e.g., 50 kHz) facilitate deeper pen-
etration owing to reduced attenuation but compromise
spatial resolution, making precise object identification
more challenging. Consequently, a balance must be
struck between detection depth and resolution, consid-
ering specific operational requirements and soil charac-
teristics.

Environmental factors such as soil heterogeneity
and moisture content also significantly affect wave
propagation velocity and attenuation, introducing po-
tential signal distortions. These variations necessitate
the use of advanced signal processing algorithms to ac-
curately interpret received signals.

Signal-to-noise ratio (SNR) plays a crucial role in
detection efficacy. While the system incorporates am-
plification and filtering techniques to improve SNR, ex-
ternal electromagnetic interference and reflections
from non-mine objects present ongoing challenges. To
address these issues, modern mine detection systems
increasingly integrate machine learning and adaptive
filtering techniques to differentiate mines from clutter
and false positives effectively. [16-17]

Moreover, real-time imaging capability allows op-
erators to monitor detected objects dynamically, facili-
tating immediate decision-making during clearance op-
erations. Integration with GPS and digital mapping
software further enhances the precision of mine locali-
zation and documentation, improving overall opera-
tional safety and efficiency. The fusion of advanced
sensor technologies with unmanned aerial platforms of-
fers a paradigm shift in mine detection strategy. These
systems address both operational and humanitarian ob-
jectives-enhancing safety, precision, and speed. How-
ever, their strategic value lies in integration: into doc-
trine, policy, and partnerships. As warfare evolves, so
too must demining-shifting from manual risk to tech-
nological advantage. . The findings indicate that the
proposed methods allow for the identification of mines
from a safe distance, thereby enhancing the safety of
demining personnel.
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AHHOTAIHSA

Bupyc 6ose3un Hotokacna (BBH), oTHOcsIMiiCSA K aBUTApaMUKCOBUpPYCaM, MPOI0JIKAET MPEACTABIATh Ce-
PBE3HYIO YIPO3y JUIE MUPOBOM NTHIIEBOYECKON oTpaciu. CocoOHOCTh BUPYCa PEIUIMIIUPOBATHCS U BHI3BIBATH
3a00seBaHuE HapsAMYIO 3aBUCHUT OT pa6OTBI €ro MOJIMMEPA3HOI'0 KOMINICKCA, BKIIIOYAOMICTO HYKJIICONIPOTCUH
(NP), docthomnporenn (P) n kpynHbIii momumepasHbiii 6enok L. Hactosmuit 0630p 00001maeT JaHHbIE COBPEMEH-
HoU utepatypsl (2015-2024 rr.) ¢ yu€roMm (yHIaMEHTAIBHBIX UCCICIOBAHUHN, TIPEIOCTABIIASI MEXaHIUCTHIECKYIO
XapaKTePUCTHKY ATHX TPEX OenmkoB. Oco0oe BHUMaHHE yIEICHO X MOJICKYJAPHOH CTPYKType, (PYHKIUSIM B pe-
IUIMKAUX 1 TATOT€HE3€ BUPYCA, 4 TAKIKEC UX POJIA KaK MUIIEHEH JJIL TUAarHOCTUKHU U MEP KOHTPOJIA, C aKUCHTOM
Ha BupyseHTHble TeHoTunsl VII u XIII, tomuHupyromne B COBpEMEHHBIX BCOBILIKAX Y Kyp U APYroil nomaiiHen
OTHIBL. PaccMOTpeHBI MOJeKyIsipHbIe MeTOAbI AuarHOCTHkH, BKmoyas OT-IILP u cexBeHMpoBaHHe, a Takxke
KOMIUJIEKCHAA CTPATErvusA KOHTPOJIA, OXBaTbhbIBaroliast BaKIITUHbBI HOBOT'O ITOKOJICHU A, TPOTUBOBUPYCHBIC ITPEIIapaThl,
TEHETHUYECKYIO0 YCTOMYMBOCTh M MEPHI OM0OE30MaCHOCTH.

