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PLENARY SESSION 

 

 

HRISTO I. HRISTOV, 
METHODS FOR OPTIMIZATION IN SHAPED CHARGES DESIGN 

 

Hristo I. Hristov  

 

Defence Institute, Bulgaria, 1592 Sofia, óProf. Tzwetan Lazarovô Blvd 2 

 

 

ABSTRACT It is advantageously to invest new ideas in optimization of ammunition 

in time of building their construction. The effective constructions decrease quantity of 

munitions for performing battle tasks and bring influence on new capabilities. The 

methods of applied mathematics for optimization are well-known from ancient time and 

were used in middle centuries. One interesting way to apply mathematics in optimization 

shaped charges is variation calculus and Cauchy problems, for example. In first case, the 

integral characteristic for powerful of the shaped charges is a cumulative jet length. The 

possibility of using of the variation calculus is proved in optimization of the shaped 

charges by forming of compact jets with maximal length. In other case, the cumulative jet 

velocity could be described by equation with an independence time assumption in a term 

its formation. In this case, the Cauchy problem for the first order differential equation is 

formulated about unknown function of the shaped charge geometry. The solution allows 

designing a profile of a cumulative liner or a shell profile. In both this cases, the profiles 

ensure no-gradient velocity jet forming, which allows decreasing influence from shaped 

charge focus distance to armour plate. 

 

KEY WORDS Shaped Charge, Design, Optimization 

 

1. Ancient Daidanôs Problem in Shaped Charge Optimization 

The variation calculus has arisen from problems which are possible to describe in follow-

ing manner. Some expression is presented; it contains an unknown function and its deriv-

atives. We have to find this function with condition that its expression should receive 

extreme value. Ones of the most known problems of this kind are the Daidanôs (Cartage 

Dido) is parametrical problem and the Bernoulliôs brachistochrone (the faster letting 

down curve) problem [1, 2]. 

Dynamics of many mechanical systems, including ammunition are described by 

differential equations. A formal solution of our problem is an integral [1]: 
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() ()[ ]dzzyzyzFI
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ñ ¡=
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where the sub-integral function F depends z, function y(z) and its first derivative 

y'(z). 

The boundaries can be both fixed and no fixed. The problem is in determination of a 

function y(z), in case the integral have to be extremal. The functional extremum 

(sometimes conditional) could be reached only on the extremal y = y (z, C1, C2) which is 

a solution of a differential second-order Euler ï LaGrangeôs equation [2]: 

0"""' =¡¡-¡-- ¡¡¡ yFyFFF yyyyzyy  

by boundary conditions 

() () ;; 2211 yzyyzy ==  

The boundary value problem has not always had a solution, especially analytical, but 

sometime the solutions are more than one [1, 2].  

The simple example of our problem is an isoperimetric problem for optimization of 

internal volume of shaped charge with an analytical solution for a vary function of a 

profile of a cumulative liner. 

The axis-symmetrical form of ammunition construction makes the optimization 

problem a solution in determination of the maximal area space which is described by 

figure rotation ABCD around Oz-axis ï Fig.1. The figure ABCD is bounded by straight 

lines x=0, x=H and flat curves y = F(x) and y = j(x). The function y = F(x) is known 

and it describes an internal surface of the shell, at rotation (very often this is a straight 

line of cylindrical shell) and the function y = j(x) describes an exterior surface of a 

cumulative liner. The rotation of ABCD gives an explosive volume of a charge. 

The physics of cumulative jet forming gives following limitations for unknown 

function y = j(x), this function is continuous and it has a positive first derivative, and 

;)0(' AVg=j       ,)(' ARH g=j                                 (1) 

Where gAV and gAR are local static angles of a cumulative liner (which are connected 

with collapse cumulative liner angles) and they are chosen of ability by conditions of 

forming cumulative jet: for compact, discrete or dispersal cumulative jet. For example, 

the critical collapse angles for compact jet are [3]: for steel 20̄  ¢ 2a(ɔ)  ¢ 140̄ ; for 

copper 36̄ ¢ 2a(ɔ)  ¢ 146̄ , for aluminum 30̄ ¢ 2a(ɔ)  ¢ 150̄ , 

The boundary conditions are following: 

;)( 0j=ɸy      HBy j=)(                                       (2) 

The length of a cumulative liner profile is unknown in advance. It could be determined as 

a function of necessary cumulative jet length from armor penetration ability. 

Length of a flat curve is: 
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Fig.1. Determination Schema for a Cumulative Liner Profile, y = j(z). 

 

So, the following problem is formulated - among all functions y = (x), which meet 

requirements (1), (2) and (3), it is necessary to select such, for which-one the area SD of a 

figure ABCD will be maximal. Then: 

ñ j-F=
H

D dzS
0

)( .                                            (4) 

It has to decide the Eulerôs equation for a function: 

,1* 2j¡+l+j=J  
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y 

01 

F(z) 

j(z) 

gAR 

gAV 

hAR 

0 H z 

C 

B 
D 

A 



9 

Where l is the LaGrangianôs multiplier. 

If we use a technology [1] we are taking a following decision: 

1
)( 1

2
2 -

j-

l
=j¡

C
 ʠ 

1

2
1

2 )(

C

C

dz

d

-j

-j-l
°=

j
. 

But there physically requirement is j' > 0 and then finally we have [1]: 

22
1

2
2 )()( l=-j++ CCz .                                   (5) 

The equation (5) is a circle equation and the solution of a problem is a circle arc. The 

arc length is not determined but it depends of the function a(ɔ) for compact, discrete or 

disperse jet conditions (1). The crossing of normal straight-lines hAV and hAR in a point 

O1 to tangents in points A and B gives us a center of the circle with radius l, which is 

equal to: 

)sin(2

)( 2
0

2

AVAR

HH

g-g

j-j+
=l .                                      (6) 

And 

2
0

2
1 )(

)sin(2

cos
j-j+

g-g

g
= H

AVAR

AV HC   ;   AVtgC g=2 .        (7) 

So the analytical solution is shown for a liner profile. It gives maximal usage of free area 

with physics relation for cumulative process and added integral condition (3). 

This problem is a simple example of vary calculus possibility in optimization of the 

cumulative charges. It is necessary to mark that the optimization of cumulative effect on 

argument of maximal usage of a volume of the charge is partial decision because the liner 

collapsing process is not static. But the use of kinematics and dynamics make the prob-

lem complex and it has to search a solution numerically. 

 

2. An Eulerôs Equation for a Cumulative Jet Length  

The length of a cumulative jet is a main parameter for an estimation of cumulative charge 

efficiency. The length elongation of a cumulative jet by charge volume limitation is an 

actual optimization problem. 

The problem solution is conducted in framework hypotheses of the Orlenko-

Stanukovitzôs flat-radial schema - Fig.2. 
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The following equations for surfaces profiles with height ʅ are given in the Cartesian 

coordinate system zOy: y1=F(z), y2=F(z), y3=j(z) and y4=f(z). The first and second 

equations describe exterior and internal surface profiles of the charge shell and the third 

and fourth equations describe external and internal surface profiles of the cumulative 

liner. The second and third equations describe exterior and internal surfaces of the 

explosive charge. There have limitations. All of functions are continuous also they have 

continuous first derivative. And, the following conditions are always executed: 

x ² F(z) ² F(z) ² j(z) ² f(z);   H ² 0; y ² 0.                          (8) 

 

 
 

Fig.2. Flat-Radial Schema of Liner Collapsing and Gradient Jet Forming. 

 

The detonation wave front is flat and perpendicular to polar charge axis at move from 

left to right. The limitations are not present on permissible deformation of a jet material. 

We get assumption the collapsing velocity of a charge liner W0(z) does not depend on 

time and it is a function only coordinate z [4]. W0(z) is connected to the jet initial velocity 

speed W1(z) in cross-section z by a kinematics proportion: 
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Where ki is a coefficient it is taking into account reallocating of impulse of 

detonating on different elementary parts of a cumulative liner by detonating products 

moving along the liner profile; 

b(z) is a dynamic load coefficient of a cumulative charge cross-section: 
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ʄʥ(z) is a linear mass of an elementary part of the shell; 

m(z) is a linear mass of an elementary part of a explosive charge; 

M (z) is a linear mass of an elementary part of a cumulative liner. 

Full collapsing of a liner will happen during time t1=ʅ/D. The isolated elementary 

part of a liner with coordinate z and length dz will take up a position between coordinates 

y(z) and y(z+dz): 
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The following expression for a collapsing angle of a liner is described at gradient moving 

of a jet [4]: 
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But the collapsing angle is always positive and solution is: 
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If we integrate (11) from 0 up to ʅ with account (12) and (13) the full-length 

expression of a jet at the moment of the end of its forming will be received. This 

expression is invariant on a ratio of detonation velocity D: 
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Where 
( )( ) ( )

( ) ( )
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Bʅ is a known function of a dynamic load coefficient at z=H: 

ʅ

ʅ
ʅʅ f

H
B

b

b+
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2
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b¡,b± are first and second deliveries of a dynamic load coefficient. 

The expression (14) is assumed for searching of a functional extremum: 

[ ]ñ z¡z=
H

dzzzzLI
0

)(),(, ,                                       (15) 

Where L  is  a given function; 

0 and ʅ are given integrating boundaries; 

z = z(z) is a varied function from charge geometry for example it would 

be an exterior or an internal surface profile of the shell, the charge or the 

liner. 

The required function z= z(z) is a solution of a boundary value problem with rigid-

catching ends for an Euler ï LaGrangeôs ordinary differential equation: 

0
2

2
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z
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dz

d
L

dz

d
LLL z                            (16) 

And given boundary conditions 

0)0( z=z ; HH z=z )( .                                  (17) 

It is possible to formulate two basic vary problems if we change z= z(z) in (16) and 

(17) into F= F(z) and f= f(z): 

1. Problem for a maximal length of a cumulative jet at varied argument for a 

cumulative shell profile in a case of unconditional extremum. 

There are padding limitations for a shell profile: 

F(z) =  F(z) +W;   W = const                                     (18) 

Where W is the thickness of the shell of a charge which is a constant value at 

z = z (0;H) in a perpendicular direction to charge axis. 

Then an extremum of a functional is: 
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[ ]ñ F¡F=F

H

dzzzzLI
0

)(),(, ,                                      (19) 

Where the varied function F= F(z) is a shell profile of a charge. 

The required function F= F(z) is a solution of a boundary value problem with rigid-

catching ends for an Euler ï LaGrangeôs ordinary differential equation: 
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dz
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LLL z                              (20) 

And given boundary conditions 

0)0( F=F ; HH F=F )( .                                        (21) 

2. Problem for maximal length of cumulative jet at varied argument for cumulative 

liner profile in case of unconditional extremum 

There are padding limitations for a liner profile: 

j(z) = f(z) + d;   d = const.                                       (22) 

Where f is the thickness of the liner of a charge which is a constant value at 

z = z (0; H) in a perpendicular direction to charge axis. 

Then an extremum of a functional is: 

[ ]ñ ¡=
H

f dzzfzfzLI
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)(),(, ,                                        (23) 

Where the varied function f = f (z) is a liner profile of a charge. 

The required function f = f (z) is a solution of a boundary value problem with rigid-

catching ends for an Euler ï LaGrangeôs ordinary differential equation: 
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And given boundary conditions 

0)0( ff = ; HfHf =)( .                                        (25) 

Both problems donôt have an analytical solution. A full notation of an Euler ï La-

Grangeôs equations are complex expressions which ones are completely uncovered by the 

Nutonôs binomial formulas of a binomial for the first and the second problem respective-

ly: 
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)()( fCzfz ;  m = m(0; 12) 

 

In result, the main optimization problem with a unconditional extremum about maximal 

length of a cumulative jet is formulated and two Euler ï LaGrangeôs equations are writ-

ten for it. The varied arguments are cumulative shell and liner profiles. 

The Euler ï LaGrangeôs equations notation do not allow receiving an analytical 

solution of a problem they are necessary to decide numerically for example by method of 

fire. 

 

 

 

3. Example. Problem for Maximal Cumulative Jet Length with No-Fixed Right 

Boundary. Conical Liner is  Additional Condition. 

The following problem is delivered. What is a local static angles of a liner opening 

(tga = f (z)) at the moment of the end of jet forming for a maximal jet length. The 

additional condition is referred to a varied function. 

The left boundary condition is set from experimental expertise and does not conflict 

with the physics of a process approximately f(0) = f0 ¹ 0. The right boundary condition is 

not known and it is connected to a solution of a problem. It is on straight-line z = H on a 

cut H Í [0; F - d] . 
The transversally condition would be utilized for its determination: 

0=¡
=¡ HzfL ,                                                 (26) 

That is also solution of a problem. The opening angle of a liner conical profile to 

straight-line z=H is determined and in this case this is a problem solution in a unique 

fashion: 
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The simplification alternative of a problem is esteemed. For this purpose the additional 

conditions are entered: the cylindrical shell has constant thickness and the liner has coni-

cal constant thickness. It would be utilized following expression for length of a cumula-

tive jet [5]. 
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Where W0(H) and W0(0)  are collapse velocities of a liner in cross-sections z=H and 

z=0 respectively. 

The fist derivative is equated to zero: 

( ) 0)()( 22
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a+ gtgHWDtgHW , 

Where 
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)(0  and bH is a dynamic load coefficient at z = H. 

Then 
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If we shall decide (29) for tgg, we take a following equation: 
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13,8 =+g+g+g+g+ qtgqtgqtgqtgq ,              (30) 

Where q8,1 éq8,17 are constants and functions of density of main parts of a charge and 

magnitude ʅ. The equation (30) solutions are obtained by the way 16 radicals. Two are 

real and others are integral conjugate radicals. We decided that the stable solution of a 

problem is received in a value interval of a high to caliber proportion 

[ ]3,2;8,0
2
Í
F

H
.                                             (31) 

Solutions are unstable at the left and on the right of this interval and they have a form 

of integral conjugate radicals and negative radicals. The analyze of obtained results in a 
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interval of stable solutions show the value differences in of two positive radicals decrease 

with (31) proportion increase and tends to zero point at H/2F = 2,3. On the basis of 

analysis of results it is possible to consider for a solution of a problem following 

proportion: 

H
tg

F
=g .                                                   (32) 

 
 

Fig. 3. Schema and Interval of Taking of Pair of Positive Solutions: 

8,0
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Relation (32) determines the opening angle of a cumulative conical liner at which one the 

cumulative jet has maximal length at the moment of the end jet forming. This solution as 

well as in the previous problem has physical sense. Always the maximal elongation of a 

jet is received by maximal value of a dynamic load coefficient at the liner top and by 

minimal value of coefficient at the liner basis. This is illustrates at the Fig.3: 

4. Cauchy Problem in Shaped Charges Optimization 

The collapse angle of a cumulative lining part on Fig.2 is determined under the 

formula from (12) and in accordance with (9) we have 
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If we demand the condition W1(z) = W1 = const, we take following equation: 
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But from (9) about angle [ ]1
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Materials densities of the shaped charge shell and the explosive charge and the 

cumulative lining are constant values. Then the elementary masses of the shell, the 

explosive charge and the lining participate through dynamic load coefficient b(z) in (10) 

for following equation: 
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, and A(z), B(z), C(z), a(z), 

b(z), c(z), g(z) and e(z) are some functions from materials densities of the shell, explosive 

charge and lining and geometry in this cross section of the shaped charge. 

The equation (35) is a first order differential equation for unknown one of the 

following functions - F(z), ʌ(z), j(z) or f(z), and given other three functions and one 

initial conditions for solving the problem for one of the unknown functions. This 

equation is assumed for formulation of a Cauchy problem about determination of the 

geometrical performance of the elements from shaped charge, which ensures no-gradient 

forming of a cumulative jet. 

There is possible to formulate following basic Cauchy problems: 

 

1. Problem for Cumulative Lining Profile Design which ensure No-Gradient 

Velocity or Given-Gradient Velocity Cumulative Jet; 

2. Problem for Shaped Charge Shell Profile Design which Ensure No-Gradient 

Velocity Cumulative Jet. 
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For example for real constructions - a cylindrical shell with constant thickness and 

conical lining with inconstant lining thickness, we could design from (35) the lining 

profile with inconstant thickness: 
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)()()()()(1)(
-

+-= zgzCzbzBzEzQ and ŭ(z) = ű(z) ï f(z). 

The Cauchy problem is formulated for a first order differential equation about 

unknown shaped charge elements profile function ï liner conical profile - f(z).  

 

Fig.4: Technological Shape Charge and No-Gradient Velocity Jet 

Performance. 

The numerical solution of a problem allows design a conical profile of a cumulative lining 

with no-gradient velocity forming of a cumulative jet. The evidence is an approximately 

equal penetration thickness at short different distances to armor plate - Fig.5. 

 

Figure 5: Testing of the No-Gradient Velocity Jet in Short Different Distances to 

Armor Plate. 
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In result, the Cauchy problem is formulated for a differential equation of first order about 

an unknown shaped charge elements profile function f(z). The numerical solution of a 

problem allows design a profile of a shaped charge element which ensures no-gradient 

velocity forming of a cumulative jet. The equation (35) is common for elements profiles 

of the shaped charge ï shell, explosive charge and liner and allows optimization task 

formulation for construction design by two ways - from shell to lining if there have limi-

tations for shell, or from liner to shell if there have limitations for liner. 

5. Conclusion 

The integral characteristic for powerful of the shaped charges is a cumulative jet length. 

So, make the cumulative jet length function for required optimization, it is possibility 

using the variation calculus to design shaped charges which to form compact jets with 

maximal length. In other case, the Cauchy problem for the first order differential 

equation is formulated about unknown function of the shaped charge geometry. The 

solution allows designing a profile of a cumulative liner or a shell profile of the shaped 

charge. In both this last cases, the profiles ensure no-gradient velocity jet forming, which 

allows decreasing influence from shaped charge focus distance to armour plate. 

 

References 

1.  Zeldovitz J.B., Mishkis A.D.: The Elements of Applied Mathematics. Moscow, 

"Nauka", 1967, 646 p. 

2.  Shechter R.S.: The Varitional Method in Engineering. Moscow, "Mir", 1971, 291 p. 

3.  Godunov S.K., Deribas A.A., Mali I.V.: About Material Viscosity Influence into Jet 

Forming Process by Metal Plate Collision. The Combustion and Explosion Physics 

of. Novosibirsk, "Nauka", 1975, ˉ1, pp. 3-18. 

4.  Baranov V.L., Nikolov G.N.: Cumulative Charge Constructive Design 

Optimization. Tula State University News, TSU, 1990. 

5.   Hristov H., Patechkov M., Variatonal Method in Engineering Research of 

Cumulative Charges, VI Conference on Weapon Systems, Weapon Systems 

Department, Military Academy in Brno, Mayô2003, Brno. 

 



20 

SOMOIAG PAMFIL, MOLDOVEANU, CRISTIAN-EMIL, BUONO SOPHIE, 
MATHEMATICAL MODEL FOR COMPUTING THE UNGUIDED ROCKET 

TRAJECTORIES 

Somoiag Pamfil1  

Moldoveanu Cristian-Emil 1 

Buono Sophie2 

 
1Military Technical Academy, 39-49Avenue George Cosbuc,050141 Bucharest, Romania 

2Saint-Cyr Military Academy, 56381 Co±tquidan, France 

 

Abstract: This paper presents the study of a mathematical model used for 
computing the unguided rocket trajectory. The aerodynamic forces and moments, the 

thrust and gravitational forces are taken into consideration regarding this model. A 

numerical application was designed based on this model in order to compute  all the 
ballistic characteristics of the rocket on the trajectory. 
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1. Introduction  

An unguided rocket is a self-propelled weapon system because of the energy 

provided by the combustion of the fuel contained in the rocket motor [2] (see figure 1). 

The unguided rocket is constituted of two parts: a warhead section, containing the 

munitions or sub-munitions and a propulsion section including the rocket motor which 

contains the propellant. In order to keep an aerodynamic stability during the flight, the 

unguided rockets are equipped with stabilizer fins [1]. Unguided rockets can be launched 

from man portable launchers, as anti-tank weapons, from aircrafts or from multiple 

rocket launchers [3]. 

 

Figure 1. Design of an unguided rocket 

The term ñaccuracyò measures the distance between the effective point of impact and 

the theoretical point of impact, the aimed point; in other words, it is the measure of the 
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capacity of the rocket to reach the target at a given point. But there are various error 

sources which cause the rocket to disperse from the theoretical point of impact [4]. These 

dispersion errors are calculated by comparing the actual flight trajectory and an idealized 

trajectory. 

2. Error sources 

The error sources will affect the trajectory and the accuracy of the point of impact is 

represented by the errors made during the mechanical design, the manufacture and the 

assemblage of the rocket. During the launch phase they can modify some forces which 

act on the rocket [5]. In detail, these errors are: 

- a static and dynamic imbalance: the geometric longitudinal axis does not coincide 

with the principal axis of inertia, the mass centre of the rocket is not located on the 

longitudinal axis, the mass is not correctly distributed, the inertial spin axis is displaced 

from the rocket centreline; the rocket is then spinning, which causes unwanted motions 

of the launcher equivalent to an angular velocity;  

- an aerodynamic instability because of wrong calculations of the static margin (the 

distance between the mass centre and the centre of pressure) and the aerodynamics 

coefficients; which alter the yaw oscillation distance (after a disturbance during the boost 

phase, the motion of the rocket generally becomes a sinusoidal oscillation about a lateral 

axis), which depends on the static margin and the aerodynamics coefficients; 

- an incorrect determining of the degree of stability (which determines the angle 

through which the rocket will turn in response to thrust misalignment or wind) ; 

- inaccuracies in the method of determining the drag and the direction of the thrust 

(instead of being parallel with the rocket longitudinal axis, the thrust is displaced in a 

radial manner);  

- inaccuracies in the warhead detonation device which causes fuzing errors and has 

an effect on the range; 

- fins misaligned or bent which cause additional aerodynamic forces and will result in 

dispersion and which, in its turn, modifies the static margin; 

- the flexibility of rocket which is not a perfectly rigid body and has an angular rate; 

- an irrelevant choice of the propellant : the propellant temperature can affect the 

burning time and the thrust of solid propellant rocket (misalignment) and a variation in a 

parameter that influences the delivered total impulse (volume, chemical composition, 

mass) can modify the burnout velocity. 

During the launch phase, the launcher cannot compensate all the errors, the muzzle 

velocity and the initial angular velocity are altered in comparison to the values of the 

ideal firing [6]. 

Others error sources are due to inaccuracies during the prelaunch phase: 

- an inexact knowledge of location of launcher and target, due to an incorrect map grid; 

- an error in positioning launcher: if the inclination of the tube is not correctly and 

precisely aligned with the desired angle of inclination, then the point of impact will be 

moved compared to the intended point of impact. 

The other main error source is the taking into consideration of the wind. It modifies 

the direction of the trajectory by perturbing the forces which act on the rocket and it 

induces a rotational motion of the rocket. Indeed, during the boost phase, a wind normal 

to the direction of the flight causes the rocket to turn towards the direction from which 

the wind is blowing; during the ballistic phase, the direction of the lift is altered, as well 
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as the magnitude and the direction of the drag (the wind produces an axial drag 

component, normal to the intended trajectory). The rocket then cocks into even drifts 

with the wind [7].  

Moreover, the atmospheric data, which change with the season, the time of day, the 

temperature, the humidity and the altitude of the flight, amongst others, have an effect on 

the force magnitudes (since the aerodynamic forces depend on the density, for instance) 

and then on the trajectory of the rocket and the location of the point of impact. 

For our study, we will only consider the initial error sources conditions which are not 

well enough determined since there may be mismeasurements of these firing conditions. 

The other error sources are not the object of our study.  

3. Mathematical model of the basis trajectory 

The mathematical model of the trajectory is obtained taking into consideration all the 

forces and the moments acting on the unguided rocket, based on the major theorems of 

the dynamics. 

The fundamental principle of dynamics gives us the equation of the centre of mass 

motion [2]:  

 =  +  +  + m  (1) 

where: 

-  ï mass of the rocket (variable in time); 

-  ï velocity of the rocket centre of mass; 

-  ï drag force; 

-  ï lift force; 

-  ï thrust force generated by the rocket engine; 

-  ï gravitational acceleration. 

The dynamic moment theorem for a variable mass gives the equation of the motion 

around the rocket centre of mass [2]: 

 ɫ    +  (2) 

where: 

-  ï kinetic moment; 

-  ï aerodynamic moment; 

-  ï damping moment of the rocket engine flow; 

-  ï moment of the rocket engine thrust. 

After projection of the equation (1) and (2) on the axes of the reference system 

(figure 2) we obtain a complete system of differential equations that describes the 

trajectory of the rocket and the motion around the centre of mass: 
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, (3) 

, (4) 

, (5) 

, (6) 

, (7) 

, (8) 

, (9) 

, (10) 

, (11) 

, (12) 

where: 

-  - position of the rocket centre of mass on the trajectory ; 

- the angle of inclination of the trajectory in the vertical plan, that is the 

angle between the velocity and the horizontal axis; 

- the angle of inclination of the trajectory in the horizontal plan; 

-   the angle of incidence in the vertical plan; 

-   the angle of incidence in the horizontal plan; 

-  the angle velocities; 

-  the reactive acceleration; 

-  coefficient based on the drag coefficient; 

-  coefficient based on the lift coefficient; 

-  coefficient based on the supplementary lift coefficient; 

-  coefficient based on the moment coefficient; 

-  coefficient based on the supplementary moment coefficient; 
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-   coefficient of damping moment. 

 

Figure 2. Forces and moments acting on the unguided rocket 

The PRND numerical application made by the authors is based on the presented 

mathematical model (figures 3 and 4). This program is composed of four modules, as the 

following screen capture shows it: 

- the DATA MANAGEMENT module is to save or open all the data relative to our 

simulation ; 

- the PRND PARAMETERS module enables us to set all the characteristics of the 

unguided rocket given by the manufacturer data, which are constant during our 

study ; for our simulation we chose the 122mm GRAD-type unguided rocket; 

- the FIRING CONDITIONS module enables us to define the parameters 

concerning the launching of the rocket, that is the initial conditions; 

- the TRAJECTORY COMPUTING module calculates the trajectory of the rocket 

by clicking on the CALCULATE button and by clicking on the VIEW button 

enables us to select the results we want to visualise and displays them in the form 

of graphs; 

 

Figure 3. PRND menu and the projectile parameters 
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Figure 4. The firing conditions and the trajectory results 

4. Numerical results 

Next we will apply the mathematical model presented above with the PRND 

application for some firing conditions fixed (table 1) in order to obtain the elements of 

the basis trajectory.   

 Table 1. Initial firing conditions 

x0 [m] 0 v0 [m.s-1] 40 

y0 [m] 0 ɔ0 [degrees] 80 

z0 [m] 0 ɤɝ0 [rad.s-1] 0 

ɗV0 [degrees] 20 ɤɖ0 [rad/s] 0 

ɗH0 [degrees] 0 ɤɕ0 [rad.s-1] 0 

ŬH0 [degrees] 0 t0 [s] 0 

ŬV0 [degrees] 0 tf [s] 40 

First, we focus on the trajectory of the unguided rocket in a vertical plan (figure 5), 

which has a parabolic form, and on the evolution of its velocity (figure 6). 
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Figure 5. Trajectory of the 122 mm rocket 
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Figure 6. Evolution of the  rocketôs velocity 

 

After a quick increase, until = 718.1 m/s, reached in 1.82 seconds, the velocity 

decreases. With these two graphs, we can determine that the point of impact is situated at 

16290 m and it is reached after 37.38 seconds with a velocity of 324 m/s. 
Then, we focus on the motion of the rocket because of the evolution of two 

characteristic angles,  and , and on the rotational velocity (figure 7). 
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Figure 7. Evolution of the incidence angle 
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Figure 8. Evolution of the angular velocity 

 

At the very beginning,  (the angle between the axis of the rocket and the axis of 

the velocity) and  (the angular velocity around the axis  ) oscillate: the rocket is 

unstable and describes oscillations around the trajectory (figure 8).  

4. Conclusions 

In this article we have presented a mathematical model and a numerical application 

made by the authors that can be used to calculate any trajectory of the unguided rocket. 

All these trajectories are calculated from a certain initial firing condition. That firing 

condition can be disturbed by some error sources, also presented in this paper. In order to 

calculate the effect of the error sources on the trajectory we will modify the equations (3) 

ï (12) by introducing the variations in order to be able to calculate the unguided rocket 

effectiveness.  
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the firing initial conditions could influence the location of the point of impact.  
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1. Introduction  

Nowadays, when new types of conflicts exist, more than before the armament system 

has to be accurate in order not to hit the civil population and civil buildings. That is why 

in the development of any weapon system, it is necessary to understand as well as 

possible all mechanical requests interacting in the system [1]. In the case of the unguided 

rocket, being a long range armament system, the accuracy is more difficult to obtain. We 

will analyze the effect of the initial firing conditions on the accuracy of unguided rockets. 

2. Mathematical model of the unguided rocket effectiveness  

In order to analyze the accuracy of the rocket firing it is necessary to study the 

influence of each initial condition variation on the rocket ballistic characteristics. We will 

use the mathematical model simplified for the rocket trajectory, having the rotational 

velocity neglected, [5]: 

, (1) 

, (2) 

, (3) 

, (4) 

, (5) 

, (6) 

, (7) 
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, (8) 

 

where: 

-  - position of the rocket centre of mass on the trajectory ; 

- the angle of inclination of the trajectory in the vertical/horizontal plan; 

-    the angle of incidence in the vertical/horizontal plan; 

-  the reactive acceleration; 

- , ,  coefficients for the drag, lift 

and aerodynamic moment; 

- ,  coefficients for supplementary lift and 

aerodynamic moment; 

-   coefficient of damping moment. 

In fact, the hypothesis presented above does not significantly affect the results 

because the angular velocities are almost zero. In the system of equations (1) ï (8), the 

main variables are: , and  The initial values of those variables:   

, and represent the initial firing conditions [3,5]. Firstly, we 

suppose that all this initial conditions are very well determined, without disturbances. In this 

condition we obtain an ideal trajectory, named basis trajectory. We consider that the 

ballistic parameters of the basis trajectory are: , , , , .  

In reality, the initial firing conditions are not very well determined [2]. In that case, the 

initial firing conditions have small variations: , and 

 In time, due of this initial small variation [4], the real trajectory will have the following 

variations: 

  , 

    
(9) 

Using the relation (9) in the system of equations (1) ï (8) we will obtain a new system 

of equations for the variations of ballistic characteristics: 

+ 

, 
(10) 

 ï   +  (11) 

 =  cos( )  +  (12) 
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 = sin ŭŬV  ï  ï gcos ŭɗV  (13) 

 = ï  sin( )  (14) 

 =  (15) 

 = sin( ) , (16) 

 = . (17) 

3. Numerical results 

In this paragraph we present some numerical results obtained after having solved the 

equations (10)-(17). In that case we have considered initial variations of the firing 

conditions and we want to see the impact of this initial variation on the trajectory elements.  

The value of ŭis constant and equal to ŭ during the flight. In this case we have 

obtained a translation of the trajectory in the  direction with ŭ. The same behavior is 

obtained for ŭand ŭ.  

A variation of the value 0 changes the value of  during the flight, but in all the 

cases, the value of ɿ  at the impact is close to zero, which means the value of  at the 

point of impact is almost unchanged (figure 1). If the muzzle velocity decreases, the 

point of impact will be in front of the desired point of impact and if the muzzle velocity 

increases, the point of impact will be behind of the desired point of impact: for a 

maximum change of 10 m/s, we obtain a deviation of 146.625 m (figure 2). A change of 

0 has an important influence since the target could be missed up to a hundred of meters.  
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Figure 1. Influence of ŭ0 on the ŭ 
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Figure 2. Influence of ŭ0 on the ŭ 

0 20 40
-6

-4

-2

0

2

4

6

t [s]

d
x
 [
m

]

 

 

dtheta
V0

 = -5 degrees

dtheta
V0

 = -1 degree

dtheta
V0

 = 1 degree

dtheta
V0

 = 5 degrees

 

Figure 3. Influence of ŭɗV0 on ŭ 

The initial value of  has a significant influence on the ŭ  (figure 3). If the initial 

value of  decreases, the range  increases and if the initial value ɗV increases, the 

range decreases. For a maximum change of 5 degrees, the point of impact moves 

around 6 m (0.03% of maximum range 16290 m).  
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4. Unguided rocket effectiveness simulation 

After studying the influence of a single variation of one of the initial conditions in the 

previous paragraph, we will now make simulations considering overall variations of 

initial firing conditions.   

Theses simulations, which are a series of points of impact, enable us to determine the 

mean point of impact (MPI) and the circular error probable (CEP), which will be 

compared with the size of several specific targets. Then, we are able to determine the rate 

of damage inflicted. 

With the following variations:  =  = 0.1 m,  = 5 m/s, ɗV0 = ɗH0=1 degree 

we obtain the results presented in figures 4 and 5. The mean point of impact has as 

coordinates  = 16 297 m and  = 24.78 m. The CEP is 504.66 meters. In comparison 

with the basis trajectory, the mean point is deflected on the left of around 20 meters and 

in front of the desired point of impact with around 80 meters. 

In this part, we will compare the size of targets with the CEP in order to determine 

the probability of impact and damages. To simplify, we consider the target as being 

circular having the radius T. Firstly we consider the target centered on the mean point of 

impact (16 239; - 13.86) and we will modify the radius in order to determine the 

probability of damages. 

 

 

Figure 4. Trajectories 
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Figure 5. Points of impact and CEP 

Å Case: T < CEP. We take in consideration a target having the dimension smaller 

than CEP. In that case the probability to hit the target is 15.63% (figure 6), meaning that 

we need 7 unguided rockets to have a chance to reach the target. 

Å Case: T = CEP. For a target having the dimension comparable with CEP, the 

probability to hit is 50% (figure 7). 

Å Case: T > CEP. The probability of hitting a target with T = 600 meters is 62.50% 

(figure 8).  

 

Figure 6. Target vulnerability for T = 252.33 meters (CEP/2) 
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Figure 7. Target vulnerability for T = 504.66 meters (CEP) 

 

Figure 8. Target vulnerability for T = 600 meters 

In the following table we have presented the probability of impact determined for 

some dimensions and positions of the targets. 
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Table 1. Probability of hitting the targets with different dimensions 

Parameters ( T, T) = ( m, m) 
( T, T) Í (m, m) 

d < CEP d = CEP d > CEP 

T = 100 m 
0 % 

- 

0 % 

- 

3.13 % 

32 shoots 

0 % 

- 

T =  252.33 m 
15.63 % 

7 shoots 

15.63 % 

7 shoots 

3.13 % 

32 shoots 

0 % 

- 

T  = 400 m 
37.50 %  

3 shoots 

31.25 % 

4 shoots 

28.13 % 

4 shoots 

15.63 % 

7 shoots 

T = 504.66 m 
50 % 

2 shoot 

46.88 % 

3 shoots 

37.50 % 

3 shoots 

21.88 % 

5 shoots 

T  = 600 m 
62.50 % 

2 shoot 

59.38 % 

2 shoot 

50 % 

2 shoots 

31.25 % 

4 shoots 

4. Conclusions 

In this article we have presented a mathematical model for computing the effect of 

the initial firing conditions on the trajectory accuracy. The obtained results lead us to the 

following conclusions: if the target is too small in comparison with the CEP the 

probability of impact is equal to or near zero; if the size of the target increases, the 

probability of impact increases; the best probabilities of impact are in the case when the 

centre of the target is inside the circle of CEP. Using the mathematical model presented 

above it is also possible to determine the minimal number of shoots to reach the target. 
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Introduction  

Analysis of the literature suggests that the concept of human resource (HR) manage-

ment appeared in Poland for the first time in the nineties of the twentieth century. Origi-

nally this was a translation of the English-language literature (called Human Resources 

Management), and it has been formally adopted by the authors of Polish publication. 

Currently, often uses the term - human capital management. 

 

Alexis Pocztowski formulated such a definition of HRM: "Human resource man-

agement is defined in the management concept in area of the HR function of companies 

in which human resources are seen as an asset for the company and a source of competi-

tiveness, calling for the strategic integration of personnel issues and business affairs, an 

active role in the line management in solving personal issues and points to the need for 

creating organization culture, integration of HR processes and building employee en-

gagement as a tool for achieving the goals".1  

It implies that human resource management is a skillful combination of business af-

fairs and personnel workforce should be treated as an asset for the company and the 

potential of competitiveness in the company while existing on the market. So the ques-

tion in the publication  is of particular importance of employees for the organization and 

the necessity to make rational decisions in the field of human capital management. None 

modern organization can functions properly without adequate human resources. The 

employeesô skills should be properly utilized, parallel to the chance of human potential 

developing. 

It is mentioned in another definition, in which HRM is presented as "a strategic and 

coherent approach to the management of an organization's most valuable assets ï which 

are the working in people who individually and collectively contribute to achieving or-

                                                                 
1 [10] p. 34. 



38 

ganizationôs objectives." 2  This means that human resource management is the manage-

ment of employment, aiming to gain a competitive advantage over other organizations 

and, whatôs more, the correct recruitment and selection process, which allows to employ 

highly dedicated and qualified staff by using multiple techniques, such as cultural, struc-

tural and personnel ones. 

Taking issues related to human resources management the authors wanted to point 

out that the purpose of HRM is not only increasing productivity and organizationôs profit 

but also the development of the individuals. HRM concerns training, continuous devel-

opment of skills acquired at the workplace and ensuring the workersô well-being so that 

they could feel valued and adequately rewarded for their work. 

Caring for people is helpful in shaping and creating a suitable climate and organiza-

tional culture. It is nothing more than "personal policy of the organization." This term 

should be understood as the sphere of management that involve conscious formula mak-

ing of the social potential in the organization. 

Commonly the personnel policy is understood as programs and directions of state 

management of public affairs, consistent application of the principles and methods 

by managers in relation to subordinates. With regard to the article topic, however, the 

most relevant is the understanding of the personnel policy as business managers actions, 

consisting of making choices in the existing operational areas. Personnel policy exists 

only when it is possible to make choices. Each decision has its own character and man-

ner. For personnel policy it can be understood as team's objectives, policies and measures 

arising from the HR strategy, aiming to serve its implementation, through appropriate 

guidance in relation to the operational management of people in organizations.3 
 

Selected HRM processes in modern organization 

The first phase of HR process in an organization is undoubtedly the process of  HR 

planning. It is understood as forecasting HR demand based on detailed description 

of particular positions and the workers features. It is to maintain still and proper level 

of meeting the needs of the organization. In planning there are some particular main 

phases that are presented in Figure 1.4  

Attracting workers cannot be accidental, because it would expose the organization 

to malfunction. Forecasting supply and demand when it comes human resources should 

be understood as the necessary number of employees to meet the needs of the organiza-

tion. This applies to the competence, as well as qualifications. This is possible only after 

a thorough observation, assessment and diagnosis of the work done in the organization. 

Employment Plan, which is the last step in the planning process of human resources is 

the "demand for labor organizations in the planning period, in terms of qualitative and 

quantitative (qualifying) and the time-space and ways to remedy the imbalance between 

employment forecast and desirable" 5. 

An important issue about which the employer should keep in mind is to provide op-

portunities for promotion and career development and appropriate to inform the employ-

ee about existing opportunities for development. The solution can be not only in the 

                                                                 
2 [1] p. 19. 
3 [1] p. 108. 
4 [12] p. 198. 
5 [8] p. 51-53. 
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planning of employment, but also in the selection of training and in the development 

of methods for assessing work-which translates into determining payment. 

When the specific staffing needs, it's time to start the recruitment process.  

It is "accepting job applicants, conducted by well-known (also to a candidate) mode. It is 

a process which aims to bring about individual positions to be fulfilled, so that - on the 

one hand ï ensurance and efficiency of the tasks assigned to the work position, and on 

the other one ï that these tasks were adapted to the possibilities, aspirations and expecta-

tions of the candidates. It is also the attraction of the organization of relatively large 

number of candidates to assure their selection"6. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Planning of Human Resource Management process 

Source: [7] p. 429 

The mentioned before selection is based on "an evaluation obtained during 

the recruitment of candidates for the job and a candidate for the position that best meets 

the expectations of the employer as a result of the job description and its profile of the 

qualifying profile of the employee. While the selection competencies of job candidates 

in terms of their suitability for the position are examined. Estimated are also personal 

qualities, qualifications, skills and experience of the candidatesò7. 

After deciding on employment of employee's there is some time for adaptation. This 

is generally the process of adjusting to a person to conditions available in the new work-

place. The employee is introduced to the company and implemented in future tasks. An 

important aspect in these activities is to ensure that adaptation will proceed peaceful-

ly and as soon as possible. 

The key to successful adaptation is to create a basis for the task force on the problems 

and belief in their own ability to cope with stress. It is in the process of adaptation what 

is important to realize the employee that being calm and assertive form the basis of the 

output from difficult situation. 

                                                                 
6 [14] p. 22-23. 
7 [14] p. 24-25.  
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A very important process of human resources management, which has a direct impact 

on the operations and the results of the company, is motivating employees. 

Positive motivators encourage certain actions, attitudes and behaviors for the sake 

of the expected and associated with them satisfaction and gratification. Negative motiva-

tors are to discourage the actions, attitudes and behaviors known to be harmful, unwanted 

or inappropriate - for the sake of possible reprisalsò8 In modern organizations, incentive 

systems are usually based on both positive and negative motivators. Please note that the 

performance will be achieved only if an appropriate balance is maintained between re-

warding employees and their punishment (using a "stick and carrots "). 

In order to diagnose the performance and functioning of the organization's staff the 

process of measuring the human resources staff is used. Staff evaluation is "the process 

of comparing their performance, qualifications and personal qualities and attitudes and 

behaviors manifested by established criteria consistent with those used in the institution 

standards (benchmarks). The result of the assessment is to determine the "value" of each 

individual employee (the pros and cons), and an assessment of human potential 

of particular groups of workers, and finally, the entire staff of the institutionò. 9 The most 

common in organizations is to assess the current, as it is constantly made by the employ-

ee's superiors. It can be done formally - the action shall be documented or informally - to 

assess how the tasks represented the attitude and behavior of individual employees are 

only individual assessment of superior. 

The last process that takes place during the operation of the employee in the organi-

zation is exempt. This is usually a consequence of changes the organization and its envi-

ronment. The demand for labor force change that requires some flexibility in the human 

resources management, so that not to expose the organization to financial losses caused 

by the maintenance of unnecessary staff. "Releasing staff is purposeful action leading to 

termination of employment contracts, the termination of certain grounds for the provi-

sion of the employees working for the former employer. Separation of employees of the 

organization may be due to the initiative of the director representing the interests of the 

company. If the motive of exemption is excessive employment in the company, it is called 

the job cutsò10. It is also important that the party terminating the employment relation-

ship can also be a worker and in this case refers to the so-called. "Departure" 

or "released" from the workplace. 

Figure 2 illustrates the HR processes. This is the simplifying HR model made by the 

authors as the whole process starting from planning the employment to reduce the level  

of it is more complex and complicated in practice. 
 

 

 

 

 

 

 
 

Fig. 2. Selected Human Resource Management processes 

Source: its own  
 

                                                                 
8 [9] p. 257. 
9 [11] p. 284. 
10 [6] p. 403-404. 
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The role and actions of recruitment and selection in human resources manage-

ment process  

Overall, the recruitment process (in the literature also called recruitment) is attracting 

candidates to the organization's work in such numbers that allows to perform the selec-

tion. "The result of properly conducted recruitment process should be to obtain the most 

suitable composition of candidates with necessary skills and qualificationsò. 11 The 

activities of recruitment are directed to inform potential candidates about the organization 

and the ability to work as part of its structure. It is also important to create a positive 

impression in order to increase the willingness to work. 

Due to the criterion which is the source for recruiting candidates, recruitment pro-

cesses are divided into internal and external. The first one is connected with "seeking 

candidates among the staff that is already employed, therefore, it is to attract employees 

by changing the existing working conditions and wagesò12. The advantage is certainly 

clear career paths for employees and usage of their existing skills and knowledge about 

the company. It also allows to reduce the costs associated with the collection and verify-

ing information about potential candidates. Using internal recruitment raises the level of 

motivation of employees do a better job by showing them the possibilities and opportuni-

ties for advancement, and career development within the company structure. An im-

portant benefit is the reduction of time to adapt to the employee to the organization, the 

prevailing requirements of new tasks due to the fact that he is familiar with the internal 

procedures and organizational culture of the company. The disadvantage of this method 

of selection may include calling the conflict among employees applying for promotion to 

the particular position. Such conflict can paralyze work for long time, so it is recom-

mended to make sure that there were clearly stated reasons for choosing no other person 

in the new position. Another weakness of internal recruitment is a kind of "state of the 

place", due to the lack of fresh ideas and inspiration that new employees bring to the 

organization. 

External recruitment is when organizationôs internal resources are not sufficient, and 

there is need to fill in the new positions. Employees are drafted from outside the struc-

tures of the company. The main advantage is confidence that the company will have a 

relatively large number of applicants for the position, hence - more possibilities of the 

right person choice. In addition, employees from outside the company often bring new 

and exciting ideas that give chance to "refresh" existing patterns of functioning. The 

disadvantages of this method are the high costs of the recruitment process. Typically, 

external recruitment campaigns are relatively expensive and time consuming. Another 

weakness is the risk of demotivation for current employees by providing them infor-

mation that they are not adequately knowledgeable and have no chance of promotion. 

After an appropriate employment plans and analysis recruitment process can begin. 

There are two types distinguished: the broad and the segment one13. The main difference 

between them is distinguishing who they are directed to and what is the nature of making 

recruitment activities. The first concerns searching candidates for jobs that do not require 

specialized skills. It is typical about manufacturing jobs, so the wanted candidate 

is among the wide range of the population, such as in the whole of the district. However, 

segment recruiting is to attract candidates with specific field of knowledge, skills and 

                                                                 
11 [14] p. 61. 
12 [13] p. 25. 
13 [2] p. 61. 
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qualifications. In this case, the carrying out of the recruitment takes place in a slightly 

different way than the above one. Information about searching the employee to the com-

pany should be included in media that are of interest for data information by specialists 

or experts, such as businesspeople or lawyers. The announcement should include details 

about the nature of work and the description of looked for the candidate. 

One of the most common methods are newspaper ads. They are placed in newspapers 

and journals. Their choice is affected by three factors: cost, readersô profile and publish-

ing level. Table 1 shows the factors to be considered while preparing and designing ads. 

Table 1. Features having impact on announcement design  
Feature Comments 

Organi

zation 
image 

Advertisements for recruitment shall comply with the public image of the 

company and improve it. For example, the traditional bureaucratic organiza-
tion can succeed by using cutting-edge, and full-page color ads, nor employ 

such employees who with no trouble would adjust to the culture by such 

actions. 

Positio
n type 

Notice the position of Director at the highest level requires a different ap-
proach than a job ad for a regular collar worker. 

Selecte

d 
media  

Each media has its own style, which does not always fit to the data an-

nouncement.  
It is worth viewing a few older numbers of selected newspapers or magazines 

to find out what works for them and what is not. Notice of frivolous content 

will not work in a formal magazine but would do much more in suitable place 
for it. 

Target 

market 
habits 

Notice by which the company is looking for a qualified and experienced 

accountant, working for a large traditional organization with a long history, 
is unlikely to attract the right people, if they were to title: "Can you creatively 

deal with numbers?". While it is sometimes useful to ignore some standards, 

it should be done with caution. 

Source: [5] p. 42 
 

The table shows that  the content, form and the location of the ads have a direct im-

pact on the chances of success in the search for suitable candidates for the job. A very 

simple and common method of recruitment is the use of bulletin boards. They may be 

placed, for example, in the post office agencies, employment agencies and even the 

supermarket. It is inexpensive and relatively simple method, so it used mostly by small 

firms seeking all possible methods to reduce the costs associated with the recruitment 

process. 

Another example of recruitment are work trades. We can divide them into general (they 

offer a wide range of career choices), local and fair organized by employers who are 

looking for a large number of new employees for various positions. Another form of job 

fairs are known as open days. That is the method that higher education students are 

searched by universities and higher schools when they want to raise their proposed 

courses of study. Such an event must be carefully planned and prepared so that it was 

possible to monitor the process and the results were obtained and preserved for later use. 

The acquisition of potential candidates for the vacant position is also support of em-

ployment agencies. Their function is to collect information about job seekers and compa-

nies seeking employees and to make proposals to "fit". The company choosing to get 

help employment agencies must take into account the cost of hiring the company. It is 

assessed in different ways, but mainly based on the salary for the position. 
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A common technique seen in search of employees to the highest position in the or-

ganization is to identify a potential candidate by a third party. When a company receives 

an indication of a potential candidate, contact with him and is trying to gain the infor-

mation necessary for a realistic assessment of qualifications and competences. This tech-

nique provides employment opportunities to people who, because of low self-esteem 

underestimate their abilities or are not aware of them. Using this method, remember to 

keep the criteria for work, not for personal reasons and not forcing people to referrals too 

radical and rapid changes associated with their employment. Reprehensible is also rec-

ommending people to come especially if they do not fit the profile of sought worker 

(which is called nepotism). Often the case in choosing the method of recruitment is con-

ducting meetings in the form of recruitment by Assessment Centre (multifactorial evalua-

tion). It is innovative method used in the recruitment process as a set of tasks with a 

variety of forms and used to verify the competence relevant to the position for which they 

are applied for. Assessment Center also has its use in making other personnel for existing 

employees. It can be also used to determine the strengths of the employees and what 

areas should be developed, and thus the planning of development activities in the organi-

zation, such as trainingò14.  

 When the list of candidates for a given position is closed, the selection process be-

gins. Its aim is to reduce the number of candidates and selection of the best ones in terms 

of qualifications, experience and other required features. It is possible to conduct positive 

selection (selection of the best) or negative (rejecting the worst). The most commonly 

used method of selection is to analyze the application documents which is usually CV 

and the list of application. 

During the analysis of the documents the data on education, work experience and de-

clared skills are examined in particular. The task of which is to draw conclusions and to 

assess the human basis of documents is difficult. To facilitate this, the selectors bring 

specially prepared forms for CV, which allows the system to standardize the assessment 

of candidates and their qualifications. Unfortunately, people often guided by the desire to 

get a job give false information about themselves or conceal certain issues (eg, language 

proficiency, ability to use computer programs). Verifying the facts is possible only dur-

ing the work show or during the interview. 

Types of interviews with candidates for the study are presented below. 

Individual Interview - carried by only one person. Prior to the interview questions 

must be carefully determined to be asked to the candidates.  

Informal Interview - the interview between the candidate and two or more people in-

volved in the selection. The results and findings are often transmitted to other members 

of the group or appointed committee that makes the final hiring decision. 

Panel Interviews - are considered to be the most widely used method of selection. 

They rely on the confrontation of several candidates for the position of a group of people 

responsible for the selection.  

Structured Interviews - rely on the detailed preparation of each stage and asked for 

the questions so as to constitute a logical whole. To ensure the highest degree of objectiv-

ity questions should be asked to candidates in the same way. The final decision is based 

on the collected primary materials and notes taken during the interview. 

                                                                 
14[15] p. 68-69. 
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Interviews based on criteria - tend to focus on certain elements of the personal pro-

file. The aim is to carefully examine the details of a personal profile that will contribute 

to the future of work and ensure efficiency. Very similar form of the particular interview 

is focused interview. The difference is stressing the questions related to the position 

rather than the previously concerned-personal profile. 

Episodic Interview - is to examine the suitability of the use of skills possessed by the 

candidate under certain circumstances. Frequently asked are the questions that are used to 

assess the motivation of the candidate and his involvement on the job.  

Stimulus Interview - questions are used to stimulate the imagination of the candidate. 

Are asked questions like "what if ...?" which allows to determine whether a person will 

be able to find themselves in the future workplace.  

Final Interview ï there were probably some other selection technics used before. The 

interview is used to verify if all necessary documents are delivered. It is the last chance to 

fulfill any needed information. During that phase negotiating starts and it is time to make 

the decision by both sides of the recruitment process15.  

A completely different method of selection is to recommend the preparation  

of a presentation by the candidate for the post. This allows you to examine communica-

tion skills and presentation of certain content in a public forum. Requires the ability to 

make a presentation to the plain language and good use of time. 

Another method of selection may be psychometric tests. They are used because of the 

accuracy of results and ease of use. Importantly, psychometric tests should be used only 

with the consent of the candidates16. 

Using that method selection manager is to obtain a sufficient amount of information 

on the candidates and maximize the opportunity to take an appropriate decision about 

employment. To do so, keeping the practicality of the method chosen and the meaning in 

its usage and practicality is crucial. The most commonly used method is still an inter-

view, because it works regardless of position. Interview allows direct confrontation, 

deeper understanding and simultaneous verification of previously provided biographical 

data. When selecting a method of recruitment a manager should also be aware that it is 

desirable not only to the development of the employment of a new employee, but also in 

the form of personal development managers and other people involved in the selection 

process. 

Choosing the appropriate method should pay attention to factors such as job that will 

be filled with impact of the chosen method of both the candidate and the organization and 

the likelihood of achieving the desired results. However, the most important feature that 

should be characterized by effective selection is primarily accuracy in the selection of a 

candidate for an employee organization. 

 

Conclusion 

Issues related to human potential management in modern organization is concerned 

as difficult, so it is important to have well prepared workshop of personnel policy. Please 

note that all administrative action should be carried out diligently and conscientiously. 

The mutual willingness to cooperate and to create a positive relationship between em-

ployee and employer is crucial in the situation. These relations, although it remains at the 

                                                                 
15[3] p. 18-20.  
16 [4] p. 39-43. 
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business level should be honest and sincere. Knowing the exact specifics of HR process-

es and adhering to these rules, it is possible to be close to the real implications of the 

actions and foreseen in the field of human resources management. 

Considering the currently used methods commonly used in the recruitment and selec-

tion, do not forget the Internet. "The times when the website has served as a bulletin 

board are gone, the development of e-recruitment has led to the fact that today virtually 

the entire process of obtaining workers can be administered on-line".17 The main benefits 

of using the Internet in recruitment and selection process is reducing costs, saving time 

and universal access, regardless of the place of the candidate. These features result in 

continuous growth of interest in gaining employees in the Internet. It is also possible to 

check employeeôs skills of using modern information technology and systems. 

Based on the collected materials, acquired knowledge and described assumptions it 

can be concluded that the changes taking place during the implementation of HR pro-

cesses aim to improve the situation of the organization. Managers have the opportunity to 

improve their managerial skills by gaining experience and increasing the precision of the 

decisions taken by professional practice. It is necessary to be aware also of applicants 

(during the recruitment and selection) and employees. They represent human potential, 

that is managed by senior management level. This has an impact on their career and 

further development within the organizational structure of the company. 

Quoted by the authors of the article, definitions and expressions are only the theoreti-

cal aspect of the personnel process from recruitment through to dismissal. The conclu-

sions that arise when analyzing the content of these relate mainly to the fact that the 

knowledge of this area can be significant help during the work for those who are in-

volved in human resources management. It is also important area for universities that are 

trying to find and collect as many students and recruit top faculty who are available at the 

labor market. 

The authors issues may give rise to further, more exhaustive study of the literature re-

lating to the HR processes and the organization from the employment side. It is also 

possible to perform testing for processes such as human resources and personnel policy 

in the university as modern organization, where appropriate human resource management 

has a significant impact on its operations. 
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Abstract: The paper provides an overview of the lessons learned in Romanian MoD 

while trying to reduce the environmental impact of the armament systems, in the context of 
fast changes in legislative, social and technological challenges. Legislative risks and 

drivers, steps to be followed and relevant aspects regarding available solutions for 

reducing the environmental impact of munitions are discussed.  
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1 Drivers demanding for Greener Munitions   

Firing of conventional munitions has an important effect on the environment, which 

manifests mostly in the firing position (direct action of gases over the operators and 

nearby personnel; deposition of incomplete burn products on the soil; atmospheric 

pollution; direct action of the shock wave against operators, nearby personnel and 

structures; noise pollution) or in the target position (explosion effect; unexploded 

ordnance; fragments from projectiles, fuses, etc., resulted from firing; soil, water and air 

contamination; noise pollution). Other important negative effects are generated during 

manufacture and disposal of the munitions, but these are easier to control and mitigate. 

In the last two decades we assisted to stronger and stronger trends, which are driving 

increased pressure on users and manufacturers of energetics and munitions to approach 

the improvement of the environmental impact of their products, starting with compliance 

with the national and international applicable regulations. 

The complexity of environmental legislation regarding manufacture, use and waste 

treatment is expanding rapidly around the world, but especially in EU and US. REACH, 

RoHS, and other directives are introducing more and more restrictions and disclosure 

regulations. In parallel, the enforcement agencies and NGOôs are stepping up 

surveillance as they become more aware on how to enforce regulations so they are active 

in exposing violations. 

Nations are increasingly concerned about environmental, health, and safety aspects 

incurred by the use and disposal of these materials, and they are willing to support higher 

acquisition costs for environmentally friendly ordnance that can diminish the costs 

related to the management of training ranges and disposal actions. In the public sector, 

we can see increased efforts to update the purchasing policies by taking into account the 

environmental impact of the products. The best example is the EU Ecolabel scheme 

aiming at highlighting products that have a reduced environmental impact throughout 

their entire life cycle, from the raw material to production, use and disposal. 
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In this context, of fast changes in legislative, social and technological challenges, 

numerous countries and organizations have acknowledged the environmental impact of 

military activities and dedicated a lot of effort towards its assessment and mitigation. 

Munitions were blamed as the main vector for spreading dangerous chemicals in the 

environment, varying from heavy metals to complex organic molecules, thus the concept 

of Green Munitions (or Greener Munitions) being introduced and developed in MoDs 

and industry.  

In Romania, the National Defence Strategy adopted in the last years urged the RO 

MoD and the defence industry to adapt and comply to EU legislation, to prevent 

pollution and optimize the waste management, to extend their efforts to re-establish and 

preserve the environment, to encourage and promote less pollutant activities and 

technologies and to reduce negative impact of military activities on the environment. In 

this context, the RO MoD has decided to improve its knowledge, procedures and tools 

for the environmental management in order to diminish the consequent impacts.  

The involvement in the excellent collaborative work performed within European 

Defence Agency - EDA-GEM2 project Environmentally Responsible Munitions ï ERM 

(Ad Hoc project led by UK and supported by other six nations: NL, PT, GE, FR, NO and 

RO) greatly contributed to a better understanding of this area. 

2 Impact of legislation on ammunition production, use and disposal 

National legislation is usually defined by: Laws, Decrees, Decisions of the 

Government, Orders of the Ministry/Agency of Environment, Standards or Regulations. 

A synthesis of the provisions regarding the maximum allowable concentrations for 

substances of interest should be used for the comparative evaluations after field and 

laboratory experiments. Regarding the European legislation, the first to be mentioned is 

the Directive 2000/76, which has direct implications upon incineration installations of 

ammunitions and EM, requiring the use of a series of filtration and purification systems 

for gases resulted in the process. The Directive is based on an integrated approach, 

containing both provisions concerning the maximum permissible air emissions and 

maximum allowable values for water emissions. The incineration or co-incineration 

installations have to be approved and operation approval is given by the competent 

authorities only if it satisfies the 76 Directive requirements. The Directive requires 

installations equipped with special monitoring system of the plant parameters and 

emissions values. The fulfillment of 76 Directive provisions makes EMôs incineration 

process very expensive, so many demil agencies are starting to re-evaluate the possibility 

of recovery and reuse of EM. 

The provisions of other EU regulations were analyzed as they may affect the future 

use of certain chemicals in the manufacturing process of EM and ammunitions.  

What we concluded after the EDA-ERM experience was that the most important 

legislative drivers in EU, in this area, are the REACH for the manufacture, the waste 

directive and the air quality directive for disposal and the national provisions regarding 

thresholds concentrations of different contaminants in air, water and soils for the use of 

munitions. An EDA study on Ammunition non-EU Dependencies [1] revealed that 

basically for all infantry, tank and artillery ammunitions there are major non-EU 

dependencies generated by environmental legislation and especially by REACH. 
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ECHA (European Chemicals Agency - Helsinki, Finland) is the EU agency that 

administers the registration, evaluation, authorization and restriction of chemicals. SVHC 

(Substance of Very High Concern) chemicals, which are listed by the agency, have to be 

authorized by the ECHA before production, import or use inside the EU. Member states, 

ECHA or the European Commission may propose a substance to be identified as a 

SVHC. At this point, more than 140 substances are on this list, including some very 

important chemicals for the ammunition industry, such as 2,4-dinitrotoluene, di-butyl-

phthalate, di-isobutyl-phthalate or bis-(2-ethylhexyl)phthalate. The SVHC list is 

amended continuously and a substance which is once on the list will be always on the 

list. The substances identified in the SVHC list are eventually included in Annex XIV of 

the REACH Regulation and once included in that annex, they cannot be placed on the 

market or used after a date unless the company is granted an authorization. For example, 

at this point 2,4-dinitrotoluene, di-butyl-phthalate or lead and other 20 compounds used 

in ammunitions are on this authorization list.  

In RO, a review of the ammunitions in use and their components revealed the 

following substances of concern from the perspective of the EU and national legislation: 

Pb compounds  (picramate, oxides, azide, styphnate); Sb compounds; Ba compounds; Hg 

compounds; Sr compounds; W; Potassium nitrate; Potassium chlorate; Ammonium 

perchlorate; Phthalates (dioctyl and dibutyl); Halogen-compounds (carbon tetrachloride, 

hexachloroethane, hexachlorobenzene); DPA and nitroso/nitro derivatives; Centralites; 

NC; TNT; DNT; RDX; PETN; EGDN; NG. 

3 Ways to make munitions greener 

There are numerous ways to reduce the environmental impact of military training, 

such as the use of greener materials, replacement of toxic compounds from ammo parts, 

smart range management to control contamination and ease of remediation, extensive use 

of self-destruction mechanisms, practice with non-pollutant blank ammunition, detection 

and disposal of unexploded ordnance (UXO), and others. 

An important phase of the process should be the acknowledgement of the significant 

environmental problems raised by the legislative or social drivers and the development of 

a coherent assessment process for the evaluation of environmental impacts. This could 

involve for the MoDs to enforce specific environmental policy for the development of 

new munitions, for the periodic T&E phase, or the procurement phase. There are 

European countries, such as UK [2], which have successfully developed and applied 

environmental management systems and assessment methodologies to assist MoDs in the 

identification, characterization and prioritization of the environmental impacts and risks, 

related to the manufacture, use and disposal of ammunitions and energetics. 

The legislative targets and drivers should be very well defined, which involves a 

thorough study of the national and international legislation regarding the environmental 

provisions in manufacture, use and disposal.  

Secondly, an inventory of all the munitions in use and their main constituents should 

be performed, conducting to the selection of ñproblematicò ingredients that could be the 

source of pollution/health issues and could make the object of replacement and 

subsequent redesign of the system.  

The third phase, and maybe the most difficult, is the development of the theoretical 

and experimental tools for the assessment of the environmental impact in very specific 
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situations. If we are to refer just to the use of the ammunitions, a proper assessment 

involves the following: calculus and/or measurement of the combustion products and 

residues released in the environment, measurement of deposition rates, and evaluation of 

short/long term effects, persistence, transport, eco-toxicity and toxicity. 

Once the problems identified, the replacement of hazardous compounds and redesign 

of the munitions can be taken in account. This issue made the object of many recent 

scientific publications the synthesis and characterization of new energetic materials 

(EMs) as replacements in primers, igniters, boosters, main charges or propellants. But not 

only the explosive substances are to be blamed for the environmental impact. Plasticizers 

and stabilizers are sometimes far more dangerous if released in larger quantities or under 

the form of more toxic combustion products. Also, a lot of work was dedicated to 

replacement of toxic heavy metals in the ammunitions parts that are released in the 

environment by abrasion, projectiles, combustion/detonation or as UXO. But often the 

replacement of ñdangerousò components in the ammunition does not guarantee a lower 

environmental impact. It involves redesign of the system and can produce other hidden 

impacts, such as energy consumption and supplementary emissions of potentially 

hazardous chemicals. 

Alternatives to the replacement of the energetic or metallic components may be the 

improvement of the fuse systems (to reduce UXOs rate), the design for disposal coupled 

with recover and reuse techniques, extending the use of training dummies and smart 

range management. 

4 Analysis techniques for environmental impact assessment 

One difficult step in the environmental impact assessment related to the use of 

ammunitions is the measurement of the combustion products and residues released. 

Usually, gaseous products and solid residues are to be determined. CO, CO2, NOx, HCN, 

NH3, PHA, dioxins, metals, PM2.5 and PM10, unburned EM, are often monitored. 

4.1. LIVE MEASUREMENT OF COMBUSTION PRODUCTS AND RESIDUES 

Maybe the most challenging task is the live measurement of combustion products and 

residues. In the case of pyrotechnic items and small arms ammunition, this can be 

performed in indoor shooting ranges/labs with total containment of the products and 

residues in closed vessels, usually plastic (PE) containers or bags. The gaseous products 

can be analyzed using FTIR, chemo-luminescence (for NOx) or electrochemical sensors 

mounted directly inside the recipient. The aerosols can be collected using specialized 

pumps with particle counter systems and porous filters, while the solid residues deposited 

in the recipients are washed with distilled water and analyzed by AAS or ICPMS. The 

fumes collected on glass fiber can be analyzed for metal content by the same techniques 

or by SEM-EDX, when morphological characterization is also performed.  
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Figure 1: Experimental setup: 1. Lab 

weapon; 2. Weapon support; 3. Frame; 4. 

LDPE membrane; 5. Support; 6. 

Electrochemical detectors 

Figure 2: Experimental setup: 1. Lab 

weapon; 2. Weapon support; 3. Frame; 4. 

LDPE membrane; 5. Support; 6. 

Specialized sampling pump with glass-

fiber filters  

Studies performed at Military Technical Academy (MTA) during the EDA-ERM 

project on several 9x19 mm ammunitions using experimental setups according to figures 

1 and 2 showed that even combustion of simple base propellants is not always ideal and 

can produce high concentrations of CO, NOx and unexpected dangerous gaseous 

products, such as HCN and NH3, probably due to the DPA stabilizer (table 1). 

Regarding the metal residues/fumes, AAS and SEM-EDX measurements performed 

on four types of ammunitions, including ammunitions with composite Cu bullet and 

Sinoxid/Sintox primers, revealed high concentrations of Pb and/or Cu in the residues for 

all types (figures 3 and 4). The metal composition of residue indicates that composite Cu 

bullets are not entirely greener as they generate high quantities of Cu, which is equally 

dangerous for the environment (same threshold values with Pb for soils) but much safer 

for the human health (almost 3 orders of magnitude higher threshold values compared 

with Pb). 

 

Table 1: Gas concentrations measured for typical 9x19 ammo 

Ammo 

 

Gas  

FMJ-SINOXID 

Concentration [mg/g 

propellant] 

FMJ-SINTOX  

Concentration [mg/g 

propellant] 

CO 484.52 450.60 

CO2 248.27 236.07 

NO 9.46 7.86 

NO2 1.57 1.51 

NH3 7.56 6.01 

HCN 4.32 2.97 

 
It is also noticeable the large concentration of lead residue produced by the 

ammunitions with lead bullet and lead-free primer, this indicating that a large amount of 

the lead residue is generated through the erosion of the exposed back of the bullet. 
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Figure 3: Metallic residues by AAS Figure 4: Metallic fumes by SEM-EDX 

The morphological analysis of the metallic fumes using SEM showed that the vast 

majority of the particles have diameters in the range 0.1õ0.7 Õm, which are considered 

very dangerous for the accumulation in the respiratory tract. 

The study also revealed that over 90% of the solid residue (50 to 100 mg per ammo 

unit) is composed by unburned or partially burned propellant and that is a serious source 

of contamination especially for the outdoor firing ranges where the cleaning up of the 

deposits is not possible. 

Other research teams [3] evidenced that replacing the lead core of the bullets with 

other harder materials, like tungsten or steel, could produce higher emissions of copper 

due to the abrasion with the bore. 

For large caliber and large pyrotechnic items, live measurement of the combustion 

products and fumes is almost impossible because measurements have to be performed 

with real life weapons in open firing ranges and they are too dependent on the weather 

(temperature, wind speed, wind direction, humidity). On the other hand, the rapid spread 

of products into the atmosphere gives little sample uptake for any further analysis. 

However, it is possible to simulate the real firing conditions through burning large 

caliber propellants for the obtainment of combustion products (solid and gaseous) in 

special designed ignition chambers in which the pressure can be fitted to match cannons 

or mortars. 

The solid residues spread on the soil can also be collected and analyzed according to 

the procedures described by Walsh et al. [4], preferable after deposition on snow. 

MTA performed the analysis of the emissions for the 12 kg HCH type RO smoke 

candle LF-12 and determined maximum aerosol concentration (photometrical), gaseous 

emissions (electrochemical sensors) and metal content in the fumes (SEM-EDX). The 

results are given in tables 2 and 3. 
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Table 2: Aerosols and gases from LF 12 smoke candle 

Atmospheric cond. 
LF-12 

aerosols  

Gas emissions 

Max. conc. (ppm) 

Wind 

(m/s) 

Temp. 

( C̄) 

Humidity 

(%) 

Max. conc.  

(particles/cm3) 
HCN NO NO2 CO Cl2 

2õ4 28.5 61 4.3 x 106 4.7 3 0.5 61 0.9 

Table 3: Relative concentrations of elements (wt. %) in LF-12 aerosols 

Elements C Al  Zn Ba Pb 

Relative 

conc. (wt. %) 55.24 15.47 23.24 3.80 2.25 

 
The measurements revealed the presence of dangerous gaseous products, such as CO, 

HCN, NOx and Cl2 but also the presence of Pb and Ba compounds in the aerosols, due to 

the use of Pb3O4 and Ba(NO3)2 oxidizers in the igniter. 

4.2. CHARACTERIZATION OF SOIL CONTAMINATION 

During the last decades, numerous countries have performed the characterization of 

contamination sources from the use of ammunitions in various ranges for live-fire 

training or testing. By far, the Technical Co-operation Program (TTCP) program [5] run 

by United States, Canada, UK, Australia and New Zealand, have brought the greatest 

contribution to the development of protocols for EMs contaminated sites 

characterization. Their investigations regarding EM residues in soils at training ranges 

showed that TNT and its degradation products (A-DNT), RDX, HMX and AP are the 

usual contaminants for the impact areas. They also showed that about 99.997 % of the 

EM is transformed to non-hazardous compounds if high order detonation occurs, 

indicating that UXOs and low order detonations are the main cause for the site 

contamination. Another important contribution of the TTCP work was the development 

of multi-increment sampling strategy and also the validation of environmental military 

threshold values for explosives in soils, a valuable instrument in the context of absence of 

corresponding national legislation. 

But while contaminations in the impact areas are dominated by high explosives, and 

this contamination can be greatly reduced by UXOs collection and disposal, the 

contamination in the firing area is dominated by unburned propellants (DNT, NC and 

NG) and heavy metals from primers and abrasion. 

A study performed by MTA during the EDA-ERM program in the Artillery Testing 

Range of the RO Armed Forces, using modern multi-increment sampling and composite 

sampling techniques, indicated soil and vegetation contamination, especially with Pb and 

Cu in the firing line areas (table 4). The contamination was limited to the upper layer of 

the soil (50 cm) as indicated by the depth core samples collected down to 3 m and the 

aquifer analysis did not evidence any transport of the contaminants. 
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Related to soil contamination, aside for the degree of contamination, ñfate and 

transportò studies are equally important as they indicate how a contaminant behave in a 

specific environment as a result of its potential to be transported, or transformed and 

transported, and finally being accumulated in some media. 

 

Table 4: Soil concentrations at artillery systems firing line 

 Hg Cu Pb Zn Sb Cd Cr Ni 

Average on 

hot spot 

samples 

(mg/kg) 

0.16 1,482.50 
356.7

8 
164.00 2.33 0.59 43.26 31.31 

Average on 

composite 

samples 

(mg/kg) 

0.12 331.04 
127.7

8 
102.88 1.74 0.50 39.44 29.21 

 
During the last decade, extensive studies were performed regarding fate and transport 

of munitions contaminants shifting the general opinion about the ñgreennessò of 

consecrated explosives [6-11]. Thus, nowadays TNT and HMX are regarded as greener 

explosives due to their lower solubility and biodegradability (TNT) compared to RDX. 

Performing toxicity and exposure assessment for the potential contaminants is 

another difficult task as the toxicity data for energetics and munitions components are not 

easily available. 

5 Green options for munitions in design and manufacture 

Obviously, the first option in our mind for making munitions greener is the 

replacement of harmful compounds. EMs and especially nitro-compounds, lead 

compounds and AP were the first to blame for spreading dangerous chemicals in the 

environment. Lately, a number of publications were dedicated to the synthesis and 

characterization of greener alternatives to primary and secondary explosives as well as 

oxidizers for composite propellants. Those were discussed in detail in reputed 

publications by Klapoetke [12], Talawar [13] and finally by Brink [14] so these will not 

make the object of our discussion. 

 What we concluded from our experience in the EDA-ERM project was that there are 

very few options for the replacement of the consecrated explosives that are really taken 

in account by the industry. For example, the lead azide and lead styphnate are still 

produced and used in detonators and primers because their overall quantity/manufacturer 

is limited and part of it could be exempted on the basis of defense applications. So, 

basically the pressure for the replacement of lead compounds is generated mostly by the 

users and range holders. 

One of the main concerns of the industry nowadays is related to the replacement of 

phthalates and stabilizers, which are requested in large quantities and are no longer 

available in Europe due to REACH. Sebacates, adipates and terephtalates are investigated 

as replacements as they are not yet on the SVHC list. 
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Regarding the replacement of RDX in explosive formulations, in spite of numerous 

new candidates presented by the academia, the industry prefers to reorient towards HMX, 

which is regarded now as a greener alternative due to its lower solubility. So the focus is 

on new binders systems which could diminish HMX sensitivity and could assure 

convenient and safe recovery of the original crystals. Thermoplastic elastomers could 

represent a solution but the recovery of the explosive will finally involve the use of 

solvents and the overall greenness of the process could be compromise.  

Starting from the principle of polymers used in pharmaceutical application for 

controlled drug release, MTA performed preliminary studies regarding the synthesis of 

ñsmart copolymersò based on copolymers of acrylic acid and alkyl-acrylates, which are 

insoluble at neutral or acidic pH, but can dissolute in water at 30-40 ÁC and basic pH 

values. The results obtained so far are promising as copolymers soluble at pH greater 

than 10 and insoluble at lower pH values were obtained. This ñon demandò water 

solubility could be used for the incorporation of explosive crystals as well as for 

controlled recovery of the explosive while maintaining its original morphology. 

Considering that the UXOs are responsible for the majority of the environmental 

impacts, and the average dud rate is 5%, another serious alternative to the replacement of 

the harmful EMs is the improvement of the fuse systems and the addition/improvement 

of self-destruction mechanisms to existing fuses in order to reduce or eliminate the 

UXOs. 

Regarding the reduction of heavy metals contamination, having in mind that 

sampling and chemical analyses are very expensive, we concluded that we could 

significantly reduce that cost by knowing what we are looking for and where we have to 

look. Especially for small arms training ranges, we concluded that the best option 

available at this time, considering also the shortcomes of the proposed alternatives, is to 

adopt smart range management systems. Databases containing information about the 

chemical content of ammunition (warheads, propellants, fuzes) could be linked to a range 

registration database comprising the reports of the users, with the type/number of 

ammunition used and the number of lost duds. Thus, an image of the identity and 

distribution of contaminants from munitions is supplied in order to develop a proper 

monitoring strategy and remediation measures. 

6 Conclusions 

The excellent collaborative work performed within the EDA-GEM2 project 

Environmentally Responsible Munitions ï ERM greatly contributed to a better 

understanding of the area of greener energetics and greener munitions in the Romanian 

MoD. The lessons learned by performing the study on legislative impacts and drivers 

revealed that the industry and the users are not always looking for the same solutions 

when looking for greener products. While MoDs are mostly interested by controlling, 

monitoring and reducing range contamination with explosives and heavy metals, the 

manufacturers issues are more related to the provisions of the EU regulations regarding 

the restriction in use of some chemicals listed as substances of very high concern.  

Development of analysis procedures and infrastructure for the assessment of 

environmental impact of munitions is always a difficult task especially when live 

measurements are to be performed. The main solutions for the live detection of 

combustion products and residues and typical results were discussed here. 
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Studies regarding the characterisation of soil contaminations usually target the impact 

areas for contamination with EMs, while contamination with heavy metals and 

propellants of the firing line areas is equally important. 

Besides the replacement of harmful explosives from the energetic formulations, 

which is always regarded as the first option, there are also some other options to consider 

for reducing the environmental burden related to the use and disposal of munitions, 

which could be faster implemented by the users and manufacturers. 
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Abstract: The paper focuses on a very delicate subject: how to configure a kinetic 

non lethal firearm by spending less money and how to ascertain its fatal injury 

probability towards the target. Nowadays, due to the vast tactical improvements and 

technological advances, the missions for Government personnel may also include 

temporary incapacitation to the opponent as a maximum accepted trauma. It is, though, 

proposed a model that easily reconfigures a lethal firearm into a non lethal one and, 

also, the circumstances of its regulated usage. 
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1. A perspective approach on lethal firearms. Non lethal firearms 
History confirms the fact that human nature is defined, besides others, by a 

conflictual state. This conflictual state is directly influenced by each individualôs desire 

or by each group of individualsô desire, because man is a social being, to satisfy their 

primary needs: safety, diversity, importance and connexion. One right principle which, in 
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a approximate manner, embraces the human behavior is the one that states that ñYour 

right ends where my right commencesò. Without being able to express this principle, 

early people ascertained the effects of not respecting it and, driven especially by the need 

of safety, they conducted different actions, also comprising the neutralization of the 

persons considered a threat. 

The existing weapons, which were used in order to procure food, gained the auxiliary 

role of protecting the individual or the group of individuals from the threat of their peers. 

Regarding Europe, an important evolution considering the fight devices was produced 

when the black powder was introduced in the continent. The black powder, according to 

historians [1], [2], was introduced in Europe by the Mongolians, together with the 

associated weaponry (field cannons), in the Battle of Mohi, close to the actual Romanian 

borders, in the year of 1241. 

A relevant moment throughout history is the appearance of the first hand held 

personal weapon. Itôs functioning was based on the same consequences as nowadays. A 

ball was propelled by the gases produced from the explosive transformation of the black 

powder. It is believed that, shortly after the black powder was introduced into Europe, the 

first hand gun was conceived, on a region which now is comprised by Germany. Its name 

was ñhand gonneò (Figure 1). This weapon could be either fixed on the ground, or fixed 

on the saddle of a horse, thus increasing its portability. 

 

 
Figure 1. Saddle mounted Ăhand gonneò [4]  

 

It appears that the ground fixed hand gonne was first used in 1247-1311s Spain [3], 

[4]. Instead, the first usage of the cavalry mounted hand gonne was mentioned in the 

manuscripts of Marianus Jacobus only in 1449 [4]. Nevertheless, there is one certain 

thing. The ñhand gonneò lead the way for developing the small caliber modern weapons 

and changed the perspectives regarding battle engagement and fighting capacity of an 

individual or of a small group of individuals. 
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Hundreds of years passed until modern firearms begin being developed. Systems like 

Matchlock, Wheellock, Flintlock, Percussion, Pinfire, Rimfire preceded the modern 

Centerfire [4]. All of these systems had one purpose: improving the quality of the 

firearms in the aspects of precision, safety, pace and manageability. The concept, though, 

remained unchanged. Individual firearms satisfy the human needs. 

Nowadays, peopleôs reaction to threat is, basically, the same. The way by which it is 

manifested, though, is different due to technological and behavior advancements of the 

society. While in the first half of the XX century firearms were intended to possess a 

higher lethal capacity, the last period of time faced a great diversity of counter manners 

to threat, especially due to the improvements of the combat body armor and due to the 

complexity of the international human rights. So, a variety of requirements, like public 

order reestablishment, riot control, protester repel, evacuation of people in/from outdoor 

areas/confined areas, with a minimum print over the environment [5] could not by 

completed by using the classical lethal weapon systems. 

The new criteria quested for a new requirement: introducing the non lethal fire 

weapons. This domain, simple as a concept, still generates nowadays designing issues. 

