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Seminarin strukturu

» Istirak hom canh, hom do onlayn rejimds hayata kegirilocokdir.
* Yalniz dovatnamasi olan soxslar istirak eda bilarlar.
* Hor moruzs 15 - 20 daqiga olmagla 10-12 davatli maruzadon
ibarat iki sessiya kegirilocokdir.

Suallara 5 daqiqa ayrilacaq (istok asasinda olavo vaxt
miimkiindiir) vo har

¢ixisdan sonra cari xarakterli debatlar togkil edilocokdir.
* Axsam maksimum bir saat arzindo miivafiq imumi
problemlorin moderatorlu agiq miizakirasi edilocokdir.
* Gonc istirakeilar (kursantlar vo doktorantlar) {igiin 10 doqigolik
canli sessiyalar vo poster sessiyalar1 nozords tutulur.
* Yalniz qeydiyyatdan ke¢mis istirakgilar sessiyalari izloys va
miizakiralords istirak edo bilorlor.
+ Seminarin dili — Azarbaycan, ingilis vo Rus
* Seminarin materiallar1 ¢ap olunacaqdir.
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OHOMIYYOTLI TARIXLOR
* 10 avqust 2025-ci il — geydiyyat va abstraktlarin toqdim
edilmasinda son tarixi
* 31 avqust 2025-ci il — maruzagilorin gqeydiyyatinin basa ¢atmasi
* 04 sentyabr 2025-ci il — Seminarin baslangici
Istirak
fcmal xarakterli maruzalorls istirak Toskilat Komitesinin dovati
ilo hoyata kegirilir.
Tasabbiiskar miiraciat olduqda, gorar Toskilat Komitasi
torofindon qabul edilir.
Seanslar miivafiq program tominati ilo ONLAY N, hamginin
CANLI kegirilocokdir.
HEC BiR QEYDIYYAT ODONIiSi YOXDUR.
Seminar ils slago:
Faiq F. Soforov
ISAAC GROUP va prof. Rauf Q. Coforovun adindan
e-mail: ipm.isaacgroup@gmail.com
r.g.jafarov@gmail.com
Mobil: +99455 9876254
www.raufjafarov.org.az/Home/IPMWorkshops

Unvan: AZ1089, Baki sohori, Suraxani rayonu, Hovsan qosabasi,
Elman Qasimov kii¢asi-8
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BOLMO 1. FOVQOLADO HADISOLOR VO
TEXNOLOJIiVASITOLOR

1.1.Perspectives of using LASER’s and LIDAR’s
systems in Azerbaijan

Arif MirJalal oglu Pashayev,
Karim Rahim oglu Allahverdiyev

National Aviation Academy of Azerbaijan,
Mardakyan avenue 30, AZ1045, Baku, Azerbaijan

One of the main and overlooked part of oil pollution
prevention is rapid and reliable oil spill detection [1]. Early
detection of oil spills is important, because it will minimize its
financial as well as environmental influence. Several methods
exist for remote sensing of oil spills on water and earth surfaces,

such as: emultispectral imagers in the Ultraviolet (UV), visible
and near-, and mid-IR (infrared), range of electromagnetic
spectra; *microwave radiometers etc. Light-induced fluorescent
(LIF- light induced fluorescence) and Raman scattering (RS)
methods are unique methods for detecting and identifying oil
spills on objects such as water and terrestrial surfaces, soil, ice
and snow. It is well known that if oil is irradiated by UV light,
then latter will be absorbed by oil spills and some part of
electromagnetic radiation will be emitted at longer wavelengths
(LIF) and some part Gill be scattered at different wavelength
(RS). Due to different chemical content of oils taken from
different OGPCs fluorescence spectra will be different. Latter
gives possibility not only for detection of oil spills on water
surfaces, but also to discriminate between different classes of oil
[1]. It is possible also to detect by LIDAR other pollutants,
including aerosols in atmosphere.
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In recent vyears, the applied research group of the
Azerbaijan National Academy of Aviation (NAA), the Scientific
Research Institute of Transport and Aerospace Problems
(Research Institute of Aerospace Problems) have been directed to
remote sensing of oil spills on the surface of the Caspian Sea. For
this purpose, the KA-14 LIDAR has been developed, which
makes it possible to detect oil spills [2,3] from distances up to
250 m.

It follows from the above, that measuring the LIF and RS
spectra of various crude oils taken from different OGPC and
establishing the distinctive features of these spectra is a
promising task of using lasers in Azerbaijan. These data will
certainly be useful for creating a database of fluorescence and
Raman scattering spectra of crude oils of the Absheron Peninsula
of the Caspian Sea.

Another equally important and promising area of laser
research in Azerbaijan is the creation and practical use of aerosol
LIDARs.

In conclusion, we note some important (in our opinion)
areas of practical use of lasers and LIDARS in Azerbaijan:

1. Research in the field of creating a data bank of phosphores-
cence and Raman scattering spectra of crude oil of various
OGPCs of the Absheron Peninsula of Azerbaijan (8 belong to
Azerbaijan + 4 joint with foreign companies).

2. Research in the field of creating a LIDAR for detecting atmos-
pheric aerosols.

3. Research in the field of creating a LIDAR for detecting indus-
trial gases (including toxic ones..- defense industry).

4. Research in the field of creating a LIDAR for detecting atmos-
pheric gases.
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5. Continuation and development of laser research in the field of
Nonlinear Optics of layered crystals of GaSe and its structural
analogues - in order to create lasers with tunable frequency in a

wide range of the spectrum (including the THz region of the
spectrum).

6. Studies of laser oscillations in triple semiconductors with a
type structure CaGa»S4 thiogallate doped with laser-active impu-
rities (Nd**, Eu?*, Eu®* and others).
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The problem of quadcopter flight control attracts the attention of
a huge amount of researchers all over the world. Its successful
solution requires knowledge of the quadrotor mathematical mod-
el. There are many various papers devoted to this problem solu-
tion. This article discusses the problems of constructing a mathe-
matical model of quadcopter motion and also develops an algo-
rithm for controlling and stabilizing the motion of this unmanned
aerial vehicle.

Keywords: modeling, control, stabilization, quadcopter motion.

Introduction

The state of the art in computing and information technolo-
gy allows using mathematical modeling as a tool for solving
problems of control of complex technical systems at a fundamen-
tally new level. The use of modern mathematical application
software packages makes it possible to carry out multifaceted
studies with high accuracy and with minimal costs of resources of
these technical systems.
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An example of these complex systems is unmanned aerial
vehicles (UAVS), in particular quadcopters, which have recently
become increasingly popular as affordable and relatively inex-
pensive technical means of remote data collection, environmental
monitoring, delivery of small-sized cargo, and a number of other
tasks.

Recent development of unmanned aerial vehicles, including
quadcopters, makes it possible to use them in various fields of
human activity. Light weight, small size, maneuverability, ease of
control are the main advantages of quadcopters, which allow
them to be used in many industries, including in the military
field. For this reason, there is a need for a mathematical model
that could describe control of an UAV. The difficulties lies in the
fact that a quadcopter has six degrees of freedom, while we can
control only four parameters: the rotational speeds of the propel-
lers. The process of controlling the quadcopter flight dynamics
should be carried out on the basis of an adequate mathematical
model [1].

There are many studies devoted to quadcopter motion mod-
eling [2-5], where various versions of motion equations with var-
ious automatic control and stabilization systems are proposed.

In this article, we propose a simulation of a system of con-
trol and stabilization of quadcopter motion. Using the results of
works [2, 3], a simulation of a quadcopter motion control system
Is presented.

1.Modeling of quadcopter motion
Consider a quadcopter (Fig. 1) with known physical param-

eters, the motion of which can be controlled by changing the
speed of the propellers.




Fig. 1. Quadcopter

The aircraft moves relative to an Earth-fixed inertial frame
of reference and specified by the coordinate axes Ox, Oy and Oz
that are perpendicular to each other, with the axis Oz directed in
opposition to the gravity vector. The problem involves making
the quadcopter move from the starting point (Xo, Yo, Zo) with ini-
tial yaw angle o, roll angle ¢o and pitch angle &o to a specified

point (X4, Ya, Z4) With specified yaw angle g, roll angle ¢4 and
pitch angle @q4. The diagram of such a quadcopter is shown in
Fig. 2 (see [2, 3]).

As noted in [7], let &= [x y z]' be the radius vector of the
quadcopter center of mass, v, 8, ¢ are the yaw, pitch and roll an-

gles respectively. f, is the lifting force produced by the i-th mo-

tor M; (i = 1,_4) . Here and further the prime denotes transposing.

Fig. 2. The diagram 6f a quadcopter.
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In accordance with [2, 3], the motion of this system is de-
scribed by the following equations:

mX =—-usiné, 1)
my =ucosésing, 2
mZ =ucosécosp —mg, (3)
V=1, (4)
6=1,, (5)
=7, (6)

In equations (1) — (6), m is the mass of the quadcopter,

g =9,8m/s is the gravity acceleration, u, as well as 7, 7, 7,

are the control inputs, which are the functions of f.. In [6], the

control input u is used for the quadcopter altitude control, and the

control input %'V, allows stabilizing the yaw angle. In accordance
with [7], the control inputs 7, and %'¢ are used for control of the

pitch @ and roll ¢ angles, as well as for control of the quadcop-
ter motion along the axes x and vy .

2.Control of quadcopter motion

Further, considering the angles 8,¢ small in (1) and (2),

as in [6, 7], and taking in account equations (5), (6), we have the
following relations defining the variation of these coordinates:

y=0¢, )
=1, (8)
X=-g0, ©
=1, (10)
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Thus, here, as in [7], we will propose a linear algorithm for stabi-
lizing the horizontal movement of the quadcopter. First, we will
consider the control of the coordinates ( ¢, y ). Denoting

vy 4=y o dle—o

P, =[(y—V,), m , (9 —0,), m I
01 00

_0 0 go B 1 _ =

A=l 0 o 1l B,=[0 0 0 1], u =7,
0 00O

from subsystem (9)-(10), we get
pl = A1 p. + Blul
P: (0) = plo
To synthesize the optimal linear controller of problem (11), we
will use the following performance index

(11)

o0

‘]1 = I(pin P, + U1’ Rlul )dt J (12)
0
where Q, and R, are matrices satisfying solutions of the synthe-

sis problem for control of the movement along the axis y and the
angle ¢. As a result of solving the synthesis problem and apply-

ing the standard LQR synthesis procedure, we have the state
feedback  gains u, =-K,p, in the form  of

K, =la,.a,a,,a, ], thus providing for y = y,,0 — ¢, at

t—o0.
We will now consider the control of the coordinates ( ,x). In

this case, denoting

b, =[(x - x,), 2%

dt

d(@ -0,

(0-0,), —

I,
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01 0 0
00 -g O , -

A=l0 0 o 1 ,B,=[0 0 0 1., u,=7,,
00 0 O

from subsystem (9)-(10), we get

P, =A,p, +B,u,

p,(0) =
To synthesize the optimal linear controller of problem (13), in
this case we will use the following performance index

00

J, = I(p;Qz p, +UjR,u, )dt, (14)
0

(13)

where Q, and R, are matrices satisfying solutions of the synthe-

sis problem for control of the movement along the axis x and the
angle @ . As a result of solving the synthesis problem and apply-

ing the standard LQR synthesis procedure, we have the state
feedback  gains u, =-K,p, in the form  of

K, =[a,.a,.3,.8,], thus providing for X — X,,0 >0, at

{—>o0.
To solve systems (3) and (4), we proceed as follows. First, we
consider (3). Suppose that

=l(z-2,), By

Denote

—O . B—O 15
oo -

Then from (3) we get

—T,

= As p; + Baua
Ps (O) = pg
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Further, in this case we will use the following performance index

Js = _[(péQ3 p, +UR,U, )dt (17)
0
where Q, and R, are matrices satisfying solutions of the synthe-

sis problem for control of the movement along the axis z. As a
result of solving the synthesis problem and applying the standard
LQR synthesis procedure, we have the state feedback gains
u;,=—-K,p, in the form of K, =[azl,a22] or

u3:r1:—azlz'—a22(z—zd), thus providing for z—z, at

t—>o0.
In a similar manner, we can solve (4).
Then, substituting u, =-K, p,, u, ==K, p, and u; =-K,p, in

(11), (13) and (16), respectively, and solving these Cauchy prob-
lems, we get the solutions that are the coordinates of the quadcop-
ter flight path.

Thus, as a result of quadcopter motion control synthesis, we have
(x(t), y(t), z(t) ), for which 0—0,, X—>X,,

Y2V @20, v oy, ZT>Z; att—oo.

3.Stabilization of quadcopter motion

Note that along with the development of mathematical
modeling and control of quadcopter motion [2, 3, 6], a special
place is occupied by the problems of stabilization and the devel-
opment of optimal controllers [1]. For example, in [7], a control-
ler was designed to control and stabilize the motion of a quadcop-
ter in three-dimensional space. However, in this and many other
publications, it is assumed that all coordinates of the aircraft's
motion are known or measured accurately and there are no ran-
dom influences. But in practice, there are random influences in
the mathematical model, and there are random errors during ob-
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servation or measurement. In such cases, it is impossible to apply
the methods described in [4-6]. We have to apply other methods
for designing optimal controllers. One way to design such con-
trollers is to solve the problem of designing optimal controllers
and filters for a linear-quadratic Gaussian (LQG) problem in
steady state, which is described in [8] for the continuous systems,
I.e. state and observation equations are given in the continuous
form. Using the method of designing optimal controllers and fil-
ters for the linear-quadratic Gaussian (LQG) problem, we will try
to solve the problem of quadcopter flight stabilization using data
from the global positioning system (GPS) or the satellite naviga-
tion system. Note that when solving the problem of quadcopter
flight stabilization on GPS data, the observation of the quadcopter
motion is carried out discretely. In other words, the data from the
satellite navigation system are obtained in discrete instants of
time with a certain period. Therefore, it is advisable to consider
the discrete linear-quadratic Gaussian problem. In [9], an algo-
rithm was developed for designing optimal controllers and filters
for the discrete linear-quadratic Gaussian problem in a steady
state in a more general case in comparison with [10, 11].

As shown in [7], assuming cos@écose =0, and after the corre-

sponding quasi-linearization to control the flight altitude z and
the yaw angle @ of the quadcopter, we have the following rela-
tions:
Pi(t) = F,P(t) + G,ut(t) + (1), P(t,) = P3, (18)
where w'(t) is an error of quasi-linearization,
PL(E) = [2(8) - 24 = (2() — 22, 9(8) — Ya = (WD) — )],
The observation along the z-axis carries out through
st(t)y =HPY(1)+vi(1) (19)
for T < t, where v* are random measurement inaccuracies.
It is required to find such a control action u* as a function
of the observation s*, which minimizes the quadratic functional

I = EE [T e ][] e (20)
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Note that the resulting problem (18)-(20) is a linear-
quadratic Gaussian problem.

Similarly, to control motion along the y axis and roll angle
@, we obtain the following linear-quadratic Gaussian problem

P2(t) = F,P2(t) + G,u® (t) + w? (1), P3(ty) = BZ, (21)
d - d - g
P =00 -y, L (o0 - g, TEIZE)]
s2(1) = H2P*(1) + v3(1), T <t (22)

_ peloerepearazr | A2 Ne ] [P2
le - E{z fo [[:P ) (L', ) ] I:(NE)T Bz] [uz] dt} (23)
In the same way, the linear-quadratic Gaussian problem for

controlling movement along the axis X and pitch angle @ can be
derived

P3(t) = FyP3(t) + G (t) + w? (1), P3(ty) = ?,?03, (24)
PP (0= () —x), UL, (6() —6,), O]
s}()=H*P}(M)+vi(D), 1<t (25)
1 @1 03T ry,34T 43 Ny [p2
s = EGLTI@ @ oy | 52| a0 (26)

The above mentioned linear-quadratic Gaussian problems
(18)-(20), (21)-(23) and (24)-(26) are continuous problems. This
means that the observation should be carried out at any instants of
time. However, the data from the GPS is received in a discrete
way, i.e. after some discrete time. Therefore, it is expedient, to
reduce continuous problems to discrete ones by approximation,
and then solve the resulting discrete linear-quadratic Gaussian
problems.

Note that the algorithm in [10] was proposed for designing
optimal controllers and filters for the linear-quadratic Gaussian
problem in the steady state. For clarity, we present some facts
from this article.

Let the motion of an object can be described by the equa-
tion

33



X;p = EX;,+Tu; + w,, (27)
and in the time state i, the measurements z, linearly correlated to
the trajectory state x; are implemented

z; = Hx; +v; (28)
where o, is the vector of random external perturbations, and v,

is the vector of random measurement errors, which are assumed
to be Gaussian random variables of the “white noise” type. By
[8], the mathematical expectations for random variables x,, ®,,

and o, become

E(w;) =E(v;)=E(xp) =0 (29)

and the correlation matrices are defined as
e[y ]l = (2 Rle (30)
E{x, 10}—P0, E{xo v} = E{xg0]} =0 (31)

It is required to find such a control actionu; as a function of
the observation z;, which minimizes the quadratic functional

X
J= Gz ][4 S]] (32)
To solve the linear-quadratic Gaussian problem (27)-(32),
the following algorithm was proposed in [8].
Algorithm.
1. The matrices¢,T', H,Q, R, A, B, N are formed.
2. The Matrix Algebraic Riccati Equation (MARE)
S=&TS¢—-CT(B+TTSINC+ A
is being solved and a positive definite solution — the matrix S, is
found.
3. The MARE
M=®MeT — ¢MHT(HMHT + R)"'HMT T + Q
is being solved and a positive definite solution — the matrix
M , is found.
4. The matrices C are formed from
C=(TSr+B)'(I''s® +NT)
and K from
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K = MHT(HMHT + R)™L.
5. The optimal estimate X, is determined from

'?I"l'l = [¢ _KH¢]?I + [F _KHF]HI' +KZI'+1, .?ﬂ = D
and optimal controller u, from

u, = —Cx,.
4.Instead of a conclusion

Based on the obtained results, a quadcopter flight simulation
was performed in the above-mentioned mode. The simulation re-
sults demonstrate the effectiveness of the proposed control laws
in terms of the quality of transient processes in the above-
mentioned subsystems, as well as the limitation of pitch and roll
angles to acceptable values, which is very important for practical
implementation.

Further, mased on the mathematical model of quadrocopter
motion, three different discrete linear-quadratic Gaussian prob-
lems are considered in the work, which are solved in parallel in-
dependently of each other. Here, as an observation, data from the
GPS satellite navigation system are used, or rather, the coordi-
nates of the center of gravity of the quadrocopter, as well as the
projection of the speed of the aircraft along the coordinate axes.
The new linear-quadratic Gaussian problems are stated. Further,
by solving the Kalman-Bucy filtering problem, controllers are
constructed that ensure the asymptotic stability of the closed sys-
tem "object + controller" and exclude rounding errors that occur
during motion. Algorithms of the above-mentioned problems
solving, in the discrete case, are represented.
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Environmental, energy, and clean water issues are among the
fundamental problems facing humanity today. To address these
issues, scientists and institutions are conducting intensive re-
search on renewable energy sources. However, methods for gen-
erating electricity from these sources are not sufficiently studied.
For example, when considering renewable sources such as solar
or waste heat energy, photovoltaic panels are generally the only
option. However, thermoelectric technology, a more effective and
efficient method for generating electricity from waste heat, also
exists. In this study, a smart generator system operating using
thermoelectricity and generating electricity from waste heat has
been developed. The physical properties of the system have been
investigated, and it has been used in applications such as combi
boilers, geothermal resources, and industrial waste heat. In the
tests conducted: a- 20% energy savings were achieved in combi
boilers. Furthermore, the developed system will also enable sav-
ings in clean water and natural gas. b- This ratio was even higher
for geothermal and industrial waste heat.

Furthermore, these thermoelectric generators were able to pro-
duce both hot water and electricity. The developed system has
been shown to be applicable not only to these three energy
sources but also to many other sources, such as solar energy,
waste biomass, hydrogen, and waste heat from nuclear power
plants.

Keywords: Smart, Thermoelectric, Generator, Systems
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Introduction and Motivation

Yenilenebilir enerji ve atik 1s1 teknolojilerinin gelismesiyle birlikte, ¢evreye zarar veren fosil
yakitlardan uzaklasip bu alternatif enerji yontemlerine yonelmek kagmilmaz hale gelmistir.
Bilimsel verilere gore, insan faaliyetleri sonucunda diinyada firetilen toplam atik 1s1 miktar1 30
trilyon W’tir. (Giinesten diinyaya gelen watt olarak enerji 17#10*® W ) Akilli Termoelektrik Atik
Is1 Jenerator (ATALD) ile atik 1s1l enerjisinin en az %10 - %30’ nun geri doniisiimii saglanmaktadir.
T.C. Enerji ve Tabii Kaynaklar Bakanligi 30 Haziran 2022 verilerine gore Tiirkiye nin teorik
toplam atik 1s1 potansiyeli yillik 160.000 TJ/Yil = 3*¥10° MWh’tir (1TJ/y1l = 2060MWh)
Tiirkiye’de termoelektrik teknolojisiyle her yil en az 3*10” MWh bir enerji geri doniistiiriilebilir
(T.C. ETKB, 2024). Ornegin, 2024 y1l1 Ekim ayinda Tiirkiye’nin elektrik tiikketimi yaklasik 26,9
milyon MWh olarak gerceklesmistir. Yillik tiiketimi bu rakamin 12 kati olarak diisiiniirsek, toplam
ihtiya¢ 300 milyon MWh civarindadir. Atik 1sidan elde edilecek enerji, yillik ihtiyacin %10’unu
karsilayabilir. Bu, enerji tasarrufu agisindan oldukga biiyiik bir orandir.

P o FARKLI SICAKLIKLARDA
EZIanshes! ULKE GENELI _ )
““““ 5 ATIK ISI POTANSIYELI
zso00 Sanayide | Teorik Poransivel
zo0o0 Potansiyveli
. 15000
= 10000 |‘
5000
- |IJ|JI||I\1I|H||||JI|J._.I|_.Iu._...

Sekil 1.Turkiye Atik Is1 Enerjisi Potansiyeli Grafigi (T.C. ETKB, 2024)

Devlet Su Islerine gére, Atatiirk Baraji ve HES yilda 8,9 milyar kilovatsaat (KWh) elektrik

iretebilmektedir. Akilli Termoelektrik Atik Is1 J en?ratérleri (ATAL) Tirkiye’de kullanildiginda,
her y1l 33 Atatiirk HES kadar elektrik iiretilebilir. Ustelik bu enerji, geri doniisiimle elde edildigi
igin en ucuz ve gevre dostu segenektir.
Bu teknoloji, cevreyi kirleten ve kiiresel 1sinmaya yol agan atik
1sty1 geri doniistiirerek sadece Tiirkiye’nin enerji ve cevre
sorunlarina ¢6ziim sunmakla kalmaz; ayni zamanda kiiresel
1sinma, enerji krizi ve temiz su gibi diinyay1 etkileyen sorunlara
da katki saglar.

ATAIJ teknolojisi, kombi, sanayi ve niikleer santrallerin
attk 1sisitm1 dogrudan elektrige doniistiirmekle kalmaz; ayni
zamanda giines, jeotermal, hidrojen, toprak, deniz ve hatta insan
ve hayvanlarin irettigi 1silardan da elektrik iretiminde
kullanilabilir. Bu teknoloji, ara madde kullanimina gerek
birakmadan verimli ve yenilikgci bir enerji  ¢Oziimi
sunar.Yariiletken ve termoelektrik teknolojilerindeki gelismeler,
insanligin doga ve evrene bakis acisim degistirecektir. Insanlik,
dogay1r yok etmek yerine, cevreyi koruyarak ve kirletmeden
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faydalanmay1r ogrenerek hem kendisini hem de diinyay:
kurtarabilir. Bu proje, bilim diinyasina ve insanliga bu ydnde
biiyilk bir katki saglama potansiyeline sahiptir. Enerji
fiyatlarindaki artis ve kiiresel iklim degisikligi, yenilenebilir
enerji kaynaklarma olan ilginin artmasina ve temiz enerji
teknolojilerinin  gelistirilmesine  Oncelik verilmesine neden
olmustur. Kiiresel 1sinmanin, dogal olaylarin (6rnegin volkan
patlamalar1) yan1 sira, insan faaliyetlerinden kaynaklanan atik 1s1
enerjisiyle de baglantilt oldugunun anlasilmasi, atik 1siyla ilgili
bilimsel ve uygulamali ¢caligsmalarin hiz kazanmasini saglamistir.

Bilimsel arastirmalar, atik 1smin gelecekte yenilenebilir
enerji kaynaklarinin 6nemli bir parcasi olacagini gostermektedir.
Giines, riizgdr ve jeotermal gibi yenilenebilir enerji tiirlerine ek
olarak, atik 1s1 da bu enerji doniisiimiinde kritik bir role sahiptir.
Atik 1s1yla ilgili ¢aligmalar iki gruba ayrilabilir:

Kaynaklarin kesfi ve dzelliklerinin incelenmesi: Elektrik
iretim  potansiyelinin  belirlenmesi ve bu kaynaklarin
kullaniminin fizibilite ¢aligmalari.

Elektrik  Gretim  yontemlerinin  ve teknolojilerinin
gelistirilmesi.

Maalesef bu ikinci grup calismalara diinya genelinde ve Ti-
rkiye’de yeterince agirlik verilmemektedir.

Termoelektrik yontem, 1s1 kaynagina bagli kalmaksizin
atik 1s1, glines ve jeotermal gibi tiim yenilenebilir enerji tiirleri
icin kullanilabilen bir elektrik iiretim yontemidir. Ancak, bu
teknoloji diinyada az, Tiirkiye’de ise neredeyse hi¢ kullanil-
mamaktadir. Tiirkiye’de bu alanda yapilan caligmalar arasinda
Omer, G ve arkadaglar1 tarafindan gelistirilen sanayi atik 1s1
jeneratorli termoelektrik gilines panelleri 6rnek gosterilebilir (
Omer, 2017; Omer, 2020).

Bu calismalar, PV giines panellerine alternatif olan

Termoelektrik panellerin modiil yiizeyleri arasinda 1
m?’lik yilizeyde 100°C sicaklik farkiyla 4000 W elektrik
tiretebildigini,

Isidan bozulmadigini, giinde en az 10 saat ¢alistigini,
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Cok az yer kapladigini, sicaklik fark: arttik¢a veriminin ve
urettigi elektrik giiciin parabolik olarak arttigini

Cevre dostu, dayanikli ve maliyetinin geleneksel PV
panellerden daha diisiik oldugunu,

En az 25 yil kullanilabilecegini ortaya koymustur.

Termoelektrik jeneratorlerin bir¢ok kullanim alani vardir ve

bunlardan biri de atik 1s1 jeneratorleridir. Bu ¢alismada, birden
fazla modiile sahip farkli atik 1s1 termoelektrik jeneratorler tasar-
lanmig ve gelistirilmigtir. Termoelektrik modiillerin ve jenerator-
lerin temel &zellikleri hem teorik hem de deneysel olarak
incelenmistir. Bu amagla, termoelektrik modiiller i¢in bir test
diizenegi gelistirilmistir. Ayrica, Antalya’da halihazirda ikamet
edilen bir bina dairesinde gereken diizenekler kurularak kombide
kullanilan 6zel uygulama sistemi tasarlanmis, gerceklestirilmis ve
arastirilmistir.

1.Theory

Termoelektrik jeneratorler, yariiletken teknolojisine dayali
sistemlerdir ve 1s1 enerjisini elektrik enerjisine doniistiiriirler. Ge-
leneksel 1s1 pompalarinin aksine hareketli parcalar1 yoktur, bu
nedenle sessiz ¢alisirlar. TEJ’ler, NASA tarafindan uzay
arastirmalarinda sondalarda kullanilmis ve 30 yil boyunca bakim
gerektirmeden ¢alismistir. Her ne kadar verimleri klasik 1s1 pom-
palarina gore daha diisiik olsa da, kompakt yapilari, basit
tasarimlar1 ve kolay kullanimlar1 sayesinde kii¢lik dl¢ekli uygu-
lamalar i¢in etkili bir alternatiftir. Bu teknoloji, atik 1sinin geri
kazanimi, evlerdeki 1sitma sistemleri ve geri kazanim projeleri
gibi pek ¢ok alanda kullanilabilir. Hatta viicut 1s1sim1 elektrik en-
erjisine cevirebilen kiiglik jeneratorlerde bile kullanilabilmekte-
dir. TEJ verimliligi, Carnot verimliligi terimleriyle de ifade edilir.
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Carnot verimliligi su formiille hesaplanir:
(Ty —Te) 1+77,, -1
= X

e T T
H JI+ZT,,. +T—C

H
Burada; Th TEJ’in sicak taraf sicakligi, Tc TEJ’in soguk
taraf sicakligi ve Tave TEJ’in ortalama (Tw + T¢) / 2 sicakligidir
(Bierschenk, 2008; Yoshida, 2006).
TEJ’in iiretebilecegi en yiiksek gerilim uglarmin agik
oldugu durumda gergeklesir. Bu gerilim su sekilde hesaplanir:
Voc = N(ap —a, )(Ty —Tc)

Burada N, Termoelementlerin sayisi, AT= Th-Tc olup sicaklik
farki, op ve on yariiletkenlerin Seebeck sabitleridir (Bierschenk,
2008). Sonu¢ olarak, TEJ’lerin performansi sicaklik farki,
kullanilan malzemelerin 6zellikleri ve termoelement sayisi gibi
faktorlere baglidir. Teknolojideki gelismelerle birlikte TEJ
verimliligi hizla artmakta, bu da onlarin daha genis bir kullanim
alania sahip olmasini saglamaktadir. Bir termoelektrik modiile
bagli yiik Ry izerinde Uretilen gl¢ PL asagidaki gibi ifade edilir:

RL
(R in T R L)2
Burada; PL TEJ in yiik iizerinden elde edilen ¢ikis giicii, I
TEJVin yik iizerinden gecirdigi elektrik akimi, Vi TEJin
baglanan yiik iizerinde olusturdugu gerilimdir. Yiik direnci Ri
TEJ’in i¢ direncine Rin esit oldugunda, TEJ’in maksimum c¢ikis
glicii  drettigi yik karsilasma durumu olusur ve alinacak
maksimum gi¢ PLmax degeri asagidaki gibi ifade edilir:
p _ a?AT?
Lmax — 4R

P. =1V, =1 _[eAT - I R;,]=0?AT?

2.Experiment
Termoelektrik moddilleri incelemek icin tasarlanan test
diizenegi, su bilesenlerden olugsmaktadir: 5x5 cm boyutlarinda iki
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adet TEJ modiilii, 2 adet DC su pompasi, 12V/9Ah akii, demo
amach 12V’luk DC fan, bir adet DC ve bir adet AC LED’ler.

Akilli  Termoelektrik ~ Attk  Is1  Jeneratdriiniin
parametrelerini incelemek amaciyla, 16 ve 2 adet TEJ modiilden
tiretilmis jeneratorler, bir kombi, bir DC LED projektdr, 12V/9Ah
akii, 1 adet DC fan ve bir sarj cihazindan olusan bir diizenek
kurulmustur.  Deney  diizenekleri  asagidaki  Sekillerde
gosterilmektedir.

Ozel Laboratuvar Deney Diizenekleri

ATEALIJ, termoelektrik bir sistem olarak ¢evre dostu yesil
teknolojilere Ornek teskil eder. Giines, niikleer, jeotermal gibi
yenilenebilir enerji kaynaklarmin yani sira ev kombi, sanayi
atiklar1 ve diger 1s1 kaynaklarindan elde edilen 1s1y1 dogrudan
elektrik enerjisine doniistiirme kapasitesine sahiptir. Bu amagla,
ATEAIJ nin ev kombisi, jeotermal ve sanayi atik 1s1 uygulamalari
gerceklestirilmistir.

Jeotermal uygulamasi1 Afyon Sandiklida bulunan bir
termal otelin terminal boliimiinde yapilmistir. Buraya kurulan
diizenek Sekil de gosterilmistir.



Sanayi atik 1s1 uygulamasi1 Dizcede bulunan bir tesisin
terminal boliimiinde yapilmistir. Buraya kurulan diizenek
Sekil’de gosterilmistir.

Ev kombisi uygulamasi, ATEAIJ projesi kapsaminda
gerceklestirilen termoelektrik jeneratoriin kombi uygulamasi
Antalya ilinde aktif kullanilmakta olan bir daireye ait ¢alisan bir
kombi iizerinde yapilarak gorsel olarak kayda gegirilmistir.
Uygulama kis mevsiminde yapildigindan kombinin kalorifer
hattina 2 modiillii deney diizenek jeneratorii, sicak su hattina ise
16 modiillii deney diizenek jeneratorii baglanmaistir.

Instead of a conclusion

Bu proje, Turkiye ic¢in stratejik bir éneme sahiptir. Hem
Tirkiye’nin enerji giivenligine katki saglayacak hem de iilkenin
teknoloji  alaninda  bagimsizligin1  gii¢lendirecektir.  Proje
kapsaminda, Tiirkiye’de ilk kez termoelektrik yariiletkenler ve
termoelektrik moduller seri olarak Uretilecektir. Bu sayede Turki-
ye, diinyada en Onemli yariiletken teknolojilerine sahip gelismis
ilkeler arasinda yer alacaktir.
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Termoelektrik jeotermal, giines ve atik 1s1 santralleri,
cevre dostu tesisler olarak one c¢ikmaktadir. Bu santraller, 1s1y1
dogrudan elektrige doniistiirerek 1s1 kirliligini ortadan kaldiracak-
tir. Ayrica proje, Tiirkiye’de yeni termoelektrik sanayi alanlarinin
gelisimine olanak saglayarak isttihdamin artirilmasina énemli bir
katki sunacaktir.

Termoelektrik Akilli TEJ tesisleri, yalnizca elektrik
iiretimi yapmakla kalmayacak, ayn1 zamanda sogutma, yalitim ve
sicak su Uretimi gibi islevleri de dstlenecektir. Bu islemler,
gelismis akilli teknolojilerle gergeklestirilecektir. Boylece, bu
faaliyetler icin harcanan maliyetler tesisin icinde kalacak ve TEJ
santralinin genel igletme maliyetleri diisecektir.
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B noxmane 6yayT obcykaaThest oOIHe MPUHIUIBI CTAaOUTH3aluU
moJieTa KBaJPOKOINTEPOM C MCIOIH30BAHUEM JIAHHBIX CITyTHHKO-
BOIl HaBUTaMOHHOM crcteMbl GPS.

KuaroueBble cioBa: OecnWIOTHBIM JIeTaTENbHBIN  ammapar,
KBaJIPOKOIITEP, CTaOMIM3AIMK JIBU)KEHUEM, CITyTHUKOBAasi HaBU-
raimonHas cuctema GPS, LQG-3amaua.

Hcnonb3oBaHue B mocienHee BpeMsl OECHMIOTHBIX JIeTa-
tenbHbIX anmnaparos (BIIJIA), B ToMm 4ucie U KBaJpOKONTEPOB B
pa3IMYHBIX 00JACTSIX NEATENBHOCTH >KU3HH, OCOOEHHO B BOEH-
HOU cdepe NpUBJICKIM BHUMAHHE YYEHBIX U CIIELHUAIUCTOB K
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STUM BHJIaM JIETATENbHBIX annaparoB. biarogaps pa3BuTHio co-
BPEMEHHBIX MaTEMaTHYECKUX MaKeTOB MPHUKJIAJHBIX IPOrpaMM B
HACTOsAIIEe BpeMs pa3padaThIBAeTCS pPa3IMYHBbIC MOAXOJbI TI0
YOPaBIEHUIO U CTa0MIM3AMK JBUKCHHUM 3THX JIeTaTelIbHbIX all-
napatoB. OTMETHM, 4TO HapsIy ¢ pa3pabOTKOH MaTeMaTu4ecKo-
ro MOJIEIMPOBAHUS U YIPaBJICHUS ABM)KEHHUEM KBaJpOKONTepa
[1, 2], ocoboe MecTo 3aHMMAET 33aJa4u CTAOMIU3AlUU U ITOCTPO-
€HUS ONTHUMAJIBHBIX PeryisTopoB [3, 4]. Tak, Hanpumep, B pado-
Te [5] mOCTPOCH perynsiTop s YIpaBlIEeHUS W CTaOUIU3aIuu
JIBUKEHHEM KBaJpoKoNTepa B TpexMepHOM mpoctpaHcTBe. On-
HAaKO, B 3TOM M MHOTUX IMPOUYUX paboTax MOApPa3yMeBaeTCs, YTO
BCE KOOPJMHATHI ABM)KCHHS JIETATEIbHOIO amrmapaTa W3BECTHBI
WM U3MEPSIOTCS TOYHO M HET HUKAKUX CIy4YalHBIX BO3JEH-
CTBUH. A Ha IpPaKTHKE B MAaTEMaTHYECKOH MOJEIH MPUCYTCTBY-
10T CIy4daiiHble BO3JEHCTBUS U TIPU HAOIIOICHUN WJIM MPU U3MeE-
pPEHHM HUMEIOTCA CilydaiiHble omHOKu. B Takux cimydyasx HEBO3-
MOYKHO MPHMEHSATh METOJAUK, H3JIOKEHHBIX B paborax [3-5].
[Ipuxoautcs TPUMEHATH ApPYTU€ METOAbl MOCTPOCHHUS OITHU-
MaJIBHBIX PEryIATOpoB. OIHUM CIIOCOOOM IOCTPOCHHS TaKUX
PEryJIaTOpPOB BO3MOXKHO Ue€pe3 PEIICHUs 33[ja4d MMOCTPOCHHUS OIl-
TAUMAJIHBIX ~ PEryJATOpOB U (PHIBTPOB IS  JIMHEWHO-
kBagpaTuuHoi rayccoBoii (JIKI') 3amaun B ycTaHOBUBIIMMCS pe-
KHMe, KOTOpOe U3JI0KeHa B [6-8] /17151 HerpephIBHOTO Cily4as, T.€.
ypaBHEHHE U HAOIIO/IEHUE 33/1al0TCA B HETIPEphIBHOM Buae. Mc-
MOJIB3YSI METOJ TTOCTPOEHHUS ONTUMAIIBHBIX PETYJIATOPOB U (PHIIb-
TPOB IJIsl TMHEWHO-KBagpaTuyHoi rayccoBoid (JIKI') 3amaum mo-
cTapaemcsi pemath MpoljaeMy CTaOWUIU3aIMK TOJeTa KBaIpPOKO-
NTEPOM C UCIOJIb30BAaHUEM JaHHBIX CIYTHUKOBON HaBUTAI[MOH-
HOW cucteMbl GPS. OTMeTHM, 4TO TpU PEIIeHUU 3a7ady cTaOu-
JU3aluy ToJIeTa KBaApoKonTepoMm 1o nanHbiM GPS, HabnroaeHue
JBIDKEHUEM KBaJIPOKOTITEPA OCYIIECTBIISIETCS JUCKPETHO, HHBIMH
CJIOBaMH, JIaHHbIE OT CITyTHUKOBOM HaBUTallMOHHON CHCTEMBI
MOJIy4YaeTCsl 10 AUCKPETHOMY BPEMEHHU Yepe3 HEKOTOPOM MpoMe-
KyTku BpemeHu. [loatomy, nenecooOpa3HO UCHOIB30BAThH IHC-
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KPETHYIO JINHEHHO-KBAIPAaTUYHYIO TayCcCOBYIO 3anauy. B pabote
[9] pa3paboTaH anropuT™M MOCTPOCHHSI ONTHUMAIBHBIX PEryJIsTO-
POB ¥ (PUIBTPOB LIS JUCKPETHOM JIMHEHHO-KBAAPATUYHOM rayc-
COBOH 3a/1auM B yCTAaHOBMBIIMMCS peKuUMe B Oojee oOuieM ciy-
Jae, yeM B [7, 8].

B npennaraemoii pabote Ha 6a3e MaTeMaTHYECKON MOJEIH
JBUKEHMS KBajapokomntepa [1, 2] paccmaTpuBaercs Tpu pasiany-
HBIX JIUCKPETHBIX JIMHEHHO-KBAJPaTUYHOM rayCCOBBIX 3a/1ay, KO-
TOPBIX MOYXHO peLIaTh MapajuleIbHO HE3aBUCUMO JIPYT OT ApyTa.
Caauana kak B paborax [2, 5] npearaercsi airOpuT™ yIpaBiie-
HUS BBICOTOM I0OJIETA 10 OCU Z U YIVIOM pbIcKaHus Y. Jlanee, pas-
pabaThIBAIOTCS AJITOPUTMBI YIIPAaBJIECHUS JIBUKEHUEM 110 OCH Y U
YIJIOM KpEeHa ¢, a TaKXKe YIpPaBJIECHUS IBUKEHUEM KBaJPOKOITE-
pa 1Mo ocu x W yriom TaHraxa 6. B xauecTBe HaOIIOIEHUS HC-
NOJIb3YIOTCS JAHHBIE CIIyTHUKOBOW HABUTALIMOHHOW CHCTEMBbI
GPS, a Tounee xoopauHaThl (X, Y, Z) LEHTPA TKECTH KBAIPOKO-
NTEPA, @ TAKXKE IMPOEKLHUN CKOPOCTH JIETATEIbHOIO armapara Io
KOOPAWHATHBIM OCsiM. OTMETHM, YTO IpU HAOIIONEHUH TOJBKO
OJIHy M3 HMX COOTBETCTBYIOLIAas 3ajadya OKa3blBacTCs Hepaspe-
HIEHHOM.

1. IocranoBka 3aga4u.

JlormycTuMm, 4TO JeTaTelbHbI annapar B KauecTBe KBaJpo-
KOINTEPA JBUKETCSI OTHOCUTEIBHO HENOABM)KHON MHEPLUAIBHON
CUCTEMBI OTCYUETa, CBS3aHHOW C 3emiiell U 3aJaHHON NepHeHIu-
KYJSIPHBIMM JIpYT IpYry KOOpJAMHATHbIMU ocsiMu Ox, Oy u Oz,
npuueM ocbk Oz HampaBlieHA IPOTHBOIIOJIOXKHO BEKTOPY CHIIBI
TSDKECTH. 3ajada 3aKJII0YacTcsl B TOM, YTO KBaJIPOKOITEP IeEpe-
Melajcs U3 HadalbHOU TOYKU (Xg,Yo,Zo) C HAYAIBHBIMH yTJIa-
MU pBICKaHHS I/ 0, KpE€Ha (o M TaHTaxka 6o K 3aJaHHON TOYKe
(X4,Yd4,2q) © 3alaHHBIMU YTJIAMH PBICKaHHS I/ d, KpEHA (Pd U
TaHraxka 64. Kak Mbpl OTMeTHIIM BO BBEIEHHUH, 3Ta 3ajjaya B Jie-
TEPMUHUPOBAHHOM Cllydae pemieHsl B padorax [3-5]. Ceituac uc-
M0JIb3YS METO/ TIOCTPOEHUSI ONTUMAJIBHBIX PETYJIATOPOB U (PUIIb-
TPOB ISl JIMHEHHO-KBajpaTHuHOW rayccoBoil (JIKI') 3amaum mo-
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IbITaeMcs pemaTh MpolieMy CTaOMIM3alMK T0JIeTa KBAJAPOKO-
NTEPOM C HCIOJIb30BAHUEM JAHHBIX CIIyTHMKOBOM HaBUTal[MOH-
Hoit cucrembl GPS. Kak nokasana B [3-5] maTemaTuyeckas Mo-
JIeNlb JIBMDKEHUSI TaKOr'o JIETATENIbHOIO arapara OIMCBIBACTCS
CIIeAyIOUIe CHUCTEeMOH OOBIKHOBEHHBIX JU(PepeHIIHaTbHBIX
ypaBHEHUH

mX =-usiné, 1)
my =ucosdsing, @)
mZ =ucosédcosp —mg, 3)
V=1, (4)
6=1,, ()
$=1,. (6)

3nmech M — macca amnmapara kBaapokonrepa, g =9,8m/c — ycko-

PeHHE CHJIbI TAKECTH, U, @ TAKKE T, Ty, T, — yINPaBIIONIHE
BO3JICHCTBHUS, KOTOPBIE SIBISIOTCS (DYHKIHAMH  ITOJXBEMHBIX
cun f, i -ro geurarens M; (i =14). Heo6xonumo OTMETHTS,
410 BO3jAeicTBHE U, HCIIONB3YeTCS IS YIPaBICHUS BBICOTOM

IMMOJIOKCHHA allllapara, a yIpaBJICHUC T!// IMO3BOJIIET CTAOUJIN3U-

poBath yron peickanus. CornacHo [3-5], Bo3aelcTBHS 7, W 7,
UCIIOJIB3YIOTCS IS YIIPaBJICHHs yriiaMu 6 U (0, U iepeMelieH -
€M arfrmapara mo ocsiM X W Y COOTBeTCTBeHHO. Kak moka3aHo B
[5] mpeanonoxenun COSACOS@ #0 1 mocie COOTBETCTBYOIIEH
KBa3WJIMHEAPHU3AIMH JUIs YIPABICHUS BHICOTOH MOJIETA Z U YIIIOM
PBICKaHUs | anmapaTa HMEeM CIIEAYIOIINe COOTHOIICHHUS:

PL(t) = B PL(D) + Fiul(t) + 0 (b), Pi(ty) = P, (7)
rae wl(t) — omubka Ipu KBa3UIMHEAPU3AIINH,
PL(t) = |2(t) — za) = (2(t) — 2a) P () — Yo W) — )],

a
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0
~ 0
0

o
I
cor

, ul(e) = [,Z]
0 0 00
HaGnronenue 3a IBUKEHHUEM 10 OCH Z OCYILECTBIIAETCS de-
pe3
st(t) = H'P (1) + vi(7) (8)
UIA T = t, rAe v - ciaydaiiHble HOTPEIIHOCTH U3MEPEHUS.
TpeOyercss HaWTH Takoe YMpaBiSAIONIee BO3IACHCTBHE U
KaK (QYHKIMS OT HaOMIOEHHUs S , KOTOPOE MUHMMHU3HPYET KBaJl-
paTu4HBIN QYHKIHOHAT

1 o0 Ay Ny qppt
1= EG LI @ o 5 | [alds @
OtmerumM, mnonydeHHas 3agada (7)-(9) sBusercs mUHEHO-
KBaJPaTUYHOMN IayCCOBOM 3aa4ei.
AHAJIOTUYHO, JJISl YIPABJICHUS JBHKCHUEM 10 OCH Y U yT-

JIOM KpEHa ¢ TOJIy4aeM CICIYIONYI0 JIMHCHHO-KBAIPATUIHYIO
rayCcCoBYIO 3a/1a4y

1
1

P%(t) = E5,P?(t) + Gou?(t) + w?(t), P2%(ty) =P, (10)

d —
P = [y, PO,
d _ T
(0(1) ~ pp), T2
0100 0
0 000 1
s?(t) = H?P?(7) + v2 (1), T <t (11)

o A, N
F =BG I @ e |[Pa] s @2
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To4HO Tak ke, MoJyd4aeM JIMHEHHO-KBAaPATUYHYIO I'ayCcCo-

BYIO 3a/ady JJIs YIPABJICHUS [BMKEHHUEM IO OCH X M YIJIOM
TaHraxa 6

P3(t) = F3P3(0) + Gau(t) + w3(t), P3(ty) = B3, (13)

d(x(t)—xgq) d(8(t)—8 T
P3(0)=[(x(t) — xq), TE2ZL, (o(t) - 0,), L]

01 00 0
~ 0 0 0 ~ 0
F; = 00‘31, 63:0 , ud () =14,
0 00O 1
s3(r) = H3P3 (1) + v3 (1), T=t, (14)

o0 A N 3
1 =BG 1 @) o |[Fa] 4. as)

[TocraBreHHBIC BBINIE JMHEHHO-KBAJIPATUYHBIC T'ayCCOBBIC
sagaun (7)-(9), (10)-(12) u (13)-(15) ABASAIOTCS HEMPEPHIBHBIMU
3a/[auaMi. DTO O3HAYaeT, YTO HAOJIOJIEHUE JOJIKHO OCYIIECTB-
JATHCS B JIFOOBIX 3HaUeHUsAX BpeMeHU. OaHako, gaHHbie oT GPS
MOJTy4aeTCsl B JIUCKPETHO, T.€. YepPe3 HEKOTOPOTO IHCKPETHOTO
BpeMeHH. M mosToMy, 1enecoodpazHo, ¢ MOMOMIbIO ANIpPOKCH-
MaIui HeOOXOIMMO MPUBECTH HEMPEPhIBHBIC 33729l K JIUCKPET-
HBIM, a 3aTeM peuiaTh MOJyYeHHBbIC JHCKPETHBIE IUHEHHO-
KBaJIPAaTHYHBIC TAYCCOBBIC 3aJIaUH.

Otmetnm, 4yTo B padore [7] mpeanokeH alropuTM MOCTpo-
€HUSl ONTUMAIBHBIX PETYJIATOPOB W (UIBTPOB JUISl JTMHEHHO-
KBaJIPATUYHOM TayCCOBOHM 3a/layll B yCTAHOBUBIIMMCS PEKUME.
JIJIsl HarJIITHOCTH TIPUBEIEM HEKOTOPBIe (DaKThI M3 3TOH padOTHI.

[Tycth nBUXEHNE 00BbEKTA OMICHIBACTCS YpaBHEHUE

Xiv1 = qui + Fui + w;j, (16)
¥ BO BPEMEHHOM COCTOSIHMHU | ITPOBOJUTCS U3MEPEHHS Z;, KOTO-
pble TUHEWHO CBS3aHBI C COCTOSIHUEM TPACKTOPUU X,

z; = Hx; + v; a7

I7Ie @, - BEKTOp CIIy4aifHBIX BHEUTHHX BO3MYIICHHIL, a U, - BEK-

TOpP CIy4alHBIX MOTPEIIHOCTEN U3MEPEHUN, KOTOPBIE TPearoa-
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TaroTCSl TayCCOBBIMHU CIIYYaHBIMH BEITUYMHAMU THITA «OeNbIi
mym». Kpome Toro, kak B [6] MareMaTHYeCKUE OXKHIAAHUSA IS
CllydaliHbIX BEJIMYUH X,, ®; U U; UMEIOT BUJ

E(w;) = E(v;) = E(xo) =0, (18)
a KOppEeJSILIUOHHBIE MaTPHUILIbl ONPEJICTICHBI B BUJIE

@Or ror_[Q O
E {[vi] [ w1} = [0 R] % (19)
E{x,xI} =P, E{xo va} = E{xowjr} =0 (20)
TpebyeTrcs HaWTH Takoe ymHpasisioliee Bo3ZeicTBUE U,
Kak (QyHKIHS OT HAOMIOACHHUSA Z; , KOTOPOE MUHUMU3UPYET KBaJl-

paTHYHBIH (1)yHKI_[I/IOHaJ'I

J=Egxe Tl [4r T[] (21)
Jlns pereHust JIMHEHHO- KBaz{paTHqup“I rayccoBoi 3ajauu
(16)-(21) B paboTe [7] nmpeIokKeH CIEAYFOLIHIA AITOPUTM.
AJIrOpuTM.
6. ®opmupyrorcs matpuusl @, ', H,Q, R, A,B, N.
7. Pemaercas MAYP
S=¢TSe —CT(B+TTSrNc+ 4 (22)
¥ HAXOJUTCS TIOJIOKUTEIIBHO-OMPEICIICHHOE PEIICHUE - MaTPHUIIa
S.
8. Pemaercs MAVYP
M =®oMPT — dMHT(HMHT + R) *THMT®T + Q (23)
U HAXOAWUTCA TOJOKUTEIbHO-OMPEACIEHHOE pEeIIeHUuEe —

marpuia M .
9. ®opmupyrotcs matpuibl C u3
C={TSr+B)1(r''s¢ +NT) (24)
u K u3
K = MHT(HMHT + R)™! (25)
10. Omnpenensercs ONTUMaIbHAsK OlIEHKa X, U3

Xiy1 = [® —KH®]x; + [ — KHI lu; + Kz;,4, X, = 0(26)

Y ONTUMAJIbHBIA PEryJsaTop U, u3
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1; = —Cx,.(27)
Jliist TOro, 4TOOBl IPUMEHSITh AJITOPUTM MOCTPOCHHS OMTUMAIIb-
HBIX PEryJIATOPOB M (UIBTPOB JUISl JIMHEWHO-KBAJPATUYHOM
rayccoBoi 3agauu (16)-(21) B ycTaHOBUBIIMMCS PEKUME NPUBE-
JIeM TIOCPEICTBOM allPOKCUMAIIMH HETPEPhIBHBIC JIMHEHHO-
KBaJpaTU4HbIe rayccobie 3aaa4u (7)-(9), (10)-(12) u (13)-(15)
JIMCKPETHBIM JIMHEHHO-KBaJpaTHYHBIC TayCCOBBIM 3aj1a4aM BHJIA
(16)-(21). Cuauana anmpokcumupyem 3anaay (7)-(9) mwist yrnpas-
JICHWSI BBICOTOM TOJE€Ta Z W yIiIoM pbicKaHus . OOo3Hauas
t; =ty +i-At, PP =PNt;), ul=u'(t;) m anmpokcupys
P1(t) kak
Pl(ti) _ P (t) ~ Ph, P} Pz

u3 (7) nonqu/IM
PL, =P+ T'ul + w} (28)

re ¢1=E +Atﬁ1, rt= él.
[Tpenmoioxxum, HAOMIOCHUE Yepe3 CIyTHUKOBOW HaBHUTa-
monHou cucteMbl GPS ocymectsisiercst popmyioit
= H'P! + v} (29)

1000
rne H! = [

a 0100
JUHATHI U CKOpOCTI) JOBHUXKCHU S aHHapaTa 10 OCHU Z. HpI/I I[I/ICer-

Tu3anuu GyHKIMoHaM (9) mepexoaut
1
= EGEELPD @[ [P I} (30)

Jlanee, mpennoyiokKuM, UYTO BBIMOIHSIOTCS aHanoruuHeie (18)-
(20) ycnoBus an/I X0 = P,

w; =w}, v;=v}, A=A, B=B;, N=N;,Q=0Q,,R=R,.
Torpa ecnu 0603HaanL

x; =P, u; =ul, H=H'" u s; = s} 1o 3amaua (28)-(30) ¢ 1o-
MOJTHUTSIIBHBIMU ~ YCJIOBHSIMH ~ TIepejeT K JIMHEHHO-
KBaJIpaTHYHOM rayccoBoit 3amaun (16)-(21), ans KoTopoit MOKHO
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NPUMCHSTh TPEUIOKCHHBIA BbIIIE aNropuTM. [lapamerpsl B
yenosusx  (18)-(20) onpenenum B Buge Qp = 1073Eyy,
Ry =E;3, Ay = Eyy, By =E;5, Ny =04, Tae Ey — enunny-
Has MaTpuua pasmepHoctu k X k, a 0, ; — HyneBas MaTpuua pas-
MepHOCTH k X [.

Amnayiornuno, anmnpokcumupys 3agaun (10)-(12) u (13)-(15)
MBI TIOJIYYUM CIIEIYIOIINE TUCKPETHBIC JIMHEHHO-KBAIPATUYHbIC
rayCcCcOBBIE 3a/1aud, KOTOPbIE IMO3BOJIAIOT MMOCTPOUT PEryJISATOPOB
JUI yIIPABJICHUS JBMDKEHHEM JICTAOLIErO arapara COOTBET-
CTBEHHO I10 OCH Y C yIJIOM KPEHa ¢ U 110 OCH X H yIJIOM TaHTa)a
0. VI3 3amaun (10)-(12) mpu P? = P2(t,),
u? = u?(t;) monyunm

P%A, = #?P? + I'’u? + w? (31)

e #2=E +AtF,, T?=4aG,.
= HzPi2 + 'vf (32)

P

= EGEEIP, )T(uz)T][(;)TNZ H} (33)

B kauectBe mapameTrpoB Oynem O6paTh
1000
2 = Q; = E4,4: R, = Ez,z: 4, = E4,4: B, =1,

010 0F
=[0000]".

Jlnst 3amaun (13)-(15) npu P2 = P3(ty), u? = u3(t;) mo-
JTyYUM

pP?

1

L= P3P+ 3P + (34)

o~

&3 =E + AtF;, I'®=0G,.
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sf = H3P? + v} (35)

A; N3 [P}
= sexley @ ]| e

1000
H3:[0100, Q3:E4’4,R3:E2’2,A3:E4’4,83:1,
N, =[0000]".

JlaHHas 3a7a4a peleHa JUis KOHKpeTHoro npumepa. Ilpen-
nojaraercs, 4Yro MHGoOpMauus OT CIIyTHHUKOBOM HaBUI'allMOHHOM
cucreMbl GPS mocrtymaer QUCKpETHO COIJIaCHO BBIYMCIEHHBIM
3HAUEHUSM 3a/laHHON (QYHKIMM (KpacHas JMHUSA B rpauke) U Ha
OCHOBE 3THX JaHHBIX Pa3pabaThIBAETCS AJITOPUTM IMOCTPOSHUS
ONTUMAJIBHBIX PEryJIsATOPOB U (PUIBTPOB I JUCKPETHOM JIU-
HEIHO-KBaIpaTUYHOM rayccoBoOil 3a/laun B YCTaHOBUBIIHUMCS pe-
KUME M OIpeeNseTcs] ABM)KEHUE KBaJpoKonTepa (CUHSS JIMHUA

B rpaduke).

Plot of motion of the quadrotor

y 20 -30 «

Puc.1. I'pacduk nBukeHus KBagpokonTepa
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1.5. Development of laser range finder using 1550 nm
wavelength

Syed Javaid Igbal, PhD
Associate Professor
Faculty of Engineering University
Putra Malaysia

In the name of Allah, Most Gracious, Most Merciful

This material presents a design for measuring distance
using infra light at 1550nm. A lot of experience has been gained
in amplifying optical signal at 1550nm, however, another kind of
range finder is being presented. The wavelength of 1550nm is
selected because it is not harmful to the human eyes; it has
less atmospheric absorption which makes it performs better in
free space. A 1550 nm has less attenuation in free space than 902
nm or 1064 nm. 1550 nm is also safer than 902 nm and 1064 nm
laser. In our system a 1550 nm, pulsed laser is used. Pulsed pow-
er is amplified by Erbium Doped Fiber Amplifier (EDFA), which
is pumped by 1480nm, getting a 53.15mW 1550nm signal la-
ser. A portion of the power after passing through the 1550 nm
coupler triggers the counter to start the count. Optical pulse is
collimated before it propagates in a free space. The receiver de-
tects the laser power reflected from the target. The reflected
amplified signal is used to stop the counter.

The number of counts is proportional to time of flight.
The resulting distance is calculated form the time of flight meas-
ured by the range finder. Since distance can be calculated this
tends that, the velocity can be calculated.

From the results, it is observed that the error is due to the
time delay of the photodetector, and using EDFA gave an ad-
vantage of power control.
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BOLMBO II. FOVQOLADO HADISOLOR VO NOZORI-
MODELLOR

2.1. Electron in a long-lived natural plasma structures
as one-dimentional toy model

1233 eyla A. Agamaliyeva and 345 P)Rauf G. Jafarov,
36, 9Kenan J. Salayev

'Department of “Matter Structure” of Faculty of Physics
of State University, Z. Khalilov, 23, AZ1148, Baku, Azerbaijan
2”Azerbaijan University ., Baku, Azerbaijan
3]SAAC GROUP ACADEMY, Baku, Azerbaijan

“Department of “Theoretical Physics” of Faculty of Phys-
ics of Baku State University, Z. Khalilov, 23, AZ1148, Baku,
Azerbaijan

®Institute for Physical Problems of Baku State University,
Z. Khalilov, 23, AZ1148, Baku, Azerbaijan
®Physics Faculty of Baku State University, Z. Khalilov, 23,
AZ1148, Baku, Azerbaijan
e-mail: Yag.leyla@hotmail.com, Pr.g.jafarov@gmail.com ,
Keywords: Magnetohydrodynamics, Alfven waves, spectral prob-
lem.

As modern trends in theoretical physics harmonic oscilla-
tor model has numerous applications in solid state physics, radio-
physics, optics, particle and plasma physics and other fields of
physics. Generally, considering oscillator models the following
problems are of interest: the problem of two interacting harmonic
oscillators in a non-linear mechanics, the problem of a multi-
boundary non-relativistic oscillator in classical and quantum sta-
tistics, and the system of an infinite number of boundary relativ-
istic quantum oscillators in quantum field theory. The purpose of
our study is:
(1) Theoretical consideration of fluctuations in subsystems, as
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electron oscillation in a conductor medium in a constant magnetic
field.
(2) Studying solutions of the Schrédinger equation with external
fields in cylindrical coordinate system.
(3) Studying energy spectra of the Schrodinger equation

An electromagnetic processes have a fundamental sense
for a number of natural phenomena. The combination of the clas-
sical electrodynamics with hydrodynamics has resulted in mag-
netic hydrodynamics, which is directly related to plasma physics.
When solving ma?netic hydrodynamics equations in the form of

i

a plane wave exp (IZF—cot } for propagating electron oscillations

in the conductor medium located in the external uniform magnet-
ic field, according to the dispersion law, the electron oscillation
frequency  substantially depends on the direction of the wave

vector K as @ = (4 ) 2 HK i.e., the oscillation of the electron)

in the ideal conducting medium located in the constant magnetic
field is, in principle, the oscillation of the electron in the Alfen
wave [1, 2] propagating in the constant magnetic field.

To study this problem, we first determine the energy lev-
els of the electron in the constant magnetic field following L.D.
Landau [3]

Consider the problem of the electron oscillations in the
conducting medium in a constant magnetic field, for the Hamilto-
2

e
£p+CAj N M @;F?

,where M is a mass; e >0 is the
2M

nian H =

electron charge and w, = Bk is the frequency plasma

B S
VAP Fluid
potential is the oscillation frequency of an electron in a conductor
( in the Alfven medium  takes the  form

M wif?  MF?

2 8rui

(K. prwia is a density of the fluid)..
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In cylindrical polar coordinates with the z -axis in the direction of
the magnetic field, the vector potential has compo-

1 .
nentA, =§Bp, A, = A, =0 and based on some simple postu-

lations, we determine and Schrodinger equation:
n® | o 10 1 07 o’

SN LA L A AL
2M | op pap p°-o0p° oz

(1)
@ 5!// Mo, : 2 o\ Oy
-2+ —2B(p°+1z —PBA(p°+12 —Ey =0.
2 o4 8 (p - 2 % )822 v
Here w B, and v B is the Alfven speed
Mc VA7 Fiuid
We seek a solution in following form
1 o tpe
,0,2)=——=¢e"" " R(p), 2
v(p.9.2) N (o) )
2
f (R +— 1 R ]
ML p (3)

2n?
where m is a magnetic quantum number. This equation is identic

to formula (2) (see [3, p.535]). In our equation, two additional
L Ma)é
terms arise, like, —

{E—hm%—hzmz—pz—M;é(pz +22)—Mp722vf\(p2 +22)}R =0,

2 and %(p +22), which sig-
n?

nificantly complicates the radial part of the equation. By intro-
ducing the new independent variable

§= 20 @)
and we rewrite equation (4) in the form
d’R(¢)  dR() | _ psz s
T (4 )5 +p-zRe=0  ®
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where

ﬁ_ p22 _MpZZV:ZQ ZZ_Ma)é ZZ _m. (6)
hcoB T 2M 242 8 2

_<
At £ — oo the desired function behaviors as e 4 andat £ >0
m
as &£2. According to this considerations, we search the solution
of (5) in the form

& ml
R(g)=e 252 w(S) W)
and substituting into Egs.(5) we obtain the equation of a degen-
erated hypergeometric function

R d?() (i +1-6)2) - 0, an(c)+ (ﬂ—|m|—+1]W(§)=01

2
(8)
where ¢ =|m|+1 and
M2c®  p;
2,4 ' 9)
Are“h” Pig
The general solution of this equation is well known (for the ana-

Iytical continuation see, for example, [4]).
Introducing

QA:

1
W S (10)

F=—1+Q, ¢ (11)

is reduced to solving the differential equation of Kummer type.
For the new desired function z({) (see [4]) we find

2(¢ )=y (Bi|m+1,€), (12)

where
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|m|+1 . P Q . |m+m+1
{ 5 [1+J1+QA}+2 ths o |~ (1+Q,)7" - 5
(13)
e
and Qg = B,.
The solution of equation (12) takes the form:
3[1—1 irQp Jé
W(E)=r Fy By m] + 1 1+ Q2 &) €2 . (14)

As a result of the too strong postulate within the framework of the
traditional exposition of quantum mechanics in the interval from
—oo t0 + oo about the finiteness of the wave function, the expres-
sion for B (13) and function (14) must be a non-negative integer
n,. Inthis case, the energy levels are given by the formula

_2ch Im[+m+1 |m|+1 Q, )
E—VQ{np+ T, |:1+‘,1+QA:|+T(1+QA)Z +

2

pZ
2M

where the first term, the Landau level gives discrete energy val-
ues corresponding to the motion in the plane xy perpendicularly
to the field B, . The radial wave functions corresponding to these

levels

M _,/l+QA £
RE&)=¢£2 e 2 -lFl(B;|m|+1;—,/1+QA-§), (15)
In the variables p
1

m
Rnpm(p): C-Qf p\m\ ‘€

—% T Qp-p?
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2 2M 4

2
1F1[ ! {m [l+ l+QA] Mg:B [E_pz]_QB(:HQA)ZZ—m+2m+l}?m+l;— 1+QAP2J

(16)
1

—|M| oo
is normed by the condition C -Qé‘ | [R%pdp =1
0
Taking only the leading order term in the polynomial (16) [4] for
the normalizing coefficient of the radial functions, we find
2|m| 2r(m|+1)

C=-

| o [M=12e O | mf+2
Q5'(1+Q,) 2 Q5 (1+Q,) 2
, Im|+1>0
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2.2. MozaeJsib COLMAJIBHOIO 0JIATOCOCTOHUA U
KPHUTEPUH ONTHMH3AIHT

Caapiros .M.

HNuctutyT OxoHOMMKY MunucrepctBa Hayku u
O6pa3zoBanus PeciyOnuku A3zepOaiikan
ilgarsadigov@hotmail.com

B pabote paccMOTpeHBl ONTHMHU3ALIMOHHBIE MOJEIN JIByXCTa-
BOYHOTO Tapu(da Ha MPOIYKIUIO U YCIYTH €CTECTBEHHBIX MOHO-
noauii. B paboTe y4uThIBatOTCS HIDKHSS

U BEpXHsIsl TpaHullbl Tapuda B skoHOMHUKe. B pabote Takxke pac-
CMOTpPHBAETCS 33/1a4a HAXOXKAe-HUS MaKCUMyMa (YHKIUHU OOIIIe-
CTBEHHOTO0 OJIarOCOCTOSIHHMSI TPHU YCIOBUHM 0e3yObITOYHOCTU
GUpPMBI,  HEOTPUIATETHLHOCTH IIEHBI M HEOTPUIATEIBHOCTH
cpenHer npuobuH (GUPMEI.

Knwoueswie cnosa: noxox, tapud, SKOHOMHUKO-MaTeMaTHIECKas
MO/J1eJ1b, ONTUMH3AIHSI.

AMS Subject Classification: 90C31

[Ipeanonoxxum, 4TO CHPOC MOTPEOUTENEH Ha MPOIYKT
€CTECTBEHHOW MOHOIIOJIMM 3aBHCHUT HE TOJIBKO OT LIEHbI Ha JaH-
HBIM MPOJYKT, HO U OT MapaMeTrpa 6, MO3BOJISIFOIIETO pa3inyaTh
noTpeduTeneil mo X NPUBEPKEHHOCTH K JaHHOMY NpoaykTy. Ha
MPAKTUKE TAaKUM MapaMeTPOM MOXKET OBITh TOXOJ MOTpeOuTeNeH.
[ToaTomy B manpHeiiieM napamerp 6 OyJeM Ha3blBaTh J10XOIO0M.
O6o3HauuM uepe3 Q=Q(p,0) (YHKIHMIO cripoca MoTpedurenei ¢

noxonoM 6. [Ipudyem, GyHKIMS crpoca yAOBIETBOPSIET YCIOBUIO
CHJIBHOW MOHOTOHHOCTH 1O 6 : eci 6, >0,, To Q(p,0;) > Q(p,6,)

JUI JTI000M 1IeHBI p . Y CI0BHE CHJIBHOM MOHOTOHHOCTH O3HAYaeT,

4TO MOTpeOUTEeNns ¢ OONBIINM 3HAYCHHEM MapameTpa 0 KYIUT
OoJibIliee KOJIMYECTBO MPOAYKTa mpu Jr000it neHe p. Joxox Oy-
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JIeM paccMaTpuBaTh Kak CIy4allHyl0 BEIUYUHY C HU3BECTHOU
byHKIMEW pacnpeneneHus G(x) W IUIOTHOCTBIO pacmpeeicHUs
g(x) . Torna nonst morpedureneit, UMEIOIIMX A0X0J MEHbBIIE, YeM
X paBHa G(X), a 1oy MOTpeOUuTenel, UMEIOIINX T0X0]l B HHTEP-
BaJie [X,X+Ax], IpUOIU3UTEIIBHO paBHA g(X)AX .

[Ipeanonoxum, 9To MOTPEOUTESAM MPEIOKEH TBYXCTa-
BOUYHBIN Tapu@ C MIATOH 3a MOAKIIOYCHHE & M IMPEIEIbHON Lie-
HOW P . MakcUMH3HpYsl CBOW M3IHUILIEK, MOTPEOUTENs CO 3HAUe-
HHUEM J0oxoJa © HpI/I06peTeT Q=Q(P,06) enuHHIl TOBapa. HyCTL
p(q,0)— obOpatHast (yHKIUsS cripoca. 3HaYeHHE QYHKIUH p(Q,6)
MpeJCTaBiIsieT co00i IeHy, KOTOPYIO MOKyMHaTelb ¢ JI0X0A0M 0
FOTOB 3aIJIaTUTh 32 Q €AWHUIL ToBapa. JlJisi BBIYMCICHHS W3JIULI-
Ka 3TOr0 MOKYINAaTelsi IPOUHTETPUPYEM PA3HOCTh MEXKIY €ro ro-
TOBHOCTBIO IUIATUTH 3a ( €IWHUI] TOBapa p(g,0) W peaIbHO

YIUIQY€HHOW IIEHOM P 10 BCEM €IWHHUIIAM MPHUOOPETEHHOTO TO-
Bapa. Jlanee BBIYTEM U3 MOJYYCHHON BETMYHHBI BXOJHYIO ILIATY
¢ . [lomyynm u3nuiexk nokymnaress

(em. [1,¢.76]):
Q(P.6) Q(P.6)
S(P,S,G): j(p(qle)_P)dq —&= jp(q!e)dq —PQ(P,B)—S.
0 0

Beruucnum cpenHuil M3IMIIEK MOKYIATesleld MpH ABYXCTa-
BO4YHOM Tapude (P,e). O603HauUM uepe3 0, =0,(P,e) 3HaUCHUE

JI0X0J1a, TP KOTOPOM MOKYIATeNb MOJIy4YaeT HYJIEBON HU3IUIIEK
npu Tapude (P,g):S(P,e,0,) =0, T. S(P,&,0,(P,£))=0. Bce mokymna-
TEJIM CO 3HAYCHUEM J0Xola 06 <0,(P,e) HE OyIyT coBepiiaTh IO-
Kynky mnpu tapude (P,e), TaK KaK UX U3IHUIIEK MPH ITOM Tapude
oTpunareneH. bynem HasbBaTh A0X0A 6, (P,g) NPENEIbHBIM J0-
xonoMm. Yepes 0,,,, 0003HaAUNM HaUOOJBIIIEE U3 BO3MOXKHBIX 3HA-
yeHuil noxona 6. [IpouHTerpupyem U3MUIIKK NOTpeduTtesnei co

BCEMH BO3MOXKHBIMH 3HAYCHUSAMH 10X0Aa 0 (OT 0,(P,&) O 0,,y)

65



C BECaMM, PaBHBIMU IIJIOTHOCTSM BEPOATHOCTHU JUIS 3THX 3HaYe-
HUU.