Abstract

Newcastle Disease Virus (NDV), an avian paramyxovirus, remains a significant threat to the global poultry
industry. The virus’s ability to replicate and cause disease is fundamentally dependent on its polymerase complex,
comprising the nucleoprotein (NP), phosphoprotein (P), and the large polymerase (L) protein. This review synthe-
sizes recent literature (2015-2024), supplemented by foundational research, to provide a mechanistic overview of
these three proteins. We focus on their molecular structures, functions in viral replication and pathogenesis, and
their roles as targets for diagnostics and control, with an emphasis on virulent genotypes like VII and XIlII that
dominate current outbreaks in chickens and other domestic poultry. The review covers molecular diagnostic meth-
ods, including RT-PCR and sequencing, and discusses a multi-pronged control strategy encompassing next-gen-
eration vaccines, antiviral agents, genetic resistance, and biosecurity.

KuoueBble cjioBa: Bupyc Oone3nn Hprokacna, monmmepasHblii KoMIuiekc, Hykieonpotend (NP), ¢oc-
tdomporens (P), kpynHas nmomumepasa (L), Mepsr KOHTPOIIS.

Keywords: Newcastle Disease Virus, polymerase complex, nucleoprotein (NP), phosphoprotein (P), large
polymerase (L), control measures.

1. Crpykrypa M (QyHKOUH NOJMMEPA3HOro  cocTouT u3 opHouenodedHoi PHK orpunarensHoii mo-
komIuiekca BBH JSIPHOCTH, MHKAIcuaupoBaHHoit NP, ¢popmupyromero
SAnpom perumkanmu u TpaHckpunuuu BBH saBis-  cnmpanbHyro crpykrypy. 9toT NP-PHK 1mabmnon ciry-
ercst pubonyxieonporenubiii (RNP) xomruiekc. On  xut cybcrparom mnst PHK-3aBucnmoit PHK-nosmmme-
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pasbl (RdRp) Genka L, koTOpBIit peKpyTUPYETCS B KOM-
TUIEKC TpY ydacTuu Kodakropa O6enka P. ['ensl Bupyca
PaCTONIOKEHBI MOCIIEZIOBATEILHO BIIOJb TeHoMa (3°-
NP-P-M-F-HN-L-5’), gto o0ycnaBiauBaeT TpagucHT

IKCMPECCHH OENKOB, KPUTHYECKUA BAXKHBIN [UIS KH3-
HEHHOTO IHKIIa Bupyca [4].

¢ Hyxienporens (NP)
Docdhonporens (P)

MartpukcHsIii 6e10k (M)

1 Benok cmsanA (F)

@r emarrmroTHHNH-Heiipamnanaaza (HN)

\

() Bonpwioii momMepasHblii 6enok (L)
Vv

Pucynox 1 — Cmpyxmypa supyca 6onesnu Hviokacna

1.1 Hykaeonporteunn (NP)

NP — MHOTrO(yHKIIMOHAJIbHBIN CTPYKTYPHBIi Oe-
JOK, HeoOXxoaumblil miast popmupoBanus RNP-kom-
TUIEKCa U B3aUMOJICHCTBUS C KIIETOUHBIMH (pakTopaMu
X03g1Ha (PUCYHOK 1).

MouJiekyasipuble ocodeHnoctu: NP cocrout us
anpa, (IIaHKIPOBAHHOTO THOKMM N-KOHIIEBBIM JOMeE-
HOM (N-arm) um C-koHneBbiM XBocToM (C-tail). Ot
BHYTPHCOOCTBEHHO-IMCOPTaHN30BaHHbIE 00IacTH WT-
paroT KJIIOYEBYIO POJIb B BBICIINX (PYHKIMAX Oenka. N-
arm coBMecTHO ¢ OenkoM P mHIynupyer >xnnkocTHO-
KUAKOCTHYIO (pasoByro cemaparmro (LLPS), uro mpu-
BOJHT K ()OPMUPOBAHUIO BUPYCHBIX BKIFOUEHHBIX TEJ
(IB) B mwmromnasme. J[lemeruss N-arm OJHOCTHIO
ycTpansieT obpazoBanue IB u cunre3 BupycHoit PHK
[1]. C-tail yuactByeT B cBs3biBanuu reHoMHuoi PHK u
pekpyTtupoBanuu L; nmpeamnonaraercs, 4ro ero ¢ocdo-
PUIHPOBAHME PETYIHPYET MEPEeKIIoUeHHEe MEXIY pe-
IUIMKaUe u Tpanckpumnuuer [1].