This is due to the numerous fatality cases obtained after employing non lethal weapon 

systems in modern conflicts [5], [6]. 

In the 1980s, the USA made a first important step towards the development of non 

lethal systems, by the Group of Politics Assessment for Non Lethal Weapons. The first 

such systems that equipped the order forces were the pepper spray and the electroshock 

guns (Figure 2). 

Figure 2. Pepperspray (left) and electroshock weapon TaserÈ X26 (right) 

 

A large variety of non lethal systems with different purposes exist nowadays. Of 

these, an interess system is the non lethal kinetic system, which propelles a projectile 

towards an opponent and has the terminal effect in the limits of guaranteeing a non lethal 

strike. Because the proprieties of the human body are very different depending on the 

reference area, the major issue with the kinetic non lethal weapons is that they may cause 

powerful strikes (Figure 3), which, in some situations, may lead to fatality. 
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Figure 3. Impact of a non lethal kinetic round (www.reddit.com) 

 

Due to the uncertain nature of the terminal effects of kinetic non lethal systems, in 

1999, the NATO group defined the non lethal weapons as weapons which are explicitly 

destined for incapacitating or repeling the opponent, with a low fatality or permanent 

trauma probability, or for neutralizing equipments, within the requirments of generating a 

reduced impact over the environment [5]. 

Even though this definiton settles the fact that a non lethal system may cause death, 

de scientific research domain regarding the impact of the non lethal weapons is oriented 

for obtaining a lower as possible probability for causing lethal traumas. The main non 

lethal systems that can produce fatality are the kinetic non lethal weapon systems [6]. By 

this, numerous criteria were elaborated in order to evaluate their target effect [7, 8], [9]. 

The variety of the existing non lethal kinetic weapons raises the level of incertitude 

for each type of ammunitionsô target capabilities. The following part will familiarize the 

reader with the configurations for some non lethal kinetic systems and, also, with the 

issues that those have encountered throughout exploitation in various missions. 

 

2. Configurations for the non lethal kinetic weapon systems 

There are numerous attempts on creating a non lethal kinetic firearm. Now matter 

what is the propulsion system (propellant or compressed air), these firearms fire a round 

that, at a certain distance from the muzzle, posess an energy that should not produce 

lethality. According to NATO standards, the minimum required energy in order to 

produce lethality is 79 J [6]. We could also consider a bone fracture limit, which is stated 

to be 60 J [10]. In order not to provoke death, taken from exterior ballistics calculations, 

the energy posessed by the ball at the required distance from the muzzle must not exceed 

79 J.  

This maximum energy limitation implied changes into the design of weapons and 

ammunitions. Since the expression for the kinetical energy is known, i.e. KE=2-1mV2 

where m is the mass and V the velocity, if one consider, for example, the NATO 5.56x45 

mm intermediate caliber round, with the SS109 ball which weights 4.02 g, fired from a 

standard proof barrel, its energy will be around 1800 J at the muzzle and about 400 J at a 

distance of 300 m (Figure 4). So, in order to reduce this amount of energy, at least four 

things have to be considered: 
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- reduce the mass of the projectile; 

- diminish the muzzle velocity; 

- design a less aerodynamic projectile; 

- identify a more elastic material for the projectile. 

 
Figure 4. Striking velocity of a 5.56 mm SS109 ball at different distances, fired from 

different weapons (Colt M16 and Colt M4) [18]  

 

When thinking about reducing the mass, one might say that the mass of the one man 

portable small caliber arms bullets are already small (up to 11 grams). They gain the 

energy by being propelled with high velocities (up to 950 m/s). So, instead of reducing 

the mass, a reduction in the propelling velocity should be considered in this case. A 

normal trend nowadays is to adapt portable grenade launchers, i.e. 40 mm grenade 

launchers, to be capable of firing non lethal rounds, with projectiles having such velocity 

and mass in order not to exceed, on a specified path, the lethal energy limit. 

The muzzle velocity of a projectile can be reduced either by changing the propellant, 

or by changing the propelling system, i.e. compressed air. Together with diminishing the 

muzzle velocity, one should consider the fact that changes in design of the projectile 

should be attended. A regular projectile shape, comprised by an ogival part, is able to 

penetrate the human skin [6]. So, the changes are needed to assure that, during impact 

with the human target, the projectile transfers its momentum and its energy only to 

produce a blunt trauma to the body, so that life threating side effects are partially 

reduced. 

An aerodynamic projectile will not have a great loss of energy on its path towards the 

target. If the non lethal range of the round is recommended to be at a specified distance in 

front of the muzzle, one must assure that the energy drop is sufficiently high so that the 

risk of occurring exceeding energy impacts is low. 

The materials composing the projectile define the energy and the momentum transfer 

between it and the human body. So, the more rigid is the material, the more likely is that 

the energy transfer mechanism is too slow, so a penetration of the skin may be 

predictable. If materials composing the projectile have a very high elasticity, than the 

energy transfer will be performed with a low efficiency and the incapacitation of the 

target will not be produced. 
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Besides the lethal energy specified by NATO, there are other concepts that can 

govern the efficiency of the non lethal kinetic weapons. This is the energy density [10], 

which is in fact the ratio between the kinetic energy of a round and the maximum formed 

contact surface between it and the target during impact. It is considered that a threshold 

of 0.06 J/mm2 is required for skin perforation [10]. A proposed NATO standard [7] 

correlates the impact force and the maximum contact surface between the projectile and 

the target and uses their ratio, which is the normal tension, in order to estimate the 

systemôs effect towards the human body; it should not exceed 10 MPa. 

Because it is pretty difficult to produce a kinetic non lethal weapon system that can 

score high for all these considerations, which should be in a pure synergy, many 

manufacturers have encountered issues with their products, issues related to the terminal 

effect over the human body. 

 

FN 303 

The FN 303 (Figure 5) is produced by FN Herstal (Belgium) and it has been assigned 

to countries all around the world. It is an semiautomatic, compressed air, kinetic non 

lethal riot control weapon which fire a 18 mm round, designed to break  

upon impact, so that the risk of penetrating the skin is reduced. This weapon was 

introduced in 1993 and, since then, it had served in plenty of conflagrations: the 

Afghanistan war, the Iraq war or the Lybian revolution. The producers state that the rifle 

is very accurate at 25 m, has a very good probability of hitting the torso up to 50 m and 

can be engaged for targets which are up to 100 m far [11]. 

Despite of that presentation, in the year of 2004, in Boston, the FN 303 was involved 

in the killing of one person [12]. A police officer was aiming at a rioter, but the fired 

round hit another person in the eye, leading to a death by massive blood loss [12]. After 

trials, the Boston Police concluded that, after 300 rounds fired, the FN 303 loses 

significantly its accuracy, and may produce trauma towards other sides of the body of the 

person who is aimed at, or towards other human or material targets. After the killing, the 

Boston Police and FN Herstal were lawsuited for a 15 million dollars wrongful death 

damages. In 2007, Boston Police destroyed all the remaining FN 303s, as they were 

considered more powerful and deadly than thought. 

 
Figure 5. FN 303 non lethal weapon [11] 

 

Alsetex COUGAR non lethal weapon 

The French COUGAR 56 mm caliber kinetic non lethal weapon (Figure 6), in 

comparison to the FN 303, uses a classical pyrotechnical propellant in order to launch the 

projectile on its path.  
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Figure 6. COUGAR non lethal weapon [10] 

 

The projectiles fired by this weapon consist in a powder covered in a latex frame 

(Figure 7), called ñblinizò. It is designed to largely expand upon impact, so that its energy 

transfer mechanism should be highly efficient.  

 

 
Figure 7. The ñblinizò56 mm non lethal round 10[] 

 

The projectile produces around 130 J at the muzzle, but due to its high expanding 

mechanism during impact, its energy density was calculated to be below the skin 

penetration level at a distance of 10 m.  

 

Walther P99T 

The Walther P99T non lethal pistol (Figure 8) is based on the P99 police pistol, 

developed by German weapon manufacturers Walther in the year 1996. It is redesigned 

in order to be able to fire rubber ball ammunition, 10x22T caliber (Figure 9), for which 

the ball is pyrotechnically propelled.  

 

 
Figure 8. Walther P99T non lethal pistol (forum.guns.ru) 
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The specified non lethal range starts from about 10 m from the muzzle and the pistol 

is accurate on engaging targets at a distance up to 50 m. The issue with the ammunition is 

that the ball consists in rubber. The rubber, even if it possesses good elastic proprieties, 

loses its mechanical proprieties after approximately one year, due to material aging. 

 
Figure 9. 10x22T non lethal ammunition (forum.guns.ru) 

 

If engaging targets on a distance less than 10 m, the energy of the ball may produce 

serious trauma to human body. So, this kind of ammunition presents a great drawback in 

assuring a non lethal effect on its entire trajectory. 

The three presented non lethal weapon systems are representative for the kinetic non 

lethal weapons that are available all over the world. Each system has its drawback, of 

course, but trials are being made in order to improve the security of that systems during 

usage. Besides this issue, one should also consider the economical impact that creating a 

new kind of weapon or buying a new lot of weapons has. The whole process comprises 

homologation stages, testing stages, producing stages, which might be very costly and 

time taking. 

 

3. An adaptive over-caliber non lethal configuration for a pistol 

In order to simplify the process of adopting a new weapon, this paper bases its 

research on a patent regarding a magazine-loaded over-caliber non lethal energy 

projectile initiated by projectile of the live ammunition with pivoting magazine assembly, 

patent number WO2000014473 A1 dating from 16th of March 2000 [18]. This system, 

although it looks like a good alternative to stand alone non lethal weapons, does not 

present a reliable option for design and mounting on a specific platform and does not 

present terminal ballistic data regarding its measured effect towards the target. 

This system was recently reintroduced into debate with the manifestations in 

Ferguson, USA, when a 18 year old unarmed black person was shot dead by the police 

[14]. So, in order to overcome the deadly force transported by a lethal pistol, the adaptive 

over-caliber non lethal system was proposed to the Ferguson Police. It is designed to be 

mounted on the standard police firearm GlockÈ 19 (Figure 10). 
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Figure 10. The over-caliber non lethal system proposed for Ferguson Police GlockÈ 

19 pistols [15] 

 

To be able to verify this systemôs proprieties and performance, the current paper 

proposes an over-caliber non lethal system adapted for the standard issue Romanian 

security forces sidearm: the Cugir LP5 pistol, chambered for the 9x19 mm Parabellum 

ammunition. Figure 11 illustrates the Cugir pistol, together with the mounted over-caliber 

non lethal system. 

 

 
Figure 11. The over-caliber non lethal system adapted and mounted on the Cugir 

LP5 pistol 

 

The adapted system consists of two elements: the mount, which is fixed on top of the 

slide of the pistol and the over-caliber ball (Figure 12), which has a hole drilled on one 

side that is aligned with the barrel and another 4 holes that allow it to be supported by the 

4 arms of the mount. 

 
Figure 12. The over-caliber non lethal ball 
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In order to check if the mount can withstand the weight of the ball, which is around 

100 grams, a static finite element analysis simulation was taken using SolidWorksÈ 

Simulation software. The results are shown in Figure 13. 

 

 
Figure 13. The maximum displacement obtained on the mount by the static weight of 

the ball 

 

The solver concludes the fact that the maximum displacement of one arm is around 

0.4 mm. The material does not exceed its elastic limit. In this configuration, the over-

caliber system should not comport deformations that could alter the firing process and the 

safety of the shooting. 

Upon firing, the 9 mm bullet will exit the muzzle and will enter the hole drilled in the 

ball, which is concentric with the barrel. Due to the impulse transfer, the bullet will travel 

together with the over-caliber ball towards the target, with a lower velocity and, from a 

certain point, with a reduced kinetic energy. 

Due to the intermediate ballistics, a consideration regarding the place where the ball 

will be placed must be made. After running an assessment for the interior ballistics of the 

LP5 pistol firing with Romanian 9x19 mm Sadu ammunition, the plot of the pressure vs. 

time inside the barrel is illustrated in Figure 14.  
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Figure 14. Pressure vs. time variation inside the barrel of the LP5 pistol with two 

different kinds of ammunition [17] 

 

So, considering the drop of pressure after the bullet leaves the barrel of the pistol, and 

the recommendation that any muzzle velocity recording device should be placed at a least 

4, 5 calibers distance from the muzzle, a distance of 35 mm is suitable for mounting the 

over-caliber ball. 

Up to this point, the non lethal proposed system looks suitable for equipping the LP5 

pistol. The testing of the exterior and terminal characteristics are the next steps to be 

achieved in order to assess the performance of the over-caliber system. 

 

4. Numerical simulation for the behavior of the bullet-ball assembly 

 

Numerical simulations can foresee the behavior of the bullet-ball assembly on the 

trajectory. In the beginning, there are two important things that have to be assessed. What 

may be the trajectory, the velocity during the path and what is the kinetic energy that may 

be transmitted during the path towards target. 

The exterior ballistics of the new formed projectile is important in order to verify the 

distance it can be carried towards target. Having known the mass of the ball, which is 

100 grams in this case (Figure 15), the mass of the 9 mm bullet (8 grams) and the initial 

velocity of the bullet (380 m/s), the initial velocity of their assembly can be calculated by 

considering the conservation of the momentum for the ideal case of a plastic impact. 

 

 
Figure 15. The mass of the over-caliber bullet 
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            (1) 

where: 

 represents the mass of the bullet; 

 represents the initial velocity of the bullet; 

 represents the mass of the over-caliber ball; 

 represents the initial velocity after impact of the bullet-ball assembly. 

 

The initial velocity of the bullet-ball assembly is calculated to be 28 m/s. For a ball, 

using the Siacci method for calculating the trajectory of a projectile [16], the ballistic 

coefficient will be 1.5. The obtained trajectory for different shooting angles have been 

plotted with MatlabÈ and are illustrated in Figures 16, 17 and 18. 

 
Figure 16. The trajectory for the bullet-ball assembly, shooting angle of 1o 

 
Figure 17. The trajectory for the bullet-ball assembly, shooting angle of 2o 
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Figure 18. The trajectory for the bullet-ball assembly, shooting angle of 5o 

 

As it was expected, the total length of the trajectory is highly diminished. Numerical 

simulations calculated that at a shooting angle of 1o, the maximum obtained trajectory is 

25 m. At a shooting angle of 2o, the maximum longitudinal distance is around 46 m and 

at a shooting angle of 5o, which still allows the direct aiming in facile conditions, the 

maximum trajectory length will be around 100 m. This is due to the fact that the mass of 

the projectile is larger, the ballistic coefficient is larger and the initial velocity is smaller. 

If we consider what would the amount of energy be when the bullet-ball assembly 

forms, so when its initial velocity will be 28 m/s, then one can calculate the initial kinetic 

energy to be 42.3 J and the initial energy density will be 0.043 J/mm2 if we consider the 

contact surface to be 1/2 of the sphere exterior diameter. In both situations, the data is 

below the lethality threshold stated by NATO standards [6], [10]. Due to the normal 

involution of the assemblyôs velocity, these values will be the highest data that may be 

obtained on the path throughout the trajectory, so that the non lethal effect will be 

accomplished on each distance step. 

A finite element analysis was performed in order to foresee the behavior of the bullet 

and the ball during and after the impact. The software used in order to achieve this is LS-

Dyna. In order to simplify the simulation, basic materials have been chosen for the 

bodies involved. The bullet is considered to be consisted only of lead, so its bimetallic 

jacket is neglected. The ball is consisted of 2024 T351 strengthen aluminum, on the 

inside, and of Mooney-Rivlin rubber on the outside. These materials have been chosen 

from the solverôs database. Since we are dealing with a axis symmetrical 3D real 

situation, for the ease of computation the problem is reduced to a axis symmetrical 2D 

situation (Figure 19). The chosen mesh is fine on the assumed impact area and coarser 

towards the exterior of the ball. Also, an impact between the over-caliber assembly and a 

rigid wall is tested. 
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Figure 19. Initial configuration: the bullet (green), the ball (inner part in blue, outer 

part in red) and the rigid wall (yellow) 

 

The dynamical contact between the bullet and the ball produces a local energy 

transfer, which causes different particle velocities inside the materials (Figure 21). After 

a period of time of 5e-7 seconds, the assembly commences moving as a single body, with 

an initial velocity of about 30 m/s (Figure 22). After a period of 2e-4 seconds, the 

assembly impacts the rigid wall. 

                       1.                                               2.                                                3. 

Figure 21. Simulated contact between the bullet and the ball and between the 

assembly and the rigid target 

 

 
Figure 22. Evolution of velocity after the impact between the bullet and the ball. A ï 

bullet velocity; B ï inner ball part velocity; C ï outer ball part velocity 
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Each component velocities are seen in Figure 22. After the impact between the bullet 

and the aluminum part of the ball, there is an energy transfer and the three components 

begin marching together, but with different velocities. After the impact with the rigid 

surface, due to the elasticity of the rubber, the ball bounces back, thing that is reflected in 

the negative side of the velocity plot. 

 

5. Discussions 

The finite element simulation was performed with an initial bullet velocity of 380 

m/s. The materials were chosen so that a perforation of the ball is not achieved. 

Fortunately, the 9 mm bullet is round nosed, so it does not possess material perforation 

characteristics as good as a rifle bullet, i.e. the SS109 from the 5.56 mm NATO 

ammunition. The 2024 T351 aluminum offers good mechanical resistance and due to its 

reduced density, when compared to steel, contributes to a lighter over-caliber ball mass. 

The Mooney-Rivlin rubber is a hyperelastic material, which performs well during the 

impact with a rigid body. 

The energy transfer mechanism during the impact between the ball assembly and the 

rigid target is highly dependent on the exterior casing of the ball. If the chosen material is 

too elastic, the terminal effects can be diminished and if the rubber is too rigid, case that 

could also be possible from the ageing of the material, the impact mechanism could 

produce serious injuries to the target. 

According to the numerical simulations, the presented configuration may be suitable 

for the 9 mm Cugir pistol. It performs safely and it manages to transport the ball 

assembly towards the target on an acceptable trajectory (up to 100 m for direct aiming). 

What is still to be acknowledged is the precision of this non lethal system, the distance 

for which the accuracy is satisfying and what are the real effects upon the human target. 

 

5. Final conclusions 

The non-lethal over-caliber system for the Cugir pistol may be an option for extending 

the shooting capabilities of Romaniaôs Army sidearm weapon. Also, this system may be 

extended to different kinds of weapons, i.e. the 40 mm grenade launcher. Besides the 

performance and terminal requirements, there are still issues that need to be settled. 

The ergonomics of the weapons is one of the issues that need a close assessment. So, 

the question that arises is: is the non lethal over-caliber system suitable for firing within 

keeping the ergonomics of the pistol? Economically speaking, there is a major total price 

difference between a newly designed non lethal weapon and the presented adapted 

platform. But is this platform going to meet the needs of the shooter, with respect to the 

speed of response to different threats and to the right response depending on the 

situation? Is this platform able to assure that accidental lethal rounds will not be engaged 

towards the target without the express will of the shooter ? 

There are, though, enough things to be accounted for in order to proceed with the 

development of this system. So, the final step will be the shooting range trials, where 

persons interested in it should make sure that all the important fields regarding the over-

caliber system are verified.  
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Abstract: The sufficient muzzle velocity of the projectile under the condition of safety 
pressure is the main task to tackle during the process of small arms propellant charge 

design. Customary contemporary methods comprises the multiple repetitions of theoretical 

assessment-experimental shooting-results evaluation cycle. The paper presents another 
single-step approach to propellant charge determination and illustrates it on the example. 
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1. Introduction  

The design of the propellant charge represents the crucial part of the small arms am-

munition production. The choice of the proper type of the propellant and the appropriate 

propellant mass shall be focused the most, because of the desired power output of the 

weapon system together with the requirements on safety and reliability of use (see e.g. 

analysis [1]). The problem has to be solved every time when the cartridge components 

are changed (the type of the projectile typically) or another lot of propellant powder or 

primers are introduced. The situation become most frequent during the development of 

the new type of cartridge when a wide spectrum of criteria should be followed (closely 

elaborated in e.g. [2]). 

Among other requirements the maximum ballistic pressure and initial velocity are 

emphasized. There are quantified demands on the mean maximum ballistic pressure of 

the propellant gases prescribed in the regulations as well as limiting value of its extreme. 

If the three standard deviations rule is applied for the extreme values, demands on maxi-

mum ballistic pressure considering 9Ĭ19 cartridges could be approximately expressed by 

numerical data in following Table 1 (piezo-electric transducer method). 

Table 1. 
Maximum pressure requirements* 

Regulation standard 
Maximum ballistic pressure  

(mean ҕ 1 assumed standard deviation) 

C.I.P. tables [3] (235ҕ11) MPa 

NATO standardization agreement [4] (230ҕ11) MPa 

PTI technishe richtlinie [5] (270ҕ11) MPa 

SAAMI datasheets [6] (241ҕ7) MPa 

Czech (national) defence standard [7] (230ҕ11) MPa 

Custom development example (200ҕ15) MPa 

* the methods of measurement differ. 
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The initial velocity should met the external - terminal ballistics criteria [8] (the faster 

the better usually, without any adverse transitional ballistics and dispersion effects). 

2. Problem formulation 

In order to reach defined requirements, the design of propellant charge has to be de-

termined. In the field of the small arms the problem is generally reduced to the smokeless 

powder type selection, the mass of the propellant assessment and primer with appropriate 

flash impulse selection. This process is regularly carried out in cycles of three basic 

steps: 

- theoretical estimation, proposal; 

- experimental shooting, measurement; 

- results processing and evaluation, conclusion. 

These cycles are repeated until the desired congruence with the requirements is 

achieved (see Fig.1). 

The ñcyclingò appears to be costly and time-consuming, therefore the single-step 

method of the determination proposal should have been found to enable the objective to 

be reached within just one undergoing of each step of the process.  
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Figure 1. The process of propellant charge determination. 

3. Methods 

The theoretical assessment of the propellant charge could be done by several ways. 

As the most effective has to be evaluated one with the balanced ratio between output 

precision and input demands at the moment. 

The simplest one is to stick to the reloading manuals. The advantage of the use of 

manuals is the promptitude and elementariness of tabled data for the production compo-

nents, but there are also the strong disadvantages, because the manuals does not contain 

information about competitorôs products and are compiled with strong focus on safety, 

therefore not very accurate [9]. 

The most common and practical technique lies in the thermodynamic modelling of 

the given weapon system. The interior ballistics action could be successfully described 

by both the ñwesternò [10, 11] or ñeasternò [12, 13] models. The results of thermodynam-

ics modelling are usually reliable enough within the interval of the undiverted conditions 

and are not able to cope fully with the wider changes of input parameters. 
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The more ñcompleteò solution could be obtained by the robust hydrodynamic fi-

nite-volumes codes [14], but the significant need of the amount of input parameters 

decreases its applicability.  

If there is a case of previous shooting done already, the results should be utilized by 

the correction theory application with the empirical coefficients [15] or the regression 

should take place [16].  

Table 2. 
The comparison of the propellant charge theoretical assessment methods. 

Method 
Demands 

Precision 
Input data Sources 

Reloading manuals + + ï 

Thermodynamic models 0 0 + 

Hydrodynamic-FEM models ï ï + 

Correction theory + ï + 

 

The safety requirement is the cardinal element of the experimental shooting. There-

fore the safe (decreased) propellant charge has to be prepared and fired first, regardless 

the theoretical predictions. The validity of the propellant charge ñsafe levelò is given not 

only by the absolute value of the maximum pressure achieved, but also by the dispersion 

of this values. (The shooting risk level cannot be controlled unless the uncertainty of the 

maximum pressure value is known.) 

Thus commonly the group of cartridges containing the same safe charge is fired in 

first batch, then another batch with increased charged subsequently and further on as 

illustrated in Fig 1. The expected value of maximum pressures would be represented by 

sample mean of the batch, according to relation 

 
1

1 n

i

i

p p
n =

= ä , (1) 

where p stands for the maximum pressure and n for the number of shots in the batch. 

Related maximum pressures variance of the tested charge would be guessed using 

unbiased sample variance of the maximum pressures within the batch given by 
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After that the refinement of the charge or the input data should be made and the pro-

cess would end while the results are acceptable and the resulting mass of the propellant 

charge ɤR is determined. The accepting condition could be done by statistical hypothesis 

testing 

 0 : DH p p= , (3) 

where pD represents demanded maximum pressure level, by the means of the Stu-

dentôs test 

 Dp p
t

s

n

-
=   (4) 
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The resources could be saved compared to abovementioned when not the batches, but 

the scale of individual charges are fired. The scale has to start with safe charge and in-

crement steps should be very small to maintain safety; the range of scale should confi-

dently cover the safe charge as well as theoretically assessed charge. Then the maximum 

pressure values could be guessed by the means of the regression function. When there 

would be the assumption of the scale range to be broad reasonably, the dependency of 

maximum pressure p on the powder mass ɤ could be approximately replaced by the first 

term of the Taylor series [17] 

 ( ) ()
() ()2

21 1
...

1! 2!

p p
p p p

w w
d w dw w dw dw

w w

µ µ
= + - = + +

µ µ
 (5) 

and then for the regression the simple linear function should be found in the form 

 
0 1p b bw= + , (6) 

where ɓ0 and ɓ1 are regression parameters. 

With the use of least square method the values of the parameters could be assumed 

by correspondent statistics b0 and b1: 
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the constant m stands for the number of shots fired in the scale. 

If the changes in variance of the maximum pressure values would remain negligible 

inside the scale interval, the variance assumption could be calculated by the means of 

relation 
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The resulting mass of the propellant charge ɤR shall be calculated like 

 0

1

D
R

p b

b
w

-
=   (9) 

All the statistics calculations could be done by specialized statistical application or 

with comfort in the environment in some kind of widely spread economical spreadsheet 

software as well, e.g. in the MS Excel the function AVERAGE is related to (1), STDEV 

to (2), T.TEST to (4) and LINEST to (7) and (8), if need be the national equivalents 

should be used [21]. 

4. Example 

Let me consider the illustrative case based on situation during development of 9Ĭ19 

cartridge: the velocity and in-bore behaviour test with new type of smokeless powder. 
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The objective is to determine charge to get maximum pressure value approximately equal 

to 

 200MPaDp .  (10) 

The theoretical and numerical analysis (based on the solution of assembled models 

described in [18]) indicates that the mass of the propellant charge should be closed to 

 0,3gwº .  (11) 

The common method was carried out in four steps. The values of obtained pressures 

are depicted in the Fig. 2 in a simplified illustrative way and related statistics data are 

recorded in Table 3. 
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Figure 2. The simplified illustration of obtained maximum pressures in four batches. 

Table 3. 
Propellant charge determination record ï common approach. 

Batch 

order 

number 

Number 

of shots 

n [1] 

Mass of the pro-

pellant charge 

ɤ [g] 

Maximum 

pressure 

pp s°  [MPa] 
Note 

1 15 0,27 130 Ñ 13 safety charge 

2 15 0,30 176 Ñ 15  not accepted 

3 15 0,33 221 Ñ13 not accepted 

4 15 0,32 205 Ñ14 accepted 

 

The results of the process with single-step approach applied follow illustrated in 

Fig. 3 and Table 4 in the comparable manner with Fig.2 and Table 3. 
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Figure 3. The regression line constructed from scale of maximum pressures. 

Table 4. 
Propellant charge determination record ï single-step approach. 

Number 

of shots 

m [1] 

Regression 

parameter 

b0 [MPa] 

Regression 

parameter 

b1 [MPaĀg
-1] 

Maximum pres-

sure 

D pp s°  [MPa] 

Mass of the pro-

pellant charge 

ɤR [g] 

15 ï 334,7 1688,5 200 Ñ 13 0,32 

 

5. Conclusion 

The presented single-step approach to propellant charge determination does provide 

the same results as the commonly used batch ñcyclingò approach, the values of resulting 

variables are based on the same numbers of experimental shots and the resources de-

manded are significantly lower usually. 

The process of the evaluation is more advanced, but still could be done easily, with-

out special software or hardware. The suppositions have to be fulfilled, especially re-

quirements on significance of system change and independence of maximum pressure 

variance, but also sufficient number of shots and increment step size should be main-

tained. If doubted, further statistical testing might be performed. 

However described approach is considerably distant from standardization regulations 

and therefore the method cannot be used to certification examining, it can be recom-

mended as more effective way of testing during development. When used in the case of 

charge verification, it could provide the value of ballistic correction coefficient besides 

the commonly expected results. 
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ABSTRACT: Based on the quasi-thermodynamic method are displayed ʝquations down 

the pressure and temperature in the accession channel and in the cylinder of the gas 

engine of automatic small weapons. Presented a methodology for determining the ther-

modynamic and kinematic parameters of the gas engine. Set the parameters of the gas 

pulse and frequency of the shooting. 
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The gas engine which is 

sketched in Fig. 1 is a typical 

example of an open 

thermodynamic system. The 

connecting channel is an open 

thermodynamic system with fixed 

borders, while tsilindrobutalnata 

part has mobile border, and it is 

the piston. This fact determines 

the two different equations. 

 

1. Differential equations for 

determining the temperature 

and pressure in the accession 

channel 

 

It is assumed that the 

temperature in the binder channel is 

different from the temperature in the 

chamber. In this case, the equation 

of the first law of thermodynamics conditions of the channel will have the following 

form:  

(1)    ( )in ex widm idm d Mu dQ- = + ,  

wherein: in b inpidm c T dm=  enthalpy is at the mouth of the barrel gases; bT - the gas 

temperature in the chamber; ex ch expidm c T dm= - enthalpy of gas leaking from the 

channel; chT  - temperature of the gases in the channel. 

Fig. 1.Shema a gas engine with a short connecting 

channel 
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In equation (1) is obtained:      

   b in ch exp p wc T dm c T dm Mdu udM dQ- = + + . 

The above equation is divided into words ch chM c Tv  and redundancies from which 

follows: 

(2)   b in ex ch ch

ch ch ch ch ch ch ch
( 1) wdQT dm dm dT dM

k k k
T M M T M M RT

- = + + - .          

From the above equation is determined differential temperature  

(3)   ch b
ch in ex

ch ch ch
1 ( 1) ( 1) wdQT T

dT k dm k dm k
M T RT

è øå õ
= - - - - -æ öé ùç ÷ê ú

.          

The current value of the temperature in the chamber is calculated by the expression: 

    ( )1 1i i i
T T dT- -
= + .            

To obtain the differential equation for determining the pressure it is necessary to use 

the differential form of the characteristic equation bearing in mind that the volume of the 

channel is constant. Should,  

(4)    0
dV
V
= , 

dp dM dT
p M T
= + .           

By substituting (4) into (2) is obtained,     

   chb in ex

ch ch ch ch ch ch
( 1) wdp dQT dm dm

k k k
T M M p M RT

- = + - . 

For differential pressure finally obtained:  

(5)   ch b
ch in ex

ch ch ch ch
( 1) wp dQT

dp k dm dm k
M T M RT
è ø

= - - -
é ùê ú

.           

The change in pressure in the chamber is calculated by the expression:  

    ()1 1i i i
p p dp- -
= + .             

 

2. The differential equations for determining the temperature and pressure in the 

cylinder space of the gas engine 

 

It is assumed that the temperature in the cylinder of the gas engine is different from the 

temperature in the binder channel. In this case, the equation of the first law of 

thermodynamics conditions of cylinder gas engine will have the following form:  

(6)   ( )in ex widm idm d Mu pdV dQ- = + +,           

wherein: in ch inpidm c T dm=  It is the enthalpy of the gas inflow channel; chT - the gas 

temperature in the channel; ex g en expidm c T dm= - enthalpy of gas leaking from the 

channel; g enT - the gas temperature in the cylinder of the gas engine.  

For equation (6) was prepared: 

  ch in g en exp p wc T dm c T dm Mdu udM pdV dQ- = + + +. 

The above rovenstvo is divided into words ʢ ʢM c Tv  and redundanciesfrom which it 

follows: 

(7)  
g en g en g ench in ex

g en g en g en g en g en g en g en g en
( 1) ( 1) wdT dM dV dQT dm dm

k k k k
T M M T M V M RT

- = + + - + - .   
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From the above equation is determined differential temperature. 

(8) 
g ench exin

g en g en
g en g en g en g en g en g en

1 ( 1) ( 1) ( 1) wdV dQT dmdm
dT T k k k k

T M M V M RT

è øå õ
= - - - - - - -é ùæ ö

ç ÷ê ú
 

 The current value of the temperature in the chamber is calculated by the expression: 

    ( )1 1i i i
T T dT- -
= + .            

To obtain the differential equation for determining the pressure is to be used it 

underlying the differential form of the characteristic equation,  

g en g en g ench in ex

g en g en g en g en g en g en g en g en
( 1) ( 1) wdp dV dV dQT dm dm

k k k k
T M M p V V M RT

- = + + - + - . 

For the differential pressure to give a final: 

(9)  
g enexʢ in

g en g en
g en g en g en g en g en g en

( 1) wdV dQdmT dm
dp p k k k k

T M M V M RT

è ø
= - - - -é ù

ê ú
.         

The change in pressure in the gas engine is calculated by the expression: 

    ()1 1i i i
p p dp- -
= +               

Below shows the results of calculated made with displayed equations to determine the 

pressure and temperature in the accession channel and the cylinder of the gas engine 

"Kalashnikov" 7.62 in Created opportunity from time to time step, which is calculated 

intra- ballistic process flowing into the barrel of the gun. 
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Figure 2 shows the change in pressure in the barrel - above defined equation of state 

and the expression 

ch ch ex( 1) ɣ wQ m dQdm dV
dT k T d

MRT M V MRT

å õ
= - - - -æ ö

ç ÷
, 

Fig. 2. Amendment of the pressure in the barrel of a "Kalashnikov" 

7.62 - above in the accession channel-average curve and cylinder of 

the gas engine - as a function of time. 
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in the accession channel-average curve determined by the equation of state and the 

expression (3) and the cylinder of the gas engine - as defined by the equation of state and 

the expression (8). 

 

Determination of other parameters related to gas engine 

 

Ignoring the strength of the return spring as it is much smaller than the gas, the path of 

the piston of the gas engine during the gas pulse is determined by the expression: 

(10)  
g en pi 2

pi b pi 1 b pi 1
pi

v
2

i i i

p f
x t t x

m
- -= D + D + ,        

wherein: g enp  is the gas pressure in the gas engine;  pif - the area of the piston 

crown; pim  - the mass of the piston and prison; piv  - the speed of the piston; btD  - time 

interval, which is calculated in the process barrel. 

Fig.3. It shows the result of calculation of the path of the gas piston engine of a 

"Kalashnikov" 7.62 as a function of time during the gas impulse. 
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The speed of the piston is determined respectively by the expression: 

(11)   
g en pi

pi b pi 1
pi

v vi i

p f
t

m
-= D + .         

Figure 4. It shows the result of the calculation speed of the gas piston engine of a 

"Kalashnikov" 7.62 as a function of time during the gas impulse. 

After the expiry of the gases, their impact on the piston is stopped and it continues to 

move backward momentum, as it is applied on only the power of the recoil spring. 

During this period the movement of the plunger is described by the following equations: 

(12)  
sp 2

pi g. en pi 1 g. en pi 1
pi

vi i i

F
x t t x

m
- -= D + D + ,        

(13)   
sp

pi g.en pi 1
pi

v vi i

F
t

m
-= D + ,         

wherein: spF  the force of the recoil spring. 

Fig. 3. Path of the gas piston engine of a "Kalashnikov" 7.62 as a 
function of time. 
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In figure 5. It shows the result of calculations for the road and the speed of the gas 

piston engine of a "Kalashnikov" 7.62 as a function of time during recharging. 
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It should be clarified that the initial speed with which the kinematic parameters are 

calculated in the process of recharging, is actually the last value of the speed obtained at 

the end of the pulse. This speed can be reported in Figure 4. and it is 5.75 m / s. 

The path which takes the piston during the entire pulse (together with the period of the 

leakage) is 4.96 mm. The path which takes the piston during the period in which the 

bullet is moving between the exhaust outlet of the gas engine and the end of the barrel 

(that is the main part of the pulse) is 0,17 mm. The impulse and the process of recharging 

in many different time intervals. By ignoring resistances that cause the process of 

ejection of the cartridge and insertion of a new cartridge in the chamber, the time interval 

for which the recharging is carried out is about 0,01 s. The period of the entire pulse 

takes about 0,00108 s., And the period during which the bullet is moving between the 

Fig. 4. Amendment of the speed of the gas piston engine of a 

"Kalashnikov" 7.62 as a function of time during the pulse. 

Fig. 5. Amendment of the speed and path of the piston 
(convex curve) of the gas engine "Kalashnikov" 7.62 as a 

function of time during the process of refueling. 
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exhaust duct and the end of the barrel takes about 0,00016 s. In other words, the period of 

the pulse is from 100 to 600 times shorter than the period of recharging. Time interval, 

which calculated the processes in the barrel and the gas engine is 0,00000236 s, and the 

time itnterval, which calculated parameters of overcharging is 0,0033 s. i.e. the difference 

is 1400 times. 

As a criterion for authentication results displayed using skorostrelnosta. From 

Fig. 5 shows that the time for one cycle (shot and recharging) of a considered example 

(AK 7,62H39) is about 0,1 s. In this case, for skorostrelnosta was prepared 

60 60
quantities shot for 1 min 600

the time one cycle in seconds 0,1
= = = . 

It is clear that the speed of the shooting a composite indicator of automatic weapons. 
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ABSTRACT: Based on the quasi-thermodynamic method is displayed equation to de-

termine the pressure in the rocket engine using liquid fuel. 

KEY WORDS: rocket engines with liquid fuels.   

 

In the chamber of the rocket engine using liquid fuel - Fig. 1, fuel and oxidant enter the 

liquid phase it is assumed that there is a surplus of oxidant. With the engine in a closed 

circuit camera in entering and gas from gazgenerotora. Excess oxidant passes into the gas 

phase, but not by combustion but by evaporation under which absorbs heat. Absorbed 

heat by evaporation of the fuel and oxidant involved in burning more account in 

determining the specific heat of combustion. For example, the specific heat of 

combustion of kerosene with liquid oxygen is four or five times less than the specific 

heat of combustion of kerosene by oxygen gas. In this case, having in mind that the 

volume of the combustion chamber is constant, the equation of the first law of 

thermodynamics will have the following form: 

(1)      ( )g gg ex ʦx wdQ udm idm idm d Mu dQ dQ+ + - = + +,           

where dQ  imported heat of combustion; ʦxdQ - a elementary amount of heat 

necessary to evaporate the excess oxidant; wdQ - heat loss; g fupudm c Tdm= - internal 

energy of gases produced by combustion; ggidm  -enthalpy of the  gases of gasgenerator; 

ex expidm c Tdm= - enthalpy of the  gases expiring;T  - the gas temperature in the 

chamber. 
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In equation (1) was prepared: 

  fu v fu gg ex ʦxu p p wH dm c Tdm c Tdm c Tdm Mdu udM dQ dQ+ + - = + + +. 

Fig. 1 Scheme of rocket engine with the 

necessary indications. 
Accompanying example was developed 

with the following data: 

cha 0,2 mD = ; chʘ 0,4 mL = ; ex 0,05 md = ; 

3
chʘ 0,0125 mV ; fu 40 kg/sm ; 1,5a=  
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uH  is the specific heat of combustion of fuel and oxidant. 

 The above equation is divided into words Mc Tv  and cuts out what follows:  

(2) 
gg ʦxfu fu ex( 1) ( 1) ( 1) wu dm dQ dQH dm dm dm dT dM

k k k k k
RTM M M M T M RTM RTM

- + + - = + + - + -.      

 Taking into account that fu ʦx gg exdM dm dm dm dm= + + -  from the above 

equation is determined differential temperature, 

 
gg ʦxfu ex ʦx( 1) ( 1) ( 1) ( 1) ( 1) wu dm dQ dQH dm dm dmdT

k k k k k
T RTM M M M RTM RTM
= - + - - - - - - - -. 

 Finally gets: 

(3)  ʦxfu ʦx
gg ex( 1) wu dQ dQH dm TdmT

dT k dm dm
M RT RT RT M

å õ
= - + - - - -æ ö

ç ÷
 .  

 Equation (3) represents the differential equation for determining the change in 

temperature in the chamber of the rocket engine using liquid fuel. 

 The current value of the temperature in the chamber is calculated by the 

expression: 

    ( )1 1i i i
T T dT- -
= + .              

 For calculating the current pressure value using the equation in the form status: 

    
RMT

p
V

= . 

 In the figures 2, 3 and 4 show the results of numerical experiments conducted 

with equation (3). The curves show the change of parameters during the starting process, 

the regime and spiraea engine. Numerical example is developed with data on fuel 

kerosene and liquid oxygen oxidizer. 

Fig. 2 is a change in the average temperature in the chamber of the rocket 

engine liquid propellant at different fuel supply as a function of time. 
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Fig. 3 shows the change in pressure in the chamber of the rocket engine liquid 

propellant at different fuel supply as a function of time. 

Fig. 2 Amendment to the 
temperature as a function of 

time in the combustion 

chamber of the rocket engine 
liquid propellant at different 

fuel supply as a function of 

time. 
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Fig. 4 shows the change of mass of the working substance in the combustion 

chamber of a rocket engine with a liquid fuel as a function of time. 
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Fig. 5. Amendment of the 

pressure in the combustion 
chamber with three different 

ways of starting - usually a 

stepped manner and smoothly 
in a linear law. 

Fig. 4. Amendment of the 

mass of the working substance 

as a function of time in the 

combustion chamber of the 
rocket engine using liquid 

fuel. 

Fig. 3. Change the pressure as 

a function of time in the 

combustion chamber of the 
rocket engine liquid 

propellant at different fuel 

supply as a function of time. 
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Fig. 5 shows the change of the pressure in the chamber in three different ways of 

putting - typically, a stepped manner and continuously in a linear law. The latter is used 

linear law amending the submission of fuel and oxidizer. 

The displayed figures can trace the logic of the development process and to conclude 

on the adequacy of the equation (3) and mathematical model as a whole. To check the 

verification of the equation (3) and computational methods are generally made 

calculations for engine NK-33 (Nikolai Kuznetsov - 33) who works in a closed circuit. 

The results obtained are as follows: 

- Chamber pressure - calculated value 142,6 at, factory worth 142 at, difference 0.43%; 

- Tractive force - calculated value 161,6 t, factory worth 154 t, difference 4.7%; 

- Specific impulse - calculated value 298,6 at, factory worth 297 at, difference 0.55%. 

The vast difference, for traction due to the fact that they have not reported any losses 

in the nozzle of the engine. 
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Abstract: The trend of obtaining a bigger projectile range involving significant weight 

increase of the gun since they are subjected to stresses its systems (barrel, elastic connection, 
carriage etc.) increases substantially upon increasing the kinetic energy of the projectile leaving the 

cannon barrel. A solution to remove these easements, such as increasing the range does not affect 

the weight of the projectile, lies in equipping projectile with a solid propellant rocket motor, to be 
put into operation after the projectile leaves the cannon barrel. This provides increased initial 

impulse of the projectile and therefore itôs range, leaving unchanged the cannon and thus energy 

dimensions and weights of the rolling artillery components. In this paper, we approach the problem 
of determining the optimal timing of commissioning of the rocket engine acceleration subject to the 

maximum range for projectile motion in a vacuum. 

 
Keywords: reactive system, rocket, ballistics, cannon barrel, optimum momentum.  

 

1. INTRODUCTION  

Resolving the problem in the vacuum movement interests because there are situations 

in which the solution provides, at least in a first approximation, information on the best 

time of commissioning of the rocket engine acceleration. Studying the problem in case of 

air movement is made using assumptions of the fundamental problem of exterior 

ballistics. In this case the optimal timing of commissioning can cause near-actual 

conditions using optimization methods. It also can highlight the influence of various 

parameters on the optimal timing value. 

The following are studying the movement of this type of projectile using simplifying 

assumptions: 

a) the motion is in vacuum only under its own weight, considering that the vector g  

is constant; 

b) consider the life of the accelerator is very low, in this range the dominant force is 

traction of the engine; It can be admitted in first approximation so that the fuel is 

consumed instantaneously and that the direction of speed remains virtually constant 

during the active period. 

Therefore, in a current pointP , on the trajectory has an increase continuously of the 

speed module, from the tÖV  at the value( )tD Ö+ VV , in which the path denoted t by 

the unit tangent vector at the pointP , and  

ö
ö

÷

õ

æ
æ

ç

å

*
+Ö*=

m

m
1lnVV
D

D      (1) 
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where *V  is the actual speed gas out of the rocket engine nozzle, 
g

0m
w

D =  is the mass 

of solid fuel, and 
g

2q
m =*  is the mass of the projectile after consuming propellant 

reserve. 

2. EXPRESSION OF RANGE FOR THE PROJECTILE EQ UIPPED WITH 

AN ENGINE ROCKET  IN A VACUUM MO TION  

It is considered that the movement of the projectile is composed of two phases: the 

first phase is moving of the projectile fire from leaving the cannon barrel to the 

commissioning of rocket engine; the second phase of the motion starts when the rocket 

engine operation stop. 

Since it has been found that the supply of propellant is consumed instantaneously, it 

is clear that the position of the projectile and the tangent to the trajectory at the beginning 

of the second phase coincides with the end of the first phase. To study the movement in 

the first phase it is contemplated that the projectile is launched from the point 1O  with 

speed 0V  (figure 1). The plan of fire is defined system xy1O  with horizontal x1O  and 

the vertical axis y1O ; vector 0V  axis angle is 0q  the angle of projection. 

 

Figure 1. The range of the projectile equipped with an engine rocket 

The differential equations of the projectile motion in vacuum 
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      (2) 

with initial conditions 0t= , 0yx == , 0cos0Vx qÖ=# , 0sin0Vy qÖ=#  results: 

0cos0VcosVx qq Ö=Ö¹#      (3) 
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tg0sin0VsinVy Ö-Ö=Ö¹ qq#     (4) 

and integrating once again: 

0cost0Vx qÖÖ=      (5) 

2tg
2

1
0sint0Vy ÖÖ-ÖÖ= q     (6) 

where to get known trajectory equation: 

2x

0
2cos2

0
V2

g
0tgxy Ö

ÖÖ
-Ö=

q
q     (7) 

Differentiating equation (7) relative tox  give 

x

0
2cos2

0
V

g
0tgtg Ö

Ö
-=

q
qq     (8) 

which q is the angle formed by the tangent to the trajectory at a point with x1O  axis. 

It is noted that instead of the independent variable, t , can be selected one of the 

variables x  or q. The following is taken as an independent variable angle q. The 

equations of motion in relation to variable q obtained from relations (7) and (8): 

( )qq
q

tg0tg
g

0
2cos2

0
V

x -Ö
Ö

=     (5ô) 

ö
÷

õ
æ
ç

å -Ö
Ö

Ö
= qq

q
2tg0

2tg
g2

0
2cos2

0
V

y     (6ô) 

From equation (3) is obtained speed of the projectile at a current point, P , of the 

trajectory: 

q

q

cos

0cos
0VV Ö=      (9) 

and from relations (5) and (5ô) results dependence of the variables t  and the angle 

q: 

( )
q

qq
cos

1
0sin

g

0V
t Ö-Ö=     (10) 

where 00 qqq -²²  

In point P , occurs the instant rocket engine operation, so that the speed of the 

projectile becomes: 

VV1V D+=  

or in view of (9) 

V
cos

0cos
0V1V D

q

q
+Ö=      (11) 

The movement of the projectile in the second stage is related to the system xhP  

(figure 1). 

In relation to this system, the second phase trajectory equation of motion is: 
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2
2cos2

1
V2

g
tg x

q
qxh Ö

ÖÖ
-Ö=     (12) 

Fall coordinates AC  of the systemxhP , respectively 1xx=  and y-=h , must 

verify equation (12) result 

0y
g

2cos2
1

V2

A
g

2sin2
1

V2
A

=Ö
ÖÖ

-Ö
Ö

-
q

x
q

x    (13) 

Equation (13) is an equation which can determine value of Ax . Retaining solution 

that makes sense physical in problem, obtain: 

ö
ö
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÷
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æ
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Ö

ÖÖ
++Ö

Ö

Ö
=

q

q
x

2sin2
1

V

yg2
11

g2

2sin2
1

V

A    (14) 

so that the total range of the projectile launched from point 1O  is: 

ö
ö
ö

÷

õ

æ
æ
æ

ç
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Ö

ÖÖ
++Ö

Ö

Ö
+=+=

q

q
x

2sin2
1

V

yg2
11

g2

2sin2
1

V
xAxX   (15) 

where, taking into account the relations (5ô), (6ô) and (11), resulting in the end: 

()( )( )
( )( )

( ) ( )qqqDqDq

qDqqqD

qDqqDqq

-ÖÖÖÖ-Ö+Ö³

³+Ö+-ÖÖ-

-Ö+ÖÖÖ+Ö=Ö

0sintgV0V22sinV0sin0V

cosV0cos0V0sinv0V

cosV0cos0VsinV0sin0VXg

 (15ô) 

or by dividing both sides by 
2
0

V  

()
()

( )
()

( )

( ) ( )( )

( ) ( )qqqnqnq

qnqqqnqnq

qnq
qq

q

-ÖÖÖ-Ö+Ö

ÖÖ++-Ö-Ö+Ö

ÖÖ+=
Ö

===

0sintg22sin0sin

cos0cos0sincos0cos

sin0sin
2
0

V

Xg

g

2
0

V

X

VmaxX

X
D

0

 (15ôô) 

which was introduced notation: 

0V

VD
n=       (16) 

and it was considered that ( )
0VmaxX

g

2
0

V
=  is maximum range with 0V  speed of the 

projectile fired in the absence of the second phase, when the projectile is not equipped 

with rocket engine. 
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3. THE OPTIMAL MOMENT  OF COMMISSIONING  ROCKET ENGINE 

FOR THE PROJECTILE MOTION IN A VACUUM  

3.1 Problem formulation 

The resulting expression of the range is a function of the q angle that defines the 

projectile position when operating with rocket engine on the trajectory and hence lasting, 

t  of the first phase; other dimensions, for example 0V , 0q , VD , in the expression 

(15ô), or n, 0q , in the expression (15ôô), are considered in the following as parameters. 

So, if you are given the initial conditions ( )0,0V q  and the value of extra speed, VD  

to determine the optimal momentum of commissioning of the rocket engine it is 

necessary to study the extremes of function ()qDD=  from condition 

() 0D
d

d
=q

q
      (17) 

who can be written 

()
()

() 02f

3f

1
1f =Ö+ q

q
q     (17ô) 

where: 

() qqnqnq cos0cos22cos2
1f ÖÖÖ+Ö=  

() qnqn
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è
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õ
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å ÖÖ-Ö++=  

() qnqqqnqq 2sin2tgsin0cos20
2sin3f Ö+ÖÖÖÖ+=  

Rationalizing the equation (17ô), finally gives: 
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equation admitting roots 0coscos qq=  and 0coscos qq -=  thus in the end equation 

(17) becomes: 

() 0z2
0

z2z =Öö
÷

õ
æ
ç

å - F      (18) 

using the notations: 

qcosz= , 0cos0z q=      (19) 

and 

() 2
0

zz0z22z22
0

z313z0z64z221z +ÖÖÖ-Öö
÷

õ
æ
ç

å +Ö--ÖÖÖ+Öö
÷

õ
æ
ç

å Ö+= nnnnF  (20) 

Equation (17) admits roots 0q=q , 0q-p=q , 0q-=q , 0q+p=q . Of these, last 

three roots are foreign, second and fourth having respect and corresponding distal third of 

the second point of intersection of parallels to the axis Ox  (distance AOC ). 
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The other roots of the equation (17) are given by equation ()0z =F . Based on 

Descartes's theorem, the analysis variations signs polynomial number ()zF , that 

equation has two positive roots or none. To locate these roots is considered polynomial 

expression: 

()
()

0z2z210z322z0z183z2214
dz

zd
z1 ÖnÖ-Öö

÷

õ
æ
ç

å n--ÖÖ+ÖÖnÖ+Öö
÷

õ
æ
ç

å nÖ+Ö=
F

¹F  

Since () 00 >F  and () 01 >F , ()001 <F  and () 011 >F  if there are two positive 

roots they will be smaller than unit. 

We note these two roots 1z  and 2z  ( )2z1z < ; if both roots are contained in the 

range ( )1,0z , then these roots correspond to two points on the trajectory; a corresponding 

lower root nearest point of origin and root larger, corresponding a point more distant of 

origin. 

To determine whether roots z  are located in the variable domain of existence 

1z0z ¢¢ , it is necessary to analyze the sign: 

( )( ) ( )
ùú

ø
éê

è n-n+ÖÖÖÖ+n=F 12
0

z22
0

z20z  

knowing that the other end of the range it has ()( )20z21 Ö+n=F . 

Obtained following cases: 

A) *> 0z0z ,  ( ) 00z >F , 

B) *< 0z0z ,  ( ) 00z <F , 

C) *= 0z0z ,  ( ) 00z =F , 

where 

( )12
0z

+nÖ

n
=*  

i.e. the 

( )12
arccos

+nÖ

n
=*q  

However, the sign analysis tool for function 

( ) ö
÷

õ
æ
ç

å
-nÖ+nÖ*Ö=ö

÷

õ
æ
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å*F
2

1
20z20z1  

cases distinguished: 

a)
2

1
>n ;  00z1 >ö

÷

õ
æ
ç

å*F ; 

b)
2

1
<n ;  00z1 <ö

÷

õ
æ
ç

å*F ; 

c)
2

1
=n ;  00z1 =ö

÷

õ
æ
ç

å*F . 
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3.2 Solving the problem in different cases 

a) Case 5,0>n  

For *= 0z0z  we have 00z1 =ö
÷

õ
æ
ç

å*F  and 00z1 >ö
÷

õ
æ
ç

å*F  which means that *<< 0z1z0  and 

*= 0z2z . It is noted that in this case the function (15ô) has a maximum point *= 0z2z ; 

therefore the maximum range is achieved if the rocket engine operates on leaving the 

cannon barrel. 

If *> 0z0z  then 0z2z1z << ,  so that the function (15ô) has a maximum point 

0zz= ; therefore maximum range if the rocket engine works, also on leaving the cannon 

barrel. 

If *< 0z0z  so 12z0z1z0 <<<<  then the function (15ô) has a minimum point 

0zz=  and an absolute maximum point 2zz= . To achieve maximum range, it is 

necessary that the rocket engine is operated at a point of the trajectory whose position is 

defined by 2zarccos2=q=q  (figure 2). 

 

Figure 2. Function 
2
0

V

XgÖ
 for 7,0=n  

7,0=n  

q
 

2
0

V

XgÖ
 

0700=q  

0650=q

 

063*
00 ºq=q

 

0600=q

 

0450=q  

0350=q  

0200=q

 

5,0

 

0,1

 

5,1

 

0,2

 

5,2

 

0,3

 

10
 

20
 

30
 

40
 

50
 

60
 

70
 

80
 



98 

b) Case 5,0=n  

For *= 0z0z , that is 09,65*
0@q , we have 00z =ö

÷

õ
æ
ç

å*F  and 00z1 =ö
÷

õ
æ
ç

å*F . The 

equation ()0z =F  thus has a double root ö
÷

õ
æ
ç

å *== 0z2z1z . The maximum range obtained 

if the rocket engine is operated on leaving the cannon barrel. The same situation occurs 

in the case *> 0z0z  when the equation ()0z =F has no root in the area ( )1,0z  figure 3. 

 

Figure 3. Function 
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1zarccos1=q  for different values of n and 0q ; 2zarccos2 -=q  and 1zarccos1 -=q  

are foreign roots and corresponding to the maximum distance AOC . 

 
Figure 4. Functions ( )nqq ,01  and ( )nqq ,02  

From what has been stated that, 5,0<n , the inclination of importance demarcating 

cr
0
q where the maximum range is obtained by operating the rocket engine in a given 

point on the trajectory or in the moment when leaving the cannon barrel. 

 

4. CONCLUSIONS 
 

The results obtained are qualitative given simplifying assumptions mentioned at the 

beginning of the paper. Considering the aerodynamic forces and the fact that growth of 

speed VD  is not instantaneous, the rocket engine operating at a certain time, lead to 

correction of these results sometimes in rather small limits. 
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It is expected that when the real movement of range addiction variable q for 

different parameter values 0q  and V  have the same character, modifying obviously 

limit values, 
*q0 , 

**q0  and 
cr
0
q . 

The results of the study of the motion of the projectile in a vacuum are as close to 

reality as the drag force is less than the weight of the projectile. Such situations are 

found, for example, when the projectile has a better aerodynamic shape, a weight of 

Kg10050·  and a speed of up to 
s

m
250200· ; also when the heavy weight projectile is 

fired of initial high speed, over 
s

m
15001200· , when most of the trajectory is great 

heights, above km108· , where the air density is very low. 
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Abstract: - In this paper is made an attempt for more detail explanation of the mechanism of the 
wearing in the cannon barrel bore. The dominant process of wearing in the middle of the cannon 

barrel is a high-velocity movement friction. An statistical model is worked out for the influence 

estimation of the geometrical parameters of the cannon barrel bore. The wearing of the bore influ-
ences to the ballistic characteristics of the cannon. 
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1. Introduction  

Ballistic parameters of  the artillery systems are constantly changing due to the 

wearing out of the cannon barrel during the exploitation process. This change can be 

studied with the help of statistical modeling methods. The aim is  to make the link 

between the number of shots and the wear that can be used to estimate the degree of 

wear, respectively, to make a quantitative assessment of the technical condition and 

readiness for combat artillery weapons. 

The wearing of the working surface due to friction at high velocity movement occurs 

in the form of complex and multi-variant in content and parameters physical and 

chemical processes and defines the exploitation reliability of the technical system. 

 

2. Mechanisms of wearing at high-velocity movement friction 

The friction of hard bodies at velocity of sliding of over 100 m/s is a borderline case 

of external friction [6, 8]. A characteristic feature of this type of friction is the intensive 

heat exchange at the contact area. In some cases the contact temperature can reach the 

melting point of one of the materials subjected to the friction. In that case the friction 

parameters of the participating elements will be defined by the properties of the melted 

film. 

On both surfaces of friction ï the barrel bore wall and the projectile guiding elements 

ï a sharp asymmetry of temperature fields is observed. The thickness of the highly heated 

surface layers of the projectile considerably exceeds the thickness of the analogically 

heated surface layers of the barrel bore wall. Since the cannon barrel possesses better 

mechanical properties and melting point of the cannon steel is much higher than that of 

the copper alloy of which the projectile guiding belt is made, the wearing process occurs 

by óapplyingô thin surface layers from the projectile belt onto the barrel bore walls [3, 8]. 

As a result of the high temperature of the rubbing surfaces, at the borders of contact 

appears intensive plastic deformation. In some points of the real contact area occur local 

centers of melting which, with increasing the projectile velocity, grow into bigger melted 

sections of considerable area at the contact borders. Thus, the friction surfaces wearing at 
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high velocity friction is the result of worsening the mechanical properties, high adhesion 

and transferring of highly heated and melted thin surface layers on the barrel bore. 

Due to the wearing of the guiding belt, the middle part of the barrel bore (the cannon 

muzzle half of the barrel bore) is covered with a thin film (adhesion residue). At first 

sight, at those conditions of friction, there should not be any wearing in the barrel bore. 

However, the experience and the study of the artillery systems barrel bores show that 

there is wearing of the bore. 

One of the main reasons for the occurring of the cannon barrel bore wearing process 

is the availability of high thermal tensions in its surface layers, resulting in high 

temperature gradients. The thermal tensions bring about the cracks formation in the 

rubbing surfaces of the barrel bore which later grow bigger and cause particles from the 

bore surface to detach and tear off. At high velocity friction in the bore, with increasing 

the velocity of sliding, especially with the systems with higher muzzle velocity, the 

points of the microroughnesses on the barrel inner surface get melted. During the next 

firings, the barrel unlike the material, transported by the guiding belt, has not been heated 

yet to the melting point and is covered with a thin film, thus no further melting of its 

surface layers can occur. 

The borders of the friction contact are the guiding belt friction surface and the film 

surface. The heated section and the melted film on the surface of the barrel bore are 

oxidized, turn brittle and are easily separated mechanically. The film appears after the 

high temperature friction process completion. The barrel bore surface wearing in the 

form of cracks formations happens much more intensively since the temperature gradient 

is much higher. 

 

3. Statistics modeling of the wearing process at high velocity friction  

Having analyzed the mechanisms of wearing in the mid-section of the cannon body, 

it becomes obvious that in the muzzle (second) half of the barrel bore the adhesion 

residue from the guiding belt is smaller and more evenly spread over the internal surface. 

Therefore, when carrying out the passive experiment, the measuring of the degree of 

wearing is made at six cross-sections, perpendicular to the axis-bore line and located at 

different distances from the muzzle of the barrel bore . 

In order to model statistically the wearing process in the mid section of the cannon 

barrel bore of 12 artillery systems M-30, six cross-sections, located at 600 to 850mm 

from the muzzle have been measure diametrically at every 50mm. The measurements 

have been taken during exploitation at every 1000 shots [4]. 

Taking into consideration the experience accumulated and the physico-chemical 

nature of the wearing process of the cannon barrel bore, the graphic interpretation of the 

correlation ówearing - number of shotsô appears as a parabolic or a step curve with a 

symmetry axis ï the abscissa. The mathematical modeling of wearing, using equations of 

a higher range functions and particularly one-factor-models of non-linear regression, 

turns out to be much more adequate compared to the linear approximation of the process 

[5]. 

As the variety of non-linear correlations is very big, we have focused on several 

kinds of polinoms. The assessments of these polynom coefficients are usually defined by 

the method of the smallest squares (MSS) [2]. With the MSS we get assessments which 

are adequate, not displaced and effective.   
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Coefficients of linear regression have geometric interpretation. The proportionality 

factor is the slope of the rights and free member is the value of the observable magnitude 

at a zero meaning of the control value. 

Functional equation of theory: 
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To find the coefficients of the regressive equation (1), a system of four normal linear 
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ä

=

ä

=

ä

=

ä

=

++=

ä

=

ä

=

ä

=

+=

ä

=

ä

=

ä

=

+=

n

i

n

i

n

i

n

i
i

xa
i

xb
i

xc
i

x
i

y

n

i

n

i

n

i
i

xa
i

xb
i

x
i

y

n

i

n

i

n

i
i

xa
i

xb
i

x
i

y

1 1 1 1

4323

1 1 1

322

1 1 1

2

                      (2) 

 

After solving the systems normal equations (2), the following results are  obtained for 

the assessment of the coefficients of the regressive equations (1), which are usually 

presented in a table. 

For each of the coefficients of the regression is calculated significance as actual 

check null hypothesis that the relevant ratio is zero. The verification statistics has 

Student`s distribution. If any of the coefficients obtained with negligible significance, the 

corresponding independent variable can be excluded from the analysis without 

significant loss of information. 

The evaluation of the obtained model are based on the following parameters: the sum 

of the diversion squares of each measuring ijy  of the predictive valuexyĔ : 

( )
2

1
Ĕä

=
-=

n

j
xyijySSE ;                                                    (3) 

the sum of the diversion squares of average values in groups iy : 

( )
2

1
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=
-=

n

j
iyxySSR ;                                                      (4) 

 

the sum of diversion squares of all measuring ijy  of their average value iy : 
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( )
2

1
ä
=

-=
n

j
iyijySST                                                          (5) 

 

R-square can be defined as a ration of the sum of diversion squares of each measur-

ing of the predictive values and the total sum of the square of all measuring 
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the best indication of the approximation quality after summing of the additional coef-

ficients in model 
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a square root of the average square error or the standard error of the regression 
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Based on the resulting curves from the experiments, a comparative analysis can be 

made of the selected models and respective residuals of the empiric correlations. The 

graph of the regressive equation are shown in fig. 1.  
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Fig. 1 Graph of the wearing model of a diametrical cross-section, located at 850 mm 

from the muzzle depending on the number of shots.  
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The resulting regression equation can be applied to solve the main task of internal 

ballistics [1]. This will consider the effects of wear on the cannon barrel bore on its 

ballistic parameters. Using the algorithm [1] it is shown a graph of the change in pressure 

and muzzle velocity depending on the distance traveled of the projectile, taking into 

account the wear of the barrel bore in fig. 2.  

The muzzle velocity (V2) reducing under the influence of factors wearing out is pre-

sented in fig. 3. Despite the small amount of wear in the middle part of the barrel there 

are some preconditions for reducing the pressure of powder gases and muzzle velocity. 
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Fig. 2. Graph of the pressure and muzzle velocity depending on the distance traveled 

of the projectile.  
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Fig. 3. Graph of the muzzle velocity as a function of projectile motion.  

 

 

4. Conclusion 

With the resulting regression equation it can research the cause - effect relationships 

between quantitative variables. Pursuant to the methodology of statistics analysis of the 

regressive equations, we can find the best values of the indices: SSE; R-square; Adj R-sg; 

RMSE. Then we can choose the adequate model made with the regressive correlation (1). 

The use of the regression equations allow to investigate the influence of the wearing 

process at high velocity friction. The graphic interpretations are shown in Fig. 1 and Fig. 

3 give to visually assess the impact of wearing on ballistic characteristics of the cannon.  



106 

The regression equation can be used to predict the value of wearing out at a certain 

value of shots. In this way it can improve the system for maintenance of the cannon 

barrel and control life cycle of products. 
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Abstract: The management and maintenance of ammunition stockpiles face many issues 
mostly related to the aging of the stored units and many other factors, related to the defense 

reform, include changes in the security environment and reductions in the number of 

security forces. The complexity of the situation increases because the armed forces also 
procure ammunition: defense reform implies the destruction of surplus ammunition 

stockpiles, but standardization or modernization requirements simultaneously call for the 

procurement of modern ammunitions. 
And the answer that have to answer logistics is to dispose the surplus ammunitions or to 

retain them in stockpiles? This paper give an answer. 

 
Keywords: demilitarization, disposal, obsolete ammunition, surplus ammunition, economic 

aspects 

 

1. Introduction  

As an expensive commodity the ammunitions generate costs throughout its entire life 

cycle: from design to purchase, storage, surveillance and proof, handling, and use, and 

potentially all the way through to the ammunitionôs disposal. This implies adopting a 

ówhole-life managementô approach to ammunition [1]. 

Logistics require the armed forces to procure more conventional ammunition than 

they use and to store until the time they are used or retired. 

The management and maintenance of such stockpiles face many issues mostly related 

to the aging of the stored units and many other factors, related to the defense reform, 

include changes in the security environment and reductions in the number of security 

forces [7]. The complexity of the situation increases because the armed forces also 

procure ammunition: defense reform implies the destruction of surplus ammunition 

stockpiles, but standardization or modernization requirements simultaneously call for the 

procurement of modern ammunitions. Also the production technology requires lengthy 

production runs and it is often procured in large quantities to anticipate the eventual 

demands of a stateôs security apparatus [7]. 

These factors altogether produce surplus ammunition in many states and Bulgaria is 

no exception. 

These surplus ammunitions require reliable disposal ï the end-of-life tasks and 

actions for residual materials resulting from demilitarization operations, encompassing 



108 

the process of redistributing, transferring, donating, selling, abandoning, or destroying 

military munitions [8]. 

 

 
 

Figure 1 Ammunition life-cycle management 
Source [1] 

Despite other disposal initiatives, often surplus ammunition stockpile eventually 

requires demilitarization ï the act of removing or otherwise nullifying the military 

potential of ammunitions [8]. Such action is to be carried out in a safe, cost effective, 

practicable, and environmentally responsible manner [8]. 

In this meaning, the demilitarization of ammunition is an example of a process where 

personal safety, environmental concerns, ethical dimensions all of them relevant at both 

the policy and function levels, but also economic aspects. 

And while safety and environmental issues is well recognized because they are 

reflected directly into the society, the economic aspects often remain in the sidelines. 

 

2. Economic aspects of ammunition demilitarization 

The demilitarization process of obsolete ammunition in Bulgaria is related with many 

problems. The problems could be consolidated in two main areas connected with each 

other: 

- legislative base; 

- technology level of facilities for demilitarization. 

 

The problems with national legislation base are well recognized in. The main 

problems related to the legislative base are terminology problems ï most of the standards 

[4, 8] in the area of ammunition use the term ñdemilitarizationò, but the Bulgarian 

legislation introduce the term ñutilizationò. 
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The terminology difference per se is not problem, but the problem is that Bulgarian 

legislative base in theses parts, related to the ammunition demilitarization doesnôt follow 

philosophy of STANAG 4518 [8] and as a result we have costs for demilitarization [3, 4] 

20õ50% higher than average indicative costs on supposition that technology level in 

Bulgarian companies is not higher ï the Bulgarian companies donôt offer technologies 

with levels higher than level II [5] and the salaries of the workers involved itôs not high. 

The reason for this increment is for one side monopoly of the national companies 

(according to the national legislation itôs impossible to carry ammunition for 

demilitarization outside), but the main reason is that legislative base limited the 

companies performing contracts in technology terms. Some times the regulation forces 

the companies to perform open burning/open detonation rather than other techniques, and 

sometimes in reverse. And the driving motive is not the economic efficiency, neither 

safety nor environmental issues, but imperfect rules in legislative base, as ñépropellants 

are burned outéò. And the company has to burn all the propellants in the lot, instead to 

produce fertilizers for example.  

Table 1. 
Indicative demilitarization costs [5] 

Ammunition 

Nature 

Indicative Costs, 

euro/tonne 
Remarks 

Small arms am-

munition 
101-529 

Less than 20 mm calibre 

Dependent on technique and economy of 

scale 

Fuzes 237-1039  

Propellant 856 
Although conversion to commercial explo-

sives may lead to cost recovery 

Warheads 

(High explosive) 
101-529 

Costs after removal and destruction of 

cartridge cases 

Cannon and me-

dium calibre 
419-757 20 mm ·105 mm 

Pyrotechnics 1654  

 

The lower technology level of companies involved in demilitarization also affects the 

price, but this affect mainly to the safety. The unplanned explosions at munitions sites 

and factories confirm that. Practically, we have unplanned explosions related to the 

demilitarization every year in last decade [9]. 

Last years in Bulgaria, excess stockpiles of obsolete or unserviceable munitions have 

reached a level requiring demilitarization on an industrial scale, often in a race against 

time, because the ammunition tends to become unsafe with age. 

This last trend itôs not well recognized in logistics structures in Bulgarian MoD and 

we donôt have differentiation between obsolete ammunitions ï which are unserviceable 

and which are obsolete due to defense reform in generally meaning. All of them have to 

be demilitarized (or utilized), including these that repair will cost up to for times lower 

than demilitarization, and moreover sometimes we demilitarize high valued ammunition 

items that are not needed at this moment, but would be needed after ten years for 
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example. Unfortunately, the legislative base doesnôt insist for economic analysis before 

any act and as a consequence the Ministry of Defense suffers financial damages.  

The decisions like this should be taken after economic analysis and we propose 

mathematical model to support. 

 

 

3. Mathematical model 

To provide the support needed mathematical model should: 

- encompass all the factors that should be considered; 

- generate retention limits for individual items, as well as a group of items; 

- develop estimates of costs and other factors. 

To do this we developed standard net present value model with modifying the 

expression for revenues from disposal. 

Generally, the model should give the answers of two questions: 

- To dispose or to retain? 

- How many years to retain?  

 

And the answer of first question seemingly is simple enough ï if the net value 

(disposal savings minus retention savings) is negative ï retain, if positive ï dispose. 

 

 Formulation of this mathematically is: 

)()()( nRSnDSnN -=                           (1) 

where: 

N (n) ï net present value; 

n ï the year of stock being into consideration for retention; 

DS (n) ï savings from disposing of stock for future year, n; 

RS (n) ï savings from retaining stock for future year, n; 

 

In turn for DS (n) we have: 

)()()( nSRnSSnDS +=                                                               (2) 

where: 

SR (n) ï salvage revenues, depending for annual training requirements in future 

years. 

 

 And for SS (n) we have: 
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where: 

 (d) ï discount factor; 

(TR) ï expense for training requirements; 

(AC) ï expense for storing; 

(Q) ï expense for qualification (if needed); 

(M) ï expense for maintanance (if needed); 

 

In turn for RS (n) we have: 
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where: 

 (U) ï unit price; 

(AE) ï administrative expenses for procuring. 

 

4. Conclusion 

Using of this model we can trades disposal savings against retention savings and we 

are able to compute economic retention limit. Nevertheless that many of the addends are 

not easy to estimate, this model will be an useful tool for decision-makers. 

Evaluation of this model will be performed next year. 
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The European Union (EU), almost a quarter century after ratification of the 

Maastricht Treaty, slowly and methodically has become a key factor for international 

security. Successfully interaction between military, political, economic and social 

instruments in the field of security raised EU in the position of peacekeeper, not only in 

Europe, but also in Asia and Africa. Taking responsibility for overcome the crisis, post-

conflict reconstruction and delivery of humanitarian aid to the destitute populations in 

different parts of the world, define EU like the organization with the widest influence in 

the system of international relations. 

Lisbon Treaty turned the European Security and Defence Policy (ESDP) into the 

Common Security and Defence Policy (CSDP). The main innovations of the treaty aimed 

at the gradual establishment of a common European defense. Current possibilities for 

conducting missions have been expanded till: Humanitarian and rescue; Conflict 

prevention and peacekeeping missions; Peacekeeping missions; Crisis management; 

Disarmament; Advice and assistance in the military field; Stabilization after the end of 

conflicts. 

A mutual defense clause has been introduced for the first time. Two restrictions was 

accepted: 

Å Clause does not affect common security policy and defense policy of certain 

Member States concerned, namely those who traditionally maintain neutrality; 

Å Mutual defense clause does not affect commitments made in the framework of the 

North Atlantic Treaty Organisation. 

At present, the EU has three options for conducting operations: 

Å Independent operations without the use of NATO resources - using one of the 

operational headquarters provided by the Member States; 

Å Operations using the resources of the common assets and capabilities of NATO - 

based on the " Berlin Plus" ; 

Å Operations led by the EU Operations Centre. 

The formal elements of the Berlin Plus agreement include: 
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Å A NATO-EU Security Agreement that covers the exchange of classified 

information under reciprocal security protection rules; 

Å Access to NATO planning capabilities for EU-led operations; 

Å Availability of NATO assets and capabilities for EU-led civil-military operations; 

Å Procedures for release, monitoring, return and recall of NATO assets and 

capabilities; 

Å Terms of reference for using NATOôs Deputy Supreme Allied Commander Europe 

(DSACEUR) for commanding EU-led operations; 

Å EU-NATO consultation arrangements in the context of an EU-led operations 

making use of NATO assets and capabilities; 

Å Arrangements for coherent and mutually reinforcing capability requirements, in 

particular the incorporation within NATO's defence planning of the military needs and 

capabilities that may be required for EU-led military operations. 

Improvement of logistic support for EU operations, activation of the "Berlin Plus" is 

the ability to exploit the opportunities of the NATO Support and Procurement Agency 

(NSPA). The Agency is guided by supported by three basic principles: consolidation, 

centralization and competition. Consolidation is ordering larger quantities in order to 

save resources for delivery. Centralization ï donôt need to use multiple suppliers of 

goods and services. Competition is ensure that our customers get the best quality at the 

lowest price.  

NSPA develops its activities in three major areas:  

Å Weapons and equipment - provides support for a wide variety of weapon systems 

and equipment; 

Å Logistics of material resources - provides the performance of the entire logistics 

chain - from delivery to recycling (destruction); 

Å Logistics operations. 

NSPA has got business relations with Organisation Conjointe de Coop®ration en 

mati¯re d'Armement (OCCAR). The Organization is an international organisation whose 

core-business is the through life management of cooperative defence equipment 

programmes and consolidates 6 currently Member States: Belgium, France, Germany, 

Italy, Spain and the United Kingdom. OCCAR currently manages eleven important 

armament programmes with a total operational budget in 2015 of about ú 3.4 Billion.  

Programmes with influence over logistic capabilities are: 

Å A400M ï A Tactical and Strategic Airlifter - The programme has been officially 

launched and integrated into OCCAR in May 2003. The current intention of the Partici-

pating States is to procure a total of 170 aircraft made up as follows: Germany 53, France 

50, Spain 27, Turkey 10, UK 22, Belgium 7, Luxembourg 1 (Luxembourg is represented 

by Belgium within the OCCAR A400M Programme). The delivery schedule extends to 

2024; 

Å LSS - Logistic Support Ship - it is a logistic support ship programme for Italy. LSS 

will offer an extraordinary capacity and a high degree of flexibility at low support cost in 

various scenarios. It will be conceived since the beginning of the design phase with 

enhanced ñdual useò features, fit for traditional military tasks and able to intervene also 

during peace time, supporting Humanitarian and Disaster Relief Assistance Operations 

(i.e. modular hospital, electrical power/drinkable water ashore and containers). The LSS 

will be capable of supporting a naval Joint Task Force, to support disaster relief opera-

tions, to provide medical support (NATO Role 2 LM) and to transport naval and aviation 
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fuel, fresh water, ammunitions, lubricating oil, food, spare parts and 20 ft ISO containers. 

The delivery of the LSS is planned for 2019.[15] 

The European Union in recent years constantly expands its cooperation with interna-

tional organizations (UN, NATO, OSCE, African Union and others) and hardly works on 

the gradual establishment of a common European defense. As expected, the strategic 

partner of the EU in the field of defense is NATO.  

 On November 22, 2004 at a conference for application of military capabilities was 

taken a decision to build the 13 EU battle groups possessing capabilities for two parallel 

operations. 

To determine the possible nature of future operations, the necessary operational ca-

pabilities and form of using military forces were developed five scenarios: 

- Large-scale operations in the maintenance of peace; 

- Humanitarian intervention of high-intensity; 

- Regional wars in defense of European security interests; 

- Prevention of attacks involving weapons of mass destruction; 

- Defense of the EU, which provides protection to the four largest airports, two larg-

est ports, ten at key energy facilities and the entire capital of the member states, including 

EU headquarters. 

The next important step in building of European armed forces is approved the request 

for the creation of Synchronised Armed Forces in Europe (SAFE) by the European 

Parliament. They will be built on common standards and interoperability. SAFE is based 

on voluntary participation and combine civil and military capabilities.  

One element of security and defense policy is connected with the creation of a Euro-

pean rapid operational force (EUROFOR). The main intend is to implement the so-called 

ñPetersberg tasksò, including humanitarian, peacekeeping and peace-imposing opera-

tions. They include units of armed forces of France, Italy, Portugal and Spain. The struc-

ture of EUROFOR includes the Headquarters staff battalion, battle group and supporting 

entities. The core of the battle group is Portuguese infantry battalion. It is equipped with 

wheel armored vehicle "Pandur II", 84 mm man-portable reusable anti-tank recoilless 

rifle "Carl Gustavò, anti-tank guided missile "Milan", 120 mm. mortars and 160 parts of 

other trucks. 

The combat support include 155 mm. Artillery battery with maximum fire range up 

to 40 km. (Spain), air defense platoon, armed with missiles "land - air" "Mistral" 

(France), intelligence units (Spain, France), squad for radio-electronic combat, engineer-

ing company and signal platoon (Italy) CBRN platoon, formation of psychological opera-

tions, military police and CIMIC (Spain). 

Logistic support is carried out by transport and recovery unit, medical unit (role 2). 

The air medical evacuation and strategic transportation is provided by Portugal Air 

Force. Strategic transportation by sea is ensured by Spanish Navy. 

Eurocorps was created in 1992 as the concrete implementation of a political will that 

has developed since the 1950's. The Eurocorps comprises military contributions from its 

five member states: Belgium, France, Germany, Luxembourg and Spain. Additionally, 

four states are associated: Greece, Italy, Poland, Turkey, and have thus pledged to 

contribute personnel to the staff. HQ Eurocorps took part in SFOR and KFOR missions 

in former Yugoslavia. At the beginning of the third millennium it is now available as a 

Rapid Reaction Corps HQ for both the EU and NATO. The European Corps is not 

subordinate to any other military organization. It is deployed on the authority of the 

https://en.wikipedia.org/wiki/Recoilless_rifle
https://en.wikipedia.org/wiki/Recoilless_rifle
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Common Committee representing the member nations, the Chief of Defense, and the 

Political Director of the Ministry of Foreign Affairs. The Corps can also be deployed at 

the request of the framework nations. Eurocorps is capable to participate in all types of 

future operations: disaster relief, humanitarian aid, security assistance, low intensity 

conflicts, peace keeping, medium intensity conflicts, peace restoring and enforcing up to 

high intensity conflicts. The Eurocorps command posts are capable of commanding 

multiple battalions, brigades, divisions and army corps level troops. 

