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The Formulation of Optimization Problems with Vector Functionals

Mindia Salukvadze
1. The General Mathematical Formulation of the Problem

We formulate a new statement of the problem of optimizing of a vector functional. The idea of
such a formulation was presented in the author’s works [1,2].Let each element of some space Z define a
system S(Z), which is characterized by some vector performance index I=1(l,,...I;).In each a situation
each element of the space Z, defining the system S(Z), will have associated with it a definite point with
coordinates I,(z), I(2),..., [(z) in the space of performance indices 1(Z). So, for example, for the
element z e€Z, the system S,eS(Z), will have the performance indices I;(2), I,(z),..., I (z), defining a
point 1(z) €l(2).

We let z, € Z be an element of the space Z for which

1,(zg)=supl,(2),a =1,2,..,k
Z€EZ

This means, that for the element z, € Z only the performance index I,(z) assumes its optimal
value.

We consider the Euclidean space 1(Z) with coordinates I,(Z), I,(2),..., I,(Z). Let the values
1,(zy), @ = 1,2, ..., k be given. It is always possible to say, that there exists an element z* € Z forming a
system S,-€S[z],for which, in the space 1(Z), the values of the functionals I,(z*), I,(z"),..., I (z*) will be
the best ( in some agreed sense) approximation to the true optimal values of these functionals
1(z1), I(23),..., I (z,).Az a criterion for such an approximation , it is possible to take any positive-
definite function of the variables I, (2), I(2),..., I, (z).We let R(Z) denote such a function which forms
one or another metric in the space 1(Z).

Definition. An element z*eZ optimizes the system S in the R(Z)-sense if

R(z")=InfR(2) @)

Consequently, the problem of optimizing the system S with a vector criterion may be formulated
as: given S[Z], 1(2), R(2), find z"eZ.
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As noted in the last chapter, the vector optimization problem was considered in much the same
spirit in [3]; however, it is important to emphasize the essential difference between the problem
statement, given above and that in [3]. Recently, these ideas have been developed in the works [4-12].

2. A Statement of Optimal Trajectory Programming Problems with a Vector-Valued Criterion

We present a statement of the problem in the same form as it was given in [1]. Let the system
dynamics be given by the differential equations

x=f (x(£), u(t), 1), )

which are defined in some region N(x(t), U(t)) =0 of state space x (xq,...,x,) and control space u
(Uyq, ., Uy), tet, T=[t,,T]. The right side of the expression (2) is a vector with coordinates
filx,u, t), f2(x,u,t), ..., fn(x,u,t), which are assumed to be continuously differentiable functions in the
variables x, u and t.

Let some admissible class of controls U be given where ueU assumes values in the region
N=>0.Also, let there be given a vector functional

I(W=¢x(), u(®), ) 3)
with components
I, (W)=b,(x(@®), u®), )a = 1,2,..., k (@)

It is assumed, that the functions ¢4, d,, ..., ¢, have continuous first partial derivatives with
respect to all arguments in the region N>0 for te 1.
Let the boundary values for the vector x(t) be

X (t0) = x0,x(T) = x7, Q)

where T is free. Symbolically, we denote this as (i, f)=0 .
Using known procedures, foreach a =1,2,...,k, we determine the optimal control

u(“):u(a)(t, xOJxT)’a = 1,2, ey k (6)

for each scalar functional 1, (u).

Here the vector u(® has components ui“) uﬁ,‘f) and is the optimal control vector under
which the scalar functional 1,(u) = ¢, (x(t),u(t),t) assumes its optimal value along the trajectory of the
system (2.2), which passes between the boundary points (5).Naturally, there are different periods of time
Ty, .., T, associated with the control vectors u®,a = 1,2, ..., k. Moreover, when optimizing each
scalar functional, additional conditions may be taken into account such as construction of the region N>0
specific boundary conditions and also the class V(® of admissible controls.

We compute the value of the vector

I'W{n (u®), L u®), .., 1 (u®)} Y

Its components are known numbers.
We consider the Euclidean norm

RU=II ) = I" I =Zf=ille @) = L @)]?, (8)

where the vector I(u) —I*(u) is defined for all admissible controls u eV. Obviously, the set of
admissible controls V must be the maximal restriction of all the admissible V4, ..., V().

Definition. We will say that the control u°(t,x,, x) optimizes the vector functional (2.3) if the
inequality

R <RW) ©9)

is satisfied for any admissible control u, we call such a control optimal relative to the vector functional.
Problem. Given the equation (2), the boundary conditions (5), the vector functional (3) and the
class V of admissible controls, determine a control u°(t,x,, x;),0ptimizing the vector functional. In the

10
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language of the preceding section, here the control vector u(t) plays the role of z and determines the
motion of the system (2). As a criterion of approximation R(Z), we choose the expression (2.8), while the
meaning of the equality (1) is embodied in the inequality (9).

Remark 1. It is assumed that in the original problem all the variables and functionals are reduced
to dimensionless form. If not, then instead of minimizing the expression (8) we must consider minimizing
the sum of squares of the relative deviation of the functionals (4) from their nominal optimal values (7),
i.e. we minimize the function

1W-I"(u oW W)

2
— —\k 2
R()= ||| = (10)
A generalized form of the approximation function R(S) is to take the norm

R = (Belly () = L@, L 1 (11)

which for L=1 reduces to a linear combination of the components of the vector I(u) — I"(u), for L=2 it
coincides with the Euclidean norm |[|1(uw) — I"(w) || and for L=co the supremum norm

Re(u)=max {(I, (W) — I, u) | a =12, ..,k} (12)

Remark 2. It is natural to let T be either free or fixed. In particular, if the numbers Tj,..., T}, do not
differ too greatly from each other, then the time T must also not deviate too greatly from these values.

. . . . . 1
Moreover, it makes sense to consider the case when T is fixed and equals, for instance, T:E kK T,orT

< max{T,|la = 1,2, ..., k}.

A geometrical interpretation of the problem. We consider the Euclidean space for the vector 1(u).
The sum (8) is the square of the distance from the point corresponding to the control u to the point having
coordinates I (u®), L(u®),... I, (u®).We call this latter point the ideal (or utopian) point. The
problem consists in choosing a control u which minimizes this distance over a time T, which does not
deviate too much from the numbers T;,..., Ty.

A physical interpretation of the problem. If the vector u°(t,x,, x;) minimizes (8), then it will be
the vector, under which the functionals I,(u®), @ = 1,2, ..., k assume values as near as possible to the
numbers I; (u®), I, (u®), ..., I (u®).

The sense of this approximation is as follows: we assume, that we have chosen some scalar
functional I,, determined the desired class of admissible controls V(® for it and found the optimal
control u® The number I, (u‘®) we take as the index of quality of the system, which may be achieved
in an ideal case. The ideal case is that in which the total control resources are used for achieving the
optimal value for only one of the criteria. Moreover, in this ideal case it is possible, in general, to follow
two different directions characterized by the choice of the class of admissible controls and also by the
choice of boundary conditions for optimization of each scalar functional taken individually. In actuality,
we may not ignore the other performance indices and often, in order to achieve an improvement in the
system, relative to the set of all these indices, we must operate in a more restricted class of admissible
controls.

For the chosen control u°, there takes place some deterioration of each performance index
I, (u),if taken separately (in comparison with that value obtained, if we would optimize only with
respect to that particular criterion); however, this deterioration is spread throughout the whole set of
criteria I, (u) and is as small as possible.

Remark 3. The usual approach to the problem of optimizing k functionals is to minimize the sum
Yo A I, (w).Here it is assumed, that the weighting coefficients are given exactly, i.e. the weights of the
functionals I, (u), @ = 1,2, ..., k, are known exactly. However, this is possible only in a few cases.

Let us now assume, that the statement of the vector optimization problem is freed from the
constraint of knowing the weights of the functionals. We seek a control which uniformly approximates
the values of the functionals I,(u°) to their optimal values I, (u‘®). There are now opportunities for
other forms of approximation.

Remark 4. Here we have formulated the problem of programming optimal trajectories. Usually, it
is also possible to formulate the problem of analytic construction of a regulator

11
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u®(t,x), which optimizes the vector functional. Again it is relevant to emphasize the essential
difference of the given problem statement from that, which was given in section 6 of Chapter I.
1. The choice of the numbers I, (u®), I, (u®), ..., I, (u™®) is stipulated in a unique fashion. In the
space of the vector I(l4,..., I;) this means the following (see figure below for a simple
illustration of the case k=2).Let the point I* have coordinates I; (u®), I,(u®), ..., I (u®).

1, (u) A %%7
T L T ./ 7 %A
V}
|
| =
0 /,(u”}) /1, (u)

Then it is clear, that optimization of the vector functionals (2.3) is possible only in the shaded
positive octant Q. But this means that as a measure of the approximation of the vector I(u) to the point I*,
we may choose not only the Euclidean norm (8) or (10), but also (11) for any L> 1 and the linear
function

R(U)= Xk calle @) = Io(®)] (13)
for constants ¢, >0 given in advance. We can also use any continuous positive function R(u) defined on
Q.

2. Assignment of the boundary values (5) may be carried out in a different manner for each
optimization taking the functionals 1, (u) separately, but then for optimization of the function
R(u) these conditions must reflect a basic and not auxiliary aspect of the problem.

3. In each particular optimization problem, the set of admissible controls is particular to that
problem. Since the statement of the vector optimization problem is developed for the set of
admissible controls V, which is itself restricted by V..., V@ the position of the point I*
depends upon the structures of the sets VY, ..., V) The value min R(w) will be minimal in the

case when the point I* is also defined for ueV.
3. Flight at a Prescribed Altitude

We illustrate the given problem statement by an example from the book [13]. The equations of
flight of an aircraft at a given altitude under reasonable assumptions may be expressed in the form (11).
We introduce the boundary conditions:

(1): x,=0, v; = vy, m; = my, (14)
(f): x¢ = Xq,ve = vp, mp = mp
Here vy, m, vy, my are given numbers since the values x and T are free. As a functional we take
AG = —xr, (15)

the minimum of which corresponds to maximizing the distance xr.
Now among the admissible x, v, m, B we find that curve which minimizes the functional (15).
According to the maximum principle [14], we form the function

12
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H:ler% lpz"‘(i Y, — ‘~|J3)B (16)
And write the equation for the co-state vector Y{ Y1, U, , U5 }
lljl =0 0

Vo ==Yy + U, (17)

Here

10.

11.

12.

13.
14.

l1j3 zi[Qm'i_CB_TQ]

9, _%
Qv_ava Qm_am
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Identification of closed-loop nonlinear systems using a nonlinear model with linear
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Abstract

A problem of parameter identification of the nonlinear systems with feedback in the
frequency domain at the system input harmonic influences is considered. The system is represented
by a nonlinear model with linear feedback, the nonlinear element of which is described by a
polynomial function of the second degree and the linear element — by the ordinary differential
equation, taking into account the peculiarities of the functioning of such systems. The solution of
the problem of parameter identification based on the method of the least squares is reduced to the
solution of the algebraic equations. The identification method allows us to determine the static
characteristics in the stationary state, and dynamic characteristics in the steady state by using the
Fourier approximation. The parameter identification method is investigated in terms of accuracy.

Keywords:
nonlinear system, identification, parameter, feedback, equation.
1. Introduction

Most real practical systems are nonlinear and possess many “inconvenient” features from the point
of view of managing the control process.

An important class of nonlinear systems consists of closed-loop nonlinear systems that function
with positive feedback. Such systems are defined by the fact, that a part of the initial material remained
unprocessed up to the required condition, when passing through to the working part of the object, returns
to the entry of this object forming the basis of the recirculation stream. Such closed-loop systems with
positive feedback are characterized by the maximum raw material utilization and comparatively high
efficiency [1]. Systems with feedback are widespread in industrial processes, particularly in metallurgical,
mining, chemical, pulp-and-paper industries, ecology, etc.

Proceeding from the features of systems with feedback, it is conditionally possible to pick out the
direct channel and the channel of feedback. There is a transformation of the initial material to the ready
product with the direct channel, and there is a movement of recyclable material in the system with the
channel of feedback. In practice, the ready product is usually transferred to the following technological
process cycle, and the initial and recyclable materials are measured. The knowledge of the mathematical
model of the channel of feedback enables the construction of a model for the whole system.

The choice of automatic control type for any manufacturing process depends on the amount of
existing information on the condition of the system formalized in the form of a mathematical model.

Methods of mathematical modeling or systems identification can be used to formalize processes in
the production systems. When using systems identification methods, it is necessary to solve various
problems while building a mathematical model of the system. These problems arise depending on the a
priori information about the system [2]. The construction of the system’s optimal model in many respects
depends on successfully solving the parameter identification problems at the known model structure.

The nonlinear systems are generally represented by block-oriented models consisting of various
connections of nonlinear static and linear dynamic elements [3] or general models, in particular, the
Volterra [4] and Wiener [5] series and the Kolmogorov-Gabor [6-7] continuous and discrete polynomials.

When building models of nonlinear systems with feedback the circumstance that there is certain a
priori information about the system should be taken into consideration. For example, for the mill of ore-
dressing plant working with the feedback, proceeding from their functioning conditions, there is certain
information about the static characteristic and system sluggishness, which is considered in the form of
linear dynamic elements [8]. Therefore, block-oriented models can be used for the representation of
systems with feedback.
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Due to the functioning peculiarities of nonlinear systems with feedback and mathematical
difficulties at the solution of nonlinear differential equations, which describe processes in the systems,
identification problems in such systems are much more complex than the same problems of open
nonlinear systems.

This work uses the characteristics of nonlinear production systems with positive feedback to
determine the mathematical equations describing the nonlinear model with linear feedback.

In this work, the problem of parameter identification of the closed-loop nonlinear systems when
their feedback channel is represented by a nonlinear model with linear feedback based on the observation
of the system's input and output variables at the input harmonic influences is considered. The offered
parameter identification method allows determining the first part of the parameters — static characteristics
in the stationary state, followed by dynamic parameters estimation in the steady state by using the Fourier
approximation based on the least squares method. The developed parameter identification method is
investigated on accuracy.

2. Classes of model and input signals

Let’s consider the nonlinear model with linear feedback for the presentation of the feedback
channel of nonlinear closed-loop systems (Fig. 1).

X V
u o) ;

Wip)

Fig. 1. Nonlinear model with linear feedback

This model is described by the equations:
z=W(p) flu(t)+z], (1)
where w(p) is the transfer functions in the operator form of the model’s linear dynamic parts and p -

designates the differentiation operation: p =d/dt.

For solving the problem of parameter identification of nonlinear systems it is supposed that the
input variable of the system u(t) is a harmonic function:

u(t) = Asinwt +B. 2
3. Mathematical equations of the nonlinear model with linear feedback

To determine the mathematical equations of the mentioned model in a clear form, let's take
advantage of the peculiarities of the functioning of practical feedback systems.

Based on a priori information, which is obtained taking into account the features of the functioning
of systems with feedback [9], it is supposed the nonlinear static element, which is part of block-oriented
models with feedback, is described by a second-degree polynomial function:

f(X)=cx+Cpx° @)
and the transfer function of the linear dynamic element has the following form:
1
= , 4
( p) Tp+1 @)

where ¢, ¢, - constant coefficients and the free member is absent since there is no signal on the output of

the system with feedback at the zero-input signal, and T - time constant.
Considering the expression (3), we get:
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f(y)=-p+ /ﬂ2+iy, ®)
C,

where from a physical point of view, there is a positive sign in front of the radical in (2) and

p=si. (6)
2
For this model, we have:
y=w(p){f[y-u(t)]}. )

If we consider (4) and (5) in the expression (7), as a result of a number of transformations we get:

y=—$y+%{[Tu(t)+u(t)+y+ﬂ} /ﬂ2+iy—ﬂ2}- ®)
C

Let's introduce the designation:

v= By, ©
G,
Then (8) is reduced to the following form:
- 1 1 2 . 1 1 2
e A +u(t)+?u+?(ﬂ—czﬂ ) (10)

Taking into account (4) and (5), you will get the following equations:

y = V% -, B (11)
and

Tz+z=y(t), (12)

4. Mathematical description of output forced oscillations

In order to solve the parameter problem, it is necessary to solve Riccati differential equation (10)
taking into account (2), and then to solve equations (11) and (12). At the same time, it is necessary to take
into account the stability conditions of the steady motion at the output of the closed-loop nonlinear
systems.

For the nonlinear systems with feedback, it was obtained [8], that the implementation of the
following conditions:

0<c <1 ¢,>0, (13)
and
g<1G, (14)
2c,

where [ - a value of the input signal for some steady state, guarantees the system stability. Therefore, for
the nonlinear model with linear feedback, it is supposed that the conditions (13) - (14) are valid.

According to the above-mentioned, for the solution of Riccati equations (10), corresponding to the
model, it is possible to use the method of a small parameter and to search for the solution of the equations
in the form of the following series:

v(t) =z 1, (1), (15)

where u is a small parameter.
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If considering (2) in equation (10), we get:

. 1 c, , 1 . 1 1 )
V=——V+—=V +—ASihot + Awcosawt+—B+—(f—-cC . 16
T T T T T(ﬁ ) 10

It follows from conditions (13) and (14) that c, is a small parameter and we can assume that:
U=c,. an

The smallness of c, ensures rapid convergence of the solution (9). If in the expression (9)

members of the second and higher orders small values are not taken into account, we can be limited to
two members:

V(t) =V, (t)+c,v (t). (18)

If we put (11) in equation (4) and equate coefficients of terms with the same degree c, on the right
and left sides of the equation, we get:

11 1.1 ,
v :—?vo+?Asma)t+Acoswt+?B+_|—_(ﬁ—czﬁ ). (19)
. 1 1
v, (t)= Tk (t)+?v§ : (20)

Equations (19) and (20) are first-order linear ordinary differential equations. If we solve equation
(19) with zero initial condition and consider the obtained solution in equation (20), then by solving it also
at zero initial conditions we get in the established state:

g . 2¢c,AB, . A’
+ Asin a)t—i-#SIn(a)t—(/)l)—CZ—COS(Za)t—goz), (21)

1+ 0’T? V1+40°T?

c,A

v=B +¢C,B} +

where
B, =B+f5-¢/", (22)
@ =arctgol
@, = arctg2oT .

If we insert the expression (21) into (11) and do not take into account members of the second and
higher order's small values during the calculation, then in the established state we get:

y =C,B? —c,3” +2¢,AB, sinwt . (23)

If we solve the differential equation (12) taking into account the expression (23), then we get in the
established state:
2¢,AB,aT
2T2

2c,AB, .
z:czBf—cz,BerlJrzw—leZS|na)t— sat . (24)

l+o
5. Parameter identification

Block-oriented models are widely used for the identification of non-linear systems, but the
majority of block-oriented models with the feedback are nonlinear concerning the parameters and the
analytical solution of the parameter identification problem is possible for some low-order models.

Most of the parameter identification methods are developed for opened models (e.g., [10-14] using
nonlinear block-oriented models.

In the works [15-17] is offered a method of parameter identification of nonlinear systems with
feedback that allows defining dynamic parameters in a transitive mode. However, when determining the
dynamic characteristics, it is necessary to calculate the derivatives based on experimental data related to
the acceptance of errors.
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It is necessary to note that there are also other approaches (e.g., [18-19]) to the identification of
nonlinear systems by using feedback.

5.1. Identification of static parameters

For the nonlinear model with linear feedback, the connection between the input and output
variables in the stationary state is determined by the equation:

(1-c)x—c,x* =u. (25)

Static parsmeters estimates by the least squares method were previously obtained [15-17] using

expressions (25):
S {568
6 =1— i=1 i=1 i=1 i=1 , (26)

1

()8 e)

In expressions (26) - (27) - u;, X;(i=12,...,n) are the values of the system’s input and total
variables in the steady state at the momentt; (i=12,...,n).

5.2. Identification of dynamic parameter

The application of the Fourier approximation [20] for the output periodic signal of the
Hammerstein model enables us to obtain the estimates of the Fourier coefficients: a,/2, a;, b, .

By equating the estimate 61 with its theoretical values from (24), and considering (22), we’ll get:

2
From (28), we get:
b, +b,w’T? = 2c,AB +G/A. (29)
Using the expression (29) at different frequencies o = o, (i =12,..., n) , We obtain:
by @?Ty + & = 2¢,AB+ ¢, A—by;, (30)

where b; (i=12,...,n) - values of the Fourier coefficient at the frequency @, and & (i=12,...,n) -
errors of measurements and approximations, and

T, =T°. (31)

Let's consider the features for T parameter estimation by the method of least squares using the

expression (30).
The error squared sum is:

n n 2

S= Zgiz =Z(202AB+C1A—6H _Blia)lzTO) - (32)

i=1 i=

If we differentiate (32) by T,, we’ll obtain:
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ds " S 6
d—TO:—Zg(ZCZABH:lA—bH S ank (33)

Equating (33) to zero, we’ll obtain the following expression for estimating fo :
2(262 ABBli o + 61A61i(0i2 - F?allz ) = Z Aiza’iaTo ' (34)
i1

i=1

If we take into account (31), from the expression (34) we get:

Zn:(ZﬁzABﬁnw.z + G By ~bfef )
T= | . (35)

Zn:liﬁwf
i=1

T can be also obtained by using expression a; and compare the estimates obtained using b, .

6. Accuracy of the received results

To use the algorithms of parameter identification, designed in accordance with the developed
identification methods in the industrial conditions under noise and disturbances, it is necessary to
investigate the identification method on accuracy.

The identification method was investigated by theoretical analysis and computer modeling. The
reliability of the received results, at the identification of the closed-loop nonlinear systems of industrial
processes conditions in the presence of noise and errors, depends on the measurement accuracy of the
system’s input and output signals and on the mathematical processing of the experimental data. When
using various schemes of the numerical harmonic analysis, it is recommended to accept that the value of
the output signal at a certain time moment is an estimation of the mathematical expectation of the value of
the output function at the present time moment.

Besides, as it is known, the used method of the least squares for parameter estimation is noiseless.

The investigation of the algorithms of parameter identification of nonlinear systems was carried
out by means of computer modeling using MATLAB.

We used both the tool package Simulink-toolbox for the system modeling and the tool Symbolic
Math Toolbox for the solution of the equations.

- a0 ,;E'

P |signal Diagram a0
u.mat y.mat angle
[t.u] [t.v] Fourier Diagram angle

A8

»

) _EI

Sine Wave Diagram i)

F Y

1.55+1
W(S)

Fig. 2. Scheme for the nonlinear model with linear feedback.

During the experiment, at the parameter values: T=1,5, ¢1=0,3, ¢, = 0.02, the following parameter
values were obtained for this model by calculations: T=1.4949, c= 0.2341, c¢2 =0.0121.

19



Besarion Shanshiashvilii

Computer modeling confirmed the correctness of the results obtained from the theoretical studies
and the expediency of using them to solve practical problems.

7. Conclusions

The identification problems of nonlinear systems with feedback get specific forms, proceeding
from their functioning peculiarities. When carrying out the experiment in such systems it is necessary to
consider the conditions of stability of each movement at the output, since such movements can become
steady under certain values of the system’s static parameters. Besides, when obtaining the expressions of
the output variables of the closed nonlinear systems analytically it is necessary to solve the nonlinear
differential equation that relates to the mathematical difficulties.

The method of parameter identification of nonlinear systems with feedback in the steady state at
their representation by the nonlinear model with linear feedback based on active experiments under input
sinusoidal influences is offered in the given work. Analytical expressions of forced oscillations obtained
at the system output are used to solve parameter identification problems.

At the parameter identification under the determined input influences static parameters are
estimated first, followed by dynamic parameters estimation based on the least squares method. The
developed parameter identification method is investigated on accuracy.
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HNnenTudukanys HeTHHEHHBIX CHCTEM € 00PATHOM CHAI3BIO ¢ MIPUMEHEeHHEeM
HeJIMHEHHOH Mo/ieJIN ¢ JINHEeHHO 00paTHOI CBA3BI0

Buccapuon Hlanwuaweunuu

Pe3iome

PaccmoTrpuBaercs 3aaua nmapamMeTpu4ecKold MACHTH(UKAIMN HEIWHEWHBIX CHCTEM C OOpaTHOM
CBSI3bI0 B YAaCTOTHOW 0OJACTH IPU BXOJHBIX TapMOHHMYECKHX BO3JEeHCTBHsAX. CHcCTeMa TpeJcTaBieHa
HEJIMHEIHOW MOJIeNbI0 C JIMHEHHOM 00paTHOM CBs3bI0, HENMHEHHBIH 3JIEMEHT KOTOPOH OIMCHIBACTCS
NOJIMHOMHMAJIBHOW  (yHKIMEH BTOpOW cTemeHW, a JIMHEHHBIM 3JeMEHT — OOBIKHOBEHHBIM
muddepeHInaNbEHBIM ypaBHEHHEM C yUETOM 0COOCHHOCTEH (pyHKIMOHUPOBAHUS TaKUX cucTeM. Perenne
3a7a4M MACHTHU(HKAMY 1TapaMeTpoB HA OCHOBE METOJa HAMMEHBIINX KBaJPaTOB CBOJHUTCS K PEIICHHIO
anreOpandeckux  ypaBHEHHMH. Meron HMACHTH(MKAMKM MO3BOJISICT  ONPENENATh  CTaTHYECKHE
XapaKTEPUCTUKN B CTAllMOHAPHOM COCTOSHHM W IWHAMHYECKHE XapaKTEPHUCTUKH B yCTAHOBHBIIEMCS
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COCTOSIHAH C TIOMOIIbI0 anmpokcumanun ®Pypse. Meton uaeHTH(UKAIMK MapaMeTPOB HCCIEIOBaH C
TOUYKHU 3PEHUS TOUHOCTH.
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0dwgmEqU.

249BLsboErggmo  98m36900L  JqLodsdobo  s®LYdIMAL  MHyzgBHo s  OLIMYGIO
0o9d53039MHo  IMEIWYd0.  FoHOIMOO  0¥)  ©iaJRd3oL  93mbmdogmEmo  sdmEsbgdol
w3653 9bMds bMMIE OLIMYGHEO F5009T5EH03IM0 IMPIEJBOm s©OfgMgds. MMM Habo
abgmo  59m396gd0  3mIB0bsGMOMO  boliosmobss s M3GH0TSWMMO  oFY39GHOWGOOL
doLoEgds LMY 25oMBY3oL LOFOMMAdL, Mog ™30l dbGMOg Imbs3gdgdol Mom@gbmdols
BOEILOD g  39FMMZgdolL  HoMmEIbmdol  bMEsL  ofgg3L.  s8oGH™I  Fomm3zol
3530 0bMI0SMM0  saMmMO0mIGOOL 5390, MM BoMGH030  Loddge.  sEraMmGomdol
LboMomegb  gdomo  dbMog 08 dmbsggdms  FmEEmds, MMIgEog  LoFo®ms  s8masbol
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©oL3M9GNEo Mm3EH030Do3gool JHmMo E0bsdogeyMo sdmzsbols Gglisbgd

2905b5FMH g, beagwm Ggmeg GbMog 58 Imbozgdgdbg IO dgHBPMZJOO FBLIBEOZMSZL
[2, 3]. 58mEsbol 58mlsblbyws IbsOX MO FobdsbrMo MM ©sdm30IdwEgds dmbsggdos
I3M@mdsHg 3obobeBgmgds BMbJ300m, MMIgwoE Ggodwgds oyml 3meobmdoswy®o b
30530 0bMI0sMEmO.  5eMmMOmMIol  batolbol dglogslgdmwo LHmMgo gl 3G0oGHgMmowdo
299m0ygbgds. 0di3s dgbodems 3meobmdosmo sewamMmomdog 0gml 5M09x39]GME0, v
30¢0bmdol bsMolbo dogr0sh oogros. s30G™I, 063gMHgLIMIWGdMWO 56 SGOL MMBESE 339
3MB9dY0 sEMOOMTOL FordxmdgLgds 3meobmdol baMolbol sfigzol dgdmbgggsdo [2].

OMamm3  MP9393, 2939 ©OoLIMYGHMEr Fgdmbggzsdo sdm3sbgdo  Fgodwgds  I3YMm
LEBOGH03NO S 065303 58MEDbYOS®. 5TMEBOL OBITOIMOO bolsMO sEYMOOMTOL 539l
300093 NBOM  SOMMMIIL.  ©obIGIGHWo  Mm3EG0T0DoEool  sdm3sbgdol  gPom-ghHmo
9005600055 390D IMNIo G300l 9M(39D9gdoL 33¢m30.

B5dOMmTdo  gobbowrmos 35 gbsBrmMEo ©RgAI30L gHo ©ObsdogMmMo sBm3sbs s
390m0535H900s  JoLo  osFMOL  seym®momdo.  ©odgad30l  sTm3969d0L  Jawsbiol
Bo0myoodgds 393806090w0s 1950-0060 fergdol sbsfiygolbdo 93mbmdozm@mo 3HmdEgdgdol
9509853039900 3MHMM5d0MHgd0L FJMPIIOM 2505FMHOL JOM-9MH0 306MH3gw F3EIMdLMSD.
9oL 990gy 9608369036  o0boMEs 5T 3MIMBMYIIGOOL  25OFMOL 5B sEmds.  Fo00
2905%9Y393H0b J0aMmIgdoL 0535HBMbO 450D, Bo®d 53539 MM, Jom0 FobbMmEME0gEwgdOl
LoMMMEggdo MRds. 0bsB0IMEMO 5M36gdOL A9FMHOL TJMPIdO JOMOMOIE JIYsMHIds
©00653039M0  a3MMAMmsdgdol  (DP)  9goomelL, ®mdgwog  mogzol  dbMog  gdgsmgds
M3G0doMmdol 3600b3zodl, Mmdgwog 1953 Fogwb Bsdmoygowods 9960039wmds 35090sEo3mbids
6.9.09w035605. DP 5¢0gm®0mdgdo 96o35boxgbvds segm®omdgdos s ymgzger Lsggbm®bg
Mbs 9g0MmBgl  LEAHMOGIR0s, MMIgEog 0035¢olobgdl 9gdymd Loxgbm@mad®y dmdgdgo
b99mgddggdsel o Lodmemm X53d0 M3EH0ToevYH 5dmbLbsAY Boa309y396L [1].

50 330093580 06530300 09993035 bmM30900©Ids MOMMIMO ©IZIWJIOL 350l
239035¢0ob{obgdom, 6535000l 3853900l OHML FoMdmddbowo aG30MHM3g00L Lsgmdzguby
Q5 QO35MgdsMd  dgbmMmgds bgds  Mhg39B0 9OHMNLIRIHMOS LobGHgdom. 3MHMiEgLMOIdO
Bofomd®mog  MMm0gMmdgE3ee@os.  Z5egdsms  dgbmengdol 096300 Y3™rMds
39B0MOMwo 56 sMHob  Bsfowmdomo iEsgdol LoIMOgE ol Jobg300 s OTSGJOIOMNO
MLOLIdIOL  LoMLZMY  FIMOJWOos.  BLIbBOEZIWO  39MHO0MPOL  EILLHYOLTO  OZIEYOIMS
LobEgdsdo dmbgzg®mol O™ Hobsbfo® 35309 FobLLBYIMs, MMIiEs LoLEgdol dmTsmdol
0000MmgME Loggbm®Obg 990degds LoGweEos 890335¢Mmb. Mm3GH0doeMH@MdOL 3HOEHIM0MTs©
2960bogds 35w gdsms Jo0sbo LobEgdol s3w)dsgzgdol LogMMM VOMYBWEYDS.

59m(3560L slids

M9LMOLYdOL 2503390 LOIMOZOL LSTOWGIOm, MlOE BMYIWIE  IOM(3gLMEOIOL

3995bom, Mbs LBl O35 gdsMS Bmgdwo  LobEds, M®IgwBY3 F9M3Z9wI0

39039005 050G, LsFoMmMs ©Z5¢gdsMs LMool 6d0dEI3MMdOL Y960l
989JGHIO0 500l 53909, HMIY0oE M3GH0ToMdol G503 BmIol dowfglzol Lydwgswgdsl

9m23399L. M3EGH0doErmdol Bmds LobEgdol 89JdbsBg 25090 BobsblyMo sbsbstxgdol
306030Bs30s gobgobowmom.

Q©535¢gdsms  FguOHyangds  Fgladergdgeros  gOmLIGIHLMosBo  ©yEHIMToboMmgd o
LobEYIoL  Lodrmoengdom  [2,3].  ghmboggbmms  LobEgds ©s8gbody  BmfiymdowMmdoLoysh

39003905, bmem  bobEgdsdo dmbgzgMmowo  g4zgws  gswgds  LOWMwo©  bos  0dbsl
©053054mBowgdmwo.  Hobslfot  3bmdowos  Imfigmdomdsms  FoMdomds,  LobiEgdsdo

dmbg9gMOWo  Yzgmws  ©o35¢rgdol  s0)353900Lsm30L  LsFoMmm MM,  IMFLabwyMmgdoL
©0MGOIgds 3350 BLOOEYJO0s S MIEYB0TY 3561599¢H MDY TIMI0EYOWo Bmbd30900L
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1535 gd0m dM0(3g0s. 35 gdsMs LOLEJdsdo BmbgzgMOl MM Fobobfo® 3bmdoos. 0MdEs
053509000, Gqlrengdol ymgger boggbm®bg 990dwgds dgoigzowmb.

2390 590Ls, Mbs  LOMEWEIdIMEPIL F9dEIH0  30OMOGO0:  Fobolfe®  TmEgdMwos
396omo, [0, T] 0b@ghzgowo, GMIWwolb gsbdsgwmdsdol LobGgds dmnwosbs Mbws ogml
FgLuOHMEIdMo; 56 F9odEgds JOHMO s 03039 3OMELMODY JONOOMMOE MmO b
5096039 935 gds  JOHOOHMMWI©  LOHVEEIIMEIL;  EOMOL  gmgger  0bE HZowby
005353909905 4390 dmfgmdowmds (gobobowgds 9.§. 59m3s6s dmEgbgdol gotgdy) [4].

dsmgds¢Ho3meo Im@geo

Ao  sdmEsbol  Fomgdo@olzm®o  dmEgo  Fgodwgds  899gabsota
Bodmgogseodmon:
dmi3gdero 33543 3Gmigle®gdol  Lod®ogwyg  P={Pi...Pm}, j=1,., m, 6®Iwgdog
90035690l 56 29bLbg930090056 53MbJgombserHo d9L5dgdMDYOOM Qo
LH6o830mddggdomss. dmEgdmwos [0, T] 3gGom@do P 3GMmEgbmGmadol Lsdmswgdoo Mbos
F9LHMEEIL OGO sz{é’;,..., 52 } bob@Ggds. Xk LobEGgdolb 0EYMISMIMDS  DOMMYLYE
LogzgbuyHbg Ggodwgds 033egdm©gl s k 06gdbols 360d3bgwmds ©sdM30©YdME0s 0dsby.
) 050006 LEBgbMs© soymgs [0, T 39HOMPO. MOMMYMEO ©Z9EJOOLIMZ0L 3BMdOEOS
[7i]i=1,...m, j=1,..n BOG®OES, ML 77 gergdgbGo m 330h39690L qff ©535¢900L  Pi 3GmEqLme By
F9LEMEgdoL bobyMdeogmdsl. 3bsos, 0 <7(Y) < T, i=1,...,m, j=1,...,n.

36000 {@ j } i-1,...m, j=1,..,n B3GHO0OES, GMIWOL wi{Z) gegdgbdo 330P3969dL 53( ©535¢q00L Pi
360Hm396mODY FgbOEgdol BoLL. Y s Z 39JGH™M9d0s, Brdwol 99050969 356599 Mool
860836900 md5%gs ©50m30090I0 7 @5 @i LoEOYJdoL 8603369 mdgdo.

939000 §f J=1,..,n 53500900 LobEdsd0 dmbgg®ol bsgstomom dm t € [a;; b,
bo@og a; oL i-MMo s35¢gdol LolEgdsdo dmbgzgMOL bsgzsMmomm dobodsewMo M,
begoe b; 30 -0 35900l LobEgdado dmbgzg®mol bagsMomm dosguodsemmo s [5, 6].

9. . Bemzgeb 93o3bg gobolsbmg®gds M0mmgMmo 3HmEgblmMol gobmsgzolagargdols
O™ > Joegde MHoabzgdl dmmol dobodsemo sMmob 30MH3gwo Loggbw®mol olalibero.
3bo@Oos  350030LBEdE  3OMEJLMODBY s060d6gds F9dgao oL O35 gds, GMIgEo3
dm39999 8mdgbGdo dBs MOl Fglolmergdws. 89090 Loggbm®mo 2s60LsBzmgds 0d
OMOm, MMEILIE IMNSZMHPIOs HMTJ0d] 35 YdOL HMIYE0TY 3OMEILMODY TglBrmEgds
©5  2o©o0bgEgds 88 ©OMoLbm3zol Xk LobEGgdol  FEyMToMgmds.  ©sEEObEIds
fij () 30bgdgosms 8608369amdgd0, HmIgdos ©35¢gdsms ©H0TZB0L MM bl BO3M39b.

LoFoMHMs 50gmb A36M0d0 (3BMOWOL Lobom, Lssg Mmommgmen §j( J=1,..,n QQ935¢qdsls
99mLodsdgdl o GoEbgl, MMIgoE MO0 ©I35gdOL  ©ed8539d0L  @sfiygdol ML
2430h39698L s  Pi 3GmiEgbm®L, MHMIgEBs M0 ©IZ9wgds Mbs 0gml dglidyargdwyero.
003608bmm 53900 sbobgs 96 bMowro S-om. gzgws sbgmo S sbobgzgd0EIB, MHMIgdo3
53059m530@gd96  Bgdmm  Rdmmzo  30HMmIRPRL,  LsFoOmms  s0amb  olgmo ST sLsbgs,
3olozobsg LEvmEgds 99890 306MdIdO

p($*) = min p(8) = min T, NIy @y (2)(fiy(s) = 1)

Loog  fij(S) ®/MbJsos S gobMogol dobgzom MO ©O35¢gdol -6 3OMEILMODY
J9LHgd0l ©sFYgdol dmIgbEHL 330B39690L, bmwm 7P 560l Mo ©OZIEgdOL Lolgdsdo
8mbgg®ol  GgoMmo  ©O®. p(S*)  Mm3BH0T@MOo  FbMogol  dgdmbggzsdo  LobLEgdol
0538539000 VOMHOMENDSS.
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0060860 59Mm(3560L5MZ0L 5390905 P LoMHmMWEol sErgm®omdo, HM3geos d@Mmgdobs

5 LOBOZMGOOL, LESGOLEHIMO S 0bGHIMZowrMO TgomEgdol  3MIdBOboMYdME FgomEl
9836905 [4,5].

3e0aM003ol SOfgeos

5@MmOom30 dmoEegL 999099 JoMH0mO® dErMm3gdL:

1.

X LobEYIOL AoBLEBEZMS s Bolido Fgdsgowo 3m33mbgbEgdobmgols ‘L'l!c , tF € [a;b]
@5 Wi (Z) 35605393 Id0L nMOI0MmYd;

29633 ™gdol Hgbo - 00 bLEBEZM3L dgdBOL bol gobdEHmgdol LEMEJROL @
360Hm@Egbl.  dobo  s0mEsbss  s0mblbsms  LogdEg  soyml 9650565833900
J39L00MO3Wggdo®, OMIJMPD  MOMMIMYo  omgobo b Im0339mgds, b

RmMOI0MYds 8908 93Dy oblabowzgws. Xl(k) c X.
00mMBg30L Fgbo - sdmoMmbg3L bol  §3gMml, M™Iwosbsz Mbs ©sofiyml 899ga0
3963(Hmgdo. 530LsMZ0L sdmzs@Bomm N = min (tg,() +17;).

§iexy

Fobsl0smgdgo 3mbJiool 3608369wMmdoL dodmmzws s LogdudgMEm dgi3sligds - 53
399mm3wowo 3608369¢mdol dobgzom bEgds bol IEmL 99i3sligds s 08 IEGHMgdol

9033905, OGMIWGd0E LobMmzae 5dmbsbLbL o6 d9039396. px = pr + (tg{k)) + 71—

dil) * wil'

(

aboo Loggbe®ol BMGIOMdS. mintl(,?*) = mintf(})) + 7, Xl(k+1)
J1 1

C X. bogds

239sbgms gy Loggbm®Bg 08 dgombggzsdo, vy o6 sMol dowfgmwo [0, T]
Fmogool dmeem  FgOhGHowl. Fobsomdgy 9900mbgg35d0  40@03w0350m 8999y
9353%Y.

39005 LsBE3OHOL BWbJ300L 9390 @S FodMmMzEs - OMIGEoE YM3z9wr 39MHIMm
58mBsbLBL Bolo POoMgBdMYdOL J39ws FoLL g LsdsagdL. P (Sk) < Pi(Sks1)-
©0MmJOMYgdol Bgs Bgmol dgdmfdgds o 3mMgdaos - oMgdMEgdol bgwo
B350 sbofigobdo  MMIgerodg 03 LEOMEO  Gobol G, Moy Hobolfo®
dosbamgdom, b  gmboghmwo  dmlbsbMdgd0m  9Mob  3bmdowro. bmem  0d
890mbg93590, 099 HobslHo® SLgmo 9Mbs0MO FMsBMHGds o6 sGLYdMBOL, 85806 ol
0564560 MLsliBrmEmdol GHmeos.

0@MmOMomMdol  3985mdoL  EsLOLOWOL  Fgdmfjdgds - sEIyMMomdol  wdsmds

LOMEEgds 08 9gdmbggzedo, mvy X, LoIMogwolb yzgwms J3gbodMmsgang (39M0YE0
0©dmPBbgds.

On a single dynamic problem of discrete optimization
Ketevan Kutkhashvili
Summary

Based on the experience of many successful companies, it can be concluded that planning of

business and production activities in a highly competitive environment is the most important

condition for their survival, economic growth and well-being. The development of technology has

facilitated the processing of large flows of data and information. A large number of economic tasks

rely on data that are discrete in nature and very often unstable, which means that data can change

during the planning process.
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The paper proposes an algorithm for solving one dynamic planning problem, for the
construction of which a modified version of the graph theory method is used, which is known as the

method of branches and boundaries. Dynamic programming method is also used.

O6 ozHOIt AMHAMUYIECKOIT 33Zjade AUCKPETHOM ONTHMU3AIIHH
Kereparn Kyrxampuin
Pesrome

OcCHOBBIBaICH HA ONBITeé MHOTHX YCIEIIHBIX KOMIIAHWMH, MOXHO CZeJaTh BBIBOJ, YTO
IUIAaHMPOBAHME XO3AMCTBEHHONM M IIPOM3BOJCTBEHHON /MAEATEIPHOCTH B YCJIOBHAX CHJIbHEHIIEH
KOHKYPeHIIMM SfBJA€TCA BaXXKHEHIIMM YCIOBMEM WX BBDKMBAHMA, SKOHOMHYECKOTO pOCTa U
Gnarononyuus. Pa3Burme TexHOJOrHMi 06ierdmsio oO6pabGoOTKy OONBIIMX IIOTOKOB JAHHBIX U
nHpopManuu. bBosplioe KOJIWYECTBO SKOHOMMYECKHX 33/aY OIMpAaeTcsi Ha JaHHBIE, KOTOpHIE
JTUCKPETHBI II0 CBOEH IIPUpOJie M O4YeHb YacCTO HeCTAaOWJIBHBI, a OTO O3HAYaeT, YTO JAHHbIE MOTYT
MEeHATHCA B IIpoliecce IIJIaHUPOBAHUA.

B craTpe mpepiaraeTcsa aJrOpUTM pellleHUs ONHOH JUHAMUYECKOH 3a7ja4y IIJIAHUPOBAHUS, [JIA
IIOCTPOEHUsA KOTOPOH MCIONMB3yeTca MOAU(DUIVPOBAHHBIA BapHAHT MeTOAA TeOpHUU TIpadoB,
M3BeCTHBIH KaK MeTOJ, BeTBeli ¥ TpaHHUI,. TaKXKe MHCIOAb3yeTCA MeTOf, ITUHAMUYEeCKOTO
IIpOrpaMMHPOBAHUS
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One Transportation Problem Solving Algorithm
Dali Sikharulidze, Nugzar Dadiani

dali_sx @yahoo.com, nugzar_dadiani@yahoo.com
Abstract

In the article the problem of some product necessary quantity delivery along the shortest path to
the plant from the warehouses chain is considered. The quantity of the product in particular
warehouses is not sufficient. Input supplier of the plant can visit each warehouse only once and
then comes back to the plant. He has to visit several warehouses to gather sufficient quantity of the
product. This is a combinatorial problem. Since the number of computations increases greatly
when the problem dimension increases, the algorithm, comparatively lessening the amount of the
computations was worked out. In the algorithm special functions of MATLAB or EXCEL are used
for generating possible variants and for solving TSP on each step. Final decision based on results of
computations has to be made by decision maker.

Key words:
Hamiltonian contour, TSP.

Introduction

Any producing authority or company has ahead of it the problem of planning properly the work
of its transport. Because of the importance of this problem there arise many problems which should be
brought together into the “transportation problems” class [1]. Under present day conditions along with the
evolution of computing facilities and methods the great interest arises to the perfection of goods
transportation automatized planning systems, as existing algorithms don’t solve the problems or need a lot
of time for getting the effective solution. New algorithms elaboration will lessen solution time in the high
dimensionality problems and at the same time will improve the quality of the obtained solutions. The
main problem arising when modelling transportation systems is making appropriate model and getting
optimal solution by the methods of combinatorial optimization.

Our subject of research is the following transportation problem. The plant has to get some amount
H of certain product, which isn’t available in sufficient quantity in the nearest warehouses and maybe is
available in sufficient quantity in the warehouses, far from the plant. The distances from the plant to the
warehouses and between the warehouses are given. Input supplier of the plant can visit each warehouse
only once and then has to come back to the plant. He has to visit several warehouses to gather sufficient
quantity of the product. Suppose, that the number of warehouses is n. Let’s enumerate them. The quantity
of the product in each warehouse is given, p,,p,, ..., p, are the product quantities in the corresponding
warehouses.

Let’s b; be the Boolean variables.

1- when visiting i -th warehouse
bi =
0-otherwise.
Then, under the conditions of the problem, we have
i=1bip; =H @
Let’s assume number O to the plant. Let x;;,i =0,..,n,j =0,..,n be the distances from the

point i to the point j, we assume, that x;; = x;;. The problem is to buy sufficient quantity of the product
and then to come back to the plant by the shortest path.
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Algorithm

Let’s separate out the warehouses with sufficient quantity of the product, suppose, that their
numbers are py,, ... Px,, SO Px, = H, i=1,...,r. Separate from them the warehouse with minimal distance
from the plant, memorize its number and the distance from it to the plant, the left numbers from the
list k4,., k, will notbe considered any more. From the numbers of the left n-r warehouses we
consider C7_, combinations, for every such combination (i,j) we take the sums p; + p; and choose the
pairs, for which p; + p; = H, take the sums x,;+x;; + x;, memorize the pair of indices with the minimal
such sum, the left pairs of indices, for whichp; + p; > H we don’t consider while considering the
combinations C3_, and so on. When the number of the plants is large, the combinations of the numbers
should be generating by the function nchoosek (v, k) of MATLAB (the list of C}¥). From the list of
obtained C[¥_, combinations, the ones, containing the indices, eliminated on the k-1-th step should not be
considered. For the left k-element combinations j...., j, we take the sums X, p;, and verify the
condition

Xiapj, 2 H, 2)

Similarly, we choose the combinations, for which this condition holds. On the k-th step the
problem is to visit all these points only once and then to come back to the initial point 0, besides this,
the traversed path must be shortest, i.e., we must find Hamiltonian circuit for these k+1 points. This
is so called Travelling Salesman Problem (TSP) which is the subject of investigation for a long time,
there are suggested many methods for solving this problem, the complexity of it is the large number
of computations. (In MATLAB, EXCEL and DELPHI there are special functions for solving this
problem but the amount of computations increases greatly with the increase of n). We continue this
process for all 2, 3,..., n-r-element combinations and memorize the best variant on each step. At last,
from these variants, we choose the one, for which (1) holds and the distance is minimal. This solution
will be exact, unlike the branch and bound method, generally used when solving binary linear
programming problems.

Example

As the illustration for the algorithm we consider the simple example: n=5, H=850 units. In the
table below there are given the distances between the plant and warehouses. For simplicity we
consider the distances between the points without travel expenses, so x;; = x;;, 1, j = 0,1,2,...,5, they
are given in km (see table below,here x;; is at the intersection of i-th row and j-the column)

The table of distances Xij »1,j=0,1,...,5.