[Tonyunm cpeaHuii TOTPEOUTEIBCKUM W3JIHMILEK TMPH
JIByXCTaBOUYHOM Tapude (P,e) !

emax
S(P,e)= [S(P,& x)g(x)dx .
00 (P.c)
YeM MHOTrOYHCIIEHHEE TpyIla MOTpeduTenell ¢ HEKOTOPHIM 3Ha-
YeHHEM JI0XO0/a ¢, TEM C OOJIBIINM BECOM BXOJIUT H3JIHUIIEK 3TOM

TPYIIBl TIOTPEOUTENIe B OOIMIMN TMOTPEOUTETHLCKUN H3JIHIICK.
[Tpenmoyioxxum, 910 (GYHKIHS U3IEPKEK €CTECTBEHHON MOHOIIO-
mun (EM) nuneiina: C(Q)=F+cQ, rae F - MOCTOSHHBIE U3/IEPK-

KM, C - IIPEACIIbHBIC U3EPKKHU. TOra U3IMIIeK IPOU3BOAUTEII,
MIOJIyYEHHBI €CTECTBEHHOW MOHOMOJMEW INpu O0OCITYyKUBAHUU
HOTpeOUTENS CO 3HAUCHUEM J0X0Aa 0> 0,(P,€), paBeH

I1(P,&,0) =PQ(P,0)+¢—c-Q(P,0) = (P—-c)Q(P,0) +¢.
Torna cpennss npuObLIb (GUPMBI IPU JBYXCTaBOUYHOM TapHde
(P,e) cocTaBUT Beau4uHy (cM. [1, ¢.77]):
Omax
(P,e)= [II(P,&,x)g(x)dx —F.
0y (P,e)

PaccmoTpuM 3amauy HaxoXXKIEHHS MakCUMyma (QYHKIUH
oOmiecTBeHHOTO Omarococtosi-Hust W(P,g) =S(P,&) +I1(P,e)  mpu
ycIoBuH 0e3yOBITOYHOCTH (DMPMBI, HEOTPHUIIATEIBHOCTH LIEHBI U
HEOTPULIATENILHOCTH CpeiHel MPUObLTH (PUPMBIL:

max W(P,¢),
Pe[0,b;],e€[0,b,]
I1(P,€) > 0.

PaccMOTpuM SKBUBaAJIETHYIO 3a1a4y
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Oma Omax  Q(P,x)

{F- | " (P-OQP,X) + £)g(x)dx - [ @@ x)dg —PQ(P,x) - e)g(x)dx};

min
Pe[0,b;],e€[0,b,] 0, (P.€) 0, (P.€) 0

emax
F—  [((P-c)Q(P,x)+€)g(x)dx <0.
8o (P.5)

(1)
[Mpeamonoxum, uyro 3amaua (1) sBisercs perymspHoit. Torma
¢ynkuum Jlarpanxa uMeeT BHI:

L(P,&,2)=F— ej TI(P, &, X)g(X)dx — eTé(P, & X)g(x)cx + A(F — eTﬁ(P, & %)) dx) =
0o(P.) 0o(P.¢) 0o (P.¢€)
emax emax Q(P'X)
=@+MF- | (P-0)QP,x)+e)g(X)dx)— [ ( [p(g,x)dg—PQ(P,x)—e)g(x)dx.
6, (P,e) 0, (P,e) 0

emax
O6o3HaunM  Q(P,¢) = j Q(P,x)g(x)dx -cmpoca IpU ABYXCTaBOY-
0o (P.¢)
HOM Tapude (P,c) .
[Tycts Qynkuust 6,(P,c) HEIPEpBIBHO O epeHIrpyeMa
ol

IIPYU P <[0,b,],5 <[0,b,], YACTHAS NIPOU3BOAHAA -5 Q(P,x) HENpPEpbIBHA

Opu pPefob] U Xe[0,0,,,]: Q(P,X), p(g,x) U g(x) HENPEPHIBHLIE
(YHKLIHU TPU P e[ob,le<[0b,]1,€[0,04,,] U Xe[0,0,,,]. Cunraem,
9T0 0<0y(P,€) <O, MPH Pc[0blecob,] (cM. [1]).

Tak xak TII(P,,0(P,£)) = (P—c)Q(P,0(P,€)) +&, TO 0003HAYUB

9I‘ﬂr’:\)(
(1-G(0o (P &)= [g(x)dx,

0, (P.2)
_ Omax _ emax“
Q(P.e)= [Q(P,Xx)g(x)dx u Q,(P,e)= [5Q(P,x)g(x)dx HuMeEEM,
0y (P,e) 0, (P,e)

qTOo

ZL(P,&,A) = 1+ W)I1(P,&,00(P,£))d(8y (P, €))% 0 (P,€) — (1+1)(P—c)Q, (P,e) ~AQ(P, &)

oP
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ZL(P,g,1) = L+ A)T1(P,&,60(P,£))9(8; (P, £)) £ 00 (P, &) = 1(L~ G (8o (P, &))).
emax

Bennunna (1-G(6y(P.e))= [g(x)dx IpeacTaBiaseT COOOH HOIIO
00 (P,g)

YYaCTHUKOB JaHHOTO

pBIHKA TIPU JIBYXCTaBOYHOM Tapude (P,e) MO OTHOILEHHIO K CO-

BOKYITHOW YHCIIEHHOCTHU BCEX MOTPUOHUTENEH.
Teopema 1. Eciiu (P,g) sIBIsieTCS ONTUMAJIBHBIM PEIICHU-

em 3aga4n (1), TO BBIMOJIHACTCS CUCTEMA!
5 =0:Pe(0,b;)
—L(P,g,A) 20:P=0, (2)
o <0:P=Db
5 =0: g¢e(0,by),
—L(P,e,n){ =0:e=0, (3)
% <0: P=h,

(€]
1 BBINIOJHSACTCS PaBEHCTBO A(F — mjaE(P —¢)Q(P,x) +¢€)g(x)dx) =0.
0o (P.e)

W3 teopemsl 1 crnemyer, 4To HEOOXOAUMO COCTABUTh YEThI-
pe CHCTeM MyTeM MOMapHOTr0 KOMOMHHPOBAHHS COOTHOIICHUH
u3 (2), (3). 3atem TpeOyeTcsl HAWTH PEHICHUS KaXKI0# TaKoi CH-
CTEMBI U KaKUM-TO 00pa30M HCCIIEIOBATh X HAa ONTUMAIBHOCTb.

Jlureparypa
1. aiinesa 10.B. MaremaTnueckue Mozenu 1eHOOOpa30BaHUs B
€CTECTBEHHON MOHOIIOJIUU.
- Bonrorpan: M3a-so Bonl'V, 2006. - 117 c.
2. CanpiroB .M. O6 ontumuzanuu TapudoB Ha 3JIEKTPOIHEP-
ruto. // Annali d' Italia, 2023,
Ne46, C.11-23.
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2.3. Extremum conditions in biconvex programming
Sadygov M.A.

Baku State University, Baku, Azerbaijan
misreddin08@rambler.ru

In this paper, we study the subdifferentiability of biconvex func-
tions, divided 2-Lipschitz functions at a point and study a num-
ber of their properties. We also study subdifferentiability of bi-
convex functions in the Clarke sense. The results obtained are
applied to the minimization problem. Using the bisubdifferentia-
bility of biconvex functions, we obtain a necessary and sufficient
second-order condition for solving the minimization problem.

Knroueswie cnoea: bilinear function, biconvex function, onrumu-

3a1usl.
AMS Subject Classification: 05C35, 52A20.

Let X and Y be Banach spaces.
A function f:XxY R, =Ru{+c}is called biconvex if

the functions f(,y):X—R,,, f(x,):Y—>R,, are convex for
xeX and yeY, respectively (see [1]).

A function f:XxY R, is called divided 2-Lipschitz
with a constant L in a neighborhood of a point (x,,y,) if there
exists 5 >0 such that

(2 +X,2, +Y) = (2 +%,2,) = F(21,2, + y) + T (20, 25)| < L|x| - ||
at z; exy, +0By, z, €y, +5By,X € 5By, y € 3By,.

A function f:XxY >R, is called divided 2-Lipschitz
with constant L at a point (x,,y,), if there exists §>0 such that

|f(Xo +X,Yo +Y)—f(Xo +X,¥0) —F(Xq, Y0 +Y)+f(XOnYO)| < |—||X||||Y||
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at xedBy, yedBy.
Putting

£ (0, Yo)i (V) = ML (F kg + %Y + ) ~F(Xo. o))

(0, Y0); (0, Y) = 2 (Fxo + 1Yo + 1) F(Xo. o))

Lemma 1. If f:XxY - R a biconvex divided 2-Lipschitz

function at a point (X0, Yo) s then
(X0, ¥0): (%, ¥)) =F (X0, Y0); (x.0) +F'((X0,¥0): (0, ) at
(X, y) e XxY.

Lemma 2. If a biconvex function f: X xY — R is continuous
at a point (x,,y,), then f satisfies the Lipschitz condition in some

neighborhood of the point (x,,y,) -

Lemma 3. If a biconvex function f:XxY —R is continu-
ous at a point (x,,y,), then
(X0, Yo); (X, ¥)) < T ((Xo, Yo); (%,0)) + " ((Xo, ¥0): (0, y)) at
(X, y) e XxY.

Let f:XxY >R and

£O((Xo yo)i( Y) = limstp = (F(zy +2%,2, +4y) ~F(z3,2,))

23X0,2;>Yg
Ao

It follows from Lemma 2 that f is subdifferentiable in the Clarke
sense at the point (x,,y,) and the subdifferential in the Clarke

sense o.f(xy,Y,) IS @ nonempty convex weakly* compact set in
X" xY"(see [2, p.34])

Lemma 4. If a biconvex function f:XxY —R is continu-
ous at a point (x,,y,), and
satisfies divided 2-Lipschitz condition in the neighborhood of the
point (x,,Y,), then
(X0, Y0): 06 ¥)) = F'((X0, Y0): (6, ¥)) = F'((X0, Y0 ); (. 00) +F (X0, Y0): (0,¥))
at (x,y)eXxY.
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Let z be a Banach space. Let 1.(z,) ( Tc(zo)) be the set
of all hypertangent (tangent) vectors to the set C < z at the point
zoeC and Nc(z,)=Ts(zo) (See [2, p.59, p.54]). Note that (see
[2, p.56, p.59])

Tec (zg)={veZ:vh, >0 h, ->0,vz, »>2z4, 2, €C, Ju, »>v, z,+h,u, €C

lc(zg)={veZ:Je>0that y+tweC at ye(z,+eB)1C, mev+eB, te(0,¢)}

Let X, Y and z are Banach spaces, f;:XxY >R,
iel={01...m}, F:XxY—>Z, CcXxY.
Let's consider the problem
fo(X,¥) > min, at (X,¥) e{(x,y) eXxY:f,(x,y)<0,i=1...,m,
F(x,y)=0, (x,y)eC}. (1)
Theorem 1. If X, Y and z are Banach spaces, (x,,y,) -
is point local minimum in problem (1), f;:XxY—>R is
biconvex function and satisfies divided 2-Lipschitz condition in
the neighborhood of the point (x,,y,), fi : XxY —=R is continu-
ous function at point (x,,y,), where iel, operator F:XxY — Z
strictly differentiable at the point (xq,y,), F'(Xq,Yo)(XxY)=2Z,
CcXxY, lc(Xe,Y) =D, then there exist simultaneously non-

zero o0y >0,a; >0,...,a,, 20 and z"eZ" such that
_ﬁo i (F{ (X0, Y0); (6,0 + F{((X0, Yo); (@YD) + {2, Fxo, Yo (x, 1)) 20 at

(X,¥) € Tc (X0, Yo) -

Is Theorem 1 it follows that
Oe%ai(axfi(XOlyO)vayfi(XOvyO))"'F,*(XOIyO)Z*+NC(XO!yO)'

2. Let X and Y be Banach spaces, B(XxY,R) the space of
all continuous bilinear functions from XxY in R and
f:XxY >R, a  biconvex  function. We  denote
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dom f ={(x,y) e Xx Y :f(x,y) <+c}. It is easy to verify that if f isa
biconvex function, then domf is a biconvex set. The bisubdiffer-
ential of a function f at a point (%,y) e domf is the following set

0,F(X,y) ={x" e B(XxY,R): f(x,y)-f(X,y) = x (x,y)—x (X, y) at (X,y) e XxY}

If x"eB(XxY,R) and f:XxY —>R,,, then let's put (see [1,

p.59])
7 (x") =sup {X"(x,y)-F(x,y)}

xeX,yeY

Lemmab. If a,f(x,y) =3, then *(x,y)=f(X,y).

Lemma 6. (x,y)eof*(x*) then and only then when
X+ (X, Y) =X (X, V).

Theorem 2. In order for (x,y)eXxY to be a minimum point
of a biconvex function f:XxY —R,, in the space XxY, itis
necessary and sufficient that 0ea,f(x,y).

If f(x,y)= min f(x,y), then we get that

(X,y)eXxY
f(i,y):—( max {-f(x,y)}=-f"(0). Therefore

X,y)eXxY
f(x,y)+f"(0)=0. It also follows from this that 0<o,f(x,y). Since
of(x,y)=, it follows from Lemma 5 that ™ (x,y)=f(X,y).
Therefore £ (x,y)+f*(0)=0 . Then it follows from Lemma 6
that (x,y) eof*(0).

Corollary 1. If a biconvex function f reaches a minimum at
apoint (x,y) of XxY,then 0eo,f(x,y) and (x,y) eof*(0).
Let's CcXxY, (x,y)eC and

Qcxy) ={x" e B(XxY,R): x"(x,y)-x (Xy) <0, V(x,y)e C}.
It follows from the definition Q.(x,y) that x" e Q. (x,y)if
and only if sup{x"(x,y):(x,y) e C}=x"(X, V).
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Lemma 7. If f:XxY—>R,, iIs a biconvex function and
a e R, then the set
C={(x,y) e Xx Y :f(x,y)<a} IS a biconvex set.
If AcB(XxY,R),thenwe put conA={x":x* A, L >0}
Lemma 8. If g:XxY >R, C={(xy) e XxY:g(x,y) <g(X,y)},
then cond,g(X,y) c Qc(X,Y).
Let's consider the problem
f(X,y) - min, (x,y)eC

(@)
Corollary 2. Let ccXxY be a biconvex set. In order for
(x,y)eC to be a minimum point of a biconvex function

f:XxY—>R,, in the set C, it is necessary and sufficient that
0ed,(f+ye)(X,y), Where yc(x,y) is the indicator function of the
set C (see [2]).

Lemma 9. If 0e0,f(X,y) +Qc(X,y), then (x,y)eC is a solu-

tion to problem (2).
Let fy:XxY—>R,,, fi:XxY—>R,, ,..., fi:XxY—>R,,,

Cc XxY.
Let's consider the problem
fo(X,y) = min (3)
f,(x,y)<0, ..., f,(x,y)<0, (x,y)eC (4)
Theorem 3(sufficient condition). Let the point (x,y) satis-
fy conditions (4) and there exist numbers A, >0,..., A, >0, that
are not simultaneously equal to zero, such that
0€0,f5(X,¥) +20,F1 (X, ) + -+ + M 0o (X, ) + Qc (X, )
Lf(xy)=0at i=1...k,
Then (x,y) is a solution to problem (3), (4).
REFERENCES
1. Sadygov M.A. Study of the first and second order subdifferen-
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2.4. Neutrino oscillations as neutral particle in
plasma- like structure
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Abstract. We study spin and flavor oscillations of neutri-
nos under the influence of gravitational waves (GWs). First, we
consider neutrino spin oscillations in nonmoving and unpolarized
matter, a transverse magnetic field, and a plane GW. We show
that a parametric resonance can take place in this system. We also
study neutrino flavor oscillations in GWs. The equation for the
density matrix of flavor neutrinos is solved when we discuss the
neutrino interaction with stochastic GWs emitted by coalescing
supermassive black holes. We find the fluxes of cosmic neutri-
nos, undergoing flavor oscillations in such a gravitational back-
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ground, which can be potentially measured by a terrestrial detec-
tor. Some astrophysical applications of our results are considered

1.General

Neutrinos are known to be massive and mixed particles. These
neutrino properties lead to neutrino oscillations [1]. There are
various types of neutrino oscillations. We can mention neutrino
flavor oscillations, when transitions between different flavor ei-

genstates happen, v, Vg, where a,ﬂ:e,y,r. Transitions

between different helicity states within one neutrino generation
V| <> Vyxare called neutrino spin oscillations.

We consider one neutrino eigenstate, which is supposed to be
a Dirac particle, and neglect the mixing between different neutri-
no types. The wave equation for a massive Dirac neutrino with
the anomalous magnetic moment £/, interacting with back-

ground matter and the electromagnetic field FW in curved
spacetime, reads

7 H M V# 5

Iy V,U_EF#!O- _77/@(1_7 )_m y =0, (1)
where m is the neutrino mass, Vﬂ is the covariant derivative,

and V# is the effective potential of the neutrino interaction with
background matter.

Using Eqg. (1) we get the effective Schrodinger equation for the
neutrino wave function v' = (v, ,vg) if a neutrino interacts

with a plane GW, transverse magnetic field, and background mat-
ter,

- ~VO/2 /BfL— he /2
/BfL— he?t/2] V°/2
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where ¢ and h are the phase and the amplitude of GW. The so-

lution of Eq. (2) for the parameters of a neutrino and external
fields corresponding to a particle propagating in the vicinity of
merging black holes, surrounded by a dense magnetized accretion
disk, was found in [2]. Using these results, one find that there is a
parametric resonance in neutrino spin oscillations, i.e. the transi-

tion probability for the process V| <> V can reach great values.

NEUTRINO FLAVOR OSCILLATIONS

Now we study neutrino flavor oscillations under the influence
of GW. We suppose that we deal with three flavor neutrinos
(ve,vﬂ,vr) which are related to the neutrino mass eigenstates

W, =123, with masses M, , by means of the matrix trans-
formation v =Uy . These neutrinos are taken to interact with
GWs. Let us consider the interaction of a neutrino with a stochas-
tic GW background. In this situation, the density matrix 0, obeys

the equation [3],

d 3

_ 2
==y (h?)e[M .M (o] ©)
where 7 is the correlation time and
M :%U -diag(O,Amzzl,Am32l)-U *) 4)

Here Amsb = m§ — mtf is the standard definition for the mass
squared differences.

3. NUMERICAL REALIZATION

The numerical solution of Eq.(3) was found in [3]. We consid-
er the following parameters: <h2 =16 ><10‘32> , and
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L =1Gpc is the propagation length, which correspond to the

neutrino interaction with stochastic GWs emitted by supermas-
sive black holes. We get that, for the normal mass ordering, the

asymptotic fluxes (at the Earth) are F,g =0.3127,
F.o =0.3504 and F.o =0.3369 . For the inverted ordering,
one has Foq =0.3154 , F o =0.3497, and F g =0.3349 . 1t

means that, at the Earth, the predicted fluxes are close to the case
(F.:F,:F.)_ =(1:1:1). However, there is a small deviation

from this prediction of [4] for both normal and inverted mass or-
derings. Moreover, one can see that there is a small dependence
of our results on the hierarchy of the neutrino masses. The recent
measurement of the flavor content of cosmic neutrinos was made
in [5].

In Fig 1, we show the This numerical solution is represented in
Fig. 1. In Fig. 1(a), we show the fluxes of nu_e and nu_mu versus
the propagation distance. This solution is based on the fluxes at a
source (the initial condition)

2

1.5

Fe/F,
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in the form, F_e(0) = 1/3 and f:_mu(O) = 2/3. The characteris-
tics of neutrinos and GW are taken as in Ref. [3]. One can see in
Fig. 1(b) that the asymptotic value of the fluxes ratio is
(F_e/F_mu)_Earth = 0.9, which is in the agreement with the re-
sults of Ref. [3]. Performing analogous simulations, we show that
(F_e/F_tau) Earth = 21.8 can be also reproduced.
Fig. 1: The numerical solution of Egs. (3) and (4), rewritten in the
two flavors approximation, for neutrino oscillations in stochastic
GWs. (a) The fluxes of electron neutrinos F_e (red line) and mu-
on neutrinos F_mu (blue line) versus the propagation distance. (b)
The ratio of fluxes F_e/F_mu as a function of the propagation
distance.
We show the fluxes of different neutrino flavors in Fig. 3 in the
general case of three neutrino flavors.

0.8
’ _Fe _Fe
l —F, —F.
0.6 E —F,
’ 2
0.4} =
0.2[
0" : L L L 0.4 0.6 0.8 1
0 0.2 0.4 0.6 0.8 1 #
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Fig. 2: The numerical solution of Egs. (3) and (4) in the general
case of three neutrino flavors, for neutrino oscillations in stochas-
tic GWSs. (a) Normal mass ordering; (b) Inverted mass ordering.

CONCLUSION

In the present work, we have studied the neutrino spin evolution
in background matter and an external electromagnetic field in
curved spacetime. This study was motivated by the necessity for
the substantiation of the quasiclassical equation for the neutrino
spin evolution, which was proposed earlier. We study neutrino
spin oscillations in the vicinity of coalescing BHs surrounded by
a magnetized accretion disk. We predict the resonant enhance-
ment of spin oscillations if an accretion disk has a sharp outer
edge.

In this work, we have also studied neutrino flavor oscilla-
tions under the influence of a plain GW with the circular polari-
zation for the first time. We have analyzed the evolution of the
mass eigenstates in the quasiclassical approximation. Using the
expression for the action for a massive particle, interacting with
GW, we have derived the contribution of GW to the effective
Hamiltonian for the neutrino mass eigenstates. We have revealed
that, in case of the neutrino propagation along GW, GW does not
inuence neutrino flavor oscillations. However, neutrino flavor
oscillations can be influenced by stochastic GWSs. Using the nu-
merical solution of the evolution equation, we predicted the neu-
trino fluxes, measured by a terrestrial neutrino telescope, are in
the region not excluded in [5]. Neutrino flavor oscillations in sto-
chastic GWSs were further studied in Refs. [6].
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2.5. Ball lightning: a puzzle for contemporary science
Maxim Dvornikov
Pushkov Institute of Terrestrial Magnetism, lonosphere
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108840 Moscow, Troitsk, Russia
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We review our recent works on the theoretical model of a stable
plasmoids based on spherically symmetric oscillations of elec-
trons in plasma. Oscillations of electrons are studied within both
classical and quantum approaches. In frames of the classical elec-
trodynamics approach we consider linear and nonlinear types of
plasma waves. The quantum treatment of spherical plasmoids is
based on the solutions of the nonlinear Schrédinger equation for
electron gas in plasma. We compare the typical characteristics of
classical and quantum plasmoids like internal density distribution,
size, and energy content. Then we study the effective interactions
between electrons participating in rapid spherically symmetric
oscillations due to the exchange of acoustic and ion acoustic
waves. We find that this kind of interactions can be attractive and
electrons can form bound states. The applications of the obtained
results to the theory of natural plasmoids are considered.

Key words: ball lightning, quantum plasma, nonlinear plasma
waves, effective attraction.

PACS No: 92.60.Pw, 52.35.Sh, 52.35.Mw

Introduction

The existence of natural long lived plasma structures still
cannot be explained by conventional electrodynamics and plasma
physics [1]. The application of the classical Boltzmann and Gibbs

82


mailto:maxim.dvornikov@gmail.com

statistics to particles distributions inside such a plasmoid leads to
the controversial results [2]. Moreover the static cluster of
charged particles maintained by its own electromagnetic forces is
unlikely to be stable since plasma has a tendency to expand at the
absence of any external pressure or additional attractive forces
like gravity etc (see Ref. [3]).

Nevertheless we can construct a stable plasma structure as
a spherically symmetric Langmuir wave [4-8]. Such a model of a
spherical plasmoid has many advantages compared to the static
electric charge distribution models. First this model does not re-
quire any additional external forces to provide the stability of the
system since its stability is provided by the dynamics of the parti-
cles. Second, a charged particles system making the spherically
symmetric motion does not loose energy for radiation. Thus, such
a spherical plasmoid will be dynamically stable compared to any
other unstructured plasma formations since the latter will loose
their energy and recombine with the time scale of several milli-
seconds. Third, in frames of this model one can point out an in-
ternal energy source which would compensate the inevitable en-
ergy losses and provide the long life-time of a plasmoid.

In this paper we review our previous works [4, 6-8] on the
theory of spherically symmetric plasma structures. In Sec. 1 we
study spherically symmetric oscillations of electron gas in plasma
in frames of the classical electrodynamics approach. We will dis-
cuss both linear and nonlinear plasma waves. Then, in Sec. 1, we
examine spherically symmetric oscillations of quantum plasma
on the basis of the nonlinear Schrédinger equation. The discrep-
ancy between classical and quantum cases are also discussed. In
Sec. 0 we discuss the possible formation of a bound state of elec-
trons participating in spherically symmetric oscillations due to the
exchange of acoustic and ion acoustic waves. Finally in Sec. 0 we
discuss our results.
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1. Classical plasmoids

In this section we will show that one can describe spheri-
cally symmetric oscillations of electrons in plasma within the
classical approach. First we will study the case of linear radial
Langmuir waves and then we will take into account various non-
linearities.

At the absence of collisions and other forms of dissipation
the system of the hydrodynamic equations for the description of
the evolution of the electrons velocity v,, the electric field E and

plasma pressure tensor p; can be presented in the following way

[7]:

arj[eJrV-(neve)zO,

oV, e 1
—44(v.-V)V,=—E. ——V.p,, 1
ot (Ve - V)vy m ' mn, Py ()
Z_[i =4rze(nv, —nv,), V-E=-4ze(n,—n),

where n, is the number density of electrons, n, is the number
density of ions, v, is their velocity, m is the mass on an electron,
and e>0 is the proton charge. In Eq. (1) we take into account
that a spherically symmetric system does not have a magnetic
field (see Ref. [4-8]).

If we consider that ions are at rest, v, =0 and n,=n,, and
small perturbations of the electrons density n,—n,=n0 n,, we
get the following solution for the perturbation of the electron den-
sity [6]: n(r,t) = Acos(at)sin(yr)/r, where the frequency of oscil-
lations @ is related to the length scale 1/y as o° =@’ +3v2y?,
where o, =«f4;rn0e2/m is the Langmuir frequency for electrons,

v; =,/T./m is the thermal velocity of electrons, and T, is the

electron temperature. The disadvantage of the linear theory of
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Langmuir waves is that it cannot provide a characteristic size of a
plasmoid.

To describe a plasmoid with a specific size we take into
account various electron and ion nonlinearities in Eq. (1). For ex-
ample, we may take into account that ions also slightly participate
in oscillations of plasma as well as electron-electron interactions.
Decomposing the electric field as
E=E +(Ee " +E,e”* +c.c)+---, where E_ is the slowly vary-
ing term and E,, are the rapidly varying harmonics, we get the
following system of nonlocal nonlinear equations [7]:

p) EIEF
12zmnyw, 1’

= 3 @,
iE, +§a)er,§' V(V-El)—z—noéniEl -

2
VT

- [E, AN, - V[N (V-E})]-V,(6nVE,)
0~"e

_vj (5niVE1j) - v[(El -V)éni]
+(V-E,)Vén, +36nV(V-E,)]=0,

( o —czAjén _AIET

o ¢ 47M
(2)

where &n, is the ion density perturbation, r, =v, /@, is the Debye
length, ¢, =fT,/M is the sound velocity, M is the ion mass, and
B(d)=(d-1)(4—-d)/2 is a function equal to 1 for axial (d=2)
and spherical (d =3) plasmoids.

The solutions of Eg. (2) can be analyzed only numerically
in the subsonic limit [7]. It is interesting to notice that in 3D case
both stable and unstable solitons can coexist. One gets that a
plasmoid based on classical nonlinearities can have rather small
energy and a big size110*cm . Thus this kind of plasma struc-
tures may appear only in the upper atmosphere or ionosphere. We

can however use our model at the initial stages of the plasmoid
formation when the amplitude of the electric field is not so high
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since in EqQ. (2) we keep only cubic nonlinearity. Higher nonline-
ar terms, which seem to be important for denser plasma, can ex-
plain smaller size and bigger energy content.
1. Quantum plasmoids
Now we will describe oscillations of electrons in plasma
in frames of the quantum approach. We will use the concept of
the wave function normalized on the number density of electrons

[9], |z//(r,t)|2 =n,(r,t). At the absence of the exchange effects [10]
the Schrodinger equation for the description of /(r,t) evolution
has the form [4],

ih% =Hy, H= 7%72 +eq(r,t) +e?[d? r’%,(‘g)
where ¢(r,t) is the potential of an external field. In the case
when we study the interaction between electrons and ions this
potential has the form, ¢(r,t) = —ejd3r’ni (rt)/r—r.

As in Sec. 1 we suppose that ions do not participate in
plasma oscillations keeping their density unchanged n. =n,. We
will look for a spherically symmetric solution of Eq. (3) using the
perturbation theory, w(r,t)=w, + z(r)e™* , where |y [ =n, is the
unperturbed density and y is the small perturbation of the wave

function. The solution of the linearized Eq. (3) has the form,
x(r)=Asin(yr)/r, where A is the small constant. The density of

electrons can be calculated on the basis of the obtained wave
function, n,(r,t) =n, + Acos(et)sin(yr)/r+---, which coincides
with the classical one studied in Sec. 1.

The frequency of quantum oscillations « depends on the

parameter y as
2
y? =“;—m{1i(1—4%ﬂ. (4)

One can see that the dispersion relation (4) is different from its
classical analogue and has two branches. The upper branch corre-
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sponding to the sign “+” in Eq. (4) can be treated as the classical
one since at high oscillations frequencies one gets 7o = (1y)*/2m

as for a classical particle. The quantum effects are likely to be
responsible for the appearance of the lower branch corresponding

to the sign “~” in Eq. (4) since y —./2ma’/heo for o> a,, i.e.
the Plank constant cannot be eliminated. One also gets that within

the quantum approach oscillations of electrons can exist if
®>2w, Whereas in classical approach the critical frequency is

= a)e .
2. Effective attraction between electrons

In this section we will study the effective interaction be-
tween electrons participating in rapid spherically symmetric os-
cillations of plasma. First we will discuss this interaction mediat-
ed by ion acoustic waves and then the case of acoustic waves will
be examined. The effective attraction is shown to be possible in
both cases.

If a charged particle moves in plasma, then due to the col-
lective response of plasma in some cases it can generate ion
acoustic waves in its wake. Thus one may suppose that a particle
is surrounded by a cloud of virtual quanta of these waves and its
electric charge is somehow shielded. Thus we may expect that
two particles of the same polarity will experience an effective at-
traction [11].

Let us consider a test electron making harmonic oscilla-
tions around the point r, with the frequency » and the amplitude

a: r(t)=r,+asinwt . We suppose that only the first harmonic of

ion acoustic waves is existed. The wake potential at the distance
z from the oscillating electron has the form [6],
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2

a, (z,t) =+e mcos(kl|z|—a)t), (5)

of -0 | 7|

where o, =«/47z(Ze)2nO/M is the Langmuir frequency for ions
with the charge Ze, k =k/\o?-w?, k =1/r, is the Debye
wave number, and the signs “+” stand for z>0 and z <0 respec-
tively. One can see that the Debye-Hiickel potential
@, =—(e/r)e™" is negligible at the distances z >1/k, compared to
ﬂl\/ .

Now we can see that the potential (5) can be attractive for
another electron if cos(k,|z|-Qt)>0 for z>0 and if

cos(k | z|-Qt)<0 for z<0. For two electrons to form a bound

state in plasma the wake potential should be greater than the ki-
netic energy of their oscillations, |eq, |> E,. =ma’Q?*/2. Suppose

that two electrons are at the distance d =10°/k, and the amplitude

of oscillations a=0.1d[J d. Studying the plasma consisting of
electrons, with the temperature T =10°K and the number density

n, =10 cm=, as well as of singly ionized nitrogen atoms we get
that a bound state can be formed if |@ —@|<10* @ . Thus we get

that the effective attraction can take place in the atmospheric
plasma for the reasonable frequencies of electrons oscillations.
Now let us discuss another mechanism for the effective at-
traction related to the exchange of virtual acoustic waves between
oscillating electrons [2, 8]. Suppose that one has excited a plasma
oscillation in the form of a spherically symmetric soliton like
structure in low temperature plasma having electron, ion, and
neutral atoms components. If the density of neutral atoms is suf-
ficiently high, charged particles will collide with neutral atoms
generating perturbations of their density or even waves in the
neutral component of plasma. Typically this process will result in
the acoustic waves emission and finally in the energy dissipation
in the system. However, if an acoustic wave is emitted coherently
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to be absorbed by another charged particle, one can expect the
appearance of an effective interaction.

The general expression for the Fourier transform of the ef-
fective potential of such an interaction, normalized on the aver-
aged kinetic energy of electrons (E) can be rewritten as [8]

Vg [{E)=W /(R-1) , where W =2|M,, " /e, (E) is the “mag-
nitude” of the effective interaction, R=(AE/hw,)*, M, is the
matrix element of the electron interaction with the quantum of the
acoustic field, AE is the energy change of an electron when it
emits an acoustic wave, w, is the frequency of an acoustic wave,
k, k', and q are the radial quantum numbers of interacting elec-
trons and a phonon respectively.

The functions W and R were evaluated in Ref. [8] as
W ~0.67 x (n, /10* cm?)? (o /10" cm)~* f,, (ko) / £ and
R~1.7x107%x(c /107" cm)™ f (ko) /&*, where the density of neu-
tral atoms, o is the characteristic size of a plasmoid, k=w,/c,,
c, is sound velocity in the neutral gas, and &=,/ w, <1.

In Ref. [8] we examined the parameters of this effective
interaction and found that it is attractive (R <1) and can signifi-
cantly influence the dynamics of the system (V,,U(E)) if

c110°cm and 0.1m, < w< m, . It means that this kind of effective

attraction can happen inside of a plasmoid with a microscopic
size formed due to a rather strong nonlinearity. Such a small
plasmoid size is the indirect indication to its possible quantum
origin (see Ref. [4]).

3.Discussion

In the present work we have summarized our recent re-
search on the theory of spherically symmetric long lived plasma
structures. In Sec. 1 we studied a plasmoid on the basis of classi-
cal linear and nonlinear spherically symmetric Langmuir waves.
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In both cases a stable plasma structure can be formed. However
the typical size of the system can be obtained only for nonlinear
plasmoids. We have found that a classical plasmoid based on var-
ious ion and electron nonlinearities cannot be a good model for a
natural atmospheric plasma structure since its size and the energy
content are far beyond the observed values [1]. However we still
may use this kind of a model to describe a plasmoid at its initial
stages of the evolution.

Then, in Sec. 1, we discussed another possibility for mod-
eling radial plasma oscillations in frames of the quantum ap-
proach. We applied the nonlinear Schrodinger equation for the
description of electrons motion in plasma. A stable solution of
this equation was obtained and the characteristics of the electron
gas were calculated. In the first approximation the electron densi-
ty distribution was shown to coincide with the classical one. It is
interesting to notice that the actual size of a quantum plasma
structure, where the most intense oscillations are excited, ap-
peared to be quite small. It may be the explanation of the ob-
served fact that a natural plasma structure can pass through tiny
holes without destroying surrounding materials [1].

However, if we study the second correction to the electron
number density the quantum approach, one gets that the static un-
compensated negative volume charge appears in the center of the
system [4], (n,(r,t))=n, +|z(r)[". This excessive negative charge
will be compensated by the volume charge of positive ions, i.e.
the static density of ions will increase in the center of the system.
The analysis presented in Sec. 1 is based on the approximate so-
lution of the linearized Schrédinger equation. It means that it just
shows the tendency of the ions density enhancement.

In realistic situations the enhancement of the static num-
ber density of ions can be rather significant. We may expect that
the central density can be high enough for a micro-dose nuclear
reactions happen inside a plasmoid. Note that the idea that a natu-
ral plasma structure can be fed by an internal energy source based
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on nuclear reactions was also discussed in Ref. [12]. Therefore in
frames of our model we may also point out to the possible energy
source of a plasmoid.

Low energy plasmoids have been considered in frames of
our model in Sec. 0. Particles participating in rapid oscillations
inside of such a plasmoid will lose their energy because of vari-
ous friction processes and plasma will recombine in a neutral gas
in a very short time interval since no internal energy source is
supposed to exist [1]. Thus such a structure should be a in state
with the reduced plasma resistance. Note that previously analo-
gous idea was discussed in Ref. [Omuoka! McTOYHHK CCBLIIKH
He Haiizen.]. However no physical mechanisms underlying this
unusual plasma state was put forward in those works.

In Sec. 0 we have found that due to the exchange of
acoustic and ion acoustic waves, rapidly oscillating electrons can
form bound states. It is known [Omuoka! MCTOYHHK CCHLIKH
He Haiigen.] that in this case electrons can form a condensate and
potentially plasma may transit in a state with the reduced re-
sistance. Note that reduced resistance state due to the acoustic
waves exchange happens inside a microscopic quantum plasmoid
with the typical size also predicted in frames of our model (see
Sec. 1).

Note that all the observed characteristics of a natural at-
mospheric plasmoid are unlikely to be described by the presence
of a single core inside a plasma structure. Thus in a realistic situa-
tion a long lived plasma structure may have various centers of
rapid plasma oscillations. Note that analogous multi-core plas-
moid model was also discussed in Ref. [Omm6ka! UcTounnk
CCHUIKHU He Haii/leH.].
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The Dirac equation in an external field with infinitely ris-
ing central potential, which is a fourth component of the Lorentz-
vector, has only continuous spectrum owing to a leakage into in-
finite barrier (the Klein paradox). The same situation happens in
the Breit equation. It is known that the inclusion of the Lorentz-
scalar potential changes this undesirable property. From theoreti-
cal point of view vector interaction is preferable, because the col-
or gluons, by exchange of which the strong force between quarks
is generated, are vector particles.

Below we consider the most general quasipotential equa-
tion for spin-1/2 quarks, which was derived by one of the authors
(A.K.), but was not published in the form of separate paper. This
equation involves a full information of the quantum field theory
and is 3-dimensional. In particular cases it follows all known
three dimensional equations. The quasipotential contains projec-
tive operators in case of instantaneous kernels and reduces to the
Salpeter equation. These projective operators induce scalar poten-
tial from the vector one. Therefore, the Klein paradox is avoided.
In result,there appears bound state solutions.

It is well known, that the Dirac equation in central sym-
metric field, which is a zero component of the Lorentz four-
vector and is infinitely increasing, has a pathological property —
the leakage through the infinite wall occurs or equivalently, the
wave function has an oscillating (i.e. non-normalizable) asymp-
totic behavior. This unusual property is known as the Klein Para-

93



dox [1]. In case of quarks and antiquarks this problem is usually
avoided by introducing additional Lorentz-scalar interaction
[2,3], particular importance is given to the equal mixture of scalar
and vector potentials, which excludes the spin-orbital coupling in
Dirac equation [2-4].

It seems quite natural to ask for relativistic covariant QFT
equations for bound states such as the Bethe-Salpeter (BS) equa-
tion. There is an opinion that only vector exchange interaction is
not desirable here due to the Klein paradox. At the same time, it
is clear that if the Klein paradox exists here, the situation would
be rather vague because the fundamental particles that transfer
interaction between quarks are vector gluons and they must pro-
vide confinement of quarks into hadrons. Otherwise all attempts

to obtain singular (i.e. 1/ q“) behavior of gluon propagator [5,6]

in the infrared area would be useless.

Last decades a lot of article have been dedicated to 3-

dimensional relativistic equations which follow from BS equation
by using various reduction methods. These equations are interest-
ing because they give the possibility to study quarkonium spectra
for different potentials.
Despite the fact that 3-dimensional relativistic equations have a
long history of study, recently much attention has been paid to
find such formulations, in which by infinite overweighting of one
of constituent particles the problem is reduced to the Dirac equa-
tion for light particle in an external field.

This paradigm is not clear for us, because, in our opinion,
the information on second quantization could not be lost com-
pletely whereas one of the particles becomes infinitely heavier.
Really when we use 3-dimensional (for example, instantaneous)
kernel in BS equation, the latter is reduced to Salpeter equation
which differs from two-particle Dirac (Breit) equation by projec-
tion operators in interaction term. These operators are the only
remnants of secondary quantization and they cannot be neglected.
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It was supposed [4] that QFT equations will be free from
the Klein paradox. There are remarkable works [7,8] dedicated to
the study of Salpeter equation from this point of view. However
final conclusions are made basing on some approximations. Be-
low we consider the problem on theoretical grounds of the most
general quasipotential approach [9] for spin-1/2 particles [10],
which is closer to the BS equation.

For completeness we include here a short derivation of
quasipotential equation in the instant form. The critical quantity is
the two-time Green function which in momentum space is de-
fined as an integral over relative energy (in CM frame, P =0)

1. G(E:p,a)= [ dp,da,G(E; p, poidh,0y) (1)

The equation for one-time BS amplitude (wave function) follows
[9] from the obvious relation

GG =1 )
near the poles of bound state.

Here G™ may be constructed by inverting the integrated BS
equation

G =G, +G,KG 3)
Considering (2) near the bound state poles one can derive the
three-dimensional equation

G'¥(p)=0, E=~E,, @)
where W' ( p)is the instantaneous BS amplitude

q%p)zfdmz(apﬂ 5)

Hence, the construction of three-dimensional equations is related
to the inversion of G, which, according to (2) and (3), requires to
invert the two-time free Green function G, . In the spin less case
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it can be obtained easily [9]. But for fermions éo IS a singular
matrix, since [10]

C:‘02_27115 p C] [E H p ] ﬂlﬂZ
(6)
Here I1is the Salpeter projective operator
(p)=A"(p)A", (=p)-A"\(p)A,(-p) @
People avoided this trouble mainly by projecting the original
equation (3) onto the subspace of positive frequencies [11]. It is

clear that the full function G does not possess projective proper-
ties. Therefore, there arises a natural question: How to obtain an
equation for the full three-dimensional wave function? In the past
broad use was made of the Breit equation [12] — an analogous of
the Dirac equation in the hydrogen problem. This equation was
written for the full three-dimensional wave function. Can one find
any ground for this equation in the quantum field theory?

One of the possible solutions was suggested in [10]. It
consists in the consideration of auxiliary function

G'=F(p)+G,-K-G=G+F(p)(1-TI(-p)) (®
where

F(p)=-27i[E~H,(p)~H,(-p)] A5 ©

Near the bound state poles behavior of G’ coincides with G .
Therefore, one can postulate the following equation for the bound

states G "W.=0.Since G7'G'=1 ,ExE,. Atthe
same time
~ -1
G =[1-F.GKG| -F" (10)
Therefore, we obtain the desired equation
[E-H.(p)=H,(-p)]¥c(p)=[daV (E;p.)¥e ()

(11)
96



In which the quasipotential is defined formally as follows
V=ppF* GKGG" (12)
Similarity of Eq. (11) to the Breit’s one is only formal — differ-
ence from it lies in the definition of potential. According to Eq.
(12) the quasipotentialretains all information of quantum field
theory. For example, in the instantaneous approximation
(K=K, ) the Eq. (11) is reduced to the Salpeter equation. In

fact,
VA\PE = ﬂlﬂZF_leoKsté 'é,_l\PE -

ﬂlﬂzF_lFHKsté 'é’_l\PE = ﬂlﬁZHKSt\PE

because in the bound state poles G'=G. Therefore, in this case
our quasipotential equation (11) reduces to the form of the Sal-
peter one

[E-H, -p)]®(p) (p)J.qu(p—q)CD(q) (14)
In general, the constructlon of a quasipotential is a very tedious
problem, especially in QCD at large distances, where the pertur-
bative expansions lose any sense. Therefore, we are forced to
consider phenomenological quasipotentials, that are permitted by
general logic of this method [9].

(13)

At the first stage, in coordinate representation, V (r) can be tak-
en independent of the derivatives. The simplest choice
V(r)=V(r) corresponds to the exchange of the 4" component

of the Lorentz-vector. The Klein paradox can be avoided if we
use relevant matrix structures, following from projective opera-
tors above. In the large distance limit or small linear momentum
extensively used projective operators behave as

A (p)AY (-p)- AT (p)AY (-p) — %(ﬂﬁﬁz)
(15)
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In the more general case of non-static kernels, it is possible to
have a formulation with projection operator

AD(P)AL (=p)+ AT (R)AL(-P) > 5(1+ A,),

(16)
In these formulations it is inconvenient to replace appeared here
operators by unity, since the Klein paradox occurs. Either one

must make a non-relativistic reduction in powers of v? [ c%in the
complete equation or use part of this operator, for example, make

a restriction to terms of order O(1) after expansion in v/ ¢*. It

is readily to seen that there remain from the above projection op-
erator’s pure matrix structures (last forms in (15) and (16)),
which in Kummer’stwo-sided notation means [13]

n 1 A 1
{V‘P}:Ev(ﬁq’+‘1’ﬂ), {V‘P}zEV(‘P+ﬁ‘{Jﬂ)
A7)
Unifying these structures, we derive the equation
(—iaV+mpB)¥(r)+¥(r)(-iaV +m,f)=E¥(r)-

1 1
SU(N(BE(1)+ (1) B) -V, (0(¥ () + p(1) B)
(18)
In such a formulation, it is found that the scalar potential here
does not have an independent nature (i.e., does not necessarily
admit the existence of scalar gluons) — it can be induced by the
vector gluon on course of transition from the covariant Bethe-
Salpeter equation to the one-time equation of quasipotential type
[10]. Therefore, we expect that the Klein paradox would be ab-
sent. This consideration tells us that the correct relativistic equa-
tionscontain true information about the variant structure of qua-
sipotential in contrast to pure Dirac equation in an external field.
Therefore, when one considers the analogous problems, one must
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make use of two particle relativistic equations and reduce them
by infinite overweighting of one of particles. After all we become
to the modified Dirac equation,

[ap+pm+ A (p)V (r)]¥(r)=E¥(r) 9

It was shown in [14,15], that if this equation is free from the
Klein paradox, the same will be true for Salpeter equation and if
for the rising potentials the Schrodinger equation has only dis-
crete spectrum, the same conclusion remains for the modified
equation (19), (see [16]). Therefore, potential confinement of
quarks must be investigated in the frame of true relativistic equa-
tions in the framework of quantum field theory.

References

J.D.Bjorken, S.D.Drell, “Relativistic quantum mechanics”,
McGraw-Hill, NY,1964.

D.W.Rein, Nouvo Cim., A38,19 (1977).

F.Gestesy, L.Pittner. J.PhysA:Math.Gen.,11, 687 (1978).

A.A. Khelashvili, Bull.Georg.Acad. Sci., 104, 569 (1981).
A.l.Alekseev, B.A.Arbuzov, V.A.Baikov, TMF, 52, 187 (1981),
K.R. Natroshvili, A.A.Khelashvili, V.Yu.Khmaladze. TMF, 65,
360 (1985).

W. Krolikovski. Acta Phys.Austriaca, 51, 243 (1979).

A. Turski. Bull de I’acad. Polon. Des Science, 27, 195 (1979).
A.A.Logunov, A.N. Tavkhelidze, Nouvo Cim., 29, 380 (1963).

. A.A.Khelashvili. Preprint of JINR, P2-4327, Dubna (1969).

. R.N. Faustov. Nucl. Phys., 75, 669 ( 1966).

. G. Breit. Phys. Rev. 36, 483 (1930).

. W.Kummer. Nouvo Cim.,31, 219, 91964).

. Z.K.Silagadze, A.A. Khelashvili. TMF, 61, 431 (1984).

. J.Sucher. Phys. Rev. D51,5965 (1995).

. N. Kevlishvili, A. Khelashvili, T. Nadareishvili. ArXiv: hep-

th/0312108 (2003)

99



2.7. Model on pair creation by peak electric field
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Differential and total quantities underlying the vacuum instability
by the so-called peak field are further explored, in particular, in
the slowly varying field configuration.

Introduction

In a series of works of the present authors [1] we dis-
cussed particle creation from the vacuum by time-dependent ex-
ponential electric fields in the framework of QED with external
fields [3, 4]. In this article, prepared for the proceedings, we de-
tail the main aspects of vacuum instability by peak electric field,

*tg.adorno@mail.tsu.ru, tg.adorno@gmail.com
*gavrilovsergeyp@yahoo.com, gavrilovsp@herzen.spb.ru

*gitman@if.usp.br
1Greek indices refer to the Minkowski spacetime x = 0,.., D while Latin indices refer to Euclide-

anspace i =1,., D. Here d = D + 1is the dimension of the spacetime. Bold letters represent

. 1 2 D . . . . .
Euclidean vectorssuchas r = x ,x ,..x . The Minkowski metric tensor is diago-
nal 5, =diag (+1,-1,...-1)

d
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characterized by a time-dependent electric field directed along a

et tel,
E)=E (1)
e, tell,
provided by the vector potential
k' (—e“'+1), tel,
A)=E3" )
k,” (7% =1), tell,

where | = (-0,0], Il = (0, +o0) stands for time intervals where the
peak electric field grows exponentially from the infinitely remote
past (switching-on at t = -o0) and decreases exponentially to the
infinitely remote future (switching-off at t =+o0), respectively.
Here ki, keare positive constants with k-1, «;' representing scales
of time duration for the increasing and decreasing phases of the
electric field.
The Dirac equation?
iy () =HOw(), HO=7"(P+m), 3)
P, =—i0, -U(t), P, =-1V , U(t)=—eA (1),
where , (x)is a 2[%2-component spinor ([d/2] stands for the in-
teger part of the ratio (d/2), istands for spacial components per-
pendicular to the electric field, m=0 is the electron mass, y*are
the yatrices in d dimensions and v (t) is the potential energy of
one electron, can be integrated in terms of Confluent Hypergeo-
metric Functions (CHFs) [5], whose spinors
v, (X) =exp(ipr)y, (), n=(p.9) 4)
v = 00, — 7 [p, ~U O] . + Mg, OV, .
are expressed in terms of CHFs «(a, c;nas follows:
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(Dnj )= sz ylj (77j) + blj ylj (77])’

yi(7,) =e " nia(a;, cimy), (5)

yi(n)=e""nd-a;,2—cj;—n,),
Here v gis @ set of constant orthonormalized
spinors " x{#"x (o} =9 lial and the index J distinguishquantities
associated to the first I (j = 1) from the second Il (j = 2) interval,

respectively, % b:are constants fixed by the initial conditions, vj,
aj and cj constants and nj time-dependent functions

lw ; .
j [2 2 j €E
VJ:k—, Q)J: 7Z'J+7Z'J_, 7Z'J=px—(—l) k_,

] J

1 jiﬂj
aj:—(1+x)+(—1) __+Vj’°j =l+2Vj, (6)
2 k
J
ok =k 2eE
7 (t) =ihe T,y (bihge 2t,hj:—2

Kj

Selecting,=0 in Eqs above (5), (6) allows one to discuss exact so-
lutions for the Klein-Gordon (KG) equation. Introducing an addi-
tional quantum number &- «to label particles (£-+) and antiparti-

cle (¢ --), the set of solutions (5) (and the corresponding Dirac
spinors) are conveniently written as

L= Nexp(imv))12)y (), ()= _Nexp(-izv )/ 2y (n,), te

YnO="Nexp(-imv,) 12y (n,),  Ten®="Nexp(-inv,)/2)y5 (), te

(")

so that at t — —w(§¢n (tyand t — +oo(§¢n (t))these solutions repre-

sents free-(anti)particle states. Here y and <ndenotes normali-

5
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zation constants with respect to the inner product of Dirac spinors
(or Klein-Gordon solutions, in the case of Bosons).

1.Differential and total quantities

To study particle creation by the field under consideration,
it is necessary to compute decomposition coefficients between
two pairs of complete and orthonormalized sets of exact solu-

tions, for example, the out-set {fy/n (x)}
interms of the in-set {ga//n (x)} of Dirac spinors,

Fwa (0= v, (99 )+, v, (09 ) (8)
wherein the latters are identified by the coefficients g(* ), de-
fined as inner products between both sets®

(v, “wa)=6,9009C) 9Cl)=9CL) (9
and are diagonal matrix elements with respect to the quantum
numbers n = (p,0).These coefficients are important since they de-

fine linear canonical transformations between in- and out-sets of
creation and annihilation operators [3],

a,(in) = g(,[")a, (out) + g(, )by (out),
Ky (in) = g(_[")a, (out) + g(_|")b, (out),
from which one may compute basic elements concerning particle

creation, for instance, the differential mean number of particles
created from the initial vacuum?*

N = <0, in|a’ (out)a,(out)|0, in> 97, (11)
the total number

(10)

3The relativistic system of units is used throughout in this paper (h=c=1), except when indicated
otherwise

“The notation ',y stands for inner products of Dirac spinors. For details see; e. g., Refs. [1]
“Which coincides with the mean number of antiparticles created from the vacuum.
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NT =2 N =2 19C D =Viyn™ 0" =5 (;31 — [dpN,

(12)
and the vacuum-to-vacuum transition probability

P = exp{kZin[l—kNr‘,”]} (13)

In Egs. (10) and (13), x= +1 and «= -1 refers to Fermions and
Bosons®, respectively. Moreover in Eq. (12) n® denotes the densi-
ty of pairs created and the number J¢y) denotes the spinning de-
grees of freedom, i. e., Ja)= 219 for Fermions and J(4) = 1 for
Bosons.

In Ref. [2] we derived the coefficient g (|*) for the peak electric
field (2) which, for Fermions takes the form

g(_I")=CA,  C=- 2 —h_ [%n(vl—vz)}

@,0; @

d d
A= |:k1h1Y12 (Uz)d_ Y§ (17,) +k;h, y; (771)d_ Y12 (772)}

m 75

t=0
(14)
while for Bosons reads
(") =Cull,o  Cy =(4w,m) * eplin(v, —v,)/2]
(15)
The most favorable conditions for pair creation by time-
dependent external fields are associated to its large time duration,
I. e. in slowly varying field configurations. For a peak field (1),
the time dependence is encoded in the parameters h; and hy,
sincek; ", k,” represent scales of time duration for increasing and
decreasing phases of theelectric field. Hence for k1, k2 sufficient-
ly small, satisfying

By "Bosons" we mean "Klein-Gordon particles”.

104



min(h,,h,) >> max(1,m? /eE). (16)

the differential mean number of particles created N " (11) ac-
quires the asymptotic form

NC ~ {EXp[_ 27c(e0, _72'1)“(1]’ p, <0, 17

" lexp[-27(@, + 7,)/k,]  p, >0,

as k, k—0, valid both for Fermions and Bosons (see Ref. [2]). To
illustrate the exact (11) and the asymptotic (17) results, we pre-
sent below plots of the mean number of particles created from the

vacuum N "as a function of p.for different values of ki and k

(Fig. 1). For simplicity, we select ki ko- k, set p.-0 and consider
the reduced system of units, in which besides n-c-1, the particle
mass is also set equal to the unity, m - 1% In Fig 1 is presented
plots of exact expressions of eq. (11) (red and blue solid lines) for
Fermions and Bosons, respectively, and the asymptotic approxi-
mation (17) (green solid lines) for different values of k, namely, k
-0.05 (solid gray lines) and k -0.1 (dashed gray lines). Both val-
ues fulfil the inequality (16), since k - 0.05 corresponds to hi-hz-h
-2/k>-800 and k-=0.1 corresponds to h -200.

length

energy

S N SR | E— T e T i —
Ps Ps 0 elec-

tron's mass m, thatis p, = p, /m inthe reduced system of units.
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Figure 1: Mean number of Fermions (red solid lines) and Bosons
(blue solid lines) created from the vacuum (black lines) by a
symmetrical peak electric field with amplitude E - Ec. Here it is
plotted exact results (red/blue) with asymptotic estimates (green
lines), for two possible values of k, namely k - 0.05 (solid lines)
and k-0.1 (dashed lines). The horizontal dashed purple line corre-
sponds to the uniform distribution e,

The results in Fig. 1 reveal wider distributions (solid lines)
corresponding to peak electric fields with small values of k in
comparison to those with higher values to this phase (dashed
lines); feature that is common both for Fermions and Bosons. The
results are consistent with the fact that the larger the duration of
an electric field, the longer it has to accelerate pairs. Consequent-
ly larger values to pxare expected in plots corresponding to elec-
tric fields with larger duration. Besides the characteristics above,

it should be noted in Fig. 1 that N " tends to the uniform distribu-

tion e~as k decreases (horizontal dashed lines). Moreover, in both
plots, it is seen a better approximation between exact and asymp-
totic results as pxincreases, as expected.

To estimate the total number of pairs created N, one has to

sum the corresponding differential mean numbers N " over the
momenta pand spins projections (for Fermions), as displayed in
Eq. (12). In the large time durationregime (16), this can be ac-
complished through the asymptotic results (17), whose results are
given by
Nr(])l’ - eXp[_ 27[(0)1 _7[1)/k1]’ p)( < 07 (18)
exp[- 27(w, + 7,) Ik, ], p, >0,
where n® and r" are, the density and rate or pairs created, respec-

tively (see Ref. [2]). From the latter result it follows the vacuum-
to-vacuum transition probability Py (13) is given by
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P =exp(—uN°") _i%eﬂmz/ﬁ E_GQ izm’ GE m? )|
PO M (1 +1)% T2 eE 2" eE

(19)
2.Final comments

In this proceedings contribution we summarized general
aspects concerning vacuum instability by peak electric field in the
framework of QED with f-electric potential steps and addressed
to peculiarities of particle creation by such a field. To examine
how the differential mean numbers yedepend on the longitudinal

momentum px and on the phases ki, k2, we compare plots of exact
(11) and asymptotic (17) results. The results show wider distribu-
tions for peak fields with small phases k, as expected since k'
correspond to time scale for the peak electric field and, therefore,
the field has a larger time to accelerate pairs. Moreover compar-
ing the exact results with asymptotic results, it is seen a higher
accuracy at regions of sufficiently large px, the latter increasing as
k decreases. Conversely, in the range of small px and k satisfying
(16), the well-known uniform distribution e-**provides a better
approximation instead, whose accuracy also increases as k de-
creases. The results presented in this proceedings illustrate how a
peak electric field create particles from the vacuum. These results
are important to visualize how differential mean quantities de-
pend on the quantum number px and withal to compare with an-
other exactly and non-exactly solvable models. At last, but not
least, comparing how the total number of particles created depend
on time with another exactly-solvable external fields, namely the
T-constant and Sauter type fields (see; e. g. Ref. [6]), we obtain
the time dependence for the peak field is effectively represented
by the combination ;* +k,2)G(d/2, -m?/eE). Thus, a peak electric
field with the effective time dependence
T, = (k' +k,%)G(d/2, om?/eE) IS equivalent, in particle creation,
with a T-constant electric field with time duration T = Teg.
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2.8. Model of consumption electric energy in
conditions of transition period

Emin Garibli, G.Sh. Mehdiyeva and I.M. Sadigov

Within the framework of game theory, the models for the mathe-
matical substantiation of the scientific and economic approach to
these topical issues describing the profitability of the use of the
above-mentioned energy sources in the housing and business
complex and in the production sectors are being built. Some per-
spectives of the use of these models in the regulation of tariffs for
the above types of communal-housing and industrial services in
the conditions of monopoly for these services (the 'product’) are
given. The strategies of the consumer and producer are studied in
detail for adjusting the tariff with the amount of consumed 'prod-
ucts'. The tariff issues are analyzed taking into account the inter-
ests of the consumer and the manufacturer of these products. Dis-
cussions are held on the results of the study and ways of prospec-
tive studies on these topics are given and the geography of the
application of research results to price adjustments and consumed
‘products’ under conditions of a transition period and inflation is
indicated.

Key-Words: Application of economics, tariffs of electrical
energy, strategy of balanced tariffs, game
theory
AMS Subject Classification: 91A05; 91B55; 62P20

Development of the economy in the field of electricity
consumption etc. in the housing complex and production sectors
is one of the most urgent tasks now in the countries of the post-
Soviet period and in developing countries. In this context, issues
related to the specifics of the mentality of a specific region in the
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spaces located in the far-away countries of developed capitalism
play an important role, such as the West European countries, for
example, Great Britain, Germany, France, Italy, etc., as well as
the United States of America, Japan and some countries of Oce-
ania, like Singapore, for example!

It is assumed that the tariff of the first kilowatt (1kw) of
electrical energy is P, conventional units (cu). If the lower and

upper limits of the consumed electricity i -th family or industry
(in the future sub i-th family or industry adopt the concept of
"consumer™), denote through the parameters a; and , according-
ly, so the consumer's electricity costs can be expressed through
the functions €;(X) = p.Xxand a; <X <b;.

In this case, the consuming function of the electric con-
sumer takes the following form:. It is assumed that the complex

consuming function of the consumer of electrical energy has the
following form

n n
Zei(Xi)= > peXi,ai SXi Sbi,
i i=1

1=
for certain consumption limits: a; < x; <b,. To study the choice
of tariffs 1kw, it is assumed that the lower and upper limits of

electricity tariffs are equal to P.,™"and P,". To construct an
algorithm for calculating the function of the complex consump-
tion of electricity consumption, the following notation is intro-
duced:, X=Xy, Xy ), @=(ay,.,a,), b=(by,..., 0, ),. Then
the complex consumption function of consumption of electric en-
ergy can be rewritten in the following form:

f(X, pe) = Z PeX = pezxi
i=1 i=1

with certain limits a < x <b of consumption.
A completely logical and mutually beneficial option, in the
conditions of the transition period of the economy, is the relation-
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1)

ship between the producer and the consumer about the applica-
tion of a uniform approach for the establishment of “balanced
tariffs" by the Tariff Council and the "water spills" from the side
of "lean (economical) consumption™ by the consumer of these
products . Functions of the financial loss of the manufacturer can
be formulated as fp oqucer(X: Pe) =—F (X, Pe), and the consumer
in the following form, fo, cumer(X: Pe) = (X, p,) . It should be

noted that the problem considered by us is studied in terms of the
'loss function'. This same problem can be investigated in terms of
‘function on profit'.

We will result research of the above-stated problem with defini-
tion of strategy of the consumer and the

manufacturer for averting from loss (losses). An arbitrary con-

sumer (x) strategy belongs to a multitude, i.e. [a, b]. In terms of
Ikvelectricity tariffs P,"", we can write the following set

(pe) € [Pemi”,Pemx], which in turn leads to the fulfillment of the
relationship
fConsumer(X7 pe) + fProducer(X’ pe) =0.

Introducing the notation E =[a,b] and F = [Pemi”,Pe”‘aX], we
have that in the above relations, the vector of (x) consumed elec-
tricity belonging to the sets E is called "customer strategies",
and the vector (p,) determining the tariff for 1kv electric energy
included in the above-stated sets F is "producer strategies". Ob-
viously, the domain of definition of functions fcynsumer @nd

fproducer- referred to as "the
functions of financial losses of the consumer and the producer”,
respectively - is a set E x F whose values
R= (— oo,+oo) belong. Then, from the newly introduced func-
tion
G(X, pe) = (fConsumer(X’ pe)f 1EProducer(Xa pe))l
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it follows that the values of this function belong R2, le.
G(x,p,) € R? .

In the case of determining the strategies of the consumer
and producer independent of each other, the game between them
in a normal or strategic form is determined by means of a map-
pingG(x, p,) from a set ExF with a value in R? called the
“mapping of the bipoles”. To study consumer 10ss fconsumer if
the consumer knows the manufacturer's strategy (p,)for choos-

ing the tariff cu Ee for the unit electric energy 1kw, then the
consumer should choose such a strategy (X) e E (i.e. those X
from the strategy area @; <X <by;), so that fegneumer(X Pe) its

loss function takes a minimum value. In other words, the con-
sumer chooses his strategy from the following sets:

SConsumer( Ee) :{()_() ek: fConsumer()_(a 5e) = (E(r)]!E fProducer(x1 ﬁe)}-

The linear function of the financial loss of the consumer
n

fConsumer(X' pe) = Z(pexi)
i=1

takes its minimum value for an arbitrary (p,) e F, at a value

X =a, i.e. When the consumer reduces the consumption of
electrical energy to a minimum. In this case, the only strategy that
satisfies the consumer is the 'strategy of minimum consumer
boundaries’. Such a rule for making a decision is called the
‘canonical rule of decision-making'. It should be noted that the

compromise strategy (a,P,"™) leads to the so-called "non-

cooperative equilibrium™ of the canonical decision rule.
Since satisfying the following relations

fConsumer(X1 pe) < fConsumer(a! Pemx)
and
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fProduser(Xv pe) < fProducer(b’ Pemax) '
the strategists (x, p,) € E x F do not exist, it (a, P.™) will be Pa-

reto-optimal, which, as already noted above, does not meet the
interests of both the consumer and the producer. It is obvious that

the strategy (a,P,/™"), which corresponds to the minimum con-

sumption of electric energy and the minimum tariff, is the only
strategy that satisfies the following condition:

fConsumer(a! Pemm) = (j?EfE fConsumer(xa pe)
(pe)eF
and it (this strategy) is more ideally acceptable in a mutually ben-
eficial case. This case is calculated on the interest of the consum-
er on the part of the manufacturer and the so-called Tariff Coun-
cil.
Also, obviously, the strategy (b, P,™*), with the maximum

consumption of electricity and with the maximum value of the
tariff, is the only strategy that satisfies the following condition:

fProducer(b’ Perrax) = ()E;]efE 1:Producer(xi pe)}
(pe)eF
which is more profitable only for the manufacturer, i.e. this
means increasing the producer's income at the expense of the
consumer. In this case, the producer is enriched, and the consum-
er is depleted.
In this case, the virtual minimum of the game is determined

by the following vector:, fpoqucer(® P 0)).
It is also obvious that, in exceptional cases, there is a strate-
gy (x, p.) that satisfies the following conditions

fConsumer(a’ Pemin) = fConsumer(X: pe)
and

fProducer(b! Pemax) = fProducer(Xa pe)
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that could be ideally acceptable for mutual benefit to both parties,
both the consumer and the producer.

From the definition of the virtual minimum of the game
[5], we obtain that for an arbitrary choice of the
aggregate of consumption, and the electricity tariff (x, p,), the

following inequalities are satisfied:
fConsumer(a! Pemm) < fConsumer(xv pe) )

fF’roducer(bv Penﬁx) < fProducer(x’ pe) .

The questions of economic regulation of expenses for
consumed electric power have been studied in detail and are
presented on very specific recipes for solving regional economic
problems on the economic consumption of priority household and
industrial financial waste.
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BOLMBO III. FOVQOLADO HALLARIN VOHDOTI VO
TOXLIYYO

3.1. JleyeHus1 MOCTPaJABIIMX C PAHEHUSIMH
MAarucTPaJIbHBIX COCY/I0B HA 3TANaX MeJMIUHCKOM
IBaKyaluu

Hazum A. I'ag:xkueB

Hayunbiit xupypruyeckuii nuentp um. M. Tonuy0aioBa, riaBHbII
Bpad, TOKTOp Guinocodpuu B 00J1aCTH METUITUHBI

Jleuenue 00€BBIX paHEHMI KPYMHBIX KPOBEHOCHBIX COCY-
JIOB SIBIISICTCSI CJIOXKHOM 3ajadeii Ha BCEX ATamax MEIHIIMHCKOU
3Ba- Kyaluuu. Bpicokas BEpOATHOCTh BO3HUKHOBEHHMS TaKUX Ts-
JKEJBIX OCJIOKHEHUH, KaK KPOBOTEUEHUE, TEMOPPAruueCKuil IOk,
HIlle- MUYECKasi TaHIPeHa KOHEYHOCTEH, OCTpas UIIEMHUS TOJIOB-
HOT'O MO3ra 00YCJIOBIMBAaIOT HEOOXOAUMOCTbh IPAaBUIBLHOM opra-

HHU3a- 1uu MeﬂHHHHCKOﬁ IIOMOIIH ITPU paHCHUAX KPYIIHBIX COCY-
no8 (31 56,104 106)

1.I_IOI‘OCHI/IT3.]'[I)Haﬂ nmoMoumb

Hecmotps Ha pa3BuTHE COCyAMCTOW XHPYpPTUH, yIIydllle-
HUE KayecTBa OKa3aHWsS IOMOIIM IOCTPAaJaBUIMM C PAaHEHUSIMU
COCy- JI0B, IOKa3aTeIu JIETaJIbHOCTH MU OCIOKHEHHM OCTarTCA
BBICO- KUMH I10 CPABHEHMIO C PAHEHUSMHM JIPYTUX OPraHOB U TKa-
Hell B cBsA3M ¢ 3TUM, JUIs yIIydIlIeHHs] KauecTBa OKa3aHUs ITOMO-
M Ha dTarnax MEeIULUHCKON 3BaKyaunuu (mepBas MEAULMHCKas,
nepBasi BpaueOHasi, KBaTU(UIIMPOBAaHHAS U CIIEHUAIU3UPOBAHHAS
0~ MOIIIb), 0OJIbIIIOE BHUMAHHE yIENSIIN CIIeIyIOIUM OCHOBHBIM
MPUHIIUIIAM JIEYEHHSI PAHEHBIX C MOBPEXACHUSIMU KPYIHBIX CO-
CyJIOB:

1. m1st 60pHOBI ¢ TEMOPPATHYECKUM IIIOKOM CBOEBPEMEH-
HO TMPOBOJWJIM OCTaHOBKY KpPOBOTEUEHHs (IIPEIBAPUTEIBHYIO U
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OKOHYATENIbHYIO);

2. OCYLIECTBIISUIA MEPOTIPUATHUS ISl YCTpaHEHUS epuLin-
Ta OIK;

3. BeIMOJHSIU d()PEKTUBHBIC MEPhI TPOPUIAKTUKH HIIIe-
MHYe- CKOI raHTPeHbI KOHEYHOCTH ¥ WH(MUIIMPOBAHUS PAHBL;

4. NpOBOAMIM KOMILJIEKCHOE JICUEHUE COIYTCTBYIOIIUX
II0- BPEXKICHUN OpPraHOB M TKAaHEH B TOM YHUCIE KOCTEH U He-
pBoB; M3 278 mocrpagaBmnx ¢ paHEHUSIMH MarucTPajbHBIX CO-
cynoB 236 (84,9%) paHeHBIX OBUIM ONEPUPOBAHBI TIO IMOBOIY
M30JIMPO- BAHHOTO WM KOMOWHUPOBAHHOTO IMOPAKEHUS Maru-
CTPAJIbHBIX COCYJIOB, & TAKXKE UX COYETAHHOTO OPAKEHHS C PY-
TUMH aHa- TOMHYECKUMHU CTPYKTypaMu (KOCTSMH, HEPBHBIMHU
CTBOJIaMH, BHyTpeHHUMU opraHamu). Octanbuble 42 (15,1%) no-
CTpaJaB- MUX ObUIM OMIEPUPOBAHBI B TUIAHOBOM IOPSIJIKE 1O TO-
BOJly TIO- CJEICTBHH HM30JIMPOBAHHOTO WJIM KOMOWHHPOBAHHOTO
nopaxke- HUSI MarucTpaibHbIX cocyaoB M3 236 moctpamaBumux ¢
NEPBUYHBIMH PAHEHUSMH MAarucT- PalbHBIX COCYAOB TIEPBYIO
JO0BpayeOHyI0 MOMOIIL B CPOKH OT 5 10 20 MHHYT moclie paHe-
Hus okazanu 222 (94%) panenbiM. Oc- HOBHBIM BHJIOM JOT'OCIIH-
TaJbHOW MOMOIIM SBUJIACH MEepBasi Bpa- 4yeOHasi, KOTOPYIO MPOBe-
JIM BCEM TIOCTPA/IaBIIHM.
[TpuHIMNMAIBHBIM MOMEHTOM Ha JIOTOCTIUTAJILHOM 3Tale CUMUTa-
JM HcTonb3oBaHue ((EKTUBHBIX U O€30MaCHBIX METOJIOB BpE-
MEHHOH OCTaHOBKHM KpoBOTeueHMsA. HapyxkHoe KpoBOTeueHHe
obu10 Yy 216 (91,5%) paHeHBIX C MOBPEXKACHUSMU MarucTpalib-
HBIX apTepui, mpu 3ToM B 83,7% ciydaeB ero yjaaBajioch ocTa-
HOBHTH JI0 OcMOTpa Bpada. CrocoObl BPEMEHHOH OCTaHOBKH
KPOBOTEUCHHMSI, KOTOPbIE MCIIOJIb30BAIM TPU PAHEHUH MAarucT-
PaNIbHBIX COCYOB, TPE/ICTABICHBI Ha puC. 1.
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P

Xryt Naeawas Tyran MNpoyue
NOBR3Ka  TaMnoHaaa  MeToAakl

Puc 1. XapakTepuctuka cnocod0oB OCTAaHOBKH KPOBOTECUCHHS
MIPU pAaHEHUH MarucTpajIbHBIX COCYJIOB O OCMOTpa Bpaya.