On 2 October 1995, was finally materialised process about creation of Multinational 

Maritime Force (MMF). The Commander of EUROMARFOR (CEMF) will be ready to, 

when activated by High Level Interministerial Commitee (CIMIN), conduct a rapid 

integration of the assigned Force and the subsequent early establishment of a EU 

maritime capability, with a special focus but not limited to the Mediterranean Theatre 

and its approaches, in order to support primarily the EU security and defence 

requirements in the maritime domain by means of: 

- Crisis Management. Including conflict prevention, crisis response (e.g. 

humanitarian and disaster relief and non combatant evacuation), post-conflict 

stabilization and peace support operations (peace-keeping, peace-making, peace-building 

and peace-enforcement); 

- Cooperative Security. Including all operations to contribute to prevent conflicts and 

develop regional security and stability through dialogue, confidence-building, and 

increased transparency; 

- Maritime Security. Including all operations to contribute to the maintenance of a 

secure and safe maritime environment (maritime security operations; maritime situational 

awareness; maritime interdiction missions; protection of freedom of navigation; 

protection of critical energy infrastructure and sea lines of communication).[4] 

The European Air Group (EAG) is the only independent air-minded organisation in 

Europe. It comprises the Air Forces of 7 European nations: Belgium, France, Germany, 

Italy, the Netherlands, Spain and the United Kingdom. The Group has got  links with 

many other organisations and nations. The EAG undertakes projects and studies in order 

to identify realistic ways to improve the interoperability between member nations. 

After a meeting of defense ministers of the countries of the Weimar Triangle 

(Germany, France and Poland) - Ursula von der Leyen, Jean-Yves Le Drian and Tomas 

Shemonyak in Schwielowsee, near Potsdam, in a joint statement, they informed that they 

will support creation of more powerful European policy on security and defence. The 

ministers agreed to observe the implementation of the decisions of the summit of NATO 

in Wales last year. Among these solutions is the creation of special vanguard of rapid 

reaction forces numbering several thousand people who should be able to deploy 

anywhere in the world for 48 hours. 

Based on the current political uncertainty in Europe, ministers of defense of the 

Visegrad countries - the Czech Republic, Hungary, Poland and Slovakia signed a military 

pact to coordinate defense planning and creation of a common military unit that operates 

under the auspices of NATO and the EU. The warhead of Visegrad battle group will be 

ready by 2016. It will consist of 3,000 troops from four countries. It serves as a milestone 

for defense cooperation in the area of training, exercises and capability development.  

In the context of military policy is created Balkan Battle Group (HELBROC), con-

sisting of military units from Bulgaria, Cyprus, Romania and Greece. Technical agree-

ment on the creation of the group was signed on 13.11.2006 by the defense ministers of 
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the four countries. Bulgaria participated with infantry company. Bulgarian officers and 

sergeants are serving at the headquarters of the Balkan battle group. Ukraine joined in 

HELBROC later. 

Without a comprehensive, well-planned and rehearsal logistic system no one opera-

tion can succeed. Logistic embraces all aspects of support in the theatre in operation, 

from the initial deployment of forces to its withdraw, covering the resupply of consuma-

ble items (food, water, fuel, ammunitions and etc.), the maintenance and repair, transport 

and medical care. 

The operational environment for EU-led military operations is likely to be 

characterised by long distances and consequently long Lines of Communications, limited 

infrastructure, difficult terrain, hostile climate, scarcity of basic facilities and limited or 

nonexistent host nation support (HNS). More than of one military operation may occur at 

the same time, anywhere in the world, possibly involving more than one Host Nation and 

lasting for protracted periods. All these conditions determine challenging scenarios that 

may have a considerable impact on the size of the logistic effort necessary to sustain the 

force and to enable it to operate effectively. In this environment it is necessary to assume 

austere conditions, mainly in the initial phase, especially in Life Support.  

The main factors affecting logistic support are: Civil -Military Activities; Availability 

of Resources; Readiness; Legal Aspects; Human Rights and Gender; Interoperability; 

Standardisation; Protection of the Logistic Chain and Environmental Protection 

There are various ways to implement logistic support from a fully multinational 

integrated logistic support to purely national support. The chosen mode depends on the 

type, scale, and size of an operation, and on the characteristics and factors affecting 

logistic support. Prerequisites are: 

- Multinational logistic solutions - to optimise the logistic footprint commensurate 

with the operational needs; 

- Interoperability ï is consisted as a broad framework that includes military, civil-

ian and military-civilian aspects; 

- Standardization of material, recourses, services and procedures. 

Limitations for multinational logistic support usually are: Supply with ammunitions, 

explosives and chemical weapons; Supply with pharmaceutical and medical materials; 

Maintenance. 

Troopôs contribution nations are responsible for ensuring that forces assigned to EU-

led military operations are fully supported and fit for task. Usually they deploy national 

support elements (NSE) that provide logistic support to their national forces deployed in 

EU-led military operations. NSE is under the command of national authorities. 

The basis of the effectiveness of logistics support to those multinational military 

forces of EU compliance with the uniform principles and standards prior bilateral or 

multilateral agreements. Contracting is most often used for maintenance of weapons and 

communication systems, health services, expertise, training of professionals, strategic 

movement and transportation, air medical evacuation service stations, air or sea landing, 

maintenance of infrastructure, customs and border control and others. Some logistical 

activities can be outsourced to non-government organisations (NGOs) and companies. If 

the area of operation does not exist legitimate government, maintenance is carried by 

concluding individual agreements with local suppliers. Contracting opportunities depend 

on the equipment available in the area and the reliability of local trade organizations. 
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The use of common structures, mechanisms and maintenance agreements allow con-

siderable savings in the provision of national forces and expand the opportunities for 

improving the quality of logistics support. They generally minimize operational costs and 

supplies and help reduce national forces and means of logistics in the area of operation. 

In certain cases, the cooperation of the resources of the countries participating in the 

European military forces.  

Procedures supply markets are very specific due to the following reasons: The de-

mand is based on the mechanisms of public procurement; The limited number of suppli-

ers; Duration of product development; Specific requirements in support; The strategic 

nature of some technologies. 

European Union notes the readiness to establish a European system of security of 

supply. Consider options, permanent warehouse for the CSDP, which currently serves 

only new civilian missions to be improved by extending and improving the availability of 

the stored equipment. For this to achieve better synergy between military and civil activi-

ties, where appropriate, while respecting the different chains of command and the differ-

ent nature of civilian and military missions.  

By 2020 EU countries will have a number of new logistic strategic capabilities such 

as: A400M and C-17 transport planes and A330 air tankers. Today EU countries have 

only five C-17 transport planes which can carry the heaviest loads ï the UK is leasing 

them from the US (which has over 200 C-17s). Transport planes are crucial for most 

types of military operations, including humanitarian missions. For example, one of the 

reasons EU governments could not get aid quickly to South East Asia after the 2004 

tsunami was the lack of long-range transport planes. Aircraft are very expensive to main-

tain. So the EU could set up a shared pool of transport aircraft, starting with the 180 

A400M transport aircraft which six different EU countries plan to buy. The fleet would 

be available to EU members, to the EU collectively or to NATO. To save money, some 

countries could operate their A400Ms from one main base, using a single planning, 

servicing and logistics organization to support the force. The European Defence Agency 

is already drafting proposals for pooling some A400Ms. Meanwhile NATO is planning a 

similar arrangement for a fleet of C-17s ï the alliance would jointly own the planes, and 

it would operate and maintain them at one central location instead of spreading the air-

craft and maintenance centres all over Europe. These planes could be put at the disposal 

of the EU under pre-agreed rules between the EU and NATO. 

Committee on Foreign Affairs to the European Parliament notes the limited progress 

made in projects of pooling and sharing. Admires is progress in the field of refueling in 

the air using Airbus A330 Multi Role Tanker Transport (MRTT). Unfortunately, only a 

very limited number of countries - have participated so far in this project (France and 

UK). Under the plan to build armed forces of Belgium, the country will buy three aircraft 

Airbus A330 Multi Role Tanker Transport (MRTT) this year. It is expected that in 2016 

two aircraft Airbus A330 Multi Role Tanker Transport (MRTT) to replace Boeing 707 in 

the Spanish Air Forces. In December 2014 it was announced that Netherlands Air Force 

chose Airbus A300 - MRTT to replace KDC - 10 in 2020.  

The outsourcing of services such a food, service, health and medical support, suply, 

maintenance,  infrastructure and engineering support is one aspect of streamlining logis-

tics. However, an even more challenging aspect of logistic and the outsourcing to private 

actors in the provision of services to military units in international operation. Under what 

condition can private civilian contractors be send abroad? Unfortunately there arenôt 
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ñsafeò rear areas behind the frontline where civilian can move around in relative safely. 

In modern hybrid war it is increasingly difficult to distinguish enemies from friends. 

Private participation within or bordering upon the battle zones also complicates responsi-

bility in relation to the Geneva Convention and other parts of international human law. 

The main disadvantige of the proces is that military contingents become dependent on 

external actors who follow primarily economic interests. Other important part of process 

is how fast politicaly and military leaders can activate the contracts they had previously 

signed with companies. In most cases, private companies do not have enough own capac-

ities but buy them on the other market. In crisis situations and during the preparation 

phase for operations, the market usually reacts with an increase in price levels and a 

decrease in offers. The use of contractors to support military operations includes a risk of 

contract failure to deliver the contracted support. This fact must be considerable planning 

and co-ordination during all phases of an operation between relevant EU actors, Troop 

Contribution Nations (TCNs) and the Host Nations (HN). Very importal principle in 

planning process is that the contractor support may mainly, but not exclusively.  

It is of key importance that the commanders defines precisely comprehensive 

operational requirements at an early stage in cooperation with TCN and to agree with the 

service providers in advance binding legal consequences which result from deficiencies 

in the performance of service. Inherent possible risk related to the specific nature of the 

tasks led in EU-led military operations should be considered and it should be examined 

in each case whether the contract should address specific circumstances (state of war, 

terrorism, massive public disorder) in order to guarantee its implementation by 

contractors even in deteriorated security environment. It may also include the right of 

service providers to outsource work to local sub-contractors, but the Prime Contractor 

has to guarantee the quality of the service.  

Pre-mission support solutions enhance readiness, reduce crisis response time, may 

provide additional benefits for risk reduction, and limit price escalation. Since, EU-led 

military operations would likely require rapid deployment, pre-mission support solutions 

will facilitate planning and deployment, and empower the OpCdr to meet support 

requirements for rapid deployment of EU military forces. In addition, standardized 

statements of work should be prepared that can be tailored to the requirements of the 

particular EU-led military operation to allow swift tendering. Military commanders and 

planners should be aware of the specific requirements to implement an effective and 

efficient CSO in the planning and execution of military operations. [4] 

 ñAthenaò is a mechanism which handles the financing of common costs relating to 

EU military operations under the EU's common security and defence policy. It was set up 

date by the Council of the EU on 1 March 2004. The rules on contributions to ñAthenaò 

are set out in article 41.2 of the Treaty on the European Union. Member states contribute 

an annual share based on their Gross National Income. ñAthenaò is managed by an ad-

ministrator and under the authority of a Special Committee made up of representatives 

from the member states contributing to the financing of each operation. The mechanism 

can finance the common costs of EU military operations as well as the nation borne 

costs, which include:  

Å HQ implementation: travel, administration, locally hired staff, IT systems, public 

information, Force Headquarters deployment and lodging; 

Å For forces: infrastructure, medical evacuation and services, identification; 

Å Reimbursements to/from NATO or/ and other organizations. 
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ñAthenaò can also finance costs relating to the transport and lodging of forces, and 

multinational headquarters  below FHQ level, if the Council decides. 

ñAthenaò may also finance the following: 

Å Barracks and lodging/infrastructure, essential additional equipment, medical ser-

vices, acquisition of information (theatre level intelligence, reconnaissance and surveil-

lance, including air to ground surveillance & reconnaissance and human intelligence); 

Å Other critical theatre-level capabilities (demining, chemical, biological, radiologi-

cal, and nuclear (CBRN) protection, storage and destruction of weapons). 

European defense cooperation is an important part of the solution to reduce both na-

tional duplication and European capability gaps. There are Pooling & Sharing projects of 

the European Defense Agency. This projects work on a European level but are focused 

mostly on one specific capability and one cooperation domain  A second tendency are the 

regional forms of defence cooperation. The forms of regional defence cooperation are 

mostly focused on maintaining the existing military capabilities within the cooperating 

countries. The comprehensive permanent structure makes it possible to have deep but 

balanced forms of cooperation (and gives a drive to even deeper cooperation possibili-

ties) and as such a better cost-benefit ratio while retaining national autonomy on the 

operational level. Cooperating at a regional level between a limited number of neighbour-

ing states of equal size and/or with a common vision on defence is also much easier than 

on a European level. This doesn't mean that regional defence cooperation couldn't be an 

interesting stepping stone for again more defence cooperation from a European perspec-

tive.  

 

REFERENCES 

16. EU Concept for Logistic Support for EU-led Military Operations, European 

Union Military Committee, 2011, p. 12-15; 26-31. 

17. EU Battle Group Concept (Council Doc 13618/06, dated 5October2006); p. 6-10. 

18. Modes of multinational logistic support AJP-4.9 ( November 2005); p.16-34 

19. EU Concept for Contractor Support to EU-led military operations, European 

Union Military Committee, 2014, p. 15-30. 

20. Euromarfor. [viewed: 16.07.2015] Available from: http://www.euromarfor.org/ 

index. 

21. Eurocops.  [viewed: 16.07.2015] Available from: http://www.eurocorps.org/ 

22. Eurocops. [viewed: 16.07.2015] Available from:, http://www.globalsecurity.org/ 

military/world/europe/eurocorps.htm 

23. European Air Group [viewed: 17.07.2015]. Available from: 

http://www.euroairgroup.org/ 

24. European Union, About CSDP - The Berlin Plus Agreement [viewed: 

17.07.2015].Available from:http://www.eeas.europa.eu/csdp/about-csdp/berlin/index_en. 

htm 

25. EU-NATO: The framework for permanent relations and Berlin plus [viewed: 

17.07.2015]. Available from: http://www.consilium.europa.eu/uedocs/cmsupload/03-11-

11%20berlin%20plus%20press%20note%20bl.pdf 

26. Berlin plus information note-shape support to the operational headquarters. 

[viewed: 20.07.2015] Available from: http://www.aco.nato.int/resources/3/images 

/2013/althea/berlin%20plus-information%20note.pdf 



120 

27. NATO Support and procurement agency [viewed: 23.07.2015]. Available from:  

http://www.nspa.nato.int/en/organization/Logistics/logistics.htm 

28. THE NATO-EU STRATEGIC PARTNERSHIP [viewed: 23.07.2015]. Available 

from:, http://www.nato.int/docu/comm/2004/06-istanbul/press-kit/006.pdf 

29. European Council Council of the European Union [viewed: 24.07.2015]. 

Available from: http://www.consilium.europa.eu/en/policies/athena/ 

30. European defense agency [viewed: 24.07.2015]. Available from: 

https://www.eda.europa.eu/Aboutus/who-we-are 

31. Organisation Conjointe de Coop®ration en mati¯re d'Armement [viewed: 

24.07.2015]. Available from: http://www.occar.int/news 

 

 



121 

TSONIO G. TSONEV, KRASIMIR S. DAVIDOV, STAMEN I . ANTONOV, 

IVESTIGATION OF POSSIBILITY FOR USING THE FINITE ELEMENTS METHOD 
(FEM) FOR DEFINITE THE FREQUENCY OF CROSS VIBRATIONS TO THE 

BARREL OF THE SMALL ARM 

Tsonio G. Tsonev*, Krasimir S. Davidov**, Stamen I. Antonov** *  

 
* National Military University ñVasil Levskiò,Artillery, AAD and CIS Faculty, coni19@abv.bg;    

**Naval Academy ñN. Y. Vaptsarovò, krasi_dav@abv.bg;  
***  National Military University ñVasil Levskiò,Artillery, stamantonov@abv.bg 

 
Abstract: There are present a investigation of possibility for using the finite elements 

method (FEM) for definite the frequency of cross vibrations to the barrel of the small arm in the 

report. 
 

Key words: vibrations; small arms. 

 

In the last decade other countries have made researches about increasing 

effectiveness on the battle weapons , they have proved the big effect from the  transversal 

vibrations on the barrel to the group and the accuracy on the target . The transversal 

vibrations are turned to be one of the main reasons for reducing the accuracy of the 

shooting, because of sagging the barrel in the horizontal and vertical level , and for 

reducing the grouping, because the bullets get out of the barrel in a different stage of the 

movement of the muzzle part. 

In Republic of Bulgaria this kind of research havenôt been made yet and that why in 

this document it is investigated the possibility of  using  the method of ending elements 

for determination the frequency of self-transversal vibrations on the barrel of the 

shooting  weapons. 

For determinating the frequency of self-transversal vibrations , the barrel is accepts 

for a pole with complex section , stably attached on the one end and free from the other.  

The existing similar models for determinating the frequency of self -transversal 

vibrations on the barrel of the battle weapons have these following disadvantages: 

Å their formulas are applicable only for cylindrical or tapered barrels and they canôt 

be used for barrels with complex form; 

Å the models donôt offer formulas for determinating the frequency of self-

transversal vibrations on the barrel in presence of added mass lying on it; 

Å the target that is placed on that research is to verify convergence of results from 

frequency of self-transversal of barrel of small arms, the results from using the method of 

the final elements and the results from the experimental shootings. 

The target of research is: 

Å creating a model of a real barrel with software product based on the method of 

the final elements and the frequency of self-transversal vibrations of the barrel; 

Å conduction of experimental shootings and the frequency of self-transversal 

vibrations of the barrel; 

Å  processing the results and assess the adequacy of the model. 

True the researching is imputed the following restriction: it is explored only the 

secondary frequency of self-transversal vibrations , influencing the grouping on semi-fire. 
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The creating of three dimensional model on the barrel is realized with the program 

SOLD EDGE ST3 , for base is used a real existing  ballistic barrel , designed for rounds 

7,62x39 model 43 year. 

On the program NX 7.5 NASRAN is committed the separation of the three 

dimensional model of the barrel in elements. For barrel, designed round model 43 year, 

are used 10 point elements with length cathetus 8 mm. The total number of the elements 

is 7600, and for the points are 14362. For the add weights are used 10 points elements 

with length cathetus 2 mm, there for the number of elements and the points are as it 

follows: for weight with mass 0,027 kg - 3612 elements and 7356 points: for weight with 

mass 0,054 kg - 6476 elements and 11462 points, for weight with mass 0,081 kg - 9455 

elements and 15796 points. For weight with mass 0,105 kg - 11398 elements and 18640 

points. For weight with mass 0,204 kg - 20700 elements and 32112 points. For weight 

with mass 0,303 kg - 29752 elements and 45125 points. For weight with mass 0,406 kg -

44758 elements and 66867 points. For weight with mass 0,506 kg - 51673 elements and 

76738 points. 

For the analysis of the two barrels is used steel mark 50 Pa with the following 

characteristics: flexural modulus - 2,16.105 MPa; density of the material - 7840 kg/m3; 

yield strength - 748 MPa; ultimate tensile strength - 980 MPa. 

For the weights used steel 45 with the following characteristics:  modulus  of 

elasticity ï 2,0694. 105 MPa; density of the material - 7829 kg / m3; yield strength - 129,5 

MPa; ultimate tensile strength - 262 MPa. Data on the barrel: weight - 1,123 kg; length to 

the point of attachment - 0,496 m; outside diameter at the point of attachment - 0,03 m; 

inner diameter of the channel - 0,00762 m. For maximum pressure in the barrel channel 

is accepted value Pmax. cp = 2800 kg/cm2.  

 

Figure 1: Ballistic barrels three-dimensional model, using cartridges 7,62x39mm. 

Place the maximum pressure is 471 mm from muzzle cut. The attachment of weight 

to barrel is carried out in four points, which corresponds to the actual attachment. 
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Calculations were performed with real tables with weights placed sensor that: 0,027 kg, 

0,054 kg, 0,081 kg, 0,105 kg, 0,204 kg, 0,303 kg, 0,406 kg, 0,506 kg. 

 
1 2 3 4 5 6 7

 

Figure 2: Scheme of experimental investigation devices disposal. 

1- computer (program ñLab View 8.5ò); 2- DAQ - measurements plate NI USB-6211 

ï National Instruments; 3- measurements amplifier Type 2635 ï Br¿el & KjÞr; 4- cable;  

5- base for ballistic barrel; 6- censor for vibrations measurement. 

The experimental study was performed in an indoor shooting tunnel in the workshop 

"Small and anti-aircraft weapons" in Central artillery technical testing ground (military 

unit 26940 - Stara Zagora). FIG. 2 is a schematic of the deployment of the equipment 

used to conduct the experimental shooting. 

Results from a theoretical study, done using a computer model and experimental 

study are presented in Table 1 and FIG. 3. 

Results obtained from the computer model and the experimental study of the second 

frequency oscillations own cross ballistic barrel, designed for cartridges 7,62x39 mm. 

Table 1 

Results obtained from the computer model and the experimental study 
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Mass of added weight on barrel ï 0,00 [kg] 

0 428 449 -4.9065    

Mass of added weight on barrel 0,027 [kg] 
Mass of added weight on barrel 0,054 

[kg] 

0 408 422 -3.4314 392 404 -3.0612 

0,01 414 427 -3.1401 400 412 -3,0 

0,02 418 432 -3.3493 408 420 -2.9412 

0,03 420 436 -3.8095 410 427 -4.1463 

0,04 422 440 -4.2654 418 433 -3.5885 

0,05 426 443 -3.9906 422 438 -3.7915 

0,06 427 443 -3.7471 426 442 -3.7559 

0,07 428 445 -3.972 428 442 -3.271 



124 

D
is

ta
n
c
e

 f
ro

m
 e

n
d
 o

f 

b
a

rr
e

l 
to

 t
h
e

 m
a

s
s
 [
m

] Results of 

the 

experiment 

Results of the computer 

model 

Reluts of 

experiment 

examination 

Results of the 

computer model 

S
e

c
o

n
d 

fr
e

q
u
e

n
c
y
 [
H

z
] 

S
e

c
on

d
 

fr
e

q
u
e

n
c
y
 [
H

z
] 

R
e

la
ti
v
e

ly
 

m
is

ta
k
e

 [
%

] 

S
e

c
o

n
d 

fr
e

q
u
e

n
c
y
 [
H

z
] 

S
e

c
o

n
d 

fr
e

q
u
e

n
c
y
 [
H

z
] 

R
e

la
ti
v
e

ly
 

m
is

ta
k
e

 [
%

] 

 

0,08 429 448 -4.4289 428 447 -4.4393 

0,09 430 448 -4.186 428 448 -4.6729 

0,10 430 448 -4.186 430 448 -4.186 

0,11 430 454 -5.5814 430 455 -5.814 

0,12 429 451 -5.1282 430 455 -5.814 

Mass of added weight on barrel  0,081  [kg] 
Mass of added weight on barrel 0,105 

[kg]  

0 382 392 -2.6178 376 382 -1.5957 

0,01 392 402 -2.551 382 393 -2.8796 

0,02 398 402 -1.005 394 404 -2.5381 

0,03 406 420 -3.4483 402 414 -2.9851 

0,04 412 427 -3.6408 408 423 -3.6765 

0,05 418 434 -3.8278 414 431 -4.1063 

0,06 420 440 -4.7619 422 438 -3.7915 

0,07 426 444 -4.2254 424 443 -4.4811 

0,08 427 446 -4.4496 426 446 -4.6948 

0,09 428 447 -4.4393 428 447 -4.4393 

0,10 430 447 -3.9535 428 447 -4.4393 

0,11 430 454 -5.5814 429 454 -5.8275 

0,12 429 449 -4.662 428 448 -4.6729 

Mass of added weight on barrel 0,204 [kg]  
Mass of added weight on barrel 0,303 

[kg]  

0 358 359 -0.27933 350 347 0.85714 

0,01 368 372 -1.087 360 361 -0.27778 

0,02 378 386 -2.1164 378 375 0.79365 

0,03 390 398 -2.0513 382 388 -1.5707 

0,04 398 410 -3.0151 398 401 -0.75377 

0,05 408 421 -3.1863 408 413 -1.2255 

0,06 414 430 -3.8647 412 424 -2.9126 

0,07 420 437 -4.0476 418 433 -3.5885 

0,08 424 442 -4.2453 422 438 -3.7915 

0,09 425 445 -4.7059 425 441 -3.7647 

0,10 426 444 -4.2254 426 440 -3.2864 

0,11 426 444 -4.2254 426 447 -4.9296 

0,12 425 443 -4.2353 425 438 -3.0588 

Mass of added weight on barrel 0,406 [kg] 
Mass of added weight on barrel 0,506  

[kg]  

0 343 339 1.1662 332 332 0 

0,01 352 353 -0.28409 344 346 -0.5814 

0,02 364 367 -0.82418 356 360 -1.1236 

0,03 376 381 -1.3298 368 374 -1.6304 
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0,04 386 394 -2.0725 378 379 -0.26455 

0,05 390 407 -4.359 387 400 -3.3592 

0,06 404 418 -3.4653 400 412 -3 

0,07 410 427 -4.1463 406 421 -3.6946 

0,08 416 434 -4.3269 412 428 -3.8835 

0,09 420 437 -4.0476 414 432 -4.3478 

0,10 420 437 -4.0476 416 432 -3.8462 

0,11 420 443 -5.4762 416 438 -5.2885 

0,12 418 434 -3.8278 415 429 -3.3735 

The results presented in Table 1 and the graphs of FIG. 3 show that the nature of the 

ongoing processes in the pattern and experimental research is the same. Average relative 

mistake between experimental data and data generated by the computer model is 3.319%. 

Statistical hypothesis test may be performed by comparing the variances of the 

experimental data and the data obtained from the computer model. The null hypothesis is 

that the dispersion of the data obtained from the computer model is commensurate with 

the dispersion of the experimental data. To check the hypothesis using the following 

formula (1.1) [3]: 

2
0

2
0
s
=c

ss
                                                                  (1.1) 
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- average of the experimental data; 

n - number of data; 

n-1 - number of degrees of freedom. 
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The null hypothesis is rejected when
2

1;2/
2
0 -ac>c n  or

2
1;2/1

2
0 -a-c<c n . 

 
Fig. 3. Graphs of the value of the second frequency transverse vibrations resulting from the 

experimental shootings and computer models, depending on the distance of the mass to the muzzle 
cut. 

A - schedule change frequency obtained from the computer model;  

B - schedule change frequency derived from experimental firings. 
 

Table 2 

Results obtained in checking the null hypothesis of the data generated by the 

computer model and the experimental study of ballistics barrel, designed for cartridges 

7,62x39 mm 

 ̄
Mass of 

weight [kg] 
Ŭ

 

2c  )12;025,0(
2c

 )12;975,0(
2c

 

1 0,027 0,05 6,517299 23,3366 4,40778 

2 0,057 0,05 7,447145 23,3366 4,40778 

3 0,081 0,05 7,192955 23,3366 4,40778 

4 0,105 0,05 7,528324 23,3366 4,40778 

5 0,204 0,05 7,650971 23,3366 4,40778 

6 0,303 0,05 7,425903 23,3366 4,40778 

7 0,406 0,05 7,275668 23,3366 4,40778 

8 0,506 0,05 7,992084 23,3366 4,40778 

The results presented in Table 2 indicate that the null hypothesis can be considered a 

true computer model, and the same can be used for practical determination of the second 

frequency of own oscillations of the developed cross tubes for arms. 
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Conclusions: 

1. The study of the possibility of determining their lateral oscillations of the barrel 

FEM shows the applicability of the method to determine the same, regardless of the 

complexity of the shape of the barrel and the presence of added mass at various points 

along its length. 

2. The main advantages of creating a model of the barrel using the software are: 

- it is possible to create a model that corresponds to the actual shape and dimensions 

of the barrel, regardless of its complexity; 

- it is possible to design a model of the barrel with the added weight, taking into 

account the actual form and the actual place where the weight is placed; 

- it is possible to adjust the accuracy of the resulting solution. 

3. The main shortcoming of the computer model of the barrel is the need to purchase 

and study of relevant software, with which to carry out modeling, leading to a significant 

appreciation of the study and a large expenditure of time. 
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ABSTRACT: Strategic environment is influenced by unpredictable and dynamic 

political, social, technological and military processes. Conflicts are complex and difficult 

to predict and control. This requires flexible policy development, organization, doctrine, 

operational concepts, and above all the capabilities of future forces and command 

structure of the Armed Forces. 
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In many Member States of NATO is perceived a certain order to assess the attendant 

losses, especially when applying firing shots. The problem is not developed in the 

component commands and tactical formations in which this line does not give a complete 

answer to the question "What is the relationship between the leverage, the means 

intelligence assessment of combat losses and to minimize the collateral damage in 

destruction of different types of objectives operational and tactical units? ". 

By 2010, there are several methods for assessment of collateral damage (MOSZ) in 

producing fire-hit (USA, UK etc.). 

In essence the procedure for assessment should include common standards, methods, 

techniques and processes, and to apply them in the planning of joint fire support to assess 

and minimize collateral damage. 

Procedures for valuation of collateral damage should be used consistently on all lev-

els of command, to maintain common standards and to provide commanders and staffs 

with common procedure in making decisions. 

This line assessment should assist commanders to assess risk against military necessity 

and proportionality of the use of force in the process of decision making. In the assessment 

results should become a means of commanding the joint forces (commanders components) 

for the principles of international law. This evaluation should be a balance between science 

and art, which shows the best result for the potential losses of associated objects. 

To unify the procedure in planning operations today in NATO accepted methodology 

for assessing the collateral damage of the US. It includes common standards, methods, 

techniques and processes used in planning the firing strokes to assess the collateral dam-

age, and the use of all means to reduce them. Assist commanders weigh risk against 

military necessity and the proportionality assessment of the use of force in the process of 

decision. In short, the methodology is a means of commanding respect for law. 
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All pre-planned operations must be conducted in accordance with International Law 

and conventions which includes Law of Armed Conflict (LOAC). Further, the developed 

procedures (including checks and balances) must ensure compliance with principles of 

LOAC. In this way, lethal force will be used only when necessary and when the expected 

collateral damage will not be excessive in relation to the concrete and direct military 

advantage anticipated from an attack. The Collateral Damage Estimate (CDE) is an 

integral part of the Targeting process and must be conducted prior to the prosecution of 

authorised targets with lethal force; it continues throughout the execution process. 

The Collateral Damage Estimate Methodology (CDEM) supports employment of 

conventional munitions1 for any type of operation where they could be used. It provides 

commanders with an understanding of weapon effects , incidental consequences, and 

mitigation techniques, enabling more balanced, comprehensive judgments and decisions.  

The methodology, its components and its products are not, nor should they be 

considered an exact science. The CDE methodology is an estimate of the potential for 

collateral damage and constitutes one tool to manage and reduce risk of CD during 

NATO operations. As such, CDE and TEA are inputs to the commander's' decision-

making process . The initial CDE may differ from the actual result following 

attack/weapons release due to the fluid/changing nature of the intelligence, operational 

and targeting environment. All kinetic pre-planned engagements (including prosecution 

of Time Sensitive Targets) must be subject to the CDE Methodology. 

NATO CD risk management is two-fold: 

- The methodology is designed to provide a credible estimation to enable the 

identification of possible courses of action based on the level of risk, thereby allowing 

NATO commanders to understand, consider and mitigate CDE risks. A determined level 

of responsibility for approving 

- The technical basis for the application of these CDE levels is based upon national 

munitions effectiveness data for air-, ground- and sealaunched weapons as they are 

released to NATO by the nations. 

The collateral damage thresholds are based on increasing risk levels that will require 

specific courses of action to engage the target. Figure 1 depicts the interaction between 

collateral damage and weaponeering restrictions for each CDE Level. 

 

Figure 1. Risk and the Collateral Damage Estimation Methodology 
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Figure 2: CDE Level Cone 

 

The CDE methodology shown in Figure 2 is based on the US CDEM utilized in 

ISAF. It is based on 5 progressive and ascending CDE levels. Each level is based on 

refined analysis of available intelligence, weapon type and effect, the physical 

environment, target characteristics, and delivery scenarios with specific thresholds 

established for each of the five CDE levels. These levels express the risk estimation for 

collateral damage based on the existence of Collateral Risk Objects in the computed 

Collateral Hazard Area (CHA).  

For CDE Levels 1 and 2 the Collateral Effects Radius (CER) that defines the CHA, 

will be outlined in the respective OPLANS in order to enable the commander to conduct 

quick collateral damage estimation without the requirement to go through a detailed 

weaponeering process based on the information provided by the nations on the CER of 

conventional weapons that will be used in the operation. Levels 3 to 5 consider the 

weapons options in increasing detail to minimize the CDE risk. 

To authorize an engagement (other than level 5 High), the respective COE level 

criteria must be fulfilled. If any COE level criterion is not fulfilled, either the target is not 

authorized for engagement or more detailed planning/mitigation must take place at the 

next higher CDE level before any engagement can be authorized. 

Target Engagement Authority. The TEA is the level of command required to 

authorize an engagement at each CDE level, and is defined in the OPLAN specific to a 

NATO operation. The appointed TEA is the lowest level of delegated authority. For 

Time Sensitive targets (TST), the delegation of the TEA and authorized COE level will 

be part of the TST Decision Matrix. 

Target Identification. This COE Methodology requires that the target is a positively 

identified (PlO), legitimate, pre-planned military target, authorized for prosecution. At 

least, two different means to PlO the target are deemed necessary'. The generic approach 

for the methodology presupposes absolute accuracy in the location of the target. If the 
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target location inaccuracy is known, for COE the target changes from a point to a circle 

with this inaccuracy as radius.  

National Red Card Holder. As compliance with national legal obligations remains a 

national issue, Nations are critical enablers to the CDE process. A National red card 

holder will be designated and can prevent the planning or execution of a target by his 

national assets and authorise or stop the process at any point.  

Planning responsibilities. As CDE incidents could have strategic effects on the 

operation, CDE key elements will be defined in the SHAPE OPLAN. This will be 

binding for all subordinate commands and will be implemented through guidance and 

specific instructions on the CDE process in their respective OPLANs and orders. The 

NAC has to approve the level of casualties. 

At each CDE level an assessment is produced. If CD Risk Objects are not within the 

computed CHA or if the specified level of risk to CD Risk Objects is not exceeded, a 

higher CDE level is not needed. If a low assessment is rendered, the methodology 

supports engagement of the desired target based upon the conditions and restrictions 

specified by the CDE level concurrent with the low assessment estimate. If CD Risk 

Objects are within the CHA or the specified level of risk to CD Risk Objects is exceeded, 

the next CDE level processes are required to be performed. 

CDE Level 1 Target Validation/Initial Assessment. 

For CDE Level 1, the area inside the Target Installation Boundary (TIB) and the 

defined surrounding Level 1 CHA is clear of CDE Risk Objects. There are not significant 

environmental or CBRN concerns within the Level 1 CHA. If the target fulfils the above-

mentioned criteria, this qualifies the Target as CDE Level 1 LOW. The appointed TEA 

for CDE Level 1 can then authorize the engagement. If the target fails to meet any of the 

criteria or CDE Risk Objects are identified within the TIB and CHA) it is qualified as 

CDE Level 1 HIGH and it must be further examined at CDE Level 2, or at CDE Level 5 

if there are significant environmental or CBRN concerns, before any lethal engagement 

may take place. 

CDE Level 2 General Assessment. 

CDE Level 2 begins the process of defining weaponeering options that both achieve 

the desired target effect and mitigate the potential for collateral damage. This level takes 

a low risk approach to CDE with the least number of weaponeering and tactical 

employment restrictions an assessment is done based on the target's size compared to the 

weapon system's or delivery platform's delivery error for unguided or ballistic munitions 

in order to determine their use. For Precision Guided Munitions (PGMs) an assessment is 

done to evaluate target engagement on individual aimpoints while minimiZing the 

weaponeering restrictions.. The area inside the defined Level 2 CHA must be clear of 

CDE Risk Objects. If the target fulfils the above-mentioned criteria this qualifies the 

Target as CDE Level 2 LOW. The appointed TEA for CDE Level 2 can then authorize 

the engagement. If the arget fails to meet either criteria or CDE risk object(s) are 

identified within the CDE Level 2 CHA), the target is qualified as CDE Level 2 HIGH 

and must be further examined at CDE Level 3 before any lethal engagement may take 

place. 

CDE Level 3 Weaponeering Assessment 

CDE Level 3 begins the process of refining weaponeering options that achieve the 

desired effect on the target and mitigate collateral damage, by attacking the target with a 

different weapon or with a different method of engagement. The goal of CDE Level 3 is 
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to achieve a low CDE assessment while limiting the number of tactical weaponeering 

restrictions. Considering the weapon class and system, delivery platform, and/or PGM 

warhead type, CDE Level 3 determines appropriate delivery systems, warhead, and fuse 

combinations that mitigate the risk of collateral damage while still achieving the desired 

effect on the target. CDE Level 3 will be supported based on released national products 

(i.e. CER tables for PGMs. Air to Surface Unguided Munitions (ASUGM) and Surface to 

Surface Ballistic Munitions (SSBM). If the target fulfils the above-mentioned criteria this 

qualifies the Target as CDE Level 3 LOW. The appointed TEA for CDE Level 3 can then 

authorize the engagement. If the target fails to meet either criteria the target is qualified 

as CDE Level 3 HIGH and must be further examined at higher CDE Level 4 before any 

lethal engagement may take place. For CDE Level 3 HIGH assessment, serious 

consideration should be given when engaging the target with PGMs only. However, if 

PGMs are not available, the target must be examined at CDE Level 4. 

CDE Level 4 Refined Assessment 

At CDE Level 4, mitigation techniques in addition to delay fusing (bomb burial) are 

applied. These mitigation techniques include variable time fusing (air burst), shielding, 

delivery heading and aim point offset. CDE Level 4 takes into consideration 

characterization of structure hardness. The probability of fractional structural damage 

from blast is based on the assumption that civilian personnel will be located in collateral 

structures which afford some measure of protection from fragmentation. The use of 

unguided or ballistic munitions is highly discouraged at this level and above. If the target 

fulfils the required criteria this qualifies the Target as CDE Level 4 LOW. The appointed 

TEA for CDE Level 4 can then authorize the engagement. If the target fails to meet any 

other criteria the target is qualified as CDE Level 4 HIGH and must be further examined 

at CDE Level 5 before any kinetic/lethal engagement may take place. 

CDE Level 5 Casualty Assessment 

CDE Level 5 is used when all reasonable and known mitigation techniques have been 

exhausted and some level of collateral damage appears unavoidable. CDE Level 5 is also 

performed when Level 1 assessment determines CBRN and/or environmental concerns. 

The attack is likely to cause damage to surrounding civilian buildings and may cause 

civilian casualties. Casualty assessment needs available intelligence (Pattern of Life, 

Demographic Data) to provide an estimate of population density in a specific collateral 

concern area. Commanders must be aware that they are assuming significant risk of 

collateral damage when engaging a target assessed under CDE Level 5. For example: 

a. A target qualifies as CDE Level 5 Low if it is estimated that civilian casualties will 

be under or equal the Non-combatant and Civilian Casualty Cut-off Value (NCV). 

Civilian property is likely to suffer damage. 

b. A target qualifies as CDE Level 5 High when it is assessed that the NCV will be 

overtaken. The appointed TEA for CDE Level 5 High holds sole target engagement 

authority. 

Limitations and Exclusions 

                                                                                                         

1. The CDEM accounts for all conventional munitions (see Para 3) currently in 

planned/authorized for use in NATO operations except as noted below and in the 

respective tables. It is not applicable to nuclear and nonlethal capabilities. 

2. CDE as specified in this instruction is not required for surface to surface direct fire 

weapon systems The risk of Collateral Damage from these weapon systems is presented 
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by the distribution of munitions in the target area and not from the explosive effects of 

the warhead. The LOAC principles of distinction, proportionality, necessity and 

humanity (Reference A) are considered for employment of direct fire weapon systems. 

3. The CDEM does not account for weapon malfunctions, operational delivery errors, 

or altered delivery tactics based on operator judgment, neither does it account for 

unknown transient civilian or non-combatant personnel and/or equipment in the vicinity 

of a target area. 

4. The CDEM does not account for individual marking or adjusting rounds when 

employing surface-ta-surface ballistic munitions (SSBM) in the Observer Adjusted (OA) 

method of engagement. 

5. While the CDEM can be applied to any geographic region, weapons effects may 

vary in different environments. 

6. This CDEM does not account for the risk to own/allied forces. 

7. This CDEM accounts for primary weapon effects only; secondary effects need to 

be analyzed during the Target System Analysis (TSA) and the Target Analysis (TA). 

8. This CDEM does not supersede national targeting directives. National caveats and 

national-level rules of engagement. 

9. This CDEM takes into account that the use of multiple weapons against a single 

DMPI will be treated as a single weapon (exemptions are ripple release of weapons and 

dispenser delivered SUb-munitions (see Para 3). 

10. As shown in Figure A1 a ripple release (stick) of weapons against a single DMPI 

requires the examination of every single weapon, unless the stick-length and associated 

CER stay within the confines of the area defined for CDE level1. 

 

 

Figure A1: Ripple Release of Weapons 

 

11. For dispenser delivered sub-munifiorr', the weapon effectiveness depends on the 

release altitude and dive angle due to adverse effects such as wind conditions and 

weapon dispersion. The use of these weapons requires the examination of the sum all 

CER, that defines the Risk Area Perimeter. If this area is clear of CD risk objects, the 

target is cleared for engagement. If the area is not clear of CD risk objects, the target 

engagement requires TEA Level 5 Low or Level 5 High approval. 
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Figure A2: Dispenser delivered sub-munition CD Risk Area 

 

To achieve interoperability of national units in multinational joint task forces are 

needed uniform standards in the planning of operations, as the Armed Forces of the 

Republic of Bulgaria as the countries forming these forces. 

To a certain consistency in the work of the headquarters of the national joint force 

component commands and tactical formations in their composition should be adopted 

certain order to assess the collateral damage that meets the accepted methods of work in 

other member states of NATO. 

To a certain consistency in the work of the headquarters of the national joint force 

component commands and tactical formations in their composition should be adopted 

certain order to assess the collateral damage that meets the accepted methods of work in 

other member states of NATO. 
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ABSTRACT: Leading militarily states implement fundamental reform 

(transformation) of the armed forces to adapt to threats, risks and challenges of the new 

information age. Military construction in these countries are subject to the new military 

strategy, the essence of which is the purpose of the war (military conflict) to be achieved 

in the shortest possible time and with minimal losses. 
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Military operations in the present moment and those conducted in recent years show 

that it is necessary to constantly change in goals, objectives, structure and organization of 

modern armies. 

The analysis of such operations shows that the structure of the coalition forces in 

Iraq, Afghanistan, Kosovo, Bosnia and Herzegovina constantly undergo changes in size, 

objectives, goals and priorities depending on the specific situation of the operation and 

defined desired end result. 

In today's security environment the majority of the operations are joint in nature. This 

is because of the nature of modern threats and the need for dealing with them, which 

cannot be achieved by using the abilities of only one type forces. 

This requires both the design and the conduct of operations to apply the joint 

approach. 

In the world there are many organizations, especially NATO and the European Union 

which maintain, manage and implement policies where possible not to cause shocks or 

firing to prevent concomitant losses in their application in modern military conflicts 

around the world. Upon engagement of NATO forces, which we have witnessed in recent 

operations conducted in Kosovo, Afghanistan, Iraq, Libya, when planned and plotted 

firing strikes must be reported and the level of collateral damage. 

 

MATTER OF COLLATERAL DAMAGE 

 

To unify the procedure in planning operations today in NATO accepted methodology 

for assessing the collateral damage of the US. It includes common standards, methods, 

techniques and processes used in planning the firing strokes to assess the collateral dam-

age, and the use of all means to reduce them. Assist commanders weigh risk against 
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military necessity and the proportionality assessment of the use of force in the process of 

decision. In short, the methodology is a means of commanding respect for law. 

Accompanying losses are defined as unintentional or accidental injured or affected 

people and / or objects that are not valid military targets during the application of the 

firing stroke. These losses will be considered a violation of the law when they are 

comparable to the expected military advantage of the attack (JP 1-02, JP 3-60). 

Planning and management of operations Joint Staff is responsible for policy without 

hitting, which was not carried out an assessment of the losses. Headquarters performs this 

function through management structure of military intelligence MTIMS (Military Target 

Intelligence Management Structure), in cooperation with combat commanders and the 

intelligence service. The role and the specific characteristics of the policy without hitting, 

which was not carried out an assessment of the losses are as follows: 

Å Developing a common policy and guidance for the evaluation of collateral damage. 

Å Coordination with Combat Command, offices, agencies fighting and united support 

group for technical coordination effectiveness of ammunition to determine the 

operational requirements which provide the framework methodology for the evaluation 

of collateral damage. 

Å Providing control for the overall training in studying the methodology for assessing 

the collateral damage. 

Å Maintain a database of trained and certified analysts (including name, rank, date of 

training, a result of the trained ... validity of last change) to validate requests for services 

from Combat Command or organizations wishing to have training course in methodology 

and to coordinate the accreditation of the course. 

Å Validation of new information about incidental losses prior to its inclusion in the 

methodology. 

Å Provide an overview of the tables for the population density to provide standardized 

issue to use. 

Å Reviewing and coordinating the requirements for automation; ensure the review and 

development of automated programs to ensure policy, training and synchronization 

programs. 

Å Notify the structures of the Ministry of Defence when drawing new tables radius of 

collateral damage to ammunition and techniques of hitting. 

In the US and NATO was created technical group United for coordinating early 

effectiveness of ammunition (OTGKEB). This is a unified organizational-tion operated 

by logistics center. She leads workshops that focus on specific aspects of the choice of 

firing means (weaponering), its impact and collateral damage. 

This group should be assigned the following responsibilities: 

Å Develop and publish information on the effectiveness of conventional weapons. 

The group, in coordination with staff, to develop, maintain and distribute tables relating 

to the evaluation of collateral damage, which in turn are the basis for an assessment of 

the losses; 

Å Development of assessment tables accompanying losses, apart from the adopted 

legislation, when adopted new samples of armament weapons. The tables should be made 

not less than twice a year and distributed by the group to the users; 

Å Contribute to technical supplement the adopted legislation, simultaneously with the 

development and entry into service of new products and new data on the effects of fire 

equipment; 
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Å Approval of the funds, sources and methods used to display or calculate the values 

of the radius of the effect of concomitant loss to the tables relating to the evaluation of 

collateral damage and performance data on the firing means. 

Based on the proposals of the group, Commander of Joint Force may decide to 

destroy different types of goals that contribute to the objectives of the operation      

(Figure 1). 

 

 
 

Figure 1. Decision to destroy different types of goals 

 

There operational and legal principles in deciding to move to firing at targets hit 

opponents. 

The operating principles are: to achieve the objective of the operation (the mission); 

protection of their own forces; avoid concomitant losses. 

Legal principles: justification; necessary; proportionality. 

Having the right to strike only military targets, there must be abstinence from 

deliberate destruction of civilian population and buildings (homes, hospitals, schools, 

religious sites and other sites). It also requires underlying assumptions civilian casualties 

and destruction cannot end with the achievement of certain military success. 

Analysis of Figure 1 shows that depending on the mission, which was awarded to the 

joint forces, the aim of the operation is determined by the highest priority. 

One of the biggest challenges facing the commander of joint forces and the 

commanders of the components it is to protect their own forces and resources in the 

operation. As the risk for their own forces is higher, and so the challenge Commander 

(commander) is big and it must take all necessary measures for the protection. 

Avoidance of collateral damage or minimize them to an acceptable level creates the 

conditions to maintain the battle rhythm of the operation. Assuming concomitant losses 

above a certain level can result rather than the (requested) undesirable effects and they 

lead to a negative impact on the course of the operation and / or desired end state. 
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Legal principles in deciding the application of firing hit the goals are threefold: 

Å First - whether there is a legal justification for an attack on a target; 

Å Second - is it necessary to inflict a blow to the firing target; 

Å Third - obligatory use of proportional force for scarfing impact on the target. 

Failure to comply with these principles may cause excessive negative effects on 

civilians and be defined as a violation of international law. Moreover, political leaders 

and commanders could become the subject of massive criticism to affect heavily on 

military targets, allies, partners or national targets. Commanders of NATO operations 

appreciate the preservation of the lives of civilians. Servicemen from all levels (strategic, 

operational and tactical) must demonstrate these values in the use of force to perform the 

military tasks and avoid collateral damage. 

 

COLLATERAL OBJECTS, DUAL-USE, AND HUMAN SHIELDS 

 

Accompanying losses are unintentionally or accidentally injured or affected people 

and / or objects that are not designated as military targets during the application of the 

firing stroke. These losses will be considered a violation of the law when they are 

comparable to the expected military advantage to cause operational shocks and fires. 

When considering the collateral damage is necessary to take into account at all levels, 

protect vulnerable non-military objects (accompanying objects), aims to double use and 

living shields. 

Objects that are defined by international law as a civilian (non-military) are 

considered protected. Their knowledge is the basis for development of the process of 

destruction of the goals and they must be described in the rules for the conduct of any 

military operation. 

The rules for military conduct are issued by the competent military authorities legal 

situations which outline the circumstances and constraints under which the joint forces 

will begin and / or continue combat operations Opposed forces. 

Protect vulnerable non-military objects can be divided into two categories, as is 

determining their sensitivity. The codes for each order processed by intelligence with 

standardized description (Table 1). 

 

 
Table 1. Core no-strike list category codes 
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In the first category are protected vulnerable non-military objects. 

As such are defined: 

Å Diplomatic offices, foreign missions and neutral non-military property 

Å other nations in the area of operation; 

Å Religious, cultural, historical institutions; 

Å International organizations (UN, NATO, EU, OSCE, the African Union and others) 

and non-governmental organizations (International Committee of the Red Cross and Red 

Crescent, "Amnesty International"), property, equipment and personnel; 

Å Civilian and military medical facilities; 

Å Public educational structures - civilian schools, colleges, universities and institutes, 

but those military; 

Å Refugee camps; 

Å POW camps and state prisons; 

Å Facilities that after the destruction will lead to contamination of drinking water 

sources and rivers; 

Å Dams and dikes whose destruction can cause flooding to civilian objects. 

In the second category includes protected from martial law vulnerable non-military 

objects. 

As such are defined: 

Å Non-military units; 

Å Civilians places, such as stadiums, parks, theaters, supermarkets and areas of 

recovery; 

Å Public facilities that are used to transfer electricity, oil or water consumption 

civilians, gas stations, transportation facilities, fire, post offices, police stations and other 

financial institutions; 

Å Farm equipment; 

Å Facilities with an unknown destination; 

Å Protected vulnerable non-military objects can be changed (for the US President or 

the Minister of Defence), which is reflected in the rules for military conduct. 

If there is an existing joint target list (JTL) and/or RTL, they shall be used to focus 

the IC and prioritize their MIDB production and review efforts for possible No-Strike 

entities. If a JTL/RTL does not exist, established special engagement zones, named areas 

of interest (NAI), or designated search areas may serve the same purpose. If none of 

these exist, combatant command personnel shall attempt to refine the scope of effort for 

the IC by geographic/regional priority. For urban areas, the priority is as follows: 
 
 

 
Table 2. Urban Area Priority List 
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No-Strike entities must be named distinctly with an assigned identification (e.g., 

basic encyclopedia (BE)) number/O-suffix) and classified by their functionality with an 

appropriate CATCODE IAW reference c. Facilities must be geospatially defined as 

discrete entities with a precise GPS quality geographic center and corner point 

boundaries. They must be entered in MIDB to support validation by the appropriate 

authority and realistic target deconfliction during the conduct of combat operations. If 

required, combatant commands may request IC support for No-Strike entity 

development. Development of new nominations should be requested via the 

nominationdatabase change request (NOM-DCR) process IAW subparagraph 2.c. below, 

with amplifying information provided via e-mail to the appropriate RAC. Requirements 

to support development of existing entities in MIDB should be submitted via Community 

On-Line Intelligence System for End Users and Managers (COLISEUM). 

Coordinates relating to physical No-Strike entities are produced and maintained in 

MIDB. Accurate positioning of physical No-Strike entities is essential for minimizing 

collateral damage and critical to the CDE process.10 Since automated CDE tools depend 

on accurate plots of the NSL to ensure valid CDE results, care must be exercised in the 

methods used to derive No-Strike entity locations. Coordinate sources listed below 1 

meter controlled image base (CIB) on Table C-A-3 are not accurate enough to provide 

reliable depictions using automated CDE tools. Properly acquired GPS coordinates 

should be used to cue and further refine No-Strike locations on imagery (reference k). 

Orthorectified mono imagery should be used whenever stereo imagery is not available. 

Sources for deriving positional data are listed below, in order, based on accuracy: 

 

 
Table 3. Sources for Deriving Positional Data 

 

No-Strike entity information is likely to come from a variety of sources (particularly 

after an operation begins): CSAs, Services, Components, JIACG, Coalition partners, 

Interagency partners, etcé. Regardless of source, each stakeholder must nominate No-

Strike entities for MIDB entry through the GEMINI portal.11 If stakeholders do not or 

cannot have access to GEMINI then they must pass the required information to the 

appropriate combatant command No-Strike Coordinator for data entry into GEMINI. 

Stakeholders may not regularly communicate with combatant commands and the 

information they provide may be either incomplete or difficult to validate. To facilitate 

the positive identification, location, and validation of No-Strike entities, combatant 

commands may utilize the JIACG, as well as command CSA and coalition partner 

liaisons. Despite the GEMINI process outlined above, combatant commands can expect 

to receive information from interested parties by fax, phone, e-mail, or visits from 

stakeholders. Commands must reach-out to subordinate commands, allies, coalition 
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partners, host nation, and the JIACG to refine No-Strike entity information and 

encourage stakeholder participation and feedback. 

DIAôs GEMINI Web-based portal for production and dissemination of MIDB facility 

and unit-related intelligence is the approved method for nominating new possible No-

Strike entities. When doing so, agencies shall follow the NOM-DCR guidelines and 

procedures established within GEMINI. As nominations are developed, agencies shall 

provide as much information as possible. Location and source of information is critical. 

Identify the entity by CATCODE to ensure it is forwarded to the correct RAC. Agencies 

should ensure contact information in GEMINI profile is current. 

Important attributes in reporting potential new No-Strike entities include, but are not 

limited to: date of nomination, country, entity name, coordinates (suggested format 

DD.MM.SS.SSSX/DDD.MM.SS.SSSX) or location with GPS or priority 1, 2, or 3 

coordinate sources preferred using World Geodetic System 1984 (WGS-84) Datum (see 

Table C-A-3), coordinate accuracy, perimeter boundary, number of personnel at the 

facility and work schedules (if known). Important attributes for reporting and/or 

nominating virtual No-Strike entities include internet protocol (IP) or uniform resource 

locator (URL) addresses (or other uniquely identifying features in cyberspace) and the 

geospatial location of any physical systems or nodes that utilize the virtual network. 

Requestor provides point of contact, organization, e-mail address, phone, and fax 

telephone numbers for validation purposes. 

Protected or collateral object categories may be modified by the Secretary of Defense 

(SecDef) or President as the military or political situation dictates. Changes to these 

categories will be reflected in operation specific ROE. 

 

DUAL-USE TARGETS 

 

Targets characterized as having both a military and civilian purpose/function are 

characterized as dual-use. In most cases, dual-use targets consist of facilities/structures 

associated with senior governmental level command and control, national 

communications infrastructure, media centers, national power and petroleum, oil, and 

lubricants infrastructure, industrial facilities, and public utilities providing support to the 

civilian population and the military effort. 

There may be objects (targets) with a double use (purpose), which is most commonly 

used for civil and military purposes. 

As such are defined: 

Å Facilities for command and control of high government level; 

Å Infrastructure of the national communication system; 

Å Media centers; 

Å National Electrical and oil facilities; 

Å Industrial facilities and public facilities providing support for civilian and military 

campaign. 

Objects (targets) with dual purpose can also be objects protected by law, but 

occupied by troops, and also by paramilitary fighters. Protected by law structures 

occupied by soldiers performing military task lose the legal protection and are considered 

military targets. Based on current intelligence commanders are responsible for defining 

the predominant function of structures protected by law and whether the purpose is dual-

purpose. 
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The rules for military conduct any operation provide rights and / or bans strikes not 

targets dual purpose. 

Irrespective of the rules for military conduct civilians working within the target dual-

use should be considered as collateral damage in their assessment, according to the 

methodology used by NATO. 

 

HUMAN SHIELDS 

 

As a separate category of objects can be created define human shields. They are 

civilians or unarmed group of people who are about acting military order to prevent 

impact on it. There are cases where human shields are voluntary participation and 

support actions of the opponent. In this case they lose their status as protected and are 

valid military objectives. In other cases, hostile could force to compel civilians to shield 

military objectives. These persons are protected and will not be defeated (fired). Only 

involuntary human shields should be considered for the evaluation of collateral damage. 

If the status of human shields is not clear, apply the most restrictive rules and they must 

be protected as vulnerable non-military objects (accompanying objects). 

Accompanying facilities are civilian and non-military objects, structures, machines 

and materials that do not support the activities and / or functions of the opposing military 

or martial abilities. 
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multinational and coalition military operations. 

Keywords: multinational units, coalition, adaptability, cultural obstacles, 

missions. 

 

A progressive increase of multinational forces employed in several missions under 

the aegis of United Nations (UN), North Atlantic Treaty Organization (NATO) and, 

recently, European Union (EU) represents one of the significant changes within the 

armed forces of European countries in the last decades. With the term ñmilitary multi-

nationalityò we usually mean any kind of cooperation among the military from different 

nations, but in detail we have to distinguish between horizontal cooperation and vertical 

integration. 

In the last few years, in a trend towards a growing integration, soldiers of different 

nationalities have more and more interacted and cooperated under an integrated 

command structure. Particularly, this phenomenon was a matter for Western countriesô 

soldiers, but not only for them: the ñinternationalization of military lifeò is a global 

phenomenon. 

Cooperation and progressive integration represent a major challenge for the military 

organization, symbol of unity and national sovereignty and traditionally reluctant to 

change. It would not be rash to uphold that the European armed forces have played an 

essential role in the development of national identities and in the strengthening, even 

though wars, of the concept of nation-state. The idea that the armed forces are a symbol 

of national sovereignty and a ñpublic goodò of each country is still strong in the political 

and military thought of European elites and in public opinion in general. 

Military sociologists define this period as postmodernism and outline some common 

trends in the armed forces, in the first place seems to be a change in the purpose of the 

armed forces. The traditional purpose of war is gradually shifting from the execution of 

missions and tasks that until recently seen as typical war - for example, participation in 

international operations, peacekeeping, humanitarian and rescue operations, restoration 

of statehood and establishment of civil infrastructure and post-conflict etc. Another 

aspect of the postmodern forces is increasing convergence between the military and 

civilian field in ensuring security. 
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More and more often is necessary soldiers to work in a multinational, mixed gender, 

multiethnic and multicultural environment. They meet different cultures - their 

colleagues from other national contingents in the coalition and the local population in the 

area of operation, the various types of armed forces, etc. In third place seems increasingly 

greater use of multinational forces authorized by international institutions. A direct result 

of this trend is the increased communication of the military in a multicultural and 

multiethnic environment, which requires different competencies than those in the 

performance of the traditional role of the army. Not least as a general trend seems to be 

increasing and the full integration of women in the military forces. 

In this report special interest are trends related to the growth of ethno-cultural and 

sexual diversity among the staff of the military organization and the internationalization 

of the armed forces, which is expressed in ever greater use of multinational forces in 

coalition operations. 

To be an effective military organization, it should encourage and imposes a model of 

intercultural relations based on the principle of harmonious co-operation of 

representatives of various cultural communities. 

The time of homogeneous forces both nationally and internationally passes. There is 

a broad consensus among the people who make the decisions in security and defense, and 

among researchers that political legitimacy and saving resources are among the most 

important advantages of the multinational coalition operations. Moreover, there are 

publications, according to which, in racial, ethnic, cultural and gender relation military 

contingents prove more effective in today's military operations, which require specific 

skills, often different from the traditional skills of war. 

On the other hand, the question of the operational efficiency of the multinational 

coalition forces remains a serious debate. A number of recent studies indicate the most 

important barriers to operational efficiency objectives of the different countries 

participating in the coalition, doctrine, logistics, levels of education and training of 

military forces, language barriers, leadership styles, restrictions on the exchange of 

information and more. 

Described reasons can be regarded as organizational and cultural barriers to 

adaptability of soldiers operating in a multinational and multicultural environment and 

are largely related to the preparation of the military leaders and their teams for effective 

integration in the coalition forces. In this study, we pay special attention to cultural issues 

and cultural adaptability of soldiers at work in a multinational environment. 

The term cultural adaptability denote a person's ability to understand and realize 

their own and those around him preconceptions, stereotypes, prejudices based on cultural 

differences and adapt as needed to ensure maximum effective achievement of tasks team. 

Consider cultural adaptability as a critical factor for the effective integration of 

Bulgarian troops in the multinational and multicultural environment, because cultural 

differences can not only have a direct effect on successful cooperation, but also to leave a 

mark and thus indirectly influence on every element of daily operations in coalition. 

Multinational coalitions can be described as a group of people - leaders and 

followers together in teams representing various national cultures, with different levels of 

training with different organizational structures, doctrines and concepts, various 

procedures for decision-making and different levels of technological development. 
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Results of surveys show categorically that in this extremely complex ensemble lack 

of skills in team work in a multicultural environment is one of the most important 

barriers to effective implementation of tasks in the multinational coalition. 

Therefore we think training leaders and their teams in this respect is one of the 

critical factors for improving the effectiveness of coalition operations. 

To be effective in today's and future multinational military operations, leaders need 

to be military professionals in the traditional sense, but also be able to interact with many 

civilians actors in the area of operation and perform tasks that are not traditionally 

perceived as military. They should be able to perform complex roles - purely military, 

but also a mediator, a soldier, diplomat, soldier and statesman others. 

Moreover, military leaders should develop a strong coalition and joint culture as 

future military operations will be multinational, joint and with the participation of many 

civilian structures. At the same time, the mix of roles could lead role to crisis and 

tensions in the professional military identity, which some authors warn. 

Estimates of the experts regarding the factors influencing the efficiency of 

multinational coalitions can be combined into four groups. 

The first group includes factors related to organizational structure, such as 

connections and hierarchical relationships between the different organizational units. 

The second group includes factors associated with the management of processes in 

the organization, such as the way of decision-making and sharing responsibilities within 

the organization, creating a clear and consistent understanding of wormwood, tasks and 

procedures, a common vision and shared responsibility, exchange information between 

coalition partners and others. 

The third group includes factors associated with people in the organization. As 

examples there may be mentioned recruitment and staff development, cohesion, 

motivation, training, rotation periods, satisfaction of participating in the mission, 

leadership skills and more. 

The fourth group includes factors associated with organizational culture as norms, 

values, communication skills in a multicultural environment, trust between the coalition 

partners and others. 

The first two groups of factors can be defined as organizational barriers to effective 

multinational military operations, while the latter is more associated with cultural 

adaptability. The third group of factors - people in the organization include 

organizational and cultural barriers. Of course, this division is conditional because often 

organizational and cultural barriers between them. 

One of the most frequently mentioned by experts organizational factors that 

adversely affect the effectiveness of multinational operations are different periods of 

rotation of national contingents and the lack of synchronization in this regard. Which 

leads to the necessity of adaptation process to be repeated several times and difficult 

communication between servicemen. 

Regarding the duration of the period of rotation of experts did not reach consensus. 

According to some of them the duration of a mission from 4 to 6 months is not enough to 

absorb the position and working to build a social network to facilitate the process of 

exchange of information and decision making. At the same time, some experts warn that 

a possible increase of the rotation period of 6 months would lead to problems with the 

mental stability of the military as a result of the large levels of stress when conducting 

high-intensity operations. 
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Another important factor that affects the organizational effectiveness of 

multinational operations is the lack pa a system for extracting lessons learned to assist the 

process of training the next contingents. Experts suggest that rarely anyone interested in 

the experience of soldiers returning from the NATO operation. 

Experts unanimously highlighted as a factor not conducive to the effectiveness of 

coalition operations, different training systems in Member States and the lack of 

standardization in this regard. The problem is exacerbated when there is not enough time 

for immediate preparation for a joint operation, especially if it involves countries from 

NATO and partner countries. 

An important factor that affects the organizational effectiveness of coalition 

operations are the selection and appointment of suitably qualified people in the right 

places. There is a feeling that some nations do not employ enough qualified people to 

positions that are available to them and thus impedes the work. 

Experts pay special attention to the lack of good communication of the different 

organizational levels and a positive attitude among the soldiers themselves to exchange 

information. This affects the quality of the process of decision making and raises 

questions about the trust between the coalition partners. 

Along with those factors that influence the effectiveness of coalition operations and 

management-related processes in the organization, experts point to some factors that are 

already known. Among them are the problems with the technological interoperability and 

especially different information systems, lack of common doctrines and strategies and 

differences in the provision of resources for coalition partners. 

Not least attention should be paid and factors that may be described as political-

military and operate at a strategic level. Here we can mention the different national goals 

of states participating in the coalition - impose national restrictions on the use of 

contingents, sometimes experts question the security forces and the effective execution of 

tasks. 

Among the most important cultural barriers continue to be insufficient level of 

English proficiency of the military, which is not native language. This leads to 

difficulties in communication with the coalition partners, difficulty in perceiving the 

nature of the tasks and the self-isolation of those who do not speak the language well 

enough. A major problem is the special English language and abbreviations, which some 

experts define as ñthird language in NATOò The problem has another side - the military, 

for whom English is the native begin to perceive the coalition partners who do not speak 

the language well enough as incompetent appear doubts in terms of cooperation and 

reliability coalition partners. 

This situation requires a change in the style of communication military personnel for 

whom English is the native language. Experts recommend to avoid the use of dialect 

words, slower and more clearly to pronounce words, to observe the reactions of the 

interlocutor and others. These are ways to minimize the effect of insufficient knowledge 

of English by coalition partners and to improve the overall understanding of the goals 

and objectives of the operation. 

Another important barrier to the effectiveness of multinational operations is 

associated with the culture of decision making and implementation of process 

management in the military organization. This is directly related to the different national 

cultures. For some nations is typical centralized type management process, while others 
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give priority to decentralized management and provide more power to the leaders of the 

lower management levels in the military organization. 

The second aspect of the management process that experts identified as important, is 

connected with the culture of avoiding making decisions due to "fear of possibly wrong 

decision." For some nations is characterized by learning from their mistakes rather than 

from good practices and even stimulate this process. In this sense, their soldiers do not 

understand how there can be any fear of making a wrong decision. 

The third aspect of the management process that experts say deserves attention is the 

ñorientation to task for spending the time to build and maintain social networksò. To a 

large extent this attitude is associated with different leadership styles of coalition 

partners, determined by different national culture. In the first case it comes to so-called 

direct leadership style where the problem sets and seek his resolve as quickly without the 

need to collect additional information and attract resources. In the second case we 

witness the so-called indirect style in which leaders sought the maximum possible 

information to make a decision and tries to mobilize informal networks to accomplish the 

task. 

Of course, these communication styles are typical not only for the leaders but 

followers in the military organization as carriers of different national culture. The 

problem is that in their clash sometimes occurs feeling too disrespectful attitude in direct 

placing of the problem or the desire to avoid it if too many are looking for justifications 

and explanations. 

The next factor that experts identified as a barrier to the effectiveness of 

multinational operations associated with different military culture of the countries 

represented in the coalition. In some nations dominate traditional military culture, while 

others are more highly developed culture of postmodern armed forces. This problem 

arises especially in a situation when performing a peacekeeping operation, while using 

heavily armed forces. 

Not least the experts suggest that among military personnel from different countries 

in the coalition often seen different perception of the role of women in the military, their 

capacity for participation in international operations, the effectiveness of such operations. 

Those cultural differences, which do not exhaust the entire range of possible 

barriers, definitely create misunderstanding between the coalition partners and strains of 

working in a multinational environment. Therefore, they require careful analysis and 

targeted training of soldiers for participation in multinational operations. The problem is 

not the existence of cultural differences - something natural in multinational coalitions, 

but in the lack of ability of servicemen realize and understand their own and those around 

him prejudice, stereotypes and prejudices based on cultural differences that above we 

were defined as cultural adaptability. 

In order to improve the effectiveness of multinational operations it is necessary to 

follow the following considerations. 

First is the preliminary preparation for the operation. Experts agree that officers 

from headquarters should get to know before you go on a mission, to be trained together 

as a group to have prior experience in joint coalition environment and know well the 

procedures for decision-making in NATO. According to them they are required common 

doctrine and standardization of training for participation in multinational coalition 

operation. 
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Secondly it is necessary to pay special attention in the rotation of national 

contingents and staffs positions in order not to lose valuable lessons from the experience 

of their predecessors, and to be transmitted to the next shift. So military personnel will 

learn from mistakes and best practices of its predecessors, and headquarters or division 

will become a learning organization. 

Thirdly, experts recommend to prevent dominance of any nation in the operation 

headquarters, this means giving preference to multinational model, not the model leading 

nation. Such an approach they believe will give a boost to the construction of identity and 

the Coalition will contribute to the perception of the operation as NATO operation, not in 

the interest of a particular nation. Crucial in this respect is to use only the symbols of the 

Union and national symbolism and demonstration of national identity to remain in the 

background. 

Great attention is paid to the effectiveness of the processes of exchange of 

information between the coalition partners. The problems here are, on the one hand, 

reluctant to share information because of national regulatory restrictions, on the other 

hand, a lack of technical capacity in some nations. In any case, the difficulties in the 

exchange of information highlighted as a very important issue obstructing the effective 

management of processes in operation headquarters and the formation of a common 

understanding of the situation. This is a matter of trust between the coalition partners. 

Elimination of all national restrictions on the use of forces is also among the most 

frequently-mentioned recommendations with military-political nature. Experts agree that 

if there are national restrictions, it is better not to conduct a multinational operation. All 

nations in the coalition should have shared responsi-bilities and be able to rely fully on its 

coalition partners in any situation. They are of the opinion that the existence of national 

restrictions called into question the credibility of the partners in the coalition. 

The fourth group of recommendations is related to the creation and development of 

cultural adaptability when working in a multinational environment. These include 

training for intercultural communication in order to achieve openness and receptiveness 

of foreign culture - both the local population and colleagues from other nationalities. 

Next experts pay special attention to building leadership skills to manage different 

racial, ethnic and cultural teams. Not least cited as a key factor for the success of the 

operation building and development of informal social networks and informal 

communication between military personnel of different nations. According to them, they 

must use all available opportunities for people to interact with each other informally. 

 

In conclusion we can say that the foregoing literature review suggests consensus on 

a number of points. When groups possessing diverse cultural and organizational 

backgrounds must work together, differences among them can become major 

impediments to mission success. Gaining an awareness of these differences is a necessary 

first step in developing strategies to overcome these differences and forge effective 

working alliances. In nearly every coalition operation, personnel from diverse groups are 

expected to interact effectively in order to achieve mission objectives. Knowledge of 

inter-group variations in core cultural values and their related behavioral consequences 

can help to promote positive inter-group relations. Implementation of planning, 

coordination, communication, and training processes that are designed to meet the needs 

of diverse groups is required to increase the effectiveness and efficiency of coalition 

operations. 
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On the whole, much work remains to be done. There is a need for access to 

empirical studies that test theories and models in this area in order to develop a 

knowledge base for informing policy relating to multinational military teams. 
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I. Introduction  

Distribution system design is the strategic design of the logistics infrastructure and 

logistics strategies, which delivers products from one or more sources to the customers. 

Because of the long-term impact of the distribution system, the interrelated design 

decisions, and the different objectives of the various stakeholders, designing a 

distribution system is a highly complex and data intensive engineering design effort 

[2,8]. The results of the models and tools have to be very carefully validated. The 

uncertainty of the forecasted data has to be explicitly incorporated through sensitivity and 

risk analysis. The final configuration is often based on the balance between many 

different factors and many alternative configurations may exist. However, modeling-

based design is the only available method to generate high-quality distribution system 

configurations with quantifiable performance measures [5]. 

 

II. Exposition  

In todayôs rapidly changing world, corporations face the continuing challenge to 

constantly evaluate and configure their production and distribution systems and strategies 

to provide the desired customer service at the lowest possible cost. Distribution system 

design focuses on the strategic design of the logistics infrastructure and logistics 

strategies to deliver the products from one or more sources to its customers at the 

required customer service level. Typically, it is assumed that the products, the sources of 

the products (manufacturing plants, vendors, and import ports), the destinations of the 

products (customers), and the required service levels are not part of the design decisions 

but constitute constraints or parameters for the system. Distribution system design 

focuses on the following interrelated decisions [7]: 

1. Determining the appropriate number of distribution centers 

2. Determining the location of each distribution center 

3. Determine the customer allocation to each distribution center 

4. Determine the product allocation to each distribution center 

5. Determine the throughput and storage capacity of each distribution center 

The data analysis and synthesis phase of the design project will be highly dependent 

on the individual project. The overall goal of this phase is to create a data set that 

contains valid and agreed-upon data for all the major components in the design project. 
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For many objects in the data set, there may be only a single data value, for example, the 

longitude and latitude coordinates of city. For other objects, the data can only be 

described by statistical distributions and their characteristics in function of possible 

scenarios. 

For example, the demand of a particular customer area for a particular product may 

be stored as its statistical distribution type, mean, and standard deviation for the worst-

case, best-guess, and best case scenarios. 

All the data for a distribution system design project [9] is typically stored in a single 

database. Using a database allows the use of database validation tools and consistency 

checks. The data is organized in function of objects and their characteristics. Similar 

objects are collected in classes. The most important objects in a distribution system 

design project [4] and some of their characteristics are described in the following. 

The Location-Allocation model considers manufacturing facilities (plants), 

customers, and distribution centers (depots). It determines the location of the distribution 

centers and the allocation of customers to distribution centers based on transportation 

costs only. The distribution centers can be capacitated and flows between the distribution 

centers are allowed. 

The algorithm starts with an initial solution in which the initial location of the 

distribution centers is specified. This initial location can be random, specified by the 

user, or the result of another algorithm [3]. 

Based on this initial location, the network flow algorithm computes the transportation 

distances d and then assigns each customer to a distribution center with sufficient 

capacity by solving the following network flow: 
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Where; 

jkij vw ,  - the product flows from plant i to distribution center j and from distribution 

center j to customer k, respectively. 

jkij cc ,  - the transportation costs per unit flow and per unit distance from plant i to 

distribution center j and from distribution center j to customer k, respectively. 
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jkij dd ,  - the inter-facility transportation distances from plant i to distribution center 

j and from distribution center j to customer k, respectively. 

ji capcap,  - The rough put capacity of plant i and distribution center j, respectively. 

udem  - demand of customer k. 

Circumstance (2) ensures that each customer receives its full demand. Circumstance 

(3) and (4) ensure that the capacity of the plants and distribution centers is observed. 

Circumstance (5) ensures that the total inflow into a distribution center is equal to the 

total outflow, that is, that conservation of flow is maintained. This network flow 

formulation can be very efficiently solved by a linear programming solver for all realistic 

problem sizes. The result of the allocation phase is the assignment of customers to 

distribution centers as given by the flow variables. 
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Where: 

),(),,( kjkj bbaa  - cartesian location coordinates of customers i and plants k. 

jj yx ,  the location coordinate variables of distribution center j. 

 

The solution provided by (6) and (7) is optimal with respect to the squared Euclidean 

distance norm, and it provides sufficient accuracy at this level of a strategic design 

project for the Euclidean distance norm. It should be noted that the iterative solution 

algorithm based on the partial differential equations is usually started with this center of 

gravity solution as starting point. The location phase provides new locations for the 

distribution centers. Based on these new locations the distances between the various 

facilities can be updated. 

The models ignore the capacity restrictions of distribution centers. All of the previous 

models considered only a single product and this ignore the single-sourcing customer 

service constraints. 

Through developing a model that incorporated both capacity and single-sourcing 

constraints, one of its fundamental characteristics was that the flow was modeled along a 

complete path from supplier, through the distribution center, and to the customer by a 

single flow variable. Formulations of that type are called path-based [6]. If a flow 

variable exists for each transportation move, then the formulations are said to be arc-

based [4]. The difference between path-based and arc-based formulations is illustrated in 
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Figure 1. Path-based formulations have many more variables than arc-based formulation 

for the equivalent system. On the other hand, arc-based formulations have to include the 

conservation of flow equations for each commodity and each intermediate node of the 

logistics network. 

 
Fig.1. Illustration of arc and path-based transportation fl ows. 

 

Several major factors such as cycle and safety inventory and taxation have not been 

discussed so far. More comprehensive models that incorporate these factors have been 

developed, but such models must be used with extreme care and typically have a steep 

learning curve. Th eir use can be only recommended if the models will be used 

repeatedly. 

 

III. Conclusion  

Th is design project illustrated again the following observations about strategic 

distribution system design. First, without modeling-based decision support, the confi 

guration of a distribution system is essentially reduced to intuition or guesswork. Second 

through careful modeling-based sensitivity analysis a limited number of high-quality 

candidate confi gurations can be identifi ed and submitted for fi nal selection. 
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1. Introduction  

The biodiesel is a mixture of fatty acid methyl esters. The most common way to its 

production is by transesterification of plant oils with methanol in presence of an alkaline 

catalyst. The research of the modelling and optimisation of methanolysis reaction can be 

generalized into several directions ï single factor experiments, multifactor experimental 

modeling and optimisation, dynamic and artificial neural network modelling.   

ɺased on [1,2] single factor experiments, the factors for obtaining maximum yield of 

fatty acid methyl esters (FAME) in the methanolysis of sunflower oil were determined. 

Such analysis provides invaluable a priori information for ascertaining of the limits of  

the independent variables in mathematical modelling. Vicente et al. [3,4] have used  three 

factor experiment and central composite design at the modelling and the optimisation of 

the methanolysis. In addition, they obtained maximum purity of FAME based on a se-

cond order polynomial mathematical model. Rajkovic et al. [5] used full four factor 

experiment, response surface methodology, artificial neuron network and analysis of 

variances in order to investigate the methanilysis process. 

The aim of our research was to solve the optimisation task for obtaining of maximum 

yield of FAME at the methanolysis of sunflower oil at the following conditions: 

× raw material for methanolysis ï intermediate product, which has been obtained 

by the technology process neutralization; 

× four independent variables ï initial concentration of the catalyst sodium hydrox-

ide, reaction temperature,  methanol to oil molar ratio and reaction time; 

× the experiments to be carried out based on sequentially generated symmetrical 

design. 

2. Materials and methods 

The crude sunflower oil was obtained from the local sunflower oil factory and is an 

intermediate product after the technology process neutralization. Its fatty acid 

composition (% by weight) is as follows: 5.4% palmitic acid, 4.6% stearic acid, 24.7% 

oleic acid, 64.5% linoleic acid and 0.8% other acids. Its mean molar weight is 876.5  

g/mol and the acid value is  0.56. 

The transesterification reaction was carried out in a 250 cm3 two-necked round-

bottomed flask,  immersed in a water bath with  thermostat control and equipped with a 
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reflux condenser and a stirrer. The calculated catalyst amount was dissolved in a metha-

nol and added to a reaction vessel. The sunflower oil was thermostated separately and 

added to a round-bottomed flask too. The temperature was controlled and maintained at 

the desired level (Ñ 0.10C) by water circulating by means a pump. When the methanoly-

sis finished, the mixture was transferred into a separatory funnel and was allowed  to 

settle. The FAME upper layer was then washed for four times using warm 5% citric acid. 

The yield of methanolysis reaction is determined in volume units (cm3) and subsequently 

is recalculated in wight % at FAME density of 0,87 g/cm3. The density of the product is 

determined using picnometer, when the dynamic viscosity - using Hoppler viscosity 

meter. 

3. Modelling and optimisation of the sunflower oil transesterification process  

Coded and natural values of  the independent  variables chosen are presented in Ta-

ble 1. 

