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NUGZAR KERESELIDZE

INTEGRATED MATHEMATICAL AND COMPUTER MODELS OF
THE INFORMATION WARFARE

Abstract. In this paper, the first attempt is made to combine existing app-
roaches of mathematical and computer modeling of information warfare. As a
result, integration mathematical and computer models of information warfare
were created. Until now, in the mathematical modeling of the information war-
fare, issues of information flows and information dissemination were consid-
ered separately. The first direction was initiated by the idea of Professor T.
Chilachava, to study the distribution of information flows of the two opposite
and third peacekeeping sides by mathematical models. The second direction
was laid by Academician A.A. Samarskiy and Professor A.P. Mikhailov,
who proposed a mathematical model for the dissemination of information
among the population. Both these directions have been intensively developed
and many scientific studies have been devoted to them. Several dozens of inter-
esting models were created, which reflect the various nuances of the problem.
But it is natural that the information and the information for which it is intended
should be studied together. During the implementation of this idea, integrated
mathematical and computer models of information warfare were created. Inte-
grated common linear and nonlinear mathematical and computer models of in-
formation warfare were created. In this paper, integrated general and particular
mathematical and computer models for ignoring the enemy are presented. With
the help of computer research, a numerical experiment, the question of the ex-
istence of a solution to the problem of the Chilker range is studied, which is
equivalent to the task of completing information warfare.

UDC 004.94, 004.49, 517.9; 2010 Mathematics Subject Classification:
00A71, 65C20, 68U20.

Key words and phrases: information warfare, information flow, information

adept, integration mathematical model, integration computer odel, Chilker type
task.

Introduction. Among the diverse types of information warfare, we are attract-
ed to the confrontation of the opponents in the information field: when the sides
use, for example, mass dissemination of information and with it try to
misinform the enemy, compromise them, etc. The objectives and means of in-
formation warfare in this direction are detailed in the works [1], [2]. This type
of information war can be called information confrontation, but for simplicity
we will use “information warfare” for this type of information warfare.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwj_hoC06tfXAhXEC-wKHRetA4cQFggsMAE&url=https%3A%2F%2Fmathscinet.ams.org%2Fmsc%2Fmsc2010.html&usg=AOvVaw2unOaPn90zF1Z_zsY-CY-Q

Mathematical methods of studying information warfare are quite pro-
ductive and successfully implemented in different countries of the world. A
number of mathematical and computer models have been developed, which
takes into account the course of information war in the conditions of different
regimes: Restriction of information, continuity, discretion, and more.

The models are basically two studying objects. First, the information
itself, which is distributed as a stream and is intended to discredit the opposing
side. Second - the number of people who have received the information dissem-
inated by the side. It is noteworthy that the models developed so far have mostly
discussed only the number of information flows or the number of people who
have received the information. In the presented work, an attempt is proposed to
unify these two approaches, which results in new types of mathematical and
computer models.

Before representing the results of combining these two traditional
methods together, let’s talk about them separately.

Mathematical and computer models of flows of information warfare. The
mathematical modeling of the streams in the information war starts from year
2009, when Georgian scientist Temur Chilachava’s original idea was worked
out and reported in the same year on the fifth congress of Georgian Mathemati-
cians [3] and it was published in Sokhumi State University works [4], [S]. We
will bring you a general linear model, as well as a nonlinear model with re-
strictions. Let’s consider the mathematical and computer models of information
warfare, in which the search size is considered as the number of provocative
information spread by two antagonists and the number of peacekeeping calls
made by the third, peacekeeper side. All three parties involved in the infor-
mation warfare spread information of the relevant party, and any number of

promotional information to achieve its goal. At the moment of time € [0; +oo)
the number of information disseminated by each party should be noted as
N, (t ), N, (t ), N, (l‘ ) Quantity of information at the moment of time ¢ is

calculated as the sum of the relevant party, the number of any provocative in-
formation that is distributed by all means of mass information. At the same

time, the opposing parties are distributing N, (t ) and N, (Z ) numbers of in-

formation. Third, the Peaceful Party calls on the parties to stop the information
war, for which the peacekeeper spreads relevant information. As the opposing
side aims to influence the information impact on his rival, he tries to dissemi-
nate as much as discreditable information as possible about the opponent. At the
same time, the dissemination of previously used information is allowed and new
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disinformation is added. Thus, the speed of dissemination of information by the
opposing party depends on the number of information already distributed:

dN, (t dN, (t
—1()DalNl(t), 10

dt dt
reacts to the number of information disseminated by the rival and the
peacekeeping parties. Thus, the speed of dissemination of information by the

opposing party depends also on:

d]\;’t(t) 0 (@, (1) =N, (1)), dN;:z(t) D0 (BN, (6)- BN, (¢)).  Third,

the intensity of information disseminated by the Peace Party depends not only

1 B,N, (t) . In addition, the opposing side

on the number of information disseminated by him, but also on how aggressive-
ly the information warfare is going on, how much number of information is dis-
seminated by opposing sides. Taking into account these considerations, we can
discuss general linear continuous mathematical model of information warfare:

dN, (t
%:%Nl (£)+ @, (1) -, (1),
dN, (¢
dt( ):ﬂlNl(t)+182N2(l)_:B3N3(t)a (1.1)
dN, (t
cj'l‘( ):71N1(t)+7/2N2(t)+7/3N3(t)’
Initial conditions:
NI(O):NIO’ N2(0)=N20, N3(O):N30 (1.2)

Whereer,,a;, 5,, 3,20, v, 7, = 0i=13; a,, B ,-are constant sizes.

Let’s name these constant sizes “Model ratios”. The speed of change in the
number of information disseminated by the first and second parties in the gen-
eral linear model (1.1) depends on the number of information disseminated by
the parties and the international peace organization. Third - the speed of change
of the number of calmative information released by international organizations
is linearly increasing and is directly proportionate to the number of information

disseminated by all three parties. In the initial (1.2) conditions, N, N,,, N,

are non-negative permanent sizes.
At the beginning the third party does not disseminate information
(NV,, = 0) or make preventative conciliatory statements ( V,, > 0 ). Peacekeep-

ing side then begins to react to the provocative information spread by the par-
ties. For the first time mathematical and computer models of information war-
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fare, taking into consideration the possibilities of IT technologies, It was pro-
posed in 2012 [6], [7], and was generalized later [8]:

%x(t) = alx(t)(l —%f)}—ﬂlz(t)
% y(z):azy(t)(1_$} B2(1) (13)
L o)=int0y 7 0) 1-22]

x(0) = x,., y(0)=y0, Z(O)zzo (1.4)

Where x(t), y(t)is the number of disseminated information by the
antagonistic sides at moment - ¢. Similarly, the peacekeeping - third side's dis-

seminated amount of information Z(t ) at the same ¢ time. «,, «, accordingly
is aggressive coefficients of the first and second opposing sides, /S, S, -
peaceful activity options for the opposing sides, 7,, 7, - index of peacekeeping
activity of the third party towards the relevant opposing side. /;, j=1,2,3-

maximum number of technological capabilities of the first and second sides.
x(t), y(t),z(t) functions are defined in the section [O,T].

The opposing side reduces the speed of information dissemination ac-
cording to how close is the number of information dissemination by him at the
time to the maximum number of available of information dissemination.

Besides mentioned mathematical models of information warfare, con-
tinuous linear and discrete models of ignorance of the opponent have been de-
veloped; non-linear, continuous and linear discrete models taking into consider-
ation authoritative organizations or institutions (Religious, non-governmental,
scientific, political and other) [9],[10].

Mathematical model of dissemination Information flow. The mathematical
model of dissemination of information discussed in the classical work of math-
ematical modeling by A.A. Samarskiy and A.P. Mikhailov [11]. The mathe-
matical model of organizing advertising campaigns is offered, based on the
principle of model universality, can be used in mathematical modeling of in-
formation warfare. However, this model does not directly focus on information
streams, information receivers' - the number of informed personnel variability is
essentially considered. In particular, the following model is discussed: let's



N (t) is a number of informed potential customers about the object, N, - the

total number of potential users, ¢, (t)-intensity of advertising campaigns,
dN (1)
dt

the changing speed of users informed (adepts), which naturally depends on the

a, (t) - advertising intensity by users, who know about the object ,

number of uninformed consumers and the intensity of advertising campaigns.
That's why we get the mathematical model of the following kind of Samarskiy-
Mikhailov:
dN (1)
= = (t)+a, () N(1) |(N, - N(2)). 2.1)

Let's consider (2.1) substantiation of the model with more details. Ad-

vertising, as information is distributed in two ways: first, directly through the
advertising campaign, for example via mass media, when by this way, increas-
ing speed of the informed population is proportionate to the number of unin-

formed population - ¢, (t)(NO -N (t)) and second, an informed person about

advertising tells his acquaintances about this and thus become information spre-
aders, increasing speed of the informed population is proportionate to the num-

ber of uninformed population -, (t)(NO—N (Z)) In fact, advertising is

spread by interpersonal relationships. When we combine the speed of advertis-
ing spread in these two ways, we will get the model of the whole distribution
speed of advertising. In equation (2.1) starting point is, at the beginning of the
time, the number of advertised individuals is equal to zero:

N(t)]_=0 2.2)

One of the authors, A.P. Mikhailov, overtime, changed the name of
(2.1) and (2.2) model's. At first in cooperation with academician A.A. Samar-
skiy, the monograph published in 1997 was called model of advertising cam-
paign; then, since 2002 , it got called an information threat model [12]; since
2004 - information dissemination model [13]; since 2009, information confron-
tation model [14]; in 2011 - the model of information warfare [15]; in 2015 -
information attack and duel model [16], [17].

With model of (2.1), (2.2), A.P. Mikhailov and coauthors create differ-
ent models of dissemination of information, for example: model with forgetting
the information, model of information duel and others.

Integrated mathematical and computer models of information flows and
information dissemination. For the integrated mathematical models of the in-



formation warfare, let's bring the relevant indications while taking into account
the existing traditions. In particular, at ¢ € [O; +oo) moment, the number of in-
formation, distributed by each side is to be noted with N, (t ) Ny, (t) , N, (t) .

Quantity of information at momentf?, it is calculated as the sum of the relevant
party, the number of any provocative information, that is disseminated by all
means of mass information. At the same time, the opposing parties are reporting

Ny, (t) and N, (t)number of information. The third - peaceful side calls on
the sides to stop the information warfare, for which it disseminates N, (t) num-

ber of information. Let's name N, (t) N, (t) A (t) the number of "official-
ly" disseminated information by the respective parties. Then model (1.3), (1.4)

will be:
%NIO (t):alNlo (t)[l_N+l(t)j_AN3 (t)’
%Nzo(t):azNzo(t)[l_N%z(t)]_ﬂzNg(t)’ G.1)
%Ns (t):(71N10 (t)+72N20 (t))(l_Ns—S(t)J

With initial conditions:
Ny (0)= Ny, Nyy(0)=N,,, Ny(0)=N,,. (3.2)
Let's say, the first side represents the population, which has maximum
value ofx ,, in similar, the second side represents the population, which has

maximum value of y . X, (t) - the number of population of the first side, who at

the time of f € [0;+OO) have "received" information officially reported by the

first party, became it's adept and by interconnected relationships themselves

disseminate beneficial information for the first side by quantity of N, (l)
X, (t)- the number of population of the first side, who at the time of

te [O; +OO) have "received" information officially reported by the second party,
became it's adept and by interconnected relationships themselves disseminate

beneficial information for the second side by quantity of N, (t) . Similarly, we
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can do this for the population of the second party as well: y, (t ) - the number of

the population of the second party, which at the time of 7 € [0;+oo) has "re-

ceived" information officially reported by the first party, became it's adept and
by interconnected relationships themselves disseminate beneficial information

for the first side by quantity of V,, (t) Also, y, (t) - the number of the popula-
tion of the second party, which at the time of #¢€ [0;+oo) has "received" in-
formation officially reported by the second side, became it's adept and by quan-
tity of V,, (t) Speed of N, (t) information dissemination, naturally, depends

on the meeting of the X, (t) adepts and the population free of this information,

particularly, on x, (t)(x b~ (t)) In addition, if the adept spreads information

without interpersonal communication, let's say social network, or through the
adepts own web means, then we should additionally consider the maximum ca-

pabilities of adept's /, IT technologies. In addition, it is natural that the "offi-

cial" activity of the party, whose we consider, affects the adept activity. So, we
have the following ratio:

dN, (1)

e o, Ny, (t)(xp —x, (t))x1 (£)+ e, Ny (1) (1, - N, (1)) (3.3)

With initial conditions:

N, (0)=0. (3.4)
In the same way we can make correlations for N, (t ) , N, (t) ,
N, (t) , where we can note I, I, I,, with maximum possibility of the in-
formation technologies of the adepts x, (t) . N (t) » Y, (t) .