[Ipu 3TOM, ¢ TOUKH 3pEHUsS TMOCIECAYIONUIUX PE3yJbTAaTOB Jeue-
HUS TTOCTPAAABIIMX HA 3Tanax roclUTaIbHOW MOMOIIM, Mbl OT/ABaH
MpEeANOYTEHNE, B KAYeCTBE METOJ0B BPEMEHHON OCTAHOBKU KPOBOTE-
YEeHHUs], AaBsllel MOBA3KE U TYrOMYy TaMIIOHUPOBAaHUIO paHbl. CuuTanu
HELeJIeCO00pa3HbIM  MCIOJIb30BAaHUE KPOBOOCTA-  HABJIMBAIOLIETO
KIyTa MPU DPAHEHHUSAX COCYJIOB BEPXHUX KOHEY- HOCTEH, a Takxke
COCYJIOB HMKHUX KOHEUHOCTEH AUCTAIbHEE KO- JICHHOTO CyCTaBa.

AHaM3Upys COCTOSIHWE PAHEHbIX Ha 3Tane KBaIU(UIMPOBaH-
HOM MOMOIIM ObUIO BBIICHEHO YTO KPOBOOCTAHABIMBAIOLIUHN JKI'YT Ha
JIOTOCIIUTAJIBHOM 3Tare ObUl IpUMEHEH HenpaBuibHO B 37,3% ciyda-
€B, UTO MPUBEJIO K yCYIyOJIEHHUIO CTENIEHU MIEMUU TKaHEH MOopakeH-
HOWM KOHEUHOCTH B CBA3M C NEPETATMBAHUM HEPBHBIX CTBOJIOB. Cieny-
€T OTMETUTh, YTO BCE JKIyThl, HAJIO)KEHHbIE Ha KOHEYHOCTU IpHU
OKa3aHMM NEepBOIl MOMOIIM, CHMMAJM Ha 3Tame nepBoil BpadeOHOU
MIOMOIIH, @ BPEMEHHYIO OCTaHOBKY KpOBOTEUEHUS TOOMBAJIUCH JaBsi-
11eH MOBA3KOW MM TyTUM TaMIIOHUPOBAHUEM PAHBI.

OnuuMm U3 ycnoBuil 3(QQPEKTUBHOTO OKa3zaHUs KBaJIU(ULIKPO-
BaHHOM M CHENMAIU3UPOBAHHON IOMOIIM TIOCTPAJaBUIMM C pa-
HEHUSIMU MAarucTpajbHBIX COCYJOB SBJISJIOCH MaKCHUMajbHOE CO-
KpallleHHEe BPEMEHM TPAHCIOPTHUPOBKUM PAHEHBIX HA COOTBETCT-
Bytonire AdTanbl. CpokM OKa3aHUs KBAIU(DUIMPOBAHHON XUPYp-
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TUYECKON MOMOIIM Yy TMOCTPAJABIINX C Pa3IMYHBIMH THIIAMH I10-
pakeHUs TIPEICTaBJICHBI B Ta0 1.

Cpennuii CpOK OT paHEHUsS O OKa3aHWs KBATU(DUIIUPOBAHHOMN
Xupypruueckoi nomoiu coctasuia 1,7+0,3 yvaca. Ilpu sTom crnemyer
OTMETHUTb, YTO MOJABIIsIOIIEe OOMBIIUHCTBO (72,9%) 10- cTpagaBIINX
MOCTYNAJIO Ha ATan KBaIU(UIIUPOBAHHON MOMOILIM MEHEe YeM uepes 2
yaca ¢ MOMeHTa paHeHus. Kpome Toro, cpenHue Cpoku 3BaKkyalnu Ha
JMaHHBIA 3Tal y JIMI ¢ KOMOMHUPOBAHHBIMHU PaHEHUSIMU MarucTpaib-
HBIX COCY/IOB, & TaKKe NMPU HAIWYUU COIYTCTBYIOIIUX MOBPEKICHUN
JIPYTUX OPraHOB ObUIM MEHbIIE, YeM Y MOCTPAAABIINX C U30JIUPOBAH-
HBIMHU TOBPEXJICHUSIMA IJTO OBLIO CBSI3aHO ¢ 0OJI€€ TSKEITBIM COCTOSI-
HUEM MOCTPAIABIIHX.

Tabnua 1
Cpoku okazaHus KBaTU(PHUIIUPOBAHHON XHUPYPrUYeCKON TOMOIIH
y MOCTPAJIABIINX C PA3TUIHBIMU THUIIAMH ITOPAKCHUS

BpeMa UiieMuu xo- KonanuecTso noctpanasiimx
HEYHOCTH OT MOMEHTa
padenus 1o nocrymienus | I'pynna | I'pynna | I'pynna | I'pynna fidera
Ha 3Tan KBTUGUUMpO- IA IB IIA IIB
BAHHOH MOMOLIH
I(0'2 Hacos 50 66 40 16 172
(71,4%) | (73,3%) | (11,5%) | (80,0%) | (72,9%)
Or 2 no 4 1acos A a4 i . 34
(22,9%) | (26,7%) | (21,4%) | (10,0%) | (22,9%)
Ot § 1o 6 yacos 4 0 4 2 W
(5,7%) (7.1%) | (10,0%) | (4.2%)
WTOro 70 90 56 20 236
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Tabnuua 2
XapaKTepHUCTUKA CPOKOB OKA3aHHUS CIICIUATN3HPOBAHHON
MTOMOIIH Y TIOCTPAIABIINX C PA3IMYHBIMUA TUTIAMH ITOPAKEHUS

Bpemsa HeMHu KOHEYHO- KonnuecTBo mocTpaaBInx

CTH OT MOMeHTa paHenus | I'pynna | I'pynna | I'pynna | ['pynna | Bceero

JI0 MOCTYIVIEHHA Ha 3Tal IA Ib IIA 1B

CrENHATH3HPOBAHHOM
TIOMOLUH

i mcon 40 20 28 14 102
(80,0%) | (66,7%) | (66,7%) | (63,6%) | (70,8%)

6 - 12 uac 8 8 10 6 32

' (16,0%) | (26,7%) | (23,8%) | (27,3%) | (22,2%)

13 - 24 yac. : % 2 2 10
(4,0%) | (6,6%) | (9,5%) | (9.1%) | (7.0%)

HUTOI'O 50 30 42 22 144

Cpennee BpeMs MOCTYIUICHHUS TOCTPAJABIINX Ha 3Tarl Cre- Iua-
JU3UPOBAHHOM momolu coctaBwio 5,6+0,7 yacoB Cpoku mo-
CTYIUICHHS IOCTPAJABIINX PA3HBIX TPYII HA JIAaHHBIN dTan
9BaKyaluu npejacTaBieHbl B Tabn.2 OCHOBHOE KOIUYECTBO pa-
HEHBIX OBUIO JIOCTABJICHO Ha JTall CHENUaTU3UPOBAHHON TI0-
Moinu (70,8%) B cpok 710 6 4acoB mMocie OmepaIu.

Takum 00pa3oM, OCHOBHBIM YCIIOBHEM YCIICIIHOTO Jieue-
HUS PAHEHBIX C TOBPEXKACHUSIMH MarucTpaibHBIX COCYIOB Ha
JIOBpa- 4eOHOM M TepBOM BpaueOHOM dTarax sBIISIETCS MPABUITb-
Hasi OCTAaHOBKA KPOBOTEUEHHUsS U MaKCHMallbHO ObICTpasi HBaKya-
U UX Ha 9Tan KBATHM()HUIMPOBAHHOW M CHEIMATU3WPOBAHHOMN
nomotd. OCHOBHBIM METOJOM OCTAaHOBKM KPOBOTEUEHUS SIBIIS-
JIOCh HAJIOKEHUE MABSIIEH TMOBSI3KM U TYyroe TaMIOHUPOBAHME
paHBbI.
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2. KBaaupuuupoBaHHAs M CleUATN3MPOBAHHAsA
NOMOUIb

[Toka3aHus K omepaTMBHOMY BMEIIATEIbCTBY IpPU paHe-
HUSX KPYIHBIX KPOBEHOCHBIX COCYJIOB ONPEAEIISIN CIEAYIOIUM
psi- 10M (aKTOPOB: BHUIOM IOBPEKIEHHOIO cOCyJa OCOOEHHO-
CTBIO AHATOMO TOMOTPAPHUUECKOTO PACMOIOKEHHS MO OTHOIIIE-
HUIO K COCYJIUCTOMY IIy4KYy, CPOKOM paHEHUs, HAINYUEM MWIIH
OTCYTCT- BUEM IIPU3HAKOB HarHOEHUS B paHe, MPOI0JIKAIOIIUMCS
KPOBOTEUCHHEM MJIM €r0 OCTAHOBKOM, CTENEHbIO CHABIMBAHMS
OpraHOB M TKaHEW HapacTaroUIed IreMaToOMOM, COYETaHUEM paHE-
HUSl COCY/OB C JAPYTMMH IOBPEXKICHUAMHU (IIE€PEIoMBbl KOCTEH,
TPaBMbI HEPBOB, Pa3MO3KEHHE MATKUX TKaHEH, paHeHUE BHYT-
PEHHUX Op- FaHOB U T. J.) C Pa3BUTHUEM TSDKEJIOr0 TpaBMaTHue-
CKOTO 1110Ka, BO3HUKHOBEHUEM BTOPUYHOTO KPOBOTEUEHUS U JIP.

Omnepanuio Ha cocyslax B CPOUHOM IOPsKE MPOBOAMIHN B
clle- AYIOLUX CIyYasx:

1. Maneiiniero nogo3peHus Ha pa3BuTHe UH(EKINU B paHe
(8,5%), compOBOXKIAIOIICHUCS TUIIEPTEPMHUEH HOIOIMIMMH OOIIMU
B paHe M KOHEYHOCTH, Pe3KOW MH(UIbTpaluu B 00JIACTH paHe-
HUS THOMHBIM DJKCCYJaTOM M JPYTHMH TPU3HAKaMH, KOTOpPBIE
MOTJIM ObI MPUBECTU K PA3BUTHIO BTOPUYHOT'O KPOBOTEUEHUS;

2. OMacCHOCTH pa3phiBa MyJIbCUPYIOIIEN T€MaTOMBI C OCIIe-
nyromuM kpoBoteueHueM (15,3%);

3. yrpo3bl MIIEMUYECKOW TaHTPEHBI, BbI3BAHHONW TPOMOO30M ap-
TEpUH, IOJIHBIM IIepEeCeUeHHEM TIIIaBHBIX CTBOJIOB apTepUH, ClIaB-
JIEHHEM COCYJHMCTO HEPBHOI'O My4YKa HAPACTAIOLIECH reMaTo- MOM
(24,4%);

. KOMOMHHMPOBAHHOI'O paHeHusi cocynoB U kocteit (15,3%), mo-
CKOJIBKY paHHSs XHUpyprudeckas oOpaboTKa paH ¢ yJalleHUEeM
HEXM3HECTIOCOOHBIX TKaHEH HWHOPOJHBIX TeJ, CBOOOJHO pacmo-
JIOKEHHBIX KOCTHBIX OCKOJIKOB M TIIAaTelIbHas OCTAaHOBKA KPOBO-
TEUYEeHUsI IPEAYIPEKIAI0T pa3BUTHE HH(EKIIMOHHOTO Mpoliecca, B
pe3yJbTaTe 4ero yMEHbINAETCs YacTOTa BTOPUYHBIX KPOBOTEUeE-
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HUI.

BBICOKYIO OMacHOCTh Ui JKU3HH TPEICTABISIM OIepa-
IIUHM Ha COCYax, KOTOPbIE MPUXOANUIOCH IPOBOIUTH PAaHEHBIM Ha
(oHe MI0KOBOro COCTOSIHMA MX. [IpU3HAKM MIOKOBOTO COCTOSIHHS
Mbl HaOmoganu y 94,9% paHEeHbIX ¢ NMEPBHYHBIMU PAHEHUSMHU
Maru- CTpalbHBIX COCyZOB. Ilo cTemeHM BBIpaXEHHOCTH ILIOKA
OHU PACTIPEJCIHIIUCH CIEAYIOMINM 00pa3oM (puc.2)

9% 39%

52%
Hlcr. Ollcr. gl cr.

Puc 2. Pacnipenienienrie paHeHbIX 110 CTETIEHU
BBIPOXKCHHOCTH IIOKA

Panensie co II-i1 m III-i creneHsMM mIOKa COCTaBUIM
61,3%. CnenoBaTenbHO, OOJBIIMHCTBO MOCTYHABIIUX PaHEHBIX
TpeOoBa- JIM MPOBEIEHUS AKTUBHBIX IMPOTHUBOIIOKOBBIX MEPONPHU-
ATHMN.

[nsa mpenynpexacHus pa3BUTHS IIOKa 10, BO BpeMs H
0COOEHHO MMOocie ONepalyy Mo MOBOJy PaHEHUH KPYMHBIX COCY-
JIOB HaYMHAJIU ITPOTHBOIIOKOBEIE MEPOIPHUATHS Cpa3y XKe IOCIIe
pa- HeHus. [Ipu MaccoBol TpaBMe BpeMEHHass OCTaHOBKA KPOBO-
TE€YEHUs, UMMOOWIM3AIMA KOCTEeH NMpU HUX IMeperomax, Urpajiu
BO)XHEHIIYIO poJib B MPOQUIAKTUKE MPOrPECCUPOBAHUS reMop-
paru4ecKkoro M TPaBMAaTHYECKOIoO IIOKa. B cirydae m3onmpoBan-
HOT'O PaHEHUsl KPYIHBIX COCYZOB OOJbIlasi KPOBONOTEPS SBIS-
JIaCh OCHOBHOM NMPUYMHON PA3BUTHSI IIOKA, KOTOPBIN COXPAHSIICA
[IOCJIE Ollepaly IIpU HEAJEKBAaTHBIX IPOTHUBOLIOKOBBIX MEpPO-
MPUATHUSX.

I'emopparuueckuii ok ObLI CBSI3aH ¢ OOMJIBHBIM KPOBOTE-
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Yye- HUEM BO BpPEMs OIEpalMy 110 MOBOAY MMyJIbCUPYIOIIMX I'eMa-
TOM, apTEpUAIbHBIX AHEBPU3M, APTEPUOBEHO3HBIX COYCTUH U
BTOPUYHBIX KpoBoTeueHHuil. Ilpu HeOosblION KpoBOIOTEPE BO
BpeMsl OIlepalii Ha COCyJaxX IIOKOBOE COCTOSIHHE OOBIYHO HE
HacTyna- jjo. IIpu 3ToM onepaTBHOE BMEIIATEILCTBO HAUMHAIU
TOJIBKO IIOCJIE BBIBEJCHHUS U3 LIOKOBOI'O COCTOSIHMSI WJIH IIOCIIE
OTHOCHUTENIbHOM ero xommneHcanuu y 94,3% panenbix. OnHako,
€CJIM IPUYMHON BO3HUKHOBEHUS U Pa3BUTHS LIOKA SBUIIOCH IIPO-
JI0JDKaroIleecss KpOBOTEUEHUE W3 PAHEHBIX COCYJIOB, TO OIEpa-
TUBHOE BMEILATENBCTBO MPOBOAWIN OJHOBPEMEHHO C IPOBENE-
HUEM IIpO- THUBOIIOKOBBIX Mepomnpustuil (5,7% ciayuaes), oco-
OCHHO IIPH CO- YETAHHOM PAHEHMU COCYJIOB C JPYI'MMH OpraHa-
MHU.

Bonpoc 0 Heo0XoAMMOCTH U 11€I€CO00Pa3HOCTH PEKOH-
CTPYKTHUBHOH ONepaluy Ha COCyAax peliajd CTPOro MHIUBUIY-
QJIBHO C YY€TOM OOLIEro COCTOSHUS IOCTPaJaBLIEro0 M, CaMoe
[JIaBHOE, COCTOSIHUS TKAHEW B PETMOHE KPOBOCHAOXKEHHUS MOBpE-
KJECHHOI'O COCy/1a.

Kpome abcomoTHBIX (HEecOBMECTUMAsi C YKHU3HBIO ITOJIUT-
paBMa), OCHOBHBIM MPOTHBOINOKA3aHUEM K BBIIOJIHEHUIO PEKOH-
CTPYKTHBHOH ONepaluy Ha coCyJax NP MX MOBPEXKIECHUSAX SB-
JsIach TsDKenas HeoOpaTumasi MieMus KoHeuHocTu. Cremyer
OTMETHUTh, YTO CPEIU ONEPUPOBAHHBIX PaHEHbIX y 25,7% U3 HUX
B MCXOJI€ UMeJach KpUTHUYECKasl UilleMusi KoHeuHocTu. [Tpu aTom
NPUHUMAJIU BO BHUMaHUE YPOBEHb MOBPEXK/IEHUSI MaruCTpaIbHO-
ro cocyia 1 GyHKIHOHAIbHYIO 3HAYMMOCTh HIIEMH3UPOBAHHOM
KOHEYHOCTH. Tak, mpu MOBpEeXIEHUSIX OCIPEHHBIX U MOJKOJIEH-
HBIX COCYZOB, CONPOBOKIAKOIIMXCSA TOTAIBHOW MBIIIEYHOW KOH-
TPaKTYypOH TOJIEHH, BOCCTAHOBUTEJIbHYIO OIEPAlMI0, CUHUTAEM
IPOTUBONOKa3aHHOW. OJIHAKO, B CIIydae TSKEJION WIIEMUH BEpX-
HUX koHeuHocTeH, naxe Il A, u b creneneit, mpu noBpexaeHnn
MOJMBIIIEYHON U IUIEYEBOM apTepuu (B HAIllEM HCCIIEJOBAHUM —
12,5% Bcex MOBpEXIEHUN apTepuil BEpXHUX KOHEUHOCTEW u
IUIEYEBOT0 10sCa), YUYUTHIBasE 0COO0YI0 (DYHKIIMOHAIBHYIO 3HAYU-
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MOCTb PYKH, OTHOCHUTEIIbHO HEOOJBIION €€ MBIIICUHBI MacCHB,
OCYILECTBIISUIM IOMBITKU BBINOJIHEHUSI PEKOHCTPYKTUBHBIX OIle-
pauuii Ha cocyJax IpU MPOAOIDKUTEILHOCTH WIIEMUU KOHEYHO-
cTH 210 6 yacoB. bosee NpoAOIKUTENbHYIO HIIEMUYECKYO KOH-
TPAaKTypy KOHEYHOCTH CUUTAIU TNPOTHUBOIOKA3aHHEM K PEKOH-
CTPYKTHBHOH onepauuu. Kpome Toro, B Hesisx npeaoTBpamieHus
pasBUTHS penepPy3uOHHOTO CHHAPOMA IPU MEepeKaTUU MarucT-
panbHBIX cocyJoB Oosiee 18 yacoB MCMONIB30BaNIM B MepHOIEpa-
[IUOHHOM TIEPUO/I€ TEMOCOPOITHIO.

Bonbnoit M. 32 ger (u\6 No 2908) Bo Bpemsi OOCBBIX JEHCTBHIA
MOJYYHJI OTHECTPEIBHOE OCKOJOYHOE pPaHEHHE CPEAHEH TpeTH
paBoro 6eapa ¢ MOBPEXkAEHUEM ITOBEPXHOCTHON OepeHHOM ap-
Tepun. Ha mepenoBpIX dTanax mOBpPEXICHHE MaruCTpalbHOU ap-
TepUu He ObUI Pacro3HaH, B CBSI3U C YEM K HaM MOCTYIHWJI Yepes3
20 yacoB nocne paHenus. Ilpu mocrymieHun ormeuanoch Onen-
HOCTb ITPaBOM HUKHEW KOHEYHOCTHU, OTCYTCTBHE ITOBEPXHOCTHOM
U TIIyOOKOH Y4yBCTBUTEIBHOCTH, OJHAKO KIMHUYECKHUX JTaHHBIX 32
MHOI'€HHYI0 KOHTPAKTypy He ObLI0, IyJbCcallis apTepuil CTOIIBI
crpaBa OTCYTCTBOBaJIO. PaHeBO# kaHanm Ha Oelpe COOTBETCTBO-
BaJl IPOEKIIMY HEPBHO-COCYAUCTOrO IMy4ka. B obmactu paHsl oT-
Me- 4Yajach OOJNBIIMX pPa3MEpoOB HEMyJIbCHUPYIOIAs TeMaTroma.
VY4uuThIBas BBILIEU3I0KEHHOE, YIPO3y Pa3BUTHUS HIIEMHUYECKOM
rai- IpeHbl NpaBoi H/K OblIa mpousBeneHa omnepauus. [Tocne
9BaKyallMd T'€MaTOMbl BBIBJICHO CKBO3HOE paHEHHE IOBEpX-
HOCTHOI OenpeHHoi apTepuu. IIpon3BeneHo ayTOBEHO3HOE MPO-
Te3upoBaHUe OePEeHHON apTepun. YUUThIBas CPOK paHEHUS (60-
nee 20 uacog), MycK KpOBOTOKA MO O€IpEeHHOI apTepuH MpOBO-
JIMIIAch TOCIe TMepekaTHst OeAPpeHHOI BEHbl U MOJKIIOYEHUS pe-
THOHApPHON AKCTpaKapropaabHOW NETOKCUKAIUK (eemacopbyuu).
I'emacopOrust mpoBoauiack 90 MuH. 1Mo cucremMe «OeapeHHas
BEHa - TOJKIIOUYMYHAS BEHay». llocieornepannoHHOE TeUeHHe
[JIQJKOE, PaHbl 3aKUThl BTOPUYHBIM HATSHKEHUEM, B YJOBJIETBO-
PUTEITHLHOM CO- CTOSTHUH BBIMKCAH B 9acTh (pucC 3).
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Puc. 3. (uatpaonepannonnoe ¢oto). Pernonapuas

reMacopOIus.

[ToxazaHueM K MEPBUYHOM aMIyTallMd KOHEYHOCTH OBLIH:
pa3BHBIIASACS TaHTPE3a, TOTAJIbHAS MBIIICYHAS] KOHTPAKTYpa
Mpiming B OacceifHe Kpo30CHA0XKEHUs MOBPEKIESHHOTO COCya, a
TAKXKE PA3MO3KCHHE MAKHUX TKaHEW M KOCTE€H KOHEYHOCTH, KO-
I/1a BOCCTAHOBHUTENbHAS omepalius Oblia OecrepcreKTUBHA. DTy
rpyIIy MOCTPAJABIINX B HACTOSIIECE UCCIICIOBAHIE HE BKIIFOUH-
.

[TokazaHuUsIMH K TUTATYPHBIM OIEPALHSIM SIBJISLTUCH:
OTCYTCTBHEM CIIELIUATKCTA U COOTBETCTBYIOIIETO HHCTPY-
MEHTapHSI,;

MOBPEXKACHHUE COCYA0B MaJoro Kanuopa;

HEBO3MOXKHOCTh BBITIOJIHUTHE BPEMEHHOE IPOTE3UPOBAHUE TIPU
COUYETAaHHOM MOBPEKACHUH

JKU3HEHHO-BOKHBIX OPTraHOB, BOCCTAHOBJICHHE KOTOPBIX HMET
MEPBOCTENIEHHOE 3HAYCHHE;

THWIOCTHAsI WH(EKIHs paHe, MOBTOPHBIC appO3UBHBIC KPOBOTE-
YEeHHs U3 paHee

BOCCTAHOBJICHHBIX COCYJIOB, KOT/Ia BbI- MOJIHEHUE YKCTpaaHATO-
MHUYECKOTO YYHTUPOBAHUS HEBO3MOKHO;

- IKCTPEMAITbHBIC CUTYAIIHH.

Bo Bcex ocTanbHBIX ciydasx MPOBOAMIN PEKOHCTPYK-
TUBHBIC OIEpallii C BOCCTAHOBJICHHEM KPOBOTOKA IO ITOBpE-
KICHHOMY COCYIy. XapakTep U 00BeM OINepaTHBHBIX BMEIIa-
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TCJIBCTB HA MAarucCrT- paJIBHBIX cocy):[ax, HpOBeIIeHHBIX B HCpCI[O-
BBIX TOCIIUTAIISAX, IPEACTABICH B Tab1.3.

Tabnuma 3

XapakTtep ornepaTuBHBIX BMEIIATEILCTB Ha

MaFI/ICTpaJIBHBIX COCYI[aX, HpOBe[[eHHBIX B

MIEPEIOBBIX TOCITUTAIIAX

Bua BMeltaTenscTea Konnuectso onepauuii
['pynna | I'pynna | I'pynna | I'pynna | Bcero
IA 1B IIA 183
BpemeHHan ocTaHOBKa Kpo- 2 4 1 0 7
BOTEUEHHUS C TAMIIOHATON (5,7%) | (8,9%) | (1,8%) (4,5%)
Ilepea3ka cocyna: 0 1 9 4 14
(2,2%) |(16,1%) | (20,0%) | (9,0%)
B T.4. apTepUU 1 0 0 1
BEHbI 0 9 4 13
BoKOBOii 0B cocyna: 2 4 7 0 13
(5,7%) | (8,9%) |(12,5%) (8,3%)
B T.4. apTEPHH 2 4 2 8
BEHbI 0 0 5 5
L{MpKyISIpHbI 1IOB COCY=~ 2 11 8 3 24
na: (5,7%) |(24,4%) | (14,3%) | (15,0%) | (15,4%)
B T.4. apTepHu 2 11 5 ! 19
BEHBI 0 0 3 2 5
[Lnactuka fegexra apre- L3 6 3 1 14
HH 3a1U1aToMH (11,4%) | (13,3%) | (5.4%) | (5,0%) | (9.0%)
Onepauyy npoTe3upoBa- 8 10 8 2 28
HHA WIH LIyHTHpoBanMa: | (22,9%) | (22,3%) | (14,3%) | (10,0%) | (17,9%)
B T.4. apTEPHH 8 10 5 1 24
BEHBI 0 0 '3 1 4
BpeMeHHOE SHI0NPOTE3U- 17 9 20 10 56
poBaHue (48,6%) | (20,0%) | (35,6%) | (50,0%) | (35,9%)
B T.4. apTePHH 17 9/ 12 7 45
BEHbI 0 0 8 3 11
UTOI'O 35 45 56 20 156

Cpenu peKOHCTPYKTHBHBIX OmNepalrfii Hanbosjee 4acTo Ha
JAHHOM JTare BBIMOJHSIN BOCCTAHOBIIEHHE MPOXOAMMOCTH CO-
CyJa ¢ MOoMOIIbI0 HMUpKyJIsapHoro mBa (15,4%), a Takxke omnepa-
[ ayTOBEHO3HOTO TMPOTE3UPOBAHUS MATrUCTPAIBHBIX COCYJIOB
(17,9%). Pexe ocymiecTBIsUTH Omepanid OOKOBOTO YIIWBAHUS
noBpexaAeHHoro cocyna (8,3%), miactuku OokoBoro aedexra
apTepun ¢ momoinbo 3aratel (9,0%), a Takke TUraTypHBIE OIe-
pauuu (9,0%). Crnenyer noq4epKHyTh, UTO MOCIEIHUN BHUJ OIeE-
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paly MPOBOJWIN TOJBKO B IEPENOBBIX TOCHUTAIAX, CIydacB
BBINOJIHEHUS JIMTaTypHBIX OIepaluii Ha CHelHaIu3MpOBAHHOM
JTamne B HalleM uccienoBaHuu He Obu1o. Kpome Toro, u3 14 mu-
raTypHBIX ollepaluii TOJbKO B OJHOM OblIa OCYILECTBIIEHA Iepe-
BA3Ka apTepUAIBHOIO cocya. B ocTanbHbIX Cilydasx JIMTUPOBa-
au BeHy. [Ipu onpeneneHnn BO3MOXXHOCTH 0€30MacHON MepeBsi3-
KA apTepHUaIbHBIX CTBOJOB MBI HCIOJIB30BAIU KIACCU(PHUKAIHIIO
CTerneHu Oe30MacCHOCTH MEePEeBA3KU pa3lUYHbIX apTepuil, mpen-
noxennyo JL.M. Parumepom (1955). B nannom ciydae Oblia
OCYILECTBJICHA IEpeBsI3Ka OEJPEHHON apTepuu HUXKE OTXOXKIE
HUs TiyOokoi aprepum Oenpa. B ocrampubix 13 ciaywasx iwra-

TypHbIE OIIEpaIlUH [TPOBEIN HAa BEHO3HBIX COCYAAX.
Crnenyer OTMETUTh, UTO HanboJIee YacThIM OIEPATUBHBIM
BMe- IIATEJIbCTBOM, BBIMOJIHIEMBbIM HA 3Tane KBaJTU(HUIMPOBAH-
HOU BpaueOHOI MOMOIIH, ObUIO BPEMEHHOE MPOTE3UPOBAHUE CO-
cyloB. [laHHyIO omepaunuio NPUMEHSIN C ILEeJbI0 COXPaHEHUs
KPOBOTOKa B KOHEYHOCTH IPU PAHEHMSIX KPYMNHBIX COCYJOB Ha
HEepuoJl JOCTaBKM PAHEHOr0 Ha 3Tall CleNUaTIU3UPOBAHHOM IO-
moiu. Bpemennsiii myHt (BI) B mepenoBbix rocnuTaisix ObLI
ucnons3oBaH y 56 (35,9%) nocrpamaBmux. BII mpencrasnsnu
co0oil NMHENHbIE CUIMKOHOBBIE, T-00pa3Hble TPyOKH, a Takke
DH/I0- IPOTE3bl OPUTMHAIBHOW KOHCTPYKIIMM C MHUKPOUPPUTATO-
pom. U3 56 sunonpore3oB 80,4% ObuIM UCTIOIB30BAHBI JJIS IIIYH-
TUpoBa- Hus aptepuii (30 OeapeHHOM, 8 - MOAKOIEHHOM, 7 - TIe-
yeBoi aprepuii) u 19,6% — 11 LIyHTUPOBaHMS BEHO3HBIX CTBO-
70B (10 - 6enpenHoit u 1 mie4eBoil BeHbI). BAPUAHTHI UCIIOJIB30-

BaHUs YHI0IPOTE30B MPECTABIECHBI B Ta0I..4.
Tabnuna 4
Buaer BII, ucnonb30BaHHBIX MpPU OKa3aHUU MO-
MOIIH B MEPEIOBbIX TOCTIUTANIAX
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Bua BLUI

Konnuecrso BIL

—

I'pynna | [pynna | I'pynna | Tpynna | Beero |
1A 16 IA 116
JInHeHbIH CHTMKOHOBBI: 10 74 13 7 37
(58,9%) | (77,8%) | (65,0%) | (70,0%) | (66,1%)
B T.4. apTepPHHAJIbHBIA 10 7 8 5 30
BEHO3HbIH 0 0 5 2 7
T-o6pa3Hbiit: 2 0 2 0 4
(11,8%) (10,0%) (7,1%)
B T.4. apTEPHAIbHbIH 2 1 3
BEHO3HbIH 0 1 1
J1xHeiHbli CHITHKOHOBBIH C 3 1 0 0 4
KareTepu3alyeii MpoKCH- (17,5%) | (11,1%) (7,1%)
Ma/IbHOH apTEPHAITLHO# BETBH
JIBYXNPOCBETHbII IHAONPO- 2 1 5 3 11
Te3 ¢ MukpouppuratopoM: | (11,8%) | (11,1%) | (25,0%) | (30,0%) | (19,7%)
B T.Y. aPTEPHATbHBIH 2 1 3 2 8
BEHO3HbIH 0 0 2 1 3
UTOIro 17 9 20 10 56

Haubonee yacto (66,1%) npumensiian oosrunoe BIL nuneli- Ho
CHWJIMKOHOBOM TpyOKO#l. DHJ0NpOTE3 Halle OpUrHHAIBHOW KOH-
CTPYKIMH OBLT UCIOJIb30BaH TONBKO B 19,7% ciyuaes.

Jannsiit npote3 (puc. 4) o cBoell KOHCTPYKLUUHU OTJIH-
YaJicsi TeM, YTO UMeJl JBa MPOCBETa, OJUH U3 KOTOPBIX BBIITOJIHSI
posb BIII, a Bropo#t mpeacrasisii co00il MUKpOUpPPUTATOp, KO-
Hel KOTOPOro IpU MOCTaHOBKE AHAOIPOTE3A B COCYIE pacIoia-
rajics y MecTa CO€JUHEHHs C IPOKCUMaJIbHBIM (PparMEeHTOM CO-
cyna. Uepe3 MUKpOHUPPUTATOp MOCTOSHHO HoJaBajics (pu3noio-
rude- cKuil pactop c remapuHom u3 pacuera 5000 EJ] renapuna
B Te- yeHHe 4 4acoB, IPU 3TOM HH(Y3Us pacTBOpa OCYILIECTBIIS-
Jach CaMUM IOCTPAJaBIIMM MOCIE COOTBETCTBYIOLIETO HHCTPYK-
Ta)ka ¢ IOMOUIBIO IINPHUIA COEAUHEHHOTO C MUKPOUPPUTATOPOM.
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A.DHJIONIPOTE3UPOBAHUE C KATETEPU3HLMEN MHUKPOUPPHUIATO-
POM MPOKCHMAJILHOM BETBU B apTEPUAIBHOM IMO3UIMM WIM JUCTAJIb-
HOMl — B BEHO3HOM IO3UIIUY;
b./IByXnpOCBETHBINI BPEMEHHBIN 3HAOIPOTE3 C MUKPOMP-
pUraToOpoOM.
Puc. 4. Cxema BpeMeHHOTO IIyHTa C
MUKPOUPPUTATOPOM.

NnmocTparnueit npenMyIiecTBa UCoab30BaHUs TOTO UIU
MHOTO BHUJA SHIONPOTE3a SBJISIOTCS MOKa3aTeNId MPOXOJAUMOCTH
SHJIOTPOTE30B K MOMEHTY OKa3aHHs MOCTPAJaBIIEMy CIEIHaTH-
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3UPOBAHHOMU ITOMOILIY, ITPEACTABICHHBIC HA PUC.5.

100%-
90%
80%-
70%9
60%:
50%-
40%¢
30%11
20%11
10%W

0%+

NA B TA TB KAT MWA MUB
Bua 3npgonporesa

aHgonporesa

MpoxoauMocTb

JIA - nuHelHBI CUIIMKOHOBBINA 3HIONPOTE3 B apTepUaIbHON MO-
3ULINY;

JIB - TMHENHBIN CUIIMKOHOBBIN POTE3 B BEHO3HOWIIO3ULINH;

TA T o0pa3Hblii MpOTE3 B apTepHATILHON TTO3UIINH;

TB - T 00pa3Hblii mpoTe3 B BEHO3HOH MO3UIIHH;

KAT - nuHelHbI CUIIMKOHOBBIN POTE3 ¢ KaTeTepu3aluen NpoKCuMab-
HOH apTepuaIbHOMN BETBY;

MMHMA  1BXIpPOCBETHBIN ITPOTE3 C MUKPOUPPUTATOPOM B apTEPUATBHOMN
MIO3ULINH;

MMUB  1ByXmpOCBETHBIN IIPOTE3 C MUKPOUPPUTATOPOM B BEHO3HOH 10~

3UINH.
Puc. 5. [IpoxoaumMocCTs pa3anyHbIX BUJOB BPEMEHHBIX
SHJI0- TPOTE30B K MOMEHTY OKa3aHUs
CIIeLIMATU3UPOBAHHOM ITOMOLIY.

Haubosnee HebnaronpusiTHbE pe3yabTaThl ObUIA MOTYYEHBI

IIPU HCIIOJIb30BAHUM OOBIYHOTIO CHJIMKOHOBOTO M T-oOpaszHoro

npote30B. [Ipy mocTaHOBKE UX B BEHO3HYIO MO3MIMIO OHU TPOM-

OMpPOBAIMCh K MOMEHTY OKa3aHHUs CIEIHUATN3UPOBAHHON MOMO-
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M BO BceX ciydyasx. UyTh Jyuie ObUIM pe3ynbTaThl MPOXOIH-
moctu 31X BII npu noctaHOBKE UX B apTEpUABbHYIO TIO3HULIMIO:
IPU 3TOM IPOXOJUMBIMU M3 HUX OKAa3bIBAJIUCH TOJIBKO 33,3%.
Crnenyer OTMETUTh, YTO MOKAa3aTeNU MPOXOJUMOCTH OOBIYHOTO
auHeHHOro M T-00pa3HOro CHIMKOHOBBIX NMPOTE30B HE OTIMYA-
Jauch MexIy coboi. [Ipu ucnonb30BaHUM JBYXIPOCBETHBIX OpU-
ruHanbHbeIX BIIl ¢ MUKpOMPpUraTOpOM K MOMEHTY BBIIIOJHEHHUS
ornepauuy Ha CIECHHMAIU3UPOBAHHOM JTalle HU OJHOIO Cilydas
Tpombo3a He HaOmoganu. [Ipuyem Takue pe3ynbTaTbl ObLTH TO-
Jy4€Hbl IIPU YCTAaHOBJICHUM UX KaK B apTEPHAIBHOE, TAK U B BE-
HO3HOE pycio. Takxe, MojiHAs MPOXOAMMOCTh ObLIA MOJy4YeHA
IIPYU UCIIOJIB30BAHUH JIMHEWMHOI O SHAOIIPOTE3A C JONOJHUTEIBHON
Karerepusanuen MpoKCUMaJIbHOM apTepualbHOM BeTBU. Ha oc-
HOBAaHMM 3TOT0 CUHUTAEM, 4TO Hcnoib3oBanue B mpennaraemoii
HaMU KOHCTPYKLIMH, B Clydyae HEOOXOJUMOCTH BpPEMEHHOIO
HIYHTUPOBAHUS IOBPEXKAECHHOIO COCyla, Haubosee ILeraecood-
pa3Ho, IPUYEM, KaK B ApTEPUAIIBHOM, TAK U B BEHO3HOW MO3ULIHUH.

Takum o6pazom, BII npeanaraemoit HaMu KOHCTPYKIIUH,
MO- JK€T OBITh UCTIOIB30BATHCS ISl BPEMEHHOTO MPOTE3UPOBAHUS
Ha JTanax MEeJIULIUHCKON 3BaKyallMH U SBISETCS METOAOM BbIOO-
pa. Ciaexyer momuepKkHyTh, uTo yctaHoBka BII HenszOexxHo mpu-
BOJUT K 3aJIepKKE 3BaKyallUd IOCTPaJaBUIETO Ha JTall CIIelHa-
JIY- 3UPOBAHHOW ITOMOIIH, a IIOTOMY HCIIOJIb30BAHKME €r0 Ha JTa-
ne KBIM(UIMPOBAHHOW MOMOIIM JOJDKHO OBITh OTPaHUYEHO
CTPOTMMHU IIOKa3aHUSAMHU, W IIPUMEHATHCS TOJIBKO IIPU yIrpo3e
pPa3BUTHUSA TaHIPEHBI KOHEYHOCTH B COYETAHUM C HEBO3MOXKHO-
CThIO OCTAaHOBKH KPOBOTEUEHMSI UHBIMH CIIOCOOaMHU.

Xapakrep ONEpaTUBHBIX BMELIATEILCTB HAa MAarucTpaib-
HBIX COCYyJax, BBIIIOJHEHHBIX Ha J3Tale CIEeNHAIU3UPOBAHHON
nomomu B LIBKI', npexacrasnen B Tabn. 5 u tabn. 6. B orianuue
OT IIe- PEIOBBIX T'OCIHTAJIEH, HA JTaHHOM 3Tare MPOBOJWIN pe-
KOHCTPYK- TMBHBIE OIl€palliy Kak 10 IIOBOAY IIEPBUYHOIO H30-
JUPOBAHHOTO WJIM KOMOMHUPOBAHHOTO MOPa)XKEHHs] MarucTpalib-
HBIX COCYJIOB (72 omepauuu), Tak U pa3IddHble PEKOHCTPYKIUH
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Imo nmosoAay IIo- CIIEICTBUIM l'IOBpC)K[[eHI/Iﬁ MarucCTpaJibHbIX COCY-

10B (42 omeparun).

Tabmuma 5.
Xapakrep 1 00beM ONPETUBHBIX BMELIATEILCTB HA COCY-
Jax MpH UX NepBUYHBIX nopaxkeHusx B [IBKT

Bun BMemaTensCcTBa Konuuectso onepalui
I'pynna | Ipynna | pynna | I'pynna | Bcero
1A 16 IIA 1B
BoKoBOI LI0B coCya: 0 4 4 0 8
(13,3%) | (9,5%) (5,6%)
B T.4. apTEPHH 4 2 4
BEHBI 0 2 2
L{upKyJSpHBIH LIOB COCY- 6 4 10 4 24
na: (12,0%) | (13,3%) | (23,8%) | (18,2%) | (16,7%)
B T.Y. apTEPUH 6 4 4 2 16
BEHbI 0 0 6 2 8
Ornepauny OpoTe3upoBa- 26 14 22 12 74
HUS WK WyHTHpOBaKuA: | (52,0%) | (46,7%) | (52,4%) | (54.5%) | (51,4%)
B T.4. ApTEPHH 26 14 16 10 66
BEHBI 0 0 6 2 8
[TpoTe3upoBaHHe apTepHH 2 0 0 0 2(1,4%)
CHHTETHYECKMM npoTesom| (4,0%)
TpomO3KTOMHUM U3 LIYHTA 4 0 0 0 4 (2,8%)
(8,0%)
[ToBTOpHBIE PEKOHCTPYK- 12 8 6 6 32
LHH (24,0%) | (26,7%) | (14,3%) | (27,3%) | (22,1%)
WUTOI'O 50 30 42 22 144
KomMmenTupyst 3Ty Tabnuiyy, ciaeayeT OTMETHUTh YTO

LBKI' nocinennuii 3Tan MEIUIIMHCKONW 3BaKyalllu, e OKa3bIBa-
JU  BBICOKOKBAIU(UIIMPOBAHHYIO CIELUATU3UPOBAHHYIO I1O-
MOIb. B CBA3M C 3THM cCllelyeT OTMETHUTHh BBICOKHMI YpPOBEHBb
CJIO’)KHOCTH BBINOJHSAEMBbIX BMematenabcTB. Tak, B LIBKI' momns
ONepanyii NPOTE3UPOBAHMS WM ILIYHTHUPOBAHHS COCTABHIIA
51,4% B TO BpeMs KaK B IIEpEIOBBIX TOCIIUTANIAX MOAOOHbIE OMe-
panuu OCymecTBIsUIN Todabko y 17,9% panensix Hu y omnoro
MOCTPAJaBILEro Ha JAHHOM 3Tane He ObUIM BBIMOJHEHBI JIUra-
TypHBIE OIIEpalliH, T.€. BO BCEX CIIy4asX BBIIOJHUIM PEKOH-
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CcTpykTuBHBIE omnepanuu. Kpome toro, y 36 (12,9%) noctpanas-

HIUX OBUIM OCYILIECTBJIEHBI IOBTOPHbIE BMEIIATENILCTBA, B TOM
qrcie 4 TpPOMOIKTOMHUHU U 32 PEeKOHCTPYKTHBHBIE OTIEPAIIHH.

Tabmnuua 6.

Xapakrep 1 00beM OIEepPaTUBHBIX BMEIIATEILCTB HA COCY/aXx,

IPOBE/IEHHBIX 110 OBOY NOCIEACTBUM UX N30JIMPOBAHHOIO WU

KOMOWHUPOBAHHOTO PAaHEHUS

Bua BMewaresascTBa KonuyecTBo onepauui
['pynmna I'pynna Bcero
IB 1IB
HOKOBOIf LIOB coCy/a: 0 8 (28,6%) 8 (14,3%)
B T.4. apTEPHH 0 0
BEHBI 8 8
[ [MpKY/IAPHbIi 1OB cocynia: 4 (14,3%) 8 (28,6%) 12 (21,4%)
8 T.4Y. apTEPHH 4 4 8
BEHbI 0 4 4
(Onepaunu npotesuposamus wii | 14 (50,0%) | 8(28,6%) | 22(39.3%)
YHTUPOBaHHUS:
B T.4. ApTEPUH 14 6 20
BEHbI 0 2 2
TlnacTuka nedexTa apTepuH 3a- 4 (14,3%) 2 (7,1%) 6 (10,7%)
1aToM
[IpoTe3upoBaHHue apTepuu cunte- | 6 (21,4%) 2 (7,1%) 8 (14,3%)
TUYECKHM [IPOTE30M
UTOI'O 28 28* 56*

*[Ipumeuanue: B rpynne Il B Obuto onepuposano 14 nanues-
TOB, OJIHAKO BCJIEACTBME TOTrO, YTO B JaHHOW Ipynmne y Kaxaoro
MaIMeHTa BBIMONHIACH PEKOHCTPYKIUS KaK apTepuu, TaK U BEHBI,
KOJIMYECTBO orepanuidi coctaBuiio 28. Takum 00pazoM, Bcero ObLIO
ONepUpoBaHoO 42 MalreHTa.

132



3. O6e3001MBaHNE HA ONIEPALMSAX 110 OBOAY PAHEHUH
MarucTpajbHbIX COCYI0B

bonbmmucTBO (87%) paHeHbIX ¢ TpaBMOUM KPYIHBIX Iie-
pude- pHUECKUX KPOBEHOCHBIX COCYAOB M HX TOCIEICTBHUSIMH,
HAXO0- IMBIIUXCA MO/ HAIMM Ha0JII0IeHUEM ObUTH ONEPUPOBAHbI
MOJI DHIOTPaxeaJbHbIM HAPKO30M C TMPUMEHEHHEM METOIAMKH
cOanaH- CUpPOBAaHHOW aHecTe3nH, OOecreunBarolleil MpoBeIeHne
OIEpaTUBHOIO BMEUIATEIbCTBA HE3aBUCHUMO OT €ro MpPOAOJIKU-
TEIbHO- CTH, TPAaBMAaTUYHOCTH, 00bEMa KPOBOIIOTEpPH, a TAKKe
BO3MO- HBIX OCJIOKHEHUM.

B psne cnyuyaeB (7,4%) Mbl BBINONHSUIA ONEPAlMHA O[T
BHYT- PUBEHHBIM HAPKO30M B COYETAaHUHU C MECTHOM aHeCTe3uen
0,25- 0,5% pacTBOpOM HOBOKaWHa, KOTOpas oOecrieunBaia Jer-
KYI0 M XOPOLIYIO MPENapoBKy COCYJIOB U HEPBOB, MO3BOJISISI CO-
KpaTUTh TMPOJOJDKUTEIBHOCTh BMEIIATENbCTBA U 3HAUUTEIBHO
YMEHBUINTh MPUMEHSIEMYIO 103y HapKOTHYECKUX BemecTB. Kpo-
Me TOT0, M€- CTHas aHeCTEe3Us MMEET elle Pl IPYTHX Mpeumy-
IIECTB: CIIOCOO- CTBYET YMEHBIICHHUIO CIla3Ma COCYA0B M KOJuIa-
Tepaliell, a TakKe MX PaCHIMPEHUIO, TEM CaMbIM MpEAyNpeKaas
pa3BUTHE WIIEMHH KOHEYHOCTH WJIM OpraHa, HaXOJSIIErocs IH-
CTaJIbHEE MECTA CO- CYAUCTOTO MOPAKEHHUS

MecTHy10 aHECTe3MI0 KaK caMOCTOSITENIbHBIN BT 00€300-
JM- BaHUSI Mbl MPUMEHWIN TONbKO y 4,2% MocTpaJaBIIUX IMPH
ofe- palusx I0 TOBOAY H30JUPOBAHHBIX PAaHEHUH COCYJIOB
CpeaHero Kanuopa

B 2,8% cny4asx Mbl HCHOJB30BajJd CHMHHOMO3IOBYIO
aHe- CTE3UI0 NPHU BBINOJHEHUU ONEpally Ha COCyJax HMKHUX
KOHe4- HocTel. OHAKO, yUUTHIBAasi BO3MOXKHOCTh 3HAYUTEIIHHOTO
CHH- JKEHUS apTepHaJIbHOIO JaBJIEHUS B cilyyae OBICTPOM U Mac-
CHB- HOM KPOBOTIOTEPH BO BPEMs OTIEPATHBHOTO BMEIIATEIBCTBA,
a TaKXe CJIO0KHOCTb €€ UCIOJHEHUS Y PAHEHBIX C MOJIUTPABMOIA,
MBI HIMPOKO HE UCIIOIB30BAIH 3TOT METO]T AaHECTE3UH.

Br160op MeTo1a BOCCTAaHOBUTENIBHOM ONEpaIiy 3aBUCEN OT
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Xa- paKTepa MOBPEKIEHUS COCY/1a, €T0 MPOTSHKEHHOCTH, HATMUUS
MOBPEXKACHUS OKPY KAIOIIUX aHATOMUYECKUX CTPYKTYp, HAINYMS
WIN OTCYTCTBUS MH(EKLINU B paHe.

4.001ue NPUHIUIBI BHITOJTHEHUS
PEKOHCTPYKTHBHBIX OIlepaluii pH
PaHEeHMH MarucTpajbHbIX COCY/10B

B namem uccnenoBanuu u3 236 paHeHbIX ¢ IEPBUYHBIMU
pa- HEHUSIMH MAarucTpalbHBIX COCYJ0B OOKOBOE MOBPEXKICHUE
aprepuil 1 BeH HaOmonanu y 52 (22,0%) 4enoBek y OCTalbHBIX
184 (78,0%) nmeno MecTo CKBO3HOE paHEHHUE cocyia

[lepen BBINOJIHEHHMEM BOCCTAHOBHUTEJBHBIX OIlepaluil Ha
CO- CyJax MPOBOAMIN MX MOOWIHM3AIUs HA PAacCTOSHUHM 3-6 cM
Ipo- KCUMajlbHEE W JMCTaJlbHEE YpOBHsI moBpexzaeHus. llepen
repe- KaTueM MarucTpajibHbIX apTepuil cucteMHo BBoauan 5000
EJl renapuna Ilocie aToro oOHaxanu caMm MOBPEKIACHHBIA yda-
CTOK COCY/JIa ¥ OCYIIECTBIISUIA €r0 PEBU3HIO.

[Ipu Hammuum GokoBorO nMedexTa apTepun Hambosiee Orl-
TUMaJIbHBIM METOJIOM BOCCTAHOBJICHHUS SIBIISUIOCH HaJOKEHUE 00-
KO- BOTO COCYAMCTOro IiBa. B Hamiem uccienoBaHuu OOKOBOM
[IOB apTepuu ObLT BBHIMOIHEH Y 15 MOCTpagaBIIuX ¢ IEPBUYHBIMU
no- paxkeHussMu [lokazaHuEM K BBIITOJIHEHHUIO JIaHHOTO IIBa CUU-
TaJIi TIOTIEPEYHOE PACIOI0KEHNE paHbl Ha MPOTSHKEHNUU He OoJiee
MOJIOBUHBI MaMeTpa cocynaa. /1o BOCCTaHOBIEHMS LEIOCTHOCTU
CO- cyzia 00s13aTeIbHO MPOBOAMIN PEBU3HIO JUCTAIBHOTO, a TaK-
e MPOKCUMAIBHOIO COCYJIHCTOr0 pycia ¢ MOMOUIbIO KaTeTepa
®oraptu. bokoBOl NIOB HAKIAABIBAIU AUCTAIBHOTO OTAENA TakK,
YTOOBI TIOJ] KOHTPOJIEM 3pEHHUsl 0053aTeIbHO 3aXBAaTUTh UHTHUMY
HOBPEXJCHHOTO COCY/1a, YTO BAXKHO JJISl MPOPUIAKTUKU €€ 3aBO-
poTa W Kak ciencrteue  Tpombo3a cocyna. [Ipu pesansix 00KO-
BBIX JIe()eKTax CTCHKU apTepuil B MPOJOIHLHOM HAMPABICHUH TIPU
YCIIOBUHU, YTO OTCYTCTBYET pa3MO3KEHUE €€, Mbl BBITOJIHSIU
MIACTUKY JedeKTa ¢ MOMOIIBI0 ayTOBEHO3HOM 3aIlIaThl, BBIKPaH-
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BaeMOW U3 MPHUTOKOB OOJBINON MOAKOKHOW BEHBI UM OCHOBHOM
BeHbI Tieua puc 5.Takas TexHuka Obla MCHojib30oBaHa y 14 pa-
HEHBIX C MEPBUYHBIMHU TMOBPEKICHUSMU COCYJOB, KPOME TOrO,
iacTuka aedexkTa apTepuu ¢ MOMOIIBIO0 3aruiaThl Oblla TaKKe
MpUMEHEHa ellle y 6 MOCTpPaJaBIIMX C MOCJIEICTBUSIMU PaHEHUN
cocynoB. B ciyuae, eciiu ©MeNo MECTO pa3MO3)KEHUE CTEHKU CO-
CyJlia, a Takke UMescs AeeKT apTepuun OoJiee MOJIOBUHBI €€ JTra-
MeTpa, Mbl OTKa3bIBAIUCH OT BHIOJHEHUSI OOKOBOTO COCYIUCTO-
ro 1IBa WJIX TJIACTUKHU 3aIJIATON M BBIMOJIHSIN PE3CKIUIO MTOBpE-
JKJICHHOTO y4acTKa apTepUU B COYETAHUM C JPYTUMHU METOJaMU
PEKOHCTPYKIIUH.

Puc 6. AyToBeHo3Hast 3ariata COHHON apTepuu.
(uHTpaomnepaoHHoe (HOTO)

IIpy MOJHBIX MONEPEYHBIX MOBPEKICHUSAX COCYNOB XH-
pYpru- yeckasi TaKTHKa ONpeAessiach MPOTKEHHOCThIO JiedeK-
Ta, KOTO- PbIii 00Pa30BHIBAJICS MOCIIE UCCEUEHUS MOBPEXKIEHHBIX
CTEHOK cocy/a a TakKe Haauuus MHPeKIuu B paHe B ciyuae,
€CJIM MPOTSHKEHHOCTh JiehekTa MEXIy pe3ellMpOBaHHBIMU KOH-
LJaMU COCYZOB He IpeBblmana 10 MM, TO NpaKkTUYECKH BCEraa
MMeEJach BO3MOXHOCTh ISl HAJIOXKEHUS LUPKYJISIPHOTO IIIBa, HE
BBI3bIBAsl HATSDKCHUS JIMHUU aHACTOMO3a, YTO SBJISIETCS OJHUM U3
OCHOB- HBIX YCIJIOBUI BBIITOJIHEHHS 3TOTO BUJA BOCCTAHOBUTEIIb-
HBIX ore- pauuil puc.2.6 LupkynaspHblid 0B apTepuil ObUT Hc-
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[0JIb30BaH y 39 mocTpagaBIIMX C IEPBUYHBIMU apTEpUAIbHBIMU
HOBPEX/Ie- HUSMHU U €lle y 8 paHeHbIX IpU OIepalusx 1o MoBo-
Jly TIOCJIEJCT- BUM paHEHUI MarucTpajbHBIX COCYI0B. AHAcTO-
MO3bl Ha apTepU- aJlbHOW CHCTEME BBIINOJIHIIN C UCIOJIb30BAHU-
€M MOHO(MIIa- MEHTHOTO IIOBHOTO MaTepuaia mnpojiex 5-0.

[Ipu ngedekrax cocynoB MpoTsHKEHHOCTHIO Oosee 10 - 15
MM BBIIIOJTHEHHE LUPKYJSIPHOTO IIBa 0€3 HATSHKEHUs 30HBI aHa-
CTO- MO3a, KaK IPaBUJIO, HE NPEICTABIsUIOCh BO3MOXKHBIM. [Ipu
OT- CyTCTBUH SIBHOTO MHUKPOOHOTO 3arpsi3HEHUs PaHBl, a TAKKE B
OOJIBIIMHCTBE CIIy4aeB 3aKPbITIX MMOBPEXKIEHUH Mbl BBIIOIHSIH
IPOTE3UPOBAHUE MOBPEXKACHHOIO yyacTKa apTepun HEIOCPEACT-
BEHHO B 00JIACTH PaHEHUs

Puc 7 HupkynsipHblii 10B 0OIIEH COHHOW apTepun
(uHTpaonepauoHHOE GOTO).

136



[

Puc. 8 AyTroBeHO3HOE ITPOTE3MPOBaHUE OCPEHHON apTeprn
(uuHTpaonepannoHHoe HoTo)

B kadecTBe ruiacTuyeckoro marepuana HamMH Hambojee 4acTo
MCIIOJIB30BAJICS ayTOBEHO3HBIN TpaHcIutaHTat (puc. 2.8) (90 ciyuaen
M0 TMOBOAY MEPBUYHBIX MOBPESXKICHUN M 19 ciyyaeB Mo MOBOIY
NOCJIEACTBUM paHEHUH cOCYZ10B). AyTOBEHO3HbIN TPAHCILJIAHTAT Yallle
3a0upanu co 310poBoil koHeuHocTd. [locrme 3Toro mpoBoAMIU €ro
MOJTOTOBKY (JUTMPOBAHKUE MPUTOKOB, TPOBEPKA HA FEPMETUYHOCTD U
T.J.).

CunTeTH4ecKue MpoTe3bl OBUTH UCTIOIB30BaHBI TOJIBKO y 2 pa-
HEHBIX TPU ONepanusax M0 MOBOAY NEPBUYHBIX paHEHHH. B kauecTBe
MOCIICIHUX HCIIOB30BAMCEH mpoTe3sl pupM «Ceep» u «Gore Tex»
puc 2.9.

Jns ynanenus TpoMOOTHUECKHX Mace, a TAKXKE C LENbIo Jua-
TalMy CIIa3MUPOBAaHHBIX YYaCTKOB COCY/a OCYIIECTBIISIIIM PEBU3HIO U
TPOMOAIKTOMMIO U3 NMPOKCUMAJIBHOTO M JAMCTAIBLHOTO KOHIIOB IOBpE-
KJCHHON apTepuu ¢ moMoluplo karerepa «®Doraptw» [l yBennuue-
HUSl JAMaMeTpa aHacTOMO3a HCIIOJIb30BalM JOIMOJHHU- TEJbHOE Ipo-
JIOJIbHOE PAcCCEUEHUE CTEHKM BEHBI HA MPOTSHKEHUU 5 - 7 MM., IIpH
HEBO3MOKHOCTH HAJIO)KEHUSI aHacTamo3a «KOHEI[ B KOHEL», Mbl
UCIIOJBb30BAIM METOAMKY HAJIOKEHHMs aHacTaMo3a «KOHEI[ B OOK»
(puc.10). CocyaucTslii IIOB BBHIOJHSIIM MO0 CTAHIAPTHON METOIMKE C
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UCTIONIb30BaHNEM MoOHoduIaMeHTHOW HuTH TposeH (4-0,5-0,6-0) ¢
HAINpaBJICHUEM BKOJIA UTJIbI C BEH Ha apTEPHIO.

Puc 9 Cunternyeckoe npore3npoBaHue OepeHHOM
apTepuu (MHTpaonepanuoHHoe GoTo).

B 10 cioyyasx npu HanM4yuM Juacta3a KpaeB MOBPEXkKAEH-

HOTO cocy/a OT 2 10 6 ¢CM MBI IPUMEHWIH HaIll OPUTHHAIBHBINA

croco0 ayTOBEHO3HOW IuIacTHKHU JedekToB. s 3Toro Opanu

¢parMeHT OOJBIION MOAKOXKHON BEHBI, [UTMHA KOTOPOTO PaBHSI-

J1ach JUIMHE OKPYXKHOCTH NPOTE3upyeMoro cocyza (puc. 11a,0).

- —

Puc.10. (uaTpaonepamnuontoe ¢poro) Hanoxenue
aHacTaMo3a «KOHEI[ B OOK».
Ilocne ostoro panHbIi (parmMeHT paspe3aqd B IMPOJOIHHOM
HAIpaBJIEHUU U CHIMBAJIM B MOIMEpeyHOM. B pe3ynbraTe Mbl mo-

Jy4YaJId ayTOBEHO3HBIN MPOTE3, COOTBETCTBYIOLIMN 110 IHAMETPY
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IpoTE3UpyeMoMy cocyly. B ciyuae, ecnum amacras CcOCTaBIISI
MeHee 3 ¢M, ayTOBEHO3HBII MPOTe3 BUIMBAIN MO OOBIYHONW METO-
muke. [lpu Hanmuum amacrasza 3 - 6 cM BIIUTH NpoTe3 Oe3 HATs-
KEHUs apTepUM HE IPEJCTABISUIOCh BO3MOXKHBIM, IIPU 3TOM MBI
UCTIOJIB30BAIH JIOTIOJIHUTENFHYI0O MOOMIN3AIHMIO TTPOKCHMAaIbHO-
r0 U JUCTaJIbHOIO ()ParMEHTOB COCYJla Ha MPOTSKEHUH, YTO 3Ha-

Puc. 11a. (uaTeponepannonsoe ¢hoTo)
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a. cerMeHT GONbIIOH NOAKONKHOMH BEHBI;

6. NPOIONbHOE pacceyeHte CTEHKH COCY/a;

B. NOJTYMEH [UIACTHHYATBIHA IOCKYT,

r. ¥ 21 pOpMUpOBaHKe BEHO3HOH TPYOKH GobLIErO IHAMETPA;
B. AyTOBEHO3HAA TUIACTHKA aPTEPHH HOBBIM cnocobom.

Puc.116. Cxema ucnosib30BaHue ayTOBEHBI IS MJIACTUKU
IIPU PAHEHUSIX MarucTpaJibHbIX COCYIOB.

[Ipu Hanmuuyuu THOMHOrO mpolecca B paHe, OOIIMPHBIX
pPBaHbIX M Pa3MO3KEHHBIX pPaHEHUH COCYJ0B Mbl BBINOJIHSIIN
orepanuy 3KCTPaaHATOMUYECKOTO LIYHTUPOBAHUS C HAJIOKEHU-
€M COCYIUCTBIX aHaCTOMO30B U IPOBEICHUEM TPAHCILIAHTATOB
BHE 30HBbI HHQUIMPOBaHUSA (4 ciydasi IEPBUYHBIX MMOBPEXKICHHUH
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u | ciydail onepauuii o MOBORYy MOCIEACTBUM paHeHui. OnHa-
KO, Ha Halll B3I, SKCTPAaaHATOMUYECKHUE IIYHTUPOBAHUS Lielie-
c000pa3HO BBHIMOJIHATH TOJBKO MPU HOPMAIHHOM (PYHKIIMOHHPO-
BaHUM ILIYHTOB, MPEX/IE BCETO HEMOBPEKAECHHBIX YYaCTKOB COCY-
Jla ¥ MATKHX TKaHEH B JMCTaJbHBIX OTHENAX, a TaKKe BO3MOXK-
HOCTb OTTPAaHUYEHUS 30HbI aHACTOMO30B M CAMOT'0 TaHCIUIAHTaTa
OT oyara MHQEKIHH.

TexHuKa BBIIOJHEHUS YKCTPAaHATOMUYECKOIO IIYHTHUPO-
BaHUS B KaXJOM Cllyyae MHAMBUAyaJbHA U 3aBUCHT OT YpPOBHS
HOBPEXJE- HUS COCYJOB, JIOKAIN3ALUU IMOBPEXJICHUS U Oyara
UHQEKINH, PACIOJIOKEHHUS PAaHbI, MOBPEKICHUS OKPYKAFOIIUX
aHaTOMMYECKUX CTPYKTyp. OOIIMM JuIsl BCEX BHUJAOB dKCTpaaHa-
TOMHUYECKOTO IIYHTU- POBAHUS SBISETCS BBIJEIICHUE COCYIOB Ha
paccTosHuu 6 - 8 cM IpOKCUMaJIbHEE U TUCTaJbHEE ovara B Ipe-
Jienax 3710pOBBIX TKaHel. Bo Bcex ciydasx B Ka4eCcTBe IIacTH4e-
CKOro Marepuana HamH Oblla HCIIOJIb30BaHa ayToBeHa. Bisrtue
TpaHCIIAaHTaTa CO 3/10POBOI KO- HEYHOCTH OCYIIECTBIISUIM C pac-
4EeTOM TOT0, YTOOBI €ro MpOTsKEeH- HOCTh ero Ha 10-15 cMm npe-
BBIIIAJIA JUIMHY MPEAIOoIaraeMoro yda- CTKa PEKOHCTPYKIIWH.
3T0 1M03BOJISJIO IPOBECTHU €ro B Ipezenax 310poBbix TkaHei. [lo-
cie (GOpMHUPOBAHUS MPOKCUMAILHOTO U JIUCTAIFHOTO aHACTOMO-
30B M 3allycKa KPOBOTOKA IO IIYHTY, HMOBPEXKICHHYIO apTEPHIO
NepeBs3bIBAIN B HH(PUIIMPOBAHHOH paHe.

OpnHoil n3 Haubosee CIOXHBIX M AUCKYTaOENbHBIX MPO-
OsieM sBJIsSIETCS BOIPOC O HEOOXOAMMOCTH U II€JIECO00pa3HOCTH
BOCCTaHOB- JIEHUSI TMPOXOJUMOCTH BEH IMpPHU UX TOBPEKICHUH.
Mps1 Habmroganu 76 mocTpagaBIIMX ¢ KOMOWHHUPOBAHHBIMH TO-
BPEXKACHUSAMHU KPYINHBIX apTepHaibHbIX cTBOJIOB. Eme y 14 ma-
IIMCHTOB BEHBHI OBUIM BOBJICUYEHBI B TATOJIOTHYECKUN TPOIIECC B
CBSI3U C PA3BUTHEM MOCIEJCTBUI paHEHUH MarucTpaibHbBIX COCY-
noB. [Tpu 3TOM, TUTATYpHBIE ONEpaliii HaMU OBLUTH BBITOJITHEHBI
TOJBKO y 13 mocTpasaBUIMX, BO BCEX OCTAIBHBIX CIIydasiX ObLIH
OCYIIIECTBIICHBI BOCCTAHOBIIEHUS TIPOXOIMMOCTH BEHO3HOH Maru-
CTpaJIu.
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[Tpr GOKOBBIX MOBPEKACHUSX BEHO3HBIX CTBOJIOB ONTH-
MaJIbHBIM CUMTAaeM HaJIO)KEHUE OOKOBOIO COCYAMCTOrO IIBA HU-
Th0 mpoiieH 6-0. Takoit moaxon ObuT Mcmonb30BaH Hamu B 10
ClIy4asX IPH JICYCHUN NMEPBUYHBIX MOBPEKACHUNA U B 8 Cllydasx
IIPU ONEPALMX I10 TOBOAY MOCIEACTBUN paHEeHUH. bOKOBOM 1110B
BEH CpEIHEro JAuaMeTrpa Mbl HaKJIaAbIBaId B IIONEPEUYHOM
HaNpaBJICHUH, IPH OOJIBIIOM JHaMETPE BOCCTAHABIMBAEMON Be-
Hbl — B IIPOJOJILHOM HampasieHuu. Ilepen HamokeHuem IBOB
BBITOJIHSIH TPOMOIKTOMHUIO KateTepoM DorapTu U3 JUCTAIBHOTO
U [IPOKCUMAJIBHOTO OTPE3KOB. [|OMOIHUTEIBHYIO TPOMOIKTOMHUIO
U3 JUCTAJIBHOIO pycia IMPOBOAWIHA IIyTEM KOMIIPECCUU MBbIIIECY-
HOI'0 MAacCHBa MOBPEXKACHHON KOHEYHOCTH.

[Ipy mOJIHBIX NONEPEYHBIX MNOBPEKACHUSIX BEHO3HBIX
CTBOJIOB XUPYpPIrUUeCcKas TaKTHKa, KaK U B ClIydac IOBPEKICHUS
apTepuii, 3aBUCHIIa OT JUIMHBI TPAaBMHUPOBAHHOIO ydactka. Cre-
ZyeT, OJHAKO, OTMETUTb, YTO B CHJIy MEHBUICH 31aCTUYHOCTU
CTEHKHU BEHbI HAJIOXKEHHE LIMPKYJISIPHOTO 1IBa O€3 HATSKEHUsSI Be-
Hbl sBJsieTCs Oosiee 3aTpyAHUTENbHBIM. LIMpKyJsSpHBIA 1IOB B
HaIlIeM HCCIIEIOBaHUU OBbLT MCIOJIb30BaH B 13 ciydasx mpu Boc-
CTaHOBJICHUH NIEPBUYHBIX NOBPEXKACHUN U €llIe B 4 ciaydasx Ipu
JICYEHUH MOCIEACTBUN PAaHEHHUM cOCyn0B. MBI cuuTaeM, 4To BbI-
NOJTHEHHE HETIPEepPhIBHOTO OOBHBHOTO 1IIBa BEHBI SIBJSIETCS HEXe-
JaTeIbHBIM C TOYKU 3pEHUS CyXKEeHHsS U JedopMaliil aHaCTOMO-
3a. [ToaToMy npu peKOHCTPYKIIMH BEH, OCOOEHHO CpeaHe- To Ka-
anOpa, MbI UCIIOJIb30BAJIM OTAENIbHBIE Y3JI0BbIE MM KOMOWHUPO-
BaHHbIE IIBHI. [IpH nedexrax BeH NpoTsbKeHHOCThIo Oostee 10 MM
B 12 ciy4asix HaMu OBUIO BBIIOJHEHO MPOTE3WPOBAHUE TOBpE-
KJIEHHOTO ydacTKa (B T.4. 10 - mpu mepBUYHBIX NOBPEXKICHUAX U
2 - TpH TOCIENCTBHSIX paHeHwid). [l mpoTe3npoBaHUS BEH
cpeaHero avamerpa (8 ciaydyaeB) HaMu OblUla MCIIOJIB30BaHa
OonbiIas MoAKOXKHAas BeHa. B 2 ciaywasx mpu NpoTe3upOBaHUU
KPYITHBIX BeH ObLI MPUMEHEH HaIll OPUTHHAIBHBIN ayTOBEHO3HBIH
TPaHCIUIAaHTAT, ONMCAHHBIN BBIIIIE.