Ne | O 1 12 3 4 5

0 |- 20 |30 | 130 |40 | 50
2 {30 |40 |- 30 20 | 40
3 |30 |50 |30 |- 40 | 10
4 |40 |20 |30 |40 - 30

Let p;=150 units., p,=200 units , p3=900 units , p, = 450 units, p;=500 units be the quantities
of product in each warehouse.

Step 1. p; =900, 2xy; =260. The point 3 is not considered any more, we memorise data
(3,260;900).

Step 2. There are left the points 1,2,4,5. C7 =6.

28



One Transportation Problem Solving Algorithm

p1+p, = 350, pi+p, = 600, p;+ps =650
P2+P4=650,  Py+ps=650, Ppatps=950

As xg, + X45 + X590 = 120, memorize these data (4,5,120;950), the pair (4,5) will not be
considered on the next steps.
Step 3. C; = 4.
P1+pz + p4=800,
p1+p2 + ps=850;
(1,4,5) and (2,4,5) aren’t considered, as it was said above. For the combination (0,1,2,5) we consider

TSP problem-to find Hamiltonian contour with the minimal length and initial and terminal point 0.
In this case we consider 3! = 6 variants (1,2,5); (1,5,2); (2,1,5); (2,5,1); (5,1,2); (5,2,1)

Xo1 + X1 + Xg5 + x50=130 3)
Xo1 + X15 + X5 + X50=110 (4)
Xop + X1 + X35 + X50=120 (5)
Xog + X5 + X5q + X10=110 (6)
Xos + X51 + X152 + X50=120 (7)
Xgs + X5p + Xoq + X10=130 (8)

As for the computation simplicity we assumed, that x; i = Xji»1,j=0,1,2,...,5, (3) coincides
with (8); (4) with (6); (5) with (7); it is clear, that the best variantis (1,5,2;110;850).

p1+p2 + p4 =800 < 850,

but as the (4,5) combination was eliminated on the step 2, we finish the computations and choose
from the memorized variants (3;260,900); (4,5;120,950); (1,5,2;110;850) the best. It is the last variant
(1,5,2;110;850) (see drawing).

o4 3e

T,

2

Along with the increase of n, the number of necessary computations increases very fast, we
need to consider n! variants, this is complicated to do by human force even for n = 6. By the
considered algorithm the number of computations decreases greatly, but for considering all possible
variants it is necessary to use matched functions of MATLAB or EXCEL for generating all possible
sums of product and then for finding Hamiltonian contours on each step. Thereto it is possible to use
the method, considered in [2]. Evaluation of variants has to be made by the programmer and final

decision is made by the manager of the plant, according to the results of the computations.

Comments

In the paper the algorithm, comparatively lessening the amount of the computations for one
transportation problem, which is the combinatorial one, was worked out. On the first step for generating
all possible variants and on the second step, for solving arising TSP problems, one needs to use
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corresponding functions of MATLAB or other program package. It is desirable to write the program,
combining these two problems.

9600 LsGBL3MOGHM 53MEBOL 5TMbLBOL SemymGomdo
@3¢v0 bobsGyenody, bryg st ososbo
M9bomdg

BodOmddo  goboborgds  Lofiymdgdol  Jugerosb  Lsfe®dmdo  LsFoMHm  Gomgbmdol
39033910 3OMENMIGHoL  Mdmzumglbo  abom  Fo@sbol  sdmEsbs.  3ow3gme  Lofymdgddo
300 GHOL MomEgbmds 1o3oMolo 56 5MOL. Lofo®Iml dmBTscmogdgwl dgr9dwos TbMEME
960bg dmbzgl mommgMe bofymddo s 998y dMWbEIds M39b Lsfomdmdo, sl MHglL
050009b00g Lofymddo dolges, M3 FgogMmzml 3OHMJEHOL LsFoMm Mom@gbmds. gl Mol
30000bsGHMOMo  50m3obs.  Moyob  53mEsbol  gobBmdowgdol  BOEILmIb  ghmo
299003100l MomEgbmds Log™MdbmdWs 0BMHEId, 89099853900 sEyMGMOmMT0, HMIgEos
890509000 8959306090l 25dMMZgdOL MoMm@Ybmdsl. seramMomdo 0ggbgdls MATLAB-ol sb
EXCEL-ob Ub3gsosmmaé 53mbj3ogdol dglsdwm  350056@gd0b  g9bgM06gdols s mommgom
00xDg 9000 MEo 3nF03M055MMOL 5FMEsbol sTMLoblbgms. Lodmermm A50sHY3930wgdsls

399mm3mgdol 99093900L bsgmdzgu By 0mgdL 433 (39wsHY39¢0wgdol 30dMgdo 3060).

AJITOpUTM pelleHM OFHOI TPAaHCIOPTHOM 3aa4n
Aann Cuxapyruzse, Hyrsap /laguanm.

Pesrome

B pabore paccmaTpuBaeTcs 3aZada JOCTABKH B IIPEIIPUATHE HEOOXOZMMOTO KOJIMYECTBA
OIlpefleJIeHHOTO IPOAYKTa KpaTdaiillMM IIyTeM u3 ceTH CKiIazoB. KonmuecTBo mpozykra Ha
OTZENBHBIX CKJIAZax HeZocTaTOUHO. [TocTaBUIVK IpefIIpUATHA MOXKET ITOOBIBATh Ha KAXAOM CKJIaze
BCEro OAMH pa3 U 3aTeM BO3BpalllaeTcs B IpeJIpuUATHe. EMy IPUXOZMTCA IOOBIBATh HA HECKOJIBKHUX
CKJIaZiaX, YTOObI cOOpaTh [OCTATOYHOE KOJIMYECTBO IPOAYKTa. JTO-KOMOWHATOpHast 3azada. T.K. C
POCTOM pa3MEpHOCTH 33[a4X KOJIHYECTBO BBIUYMCIEHUH CYIIECTBEHHO YBEJIWYMBAETCS, pa3paboTaH
QITOPUTM, KOTOPBIH CPaBHUTEIHHO YMEHBIIUT KOJIMYECTBO BRIYUCIEHUM. B atropurme npuMeHsoTcs
cnenuansasle GyHKkuun MATLAB win EXCEL mia reHepupoBaHMS BCEBO3MOXXHBIX BapHaHTOB U
pellleHus Ha KaXAOM ILare 3afayu KoMMuBOsDKepa. OKOHYaTeIbHOE pellleHre Ha OCHOBE Pe3yJIbTaTOB
BerurcneHuit npuaumaet JIIIP (uio, mpuHuMalolee penreHue).
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Optimal control problem on the example of a flying machine
Dudukhana Tzintzadze, Ketevan Omiadze, Nugzar Dadiani

Summary

The article presents a structural scheme of the optimal control system. Each block included in
it is interconnected with each other by information influence and represents a mathematical
description of the problem of optimal control synthesis. The equation of motion of the aircraft is
considered as a model of the control object. In its final form, this equation is represented in vector
form (by projecting the equation formula onto the axes of the coordinate system). Using the obtained
result, the article sets the task of bringing the SA to a given point in the phase space in minimum
time; in particular, formulas are determined that express control restrictions and the optimality
criterion.

3az:a4a ONTMMAJIBHOTO YIIPAaBJIeHUA Ha IIPHMepe JieTaTeIbHOTO almapaTa

Ayayxana [[urnazgse, Kerepar Omnazgse, Hyrsap /lagnann

Pe3ome

B crarbe mpesncTaBieHa CTPYKTypHas CXeMa ONTHMAlIbHOM CHCTeMbl ympasieHus. Kakmpri
BXO/ISIINI B HEro OJIOK CBsI3aH MEXy co00i MH(OPMALMOHHBIM BO3ICHCTBHEM M IPEACTABISAET cOOOH
MaTeMaTHYeCKOe OIMCaHWE 3aJadd CHHTE3a OINTHMAJBHOTO YINpaBJCHUs. YpaBHEHHE JIBH)KECHUS
JIeTaTeIbHOrO almapara pacCMaTpUBaeTCs KaK MOJeNIb OObEKTa yIIpaBiIeHHs. B OKOHYaTeIbHOM BUIE 3TO
ypaBHEHHE MPEJICTABISIETCS] B BEKTOPHOM BHjie (IpoennpoBaHieM (GOpMYJibl YPaBHEHHUSI HA OCH CHCTEMBI
KoopauHat). Mcnone3ys HoIy4eHHBIN pe3yiabTaT, B CTaThe CTaBUTCS 3a/a4a aoBeneHus JIA 1o 3agaHHOM
TOYKH ()a30BOTO TPOCTPAHCTBA 32 MHHHMAIBHOE BpEMs, B HYaCTHOCTH, ONPEACIIIIOTCS (hopMyIIsL,
BBIpA)KAIOIINE OTPAaHNYEHIS Ha YIIPABICHNE H KPUTEPHH ONITUMAIIBHOCTH.
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009dGHoL B30l BMbI30MbsM®-EHgdbmwmyom®o bdqds s mdogd@ol BmbJzombomgdols
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30D03MM-Jod0cmo 3563969000l Fgx3sligds. IBsAIMO 0mMZ5wolobgdL LsdOMdO sa9bEHOL
3993965¢O0L 56 IdH5mOOL LoBJsol MMM YISL.
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BoMbBgbo (396399339 mdol  Loogby gOHMOMOMMo  Bgdmddggdol  FgLodwgdEIMdsl,
MmamO3 9.0. LoBJsOmwo, oby MMM sObom, FoMmBMoEYIbL MMIOBOBO M. BMASO Lsbom
MM56Mbosbo  LobEgdol  LEHOMIGHMOs  FoMmTmnygbowos  Bob.1-%by, OmIgwbys W, (S) -
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i OAUOTAE APAOAGE i
| N(S)l |
! L W(S)
— W (5) — - W) —(Z)—1—
W ) =\ &15) i |
: L W —2 — W) |
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2498m094abgds  MH9aMo®gdol dgEmdol 3395MOGH0IB 0bGgaMmowo — bobEgdol baGobbol
39535L900b 3MoGHgMowmdo [10,11]:

J= fOTeZ (r)dr - min, (1)
Loos  e(1) = w(T) —Wepe - bBs®Bgbo ($Hgb89d339rmdol Mgy meromgdol dgzmdss, w(T) -
Bs®Bgbo (H9bdgd(339emdol 0dobaty 9603369 Mdss S Wope - Bo@Bgbo (396d9d339emdol
(LEHBIOEH00 J0603FJdME0) M3EH0TorMo 36093690 Mdss. (1) Mebsbds, gMm-9Mo JoMHOMS©
dmbmgbsl  fomdmoabl  Mgammomgdol  ©sdYsMgdwo  gmdowgdol  9608369wMmdol
80600v)8500g ©9Y396s, 9.0. 1, o T MPRMIWIGHMOJO0EID JOM-gOO bs 0gmls Pl 56 PID
Ao30l, 306506  TbmwmE 53  OML  bEgds  Bs3gBowo  LobEgdol  sLGe@Gobdol
OdONB39wymgs [10].

3003350 LoBJsGr o SOGHOL 73, MYYMWSGHMEAO P - H030Lss, GO 56 G0l 0dolb Bzgbgds,
O3 50 OML  JoMgaomgdger  Bgdmddgogdsl 9dbgds 033bymo  boliosmo. MoAsD,
d9Lsd5Tolo  MB0YJBHOL LoBJsGMEEO S MOINYHO SOBJIOL 305690900l EOMGIL TmGol
5GBYOMOL T, << Tp  IM3I0EYOLIEYD, 530GH™I F9IRMMIdsDY MY MIoMmgds d58mdBsgzwgds
dbmemE bobds®mer s®bdo s Q(T) JoMmgawomgdgwo Bgdmddggds 56 dmobogbl as3wgbsls
6939 0Mgd0oL 3MmEgbol J0dE0bsMgmdsby. dgmeg dbMog, bsos v(T) FoMmgymEroMgdgero
bgdmgddggds doolfitrexol Bmwmolzab, MmaEs T — 400, 306506 LoLEgIol SLGsGHODBIOL
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60dbogl, ®mI Fgdsdxzmmgdgwo  Hgdmgdggdol odserlobdoMmwo  3m33mbybEgdo w = 0
LobdoMgdg 3mI3gbloMEads MdME sGbdo, brmem Forser LobdoGwwo 3mI3mbgbEgdo 3o -
LoBdotrvyem sGbo.
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2900593990 81bd30s bsb. 1-0b dobggom 890dewrgds boghgMma 899gao Losboo:

B(S) = (1 + Wy (S) + Wo(SH™, 2
bmerm, dGgLodsdobo 3oblbowro MmMsMbosbo s®b —
WvQ-op(S) = Wiy (SIWL(S) + WrQ(S)WQ(S) (3)

Loboom, Loog W, (S) = Wiy (SHW,(S) - Lobdodwamo sGboo asblbowro Lobdgdol gswsdigdo
B216J3055, boagwm Wy (S) = Wig(SIWH(S) - 0d06o s&bom goblbowo boliggdol dowsdzgdo
aMbdEoss.

36Mdow0s, MH™MI, GMYMOE JMmsMbosbo, oy MmOMsMbosbo LobEgdgdolomgol PI s PID
M93WGHMMJO0M MHJAM0MHJd0L 300MT0WGIOL 335G 0bE IGO0 3G0GHIM0Ydo
300©53003OM3MOEF0M0s  T/Kr 05b58sM©Md0Ls, Gmas 9ds8gmmgdgwo  Bgdmddgogdol
LobJoMMEo BmEo JgamLsHO3OHWWos BJIMEB w - 33gmol LobdoMom, 30bs0sb w, << w;,
bosg wr- Bo39BHowo bobEgdol YBMbIBbLEo Lobdomgs (|P(jw)l Fogduodmdol FodEHowo)
[10,11].

MmMObosbo LobEGgdob Mm3EH0ToboEool sdmEsbs (1) 3MoEIHoMdol dsmzswolfjobgdoom,
890dgds BsofigMml d90ga0 Laboo:

{Krq/Trq} = max. 4)

(1) 36039m0M300 M3EHOToMOHO  3505dgGHMO0L  dgdbol smEsbs  Aoofiggds Bsgzg@owo
LobEBHYIOL ELFZ000 BEYMHMBOL FoMs B9 T9HBVMEIOLLL:

M= magcl(b(jw)l <14, (5)
w=

Logsg M - ®bggzemdol dsBg39bggwos, |P(jw)| - Bs3g@0wo bolEgdol s33woEMEMOH-3sBO-
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{Kr0/Trq} 356509360l 33000egdol 0s35Bmbbg, H®mIgeos ©s8398w9wos (1) 306Hmdoom.
UsdOMB0  335M0FGH0L  M3BH0ToWMMO  BJAM0MIOOL  5TMm(3560L  5BmMblBoLLL,  Bgdmo
3060860 3MIsHgMdOL ML 59(30¢JOS® MBS Q930MZ5¢olobmm
Toin < T(t) < Trnax » to < t < tp, (6)
Vmin < V(t) < Uppgxr to St < tp, )
&9gbmamaom®o d9bmmagdo, (Lssg 7T - 3OGMmEIGOL GHJd3gMs@EMss, bmwmm ¥ - 3bgwo
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Joboloomgdargdo [12].  Fgdbmemaom®mo G9BLM39d0 YOS  5Msd5MgYE0MYdgEn
b99mddggdqdby, M0dg Mmd0gdBHOL Feeg® FobWG (33eIdDY.  LoBdo@o sObom
05092009 Bgdmddggdsl  HoMdmoygbl  LsdMmMmdo  835GMeGHol  3mbggoghol (96
396G 0wsGHMmEmOl) 5dMog0l Bserm3zol bggdol gbsbgamgebg u(T) dsd3s, bagrm HgddghodmE@ol
JoMmzs  bmdEogwEgds  mMOomdwol  dofimgdol  bsbby  ToMgameomgdgwo  LsMdzgwol
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23905353500 FobslinsmgdEgdol bstolbol dgx5L9dol 3Ho@gMowdgdol bsboom godmoygbgds
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-39MRM0Mgds, % o
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s6bgdom 8998539000 0465 3mb39096  LsIOMDd  535MOEHOL  godmbisligegmby 35dwols
LOdME MM 969993339 ™doL 99b39G0dbEGHMo ©0b53036M0 ToboboomgdEgdol
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A

®d099dBHoL 4505933990 896430900, P s PID 6gam@s@dm®mgdol 350s993®gd0 K= 3,68 o
Kp=54,4; Ki=0.3; Ka=23.3 LobEHgdol dgMe@mdols 300Hmd0l 45035¢0Lfobgdom gsbolabrghgb
Matlab Lol@gdol pidtune gwbdiool godmygbgdom s Simulink 36Hma®sdol Control System
Toolbox 3539&0L PID 3mb@&H®mamgtmol denm3ol s3¢mds@@o 0mdsmmz0:m - ©95¢)Mo Omol
Mgz00d0 [13].

LOIOMBO 535MBHOL A5TMLOLZ YDy borol bsdBgbo 39639339 mdOL sOL sGLYdMEO
LEAHOWIGHYOMo  bobEGgdgdol  SBoeroBol  Loxgmdzgwby  oEygbowos  Bzgbl  doge
39099353900 MmO3Ob0BO  sOB-0L  M30MGHILMBDS  JOMIMbOSE sML-056 TgsMgdom, Go3
Bomgro  BBL  bob.3-By  Bmigdmeo  ©obsdozmmo  FobslosmgdEgdol  9BsoHob.
39085390990 MO3OH0sBO sML-0L batolbol doB39bqdwgdo FoMmdmpgbowos gbMHowdo 1.
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Bob. 3 3590l ba@hgbo 396939339 mdOL sM-0b 06530 37M0 Tobsliosmgdwgdo:
1 = LoBdsrmemo sGbom, 2 — ®dMo sOHbom, 3 — ORI S MBMMHO sOHbOMm

3bowo 1. 3680l bobbhgbo 3963993390 ™dOL M3EH0ToErrgMHo sOL-0L boGobbol dsh3z9bgdegdo

56L bsGolbols
33¢)™MI5EHMIM0 HRMEoMgdOl 3sha0B9Begdo
LolLEgds
Ts, §0 o, %
LboBdoOrmeo sebom 114 32,6
03O0 sOHHOM 382 5,59
®™M3Ob0sbo (LobdoGrmeo s 120 6,66
0¥MOMOM)
153365

00600300, bool bs®Bgbo  #H9bdgd339wmdol  sOLYRdIWWO  gOMIMbosbo  SGL-gdoL
3boeoBol Logwdzguwbg bsdOMIdo Fgdv)dsgzgdero dMMBOL 3OHMEgLoL MMObosbo FoMm3zol
LobBgds  MBOWD3gwYgmal  3OHMOMIGHOL  Lobvmzgwo  bsMBgbo  3gbosbmdols  LEsdow M
03GMAsGH e 9gbseBmbadsl,  dglsdsdobo  3MMEwJ3ool  Fomoe  bo®olbL s  dOMBsBY
QbsOXR Mo 9bgMaool Joboddl.

Development and research of automatic regulation system of residual moisture content for
food products

Avtandil Bardavelidze, Khatuna Bardavelidze
Summary
As a result of approximating the transient characteristics of the drying machine, the transfer
functions of fruit drying were developed. The operability and computer model of the speed-thermal

channel for the automatic control system (ACS) of the residual moisture content of fruits are proved. The
task of optimization of the residual moisture content during drying of fruits by the speed-thermal channel
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ACS in the conditions of technological limitations was set and solved. On the basis of the comparative
analysis of dynamic characteristics, the advantage of speed-thermal channel ARS, in comparison with the
systems of separate speed and thermal channel systems, has been established.

The results of the research are presented in the form of a table. At all stages of the research, the
report was held in the Matlab environment.

Pa3zpaloTka n ncciieroBanne CMCTeMbl aBTOMATHYECKOT0 PeryJIMPOBAHMS OCTATOYHOM
BJIA’KHOCTH MUIIEBBIX MPOIYKTOB

Aemanoun Bapoasenudse, Xamyna bapoasenuose

Pe3iome

B pesynprare anmpokCHMaIMy MEPEXOJHBIX XapaKTEPUCTHUK CYIIMIBHONH MAallMHBI pa3paboTaHbI
nepenaroyHble QyHKUMM CymKH I1010B. OO0OCHOBaHa pabOTOCHOCOOHOCTh M KOMIIBIOTEpHAsT MOAEIb
CKOPOCTHO-TEIJIOBOTO KaHajla CHCTEMBI aBToMaTHueckoro perynupoBaHus (CAP) ocratodHoi
BIIQXHOCTH IIIOAOB. [locTaBieHa W pelleHa 3ajada ONTHMH3AIMM KOHEYHOTO BJIATOCOICPIKAaHHS IIPH
CYIIKE IUIOZO0B CKOPOCTHO-TETUIOBBIM KaHIOM APC B yclOBHAX TEXHONOTHMYECKHX orpaHudeHuil. Ha
OCHOBE CpPaBHHMTEIILHOTO aHaNIW3a JMHAMUYECKUX XapaKTEPUCTUK YCTAHOBJIECHO MPEUMYIECTBO
CKOPOCTHO-TEII0BOro KaHana APC 10 CpaBHEHHIO C CHCTEMaMHM OTICIBHBIX CKOPOCTHBIX M TEIUIOBBIX
KaHaJIOB.

Pe3ynbTaThl MccnegoBaHua npeactaBneHsl B Buae Tabnunsl. Ha Bcex Tanax uccie1oBaHUS OTYET
npoBouics B cpeae Matlab.
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LolBgdsdo 939935380M0m, OHMIWOL Lo 356M5FJBHOL FoMIMogbl FMBbEHOL FHgbosbmds,
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05boby 53900 93@MToGH MmO Tomm30L LobBgds, M®Iol dogh bgds LbLmMYd0E
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Lo53)d39Bg MIMoerm© FoMmM30L LOLEYISA0 ©O39300MYPIMYos 2503399 bodbgE)dIb.
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505505© 3M3)E0ME05 addBOM J9380MH0L MMYboDBYds 36MdOEO Fgdbmemyngdols
1585 gdOm, MMAMOOE 5MoL Bluetooth, Wi-Fi, IoT o Ubgs. 396l 8096 waed@EHe®m 3s3d060l
mO2060Dgd0LsmM30L 450mygbgdyeros Bluetooth @gdbmeomaos.

Arduino UNO-U o6 a096b0s Bluetooth 3MM@MIM@msb  MImsmmn  393omdols
39L50WgBdMDS, 580GHMI IMBOEIHO 3530060l EoLOTYSMGOESE FLoMYJOEMdm Arduino-b
Bluetooth g53535GmMgdwoo (ssd3GHgmom) - HC-05 [7, 9] (bsb. 3).

dmdogne@ @gamg@embosb

/ 333@M0l pedmbsbgemamo

Arduino-b
ombabgurgegdosb X 1
Jogdomob |
3odmbabgemaumgdo ; T
O33MmpMadndol Mgx0ddo
500533 M0b yocosyzsbol
©OTn30

6sb. 3

390053995 9a3@YMLs s Arduino-l ImMol bmM309w©Ids Logbgdom, GmIomss
5Q0533gM0L 459mY356900 35300MHEYds Arduino-U godmlsbgwgangdl: +5 — +5; GND — GND;
TxD—RxD; RxD —-TxD. 9mb5338900L 250053985 bad09w@gds USART 36Hm@GH™m3memom. 3530060
5Q0533gOLS 5 FMBOIM M3IHSGMOL (BMdOEIH FJugxkmbl) FnMol 30 - MIPOMEHILIMIOOm.

03™MToBvMs, Bluetooth 5©3EHgIMO0 o0 gmdowos  IFomBmgderol doghH dmbsigdms
23900539908 Mgg0dbg. 5033500, Y3ges 356M0gBHM0, MHMIwgdoz Imbsfowgmdgb dmbsigdms
2390053399500 339 ©594qb9dwos 5s3BHIMHT0. F0bgEogzoE 5doLy, FmILAsMYdYEL Fgdeos
3565993Mgool  dg33ws  dobo  LyM3zowol  Fobgzom.  ToRdE0moE,  SI3GHIMOL  Labgwo
(93¢MISGHMOS© 5©3BHIOL B0boFgdMo odgl Lobgeo - HC-05), 3sGmo (53¢™Isd Mo
90b603Fqdmo 5dal 1,2,3,4 6 0,0,0,0), 5©0333H9M0L dobsdstmo Jugemdo s bbgs. 9@sd3GgHol
23905(ymds  bmmEogmEgds dolo  s3HMaMmsdoMgdol Mg70ddo  ooyzsbol  8gdgy, Go3
990d@gds gl 5©a3GHIMOL 3odsbg sOLYOME ows3By I306Mg bboom ©sFgMom.
0Q33gM0OL  3OMYMOdgds  LEOWEgds  AT-d0dsbgdgdol  Lodowgdom,  3md3om@EgMol
93656056 0dg30mdomo (USB) Logn@oo.

Bob. 4-Bg bsBg969005 503@IMOL BoMmgzs Arduino-mob o Bmboigdoms gowsEgdol

A&tsgd@o.

+5v > +5v
GND » GND
Arduino
HC-05 GGloteleliery(OTe)
GILIBmbo
RxD [« TxDE
D » RxD

bsb. 4
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900 H 3Hggnmbls s 5@a3GHIML Mol 3mbEsd@ol olivdysmgdes 936ebol Bgyws
Dby Device bLoosb bs s30MBomm dmfiymdomds, GMIgEmsbsg 3599sMgdm 3sgdoml
(Bg9blL  8gdmbggzsdo - HC-05), 9909y, 00539 bmebg vbos ©s3sF00mm  3mbEsJEHoL
53456900l o3l [10].

9000 Bgegnmbol 3938060 J03MMIMBEMMEGOHOL 3GHMAMTLmb bmMEogwgds
39Hgmdobgdol Logdzgw by 30ROWWo 56 GHgdu@ob Lsbom, MHMIgmwog 0aBHsgbgds BbxGMOL
399006700l BrMEr0Esb J03MM3MMEgLMMT0, Lowsg LOMEEYdS Fglodsdolio Imddggds.

P3abl doge Bgddboeros 3OMAGMsTMwo dem3qdo (3bd30900), GMIWIdOE Tgo0sb
90360m3mbGHOMmgMOL 3OMyMsdol 89950gbermdsdo s sbgbgb 3s65dgGMgdolL s9m300mbgsl
90360m3mbGHOMmgM0@b dmdowe GHgwgnmbldo 6 JoMojom, 3mgB0E0g6EIIOL JowoEgTel

39 98mbosb d030M3MbEHMMEg®do.

Automatic drip irrigation system with remote control
Nugzar Kavlashvili, Otar Kartvelishvili, Levan Gvaramadze, Veriko Bakhtadze
Summary
The existing systems of drip irrigation of plants are considered and their classification is
carried out from the point of view of qualitative development.
The features of the system construction and the differences between them are highlighted.

A block diagram of a plant irrigation system based on microprocessors and its software

implementation are recommended, when the control parameters of the system are formed from two
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parts: the formation of one part is carried out as a result of measuring soil moisture, the second part is
formed from the excitation effect affecting the system. During the process control parameters of the
system are formed from two parts: the formation of one part is carried out as a result of measuring
soil moisture, the second part is formed from the excitatory effect working on the system.

Participation of some of these parameters during formation of the irrigation regime is
associated with certain difficulties, so they are involved in the management of the irrigation regime
implicitly, in the form of corrective coefficients. According to the specific values of the parameters
received from the irrigation system, the operator remotes the normative document from the system,
sends the selected coefficient to the control system and participates in the regulation of the duration
of irrigation.

Data transmission between the operator and the irrigation system is carried out wirelessly.

The paper considers the organization of remote control in the system of automatic watering of
plants, using one of the existing technologies. The main points of designing hardware and software

components are presented and specific recommendations are offered.

AsBToMaTHYecKasd CHCTeMa KaleJbHOTO OPOLIEHHUs C AUCTAHIMOHHEIM yIIpaBIeHueM
Hyrsap Kapransrm, Orap Kapreennmsrrn, /leparn I'Bapamazse, Beprko baxrazse

Pesiome

PaccmoTtpeHs! cymecTByomue CHCTeMBI KalleJbHOTO OpOIIEHUS PACTeHHH U IIpoBefieHa HX
KJIacCUPUKALNA C TOYKH 3peHHUA Ka4eCTBEHHOTO Pa3BUTHS.

BrieeHbI 0COGEHHOCTH IIOCTPOEHUS CUCTEMBI U PAa3INIUI MEXAY HUMHU.

PexomeHzoBaHa  CTPyKTypHas CXeMa CHUCTEMBI OpOLIEHHMS pacTeHHi Ha  Gase
MHMKDOIIPOLIECCOPOB M €€ IIpOTpaMMHAs peajusallud, KOIZA YIpaBAOIIMe IIapaMeTpPhl CHCTEMBI
dopmupyercst u3 [ByX 4dacreil: (GOpMHpOBaHME OJHOI YacTH OCYILECTBIAETCS B pe3yJbTaTe
M3MEepeHHs BJIAKHOCTU IIOYBBI, BTOpAas YacTb — W3 BIMUIIONIETO HA CHUCTeMY BO30Y>XZAIOLIETO
BO3/eICTBH.

VY4acTue HEKOTOPHIX YKa3aHHBIX IIapaMeTpoB B (OPMHPOBAHHU peXMMa IIOJIMBA CBS3aHO C
OoIpeZieJIeHHBIMHU CJIOXHOCTAMU, II0STOMY OHHM YYaCTBYIOT B YIIPaBJI€HUM PEXHMOM IIOJIMBA He ABHO,
a B BUJle KOPPeKTUPYIUX KodhbunreHToB. [Io KOHKpeTHBIM 3HaYeHUAM IapaMeTpOB, IOTYYeHHbIM
M3 CHCTEMBI IIOJIMBA, YAAJIEHHBIM OT CUCTEMBI OIlepaTOp M3 HOPMAaTHBHOTO JOKYMEHTa IIepeChLIaeT
BBIOpaHHBIN K03(pPULMEHT cucTeMe yIpaBieHHS U yYacTBYeT B PETYJIUPOBAHUU [AIUTEIBHOCTU
mosnusa. [lepegaya JaHHBIX MeXIy ONIEPAaTOPOM M CHCTEMOM IIOJIHBA OCYILIECTBIAETCA 6eCIPOBOLHOM
CBS3bIO.

B pabore paccMmaTpuBaeTcsS OpraHH3allUA [JHUCTAHIIMOHHOTO YIPaBIeHUA B CHCTEMeE
aBTOMATU4YECKOTO IIOJIMBA PACTeHHWH, C IIOMOLIBIO OJHOM M3 CYIIECTBYIOUUX TEXHOJIOTHM.
ITpencraBieHsl OCHOBHBIE MOMEHTHI IPOEKTUPOBAHUS ANIAPAaTHBIX U IIPOTPAMMHBIX KOMIOHEHTOB U
IpeJijlaraeTCs KOHKPEeTHBIE PeKOMEeHJaliH.
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A typical structure of the channels of an automatic drip irrigation system
Nugzar Kavlashvili, Levan Gvaramadze, Panaiot Stavrianidi, Veriko Bakhtadze

Summary

The homogeneous structure of the channels of the automatic drip irrigation system is
described. The features of its hardware composition, the problems of docking and the specificity of
functioning are discussed.

It is shown that this approach simplifies the creation of adequate software for the functioning
of individual channels. In particular, in this case it becomes possible to use the principle of
heterogeneity.

The use of the proposed design methodology simplifies the process of creating a system and, in
particular, the process of assembling and debugging as a result of using standard ready-made blocks
and creating typical software modules.
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TunoBas cTpyKTypa KaHAaJIOB aBTOMAaTHY€CKOH CHCTEMBI KalleJIbHOTO OPOIIEHHS

Hyrsap Kapramsrrn, Jlepaw I'Bapamazgse, Ilananor CtaBpuarnmgw, Bepruko baxrazse
Pesome

Omucana OAHOpOAHAA CTPYKTypa KaHAJIOB aBTOMATHUYECKOM CHUCTEMBI KameJIbHOTO Opo1IeHuA.

OO6cyxzaroTcss OCOOEHHOCTH €€ amapaTHOTO COCTaBa, IIPOOIEMBI CTBIKOBKM X CIeIU(UIHOCTD

(YyHKIMOHUPOBAHUA.

IToxazaHo, YTO IpM TAaKOM IIOAXOJEe YIPOIAETCSA CO3JaHUA aJeKBaTHOTO IIPOrPaMMHOTO

obecrneyeHus q)yHK].H/IOHI/IPOBaHI/IH OTOEe/JIbPHBIX KaHAJ/IOB. B YaCTHOCTH, 1 B 3TOM CIy4ae IIOABIAETCA

BO3MOXXHOCTD MICIIOJIB30BaTh IIPUHIVIIA OZHOPOLHOCTH.

Wcmoap3oBanme HpE,ILJIO)KGHHOﬁ METOAUKK IIPOEKTHPOBAHMA YIIPOIIAET IIPOLECC CO3MaHUA

CHCTEMBI ¥ B OCOOEHHOCTH mponecc C6OPKI/I 1 OTJIaJKH B Ppe€3yJabTaTe€ HMCIIOJb30BAHMSA CTAHIAAPTHBIX

TOTOBBIX OJIOKOB U CO3aHHNA TUIIOBBIX IIPOTPAMMHBIX Mo;[y)leﬁ.
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Abstract

It is known that the analysis and forecasting of the innovative potential is based on the
existing regularities of the change of the relevant indicators and their combinations. Therefore, for
reliable innovative forecasting, it is very important to develop relevant combined indices and
evaluate their stability in a certain time interval. At the modern stage, it is no longer enough to use
the Global Index of Innovation (GII) to evaluate and predict the innovative potential of a country or
region, and it is necessary to find and develop new, more objective, sustainable and informative
characteristics in order to correctly assess and predict innovative opportunities and their dynamics.
In the presented work, new features necessary for the analysis and forecasting of innovative processes
are proposed and the results of using them together with the global index of innovation are discussed.
It is emphasized that in the future the main subject of research will be the assessment and forecast of
innovative processes in Georgia using all the considered research methods.

Key words:

innovative, stability, instability, global Index, analysis, forecasting, numerical-quantitative.

Innovativecapacity analysis and forecasting are based on existing regularities of changes in
relevant indicators and their combinations. Therefore, a chaotic or large-amplitude fluctuating change of
any index or sub-index complicates the accurate and reliable forecasting, and in most cases indicates an
excessively high dependence of the country's economic and social status on unpredictable external and
internal factors, which, in turn, indicates the instability of the innovative system. Therefore, for reliable
innovative forecasting, it is very important to develop relevant combined indices and evaluate their
stability in a certain time interval. At the initial stage, for the first approximate numerical-quantitative
assessment, we selected the period of 2014-2021 and the first thirty countries (Switzerland, Sweden,
USA, United Kingdom, South Korea, Netherlands, Finland, Singapore, Denmark, Germany, France,
China, Japan, Hong Kong, Israel, Canada, Iceland, Austria, Ireland, Norway, Estonia, Belgium, Czech
Republic, Luxembourg, Australia, New Zealand, Malta, Cyprus (Greek), Italy, Spain) with the
highestglobal index of innovative development [1, 2].
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Figure 1. Graphic representation of innovation stability indicators of the 30 countries with the highest
global index of innovation: GlI - blue curve, K® - red curve, KS- GII*” - green curve.
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Taking into account the existing experience, we developed and used the simplest formula of
the so called "stability index":

K5 = Imax2+ N (In — I1) : A%(1)

where K is the so called “Stability index”, N is the total number of years, I is the value of the
considered index in the last year, I1 is the value of the considered index in the first year of the
considered period, A? is the mean square deviation of the value of the GII index in the case of linear
interpolation. The values calculated by this formula of the index are given in figure 1, where the
values of K5, GII and K5-GII'? are shown. The difference in magnitudes is used to show the higher
reliability of the innovative capacity of the “rapidly growing” countriesin comparison to the “slowly
growing” or “retarding” ones (the difference is positive, close to zero or negative). It is clear that if
difference is close to 0, we are dealing with stagnation-like processes. We would like to emphasize
that K5 is not a direct measure of innovative capabilities - it characterizes more the probability of
maintaining or losing the rank determined by the GII index and the reliability of the obtained results,
rather than the innovative potential itself.

The innovative potential of Georgia compared to the countries of the post-Soviet space.
Despite many optimistic assessments and forecasts made in recent decades, impartial research clearly
shows that our real innovation potential is low, which is clearly established even when considering
the problem in a post-Soviet perspective and according to the ranking determined by the global
innovation index of our immediate neighbors in ranking (Mongolia, Bahrain, Indonesia, Tunisia and
Jamaica). As a result of the analysis of innovative potential is especially thought-provoking the rapid
monotonous decrease of innovation outcome (innovation outcome) against the background of
significant growth of innovation input (innovation input) potential is especially thought-provoking,
which indicates the inefficiency of innovation policy and innovation system in Georgia. Table 1
provides noteworthy data on changes in the global innovation index and innovation ranking of the
countries of the former Soviet Union between 2011 and 2022.

Table 1. Changes in global innovation index GII and innovation rating R (A GII and A R) of the
countries of the former Soviet Union and several leading Asian countries in 2011-2022

Country 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | AGII AR
Estonia 49.2 | 553 | 506 | 51.5 | 52.8 | 51.7 | 50.9 | 50.6 50 483 | 499 | 502 +1 19/17=+2
Lithuania 385 | 440 | 414 | 41.0 | 423 | 418 | 41.2 - 415 | 392 | 399 | 374 -1.1 38/39=-1
Latvia 365 | 470 | 452 | 448 | 455 | 443 | 446 | 432 | 432 | 41.1 | 40.0 | 365 0 30/41=-11
Russia 359 | 379 | 372 | 39.1 | 393 | 385 | 388 | 379 | 376 | 356 | 36.6 | 343 0 51/46=+5
Moldova 387 | 392 | 409 | 407 | 405 | 384 | 368 | 376 | 355 | 33.0 | 323 | 311 -7.6 | 51/56=-5
Ukraine 35.0 | 361 | 358 | 363 | 365 | 357 | 376 | 385 | 374 | 363 | 35.6 | 31.0 -4 60/58=+2
Georgia 319 | 343 | 356 | 345 | 338 | 339 | 334 | 350 | 370 | 31.8 | 324 | 279 -4 73/73-0
Belarus - 329 | 346 | 371 | 382 | 304 | 300 | 29.4 | 321 | 313 | 326 | 275 54 | 78/77=+1
Armenia 330 | 345 | 376 | 361 | 373 | 351 | 357 | 328 | 340 | 32,6 | 314 | 26.6 -6.4 | 69/80=-11
Uzbekistan - 239 | 239 | 252 | 259 - - - - 245 | 274 | 253 +1.2 128/82=+4

Kazakhstan 303 | 319 | 327 | 328 | 31.2 | 315 | 315 | 314 | 31.0 | 286 | 286 | 247 -5.6 | 83/83=0
Azerbaijan 29.2 | 304 | 290 | 296 | 30.1 | 296 | 306 | 302 | 302 | 27.2 | 284 | 214 -7.8 | 87/93=6
Kyrgyzstan 298 | 264 | 270 | 278 | 28.0 | 266 | 280 | 276 | 284 | 245 | 245 | 211 -8.7 | 85/94=9
Tajikistan 245 | 264 | 300 | 237 | 275 | 296 | 282 | 265 | 264 | 222 | 239 | 188 -5.7 116/104=+12

China 464 | 454 | 447 | 466 | 475 | 50.6 | 525 | 53.1 | 548 | 53.3 | 54.8 | 55.3 +8.9 | 29/11=+18
India 345 | 357 | 362 | 337 | 31.7 | 336 | 355 | 352 | 366 | 356 | 364 | 36.6 +2.1 62/40=+22
Switzerland | 63.8 | 68.2 | 666 | 648 | 683 | 663 | 677 | 684 | 672 | 66.1 | 655 | 64.6 +0.8 | 1/1=0
USA 56.6 | 577 | 603 | 60.1 | 60.1 | 61.4 | 61.4 | 59.8 | 61.7 | 60.6 | 61.3 | 61.8 | +152 | 7/2=45
Sweden 621 | 648 | 614 | 623 | 624 | 636 | 638 | 631 | 637 | 625 | 63.1 | 61.6 -0.5 2/3=-1
UK 56.0 | 61.2 | 613 | 624 | 624 | 619 | 609 | 60.1 | 61.3 | 59.8 | 59.8 | 59.7 +3.7 | 10/4=+6

Netherlands | 56.3 | 60.5 61.1 62.4 61.6 | 58.3 63.4 63.3 61.4 | 58.8 58.6 | 58.0 +1.7 9/5=+4
South
Korea

537 | 539 | 533 | 553 | 56.3 | 57.1 | 57.7 | 56.6 | 56.6 | 56.1 | 59.3 | 57.8 +4.1 16/6=+10

Here, for comparison, the data of China, India, Switzerland, Sweden and South Korea (highly
advanced countries in this respect) are also shown. Based on these data, it can be confirmed that
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Estonia has achieved an unconditional success among the former Soviet republics, which has reliably
established itself in the world's "innovative elite" in the 17th place overall (next to Austria), and
according to the sustainable development index, it occupies a highly respectable 10% position. The
first group of countries in the world (44 countries) also includes the other two Baltic countries,
Lithuania and Latvia (respectively, 39th and 41st place), although Lithuania's position is much
stronger, while Latvia is rapidly losing positions. The next three countries - Russia, Moldova and
Ukraine - belong to the first half of the second third (another 44 countries) of the world's countries
(46th, 56th and 58th respectively) and, despite the worst situation caused by Russia's aggressive
policy, each of them selects the positions achieved by 2020. Two South Caucasian countries (Georgia
and Armenia) and Belarus are currently in the second half of the second third of the world's
countries (73rd, 80th, and 79th, respectively) and are trying to maintain their positions from 2011-
2012. The last positions in this group of countries are occupied by two former Soviet Central Asian
countries, Uzbekistan and Kazakhstan (respectively, 82nd, 83rd place), and the stability achieved by
Uzbekistan is striking. Azerbaijan and two former Soviet Central Asian countries, Kyrgyzstan and
Tajikistan, rank extremely low, although progress made by Tajikistan is notable. As for
Turkmenistan, there are no relevant data available. The stability of the historical leaders of the
innovative development process - Switzerland, the United States of America and Sweden - is
remarkable, however, the advantage of Switzerland is gradually decreasing and, in our opinion, fierce
competition from ten advanced European countries will not be unexpected. At the same time, the
claims of China, India, Japan, South Korea and other Asian countries for leadership in the field of
innovative development are becoming more and more evident.

Innovation capacity and new technologies. Our rather critical attitude to the Global
Innovation Index echoes the results of a large-scale study conducted by the World Intellectual
Property Organization (WIPO) and the Portland Institute [1]. According to the expert opinion of
these two authoritative organizations, the list of the ten "most innovative" countries in the world
looks like this: Switzerland, the USA, Sweden, the United Kingdom of Great Britain, the Kingdom of
the Netherlands, South Korea, Singapore, Finland and Denmark, which is significantly different from
the ranking results of the Global Innovation Index [2-3]. It is known that the development of
countries and regions is usually determined by the development or full implementation of new
technologies. According to the data presented at the United Nations Conference on Trade and
Development (UNCTAD), the world market for the most advanced ("revolutionary") technologies
currently amounts to $350 billion and is expected to grow to $3.2 trillion by 2025. In such a situation,
technological and scientific progress and its orientation towards seraphic economic and intellectual
development acquire a superior importance compared to the results of many traditional
characteristics determining the ownership index of innovation. In this regard, it is also important to
analyze the reasons that led to the high level of potential and/or rapid growth of advanced countries.
Due to the lack of natural resources, Switzerland has long been focused on research and development,
which is primarily manifested in the funding of hundreds of the world's leading universities in the
most priority areas. Hundreds of universities, in turn, attract transnational companies that need
highly qualified employees. Another example is patent applications. For example, with 966 patent
applications filed per million inhabitants in 2020, Switzerland ranks third in the world and is well
ahead of the EU average (146 applications per million inhabitants). The United States' "jump" from
seventh to fifth place is due to its highly developed infrastructure, the world's best numerous
universities and the world's most dynamic investment policy (which makes it easier for large,
medium-sized enterprises, small businesses and startups to attract financing and investments).
Sweden quickly went through a difficult path from a rather poor agricultural country to one of the
world's economic leaders with the third most innovative potential. The main reasons for this rapid
"rise" are considered to be innovative high-level secondary education, its innovative policy (more
than 3% of the country's gross domestic product is spent on research and development), and
infrastructural policy that offers the population free access to technology and information. on the
bases. Great Britain is widely recognized as one of the world leaders in scientific research and higher
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education [4]. Its spending on developing innovative technologies is somewhat lower than that of
some other innovation leaders, including those in Europe and Asia (France, USA, Japan, etc.). And by
2027, 2.4% of the gross domestic product will be allocated for these needs. The Netherlands has
historically been one of the world and European leaders in innovation. It was this country that gave
humanity Wi-Fi, Bluetooth, and the stock market. The government of this country implements a far-
sighted innovation policy, which primarily stimulates pioneering and multidisciplinary problem-
solving, promotes innovation. The government also encourages collaboration between the private
and research sectors in innovative projects. It is in this country that 13 unicorn consortia (so-called
"Unicorn") have been established and are successfully operating. on the most difficult long-term
perspective problems on a global scale. The Kingdom of the Netherlands ranks fourth among the
investment countries in Europe that support innovative ideas and solutions. Researchers identify
several main reasons for South Korea's high ranking. Several basic factors contributing to South
Korea's high innovation rating can be identified. First of all, the index reflected Korea's consistently
high forward-looking investment policy amid the extremely difficult situation caused by the
pandemic both at home and abroad. During the same period, the Global Innovation Index also
showed a significant increase in the share of intellectual property and other intangible assets. Special
attention should also be paid to the example of China, India and Uzbekistan, which increased the
innovation rating by 18, 22 and 48 points, respectively.

Conclusions and recommendations. In the newest future, the main subject of research will be
the study of innovative processes in Georgia using all the above methods. For this, among the 132
countries with the GII index, five groups of countries will be allocated: South Caucasus countries and
Turkey, countries of the former Soviet Union, countries of the former socialist camp, developing
countries and highly developed countries. The main attention will be paid to Georgia's global
innovation index, stability index and their dynamics within each of these groups. The main goal of
future research will also be to develop and test new combined indices based on the obtained results.

06m35309960 dglodegdemdgdol $65e0B0o, 30rMbMmBOMYds s 8500 OMHOMSEO
396b39JGHo3g900
SMBOEY 30039509, Y005 82958009, 53530 §080690T30¢m0, 0625 3¢m0 bs00Msd9
Mybovwdg

36mdoE0s, HMI 0bm3530M0 3mEIbE0sol 865¢obo s 3OMABMBOMYds gdYsMgds
dgbodsdolo  3sBg969degdol s Tomo  3m3B0Bs30gdol  330gdol  SMLdME
396Mmbbmogmgdgdl. dglodsdobs, LodHIMbm  o0bmgsgom®mo  3MMmbmbomgdolmzol Moo
3d60d369wmgsbos  Hgagz96GHmo  3mAdoboMmgdMmo  0bwgdlgdol  89dmdsgzgds s  MMOL
239633999 063 gMH35¢0d0 35000 LEBOMOMIOL FgxsLgds. MsbsdgEM™M3y 9E93BY 939960l ™
6930060l 06m3z5309M0  3m@GgbEosmol Fgxsligdols s 3OHMEbMHBOMmIIOLMZOL @M MOl
1530560L0 FbMWME 0bM35300L FEMBdICMMO 0bgJuol (GII) godmygbgds s LoFoMms sboro,
MBOHM Md0JJEHMMO0, MO0 s 0bBMMT>EH0I© 393500 TobslosMYdEqdoL dmdogds s
090853905,  Goms  LHmGs  9930x35Lmm  ©@s  3ofiobsbffedg@yzgerme  0bmgsow®o
39L50WgBWMIGOOL s Fomo  ObsBoZs.  FoMmdmagboer  6sdMMIdo  IgBMMz5HYOIMOos
0bmzgo3ommo  3MmEgbgdol  Bowobol s 3OMPBMBomGIOLm3zol  LsFoMm  sbowo
JoboloomgBWGoo s obbowEos  0bmgzsEool  yamdIGH  0bEgJuosh  gMms  dsmo
2458myggbgdom domgdmero 99Jag00. bobasLbdMos, MMA LodmdogwrmE 3J3wg3ol ImegzsMo
Logobo 046905 LodoOmzgermdo d0dobadyg 0bmzsEo®mo 3MMEgLYdOL Fgusligds s 3HMybmbo

33930 y39s 33bbo o dgmm@oom.