As for adepts x; (l) , X, (t) . (t), A (t) , for them correlations are
derived from Samarskiy-Mikhailov model, where an intensive advertising
campaign is presented as ;N ;, (t), where i =3,5,7, j=1,2, and the intensi-
ty of the dissemination of information by the adept is assessed as o, N, (t),

where k=4,6,8,10, [,s =1,2. As a result we get the integrated mathematical

model information warfare with restrictions:
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D), 0+, (1), ()3, 2. ),

D) _ gy, 1), = (0)5 (1) etV (0 1~ N0, 1),

Well) g 0, (1), =300 () etV ()1~ M, (),
W)= g, (05, 5O+ o ()1, -N ().
dNZ(t) = &Ny (£) (3, =2 (1)) 23 () + g Noy (1) (1, = Ny (1))

With initial conditions:
Ny (0) =my, Ny (O) =My, N, (0) =y
Ny, Ny, Ny, Ny =0, (3.6)
%(0), x,(0), »(0), »,(0)=0.
Thus, we have acquired an integrated mathematical model of infor-
mation warfare with restrictions, which is described by the ordinary differential

equation system (3.5), in which there are eleven functional searches and eleven
initial conditions (3.6). Note that in (3.5), (3.6) — Cauchy task, right side of (3.5)
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system have features and it dive us the basis to conclude that this Cauchy task

has the one solution for the time segment? € [0; +OO) .

Thus the number of useful information for the first party N, (t) is the

sum of the “official” information of the first party, information of first side’s
adepts in the first party population and information spread by adepts in the sec-
ond party’s population which is beneficial for the first party —

N, (t) =Ny (t)+ Ny, (1)+ Ny, (2). (3.7)

And the number of useful information for the second party - N, (t) ,
represents the following sum:

N, (t) =N,y (1)+ Ny, (1)+ N, (2). (3.8)

Third side impacts are clearly demonstrated in N, (t), N,, (t)infor—

mation flows and by their means this impact is realized in

Ny, (t) N, (t),N21 (l‘),N22 (t) flows. So, it is natural to raise the question —

whether it is possible to put out information warfare with the activity of the

third side, at any point in time, in different moments, N, (t) , N, (t) to become

Zero:

N (£)=0, N, (1) =0. (3.9)

Let’s call (3.5), (3.6), (3.9) boundary task the Chilker type task, because

conditions for the right side are specific, in particular, V, (t) , N, (t) functions

cross zero generally in different conditions and also these times are not fixed. In

model (3.5), (3.6), in the information flow, spread by adepts, participating in

the “official” information streams of opposing sides. It not happens on the

contrary, but it is possible. That’s why it’s natural, in speed correlations of

information spread by the adeptsN“(t),N12 (t),N21(t),N22 (t)were in-

volved N, (t) , Ny (t) of information streams. This case in considered other

models.

Integrated mathematical and computer models of the Information Warfare
for ignoring opponent. Let’s consider the model task of Integrated mathemati-
cal and computer models of the Information Warfare, in other words, let’s con-
sider the simplest case of the model. For this, for information flows we need to
take the ignorance model of the enemy:

13



d

LN (1) =y (1)~ BN, (1),

d

ENzo(t):azNzo(t)_ﬂzNz(t)a (4.1

d
ENz (t):%Nlo(t)"']/zNzo(t)'

With (3.2) initial conditions. In the model of Samarskiy-Mikhailov, let's
represent a linear form for the activity of parties and adepts. In addition we are

only considering X, (t ) Vs (l‘ ) adepts, who are only involved in correlations of
disseminated information by N, (t) , Ny, (t) - sides. Let's say, that

X (l) = x(t) W (t) = y(l‘) . As a result we will get an integrated mathematical

model of information warfare, which was formed at Sokhumi State University,
faculty of Mathematics and Computer Sciences, after discussion with Professor
T. Chilachava in spring 2017 and which has the form:

%Nlo (t) =a,N,, (t)+le(t)_ﬂ‘N3 (t)’

%Nzo (t) =0, Ny, (t)+sz’(t)_ﬂ2N3 (t)’
%Ns(t):7/1N10(t)+72N20(1)= (*4.2)
(o4 105, (),

dy(t)

YO _ (o (0)(3,-50)

With initial conditions:

{Nm( ) g, Ny ( ) My (0):”30’ 4.3)
x(0)=(0)=0.
Ifwesaythat, o, =a, =a, fi=B =B, 7=V, =V, 0, =a,=0,
V=V, =V.
Then (4.2) will get the form:
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% Ny (1) = al,y (£)+vx(1) - BN, (1),

%Nzo (£) = aN,y (1) +vy (1) - BN, (1),

% (1) = 7N (1) + 7Ny (1), e
de(;):(éwx(t))(xp -x(1)),
dyT(tt)z(éwy(f))(yp =2(1)).

Initial conditions are given in (4.3). There are five unknown functions
in the system (4.4), but the last two equations of this system, which results from
Samarskiy-Mikhailov model, will be analytically solved, when the equation in
the second string of (4.3) is completed for the initial conditions, as a result we
have:

. ox, [exp((5+,uxp)t)—l}
§exp((§+,uxp)t)+,uxp
~ Sy, [exp((5+,uyp)t)—l}

- §exp((§+,uyp)t)+,uyp ,

By adding (4.4) into two equations, (4.5) and (4.6), we get a system
with tree equations:

, (4.5)

y(t (4.6)

%Nlo(t):an (t)+vx(t)—ﬁN3(l),
%Nzo(t):aNzo(t)+Vy(t)_ﬂN3(t)’ “4.7)
%N3 (t)ZJ/Nlo(t)"‘?’Nzo(t)'

with initial conditions:
Ny (0):”10: Ny (0):”20’ N3(0)=n3o, (4.8)

Notice, that it is possible to find analytical solutions of the Cauchy
task, because with transformations in (4.7) we will get a linear no homogeneous
ordinary differential equation of the second order with constant coefficients to-
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wards NV, (t) , and placing the solution system (4.7) - homogeneous ordinary
differential equation of first order with constant coefficient towards N, (t),

Ny, (t) But after adding the Cauchy task (4.7), (4.8) conditions to the right

end:

am ounl of inform a lion

amounl of inform a lion

Fig.1 The parties involved in the information warfare, when D > 0 (a) and when

D=0 ®

Ny (1) =0, Ny () =0. (4.9)
Where ¢*, ¢™ are non-fixed, in general, different time moments on time
[0, T> 0] period, we will get a Chilker type task, which we will investigate via

computer modeling and we will conduct a computer experiments. Let's say that
we have initial conditions:

{Nm(o)=o.1, N, (0)=0.001, N,(0)=3,

x(0)=y(0)=0. (+10
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Possibility of solving Chilker type (4.7)-(4.7) task, according to com-
puter experiments, depends on the aggressiveness of sides, in particular on

D=a’ —8py . For example, if the aggression of antagonistic sides is large,

which cause Dto be nonnegative: D >0, then there is no solution to the
Chilker type problem, which means that the third side cannot stop the infor-
mation warfare by its actions. For example, if ¢ =1,8; #=0,05; v=0,05;

y=0,05; 6=0,3; u=0,2; X, =155; v, =150; which means that
D =304, as we see on Fig.1 a, both antagonist forces strengthen the infor-
mation warfare and third party's impact on them is unsuccessful. In the condi-
tions of high aggression by the parties, if D =0, what happens for this meaning
of parameters: ¢ =0,08; £=0,08; v=0,05; y=1; 6=0,3; u=0,2;
x, =155; y, =150; then it is possible for one side to go to zero and third par-

ty can influence one of the antagonistic sides. See Fig. 1 _b.As for the case of
low aggression, when D <0, in particular for parameters: « =0,08;

£=0,5;,v=0,05; y=1; 6=0,3; £=0,2; xp:155; ypzlSO;then

third party impacts are effective on antagonistic sides, they go to zero, which
means that the Chilker type problem has a solution.

Based on analysis of results of computer experiments, we can conclude,
that solution behavior of integrated mathematical model of ignoring the enemy
is similar to relevant non integrated mathematical model solutions [5], [17], in
particular, dependence of solutions on D -on the level of aggressiveness of par-
ties. At the same time, it should be noted that the number of adepts in the model
has made some corrections, for example, under conditions of low aggression,
D is negative and increases in module, then for little time value the antagonistic
side for parameters a=0,08; p=15; v=0,05; y=3,5; 6=0,3;

#=0,2;x,=155; y, =150, D=-419,9, go to zero, see Fig. 2_a. but, for

big ¢, one of the antagonistic sides (depends on correlations of the initial values
of the parties) doesn't go to zero, see Fig. 2 b.

The computer experiment was also conducted (4.7)-(4.7) in the general case
of the Chilker type problem. In particular, when the antagonistic parties have

different aggressiveness (al’a2) and peace readiness (’B 1 2)indicators, also

different values of peacekeeping activity towards the parties (7/ V2075 ) , in the
equations of adept's quantity the number of information streams of relevant op-
posing parties is included:
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| ottt etz Bl dtaieto, bl Sutate! it

amounl ol in form alion

and larger (b) Time for values

%Nlo (t) =Ny, (t)+le(t)_ﬁ1N3 (t)’
%Nzo (1) =Ny (1) + v, (1) = B,N; (1),

% B(t)zlelo (t)+7/2N20 (t)+73N3 (t)’
D, 1 7)o, <00,
dy(t)

(@ (1)1 (1) (3, = (1))

Fig.2 The parties involved in the information warfare, when D < 0, for a small (a)

4.11)

The computer experiment was conducted for the system (4.11) with dif-

ferent initial conditions (4.10) and parameters. We can conclude from the re-
sults obtained, that the relevant Chilker type task - (4.11), (4.6), (4.9) has a solu-
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tion, in case of nigh peace readiness and activity. In particular, if we have the
data of parameters, where aggressiveness prevails over peace readiness and ac-

tivity: o, =4,8; f,=5; v,=1.5; a,=5,6; B,=7; y,=05; y,=3;
7, =07; X, =155; Y, =150;0,=2,3; a,=2,2; y,=2; y;=,3, then
the antagonistic parties develop information warfare and the third party's impact

is unsuccessful, see Fig. 3 a, which is derived for initial conditions -
Ny, (0) =02, N, (O) =0.01, N, (O) =.03,

x(O) = y(O) =0.

The Chilker type problem (4.11), (4.6), (4.9)has a solution when the
aggressiveness of opposing parties is relatively low, for example, for parame-

ters: o, =08; B, =L5; v,=05;, a,=06; B, =1.7; y,=05; y,=03;
Vs =,O7;xp :155;yp =150;0,=3;a,=,2; y,=,2; y5=,3, see Fig. 3_b.

(4.12)

ol b bn

Fig.3 The parties involved in the information warfare for Chilker type task - (4.11),
(4.12), (4.9), with high (a) and low (b) aggression
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Computer experiments were conducted in the Mat Lab environment, m-file
were created, one of the code is presented in Listing.