Takum 00pa3oM, MpH paHEBHIX Je(PeKTax COCYJOB IPO-
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TSOKEHHO- CThIO MeHee | CM BBIMONHSUIA YITUBAHHE COOCTBEHHBI-
MU TKaHIMHU cocyna. [Ipn HEeBO3MOXKHOCTH BBIITOJIHEHUS OOKOBOM
TUTACTUKHM OCYIIECTBISUIA PE3EKIMI0 TOPAKEHHOTO YYacTKa C
AHACTOMO30M KOHEIl B KOHEII, a IPX OIMTACHOM HATSDKEHUU CTCHOK
— TPOTE3UPOBaHKE cocyaa. MarepuaioM BbIOOpa MpU MEePBUY-
HBIX PaHCHHsX ObLIa ayTOBEHA - YYaCTOK OOJIBIION MOKOKHOMN
BeHbl. [Ipu HEMpOTSHKEHHBIX JeeKTax COCYIOB MOJB3IOIIHO-
OepeHHO 00JIaCTH METOIOM BBIOOpa OBLT COOCTBEHHBIHN CITOCO0
UPKYJISIPHOTO ayTOBE- HO3HOTO MpoTe3a. Eciam aHacTOMO3bI Ha
aprepusx (GOPMHPOBAIU €IUHBIM OOBHBHBIM IIIBOM, TO IPH Be-
HO3HBIX aHACTOMO3aX CTPEMH- JIMCh HCIOJIb30BaTh Y3JIOBBIE
BB

JINTEPATYPA
H.A. T'amxueB. JIluarHocTuka u XUpypruyeckoe JeUCHHE paHe-

HUI MarvCTPaJbHBIX COCYIOB M MX MOCIEACTBUI (MOHOTpadus),
baky, 2003, EI-ALliance, 136 c.
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3.2. Al-Based Flood Prediction and Early Warning
System for the South Caucasus Region

Ghulam Ali
(Pakistan)

Flooding is one of the most frequent and destructive
natural emergencies in the South Caucasus region, often causing
significant loss of life, damage to infrastructure, and disruption of
essential services. Current flood monitoring systems in the region
face challenges in processing real-time environmental data and
issuing timely warnings. This research proposes a specialized Ar-
tificial Intelligence (Al) framework for flood prediction and early
warning, designed to operate in diverse geographical and climatic
conditions. The system integrates satellite imagery, hydrological
sensor networks, and meteorological data into a deep learning
model capable of detecting high-risk conditions and forecasting
flood events hours in advance. Advanced neural networks will be
trained to identify key patterns in rainfall intensity, river flow,
and soil moisture, enabling accurate and location-specific alerts.
The framework also incorporates an automated notification sys-
tem to inform emergency response teams and the public, reducing
response time and potential damage. This Al-driven solution ad-
dresses a critical regional challenge and offers a scalable model
for other flood-prone areas worldwide.
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3.3. Hydrological regime of the volga river and its
influence on Caspian sea level changes

Safarov S.H., Safarov E.S.
Ministry of Science and Education of the Republic of Azerbaijan,
Institute of Geography named after acad. G. Aliyev, Azerbaijan
115, H.Javid ave., Baku, AZ1070

E-mail: s.safarov@aqgeo.science.az, elnur.safarov@outlook.com

Introduction

The Caspian Sea is the largest enclosed body of water in
the world, with no direct connection to the world's oceans. Over
its long history, the sea level has undergone dramatic changes
many times. Reviews of historical data on Caspian Sea level
changes over the last millennium can be found in a number of
publications [2].

Caspian Sea level fluctuations depend on many climatic,
tectonic, and anthropogenic factors. These factors interact with
each other in a complex way and change continuously in space
and time. Climatic factors had a predominant influence on sea
level, at the present stage climatic and anthropogenic factors
come to the fore

According to current understanding, the level of the Cas-
pian Sea depends mainly on its water balance, which in turn is
related to climatic factors and consists of the flow of the rivers
feeding it, precipitation falling on its surface and evaporation
from its surface.

Global warming has continued to break records in recent
years. According to WMO data, 2020 was one of the three warm-
est years on record with a global mean temperature anomaly of
1.2 0.1 °C relative to temperatures over the period 1850-1900.
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The last five years as well as the last decade were the warmest on
record [7]. However, the rate of climate change is not uniform
across the globe. In the vast region of the Siberian Arctic, tem-
perature anomalies for 2020 were more than 3°C, and in its cen-
tral coastal parts, more than 5 °C above the global average. In
Kazakhstan, the Caspian region is characterized by the highest
rate of increase in mean annual and seasonal air temperature. In
general, the temperature increase in the high latitudes of the
Northern Hemisphere is more significant [3] than in the southern
latitudes. This zone can also include the main part of the Volga
River basin, where the temperature anomalies are about 2-3 times
higher than the global temperature anomalies [5]. On the other
hand, temperature anomalies are different for different months of
the year [9].

One of the main elements of the Caspian Sea water bal-
ance is the mass of water brought by rivers [8]. About 130 rivers
flow into the Caspian Sea, but the Volga, Kura, Ural, Terek, and
Sulak rivers bring the main volume of runoff to the sea.  Ac-
cording to some data, the Volga River accounts for more than
80% of the water brought in. However, this share can be noticea-
bly larger in different periods. Therefore, the Caspian Sea level
fluctuations are largely determined by the variability of the Volga
River flow [13]. Therefore, the study of the hydrological regime
of the Volga River and its impact on the Caspian Sea level fluctu-
ations is very relevant. From this point of view, this study inves-
tigated the changes occurring in the Volga River flow, the factors
affecting them, and analyzed the relationship between these
changes and the Caspian Sea fluctuations.

It is known that the hydrological regime of the VVolga Riv-
er is also affected by anthropogenic factors (flow regulation by
hydraulic structures built on the river since the 1950s, water use
for economic purposes, etc.) [4].

This paper investigates the nature of the dependence of
the Volga River flow on changes in climatic factors (precipita-
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tion, air temperature) in its basin during different periods of Cas-
pian Sea level rise and fall. One of the main objectives of this
study is to assess the impact of climate warming on changes in
the hydrological regime of the Volga River, which in turn causes
fluctuations in the level of the Caspian Sea. The work also con-
siders other climatic factors, changes in which may lead to
changes in the Caspian Sea level.

1.Study area

The Volga River is one of the largest rivers in the world
and the largest river in Europe, the basin of which occupies one
third of the European part of Russia. The Volga is 3,530 km long
and the basin covers an area of 1,360 km?. Currently, the river
basin harbors about 45% of industry and half of all agriculture in
Russia. The river basin produces over 20% of all fish for the food
industry.

The main source of the Volga River runoff is snowmelt
and precipitation falling in its basin. The Volga River flows into
the largest inland body of water in the world - the Caspian Sea
[12].

The Volga River is divided into three sections: the Upper
Volga, the Middle Volga, and the Lower Volga [2, 4, 5, 13]. The
Volga Delta, the largest delta in Europe, starts from Astrakhan.
The Volga riverbed is divided into five hundred arms and chan-
nels of various widths and depths.

The climate of the Middle and Lower Volga varies from
quite humid in the northern part to arid continental desert climate
in the southern part. In the north, the climate is characterized by
moderately severe snowy winters and warm summers. The mid-
dle part of the basin experiences cold winters and hot summers.
The south is characterized by relatively cold winters with little
snow and hot, dry summers with frequent dry spells and droughts

[1].
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In this paper, based on long-term observations (1938-
2020) of hydrometeoro-logical observation points in the Volga
River basin, data on air temperature, precipitation in the Volga
River basin and its runoff were collected and analyzed.

Data from only 27 stations were used to determine the average
precipitation for the basin. The amount of precipitation in the
Volga River basin in each month, season and year was
determined by averaging the corresponding data from 27 stations.
These data were then also averaged for each period of Caspian
Sea level fall and rise.

Various methods of mathematical statistics, including
trend and correlation analyses, were used to compare time series
of data, to identify their development trend and possible relation-
ship between them.

As a rule of thumb, in the 20th century, the periods of the
Caspian Sea level decline are considered to be 1930-1977 and the
period after 1995, and the rise of 1978-1995. However, in this
paper, for most of the calculations, as in, we used the date 2005
instead of 1995, since sea level did not change significantly in the
period 1995-2005, and a real noticeable drop in sea level began in
2005.

As is known, the annual runoff of the Volga River is di-
rectly related to the amount of precipitation falling into its basin.
Therefore, to begin with, the nature of a possible connection be-
tween them was investigated. For this purpose, we used runoff
data from the hydrological station Verkhneye Lebyazhie which is
located at the nearest distance from the Volga delta, and precipi-
tation data from 27 meteorological stations located in different
parts of the river basin.

It is important to determine the degree to which the
amount of precipitation in the basin can be converted into river
runoff (runoff coefficient). As mentioned above, for this purpose,
the volumes of relevant precipitation that fell in the river basin
were calculated by multiplying the basin-averaged precipitation
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by the basin area. The results of these calculations are shown in
Fig. 1 and Table 1.

800,0 746,5 7299

700,0 640,1

600,0

500,0

400,0

300,0 2254 —n 229,5

200,0
100,
0,0

1938-1976 1977-2005 2006-2020
Periods

Rainfall and Runoff (km3)

o

®m Rainfall ® Runoff

Figure 1. Comparison of precipitation volumes in the
Volga River basin and its runoff at the
Verkhnoe Lebyazhie hydrological post for
different time periods.

Since here precipitation and river flow are given in vol-
ume units, it is possible to estimate the runoff coefficient for dif-
ferent time periods. As shown in Table 1, this coefficient was
0.352 for the period 1938-1976, but it decreased in subsequent
periods. A particularly noticeable decrease is observed for the
period 2006-2020.

Table 1 shows that for the period 1938-1976, the low val-
ue of Volga River runoff was related to low precipitation in its
basin, although the runoff coefficient was the highest. For the pe-
riod 1977-2005, the highest runoff values were also mostly asso-
ciated with relatively high precipitation, as the runoff coefficient
changed little. For the period 2006-2020, although precipitation
decreased slightly (Fig. 1 and Table 1) compared to the period
1977-2005, the river flow decreased quite dramatically. As can be
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seen from the table, this is caused by a significant decrease in the
runoff coefficient

Table 1

Periodsa Tempera- Rainfall= Runoff- Runoffq | Runofff -Annual- |
ture:  ano: (km®)= coeffi: (restored)- | loss- -of ru-

; mme | kmo : |

malies-(°C)a cienta (km®)a noff:(km?)o

1938-1976a | -0.47= 470.12| 640.12 | 225.40 0.352m 225.4a 0 I
1977-20052 | 0.452 548.9a | 746.5 | 259.91 0.348¢a 262.8 2.9 I
2006-20202 | 1.41a 536.7a| 729.9a | 229.5a 0.314x 256.9a 27.41 I

To explain the reason for the observed variability of the
runoff coefficient, we plotted the joint plots of the time course of
this ratio with air temperature anomalies in the Volga River ba-
sin.

Temperature anomalies are calculated from observations
of 3 meteorological stations Elatma, Kazan and Perm (Fig. 2) for
the period 1938-2020. The average annual temperatures of the
period 1961-1990, recommended by WMO, are taken as the tem-
perature norm. Statistically significant at the 0.05 level, the 6th
degree polynomial regression curves clearly show the approxi-
mate rise and fall periods of these parameters (Fig. 2).

As can be seen from Fig. 2, the areas of the highest values
of the runoff coefficient correspond to the lowest values of tem-
perature anomalies. Thus, in 1938-1965, when negative air tem-
perature anomalies prevailed, the highest values of the runoff co-
efficient were observed. In this period, the gradual increase of
anomalies was accompanied by a decrease of the runoff coeffi-
cient.

For 1966-1982, both negative and positive temperature
anomalies were noted, but their noticeable trend was not ob-
served. The runoff coefficient had a slight upward trend during
this period.
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Figure 2. Time courses of runoff coefficient and air
temperature anomalies of the Volga River basin
for the period 1938-2020.

Since 1995, positive temperature anomalies were mainly
observed, and their rapid growth was noted. At the same time,
there was a relatively sharp decrease in the river flow. As can be
seen from Fig. 2, for the period 1976-2020, the rate of tempera-
ture increase is about 0.5 °C/10 years, which is close to that ob-
tained by other authors [6]. This is significantly higher than for
the global temperature (0.18 °C/10 years).

2.Disuissions
All this shows that the value and sign of air temperature
anomalies significantly affects the runoff coefficient. As can be

seen from Fig 2, the coefficient increases with negative anomalies
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and decreases with positive anomalies. Thus, in recent years, a
significant decrease in runoff of the Volga River with a slight de-
crease in precipitation in its basin can be explained by the sharp
positive temperature anomalies, which are noticeably larger than
for global temperature [10].

As is known, with increasing air temperature, the intensity
of evaporation from the surface of water bodies and land increas-
es. This is especially true for reservoirs constructed on the Volga
River, which have significant mirror areas [4, 5]. Increasing
temperatures also exacerbate anthropogenic impacts in the Volga
River basin, as irretrievable water consumption for municipal and
agricultural needs increases.

Taking into account actual data on the Volga River runoff
and precipitation in its basin during different periods of its in-
crease and decrease, an approximate estimate of the annual aver-
age loss of river runoff as a result of increased air temperature in
the river basin has been made.

For this purpose, the expected values of river runoff for
the periods 1977-2005 and 2006-2020, if the runoff coefficient
was as in the period 1938-1976 (0,352), were calculated from the
actual values of precipitation. Using these data, the average annu-
al runoff losses of the VVolga River as a result of climate warming
were estimated for each period (Table 1). Total river flow losses
can be found by the following formula:

L=Li+Lo=mpi+np2, 1)
where L- total river flow losses for the period 1977-2020, L river
flow losses for the period 1977-2005, L. river flow losses for the
period 2006-2020, m - number of years in the first period, n -
number of years in the second period, p: - average annual flow
losses in the first period, p2 - average annual flow losses in the
second period.

Using the data in Table 1, we can estimate the total flow
losses of the VVolga River for the period 1977-2020 using formula

(D)
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L=282,9+15+27,4=81,2+411=492,2 km?®. (2)

Thus, due to climate warming, the loss of flow of the
Volga River for the period 1977-2020 amounted to 492.2 km?.
Dividing this volume of water by the area of the Caspian Sea
(371000 km?) we can get 132.7 cm (or 1.33 m), which shows the
layer of water that the sea has lost due to the effect of climate
warming on the VVolga River flow.

According to the data of the hydrological station Ma-
khachkala in 2020, the level of the Caspian Sea was -28.07 m rel-
ative to the level of the world ocean (Baltic system). However, in
the absence of climate warming, the sea level would be -26.74 m,
i.e., closer to the level of 1995-2005.

It should be noted that over the period 1930-1976, the
sharp decrease in the Volga River flow and, consequently, in the
level of the Caspian Sea were associated with a sharp decrease in
precipitation in its basin, as well as the filling of newly construct-
ed reservoirs and partially anthropogenic water withdrawal [1, 5].

Over the period 1977-2005, the increase in the Volga Riv-
er runoff and, consequently, the Caspian Sea level was mainly
due to an increase in precipitation in the river basin, but without
anthropogenic irretrievable water withdrawal and climate warm-
ing, the increase in runoff and sea level would have been much
greater. The current reduction in the Volga River flow, with a
slight decrease in precipitation and unchanged anthropogenic wa-
ter withdrawal, is most likely due to climate warming.

It should be noted that by the end of the 1980s, anthropo-
genic irretrievable water withdrawal from the Volga River
amounted to about 26 km®/year and the difference between actual
and "natural™ sea level reached almost 1.5 m [4].

In the following years, the volumes of anthropogenic
losses of river flow on average did not change significantly, and
in some time intervals decreased due to the reduction of irrigated
land area and irrigation rates. Shivareva et al., 2013, using a
water-balance model, performed calculations of the Caspian Sea
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level. In the absence of water consumption in the basin of rivers
flowing into the Caspian Sea, its level could reach high values
(minus 24 m) instead of the actual level of minus 27.17 m by
2010 [12].

It should be noted that the water volume of 492.2 km? ob-
tained by us in Formula 2 shows that part of the total flow loss
of the Volga River that is associated with climate warming in its
basin. Therefore, under natural conditions, the level of the Caspi-
an Sea could even be higher than minus 24 meters by 1.33 meters
[10].

It can be said that almost all climate scenarios predict a
further increase in global and regional temperatures, including the
study area [7].

If we take into account that the results obtained in this study
mainly confirm the predictions of modern Caspian Sea level
models [11], we can expect that in the future the runoff coeffi-
cient and, consequently, the efficiency of precipitation conversion
into runoff will tend to decrease. This means that under the cur-
rent level of precipitation in the Volga River basin and climate
warming, its flow will decrease. Under current conditions, an an-
nual precipitation of 585.4 mm would be required to ensure the
formation of an annual river flow of 250 km®. For comparison,
for the period 1938-1976 the corresponding value would be 522
mm, and for the period 1977-2005 — 528.2 mm.

3.Conclusions

A comprehensive study of the Volga River flow for the
period 1938-2020 showed that, in general, the annual flow of the
river depends on the annual amount of precipitation in its basin.
On average, periods of high values of river flow corresponded to
high values of precipitation in the river basin. However, the run-
off coefficient, which expresses the degree to which precipitation
is converted into runoff, was found to be decreasing over the pe-
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riod under consideration, especially after 2005. Using the values
of runoff coefficients for different periods of sea level rise and
fall, it is shown that for the period 1977-2020, against the back-
ground of anthropogenic factors, the share of climate warming in
the reduction of the Volga River runoff amounted to 492.2 km?.,
This is equivalent to a sea level decrease of 132.7 cm.
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Emergency responders—including paramedics, fire-

fighers, and search-and-rescue personnel—operate in high-risk
environments during disaster relief, facing psychological, physi-
cal, and environmental hazards. This study assessed the preva-
lence, severity, and interrelationship of these hazards among re-
sponders with recent disaster deployment experience.
A mixed-method cross-sectional design was used. Data were col-
lected from 200 participants via validated questionnaires as-
sessing psychological stress (Perceived Stress Scale), PTSD
symptoms (PCL-5), musculoskeletal disorders (Nordic Musculo-
skeletal Questionnaire), and environmental exposures. Addition-
ally, 20 participants participated in in-depth interviews exploring
lived experiences and coping strategies. Quantitative data were
analyzed using descriptive statistics, chi-square tests, and logistic
regression, while qualitative data underwent thematic analysis.

Findings indicated that 68% of participants experienced
moderate-to-high psychological stress, and 42% reported clini-
cally significant PTSD symptoms. Musculoskeletal pain, particu-
larly in the lower back and shoulders, was reported by 57%, often
linked to prolonged lifting and physically demanding rescue ac-
tivities. Environmental hazards were prevalent, with 64% report-
ing exposure to toxic smoke or chemical spills and 39% to
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extreme heat or cold. Qualitative themes highlighted emotional
exhaustion, inadequate protective gear, and the need for struc-
tured psychological support post-deployment.

The study concluded that emergency responders are ex-
posed to interconnected psychological, physical, and environmen-
tal risks that require integrated preventive strategies. Future im-
plications include the development of comprehensive occupation-
al health frameworks, improved personal protective equipment
(PPE) standards, mandatory mental health debriefings, and resili-
ence training tailored to high-risk operational contexts.

These findings underscore the urgency of prioritizing occupation-
al safety in emergency services to sustain responder health, per-
formance, and long-term readiness in disaster-prone regions.
Keywords: Occupational health, emergency responders, disaster
relief, psychological stress, environmental hazards, physical inju-
ries
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3.5. PeannbHOeE MoJI03KeHNE ¢ MOJTHUSIMH HA TEPPUTOPHUU
A3zepoOaiizkanckoi Pecnnyoamkn

C.I'.Cadapos,
Wucturyt 'eorpadum um. Axkagemuka ['acana Anmesa

I'yabnapa MexTueBa

B nanHoil pabore Mo JaHHBIM THAPOMETEOPOIOTMYECKHX CTaH-
LUl uccieayercs Trpo30BbIE SBJICHHUS HA TeppuTopuu AzepOaii-
JUKAHA, BBIABISIETCS OCOOEHHOCTH UX pacHpeliesIeHus 10 Tep-
putopuu. IlokassiBaeTcs, yTo HaOIOaeMble B TPO3aX MOJHHUU
B OCHOBHOM JIMHEHHBIE, a IIAPOBBIE MOJHHUH BCTPEYAIOTCS 3HA-
YUTEIBHO pesiko. B pabore Takxke MpelncTaBlieHbl COBPEMEHHBIE
BEPCUU TI0 MEXaHU3My OOpa30BaHUs MIAPOBHIX MOJHHU U 1O UX
UCIIOJIb30BaHUIO B KAa4E€CTBE AITEPHATUBHBIX MUCTOYHUKOB DHEP-
TUU.

KiroueBble ciioBa: aTMoc(hepHOE IEKTPUIECTBO, I'PO3a, MIapo-
Bas MOJIHMS, pajuajibHble KoJieOaHUE IUIa3Mbl, MOJIEKYJIIpHAs
ANEKTPOJIIOMUHECLIEHIINS, MUKPOAO30BBIN SIEPHBIN CHHTE3

['po3bl HaOMIOAIOTCSI B OCHOBHOM B TEIUIBIM MepuoJ roaa,
IIPU pa3BUTUN KOHBEKIMHU B HEYCTOWUYMBOI aTMocdepe.

I'po3a BO3HUKAET IIpU MHTECHCUBHO IIPOTEKAIOLLEM IIPOLIEC-
ce KOHACHCAIMM B MoOIIHO-KydeBhix CU CONg W  Kyd4eBo-
noxaeBsix Cb obnakax ¢ oneeHeBaronell BepIIHHOMN.

I'po30BBIE SIBIEHUS OTPULATENIBHO BIMSAIOT HA MHOTHE OT-
paciau HapOAHOTO X03s5iCTBa, 0COOEHHO Ha aBUAIMIO, SHEPTETUKY
u p. [2]. DnexTpuueckue pa3psiabl (MOJIHNUN), BOSHUKAIOILIUE PU
rpo3ax, 4acTO SBJISAIOTCA IPUYUHOM JIECHBIX I0KapoOB, paspylie-
HUW Pa3Iu4HbIX COOPYKEHUW, HAPYIIECHNUN JTUHUN CBS3H U DJIEK-
Tponepeaayu, NPUBOJIAT K THOETN CKOTa, K YEITOBEUECKUM XKepT-
BaM, CO3JAIOT OIACHBIE CUTyaluu i apuanun. [lostomy uccie-
J0BaHUE (PU3UYECKON MPUPOJIBI U KIMMATOJIOTHUECKUX aCIeKTOB
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TaKUX SBJICHUH MPEICTABISACT OOJBIION HAayYHBIH M MpaKTHUe-
CKHUH MHTEpEC.

N3ydyeHuto rpo3oBbIX SBJIEHMM Ha TeppuTopuu AsepOaii-
JUKaHa TIOCBSIILIEHBl OTHOCUTEIBFHO HEMHOTOYHUCIIEHHBIE PabOThI
(2,4 u np.].

OO6pa3oBaHue rpo3 CBSI3aHO C MPOXOKICHUEM XOJIOJHBIX
(GpoHTOB, MpoIecCaMi KOHBEKIIMM W MOUIHBIMH BOCXOJSIIMMHU
noTokaMu B atMocepe. BosHUKHOBEHHE TPO3 HaXOIUTCS B Tec-
HOW 3aBHCUMOCTH OT oporpaduu. [locnennee cmocoOCTBYET BO3-
HUKHOBEHHUIO MOIIHBIX BOCXOJSIIMX JIBIXKEHUI  BO3IyXa,
obocTpeHuto XonoaHbIX (ppoHTOB. Ha 0Opa3zoBaHme rpo3 Takxke
3HAYUTENIbHO BJIUAIOT OpPUEHTAIMS U BHICOTA CKJIOHOB, OpOrpa-
¢uueckas 3ammiieHHocTs [2, 4]. Ha nHaBeTpeHHOU CcTOpOHE
CKJIOHOB TpO3bl O0pa3yloTCs Yaille, 4eM Ha MOJBETPEHHOU CTO-
poHe. B OOJIBIMUHCTBE CIy4acB OCJIa0JICHUE TPO30BOM JICATEIb-
HOCTHU Ha MOJABETPEHHON CTOPOHE CKJIOHOB CBSI3aHO C oporpadu-
4eCKUM (eHOBBIM IPHEKTOM.

XapakTep pacrpeziefieHus Ipo3 Mo Tepputopun Azepbaii-
JUKaHa 1O JaHHBIM 34 TUApOME-TEOPOJOrMYECKMX CTAaHLMN 3a
nepuon 1966-2006 rr. mnpeacrTaBieH Ha PUCYHKE, U3 KOTOPOU
CJeyeT, UTO u3-3a pa3HooOpazusi QopMm penbeda U Apyrux
(bakTOpPOB CpPEAHEr0JJOBOE YMCIO JTHEH ¢ Irpo30i MEHseTCs B JI0-
CTaTOYHO LIMPOKUX mpenenax — oT 5 a0 43 nueil. Hanmenbiee
YUCIIO0 HEH ¢ rpo3oil oTMedaeTcss Ha MOPCKUX M MPUOPEXKHBIX
crannusax. [lo mepe ymanmenuss ot Kacmwmiickoro mobepexns u
YBEJIMUEHUS BBICOTBI MECTHOCTH €r0 3HAYEHUE MOCTENEHHO pac-
Tet [4].

Ha ceBepHOM H ceBepo-BOCTOYHOM ckJIoHax Mamnoro Kas-
Ka3a paclpesieleHle CPEIHEr00BOr0 YHUCIO JHEH C rpo3oil B
OCHOBHOM HMMe€eT 30HalbHOCTh. Ecnu Ha ctaHuumsax Axcrada,
[Tamxup u I'ssHIKA TOT OKa3aTesb cocTaBiseT 27-28 nHEH, TO
B IIPEATOPHOM U FOPHOW YaCTH TEPPUTOPUU OHO YBEIMUYUBAETCS
1o 35-43 nueil. OgHaKo B OTAENBHBIX MPEATOPHBIX TEPPUTOPUSIX
3Ta 3aKOHOMEPHOCTh HECKOJIKO HapyIaeTcs. B obuiem, Habxr0-
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JlaeTCsl MEJIECHHOE YMEHBIICHUE YUCIIa JTHEW ¢ TPO30M ¢ 3amajaa
Ha BocTOK (puc. 1). Tounee, Ha cranumsx Jlamkecan u I'eirens
(KypopT), pacHojOKEHHBIX BBIIE M BOCTOYHEE OT CTaHIUHU
['simabeii, oTMeUaeTcss MEHbBIIEE KOJMYECTBO JTHEH C T'PO3OM.
HauGonbiiee koqnyecTBO Ipo3 HAOMIOAACTCS B Mall-UIOHb MECs-
1ax.

CyMI’aIAﬁ“pa inaxol
- »
Hedt
Jawnapsl

0

Puc. 1. Kapra-cxema pacnpeneneHus CpeaHerojoBoro
qucia JHEeH ¢ rpo30il o TEppUTOPUHN 3a MEPUOJ
1966-2006 tr [4].

Ha rteppuropun roxxsoro ckioHa bonbmoro Kaskasza Ha
WHTEHCUBHOCTh M MTOBTOPSEMOCTh TPO30BOW JEATEIHHOCTH CKa-
3bIBaeTCs BIUSHHE TOpHBIX XpeOToB. Hambombliee KoindecTBO
Ipo3 OTMeUaeTcs Ha CKIOHAX rop, 0OpameHHbIX B CTOPOHY Tpe-
o01aaroIuX BIAXXHBIX BO3IYIIHBIX NOTOKOB. [Ipu Takux cutya-
[USX BBIHY)KJICHHBIH TIOJbEM BO3IYIIHBIX IMOTOKOB YCHIIHBAET
JMHAMUYECKYI0 TYypOyJIE€HTHOCTh U BOCXOSIIUX TEUEHHH, KOTO-
pbIe, B CBOIO OYepelb, CO3/IAIOT JOTIOTHUTEINBHBI UMITYJIBC K 00-
pPa30BaHUIO MOIIHOM KOHBEKIMH B aTMmocdepe, HeoOXOAMMOi
st popMUpOBaHUS TPO30BOM JeATeTbHOCTH. OTHOBPEMEHHO
HaOJI01aeTCsl YMEHbIIEHHE TPO30BOM aKTMBHOCTU C 3araja Ha
BOCTOK (puc.). Ha 370t TeppuTopuu cpeJHErog0BoOe YUCIO CYyTOK
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¢ Tpo3oii u3mensiercs ot 27 o 42. Konudectso AHEH ¢ Tpo30ii o
MecsiaM pacrpeneneHo HepaBHOMepHO. OCHOBHOE MX KOJU4e-
CTBO HaOJIIO/Ia€TCs B Mail-MIOHb MECSIIAX.

Tepputopuss HaxubiBanckol ABTOHOMHOW PecmyOnuku
SIBIIIETCS OMHOW W3 IPO30MAcHBIX 30H A3sepOaiimkana. Pacmpe-
nenenue rpo3 no HaxusiBaHckoi 30He cBoeoOpas3Ho (puc.). B no-
JUHHBIX W IPEArOpPHBIX TEPPUTOPUSX CPEIHET0J0BOE YHUCIIO
IHEW ¢ Tpo30oi BapbupyeT B mpenenax 34-39. Ilpu a3tom HaGmr0-
naercsi cinaboe yBeNTMYEeHHE TPO30BOM AKTHBHOCTU C BBICOTOM.
Hauunas c ompezneneHHON BbICOTHI, HAOMIOAAETCA TaK Ha3bIBae-
Masi HHBEPCHS I'PO30BOM aKTUBHOCTH. B 4acTHOCTH, /17151 BHICOKO-
ropHoii cranuu [laparadaii otMedaeTcss OTHOCUTENBHO HEBBICO-
Kasi TpO30Basi aKTUBHOCTH - 23 nHeil. HamOombmas rpo3oBast ax-
TUBHOCTH HAOJIOJIaeTCs B Mae, a B CEHTAOpe oTMedaeTcs: cnadblit
BTOPOW MakCcuMyM. Ecii Ha ceBepo-BOCTOYHOM CKJIOHE Maiioro
KaBkaza u Ha roxHoM ckione bompimmoro KaBkaza 3a mepuoj
MapT-HIOHb B CpeHeM HaOmogaeTcss Bcero 52-57% Tpo30BBIX
nHeil, To B HaxubiBaHncko# 30He - 68-72%. Takoe panHee pa3Bu-
THE T'PO30BOM AaKTMBHOCTH, BUAMMO, CBSI3aHO CO 3HAUUTEIIBHOUN
OTOJICHHOCTBIO CKJIOHOB T'Op M MEXTOPHBIX JOJHH, a TaKXKe UX
cBOoeoOpa3Hoi opueHTanmen. Kak n3BecTHo, BECHOM B pe3yibTa-
T€ COJI--HEUYHOT'O M3JIyYEHUS OTOJICHHBIE CKIJIOHBI TOpP HAarpeBaroT-
csl ObIcTpee, YeM YYacTKH, MOKPBITHIE JECOM U aJbIUHCKUMU
Jyramu. YBIaKHEHHBIN B pe3yibTare TasHUS CHETa U HarpeThlil
Ha CKajJax BO3IYyX CO3-JaeT OJaronpusTHOE YCJIOBHE Ui pa3BU-
TUS KOHBEKLMH B arMocdepe, oOpa3oBaHHIO OOJAKOB BEpTHU-
KaJIbHOTO Pa3BUTHSI U COOTBETCTBEHHO T'PO30BOI CHUTyallUu.
YMeHblIIEHHE TPO30BOM JIEATENBHOCTH B JIET-HUX MecsIax
(Wr0JIB, aBTYCT) HAa0OOPOT, B OCHOBHOM, CBSI3aHO CO 3HAYHTEIIb-
HbIM J1e(DUIIUTOM BJIaX-HOCTH HPU3EMHOrO BO3AyXa, 00YCIIOB-
JICHHBIM 4Ype3MEpHBIM HarpeBaHHWEM MOJICTUIIAIONIEH MOBEPXHO-
ctu [4].

Teppuropus ro-BocToyHOro ckiiona Manoro Kaskasa, B
toM uucie Haropnoro Kapabaxa Taxke siBIsieTcs rpo300MacHOM
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(nannble umerores 10 1991 r.). CaMbIMU TPO300MACHBIMUA MECSI-
LIaMM SBJISIIOTCSL Mail M MIOHB, TJ€ B cpeHeM HalOmrogaercs 60-
63% rpo30BbIX JHEH. 30HAJIBHOCTb PACIPENEIEHHSI I'PO30OBBIX
SBJICHUH BbIpakeHa c1a00. 371eCb OCHOBHYIO POJIb MIPAIOT OpO-
rpadusi 1 HKCHO3ULUS CKIIOHOB T'OP OTHOCUTEIBHO HAIlpaBlICHUS
npeo0IaJaroIiuX BIAXKHBIX BO3AYIIHBIX Macc. CpeaHerozoBoe
4UCJIO JHEN ¢ rpo3o o aanHelM cr. llyma m Xankenau co-
CTaBJIAET OKOJIO 35 mueidl. OOHAKO B OTHEIBHBIX MECTax NTAaHHOMU
30HBI TPO30Basi AKTUBHOCTh 3HAUUTEIHHO BhIIIE [4].

Kak BugHO M3 puc., HA OCTAIBHOU TeppUTOpPUHU A3epOaii-
JUKaHa TPo30Basi aKTUBHOCTh 3aMeTHO HIbke. Ha craHuusx cese-
po-BocTOYHOrO cKjoHa bombimoro KaBkasza cpegHeronoBoe uuc-
JI0 THEH ¢ Tpo30ii KoJiebseTcst oT 7 AHEW Ha NPUOPEXHBIX U paB-
HUHHBIX TEPPUTOPHSX), A0 25 nHEH B BBICOK-OTOpbsx (CT. Xbl-
Hanbir). Ha nanHON TeppuTopuu rpo3oBasi akKTUBHOCThb, B 00-
I1eM, UMEET 30HAJIbHOE pac-IpeeieHue, X0Ts HalOIroAaeTcs He-
KOTOpasi 3aBHCHUMOCTb OT JKCIIO3ULUMU CKJIOHOB TOp M JOJIUH.
VYMeHb-111eHue IPO30BON aKTUBHOCTH Ha IOJBETPEHHON OTHOCH-
TEJIbHO TOCHOJCTBYIOIIMX BO3AYIIHBIX MacC CTO-POHE, BEPOST-
HO, CBs3aHO C oporpadudeckum (eHoBbiM 3P dekTom (cT. ['bI-
pr13). Ha rpo3oByto AesTeNbHOCTh TAKXKE BIUSAET yIaJ€HHOCTh OT
Kacnuiickoro mops. IloBTOpsieMOCTh TpO3 UMEET 3HAUU-TEIIbHBIE
roJIoBble KOJ€OaHus, KOTOpbI€ BBIPAXKAIOTCS B OTHOCUTEIBHO
00JIBIINX 3HAYEHUSAX KOI()(DUIIMEHTOB BapUaIUH.

Ha mopckux u npubpexxubix cranuusax (Hedr Jdammapsi,
[Tupannaxel, baky, Cymraut) HaOmr0-1aeTCd HAaMMEHBIIIEE YUCIIO
IHel ¢ rpo3oi (5-7 nmHel). 3/1ech Ha yMEHbIIEHHE IPO30BOM ak-
TUBHOCTH BIIMSIOT MOpcKue Opussl [2, 4].

['po3bl CONpPOBOXKIAIOTCS MOJIHUEH M packaTaMu Ipoma.
MonHus - 0JHO U3 CaMbIX YJIWBHUTEIBHBIX SBJICHUN INPUPOABI,
KOTOpPO€ Ha MPOTSHKEHUU ThICAYENIETUN MOpa)xkalo BOOOpaKeHUE
monet. OHa cBsi3aHa ¢ aTMOC(EPHBIM DIIEKTPUUECTBOM.
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ATMoc(hepHOe 3JIEKTPUYECTBO 00pa3yercsi Npeumylie-
CTBEHHO B pe3yJibrare GoTtodrdPexra u B MEHbIIIEH CTEIICHH B pe-
3yJbTaTe TPEHUS MOJIEKYJ Apyr o apyra» [3].

Kak u3BecTHO, MOJIHMM TO MEXaHU3My OOpa30BaHUS B
OCHOBHOM Da3JelsloTCs Ha JIMHEHHbIE U IIapoBble. JIMHENHBIE
MOJIHUM HauOoJiee M3yueHbl, 4eM IapoBble. B mereoponoruue-
CKUX CTaHIIMAX HAOIOJCHHUS BEAYTCSI B OCHOBHOM 32 JINHEHHBIMU
MOJIHUSIMH, TaK KaK IIapOBbI€ MOJHHUH BCTPEUAIOTCS KpaliHe pel-
k0. MHdopMarust 04eBUIIEB O MAPOBOH MOJTHUM OOBIYHO HOCUT
MPOTUBOPEUMBHI XapakTep. OJHAKO MOXHO C YBEPEHHOCTHIO
CKa3aTh, YTO B MOCJIEAHBIE TO/IbI YYaCTUINCh CIIyYan TOPayKEHHsI
JIOJIEH M pa3IMUHBIX 0OBEKTOB OT y/IapOB MOJHUU. AHAINU3 ATHX
CIlydaeB TOKa3bIBAET, YTO B OOJIBIIMHCTBE MX TI'PO30Basi aKTUB-
HOCTb (ITOBTOPSIEMOCTD Pa3psiioB) HE ObLIAa BHICOKOM U JIFOU TI0-
ru0any mpu OTHOCHTENBHO PEIKON MOJHHH, KOT/Ia OHH BEJIH pa3-
rOBOp IO MOOMJIBHOMY TenedOHY Ha OTKPBITOM MECTHOCTH. 29
ceHTs10pst 2012 r. B yTpeHHUE yachl B pe3ysbTaTe yJaapa MOJHUU
BPEMEHHO MpeKpartuiia paboty MuHreueBupcKas rUApOdIEKTPO-
CTaHILIUS, KOTOpasi CHaO)KeHAa HAJSKHBIMA MOJHHEOTBOJHBIMH
000pyAOBaHUAMU. AHAIHU3 PAIUOJIOKAMOHHON KapTHHBI 00Jay-
HOCTH W €€ PaJMOJIOKAIIMOHHBIX XapaKTEPUCTHK ITTOKA3alH, YTO
OHa He Oblj1a JOCTATOYHO MOIIHOM (puc.2).

[IpuBeneHHBIE BHINIE MPUMEPHI MPUBOIAT K MBICTH, YTO
OHHU MOTJIU OBITh CBS3aHBI C IIAPOBBIMU MOJIHUSIMHU.

[IlapoBast MOTHHST - 3TO HaOJIOJaeMOe BO BpeMs TPO3bI
NposiBIIEHHE aTMOC(epHOro anekTpuuecTBa. [1o CBUAETENBCTBY
OUYEBH/ILIEB, IIAPOBAsi MOJIHUS — OJWHOYHOE 3aMKHYTOE IIapo-
BUJHOE OOpa3zoBaHue, oOnajaroiiee OONBLIION CBETUMOCTHIO U
HETIOABIDKHOCTBIO M, TMO-BUAMNMOMY, HE YyBCTBUTEIHHOE HH K
Kakoy BHentHen cuie [1].

[To maHHBIM MHOTOJICTHUX HAONIOACHHWI pa3mep Imapo-
BBIX MOJIHMM COCTaBJISIeT HECKOJIbKO CaHTUMETpPOB. Bpems ux
KU3HH MOXET COCTABIATH 10 HECKOJBKUX MHHYT, YTO 3HAYH-
TEJIbHO OOJIbIIe, YEM Y JIMHEHHBIX MOJHUNA. DHEprus IapoBBIX
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MOJHUM MOXeT u3MeHATcs oT kJ[k 10 Heckombkux MJk. OHu
CBOOOJIHO MOTYT NPOXOJUThH Yepe3 KPOILIEeUHbIe OTBEPCTHS [S].

K nacrosmeMy BpeMeHH NPHUPOAA LIAPOBBIX MOJIHUN HE
JI0 KOHLIA U3Yy4€Ha, OIHAKO JUIsl 00sCHEHUs MX 00pa3oBaHHUs Cy-
LIECTBYIOT HECKOJIBKO B3IVISI0B, OCHOBBIBAIOIMXCS HA KIJIACCH-
YECKOW U KBaHTOBOM (pU3HKeE.

Hanpumep, Ix. bappu cuuraer, 4To mIapOBBIE MOJIHUHU
XapaKTepU3yIOTCS OTHOCUTEIBHO HH3KOM TEMIIEpaTypoH, HX
HEJb3sl paCCMaTPUBaTh KaK KJIACCUYECKYIO IUIA3My C XapaKTepH-
CTHMKaMH, IPHUCYIIMMH IIOJHOCTbI0 HMOHM30BAHHOMY BEILECTBY,
KOHLEHTpaLUsl 3JEKTPOHOB M HOHOB JOJDKHA OBITH JIOBOJIBHO
Hu3Koil. [lo ero MHeHMIO 3Heprus, HeoOXoaAUMas AJs MOJJEp-
JKaHUS SBJICHUS, 3alacaeTcsi Ha METacTa-OMJIbHBIX YPOBHSIX MO-
JEeKyJ, 4TO U ONpeeiseT OTHOCUTEIbHO OOJbINYIO JUIUTElNb-
HOCTb CYIIIECTBOBaHUA sABJICHMS. IIpu 3TOM OH mpHUMEHSET Tep-
MUH «MOJIEKYJIIpHas JIEKTPOJIOMHUHECLEHIUA», U TIPU ITOM OH
CUUTAET, YTO SBICHUE HMMEET DJJIEKTPUYECKYIO INPUPOLY B TOM
CMBICJIE, YTO €ro oOpa3oBaHHUE, BEpOSATHEE BCEro, CBS3aHO C ar-
MOC(HEPHBIMH JIEKTPHUECKUMHE paspsaamu [1].
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I'EC B 06.43 yrpa 28.09.2012 .
a) TOPU30HTAIBHOE CEUCHHUE;
0) BepTUKAJIILHOE CEYECHHUE.

Heckonbko nHas Mojiesib 00pa3oBaHUsl IIAPOBON MOJIHHH,
OCHOBaHHasi Ha paJMaJbHBIX KOJEOAHUSX 3apSKEHHBIX YaCTHUIL
JIOTTYCKAET, YTO €€ SIAPO MOXKET COJAEPKaTh OAHY MM HECKOJIBKO
cheprueckd CUMMETPUYHBIX KojiebaHui miuasmbl. Takoe omnuca-
HUE IIAPOBBIX MOJHHUI OBUIO BBIMOJTHEHO B PaMKaxX KakK KIJIACCH-
YECKOro, TaK M KBAHTOBOIO MOAX0A0B [5 u np.]. Caumkom
0osbIIas PHEPrusi LIAPOBBIX MOJIHUNA HE MOXET OBITh OOsiCHEHa
XUMHYECKON peakIfel, M03TOMY CTOPOHHUKH JITaHHOTO IOAX0]1a
CYUTAIOT, YTO, BEPOSITHO, B MIAPOBBIX MOJHHSIX IPOUCXOIUT
MUKPOJIO30BBIN SIACPHBIA CHHTE3, a paJHalibHbIC IIa3MEHHbBIE
KosieOaHusl IEHCTBYIOT KaK €CTECTBEHHBIM YCKOPHTENb, obecrie-
YUBAIONINI YCUJICHHE TJIOTHOCTHU B €€ LIeHTpe. Takoe moBeneHue
MJIOTHOCTH SIBJISIETCSI CJICJICTBUEM KBAHTOBOT'O OIMMCAHUS IIAPO-
BOIl MOJIHMM B paMKax MoJenu, caedanHod M./[BOpHUKOBBIM U
apyrumi [5].

TakuMm 00pazoMm, pe3ynbTaTbl TEOPETUYECKUX M Jiabopa-
TOPHBIX HMCCIIEIOBAHUN TOCIIETHUX JIET MOKa3bIBAIOT, YTO B OYy-
IyIEM IIapOBbIE MOJHUU MOTYT OBITh HCIIOJIb30BaHbI KaK HC-
TOYHUKHU aJIbTEPHATHBHON SHEPTHUHU.
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bappu Jx. [lapoBas MOIHHS M 4YeTOUHAss MOJHHUA (IEpEBOJ C
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3.6.9razi sularindan istifadonin beynalxalq
hiiquqi 3saslar1 va beynalxalq hava hiiququ

Nasibov Faig Mommaoad
Févgolado Hallar Nazirliyinin Akademiyasinin Idman, fiziki vo
goza-xilasetmo hazirhigi kafedrasi, bas miiallim

Bayramov 9hmad Sorif
Févgolado Hallar Nazirliyinin Akademiyasinin Idman, fiziki vo
goza-xilasetmo hazirligi kafedrasi, bas miiollim

Hor bir dovletin orazisi daxilinds yerloson biitiin ¢aylar,

gollor, bogazlar, daxili korfozlor aidiyyatl dovletin daxili, yaxud
milli sularinin torkib hisssloridir. Hazirda biitiin diinya dovlatlori
bu gaydani beynoalxalq gqanun kimi gobul ediblor. Bununla yanasi
dovlot orazisi torkibindo olub, onun hakimiyyastino tabe olan
daxili sularin hiiquqi rejimi bozi hallarda, hom do, beynoslxalq
hliquqa osaslana bilor.
Daxili sular, moahalli sulardan forqli olaraq, he¢ bir miistosnaliq
olmadan, tamamilo sahil dovlotlorinin miihakimo hiiququna
tabedir. Bu sularin hiiquqi rejimi dovlotin qanunlari, qaydalart vo
onun bagladigi beynslxalq miiqaviloloro osaslanaraq nizama
salinmalidir.

SSRI dévriindo bu rejimlo bagh 1960-c1 il Dévlot
Sorhodini Miihafizo haqqinda osasnama, 1968-ci il ticarot
Uzglglli- yii macallasi, 1964-cii il Gomriik macallasi, 1990-c1 il
SSRI vo miitoffiq respublikalarin Su ganunvericiliyinin osaslan
sonadini, 1958-ci il SSRI Su anbarlarinda baliq ehtiyatlarinin
gorunmasi hagqinda asasnama vo s. sonadlori gostormok olar ki,
Azorbaycan Respublikasi hazirda da bu normativ aktlarla isloyir.
Demoliyik ki, dovlet 6z daxili sularinda hor hansi bir xarici
gomiciliyi vo baliqciligr qadagan etmok hiiququna da malikdir.
Digor torafdon, dovlat 6z daxili su yollan ils xarici gomilarin
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harokot etmasing biitiin dlkalor iiciin eyni qaydada, ayri-secgi- lik
olmadan icazs vera bilor. Lakin, belo hallarda xarici gomilor sahil
dovlstinin gqanun ve qaydalarimi gozlomoli, verilmis xiisusi
icazayo uygun horokot etmolidir. Bu qaydalarin 6zlori bels, daxili
sularin rejiminin miioyyon doracads beynalxalq hiiquqi xarakterli
olmasini bir daha tosdiq edir.

Bir dovlatin digori ilo homsarhad cay, g6l ve kanallariin
NUlar iizorindo sahil dovlatlorinin hakimiyyati, onlar arasinda
baglanmis sazis ilo miioyyon olunmus sorhod xotti {izro ayrilmal
1dir. Bu sularda gomi horokoti, baliqgiliq vo s. moasolalor do
miivafiq saziglor osasinda nizamlanir, sazis olmadiqda hor bir
sahil dovlsti 6z hissasinds 6z qaydalarini totbiq edir.

Daxili korfozlor, bogaz, liman sulari vo s. sahil dovlotinin daxili
sular1 hesab olunur.

1958-ci ilin Mohalli doniz vo bitisik zolaq haqqinda
Cenevra sazisina goro, sahilo dogru quruya giron vo dovletin quru
orazisinin ohatosindo olan doniz sulan korfoz, kigik korfoz
(buxta) adlanir.

Sahillori bir dovloto moxsus olub, eni iso homin dovlatin

mohalli sularinin enindon ikiqat artiq olmayan, yaxud artiq olsa
da homin dovlst {liglin miithiim iqtisadi, harbi shomiyyati olan
korfoz vo buxtalarin sulart da dovlstin daxili sular1 hesab olunur.
Dovlst orazisinin torkib hissosi olan biitiin bu sularin hiiquqi
vaziyyati do hamin dovlstin qanunlari ilo miioyyan olunur.
Sahil dovlatinin limanlart harbi gomilars, sahil boyu gomilaring
vo ticarot gomilorino moxsus limanlara ayrilir. Bunlardan harbi
limanlar vo sahil boyu gomigilik limanlar1 xarici gomigilik {i¢iin
qapali, qalanlar1 isa agiq ola bilor. Digor dovlatin limaninda olan
xarici gomilorin daxili qaydalari, asason, gomi bayragi 6lkasinin
qanunlart ile tonzimlonir,.

Xarici limanda homin gomilorin hiiquqi voziyyoti is9
beynalxalq hiiquqi normalarla, habels ticarst vo doniz lizgii¢iiliiyti
haqqinda miivafiq miiqavilolor asasinda faaliyyat gostorir. Ha-
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zirda bu gomilor iiciin, ya milli rejim, yada ¢ox alverisli rejim
miioyyon edilir. Biitiin gomilor dévlot bayragini dasidigi 6lkonin
miilkiyyati olmagqla, toxunulmazliq hiiququna malikdirlor. Belo
hliquqi qaydalar, dovlatlorin suveren baraborliyi prinsipindon irali
galir.

Beynolxalq hiiquqda bir dovlotin horbi gomilorinin digor
dovlatin limanina daxil olmasi sahil dovletinin xiisusi razilig ilo
vo ya homin ddvletin ganunlarina uygun olaraq, ovvalcodon
lazimi xobardarliq vermokls icra edilir. Adaton, bu miiddat 7 giin
gabagcadan olmalidir. Elo hal da ola bilar ki, horbi gomido dévlot
bascist vo ya homin dovlsto gondorilon diplomat olsun, yaxud
folakot bas verdikds xarici gomilor on yaxin limana girs bilsinlor.
Bu halda da horbi gomi yerli qayda- ganunlara riayot etmolidir.
Oks toqdirde yerli hakimiyyot orqanlart gomi kapitanina ciddi
xabordarliq vermo hiiququna malikdirlor.

Limanlarda ticarst gomilarinin hiiquqi vaziyyati ya milli
rejim ilo, yada garigiq rejim ilo tonzimlonir. ©On ¢ox iso bu masals,
konkret sazis tlizro toroflorin qarsiliqli beraborliyi prinsipine
asaslanir.

Istonilon gomi, bayragini dasidigi Slkenin ganunlarina
osason miivafiq sonadloro malik olmalidir. Bu sonadlors 6lkonin
bayragini dasimaq hiiququnu tesdiq edon gomi patenti, gomi
sohadotnamosi, gominin 6l¢ii sohadotnamasi, lizmok {i¢iin yararl
olmasimi tosdiq edon sonod, gomi heyatinin siyahisi, gomi
yolu,sohiyya jurnali, masin s6basinin sonadi vo s. daxildir.
Mohalli sulari, onun toki, habels onlarin tizorindoki hava sahillari
do homin dovlstin suverenliyino tabedir. Mohalli sularin basladigi
xatt, onun eni sahil dovlatlori terofindon miisyyon oluna bilar.
Moholli sularin enini hazirda ABS, Ingiltors, Fransa vo s. ii¢ mil,
Skandinaviya olkolori, Finlandiya doérd mil, italiya, Misir,
Yunanistan, Tiirkiye, Iran vo s. alt1 mil, bazi dovlatlor - Kongqo,
Qana, Nigeriya 12 mildon ¢ox, 30 mil miioyyan edib-
lor. Kegmis SSRI vo hazirki Rusiya Federasiyas: bu mosafoni 12
mil gqobul etmislor.
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BMT iso mosafoni 3-12 mil arasinda miioyyonlogdirmisdir.

Biitiin bunlarla yanast dovlotlorin orazi sularinda xarici horbi
gomilorde hidrografik todqiqat aparmaq, xorito ¢okmak, manevr
etmok, atos agmaq, mina diizmok, toyyars ilo bu sular iizorindo
ucus etmok va s. beynolxalq hiiquqgla gadagandir.

Aviasiyadan insan hoyatinin tosorriifat, noqliyyat kimi
miixtolif saholorindo ¢ox istifado olunur, dovlotlorin siyasi,
iqtisadi vo madoni omokdasliginin miihiim vasitasi hesab edilir.

Tabiidir ki, 6z 6lkesinds, uzaq Olkolor vo biitlin qitolor
arasinda ¢ox ¢otin vo miirokkob soraitdo hoyata kegirilon uguslar
beynolxalq hiiquqi tonzimo malik olmalidir. Hava saholorinin
hiiquqi rejimi ovvallor nozori xarakter dasimis vo bosoriyystin
hava saholorindon istifado etmok soylori ilo olagodar olaraq, hava
orazi saholori haqqinda asagidaki {ic osas istigamot irali
stirilmiisdiir.

Oziiniin torpag1 {izerindoki hava sahibkarin qeyri-mohdud
hakimiyyatindedir. Bu fikir XVIII-XIX ostlords Ingiltors, Fransa
vo s. Qarb dovletlorindo ¢ox yayilmisdi. Havanin azadligi,
ucuslarin  azadligi nozoriyyesi iso Belgikada, Ingiltorado,
Rusiyada 1913-1915-ci illoro kimi yasamisdir. Fransiz
hiiqugstinasi Fosi! ucuslarin azadligint mohdud etmok nozoriyyosi
gostorilon iki ziddiyetli istigamotlor arasinda, bir ndv orta
voziyyat yaratmaq fikrinds olmusdur. O, dovlstin hava sahalorini
hiindiirlityli Eyfel qiillosinin hiindiirliiytine (330 m) berabar olan
birinci, yoni tamamilo dovlot suverenitetino tabe edilon milli
zolaga, bundan yuxarida olan xaricilorin ugusuna azad yol verilon
ikinci- beynolxalq zolaga, nohayot,” tam azad zolaga bdliir. Bu
clir naozariyyslorin heg biri tam togokkiil tapa bilmadi.

Bu mosalalor, osason beynolxalqg hava harokatlori
haqqinda 1919-cu ilin 13 oktyabr tarixli Paris sazisi vo
Beynolxalq miilki aviasiya haqqinda 1944-cl il 1 noyabr tarixli
Cikaqo sazisi ilo, habelo BMT Nizamnamosindo rosmon
gostorilon miiasir beynalxalq imum-taninmis prinsipi ilo tosdiq
edilmigdir. Bununla bels, dovlotin suverenliyi texniki imkan

171



daxilinds hava saholorinin asag1 tobaqosing, yoni hiindiirliiyii 3-11
km olan troposfers, 11 -60 km stratosfers vo 60-400 km olan
ionosfera aiddir. Hava sahalorinin hiiquqi vaziyyati beynalxalq
ucuslar1 vo hava naqliyyatini nizama salmagq, tohliikasizliyi tomin
etmok mogsadlori ilo dovlstlorin miioyyan etdiyi miigavilonin vo
adi normalarin mocmusuna beynolxalq hava hiiququ deyilir.

Beynolxalqg hava hiiququ monbalori aeronoviqasiya
mosalalori lizro ¢ox torofli, ikitorofli beynolxalq miigavilo vo
saziglordon, dovlatlorin daxili qanunlarindan ibaratdir.

Hazirda beynolxalq hiiququn normalarina uygun olaraq,
dovlatin su vo quru orazilori iizorindoki, habelo mohalli sulari
uizorindaki, biitiin hava saholori arazisinin terkibina daxil olur,
homin ddvlotin tam suvereniteti vo yuristiksiyasi altinda hesab
olunur.

Hor bir dovlot 6z hava sahasi iizorindo tam suverenliyo
malik oldugu {giin, o, 0z orizisi iizorindoki biitiin havalardan
xarici hava gomilorinin kegmasini vo horokotini gadagan etmok
hiiququna malikdir. Dovlotin biitiin hava arazisi homin dovlotin
tam suveren vo miistosna hakimiyyotino tabe olmagla, onun
ganun vo qaydalarinin tasiri altinda hesab olunur. Bu ganun vo
gaydalarin pozulmasi beynolxalq hiiquq normalarina ziddir vo
dovlat suvcrenitetinin pozulmasi demokdir. Dévlatin quru va su
sorhadlort kimi hava orazi sorhodlori do toxunulmazdir. Bunun
pozulmasina garst hor bir dovlot lazim1 6zlinlimiidafio todbirlori
gora bilor.

Azorbaycan Respublikasi da suveren dovlstdir, onun da
quru, su, hava sorhodlori beynslxalq hiiquga goéro toxunulmaz
olmalidir. 2020-ci il noyabrin 8-adak respublikamizin hom quru,
hom do hava saorhadlori osrimizin ovvalindon Ermonistan
torofindon  pozulurdu, Ali Bas komandan, Azorbaycan
Respublikasinin Prezidenti conab Ilham ®Oliyev vo miizoffor
Ordumuz bu hala abadi son qoydular. Azorbaycan torpaqglari o
doracods Ermoenistan torofindon beynolxalq hiiquga moahal
goyulmadan tutulmusdu ki, onun 1990-c1 illor sorhadlori
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daxilinde 6z quru sahosinin 85 faizini Azerbaycan torpaglari
toskil edirdi. Ermoanistan respublikast Azarbaycanin hava va quru
sorhadlorini kegarak yeni-yeni torpaq sahalori zabt etmisdilar ki,
bu da heg bir beynolxalq hiiquqla bir araya sigmirdi. Bu geyri-
ganuni ilhaq ¢ox tossiif ki, diinya ictimaiyyatinin gozii qarsisinda
bas verirdi, tocaviizkar 6z ad1 ilo ¢agrilmirdi.

Beynolxalq hiiquqlara zidd olan zoraki ssrhaddoyigmo
hoqiqotlorini iso bozi dovlotlor qulagardina vurur vo hotta
Ermonistana miixtalif toroflordon komoklik gostorirdilor. Bunlar,
osason Rusiya, ABS, Fransa, iran vo s. dovlotlordir.

Azorbaycan vo xarici hava gomilorinin beynolxalq
ucuslari, yalniz nazirliyin xiisusi icazosi asasinda ola bilor. Hom
do bu uguslarin istiqgamotlori diiriist miioyyon edilmoli vo dovlot
sorhadlorinin hansi "hava qapilari"ndan ke¢masi gostorilmalidir.
Belo razilasmalar olmadan Ermonistan hor giin Azorbaycan hava
sorhadlorini pozaraq horbi texnikasini, asgorlorini Xocali hava
liman1 vastitosilo Azorbaycanin igarilorino gotirirdi vo horbi
tocaviiziinii davam etdirirdi.

Miiasir beynolxalqg hiiququ molum olan hava rejimi
sahasindoki c¢oxtorofli sazislordon hava naviqasiyast hagqinda
1919- cu il Paris sazisinin, ticarot-miilki navigasiya haqqinda
1928-ci il Havana sazisini, beynolxalq miilki aviasiya masalalori
tizro 1944-cii il Cikaqo sazisini vo hava noqliyyati vasitasilo
dasima masololori lizro 1929-cu il Varsava sazisini gostormok
olar. Cikaqo sazisi asasinda Beynolxalq Miilki Aviasiya Toskilati
(IKAO) yaradilmis vo 1946-c1 il dekabrin 14-do BMT BAS
Moclisinin  gotnamosi  iizro ona BMT-nin ixtisaslagdirilmig
miiassisasi hiiququ verilmisdir. 1956-c1 il Paris sazisindo humani-
tar yardim vo s. kimi insanparvor magsadlorlo kegirilon tosadiifi
ucuslara da yol verils bilor. Dovlatlorin qarsiligh razilasma yolu
ilo tohliikosiz ucusa tominatla yanasi, toyyarslorin gagirilma- sina
qarst dovlotlorin soylorini birlosdirmok sahosindo ilk goxtoroafli
beynalxalq hiiqugi sonad 1970-ci il 16 dekabrda Haagada
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imzalanmisdir. Oz somasindan ugusa icazo veran hor bir dévlot
bu ugusun tohliikasizliyi qarant1 olmalidir.
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3.7.Cirklanmis miihitin miihafizasinin hiiquqi asaslari
tarixindan
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Insan1 ohato edon otraf miihit osason onun istifado etdiyi
torpaq, su, hava vo tobiotdon aldig1 qida mohsullaridir. Bunlarin
tomiz olmas1 movcud canlilarin saglamligi ilo bir basa slagalidir.
Bu monada otraf miihitin miihafizasi dovriimiizds birinci deracali
sosial vozifalor sirasinda durur. On ¢ox XX osrin ikinci yarist
genis miqyasli sonayelorin yaranmasi, elmi-texniki biliklorin
miixtolif sonaye sahoalorinds totbiqi, istehsal qiivvalorinin siiratli
artimi insan ii¢lin no godor miitoraqqi olsa da, digor torofdon
miihitin pislosmasine sobab olmusdur. Odur ki, istor- istomoz
masalonin mahiyyatinin ciddiliyini nezoro alaraq otraf miihitin
miihafizosi hiiquqi qanunlar miistovisindo hoall edilmasinin
zoruratini glindoma gatirir.

Ik dofo Sovet lttifaqinin paytaxti Moskvada 1929-cu ildo
otraf mihitin qorunmast ilo olagadar birinci limumrusiya
qurultay1, 1935-ci ilda isa birinci iimumittifaq qurultay: problema
miinasibat bildirmisdir. Hor iki qurultayda tobii ehtiyatlarin
gorunmasi vo onun ehtiyatlarindan somorali istifado edilmasi
mosololorini miizakiroys ¢ixarmisdir. Onun ardinca SSRi-do
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ekologiya ilo bagli bir sira todbirlor hoyata kegirilmoys istigamot
verildi, qoruglar togkil edildi, suvarma qurgular tikildi, mesoni
miithafizo saholori secildi vo nohayst 1960-1970-ci illords
tobiatdan istifado, onun miihafizasi dovlat sanadlarinds 6z oksini
tapdi. RSFSR-in movcud oldugu illordo otraf miihitin
miihafizasine dair 1-ci ganun 27 oktyabr 1960-c1 ilo tosadiif edir.
Onun ardinca miittofiq respublikalarda da bu qanunlar gobul
edilmisdir. Qobul edilmis bu qanunlara goéro otraf miihitin
gorunmasi Yer toki, su, meso, okin saholori, ¢omonliklor, istirahot
yerlori, soharatrafi yasilliq saholori, heyvanlar alomi, atmosferi vo
s. ohato edirdi. Bununla yanast otraf miihitin miihafizosi
haqqindaki ganun miiassiso rohbarlorini, ayri-ayn votondaslari
tobii ehtiyatlardan diizgiin istifado etmodiklori halda ciddi
mosuliyyoto calb etmoyi do 6ziinds oks etdirirdi.

Texniki toraqqinin siiratli inkisafi bir sira avropa
Olkolorinds oldugu kimi Sovet hokumatini do masaloys kompleks
yanagma vo tobii ehtiyatlardan somorali istifado edilmosino dair
bir ¢ox hiiquqi senadlorin gobul edilmasi ilo naticalondi. 1972- ci
ildo SSRI Ali Soveti "Tobii ehtiyatlardan istifado edilmosi
todbirlori haqqinda" qorar vermis, 1968-ci ildo torpaq, 1970-ci
ildo su, 1977- ci ildo meso ganunvericiliyi hagqinda ganunlar
gobul etmisdir. Bunlarin ardinca SSRi-do vo miittofiq
respublikalarda, o ciimlodon, Yer toki haqqinda 1975-ci ildo,
atmosfer havasinin qorunmasi haqqinda 1980-c1 ildo aidiyyati
gqanunlar vo 3 iyul 1985-ci ildo SSRI Ali Soveti "Tobiotin
mihafizosi vo tobii ehtiyatlardan somorali istifado etmok
sahasindoki ganunvericiliya riayst etmok haqqinda" gqorarlarim
gobul etmisdir. Sonadlords, su hdvzalorindon, mesolordon, dag
¢Okiintiilorindon, canli alomdon somorali istifado etmok vo
tobiotin ¢irklonmosinin qarsisint almaq {iglin movcud olan
ganunlara ciddi omal etmok 6z oksini tapmigdir.

Qanun vo qaydalarin ¢ox yiiksok soviyyado qobul
edilmosino baxmayaraq SSRI-do ekoloji qanunvericilik asason
dekla- rativ xarakter dastyirdi. Yoni, tobioti miihafizo vo ondan
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somorali istifado ilo bagl Sovet ittifagmnin imza atdig1 Beynolxalq
Haaqa, Praqa, Bazel va s. Beynolxalq Konvensiyalarin toloblorino
real hoyatda cavab vermirdi. Dlbotts, Azorbaycan da SSRi-nin
torkib hissosi oldugundan Respublikamiz da homin voziyyatdo
idi. Bu sobobdon do miistoqillik olde edilon ilk giinlordon
Azorbaycan Respublikasinin Dovlot Ekologiya vo Tabiotdon
Istifadoyo Nozarot Komitosi "Tobioti miihafizo vo tobiotdon
istifado haqqinda" Azorbaycan Respublikasinin  ganununu
hazirladi. Yeni qanun 25 fevral 1992-ci ildo Azerbaycan
Respublikas1 Ali  Soveti torofindon miizakiro edilib, qorar
cixarildi. 14 fosildon vo 95 maddodon ibarat olan bu ganun 6z
dovriinds tobisti miihafizo vo ondan istifadonin osas masalslorini
ohato etmis, Oziindon sonraki qanun vo gaydalara bir biindvra
funksiyasini dasimigdir.

Hazirda Azorbaycanda dovlet vo ictimai qurumlarin
nozordo tutdugu todbirlor biitlin comiyystin miiasir inkisaf
marhalasinds ekoloji problemlorin miivaffoqiyatls hall edilmasine
va hoyata kecirilmoasing lazimi sorait yaradir.

Lakin, bununla yanasi tobioti miihafizo vo onun
ehtiyatlarindan  somorali  istifado  vozifosi  koskin  olaraq
respublikamizin da qarsisinda durur. Azorbaycanda deyilon
istigamotdo todbirlor sistemi hazirda hoyata kegcirilir vo bunun
ticlin xeyli vosait do ayrilir vo albatto, bu sahado omoli naticolor
do az deyildir.

Yaxs1 noticolorlo yanasi Azorbaycanda vo xiisuson Baki
va Sumgayit soharlorinds bazi ekoloji problemlor azalma ovazine
xeyli koskinlogmisdir. Belo ki, avtomobillorin ¢oxalmasi vo ona
nozaratin  zoif olmasi, c¢ox six vo sohorsalmaya zidd olan
qaydalarla  hiindiirmortobali  evlorin  tikilmosi,  Bakida-
Sumgqayitda-Abseronda yasilliglann mohv edilmosi, qagqin-
kockiin vo 1s dalinca paytaxtda comloson insanlarin heg¢ noyo
mohal qoymadan tikinti islori aparmasi, sohar tullantilarinin holo
do yandrilmasi vo tolobata uygun olmayan qaydalara cavab
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vermoyan va s. masalalor bu bolgolords ekoloji gorginliyi halo do
saxlamaqdadir.

Xiisusi diqget vo qaygi tolob edon maosalolordon biri do

Abseron torpaqlarinin, Xozor sahili torpaglarda neft¢ixarma ilo
bagli uzun illor neftls ¢irklonmo mosalasidir.
Son dovrlor Xozor sahili dovlatlorlo miigayisado bu istiqgamoatds
Azorbaycanda miioyyon islor davam etmokdadir. Amma, bu
sahodo do porakondolik hokm siirlir, is icragilar1 aldiglari
mobloglo miigayisados ekoloji qanunlarin toloblori soviyyasindo is
gormir vo mosoloyo ciddi nozarot yox doracosindodir. Digor
torofdon xarici ig adamlaria da yumsaq miinasibat respublikanin
zorarinadir. Cox vacib mosalalordon biri do ekoloji mosalslora
cirklondirici toskilatlarin 6zlorinin bu iso nozarat etmosidir. Ozii-
Ozliiytindos molumdur ki, otraf mihiti ¢irklondiron istor
respublika, istorso do xarici toskilatlar 6z qiisurlarini no
comiyyato, no do ki, dovlsto oldugu kimi hesabat vermoyacok.
Sababi iso bdyiik mablogda corimo verma, qinaq toskilati olma vo
ekologiya nazirliyino hesabat verma maocburiyystinds qalma ilo
olagodardir. ©goar, ekoloji masalalora nozarst ancaq bir togkilatin
olindo comlonarss va bu toskilat hokiimot vo comiyyat garsisinda
mosuliyyat dasiyarsa, ekoloji problemlori effektiv idaro etmok,
nazarat etmak va respublika {izro yaxs1 naticolor oldo etmok hom
iqtisadi vo hom do ekoloji tobii miihit baximindan Azarbaycanin
xeyring olar.

Yer sothinin {icdo ikisini ohato edon okean vo donizlor
hamiss insanlarin digqgatini calb etmigdir. Hazirki dovriin bir ¢ox
siyasi, iqtisadi masololori donizlorin, okeanlarin todqiqi ve
istifadasi ilo baghdir. Okean vo donizlor hami {i¢iin genis su yolu
olmagla yanasi, ¢ox zongin heyvanat vo bitki alomi, mineral vo
kimyavi sorvetlor, tiikonmoz enerji ehtiyatlar1 demokdir. Ogor
diinya donizlorindon somorali istifado edilso orzaq istehsalmi 4- 5
dofo artirmaq olar. Elmi-texniki toroqqi denizin dibindon neft,
gaz, manqgan, qizil, mis va digar sarvatlor ¢ixarmaga imkan verir.
Yetmisinci illore nisbaton donizin dibindon neft ¢ixarilmasi 4 dofo

178



artmigdir. ABS, Ingiltora, Yaponiya, Azorbaycan donizin bdyiik
dorinliklorindon neft ¢ixarir vo bu proses getdikco tokmillogir.
Xazor donizindoki mashur "Neft daglar1” diinyada ilk bdyiik deniz
tikintisidir. Uzun middotdir ki, Xozor nefti Azorbaycanin neft
istehsalinin oksariyyatini togkil edir.

Diinya okean1 vo onun biitiin torkib hissolorinin (daxili
doniz sulari, mohalli sular va bitigik zolaqlar, deniz akvatoriyasi,
donizin dibi vo toki daxil olmagla) qito doniz dibinin, beynalxalq
bogazlarin vo kanallarin hiiquqi  veziyyetini, beynalxalq
gomigilik, doniz pesokarligi vo s. saholordo subyektlorin hiiquq vo
vazifolorini tonzim edon qaydalarin mocmusuna beynolxalq doniz
hiquqgu deyilir.