Poap B maTorene3e m YKJIOHEHHH OT MMMYH-
HOTI'0 0TBeTa: BUpyJICHTHBIE TeHOTHITE Pa3BHIIH CIO0XK-
HBIE MEXaHH3MBbI I10JIaBJICHUS UMMYHHBIX OTBETOB C
yuyactueM NP. NP renorunos VII u XIII ungyuupyer
JU30COMAJIBHYIO Jerpajaluio KIETOYHOIO ajanTep-
Horo Oenka 14-3-3¢, uro nogasiasier MAVS-3aBucu-
MyI0 CHTHAJH3aIMI0O M CHIDKaeT akTuBanuioo RIG-
I/MDADB5-omocpe10BaHHOTO HHTEPHEPOHOBOTO OTBETA
[3]. Homumopduzm L450F B NP renoruna VII ocab-
nsiet B3aumoeiicteue ¢ elF4Al, ymeHbIas 3arpysKy
BupycHbix MPHK Ha prbocomsl, 4T0 H3MeHseT cTpare-
THIO perumukanud. Y OompmmHCTBa n30saToB XIII re-
HOTHUIIa coxpansiercsa octatok L450[2].

1.2 ®ocdonporeun (P)

P — HekaTanuTHueckuid, HO KIFOYEBOH KOMIIO-
HEHT TOJIMMEPA3HOro KOMILIEKCA, BBIMOIHSIOMUI
(hyHKIIMH MOJIEKYIISIPHOTO IIACCH U IIaTlepOHa.

MoaekyasipHble 0CO0eHHOCTH: P — BBICOKO-
(hochopunrpoBaHHBIA ONUTOMEPHBIN OEOK (0OBIYHO
TeTpamep) ¢ N-KOHIIEBBIM JIOMEHOM, CBSI3BIBAIOIINM
MoHOMepHBIH NP° n mpemoTBpammaronmmM ero arpera-
uro. C-xoHmeBoit nomeH P 3akperuiser L na NP-PHK-
mabnoHe u yyactByeT B LLPS. C-koHeBas o-crimpainb
P cmyxur «3arpaskoit» s LLPS; e€ ynanenune 6io-
kupyer obpasosanue IB n cunres PHK. B reHorume

XIII 3admkcupoBanst 3amenbl Ala—Thr, koTopsre Mmo-
TYT U3MEHATH (Pa30ByI0 cenaparuio [1].

Poab B nmarorenese: I'en P xonupyer Takxe ak-
ceccopHsle 6enku V u W yepe3 PHK-penaktuposanue.
Benok V ydacTByeT B MMMYHHOM YKJIOHEHHMH U PEry-
JSIIUK aKTUBHOCTH MojiuMepassl. Mytanus W195R B
V ocmabnser B3aumopeiictsue ¢ NP, BEI3bIBast yBeH-
4yeHue pa3Mepos IB 1 yckopeHue perikanu in vitro,
HO CHIDKEHHE BUPYJIGHTHOCTH in vivo [7].

1.3 Kpynublii nonumepasnbii 6esnoxk (L)

L — xaTanuTHyeckoe sapo BUpyca, odecreunBa-
IolIee PETUIMKAIMIO TEHOMA U TPAHCKPHIILIHUIO.

MonexymspHsle ocoberHoctu: L (~250 x/la) co-
nepxut RdRp-nomen (motuBbl A—E), TOMEHBI K3ITUPO-
Banus MPHK u merunupoBanus. L TpanckpuOupyet
TCHBI MOCIIC0BATEIBHO C 3°-KOHI[a, HOPMHUPYSI TPaIH-
eHT akcnpeccun: NP> P> M> F> HN> L [4].