62



Analysis and forecasting of innovative opportunities and their main prospective

AHanu3 ¥ MPOrHO3WPOBaHYE HHHOBAI[MOHHBIX BO3MOXKHOCTEH M X OCHOBHBIX IIEPCIIEKTHB
Apunir Yuparazse, 3axapusi bByaunzgse, Axaxnti [nrunenmsrrm, Hparxrai Hagnpazgse

Pe3rome

M3BecTHO, 4TO aHaNM3 M IPOTHO3MPOBAHHE HHHOBAIIMOHHOTO IIOTEHIMAJa OCHOBBIBAeTCS Ha
CYILIECTBYIOIUX 3aKOHOMEPHOCTAX M3MEHEHHs COOTBETCTBYIOIIMX IIOKa3zaTeleil M HX codeTaHHI.
IlosToMy [uUIi HaAEKHOTO WHHOBALIMOHHOTO IIPOTHO3MPOBAaHMS OYEHb Ba)XHO pa3paboraTh
COOTBETCTBYIOIINE KOMOMHHMPOBAHHBIC IIOKA3aTENH W OLEHUTh WX YCTOHYMBOCTH B OINPEACICHHOM
BPEMECHHOM HMHTepBaje. Ha coBpeMeHHOM 3Tare yXe HeZOCTaTOYHO HMCIONIB30BaTh TOJIBKO I 100abHbIH
nanexc naHOBanni (I'MUW) mis omeHKH W MPOTHO3WPOBAHUS WHHOBAIIMOHHOTO ITOTCHIIHANIA CTPAHBI WIIN
pernona.HeoOxonmMo HaxoawTs H pa3pabaTeiBaTh HOBBIE, Ooee OOBEKTHBHBIC, YCTOHYMBBIE H
MH()OPMATHUBHBIE XAPAKTCPUCTUKHU.ZUI TIPABMIBHONW OIEHKM M IPOTHO3UPOBAHUS HMHHOBAIMOHHBIX
BO3MOXXKHOCTEH M HMX JWHAMUKH. B mpeacraBieHHOW paboOTe MpPEAJIOKEHbI HOBBIE XapaKTEPUCTHKH,
HeoOXoauMble sl Oojiee IOJIHOTO aHajiu3a M IMPOTHO3MPOBAHWS WHHOBALMOHHBIX MPOIIECCOB, U
00CY>/Ial0TCS pe3yNbTaThl UX UCHOIB30BAHUSA COBMECTHO C IJIOOAIBHBIM HHJACKCOM MHHOBAIIMOHHOCTH.
HOJI‘IepKI/IBaeTC}I, 4qTO B 6y)1y1ueM OCHOBHBIM MPEAMETOM HUCCJICAOBAHUA CTAHCT OLCHKA H
IMPOTHO3UPOBAHNUEC HWHHOBAILIMOHHBLIX IPOILCCCOB B pr?)I/II/I C HUCIIOJIB30BAHHUEM BCEX pPACCMOTPCHHBIX
COBPEMCHHBIX METOJ0B OLICHKH.
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Influence of the shape of two-dimensional roughness on heat transfer when a water

film flows along the outer surface of a vertical pipe

Giorgi Gigineishvili, Tengiz Magrakvelidze, Avksenti Mikashavidze, Tariel Koberidze,
Khatuna Lomidze, Levan Makrakhidze

Summary

The paper presents the results of an experimental study to determine the influence of a spiral
groove and the roughness created by winding wire in a spiral groove on the intensity of the heat

transfer process under conditions of a water film flowing down the outer surface of a vertical pipe. In
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the experiments, the Reynolds number varied within the range of Re=2000+10000, and the Prandtl
number was Pr=7.

The results of the study showed that in the case of roughness in the form of a spiral groove
(s/h=10), the intensity of heat transfer at relatively high Reynolds numbers increases by
approximately 2 times compared to a smooth surface. And in the case of roughness created by
winding the wire in a spiral groove (s/h=17), the heat transfer intensity increases almost 3 times. This
circumstance indicates a significantly higher efficiency of convex roughness elements on the heat-

transfer surface compared to concave elements.

Biuanue popMe! 1ByMepHOIi epOXOBATOCTH Ha TEIUIOOTAAYY IIPH CTeKaHUU BOAAHOM
IUIEHKM IO BHENIHEH IIOBEPXHOCTH BEPTUKAIBHOM TPyOsI

Tmopru I'ururennsrrn, Terrus Marpaksenngse, Aprkcenrusi Muxkamaprzse,
Tapmerr Kobepnzse, Xaryra Jlomuzse, Jleparr Maxkpaxrzgze

Pesiome

B paGote mpezcTaBIeHBI Pe3yIbTATHl SKCIEPUMEHTAIBHOTO HCCIEAOBAHUA IO OIpeeleHHIO
BIMSAHHUA CIHPAJIbHOM KaHAaBKU U II€POXOBATOCTH, CO3JAHHON HAaMOTKOMN IIPOBOJIOKM B CIIMPAJIbHOMN
KaHaBKe, Ha MHTEHCHBHOCTH IIpOIlecca TEIIOOTAAYH B YCIOBUAX CTEKAaHHUSA IUIEHKH BOZABL IIO
HapY>XHOM ITOBEPXHOCTU BePTUKAIbHOM TpyOsl. B skcmepumenTax uncio PeifiHonpca BapsupoOBaIoOCh
B ipefieax Re=2000+10000, a szauenue yuciaa [IpanaTaa cocrapnano - Pr=7.

PesynpTaThl mMcclIemoBaHMA IIOKA3alM, YTO B CAydae IIEPOXOBATOCTH B BUE CIHPAIBHON
kxaHaBKu (s/h=10) MHTEHCHBHOCTH TEIJIOOTAAYM IIPKU OTHOCUTENBHO OOJBUIMX uMcIax PeliHombAca
yBeIMYUBAaeTCs IPUMEPHO B 2 pasa IO CPaBHEHHWIO C TIJAAKOH IIOBEPXHOCTBIO. A B CiIydae
IIEPOXOBATOCTY, CO3LAHHOM HAMaTHIBAHWEM IIPOBOJNIOKM B CHUpanbHOM KaHaBke (s/h=17),
MHTEHCUBHOCTh TEIIOOTIZAYM YBEJMYMBAETCA IIOYTH B 3 pasa. YKasaHHOE OOCTOSTEIbCTBO
CBUZETEIBCTBYeT O 3HAYUTEIBHO Ooyee BBICOKOM S(PQPEeKTUBHOCTH BBINMYKJIBIX OJIEMEHTOB

IepoxoBaTOCTHU Ha TEHJIOOTIL&IOHICﬁ IIOBEPXHOCTH IO CPAaBHEHHUIO C BOTHYTBIMU dJI€MEHTAMMU.

wo@gMs@y®s — References — Jlureparypa

1. Nunner W. Warmeubengang und druckabfall in rouhen rohren.VDI Forschungscheft, 1956,
455s.

2. Gomelauri V. Influence of two — dimensional artificial roughness on convective heat transfer.
Int. J. of Heat and Mass Transfer, 1964, v.7, N°6, pp. 653-663.

3. Tomemaypu B.M., Marpaksemuzaze T.III., Mukamasuaze A.H., Jxamapmxamsuau B.A,,
Yyuynamsuau T.A. DkcriepuMeHTaIbHOE HCCIEL0BAHNE HHTEHCU(DUKAIUY TeIUIOOTAAYH TeIus
MeTOZOM ZByXpa3MepHoii mepoxoBatoctu. Coobmenus AH I'CCP, 1974, Tom 79, Nel, c.137-140.

4. Tomemaypu B.M., Kamgpenmaxu P.J., Kunmwupze M.E. HMuTeHCHMpUKanusd KOHBEKTHBHOTO
TermIooOMeHa [0J, BO3ZEWCTBHEM WCKYCCTBEHHOM IIepoxoBaTocTH. B kH. Bompocs

KOHBEKTHBHOTO TeIIJIOOOMeHa ¥ YUCTOTHI BogAHoro napa. Msz-so AH I'CCP, 1970, c. 98-131.

68



3- 803069083000, 0. JsgGsdagerodg, 5. 8045853009, 3. 3028960dg, b. gremBody, ¢». Gs3605bodg

05305939 0dg 0., 3006900300 §., 30gdods30dg 5., 3MdIMOAY (&., mdody b. Bgs30Mol
bm®30056md0L  BHo3ol  gog3wgbs  dMys3gdol  06GHBLoxosEosby  Fywol  sxlzol
Bo906gd0L MML. 5. gu05d30ol Lobgwmdol dstmzgol LolLEgdgdol obLEo@nEoL
dOMIsms 30gdeo. 2021, N25, 23.67-73.
Magrakvelidze T., Gigineishvili G., Mikashavidze A., Koberidze T., Lomidze Kh.
Intensification of Heat Transfer by the Method of Artificial Roughness at a Water Film Flows
down on Vertical Pipe. Proceedings of the 9% International Conference on Fluid Flow, Heat and
Mass Transfer (FFHMT’22), Niagara Falls, 2022, paper Ne160.
Magrakvelidze T., Gigineishvili G., Mikashavidze A., Koberidze T., Lomidze Kh. Influence of
the Prandtl number on heat transfer at liquid film flows down smooth and rough surfaces.
Proceedings of the 8th Thermal and Fluids Engineering Conference (TFEC), 2023, College Park,
MD, USA. paper NeTFEC-2023-45749.
K.Chun, R.Seban. Heat transfer to evaporating liquid films. Heat Transfer Ser. S. - 1971. - T. 93,
N4, pp.71-77.
Jla6yunos /[I. A. Tennoorjaya npy IJIEHOYHOH KOHAEHCAIMM YUCTHIX ITAPOB 110 BEPTUKAIBHBIX

ITOBEPXHOCTAX U TOPU30HTATIBHBIX TpyOax, Temmosnepreruka. 1957, Ne2, ¢.49-51.

69



Mobermgl s00fiergegddo LogdsGomggamls gegd@®mmgbgtyoom
MBOHMD39mygmBoL BmyogHhmo Bs3zombol dglisbgd

09630 3s3(35129¢0dg, bsorwybs ¢rdody, Jsbsbs y¢s6035030¢70, 06HFs 53509
qvelil7@yahoo.com

69bowmdg

LBAsGosdo  osbsemoBgdmmos  Lsgodomggemmdo  @53mdmdsggdryemo s  dmbdsmgdrmeo
9w9d&OMgbgeool sOGLYdMEmo damMds@mgmds. BsBgzgbgdos, MM dmeom furgddo 0933900M5@
0bMOEY%s gegdBHHmgbgmaools 0d3mME0, GoE FovdsmhmErgdgeos J3ggbol gbgMagGoldmwo
MOBOHOLMGI0EB  godmIEobsMy.  EsLIdMMGdMEos, MMd  ObEmgl  s;fiErgreErgddo,
993 BOMgbghaosby LsgsMmormom dmmbmgbogrgdol 9339mMmo BMEOL 30MHMdJdT0, LsFoMm
0gbgds 9e9dBOmgbymhagGozme LoliBgdsdo sbogo Loddasg@ggdol 8gyzsbol 0b@Egblormmmdol
29BMs.

330MmOms  dogh 9O 890Mms35BgdMEo  BMOTMWOom  BoBoMIdM®o  35m3¢gdol
Logmdzgabg bshggbgdos, HmA dmdsgswdo §399bol gegd@MmgbgMaoom MHebgzgmlaymgzs
319304098905 9egdEHHmgbgcaool 4s8mdwmdsgzgdols ymggmifiemowm®mo BMEs, 563bs3wgd 7%-obs.

Bo@omgdrmos  LodoMoggmmlb  Labgerdfogzm  gbghgmboldgdols  (Lby)  3Gmabmbols
360303790 365¢r0B0. EILLdMYINE0s, MM 3OMPBMDI0 35w FoMBYdTIEsEs Tgxsligdrymo
993 BOMgbgmhaool gdudmdEHol mby.

Bo@o®mgdmo  sbserobol  Logmdzga®y  godm@oboos ©sliggbs 0dol dglisbgd, GmI

mobEmgl  sofemgmmgddo  bsgsGmggmml  s®  gdbgds  Lagdbdm®dGm  gegddOmgbytyos.
2950mb53coll  Bgodangds  FoBmoagbogl  fysammbzmdol  3gMomdo  3oEMmMmgmgdd®Hm-

L5 M9830 §s0mIMTsgzgdemo FsMHdo gergdB®mmgbytaos.
153396dm bo@yggdo:

IO OIb9BZ0s, 396905305, Bmbls®gds, 9fb3mMBBHo, 0I3mHGHO

Lodommggeml Labgadfogm gbgmamloldgdol (Llg) dmbszgdgdol dobgwogom 2021 ol
J3045650 dmobdstrs 14.26 dM.333LO JugdBHMMbgMyos. 9dgob 4e0mdmdsggdsd dgoaobs
12,645 09¢06.33¢bm, bmeem 033mOHEs — 2 IwOE. J3AHLM, Gog JnEwosbo ImbdsMgdol
oobmgdom 16%-U 9goagbl [1]. Mbs s00bodbml, M3 033mOEOL Lo  Towowo
3OmEIbGYwo  8sB3969d9wo g  RoBOMEgdIwos  J399bolb  96xMRYGHOZYwo
MBogOmObMGOOL  Logombgdoob  4s8mdobstg. gots  sdols, 2021 Herol  Imbsiggdgdom
99dGHO™Mabamo0l 8mbdo®gdsd gMm L IMLabEgBg oosbsM0d9d00m dgoa0bs 4126 33¢)
Lo foerofodo, Mog 3608369036500 B0 505 BoMEHM Lbydmsem g3MmMm3men dohgzgbgdgw by
(8-10 s0sbo 333 LOV/Y), 9589 39360 3MLELBdFM™MS §399bol BobggbgdawBys. 993560, MMI
d39460L bm®Bogry®Ho 456300000980L5mM30L 930 GdJE0s JegdEHOHMm9bmgE03we bobEgdsdo
3969M300L sbogno, BdWszM0 geErgdEBHMmMLoEYMMIdOL Tgg3s6s o, 53oLMB, gagd@Mmgbgdaool
003mMEob 83390000 998306M9ds.

03@MOms  dogm sy 2o0md39gbaduyen  08m33wg39ddo  [2,3]  LodoMoggeml
99dGHMMLOEMOIOOL  BEHOMIGMOOL Bomgdo@0l® BmEgmbHy ©IYHEbmdom, Lomobsm
33000300l 98m3sbol  58mblbol  Lsgmdzgewby, ©sygboo ogm, MM LodsOmMZggerml
8999905 5QR0MdM030  MYLMOLYdOL  godmyabadom  MHBOHMB3zgaryml  Jzgybols  gargd@Hem-
96963000 FmToM539ds 40-45 3. 33GLD fErow®o 250m3dsgzgdol ombyby.

[4] 290m 33093500 39005359090 0gm FmMTMEs, MHMIomsE FoMEH035© F90degds
39300639003 B3d0LI0YIMHO MYOL PoB30MIMOOL FHd3gdo fargdol dobgzom. 39Mdme,

70


mailto:qveli17@yahoo.com

0. 0583539¢0d9, b. ¢»m80dy, 0.5056035830070, 0.5(03509

9@9dEHOMIbgMR00L  go0mddsggdols s Imbdsmgdol Fugdol dobgzom booL  GHgd3ol
Lo5629Mm0dM@ BMOIMESL 5J3L Sbgmo Lobg [4]:

oty My (rooiofh N
7N T Ny, 40018 R0

Lo, a sMHoL gMo by ImbobegBy Inbvyero (b39M0m0) IMbToMgdmwo gurgd@®MHmgbgdos,
33GLo/§.Lyero; A — farow®s ImbdsMgdeo gangdd®mgbg®aons, 33GLOY/(.; N — dmbsbangmdol
GomEgbmds, dwb; C -  JmbIsmgdwwo  gwgdBHOmgbgyool  BOEs  3GMmEgbGgddo,
B - 9mbsbemgmdol bes 30m396¢9000. k — Losbas®odm §gwo, ke— smzeol bsfyolo fgaro.

dmbdotmgdmwo  gugdBHmmgbgtyool  sBLmwGMGHo  36033bgwmdolomgol (1)
BOOIMSL sbgmo Lobyg 9969ds:

A = Ay, (1+0.01 C)k*o @)

2596256003900l 999900 dmMbIsMGOMo  gargd@mmgbgMaools 5%, 7%-0sbo ds@Hgool
3060009030 [omImg60e0s 1-¢» bobsBBy. s0gdmos 99090 Lofiyobo Bmbsigdgdo: oo —
2019, 3mbdomgdveo gegdBHemgbgtgos - 13.1 8ewd. 33 Loy

36 ——-3 7%

W, 8¢ 00.33Gbom
N
A

......
.......

,_\
)
‘.\‘\
N
\
\
\

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
fowo

6ob.1.  ferommo dmbdacrgdmeo (359mdwdsggdmo) gemgd@®mgbgmayool
BOHEOL LsgsMmoryEm ©E0bsdogs

(2) 3OHIMEol Jobgzom 7%-0560 BOHOL 30HMBYdT0;

(2) 3®HIMEol Jobgzom 5%-0560 BOHEOL 30HMBYdT0;

999G gbgH00L g59mdwdsggds Llg-ob 3GMAbmBol dobgwozoom [5];
9@9dEHOMI69MH00L Fbdsemgds Llg-ob 3Ormabmbol dobgwzom [5].

Lol o

1-go 265830306 BsbL, MOmI (2) gmOHIMEoL dobgozom  gEgd@mHmgbgtaool
3993353900L ymzgufierom®mo 7%-0560 BMHol 306HMdgddo 2035 farobmzgol Lads@mzgermdo
9 9dGHO™Maba®m00L fero®mo 450mddsgzgds s Bmbds®mgds (0vg Asdmzm0oEbgm gJudmMOEGHL s
083mMGL) F050Hg3L ssbermgdom 39 JME 33GLO.
90539 36005303Dg ©oB9bowos Lods®mggeml bobgadfonm gbgambiolEgdol 2021-2022
fob 56960800 Fo6dm©ygboo gumgd@®mgbgtyools 3o8mdwdsgzgdols s dmbds®gdol BMwol
3G0pbmbo 2032 fersdg [5]. OGMamGE 90bodbmo 36Mm98303006 BBL, Llg-L 3OMAbmbo

71



MobEmgls smfegegddo LodsOmzgarml gargdG®mgbgaoom

365dBHo3zmws 90mbggzs (2) BmOINom 259625600090 99gagdL  (7%-0560 bEOEOL
3060009030). 505bMb ghmo, LLY-U 3OMABMBOL Bobggom 3 ergddo 9339000 0DBMOYdS
99dBHmMgbghaool gudmd@o. 39Mdm, 2027 Hawb gdudm®EGHoMmgdmwo odbgds 8.4 M.

33Gbo  9wgdBH®mmgbgmaos, bmem 2032 fgb 30 — 14 3wOE. 333GV ©s, Tgusdsdolo,
Lodommggerm 458cm3dsggdreo 33,8 derM. 33GU0-©b 3mobds®l dbmerme 19.8 deM. 333

boo. gb 40699mgds 9blbgeros s MBOEIE MHMB 30350, A9RVMOE. LLY-b sbgoModdo >
oMol ILBdMMPPIMO  ¥)  GOMOS  5dmfizgero  gEgdBHmmgbgtaool  dmbsgrmobgeo
9JudmeEOL  Sbgmo  Loog. obws  ©I3MRIbos  3035MvMEM®m, MmI gl Fgodangdo
2963060HMmd9dgmo  ogml  0b33LEHMOOL  dmmbmgbgdom.  sbgm  Fgdombggzedo,  dmmbmzbgdo
d9BHoLIYGHOE  39VoEIMH0s @O LEOWWOoOE BoMWIOJEo, s ) b sl 96O SM0oL, Mbs
Bo30350Mm, HMA 3OHMABMBO 5653m33gbEHIBEGMMo© 560l 25390090wwo.

005096 ©3538060900m, Y6 50060TbML, HMI MHmym®E AbmREoml, olg LodsGmzgEml
36543030056  259md0bsty, J39ybol dmwosbo Fos 3OHMPNMIGHOL FoMdmgds Qo339
0565850 MB5d0s  250mBTs39de  9Egd@MmMmbgMA0LmMD. 9B Lbgogzsto GMI 30d350,
99dGHOHMabeMyool Imbdsmgdol mbg 9Hm-9Mmo oMM 9baLsBOZMYW0s dmnosbo dows
360Hm©v9dBHob HoMmdmgdol Embols. 80l LooMEOLGHMoE0oME 89-2 bobsbBy FoMdmoagbowos gho
b 9mbobang®g  doerosbo  do@s  3GMm©JGHoLs  (me/bmwo,) ©s  dmbdsmgdmwo
999G abgHaoolL (33GHL0/LMwo,§) BOHOL FH9d3gd0 Hergdol dobgwpgoom 2008 Herowsb 2035

§000g. 535606 2022 o8y Fo@dmagbowos Mgow®o d9wgagdo [6], bmerm 2022 ferosb
2035 farsdg — (1) gmemImwoo bosbysmodgzo 99wgaqdo 7%-05b6o BOHom. dmwosbo Jos
3000 BHOL o608 gd0LsL, (3B, (1) BM@IMsdo Tg@sbowos Lsmsbswm oowggdo.

15000

=T 1000 - —O—1 _
é & 13000 - —A—2 1
gg 12000 = _ __3 Iz
S om0 D _ =
%{ 9 10000 - 1Z
™ 9000

8000 —

7000 =

6000 ot

5000 | LA "

4000 0 | C

3000 ' A

2000 £/

1000

0
2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034

flowo
6sb.2. 960 birmey dmbsbengBy dmbirero domeosbo dows 3MmEwydEolLs s JmbIstgdrEo
9w93d&OMgbxMa00L ©0bsdogs fangdols dobgwpzom

1. 9000560 oo 3HM©YYI@o gho LBy Fgwoffsdo (Ggow®o);

2. 3mblsMgdmo gergd@mHmgbgmaos 9o bmwbg Howofswdo (Hgowm®o);

3. Bowosbo dos 3OHMmEYI@o gho bryanby Fowofsdo (1) gm®mdmwol dobgwozom
(0eaboermbyero 7%-0560 BOH©s);

4. 9mbdomgdmmo  gwgdBHOHmgbghaos ghm Lywbg Fogwofowdo (1) gmEIMwol
dobgz300m (Bmbowrmbgeo 7%-0s60 BMS).

72



0. 0583539¢0d9, b. ¢»m80dy, 0.5056035830070, 0.5(03509

00b0odbm  4Mex303%g FoMdmygbowo 8gw9agd0Esb Bbl, GMmI gMhmo MELMOL
00Mgdgdol Joeosbo dos 3Gm©dEol dgbsgdbgwsm LogoMms Lsdmowme 0.77 33GLo
99dBHMMgbgHha0s. Mbs 50060d6ML, MMI gl 356513690 oM Ls3Tom© OEOS. 93MM30L
3900609000  bs3gdo©  39630000HJdMmo  J3994badolomgol 0go 96  sFoMmdgdL  0,4-0,5-L. gL
239090mgds 9G35 BoJBHMODBYs  ©sIM30©YdME0, Tom  FmEOL,  Lbbgoolbgzs  @styol
A9Jommaom®  ©mbgbg. Mbs 3035M0M©Mm®m, MHmd  Bggbo  J3ggbol  obgomatgdols
056599000m39 mbybg, Bgdmom dmyzsbowo dshgzgbgdcol (0,77) 939306900L GHgd3o 396 0dbgds
03300060.

M0amOE  h3gbo  2o0basM0dgdgdo  3boymngb, gmo Ly  Jmbsbergby  Herom®o
3mboMgdo gergdGHmgbymaools s dmeosbo dos 3GMmEd@Eol 7%-0560 BMHEOL &Hgd3ol
d90mbggzsdo 2035 Hawb gho Ly dmbsbag®y doosbo dos 30HMm©wdEHoL WoMmgdEgds
90501938 ®omgdols 14 000 ML Farofodo. 39630056M930L sbigmo §gddom LodsGmzgwm
2035 fierobomgzgol dowgsbermgogds 93Mm3ol  bmyoghmo  J3gybol  (Mmdobgomo, bmM3s@os,
dNWHIHYN0, WOIHVIZS) PRIZBOI MBI

3b5©0s, H™I LLY-L 3OHMPBMBOL dobgzom, O Ly Jmbobergbg dmbreo fuon®o
9000560 G0s 3M:MEMIEHOL VOMIIMMIdS 39O J9o5FoMDdIOL 10 000 MESOL.

dgmbéyg  dbMog, gMMmoLLMgdos ol  BoJBHoE, O®mI  930Mm3egzdoMol  J399bgdds s
9360M35605396GHTs Iboto ©sFoMIL 33sFY39BH0wgdsl 2035 Ferosb dows 30l dMmszgd0l
2990030l 53030l MomdsbY [7]. MmameE BbBL, gb g95fY39GH0wgds LodmemmE dogrsdo
3935 5 3M5dBH03Mwo 2035 §eredg 339 ©o0fygds dos 3oL d6Ms30060 53@™IMdOEGdOL

Bobo33egds 9egdGHO™IMdOgdom, Mo oM@ 3sdmof3g3L gargd@EHMmgbgdaools dmbdsmgdols
933906 BMOL.

005b00b  ©535300M9d0m,  MZolshobms  sbool  BHgdbozmeo  Mboggdlo@gEol
AMBL3MOEHOL 0BLEHOGHMEHOL FogM BoGHIMIOMWO 2503393300 [8], HMIgoms 9JEIRIWVI3
00dmhbos, MHMI s3@MImdowgdo Citroen C-Zero, Mitsubishi i-MiEV s Peugeot iOn Ggome
3060009030, ©®J-0sdg80 50 38 Fsbdools doMdgbol ddmbggzsdo, Lodmsmme dmobdstgb
osbemgdom 10 333Lbo gwwgdBHMmgbgmgosl. gl gOHmo  93EGHMIMBOOLIMNZ0L  Fgwofsdo
990096 3 650 330Lo. vy  Ibg3zgwmdsdo  doz009d0  Logs@mzgemdo  Abyddo
533MIMd0adol d90my3560l  ®golsmzol s®LgdMe  GHgddl, Mbs 3035M5MEMm®M, Gmd 2
smguo  Hewol 9989y  Lododmzawmdo  9ugd@®MmImdowgdol  Momgbmdsd  8godergds
890000bmb 2 doombo. gbso bEgds, MM FoOGHM  LosgBHMIMdOW™  BHEMmbLEMMEH DY
99dGHOMaba®maool farom®o ImbIomgds goosFs®mdgdl 7 dwdm. 33GHLo Hgwofswdo. gb
23930wgd00m 39305 96aw9MH3gLoL Feror® godmddsggdsty.

2390 53obs, AbmgEromdo  ebgzomsMgdmwo  Imzwgbgool FggEo©  LogdMOMMS
Lodo®mmz9mBy 299535000  50IMLOZ3EIM-ILOZEGMOL 535353806 gdgE0  FoaoLEMmooL!
©53300m30L  9339MO0  BOE. Mo d1939  309Mofi393L  gugdBHO™IbgMool  FmbIsmgdoL,
09395609 EMBgLmsb gsmgdom, bryaw 3m@Es 10-xg6 (9g0dergds 20-x96) BOSL.

dbg39wmdsdos  FoLowgdo,  9xMgmM3Y,  LoJIMMZIWML  BIOOGHMO0SDY  §ods35w0
65300l YBdBY S PoBLOY6gdbY FMbIsMgdMo gungdEH®mbgMyos.

g4m39e039 Bgdmmddmwol  asmzscolifjobgdom, 89odargds ©ogoL33b65m, ®MI ToMGHM
GMBL3MOGDY  (LoogBHMIMdowm s LoM3zoboadm) s Fowlorbgdby LoFoMm Huom®o
909dBHOMabgHa0s  25s0FoMmdgdl 10 dwMm. 33GL;-L  fgwofsdo, ®sg LLy-L  doge
360 MybmBoMYdYo dmbds®mqdol (19,8 eM.333L/§) babgzs®Bg dg@EL 89opabl.

1 35¢930607me©  80990909wos  350mmdds  LLogoBmggmm 5ol smBmbsgegm-©slsgargmols

05053530060909¢0 ©EIMIRD0“. LodsHMNZgM 56 5GOL IMYRBO — Lado@mzgwm sMoL J394sbs, HMBgerol
A9IO0GHMM05HYE 3900L 50IMLIZ3EI0LS S ELZLGMNOL T935330MGdYJO ToZOLEHMIGDO.

73



MobEmgls smfegegddo LodsOmzgarml gargdG®mgbgaoom

3bo©os, MM sbgom Fgdmbggzado, IgmEbgmdol bbgs @otaqdol (8dodg s dbwdwdo
9M9h30wmds,  33900Ls @O 3983503539090 IOgH3gemds,  Lemgeool  dgmEmbgmds,
300bsg®o 89MMbgmds s Lb3s) 29630006905 LgMombrywo gbgMHagE03wo 3MHMdYIgdol
§0obsdg s50dmBbgds.

439039 H99mmddmwosb 4s8mdobstg, F9a30dwos ©ogoL3360m, GMI wobemgl
g gddo Lodo@mzgeml gargd@®mmgbg®aool 4s0mdmdsggdols @s dmbdatgdol Herom®o
BOHOOL G930 o6 dgodergds ogml 7%-bg bsgzargdo.

005Lmsb, Lodo®mmzgaml  3ModBHozs o6 gdbgds LogdudmGmEMm g gdE®MgbgMyos.
290mb53¢oll  dgodegds  §oMmImoygbogl  Fysbgmdol  3gMomdo  30MMmgEgdGHem-

Lo MMYdTO 2odmINTo39dwo FoMHdo gErgdEMmabgtaos.

About some issues of providing Georgia with electric power in the coming decades
Tengiz Magrakvelidze, Khatuna Lomidze, Manana Janikashvili, Irma Archvadze

Summary

The current state of electricity generated and consumed in Georgia is analyzed in the article. It
has been shown that in recent years the import of electric power has been increasing sharply, which
is unjustified due to the country's energy security. It is justified that in the conditions of the expected
increase in the demand for electric power in the coming decades, it will be necessary to increase the
intensity of input of new capacities in the electric power system.

Based on the calculations made by the formula previously proposed by the authors, it is shown
that in order to provide the country with electric power in the future, an annual increase in electric
power production of at least 7% is necessary.

A critical analysis of the forecast of the State Energy System of Georgia (SSE) has been carried
out. It is justified that the level of electric power export is overestimated in the forecast.

Based on the analysis, a conclusion was drawn that Georgia will not have exportable electric
power in the coming decades. An exception may be excess electric power generated in hydroelectric

plants during periods of water abundance.

O HekoTopsIX Bompocax obecnedeHus I'py3uu snexTposHeprueii B 6pkaiinme
ZeCATUIeTH

Terrms Marpaxsernzse, Xaryra Jlomngse, Marnara /Drxaruramsrra, HMpyma Apusazse

Pesome

B craThe aHaNMM3UpyeTCA TEKyIlee COCTOSHUE IIPOU3BOCTBA U MOTPeGIEHNUA SIEKTPOIHEPTHH B
I'pysun. IloxazaHo, 4TO B IOCiIefZHHE TOABI PEe3KO YBEIHMUIHBAETCS HMMIIOPT SJIeKTPOdHEPTHHU, UTO
HEOIIPaBAAHHO C TOYKU 3peHUs dHepreTU4ecKoil Ge3omacHocTy cTparsl. OG0CHOBAHO, YTO B YCIOBUAX
OXHZAeMOT0 POCTa CIpOca Ha DIeKTPOIHEPTHIO B GiIrDKallIive NecATUIeTHS MOTpeOyeTcs YBeIMIUTh
MHTeHCHUBHOCTD BBO/Ia HOBBIX MOIHOCTEH B 3JIeKTPOIHEPreTUIeCKyIo CUCTEMY.

Ha ocHoBe pacueToB, IpoM3BeZeHHBIX IO paHee IIPeJJIOKEHHOH aBTopaMu ¢opMyIe,
IIOKA3aHO, YTO [JII obeclledeHMsS CTPaHBI DIEKTPOdHeprueil B OyAylleM HEOOXOZUM €XXeTOHBIH

IIPUPOCT IPOU3BOACTBA DIEKTPOIHEPTUH He MeHee ueM Ha 7%.
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IIpoBemen xpuTuyeckuii aHajM3 IIPorHo3a locyZapcTBeHHOH SHePreTUYecKOH CHCTeMBI
I'pysuu (I'DC). OGocHOBaHO, YTO B IPOTHO3€e 3aBbIIIEH YPOBEHH DKCIOPTA dI€KTPOIHEPTUH.

Ha ocHoBe aHanm3a cZieslaH BBIBOJ, O TOM, 4UTO B Gimpkaiinmve gecatuiaetus y I'pysun He Gyzer
OKCIIOPTHOM  9jIeKTposHepruu. VMcxioueHneM Mo)KeT OBITh M30BITOYHAS —3JIEKTPOIHEPTHA,

BLIpa6aTLIBHEMHﬂ Ha TUAPO3JIEKTPOCTAHIIUAX B II€PHUOABI IIOTHOBOABA.
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Laboratory Heat Pump Experimental Unit

Nodar Mirianashvili, Natia Arabidze, Teimuraz Bulia, Ketevan Kvirikashvili,
Pridon Mshvildadze

Summary

The article presents the description of the laboratory heat pump experimental unit and the
method of thermal calculation of the steam compressor heat pump unit. In particular - the principle
scheme of the steam-compressor heat pump unit and the schedule of temperature changes.

Necessary data for thermal calculation are: required thermal power, temperature of low-
temperature heat source and temperature of thermal energy delivered to the consumer.

The article presents the results of the experimental study of the heat pump unit. In particular,
the dependence of the thermal productivity of the heat pump on the temperature of condensation of
freon and the coefficient of thermodynamic efficiency of the heat pump - the coefficient of
conversion of thermal energy on the temperature of condensation of freon.
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OKCIIepUMEHTAIBHAS YCTAHOBKA Ia60paTOPHOTrO TEILIOBOTO HACOCA

Hozap Mupraramsnrn, Harua Apabrzgse, Teumypas Byrna, Kereparr KpuprranBum,
Ilprzor MurBrizazse

Pe3siome

B craThe mpencTaBIeHO OIMCaHMe SKCIEPHMEHTaJbHON TabopaTOpPHON TeIIOHACOCHOH
YCTAaHOBKM M MeTOAMKAa TeINJIOBOIO pacyeTa IIAPOKOMIIPECCOPHOM TemJOHaCOCHOM ycTaHOBKH. B
YaCTHOCTU - NPUHIMIIHMAIbHAA CXeMa ITapOKOMIIPeCCOPHOM TEeIJIOHAaCOCHOM yCTAaHOBKH M Tpaduk
U3MeHeHUs TeMIIepaTypsl.

Heob6xozuMere naHHbIe 719 TEIIOBOTO pacdeTa: TpeOyeMas TeIyIoBas MOUIHOCTD, TeMIIepaTypa
HU3KOTEMIIEpaTypHOTO HCTOYHHMKA TeIIA M TeMIepaTypa TeIIOBOII OSHEpruu, OTAaBaeMOi
oTpeduTeIIo.

B craree mpezcTraBieHBI pe3yJBTAaTHl SKCIIEPUMEHTATIBHOTO HCCJIENOBAaHUA TEIUIOHACOCHOM
YCTAaHOBKH. B 4acTHOCTH, 3aBHCHMOCTb TeILIOBOH IIPOM3BOZUTENBHOCTU TEIIOBOTO HAcoca OT
TeMIlepaTypsl KOHAeHcanuu ¢peoHa u KodbdumuenTta TepmopumHammudeckoro KIIJ| remaosoro
Hacoca - Koo duIyeHTa Ipeo6pa3oBaHUsA TEILIOBOI SHEPTUH OT TeMIIEPaTyPbl KOHAEHCAIUU GpeoHa.
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Remote control systems for mobile robots
David Purtsvanidze, Nodar Gdzelishvili, Veriko Bakhtadze, Ketevan Kvirikashvili

Summary

Two types of remote control systems are described: control rooms and interactive ones. In an
interactive robot remote control system, the role of information and computing technologies, as well
as flexible system software, is increasing. In such a system, tasks from a human operator to a robot are
performed in a more general form than in supervisory control, where the robot does not have
“mental” functions. The features of remote dispatch control of robots in extreme conditions are
considered Two types of remote control systems are described: control rooms and interactive ones. In
an interactive robot remote control system, the role of information and computing technologies, as
well as flexible system software, is increasing. In such a system, tasks from a human operator to a
robot are performed in a more general form than in supervisory control, where the robot does not
have “mental” functions. The features of remote dispatch control of robots in extreme conditions are

considered.

CucremMbl JUCTAHIIHOHHOIO YIIPABJIEHUSI MOOMJIBHBIMH POOOTAMH
Jlasuo Ilypyxeanuoze, Hooap I 03enuwsunu, Bepuxo baxmaosze, Kemesan Keupuxaweunu

Pe3iome

JlaHHas CTAaThs MOCBSIIECHA CHCTEMaM TUCTAHIIHOHHOTO yNPaBICHUS MOOWIBHBIMA POOOTAaMH, U B
YaCTHOCTH pPa3pabOTaHHOW HAMH CHCTEME IUCTAHI[MOHHOTO YIPABICHUS MOOWIBHBIMH pOOOTaMH.
Paccmorpensr Hambosiee THUNMYHBIE TPH THIIA AJITOPUTMOB YIPABICHUS: CKOPOCTHOW, CHIIOBOW H
MO3UIMOHHBIA. ONHCaHBl Pe3yNbTaThl YIPABICHHSA, PEAIM3yeMOro 3TUMH anroputMaMu. OIHCaHBI /1Ba
TUIIA CUCTEM JUCTAHLIMOHHOTO YIPABJIEHUS: AMCIETYEPCKUE U HHTEPAaKTHUBHblE. B HHTEpaKTUBHOI
cHCTeME JIMCTAaHIMOHHOTO  YIpaBleHHS poOOTOM  BO3pacTaeT poib  HMHOOPMALMOHHBIX U
BBIYHMCIINTEIBHBIX TEXHOJOTHH, a Takke T'MOKOro CHCTEMHOTO MPOrpaMMHOr0 obecneyeHus. B takoi
CHCTEME 33/1aud OT YeJIOBEKa-oleparopa K poOOTY BBINOJHSIOTCS B Oojiee oOIeM Bujae, YeM IIpU
JIMCIIETYEPCKOM YIIPABIEHUH, TA€ Y poO0Ta HET «MBICIUTENBHBIX» (QYHKIMHA. PaccMoTpensl ocobeHHOCTH
JMCTaHIMOHHOTO JANUCIIETYEPCKOTO YIIPABICHHsI pOOOTaMHU B 9KCTPEMAIIBHBIX YCIOBHSIX.
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Prospects for the use of vertical-axis wind turbines

Guram Urushadze, Nodar Shengelia, Nino Dogonadze

Summary

The article analyzes the positive and negative aspects of vertical and horizontal axis
turbines. The issue of launching small-power (10-100 kw) wind turbines WPPs with a vertical-
axis Darier rotor using the reactive force of the air stream coming out of a special nozzle is

discussed.

ITepcriexTHBEI MCIIONB30BaHUA BEPTHKAIBHO-0CEBBIX BETPAHBIX TypOUH

Typam Ypymaznse, Hozap Illlenrernsa, Huro /[oroHazse

Pe3rome

B craThe aHATM3UPYIOTCSA MOJIOXKUTEIbHBIE M OTPHUIlATEIbHbIE CTOPOHBI BEPTUKAIBHO U
TOPU30HTAIBHO-OCEBBIX TypOuH. PaccmarpuBaeTcs BOIpoc 3alycKa BeTPOYCTaHOBOK MasOM
momuoctu (10-100 xBt) BOC ¢ BeprukambpHO-OCeBBIM poTropoM /Jlappe C HCIIOIB30BaHUEM

PeaKTHBHOfI CHJIBI BO3AYUIHOI'O IIOTOKA, BBI6paCI>IBaeMOI‘O M3 CIIeIINAJIPHOTO COILJIA.
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The optimal law for regulating the speed of a hydraulic unit

Paata Jokhadze
Summary

The article discusses the principles for determining the optimal law for regulating the speed
(output voltage frequency) of a hydropower unit using a PID controller, the principles of self-tuning
and, if necessary, automatic reconfiguration of the controller. The problems of regulating the speed of
HPP hydroelectric units arose during a systemic accident that occurred in the Georgian power system
on July 27-28, 2014, during which the eastern part of the Georgian power system was completely
disconnected. It turned out that in Georgia there was no such power plant, including a hydroelectric
power plant, at least one unit of which could supply the reference frequency and voltage for the units
of the stopped power plants to restore the disconnected part of the system from the zero state. The
developed regulator was implemented and practically tested at several hydroelectric power plants
operating in an autonomous mode, the test results showed that when using this regulator, the
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hydroelectric power plant acquires all the capabilities necessary to restore the system from the zero
state.

OnTuMaybHEIH 3aKOH PeryJIMpPOBaHUA IHCIa 060POTOB THApOarperara
Ilaara /[xoxazsze

Pesome

B crarse paccMaTpHBarOTCA IPUHIMIIEI OIIpeJie/IeHUsA OITHMAJIBHOTO 3aKOHA PeryJIHpOBaHUA
gucia 06OpPOTOB (YacTOTHI BBIXOZHOTO HampshkeHws) ruzpoarperata ['DC ¢ momomsio [T /I-
peryisTopa, IPUHIUIB CAMOHACTPOMKH U, IIPU HEOOXOJUMOCTH, aBTOMAaTHYECKON IIepeHaCTPOHKHU
peryiaropa. IIpo6ieMs! peryniupoBaHus duciaa 060poToB ruzpoarperatoB ['DC BOZHUKIN BO BpeMs
CHUCTeMHOH aBapuw, Ipousomeznureii 8 sHeprocucreme I'pysun 27-28 urons 2014 r., B xome KoTOpoit
BOCTOYHAS YacCTh OSJIEKTPOSHEPreTUYecKOi cucreMsl [pysuum O6bITa IOJTHOCTBIO OTKJIIOYEHA.
Oxkasasock, 4T0 B ['py3un He HAlUIOCh TAaKOM DJIEKTPOCTaHIuUHU, B ToM uucie u I'DC, xoTa 65l 0guH
arperar KOTOpOH cMorja OBl JAJA BOCCTAHOBJIEHHS OTKJIIOYEHHOH YacTH CHCTEMBI U3 HYJIEBOTO
COCTOSHMSA IIOAA4Yy MJIA arperaroB OCTAHOBJIEHHBIX OJIEKTPOCTAHIUH OIOPHON YaCTOTHI M
HanpspKeHWsa. Pa3paGoTaHHBIM peryaarop ObLI peanu3oBaH M IPAKTHYECKH OIpoOOBaH Ha
Heckonbkux I'DC, paboTaroux B aBTOHOMHOM peXHUMe, Pe3yJIbTaThl UCIBITAHUI II0Ka3aIu, YTO NIPU
HCIIONB30BaHUM JAaHHOTO peryniaropa rugpoarperar ['DC mpuobperaer Bce BO3MOXHOCTH,
HeOOXOAMMbIe IJI1 BOCCTAHOBIEHNUA CUCTEMBI U3 HYJIEBOTO COCTOSHUA.
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bo@yzol  GHMIGBME  Tobo  gMsdsGozMo  JEsbox3s3ool  sELobodbs.  Fodswroms,
393Y39wgd0L  boffool (bobgero, BIbs, Bgobsmmsgzgo Lobgwo s 5.8.) 96 9Msds@ozwwo
39G93MM00L (06635, 3060, M0Eb3o, a35M0 s 5.9.). GHJR0M9d0L 9 FgbodEgdgE0s
399Gy 6gdoLdogHO FHO30L BswoEH03MHo 0bZMMTs300L Jowgds.

065900056 LESGH05d0 IMEqdw0s JoMmo ©s 0bawolw®mo LEsG03MMo Babgdol
939 300mborgs s 3900 FoM3gMgdol dglsdyzolgdo. mommgne Habsbmsb domomgdwmos
AJRIP0 s 990396 gd0.  Tobows  2odmygbgdmwos  mMgbmgsbo  0byolvy®-JsH oo
3550 306039606 [2]  8mEgdMwo  LEHsG03Oo  Hdbol  Tgdzzgro  (OH@AmOs
Jo0mM0osb  0byolyds, sbg3g  0bawolyMmoEb  Jehmmwo  Bosmo@adbo) obgmo
§0bsoadg00, MHMIgEos ghmo s 00539 LEHIGHOIMMo BIBoL gho JMB3OIEGHM BMOISL
8903393L. MoMMgMeEo SLgmo BIBoLMZOL 99650 BGIMWos MIMYRTBMIE TglodsTolmds o
m6039 96580 dofigMowo 543l Lomsbosm 863900, HMIGEoE FMNORMEMROMOO FHJRJOoLAD
893905.

JoO0Mo IMOBRMLMA0MMO FJagdoLmzolL LEEH05d0 gsdmygbgdos 3moMgdol
LogOsdmmobm bEsbod@Go — EAGLES (Expert Advisory Group on Language Engineering
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Standards) [3] o 9obDy ©x3Mdbgdwo JoMNMEOLbm3ol IMEMRIOMO  ETSGHIOOMNO
1393033037600 FobolosMYOWYdO/Bgygdo [4].

0bga oo Babgdol JsM3oMmgdOLMZ0L 3oLaMygdegoe Oxford English part-of-speech
Tagset-oom [5] s 0byarobwymo Ggabg@gdoom [6].

JoOommo BIbol Fm®IgdoL M350 igHM36qd0L  45dm, 0byEoLMG ot 3gMgddo
LoFoMm obs 9MLYIMEO BHJRdoL ©sT5BHIOS/ROBIMNMYDS, PoblsgMmGgdom fjzMoz0L
39393M™M00L A59M. 253935600 0M0bs WMdHb0dOL IMMOBMLOLESJLMG F9gagdL [7], Lowog
JoOommo  BIBoLb  Moz30LgdMMGIGOOE  SMOL  Fomzgsobfiobgdmeo. 0dob  dodm, G®I
30035303 Me  G939dL  IMsgomo  fgwos 3094gbgdod  Lbgoolbgzs 3HMmgdBHgdol
2396bM®E09mgdolsl (5999585  JoMmor-0baobyymo  gMsds@Gozwo  wgdbogmbol
3™830@06Mgd0L  LobEgdol dglodwydsggdws®), ©@3GH™M39gm bggbh TdogH F909ds39dmeo
393900 (0b. EbsOMOo LESEHOOL draEMU).

5605600 LHimMs JgMbgmemo 3gagdo goblsbwgmsgl dgmmg gbsdo Lodyzol Lim®o
gmOdob  JgeBg3zsl.  Logrgdlogmbm  gHmMgmEl bdoMo Msdabodg Tos®39M0  sbersgls,
MHMIgd03 d5e0sb 360836900m35605 LOEY39dL FmEOL FglodsdolmdOl slsygbs.
0baol®o bGs@ozm®o BIB7dOL Fglisbgd

063 ol do LEsE03MMo Bbs sGHOL doMomso BIbols Godo, MmIguon s0bodbagls
Logbol FEYMToMIYMBIL S 3MS Ms0dg BoDBOIMM, ObsT03ME Fmddggdsl. TogoEroMs,
90m3Eool godmdbs@zgo Hdbgdo dbmerm bwydogdEol BLodozM®, gdmEoe, IgbGow e
9350 gMdsBg domomgdL [8]:

I love my students — 89 dogz56b 6980 bd«1ogb3980
to love (bLOY35MYO) o LASGHOIMMO BIbss, HMIgEog 330639690L LBdOg]EOL JIMEOoE
9M356MgMdsL. ol 96 sbmOmE0gmwgdl BobozmE® dmgdggdsl. sbgmo Godol Bdbgdos
23MdbmdgdoL Aodmdbs@zgwo Babgdo — to like (Immbgds), to worship (0593560l393s), to hate
(B0Bmo), to envy (84960), to doubt (9330), to like (LoboGwero) s 5.0.

bmgo Bdbs, dobo bgdabEozm®o 3603369 mdOL Fomzs¢olfobgdom, dgodwgds oymls
OmymO3  LEGHO03MOO, 93] ©obsdozMMo. SLgmgdos: to smell (ybmligs), to taste
(09999m3b9ds), to think (god®o), to be (4mxbs), to have (Jmbs/gmas), to see (©sbsH3s) s
5.0.