Beynolxalq doniz hiiququ timumi beynslxalq hiiququn
saholorindon biridir. BMT-nin doniz hiiququ iizro qorarlarinda
moholli sularin eninin 12 milo qodar olmasi, bu sularin sahil
dovlatlorin  orazisinin torkib hissosi kimi qgobul edilmosi
ganunilogdirilmisdir. BMT Nizamnamosino goro donizdo
tizgiiciilityiin tohliikesizliyini tomin etmok, ¢irklonmonin garsisini
almaq, baliq¢ilig, gomriik, maliyys, sanitariya qaydalarim
gbzlomok saziso uygun olaraq sahil dovloti torafindon miioyyon
edilmis ganun vo qaydalar1 da gézlomok osas sortlordondir.
Beynolxalq hiiqugda eni 200 milo godor olan iqtisadi zolaglar
haqqinda masalalorin nizama salinmasi1 da vardir. Bu problemi
hall edorak, homin zolaglarda canli vo mineral sorvatlorin kosfi,
¢ixarilmast hom do bu sorvatlorin idars etmok ii¢lin sahil dovlotin
suveren hiiquglariin taninmasi ilo yanasi, digor dovlstlorin
sazisdo miioyyon edilmis ganuni hiiquglart vo maonafelori,
xtisusilo do gomigilik, baliq¢iliq sahosinde monafelori nozordo
tutulmalidir. Belo qayda homin iqtisadi zolagda homin sahil
dovlatin, basqa dovletin hiiquq vo vazifolorini miivafiq suratde
uygunlasdirilmis xarakterini nozordo tutur. A¢iq donizlorin hor
hanst hissesinin he¢ bir dovletin suverenliyino tabe edilmosini
osaslandiran, genis doniz sularinin hiiquqi rejiminin asast olan
aclq donizlorin azadligi prinsipinin saxlanilmast vo tosdiqi
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gomicilik azadligi, siini ada vo digor qurgular yaratmaq
azadligini, beynolxalq hiiquga uygun olaraq sualti xotlorin, boru
komorlorinin ¢okilmosi azadligini ohato edir. Iqtisadi zolaqlarda
miivafiq beynoalxalq sazislo vo ya solahiyyatli beynolxalq
togkilatin qorar1 ilo miioyyon olunmus norma vo qaydalara riayot
edilmolidir. Bu saholordo xarici Olkoyos moxsus gomi doniz
miihitini ¢irklondirarso, sahil dovlati sazigin gostorislorine uygun
olaraq todbirlor gors bilor, gomi toftisi omoliyyati apara bilor.

Miibahisalor toroflorin rosmi arizesi asasinda beynolxalq
mohkomo vo ya arbitraj torofindon holl edilo bilor. Sahillori bir
dovlota moxsus olub, eni iso homin dovlatin mohoalli sularinin
enindon ikiqat artiq olmayan vo ya artiq olsa da homin dovlot
ticiin mithiim iqtisadi, harbi shomiyyati olan korfoz vo buxtalarin
sular1 da dovletin daxili doniz sular1 hesab olunur. Ddvlot
orazisinin torkib hissasi olan biitiin bu sularin hiiquqi voziyyati do
homin dovlatin qanunlar: ilo miisyyon edilir. Sahillori iki vo ya
daha artiq dovloto aid olan doniz, korfoz vo buxtalarin hiiquqi
voziyyati homin sahil dovlstlorinin xiisusi sazisi ilo nizama
salinir.

Mohoalli sular sahil dovlotinin orazisinin torkib hissasi
olmaqgla onun suveren hakimiyyastino tabedir. Mohalli sularin
dorinliklari va toki, habels onlarin {izorindoki hava sahillori homin
dovlotin suverenliyina tabedir. Mohalli sularin eni ayri-ayr
Olkolordo forqlidir. Rusiya Federasiyasinda bu masafo 12 mil
miioyyan edilib (5 avqust 1960-c1 il tarixli SSRI dévlot sarhadinin
qurulmasi barado Osasnamonin 3-cii maddosi).

BMT-nin doniz hiiquglarma aid ©Osasnamasindo
dovlatlorin orazi sularinda xarici horbi gomilori do hidroqrafik
todqiqat aparmaq, xorito ¢okmok, manevr etmok, atos agmagq,
mina diizmok, toyyars ilo bu sular iizorindo ugus etmok vo s.
gadagan edilir. Sualti qayiglar suiistii voziyyotdo horokot
etmolidirlor. ki vo ya bir ne¢o ddvlotin orazisi ilo, ya da mohdud
miqdarda dovlotlorin sahillori ilo ohato olunaraq, bu sahil
dovlatlari iiclin deniz yollan shamiyyatine malik olan denizlars
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qapah deonizlor deyilir. Qapali deniz olmaq etibar1 ilo Xozor
danizinin sahillori 5 dévloto moxsusdur.

Rusiya Xozor donizinin statusuna yenidon baxilmasi
moasalasini ortaya atib. Hom do, Rusiya BMT-nin (zvi olan bir
dovlot kimi Azorbaycan Respublikasini mdvcud sorhadlori
daxilindo (su sorhodlori ilo birlikde) tanimisdir. Hazirda
Rusiyanin Xozorin statusuna yenidon baxilmast masalosini
galdirmas1 oslindo  Azorbaycana orazi iddiast demokdir.
Azorbaycan iso Dorbondin he¢ adini da ¢okmir. Xozoro gol
statusu SSRI toskil edilmomisdon ovval verilib. Elo bu sababdon
do Iranin Xozor donizindo donanma saxlamasi vo ondan digor
mogsadlorlo istifado edilmesi gadagan olunmusdur. Xozorin
status masalosi miizakire edilorss, onda Azorbaycan bunun doniz
oldugunu siibut edon basqa hiiquqglar1 da tolob etmolidir. Xozor
doniz statusu almalidirsa onun bir basa okean sularma g¢ixma
imkanlar1 olmalidir. Onda Volqga ¢ayinin, Volga-Don kanalinin,
Qara donizin, Azov donizinin ds statusuna yenidon baxilmalidir.

Azorbaycan iso Xozor donizi vasitosi ilo diinya okeanina
¢ixmaq t¢lin yeni solahiyyatlor almalidir. Beynolxalq hiiquq vo
ganunlara goro 0zgo orazisini zorla isgal etmak, digor dovlstlorin
sarhadlorini pozmaq, har hansi dovlotin raziligi olmadan onun
orazisindan, orazi, mohalli sularindan istifade etmok qadagandir.
Azorbaycanin no quru, no do su sorhadlorini pozmaga Rusiya
dovlatinin heg¢ bir hiiququ yoxdur. Xozor cografi tosnifata goro
goldiir, gol olaraq da galacaqdir. Bu no Rusiyadan, no do Xozorin
ohatosindo olan digar dovlatlordon asili deyil. Digar bir masals do
yaddan ¢ixmamalidir. Tki dévlat arasindaki sorhod xatti qarsiligh
razilagsmaya vo beynoalxalq doniz hiiququna goro sorhad boyu
axan caylarda c¢ayim, gollordo vo donizlordo iso onlarin ton
ortasindan kegmolidir. Burada da beynolxalq qanun Azaerbaycanin
torofindodir.  Yoni Azorbaycanin Xozor donizindoki sorhadi
donizin ton ortasindan kec¢on xotlo hiidudlanmalidir. Bu sarhod
daxilinds Xazarin biitiin sarvatlori Azarbaycanindir.
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3.8.Atmosfer miihiti va insan
9fandi Ohmad Siileyman oglu

Fovgolads Hallar Nazirliyinin Akademiyasmnin Idman, f
iziki va goza-xilasetmo hazirlig1 kafedrasinin raisi, professor

Insan saglamligina tosir edon amillor dedikds,ilk névbado
onun yasayis torzi, yasadigi mikro vo makro sorait basa diisiiliir.
Mikro sorait insanin sosial problemlorinin bir hissosinin- monzil
soraiti, onun istiliklo, su ilo, isiqla vo s. tominatt masaloloridir.
Horcond ki, Azarbaycan Respublikasi ohalisinin toxminen yarisi
bu problemlor igorisindo c¢abalayir. Qagqinlarimizin iso bu
problemlo bagli masololordon danismaga ehtiyac da yoxdur.
Ciinki bu masals biitiin diinyaya ballidir.

Makro sorait 1iso diinya problemi olub, bizim
respublikamizda 6z xiisusiyyati, 6ziinomoxsuslugu var. Vaxt olub
ki, Azarbaycan uzundmdirliilor 6lkasi sayilib vo biz do bununla
foxr etmigik. Hotta miixtalif olkolordon golib burada uzundmiir-
liliiytin "sirri" ni Oyronmak istoyanlorin say1 ¢ox olmusdur. Lakin
vaxt 6tmiis, makro miihit dediyimiz miihit todricon korlanmis vo
biz do uzunmiiddot bunu hiss etmomisik. Basa diisdiikdo iso
problemin ¢ox boyiik oldugunu vo makro miihitimizin bizim
oziimiizdon do ¢ox asili oldugunu anlaya bilmisik. Umumilikdo
1S9 tobii miihitin ¢irklonmasi bu miihitds yasayan ohalinin
iqtisadiyyatina vo saglamliginin koskinlogmosine gatirib ¢ixarir.
Tobii miihitin ¢irklonmasinin insanin saglamligina pis tosir
gdstormasi respublikamizda artiq sirr deyildir. Bu elo masalalorin
aidiyyat1 olan biitiin toskilatlar, o cimloden Sohiyys Nazirliyi
togkilatlari, onun Bas Dovlot Sanitar Miifattisliyi, Respublika
Gigiyena vo Epidomoloji Morkozi vo bu idaralorin yerlordoki
miitoxassislori  yaxst bilir, hesabat aparilir. Miitoxassislor
Azorbaycan Respublikasinin ohalisindo xostoliklorin- x{isuson
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Baki vo Sumgqayit sohorinds artmasini ¢oxdan miisahido etmislor.
Hom do bu xostaliklorin tobii miihitimizls slagodar oldugu-

nu da bilirlor. Coxalan xastsliklordon nafas yollan, ag ciyer, dori-
zOhravi, bodonin istonilon yerlorindo sislor, gan tozyiqi, soker,
tirok-damar, qan xastaliklori, mado-bagirsaq, boyrok, saclarin tez
agarmasi, saglarin tez tokiilmasi, husunu itirmo, hussuzluq,
halsizliq va s. daha ¢ox rast olunur.

Bu clir xastaliklorin ¢coxalmasi manbalarini
gruplagdirdigda molum olur ki, bazi xostoliklorin sobabi suyun
¢irkli olmasindan, bozilori havanin ¢irkli olmasindan, bozilari
yeyinti mohsularinin ¢irkli olmasindan, bazilori is soraitinin ¢irkli
olmasindandir. Saydigimiz ve saymadigimiz biitiin  ¢irkli
monbolor bizim yasadigimiz tobii miihitdir. Xostoliklorin tobii
miihito goro coxalmasinda da 6zlimiiziin masuliyyatsizliyindon,
ya Oziimiizliin 0zlimilizo biganoliyi daha ¢ox zoror gotirir. ©gor
gidamizin, suyumuzun tomizliyino nozarat edon hokim, yaxud
rois 0z vozifo borcuna, votondasliq borcuna barmagarasi
yanasirsa, buna na ad vermak olar. Uziim vo pambiq tarlalarinda
dormanla islori gobul edilmis qaydalarla aparilmirsa cavabdeh
muU- toxosis g6z yumdugu isin noticosing debil usaqlarin
toronacoyini bilirso belo-belo islora neco borast gazandirmaq
olar?!

Uclincli bir misal- insan miidafiogisi, insan kesikgisi,
polisimiz avtomobillorin miihorriklorindon atmosfers ¢ixan
zoharli qazlar1 yoxlayarkon onun gozii cihazin gostaricisina deyil,
stiriciiniin olins baxirsa vo milli manafeyi soxsi monafeys qurban
verirsd, daha na deyak sona. Bundan slava tobii miihitin texnogen
monsali ¢irklonmasi insan saglamlig {i¢iin ¢ox vacib olan bir ¢ox
bitkilorin mohv olmasina gatirib ¢ixarir. Azorbaycan Respublikasi
tictin do belodir. 100 il bundan Onco 6lkomizds olan canli vo
cansiz alomi bu giinlimiizlo miigayiso etmok bir ¢ox masalalori
dork etmoys kifayat edir. Arigiliq Azerbaycanin biitiin bolgalori
ticlin tobii hal kimi olub va ar1 balinin insan saglamlig: {i¢iin no
doracods shomiyyatli oldugunu da heg kim inkar eds bilmoz.
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Cox toassiif ki, tobii miihitin ¢irklonmasi Azorbaycana iqtisadi
gostoaricilorine goro hansi ziyani gotirir mosolosinin hesabati
apartlmir. Ogor tobii miihitin ¢irklonmasi noticosinds insan amili
ilo yanas1 hor addimda rastlagdigimiz iqtisadi zorari fikirlossok,
dohsoto golorik. Toxmini hesabatlara goro tokco Baki gohari {igiin
tobii miihitimizin 6ziimiiz torafindon ¢irklondirilmasi naticosinda
orta hesabla 1 milyard yarimdan artiq iqtisadiyyatimiza ziyan
vururug. Tobii miihitin ¢irklonmasindon insanlarin xostolonmasi,
dormani, xastolik kagiz1 vo s. ilo bagl iqtisadi hesabatlar aparsaq
vo onu da milyard yarim iizorino golib bu masaloni respublikamiz
miqyasinda fikirlogsok goriin bu no demokdir. Deyildiyi kimi
tobii miihitin ¢irklonmasi birbasa insanlarin sohhotina tosir edir.
Belo ki, Baki vo Sumqayit sohorlorindo daha cox tistiinliik toskil
edon texnogen mongali toz, cive, qurgusun, his atmosfer
havasinda homigs olur, orta hesabla normadan 5 dafa yiiksokdir.
Tobii miihitin ¢irklonmosi insan saglamligina va respublika
iqtisadiyyatina vurdugu zororlori gismon do azaltmaq Tigiin
olagadar togkilatlar beynolxalq alomds gabul edilmis informasiya
bankindan istifado etmolidirlor.

Texniki cohotdon inkisaf etmis Olkolor tokco 0z daxili

molumatlart  ilo  kifaystlonmoyib iimumdiinya Metrologiya
Toskilatindan da bohralonirlor. Onun iiglin do hor bir dovlat
timumdiinya Metrologiya Togskilatinin iizvii olmaga cohd gostorir.
Cox siikiirlor olsun ki, bizds bu togkilatin tizviiytik.
Problemin xiisusi vacibliyini nozoros alan togkilat respublika
sohorlorinin  atmosfer havasinin, su obyektlorinin, torpaq
ortliyliniin ¢irklonmo voziyyeoti hagqinda molumatlari miintozom
olaraq Azorbaycan Respublikasi Hidrometeorologiya
qurumundan almalar1 ¢ox faydali olar.

Tobii miihitin ¢irklonmesinin qarsisin1 almaq veo onun
saglamlasdirilmasi ti¢lin konkret todbirlorin islonib hazirlanmasi
vo hoyata kecirilmosi bilavasito bu molumatlara osaslanmalidir.
Inanmagq istordik ki, miihitimizi zororli tullantilarla zohorloyan
biitiin toskilatlar 6z vozifalorine vatondasliq ndqteyi-nozarindon
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yanasacaq vo xalqumizin saglamlifi xatirine omoli islorin
beynalxalq alomda qobul edilmis Informasiya Bankindan alian
molumatlara osaslanacaqdir.

Havanin ¢irklonmosi, yaxud atmosferi cirklondiron
monbolor dedikde-havada miixtalif qazlarin, su buxarinin, bark vo
maye halinda miixtalif kimyovi elementlorin, homginin radioaktiv
elementlorin canli orqanizmlorin hoyat soraitino manfi tosir edo
bilocok migdarda olmasi atmosfer ¢irklonmosi kimi qobul edilir.
Tullantilar qaz halinda olduqda onlar atmosferi daha g¢ox va tez
cirklondirirlor. Hazirki dévrds belo cirklondirici monbalor osason
naqliyyat istifadosi zamani atmosfero buraxilan zohorli gazlar vo
istehsal prosesi zamani amolo golon qaz halindaki tullantilardir.
Hor iki ¢irklondirici menbolor iso hoddindon artiq coxdur vo
asason iri goharlordadir. Azarbaycan, Baki vo Sumqayit soharlori
iciin belo monbolor neft-qaz hasil edon biitiin sonaye sahalori,
neft-kimya miiossisolorindon ayrilan zohorli qazlar, mixtalif
kimya sonayesindon ayrilan zohorli qazlar, sement vo ingaat
materiallar1 istehsal edon miiossisolordon ayrilan zohorli qazlar,
gara metallurgiya miiossisolorindon ayrilan zohorli gazlar, alvan
metalurgiya miiossisslorindon ayri-
lan zohorli qazlar, kond tossorriifatinda islodilon qaz vo maye
halinda olan giibrolor, qazanxanalardan ¢ixan tiistii-qaz qarisiqlari
vo s. saymaq olar. Burada havani ¢irklondiron monbs kimi
naqliyyatin payr 35-40%, istilik elektrik stansiyalarin pay1 20-
25%, sonayedo texnoloji proseslordon c¢irklondiricilorin pay1 15-
25% vo digor tullantilardan omolo golon zoherli qazlarin
cirklondirici paylar1 iso 10-20% toskil edir. Iri sohorlordo
insanlarin atmosfera buraxdigi karbon qazin1 vo insan foaliyyati
zamani amolo golon toz, onlarin torkibindoki c¢oxlu miqdarda
zororli tullantilari nozoro alsaq gohor miihitindo yasayan
insanlarin ancaq halina acimaq qalir. Cirklonmadon doyan zorarin
hocmi iso o 6lkonin sonaye hocmi ilo diiz miitonasibdir. Masalon
ABS dovlati iiglin 2000-ci illordo ekoloji problemlorin 6lkoya
vurdugu zoror orta hesabla hor ilo 2,5 milyard ABS dollar
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miqdarinda olmusdur. Umumilikdo ABS ancaq 6z 6lkesindoki
sonaye vasitosi ilo diinya ¢lrklondirici menbolarinin 50 faizinin
sobabkaridir. Digor torofdon ABS diinyanin biitiin 6lklorinin
oksariyyatindo sonaye paygisi oldugunu nozors alsaq, onun otraf
miihito vurdugu ziyana gore do 1 -ci yerdadir.

Isloyon sonaye miiossisolorindon tiistii, zohorli qaz vo digor
cirklondiricilor boyiik bir orazide torpaq, bitki vo insanlari
zohorloyir, miixtolif xastaliklor toradir.

Bu gazlarin torkibinds azot vo oksigendon basqa karbon 2-oksid
(CO), zoharli karbohidrogenlor, miixtslif azot vo kiikiird oksidlori
(SO2), miixtalif torkibli tozlar, xirda bork hissociklor vo s.
yetarinco olur.

Boyiik sonaye gohorlorindo havanin ¢ox ¢irklonmosi

naticasinds smoq-yani tiistil, tiistii duman1 amals golir. Belo hal
cox tohliikalidir. Baki vo Sumgqayitda smoq homiso-xiisuson yay
aylarinda daha tez-tez bas verir. Baki vo Sumgqayiti xozor
kiiloklori smoqdan xilas edir. ©ks halda insanlarin oksoriyyati
smoq bas verdikdo mohv ola bilor. Smoq hadisssinin tohliiksli
olmasinin digor sobobi giines isiginin tosiri ilo nogliyyat
tullantilarinda olan karbohidrogen, karbon 2-oksid qarisiginda
miirokkob fotokimyovi cevrilmolorin bas vermosidir. Bu yolla
alman dumana fotokimyavi duman deyilir. Belo dumanin
torkibinds elo zohorli maddolor formalasir ki, onlar canli alom
liclin ¢ox boylik tohliiko yaradir. Basa diisiilmalidir ki, ancaq
avtomobillorin tlistli qazlarimin torkibinds 200-5 godor insan
orqanizmind  zororli  madde, ¢ox  tohliikkeli  konserogen
karohidrogenlar va qurgusun birlosmalori mévcuddur.
Artiq he¢ kimo sir deyildir ki, sonaye tullantilari atmosferin
zohorli maddolorls, elementlorlo ¢irklonmosinds osas yer tu-
tanlardandir. Miixtolif kimyovi maddslor vo istehsal vasitolori
istehsal edon zavod vo fabriklordon havaya kiillii migdarda toz,
kiikiirdlii qazlar ve s. atilir.

Metalurgiya zavodlar: atmosfer havasina ¢oxlu miqdarda
zohorli qazlar atir. Burada bir ton ¢uqun hesabi {izro bu qazlarin
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torkibindo 4,5 kq toz, 2,7 kq kiikiird qazi, 0,6 kq mangan, ¢oxlu
miqdarda fosfor-qurgusun, cive birlosmalori vo s. olmagla
uddugumuz havaya qarisir.

Olvan metalurgiva zavodlari da mis, aliminium,
maqnezium vo s. istehsal, yaxud onlardan hor hansi osya,
avadanliq diizoldorkon uddugumuz havani zohorli qaz va tozlarla
zoharlayir, cirklondirirlor.

Elektroliz iisulu ilo aliiminium alindigda boksidlo
birlikdo kriolitdon istifada edilir ki, onunda torkibinds olan fliior
proses zamani ayrilaraq atmosfers yayilir vo onu ¢irklondirir.

Neft-qaz ¢cixarilarkon, naql edilarkon, zavodlarda emal
edilorkan, saxlanilarkan cox boyiik atmosfer cirklonmolori bas
verir. Bu sahado on boylik zorori Baki, Sumqayit vo Abseron
bolgosi goriir. Bolgodo on bdyiik zorori insanlarla yanasi, bu
bolgonin havasi, torpagi, lay sulari, bitki alomi vo digor canli
alomi ¢okir. Baki vo Sumgqayitdaki neft-qazla bagli miiessisalorlo
yanast xeyli kimyavi maddolor vo mohsullar emal edon, istehsal
edon zavodlara da bu bdlgads onun havasini, suyunu, torpagini
cirklondiron monbalordir.

Kimya zavodlarindan-istehsal sahasindon asili olmayaraq
otraf miihito buraxdig1 qazlar vo digor tullantilar-hamisi
biitovliikde zoharlidirlor. Belo qaz vo maddesloro misal olaraq
Azorbaycanda daha g¢ox dstiinliik toskil edon karbon 2-oksidi,
sulfit anhidridini, ammonyaki, miixtalif tizvii birlogmolori, hid-
rogcn-sulfidi, miixtalif xlorlu birlosmalori vo s. gostormak olar. I
lavaya qarisan bu qazlar vo maddslor atmosfer proseslori, yaxud
fiziki-kimyovi gqanunlara osason miixtalif doyisiklikloro ugrayir,
bozondo daha dohsotli maddolora ¢evrilorok insanlar {igiin
clirbaciir bolalar toradirlor. Tam qaz halinda olan ¢irklondirici
maddalor hava axinlar1 vo kiilok tosiri ilo atmosferds onun qatilig
vaxt kecdikco azalir. Bork zororli zorraciklor iso miioyyon
miiddotdon sonra torpaga ¢okiir, onu zohorloyir.

Miisahidoloro goro kiikiird oksidi havaya qarisdigi yerdon
atmosferlo 6 min va hatta 12 min kilometr masafoys qodor yayila
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bilir. Elo bu sobabdon do Almaniyanin Rur kémiir hovzosindon
havaya qalxan komiir ovuntular1 1972-ci ildo Isverds qara rongli
qarin yagmasina sabab olmusdur. Belo hallar miixtalif diinya
dovlotlori  orazilorindo basqa-basga hallarla 0ziinli  biiruzo
vermaklo ¢irkli yagis, yagl yagis, qara rongli yagis, qirmizi rongli
yagils vo ciirbaciir rongli gar soklindo lstiimiizo tokiilmiisdiir.
Cirkli yagislar Azorbaycanm Ismayilli, Zongilan, Baki vo digor
bolgolorinds do ayri-ayr illordo miisahido edilmisdir.
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Respublika orazisinin cografi mdévqgeyi, onun relyefinin

monfi 26 metrdon baslamis 4466 metra qodor ucalmasi (Bazar-
diizii dagi), iqlim miixtslifliyi, rongarong landsafti insan hoyati
ticlin alverisli sorait yaratmaqla yanasi, tobiot fovgolado hallar1 da
yaradir. Buraya tobistin bir ¢ox qarsiliqlt amillorinin ¢arpaz-
lagmas1 naticosinda yaranan zolzalo, siirlismo, sel, dasqin, das vo
ya qar ucqunlari, isti-quru kiiloklor, tufanlar, dolu, ekstremal qis
v yay, habelo digor tobii hadisolori sadalamaq olar.
Dagidic1 hadisalorin oksariyyeti tobii proseslorin gqanunauygun
sokildo yaranmasi, inkisafi vo basa catmasi ilo olagodardir ki,
insan bu proseso miidaxilo etmoklo onlar siiratlondire vo ya
langids bilar, tasirini azaldar.

Bu mogsadlo tobistin dagidict hadisslorinin omologalma
sobablarini genis miqyasda tadqiq etmaya, onlara qarst miibarizo
todbirlori vo elmi prognozlar islomoys homiso ehtiyac var.
Tabiotin dagidict qilivvalorinin  prognozunu islomok, onlarin
giiciinii, tosir dairasini azaltmaq vo ya onlara qarsi tam miibarizo
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aparmaq maqsadile bir sira elmi problemlorin tadqiqine, aidiyyati
qurumlarda calisan miivafiq ixtisash alimlori bu iso calb etmok
dovlati masaladir.

Aragdirmalar gostorir ki, Yer kiirosindo bas veron tobii
folakatlorin 40 faizi dasqinlarin, 20 faizi tropik siklonlarin, 15
faizi zolzalonin, 15 faizi iso quragligin payina distir.

Respublika orazisindo olar1 tobii folakotlor (zalzalo, sel, dasqin,
siirlismo, quraqliq, dolu, doniz abraziyasi, donizdo yiiksok
dalgalanma, tufan, leysan yagislari, gaya vo qar ucqunlari, isti-
quru kiloklor vo s.) 6z omologalmo saboblorine géroa meteoroloji,
iglim, hidrometeoroloji, geoloji-geomorfoloji, geoloji- tektonik,
hidroloji monsgali amillarin tesirindon omals galir.

Respublika alimlori orazimizdo bas veron tobii folakotlorin
bozilorini todqiq etmis, omologolms sobablorini arasdirib vo
onlara qarsi miibarizo todbirlori iglomiglor. Respublikada bu
istigamotdo elmi-todqiqat islori kompleks programi osasinda
planlasdirilmali vo vahid elmi morkozdon slagslondirilmalidir.

Azorbaycanda genis inkisaf etmis sellor yiiksok vo ya orta
dagliq orazilords formalasir vo dar dorslorin yatagi boyu monsabo
dogru siiratlo horokot edir. Bu soraitds on giiclii sel bir dofoya
dord-bes milyon kubmetr das-palgiq gatirir. Selin asas monbadon
3-4 km uzaga apardig1 qayalarin ¢okisi iso bozen 200-300 tonu
otdr.

Bu mogsadle orta vo yiiksok dag yamaclarinda meso vo
kolluglar salmagq, ot ortiiyii yaratmaq daha moagsadayonlii vo uzun
omiirliidiir, ekoloji baximdan daha slverislidir. Respublikamizda
giicii 9 bala ¢atan zoalzalolor tarixdo bir ne¢o dofo Samaxi, Gonco,
Tabriz kimi goharlori vo ylizlorlo kondi viran qoymusdur. Cavan
tektonik qurulusa malik olan Azarbaycan orazisinds tektonik
harokatlor miitomadi bas verir. Bu sobabdon do Azerbaycanin
biitiin orazisindo on yuxari doqquz bal giiciindo (on iki balliq
skala ilo) vaxtasir1 zolzololor olur. Bunu nozors alaraq layiho-
konstruktor va tikinti togkilatlan ilk novbads yasayis evlorinin,
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sonaye va kond tosarriifat binalarma yiiksok seysmik soraits tab
gotiracok soviyyado tikilmasini tomin etmalidirlor.

Respublikamizda  siiriismolor  genis  yayilmusdir.
Stiriismolorin yaranmasi kovrak litoloji torkibli siixurlar, siirlismo
kiitlosinin fundamentinds siixut sularinin olmasi, bol atmosfer
yagintilari, yiiksok seysmiklik, tektonik mongali pozuntular vo bir
¢ox bagga amillorlo olagodardir.

Azorbaycanda 1953-cli ildon baslayaraq siiriismolorin
yarandig1 orazilor elmi osaslarla arasdirilaraq onlarin genetik
tosnifat1 iglonmisdir. Respublikamizda silirismoys moruz qalan
orazilor, orada bas veron qravitasiya-denudasiya proseslorinin
intensivliyina gors ili¢ bolga kimi sociyyslondirilmisdir.

- foal horokotdo olan siirligmolor bolgosi (Azorbaycan
Respublikasinin Boyiik Qafqazin arazisine daxil olan hissasi);

- orta doracoali faalliqla horokotds olan siiriismolor bolgasi
(Qusar maili diizanliyi Kicik Qafgazin simal-sorq yamadan,
Hokori vo Tortor caylarinin hovzosi, Naxc¢ivan vo Lonkoran
orazilori);

- zoif foaliyyotdo olan siirlismoalor bolgosi (Qobustanin
alcaq dagliq arazisi, Qarabagin orta, qismon al¢aq dagliq hissasti).

Azorbaycanda siirligmolorin genis yayilmasimi vo ¢ox foal
olmasini nazors alaraq, onlar1 daha dorindon todqiq etmak liciin
stasionar vo yarimstasionar mantoqalor togkil edilmosi hazirda da
aktualdir.

Ekoloji  gorginlik  dorocasine  gbro  Azorbaycan
Respublikas1 orazisinin ekoloji-cografi bolgslore ayirmaq olar.
Burada baslica mogsoad insan amili, onun soxsi monafeyi,
saglamlig, tikib yaratdigi tosorriifati, imumiyyotlo maddi vo
manovi varligin tohliikesizliyini tomin etmokdir.

Ayrilan har bir ekoloji-cografi bolgalar istor tobii, istorso
do antoropogen amilloro osaslanmalidir. Buraya bdlgonin
yerlogdiyi orazido hokm siiron osas landsaft novii, orazinin
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seysmiklik dorocosi (balla), siirlismo vo sellilik dorocosi, osas
iqlim gostaricilori, illik selin minimal hoddi, havanin, suyun,
torpagin ¢irklonmo, soranlasma dorocosi, habelo bir ¢ox tobii
antoropogen amillor daxil edilmoalidir.

Bununla yanas1 har bir ekoloji-cografi bolgenin ehtimal
olunan tohliikkali  hadisolordon, neft anbarlarinda, neft
modonlorinda, partlayict kimyovi madds vo ya qaz tutumlarinda
bas vero bilocok yangin, partlayis, iri su anbarlar1 bondlorinin
yarilma tohliikasi va s. 6z oksini tapmalidir.

Bolgologsmoyoa Azorbaycan orazisinin donizsahili sahasi do
miitlaq daxil edilmalidir. Vaxt1 ilo respublika orazisini 23 ekoloji-
cografi bolgoyos ayirmislar. Bu bolgolor ekoloji gorginlik
baximindan (intensivlik doracesine goro) miioyyon qruplara
boliinmoalidir.

Bizo goro Azorbaycan Respublikasi orazisindoki ekoloji-

cografi bolgolorin har birinin istor tobii vo istorso do komiyyot
gostaricilorini agkar etmok, gorginliyini aradan qaldirmaq tigiin
kompleks sokildo elmi-todqiqat islori aparilmalidir. Tobiotin
dagidict hadisolorinin qarsisini almaq ti¢lin onlarin prognozunu
isloyib hazirlamaq, tikinti zamani orazinin seysmikliyini nozaoro
almaq, ¢ay hovzalorindo meso vo ot Ortiiyili salmagq, siirtismoloro
qarst miibarize liclin bir sira tobii olamatlori aradan qaldirmagq,
quraqliq bas veran va isti-quru kiiloklor ason arazilords avvallor
salinmis meso-miihafizo zolaglarin1 barpa etmok vo yenilorini
salmaq, otraf miihiti ¢irklondiron sonaye vo maisot tullantilarinin
tokrar elmalin1 togkil etmok vo digor mosololori elmi va
morkozlosmis yolla icrata gtiirmok daha mogsadouygundur.
Onu da geyd edok ki, yasayis vo sonaye saholori iiciin tikinti
aparilacaq istonilon torpagin siixur xiisusiyyatlori, geoloji vo
geofiziki baximdan yoxlanilaraq roy alindiqdan sonra is
aparilmalidir.

Respublikamizin orazisinde on seysmik aktiv bolgo
Samaxi, on seysmik tohliikoli saholor iso Samaxi, Ismayill
soharlori, habelo Mingagevir su anbari bolgasidir.
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Sellordon - Soki, Quba, Qusar, habelo Dovogi, X1zt vo digor
bolgolorin bir sira kondlori, su tutumu bondinin yuyulmasi
naticosindo Pirsagi kondi, subasma hallarindan Solyan, Neftcala,
Buzovna, Mastaga, Bino vo Abseron yarimadasinin bagqa
kondlori ¢ox boyiik zoror ¢okirlor. Biitiin bu tobii proseslor vo
hadisslor az-cox prognozlasdirila vo gozlonilo bilon hadisslordir.
Bu mogsadls iso ekzogen geoloji proseslorin monitoringini togkil
etmok, hidrogeodeformasiya vo digor geofiziki saholor, eloco do
etibarli xobordarliq xidmaoti iglok voziyyoatds olmalidir.

Cox toassiif ki, soylonilorin hamist giiniimiiziin realligidir vo
Azarbaycanda hor giinliik fovgelads hallar monboloridir.
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3.10. Cirklanmis su manbalari va fovgalads hallar
9fandi Ohmad Siileyman oglu

Fovqgolads Hallar Nazirliyinin Akademiyasmin Idman, fiziki vo
goza-xilasetms hazirligi kafedrasinin raisi, professor

Qeyd edok ki, ekologya, hidrometeorologiya vo févgolado
hallar arasinda bir basa baglilig mévcuddur. Aragdirmalar gostorir
ki, hor il diinyada bas veron tobii folakotlorin 70 faizi mohz
ekoloji va hidrometeroloji proseslorls, Yer kiirosindo gedon iglim
doyismolori ilo bir basa olagelidir. Ogor tarixon insanlar
hidrometeoroloji molumatlarin, hava durumunun neco olacagi
forqindo idilorso, sonralar giindslik sofor, mohsul yigimlar
zamani qiymatli molumatlar monboyi kimi basa diistiliirdii vo
hazirda da  belodir. Hava  durumunun  dyronilmosi,
prognozlasdirilmasi sivilizasiyanin biitiin inkisaf morholalorindo
zorurot kimi diinya alimlorinin digqot morkozindo olmusdur.
Sobobi  iso  bosoriyyotin  tosorriifat  ugurlarmin  taleyi
hidrometeoroloji, hazirda iso homds ekoloji soraitindon birbasa
asili olmasindadir. Bu sababdon ds ekoloji vo hidrometeoroloji
xidmat ndvlari sosial-igtisadi vo saglamliq baximindan bilavasito
bosori xidmotdir. Qlobal iglim doyismolori, atmosfer vo su
hovzalarinin ¢irklonmasi, suya olan tolabatin artmasi, saf suyun
azligt XXI osrdo do problem olaraq galacaqdir. Bu iso 0z
novbosindo  insan saglamlii, insan mosgullugu, insan
tosarriifatlarinin faaliyysti, canli tobistin yasamasi vo s. saholordo
fovgolads hallarin yaranmasina gatirib ¢ixarir. Diinyanin aparici
miitoxassislari, ekoloji vo hidrometeoroloji problemlari dork edon
hor bir insan masolonin hor bir diinya dovlstlorindo siyasi
sohnonin aparici bir istigomati kimi qiymatlondirilmasini toklif
edirlor. Ekoloji vo hidrometeoroloji problemlorin fovgolado hallar
yaratmasit mosalosini Azorbaycanda XIX osrdo miioyyon qrup
insanlar bilsado, ilk olaraq 6lkomizds hidrometeoroloji prognoz-
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larla moggul olmuslar. XIX oasrin 30-cu illorindon tarixi inkisaf
morholosini  baglayan  hidrometerologiya  sistemi  dovlot
soviyyasindo miixtolif inkisaf proseslorindon kegorok miiasir
tolobloro cavab veron hidrometeoroloji sistem yaranmisdir.
Hazirda Azorbaycanda ekologiya sistemi do foal inkisaf
yolundadir. Artiq miiasir insan uddugu havaya, i¢diyi suya,
yasadig1 binaya, geydiyi paltara, istifado etdiyi giibrolors, yediyi
orzaqlara ilk novbodo ekoloji tomizlik baximindan dovlst
soviyyasindo do qiymsotlondirir. Bu baximdan atmosferds, su
obyektlorinds, Xozor donizindo meteorologiya, hidrologiya,
aqrometeorologiya, tobii miihitin ¢irklonmosinin monitoringi,
ozon toboagasi lizorinds vo s. dovlst miisahido sistemi hoyata
kegirilir-ohalini  vo  xalq tosorriifatt  saholorini  ekoloji-
hidrometeoroloji malumatlarla tomin edir, onu nozaratds saxlayir,
ehtiyac olduqda bu vo ya digor todbirlor hoyata kegirirlor. Olko
ohalisinin tohliikesizliyinin tominati, xalq tesorriifatinin biitiin
sahalorinin ekoloji vo hidrometeoroloji proseslorlo bagli tobii
folakotlordon, fovgolado hallardan qorunmaq moaqsadi ilo tokco
cox kigik sahayo malik Azorbaycanda bir ay orzindo iki mina
godor  miixtalif ndév - meteorooloji,  hidrometeroloji.
Agqrometeroloji. Otraf miihitin ¢irklonmasi, meso anlayislari,
radiasiya fonu va s. barodo molumatlar, xobardarliglar insanlara,
dovlot organlarina, aidiyyati toskilatlara catdirilir. Bunun 06zii
ekoloji durumun hazirki dovriimiizde no dorocodo miihiim
ohomiyyat kasb etmosini insanlarimiz dork edorak, straf miihito
daha diqgatli olmaqla 6ziins diqqatli yanagsmalidir.

Respublikada yalniz miilki aviasiya {iglin giindo 40-50
vacib molumat hazirlanir. Vacib hayat saholori sayilan Miilki va
Horbi Aviasiya, Xozor Doniz Gomigiliyi, energetika, avtomobil
vo Domir Yol naqliyyati, donizds neft vo qaz yataqlarinin istismar
saholori liglin Baki-Ceyhan neft-qaz noqli xotlori iiglin, birbasa
insanlarin saglamligr {iglin boyiik doqiqlikli, boylik tominath
xtlisusi molumatlar verilmalidir ki, gozlonilon har bir fovgslads
hallara hazirliqlar aparilsin. ik baxisda gox
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sado goriinen bu masalalar, yasadigimiz dovrde hogigotonds
global xarakter dasiyir. Xozor vo Xozorotrafi bolgolorimizin
ekoloji problemlori hazirda diinya ohomiyyatli bir masolo kimi
sortlondirilir. Bu donizin (goliin) 6ziino moxsuslugu, ondaki bir
cox bioloji varliglarin heg bir sututarlarda olmamasi, onun neftlo
zongin olmasi, oradan neftin-qazin istismari. Neft-qaz
mohsullariin Xoazorlo hom sorqdon gorbo vo hom do conubdan-
simala 6tiiriilmosi, ipok Yolunun morkozi hissasi olmasi va digar
mosalolor bu bolgodoki ekoloji durumu hami iiclin maraq
dairasindo saxlamaga sovq edir.

Atmosferin ozon qatinin seyrolmosi, Giinos istiliyinin
artmasi, atmosfero atilan parnik gazlarmin  ¢oxalmasi,
planetimizdo gedon gqlobal iglim doyigmolori, havanin-suyun
ekoloji durumu bu va ya digor diinya dovlstlorinds tobii folakotlor
torodir ki, bu da ayri-ayr1 dovletlorin iqtisadiyyatina, insan
saglamligina va s. ¢oxlu ziyanlar vurur. Bu moaqgsadlora hor bir
dovlst 6z orazisinds ekoloji problemlorsa diqqgatli olmaqla yanasi,
digor dovlstlorlodo olbir islomoyi giinlin aktual problemls-
rindondir. Deyilon baximdan da Azorbaycan son illor &lka
daxilinds miioyyon miivoffaoqiyyatlor olde etmaklo yanasi, bir cox
diinya ekoloji birliklorinin {izvii do olmus vo gotiirdiiyii
6hdagiliklors, onun qonsu oldugu dovlatlordon daha mosuliyyatli
yanasir.

Dediyimiz kimi Yer kiirosindo Giinos istiliyinin artmasi,

1qlim doyismalari do tabii falakatlor, fovgelads hallar sirasindadir.
Belo hoyacan notlar1 insanlari dohgato gotirir, yasamaq timidini
azaldir. Somadaki ozon yariglari, parnik qazlarimmn artimi ilo
miisayiot olunan Giinos istiliyinin ildon-ilo ¢oxalmasi, paralel
olaraq Arktika buzlarinin srimosing gatirib ¢ixarir.
Fovgolado hallarin yaranmasi buzlarin orimesi, okeanlarin
dasmasina, bu iso 6z ndvbasindo canli alomin, torpagin, mesonin,
bitkinin su altinda qalmasina, bir s6zlo baogoriyyatin yasamasini
sual altinda qoyur. Biz do diinya alimlori ilo yanasi deyilon,
gdzlonilon bu tobii falakatlorden, fovgslads hallardan
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cox narahatliq vo istomozdik ki, insanin 6z foaliyyatindon 06zii-
Oztinli folakotloro siiriiklosin. Odur ki, biitin Azorbaycan
insanlari, diinya insanlari, xtisuson dovlot rohborlori, ekoloji
qurum- larin rohborlori vo onun aparici intellektli omokdaslari
soylarini birlagdirarok bagariyyeti, gozal Azarbaycanimizi galacok
bolalarin girdabindan xilas etmok iigiin distinsiinlor, daginsinlar
va lazimi tadbirlor gorsiinler.

Su cirklandiricilor fovgalads hal manbalaridir.

Yer kiirosi kiitlosinin toxminon 7 %-ni su toskil edir. Yer
{izorindo olan suyun hacmi bir milyard 386 mln.m®-dur. Bu suyun
97,5 %-ni duzlu su togkil edir. Yer kiirosindo islodilon igmali
suyun miqdart har il toxminon 3900 milyard metr kubdur. Cox
toossiif ki, bu suyun 50 %-i insan foaliyystindon ¢irkab sularina
cevrilir.

Molum oldugu kimi su Yer kiirasindo hayatin, yasayisin
asasini tagkil edir. Bunun bariz niimunasi insan qidasiz 45-50 gln
yasadig1 halda, susuz 4-5 gilindon artiq yasaya bilmir. Hor insanin
daxilo gabul etdiyi suyun giindslik miqdar1 2-2,5 litr vo bazon
hotta ondanda artiqdir. Isti yay aylarinda bu tolabat insan iigiin 2-
3 dofo artir. Inkisaf etmis Slkolordo hor bir adam orta hesabla
400-500 litr su islodir. Su tokco qida monboyi yox, hom do
tiikonmoz enerji monboyidir. Su elektrik stansiyalar1 mexaniki
doyirmanlar buna oyani misaldir. Bu mogsadlo suyun kine- tik
enerjisindon ¢ox qgodimlordon gilinlimiizo qodor istifado
olunmagqdadir.

Tarixi molumatlara goéro XX osrin ortalarinda soharlordo
hor giin adambagina 20-25 litr su islodilirdiso, hazirda bu rogom
200-300 litri 6tmiisdiir, boyiik sohorlorde iso 500 litra ¢atir. Bu
monada suyun tomizliyi gliniin on aktual problemlorindon biridir.
Digor bir masolo suyun cirklonmesi insanlarin, canlilarin
xastolonmasi vo mahv olmasi demakdir. XXI asrin avvaline
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Umumdiinya sohiyys toskilatinin verdiyi molumata géro suyun
cirklonmosi noticosindo meydana ¢ixan xostoliklordon hor il 5
milyonadok usaq diinyasini doyisir.

Adambasma diigon su ehtiyatinin hocmi Simali vo Conubi
Amerikada, Avstraliya qitolorindo basqa qitolora nisboton daha
coxdur.

Qeyd edok ki, bir sira gorb 6lkolorinds eneji ¢atismamaz- lig1 ilo
yanast "su aclig1" problemi do yasanir. Hazirda Hollandiya
caylarmin diisiiniilmadon sonaye tullantilari ilo ¢irklondirilmosi
noticasindo igmoli su bohrant omolo golmis vo burada on golir
gotiron saho su ticaratindon ibaratdir.

Umumilikdo iso diinya ohalisinin 60%-don ¢oxu su
quthgmdan oziyyst ¢okir, 50 6lko iso islodilmis vo sonradan
tomizlonmis sudan istifado etmok maocburiyyatindo qalmislar.
Bozi 6lkoalords iso su bagqa-basqa Olkolordon idxal olunur. Buna
misal kimi Kiiveytin sirin su ehtiyatlar1 olmadigindan igmali suyu
xiisusi kemorlorla Irandan almasidir. Elo bu sababdandir ki, bozi
alimlorin prognozlarina gors suyun cirklondirilmasi prosesi
hazirki siirotlo gedorso yaxin golocokdo insanlar doniz suyu
icmoys mocbur olacaglar. Azorbaycanda da su ehtiyati
mohduddur. Onun c¢aylarinin  suyunun hocmi ildo 32,33
kubkilometr hocmindadir. Respublikamizda adambasina 1900
metrkub sirin su diisiir. Bu iso ke¢mis SSRI-do adambasina diison
sudan 10 dofs, Ermonistan (Qarbi Azorbaycan) vo Glirciistandan
iso 2-9 dofo azdir. Su ehtiyatina goro Azorbaycan ke¢mis SSRI-i
respublikalar1 arasinda 11-ci yeri tuturdu. Digor torofdon
Azorbaycan orazisindo olan ¢ox kigik caylar yay aylarinda
quruyurlar. Azorbaycan respublikasi {ii¢lin suya goéro iimdo
problemlordon biri su ehtiyatlarinin  artirllmasinda,  siini
sututarlarin  ¢coxaldilmasidir. Diizdiir Sorseng, Xanbulaqgay,
Lonkoran sirin sututarlar1 var, amma bunlar kifayatedici deyildir.
Diinyada suyun yayilmasin1 osason iki qrupa - yeriistii sular vo
yeralt1 sulara boliirlor. Yeriistii sularin oksariyyatinin torpaqglarin
suvarilmasina sorf olunmasina baxmayaraq, sonaye

200



miuossisolori zavod vo fabriklor do su ehtiyatinin boyilik bir
hissosini sorf edirlor. Hesablamalara goro bir ton sintetik lif
istehsal etmok ti¢iin 2500-5000 metr kub, bir ton ammoniyak
almag ¢un 4000 min metrkub, bir ton nikel almaqg Gc¢tn 4000
metrkub, bir litr neft hasilat1 tigiin 10 litr, bir ton polad aritmok
tictin 20000 litr su tolob olunur. Zamanimizda suyun istifado
edildiyi saholor ¢ox vo miixtolif oldugu ii¢lin onu g¢irklondiron
monbalar do ¢ox vo miixtalif novliidiir.

XX osrdo sular o godor ¢irklonmisdir ki, suda olan
canlilarin hoyati tohliiko altina alinmis vo igmoyo yaramir. Elo bu
va digor sobablordir ki, sularin tomiz saxlanilmasi vo ¢irklonon
suyun tomizlonmaosi insanlarin miithiim problemlsrindon sayilir.
Yeriistii sularin ¢irklonmo monbolori miixtalif sonaye vo maisot
miiassisalari, iri kond tasarriifatr sahalari, istilik vo atom elektrik
stansiyalari, dormanlanmis vo giibrolonmis okin sahalori, miixtalif
cirkli yerlordon axaraq tomizlonmayan sulardir ki, bunlar ham do
su hovzalarini, sututarlart vo digor hdvzalari ¢irklondirir, onlarin
ekologiyasina boylik zorarlor gatirirlor.

Suyun, sututarlarin, donizlorin, okeanlarin radioaktiv
maddalorls, agir metal vo metal duzlan ilo ¢irklonmasi daha da
tohliikalidir. Bu ciir ¢irklonma ABS, Cin, Yaponiya, Rusiya
Federasiyasi, Hindistan, Israil, Ingiltora, Fransa va s. 6lkalor daha
ondadir.

Suyun ¢irklonmoasi saboblori ¢ox, miixtalif vo qarisiq
oldugundan, onlar1  ¢irklondiron =~ maddolorin,  kimyovi
elementlorin, biozararvericilorin tosnifatin1 doqiq vermak ¢otindir.
Lakin, c¢irklondiricilorin ¢oxluq toskil etdiyi maddo vo elemento
goro onlar1 toxmini do olsa miioyyon qruplara bolmok olur.
L.A.Kulskinin verdiyi tosnifata goro suyu cirklondiron gatisiglar
baximindan dord yero boélmok olar. Bunlar suspenziya vo
emulsiya qarisigli birlogsmoalor, kolloidlor vo yiiksok molekullu
birlosmoalor, suda holl olmus qazlar vo iizvi maddslor, duzlar,
tursular vo golovilor iistiinliik togkil etdiyi ¢irklonmis sular yaxud
cirkablardir.
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Elmi dillo desak 1-ci qrupa daxil olan cirkli sular
tomizlomok ti¢lin qravitasiya vo adgeziya tisullar1 osasinda, 2-Ci
qrup cirkli sular1 asasan koaqulyasiya metodlarinin kdmayi ilo, 3-
clii qrup cirkli sular1 on ¢ox oksidlogsmo, absorbsiya vo aerasiya
tisullar1 ilo vo nohayot 4-cii qrupa daxil olan ¢irkli sular1 oradaki
kimyoavi maddo vo elementlordon tomizlomak {i¢iin suya miixtolif
kimyavi qarigiglar olave etmoklo duz, tursu vo golovini ion
halindan hoall olmayan neytral maddslors ¢evirmok tsulu ilo
tomizlomok olur. Todbiq olunan metodlarin noviindon asilt
olmayaraq tomizlonacok c¢irklondirilmis suyun torkibindo onu
cirklondiracok gatigigin miqdari maksimal yol verilon gatiligdan
(MYQ) ¢ox olmamalidir.

Miiasir diinyamizda suyu ¢irklondiron maddoslor 6z fiziki-
kimyovi xiisusiyyatlorino goro asason iki qrupa boliiniir. Birinci
cirklondiricinin fiziki halina gdrs, yoni hall olan ¢irklondiricilor
va hall olmayan cirklondiricilsr, kalloid ¢irklondiricilordirdir.
Ikinci nov ¢irklondiricilor iso 6z tobiotine gdro mineral
cirklondiricilar, lizvi ¢irklondiricilar, bakterial ¢irklondiricilor vo
bioloji ¢irklondiricilordirlor.

Mineral ¢irklondiricilor asason suda holl olan qum, gil, filiz, slak
galiglari, mineral duzlar, osas, tursu mohlullar1 vo suda hall olmus
qazlardan ibarat olur.

Uzvi cirklondiriciler bitki vo heyvan mansali olub, osas monbalori
miixtalif bitki vo ¢lirlimiis canli qaliqlari, kagiz, bitki yaglari,
canlilarin fizioloji ifrazat tullantilaridir.

Bakterial vo bioloji ¢irklonmonin osas monbalori moigot ¢irkab
sulari, gon-dori zavodlari, ot kombinatlari, ipayin ilk emal
prosesi, mikrobioloji sonaye sahoalori vo sairalordir.

Moisot c¢irkab sular1 motbox, ayaqyolu, hamam vo cama-
sirxanalardan axidilan sular olmaqla, osason holl olmus halda
olurlar.

Seonaye miiossisalarinda ¢irklondirilon sular ¢ox kompo-
nentli olub, istehsalat ¢irkab sulari adlanir vo bu sularin hocmi
miassisonin giiclindon, xammalin, texnoloji prosesin ndviinden
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asilidir. Adsti lizro masinqayirma, metal emali, koks-kimya va
digor sonaye saholori miiossisoys lazim olan suyun 80 faizindon
coxunu soyuducu maye kimi islodir vo bu sobobdon do belo sular
zararli maddalorls ¢ox ¢irklonmir.

Molum oldugu kimi, neft kimya vo kimya miiossisalorindo
istifado olunan sular' daha ¢ox c¢irklonirlor. Bels sularin torkibinda
mexaniki qarisiglar vo suda yaxst holl olan maddolor istiinliik
toskil edirlor. XX osrin 2-ci yarisindan suyu ¢irklondiron asas
monbolordon biri do sothi aktiv maddslor vo sintetik yuyucu
tozlar istehsal edon miiassisalor vo isladiciler hesab edilir. Burada
xosagolmoyon hallardan biri do neft laylarindan mohsuldarlig
coxaltmaq tiglin oraya vurulan yuyucu sintetik maddslordon
istifads edilmosidir. Bu hal verdiyi xeyirdon ¢ox yeralt1 laylara,
sulara, siixurlara vurdugu abodi zoharlomslordir. Bu tisul igcmali
su laylarin1 hom do miixtolif kimyavi torkibli duzlu su laylari ilo
garigsdirmasidir. Bu sabobdon do Abseronu tarixon igmoli su ilo
tomin edon sirin su monbayindon mohrum etmisdir. Oslindo
icmoali su ilo ohalinin tomin olunmasinda yeralti sularin
ohomiyyoti daha bdyiikdiir vo sobobi do yeralti sularin soth
sularina nisbaton az ¢irklonmasidir.

Heg¢ do az shomiyyat kosb etmoyon masalolordon biri do yeralti
sulardan istifado maosolosidir. Yeralt1 sulardan diizgiin istifado
edilmadikds yerin torpaq gqatinin miioyyon darinliklorindo
bosalmalar omolo golir ki, bu da yer sothindo bdylik yarganlar
omolo gotirir, torpaq ¢okiir, onun tizorindoki yasayis yerlori
ucmall olur vo tomiz lay sular1 digor c¢irkli sularla qarisir ki,
bunlarin hamis1 fovgolads hallar amalo gotirir.

Yeralt1 lay sularmin digor ¢irklonma soboblarindon biri do zohorli
kimyavi maddslorin torpaga hopmasidir. Yeraltt sular cirkli,
zohorli atmosfer ¢okiintiilorindon do ¢irklono bilir. Qar, yagis,
dolu vasitasi ilo torpaq sothino diison yaginti onun sathinds olan
zorarli maddalori do 6ziinds hall etmakls torpaga hopur va yeralti
sulara qarisir.

203



Qisa sorh edilso do goriindiiyli kimi hom yeriisti vo hom do
yeralt1 sular1 ¢irklondiron monbaler heg do az deyildir. insan suyu
gorumaqla, 6zilinii, yediyi qidasini, biitiin canlilari, biitiin tabiati
goruya bilar.

Hor ciir ekstremal ¢irklonma fovgalads haldir.

Oslindo otraf miihitin hor hansit bir soviyyado c¢irklonmosi o
miihitin canlilari, bitkilori vo s. liclin ¢ox zororlidir. Lakin, X1X-
XX osrlords texnikanin, texnologiyanin, xiisuson horbi silahlarin,
kond tosarriifatinda, xalq tasorriifatinda isloadilon zoharli kimyovi
maddaolorin, Yer tokindon cixarilan karbohidrogen
birlogmolorinin, minerallagsmig zororli lay sularinin yasadigimiz
miihito sopoalonmasi insan hayati {i¢iin haddindan artiq problemlor
torotmisdir. Odur ki, illor kegir, giindalik ¢irklonmo davam edir,
biz hardasa ¢irklondirdiyimiz miihits "aligiriq" vo bunu bir norma
kimi gobul edirik. Vaxt otdiikkco yasadigimiz miihitdo kimyavi
maddolorin miqdart artir va ¢irklonmo haddi diinona nisbaton bu
giin daha da cox olur. Cirklonmonin garsisin1 almaqda acizlik
¢okon bizlor bu giinkli miihiti normal miihit kimi qobul etmaya
adot edorok vo bu monada sonraki ¢irklonmoni ovvalkilorlo
miiqayise edirik.

Bir do odalst namina demsliyik ki, diinyada elo inkisaf
etmis Olkolor do movcuddur ki, otraf miihitin ¢irklonmoasina
nozarat ganunlarmi ¢ox ciddi omoal olunur. Bu giinlimiiz iigiin
ekstremal ¢irklonmo dedikde atmosfer havasi ii¢lin bir vo ya bir
ne¢d zororli maddonin uddugumuz havadaki qatiliginin 30-50
dofo artiq olmasi basa diisiiliir. Belo bir ¢irklonmonin hatta ¢ox da
uzunmiiddatli olmayan tosiri noticosindas ohalinin saglamligi,
tosarriifat saholori, bitki vo heyvanat alomi ciddi ziyanlara moruz
qalir.

Bundan basqa miioyyon iylerin olmasi, insan
organizmindo gozlin sulanmasi, tonoffiisiin agirlagsmasi, dorinin
qizarmasi, dorinin qasinmasi, lirok bulanmasi - yaxud rongli
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yagislarin yagmasi, diison yagintilarda spesifik iyin miisahido
olunmasi ekstremal ¢irklonma hal1 kimi qiymatlondirilir.
Azorbaycan Respublikasinda atmosfer havasinin 15-18 adda
zororli maddolorlo ¢irklonmosinin todqiqi {izro miisahido islori
aparilir. Bu miisahidolor osason Baki, Sumgqayit, Gonco, Sirvan,
Lonkaran vo Saki sohorini shato edir.

Qeyd edok ki, belo miigahido maentogolorinin say1r ¢ox

azdir. Sohorlordon Mingogevir, Yevlax, Qabolo, Neft Daslari,
Bak1 gohorinin biitiin bolgalori, Abseron bolgosi daimi nozaratdo
olmalidir. Burada zorarli maddolori istehsal edon vo ya islodon
miiossisalor xiisusi diggat morkozinds saxlanilmalidir.
Neft madonlorinin, onlarin ¢irklondirici obyektlorini, fordi
ziyanverici tosorriifatlari, xirda miossisolori noazers almasaq,
zohorli maddslor hazirlayan, yaxud onlardan bilavasito istifado
edib tullantisin1 agiq havaya buraxan miiossisalorin miqdar1 Baki
vo Sumgqayit ssharlorinds 50-yo qodordir. Bu miiossisalorin hava
mihitine  atdigr  zororli maddolorin  miqdar1  miisahido
edilmadiyindon bu maddslors gore havadaki ¢irklonma qatiligi bu
giino kimi statistik molumatlardan konarda galmisdir. Baki vo
Sumqayit sohorlorindo  cive, ammonyak, sulfidlor, xlor,
karbohidrogenlor, etilmerkaptan, oleumla-yaxud buxarlanmaya
malik tursularla, duzlarla, golovilorlo bilavasito bagli obyektlor
coxdur.

Tossstiflor olsun ki, bu obyektlorin orada igloyon va
yasayan insanlara hansi bolalar gotirmosi masolosi he¢ kimi
maraqlandirmir. Hor dofo millstimizs, xalqumiza, onun varligina,
saglamligima boylik zororlor vuran bu tipli problemlori, "osi
diizolor" deyorak, hansisa kenar bir qiivvenin bizim avozimizo is
gbracoyina iimid baglayib 6zlimiiz-6ziimiizii aldatmis olurugq.
Sadaladigimiz obyektlor nozero alinmadan orazilorimiz hava
hovzasina atilan zararli maddoslorin migdar1 1996-c1 ilds toxminon
1900 min tondan ¢ox olmusdur. Baki vo Sumgqayit sohori doniz
konarinda oldugundan bu gsharlarin hava hovze-
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sindo riitubot homiso yiiksokdir. Lakin, Abseron yarimadasina
somadan baxmis olsaq, burani golmogolor diyar1 adlandirmaq
olar. Hom do bu goélmogolor yeralti laylardan ¢ixmis yliksok
mineralliga malik neftli sudur. Giiclii kiilok asondo vo qizmar yay
giinlorinde hamin su manbalorindan su buxart ils birlikds yiingtil
fraksiyali zororli kimyovi maddolor do Bakinin hom hava
hoévzasini ¢irklondirir, hom do torpagina, flora vo faunasina ciddi
ZOTar vurur.

Baki vo Sumgqayit gohorinin hava miihitini fovqgoalade hal
voziyyatina gotiron vo bu soharlor {iclin ¢ox xarakterik hal almisg
maddolordon biri do civonin miqdaridir. Baki vo Sumgayitin hava
hovzasinds civonin qatiligi homiso yiiksokdir vo ilin ayri-ayri
vaxtlarinda iso bu maddo 06zii fovgolado hoddo golib catir.
Civenin insanlara hansi belalar gotirmosi iso miiasir diinyamizda
tokco alimlora, hokimlors, miitoxassisloro yox - demok olar ki,
hamiya ballidir. Amma bu islorls na ii¢lin masgul olmuruq, o balli

deyil.
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3.11. On the possibility of detecting natural disasters
using gamma radiation
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Earthquakes occupy a special place among natural
disasters. Since the beginning of time, people have been looking
for a way to get rid of this danger. The problem still remains
unsolved. No matter how devastating a disaster is, its prediction
is considered almost impossible. Despite all this, scientists around
the world continue their efforts in this direction by proposing new
methods. In this article, a new method for predicting earthquakes
is proposed. The method is based on recording the gamma
radiation emitted by natural radioactive nuclei (U, Th, K) and
their daughter nuclei in different layers inside the Earth.
Basically, the radiation of natural radioactive substances and their
mixtures accumulated in the outer core can be released during the
rupture of tectonic plates in the Earth and change the indicators of
radioactive radiation in radiometric instruments on the Earth's
surface (dosimeters, radiometers and gamma spectrometers). The
internal structure of the Earth, the processes occurring there, the
distribution of radioactive nuclei, the distribution of temperature,
pressure and density inside the Earth are described in detail in
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previously published articles [1,2]. In our experiment, the
exposure dose rate (in pR/h) was measured with a dosimeter in
air and soil. The main idea in the measurements is that if
measurements are made with more accurate radiometric devices,
unlike dosimeters, just as a cardiogram shows the heartbeat, these
devices can also sense the vibrations of the Earth
(radioseismogram). However, these measurements must be made
continuously in different environments (for example, in air and
soil) and conclusions must be drawn based on the correlation of
measurements in these environments. This is based on the fact
that the densities of different environments are different and the
vibrations of the Earth manifest themselves differently in these
environments. The results of radiometric measurements taken in a
particular environment may not be correct, and there is extensive
information about this on the Internet. Anomalies observed in
each environment (small amplitudes with small magnitudes and
large amplitudes with large magnitudes) can indicate the presence
of an earthquake. In many experiments conducted, it was
believed that it was impossible to detect an earthquake with
radioactive radiation. The problem is that these studies were
conducted in only one environment. In the method we propose,
measurements are taken in 2 different environments, then their
correlation is examined, and if anomalies (maximums and
minimums) are observed in both environments at the same time,
we can say with a high probability (about 70%) that a natural
disaster will occur. This is a new method for detecting natural
disasters. The measurements are transmitted to a Machine
Learning model, and this model can analyze the measurements
and determine when, where, and at what depth in the earth the
natural disaster will occur. The obtained data is imported into
CSV and JSON formats using the Pandas library in the Python
programming language, cleaned and structured, and visualized
for analysis using the MatPlotLib library. Then, the structured
data is divided into Train and Test sets. The Train set is fed to
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various Machine Learning models (Decision tree, Random
Forest, Linear Regression, Logistic Regression) and after learning
these models on the Train set, they are tested on the Test set and
the success rate of the models is visualized using MatPlotLib.
The Machine Learning model allows for more specific research
in this area and significant progress towards developing a new
advanced method for predicting natural disasters with reliable
results.

In our proposed method, the following steps must be
followed to predict the occurrence of an earthquake:

Sensitive radiometric devices should be placed at certain
distances in areas where earthquakes mainly occur;

1. The exposure dose rate should be measured periodically
underground (at least 2 m deep) and in the air (at least 2 m above
the Earth's surface) and these measurements should be compared,;
2. Measurements should be analyzed with the help of artificial
intelligence models.
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BOLMO IV. FOVQOLADO HALLAR, TOHSILVO
FOLSOFi ASPEKTLOR

4.1.Tahsil problemlarins ekonofizik baxis
Sahlar Q. 9sgarov

Bak1 Dovlat Universiteti
Azorbaycan Dovloat Iqtisad Universiteti
Ekonofizika Tadqiqat Morkozi

“Tahsilda ilahi giic var”.
Huseyn Cavid

Tohsil obyekt vo subyekti ¢ox olan mirakkab sistemdir.
Min illardiki, tohsil tokamil yolu ilo inkisaf edorok buglnki
saviyyays golib ¢atmigsdi. Ancaq bu giin do tohsildo problemlor
coxdur va ilbail do artir. Tohsilde voziyyat no lokal, no do global
mastabda arzu olunan soviyyoado deyil. Tohsil masini pulu biliyo
tam yox, gismon cevira bilir. Idaragiliyinde do, mozmununda da,
biliyin giymatlondirmasinds do problemlor var. Tohsilin hami
torofdon qobul edilon falsofosi yoxdur. Tohsil kimi sosial saho
olan tobabotdo 100 —don cox alim Nobel miikafati alib, ancaq
tohsildo bir nofor belo bu miikafata layiq goriilmoyibdir. Miiasir
dovrii cociyolondiron  globallasma, roqomsallagsma tohsilin
idaredilmasini ¢ox miirokkoblosdirir. Siini zoka da tohsil miihitini
vo mazmununu ciddi dayisir. Tohsil problemlorini hall etmok
tglin forqli baxisa ehtiyac vardir. Tohsilin faydast biz
diistindiiytimiizdon da ¢oxdur.

Acar sozlar: ekonofizika, miiollim, tohsil miihiti, bilik (tohsil)
sahosi, bilik seli, biliyin axma qanunu.
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Ekonofizika

Son doviirde (1995) iqtisadiyyat ilo fizikanin tomasinda

ekonofizika adli yeni elm sahasi yaranib vo iqtisadi vo sosial
sahodo xeyli ugurlar gazanilib. Giiman etmok olar ki, tohsil
problemlarine ekonofizik baxis da tohsilin malik oldugu ilahi
gucun agarini tapmaqda bizo komok edo bilar.
Tohsil daim tokminlogmoli olan faaliyyat sahasidir. Tohsilindon
razi qalan millat inkisafindan geri qalar. Kecid dovriinii yasayan
Olkolordo tohsils ictimai baxig qiisurludur. Tohsil subyektiv yox,
obyektiv diinya goriislo idaroolunmalidir. Ancaq rassional
diistincoya vo elmi nozariyays oasaslanmayan istonilon reforma
tohsil sisteminin inkisafina monfi tasir gostarir.

Tahsil miihiti

Tohsil prosesini hoyata kecirmok {iglin zoruri olan tahsil
muhitinin yaradilmasidir. Bu miihit asason balli cografiyada -
moktabds yaradilir. Moktob miiollimin foaliyyot gostordiyi yero
deyilir. Idaracilik, moktob binasi, kitabxana, yatagxana, idman
zallar1 vo digor infrastruktur elementlor tohsil prosesi li¢lin zoruri
olan tohsil miihitinin hissalori vo atributlaridir. Ideal tohsil miihiti
yaratmaq ¢otin masaladir. Boylik sohorlorin madoni miihitinden
istifado etmok potensialina gors son asirdo Universitetlor cox vaxt
sohar otrafinda qurulur.

Bilik sahasi

Moktob fizikasindan molumdur ki, elektrik yiikii otrafinda elektrik
sahasi yaranir. Inanilmaz goriinso do forz etmok olar ki,
miiallimin otrafinda da anoloji olaraq bilik (tahsil) sahasi yaranir.
Bilik sahasi do digor fiziki saholor kimi materiyanin bir noviidiir.
Cox bilikli miisllimin otrafonda yaranan sahonin tosir qlivvasi
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daha bdoyiikdiir. Sinifds miisllim varsa bilik sahasi var, yoxdursa
bilik sahasi do yoxdur.

Sual olunur, bos onda nazir, rektor, moktob direktoru noyo
lazimdir?

Bu suala aydin cavab vermok {igiin, avvalco bir hagsiys ¢ixmaga
ehtiyac vardi:

2-ci Diinya miiharibasi zamani sovetlorin ~ “Atom
proyekti "-nin asas subyekti kim idi.Proyektin elmi rohbar

LKurcatov, yoxsa biitiin maliya va digor resurslarn
sahibi B.Vannikov? ’

Suala cavab bir giymoatlidir. Olbatds ki, Kurcatov. Basqa sozla,
proyektin hallinda son soz sahibi Vannikov yox, Kurgatov idi.
Clnki  bilik sahasi Vannikovun yox, Kurcatovun oatrafinda
yaranir. Bu giiciin son magsada ¢evrilmasi iigtin zoruri miihiti
yaradilmasin I.Stalin Vannikova havala etmisdir.

Indi qayidaq osas suala: “tahsil prosesinin asas subyekti kimdir?

Cavab: tohsil prosesini ana subyekti miiallimdir! Cunki
tosir qlivvasine malik bilik sahasi ancaq vo ancaq miiallimin
otrafinda yaranir. Tohsil naziri, universitet rektoru, moktob
direktoru, dekan vo kafedra miidrii vo b.k. diger subyektlor zoruri
tohsil miihitini yaradanlardir. Taninmus tiirkiyali pedaqoq Dogan
Ciiceloglunun baxisi1 da togribon beladir:

“Tohsildo an giiclii amil miiallimdir. Mbaktabin baggast,
idman zali, texniki avadanliglari, labaratoriyalari na
qadar yaxsi olsa da, miiallim yaxsi olmasa, maktab yaxsi
tohsil vera bilmaz”.

2015 — ci ilin fevralinda RF-nin Voronej sohorindo kegrilon
“XXI asrin tahsili” elmi -praktiki konfransda “miiollim - milli
tohliikasizlik faktoru kimi” qeyd edilmisdir.

" Ug dafs Sosialist Omayi Qahramani B.Vannikov Bakinin Bayil
qasabasinda anadan olub va Bayilda onun biistii vardir.
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Bilik selinin axma ganunu

Hor kosin  boyunu santimetirlorlo vo  ¢okisini

kilogqramlarla 6lgmok olar, ancaq hec¢ kosin biliyini 6lgmok
olmur. Cinki biliyin 6l¢t vahidi yoxdur.
Ogor moktobdo tohsil miihiti yaradilibsa vo sinifdo miiollim
varsa (yoni bilik sahasi movcuddursa), dors prosesi zamani
miiollimdon Oyroncilora biliyin axma prosesi bas verir. Bilik
miiolimdon sagirdo no ciir otriilir? Biliyin axma mexanizmi
necadir? Bilik porsiyalarla, yoxsa dalgalarla yayilir?

Bu suallara ekonofizikanin komoyi ilo cavab vermok
miimkiindiir. Fizikanin tohsilo totbiqi biliyin axma ganununu
formalagdirmaga imkan verir:
miel limin biliyi

. g (1)
tehsilin qusurlar:

bilik seli =

Miiallimdan dyranciya axan bilik seli miiallimin biliyi ilo diiz,
tahsil miihitinin qiisurlarla tors miitanasibdir.