Listing. sawy gael.m-file
%integrirebuli_ignorir uSvebs povnas
[T,Y]=odel5s(@GAEL,[0,0.15],[0.002 .001 .3 0 0]);
plot(T,Y,'linewidth',2)
title('inf warfare')
xlabel('Time")
ylabel("amount of information")
legend('n1',n2','n3".'x",'y")
grid on
%Integrirebuli MMIW _ode-s marjvena mxareebi
function dxdt=GAE1(t,x)
dxdt=zeros(5,1); al=.08; a2=.05; b1=1.5; a21=.06; a22=.03; b2=1.7;
p4=155; p5=150; g1=.05; g2=.03; g3=.07; a3=.3; m1=.2; a4=.2; m2=.3;
dxdt(1)=al*x(1)+a2*x(4)-b1*x(3);
dxdt(2)=a21*x(2)+a22*x(5)-b2*x(3);
dxdt(3)=gl*x(1)+g2*x(2)+g3*x(3);
dxdt(4)=(a3*x(1)+ml1*x(4))*(p4-x(4));
dxdt(5)=(a4*x(2)+m2*x(5))*(p5-x(5));
end
Conclusion. In the present work there is offered integrated mathematical and
computer models of information warfare in which independently expressed ap-
proaches till now are reflected. In particular, academician A.A. Samarskiy and
his coauthor's, Professor A.P. Mikhailov's advertising campaign and professor
T. Chilachava's tree sides information stream (flow) models are united. It pro-
vides new general linear model of information warfare; model with restrictions
on information technologies, private and advanced integrated mathematical and
computer models of ignore enemy. For last two models, computer experiments
have been conducted, which helped to identify solving possibility of Chilker
type task for information warfare.
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INGA GABISONIA

FOURIER ROV OF HARDY EMBODIES METHOD
SEGMENTS THE ISSUE

In this paper we introduce a new structural characteristic for periodic

functions. In terms of this characteristic, a procedure has been established for
estimating the deviation by means of strong summability for trigonometric
Fourier series.
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Temyp I'oroananse, Anekcanap MuMHUHOIIBUJIN

JIuHAMHM KA U3MEHEHHS JIEKTPOJIUTHOr0 00MeHa
IUIa3Mbl KPOBH U 3JIEKTPOBO30YyAUMOCTH MHOKapaa
NP OCTPOM cellcuce

W3BecTHO, 4TO mpu cercuce HaOMIOJAIOTCS PacCTPOWCTBAa CHCTEMHOU
reMOANHaMUKH. B pe3ynbTare BOZHHKIINX (DYHKIIMOHAIBHBIX H CTPYKTYPHBIX
W3MEHEHUH MOopaKeHHBIX OPraHOB, HAPYIIAETCS METabOIU3M KIIETOK, B YACTHO-
CTH BOJHO-COJIEBOI OOMEH.

W3MmeHeHune 3IeKTPOTUTHOTO COCTaBa KIETOK M TIa3Mbl KPOBH SIBIISIET-
CiA CJICACTBHUEM HapymeHI/Iﬁ B MEXaHMU3ME€ TPAaHCIIOPTAa MOHOB Y€PE3 KICTOYHBIC
MeMOpaHbl. OTHaKO M3MEHEHHS MOHOB MTPOBOJANMOCTH MEMOpPaH, KaK MPaBHIIO,
He SIBJIIETCS TIEPBUYHBIMH COOBITHAMH B MEXaHHW3ME Pa3BUTHS IMaTojioruu. B
HayalbHOW CTaW{ MAaTOJOTMYECKHE M3MEHEHHs 3aTParuBaloT BHYTPUKIETOY-
Hble OMOXWMHUYECKHE CHCTEMBI U JIMIIb [TO3JJHEe HAYMHAIOT MIPOSBIIATHCS Hapy-
nIeHus: QyHKIuu 6noMeMOpaH. B 3Toli cBsi3M OOJIBIION TEOpEeTHYECKUH 1 MpaK-
TUYECKU MHTEPEC MPECTABISIOT NaHHBIC O BIUSHUM MATOJOTHYECKUX U3MEH-
€HUM COCTOSIHUS KJIETOK Ha BHYTPHUKIICTOYHBIC PETYIATOPHBIC CUCTEMBI U ITOCII-
eIyIOIINE BO3ACUCTBHS X HA MEXaHW3M HOHHOT'O TPAHCIOPTa U 3JIEKTPOBO30Y-
JUMOCTH TKaHU.

3anaveil Hamlero McciaeloBaHus ObUIO M3yUYeHHE MOHHOM MPOHHUIIaeMO-
cTi OMoMeMOpaH M HapyIIEHHE JIEKTPOJIUTHOTO 0OMEHA IPHU CETICUCE C LIENbI0
YCTaHOBJICHUS TSDKECTH HAPYIICHUH MeTa00IM3Ma TP CeTICHCe.

Metoab! uccaegoBanusi. ONbITH TPOBOAMINCE Ha KPOJIHUKAX MMOPOJBI
[Huammaa. OCTpBIA CETICHC BBI3BIBAIA METO/IOM, pa3padOTaHHBIM B OTIEIS
nmmynonoruu [THUJT TTMYVY: kpoBb U 00pa3ibl MHOKapaa Opajiu B pa3HbIC
JTHY TIOCIIE BBEACHUS MUKPOOOB.

ONEKTPOIUTHBINA COCTaB IJIa3MbI M CEpIla UCCIICTOBAIM METOOM ILIa-
MEHHOU ¢oTroMeTpun. BbiieneHre ImIa3Mbl KPOBH JOCTUTAJOCh IICHTPH-
(dbyrupoBanueM B TeueHue 15 mua pu 300 06/.MuH: TIa3My pa3BoawH st K—
1:100, g Na—1:500, g Ca—1:100. nst onpeneneHust KOHIEHTPALIUHU dIIEKTP-
omuTOB B MHOKapne 100Mr TKaHM MHHEPaTU30BaIM B KOHIIEHTPUPOBAHHON
HNO; 1o moaHOTO pacTBOPEHUS W Pa3BOAWIN TUCTHUTMPOBAHHON BOIOW B CO-
otomeHuu 1:100. KoHIleHTpalus 3JIeKTPOTUTOB U3MEPSUIACh B MIKB/JI.

DNeKTpoPU3NOIOTHIECKHE UCCIEOBAHNS MTPOBOAMIIN Ha MOJIOCKAX H3
CTEHKH TPaBOTO XKelyI0YKa cepAna KpoirkoB. [lomocky momemanu sHI0Kapa-
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OM BBepX B kamepy juist nepdysuun. [lepdy3upoBanu pacteopom Tupoge B mm:
NaCl-137; KCl-4; CaCl-2,7; MgCl>-1; NaHCOs3-11, 5; NaH2PO+—1,8; Tmtok-
o3a 10; pH-7,4; t = 370C. PactBOp OoKcurennpoBanu kapoorenom (95% O, 5
% CO;). CkopocTb mpoToka 6—8 mi/MHUH, 00béM Kamepsl 6 M. [Ipena-patsr
CTUMYJIMpOBaNIU ¢ epruogoM 500MC npsMOYroNbHBIMU UMITYJIBCAMH JIBYXIIOPO-
TOBOM aMITITUTY bl IJTUTEIIBHOCTRIO 2MC, TOAaBAaeMBIMH OT CTUMYJIsITopa DCY—
2 4epe3 MOBEPXHOCTHBIM KOAKCHATBHBIN 371eKTPO. [loTeHIusIbI 1ecTBUS per-
HCTPUPOBAJIH C IIOMOIIBIO ~TUIABAIONINX " CTEKIISTHHBIX MUKPO3JIEKTPOIOB COIIp-
otuBnerueM 10-30 Mom u HaOmromanu Ha 3kpane ocuuuiorpada CI-18. s
oTIpe/ie]IeHHs BETHYHHBI pedpaKkTepHOTO MepHoAa TUIABHO B TEYEHNE HECKOIb-
KHMX JIECATKOB CEKYH]l YBEJIMUYHUBAIIA YAaCTOTY CTUMYJIMpOBaHUs. B KauecTBe Be-
JIUYUHBI pepakTepHOTo Meproja MPUHUMAIH MUHUMAIBHBINA TEPUO]] CTUMYJI-
HMPOBaHMs, KOTJIa B OTBET HA KAXKIbIM CTUMYJ BO3HUKAJIA PACIPOCTPAHIIOMIASICS
BOJIHA BO30YKICHUSIO

B pabote ncnonp3oBanu nmukoganH (Xylocaine) dupmer “Astra” 1llBe-
s, AueHnH (B MOpOIIKe) M 3TMO3WH (aMITyJIax) OTeYeCTBEHHOTO MTPOU3BOJIC-
TBa. J{1s1 Kax10¥ KOHIIEHTpAIIUH MpenapaTa 3HaueHUs pepakTepHOTo Meproaa
H3MEPSIIM Yepe3 15 MUH Moce noAadn BEeEeCTBa.
PesyabTatel nccaeqoBannii M o6cyxnenne. VzydeHrue 3MeKTPOIUTHOTO COC-
TaBa IUIa3Mbl KPOBU U MHUOKapZa MoKazall, 4To uepe3 24 yaca mocie 3apaxeHus
conepxkanue Na, K nu Ca B Tu1a3Me KpOBH U MUOKap/ie He M3MeHsI0ch. OqHaKo
Ha 3 CyTKHU IPOUCXOIUT MaJeHue coaepkanus Na, yBenudaenue K U HEKOTOPHIi
poct Ca B miia3me kpoBu. B Muokapie npovcxoauT Hakoruienue Na u Ca, KOH-
ueHtpauus K namaer. Ha 5-7 cyTku 3T n3MeHEHHUs BBIpaKEHBI Hanbouee pes-
ko. Conepxanne Na B tuiazme nanaet 1o 90, 2 Moke/n, konnentpanust K u Ca
pe3ko yBenmuuBaeTcs. lIpoucxonuT 3HAYMTENbHOE HAKOIUICHHE COJEP>KaHUS
BHYTPHUKJIETOYHOr0 Na B MHUOKapjAe W BbIMbIBaHHME K u3 KieTku. Heckosbko
YBEJIMYEHA KOHLEHTpauus BHyTpukieTouHoro Ca. Ecim K 3ToMy BpeMeHH
KIIMHAYECKOE COCTOSIHHUE 3aPa’KCHHBIX KPOJUKOB OBUIO YAOBIECTBOPHUTEIHLHBIM,
TO HAOJIOJAIOTCS] HE3HAYHTENbHBIE KOJICOaHHS COJEPXKAHHS DIIEKTPOJIUTOB B
ma3Me KpoBU M B MUOKapze. Eciu ke KUBOTHbIE HaXOJIUJIUCh B TEPMUHAIb-
HOH cTamuu (mape3 3aJHUX KOHEYHOCTEH, TUXOpaaKa) TO coacpkaHue Na B
Tra3Me KpoBu cHIbkeHa Ha 50%, K yBenmuena Ha 100%, a Ca yBennumBaeTtcs
Ha 15%. B muokapne conepskanne Na yenmanbaetcs Ha 100%, a kamus magaet
Ha 60% u Ca yBennuuBaeTcs BiBoe (Tadmuna 1,2)
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Tabéauual N3MeHeHUs 3J1eKTPOJUTHOI0 COCTABA MJIa3Mbl KPOBHU
Jnu nabnoodenui Inasma
Na mske/ 1 K moxe /n Ca make/
7
Hopma Cencuc Hopma Cencuc Hopma  Cencuc
140+ 1, 8 4,7+0,2 5,5+0,4
1 cymxu 135+ 1,2 4,3+0,3 5,2+0,3
3 cymxu 108+2 60,5 5,9+0,4
5 cymxu 90,2+1,4 7,02+0,3 6,5+0,5
12 cymxu 102+1,2 7,5+0,4 6,2+0,4
e 76,414 8,80,6 8,0+0,4
Ta6auna2 H3meHeHMs1 21eKTPOJIMTHOIO COCTABA MHOKApa
JIHu nabrooenuil Muoxapn
Na mske/ 1 K moxe /n Ca moke/ 1
Hopma Cencuc  Hopma Cencuc Hopma  Cencuc
32+0,3 47,8+0,8 3,9+0,2
1 cymxu 33+0,5 46+0,3 4,1+0,3
3 cymxu 40+0,5 30,2+0,7 4,3+0,2
5 cymxu 54,8+0,2 22,7+0,5 5,4+0,4
12 cymku 52+40,5 25+0,4 5,0+0,4
Tepauunansias 68+1,2 7,720,5 6,30,3
Cmaous

B skcneprMeHTax Ha M30JUPOBAHHOM JKETyJOUYKE CepAlla Ha Pa3HBIX
CTaIMsIX Pa3sBUTHS CeIcHca HE HAOMI0AAeTCsl KaKuX — JIM00 U3MEHEHUH HH TI0
JUTATETLHOCTH TToTeHIsuIa Aeiicteus (I1/]), Hu mo pedpakTepHOMY MTEpHOIY.
ToNBKO y >KUBOTHBIX, 3a0MTHIX B TEPMHHAIBHOW CTaguH, ATUTEIbHOCTH [1]]
nazana Ha 12%, pedpaxrtepusiii nepuon yBenuuusancsa ¢ 80,2+2mc mo 120+
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SMc. DTH mapaMeTphl He BOCCTaHABIUBAIINCH, HECMOTPSI Ha AnuTenbHoe (10 1,5
4acoB) OMBIBAHHE U30JIMPOBAHHOTO OpraHa OKcHUre pactBopom Punrepa (puc 1).

mv

+30

- 60

£ mC

HOpMa
cencuc

[Ipu BO3neiicTBUM JTHIOKaWHA, 3TMO3HMHA U AU(EHHHA HA M30JIMPOBaH-
HBIE JKEITYyAOUKH CepALla C POCTOM KOHLEHTPAaLWH HaOIIOAACTCs yBEIUYCHHE
pedpaxrepHoro mepuosna (mmokanH Ha 6-20%, aTmMo3uH 2-36%, mudenud 10-
20%). B mpucyTcTBUM yKa3zaHHBIX NpemapatoB JuuTenbHOCTh I1]] magaer Ha
12%, a pedpakTepHBIi mepruo MUOKapa KPOIUKOB, HAXOSIINXCS B TEPMUHA-
TBEHOM cTamuu yBennuruBaercs (Tadbmumna 3).