 Table 1. 
Coded and natural values of the factors 

Independent variables 
Levels 

xi = -1 xi = 0 xi = 1 

Initial concentration  of the NaOH (catalyst) x1, % 0,4 0,8 1,2 

Reaction temperature x2,
0ʉ 30 45 60 

Methanol to oil molar ratio, x3 5:1 10:1 15:1 

Reaction time  x4,  min 40 60 80 

The chosen sequentially generated symmetrical design comprises two parts ï the first 

consists of 16 experiments, while the second - 8 experiments respectively [6]. The 

mathematical model consisting of four factors and 16 experiments has 15 regression 

coefficients:  

ύ= b0+ b1x1+ b2x2+ b3x3+ b4x4+b12x1.x2+ b13x1.x3+b23x2.x3+ b14x1.x4 + 

                                                              b11x1
2+ b22x2

2+ b33x3
2  +   b44  x4

2                    (1) 

ύ ï predicted FAME yield, wt. %; 

b0 ï mean response; 

b1, b2, b3, b4 ï the first-order model coefficients;  

b12, b13, b14, b23, b24, b34 ï interaction coefficients; 

b11, b22, b33, b44  ï quadratic coefficients of the independent variables. 

The results of the yield of the FAME for the first part of the experiment are presented 

in Table 2.  

The values of regression coefficients have been calculated based on the following 

equations [6]:  

b0=                                                          (2)  

bi=                                                                                                 (3) 

bij=                                                                                          (4)  
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bii=            (5) 

yu ï  experimental yield of FAME, wt. %; 

a, p, e, g, c ï constants.       

 Table 2. 
Part 1 - matrix of the experiment and yield of fatty acid methyl esters 

ˉ  
Coded values of the factors 

Yield, wt. % 

Relative 

error, %  Experi  men-

tal, y 
Predicted,  ύ 

x1 x2 x3 x4 

1. 1 1 1 1 64,1 1,5 97.5 

2. -1 1 -1 1 86,7 123,4 42.4 

3. 1 -1 -1 1 80,2 88,2 10.0 

4. -1 -1 1 1 81,5 95,7 17.5 

5. 1 1 1 -1 62,8 11,0 82.3 

6. -1 1 -1 -1 82,5 118,4 43.6 

7. 1 -1 -1 -1 76,1 83,7 10.1 

8. -1 -1 1 -1 76,8 88,2 14.9 

9. 1 0 0 0 82,9 83,0 0.1 

10. -1 0 0 0 88,1 87,9 0.1 

11. 0 1 0 0 83,4 84,1 0.9 

12. 0 -1 0 0 87,2 86,4 0.9 

13. 0 0 1 0 84,7 82,3 2.8 

14. 0 0 -1 0 83,9 86,2 2.8 

15. 0 0 0 1 87,8 86,5 1.4 

16. 0 0 0 -1 83,4 84,6 1.5 

The values of the regression coefficients are calculated (Table 3) for following 

values of the constants [6]: a = 0.236111, p = - 0.069444, e = 0.05, g = 0.625 and c = 

0.402778. 

Table 3. 

Values of the regression coefficients for Part 1 of the experiment. 

 

Regression 

coefficients 
Value 

Regression 

coefficients 
Value 

Regression 

coefficients 
Value 

b0 88.122 b12 -25.188 b34 -1.438 

b1 -2.475 b13 -11.563 b11 -2.619 

b2 -1.115 b14 -2.188 b22 -2.819 

b3 -1.975 b23 -27.688 b33 -3.819 

b4 0.935 b24 -2.063 b44 -2.519 
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The comparison between the obtained experimentally and the calculated yields of 

FAME, based on the mathematical model, manifests large relative error of the predicted 

values  (97,5% and  83,3%, Table 2). Therefore, in part 2 we conducted eight additional 

experiments, which results are shown in Table 4.  

Table 4. 
Part 2 - matrix of the experiment and yield of fatty acid methyl esters 

ˉ  
Coded values of the factors Experimental yield y, 

wt. % 

 

x1 x2 x3 x4 

17 -1 1 1 1 83,4 

18 1 -1 1 1 85,8 

19 1 1 -1 1 74,2 

20 -1 -1 -1 1 77,8 

21 -1 1 1 -1 79,0 

22 1 -1 1 -1 81,4 

23 1 1 -1 -1 71,3 

24 -1 -1 -1 -1 74,1 

The values for the regression coefficients are calculated using formulae 2 to 5 for 

parts 1 and 2 (Table 5). These have been calculated based on the experimental data 

presented in Tables 2 and 4 and using the following conditions:  

× number of the experiments N = 24; 

× values of the constants [6]: a = 0.229167 , p = - 0.0625 , e = 0.055556 , g = 

0.0625 and c = 0.39583. 

 Table 5.  

Part 1 and 2 ï values of  regression coefficients 

Regression 

coefficients 
Value 

Regression 

coefficients 
Value 

Regression 

coefficients 
Value 

b0 87,78 b12 -4,53 b34 -0,006 

b1 -2,84 b13 -4,46 b11 -2,28 

b2 -1,86 b14 -0,27 b22 -2,48 

b3 -0,41 b23 -2,67 b33 -3,48 

b4 0.935 b24 -0,26 b44 -2,18 

The subsequent step was to estimate the statistical significance of the regression coef-

ficients and also to check the adequacy of the model. In order to evaluate the above, we 

used seven experiments at the centre of the plan at values of the independent factors: 

ʭ1=0 , ʭ2=0, ʭ3=0 and  ʭ4=0. The results were the following: ʫ1 = 88.5, ʫ2 = 86.5, ʫ3 = 

86.9, ʫ4 = 87.7, ʫ5 = 87.5 ʫ6 = 88.4,  ʫ7 = 88.1. Based on the method presented in [6], the 

calculations showed that the interaction coefficients b14, b24 ʠ b34 (Table 5) have the 

following values - 0.26875, - 0.25625  and - 0.00625. Their absolute values are less than  

the Fcritical = 0.365 [6]  and therefore were excluded from the mathematical model.  
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The final equation in terms of coded factors for quadratic polynomial model is 

presented in the following equation: 

ύ = 87,7819 - 2.8389x1  - 1.8611x2  - 0.4056x3 + 1.8945x4  - 4.5312x1x2  

      ï  0.4562x1x3 - 2.6688x2x3 -  2.2831x1
2 ï 2.4831x2

2  -  3,483x3
2 - 2.1831x4

2        (6) 

The mathematical model performed sufficiently well at signicance level of 0.05 

because the dispersion ratio S2
res./ S

2  was 3.356 and is lower than the value of Fcritical = 

3,999 [6].  

The graphical display of the mathematical model is a surface (Fig. 1), every poit of 

which is the predicted yield of fatty acid methyl esters at specific values of the four com-

planatory variables.  
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Figure 1. Surface plot of FAME yield as a function of the methanol to oil molar ratio 

and the reaction time at  the catalyst loading 0.8% and reaction temperature 450C 

The aim of the optimisation is to determine the values of the factors at which 

maximum FAME yield is obtained. In essense, the absolute maximum of the 

mathematical model has to be calculated. This can be done by step by step investigation 

of the mathematical model. At step 0,1 of all complanatory variables, the program 

ñProjectò calculates the FAME yield of all combinations of the factors' values. The 

outcome is at what values the maximum yield is obtained. The applied program presents 

the results in the following way: 
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###################################################### 

Maximums: 

y x1 x2 x3 x4 

89,63 -1 0,7 -0,3 0,4 

###################################################### 

The recalculation of the coded values into natural dimensions indicated (Table 6) the 

following paramaters for maximum yield at the methanolysis of sunflower oil: 

Table 6. 

Conditions for maximum yield of  fatty acid methyl esters  

Factors Natural  values 
Maximum yield, 

% 

Initial concentration  of the catalyst NaOH x1, % 0.4 

89.6 
Reaction temperature x2,

0ʉ 55.5 

Methanol to oil molar ratio, x3 8.5 

Reaction time  x4,  min 68 

The experiments based on the factor values of the maximum showed FAME yield 

87,7% (2,2 wt.% error), density 0,871 g/cm3  and viscosity 4,6 mm2/s. 

Conclusion 

We created mathematical model of the sunflower methanolysis process based on 

sequentially generated symmetrical design of four factor experiment and response sur-

face methodology. This model allows the determination of the FAME yield at the whole 

surface of the factors' dimension, defining the influence of the separate factors and their 

interaction and in addition - defining the optimal solutions based on in advance 

established categories. 
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˜˘ˍ˙˒˚ ˑˬ˚˗˛ˏȟ ˍ˚˟˛˚ ̱ ˚˟˛˚˛ˏȟ 
˙ˠ˘˟˕˙˛ˑˍ˘˚˕ ˜˝˒ˏ˛˔˕ ˕ ˚ˍ˞˛˗˕ ˔ˍ ˝ˍ˔ˏ˕˟˕˒˟˛ ˕˙ ˏ ˎ˧˘ːˍ˝˕  ˬ

ʇʣʘʤʝʥ ɼʷʥʢʦʚ, ɸʥʪʦʥ ɸʥʪʦʥʦʚ 

 

ʐʫʤʝʥʩʢʠ   ʫʥʠʚʝʨʩʠʪʝʪ   "ɽʧʠʩʢʦʧ   ʂʦʥʩʪʘʥʪʠʥ   ʇʨʝʩʣʘʚʩʢʠ" 

 

Abstract:  In this report the nature of multimodal transport is considered. Attention is 

drawn to the transport policy that the European Union carried out with respect to this 

type of transport as well as major problems and ways of development of 

multimodal transport in our country. 

 

Key words:  multimodal transport, development, transport, terminal 

 

ʉʲʚʨʝʤʝʥʥʠʷʪ ʧʘʟʘʨ ʟʘ ʪʨʘʥʩʧʦʨʪʥʠ ʫʩʣʫʛʠ ʥʘʣʘʛʘ ʥʘ ʦʧʝʨʘʪʦʨʠʪʝ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʪʘ ʦʪ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʪʠʝ, ʧʦʩʪʦʷʥʥʦ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʧʨʝ-

ʚʦʟ, ʩʲʭʨʘʥʝʥʠʝ ʠ ʜʦʩʪʘʚʢʘ ʥʘ ʪʦʚʘʨʠʪʝ. ʆʪ ʦʩʦʙʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʝʬʝʢʪʠʚʥʦʪʦ ʠʟ-

ʧʲʣʥʝʥʠʝ ʥʘ ʧʨʝʚʦʟʥʠʷ ʧʨʦʮʝʩ ʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʨʘʟʚʠʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʦʩʲʱʝʩʪʚʷ-

ʚʘʥʝ ʥʘ ʧʲʣʥʦ ʪʨʘʥʩʧʦʨʪʥʦ ʦʙʩʣʫʞʚʘʥʝ ʦʪ ʩʪʨʘʥʘ ʥʘ ʝʜʠʥ ʤʫʣʪʠʤʦʜʘʣʝʥ ʪʨʘʥʩʧʦʨ-

ʪʝʥ ʦʧʝʨʘʪʦʨ ʥʘ ʧʨʠʥʮʠʧʘ ñʦʪ ʚʨʘʪʘ ʜʦ ʚʨʘʪʘò, ʩʪʨʦʛʦ ʧʨʠʜʲʨʞʘʥʝ ʢʲʤ ʩʨʦʢʘ ʥʘ 

ʜʦʩʪʘʚʢʘ, ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʣʦʛʠʩʪʠʯʥʠʪʝ ʩʭʝʤʠ ʠ ʥʘʤʘʣʷʚʘʥʝ ʩʝʙʝʩʪʦʡʥʦʩʪʪʘ ʥʘ 

ʧʨʝʚʦʟʠʪʝ. 

ʈʝʟʫʣʪʘʪ ʦʪ ʩʲʚʨʝʤʝʥʥʠʪʝ ʪʝʥʜʝʥʮʠʠ ʚ ʪʨʘʥʩʧʦʨʪʘ ʝ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʤʝʞʜʫʥʘ-

ʨʦʜʥʠʪʝ ʧʨʝʚʦʟʠ ʥʘʨʝʯʝʥʠ ʠʥʪʝʨʤʦʜʘʣʥʠ ʠʣʠ ʦʱʝ ʤʫʣʪʠʤʦʜʘʣʥʠ ʧʨʝʚʦʟʠ. 

ɼʝʬʠʥʠʮʠʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʢʦʥʚʝʥʮʠʷ ʟʘ ʤʫʣʪʠʤʦʜʘʣʥʠ ʧʨʝʚʦʟʠ ʦʪ 

1980 ʛʦʜ. ʛʣʘʩʠ: ñʄʝʞʜʫʥʘʨʦʜʝʥ ʤʫʣʪʠʤʦʜʘʣʝʥ ʪʨʘʥʩʧʦʨʪ ʦʟʥʘʯʘʚʘ ʧʨʝʚʦʟ ʥʘ 

ʪʦʚʘʨʠ ʯʨʝʟ ʥʘʡ-ʤʘʣʢʦ ʜʚʘ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʘ ʥʘ ʪʨʘʥʩʧʦʨʪ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ 

ʤʫʣʪʠʤʦʜʘʣʝʥ ʪʨʘʥʩʧʦʨʪʝʥ ʜʦʛʦʚʦʨ, ʦʪ ʤʷʩʪʦʪʦ ʚ ʝʜʥʘ ʜʲʨʞʘʚʘ, ʦʪ ʢʦʝʪʦ ʪʦʚʘʨʲʪ ʝ 

ʚʟʝʪ ʦʪ ʤʫʣʪʠʤʦʜʘʣʝʥ ʪʨʘʥʩʧʦʨʪʝʥ ʦʧʝʨʘʪʦʨ, ʜʦ ʤʷʩʪʦʪʦ ʥʘ ʜʦʩʪʘʚʢʘ ʚ ʜʨʫʛʘ 

ʜʲʨʞʘʚʘò. ʍʘʨʘʢʪʝʨʥʦʪʦ ʟʘ ʪʷʭ ʩʘ ʯʝʪʠʨʠ ʝʣʝʤʝʥʪʘ: 

- ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʥʘʡ-ʤʘʣʢʦ ʜʚʘ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪ; 

- ʥʘʣʠʯʠʝʪʦ ʩʘʤʦ ʥʘ ʝʜʠʥ ʜʦʛʦʚʦʨ ʟʘ ʧʨʝʚʦʟʘ; 

- ʥʘʣʠʯʠʝʪʦ ʩʘʤʦ ʥʘ ʝʜʠʥ ʠʟʧʲʣʥʠʪʝʣ, ʦʧʝʨʘʪʦʨ ʥʘ ʧʨʝʚʦʟʘ, ʦʪʛʦʚʦʨʝʥ ʟʘ ʮʝʣʠʷ 

ʤʘʨʰʨʫʪ ʥʘ ʜʦʩʪʘʚʢʘʪʘ; 

- ʧʨʝʚʦʟʲʪ ʝ ʤʝʞʜʫ ʜʚʝ ʠ ʧʦʚʝʯʝ ʜʲʨʞʘʚʠ. 

ɼʨʫʛ ʦʩʥʦʚʝʥ ʭʘʨʘʢʪʝʨʝʥ ʝʣʝʤʝʥʪ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ ʝ, ʯʝ ʧʨʠ 

ʦʧʝʨʘʮʠʠʪʝ ʧʨʠ ʧʨʝʪʦʚʘʨʚʘʥʝ, ʪʦʚʘʨʲʪ ʩʝ ʧʨʝʪʦʚʘʨʚʘ ʟʘʝʜʥʦ ʩ ʪʨʘʥʩʧʦʨʪʥʘʪʘ 

ʝʜʠʥʠʮʘ ï ʪʨʘʥʩʧʦʨʪʥʦ ʩʨʝʜʩʪʚʦ ʠʣʠ ʪʨʘʥʩʧʦʨʪʥʦ ʫʩʪʨʦʡʩʪʚʦ.   

ʄʫʣʪʠʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ ʩʘ ʪʷʩʥʦ ʩʚʲʨʟʘʥʠ ʩ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʷ-

ʪʘ, ʢʦʷʪʦ ʩʲʟʜʘʚʘ ʦʩʥʦʚʠ ʟʘ ʚʟʘʠʤʥʦʪʦ ʩʙʣʠʞʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʪʨʘʥʩʧʦʨʪ 

ʠ ʥʘʡ-ʚʝʯʝ ʤʝʞʜʫ ʤʦʨʩʢʠʷ, ʞʝʣʝʟʦʧʲʪʥʠʷ ʠ ʘʚʪʦʤʦʙʠʣʥʠʷ. ʋʩʪʘʥʦʚʝʥʠ ʩʘ ʝʜʥʘʢʚʠ 

ʩʧʦʩʦʙʠ ʠ ʫʩʣʦʚʠʷ ʟʘ ʧʨʝʚʦʟ ʚ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʪʨʘʥʩʧʦʨʪ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʫʥʠʬʠ-

ʮʠʨʘʥʝʪʦ ʥʘ ʪʦʚʘʨʥʠʪʝ ʝʜʠʥʠʮʠ ʠ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʧʨʘʚʠʣʥʦ ʠ ʝʬʝʢʪʠʚʥʦ ʠʟʧʦʣʟʚʘ-

ʥʝ ʥʘ ʢʦʥʪʝʡʥʝʨʠʪʝ.  

ʎʝʣʠʪʝ ʥʘ ʤʫʣʪʠʤʦʜʘʣʥʘʪʘ ʩʠʩʪʝʤʘ ʩʘ: 

- ʦʧʪʠʤʠʟʠʨʘʥʝ  ʥʘ ʦʙʱʦʪʦ ʪʨʘʥʩʧʦʨʪʥʦ ʚʨʝʤʝ; 
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- ʤʠʥʠʤʠʟʠʨʘʥʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʟʘ ʪʨʘʥʩʧʦʨʪ; 

- ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ ʪʦʚʘʨʥʠʪʝ ʧʨʝʚʦʟʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ.  

ɽʜʠʥ ʦʪ ʦʧʨʝʜʝʣʷʱʠʪʝ ʬʘʢʪʦʨʠ ʟʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʤʫʣʪʠʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ ʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʪʘʥʜʘʨʪʥʠ ʪʦʚʘʨʥʠ ʝʜʠʥʠʮʠ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ 

ʧʨʠʪʝʞʘʚʘʥʝ ʥʘ ʢʦʥʪʝʡʥʝʨʝʥ ʧʘʨʢ ʠ ʢʦʥʪʝʡʥʝʨʥʦ ʦʙʦʨʫʜʚʘʥʝ ʩ ʧʘʨʘʤʝʪʨʠ ʥʘ ISO, 

ʢʦʠʪʦ ʜʘ ʩʘ ʫʥʠʬʠʮʠʨʘʥʠ ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʛʘʙʘʨʠʪ, ʚʠʜ ʠ ʪʠʧ, ʜʘ ʦʪʛʦʚʘʨʷʪ ʥʘ 

ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʠʟʠʩʢʘʥʠʷ ʟʘ ʧʨʝʚʦʟ ʥʘ ʰʠʨʦʢʘ ʛʘʤʘ ʦʪ ʪʦʚʘʨʠ ʩ ʨʘʟʣʠʯʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʨʫʛʠ. ʉʲʱʝʩʪʚʝʥ ʝʣʝʤʝʥʪ ʦʪ ʤʫʣʪʠʤʦʜʘʣʥʘʪʘ ʩʠʩʪʝʤʘ ʝ 

ʥʘʣʠʯʠʝʪʦ ʥʘ   ʨʘʟʚʠʪʘ ʪʝʭʥʠʯʝʩʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ:ʢʦʥʪʝʡʥʝʨʥʠ ʜʝʧʘ ʠ 

ʢʦʥʪʝʡʥʝʨʥʦ ʦʙʦʨʫʜʚʘʥʝ, ʩʫʭʦʟʝʤʥʠ ʢʦʥʪʝʡʥʝʨʥʠ ʪʝʨʤʠʥʘʣʠ, ʤʦʨʩʢʠ ʢʦʥʪʝʡʥʝʨʥʠ 

ʪʝʨʤʠʥʘʣʠ ʠ ʨʘʟʚʠʪʘ ʣʦʛʠʩʪʠʯʥʘ ʤʨʝʞʘ. 

ʅʘʡ-ʚʘʞʥʠʷʪ ʝʣʝʤʝʥʪ ʥʘ ʤʫʣʪʠʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ ʝ ʦʙʦʩʦʙʷʚʘʥʝʪʦ ʥʘ 

ʤʫʣʪʠʤʦʜʘʣʥʠʷ ʦʧʝʨʘʪʦʨ, ʯʠʝʪʦ ʟʘʜʲʣʞʝʥʠʝ ʝ ʜʘ ʜʦʩʪʘʚʠ ʪʦʚʘʨʘ ʦʪ ʥʘʯʘʣʥʘʪʘ ʪʦʯʢʘ 

ʥʘ ʠʟʧʨʘʱʘʥʝʪʦ ʤʫ ʜʦ ʤʷʩʪʦʪʦ ʧʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ. ʄʫʣʪʠʤʦʜʘʣʥʠʷʪ ʦʧʝʨʘʪʦʨ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʤʦʨʩʢʠ ʠʣʠ ʩʫʭʦʟʝʤʝʥ ʧʨʝʚʦʟʚʘʯ, ʧʦʜʛʦʪʚʝʥ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʩ 

ʥʝʦʙʭʦʜʠʤʠʷ ʢʘʧʠʪʘʣ ʠ ʦʙʦʨʫʜʚʘʥʝ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʟʘʜʘʯʠʪʝ ʧʦ ʢʦʤʧʣʝʢʩʥʦʪʦ 

ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʜʦʩʪʘʚʢʘʪʘ. ʆʧʝʨʘʪʦʨʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʲʱʦ ʪʘʢʘ ʯʘʩʪʠʯʝʥ 

ʪʨʘʥʩʧʦʨʪʝʥ ʠʟʧʲʣʥʠʪʝʣ ʠʣʠ ʧʲʢ ʜʘ ʝ ʩʘʤʦ ʦʨʛʘʥʠʟʘʪʦʨ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ 

ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʜʦʩʪʘʚʢʘʪʘ ʥʘ ʪʦʚʘʨʘ (non-vesel operator, NVO). ʆʧʝʨʘʪʦʨʲʪ ʝ 

ʝʜʠʥʩʪʚʝʥʠʷʪ ʧʘʨʪʥʴʦʨ ʥʘ ʢʣʠʝʥʪʘ - ʪʦʚʘʨʦʜʘʪʝʣ ʠʣʠ ʪʦʚʘʨʦʧʦʣʫʯʘʪʝʣ. ʂʘʪʦ 

ʧʨʠʝʤʘ ʧʦʨʲʯʢʘʪʘ ʠ ʩʢʣʶʯʚʘ ʜʦʛʦʚʦʨʘ, ʪʦʡ ʧʦʝʤʘ ʚʲʨʭʫ ʩʝʙʝ ʩʠ ʚʩʠʯʢʠ ʟʘʜʲʣʞʝʥʠʷ 

ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʤʫʣʪʠʤʦʜʘʣʥʠʷ ʪʨʘʥʩʧʦʨʪ. ʉʲʩ ʩʲʩʪʘʚʷʥʝʪʦ ʥʘ ʝʜʠʥʝʥ 

ʜʦʢʫʤʝʥʪ ʟʘ ʤʫʣʪʠʤʦʜʘʣʥʠʷ ʧʨʝʚʦʟ ʦʧʝʨʘʪʦʨʲʪ ʧʦʝʤʘ ʩʲʱʦ ʠ ʧʲʣʥʘʪʘ ʦʪʛʦʚʦʨʥʦʩʪ 

ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʤʫ. ʊʘʟʠ ʦʪʛʦʚʦʨʥʦʩʪ ʦʙʭʚʘʱʘ ʢʘʢʪʦ ʥʝʛʦʚʠʪʝ ʩʦʙʩʪʚʝʥʠ ʜʝʡʩʪʚʠʷ, 

ʪʘʢʘ ʠ ʪʝʟʠ ʥʘ ʧʨʝʚʦʟʚʘʯʠʪʝ ʧʦ ʫʯʘʩʪʲʮʠʪʝ ʠ ʠʟʧʲʣʥʠʪʝʣʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ 

ʪʨʘʥʩʧʦʨʪʥʠ ʫʩʣʫʛʠ ʧʦ ʣʠʥʠʷʪʘ ʥʘ ʧʨʝʚʦʟʘ. ʆʧʝʨʘʪʦʨʲʪ ʩʢʣʶʯʚʘ ʜʦʛʦʚʦʨʠ ʩ 

ʦʪʜʝʣʥʠʪʝ ʧʨʝʚʦʟʚʘʯʠ ʠ ʠʟʚʲʨʰʠʪʝʣʠ ʥʘ ʫʩʣʫʛʠ, ʢʦʠʪʦ ʥʦʩʷʪ ʦʪʛʦʚʦʨʥʦʩʪ ʟʘ 

ʜʦʛʦʚʦʨʝʥʠʪʝ ʨʘʙʦʪʠ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʨʝʜ ʥʝʛʦ. ʊʦʡ ʝ ʜʣʲʞʝʥ ʜʘ ʨʘʟʚʠʝ 

ʥʝʦʙʭʦʜʠʤʘʪʘ ʣʦʛʠʩʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʯʨʝʟ ʢʦʷʪʦ ʩʪʘʚʘ ʚʲʟʤʦʞʥʦ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ 

ʮʷʣʘʪʘ ʤʫʣʪʠʤʦʜʘʣʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ. ʈʘʟʭʦʜʠʪʝ ʧʦ ʜʦʩʪʘʚʢʘʪʘ ʚ 

ʤʫʣʪʠʤʦʜʘʣʥʠʷ ʪʨʘʥʩʧʦʨʪ ʩʝ ʧʦʢʨʠʚʘʪ ʯʨʝʟ ʝʜʠʥʥʠ ʬʨʘʭʪʦʚʠ ʪʘʨʠʬʠ ʚʢʣʶʯʚʘʱʠ ʠ 

ʚʲʟʥʘʛʨʘʞʜʝʥʠʝʪʦ ʥʘ ʦʧʝʨʘʪʦʨʘ. 

ʆʪ ʚʩʠʯʢʠ ʚʠʜʦʚʝ ʤʫʣʪʠʤʦʜʘʣʝʥ ʪʨʘʥʩʧʦʨʪ ɽʉ ʦʪʜʘʚʘ ʥʘʡ-ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʥʘ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʩʫʭʦʧʲʪʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʧʨʝʚʦʟ ʪ.ʝ. ʥʘ ʞʝʣʝʟʦʧʲʪʥʦ-ʘʚʪʦʤʦʙʠʣʥʠʪʝ 

ʧʨʝʚʦʟʠ, ʢʘʢʪʦ ʚ ʨʘʤʢʠʪʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʩʪʨʘʥʠ, ʪʘʢʘ ʠ ʤʝʞʜʫ ʪʷʭ. ʊʝ (ʩʫʭʦʧʲʪʥʠʪʝ 

ʩʠʩʪʝʤʠ) ʚ ʥʘʡ-ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʩʲʯʝʪʘʚʘʪ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʞʝʣʝʟʦʧʲʪʥʠʷ ʪʨʘʥʩʧʦʨʪ 

ʧʨʠ ʧʨʝʚʦʟʘ ʥʘ ʤʘʩʦʚʠ ʪʦʚʘʨʠ ʥʘ ʜʘʣʝʯʥʠ ʨʘʟʩʪʦʷʥʠʷ ʩ ʙʝʟʩʧʦʨʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ 

ʘʚʪʦʤʦʙʠʣʠʪʝ ʧʨʠ ʧʨʝʚʦʟʘ ʥʘ ʙʣʠʟʢʠ ʨʘʟʩʪʦʷʥʠʷ ʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʜʠʨʝʢʪʥʦ ʚʟʝ-

ʤʘʥʝ ʠ ʜʦʩʪʘʚʷʥʝ ʥʘ ʪʦʚʘʨʠʪʝ ʦʪ ʠ ʜʦ  ʢʣʠʝʥʪʘ. ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʢʦʤʙʠʥʠʨʘʥʠʷ ʪʨʘʥʩ-

ʧʦʨʪ ʩʝ ʥʘʣʘʛʘ ʧʨʠʦʨʠʪʝʪʥʦ ʠ ʦʪ ʪʲʨʩʝʥʝʪʦ ʥʘ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʫʩʧʝʰʥʦʪʦ 

ʨʝʰʘʚʘʥʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʧʨʦʙʣʝʤʠ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʟʘʜʨʲʩʪʚʘʥʠʷʪʘ ʧʦ ʤʘʛʠʩʪʨʘʣʠ-

ʪʝ ʠ ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʧʲʪʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʧʨʦʠʟʰʝʩʪʚʠʷ, ʩʲʩ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ 

ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʩ ʛʦʣʝʤʠʪʝ ʨʘʟʭʦʜʠ ʥʘ ʪʝʯʥʠ ʛʦʨʠʚʘ ʠ ʧʨ.  

ɺʲʚ ʚʨʲʟʢʘ ʩ ʪʦʚʘ ɽʉ ʧʨʝʧʦʨʲʯʚʘ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʧʲʪʝʥ ʜʘʥʲʢ, ʢʦʡʪʦ ʜʘ  ʧʦʢ-

ʨʠʚʘ ʱʝʪʠʪʝ, ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʪ ʘʚʪʦʤʦʙʠʣʥʠʷ ʪʨʘʥʩʧʦʨʪ ʠ ʢʦʡʪʦ ʜʘ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ 

ʥʘʣʦʞʝʥʘʪʘ ʥʘ ʞʝʣʝʟʦʧʲʪʥʠʪʝ ʧʨʝʚʦʟʚʘʯʠ ʪʘʢʩʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʞʝʣʝʟʦʧʲʪʥʘʪʘ 
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ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ɽʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʦʚʘ ʩʝ ʧʨʦʚʝʞʜʘʪ ʠ ʢʦʥʢʨʝʪʥʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠ 

ʤʝʨʦʧʨʠʷʪʠʷ ʟʘ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʢʦʤʙʠʥʠʨʘʥʠʷ ʪʨʘʥʩʧʦʨʪ ʢʘʪʦ: 

- ʜʦʧʫʩʢʘʥʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʘʚʪʦʤʦʙʠʣʠ ʩ ʢʦʥʪʝʡʥʝʨʠ ʩ ʤʘʢʩʠʤʘʣʥʦ ʥʘʪʦʚʘʨ-

ʚʘʥʝ 44 t, ʜʦʢʘʪʦ ʥʦʨʤʘʪʘ ʦʙʠʢʥʦʚʝʥʦ ʝ 40 t. ʊʦʚʘ ʩʝ ʧʨʘʚʠ ʧʦʨʘʜʠ ʧʦ-ʛʦʣʷʤʘʪʘ ʪʘʨʘ 

ʧʨʠ ʢʦʥʪʝʡʥʝʨʠʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʢʦʤʙʠʥʠʨʘʥ ʧʨʝʚʦʟ; 

- ʨʘʟʨʝʰʘʚʘʥʝ ʥʘ ʚʲʪʨʝʰʥʠ ʧʨʝʚʦʟʠ ʚ ʜʘʜʝʥʘ ʩʪʨʘʥʘ ʦʪ ʧʨʝʚʦʟʚʘʯʠ ʥʘ ʜʨʫʛʠ 

ʩʪʨʘʥʠ; 

- ʩʲʟʜʘʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪʠʪʝ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ ʪʦʚʘʨ-

ʥʠʪʝ ʚʣʘʢʦʚʝ ʟʘ ʢʦʤʙʠʥʠʨʘʥ ʪʨʘʥʩʧʦʨʪ ʜʦ 100-120 km/h; 

- ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ʚʣʘʢʦʚʝʪʝ ʜʦ 600-750 m ʠ ʪʝʛʣʦ ʜʦ 1200-1500 t. 

ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʢʦʤʙʠʥʠʨʘʥʠʷ ʪʨʘʥʩʧʦʨʪ ʚ ɽʚʨʦʧʘ ʩʝ ʧʦʜʢʨʝʧʷ  ʦʪ ʂʦʥʬʝʨʝʥʮʠ-

ʷʪʘ ʥʘ ʝʚʨʦʧʝʡʩʢʠʪʝ ʤʠʥʠʩʪʨʠ ʥʘ ʪʨʘʥʩʧʦʨʪʘ. ʆʧʨʝʜʝʣʝʥʠʪʝ ʦʪ ʪʷʭ ʪʨʘʥʩʝʚʨʦʧʝʡʩ-

ʢʠ ʪʨʘʥʩʧʦʨʪʥʠ ʢʦʨʠʜʦʨʠ, ʯʘʩʪ ʦʪ ʢʦʠʪʦ ʧʨʝʩʠʯʘʪ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʈ ɹʲʣʛʘʨʠʷ ʩʘ 

ʝʜʥʘ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʧʨʝʜʧʦʩʪʘʚʢʠ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʢʦʤʙʠʥʠʨʘʥʠʪʝ ʧʨʝʚʦʟʠ ʤʝʞʜʫ 

ʝʚʨʦʧʝʡʩʢʠʪʝ ʩʪʨʘʥʠ. ʊʝ ʩʝ ʥʘʩʲʨʯʘʚʘʪ ʠ ʦʪ ʩʲʟʜʘʜʝʥʠʷ ʄʝʞʜʫʥʘʨʦʜʝʥ ʩʲʶʟ ʥʘ 

ʬʠʨʤʠʪʝ ʟʘ ʢʦʤʙʠʥʠʨʘʥʠ ʧʨʝʚʦʟʠ, ʚ ʢʦʡʪʦ ʯʣʝʥʫʚʘʪ ʛʦʣʷʤ ʙʨʦʡ ʬʠʨʤʠ ʟʘ ʩʧʝʜʠ-

ʪʦʨʩʢʠ ʠ ʪʨʘʥʩʧʦʨʪʥʠ ʫʩʣʫʛʠ. 

ɺ ʩʪʨʘʥʠʪʝ ʥʘ ɽʉ ʧʨʠʦʨʠʪʝʪ ʩʝ ʜʘʚʘ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʤʫʣʪʠʤʦʜʘʣʥʠʷ ʪʨʘʥʩ-

ʧʦʨʪ ʩ ʢʦʥʪʝʡʥʝʨʠ, ʨʝʤʘʨʢʝʪʘ, ʧʦʣʫʨʝʤʘʨʢʝʪʘ, ʩʤʝʥʷʝʤʠ ʢʘʨʦʩʝʨʠʠ, ʪ.ʝ. ʥʘ ʥʝʧʨʠʜ-

ʨʫʞʘʚʘʥʠʪʝ ʧʨʘʪʢʠ. ʊʝʟʠ ʧʨʝʚʦʟʠ ʟʘʝʤʘʪ ʧʦʥʘʩʪʦʷʱʝʤ ʦʢʦʣʦ 75-80 % ʦʪ ʢʦʤʙʠʥʠ-

ʨʘʥʠʷ ʪʨʘʥʩʧʦʨʪ. ɹʲʨʟʦ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʘʚʘʪ ʠ ʧʨʝʚʦʟʠʪʝ ʧʦ ʪʝʭʥʦʣʦʛʠʷʪʘ  ʈʦ-ʃʘ, - 

ʧʨʝʚʦʟ ʧʦ ʦʧʨʝʜʝʣʝʥʠ ʤʘʨʰʨʫʪʠ ʥʘ ʛʦʣʷʤʦʪʦʥʘʞʥʠ ʘʚʪʦʤʦʙʠʣʠ (ʚʣʝʢʘʯʠ ʩ ʨʝʤʘʨ-

ʢʝʪʘ ʠ ʘʚʪʦʤʦʙʠʣʠ ʩ ʨʝʤʘʨʢʝʪʘ) ʚʲʨʭʫ ʞʝʣʝʟʦʧʲʪʥʠ ʧʣʘʪʬʦʨʤʠ. ʇʨʠ ʩʲʧʦʩʪʘʚʷʥʝʪʦ 

ʥʘ ʚʘʨʠʘʥʪʠ ʟʘ ʜʦʩʪʘʚʢʘ ʥʘ ʪʦʚʘʨʠ ʥʘ ʨʘʟʩʪʦʷʥʠʷ ʧʦ-ʛʦʣʝʤʠ ʦʪ 250-300 ʢʤ ʠ ʧʨʠʣʘ-

ʛʘʥʝ ʥʘ ʘʚʪʦʤʦʙʠʣʝʥ ʪʨʘʥʩʧʦʨʪ ʜʦ 20% ʦʪ ʧʨʝʚʦʟʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ, ʥʘʡ-ʝʬʝʢʪʠʚʥʠ 

ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʨʘʟʭʦʜʠʪʝ ʩʘ ʠʤʝʥʥʦ ʨʦ-ʣʘ ʧʨʝʚʦʟʠʪʝ ʧʦ ʞʝʣʝʟʥʠʮʘ.  

ʊʨʘʥʩʧʦʨʪʥʘʪʘ ʧʦʣʠʪʠʢʘ ʥʘ ɹʲʣʛʘʨʠʷ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʦʯʝʨʪʘʥʠʪʝ ʥʘʩʦʢʠ ʠ ʚʠʞ-

ʜʘʥʠʷ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʠ ʮʝʣʠ ʯʨʝʟ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʷ ʧʨʦʮʝʩ ʜʘ  

ʦʩʲʱʝʩʪʚʠ ʦʧʪʠʤʘʣʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ, ʢʦʝʪʦ ʟʘʝʜʥʦ ʩ ʫʩʲʚʲʨʰʝʥ-

ʩʪʚʘʥʝ ʥʘ ʫʩʣʫʛʠʪʝ, ʤʦʜʝʨʝʥ ʤʝʥʠʜʞʤʲʥʪ, ʛʲʚʢʘʚ ʣʦʛʠʩʪʠʯʝʥ ʧʦʜʭʦʜ ʠ ʥʦʚʠ ʪʝʭʥʦ-

ʣʦʛʠʠ ʜʘ ʦʩʠʛʫʨʠ ʧʦ-ʚʠʩʦʢʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪ ʥʘ ʪʨʘʥʩʧʦʨʪʥʘʪʘ ʥʠ ʤʨʝʞʘ ʚ 

ʨʝʛʠʦʥʘ. 

ʅʘʮʠʦʥʘʣʥʘʪʘ ʥʦʨʤʘʪʠʚʥʘ ʙʘʟʘ, ʚ ʢʦʷʪʦ ʝ ʚʲʚʝʜʝʥʘ ʜʠʨʝʢʪʠʚʘ 92/106 ʥʘ ɽʉ ʨʝʛ-

ʣʘʤʝʥʪʠʨʘʱʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʠʟʠʩʢʚʘʥʠʷʪʘ 

ʤʫ ʠ ʦʧʨʝʜʝʣʷ ʦʩʥʦʚʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʪʦʟʠ ʚʠʜ ʪʨʘʥʩʧʦʨʪ. ɻʣʘʚʥʘ ʮʝʣ ʥʘ ʪʨʘʥʩ-

ʧʦʨʪʥʠʷ ʩʝʢʪʦʨ ʥʘ ɹʲʣʛʘʨʠʷ ʝ ʙʲʜʝʱʝʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʘʪʘ ʪʨʘʥʩʧʦʨʪʥʘ 

ʩʠʩʪʝʤʘ ʠ ʧʦ-ʚʠʩʦʢʦ ʢʘʯʝʩʪʚʦ ʥʘ ʪʦʚʘʨʥʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ ʫʩʣʫʛʠ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ 

ʧʦʣʠʪʠʢʘʪʘ ʥʘ ɽʉ ʟʘ ʠʥʪʝʨʤʦʜʘʣʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ, ʢʘʪʦ ʫʩʠʣʠʷʪʘ ʚ ʪʦʟʠ 

ʩʝʛʤʝʥʪ ʩʘ ʩʲʩʨʝʜʦʪʦʯʝʥʠ ʢʲʤ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʤʨʝʞʘ ʠ ʣʦʛʠʩʪʠʯʥʠ ʪʝʨʤʠʥʘʣʠ ʟʘ 

ʢʦʤʙʠʥʠʨʘʥ ʪʨʘʥʩʧʦʨʪ, ʧʦʢʨʠʚʘʱʠ ʆʙʱʦʝʚʨʦʧʝʡʩʢʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ ʢʦʨʠʜʦʨʠ.   

ɾʝʣʝʟʦʧʲʪʥʠʪʝ ʣʠʥʠʠ ʚ ʈ ɹʲʣʛʘʨʠʷ, ʚʢʣʶʯʝʥʠ ʚ ɽʚʨʦʧʝʡʩʢʦʪʦ ʩʧʦʨʘʟʫʤʝʥʠʝ ʟʘ 

ʤʝʞʜʫʥʘʨʦʜʥʠ ʢʦʤʙʠʥʠʨʘʥʠ ʧʨʝʚʦʟʠ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʪʷʭ ʦʙʝʢʪʠ (AGTC) ʩʘ: 

- ʈʫʩʝ ï ɻʦʨʥʘ ʆʨʷʭʦʚʠʮʘ ï ɼʲʙʦʚʦ ï ɼʠʤʠʪʨʦʚʛʨʘʜ (310 km)  

- ʉʦʬʠʷ ï ʄʝʟʜʨʘ ï ɻʦʨʥʘ ʆʨʷʭʦʚʠʮʘ ï ʂʘʩʧʠʯʘʥ ï ɺʘʨʥʘ (543 km)  

- ɼʨʘʛʦʤʘʥ ï ʉʦʬʠʷ ï ʇʣʦʚʜʠʚ ï ɼʠʤʠʪʨʦʚʛʨʘʜ ï ʉʚʠʣʝʥʛʨʘʜ (382 km)  

- ʇʣʦʚʜʠʚ ï ɿʠʤʥʠʮʘ ï ʂʘʨʥʦʙʘʪ ï ɹʫʨʛʘʩ (294 km)  

- ɺʠʜʠʥ ï ʉʦʬʠʷ (279 km)  



163 

- ʉʦʬʠʷ ï ʂʫʣʘʪʘ (210 km)  

ʂʲʤ AGTC ʩʘ ʚʢʣʶʯʝʥʠ ʠ 9 ʛʘʨʠ  ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʠ ʢʦʤʙʠʥʠʨʘ-

ʥʠ ʧʨʝʚʦʟʠ ï ʉʦʬʠʷ, ʌʠʣʠʧʦʚʦ, ʉʪʘʨʘ ɿʘʛʦʨʘ, ʈʫʩʝ, ɼʠʤʠʪʨʦʚʛʨʘʜ-ʩʝʚʝʨ, ɺʘʨʥʘ, 

ɹʫʨʛʘʩ, ʂʘʩʧʠʯʘʥ ʠ ɻʦʨʥʘ ʆʨʷʭʦʚʠʮʘ. 

ɿʘ ɹʲʣʛʘʨʠʷ ʩʲʱʝʩʪʚʫʚʘʪ ʧʦʪʝʥʮʠʘʣʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʤʫʣʪʠʤʦ-

ʜʘʣʥʠ ʧʨʝʚʦʟʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʩʠʩʪʝʤʘʪʠʟʠʨʘʪ  ʥʘ ʦʩʥʦʚʘʥʠʝ ʥʘ ʩʣʝʜʥʠʪʝ ʠʟʚʦ-

ʜʠ: 

- ʦʩʥʦʚʥʠʪʝ ʤʘʨʰʨʫʪʠ ʟʘ ʚʲʪʨʝʰʥʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʠ ʢʦʥʪʝʡʥʝʨʥʠ ʧʨʝʚʦʟʠ ʩʲʚ-

ʧʘʜʘʪ ʩ ʥʘʧʨʘʚʣʝʥʠʷʪʘ ʥʘ ʙʲʣʛʘʨʩʢʠʪʝ ʫʯʘʩʪʲʮʠ ʚʢʣʶʯʝʥʠ ʚ AGTC ʠ ʆʙʱʦʝʚʨʦ-

ʧʝʡʩʢʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ ʢʦʨʠʜʦʨʠ ï IV, VII, VIII, IX   ʠ X;  

- ʩʲʱʝʩʪʚʫʚʘ ʨʝʛʫʣʷʨʝʥ ʠ ʫʩʪʦʡʯʠʚ ʪʨʘʬʠʢ ʥʘ ʊʀʈ ʘʚʪʦʤʦʙʠʣʠ ʦʪ ʠ ʢʲʤ ɹʲʣʛʘ-

ʨʠʷ ʠ ʩʪʨʘʥʠʪʝ ʦʪ ɹʣʠʟʢʠʷ ʠʟʪʦʢ ʢʲʤ ɽʚʨʦʧʘ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ ʦʨʛʘʥʠʟʠʨʘʥʝʪʦ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʠ ʢʦʤʙʠʥʠʨʘʥʠ ʧʨʝʚʦʟʠ ʥʘ ʫʥʠʬʠʮʠʨʘʥʠ ʪʨʘʥʩʧʦʨʪʥʠ ʝʜʠʥʠʮʠ, ʧʨʠ 

ʚʠʩʦʢʦ ʢʘʯʝʩʪʚʦ ʥʘ ʫʩʣʫʛʘʪʘ, ʨʝʛʣʘʤʝʥʪʠʨʘʥ ʩʨʦʢ ʥʘ ʜʦʩʪʘʚʢʘ, ʛʘʨʘʥʪʠʨʘʥʝ ʧʦʪʨʝ-

ʙʠʪʝʣʩʢʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʩʪʦʢʠʪʝ ʠ ʩʪʠʤʫʣʠʨʘʱʠ ʮʝʥʠ;  

ʊʨʘʥʩʧʦʨʪʥʦʪʦ ʤʠʥʠʩʪʝʨʩʪʚʦ ʨʘʟʨʘʙʦʪʠ ʉʪʨʘʪʝʛʠʷ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʘ-

ʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʦ 2015 ʛ., ʢʘʪʦ ʯʘʩʪ ʦʪ ʦʙʱʘʪʘ ʉʪʨʘʪʝʛʠʷ ʥʘ ʧʨʘʚʠʪʝʣʩʪʚʦʪʦ ʟʘ 

ʠʥʪʝʛʨʠʨʘʥʦ ʨʘʟʚʠʪʠʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʧʨʝʜʝʣʝʥʠ ʢʨʠʪʝʨʠʠ ʟʘ ʦʮʝʥʢʘ ʩʘ ʠʟʙʨʘʥʠ ʧʨʠʦʨʠʪʝʪʥʠ ʧʨʦʝʢʪʠ ʩ 

ʥʘʮʠʦʥʘʣʥʦ ʟʥʘʯʝʥʠʝ:  

1. ʇʨʦʝʢʪʲʪ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʀʥʪʝʨʤʦʜʘʣʝʥ ʪʝʨʤʠʥʘʣ ʚ ʛʨ.ʉʦʬʠʷ, ʚ ʨʘʡʦʥʘ ʥʘ 

ʛʘʨʘ Ăʇʦʜʫʷʥʝò - ʨʘʟʧʨʝʜʝʣʠʪʝʣʥʘ. ʊʦʡ ʝ ʝʜʠʥ ʦʪ ʤʘʣʢʦʪʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʧʨʦʝʢ-

ʪʠ ʩ ʛʦʪʦʚʦ ʧʨʝʜʠʥʚʝʩʪʠʮʠʦʥʥʦ ʧʨʦʫʯʚʘʥʝ. ʇʣʘʥʠʨʘ ʩʝ ʜʘ ʙʲʜʘʪ ʫʩʚʦʝʥʠ ʟʥʘʯʠʪʝʣ-

ʥʠ ʩʨʝʜʩʪʚʘ ʦʪ ʉʪʨʫʢʪʫʨʥʠʪʝ ʬʦʥʜʦʚʝ ʥʘ ɽʉ ï ʦʢʦʣʦ 16,5 ʤʣʥ. ʝʚʨʦ.  ʀʟʙʦʨʲʪ ʧʲʨ-

ʚʠʷʪ ʠʥʪʝʨʤʦʜʘʣʝʥ ʪʝʨʤʠʥʘʣ ʜʘ ʙʲʜʝ ʠʟʛʨʘʜʝʥ ʚ ʉʦʬʠʷ ʝ ʥʘʧʨʘʚʝʥ, ʟʘʱʦʪʦ ʪʦʡ ʱʝ 

ʙʲʜʝ ʚʨʲʟʢʘ ʩ ʪʨʠ ʝʚʨʦʧʝʡʩʢʠʪʝ ʪʨʘʥʩʧʦʨʪʥʠ ʢʦʨʠʜʦʨʘ ʠ ʯʝʪʠʨʠ ʧʨʠʩʪʘʥʠʱʘ. ʏʨʝʟ 

ʪʝʨʤʠʥʘʣʘ ʩʝ ʩʚʲʨʟʚʘʪ ʢʦʨʠʜʦʨʠ ˉ 4, ˉ8 ʠ ˉ 10. ʊʝʨʤʠʥʘʣʲʪ ʱʝ ʙʲʜʝ ʠ ʚʨʲʟʢʘ ʩ 

ʧʨʠʩʪʘʥʠʱʘʪʘ ʚ ʃʦʤ, ɺʘʨʥʘ, ɹʫʨʛʘʩ ʠ ʉʦʣʫʥ.    

2. ʀʥʪʝʨʤʦʜʘʣʝʥ ʪʝʨʤʠʥʘʣ ʠ ʣʦʛʠʩʪʠʯʝʥ ʮʝʥʪʲʨ ʚ ʨʘʡʦʥʘ ʥʘ ʛʨ. ʇʣʦʚʜʠʚ ʠ ʛʨ. 

ɼʠʤʠʪʨʦʚʛʨʘʜ. ɼʦʛʦʚʦʨʝʥʦ ʙʝ ʠ ʩʪʘʨʪʠʨʘ ʠʟʛʦʪʚʷʥʝʪʦ ʥʘ ʧʨʦʝʢʪʥʦ ʧʨʦʫʯʚʘʥʝ ʟʘ 

ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʠʥʪʝʨʤʦʜʘʣʝʥ ʪʝʨʤʠʥʘʣ ʠ ʣʦʛʠʩʪʠʯʝʥ ʮʝʥʪʲʨ ʚ ʨʘʡʦʥʘ ʥʘ ʛʨʘʜʦʚʝ-

ʪʝ ʇʣʦʚʜʠʚ ʠ ɼʠʤʠʪʨʦʚʛʨʘʜ.  

3. ʊʝʨʤʠʥʘʣʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʢʦʥʪʝʡʥʝʨʠ ʚ ʧʨʠʩʪʘʥʠʱʘʪʘ ɹʫʨʛʘʩ ʠ ɺʘʨʥʘ. ʉ 

ʠʟʛʨʘʞʜʘʥʝʪʦ ʠʤ  ʧʨʠʢʣʶʯʠ ʝʜʠʥ ʚʘʞʝʥ ʝʪʘʧ ʦʪ ʨʘʟʚʠʪʠʝʪʦ ʠʤ. ʇʨʦʝʢʪʲʪ ʝ ʦʩʥʦʚʥʘ 

ʯʘʩʪ ʦʪ ʩʪʨʘʪʝʛʠʷʪʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʷ ʪʨʘʥʩʧʦʨʪ ʚ ʩʪʨʘʥʘʪʘ. ɹʝʟ ʪʦʟʠ 

ʧʨʦʝʢʪ ʩʝ ʦʙʝʟʩʤʠʩʣʷ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʠʥʪʝʨʤʦʜʘʣʝʥ ʪʝʨʤʠʥʘʣ ʚ ʉʦʬʠʷ. ɺ ʧʨʝʜʧ-

ʨʦʝʢʪʥʘ ʬʘʟʘ ʥʘ ʧʨʦʫʯʚʘʥʝ ʝ ʠ ʠʥʪʝʨʤʦʜʘʣʥʠʷʪ ʪʝʨʤʠʥʘʣ ʚ ʈʫʩʝ, ʢʦʡʪʦ ʝ ʯʘʩʪ ʦʪ 

ʠʥʪʝʨʤʦʜʘʣʥʘʪʘ ʚʨʲʟʢʘ ʩ ʢʦʥʪʝʡʥʝʨʥʠʷ ʠ ʠʥʪʝʨʤʦʜʘʣʝʥ ʪʝʨʤʠʥʘʣ ʚ ʧʨʠʩʪʘʥʠʱʝ 

ɺʘʨʥʘ. ʉ ʪʝʟʠ ʧʨʦʝʢʪʠ ɹʲʣʛʘʨʠʷ ʠʟʧʲʣʥʷʚʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʜʠʨʝʢʪʠʚʘ ʟʘ ʝʢʦʣʦʛʠʯʝʥ 

ʪʨʘʥʩʧʦʨʪ, ʧʨʝʭʚʲʨʣʷʡʢʠ ʢʦʥʪʝʡʥʝʨʥʠʪʝ ʪʦʚʘʨʠ ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʥʘ ʞʝʣʝʟʦʧʪ̡ʝʥ 

ʪʨʘʥʩʧʦʨʪ ʠ ʢʦʨʘʙ. ʇʨʦʝʢʪʲʪ ʱʝ ʠʤʘ ʧʦʣʦʞʠʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʠ ʚʲʨʭʫ ʞʝʣʝʟʦʧʲʪ-

ʥʠʷ ʪʨʘʥʩʧʦʨʪ ʚ ʩʪʨʘʥʘʪʘ.  

4. ɺ ʧʨʝʜʧʨʦʝʢʪʥʘ ʬʘʟʘ ʥʘ ʧʨʦʫʯʚʘʥʝ ʝ ʠ ʠʥʪʝʨʤʦʜʘʣʥʠʷʪ ʪʝʨʤʠʥʘʣ ʚ ʈʫʩʝ, ʢʦʡ-

ʪʦ ʝ ʯʘʩʪ ʦʪ ʠʥʪʝʨʤʦʜʘʣʥʘʪʘ ʚʨʲʟʢʘ ʩ ʢʦʥʪʝʡʥʝʨʥʠʷ ʪʝʨʤʠʥʘʣ ʚ ʇʨʠʩʪʘʥʠʱʝ ɺʘʨʥʘ. 

ɿʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘ ʠ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ 

ʣʦʛʠʩʪʠʯʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʚʨʲʟʢʘ ʨ. ɼʫʥʘʚ (ʇʨʠʩʪʘʥʠʱʝ ʈʫʩʝ) ï ʞʧ ʪʨʘʥʩʧʦʨʪ - ʏʝʨ-

ʥʦ ʤʦʨʝ (ʇʨʠʩʪʘʥʠʱʝ ɺʘʨʥʘ). ʆʩʥʦʚʥʠʪʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘ ʪʘʢʘʚʘ ʪʨʘʥʩʧʦʨʪʥʘ 
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ʚʨʲʟʢʘ ʩʘ ʩʲʢʨʘʱʘʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʪʨʘʥʩʧʦʨʪ ʠ ʥʘ ʨʘʟʭʦʜʠʪʝ ʟʘ ʢʘʥʘʣʥʠ ʠ ʜʨ. 

ʪʘʢʩʠ ʚ ʜʦʣʥʦʪʦ ʪʝʯʝʥʠʝ ʥʘ ʨ. ɼʫʥʘʚ. ʇʨʦʙʣʝʤ ʟʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʦʙʘʯʝ ʝ ʥʝʟʘʜʦʚʦʣʠ-

ʪʝʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʞʝʣʝʟʦʧʲʪʥʘʪʘ ʣʠʥʠʷ ʤʝʞʜʫ ɺʘʨʥʘ ʠ ʈʫʩʝ, ʢʘʢʪʦ ʠ ʥʝʜʦʩʪʘ-

ʪʲʯʥʠʷ ʪʨʘʬʠʢ ʥʘ ʢʦʥʪʝʡʥʝʨʠ ʚ ʪʘʟʠ ʯʘʩʪ ʥʘ ɽʚʨʦʧʘ. ʉ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʥʘʚʠʛʘʮʠʷʪʘ 

ʧʦ ʚʦʜʥʘʪʘ ʤʘʛʠʩʪʨʘʣʘ Ăʈʝʡʥ - ʄʘʡʥ - ɼʫʥʘʚ" ʠ ʜʨʫʛʠʪʝ ʧʦʣʠʪʠʯʝʩʢʠ ʠ ʠʢʦʥʦʤʠ-

ʯʝʩʢʠ ʧʨʦʤʝʥʠ ʚ ʨʝʛʠʦʥʘ ʠ ʯʝʨʥʦʤʦʨʩʢʠʷ ʙʘʩʝʡʥ ʩʝ ʦʯʘʢʚʘ ʨʘʟʚʠʪʠʝ ʥʘ ʪʨʘʬʠʢʘ ʠ 

ʠʥʪʝʨʤʦʜʘʣʥʠʪʝ ʧʨʝʚʦʟʠ.  

 

ʀɿɺʆɼʀ: 

1. ʂʦʤʙʠʥʠʨʘʥʠʪʝ ʧʨʝʚʦʟʠ ʦʩʠʛʫʨʷʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ 

ʧʨʝʚʦʟʘ ʧʦʨʘʜʠ ʦʙʝʜʠʥʷʚʘʥʝʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʜʝʡʥʦʩʪʠ ʚ ʝʜʠʥ ʦʧʝʨʘʪʦʨ. ʆʩʥʦʚʥʦʪʦ 

ʠʤ ʧʨʝʜʠʤʩʪʚʦ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʣʠʝʥʪʠʪʝ ʩʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦ-ʜʦʙʨʦ ʩʲʭʨʘʥʷ-

ʚʘʥʝ ʠ ʦʧʘʟʚʘʥʝ ʥʘ ʩʪʦʢʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʝʚʦʟʥʠʷ ʧʨʦʮʝʩ ʧʦʨʘʜʠ ʥʝʡʥʘʪʘ ʢʦʤʧʘʢʪ-

ʥʦʩʪ (ʧʘʣʝʪ, ʢʦʥʪʝʡʥʝʨ, ʧʦʜʚʠʞʥʘ ʢʘʨʦʩʝʨʠʷ ʠ ʧʨ.) ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʧʨʝʪʦʚʘʨ-

ʚʘʥʝ ʠ ʜʨʫʛʠ ʤʘʥʠʧʫʣʘʮʠʠ. ɺʩʠʯʢʦ ʪʦʚʘ ʚʦʜʠ  ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʜʦʩʪʘʚ-

ʢʘ ʥʘ ʪʦʚʘʨʠʪʝ ʜʦ ʧʦʣʫʯʘʪʝʣʠʪʝ ʠ ʦʧʪʠʤʠʟʠʨʘ ʧʨʦʮʝʩʘ ʢʘʪʦ ʮʷʣʦ.  

2. ʆʪʜʝʣʷʥʝʪʦ ʥʘ ʚʲʛʣʝʨʦʜʥʠ ʝʤʠʩʠʠ ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʝ ʚ ʧʲʪʠ ʧʦ-ʤʘʣʢʦ ʧʨʠ ʢʦʤ-

ʙʠʥʠʨʘʥʠʪʝ ʧʨʝʚʦʟʠ. ɽʢʦʣʦʛʠʯʥʠʷʪ ʝʬʝʢʪ ʟʘ ʦʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʝ ʟʥʘʯʠʪʝ-

ʣʝʥ. 

 

CONCLUSIONS 

1. The combined transports provide a significant reduction in the cost of transporta-

tion due to the integration of multiple activities in one operator. Their fundamental ad-

vantage in terms of customers are the opportunities for better preservation and protection 

of goods during the transport process due to its compactness (pallet, container, mobile 

bodywork, etc.) without the need for transshipment and other manipulations. All this 

leads to a decrease in the delivery time of goods to the recipient and optimize the process 

as a whole. 

2. The carbon emissions in the atmosphere is at times less in combined transporta-

tion. The ecological effect to protect the the environment is significant. 
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˜̆ ˍ˙˒˚  ˑˬ˚˗˛ˏ, ̃ ˘ˍ˙˒˚ ˤ˒˝˚˛˗˛˓˒ˏȟ 
˝˒ː˕˛˚ˍ˘˚ˍ ˟ ˧˝ː˛ˏ˞˗ˍ ˕˚˟˒ː˝ˍˣ˕ˬ ˏ  ˗˛˚˟˒˗˞˟ˍ ˚ˍ ˘˛ː˕˞˟ ˕˗ˍ˟ˍ 

ʇʣʘʤʝʥ ɼʷʥʢʦʚ, ʇʣʘʤʝʥ ʏʝʨʥʦʢʦʞʝʚ 

 

ʐʫʤʝʥʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ "ɽʧʠʩʢʦʧ ʂʦʥʩʪʘʥʪʠʥ ʇʨʝʩʣʘʚʩʢʠ" 

 
Abstract. With the accession of Bulgaria to the EU Bulgarian producers are protected from 

competition as much as they are protected and European producers. This greatly expands the 

possibilities for increased trade in goods and services, both domestically and internationally. 

 
Key words: integration, cargo flows, container terminal. 

 

ʆʩʥʦʚʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʲʨʛʦʚʠʷʪʘ ʩʲʩ ʩʪʦʢʠ ʠ ʫʩʣʫʛʠ ʚ ʨʝ-

ʛʠʦʥʘ ʝ ʧʦʩʪʦʷʥʥʦ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʦʙʱʠʷ ʠʟʥʦʩ ʥʘ ʩʪʦʢʠ ʠ ʫʩʣʫʛʠ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʚʥʦʩʘ ʠ ʠʟʥʦʩʘ ʥʘ ɹɺʇ. ʉʪʝʧʝʥʪʘ ʥʘ ʠʥʪʝʛ-

ʨʠʨʘʥʝ ʥʘ ɹʲʣʛʘʨʠʷ ʚ ʛʣʦʙʘʣʥʘʪʘ ʠʢʦʥʦʤʠʢʘ ʩʝ ʝ ʫʚʝʣʠʯʠʣʘ ʟʥʘʯʠʪʝʣʥʦ ʧʨʝʟ ʧʦʩʣʝʜ-

ʥʠʪʝ 15 ʛʦʜʠʥʠ. ʊʷ ʝ ʚʠʩʦʢʘ, ʢʘʢʪʦ ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʪʲʨʛʦʚʠʷʪʘ ʩʲʩ ʩʪʦʢʠ ʠ ʫʩʣʫʛʠ 

ʪʘʢʘ ʠ ʧʦʨʘʜʠ ʠʟʨʘʟʭʦʜʚʘʥʝʪʦ ʥʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʚʝʯʝ ʩʨʝʜʩʪʚʘ ʟʘ ʚʥʦʩ ʥʘ ʩʪʦʢʠ ʠ ʫʩʣʫ-

ʛʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʣʫʯʘʚʘʥʠʪʝ ʧʨʠʭʦʜʠ ʦʪ ʠʟʥʦʩ. Ăʉʪʲʧʢʠʪʝ ʢʲʤ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ 

ʜʦʙʨʦ ʜʲʣʛʦʩʨʦʯʥʦ ʧʘʨʪʥʴʦʨʩʪʚʦ ʩ ʢʦʥʢʫʨʝʥʪʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʩʘ ʩʣʝʜʥʠʪʝ: 

- ʇʣʘʥʠʨʘʥʝ ʥʘ ʦʙʱʦʪʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ. ɼʲʣʛʦʩʨʦʯʥʦʪʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʩʝ 
ʧʣʘʥʠʨʘ ʦʪ ʩʘʤʦʪʦ ʥʘʯʘʣʦ. ʉʪʨʘʥʠʪʝ ʪʨʷʙʚʘ ʜʘ ʩʘ ʥʘʷʩʥʦ ʩ ʚʲʟʤʦʞʥʠʷ ʢʘʧʘʮʠʪʝʪ ʠ 

ʨʝʩʫʨʩʠʪʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʧʦʜʝʣʝʥʠ ʤʝʞʜʫ ʩʪʨʘʥʠʪʝ. ʀʟʛʨʘʞʜʘʪ ʩʝ ʦʙʱʠ 

ʤʦʜʝʣʠ ʟʘ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʢʣʠʝʥʪʠʪʝ ʯʨʝʟ ʩʲʚʤʝʩʪʥʠ ʨʝʰʝʥʠʷ; 

- ʀʥʬʦʨʤʘʮʠʦʥʥʘ ʠʥʪʝʛʨʠʨʘʥʦʩʪ. ʇʨʠ ʪʘʟʠ ʩʪʲʧʢʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʠʟʛʨʘ-

ʜʷʪ ʦʙʱʠ ʩʪʘʥʜʘʨʪʠ ʟʘ ʦʙʤʝʥ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʜʘ ʩʝ ʚʥʝʜʨʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫ-

ʝʨ ʟʘ ʪʨʘʥʩʬʝʨ ʥʘ ʜʘʥʥʠʪʝ ʀʥʪʝʛʨʠʨʘʥʠʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʘ ʩʨʝʜ ʬʘʢʪʦ-

ʨʠʪʝ ʩ ʥʘʡ-ʛʦʣʷʤ ʧʨʠʦʨʠʪʝʪ ʧʨʠ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʢʦʦʧʝʨʠʨʘʥʝʪʦ; 

- ʇʘʨʪʥʴʦʨʩʪʚʦ. ʇʨʠ ʦʙʱʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʨʝʜʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʨʝʛʣʘ-

ʤʝʥʪʠʨʘ ʩʧʦʜʝʣʷʥʝʪʦ ʥʘ ʢʨʲʩʪʦʩʘʥʘ ʬʠʨʤʝʥʘ ʠʥʬʦʨʤʘʮʠʷ. ɼʲʣʛʦʩʨʦʯʥʦʪʦ ʧʘʨʪ-

ʥʴʦʨʩʪʚʦ ʝ ʥʝʚʲʟʤʦʞʥʦ ʙʝʟ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʚʟʘʠʤʥʦ ʜʦʚʝʨʠʝ; 

- ʈʘʟʭʦʜʠ ʠ ʢʘʯʝʩʪʚʦ ʥʘ ʦʙʩʣʫʞʚʘʥʝʪʦ. ʀʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ 

ʚʦʜʠ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʭʦʜʥʘʪʘ ʯʘʩʪ. ʋʪʦʯʥʷʚʘ ʩʝ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦʪʦ ʧʨʠ ʠʟʚʲʨ-

ʰʚʘʥʝ ʥʘ ʜʦʩʪʘʚʢʠʪʝ, ʢʘʢʪʦ ʠ ʤʝʨʢʠʪʝ ʟʘ ʠʟʙʷʛʚʘʥʝʪʦ ʥʘ ʧʨʦʚʘʣʝʥʠ ʢʫʨʩʦʚʝ; 

- ɼʠʬʝʨʝʥʮʠʘʮʠʷ. ʀʜʝʥʪʠʬʠʮʠʨʘʥʝ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʚʩʝʢʠ ʦʪ ʧʘʨʪʥʴʦʨʠʪʝ 

ʜʘ ʠʟʧʲʣʥʷʚʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʫʩʣʫʛʠ. ʂʣʶʯʦʚʘʪʘ ʜʫʤʘ ʪʫʢ ʝ Ăʛʲʚʢʘʚʦʩʪñ; 

- ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʭʦʜʠʪʝ. ʀʥʚʝʩʪʠʮʠʠʪʝ ʠ ʦʧʝʨʘʪʠʚʥʠʪʝ ʨʘʟʭʦʜʠ ʩʣʝʜʚʘ ʜʘ 

ʙʲʜʘʪ ʩʲʦʙʨʘʟʝʥʠ ʧʨʝʜʚʘʨʠʪʝʣʥʦ. ʊʘʢʘ ʱʝ ʩʝ ʩʧʝʩʪʠ ʝʚʝʥʪʫʘʣʥʦʪʦ ʬʠʥʘʥʩʦʚʦ ʥʘʧ-

ʨʝʞʝʥʠʝ, ʢʦʝʪʦ ʜʘ ʧʦʜʢʦʧʘʝ ʚʟʘʠʤʥʦʪʦ ʜʦʚʝʨʠʝ.ñ [1] 

ʆʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ɹʲʣʛʘʨʠʷ ʝ, ʯʝ ɻʲʨʮʠʷ ʝ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ɽʉ. ʇʦʩʣʝʜ-

ʥʦʪʦ ʩʝ ʩʚʲʨʟʚʘ ʩ ʦʪʧʘʜʘʥʝʪʦ ʥʘ ʚʩʷʢʘʢʚʠ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘ ʪʦʚʘʨʦʧʦʪʦʮʠʪʝ ʠ ʚ ʜʚʝʪʝ 

ʧʦʩʦʢʠ. ʇʨʠʩʪʘʥʠʱʝʪʦ ʚ ʉʦʣʫʥ ʟʘʩʝʛʘ ʨʘʟʧʦʣʘʛʘ ʩ ʥʘʡ-ʛʦʣʝʤʠʷ ʢʦʥʪʝʡʥʝʨʝʥ ʪʝʨʤʠ-

ʥʘʣ ʥʘ ɹʘʣʢʘʥʠʪʝ. Ăʉʘʤʦ ʟʘ ʧʲʨʚʦʪʦ ʪʨʠʤʝʩʝʯʠʝ ʥʘ 2013 ʛ. ʩʘ ʦʙʨʘʙʦʪʝʥʠ ʦʙʱʦ 15 213 

TEU, ʢʦʝʪʦ ʝ ʨʲʩʪ ʦʪ 30,8%, ʩʨʘʚʥʝʥʦ ʩʲʩ ʩʲʱʠʷ ʧʝʨʠʦʜ ʥʘ 2012 ʛ. ʉʪʘʪʠʩʪʠʢʘʪʘ ʩʦʯʠ, 

ʯʝ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʪʨʠ ʛʦʜʠʥʠ ʦʙʨʘʙʦʪʝʥʠʪʝ ʪʦʚʘʨʠ ʤʝʞʜʫ ɹʲʣʛʘʨʠʷ ʠ ɻʲʨʮʠʷ ʩʘ 
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ʥʘʨʘʩʥʘʣʠ 3 ʧʲʪʠ. ʀ ʚʩʝ ʧʘʢ ʦʙʱʘʪʘ ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʦʪʛʦʚʘʨʷ ʥʘ ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʚʲʟ-

ʤʦʞʥʦʩʪʠ ʥʘ ʪʲʨʛʦʚʩʢʠʪʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʜʚʝʪʝ ʩʪʨʘʥʠ. ʈʘʟʧʦʣʘʛʘʤʝ ʠ ʩʲʩ 

ʩʧʝʮʠʘʣʥʦ ʙʶʨʦ ʟʘ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʬʠʨʤʠ. ʉ ʦʛʣʝʜ  ʥʘ ʩʪʨʦʝʞʘ ʥʘ ɸʄ 

ʉʪʨʫʤʘ ʠ ʞʧ ʣʠʥʠʷʪʘ ʢʲʤ ɻʲʨʮʠʷ ʱʝ ʫʚʝʣʠʯʠʤ ʟʥʘʯʠʪʝʣʥʦ ʪʦʚʘʨʠʪʝ, ʢʦʠʪʦ ʢʲʤ ʪʦʟʠ 

ʤʦʤʝʥʪ ʥʝ ʩʘ ʥʘ ʞʝʣʘʥʦʪʦ ʥʠʚʦ. ʅʘʣʠʮʝ ʝ ʫʩʪʦʡʯʠʚʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʪʨʘʥʩʧʦʨʪʘ ʦʪ 

ɸʟʠʷ ʢʲʤ ɽʚʨʦʧʘ. ʇʨʠ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʢʦʥʪʝʡʥʝʨʠ ʦʪ ʘʟʠʘʪʩʢʠʪʝ ʧʘʟʘʨʠ ʙʠ ʙʠʣʦ ʤʥʦʛʦ 

ʧʦ-ʙʲʨʟʦ ʠ ʣʝʩʥʦ ʪʦʡ ʜʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘ ʢʲʤ ɹʲʣʛʘʨʠʷ ʧʨʝʟ ʉʦʣʫʥ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ 

ʧʦ-ʥʠʩʢʘ ʮʝʥʘ ʠ ʧʦ-ʙʲʨʟʘ ʫʩʣʫʛʘ ʟʘ ʧʨʝʜʧʨʠʝʤʘʯʘ.ñ [2] 

ɼʘʥʥʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʦʢʦʣʦ 40% ʦʪ ʢʦʥʪʝʡʥʝʨʠʟʠʨʘʥʠʪʝ ʧʨʦʜʫʢʪʠ ʚ ʨʘʡʦʥʠʪʝ 

ʥʘ ʉʦʬʠʷ, ʇʣʦʚʜʠʚ ʠ ɹʣʘʛʦʝʚʛʨʘʜ ʩʝ ʦʪʧʨʘʚʷʪ ʟʘ ʝʢʩʧʦʨʪ ʢʲʤ ʪʝʨʤʠʥʘʣʘ ʚ ʉʦʣʫʥ. 

60% ʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥʠʪʝ ʟʘ ɽʚʨʦʧʘ ʢʦʥʪʝʡʥʝʨʠ ʧʨʝʤʠʥʘʚʘʪ ʧʨʝʟ ʉʦʬʠʷ. ʀʥʪʝʥʟʠ-

ʚʝʥ ʝ ʠ ʪʨʘʥʩʧʦʨʪʥʠʷʪ ʪʨʘʬʠʢ ʧʨʝʟ ʛʨʘʥʠʯʥʠʷ ʧʫʥʢʪ ʂʫʣʘʪʘ. ɻʲʨʮʠʪʝ ʦʪʜʘʚʘʪ ʥʝʦʙ-

ʭʦʜʠʤʦʪʦ ʟʥʘʯʝʥʠʝ ʥʘ ʪʦʟʠ ʪʨʘʬʠʢ ʠ ʠʥʚʝʩʪʠʨʘʪ ʫʩʠʣʝʥʦ ʚ ʩʫʭʦʧʲʪʥʘʪʘ ʩʠ ʪʨʘʥʩ-

ʧʦʨʪʥʘ ʠ ʣʦʛʠʩʪʠʯʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ɾʝʣʝʟʦʧʲʪʥʦʪʦ ʪʨʘʩʝ, ʩʚʲʨʟʚʘʱʦ ʉʦʣʫʥ ʩʲʩ 

ʉʦʬʠʷ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʩʲʢʨʘʱʘʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʤʝʞʜʫ ʜʚʘʪʘ ʛʨʘʜʘ ʠ ʦʧʝʨʠʨʘʱʠʷ ʟʘʩʝʛʘ ʜʚʘ ʧʲʪʠ ʩʝʜʤʠʯʥʦ ʙʣʦʢ-

ʩʦʚʘʣʢʦʚ ʚʣʘʢ. ʂʦʥʪʝʡʥʝʨʥʠʷʪ ʪʝʨʤʠʥʘʣ ʥʘ ʧʨʠʩʪʘʥʠʱʝʪʦ ʚ ʉʦʣʫʥ ʦʙʨʘʙʦʪʚʘ ʦʢʦʣʦ 

300 000 TEU ʛʦʜʠʰʥʦ. ʆʢʦʣʦ 30% ʦʪ ʪʷʭ ʩʝ ʦʧʨʘʚʷʪ ʢʲʤ ʨʝʛʠʦʥʘ ʥʘ ʉʦʬʠʷ, ʦʪʢʲ-

ʜʝʪʦ ʩʝ ʨʘʟʧʨʝʜʝʣʷʪ ʟʘ ʢʨʘʡʥʠʪʝ ʩʠ ʧʦʣʫʯʘʪʝʣʠ ʢʲʤ ʉʲʨʙʠʷ, ɸʣʙʘʥʠʷ, ʄʘʢʝʜʦʥʠʷ, 

ʈʫʤʲʥʠʷ ʠ ʋʥʛʘʨʠʷ. ɿʘ ʚ ʙʲʜʝʱʝ ʤʦʞʝ ʜʘ ʩʝ ʦʯʘʢʚʘ ʥʘʩʦʯʚʘʥʝ ʥʘ ʧʦʚʝʯʝ ʢʦʥʪʝʡʥʝ-

ʨʠ ʢʲʤ ʥʘʰʠʪʝ ʯʝʨʥʦʤʦʨʩʢʠ ʧʨʠʩʪʘʥʠʱʘ ɺʘʨʥʘ ʠ ɹʫʨʛʘʩ ʠ ʢʲʤ ʧʨʠʩʪʘʥʠʱʝʪʦ ʚ 

ʃʦʤ. ʇʨʠʩʪʘʥʠʱʝʪʦ ʚ ʃʦʤ ʩ ʝ ʧʦʪʝʥʮʠʘʣʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʨʘʟʚʠʪʠʝ ʢʘʪʦ ʨʘʟʧʨʝ-

ʜʝʣʠʪʝʣʝʥ ʮʝʥʪʲʨ ʟʘ ʢʦʥʪʝʡʥʝʨʠ ʠ ʥʘʩʠʧʥʠ ʪʦʚʘʨʠ. ʅʦʚʠʪʝ ʠʥʜʫʩʪʨʠʠ ʥʷʤʘʪ ʜʨʫʛʘ 

ʘʣʪʝʨʥʘʪʠʚʘ ʦʩʚʝʥ ʜʘ ʩʝ ʩʥʘʙʜʷʚʘʪ ʩ ʤʘʪʝʨʠʘʣʠ ʧʦ ʨ. ɼʫʥʘʚ ʠ ʜʘ ʠʟʚʦʟʚʘʪ ʛʦʪʦʚʘʪʘ 

ʧʨʦʜʫʢʮʠʷ ʠʣʠ ʞʧ ʪʨʘʥʩʧʦʨʪ ʧʦ ʂʦʨʠʜʦʨ IV. ʅʘ ʙʘʟʘʪʘ ʥʘ ʢʨʠʪʝʨʠʠʪʝ ʟʘ ʠʟʙʦʨ ʥʘ 

ʧʨʠʦʨʠʪʝʪʥʠ ʧʨʦʝʢʪʠ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʘ ɽʉ ʠ ʧʨʝʜ-

ʣʦʞʝʥʠʷʪʘ ʧʦʣʫʯʝʥʠ ʦʪ ʩʪʨʘʥʠʪʝ ʯʣʝʥʢʠ ʧʨʠʩʲʝʜʠʥʷʚʘʱʠʪʝ ʩʝ ʩʪʨʘʥʠ ʠ ɽʚʨʦʧʝʡʩ-

ʢʘʪʘ ʢʦʤʠʩʠʷ, ʝ ʠʜʝʥʪʠʬʠʮʠʨʘʥ ʩʧʠʩʲʢ ʦʪ ʧʨʦʝʢʪʠ ʩ ʥʘʡ-ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʟʘ ʨʘʟʚʠ-

ʪʠʝʪʦ ʥʘ ʊʨʘʥʩʝʚʨʦʧʝʡʩʢʘʪʘ ʪʨʘʥʩʧʦʨʪʥʘ ʤʨʝʞʘ. ʇʨʝʟ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ɹʲʣʛʘʨʠʷ 

ʧʨʝʤʠʥʘʚʘ ʖʛʦʠʟʪʦʯʥʘʪʘ ʛʣʘʚʥʘ ʦʩ ʩʚʲʨʟʚʘʱʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʧʨʝʟ ɹʘʣʢʘʥʠʪʝ ʠ 

ʊʫʨʮʠʷ ʩ ʂʘʚʢʘʟ ʠ ʂʘʩʧʠʡʩʢʦ ʤʦʨʝ, ʢʘʢʪʦ ʠ ʩ ɽʛʠʧʝʪ ʠ ʏʝʨʚʝʥʦ ʤʦʨʝ. ʇʨʝʜʚʠʜʝʥʠ 

ʩʘ ʚʨʲʟʢʠ ʩ ɸʣʙʘʥʠʷ ʠ ʄʘʢʝʜʦʥʠʷ, ʀʨʘʥ, ʀʨʘʢ ʠ ʇʝʨʩʠʡʩʢʠʷ ʟʘʣʠʚ. ʆʩʥʦʚʥʠʪʝ 

ʤʫʣʪʠʤʦʜʘʣʥʠ ʚʨʲʟʢʠ ʧʨʝʤʠʥʘʚʘʱʠ ʧʨʝʟ ʥʘʰʘ ʪʝʨʠʪʦʨʠʷ ʩʘ: 

- ʆʙʱʦʝʚʨʦʧʝʡʩʢʠ ʪʨʘʥʩʧʦʨʪʝʥ ʂʦʨʠʜʦʨ X - ʢʣʦʥ ʉ, ʩʚʲʨʟʚʘʱ ɹʝʣʛʨʘʜ-ʅʠ-h

ʉʦʬʠʷ ʠ ʦʪ ʪʘʤ ʧʦ ʪʨʘʩʝʪʦ ʥʘ ʆʙʱʦʝʚʨʦʧʝʡʩʢʠ ʪʨʘʥʩʧʦʨʪʝʥ ʂʦʨʠʜʦʨ IV-ʀʩʪʘʥʙʫʣ-

ʊʈɸʉɽʂɸ; 

- ʆʙʱʦʝʚʨʦʧʝʡʩʢʠ ʪʨʘʥʩʧʦʨʪʝʥ ʂʦʨʠʜʦʨ VIII, ʟʘʧʦʯʚʘʱ ʦʪ ʠʪʘʣʠʘʥʩʢʠʪʝ 

ʧʨʠʩʪʘʥʠʱʘ ɹʘʨʠ ʠ ɹʨʠʥʜʠʟʠ ʠ ʧʨʝʤʠʥʘʚʘʱ ʧʨʝʟ ɼʫʨʝʩ/ɺʣʦʨʘ-ʊʠʨʘʥʘ-ʉʢʦʥʠʝ-

ʉʦʬʠʷ-ɹʫʨʛʘʩ/ɺʘʨʥʘ; 

- ʈʝʢʘ ɼʫʥʘʚ-ʨʝʢʘ ʉʘʚʘ. 