Bu ganun formacan fizikasindan molum “Om” qanununa
oxsayir. Caroyanin yerino burada bilik seli, potensialin yerino
miidllimin biliyi, miigavimotin yerino iso tohsil miihitinin
qiisurlar: durur. Riyazi olaraq bu qanunu belo yazmaq olar:

Disturdan gorandr ki, bilik seli mioallimim bilik
potensiali ilo diiz miitanisibdir. Yoni yaxs1 miiallim comiyyast
ictin homiso ¢ox qiymatlidir. Bilik seli tohsil miihitinin deffeklori
ilo tors miitonasibdir. Bu o demokdir ki, infrastruktur veo
idareetmo qiisurlart olan moktoblordo tohsilin keyfiyyot asagi
olacaqdir. Bu qiisurlar1 aradan qaldirmaq tigiin praktikada boyiik
pullar xarclonir vo masul soxslar toyin edilir.

Aydindir ki, dyroncilorin hamis1 fonn miisllim(ler)inin yaratdig:
bilik saha(lar)inda eyni doracado aktiv istirak etmirlor. Bozilori
miollimi tam, bazilori qismon basa diisiir, bozilori iso hec basa
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diigmiir. Miiollimi anlamayan dyrancilerin sinifde saxlamaq tam
faydasizdir. Neco ki, maqnit sahoasinin varligin1 yoxlamaq tigiin
maqgnit oqrobindon istifado etmok lazimdir, taxta oqrobdon
istifado etmok faydasizdir. Bilmok lazimdir ki, moktob Gyrono
biloni 8yrada bilor. Oyronmok istomoyoni dyrada bilmir.

Sads hogigot bundan ibaratdir ki, moktoblor dyronmok istoyonlori
(fordlori) Oyrade bilir, ancaq sinifi (kiitloni) Oyrods bilmir.
Saboblor ¢coxdur. Bir torafdon sinif miixtalif doracodo istedadls,
gabiliyyotli vo diislincoli sagirdlorin comindon ibaratdir.
Sagirdlorin arzu vo istoklori ¢ox forqli oldugundan miixtolif
fonnlori hora bir ciir monimsoyir. Digor torofdon, todris plani
demok olar ki, yersiz yers biitiin elm sahalorini ohats edir. Ustolik
idman, musiqi, rosm dorslorin do todris planina daxil edilmasi no
doracods magsado uygundur? Hor seydon bir az dyratmokdonsa,
bir seyi miitkommol dyrotmok daha faydalidir. Soristoys asaslanan
tohsil daha faydalidir.

Bu ¢oxmiirakkob dyrotma miihiti ideal sinif vo ya moktob
yaratmagi qeyri miimkiin edir. Miisahidolor gostorir ki, hiimanitar
fonnlori yaxst monimsoyanlorin  bozilori doqiq elimlori pis
monimsasinlar vo ya tarsino. Diinyada ideal moktob yaratmagin
geyri miimkiinliiyn sobabi multimiixtalif diislincali dyroncilorin
bir yerdo tohsil almasidir. Bilmoek lazimdir ki, hor bir insan
(bagor) ovladr unikaldir vo diinyada tohsil parametrlori eyni olan
iki 0yronci yoxdur.

Tohsilo ekonofizik baxis bu struktur qiisuru aradan
qaldirir vo hamini (kiitloni) dyratmoayi miimkiin edir. Bunun ii¢iin
kifayotdir ki, asagi siniflordo Gyroncilor istedad, qabiliyst vo
maragqlarma gdro biri birindon ayrilsinlar. Inzibatgilarin, miisllim
vo valideinlorin osas vozifosi ibtidai moktobds hor kos “6z
sinifindo” yerlogdira bilsin.

“Bilik seli” nadir?
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Elektron seli elektrik coryanmn yaradir. fon seli ion
coroyanin yaradirlar. Foton seli isiq selin yaradir. Gorlindiiyii
kimi seli yaratmagq {i¢iin dastyici zarracik olmalidir.

Bos bilik seli neco dasmir? Biliyin porsiyalarla
Otriilmosini  ehtimal etmok olar. Ancaq bunun {igiin biliyin
elementar dastyicist olmalidir. Holo ki, “bilik zorraciyi” bizo
molum deyildi. Giiman etmok olar ki, bilik seli is1q kimi yayilir.
Miiasir tosovviirlora gore isiq ikili - zorrocik vo dalga tobiotino
malikdir. Ag is1q miixtolif dalga uzunluguna malik isiqlarin
comindon ibarot oldugu fizikadan molumdur. Moktob
fizikasindan molumdur ki, ag isiq ticbucaqli prizmadan kegorkon
7 rongd ayrilir: qurmizi, narwnci, sari, yasil, mavi, goy vo
banovsayi. Bu ronglarin hor birinin dalga uzunluqlart miixtolifdir.
Beloki, bondvsiyi islq on kicik, qirmiz1 isiq on uzun dalga
uzunluguna malikdir. Prizmadan kegorkon qurmizi isiq az,
bondvsayi is1q daha ¢ox sinir.

Tohsildo olan problemlori holl etmok {igiin “ag isig”
effektindan istifado etmok olar. Forz etmok olar ki, miixtalif elmi
biliklor miioyyon tezlikli dalgalarla yayir. Vo hor bir dyranci meyl
vo qabiliyyatini oks etdon moxsusi tezliyos malikdir. Bu tezliklor
sagirdon sagirdo forglonir. Sinif miixtalif tezliklorlo isloya bilon
detektorlarin sanki comindon ibarastdir. Sagird o fonni dork
edacakdir ki, onun moxsusi tezliylr miisllim torofindon Gtiiriilon
biliyin tezliyino uygun olsun.

Aydmdir ki, bu baxis musiqiys, ressamliga vo idman
biliklorino do aiddir.

Demoli, anadan miixtalif sonat vo pesalor liglin dogulan
Oyroncilorin “6zlorini” vo ya “0z siniflorini” tapmast lgiin
maktob direktoru sosial prizma rolu oynamali va dyrancilari fordi
gabliyyatlorino gora bir —birindon ayrmagi bacarmalidir.

Nazirin vazifasi iso bir torofdon bels direktoru segmayi bacarmali,
digor torofdon iso infrastruktur qiisurlar1 azaltmali vo 6lko boyu
clirbaclir tomayiillii siniflori, moktoblor vo ya liseylori
yaratmaqdan ibarot olmalidir. Belo olanda ideal maktab
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yaratmaq xoyal olmaz va iistalik comiyyati gorginlik yaradan ali
moktobloro qobul imtahani aparmaga da ehtiyac galmaz.
Abituriyentlor 6z arzu vo qabiliyystlorino uygun moktoblordo
tohsil aldiglar1 {i¢ilin keyfiyyatli tohsil aprior tomin olacaqdir.
Sonda geyd edok ki, comiyyat istedadl1 soxslorin ¢iynindo inkisaf
edir. Comiyyatin asas borcu 06z istedadlardan itirilmosino yol
verilmomoali vo diizgiin istigamotdo tohsil vermoyi bacarmalidir.
Bunun {icilin tohsil sistemido keyfiyyot hor bir Oyroncinin
unikalligin nazars ala bilmokden asili olacaqdir.

Tohsil problemlorino ekonofizik baxis  asagidaki naticolori
almaga imkan vermisdir asagidaki.

NOTIiCOLOR

1. Tohsilin malik oldugu ilahi giico sahib ¢ixmaq ligiin, ona
geyri standart yanasmaga ehtiyac vardir. Mixtoalif ciir
istedadli va gabiliyyatli yrancilarin bir sinif tohsil almasi
ideal moktob yaratmaga imkan vermir. Bu ciir tohsil bazon
talantli gonclorin itirilmasina sobab olur.

2. Movcud moktablor Oyroncilorin limumi keyfiyyatlori
tizorinds quruldugundan Oyronmok istoyanlori (fordlori)
Oyrada bilir, ancaq biitiin gonclori dyrads bilmir. Ciinki
miiasir tohsil sisteminds Gyrancilorin unikalligir vo fordi
keyfiyyatlori az nozors alinmur.

3. Tohsilo ekonofizik baxis hamini Gyrotmok potensialina
malikdir. Bu yanagmanin noazori osasini yaratmagq {igiin,
ovvalco bilik seli, tahsil miihiti, bilik sahasi Kimi yeni
anlayislar qobul edilmis vo biliyin axma ganunu
formalasdirilmisdi: dyradandan oyranciya axan bilik seli
miiallimin biliyi ila diiz, tahsil miihitinin qiisurlarla tors
miitanasibdir.

4. Ekonofizik baxiga gors bilik do is1q kimi dalgalarla yayilir
va tadris olunan har bir fonn miixtalif uzunluqlu dalgalarla
yayilir. Belo dalgalarin sayr todris edilon fonlorin sayi
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gadordir. Hor bir sagirdin qobul edo bilacayi dalgalar
zolag1 moxsusidir vo unikaldir.

. Tohsilo ekonofizik baxig tohsil sistemini yenidon
strukturlagmasini giindomo gotirir. Bu baxisa goro tohsil
prosesinin subyektlorinin (miisllimin, direktorun vo diger
) rollar1 dayisir. Beloki, tasir qiivvesine malik bilik sahasi
ancaq vo ancaq miiallimin otrafinda yarandigindan tohsil
prosesinin ana subyekti miiallimdir!

. Idaroedanlorin va inzibatgilarin vozifosi bir torofdon
Oyrancilori istedad, qabiliyat vo maraglarina goro segorok
miixtalif tomaytilli siniflorde, moktablords vo ya liselords
yerlogdirmakdir. Digor torofdon, qiisursuz tohsil miihiti
yaratmaqdir.

Ekonofizik yanasma hom orta, hom do ali tohsildo ideal
moktab yaratmagi miimkiin edir.
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4.2.Exploring the Role of Artificial Intelligence in
Emotion Recognition and Regulation for Children
with Autism: A Quantitative Survey on Awareness,
Effectiveness, and Implementation Feasibility

Sidra Anser

Visiting lecturer, Department of Special Education,
University of Okara, Pakistan

Dr. Hina Fazil

Associate Professor, Institute of Special Education,
University of the Punjab, Pakistan

Children with Autism Spectrum Disorder (ASD) often
face significant challenges in recognizing emotions and regulat-
ing their emotional responses, affecting their communication, so-
cial interactions, and learning outcomes. Recent advances in Arti-
ficial Intelligence (Al) have introduced innovative tools such as
emotion-detecting software, wearable devices, and facial expres-
sion recognition systems that hold promise in addressing these
challenges. This study aims to explore the awareness, perceived
effectiveness, and feasibility of Al-based emotion recognition and
regulation tools for supporting children with ASD. Using a quan-
titative descriptive survey design, data will be collected from 60
participants, including special educationists, psychologists, be-
havioral therapists, parents, and educators. A structured question-
naire will be developed, comprising three sections: (1) Awareness
of Al tools, (2) Perceived effectiveness, and (3) Implementation
and feasibility. All items will be rated on a 5-point Likert scale
ranging from Strongly Agree to Strongly Disagree. Data analysis
will be conducted using SPSS software, employing descriptive
statistics to determine frequencies, percentages, and mean scores.
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The findings will provide data-driven insights into the practical
integration of Al technologies in special education and therapeu-
tic settings, ultimately contributing to improved emotional under-
standing, self-regulation, and empowerment for children with
ASD.

Key words: Artificial intelligence, Al Tools, Autism Spectrum
Disorder
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4.3.Mapping the Historical Progress of Special
Education: An Analysis of National Acts and
International Declarations on Disability Rights

Sidra Anser

Visiting lecturer, Department of Special Education, Uni-
versity of Okara, Pakistan

Dr. Hina Fazil
Associate Professor, Institute of Special Education,

University of the Punjab, Pakistan
sidraanserphd@gmail.com

Abstract

Special education has undergone a profound transfor-
mation over the past century from early segregation of individu-
als with disabilities to models of integration and, more recently,
toward full inclusion. This concept paper explores the historical
evolution of special education within a global human rights
framework, emphasizing how shifts in perception from viewing
disability as a medical deficit to recognizing it as a matter of
rights and empowerment have shaped policies and practices
across nations.

The paper traces the progression of educational models,
starting with exclusionary practices that isolated children with
disabilities, moving through partial integration approaches, and
advancing toward inclusive education that values diversity and
participation. It critically examines key international declarations,
such as the Universal Declaration of Human Rights (1948), the
Salamanca Statement (1994), and the UN Convention on the
Rights of Persons with Disabilities (2006), which have pushed
nations to reimagine education as a right for all. In parallel, na-
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tional acts from various countries including the Individuals with
Disabilities Education Act (IDEA), India’s RPWD Act (2016),
and Pakistan’s recent Inclusive Education initiatives illustrate
how legal commitments reflect evolving understandings of inclu-
sion and empowerment.

This paper argues that special education is not a static sys-
tem but a dynamic and ongoing global process, influenced by cul-
tural, social, legal, and political changes. It highlights the need for
responsive policy development, teacher training, and resource
allocation to make inclusive education a lived reality. Ultimately,
this work contributes to a broader conversation on how special
education can become a more equitable and empowering force
within both national and international contexts.

Key words: History, Special Education, Rights of persons with
disabilities

222



BOLMO V. RADIASIYA MATERIALSUNASLIGI

5.1. 2D materials — new frontiers in electronic pro-
cessing and energy storage devices

Arshad Saleem Bhatti

Fellow, Pakistan Academy of Sciences &
Professor (Retired)
Center for Micro and Nano Devices,
Department of Physics,

COMSATS University, Islamabad 44000,
PAKISTAN

The flexible electronics and photonics is the future of de-
vices, which will have tremendous applications in mainly in
wearable and internet of things (1oT). Since the discovery of gra-
phene more than two decades ago, 2D materials (single layer
(SL)) have swamped the research in materials science. It has
opened new frontiers in understanding physics at the atomic layer
level and tune the physical properties to design and fabricate low
energy cost devices. There is still a huge room available for re-
search to determine the effect of various substrates on their phys-
ical properties, where new physics and applications are still need-
ed to be explored. The uniqueness in their properties arises due to
the dimensionality and modulation of band structure. 2D materi-
als based on transition metal dichalcogenides (TMDCs) owing to
their layered nature, large surface area, better conductible nature,
and pseudocapacitive nature to store ions, make them promising
candidate material for energy storage applications as well as pro-
cessing devices. The talk will cover fundamental properties of 2D
layered materials and their use in various energy conservation
devices. However, one particular feature of the 2D materials

223



makes their prospective high-tech utilization very appealing is the
ease of manipulating their electronic structure by inducing strains
through “strain engineering.” It is the manipulating of the elec-
tronic structure in graphene and transition metal dichalcogenides
(TMDCs) 2D structures as a result of induced strains. The strain
induced due to external pressure can be reversible and thus offer
a window of opportunity to tune electronic as well optical proper-
ties.
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5.2.Eudragit-capped and Ag nanowires interconnected
CdTe as a Robust Electrode for Energy Storage
and water oxidation

Hafsa Shabbir

Institute of Chemical Sciences (ICS),
Government College
University Lahore, Pakistan
hafsashabbirtts256 @gmail.com

Eco-friendly and sustainable energy systems prefer to en-
gineer highly active dual functionality electrocatalysts to enhance
the oxygen evolution reaction (OER) sluggish kinetics and for
high power density supercapacitors. This work presents the syn-
thesis and characterisation of a ternary electrocatalyst designed
for dual functionality in energy storage and generation applica-
tions. Taking AgNWs (2 and 4 wt %) having high conductivity
and synergistic polymeric coating effect of Eudragit (3 wt %)
into consideration to optimize the catalytic activity of CdTe, a
novel AgNWs/Eud-CdTe electrocatalyst was synthesized by the
co-precipitation method. Experimental results revealed that 4%
AgNWSs/Eud-CdTe sample demonstrated effective OER kinetics
with minimal overpotential at 10 mA cm and Tafel slope in an
alkaline medium. Furthermore, the highly doped sample showed
a specific capacitance of 2524 F/g at a current density of 2.8 Ag™
calculated from chronopotentiometry (cp). The superior potential
of optimized sample in electrochemical assessments is attributed
to Eud acting as a polymer binder, surface modifier and enhanced
electrical conductivity, synergistic effect of AgNWSs, demonstrat-
ing a convincing role of Eud and AgNWs in electrochemical per-
formance of CdTe. This study paves the way for tailoring CdTe
electronic properties for future strategies to activate the structure
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for oxygen evolution reaction (OER) with the assistance of poly-
mer and nanowires.
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BOLMO VI. MUXTOLIF MOVZULAR

6.1.lludpoBas Tpanchopmanus papManeBTHIECKOTO
CekTopa

M.H.BenueBa, U.A. P3aeBa, C.A.CamenoB
Azerbaijan State Medical University

B nmaHHOM ucCcleoBaHUM TMPEACTaBIEH CPABHUTENIbHBIA aHAIU3
BHEJIPEHUSI JJICKTPOHHBIX PELENTOB U IJIEKTPOHHBIX KaCCOBBIX
anmapaTtoB B AzepOaiimkane, Mpane, Kazaxcrane u Poccuu. Pac-
CMaTpPUBAIOTCSI OCOOEHHOCTU pealu3aluu 3TUX LU(POBBIX HH-
CTPYMEHTOB B Pa3HBIX CTpaHaX, C aKIIEHTOM Ha MOBBIIICHHE (HU-
HAHCOBOM MPO3PAYHOCTH, ONTHUMM3ALMIO B3aUMOJCHUCTBUS C
HAJOTOBBIMM OpraHaMH, a TaKKe YJIY4YlIEHUE KauecTBa MEaH-
IIUHCKOTO OOCTYKMBAaHUSI W KOHTPOJIS 3a JIEKapCTBEHHBIM o0ec-
MIEYECHUEM.

CnenaHHbIN BBIBOJ| 3aKJIHOYAETCSd B TOM, YTO KOMILJIEKC-
HOE BHEJIPEHUE KaK JIEKTPOHHBIX PELIENTOB, TAK U 3JIEKTPOHHBIX
KaCCOBBIX alapaTroB CHOCOOCTBYET MOBBILIEHUIO MPO3PavYHOCTU
B 3/IpaBOOXPAHEHUH, YIy4IIaeT YIpaBiIsieMOCTh (hapMarieBTHYe-
CKHX TIPOIIECCOB M oOecneuynBaeT Oojee 3G(HEeKTUBHOE B3aUMO-
JIEMCTBUE MEXKy YUACTHUKAMHU CUCTEMBI.
KuroueBsblie cj10Ba: dJIEKTPOHHBIE PELENTHI,JIEKTPOHHBIE KACCO-
Bble anmapatsl (OKA), mudpoBusanus 31paBooXpaHeHHs, anTeu-
Hasi 0Tpaciib,(PuHAHCOBAs MPO3PAUYHOCTh

B nocnennue roast B Azepbaiimkanckoit PecyOmnuke pe-
QIN3YIOTCS KOMIUJIEKCHBIE MEphl 10 IHU(POBHU3ALUU CUCTEMBI
3/1paBOOXpAaHEHUs], BKJIIOYas MOJEPHU3AIMNI0 (papMaleBTHYECKO-
ro cekropa. OHUM U3 KIIIOYEBBIX HAINpaBJIEHUH 3TUX Mpeodpa-
30BaHUN SBJSIETCS CO3JaHHME €AMHOW HHUPPOBOM SKOCUCTEMBI,
HalpaBJIeHHOW Ha MOBBIIIEHHE KayecTBa, O€30MaCHOCTH M J0-
CTYNMHOCTH MEAMIMHCKUX yciuyr. lloaxosasl, mpumeHsiemble B
CTpaHe, KOPPEIUPYIOT C MEKIYHAPOIHBIMU CTPATETUsIMHU, IIPEN-
JIO’)KEHHBIMA BceMHpHON opranuzanuen 31paBOOXpaHEHUs, KO-
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Ttopast B 2019 rony BhImycTHIa OPUIMAIBHOE PYKOBOJCTBO IO
U(GPOBBIM BMEIIATEILCTBAM B 3[paBOOXpaHEHUU. B nokymeHTe
NOTYEPKUBACTCA BAXHOCTh KOH(HICHIMATIHHOCTH IE€PCOHAIB-
HBIX JIaHHBIX, HUPPOBON MOArOTOBKH MEAMLMHCKOIO MEpCcoHasa
U MHTETpaluu UU(POBBIX PELICHUN B ACHCTBYIOIIUE CHUCTEMBI
3npaBooxpaneHus (1).

C 2020 roga B Upane ocyiiecTBisieTcsl akTUBHOE BHEJPE-
HUE CUCTEMBI JIEKTPOHHBIX PELENTOB, HECMOTPS Ha psija UH(Ppa-
CTPYKTYPHBIX M OPTaHM3aLMOHHBIX OrpaHuueHuid. K OCHOBHBIM
npobjaemMaM OTHOCATCS cllabas TeXHU4eckas 06a3a, HeloCcTaTOYHasl
MHTETPAIUs ¢ METUIIMHCKUMHU CTPaXOBBIMH CUCTEMaMH, a TaKXkKe
HU3KUH ypOBEHb LU(PPOBON IPaMOTHOCTH MEAMLMHCKUX PaboT-
HUKOB. TeM He MeHee, Oaroapsi HCIOJIb30BAHUIO MEXTyHAPOI-
HBIX cTaHaapToB, Takux kak openEHR u ISO 13606, ob6ecnieun-
BaeTCsl MOCTYNATEIbHOE PAa3BUTHE M MHTETPALlUsl TaHHOM cucTe-
Mbl B HAallMOHAJIbHYIO IUIAT(GOPMY JIEKTPOHHOIO 3][paBOOXpPaHe-
Hus. Tekyas [uHaMUKa JEMOHCTPUPYET MOTEHIHaN JUIsl Aajlb-
Heiiero ycrodyuBoro pocta M LudpoBoil TpaHchopmaruu
3/IpaBOOXpaHeHust B cTpane (2, 3).

B Poccuiickoit denepanuu BHEIpEHUE 3IEKTPOHHBIX pe-
LIENTOB TaK)Xe akKTUBHO peanusyercs ¢ 2020 roga B paMkax rocy-
JAPCTBEHHBIX NporpamMMm LU poBU3aluK 3apaBooxpaHeHus. Oc-
HOBHBIMH IEJSIMH JTAHHON WHUIIMATHUBEI SIBJISIOTCS TOBBIIICHUE
Ka4yecTBa U MPO3PAYHOCTH MEIUIMHCKHUX YCIYT, a TaKXKe yIyd-
[IEHUE JIOCTYIMHOCTU M YA00CTBA JICKAPCTBEHHOTO OOECreYeHUs
JUls HaceJleHus. Bmecte ¢ TeM, KIIIoUeBBIMHU OapbepaMy OCTarOTCs
TEXHUUYECKHe cOou, mpobsieMbl MAacITAOUPYEMOCTH M JeULIUT
COOTBETCTBYIOIIEH MOJATOTOBKH Yy MEIUIMHCKHX pPaOOTHUKOB,
HECMOTpPSl Ha HAJIWYUE OPraHU3aLMOHHO-TIPAaBOBOM M (UHAHCO-
BOM MOJIIEPKKH CO CTOPOHBI rocyaapcTsa (4, 5).

B Kazaxcrane nmudposuzanus ¢papmalneBTUUECKOTO CEK-
TOpa HaXOJHUTCS Ha MPOMEXYTOUHOH cTaauu. 37eCh MapauieNbHO
¢ pa3pabOTKOIl CHUCTEMBI €-peleNTOB BHEAPSIOTCS 3JIEKTPOHHbIE
MEIMIMHCKHE TaclopTa, a TaKXe OCYIIecTBIseTca LudpoBas
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MHTETPaIUsl C HAJIOTOBBIMH CTPYKTYpaMu. DTO JIENaeT MOJIXOM
Kazaxcrana cxoxuMm ¢ a3epOaiipKaHCKUM, TJE TaKKe aKTUBHO
Pa3BUBAIOTCS 3JCKTPOHHBIE CEPBUCHI I MEAMLIMHCKOW chepbl
(6). OmbIT 3THX CTpaH MOKA3bIBACT, YTO KJIFOUOM K yCIEXY SBJISI-
€TCs KOMILJICKCHBIN MOJIX0/A: TeXHUYECKasi CTaHIapTU3anus, Hop-
MaTHBHAs TOJIEP)KKA M KOOPIWHAIMS MEXAY CEKTOPaMH.
Ycnenrnas nudpoBusanus TpedyeT He TOIbKO BHEAPEHUS HOBBIX
TEXHOJIOTUH, HO U aKTUBHOM MOJITOTOBKH KaJIpOB, HOPMATUBHOTO
perynupoBaHus M 00ECHeYeHHs YCTOWYMBOW MHTETPALUU BCEX
KOMITOHEHTOB cHcTeMHI (7).

B pamkax manHOW TpaHcdopmanuu MUHHCTEPCTBO 3/pa-
BOOXpaHEeHUs A3epOaii/pkaHa OCYIIECTBISICT BHEIPCHHUE COBpE-
MEHHBIX IUPPOBBIX MIAT(GOPM, CIOCOOCTBYIOMIMX MOBBIIICHHIO
po3padyHocTd U 3(PPEeKTUBHOCTH B cdepe oOpalleHHs JeKap-
CTBEHHBIX cpencTB. KiTFoueBbIMH KOMIIOHEHTaMH TPOEKTa SBIISI-
IOTCS CHCTEeMbI «JJEeKTpOHHBIH peuent» u «Cucrema MOHHUTO-
pUHTa ¥ OTCIIC)KUBAHUS JABIKEHHS JIEKAPCTBEHHBIX MTPETIAPATOBY.
[Tpunoxkenue «DIEKTPOHHBIN peuent» (AOCTYMHO IO aJapecy:
https://reseptim.az/login) mpeacraBiIseT COOOW HHTETPUPOBAH-
HYIO IUPPOBYIO TIATPOPMY, PEAHAZHAYCHHYIO JUIS HCIIOJIB30-
BaHUs Bpadamu, apmaiieBTamMu U rpaxaaHamu. Cucrema oOec-
NEeYnBAeT YNPOUIEHHBIM JAOCTYN K Ha3HAUYEHUIO, BblJaue€ M KOH-
TPOJIIO 32 PELENTYPHBIMH TpenapaTaMu, a TaKKe CIIOCOOCTBYET
CHIDKEHHMIO PUCKOB HENPAaBUIIBHOTO MpUMEHeHHUs JekapcTB. [1po-
CTOTa MOAKIIOYEHHUS K MIaTgopme cocoOCTBYeT €€ IUPOKOMY
pacIpoOCTPAaHEHUI0O U AKTUBHOMY MCIIOJIB30BaHHUIO B MEAMIIMH-
CKOH mpakTuke (8).

O/HOBPEMEHHO C 3THM B pecnyOinkax HaOJIr0JaeTcs aK-
TUBHOE BHEJPEHUE IHU(PPOBBIX PEIICHUI B CMEXHBIX CEKTOpaX, B
YaCTHOCTH, B HAJIOroBoi cucteme (7). BHenpeHue 31neKTpoHHbBIX
kaccoBbIx ammapatoB (OKA) B anteuHoil cdepe crocoOCTByeT
MOBBIIIEHUIO (PMHAHCOBOM MPO3PAYHOCTH, YITYUIIEHUIO KOHTPOJIS
TOBapoOOOPOTa M YIPOIIECHHIO B3aMMOACHUCTBUS C HAJTOTOBBHIMH
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opranamu (8). OgHaKO ypoBeHb OXBaTa M CTENEHb LU(PPOBU3A-
[IUU PA3HSTCS B 3aBUCUMOCTH OT CTpaHsl (9).

B Asep6aiimkane BHenpenne DKA akTUBHO MOAIEpIKH-
BaeTcs rocynapcrBeHHbIMU cTpyKTypamu (10). Ilo cocTosinuio Ha
1 okta6psa 2023 roma Ha TEPPUTOPHH CTPaHbI (HYHKIIHOHHPYIOT
93 230 HOBBIX KAaCCOBBIX almaparoB, YTO OTPa)XaeT BBICOKUI
ypoBeHb LUGPOBOH TpaHCPOpPMALMK B PO3HHUYHOW TOPTOBIIE,
BKJItOUasi anteuHble yupexaeHus (11). Dto cmocobcTByeT Tou-
HOMY y4€Ty MpOJIaX, aBTOMaTU3aLUU OTYETHOCTU U YKPEIIJICHUIO
mpo3padyHocTd (¢GuHaHCOBBIX omepanuid (12). Takke BaxHYIO
pOJIb UTpaeT 3JIEKTPOHHAs PErucTpanus NpeAlpuHUMATENIbCTBA:
CHUCTEMa perucTpaluyl WHAUBUAYAIbHBIX MpeANpUHUMATENeH
onua BHeapeHa B 2011 roxy, a ropuaudeckux auil — B 2012 ro-
ay (13). OTu maru 3HaYUTEIHHO YCKOPHIIU MPOLIECCHl UG POBOi
UHTETpaluy B (papManeBTHIECKOM U CMEKHBIX CEKTOpax.

B Hpane nudposuzanus B Bune BHenpenus DKA B ar-
TEYHOU chepe HaxomuTcs B 3a4aTouHoit craauu (14). Hecmotps
Ha IIUPOKOE pachpoCcTpaHEHHE OYMa)KHOTO JOKYMEHTO0OOpOTa,
B IIOCJIEIHUE TOJbl HAOIIOJAIOTCS MOJOKUTEIbHBIE CIBUTH, OCO-
OeHHO B Meramnoiucax, IJe pa3BuBaetcs uudponas uHpacTpyk-
Typa U YCUJIMBAETCS aKLIEHT Ha MPO3pavyHOCTb (PMHAHCOBBIX OIlE-
parwii (15, 16). 910 00yClIOBIEHO HEOOXOIMMOCTBIO MOBBIICHUS
3¢ (HEeKTUBHOCTH HAJOrOBOIO aJIMUHUCTPUPOBAHUS U OOpHOBI C
HegopMabHBIM 000poToM (17).

B Kazaxcrane oOs3atenbHoe ucnonb3oBanue OKA ms
BCEX CYOBEKTOB MpPEANPUHUMATENbCTBA, BKJIIOYAs alTeKH, BBe-
neHo ¢ 2018 roxa (18). Buenpennas cuctema TECHO MHTEIPUPO-
BaHa C HAJOIOBBIMM OpraHamu, oOecreyuBaeT LEeHTPaIM30BaH-
HBI cOOp MHpOpMalMy, aBTOMAaTU3AIMI0 y4e€Ta U OTYETHOCTHU
(19). B pe3ynbrare 3HAYMTEIBHO MOBBICHIACH 3()(PEKTUBHOCTH
OHM3HEC-TIPOIIECCOB U YMPOIIEHO B3aMMOJEHCTBHE MEXIY ariTe-
KaMHU U TOCYJIapCTBEHHBIMU CTpyKTypamu (20).

B Poccun obGsi3atensHOE MPUMEHEHHE OHJIAMH-KACC JICH-
ctByeT ¢ 2017 roa v 0XBaThIBAE€T B TOM YHUCIIE ANITEUHYIO Cepy
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(21). Cucrema oHmaiH-Kacc HaNpsAMYIO MOAKIOYEHA K CEpBEPAM
®denepalibHON HAIOTOBOM CIYXObI, YTO 00ECIeYUBaET MOJHYIO
MPO3PAavYHOCTh BCEX TpPaH3aKIMUH, ABTOMAaTHUYECKUW KOHTPOJb
000poTa U CHM)KEHHE J0JIH TeHEeBOro cektopa (22). [loBbieHue
IIPO3PAaYHOCTH, B CBOK OYEPEb, CIIOCOOCTBYET YKPEIUIEHUIO JI0-
BEpHs CO CTOPOHBI MOTpeduTeNne 1 ynyuiienuto papmaleBTuye-
ckoro oociyxuBanus (23).
Takum oOpazom, BHeapeHue IKA crmocoOCTByeT HE TOJb-
KO TMOBBIIICHUIO (PMHAHCOBOM NMPO3PAYHOCTH M HAJIOTOBOM JTHC-
LUIUIMHBI, HO U yJIydIlaeT oOlee KauecTBO ymnpapiieHUs B (ap-
MaleBTHUeCKOM cekTope (24). Tem He MeHee, YCIEIIHOCTh 1ug-
pPOBOI TpaHC(OpPMAIMHU 3aBUCUT OT HaJIM4YUs YCTOMYUBOM TEXHU-
4ecKoi MH(PACTPYKTYpHI, MOATOTOBKH NMEPCOHANA U MHCTUTYIIHU-
OHAJIBHOMU MO IEPKKH pedopm (25).
Tabmuua 1. CocrosiHue mMdpoBHU3aLNHT anITEK

Crpana DJIeKTPOHHBIA Ppe- | DJIeKTPOHHbIE

uenT KacCoBble ammapa-
Thl (QKA)

A3zep0Oaiikan Yactuuno BHeapéH. | O0s3aTenpHOE  HC-
Ucnonszyercs B | ITOJIb30BAHUE DJICK-
rocyJapCTBEHHBIX TPOHHBIX KaCCOBBIX
yupexaeHusx i | anmapatoB ¢ 2023
HEKOTOPBIX Je- | T0Ja, YCTaHOBJIEHO
kapctB. [lmanupyet- | 6onee 93 000 DKA,
cs JanbHEHIIee | IUPOKO MPUMEHS-
pacuipeHue. IOTCSI B amnTeKax,

WHTETPUPOBAaHBl  C
HAaJOroBOM  CIYyX-
0oil.

Upan Ha craguu BHenmpe- | Cuctema OKA Ha
Hugd. C 2020 ropga | Ha4aJILHOUW CTaIuU.
MOCTENIEHHO pa3Bu- | B ocHOBHOM  wC-
BaeTCs CUCTEMa | MOJB3YIOTCS Tpaau-
AJIIEKTPOHHBIX pe- | IMOHHBIE  METOJIbI
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LENToB, HO B amnTe- | yuéra; uudpoBu3a-
Kax TMOKa MPUMEHs- | U TOJbKO HaYH-
€Tcsl HE TMOBCEMECT- | HaeTCsl B KPYIHBIX
HO. ropojax.

Kazaxcran C 2018 roma mo- | C 2018 roma o06s3a-
ITATHO BHEIPSETCS. | TEIBHBI I BCEX
Unér WHTErpamnus | CyObeKTOB Om3Heca,
MEXTY MEOUILIMH- | BKIIOYasi  alTeKH.
CKMMH yupexJeHu- | IHTerpupoBansl ¢
SIMH U alITEKAMHU. HAJIOTOBBIMH  Opra-
HaMHU.

Poccus Buenpena B psage | C 2017 rona obsi3a-
PETHOHOB. Yepes | TenbHBI OHJIalH-
noptan «['ocyciyrm» | Kacchl. Cucrema
BO3MOXKHO IIOJIy4e- | OXBaThIBACT U arTe-
HUE  DJIEKTPOHHBIX | KM, HHTEIrpHpPOBaHA

pEeLEenToB. c denepanbHOit
HaJOTOBOM  CIIyX-
Ooi.

AHanu3 BHEIPEHUS 3JIEKTPOHHBIX PELENTOB U AJIEKTPOH-
HBIX KacCOBBIX ammapatoB B AzepOaiimxane, Mpane, Kazaxcrane
u Poccun cBuaeTenbCTBYET 0 HAIMYUHM OOIIMX TPEHIOB LU(pPO-
BOM TpaHchopMaIy B 3[paBOOXPAaHEHUH U (papMaleBTHUECKOM
cekrope. HecMoTpst Ha paznuuus B ypoBHSAX pa3BUTHS HU(GPOBOI
UHPPACTPYKTYpPHI, BCE YEThIPE CTPaHbl AEMOHCTPUPYIOT CTPEM-
JIeHHE K CTaHJapTHU3alllMM IPOIIECCOB, MOBBIIIEHUIO MPO3PavyHO-
CTM M YCHUJICHHIO KOHTpOJs Haja 00OpOTOM JIEKapCTBEHHBIX
CPEICTB. Y CTAaHOBJIEHHBIE B3aUMOCBSI3H MEX/y HaJOrOBOH U Me-
JUIMHCKOM cHCTeMaMH, a TaKKe MOCTENEHHOE BHEApeHue Lud-
POBBIX IUIAT(GOPM B MPAKTUKY aNTEYHBIX YUPEXKIECHUH, MOaUYep-
KHMBAIOT HEOOXOIMMOCTh KOMIIJIEKCHOTO MIOIX0/1a, BKJIFOYAIOIIETO
HOPMAaTHUBHOE, TEXHUYECKOE U KaJpOBOE 00eCIeUeHue.

[TooOHBIN CpaBHUTEIBHBIN MOIXO MO3BOJSET BBHISBUTH
KaK CHUJIbHBbIE CTOPOHBI HAI[MOHAJIBHBIX CTPATErHil, TaKk M CyIie-
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CTByIOLIME Oapbepbl, TpeOyrolmre yCTpaHEHUs] Ha MHCTUTYIHO-
HAJIbHOM ypOBHE. DTO MOATBEP)KAACTCS TaKXKE B MCCIICTOBAHUSIX
MEXYHAPOAHBIX aBTOPOB, MOJYEPKUBAIOIINX BAaXHOCTH MEXK-
CEKTOPAILHON KOOPAMHAINY M yCTOWYHBBIX HU(PPOBBIX PEIICHHUH
JUISL CTpaH € NEPEXO0IHOM SIKOHOMUKOM [26].
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6.2. The Effect of Saffron Extract on Catalase
Activities in Brain Structures Under Exposure
to X-Ray Irradiation dose
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Azerbaijan Medical University, Azerbaijan
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Under exposure to X-ray irradiation at 4 Gy dose in various brain
structures it is observed a decrease in catalase activity. Tendency
towards decreasing is more developed on the 3th day of irradia-
tion. Insertion of saffron extract to experimental animals (for 21
days before irradiation) contributes to prevention of decreasing of
catalase activity and exerts an effective influence.

Key-Words: - X-ray irradiation, catalase, glutathione peroxidase,
saffron extract, brain
structures, lethal dose

Introduction

Effect of ionizing radiation on living organism is accom-
panied by interaction of free radicals (FR) with molecules of pro-
teins, nucleic acids and lipids. FR in its turn appears in the result
of excitation and ionization of molecules. Besides all this, ioniz-
ingradiation becomes the reason of accumulation in organism tis-
sues of toxic products (radio-toxins) that enhance radiation effect
[1, 2]. Unlike a lethal dose, within the irradiation at 4 Gy dose life
is possible, but thus in all physiological systems the abnormal
changes develop. The intensity of these changes correlates with
the comparative radiosensitivity of tissues. The nervous system is
not anexception. Nerve cells have a relatively higher radiosensi-
tivity. At higher radiation doses it is observed significant struc-
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tural changes and loss of nerve cells [3]. The changes in physical
and chemical properties of biological membranes, which are de-
tected soon after the irradiation at small doses, play on the whole
an important role in radiation damage of cells. It is supposed that
just these abnormalities, leading to more profound changes in the
membrane structure, become the reason of the penetrability in-
crease, exit of various cofactors and enzymes from the cell [4].
Within the irradiation of biological objects the nature of changes
in the activity of enzyme systems in a cell or tissue has an excep-
tionally important value. The numerous facts testify to essential
radiation effect on the activity of many enzymes, as well as met-
al-containing biological catalysts. Under the radiation influence
the high-molecular components of cell, as well as catalase mole-
cules and glutathioneperoxidase (GPO) are exposed to conforma-
tional changes. Catalase (EC 1.11.1.6) is one of the high-
molecular antioxidant enzymes, providing a complex protection
of biopolymers from the active forms of oxygen. The main role of
the catalase in a living organism is that it destroys toxic hydrogen
peroxide for cells. Catalase molecule consists of four identical
subunits, each of which contains iron atom. The catalase is direct-
ly involved in the processes of conjugate oxidative phosphoryla-
tion and is a radiosensitive enzyme [5]. The data obtained within
the enzyme irradiation, testify that in addition to the common
damaging effects of penetrating radiation, there was also the se-
lective effect on iron atom, part of the active site of the enzyme.
The researches show that the observed decrease of catalase activ-
ity in hepatic tissue of the irradiated animals is bound to the sep-
aration of hemoglobin under radiation influence [5, 6].

At the same time the accumulation of H202 and other
peroxide compounds in organism causes the inactivation of cata-
lase [7]. Activity increase of haemocontaining-chromoproteid is
observed in kidneys of exposed guinea pigs. This is probably due
to the fact that that in kidneys there is no accumulation of peroxi-
dates [8] .
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1. Materials and methods. Experiments were carried out
on white rats of 180+20 gr. weight. Variousstructures of brain
(medulla oblongata, cerebellum, visual and sensorimotor cortex)
were studied according to the following scheme: | group- control,
Il group- x-ray irradiation,Ill group- x-ray irradiation + saffron
extract. Within 21 days before irradiation, saffronextract was in-
jected into the organism of animals per 120 mg/kg dose. At irra-
diation theindicators were recorded after an hour, 3 and 6 days. In
accordance with the InternationalConvention, decapitation of ex-
perimental animals was performed using urethaneanesthesia (total
dose of anesthesia was 0.08-0.1 gr. hexanol per 1 kg of body
weight) andvarious brain structures were allocated for identifying
indicators.

Saffron extract was obtained by the following scheme:
dried stigmas of saffronwere subjected to alcohol extraction with
solution of 75% ethyl alcohol, which were kepton cold within 2
days. During this time they were constantly stirred. The solu-
tionobtained by this way, was filtered and the residue was washed
with 75% alcohol.Thereafter, the alcohol was distilled off, and
the obtained extract was concentrated todryness. 0.5% solution of
saffron extract was prepared on physiological solution.

The irradiation process was carried out on X-ray apparatus
«PYM-17» under thefollowing conditions: pressure 180 kVt, cur-
rent strength 15 mA, filters 0,5 mm Cu and1,0 mm Al, coefficient
of focal distance 30 mm without tube, dose rate 0,86 Gy/sec, irra-
diation dose 4 Gy. In the result of the conducted researches it is
revealed certain dynamics of changein antioxidant enzyme activi-
ty in various brain structures of white rats within the X-ray irradi-
ation at 4 Gy dose and joint influence of X-ray radiation and saf-
fron extract. In Tab.1, and in Fig.1 it is shown the change dy-
namics of catalaseactivity in various brain structures under the
influence of saffron extract againsta background of X-ray irradia-
tion at medium doses. As it is seen from Tab.1, the catalaseactivi-
ty in medulla in an hour after X-ray radiation of the animals is
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reduced by 22%, and after 3 days - 23%, in 6 days after the irra-
diation by 14%, when compared with the indicators in the control
group (intact animals).

2. Results and discussion. In the result of the conducted
researches it is revealed certain dynamics of changein antioxidant
enzyme activity in various brain structures of white rats within
the X-ray irradiation at 4 Gy dose and joint influence of X-ray
radiation and saffron extract. In the result of the conducted re-
searches it is revealed certain dynamics of changein antioxidant
enzyme activity in various brain structures of white rats within
the X-ray irradiation at 4 Gy dose and joint influence of X-ray
radiation and saffron extract.

Ll i )
mg Protein Control X Ray irradiation X Ray irradiation+saffron

1304

2001

130+

10 1

P

1 hour Illday Viday I hour Mday Viday
Fig.1. Change of catalase activity in sensorimotor cortex
within the X-Ray irradiation at 4Gy dose and
saffron extract
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Fig.2. Change of catalase activity in visual cortex within the X-

Ray irradiation at 4 Gy dose and saffron extract

At sequential influence of saffron extract and x-ray irradi-
ation, the activity ofcatalase in visual and sensorimotor cortex
after an hour irradiation was close to theindicator in control group
(intact animals) (Fig. 1 and Fig. 2).

Preliminary injection of saffron extract into the organism
of animals before theirradiation, leads to grading of POL process-
es’ intensification in all cells that is reflectedalso in antioxidant
defense system. Our studies revealed that injection of saffron ex-
tractfacilitates minor changes in the activity of AOS enzymes, in
particular catalase andglutathione peroxidase, in all studied brain
structures, contributes to the activity ofendogen defense system
that plays significant role in maintaining stationary level ofendo-
gen antioxidants.

Thus, bio oxidants is of great importance in processes’
balancing, taking place incells and tissues under the influence of
extreme factors. System of antioxidant defense oforganism real-
izes permanent protection of organism from toxic radicals, and
contributesto stable level of free radicals. During the free radical,
enzyme, oxidant processes taking place in organism, bio antioxi-
dants are directed to the side of enzyme oxidation, andcreate op-
timum state for cell metabolism and contributes to normal growth
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of tissues. Thus, preliminary injection of saffron extract into or-
ganisms of animals before irradiation leads to leveling of intensi-
fication of POL processes in all tissues, which is reflected in AO
defense system as well. Our studies revealed that the injection of
saffron extract contributes to minor changes in the enzyme activi-
ty of AO system, in particular

4. Conclusion.Thus, preliminary injection of saffron ex-
tract into organisms of animals before irradiation leads to leveling
of intensification of POL processes in all tissues, which is reflect-
ed in AO defense system as well. Our studies revealed that the
injection of saffron extract contributes to minor changes in the
enzyme activity of AO system, in particular catalase in all stud-
ied structure of brain, favors activation of endogen defense sys-
tem, which plays an important role in maintaining stationary level
of endogen antioxidants.
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B noxmane Oyayr oOcyxnatbest OucyOauddepeHunan u
OMCOTPSKEHHBIN OTepaTop JUIsi OMBBIMTYKIIBIX ONEPAaTOPOB U PsijI
UX CBOMCTB

Knwoueswie cnoea: oOusvinykivie onepamopwi, Oucy6oug-
Gepenyuan

Beenenune

[lpn wccnenoBaHWE ONTHUMAIBHOCTH BBICOKOTO TTOPSIKA
JUIS HeTJIaJKuX 3a7ad MUHUMH3AIMM BO3HHKAEeT HOBOE Harpas-

JIeHUe N-BBINYKJIBbIA aHanu3. B N-BBINYKJIONW aHaIM3€ B OCHOBHOM
U3YYaloTCs N-BBITYKIIOE MHOXKECTBO U N-BBIMYKJIask (PyHKIUS.
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N3BeCTHO, YTO B BBIIYKJIOM aHAJIN3€ CYIIECTBEHHBIH POJ UTpaeT
TeopeMa OTAENIN-MOCTU. B N-BBIMYKJIBIM aHAM3€ OCHOBHBIN POl
UTPaeT TEOpUs TEH30PHOT'O MPOU3BEICHHS.

B pabore paccmoTrpena OucyOoauddepeHIupyeMocTb
OMBBIIIYKJIOTO OTEepaTopa W M3y4eHBI Psii UX CBOMCTB. M3ydeHsl
P CBOMCTB CYOJIMHEWHBIX ONEepaToOpOB, OMPEENIEHHbIX Ha TEH-
30pHOM IPOHM3BEACHUH MPOCTPAHCTB. Jl0Ka3aHbl TEOPEMBI O MPO-
JOJKeHUH OunmHeltHoro omepatopa. [Ipu uccnenoBanue OUBBI-
OYKJIBIX (DYHKIMH W ONepaTopoB CYIIECTBEHHBI pOJ UIpaer
OMBBINTYKJIOE MHOXKECTBO. Takue BOMPOCHl U3YUYEHBI TAKXKE B pa-
6otax [1]-[4].

1. BuBbinykjas GpyHKUHS M OUBBIYKJIbIA onepaTop

IIycte X um Y BEKTOpHBIE IIPOCTpaHCTBA. MHOXKECTBO
C < XxY HazpBaeTcs OMBBITYKIION, €cli i Jro0oro X € X
u yeY wmHoxectBa C = {7: (xX,y) C}, C, = {X:(X,y)eC}
Beinykipie. Ecamu C OMBBIMYKIOE MHOXECTBO, (YHKITHS
f(.y):C, >R n f(x,):C, >R sremyxneie npu (X,y)eC,
to pynkims f:C — R HasbBaeTcst GUBBITYKION.
Ecim f:C — R, 10 nomoxum

2—ep f={((x.a).(y.B) : (x,y) €C, a.BeR, f(x,y) <ap}
Crenyronye yTBep)KACHHE TOKa3bIBAIOTCS aHAJIOTHYHO COOT-
BETCTBYOLINM
yTBEPKACHHUSIM BBIMYKJIOro aHanmu3a (cm.[5], [6]).
1) Eciu f:C — R Oussinykias ¢pyukius Ha C, To MHOXe-
ctBO B, = {(X, y)eC: f(x,y) < oc} OUBBITYKJIO.

2) ®yukuust f:C— R Ousbimykia Ha C TOraa u TOJBKO
TOT/1a, KOT/1a MHOXeC-
TBO 2—epf OuBbIIyKIIO.
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3) Ecnu Cc XxY, f:C—>R, iel, cemeiictBa QpyHKumit
u g(x,y) =sup{f,(x,y):iel}, To 2—ep g=2—epf,.

iel

4) Ilepeceuenne OUBBITYKIIBIX MHOYKECTB OUBBIITYKJIO.

5) Ecou Cc XxY ousbimykioe mHoxectso, f :C—>R,
iel, ceMmelcTBa OUBBI-ITYKJIBIX byHKIHI u
a(x,y) =Sup{fi (x,y):ie |}< 400, T0 QyHKIUsS §(X,y) OUBBITYK-
na.

Oynkuus f:XxY —> R, HaspBaercs OuBblmykiion (v

2-BeInyKIIoi), ecnu pynkmun X — f(X,y), y — f(X,y) Bbimyk-
JIBIE.
Jlemma 11, @ynkuus fF:XxY >R, Oubimykias

¢GyHKIMS TOrIa W TOJBKO TOrnAa, Korja MHOXecTBOo 2—epf
OMBBIITYKIIO€ MHOKECTBO.

Joka3zarenbcTBo. [lycte f  OuBbimykmas ¢ynkmus. [Toka-
xeMm, uto 2 —epf
OMBBINTYKJIOE MHOXECTBO. Ecmn
(xp00), (¥, B)): (X0 005), (¥, B)) € 2—epf u A €[0]], 10
noxaxeM, uTo (A(X,,0,) + (L—A)(X,,a,), (V, B)) € 2—epf . Tax xax
f(x,y) < a1B1

f(x,,¥) <P, To nmeem, aTo

f(}\’xl + (1_}\'))(2'7) <Af (Xl’y) + (1—k)f(X2,)7) < Mlﬁ"‘ (1_7‘)(123
:[.C. f(Ox, + A-2)X,,Y) < (ho, + (L—A)a,)B . Orcrona BeITeKaer,
9TO

(W%, + (@ =2)X,, A0, + (L=2)a,), (Y, B)) € 2—epf .

Eema (X, @), (y.,B,)), (X, @), (¥,,B,)) € 2—epf n pe[0]], 10
aQHAJIOTUYHO
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nposepsiercs, uro (X, ), u(yy,B,) + A —p)(Y,,B,)) € 2—epf . Ilo-
ay4yum, uto 2 —epf
OMBBITTYKIIO€ MHOXECTBO.

[Tycte 2—epf Ousbmmykinoe mHOXkecTBO. IlokaxkeMm, uto f
OuBbINyKIas QyHKIUS, T.€. MOKaxeM, uro pyHkuuun X — f(X,y),
y = f(X,y) BbIIyKIbIE.

IIycts  (X,,Y),(X,,y)edomf u Ae[0]1]. Taxk xkak
(X, T Y (YD) 0 (X2, £ (X2, Y)): (Y1) mpumamnexur B 2—epf,
TOo uMeeM, uTo (A(X,T(X;,Y)) +@—A)(X,,T(X,,¥)), (V1) € 2—epf
npu A €[01]. [Hosromy

fOX, +@-R)X,, Y) <M (X, ) + A =2)F(X,,Y)
npu (X,,Y),(X,,y) edomf u A €[01]. Cnyuaii (X,,y) ¢domf nnu
(X,,y) ¢ domf , a Taxxke
(X, y)edomf wu (X,,y)edomf oueBugen. Ilomyuum, uro
X — f(X,y) BbimyKias
¢yHkuus. AHanoruyHo nposepsiercs, uto Yy — f(X,y) Bbimykias
bynkus. Jlemma
JOKa3aHa.

N3 nemmbl 1.1 crmemyer, 4To OMBBIMTYKIYIO (YHKIHIO MOXKHO
ompeneNaTh cueayw-muM  obpazom: ¢yHkimsa i XxY >R
Ha3bIBa€TCs OUBBINTYKIION, eciii 2—ep f  OUBBIMYKII0€ MHOXKECTBO.

ITycts E - HexoTOpoe ymopsioueHHOE BEKTOPHOE Ipo-
CTPAHCTBO, T.€. NMPOC-TPAHCTBO C BBIACICHHBIM BBHICTYIAIONIIM
BBIIYKJIBIM KOHYCOM E ™ -KOHYCOM TOJIOXHUTEIBHBIX €IIEMEHTOB.
Otmerum, urto KOHyC E* Ha3biBaeTCS BBICTYMMAOIIAM, €CITH
E" n{-E"}={0}. Ilpucoenunum k mpocrpancTBy E Hanboib-
HIMH DJIEMEHT + 00 , IPUYEM MOPSIOK MHIYIUPOBaHHbIH B E 13
E., = Eu{+oo} coBmamaer ¢ ucxomausiM nopsiakom B E (cm.[7],

[8D).
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BekropHOl pelIeTKOW Ha3bIBae€TCsA YIOPSAOYEHHOE Be-
IIECTBEHHOE BEKTOPHOE IMPOCTPAaHCTBO E, sBisromeecs onHo-
BpeMeHHO peuieTkoil. [Ipocrpancrsom Kan-TopoBHuua uinu, Kopo-
ye, K-IpOCTpaHCTBOM Ha3bIBalOT BEKTOPHYIO PELIETKY, B KOTO-
PO BCAKOE MOPSIAKOBO OrPAHUYEHHOE MHOXKECTBO UMEET TOYHBIE
TPaHULBL.

IIyctb X u Y BElIECTBEHHBIE BEKTOPHBIE IIPOCTPAHCTBA.
Orobpakenne f:XxY —E, ~ HaspBaeTcsi  OMBBIIYKIION

(em.[2]), eciu OTOOpaKCHHS
fG.y): X—>E,,, f(x,):Y—>E,, BBIITYKJIbIE pH
xeX, yevY.

O6o3HauuM uepe3 é(XxY,E) BEKTOPHOE IPOCTPAHCTBO

OmnuHEHHBIX orepatopoB U3 XxY B E.
YkakeM HECKOJbKO BaKHBIX KJIACCOB OMBBITYKJIBIX OTIE-
paTopoB.
1) OnepaTop Ha3bIBAIOT MHAUKATOPHBIM, €CJIA OH MPUHU-
MaeT TOJIbKO JIBa 3Ha-
yeHus: 0 U + . SICHO, YTO BCSIKUM MHIUKATOPHBIN OIEPaToOp U3
XxY B E, umeer Bux
0, ecm (X,y)eC
f(x,y) ={
+ o0, ecm (X,Y) ¢ C,
rne Cc XxY. Eciu Cc XxY OuBBIIYKIOE MHOXKECTBO, TO
VHAUKATOPHBIN orepaTop OMBBITYKIIBIH.
2) Ilyctb D MHOXeECTBO OMIMHEHHBIX OMEPAaTOPOB U3
XxY B E. Oneparop
f(X,y) =sup{x’(x,y) : X" € D} sBrnsercst OUBBITYKIIOH.

3) llyete  f,:XxY —E Ousbimykible omepaTropsl M3
XxY B E, rne iel, To omeparop f(X,y)=sup{f,(X,y):iel}
ABJISIETCS. OMBBITYKJIOM.

4) BaxxHbIM KJIacCOM OWBBIMYKJIBIX OMEPATOPOB SIBISIOTCS
OucyOnnHeliHble onepaTtopbl. BUBBIMYKIIBI U OUIIOIOKUTEIBHO
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oJHOpoJHbIN onepatop P:XxY — E,  Ha3biBaeTcs OucyOiu-
HEWHBIM.

2. AJjerdpanyeckuii oucyoaupdepeHuupyeMocTb
OMBBIINIYKJIOTO OllepaTopa

IMycts P:XxY — E,, Oucybnunelinslii onepatop. bu-
auHeWHBI omepatop X' :XxY — E Ha3piBaeTcss OHONMOPHBIM
wi oucyonudpdepenmanom k P, ecim P(X,y) > X*(X,y) nmns
Bcex (X,Y) € XxY. CumBoiom 0,P 0003HayaeTcsi MHOKECTBO

Bcex OMONOpHBIX K P onepatopoB. MHoxecTBO 0,P Ha3biBaeTcs

OMOIMOPHBEIM MHOKECTBOM HIM OucyomuddepeHmmamom omepa-
topa P. Ecmu X u Y Tomonoruyeckre BEKTOPHBIC MPOCTPaH-
cTBa, a E ymopspoueHHOE TOIOJIOTHYECKOEe BEKTOPHOE IPO-

crpaHctBo, To momoxum  O0,P =0,P(B(XxY,E), rme
B(XxY,E) mpoctpaHCTBO OMIMHEWHBIX HENPEPHIBHBIX OIepa-
TopoB U3 XxY B E.

Otmetum, uto ecmi X U Y OaHaxoBbI IPOCTpaHCTBA, P
pa3zenbHO HENpEephIBHBIA OMCYOIMHENHHBIM (QYHKIIMOHAN, TO U3
teopemsbl 3.2.1[9,c.181] u u3 teopemst 2.17[10,c.63] cnenyer,
urto O,P =0,P.

[Tycts f:XxY—>E,_, oToOpaskeHue u
domf = {(x,y) e XxY:f(x,y) < +oo} Jlerko mpoBepsieTcs, UTo,

ecnu T OuBbIMyKIBIN omeparop, To domf OuBBITyKIO€ MHOXeE-
ctBo. bucyOmuddepenunanom omeparopa f B TOUKe
(X,y) € domf HazoBeM cieqyromiee MHOKECTBO

A (X,y) ={X" € B(Xx Y,E) : f(X,y) - f(X,¥) = X' (X,y) =X (X, ¥), (X,y) e

Jlemma 2.1. Ecnu P :XxY — E,  OucyOnuneinsIit
omeparop, P(0,0) =0 u
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(X,y) € domP, TO
BP(X,y) ={X e B(Xx Y,E): X" € 8P, P(X,y) = X (X, y)}.
JlokazareaberBo. Ecin X e 05P(X,Y), 1o
P(X,y) - P(X,¥) = X" (X,y) =X (X,¥), (X,y)eXxY.
[Tonmoxkus (X,Yy) = (0,0) u (X,y) =(2X,y) COOTBETCTBEHHO MOIY-
quM, 91O P(X,y) <x (X,¥) "
2P(X,¥) —P(X,¥) > 2x"(X,¥) — X (X,y). Orciona BHITEKaeT, uTO
P(X,¥) =x"(X,y). Torma mmeem, uto P(X,y)>X'(X,y) mpu
(X,y) e XxY, Te X €0d3P. Ob6parno, ectu X €03P wu
P(X,y) =X"(X,Y), TO
P(x,y) —P(X,y) = X (x,y) =X (X,¥), (X,¥) e XxY. Te.
X" € 83P(X,y). Jlemma nokazana.
Jemma 2.2. Ecmn X~ € 85F(X,V), To

FX+XY+Y)-2f(X,y)+F (X=X, y-Yy) > 2x"(X,y), (X,y) e XxY.

Noka3arenbcrBo. W3 onpenenenust 05f (X, Y) BbITeKaer,
4TO
fFX+x,Y+y) = F(X,9) > X (X+X,¥+y) =X (X,y),
FX=XY-y)-F(XY) =X (X=Xy-y) =X (X,Y)

npu (X,Yy) € XxY. CI0XHUB 3TH COOTHOIICHUS] IMEEM
FX+XY+y) = 2f (X, Y) +F(X =X,y -y) 2 X (X+X,V+Yy) = 2X (X, ) +
X (X=X,¥=y) = 2X"(X, ).

JlemMMa moka3ana.
Jns mpocrotrel manee Oyaem cumrtath, uro E K-
MPOCTPAHCTBO.
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Mycts X € E(XxY,E) u f:XxY —E, . I[lonoxum
£(x") :iqu{x*(x,y)—f(x,y)}.
xeX, ye

Jlemma 2.3. Ecoim f OuBblmykibelii  omepatop, TO

x €dif(X,y) Torma w®  TONBKO  TOTAA,  KOTZA
£(x" )+ F(%,) = X" (X, Y).
Jloka3arebCcTBO. Ecin X" e oif (i, 7), TO

X (X,9) - f(X,9) 2 X" (x,y) - f(x,y)
npu (X,y) € XxY. [TosTomy
X" (%,) — (X, y) = XesxgyEY{x*(x,y) —f(x,y)} e
' (xX)+f(X,y) =x (X, V). Hao6opor, eciu
f(x)+f(X,¥) =X (X,V), T0

sxqu{x*(x, y) -6, y)}= X (X, 9) - F(X.9). Tostomy
xeX,ye

X (x,y) = f(x,y) <X (%,y) - f(X,y)
mpu  (X,y) e XxY, te. f(x,y)-f(X,y)>x(X,y)-X (X,y)
npu (X,Y) € XxY. Jlemma moka3aHa.

IMycte g: XxY > E,, u domg= . Tak Kak s Kax-
noit mapsl (X,Y) € XxY
orobpaxxenne X — X (X,Y)  JHHCHWHBIA  omeparop — Ha
§(X xY,E), 10 u3 onpemenenus @ (X") BHITEKaeT, YTO
X" — g"(x") BeimyKIIBIA OmIeparop. [Tonoxum

g (xy)=sup X (xy)-g"(x)}.

x"eB(XxY,E)
Scno, uro  (X,y) = X (X,y) —g"(X") OMBBLINYKJIEIH Omeparop.
[Mostomy (X,y) = g™ (X,y) Ousbmykislii omeparop. M3 ompe-
nenenns ¢ (X") momyuum, uyro ¢ (X") > X"(X,y)—g(x,y) npu
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(x,y) e XxY u X" eB(XxY,E). Mostomy g™ (X,y) <g(x,y)
st mroooro (X,y) € XxY.

IIycts f:XxY — E, OHINONOXHUTETBHO OJHOPOIHBIN
ornepatop. [Tonoxum

3 ={x" e B(Xx Y,E): f(X,y) =X (X,y), (X,y) € Xx Y}
Jlemma 2.4. Eciiu f : XxY — E, OUIIONIOXUTEIBHO Of-
HOPOJHBIN OnepaTop u
0; " e o5f,
£(0,0)=0,10 f'(x)=1" ~ €%
+o0; X' g 05f.
Moxa3zateabcrBo. Eciu X* € 05, 10
f(x") =sup X'(xy)-f(x,y)}<0=x"(00)-f(0,0) <" (x").

(X,y)eXxY
Orcrona BeiTekaer, uro f*(x*) =0.
Ecmu x" ¢ 05, to cymectByer (X,y) € Xx Y Takas, 4To
f(X,¥) < X (X,y) . Torna
f*(X*)ivggg{x‘(x, y) = f (% y)} = sup{x (A%, ¥) - f (2%, ¥)} =
sup X' (%,7) ~ f (X, y)} =+ '
Jlemma nokasana.
Teopema 2.1. Ecim f(x,y) = sup x"(X,y), ToO

x" ed3f
o (xy) =f(xy).

Joka3zarenbcTBo. M3 nemmbr 2.4 cinepyer, 4TO

£ (x") = 0; x*eazf.
+o0; X" ¢ O5f
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Mostomy  * (x,y)=sup {X'(x,y)—F"(x)}= supx’(x.y) ,

x*eB(XxY,E) X" ed3f

r.e. 7 (X, y)=f(X,y). Teo-

peMa JoKa3aHa.
Teopema 2.2. [lyctp domf OuBBITyKIIOE MHOXECTBO H

o5f(x,y) = D A 1r00oro (X,y) edomf. Torna
f:XxY — E,_ OuBBIIYyKIBIHA O1EpaTop.
Jloka3aTenbCTBO. [Tycthb
(X, ¥), (X,,y) edomf, a€[01], X=0X,+(1—-a)X, u
X" € 05f (X, y) . Toraa momy4um, 4to
(%, Y) = F(Xy) 2 X (X, y) =X (X, ),
fx ) =T (X y) 2 X' (%, Y) =X (X,y).

YMHOXkas IepBOe U3 ITUX HEPABEHCTB HA ¢ , BTOpoe HA 1—a U
CKJIa/IbIBasi UX UMEEM

af(x,y)+L-a)f(x,,y)- (X, y)=ax (x,y)+
A-a)X (%, y) =X (X,y) =
X (ax +(1-a)x,y)—x(X,y)=0.

[Toatomy of (X, y) +L—-a)f(X,,y) 2 f(X,y) pu
(X, ¥), (X,,y) edomf u o €[0]].

AHanoruyHo HMEEM, 4TO
Bf (X, y1) + A-PB)f(X,y,) = F(X, By, + A -PB)Y,) npu

(X,y,),(xX,y,) edomf u B e[01]. Teopema nokazana.

Yepes H 0003HauuM MHOKECTBO BCeX OMCYOIMHEMHBIX
onepaTtopoB P u3 XxY B E, KoTOpbIE YyIOBIETBOPSAIOT YCIO-
Buio P(—X,—y) =P(X,y).

Otmerum, uro eciu P XxY ->E u P,: XxY > E, 10
05(P, +P,) > 03P, + 5P, .

JleWcTBUTENIBHO  €CIH X; € O5P;, X, €dyP,, 1O
Pl(Xi y) 2 Xl.(x’ y)1 I:)2 (X, y) 2 X2. (Xv y) HPH (X,y) < X x Y ‘ HO_
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oromy P, Y) + P (6Y) 2 X/ (X, ) + X (x.Y) npu
(X,y) e XxY, Te. X, +X,€05(P +P,).

3. bucyoauddepennuan GUBBITYKIOT0 onepaTropa

I[Iycte X wu Y HOpMHUpPOBaHHBIE MPOCTpaHCTBA, E
HopMmHpoBaHHOe K-npoc-TpanctBo. Kpome Toro nanee cuuraem,

yro E* 3aMKHYTHIH BBINYKJIBIH BBICTYMa-IUi KoHyC. Uepes
B(XxY,E) 0003HaYUM BEKTOPHOE MPOCTPAHCTBO BCEX HEIMpe-
PBIB-HBIX OMIIMHEHHBIX orepatopoB u3 XxY B E.
[Iycts f: XxY > E,, u (X,y) e domf. [Tonoxum
0,f(X,y)={x eB(XxY,E): f(x,y)-
FXY)2X (% y) =X (X,), (x,y) e X xY}
aecmu  P:XxY — E, OucyGnuneilHsliil onepatop, To mojo-
KUM
0,P ={x" e B(XxY,E): P(X,y) > X (X,y), (X,y) € XxY}.
ITycte P: XxY — E, . Ilonoxum
mp(;,y} A>0,u>0, [;,yje domP
i i
HOOL 0 =10, (=0 wm =0 &

+ 00, JIpyTHE CIy4Yad .

Jlemma 3.1. Eciu P : XxY — E, OuBblmyxislii ome-

parop, To orepaTop
H:(XxR)x(YxR) — E,, omnpenenennas paBeHcTtBoM (1) siB-

asiercst OucyOnMHERHOM.

Joka3aTeabcTBo. Eciin [%,XJ edomP ,A>0, .>0 u
u

a>0, To
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H(a(x, 1), (¥,11) = oo P(X—“,XJ — g P(f,xj — aH((x,2), (¥, 1))
oA U AU

AHaJI0ru4Ho IIpoBEPSIETCH, 4TO
H((x,A),B(y, 1)) = BH((X,A),(y,n)) npu B>0, t.e. H Ounomno-
KUTEIBHO OJHOPOIHO.

[Tycth [%,1] u [%,XJ npuHaanexutr domP  u
1 H 2 M

A, >0, A,>0wu n>0.Torna
X, +X
H((Xl’xl)-"(Xz';‘z)a(y,H)) H(}L +7\,2)P( 1 2 y]
A+A, U1

T I I
Mk, A dth, A, W

su(xﬁxz)k}‘l X Y|, Pt pf X2 V|
PR VYT R VR P T

= w(i—%} ¥ MZP%,X] < (X0 2), (9 1) + H((X5 ), (¥ ).

2 U

Amnanornyno nposepsiercs, uto (Y,u) — H((X,A),(y,w)) cy6mm-
HEUHBIN OIIepaTop.

Jlpyrue ciaydan ouyeBUAHEL JleMMa Toka3aHa.

Ecnu (X,¥) € domP U

X" € 0,H((XD), (YD) = X" € 8,H : (XD, (YD) = X" (X), (YD)}

TO P(x,y) = X ((x,0), (y,)) npu (x,y) e XxY "
P(X,¥) = X ((X.1), (V.1)). [TosTomy
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P(X’ y) - P(Y, y) 2 X* ((X!1)1 (y11)) - X* ((i’1)1 (y11)) npu
(x,y) e XxY, e X ((L1),(,)) € €d,P(X,y).
I[JISI IIPOCTOTHI OaJICC CYHUTAEM, YTO 3HAYCHHUC OII€paropa

npuHaainexur E.

Ecrm  {u.},.y < E, TO mnomoxum v, =Supu, #u
k>n

limu, =limsupu, =infv,. Tawke nonoxum w, =inf u, un
neN

n—oo N—so0 k>n

limu, =liminf u, =supw, . [Togoxum

n—o n—ow neN

lim f(x)=Ilimsupf(x)=inf sup f(x)=Iim sup f(x).

X=X X—>Xg >0 xeB(xq,m) nlo xeB(xg,1)
[Tonoxum

FEX ) y) =

Tim (£ (04 0,5 + ay) =26 (49)+ £ (R = A7 - ay),

A0, 130 /»l

Jlemma 3.2. Ecu f: XxY — E OuBbImykiibIid orepatop

nu FO(X,¥):(x,y) >—0 mpu (X,y) e XxY, TO
(X,y) = FP"((X,¥);(X,y)) Gucy6nuneiinbIii oreparop.
Joka3arenbcTBO. Jlerko IIpOBEPSIETCH, 4TO

FOT(X, ) (ax, y)) = af @ ((X,¥); (x,Y))
npu o >0.Ecmm X, X, € X, a€[0]1], T0
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f(2)+((y’y); (ax; + L-a)X,,y)) = xmoi(f (o(X+Ax,) +
+ (- a)(X+2X,), Y +uy) —2f (X, ¥) + fF(a(X —Ax,) +

- _ — 1, _
+(1-a)(X=2Ax,), Y —py)) < axil!)TioE(f (X+Ax,, Y +ny) -

e _ — 1 _
—2f(x,y)+f(x—kxl,y—uy))+(1—oc)ulg)r’gwm(f(x+7»X2,y+uy)—

= 2f(X, ) + F (X =2%,, ¥~ ny)) = af D ((X,9); (x, )) +
+ (L= a)f (X Y); (X, ¥))-
Homyunm, uto X — F@7(X,y);(x,y))  cybnnneitHbIit
oreparop.
Amnanornuno mposepsierca, uro Y — FOT(X,¥):(X,Y))
cyOIMHENHbIN onepaTop.
[TosTOMY MOJTyYnM CIIpaBeUIMBOCTD JieMMbI 3.2. JlemMa Jtoka3a-

HA.
0O003HaYNM

of(x.y)=
{X eB(X xY,E): f((X,¥);(X,¥)) 22X (X,Y), (X, y)e X xY},
(X, y) ={x e B(XxY,E): f(X+ X,y +Vy) - 2f(X,y) +
+f(X=X¥-y)=2x(X,y), (X,y) e Xx Y}
W3  ompeneneHus HETOCPEICTBEHHO  BBITEKAET,  YTO
% (X, y) < 0% (X, Y).