Kak mokasainu SKCIEpHMEHTHI [0 W3YyYEHHIO CBOOOJHOPAIMKAIBHBIX
MIPOIIECCOB, B MPOIIECCE PA3BUTHS CETICHCA TPOUCXOAST 3HAYUTEIbHBIC MAACHHUS
9HepreTuku Kierok [1,2,3]. 1o npuBoauT Kk HakoruieHuto Na u Ca ¥ yMeHIe-
HUIO K BHYTpM KIIETOK 3a cueT HapyuieHus s3Hepretuktd Na, K Ca Hacocos.
CaBur rpalu€HTOB KOHIIEHTPALUI JIEKTPOJIUTOB MPUBOIUT K U3MEHEHUIO dJe-
KTPUYECKOH BO30YAMMOCTH MUOKapaa.

OpHako 3TH M3MEHEHHS, 0YE€BHUIHO, HOCAT OOpaTHMBII XapakTep T. K.
MbI HE 3aMeuaiu U3MeHeHU! Ha JuiutenbHocTH [1)] u pedpakrepHoro mepuojaa
Ha WM30JMPOBAHHBIX Tpenaparax cepira KPOJIMKOB, KIMHHYECKOE COCTOSTHHE
KOTOPBIX OBUIO YJIOBJIETBOPH-TEIHHBIM, OMBIBAeMBIX PHHrepom oOorameHHbINA
kapoorerom (95% O, u 5% CO»). U Tonbko B ciaydasx, KOTJa >KUBOTHBIE HaXO-
JUIIMCh B TEPMUHAILHOW CTaJlUH, 3TH MPOLECCHl ObUIH HEOOPaTUMBI — HAOIFO-
nanoch ykopouenue [1/] u yBenuuenune pedpakrepnoro nepuoxa [4,5,6]. .
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YBeanuenue pedpakTepHOro nepuoaa cepaevyHo TKaHU

Ta6nuua 3 NoJ AeiicTBHEM TMpenapaToB — 0J10KAaTOPOB Na — TOKa
YBenuuenne pedpakTepHOTO
KonuenTpanus nepuoa cepJeyHol TKaHu B %
npernapar
npenapara
Hopwmanbhas CencucHas
B M/II
TKaHb TKaHb
0,5 6+2 16+3
JIUIOKauH 1,0 20+4 4245
0,05 =243 8+4
5TMO3HH 0,1 36+8 58+10
2 10£2 18+3
T EeHUH 4 20+3 3244

Taxkum 00pazom, Kak MMoKa3aad MCCICAOBAHMS, MAaKCUMANbHAS PEaKLys
OpraHu3Ma Ha BBEJCHHE MHUKPOOOB NMPOUCXOIUT B TEPBBIE ke CyTkKH. Kpusuc
HacTymaeT Ha 5-7 CyTKH mociie BBeAeHUs MHKpoOoB. Eciu k 3TomMy BpemeHH
XKHUBOTHbIE HAaXOOUTCS TEPMUHAJIBHON CTaJuU HCCICNOBAHHBIE ITaApaMETPHI
CHJIBHO CIBUHYTHI 110 CPaBHEHHUIO ¢ HOpMOH Eciu ke )KMBOTHBIE NEpexKUBaAIN
3TOT MNEpPHOJ, TO OCTPOTa INPOLEcca CHMXKATACh U BCKOPE HCCICIOBAaHHBIC
napaMeTpsl ObUTH OJIM3KH K HOpME.
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Loboo:
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(i,.4. k)

byd.l Logd 3ol olgdgdobs3os gag§Bmo ©s 3szboGy@o
390930l 3™33mbgb@gdolsmgols

(i, j. k)= (iAx, jAy, kAz),n = nAt
F(i, j, k)= F(iAx, jAy, kAz, nAt)

1 1
F'liv+—, jk|-F"i-—,j,k
AT T e ) | ®
ox Ax

1

OF k) F k)~ F (i juk)

ot At

(3) Lbgomdomo Ljgdol gomgosemolifobgdom doJlggenols (1) aob-
Aoagdosms  LobEgdsdo dgagodeos dogo@mm g gd@®mdsybodyg®o
3900l g9dBmagdols 3m33mbgb@gdolsmgols dglodsdolo asdmlsbyeg-
4950, OmIewgddoi 3gobdol Imzgdger Fgd@omdo s @mols dmz93-
9o dmdgbGdo ggeol 360dgbgermds hoofgmgds ggeols 3md3mbgbdg-
b0l Lodygoemgdom dodpgdoty 3356dgddo s Mol fobs dmdgb@do.
9L 235d@ggl 0dols Lodygogmgdsl, @md godmgmm ggenols dbodgbgenem-
4960 @Omol dmdpggbm dmdgb@gddo Fobs JmdgbBgodo 3bmdogno
3M33mbgb@gools Lodygsengdom. dogogomsw, gengd@dmdsgbody®o gg-
ol H, o E. dpgbgemgdolomgols dogowgdm:
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P, j+1/2,k+1/2)At

2uli, j+1/2,k+1/2) . ipy. .
G, 172, k+1/2)A (i +1/2,k+1/2)+

2u(i, j+1/2,k+1/2)
. At . 1 5
wli, j+1/2,k+1/2) | plij+1/2,k+1/2)At
2ui, j+1/2,k+1/2)
5 E;:(i,j+1/2,k+1)—E;(i,j+1/2,k)+E;(,-,j,k+1/2)_E;(,~,j+1,k+1/2)
Az Ay ’
170(1‘,]',k+1/2)m
26(i, j.k+1/2)
oli, j,k+1/2)At
26(i, j,k+1/2)
At 1
+ . — x
elijk+1/2) |, olijk+1/2)Ar
26(i, j,k+1/2)
X{H}’f*”(z#1/2,j,k+1/2)—H}?*”z(z‘—l/z,j,k+1/2)+
Ax

1—

H'P (G, j+1/2,k+1/2)=

x

1+

E™(i,j,k+1/2)= E' (i, j k+1/2)+

1+

{H;’“Z(i,j—1/2,k+1/2)—H:*”2(i,j+1/2,k+1/2)
Ay

bgdmm dmigdgmo Lgdol gbodsdobow hoofgmgods gangdd-
@0 s dogbod®o g9 gdol wodsdygmmdgdols godmbsbyan gdgdo
Lbbgs dygbgangdobomgolsE. o3 go@Igagddo Jmzgdymo o, p' e, u
Lboowggdol dglodsdobo dg@bggs odanggs Lodyogmgdsls Lol yano
bbgomdgdols  dgmmeTo  godmygbgdyemo  dowols  3356dgddo  hooligols
Lbgopalbbgs @Godols s bogmogdgdols goddbggo bgosdo@mgdo ob des-
Yeomdomo Lbgyen gdo.

OMymO 3 3bmbdogoos, Lobdymmo Lbgomdgdol Jgmmeol yodmy-
969d0bsl, 3obJobyg@o @glg@lgdol dgbeyogamdols godm, gemg]@®-
035260/ YM0  ggaol 20303980 gd0l 3OME Lol dmwgmomgds begds
Lol®Oygan 5@9do. 5dobmob o3 J30Mgs Inwgmmodgdbol s®g dJoo g-
Ao JgBos  dgbodsdolbo  3md3oyg@gageo  godmmgmgdol hoGo®gdols
Lob{@ogg. ©o33003900L s@ol gboyoyammdbol yodm ©s yo@Esdsg-
>0 30m39bgdols LEOYmo  sbogmobolomgols syEomgdgaos oligmo
0©goY@o© dgmobbdgoygmo ¢9bgbols dg@bggs, @mIgaoi dmerosb-
SO 200@M ol Iolby o39dge g gBMMIoaboB e Gom@sl, Gsms
500l 30ggoosb s®g3gmomds BAom@sd db0dgbgenmgbom 5@ 0dmd-
9omb gsdmmgegdom Jomgdya dgogagoby.
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Laldgeo Lbgomdgdol dgmmeols LY®sgo ws 9g89]@ 6o 399-
>mbobomgol 33003900l 5G9 ogomy@do dgmobbdgdye  1qbgo-
056 gOme InEgmoMgoygmos Amam®A 3 ghHomosbo g gdOygmo ©s
352603 9M0 godBoMgdembols IJmbg go®gdm. sbgm gocgdmdo doJligg-
ol gobBmagdoms LobEgds sdgroamos mm®dgE obBmegdsw dg-
dgyo Loboo:

i oH OE 0H ,
e, +o £ =—= g, ——+o E_=-

t | oy ot o oz
OF | oH ! OH

ge,——+o0 E_=—- e, —+0 E, =——2=
t T oz ot Y Ox
OH | OF oH

g, —~+0 E =— g, —+o E =——%=
ot ox ot cr ox

Xz, + * H aE} aH Xy + * H aEz

e L 6'H = —2io'H =-—=
Hu, o e = By, o yi1, £y
OF OH | OF

R =y o'H, =

i, =2, M =5 U, o AT, oz
OH OE oH OE

— 2t o’H =—x —— =4 o'H =——2X
HH, =, T M, A o

boo3 o @o o go@gdml g gdd@ymo ©s dogbo@y®o od@omgo-
6gdos glodsdolow; » ©s I aoMgdml wogmgdBd®geo s dogbo-

A9 gl ggoomdgdos; &, ©s u, gegJdOgmo s dopbodydo dvy-
©0d0ggd05; 0@goy@se dgmsobbdgdygmmo xgbgdolomgols dgmsbbdgdols

300mds hoofgMgds, Gmama 3 g_9 .
&, H,

90 9BOg@o s dspbo@ydo ggeols Iy gbgergdo asdmomgen-
905 d9dgao Loboom:

Ev‘ = Exy +Ex:’ Ey = E‘X +Eyzs Ez = E:x +E:y’
H=H +H, H=H,+H_, H =H_+H,

3900l mommgyeo oy gbgeolomgols doowgds Mg3909b@ Y0
ROAOIYE0S, doomoms©, dogbody®o ggaols x  dagbgeo, GmIgan-

1 1
0 39d0b Fobbsgol bo@dsgngmos o Immogligdygeos i,j+5,k+5

1
a@omdo (by@A.l) gor oMol n+— 3dmdgbRolosmgols doomygds
HISTOIY J dM3IR K 7 abd 3 RJ

‘93920 godmbobyangds
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o+ 1/2,k+1/2)A

i (; 2up (s
12 _ 5 y B
. (I’J+1/2°k+1/2)_]+o-*(i,j+1/2,k+1/2)AtH’“’ (.j+1/2.k+1/2)

2up,
At 1 y Ez”(i,j,k+1/2)—E__”(i,j+l,k+1/2)}
i, 1+o-"(i,j+1/2,k+1/2)At Ay '
2up,
sbogmaoyg@se hoo{g@mgds gangd@dgeo ©s dogbodyg®o  gg-
@gdol Lbgs 3md3mbgbRgdoi. o3 seogm@omndols GglGo®gdolomgols
930§ ogemon  m@yobbmdoggbosh bmenbg 7 3mes@obodgdyeno
3B Ygeo aombols 033gebols godbggol sdmzobs (Liy®.2.).

A o =0
Y o #0
o O 0 -
O-yZO -~ - —— == > X
w

L@ 2. s3e3560L 2gmdgddos

32

H_(t)=exp(—a’(y—ct—ct,)?), ©539370 0d3ygabos, ,ct, =1.0 d.

ct

o

bowols bogobg W=109. ©s33003900L >@ol 0d Fg@OFomgddo: Lowss
Jmmogligdygemos bmano, gfgom: o, =0,0, =0, bbgs {gOF0gdTo,
OMES  0EgOmYAS®  dgmobbdgdygmo ggbgdols, jo o, =0,0, =0 .