ʂʘʪʦ ʦʩʥʦʚʥʠ ʤʦʨʩʢʠ ʤʘʛʠʩʪʨʘʣʠ ʩʘ ʚʢʣʶʯʝʥʠ ʤʘʛʠʩʪʨʘʣʠʪʝ ʚ ʏʝʨʥʦ ʤʦʨʝ ʠ 

ʚʨʲʟʢʘʪʘ ʤʫ ʩʲʩ ʉʨʝʜʠʟʝʤʥʦ ʤʦʨʝ. ʊʝ ʚʢʣʶʯʚʘʪ ʚʨʲʟʢʠʪʝ ʥʘ ʧʨʠʩʪʘʥʠʱʘ ɺʘʨʥʘ ʠ 

ɹʫʨʛʘʩ ʩ ʧʨʠʩʪʘʥʠʱʘʪʘ ʚ ʋʢʨʘʡʥʘ, ʈʫʩʠʷ, ɻʨʫʟʠʷ ʠ ʊʫʨʮʠʷ. ʇʨʠʦʨʠʪʝʪʥʦʩʪʪʘ ʜʦ 

2020 ʛ. ʥʘ ʦʩʥʦʚʥʠʪʝ ʦʩʠ, ʢʦʨʠʜʦʨʠ ʠ ʚʨʲʟʢʠ ʧʨʝʤʠʥʘʚʘʱʠ ʧʨʝʟ ʙʲʣʛʘʨʩʢʘ ʪʝʨʠʪʦ-

ʨʠʷ ʝ ʩʣʝʜʥʘʪʘ: [3] 

ʇʨʠʦʨʠʪʝʪ 1. ʅʘʡ-ʚʘʞʥʠ ʦʩʠ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʊʨʘʥʩʝʚʨʦʧʝʡʩʢʘʪʘ ʪʨʘʥʩʧʦʨʪʥʘ 

ʤʨʝʞʘ: 
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- ɺʠʜʠʥ-ʉʦʬʠʷ-ʂʫʣʘʪʘ ʦʪ ʆʙʱʦʝʚʨʦʧʝʡʩʢʠ ʪʨʘʥʩʧʦʨʪʝʥ ʂʦʨʠʜʦʨ IV; 

- ʆʙʱʦʝʚʨʦʧʝʡʩʢʠ ʪʨʘʥʩʧʦʨʪʝʥ ʂʦʨʠʜʦʨ VII - ʨʝʢʘ ɼʫʥʘʚ. 

ʇʨʠʦʨʠʪʝʪ 2. ʅʘʡ-ʚʘʞʥʠ ʦʩʠ ʟʘ ʩʚʲʨʟʚʘʥʝʪʦ ʥʘ ʊʨʘʥʩʝʚʨʦʧʝʡʩʢʘʪʘ ʪʨʘʥʩʧʦʨʪʥʘ 

ʤʨʝʞʘ ʩʲʩ ʩʲʩʝʜʥʠʪʝ ʜʲʨʞʘʚʠ ʠ ʨʝʛʠʦʥʠ: 

- ʆʙʱʦʝʚʨʦʧʝʡʩʢʠ ʪʨʘʥʩʧʦʨʪʝʥ ʂʦʨʠʜʦʨ X - ʢʣʦʥ ʉ, ʩʚʲʨʟʚʘʱ ɹʝʣʛʨʘʜ-ʅʠ-h

ʉʦʬʠʷ ʠ ʦʪ ʪʘʤ ʧʦ ʪʨʘʩʝʪʦ ʥʘ ʆʙʱʦʝʚʨʦʧʝʡʩʢʠ ʪʨʘʥʩʧʦʨʪʝʥ ʂʦʨʠʜʦʨ IV: ʇʣʦʚʜʠʚ-

ʉʚʠʣʝʥʛʨʘʜ-ʀʩʪʘʥʙʫʣ-ʊʈɸʉɽʂɸ; 

- ʆʙʱʦʝʚʨʦʧʝʡʩʢʠ ʪʨʘʥʩʧʦʨʪʝʥ ʂʦʨʠʜʦʨ VIII: ɼʫʨʝʩ-ʊʠʨʘʥʘ-ʉʢʦʧʠʝ-ʉʦʬʠʷ-

ʇʣʦʚʜʠʚ-ɹʫʨʛʘʩ/ɺʘʨʥʘ; 

- ʄʦʨʩʢʠ ʤʘʛʠʩʪʨʘʣʠ: ʚʨʲʟʢʠʪʝ ʥʘ ʧʨʠʩʪʘʥʠʱʘ ɺʘʨʥʘ ʠ ɹʫʨʛʘʩ ʩ ʧʨʠʩʪʘʥʠʱʘʪʘ 

ʚ ʋʢʨʘʡʥʘ, ʈʫʩʠʷ, ɻʨʫʟʠʷ ʠ ʊʫʨʮʠʷ; ɺʨʲʟʢʘʪʘ ʏʝʨʥʦ ʤʦʨʝ-ʉʨʝʜʠʟʝʤʥʦ ʤʦʨʝ. 

ʇʨʠʦʨʠʪʝʪ 3. ʆʙʱʦʝʚʨʦʧʝʡʩʢʠ ʢʦʨʠʜʦʨʠ, ʢʦʠʪʦ ʥʝ ʩʘ ʧʦʢʨʠʪʠ ʦʪ ʛʣʘʚʥʠʪʝ ʦʩʠ: 

- ʆʙʱʦʝʚʨʦʧʝʡʩʢʠ ʪʨʘʥʩʧʦʨʪʝʥ ʂʦʨʠʜʦʨ IX: ɹʫʢʫʨʝ-ɦʈʫʩʝ-ɼʠʤʠʪʨʦʚʛʨʘʜ-

ɸʣʝʢʩʘʥʜʨʫʧʦʣʠʩ. 

ʇʨʠʦʨʠʪʝʪ 4. ɼʦʧʲʣʥʠʪʝʣʥʠ ʚʨʲʟʢʠ ʦʪ TINA-ʤʨʝʞʘʪʘ: 

- ʞʝʣʝʟʦʧʲʪʥʘʪʘ ʚʨʲʟʢʘ ʄʝʟʜʨʘ-ʇʣʝʚʝʥ-ɻʦʨʥʘ ʆʨʷʭʦʚʠʮʘ; 

- ʞʝʣʝʟʦʧʲʪʥʘʪʘ ʚʨʲʟʢʘ ʈʫʩʝ-ʂʘʩʧʠʯʘʥ-ʉʠʥʜʝʣ; 

- ʧʲʪʥʘʪʘ ʚʨʲʟʢʘ ɹʦʪʝʚʛʨʘʜ-ʇʣʝʚʝʥ-ɹʷʣʘ; 

- ʧʲʪʥʘʪʘ ʚʨʲʟʢʘ ʉʚʠʣʝʥʛʨʘʜ-ɹʫʨʛʘʩ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʛʦʪʚʷʥʝʪʦ ʥʘ ʟʘʜʲʣʙʦʯʝʥʘ ʠ ʧʦʜʨʦʙʥʘ ʧʨʦʛʥʦʟʘ ʟʘ ʪʨʘʬʠʢʘ ʠ ʪʲʨʩʝʥʝʪʦ ʚ ʪʘʟʠ 

ʚʨʲʟʢʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠ ʠ ʣʦʛʠʩʪʠʯʥʠ ʫʩʣʫʛʠ ʢʘʪʦ ʮʷʣʦ ʠ ʧʦ ʚʠʜʦʚʝ ʪʨʘʥʩʧʦʨʪ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʷʪʦ ʜʘ ʦʧʨʝʜʝʣʠ ʢʦʣʠʯʝʩʪʚʝʥʠʪʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʚʩʠʯʢʠ ʚʲʥʰʥʠ ʠ 

ʚʲʪʨʝʰʥʠ ʬʘʢʪʦʨʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʮʝʥʘʨʠʠ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʦʧʨʝʜʝʣʷ-

ʥʝʪʦ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʨʘʟʚʠʪʠʝ ʥʘ ʤʨʝʞʘ ʚ ʩʪʨʘʥʘʪʘ. ʇʨʠʝʤʘʥʝʪʦ ʥʘ ɹʲʣʛʘʨʠʷ 

ʚ ɽʉ, ʧʦʩʣʝʜʚʘʣʦʪʦ ʦʪʚʘʨʷʥʝ ʢʲʤ ʝʚʨʦʧʝʡʩʢʠʪʝ ʧʘʟʘʨʠ ʠ ʧʨʘʚʦʪʦ ʥʘ ʩʚʦʙʦʜʥʦ ʜʚʠ-

ʞʝʥʠʝ ʥʘ ʩʪʦʢʠ ʠ ʫʩʣʫʛʠ ʜʘʚʘ ʦʩʥʦʚʘʥʠʝ ʜʘ ʩʝ ʧʨʦʛʥʦʟʠʨʘ, ʯʝ ʢʘʢʪʦ ʪʨʘʥʩʧʦʨʪʥʠʷ 

ʪʘʢʘ ʠ ʣʦʛʠʩʪʠʯʥʠʷ ʩʝʢʪʦʨ ʱʝ ʩʝ ʨʘʟʚʠʚʘʪ ʩ ʥʘʨʘʩʪʚʘʱʠ ʪʝʤʧʦʚʝ ʙʣʠʟʢʠ ʜʦ ʪʝʟʠ ʚ 

ʩʪʨʘʥʠʪʝ ʦʪ ɽʉ. 

 

CONCLUSION 

The preparation of thorough and detailed traffic forecast and the demand in this 

regard of transportation and logistics services in general and types of transport directions 

to determine the quantitative dimensions of all external and internal factors for different 

scenarios is essential for determining the need for development network in the country. 

Bulgaria's accession to the EU, following opening of European markets and the freedom 

of movement of goods and services gives reason to predict that both the transport and 

logistics sector will evolve with increasing rates similar to those in the EU. 
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Abstract: Aircraft instrumentation, sensors, indicators and display mechanisms are 

important components of the airborne avionics, including the on-board units for registra-

tion of flight data of aircrafts. The article provides classification of the aircraft instru-

ments, sensors, indicators and signaling devices, presenting their significance for the 

objective control. 
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ɺʒɺɽɼɽʅʀɽ 

ɹʦʝʛʦʪʦʚʥʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʦʧʣʘʚʘʪʝʣʥʠʪʝ ʩʨʝʜʩʪʚʘ (ɺʉ), ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʧʦʣʝ-

ʪʠʪʝ ʠ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʥʘʜʝʞʜʦʩʪʪʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʘʚʠʘʮʠʦʥʥʘʪʘ ʪʝʭʥʠʢʘ ʚ ʧʦʣʝʪ ʚ 

ʟʥʘʯʠʪʝʣʥʘ ʩʪʝʧʝʥ ʟʘʚʠʩʷʪ ʦʪ ʪʦʚʘ, ʢʦʣʢʦ ʰʠʨʦʢʦ ʩʘ ʚʥʝʜʨʝʥʠ ʠ ʝʬʝʢʪʠʚʥʦ ʩʝ ʠʟ-

ʧʦʣʟʚʘʪ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʤʝʪʦʜʠʪʝ ʠ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʦʙʝʢʪʠʚʥʠʷ ʢʦʥʪʨʦʣ, ʤʝʪʦʜʠʪʝ 

ʟʘ ʪʝʭʥʠʯʝʩʢʘ ʜʠʘʛʥʦʩʪʠʢʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʝʞʠʤʠʪʝ ʥʘ ʧʦʣʝʪʘ, ʦʮʝʥʢʘ ʥʘ ʨʘʙʦ-

ʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʘʚʠʘʮʠʦʥʥʘʪʘ ʪʝʭʥʠʢʘ ʠ ʩʣʝʜʝʥʝ ʟʘ ʩʧʘʟʚʘʥʝ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʦʥ-

ʥʠʪʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

ɻʨʘʤʦʪʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʦʪ ʙʦʨʜʦʚʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʨʝʛʠʩʪʨʘ-

ʮʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʘʥʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʢʦʥʪʨʦʣ ʠ ʥʘʟʝʤʥʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 

ʧʦʣʝʪʥʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʚʩʠʯʢʠ ʚʠʜʦʚʝ ʦʙʝʢʪʠʚʝʥ ʢʦʥʪʨʦʣ ʠ ʧʦʜʛʦ-

ʪʦʚʢʘ ʟʘ ʧʦʣʝʪʠ ʧʦʟʚʦʣʷʚʘ: 



169 

- ʇʦʚʠʰʘʚʘʥʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʧʦʣʝʪʠʪʝ ʩ ʮʝʣ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ  ʠʟʣʠʪʘʥʝ 

ʥʘ ʘʚʠʘʮʠʦʥʥʘ ʪʝʭʥʠʢʘ ʩ ʥʝʠʟʧʨʘʚʥʦʩʪʠ, ʘ ʩʲʱʦ ʪʘʢʘ ʠʟʣʠʪʘʥʝʪʦ ʥʘ ʝʢʠʧʘʞʠ, ʥʝ-

ʜʦʩʪʘʪʲʯʥʦ ʧʦʜʛʦʪʚʝʥʠ ʟʘ ʧʦʣʝʪʠ ʠʣʠ ʜʦʧʫʩʥʘʣʠ ʥʘʨʫʰʝʥʠʷ ʥʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʙʝʟʦ-

ʧʘʩʥʦʩʪ ʠ ʧʨʘʚʠʣʘʪʘ ʟʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʘʚʠʘʮʠʦʥʥʘʪʘ ʪʝʭʥʠʢʘ ʚ ʧʨʝʜʠʰʥʠ ʧʦʣʝʪʠ; 

- ʀʟʚʲʨʰʚʘʥʝ ʥʘ ʘʥʘʣʠʟ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʘʚʠʘʮʠʦʥʥʘʪʘ ʪʝʭʥʠʢʘ ʩ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ 

ʧʦ-ʟʘʜʲʣʙʦʯʝʥ ʢʦʥʪʨʦʣ ʥʘ ʥʝʡʥʦʪʦ ʪʝʭʥʠʯʝʩʢʦ ʩʲʩʪʦʷʥʠʝ ʚ ʤʝʞʜʫʨʝʛʣʘʤʝʥʪʥʠʷ 

ʧʝʨʠʦʜ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʩʣʝʜ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʨʝʛʣʘʤʝʥʪʥʠ ʧʨʝʛʣʝʜʠ, ʘ ʪʘʢʘ ʩʲʱʦ 

ʦʮʝʥʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʘʚʠʘʮʠʦʥʥʘʪʘ ʪʝʭʥʠʢʘ ʩʣʝʜ ʦʙʣʠʪʘʥʝ; 

- ʇʦʣʫʯʘʚʘʥʝ ʥʘ ʜʘʥʥʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʫʩʚʦʷʚʘʥʝ ʥʘ 

ʙʦʡʥʠʪʝ ʠ ʤʘʥʝʚʨʝʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʪʠ ʥʘ ɺʉ ʠ ʥʠʚʦʪʦ ʥʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʣʝʪʘʪʝʣʥʠʷ 

ʩʲʩʪʘʚ; 

- ʇʦʚʠʰʘʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʣʝʪʘʪʝʣʥʠʷ ʩʲʩʪʘʚ ʠ ʦʪʛʦʚʦʨʥʦʩʪ-

ʪʘ ʟʘ ʪʦʯʥʦʪʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʟʘʜʘʜʝʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʧʦʣʝʪʘ; 

- ʋʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʠʩʪʠʥʩʢʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʘʚʠʘʮʠʦʥʥʠ ʧʨʦʠʟʰʝʩʪʚʠʷ. 

ʅʝʧʨʝʢʲʩʥʘʪʠʷʪ ʧʨʦʮʝʩ ʟʘ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ ʘʚʠʘʮʠʦʥʥʦʪʦ ʦʙʦʨʫʜʚʘʥʝ ʥʘ 

ɺʉ, ʧʨʦʜʠʢʪʫʚʘʥʘ ʦʪ ʩʲʚʨʝʤʝʥʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ ʥʘ ʧʦʣʝʪʠʪʝ, ʟʥʘʯʠ-

ʪʝʣʥʦ ʫʩʣʦʞʥʷʚʘʪ ʟʘʜʘʯʘʪʘ, ʨʝʰʘʚʘʥʘ ʦʪ ʩʲʚʨʝʤʝʥʥʠʪʝ ʘʚʠʘʮʠʦʥʥʠ ʧʨʠʙʦʨʠ (ɸʇ).  

ʇʨʠʙʦʨʥʦʪʦ ʦʙʦʨʫʜʚʘʥʝ ʩʝ ʷʚʷʚʘ ʚʘʞʥʘ ʩʲʩʪʘʚʥʘ ʯʘʩʪ ʦʪ ʙʦʨʜʥʦʪʦ ʘʚʠʘʮʠʦʥʥʦ 

ʦʙʦʨʫʜʚʘʥʝ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʦʪ ʙʦʨʜʦʚʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʧʦʣʝʪʥʘ 

ʠʥʬʦʨʤʘʮʠʷ, ʥʘ ɺʉ, ʢʦʝʪʦ ʠʟʧʲʣʥʷʚʘ ʟʘʜʘʯʘʪʘ ʧʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʧʘʨʘʤʝʪʨʠʪʝ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦʪʦ ʧʦʣʦʞʝʥʠʝ ʠ ʜʚʠʞʝʥʠʝ ʥʘ ɺʉ ʚ 

ʧʦʣʝʪ, ʨʘʙʦʪʘʪʘ ʥʘ ʘʚʠʘʮʠʦʥʥʠʪʝ ʜʚʠʛʘʪʝʣʠ, ʩʠʩʪʝʤʠʪʝ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʞʠʚʦʪʘ ʥʘ 

ʝʢʠʧʘʞʘ, ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʟʘ ʦʧʘʩʥʠ ʨʝʞʠʤʠ ʥʘ ʧʦʣʝʪʘ, ʩʠʛʥʘʣʠʟʘʮʠʷ ʟʘ ʦʪʢʘʟʠ ʠ 

ʜʨʫʛʠ ʩʠʩʪʝʤʠ. ʊʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʨʲʯʥʦ ʠʣʠ ʘʚʪʦʤʘʪʠʯʥʦ ʫʧʨʘʚʣʝ-

ʥʠʝ ʥʘ ʧʦʣʝʪʠʪʝ, ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʨʝʞʠʤʠʪʝ ʥʘ ʨʘʙʦʪʘ ʥʘ ʩʠʣʦʚʠʪʝ ʫʩʪʘʥʦʚʢʠ, ʟʘ ʠʟ-

ʧʲʣʥʷʚʘʥʝ ʥʘ ʟʘʜʘʯʠʪʝ ʧʦʣʝʪʘ ʠ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʥʝʛʦʚʘʪʘ ʙʝʟʦʧʘʩʥʦʩʪ. 

ʎʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʧʨʦʫʯʚʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʠʪʝ ʦʪ ʜʘʥʥʠ ʟʘ ʦʙʝʢʪʠʚʝʥ ʢʦʥʪ-

ʨʦʣ ʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʧʦʣʝʪʥʘ ʠʥʬʦʨʤʘʮʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʧʦ ʨʘʜʠʦ-

ʢʘʥʘʣ. 

 

ʇʈɽɼʅɸɿʅɸʏɽʅʀɽ ʀ ʂʃɸʉʀʌʀʂɸʎʀʗ ʅɸ ɸɺʀɸʎʀʆʅʅʀʊɽ ʇʈʀ-

ɹʆʈʀ, ɼɸʊʏʀʎʀ, ʀʅɼʀʂɸʊʆʈʀ ʀ ʉʀɻʅɸʃʀɿɸʊʆʈʀ 
ɸʚʠʘʮʠʦʥʥʠʪʝ ʧʨʠʙʦʨʠ ʩʣʫʞʘʪ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʧʦʣʝʪʘ, ʨʘʙʦʪʘʪʘ 

ʥʘ ʩʠʣʦʚʠʪʝ ʫʩʪʘʥʦʚʢʠ, ʨʘʟʣʠʯʥʠ ʙʦʨʜʥʠ ʩʠʩʪʝʤʠ ʠ ʘʛʨʝʛʘʪʠ, ʘ ʩʲʱʦ ʩʲʩʪʦʷʥʠʝʪʦ 

ʥʘ ʦʙʢʨʲʞʘʚʘʱʘʪʘ ʘʪʤʦʩʬʝʨʘ. ɺ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʪʦʚʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʤʦʛʘʪ ʜʘ ʩʝ 

ʨʘʟʛʨʘʥʠʯʘʪ ʩʣʝʜʥʠʪʝ ʛʨʫʧʠ ʘʚʠʘʮʠʦʥʥʠ ʧʨʠʙʦʨʠ: 

- ʇʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʠ ʧʨʠʙʦʨʠ; 

- ʇʨʠʙʦʨʠ ʟʘ ʢʦʥʪʨʦʣ ʨʘʙʦʪʘʪʘ ʥʘ ʩʠʣʦʚʘʪʘ ʫʩʪʘʥʦʚʢʘ; 

- ʇʨʠʙʦʨʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʦʪʜʝʣʥʠʪʝ ʙʦʨʜʥʠ ʩʠʩʪʝʤʠ ʠ ʘʛʨʝʛʘʪʠ; 

- ʇʨʠʙʦʨʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʙʢʨʲʞʘʚʘʱʘʪʘ ʘʪʤʦʩʬʝʨʘ. 

ʇʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʠʪʝ ʧʨʠʙʦʨʠ ʠʟʤʝʨʚʘʪ ʧʘʨʘʤʝʪʨʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ 

ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʮʝʥʪʲʨʘ ʥʘ ʤʘʩʘʪʘ ʥʘ ʣʝʪʘʪʝʣʥʠʷ ʘʧʘʨʘʪ (ʢʦʦʨʜʠʥʘʪʠ ʥʘ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ, ʚʠʩʦʯʠʥʘ, ʩʢʦʨʦʩʪ, ʣʠʥʝʡʥʠ ʫʩʢʦʨʝʥʠʷ), ʲʛʣʠʪʝ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʘʪʘ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʣʝʪʘʪʝʣʥʠʷ ʘʧʘʨʘʪ ʦʪʥʦʩʥʦ ʟʝʤʷʪʘ (ʲʛʣʠ ʥʘ ʢʫʨʩʘ, 

ʢʨʝʥʘ ʠ ʪʘʥʛʘʞʘ) ʠ ʦʪʥʦʩʥʦ ʥʘʩʨʝʱʥʠʷ ʚʲʟʜʫʰʝʥ ʧʦʪʦʢ (ʲʛʲʣ ʥʘ ʘʪʘʢʘ ʠ ʧʣʲʟʛʘʥʝ). 

ʂʲʤ ʧʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʠʪʝ ʧʨʠʙʦʨʠ ʩʝ ʦʪʥʘʩʷʪ ʘʝʨʦʤʝʪʨʠʯʥʠʪʝ ʧʨʠʙʦʨʠ 

(ʚʠʩʦʪʦʤʝʨʠ, ʫʢʘʟʘʪʝʣʠ ʥʘ ʩʢʦʨʦʩʪʪʘ ʠ ʯʠʩʣʦʪʦ ʥʘ ʄʘʭ (ʄ), ʚʘʨʠʦʤʝʪʨʠ), 
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ʠʟʤʝʨʚʘʪʝʣʠ ʥʘ ʲʛʣʠʪʝ ʘʪʘʢʘ ʠ ʧʣʲʟʛʘʥʝ, ʧʠʣʦʪʘʞʥʦ-ʞʠʨʦʩʢʦʧʠʯʥʠ ʧʨʠʙʦʨʠ 

(ʘʚʠʦʭʦʨʠʟʦʥʪʠ, ʞʠʨʦʚʝʨʪʠʢʘʣʠ ʠ ʞʠʨʦʧʦʣʫʢʦʤʧʘʩʠ), ʢʫʨʩʦʚʠ ʠ ʨʘʟʣʠʯʥʠ 

ʥʘʚʠʛʘʮʠʦʥʥʠ ʧʨʠʙʦʨʠ. 

ʇʨʠʙʦʨʠʪʝ ʟʘ ʢʦʥʪʨʦʣ ʨʘʙʦʪʘʪʘ ʥʘ ʩʠʣʦʚʘʪʘ ʫʩʪʘʥʦʚʢʘ ʠʟʤʝʨʚʘʪ ʯʝʩʪʦʪʘʪʘ ʥʘ 

ʚʲʨʪʝʥʝ ʥʘ ʨʦʪʦʨʠʪʝ ʥʘ ʘʚʠʘʮʠʦʥʥʠʪʝ ʜʚʠʛʘʪʝʣʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʘʟʦʚʝʪʝ ʠ 

ʤʘʩʣʘʪʘ, ʥʘʣʷʛʘʥʝ ʥʘ ʛʦʨʠʚʦʪʦ, ʤʘʩʣʦʪʦ ʠ ʛʘʟʦʚʝʪʝ, ʟʘʧʘʩʘ ʠ ʨʘʟʭʦʜʘ ʥʘ ʛʦʨʠʚʦʪʦ, 

ʚʠʙʨʘʮʠʠʪʝ ʠ ʜʨʫʛʠ ʧʘʨʘʤʝʪʨʠ. ʂʲʤ ʪʘʟʠ ʛʨʫʧʘ ʩʝ ʦʪʥʘʩʷʪ ʪʘʭʦʤʝʪʨʠʪʝ ʛʦʨʠʚʦʤʝʨʠ, 

ʨʘʟʭʦʜʦʤʝʨʠ, ʠʟʤʝʨʚʘʪʝʣʠ ʥʘ ʚʠʙʨʘʮʠʠʪʝ ʠ ʜʨʫʛʠ ʧʨʠʙʦʨʠ. 

ʇʘʨʘʤʝʪʨʠʪʝ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʨʘʙʦʪʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʙʦʨʜʥʠ ʩʠʩʪʝʤʠ ʠ 

ʘʛʨʝʛʘʪʠ, ʩʝ ʷʚʷʚʘʪ: ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʣʷʛʘʥʝ ʠ ʨʘʟʭʦʜ ʥʘ ʪʝʯʥʦʩʪʠ ʠ ʛʘʟʦʚʝ, 

ʧʦʣʦʞʝʥʠʝ ʥʘ ʨʘʟʣʠʯʥʠ ʦʨʛʘʥʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʣʝʪʘʪʝʣʥʠʷ ʘʧʘʨʘʪ ʠ ʜʨ. ʊʝʟʠ 

ʧʘʨʘʤʝʪʨʠ ʩʝ ʠʟʤʝʨʚʘʪ ʩ ʤʘʥʦʤʝʪʨʠ, ʪʝʨʤʦʤʝʪʨʠ, ʫʢʘʟʘʪʝʣʠ ʥʘ ʨʘʟʭʦʜʘ ʥʘ ʚʲʟʜʫʭ, 

ʚʠʩʦʯʠʥʘ ʠ ʩʧʘʜʘʥʝ ʥʘ ʥʘʣʷʛʘʥʝ ʚ ʭʝʨʤʝʪʠʯʥʠ ʢʘʙʠʥʠ, ʧʦʣʦʞʝʥʠʝ ʥʘ ʟʘʜʢʨʠʣʢʠ, 

ʩʪʘʙʠʣʠʟʘʪʦʨʠ ʠ ʜʨʫʛʠ ʧʨʠʙʦʨʠ. 

ʂʲʤ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʙʢʨʲʞʘʚʘʱʘʪʘ ʘʪʤʦʩʬʝʨʘ ʩʝ ʦʪʥʘʩʷʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, 

ʥʘʣʷʛʘʥʝʪʦ, ʚʣʘʞʥʦʩʪʪʘ ʠ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ. ʊʝʟʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʠʟʤʝʨʚʘʪ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʙʘʨʦʤʝʪʨʠ, ʪʝʨʤʦʤʝʪʨʠ, ʭʠʛʨʦʤʝʪʨʠ, ʧʣʲʪʥʦʩʪ ʤʝʪʨʠ ʠ ʠʟʤʝʨʚʘʪʝʣʠ ʥʘ 

ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ.  

1. ʉʧʦʨʝʜ ʤʝʪʦʜʠʪʝ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʦʜʣʝʞʘʱʠʪʝ ʟʘ ʢʦʥʪʨʦʣ ʧʘʨʘʤʝʪʨʠ 

ʜʘʪʯʠʮʠʪʝ ʩʝ ʧʦʜʨʘʟʜʝʣʷʪ ʥʘ: 

1.1 ʇʘʨʘʤʝʪʨʠʯʥʠ ï ʧʨʠ ʪʷʭ ʩʝ ʧʦʣʫʯʘʚʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ 

(ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʠʥʜʫʢʪʠʚʥʦʩʪ ʠ ʢʘʧʘʮʠʪʝʪ) ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʚʝʨʠʛʘ ʧʦʜ ʜʝʡʩʪʚʠʝ 

ʥʘ ʩʠʛʥʘʣʘ ʦʪ ʠʟʤʝʨʚʘʥʠʷ ʦʙʝʢʪ; 

1.1.1. ʈʝʟʠʩʪʠʚʥʠ ʜʘʪʯʠʮʠ 

1.1.2. ʂʘʧʘʮʠʪʠʚʥʠ ʜʘʪʯʠʮʠ 

1.1.3. ʀʥʜʫʢʪʠʚʥʠ ʜʘʪʯʠʮʠ 

1.2. ɻʝʥʝʨʘʪʦʨʥʠ ï ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʠʛʥʘʣʠʪʝ ʦʪ ʨʘʟʣʠʯʝʥ ʚʠʜ ʦʪ 

ʠʟʤʝʨʚʘʥʠʷ ʦʙʝʢʪ ʩʝ ʧʨʝʦʙʨʘʟʫʚʘʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʚ ʝʣʝʢʪʨʠʯʝʩʢʠ ʩʠʛʥʘʣʠ. 

1.2.1. ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʠ ʜʘʪʯʠʮʠ 

1.2.2. ʌʦʪʦʝʣʝʢʪʨʠʯʝʩʢʠ ʜʘʪʯʠʮʠ 

1.2.3. ʁʦʥʠʟʘʮʠʦʥʥʠ ʜʘʪʯʠʮʠ 

1.2.4. ɽʣʝʪʨʦʭʠʤʠʯʝʩʢʠ ʜʘʪʯʠʮʠ 

1.2.5. ɽʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʜʘʪʯʠʮʠ 

1.2.6. ʊʝʨʤʦʝʣʝʢʪʨʠʯʝʩʢʠ ʜʘʪʯʠʮʠ 

1.2.7. ʇʠʝʟʦʝʣʝʢʪʨʠʯʝʩʢʠ ʜʘʪʯʠʮʠ 

2. ʄʝʭʘʥʠʯʝʩʢʠ ʠ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠ ʘʚʠʘʮʠʦʥʥʠ ʧʨʠʙʦʨʠ 

2.1. ʄʘʥʦʤʝʪʨʠ 

2.1.1. ʇʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ: 

2.1.1.1. ʄʘʥʦʤʝʪʨʠ, ʠʟʤʝʨʚʘʱʠ ʘʙʩʦʣʶʪʥʦ ʥʘʣʷʛʘʥʝ; 

2.1.1.2. ʄʘʥʦʤʝʪʨʠ, ʠʟʤʝʨʚʘʱʠ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʜʚʝ ʥʘʣʷʛʘʥʠʷ (ʜʠʬʝʨʠʥʮʠʘʣʥʠ); 

2.1.1.3. ʄʘʥʦʤʝʪʨʠ, ʠʟʤʝʨʚʘʱʠ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʚʝ ʥʘʣʷʛʘʥʠʷ. 

2.1.2. ʇʦ ʤʝʪʦʜʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʥʘʣʷʛʘʥʝʪʦ: 

2.1.2.1. ʄʝʭʘʥʠʯʝʩʢʠ  

- ʊʝʯʥʦʩʪʥʠ; 

- ʊʝʛʣʦʚʠ; 

- ʇʨʞʠʥʥʠ. 

2.1.2.2. ɽʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠ; 
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- ʄʘʥʦʤʝʪʨʠ ʦʪ ʪʠʧ ɽʅʄʋ ï ʫʥʠʬʠʮʠʨʘʥ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʝʥ ʤʘʥʦʤʝʪʲʨ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʥʘʣʷʛʘʥʝ ʥʘ ʛʦʨʠʚʘ ʠ ʤʘʩʣʘ; 

- ʄʘʥʦʤʝʪʲʨ ʦʪ ʪʠʧ ɼʀʄ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʠʥʜʫʢʪʠʚʝʥ ʤʘʥʦʤʝʪʲʨ ï ʟʘ ʥʘʣʷʛʘʥʝ 

ʜʦ 30 MPa; 

2.1.2.3. ɽʣʝʢʪʨʠʯʝʩʢʠ  

- ɽʣʝʢʪʨʦʥʥʠ; 

- ɻʘʟʦʨʘʟʨʷʜʥʠ; 

- ʊʦʧʣʠʥʥʠ; 

- ʇʠʝʟʦʨʝʟʠʩʪʦʨʥʠ; 

- ʄʘʥʦʤʝʪʨʠʯʥʠ ʩʲʧʨʦʪʠʚʣʝʥʠʷ; 

- ʁʦʥʠʟʘʮʠʦʥʥʠ ʤʘʥʦʤʝʪʨʠ;  

- ʄʘʥʦʤʝʤʝʪʨʠ ʩ ʝʣʝʢʪʨʠʯʝʩʢʠ ʯʝʩʪʦʪʝʥ ʧʨʝʦʙʨʘʟʫʚʘʪʝʣ. 

2.1.3. ʄʘʥʦʤʝʪʨʠ ʟʘ ʠʟʣʠʰʥʦ ʥʘʣʷʛʘʥʝ. 

2.1.4. ɺʘʢʫʫʤʝʨʠ. 

2.1.5. ʄʘʥʦʤʝʪʨʠ ʟʘ ʘʙʩʦʣʶʪʥʦ ʥʘʣʷʛʘʥʝ. 

2.1.6. ɼʝʬʦʨʤʘʮʠʦʥʥʠ ʤʘʥʦʤʝʪʨʠ. 

2.1.7. ʉʧʦʨʝʜ ʩʧʦʩʦʙʘ ʟʘ ʢʦʤʧʝʥʩʘʮʠʷ ʥʘ ʛʨʝʰʢʘʪʘ. 

2.1.7.1. ɼʝʬʦʨʤʘʮʠʦʥʥʠ ʤʘʥʦʤʝʪʨʠ ʩ ʙʠʤʝʪʘʣʠʯʝʩʢʠ ʢʦʤʧʝʥʩʘʪʦʨʠ ʦʪ ʧʲʨʚʠ 

ʨʦʜ; 

2.1.7.2. ɼʝʬʦʨʤʘʮʠʦʥʥʠ ʤʘʥʦʤʝʪʨʠ ʩ ʙʠʤʝʪʘʣʠʯʝʩʢʠ ʢʦʤʧʝʥʩʘʪʦʨʠ ʦʪ ʚʪʦʨʠ 

ʨʦʜ. 

2.1.8. ʏʝʩʪʦʪʥʠ ʧʨʝʦʙʨʘʟʫʚʘʪʝʣʠ ʥʘ ʥʘʣʷʛʘʥʝ 

2.2.  ɸʚʠʘʮʠʦʥʥʠ ʪʝʨʤʦʤʝʪʨʠ 

2.2.1. ʉʧʦʨʝʜ ʩʧʦʩʦʙʠʪʝ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ: 

2.2.1.1. ɽʣʝʢʪʨʠʯʝʩʢʠ ʪʝʨʤʦʤʝʪʨʠ ʯʨʝʟ ʩʲʧʨʦʪʠʚʣʝʥʠʷ; 

2.2.1.2. ʊʝʨʤʦʝʣʝʢʪʨʠʯʝʩʢʠ ʪʝʨʤʦʤʝʪʨʠ; 

2.2.1.3. ɹʠʤʝʪʘʣʠʯʝʩʢʠ ʪʝʨʤʦʤʝʪʨʠ; 

2.2.2. ʉʧʦʨʝʜ ʩʧʦʩʦʙʠʪʝ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʛʨʝʰʢʠʪʝ ʪʝʨʤʦʝʣʝʢʪʨʠʯʝʩʢʠʪʝ 

ʪʝʨʤʦʤʝʪʨʠʪʝ ʙʠʚʘʪ: 

2.2.2.1. ʊʝʨʤʦʝʣʝʢʪʨʠʯʝʩʢʠ ʪʝʨʤʦʤʝʪʨʠ ʩ ʙʠʤʝʪʘʣʥʠ ʢʦʨʝʢʪʦʨʠ; 

2.2.2.2.ʊʝʨʤʦʝʣʝʢʪʨʠʯʝʩʢʠ ʪʝʨʤʦʤʝʪʨʠ ʩ ʝʣʝʢʪʨʠʯʝʩʢʠ ʢʦʤʧʝʥʩʘʪʦʨʠ; 

2.2.2.3.ʊʝʨʤʦʝʣʝʢʪʨʠʯʝʩʢʠ ʪʝʨʤʦʤʝʪʨʠ ʩʲʩ ʩʭʝʤʠ, ʚʢʣʶʯʚʘʱʠ ʪʝʨʤʦʯʫʚʩʪʚʠ-

ʪʝʣʥʠ ʨʝʟʠʩʪʦʨʠ.  

2.3 ɸʚʠʘʮʠʦʥʥʠ ʠʟʤʝʨʚʘʪʝʣʠ ʥʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ʚʲʨʪʝʥʝ ʠ ʚʠʙʨʘʮʠʠʪʝ 

2.3.1. ʉʧʦʨʝʜ ʧʨʠʥʮʠʧʘ ʥʘ ʜʝʡʩʪʚʠʝ: 

2.3.1.1. ʎʝʥʪʨʦʙʝʞʥʠ; 

2.3.1.2. ʉʪʨʦʙʦʩʢʦʧʠʯʝʩʢʠ; 

2.3.1.2. ʈʝʟʦʥʘʥʩʥʠ; 

2.3.1.3. ʄʘʛʥʠʪʦʦʥʜʫʢʮʠʦʥʥʠ; 

2.3.1.4. ʇʦʩʪʦʷʥʥʦʪʦʢʦʚʠ; 

2.3.1.5. ʏʝʩʪʦʪʥʦ-ʠʤʧʫʣʩʥʠ; 

2.3.1.6. ʇʦʧʣʘʚʢʦʚʠ; 

2.3.1.7. ʌʨʠʢʮʠʦʥʥʠ; 

2.3.1.8. ʊʝʯʥʦʩʪʥʠ. 

2.3.2. ʉʧʦʨʝʜ ʤʝʪʦʜʘ ʥʘ ʠʟʤʝʨʚʘʥʝ: 

2.3.2.1. ɸʙʩʦʣʶʪʥʠ; 

2.3.2.2. ʂʦʩʚʝʥʠ 
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2.3.3. ʊʘʭʦʛʝʥʝʨʘʪʦʨʠ ʟʘ ʧʦʩʪʦʷʥʝʥ ʪʦʢ; 

2.3.4. ʊʘʭʦʛʝʥʝʨʘʪʦʨʠ ʟʘ ʧʨʦʤʝʥʣʠʚ ʪʦʢ. 

2.4. ɸʚʠʘʮʠʦʥʥʠ ʠʟʤʝʨʚʘʪʝʣʠ ʥʘ ʚʠʙʨʘʮʠʠʪʝ 

2.4.1. ʉʧʦʨʝʜ ʠʟʤʝʨʚʘʥʠʷ ʧʘʨʘʤʝʪʲʨ: 

2.4.1.1. ɿʘ ʧʨʝʜʚʠʞʚʘʥʝʪʦ ï ʚʠʙʨʦʤʝʨ ʥʘ ʧʨʝʜʚʠʞʚʘʥʝʪʦ; 

2.4.1.2. ɿʘ ʩʢʦʨʦʩʪʪʘ ï ʚʠʙʨʦʤʝʨ ʥʘ ʩʢʦʨʦʩʪʪʘ; 

2.4.1.2. ɿʘ ʫʩʢʦʨʝʥʠʝʪʦ ï ʚʠʙʨʦʤʝʨ ʥʘ ʫʩʢʦʨʝʥʠʝʪʦ; 

2.5. ʀʟʤʝʨʚʘʪʝʣʠ ʥʘ ʚʠʩʦʯʠʥʥʠʪʝ ʧʘʨʘʤʝʪʨʠ 

2.5.1. ʉʧʦʨʝʜ ʤʝʪʦʜʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʚʠʩʦʯʠʥʘʪʘ: 

2.5.1.1. ɹʘʨʦʤʝʪʨʠʯʝʩʢʠ ʚʠʩʦʪʦʤʝʨʠ; 

2.5.1.2. ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠ ʚʠʩʦʪʦʤʝʨʠ; 

2.5.1.3. ɸʢʫʩʪʠʯʥʠ ʚʠʩʦʪʦʤʝʨʠ; 

2.5.1.4. ʆʧʪʠʯʝʩʢʠ ʚʠʩʦʪʦʤʝʨʠ; 

2.5.1.5. ʀʥʠʨʮʠʘʣʥʠ ʚʠʩʦʪʦʤʝʨʠ; 

2.5.1.6. ʁʦʥʠʟʘʮʠʦʥʥʠ ʚʠʩʦʪʦʤʝʨʠ. 

2.5.2. ʇʨʠʝʤʥʠʮʠ ʥʘ ʚʲʟʜʫʰʥʦ ʥʘʣʷʛʘʥʝ 

2.5.3. ʄʝʭʘʥʠʯʝʩʢʠ ʙʘʨʦʤʝʪʨʠʯʥʠ ʚʠʩʦʪʦʤʝʨʠ 

2.5.4. ɽʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠ ʚʠʩʦʪʦʤʝʨʠ 

2.5.4.1. ʉʧʦʨʝʜ ʧʨʝʦʙʨʘʟʫʚʘʪʝʣʷ ʥʘ ʥʘʣʷʛʘʥʝʪʦ: 

- ɽʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠ ʚʠʩʦʪʦʤʝʨʠ ʩ ʧʨʝʦʙʨʘʟʫʚʘʪʝʣ ʥʘ ʥʘʣʷʛʘʥʝ ʦʪ ʧʦʪʝʥʮʠʦ-

ʤʝʪʨʠʯʝʥ ʪʠʧ; 

- ɽʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠ ʚʠʩʦʪʦʤʝʨʠ ʩ ʧʨʝʦʙʨʘʟʫʚʘʪʝʣ ʥʘ ʥʘʣʷʛʘʥʝ ʦʪ ʠʥʜʫʢʮʠʦ-

ʥʝʥ ʪʠʧ; 

2.5.5. ɽʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠ ʙʘʨʦʤʝʪʨʠʯʥʠ ʜʘʪʯʠʮʠ ʥʘ ʚʠʩʦʯʠʥʘ; 

2.5.6. ʈʘʜʠʦʚʠʩʦʪʦʤʝʨ 

2.5.6.1. ʈʘʜʠʦʚʠʩʦʪʦʤʝʨ ʩ ʥʝʧʨʝʢʲʩʥʘʪʦ ʜʝʡʩʪʚʠʝ; 

2.5.6.2. ʈʘʜʠʦʚʠʩʦʪʦʤʝʨ ʩ ʠʤʧʫʣʩʥʦ ʜʝʡʩʪʚʠʝ. 

2.6. ʀʟʤʝʨʚʘʪʝʣʠ ʥʘ ʩʢʦʨʦʩʪʥʠʪʝ ʧʘʨʘʤʝʪʨʠ 

2.6.1. ʉʧʦʨʝʜ ʤʝʪʦʜʠʪʝ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʧʦʣʝʪʘ, ʠʟʤʝʨʚʘʪʝʣʠʪʝ ʩʘ: 

2.6.1.1. ɸʝʨʦʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʨʚʘʪʝʣʠ ʥʘ ʩʢʦʨʦʩʪʥʠ ʧʘʨʘʤʝʪʨʠ; 

2.6.1.2. ɼʦʧʣʝʨʦʚʠ ʠʟʤʝʨʚʘʪʝʣʠ ʥʘ ʩʢʦʨʦʩʪʥʠ ʧʘʨʘʤʝʪʨʠ; 

2.6.1.3. ʀʥʝʨʮʠʘʣʥʠ ʠʟʤʝʨʚʘʪʝʣʠ ʥʘ ʩʢʦʨʦʩʪʥʠ ʧʘʨʘʤʝʪʨʠ. 

2.6.2. ʉʧʦʨʝʜ ʩʢʦʨʦʩʪʪʘ, ʢʦʷʪʦ ʠʟʤʝʨʚʘʪ (ʠʩʪʠʥʩʢʘ ʚʲʟʜʫʰʥʘ ʩʢʦʨʦʩʪ, ʠʥʜʠʢʘ-

ʪʦʨʥʘ (ʧʨʠʙʦʨʥʘ) ʩʢʦʨʦʩʪ, ʚʝʨʪʠʢʘʣʥʘ ʩʢʦʨʦʩʪ ʠ  ʧʲʪʥʘʪʘ ʩʢʦʨʦʩʪ) 

2.6.2.1. ʀʟʤʝʨʚʘʪʝʣʠ ʥʘ ʠʥʜʠʢʘʪʦʨʥʘʪʘ ʩʢʦʨʦʩʪ 

2.6.2.2. ʀʟʤʝʨʚʘʪʝʣʠ ʥʘ ʠʩʪʠʥʩʢʘʪʘ ʚʲʟʜʫʰʥʘ ʩʢʦʨʦʩʪ ʠ ʯʠʩʣʦʪʦ ʥʘ ʄʘʭ (ʄ) 

2.6.2.3. ʀʟʤʝʨʚʘʪʝʣʠ ʥʘ ʚʝʨʪʠʢʘʣʥʘʪʘ ʩʢʦʨʦʩʪ 

2.6.2.3.1. ʉʧʦʨʝʜ ʤʝʪʦʜʠʪʝ ʟʘ ʠʟʤʝʨʚʘʥʝ: 

- ʏʨʝʟ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʚʝʨʪʠʢʘʣʥʦʪʦ ʫʩʢʦʨʝʥʠʝ; 

- ʏʨʝʟ ʠʟʤʝʨʚʘʥʝ ʥʘ ʚʝʨʪʢʘʣʥʘʪʘ ʩʲʩʪʘʚʣʷʚʘʱʘ ʥʘ ʩʢʦʨʦʩʪʪʘ; 

- ʏʨʝʟ ʜʝʬʝʨʠʥʮʠʨʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʦʪ ʜʘʪʯʠʢʘ ʥʘ ʚʠʩʦʯʠʥʘʪʘ; 

- ʏʨʝʟ ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦ ʜʠʬʝʨʝʥʮʠʨʘʥʝ ʥʘ ʩʪʘʪʠʯʝʩʢʦʪʦ ʥʘʣʷʛʘʥʝ - ʚʘʨʠʦ-

ʤʝʪʨʠ. 

2.7. ʀʟʤʝʨʚʘʪʝʣʠ ʥʘ ʲʛʣʠʪʝ ʥʘ ʘʪʘʢʘ 

2.8. ʀʟʤʝʨʚʘʪʝʣʠ ʥʘ ʲʛʣʠʪʝ ʥʘ ʧʣʲʟʛʘʥʝ 

2.9. ʀʟʤʝʨʚʘʪʝʣʠ ʥʘ ʢʫʨʩʘ 

2.9.1. ʉʧʦʨʝʜ ʤʝʪʦʜʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʢʫʨʩʘ: 
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2.9.1.1. ʀʟʤʝʨʚʘʪʝʣʠ ʠʟʧʦʣʟʚʘʱʠ ʤʘʛʥʠʪʥʠʷ ʤʝʪʦʜ ï ʤʘʛʥʠʪʥʠ ʢʦʤʧʘʩʠ; 

2.9.1.2. ʀʟʤʝʨʚʘʪʝʣʠ, ʠʟʧʦʣʟʚʘʱʠ ʠʥʜʫʢʮʠʦʥʥʠʷ ʤʝʪʦʜ ï ʠʥʜʫʢʮʠʦʥʝʥ ʜʘʪʯʠʢ; 

2.9.1.3. ʀʟʤʝʨʚʘʪʝʣʠ, ʠʟʧʦʣʟʚʘʱʠ ʞʠʨʦʩʢʦʧʠʯʝʩʢʠʷ ʤʝʪʦʜ; 

2.9.1.4. ʀʟʤʝʨʚʘʪʝʣʠ, ʠʟʧʦʣʟʚʘʱʠ ʞʠʨʦʤʘʛʥʠʪʥʠʷ ʤʝʪʦʜ; 

2.9.1.5. ʀʟʤʝʨʚʘʪʝʣʠ, ʠʟʧʦʣʟʚʘʱʠ ʞʠʨʦʠʥʜʫʢʮʠʦʥʥʠʷ ʤʝʪʦʜ; 

2.9.1.6. ʀʟʤʝʨʚʘʪʝʣʠ, ʠʟʧʦʣʟʚʘʱʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʷ ʤʝʪʦʜ; 

2.9.1.7. ʀʟʤʝʨʚʘʪʝʣʠ, ʠʟʧʦʣʟʚʘʱʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʷ ʤʝʪʦʜ; 

2.10. ɻʦʨʠʚʦʤʝʨʠ 

2.10.1. ʉʧʦʨʝʜ ʧʨʠʥʮʠʧʘ ʥʘ ʜʝʡʩʪʚʠʝ: 

2.10.1.1. ʇʦʧʣʘʚʢʦʚʠ: 

- ʤʝʭʘʥʠʯʝʩʢʠ; 

- ʝʣʝʢʪʨʠʯʝʩʢʠ. 

2.10.1.2. ʄʘʥʦʤʝʪʨʠʯʥʠ; 

2.10.1.3. ʂʘʧʘʮʠʪʠʚʥʠ; 

2.10.2. ʉʧʦʨʝʜ ʤʝʪʦʜʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʛʦʨʠʚʦ: 

2.10.2.1. ʊʝʛʣʦʚʥʦ-ʭʠʜʨʦʩʪʘʪʠʯʝʩʢʠ ï ʪʝʥʟʦʜʘʪʯʠʮʠ; 

2.10.2.2. ʇʦʧʣʘʚʢʦʚʠ; 

- ʇʦʧʣʘʚʢʦʚʠ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠ ʛʦʨʠʚʦʤʝʨʠ; 

- ʇʦʧʣʘʚʢʦʚʠ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠ ʛʦʨʠʚʦʤʝʨʠ ʩ ʪʨʲʩʪʠʢʘ 

2.10.2.3. ɸʢʫʩʪʠʯʥʠ; 

2.10.2.4. ʂʘʧʘʮʠʪʠʚʥʠ - ɽʣʝʢʪʨʦʢʘʧʘʮʠʪʠʚʥʠ ʛʦʨʠʚʦʤʝʨʠ; 

2.10.2.5. ʀʥʜʫʢʪʠʚʥʠ; 

2.10.2.6. ʈʝʟʠʩʪʦʨʥʠ; 

2.10.2.7. ʈʘʜʠʦʚʲʣʥʦʚʠ; 

2.10.2.8. ʈʘʜʠʦʠʟʦʪʦʧʥʠ. 

2.11. ɼʘʪʯʠʮʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʭʦʜʘ ʥʘ ʛʦʨʠʚʦ 

2.11.1. ʉʧʦʨʝʜ ʤʝʪʦʜʠʪʝ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʭʦʜʘ ʥʘ ʛʦʨʠʚʦ 

2.11.1.1. ʆʙʝʤʥʠ; 

2.11.1.2. ʍʠʜʨʦʜʠʥʘʤʠʯʥʠ; 

2.11.1.3. ʎʝʥʪʨʦʙʝʞʥʠ; 

2.11.1.4. ʊʫʨʙʠʥʥʠ; 

2.11.1.5. ʊʦʧʣʠʥʥʠ; 

2.11.1.6. ʋʣʪʨʘʟʚʫʢʦʚʠ; 

2.11.1.7. ɽʣʝʢʪʨʦʤʘʛʥʠʪʥʠ (ʠʥʜʫʢʮʠʦʥʥʠ) 

2.11.2. ʊʫʨʙʠʥʥʠ ʧʨʝʦʙʨʘʟʫʚʘʪʝʣʠ ʥʘ ʨʘʟʭʦʜʘ ʥʘ ʛʦʨʠʚʦ 

2.11.3. ʉʢʦʨʦʩʪʥʠ ʨʘʟʭʦʜʦʤʝʨʠ ʟʘ ʤʦʤʝʥʪʥʠʷ ʨʘʟʭʦʜ 

2.12.  ɾʠʨʦʩʢʦʧʠʯʝʩʢʠ ʧʨʠʙʦʨʠ 

2.12.1 ʉʧʦʨʝʜ ʩʪʝʧʝʥʥʠʪʝ: 

2.12.1.1. ɼʚʫʩʪʝʧʝʥʥʠ ʞʠʨʦʩʢʦʧʠ; 

2.12.1.2. ʊʨʠʩʪʝʧʝʥʥʠ ʞʠʨʦʩʢʦʧʠ. 

2.12.2. ʉʧʦʨʝʜ ʩʭʝʤʘʪʘ ʥʘ ʢʦʨʝʢʮʠʷ: 

2.12.2.1.  ʉʭʝʤʘ ʟʘ ʢʦʨʝʢʮʠʷ ʥʘ ʪʨʠʩʪʝʧʝʥʝʥ ʞʠʨʦʩʢʦʧ ʚ ʧʣʦʩʢʦʩʪʪʘ ʥʘ 

ʤʘʛʥʠʪʥʠʷ ʤʝʨʠʜʠʘʥ; 

2.12.2.2. ʂʠʥʝʪʠʯʥʘ ʩʭʝʤʘ ʟʘ ʢʦʨʝʢʮʠʷ ʧʦ ʧʦʩʦʢʘ ʥʘ ʚʝʨʪʠʢʘʣʘʪʘ ʟʘ ʤʷʩʪʦ 

2.12.2.3. ʂʠʥʝʪʠʯʥʘ ʩʭʝʤʘ ʟʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʢʦʨʝʢʮʠʷ ʧʦ ʛʣʘʚʥʘʪʘ ʦʩ ʥʘ 

ʪʨʠʩʪʝʧʝʥʝʥ ʞʠʨʦʩʢʦʧ 

2.12.3. ʂʦʨʠʛʠʨʘʱʠ ʫʩʪʨʦʡʩʪʚʘ 
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2.12.4. ɼʝʤʬʠʨʘʱʠ ʫʩʪʨʦʡʩʪʚʘ 

2.12.5. ɸʨʝʪʠʨʘʱʠ ʫʩʪʨʦʡʩʪʚʘ 

2.12.6. ɼʘʪʯʠʢ ʥʘ ʲʛʣʦʚʘʪʘ ʩʢʦʨʦʩʪ 

2.12.7. ʃʘʟʝʨʥʠ ʞʠʨʦʩʢʦʧʠ 

3. ʀʥʜʠʢʘʪʦʨʠ ʠ ʩʠʛʥʘʣʠʟʘʪʦʨʠ 

3.1. ʇʠʣʦʪʘʞʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʠ ʠʥʜʠʢʘʪʦʨʠ 

3.1.1. ʀʥʜʠʢʘʪʦʨʠ, ʧʦʢʘʟʚʘʱʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ɺʉ ʚ ʧʨʦʩʪʨʘʥʩ-

ʪʚʦʪʦ; 

3.1.2. ʀʥʜʠʢʘʪʦʨʠ, ʧʦʢʘʟʚʘʱʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʧʦʣʝʪʘ; 

3.1.3. ʀʥʜʠʢʘʪʦʨʠ, ʧʦʢʘʟʚʘʱʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧʨʠʙʦʨʥʘʪʘ ʩʢʦʨʦʩʪ; 

 
3.1.4. ʀʥʜʠʢʘʪʦʨʠ, ʧʦʢʘʟʚʘʱʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʙʘʨʦʤʝʪʨʠʯʝʩʢʘʪʘ ʚʠʩʦʯʠʥʘ ʥʘ 

ʧʦʣʝʪʘ; 

3.1.5. ʀʥʜʠʢʘʪʦʨʠ, ʧʦʢʘʟʚʘʱʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʝʨʪʠʢʘʣʥʘʪʘ ʩʢʦʨʦʩʪ. 

3.2. ʀʥʜʠʢʘʪʦʨʠ ʠ ʩʠʛʥʘʣʠʟʘʪʦʨʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʩʠʣʦʚʘʪʘ ʫʩ-

ʪʘʥʦʚʢʘ: 

3.2.1. ʀʥʜʠʢʘʪʦʨʠ ʠ ʩʠʛʥʘʣʠʟʘʪʦʨʠ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʠʟʚʝʞʜʘʥʝʪʦ ʥʘ 

ʘʚʠʘʮʠʦʥʥʠ ʜʚʠʛʘʪʝʣʠ ʥʘ ʟʘʜʘʜʝʥ ʨʝʞʠʤ; 

3.2.2. ʀʥʜʠʢʘʪʦʨ ʟʘ ʟʘʧʘʩʘ ʦʪ ʛʦʨʠʚʦ; 

3.2.3. ʀʥʜʠʢʘʪʦʨ ʟʘ ʟʘʧʘʩʘ ʦʪ ʛʦʨʠʚʦ ʚ ʨʘʟʭʦʜʥʠʪʝ ʙʘʢʠ; 

3.3. ʀʥʜʠʢʘʪʦʨʠ ʠ ʩʠʛʘʥʣʠʟʘʪʦʨʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʝʣʝʤʝʥʪʠ-

ʪʝ ʦʪ ɺʉ: 

3.3.1. ʀʥʜʠʢʘʪʦʨʠ ʟʘ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʫʩʪʨʦʡʩʪʚʘʪʘ ʟʘ ʠʟʣʠʪʘʥʝ ʠ ʢʘʮʘʥʝ, ʧʨʠ-

ʥʘʜʣʝʞʘʱʠ ʢʲʤ ʤʝʭʘʥʠʟʘʮʠʷʪʘ ʥʘ ʢʨʠʣʦʪʦ; 

3.3.2. ʀʥʜʠʢʘʪʦʨʠ ʟʘ ʧʦʚʲʨʭʥʦʩʪʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ɺʉ; 

3.3.3. ʉʠʛʥʘʣʠʟʘʪʦʨʠ ʟʘ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʢʦʣʝʩʥʠʢʘ. 

3.4. ʀʥʜʠʢʘʪʦʨʠ ʟʘ ʢʦʥʪʨʦʣ ʨʘʙʦʪʘʪʘ ʥʘ ʩʠʩʪʝʤʠʪʝ ʥʘ ɺʉ. 

3.5. ʉʚʝʪʦʩʠʛʥʘʣʥʠ ʫʩʪʨʦʡʩʪʚʘ 

4. ʇʦʣʝʪʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʝ ʥʘʡ-ʚʘʞʥʘ ʟʘ ʦʙʝʢʪʠʚʥʠʷ ʢʦʥʪʨʦʣ ʠ ʙʝʟʦ-

ʧʘʩʥʦʩʪʪʘ ʥʘ ʧʦʣʝʪʘ 

4.1. ʆʩʥʦʚʥʘ (ʠʟʤʝʨʚʘʪʝʣʥʘ) ʠʥʬʦʨʤʘʮʠʷ: 

4.1.1. ɸʥʘʣʦʛʦʚʠ ʧʘʨʘʤʝʪʨʠ (ʈʝʛʠʩʪʨʠʨʘʥʠ ʩ ʧʨʠʙʦʨʥʦ ʦʙʦʨʫʜʚʘʥʝ, ʧʦʩʦʯʝʥʦ ʥʘ 

ʬʠʛ.1 ʠ ʬʠʛ.2ï ʟʘ ʩʘʤʦʣʝʪ ʄʠɻ-29): 

4.1.2.  ɽʜʥʦʢʨʘʪʥʠ ʢʦʤʘʥʜʠ/ʩʠʛʥʘʣʠ (ʟʘ ʩʘʤʦʣʝʪ ʄʠɻ-29): 

- ʆʪʢʘʟ ʥʘ ʦʩʥʦʚʥʘ/ ʨʝʟʝʨʚʥʘ (ʙʫʩʪʝʨʥʘ) ʭʠʜʨʦʩʠʩʪʝʤʘ; 

- ʇʨʝʛʨʷʚʘʥʝ ʥʘ ʣʷʚ/ʜʝʩʝʥ ʜʚʠʛʘʪʝʣ; 

- ʉʙʨʦʩ ʥʘ ʦʙʦʨʦʪʠ ʥʘ ʣʷʚ/ʜʝʩʝʥ ʜʚʠʛʘʪʝʣ; 

- ʇʦʤʧʘʞ ʥʘ ʣʷʚ/ʜʝʩʝʥ ʜʚʠʛʘʪʝʣ; 

  
ʂʘʥʘʣ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ: 

ʥʘʣʷʛʘʥʝ ʥʘ ʤʘʩʣʦʪʦ ʚ ʂʉɸ ʧʨʝʜʠ ʟʘʧʫʩʢ, 

ʚʠʙʨʘʮʠʷ ʥʘ ʂʉɸ ʧʨʝʜʠ ʟʘʧʫʩʢ  

 

ɼʘʪʯʠʢ ʥʘ ʥʘʣʷʛʘʥʝʪʦ ʥʘ ʤʘʩʣʦʪʦ ʚ ʂʉɸ ï ɼɸʊ-8 

(ʣʷʚ ɹʇʂ-88) 
 

ɼʘʪʯʠʢ ʥʘ ʚʠʙʨʘʮʠʠʪʝ ʥʘ ʂʉɸ ï ʄɺ-27-1ɻ (ʜʝʩʝʥ 

ɹʇʂ-88) 

ɼʘʪʯʠʢ ʥʘ ʥʘʣʷʛʘʥʝʪʦ ʥʘ ʤʘʩʣʦʪʦ ʚ ʂʉɸ ï ɼɸʊ-8 

(ʜʝʩʝʥ ɹʇʂ-88) 
 
ɼʘʪʯʠʢ ʥʘ ʚʠʙʨʘʮʠʠʪʝ ʥʘ ʂʉɸ ï ʄɺ-27-1ɻ (ʣʷʚ 

ɹʇʂ-88) 

ʂʉɸ (ʂʫʪʠʷ 

ʥʘ 

ʩʘʤʦʣʝʪʥʠʪʝ 

ʘʛʨʝʛʘʪʠ) 

 

 

ʌʠʛ.1 ɸʥʘʣʦʛʦʚʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʂʉɸ (ʢʫʪʠʷʪʘ ʥʘ ʩʘʤʦʣʝʪʥʠʪʝ ʘʛʨʝʛʘʪʠ) 
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- ʇʦʞʘʨ; 

- ɺʲʟʜʫʰʥʠ ʩʧʠʨʘʯʢʠ ï ʩʧʫʩʥʘʪʠ; 

- ɸʚʘʨʠʝʥ ʦʩʪʲʪʲʢ ʥʘ ʛʦʨʠʚʦ; 

- ʐʘʩʠ (ʢʦʣʝʩʥʠʢ) ï ʦʙʨʘʥ; 

 
- ʂʘʪʘʧʫʣʪʠʨʘʥʝ; 

- ʀʟʭʚʲʨʣʷʥʝ ʥʘ ʬʘʥʘʨ; 

- ʃʠʧʩʘ ʥʘ ʤʘʩʣʦ ʚ ʂʉɸ; 

- ɻʦʨʝʥ ʚʲʟʜʫʰʝʥ ʚʭʦʜ; 

- ʌʦʨʩʘʞ ʥʘ ʣʷʚ/ʜʝʩʝʥ ʜʚʠʛʘʪʝʣ; 

- ʇʦʣʦʞʝʥʠʝ ʥʘ ʥʦʩʢʠʪʝ ʥʘ ʢʨʠʣʦʪʦ; 

- ʉʠʛʥʘʣ Ăʈʘʮʠʷò- ʥʘʪʠʩʢʘʥʝ ʥʘ ʙʫʪʦʥ ʟʘ ʧʨʝʜʘʚʘʥʝ ʧʦ ʨʘʜʠʦʩʪʘʥʮʠʷ; 

- ʉʧʫʩʥʘʪʠ ʟʘʜʢʨʠʣʢʠ; 

- ʅʘʪʠʩʢʘʥʝ ʥʘ ʙʫʪʦʥ Ăɹʦʡʥʘ ʢʥʦʧʢʘò; 

  

ʂʘʥʘʣ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʲʨʘ ʥʘ ʧʨʠʙʦʨʥʘʪʘ ʩʢʦʨʦʩʪ ɼʘʪʯʠʢ ʟʘ ʥʘʣʷʛʘʥʝ ï ʄɼɼ-ʊʝ-0-1 ,5 

ɼʘʪʯʠʢ ʟʘ ʥʘʣʷʛʘʥʝ ï ʄɼɼ-ʊʝ-0-780 

 
ɼʘʪʯʠʢ ʦʪ ʙʣʦʢʘ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ɹɺʇ-11 

ɼʘʪʯʠʢ ʦʪ ʙʣʦʢʘ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ɹɺʇ-11 
 
ɼʘʪʯʠʢ ʟʘ ʲʛʲʣʘ ʥʘ ʘʪʘʢ ï ɼɸʋ-72-1 

ɼʘʪʯʠʢ ï ʄʇ-95-1 ,5 ...+1 ,5 

ɼʘʪʯʠʢ ï ʄʇ-95-3 ,0 ...+3 ,0 

ʂʘʥʘʣ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʲʨʘ ʥʘ ʙʘʨʦʤʝʪʨʠʯʥʘʪʘ ʚʠʩʦʯʠʥʘ 

ʂʘʥʘʣ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʲʨʘ ʥʘ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʠʩʦʯʠʥʘ 

ʂʘʥʘʣ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʲʨʘ ʥʘ ʠʩʪʠʥʩʢʘʪʘ ʩʢʦʨʦʩʪ 

ʂʘʥʘʣ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʲʨʘ ʥʘ ʲʛʲʣʘ ʥʘ ʘʪʘʢʘ 

ʂʘʥʘʣ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʲʨʘ ʥʘ ʩʪʨʘʥʠʯʥʦʪʦ ʧʨʝʪʦʚʘʨʚʘʥʝ 

ʂʘʥʘʣ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʲʨʘ ʥʘ ʥʘʜʣʲʞʥʦʪʦ ʧʨʝʪʦʚʘʨʚʘʥʝ 

ʂʘʥʘʣ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʲʨʘ ʥʘ ʚʝʨʪʠʢʘʣʥʦʪʦ ʧʨʝʪʦʚʘʨʚʘʥʝ ɼʘʪʯʠʢ ï ʄʇ-95-3 ,5 ...+10,0 
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ɼʘʪʯʠʮʠ ʦʪ ʢʦʨʤʠʣʥʘʪʘ ʤʘʰʠʥʘ 

ʂʘʥʘʣ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ 

ʧʘʨʘʤʝʪʨʠʪʝ: ʧʦʣʦʞʝʥʠʝ ʥʘ 

ʨʲʯʢʘʪʘʟʘ ʫʧʨʘʚʣʝʥʠʝ ʧʦ 

ʪʘʥʛʘʞ, ʧʦʣʦʞʝʥʠʝ ʥʘ 

ʨʲʯʢʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʧʦ 

ʢʨʝʥ, ʧʦʣʦʞʝʥʠʝ ʥʘ 
ʧʝʜʘʣʠʪʝ, ʲʛʲʣ ʥʘ 

ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʣʝʚʠʷ 

ʩʪʘʙʠʣʠʟʘʪʦʨ, ʲʛʲʣ ʥʘ 

ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʜʝʩʥʠʷ 

ʩʪʘʙʠʣʠʟʘʪʦʨ, ʲʛʲʣ ʥʘ 

ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʜʝʩʥʠʷ 

ʝʣʝʨʦʥ, ʲʛʲʣ ʥʘ ʦʪʢʣʦʥʝʥʠʝ 

ʥʘ ʜʝʩʥʠʷ ʚʝʨʪʠʢʘʣʝʥ 

ʩʪʘʙʠʣʠʟʘʪʦʨ, ʧʦʣʦʞʝʥʠʝ ʥʘ 

ʈʋɼ (ʨʲʯʢʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʜʚʠʛʘʪʝʣʠʪʝ) ʥʘ 

ʣʝʚʠʷ/ʜʝʩʥʠʷ ʜʚʠʛʘʪʝʣ  

 

ɼʘʪʯʠʢ ʥʘ ʨʲʯʢʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʪʘʥʛʘʞ 

ɼʘʪʯʠʢ ʥʘ ʨʲʯʢʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʢʨʝʥ 

ɼʘʪʯʠʢ ʥʘ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʧʝʜʘʣʠʪʝ  

ɼʘʪʯʠʮʠ ʥʘ ʣʝʚʠʷ/ʜʝʩʥʠʷ ʩʪʘʙʠʣʠʟʘʪʦʨ 

ɼʘʪʯʠʢ ʥʘ ʜʝʩʥʠʷ ʝʣʝʨʦʥ 

ɼʘʪʯʠʢ ʥʘ ʜʝʩʥʠʷ ʚʝʨʪʠʢʘʣʝʥ ʩʪʘʙʠʣʠʟʘʪʦʨ 

ɼʘʪʯʠʮʠ ʟʘ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʈʋɼ  ʥʘ ʣʝʚʠʷ/ʜʝʩʝʥ 

ʜʚʠʛʘʪʝʣ  

ʄʦʜʫʣ ʥʘ ʧʦʩʪʦʷʥʥʦʪʦʢʦʚʠʪʝ ʥʘʧʨʝʞʝʥʠʷ 

ʄʦʜʫʣ ʥʘ ʧʨʦʤʝʥʣʠʚʦʪʦʢʦʚʠʪʝ ʥʘʧʨʝʞʝʥʠʷ 

ʇʣʘʥʝʨ 

 

 

ʌʠʛ.2 ɸʥʘʣʦʛʦʚʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʣʘʥʝʨʘ 
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- ʅʘʣʠʯʠʝ ʥʘ ʧʦʜʚʝʩʢʠ ʥʘ ʪʦʯʢʠʪʝ ʟʘ ʦʢʘʯʚʘʥʝ. 

4.2. ʉʣʫʞʝʙʥʘ ʠʥʬʦʨʤʘʮʠʷ (ʟʘ ʠʥʜʝʪʠʬʠʢʘʮʠʷ): 

4.2.1. ɼʘʪʘʪʘ ʥʘ ʧʦʣʝʪʘ; 

4.2.2. ʅʦʤʝʨ ʥʘ ʧʦʣʝʪʘ. 

 

 

ɿɸʂʃʖʏɽʅʀɽ 
ɸʚʠʘʮʠʦʥʥʠʪʝ ʧʨʠʙʦʨʠ, ʜʘʪʯʠʮʠ, ʠʥʜʠʢʘʪʦʨʠ ʠ ʩʠʛʥʘʣʠʟʘʪʦʨʠ ʩʝ ʷʚʷʚʘʪ ʚʘʞʥʘ 

ʩʲʩʪʘʚʥʘ ʯʘʩʪ ʦʪ ʙʦʨʜʥʦʪʦ ʘʚʠʘʮʠʦʥʥʦ ʦʙʦʨʫʜʚʘʥʝ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʦʪ ʙʦʨʜʦʚʠʪʝ 

ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʧʦʣʝʪʥʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʚʲʟʜʫʭʦʧʣʘʚʘʪʝʣʥʠʪʝ ʩʨʝʜʩʪ-

ʚʘ. ʊʝ ʠʛʨʘʷʪ ʢʣʶʯʦʚʘ ʨʦʣʷ ʟʘ ʦʙʝʢʪʠʚʥʠʷ ʢʦʥʪʨʦʣ ʠ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʙʦʝʛʦʪʦʚ-

ʥʦʩʪʪʘ ʥʘ ʚʲʟʜʫʰʥʠʪʝ ʩʨʝʜʩʪʚʘ, ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʧʦʣʝʪʠʪʝ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʥʘ-

ʜʝʞʜʥʦʩʪʪʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʘʚʠʘʮʠʦʥʥʘʪʘ ʪʝʭʥʠʢʘ ʚ ʧʦʣʝʪ, ʢʘʪʦ ʩʣʫʞʘʪ ʟʘ ʨʝʛʠʩʪʨʘʮʠʷ 

ʥʘ ʦʩʥʦʚʥʘ, ʩʣʫʞʝʙʥʘ ʧʦʣʝʪʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʢʪʦ ʠ ʚʨʝʤʝʪʦ ʥʘ ʧʦʣʝʪʘ. 
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Abstract: This article offers an original ISAR image optimization procedure based on 

impulse noise reduction in presence of additive white Gaussian noise. Improved modeling and 

information analysis of the filtering system are developed by implementation of notch reduction 
algorithm over the binary image. Simulation experiments are carried out in MATLAB 

environment. 

 
Keywords: ISAR image, Image filtering procedure, Image pixels restoration 

 

1. Introduction  

For all Inverse Synthetic Aperture Radar (ISAR) systems high performance and 

better image reconstruction technologies are vital. An opportunity for improved 

information analysis in that area is suggested to be the development of better algorithms 

for recognition of the various flying objects. This task can be facilitated if the model of 

the aircraft is more similar to the real flying object and has a detailed structure [1]. 

Another approach for better image can be the additive white Gaussian noise reduction 

closer to zero value.  

There are many image denoising methods which are in existence over the last 

decades, originated from various disciplines such as probability theory, statistics, partial 

differential equations, linear and nonlinear filtering, spectral and multiresolution analysis 

due to the robustness of the systems. Recently, image denoising has been attracting much 

attention using methods which is based on wavelet domain and spatial domain and the 

wavelet transform based on local contrast and adaptive mean in the wavelet transform 

domain [2]. A fuzzy approach to performance measurement of grayscale image 

denoising algorithms can also be implemented [3]. 

The object recognition analysis approach for some image is focused on the objectôs 

contour as best informative. Some algorithms and methods are developed to achieve 

more distinctive contour of the object shown. An opportunity for image filtration with 

high grade of objectôs contour line retain is described in this paper.  

The noise filtering procedure is offered by two stages. Adaptive filtration of the 

background noise is processed for imageôs general noise level reduction and this is held 



178 

on the first stage. Impulse interferences produced by the peak noise are suppressed with a 

digital filter offered in this paper. 

 

2. ISAR image processing by adaptive background noise-removal filter.  

The ISAR trajectory signal is received from 2D aircraft model. The distance to the 

object is 50 000 m, its velocity is 600 m/s, altitude is 5000 m. Linear frequency 

modulation signals are used for image retrieving. The procedure is composed by range 

compression and azimuth compression using Fast Fourier Transform [1]. 

A model of reconstructed ISAR image of the flying object in 128ʭ128 pixel grid is 

used for the experiment in presence of Gaussian white noise with constant zero mean and 

variance 0.01 and ñsalt and pepperò noise with density 0.02. The additive ñwhiteò noise 

and impulse interferences produced by the peak noise are presented on figure 1 as 

isometric projection (a) and pseudo-color map (b) of the 2D flying object. The 

experiments are developed in MATLAB environment. 

The results after the first stage of the filtration process are on figure 1 (a) and (b). 

 

       
(a)                                                                (b) 

  
(a1)      (b1) 

ʌʠʛ.1. Reconstructed ISAR image of flying object ï before and after adaptive filter 

processing: isometric projection (a) and (a1) and pseudo-color map (b) and (b1). 
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For the adaptive filtering a filter with linear argument is used to adjust its value 

according to the local variances of the each pixelôs brightness. The adaptive filtering is 

effective in additive noise smoothing of an observed noisy process, assuming known 

stationary signal and noise spectra of random noise distribution. The first stage of the 

filtering is held my means of the Wiener adaptive filter. The local mean and variance 

around each pixel are estimated in this filtration process: 
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where ɖ is the N-by-M local neighborhood of each pixel ),( ji  in the image with 

brightness ),( jia . The new brightness value for each pixel is produced by:  
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where u2 is the noise variance. If the noise variance is not given, all the local estimated 

variances are used in the procedure.  

 

3. Clustering-based image thresholding for graylevel image reduction to a 

binary image. 

 

This transformation algorithm is used for the general background noise reduction of 

the image interferences and object outline preservation. The image is transformed into 

matrix of binary data. 

Otsuôs method is used for automatically calculation the optimum threshold separating 

the classes of pixels following the histogram of the image (foreground pixels and 

background pixels) [4]. The two dimensional N pixel image with L graylevel values is 

processed to calculate the probability of the threshold classification for given pixelôs 

graylevel: 

N

f
p i

i =
,      (4) 

where Li ,1=  is the number of threshold; if  is the number of pixels with values 

corresponding to threshold i . For one threshold (t) segmentation need the pixels are 

assorted in two classes. 

- C1 with graylevel falling in thresholds numbered [1, é, t] 

- C2 with graylevel falling in thresholds numbered [t + 1, é, L]. 

The between-class variance is calculated by: 
2

22
2

11
2 )()( TTB mmwmmws -+-= .   (5) 

For binary segmentation the optimum threshold t* is defined by maximizing inter-

class variance 2
Bs : 
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[ ]{ })(* 2 tMaxArgt Bs=                 , where Lt ,1= .  (6) 

 

The results of the receptor field graylevel transformation in binary values are 

presented in figure 2. 

     
(a)                                                           (b) 

ʌʠʛ.2. Isometric projection (a) and pseudo-color map (b) of the image after the 

clustering-based image thresholding and binary image creation. 

 

4. Rejection filtering procedure for impulse interferences of ISAR image. 

Additional filtration procedure is needed in the next stage for removing the residual 

impulse interferences of the image. The rejection filter offered is designed for binary 

image processing, monolithic silhouette presence is implied. The processing is held for 

removing random impulse interferences without silhouette damage but correct some of 

its malformations. The difference to the known rejection filtration is the changeable 

aperture. 

The filtering procedure experiment is executed in several consecutive cycles. Zero 

value is used for the border pixels from the first and the last row and column of the 

matrix of the receptor field. The image is divided to rectangular parts of first order, 

second order etc. in dependence to the total number of pixels of the aperture that are 

influenced at once.  

The first cycle is processed with parts of first order i.e. 1x1 pixel area of the image is 

affected; the aperture needed is 3x3 pixels. All pixels of the image are on the beat 

consecutively but the border ones. The pixels brightness ai,j is recalculated according:  
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https://en.wikipedia.org/wiki/Thresholding_%28image_processing%29
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Where 127,2=i ; 127,2=j ; 
jia ,
 is the current value of the pixel ),( ji  

brightness; W is the sum of the brightness values of the neighboring pixels;jiA ,  is the 

new, recalculated brightness value of the pixel ),( ji  as shown on figure 3. The floor 

function round off the value to the closest integer in direction to zero. 