Jlemma 3.3. Ecniu P OucyOnuHeiHbIN omeparop, TO
0,P — 8°P(0,0). Kpome Toro, ecnim  P(—x,—y) = P(X,y), To
0,P = 6%P(0,0).

Jlokaszareanerso. Ecu X € 0,P, 1o P(X,y) > X (X,Yy) u

P(—x,—Yy) = X"(X,y) npu
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(X,y) e XxY. Tlostomy P(X,y)+P(=x,~y)>2x (X,y) npu
(x,y) e XxY, te X €0°P(0,0). Torma wumeem, uTO
0,P < 0°P(0,0).

Ecmn  P(—x,—y) =P(X,y) " x" € 0°P(0,0), TO
P(X,y) +P(=X,-y) = 2P(x,y) 2 2x"(X,Y)
mpu (X,y) € Xx Y. Ilostomy X € 0,P, 1.e. 9°P(0,0) — 0,P. Tak
kak 0,P — 6°P(0,0), To momyuum, uro 0,P = 6°P(0,0). Jlemma

JIOKa3aHa.
Jlemma 3.4. Ecniu P GucyGnuneiinblil oneparop, TO

0°P(X,y) o{x e B(XxY,E): X €d,P, P(X,y) = X" (X,¥)}
nus X e 0°P(X,y) crenyer, uto P(X,y) = X (X, V).
JlokazatenberBo. Eciu X € 9,P u P(X,y) = X (X,Y),

TO

PX+Y,V+Y)-2P(X,y) +PX=X,y-y) > X (X+X,§+Y)—
- 2X*(i!y) + X*(X - X!y_ y) = X*(i!y) + X*(Xry) + X*(X’y) + X*(Y,y) -
—2X (X, Y) + X (X, 9) + X (X, y) =X (X,y) =X (X, ¥) = 2X (X, Y),

Te. X € 0°P(X,Y).

Ecin X € 8°P(X,y), 1o B3aB (X,Yy) = (X,Y), momydum
2P(X,Y) > 2x"(X,Y), T.C. P(X,y) = X (X,¥). [Tonoxxus
(X,¥) = (-X,y) wumeem, uro —2P(X,y)>2X(-X,y), T.e.
P(X,y) < X (X,y). ostomy P(X,y) =X (X,y). Jlemma noka3a-

Ha.
CaencrBue 3.1. Ecnu P OucyGnuneiiHbIil onepaTtop, TO
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O?P(X,Y) = X" € B(Xx Y,E) : P(X + X,y +y) + P(X =X,y - y) >
> 2X (X, Y) +2X (X,Y), (X, y) e Xx Y} :

CnencrBue 3.2. Ecnu P OucyOnuueiiHblii omeparop u
X € 0’P(X,y), o P(X,¥)=x(x,y), P(X,v)>x(X,v) mnpu
xeXveY.

JlokazareaberBo. Ecim X € 0°P(X,y), 1O CIEACTBUIO
3.1 umeem, 9TO

P(X+X,¥+Y)+P(X=X,y-y) > 2X (X,y) + 2X (X, y) npu
(X,y) e XxY. TlonoxuB Y=Y, oOTClOIa IMOJIy4UuM, YTO
P(X +X,2Y) > 2X"(X,Y) + 2X (X, ), T.C.
2P(X +X,y) = 2X (X + X, V) pu xeX. [ToaTomy

P(z,¥) > X (z,y). TlonoxuB X =X, aHAIOTHYHO MMEEM, UTO
P(X,0) > X (X,v0) npu v €Y. Cle/icTBUE T0KA3aHO.

CaencrBue 3.3. Eciu P OucyOnuHEWHbINA YeTHBIA He-
IPEPBIBHBIN OIIEpaTop, TO

O’P(X,y) ={X" e B(XxY,E): X €0,P, P(X,y) = X" (X,¥)}.
Joka3zartenbcTrBo. Ecnmu P OucyOnuHeliHblid omepatop,
TO 110 JIEMME 34 nMeeM, 9TO

0°P(X,y) o{Xx e B(XxY,E): X €9,P, P(X,y) = X (X,¥)} u u3
X € 0°P(X,y) BmTekaer, uro P(X,y)=X(X,y). Ecm
X" € 0°P(X,y), To m3 ompenenenus O-P(X,Y) momyumm, d9TO
P(X +AX, Y +py) — 2P(X,¥) + P(X = AX, ¥ — py) > 22ux (X,Y)

npu (X,y) € Xx Y. [Toatomy

1 1 1 1 .
P(=X+X,—Y¥+Y)-2—P(X,y) +P(=X—-X,—Y-Yy) = 2x (X,
C i y) =25 -PY)+PC y-Y) (x,y)

E=

it A>0,u>0mu (X,y) e XxY. Ilppu A —> o0, u—> o0 oTcOIa
CIIeIyeT, 4TO
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P(X,y) +P(=x,—y) > 2x"(x,y) mpu (X,y) € XxY. Tak kak P
yeTHHIH omepatop, To 2P(X,Yy) > 2x (X,y) mpu (X,y) € XxY.
CnenctBue 10Ka3aHoO.

Jlemma 3.5. Ilycte P OucyOnuHelHBI omepaTtop u
X e B(XxY,E). Torna
HEPABEHCTBO

P(X+X,¥+Y)—PX+X,¥)-P(X,y+y) +P(X,y) = X" (X,y), (X,y) € XxY
2
Bbmom(m)erc;l B TOM H TOJIBKO B TOM Cllydae, Korjaa
X € d,P, P(z,y) =X (z,¥) u P(X,0) =X(X,0).
Joka3atenbcTBo. Eciu (2) BBINONMHSAETCS, TO TOJOXKHB
(X,¥) = (X,y), nonyuaum
P(2%,2y) — P(2X,y) — P(X,2y) + P(X,y) > X" (X,¥),
1.e. P(X,y) > X (X,y). Honmoxus (X,y) = (—X,Y), Takxe nMeeM

P(X —X,2y) = P(X = X,y) = P(X,2y) + P(X,y) > X (-X,y),
Te. —PXY)=2x(-Xy) mm P(XY)<x(X,y). Iosromy
P(X,¥) = X (X,¥). CoOTBeT-CTBEHHO pU Y =—y U X =—X U3

(2) TaKXe BBITEKAET, 4TO
P(X+X,¥) <X (X,¥) +X (X,¥), PXy+Yy)<x (X,y)+X (X,y)
npu xeX,yeY. Orcrona MOy YUM

P(z,¥) <X (z,¥), P(X,0) <X (X,0) mpu ze X,veY. Tak Kak
—P(z,¥) £P(-2,y) £ X (-2,¥), 10 P(2,¥) > X (2,y) npu ze X
[ostomy P(z,¥) =X (2,¥) npu z € X. AHAJOTHYHO HMEEM UTO
P(X,v)=x (X,v) mpu veY. Torma nerko MOIyYnM, HTO
P(z,v) =X (z,0) mpu  (z,v) e XxY. O6patHo, ecim
X e€d,P, P(z,y)=x(z,y), P(X,v)=Xx(X,0) npu
xeX,veY, 10
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P(X+X,Yy+Y)—PX+X,¥)-PX,y+Yy)+P(X,y) > X (X+X,y+VY)—
X (X+XY) =X (XY+yY)+X (X,¥) =X (X,¥) + X (X,y) +
+ X*(X,)_/) + X*(va) _X*(Y’y) _X*(le) - X*(i!y) _X*(i!y) + X*(X!y) = X*()

JlemMma mokasana.

4. bucyonuddepeHuns pasaeJbHO 2-JTUNIIAIEBOTO
omepartopa

Ilyctb X u Y HOpMHpOBaHHBIE IIpOCTpaHCTBa, E HOp-
mupoBanHoe K-mpocr-panctBo. Onepatop f: XxY — E Hazbl-
BaeTCS pa3[elIbHO 2-JIMIIIMIEBOH B OKPECT-HOCTH TOYKH
(Xq,Yo), ecnu cymectByer & >0 Takoe, 4TO

1Tz, + %2, +y) =1(2, +%,2,) =T(2,,2, + ) +T(z,,.2,) [< L[| x| - | vl

npu XedB, yedB, z,ex,+0B, z, ey, +06B.
O003HaYNM

£ Y )i (%)) =

lim %(f(zl +AX, 2, +uy)—f(z, +Ax,z2,) - T(z,,z, + uy) + 1 (z,,2,)).
BN AU
230,140

Jlemma 4.1. Ecm f:XxY —>E pasmensHo 2-
JMNIIAIEBBIA ONepaTop B OKPECTHOCTH TOUKU  (X,,Y,), TO
(X,¥) = F°((X,,Y,): (X,Y)) Oucybnuueitnsiii omepaTop.

JokazareabcTBo. Ilycts X, X, € X. fIcHo, uTO
PG Yo X + %, Y) =
] lim %(f(zl+/‘txl+/1x2,zz +uy)— (2, +AX +Ax,,2,)— f(z,,Z, +
o Al
+uy)+1(z,,2,)) =
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Zﬁxlﬁﬁyo%u(f (z, + AX, +AX,,Z, +py) —F(z, + AX,, Z, + py) + (2, + X,
Ao,udo
2, +1y) —f(z, + AX +AX,,2,) +
f(z,+Ax,z2,)— f(z,+Ax,z2,)— f(z,z2,+ uy)+ 1(z,2))) <

< lim —(f(z, +AX +AX,,2, + uy) —
27X0.22>Y0
do,ul0 ,u

f(z, +AX +AX,,2,)— T(z,+ AX,Z, + uy) +

+f(z, +AX.,2,)) + lim %(f(zl+kxl,22+py)

Z12X0.Z;>Yo
Ado,udo

—f(z,+2x,,2,)—f(z,,2, + ny) +

+f(21’22)) = fo((XO,yO);Xl,y) +fo((X01yo);X21y) .

Kpome Ttoro f°((X,,Y,);vX,y) = vE°((X,,Y,o); X, y) mpu v >0.
Homyuum, uto X — F°((X,,Y,);X,y) cyOnuHeiinbIi omeparop.
Amnanornano umeem, 4to Y — F°((X,,Y,);X,y)  cyOnuneiinbiii

oneparop. Jlemma nokazana.
MHo)kecTBO

d,f(x.y.)=

K eB(XxY,E) (G, Y. (6 y) 2 X (% y), (X y) e X xY}
Ha30BeM 4YacTHBIM OucyOauddepeHMaioM paszJlenbpHo  2-
JMITIIAIEBBIX OMEPaTOpOB B TOUKE (Xg,Y,).

Ecmn  b: XxY — E OuiuHeHHbI omepaTrop, TO JETKO
MIPOBEPSIETCS, YTO b° ((Xg, Yo )i (X,y)) = b(x,y).

OO6o3HaunM depe3 B enuHWYHBIA 3aMKHYTHI [Iap B
XxY. Oneparop f:XxY — E HazpBaeTcst 2-TUNIINIEBON C
NOCTOSTHHOM L B OKpecTHOCTH TOUKH (X,,Y,) €CIH CYIIeCTBYET

o >0 Ttakoe, 4TO
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IO Y) + (X Y1) + (X2, ¥2)) =TI Y) + (X4 y1)) = FUX ) + (X2, Y2)) + (X))
<L) -1 y2) |

mpu (X,,Y;) €6B, (X,,Y,) €dB, (X,y) € (Xo,Y,)+0B. Pac-

cmotpuM (cM.[1]) 06o0IIeHHBIE
2-nipon3BoaHbIe oneparopa f B Touke (X,,Y,) MO HampaBICHHIO

(X1, Y1) (X5, Y2))
I (CHAHCBANCHA =

(x,y@mﬁ(f«x’ Y)+ A0 Y,) + (%, ¥,)) = F (% Y) + A(X, )

—F((xy) + (X2, ¥,)) +F(X,y)) -
CnencrBue 4.1. Eciim oneparop f: XxY — E sBusercs
2-TUMIIWIEBBIM C TIOCTOSSHHOW L B OKpPECTHOCTH TOYKHU

(Xo:Yo) TO
(X0, ¥0): (X,0), (0,)) = £°((Xo, Vo) (X, )
npu (X,y) e XxY.
Jlemma 4.2. Ecnu P : XxY — E OucyOiuHeiHbIi ore-
patop, To 0,P < d,P(0,0)

Jloka3aTenbCTBO. [Tonoxus B OIpEIETICHUN
P°((0,0); (x,Y)) COOTBETCTBEHHO (z,,2,)=(0,0) u
(z,,2,) = (= x,—y) uMeeM, 4TO

P?((0,0); (x,¥)) = max{P(x,y),P(~%,~y)}-
[Tostomy wu3 ompenenenus O0,P u d,P(0,0) BeiTekaer, uToO
0,P < d,P(0,0). Jlemma noxazana.

OTMeTHM, YTO Pe3yJbTaThl MOJYYEHHBIC IS OUBBIMYK-

JIBIX OIIEPATOPOB MOKHO
NepeHecTy Il N-BBIMYKIIBIX onepaTopoB. Kpome Toro pesynbra-

ThI TIOJy4eHHBIE Ui 03P MOXHO meperects uisi 0,P u obpar-

HO.
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5. O oucyO0JMHEelHBIX onepaTopax

IIycts X u Y BekTopHble npocTpaHcTBa, f: XxY —E
OUIOJIOKUTENBHO OJHOPOJHBIN omepaTtop, E K-mpocrpancTso.
TenzopHoe npousBeneHne NpocTpancTB X U Y 0003Havaercs
yepes X ® Y (em.[11, ¢.86]).

ITomoxxum, 9aTo

f(v)=inf{Zf(x',y):v=x'®y, (X,y')eXxY},
rae ve X ® Y. Jlerko mposepsiercs f(v) cyOaMHENHHBIN omeparop.

Jlemma 5.1. Ecnmu f:XxY —>E OucyOnuHelHbIH deT-
HBII oIlepaTop, TO

f(x®y)=f(x,y) ipp X®yeX®Y.
Joka3zatenbcTBo. 13 onpenenenuss X&®Y BBITEKaET,

4t0 X®Y =3 X ®Y
i=1
TOT/Ia ¥ TOJIBKO TOraa, koraa (cm.[11, ¢.86])
> X0y e
x0y + Lin{(x, +X,)0y —x By —x,0y, XO(y, +Y,) — X0y, — x0y,,
AXOuy — AuxOy : X

1

X, Xe X5y, Y,Y, €Y; 4, ueR}.
ITo ycnoBuro umeeMm, 4To

%f(xll + Xi27yi) + %f(—xil’yi) + %f(—xiz,yi) >0,
S1(@yl+y)+ SE @ (y)+ S (-y2) 2 0,
i= i Z
SO, V) + S (AU, V) 2 0.
s=1 =1

Torma nosyyum, 4To
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f(x®y)=

Inf{f () + 2 F XY )+ T XY+ ST XY+ (@Y +y) +

2@ YN+ @)+

g f (ﬂfus,,usvs)+g f(=Awu,v)ixxx,z’,u eX;y,y

YhyhveeY; AL eRinymk e NuU{0}}= f(X,y)

Torza momy4um, uto f(X ® y) = f(x,y). Jlemma noKa3aHa.

Teopema 5.1. Ecnu f : XxY — E OucyOnuHeiHbIl yeT-

HBI  omeparop, X, =fx:x=0aX, aeR}, XeX u

Y, ={y:y=pY,.BeR}, yeVY, 3agan OunuHelHbIi onepaTop

Z ma X, xY, u 2°(X,,y,) <f(X.,Yy,) musBeex (X;,Y,) e X, xY,,

TO CYIIECTBYET OMJIMHEHHBIH omeparop X' (X,Y) OIpemeeHHBIH

Ha XxY w# Takoir, uro X'(X.,Y,)=2"(X,Y,) A

(X, Y) e X xY, u X'(Xy)<f(X,y) mpu (X,y)e XxY.
HMokazarenbcrBo. M3 gjemmsr 5.1  cunenyer, drtO

fx®y)=f(x,y) mpu X®yeX®Y. Iloaromy

f(x ® y)=f(aX,py) mupu X,y) e X;xY;,, X=0oX,ae€R u
y=BY,BeR.Ecm X; =aX, o, eRuy, =By, B, eR, 10

LG ®Y)=2(aX®BY) = (XOY)Tap.
Ortcrona cneayer, 4to
X, ®Y, =Lin{(x,®y,) e X®Y :(X;,y,) € X, x Y, }=
~{X®Y)Zap, 1o Py € R}={a(x®Y) e e R},

rme (X®y)eX®Y. Umeem, uro ecmn v e X, ®Y,, TO cyre-
cTByeT uncio o € R Ttakoe, uto v =o(X®Yy). Taxkxe nmeem,
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yro cymectByloT o, € R, [, € R Takume, uto X, =X U
Y, =BY U v=0o(X®Y) = (X, ®Y,). [loaromy nomy4dum, 4To
fx®y)=fla(x®y)=
f(axX,y)=2z'(x,y)=2"(aX,y) =X (X ®Y,)
mpu X, ®y, e X, ®Y,, rne X (X,®y,) =0az"(X,y). Toraa mno
TeopeMe XaHa-banaxa-KanropoBuua [7, C.18] cymectByeT Ju-
HeWHbII oneparop U(v) ompeneneHHbld Ha X ®Y U TakoH, 4TO

u(v) =Xx"(v) 1pm veX, ®Y, mu u(v) <f(v) npu
veX®Y. Ilostomy X' (X, ®y,) =2"(X,Y,) pH
(X, Y1) € X;x Y 1 X' (X,y) =u(x®y) <f(x®y) =f(Xx,y)
npu (X,Yy) € XxY .Teopema nokazana.
[Tonoxum
P ={x"eBXxY,B) :Px y)= X (x y), (XYy)eXxY}
Jlemma 5.2. Eciu X u Y BEKTOpHbIE MNPOCTPAHCTBA,
P(X,y) OoucyOyimHelnblii omeparop m3 XxY B E wm

P(—x,—y) = P(X,y), To P(X,y) = sup{X"(x,y) : X" € &5P}.
JokazareaberBo. Ilycts Touka (X,y) € XxY ¢ukcupoBaHa.
Ionoxus  z (AX,uy) = MuP(X,y) nerko mposepsercs, uto z*
OMIIMHENHBIN omneparop Ha MOAIIPOCTPAHCTBE
Z={(A\X,y) : A,peR}. Tak xax —P(X,y)<P(-X,y), 10
Z"(X,,Y,) < P(x.,y,) s Beex (X,,Y,;) € Z. Io teopeme 5.1 cy-
IECTBYET TAKOM OMIMHENHBIH omepaTop X (X,Y) omnpeneneH-
Helid Ha Xx Y, ato X' (X;,Y;) =27 (X.,Y,) npu  (X,Y,)€Z u
X (X,y) < P(X,y) pu (X,y) e XxY. Tak Kak
P(X,y)=x (X,¥), TO TIOJTYYHM, 41O
P(X,y) = sup{Xx’(x,y) : X € 8;P}. Jlemma nokasana.

3ameuanue S.1. Ecim f u3 XxY B R pasznensHO He-
npepeiBHas OucyOnuueinas gynkuus u X (X,y) < f(Xx,y) npu
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(X,y) € Xx Y, 1O ucnois3ys treopemy 3.2.1 [9, ¢.181] nomyuum,

uyto ¢yHKuuoHan X (X,Yy) pasgensHO HempepbiBeH. [loatomy

npumensa teopemy 2.17[10, ¢.63] nosnyuum, uro ecnu X u Y

0aHaxoBO MPOCTPAHCTBO, TO GyHKIHOHAT X (X,Y) HElpepbIBeH.
[Tonoxum

0,P={x"eBXxY,R) :PX y)=Xx(XYy), (XYy)eXxY}
CaencrBue 5.1. Eciu X u Y 6aHaxoBO NMpOCTpPaHCTBA,

P(X,y) OucyOnuHeiiHas HempepbiBHAs YeTHas (QYHKIUS U3

XxY B R,T0 P(X,y) =sup{Xx (X,y): X" € d,P}.
CnpaBeiuBOCTh ciefcTBue 5.1 cienyer u3 JieMMbl 5.2 |
3ameuaHus 5.1.
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6.4.Miixtalif metodlar vasitasi ilo alinms silisium
lovhalorinin asindirilmasi va lovhalards ¢ap slifin
alinmasi1 metodikasi.
R.K.Hiiseynov, Z.M.Zeynalov, N.I.Quliyev

Goanca Dovlat Universiteti

[sdo miixtolif metodlar vasitesilo alnmis silisium
l6vhalorinin  geyribircinsliliyinin - xiisusiyyatlorino tosir edon

amillor aragdirtlmigdir. Miioyyanlosdirilmisdir ki,
yarimkegiricinin ~ miixtolif ~ hissolorinin  asinma  siiroti
temperaturdan, asindiricinin torkibindon, qarigdirma

intensivliyindon,  kegciriciliyin ~ tipindon vo  giymstindon
ohomiyyatli doracads asilidir.

Bork cisim elektronikasinin inkisafi, bir torafdon
yarimkecirici materiallarin alinmasinin yeni metodlar1, digor
torofdon, onlarin elektrofiziki parametrlorinin todqiqi ilo kosilmoz
baghdir. Belo ki, yeni yarimkegcirici cihazlarin yaradilmasi
yarimkegirici materiallarin daha inco xassolorinin Oyronilmasini
tolob edir. Qeyd edok ki, yarimkecirici cihazlarin xassolorini
miioyyonlogdiron osas  parametlorino  xilisusi  miigavimati,
yuriikliiyli vo yiikdasiyicilarin konsentrasiyasini, donor, akseptor
vo dorin talolorin konsentrasiyasini, yiikdasiyicilarin yasama
miuddatini vo s. aid edilir.

Yarimkegirici lovhalorin xiisusi miiqgavumetinin sath va
qalinhq iizra paylanmasinin bircinsliliyinin miioyyanlasdirilmasi
arasdiraq.

Bu magsadls nazards tutuln 16vholorin hazirlanmsi prosesi
bir sira ardicil omoliyyatlardan ibarotdir. Kosmo omoliyyatinin
ardinca mexaniki cilalama vo pardaxlama omsliyyatlari, sonra
kosmodo yaranan mexaniki qaliq zodslorini aradan qaldirmaq
mogsadi ilo 16vhalarin kimyovi-mexaniki pardaxlanmasi hoyata
kegirilmsdir. Sonuncu omaliyyat noticesinde miistovilikdon
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konara ¢ixmasit 5 mm-don az olan miistovi paralel 16vholor
alinmisdir.

Molum olan kesmo texnonlogiyalarinin on yaxsisinda
paslanmayan poladdan hazirlanmis vo daxili torofdon almaz
ovuntusu ilo ortlilmiis kasici olan dairolordon istifado edilmsdir.
Bu Usulla diametri 76 mm-o gadar olan kristallar kosilmisdir. Bu
halda diametri 76 mm olan kristallarin kosilmasi zamani itki
toxminon 30% toskil edir, kasma siirati iso toxminon 40 mm/doq
olur. Hesab edilir ki, kosma siiratini ¢ox da bdylik olmayan
texnoloji islomolor hesabina artirmaq olar.

Kosma siirati, konkret kasmo texnologiyasi ilo miioyyon
edilon itkilor vo bu zaman yaranan qaliq mexaniki zodslorin
Olgiilori bir-birilo qarsilighh oalagodardir. Ona goro do prosesin
arzu edilon mohsuldarlig1 vo alinan mohsulun keyfiyysti arasinda
kompromise getmoak lazimdir.

Hotta on yumsaq kosma sortlorindo belo lovholorin sath
layinda mexaniki zadslor yaranir.Gozlonildiyi kimi, 16vholorin
zodolonmo doracasi kosmo texnologiyasindan asilidir [2,5,6].
Coxralski vo zona oritmo tsulu ilo almmig silindr sokilli
kristallardan galinlig1 300-625 mkm olan 16vhalar kasilmisdir.

Ona gora kosmadon sonra 16vhalarin sathindon bir nega
on mikrometrlik laymn (adston, 12-75 mkm) uzaqlasdiriimasi
mogsadi ilo onlar miitloq kimyovi asindirmadan ke¢mislor. Bir
qayda olaraq, asindiricilar azot tursusu vo hidrogen-ftorun
qarisigindan ibarat olur vo dayanmighigin artirilmasi mogsadi ilo
basqa reagentlor, masolon, uksus tursusu, brom, yod va.s slavo
edirlor.

Kimyovi asindirmadan sonra mexaniki qaliq zodolor
uzaqlasdirilir, lakin yeno do alinan soth cihaz hazirlanmas iigiin
yararli hamar vo mikroskopik miistovi olmur. Ona goére kimyavi
asindirma, bir qayda olaraq, kimyovi-mexaniki pardaxlama ilo
birlikdo aparilir. Bunun {i¢iin kimyovi asindirilmis 16vhalor metal
disklor iizorindo yerlogdirilorok onlarin sothi xiisusi PQ-320
qurgusunun komoyi ilo  pardaxlanmiglar. Pardaxlanma, hom
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16vhanin sothindon materialin mexaniki uzaqlasdirilmasi, ham do
kimyovi agilanma hesabina bas verir.

Yarimkecirici  cihazlarin  hazirlanmasinda  kimyovi
asindirmanin miixtalif novlori istifade olunur: kosmodon sonra
mexaniki zadolonmis layin uzaqlasdirilmast mogsoedi ilo
l6vhalorin asindirilmasi, miioyyon forma almaq {i¢iin dielektrik
tobagolorin asindirilmasi, daxili olagolorin tomin olunmasi iigiin
metal tobagolorin asindirilmast vo s. Mantiqi olaraq asindirma
omoaliyyati litoqrafiyanin ardinca golir. Dielektrik tobagalarin
asindirilmasinda bir sira metodlar istifado olunur, mosolon, ion-
plazma, ion-siia, maye, qaz vo ya plazma asindirilmasi; oan ¢ox
maye asindirilmasi istifads olunur va o, silisium asasinda cihazlar
istehsalinda zoruri omoliyyatlardan biridir [1,3,4].

Cop slifi (klini) mexaniki cilalama vo yarimkegirici
asindirma yolu ilo almaq olar. Lakin texnologiya va kegciriciliyin
todqiqi noticalorinin tokrarlanmasi baximindan asindirma {igiin
tez-tez tursu vo qolovi asindiricilardan istifado  edirlor.
Asindiricinin  torkibino  oksidlosdirici  (HNOs, H20 vo s.),
kompleks yaradan kompo-nent daxildir ki, bu da yarimkegiricinin
atomlar1 ilo suda hall ola bilon birlosmalor (HF, NaOH va s.)
yarada bilor. Asindiricinin torkibina kimyavi reaksiyanin stirstino
tosir edon komponentlor (CHs, COOH, Brz, AgNOs, K2Cr,07 vo
s.) daxil edilir. Bunlar miioyyon kristallik istigamotlordo asinma
stirating tosir edirlor.

Qeyd edok ki, yarimkegirici niimunslorin mexaniki
cilalanma yolu ilo hazirlanmasmm son morholosindo yena do
asindirmadan istifado edilir.

Umumiyyotlo, silisiumun asindirma prosesini asagidaki kimi
tosovviir etmak olar:

HNOs-do oksidlosdirma -

3Si+4HNO3z & 3Si0,+4NO+2H0

Si02-nin flor tursusunda hoall olmasi -

Si02+6HF *5 H2[SiFs]+2H20
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HNOs+HF qarisiginda asindirma, mahiyyst etibarilo,
elektrokimyavi  prosesdir. Belo proses zamani Yyaranan
qalvanoelementds yarimkegiricinin sothinin ayri-ayr1 yerlori
tizlorini novba ilo anod va ya katod kimi aparirlar.

Yarimkegiricinin anod rolu oynayan yerindo onun holl
olmasi bas verir, bu hal-da katodda asindiricinin oksidlasdiricisi
barpa olunur.

Silisiumun anod hall olmasinda dord elektron azad olur vo ya

dord desik
Si- 4e° S**  zobt olunur:
Si**+6F [ SiFs]?

Katodda oksidlosdirici komponentin barpasi zamani ii¢ elektron
tutulur vs ya desik azad olur:
4H++NO3+3e-  NO +2H0

Silisiumun hollolma tonliyinin imumilogmis sokli belodir:

3Si + 4HN03+18HF 3H> [SiFe ] + 4NO + 8H20

Asindirmanin  baxilan mexanizmi kristallik gofasin
defektlorinin  (donociklorin,  dislokasiyalarin  sorhadlsrinin)
askarlanmasin1 izah etmoyo imkan verir. Daha boylik sorbost
enerji ehtiyatina malik olan kristal qofos defekti, 6ziinii anod kimi
aparacaq, qofasin pozuldugu yerlor daha bouk siiratlo hall olacaq.
Hollolma (asinma) siiroti de-dikds, vahid zamanda kiitlonin vo
galinligin azalmasi basa diisiiliir.

Istonilon sortlor daxilindo defektli hissonin asinma siiroti
defektsiz hissoninkina nisbaton boytikdiirss, pazsokilli niimuna
hazirlamaq ii¢lin asindirma metodunu istifado etmok mogsado
uygun olmur, ¢iinki asinmadan sonra niimunonin sathi geyri-
bircins olacaqdir (¢okokliklar, zolaglar vs s.).

Yarimkeciricinin miixtalif hissolorinin asinma siiroti bir
cox faktorlardan: temperaturdan, asindiricinin torkibindon,
garigdirma intensivliyindon, kegiriciliyin tipindon vo qiymotindon
ohomiyyatli doracado asilidir. Moasalon, yarimkegiricinin sothinin
defektli va ideal hissolorinin aginma siirating temperaturun tasirini
aragdiraq. Basqa kimyavi proseslordoki kimi, aginmanin stirati do
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temperaturun artmast ilo artir. Bu halda siiratin artimi prosesin
aktivlogsmo enerjisi ilo miioyyon olunmalidir. Boyiik sorbost enerji
ehtimalina malik olan defektli hissolor {i¢iin aktivlosmo enerjisi,
ideal hissolora nisboton kigik giymatlora malik olur. Kimyavi
proseslarin siiratinin tempe-raturdan asililigi Bolsman faktoru ilo
miitonasibdir:

V = Aexp(-U/KT) (1)

burada A- sabit komiyyat, U- prosesin aktivlosma enerjisi,
k- Bolsman sabiti, T- temperaturdur.

Asag1 temperaturlarda kigik aktivlosma enerjili proseslorin
stirati boylik aktiv-losmo enerjili proseslora nisboton shomiyyatli
doaracods boyiik olacaq. Lakin (1) diisturuna uygun olaraq, boyiik
aktivlosmo enerjili proses iiclin kimyovi reaksiyanin siirati
ohomiyyatli doracado artir vo miisyyon temperaturda proseslorin
stiratlori boraborlosir. Beloliklo, elo asinma temperaturu segmok
olar ki, bu halda yarimkegiri-cinin biitiin sothinin aginma siiroti
eyni olsun.

Qeyd edak ki, asinma ekzotermik prosesdir. Ona goro do
zaman keg¢dikca agindiricinin temperaturu doyisocok vo zaif tosirli
asindiricilarda bu, daha cox hiss edilocok. Bundan basqa,
yarimkegiricinin sothi yaxinlhiginda vo konarlarinda asindiricinin
torkibi eyni olmayacagq.

Yarimkeciricinin hocmi ilo miiga-yisodo daha boyuk
hocmli asindiric1 gotiirmak lazimdir vo o, daim qarigdirilmalidir.
Diqgatli  garigdirma  yarimkegiricinin  sothinin  ayri-ayri
hissalorinin haddindon ¢ox qizmasinin qarsisini alir ki, bu da
secilmis hissoni tez asinmadan saxlayir vo uygun olaraq, kolo-
kotiir vo girinti-gixintilarin meydana golmosini mohdudlasdirir.
Asmdiricilardan  istifado  etmoklo  pazsokilli  numunonin
hazirlanmas1 onun sabit siiratlo daxil edilmasini tolob edir.

272



ODOBIYYAT
bpoynait 1. Mepeit [Ix. ®usznueckne OCHOBBI MHKPOTEXHOJIO-
ruu. [lepeBon nox pen. A.B. llansHoBa. M.: Mup. 1985, 484 c.
Bbypmuctpo A.H., I'puroposuu C.JI., Mapun K.I'. WccregoBa-
HUE BIIMSHUS PA3JHYHBIX CTAIUN WM3TOTOBJICHUS KPEMHHEBBIX
IUTACTHH Ha IJIOTHOCTH Je(PEKTOB YIMAKOBKH B KPEMHHUEBBIX JI1H-
TaKCHAJBHBIX CTPYKTYPaxX CO CKPBITHIMU TU(D()Y3HOHHBIMU CIIO-
sMH//DIIEKTpOHHAs TeXHUKa, cep. Marep.,1980, B.9 ¢.53-58.
Bacunses B.1O. CBolicTBa 0caxJIeHHBIX U3 Ta30Boi (ha3bl CIIOEB
60podochopoCIIUKATHOTO CTEKIIa, HCIONb3yeMbIX B TEXHOJO-
UM KPEMHHEBBIX MHTETPATBHBIX MUKpOcXxeM//Du3nka U XUMUS
crekna. 2000, T.26,Nel, ¢. 116-120.
INomxaeB 2.M., X.C.Xammiosa., ['yceiinoB P.K., I'acannu 11I.M.
OcoOeHHOCTH pachpe/iesieHus YASTbHOTO CONPOTUBICHUS MOY-
IPOBOJHUKOB TOJIIMHE KPEeMHHUEBBIX IUIacTUH. // “Azorbaycan
hava yollari” Milli Aviasiya Akade-miyasi ELMI
MOCMUOLOR, 2007, Cild 9, N 4, soh.32-37.
I'ymunos J.U., Xapnamor B.}O. Ontumuzanus pe3ku KpeMHUs

Ha 1iockoctu (111) //DnmexkTpoHHAs TPOMBIIUIEHHOCTH, 1983,
Nel0, ¢.38-41.

273



6.5. icmoli su vo onun ekologiyasi
S.Zarbaliyeva, V.Bagirov
Fovqelado Hallar Nazirliyinin Akademiyast

Respublikanin igmali su monbolori dedikdo osason
caylarimiz, bozi gollorimiz, miixtolif noév quyularimiz,
kohrizlorimiz vo s. basa diisiiliir. Oksor su monbolorimiz {igiin bu
gun xarakterik olan miilayim ¢irklonma, qati ¢irklonma, sorluluq
ayid edilir.

Dag vo dagotoyi zonalarimizda caylarimiz, bulaglarimiz
aran bolgolorindon xeyli tomizdir. Bu bolgolorin  donizdon
hiindiirliiyli do basqa daglarimiza nisbaton daha ¢oxdur, yasayis
da yoxdur, yaxud nisboton seyroklikdir. Torpaq Ortiiyii, mesosi
var, kimyavi maddslar islonan tasarriifatlar1 yoxdur. Bu sobabdon
do soOylonilon bolgolords iist sular1 igmoli sular ekoloji cohatdon
tomizdir vo onlarda insan orqanizmino lazim olan minerallarin
miqdar1 kifaystlondiricidir.

Quba-Xag¢maz ¢aylar1 miilayim ¢irklonmoa qrupundadir,
amma yeralti igcmali sulart tomizdir. Bu bdlgonin ¢aylarinin
cirkliliyi bolgadoki konserv zavodu, kommunal tesarriifat kombi-
natlannin tullantilari, gsohor vo qosabolorin ¢irkab sularimin
tomizlonmodon axidilmasi hesabinadir. Bdlgonin  sularinin
torkibinda fenol, mis birlosmalorinin miqdar1 normadan xeyli
artiqdir. Soki-Zaqatala c¢aylar1 nisboton tomiz, bozi yerlordo
miilayim ¢irkli olub, fenol vo mis birlosmolorinin qatilig1
normadan 5-6 dofo artiqdir. Bu bolgado daglardan asagi endikco
cirklonmonin do miqdari todricon artiq vo normanin-5-8 dofa Gtiir.
Lankaran-Astara bolgasi sular1 osason tomizdir, yalniz
Istisugaym asag1 axarlarinda cirklonma normani bazon 4-6 dofa
Oto bilir. Boyliklilyline gore Azorbaycanin 2-ci ¢ayr olan Araz
osason mis birlogsmoalori, fenollar, neft mohsullar, cirkabla
axidilan ciirbaclir zohorli maddolorlo vo s. ¢ox zongin olub,
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zohorli komponentlori normadan 7-12 dofs ¢oxdur. Araz ¢ay1 ¢cox
boyiik yasayis montogolorindon kecir vo homin ohali, onlarin
tosarriifatlar1 bu sudan istifado etmok macburiyyatindadirler.
Arazin ¢ox ¢irkli olmasinin sobobi milli diismonimiz olan
ermonilorin Oxgucay boyunca olan Qafan mis kombinati, sohor
vo qosobolorin ¢irkab sularinin tomizlonmodon qosdon caya
axidilmasidir. Hotta, indi ehtimal var ki, ermanilor atom elektrik
stansiyasinin tullantilarmi vo gosdon kimyovi torkibi miiommali
olan maddslori do Araz ¢aymna axidirlar. Ona goro do Araz
caymnin suyundan istifado zamani "ermoni amili" hec¢ vaxt
unudulmamalidir. Kiir ¢ayr hom boyiiklilytino, hom kecdiyi
oraziloro, ondan istifadoys, respublika ohalisinin hom
tosarriifatinda, hom do igmali su monbayi kimi istifado etmasindo,
elektrik enerjisi istehsalinda Azorbaycan iigiin ovozsizdir. Oz
baslangicin1 qardas Tiirkiyadon, Simali Qafqazdan gotiiron Kiir
Xazora, xilisuson Bakiya golib catana qodor o derocods zohorli
kimyovi maddolorlo ¢irklonir ki, oslindo he¢ bir istifadoyo
yaramayan voziyyats diisiir. Boyiikk Qafqaz caylart yaz-payiz
movslimlorinds ¢oxlu sellor amoalo gotirdiyindon Kiir cayimna
hoddindon artiq hom zohorli maddslor, hom do mexaniki qarisiq
gotirir. Tibilisi, Rustavi gohorlorindon kegib Azorbaycana ¢atana
godor Kiir suyunun torkibindoki zohorli kimyovi birlogsmalorin
miqdar1 norman1 9-14 dofa otiir.

Saf su-bu giin diinyanin on boyiik problemlorindon biridir.
Insan saglamligr ilo bagl olan saf su problemi Respublikamiz
liclin do ¢ox Onomlidir. Biitiin su Yer kiirasino borabor tobago
soklindo yayilsa diinya okeanmin timumi dorinliyi 4 km olar.
Biitovliikdo meteoroloji xidmat su ilo six olagadardir. Yagis, qar,
dolu yagmasi, havanin aydin vo ya buludlu isti va ya soyuq, sakit
va ya kiilokli olmasi tobiotdo olan sudan amolo golir. Az vo ¢ox
temperatur anlayisi {liclin suyun donma ndqtesi (0°C) osas
vasitadir. Su buxara cevrilondo onun hocmi 1700 dofs artir vo
buna goro do buxar qazanlarinda onun giiclindon istifado edilir.
Su bir atmosfer -760 mm civa siitunu tozyiq altinda olanda
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100°C-ds, 10 mm tozyiq altinda iso 11,2°C -do qaynayir. Suyun
gaynama temperaturu olan 100°C canli orqanizmlorin yasaya
bildiyi son hoddir. Bu sobabdon do suda olan xostolik toradici
bakteriyalarin ¢oxunu gaynatmaqla mohv edirlor. Susuz yasil
yarpaqda sokor, nisasta, yag, tursu vo basqa maddolor omolo golo
bilmaz.

Yer tizorinde 23 milyon kvadrat kilometr buz sshralan
vardir. Tokco caylardaki vo torpagdaki su 250 min kub kilometr
hacmindadir. Hor il atmosfers 380 min kub kilometr su
buxarlanir. Ke¢mis SSRi-do hesaba alinan suyun {imumi
enerjisinin giicli giinds 200 miliyon kilovatdan ¢ox idi. 400°C-da
hidrogenls oksigen 80 giindon sonra, 500°-ds iso 2 saatdan sonra
birlasib su verir. Proses 600°C-do gedorso bdyiik partlayis olar.
3000°C-ds su hidrogen va oksigena pargalasir. 4000°C-ds iso bu
proses boylik partlayisa gedir.

Doniz suyunda 50-yo yaxin miixtslif duz var, o climlodon
qizil, giimiis, radium, sezium kimi metallarin duzlar1 da ¢oxdur.
Tokca Volga cay1 hor il Xozor donizins toxminon 70 milyon ton
duz gotirir. Adi suda har 6500 molekula 1 molekul "agir su"
diisiir. Buna goro do boyiik sohorlorin ohalisi, 6zlarido bilmodan,
on tonlarla "agir su" sorf edirlor. "Agir su" canli orqanizimlor
liclin ¢ox zororlidir. Siini yagis yagdirmaq iiclin havanmn st
gatina toyyars ilo xirdalanmis "quru buz"- bark halda karbon gazi
sopilir vo eyni vaxtda havanmi xirdalanmis giimis 0-O yodid
donaciklari ils "giillaloyirlar".

Kimyagc1 alimlor suyu miirokkob maddolorin 4 sinifs aid
edirlor. Yoni su oksiddir - hidrogenin oksigenin birlosmasidir, su
tursudur -hidrogen birinci yerdoe durur vo metalla ovoz edilir, su
osasdir - hidrogen metal kimi hidroksil qrup ilo birlogmisdir, su
duzdur - hidrogenin bir atomu metal kimi 1-ci yerds, 2-ci atom
isa geyri-metal kimi 2-ci yerdo durur. Bir sozlo "mdciizali" maye
olan su haqqinda insanlar holo ¢ox masololori dyronmalidirlor.
Halo gadimdon insanlara su sirli bir alom kimi goriinmiisdiir. Su
insanlara ¢ox yaxindir. Lakin, insanlar halodo suyu tamami ilo
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1.

2.

Oyronib  qurtarmamiglar.  Suyun  torkibi,  fiziki-kimyovi
xUisusiyyatlori ilo bir ¢ox alimlor moasgul olmuslar. Malum oldugu
kimi su istiliyi 0ziinde saxlayan on yaxsi mayedir. Elo onu
goradir ki, istilik tutumlu madds kimi sudan texnikanin biitiin
saholorindo ¢ox genis miqyasda istifado edirlor. Insanlar da
bodonlorindo istiliyi osason suyun hesabina saxlayirlar. Molum
oldugu kimi suyu gaynatdiqda gabin divarlarinda orp amolo golir
ki, texnikada bununla miibarizo aparmaq lazim golir. Digor
torofdon bunun {igiin xeyli vosait xorclonir. Son vaxtlar alimlor
miioyyon etmislor ki, suya maqnitlo tosir etdikdo qabda orp omolo
golmir. Bu sahado Azarbaycan alimlorinin do bdyiik amayi vardir.
Oziino diinya sdhroti qazanmis Azorbaycanli alim, akademik
Azad Xolil oglu Mirzacenizadonin rahbarliyi ilo maqnit tosirinin
Sibir neft modonlorinds totbiqi ¢ox yaxsi noticolor vermisdir.
Alimin bu isi boylik dovlot vosaitine gonast etmis vo edocokdir.
Daha sonra, alimlor insan dislorini magnitlonmis su ilo
tomizlomoyi maeslohot goriirlor. Bir ¢ox xastoliklora sabab olan
ganda normadan artiq amolo golon xolestrini do magnitlonmis su
ilo  mialico etmok on  sorfoli miialico  iisuludur.
Soyladiklorimizdon  olave  bir ¢ox  xostoliklorido  (deri
xostoliklorini, inkisafdan galmani vo s.) magnitlonmis su ilo
miialico etmok c¢ox asan vo sorfolidir. Bunun osas sabaobi
magnitlonmis suda agir suyun (deyteriya -D.O) azalmasidir.
Umumiyyotlo iso hazirda suyun 10-dan ¢ox névii melumdur.
Alimlorimizin bu sahadoki miivaffoqiyyatlori sdylodiklorimizdon
daha c¢oxdur. Lakin alimlor belo hesab edirlor ki, su ¢ox
mociizolors gadirdir. Onu 1so uzun illor Oyronmok lazim
galacokdir ki, buda insan alomins bir ¢ox yeniliklor gotiracok vo
hom ds xeyir veracokdir.

N.smayillov, ~A.Mommodova, N.Sadiqov. Ekosistemlorin
ekologiyasi va tabiotdon istifads. 2016
https://library.unec.edu.az/virtual-s-rgi/virtual-s-rgi-
8?utm_source=chatgpt.com
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6.6.Polipropilen ilo CdS/ZnS binar sistemi asasinda
kompozitlarin elektrofiziki xassalorino gamma
stialanmanin tasiri

Y.G.Haciyeva
Elm vo Tohsil Nazirliyi Radiasiya Problemlori Institutu

Elm vo Tohsil Nazirliyi Neft vo Qaz Institutu
e-mail: egana.hajieva@yandex.ru

Polipropilen (PP) on ¢ox istifado edilon polimerlordon bi-
ridir. Hazirda qeyri-iizvi doldurucularin istifadosino ¢ox digqot
yetirilir (Fe203, Fe30s4, TiO2, Al203, Zn0O, SiO», CuO, BeO, ZrOy,
BaTiO3, CdS, ZnS) vo onlarin xassolorinin doyisdirilmosi,
miixtolif elektron cihazlarda vo digor strukturlarda totbiq
dairssinin genislondirilmasi imkani ils olagali olan PP osasinda
mineralla doldurulmus kompozit materiallar. Qeyd etmok
lazzimdir ki, doldurucu hissaciklorin formasi va 0ls¢iisii amola
golon defektlorin  ndviine vo polipropilen asasli kompozitlorin
mohv edilmosing tasir gostorir [1,2].

Odobiyyat materiallarindan goriindiiyti kimi,
doldurucularin  tobioti PP-nin kristallasma vo mexaniki
xassolorino  ohomiyyotli dorocodo tosir edir. Kristallasma
soraitindon asili olarag PP vo YSPE niimunslorinin tgd vo ¢
giymotlorinin doyigmosi gostorir ki, kristalligin artmasi ilo
dielektrik davamlilig1 (¢') artir vo dielektrik itkisi (tgd) xota
daxilindadir. Molumdur ki, polipropilen (PP) yiiksok sixligh
polietilenlo (YSPE) miiqayisodo yiiksok slialanma dozasina
davamliligi azdir. Belo ki, PP-do y-stialanmanin D>80 kQr
udulma dozasinda destruksiya (dagilma) bas verir.

Sokil 1-do siialanmamus (ilkin), y-stialarla modifikasiya
olunmus (D=30, 50, 80 kQr) PP vo PP+CdS/ZnS niimunalarinin
tgd =f(T) asililigr verilmisdir. Daha otrafli bax [3].
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PP+CdS/ZnS kompozitn dielektrik itkisinin y-glialanma
dozasindan asilihigi, 1-PP; 2- CdS/ZnS - 10%; 3-
CdS/ZnS - 30%; 4- CdS/ZnS - 50%.
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6.7.Naxcivanin ekoloji vaziyyati vo halli yollari

S.Zarbaliyeva
Fovqelado Hallar Nazirliyinin Akademiyast

Naxgivan Azorbaycanin ayrilmaz hissosi olmaqla yanasi,
cografi izolo olunmus voziyyotds yerlosir. Ermoenistanla quru
sorhadlorinin bagli olmasi, iqlim soraitinin kontinental qurulugu,
su ehtiyatlarinin mohdudlugu vo artan antropogen tozyiqlor
regionda xiisusi ekoloji problemlor yaratmaqdadir. Bu moqalada
Naxcivanin ekoloji voziyyati tohlil olunur vo bu problemlorin
halli ticlin miimkiin alternativlar toklif edilir.

Nax¢ivanda movcud ekoloji problemlars asagidakilari aid
etmok olar:

Su catismazligi. Nax¢ivanda yaginti azligi vo cay sobokosinin
zoifliyi sabobilo su ehtiyatlari mohduddur. Araz ¢ayi vo onun
qollar1 asas su menbayidir, lakin bu caylar osason transsorhod
xarakter dastyir vo Ermonistan orazisindon golon sular ¢irklonmo
riski dasiyir. Noticodo kond tosorriifatinda suvarma cgatismazligi
va igmali su qithig1 yaranir.

Torpaqlarin deqradasiyast vo eroziya. Quraqgliq, mesalorin mohv
edilmosi vo dagliq relyef torpaq eroziyasmi stirotlondirir. Bitki
Ortliyliniin azalmasi naticosindo torpagin miinbitliyi asag1 diisiir.
Naticods okinoyararl torpaqlarin azalmasi vo sshralasma prosesi
bas verir.

Atmosferin  ¢irklonmasi. Sonaye miiessisalorinin  azliina
baxmayaraq, avtomobil noqliyyati, moisot yanacaqglar1 vo bozi
tikinti obyektlori atmosfers toz vo qaz emissiyalar1 buraxir. Qis
aylarinda xiisusilo bork yanacaq istifadosi hava ¢irkliliyini artirir.
Noticads havanin keyfiyyatindo miivaqqgati pislosmalor méveud
olur.
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Biomiixtolifliyin azalmasi. Dagliq zonalarda vo Arazboyu
orazilordo fauna vo flora ndvlerinin azalmasi miisahido edilir.
Meso saholorinin azalmasi, oveuluq vo iglim doyisikliklori bu
proseso tosir gostorir. Noticodo genetik resurslarin itirilmosi,
ekosistemlorin pozulmast bas verir.
Naxg¢ivanda ekoloji goruma istiqgamatinds atilmis addimlar:
Heydor ©Oliyev adma Tabiot Qorugu (1978-ci ildon
foaliyyot gostorir): Biomiixtolifliyin qorunmasina yonalmisdir.
Arazboyu yasil zonalarin salinmasi: Yasillagsdirma
aksiyalar1 aparilir.
Su anbarlarmin tikilmasi vo suyun somorali istifadosi:
Nehrom, ©lincagay, Uzunoba va s. su anbarlari.

Bu istigamotdo ekoloji problemlorin holli yollar1 daim
arasdirilir vo maqsadyonlii iglor aparilir.

Su ehtiyatlarinin idaro olunmasi mogsadilo damci suvarma
sistemlorinin genis totbiq olunur, yeralt1 su ehtiyatlarinin diizgiin
idara olunur, yagis sularinin toplanmasi va tokrar istifadasi edilir.

Torpaqglarin mithafizasi va rekultivasiya mogsadilo eroziyaya
moruz qalan orazilorde aqrotexniki todbirlor goriilur, mesolorin vo
kolluglarin barpasi aparilir, ekoloji sortlors uygun kond tosarriifati
texnologiyalarinin totbiqi aparilir.

Atmosferin qorunmasi1 moqsadilo avtonaqliyyat vasitolorinin
texniki baxislarinin sortlogdirilmasi, alternativ enerji moanbalarinin
totbiqi (glinos vo kiilok enerjisi), gis movsiimiinds ekoloji tomiz
yanacagq istifadasinin togviqi vo s. tadbirlor gortiliir.

Biomiixtolifliyin qorunmasi istigamatinds qoruqlarin  vo
yasagliglarin sayinin artirilmasi, nadir heyvan vo bitki ndvlorinin
coxaldilmasi {igilin morkozlorin yaradilmasi, ekoturizmin inkisafi
ilo tabiatin qorunmasi arasinda balansin qurulmasi va s. kimi islor
goruldr.

Ekoloji voziyyotin arasdirilmasit vo problemlorin  halli
istigamotindo homg¢inin maariflondirms islori do hoyata kegirilir.

Ekoloji  tofokkiiriin  inkisafi  {iglin  moktoblorde  vo
universitetlordo ekoloji tadrisin giiclondirilmasi, ictimaiyyatin
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N

otraf miithit masololorindo foal istirakinin togviqi vacibdir. Eko-
aksiyalar vo kampaniyalar miitomadi togkil olunmalidir.

Natico. Naxc¢ivan Muxtar Respublikasi ekoloji cohatdon
hossas vo mohdud resurslara malik bir regiondur. Su qitligi,
torpaq eroziyasi, atmosfer ¢irkliliyi vo biomiixtolifliyin azalmasi
bu bolgonin baslica problemloridir. Lakin moqgsodyonlii elmi
yanagma, dovlot siyasoti vo comiyyetin foal istiraki ilo bu
problemlorin qarsisin1 almaq vo ekoloji tarazligir tomin etmok
mumkdndr.

Odobiyyat:

Azorbaycan Respublikasi Ekologiya vo Tabii Sarvetlor
Nazirliyi — eco.gov.az

AMEA Radiasiya Problemlori Institutu — science.gov.az

“Naxcivanin  davamli inkisaf strategiyasi” — rosmi
sonadlor

Oliyev R. (2021). Azorbaycanin Ekoloji Problemlori.
Baki: Elm nogriyyati.

Hiiseynov A. (2023). Nax¢ivanda Su Ehtiyatlarinm idaro
Edilmasi. Ekologiya vo Tabii Ehtiyatlar Jurnali.
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6.8. Insan saglamligi va iqlim doyismolori
R.S.Rzayeva

Fovqgelado Hallar Nazirliyinin Akademiyasinin
Elmi todqiqat sobasinin Elmi is¢isi

Hazirki, dovrde insan saglamligi, onun yasama miiddati,
xostoliklorin ¢oxalmast vo s. masalalor bir cox baximdan global
iglim doyismolori ilo birbasa slagolidir. Artiq, diinya xalglart vo
diinya dovlotlori gec do olsa, anlayirlar ki, tobioto, maisoto,
yasay1s torzino qaygisizliq bosoriyyati antropogen monsali global
iqlim doyismalari kimi, geyri-adi problemls {izbailiz qoymaqdadir.
Problemin sobablori, onun otraf miihit, iqtisadiyyat, insan
saglamligl, qida saglamligi vo hoyatin digor saholori iiglin no
doracods 6nam kasb etdiyi artiq beynoslxalq sonodlords tobil sosi
kimi saslonmokdadir.

Todqiqatlarimiz  gostorir ki,  giiniimiizdoki  iglim
doyismalarinin asas sabablarinin 80-90 faizi otraf miihitin global
texnogen c¢irklonmolori-karbon qazi, metan, su buxan, azot
oksidlori, zavod vo fabriklorin, nogliyyatin vo s. atmosfer
havasina, torpaga, suya atdig1 kimyovi birlogmalorin goxalmasi va
mesalorin mohvi naticasidir.

Nofas aldigimiz havada "istixana qazlarmin" gatilig1 insan
svilizasiyasi tarixindo indiki qodor yiiksok olmamisdir. Tesdiq
edilmisdir ki, hazirda diiyada bir giindo yandirilan neft, qaz, das
komiir vo s. karbohidrogen yanacagimin miqdart bes min il
miiddatindo tobiotdo toplanmis yanacaq qodordir. Yer sothinin,
onun sularinin istiliyinin artmasi, artiq Arktika, Qrenlandiya vo
digor iri dag buzlaqlarinin orimosino sabab olub. Tosdiglonmisdir
ki, son bir asrdo Yer atmosferinin temperaturu 1°C-don ¢ox,
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okean sularinin temperaturu iso 0,8°C godor ¢coxalmisdir. Elo bu
sobobdon do doniz vo okean sularinin saviyyasi qalxir, ¢aylar tez-
tez dasir, subasmalar, firtina, tufan, qasirga, leysan yagislari,
quraqliq, siddatli istilor, meso yanginlari, orazilorin soh- ralagmasi
vo s. tobii folaketlor bas verir. Insan iso tam basga miihitin
mohsuludur.

Hokumeotlorarast  Ekspertlor Qrupunun rayins  goro
yasadigimiz osrin sonuna qador okean sularinin soviyyasi 30-45
santimetr qalxmalidir. Bu iso, ilk novbado boyiik orazilorin, bir
sira adalarin, diinyanin iri sahil soharlorinin su altinda galmasi
kimi noticolora gotirib ¢ixara bilor. Qeyd edok ki, Abseron
yarimadas1 vo Baki sohori okean soviyyasindon 25-26 metr asagi
oldugundan vo bunun Azasrbaycanin biitiin Xozor sahillorino aid
oldugunu yada salsaq, bu ¢ox facioli bir fosadlar yarada bilor.
Xozordo su soviyyosinin ayri-ayrt dovrlordo qalxaraq sahillori
basmasi artiq hor birimiza bollidir.

Quru sahillorin su altinda qalmasi bir ¢ox fosadlar ilo
yanas1 arzaq mohsullar1 qithig: da yarada bilir.

Qlobal iglim dayismolorinin naticalori, xiisuson onlarin
saglamliga tosiri artiq diinyanin hor yerindo ¢ox miixtolif
doaracads va sokilds ¢ilpaqglig ilo goriinmokdadir.

Diinya Sohiyye Toskilatinin Avropa bolgasine daxil olan
53 olkasindos apardigi todqiqatlar gostorir ki, iqlim doyismalorinin
saglamliga tosiri anomal yiiksok vo ya asagi temperaturlu
giinlordo, habelo sellor, tufanlar vo s. zamani ohali arasinda
xostolonmalor ¢oxalir, bir ¢ox xostoliklorin siirati artir Iglim
doyismolori hazirda hor il 200 min vaxtsiz 6liimlors sobab olur.
2003-cu ilin iyun-sentyabr isti yay aylart miiddatinds 12 Avropa
Olkosindo 70 mindon artiq gozlonilmoyon o6liim hadisasi bas
vermigdir. Iqlimin istilosmoasi, eyni zamanda bir sira yoluxucu
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xostolik toradicilorinin artmasi ilo miisahido olunur ki, bu da
coxsayl fosadlara gotirib ¢ixarir, févgolado hal yaradir.

Yer kiirasinds istilosmonin naticalori olan tobii falakatlorin
iqtisadi naticoloring, sahil orazilorini su basmasi ilo olagodar
evlorin ugulub-dagilmasi, igmali su qithigmin yaranmasi, yollarin,
korpiilorin vo digor mithondis qurgu vo infrasturuklarm siradan
¢ixmast vo s. ilo miisayiot olunan ohalinin hoyat soraitinin
pislogsmosi aid edilir. Azorbaycanda da son illor belo tobii
hadisalor ¢oxalmis, ayri-ayn soxsi tosorriifatlara, dovlot miiosisso
vo toskilatlarimi, torpaqlarimiza, yollara, korpiilors, soxsi vo
dovlot tikililorino xeyli zoror doymisdir vo proses get-gedo
coxalir.

Otraf miihitin miihafizesi vo sosial problemlorlo masgul
olan beynolxalq togkilatlarin tohlillorindon ¢ixan osas natico
ondan ibaratdir ki, atraf miihito insan faaliyyatinin tasirine miitloq
hadd olmalidir. Beynolxalq birliklorin elmi tohlilino gors qlobal
istilosmonin 2°C-ya ¢atmast arzu olunmaz sorhod sayilmalidir.
Ogor, bu temperaturda XXI osrin ortalarinda 500 milyon insan
icmali su qith@indan oziyyst c¢okocokss, 3°C-do bu rogom iig
milyarda borabar olacaqdir.

Qlobal istilosmonin "istixana qazlar1" ilo birbaga olaqadar
oldugu toqdirdo homin qazlarin yasadigimiz osrin ortalarina iki
dofoyo qgodor azaldilmast 2007-ci ilin sentyabr ayinda 8
superdovlatlorin - "sokkizlorin sammitindo gorara alinib vo 2009-
cu ilin "sokkizlor" goriisiinds yenidon tasdiglonib. Artiq, problem
inkisaf edorok, ekologiyadan iqtisadiyyata, islodilon enerji
ndvlering, yeyinti mohsullarina, igmoli suya vo on baslicasi iso
insanin "0liim-dirim" masalosing gatirib ¢ixarmisdir.

Hazirda, global istilogsmonin qarsisinin alinmasi vo ohali
saglamliginin miihafizasi {igiin diinya elmi ictimaiyyati torafindon
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osaslandirilaraq bayonilmis ve BMT-nin iqlim dayismalori
problemi iizro sonadolorindo yerino yetirilmosi vacib sayilan
todbirlorin iki istigameati miioyyon olunmusdur.

Birincisi yuxanda geyd edildiyi kimi "istixana gazlari"nin miqdar1
XXI osrin ortalarna iki defadon ¢ox azaldilmasidir. Bu miihiim
todbirlorin  hoyata kegirilmasino Avropa o6lkolorindo olduqca
hassas yanagilir, antropogen tullantt monbalorinin sayinin
mohdudlagdirilmas: vo bu sahads yeni texnologiyalarin totbiq
edilmosini siiratlondirirlor. Burada ¢ox vacib masoalo alternativ
enerji mosalosidi. Bu mosolo holo XX osrin ortalarinda
Azorbaycan SSR Ali Soveti Rayasot Heyyatinin Sadri, gérkomli
dovlot xadimi vo gdrkomli alim-professor Mommad Isgondarov
torofindon qaldirilmigdir. O, Azorbaycanda, onun paytaxtt Baki
soharindos istifadosi miimkiin vo olverisli olan Giinos, kiilok, dag
caylart vo doniz suyu enerjisindon istifadoni toklif etmoklo
Azorbaycan ekologiyasina da bir tohvo olacagini sdylomisdir.
Belo olan toqdirds, miixtolif enerji monbolorine miinasib yeni
texnologiyalarin islonib hazirlanmasi va tatbiqi, yanacaq va enerji
istehlakinin, o climlodon yeni yasayis vo ictimai binalarin
tikilmasi vo rekonstruksiyasi, enerjidon qonastlo istifads, yeni
standartlarin totbiqi, bu standartlara ciddi omal edilmosi, tullanti
manbalorinde "istixana qazlari"nin maksimum utilizasiyasinin
texnoloji halli, iri soharlords karbohidrogen yanacaqglar ilo
isloyon naqliyyat horokstlorinin mohdudlasdirilmas: va s. talab
olunur.

Digor vacib masalo iso insanlarin doyison iglim soraiting
uygunlagsmasina nail olunmasidir. Yoni, ohalinin yiiksok
temperatur goraitino adaptasiya qabiliyyetini artirmaq ve "istixana
qazlari"min atmosfera atilmasina qarst todbirlorin  hayata
kecirilmosi ii¢iin vacib strategiyanin ortaya qoyulmasidir.
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Bu strategiyaya uygun olaraq hor bir dovlet, 0ziiniin
miivafiq bolgolorindo ¢aylarin dagsmasima vo igmoli su qitligina
gars1 gabaqlayict todbirlor géormoli idilor. Buraya g¢aykonari vo
dag yamaclar yerlordo mesolorin salinmasi, dasqin gozlonilon
yerlordo caylarin sahili boyu miidafio hidrotexniki qurgularin
tikintisi, quraqhiga dozimli agaclarin, kollarin, bitkilorin
okilmosi, olavo miihafizo meso zolaginin salinmasi, sohorlordo
yasilliglarin  artirilmasi, boyiik qol-budaqli kolge yaradan
agaclara ustiinliik verilmasi, xosto insanlarin, usaqglarin vo yagh
soxslorin saglamliq voziyystinin daim nazarstdo saxlanmasi vo s.
tadbirlor ¢ox vacib hesab edilmalidir.

Ekologlar vo hokimlor ¢ox isti vaxtlarda ohalinin
saglamliginin qorunmasi iclin toklif edirlor ki, evlorin vo
otaglarin xilisuson conuba vo conub-qorbo baxan poncora
pardalorinin bagl saxlanmasi, kondisionerlor oldugda onlarin is
rejimloring riayot edilmasi, giliniin giinorta ¢aglarinda agiq havada
olmadan imtina, belo havalarda gorgin fiziki vo oqli islorden,
gorgin idmandan imtina etmok, badonin sorin vo yas saxlanilmasi,
soyuq suda isladilmis dosmalla bodonin tez-tez silinmoasi, ¢oxlu
maye qobul edilmasi, spirtli igkilordon imtina, geyimin diizgiin
secilmosi -yoni genis, yiingilil, ac¢iq rongli vo tobii mal-
materiallardan hazirlanan paltarlardan istifado daha moqgsado
uygundur. Urok-damar, tonoffiis sistemindo patalogiyasi olan
xroniki xostolorin habelo basgicollonmo, zoiflik, qicolma vo
agrilar hiss edon soxslorin dorhal tocili tibbi yardima calb
edilmasi vacib va zoruridir.

Qeyd edilmalidir ki, Azorbaycanda davamli ekoloji
siyasotin formalagdirilmasi, Olkemizds yasilligin qorunmasi,
artirtlmasi, bolgolorimizds ohalinin tomiz su ilo tomin olunmasi,
Baki gohorine yeni su komorinin Oguz-Qabalo komarinin
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¢okilmasi, sohiyys sistemindo diinya standartlarina cavab vers
bilon yeni-yeni tibbi miiossisolorin yaradilmasi, Fovgolado Hallar
Nazirliyinin genis vo miiasir tipli struktur sobokolorinin
yaradilmasi bu sahodo bir c¢ox Olkolors, xiisusondo MDYV
Olkolorino bir Ornokdir. Lakin, biitin bunlarla boraber
Azorbaycanda ekoloji miihitin saglamlasdirilmasina, ohalimizin
maariflondirilmasine, icra strukturlarinin dovlot vo hokumat
gostorigloring diizglin omol edilmasing, iri soharlordo xiisusondo
Baki, Sumgayit, Gonco kimi soharlorde tullantilarin tolabata
uygun idars edilmasing, masuliyyatlo yanasilmasina ¢ox boyiik
ehtiyac vardir.

Insan saglamlig1 giiniimiizda qlobal istilosmadan, ekoloji
gorginliyin yaranmasindan c¢ox oziyyat c¢okdiyindon boyiik,
diinyovi problems c¢evrildiyindon, bu masolo ilo bagli kimoso
"giizosto" getmok ilk ndvbado 6ziimiizo, 6z xalqimiza ¢ox boylik
zorarlor gatiror.

Istifado olunmus adobiyyat

1. COP 29
2.https://azerbaijan-news.az/az/posts/detail/iglim-deyisikliyi-
saglamligimizi-da-tehdid-edir-1730755082/342907

3. Natiq H.Pasa, Iqlim doyismolari va Qlobal Istilosmo (miihaziro
konspektloari)
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6.9. Azarbaycan ekologiyasi XX asrin sonunda
V.V.Dadasova

BDU-nun Umumi fizika vo fizikanin todrisi
Metodikas1 kafedrasinin dosenti

Azorbaycanin gozol tobioti, iglimi, torpagi, bitki Ortiiyii,
heyvanlar alomi miixtolif vo rongarongdir. Hoson Oliyevin
yazdigina goro, Azorbaycanin yer tizorindoki 11 iglim ndviiniin 9-
u Azorbaycanda movcuddur. Azorbaycanda baximsizligdan
mesolorin miqdar1 azalaraq, hazir ki, 6lko sahasinin timumi
miqdarinin toxminan 10 faizini togkil edir.

Qafgazda olan 6 min floranin 4100-i Olkomizdo bitir.
Mesolorimizin iso 90 faizdon ¢oxu tobii olaraq dag yamaclarinda
bitir. Diizenlik torpaqglarimizda meso sahoalori yox doracesindadir.
Kiir boyu moveud olmus Tugay mesalorinin iso yalniz adi qal-
misdir.

Hotta, ke¢mis SSRI-do hor noforo orta hesabla 4 hektar
meso diisdiiyli halda, respublikamizda bu ragom 0,13 hektar ol-
musdur, hans1 ki, SSRi-nin 6zii bir cox dévlatlorlo miiqayisado
mesaya ciddi ehtiyaci olan 6lka sayilird: va indida sayilir.

Xatirladaq ki, ancaq 1956-c1 ildo Azorbaycan Elmlor Akad-
emiyasi r19zdindo tobioti miihafizo komissiyasi toskil edilmis vo
onun togobbiisii ilo 1957-ci ildo Baki soharindo tobioti miihafizo
lizro 1-ci Zagafqaziya miisavirosi ¢agrilmis, 1959-cu ildo iso
Azorbaycan SSR Ali Sovetinin 2-ci sessiyasi tobioti miihafizo
haqqinda qanun gobul eds bilmisdi. Az sonra, yani 1960-c1 ilds
respublika Nazirlor Soveti yaninda Tebioti Miihafizo idarasi,
1963-cii ildo iso yeralt1 vo yeriisti su monbolorini miihafizo
komitasi vo tabiati mithafizo comiyyati yaradilmigdir. Tarixi ma-
teriallara gora 1982-ci ilds homin comiyyatin sirasina bir milyon
800 min noforo godor hoqiqi lizv, 5 mino godor do miixtolif
miiossiso, idara, toskilat daxil olmusdur.
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Deyilonlor balkads calbedicidir. Lakin, biitiin bunlara bax-
mayaraq respublikamizda tobiotin miihafizosi ¢ox acinacaqh
voziyyatdo qalmisdi.

Demoliyik ki, halo 1929-cu ildo Qizilagac, Zaqatala, 1958-
ci ilds Tiiryancay, Goygdl, Pirqulu, Ismayilli, Qarayazi, Ag gol,
Bosit cay, Hirkan, Qara gol vo s. qoruglar, Soki, Quba,Lagin,
Qusar, GoOycay, Bordo, Xizi, Qazax vo s. yasaqliglarda toskil
edilso do, 6lkomizin ekoloji durumu {i¢iin bunlar yetorli deyildir-
Tabiot parklarini ¢ox zaman milli parkda adlandirirlar, buda ¢ox
onomlidir. Bu parklar tobiotin sofali, fiistinkar bolgalorindo yer-
loson tobiot mesalordon, zirvesi qarli daglardan, gur solalsli
cosgun caylardan, giillii-cigokli ¢omanliklordon, mirvari qumlu
doniz ¢imorliklorindon, godzol ada vo gollordon ibarat olmagla,
tabiotin bizo baxsisidir. Amma bu boxsise biz lazim olan giymati
vermir, qaygisini ¢okmirik vo 6ziimiizdo bilmodon todricon onlari
mohv etmoklo 0zlimiiziido mohva siirlikloyirik. Biz 6z olimizds
daha cox vo daha miikommal texniki vasitolor aldo etmokla,
tobiotdon daha ¢ox manfoat gdtiiriir, ovozinds iso ona he¢ no ver-
mir, xarabazarliga ¢evirmaklo geri ¢okilirik.

Hoson Oliyevin "Hoyacan tobili" kitabindan bir tovsiyoni
biitiin Azorbaycan insanlarina ¢atdirmagq istordim (Homin kitab1
miallif 6zii soxson mona vermisdir).