The food tastes delicious — b3gero adMOHGEOs,
The chef'is tasting the food — 9953-3boMgm@0 Lo FgEol 5399m3690L.

I think I made a mistake there — 3530d6™d 993Mds> ©s3+9d30,
I am thinking about the solution right now — 99 sbgo 330dMHMd 2odmbogowby.
JoOomeo bGodozn®o Bdbgdols Gglisbgd
LASGH0ZM0 HIbs JoHmedo 4odMmbsEegl Logbol dEAMIsMgMdSL 56 dmgdggdol
0 MIoMgMdsL. 53Mgm3g 3OM3EgLoL, dmddggdol 9L O™ LEHIGH03MO ZF0MaMmgdsdo.
Jo®omwo BIbob Fm®IGOL gdwosm odmboBmb LEHIGHOIOL LsTP35M0 Fobss®lo: 1)
19009dBHOL FoDBOZMMO TYMISOYJMds: bshos, s, 5839605 2) LdogdBHOL Lweogho
0am3oMgmds  (0bggg OmamOE 0baolm® gbsdo) AMABMDS-50ddobmsb, TgbE o mds-
sBOHM3bgdsLMsb  ©o35380MgdMEo  LgdsbEogzol Bdbgdo. 3) LwmdogdBHoL  3WJ330mO
dmgd90900L 3ymTotmgmds (bsfomd®mogz0 LGHE035): BoMob, 3rydb. [9]
bASGHO3Mo  Bdbgdo  doBomoo  @wgydbogmo  gmboolb  Mdzgwagl  bsfoerl
§o03Moagb96 o, OMmamME ¢dz9wgbo BMm®mTsgool BIbgdo, VsMOdOsS TMOBMEWMAOMO
395393mM0gdom [9]. obobo If3M036s3eo BIbgd0s s 300y XaMBL PoMBmoa9bab. 1
LgMool I)H3003900sb 9930 TbMmEME SHIYML FMEOIGd0, bsMBIBL Boligbgdo gm®Igdom
Po®Imgdgb, MIgBHgbo, @O0bsdozmMo  DI6YOOLASD. slgzg II Lg®oolb  IF3IM039003
0653039960 36900m0Lsb sggm Boliglbgdo. Msg dggbgds III LgGmosl, B9z BIbSL s3eos gu
gm®dgdo. LAHIGHOZWMO BIBYdO  JoOmEdo ULozdom© FEoMYIMHoEbMmzsbos. obobo oM
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5005396 BIBoLFobdL, I o II 3060l BIBoL BMOIGOL o6, bot 098390 BIbol
153 GO0 SFomIMYdN6 [10].

36085303 wadbogmbdo LEsG03WEM DI6YBLSE Sb93g Wbs 3Jmbogom Tsmmzol
©535bsll0s™MYBYE0 IMOBMEMRO0MOHO 3J3JO0 s Fo03gMHJO0, HMIWGdo3 boFoMmms Lodyzol
LTG0 BOIOL SLoYJOS.

39630bomo 3mb3M 9@ Mo Fogoomgdo 3569 MO 3MM3MLOEsb:

21390905, §390%8, 9390002l

MEQLSE 500530560 BISOMBL Lomz5egL, Losmb, Lagwegl, Ladox ML, dgFgl s AAs3L
603m9dL, JoMormEdo MRG® ¥969dMH035© HMIOL, ) 258802: Jsb #390005 bs3s¢ny / bssoro /
bsgntg / bsdspen®o / 893900 @ 5.8. 0030505@ 0bIo®gds Bdbs oho®98l, 6 0w obdatgdo,
MROm Bmadso 360dgbgwrmdom, olog, swdsm, Lbgs gbgdol as3wgbom. obywrolm®do 9
96033690 md00 0bdoMgds ©dbs to wear.

0630obMM0EB  JohmMmo  MaMadboLsl,  BmMsMIBIoE  M30MSGHILMOSL  960FqdL
LAOGH03NO BNOIAGOL — 0390008 / 29390005 To wear-ob oMo, 190 3MbGHIJLGHJO0 MsMBsbdo
bdoMo 3b3gds BIbgdo: to have got / to have / to be.

060l gbsdo 58 860d369mdom BIbs ,3900905¢ LogMmMME 56O 0bToMYds. HBMYSWO,
Jo6»do 59 BIBOL LEGH039MH0 BMOTOL (49390005) 63sMIEGOSG — (“929000-5 1. 353902989¢70,
©305809829¢70 393b. 2. 8939009829¢00 353U, 96005 (396b¢70). — 56 EolbbIMdL ,,3000905“ BIbOL
doMomo 860d369wmdsl — (3900985 (3900980bs) bsbgero  5390098L  b8bol  8mddgcogbobs, —
dHm8000  Gobsdg  [O9]f0bs,  sodg  bsddol  GgbGeyemgds, - [0o[0bsgds,  Potrdmgds,
Us400560285. Us,goter bogdol 39098s. —[11].

Lo30MHBIOYIIML  FJMZOYMGmg ©IPIVIOL  Ogbobol Bgddgdo gszs [V Aor Sg 3],
M9B0obolsgg Fobboga®o 929005 [V Aor Sg 3] 3530500l bogomnbg s dmfygbowo oxs
353965 9530oLmsb — The old lavatory attendant was wearing [VPG Sg 3] Wellington boots;
she wore [VVD S3] a rubber apron over a white cotton coat was wearing and sat, bored, at a
small table.

39sb0sL, Go@MIMsE 998dBsMgYol Bsbo gbwyds 0e3bg o mgmMo [oblogs®o 39005
[V Aor Sg 3] — For some reason Melania was wearing [VPG Sg 3] a chef’s hat and a white apron.

6039 §0obssgd580 (JoMmrM@oEsd 0bawolv® motmydsbdo) 479005-L 35S, mMo Lbbgs
LGHOG03O0 BB SMOL — Jp3s S JbIMHs, MO39 Fomysbo, 0lgzg MMYMOG 92709, JODO S
00539 BIbom (to wear) sMOL A5IMMTBOEO. LYdsbEHozwMms yzgws gl Bdbs 5sdosbols
byl 993538060905, BbgmEom 560ob ,Lo@sMgdYE0*. LogsMmsvEM, 530GMIsEg 0maMAd6Yds
to wear H3bom. 53sbmob, sbBOABsZ305, BMI 3039w Fobswsowgdsdo gl BIbs EOMOL MmMo
a3mMJoo 5OOL oMo — bsdym goba®dmdomoo (was wearing) o JoMGHog0o bodym
©OMom (wore). dgbododols, Fo639Mgd03 3oblbzeggdmo sdgm. mdizs, Mbws s0360dbmm,
O3 0oGG030 Bs9ym ©@OMOL  2odmygbgds 93 Fogowomdo, LogsMmsmm, dmoMadbgerol
8930M0s5, M6 FoMEH030 bsdym OMOm 250IM39dwo B3bs BMLEHO bsgrmaos 653gm
24969H3Md0mM0m 25000M39dwgoby, dglsdsdobs wore gm®MIol boggwrs® Mbos 93Jmbogl was
wearing. B39bmgol LoobEgMglbm 0dbgdm@s Mo 4oblibgsggdyao BabmMo mmToL Asdmygbgds
960 065005090580, Fog™sd, Lsdfmbomm, gb TbMEME MHBNLEMBOL dMOEI0S s ToM3YMIOOL
3B 0BoLmMZ0L oM odMY350ROd.

063obMoEb  Johome  motmydsbdo to wear o6  Abgogbo  obss@bol  bdbs
2900Mm(399¢09 ,,3900905“ BI6OL LEBSE 03O0 BMMT0.

- No more than in any other city, - replied Oz, — but when you wear [VVD S3] green
spectacles, why of course everything you see looks green to you. — 035%9 99@o@ 965, 300069
bbgo Joesdqddo, — domam mBds, — sgM0 vy 33969 Lomgswg 8090005 [V Prs Sg 2], 35806 —
30, 05@MbM, Mbog Ggbgsg, yzgwsxzgho )36 agambagds.

There was [VPDZ S3] the wedding ring on her finger to prove it. — 530 ELEMM© MONDY
Lodm®Fobm 89390 92900 [V Aor Sg 3].
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939999 0630l Bodoe0d0 56 EILEWIMHEYdS to wear B3mMTs, TGS SHOMDdMOZ5©
0399olbdgds. 0byolvy®o gbs bdoMow 0dsMmsgls there is /there are 3mbLEMMJ30oL sSEPOWOL
239099mgd0L  bobgolisldgws. o0 dgdmbggzsdo momo, HMIgEBY3 sMob 39FIO, SEHOWOL
2960999059, 5d0GH™MI 0baEolOHOLMZOL MBOHM dbgdMOZ0s there is /there are 3mbLEM«y00L
299mygbg0ds, bogawa to wear HBIboOLs. Mo ggbgds JoMME MaMTBL, 9390 BIBom HBMLBHO©
0M0L 2003Mm398wo 0bawolv®mo fobswaowqdol Gobss®lo.

pgcos, ghgs

JoO0M@o LEGG0IZMOO BBbs fmos 0byolvydms Ms8bodgbsota 0momydbgds: o)
306530600 360dgbgmdom, GmEs JoMommwo LEGH03MNOo 369d0mo MsMydsbdo 3b6gdomo
339M0L BT’ Fooob (fgMos — it is written); d) to read HIboom s{dgm OMTo. LEHGHOIMNOO
pamos/ gpgts 0byobvy®o bsms@adbos dmddggdomo g350M0L read gm®dom, momJmb
03olbdgds, MM bsHgMo 0300bgds; bsmsmpadd Fgdu@do 259myggbgdmwos dobodbgdomo
L03Y3900, O™ 35 B0 09fY9ds, ©J39T5 5828b, body3980 0Yer s 5.0.; ) JoMME MSMPTBT0
pamos/ 9pges- Bgba@yzoLo mEmoaobserdo vdgdglio G0l Bdbs to say. Jogsmwoms,

" What does it say? [VPZ S3]" asked Charlotte. "You'll have to read it for me." — s f9®0s? [V
Prs Sg 3] — 330mbs omerm@ds, — 896 vbos fodozombm.

1t says [VVB S3] so, right there in the middle of the web. — 3065306 Jugerol doysaedo
piamos [V Prs Sg 3].

06039 96590 DMy IO MOMN0gOMNIGLodsToLMdST0s fMs S to write, 0bToMgds to be BIbs(3
pstfgts  stol/ogm-U 3608369 mdom.  JoMmmmwoEsd  0bawoly®  motmydsbdo  BIbol
BEHOG03OHMDS 56 Bbl.

JoOmmwo gp9Ms BBl 0bawolvydms bdsdgdol Msdgbody Lobglbgomds 89obodbgds.
d9Lsd5olOE, JOH® JoPmwer FsM39ML — V Aor Sg 3, GmIgerog d09momgdl, Hmd Bdbs sGob
0939&0wol 353600308 bmEwmdomno MHogbzol dglady 30Mm0L MMy, 0byolivy®do bsdo o6 3gMHo
399Lod5090s: VVN S3 (doMoomso Bdbol db. Gogbgol 99-3 3060l 659gm dodwgmds), VPDR P13
(doGomoo Bdbol dM. Moabgzol 39-3 30M0L Bsdym MM, -re m™mIs (0awEolbdgds were)),
VVG S3 (doMomso Bdbols dglsdg 3060l ing-0sbo 3mds).

HIgBY3 39603393000 Jfg®s [V Aor Sg 3] Hd ob, 3s6go bgembsbo, go®bsmbo,
Mbgo®mL dy, 0530bBsWo 0gm s 9™ EBdMMBIdMEOYm 030 bsddmdermdo. — On
which 7t was clearly written [VVN S3] that he, a craftsman of Vani, Parnaoz, son of Ukheiro,
was a free man and could return to his homeland.

DMLEo© dbg gpgMs [V Aor Sg 3] 30500¢byg. — Those were [VVDR PI3] the exact words on
the tile.

39639  Jmosolbosb ©g39dsg doowm. gpgdms [V Aor Sg 3]: ,3m@obo dogoyg.
LoEodobBHmm®. — And then he received a telegram from Kutaisi, saying [VVG S3]: "Received
policy. Silibistro."

»M3MB53303580“ fig®os [V Prs Sg 3]: Logoemggeoml (3mebgmol) 030bmgdo meod3ml
©IgOH0gdoL LoLAgerosm. We read [VV Pl1] in the Argonautica that Georgian (Colchian) wines
are the drink of the gods of Olympus.

3obgmdo fgkos [V Prs Sg 3] — ,0DoMo@gdnemmsmn’ — @sbo®ow@g, 890dwgds,
39F0HMd530, 5090-00390Mmds30, Lo8gObgm Logd0sbMdsTo... 3B 53M0EL 30 TbMWME S
dbMME ©585300900, LIBORMYd0, s00M39d0. — The paper calls [VV S3] them "people
who have suffered losses" — you can suffer losses, say, in trade, in buying and selling, in
farming... But on 9 April you can only be injured, crippled or killed.

0b630bM0L JoMmmo oMAdsbdo FmoMadbgal LEIGOZMMO Bdbs famos/gfgts
Lbgo0slbgs 0byolv®mo LoEYzoLs s J8dMbsmgzsdolm3zol sggl 9gmsbowgdwero:
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'Let me help you,' she said. 'I shall explain the card [0] to you and show you what you may
eat.' — ,,6905 3mIg30m, sQgbToMrmm, dg sgoblbom, Mo fMos [V Prs Sg 3] s a0b39690m,
0obo Fods 930005, — omb®s 36.

People believe almost anything they see [VV Pl3] in print. — 55905690l y39eog®obs
b 9IM50, M53 30 393YOHO Smgdom fgmos [V Prs Sg 3].

Well, look out [VV S3] then, said Alicia, shaking out a letter from her brother. — xg®
36sbmm, 59 Mo fig®os [V Prs Sg 3], — 09935 5¢00bosd s ddob {amoo godows.

— It is written [VVN S3] inside the Golden Cap, — replied the Queen of the Mice. — mJ®mL
Il d0ab00sb sf9Mmos [V Prs Sg 3], — ¢35Lv9bs 0533900b 0g0me35¢nds.

Just you turn it over, as in duty bound, and see what's wrote [VVD S3] there. — 996
230©dMdMMbg, MmamGE Fglos, s Bobyg, Go sfgmos [V Prs Sg 3] bgco.

Never told him what wasin the letter Dumbledore left fer him? — 56 gomdgsal, Mo gpg®s [V
Aor Sg 3] 00 {ig®owdo, ©sddwEMm®Ts MHMI IEHMZS?

The woman's name was Bethany, and her Internet profile did not mention [VVD S3]
vegetarianism. — Jowl  dgmobo  gMd3s @ Lognmat  0bGHgMbyB3MHmBsowdo
39393900569 mdob gbobgd s@sgg6o gf96s [V Aor Sg 3].

Everything in your closet should have an expiration date [VPB S3] on it the way milk and
bread and magazines and newspapers do, and once something passes its expiration date, you
should throw it out. — 996U Lo3w)3bsmdo 439wsRqgOL 306MHR0L0sBMBOL oo «9bs gpgmeals [V
Conj_II Sg 3] obgzg GmameE GJIgls s 3MOL, 49Mbsengdls s 29HBINIOL, s MMEs 350
399939, 996> 39MH0@Y0d Jom.

OMamO3 Bgdmnom dmyzsbowo 3s4500mgdosb Bsbl, gpfgMms ©absls 0bgyerolim®do d9300
bbgoslbgs  39M056GH0  Tggbodsdgds.  moMadbolsl gl Lobglbbgomdgdo  dmbgdM0gz09,
2496L93MMMd0m M) bogdg TBIEZOME MHMRTBL gbgds. 0dol gsdm, M™I d936M, gMMNTsbgmoliysd
296Lb303909 BI6SL Tggliodsdgds JoMoMWo Jpgms BmMs, F56M3YMIO0E IMO35¢RIMOMZ60s.
296b35390980 335g43L st FbMEmE HBIBOL FMMHIGYT0, M09 wgduozsdos, b4y bbgoolibgs
060l BBl gqLodsdgds JoMmwwo gpgms BmMIs (9sy., to say, to read, to have, to call, s
0.3.). 653 Y439wsby 9608369 m35605, 0mJdol sOE gMmo obyoly®o BIbs o6  sMol
LAOGH03MO0. bdod Fgdmbgzqzs80, JoMmommwo LEGH03MOHo BIBIdo obymoldo gbols 3sbowme
3MbLEOXYJ300L Tgglsdsdgds.

bsdos, sbsos, gbshs
35590 3OH3MLoL MO0Y0bsEM® JoM e Ggdu@gddo gb bLoGyzgdo momgdol
o6 23b3gds, M5dEIbodgl 019g 56 Bogm3wom, s 0LboE 30MHs3omo dbodzbgEmdom 56
00l  BomoMmpdbo. 0byolvMoEsb  JoMomwmen  gbsby MeMadsbdo 3o bdoMo  sGOL
200myg9bgd Mo bsBgs BIboL LEHGOIMNOO 350056F V0, MMIEs 0baw oG Fgdu@do gb
D3bs 56 ILEHWMPYDS, M53YboTg dgdmbgazol 4oMs.
But these people you've got these days, the ones with these star things painted [VVN] on
their faces... — 95990 ©O®Y396IWO bowbo... s0 obobo, Lobgbg 3sOLIZs3gd0 ™I
obsdoso... [V Prs P1 3].

393 9L 59 LAHIBHOING 36900090l BMMRATbYE0 0Ygbgdls. DogowPoMS,

A big sticker [0] with a scary wolf face that says BEWARE OF THE DOG. - 300093 ©00©0
LBH03gM0s, MMIgelLsog Lsdodo Fawol boby sbshos [V Prs Sg 3] o ofighos “@dmbooa,
do00y!

Each of these airlines literally carried [VVD S3] the flag of its nation on the tails of its
aircraft. — o0mMmgME0o 53 530533356001 MZ0MIFMH0b3g0L 3YODY FsBrNWs3 gbsdsor [V
Aor P1 3] 053056m0 43946900l comm8gdo.
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It was a two-wagon train bearing [VVG S3] the royal insignia, I explained. — dbmm
™GO0 353060 JobLmgL, LsTgRM 4gMdo gbsBs Igmdo [V Aor Sg 3], s3w9bbgbo.

Money has [VPZ S3] the picture of a dead American on it because money comes from
America. — 3130v9690Dg 295ME3W0E0 53gMH039woi3 Mbws gbsdmb [V Conj_II Sg 3],
306500056 B0 s89M03Mwos.

300005 / 3300005

Bgdmo gobbormmo BI6gdoLgsb aoblbgsggdom, 33008 / gz0@s Lo3dom® B930S
JoOome 39gduBgddo Tgbsdsdobo momydsbom. MAgEgLo bomsMyadbos Bdboom to hang,
0030500  258mbs3zemolbol  Lsboom g3bgzgds bdbs to swing b Ggodwgds  Lwewsg
2300m@EMm390Mo  ogmlb gb Bdbs s FbmErm 8ob0dbgds oymlb  BHgJuBHTo. MoMmydsbdo
2300mygqbgdmos  bbgosolbgs  aMsdsGozMwo  OM. 03039  dgodgds  0mdzoL
0b2olm©H0sb Jo® s bsmsMydb 9l gdbga.

bdsdos 30 mdgs: 960 Jasto bgbg 3y0@0s [V Prs Sg 3], 9309003 8mbogergwo
33953L, by 99353069000 J399sbobiem. — He said aloud, "Your husband's hanging [VPG S3]
from a tree, you've got sons to care for, don't let's make ourselves the country's laughing
stock”.

3561330030, 906 135w qdl ImMob GMmI 9G35, 0bY3 3By g20s [V Aor Sg 3]
o 0l 30930390s, momJmb obog Ll 0dGMbgdos. — The star that had just struck
him between the eyes was [VVDZ S3] back in the sky, twinkling as if it, too, was getting its
breath back.

3005/4605

063@olOH  PoMmdobdo  IMogEroEss  Jommo gos Hdbs  LbgoobbgsbsoMmo
2000m3g9wo. 0bgerolbyyGo Bomotmadbos to lay, to drop, to fall ©dbgdol 369d0mgdom,
o959 LAHOGO03MOO B60dz6gMdom - bo3egds®. d93GM0s gwos-b Mosbgzdo Bmbssgzwg
©abs3 YMm0s. J0MO0MII, bosmadmadbos to strew, to pile, to lay Hdbgdoom. bdoMs mMogg
gm®ds to be B3bom 2oIMOETs HMYMO3 0baE oL MGOYobseTdo, obg JsOrMEoEIb
6500636 ¢9JuGHTog.
§ob Momog yo0s [V Prs Sg 3], ffoemzbol sbobgggmsb. — Ahead, something is lying [VPG
S3] there at the bend in Tsilkani.
AYgdo 35@5Ms Log®mOL bgws wmo gawm [V Aor Sg 3]. — In the forest there was a
rock the size of a small church.
His book hAad fallen [VVN S3] on to the grass. — fogabo 30 bsdm3Em®Hgdmeoygm ©s 0d39,
05obby gacom [V Aor Sg 3].
One boot was discarded and the other was [VVDZ S3] still on his left foot. — g3gblogdgero
dbmwm dsmiEbgbs ggbbg g330. Igmdg ggbLsdgwro odag g [V Aor Sg 3].
Smashed glass was [VVDZ S3] all around him. — 069303 ©@os33dbgbowo 8mds g9s6s
[V Aor P13].

OMymO3 500b0dbs JgeYgysts BMMId0, doMm0MO©I, 06Ol to be BIBSL
d99Lodsdgds. 53 Fgdmbggzedo m™mogg gbs LEHIGHOZME BIbSL 0ggbgdl. MoMdsbo, (3boos,
doeosb OHmmEo 3OmEglos s bBdoMo Jmomydbgwro Lbgzsslbzs bGOgL d0dsmmogzl
90m3Eool bmOs© 2oImboEgds. o0 dgdmbggzsdo ga@/ Jysms Bm@AGdOL gsdmygbgds
A9JLAL MBOM 9gIMEoMOL s GG JixsE03MOL boob.

3390908 / G395

Jodom #gdu@gddo (MmOoyobswdos s MeMydsbgddois) gl BIBYdo, doMoMsI,
BOHSBIMMY0BIGO0m sGOL FoMTmoagboro: 353. 30MDY 929005/939Ms BoLo Labgaro, Gog
603dbsgl, MHmMmd bdoMo sbbgbgdab, Ly Ws35M53Md96. 0byw ol FH9duEgddo LHmMgo to
talk, to say ©36900 5oL 53 LE9GH03)M0 FMOHToM A5IMMMRIboO.
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439eob gOHPMBI0MO© ,50050056wMH0 LoMdM® 839G0s [V Prs Sg 3] o6 by. — They all
have the same slogan "human warmth" written [VVN P13] all over their faces.

doger J3999bsL Som By dgbo Lobgwo 93960 [V Prs Sg 3], yzgarsbo dgbl coobgMg@ol
dmombmgqb. — Your name is [VVZ S3] on everyone’s lips now, everyone wants to see you
shot.

She'll see those handsome eyes that she talks about [VVB S3], and then it will be all up
with her. — ©5065bsgl 03 535 MZoegdl, GMIWgdog oMYy s39M0s [[V Prs Sg 3]] s
dolo 5305303 PO0ISZIdS.

He talks [VVB S3] of her constantly. — 3o® b9 Lwyen dobo bobgawo s39M0s [V Prs Sg 3].

3305

9L B3bs JoMmsdomo 3bodzbgmdom MmG0dobswboi s MEMPTBTJoE Tglsdsdolio
360336939000 5MOL BomsMadbo: Jo®orwo BIbs s3¢70s 0bgerobmGo To lack, to miss
©3bgdom godmoEgds s 30Modoom:

30d5M9d0 5B d33¢705 [V Prs Sg 1], 353658 30030509d0Lm30Ls3 050wmdgeo go6. — 1
don't Jack [VVB S1] nightmares, but I'm grateful even for this nightmares.
“Why, what s missing [VVG S3] in your life?” — ®o@m0? 3bmgMgdsdo Grodg gogwros [V
Prs Sg 2]?
@OMMOL  50b0I3z60LsL, Losmgdmsb Johomwdo sbggg obToMgds  s2em0s, MMI3d,
655330603905, gb 0bEPOLYYMHTo LbgsbsoMmo doImo3gds.
Do you know it’s a quarter to six? — 0gom, sbevws 993bb b2d9H0 friomo sz¢ros!

@I3b, 5p430s
Mbs 500b0dbML, MMI gl BMOIYPIO 35MOWIWNMO 3MM3NLOL JoHmmer Tbo@zcver
39JuGH9d80 PoMJIol 56 0dgdbgds. FbmEmE ®IL MOl F30Mg MOMEIBbMdom Lsdgsboghm

3999080, s oLoE F98MbomMd3589080 — LAz ©I3L/MI3ZL, LabimObBy 3L, sHMo/
0b@9Mglo ©93L.
O35 SHMO @ 3L [V Prs Sg 3], ao0mmddsdo — ,Logmabwg bogmabagl sbsb®omgdl®.
— The saying that life lives on life Aas [VPZ S3] a deep meaning in it.
opgz05 30 bmEm© 063wob)OH0Ib bsmodmadb Egdu@gddos 9odmygbgdmwo o,
OMYMOG 9O IYsts  BMIGOMb 535300093000 Bgdmom  500bodbs, IO,
0baol® 3mbLEGHGwJ3090L There is, There are dgglodsdgds.

Cecilia said, “There are torches behind the cellar door.” — Lo®@Eoxol oML 396
3oMb9d0 5§9300, — 3oobLYbs Labogrosl.
do0sb 3306y Mom©bmdomss oMo LEIGOINOO BMMIJP0  Fsbos, SRIGOS/ GRS,
sbbos/glbs. 9b M35655369w0 MBOHM TgBH0s, MoEYH bbgossbbgs 36093690mdgdo 5J3L: Lomby
9bbs, 35¢ms80 gx/glbs, bowo glibe.

OdMEoMb,  ©s13zboL  Loboom  Tgodwgds  0mglzsl, MHMD, MMmOE  dsbbowwo
0o500mYO0E6 BobL, JoMmnen bGHsGH03M® BmMmIGOL 0byeolvy®mdo Lomsbsm LEG03MMO
3mMdgo0  MomJdob 50  gmobogds. bdoM Tgdmbggzsdo  JoMmvyemo LESG03Wmo  BIbgdo
0baolmMo  gboll  3obom  3mBLGHOWIE0sL  gdmbgzgzs, YOS Yaw/gysts  BIbYdOLY,
MHMIwgd03 063olvy® to be BIbsL TggLlodsdgds o 53 EMML MmM039 9bs LEGHIG0IMO FMMISL
0949bgols.

albg39 PobL, HMI MsMRTb0 OEHOs® sTMI0WII0s TFNsMmE FMsMYTbgEDbY. ol
LFIoMEIds oMM boGYzoL yzgurs 360d3bgermdOL gobboegs s Fobss®lol dobgzom
oo Lbgs LoBY390mb ©o35300MYdS, SBY3g, MMO3g gbol MO30LJdMMYdJdOL Fomzsolifjobgde.
000L 250Mm, 3063093 Lo@Yzsl MoMTsbdo d3M0 Lb3sOlbgs 3oM0sbEHO Tgglodsdgds. sdgsb
299m80bsMg, gmo 9bsdo Lo@yzol oMzl dgmeg gbsdo, dgloderms, MsdEgbodg Fo®3gMo
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303530 Bozmody, 60bm xs585830¢v0, 565 BB3905030¢m0

3gmbql. 9o639M9d0L LodMsgmng 30 0oMmIBOLLL bgwl MFYmdL LomoMadb 9bsdo Lomsbsm
3m©IGO0L LHim®s dgmBggzal.

©sbsGoo
B3bme0o BHgagool Los:

Jodormmo $gagdo 0b6aolyy®o Ggagdo
v bdbos v do60m0 BIbs
Prs ofdym dfh3mogo P ©5dbdomg bdbs
Imf 0939390 B LOHMEO OIS
ConjPres ofdygmb 353806H9d000 G -ing gm®™ds
Fut 394 x350 D Dodlmeo oM™
Cond bmedgmdomo N 0000gmds
ConjFut 394 x3500UL 353006900MO I 0bg0bo@ogo
Aor 0939& 000 S ab. ®ogbgo
Conj_II IT 353806 9d00m0 P 6. ®ogbgo
Imp 06 dsbgdomo
Rezult 1 I »®3gmdomo
Rezult_II IT 0> 3gmdomo
Conj_III IIT 353806Mgdomo
Sg db. Mogbgo
Pl 6. Mogbgo
Subj bdogd@o
Obj ®d099d@Ho

Morphological Tags of Static Verbs for the Georgian-English Grammar Dictionary
George Chikoidze, Anna Chutkerashvili, Nino Javashvili,

Summary

Electronic grammar dictionaries are many-sided dictionaries. They contain information
about the morphological and syntactic properties.

lots of useful functions. They are used in the process of translation, language teaching as
well as in dialogue system management. They make it easier to annotate large text corpora. Such
dictionaries are equipped with proper grammatical features that provide correct word forms.

The paper gives description of some Georgian stative verbs for the Georgian-English
grammar dictionary. Some Georgian and English sentences containing such verbs are also
analyzed. Stative verbs of both languages have proper markers assigned, which consist of
morphological tags. The paper gives analysis and corresponding translation for each static verb as
well as establishes certain regularities between them.

MOP(l)OJIOI‘I/I‘-IECKHe TETHM CTATHYE€CKHX I'JIaTr0JIOB OJid pr3HHO-aHPJIPIﬁCKOTO
TpaMMaTAYECKOrO CJIOBaps

Huno J[pcasawsunu

Pe3rome

BJIQKTPOHHBIG TpaMMaTU4YeCKHE CIOBapU — 3TO CJIOBAPH, KOTOPBIE COLEPKAT CBEAEHHUA O
MOP(I)OJIOI‘I/I‘IQCKI/IX M CUHTAaKCHUYECKUX CBOMcTBax cyioBa. OuHu HCIIOJIB3YIOTCA B IIpOoIiecce
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IlepeBOJia, NIPENOJaBaHusA A3BIKA M yIPaBJIeHHSA AHAJOTOBBIMU CHUCTEMaMH. B To e BpeMs oHH
00yer4aoT aHHOTHPOBaHHE OOJBLUIMX TEKCTOBBIX KOPIYCOB. Takue CIOBapu CHAGXXeHBI
HaJIeXXallUMU IPaMMaTUYeCKUMHU DIeMeHTaMHU, 00eCIIeYNBaIOUIIMU IPAaBUIBHOCTH CIOBOOPM.
B craree paccMaTpuBAalOTCA TPY3HHCKHE CTaTHYeCKHe TJIarOJIbI LA TPY3HUHO-
aHTJIMHACKOTO rpaMMaTHIecKoro ciaoBaps. [IpuBesieHBI Ipy3sHHCKHe U aHTJIHIICKHe IIpe/JIOKeHU,
cogepxaurue Ttakue riaronsl. CTaTudyecKkue TIaroabl OGOMX SA3BIKOB HMMEIOT COGCTBEHHBIN
MapKep, KOTOPBIHI COCTOMT M3 MOPGOJIOTHYeCKHX TeroB. [IId KaXXZOro CTaTH4ecKOro IJaroja
aHAJIU3UPYETCSA COOTBETCTBHE IePeBOAY U yCTAaHABIMUBAIOTCA OIpesieIeHHbIe 3aKOHOMEPHOCTH. .
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Lsbgenms Ms35¢0349¢0 gm®mIgool 3969000905 JsMomvye- 0byemolm
wgdLozmbdo

0565 ¢PH0J05560d9, 19256 Js3(5b0d9
1 lordkipanidze@yahoo.com

H9bomdg

JoOmm@-0baoln®o  gMms8sGo3nwo  @gdlogmbol  3GMmaMsdM 5303530530
§o60mao0agbm 356745690 Ufjsgergdol bgsdby3gwmdom 8oa,mdsl sGLgdomo s
bgls@mmsgo Lobgamgdols dglisdyzoligdol gaabgdomgdolomgol. Bzgb 304gbgdam GeoTrans
boLBgdsdo ©EsbgM oM WMol 3MHMYGM90MgdsL. GeoTrans-o LfsgEmdl fjgligdl, Gmamds
306390  Gogol  3MgE03sGgool  3swsfyzgBHowgdgdol  Losk.  JsGmwme-obymobwmemo
30595¢03Mmo wgdbogmbol dgddbol ghm-gHhmo 3603369 mgsbo Lsgombos JsGmmm s
0baob® 30535 03ve Isbsliosmgdegdls de@ols dglisdsdobmdol aagbs. asbgobogrsgm
Jobmmeo  Lobgegdolbmgol  ©sdsbolosmgdgmwo  aMs3sGHoznwo  35¢gam®ogdol o
FsbsloomgdEgdol  Fglisdsdobmdsdo dgmxzo obyerobymo @m®m3gdol ©s JoModoom -
0b3obMH0Eb Jshommaobl, ag6gMomgdol seam®omdl. 3539693 00 gMmETsE 03
390936M098L, GMIMmgdoi 9430 JoOmwWeEr bsbgwgdl ©s, v obymobyy®do  sLgmo
39393M™6M05 56 3G0L, OMaME 65DPIMMEds SLgmo BMOTJdo 50©93335GM0 Lo@yzgdol
39696060 gdolLsL ©s 30Godom (0bymolwmoEsb JsOmmmdo).

153396dm Lo@yggdo:

80505¢90379¢m0  rgdbozmbo, Fsbfsbrymo  Ufszamgds,  bsbgermgdol  ge@dokgds,

8032960 368(5806985.

JoO oMo s 0bgol®o Lobgargdol nGIoMYOS s >0 MOPOIOHMT0TSMMYds IgH-
Bo3@gdo Log3rydgzenosbo@ss Fglfageowo gbsmdgsboghgdol dogd (2, 3, 4, 5]. wgydbozndo
0683mMT5300L 2oM©o, JoMmormwo Lsbgwol dmMxgdgdo 4oImbigdlb MoaEbgl; dMwmbasl; bbgoms
Lo@Yzsl; 096056, Bofoes3zsh, LogMEmdosd ©s JMm3zbowgdom BMmOIGPOL. oM
306039Wo@0  GmOIGO0Ly, BIELMMH3xdL 5300 MAROMMBOMO S MmEbsmdomo  bsGobbo,
M0IIOLOE 093-0030L0 FofoMTMgdgdo 5J3m. JoMmmer Lobgergdl, LsBmysmE, G300

0ONbgs  od3m, OMIWwgdog  0byolm®do  dbmwme  (obpadmeadom  godmoEgds,
39003609300 GMMIoL 4505, MMIYGLIE oMo Bomglomdomol BB Tgglisdsdgds.
dm30Y3560m (3bGOE,
Joborymo 0bgmolry®o Fbmmmdomo | 0bawolivyGo 3G sz3wmdomo
LobgMdOMO Basic form (Bf) Bf-s/-es
dnmbOHMd0m0 to Bf to Bf-s/-es
d0(3990m0 to Bf to Bf-s/-es
BoogLbomdomo/ The Bf, Bf's, of Bf The Bf-s/-es, Bf's, of Bf-s/-es
319360 gdomo
9 g890q0000 by Bf, with Bf by Bf-s/-es, with Bf-s/-es
300505000 By Bf, with Bf, became Bf By Bf-s/-es, with Bf-s/-es,
became Bf-s/-es
Hmgdomo Bf Bf-s/-es
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Lobgms 6M5853H0319wo gmmdgdol 3969M0Mgds Jo@mve- 0bywolyyé wgdbozmblo

abg3g PobgdMmadom  A5IMOoEgds  JoMEOL  MabEYdosbo s  bsffoszosbo
3mMdgo0. Mo3 9ggbgds  Lobgwol gm®mIsl, GMIWoms3 JoOmwEwdo s8m3zbs@ego dgoagbon

99dsbgbganl (3o.: LIbE0Y’, ‘Gomgeros’, 35005’, ‘©@OEOY,...), 0baeolvy@do dolo Fglo@yzolos
to be BIboL ofdym @MMoL dgbsdg 30MHOL GmEDs (Fsy.: bmMg obgmo Lobwros GMAMOHBY3
94m39wm30L 3m3bgdmdo -> This is just the kind of home we’ve always wanted; oo 3530
33939630Msdy... -> Kvachantiradze's a big man; 0dg®ool basbgwo Lyyaw fomgwos ©s dwbo®bgs
3939000 -> God's face is all red and stuck on a chimney; 005 3. MYMOHEOOMIOL Fo3agbs 3.
MGsdqby -> Wardrop's influence on Urushadze is considerable...)

Jo60Mo J0BoMMNIOOMO HBgELIOM30 Lobgwgdo 0bywolbyMdo godmoigds, Mo 0dds
bs, 00obEs dobgzom, vy GMIgwo  FOFJIGO0mss  Bofa®Bmgdo.  Fogseroms©
JmbeEmdobs: MBsbxOH™ dEOabs wrhxo 3gowgdom. -> Windowless cubicle with blue
walls. BLEGOMOMBL 5O ,m353M " LaBMYsMIOOLS O 9O Jowrms IgMIOGMBOLS 50 LixgMs! -> Strabo
does not believe either in “manless” society, or the women- warriors! ©)356Mm ©5 MRbXOHM MMb
39©9wdog Mmd BsgoMbowoygm... -> If he found himself stuck in a room with no doors or
windows...

JoHormeol 89smgd0mo bsmolbgdo 0ffs®dmgds s30dlgdoom: MBOHMMdOMOL v)--gls s
mEbsmdomol dm--m. ULbgo@sobbgs 8m®Igd0m  godmoagds obawolw®mdo: oEIlo s
Mdwoghgbo dMgboo the largest and strongest brands. ULodo®mggurm gMmo-gMHom mdwogmgl
Lobgwdfogmeo ojgs -> Georgia became one of the most powerful states in the East; 539 &Bgdms
MdogMgl od@m®s, -> United States was still the most powerful actor; 39300l 3gogero
dmfomoswm-3mysgoby®ms -> The wall of the wine jar is reddish brownish; {gocrog 9@ 3o
5 dmAf356m oym -> The water was a very dark greenish color.

296Lb353980 LMo 235J3L 0baErolMTo. sdoi 330d3L BgLIMMsgzoLsmzol Lado
g3mM3s, FbmemE 4o6Lb3sz9dMmo bslosmol: sgdomo (the positive Degree — long), dg@o
30L900L 5bsb0dbsg35 5 33°43L MO FMMTs IgsMgdomo (the Comparative Degree - longer)
Q5 50853 gdomo (the Superlative Degree-longest).

0b6aolbm®dog 33943L bi30dugdom bofo®dmgdo ©IMO35GOMWo BgELIMMz9gd0 [6,7].
50, Bmyo Jomysbo:

bmgzodbo -y - leafy -> gmomermgsbo, shady -> AHowosbo

LbmgzodLo - al —logical -> @omy03w9Mo, critical -> 3G:0GH03ME0

bmazodbo - ful — hopeful -> o099 gdYO, stressful -> LEGHOILEO

b30dLo - less — hopeless -> «odgm, useless -> MLoGMAJdM, careless -> MgHOOVIOIM

bmzodbo - ish - childish -> 3538360

bmgzodLo - -ed — tired -> oEPOWO

bmodbo - ing — interesting -> bLoobEgMHILM

bmzodbo - ly — friendly -> dgamd®meo ...

063olbrMo  FoMdmgdmo BgbsMmmoggdol mdg@gbmds dglmwos wgdbozmbgddo s
30 Jodmo dqloGygzobol dmdogds HMYIEo s6ss. b3gbh TbMWME 95 gdloowoBgdveo
BoLIMMs3900L EIMH035300 GmEHIGOOL FoMdmgds 43F0M©gds GeoTrans sbscroBsGHMGOL
2490myggbgdom s 990amd  JoMmerol Jgbodsdolbo  0byolMo  sdmbgswo  Bm®MmB0ID
39L5@Y30L0 TobobosMYdW GBI LHMOO GMMTOL 539ds.

06aobmMdo  MomEgbmdol  50dbodzbgr BgLIMmsg LobgEmsb TEse  SGLYdOM
Lobgl 36930 Mmdomol BMmMTs 5J3L, JoOmdo 30 IbMEMdOMOL: 39300 BsbsfgMos oGm3s -
> he left many recordings; o@Em©bgb IMogoewo gbs -> knew many languages; o35¢030
M@ R0 3945305, 3900 3bM3MYds, PoMdM©s dsb. ->Lovers she had in plenty, but life,
escaped her. 5306 @50m ygzgws 0byoOlyGHO Lobgwol dMO3EXMBOMOL BMOTsL  JoMonedo
L3560 M FgbodyzoLo FHMEMBdOMOL BMMIGOOE MBES 3930035 olfobmom.
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0565 (oo foRs60dg, (9356 8s365bodg

MMAMOE JoMmyendo, sbg3zg 0byolv®do a3bgzgds Lobgwgdo, GMIWgdos TbmEm
dbmemdom Gobgdo obds®mgds 85906, GmEs dobo Tgbodyzolo IMeg3EmdOomdos. Sbgmgdos
Jo6ndo: Bso, Bogomo, 333900 s Lbg. obawolwm®do: gold, gate, sledge, watch, clock,...

3039609300 [8] 0bm3zs30EMO LsdMTom MO EMBOL FMORMEMY0sDY, OO 3OHMYMILO
0ym LobOeo dmdsmgmdol G9dbozom dmOHamEwmaom™mo Fabgdol 3momgdol [9]. mwdgs
folgdol bgeroom 9gddbs FMMIsGHI3900 ©O OHMEHII9O0 20m35659, FobLEIMPGIdo® olgmo
M0 gbobmzol, MHMAMMOES JsODWWO. FoMEs 5Tobs, 3MmEbs®Y sxdbgdrwo LobEgdom
dbgeos Bbgs dbasglo gbgdol dsdsMmmzgs, dg33es 9b 5a3EGH0Mds. 50 FobyHBgdol godm, OO
06@96mqLo OHBMEMYO00L IIWsz3M0 93BMIoGH MO LoLEHGIGOOL B0ToMm, MMIWgdoE JomdMOg
3bsL 53EMBoGH MO 5IM0EGOL sbMEOMBMWO FJJuE0sb. B3gbo bsdwdgzemo 909303690
00 353 93MM050.

dOHBMmao0L Logerol bolEgdgdo dgodargds ogml bgsdbgozgwmdomo [10, 11] b
b9sdbgzgmdol  as09dg  [12, 13, 14]. Bgedbg3gemdol  asMgdg  Lol@gdgdo
293560890056 3498539090 LoEY30L BMMHTJPBY S 593505 MB0MOEILMBdS 5J3m, MO
o6 LoFoMmgdgb Lgadab@we dmbsi3gdgdl. dgmg dbM0Z, BysdbgzgEMdom JoEAMIYOL 593
96038369 mzsbo  M3065@bMdgd0  — olbobo  bsgmgds 900D  IBM30EIdMWwbo o
36319dBY, LoFoMMYdD 6530gd 5sT0s64YM doeolbTg3sl, 56 ML Lo FotMm gbols ygzgas Fabol
Bo0mm3ws s oboo gbol ImGmRMmEmyool slfoges 89sMgdom LiMoxgsw bwgds.

b9©59b939wmdol 4398 BMmORBME™A00L  EILHagol  LobGgdgdo, Mmames  §obo,
953Mdbgds Mo m™bol FMOFBMEMY0sL. gl FoEAMIgoo AsBLLZs3wYds HBYEsTbgL3gEMdOL
mbom, MHMIgwlsg obobo 0y4gbgdgb §gligdol golisggds. LGS BgsdbgzgEmdomo
doamds> 049690l d9gz560¢» LoGEYzsms y30egdl [15]. Lbgs LolEgdgdds dgodagds dmombmamb
39939600 Lo@Yyzgool Lgadab@ogos 96 sbowobo gmdol o6 oMol s  AMIToBH03MEO
I x53q9900L bs3Mgdol Loboo.

GeoTrans 53¢ MIsG M o656 gel 593l BgsdbgzgwMmdomo 3sbdsbmmo Lfsgagdol
BoBm, G0 onvdbgdwmos @mao3® 3OHMyMsdomgdsby. GeoTrans-8o 303mmgHs PGS
33mbMMmo 300boLS s BodE0mMYO0Esb. TG0, BMbMMO 3m©bs s 303mmgbs - yzgws
0090l MA03MOHO  3MMAMTGOOL  BMEToL.  Loxgwydzwosbo  3mEbs s Foge0mgdOL
90099390 LdMmEIMmem 303MmmMYHBS J99Mm0Yghgds sHowo Jgdmbggzgdol Tglogsligdes.

306500056 WMR0379M0 36059060905 M009J3HgoL  dmeolb  Jgdombggzomo
WOPOJOHDMOJOOL 458mbo@30L Lodrogdsl 0dwggs, GeoTrans-o WBOM 356 SLvb¥Eo
3®M0dH-06003690mdol oMM 96900, Mo BMbMGO EFmEbol  dmdbowo godmygbgdol
L53995egdsL 0derg3s [16]. ol obg3g o3l 30MoGJLMdYdO 0bym F0oEYMIGIME Fgrstmgdom,
HMAMO0355 N-3M5dol MY gdo, ©ITs)Eo oM3mzol dmEgwrgdo, bgoMmbrywo Jugwgdo
5 SVM, 6:00egdo §omdmowaqbab 8535¢0mgdl godbo®gdwyaro LogMdol dsbsliosmgdwrgdol
39JH™OHJdOL godmygbgdom. 59 FH9gdbozslb »FoML 30380Mgdol, M93MMLooLs s g HBOM©ez0
LEAHOWIBHYOHJOOL FoMdmagbs [17]. GeoTrans, dgmeOgl dbMOZ, 094gbgdl M©bOL FoMdm@ygbol
0bgdMm0g gbsl, MGMIgEros B39 dMHog 2sdmoygbgds obagoli@ozsdo s GeoTrans [1, 18]
LobEQdsl Joghmgds 9Bl FMMOBMEMAOMMO 35650YTJOOL Loboo.

0b©930mM0 9gmmEo 4ollbdmdl, oM 339990 dmbs3gdgdom GHMIbobaol gsBoL o
9b5(3909000056 BmAso ©oL3ZZ60L PodmEHsbol. G98aMmad IMORMEMYOYOHO sbseroBobmzol,
obffagerowo  9mbsggdgdo  FomBoMmagl  Lo@yzol  Gm®IoMgdol  Foalgdls ©s  Lo@yzol
8905003969 3033mbgBEHJOL IOl MMP0YH01JdgEJOS.

GeoTrans-ol 250mygbgdol God9bodg I3EIEMds 0gm ©s Fom0 ©9dgEHgumds gbgdms
39000609000 OO JOHFmEmaool dJmbg 969dL, OHmIwgdog 900s390b6 Modwgbody
og3ogbsgost [18]. 89w9agd0 35009 gdgeos. B3zgbo  FoBsbos bmaswo  sbodbywgdol
GeoTrans 9mOBmEmyool  dgalfogargeol  499mygbgds  Jo®ome-0baolvy®  aMedsd o3
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Lobgms 6M5853H0319wo gmmdgdol 3969M0Mgds Jo@mve- 0bywolyyé wgdbozmblo

9dbo3mbdo. s8G0Y5, 396 39990 FMbME (30EBL, HMIGEOE TR IOIIJI0S PHOMMYIO
960bm30L s MM0gHMNAGLOEHY30LgdOLIMZOL. Ol Fg0dwgds 3gMm0sbEgL gbol LdgEogogME®
9900b39390m96, Moms 259Mm3039BM® Fgbgdol 303mmgBYd0, HMIYdOE 2oBBMYsId0sE gbols
abogn Fogomomgdby.

IOHBM®a0Mo Halgdol Lfoges GeoTrans-0o dmombmgl dmbs3qdgdol 8mdbBogdsl
3561500033900 Lobom. Ls0sbs3 (3oL sdmmgds Imbgds obgmo 3M903s¢doL abom,
M0IgdLoE 999doom  53mbegswo BmMIoL sdmegds 5530JugdoL, doMOLS s JMdsE03wWEwo
Tobsoliosmgdol 0abE0g035300L a%Bom.