 

 
(a)                                                                   (b) 

Figure 3.  Processing with parts of first order 

 

Having eight neighboring pixels with zero intensity the current pixel ),( ji is also 

zero filled as shown on figure 3 (a). The same pixel is filled with value of one if more 

than seven pixels with that value are situated in the surrounding area that time ï figure 3 

(b).  

Procedure with rectangular image parts of second order is processed on the second 

cycle - every 2x2 pixel area of the image is affected. Each part of that size is represented 

by five variants shown on figure 4.  

 

 
(a)                                   (b)                                   (c) 

 
(d)                                  (e) 

Figure 4. Each part (2x2) of the image is represented by five rectangular shapes - (a), 

(b), (c), (d), (e). 
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All the image pixels are on the beat consecutively except the border ones. Image 

parts of type (a) to (c) are used simultaneously for the surrounding of the pixel ),( ji . 

Parts of type (d) and (e) are appeared later for the pixels )1,( +ji  and ),1( ji+ . 

Different aperture is used for each part type with pixel size of 3x4, 4x3 and 4x4 

respectively. The pixel brightness in each part type is recalculated in response conditions 

following. 

For part of type (a): 
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for part of type (b): 
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The processes held in the rejection filtering procedure are shown on figure 5 by some 

typical examples for illustration of the impulse interferences removing as well as missed 

pixels restoration for the objectôs silhouette at the same time. 
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Figure 5. Isolated spots elimination and silhouetteôs missing pixel recovery.  

Aperture is changed after the first and the second cycle.  

 

The filtration procedure is carried out for image part of type to fourth order, as the 

disappearing of object details is most probably if bigger and more detailed aperture 

usage.  

The results of the rejection filtration procedure over the image form figure 2 are 

shown on figure 6. 

  

 
 

ʌʠʛ.6 Isometric projection and pseudo-color map of a 2D flying object Binary image 

after the rejection filtration procedure. 
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5. Conclusion. 

 

The image after denoising has a better visual effect. The procedure can be used in 

performance evaluation and comparison of contemporary denoising methods. Self-

learning or genetic algorithms as well as fussy logic implementations can be used on the 

next stage if the silhouette of the object is partially damaged or result produced is 

insufficient for objects classification. 

The results of the digital filtration and image optimization algorithm developed can 

be used for ISAR observation techniques and subsequent image recognition 

developments. 
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Abstract. This paper explores the technological transformation of the system "man-

computer" and its components in the coming decades of the 21st century. Inaugurate the 

relationship in the development of computer and human, tendencies to personification of 

computer to artificial intelligent person, human - improved to "post-human" and human-

computer interaction to state of regulation between comparable reasonable subjects, 

communities and civilizations. 
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1. Introduction  

Nowadays is considered unquestionable essential role of computing in the develop-

ment of human civilizations. Many concepts characterize ultra-mobile computer present, 

and future of hyper connection, nanotechnology and artificial intelligence. In this con-

text, the paper investigates some aspects of the development of the "human-computer" 

for the coming decades as a result of the expected evolution of the mechanical and bio-

logical components. The analysis covers three conditional phases - modern (post-PC) [5], 

advanced (ubiquitous computing [3]) and intermediate. The dynamics of the machine 

components on study: computer paradigm computing entity role and priority of compu-

ting, system connectivity, conceptuality and cognition, interfaces and interaction and 

personalization. The human component is used indicators: development role, tools, tech-

nological dependence. 

The aim is to present arguments mutual influence between the system components, 

accelerating technological evolution, to reveal the nature and direction of their transfor-

mation and the conditions for sustainable perspective of human civilization. 

2. Technological evolution of the mechanical and biological components 

2.1 Post-computer phase 

Communication and information technology in the first two decades of the 21st cen-

tury is defined as "post-computer". Accelerators of this evolution are innovative 

knowledge and concepts in complex scientific areas, as well as breakthroughs in produc-

tion technology. 

Major computing paradigms are using the computer as a tool for information support, 

partial replacement of human, global socialization, distribution of computing services 

and streaming content. 

Common computer is mobile and ultra-mobile used with cloud services. The first 

generations of handheld systems are supporting [2, 5]. 

Computer as a system is autonomous, with passively-executive role with elements of 

proactive and significant standby. Computing is the dominant activity, involving consid-

erable mental resources. Systematic interaction is closed type,  accomplish if necessary 
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and sensory connection with reality is minimal. Ultra mobility increases the frequency of 

the working sessions and minimizes its duration [5]. 

Implement sensor fusion technology [18] and some context sensitive applications - 

voice interfaces, location tracking, route, health status and lifestyle. 

Cognitive bionic architecture computers and neuromorphic components [7] (SyN-

APSE - IBM, Qualcomm, etc.) are developed. According to a Goldman Sachs 2014 

report, humanity "is on the verge of a rapid growth in the development and use of artifi-

cial intelligence". Numbers of specialized uses of AI (Artificial Narrow Intelligence, 

ANI) are implemented. 

GUI are dominant, but more receptive computers, combining perspective interfaces 

are developed. Multi modal communication is achieved by speaking 2D-digital images in 

various incarnations that mimic the movements of the lips and can express emotions 

(virtual head "Zoe"). 

Personalized virtual assistant services are offered. Virtual avatars are created by the 

image, video and answer a dozen questions (Lifenaut). In this way aspects of human 

appearance and behavior are imitated. Research work on improving 3D- telepresence - 

voice modules, advice, motivation, appearance and some empathetic reactions (table 1) is 

doing. 

In the post-computer stage biological components of human-computer system is de-

fined as an assisted person. Its role is leading - actively interacting with the real and 

virtual world, set goals, identify problems, decomposed them of tasks to the computer. 

Basic tools to support many professional activities are mediated reality (augmented 

reality/virtuality, mixed reality), biological augmented virtuality, telemedicine, and some 

virtual simulations of simple systems in the surrounding world. 

Informational support systems [4] for cognitive improvement of human potential - in 

training or in real time are implemented. Aspects of cognitive and physical abilities are 

intensifying [11]. 

Technological dependence of man comes in many forms - nomofobiya, addiction, 

mixing real and virtual personality. Increasing social segregation, time virtual life, de-

tachment of individuals from the established social and cognitive experience. Released 

pursuit of seclusion and denial of real life (table 2). 

2.2 Intermediate phase 

In the next evolutionary stage of human-computer system can be described as symbi-

otic and synergistic (humanistic intelligence HI) [17]. The purpose is the enhancement of 

human capabilities by mobile computer, interacting with cloud technologies. Digital 

transformation of the physical world is in progress, M2M-communications are dominated 

[2,9]. A new type of interaction with "smart" spaces arise. Specialized applications of 

artificial intelligence (ANI) are wide distributed. 

The computer is practically invisible and permanent part of personal space (accesso-

ry, smart clothing, implantable module). It functions as a natural extension of the mind 

and body and can be defined as adapted (prosthetic) computer. Priority of computing and 

initiative for system interaction is determined flexibly and dynamically by the user - the 

aim is always ready for cooperation and controllability. His attention is free - can be 

directed to physical objects [5]. 

Multimodal computer sensitivity to environment and consumer behavior allows to 

build a model of the specific environment, profile of human needs and behavior. Suscep-

tibility to current and aggregated context of the physical and social environment is 
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achieved with hardware and software sensors and contextual machine. Potential partial 

mediation between man and the real world - adaptation, expansion and filtering of user 

perceptions of reality arise [2]. The expanded connectivity and receptivity to the real 

world and man is a prerequisite for advanced cognitive function in several specialized 

areas. 

Symbiotic interaction (SI) is performed seamlessly, on background, context and mo-

bile in real time. The voice interface is dominant. (DARPA - the "Universal translator"). 

The computer gains more personality by set of modules empathy and programmed 

conscience. Empathic module contributes to the emotional contact with the computer 

through empathy placebo (expression and intonation of the voice, the avatar emotional 

response). The aim is computers become emotionally intelligent and socially qualifying 

machines, adaptive and adequately responsive to the people. Ethical regulator (R. C. 

Arkin) observes rules and laws, including the ability to choose between evil and "less 

evil", acceptable and unacceptable behavior. Ethical adapter minimizes damage from 

certain actions. It is subject to self-adapting to the user. Violation of technological "mo-

rality" causes a change in the "behavior" of the computer (analogue of bad conscience in 

humans) [1, 6, 10, 20] ï table 1. 

In the intermediate technological phase biological component is functionally en-

hanced person, in many cases - a cyborg. For this purpose are used symbiotic computer 

implants, bio cybernetic technologies for functional prosthetics sectors in the brain (Ra-

cine), replacement of organs or tissues, nanorobots. Back in 2009, Stephen Hawking 

foresees this phase of human development, compensates the biological limits with tech-

nological methods with the words: "Humans have entered a new phase of self-designed 

evolution." 

The man owns, operates and constant controls accompanying personalized infor-

mation space by selectively amplifies/attenuates /edits your situational awareness. An 

essential tool for this is indirectly by computer perception of the environment. Massively 

develop thoughtful virtual simulations of the conscious world (second land) for prognos-

tic research in several specialized areas - strategies testing in crises and conflicts. 

Userôs life is functionally intertwined and adapted to the computer at a much higher 

rate (as used to the shoes and clothes). Separation or absence of portable computer makes 

psychological discomfort, reduced work capacity, and limited functionality of human 

(table 2). 
Table 1  

Computer systems component 
Phase Post-computer Intermediate Ubiquitous computing 

Paradigm 

Post-PC, support and partial 

replacement of human, 

artificial narrow intelligence 

(ANI)  

IoT, ʄ2ʄ, symbiotic, 

synergistic human-computer 

system intelligence 

Ubiquitous computing fabric 

hyper connectivity, AI , AGI, ASI, 

smart spaces. 

Computing resources 

Notebook, ultraportable, 

handheld accessories, cloud 

computing, ANI.  

Adapted (prosthetic) carry 

computer, cloud computing, 

ANI  

artificial general intelligence AGI, 

artificial superintelligence - ASI. 

Role 
Passive-executive role with 

elements of proactivity 

Partial autonomy, controlled 

by the user. 

Equality / cooperation or domina-

tion (of superintelligences) 

Computing Dominant activity Secondary activity. Autonomy. 

System connectivity 
Closed type systematic 

interaction if necessary 

Full observability and 

manageability, interaction as 

needed 

Full potential interaction with 

bilateral control range 

Contextuality 

 

Initial phase of context 

sensitive applications. 

Contextual sensitivity, 

cognitive functionality in 

Equivalent (at AGI) or hyper 

cognitive skills 
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Phase Post-computer Intermediate Ubiquitous computing 

Cognition specialized fields. (superintelligence). 

Interfaces and 

interactions 

Dominating GUI. 

Development interactive 

computer. 

Dominant voice interface, 

adaptive, multimodal 

interface. 

Analogue of inter-human 

relations. 

Personification 
Basic personal 

complectation. 

Advanced personal 

complectation. 

Artificial intelligent personalities 

superintelligence. 

Table 2 

Human systems component 
Phase Post-computer ʄʝʞʜʠʥʝʥ ʇʦʚʩʝʤʝʩʪʝʥ ʢʦʤʧʶʪʠʥʛ 

Growth Aided human 
Technology strengthened 

human. 
improved human, post human 

Role Leading.  
Controls poratble personal 

computing resource. 

Cooperation / competition / 

submission. 

ʀʥʩʪʨʫʤʝʥʪʠ 
Support systems mediated 

reality, biological OJ, first 

virtual simulations 

Bio-cybernetic technology 

mediated perception, partial 

virtual simulations of the 

conscious world. 

Ubiquitous network 

telepresence, advanced virtual 

simulations, virtual reality 

sensory. 

Technological 

dependence 

Forms of dependency, 

addiction, nomophobia, 

seclusion and denial of real 

life and others. 

Problems of symbiotic com-

mitment 

Coexistence of biological and 

e-civilizations - merger or 

acquisition 

 

2.3 Ubiquitous computing 

Computing paradigm about phase of ubiquitous (pervasive) computing features with 

scalable smart spaces - computational resource is distributed and invisibly merged into 

the physical world that is becoming ubiquitous intelligent environment [2, 3]. Cloud 

solutions are not centralized server farms, and ubiquitous computing fabric. 

According to [8, 12, 14, 19], the achievement of adequate computing power and dif-

ferent specific approaches (reverse engineering brain, self-improvement architecture, 

etc.), thirties of the 21st century is expected a breakthrough in efforts to creating an 

artificial general intelligence (AGI). It's ña very general mental capability that, among 

other things, involves the ability to reason, plan, solve problems, think abstractly, com-

prehend complex ideas, learn quickly, and learn from experience.ò (Linda Gottfredson). 

Back in the 90s, Vernor Vinge popularized the term "technological singularity" as 

pending state when artificial intelligence will evolve to a super-intelligence ISI (Artificial 

Superintelligence, ASI) [19], exceeding the cognitive potential of the best human brains 

in practically each area. Singular leap in technological level is characterized by Ray 

Kurzweil "law of accelerating returns" [14]. Others expect the emergence of AGI and 

ASI much later [13]. 

The script for equality and cooperation with people is more likely to AGI as an at-

tribute of artificial (E-) personalities with physical (android/robot) or virtual form (ava-

tar). It may be reproduced or copied biological, psychological and social substructure of 

personality. Their communication platform is complete - verbal, nonverbal (facial ex-

pression, body language, tone of voice) and emotional. 

E-personalities emulate human cognitive system. Training them to acquire 

knowledge and skills almost instantly. Cloned by doubling. They are capable of-body 

movement by transmitting information for reproduction. Interaction "human-computer" 

is transformed in an appropriate analogue of inter-human relations. Ethical and legal laws 

may regulate the relationship of humanity and the emerging e-community as a basis for 

post-civilization. 
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The artificial superintelligence accumulate and develop millennial experience and 

knowledge of humanity [12, 16]. There is the potential for mediation superintelligences 

between people and the real world such as encapsulation by sensory virtual reality [15]. 

Along with widely-distributed computing resource superintellect forms ecosystem of 

cognitive computing - a scalable architecture and algorithms emulate capabilities of the 

brain uptake of multimodal information, take in mind past experience, acceptance of 

decision and self-education. 

The outcome of the parallel existence of human civilization with that of ASI is unde-

termined due to uncontrollable such technology. Competition may lead to conflict and 

domination of superintellect with a final digital transformation of biological civilization 

(table 1). 

After computer-aided and technology strengthened man, in the next phase advanced 

bio cybernetic and nanotechnology nature of man provides greatly enhanced cognitive 

abilities, full control over the emotional, psychological and physiological state, extended 

biological life. It can talk about a new, improved human species ï ñpost humanò that 

better control the physical and living world (Ray Kurzweil, Exponential Finance confer-

ence, New York). 

It is possible to copy the human mind and character in E- personalities (a project of 

DARPA "Restoring Active Memory"). The boundary between natural human intelligence 

and artificial intelligence blurs. It is possible alive virtual copy of a particular person 

inhabits the cloud and examine real inhospitable worlds - for example by hyper connec-

tion with bionic body. Another option is digital immortality after brain death, when the 

electronic personality (in a physical body or virtual incarnation) continues to function 

and coexist with its traditional surroundings. 

According to the dominance of the competitive advantages coexistence of biological 

and electronic civilizations is possible or biological society is transformed completely 

into the electronic and/or virtual (table 2). 

 

 
Figure 1. Evolution transformation of the system "human-computerò 

 

In Figure 1 is presented a summary diagram that illustrates the evolution transfor-

mation of the system components and their interaction for the three phases. On the one 
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hand the computer C developed to portable computer PC and artificial general intelli-

gence (AGI), which ended its gradual personification E-personality. Therefore it arises 

and e-community. Stages of development of biological components are technologically 

assisted human (H), strengthened human (SH) and improved posthuman (PH). They 

reflect the relevant technological capabilities to overcome the limitations in the slow 

biological evolution. Human-computer interaction (HCI), which is characteristic of the 

stage post-PC, developed in symbiotic interaction (SI) and finally in analog of inter-

human relations. There are conditions occur post-civilization, uniting mankind with e-

community of smart people (physical or virtual nature) based on appropriate ethical-legal 

system. It is possible that over time virtual part to dominate against biological humanity 

in quantitative and/or qualitative terms. 

With the advent of artificial superintelligence - a difficult controllable technology - 

evolution reaches the singularity. The balance in relations with human civilization is 

undefined, human civilization is transformed to virtual. 

3. Conclusion 

The dynamics of the system "man-computer" based on the facts in the post-stage 

computer, as well as technological advances and trends for the intermediate phase. Ex-

trapolation of ubiquitous computing is associated with estimates of analytical agencies, 

as well as expertise and analytical predictions of scientists with reputation and executives 

in leading IT-companies. The results are summarized in the conclusions: 

1. Human interaction of computer evolution and gradual personification to artificial 

intelligent person is confirmed: development of neuromorphic architectures, expanding 

functionality (standby, receptivity autonomy, cognition), more complete communication 

platform (verbal, nonverbal and emotional), evolution of human-computer interaction 

through symbiotic interaction in analogue of human relations (cooperation, competition, 

moral and legal regulation), increasing the potential for imitation/copying all substruc-

tures of the human person; 

2. Computer dependence of human evolution is revealed: technology requirement, 

symbiotic link, cyborgization, functional synergy of an individual and human civilization 

from the development of computer technologies; 

3. Personification of the computer is a function of his cognitive potential - the base 

primitive imitation of personality qualities evolve to artificial intelligent person (physical 

and/or virtual form); 

4. The prospect of physical convergence and fusion of system components (phase 

ANI - unnoticeable formation, symbiotically and synergistically, related to the human) is 

changed into comparable people, communities and civilizations (phase AGI and ASI - 

autonomy, cooperation, competitiveness, domination, ingestion). 

5. The relationship in the development of system components is transformed to forms 

of mutual influence between individuals, communities and parallel civilizations that 

require legal status and ethical-legal regulation.. 

The condition for sustainable mutual relations of cooperation is adequacy of human 

moral and ethical standards and legal system of each evolutionary stage and the extent of 

their perception in parallel civilizations as a primary regulator. 
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THE ENVIRONMENT IN REFLECTED RADIO SIGNALS FORMATION  
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Abstract: One of the reasons for the adverse effect of multipath propagation is a 

reflection of the radio signal. Key factors to evaluate the reflectivity ability of environment is relief 

and urban built-up areas. In the paper are discussed possible sources of 3D models of urban built-up 
areas. Analyses have been made of the data structures in architectural 3D modeling.  
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I. ɺʲʚʝʜʝʥʠʝ 

ʄʥʦʛʦʣʲʯʝʚʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʨʘʜʠʦʩʠʛʥʘʣ ʝ ʝʜʠʥ ʥʝʞʝʣʘʥ ʝʬʝʢʪ ʧʨʠ 

ʧʨʘʢʪʠʯʝʩʢʦʪʦ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʨʘʜʠʦʢʦʤʫʥʠʢʘʮʠʷ. ʊʦʟʠ ʬʠʟʠʯʝʩʢʠʷ ʝʬʝʢʪ ʩʝ 

ʧʨʦʷʚʷʚʘ, ʢʦʛʘʪʦ ʩʠʛʥʘʣʲʪ ʠʟʤʠʥʘʚʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʧʨʝʜʘʚʘʪʝʣʷ ʜʦ ʧʨʠʝʤʥʠʢʘ ʧʦ 

ʨʘʟʣʠʯʥʠ ʧʲʪʠʱʘ. ʇʨʠ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʩʲʩ ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ, ʟʘʢʲʩʥʝʥʠʝʪʦ 

ʥʘ ʥʷʢʦʣʢʦ ʦʪʨʘʟʝʥʠ ʢʦʧʠʷ ʥʘ ʩʠʛʥʘʣʘ ʝ ʤʘʣʢʦ, ʥʦ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʥʝʙʨʝʛʥʝ ʧʦʨʘ-

ʜʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʷ, ʢʦʷʪʦ ʨʷʟʢʦ ʚʣʦʰʘʚʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʨʠʝʤʘʥʠʷ 

ʩʠʛʥʘʣ. ɿʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʛʥʦʟʠʨʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʝʜʥʘ ʨʘʜʠʦʚʨʲʟʢʘ ʚ ʨʝʘʣʥʠʪʝ 

ʫʩʣʦʚʠʷ ʥʘ ʜʘʜʝʥʘ ʤʝʩʪʥʦʩʪ, ʞʝʣʘʪʝʣʥʦ ʝ ʜʘ ʤʦʛʘʪ ʜʘ ʩʝ ʦʪʯʠʪʘʪ ʦʪʨʘʟʷʚʘʱʠʪʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʢʦʠʪʦ ʦʩʥʦʚʥʦ ʩʘ ʨʝʣʝʬʘ ʠ ʟʘʩʪʨʦʝʥʠʪʝ ʛʨʘʜʩʢʠ 

ʧʣʦʱʠ. ɼʦʢʦʣʢʦʪʦ ʜʘʥʥʠʪʝ ʟʘ ʨʝʣʝʬʘ ʩʘ ʩʨʘʚʥʠʪʝʣʥʦ ʜʦʩʪʲʧʥʠ ʠ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷ-

ʚʘʪ ʚ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʠ ʬʦʨʤʘʪʠ, ʠʟʪʦʯʥʠʮʠʪʝ ʥʘ 3D ʤʦʜʝʣʠ ʥʘ ʟʘʩʪʨʦʝʥʠ ʛʨʘʜʩʢʠ 

ʧʣʦʱʠ ʚʩʝ ʦʱʝ ʩʘ ʤʘʣʢʦ ʠʟʚʝʩʪʥʠ.  

ɺ ʧʨʝʜʚʠʜ ʛʦʨʝʠʟʣʦʞʝʥʦʪʦ, ʚ ʤʘʪʝʨʠʘʣʘ ʘʚʪʦʨʠʪʝ ʠʟʚʲʨʰʚʘʪ ʧʨʝʛʣʝʜ ʥʘ ʠʟʪʦʯ-

ʥʠʮʠ ʥʘ 3D ʤʦʜʝʣʠ ʥʘ ʟʘʩʪʨʦʝʥʠ ʛʨʘʜʩʢʠ ʧʣʦʱʠ ʠ ʧʨʝʜʣʘʛʘʪ ʩʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʧʦ 

ʧʦʢʘʟʘʪʝʣʠ: ʜʦʩʪʲʧʥʦʩʪ, ʜʝʪʘʡʣʥʦʩʪ, ʤʘʪʝʨʠʘʣ, ʥʘʣʠʯʥʦʩʪ ʟʘ ʥʘʩʝʣʝʥʠ ʤʝʩʪʘ ʥʘ 

ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ, ʪʝʥʜʝʥʮʠʠ ʥʘ ʨʘʟʚʠʪʠʝ. 
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II . ʀʟʪʦʯʥʠʮʠ  ʥʘ 3D ʤʦʜʝʣʠ ʥʘ ʟʘʩʪʨʦʝʥʠ ʛʨʘʜʩʢʠ ʧʣʦʱʠ 

ʀʟʧʲʣʥʠʪʝʣʥʘ ʘʛʝʥʮʠʷ ɽʣʝʢʪʨʦʥʥʠ ʩʲʦʙʱʠʪʝʣʥʠ ʤʨʝʞʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʩʠʩ-

ʪʝʤʠ (ʀɸ ɽʉʄʀʉ) ʢʲʤ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʪʨʘʥʩʧʦʨʪʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦ-

ʣʦʛʠʠ ʠ ʩʲʦʙʱʝʥʠʷʪʘ ʥʘ ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ ʠʟʛʨʘʞʜʘ  ʅʘʮʠʦʥʘʣʝʥ ʧʦʨʪʘʣ ʟʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʜʘʥʥʠ [2]. ʇʦʨʪʘʣʲʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦ ʧʨʦʝʢʪ ʦʪ ʦʧʝʨʘʪʠʚʥʘ 

ʧʨʦʛʨʘʤʘ "ɸʜʤʠʥʠʩʪʨʘʪʠʚʝʥ ʢʘʧʘʮʠʪʝʪ" (ʆʇɸʂ) ï Ăʉʲʟʜʘʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ 

ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʦʧʝʨʘʪʠʚʥʘ ʩʲʚʤʝʩʪʠʤʦʩʪ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʜʘʥʥʠ ʠ ʫʩʣʫʛʠ ʠ ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʜʦʩʪʲʧ ʥʘ ʜʲʨʞʘʚʥʘʪʘ 

ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʠ ʛʨʘʞʜʘʥʠʪʝñ. ʀʟʭʦʜʥʦ ʥʘʯʘʣʦ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʧʦʨʪʘʣʘ ʝ ɼʠʨʝʢ-

ʪʠʚʘ 2007/2/ɽʆ (INSPIRE) ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʘ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ ʜʘʥʥʠ ʚ  ɽʆ, ʢʦʷʪʦ ʮʝʣʠ ʫʣʝʩʥʷʚʘʥʝ ʥʘ ʦʙʤʝʥʘ ʥʘ ʦʧʝʨʘ-

ʪʠʚʥʦ ʩʲʚʤʝʩʪʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʜʘʥʥʠ ʧʦ ʝʜʠʥʥʠ ʭʘʨʤʦʥʠʟʠʨʘʥʠ ʧʨʘʚʠʣʘ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʠʪʝ ʥʠʚʘ ʥʘ ʧʫʙʣʠʯʥʘʪʘ ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʠ ʤʝʞʜʫ ʩʪʨʘʥʠʪʝ ʦʪ ʆʙʱʥʦʩʪʪʘ. 

ʉʪʨʘʪʝʛʠʯʝʩʢʠ ʜʦʢʫʤʝʥʪ ʟʘ ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ, ʦʪʨʘʟʷʚʘʱ ʭʘʨʤʦʥʠʟʘʮʠʷʪʘ ʥʘ 

ɼʠʨʝʢʪʠʚʘʪʘ ʩ ʥʘʮʠʦʥʘʣʥʦʪʦ ʟʘʢʦʥʦʜʘʪʝʣʩʪʚʦ ʝ ɿʘʢʦʥʲʪ ʟʘ ʜʦʩʪʲʧ ʜʦ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝʥʠ ʜʘʥʥʠ (ɿɼʇɼ)[3], ʧʨʠʝʪ ʧʨʝʟ 2010 ʛ., ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʥʘʮʠʦ-

ʥʘʣʥʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʠʥʬʦʨʤʘʮʠʷ. ɽʣʝʤʝʥʪʠʪʝ ʥʘ ʠʥʬʨʘʩʪ-

ʨʫʢʪʫʨʘʪʘ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʜʘʥʥʠ ʚʢʣʶʯʚʘʪ: ʧʦʨʪʘʣ, ʠʥʪʝʨʬʝʡʩ, ʤʨʝʞʦʚʠ ʫʩʣʫʛʠ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʜʘʥʥʠ, ʤʝʪʘʜʘʥʥʠ. ɺ ʇʨʠʣʦʞʝʥʠʝ ˉ 3 ʥʘ ɿɼʇɼ ʩʝ ʨʝʛʣʘʤʝʥʪʠʨʘ 

ʥʘʣʠʯʠʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʜʘʥʥʠ ʟʘ ʩʛʨʘʜʠ, ʩʲʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʘ ʩʧʝʮʠʬʠʢʘʮʠʷ  

D2.8.III .2 Data Specification on Buildings ï Technical Guidelines [1]. 

ɺʲʚ ʚʠʟʠʨʘʥʘʪʘ ʧʦ-ʛʦʨʝ ʩʧʝʮʠʬʠʢʘʮʠʷ ʜʘʥʥʠʪʝ ʟʘ ʩʛʨʘʜʠ (ʩʪʨ. 6) ʩʝ ʧʦʜʜʲʨʞʘʪ 

ʩ ʨʘʟʣʠʯʥʠ ʥʠʚʘ ʥʘ ʦʪʨʘʟʷʚʘʥʝ ʥʘ ʜʝʪʘʡʣʠ, ʢʘʢʪʦ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʛʝʦʤʝʪʨʠʷʪʘ, 

ʪʘʢʘ ʠ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʘʪʦ ʮʷʣʦ 3D ʧʨʝʜʩʪʘʚʷʥʝʪʦ 

ʥʘ ʩʛʨʘʜʠ ʚ INSPIRE ʝ ʨʘʟʰʠʨʝʥ ʚʘʨʠʘʥʪ ʥʘ ʩʪʘʥʜʘʨʪʘ CityGML ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ 

Open Geospatial Consortium (OGC) [4].   

 
ʌʠʛ. 1. ʄʦʜʝʣ CityGML ʚ UML ʧʨʝʜʩʪʘʚʷʥʝ 
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ɸʚʪʦʤʘʪʠʟʠʨʘʥʦʪʦ  ʠʟʚʣʠʯʘʥʝ ʥʘ ʜʘʥʥʠ ʦʪ ʬʘʡʣʦʚʝ ʚʲʚ ʬʦʨʤʘʪʘ CityGML ʩʝ 

ʩʚʝʞʜʘ ʜʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʩʦʬʪʫʝʨʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʘʥʘʣʠʟ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ 

(eXtended Markup Structure) XML ʩʪʨʫʢʪʫʨʘ. ʇʦʩʣʝʜʥʦʪʦ ʝ ʪʨʠʚʠʘʣʥʘ ʟʘʜʘʯʘ ʥʘ 

ʠʥʬʦʨʤʘʪʠʢʘʪʘ ʠ ʩʝ ʧʦʜʜʲʨʞʘ ʦʪ ʧʦʚʝʯʝʪʦ ʩʲʚʨʝʤʝʥʥʠ  ʩʨʝʜʠ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ. 

ɼʨʫʛ ʩʚʦʙʦʜʥʦʜʦʩʪʲʧʝʥ ʠʟʪʦʯʥʠʢ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠ ʜʘʥʥʠ ʟʘ ʟʘʩʪʨʦʝʥʠ ʛʨʘʜʩʢʠ 

ʧʣʦʱʠ ʝ ʩʦʬʪʫʝʨʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ Google Earth. ʇʨʠ ʘʢʪʠʚʠʨʘʥ ʩʣʦʡ 3D Buildings ʚ 

ʦʩʥʦʚʥʠʷ ʝʢʨʘʥ ʥʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ ʨʝʘʣʠʩʪʠʯʥʠ 3D ʤʦʜʝʣʠ ʥʘ 

ʩʛʨʘʜʠ. ʇʨʝʚʢʣʶʯʚʘ ʩʝ ʤʝʞʜʫ ʜʚʘ ʩʠʩʪʝʤʥʠ ʚʘʨʠʘʥʪʘ ʥʘ ʪʨʠʤʝʨʥʦ ʧʨʝʜʩʪʘʚʷʥʝ, ʘ 

ʠʤʝʥʥʦ Legacy 3D Buildings ʠ 3D Imagery.  

ɺʘʨʠʘʥʪʲʪ ʥʘ ʪʨʠʤʝʨʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʩʛʨʘʜʠ Legacy 3D Buildings ʧʲʨʚʦʥʘʯʘʣ-

ʥʦ ʝ ʙʠʣ ʝʜʠʥʩʪʚʝʥʠʷʪ ʚʲʟʤʦʞʝʥ ʟʘ Google Earth. ʇʦʟʚʦʣʷʚʘ ʜʘʜʝʥ ʪʨʠʤʝʨʝʥ ʤʦʜʝʣ 

ʜʘ ʙʲʜʝ ʩʝʣʝʢʪʠʨʘʥ ʠ ʜʘ ʙʲʜʘʪ ʠʟʚʣʝʯʝʥʠ ʠʟʛʨʘʞʜʘʱʠʪʝ ʛʦ ʬʘʡʣʦʚʝ. ɿʘ ʮʝʣʠʪʝ ʥʘ 

ʥʘʩʪʦʷʱʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʟʥʘʯʠʤʠ ʜʘʥʥʠʪʝ ʟʘ ʛʝʦʨʝʬʝʨʠʨʘʥʝ ʠ ʜʘʥʥʠʪʝ ʟʘ ʢʦʥʩʪ-

ʨʫʢʪʠʚʥʘʪʘ ʛʝʦʤʝʪʨʠʷ ʥʘ ʪʨʠʤʝʨʥʠʷʪ ʦʙʝʢʪ. ɼʘʥʥʠʪʝ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʪʘ ʛʝʦʤʝʪʨʠʷ 

ʩʝ ʩʲʜʲʨʞʘʪ ʚ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʘ ʟʘ 3D ʛʨʘʬʠʢʘʪʘ ʩʪʨʫʢʪʫʨʘ ï COLLADA ʬʘʡʣʦʚ 

ʬʦʨʤʘʪ [5]. ʅʘ ʬʠʛ. 2 e ʧʨʝʜʩʪʘʚʝʥʘ ʯʘʩʪ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʠʤʘʱʘ 

ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʠʟʚʣʠʯʘʥʝ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʦʜʝʣʠʨʘʥʠʷʪ ʪʨʠ-

ʤʝʨʝʥ ʦʙʝʢʪ.  

 
ʌʠʛ. 2. ɻʝʦʤʝʪʨʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʧʨʠʣʘʛʘʥʝ ʥʘ ʬʘʡʣʦʚ ʬʦʨʤʘʪ COLLADA 

 

ɼʨʫʛʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʠʜʦʙʠʚʘʥʝ ʥʘ ʜʘʥʥʠ ʟʘ ʪʨʠʤʝʨʥʠʷʪ ʦʙʝʢʪ ʝ ʬʘʡʣ ʚʲʚ 

ʬʦʨʤʘʪ ʥʘ ʧʨʦʛʨʘʤʥʠʷ ʧʨʦʜʫʢʪ SketchUp. ɼʦʢʘʪʦ COLLADA ʩʪʨʫʢʪʫʨʘʪʘ ʝ ʦʪ ʪʠʧ 

XML  ʠ ʧʨʦʛʨʘʤʥʦ ʠʟʚʣʠʯʘʥʝ ʥʘ ʠʥʪʝʨʝʩʫʚʘʱʠʪʝ ʥʠ ʜʘʥʥʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʨʘʢʪʠ-

ʯʝʩʢʘ ʪʨʫʜʥʦʩʪ, ʪʦ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʜʘʥʥʠ  ʦʪ SketchUp ʬʘʡʣʦʚ ʬʦʨʤʘʪ ʝ ʥʝʦʙʭʦʜʠ-

ʤʦ ʜʘ ʙʲʜʝ ʠʥʩʪʘʣʠʨʘʥ ʚʲʧʨʦʩʥʠʷʪ ʧʨʦʛʨʘʤʝʥ ʧʨʦʜʫʢʪ ʠ ʜʘ ʙʲʜʝ ʨʝʘʣʠʟʠʨʘʥ ʠʥ-

ʪʝʨʬʝʡʩʝʥ ʤʦʜʫʣ ʩ ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʨʦʛʨʘʤʥʠʷ ʝʟʠʢ Ruby on Rails. 

ʅʝ ʧʦ-ʤʘʣʢʦ ʚʘʞʥʠ ʟʘ ʮʝʣʠʪʝ ʥʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʤʥʦʛʦʣʲʯʝʚʦ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʩʘ ʜʘʥʥʠʪʝ ʟʘ ʣʦʢʘʮʠʷʪʘ ʠ ʦʨʠʝʥʪʘʮʠʷʪʘ ʥʘ ʪʨʠʤʝʨʥʦ ʤʦʜʝʣʠʨʘʥʘ-

ʪʘ ʩʛʨʘʜʘ (ʛʝʦʨʝʬʝʨʠʨʘʥʝ). ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ Legacy 3D Buildings  ʜʘʥʥʠʪʝ ʟʘ 

ʛʝʦʨʝʬʝʨʠʨʘʥʝ ʥʘ ʪʨʠʤʝʨʥʠʷʪ ʦʙʝʢʪ ʩʝ ʩʲʜʲʨʞʘʪ ʚ ʪ.ʥ. KML ʬʘʡʣ. ʇʦ ʩʲʱʝʩʪʚʦ 

KML  ʬʘʡʣʲʪ ʩʲʱʦ ʝ ʩʧʝʮʠʘʣʠʟʠʨʘʥ XML ʦʙʝʢʪ, ʛʨʘʬʠʯʥʦ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʬʠʛ. 3.  
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ɹʣʠʟʢʘ ʜʦ ʦʧʠʩʘʥʘʪʘ ʪʝʭʥʦʣʦʛʠʷ ʥʘ Legacy 3D Buildings ʩʝ ʧʦʜʜʲʨʞʘ ʩʣʝʜ 2014 

ʛ. ʦʪ Trimble Navigation Limited  ʠ ʝ ʜʦʩʪʲʧʥʘ ʧʨʝʟ on-line ʧʦʨʪʘʣʘ 3D Warehouse 

[6]. 

ɼʨʫʛʠʷʪ ʨʘʟʛʣʝʞʜʘʥ ʚʘʨʠʘʥʪ ʥʘ ʪʨʠʤʝʨʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʩʛʨʘʜʠ ʚ Google Eart, 

3D Imagery,  ʚ ʦʩʥʦʚʘʪʘ ʩʠ ʠʟʧʦʣʟʚʘ ʧʨʠʥʮʠʧʘ ʥʘ  ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʝʪʨʠ̫ʪʘ [7]. ʇʨʠ-

ʣʘʛʘʥʝʪʦ ʥʘ ʪʦʟʠ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʥ ʧʦʜʭʦʜ ʝ ʧʦʟʚʦʣʠʣʦ ʜʘ ʙʲʜʘʪ ʩʠʥʪʝʟʠʨʘʥʠ ʠ 

ʧʨʝʜʦʩʪʘʚʝʥʠ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʪʨʠʤʝʨʥʠ ʤʦʜʝʣʠ ʥʘ ʟʘʩʪʨʦʝʥʠ ʧʣʦʱʠ ʟʘ ʦʙʰʠʨʥʠ 

ʪʝʨʠʪʦʨʠʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʧʦʚʝʯʝʪʦ ʛʦʣʝʤʠ ʥʘʩʝʣʝʥʠ ʤʝʩʪʘ ʚ ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ.  

 

 
ʌʠʛ. 3. ɻʝʦʨʝʬʝʨʠʨʘʥʝ ʩ ʧʨʠʣʘʛʘʥʝ ʥʘ ʤʦʜʝʣ ñlegacy 3D Buildingsò 

 

ʍʘʨʘʢʪʝʨʥʘ ʦʩʦʙʝʥʦʩʪ ʨʝʰʝʥʠʝʪʦ ʚ ʧʨʦʛʨʘʤʥʦʪʦ ʦʙʢʨʲʞʝʥʠʝ ʥʘ Google Earth e,  

ʯʝ ʪʨʠʤʝʨʥʠʪʝ ʦʙʝʢʪʠ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʝʣʝʢʪʠʨʘʥʠ ʠ ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʪʦʚʘ ʥʝ ʝ 

ʧʨʝʜʚʠʜʝʥ ʠʥʪʝʨʬʝʡʩ ʟʘ ʜʦʩʪʲʧ ʜʦ ʜʘʥʥʠ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʪʘ ʛʝʦʤʝʪʨʠʷ ʥʘ ʩʛʨʘʜʠ-

ʪʝ. ʏʘʩʪʠʯʥʦ ʨʝʰʝʥʠʝ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ 3D ʤʦʜʝʣ ʚ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥ ʬʘʡʣʦʚ ʬʦʨʤʘʪ ʚ 

ʪʦʟʠ ʩʣʫʯʘʡ ʝ ʧʨʝʜʣʦʞʝʥʦ ʦʪ ʪʨʝʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ʩʦʬʪʫʝʨ, ʠ ʚʝʨʦʷʪʥʦ ʙʠ ʨʘʙʦ-

ʪʠʣʦ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʣʠʮʝʥʟʠʦʥʥʠ ʩʧʦʨʘʟʫʤʝʥʠʷ ʟʘ ʧʨʦʣʟʚʘʥʝ 

ʥʘ ʧʨʝʜʦʩʪʘʚʝʥʠ ʦʪ Google IncorporationÈ ʜʘʥʥʠ. ʅʘ ʬʠʛ. 4 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʝʢʨʘʥʠ 

ʦʪ ʧʨʦʛʨʘʤʘʪʘ GoogleEarth, ʢʲʜʝʪʦ ʧʨʠ  ʬʦʢʫʩʠʨʘʥ ʝʜʠʥ ʠ ʩʲʱ ʛʨʘʜʩʢʠ ʨʘʡʦʥ, 

ʪʨʠʤʝʨʥʠʷʪ ʠʟʛʣʝʜ ʝ ʧʦʢʘʟʘʥ ʚ ʨʘʟʣʠʯʝʥ ʩʠʩʪʝʤʝʥ ʚʘʨʠʘʥʪ. 
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ʌʠʛ. 4. ʊʨʠʤʝʨʝʥ ʠʟʛʣʝʜ ʚʲʚ ʚʘʨʠʘʥʪʠʪʝ Legacy 3D Buildings (ʣʷʚʦ) ʠ 3D 

Imagery (ʜʷʩʥʦ) 

 

ʆʱʝ ʝʜʠʥ ʨʘʟʛʣʝʞʜʘʥ ʦʪ ʘʚʪʦʨʘ ʠʟʪʦʯʥʠʢ ʥʘ ʜʘʥʥʠ ʟʘ ʪʨʠʤʝʨʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ 

ʟʘʩʪʨʦʝʥʠ ʧʣʦʱʠ ʝ ʧʨʦʜʫʢʪ ʥʘ OpenStreetMap Foundation (OSM) [8]. ʉʣʝʜ 2011 ʛ. 

ʨʘʙʦʪʥʘ ʛʨʫʧʘ 3D Workshop Garching ʥʘ ʪʘʟʠ ʬʦʥʜʘʮʠʷ ʨʘʙʦʪʠ ʧʦ ʧʨʦʝʢʪ Simple 3D 

Buildings.  ɺ ʨʝʟʫʣʪʘʪ ʩʘ ʩʲʛʣʘʩʫʚʘʥʠ ʫʩʠʣʠʷʪʘ ʥʘ ʩʦʬʪʫʝʨʥʠʪʝ ʨʘʟʨʘʙʦʪʯʠʮʠ ʥʘ 

OSM ʩ ʠʥʪʝʨʝʩʠ ʚ ʪʨʠʤʝʨʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ. ʉʲʟʜʘʜʝʥʘ ʝ ʩʠʩʪʝʤʘ ʟʘ ʦʧʠʩʘʥʠʝ ʥʘ 

ʦʪʜʝʣʥʘ ʩʛʨʘʜʘ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʧʦʣʠʛʦʥʠ ʟʘ ʢʦʥʪʫʨʠʪʝ ʠ ʜʝʪʘʡʣʥʦ 

ʦʧʠʩʘʥʠʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʯʘʩʪʠ ʢʘʪʦ ʚʠʩʦʯʠʥʘ, ʝʪʘʞʥʦʩʪ, ʤʘʪʝʨʠʘʣ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ 

ʠ ʪʠʧ ʥʘ ʧʦʢʨʠʚʘ. ʉʲʟʜʘʜʝʥʠ ʩʘ ʠ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ ʢʘʪʦ ʩʚʦʙʦʜʥʦ ʜʦʩʪʲʧʥʠ WEB-

ʙʘʟʠʨʘʥʠ ʠʥʪʝʨʬʝʡʩʠ ʟʘ ʪʨʠʤʝʨʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ[9], ʧʨʠʤʝʨ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʬʠʛ. 5,   

ʠ ʟʘ ʜʦʩʪʲʧ ʜʦ ʜʘʥʥʠʪʝ ʥʘ ʪʨʠʤʝʨʥʠʷ ʤʦʜʝʣ ʚ ʩʪʨʫʢʪʫʨʠʨʘʥ ʬʦʨʤʘʪ XML [10]. 

 
ʌʠʛ. 5. ʀʟʛʣʝʜ ʚʲʚ ʬʦʨʤʘʪ ʥʘ OSM Simple 3D Buildings 

 

ɿʘ ʧʨʝʜʣʦʞʝʥʠʷʪ ʬʦʨʤʘʪ OSM Simple 3D buildings ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʜʚʝ ʥʠʚʘ ʥʘ 

ʜʝʪʘʡʣʥʦʩʪ ï Level Of Detail (LOD). ʇʲʨʚʦʪʦ ʦʪ ʪʷʭ, LOD1 ʝ ʦʛʨʘʥʠʯʝʥʦ ʜʦ ʧʨʠʟʤʘ-

ʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʩʛʨʘʜʘʪʘ, ʧʦʣʫʯʝʥʦ ʢʘʪʦ ʢʦʥʪʫʨʲʪ ʥʘ ʦʩʥʦʚʘʪʘ ʝ ʝʢʩʪʨʫʜʠʨʘʥ 
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ʥʘ ʦʙʱʘʪʘ ʚʠʩʦʯʠʥʘ. ɺʪʦʨʦʪʦ, ʧʦ-ʜʝʪʘʡʣʥʦ ʥʠʚʦ LOD2 ʧʦʚʠʰʘʚʘ  ʧʨʝʜʩʪʘʚʠʪʝʣ-

ʥʦʩʪʪʘ ʥʘ ʤʦʜʝʣʘ ʢʘʪʦ ʧʨʝʜʦʩʪʘʚʷ ʜʦʧʲʣʥʠʪʝʣʥʠ ʜʘʥʥʠ ʟʘ ʬʦʨʤʘʪʘ ʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʧʦʢʨʠʚʘ ʥʘ ʤʦʜʝʣʠʨʘʥʘʪʘ ʩʛʨʘʜʘ. 

 

III. ʉʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʥʘ ʜʘʥʥʠ ʟʘ 3D ʤʦʜʝ-

ʣʠ ʥʘ ʟʘʩʪʨʦʝʥʠ ʧʣʦʱʠ 

ɿʘ ʮʝʣʠʪʝ ʥʘ ʩʨʘʚʥʠʪʝʣʥʠʷ ʘʥʘʣʠʟ ʘʚʪʦʨʲʪ ʧʨʝʜʣʘʛʘ ʠʟʪʦʯʥʠʮʠʪʝ ʥʘ ʜʘʥʥʠ ʟʘ 

3D ʤʦʜʝʣʠ ʥʘ ʩʛʨʘʜʠ ʠ ʟʘʩʪʨʦʝʥʠ ʧʣʦʱʠ ʩʝ ʠʟʩʣʝʜʚʘʪ ʧʦ ʩʣʝʜʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ: 

ʜʦʩʪʲʧʥʦʩʪ, ʜʝʪʘʡʣʥʦʩʪ, ʤʘʪʝʨʠʘʣ, ʥʘʣʠʯʥʦʩʪ ʟʘ ʥʘʩʝʣʝʥʠ ʤʝʩʪʘ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ 

ʈ. ɹʲʣʛʘʨʠʷ, ʪʝʥʜʝʥʮʠʠ ʥʘ ʨʘʟʚʠʪʠʝ. 

ʇʦʢʘʟʘʪʝʣʷʪ ʜʦʩʪʲʧʥʦʩʪ ʦʪʨʘʟʷʚʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʪʝʭʥʠʯʝʩʢʠ, ʠ ʠʣʠ ʘʜʤʠ-

ʥʠʩʪʨʘʪʠʚʥʠ ʧʨʦʮʝʜʫʨʠ, ʢʦʠʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʩʣʝʜʚʘʪ, ʟʘ ʜʘ ʙʲʜʘʪ ʧʦʣʫʯʝʥʠ 

ʢʦʥʢʨʝʪʥʠ ʜʘʥʥʠ ʟʘ ʤʦʜʝʣʘ. ɺ ʩʣʫʯʘʷ, ʢʦʛʘʪʦ ʠʥʪʝʨʝʩʫʚʘʱʠʪʝ ʥʠ ʜʘʥʥʠ ʝ ʚʲʟʤʦʞʥʦ 

ʜʘ ʩʝ ʧʨʝʜʦʩʪʘʚʷʪ ʩʣʝʜ ʦʧʨʝʜʝʣʝʥʘ ʟʘʷʚʢʘ ʢʲʤ ʜʨʫʛʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘ ʝʜʠʥʠʮʘ 

ʛʦʚʦʨʠʤ ʟʘ ʥʠʩʢʘ ʩʪʝʧʝʥ ʥʘ ʜʦʩʪʲʧʥʦʩʪ. ʂʦʛʘʪʦ ʠʤʘ ʠʟʛʨʘʜʝʥʘ ʩʠʩʪʝʤʘ ʟʘ on-line 

ʜʦʩʪʲʧ ʜʦ ʜʘʥʥʠ ʟʘ 3D ʤʦʜʝʣʠ ʥʘ ʩʛʨʘʜʠ, ʥʦ ʥʝ ʝ ʥʘʣʠʯʝʥ ʫʜʦʙʝʥ ʯʦʚʝʢʦ-ʤʘʰʠʥʝʥ 

ʠʥʪʝʨʬʝʡʩ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʢʦʥʢʨʝʪʥʠ ʜʘʥʥʠ ʛʦʚʦʨʠʤ ʟʘ ʩʨʝʜʥʘ ʩʪʝʧʝʥ ʥʘ ʜʦʩʪʲʧ-

ʥʦʩʪ.  ʇʨʠ ʠʟʛʨʘʜʝʥ on-line ʜʦʩʪʲʧ ʠ ʧʨʝʜʚʠʜʝʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ 

ʩʝʣʝʢʪʠʨʘʥʝ, ʠʟʪʝʛʣʷʥʝ ʠ ʦʙʨʘʙʦʪʢʘ  ʦʧʨʝʜʝʣʷʤʝ ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʜʦʩʪʲʧ ʜʦ ʜʘʥʥʠʪʝ.  

ɼʝʪʘʡʣʥʦʩʪʪʘ ʝ ʧʦʢʘʟʘʪʝʣ, ʢʦʡʪʦ ʦʢʘʟʚʘ ʢʦʤʧʣʝʢʩʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʢʨʘʡʥʠʷ 

ʨʝʟʫʣʪʘʪ ʦʪ ʧʨʠʣʘʛʘʥʝ ʥʘ ʤʦʜʝʣʘ. ʇʨʠ ʥʠʩʢʘ ʩʪʝʧʝʥ ʥʘ ʜʝʪʘʡʣʥʦʩʪ ʩʲʱʝʩʪʚʫʚʘ 

ʚʝʨʦʷʪʥʦʩʪ ʦʪ ʥʝʧʨʘʚʠʣʥʦ ʦʮʝʥʷʚʘʥʝ ʥʘ ʦʪʨʘʟʷʚʘʱʘʪʘ ʩʧʦʩʦʙʥʦʩʪ. ʆʙʨʘʪʥʦ, ʧʨʠ 

ʧʨʝʢʘʣʝʥʦ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʜʝʪʘʡʣʥʦʩʪ ʥʘ 3D ʤʦʜʝʣʠʪʝ ʚ ʟʦʥʘʪʘ ʥʘ ʠʥʪʝʨʝʩ ʩʝ 

ʧʦʚʠʰʘʚʘ ʠʥʪʝʥʟʠʚʥʦʩʪʪʘ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʠʪʝ ʧʨʦʮʝʜʫʨʠ ʠ ʩʝ ʫʜʲʣʞʘʚʘ ʚʨʝʤʝʪʦ ʟʘ 

ʨʝʰʝʥʠʝ ʚ ʥʝʧʨʠʝʤʣʠʚ ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣ. 

ʇʨʝʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʜʘʥʥʠ ʟʘ ʤʘʪʝʨʠʘʣʘ, ʦʪ ʢʦʡʪʦ ʩʘ ʠʟʛʨʘʜʝʥʠ ʩʪʨʦʠʪʝʣʥʠʪʝ 

ʢʦʥʩʪʨʫʢʮʠʠ  ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʧʨʝʮʠʟʠʨʘʪ ʦʪʨʘʟʷʚʘʱʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʜʘʜʝʥʘ ʩʛʨʘʜʘ ʩ 

ʦʪʯʠʪʘʥʝ ʥʘ ʬʠʟʠʯʝʩʢʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ  ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʩʪʨʦʡʢʘʪʘ.  

ʅʘʣʠʯʥʦʩʪʪʘ ʥʘ ʠʟʛʨʘʜʝʥʠ 3D ʤʦʜʝʣʠ ʥʘ ʟʘʩʪʨʦʝʥʠ ʧʣʦʱʠ, ʦʩʦʙʝʥʦ ʚ ʥʘʮʠʦ-

ʥʘʣʝʥ ʦʙʭʚʘʪ, ʝ ʢʣʶʯʦʚʘ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʙʲʜʝʱʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘ 

ʩʠʩʪʝʤʘ ʟʘ ʘʥʘʣʠʟ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʨʘʜʠʦʚʨʲʟʢʘ. ʉʲʟʜʘʚʘʥʝʪʦ ʥʘ ʤʦʜʝʣʠʪʝ ʝ ʩʣʦʞʥʘ 

ʟʘʜʘʯʘ, ʠʟʠʩʢʚʘʱʘ ʚʟʘʠʤʦʜʝʡʩʚʠʝ ʥʘ ʨʘʟʣʠʯʥʠ ʛʨʫʧʠ ʩʧʝʮʠʘʣʠʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʘ 

ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʨʘʙʦʪʘʪʘ. ʉʠʩʪʝʤʘʪʠʯʥʦʪʦ 3D ʤʦʜʝʣʠʨʘʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ 

ʥʝ ʢʘʪʦ ʩʘʤʦʮʝʣ, ʘ ʢʘʪʦ ʢʦʤʧʣʝʢʩʥʦ ʨʝʰʝʥʠʝ, ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʢʦʝʪʦ ʜʘ ʙʠʚʘʪ ʠʟʧʦʣ-

ʟʚʘʥʠ ʥʝ ʩʘʤʦ ʚʲʚ ʚʠʟʠʨʘʥʠʷ ʚ ʤʘʪʝʨʠʘʣʘ ʧʨʦʝʢʪ, ʘ ʠ ʚ ʜʨʫʛʠ ʩʬʝʨʠ ʥʘ ʥʘʫʢʘʪʘ ʠ 

ʧʨʘʢʪʠʢʘʪʘ. 

ʊʝʥʜʝʥʮʠʠʪʝ ʥʘ ʨʘʟʚʠʪʠʝ ʩʲʱʦ ʩʘ ʚʘʞʝʥ ʧʦʢʘʟʘʪʝʣ ʧʨʠ ʦʮʝʥʢʘ ʥʘ ʜʘʜʝʥ ʠʟʪʦʯ-

ʥʠʢ ʥʘ ʜʘʥʥʠ ʟʘ 3D ʤʦʜʝʣʠ ʥʘ ʟʘʩʪʨʦʝʥʠ ʧʣʦʱʠ. ʀʤʘʡʢʠ ʚʧʨʝʜʚʠʜ ʯʝʩʪʘʪʘ ʧʦʷʚʘ ʥʘ 

ʥʦʚʦʚʲʚʝʜʝʥʠʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʙʘʟʘ ʥʘ ʪʘʟʠ ʩʧʝʮʠʬʠʯʥʘ ʪʝʭʥʦʣʦʛʠʷ, ʚʲʟʤʦʞʥʦ 

ʝ ʜʘ ʩʝ ʦʮʝʥʠ ʢʦʠ ʦʪ ʚʠʟʠʨʘʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʥʘ ʜʘʥʥʠ ʧʦʜʣʝʞʘʪ ʥʘ ʨʘʟʚʠʪʠʝ ʚ ʢʦʣʠ-

ʯʝʩʪʚʝʥ ʠ ʢʘʯʝʩʪʚʝʥ ʘʩʧʝʢʪ.  

ʅʘ ʦʩʥʦʚʘ ʥʘ ʘʨʛʫʤʝʥʪʠʨʘʥʠʷ ʠʟʙʦʨ ʥʘ ʧʦʢʘʟʘʪʝʣʠ, ʥʘ ʪʘʙʣ. 1 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ 

ʦʮʝʥʢʠ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʥʘ  3D ʤʦʜʝʣʠ ʥʘ ʟʘʩʪʨʦʝʥʠ ʧʣʦʱʠ. ʇʨʝʜʩʪʘ-

ʚʝʥʠʪʝ ʦʮʝʥʢʠ ʧʦ ʚʠʞʜʘʥʝ ʥʘ ʘʚʪʦʨʘ ʦʪʨʘʟʷʚʘʪ ʩʲʚʨʝʤʝʥʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʘʥʘʣʠʟʠ-

ʨʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʪʝʭʥʦʣʦʛʠʷ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ.  
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ʊʘʙʣʠʮʘ 1 
 ̄  ʜʦʩʪʲʧʥʦʩʪ ʜʝʪʘʡʣʥʦʩʪ ʤʘʪʝʨʠʘʣ ʥʘʣʠʯʥʦʩʪ ʨʘʟʚʠʪʠʝ 

1. INSPIRE 

CityGML 

ʥʠʩʢʘ ʚʠʩʦʢʘ ʜʘ ʥʝ ʜʘ 

2. GoogleEarth 
Legacy 3D 

Buildings 

ʩʨʝʜʥʘ ʩʨʝʜʥʘ ʥʝ ʥʝʧʲʣʥʠ 
ʜʘʥʥʠ 

ʥʝ 

3. GoogleEarth 
3D Imagery 

ʚʠʩʦʢʘ ʩʨʝʜʥʘ ʥʝ ʜʘ ʜʘ 

4. OSM 

Simple 3D 

Buildings 

ʚʠʩʦʢʘ ʥʠʩʢʘ ʥʝ ʜʘ ʜʘ 

 

ʆʪ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘ ʛʣʝʜʥʘ ʪʦʯʢʘ, ʧʦʣʦʞʠʪʝʣʥʠʪʝ ʦʮʝʥʢʠ ʟʘ ʥʘʣʠʯʥʦʩʪ ʠ 

ʜʦʩʪʲʧʥʦʩʪ ʩʘ ʨʝʰʘʚʘʱʠ ʚ ʝʜʥʘ ʙʲʜʝʱʘ ʩʦʬʪʫʝʨʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘ 

ʩʠʩʪʝʤʘ ʟʘ ʘʥʘʣʠʟ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʨʘʜʠʦʚʨʲʟʢʘ. ʇʦ ʪʝʟʠ ʢʨʠʪʝʨʠʠ ʚ ʩʬʝʨʘʪʘ ʥʘ 

ʠʥʪʝʨʝʩ ʧʦʧʘʜʘʪ GoogleEarth 3D Imagery ʠ OSM Simple 3D Buildings. ʇʦ ʧʨʠʯʠʥʘ, 

ʯʝ ʦʪ Google IncorporationÈ ʥʝ ʧʨʝʜʦʩʪʘʚʷʪ ʠʥʪʝʨʬʝʡʩ ʟʘ ʜʦʩʪʲʧ ʜʦ ʠʥʪʝʨʝʩʫʚʘʱʠʪʝ 

ʥʠ ʜʘʥʥʠ ʥʘ 3D ʤʦʜʝʣʠ ʤʦʞʝʤ ʜʘ ʩʤʷʪʘʤʝ, ʯʝ ʠʟʚʣʠʯʘʥʝʪʦ ʠʤ ʩ ʧʨʠʣʘʛʘʥʝ ʥʘ ʜʨʫʛʠ 

ʩʦʬʪʫʝʨʥʠ ʤʝʪʦʜʠ ʱʝ ʧʨʦʪʠʚʦʨʝʯʠ ʥʘ ʠʟʚʝʩʪʥʠ ʣʠʮʝʥʟʠʦʥʥʠ ʩʧʦʨʘʟʫʤʝʥʠʷ. ɽʪʦ 

ʟʘʱʦ ʢʘʪʦ ʥʘʡ-ʧʝʨʩʧʝʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʟʘ ʪʨʠʤʝʨʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʩ ʦʛʣʝʜ ʥʘ ʩʦʬʪʫʝʨʥʘ 

ʨʝʘʣʠʟʘʮʠʷ ʚ ʩʝʛʘʰʥʠʪʝ ʫʩʣʦʚʠʷ ʝ OSM Simple 3D Buildings. 

 

IV. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʧʨʝʜʩʪʘʚʝʥʠʷ ʤʘʪʝʨʠʘʣ ʘʚʪʦʨʠʪʝ ʠʟʩʣʝʜʚʘʪ ʧʨʝʜʧʦʩʪʘʚʢʠʪʝ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʘʚʪʦʤʘʪʠʟʠʨʘʥʘ ʩʠʩʪʝʤʘ ʟʘ ʘʥʘʣʠʟ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʨʘʜʠʦʚʨʲʟʢʘ. ɼʦʢʘʟʘʥʘ ʝ ʚʲʟ-

ʤʦʞʥʦʩʪʪʘ ʟʘ ʧʦʣʟʚʘʥʝ ʥʘ  on-line ʜʦʩʪʲʧʥʠ ʜʘʥʥʠ ʟʘ ʘʨʭʠʪʝʢʪʫʨʥʠ 3D ʤʦʜʝʣʠ ʥʘ 

ʟʘʩʪʨʦʝʥʠ ʧʣʦʱʠ ʠ ʩʛʨʘʜʠ, ʟʘ ʥʘʩʝʣʝʥʠ ʤʝʩʪʘ ʦʪ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ. ɻʨʘ-

ʬʠʢʠʪʝ, ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʬʠʛʫʨʠ 2 ʠ 3 ʩʘ ʩʲʟʜʘʜʝʥʠ ʩʲʩ ʩʦʬʪʫʝʨʥʠ ʤʝʪʦʜʠ ʟʘ ʨʝʠʥ-

ʞʝʥʝʨʠʥʛ ʦʪ ʜʝʡʩʪʚʠʪʝʣʥʠ ʜʘʥʥʠ. 

ʇʨʠ ʝʜʥʘ ʙʲʜʝʱʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʚʠʟʠʨʘʥʘʪʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘ ʩʠʩʪʝʤʘ ʤʦʛʘʪ ʜʘ ʩʝ 

ʦʯʘʢʚʘʪ ʪʨʫʜʥʦʩʪʠ, ʩʚʲʨʟʘʥʠ ʩ ʚʠʩʦʢʦ ʠʟʯʠʩʣʠʪʝʣʥʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʧʨʦʜʫʢʮʠʦʥʥʠ-

ʪʝ ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ. ʆʧʪʠʤʠʟʘʮʠʷ ʤʦʞʝ ʜʘ ʩʝ ʪʲʨʩʠ ʚ ʥʘʩʦʢʘ ʚʲʚʝʞʜʘʥʝ ʥʘ 

ʧʨʦʮʝʜʫʨʘ ʟʘ ʧʨʝʧʨʦʮʝʩʠʥʛ ʚ 2D ʬʦʨʤʘʪ, ʢʦʷʪʦ ʜʘ ʨʝʜʫʮʠʨʘ ʙʨʦʷ ʠʟʩʣʝʜʚʘʥʠʪʝ 

ʦʪʨʘʟʷʚʘʱʠ ʧʦʚʲʨʭʥʠʥʠ. ɼʨʫʛʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʫʩʢʦʨʷʚʘʥʝ ʨʝʰʝʥʠʝʪʦ, ʟʘ ʩʤʝʪʢʘ ʥʘ 

ʪʦʯʥʦʩʪʪʘ, ʝ ʨʘʟʛʣʘʞʜʘʥʝ ʥʘ ʛʨʘʥʠʯʥʠ ʩʣʫʯʘʠ, ʢʘʪʦ ʜʝʪʘʡʥʠʷʪ 3D ʤʦʜʝʣ ʥʘ ʩʛʨʘʜʘ 

ʩʝ ʟʘʤʝʩʪʚʘ ʩ ʧʨʠʣʘʛʘʥʝ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ ʦʧʠʩʚʘʱʘ ʨʘʤʢʘ (bounding-frame).   
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ABSTRACT: In this paper an experimental model of non-linear radiolocation channel and 

certain calibration methods are shown. An etalon type non-linear object has been used for the 
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1. Introduction.  

A major problem with non linear radars (NLR) is their short range of operation. To 

increase the range of detection can be used multi-carrier signals. [1,2] proposes a 

technical solution with dual-carrier signal. 

Method for synthesis of optimal signal is still not developed. Also the advantage of 

dual-carrier signals compared to single-carrier signals is not applied yet. 

2. Synthesis of probe signals for multi-carrier NLR  

The main property non linear object is the capability of manipulation of signals with 

traditional frequency convertor. The only difference is the means of multiplexing of both 

signals.  In the case of NLR the multiplexing is carried out in the electromagnetic waves 

propagation medium, which allows the multiplexing of multiple signals with various 

amplitude, frequency and phase.   Another important matter is that no working algorithm 

for frequency conversion of the probing signals has been developed yet. All that makes 

the multi carrier probing in NLR and the effectiveness analysis remain unresolved. 

A system of deterministic signals has been considered. Based on the model of the 

non-linear radio channel, we can imagine NLR as a set of generators of monochromatic 

signals. The probing signal is shown below. 

(1)          , 

where Aj is the amplitude of the signal with frequency ɤj and N is the number of 

monochromatic signals. 

In particular for dual-carrier probing signal with spectral components frequencies ɤ1 

and ɤ2 can be written: 

(2) . 
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For weak interaction when nonlinear transformation is determined by quadratic 

member of the decay of the order of Taylor, the reflected signal can be represented in the 

following form: 

(3) , 

where ɓ is a constant coefficient, and ɋ=ɤ1-ɤ2. 

3. Single-carrier and multi -carrier irradiation of nonlinear objects.  

The intensity of the reflected signal SOTP(t) exceeds one and a half times the intensity 

of the reflected signal in single-carrier irradiation. In [2] has shown that for 

transformations of second order deviation of the power of the reflected signal from the 

average value increases proportionally with the increasing number of monochromatic 

signals N in the probing signal if the following condition: 

(4) , 

I.e. the rate of frequency change of the monochromatic waves is equal. In this case, 

the elements formation of the spectrum of reflected signal of second order involves more 

than two spectral components of the probing signal. In particular N-1non-linear 

components with frequencies 

(5)   

are summed coherently. 

The equality of average powers of the probing signals can have different 

interpretations. In particular, if the dual-carrier signal is formed by using two antennas, to 

compare the energy of the reflected signals at single-carrier and multi-carrier irradiation 

it is necessary to modify one frequency in a direction to reach the other (ɤ1Ÿɤ2). In case 

of equality of the average power of the probing signal flux density in single-carrier 

irradiation will be greater than the flux density in dual-carrier. This is caused by the 

increase in the effective area of the antenna twice. For this reason to be correct 

comparison is important to keep the same area of the antenna system. 

In [2] are compared the reflected signals from non-linear objects irradiated with 

single-carrier and dual-carrier signals using frequency modulated probing signals. 

Using directional coupler and power divider one of the signals with average power 

irradiates through one of the antennas, and the other is delayed and irradiated through the 

other antenna. In the experiment are compared dual-carrier signal with two antennas and 

single-carrier signal with one antenna, which proves the significant increase of energy of 

the reflected signals with multi-carrier irradiation compared to single-carrier. 

Multi -carrier irradiation has specific features that should be considered. The first one 

is the use of ultra wide bandwidth receiver, which in turn leads to reduction of SNR. 

Another feature is that the necessary linearity of power amplifiers in wide dynamic range 

of transmitter has to be provided. It also needs to ensure a uniform gain antenna in a 

sufficiently wide frequency range. 

In [1] is developed on the case by the use of different probing signals from N 

generators with zero phases. Accordingly, the phase characteristics of the emitted 

probing signals do not affect the frequency response of the reflected signals. Matters of 
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interest are cases where probing signals are not in phase. From this point of view are 

considered two four-carrier probing signal shown below 

(6)  

(7)  

 
Both   and  signals have identical frequency response, and the peak-

factor (the ratio of the maximum power at any given time - "peak" to the average power) 

of  is greater than the peak-factor of  a little more than twice. The 

intensity of the reflected signal (in the band 2ɤ to 2ɤ + 6ɋ) from probing signal  

is two times smaller compared to the intensity of the reflected signal from probing signal 

. Moreover, in the spectrum of the reflected signal in the case of using  

some spectral components vanish. 

Increasing the power of the reflected signal N times can be achieved only with 

maximum possible peak factor, i.e., when all spectral components of the probing signal 

are in phase. 

When a pulse signal with a duty cycle equal to the required peak-factor (N) the power 

of the reflected signal is N times greater compared to using a continuous signal while 

maintaining the same average transmission power for both continuous and pulse signals. 

The same applies to the power of the reflected signal of multi-carrier radiation if all 

products in nonlinear frequency range from 2ɤ1 to 2ɤN are taken. It can be concluded 

that when comparing the performances of different probing signals with the same 

average power, it is advantageous in terms of power of the reflected signals the one with 

greater peak-factor. This applies to the comparison of all statements: using multi-carrier 

and single-carrier probing signals. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 

Figure 1 shows an equivalent circuit of an ideal non-linear object (NO), wherein the 

ECC is the electromotive force caused by the probing signal, Ra is the resistance of the 

linear portion of the radiation and the UNO is the voltage on the non-linear object. All of 

these voltages are related with the flowing current I with volt-ampere characteristic I=f 

(UNO). 

Transmit power of the ideal nonlinear object is 

       Ra 

ECC 
 

NL

Obj 
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 (8)  

Of interest is the spectrum of the current flowing through the nonlinear object. 

Therefore the relationship between the current flowing through the non-linear object and 

current based on probing signal must be determined  

 (9)  

Kirhov equation for perfect non-linear object has the form 

(10)  

The function  is determined as the inverse volt-ampere characteristic 

of the nonlinear object. By substituting it with (10) we get 

(11) . 

Function (11) is the inverse relationship of the requested function (9) 

(12) . 

Analytical determination of the magnitude of the current in (12) is difficult. In 

computing environment that corresponds to a conversion of recorded files and finding 

their spectrum using a fast Fourier transform. 

Calculations show that in linear mode of interaction of probing signal with nonlinear 

object the combined power of the reflected signal for products of second order (second 

harmonic for each carrier frequency of the probing signal - 2ɤ1, 2ɤ2, ..., 2ɤN) is always 

equal to the power of the second harmonic of single-carrier signal if the average powers 

for single-carrier and multi-carrier probing are equal. Accordingly, the phase differences 

do not affect the power but influence the shape of the spectrum. Regarding the two 

signals (6) and (7) the combined power of signals reflected from non-linear object are 

approximately equal. In modes close to the saturation of the non-linear element the 

power of the reflected signal increases significantly for probing signals with low peak-

factor. This is also valid for single-carrier probing signals with a small peak-factor [3]. 

Furthermore, the spectrum of the reflected signal is so blurred that impedes optimal 

reception of the reflected signal. 

As a result of the calculations should not expect higher power of the reflected signal 

with the use of multi-carrier probing signals compared to single-carrier. That is why for 

real experiments are mostly used single-carrier probing signals. 
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1 INTRODUCTION . 

Regardless of the approach for the treatment of the radar information in ISAR con-

cludes in realizing the expression (1), which represents a correlation integral of a com-

plex reflected from the target signal and the complex conjugate thereof with a pivot 

function (2). 
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ISAR used mode of "super division" in angular coordinates in which a single  or 

group target passes in the class of space-allocation target. These targets are seen as a 

combination of (N) random statistically independent elementary reflectors, filling a 

region of space in which is the target. The received signal from the time interval of syn-

thesizing(TIS) ʊs described by the expression (3). 
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where: G(ɓi) - law describing the actual diagram of directional antenna; 

{ }iii jtEtE jexp)()( =#  - the complex amplitude of the reflected from the i-th 

elementary reflector signal;  

R0 - slope distance to the target in; 
2

sT
t=  

Vr(t), VT(t), ar(t) - radial velocity, tangential velocity and radial acceleration of the 

mass center of the target; 

,
2

.
q

bb -D= ii Ni ,1=  - azimuth of the i-th elementary reflector; 

ɗ - width of the diagram of directional antenna; 

ɣ0 - initial phase. 
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In real terms the input processing system in ISAR enters random process )(tx#  repre-

senting the additive mixture of the useful reflected signal )(tS# and wite gausian 

noise )(tn# .  

)(),()( tntSt ### += lx  ,  
22

ss T
t

T
¢¢-   .                                                (4) 

where: ),(),,,,,( lj tSVaVEtS Trr
## =  

Full statistical description of random processes )(tx#  is carried out by density 

functional probability [ ])(tpx# , that takes into account all the statistical properties of 

random processes )(tx# . To determine this functional use the famous equation for 

functional white Gaussian noise [1, 2] ʪ.ʝ. 
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Taking into account the equality 

[ ][ ]),()(),()(),()( **2
lxlxlx tSttSttSt ###### --=- , 

for functional received signal )(tx#  equation is obtained [5] 
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where: )(* tS# - complex conjugate signal )(tS# ; 

Following [1,7] for the final form of the equation for functional likelihood of random 

processes )(tx#  is obtained 
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Functional likelihood )(lF  will be used for the synthesis of optimal algorithm and a 

device for evaluation of the parameters l. 

2 Synthesis of structure an adaptive algorithm to estimate parameters of a 

moving target. 
Much of modern radars operating in pulsed mode, with the consequence that the 

synthesis of the basic structure of an evaluation unit of the motion parameters of the 

target turns out to be analog-digital filtering, b.p. It is required to obtain estimates of 

continuous time parameters ( Trr VaV ,, )adopted by discrete moments in time reflected 
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signal from the target )(tx#  in conditions of a priori uncertainty centered on the unknown 

parameter 00N=h . In such a set of random assignment process )(tx# , at the input of 

the system is a sequence of statements signal nx
# in discrete moments of time tv, 

...3,2,1=n  has the form 

nnnn lx ntS ### += ),(  ,                                                                                                   (9) 

and the equation that describes the useful received signal has the form 

),(),(),( nnnnnn lll tjStStS sc +=#  ,                                                                        (10) 
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At fixed values of parameters )( mhhh =  priori system equations Communications 

(parameters l ) has the form [6] 

0

0

0

)(
)(

)(
)(

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

)(
)(

)(
)(

00

00

001
1

001
1

=

=

=

+-=

+-=

+-=

+-=

dt

dV

dt

da

dt

dV

ntE
dt

tdE

ntE
dt

tdE

ntE
dt

tdE

ntE
dt

tdE

T

r

r

msN
sN

mcN
cN

ms
s

mc
c

a

a

a

a

                                                                                   (11) 

Or in vector form 

)()(
)(

00 tnBtA
dt

td
+= l

l
,                                                                                     (12) 

where: TrrsNsscNcc
T VaVEEEEEE ,,,,..,,,,...,, 2121=l  - m-dimensional vector-

pillar of the evaluated parameters; 
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00000000 ,...,,)( nnntn
T
=  - k-dimensional vector-pillar containing the emerging 

white noise message with zero mathematical expectation and correlation function matrix 

{ } )(),()()( 000000 tdlt tNtntnM =+ ; 

A - matrix function with size [m ʭ m] which has the form [5] 
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B - correlation matrix with size [k ʭ k] of the emerging white Gaussian noise with 

zero mathematical expectation and unknown intensity 00N  [5] 
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To solve the problem of discrete filtration is necessary to move from analog type 

equations (11) ʠ (12) to diff equations of the type [2] 

nnnnn ll 0011
Ĕ

),( ntt +F= --  ,                                                                                    (13) 

ʢʲʜʝʪʦ: ),( 1-F nn tt  - matrix of fundamental solutions (transition matrix of equation 

(12)), satisfying the homogeneous differential equation 
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with initial condition Itt =F ),( nn ; I - unit matrix; 
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- a sequence of independent Gaussian vector random variables with zero 

mathematical expectation and correlation matrix [4] 
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Since messages (estimation parameters l)are described by linear equations diff (13) 

and the equation of observation (9) is non-linear on l, it is the task of obtaining 

estimates of these parameters in the clock tv points is non-linear and its solution is 

necessary to use approximate methods[5]. The class of approximate methods 

(algorithms) for filtration is obtained by approximation (local) the right solution in a 

small area of valuation significance )(
Ĕ

tl  of the filtered process. Usually in local 

approximation is made replacement probability density ),( ltp  with a normal 

probability density [ ])(),( tRtNl . In order to make this exchange is necessary that the 

following two conditions [3]: 

1. The useful signal ),( ltS#  depends linearly on the message )(tl  ie.  
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2. The filtered message )(tl  is a Gaussian process. 

Known in the literature [2, 3] approximate methods for solving nonlinear tasks 

relatively simple and highly effective method is "current linearization". The essence of 

this method consists in the following: suggests that any assessment found the message 

(parameter) 
*l  moreover it is not necessary that this evaluation is optimal, then 

nonlinear function ),( nnltS#  in observation nx
# (9) decomposes in order of degree of 

Taylor )(
*
nn ll-  and limited to linear members decomposition by analogy with the 

equation (17) 
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where m - the total number of evaluated parameters. 

Therefore, the observation equation nx
# (9) was linearized and has the form [2] 
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              )(ntH  - matrix of the derivatives of dimensionality [m x m]. 

The equation (19) of complex shape can be represented by the quadrature component 

of the observation nx
# and useful signal ),( nnltS#  
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Equations (20) and (13) are linear on l and vector estimates nl
Ĕ

 formulated in the 

task of quasi-linear filtration has the form 
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where: 1-= nnnn VHRK T  - matrix of the optimal gain of the filter, and the equation for 

the correlation matrix of errors in the filtration has the form 

 nnnnnnnnnn RHVHRHHRRR TT ~
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where: nnnnnnn DttRttR T +FF= --- ),(),(
~

111  - extrapolated correlation matrix errors 

of filtration determined by the a priori equation message (13). 

The final type of algorithm that describes the extended Kalman filter to assess the 

information parameters in discrete time is described as 
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The matrix nD  is determined by the decision of the differential equation [2] 
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with initial condition 0),( 11 =-- nn ttD  where TBBQ= . 

The equations (23) and (24) have recurrent form and can be successfully used for the 

realization of an electronic computing machine.  

The structural scheme of the synthesis algorithm for adaptive nonlinear filtering of 

information parameters described by equations (23)·(25) is shown on fig. 1. 

It should be noted that the accuracy of the algorithm for adaptive filtering dependent 

on the significance of the preliminary assessment 1
Ĕ
-nl  on its true value. The importance 

of the preliminary assessment must be close enough to the true value to be in force 

approximate equality (18). According to [4] are known several ways of defining the 

preliminary assessment. The simplest but also the least accurate is the way in which ex 
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ante evaluation *
1-nl  is defined only by a priori data parameter l without considering 

the implementation of the monitoring at the time 1-nt . 

 
 

Figure 1 Structural scheme of the synthesis algorithm for adaptive nonlinear filtering of 

information parameters. 

 

To achieve greater accuracy in determining the preliminary assessment as such can 

be used assessment MPl
Ĕ

 of the system of equations 

0)
Ĕ

(1 =Ð MP- lnl
L  ,                                                                                               (27) 

where )
Ĕ

(1 MP- lnL  - logarithm of the Functional likelihood, incorporating the entire 

information about the parameter l currently received by time 1-nt . 

 

CONCLUSIONS 

1. Examination of the work of ISAR require the presentation of the target through 

multi point model without dominant reflector and the task of signal processing is limited 
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to assessment of the trajectory parameters of spatially-distributed object against the 

uncorrelated noise. 

2. By ʊs<1s the trajectory parameters are slowly changing random variables and may 

be presented as a special case of Markov process with coefficients of displacement and 

diffusion zero. This greatly simplifies the synthesis of the optimum filter for the 

assessment of trajectory parameters. 

3. The task for the synthesis of an optimal measure of working in conditions of 

substantial priori uncertainty and non-linearity with respect to the estimated parameters 

yields inoperable algorithms. The solution of such a task is done using approximate 

methods, which give quasi-optimal structure of the estimator. 

4. Applying the "current linearization" in the algorithm for adaptive filtering 

linearized dependence of adopted monitoring the trajectory parameters in result of which 

can be used the standard procedure for Kalman filtering. Linearized multiplier depends 

on the resulting current assessment, which requires that it be determined for each step of 

the iteration. 

5. Due to the fact that the determination of the correlation matrix of errors involved 

ongoing evaluation of the information parameters is complicated procedure for filtration. 