Pone B maToreHese: y BRICOKONATOT€HHBIX IITaM-
moB VIL.1.1 rpagueHT S3KCOpPECCHUU  «IIOJOTHID
(NP:P:M: F:HN: L = 1:0,73:0,64:0,60:0,56:0,53) [5],
4T0 obecrneunBaeT OaJaHCc paHHUX U MO3IHUX OEJIKOB.
L BiaumogpeiictByer ¢ maneporoM HSPI0B; marndu-
posarne HSP90P necrabummsupyer L u mpekparmaer
cunte3 PHK [6].

2. Poib mo1MMepa3HOro KOMILIEKca B MaTore-
He3e U BUPYJEHTHOCTH

CkoopauHupoBaHHoe JeiictBue 6enkoB NP, P u L
JISKHT B OcHOBe naroreHe3a BEH, ocobeHHO TsKkémoro
TedeHus 60JIe3HN, BBI3BIBAEMOT0 BUPYJIEHTHBIMH I'€HO-
THIIAMH y ITHIBL.

D¢ dexTuBHas pelunKanys U yKIOHEHHE OT UM-
MyHHOro otBera: ®opmupoBanue IB mnocpencrsom
LLPS, unnyuupyemoro NP u P, co3npaér 3amuménnbie
MUKpocpens! 1 cuHTe3a BupycHoi PHK, skpanupys
BHUPYCHBIE KOMIIOHEHTBI OT CEHCOPOB BPOXKIEHHOIO
nMMyHHUTeTa, Takux Kak RIG-I [1]. OgaoBpemenno NP
OIOCPEAYeT AeTrpaaalmio aganrepuoro oenka 14-3-3¢,
YTO JOTOJIHUTENBHO TojaBisier MAVS-3aBucumyto
CUTHAJIN3AIUIO M CIIOCOOCTBYET OBICTPOMY POCTY BHU-
pyca [3]. 1o BeIET K CTPEMUTENBHOMY Pa3MHOKEHUIO
BHpyca B JMM(OWIHOW W HEPBHOW TKAaHMU, BBI3BIBAS
TUMGOUIHYIO AENPECCHIO U SHLE(ATNT, XapaKTepPHbIE
JUIsl MTHQEKIMU BUPYJICHTHBIMY IITaMMaMH [8].
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Tonkast HacTpoiika BUpPYJEHTHOCTH: Bupynent-
HOCTb OIPENENSAETCA HE TOJIBKO CKOPOCTBIO PEILINKA-
1y, HOo W OamancoMm. [lomoruii TpaHCKPUIIIIMOHHBIN
rpagueHT TeHoTMna VII oGecreunmBaeT mpomopIno-
HaJIbHBIN CHHTE3 BCEX BUPYCHBIX OEIKOB, YTO MOATIEP-
JKMBAET OBICTPYIO CUCTEMHYIO TucceMHHanuIo [5]. Pe-
TYJSITOpPHBIE MEXaHU3MBI, TaKHE KaK B3auMo/ieiicTBUe
V-NP, 1eMOHCTpUPYIOT, 4TO ONTHMAaNbHasl, a HE MaK-
CHMaJlbHas aKTHBHOCTH IOJMMeEpasbl oOecreyrBaeT
HanOOJIBIITYIO TPHCIIOCOOJICHHOCTD BUPYCa B XO3IHWHE
[71.

300H03HBIH acriekT: OCHOBHBIMH X03sicBaMu BBH
SBJISTFOTCSI NITHIIBI, OJTHAKO BUPYC CIIOCOOEH BBI3BIBATH
NErKUH KOHBIOHKTUBUT W TPHIIIONOAOOHBIE CHMII-
TOMBI Y JTIOJICH, IPEUMYIIIECTBEHHO Y PAOOTHUKOB IITH-
LIEBOJUECKUX XO03sicTB miau naboparopuil. Ilonume-
Pa3HbI KOMIUIEKC HEOOXOANUM JJIsl OTPaHUYSHHON pe-
TUTMKAIMU B KJIETKaX YeJIOBEKa, HO BHJOBBIE Oapbepbl
NPENITCTBYIOT Pa3BUTHIO CHCTEMHOT'O 3a00JIEBaHuUSI.