LobLEYIoLM30L LoGY3s83MEOIoL dofirrqdol 90gy BIds sbsWOBIGMEOL Asdmdsbgds
5 bYMOM BMMToLS S LOEY3oL FoboloomMgdWGdOL FoM3gMdOL STMPgds gbol dgLsdsdoboco:
GeLM/EnLM. 8900097 36903530 MatchGE «b&mvbggeymgl Js®ome -> obywolw®o bomom
53mMIJOoL s FMORMEMPOMOHO 56 39MJd0L  Tglodsdolemdsl, bmenm MatchEG 0bgrolme
-> oML,

0dobom3z0l, MHmId GeoTrans-ds obfogeml Fgbgdol bs3mgdo, gomzowobfjobgdmwmo Mbos
oymlb  Fqbgdol  3M903530. 30650056 B39 3LHogwmdm Lo@yzgdl Tom Bwdgbmob s
30505303 obsbosmgdmgdmsb sbmEoMmgdom, 304gbgdm 3Mg035GOL Ldgdst rule(L, M)
Lo L- lemma @gdol s9mbomgds LoFo®ms gdols o LoGYzs3m®mdol dafo®mdmgdgwro
5530gbgdoL oYJboL 3Mgo3oGo - lemma(prefix,infix,stem,suffix). GM9gbobyol Jogoromgdo
LEAHOYIGHYOOMIOME0s 53 3090353 Jd0L bdqadgdol Jobggzom.

0529oMO©,  Jododo  sMLYdomo  Lobgwgdolmgol  dbmermdomo  Moabgol
Bomglomdomo Bm®dol 0bgyerolmMo Fgbs@ygolbol Todermbol ©oygbs @s ©sdsblimgMgds
dmbgds 9900930 360900353900L 250mdsbgdoo:

MatchGE (GeLM(993md®0l), EnLM(friend’s)) -> MatchGE (rule(lemma,marker), rule(lemma,
marker))

MatchGE  (rule(lemma,marker), rule(lemma,marker)) -> MatchGE(Ge(L, NSgGen),
En(L,NSg(Bf/Bf's/of Bf)))

bmerm 990gma Jo®oreol 3gbo@yzobo 0bywolv®o gm®dol dmdgdbs:

TrGeEn(99md6ol)->MatchGeEn(Ge(dgamdoto, NSgGen)) -> En(friend,NSg(Bf/Bf's/of Bf))

LobHogerm Bs3dgdo 8935000690  Jodmwm-obywolm®mo / obyerolmé-Jshmmwo 13
BgLIOM30L5 S 94 SOLYdOMO Lbgeol LG gMHYMEH03MYo 356M5E0ddol dobgzom.

0MLYd0MO  LobgEgdobmgol  Lodogswomm BozMgdol 3MmmyMsdol Lfsgwgdol dgdwgy
Jo®rm-0baolbyyMmo  dglaBygzolgdobmgol wgdbozmbdo @sdsblbmg®mgdyar odbs 277 fgLo,
0b6aobO-Jo@omnmmobmgol - 2. Msg  9ggbgds  bglbommoeg  Lobgargdl,  JoMowero
0sfoMImadgeo  5sx30dugdool  asmzacolfjobgdom,  wgdbogzmbdo  Bsofigts  JoGorvyem-
06olrGolim3zol 218 fgbo s 0byolivy®-Jo®mmmoliomgols — 8.

LobEgdsl dgyderos 50000 9dosb bofo®dmgdo Jodmwmwo Lo@yzsgm®mdol LfimMoo
23996oc0Bgds  100% LoBMLEGHom s Tglsdsdolo  obyrobymo  Iglo@yzolgdol  dmfimgds.
0O3LHmEOo  sboewobo  Fogzmmgbgds  Tbmermo  GHM9bobyol  3m33ergdBdo  FgLoedsdoLo
352500 JdOL SGSOBYOMD.

Generating appropriate forms between Georgian-English names in the grammatical dictionary
Liana Lortkipanidze, Levan Makrakhidze

Summary

We present a supervised machine learning approach for generating matches between nouns
and adjectives in a Georgian-English grammar dictionary software application. We use the logic
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programming implemented in the GeoTrans system. GeoTrans learns rules as a list of first-order
predicate solutions. One of the important issues of creating a Georgian-English grammar dictionary is
to determine the correspondence between Georgian and English features. We will consider the
algorithm for generating English forms corresponding to the grammatical categories and
characteristics characteristic of Georgian names, and vice versa - from English to Georgian. We
show the categories carried by Georgian adjectives or nouns and, if they are absent in English,
how such forms are compensated in generating adequate words.

T'enepanus coorBeTcTByIOmuX GOPM MeXAY TPY3SHHO-AHTIMACKUMY MMEHAMH B
TPaMMaTHIe€CKOM CJIOBape

Jmana Jloprrumanngse, /lesarn Maxpaxmzgse

Pesome

Msl mpefcTaBiseM KOHTPOJHMPYEMBIH IIOAXOZ, MAUIMHHOTO OOydYeHUd MJi CO3JAHUA
COBIIQJIeHUII MeXJy CyLIeCTBUTEJIBHBIMH M IIPHJIAraTeIbHBIMH B IIPOTPAMMHOM IIPHJIOXEHHH
IPY3MHCKO-aHIJIMHCKOTO IrpaMMaTH4eCKOTO CJIOBapA. Msr  wucmone3yeM  JIOTHYeCKoe
IIpOrpaMMHpOBaHue, peanusoBaHHoe B cucreMe Geolrans. GeoTrans m3y4aer mpaBmia KakK CIIMCOK
pellleHMH IIpefUKaTOB IepBoro mnopaaka. OmZHMM M3 BaKHBIX BOIIPOCOB CO3JAHHUA TPY3HHO-
aHTJIMACKOTO TPaMMAaTHYeCKOTO CJIOBaps ABIAETCA OIpefiesleHne COOTBETCTBUA TPY3MHCKHX U
aHTIHiCKuX ocobeHHOCTeH. MBI paccMOTpUM alIrOpUTM (QOPMHUPOBAHUA AHTIUNACKUX (GOPM,
COOTBETCTBYIOUIMX I'PAMMATHYeCKIM KaTeTOPUAM M XapaKTePUCTHKAM, XapaKTePHbIM IJI TPY3UHCKHUX
HMMeH, ¥ HaoOOpOT — M3 aHTJIMHCKOrO B IPY3MHCKHI. MBI IOKa3piBaeM KaTeTOPUHU, KOTOpPbIE HECYT
TPY3MHCKHe IIpHUJIaraTeIbHble WU CYIeCTBUTEIbHBIE, U, €CIM OHH OTCYTCTBYIOT B AHIJIMICKOM
A3bIKe, KaK Takue (OpMbI KOMIIEHCUPYIOTCA IPU OOpa3soBaHUHU afleKBaTHBIX CJIOB.
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L®s@0s8o gsbbommos @osemymeo bobEgdol 3hmyMsdmmo MGgsErobsgoobomgol
353mygbgdrmo dgomEgdo, TmEIEWwgdo @S smamGomdgdo. bgodmbmymwo  Jugmol
dmgEol 3sg3¢omnDg 990s6MJdM@Oos Mo seamGomdol: ,0931MgbGwo bgodmbrmmo
Jugero“ - RNN (Recurrent Neural Networks) ©s 9.§. Seq2Seq (fygomgdols msbdodgztmdols)
0m85md0l  39g900. JoGormmgbmgsbo GgJu@deo dslsegrols Lodfomol gsdm  dsbol
39Us0oMYPIWs©  3sdmgoygbgom GeWordNet - dJoGome Logygzoms  Juyeosb
©53969000gdmmo  GadbBgdo ©s L3mOGMEo  mydsGogzol  GoduBgdol  3mGm3Lo.
9gL39M0d9xbBHYdTS 583963, MM GeWordNet d5Bols Lo JoBNMEo M>MFTB0M S 58 MMOo
3eam®0omIol 359mygbgdom dga30d¢os oy ©sgbgghimm Bggbo osmmym®o boligds, Gmd
356 9gdmb 3mb3zmMgbzos gsrfioml 3ol 0bywolm@mgbmgsb sbsgrmagdl.

153356dm Logygzgdo:

@oserg 6o bobhglds, (932969600 bgothmbayemo Jbgero, Seq25eq s¢vgmdoodo,
GeWordNet — JsGo=yem bodggsos Fbgaro.

05MAH0 LOLEJIOL Oba30LEHWOO SBsEODBIGHMMOL 3MMAMTMWo 033wgIgbES30s
096HbMmds  30639duEBol BMdgbGsgool Bgmmel, GMIgeoa ©sgwydbgdmwos bsdo mbol
LobBHYdsbY: obagzolEMMo Bmgwro, [fobswswgdgdol sdw)dsgzgdols doMomso dgdsbobagdo
5 35L0b 535380690 3MMEIPOJO0. 3MmEBOL  BBLMD  3MmBMbogsgool  LolEgds
890dgds Homdmagboo oyml d99gabsodaco:

CS =<LM, BM, Pr>, (1)

Losg LM o0l ¢robggol@mMo dm@geo;

BM - §0bssg0900L 599853980l doGromaeo 997s60bdgdo;

Pr - 36m3g0mM9d0.

o0b930LGHMMo dmgero LM 8903s3b 0683063300l 3mbgd®ogo gbol dmGmgmenmyool,
LobEHodLobs s bgdsbEozol Tglobygd.

BM-80 do®omso 3999obobdgoo sbm®3ogargdl mmb dmages® xwbjsost: ¢@l: T—L
(OmORM@®aowOHo sboseobo); e2: LG (LobGodumo sbswobo); @3: G—-SG (bgdsb@Eozm®mo
oboeobo); P4: SG—Q (BHMBLESE0s), Lowsg T M0l dMbgdMogo gbol BHgduBo wgdugdgdol
LodMogol Lobom, L ool @wgdlgdgdol LodMmsgwrg INOHBMELMYOMO 0bxzmMIszo0m; G sGob
©53Mm3090wgdol by wgdbgdgdom dob 3ghmgdby o Tomo  3ogdoMgool  sdLabggo
M35¢900m; S 56OL LgdsbEozmo aMmoxo s Q - SQL Immbmgbs Logzzsbdm Lodyzgdol xo3F30lL
Loboo.

Pr 3603909909080 0olbbdgds Hmame s, Hobswsadol aymas wgdlngdgdsw, obgzg
4395 3MHM(39OMM, Mo sbmM30gegdl dmbsogdgdol go®mogdbsls.

Q05MmAMH0 LoLEJFsdo 06xMMTs300L FJofmgds bgds sMILEHMMIEVIMOMYOWS.
500¢md  9930mbg5/0mmbmgbgdol  ©sdmdsggdol  dbMmog  Iglodwrgdgwos  goblbgeggdmero
doamds.  ov)  dmboggdoms  LEHOMNMIGHMOOOPMWo  BmOIom  JoffrmEadolst,  dsmo
05399853900Lm30L SQL  Ls3domobo 0gm, ©EOIL 99339 5MLEHMMIGHOOMmIdIYwo dmbsgdgdol
515899053905 MBOM HA0MmOE Fodmoygbgds NoSQL.
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©05¢ma)MH0 LolEGJIoL 565¢r0BIEMMOL 3HMYMmSTMeo 033¢d9bEs30s

do05b dmzg SQL smHol LEGM®NIEGHMOOMmdMEo Fg30mbgol gbs; dslido Imboizgdgdo o
Jomo  MOMOYOHMMIJO0  0bobgds  (3o3g  3bO0wgddo; sb3g  SMEOWGdYE0s  Bmbsigdms
05603 oMgdol s  gobdadEBHgdol gbol 3mbs; 9353Mos  OIEO  Y439es  dmbsigdol
0565000093Oemds.

NoSQL o6 oMol  ©93ws@sgomwo  dgzombgol  gbs;  dobo  Bsbsfigmobomgol  sGss
030 gdgo §obsliffot aoblobmgmmwo Lggds: GglodegdgEros AsLewgd0-d60dgbgwmds (Key-
Value) §9300g00lb, 3bHowgdol, ©m3mdgb@gdol, 2Mo1303900L dmbsigdms dsbgdol dgbsbgzs;
3959 gdg0s 3MILGHMWIIGHMOM0MHIOMWO O 3M3MMRBMBOMYGdI©O Fmb3gdgool As8mygbgds;
21939 o005 FMbo3990m0 bgerdolsfigmdmds.

9600d369mgsbos 3093 9gMmo  BoJBHMMO:  JOMOMOEIE  0bBMMTs30s  LobGgdal
9090™m@gds 39698603 Lowsdstozm 9bsbg FoMmdmygbowo Fgdu@gdol Loboom s, Mo mgds
B, 3MLEHMWIBHWOOMIOIMESE. B3, 3oUvbol dogdolal LobEgdol dwdsmdsdo Mbs ogml
239035¢0L{obgdm o, 3bgdMogo gbol 1530LgdMYdGOMIB gBHMs.

3OGHOMIHMO0MGIM  dmbszgdgdol o6 gsBbosm  833900M0  2s0mbo@yero,
3003093HMOBY 5300  Mgo0bHYds©o  BLEGHM®NMIGHMMS, 90 SOBYOMBL  3MB30MGHIOMIS©
6950HgdMEo 9lgdo 56O E INORMEMYOMOO, SO LoBGIJuMMO s sOE 11YdsbEH03MMo Mbob.
0Md3o 990amddo dqlodwgdgewros Imbgl ©M399bEHJd0EB LEHMWIGHOHOLS s 1YdabEozol
299Mmymxs. 58 aBoo bgds ©M3MIgHEJdOL doBol bobg3z™s-LEBMmYIEHMMOMmYDds. BoMmow0s, 50
390mbggzs80 96O  sMOLIOMBL  MYWSEoMMO  3bOOEgdo  3MBIOYHMWO  39Wgdom,  Toaeod
d9Lodwgdgos 9. . gobomgdo  LoGY3gdol  Lodwswgdom  dmbEgl  dsmo  FoMdmoygbs

LEAHOMIGHYIOOOJPM  3bOHOEGddo.  sOILEHOMIGHMOOOPPMWo  E™mIMIIBGHIO0 53539 OOML
390393L LEAHOMIEGHMOOMRWME Bafowgdlss, Toy. FBSBMbBEgTIOL (53BHMMOL 235MLS S Lobgl,
©0oMaol 9oL, MIGOL ©s 5.9.). 3OMMYMITMNWo MHBOHMB3gwYmBoL 0blEHMWIgHEJO0m
d9Lsdergdgaos dmbgl 59 LEHMMIGHMOMOL 3o 3gmero bsfowgdol dgdbs golismgdo Lodyzgdoom.
Bg0mom  BodmmM3Eowo  »30MsGHILMdJOOL s FoMEH030  bgardolsfizmdmdol  gsdm,

239050ys 399my3994969d06s bgo®mbmmo Jugawol dmgeo ©s 893390090065 3565L369¢
§9080 30390 MO0 seamGomdol: Recurrent Neural Networks o Seq2Seq, dw9dscmdols

89©939%0-

Recurrent Neural Networks (RNN) {o®dmopqbl bgwmgby®o bgodmbrmo Jugargdol
3sllL, boog 3939060 3396090l FmGOL sx3mGOGIoMgol JodsGmvyen (directed) @ 5M530BoMNVYCN
(undirected) 9MoxL EMMIO0MO  F0IEIIOMOOL  PolP3MH0g. gl LEGMsEIGdSL  5dengal ol
299053@0bml MHMgdomo ©obsdozmmo Jagzs. d9ddboo bgommbmwo Jugerol Lsggmdzguby
30053000 393006000 RNN-U  99mdwos  godmoygbmlb  00300bm0  dos  3amBoMgmds
(@gbLogmads)  (33es0  LoaMdol dgdogoo  Bmbsgdgdol  odwydsggdobsmgol. gl bool
299mygbgdol  obgmo  53m396900L ool FMYEe©,  BIMYMOMOES  9MLYTIBEHMYOEO,
05393000900 bgebsfig®ol sdmEbmds 96 B3ol sdmEbmds. mgmGmomws© ©939M96@ o
Bgo®™mbmo Jugargdo LHos GHowWOHObyol dobgzom s gMdewosm g9w9dzs6 gdombgggzomo
360 MyM59900 d9dmbzg30m0 196303 3MMdOL F9dsgseo 3mboiEgdgdol slodwdsggders.

A9Mdobo ,6H939096GHMwo ByoHmbymo Jugeo® 4e8moygbgds ML 033ElvyMo
3sbybol ddmbyg Jugegdol 3asbmoeb d0doMmgdsdo, RNN swogm®omdol dglbobgd 2022 {ierol
dgmeg bobgz™ol s699H0Td0s ImmbOHMBOO. sbens dg39bgdoom Seq2Seq sergym®omdl.

sequence-to-sequence, Mol bgoM®Mbywo Jugwolb seJoEadBHOol  Godo, GMIgEos
39406owos  33woo  LogMdol  ®obdodEgzm o Imbozgdgdol  oleddoggdwrs. 0o
B39 gdMog 450m0ygbgds 396930030 9bol ©sd)ds3g0ool (NLP) s0m3sbgddo, GMmamMoiss
056456160 0063560, 9@ Y39 gdol 59mbmds s GHaduEoL MgHBorTomgds.

seq2seq 8mEgMo 993905 MO0 bsfowobysb: gb3m©amo (JoxzMmo@Gm®mo) ©s ©Y3MmEIOO.
963m©9M0  00gdL  dgyzobol 96808 g3emdsL s  HoMmBmddbol  godloMgdo  Loa®mdol
39JH™OL, GMmIgwos 990y 03300900 ©93MYMT0.  ©I3MEIN0  SHoMmTMIdL  odmBogsw
056000©930M0d5L, MMIYE0E sx3AbIdWMos 3MEOMIOOL Fodmliobregdaby.

3993960L 5 2odmdsg5¢0 Mobd0dgzH™MdYdO Fgodegds 0gml bbgsolbgs LogMdol, Msg
seq2seq-U LoboMgOEMl bol obgmo 58MEIBJIOLMZOL, MHMYMMOES MoMATBO, bysg dggzo60L
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5 250mBozswo 9bgdol [oboogdol dgodergds 3Jmbogom Lbgsslbgs Log®Mdg. Seq2seq slsg3g
99005 29033l 5dmEsbgdlL, Losa d9yz9bol 0sbd0dEYzMmds Mbs Mo0ddbsl
296b3539080 BMEOT>To 56 Fo@Im©Ygbs30, HMYMMHOEsS BHYJuEHOL Tgxsdgds.

Seq2seq 0ym 3M3MWsOHMWO 5OJoBgdGH s NLP 59m356980bm30L o 250m0yqbgdmes
0936 M95E 531035309080. dobo Fomds@gds g0dwgds 3035(gMmom ol wbsdl, gi39JEwIMs©
000g3oL  dgyzsbol  3sb30dgzmdol  3mbGHIJuBHWOO  0bBMmOTs3zos  ©s  4odmodMToml
3600369 m3560 2593350 3963003 MdYdO.

Seq2Seq  spmMomdo  (sequence-to-sequence LoGYzolL  FgdmzaEgds)  PoMdmoaqbl
ByoHmbyo Jugrol dgbl, HmIgos 2400m0949bgds 5600000930 ™dOL
056000093MMdL0sE  slobgol  3MMdgIoLomgol,  Losg  89ds35eo s 39dMTozow0
05650080930™d9d0L  LogMdggdo Tgodwgds goblbbgozgdmgl gMH™MTbgmolisgsb. ogo sbg3g
36MdoE0s, MMamE 3 encoder-decoder dmgero.

seam®omdo  99ygds Mo doMomso  3m33mbgb@ologab: gb3m@gMols s
©93Mm@©IO0LLRD.  9b3Mm©YMo  0gdlL  F90535¢0  M9bT0TEYZMMBL s oMEJdbols  dsls
5304boMgdMEo Loa®mdol 39dGMm®To, HGMIGLLE 9fimEads “3mbEGHaJuGHOL 39JBH™M0”. b 39dGHMMo
93Mm©0MgdL  899m8s35¢00 39bd0dgzmMmdol dm0sh 0bxgm®dszost. 898wy 3mbEIJuEHMEMO
39JOMO0 350593995  ©g3MEIOL, OMIJwoa  93969M0MGAL  godmdsgoc  MsbI0TEYIMMISL
3m639JudMMo  39BH™MOLs o 0650y  ©ogbgMoMgdmo  4sdmdsgowo  Logbowol
bogd39EBY.

State Decoder

Y

L 2

Encoder

A J

A J

Input

Output

Lbm@omo 1. Encoder-decoder

MH0amO3 §obo, 9b3m©amo sl M939M9bGMwo bgodmbmmo Jugwo, Hmammoigss LSTM
o6 GRU, ®m3gewog 50995390L 990m8s35¢0 0963008 q30Mmdsly 9000 GHm39bs momm xgHhbg dobo
oMo 8EAMToMgMdOL  gobobegdom gmgzgge doxbg. 963m@gMol LsdmEwmm  BsGmwo
900 MTsMmgMds godmoygbgds MHmame3 3mbEJuEMeo 39JG™Oo.

©I3MEIO0, 0lY3) OMRMOE JB3PEIHO, HMIMOE fgbo, §oOTmaEagbl MI3NOIBEN
BgoOHmbyan Jugel, Gmdgos 00gdl 3mbEIJLEGHNMIO 39dBHMOL s 53969M0MIOL  godmdsgon
05600000930 9O BHM396s0 Momm XIOYY. ©I3EION0 0b0E0sODPIYdS 13YE0SW IO
A&™39b0m, H™Igaro Fommomgdl gs0mdsgzoero sbdndgzmmdol alisfyolBby s s39bgHoMmgdL
990pmd BHm3gbgdool 3mbEgJud«mo 39dBHmMmobs s Fobs @IRIbgHoMmgdMwo  BHmIgbgdol
155399390 BY, gb LEOHYYEEGdS Tobod, Lobsd o6 ogbgMOMPYDds L3xE0SW MO FHM3gbo, GMIgwoa
909900mgOL 359353500 156303©H3MMBOL Ll DBY.

Encoder Decoder
FC
i
nx Recurrent Recurrent Xn
t i
Embedding Embedding
SouTrces Ta rgets

LbmGomo 2. 90ggdo RNN encoder-decoder dmqgendo.
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Lfogegdolol dmEgEo Mm3EGH0doBoMEads Moms d90830MHEIL bbgomds 3Mmybmbomgdwen
290m8535¢ o MJoMEO© JoMIdIE  A33MT535¢ 3sb580TEY3MMBdJAL  FMMOL.  sdoLEMZ0L
299m0ygbgds olgmo  3Hgdb03gd0, GMYMOOEss dowradEbgdgwo dobfogwrgdgwo b Lbogol
9cdgobs. dsersd@obgdgwo dobfogErgdgeo wolbdmdl MgowrwMs JowgdEo 4dmdsgzswo
05680093000 godmygbgdsl HmamM3 ©g3MmEIMol dgdmdsgswo dmbs3gdgdl ymggee dox by,
05906 Gm@s Lbogol dmdgdbs  4meobbdmdl  Msdgbodg abol  dqbffogersly  odmdsgseo
90093M™d0L LogM 390 439w sBY bEgaMOM 0s6T0IIZMMBOL FmMLsdgdbsC.

Seq2seq 56JoGgddHMs 0gm 3m3wsmvyo NLP 59m3sbgdobmgol s 200moygbgdmos
0936 Mo 53¢0035309080. dobo [oMmTo@gds dgodwgds 8035HgMmMmm dob MBs®l, g539JGMEMe©
000gd3oL  990Mm0535¢0  156308g3MmdoL  3MbGHIJuEHMMO  0bnM®MToz0s s 39FM0dNToml
96033690 m3560 450tm0535¢0 56800 93MM™MdGdO.

oMLgdMdL  seq2seq  9MJoBgdBHWOOL  M59gbodg  sbsermao, GMIWgdoE  0BosMYOID
239633999¢0  dbgoglgdgdl, dogMsd sbg3g 9930 MbosrMEmo  Bsbsliosmgdergdo, MMIgdo3
245b5bb3539096 Bom. 50 BMY0YHIDO ssEromo:

AOBLEmOIgMo  (transformer): Transformer oGOL  9obdobmMo  Lffsgargdol dmgwo,
M0Igedoz 9mobobs Mggmen30s 3bgdMo30 960l sddsg9d0L s3Mm3s69dd0. ol 2017 Farol
659630 0dbs 990mmgdmmo 3sL3sbol s Lbggdol dogh. s ol F9dgy obs gOHm-gMmo
g439wobg  3m3smo  ImEYEo  53mEsbgdolmzol, MmymMmoiss 356Jsbwmemo  mamydsbo,
300b35-35Lv9bo s BJuBoL ggbgeoios.

GOBLRMMIgOHol  dmEgwo  sxRMdbgdMwos  MZ30MYMMHIMOIOOL  0©JIDBY, O3
153 gdsl  5dg3l  IMYL  3OMABMBOL  25390900LL  SfMb-fmbml  fobswswgdsdo
Lbgoslibgs Lodyzgdol 360d3bgermds. sM0bgwo Imgurgdoligsb gsblibgsggdom, MHmym®moEss
693760950 bgommbmwo Jugargdo (RNN) ©o 3mbgmeowsgom®mo bgodmbmwo Jugangdo
(CNN), 6mdmgdog 9990539096 990tm0o35¢l 00630000930 s© 96 g3odboMgdmwo  bmdol
03obx®q080,  BHMBLZMOToGHMMOL  JmEgl  dgydeos  Fgyzsbowo  bodyzgdol  dmgero
096300©93MMB0L 35MoWgEMHO ©Tw)ds3900.

G®BLEMMIGMHoL dmgwo dgygds 963Mm©IMoLs s Y3MYMOLYSL. 9b3m©gHo 0Mgdl
990m0o35c00  bT0dEg3M™Mdol  BH™MIGObgdl s  939bgMoMgdl  gsdmdsgscro  39dEHMmMgdol
JHNMOOMAL, Mmomm 9993560l FHm3gbolbmgzol. mommgmwo 2s0mdszs¢o  39JGHMOMO  SMOL
99y3960L  399BHMMgdol  Fgfmbowo  xsdo, mbgdom  AsbLIBOIMMWO  MZoMNYYMI®IOOL
d9dobobdom, GmIgwog Lodmowgdsl sdewg3l dmEIwl BmIMLOMGds Fmobobml dgyz060l
90093M™d0L yz9wsbg GgLodsdolb bafowgdby.

0930 00gdL 458MTs35¢ 39dGHMMPOL 963mYM0ELE s FoMdmddbol yodmdagso
A™396900L  30bd00dg3MMdsl. ol sbggg 0ygbhgdl ™o30L  YYMOEEYdOL  89dsboHal, Moms
5030069l 9993960l sb30dEgzMMmdol MHMIgwo bsfowrgdos y4gzqgwsbyg dglsderm odobstg
399m85350 GHm39bobsm3zob.

GOBLRMOIGOHOL  dmEIEol  JOM-gOMO  FMegsM0  0bmgsEoss  BMOZOX™M30560
499605000 go0L godmyqbgds (multi-head attention). gl Lo gdsL 5deg3L BMEIEL dobobomls
Lbgoolbgs OO gOHmMdJd0  8gdmdagoo  ©s  2odmdsgowo  0o630dgz™mdgdl  dmMol
IOOOOMMWOE. FoRO0Ms©, FMmEYEl 99mdeos gMoEgds d0sg3oml Mmym®E Lodyzgdl
dm3gdmero bodygob ffob s dob d9dgy, g3y BoE0sbMdsdo Fgg39b0L s YodmTogoo
056300930 dgd0L YYOHO0IOHMB.

GOBLRMMIGOHOL BmEgero s15939 Mozl Bs®BYb 393806MH AL s Fgbol bmEMTseoBYd,
653 bgwl  9Pymdl  Lobfogwm  3MmEgbol LGB0 oDBsEosL s  FmEIErol  Bdomdols
245999% Md9gLYOS.

GMBLEMOIGHoL  ImYEol  gMo-gMmo  M30MsGHILMdSS  dobo  (33eso  LogMdol
390m0535e0 5 459MT535¢0 0963d00EIZOMBIOOL o3 Ts3900L MbsMo. gl AoBLEIMIMGOOm
39050  9Mgos  58mEsbgdL, MMAMEOOES  BobdobMo  MaMadsbo, Loor 990mdsgswo s
299m8s35¢0 356808 x3MmdYdOL Loga®mdg dgodergds gsblbgszIdmEIl Motyadbowo gbgdol
dobggz00.
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GMBLRMOIGMHoL  dmEgeds  Josefos  Mebsdgmmzgg  Fggagdl  dbgdMogo  gbol
05899853900l 59m396980L  BoBmm  13gJBHMTo s FobEs 3MPBY3960L FmEgmo 53 Lyg@Mmdo
965350 9330g35M0LMZ0L @S 3M5dEH03MLOLMZOL. Folds Ho®Bo@gdsd Tmospambs dgdgmdo
dmgwgdol  B3gdB®o, doom  dmeolb BERT  dmgmo  9bgdol  fobslfsmo  Lfsgargdols
Pom3mepqbolbmgol s GPT 8mgegdol bgMos @gdu@ob 49bgmomgdobmgol. @®msblgm®dgmol
9gds goM©oddbs 3969dMH0z30 96980l ©sdMTs3900L LEgMH® (33sEo LoaMdol dgdmdsgswo
5 35005350 056800 93MMdJOOL NBOHM  DBMLGHO S JBIIAHMOO  ©sFMTs3gd0m. dobo
06m3530996H0  258mygqbads L3N ™93B  YMHOEEIdOL  F0gd3g30Ls s  AMmZoeTBOHOZ0

9499650090l 396¢HT0 gobs 3564obwMmo Lfagangdol moebsdg®mgy dmgurgdol J3s3mombgwo
Q0 0b, bog9MMM, 390AMA fergddo 0dbgds 33¢g30Ls O Fob30MMGOOL oMM LG M.

Output
Probabilities
A

[ Softmax ]

N
[ Linear
([ Add&Norm  J& )
L
Feed
- . Forward
9[ Add&Norm ] A
[ Fclcd \ [ Add&anrm ]é
Forward ) Multi-Head
N Attention
9[ Add&Norm ] AN AN i
Mult-Head )
Attention (_Add&Norm &
L A_N AN y Masked
N Multi-Head
Positional Attention
Encoding T 7

[ Input ] —

A
Emb:‘]c\lding g?_®

Positional
Encoding
Input Output
Embedding
Output

(shifted right)
LbmGomo 3. Transformer-ob s6Jo@gddweo

03™M9b3mgMo (autoencoder): Autoencoder 6ol BgoHmbywo Jugerol @odo, Hmdgerog
ROMMEO 350m0949690m©s 3MbGHGMEmM Lsbfagwm 59m3s690d0, HMAMMOEs 29BBMIowgdols
89030M9ds, BMTse0gdol godmgzwgbs s dmbsggdms 893madzs. gb sGOL FoMGH030, FoaMs0

dd93m0 9MJoBHIBUIOS, MHMIgElsi 9gmdwros obffogerml 89yzsbol dmbsizgdgdol 989dGvMo
§o00m9b5, 9¢039G0MgdMwo GHMIBoBYOL Imbs399930L LoFoMHMadOL go®qdy.
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33)™M963m@gMoL semO®OomMI0 F9gds MMO doMOMOEO 3Mm33MmbIBEHOLYD: 9b3m©gMols
5 ©©93MOIMOLY6. 963MmEIMO sbobogly Ggdmdsgoer dmbo3gdgdl Jggws bbmIowgdsdo, bmwm
093IM0 SBobogl sdogOHYIE TMbo3gdgdly Mo3Ws30M3gw F9g3560L LogMEgdo. seEraMmMomdols
d0Bobos  990mBozoo o 290MTo35¢0  Fmbo3gdgdol  bgomdol dobodmdsdg dgdoMgds,
MIgeos 36Mm00w0s HMymO3 MH93mbLEGMYI300L dgzmads.

963gM0ols s ©g3MmEIMol 3mA3mbgbEgoo, Gmamema Palbo, bgMyowos Gmymes
BgoOmbmyemo  Jugargdo. 963m@gMo  0MgdlL  dgdmdogowe  dmbo3gdgdl o  ofotmdmgdl  J390s
296Bmdogdol  Fomdmpqbsl, MmIgelsg B39Mmad®og MPm©adb wo®Ib@GM® 3mobL b6
dMmWb.  ©93MEIM0  0JAL  WOBHIBGHMO  JMEL s SFoMTMGOL  2oTMTogzol,  GMIgErog
9ogdLodoEMmo@ b gdmbgzgmgly 999mdogow dmbo3gdgdl. 8999y ©H3MEIMOL godmBsgswo
99005609005 890mBo35wmab s  Mg3mbLEGHMWJ300lL  Fgsmds  A98Mm0oyghgds  MmymMs
0535033006 8969305 JugErol M3EH0Tobsgoolm3zoL.

034™Mgb3mgmol seramomdo  Ggodargds  4sdmygbgder  odbsl  bbgogslibgos
50m396gd0LmM30L, HMAMMOESS FodmUsbmadol s 3oml 8933335, 398HY39wgoolL s3mMEbmdS
©5 3196936030 9bols s3MTsg00s. F9QO0MOE, ASTMLILYYgdol Fg3w9ddzol Fgdombgaggzsdo,
963m©9M0 sbbogl Fodmliobryemgdols oo gobbmdowgdosbo 3odugwgdol 860d36gmmdgdl
J39095 3obBmIorgds80, bnwm ©Y3mEIMHo sbsbsgl 993w9ddwgen 459mbobmegdsl M3s30MHZ W
bmEombg. 89yzo60L  dmbo3gdgdol  989dGHOM0  omdmaqbol dgbffagwom, 933™gb3mpgML
3999905 8958306OHML 893300 dmbs3gdgdol d9bsbgol dmmbmgbgdo.

039™M963m©IMolL  seaMMOmMIoL  JOHM-gMm0  IMNSZ9MH0  M30MGJLMdss  dobo  Mbodo
obfogml 89935600 8mbszgdgdol FoMdmaqbs 9&039G0Mgdwwo bsbjsgerm Bmbsggdgdol
LoFoMHMAdOL 49M9T9. gl bol sl goblivz Moo LolaMygdermli ©3mbEHGMMEM Loslfsgerm
50m3sbgdolom3zol, Loz dobsbos dmbsgdms  Todrmbgdol 6 LEMWIGHMOOL  s0dmbgbs
930393900 583505 30mbol go®qdy. 93BHMYb3M©YM0 sLgzg Fgodengds 259mygbgdme 0dbsls
Bobgzto  Bgsdbgzgemdom  Lfjsgarsdo, Lowog 9E039G0M90Mwo  mbsigdgdol  dgoty
M5m©YbMds 259tm0yggbgds 53BH™ab3m@gMol dogM baliffogero Fomdmygbol sbyBMlEgdws.

039™M9b3m@gMol  sEamMomIol 303 9OHO  M30MSEJLMds  dobo  dmgbogrmdss.
963m@9M0 ©s ©g3MEIMHO Fgodegds 3MHMIJEHEIL bgdolbdogMo Godol Byommbywo Jugarols
304oGadGHmGolL gsdmyabgdom, ihygdmwo dsmEHogzo dofimgdol JugwgdoEsd MBdMm GO
3Mb63m@ 30O @ H93OIGN Jugwgdsdg. gb LsBYSEYdL sdegzl 93G™MIBINEIOL
5Q93BH0MEIL  Fgy3zob0l  Fmbozgdoms  GHo3gdobs @s 8303530900l BoGIM  13gIGHHOLMZOU.
039™M9b3m@gMol  swamMomdo  sGOL  dogho  obbEHMWIBGH MIMEGHOHMEW®  Labjogwm
00m356900LbmM30L, HMYMOOES Fmboggdoms 893ddzs s 96MToc0gdol 4odmgzwgbs. dobo Mbsto
obffogeml  d993s60L  dmbo3gdgdol  9x39d@mo  FoMdmagbgdo 9&H039GH0MmgdMwmo  Labfjsgwrm
9mbs(399900L  LoFoMmMmadolL o0y, bool Tl JM3MEWotmen  oMhg356L  bbgoolbgs
83@035300mM30L. oo dmbszgdoms 653MgdoLy s dWszMO  FoTIMMIWOMO  MHJLMGLIOOL
bgedolsfzmdmdol  dBsMo  bgardobsfizomdmdom,  933™9b3M©IMOlL  seramGomdo,
L535M5EME, MBOM 860d369ePMg96 MMl JgolMergdls FsbgobmE Lagarsls s bywrmgbm
06¢ g 8o.

Convolutional Seq2seq. Convolutional Seq2seq 60l bgo®mbmwo Jugeol sOdodgd@mes,
MmIgoi 3o0moygbgds sequence-to-sequence (seq2seq) Lfogerologol, Losi 993sg35¢r0 o
299mdsgsqo  80093Mmdgdo  990d¢gds  ogmb  Lbgoslibgs  Loa®dol. 0go  59MH056IdL
3mb3me0m®mo bgo®Omboawo Jugwgdol (CNN) s RNN-gdob 908mygq69dsl 096800g36wero
dmb5399900L LT To39d© S FMEIELPOMYGOOLMZOL.

CNN-900 356500 9995396905 459mbobvengdol s 30gm mbs3gdgdosd gvmbdiogdol
5010530055 @5 50MmEadsL,  FoMsd  obobo  slggg  Fgodengds  4edmygbgdger  0dbsl
56000009300 Imbo3999d0L L8« dsggdws. CNN-do 3mbgzmewom®mo 1gbs 0ygbgdl
ROWGHMIOOL  gODMOC0MdL  Tgg3sb0L 056800 93MMdsBY,  SfoMImgdl 9953069900l
9OHOMIWOMBL, OHMIWd0E sbobogl wmIseme Fodwmbgdl s MMMOYMHNMBJOL J0dgdsMY
999963 9dL Mol 056308 g3™™dom. 99gy gladewgdgeos 9 9g53063900L 359005690 56
399306905 Moms 990930MHIYL 9900T535¢0 05609 I3MMBOL obbmdorgds.
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Jdgmégl  dbGog,  RNN-gdo 30650 900l  dmMagdmmo 096300 g3drmero
©53M30IOMWGdJIOL s 2MIJW350sbo M3 IPWGdOL  BMmEgEomgdol;m3ol
99996390l ImMol Msbdodgzdmdom. RNN-8o, Jugeol gs@vero (hidden) dpmds®gmds
2965 gds gymgzge dox by, 3000bstg dox by 99mTogz5w0 356539EMYO0LY s fobs gsGwwo
900356 gmdYdoL boggrydzgeby.

Convolutional Seq2seq 56JoGgdGwMs 590G05690L Gmymeiz CNN-gd0b, sbggg RNN-gdol
dogm  dbsmgadl. s3sL  sefggl CNN-ob, GemameE g9b3moamols ©s RNN-ob, Mmameg
©0939M0L  A5dmygbgdom. Fgimdogzowo ™sb30dEYZMMds  XIO  A9OEOL  3Mmb3zME 30
0396580 @M35¢mHo FoboliosmgdErgdol sdmbomgds, OGmMIwgdoz 9999y 39®o939d> RNN-do
0963009360 wo 5930009090900l 99w oMgdol;m3zol Qo 245935350
0563000930Md0L Tgboddbges. ©g3EIOOL LodMmEIMM Q38MTs35¢0 9990y oL softmax
0396580, M50 BMbEIL 5¢BsNMBOL Yobsfoegds 4o8MmTsg35¢0 ¢gdliogs®y.

30b3m3096H0  9b3m©YMolL  4sdmygbgds Mm@l  Lodwogdsls sderg3l  s0m30LMU
MISH0 ©IMI0IOMEgdJ00 S odmbgdo Jgdmdsgser msbdodgztmdsdo, bmerm RNN
©93M@©JM0 L5d5eEgdsls 53l Bl s0F0MML JMIJ35060 ITMI0WYINGOJOO S
994965L  250mBo35¢0  BHM3gbgool 6308 g3trIMds, MHMIgEoE IIM3IOIOME0s Jgdmdsgow
d09 9630830MmdsDy. Convolutional Seq2seq sGJo@gdGHnIMs 9839JEHWM0s bgsolbgs NLP
00m356900Lbm30L, 3500 FmMOL FsbdsbMo MocmYTobol, IgEY3zgegdol sdmEbmdols s GgduEol
89x58900Lmz0UL.

Convolutional Seq2seq 50J0@9dGHMOL 9O®-9OMO Y30MH5EJLMDS oL sGOL, GMI dobo
9mdbo@gds s 24903905 MBOM LBHOMSx0s, 300009 bbgs seq2seq sGJodgd@wIegdo, HmIwgdoa
094969096  dbmerm  RNN-93L. gl o0do@md bogds, M3 330mbgmewion®o 896900l
35M5EgmoHgds  Iglodgdgeos dMogoe GPU-bBg, o3 LHGsxo  @o@®gbobygdol Mmool
L5Tmogdl 0deg3s. FIMS 5TobYS, 3Mb3ME30MMH0 B9bgdOL 2sdmygbgdsd dgodengds bgwro
3999094l 20dHMdOL 4M00g6E0L 3MMdgdol d9030MmYdsL, GMIgwoE dgodwgds Fomdmodgzal
RNN-9830, 306500056 365000960 gobsbergdgdo 3mbgmewrzon® 5396580 ©sdm30gdIE0s
dbMEME 500WMdMH0Z Jobslinsmgdgd By s 965 doger 899mdsgow 1ebdodgzmmdsby.

Convolutional Seq2seq s6H0oL deog®o bgoOmbmwmo Jugaol sOJodgd@mds, GMmIgwos
09MH®00bgdl CNN-gdolb s RNN-9d0L dgroghh dbsmggdl 096300 93deo  dmbsigdgdol
0538539005 s IMYOMYdOLMZOU.

ol 9839dGH«m0s Lbgoslbgs NLP 50m3sbgdobmgol s dg0dargds ogml ma3dem LHGmsgo
5@Mgb0bagd0L o 4583900l 3Mmboom bbgs seq2seq G703 9dGHwIMJdb FgoMgdom. 3065006
NLP 59356900l 3033¢9dury@mds boyen ¢g3dm s »gcdem obmogds, Convolutional Seq2seq
00JdoGdAHMGs,  LogaMeEMC, 3obgds  mxydm  960d3bgemgsbo 0bLE®MAgb@o
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Software implementation of dialog system analyzer
Manvel Kloyan, Liana Lortkipanidze

Summary

The article discusses the methods, models and algorithms used for the software
implementation of the dialogue system. On the example of the neural network model, two
algorithms are compared: "recurrent neural network” - RNN (Recurrent Neural Networks) and
the so-called Seq2Seq (sequence of pairs) performance results. Due to the scarcity of Georgian-
language textual material, we used GeWordNet - texts generated from the Georgian wordnet and
corpus of sports-themed texts to enrich the database. Experiments have shown that by fully
translating the GeWordNet database into Georgian and using these two algorithms, we can

improve our dialogue system so that it can compete with its English counterparts.

IIporpamMHas peanusanysa aHaIM3aTOPa SHUAIOTOBEIX CHCTEM
Mamper Kroan, /Inana Jloprrkumanmnzgse

Pesome

B craThe paccMaTpuBalOTCA METOZABI, MOZENIH M AJITOPUTMEI IIPOTPAMMHOM peanu3aluu
ouanoroBoit cucTreMbl. Ha mpumepe HelipoceTeBOl MOAeNM CpPaBHMBAIOTCA /[Ba aJIrOPUTMA:

«pexyppeHTHas HeifpoHHas cere» — RNN (recurrent neuro networks) m 1. H. Seq2Seq
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(mocyemoBaTeIBHOCTD Tap). B cBsI3M ¢ OTCYyTCTBHMEM TEKCTOBOTO MaTepHasa Ha IPY3SHHCKOM fA3bIKe

I TIONOJIHeHUs 6assl JaHHBIX MBI ucronab3oBaau GeWordNet — TeKCThI, CreHepHpPOBaHHBIE U3

CeTH I'PY3MHCKHX CJIOB, U KOPITyC TeKCTOB CIIOPTUBHOM TeMAaTHMKH. DKCIEPHUMEHTHI IIOKa3asHu,

4YTO, IIOJIHOCTHIO IrepeBexs 6asy manuHbix GeWordNet Ha Ipy3sMHCKHUI A3BIK U MCIIOAB3YS OTH IBa

QJITOPUTMa, MBI MOXEM YJIYYIINTH PA3rOBOPHYIO CHCTEMY, 4TOOBI KOHKYPpHPOBAaTh C €€

AHTJIMUCKUMM aHaJIOTaMH.
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Summary

In the article grammatical categories typical for Georgian and English adjectives and their
characteristics have been discussed. We delve into the various derivation suffixes commonly used in
English and Georgian adjectives, analyzing their meanings, examples, and usage patterns. By
attaching specific suffixes to the end of a base word, we can create new adjectives that convey
different meanings, nuances, and grammatical functions. By exploring this topic, readers will gain a
deeper appreciation for the richness and versatility of these languages.

The classification characteristics used in the paper and their corresponding tags are based on
the international coding standard EAGLES (Expert Advisory Group on Language Engineering
Standards).

Key words

Adjectives, tags, grammatical categories

In the article grammatical categories typical for Georgian and English adjectives and their
characteristics have been discussed. We delve into the various derivation suffixes commonly used in
English and Georgian adjectives, analyzing their meanings, examples, and usage patterns. By
exploring this topic, readers will gain a deeper appreciation for the richness and versatility of these
languages.

One of the important issues is to determine the correspondence between Georgian and English
characteristics. It is shown the categories which are carried by the Georgian adjectives and, if they
are not present in English, how such forms are compensated during translation.

The classification characteristics used in the paper and their corresponding tags are based on
the international coding standard EAGLES (Expert Advisory Group on Language Engineering
Standards).

The discussed examples are taken from the Georgian-English corpus available to us
(corp.dict.ge).

In English the adjective has no inflexions for case, number and gender:

a good student — ‘kargi studenti’
good students — ‘kargi studentebi’
a clever boy — ‘¢kviani bici’
a clever girl — ‘¢kviani gogo’.
In Georgian the adjective has a category of number and case:
‘m¢vaneebi’ - green
Savma’ - black
Savs’ - black etc.

In English there are three types of adjectives according to the content:

1. Qualitative adjectives which denote different qualities of a thing: big — didi’, silly - ‘suleli’, deep -
yrma’, long - gr3eli’;

2. Quantitative adjectives which denote different indefinite of a thing: much - bevzi; little -* cota’,
many - bevri’}
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3. Relative adjectives denote different qualities of any thing through their relation to other things:
milky - r3iani’, Indian - indieli’, daily - ‘qoveldyiuri’

In English as well as in Georgian adjectives can be adverbial and relative.
The primary adjectives are adverbial: big, white, bitter, long, etc.

Comparisons

Adverbial adjectives have degrees of comparison. In English there are three degrees of
comparison: the positive, the comparative and the superlative. The comparative and the superlative
degrees are formed by adding-er (in the comparative) and —est (in the superlative) for adjectives of
one syllable, and by adding more (in the comparative) and most (in the superlative) for two or more

syllable.
Positive Comparative Superlative
tal I- ‘mayali’ taller —‘ufro mayali’ the tallest — ‘umaylesi’
dark — ‘bneli‘ darker — ‘ufro bneli’ the darkest — ‘ubnelesi’
difficult — 3neli’ more difficult — ‘ufro 3neli the most difficulr — ‘u3nelesi’

Adverbial adjectives in Georgian have comparative degrees as well, but they are a bit different
from English ones. The primary form is positive: ‘gr3eli’ - long, the second form is less than it
‘mogr3o0’™-longish and the third form is superlative: ugr3esi’ - the longest.

The forms have their own producers: mo- -o and u — es.
To express comparative degree in Georgian, we have two ways:
1. The construction "more + adjective":
‘ufro didi’ — bigger, ‘ufro saintereso’ - more interesting and
2. The comparable word in Adverbial case with —ze preposition:
‘am amocanaze 3neli*— more difficult than this task, xeze mayali’— higher than the tree.
In English before comparatives we can use much, a lot, far, a bit, a little, slightly.
Let’s go by car. It’s much cheaper — ‘modi mangqanit ¢avidet. Gacilebit iafia’.
Could you speak a bit more slowly? — Segi3lia cota nela isaubro?’
This bag is slightly heavier than the other one. — ‘es canta odnav ufro m3imea vidre meore’.
Don’t go by train. It’s a lot more expensive. — ar ¢axvide matareblit. Es bevrad ufto 3viria’
Her illness was far more serious than we thought at first. — ‘misi avadmqofoba bevrad ufro
seriozuli iqo, vidre tavidan gvegona’.
In both languages we repeat comparatives like this to say that something is changing continuously:
Your English is improving. It’s getting better and better. — ‘tqveni inglisuri umjobesdeba. Is
ufro da ufro uketesdeba’.
These days more and more people are learning English. — am dyeebsi sul meti da meti xalxi
scavilobs inglisurs'’.