0 IA>ER FgmobbIgdygm ggbgddo go gagdHOgmo ©s dopbodyy-
M0 2odBoMgoemdgdo dg@hgyeos dgdogabsodsw:

d 2
(d)y=0o, | —
O-l( ) O-Imax(Dj ’
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bowog I —s®ol  opgomydon  B9msbbdgdymo  @g6ols 6mdg@o, d
—oM0l oEgomy@s© dgmobbdgdyen ggbsdo dgbgarols dsbdogro, D—j3o
0go Yo dgmobbdgdymo ggbols LOPmo Lolge.

O-imax ((’)08(”0003@{]60 Rzexp[—ZGimaxD &] 306)(')?)0(906. bd R
~ &€,

5093300l 30gR80309bG0s Ymggmo 1gbowsb.

R _coef
ity Rl
1 1
1 1
1 1
0.020 L !
1 1
1 1
1 1
1 1
1 1
0.015 _: _____ 1'
1 1
1 1
1 1
1 1
1 1
0.010 S
1 1
1 1
1 1
1 1
1 1
0.005 o __d_____1
1 1
1 1
1 1
1 1
1 1
0 L
18 20

396960l MomEgbmds

by.3. 369 33emnb 3Mmg03096@0b E53M 0EgdmMgds nEgSMYMI©
39n56bIgdmmo g396980b Asmpgbmdady

by@.3—=bg  bobggbgdos y=0,x=w/2 §gOBodo s@gz3e0ls

max(E< ()~ E* (1))
max(E 7 (7))

mgds  0EgoY@se  dgmobbdgdygmo  g9bgdol  Mobgby, Lowsg

30998030960l R _ coef = Lboowols  ©sdm owgdsy-

EX (1) s&ol godmmgmomo ggaols 960d36gmmds, bome  ES (1)
390l bylRo 360dgbganmds dmizgdyen §gdGoado. Omym® G gbgo-
5300 896960L MomEgbmdols gob@Eolisls ysdmmganogro dgwgygdo do-
ob{®ox3056 ggeol bybGo 360dgbgermdolioggh. a®sg030 30hg96-
90L, @3 5ImEgbody owgomy@se dgmobbdgdymo B9bsz go Logd-
>Mobos Logdome  godgo dgogaol dolow(gge, dopsmomsw Gm3

n=10 993mbgggodo R _coef =0.002% , @o3 p3ohggbgdl, G 3
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9dmnbgggodo 3GodBoggmom sEaomo s 53l ogom s Jgmob-
bdgdygmo ggbosob os®gz3mol, oby 3@o]Bogymo godmmgmgdolon-
gob 10 g39bsz 3o bogdo@molios Laliyg@ggaro dgegaol dobow{gge.
300bmgol dgoemEo. HMyMA 3 50gbodbgm, jo@bmgol dgmmeo Fom-
oy gbl 30939bl-3@9bgarols 3Mm0bi030l domgdo@oygyd gobbmaswy-
b5, GMdgols JoGomoo owgs 0dsdo dpamds@gmdl, Gmd Log®Eol
@509 M(x,y,z) (g0GoaTo Gomeydo dgdgmmgds [o@mdmowygbls
dgo@swo [yo@mmgdosb godmlboggdbymo ggagdol 0b@g®ayg®gbiools
Jggal. dgm@swo [yodmmgdo godmoggdygeos @gomy®  [yo@mgdls
s M(x,y,z) (godoml dom@ols godogog S bgosdodmby (bob4.)

M(x,y,z)

1

=]

A\ 4

bge4. jodbegol dgnmeol 3gmdgd@os

godgom UM) o GM) [o@dmopygbgb M(x,y,z) {go@oeols
3033 gJby@ B9bj30golL, GMIgemsi V dmEymmdol dgdmdbsbemg-
G S bgosdodmby goshbosm ¢fg3gpo 30Mggero s dgmeg @oyols
390dm Fo@dmgdyegdo. 359ob y@obols mgm@gdol msbsbdow

[, (GAU — UAG)AV = | (Gg—:— UZ—i) ds, 4)
boos :—n 50b0dbogl [o®Imgdyanls § bgosdo®ol 1 yocg be@dogn-

ol gob{gM0g. gmdgom, U gybjios [omdmowagbls Foemmaydo ggemols

3033 gJby@ sd3oG sl s V dmagemdols dogboom sjzdogmaogn-
90l 3genddmaiols gOma3oMMgob  2obBmagdsls (hogmgogrmm, @m3

©OMDY ©59M0dmgbsls ofgl et Lsby):
AU + kU = 0. (5)
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G g9bJose sgo@bomm Kubjios, GMAgmoi oz3dsymuomgodls
AG + k*U = —4nS5(|R — Ry|) (6)
256 gdsl, Lops B - M(x,y,2) §g@@omol  Gopoyl-59JGm@0s,
bognm Ry - V dmoEgemdol 30dwobsdg 0 §F9@@0meol @o@osl-g9@-
@05, (6) gobGmagdol gOmg@m dbodgbganmgsb dmbsblibl {omdme-
g6l

etkr - —
G =—, bows3 7 =|R— Ry (7)

T

396J30s, GMIgmoi sefgdl gomgymmgsbo s33go@ywols Lgg@dyen
Ao sl s AmIgenlbsi FgdGommgsbo Fys@ml ggybiosls o6 mogo-
byggogmo ao®gdml y@obols 53ybiool yfmwgdgb.

(5) o (6)a5b@magdgdowsb AU s AG Lowpowggdols 2oblsbe-
g300ms s o3 Loowggools (4) gob@Gmangdsdo holidom dogomgdm:

an f, UR)S(R -Ripav = [; (622 -U%E)as, (8)
U(R)=—¢ (65-Us)ds. (9)

on

QoA g@o dglodengdgamos jo@bmgols dgmmeo gobgobm-
300MM §9JBMGmo, dsgsmomsw E s H gmgdddomo ©s dogbod-
@0 390l ©ododmmdgdolomgol. domo ©Y3SOEY0 JMMAOObSE-
go0bmgols (9) ge®@dygaols asdmygbgdoms ©s 939y 39JBMO Y@ S©
9309000  doomgds 39]BmGOYo  mgm®gds, GMdgeoi  badmenmmo
d990ga Lobgl @gdaemdls:

E(x,y,2) = —ﬁ{i%u[ﬁﬁ]G + [[ﬁﬁ]gradG] + (ﬁﬁ)gradG} ds, (10)

H(x,y,z) = —i{—i%e[fiﬁ](} + [[ﬁﬁ]gradG] + (ﬂﬁ)gradG} ds, (11
oby bgsdo®by ggangdol, a®obols @¥ubjioobs o be@dsgols Lody-
sengdom  dglsdangdgemos ggenols dbodgbganmdbols 3mgbs M(x,y.z) (g-
A @ ogodo.
FDTD + KM 3@3d0606gdaeo 3gmmmol s>@fg@s. Gmgm®i omgbodb-
9o, 3m3I309Bg@agmo Agbgalgdol dgboywggdols gsdm, (FDTD) dgmm-
©0 5@ o0dgmggs bogdome o o®gdo odmmgmgdols boby@derogow
ho@otgdols dglsdagdenmdsls, sdo@dmd Loko@ms dm@ bmbsdo godmls-
boggdamo (3o6bgyeo) ggeol osp®sdols Lodmgbgmsw 3mddobodgo-
9o dgmemeols dgddbs. g@mg@mo slgmo dgmmeo dgodangds oymls
hggbls dog® bsIMm®3To Imygsboano (FDTD + KM) 3mddobotigdmmo 99-
omEo Mmdgmoy 3589ado dgmdsmgmdl.

0530056 25dmmgengdo 9bos hogs@o@mm FDTD dgmmwon Log-
3ol Igbeygoge  5s@9do, GmIgmoi dmagEgdl 83 s@ols dogbom
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dJomoglgdyge 99309 bgosdodby ggmol wdmomo F(t) g9biEogd-
ol 3mgbols Lodygoagdols, yoesgoygobmm wOmomo dggygdo By®ogl
2> sJdbols
G(w) = =7, F(e ™ dt (12)
RoAIgEol odmygbgdom bmerem dgdpgy (10) s (11) gm®@dy-
ol bodgoggdomn godmgmm ggerols dbodgbgenmdgdo Logdzols bgdo-
bdogd M(x,y.z) (gO@oeTdo @o3 Imygi39dl dmd@ bembsdo godmlbogg-
b0 (2o0bgyeo) ggmol ©oog@sdol 3mgbsl Ladyoggdsl. dm@
bmbsdo obdbgyao ggaol 3mgbs jo®bmyol dgmmeon dglsdagdg-
o> dbmamme  gzOg@o  bgosdo®mols  godmygbgdom,  @mIganoz
dogosbse Jnmsglgdoygmos LalGygamo Lbgomdgdom (o@Imgdyeo go-
domgegdol s®gdo oEgom s dgmobbdgdymo g9bgdols dogbom.
hggbl dog@d Fo®Imgdyao godmmgegdolsl sdobosmgols s8mygbgda-
oo 1gghygmo bgosdo®o, OMIgmoi ©sYmBogos  gargdgb@o e
ds bgss3omgosw (Ly®@.s5) s GmIgmms 336¢®gddo dgbsdengdgeros
g9e00ls dosbaomgdomo  3b0dgbganmdgdols asdmmgms o3 FgOEogols
350dgdm s@lgdygmo 39dol 3356dgddo gobarspgdymo ggaol dglod-
sdobo 3md3mbgbBols 3b0dgbgenmdgdols asdmygbgdom.

e

Lyg@.S. bggPemb S byrs3oMol sgmegs oMy ds gangdgbdgdse
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ds g0 gdgbBodygmo bgosdo®gdols 3964MTo aomg bm@dsgols
3odmmgeol, o3 dodoGmyagdobyg ggeol dgbodsdolo 3md3mbgb@ols
Fo@3mgdygaols 3mgboom ©s (10-11) asdmbsbyagdols aodmygbgdom dg-
Ladgmgdgeos  bgg@mb as®gm  bgooldogd §gd@oedo  dgbsdsdolbo
30M33mbgbBols 3mgbo.
gmmol BagbGodgds. Jgmnmwol BgbGodgds dmbes Lolb®gmo bemd-
ol dog@mbmenmgsbo sbFgbol dog® dm@ bmbsdo godmlboggdyero
390l osg@sdol dgbslfogema. 3bmdoaos, G®I Jog@mbmamgsb
5b®gbgdl aoshbosm sdwgbody olgmo aoblsgym@gdymo mgolgods,
OmIgaroi dom bpol gOM-gOm SaBg@bs@oym go@MosbHoe dMogoe-
358d0G05bo Jmdoayg@o  3ogdocysddgemmbowsb ©sfygdbygmo Lodbge-
Om  Oops@ymo  InFymdommmdgbom  ©sdmsg®goymo, Rsbodgdyero
b 9by@o Igb@ols doGomse g gdgbBoe asdmygbgdols Loddgdo. gob-
069090 5b@gbgdol 9R39JH M0 s Pbog@mbm asdmbboggdol dowmg-
b5 dmombmgl mommgygmo g gdgb@ol aodmlboggdol Bybosdgb@y®
YgL§ogasl.

od dgdmbgggodo dglfogenogmos Lol®gao bmdols dog@mbm-
gegobo  ob@gbols (Ly@.6) gagdB®mobsdogyg®o mgolgdgdo. @my-
O3 o®gbodbgm o3 sdmEsbom bpgds Lobdygmo Lbgomdgdols ©s
J0Obmgol 3mddbobodgdyeo Jgmmeol @GgbBocgds.