3. InarHocTu4eckue NpUI0KeHUS

I'eHbl, Koxupyromye KOMIIOHEHTHI IOJIMMeEpas-
HOTO KOMIUICKCA U APYTHE CTPYKTYPHBIC OCNKH, SIBIIS-
IOTCSI OCHOBHBIMH MUILEHAMH AJISI MOJIEKYJIIPHON na-
THOCTHKH, HEOOXOMMOH ISl STTUIHA30PA, TATOTHIIH-
POBaHUS U YNPABIECHHS BCIBIIIKAMHU.

MonexkynspHOe BBIABICHHE U MATOTUIIHPOBAHUE:

Pean-taiim OT-IILIP (rRT-PCR): Tectsl, Hale-
JICHHBIC Ha KOHCEPBATUBHbIC y4acTKU reHoB NP u M,
IIMPOKO NPUMEHSIOTCS Ul OBICTPOTO U YyBCTBUTEIIb-
HOTI'O BBISABJICHHS BUpyca Kiacca Il B KIMHMYECKHX U
IKOJIOTHYECKUX mpobax [9].

AHanu3 caiitTa pacuienieHus: BupyJeHTHOCTh
OINpENENAeTCs] AMHUHOKHCIOTHOM IOCIEN0BaTEIbHO-
CTBIO B caiite pacmeruieHus Oenka ciusaus (F). OT-
[P c mocnexyromuM ceKBeHHpOBaHUEM (Sanger Win
NGS) mo3BosisieT BBIIBUTH TOJHUOA3HYCCKHA MOTHB
(mampumep, '"?RRQKR | F''7), xapakTepHBIi 1J1s BEIO-
reHHbIX mTaMMoB [10].

I'eHoTHIIMpOBaHUE U (DUIIOTEHETHYECKUI aHAIIH3:

Hns orcnexusanus sBontourn BBH wucnosnbsy-
eTcs TIOJIHOE CeKBeHUpoBaHME reHa F mmm Bcero re-
HoMma. Omnorenernueckue Mmetonsl  (IQ-TREE,
BEAST) no3BouisitoT KjiacCu(pUIMPOBaTh M30JISTHI 110
reHotunam u cyorenotunam (VIIL.1.1, VIL.2, XIII.1)
[11]. MonekynspHas S3MUAEMHONOTHS HE0OXOoAHMa
Uit OueHKH >(P(EeKTHBHOCTH BaKIWH, TaK Kak
BCIBIIIKK MITAMMOB C BaKIMHHBIM HECOBNAICHUEM
pacnpoCTpaHEeHbl. Y CTAaHOBJICHO JOMHUHUPOBAHHE Ie-
Hotuna VII B Adpuke u A3uu, ¥ poCT pacrpoCcTpaHEH-
HoctH reHotuna XIII B FOxuo#t Asun [10,11]

[lepcriekTHBHBIE M 3KCIpPEcC-METOABI JAHATrHO-
CTHKH:

MynbTHIDIEKCHBIE IMMYyHOaHAIH3HEI: [1maTdopMer
tna Luminex mo3BoJIsIFOT 0THOBPEMEHHO OIIPEIEIIATh
aaturena K NP BBH u npyrum Bo30yaurensm (Hanpu-
Mep, BUPYCY TPHIIIA NTHII), YTO YCKOPSIET CEPOMOHH-
TOPUHT UM OLIEHKY OXBaTa BakMHauuewn [12].

W3zorepmuueckas ammmudukanyst 1 CRISPR: [To-
neBbie MeTobl, Takue kak RT-LAMP u RPA, B coue-
TaHuu ¢ cucremamu Casl2a, obecrieunBaroT 4yBCTBH-
TENBHOCTH, contocTaBuMyto ¢ rRT-PCR, Ho B opmarTe,

TIPUTOTHOM AJIsl IPUMEHEHUS B X035iCTBaxX ¢ OTpaHH-
4eHHBIMU pecypcamu [13].