Constractions with Comparisons

Comparison of equal things is expressed by the construction “as” + adjective (in the positive

degree) + “as™

This book is as interesting as that one. — ‘es ¢cigni isetive sainteresoa, rogorc is’.
Comparison of unequal degree of quality is expressed by the construction “so0”/”as” + adjective (in the
positive degree) + “as”:

This rope is not so/as long as that one. — ‘es toki iseti gr3eli ar aris, rogorc is’.
In English it is often used a construction like in these examples:

What time shall we leave? — The sooner the better. — ra dros gavidet? — rac male, mit ufro
uketesi’.

The younger you are, the easier it is to learn. — rac ufro axalgazrda xar, mit ufro advilia
s¢avla’.
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The more expensive the hotel, the better the service. — rac ufro 3viria sastumro, mit ufro
kargia momsaxureba’.

Functions of adjactives

The adjective may be an attribute to the noun. In this case it is placed before the noun:
A little girl — ‘patara gogo’
The adjective may be a named part of a compiled predicative. In this case it is placed after the link-
verb:
Today the see is calm. — ‘dyes zyva ¢qnaria’.
Some adjectives are used as nouns. In this case the definite article is placed before them.

Adjective Noun
rich — ‘mdidari’ the Rich — ‘mdidrebr’
poor — yaribi’ the poor — yaribebr’

Relative adjectives

The definition of the relative adjective in Georgian is the same as in English. An adjective is
relative if the sign of the object it expresses is implicit in relation to other object: solar- ‘mzianrs’,
mossy - xansiani’, beastly - ‘mxecuri’, etc.

In English, adjectives can be derived through various processes. Here are some common types
of adjective derivation:

1. Suffixation: Adding a suffix to a base word is a common way to derive adjectives in English. For
example:

"-able" or "-ible": e.g., comfortable-komfortuli’, visible- xilvads’.

"-al" or "-ial": e.g., cultural- kulturuli’, celestial- zeciurr’.

"-ous" or "-ious": e.g., adventurous- gambedavi’, curious- cnobismoyvare'’.

"-y": e.g., sunny- ‘mziani’, windy- ‘qariani’.
2. Prefixation: Adding a prefix to a base word can also result in adjective derivation. Some examples
include:

"un-": e.g., unhappy-‘ubeduri’, unclear- gaugebar’.

"non-": e.g., nonstop- ugyveti’, nonviolent- ara3aladobrivi’.

"in-": e.g., Incomplete- arasruli’, insecure-arasaimedo’.
3. Conversion: This process involves converting a word from one part of speech to another without
adding any affixes. Nouns and verbs can be converted into adjectives. For example:

Noun to adjective: e.g., economic (from economy), cultural (from culture).

Verb to adjective: e.g., interesting (from interest), exciting (from excite).
4. Compound adjectives: Adjectives can be formed by combining two or more words. Some examples
include:

Noun + noun: e.g., time-consuming- ‘Sromatevadi’, ice-cold-‘yinulivit civi’.

Adjective + noun: e.g., long-lasting- xangr31livi’, high-pitched- ‘mayalsixsiriani’.

Adverb + adjective: e.g., well-known-'‘cnobili’, highly-regarded-yrmadpativcemuls’.
5. Back-formation: This process involves creating a new adjective by removing what appears to be a
suffix from an existing word. For example:

Donation (noun) -> donate (verb) -> donative (adjective).

Editor (noun) -> edit (verb) -> editorial (adjective).
Suffixes play a crucial role in deriving adjectives from base words in English. By attaching specific
suffixes to the end of a base word, we can create new adjectives that convey different meanings,
nuances, and grammatical functions. The use of derivation suffixes allows for vocabulary expansion
and adds versatility to the English language. Here are some key roles that suffixes play in deriving
adjectives:
1. Expressing Characteristics and Qualities: Many suffixes help create adjectives that describe the
characteristic or quality of a noun or a subject. For example, the suffixes "-ful" and "-less" can be
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added to nouns to create adjectives expressing presence or absence of a particular quality. Consider
the transformation of "care" to "careful" or "fear" to "fearless," where the suffixes modify the nouns
into adjectives describing the level of care or presence of fear.

As for the outcome, Madison was more hopefil of the control thereof. (A Der)

‘Rac Seexeba sedegebis controls, ag medisoni ufro imediani gaxidat’. (A Der Pos Sg Nom)

Trabo does not believe either in “manless” society, or the women- warriors! (A Der)

Strabons arc ‘ukaco” sazogadoebisa da arc galta meomrobisa ar siera!’ (A Der Npos Sg Gen)
In Georgian possessive adjective production suffixes are:

-ian (' gvavili -> gvavil-iani‘ - flower->flower-ed);

-ier (‘madli -> madl-ieri’ - grate -> grate-ful );

-ovan (‘fena -> fen-ovani - layer -> layer-ed);

-osan (‘fexi -> fex-osani‘ - foot -> pedestrian);

-ed (‘uira -> uir-edi’ - box -> cell);

-a (‘orgveri -> or¢ver-a’ - two-pointed -> double-ender).
The most active producer of possessive adjectives is the suffix -ian. It can be attached to a large
number of nouns, so dictionaries often include only a part of such adjectives. If the meaning of this
type of adjective is not included in the dictionary, often during machine translation, we get a wrong
translation. English possessive forms corresponding to Georgian are produced by adding the following
suffixes to the corresponding noun:

-ed (‘¢veri -> ¢veriani’ - beard - bearded),

-y (‘sisxli -> sisxliani’ - blood -bloody),

-ful (‘Imeds -> imediani’ - hope -hopefil)
and very often by construction “with + noun”.

(‘¢citeltmiani gogona’ - a girl with red hair).
2. Indicating Possession or Abundance: Certain suffixes convey the idea of possession or abundance
when attached to a noun. The suffix "-ous" can be used to indicate possession or fullness of a
particular characteristic, such as transforming "danger" into "dangerous" or "glamor" into "glamorous."
These suffixes help express the extent or abundance of a quality associated with the base word.

It was evidenced by a 5th cent. A.D. anonymous historical source Pontus Periplus. (A Der)

‘Amas mog¢mobs axali geltayricxvis V saukunesi sedgenili anonimuri istoriuli ¢yaro ‘pontus
periplusi”.’ (A Der Sg Nom)

3. Signifying Similarity or Resemblance: Suffixes like "-ish" and "-like" are commonly used to create
adjectives that convey similarity or resemblance to a particular noun. For instance, "child" becomes
"childish," indicating behavior or qualities resembling those of a child. Similarly, "cat" becomes
"catlike," suggesting traits or behaviors reminiscent of a cat.

Parnaoz got accustomed to thinking about the secret and outgrew his childish naivety. (A
Der)

‘Farnaozi saidumloze figrs miecvia da bav svuri gulupryviloba dahkarga’ (A Der Sg Nom)
4. Denoting Capability or Potential: Some suffixes indicate the capability or potential of a noun or
subject. For example, the suffixes "-able" and "-ible" are often added to base words to create adjectives
indicating the ability or capacity to do something. Consider the transformation of "understand" to
"understandable" or "perceive" to "perceptible," where the suffixes convey the capacity to be
understood or perceived.

The hypothesis is advanced on the occurrence of considerable manganese accumulations in
the area in question. (A Der)

‘Rionis deltis raionsi marganecis mnisvnelovani dagrovebis arsebobaze’. (A Der Sg Nom)
5. Expressing Tendency or Inclination: Certain suffixes can convey a sense of tendency or inclination
associated with a noun. The suffixes "-y" and "-ly" are often used to create adjectives expressing such
tendencies. For instance, "rain" becomes "rainy,” indicating a tendency for rain, while "quick"
becomes "quickly," suggesting the manner or speed of an action.
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The land was rugged and in the coastal zone shady valleys and open flood-plains existed. (A
Der)

Xmeleti danagevrebuli iyo. Sanapiro zolsi arsebobda crdiliani xeobebi da gaslili calebi’. (A
Der Pos Sg Nom)
To produce nonpossessive relative adjectives in the Georgian language the following morphemes are
used:

u-o (‘¢veri -> u- ¢ver-o’ -beard - beardless),

u-ur/-ul (‘bedi -> u-bed-uri’ - luck—Iuckless).

Currently in modern Georgian the only producer is u-o circumfix.

In English we have:-less, un-, im-, in-. Georgian prefix non- was rendered in English by un-, in-, il-
prefixes.

(‘ara-bunebrivi’ - unnatural, ‘ara-adamianuri™- inhuman, ara-legaluri’- illegal).
Assignment relative adjectives are produced with following affixes:

sa-e (‘kaba -> sa-kab-e’ - dress - material for dress),

sa-o (‘eqimi -> sa-ekim-o’ -doctor - medical),

sa-ur (‘maga -> sa-mag-uri’ - wrist - wristband).

Only sa-o circumfix is productive as an adjective producer in modern Georgian. Its English
equivalent can be expressed by adding suffixes to the corresponding noun:

- O (‘sabavsvo anabari’ - child deposit),

- 's possessive form (“sabavsvo literatura’ - children's literature),

-al (‘saeqimo person-ali’ - medical personnel),

- able (‘sa-sacil-o’ - laugh-able),

-ing (‘sa-cura-o’ - swimm-ing).
Productive producing suffixes of property relative adjectives are -ur/-ul; In English we have:

-al (‘komikuri’ - comic-al),

-ial (‘finansuri’ - financ-ial),

-ly (‘kacuri’ - man-ly),

-ish (‘bavsv-uri’ - child-ish),

-ic (‘tragik-uli’ - trag-ic),

-some (‘problem-uri’ - trouble-some),

-ous (‘anonym-uri’ - anonym-ous).
Negative relative adjectives in Georgian are expressed by the prefix - ara-. In English we have:

dis- (dis-agreeable — ‘ara-sasiamovno’) and un- (un-reliable — ara-saimedo).
By exploring this topic, readers will gain a deeper appreciation for the richness and versatility of
English and Georgian languages.

B9LM0530 LEbErgdo 0bYWOLME s JsBmnmer 969330
b. 58o69bsdz0¢m0
Mgbowmdy

LAHoG0sdo  gobbowrmwos Johmwmwo @ 0byarolMo  HBaLsMmeggdolmzgol
0535bL0SMPIGEO 0TGN0 39BHJFMO0JO0 S Tom0  FobslosMPIWYd0.  303ZEIZD
Lbgoalbgs Homdmmdol bmaodugdl, GMIwgdos B3gmgd®og godmoygbgds obywolv® s
Jo®ne BgbsMmsggddo, 3s065¢r0bgdo dsm 3608369 mdL, Togocomgdl s 25dmyggbgdols
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MeGe O3 89503593l 0bawolbm@o s JoMowo  96gdolb  LodoMgls s
9615350 539MHM369050.

6596 Mddo 499mygqbgd o 3esbog30 35300l Fobslinsmgdwgdo s Jomo Tglisdsdolo GHgygdo
9939996905 300Mg00L LogHMsdMMHOLM bEbsMEHL EAGLES (960l Loobgobmm bEsbos®@gdol

Loggb3gOEGHM LogMBLYEIEOM XFMBO).

IIpunararensHsie B aHTIMICKOM UM IPY3HMHCKOM S3BIKaX
H. Amupesamsrrn

Pe3ome

B crarbe paccMaTpUBaIOTCA IpaMMaTHYECKUE KaTeTOPHH M UX XapPaKTEPUCTUKY THUIIMYHBIE I
TPYSHHCKMX U aHIJIMACKUX IpuiaaratedbHbIx. Msl  ucciaenyem cyhduxcsl  pasaumaHOro
IPOUCXOXIEHUS, OOBIYHO WCIONb3yeMble B AHIIMMCKAX W TPYSHHCKHX IIPUJIAraTeIbHBIX,
aHAIU3NPYs UX 3HAYEeHWe, IPIMEPHI U MOJenu yrnorpe6ienus. Jlo6asiis onpeneieHHbe CYyhOIKCE
K KOHI[y OCHOBHOTO CJIOBA, MBI MOX€M IIPOM3BOJYTH HOBBIE IIpHJIAraTe/]bHbIe, KOTOpHIE IepesaioT
pa3nuyHble 3HAYEHUs, HIOAHCHI ¥ rpaMMarhyeckre GyHKIUY mpeamera. V3ydas sty TeMy, YUTaTeslb
rIy6oke OleHUT 6OraTCTBO M pasHOOOpa3ye aHTIUICKOTO U TPY3UHCKOTO S3BIKOB.

Knaccubukaunonnsle IpU3HAKH, UCIONb30BAHHBIE B CTaThe, M COOTBETCTBYIOUIME UM TETH
OCHOBaHBI Ha MeXZyHapoxHoM craHzapre kogupoBaHus EAGLES (Oxcmeprnas KOHCyJIbTaTWBHAS
TpYIIIA II0 CTAHAAPTaM A3BIKOBOM MHKEHEPHH).
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3560dg 5., Jo®mE0o gbol 465TsEH030L bogmdzwgdo, mdowobo 1973,
Collins English Dictionary

Ll e

39M5Egm®o 30003bo https://corp.dict.ge/
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BMa09M0 3M5MZE50 3MBYO0MO Lsbgerols IMI3EMdOMO MoEbgol
§563mgdol Lszombgdo s 3500 TglisdsdolmdYdo JsmmEls s 0bymolm@do

0565 bsdbmbsdy

liasams@yahoo.com
69bowmdg

6596mddo  g36boEmos DBMYogHmo MMM sOLGdoMO Lsbgmols IHsgemdooo
©ogbgol §o®mImgdol Lszombgdo ©s Fsmo Tgusdsdolbmdgdo JosMorls ©s obgwolvy®do.
96030030 dmzwgbydo 35339 JsbmbbmBogMgdsl 9d390gdsMgds, BogMmsd Bmyswo fgligdols
339600m, SOLYIMIL 253mbogzEolgdog. gl gbgds obgm sMlgdoom Lobgergdl, GmAwgdog 56
©0M3gds, 353®53 Fomo IMZEMd00 MoEbzdo bdstmgds v339 ©sI3Z0EMPPMEs s SHE0YY
M3sMm9dYEmE. dogsmoms, bogmogMgdsms Lsbgagdo, emdgmmsg IMsgmmdomo Mogbgo
365 5J3m, 053™33 0bds9ds BobgMsEMo fgmgdo, JsOmmmo M3z0bmgdo, MmIMMgdol BsGMEsbas,
bogwbgdols  ghmmds @  5.3. sbboummos  sbsmmgom@o  Lsgombo  0bgmobme
39L53Y30LMdYBMsb s353d0Mgdom.

bsogbBGsgom©  dmyzsbogos  @sdpgbody 0dsgsgomo  mEMgbmgsbo  (obymmolime-
JoGDME0o) 363 MBoE6.

153396dMm boEyggdo:
36309330 36GUgBom0o bsbyemgdo, 3MsganmBomols fskdmgds, (3gsgdo

JoO oMo gbols 45353035 AbmgBomdo s®BYdMEro 96gdOL MIMIZ3EGLMBOLYD sGsgMMO
3JBHMOom  goblbgogzads, FogMsd IMogMglo Ts0bi TMORMEMY0ss.  FMOFMEIMA0MO
35650305 FoMdmoaqbl LoGyzol ygzgmws LoGYzsxm®dol gMo bobEgdsdo ogM0sbYdL.
Jo6mMdo IMORMEMYOOHO 3500©0gds LoGYzol TbmEMdom s FMI3EMdom Mogbzdo
33000039 dMbgolb Bodbols s Yzgws sbgdMwols s Bsfogszol smmzol dgogyow
9000gds. FMOBMEWMAO0MO0 bsbosmol 3OMdgdgdo MIgEglo InOHBMmyool ©mbybg3g
£9g09, 053058 Bmax e 59 EMbBOL dMbs3Eqdgdo 56 395605 BMYOgMH MO LoEYzoL LMo GmEmIgdOL
Bo0mboyser0dgdwo.

96mdM030 IMzbgdo 2oM339v 356mbBMB0gMHgdsl 9d390gdsMgds, FogMod bmyswo
Pobgdol  239M@om,  SMLYdMBL  4odMbs3EolgdoE.  980GH™I,  LoMmol  ImbebLlbgws©
@adbozmbol 990 gbgero-9dudgd@EHo bHJoMms TodsMmmogl Lbgs ©mbggdl — LobGodum®u,
19gdsbEGH03MML, bogbdo bdoMa bs®mgdmenls, dgodErgds sMILHMEMs© FoMImgdmel, dopa®sd ©9339
05933000090 b. gd03mbol BB, sdXJMO© JoMMEOl, 0by ¥bs 0gml LEWMWYMTGOEIs©
s0fgMoo, Gmd dobo sdmyggbgds Tgodwgdmgl  sMs  TbMEME  JoMmye-obywob®o
adbozmbolmgol, s6589w Yzgws gbolsmgzob.

4965000 g0sL  253505b30¢0qdmM BMAO0INHO sOLYOOMO Lobgerol IMsgzermdomo MHogbgzol
§o03mgd0L bo30MbBY. 2o30bLGbMm gsbdsmEgds: 365053030 MHOEb3o Labgwols sGol G3mMIs,
IG5 3393900690L Lo sbo gMmos (BbMEWMdOMO) M¥) ghmby g0 (I3 Mmd0mO) .“olgom
Lobgl 30, HMIYEOE 5O I0MZEGDs, 3MTsG03Wo MHoEb3oL Aoggds 50 sbEagl; sbgmgdos:
35960, Bogo®o, gobbo, Mdg s dobm... gb Lobgwgdo TBMEWME BMOT0m 5056 TbmemdomO,
0mM9d, LadoMoL3oMM  IMSZEMOOMOL  JmbErmdol 4s8m, 093M0EB JOHMEIE Logbsw 6
2990m04mx3056 s 580GHMI Job “TBMEMIOMOL FMEODSL” o6 sbeErsgl gMHMOL gogqdol dobss®lo
5, 35955507, OLYdOMs OLBO MMOEbgMm Lobgmgdos” [1].
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0050, Mmame dmz0d3gon 03 Fgdmbgzgzqddo, MmEaLbsg a3b3wgds 093¢0  obgmo
MLYd0MO Lobgero, MMIGEOE 5O I0MZEYds, Fod®sd Tomo FM3EMdOM MOobgdo blsMgds
339 ©593300009090s @5 5ME3MY) MISOMIOMWME. o, OMPMOE Bgdmo s0360dbgm, bsb
1gTobBH03s PogMmM39ds, bob Fbo@BzMrvwo godmbomdzsdo, bob 3o MsbsdgMmazy Jodomwdo w339
BobIm30@YdNo “sbegdIHo 8xGy3grgds” (35603mb0), HmByewlsg 39HEL 39O 537)3EOm.

B30b0 90Dsb0s, gobgzobocrmm Gmym®o Fglodsdolimds sdgo sbgm, sMemzwo@ bobgugdl
0ba o™ gbsdo; Tgglodadgds 0v) 965 0byeoly®o aMsdsGozol gl bsfowo JsGomwwo
205353030 Fgbgdl, 56 G5 2oblbgsgqdss o> dmEOb.

3030m, O™ 603000gMgdsMs LobgeErgdl IMH3MdOMO MOEb30 56 5730, FogMod gbToHMdM
—00696G5¢r160 [9er980, Jotorrgemo 30602980, bsbdotfiyemgdo, boobgrdo ©s 5.9. FsOMOW0s, o
db90039w™dsdo 9gzm Lbgoolbgs dobgMomm@mo igseo, Lbgoolbbgs doM3zol ©30bm ©s ©.0.,
00350, MMELsg 2306 gzgws s®LYdIMEO RMMIOL FMORMEIMYOMOO 350MEOYIOL 5390,
35806 {igbo, ®Md bogzm0gMHgdsms LobgEgdl IMSZEMBOMO MHOELZO 55 59300 — 56 450MAZ5RJOS.
MOHmamO3 3bsbgm, gl Logombo MIMszMglo, BMYoIHMO 458Mbs3olOl FsMS, 0303965065
oL 0bolw® gbsdog.

35MOWgmmEmo  3mMm3MLoL  Inmbmgbgdol  dobgwozom, ogo  bws  BgoEsgzalb
Mm60y0bscm®o  (0BgdM030) 9bol Fmbo3gdgdl; Mbs ogml  [omBmdsygbermdomo, sb6vy
390393096 396Lb3939do  BH030L IGHIWOL; 5ToLMSB, g mOmo GHgJuBHo olg »bs ogml
96005690l J0ToMm  2ombsdMPRMo, MHMI  mMHoobseol  Mommgmwo  i3Msadgbdo
9000b39Mm©l  00MTobol  Tglodsdol  BMIRTIPAL. LHmGgo qb  2359w93L 350 MHo
306379d0b  33¢0930L 0bLEGOMIIBGI© A98MmYgbgdol LodwysErgdsl. 0byolivy® wadlozsbomab
d9150580bMBOL IMbodgdbs® s30HTMgo VbYW OLLIM-JsOMMO dsMowgEHo 3nM3mbo [2].
3b5EroBobmgol 99350PR0go Ms8gbodg BEMSBs, MHMIgwoE 9033l sMom3Eso Lo@yzgdol
9653wmdomols  FoMdmgool  JoOm-0baolvMo  0sMdsbols  Boqoomgdl s
035L5B0bMgdOLmZ0L AsdMm3094gbgom Tgbodsdolio IMMmBMEMYOGMO Ggagdo [3].

— Boobobl 39 356900L Fyangdol [N, Mat, Pl, Gen] bmy096000 0030906 9d0L dgbobgd.

On some peculiarities of the waters [N , Mat, P1, Gen] of Georgian mud volcanoes.

- B30y Fyargddo [N, Mat, Pl, Dat, Shi] bmaog®omo d030mgegdgb@ol i3m®dgdol
dgLabgd.

Concerning the forms of some microelements in [Prep] the [Art] surface waters [N, Mat, P1] of
Georgia.

§obooqdsdo, ,250m53960B9 Foomgl JoMmmmo 0306mgdo®, 3awolbdmdom Lbgswsbbgs
o030l 0306Mmb, JogMsd INOBMEMY0MMo© Halobgsb yowobgzgzs 433oMmEYds.

— ,9MMb533H03500° FgMos: LodoMmzgwml (3mebgmol) ©30bmgdo [N, Mat, Pl, Nom]
033mb ©IgOmgdOL Lobidgeosm.

We read in the Argonautica that Georgian (Colchian) wines [N, Mat, P1] are the drink of the
gods of Olympus.

MHMEgLbsG ©OIGHMEMA0 bsGudmacmmMo {i396go0ol o35l a30MBg3L — 0gEPolbdgds
Lbgoalibgs babgmdob §39b0. 030395 Lombggdol gdmbggzsdog:

- bombyggdol [N, Mat, P1, Gen] gobs3900 96 306306GHM0M9ds.

Dilution or concentration of liquids[N , Mat, P, Gen]

- bombyggdo [N, Mat, P1, Nom] gegd@Gembmeo Loga®g@Eoom dmbds®gdobmgol.

Liquids [N, Mat, PI] used for electronic cigarettes.

- 0009b@0x030MIdMwo Lombggdo.

Identified Liquids [N, Mat, PI].

Lo@yzsl ,Boo®, GmEaLsg B0l Lobgmdgdo o0gweolbdgds (0bgzg Geymes Fywgdo,
0306mgd0) 0baolwEoliysb goblibgsgqadom, Js®mwado s6s 5d3b IMSZ3EMBOMOL BMMHTs:
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- 939ws gb Bso [N, Mat, Sg, Nom] @s95390000 3wslogo3oM©gds ©sdHsgdol
&9gbmemaoo, bo®obbol, 2450my9gbgdero Bywgmwobs N ©53b5@gdoL
500303 YdMYIMdOL Jobgz00m.

All these teas [N, Mat, P1] undergo additional classification according to aspects of technology,
quality, raw product used and place of production.

- 3OmOH0dgEHMmoeo  J03MmIgmmEol  sdmygbgdom  253m3z3wgeos  Lbgswsbbgs
§oHImTmdOL dogo Bool [N, Mat, Sg, Gen] ¢gm3gbmero bsghomgdo.

The terpene compounds of black teas[N , Mat, Pl, Gen] of different origin and quality have
been studied by a colorimetric microtechnique.

— BH9®IobgdolL sLgM03g s0Mg39L 3b3IO0M 099656-0L Lbgs Mmgm@o Bsol [N, Mat, Sg, Gen]
890mbggzsdog.

I have noticed the similar confusion a few times in the usage of terms for Unan white teas [N,
Mat, P1, Gen] characteristics.

JoOorme 993yY39wgdsdo HIoMms© MJHMMO ITBIYOME 15339 gdl b Lbgoslibgs
Bogmgdl — ™mgMmmgdl Mfmgdgh. 5956 65306MHMds  Tolo  (sMs MMymME  603009Mmgd0L)
953 Md0mMI0  HIsMHGds. FoRdWOMS, ,»MJMOMGdOL Fgbobobo sTobo BoMEPIBTs 0yoYds*
EdIM, 3505305 MMMl bod3oEgdbg. JoMmMEIObsh oblbgsggdom, ,mdom” — “gold”
0690lrMIo y39wyeb dbmemdomdo g3bgzrgds:

- 9> 3o bobgdo Bosberos mdhmgdoom [N, Mat, Pl, Ins] aododywmen Jobob.
Mother would then fling the purse stuffed with [Prep] gold [N, Mat, Sg] in his face.
— 3bobg, ®m3 by doR SV MmgHmgdo [N, Mat, P1, Nom] ogm.

I saw that it was pieces of red gold [N, Mat, Sg, Gen]

oMLYO0MO LEbgo “DoMOE0” — bmd o6 304Y300 Lo Fdgerl Fst0om9bo s53¢m0s (BsBroEwo
03000m6 dm0;393L 3M3eMd0MOL (36905L), ogMed 3s8dMI™: Fsom9B0 Isfybgdl, dstoamgdob
©3339085. 500L 3500, 09GO 39O FoMOELOE Fo33JMM 9O-0060 FMH3EMBOMO.
060bM30, 39JuGH0sb 358mTE0bstg, bob 3Nz MdOML FMmombM3L, bsb TbmEMmdomU:

— 5H00bg0ME 5©A0DBYG bgds sM3MMYEMo doMowgdol [N, Mat, Pl, Gen] swgdzs.

Inorganic salts [N, Mat, P1] are deposited in the affected parts.

— 39bFsgEoos 3sdmymgowo dsmowgdolb [N, Mat, Pl, Gen] JodomMo 99agbocmds ©o
30b90900.

The chemical composition and properties of the isolated salts [N , Mat, Pl, Gen] have been
studied.

- 353096®90L 939396 blLbsML, OHMIgwoE OO  MOMPIEMIOM  JE3MBILS o
JoM0gdL [N, Mat, P1, Dat] 8903s3U.

Patients are given a solution to drink containing a high concentration of glucose and salt
[N, Mat, Sg, Gen].

239005bMs A43b3zgds 3Md0MO LEbgEgdol FMszMdOMO MOEb3oL FoMmdmgdol MmMUs:
boewbo, gho, ... Habom, 3500 FMZMdOMO 56 Mbs 3Jmbgm, Boa®ed 350dMdm — Jbmgeromls
bserbgbo, bbgsosbbzs 95980 ©s, 300093 89300 SYMO F950MOL Bmyzsbs Tgodengds:

— 3560133153005 i 3ob5LobogMmgdl g36mM3gwo baarbgdols [N, Coll, P1, Gen] gbHomnmdsb.

The circle of stars represents the union of the peoples[N, Coll,P1,Gen] of Europe.

0baolbm®do  MomEabmdom Mogbzom Lobgemsb sOLYBOm Lobgwl FM3EMBdOMOL
am®ds>  9J3L, Jodowmdo 30 TBME@MdOMOL. qb, Mogbzom Lobgwgdmsb gMmms, gbgds
50096Mmd0L 503603369 BgLIMMZ LobgEradLsE — 89360, JM3G5CPO, LJOIFSCVSZ0, ... .

— m®o [Num, Crd] d03o [Anm, Sg, Nom] Bsdmdcowo 030sb gHhmdsbgoml mgzomlb o6
53090 S.

The two [Num, Crd] boys [Anm, P1] glared at each other through screens of hair.

— cobo [Num, Crd] 3sgo [Anm, Sg] 899mg0s.
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Four [Num Crd] men [Anm, P1] entered.

— 309995Ox ML 256mddmer 589Mm039e IFgHowl, dob FomBL! — 0gz06s WMOOD, Fsds
359630 55M 5 0b9g3 I0FOMS, MOMOZ EOEIP JosboMs m®o [Num, Crd] obgo [Anm, Sg],
mobo [Num, Crd] 3s¢o [Anm, Sg], byoo [Num, Crd] doosdo [Anm, Sg] ©s gd3bomeyg [Appr] -
0OobogEo d53830 [Anm, Sg], M6 585bmdSTo Joewodl goli3bab.

"Hurrah for Miss March, the celebrated American authoress!" cried Laurie, throwing up his hat
and catching it again, to the great delight of two [Num Crd] ducks [Anm, P1], four [Num, Crd] cats
[Anm, Pl], five [Num Crd] hens [Anm, P1], and half a dozen [Appr] Irish children [Anm, Pl], for they
were out of the city now:

— 500960 [Qst] §399obs[Ianm, Sg] Bmos®s!

How many [Qst] countries[ lanm, P1] he traveled to!

- Logdommggem s3Mdgegdl 0bGHgblom® MOm0gmommdsl dbmawoml 3936 J3994sbslosb
[Ianm, Sg, Dat, Tan], 560l ,,3590ML“ §9360.

Georgia continues intensive relations with [Prep] many [A] countries [ Ianm, P1] of the world,
is a member of the UN.

OHMPMO3 30G0M, SOLEHMJGHME0S Lobgwo, HMIGELsE b03m0gMo Lobg 96 4o9hbos. Falom,
obobo IMoz3wmdom MoEbgzdo 56 0bToMmgds, Bog™sd odmbszerolgdo sdog 093000 ©s Fsmo
IM53mdomol  3mMIgdo bJoMo  g3bzwgds ozt  GHgduBgdbs mvy B35 gdMH030
9939390900l MML. MIEs, 3mgH0sdo s IMAMdMOZ d93bogMgdsdo (Agoaobs, Lmgwol
d919mbgmds o 5.9) Toon 5333560 bToMgdol bbgs @o@BgoMmzgs 5d3L. gbgs, Molv3z0Mm39Wwo0s,
39L5m35olobgdgwos  35M5E0TgdOL  53gdolol s  sdo@md, olbobo  (39¢3)  XJMIBO®
299M3945300 o “0dLEHMIBHME0 03w00 Lobgargdol” §gbgddo dmgzsmagligo. Bsdmzmzwrom
659gbodg Fomgsbl: 9060, sbsdomwo, 953990, gdugbo, 9330, 00Ys, 0@JSEO, 0gModo,
08900, 0bbE0bIEBHOo, 3939060, 3JMbB3MOLOo, 3FMbGHOLG, dsjbodwdo, dobodmdo, HsbMo,
gMdogds, dmdgb@o, dm@oz0, xodMo, ™mEbgds, MJowo, OGSO, 053530, GHYMOwo,
3905090, 300G, figbo, 35EYdYYds, B39drgds, P39I Yds, JgbgEYwgds, 390wds, .. ;
90353900056 — EEgMds, 33319 Mds, b50IEIMDdY, 5TBBYMBDs, 60T6MD., ... .

abgmo  LabgEgdol  IMEZMBIOMMBOL  Logombo  JosMmomels ©s 0bawobm@do  bsb
056bggMmomos (b mogzg  9bsdo  a3bzgds  IMsg3wmdoMOl  gm®dom), bsb 3o
LbgoalibgsbsoMo ofjsmdmgds:

5dobggdo:

— JoboM0s, H®MA o0 590bgdo [N, Abs, PL] @soFoms.

Glad the fine weather[N, Abs, Sg] holds.

— 800936m MO0 33060 Bobdor by, Lodobws 3030 sd0bgdo [N, Abs, P1] sofym.
During the next two weeks, the weather [N, Abs, Sg] turned very cold.

35JLo0gd0:

— Q533060900 J3qdss 85d0dmAgdoL [N, Abs, PL] mMo xama0.

Two groups of maxima [N, Abs, PL] are observed.

— 0gmM9 99000b303590 033wIOMPS ORMIJ30wo Jodbodmdgdol [Abs, PL] asbanogqds.
In the latter case the disposition of diffractional maxima [N, Abs, PL] changed.

9800900
— 30 MyM958300 98397GHJO0 [N, Abs, P1] 369965-0dl3w965d0.
Holographic effects [N,Abs,P1] in the camera obscura.

JoOomen gbsdo gobobogrsggh m® IMsgzermdom Moibgl, M®MIwgdog #oblbgzsggdmwo
60dbom 0ffs®dmgds. gd-00b dM53MdoOL MmEgdgb dobo Fofodmgdgeo ,90“ Lygodbol ysdm,
O0Igwoi Bwydol FbMmErmdom FGmMIL ©ogMmM3oL. gd-0sb0 FMsgEmdomo THMEMmE sbo,
056509000m39  Jodomedo  obToMmgds o dob I IHogwmdool  MHmEgdgh, bmem 11
353 Md0MO© 30 dmoblighadab Bo®-00boob Msg3wMdomL, MHMIgEbsg oMo guggMo
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abogl, 093, bdoMo dolo 2odmygbgds Ig@o FmbobgMbgdgwos msbsdg®mgy Joborrge
39%939¢905803. Bot-00bosbo IMsgemdomol 60dsbos ,6%, GHMIgwon FbMmEMdOMOL GmEmIl
MG  OIIOMZOL MO  dGWBZsTo: Lobgmdombs ©s fmogdomdo, bmwm o - 3
06b3s80:  BmmbOMdomTo, doggdomdo s  bsmglomdomdo.  ©sbsMPRIE ™  BdGB3sdo,
909890 g00mbd s 30050MJB0MT0, 635M-0560560 Mg MBOMO 56 ObTsMYdS.

53 999H905 0bgEolOME FgbsdsdolmdL, MO39 IMZEMdOMO JMmbsomo 3M0bigodom
0moMdbgds, 96w @oMATbOLOL 50 oMol  goblbgeggds Tomm TmEOL, Moz BbL G3dgbody
05950 bY:

- Pygowbo [N, Mat, OldPl, Nom] g503m3wgb bo3otqdby.

The waters [N,Mat, P1]will burst their banks.

— 3H505, JoMm BEL3MGPPBY3 0awEolbbdgds bbgs bocwbms [N, Coll, OldPl, Gen]
Bra3Md0Ls s 3w GHWOsms [N, Abs, OldP1, Gen] ao3¢gbsg .

Moreover, Georgian folktales have come under some influence of folktales and cultures [N,
Abs, Pl, Gen] of other peoples [N, Coll, P1, Gen].

— 354969000 53 MBsMsBsM0 LogMEob bosgbms [N, Coll, OldPl, Gen] Log@mm Laberol

0QYU.
The idea of a common home of the peoples [N, Coll, Pl, Gen] of this huge space was put

forward.

Bgdmo  dmygzobon  Bogowomgd by  ©33003900m, 335WI0 9339790  FLOdSTOLMBS
Jo60 s 0630 SHOMZESO sOLGIOMO LbgeErgdol IMs3EMdOM Mobgdo bdaMgdol
P9Lgdbg, Gog  ImOGFMWMyools  ©s  LobGHodbolb  Az9MEOL  930m,  FOMOMSWI,

5930009005 BdsbEo3sby.
3m3wom, ®md 9bol ymggwo ms30L9dHgdoL  SEHgMS  IE3gHTsMGds  JoPro-
060bM0 36595303290 mgdlozmbols 3md3sowgMols 899098539d580.

Issues of formation of plurals of some uncountable nouns and their correspondences in
Georgian and English languages

L. Samsonadze

Summary

The paper discusses the issues of the plural production of some non-countable nouns and their
correspondences in Georgian and English. Linguistic phenomena are subject to certain regularities,
but next to the general rules, there are also exceptions. This applies to nouns that are not countable,
but their use in the plural is already established, and not without reason. For example, names of
substances that do not have a plural form, but are used: mineraluri ¢ylebi - mineral waters, gartuli
yvinoebi - Georgian wines, oqroebis zardaxca - gold casket, xalxebis ertoba - peoples unity etc. A
similar issue is discussed with regard to English correspondences.

For illustration, some examples from the bilingual (English-Georgian) corpus are given.
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Bonpocs! 06pasoBatua MHOXXeCTBEHHOTO IHCJIa HEKOTOPHIX HEUCUHCIITEMBIX
CYIIECTBHTEIBHBIX X X COOTBETCTBHI B IPy3HHCKOM M aHIIMHCKOM A3BIKaxX

JI. Camconazngse

Pe3rome

B cratee paccmarpuBaeTcs BOIPOC O00pa3OoBaHMSA MHOXECTBEHHOTO YHC/IA HEKOTOPBIX
HEUCYUC/IIeMbIX TPY3UHCKUX CYIIECTBUTEIBHBIX U UX COOTHOLIEHUS B TPY3MHCKOM U B aHTJIUHCKOM
A3BIKAX. fF3bIKOBBIE COOBITHS NONYNHAIOTCS ONPe/ieIEHHBIM 3aKOHOMEPHOCTAM, HO HapALy C OOIIUMHU
[IpaBHIaMHU OBIBAIOT X KCKIIOYEHUS. JTO OTHOCHTCH K HEHUCUHCIIEMBIM CYyLIeCTBUTEIBHBIM, HO
ynoTpebIeHre X BO MHOXKECTBEHHOM UHCJIE YK€ yCTAHOBJIEHO, M He Ge3 ocHoBaHuil. Hampumep,
Ha3BaHUA BEIECTB, He MMEIOUINX MHOXXECTBEHHOTO YMCJa, HO ymoTpebiasemsrx: mineraluri ¢ylebi -
MHHepaIbHbIe BOZBL, qartull yvinoebi - rpysuHckme BHHA, oqroebis zardaxca - 3070TOH CYHZAYK,
xalxebis ertoba - efHHCTBO HAPOZOB U T. . AHAJOTHYHBIM BOIIPOC OOGCYXXZAeTCA XU B OTHOLIEHUU
AHTJIMICKUX COOTBETCTBHH.

Jis vwmocTpanyy puBeLeHsl HEKOTOPBIE IIPHMEPHI U3 ABYS3bIYHOTO (AHIJIO-TPY3HHCKOTO)
KopIryca.

wo@gMs@v®s — References — Jlureparypa

356009 5. JoO0r00 960l aMeds@ogs I. 1955
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3bogbool baggsliryol Fobslfomo goobools Lbgs Msodg bodsbo. gMm 96 9@ sLgo BMOHEgwby

shgMomo  fgMomo 8909y 039390M, B39MWIIM0Z  0Ydgdms, Goms  FobosdsMmo
5979050 BMOHEIWOL goMgm s 03Do3bgdm©s 3mb3gMEHOL 496M98g. LogmbBm Mfiygdgdds
3bYO JoroErOoL FoMdmgds 89fy30@ gl LogmbEm 3mb3zgMEHJd0L 3o8m83900L d90wY.

QMDA LodoMmzgwrmdo  0ygbgdl ,BosGBMLE - seog-owoy  sdmIMow  BmbGol
Jowseol bobggo®l (6sb. 1), HMIoL BMLEHO sb5¢rmao 593L sBY39 9MGLOE, 53 90mbggzsdo
©030@M0 d53HMmbodz0wl  393MdvIMT0, EI5EIBL oL FgmMg (M0 BMLEBHOL JowswEl ©s
oy 00mFO0E 500 gddo Bsfgdl goobsigdo (Loodmm) Ggdu@ol bodyzgdl (bsb. 2),
3990099 »BoOBML“ 8madm®gdL J3gms BMMEgwl (Bob. 3) s ofiygdl dolibg Fgesl 0833560, MmI
HBoOBML FHowgddo 339 BobdMo LoEY3goo MOYbMWs B0gdsL dmEosbo faMowol Lbgs
(665L50@MIM) BHaJuBHL (bob. 4.). HgM0owwol JoMgdOLOSL s5EMILIEGHO o5EJOL dob 03539 »BIOBML®
DML SLEL s Fobo LG 53MO30MbOZL Lo ™ 0bRMMToE0sL.
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©Oo5b 3960
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6m0geroi 0d
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600 dm309L ©d
35306
0dsls
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Boboggb, 39600
Gdoomgdl
LsbMYsEMMdS,
@3 396300
0logddgd9b
bob. 3
##H#H#H Qobb HHHHHH ### ### ###H#HHHE HHHHHHHHE 35600 HHHHHH
###HHHE S bb‘bmgbggmmbb ### ### 3393L HH#HHHHE #HE HHHHHH
###HHHE S HHHHHH ### ### ###H#HHHE HH#HHHHE #HE HHHHHH
#i#### (7)(')60@0(3 HHHHHH 0d ### ###H#HHHE #H#HHHE #H HHHHHHRRE R
#iHHHHEE A #HHHEH H### H### Qoﬁo@ﬁ)o 660(')0'330@1) ### HHHEHEHHEHE
H#iHHHHEHE AR I H### H### H#itHHHHHE HHHHEHEEE #HE 3@035, H#iH#
#HH#HHHE GO0 I H### H### H#itHHHHHE 30130@31) ### . QO
H#iHHHHEHE AR 95806 H### H### H#itHHHHHE HHHHEHEEE #HE HHHEHEHEHEE
H#iHHHHEHE AR I 0dols  ### H#itHHHHHE HHHHEHEEE #HE HHHEHEHEHEE
###HHHE SR #HHH R ### OO #HE ##H#HHH ### HHHHHHH ###
###HHHE SR ##H#HHH ### ### Bobsgb, HHHHHHHE 3000000 HHEHIEHHHHHI  #iH
d00¢mndL ###HHH #HHH R ### ### ###H#HHE HH#HHHHE #HE HHHHHHRRE R
###HHHE SR bb‘bmgbggmmba, ### ### ###H#H HH#HHHHE #HE HHHHHHRRE R
#iHHHHEHE AR HHEHHEHEEA ©d H### H#itHHHHHE 356500 H#i#HHHE HHHEHEHHEHE
#iHHHHEHE AR HHHHHEHEEARS H### H#itHHHHHE HHHHEHHEE 01)0563635 H#iH#
#iHHHHEHE AR HHHHHEHEEARS H### H#itHHHHHE HHHHEHHEE HHHEHEHEHE
#iHHHHEHE AR H#iHHHHEHE H### H### H#itHHHHHE HHHHEHEEE HHHEHEHEHE
#iHHHHEHE AR HHHHHHHEE H### H### #itHHHHHE HHHHHEHHEE A HHHEHEHEHE
###H#HHE #H#HEHHHY ### ###H#HHE #H#HHR R HH#HH R
###H#HHE #HHHEHHHY ### ###H#HHE #H#HHRH R HH#HHE
###H#HHE #HHHEHHHY ### ###H#HHE ###H# #####HE HH#HHE
###H#HHE #HHHEHHHY ### ###H#HHE #H#HHREH R HH#HH S
###H#HHE #HHHEHHHY ### ###H#HHE #H#HHREH R HH#HH S
#iHHHHEHE AR HHHHHEHEEARS H### #itHHHHHE HHHHEHHEE HHHEHEHEHE
#iHHHHEHE AR HHHHHEHEEARS H### #itHHHHHE HHHHEHHEE HHHEHEHEHE
#iHHHHEHE AR HHHHHEHEEARS H### #itHHHHHE HHHHEHHEE HHHEHEHHEHE
#iHHHHEHE AR HHHHHEHEEARS H### #itHHHHHE HHHHEHHEE HHHEHEHHEHE
#iHHHHEHE AR HHHHHEHEEARS H### H#itHHHHHE HHHHEHHEE HHHEHEHHEHE
###H#HHE #HHHEHHHY ### ###H#HHE #H#HHR A HH#HH S
s #HHHHHH RS ### ### #B###H## ##BHBHRHHASE HEH #EHHHA RS
s #HHHHHH RS ### ### #B###H## ##BHHHRHHASE  HHH #EHHHA RS
bsb. 4

©535bsb0smMm sbs Jodmfigmol gl 3OMEILO, MMYMOE IH03GHMYMB0Mo boLEGDS.
030 dmo@Eogb ™G  dbobgl  (dmbsfoergls),
3900g0990l/dg0gdergdl Logdo®mgzgermdo s M gLsGL (,0080gdL), GLgmdo dygme, MBgGHIL
990mbggzs80  Fgmddmegdol  0boEosGH™M®  dsBH™Mbodz0gdl.  dbsMggdl  LyHo  gHMIbgmL
23905b(396 LEoEIWM 0bBMOTs305 0lY, MM 53 LobEHIIol goMgdg 306> 396 Fgderml dobo
9m3m390o.

Bob. 4-Bg fomdmppgboro GHgduBo, GmIgeog dJoMmmdomo© d9353L90 # LoddMEMIdOL
39909969000, 5MOL FosLs3gd0 068MMTE0s, 5699 9. §. @os BaduBo,

5QMLBAL  (,3503bogbL"),
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9505 69033599

5QMLOBEHOL Joge 98 oo BHaJuBob Tglogbs  ABbBMOEOoMgdMEr Imddggdsms
IODMBLOMdS ,BIOBML“ 459mygbgdom, HmIgeog Bgdmm s©03(gMgm, MOl FogMmsEos.

2QMLsEGOL  dogH  2Bogbools Jogdol T8Iy  bbmM309wgdMwo  dmddggdgdo
96500 ,BRML® 358mYgbgdom sMHOL JogMo300l 3wy 3MMEgLo 96v) IBoBMSE0S.

©90083M5300L 999y SdMZombeo Lsodwm 0bxm®mdszos, 39Hdm,  Ggdudo:
»Q03b  35Ma0 LsbmysMmmMds 33953L, M®MIgwoz 08 ©oToGHMmO BddEHM0IZoWL gEosh, GmI
0m30009l, 5 35806 0356 MM boboggh, 9o FGooMgdl Bggbo LobMysEMMds, s 356MYs0
0b5g99096%, 50l BoBOMEJBEGHO 5699 3H03EBHMYMTo.

FogM5305/©H808MS300L SOFIMOWO SOOIl GOHCMMDdLOMDS Tgoyqbl dog®ls.

o3 999905 259mggbade Joswrol ,RsMBM -, 0o oMOL g. §. gobomgdo 9649 ol
booudm  30M3dgBHMo,  MmIgwos  3bmdowos ©@s  Fgmebbdgdmos  dbmerm
WONO0JOHMIMIo3d06g  Fbomggdolomzol s  OmIgmog  owbobo  goblaBrgmagl
3M03GHMAMOBONWO  5EymOHomMTols s FogMol  godmdsgse  Fggal.  JoxzMmsgools s
©93083M53008  MML EOML JE0sbs 00 ,BsOBMBY“ 96 golomgdBgs WLIMIOIOIO
06830635300l 0o 3HJuG0sb Bogmm@gdu@do s 3oMojom, ogmMEIJLEH0D Voo GHadbdsw
39054360l 3Gm3qLo.

306500056 5MglsbBHo s 5MYLsGHO 09gbgdgb gHmLs s 03539 FoLOMYdL, Fgoddmwms
Loowyderm dodmfigdol sfgowo  3OHmEgbols s Fsgowomol Lsgwdzgwbg dgodwrgds
0mg35L, HMI dobo Laboom Logdg a35d3b 9. §. LodgEGoMmo 3G03EGHMYMIR0oL dgdmbzgzslicmsb,
GHmdgog bmOE09wEgds  bsodem  (Lodgd®ommo) aslomgdol by oligmo  Fobsmgdol
1535w gdom, HMIIoE JOHM0S JoRM305/YT0RMSE00L 3MHM(39IMJd0LIMZ0L s HMIgwos
1976 o0 gMmsIMOMO0 35303909090 dgmmeo oym [9].

4m39c039 H90mmddmols Loggwydzgedy ©yobgds, ™A 1832 ol dgomddwergdsdo
24980myg9gbgdero  Lsomdwem  dodmfigMol dgomEo  godegds  sbsbosmEgl ™Msbsdgmmgg
3M03GHMAM553099w0 GHYMHI0bMEMmyools s 356M89GMYO0L Lodmowgdom s MM dobo Lsboom
B396 Logddg 43543L Lodg@tome 3Ho3EMLOLEIILM, HMIgELsg gosbbos magzolo GoxMo, ©os
A9Ju@o, BogmmEIJuGO ©s AdLOwgdo, bmem dobo dmbsfowrgbo ™obsdodgzmmdom s
93000MdME SG¥IgdI6 Holigdol JOMMBOMBNU, 9. §f. 3M03GMYMIBOME 3HMEGHMIMEBL.