63b.6. 56@760b 3gm3gGFns. OXYZ 3mmMEnbsgms babGgdab basmsgy Immsgbgdymoas
368960l (306§&3n: a=533, b=333, c=233, d=1533.

dog®mbmermgsbo  obFgbs dgpgds Lob@geo bemdol g@mo
db@osb gdogmobgdygmo ©sdofgdbygmo ogamgd@®ogobspsb, Gmden-
ols 3gm@g dbodgl Jmmoglgdyeros Izomg bmdol Jg@ogydo BodRo-
Bo- 03 Bodgodol 3g9ds Jgodangds Jmbegl bmermgsbo bsbom dof-
sbs s BoOBoGol Jm@ols 5b gmsJbosgy®o godgaom ©sdogdyeo
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IbGosb. bmgswsw IgBomyd BoOBo@sl dgodengds 3Jmbogl o m-
39mbs, {@ogeo o6 Lbgs bgboldog@o gm@ds. o5bFgbol gm@ds ©o-
Jmgopgoygaros dobo godmygbgdol Lodo@mgdsbg. dol dgodagds 3Jm-
brgl gmd3egdlygdo ggmdg@@ose.

od dgdmbgggodo aobbogymos ggo@e@Gyeo bmdol doi@mb-
M@mgobo 5bGgbol seabbgds bmermgsbo bobom. sbHgbol bmdgdo
P93 ga00: 3go@oBol a39Mwo a=5dd, bmaol Lop®dg b=339, wogeng-
Je@ogol Lobgg €=239, pogarg®®ogol ggs@ds@ol gggdwo d=1539.
dogOmbmemgsbo babols goli{g@mog dg@omu® godgodsbs s ©sdo-
Fgone g9bols dm@oli gergd@@umo gganol @odsdygamdol E, dwyg-
bgeno 03gergds Omdo dgdpgao Loboom:

E;(t) = sin (Zct), (13)

oo ¢ bobsmanol Lohfotgs s Gommol Loa®dg A =313d. sy bbyg-
b0l o®9do g gd@@ o ggarols sdsdgemdbol gg@maol z 3md3m-
bgbBolomgols g{g@Om, @md E, = EX°+E;, Lopog EF¢ obdgbol d0g®
9Jdbogno  gangdBGgmo ggeol odsdyammdol g9J@mcols z Jwygbyg-
a@os. 53 Lowowols 360dgbganmds goblobmg®ogl 0dsl, 0y @odpgbsw
3¢ 030boMgdymos sb@gbols 3s®sdgR®gdo.

sdmsbols sdmblbs begds Lal®ygao Lbgomdgdol dgmmeom
©OAM0m sAgdo. 53 dgmmol godmygbgdom OMmol ymggeo dmdgb@o-
Lomgol gobolabmgdgds gengdddygmo s dogbodygdo ggerols ©sdsod-
9eomdols ggd@m@ol 360dgbganmdgdo 5bEgbols dgdmabsbmg@gano Lo-
bOygao Log®ol, 3 dgdmbgggsdo Lggdygmo bgosdodols gengdgbd)e-
Ogmods bgosdo@gools s §gdGoengddo.

2odmbboggd o ggaol dmbsadgdbosls dm@ bmbsdo goygbgdm
30Obmgol dgmmel. sdobsmgol bygdgmmo bgosdo@o@mols ds gengdgb-
Ao bgosdo@gdol dgs [gdO@omgdbdo aodmmganogo gangd@@-
@0 > 35ab0AYA0 ododyemdols g9Bm®gdol Amomo dbodgbgan-
04960 EOMOM0 sMoEsb LY®sgo gydog aodes]dbom gowoygysgls
Lobdodygen s@gdo (12) godmbsbygdol godmygbgdom. slgmo o@dm-

9600 gangdB@ o ggaol osa@sds yodmomgmgds Bm@IYom

Eo(6, @) = f —eikp @([ﬁ’e x1']-HE, w) + [Ay, x 1] - E(, u))) ds’

S €

S

E,(6,¢) = f —e71P \/g([ﬁ@ X ﬁ'] “HE, w) + [6g x 8] -E@, u))) ds’
0
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booi p = xocos@psing + yosingcosd + zocosh, (xg,¥o,2p) - bodogdgano
90 9JBOmdogbod o ggaols jmm@EobsGgdos ©osa®sdol Ladogdgen
bgoodo@by, ' oGl s bgoodo@ol gody bo@dsgro, & ©d Uy gergd-
OOYo s Ioabo@ydo g ggoomdss, r_iq) s Ty ©533008900L (-
AORomol ghmgyemgsbo ggddm®gdos, E(F',w) ©5 ﬁ(f‘",w} 90 9B @-
G0 ©s doabo@dY@o ggaol odsdymmdbgdos sdbdomy byg@ga s
bgpo306by.

by®.7. Eg osp@58> @ =0 Loddygdo
byg@.7-bg 308mbsbymos 56@9bols (byg@.6) dogd asdmlboggdey-
@0 gangJBOgmo ggeol ©sdsdgemmdbdol osp®sds X0z Lod®Eygdo,
569 2odmlbboggds bpgds 5b@9bols Bodmxgo@olowdo 90°-0560 39 bom.
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Roin Beria, Nato Toloraya

The combined finite-difference method in the time domain and
Kirchhoff in electrodynamics problems.

In modern conditions, for constructing diagrams of radiated fields at a
distance, it became necessary to simulate electromagnetic radiation of electrical
devices (antenna, mobile phone, etc.). To solve this problem in electrodynam-
ics, such well-known methods as the method of moments, the method of
auxiliary emitters, the method of finite differences and others.

In this paper, we created a new method for solving electrodynamic
problems, which is a combined version of the time domain finite difference
method (FDTD) and the Kirchhoff method (KM), the combined use of which is
due to the individual weaknesses of each of these methods.

The results obtained are compared with the results of solutions obtained
by the method of auxiliary emitters. From the comparison it became clear that
the results are well combined with each other and the error is only 1-2%, that is,
this combination method can be successfully applied to effectively solve
electrodynamic problems of this type.

51



6565 850LIMSII, 656( d5IDSAI

RILSLIIRO SAMBS6IB0L FMIR0O BODHO3 G0
Sb®@(M36350L 35630005®3d5E0

gobogs Lodygbgdolidg@yggerm dgbogdgoss, @mdgaoi dgoly-
ogenols d9bgdol 9dodBoggl s 53539 AML yggmsbg gbmgowgls
356mbbmog@mgdgdl. gobogzol Lfsgergdol gobyymageno bofogos o3-
M356980L 5dmblbs. 00 Lfsgangdols dobsboiss s dgmmeoi. go-
bogol 53m3obgbdols 5dmblbols dgmmeogs 93sLybgdls gombggdbyg: @ols-
0gol? (G Jobbom) Jmgblibom? @mIgano sdmzobgdo sdmgblibom? @m-
300 5dmgblbom? gobogy@o sdmEsbol sdmblibs Lobsdwgomgdo 0dwg-
bo @MY os,@mmd Inwgmg®o ogomobsiools po®gdg dgbfogans g-
9d@ gdge00s. Mo15330039e0 0, 00gom0bs(300 4MbogMyYmo Ybs ogml,
d93060@hygbmm s@lgbomo mgolgdgdo s Fayegdgmgymm dgm@gbe-
@olbmgsbo. sligmo opgoeobgdbymo 3Gmdagdgdol, Lsgombgdols ©s
5dm 306980l slids o YglFogams s@ols gobogol, GmymeE IgEbogd-
960l s@OLmoyobo. 5360l 53mblibs bodbogl ¥3bmdo gobogy®o bo-
ool 3mgbsl. bgdolidog@o gerslogogsizos yoblsbwgdyemmo bodbgdols
dobgogom bo®Eogmegds. gobgobogrmm dbm@me bmgswo gesliog-
035305 5ALgbomo 60odbgdols Jobgwgom.

300050 o300 dmblbol gbmysglo Igmmegdols dobgogom g3-
den g3l Bobogol sIm3obgdols woygmegsls mgm@oge ©s 9Jl3g@Modgb-
gao sdIm3ebgdo. gdldg®odgb@mos sdmEsbs, A®MImmol ao@slod®g-
@5 5930 gdgeos 30l ho@domgds, 3obmdgs, My s@os sdm3ebs
0gmA0gmo 0dbgds. d9bgdols Imgagbgdol gensbogogszos aobsdo®m-
b96L Bobogy®o sdImEebgdols gansbogogsiosl dobss@lols dobgogom:
Omdgeno bofoaol, mgdol, Lsgombols dglFogerolmgolss obgymgbo-
@0 gls mg oli sdmEobs. 3ogy gOmo sgmas: Lags®dxodm (gombgs-
5dm(35b900), B03y@0o @S SAB03YM0 5IM(3569b0.d500 M@0l godmo®-
hggs Loggobdm sdmzebgdo, G®dgems sdmblibs-sbogrobo sds o9y 03
bogomboli obogy® o>@OLL [o@mdmshgbl. gOm-g@mo 3b0dgbgermgsbo
eobogogezos sdmzebgdol  dmgdymmmdol, 30Mmdgdols dobgogom:
sldygmo s sbsldgeo sdmobgdos. s3mEsbs sbdyeos, my Lom-
obom opgoobsizools 30MmMmdgddo god33gueros 3bmdogno s Lsdo-
9090 gobogy®o bowowggdo. obisldgan sdm3obgddo 3o gl mgom
odmdblbgeds  9bes gosggmmb. sldyemo sdmEobgdolomgol gHmo
@53 256do0Fgools Loko@mgdl. 3bmdogro s Ladogdgeno Lowowggdo
bybBoe oMol sbobgangdyemo, dopa®sd owgomobsiool, aodo®dEogy-
b0l 300Mmdgdo bdo@o bofommd®og domomgdymos Gogo ©sdg9d90-
obos, bbgs go ogygaolbbdgds. @obobidgemo sdmzebs, Labmysmme, @3
009o0bgdbymos, sO3 3bmdom ©s bodogdga Bobogy® Lowowggdls
‘d903080. sdm3bgd0l wolidobomgol 3oMggmsw 9ds®Eoggl Jmwgeny®
0©goobsizosl go®hgzm, dgdgmd dgodangds dolo mobdodwgg@dyeno

52



AOOM Y gds. 53360l slds sOEMY 0d30sMmdE, JOMPAMY SIMb-
Lbsboi dmombmgl. s@sg@mnbga ©og®@{dybogdom, M9 Mm@ sdm-
@hgye el SOy gdl Aoy ©s Y3bmd Lo@ysiosdo aols®gg-
935© 256bmdogngdoms sbsa@obo Bobogy® Jmbob@gdgols ©s sermm-
boob, 0b@ygoiosbmsb ghmsw.

30bogol sdmEsbol sdmblbs ofBoy®o dgdgisbgdom  3GMgLos.
030 B0bogol 3obmbgdols s 3obmbbmdogdgdoms ao3mygbgdols Loegs-
d39e0bg 0blibgds o gl goblobwg@mogl dmblibol bmasw dgmmegdls.
30J3om, JomgdoBogodo 3goEas@Ymo gobGmengdol sdmblbols dbaoglio
B0bogy@o sdmEebgdols sdmblbsl bogemdow (oswygds, agdos ,,9b0-
390 Lo @0 saam@omdgbols dgdbs. dspsmomsw, boy@mbols 3obmbg-
b0l 3mEbs @S G03ydo sdm3obgools sdImblbs Lymsi o@ ggodmggls
S m@omdl 53 3obmbgdol yodmygbgdobomgol Lbgs sdmobgdols sdm-
Loblbgamsw. gl mgom Robogol dybgbomss gob3o@mbgdymo: s m-
H0omdgools gobbm®Eogmgdols 3@mi3gbo 5@ s@ols ‘dgdmJdgogdomo, dolo
gLy gds 3obdsbolsi dggdenos s Bobogol sdm3obgdols s3mblibsls
390 ©53998Ego0m dgdobogyd 3OmE9Lgdom. 530l @sEYMos ols, G™3
3900096 @odg@od®sdo dgdmmsgobgoymmo gobogol sdmzsbgdols
dblbols sgraym@omdgdo bmasmdsls s@ols dmgergdygaro, byamgbey-
Gos> s dom ggbo gg® dmogogl Lobfoganm 3@mEgLdo. gobogols
5dm3obol 53mblbs  g30Mggaglbo® >bMOMgbgdols 3GMEgLos, SdoFma
030 989dbgds sbMMgbgdol M3gMms3090L, JgmmEgdl: sbsgobo, Lobm-
9b0, LA J300 (obygbgds), gobbmyswgds, 0bwydios, wywydiaos..
dom 20M9dg 03900, Bobogyg®o sbOMgbgds Jggdangdgamos. @sbs-
3800398005, Bobogy@o sbOMgbgds dgozogh mpozn® sbMmgbgdsl-
53 YmMggeo sdmzobs Fomdmowagbls sbOmdMog 3G gdy@ Lo@ys-
305L, @mIgeoi dmombmgl aosd@sl. dogomomsw, agadol dgoagbs
S>@0l 3OMdan gdy@o LoBoEos, MoEasb @3 oly bsmgmos, Gmym®
935030bmm ol Ygam LfmGse. s ofds gbos ymggmo dmbfogemyg
09 LEAYIbGo OmamO®s3 oEagbl dob. dog@sd Lfm@swe? Gmym®
935dmFdmmn gL, mg mgom Fgbgdo gEbmdos? ob@yozoygdsw gl ™3g-
@305 dgodgrgds gl genwgls gB-bogangdo Fo@mds@dom. 3@s]@ogo0
ohggbs, @M Fodmyds@goemmds o3 bsddgdo wowos. g.o. 53 dgdmbgggsdo
49360 5bOMZgbgdl sOsEMY03Mo©, b9 3MoJBogymo emyozol Fgb-
900l 20093y, dmIganoi odgmggs g9adol dgoagbols Fglgdl Lobgmenm
ob LA YLgbBY®o Fydomdolmgol. 3mbi@gR o mgm@oygmo mEbs
MG go g0 300Mmdss 53m30bols sdmblibolomgol, Jog@sd s@Sls 3 do@-
obo: Lodo®ms gobbmgsmgdyamo 3mbols dgdgbs. obogzol sdm3obgo-
ols 53mblbol mogo o mogos MEbol Loyydggemby Bobogy®o >b@-
0gbgdol, sepmmbs s bmaswo dgmmegdol godmygbgdols ybo@d-hgggg-
b0l 20dmdydoggds. gl go mgom SImzobgdols s3mblbol 3@m39Ldo
LolBgdo@dydo godxodoms o podmaomgdom dgodobgds. bbgs abs