4. Ctparerun KOHTPOJIsI

O¢dexruBupiii xkoHTpome BBH Tpebyer kom-
IUIEKCHOTO TOJXO0Ja, BKJOYAIOLIEr0 BaKIUHALUIO,
pa3paboTKy NPOTHBOBHPYCHBIX CpPEACTB, T'€HETHYE-
CKHUIl 0TOOp M CTPOTYH0 OMOOE30MACHOCTD.

Bakuunanus:

Kusele artenyupoBaHHble BakiMHbl (LAV):
Knaccugeckne mrammel (LaSota, B1) no cux mop mpu-
MEHSIOTCS, HO BEQyTCs paboThl HAaJ TEPMOCTAOMIIb-
HeIMU BapuaHtamMu (Mukteswar, V4) mns ycioBuid C
OTpaHMYEHHBIM «XOJIOMHBIMY CHabkeHueM [14,15].

VHakTUBUPOBAaHHBIE  BaKLUHBI: MacnsHble
9MYJBCHOHHBIC BaKIMHBI 00E€CIEYNBAIOT IITUTENbHBIN
UMMYHHTET U O€30MacHbI JJIsl HECYIIEK U IUIEMEHHOMN
nTunsl.  Mcmonb3oBaHME — TEHOTUN-CHELUM(PHYHBIX
mraMMoB (Hanpumep, VII.2 u3 banrnazenr) nossimaer
a¢pexTuBHOCTS [16].

PexoMOnHaHTHBIE BEKTOpHBIC BaKIMHBI: TexHO-
JOoTUsT 00paTHOW TEHETHUKH IMO3BOJISET HCIOJIb30BATH
BBH B xauecTBe BeKTOpa JUIsl SKCIIPECCUHM AHTUT€HOB
npyrux maroreHos (IBDV, ILT), uro maér GuBamneHT-
Hyto 3auury [18,19,20].

JHK-Bakmuusl: [1na3mMuaHble KOHCTPYKIUH, SKC-
npeccupytomue F u HN renoruna VII, nokazanu 3a-
OIATHYTO A3PPEKTHBHOCTD M 00Iaaf0T CTa0MIFHOCTHIO
IpU XpaHeHHH 0e3 X0JI0J0BoH uenu [22].

[TpoTHBOBUpYCHBIE W XOCT-HaIlpaBJICHHbIE I0JI-
XOJIBI:

PHK-untepdepenunms: shRNA, nHanenennsie Ha
KOHCepBaTUBHBIEC yuacTku NP, 1eMoHCTpUpyIOT upo-
KW CTIIEKTP HHTHOUPYIOIIeH aKTHBHOCTH in vitro [25].

Marple MOJICKYJbl ¥ TIPUPOAHBIC COEAMHEHUS:
Wnentndunnposanst KJIIETOYHbIC (axTopsI
(RABGAPIL, TARBP), HeoOX0oanMBIe A peIUTHKA-
muu BBH wu sgBistromuecs moTeHIMAIbHBIMA MHUILIE-
HAMHU 175 npenapatoB [24]; peno3uLHOHUpPOBAaHHBIE
npenapathl (3METUH) ¥ IPUPOIHbIE BellecTsa ((aso-
HOUJIBI) TaKXkKe 00J1aJaf0T aKTUBHOCTHIO [26,27].

MopynsiiMss UIMMYHHUTETa XO3siMHA: Y CHIICHUE
BPOXKIEHHOTO HMMYHHTETa, HalpUMep, depe3 IKC-
npeccrto TRIM32 wunm npumenenue ranextuHa-1B,
MOJKET OTPAHUYUTH PEIUIHKAINIO Bupyca [28,29].