Lbogombo, GmIwol  33wg35L  Logobagdm  ymMomgds 30MH3gms  godmds, 99@O©
96033690 m3obo  aggLobgds  BMAMOE  3O03GHMYMogoolsm3z0l,  sgzg  OLEGHMOOWWO
3936090 gd0LsMZ0L - Lsodm FodmHoMol Asbbow o FgmMmEOL sOBYDdMDS S J5dMmYgbgds
Jomzg 9goddmwms dogh JoOmwaro 3OH03GHMyMon00ls s 1832 fierol dgomddwyargdols
obLEH™MO00L gMHmo MZ5bsR0bM s LogmEolbdm gMME3gE0s.

The cryptographic method of the 1832 conspirators

Maia Tsertsvadze

Summary

The article discusses one aspect of the most important event in the history of Georgia — the
conspiracy of 1832, namely its cryptographic side. We mean the method of correspondence introduced by
the conspirators themselves, which contain cryptographic elements (secret alphabet, code words...) for the
conspiracies of their activities. The research focuses on the method used for secret correspondence and
information exchange between the St. Petersburg/Moscow and Thilisi circles of the conspirators and
which was carried out using a kind of "frame".

The study presents the essence of the mentioned method, considers it as a cryptosystem and
characterizes it by means of modern cryptographic terminology and parameters.

The issue, the research of which is given special attention for the first time, is very important both
for cryptography in general as well as for the history of Georgian cryptography and the conspiracy of
1832.
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Metoa kpuntorpaduu 3arosopmukonB 1832 roxa
Maiis Llepysaose

Pe3rome

B cratpe paccMarpmBaeTcsi OJMH W3 ACHEKTOB BAa)KHEHIIEro cCOOBITHS B HUCTOpHU [py3mm -
3aroBopa 1832 roma, a mMeHHO ero Kpunrorpadudeckas cropoHa. VIMeroTcs B BUIy BBEIECHHBIC CAMIMH
3aroBOPIIMKAMH CPEICTBA MEPENUCKH, KOTOPBIE COIEpKaT KpunrorpadudecKhe 3IEMEHTH (TaWHBIN
anaBuT, KOJOBBIE CJIOBA...) JUI1 KOHCIIUPAIMN MX JCSITEIPHOCTH. B LEHTpe BHUMaHMS HCCIIEIOBAHHS
HaXOAMTCS METOJ TafHOU Mepenucku u oOMeHa HHpopMaImeld Mex Iy nerepOyprcKuMi/MOCKOBCKUMU U
TOWIMCCKMMHU KPYTraMH 3aroBOPIIMKOB, KOTOPBIH OCYIIECTBISUICS C HCIIOJIB30BaHHEM CBOEOOpPa3HOM
«paMKm».

B pabore wm3nokeHa CyIIHOCTh YKa3aHHOTO METOJa, PAacCMOTPEH OH KaK KpPUNTOCHUCTEMa U
0XapaKTepU30BaH C MOMOIIBI0 COBPEMEHHOM KpUNTOTrpaduuecKoil TEpPMUHOIOTHH U ITapaMETPOB.

Bompoc, wuccienoBaHMI0 KOTOPOro BIEpBBIE yaenseTcs oco00e BHUMaHHE, HUMeeT OoiblIoe
3HAUCHUE AJISI KPUNTOTpauy B LEJIOM, a TAKXKe JUIl MCTOPUH TPY3MHCKOH KpHITOTpaduu M 3aroBopa
1832 rona.
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69bowmdg

6590mddo  gobobogrgds  33MEMBsE@mdol  TgMBggol  s0m@Esbs.  9g3mmsgsBgdYIEOs
0639w gd@ e LoliBgdsdo 3mEbol Fsmdmoagboll dmogwo, GMIgmog 35390609090
055350090900L  939MbseMBILMsD ©s 0MZ5¢olifjobgdl FMOBIEMBOL Bmys 3M0bEo3gdL,
5J30bGom 0030500  ©O535YPPRBY.  F3MOBIWMBILMD  ©s3z380MmPMo  3mbols
§omImboagbs gs9mygbgdmeos LgdsbGozm®o Jugaro, GmIwol fzghmgdo Fomdmawagbyb
93mOBsemdol  ,ls00BbggdL* - 35ROl FoBybYRL, dsmmeErmaon®  IgdsboBIPPL s
350m3wobgdgols  LobE®MMAZPOLs o EsE3gmEo  LoddGmdol Usbom,  @s gbsdsdobo
bs93m@bogrm  Bacrg39d0L/Hodergdols  3mI3egdlgdl.  LsdzmEbsewm  3MA3amgdudo  BaGgzgdo
§s®ImEagbomos  xamxugdol Lsbom. TgdMmsgsbPYmos  xaWBol  dogbom  IMsgsero
360GHMomdol dobggzom Lomzgomglie Bs®gzol BgMBg3zol dgmmEo, HMBgmos ©sBXYdbgdmos
5658355300 LOIMIZEGMS MYMMHOsBY.

153356dm bodyzgdo

3bol [fs®H3m@aggbols dmmgero, bsdrmbserm obdgergddasareyio bolbdgds, odzosmo
353598980

Ubbgoolbgs 993500930l MMl 939OBsemdol  JoBbgdo  goblibgoggderos. gl
©53M30©IOMW0s ©5935JO0L GH03DY, Loddodgby, M5 LEBIOSBYs 00 s 5.9. Tgbodsdolo
03990bsemdolsls  9Jodds  Fgodengds B0Bbs  @solsbml  ghom-ghomo  F9dga0
90M3oMgmdIO0sb:

- bOYEo 39637Mbgds;

— 593500900l 3MBEHOM@WOo - 5350700l F0dEobsmgmdol dgbgergds, @odmgeobgdgdol
906030%bs30s, 3b™3MHgdOL boMolbol doglodoMs© M3EH0T0D300, FoMMMEGdJOIOLS S
1033OEOL ROWOZOVGOY;

- 00aMds6rgmdol 9dLdmdgds, SHEMbod 35e0sE0)M 93MMBsMBmE - gblsgzmmmgdom
3600369 m39605 59mbacrm® 39M0m©do s MomMgls ddodg JOHmbozwmws dodwobstg
890mbgg390do.

93996065 mdOL J0MH0MEO LbgMmdgdos:
- 9G0MGOHM3MWO - MIMOME ©9350Jd0L Jobgbby dmdddgwo;
- 3500M969HMEM0 - ©95350700L 39dsboBTBy dmdJdgo;
- L03d3GHM3Mo - Lod3GMIgdObg dmJdgo.

0030500 05535090900, MmO 3 Pabo, 3769303100 IMM393900m sGHOL A5TMY3gEO,
30 LOMEo 29637Mbgds gmdegdgeos (mvg o6 Bogmgwroom 39bw6 0bg0bgMmosls). 0dzosmo
055350090900L 3399MHbseoMdOLSL 9Jodol FoBsbos ©s935GOOL JMBEHMmMEMO s dEYMTsMgMmdOL
990Ldmdgds. 003000  9350090d0L  EMML oMM  LOIZGHMIMGO  J3OBsCMdS
2498009496905 9, BMYR GO, 3500 bgbmEog.

93990bomds  §3g4oMgds d0MHOMOEOIE SOLYGdIWE A5FM(3E0dL (MIgEoE SLabwE0s
Lobgeddgsbgarmgddo s  90w006gdd0), 3065  PoIMEEOWGdL s Low  sHOL.
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3™0bob FoMm3maghs 0830500 ©55350gdIOOL 33MMBsEMdOL 0bEJEgIEBHTIsEN6® ...

LobM3ge0s,  93MMbomds  98YsMgdmEal  LB39E0syH  3wobogMd  33wg3gdL -
56MI0DBoMGOMWL, MmMIsgo dMTs TgOMEPOm  IGuMHMEGINEL. 083000 5350 JOJOOL
390mb3z93580 0683mMT5300 (250006900, 330093900, 359M(300WYds) B9BLMOME0.

93990boemds  Mbs ogml  3mI3gdbBo s 06030 DOMGIMWO, g.0. 9O
QO535JO0L, (3930 SOPWOL,  9Msdg  (393gIr  0bogoddo  dodobadglo.
LobiM39e0s  0m35olfobgdgl 29693031 Mo30LgdMMYOYPL, 8500 MOl  IgEodMEG
0530L90MMGOGOL,  BLOJMEWMYPONH  OZ0LGOMMIOIOL,  MIBIMLYdIME 5535 JOJOLS o
239O GOJOL.

dm3gdme  65dMMIdo  990m0035HgdMw0s  0bGHwgdG e LobGgdsdo  3mbol
§om3mpabol dmawo, HMIgEog ©o393d0MJOME0s 535009090l T39MbIEIMdILILD s
0m35¢obfiobgdl Bgdmmdmygowow bowgsbligdl. 98 dmgeol bogwdzgwbyg 9dw98s390wos
93990boemdol GgMbhg30L 3HMEgEGs.

93996bseMdoL BMyso 36MH0b3E03gd0Ls s R50EWs0bgddo dmEgdmmo H93mIgbs30gdOL
Lo3dzgeBy  937Mbsermdol  dgMBg3zol  8ggae 89230005 [oMmBmMz0A0bmm MMM
Lod3mEbocnem  Bo693900L/fodwgdol  3ma3wgdlo, ®mdgwdol  dgodwgds  @odmgymo  Lsdo
3083mbgb@o.

300390 2 30m33mbgb@o - gl 9GOL Lod3®mbowrm BoMmgz9d0L/fFodwgdol 3md3wgduo,
MmIgeoi gaLsbmgds 9BHOMEGHMM3M ©S 3500Mm969DWE  F3MEOBsEMBL. gl B3NGB MdS
2963060HMdJdMW0s 3000 O935IP0 s Fobo  FobzomaMgdol d9goboBIgdom, Fglsdsdobo
3MEbs  SLobos  Lobgddwzsbgarmgddo s Av0EEIL0bgddo. ogo  dgoisgl  gdodgdol
23906DMY090M  998m3E0wgdsl @  HoMmOmoygbl  33MMbsgrmdol  LESBbsmEL.  dglisdg
3003mbgbB0 M0l 33MMbsMds, B0TMMNNWO ©5350JOOL Fodmgwobgdgdby. Mrmym®E Hqlo,
55350700l 358Mm3w06939d0 HoMBmEygdowos (35¢ 3970 bod3GHMIgdools s Lob®mmdgdol
Loboom. Lob®Mmdol 4398 o0ymEolbdgds Lod3dGmdms dEYMIPO JOHDMIWOMBs, OHMIWYdo3
2399mfi3gmos  gHmo  3500MmEMmaoMo  dgdoboBdol  gobzomotgdom. 83Mbormdols  dgliady
3M33mbgbBo  LmMgsg Lob®MmMIdOL/LOIZEHMIJIOL  SEsygdsBgs  FodsGMo. (3B,
93990boemdol 30H3geo 2 30m33mbgbEo o935 gd0L gsdmzw0bgdgdbys dmddggdl, I3,
Lo Fommgdol 9gdmbgzgzsdo, gdodl dgwdeos dodsGommlb Lod3EmAs@e 3MMBsEmdSL.

0030500 99350098900l Jdqgdmbgzgg3zsdo dmogzsMo LoMmvywrg dymds®gmdl 0dsdo, GMJ
068m&MTs305 98 ©5350909dbg AHoMos - HMAMOF 9BHOM3smMRgbgHYY o 259Mm30bgddBY,
31939 L8 3YMHbsEM LETMOGdGODBY s 50 JBIIGVINMDIBY. 56 sHOL YMMZYIMO bs3TsMOLO
2390mE3Oowgds 50 ©99350090900L  939Mbsmdol  bggdmBos.  Fglodsdols, 0030500
055350090900l o300l o0E06gd0 50 5oL sbggfowo.

94m39w039 b99moddwosb 299m30bsMy 3Mb3M9BMwo Q055350 J00L
9399065 MBoLmb 3930060 gdM0 3MmEboL Fodmboygbom Bz96 s3060Bogm bgdsb@ozm®o
Jugeo (ob. bob.1).

G §3960mg00 Fomrdmoagbgb 939Mbs@omdol ,bs8oBbgadlL®, b ©s9350gd0L Bobgbgdl,
3500Mm M0 394560BTgOL s 298m3c0bgdgdL LB MmMIYOOL sBs Goe39wEo Lod3EMIgdol
Lobom. M §3960mqd0 §o00moygbgb Lsd3mmbowrm Bstnzqdol/fodwgdol 3ma3egdlgdl, bmerm
635wgd0 0oL, Mv) OHMIgEo bsdgmembswm  3md3wmgdlo  asdmoygbgds 35 vy od
»0000BboL* dgdmbggzsdo.

G1 G G3 Ga Gs.. Gm

Bob. 1
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05535g00Ls 5 ol 8329MbsermdOL Tglobgd 0bxzm®mTs30s F30Mgs S SMLOMVIEVO.

Knowledge representation in an intelligent system for the treatment of rare diseases
Maia Mikeladze, Vadim Radzievski, Nora Jaliabova, Karaman Pagava

Summary

The problem of treatment selection is considered. A model of knowledge representation in an
intelligent system is proposed, which relates to the treatment of diseases and takes into account the
general principles of treatment. The specifics of rare diseases are emphasized. To represent treatment-
related knowledge, a semantic network is used, the vertices of which represent the "targets” of treatment -
the causes of the disease, pathological mechanisms and manifestations in the form of syndromes and
individual symptoms, as well as the complexes of therapeutic interventions corresponding to them.
Medical interventions in the treatment complex are presented in the form of groups. A multi-criteria best
intervention selection method based on the theory of fuzzy sets is proposed.

IIpencrapiienne 3HAHUI B HHTE/UIEKTYaJbHOW CHCTEME 110 JICYEHHIO PEAKHX 00J1e3HEi
Maiia Muxenaose, Baoum Padsuesckuil, Hopa [ocansbosa, Kapaman Ilacasa

Pe3iome

B crarbe paccmarpuBaercs 3adada BbIOOpa JsiedeHus. llpemiokeHa MOJeNb MPEACTaBICHUS
3HAHWH B MHTEJUIEKTYAIbHON CUCTEME, CBA3aHHBIX C JieueHneM 3a00JIeBaHNi, KOTOpasi yYUTHIBAET OOIIIHe
NPUHIMUNGEI JiedeHus. [lomguepkuBaeTcs crenupuka peakux OosesHend. s mpeacTaBieHUs] 3HAHUM,
Kacarouuxcsi JICYEHUs, HCIOJIb3YETCd CEMaHTUYECKas CeTh, BEPIIMHbI KOTOPOW MPECTaBIISIOT
«MUIIEHW» JIEUYEeHUs — MPUYMUHBI 3a00JIeBaHUs, MATOJOTHUECKNE MEXAaHU3Mbl U TIPOSIBICHHUS B BUJIC
CHHIPOMOB ¥ OTACNIbHBIX CHMIITOMOB, a Tak)K€ COOTBETCTBYIOIIME WM KOMIUIEKCHI JIe4eOHBIX
BMeIIaTeNbCTB. JledeOHBIE BMEIIATENBCTBA B JIEYeOHOM KOMIUIEKCE IIPECTABICHBI B BHJC TPYIIIL
[IpemtoxkeH MeTon BBIOOpa HAWIYYIIETO IO MHOXKECTBY KpPUTEPHEB BMEIIATEILCTBA B TPYIIIE,
OCHOBaHHBIM Ha TEOPUH HEYETKUX MHOXKECTB.
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Effective planning of instrumental and laboratory examinations for the diagnosis of rare
diseases

Natela Ananiashvili, Maia Mikeladze

Summary

The paper discusses the task of effective planning of instrumental-laboratory studies required for
differential diagnosis of rare diseases. Each survey is evaluated according to one of the following criteria:
informativeness, cost, accessibility, timeliness, harmlessness. The goal is to select the set of examinations
that best meets this criterion and covers all desired diagnoses. This problem is a minimal coverage
problem for which a heuristic algorithm is proposed. Depending on what diagnoses the doctor considers
and on what criterion he evaluates the examinations, the proposed algorithm selects the most appropriate
set of examinations. The algorithm is implemented as a corresponding component of an intelligent system
designed for the diagnosis and treatment of rare diseases.
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¢ pexTUBHOE NIAHMPOBAHUE HHCTPYMEHTAJIBHO-1200PaTOPHBIX 00CJIeA0BAHUI 1151
AUATHOCTHKH PelKuX 0oJie3Hel

Hamena Ananuaweunu, Maiis Muxenaosze

Pe3iome

PaccmaTpuBaercs 3amada  3¢GQEKTUBHOTO IUIAHWPOBAHUS WHCTPYMEHTAIbHO-T1a00PaTOPHBIX
oOcneoBaHUM, HEOOXOAMMBIX sl AuddepeHnnantbHOi JUarHOCTHKM peakux Oomesnei. Kaxmoe
o0cnieoBaHUE OLICHMBACTCS MO KAaKOMY-TO OJHOMY W3 CIIEAYIOUIMX KpPUTEPHEB: MH()OPMATUBHOCTH,
CTOMMOCTb, JOCTYITHOCTb, CpPOYHOCTb, Oe3BpeqHocTh. Llenmbio siBisieTcss moAa0Op COBOKYITHOCTH
o0crne10BaHUM, HAMITYYIIel ¢ TOYKH 3pEHUsI ’TOT0 KPUTEPHSI U OXBATHIBAIOLIECH BCE JKENAaeMble UArHO3bI.
Ora 3amada sBisSeTCcd 3ajauell MMHUMAIBHOTO MOKPBITUS, JUIA pELIeHHs KOTOpOil mpeanaraercs
SBPUCTUUECKUI anropuT™M. B 3aBUCHMOCTH OT TOTO, Kakue JUarHo3bl pacCMaTPUBAET Bpad U MO KaKOMY
KPHUTEPHIO OLICHUBAET 0OCIICAOBaHUS, IPEUIOKECHHBIN AITOPUTM TTOIOMpaeT Hanbosee 1enecoo0pasHyo
COBOKYNHOCTh  OOCNIEOBaHMHA. ANTOPUTM  pealn30BaH Kak COOTBETCTBYIONIas KOMIIOHEHTa
MHTEJUIEKTYaIbHON CHCTEMBI, IPeAHa3HAYCHHOHN U1l TUarHOCTUKH 1 JICUCHHS PEAKAX OOJIe3HEH.
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Selection of symptomatic treatment for rare diseases
Natela Ananiashvili, Maia Mikeladze

Summary

In the case of rare diseases, symptomatic treatment is mainly used, since it is impossible to
influence the cause of the disease. The paper presents a method that, based on the patient's symptoms and
a certain list of drugs, allows you to select a set of drugs that is best in terms of one criterion and covers
all the patient's symptoms. In the case of rare diseases, the proposed method will help the doctor choose
the optimal symptomatic treatment for the patient.

ITom6op cMMITOMAaTHIECKOTO JIeYeHH pefKUX 6ore3Heit
Hamena Ananuaweunu, Maiis Muxenaose

Pe3iome

B cryuae peakux 6ose3Heil, B OCHOBHOM, IPUMEHAETCA CUMITOMAaTHYeCKOe Je9eHre, TaK Kak
HEBO3MOXKHO BO37lefICTBOBATh HA IPUYMHY 3a0oseBaHud. B paboTe mpexcTaBIeH MeTO[, KOTOPBIH Ha
OCHOBe CHMIITOMOB IIAIIMEHTa M OIpeZeJeHHOIO CIIMCKA JIEKapCTB IIO3BOJIAET IOAOGpaTh Habop

158



003305000 55390090900l Lod3GMBsoGMo 93MMBsEmdOl IgmBggs

JIEKapCTB, HAWIYYIINH C TOYKU 3peHH I KAKOTO-TO OZHOTO KPUTEPH ¥ OXBATHIBAIOIINI BCE CHMIITOMBI
manueHta. B clydae peAkux 3a6oJIeBaHUIl IIpefIOXKEHHBIH METOZ IOMOXeET Bpady IomoOparth
OIITMMAJIbHOE CHMIITOMaTHYeCKOe JiedeHre I TallHeHTa.
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Development of a Medical Intelligent Support System for Solving the Problem of
Treatment

Vadim Radzievski, Maya Mikeladze, Dimitri Radzievski, Ilia Okonian

Summary

A model of an intelligent decision support system in treatment problems is considered. To solve
the problem, a semantic knowledge representation network is used, the vertices of which represent
symptoms and drugs, and the arcs are relationships that reflect the effect of drugs on disorders. The
semantic network is represented as a zero-one matrix of relations. In the case of fuzzy knowledge, the
network arcs and the corresponding matrix elements are assigned weights. In one of the methods,
algebraic operations on matrices are used to select the optimal preparation, in the other, methods of the
theory of fuzzy sets are used. In both cases, drugs are evaluated according to several criteria.

Pa3paboTka MeAUIIMHCKON MHTEJIEKTYAJIbHOM CHCTEMBbI IOJ/IEPKKH ISl PellleHus! 321244
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Pe3iome

PaccMoTpeHa MOZENb MHTEIIEKTYAJIbHOM CHUCTEMBI NOJNACPKKU MPUHATH PELICHUM B 3aJadax
JedyeHus. (s peleHus 3aadu UCIIONIb3YETCs CEMAHTUYECKasi CETh NPEACTABIICHUS 3HAHUI, BEPIIMHbI
KOTOpOil MPEACTABIIAIOT CUMIITOMBI U JIEKAPCTBEHHBIE NIPENApaThl, a Jyrd — OTHOLICHUS, OTPAXKarOUIUe
BO3CHCTBHE JIEKAPCTBEHHBIX IpenapaToB Ha HapymeHus. CemMaHTHYecKas CEeTh NPEJICTaBlIieHa B BHUE
HOJIb-€IMHUYHOM MAaTpUllbl OTHOLIEHUH. B ciayyae HEU€TKMX 3HAaHUN JyraM CE€TH U COOTBETCTBYIOLIUM
MaTpUYHBIM 3JIEMEHTaM IPHCBaUBAIOTCS BecoBble KoddduimeHTsl. B oHOM M3 MeTOM0B AMsl BhIOOpa
ONTHMAJIBFHOTO TIperapaTa HCIOJIB3YIOTCS aiareOpandeckue onepandy HajJ MaTpHUIAMH, B IPYroM —
METOJIbl TEOPHM HEYETKMX MHOXKECTB. B o0omx ciywasx mpenaparbl OLEHHBAIOTCS 110 HECKOJBKUM
KPUTEPHSM.
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Choosing a Medical Drug Based on its Proximity to the ""Ideal Drug"
Vadim Radzievski, Maia Mikeladze, Dimitri Radzievski, llia Okonian

Summary

Choosing of therapeutic drugs based on their comparison with the ideal drug is considered. The
definition of the "ideal drug" is given. It is emphasized that the "ideal" drug, as well as a real drug, can be
represented as a vector. The components of this vector are numbers that represent the effect of the "ideal
drug" on symptoms. In order to choose an effective drug, the actual existing medicinal drugs are
compared to the "ideal”. The drug that is closest to the ideal in terms of effectiveness will be selected.

Bbi10op JieueOHBIX MpenapaToB HA OCHOBE UX 0JIM30CTH K ,,H1€aJIbHOMY NMpenapary*
Baoum Paoszuesckuil, Maiisi Muxenaosze, /[mumpuii Padzuesckuil, Unvs Oxonsin

Pe3rome

PaccmarpuBaercsi BbIOOp JieueOHBIX IIpernapaToB Ha OCHOBE WX CpPaBHEHUsI C HJCaJIbHBIM
npemapatoM. JlaHo ompejeneHue ,uaeanbHoro mnpemnapara”. IlomyepkuBaeTcs, 4TO ,,MacanbHOE
JICKapCTBEHHOE CPEJCTBO, KaK W peajbHOE JIeKapCTBO, MOXKHO TIPEJCTaBUTh B BHIE BEKTOpA,
KOMITOHEHTAaMH KOTOPOTO SIBJISIIOTCS 4YHMCIIa, TOKa3blBaroliue 3(QQeKTUBHOCTh BIUSHHSA ,,MACAILHOIO
JIEKapCTBEHHOTO Mpenapara Ha cumnToMmbl. C 1iebpi0 BbIOOpa 3((EeKTHBHOTO Npenapara MPOBOIUTCS
CpaBHEHHE PEAIbHO CYIISCTBYIOIIUX JICYCOHBIX MNpENapaToB ¢ ,HAcalbHBIM . BriOupaercs edeOHbIH
npemnapart, Haubosee OIU3KHUA K ,,iIeaTbHOMY 110 3()()eKTHUBHOCTH.
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doMOMOO 3MI30WsGHMM0, MHmamMogss GCC [7], LLVM [8] s PGI [9], s6 ¢B6bggmymals
dmbsogdms  MOMEOlL  58m3egbol  Bsdgbgdme  FbsMEOFIMSL.  sMLGdIMBL  obsdorMo
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2. 30330 g96bmM309gd0 ©sIM30YOMEYdJOO
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99000 329olbIMBL 3O MYMsTol FM35KRIMS TguMEgdsl s Job Logmdzgwbyg sbi3zbol
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MmM039 doamds 094gbgdl Lo3dom Mo LoLEJIGRL ©s oMo  BMMYJIMOS
30636093 M@ 30030@aGMmO9dbY. ogoswomsw LLVM (Low Level Virtual Machine).
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39909300. §omBMm3000bMmm 53m3sbs A, GMIgwoE 990dewgds as63sbmM09wmo LMoo
(56535059 9MH0) B0 O 3oMOWYEMS. Tglsdsdolo P1 s P2 3G:myMsdgdom. 8909900
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R2 890092, 03 3mbLEMwdso0l  dobgbo gmgowms.  3ow3gwwo  3mbLEHME0gd0L
LobJHMboBsEoOLIMZOL Fgodergds 458m3094gbmo dgdgyo LadwsEqdgdo.

MMAMO 253030930 Jm  dmbsggdms MdMol OpenMP-3o. 530Lomzgol  259m0yggbgds

398930 ©oMYJH03900:

1. #pragma omp critical
2. #pragma omp atomic
3. reduction
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U3obMEJOT0 goblsbL3zEMo dgblogMgdol Imgwo FobLEBOZMZL, Mmd C b C++
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#define USE_MATH_DEFINES

#include <iostream>

#include <vector>

#include <string>

#include <cmath>

#include <chrono>

#include <Windows.h>

#include <iomanip>

#include <cstdlib >

using namespace std;

#define nmiliwamebi std::chrono::time_point<std::chrono::steady_clock>

using namespace std;

long long zoma;
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long long int Tduration(nmiliwamebi start, nmiliwamebi end)

{

return std::chrono::duration_cast<chrono::nanoseconds>(end - start).count();

}

int main() {

int kk = 5;// kk- 3500530330¢0069000 2560939 360165300 353390500 MoMm©qbmds

nmiliwamebi startOmp;

nmiliwamebi startSerial;

nmiliwamebi endOmp;

nmiliwamebi endSerial;

double jamiserial = 0., jamiomp = 0.;

double Sedegiomp = 0;

double Sedegi = 0;

long long int durationomp;

long long int durationSerial;

int h = 10;// 35030l D00l 330l doKO ++/--

int M = 205/ @sbbbgsgzgdme 890093900l 800000090 Mwo  GomEgbmds, 96wy
50300 3Jmbs LsBosM™ IgbLogMHYOOL LEBOSOM Q5TMY)bYdSL

int k = 0;// gobbbgs390a 990092900l dngegero

mtMM=M + 1;
int ii; //35053m3300MmgdOL 250939 3OMAMITOL 258390505  MoEIbMdOL
dogergero

vector<int> veck(MM); vector<int> vecii(MM); vector<int> veckk(MM);
vector<int> veczoma(MM); vector<double> vecjamiserial(MM); vector<double>
vecjamiomp(MM);
vector<double> vecSedegiomp(MM); vector<double> vecSedegiserial(MM);
vector<long long> vecOmpDuration(MM); vector<long long>
vecSerialDuration(MM);
for (ii = 1; ii <= kk; ++ii)
/1 kk- 4500530330006 900L 456939 3OHMAMSF0L 359390505 MoM©IbMds
{
zoma = 20;// 800@0bstrg dsbogol bmds(gargdb@gdol  Mom©gbmds)
309050Mdol dgdmbggas
if(ii==1)
{

std::cout << "

<<"\n"
std::cout << "start zoma:" << zoma << '\n';
std::cout << "h:" << h << " kk:" << kk<<" M:"<<M<< "\n' << "\n';}
while (1)
{do{vector<double> vec(zoma);
#pragma omp parallel for
for (int i = 0; i < vecsize(); ++i) {vec[i] = sin(M_PI *
float(izoma}
startOmp = std::chrono::steady_clock::now();
jamiomp = 0.;
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/1 3515@0gOHME0 3O
#pragma omp parallel for// reduction(+ : jami)
for (inti=0; i < vec.size(); ++i) {jamiomp += vec[i];}
endOmp = chrono::steady_clock::now();
Sedegiomp = M_PI * jamiomp;
startSerial = std::chrono::steady_clock::now();
jamiserial = 0.;

for (int i = 0; i < vec.size(); ++1) {
vec([i] = sin(M_PI * float(i) / zoma);
}
/1 bgBOWEO 3MEO
for (int i =0; i < vec.size(); ++i) {

jamiserial += vec[i];
}
endSerial = chrono::steady_clock::now();
Sedegi = M_PI * jamiserial;
zoma -= h;// dsbogol Bmdols d9830c9ds h doxom
} while (Sedegi == Sedegiomp && zoma);
if (zoma == 0)break;
++k;// 8539905 GBdMEOL IN3gEro
veczoma(k] = zoma + h;
veck[k] = k; vecii[k] = ii;
vecjamiomp[k] = jamiomp;
vecSedegiomp[k] = Sedegiomp;
vecSedegiserial[k] = Sedegi;
vecjamiserial[k] = jamiserial;
durationomp = Tduration(startOmp, endOmp);
vecOmpDuration[k] = durationomp;
durationSerial = Tduration(startSerial, endSerial);
vecSerialDuration[k] = durationSerial;
if (k >= M)break;}
if (k >= M)break;}
if (k == O)cout << "No data Race" << endl;
else {
cout<<" k ii zoma omp<>serial OmpDuration SerialDuration\n";
for (int iii = 1; iii <= k; ++iii)

{ cout <<setw(4) << veck[iii] << " " << setw(4) << setprecision(4) << vecii[iii] <<
" "<<setw(4) << veczomaliii] << " " << (vecOmpDuration[iii] > vecSerialDuration/[iii] ? "
omp>ser " : " omp<ser ");
cout << " " << setw(8) << vecOmpDuration[iii] << " " <<
vecSerialDuration[iii] << " ";
cout << endl;}
cout << " ii AvarageZoma omp<>serial AvarageOmpDuration

AvarageSerialDuration\n";
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long long AvarageOmpDuration = 0, AvarageSerialDuration = 0;
for (int iix = 1; iix <= ii; ++iix)
{long long AvarageOmpDuration = 0;
long long AvarageZoma = 0;
long long AvarageSerialDuration = 0;
int kq = 0;
for (int iii = 1; iii < k; ++iii)
{++kq; AvarageOmpDuration += vecOmpDuration/[iii];
AvarageSerialDuration += vecSerialDuration[iii];
AvarageZoma += veczoma[iiil;}}
AvarageOmpDuration /= kq; AvarageSerialDuration /= kq; AvarageZoma /=
kgscout << " " << setw(4) << setprecision(4) << iix << " " << setw(4) << AvarageZoma << "

n n

<< (AvarageOmpDuration > AvarageSerialDuration ? " omp>ser " : " omp<ser ");cout <<

1 1 nn

" << setw(8) << AvarageOmpDuration << ' ' << AvarageSerialDuration <<

endl;}}}

,cout <<

200 9argd9b@obom3z0l 3OHMAEMsds 0d¢rg3s 9999y d9gL:

start zoma:200

h:10 kk:5 M:20

k i zoma omp<>serial OmpDuration SerialDuration
1 1 200 omp<ser 9300 17200

2 1 190 omp<ser 8300 14900

3 1 180 omp<ser 5600 14200

4 1 170 omp<ser 5600 13900

5 1 160 omp<ser 7700 14700

6 1 150 omp<ser 8000 14000

7 1 140 omp<ser 6200 11700

8 1 130 omp<ser 7800 11900

9 1 120 omp<ser 7500 10700

10 1 110 omps<ser 5300 8300

11 1 90 omp<ser 5200 8100

12 1 70 omp<ser 4500 7000

13 1 60 omp<ser 4900 5500

14 1 50 omp>ser 5600 4800

15 1 30 omp>ser 4200 2600

16 2 200 omp<ser 6900 18200
17 2 190 omp<ser 6800 17200
18 2 180 omp<ser 5500 14300
19 2 170 omps<ser 7100 15300
20 2 160 omp<ser 5500 14300

ii  AvarageZoma omp<>serial AvarageOmpDuration AvarageSerialDuration
1 123 omp<ser 6380 10633
185 omp<ser 6575 16250
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B90m0o Imygzs60e 59mbsdgFdo:

h = 3sb0g0L BmIoL (33¢0L dox0s, M 45B6Lbgs39d 8999d0L JoMOMYOIEO
dgbodenm  bodgdbo  ogdlodoMo  MomEgbmds.  k  aobbbgeggdme  Fgw9agdol
50M96Mmd0L  dggeos. il 2503MmI30W0Mmgd0L 4909  3OMYMHTOL  25d39dsmo
300000900 FoJLOTSWIHO M5MEYHMDS.

OMamO3 89093900056  BsbBL, 200 9wgdgbGol d9dmbzgzsdo 20 MOdMEOL
doboef93500 B0l (33009gdoLOL dox0m 10, IR3FOMES S3EMTSGVIMS®E 3OIMAEMSTOL
2-%x96 3593905. 3565w gm0o LM gdol O™ dg@o 908mPbs LyMHowwbg HBmdol
50-9 s 30-9 999dmbgggzsdo.

10 9093960l 89dmbgagzedo:

start zoma:10

h:1 kk:5 M:4
k ii zoma omp<>serial OmpDuration SerialDuration
1 1 9 omp>ser 4300 1100
2 2 10 omp>ser 4000 1300
3 2 9 omp>ser 3900 900
4 3 9 omp>ser 4100 1100
ii ~ AvarageZoma omp<>serial AvarageOmpDuration AvarageSerialDuration
1 9 omp>ser 4300 1100
2 9 omp>ser 3950 1100
3 9 omp>ser 4100 1100

start zoma:10

h:1 kk:5 M:15

k ii zoma omp<>serial OmpDuration SerialDuration

1 1 10  omp>ser 6600 1600

2 1 8 omp>ser 5400 900

3 1 7  omp>ser 5400 800

4 2 7  omp>ser 4900 700

5 3 10 omp>ser 4200 1000

6 3 8 omp>ser 4900 900

7 4 6 omp>ser 5200 700

8 5 7  omp>ser 4900 700

ii AvarageZoma omp<>serial AvarageOmpDuration AvarageSerialDuration
1 8 omp>ser 5800 1100
2 7 omp>ser 4900 700
3 9 omp>ser 4550 950
4 6 omp>ser 5200 700
5 7 omp>ser 4900 700

OMRMOE 3539w go0sb  BBL,  gagdgbBgool 353 Hom©gbmdol
d900bg935d03 300b@gds IMbszgdms GBdMWS, bmwm LyMHomewo JguMEgdol O™
MBOE J306095. 9.0. SBMHO 56 5d3L 35MWIEYO EO3OMYEITJOSL. Y3600 3OHMYEMSTS
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350053008 O  B5dwOEgdsl  0dEg3s, IMOEM®  BESEGH00L  dMmEMEmdol  4sdm
39092900L ©gIMbLEM0M9dsd0 99D MLIGd0 FoOHO.

Data race analysis and handling research in the OpenMP paradigm
Tengiz Bakhtadze, Irakli Rodonaya, Meri Gegechkori

Summary

The paper substantiates the random character of the detection of errors in specific programs as
a result of the data race. Dependence of error detection on task size is calculated. Calculated
corresponding execution times in nanoseconds using the latest class. The essence of the approach lies
in the multiple execution of a parallel and serial program on a task of different sizes. The program
was developed and brought to C++ in the Open Mp (Open Multi-Processing) environment of Visual
Studio (MS) 22. For the analysis of data race detection, the quantitative and average characteristics of

race cases are presented.

AHayu3 TOHKY JaHHBIX M HCCJIeIOBaHUE CIIOc000B 00pa6orku B mapagurme OpenMP
Tenrus baxrazse, Hpaxruii Pogonas, Mepu I'ereuxopu

Pesrome

B crarbe 0GOCHOBBIBaeTCS CIydaifHBIH XapakTep OOHAPYXXEHUs OIMNOOK B IIApaslIeTbHBIX
IporpaMMax B pe3yJIbTaTe TOHKM JAHHBIX. PaccunTaHa 3aBHCHMOCTH OOHApyXXeHUs OLIMGOK OT
pasmepa 3ajaud. PaccuMTaHO COOTBETCTByIOIlee BpeMs BBIIOJHEHWs B HAHOCEKYHZAX C
HCIIO/IB30BaHUEM COBpeMeHHOro kiaacca. CyTh IIOAX0Ja 3aKII0YaeTcs B MHOTOKPATHOM BBIIIOTHEHUH
[apajeJbHON ¥ IOCIeZOBaTeAbHON IIPOrpaMMbl Ha 3azade pasHoro oObvema. IIporpamma Gblra
paspaborana u mpencrasiena Ha C++ B cpeme Open Mp (Open Multi-Processing) Visual Studio(MS)
22. Jlna aHanusa OCHAPY)KEHWs TFOHKM NAHHBIX IPEJACTABIE€HBI KOJIWYECTBEHHBIE M BpeMeHHbIe

XapaKTePUCTHKHU CIydaeB TOHKHU.
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00BbgL-3OM39lgdOL FoMmzol 3m330GHIMHME LoliBgdsdo ©s3s35380Mgdgwo 3356d9d0L
99@0MmgdoLomzol  4sdmoygbgds  0bBHOEgolgdo -  M3gMs30gd0L  gHOMIOMDS,
6OmIggdoz  sbgbgb  dmdlsbuy@gdols  b3goxgoEeMgdsl, GMIgElsg FoMdmswabl  Jwsbo.
3dbo  9g0demgds  Godnbodg 0b6GHIMHBgolol MYsEobBgdls sbEgbgl. s3sLmsb, LolEgdol
9cmgbogomdols s 959myggbgdol LodsGEHOgz0LsMZoL LalimMggmos JMbE3MgEMe 3mbEgJuEdo
3ol 9abgd3eo®l dggdeml smImMsyobmls dbmmm ol 0bdHgmeagolbo, HGmIgeog, dolo
O0Esb 250mIobstyg, dmEgdmer Lodwmsgost 9ggbsdsdgds. gl dmombmgl Jesbol Jsgzol
©IGINE 365¢oBU.

bBo@osdo gsboboggds UML-ol 9amds®gmdol osa®sdol g53myggbgdom  gmstiols
943930L  @gBHIWMGo  sbswoBo s ymzgwo Lodegos-0amdsmgmdolismgol  Gglsdsdolo

0b@gmxgoLol swagbs.

13533560 Loyzgdo:

Jasbo, dgmdstigmds, dmzcrgbs, @0sgMmsds, bdgGgmBosdo.

1. 3glsgsemo

36MHMAM59wo  bobGgdolb  I3MMYJBHIOOLEL  860d3bgmgsbos  s35mm  LolbEgdgdo
50m39bsms 935830m 4530%360m. gl 2olbdMdL, MM LolEBgdol 49630M5MGOOLOL (330Dl
dob 9o bsfodo s Jgabml sbs®RIbL. 98 FoBbol Bolswfgzo 9MEowgdgEros LobEgdol
0535353806909w0 3356d900L L39EOBOEOMYdS, IMIBLSE 39300MEYO0s6 sTMY30IOWs©
(3390905000 boffoergdo.

053535300690gwo 335609001 IMOYX0MYPIOLIMZOL  Qodmoygbgds  0bEHgMmagolgdo.
063¢gMx3g0Lgdo — gl ™3gMHOE0gdOL  GOHPMOWOMBSS, MMIgdoE bbb dmALabMgdOL
1393083030MIO, MMTILsE FoMdmayabgb Jamabgdo.

0b@9mx90L0 sHEYBL 3ealiol b3gE0RBOEOMYISL, FoaMsd 56 SHEYBL sMsgz30mMaM FgHLm3L
ol HgooBo300BY. 3wslo 8godegds Msdgbodg 0bEgMHEBgoLYdOL MYoe0BYdl SHgbL.
505606 0lobo Bmzomgmdsl 0mgdgh FgoliBrmb ™Ms3056m0 yzgws 3mbEHGIIGJd0, Mbs
89039300696 FgnmEadL 0b6GHIORBJOLOM FodMEbIIOIMEO M3JMIE0gIOL B0 BYOOLIMZOU.
31939 3@olio FglodegdgE0s 8M30JdIWo 0gmb M3dEgbodg 0bEIMBIOLOLYSE. 58 OML ol
9MEYos, OMI  250m3bsgdMo  3mbEHMJBHJO0 Tl gdosE  Fomo  MYo0BYdsEO
39033910 3033mb696¢00L  Bs3Mgdom. UfimMg sdo@md  53dmdgb, GMmI  0bGHgdgygolo
§omIMoygbl LoLEB YIS0 5353006 GdgE 3356dL. 0RO ABLEBLIMIZL JMBGHMIEHOL JoMMdIDU,
Mol 89dgys3 ™Moz dbsdg 3wogb@o s dmdfmogdgwo dgdeosm  0dmgdgomb
9600056900b5396 ©s9MM 30O, FNW0sHIP HIYMHPOMD Mo MOMOIMH FMZogMdIBL.
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3sbmsb, GMdgwoi 0ygbgdol 0bEIMRIoLL, ©s35300M9ds bEgds ©BMIOEIDMEGdOL
300smmgdom. dg3Jdboom G5 sbogr 06GHIOBIOLL, 30M39 Godo MYMEIPRD  M3JMOF0S0S
bodMogegl, MMIgEoE  bLIBPZM396  J3wslol  bgMzoLL.  0bEHIORgoLo  FbLEBOZM3L
3063Mogd@ol 306MmdgdL s Jwslol gzgas 9aHgddwsmgdo bos 0393wbI6 98 3oMMmdYdL.
5050096 3MB3MgEHME 3mbBFgJuEGHT0 9uHgI3WsOL Mbs Gggdenml HoMdmoyobml dbmemp ol
063965390900, OMIWIdoE ImEgdne LoGwoeEosl dggbodsdgds. gl 6odbsgl, MGmI gmgzgwo
0639633900 2oblEBPOZMHZL MWL, OHMIgEbsg 05959 MB0YJGHO. Mo — gb goM339vIo
0LYOOL J39359 3MB3IMYEHMW 3bBHJuEHT0 96 Lb3s LoGHY39BOM — 3060, HMIWOMSF SOLGHMSJ30s
9005600705 bodygstrmlb 80dstro. dgbodsdobs, Mmd0gd@o FoMmagbl LodysGml sds 0w od
“Bobgl” @s Bobmsb MMM0gMmddggdsdo dymao 3w09gbEHId0 JEmEIdosb dobash Tglodsdol
J3a32L-

50bodbmwo x3sdBHgdo 03560869096 035y, MM Jarslol 0bEgMHgzgolol sgbolsl
MBS 299050 DGOMo 0gbsls 3esliols ggzgems Tgboderm BoG)sE0-000MBsMgmds. sdolsmzol
90D968gHmbogmo 0dbgds 259m309gbmon UML -0l 8oam8sMmgmdsms osgsds.

503960l 25005(939¢)°

099 bobGgdsdo 235d3L  9AMBsMgMdOLIRSD  ©sdM30IdMEo  MdOg]BHJOo  J3g30L
Moo ©obsdogom, 35906 dsmmzgol Fgladegdgeos 93953Mmo dmEYeo, OGMIgEoig S0HgoL

®309JBol  9AMTsMmgmdIdL s RoILZEgdL s dmMobL. gl FmEgwo  FoMIMEAGOS
9MTsMgMdoL 0G0l Loboom. ™md0gd@gool  dmEgwomgdolsl  Mbos  dmzsbobmm,
doM0omMoo©, Lsdo  Logbol  b3gEzoBoEOMYDds:  BEAMIEO  BEAMIsMYMdIdO,  OMIgEdos
39L5dgdgE0s  0dYMRBIIMPIL MB0YJBHO; Bm3zwgbgdo, GMIWdoE bbb owsbigzargdol
0bo30060Hg0s; s 9mgdggdgdo,  GMIWgdo3  LOWEwEIds  JEaMTsMgmMdOL  Ym3z9wo
39(330bsb.

0003M50  3MIsMgmds gl obgmo  FEAMBsMYMdss, MMIGEdoz MmdogIBHO 08Yymeygds
23969LsBO3Mgs© OO OMOL  gsbdsgermdsdo. Imggbgdl  Jgdosm MM 3Y
290530900l 0boEo0MmYds Megz0L ™Msgzdo s TMIbEObMb oy  AoILZNGdO, GMEILSS
Lofgobo  @s  F0BbMdMOgz0  IEAMIsMgMdIdO  gPMBsbgml  gdmbggzs.  Bmgzwgbgdby b
90MTsMgMdoL  (33¢0gdsHg  M9odoobal  Mmdogd@ds dgodergds  FgolGHemlb Q963390
dmgddggdo.

0525 0moLom3z0L  gobgobowmom  Jwobo  3BbobdgorszsDgds  mdogdBHOL  J3939,
MMIgoE  sbbl  3MMLYdOL  FgMbhgzol  LEBHY6EHIBOLIMZOL. FEYMTIMYIMBOL  OSYMSTOL
2o g0s© 353056  39bgbom 000M3sMgMdgdol  0©IBEHOR0E0MIGOL.  TYMTIMHIMBS0S
2490m3gbol 6odbgdos Md0YJBHOL sEHMOdMEJOOL 36033690 MdgdoL Fg3es s 393006MgdOL
2909309@° Ubgs  md0gd@gdomsb.  mdogddo  39mbolbdgorsgsbgbs  89odagds  0dymegdmEIL
dymdsMgmdsdo  3MmOLBY Jomads goblbogros 06s0g, LsBsd Tobbyg  aMgAOLEHMOMYdVN
LEAHMEIBGHDS OOMPIBMDS 9O 2o5FoMOJOL  10-b, bmerm OMYMOEG 30 A99FoMBIOL  10-b,
™m309dBH0 3500l 8aMmIsmamdsdo  3MOLDBY  Bogds  bWOYEOos.  sFol oMo,
90 M0oMgmdsdo 3MMLDBY domgds goblbowros Bs®mwos daMdsMgmdgdo 319OLO 530l 56
30394ogl by oM MLYIMBIL 3938060  3OMBILMEOOL  MMIgody  JMOLEMB s 3MELO
560369905 (sbgomo 39380M0 SMLGDMOL).

bowm 9ymdsmgmdsdo JMOLBy Jowgds ©obYIMwMmos Bs®MmE0s, 3MOLO 35w9Jds,
3MOLo  dg3L9dY0s s 3YOLO  BIODWIE0s  gobMogdo. 3MmI3MBOEOIHO  JAMTSMIMIJO0
L5MoEdL 003096 293505MH0ZMM EOSYMSTs, T935830MM™M Mo FoEILZEGOOL MOMEYbMDdY,
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509bos3  BoOmymo  ymds®mgmdgdo  899330Mmgmdom  0dgbgb  3m83mbosom®o
900M35MxMdJOOL Y39es 30L9dOLS s P5IBZEGOL.