"Bir seyi yadda saxlamaq lazimdir-yer iizorindoki bioloji
miihit mohv olan deyil. Onun nizaminin pozulmasi yeni bir miihit
yaradib, bu miihiti yasada bilor. Yerin geoloji tarixinds bels hal-
lar olmusdur. Lakin miihitin doyisdirilmosi bogorin varligini
tohliiko qarsisinda qoyur. Insan 6z-6ziiniin kesikgisi olmalidir.
Heg bir bagsqa canli onun harayma ¢atmayacaq. Boalko- do toya,
yasa vo digor morasimd yubanmaq olar. Tobioto miinasibatdo
yubanmaq ¢ox yasamaga yubanmaqdir". Yoqin ki, olave sorho
ehtiyac yoxdur. XX osrin 2-ci yarisinda SSRI mokaninda,
xtisusondo Azorbaycanda sonayenin inkisafi, zororli istehsalin
coxalmasi, tohliikesiz texnologiyalarin inkisaf etdirilmasing eti-
nasizliq, tobioti miihafizo todbirlorinin vaxtli- vaxtinda hoyata
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kegirilmomasi, har birimizin otraf miihito bigansliyimiz, ekoloji
savadsizligimiz, ekoloji problemlorin insanlar arasinda toblig
edilmosi vo s. Azorbaycanin ekoloji durumunu daha da
agirlasdirmisdir. Plan doldurma ilo qovha-qovla mosgul olan bir
cox idaro vo toskilat rohborlori tobisti mithafizo islori ilo moggul
olmur, bu iso ayrilan maliyoni aidiyyati iizro

xarclomir, magin-mexanizmlarin, qurgularin ekoloji ekspertizasin
kecirmir, Oziinlin tosorriifat foaliyyoti ilo otraf mihito agir
zorbolor vurdugunu tosavviiriine belo gotirmirdilor. "izvestiya"
gozeti 20 avqust 1988-ci ildo yazirdi ki, neft platformalarini yal-
niz materiklo birlogdiron borulardan ildo donizo 30 min ton neft
vo neft mohsullar1 axir. Biitiin bunlardan sonra donizds canlilarin
kiitlovi moahvina toacciib etmok olarmi? Bogoriyyatin 6z amallori
ilo tobiati mohv etmasi 6ziinii do mohv etmasi demok deyilmi?"

Yadda saxlamaq lazimdir ki, texnikanin, kimyanin, zorarli
texnologiyalarin, insanlarin tobioto diisiiniilmomis miidaxilosi vo
s. amillor tokco caylar, mesolor, torpaqlar, sular, gidalar vo s.
tictin ekoloji folakatlor tohliikosi torotmir. Otraf miihitin ¢irk-
lonmosi canlt organizmlorin, o climlodon insanin genetik xiisusiy-
yotlorino do pis tosir edir, irsiyyoti mohv edir vo diizaldilmasi
miimkiin olmayan fasadlar toradir.

BMT-nin molumatlarina goéro diinyada okingilik ii¢lin
yararli torpaqlarin 10 faizindo yasayis montoqgolori, miixtalif ti-
kintilor, yollar, kanallar, su anbarlari, idman meydancalari, horbi
bazalar vo s. tutmusdur. Diinya ohalisinin siiratlo artamsi, vo-
ziyyati daha da gorginlogdirir. Diinyada hor bir adambagina diison
torpaq sahosi azalaraq 30 hektardan 3 hektara diismoklo 10 dofo
azalmigdir. Bu torpaglardan yer kiiresindo adambagsma diison
torpaq sahosinin comi 0,33 hektar1 okin {i¢iin yararhdir.
Tadqgiqatlara gore diinyada mdvecud iimumi torpaqglarin 25 faizini
daglar, 30 faizini daimi donmus sahalor, yaxud ke¢ilmoz congol-
liklor toskil edir.

Digor torafdon xeyli torpaqglar geoloji, kiilok, sorlagma, su
eroziyasina moruz qalmisdir. BMT-nin torpaq miihafizosi ilo
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masgul olan xiisusi $obasinin verdiyi molumata gore, hazirda dii-
nyada 20 milyon kvadrat klometr torpaq sahosi asinmaya moruz
qalmigdr.

Artiq glin kimi aydindir ki, giibrolordon, dormanlardan
diizgiin istifado edilmomasi torpaga, bitki Ortiiyiine, heyvandar-
liga, otraf miihito boyiik zororlor gotirir. Hotta zomilordo istifado
edilon agir texnikalar torpaqlarin {ist qatini, mohsuldar qatini,
torpagl omolo gotiron mikroelementlorin foaliyyotini azaldir. Su
dévrani prosesi va s. pozulur digor torafdon torpaglarin miinbitli-
yinin barpasi ¢ox vaxt tolobdir. Birco fakti demok kifayyotdir ki,
torpagin list qatinda bir santimetr qalinliginda humusun (qida
maddasi) amoala golmasi tigiin tabii soraitden asili olaraq 130-dan
400 ilo godor vaxt lazim golir. Odur ki, torpaga, tobioto, bitki
oOrtiiyiino cox hossas yanasilmasi tolob olunur. Azarbaycanda ¢ox
toossiif ki, uzun miiddotdir ki, haqiqi tosarriifatsizliq hokm siiriir
va bu sobabdan ds otlaq, biconak va s. qiymatli torpaglar shomiy-
yotsiz voziyyoto diismiigdiir. Tarixon Azorbaycan xalqinin el
arasinda belo bir deyimi olmusdur - "mesoni qorumaq insant,
onun sabahii qorumaq demokdir". Indi he¢ kima sir deyildir ki,
ekoloji problemlorin haddindon artiq kaskin dovriinds meso tomiz
hava, miinbit torpaq, bol su, siirlismolora qars1t miidafio, sellorin
azalmasi, oksigen monbayi, ekoloji tobii mohsullarin bollugu va
s. demakdir. Sovetlor birliyi dovriinds indiki vaxtla miiqayisade
mesoyo daha ciddi miinasibat olmusdur. Meso Tosorriifati Naz-
irliyi movecud olmus -
bolgolords az da olsa mesa salinmis, mévcud mesolorin mohving
icazo verilmomisdir. Miistoqil Azorbaycanin ilk keg¢id dovriinds
bir ¢ox saholordo bosluq oldugu meso mosalosine do siryarot
etmis, mesalar ¢ox plansiz olaraq mahv edilmis, golir monbayina
cevrilmig, bozi adamlarmm agaligt meydani olmus, qozdan,
fisdigdan, sabaliddan, paliddan, goyriisdon hazirlanan qapi-
pancara, pol-parket imkanli adamlarin, vozifali soxslorin yaris
meydanina ¢evrilmisdir.
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20 il bundan 6nco Azorbaycan orazisinin comi 10 faizini
megolor toskil edirdi. Tobii ki, bu rogom hazirda xeyli asagi
diismiisdiir. Yadimiza salsaq ki, 6lkomizin xeyli hissosi milli
diismonimiz ermonilorin (haylarin) olindadir, demali bu vaziyyat
daha da acmacaqlhidir. Xatirladaq ki, XX osrin sonlar1 {i¢iin
Azorbaycan megolorindo 480 novdon ¢ox agac vo kol yetisirdi.
Eldar samina vo Xozor loloyino iso ancaq Azorbaycanda rast
golinirdi, mesolordon ildo onlarca ton dorman bitkilori yi1gilib
aidiyyatt qurumlara tohvil verilirdi. Bu masslo do indi unu-
dulmus, ayri-ayri soxslorin golir monboins ¢evrilmisdir.

Sultanbud vo Kiir sahili Tugay megsolorindon iso
glinlimiizdo danismaga doymoz. Durgunluq dovriinds, sonraki
illordo vo hazirda da bu mesolorin taleyi he¢ kim tiiglin maraql
deyil. Cins saqqiz agacindan ibarst olan sultanbud mesolorinin
timumi sahalori homin illords 1300 hektar sahoni ohato edirdi.
Burada hom do goyriis, qovaq vo s. agaclar da mdvcud olmus,
endemik agac cinsi olan saqqiz iso sultanbudda iistiinliik toskil
etmosi ilo yanasi, hom do tarixon on qocaman agac ndviino aid
edilir. 20 il bundan 6nco (1988-ci il) Tugay meso sahosindon
Sabirabadda 2512 hektar, Yevlaxda 1600 hektar, Bardoda 1500
hektar, Zordabda 910 hektar, Saatlida 720 hektar okin sahasino
cevrilib. Bu sababdon do Tugay mesalorinin hotta borpasina
torpaq catigmir. 1956-c1 ilin hesabat sonadlorino gors Agdam,
Agcavadi, Agdas, Bordo, Yevlax, Zordab, Mirbosir bolgslorindo
20 min hektar meso sahasi movcud olmusdur. 30 ildon sonra iso
bu meso sahslorindon 2,0 min hektar1 salamat qalmisdir. 1900-cu
ildo Azarbaycanin ancaq li¢ gozasindan 22.750 ton qoz va findiq
olds edildiyi halda, 80 ildon sonra bu ragom 500- 600 ton oz,
findigin iso 5 min ton istehsali olmusdur. Bu natico iso 0zlimiiz
0ziimiiziin diismoniyik demays bizo osas yaradir. Ekoloji global
problemlorin haddindon ziyado kaskinlogmasi har seydon onco
insanlarin otraf aloma, 6ziino nozaratsiz,
diizgiin olmayan miinasiboti ilo birbasa olagolidir. Zamanimiz
qlobal problemlarls tozahiir edon ziddiyysti dorin siyasi, iqtisadi,
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sosial va s. bohran haddina ¢atdiraraq onlar1 tohliikali istigamato
yonoldir. Istonilon halda ekoloji problemlor votonimizin hoyatina,
onun saglam yasam torzino 6z monfi tosirini gostorir. Hotta,
tobiotdon somorali istifado etdikde bels, ohalinin va istehsalatin
otraf miihits tosiri vardir. Bu baximdan Azerbaycanin ekoloji
problemlori sohiyyo-saglamliq, adi vo texniki tosorriifat, estetik,
milli va s. ¢oxlu sayda miithiim mogamlardan ibaratdir.

Hazirda ekoloji problemlor milli maraq ¢orgivesindon ¢ix-
araq, imumbagori ohomiyyot kosb edon tobii sorvatlor iigiin daha
vacibdir. Miitoxasislor hesab edirlor ki, atmosferdo yerin istilik
stialarin1 6zlinds saxlayan karbon qazi ¢oxaldigca havimin tem-
peraturu 3-5 doraco arta bilor. Bunun noticosindo Yer kiirosi mi-
gyasinda iglim doyismosino gotirib ¢ixarar, ozon yariqlarini
artirar, biitiin canlilarin, flora vo fatmanin mohvins gotirib ¢ixa-
rar.

Hazirda "Umumi bazar"m {izvii olan o6lkolordo otraf
miihitin ¢irklonmasi ictimaiyyati ciddi narahat etmokdadir. Holo
20 il bundan 6nco Avropa Birliyi komissiyasinin verdiyi moluma-
ta gOro, ancaq sonaye tullantilarinin emali noticosindo hor il at-
mosfera 570 ton qurgusun, 31 ton kalium, 68 ton cive, yiiz ton-
larla zororli kimyovi birlosmolor atilir. Biitiin diinya "tursulu
yagislar’"  yagintisindan  getdikco  daha  cox = oziyyet
¢okmokdadirlor. Sobaob iso istilik elektrik stansiyalarinin at-
mosfers atdiqlar kiikiird-2 oksiddir.

Avropa Birliyi Komissiyasinin iizvii S.K.Devilin fikrincs,
har ciir imkanlar1 olan sanayegilor, boytlik dovlatlor komissiyanin
hor hansi1 ekoloji todbirino qozoblo miigavimat gostordiklorina
g0ro voziyyat get-gedo daha da gorginlosir.

Indi qlobal problema ¢evrilmis-ekoloji durumun holli hom
milli, hom do beynolxalq soviyyade sliurun vo faaliyyast torzinin
siyasi, iqtisadi va s. sahalords yenidon qurulmasini to-
lab edir. Problemin hallinds siyasi iradonin olmasi oan miirokkab
ekoloji masalalarin hallini ds asanlagdirar.
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Miiasir dovrds faaliyyet gdstaran beynalxalq hiiquq norma-
larindan biri do tobioto horbi mogsadlorlo tosir gdstormoyin
gadagan edilmosidir. Moholli miiharibolorin 6zii belo tobioto
dohsatli tosir gostorir.

Torpaglardan ekoloji-elmi qaydalara omal etmadon uzun-
miiddatli istifado biitiin diinyada oldugu kimi Azorbaycanda da
bir ¢cox fosadlara gotirib ¢ixarmigdir. Bu mogsadlo halo 1990-c1
ildo Bakida ii¢ glin davam etmis iimumittifaq miisavirado torpaq
Ortliylinlin miiasir voziyyati, onun miihafizesi, miinbitliyin barpa
olmas1 vo bitkilorin qidalanma soraitinin yaxsilasdirilmasi prob-
lemlori miizakiro olunmugdur. Homin dovr {igiin torpaqlarin
voziyyatinin necs hayacan dogurdugunu Azorbaycan timsalinda
miizakira etmiglor. 20 il bundan oavval respublikamizin hor sa-
kinino 0,18 hektardan az okin sahosi diisdiiylini, 50 min
hektardan xeyli ¢ox torpaq sahosinin soranlasdigi qeyd olun-
musdur. Bu dovrdon kecon uzun illor orzindo voziyyst he¢ do
yaxsilasmamigdir. Torpaglarin 50 faizindon c¢oxu eroziyaya
ugramis, pestisidlor, agir metal tursular1 vo sonaye tullantilari,
maisoat tullantilari, tikinti tullantilari va s. ilo ¢irklondirilmigdir.

Azorbaycanin ayri-ayr1 bolgslorinds, xiisusonds Baki vo
Sumgayitda yasayis saholorinin bdylimosi, yeni-yeni sohoar,
gasaba va s. salinmasi ¢ox yaxst qobul edilsads, homin yasay1s
montogalorinin ekoloji golacayinin diggotdon konarda galmast,
sohorsalma gaydalarina, omol olunmamasi bu mokanlarda ekoloji
soraitin diinyada gobul olunmus soviyyadon qat-qat asagi ol-
masina gotirib ¢ixarmisdir. Statistik molumatlar vo hatta bu
molumatsizda Azorbaycanda ekoloji xostolorin saymin siiratlo
artdigin1 da gérmak olur.

Adi-ictimai hoyatda ekoloji amilin rolunun lazimi doracado
qiymotlondiri Imomosi, soharlordo otraf miihitin voziyyati
haqqinda uzunmiiddstli, miikommal prognozlardan istifads
edilmomosi vo s. amillor, sohor hoyat soraitinin, canlilarin
saglamliginin asag1r diismosino gotirib ¢ixarir ki, bu da dovlet
iclin, canli {iclin ¢ox agir problemlorlo garsilasmaq demokdir.
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Tokco Baki sohorinin "Qara Qarayev" metrosundan baslayan,
"Neft¢ilor" metrosu, 8 km bazarindan, "Xalglar", "Ohmodli"
metrosundan kegon vo XX asrin 90-c1 illorine qader paytaxtin on
miiasir toloblorino vo ekoloji taloblara cavab veran bu kii¢co hazir-
da iirok agridict bir voziyyoto diismiisdiir. Digor torofdon yada
salsaq ki, bu kii¢o li¢ Heydor parkindan kegir, ¢ox anlasilmazliq
alimir. Yoqin ki, biz noyeso, kimaso hdrmat etmoliyik, hormatlo
yanasmaliyiq. Kii¢co torpaqglarma, agacliglarma sonad veron,
sarancam veran, bu yolla nayiso aldo edon soxslor qanun qarsisin-
da cavab vermokdon cokinmirlorse, goroson soxsi vic- danlari
qarsisinda neca! ....

Sohar ekosisteminin vo otraf miihitin ¢irklonmasi ancaq
ekoloji deyil, sistemlo bagli sosial mosalalordon-hava hovzasinin
cirklonmadon qorunmasi, su ehtiyatlarinin ¢irklonmosinin vo tii-
konmasinin miihafizasi, gohor sos-kilylinlin soviyyosinin asagi
salinmasi, elektromaqnit siialanmasinin garsisinin alinmasi, sohor
tobii miihit iinsiirlorindon somarali istifads olunmasi vo onlarin
borpa edilmosi, gohor tikililorinin vo soharotrafi torpaglarin
yiiksok sanitar-gigeniya tolabatlarinin tomin edilmasi, orazilorin
miihondis.tochizati soviyyesinin yiiksaldilmasi, planli ekoloji
bolgolosdirilmasi, insanla otraf miihitin qgarsiliqli tosirinin sosial-
iqtisadi galacoyinin iglonib hazirlanmasi
vo s. sadalamaq olar. Deyilon mosalolorin sadoco olaraq sa-
dalanmasi masalonin na gador miirakkab oldugunu vo eyni za-
manda biitovlilkds sohorlorin inkisafi problemlorine kompleks
yanasilmasinin zaruriliyini ortaya qoyur.

Dovriimiizds hor seydon 6nco sohorlo kondin getdikco daha
da yaxinlagmasi, elm vo texnikanin durmadan tokmillosmosindon
daha da artiq istifado edilmasi vo bunlarin otraf miihito daha ¢ox
ekoloji monfi tosir gdstormasi durmadan artir. Belsliklo, xalq
deyimi ilo desok sohorlordo yasamaq getdikco doziilmoz hoddo
catir. Bu da dovlati vo hokumoti macbur edir ki, sonaye qurgu-
larin1 va digor is yerlorini Azarbaycanin bolgslorine "sopalasin”
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ki, Baki vo Sumgqayit bu bdylk bola vo problemlorden
ylngillogsin.

Bakinin hazir ki, durumu gosterir ki, avtomobillerin qaz
yanacagina kegmosi xeyli dorocado, sohorin ekoloji durumuna
yaxst tosir edordi, hom do texniki-iqtisadi baximdan da sorfali
olardi. Qeyd edok ki, bir masinin 15 min klometr mosafo got
etmasi noticasindo 4400 kq oksigen sorf edir, otraf miihito iso
3300 klogram karbon qazi, 550 klogram dom qazi, 95 klogram
digor gazlar1 vo 12 kloqramdan artiq rezin tozu ilo yanas1 digor
tozlar1 hava miihitino 6tiiriir. Bu sobobdon do Baki vo Sumqayit
soharlorinin hava miihitinin ¢irklonmasi soviyyasinin 50 faizdon
artig1 avtomobillorin "faaliyyoti" hesabmna alinir. Insan basa
diismolidir ki, ehtiyatlardan qonaotlo, agilla istifado edilmosi,
torpaga, mesay9, tomiz havaya, bitki vo heyvanlar alomins qaygi,
onlarin 6z daxili-monavi vo digor ¢ox miihiim isloridir. Oslindos
Oziinii tobiotdon ayiran vo onun ganunlarindan asili olmadigini
fikirlogon insan bdyiik sohva yol verir.

V.Y.Vernadski sdylomisdir ki, XX osrin adami dork
etmolidir ki, o planetin sakinidir, yeni aspektds fikirlosmali vo
foaliyyot gdstormolidir, ayri-ayr1 soxsiyyat, ailo, nosil, dovlat vo
yaxud dovlatlor ittifaqr aspektinds deyil, planet aspektindo
diistinmali vo foaliyyat gostormalidir. Comiyyetin ekoloji isti-
gamoatds torbiya olunmasi, ekoloji etikanin, ekoloji stiurun for-
malagmasi tobioto miisbot tosir gostorir. ©dalot xatirine demoliyik
ki, hazirda Azorbaycanda istehsalin, texnikanin, elmin, ictimai vo
fordi sliurun intensiv ekologiyalagdirilmasi prosesi dovlot
soviyyasinda getmokdadir. Ogor, yerlordo momurlar, digor fordlor
tobioto eyni miisbot miinasibatlo yanasarlarsa on az1 ekoloji
tarazligin vaziyyati indiki agir durumdan falakats siiriiklomaz.
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6.10.Azarbaycan tiirklorinin Xalq feneologiyasinda
tabii fovgalados hadisalorin 6ncagormalari

Samirs Musa qizi1 Orucova
Fovqgelado Hallar Nazirliyinin Akademiyasinin bag miiallimi

Tarixon Azorbaycan tiirklori ¢ox islorin holl edilmasino

gadir olmuslar. Bu xiisusiyyst oOziinii daha ¢ox xalqumizin
miistoqil yasamasi dovrlorindo 6zlinli qabariq biruze vermisdir.
Xalqga basqa xalglar hakim olanda - onun insanlar1 da 6ziins yad
digto ilo oturub-durmali olur. Bu monada miioyyon dovrlor
Azorbaycan insanlart qodim koklordon miioyyon qodor aral
diismiis, xalqin qazanmig oldugu tarixi bilgilori unudulmus,
basitlogsmisdir.
Odur ki, xalqumizin okin-biginlo, xalq meteorologiyasi ils,
ekologiyast ilo, tosorriifatlarin ayri-ayr1 saholori iizro emprik
gaydalann olmusdur. Bunlardan yadda qalmiglari, xiisusondo
Zongozur, Yuxart Qarabag, Lagin bolgasindo son dovrlora kimi
insanlarin giindslik hoyatda islotdiklari, bazi yaradict insanlarin
yazilarinda tosadiif etdiklorimizi yada salaq.

Bir ¢oxlarina malum oldugu kimi, Lacin bolgasinda tabii
halda xeyli qiymotli palid mesalori, zogal vo zirinc adli bitki
yetarincadir. Yerli shali zogalin, zirincin vo palid agacinin ¢oxlu
qoza gatirdiyi ilin qisinin bark kecocayini bildirirdilor vo belo do
olurdu. Insanlar bitkilorin kémoyi ilo ilin fasillori haqqinda da
miilahizalor yiirtidiirdiilor. Ogor, aprel ayinda tozaga- cindan daha
¢ox siro axardisa, bu yayin yagmurlu olmasi olamoti idi. El
demiskon "Elin s6zii ovval-axir diiz olu - diiz olu"...

Riitubat cox olan yerlorda, sucuqglarda adston cincilim ¢ox olur vo
bu bolgads cincilimin yarpaqlan havada yagisin olmasim
sOylomok licilin osas gotiiriiliirdii vo insanlar ona uygun islorini
nizamlayirdilar. Cincilimin ¢igoklori sohor vaxti agma- yibsa,
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demok hamin giin yagis yagacag: labiitdiir. Payi1z golorken ¢inar
agac1 yarpagmi basdan tokiirso qis miilayim, asagidan tokiirso
qisin tez galacayi, qarli-covgunlu kegacayinin ala-

moti hesab olunurdu. Lagin bolgosinin hor yerindo ¢inar
galmamisdi, yox idi. Ancaq Lag¢in sohori yaxmlhiginda 300-350
yast olan bir nego ¢inar var idi. Insanlar ¢ox zaman adam
gondorib homin ¢inarlarin yarpaq tokiiliistinii bilib ? sonra islorini
nizama salardilar. Oz vaxtina goro albali agaci yarpagmni tamam
tok- moyibsa. demoali soyuq hava az davam edocok, havalar
yenidon istilogocokdir. Payizin ilk ayinda .gdy gurultusu xalq
inaminca payizin isti kegocayi gostoricisidir. Yaxud, payizda yera
qar diisordiso bu qisin miilayim keg¢ocayinin isarosi idi.

El-oba arasinda leyloyin, ala qarganin agacin basinda yuva
tikmasi qisin soyuq, ortasinda tikmosi miilayim kegocayi hesab
edilirdi. Deyilonlori bilon, ona fikir veran insanlar payizda hom
do qisa hazirhq islerini qaydaya salardilar. Qis aylar1 tosorriifat
islorindo miithiim rol oynamasa da xalq etiqadlarinda bununla
bagli miihiim islor olmusdur.

Adoton 9 dekabrdan (21 -don) baslanan qis, martin 9-na
(21-dok) davam edir. Xalq qis1 miixtolif morhalalora - boyik
cilla, kicik ¢illo vo alacalpo olmaqgla 3 yero bolmiisdiir. Boyiik
cillo 40 giin, kicik cillo 20 giin, alacalpo 30 giin Omiirliidiir.
Boytik cillo vo kigik ¢illo arasinda iki ¢illonin bir - birini ovoz
etmosino xalq arasinda "tohvil - toslim dovri" adi almisdir.
Insanlar miioyyon etmislor ki, tohvil-toslim ddvriinde hava 3,
bozon hotta 7 gilin qarli - ¢ovgunlu kegmolidir. Boytik ¢illonin
sonu, kicik ¢illonin baglangicinda havalarin doyismasini 6zii tiglin
bir sinaq hesab edon ohali homiso buna haznirliq goérmiis tobisto
onun soxavating arxalanmamigdir.

Cillolor dovriindo hoyata kegirilon miihiim nozarst islorindon biri
bag-bagatin suvarilmasidir. Bu suvarma xalq arasinda” ¢illo
suyu” adi1 dastyib vo baglarda, bostanlarda ziyanvericilorin mahv
edilmosi, meyvo agaclarimin vaxtindan ovvel giill agmasinin
qarsisin1 almaq mogsadi gilidiirdii. Cillo zaman1 baga verilon su
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gecolor donur, homin donus hom dos agaca tosir edirdi. Bunun
sayosindo xalq dili ilo desok, qis yuxusundan gec oyanir ki, buda
onun mohsuldarliginin artirilmasina xidmat

edir. Deyilonlor ¢illo suyunun tosorriifatda xiisusi rola malik
oldugunu tosdiq edir ki, olbotdo, el-obada xalqumizin bu
onanasindon giliniimiizds do istifadosi mogsadydnliidiir.

Olbatde, xalq toqvimina xalq meteorologiyasina, ekologiyasina
ehkam kimi baxmaq da diizgiin olmaz. Dovriimiizdo elm yaxs1
inkisaf etdiyindon, on ¢ox ondan bohrolonmok daha
mogsadyonlidiir. Xalq meteorologiyasinin miithtim bir hissosi
feneologiya vo feneoloji miigahidslorlo baglidir. Yuxarida
dediyimiz vo demadiyimiz okingiliklo bagli molumatlar ulu
babalarimizin ¢ox qadimds feneoloji toqvim yaratmalarinin bariz
niimunossidir. Cox tosssiiflor ki, vaxt 6tmils, zaman doyismis,
tosorriifatlara baxis doyismis va feneoloji toqvim unudulmus, tam
halda bizo golib catmamisdir. Hom do feneoloji toqvimin tadqiqi
ilo bagl elmi aragdirmalar aparilmamisdir. XX osrin ortalarina
kimi Azorbaycan insanlar1 oriyin yetismosi ilo baglara g¢oxlu
sigir¢gin golmosini sdyloyirdilor.

Hotta, giintimiizds islodilon "orik bagin yoxdur ki, sigir¢inin neco
qus oldugunu biloson" zorb masoli xalqumizin  feneoloji
miisahidslorindon bizlors miras qalandir.

Feneoloji miisahidalorla bagli zorb-masal -"bildir¢inin boyliyi
dar1 sovruglanacandi” sdylomosidir. Malumdur ki, okin- bigin
vaxti bildir¢gin daim bu yerlordo olur, dar1 qurtardi bildir¢indo
yoxa ¢ixirdi. Hom do dar1 digor taxillara nisboton gec yetisib, gec
do doytliir. Elds islodilon "arpadan, bugdadan olim qirildi, carom
sond qaldi, dar1 xirman1" zorb - masali do buradandir. Bildir¢inin
yoxa ¢ixmasini rancbarlor artiq payizin basa catmasi kimi qobul
edordilor.

Qadim babalarimiz {ifiiqiin voziyyatino baxib giiniin neco
kegacayini sdylaya bilirdiler. Gilinos dogarkaen, sshar - sohar {ifliq
haddindon artiq qizarmis olardisa, hamin giin kiilok asacayi, qis
vaxti, hotta yagis vo ya qar yagacagi gozlonilirdi. Axsam torai1
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Gilinos qliruba enarkon {ifiiq qizarmis olardisa, ssherin giinagli
kegocoyi miitloq idi.Insanlar tobiotin bu feneologiyasini belo
nozmo ¢okmisdi: Sohorin qizartis1 axsama vaydir, Axsamin
qizartisi sohoro yay.

Tosarriifatla mosgul olan Azarbaycan tiirklori Ay planetini
miisahido etmoklo do 6z islorini tobioto uygun qurar, tobiotin bir
cox '"siltaghq"larmidan Ozlorini xilas edordilor. Etnoqrafik
xarakter dasiyan bu tip miisahidolor bir ¢ox insan foaliyyotini
tonzimlomayi Aym fazalari ilo uygunlasdirirdilar. Sopin, bigin,
agaclarin kosilmosi, budanmasit vo s. iglori Ay tozolondikdo,
yaxud yarimayliq olduqda hoyata kegirmali idilor. Sopin on ¢ox
Ay badrlonmis dovriinds kegirilor vo toxumun tez ciicormosi,
mohsuldarligin ¢ox olmasi gozlonilordi. Arpanin deninin tokiil-
momasi liglin onu Ay qaranlhiginda okmoli idilor. Yaxud, agac-
dan diizoldilmis alot vo asyalart qurd yemomasi ii¢lin agaclari ay
garanliginda kosordilor.

Qodimlordo  Azorbaycanda, onun dag vo dagotoyi
bolgolorindo galin mesoliklor yetorinco idi vo insanlar agact bir
cox saholordo islodirdilor. Homin ddvrlordo Zongozurda, onun
Lacin bolgasinds qirmizi palid bol idi vo insanlar bu palidlarin iri
govdolorini dam tikmok {iclin gecolor kosormislor. Monasi iso
deyildiyi kimi bu agaclar1 agac qurdu yemasin, millorin, porlorin
Omrii uzun olmagq ticilin belo edormislor. Hotta, el arasinda "Ay
daldalandi, palidi kesmok olar" deyimi dovriimiize qodor golib
catmisdir.

Digor torofdon Ayin tozolonmosi zamani onun durusu,
formasi, bir sozlo voziyyatino goro do havanin neco olacagi
prognozlasdirilirdi. Adoton, Ay tozolonorkon nazik qdvsvari
forma alir. Vo bu zaman aym durusu Yero baxirsa havalarin
yagmurlu, yagishh - oksine Aym durusu iifiiqadirsa quraqliq
olacagi demok idi. Aym bir qiitbiinlin {ifiiqo, digorinin Yero
baxmas1 vaziyyatino ise havalarin dayisken kegocoyi demok idi.
Badrlonmis Aym dovresi sanmtil rongo calardisa, homin ay
yagmurun ¢ox, ag rongd calardisa quraqliq olacagi giiman
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edilirdi. Hosonboy Zordabi "Kaspi" qozetindo - 1900-cu ildo
yazdig1r "Ayin fazalarinin Yer iizorindo iizvi hoyata tosiri"
moqalssinds geyd edir ki, Yer {izorinds iizvi hoyat Ayin tosiri ilo
olagolidir. O, yazir: - "Sakit okeanda, Samoa adalarinda olan
palo- lo doniz qurdlart Ay fazalarina, dovrlorine uygun olaraq
miioyyon diiriist vaxtlarda suyun iizorino ¢ixarkon, saatdan xobari
olmayan yerli tayfalar tokco Ayin 6z orbiti {izro harokoting gore
homin palolo doniz qurdlarinin suyun iiziino ¢ixmasini noinki
giiniling, hotta saat vo doqiqesine godor diizgiin miioyyon edorok
donizo ova ¢ixirlar vo bu ov bir xalq bayrami soklindo kegirdi".
Tobii ki, burada soma cisimlori ilo kainatin inkisaf qanunlar
arasinda bir vohdst, bir ganunauygunluq oldugunun bariz
nimunasidir. Elm siibut etmisdir ki, Giinos vo Aym Yers
tosirindon Yer {izorindoki okean vo denizlorin suyu qalxir vo ya
soviyya asagi diisiir vo digor hadisolor bag verir. Biz Xozorin
toraddiidii ilo slagadar bu barads bir ne¢o dofs yazmisiq va hesab
edirik ki, Xozor soviyyosinin toroddiidiiniin elmi osaslarla
Oyronilmosino astranomlari, maye-qaz mexanikasi ilo mosgul
olan fizik elm adamlarini colb etmok ¢ox vacibdir. Nozoro alsaq
ki, Azorbaycan Xozorlo 950 kilometr tomasdadir vo bu sahil
diinya okean sularindan 25-26 metr asag1 saviyyadadir, masalonin
aktualligr bir az da maraq dogurmalidir. Digor torofdon 6lko
sonayesinin, onun iqtisadi gostaricilorinin vo bu sahildoki insan
sixligini da yada salsaq problemin dévloet shomiyyati kasb etdiyi
giin kimi aydin olar. Digor bir hayat tacriibasi Ay on dord giinliik
olanda zslzalo, vulkan vo s. hadisalorin do ¢ox giiclii bag vermasi,
havalarin yagmurlu ke¢mosini insanlar homiso miisahido
etmosidir vo bu haqda yazili monbalords do moalumatlar 6z oksini
tapmisdir. Son dovrlora gqador qis faslindo gecolor ayaz, saxtali -
giindiizlor iso dumanli, buludlu kegordiso insanlar qisin pis
kecocoyini vo oksino qisda giindiizlorin ayaz, gecolorin is9
buludlu, dumanli kegmasini qisin xos kegmosi vo tosarriifat iiglin
faydali olacagini sdyloyirdilar.
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Tarixi etnoqrafik molumatlardan, sdylomolordon aydin olur ki,
xalqg meteorologiyasinda duman, seh mohsuldarliq, borokot
romzidir. Yazagzi, habelo payizda, sopin vaxti yera duman
enordiso, bu okinin tez gdyormasino sobab olur, yaz dumani
borokat, qis dumani iso doyison hava demokdir. Bu sobablordon
do xalqumiz "yaz dumani bar gotiror, qis dumani gar" zorb-
mosolini islotmisor. Ilin mohsuldarligini gostoran olamotlorden
biri do xalqda "qar1 nononin qursagi”, "qart nononin Orkoni"
adlandirilan gdy qursagidir. Etnograf M.Ofondiyev XIX osrin
sonlarinda yazirdi ki, gy qursagi mohsuldarligin ilk nisanasi
olub, hansi ildo o ¢ox olarsa homin ildo bol mohsul gozlonilir.
Qar1 nononin qursagl yeddi ranglidir. Ronglorin har biri ayriligda
arpa, bugda, ¢oltlik, dari, paxla, noxud vo lorgs kimi taxil noviinii
tomsil edir. Insanlar yazagzi qar1 nononin qursagmna baxaraq,
adlarim1 ¢okdiymiz hansi taxil ndviiniin daha c¢ox olacagi
haqqinda miilahizolor soyloyordilor. Belo ki, gari nononin
qursaginda qirmizi rong arpa va bugdanin, sar1 rong darinin, yasil
rong lobya vo paxlanin bolluguna isars olmagla hansi rong daha
g6zo ¢arpan idisa, onun tomsilgisi daha ¢ox mohsuldar olunacagi
gbzlonilirdi.

Tobiot bilicilori dumanin somti, buludun rongi, somanin
imumi voziyyating goro do yasadigi tobiotdo, havada hansi
doyisiklik olacaglr haqqinda fikir soyloyir, tocriibasiz insanlara
moslohatlor verarmislor. Bu tocriibays gors gorbdon qara buludun
golmoasi yazda vo yayda yagisin, qisda iso garin yagmasi kimi
qobul edilirdi. Miisahidoys uygun olaraq insanlar 6z islorini
nizama salarmiglar. Y.V.Comonzominli "Hoyatimin 20 ili"
osorindo  yazir: "Yaz dumani gohori biirliylir, goz-gozl
gormiirdii... Yena poncoroni salib, ocagin qiragina yigilirdiq,
dumana qars1 todbirlor lazzim idi. Bir ip gotlirlib, sohordoki
kecollorin yeddisinin adina diiylin salib ocaqda yandirardiq, sonra
dumanin 6ziine miiraciot edsrok onu qorxudardiq". Duman qag,
qag¢, qag¢, Poardoni ag¢, ag¢, ag¢! Soni qayadan asaram, Yanina
dagma basaram.
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Yoni, duman Giinago pardo olma, onu ag, qoy insanlar Gilinosin
istisindon qizinsinlar, oks toqdirdo soni dagdan atar vo ya asar,
hatta yanina bir damga basarlar.

Tobiotdo bas veracok doyisikliklori insanlar hom do ev heyvan-
larinin, ev quslarinin horokotlori ilo do sorh eds bilirmislor. Ogor
clicali toyuq havanin doyisocayini hiss edib, ciicolorini gqanadlari
altina toplayibsa- demali yagis yagacaq. Xozor sahillorinds quslar
alcagdan ucardilarsa, balig¢ilar donizdo giiclii firtina olacagini
gbzloyar, doniz ovuna getmozdilor.

Quslardan xoruz, bildirgin, biilbiil vo geyri oxuyan quslar heg¢ no
olmadan oxuyardilarsa, demoli yaginti olacaq, yaxud kiilok
asocokdir. Zoalilor olduglart gqabin dibinds sakitco da- yaniblarsa,
demali sohar sakit vo giinasli olacaqdir. Oksina za- lilorin nara-
hatligi, qabin divarlarina dirmasmalart havanin doyisocayi
demokdir. Coyirtgo iso yumurtalarini hiindiir yerdoe basdirirsa,
yagintt gozlonilir - yagisin yaratdigi sel yumurtalar1 yuyub
aparmasin deys belo edordilor. Col sicanlart yerlorini doyisirlorso,
demoli ot alof az olacagq.

Yuxarida deyilonlordon molum olur ki, Azorbaycan tii-
rklori xalq feneologiyasindan vo xalq meteorologiyasindan lap
godimlordon mosgul olmus vo onlardan moharatlo istifado edo
bilmislor. Xalqumizin tobiot, Yer, soma, cisimlori, heyvanlari,
quslart haqqinda alds etdiklori emprik biliklor min illorin hayat
tocriibosinin  noticosi olub, he¢ bir dini, yaxud fantastik
diisiincolorin mohsulu yox, tobioti, otraf miihiti miisahidolorin,
xalq beyninin, zokasiin yekunudur, mohsuludur. Xalqimizin bu
zongin monovi irsinin daha samballi dyronilmasi giiniimiizds do
garsimizda duran ¢ox aktual mosalslordon biridir. Hesab edirik ki,
Azaorbaycan xalqnin ¢oxasirlik tarixinin, maddi vo monavi
modoniyyatinin halo do agilmamis neco-neco istiqgamatlori 6z
tadqiqatcilarini gozlayir.

1. Ilboy Ortayli Qazi Mustafa Atatiirk 2018
2. Yusif Vozir Comanzominli Hoyatimin iyirmi ili 1935
3. Internet resurslar
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6.11. Some alternative and renewable energy sources
and peculiarities of maintain -valley winds as de-
pendent on the local relief

Gulnara Mehdiyeva, Tamilla Ahmad

In this work to overview sources of alternative energy and shows
the results of scientific research of mountain-valley winds in arbi-
trary local Relief. The features of mountain-valley winds are con-
sidered, depending on the complex geographic conditions of the
region. The dynamics of the loss of wind speed during zigzag
flow through mountain gorges and narrow passages is analyzed
and the effect of these losses on the wind flow characteristics. It
is planned to conduct scientific research to determine the availa-
ble wind potential and to bring the profitability of a particular
type of alternative energy sources in the South Caucasus.

Instead of Introduction

President of the Republic of Azerbaijan Ilham Aliyev chaired the
Cabinet of Ministers meeting on the results of the first quarter of
the year and the forthcoming meeting[3].

... We now export electricity to neighboring countries. We are
fully satisfied with all our needs throughout the country.
However, we must look at how much generating forces will need
us. We must take into account the development of our country,
population growth, industrialization process. That is, considering
the great development, we need to look at how much electricity is
needed for our domestic consumption after five years and ten
years. In parallel, we have to analyze foreign markets, how much
energy we export to the foreign markets after five years, ten

306



years. ... We must create alternative energy sources - wind, solar,
hydroelectric power stations. Some 1ssues were examined 1 this
field and 1 submutted[3].

1.The situation of alternative energy in the southern
Caucasus

Worldwide drop in oil and gas reserves, their production
decline is unavoidable and necessary in today's and future near-
term non-traditional energy sources. Alternative energy sources
include the following: 1). Wind energy; 2). Solar energy; 3).
Hitchhiking; 4). Energy of rivers; 5). Geothermal; 6). Biofuel; 7)
Thermo-nuclear sintez

Solar energy - the solar energy here, of course, the light
and heat energy reaching the earth should be understood. The
light and heat of the sun play a major role in the life of the earth.
Its energy split into the universe in a year is 4x 102 kilowatt x
hour . In a year approximately 2x10 ®kW sunlight energy falls
to Earth surface. This energy is 30 thousand times more than one
using by people in the world. 1.36 kW (1.36 kW / m?) solar radia-
tion energy falls on the per 1m2 of perpendicular placed on Sun
radiation surface outside the Earth's atmosphere.

Atomic energy can also be considered as an endless
source of energy. However, the experience of nuclear power
plants (AES) shows that they are not safe, their structure and op-
eration should be further improved technologically.

The use of alternative sources of energy and wind energy, es-
pecially in today's crucial issues, is due to the collapse of the eco-
logical situation in the 21st century for the known reasons, the
loss of carbohydrates in the world and the increasing demand for
energy from the world. Installation of wind installations and solar
panels is not accompanied by any environmental pollution (con-
tamination) in the environment. These facilities are available in
many parts of the world, as well as in Absheron, suitable for in-
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stallation and recycling. Wind machines can be used to overcome
the energy crisis in our Republic.

The wind is the result of this movement (air flow), and it has
a constant energy that can not be exhausted. People have used
this energy from ancient times to this day. Over time, as science
and technology have evolved, people's wind and energy use have
improved and expanded. Winds on Earth are the result of sun ex-
posure to the atmosphere. Of course, there are factors such as the
geographical location of the earth, the rotation around its axis
and, as a consequence, the unequal heat of the sun.
It is believed that the first wind turbines were installed two thou-
sand years ago in China, Japan and Tibet. At the time of our era,
wind engines existed in Egypt, the Middle East, and in ancient
Azerbaijan.

Wind power today is declining in dozens of countries around
the world, in the past and in the prime of the practicality of the
venue in the land of Earth. Some of the electric motors are gener-
ated in Denmark by 19%, in Ireland - 14%, in Spain - by 16% and
in Germany - by 8% [8]

At present, the power of Azerbaijan's energy system is 7.2

thousand megawatts. The total capacity of alternative and renew-
able energy sources is 12,000 megawatts. [4]
In the work[7], on the basis of the hydrodynamic equations,
changes of speed of wind - kinetic energy of a stream of air,
caused by influence of a local relief have been studied. In the
given work, on the basis of the hydrodynamic equations, have
been studied changes of speed of wind - kinetic energy of an air
stream, caused by influence of a local relief. In system of the
equations for the description of so-called "effect of friction™ on
the Earth's surface has been offered new approach.

On the path of the wind flow, an artificially created obsta-
cle contributes to the appearance of turbulence, eddies and the
variation of the air circulation in a given locality (see [2, 9])

(Figure 1.):
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Fig.1. The onset of turbulent force - The rock in the path
of the wind flow

Fig 2. The emergence of turbulent force - Artificial wall in
the path of the wind flow

With effective obstacle resistance, the horizontal wind
flow slows down and the vertical velocity of the wind flow in-
creases and deformation of the air flow occurs. Vertical move-
ments of the wind flow in the mountainous terrain are much
greater than in the open area. The horizontal velocities of the
wind flow (V) are found from the formula: v =V} (1-Kj3)

309



Where: Vy, - speed of vertical movement of the wind flow; K is

the coefficient of retardation of the wind speed.
The deceleration factor K3 takes into account the height,
width and shape of the gorge. K3 we find by the formula:

Ks = \/Crse +0.5Cg (1—77)sz%, whereC . and C4, - fac-

tors of resistance of a surface of the earth and slopes of gorges.
Crse =0.003and Cgy =0.6; Py is the density of the gorge; h;

b - average height and width of the gorge; n is the permeability
of the wind to the gorges.

Elevations in the mountains significantly affect the
movement of the wind. Even small changes in altitude cause
changes in wind speed. As a result, the movement of the air
stream becomes turbulent and remains the same at a certain dis-
tance even on the plain. In the turbulent flow, a continuous ran-
dom vortex movement of air in all directions is observed, which
requires more energy and creates more resistance to the air flow.
According to the law of conservation of energy, the mass of air
flow through the width of the canyon is equal to the mass of this
stream flowing into a wide valley: hR_F_ const , where, m,

m my
is the mass of the air stream; F, - width of the gorge or can-
yon; m, - the mass of this flow flowing into a wide valley; F, is

the width of the valley.

It can be seen from the formula that the velocity of the air
flow is inversely proportional to the cross-sectional area of the
gorge and vice versa [2].High-speed head of air flow flowing
through the width of the gorge or canyon, we determine by the

pV 2

formula: q = , Where: - high-speed air pressure (); o -

density of air; V - air speed.
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The value of the force of the head of the air flow is determined by
the formula: X =c, 'O_ZSV2 where: p - density of air flow; S -

the cross-sectional area of the gorge or canyon; V - speed of
wind flow; c, - the drag coefficient of the drag. E,;,_ =mVvV ?/2 -

The kinetic energy of the air flow iSE, =mv?/2:
where: m — macca Bo3ayxa,; m - mass of air, kg-s/m?; V -
speed of air flow, m /s
The potential energy E, = PFS of the air flow where: P - air
pressure, kg-s/m?;

S is the cross-sectional area of the air flow, m?;F - the path
covered by 1 kg of air flow through this section, m .

The wind continuously changes and the average power of the air
flow passing through the cross-sectional area of the gorge or can-
yon in a certain time limit is found by the formula:

3
W:'DV F

Where: p - density of air; F is the cross-sectional

area of a gorge or canyon, m?;
JUi TOCTM>KEHUS! OCTaBJIEHHON LIeNH IIaHupyercs chopmyiu-
POBaTh U p€lIaTh CICAYIOIINC 3aa4n:

To achieve this goal, it is planned to formulate and solve the
following tasks:
S - the path covered by 1kg of air flow through this section, m;
Figure 3 shows the histograms of repeatability for how long and
at what speed in the year the wind blew for 2015 in the Sharur
region of the Nakhchivan Autonomous Republic. The histogram
of wind speeds allows us to present the distribution of wind
speeds for the seasons of the year:
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Figure.3.
Conclusions

Features of mountain-valley winds depending on height,
density, pressure, terrain and geographic features of the Na-
khchivan basin are considered.
The dynamics of the loss of wind speed during the encounter of
various obstacles on their way and the effect of these losses on
the wind flow characteristics are analyzed.
The results of scientific research of the wind energy potential of
the Nakhchivan Autonomous Republic are shown, which has a
complex geographic relief.
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6.12.i¢cmoli su: hamimmza catirmi?

Ismot Ohmadov?,
Rovsan Xolilov?

Nanomateriallarin Kimyovi Fizikas1 kafedrasi, Fizika
fakiiltasi,Baki Dovlot Universiteti,

ZBiofizika vo Biokimya kafedrasi, Biologiya fakiiltosi, Bak1 Do-
vlot Universiteti

Diinyada su qadar itastkar vo idars olunan he¢ bir maxluq
yoxdur.

Amma onu gazablondirsan, onun giicii qarsisinda aciz qala-
cagsan”.

(Lao-Tzu, eramizdan avval 6-c1 asr)

1992-ci ildo Birlogmis Millotlor Togkilatinin (BMT)
kegcirdiyi Otraf Miihit va Inkisafa dair Konfransda ilk dofa olaraq
igmoali suyun basariyyat iiglin shomiyyatini geyd etmok mogsadilo
miioyyen bir giiniin Umumdiinya Su Giinii kimi geyd olunmasi
tovsiya edilmigdir. Bu t6vsiysys uygun olaraq BMT- nm Bas As-
sambleyast 1993-cii ildo 22 mart tarixini Umumdunya “Su Giinii”
elan etmis vo homin ildon 22 mart Umumdiinya "Su Giinii” kimi
geyd olunur. Bundan slavo BMT-nin Bag Assambleyasi yeni
minilliyi qeyd edorkon 2000-ci ilin dekabrinda 2003-cu ili
“Igmoli su ili” elan etdi [1]. BMT-nin bu qorar1 planetimizdo
ohalinin stiratli artim1 probleminin - ildo 80 milyon insanin i¢gmali
su tochizatt problemi yaratmasi ilo olagodar qobul edilib. Bu
problem ohalinin daha ¢ox alverissiz oldugu inkisaf etmokds olan
Olkoalor ticlin xiisusilo aktualdir. Lakin inkisaf etmis 6lkalords bu
mosalo hor kosi narahat etmoyo baslayib. Olkomizdoki mdvecud
vaziyyati nazars alsaq, bu problemin hallinin bizim ii¢iin no qodor
vacib oldugunu goro Dbilorik. Azorbaycanin igmoli  su
ehtiyatlariin, yeralti sular da daxil olmagqla, illik miqdarinin
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togribon 35 km® oldugu qeyd edilir. Yeriistii su ehtiyatlarimizin
70 faizi Kiir, Araz, Qanix, Samur ¢aylarinin hesabina formalagir.
Kiir vo Araz gaylari osas su arteriyalarimizdir, ancaq onlar qonsu
Olkolorin orazisindon kecgir vo burada yliksok dorocodo ¢irk-
lonmoys moruz qalir. Todqiqatlar gosterir ki, global iqlim
doyismalori ilo alagadar hor yerdo oldugu kimi Azorbaycanda da
temperaturun  vo  buxarlanmanmn artmast naticosinds  su
ehtiyatlarimiz 20-25 faiz azala bilor. Ekspertlorin royino goro
tomiz vo i¢mali su problemi Azarbaycanin ekoloji problemlari
sirasinda ilk yerlordon birini tutur.

fcmoli suyu haradan alacagiq? Maraqhidir ki, sothinin
71%-nin su ilo ortiildiiyili planetds insanlar su qitligi il iizlosirlor.
Molumdur ki, Yer kiirasindoki suyun 97,5%-i okeanlarda top-
lanir, lakin bu su duzludur va igmoaya uygun deyil. Igmoali sirin su
diinya su ehtiyatlarinin 2,5%-ni togkil edir. Bu suyun 68,7 faizi
dag silsilolorindo, 30,1 faizi yeralt1 su anbarlarinda, 0,4 faizi iso
daimi bulaglarda toplanir. Hal-hazirda insanlar bu sirin su
chtiyatlarindan istifado etmoyi Syronmoyiblor. Insanlarin
asanligla alde eds bilocayi igmali su diinya su ehtiyatlarinin yal-
mz 0,4%-ni toskil edir. Bu suyun 67,4%-1 firtinalarda (masalon,
Simali Amerika vo Kanadada Bdoyiik Firtinalar, Rusiyada Baykal
qasirgasi va s.), 12,2%-1 torpagin riitubatinds, 9,5%-1 atmosferds,
8,5%-i bataqliq orazilorda, 1,6%-i caylarda, 1,6%-i biokiitladoa
toplanir. Bozi Olkalords (Yaxin Sorq, Orob korfozi 6lkelorinds,
Simali Afrika, ABS vo s.)doniz suyunu sirinlogdirmok
texnologiyalarindan istifado olunsa da baha basa goldiyindon
hololik genis totbiq olunmur.Insanlar {imumi miiqayisodo
hagigoton ¢ox az olan bu sudan neco istifado etmolidirlor ki,
hamiya lazimi gadar catsin? Bu sual indi biitiin 6lkalori narahat
edir. Azorbaycan orazisinds sirin suehtiyatlarinin osas monbayi
gollor, caylar, buzlaglar vo yeralti sulardir.Azorbaycanda timumi
sahasi 395 km? olan 450 gél var. Umumilikdo Respublikanin osas
gdllorinin tam hacmi toxminon 265 milyon m3-dir. Azerbaycanda
8359 ¢ay var, onlardan ikisinin (Kiir vo Araz g¢aylarinin) uzun-
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lugu 500 km-don artigdir. Daha 22 cayin uzunlugu 101-500 km
arasinda, 40 c¢ayin uzunlugu 51-100 km, 107 ¢aym uzunlugu iso
26-50 km arasindadir. Kiir ¢ayr hovzosindo 5141, Araz cayi
hovzosindo 1177 ¢ay var. Qollarn ilo birlikdo birbasa Xozor
donizino tokiilon caylarin sayr 3218-dir. Umumilikdo ¢ay
sobokosinin sixlig1 0,36 km/km?-dir.

2025-ci ildo Yer kiirosinin ohalisinin toxminon 8,2 mi-
lyard nofor oldugu sdylonilir [2]. Hazirda bu ohalinin 5,5 milyard
insan1 igmoali su ¢atismazligindan oziyyat ¢okir, 1,2 milyard insan
¢irkli su i¢ir, 3,5 milyard insanin kanalizasiya sistemi olan tualeti
yoxdur, har il 5 milyon insan su ilo alaqgali voba vo ishal xastoli-
klarindon 6liir [3,4]. Bu, global su bohranidir.

Insanlarin suyu idara etmolori vo igmoli su sistemlori
yaratmag1 haqqinda tarixi monbslor gostorir ki, onlar hals 3000 il
ovval Afrikada, Asiyada, Avropa vo Conubi Amerikada suvarilan
terraslar yaradaraq mohsul almagi bacarmislar.Quru iglim zon-
alarinda olan 6lkalordo su monboalarinin askar olunmasi xiisusi
miikafatlandirilirmis. Moasalon, 2500 il bundan ovval Fars
hokiimdart Dara su monbayini tapan insani nosillikco vergidon
azad edirmis. Icmoli su monbolorini askar edon adamlar1 “Dows-
ers” adlandirirmislar. Belo adamlar insanliq tarixindoe, biitiin
modoaniyyatlords mdvcud olmuslar. Bu adamlar indi do Conubi
Afrika sohralarinda, Amerika Birlogsmis Statlarinda vo diinyanin
bir ¢ox yerlorindo su monbolori axtarirlar. Sivilizasiyanin on
godim morkazlorindon olan Mesapotomiyada “Qanta” adlanan
horizontal suvarma sistemlori iisulundan (suyun qravitasiya
qiivvesi hesabina axmasi) miiasir Iraqda, indi do istifado edilir.
On milkommal suvarma sistemlori yaradan Romalilar olmusglar.
Onlar Mesapatomiyanin Qanta tisulundan istifade edorok dasdan
va karpicdon tikilmis yeralti su kanallar1 ¢okmayi dyronmisdiler.
Homin yeraltt su tunellorinin izlorino indi Italiyada,
Yunanistanda, Ispaniyada, Suriya vo Marokkada rast galmok olur.
Bu tsuldan insanlar yizilliklor boyunca istifade etmislor vo
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yalmz XIX asrde amerikalilar boru iisulunu ilk dofs tatbiq etmayo
baslamuislar.

Bas indi planetimizin su ehtiyatindan necs istifads edirik?
Diinya Bankimin 2001-ci il hesablamalar1 gostorir ki, bu suyun
70% kond tosarriifatinda, 22% sonayeds vo 8% moisot xidmatindo
isladilir. Lakin bu miinasibot miixtalif gitolordo vo 6lkolords
miixtalifdir. Masalon, Asiya qitesinds sonaye i¢cmoli suyun 8%,
kond tosorriifatt 86%, maisot xidmaoti isa 6%-ni islodir. Amerika
Birlosmis  Statlarinda suyun 65% sonayedo, 27% kond
tosorriifatinda, 8%-1 iso moisotdo islodirlir. Moisotdo an ¢ox su
islodon amerikalilardir. Amerikada hor bir adam giin orzindo orta
hesabla 578 L, Ingiltorada 334 L, Asiya qitosi dlkalorindo orta
hesabla hor bir adam 85 L, Afrikada iso 47 L su islodir. indi
Amerikanin haor bir evindo su kranimi1 agan kimi su golir, lakin
Afrikanin, Asiya vo Latin Amerikasi 6lkolorinin oksariyyotindo
suyu qablardan gotiiriirlor. Quraqliq 6lkslorinde qadinlar vo
usaglar su dalinca xeyli mosafo getmoali olurlar vo buna hoddon
artiq vaxt sorf edirlor. Mosolon, Afrika qitosindo gadinlar vo
qizlar imumilikdo, bir il orzindo su gotirmok iigiin 40 milyard
saat (adambasina giindo orta hesabla 8 saat) vaxt sarf edirlor. Indi
planetimizdo sirin su ehtiyatinin 45% islodilir vo hesablamalar
gostorir ki, belo getso insanlar 30 ildon sonra lmumi su
ehtiyatinin 90% islotmali olacaqlar.

Sirin su ehtiyat:1 sorfinin miixtalif 6lkalords eyni olmamasi
suyun Yer sothindo borabor paylanmamasi sobabindon irali golir.
Ildo adambasina 1000 kub metr su diison 6lkalor su catigmayan,
1000-1700 kub metr stress kegiron, 1700 kub metrdon artiq olan
olkolor iso su tominatli 6lko hesab olunur. Indi diinyanin,
imumilikdo 505 milyon ohalisi yasayan, 31 d&lkosi su
catigmayanlar siyahisindadir. Torslikdon elo bu 6lkolorde do ohali
artim1 ¢ox oldugundan 2025 il iigiin hesablamalar gostormisdir ki,
sudan korluq ¢okon ohalinin say1 3,2 milyarda catacaq. Bas na
etmoli? Su anbarlar1 yaratmaq? Igmali su ehtiyat: toplamaq va ya
az islotmok? Insanlarin aglina golon ilk fikir su anbarlari
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yaratmaq olmusdur. Lakin burada bir mosolo homiso biitiin
Olkolori narahat etmisdir. Sirin su ehtiyatlarini tomsil edon osason
caylardir vo onlarin da oksariyyeti soriklidir. Simali Afrikada
Misir vo 8 6lko Nil ¢ayina soriklidir. Yaxin Sorqde bir sira orob
olkalari va Israil Tordan caymna soriklidir. Conubi Asiyada tokca
Hindistan, Banqglades vo Pakistan 140 caya soriklidir. Avropada
Reyn cayr Fransa, Almaniya, Niderland vo Avstriyanin
orazisindon kegir. Volga ¢aymmdan sonra on uzun c¢ay Dunay
Almaniyadan, Avstriyadan, Macaristan, Slovakiya, kec¢cmis
Yugqoslaviyadan, Ukrayna, Ruminiya vo Bolgaristandan kegir.
Olkomiz Kiir ¢ayma Giirciistan vo Tiirkiyo ilo soriklidir. Sorikli
su problemi gadimlordon mévcuddur va getdikca dorinlosir. Indi
diinyada 300 qodor miibahisali ¢ay var. Masalon, Daclo vo Forat
caylart 6z monboyini Tirkiyonin daglarindan goétiirorok Suriya,
Iraq orazisindon kecir. Tiirkiyonin iqtisadi potensiali giiclondikca
daha miikommol suvarma sistemlori yaratmaq istoyir vo bu
caylardan daha c¢ox su gotiirmk niystindodir. Bu iso Suriya vo
[raqin su ehtiyatinin koskin azalmasi demokdir. Sorkili su
ehtiyatlara dair 1997-ci ildo BMT xiisusi raziliq Bayannamasi
hazirlamigdir. Lakin Cin, Tiirkiys vo Burindi bu konvensiyaya
gosulmagdan holo do imtina edir.

Sorikli caylar iizorindo tikilosi su anbarlar1 iso daha ¢ox
ziddiyyatlor yaradir.Su anbarlarinin tarixi min illors gedib ¢ixsa
da on miikommolinin tikintisino Cindo baslamislar. Indi biitiin
diinya su anbarlarinin 45% Cinin, 14% Amerikanin, 9%
Hindistanin, 6% Yaponiyanin vo 26% qalan o6lkslorin payina
diisiir. 1900-cu ilds hiindiirliiyli 15 metrdon artiq olan bir dona do
olsun su anbar1 olmamigdir. 1950-ci ildo onlarin say1 5270 va 30
ildon sonra 36562 catmisdir.Indi diinyada ¢ox az ¢ay tapmaq olar
ki, onun {izerinds su anbar tikilmomis olsun. Caylar {izerinds su
anbarlarinin shomiyyati xeyli bdyiikdiir. Hor seydoan avval su
elektrik stansiyast ¢ox ucuz basa golon elektrik enerjisi verir.
Digir yanacaq novlori ilo (das komiir, neft, torfvas.) isloyon
elektrik stansiyalarindan forqli olaraq, su elektrik stansiyalar
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havani, otraf miihi ¢rklondirmir. Caylarin dasib otraf orazilori
basmasinin qarsist alinir. Bir sozlo ¢ay idaro olunur. Lakin son
illordo su anbarlarinin tikilmosino qars1 sixanlarin = say1
artmaqdadir. Bu insanlar no {iclin etiraz edirlor? Maosalon,
Diinyada Tobioti Qoruma comiyysti belo hesab edir ki, su
anbarlart iimumiyyatlo tobioto ¢ox ziyan vurur. Diinyada su
anbarlarinin tikintisini osason Diinya Banki maliyslosdirir. Odur
ki, onlarin miibarizosi homiso bu toskilatla olur. Su anbarlarinin
tobioto vurdugu ziyanin on bariz niimunossi Misirde, Nil c¢ay1
tizorindo tikilon nohong Asuan su anbaridir. Asuan su anbari
tikildiyi glindon verdiyi xeyirdon c¢ox ziyan gotirmisdir. Hor
seydon ovval caym gotirdiyi lil indi anbardan arxada qalir vo
miinbit  torpaqlar1 tamamilo siradan ¢ixarir. Fermerlor
mocburiyyat qarsisind qalaraq hoddon artiq ¢ox kimyovi
dormanlar islodirlor. Bu hom ¢ay1 vo hom do otraf miihiti
cirklondirir. Indi Nil ¢aymndan tutulan baligi yemok ¢ox
tohliikalidir.

Diinyada ismali su ehtiyatina bdyiik ziyan gatiron bir ¢ox
layihalor olmusdur. Masolon, 1960-c1 illorde Sovet ittifaqi Orta
Asian1 pambiq plantasiyalar1 orazisina ¢evirmok plani hazirladi.
Sahasi Qorbi Avropanin orazisino borabor olan bu vilaystdo 5
millatin monafeyi toqqusdu. Sovet Ittifaqinin niyati ¢ox baha basa
goldi. Orta Asiya orazisi Uimumiyyatlo quraqliq orazi sayilir.
Pambiq bitkisi is9 {istolik cox su tolob edon bitkidir. Tacriibe bu
oOlkalari su ehtiyati ilo tomin edon Amu va Sir Darya ¢aylarinin
suyunu demok olar ki, uddu. Bir vaxtlar 40000 adamin
baligciligla moasgul oldugu sirin su hovzosi, Aral golii qurudu.
Indi Orta Asiyanin 80 milyonluq ohalisi igmali su problemi ilo
lizlosir. ©vvoallor Sovet Ittifaqi torkibindo olanda Orta Asiyanin
xalglar1 arasinda ziddiyyot morkoz torafindon holl edilirdi. indi
miistoqilliyini qazanmis Orta Asiya dovlotlori (Qazazistan,
Ozbokistan, Tiirkmonistan, Tacikistan va Qirgizistan) Amu va Sir
Daorya caylarmin suyu iiclin ciddi diisunmali olmuslar. Halo
tistolik ©fganistan da bu ¢aylardan su istoyir.
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2003-cii ilin Yeni il sohori, ABS$-da Kolorada ¢ayindan 17
milyon ohalisi olan Kaliforniya Statina su vuran 5 nohong
nasosdan 3 Federal Dovlot torofindon dayandirildi. No bas
vermisdi? Bu hadisodon iki il avval Su Departamenti Kaliforniya
Statina bildirmisdi ki, o Kolorado ¢ayindan onun payina diigon
sudan artiq su gotlirmosin. Ciinki bu ¢ayin suyundan ondan basqa
6 stat su gotiiriir. Kliforniyanin fermerlori gotiiriilmiis suyun20%
igladirlor. Toklif edildi ki, onlar 15 dollaraaldiglar1 suyun bir
hissasini 250 dollara sohoro satsinlar. Fermerlor bu toklifi gqobul
etmodiklorindon sularmi kosdilor. indi Kaliforniyanin fermerlori
va sohorin su idarolori voziyyotdon ¢ixmaq iiclin bas sindirirlar
[5].

Bagqga bir miibahisali masala: 1980-ci illords Ruminiyanin
kommunist diktatoru Causeski Dunay caymin Qara donizo
tokiilon deltasinda bataqliglar1 qurutmaq omri verdi. Hor bir ¢cayin
deltas1 xiisusi bir ekosistemdir vo burada ekoloji taraziligin hor
hansi bir sokildo pozulmasi ¢ox ciddi tohliikali naticolor verir.
Caym deltast onun “bdyroyi”dir.Sauseskinin bu omri Dunay
caymnin vo ondan basqa bu deltaya axan bir sira xirda caylarin
cirklonmosina gotirdi. Indi Dunay ¢ay1 diinyanin on ¢irkli caylari
sirasina daxil edilmisdir. Bu iso hom Ruminiya vo hom do digor
Avropa xalglariin su ehtiyatina vurulan agir zorbadir. Ziyanin
xarcini indi Ruminiya dovlstindan talob edirlor.

Kegon asrdo su iistiinde 1831 miibahisadon 1228 qarsiliqli
razilagdirilmigdir, 507 ciddi miibahisoli masalolor 6z hallini
tapmayib, 37 dofs giic totbiq edilib vo 21 horbi yolla aradan
qgaldirilib. Tokea Israil 18 dofa qonsulari ilo su iistiindo horbi giic
totbiq edib. Hind ¢ay1 {iistiindo Pakistanla Hindistan iki dofo
miiharibs etmali olub. Diinyada 145 millstin manafeyino toxunan
261 Beynolxalq miibahisali su hovzesi mévcuddur.Su ehtiyatlar
tizorindo olan bu miibahisoli masalslor planetimizde cox az
miqdarda olan sirin su hdvzolorinin ¢irklonmasi doracosinin
artmasi ilo daha da dorinlasir. Sirin su dediyimiz su ehtiyatinin
hamisi dogrudanmi soziin hoqoqo monasida igmoli sudur? indi
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diinyanin ¢ox az sohorlorinds su kranlarindan bir basa su gotiiriib
igmok olar. Sohorimizin timsalinda hamiya ballidir ki, krandan su
icmok no demakdir? Bas tomiz suyu haradan i¢moli? insanlarin
oksoriyyati holo do belo fikirlosir ki, su Allahin nematidir vo
ondan hor kos sorbast, pulsuz istifado etmolidir. Onda su
idaralorinin isgilori deyir: diizdiir su Allahin nemsotidir, amma
Allah da boru ¢okmayi unutmusdur ax1!Na dmek olar?

Indi diinyann elo bir soheri yoxdur ki, orada su moenbadon
birbasa su kranlarina axidilsin. Su avvolco tomizlonib, igmali hala
gotirilmolidir. Bu iso ¢ox baha basa golon vo vaxt aparan bir isdir.
Diinyada su ehtiyatlarinin ¢irklonmasinin asas sababitursu
yagislarinin artmasidir. Bu atmosferin sirklonmosi ilo baghdir.
Tursu yagiglar1 gollords vo ¢aylarda olan suyu yararsiz hala salir.
Indi Kanadanin 14000, isvegin 16000 golii tam cirklonmisdir.
Elmi arasdirmalar gostorir ki, bir giinds ¢aylara, gollors axidilan
cirkabin miqdar1 2 milyard tondan ¢oxdur. Bir litr ¢irkab suyu 8
litr tomiz suyu ¢irklondirir. Su ehtiyati sirklonmo hoddini asan
olkalar Hindistan, Marokko, lordaniya, Sudan,Nigeriya, Burkino-
Faso, Burundi dovlatloridir. Bu 6lkslords tomiz su anlayisi artiq
0z mabhiyyastini itirmisdir. Diinyada on tomiz su ehtiyati
Finlandiyadadir, ondan sonra Yeni Zellandiya, Boyiik Britaniya,
Norveg, Rusiya, Koreya, Isvegro, Fransa golir. 1774-cii ildo
Isvegdo xlorun suyu tomizladiyi kosf olundugdan sonra bu sahado
doniis yarandi. Bir vaxtlar ABS vo Avropa iiciin boyiik tohliike
olan xolera hoqigaton do diinyovi problemo c¢evrilmisdi. Cirkli
sularda omolo golon xostolikloro qarst miibarizo hoddon artiq
vasait tolab edir. Odur ki, suyun tomizlonmasi insan faaliyyatinin
on iimds saholarindon birino ¢evrilmisdir.

Indi diinyada suyun tomizlonmasi va satis1 ilo moggul olan
cox boyiik golir sahiblori - su magnatlar1 yaranmigdir. Masalon,
Fransanin Suez vo Vivendi, Ingiltoronin Thames Water su
magqnatlar1 diinyada 500 milyon ohaliys xidmet gdstorir vo 90
milyard dollar golir gotiiriir. Xirda su kompaniyalarin1 da nazara
alsaq sudan golon golir ildio 300 milyard dollara catir.
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Hesablamalar gostorir ki, 2015-ci ildo bu maqnatlar yer kiirosi
ohalisinin 17% xidmat gdstormislor. Onlarin asas golir monbalori
Orab, Afrika vo Latin Amerikas1 oOlkoloridir. Artiq Avropa
dovlatlorindo, Olkomizde vo Amerikada da su ticarati
cicoklonmokdadir. Sohorimizdo son illor su ticarotinin neco
siirotlo artdiginin hamimiz sahidiyik. Arasdirmalar gostorir ki,
XXosrda neftin verdiyi galiri XXI osrda su veracok. Su ticaratinin
belo ¢igoklonmasinin ¢ox vaxt asas sobabi yerli su idarslorinin
saristosizliyidir. Onlar iqtisadi cohotdon zoif olduglgrindan, su
maqnatlar1 onlara komok etmolidirlor [6].

Neco etmoli ki, igmali su hamimiza gatsin? On ¢ox su
tolob edon saholorin, kond tosorriifati vo sonayenin inkisafini
dayandirmaq geyri miimkiindiir. Hami yemok, geyinmok vo yaxsi
yasamaq arzusundadir. Biitlin diinyada acligdan bir giindo
dlonlorin sayr 25000 hoddindadir. Indi diinya ohalisinin 915
milyonu yemok catrigmamazligindan aziyyst ¢okir. Su igmak iso
harseydon vacibdir [7]. Susuz hoyat bizim planetimizdo qeyri
miimkiindiir. Su hamimizin problemidir. Ekologlarin bir yaxsi
stiar1 var:lokal et, qlobal diisiin.Odur ki, hor bir kas evinin i¢gindon
baslamalidir Cox baha basa golon igmoli suyun itkisino yol
verilmomolidir. Normal moisot xidmotino malik olan gohorlordo
10 daqigelik dus gobul etmok ii¢iin 120 L, dislorini tomizloyarkon
kran1 ag1q qoymasan 5 L, a¢iq qoysan 70 L, tualeti yumaq iisiin
14 L, gablan allo yuduqda 15 L, masinla yuduqda 55 L , paltar
ollo yudugqda 90 L, masinla yudugda 160 L, masini allo yuduqda
120 L, avtomat masin yuyucularinda 200 L, c¢imorlik
baseynlorindo 20000 L su sorf olunur [8]. Sohoarlordo onsuzda
stirotlo artan maginlarin avtomat yuyucularinin aleyhina olun, su
axidan borular haqqinda tocili su idaralorino xobar verin, Milli
Macliso, Dovlat idaralorine su monbalorini sirklondiron saboblor
haqqinda moktublar tazin, miiraciot edin.Suyun tomizlonmasi
problemlori ilo mosgul olan elmi isloro vosait ayrilmasini tolob
edin, baladiyys kitabxanalrinda usaqlar va gonclar, evdar qadinlar
iclin molumat kitabgalarinin olmasini toleb edin, comiyyatlor va
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klublar yaradin, qgohumlar vo yaxin dostlarinizla séhbatlorinizdo
homiso su problemlorine toxunun vo no komoklil eds bilocayiniz
haqqinda daima diisiiniin!

Milyonlarla insan mohabbatsiz yasaya bilir, amma susuz
yasayani he¢ kas gormoayib!
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