I'enernyeckas ycTOHUNBOCTB:

HexoTtopsle 1opoasl Kyp AEMOHCTPUPYIOT TpH-
pomHyto ycroitunBocTh kK BBH. Adpukanckue mecTt-
HBIE KypBl HIMEIOT MOJIMMOP(HU3MEL, CBA3aHHBIE C HU3-
KOM CMEpTHOCTEI0, a opoaa daroMu ObICTpee aKTHBH-
pyeT BpOXAEHHBIN MMMYHHBIH oTBeT***'. KapTupona-
Hue QTL u BeissBNeHUE AU PepeHatbHO IKCIPECCH-
PYEMBIX TEHOB MOXET CIOCOOCTBOBATH CEIEKIIMU
YCTOWYMBBIX JIMHUH [32].

Brobe3omacHOCTS:

HeszaBucumMo oT mporpecca B BaKIIMHAIIUH, OCHO-
BOM npoduakTuky ocraércst OnodezomnacHocts. CTpo-
ras rurueHa, cucrema «all-infall-out», pasnenenue
CTaJ M KOHTPOJIb )KMBBIX NTHYBUX PHIHKOB JOKa3alIH
cBor0 3¢dextuBHOCTE [33,34]. KommiekcHble mpo-
IpaMMBI, COYETAIOIINE BaKIMHAIMIO, o0yueHue dep-
MEpOB U Mepbl OM00E30NacHOCTH, HAMITy4YIIUM 00pa-
30M CHW)KAIOT YacTOTY Bemblek [15,35,36].
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Tabmuma 1

OcHOBHBIE XapaKTEPUCTUKH, TUATHOCTHKA U [IETM KOHTPOJIS TMOIMMepa3Horo komruiekca Bupyca NDV

KaroueBble MosieKyasip-
HbIe XapaKTePUCTHKHU U

bejok

IIpumeHnenne Auarso-
CTHYECKHX MUIIEHel

MeToambl KOHTPOJIA U MU~
IICHHU

LLPS ¢ P-6enxom mnst 00-
pa3zoBaHus BKItoueHui [1].
Pazpymaer 14-3-3¢ xo031-
WHA, IIOJABIIAA BPOXKIEH-
HbII IMMYHUTET.
Amunokucnora 450 (L/F)
peTyIMpyeT  TPaHCIALUIO
BupycHoit MPHK [2].

HII (mykJsieonpo-
TeHH)

mad-kiaacc II rRT-PCR
uu[9].
TUIEKCHBIX CepoaHann3ax

(Luminex) nmjsi MOHHTO-
punra BakmuH. [12].

bynkuun
WHKancuupyeTr reHoOMHYI0
PHK Bupyca. RNAI: koHCepBaTHBHBII reH
I'en: wucnome3yercst B
N-y4acToK  WHHIHHPYET — wmumens i mPHK-an-

. TUBUPYCOB.
JUIs  IIHPOKOM  JeTek- .
BakuuHHBI ~ aHTUreH: B
LETbHOBUPHOHHBIX U CyOb-
AHTHMIeH: B MYJbTH- p y

€ANHUYIHBIX BAKIMHAX.
JlekapcTBeHHasi MUILEHb!
uarepdeiic  NP-P  (LLPS)
JUISL MaJIbIX HHTHOUTOPOB.

IITanepon NP, cBs3biBaeT
NP-PHK c L-6enxom.
C-KOHIIEBOW JIOMEH Heo0-
xonum aist LLPS u o6pa3o-
BaHMA BKIIOueHu [1].
Konupyer Geaxkn V/W
(PHK-penaxtupoBanue);
V-0eloK perymupyer ak-
THBHOCTh TIOJIUMEPA3bl H
BUPYJCHTHOCTb.

ITanepon NP u cBs3biBaeT
NP-PHK ¢ 6exxom L [7].

P (¢ocdonpo-
TEUH)

I'eH-MuIIEHb:
3yercsi B RT-qPCR nmns
OIICHKHU TPaJNieHTa TpaH-
CKpUIIIUU B HCCIIEJI0BaA-
HUSX matorexesap[5].

PduiioreHeTuKa:
JIOBaTeILHOCTH TeHa P
MNPUMEHSIIOTCS U1 U3Y-
YEHUs HBOJIIOLIMY BUpYcCa.