53



30bogol 5dmEsobgdols sdmblibols s woyggdols, Gobogsdo ho@®ds-
3900Ls> 5@ 5@LgomMdl. aosd(y39d0 60dgbgenmds 543l gobogzol s3dm-
(356960L 5dmblibols 3GMEgLol sbo@obl s@lgbomo g@o3gdol Jobgwg-
00. gl gHo3900 ol 3o s3mFG0s”, GmIga o ,,d0900bgb5* Gobogyg@o
SbAMgbgds bmaswo Igmmegdol godmygbgdols Loggydggarbyg. domo go-
030(36Mmd0gMgds 5730 gdgeos sdmblibol 9bo®-hgggzgdol aodmdeydgg-
go0lomgol, obogyg®o sbOmgbgdols s senmml, 0bGoiools aobgo-
05M9d0bomgol. 5Jgsb aodmdwobodyg dgodangds gmdgom, @mI gob-
0390 sbOMgbgdsdo 5@ ybps godmg@ozbmm 0bGgoiool goJ@mmo.

063790305 sG0l 49ddo@oBgools gomds ¢dysmme, ©slsdymy-
b0l aoMgdy. 93936900l gmggaro g@o30 @ma0igdo® s BoJBmda-
0350 94mggemgol sbodymgdol gbom 5@ be®Eogmegds. bdodswe
bgdogdBo ohgbl Lodgsiool sbOmd@ogo (gomdol gbsdl, @si Fobe-
bYo6 bgegodo gaoobegds. bogxg® 0bhgogos baomegds  jgegge-
dogool sy gboano F9lgdols s dgmmwgdols Gotyegdls, dopa@sd ogo
o >Mol J3g3bmdbdog@o sb bgibmdog®o s@o. 0b@GyoEos s@ol sbOm-
36960l mogolgdy®@o Fodo, @mIaols dMmL dgdg3bgdbol bmpogdmo
dmdgbRo IgB-bogmgdom 5@o(3bmdogMsss gos@obogo (36mdogdgd-
>do. 0b@Gyoos Logdo®obos &gddodmo@gdols dglodhbggo, dopa®ed >@-
sbogdo@olos dobdo  odfIybgoolomgol. Losdolbme  syEoggdganos
oo ygmgds. Gobogmbobomgol s@lgdomos domgdoBogy®o gbols gob-
03900 253905, Bobogy®do 0b@yozos, OMIgaoE ,GO0s3 s@SbYLAO,
25bLobmgMgao s SO YR YAS© AT gIsB03yM0s, dogy@sd Go-
bogmbobsmgol-lOygaoso sg3ogdgeo®. Loy geolbdms, dggos®mm
M@0 asdmhgbogro 3g360g@0l-gobogmbols s domgds@ogzmboli-sb@o.
0M>30: ,,d9 3Mg0,MMmI 353089 3obHMEgdol sbMo, my dgdodanos
Fomdmgoaobm dolo bmaswo sdmbsblboli Lobg 9 dgogrm sdmblibols
23oM9dg” . dogdg@Bo: ,,060 7030 oML Fgobmomml ©s ©ssdobo-
bl domgdo@ogs®. aobspagdo 9bs ogmlb, G®mI Gobogmbols ©s do-
0935@0gmbol mgo@lsb@olols wsdo@olido®gds 5@ dgodangds.

53093009090, dgdmJdgogdomo sbOMgbgdol yobgoms®gdols-
0gol dgg3gergeos olidym  sdmEsoboms sdmblibe.

obgoboamo @sdwgbody sdmzbs.

L. aob0g@o d9g@daol 3s@omds bg®gaeoasb godmgoobgds Fyseno.
odmglobmm aodmeobgdol Lobomyg, Gmaym®i Lombol Lggdol Lods-
omols g9bjios.

537 dg5m, bg@geosb @owsi d30Mg WMol Jgdwgy aodmg-
©obgds oligmo dzocg doEygamdol Lombg, A®mI dJobo mbol dgdo-
@g6s d9@daol 25b0g@ bofogdo dgodangds gagmgdgarggemm. sa@-
9089 3530mg5olfobmm, @md [bggoms 3goemgdomds aobolsbmg®-
905 dbo@me Jodmb@osdoggwmo (bggom. hggb dJogogmm 0d ol ggbs-

54



309, ®m3 5] 39060l asbFmangdals 5Jgl bobg: pgh = pv? /2, Lsog-
obo3 9odmM3Eobs®gmdl Hm@ohgeols Bm@dyes Lombol gsdmwobgdols
LohJs@obogol di3omg bg®gero@asb.

2. 99399339200 Lombols {ggmo ggmdogh - gm@ds 3gBHomyge s
39 lo®gdl. dgogslbgm 3g@omeo.

d9393o0mm 53 sdm@Esbsl dogigm wolidyao sdmisbols Lobg.
25350 330m0 Mg Lowowggdby 0dbgds ©sdmowgdygemo bgosdo®ols
}m@dol Gbggol t 3g@omeo. gl Bobogy@ serml Jmombemgl. bogs-
GomE, Slgmn 3gabsigosl odddol dogrs o@ dgodangds 039309,
5d0@md mogolygog godbol ohfs®gds dgodangds @ dogowmm. gm-
@30l Obggolsl 0zgmgds bgesdo@ols odmmdo ©s s I YEMbs,
@oyob Lombyg 93193dge0s, 9.0. 03380905 bgEs30@ Yo ©akodyem-
b0l dogns (9b9@05) o gl 2oblabrmgmagl @bggol 3g@omel. yoM©s
5dols, Mbggol 39MomEo sdmogdgao 0dbgds a35MMmdsby s bm-
d5bg. 5do@m3 Imngdymow hogmgogmm (ggmol @swoyglbo 7, Lod g®-
039 P> bgosdo@ymo ododymmdbol 30mgn0309b@0. hodmglgamm s@bg-
@m0 Looggdol ghmggmado 0=6/0 =;33/FF ; [rFF ; p=30/3

domaob olgmo 3mddobsos 9bps dggopa0bmm, @mI geOmggeo

o =9, 2 1=792/93 00 29-

{odo dogomm, Gowpysb [T [a] (33> mobogo@wmdom 3y dg033
3

9(39%99. 939y yogodMsgmmm 13- by s sdmgowmm ggligo: I ’%l=§78.

3
530¢™md @bggol 3g@omwo 0dbgdon T =k ’%

k 9obygbgdgmo 3mgx030gb@os, dolo swagbs 2obbmdogn gde-
05 Inbsb@gdoesb dggdangdganos, Loko@ms @bggol dgJsbobdols ©sb-

LR gds s JgloRygol @oxgagbiosmy@o 2ob@Gmamgdols sdmblbes.

3. godmgmo Lol gdol Loboli@g, GmIgmoi dgoygds M@0 3o@o-
@ geo@s© dgg0mgdagemo boddo@olysb.

hogmgogmm, @md LoliBgdol aokodgs begds yosb@ols as®gdy,
d5dob dogowgdm:

Aly = Al = Al, dogns F = kAl @ dognse  bofoemwgds  F =
KAl oo F, = KAl @oppobsi F=Fi+F2 35d0b k=ki+ka

4. Ao @OMTo 03 gds Loglyg 9bobobs, my Fyoel gog9dggdm.

6960L30gM0 ool t MM ©sIMoEgdgeos Lombol Gomyg-

bmdsby, g.0. 535bobols gobgggmols s Go@mmdbg, h Lodswangby, (wog-
9dgom, @I 565bsbol Jo@mggmbs oMo gangdndgols Bm@ds s gb).
p Fyeol Lodggmoggby. t ©odmgogdygeos Si o@mnmdbyg. Fyemols go-
©0bgds 03dodols dognom brgds s doF®md mogobygso go®ELOL 2
shdo@gdoi 9bs gyogomgomolifobmm. sd@Moysw, slsgsgdodgdgeos 6
Lboowg: Sh,p,S1g s t.

55



Lbgopolbbgs aobogggmdo @m0l gemgyedo aodsgsmo ¢34ddg-
g0 bLombol InEgermds gOmbso@os. dnEgdymo bodsmaolbmgols go-
©0bgdol @AM 3OM3MAOEYos Lombols GomEgbmdbols, g.0. S Godmm-
bd0l. 59bgdMogos, ©ogydgem, @md Lombol Lohjodg bobgdgddo @
>@0l ©Imoegdbygao dob S Go@mmdbyg, 35Tob t 93793O M3 0P

S

S1-ol. dgpg0demos wogfgdmm t =S—. dogomgm 25b94gbgdyemo 3mddobe-
1

(30o. sbens 9bs dggoobmm p,g s h bowowggdbolasb wOmolL gsb-

h
bmdogngdols IJmbyg 3m3dobsizos. [\/5]2 §9. dmamai gbgosgm, Lod ;-

30030 256bmdoangds 5@ @oygkoMs, g.0. Lyan dogowgm 3 asbygbg-
dgemo  gmddobsios: S/S1, h/gt?, po. 5Jgosb goggmgom @slggbsl, @md
o3oll @AM oG oMol sdmogdbyamo 10digMmoggby. Lodmanmmo

h s
d9380de00s g gdmm, t=k P o oo k aobygbgdaemo Lowowgs.
\j 1

5. godmgmm Lodgg@ogol godmlobyemgds Lbgyammolbomgol, @mdg-
o s@ol bgdolidog®o smgeols 0bgdoge Lol gdsdo.

songols Lsggmo® Lolggdsdo py = %, bgdoldog®m Lbgs Lolb@g-

my 0

v2’

NEr
vz v2 _p

Axy |1 — == Vo [1— = Lbodggmogg: p = 1_%.

50356 Bobogols 5dImzsbols sdmblibs 30%0&)0 aodm g ggels gdb-
2o8Lg0s, 5730 gdgeos sdmblibol ©sdoggodyg0bgdgamo g@os30: dgwg-
3900l gobboags-sbogrobo. Loko@ms asbbmdoagdols gdm{dgds, i0b-
039®0 Lowowols @ogol dgxsbgds, sdmblibols ds@mgdygamdols oG m-
3960l @sbYLB s, bogdymo s 3g@dm dgdmbggggdol asbbogangs,
5>dmblbols Lbgs 3bgomsb dgwomgds, ©sdmgoegdyemgdols a@ox0 3900
Fomdmeagbs o Ubgo.

9bs ggoblmggl, @md LolGgdo@y®o dydomdol, gOHmbs s
03539 bo300bmsb @odpgbyx g®dg dodb@ybgdols, Fogzombymmols yomhggolbs
o [g@ol aom9dg dgdengdganos 3mebols ©s 9bod-hgggzgdol oyey-
gds 05 Jo0gom3bmdog®gds, bodggbgdols sedmabg@s, gobogzol bo-
®dobgymo Fgomds.