Therefore, the correlation matrix of errors can not be determined in advance (as in the 

linear Kalman filter), but needs its jointly solve the equation for estimating information 

parameters. This complication is considerably large in dimension to the vector of filtered 

parameters. 
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Abstract: A method is proposed for subjective quality of multimedia information, consistent 
with the recommendations on the conditions of observation and selection of subjects. It eliminates 

some basic drawbacks of traditional approaches and largely unified implementation of subjective 

evaluation tests of picture quality of video compression algorithms and standards. 
 

The latest revision of the recommendations of the ITU, describing methodologies for 

assessing visual quality of digitally encoded video earlier dates back to 2000. Almost all 

studies they describe fully the opportunities of subjective tests are designed since a basic 

assessment of television standards. With the expansion of digital formats, processing 

algorithms and new types of displays, video is everywhere - except on television, also in 

computers, mobile phones, portable devices. For this reason the International Committee 

of Telecommunications ITU has initiated the development of a new methodology for 

visual assessment, which is suitable for application on PC and portable devices. This 

initiative analyzes, tests and results. So in cur- yashtata work proposes a methodology 

called SAMVQ, and examined correlation to the objective methods for quality 

assessment. 

Monitoring conditions must be: 

- The number of participants is less than 10, they must not experts they must be 

properly trained in the procedure of monitoring and recording the results: 

- Appropriate choice of test footage. 

- In determining the length of the sequences take into account two contradictory fact; 

¶ The first appreciation of the artifacts in digital television, which have a short 

life and are spatially dispersed, and therefore may not be noticed at least the duration of 

the test; 

¶ On the other hand, it is shown that human vision we possess the so-called. 

"Novelty effect" - gives an average score of all SEQUENCE based on the observed 

details in recent times. 

Due to this the test pictures should not be very long.It is clear that the optimal lenght 

of one test video is 15-20 seconds. 

There is another feature of human vision, which affects significantly the on 

conducting the evaluation - the subjective opinion of a sequence is highly dependent on 

the observed previous one. In the undesirable observer normally seek unlike the front of 

video, he tends to overestimate the current picture, if it has been defined as poor, or to 

underestimate, if it has been defined as good. It is therefore appropriate test sessions to be 

conducted several times under the same conditions, but test video images to be evaluated 

in a different order. In the worst case can be observed twice - in forward and reverse 

sequence. 

Another important proposal concerns the original sequences. Famous trend is 

subjective tests, the observers give maximal evaluation of the original sequence when 

they have prior information that accurately assessed it. However, when such data are 
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available, subjects rarely tend to indicate the maximum score even testova- th sequence is 

of excellent quality. Therefore, in the proposed methodology relies on the inclusion of 

the original undistorted sequence at least twice somewhere in the series of test distorted 

videoposledo- vatelnosti. This allows to obtain a more accurate result for Orientalism 

Gina and scaling of votes observers. 

In most methods of conducting visual tests used a five point scale voting, each level 

is associated with a particular adjective. These indicators (good, bad, etc.) split physical 

scale on five equal parts. Their interpretation by observers leads to the division of the 

scale of psychological irregular intervals. In do- mentation problem is exacerbated by the 

complex transfer of these adjective in different languages around the world. It is 

therefore proposed assessment scale be divided into ten parts, each of which is associated 

with a particular description either. 

  

  Excellent  

  Very good  

  Good 

  Acceptable 

 Tolerable      Fig.1. Rating scale in SAMVQ  

 Questionable                     

 Not too bad 

  Bad 

 Very bad 

  Terrible 

 

This has some advantages - such as an increased number of voting options and 

improved distribution of votes. However, the doubling of the zones makes the task more 

complex and increases the likelihood of confusion in subjects due to the blurring of 

boundaries between them. 

In the process of subjective evaluation of a coding algorithm or different TV system 

generates a huge amount of data that must be processed and summarized in order to 

generate a graphical representation or analytical performance of the test system. 

Depending on the method used for collecting votes outputs are values between 1 and 5, 

between 1 and 10 or between 0 and 100. In their distribution are available variance due to 

differences of opinion on various subjects and for the various parameters observed 

sequences. The first step in the processing of the results is the normalization into the 

range from 0 to 100. Typically, one test consists of a number of presentations L, each 

being one of a plurality of test conditions J (image size, compression rate) supplied with 

a number of reference sequences. 

The proposed methodology any combination of test sequence provided k is observed 

a number of times R. The first step in data analysis is almost always values ựujkr 

determining the average for each of the presentations: 
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ựujkr where is the assessment of conditions for observer i j in sequence k, repetition r 

on observation. It is appropriate that before the processing of results to exclude the 

highest and lowest score ựujkr. Thus protects the result of random errors in the voting 

process observers. 

 ựujkr value is assumed to be called and MOS (Mean Opinion Score) - averaged 

subjective evaluation sequence k in terms of the observervation j [1]. It is used as a 

measure of subjective quality test determined flax videoposledovatelnost. 

Representing the results of each average must be accompanied by its confidence 

interval. The most widely used 95% - was disposed confidence interval is given as 

follows 

 This means that with a probability of 95% the absolute value of the difference 

between the experimental value and the average true average value is smaller than the 

confidence interval. 

Next, it is desirable to be carried out and check the votes of each of the observers for 

systematic biases by analyzing the results in the following algorithm. First calculate the 

kurtosis coefficients ï tat:(describing the sharpness of the peak of the distribution) for 

each subject: 
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  Then proceed with the following estimation algorithm: For each observer i and 

j, k, r = 1 to J, K, R: 

 

        if  2 Ò ɓ2jkr Ò 4, then 

               if  uijkr  Ó Źujkr + 2. Sjkr ,    then Pi = Pi + 1; 

               if  uijkr  Ò Źujkr ï 2. Sjkr,    then Qi = Qi + 1; 

       otherwise: 

                if  uijkr  Ó Źujkr + 20 0,5 . Sjkr , then Pi = Pi + 1; 

                if  uijkr  Ò Źujkr ï 20 0,5 . Sjkr,  then Qi = Qi + 1; 

  if    
05,0

..
>

+

RKJ

QiPi  and   3,0<
+

-

QiPi

QiPi , 

then they should ignore the results obtained from the subject i. 

In order to assess the likehood that the subjects were actually able to distinguish the 

two test sequences (after compression and decompression) of each pair is calculated z-

test of the obtained objective results. Izpol- mentation following mathematical 

expression: 
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       where: Ź ujkô and Źujkô ó  are MOS for the two test sequences; 

       where: Ź Sjkô and  Ź Sjk"are standard deviations of the two sequences; N -number          

of experts participating in the tests. 
Then sought probability is calculated by the expression: 
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Conclusions: 

The results of the subjective assessment depend heavily on conditions of production, 

the selected test material, the method used to conduct the monitoring and collection of 

results, so it is incorrect to draw conclusions based on them in an absolute sense.  

 -It is mandatory for pomest- tion of results to be named and the following data: 

- Details of the test configuration, if the subjective assessment is conducted on a 

personal, pocket or any other type of computer; 

- Details of selected test video sequences (number, origin, description and 

characteristics - size, color, motion vector); 

- Used software or hardware for compression and decompression of the tested 

sequences, as well as the settings of its parameters; 

- Type of the signal source and the parameters of the monitor (model and date of 

manufacture, type, display size); 

- The settings of the imagers (brightness, con- trast, color temperature, distance 

monitoring); 

- Number and type of participating observers (distribution by age, sex, state of vision, 

level of experience in subjective tests, etc.); 

- Used method applied to conduct the test sessions; 

- The number of observers whose results were ignored and the reasons for the 

exclusion; 

- Average assessment system - the original and subjective estimates and 95% 

confidence interval if one's results were eliminated by the described procedure. 
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Abstract: There has been a study and analyze the impact of the main parameters of the stand-
ard, video compression H.264 on image quality - stability of the algorithm for compression, speed of 

work, degree of compression, the image size. 

 

The study is designed to evaluate the task of influence of the main parameters of 

standard H.264 compression on image quality - the stability of the algorithm for com-

pression speed of his work, the degree of compression, image size, the distance between 

I-frames - rated by objective and statistical methods. Quality assessment is conducted 

under two ways - by framing calculate the peak signal / noise and the mean square error 

using software Annex PSNR_Checker method SSM (Structural Similarity Metric) objec-

tive assessment of quality. 

First tested the stability of the compression algorithm. For this purpose, two sequenc-

es are compressed with the same bit rates successively three times. Estimates of the 

signal / noise and mean square error of brightness and color are depicted and. From 

framing comparison shows that H.264 has very little instability in repeated compression 

of the same video. In the first iteration result is always more optimistic than real: lower 

MSE, peak signal / noise - a high PSNR, but only after the second repetition coder began 

ca give stable results. The average for the whole duration of the test sequences results are 

shown in Table 1. 

Error values and the signal / noise triple 

 

Table 1. Repetition of the compression process for H.264 

 

Test sequence 
Component / 

bit rate 

Number of       

repetition 
MSE PSNR 

ĂSchumacherñ 

brightness / 200 kbps 1 69,9 30,9 

2 77,3 30,1 

3 77,4 30,1 

chrominance / 200 kbps 1 13,8 37,2 

2 15,4 36,6 

3 15,5 36,6 

ĂConcertñ 

brightness / 500 kbps 1 52,9 30,5 

2 47,5 31,4 

3 55,3 30,7 

brightness / 2000 kbps 1 15,8 36,1 

2 13,8 36,8 

3 15,3 36,3 



218 

 
(b) 

 
Fig.1. Stability of the H.264 codec for test image "Schumacher" and three consecutive 

passes. Stop motion evaluation at 1000 kbps: (a) MSE brightness; (b) MSE chromaticity; 

(c) PSNR of the luminance; (d) PSNR chromaticit 
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Fig.2. Stability of the H.264 encoder for test image "Concert", three consecutive 

passes and stop motion assessment of brightness (a) MSE at 500 kbps and 2000 kbps;  

(b) PSNR at 500 kbps and 2000 kbps 

 

From the results in the table require some peculiarities. First, the differences in quality 

between different passes are somewhat higher brightness than for color. Second, the magni-

tude of the differences in quality in different iterations depends on the contextual content of 

video image, and especially on the degree of movement therein. Third, differences are 

greater at low bit rate, due to the critical work of the algorithm for compression at this 

standard. Fourth - H.264 has the slightest instability results of the examination standards. 

The following figure 3. shows the experimentally obtained contingent upon time 

compression test sequence "PCScreen" lasts 8.5 seconds on the image size and set the bit 

rate compression. 
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Figure 3. Time compression test video "PC Screen" in H.264 depending on the bit 

rate at different image sizes. 

 

From the graphs in Figure 3. it is seen that the time compression almost does not de-

pend on the output bit rate. The difference in time with the same image size and different 

speeds within the errors of reporting or due to other workload on the test system in the 

present moment, because the experiments were performed on a PC. At the same bit rates 

are noted down depending on the speed of the picture size and tolerances are smaller 

interval. As the image is larger, slower is done com- press. It is noteworthy extremely 

slow compression rate which is many times smaller than the actual, especially for large 

image sizes. This may be due to the very early stage of development, they are located in 

most applications to compress video in the H.264 standard. 

The next stage is tested quality of the compressed image displayed depending on the 

key indicator of H.264 - the frequency of disposal of the keys in the test sequences. For 

this purpose the two sequences tested a sequences - "Concert" and "Schumacher", are 

compressed at two different bit rates - 200 kbps and 1000 kbps. Variable is the distance 

be- tween keys (I-frames), having asked these values - 6, 12, 25, 50, 100, 200 frames 

between I-frames. The obtained experimental results are depicted graphically in Figure 4. 

and Figure 5. The framing comparison between different bit rates and overall results for 

the entire duration of the test sequence, is shown as measured by PSNR, and by SSM. 
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Figure 4. Depending on the image quality on the number key frames a test image 

"Concert": (a) framing 500 kbps; (b) Frame 2000 kbps;  

(c) averaged over the whole sequence. 
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Figure 5. Depending on the image quality, the number of staff for the sequence 

"Schumacher": (a) framing 200 kbps; (b) Frame 1000 kbps; (c) average SEQUENCE 

measured by PSNR; (d) medium consistency, measured by SSM 

 

The displayed graphics can draw the following conclusions. First, because the key 

frames are compressed independently and shall be re-divided the greatest amount of bits 

in smaller bit rates, with enhances the sense of distance between key frames need to 

increase information for predicting and staff the motion compensation. Since the output 

speed is limited, at least on the number of I-frames is provided the above condition and 
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the quality is increased. Such is the case co Gatto structure of the group of pictures is 

retained but reduced output bi- this rate - low quality of personnel located between I-

frames. 

Second, at higher bit rates will have an increased picture quality by lowering the 

number of key frames. This is explained by a sufficient amount of information given 

about the exact predictions of all the images without the key and reducing the number of 

staff they kay- leads to optimal filling of the output data stream. 

Third, because the H.264 format is designed as a multimedia standard for transmit-

ting video of a generic increase of between I-frames can not be done indefinitely. It is 

known [1] that the younger interval between key frames reduces visibility on the trail of 

mistakes, which besides everything is highly dependent on the plot of video sequence. 

Increasing the number of I-frames improves the opportunity for further editing and pro-

cessing of H.264 compression information. Therefore, when choosing the shape of the 

group of paintings aid off it is necessary to make certain compromises, depending on all 

the conflicting requirements. 

The last conclusion that can be drawn is that there is a determined Leno distance be-

tween keys, which provides maximum quality bar graphs for this particular video se-

quence. Impressive is the fact that according to both metrics used to evaluate - PSNR and 

SSM - the difference in the quality between the maximum and the minimum quality for 

both domestic speeds approximately equal. This shows that the PSNR is doing well with 

the assessment of this sequence in this standard and that SSM successfully predict the 

expected subjective image quality after compression mission - all imported from the 

compression process distortions in the sequence will be seen. 
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Abstract:  Steganography is the method of hiding message in a cover object for cover communica-

tion. The article deals with the steganography system which hides text inside images without losing 

of data (BMP, PNG, TIFF and GIF). The secret message is hidden in the cover image using Last 
Significant Bit (LSB) method. Described functional of the developing software. Visual and statistical 

analysis of this algorithm returns satisfactory results.  
Keywords: steganography, cover image, data hiding, stego image, LSB  

 

1. INTRODUCTION  

In the 21st century, there are a lot of methods of transmitting confidential infor-

mation, the contemporary computer steganography method becomes more and more 

popular because of the necessity of new solutions to the problems with the illegal access 

to sensitive. In modern world, daily, a lot of companies and users communicate and 

exchange generally accessible and confidential information via the Internet.  
There are two main methods for hiding confidential information: cryptography and 

steganography. The analysis of the methods of the computer steganography is not a 

single and complete activity because of the dynamic development of this scientific and 

applicable field and it is enough complex task. [2], [10], [11], [12]. 

2. MAIN POINTS. METHODS  IN THE SPATIAL DOMAI N  

The methods in the spatial domain are most often used in the stego programs because 

of the good hiding of the messages, the big stego capacity and the easy realization. 

One of the best literary surveys about these steganographic methods is made in [2], 

as the methods of replacing the least significant bit LSB (Least Significant Bit) [5], [3], 

[4], [9] and BPCS (Bit Plane Complexity Segmentation) [8] are added to them. The 

direct methods embed information directly in the bits of the image carrier. 

The method of replacing the least significant bit is the most wide spread method 

among the methods of spatial domain change. LSB in one image carries in itself least 

information. It is clear that the human perceptions cannot sense change in this bit. 

Actually, the change in LSB is noise which can be used for embedding a hidden mes-

sage. In images in which every pixel is coded with one byte, the size of the embedded 

information by this method can reach up to 1/8 of the size of the file carrier. 

The nature of the LSB method can be illustrated with the following example. 

We have binary sequence with 9 bytes in a still image file with a graphic carrier in 

BMP format: 

(11000100  00110001   01000101) 

(01010110   10010100   01010101) 

(10101101   00100101   11010100) 
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In this sequence every number of pixel of the carrier file is presented with 8 bits as 

the least byte is the first from the sequence. Because of the imperfection of the human 

sight the change of the last bit will not be noticed by the person looking at the image 

[12]. 

Let us, in the following fragment of digital carrier, hide the number 123 presented 

with the binary number 01111011. The modifying of the block of binary numbers is 

completed by replacing the least significant bits from every byte with binary digit from 

the presentation of the number 123 (this is the hidden message) starting from the least 

significant byte. 

The result is: 

(11000100   00110001   01000101) 

(01010111  10010101   01010100) 

(10101101   00100101   11010100) 

 
Figure 1. Chart of communication 

With the LSB method there are two possible schemes for embedding the hidden mes-

sages - linear and shuffled. An example presents the first scheme. The shuffled embed-

ding [7] shuffles the message at random in the bytes of the whole carrier. The methods 

LSB can be divided in two main types - LSB replacement and LSB matching [5]. In the 

first type there is a direct replacement of the least significant bytes with those of the 

message. In the second type we have selected bytes whose least significant bits of the 

carrier coincide with the bits of the message. As a result the statistical characteristics and 

the other characteristics do not change significantly in the file carrier[8]. 

The chart of communication between the sender of the message and the receiver is 

shown on figure 1. To achieve the goal the massage, which has to be hidden, is input in 

the steganography software, installed on the computer of the sender, who chooses an 

appropriate image for the container and creates a new stego image. It is sent to the ad-

dressee by means of Internet. He in turn reads the confidential message ,using the same 

steganography software on his computer. 
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3. EXPERIMENTAL RESULTS  

The offered algorithm can work with BMP, PNG, GIFF and TIFF image file formats 

with no restriction in the size. As it has no block for preliminary compression the maxi-

mum size of the information which will be embedded in the image is fixed depending on 

the size of the carrying file minus the header information. The size of the stego file must 

be identical to that one of the carrying file. The visual presentation of the program system 

is shown in figure 2 where in (a) we can see the type of the format and the necessary 

fields which must be completed in order for the confidential information to be embedded 

in a chosen image. In (b) we can see the actions and fields which are used for the infor-

mation to be extracted from the stego image. 

   
(a) (b) 

Figure 2. Program system with (a) embedding and coding of the message, (b) ex-

tracting and deciphering of the secret message in the image 

As a result of the system work we get a stego image containing the confidential in-

formation which can be sent to the receiver via non protected channel without arousing 

any interest in the information in any spying party. 

The digital color images are stored in files with 24-bit format and used RGB (Red, 

Green, Blue) color model [2]. This is precondition for a big informational excess which 

can be used for the purposes of the steganography. 

For realizing of the functions for embedding and extraction of data in the covering 

image we have chosen the principle of steganography by modification [1] in which the 

covering images exist preliminary and when embedded they change. We use a method 

inserting the least significant bit (LSB) which is often used and an easy way for hiding 

information in an image [1], [13]. We make embedding of the message bits in the least 

significant bits of the color components of particular pixels from the image. The algo-

rithm is symmetrical, i.e. when embedding and extracting a message identical operations 

are executed in one and the same order. The essence of the algorithm is based on the fact 

that the secret information is written in the least significant bits of the pixels of one im-

age with no visible differences in its look. 
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In figure 3 we have a block scheme of an executed algorithm in which we have a ver-

ification if there is data input or no. With the help of a conditional block we check what 

operation will be executed then we go to embed or extract the confidential information. 

 

 

Figure 3. Block scheme of the program system 

When entering one and the same key in the party which transfers and the party which 

receives the message by generating a sequence of random positions of the pixels in the 

image the sequence is identical in the both images and in this way embedded message 

can be restored correctly. When entering a wrong password from the recipient we have 

different sequences and the read bits will not be from the hidden message. 

In the concrete realization the method consists of several main steps: 

1.  Embedding a confidential message: 

¶  Enter the text which must be hidden; 

¶  Choose the image which must be hidden; 

¶  Create a key (password); 

¶ Choose the settings; 

¶  Embed the message; 

¶  Save the stego image. 

2. Extracting the confidential message: 
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¶  Load the stego file; 

¶ In order to extract information the user must input a key; 

¶ The extraction of information is executed; 

¶ After completing the information the message is stored in a file. 

Important characteristics which are defined in the course of the program work are: 

length of message, the pixels for reading and saving, the reading and saving of the con-

crete bits. 
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(b)  

Figure 4. Histogram of original image and  stego image: (a) parrots.bmp, (b) 

amf10.bmp 
The statistical characteristics of the stego image remain the same as those of the orig-

inal image which can be seen from figure 4 where there are a histogram of the original 

image and a histogram of the stego image and there is no difference in (a) and (b). 

The statistical characteristics with which we check the same in the studied couples 

images are Signal-to-Noise Ratio (SNR), Peak Signal-to-Noise Ratio (PRSN), Mean 

Squared Error (MSE) and Structural Similarity Index for measuring (SSIM). They are 

calculated with the help of integral features of the programming environment Matlab 

2014a version. In the same environment are received and histograms of the images. By 

implementing a program system for embedding/ extracting text messages many tests with 

different size messages and images have been carried out. The studied algorithm is based 
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on the LSB method applied and tested on BMP image formats. Test results of the qualita-

tive characteristics MSE, SNR, PSNR, SSIM and E are analyzed. 

Table 1 presents the results of the qualitative characteristics of embedded text files in 

English with a size of 170 to 240 kB and cover digital image parrot.bmp is used. 

 

Table 1. Qualitative characteristics of parrot.bmp image in embedding a different 

size of the secret message 

Size MSEav SNR PSNR SSIM ɽ 

170B 2,6809e-5 79,4718 86,2179 1 7.6200 

300B 4,471e-5 77,2806 84,0267 1 7.6200 

600B 9,081e-5 74.2614 81,0075 1 7.6200 

10kB 0,0015 61,9987 68,7448 1 7.6202 

30kB 0,00455 57,2162 63,9623 1 7,6204 

40kB 0,00485 56,0551 62,8012 1 7,6204 

50kB 0,0076 55,0116 61,7577 0,998 7,6207 

60kB 0,0089 54,2661 61,0122 0,998 7.6208 

70kB 0,0125 52,7076 59,7072 0,998 7.6209 

80kB 0,0178 51,2512 57,9974 0,998 7.6215 

120kB 0,0355 48,2430 54,9891 0,997 7.6224 

240kB 0,0355 48,2429 54,9890 0,997 7.6224 
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Figure. 5. Dependence of (a) SNR and PSNR and (b) MSEav. for parrots.bmp mage 

for values of 170 to 240 kB 

The difference between the minimum and maximum value of MSE is difficult to es-

tablish because the change is only in the thousands. The average MSEav. was obtained as 

the average of the minimum and maximum MSE and is visualized in the graph of Figure 

5(b). 

4. CONCLUSIONS 

Steganography use in the spatial domain reaches best results concerning the histo-

grams of the stego images which restricts the possibility for them to yield to the modern 

stegoanalysis. It is recommended to use scattered embedding because its interception 

from the stego analizing programs is harder. By increasing the size of the embedding data 
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the statistical characteristics of the images deteriorate, although, the visual quality of the 

images processed with steganography system remains excellent. 
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At the end of the 20th and beginning of the 21st century we have seen the process of 

globalization, which have new patterns of communication between people and between 

the institutions in which they found wide application and information technology. 

The development of this type of communication provides a number of benefits to the 

people. At the same time there appeared a multitude of strangers to this point risks and 

threats posed by the vulnerabilities of information resources used by people and organi-

zations for the implementation of the connection between them. Authority to manage and 

respond to these vulnerabilities is a CSIRT (incident response team security Computer) 

the services provided by these teams are the subject of this report. 

CSIRT services can be grouped into three categories:  

Reactive services. These services are triggered when an event, such as a report for 

violation, wide distribution of malicious code, vulnerabilities in software, or something 

that is identified by intrusion-detection system. The Jet facilities are a major component 

of the CSIRT work. 

Proactive services. These services provide assistance and information to help prepare, 

protect and ensure the constituent systems in anticipation of attacks, issues, or events. 

Making these services will directly reduce the number of accidents in the future. 

Quality management services. These services extend the existing and well estab-

lished facilities, which are different from the treatment of an accident. This kind of ser-

vices can give an idea of helping improve the overall security of the Organization and 

identification of risks, threats and system vulnerabilities. These services are typically 

proactive, but indirectly contribute to a reduction in the number of accidents. 

Some services have both reactive and proactive side. For example, the vulnerability 

may be carried out in response to the discovery of the vulnerability, which is actively 

used. But this can also be done proactively by reviewing and testing the software to 

determine where vulnerabilities exist, so that the problems can be fixed before they are 

widely known or used. 

Descriptions of services are designed to meet the requests for assistance, incidents of 

a CSIRT, as well as any threats or attacks against the CSIRT. Some services may be 

initiated by the notification of a third country or by the monitoring systems. 
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This service alerts and warnings include the dissemination of information that de-

scribes an intruder, vulnerability, intrusion alert, computer virus, or a hoax, as well as the 

provision of short-term recommendations of action for dealing with the problem. Infor-

mation can be created from the CSIRT or can be reallocated from vendors, other CSIRTs 

or security experts, or other parts of the constituency. 

Manual handling accident incident is related to the receipt, allocation and answering 

queries and reports, and analysis of incidents and events. Specific activities associated 

with the reaction may include : 

Å measures to protect systems and networks, affected or threatened by the offender's 

activities     Å provide solutions and strategies for mitigation of the newsletters or alerts  

Å search activity of the offender on the other parts of the network 

Å filtering of network traffic  

Å repair of systems  

Å development of other strategies for response. 

Since the accident are implemented in different ways by different types of CSIRTs, 

this service is further categorized depending on the type of activities carried out and the 

kind of assistance as follows: Accident analysis. There are many levels of accident analy-

sis and very under-services. Essentially, incident analysis is a review of all available 

information and evidence in its support or artifacts related to the incident or event. The 

aim of the analysis is to determine the extent of the accident, the extent of the damage 

caused by the incident, the nature of the incident, as well as the available strategies to 

respond or bypass. CSIRT may use the results of vulnerability and artifact analysis (de-

scribed below), to understand and to provide the most complete and up-to-date analysis 

of what happened on a particular system. The CSIRT correlated activity in incidents to 

identify all relationships, its trends and patterns.  Two under-service, which can be car-

ried out as part of the analysis of the incident, according to the mission, goals and pro-

cesses of the CSIRT, are: 

Å Forensic evidence collection: collection, preservation, documentation and analysis 

of data from a compromised computer system for the determination of changes in the 

system and to assist in the reconstruction of events leading up to the compromise. This 

collection of information and evidence should be carried out in a way that documents 

provable chain of custody that is admissible in a Court of law in accordance with the 

rules of evidence. Tasks that are involved in the collection of forensic evidence, include 

(but are not limited to) making a copy on the hard disk of the system; check for changes 

to the system, such as new programs, files, services, and users; take a look at the running 

processes and open ports; and check for Trojan horse programs and sets of instruments. 

CSIRT staff performing this function may also need to be prepared to act as experts in 

legal proceedings. 

Å track: tracing the origin of an intruder or the identification of the systems to which 

the attacker had access. This activity may include tracking the way in which the attacker 

has entered the affected systems and related networks systems were used. 

Response to the incident on site. This service includes all actions taken at the local 

level, which is necessary if there is suspicion or occurrence of the incident.  

Incident response support. Assist the CSIRT and guides of the victim (s) of the attack 

in the reconstruction of the incident by telephone, email, fax or documentation. This may 

include technical assistance in the interpretation of the data, providing contact infor-

mation, or relaying instructions regarding mitigation and recovery strategies.  
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Coordination of the response to the incident. The CSIRT coordinates response efforts 

between the parties involved in the accident. This usually involves the victim of the 

attack, other objects involved in the attack. This may include countries that provide it 

support to the victim, such as Internet service providers, other CSIRTs and system and 

network administrators of the site.  

Handling of vulnerability: associated with receiving information and reports for 

hardware and software vulnerabilities; analyzing the effects of vulnerabilities;  develop-

ment of response strategies for the detection and repair of vulnerabilities. Since the pro-

cessing operations are carried out vulnerability in different ways by different types of 

CSIRTs, this service is further categorized depending on the type of activities carried out 

and the type of assistance provided as follows: 

Analysis of vulnerability. CSIRT performs technical analysis and research of vulner-

abilities in hardware or software. This includes checking suspected vulnerabilities and 

technical check of the hardware or software vulnerability is defined as where is it and 

how it can be used. The analysis may include a review of the source code, as used for the 

correction of errors, to determine where it happens, vulnerability, or trying to replicate 

the problem on a test system. 

Response to the vulnerability. This service includes the establishment of an appropri-

ate response to mitigate or remedy the vulnerability. It also includes notification of others 

about the strategy to mitigate the effects through the creation and distribution of ballots.  

Vulnerability response coordination. This service may include communication with 

suppliers, other CSIRTs, technical experts, members, and among individuals or groups 

that initially were discovered or reported the vulnerability. Activities include facilitating 

the analysis of vulnerability or vulnerability report; coordinating schedules for release of 

relevant documents, synthesis of technical analysis, carried out by different experts. This 

service may include the maintenance of a public or private archives of knowledge about 

information on the vulnerabilities and corresponding strategies for response. 

Artifact management Artifact is any file or object found in a system that can partici-

pate in the drilling or attacking systems and networks, or that are used to protect from 

security measures. Artifacts may include, but are not limited to computer viruses, Trojan 

horses, worms, use scripts, as well as sets of tools. 

Artifact handling is related to getting information for copies of artifacts that are used 

by the offender to carry out the attacks, intelligence and other unauthorised or destructive 

activities. Because the artifacts are implemented in different ways by different types of 

CSIRTs, this service is further categorized depending on the type of activities carried out 

and the type of assistance provided as follows: 

Artifact analysis. The CSIRT performs technical testing and analysis of every artifact 

found in one system. The analysis may include identifying the file type and the structure 

of the artefact, comparing the new artifact with existing artifacts or other versions of the 

same artifact to see similarities and differences. 

Artifact response. This service includes the determination of the appropriate actions 

to detect and remove artifacts from the system as well as action to prevent artifacts from 

the installation. This may include the creation of signatures, which can be added to the 

antivirus software or IDS. 

Coordination of the response of the discovered artefacts. This service includes shar-

ing and aggregation of the results of the analysis and the strategies for response, referring 

to an artifact with other CSIRTs, vendors, researchers, and other security experts. Activi-
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ties include informing the others and synthesizing technical analysis from different 

sources. Activities may include maintaining a public archive of famous artifacts and their 

effects and appropriate response strategies. 

Proactive Services are designed to improve the processes of the infrastructure and se-

curity of voters before any incident or event that occur or are detected. The main objec-

tives are to avoid accidents and to minimize their impact and coverage when they do 

occur. 

Notices That includes, but is not limited to, intrusion alerts, warnings about vulnera-

bilities, and newsletters. These messages inform the voter for newly discovered vulnera-

bilities or disruptive tools.  

Review of technology this service includes reading mailing lists, Web sites, security 

for security, as well as current news and magazine articles in the fields of science, tech-

nology to extract information related to security of systems and networks. This may 

include communication with other countries who are authorities in these areas to ensure 

that you receive the best and most accurate information or interpretation. The result of 

this service could be some kind of announcement, guidelines, or recommendations, 

aimed at medium-and long-term security issues. 

Security audits or evaluations this service provides a comprehensive review and 

analysis of the security infrastructure of the Organization, on the basis of the require-

ments laid down by the organization or by another standard. It may also include a review 

of the Organization's security practices. 

Configuration and maintenance of tools, applications, infrastructure and services this 

service identifies or provides appropriate guidance on how to configure and maintain 

tools, applications and common computing infrastructure used by the CSIRT. The 

CSIRT can also configure and maintain servers, desktops, laptops, personal digital assis-

tants (PDA) and other wireless devices in accordance with the guidelines for security. 

This service includes escalating to the management of any questions or problems with the 

configuration or use of tools and applications that the CSIRT believes, can leave the 

system vulnerable to attack. 

Development of security tools this service includes the development of new, specific 

tools that are needed or desired by the CSIRT. This may include, for example, the crea-

tion of security patches for custom software used by constituency or secured software 

distributions, which can be used to restore damaged resources. This may include the 

development of tools or scripts that extend the functionality of existing security tools. 

Facilities for detecting intrusions CSIRTs that perform this service analyzed and ini-

tiate a response for all kinds of events, send any signals, under an agreement for a prede-

termined level of service. Discovery and analysis can be a daunting task, not only in 

determining the place of placement of the sensors, but collects and then analyze large 

volumes of data. In many cases, specialized tools and expertise required to synthesize 

and interpret information to identify false alarms, attacks, or network events and imple-

ment strategies to eliminate or minimize these events. Some organizations choose to 

outsource this activity to others who have more experience in carrying out these services, 

such as managed security services. 

The dissemination of information related to security, this service provides a compre-

hensive and useful information that helps improve security. Such information may in-

clude : 

Å guidelines for reporting and contact information for the CSIRT  
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Å archives of alerts, warnings, and other messages  

Å documentation for best practices  

Å security guidelines 

Å policies, procedures and checklists 

 Å development and dissemination of information  

Å the current statistics and trends in the reporting of accidents  

Å other information that can improve the general security practices  

Quality management services of security services that fall into this category are not 

unique to CSIRTs. They are well known, established facilities designed to improve the 

overall security of an organization. These services are designed to incorporate the feed-

back and lessons learned on the basis of the knowledge gained by means of responding to 

incidents, vulnerabilities and attacks.  

Risk analysis CSIRTs may be able to carry out risk analysis and assessments. This 

can improve the Organization's ability to assess real threats, to provide realistic qualita-

tive and quantitative assessments of risks to information assets, and to assess the protec-

tion and response strategies. CSIRTs, performing this service will assist in risk analysis 

activities on information security for the new systems and business processes, or evalua-

tion of threats and attacks against assets and systems. 

Business Continuity and Disaster Recovery planning based on any events until now, 

and future forecasts for emerging incidents or security, more and more incidents have the 

potential to lead to serious deterioration of business operations. Therefore, you need to 

plan and efforts to choose the best way to respond to such incidents by ensuring continui-

ty of business operations.  

Security consulting CSIRTs can be used to provide advice and guidance on best prac-

tices for security, to be put into effect. This service includes providing advice and assis-

tance in the development of organizational or electoral security policies. It may also 

include the giving of testimony or advice on legislative or other governmental authorities. 

Awareness raising general awareness about security not only improves the under-

standing of the security issues, but also helps them to carry out their daily operations in a 

secure manner. This can reduce the appearance of successful attacks and increase the 

likelihood of detection and reporting of attacks, thus reducing recovery time and elimi-

nating or reducing losses. CSIRTs, performing this service are looking for opportunities 

to raise awareness of security through articles, posters, newsletters, websites, or other 

resources that explain the best practices and provide advice on the precautions taken. 

Education/training this service includes the provision of information to constituents 

about computer security issues, through seminars, workshops, courses and tutorials. 

These may include guidelines for the reporting of incidents, appropriate methods for 

respond, tools for responding to incidents, methods for preventing accidents, as well as 

other information needed to protect, detect, report and respond to computer security 

incidents. 

Evaluation of product Certification or CSIRT may carry out assessments of products 

associated with resources, applications or other services to ensure the security of the 

products and their compliance with acceptable CSIRT or organizational security practic-

es. This service can be provided either through the assessment and certification program, 

depending on the standards to be applied by the organization or by the CSIRT. 

Experience has shown that whatever services the CSIRT, the Organization decided to 

offer the mother or the leadership must ensure that the team has the necessary resources 
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(people, technical expertise, equipment and infrastructure), in order to provide a valuable 

service to their constituents. In addition, it may be noted that in the event of changes in 

technology and the use of the Internet, you may experience other services need to be 

provided by CSIRTs. Hence this list of services will evolve and change over time. 
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INTRODUCTION  

In recent years, distance learning has become extremely popular due to its flexibility 

and cost-effectiveness.  

It has a significant contribution to improving access to education for audience, heter-

ogeneous in age and social status and successfully fits into the concept of lifelong learn-

ing. 

For its implementation modern technological tools are inevitably used to represent 

and transfer information, which usually attract the interest of young people. This educa-

tional form is attractive not only for working or family people, but also for the ñGenera-

tion Zò. 

The use of e-learning, raises questions about the quality of education gained outside a 

traditional academic environment and objectivity in the assessment of knowledge, in the 

absence of direct contact between the student and the examiner. 

 

OBJECTIVES, METHODOL OGY AND RESEARCH DESIGN 

In the framework of Item Response Theory (IRT) the students' knowledge is 

objective and can be measured. For this purpose: oral interview, written exam, tests, 

essays, coursework, review, thesis projects, etc. are used.  

In distance learning at universities of Bulgaria traditionally electronic tests and 

written papers on the topics of discipline are used. 

The paper discusses the question to what extent written papers allow for an objective 

assessment of students' knowledge. 

The aim is to obtain answers to the following questions: 

1. Is there plagiarism in the studentsô written papers? 

2. What is the degree of borrowings? 

3. Can the written paper be the only element in the assessment? 

mailto:uzunova_milen@abv.bg


238 

4. In what cases, the evaluation of the written paper can participate in the 

formation of the evaluation in the discipline? 

Assessment of knowledge in distance education 

The written paper presents a means to check the productivity [1] of knowledge. It 

represents a summarized statement on a given topic as a result of analysis of a large 

volume of information in the subject area. 

It contributes to the deepening and broadening of the preparation, develops the 

traineesô skills for systematization, structuring and analysis of information from various 

sources. 

The estimation does not require direct contact between the student and the teacher 

that is why it is widely used in distance learning. 

Despite these positive aspects of testing using the written paper, the problem of 

plagiarism cannot be ignored. 

Plagiarism as a problem for the objective assessment 

Plagiarism (from lat. plagio - steal) - is copyright infringement by illegal use of 

someone else's work without indicating the source. 

It can exist in various forms [5] 

¶ submitting someone else's text (or part of it) for copyright - verbatim 

copying; 

¶ paraphrasing someone else's text or part of it and presenting it for copyright; 

¶ plagiarism of patchwork type (from the English patchwork is the art 

associated with sewing together different pieces of cloth) is a compilation of 

several texts of other authors (or their parts); 

¶ presentation of one and the same paper of the author under different titles and 

on different occasions ï autoplagiarism. 

In studentsô papers, plagiarism is usually caused by lack of knowledge on the subject, 

the inability to synthesize the author's text or the lack of motivation to cope with this 

task. In some cases it is involuntary, and because of incorrect citation of references. 

Because of incompetence, it is not perceived by students as a serious violation of 

copyright law. 

Plagiarism, stimulated by the accessibility of electronic resources in the global 

network is becoming a serious and growing problem. 

Plagiarism discourages authors of original texts, demotivates good students, makes it 

difficult for teachers, and compromises the objectivity of the evaluation. 

To counteract this phenomenon software known as antiplagiarism system is being 

developed and offered (free or for a fee) to check the uniqueness of the text. 

Software for automated test of uniqueness of texts (antiplagiarism systems) 

These systems are software solutions to check the uniqueness of text documents or 

web sites. As a rule, they are with the intuitive interface, simple and easy to use. For 

many systems are developed versions that work offline and online. They differ in 

languages, algorithms used, the quality and speed of checking. 

Despite the uniqueness of the algorithms used, the antiplagiarism systems work as 

follows: 

1. Divide a document into phrases with a certain length. 

2. Use a few well-known ñsearch enginesò at the same time (usually Google, 

Yahoo! or Yandex, etc.) for searching randomly selected phrases in web sites or 

documents. 
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3. Processed and show the results - where the phrases are found, how much was 

borrowed, i.e. the percentage of plagiarism.  

Some of the most commonly used systems are: Copyscape, Antiplagiat, Advego 

Plagiatus, Text, Turnitin and more. 

In many universities, including in Bulgaria, are incorporated automated systems to 

check the uniqueness of articles, theses and course works, dissertations, etc.  

Methodology and research design 

To test the thesis that plagiarism is an obstacle for an objective assessment, were 

analysed the results of the evaluation of the review papers in the discipline E-Commerce 

Security1 for the distance learning students. 

Students independently prepare a review on a chosen topic in certain subject area. 

The list of topics is prepared by the lecturer and announced at the beginning of the taught 

course. The development time is determined by the student and is limited only by the 

deadline. 

The submitted papers participate in the formation of the assessment. 

In addition, review papers written by Masters from part-time training courses in 

Information Technology Management, Software Marketing and Information Systems 

were also checked. 

The scheme of assessment 

In assessing the teacher follows linguistic rules, as for example: 

1. The General idea of the course subject, if there are significant omissions, 

unassimilated specific terms, poor language ï Fair (3); 

2. Understanding of the presented material, the tolerance to inaccuracies in the 

terms used, relatively good language culture ï Good (4); 

3. Understanding the presented material and the ability to find the basic ideas, 

the adequacy of the terms used; good language culture ï Very good (5); 

4. Understanding and analysis of the material, the ability to go into details, 

precision of expression ï Excellent (6). 

The uniqueness of all developed review papers was checked with the systems 

Advego Plagiatus (http://advego.ru/plagiatus ) ʠ Text (http://text.ru/doc-check ) with 

default settings. 

The system Advego Plagiatus shows a degree of uniqueness in the form of two digits 

(XX%/YY%):  

- XX% - the percentage of unique text from the total text (the percentage of verbatim 

copied text is subtracted); 

- YY% - the percentage of the original text of the total text (the amount of rewriting 

is subtracted). 

Copied texts are painted in yellow, the rewritten ones ï in blue. If a match is found, 

the system indicates the address and percentage of the borrowings from this source (Fig. 

1). 

                                                                 
1 Project BG051PO001-4.3.04-0016 "New opportunities for lifelong learning by upgrading distance 
education Centre at the Vasil Levski National Military University according to the scheme of grand 

BG051PO001-4.3.04 "Development of electronic forms of distance learning in higher education" of 

the operational program "Human resources development", co-financed by the European social 
Fund of the European Union. 
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Fig. 1. The result of the work of Advego Plagiatus 

 

RESULTS AND DISCUSSION  

Despite the fact that the students were notified about the upcoming test of uniqueness 

of texts, the system showed a high percentage of borrowings. 

28 review papers were checked. Some of the results are shown in table 1. 

 

Table 1. Check results for the uniqueness of the review paper 

Review paper 

Topic 

Text 

uniqueness 

ADVEGO 

(Number of 

checked 

sources) 

Sources address 

ADVEGO 

Text 

unique

ness 

TEXT.

RU 

Sources address 

TEXT.RU  

eMAG.bg e-

commerce site 

analysis 

79%/100% 

(2732) 

www.focus_new.ne

t 

www.mzone.bg 

www.interactive-

share.com  

57.05% 

www.ʨʝʬʝʨʘʪʠ.net// - 18% 

www.download.pomagalo.com/ - 

8% 

www.referati.org/ocenka-na-silnite-

i-slabi-strani-...goviqta/ - 8% 

www.znanieto.net/virtuemart/details

/7727/53/ʀʢʦʥʦʤʠʢʘ/ - 8% 

E ï Commerce 

- the essence,  

advantages and 

disadvantages  

74%/42% 

(52) 

http://znanieto.net 

http://www-

it.fmi.uni-sofia.bg  

21.85% 

www.download.pomagalo.com/110

7324/elektronna tyrgoviya...mstva i 

nedostatyci/ - 35% 

www.download.pomagalo.com/433

004/ocenka na silnite i s...ani na 

etyrgoviyata/ - 6% 

www.znanieto.net/virtuemart/details

http://text.ru/rd/aHR0cDovL3huLS04MGFqYW4wYmNwbS5uZXQv0YDQtdGE0LXRgNCw0YLQuC%2FQtNC40YHRgtGA0LjQsdGD0YbQuNC%2B0L3QvdC4LdC%2F0YDQsNC60YLQuNC60Lgt0Lgt0YDQtdGI0LXQvdC40Y8v
http://text.ru/rd/aHR0cDovL2Rvd25sb2FkLnBvbWFnYWxvLmNvbS82NTYwNDIvYXVrY2lvbmkgdiBlbGVrdHJvbm5pdGUgcGF6YXJpc2h0YS8%3D
http://text.ru/rd/aHR0cDovL3d3dy5yZWZlcmF0aS5vcmcvb2NlbmthLW5hLXNpbG5pdGUtaS1zbGFiaS1zdHJhbmktbmEtZXR5cmdvdmlxdGEvMzM1NTAvcmVmL3Az
http://text.ru/rd/aHR0cDovL3d3dy5yZWZlcmF0aS5vcmcvb2NlbmthLW5hLXNpbG5pdGUtaS1zbGFiaS1zdHJhbmktbmEtZXR5cmdvdmlxdGEvMzM1NTAvcmVmL3Az
http://text.ru/rd/aHR0cDovL3puYW5pZXRvLm5ldC92aXJ0dWVtYXJ0L2RldGFpbHMvNzcyNy81My%2FQmNC60L7QvdC%2B0LzQuNC60LAv0KLRitGA0LPQvtCy0LjRjy%2FQntGG0LXQvdC60LAt0L3QsC3RgdC40LvQvdC40YLQtS3QuC3RgdC70LDQsdC4LdGB0YLRgNCw0L3QuC3QvdCwLdC1LeKAk9GC0YrRgNCz0L7QstC40Y%2FRgtCw
http://text.ru/rd/aHR0cDovL3puYW5pZXRvLm5ldC92aXJ0dWVtYXJ0L2RldGFpbHMvNzcyNy81My%2FQmNC60L7QvdC%2B0LzQuNC60LAv0KLRitGA0LPQvtCy0LjRjy%2FQntGG0LXQvdC60LAt0L3QsC3RgdC40LvQvdC40YLQtS3QuC3RgdC70LDQsdC4LdGB0YLRgNCw0L3QuC3QvdCwLdC1LeKAk9GC0YrRgNCz0L7QstC40Y%2FRgtCw
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/7727/53/ʀʢʦʥʦʤʠʢʘ/ - 30% 

www-it.fmi.uni-

sofia.bg/courses/html -  

21% 

www.technopol

is.bg e-

commerce site 

analysis 

100%/100% 

(1236) 
- 88.48% 

www-it.fmi.uni-ofia.bg/courses 

/BonI/chapter3.html - 8% 

advertisingbg.wordpress.com/ - 6% 

www.helpos.com/ - 5% 

Viral Marketing 
74%/42% 

(348) 

http://download.po

magalo.com 

http://internetrecla

ma.com  

49.2% 

internetreklama.com/75/?-37% 

www.referati.org/virusen-

marketing-i-reklama/16642/ref/p25 

- 16% 

E-commerce as 

an opportunity 

to expand 

market 

72%/19% 

(8207) 

www.referati.org   

www.kaminata.net 
 

 

Electronic 

signature and 

electronic 

certificate 

65%/35% 

(2264) 

www.referati.org   

www.tampit.org 

 

52% 

www.bcci.bg/bulgarian/ecertificatio

n/Q&A.htm - 23% 

www.referati.org/elektronen-

podpis/85853/ref/p7 -22 

SILABG.COM 

e-commerce 

site analysis 

85%/31% 

(1485) 

http://znanieto.net 

www.referati.org 
57.15% 

www.znanieto.net/virtuemart/details

/7823/53/ʀʢʦʥʦʤʠʢʘ/-

ʊʒʈɻʆɺʀʗ-ɺ-ʀʅʊɽʈʅɽʊ - 19% 

www.kaminata.net/elektronna-

targoviya-v-internet-t96114.html - 

15% 

Security of e-

commerce 

1%/0% 

(1248) 

http://juliannachev.

blogspot.com 

http://www-

it.fmi.uni-sofia.bg 

0% 

www.juliannachev.blogspot.com/ - 

100%  

Electronic 

signature and 

electronic 

certificate 

98%/57% 

(272) 
- 92,26% 

www.download.pomagalo.com/553

535/ponyatie za universal...n 

elektronen podpis/ - 2% 

 

Similar results were obtained in the verification of the uniqueness of thesis and 

course projects in the disciplines of "Management of Information Technologies", 

"Software Marketing" and "Information Systems". 

 

Analysis of the results 

1. Plagiarism is a mass phenomenon. The results show that about 70% of the 

students present non-original papers. About 30% of the papers have a high 

uniqueness. 

2. Motivated students are less prone to plagiarism. 

3. The difference in results of Antiplagiat Systems is due to the algorithms used, 

random selection of phrases and sites for inspection. 

4. Most of the texts are copied from the websites of the companies that keep 

text documents databases and distribute them for a fee, or other benefits.  

5. The Antiplagiat System cannot establish authorship on the original texts. 

6. The establishment of plagiarism in student work through a system of 

antiplagiat is a personal initiative of the teacher. 
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Conclusions 

1. The studentsô review papers be used as a measuring tool of knowledge after 
checking the text for uniqueness. At low uniqueness they cannot participate in the 

evaluation grade formation.  

2. In the case of a high degree of uniqueness, authorship and grade formation in 

the discipline should be established in the oral interview process. 

3. Checking for uniqueness takes a lot of time. With the large academic load of 

teachers, constant checking is an impossible task. 

4. Effective Anti-Plagiarism can be achieved by introducing administrative 

measures. 

5. The administration of universities does not exhibit a sufficient degree of 

intolerance to studentsô plagiarism. This is due to the nature of the relationship 

"seller ï buyerñ, which is difficult to regulate in the field of education. 

6. Many of the students are not interested in gaining knowledge in a particular 

area. They seek to obtain a diploma with the least possible effort. 

7. To assess the knowledge in a discipline, it is advisable to use course projects 

that are analytical in nature and may include self-study [3]. Topics should be 

prepared very carefully to limit the possibility of direct plagiarism from the 

network 
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ɸʥʦʪʘʮʠʷ: ʅʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʘ ʚʘʞʝʥ ʝʣʝʤʝʥʪ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ 

ʚʦʝʥʥʦ ʧʨʝʚʲʟʭʦʜʩʪʚʦ ʠ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʚʠʩʦʢʠ ʦʪʙʨʘʥʠʪʝʣʥʠ ʩʧʦʩʦʙʥʦʩʪʠ ɺ 

ʤʘʪʝʨʠʘʣʘ  ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʧʝʨʩʧʝʢʪʠʚʠʪʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʠʤ ʚ ʧʨʠʦʨʠʪʝʪʥʠʪʝ ʠʥʚʝʩʪʠʮʠ-

ʦʥʥʠ ʧʨʦʝʢʪʠ ʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʦʪʙʨʘʥʘʪʘ ʠ ɹʲʣʛʘʨʩʢʘʪʘ ʘʨʤʠʷ.  

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʪʝʭʥʦʣʦʛʠʯʥʠ ʪʝʥʜʝʥʮʠʠ ʚ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʠ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ, ʦʪʙʨʘʥʘ, ʩʠʛʫʨʥʦʩʪ, ʠʥʚʝʩʪʠʮʠʥʥʠ ʧʨʦʝʢʪʠ. 

 
ʋɺʆɼ 

ʅʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʘ ʚʘʞʝʥ ʝʣʝʤʝʥʪ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʚʦʝʥʥʦ ʧʨʝʚʲʟʭʦʜʩʪʚʦ ʠ 

ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʚʠʩʦʢʠ ʦʪʙʨʘʥʠʪʝʣʥʠ ʩʧʦʩʦʙʥʦʩʪʠ. ʂʘʢʪʦ ʩʝ ʦʪʙʝʣʷʟʚʘ ʚ ʉʪʨʘʪʝ-

ʛʠʯʝʩʢʘʪʘ ʢʦʥʮʝʧʮʠʷ ʥʘ ʅɸʊʆ, "ʈʝʜʠʮʘ ʟʥʘʯʠʤʠ ʪʝʥʜʝʥʮʠʠ, ʩʚʲʨʟʘʥʠ ʩ ʪʝʭʥʦʣʦ-

ʛʠʠʪʝ ... ʠʟʛʣʝʞʜʘ ʱʝ ʠʤʘʪ ʚʘʞʥʠ ʛʣʦʙʘʣʥʠ ʧʦʩʣʝʜʠʮʠ, ʢʦʠʪʦ ʱʝ ʩʝ ʦʪʨʘʟʷʪ ʥʘ 

ʚʦʝʥʥʦʪʦ ʧʣʘʥʠʨʘʥʝ ʠ ʦʧʝʨʘʮʠʠʪʝ ʥʘ ʅɸʊʆ." [4] 

ɸʢʦ ʩʝ ʨʘʟʛʣʝʜʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʚʦʡʥʠʪʝ ʠ ʢʦʥʬʣʠʢʪʠʪʝ ʚ ʤʠʥʘʣʦʪʦ ʩʝ ʚʠʞʜʘ, ʯʝ 

ʩʪʨʘʪʝʛʠʷʪʘ ʠ ʪʘʢʪʠʢʘʪʘ ʥʘ ʚʦʜʝʥʝʪʦ ʠʤ ʩʝ ʧʨʦʤʝʥʷʪ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʥʘʣʠʯʠʝʪʦ ʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʨʝʰʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ. ʂʘʪʦ ʧʨʠʤʝʨ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʦʯʠ ʧʲʨ-

ʚʦʪʦ ʚ ʩʚʝʪʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʘʤʦʣʝʪʘ ʟʘ ʚʦʝʥʥʠ ʮʝʣʠ ʦʪ ʙʲʣʛʘʨʠʪʝ ʧʨʠ ʧʨʝʚʟʝʤʘʥʝʪʦ 

ʧʨʝʟ 1912 ʛ. ʥʘ ʩʤʷʪʘʥʘʪʘ ʜʦʪʦʛʘʚʘ "ʥʝʧʨʝʚʟʝʤʘʝʤʘ" ʆʜʨʠʥʩʢʘ ʢʨʝʧʦʩʪ 
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(ʇʦʨʫʯʠʮʠʪʝ ʈʘʜʫʣ ʄʠʣʢʦʚ ʠ ʇʨʦʜʘʥ ʊʘʨʘʢʯʠʝʚ ʚ ʨʘʟʫʟʥʘʚʘʪʝʣʝʥ ʧʦʣʝʪ ʠʟʚʲʨʰʚʘʪ 

ʙʦʤʙʘʨʜʠʨʘʥʝ ʦʪ ʚʲʟʜʫʭʘ ʩ ʜʚʝ ʙʦʤʙʠ ʥʘ ʞʧ. ʛʘʨʘ ʂʘʨʘʘʛʘʯ.). 

ɺ ʝʜʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʅɸʊʆ ʟʘ ʪʝʥʜʝʥʮʠʠʪʝ ʚ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʧʫʙ-

ʣʠʢʫʚʘʥʦ ʚ ʥʘʯʘʣʦʪʦ ʥʘ 2015 ʛʦʜʠʥʘ [5], ʦʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʩʝ ʦʪʜʝʣʷ ʥʘ ʧʝʨʩʧʝʢʪʠ-

ʚʠʪʝ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠʪʝ, ʨʦʙʦʪʠʢʘʪʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʥʦʪʝʭʥʦʣʦ-

ʛʠʠʪʝ, ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʝʥʝʨʛʠʡʥʠʪʝ ʩʠʩʪʝʤʠ ʠ ʜʨ. ʂʘʢʪʦ ʩʝ ʦʪʙʝʣʷʟʚʘ ʚ ʥʝʛʦ, ʩʨʝʜʘʪʘ 

ʥʘ ʩʠʛʫʨʥʦʩʪ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʩʪʘʚʘ ʚʩʝ ʧʦ-ʩʣʦʞʥʘ. ʅʘʨʘʩʪʚʘʱʘʪʘ ʜʦʩʪʲʧʥʦʩʪ ʜʦ 

ʠʥʪʝʨʥʝʪ, ʠʥʪʝʣʠʛʝʥʪʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʤʦʙʠʣʥʠ ʧʨʠʣʦʞʝʥʠʷ ʩʘʤʦ ʱʝ ʫʚʝʣʠʯʠ ʜʦʩ-

ʪʲʧʘ ʜʦ ʧʦ-ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʪʝʭʥʦʣʦʛʠʠ. ʅʘʤʘʣʷʚʘʱʠʪʝ ʮʝʥʠ ʥʘ ʤʥʦʛʦ ʪʝʭʥʦʣʦʛʠʠ 

ʠ ʙʲʨʟʠʪʝ ʧʨʦʤʝʥʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʱʝ ʫʚʝʣʠʯʘʪ ʥʘʣʠʯʥʦʩʪʪʘ ʥʘ ʩʨʘʚʥʠʪʝʣʥʦ 

ʝʚʪʠʥʠ ʦʨʲʞʠʷ, ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʢʦʤʧʝʥʩʠʨʘʪ ʧʦ-ʩʣʦʞʥʠ ʠ ʚʩʝ ʧʦ-ʩʢʲʧʠ ʩʠʩ-

ʪʝʤʠ, ʠʟʧʦʣʟʚʘʥʠ ʦʪ ʅɸʊʆ ʠ ʜʨʫʛʠ ʚʦʝʥʥʠ ʦʨʛʘʥʠʟʘʮʠʠ. ɹʲʨʟʘʪʘ ʧʨʦʤʷʥʘ ʚ ʪʝʭʥʦ-

ʣʦʛʠʠʪʝ ʧʨʝʟ ʩʣʝʜʚʘʱʠʪʝ ʜʝʩʝʪʠʣʝʪʠʷ ʧʦʯʪʠ ʩʠʛʫʨʥʦ ʱʝ ʠʤʘ ʟʥʘʯʠʪʝʣʥʦ ʚʣʠʷʥʠʝ 

ʚʲʨʭʫ ʭʘʨʘʢʪʝʨʘ ʥʘ ʚʦʜʝʥʝʪʦ ʥʘ ʚʦʡʥʘ ʠ ʥʘ ʚʦʝʥʥʠʪʝ ʦʧʝʨʘʮʠʠ ʚ ʙʲʜʝʱʝ. ɺ ʩʲʱʦʪʦ 

ʠʟʩʣʝʜʚʘʥʝ ʩʝ ʧʨʦʛʥʦʟʠʨʘ, ʯʝ ʪʝʭʥʦʣʦʛʠʯʥʦʪʦ ʧʨʝʚʲʟʭʦʜʩʪʚʦ ʥʘ ʅɸʊʆ ʧʨʠ ʧʦʩʣʝʜ-

ʥʠʪʝ ʢʦʥʬʣʠʢʪʠ ʱʝ ʝʨʦʟʠʨʘ ʚ ʙʲʜʝʱʝ ʢʘʪʦ ʚʲʟʤʦʞʥʠʪʝ ʧʨʦʪʠʚʥʠʮʠ ʱʝ ʨʘʟʚʠʚʘʪ 

ʠʥʦʚʘʪʠʚʥʠ ʥʘʯʠʥʠ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘʪ ʦʪ ʝʚʪʠʥʠ ʠ ʩʨʘʚʥʠʪʝʣʥʦ ʧʨʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʧʨʦʜʫʢʪʠ ʩ ʚʲʟʤʦʞʥʘ ʜʚʦʡʥʘ ʫʧʦʪʨʝʙʘ, ʧʨʝʜʣʘʛʘʥʠ ʥʘ ʧʘʟʘʨʘ. ʉʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʩʝ 

ʨʘʟʚʠʚʘ ʤʠʢʨʦ-ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʙʲʨʟʦ ʜʘ ʩʝ ʧʨʝʤʠʥʘʚʘ ʦʪ ʧʨʦʝʢʪʠʨʘʥʝ ʜʦ ʧʨʦʪʦʪʠʧ 

ʠ ʩʲʦʪʚʝʪʥʦ ʜʦ ʟʘʚʲʨʰʝʥ ʧʨʦʜʫʢʪ ʱʝ ʙʲʜʝ ʤʦʱʥʘ ʩʠʣʘ. ɿʘʪʦʚʘ ʩʠʣʠʪʝ ʦʪ ɸʣʠʘʥʩʘ 

ʪʨʷʙʚʘ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘʪ ʦʪ ʚʲʟʤʦʞʥʠʪʝ ʘʩʠʤʝʪʨʠʯʥʠ ʩʣʘʙʦʩʪʠ ʠ ʜʘ ʦʮʝʥʷʚʘʪ ʥʘʚʨʝ-

ʤʝ ʧʦʩʣʝʜʩʪʚʠʷʪʘ ʦʪ ʥʦʚʦʚʲʟʥʠʢʚʘʱʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʠʝʪʦ ʧʨʠʣʘʛʘʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʧʦʪʝʥʮʠʘʣʥʘ ʟʘʧʣʘʭʘ ʟʘ ʩʠʛʫʨʥʦʩʪʪʘ [5]. 

 

ʈɸɿɺʀʊʀɽ ʅɸ ʉʒɺʈɽʄɽʅʅʀʊɽ ʀʅʌʆʈʄɸʎʀʆʅʅʀ ʊɽʍʅʆʃʆɻʀʀ 

ɺ ʧʦʩʦʯʝʥʦʪʦ ʧʦ-ʛʦʨʝ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʅɸʊʆ ʩʝ ʦʙʨʲʱʘ ʦʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʥʷʢʦʠ ʩʲʚʨʝʤʝʥʥʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠʪʦ ʱʝ ʙʲʜʘʪ 

ʨʘʟʛʣʝʜʘʥʠ ʧʦ-ʧʦʜʨʦʙʥʦ, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʥʘʧʨʘʚʝʥʠʷ ʘʥʘʣʠʟ ʟʘ ʪʷʭ ʚ [5]: ʀʟʯʠʩʣʝ-

ʥʠʷ (Computing); ʀʥʪʝʨʥʝʪ ʥʘ ʥʝʱʘʪʘ (Internet of Things); ʀʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ 

(Artificial  Intelligence); ɻʦʣʝʤʠ ʤʘʩʠʚʠ ʦʪ ʜʘʥʥʠ (Big data); ʉʦʮʠʘʣʥʠ ʤʨʝʞʠ (Social 

Networks); ʂʦʤʫʥʠʢʘʮʠʠ (Communications); ʉʝʥʟʦʨʠ (Sensors); ʂʦʤʧʶʪʲʨʥʦ ʤʦʜʝ-

ʣʠʨʘʥʝ (Computational Modelling); ʂʠʙʝʨʟʘʱʠʪʘ (Cyber Protection) ʠ ʜʨ.  

ʀʟʯʠʩʣʠʪʝʣʥʘʪʘ ʤʦʱʥʦʩʪ (Computing) ʝ ʬʫʥʢʮʠʷ ʥʘ ʙʨʦʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨʠʪʝ, 

ʩʲʜʲʨʞʘʱʠ ʩʝ ʚ ʯʠʧʦʚʝʪʝ ʩ ʢʦʠʪʦ ʨʘʙʦʪʷʪ ʢʦʤʧʶʪʲʨʥʠʪʝ ʩʠʩʪʝʤʠ. ʅʦ ʩ ʥʘʨʘʩʪʚʘ-

ʥʝʪʦ ʥʘ ʪʷʭʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʝʜʠʥʠʮʘ ʧʣʦʱ ʩʢʦʨʦ ʱʝ ʩʝ ʜʦʩʪʠʛʥʝ ʜʦ ʛʨʘʥʠʮʠʪʝ ʥʘ 

ʪʷʭʥʘʪʘ ʤʘʪʝʨʠʘʣʥʘ ʦʩʥʦʚʘ - ʩʠʣʠʮʠʷ, ʪ.ʝ. ʤʦʣʝʢʫʣʷʨʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʩʠʣʠʮʠ ̫ʥʘ 

ʘʪʦʤʥʦ ʥʠʚʦ ʚ ʢʨʘʡʥʘ ʩʤʝʪʢʘ ʱʝ ʧʨʝʜʩʪʘʚʠ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘ ʙʨʦʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨʠʪʝ, 

ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʥʪʝʛʨʠʨʘʥʠ ʚʲʨʭʫ ʢʦʤʧʁʪʲʨʥʠʪʝ ʯʠʧʦʚʝ. ʂʘʪʦ ʨʝʟʫʣʪʘʪ, ʚ 

ʩʣʝʜʚʘʱʠʪʝ 10 - 15 ʛʦʜʠʥʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʱʝ ʙʲʜʘʪ ʠʟʧʨʘʚʝʥʠ ʧʨʝʜ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʪʘ ʜʘ ʪʲʨʩʷʪ ʜʨʫʛʠ ʤʘʪʝʨʠʘʣʠ ʠʣʠ ʜʘ ʠʟʧʦʣʟʚʘʪ ʥʦʚʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʪʝʭʥʠʢʠ.  

ʅʘ ʬʠʛ. 1 ʝ ʧʦʢʘʟʘʥʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʝʢʩʧʦʥʝʥʮʠʘʣʥʦ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʠʟʯʠʩʣʠ-

ʪʝʣʥʘʪʘ ʤʦʱʥʦʩʪ ʧʨʝʟ ʙʣʠʟʢʠʪʝ ʥʷʢʦʣʢʦ ʜʝʩʝʪʢʠ ʛʦʜʠʥʠ. 

ʅʘʨʘʩʪʚʘʱʠʷʪ ʩʧʘʜ ʚ ʮʝʥʘʪʘ ʥʘ ʧʨʦʩʪʠʪʝ ʢʦʤʧʶʪʲʨʥʠ ʯʠʧʦʚʝ ʱʝ ʧʦʟʚʦʣʠ ʰʠ-

ʨʦʢʦʪʦ ʠʤ ʧʨʠʣʦʞʝʥʠʝ ʚ ʤʥʦʛʦ ʝʣʝʤʝʥʪʠ ʥʘ ʚʩʝʢʠʜʥʝʚʥʠʷ ʞʠʚʦʪ (ʜʦʤʘʢʠʥʩʢʠ 

ʫʨʝʜʠ, ʜʨʝʭʠ, ʢʲʱʠ ʠ ʜʨ.) ʊʘʟʠ ʪʝʭʥʦʣʦʛʠʷ, ʥʘʨʝʯʝʥʘ "ʀʥʪʝʨʥʝʪ ʥʘ ʥʝʱʘʪʘ" - 

(IoT) ʧʦʟʚʦʣʷʚʘ ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʦʪʜʝʣʥʠʪʝ ʜʦʤʘʰʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʟʤʦʞʥʦʩʪ ʟʘ 
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ʪʷʭʥʦʪʦ "ʦʙʱʫʚʘʥʝ" ʠ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʬʫʥʢʮʠʠ ʚ ʙʲʜʝʱʝ, ʙʝʟ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʪʘ ʦʪ ʫʯʘʩʪʠʝ ʥʘ ʯʦʚʝʢʘ.  

 
ʌʠʛ. 1. ɽʢʩʧʦʥʝʥʮʠʘʣʝʥ ʨʘʩʪʝʞ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʤʦʱʥʦʩʪ /Computing/ (ʦʪ 

Kurzweil) 

ʂʚʘʥʪʦʚʠʪʝ ʠʟʯʠʩʣʝʥʠʷ (Quantum computing) ʝ ʜʨʫʛʘ ʧʝʨʩʧʝʢʪʠʚʥʘ ʪʝʥʜʝʥʮʠʷ ʚ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʢʦʤʧʶʪʲʨʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. ʏʨʝʟ ʦʚʣʘʜʷʚʘʥʝ ʥʘ ʢʚʘʥʪʦʚʦʪʦ ʩʲʩʪʦʷ-

ʥʠʝ ʥʘ ʝʣʝʢʪʨʦʥʠʪʝ, ʢʦʤʧʶʪʨʠʪʝ ʱʝ ʤʦʛʘʪ ʜʘ ʧʨʘʚʷʪ ʝʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʥʷʢʦʣʢʦ 

ʠʟʯʠʩʣʝʥʠʷ, ʢʦʝʪʦ ʱʝ ʚʦʜʠ ʜʦ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ, ʩ ʝʚʝʥʪʫʘʣʥʦ 

ʜʦʩʪʠʛʘʥʝ ʠ ʥʘʜʭʚʲʨʣʷʥʝ ʥʘ ʙʘʨʠʝʨʘʪʘ ʦʪ 5 exaFLOPS (5x1018 Floating-Point 

Operations Per Second) .ʊʝʟʠ ʩʚʦʡʩʪʚʘ ʱʝ ʙʲʜʘʪ ʦʩʦʙʝʥʦ ʧʦʣʝʟʥʠ ʚ ʢʨʠʧʪʦʛʨʘʬʠʷʪʘ, 

ʰʠʨʦʢʦʤʘʘɦʙʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʨʘʙʦʪʘʪʘ ʩ ʛʦʣʝʤʠ ʙʘʟʠ ʜʘʥʥʠ. 

ʆʛʨʦʤʥʠ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʠ ʱʝ ʧʨʦʜʲʣʞʘʚʘʪ ʜʘ ʪʝʢʘʪ ʧʨʝʟ ʢʦʤʧʶʪʲʨʥʠʪʝ ʤʨʝ-

ʞʠ ʠ ʜʘ ʙʲʜʘʪ ʦʙʨʘʙʦʪʚʘʥʠ ʦʪ ʚʠʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʥʠ ʩʲʨʚʲʨʠ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʠʥʪʝʨʥʝʪ, ʩʘʤʦ ʧʨʝʟ ʧʦʩʣʝʜʥʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ ʝ  ʥʘʨʘʩʥʘʣ ʧʦʚʝʯʝ ʦʪ 4,4 ʧʲʪʠ! ʇʦʚʠ-

ʰʝʥʘʪʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʚ ʩʲʯʝʪʘʥʠʝ ʩ ʧʦʜʦʙʨʝʥʠ ̫ ʩʦʬʪʫʝʨ ʱʝ 

ʙʲʜʘʪ ʦʪ ʢʣʶʯʦʚʦ ʟʥʘʯʝʥʠʝ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ʙʲʜʝ-

ʱʝʪʦ. ʋʝʙ ʧʨʠʣʦʞʝʥʠʷʪʘ ʱʝ ʜʦʩʪʠʛʥʘʪ ʤʥʦʛʦ ʧʦ-ʚʠʩʦʢʠ ʥʠʚʘ ʥʘ ʤʦʱʥʦʩʪ ʠ ʩʣʦʞ-

ʥʦʩʪ. ʂʦʥʪʝʢʩʪʫʘʣʥʦʪʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʱʝ ʧʦʟʚʦʣʠ ʥʘ ʪʲʨʩʘʯʢʠʪʝ ʜʘ ʥʘʤʠʨʘʪ ʠʥ-

ʬʦʨʤʘʮʠʷ ʥʝ ʩʘʤʦ ʥʘ ʙʘʟʘʪʘ ʥʘ ʠʟʙʨʘʥʠ ʢʣʶʯʦʚʠ ʜʫʤʠ, ʥʦ ʩʲʱʦ ʠ ʜʘ ʨʘʟʧʦʟʥʘʚʘʪ 

ʟʘʤʠʩʲʣʘ ʥʘ ʪʲʨʩʝʥʝʪʦ ʠ ʜʘ ʧʨʝʜʣʘʛʘʪ ʧʦ-ʧʲʣʥʘ ʠ ʮʝʣʝʥʘʩʦʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ.  

ɺʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʀʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ (Artificial Intelligence) ʪʝʧʲʨʚʘ ʟʘʧʦʯʚʘ, 

ʢʘʪʦ ʩ ʥʝʛʦʚʘ ʧʦʤʦʱ ʩʝ ʠʟʚʲʨʰʚʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʨʝʯ, ʝʟʠʢʦʚ ʧʨʝʚʦʜ, ʨʘʟʨʘʙʦʪʚʘʪ 

ʩʝ ʩʠʩʪʝʤʠ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʷ ʠ ʜʨ. ʇʨʠʩʪʧ̡ʚʘ ʩʝ ʢ̡ʤ ʚʩʝ ʧʦ-

ʛʦʣʷʤʘ ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʯʦʚʝʢʘ ʠ ʤʘʰʠʥʘʪʘ, ʠʟʧʦʣʟʚʘʡʢʠ ʥʦʚʠ ʠʥʪʝʨʬʝʡʩʠ - ʯʨʝʟ 

ʛʦʚʦʨ ʠʣʠ ʞʝʩʪ ʩ ʠʥʪʝʣʠʛʝʥʪʥʠ ʢʦʤʧʶʪʨʠ. ʅʷʢʦʠ ʦʪ ʪʝʟʠ ʚʲʟʤʦʞʥʦʩʪʠ ʚʝʯʝ ʩʲʱʝʩ-

ʪʚʫʚʘʪ ʚ ʩʠʩʪʝʤʠ ʢʘʪʦ Microsoft Kinect. 

ʇʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʤʦʱ, ʩʲʯʝʪʘʥʦ ʩ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ ʩʦʬʪʫʝ-

ʨʘ, ʝ ʦʪ ʢʣʶʯʦʚʦ ʟʥʘʯʝʥʠʝ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ IT-ʪʝʭʥʦʣʦʛʠʠʪʝ ʚ ʙʲʜʝʱʝ. ʉ ʠʟʧʦʣʟʚʘʥʝ-
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ʪʦ ʥʘ ʦʙʣʘʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʚʘɦ ʠ ʢʦʥʩʦʣʠʜʘʮʠʷ ʥʘ ʭʘʨʜʫʝʨʥʠʪʝ ʨʝʩʫʨʩʠ 

ʠ ʫʩʣʫʛʠ, ʧʦʩʪʝʧʝʥʥʦ ʱʝ ʦʪʧʘʜʥʝ ʥʫʞʜʘʪʘ ʦʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʣʦʢʘʣʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʩʲʨʚʲʨʠ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ, ʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʱʝ ʠʤʘʪ ʩʘʤʦ ʤʨʝʞʦʚʠ 

ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʜʦʩʪʲʧ ʜʦ ʪʝʟʠ ʫʩʣʫʛʠ. ɺʩʠʯʢʠ ʧʨʦʙʣʝʤʠ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʲʭʨʘʥʝʥʠʝʪʦ, 

ʨʝʟʝʨʚʠʨʘʥʝʪʦ ʠ ʜʦʥʷʢʲʜʝ ʟʘʱʠʪʘʪʘ ʥʘ ʜʘʥʥʠʪʝ ʱʝ ʙʲʜʘʪ ʧʦʚʝʨʝʥʠ ʥʘ "ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʠʷ ʧʨʦʚʘʡʜʝʨ", ʢʘʢʪʦ ʝ ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʣʝʬʦʥʥʠʪʝ ʫʩʣʫʛʠ. 

ʂʦʣʠʯʝʩʪʚʦʪʦ ʜʘʥʥʠ ʜʥʝʩ ʥʘʨʘʩʪʚʘ ʩ 250 ʤʠʣʠʘʨʜʘ ʛʠʛʘʙʘʡʪʘ ʚʩʝʢʠ ʜʝʥ, ʢʦʝʪʦ 

ʥʘʣʘʛʘ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʥʦʚʠ ʪʝʭʥʠʢʠ ʟʘ ʘʥʘʣʠʟ ʥʘ ɻʦʣʝʤʠ ʤʘʩʠʚʠ ʦʪ ʜʘʥʥʠ ("Big 

Data"). ɺ ʤʦʤʝʥʪʘ, ʜʦʙʠʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʝ ʧʨʦʮʝʩ ʦʪ ʜʚʝ ʩʪʲʧʢʠ: ʠʥʬʦʨʤʘʮʠʷʪʘ 

ʧʲʨʚʦ ʩʝ ʥʘʪʨʫʧʚʘ ʚ ʙʘʟʘʪʘ, ʘ ʩʣʝʜ ʪʦʚʘ, ʢʦʛʘʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ, ʩʝ ʘʥʘʣʠʟʠʨʘ. ʅʦʚʠʪʝ 

ʪʝʭʥʠʢʠ ʟʘ ʘʚʪʦʤʘʪʠʯʝʥ ʧʨʝʛʣʝʜ ʥʘ ʜʘʥʥʠʪʝ ʱʝ ʧʦʟʚʦʣʷʚʘʪ ʘʥʘʣʠʟʘ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʜʘʥʥʠʪʝ ʠ ʚ ʙʘʟʘʪʘ ʱʝ ʩʝ ʩʲʭʨʘʥʷʚʘ ʩʘʤʦ ʥʘʡ-

ʚʘʞʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʩʝʢʠ ʧʦʪʨʝʙʠʪʝʣ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʥʝʛʦʚʠʪʝ ʧʨʝʜʧʦʯʠʪʘʥʠʷ 

ʠʣʠ ʜʝʡʥʦʩʪʠ [5]. ʊʦʚʘ ʱʝ ʧʦʟʚʦʣʠ ʜʘʥʥʠʪʝ ʜʘ ʙʲʜʘʪ ʥʦʨʤʘʣʠʟʠʨʘʥʠ ʠ ʢʘʪʝʛʦʨʠʟʠ-

ʨʘʥʠ ʟʘ ʧʦ-ʢʲʩʥʦ ʧʨʝʪʲʨʩʚʘʥʝ ʠ ʟʘ ʩʲʯʝʪʘʥʠʝ ʩ ʤʝʪʘ-ʜʘʥʥʠ, ʢʘʪʦ ʛʝʦʛʨʘʬʩʢʠ, ʜʝʤʦʛ-

ʨʘʬʩʢʠ, ʝʟʠʢʦʚʠ ʠ ʜʨ. 

ʅʘ ʌʠʛʫʨʘ 2 ʝ ʧʦʢʘʟʘʥʘ ʧʨʦʛʥʦʟʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʧʨʝʟ ʩʣʝʜʚʘʱʠʪʝ 

15 ʛʦʜʠʥʠ. 

 
ʌʠʛ. 2. ʇʨʦʛʥʦʟʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʜʦ 2030 ʛ. [5]  

 

ʉʦʮʠʘʣʥʠʪʝ ʤʨʝʞʠ ʦʪ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ ʥʘʙʠʨʘʪ ʚʩʝ ʧʦ-ʛʦʣʷʤʘ ʩʢʦʨʦʩʪ ʠ ʚʝʯʝ 

ʤʘʩʦʚʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʪ ʚʩʠʯʢʠ ʚʲʟʨʘʩʪʦʚʠ ʛʨʫʧʠ. ɺ ʤʦʤʝʥʪʘ ʥʘʜ 47% ʦʪ ʚʲʟʨʘʩʪʥʦ-

ʪʦ ʥʘʩʝʣʝʥʠʝ ʥʘ ɿʘʧʘʜʘ ʠʟʧʦʣʟʚʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʩʦʮʠʘʣʥʠʪʝ ʤʨʝʞʠ, ʢʘʪʦ ʥʘʡ-ʙʲʨʟʦ 

ʨʘʩʪʷʱʠʷʪ ʧʘʟʘʨ ʥʘ Twitter ʝ ʚ ʉʘʫʜʠʪʩʢʘ ɸʨʘʙʠʷ, ʢʲʜʝʪʦ 51% ʦʪ ʩʘʫʜʠʪʮʠʪʝ ʠʤʘʪ 

ʘʢʘʫʥʪ. ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʩʲʱʦ ʪʘʢʘ ʧʦʢʘʟʚʘʪ, ʯʝ ʠʥʜʠʚʠʜʫʘʣʥʦʪʦ ʧʦʚʝʜʝʥʠʝ, ʥʘʩʪʨʦ-
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ʝʥʠʷʪʘ ʠ ʜʝʡʥʦʩʪʠ ʠʤʘʪ ʠʟʤʝʨʠʤʦ ʚʲʟʜʝʡʩʪʚʠʝ ʯʨʝʟ ʩʦʮʠʘʣʥʠʪʝ ʤʨʝʞʠ ʚʲʨʭʫ ʜʨʫ-

ʛʠʪʝ. ɼʠʘʛʨʘʤʘ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʩʦʮʠʘʣʥʘʪʘ ʤʨʝʞʘ Facebook ʝ ʧʦʢʘʟʘʥʘ ʥʘ 

ʌʠʛʫʨʘ 3. 
 