MuieHb aTTeHyaluu: My-
Tanua B P- wmm V-Oeinke
(manpumep, WI195R), cHu-
XKalollie BUPYJICHTHOCTh U
NpUMEHsieMble TIpY  pa3pa-
00TKe BakIuH [5].
JlekapcTBeHHasi MMILIEHb:
uaTepdeiicet P-NP u P-L
MIEPCTIEKTHBHBI [UISI TIPOTH-
BOBHPYCHBIX IIPEIIapaTOB.

HUCIIOJIb-

II0CJIC-

PHK-3aBucumas PHK-mo-
mumepasza (RARp) ¢ dyHk-
LIUSMH K3MAPOBAHUS U Me-
TUJIAPOBAHHUSL.

L (6onbmas mo- | OGecrieunBacT MOCIIEI0BA-

I'en-mMueHb: ceKBeHU-
poBaHue L-reHa ucnosb-
3yercsi B TiyOokoMm ¢u-
JIOTEHETUYECKOM
JIu3e 111 yTOYHEHUs 3BO-
JIFOLIMOHHBIX CBs3€EH.

JlekapcTBeHHasi MHIIECHb:
aktuBHBIA 1eHTp RARp —
KJIaccUYecKas TouKa BO3JIeH-
CTBHS;, B3aumopencTeue L—
HSP90B — mnoxarBepxnén-

aHa-

TpaHCKPUNIIUOHHBII Hasi MHILIECHb, HAaIPaBJICHHAs
JiuMepa3sa) TENbHYI0 TPAHCKPHIIIUIO C
npouab:  u3MepeHHe | Ha GaKToOp XO3IMHA.
XapaKTepHBIM I'PaIHCHTOM.
ypoBus MPHK L-rena | Muiuens aTTeHyauuu: MyTa-
3aBHCHUT OT IIANepoHa Xo-
MO3BOJISIET ~ ONpeNeNnuTh | IMu B L-Oenke mnpumens-

3ssmHa HSP90B s cra-
OounbHOCTH M pyHKIHH [6].

5. 3aknr04enne

ITonumepasnelii komminexke BBH — 310 BbICOKO-
OpPraHM30BaHHAS MOJEKYJIpHAs CHCTEMa, MIParomiast
KIIFOUYEBYIO POJIb B PEIIMKALIMK BHPYCa, IMMYHHOM
YKJIOHEHHH U maToreHeze. CoBpeMEHHbIE HCCIIEI0BaA-
HUS TIOKa3aJH, 9To koopauHarwms GyHkuuiit NP, P u L
— Bkimovas LLPS-omocpenoBanHoe ¢opmupoBaHue
IB, nerpaganuio KJIeTOYHBIX OEIKOB M TOHKO HACTPO-
€HHBIE TPAHCKPUIIMOHHBIE TPAJANCHTHI — 00ecTedn-
BaeT BBICOKYIO BUpYJIEeHTHOCTh renorunos VII u XIII.
OTH 3HaHUS YK€ HCTIONB3YIOTCS JJISl COBEpIIEHCTBOBA-
HUSl TUATHOCTUKH M Mep KOHTpois. IlepcrexTwBEI
60ps0s1 ¢ BEH nexar B mHTErpupoBaHHOM HOAXO/IE,
BKITIOYAIOIIEM Te€HOTHII-CIe(pUIHbIe peKOMONHAHT-
HBIE BaKIMHBI, XOCT-HAIpPaBJICHHBIE NPOTHBOBHPYC-
HBIE CPEJCTBA, CEJIEKIUIO YCTOMYHMBBIX MOPOJ MTHIIBI
U, IPEKJIE BCEro, HEYKOCHUTEJILHOE COOJI0ieHHe Ono-
0e30I1acHOCTH.

TpaJiMeHT TPAaHCKPHIILUH
U NOTEHINAIBHYIO BUDPY-
JICHTHOCTb.

OTCA A1 CO3JaHHMs JKHMBBIX
ATTCHYHWPOBAHHBIX BAKIIWH.
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