Lgmansdo gobogol Lfsgmgds @oJ@momogem dbmeme ©slidyan
sdmoboms boggydgge by begds. Lodmdsgmmme ©sbsbdga sdmEsboms
L{ogengdols dgmmegdo Lol gdei 9bos ©0sdydogogl s ©0dzg00Mwgls
Lgmesdo. 4ggesxngal @md mego ©ogsbgdbmm, swsdosbo ymggenwmo-
9@ 3bmgMgdsdo ¢dMog slolidgen sdmEobols ofywgds s Lfogemgds,

dsdo p = % dsbs m = dJoggamds V =Az - Ay - Ax = Azy - Ay, -

56



@mdgeoi Jom g3gdel ggamol, 3g@ 0dbgds L asbmgsbo. Bygyog-
SO 30 o 53dmdgh, @M sdmoboll JmEgJHymse ©sbds bobggodo
LaJdol goggmgdsl bodbaglm.

ab3m33506'asm0 @oBIBSGPHS:

. babo@adg m. gobogol sdmEebgdols sdmblibols dgmmeogs. mdb., mby,
2003.

2. 3o0ly@sdy b. dml§ogarggddo dg3bog@ya 9bsbg IgByggegdols aob-
30050930l Mm3G030bs300l Mobsdgo®mgg 3gosamaog®o @g]bmenm-
30900 (Bobogol Lfsgangdols dogomomby). md., 9bogg@logoo, 2011

3. bemukoB b.C. Pemenne 3amau mo ¢usuke. OOmme Meroanl.-M., Beicmas
mkona, 1986.Hayka, 1985.

4. Tompadapo H.U. CoopHUK BompocoB U 3aaa4 no ¢usuke. M., Bricmras niko-
1a,1975.

5. Menenun I'.B. ®u3uka B 3agauax. Hayka, 1985.

Nana Maisuradze, Nano Bakradze

The Role of Set Tasks in Development of Physical Thinking

Solving the task of physics is an active cognitive process. The task is
solved on the basis of the laws of physics and the use of regularities.One of the
most important classification of tasks are the set tasks and the tasks to be seated
according to the conditions. The task is set, if under certain conditions of
idealization, the known ones and those that need to search for physical values are
clarified. In tasks to be seated it should be done by the solver itself. Solving the
physical tasks is primarily a process of thinking, so it is at the base of thinking
operations, methods. At school, the study of physics actually occurs only on the
basis of set tasks. In the future, the methodological system for studying the tasks
set should be finalized and introduced into schools.
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Varadebul (Geno) Tsurtsumia, Manuchar Tsurtsumia,
Tamar Gogochia

Principles of Lazear Diagnostics. The Most
Typical Examples

The principle in this work is not new, but the method of application is
obviously innovative. In Israel's one of the largest research centers, the method-
ology has been developed to allow such a body as it is in the 3D format to monitor
the operation. According to Dr. Elshanan Briick Khammer, "The operating area
is always limited. Here we see any anatomical body, its connections with other
organs. We see everything that happens, moreover, we can predict what will
happen to us. So this method can be used as a gym and real operation".
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I1zolda Gabisonia. Nato Toloraia

On the Issues of Bio-effectiveness of Geomagnetic
Field Variations

Variation of geomagnetic field is one of the significant natural physical
phenomena concerning the Sun activity. The influence mechanism of the ambig-
uous. Thus, in spite of numerous researches carried out, the answer on the quest-
ion “How does the magnetic field influence the human health?” is still actual. For
example, the probable biological results of the coincidence of self-generated fre-
quency of the human heart and short term geomagnetic pulsations are to be cons-
idered within the context of this problem. In particular, a healthy human individ-
ual can easily adapt the resonance within the organism, influenced by geomagn-
etic pulsation. If the individual’s heart is not healthy enough it may have some
lethal development. Therewith, short term geomagnetic field variation (pulsation)
may have positive influence on living organisms. This theory belongs to Mikhail
Savin — a Russian scientist of the 80-ies of the twentieth century. In his opinion,
geomagnetic pulsations stimulate the increase of mental potential that must be
especially noticeable in naturally gifted individuals. According to this hypothesis
a gifted person is subconsciously sensitive to Pc1-3 geomagnetic pulsations that
stimulate him/her to act creatively. Concerning this issue we would like to note
that like this one, some other geomagnetic field variations during a magnetic
storm might not undoubtedly be the reason for aggravation of human health. This
idea of ours is in some way confirmed by the phenomenon of Ureki — a Georgian
Black Sea-side resort. A strong local geomagnetic anomaly together with “ma-
gnetic” sand is observed here. This anomaly is characterized by sign-changeable
gradients of the geomagnetic field. Their characteristic value defined in minimal
linear range (5 meters) is commensurable and in some cases exceeds geomagnetic
field variations during magnetic storms on middle latitudes. Naturally, a question
arises: if there is a geomagnetic background characteristic for typical magnetic
storms in Ureki, then how has it happened that this area has been accepted as a
resort with healing properties? The role of the “magnetic” sand might not be very
essential for this phenomenon. It is quite possible that the local geomagnetic an-
omaly acts as a certain bio-stimulator together with the “magnetic” sand and es-
pecially the pure, ionized air.
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Shorena Sharia
Mitochondrial genome mutations caused by diseases

Currently available findings confirm the etiology of mutations (trans-

formations) of mitochondrial DNA in case of human hereditary diseases. Mito-
chondrial diseases comprise a significant group of hereditary diseases due to
variety of biochemical and structural changes in the mitochondria. It should be

noted, that the severity of mitochondrial diseases is progressing due to aging;
this is explained by an increased frequency of spontaneous mutations in mito-
chondrial genome in the process of aging.
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Elisabed Vekua
Whether the brain is our "I"

The article refers to the Neuroscience approach to the brain function is-
sue. The author believes that Neuroscience still does not have proper evidence
of the fact that the body's physiological (including cognitive) function in the
normal course of the control, coordination, assessment, regulation, and other si-
milar functions until today to be considered as brain functions. Recent scienti-
fic researches are becoming more reject the notion of the function localization
in the brain structures. On the basis of some discussions, the opinion is express-
ed_that until it is reliably established and proved the issue of performing specific
functions by certain specific structure or structures of the brain, and it is not
clear the mechanisms of information processing in the Central nervous system,
it is not found out the mechanisms of transformation in the nervous tissue of cu-
rrent electro-physiological processes into cognitive processes, the so-called
"higher functions" can not be considered and called as the brain functions.
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Lali Akhaladze

Functional peculiarities of immune cells at various phases
of psychogenic stress development

Live creatures are an open system that has a multilateral connection with
the surrounding area. The existence of the organism is impossible without the
help of the supportive environment, the scientific explanation of the organism
must also be included the environment influencing on it. Changes in environme-
ntal conditions affect the organism, but these effects usually do not cause serious
violations of physiological processes, thanks to the complexity of mechanisms
that provide the body's sustainability - homeostasis. It is known that any stressful
effect causes the response of the organism to all its levels - from the cell to the
general system organizing the functions of the organism. Psychogenic stress is
emerging as a result of mental factors, first of all will be activated the organism’s
defender, self-regulatoryand comprensating mechanisms that ensures the optimi-
zation of these mental functions.

For modeling psychogenic stress, we used the modulated model of active
diversion reaction, as well as the emotional state of the animals (white laboratory
rats) is assessed before stress and after stress with the "open field" and "procon-
flict" test. At different stages of stress development, we define behavioral and
emotional indicators and functional peculiarities of immune cells (T lymphocyt-
es) in blood with immunofluorative method. The goal of the research was to
identify the behavioral components of self-regulating behavior of the brain, to
determine the regularity of detecting of behavioral acts in the conditions of
psychogenic stress caused by adverse combinations of the "informative trid" and
their impact on functional specifications of immunocompetent cells (T lymphoc-
ytes).

It can be assumed that at the initial stage of stress - behavioral reaction
indicators revealed by animals in the experiments of different complexity and the
metabolic changes of immunological indicators on the background of this beha-
vior are self-regulatory and compensative character, which induces the differen-
tiation of immunocompetent cells - lymphocytes, separation and significant gro-
wth, which is the protective and self-regulating nature of the behavior revealed
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by the body during stress, that’ s the indicator of strengthening the body's stabi-
lity to stress impact. This condition is not considered as a pathology and it plays
an important role in the individual's adaptation in the stressed environment.
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Menop Ainenuase

Beperozammura 0epera Uepnoro Mmops xeJjie300e TOHHbIMU
KOHCTPYKUMSIMHU U €€ HeraTUBHbIE MOCJIeICTBUS

Paccmotrpensl: mpuunHbl a0pa3ui MPUPOJHBIX U aHTPOIOTHHBIX MPOII-
€CCOB MOPCKHX OeperoB, UX MOCJIEACTBUS U HEOOXOIMMOCTb Oepero3aluThl; yc-
JIOBUSI CTPOUTENHCTBA TPAAUIIMOHHBIX OEpero3alIuTHBIX COOPYKEHUHN Kele300-
€TOHHOW KOHCTPYKIHMH (cepusi OYH, BOITHOJIOMBI, (hacOHHBIE OJIOKH, BOJTHOOTO-
OWHBIE U TOJIOPHBIE CTEHBI).

[IpuBeneHsl MpUMepHl: TPUYHH BO3ZHUKHOBEHUS aBAPHIHBIX yYacTKOB
Oepera MOps ¥ THITBI HX 3alIUThI TPAJAUIHOHHBIMHA COOPYKEHHUSMHU.

ITpoBenen ananu3: O HEraTUBHOM IOCIIECTBUH OEpero3alluThl sKele3-
00ETOHHBIMH COOPY>KEHUSIMH (,,HBI30BHE PAa3MBIBBI*, pa3pyiieHus 6epero u Oe-
PEro3aIMTHBIX COOPY>KEHUH).

[pennoxenbl: cCOBpeMEHHbIE OPUTHHAILHBIE U ONTHMAILHBIE MEp OITPH-
ATHSL OEPEro3aluThl — HCKYCCTBEHHBIE TIOANUTKY TUISKEH, TIEpHOANYECKOe TI0-
MOJTHEHNE MEKXOYHHBIX OTCEKOB, CTPOUTENHCTBO CBOOOJHBIX TUISDKEH, pedyi-
MpPOBaHHE IECKA, PENACCHHT, BO3JEPKAHNE OT CTPOUTEIIHCTBA XKeIe300€TOHHBIX
Oepero3amTHRIX COOPY>KEHUH.
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Geographical and cartrometric analysis of transformation of
the riverbed of river Khodasheniskhevi

Work covers the analysis of the behavior of exodynamic processes ong-
oing in the river-bed of the river Khodasheniskhevi to the geographic-physical
characteristics of the river basin. Formation/development of landsliding and mud
torrents is connected to the number of natural factors, creating pretty solid basis
for their activation. Deeply fragmented relief of Tsiv-Gombori Range, frequency
and difficulty of tectonic fissures, instable and spontaneous nature of precipitati-
ons, morphologic characteristics of the river gorges, easy breakdown of constru-
cting rocks, all these initiates the intensity of mud streams and landsliding acti-
vities.

Due to the flowage of the river Khodashniskhevi, the river-bed and ove-
rflow land were all covered with stones and crushed rocks, thus, nearby territories
were flooded during the flood, incurring significant damage to the hundreds of
hectares of agricultural holdings, households and premises. Thus, it is necessary
to provide various researches, providing the prognosis of the acts of God. Based
on the geographic-cartographic researches, relevant recommendations are elabo-
rated for regulating the river-bed processes.
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Koba Korsantia, 1zolda Chincharashvili

Mapping of land resources of Samegrelo region

Aim of the work is mapping of land resources of Samegrelo region by
means of geo-informational system. According to the above-mentioned the foll-
owing works have been implemented:

Comparison of land resources, which are located within administrative
borders of the region, structural picture of land resources has been created on the
basis of statistical information about land and results of reprocessing of the data
acquired by the author on site, which gives a clear view on distribution of agric-
ultural and nonagricultural lands in the region.

As a result of generalization of the above-mentioned material and surface
differences the author elaborated geo-informational map of main soil resoursec
in Samegrelo, which gives detailed information about complicity of geographic
distribution of land resources. Also, based on the data of empirical observation
the author elaborated geo-informational map of agriculture in Samegrelo, whire
it is clearly shown zones of wodespread of agriculture fields on the territory of
the region.
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