39009y “bo  mMmgzobobmo  Imggbsms  0gbGHOBOEOMYds. BM3zwgbgdo, MMAMOE3
oo 53930060700 5M0sb  goM33gImo  Mm39M30900L T Egdalicsh.  3amslido
3290bobFI0535B985  2ob0LLYBPZMS  mMO  Mm3gMe3os  —  3OMEgLmOOL  Jogh  39OLYdOL
00hg35bmsb  (sbogwo 3938060l 8gddbs) o oMby 3OLDY  MomOb  mJds  (3ogdoMol
3°0930%9)-

oMb 3obgbm  BEaMToMHgMIPIL  FmMOlL  goalgErgdol  0©YHBEHOBOEFOMGOSL.
23905L3Wgdo  4o8MmoLobgd0D  Fm3wgbgdom.  ©O0sRMITOL  A5OBZ0MMZOL 3630050
2b5E30EYdES, §399mo Bmy3560e0s 08 dMm3zmabadol sOams, HGMIWgdoE Fobs30MHMdYdY6 Mo
0gM3sMgmdoEd  gosligemsls  dgmGagdo: X1 - LEGHMEIBHJOOL  MOoMmEabmds=0; X2 -
6930LGM5E00L OBNMM3Z5; X3 — EIbNMM3Zs; X4 - 3MMFBILMOOL ToBgds; X5 - 3MMmEgleMol
00Mmg05; X6 — ©odmoghgds; X7 — sbmm3zs  [LEGHWIBEHIOOL Mom©Ybmd<3]; X8 -
LEBHMIBEJOOL MoMEIbMdI=10; X9 — MgaO0LAEAMIE00L IHBNMMZS[LEIBEHIOOL MomEYbMdS>=3];
X10 - @oobmes  LEHMEIbBHIOoL  Mom@gbmds  >=3}; X1l - ULEHWEIBEGHOL  ©sdoEgds
[LEHMIBGHOL_Mom©gbmds  =LEHMEIbGHOL_Momgbmdo+l];  X12—  LEHwgbEoL  ©sds@Hgds/
LEAHYIBEOL _ Homgbmds = LEHMEIbEHOL_Mom©gbmdo+1/; X13- MgaoLEMo300L abIM3s.

9390 05ModsDg  2odmygbgdmos  dmEgEro®mgdol  obymo  Fglodwgdermdgdo,
MMAMOOE oMol 3MIZmbogom®o (composite state) s obEGMMOMo  FIEYMISMHIMDIO0
(history state) 3m33mBoEowGo IEYMIsMIMDJO0  LodMsgdSL  0dwg3056  253505MFGH03M™
O053M505,  89350300Mmm M oilgErgdol  MomEgbmds,  Msdgbsss  hoBoemo
9pMdsMmgmdgdo  09933000MgMd0m  0dgbgb  3mI3mBogomMo  FaMBoMgmdgdol 439w
30Lg0gdLs O A5LZYOU.

obEMMoMwo  JEamdsMgmds — g BLYZEMIEYMIMYMDLS, OHMIJOEG  SWVIYIBL
§0bs0gdsmg  5JBHoe  IEaMIoMmgmdsl  3MIZMBoGH  BYMToMgMd5T0. 030 LTS gdSL
0093l 3Mm33MBoGHE  IyMIsMmYMdsL  s0TobLMZOML MHMIgeo Bs®meo dyMmTsMgmds
oym  80dobstyg  o8mligerol  dmdgb@do, o0dolosmgol  GMI  bgdoldogho  AdEILZWIS
06MbgdM©L LM 53 PoMme IEyMToMYMdsTo, s M Lofyol BYMTsMHgMdST0.

9tyg39600 ©05M530b Bomnrs Fsbl Mmommger dymdstmgmdsdo dglsldMvyegdgwo
009990090900(m396530900), Fglodsdolo 0bGHIORIoLO, GMIgwog el embolidyorsgs bgds
d9L5dgdg0s 3Jmbgl ImEgdvye LoE)sE0s-8yMTsMYMdSTO.

BLEMgd30gd0L LgdsbGHozol FMMTsMHo BMEIEPOMHIOOLIMZOL S TS0 oM 3391w
063 90m890Lmb  FglsdsdolmdOLIMZOL  4s8moyqbgds  LEGIMgMG030 type. gl sMOL  JsLol
LEAHIOINGH030,  OG@IWwolb  39d39Mmdom  2oboLEBMZIMPDds  MdOYIBHIOOL  FmddgEgdol sy
39630900006 ghms. GHo3ob 3mbzgnEos 9F0MHME ML ©s393806MHJdMo 0bEghggobol
3063983305Lmsb,  TbmmmE 00 doblbzsgzgdom, ®m3  Godob  sefighs  TglodErgdgEros
390393096 9BHMOdMEHIOL, bmem 0bGHIORJOLOL sOfges — oMo.

182



06¢96890L9d0L dmEgEromgds doBBYL-3HMEILYdOL FsMmzol LolEgdgdolsmgol

\Xl
cﬂﬁ‘!hcb:] OOQOBD 3&bl\bng$ @_ﬂ)a ﬂ()Q'JB;, begﬁvggb

X2

’/-'-'_"._-___-"_‘--._\

Jep@bo smogob &b
( o6 doyozls 6o pofes (: )

r'y {

\_\___‘—._._______J-‘

/
X6

B

290900
derbodbperos m\

Bob. 1. 9amdomymdol 0sa™ds 3m33MBoEOYIMOo AEMISOHYMBIdOm

X4

X3
X3 Xo /

36bo
39D 0s

<X13

Gbo BaGormeros @
p2bGopdo

=/

X6

d30s  bobobbg  dmyzsbowos  Hmergdo,  OHMIgwbsg  Jwobo  geydlolidgosgs bybs
05059m8L  doMmn3z0L  LobGHdol  3mbEHYJuETo. ImEgdmwo  bobsBosb Bsbl, MmI  Jesbio
39960bobdgosgzsBgds 93Hga3wsmgdo  Tglsdwgdgaeos 803s3m3bmm bmmosb gho  Godl,
I gdog FoMdmoyobgdosh LEGHIMIMEG3Mwo 3wslgdols Loboo.

3996LBY J0wgds Poblibowros 39960LBY d0Mgds IHBYIMMEO0S
“type" “typen “type” “typen
3960 56550l 39600 3900 3538005 3I0L0 BsGoryanos
56 803gsgls 8260362305 39660330
“typell
399OLo Fgzligdvyemos
3296bobdgorszs bgds
6sb.2.

183



09009655 brybosdzoemo

3. ©d3336s

UML-80 56Ugdveo damds®gmdoms @osa®sdom Lodmowmagds 33990939 ©IGIWIMo@
©535b5L0sOM®  3EbgdoL  J3939, 39B3LEBOZOM® LoGEWE0s-00MIsMYIMdIdO, dm3zwgbgdo,
M0Imadog 039396 30oL3wgdl ghmo dEMBsMgmdoEsb  dgmGgdo s dmddngdgdo,
MIgd0E GgbsdEgdgeos 99l oMM 9MdsMmgMmdsdo. gl 335093l Logzwydzgeols
BDMLBH© 4963L5BOZOM®M My G5 IMALObMEOYBOL YoF935-(06EIMBgoLo) Tgmdwos sds 0¥y 0d
Lo@ 30530 (8RMToMYMdST0). Homsi LoLEGds FobEIds MBMM Imdbowro s FordxMdILOIDS
dobo dmbdomgds.

Modeling interfaces for business process control systems
Teimuraz Sukhiashvili

Summary

Interfaces are used in the system to model docking points - a set of operations? specifying the
services provided by the class. A class can implement multiple interfaces. However, for ease of use, it is
desirable in a particular context, the instance provided only those interfaces that are appropriate for the
situation, based on its role. This requires a detailed analysis of the behavior of the class. The article
discusses, using the UML state diagram, a detailed analysis of the behavior of a class and the
establishment of an appropriate interface for each state-situation.

MonaenupoBaHue nHTepdeiicoB 115 cucTeM ynpasJieHUsl OM3HeC MPOLECCOB
Teumypaz Cyxuaweunu

Pe3iome

B cucreme s MonenuMpoBaHHS CTHIKOBOYHBIX Y3JIOB HCHONB3YIOTCS HHTep(deicsl — Habop
orepauui, cHenuUIMPYIONUX YCIyTH, NperocTaBiIseMble KiaccoM. Kilacc MOXeT peaan30BBIBaTh
HecKoJbko uHTep(deiicoB. Tem He MeHee ISl yAOOCTBA KCIOJNB30BAHMS JKENATEIbHO B KOHKPETHOM
KOHTEKCTE 3K3eMILUISIP MPEAOCTABISUT TOJBKO Te HHTEP(EHCHI, KOTOPHIE COOTBETCTBYIOT CHUTYAIlHH,
HCXO0/1s CBOEH poiii. ITo TpeOyeT NeTalbHBII aHaIU3 MOBEICHHS Kilacca.

B cratbe paccMaTpuBaeTCs ¢ MCIOJIb30BaHUEM Jauarpammbl coctosiuuii UML neranpHbIN aHAN3
MOBEJICHHS KJIacca M yCTAaHOBIICHHE JIJIS KJKIOTO COCTOSHHSI-CUTYAIIH COOTBETCTBYIOMIETO HHTEpdeiica.
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bBo@osdo gsbbognyyemos Lsgombgdo, GMImgdog gbgds Tbob  gmEMgmadBHHUEo
LsaMgdol 3Ghmgddgdol Mgsmobgdol 3s®M3zgrem mM30L9dMMYOJOL. AEMBIMYMHO EICDMIOL
3396m396msb  ©5393006Hgdmo  gsdmfigglzgdols BmbEby TBol  gsdmliboggdols  gsdmygbgdom
99dBOmo gbghaool domgds goHm-9Gm Ibodzbgmmgzsbgl Lozombs 303, FogMsd
0b39BH™MYd0L  goM339Me bofol dBol  BmEMYYIBHOHMEo  Lsam®mdol  3MmgdEgdol
003500  gssbbos  13g3B03MMo  sIM30EYdNMEYds, 30650sb FBol  mGHmgwgdBHH o
Loar)Mol sadryeo oddwag®mol gsdmyggbgdol 3mgno3ogbdo 8gpsmhgdom bsgzergdos 03039
©oa0Mwo Loddgsgmols dJmbg gsbobergdao gbgmaools bbgs ysmmad by (Fsgsmoms,
30MHMOHgOLYRdBY) dMmdNdsgg 9ergdGOMLsEaMHIBOL ©sadmo LoddmsgzMol 3sdmygbgdols
39803096@®b6 9gsmgdom, Mg 0530l FbGOZ g36330HMBIIL JgemgdEHMLsEYMEGOL Lsdrmsmm
femom@o  a50mdmBsggdol ool s, Tglisdsdolo, dgdmbagmgdl s 0bgglGoEogdol
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Principles for improving the efficiency of a solar photovoltaic power plant
Paata Jokhadze, Nika Beridze

Summary

The article discuses with issues related to some features of the implementation of projects of
solar photovoltaic power plants. Against the backdrop of issues related to the phenomenon of global
warming, generating electricity using solar radiation has become one of the most important issues.
However, some investors are skeptical about solar photovoltaic power plant projects, as since the
installed capacity utilization factor of solar photovoltaic power plant is relatively lower than that of
power plants that use other renewable sources (e.g., hydro resources) with the same installed
capacity. This determines the average annual output of the power plant, as well as its revenue and
investment payback periods. The article presents the results of preliminary research, which provide
an opportunity to explain the reasons for the relatively low efficiency of solar photovoltaic
installations and to find ways to increase their efficiency.

3 https://www.gaisma.com/en
4 https://www.suncalc.org/
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ITpuaymEl MoBBIEeHN 3¢ dEeKTUBHOCTH COTHEYHOH (POTOIIEKTPUIECKOH CTAaHIIUH
Ilaara /Droxazgse, Huka beprzse

Pesome

B craTbe paccMaTpHBAIOTCA BOIIPOCHI, CBA3aHHBIE C HEKOTOPHIMU OCOOEHHOCTAMH peaH3alliu
IIPOEKTOB COJIHEYHBIX (OTODIEKTPUYECKUX CTAaHIMI. B cBeTe BBI3OBOB, CBS3aHHBIX C SIBIEHUEM
r7106a/IPHOTO IOTEIIIEHNUs, [TOIyIeHUe DIeKTPOIHEPTUU C HCIIOIb30BAaHHEM COMHEYHOTO U3TyIeHUT
CTaJO0 OFZHUM W3 Ba)XHEHIIMX BOIIPOCOB, OFZHAKO OIpeZeseHHAas YacThb MHBECTOPOB CKENTHYECKU
OTHOCHUTCA K IIPOEKTaM COJHEYHBIX (DOTOIJIEKTPUYECKUX CTAHIIUMHU, IIOCKOIBKY KO3(PQUINeHT
KCIOJIb30BAaHUA yCTAHOBIEHHOM MOIIHOCTH COJTHEYHOM (POTODIEKTPUIECKOH CTAHIIUY OTHOCUTEIBHO
MeHBIIe II0 CPaBHEHHUIO 3JIEKTPOCTAHLMAMM, KOTOPhIEe WHCIONB3yIOT [PYyTHe  BO30OHOBIIIEMBIE
HMCTOYHUKY DHEPruu (HapuMep, I'MAPOPECYPCHI) C TAKOil XKe yCTAaHOBIEHHON MOIIHOCTBIO, YTO, B
CBOIO OYepeb, OIpeZieifeT CPeIHETOL0BOM 00beM BEIPAaOOTKY DIEKTPOCTAHIIUHY, @ TAK)KE BRIPYYKHU U
CPOKM OKyIIaeMOCTH WHBECTHLMH. B cTaThe IIpe[CTaBlIe€HBI pe3yIbTATHl IIPeBAPUTEIBHBIX
HCCIeJ0OBAaHUM, KOTOpPBE JAlOT BO3MOXKHOCTh OOBSACHUTH IPUYUHBI OTHOCHTEIBHO HU3KOM
oddeKTHBHOCTH COTHEYHBIX (OTOINEKTPUIECKUX YCTAHOBOK X HAMTU IYTH IIOBBIMIEHUS UX
abdexTuBHOCTH.
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69bowmdg

LsbmBem-sdg@Mbgm  3GmEmMIgool FoMmdmgdsdo d60dgbgmmasbo  syomwo  M3530
LB MEY B BHMOL, GOl FoBHIMIMBdOL sMEOMWgdMdS d90gdbs gEsdofjols mbsbergmdols

DAL, 3e0dsGol (33¢0¢gdgd0L, WMBdIBODBIEoOL FgEgasE 3GMmEddomemo dofjgdol dgdso-
6H900Ls s 1553390 3M:MIEgoolL FoTmgdsbg 35BMHEOo IMMbMabol 35dm, ©s 315939, BO®O-

©@mymob J39969880 saMmzmadmmgdol dmygzsbol LoMommerggdols slisdgrglsc.
bfmOg 93 doDgHgdols s 5M03MMEbmboMgdomdols BMol gsdm xgMhdghgdo bren

mB®m dg@o 09gbgdgb msbanglio 3gdbmermyogdol dowfigggdl dmbisgerol baMolbols gordxmdg-
Lgdols s dobo MsmEYbmdOl golivBOHEYE.

LbGsGosdo  obbogmmmos  bomdmMol  3mb@GMmemols s dmbodm®obyol  LobEgdol
dmgmo, GMIwol dobsbos oMy LsMdMEAOL GII3gMGOOLS s BHIb0sbMdOL FsMM3H.
Loliggds séol dgjdboemo C/C++, PHP, HTML (s mysql gbgdol gs0myggbgdom. 3dmbssgdgobyg
dmbo@mMobyo bgds Ggon® Mmoo ©s 0bEgHhggolo dmdbAsmgdwolmzol FsMEH03505s
39Loggd0.

s0figMoos LobGgdol 3m33mbgb@gdo, dmEgdmeos dmerErol dgLsdsdolo 3GHmaMmadrygro
3Mqgoo0.

50b0d6vyeo LoliEgds 3608369¢mgbsg s35MEGH03gdL LsmdMMOL JoMmOMOEO 356539GHMYdOL

HIRMCOMHGOI.
153396dm bo@yggdo:

bsobey60, Lgblbmeio, s806s30, 803(023026(56¢mg60, Ombspgdors 8sbs.

1599399699g00L dsbdobg Lmgwol dgMbgmdol BT bgwo Fgmfiym 3030¢0BsGoOL
249630056905L. L 30 ob Bzgbo 93mbmdozol gMHm-gMmo IMszsM0 boffoewos [1]. dmwm mMo
0939000 256053 md5d0 bmgEom Lobmgewm dgumbgmdol byd@mOo 3ods@EHol 33EoEgdol,
MaLwOLIdOL FgBE0MJdOLS s IMbEBEGMBOL BMEOL FJEIAI© OO sdME393900L 30HOL3OEM
00dmhbs. Lmgol dgObgmdol dgdamdo 4o85MHMMYdOL TLodegdErMmds d9HBOMY0s
300 90{jgd0L wodo@oMgdEo bgedolsfzmdmdol 353m, Moysb gl gsdmofzgal d9bgdMHogzo
930L0LEGHI0d0L  39MY35L. FgMEY YPOEILO  FEMBIWNMHO LogMmbgs bgdolidogMo dofjol
2900593935  Labmgzam-Lsdgm@bgm doffo, o3 3MMdEgdal mJdbol domIMmszswrgM™m3gbgdol
896560b1bgdsL. SF0EHMI gOMIIMM 2odMlsgs M®BYds FofombsMAGOXMIOL FHMIBLEZMMTs:309,
390dm@, 5MLYdMEO  MILOLYdIOL 093  IBRIJGHWIOSE  AsdmyYgbgds, Gobo  dowfgzol
36033690 m3560 3Bss LobomdGYg dgwHbgmdOL Jobgz0maMgds.

300 d300L  Fomseo  boGolbol  dobowfgzs  I3gbsMggdol  »IMsgmglmds dwdos
053306039056 30mbMmglL. OO MMEIbMIOM 5©sd0s6MO MYLMOLO ObsMRJOMPs Ymgzgen-
308 dmbsgeol Imbo@m®moby®yg. 98 3OHMdEgIol dmbsagzsmMgdws© dgbodwrgdgwos gsdmgoyg-
B 3330560 LsMNBMOOL LobEYs, HMIgEos »YOOHMb3gEwYmARL d39bsMggdolsmgol gboggMolio
290900 306MHmdGd0L dgddbsls s 99mygbgd o Malm®Lydol d0bodmdsdy syzsbsl LMo
93¢™35BH0Bo3ool bobxby.

1b¢-b 0bxzm®3s@030Ls s FoMmmM30L LobEHYIYOOL Bo3EEIGHOL TogolEMmIBEO

193


mailto:a.kobiashvili@gtu.ge

300530 805856593000, 565 30280583000, G96H0 3IBIIIH0

LodMOO 5OLYO0MOE MOL BLEMWIBHWMS, HMIGWOE ELOLOM MBYds FBoLYsD FmTogsero
0636500090 g459mlboggdol batxbg. ob dobo LEHMMIGMEOL Hgowmdom dowgdmw mgMdme
9696058 OEBBL 0BsMRMBIBL s sbg3zg MBOHMB3gEYMRL I39656MggdOL OEZL. oM sT0LY,
39L5dwgdgos bByMmzbmeo dg3ddbom Foldo 3e0do@o, MoE LodwYsEgdsl dmy339dL dogero
feol 2968535mds80 Bo300Mmm 3OHM©YIJ30o.

239903056900 gMHgdol Mmemysbobszool 2023 fferol dmbsigdgdom, dbmgeomdo @ssb-
@m9dom 9.5 doombo 39JEeMo 139305 LomdYOHGL. 53 FbM0g, Foblv3MMMmGdom A5dMmoMmBY3s
305605, HMIOL Lolsmdeg dgMbgmdslisg v3930s 10562 3gd@oto, Gog dmgeo Jagybols
0.25%-b dgopa6L. 2000 erosb dmymergdmo &gdbmermaom®o 0bmgsgogdo dmoEsgl 3mb-
AM®ob  LobEGIIsL bMWY LsdMdYOL®, GMdgerog bsgzagdo gbgMyool 2odmygbgdsliosb
9605 B9OHIIOL LodwYoEgdsL 5dEg3ly IModmzml LMo 3MbGOHmEo [2].

LOMINYHOL M30MEHJLMBGO0S:

e 33965699d0L M35 Gglsdegdgaros Lybmbols dombgogs.

e 93396569900L o33 §308900L LYHMbOLAD, JsM0TbEIGdOLAB, JoMoLA s yobgol-
29b.

e 35050 ImbogEosbmds LogmEoL M3GH0F0BIE0M, FoRIWOMIE, 39MEGHOISLIMS®
©MY30.

*  06095300L 9839JGHMMo© TMbToMgds.

o Lobydol Bobgbgdol d9d3oMgds.

o 053690 gdols 5 99350090900l 3MmbEHMMEO.

¢ b65HJoOmMM5690L MbOL 4oBOHPY, M3 139009l BMEHMBLObMgBL 0fj393U.

e 35369 M GHM500LR Mo Lboggdol 49530¢E3G..

*  5M53MMMIG 0o B0sIHOL IMY3H.
beem 0999 8ol 333006 LomdIMOE 49535939307, 85806 B0gds@gds bbgs »30MsEglmdgdogs:

¢ 30bsbLYdOL, CMMOL s 5EsF0bMMO HYLMMLGDdOL EsBMAZS.

o Bmyo9mo 93gbstgh LFoMPYds MROM bobaMmAE030 Fobomgds, 3o LbggdL;
3330960 LoMOMGO FgodEWgds I3MMYMHIIL 0bY, MM MBOHLBIgEYML 650930
LHmOo 39MH0m©o d3gbstgoms gobgomamgdolimgob.

e 3330560 LomdMMHO 93@MIGHMMO®© 93MBGHOMgdL J3gbsmolomgzol LsFoMm dm-
0939L, 396509358 s 3Hga3gMoGMEsL s 53Bo3b0L LgbLMMME BmMbs3gdgdl doliby
9629099 53¢035:300D9 bgdoLIOIMO 5ERNOEB IBE3Z0M39BWS.

o MBOHMB39wymxl, HMI EOLEBE0MMs© InbEgl FsM™MZ0L dem3ZolL 356539EMJdOL
599690s.

o 99mdos bbgoolbgs Labolb gobasdol Lsdrswgdoo IMdbTsMYdgEl o36mdML Lob-
3909590 sOLGdIMo BHgdbozdmo boMzgbo, dogowoms LbLmMol THYmdMHosb
24500bgs.

LoBdNYOHOL 3MBEBHOMEOLs s IMboGHMOOBYOL LobEgdol doMomso Fobsbos dggdbsls
9839dAMO0 Labomd«eg as0Mgdm, M™Igeo 83390005 99583000l IOMA0L RoMmYdIEgdsL s
31939 ogbdoMmgds 3009 BgMIGMHGOL Fmbogerol dmygzs65d0 dmgero Herol gobdsgarmdsdo. Lom-
0Ol 30doGol Mm3G0ToIM0 MJAM0Mgds bdrsegdsl dmy339dL Fo35MBxMdGLMO MM~
©JBHOMLMDS O, 53506, F93dmm godmygbgdmwo 9bghHaool dobodmdsdwg wsayzsbs.

39L53EgdgWos  S0PMUL LobE9ds, MMIWOlL  4o8mygbgds  doawbg  FoMEBH0Z305 o
9dbdsmgdgwl  obGHbEoWGms©  Fgmdwos  83MmbGHMmMEML s  ©53300HEIL  Loxd@MIo
oML gdMEo 45Mgdm  30MMBIOOL JsMgEBMIOL; LbgblmMgdol Jogh Hogombmwo 0bgm®Mdszos
89065bgds dmbszgdms dsBsdo, MHMIol Lydmsegdomsi ImdbTsMgdgel Tgbodergdermds 99b9ds
0553306091 LEMdINYOTo sOLYIMWO 3e0TsBHOL (33e0EdL boby®Mdwogo 3gMHomeol ds6ds3-
@Mmd5do. LobGHdol dgloddbgws  As0mygbgd o bgwlisfymgdol oMmgdmwgds Ls3dom
5050 0dbgdos. 3gMdm, Ggbadergdgeos dg0ddbsls obEbEomMmo oMmmz0ls s dmbodmMob-
20L LobEgds, HMAgeoa Lodwyogdsl Jobgdl ImMIbTsMYdGdL 399EB0ZoE 93MmBEHOMEME ©s
0553300696 LEMBMOL TMOED, Mol IBMASZL Foo MM, 5©sT06H s FobbLME
MLYOLYDL.
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L50dIMOL 3MBEHMMEOLS s Fmbo@m®mobyol Lolidgds

LobEgds F9gds byblmMgdOLYB, F03MM3MbEHMMEMHIdOLS (Arduino 56 Raspberry Pi) o
509653900b56. LOLEJTs 3v9domdl 0byg, MM HMEYLOEG FIMJIML 3565F9BHMIO0 3933gNL UG-
M0bMmgdol Bgsml, bgblm®mgdo 50IMBIbI6 (33¢0WgdL 08 Fmbs3gdgddo, HMAWgdLSE Fozmm-
3MBGHOMEYH0 300bEMdL oo Fgg3s60L 30O EHIB0D s SLOWYMdL Tglisdsdol Bmddgrgdsl,
4505 50M6ML 350599EH0 bsFoMmm 9603369cMdsd©Y (bob.1).

L9BLeEOYBdO > 90360306- > Ethernet QU R
GO gOHOo
v
533653900 | 9:bs3gd0s
05%o

Bob. 1. 8mbo@mMmobaols s 3mbEMmmeol LolEgdol bE®MmWdGwGs

LgbLMMgdOL Joge TgaMMm30wo 0bxzmMmTs30s 03Ho3bgds LyMzxMOBY MHMMEHIOOL 3O
5 3mdbToMgdgdL M:95¢YMH EOHMAO 499 (39T 30BN ToMEH035 2oLod9d0 0b6E M-
3gobol  bs8mowgdom. 93539 0bGHIMRgoLoL  8gdzgmdom  bEgds  LobiGgdsdo  OLYdIMO
MBsgxOMbMgdol Bw3zdgdols domomgds.

LsdHdo  I39bsgmsmzol  LHmGo  3wods@Gol  894dbs  3mbGHGMmol  LolbEgdol
"306390gLo  BMbJE0ss. ToRd0MoE, BHJI3YMGHIOHOL LMY WOMIdEs©  LYbLMMOLH
900930 Logbowo 0abs369ds d030Mm3IMbEHGMMgMTo, FggeMgds ol dobodocrm®dls s
JodLodoEy®  BrzmgdL, MmIwgdog Hobolfjotmos dg@obowo. Fgogyaeo  ds3mEMgdEHoMmYdIwo
Logboero 2903D536905 LodmErmem Lo3mbEHMHMEm 9w9dgbBdo 39939M0G 0oL
QLMY MEOMIOWO®. LO3MBGHMMEMm  gagdgb@o gs8modmdsggdl 96 msbmdogl LomdmL
LsmdMYH0  3MBEBHOMEWYH0EB  Fodmybogbowo sbswmymMo Logbswrols Loggwydzguwbdy, Gomo
dosefomb bsFomm BodbmEb.

39939M5GHO0L oMo sMBGdMBL Lbgs M39gbody 35659GM0, HMIGEms oBMBZs3 SGo-
603090 3608369c0m35605 s Fomo oBmIz0m B396 Bga30dw0s o35965¢0bMm™m s Yogomdxm-
0L LoLEYs. JOM-9OHMO SBYMO 356M539EHH0s B9bosbMds.

b909BH0  B96056MmdOL 5306  SEoWgds  sMEoWgdgE0s  d3gboMol  Fodlodowrvy®o
BOEOLLMZ0L, M3 FgLodegdgwos Lomsbosm 396@0wsEo0L LoLEJIoL sOLYdMdOM ©s 1939
29000000L LobEBgdol d9bgxdgbEom. ™) gb MOO BoIBHMMO 56 3OOl IBIMYOOo, LsmdOHTo
890degds  0gmb  ©99350JdJO0 @S 9bg3g, ™OdOL  godMogargds,  Goi  Dosbl  5g4gbgdl
3990306090 839b6s09gqdl. 960d369mm3sb0s sa®Mgmzg CO2-0L 3mbEgbGMogos. 9i3gbstol
BOHOOLMZ0L 5E0WYdYEo 11533900 603W0gMHYdss CO2. ol boFoMHMd GmEHMLobmgbolm3zol, gb 30
ol 363905, HMIWOL EOMLSE 33965609900 L3MMsM 153390l JdB0sB. BobdoHMMbYo Foowgds
5®AMLEgOM™MTo sOLYdIMO 359006 96 {4 0sb. BmEHMLObmgBOL ML d39bstg 0ggbgdl dsls
Bobdomfyargdol Fo@dmgdolmgol, Mo bgwb mgmdl 33gbs@ol 35630006 gdsL [3].

dmfjobogg LobiEgdgdo 0ggbgdgb 0bEHoEo® 0bEIMOBIoLL, Loai LYBLMMYdO gasGEHYds VO-
@530l 9gbgdom. mommgmee LYbbmOL godegds dogboFmL LsgmmsMo Lobgero s F330560 Lom-
0oL BHIOO0GHMM09d0 Jg0dmgds ©s0gml LgdEHmMgdo®. d9a0dwosm 53mbEGHMMEM® 0bxme-
o300 OMAMO3 LBYJBHMOOL, 0bg DMYsO®. 3330560 LoMdOHOL Fgddbols deagm bsdoxo GOl
dmdOMO 96 390 9303530900l oYgbhgds s LgbLmMgdoL bmMTsEr® Mgg0ddo Fwgdsmdols
d9Lobgd d9gEYmd0bgdgd0L MBOHGNMBIGEYMRs, SB93Yg F9IYOIDOILO JOROMLOWYdJO0 Lodsbygdm
Lo@¥o30900L dgLobgd.
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MLYOMBL AM6Z5¢0 Lb3oalbZs GHo3ob Lgbbm®mo, MMdwgdog bywdobsfizmdos 3330560
LomdOHOOLM30L s MHMIWGOoE BMTsz9b s 53bMdYdI6 Fmbs39dgdL gotgdml Bmbodm®mobyo-
Lo30L s 93EMBoEBH0Bo300L 3MbGHMMEOLM3Z0L. giss BH9B0sbMdOL,  FgddgModemol, Bosayol
96056mdob, LobsmErol, Boswsyol PH, 359M0L bomolbobs s Bobdommegsbaol LyblmMgdo.

dmbo@m®m0baobs s 3MbEHMMEOL LolEgdol doMmgzos Arduino Uno sb6 Raspberry Pi. sy
oMLY ME0 F03MMIMBEOMEOHOL LsFMswgd0m FgbodEgdgeos GMMNOMOMNMEsE [og3030mbMmm
45996009 LybLmMol 360336y MBdYBO s 3539 MM 3ToMHMMo Tsbbg JogMmM YOO 53dMZ]-
00 B3390 MHgwggdol 1sdmowgdom. GHgbosbmdol s $§gddgmod Mol Lgbbm®mgdsw 30Yg-
6900 dotGHog DHT22 305360 bgbbmMgdl.

33900L  §igodmlb 39630l Ggdmbggzsdo  Arduino-do  GgoHo  MMOL  Jglo-
Bo0Pmbad s 309gbgdom DS1302 RTC dmwyenls. DS1302 Hgoer@o @®molb bosmo sGol 05530
dmEmo  9o0oo  LoBMLEGom, GMIgwoi Fgodegds  3odmygbgdan  odbgl  bbgoolbgs
360m93H90do. ol bodoEgdsls 335993l dog300Mm HYsmEmO (530, 00, Lssmo, @Y, ™39 S
fgwo. 59 8mEmEdo Mmoo 93GHMISGHIMS© ©H0bgds 0dol dobgwgzom, mzgdo s6ob 29, 30
099 31 Mg ©s 3939 §9ofoo 65305605 039 sMo.

30005000900l gbs,  GMIgog  godmoygbgds  Arduino-ll  dozHM-3mBEHMMEgMHOL
153560035, 0L  C/C++, L3900  9gomEIdols s BMBJ30g00L  ©sds@gdom. o0
360mgd@do sbg3zg gu 9bss As8MmYabgdEro, oD 0go MOL S35MOGHMEOL gbs s ob Mol
doMom>0 9bs, HMIgerog godmoyqbgds 8030Mm3IMbEHMMEgMIdOL 3HMYMsT0MgdT0.

Arduino-U sbadOHmaMsdgdo@ 459m09ggbgds mMo doMomso 13wbdisos setup s loop [3].
setup Bv96J430580 sOBYOMWO 3MEO LOMEOYDdS JONLIW S JOMOMSIE JodM0Yghgds 35610~
39BHgo0oL sLaYygbgdo, bemwm loop gMbgosdo sGLYdMWO 3o 03wdsggdl asbwliyzg®-
50, 16T IMYMBOW MBS 5G 250M0Tgds.

36OHMM59vwo MHOHMB39YMmBoL I3OMYMTYdL 30)Ygdm bsFoMH® BOdEOM™MY3gd0L s
3WMBSWMMO (33OPJOOL OIILMOMGOOM. 153030039wo©, Arduino-do 993s35¢0 Logbseng-
00U golydonmo 309gbgdom DHT22 s DS1302 30dommg3gdl. Lyblm®madowsb dowgdwmwo sbs-
@O0 Loabowol 39630l goboggd Imbszgdgde 4owabsg3gzo 3094gbgdor DHT dodgromo-
935b. DHT.h boomogm g3s0lb ©93es@o6mgdol d9damd 3Jdboo> DHT 3ansbiol sbogr mdogd@L,
GIgbsz 3900000930 BYbLMmMOlm3oL A98myabgdmw 30xOME 3mELs s LYBLmEMOL Godb.
dht.readHumidity o dht.readTemperature d900m©9000 Fobslffo® gsbLsBOZOHMMO EMMOL 0b-
396M35¢0do 3030Mm3MmbGHMMEgmHo bgblmMYd0EB Fs030mbIgL BswMyM® 0bxm®mTs30sl, d9o-
M3 59 IMbs39dgdL 2o0Ms3daboL 0y, HMymMo Lsbomas vbws dogogly IMIbTsMgdWsdY S
393065bo30m Hobobffot g9bLsBOgMHM 33wowgddo. DS1307RTC.h gsowwom Arduino-b g3w3s300-
900 MO0 EOMOL B0BWOMMY3sL, MHomd MMIB0MO 33900l 35030l gdmbggzsdo dogz-
M3MBBHOMEIO0 o6 b3l bosmb.

090LsmM30l, HMI BgMIGMHTs gdeml LsmdYOHTo sOLYOEEO 3¢0dsEHOl EOLEBEOMMS©
dmboBm®mobyo, Arduino 9bs ©53393000Mm  dMbs3gdms  B3BSL.  sTobEMZOL  LoFoMms
893Jdbsmn 390 LgMzgMo, Mmdgwoi HTTP 9mmbmgbgdl 8gsldmeadl [4]. gmgqerogg sdob
d9Lodegdemdsls Raspberry Pi-ol 990mbgggzedo ag0derggl ethernet o6 RJ45 39990, boeom
Arduino-U 993mbgqgz580 5dob Lodmowgdsl g35deq3l W5100 Ethernet Shield dmgvyeno, Hmdgol
Lodmowgdomsg  Arduino  )35300MH@Ids  OHOMFHIOL,  GMoms  LYbLMMGBdoELD  orgdo
0683mMTs305 50BZ0OHMML IMbsggdoms d5Bsdo. Ethernet Shield-ob go0mboygbgdarsm 30996900
Ethernet 50d¢0mm935L o Ethernet.begin() gbJiosl, MmIgeos 00gdl 99dgy sMa999bEgdL:

mac — MAC (890005 §30mdol 30m6E®M0) dobsds®mo dmfiymdowmdolmgol (6 350@E0L
dsb030).

ip — 9mfjymdowmdol IP 3olsdsmrmo (4-050F 0560 dsl030).

dns — DNS bg0Hgg6ol IP doLsdstmno (4-05030sb0o dsliogo).

gateway — Jugerol 3560030l IP doLods®mmo (4-d50@0s60 dobogo).

subnet — Jugerol J39JLgerol bowsdo (4-ds0EH0sbo dologo).

Arduino-co HTTP 3mmbmgbgdol gobogbogbs o TolLowgds@ LsgoMmms GomymMs
bgM39M0L Mmd0gJBHOL ©IISMOMmYDds, 21939 3WogbEHOL ™MdOYIEHOL ©IIWsMOMGdS. LyMZzgMol
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d9Logdbgamo  3o3bogdo  EthernetServer 3awslol ™mdogddl o 200339000  356599@OL,
M0Igos  90vmomgodbL, 0 OmIgw  306GL  9bos  ImMLIdobml  Lozmdmbozsgome.
dmIbTomd0l 53¢0035300056 Arduino-b Lsdo® 935, 3mOHEDY dmbvryewo HTTP dmmbmgbol
Pobogombo  3094qbgdo client.read() dgomEl. FoEgdME  0bBMmE®TsEosl 3500539000
0035603900 99Lodsdol 33aogdL. 8gdymd, 3MBGHMMEOL 93¢0353006 ML 0bgmm-
0530519 ©YMHEBMdOm, if 30MHMBOMO MIgMoGHMMmIdOL Lsdwswgdom, Arduino-by, Iglodsdols
3oxOMw 306%g 893d0600m 0 96 5 gman@ dsd35L (my03mcmo 0 96 1), Msms dmbgl sddMsgzol
Boongs ob 45000835, sdobomgol 309gbgdom Arduino-do Bsdgbgdwyen digitalWrite() g3wbdisool,

MIgELoE 35601599 BHMIOQ 2500593995 GOBOMEIO 3MOO S WMA03YOHO OMBY.

EthernetClient 3¢0obol Mm009JGL ©93ws00M9d00 3Jdbom 3arogb@l, GMIgwbsg dgwyderos
0599353006091 100000093 06FJMbgE IP dobsdsMdl s 3mMGL. IP dobsds@mo ©s 3mOmE0
296L5BEZMHM0s client.connect() gMb30sdo, MMIGEOE Jom 0©IOL 5MYTGBEJOOL Loboo.

Arduino-U 8cmbs3gdms 35Bsbmob ©sa3sgdoMgdol 89damad 3Jdboo> HTTP GET dmmbmgbsls,
O0Iol  2sdmyabadomsz dBMIoEr  (33ws©IdL  3BZ0MMoz0  dmbsigdoms dsbsdo. HTTP
dmmbM3zbgd0olL 493H93690L IOl oym3zbgds s0gdmE0s 5 fmoo.

void sendGET()
{
if (client.connect(gateway, 80)) {
client.print(“GET/ethernet/data.php?”);
client.print(“temperature=");
client.print(temp);
client.print(“humidity=");
client.print(hum);
client.stop();
}
Arduino-U 9mbs3g0ms 35%sLmeb slisgsgdoMmgds® 309gbgdm PHP gsowmls:
<?php
$username = “root”;
$pass = “
$host = “localhost”;
$db_name = “ethernet”;
$con = mysqli_connect($host, $username, $pass);
$db = mysqli_select-db ($con, $db_name);
&sql_insert = “INSERT INTO data(temperature, humidity) VALUES
(7.$_GET[“temperature”].”.”.$_GET[“humidity”].”’)”;
if (mysqli-query($con, $sql_insert))
{
echo “Done”;
mysqli_close($con);
}
else
{
echo “error is “, mysql_error($con);
}

7>

53bJ30gdom mysqli_connect s mysqli_select_db bgds dmbsigdoms d5Bol s®Bqgs.
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Greenhouse Control and Monitoring System
Giorgi Giorganashvili, Ana Kobiashvili, Meri Gegechkori

Summary

An important place in the production of agricultural products is occupied by the greenhouse sector,
the necessity of which was created due to the growth of the earth's population, climate changes, the
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reduction of productive land as a result of urbanization, and the increased demand for the production of
food products, as well as to overcome the difficulties of growing agricultural crops in northern countries.

Due to these reasons and the increase in unpredictability, farmers are increasingly using the latest
technologies to improve the quality of the crop and increase its quantity.

The article discusses the greenhouse control and monitoring system model, the purpose of which is
to manage the temperature and humidity of a small greenhouse. The system is created using C/C++, PHP,
HTML and mysgl languages. The data is monitored in real time and the user interface is easy to
understand.

The components of the system are described, corresponding program codes of the module are
given.

This system significantly simplifies the regulation of the main parameters of the greenhouse.

CucreMa ympapieHus 1 MOHUTOPHHTA TEILIHUI]
I'nopruiti I'mopranamsuirn, Aara Kobmamsnin, Mepw [ereuxopm

Pesome

BaxxHoe MecTo B TPOHM3BOACTBE CEILCKOXO3SIMCTBEHHON TPOAYKIHH 3aHUMAET TEIUIMYHBIN
CEKTOp, HEOOXOOMMOCTH B KOTOPOM BO3HHKJIA B CBS3M C POCTOM HACEJCHHS 3eMIIM, W3MEHCHHEM
KIIIMAaTa, COKpAaIIeHHeM MPOIYKTUBHBIX 3eMelb B pe3yibTaTe ypOaHH3alWH, BO3POCIIAM CIIPOCOM Ha
CEIICKOXO3SHCTBEHHYIO MPOIYKIUIO. MPOW3BOACTBO MPOAYKTOB MUTAHMA, a TAKKe IS MPEOOJCHHUS
TPYAHOCTHU BBIPAIIUBAHHS CEIECKOXO035HCTBEHHBIX KYJIBTYP B CEBEPHBIX CTpaHAaX.

[To >TUM mpUYMHAM M POCTY HEMPEACKa3yeMOCTH (hepMephl BCE Yallle HCIIOJIb3YIOT HOBCHIIIHE
TEXHOJIOTHUECKHE TOCTHKEHUS JIJIs YAYUIICHUS KauyeCcTBa YporKasi M YBEJIMUEHUS €r0 KOJINYeCTBa.

B crathe paccmaTpuBaeTcsi MOJIENb CUCTEMBI YIIPABJICHUS U KOHTPOJIS TEIUIHIIBI, b0 KOTOPOH
SBIISICTCA YIpaBJICHUE TEMIIEPAaTypod M BIAXKHOCTHIO HeOompmIoN Teruuipl. CucremMa co3gaHa ¢
ucnonb3oBanueM s3pik0B C/C++, PHP, HTML u mysql. J[aHHBIC OTCICKUBAIOTCS B PEXKUME PEATbHOTO
BPEMEHH, a TI0JIb30BATEILCKUI HHTEpEiiCc MPOCT I TOHUMAaHUS.

OnrcaHbl KOMIIOHCHTHI CHCTEMBI, TIPUBEICHB COOTBETCTBYIOIIHE IIPOTPAMMHBIE KOJIBI MOJYJISL.

Ora cucTeMa CyIIeCTBEHHO YIIPOIIaeT PeryTUpOBaHHE OCHOBHBIX ITAPAMETPOB TETLIHIIBL.
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The Formal-Semantic Analysis of barem Particle
N. Tavadze

Summary

A particle is a very interesting grammatical unit, it is characterized as a sound or word without
independent meaning, which changes the meaning of a sentence or some of its parts. Many scientists talk
about the meaning of particles, however, there is relatively little information about some particles in the
scientific literature. The article provides a formal-semantic analysis of the “barem”particle. We tried to
describe in detail the path that the “barem” participle took, from the content and formal point of view,
from the ancient Georgian language to the present day. The article presents the meaning in which the
“barem” particle was used most often and also in what form it can be found in different dialects.

®opMabLHO-CEeMAHTHYECKU I aHAIN3 YaCTHIBI “Oapem”
H. Tasaosze

Pe3rome

Yactuia uMHTEpecHas rpammaTHdeckas kaTeropus. Ero xapakTepusyloT, Kak 3ByK HIH CJIOBO,
KOTOpOE HE MMEET CaMOCTOATEIFHOE 3HAUEHHE, HO M3MEHSIET CMBICH LIEJIOTO MPEIOKEHUS MM KaKon-
100 ero yacTu. YacTHIIB BBI3BIBAIOT HHTEPEC MHOTUX YUYEHBIX JIMHTBUCTOB, UX U3y4alOT MO-Pa3sHOMY H
riryOOKO, OJIHAKO, O HEKOTOPHIX YacTUIAX B HAyYHOH JTEpaType HMEETCs OTHOCHTENHFHO Mallo
nHdopmanun. B naHHOM cTaThe mpeacTaBieH GOPMaNTbHO-CEMAaHTHUSCKUH aHaIN3 YaCTHIIBI TPY3UHCKOTO
s3p1ka «bapem» (ITo MeHbIIe#H Mepe, O KpaifHel Mepe, KaKk MHUHHUMYM, XOTS OBlL..). MBI mocTapaiuch
MOAPOOHO OMuUCaTh IyTh Pa3BUTHS 3TOH YaCTHIBI C TOYKH 3PEHUS COJCpKaHHs M (OPMBI OT
JPEBHETPY3MHCKOTO SI3bIKA J0 HAaIMX JHEW. B crarbe mpencraBiieHO, B KakoW (opMe M MO KaKOMy
3HAYEHMIO MCIOJI30BAJIOCh Yallle ATa YAaCTHUIlA, a TakkKe, B KAKOM BHJE €€ MOXKHO BCTPETHTH B Pa3HBIX
yaleKkTax cemlyac.
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Anaphoric relation of the pronoun in Georgian

N. Jvaridze

Summary

The article discusses the anaphoric relation of the pronoun in Georgian through a pilot study.
Based on this main goal, the task of the paper is to reveal, based on the analysis of linguistic data, the
trends that indicate how the anaphoric relations of pronouns are established in sentences with
minimalistic constructions, on the one hand, by informants - during independent interpretation of
the sentences, and, on the other hand, by the announcer in the same sentence read with different
intonation contours. In case of material.

Research in this direction is relevant, as the anaphoric relationships of pronouns determine the
content plan of any text and leave wide contexts for different interpretations, especially in languages
where the grammatical category of gender does not function - for example, Georgian.

Relevant scientific literature is scarce, especially Georgian linguistic literature in space. My
research makes the knowledge of anaphoric relation of pronouns more complete It certainly makes it
indisputable that a deeper and more detailed topic is appropriate for the future Study.

Anajdopugeckoe oTHOMEHNE MECTOMMEHHA B TPY3MHCKOM S3BIKE
H. /DxBaprnse

Pe3iome

B cratee o6cyxxpaercs anadOpHYeCKOe OTHOLIEHWE MECTOMMEHMS B T'DY3HHCKOM f3BIKe
[IOCPE/ICTBOM 3KCIIEPUMEHTAIBHOIO MCCIefoBaHus. Vcxozs U3 5TOM OCHOBHOM Ijesu, 3a/ada CTaTbu
COCTOUT B TOM, ‘-ITO6LI BBIABHUTH HaAa OCHOBE€ adHAJ/JIM3a JIMHI'BUCTHUYECKUX [OAHHBIX TEeHAEHIIWU,
CBI/I,ELeTeJH)CTByIOH.LI/Ie O TOM, KaK YCTElHaBJII/IBElIOTCH MeCTOMMEHHBIE€ OTHOIIIEHHA B HPe,ZLJIO)KeHI/IHX C
MHHHUMaJIUCTUYECKMMU KOHCTPYKUMAMH, C OLHONH CTOPOHBI, IIPM HHTepIpeTalluy IIpeJjIoKeHUuH
“HPOPMaHTAMM. CAaMOCTOATENBHO M, C JPYrOH CTOPOHBI, NPU IPOYTEHHU OJHOTO U TOTO 3Ke
MaTepHraJia TOBOPALIMM C Pa3HBIMUA MHTOHAIIMOHHBIMU KOHTYPaMH.

I/ICCJIe,E[OBaHI/IH B O5TOM HaHpaBJIeHI/II/I aKTyaJ’IBHBI, TaK KakK aHa(bOpI/I‘{ECKI/Ie OTHOUIEHUA
MECTOMMEHHUI OIpefesNaloT COLEP)KaTeIbHBIA IUIAH JII00OT0 TEKCTa ¥ OCTABIAIT IIMPOKKE
KOHTEKCTBI JId PaBJII/I‘-IHI)IX HHTEPHPET&I];HfI, OCO6€HHO B A3BIKAX, Ie I‘PaMMaTI/I‘{eCKaF[ KaTeI‘OpI/IH
po,z[a He (byHKI];I/IOHI/IpyeT, HaHpI/IMeP, B I‘PyBI/IHCKOM. COOTBETCTBYIOUJ;HH

Haquaﬂ JII/ITePaTypa CKyﬂHa, OCOGeHHO I‘PYBI/IHCKEU[ JIMHTBUCTUYECKAs HI/ITePaTyPa. B
xocmoce. Moe uccienoBanue JenaeT 3HaHUA 00 aHaoOpUYeCKHX OTHOLIEHUIX MECTOMMeHHI Gosee
IIOJIHBIMU U JiejlaeT HECOMHEHHBIM, YTO GojIee TIy0OKOe U JeTaIbHOe U3yUYeHUe TeMBI 1ie1ecO00pa3Ho
B GyzymemM
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