 
ʌʠʛ. 3. ɼʠʘʛʨʘʤʘ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʦʮʠʘʣʥʘʪʘ ʤʨʝʞʘ 

Facebook (standingoutinmyfield.wordpress.com/tag/network/) 

 

ɺ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ, ʧʦʚʝʯʝ ʦʪ 34% ʦʪ ʭʦʨʘʪʘ ʠʟʧʦʣʟʚʘʪ ʠʥʪʝʨʥʝʪ ʟʘ ʜʘ ʩʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʘʪ ʝʜʥʠ ʩ ʜʨʫʛʠ. ʊʦʟʠ ʚʩʝ ʧʦ-ʥʘʨʘʩʪʚʘʱ ʠʥʬʦʨʤʘʮʠʦʥʝʥ ʦʙʤʝʥ ʠʟʠʩʢʚʘ ʠ 

ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. ʉʧʦʨʝʜ ʀʥʩʪʠʪʫʪʘ ʟʘ ʙʲʜʝʱʦ 

ʨʘʟʚʠʪʠʝ (Institute For The Future - IFTF) ʥʦʚʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ ʱʝ ʝʚʦʣʶʠʨʘʪ ʚ ʪʨʠ 

ʢʣʶʯʦʚʠ ʪʝʭʥʦʣʦʛʠʠ: ʙʝʟʞʠʯʥʘ ʢʦʤʫʥʠʢʘʮʠʷ, ʩʝʥʟʦʨʠ ʠ ʩʝʤʘʥʪʠʯʥʠ ʨʝʰʝʥʠʷ. ɸ 

ʩʧʦʨʝʜ Gartner [3], ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʪʨʷʙʚʘ ʜʘ ʪʨʘʥʩʬʦʨʤʠʨʘʪ ʩʚʦʠʪʝ ʤʨʝʞʠ ʚ ʫʥʠʩʦʥ 

ʩ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʚʩʝ ʧʦ-ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷʪʘ, ʦʙʣʘʯʥʘʪʘ ʩʚʲʨʟʘʥʦʩʪ, ʤʦʙʠʣʥʦʩʪʪʘ ʠ ʜʨ. Gartner, ʧʨʝʟ ʪʘʟʠ 

ʛʦʜʠʥʘ, ʧʨʦʩʣʝʜʷʚʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ 35 ʚʘʞʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʤʨʝʞʠ, 

ʢʘʪʝʛʦʨʠʠ ʧʨʦʜʫʢʪʠ ʠ ʫʩʣʫʛʠ (ʚʞ. ʬʠʛ. 4). ʉʨʝʜ ʪʷʭ ʩʘ: Brite-Box Switching, 2.5 / 5 

Gbps Ethernet, 802.11ac Wave 2, SD-WAN ʠ ʜʨ. 

ʅʘʯʠʥʲʪ, ʧʦ ʢʦʡʪʦ ʭʦʨʘʪʘ ʩʠ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʯʨʝʟ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʢʦʤʫ-

ʥʠʢʘʮʠʷ ʱʝ ʧʨʦʜʲʣʞʠ ʜʘ ʩʝ ʧʨʦʤʝʥʷ ʩ ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ. ʋʪʨʝʰʥʠʪʝ ʤʦʙʠʣʥʠ 

ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʫʩʪʨʦʡʩʪʚʘ (Mobile Communication Devices - MCD) ʱʝ ʙʲʜʘʪ 

ʠʥʪʝʛʨʠʨʘʥʠ ʩ ʙʦʨʜʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʲʩʪʦʷʥʠʝ ʥʘ "ʠʟʢʫʩʪʚʝʥʦ ʠʥʪʝʣʠʛʝʥʪʥʦ ʧʦʚʝ-

ʜʝʥʠʝ" ʠ ʧʦ-ʧʲʣʥʦ ʦʪʨʘʟʷʚʘʥʝ ʥʘ ʥʫʞʜʠʪʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʩʚʨʟʚʘʥʝʪʦ ʤʫ ʩ ʜʨʫʛʠ 

ʧʦʪʨʝʙʠʪʝʣʠ ʚ ʤʨʝʞʘʪʘ. ʊʘʢʦʚʘ ʧʦʚʝʜʝʥʠʝ ʱʝ ʙʲʜʝ ʧʦʜʢʨʝʧʝʥʦ ʦʪ ʧʦʚʩʝʤʝʩʪʥʦʪʦ 

ʢʦʤʧʶʪʨʠʟʠʨʘʥʝ ʥʘ ʫʩʪʨʦʡʩʪʚʘʪʘ ʦʪ ʙʠʪʘ ʠ ʧʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʠʥʪʝʨʬʝʡʩʠ ʦʪ ʪʠʧʘ: 

ʤʘʰʠʥʘ-ʢʲʤ-ʤʘʰʠʥʘ (M2M), ʢʦʠʪʦ ʱʝ ʩʣʝʜʷʪ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʱʝ ʦʮʝʥʷʚʘʪ 

ʧʨʦʤʝʥʠʪʝ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠʷ. M2M ʢʦʥʝʢʮʠʠʪʝ, 

ʧʨʠ ʢʦʠʪʦ ʩʝʥʟʦʨʠ ʠʟʧʨʘʱʘʪ ʜʘʥʥʠ ʢʲʤ ʮʝʥʪʨʘʣʝʥ ʢʦʤʧʶʪʲʨ ʩ ʧʦʤʦʱʪʘ ʥʘ ʙʝʟ-

ʞʠʯʥʠ ʤʨʝʞʠ, ʚʩʝ ʧʦʚʝʯʝ ʩʝ ʨʘʟʚʠʚʘʪ ʠ ɦʝ ʠʤʘʪ ʟʥʘʯʠʪʝʣʝʥ ʨʲʩʪ ʧʨʝʟ ʩʣʝʜʚʘʱʠʪʝ 

ʜʝʩʝʪʠʣʝʪʠʷ. 

ʂʦʤʧʶʪʲʨʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʧʦʟʚʦʣʷʚʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʝʜʥʘ ʩʤʝʩʝʥʘ ʚʠʨʪʫʘʣʥʘ 

ʨʝʘʣʥʦʩʪ ʢʦʷʪʦ ʱʝ ʧʦʜʦʙʨʠ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʜʘ ʘʩʠʤʠʣʠʨʘʪ ʠʥʬʦʨ-
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ʤʘʮʠʷʪʘ ʦʪ ʙʘʟʠ ʦʪ ʟʥʘʥʠʷ ʠ ʜʘ ʧʨʝʜʧʨʠʝʤʘʪ ʩʲʦʪʚʝʪʥʠʪʝ ʜʝʡʩʪʚʠʷ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ 

ʟʥʘʯʠʪʝʣʥʦ ʱʝ ʩʝ ʧʦʜʦʙʨʠ ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʷ, ʦʧʝʨʘʪʠʚʥʦʪʦ ʧʣʘʥʠʨʘʥʝ, ʚʦʜʝʥʝ-

ʪʦ ʥʘ ʚʦʝʥʥʪʝ ʜʝʡʩʪʚʠʷ ʠ ʜʨ. ɸ ʩ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʛʲʚʢʘʚʠʪʝ ʪʲʥʢʠ ʜʠʩʧʣʝʠ, ʢʦʠʪʦ 

ʤʦʛʘʪ ʜʘ ʩʝ ʩʚʠʷʪ, ʫʩʫʢʘʪ ʠʣʠ ʩʛʲʥʘʪ ʱʝ ʩʝ ʧʦʜʦʙʨʠ ʥʘʯʠʥʲʪ ʟʘ ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ 

ʦʧʝʨʘʪʠʚʥʘ ʠ ʪʘʢʪʠʯʝʩʢʘ  ʠʥʬʦʨʤʘʮʠʷ ʚ ʧʦʣʝʚʠ ʫʩʣʦʚʠʷ.  

� 

ʌʠʛ. 4. ʈʘʟʚʠʪʠʝ ʥʘ ʤʨʝʞʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʨʝʜ Gartner (ʶʣʠ 2015 ʛ.) [3] 

ʉʝʥʟʦʨʠʪʝ ʩʪʘʚʘʪ ʚʩʝ ʧʦ-ʤʘʣʢʠ ʠ ʚʩʝ ʧʦ-ʠʥʪʝʛʨʠʨʘʥʠ ʝʜʥʠ ʩ ʜʨʫʛʠ ʠ ʩʘ ʤʦʱʥʦ 

ʩʨʝʜʩʪʚʦ ʟʘ ʜʦʙʠʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʙʦʡʥʦʪʦ ʧʦʣʝ. ɼʘʪʯʠʮʠʪʝ ʚʩʝ ʧʦʚʝʯʝ ʱʝ 

ʦʩʠʛʫʨʷʚʘʪ ʜʦʩʪʲʧ ʜʦ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʠ ʩʣʝʜʝʥʝ ʥʘ 

ʧʨʦʤʝʥʠʪʝ. ʃʝʩʥʦʪʦ ʠʤ ʧʦʩʪʘʚʷʥʝ ʠ ʙʲʨʟʦ ʠʟʚʣʠʯʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʮʝʥʪʨʘʣʠʟʠʨʘʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ, ʨʘʙʦʪʝʱʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʱʝ ʩʧʦʤʘʛʘ ʤʥʦʛʦ ʟʘ ʧʦ-ʧʲʣʥʘ 

ʦʮʝʥʢʘ ʠ ʧʦ-ʪʦʯʥʦ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ. 

ʇʝʪʦʪʦ ʠʟʤʝʨʝʥʠʝ - ʢʠʙʝʨʟʘʱʠʪʘʪʘ, ʩʪʘʚʘ ʚʩʝ ʧʦ-ʚʘʞʥʦ ʚʲʚ ʚʦʝʥʥʠʪʝ ʢʦʥʬ-

ʣʠʢʪʠ, ʦʩʦʙʝʥʦ ʩʣʝʜ ʢʘʪʦ ʅɸʊʆ ʝ ʚʩʝ ʧʦ-ʟʘʚʠʩʠʤʘ ʦʪ ʢʦʤʧʶʪʲʨʥʠʪʝ ʤʨʝʞʠ ʟʘ 

ʦʙʤʝʥ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʨʠ ʪʲʨʩʝʥʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʧʨʝʚʲʟʭʦʜʩʪʚʦ. ʆʙʱʘʪʘ 

ʩʠʛʫʨʥʦʩʪ ʥʘ ʚʩʷʢʘ ʝʜʥʘ ʤʨʝʞʘ ʝ ʪʦʣʢʦʚʘ ʩʠʣʥʘ, ʢʦʣʢʦʪʦ ʝ ʥʘʡ-ʩʣʘʙʦʪʦ ʟʚʝʥʦ, ʩʚʲʨ-

ʟʘʥʦ ʩ ʥʝʷ. ʇʦʨʘʞʝʥʠʝʪʦ ʚ ʧʲʨʚʘʪʘ ʢʠʙʝʨ- ʙʠʪʢʘ ʤʦʞʝ ʜʘ ʩʲʟʜʘʜʝ ʦʧʨʝʜʝʣʷʱʠʪʝ 

ʫʩʣʦʚʠʷ ʟʘ ʮʷʣʦʩʪʥʦʪʦ ʧʦʨʘʞʝʥʠʝ. ɿʘʪʦʚʘ ʢʠʙʝʨʟʘʱʠʪʘʪʘ ʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʮʝʥʷ-

ʚʘ, ʘ ʧʨʝʚʘʥʪʠʚʥʦ, ʧʦʩʪʦʷʥʥʦ ʜʘ ʩʝ ʧʦʜʦʙʨʚ̫ʘ. 

 

ʀʅʌʆʈʄɸʎʀʆʅʅʀʊɽ ʊɽʍʅʆʃʆɻʀʀ ʀ ʈɸɿɺʀʊʀɽʊʆ ʅɸ 

ɺʒʆʈʒɾɽʅʀʊɽ ʉʀʃʀ 

ʉʧʦʨʝʜ ʅʘʮʠʦʥʘʣʥʘʪʘ ʦʪʙʨʘʥʠʪʝʣʥʘ ʩʪʨʘʪʝʛʠʷ, ʧʨʠʝʪʘ ʧʨʝʟ 2011 ʛ., 

ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʨʝʩʫʨʩʠ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ ʦʩʥʦʚʝʥ ʝʣʝʤʝʥʪ ʥʘ ʨʝʩʫʨʩʠʪʝ ʟʘ 

ʦʪʙʨʘʥʘ. ɺ ʥʝʷ ʩʝ ʦʪʙʝʣʷʟʚʘ, ʯʝ Ăʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʟʘʜʘʯʠʪʝ, ʧʨʦʠʟʪʠʯʘʱʠ ʦʪ 

ʤʠʩʠʠʪʝ ʥʘ ʚʲʦʨʲʞʝʥʠʪʝ ʩʠʣʠ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʟʘʚʠʩʠ ʦʪ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʧʨʝʚʲʟʭʦʜʩʪʚʦ ʠ ʝʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝò [1]. 

http://www.2550100.com/wp-content/uploads/2015/07/gartner_net_hype_2015.jpg
http://www.2550100.com/wp-content/uploads/2015/07/gartner_net_hype_2015.jpg
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ɺʘʞʝʥ ʝʣʝʤʝʥʪ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʙʦʝʩʧʦʩʦʙʥʦʩʪʪʘ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʫʧʨʘʚʣʝʥʠʝ 

ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʘʨʤʠʷ ʝ ʪʝʭʥʦʣʦʛʠʯʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʩʠʩʪʝʤʠʪʝ ʟʘ ʢʦʤʘʥʜʚʘʥʝ, 

ʫʧʨʘʚʣʝʥʠʝ, ʢʦʤʫʥʠʢʘʮʠʠ, ʢʦʤʧʶʪʨʠʟʘʮʠʷ (ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ) ʠ ʨʘʟʫʟʥʘ-

ʚʘʥʝ (ʦʪʢʨʠʚʘʥʝ, ʥʘʙʣʶʜʝʥʠʝ ʠ ʨʘʟʧʦʟʥʘʚʘʥʝ) - C4I. ʊʝ ʩʝ ʦʧʨʝʜʝʣʷʪ ʢʘʪʦ 

Ăʠʥʩʪʨʫʤʝʥʪ ʟʘ ʪʦʪʘʣʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʚʩʠʯʢʠ ʨʘʚʥʠʱʘ ʠ ʥʘ ʚʩʠʯʢʠ ʩʪʨʫʢʪʫʨʠ 

(ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʤʝʞʜʫʥʘʨʦʜʥʠ) ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʧʨʝʚʲʟʭʦʜʩʪʚʦ ʥʘ 

ʙʦʡʥʦʪʦ ʧʦʣʝò [1].  

ɺʲʚ ʚʲʟʧʨʠʝʪʠʪʝ ʚʲʚ ɺʦʝʥʥʘʪʘ ʜʦʢʪʨʠʥʘ ʥʘ ʨʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ ʧʨʠʥʮʠʧʥʠ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʙʦʝʩʧʦʩʦʙʥʠ ʠ ʝʬʝʢʪʠʚʥʠ ʚʲʦʨʲʞʝʥʠ ʩʠʣʠ, ʨʘʟʚʠʪʠʝ-

ʪʦ ʥʘ C4I-ʩʠʩʪʝʤʠʪʝ ʝ ʟʘʣʝʛʥʘʣʦ ʢʘʪʦ ʧʨʠʦʨʠʪʝʪ ʠ ʪʝ ʠʤʘʪ ʚʦʜʝʱʦ ʤʷʩʪʦ. ʇʦʨʘʜʠ 

ʚʘʞʥʦʩʪʪʘ ʥʘ ʪʝʟʠ ʩʠʩʪʝʤʠ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

ʚ̡ ʦʨʲʞʝʥʠʪʝ ʩʠʣʠ, ʚ ʀʥʚʝʩʪʠʮʠʦʥʥʠʷʪ ʧʣʘʥ-ʧʨʦʛʨʘʤʘ ʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ 

ʦʪʙʨʘʥʘʪʘ ʜʦ 2020 ʛ. ʩʘ ʚʢʣʶʯʝʥʠ ʪʨʠ ʚʘʞʥʠ ʧʨʦʝʢʪʘ [2]: 

V ʇʨʦʝʢʪ 7 Ăʇʨʠʜʦʙʠʚʘʥʝ ʥʘ ʤʦʜʫʣ ʟʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʘ 

ʧʦʜʜʨʲʞʢʘ ʥʘ ʢʦʥʪʠʥʛʝʥʪò, ʩ ʢʦʝʪʦ ʱʝ ʩʝ ʦʩʠʛʫʨʷʪ ʚ ʢʦʤʫʥʠʢʘʮʠʦʥʥʦ ʠ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ ʦʪʥʦʰʝʥʠʝ ʙʲʣʛʘʨʩʢʠʪʝ ʚʦʝʥʥʠ ʢʦʥʪʠʥʛʝʥʪʠ ʧʨʠ ʫʯʘʩʪʠʝʪʦ ʠʤ ʚ ʦʧʝʨʘʮʠʠ 

ʠ ʱʝ ʩʝ ʩʲʟʜʘʜʘʪ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʜʝʡʩʪʚʠʝ ʚ ʤʨʝʞʦʚʘ ʩʨʝʜʘ ʧʨʠ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ 

ʥʘʮʠʦʥʘʣʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ. 

V ʇʨʦʝʢʪ 12 ñʂʠʙʝʨʥʝʪʠʯʥʘ ʟʘʱʠʪʘò, ʩ ʢʦʡʪʦ ʩʝ ʦʩʠʛʫʨʷʚʘʪ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʠʙʝʨʥʝʪʠʯʥʘʪʘ ʩʠʛʫʨʥʦʩʪ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠ, ʠʟʛʨʘʞʜʘʥʠ ʠ ʧʨʝʜʩ-

ʪʦʷʱʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʚʦʝʥʥʠ ʩʠʩʪʝʤʠ ʠ ʤʨʝʞʠ, ʢʘʪʦ ʩʝ ʧʦʜʜʲʨʞʘ ʠ ʨʘʟʚʠʚʘ ʮʝʥʪʲʨ 

ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʘʥʘʣʠʟ, ʠ ʮʝʥʪʲʨ ʟʘ ʨʝʘʛʠʨʘʥʝ ʠ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ. 

V ʇʨʦʝʢʪ 13 Ăʈʘʟʚʠʪʠʝ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʥʘ 

ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʦʪʙʨʘʥʘʪʘ, ɹʲʣʛʘʨʩʢʘʪʘ ʘʨʤʠʷ, ʦʧʝʨʘʪʠʚʥʠʪʝ ʠ ʪʘʢʪʠʯʝʩʢʠ 

ʱʘʙʦʚʝò, ʢʘʪʦ ʩʝ ʠʟʛʨʘʞʜʘ ʝʜʠʥʥʘ ʤʨʝʞʦʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʨʝʜʘ ʟʘ 

ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʢʦʤʘʥʜʚʘʥe ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʚʩʠʯʢʠ ʥʠʚʘ ï 

ʩʪʨʘʪʝʛʠʯʝʩʢʦ, ʦʧʝʨʘʪʠʚʥʦ ʠ ʪʘʢʪʠʯʝʩʢʦ, ʠ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʜʝʡʥʦʩʪʪʘ ʥʘ 

ʩʪʨʫʢʪʫʨʠʪʝ ʦʪ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʦʪʙʨʘʥʘʪʘ ʟʘ ʫʩʧʝʰʥʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʤʠʩʠʠʪʝ ʠ 

ʟʘʜʘʯʠʪʝ, ʯʨʝʟ ʥʝʧʨʝʢʲʩʥʘʪ, ʙʲʨʟ ʠ ʥʘʜʝʞʜʝʥ ʝʣʝʢʪʨʦʥʝʥ ʦʙʤʝʥ ʠ ʜʦʩʪʲʧ ʜʦ ʦʙʱʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʤʘʩʠʚʠ. 

ɺ ʧʨʦʝʢʪʠʪʝ ʟʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʥʘ C4I-ʩʠʩʪʝʤʠʪʝ ʚ ʄʆ ʠ ɹɸ ʩʝ ʧʨʝʜʚʠʞʜʘ ʪʝ ʜʘ 

ʩʝ ʠʥʪʝʛʨʠʨʘʪ ʚ ʝʜʠʥʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʥʘ ʩʨʝʜʘ, ʢʦ̫ʪʦ ʜʘ ʦʩʠʛʫʨʷʚʘ 

ʚʠʩʦʢʦ ʢʘʯʝʩʪʚʦ ʥʘ ʫʩʣʫʛʠʪʝ, ʦʧʪʠʤʠʟʠʨʘʥʠ ʬʠʥʘʩʦʚʠ ʨʘʟʭʦʜʠ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʠ 

ʧʦʜʜʨʲʞʢʘ, ʦʪʚʦʨʝʥʦʩʪ ʟʘ ʧʦʪʨʝʙʠʪʝʣʷ (ñuser-friendlyò) ʠ ʜʨ. ʊʦʚʘ ʱʝ ʩʝ ʧʦʩʪʠʛʥʝ ʩ 

ʰʠʨʦʢʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʩʲʚʨʝʤʝʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʰʝʥʠʷ, ʢʘʪʦ WEB, Cloud-

computing, ʚʠʨʪʫʘʣʠʟʘʮʠʷ, ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʠ ʧʨʠʣʦʞʥʠ ʩʠʩʪʝʤʠ, ʩ 

ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʚʠʩʦʢʦʥʘʜʝʞʜʥʠ ʩʲʨʚʝʨʥʠ ʘʨʭʠʪʝʢʪʫʨʠ ʠ ʥʘ ʧʦʜʭʦʜʷʱʠ ʩʨʝʜʩʪʚʘ ʟʘ 

ʢʦʤʫʥʠʢʘʮʠʷ ʠ ʟʘʱʠʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ.    

 

ɿɸʂʃʖʏɽʅʀɽ 

ʊʝʭʥʦʣʦʛʠʯʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʩʘʤʦ ʢʘʪʦ ʥʘʯʠʥʠ ʟʘ ʫʩ̡-

ʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ ʢʣʘʩʠʯʝʩʢʠʪʝ ʦʨʲʞʠʷ, ʥʦ ʠ ʢʘʪʦ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʧʨʝʜʚʠʜʷʪ 

ʝʚʝʥʪʫʘʣʥʠ ʙʲʜʝʱʠ ʟʘʧʣʘʭʠ ʠ ʦʙʱʝʩʪʚʝʥʠ ʧʨʦʤʝʥʠ, ʧʨʦʠʟʪʠʯʘʱʠ ʦʪ ʧʨʠʣʦʞʝʥʠʝʪʦ 

ʥʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʨʘʟʨʘʙʦʪʢʠ. ʈʘʟʚʠʪʠʝʪʦ ʠ ʜʦʩʪʲʧʥʦʩʪʪʘ ʥʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ 

ʟʘ ʦʙʤʝʥ ʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷ (ʠʥʪʝʨʥʝʪ, ʩʦʮʠʘʣʥʠ ʤʨʝʞʠ ʠ ʜʨ.), ʥʘʣʘʛʘ 

ʚʦʝʥʥʦʪʦ ʨʢʦʚʦʜʩʪʚʦ ʤʥʦʛʦ ʜʦʙʨʝ ʜʘ ʘʥʘʣʠʟʠʨʘ ʦʙʩʪʘʥʦʚʢʘʪʘ, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ 
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ʚʲʟʧʦʣʟʚʘ ʦʪ ʧʨʝʜʠʤʩʪʚʦʪʦ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʪʦʚʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʝʜʚʠʞʜʘʥʝ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ʠ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʪʭ̫ʥʦʪʦ ʨʘʟʚʠʪʠʝ ʚ ʩʚʦʡ ʠʥʪʝʨʝʩ.  
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Conclusions are on their effectiveness in different application areas. 

 

Keywords: software-defined radar, hardware platform, software tool 
1 ʈ ɹʲʣʛʘʨʠʷ, ʉʦʬʠʷ 1592, ʙʫʣ."ʎʚ. ʃʘʟʘʨʦʚ" ˉ 2,  

ʀʥʩʪʠʪʫʪ ʧʦ ʦʪʙʨʘʥʘ Ăʇʨʦʬʝʩʦʨ ʎʚʝʪʘʥ ʃʘʟʘʨʦʚò 

ʊʝʣ. +359 0221838, ɽ-mail:k.aleksandrova@di.mod.bg  
 

2 ʈ ɹʲʣʛʘʨʠʷ, ʉʦʬʠʷ 1592, ʙʫʣ."ʎʚ. ʃʘʟʘʨʦʚ" ˉ 2,  

ʀʥʩʪʠʪʫʪ ʧʦ ʦʪʙʨʘʥʘ Ăʇʨʦʬʝʩʦʨ ʎʚʝʪʘʥ ʃʘʟʘʨʦʚò 

ʊʝʣ. +359 0221822, ɽ-mail:i.p.ivanov@di.mod.bg 

 

 

ʉʲʚʨʝʤʝʥʥʠʪʝ ʨʘʜʘʨʠ ʩʘ ʥʝʟʘʤʝʥʠʤ ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ ʤʥʦʛʦ ʦʪ 

ʚʦʝʥʥʠʪʝ ʦʧʝʨʘʮʠʠ ʢʘʪʦ ʦʪʢʨʠʚʘʥʝ ʠ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʮʝʣʠ, ʚʲʟʜʫʰʥʦ ʠ ʟʝʤʥʦ 

ʥʘʙʣʶʜʝʥʠʝ, ʥʘʩʦʯʚʘʥʝ ʥʘ ʦʨʲʞʠʷʪʘ, ʦʮʝʥʢʘ ʥʘ ʧʦʨʘʞʝʥʠʷ ʦʪ ʨʘʢʝʪʠ ʠ ʪ.ʥ. ʊʦʚʘ 

ʥʘʣʘʛʘ ʨʘʟʚʠʪʠʝ ʠ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʘʜʘʨʠʪʝ ʠ ʨʝʬʣʝʢ-

ʪʠʨʘ ʚ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ  ʛʦʣʷʤ ʙʨʦʡ  ʨʘʟʣʠʯʥʠ ʚʠʩʦʢʦ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʨʘʜʘʨʥʠ ʩʠʩ-

ʪʝʤʠ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʝʬʝʢʪʠʚʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʨʘʜʘʨʠʪʝ ʠʟʠʩʢʚʘ ʚʩʝ ʧʦ-

ʛʦʣʷʤʘ ʩʢʘʣʘ ʦʪ ʜʦʧʲʣʥʠʪʝʣʥʠ  ʧʨʠʣʦʞʝʥʠʷ, ʢʘʪʦ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʦʚʘ ʥʘʨʘʩʪʚʘʪ 

ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʮʝʥʘʪʘ  ʠ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʘʜʘʧʪʠʚʥʦʩʪʪʘ. ʄʥʦʛʦ ʦʪ 

ʦʪʛʦʚʦʨʠʪʝ ʥʘ ʪʝʟʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʜʘʜʝʥʠ ʦʪ ʩʦʬʪʫʝʨʥʦ ʜʝʬʠ-

ʥʠʨʘʥʠʪʝ ʨʘʜʘʨʠ. 

ʂʦʥʮʝʧʮʠʷʪʘ ʟʘ ʩʦʬʪʫʝʨʥʦ ʜʝʬʠʥʠʨʘʥʠʷ ʨʘʜʘʨ (SDRadar) ʝ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʥʘʡ-

ʥʦʚʠʪʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʨʘʜʘʨʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. ʂʘʢʪʦ ʝ ʠʟʚʝʩʪʥʦ 

SDRadar ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʩʦʬʪʫʝʨʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʦʩʥʦʚʥʠʪʝ ʦʧʝʨʘʮʠʠ ( ʬʠʣʪʨʠ-

ʨʘʥʝ, ʩʤʝʩʚʘʥʝ, ʤʦʜʫʣʘʮʠʷ, ʬʘʟʦʚʦ ʢʦʜʠʨʘʥʝ, ʜʝʤʦʜʫʣʘʮʠʷ ʠ ʜʨ.) ʩ ʮʝʣ ʜʘ ʩʝ ʠʟʙʝʛ-

ʥʝ ʧʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠʷ ʭʘʨʜʫʝʨ [1]. ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʢʦʥʮʝʧʮʠʷʪʘ  

ʟʘ ʩʦʬʪʫʝʨʥʦ ʜʝʬʠʥʠʨʘʥʦʪʦ ʨʘʜʠʦ ʚ ʨʘʜʘʨʥʠʪʝ ʩʠʩʪʝʤʠ ʧʦʟʚʦʣʷʚʘ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ 

ʩʦʥʜʠʨʘʱʠ ʩʠʛʥʘʣʠ ʠ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʠʛʥʘʣʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʜʘ ʩʝ 

ʘʜʘʧʪʠʨʘ ʚ ʜʚʠʞʝʥʠʝ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʨʝʰʘʚʘʥʠʪʝ ʟʘʜʘʯʠ  ʠ ʧʦʚʠʰʘʚʘ ʛʲʚʢʘʚʦʩʪʪʘ 

ʥʘ ʩʠʩʪʝʤʘʪʘ, ʯʨʝʟ ʧʨʦʩʪʠ ʩʦʬʪʫʝʨʥʠ ʤʦʜʫʣʠ. 

ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʩʦʬʪʫʝʨʥʦ ʜʝʬʠʥʠʨʘʥʠʷ  ʧʦʜʭʦʜ ʝ ʩʚʲʨʟʘʥʘ ʥʝ ʩʘʤʦ ʩ ʥʘʤʘ-

ʣʷʚʘʥʝ ʥʘ ʨʘʟʭʦʜʠʪʝ, ʥʦ ʩʲʱʦ ʠ ʩʲʩ ʟʥʘʯʠʪʝʣʥʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʛʲʚʢʘʚʦʩʪʪʘ ʥʘ 

ʩʠʩʪʝʤʘʪʘ.  

ʉʦʬʪʫʝʨʥʦ ʜʝʬʠʥʠʨʘʥʘʪʘ ʨʘʜʘʨʥʘ ʧʣʘʪʬʦʨʤʘ ʤʦʞʝ ʣʝʩʥʦ ʜʘ ʩʝ ʧʨʝʧʨʦʛʨʘʤʠʨʘ 

ʚ ʨʘʟʣʠʯʥʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ, ʯʨʝʟ ʤʦʜʠʬʠʮʠʨʘʥʝ ʥʘ ʩʦʥʜʠʨʘʱʠʷ ʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ 

ʦʪʨʘʟʝʥʠʷ ʦʪ ʮʝʣʪʘ ʩʠʛʥʘʣʠ ʚ ʜʚʠʞʝʥʠʝ ʪʲʡ ʢʘʪʦ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ ʩʠʛʥʘʣʠ ʠ ʧʘʨʘ-

ʤʝʪʨʠʪʝ ʟʘ ʩʠʛʥʘʣʥʘ ʦʙʨʘʙʦʪʢʘ, ʤʦʛʘʪ ʜʘ ʩʝ ʘʜʘʧʪʠʨʘʪ  ʚ ʧʨʦʮʝʩʘ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 
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ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʟʘʜʘʯʘ. ɻʲʚʢʘʚʦʩʪʪʘ ʥʘ ʩʦʬʪʫʝʨʥʠ ʩʠʩʪʝʤʠ ʠ ʪʷʭʥʘʪʘ ʘʜʘʧʪʠʚʥʦʩʪ ʛʠ 

ʧʨʘʚʠ ʧʦʜʭʦʜʷʱʠ ʟʘ ʤʥʦʛʦ ʨʘʟʣʠʯʥʠ ʨʘʜʘʨʥʠ ʧʨʠʣʦʞʝʥʠʷ. 

ɽʜʥʦ ʚʲʟʤʦʞʥʦ ʨʝʰʝʥʠʝ ʟʘ ʨʘʟʚʠʪʠʝ SDRadar ʥʘ ʩʨʘʚʥʠʪʝʣʥʦ ʥʠʩʢʘ ʮʝʥʘ ʩʝ ʙʘ-

ʟʠʨʘ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʷ ʦʪ National Instruments (NI) ʨʘʜʠʦʯʝʩʪʦʪʥʠʷ 

ʤʦʜʫʣ Universal Software Radio Peripheral (USRP). ʌʘʤʠʣʠʷʪʘ ʧʨʦʜʫʢʪʠ USRP ʦʩʠ-

ʛʫʨʷʚʘ ʝʚʪʠʥʘ ʭʘʨʜʫʝʨʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʩʦʬʪʫʝʨʥʦʪʦ ʨʘʜʠʦ ʠ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʟʘ 

ʠʟʧʦʣʟʚʘʥʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʫʥʠʚʝʨʩʠʪʝʪʠ ʠ ʜʨ.[1,2]. ʆʙʠʢʥʦʚʝʥʦ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʩʣʦʞʥʠ SDR ʩʠʩʪʝʤʠ ʤʦʜʫʣʠʪʝ USRP ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʲʩ ʩʦʬʪʫʝʨʥʠʷ ʧʘʢʝʪ GNU 

Radio.  

ʅʦʚʦʨʘʟʨʘʙʦʪʝʥʠʪʝ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʦʪ National Instruments ʤʦʜʫʣʠ, ʘ 

ʠʤʝʥʥʦ USRP 2920, 2921, 2922 ʨʘʙʦʪʷʪ ʩ ʛʨʘʬʠʯʥʘʪʘ ʩʨʝʜʘ ʥʘ -LabVIEW. 

LabVIEW ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʜʘʥʥʠ, ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠ ʠ ʠʥʜʫʩ-

ʪʨʠʘʣʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚʲʨʭʫ ʤʥʦʞʝʩʪʚʦ ʧʣʘʪʬʦʨʤʠ, ʚʢʣʶʯʠʪʝʣʥʦ Microsoft 

Windows, GNU/Linux, Solaris ʠMacOS. 

 

ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʟʠ ʥʦʚʠ ʭʘʨʜʫʝʨʥʠ ʠ ʩʦʬʪʫʝʨʥʠ ʪʝʭʥʦʣʦʛʠʠ ʩ ʦʪʚʦʨʝʥ ʢʦʜ ʜʦ-

ʚʝʜʝ ʜʦ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʙʘʟʘʪʘ ʥʘ ʤʦʜʫʣʠʪʝ USRP ʠ  GNU Radio, ʥʘ ʩʦʬʪʫʝʨʥʠ 

ʨʘʜʘʨʠ, ʨʘʜʘʨʥʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʪʝʩʪʦʚʠ ʤʝʪʦʜʠ  ʩ ʚʠʩʦʢʘ ʩʣʦʞʥʦʩʪ ʠ ʥʠʩʢʘ ʮʝʥʘ.  

ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʛʝʥʝʨʘʮʠʠʠ ʧʨʝʜʘʚʘʪʝʣʥʠ ʤʦʜʫʣʠ ʝ ʩʲʧʨʦʚʦʜʝʥʦ ʩ ʥʘ-

ʨʘʩʪʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʚʠʩʦʢʠ ʢʘʯʝʩʪʚʝʥʠ  ʧʦʢʘʟʘʪʝʣʠ. ɺ ʧʲʨ-

ʚʦʪʦ ʧʦʢʦʣʝʥʠʝ USRP ʩʠʛʥʘʣʲʪ, ʛʝʥʝʨʠʨʘʥ ʦʪ ʢʦʤʧʶʪʲʨʘ ʯʨʝʟ ʩʦʬʪʫʝʨ (GNU Radio 

ʠʣʠ Simulink) ʩʝ ʧʨʝʜʘʚʘ ʜʦ USRP ʯʨʝʟ USB ʙʫʬʝʨ. ʇʦ-ʥʦʚʘʪʘ ʛʝʥʝʨʘʮʠʷ USRP 

NI2920 ʠʟʧʦʣʟʚʘ ʛʨʘʬʠʯʥʘʪʘ ʧʣʘʪʬʦʤʘ LabVIEW ʠ ʠʥʪʝʨʬʝʡʩʘ Gigabit Ethernet., 

ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʨʘʟʨʝʰʘʚʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʧʦ ʨʘʟʩʪʦʷʥʠʝ ʦʪ ʧʦʨʷʜʲʢʘ 

10 ʧʲʪʠ.   

ɺ ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ [1,2,3,4] ʩʝ ʩʲʦʙʱʘʚʘ ʩʝ ʟʘ ʩʧʝʮʠʬʠʯʥʦ ʧʨʠʣʦʞʝʥʠʝ 

ʥʘ ʩʦʬʪʫʝʨʥʠʷ ʧʘʢʝʪ LabVIEW, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʩʠʤʫʣʠʨʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘ-

ʣʝʥ ʨʘʜʘʨ ʥʘ ʙʘʟʘʪʘ ʥʘ ʭʘʨʜʫʝʨʥʘʪʘ ʧʣʘʪʬʦʨʤʘ  USRP NI2920, ʧʦʟʚʦʣʷʚʘʱʘ ʧʨʝʚʢ-

ʣʶʯʚʘʥʝ ʤʝʞʜʫ ʜʚʘ ʨʘʟʣʠʯʥʠ ʨʘʜʘʨʘ - FMCW ʨʘʜʘʨ ʠ OFDM ʨʘʜʘʨ. 

ʆʩʥʦʚʥʦʪʦ ʧʨʝʜʠʤʩʪʚʦ ʥʘ LabVIEW ʩʧʨʷʤʦ ʜʨʫʛʠʪʝ ʩʨʝʜʠ ʟʘ ʨʘʟʨʘʙʦʪʢʘ ʝ ʙʦ-

ʛʘʪʘʪʘ ʧʦʜʜʨʲʞʢʘ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʥʘ ʪʝʭʥʠʢʘ. ʂʘʪʦ ʦʩʥʦʚʝʥ ʢʦʥʢʫʨʝʥʪ ʟʘ ʢʦʥʪʨʦʣ 

ʥʘ ʠʟʤʝʨʚʘʪʝʣʥʘ ʪʝʭʥʠʢʘ ʠ ʠʥʩʪʨʫʤʝʥʪʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʝʤʝ Agilent Technologies.  

ʂʦʤʧʘʥʠʷʪʘ Agilent Technologies, ʧʨʝʜʣʘʛʘ ʨʝʰʝʥʠʷ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʨʘʜʘʨʠ, 

ʨʘʜʘʨʥʠ ʤʦʜʫʣʠ ʠ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʪʝʩʪʦʚʝ [5]. ʅʘ ʙʘʟʘʪʘ ʥʘ ʠʟʤʝʨʚʘʪʝʣʥʠʪʝ ʫʩʪ-

ʨʦʡʩʪʚʘ ʥʘ  Agilent ʠ ʩʠʩʪʝʤʘʪʘ ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʦ ʧʨʦʝʢʪʠʨʘʥʝ Agilent SystemVue 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʤʦʜʝʣʠʨʘʥʠ ʨʝʘʣʥʠ ʫʩʣʦʚʠʷ ʥʘ ʨʘʙʦʪʘ ʠ ʨʝʘʣʠʟʠʨʘʥʠ ʪʝʩʪʦʚʝ ʥʘ 

ʨʘʜʘʨʠ  ʠ ʨʘʜʘʨʥʠ ʤʦʜʫʣʠ. 

SystemVue ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʥʦ ʥʠʚʦ  ʠ ʧʦʟʚʦ-

ʣʷʚʘ ʜʚʦʡʥʦ ʜʘ ʩʝ ʩʲʢʨʘʪʠ ʚʨʝʤʝʪʦ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ  ʥʘ ʬʠʟʠʯʝʩʢʦ ʥʠʚʦ ʥʘ ʚʠʩʦʢʦ-

ʧʨʦʠʟʚʦʜʠʪʝʣʥʠ ʘʣʛʦʨʠʪʤʠ. ʇʣʘʪʬʦʨʤʘʪʘ ʧʨʝʜʦʩʪʘʚʷ ʧʨʦʩʪʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʩʨʝʜʘ ʟʘ 

ʨʘʟʨʘʙʦʪʢʘ ʩ ʥʘʡ-ʥʘʧʨʝʜʥʠʯʘʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʚʲʟʤʦʞʥʦʩʪ ʠ ʟʘ 

ʚʢʣʶʯʚʘʥʝ ʢʲʤ ʘʧʘʨʘʪʥʘ ʨʝʘʣʠʟʘʮʠʷ  ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʠʟʧʠʪʚʘʥʠʷ.  

SystemVue ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʢʦʩʤʠʯʝʩʢʠ ʠ ʚʦʝʥʥʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʘʪʦ ʩʦʬ-

ʪʫʝʨʥʦ ʜʝʬʠʥʠʨʘʥʦ ʨʘʜʠʦ, ʩʦʬʪʫʝʨʥʦ ʜʝʬʠʥʠʨʘʥ ʨʘʜʘʨ ʠ ʜʨ. ʀʟʚʝʩʪʥʦ ʝ, ʯʝ ʪʝʩʪʚʘ-

ʥʝʪʦ ʥʘ ʨʘʜʘʨʥʠ ʩʠʩʪʝʤʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʤʥʦʛʦ ʪʨʫʜʦʝʤʢʦ ʠ ʩʢʲʧʦ.  ʈʘʜʘʨʥʠʪʝ ʩʠʩ-

ʪʝʤʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʧʨʦʝʢʪʠʨʘʥʠ ʠ ʪʝʩʪʚʘʥʠ ʚ ʨʝʘʣʥʘ ʩʨʝʜʘ, ʢʦʝʪʦ ʥʘʣʘʛʘ ʜʘ ʙʲʜʘʪ 

ʦʪʯʝʪʝʥʠ  ʠ ʚʲʧʨʦʩʠʪʝ ʟʘ ʰʫʤʦʫʩʪʦʡʯʠʚʦʩʪʪʘ, ʢʦʠʪʦ ʯʝʩʪʦ ʩʘ ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʢʲʧʠ 
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ʠʟʧʠʪʘʪʝʣʥʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘ ʠʟʧʠʪʚʘʥʝʪʦ ʥʘ ʧʨʦʪʦʪʧʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. ʈʘʟʨʘʙʦʪʝʥʠ 

ʩʘ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠ ʧʨʠʣʦʞʝʥʠʷ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʘʨʝʤʝʪʨʠʪʝ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ 

ʨʝʘʣʠʩʪʠʯʥʠ ʩʮʝʥʘʨʠʠ ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʨʘʜʘʨʥʠʪʝ ʩʠʩʪʝʤʠ. 

ʉʲʯʝʪʘʥʠʝʪʦ ʦʪ ʧʨʦʤʠʰʣʝʥʠ, ʛʦʪʦʚʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʧʨʦʛʨʘʤʥʠ ʩʨʝʜʩʪʚʘ ʠ ʠʟʤʝ-

ʨʠʪʝʣʥʠ ʫʨʝʜʠ ʥʘ ʢʦʤʧʘʥʠʷʪʘ Agilent ʧʦʜʧʦʤʘʛʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʨʝʘʣʠʩʪʠʯʥʠ ʩʠʛ-

ʥʘʣʥʠ ʩʮʝʥʘʨʠʠ, ʠʤʠʪʠʨʘʱʠ ʦʪʨʘʟʝʥʠ ʩʠʛʥʘʣʠ ʦʪ ʤʥʦʞʝʩʪʚʦ ʮʝʣʠ ʚ ʩʣʦʞʥʘ ʝʣʝʢʪ-

ʨʦʤʘʛʥʠʪʥʘ ʦʙʩʪʘʥʦʚʢʘ. ʂʲʤ ʩʦʬʪʫʝʨʥʠʷ ʧʘʢʝʪ SystemVue ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʙʠʙʣʠʦʪʝ-

ʢʘ (Radar Model Library W1905), ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʧʦʚʝʯʝ ʦʪ 50 ʧʘʨʘʤʝʪʨʠʟʠʨʘʥʠ 

ʙʣʦʢʘ, ʪʘʢʠʚʘ ʢʘʪʦ ʛʝʥʝʨʘʪʦʨʠ ʥʘ ʩʠʛʥʘʣʠ, ʧʨʝʜʘʚʘʪʝʣʠ, ʘʥʪʝʥʠ, ʩʨʝʜʠ ʟʘ ʨʘʟʧʨʦʩʪ-

ʨʘʥʝʥʠʝ, ʮʝʣʠ, ʧʨʠʝʤʥʠʮʠ, ʙʣʦʢʚʝ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ ʠ ʜʨ. 

ʅʘ ʬʠʛʫʨʘ 1 ʝ ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ [6]  ʥʘ ʪʝʭʥʠʯʝʩʢʦ ʨʝʰʝʥʠʝ ʥʘ ʛʝʥʝʨʘʪʦʨ ʥʘ ʨʘ-

ʜʘʨʥʠ ʮʝʣʠ. ɻʣʘʚʥʠʪʝ ʘʪʨʠʙʫʪʠ ʥʘ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʠʩʦʢʦʯʝʩʪʦʪʥʠʷ 

ʩʠʛʥʘʣ-ʥʦʩʝʘɦ ʯʝʩʪʦʪʘ, ʣʝʥʪʘ ʥʘ ʤʦʜʫʣʘʮʠʷ, ʘ ʩʲʱʦ ʠ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʮʝʥʘʨʠʷ: 

ʙʨʦʡ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʦʪʨʘʟʝʥʠʪʝ ʩʠʛʥʘʣʠ ʦʪ ʮʝʣʪʘ, ʩʢʦʨʦʩʪ ʥʘ ʮʝʣʪʘ, ʘʟʠʤʫʪ, 

ʝʬʝʢʪʠʚʥʘ ʧʣʦʱ ʥʘ ʦʪʨʘʞʝʥʠʝ, ʪʠʧ ʥʘ ʧʨʝʯʝʱʠʪʝ ʩʠʛʥʘʣʠ, ʘʢʪʠʚʥʠ ʩʠʛʥʘʣʠ ʟʘ 

ʨʘʜʠʦʝʣʝʢʪʨʦʥʦ ʧʦʜʘʚʷʥʝ, ʨʘʜʠʦʩʤʫɦʝʥʠʷ. 

ʊʨʠʪʝ ʧ̡ʨʚʠ ʝʣʝʤʝʥʪʘ ʦʪ ʣʷʚʦ ʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ  ʛʝʥʝʨʘʮʠʷ ʥʘ  ʩʠʛʥʘʣʠʪʝ, 

ʥʝʦʙʭʦʜʠʤʠ ʟʘ  ʠʟʧʠʪʚʘʥʠʷʪʘ ʥʘ ʧʨʝʜʘʚʘʪʝʣʷ ʠ ʧʨʠʝʤʥʠʢʘ.  

 

ʌʠʛʫʨʘ 1. ʂʦʥʬʠʛʫʨʘʮʠʷ ʥʘ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʨʘʜʘʨʥʠ ʮʝʣʠ 

ʆʪʧʨʘʚʥʘ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʭʝʤʘʪʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʚ ʩʨʝʜʘ ʥʘ SystemVue, 

ʢʘʢʪʦ ʝ  ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛʫʨʘ 2. ɺ ʛʦʨʥʘʪʘ ʣʷʚʘ ʯʘʩʪ ʝ ʧʦʢʘʟʘʥ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʩʠʛʥʘʣʘ 

ʥʘ ʧʨʝʜʘʚʘʪʝʣʷ ("ʊʭ Waveforms"). ʉʲʟʜʘʚʘʪ ʩʝ ʦʱʝ ʪʨʠ ʩʠʛʥʘʣʘ ʦʪ ʮʝʣʪʘ, ʢʦʤʙʠʥʠ-

ʨʘʥʠ ʝʜʠʥ ʩ ʜʨʫʛ ʩʲʩ ʩʤʫʱʘʚʘʱʠʪʝ ʩʠʛʥʘʣʠ  ʠ ʩʝ ʚʲʚʝʞʜʘʪ ʚ ʘʥʪʝʥʘʪʘ. ʇʦʣʫʯʝʥʠʷʪ 

ʩʠʛʥʘʣ ʤʦʞʝ ʜʘ ʙʲʜʝ ʘʥʘʣʠʟʠʨʘʥ ʚʲʪʨʝ ʚ SystemVue ʠ ʢʦʛʘʪʦ ʩʮʝʥʘʨʠʷ ʙʲʜʝ ʦʢʦʥ-

ʯʘʪʝʣʥʦ ʬʦʨʤʠʨʘʥ ʩʝ ʧʦʜʘʚʘ ʚ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʩʠʛʥʘʣʠ. 

 

 

ʌʠʛʫʨʘ 2. ʇʨʠʤʝʨ ʥʘ ʝʢʨʘʥʘ ʥʘ SystemVue, ʠʟʦʙʨʘʟʷʚʘʱ ʩʭʝʤʘ ʥʘ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 

ʨʘʜʘʨʥʠ ʮʝʣʠ 
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ʆʪ ʢʘʟʘʥʦʪʦ ʧʦ-ʛʦʨʝ ʩʝ ʚʠʞʜʘ, ʯʝ ʩʠʩʪʝʤʘʪʘ ʚʢʣʶʯʚʘʱʘ SystemVue ʠ ʛʝʥʝʨʘʪʦʨ 

ʥʘ ʩʠʛʥʘʣʠ ʩ ʧʨʦʠʟʚʦʣʥʘ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʫʥʠʚʝʨʩʘʣʥʦ ʨʝʰʝʥʠʝ ʟʘ ʠʟʧʠʪʚʘʥʠʷ 

ʥʘ ʧʨʝʜʘʚʘʪʝʣʠ, ʧʨʠʝʤʥʠʮʠ, ʧʦʜʩʠʩʪʝʤʠ ʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʨʘʜʘʨʠʪʝ. ʊʦʟʠ ʧʦʜʭʦʜ  ʝ 

ʧʦʜʭʦʜʷʱ ʟʘ ʰʠʨʦʢʘ ʛʘʤʘ ʨʘʜʘʨʥʠ ʩʠʩʪʝʤʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʝ ʥʘʣʘʛʘ ʠʟʚʦʜʘ, ʯʝ ʩʲʚʨʝʤʝʥʥʠʪʝ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʠ  ʭʘʨʜʫ-

ʝʨʥʠ ʧʣʘʪʬʦʨʤʠ ʠ ʩʦʬʪʫʝʨʥʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʦʩʪʘʚʷʪ ʛʦʣʝʤʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ 

ʠʟʩʣʝʜʚʘʥʝ ʠ ʘʜʘʧʪʠʚʥʦ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʨʘʜʘʨʠ ʠ ʨʘʜʘʨʥʠ ʤʦʜʫʣʠ. ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ 

ʥʘ ʥʦʚʠ ʛʝʥʝʨʘʮʠʠ ʭʘʨʜʫʝʨʥʠ ʤʦʜʫʣʠ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʩʦʬʪʫʝʨʥʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ ʩ 

ʦʪʚʦʨʝʥ ʢʦʜ ʱʝ ʩʪʠʤʫʣʠʨʘ  ʨʘʟʨʘʙʦʪʢʘʪʘ ʥʘ ʥʦʚʠ ʨʘʜʘʨʥʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʨʘʜʘʨʥʠ 

ʩʠʩʪʝʤʠ. 
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Abstract: Information security is a factor of principal importance for the realization of 
successful trade cooperation between partners from different countries. One of the priorities for 

every bilateral organization should be the provision of information security to its members. In order 

to guarantee such a level of security, it is imperative for specialists working at the organization to 
show a good knowledge of the legal and commercial characteristics of both sides. This, in turn 

directly depends on the level of qualification of human resources, the type of organizational 

structure and the goals of the organization. The aim of this work is to clarify the nature of the 
Polish-Bulgarian Chamber of Commerce as a bilateral organization and to shed light on the way it 

provides adequate security of its members in their participation in trade turnover between Poland 

and Bulgaria. 

 

Keywords: Polish-Bulgarian chamber of commerce, Bulgarian-Polish law office, Polish-
Bulgarian consultancy cluster information security, trade turnover, bilateral relations, cooperation, 

trade, business, commercial law, employment law, tax law, financial law, Bulgaria, Poland , 

consultations, cluster. 

 

In a period of growing globalization, free movement of goods and capitals and 

increasing need for new markets we observe an intensive growth of the interest of 

Bulgarian businesses in the Polish market. This market is developed under conditions of 

long term domestic policy that supports small and medium-sized enterprises, as well as 

conditions of consistent promotion for foreign investments and intensive utilization of 

EU funds. According to the elite analysis carried out by "Cushman & Wakefield", 

Warsaw is first among 34 European cities most attractive to foreign investments. 

Nevertheless, the direction of investment is not unilateral. A substantial growth in the 

number of Polish firms that expand their activity in Bulgaria has been observed over the 

course of the past five years. Statistics illustrate that the amount of trade turnover 

between the two countries has been rising steadily. Economic analyses and forecasts 

predict a similar trend for the next five years. There are many factors that determine this 

good level of bilateral cooperation, with those organizations that support the 

development of bilateral trade relations playing their pivotal role in this process. One of 

these organizations is the Polish - Bulgarian Chamber of Commerce. Since its 

establishment in 2006, for almost ten years, the Chamber has been gaining vital 

experience primarily in the field of creating of favorable conditions for development of 

business relations between Bulgaria and Poland. One of the primary aims of this 

organization is to become a non-governmental regulator of Polish-Bulgarian commercial 

endeavors, to provide a safe and secure environment on this business route and to build a 

good reputation among both the Bulgarian and Polish business world. An objective view 

of key relations, a support for private businesses and open arrangements are at the heart 

of these objectives. The positive experience and knowledge accumulated in the reality of 

mailto:biuro@pbih.com.pl
mailto:rusev@pbih.com.pl
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one specific country are successfully applied to the other. Each side has its own unique 

specific features, which leads us to the other important role of the Chamber - to build a 

unified business foundation that would function well and would add economic value 

bilaterally. Often Bulgarian optimism and desire for prosperity is combined with Polish 

pragmatism, confidence and experience. As a result of these efforts a variety of 

Bulgarian-Polish consortiums have been established. These consortiums have played an 

integral role in several Public Procurements that are of high priority to our country and 

include plants for waste treatment, water treatment plants, construction and 

modernization of railways, road infrastructure etc. 

Polish-Bulgarian Chamber of Commerce aims to provide equally high quality of 

support for both large and small businesses. Several dozen companies with the use of 

Polish capital have been already registered in Bulgaria and they have been provided with 

relevant trading partners and markets. In turn, a favorable and secure environment for 

Bulgarian companies operating in the Polish market has been built that has been assisting 

their growth in the region. This partnership makes commercial sense and has high 

potential for future development. 

The fields of activity of the Polish-Bulgarian Chamber of Commerce are numerous 

and diverse. The "Board of Directors" has been established within the organizational 

structure of the Chamber in order to provide adequate solutions in a variety of areas that 

include construction, transport, tourism, European funds and programs, real estate, 

agriculture, engineering, education, pharmacy and healthcare, infrastructure, 

communications, light industry, etc. It is represented by directors that function in the 

above mentioned sectors. Each specific request, received by the Chamber, after being 

processed is sent to the relevant specialized department, where it is analyzed and treated 

thoroughly. This approach allows for competent service across most economic branches. 

The Polish-Bulgarian Chamber of Commerce collaborates with more than 70 

businesses and non-profit organizations. According to its statute, it represents a common 

economic engine for each of its members and partners. On their side, due to their 

multiplicity and diversity, they develop the power and strategic importance of the 

bilateral organization. One of the main priorities of the Polish-Bulgarian Chamber of 

Commerce is building of better quality of relations between the Bulgarian and Polish 

business world, namely by the means of: setting precise tasks to its structures, 

improvement of its services, development of a communication policy, creation of 

conditions for better competitiveness and last but not least, ensuring information security 

of its members. Entrepreneurs intending to enter a specific market can rely on the 

complete package of services that includes: legal support as part of the overall provision 

of information security - company registration, preparation and analysis of contracts, 

provision of information concerning the legislation of a specific country in a specific 

field, legal services relating to a particular deal, resolution of conflicts through mediation 

and arbitration, litigation etc. The Bulgarian-Polish Law Office was created, within the 

structure of the Bulgarian- Polish Chamber of Commerce, in order to provide 

professional, timely legal service of the highest level of quality in all of the above 

mentioned areas. 

The Bulgarian-Polish Law Office was founded in order to provide adequate legal 

solutions in accordance with Polish and Bulgarian legislation. The specific features of 

this office are determined by its bilateral nature. Extensive analysis of both legal systems 

and professional qualifications of team members allow for the provision of professional 
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assistance to its clients in each specific area of both the Polish and Bulgarian legal field. 

Knowledge of the characteristics of the two nations and the fluent usage of Bulgarian and 

Polish languages give significant advantages in building an optimal legal strategy, while 

dealing with each specific case. The office is headquartered in Warsaw, but certain 

departments are located in Krakow, Sofia and Burgas. Guaranteeing the information 

security of the Chamberôs partners directly relies on professional work conducted by the 

Chamber in following legal aspects: 

 

Commercial Law ï The Bulgarian-Polish Law Office collaborates with a number of 

institutions and organizations that influence trade turnover between the two countries. 

Numerous Bulgarian and Polish companies are beneficiaries of different services within 

the cooperation. These companies represent various industries, such as: transport, 

logistics, engineering, agriculture, construction, tourism, energy etc. The team will offer 

you qualified advice in: preparation and realization of investments, preparation of 

contracts, establishment of commercial associations and branches, transformation of 

trade associations, changes in company contracts or charters, terms applied by custom of 

trade, sale of shares, bankruptcies, collection of claims, dispute resolutions outside of the 

court, litigation etc. 

 

Organizational Law ï Over a number of years, Poland has frequently been qualified 

as an óeconomic oasisô in Europe. The interest of Bulgarian entrepreneurs to the vast 

Polish market has increased exponentially. At the same time, the favorable tax system in 

Bulgaria attracts Polish investments. As a result, the trade turnover between the two 

countries is growing progressively. In this aspect, the experts of the Bulgarian-Polish 

Law Office offer professional services in the following fields: 

- Registration of all types of commercial organizations. In this respect we offer: 

preparation and shaping of the organizational contracts with all their specifications; 

completion of all necessary legal actions with the notary; preparation and 

submission of documents for legal registration of the organization; preparation of 

powers of attorney for filing and obtaining the necessary documents after 

submitting the documentation for court registration; issue of a registration number 

of the organization; issue a tax number of the organization; issue of the VAT 

identification number of the organization; assistance with the process of finding a 

headquarters; finding a relevant accountancy firm; assistance with the recruitment 

of personal; assistance with the opening of bank accounts etc. 

- Subsequent registration and authorization of the registered organization under the 

relevant laws as well as the supply of various licenses and permits under applicable 

Polish or Bulgarian legislation; 

- The establishment of legal entities with non-profit purpose; 

- Change in the legal status of registered organizations (name, registered office and 

address, membership, assets, etc.), Liquidation of the organization etc. 

- Litigation in disputes between organizations 

- Preparation of all types of commercial contracts in two languages 

 

Employment Law - Proper strategy in the field of human resources often has a 

decisive role in the success of the bilateral business initiatives between the two countries. 

In this matter, the team offers the following services: advice in recruiting qualified 
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personnel, drafting employment contracts, representation in labor disputes, representation 

in the case of employment termination, drafting employment agreements, representation 

in litigation after termination of employment contracts, representation in front of the 

labor administration and ministries. 

Transport law  - Services in transport legislation cover primarily land transportation. 

We successfully support leading transportation companies, on the route between Poland 

and Bulgaria, as well as on routes throughout the whole of Europe. In practice, thus far 

the most disputed decisions have been related to vignettes, tachometers, insurances, 

permits for transportation. 

Tax law ï Partners are offered a wide range of services in the field of tax law of 

Poland and Bulgaria, including: preparation of tax strategies, tax planning and 

optimization of taxation. 

 

Financial law - Bulgarian-Polish Law Office provides services to individuals, 

international business investors and various financial institutions. Listed are some 

examples of financial legislation that we deal with- bank contracts, banking, financing 

and provision of banking transactions, investments, loans, leases, insurances, foreign 

exchange transactions, financial instruments, pension transactions, investment funds etc. 

Property law - Often Polish-Bulgarian relations are accompanied by disputes 

relating the different types of property - private, state or municipal. With the acquisition 

and subsequently the protection of property rights, their carriers face different 

responsibilities. Experts of the Bulgarian-Polish Law Office provide legal advice and 

assistance on various studies in the field of property law relating to: analysis of the status 

of real estate, acquisition of ownership of movable or immovable property, preparation of 

all types of contracts and documents related to the right to property, assistance in specific 

notary proceedings, litigation in property cases etc. 

Criminal law  - Bulgarian-Polish Law Office provides adequate legal assistance at all 

stages of criminal proceedings - pre-trial, as well as in the court. We provide competent 

protection with: determining the remand in custody of the police, providing support to 

persons residing in arrests, providing assistance to victims of crime, protecting suspects 

and accused individuals, assisting in terminating the criminal proceedings etc. 

 

Besides legal services the Polish-Bulgarian Chamber of Commerce offers trade 

advice on the following aspects: finding trading partners, making market analyses, 

recruitment, providing information on upcoming auctions, organizing participation in 

fairs and etc. 

The Polish-Bulgarian Consulting Cluster Center, created in Warsaw under the 

leadership of the Polish-Bulgarian Chamber of Commerce provides additional security 

for businesses in both countries. The objectives of the cluster focus on supporting the 

partnership in the sector of small and medium-sized enterprises of the two countries. The 

Polish-Bulgarian Consulting Cluster is a business center where each Bulgarian or Polish 

entrepreneur can receive the necessary support to develop his/her business activities. 

A further step aimed at improving quality of services took place on 10/23/2015 at the 

headquarters of the Bulgarian Industrial Association, where a memorandum of 

cooperation between the Association of Business Clusters in Bulgaria and the Polish-

Bulgarian Consultancy Cluster was signed. The two organizations will cooperate in the 

areas of entrepreneurship, information security, efficiency of human resources, scientific 
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and technological development of Bulgarian and Polish business organizations and other 

areas of mutual interest. 

The proposed commercial, legal and administrative services will build a favorable 

and secure market base for any business bilaterally. 
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1. Introduction  

Current study accepts social adaptation as a process in which jointly participate state, 

public and non-governmental organizations and commercial structures, as well as the 

militaries exempted from military service and members of their families. That definition 

suggests that in the active cooperation with experts from the relevant departments the 

individual profiles of former militaries could be determined together with their families 

in the conditions of the civil socium considering development of economic processes in 

the regions of their residence and in the activities of modern institutions of civil society. 

Social work with militaries exempted from military service and members of their 

families in the process of social adaptation to conditions of civil socium itself includes a 

pedagogical component. Its content is based on the direction of socio-pedagogical 

activity to intensify the potential for adaptation of the personality of the former militaries 

for maximum possible realization of their knowledge, habits, skills and experience in 

new social conditions while keeping the previous social status. Socio-pedagogical 

activities are implemented in the process of social upbringing of the exempted from 

military service and the inclusion in the new social environment, as well as in the process 

of restructuring of their micro-socium. That means a comprehensive model of social 

adaptation to be implemented allowing unity and interconnection of objects, subjects, 

principles and guidelines of the social adaptation of former militaries and members of 

their families, its general and specific technologies, the conditions governing the 
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adaptation potential both of the militaries exempted from military service (along with 

their family) and of the society in which they are compulsory included. 

In order the organization of this process to be effective, a necessary condition is the 

personal involvement of the militaries at the entrance of their social adaptation. Put 

another way, the social adaptation of militaries exempted from military service and their 

families should be seen as a multi-faceted process implemented at various levels 

(conceptual, political, social, civil, normative and legal, every day and practical). The 

main activities of this process are related to [1, 4]: 

¶ predicting possible changes in self-esteem and social status of the main social 

groups, among which an important place is given to former militaries and members of 

their families; 

¶ setting goals in the development of military social work with them by both the 

state institutions and public authorities and non-governmental organizations; 

¶ determining the balance between social needs of militaries, and members of 

their families, and the economic capabilities of state and society in the transitional phase 

of their development; 

¶ shaping the image of the exempted militaries as a highly professional specialist 

and the appropriate attitude towards them from society and others. 

The implementation of these activities requires implications on the leading indicators 

of socio-pedagogical characteristics, as follows [3]: 

¶ status of militaries and members of their families as a relatively independent 

particular social group requiring increased attention from state and society; 

¶ the interlink between the nature of the relationship to this group by state and 

society; 

¶ the availability of mechanisms of studying social status and work with 

everyone after the exit from the structures of the Bulgarian army (including members of 

the families) and others. 

Different levels of socio-pedagogical complex of types and areas of activity in social 

work deserve special attention in the adaptation of military personnel exempted from 

military service. 

 

2. Levels of social adaptation of militaries exempted of service and their 

families 

2.1. Conceptual and political level of social adaptation of militaries 

Conceptual and political level of socio-pedagogical complex of types and areas of 

activities for solution of social problems of militaries and members of their families 

assumes the development of social policies regarding this group which when getting on 

the labor market is turned into a risky one. 

In that case, social policy is defined as a specific activity of state bodies in particular, 

and society as a whole, to meet the vital interests of citizens exempted from military 

service and members of their families. 

The leading indicators for social-pedagogical characteristics of this level are: 

¶ the degree of importance to the state and society of the intellectual and physical 

potential of persons exempted from military service and members of their families; 
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¶ level of preparedness of the state institutions for the realization of the priorities 

of social policy, purposeful and systematic social work with that category of militaries; 

¶ level of preparedness of state institutions for social work with militaries and 

members of their families (at all levels of the socio-pedagogical complex), etc. 

2.2. Public and civil society level 

The level studied suggests participation in the implementation of social policy 

regarding militaries exempted of service and their familiesô members of non-

governmental organizations and public associations (parties, social movements, 

foundations, associations, groups, etc.) and commercial entities. In terms of their 

statutory purposes or commercial interests, these representatives of civil society are able 

not only to influence the elaboration of social work priorities concerning militaries and 

their familiesô members, implemented by representatives of state, but also to put serious 

efforts in development and functioning of the social infrastructure for the realization of 

that social policy. 

In general terms some of these problems are identified in different kinds of concepts 

of social protection of militaries, persons discharged from military service and members 

of their families. 

Leading indicators of socio-pedagogical characteristics of this level are: 

¶ the availability and the extent of development of public and non-governmental 

organizations in the field of social work with former militaries and members of their 

families; 

¶ the degree of the practically realizable orientation of public and civil 

organizations to social work with former militaries and their familiesô members in the 

structure of other targets of the activity; 

¶ the degree of interoperability of these organizations with state institutions and 

commercial entities in social work with this group; 

¶ the level of the financial potential and the duration of its operation in one or 

another public organization or association of citizens with military-social orientation, etc. 

2.3. Normative and legal level 

The normative and legal level to solve these problems envisages provision of socio-

legal protection of exempted militaries and members of their families. Socio-legal 

protection is defined as a system of social guarantees (as well as activities on their 

development, validation and implementation) assuring minimum and sufficient life 

conditions, benefits and privileges of different categories of former militaries and 

members of their families. These social guarantees form part of the general law of the 

country in the social sphere which can be related to Social Insurance Code, Social 

Assistance Act, Employment Promotion Law and others. 

Hence leading indicators for socio-pedagogical characteristics of this level are: 

¶ the extent of coverage of the social problems of former militaries and members 

of their families in their transition from military socium and integration into civilian life 

with normative and legal documents; 

¶ the quality of developed normative and legal documents in the field of the 

assurance of social rights and guarantees of former militaries and members of their 

families; 
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¶ the degree of practical implementation of the norms of social law by state 

institutions at different levels (national, regional level and regional level) applied to 

exempted from military service persons and to members of their families, etc. 

2.4. Everyday and practical level 

The everyday and practical level of solving the social problems of militaries and 

members of their families suggests the formation of a system of social work with former 

servicemen militaries and members of their families both as a specific activity and as part 

of the structures for social protection of the population. 

In this case, the social work with militaries and members of their families is 

identified as: 

¶ a mechanism for implementation of social policy of state and society in relation 

to this certain category of the population; 

¶ directions for the integration of former militaries and members of their families 

in civil society; 

¶ means for the realization of socio-legal protection of this category of the 

population; 

¶ conditions for the provision of social partnership and social security in society; 

¶ a tool for solving everyday social problems of exempted militaries and 

members of their families in the places of their residence, etc. 

Without the development of the infrastructure of everyday practical level of socio-

pedagogical complex, the types and areas of activity, as well as social priorities, remain 

only intentions, and laws and regulations are just rules on paper. Therein lies one of the 

reasons for the low efficiency of the activities of state institutions in the implementation 

of social legislation in the field of social protection of militaries and members of their 

families. 

In the implementation of programs and projects of similar nature it is necessary: 

¶ availability of corresponding infrastructure and quality of activities of 

specialized institutions in social work with militaries and members of their families; 

¶ level of professional competence of social workers from state institutions 

oriented towards families of exempted militaries; 

¶ the coverage level of this category of the population (medical, pension, 

sanatorium, cultural, educational, sports and other areas), etc. 

 

3. Characteristics and relations in social adaptation of exempted militaries 

and member of their families 

The analysis of scientific and other literature, including a number of studies, 

monographs and developments of recent years, shows that a significant number of 

specialists continue to be oriented towards the study of parts of socio-pedagogical 

complex of types and areas of work with militaries exempted from military service and 

members of their families [2, 4]. 

For example, several researchers have noted that the most important factors 

determining the quality of military social work in general, and the social reintegration of 

exempted militaries (and their families) as part of the Armed Forces of the Republic of 

Bulgaria are [1, 2, 4]: 
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¶ successes in military reform, leading the army to a new quality of operation, 

based on the priority of the new legislation and NATO membership; 

¶ significant humanitarian changes in military socium and in the system of 

military education; 

¶ effective functioning of the system of formation in militaries of values 

corresponding to the qualities of countryôs citizens; 

¶ improving their material standard of living; 

¶ ensuring the principle of social justice in addressing issues of work and life 

character, etc. 

A significant part of researchers and social workers state that the basis of social 

adaptation of militaries exempted from military service and members of their families is 

the legal provision of the process [3]. The state, according to them, must provide to this 

category of the population not only an acceptable standard of living, but also to provide a 

certain compensation for the limited rights of military service. Namely state social policy 

in the field of law guarantees the right of persons exempt from military service and 

members of their families the corresponding living conditions in civilian terms. 

There is a basic contradiction. Its essence lies in the fact that on the one hand the 

state provides a legal basis for the removal of the military from civilian to military 

socium. On the other hand, there are the carried out by state activities in the social 

protection of this category of violations on the socio-normative field. The practice shows 

that it is the government institutions at different levels which do not meet the accepted 

laws and regulations and that way they do not realize the rights of this category of the 

population. For the prevention of the creating situation mechanisms constituting the 

processes of social protection are included. Thus underlined conflict is the source of the 

emergence of the term Ăsocial protectionò, the content of which is limited to establishing 

a regulatory system for the stabilization of society aimed at minimizing the social 

contradictions arising in the legal and economic status of the individual groups of the 

population. The state offers its citizens social protection in the situations of risk in normal 

life such as illness, unemployment, death of a man who supports the family, age, 

disability. The social protection is a combination of social and legal guarantees ensuring 

for every member of the society the realization of the most important socio-economic 

rights, including the right to a standard of living necessary for normal reproduction. Thus 

the analysis of the practice of moving the militaries from the military to the civil socium 

shows that today such guarantees are sufficient, i.e. on regulatory and legal level such a 

switch will not or should not create social problems for the families of former militaries 

[4]. 

The existence of such problems at the everyday and practical level requires social 

protection. The emphasized contradiction - between the declarative nature of normative 

and legal provision of social needs of exempted militaries and members of their families 

and the actual level of implementation of standards and meeting the needs of this group, 

is in the basis of understanding the problems of social adaptation of persons exempted 

from military service and members of their families. 

Recognizing the insufficient development of mechanisms ensuring the needs of this 

specific group at the stage of transition to the civilian socium, many researchers focus 

their efforts in the search of conditions to optimize the process of reintegration of the 

militaries [4]. The limited opportunities to influence the processes of conceptual-

political, socio-civic and normative-legal level of socio-pedagogical complex - types and 
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areas of activity for social adaptation of exempted militaries, objectively put the attention 

on the psychological problems of this process. Within this direction there have been a 

number of studies on issues concerning social and psychological assistance; socio-

psychological adaptation of exempted militaries; their socialization as a socio-

psychological problem; psychological support to their families; their social and 

psychological rehabilitation; socio-psychological support to them and their families; 

psychological and pedagogical provision of social work with them, etc. Along with this, 

the social work with this category of the population not only implements the system of 

social guarantees ensuring minimal sufficient and living conditions. Such one-sided 

understanding deforms its nature, leads to a limitation of its potential and presents 

exempted militaries and members of their families as consumers in a state of a social 

crisis. 

The socio-pedagogical modeling of the processes of passage of exempted from 

military service persons and members of their families from the military in civil socium 

allows to specify the contents of the processes in socio-pedagogical complex of different 

types and areas of activity with this category of persons. The social work is called to 

satisfy the social needs of the representatives of specific groups of the population, 

including military personnel exempted from military service and members of their 

families but their social needs are different. The satisfaction of those needs that provide 

minimum and sufficient conditions for life refers to social protection. The violation of 

these conditions leads to a threat to people's lives, a threat to the functioning of the 

human organism in the society. The periodic satisfaction of social needs of persons in a 

state of social crisis refers to their social support. In cases where exempted militaries and 

their families in the process of transition from the military status to the status of citizens 

fall within asocial crisis, they need such support. The realization of the established state 

guarantees to meet the social needs of a wide range of persons entitled to them relates to 

their social security. This process and activity are inherent in the presence of such 

guarantees to exempted militaries and for members of their families. The satisfaction of 

social needs of persons through the provision of certain social services can be 

characterized as their social "servicing" or social assistance. 

 

4. Conclusion 

Military social work is a very broad term designating the socio-pedagogical complex 

of different types and areas of activity of various entities on satisfying the social needs of 

their customers carried out on conceptual, political, legislative and practical level. At 

each of these levels it provides: 

¶ theoretical development and scientific substantiation of the problems, i.e. 

formation of the theory of military social work, part of which is the theory of social work 

with exempted from service militaries and members of their families; 

¶ ensuring the functioning of educational institutions for military social work 

(training of social workers as specialists in a particular professional activity), 

i.e. development of military social work as a scientific and educational complex; 

¶ realization of goals and tasks of the practical social work with militaries 

exempted from military service and members of their families, i.e. military social work 

as good practices. 
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1. Introduction  

Dynamically developing complex, in perspective as a system, of types and areas of 

activity (professional and non-professional, professional and voluntary), which essence is 

to meet the diverse social needs of citizens exempted from military service and members 

of their families arising in the course of their interaction with the social environment with 

the particular socium of living in the period of transition from military service to civilian 

life, fills the contents of the so-called social work with military personnel exempted from 

military service and members of their families. In its nature, the military social work is an 

actively transforming work that objectively determines the needs of this groups during 

the transitional period, i.e. the period of social adaptation. The specifics of this process 

are determined by the differences of social environment military and military socium on 

the one hand, and civil and social environment and socium on the other. 

Social environment is identified by surrounding new conditions for life in the civil 

socium for the exempted militaries and members of their families. Social 

macroenvironment includes all the surrounding social, material and spiritual conditions 

of existence, formation and activity. Social microenvironment represents the immediate 

social environment of exempted militaries (family, neighborhood of residence, work 

team, and reference and other microgroups, etc.) which have a decisive influence on their 

activities, behavior and communication, on their development as a whole. 

Civil socium is the social space of the vital activity of exempted militaries and their 

families; their sustainable social community, united by place and new conditions of life 

activity, determined by the specifics of the work and lifestyle of civilian life. 

Customers (users) of the military social work are as a rule representatives of three 

specific groups: 

The first group are militaries (officers, sergeants, soldiers and sailors). That part of 

the military social work which is oriented towards this group of users is called social 

work with military personnel. Its main features are [4]: 

¶ it is conducted on the place of the military service (and residence of military 

service), i.e. barracks, headquarters, range, ship, command post, etc.; 

¶ for this social work the specialists are prepared in the field of psychology, 

sociology, organization of cultural activities, etc; 
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¶ the social work (its separate types and directions) is part of their functional 

responsibilities; 

¶ facilities for this type of social work is determined by the basis of the military 

organization within which it is implemented. 

The second group of users of military social work is constituted of the families of 

military personnel exempted from military service. The combination of the types of 

activities aimed at satisfying their social needs gives an idea of the social work with 

family members of military personnel exempted from military service. 

This part of the users should be a priority for military social work regarding that 

namely the family, as part of civil society, is what is basically in the reproduction of the 

nation. It is the family where from the first days of life attitude to the surrounding world, 

to others are formed. Namely there corresponding cultural environment is created. The 

priority of this part of the users of military social work is determined by the importance 

of the family for militaries, including after discharge from military service, from that role 

that it plays for them in terms of military service and civilian life. 

Characteristics of work with family members of military personnel can be defined as 

follows: 

¶ it is carried out by the residence of the militaries: military garrisons, polygons, 

bases; 

¶ its organization is not practically determined by regulations and not enters the 

functional responsibilities of some or other officials (with the exception of specialists 

working with families of militaries); 

¶ facilities and professional staff providing this part of the work is practically 

absent; 

¶ the social work with family members of exempted from military service is not 

developed, though it refers to this part of users. 

The third part of the users of military social work are the militaries exempted of 

military service. The total of types of activities aimed at addressing their social needs are 

defined as social work with persons exempted from military service. This work is 

appropriate to be conducted at the place of residence of exempted militaries. It is 

assigned to the non-governmental civil structures (with significant restrictions) and it 

does not enter into the circle of duties of military officials (with the exception of the 

military district). In practice it does not have its own personnel and facilities. Another 

characteristics if that it completely lacks regulatory provisions. This part of the customers 

of the military social work may rely primarily on civil social services - directorates 

ĂLabour Officeò (LOD) and directorates ĂSocial Assistanceò (DPS) (which do not 

consider them as customers). Social needs of former militaries are satisfied partially at 

the expense of military structures for social recreation and rehabilitation (military 

hospitals, sanatoria, rest homes, hospitals, etc.) [3]. 

 

2. Main characteristics of the transitional period 

Different studies on the problems of the transitional period under the terms of the 

military to civilian life show that the composition of the users of military social work is 

too different [1, 4]. Besides that a client of military social work is also the civilian 

personnel of military units, staffs and controls, of polygons and bases (before their 

dismissal from work). Users can be not only individuals but also different social groups 
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such as: community of several families; associations; foundations; social movements, etc. 

The specificities of their collective social needs should be taken into account which 

undoubtedly significantly determine the specificity of directions, areas of strength and 

opportunities of military social work. 

It is noteworthy that the subject of social work with exempted from military service 

militaries and members of their families is a specific person who [2, 4]: 

¶ for various reasons ends legal relationship with one or another military 

structure; 

¶ is in a transition period from the living conditions of the military socium to the 

conditions of life and work in the civil socium; 

¶ is forced to change type, scope and contents of its activities in a situation of 

lack of job in the civil socium; 

¶ significantly changes the social status in terms of striving for its preservation; 

¶ is in a deteriorating financial situation of the family, etc. 

The transition period of exempted militaries and members of their families from 

living conditions of military socium to civil socium in each case takes a different period 

of time. Everyone in a transitional period goes through several stages. 

The first - preparatory stage, is characterized by the psychological adjustment of the 

militaries still flowing through the procedure of compulsory military service and in 

search of a new place of work and residence. Exempted from military service militaries 

and members of their families left to live in the place of service in the transitional period 

easier adapt to the conditions of civil socium in connection with the minor changes to 

these conditions. However, after completion of the adaptation period to civilian life, 

conditions of military socium are a factor that further complicates the vital activity for 

these people. In Bulgaria there is no practice of timely preliminary determination of 

variants of jobs for potentially exempted militaries and members of their families in the 

places of their future residence. 

The second stage is of entry into the civil socium characterized by the psychological 

orientation of the exempted from military service to acquaintance with the conditions of 

vital activity in this socium. 

The third step is getting used to the status of full member of the civil socium 

characterized by psychological adoption and acceptance of new conditions for life 

activity. 

The fourth stage is of development of the exempted from military service in civil 

socium which is characterized by the psychological activity to change the conditions of 

life in the civil socium. 

Mutual relation and mutual conditionality of these stages represent a transitional 

period of the militaries to the status of the civilian persons, the contents of which is called 

ñsocial adaptationò. 

Therefore, social work with militaries exempted of service and members of their 

families is a practical activity of relevant institutions and organizations as well as 

individuals in ensuring their interconnection with civil socium and with the new living 

environment. In its essence, this work represents the personal assistance for their 

integration into the civil socium. 

In some cases the first and second stage may coincide if serviceman under exemption 

from military service (before the termination of the legal relationship with the military 
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organization) already has a certain job in a civic organization, without change of 

residence of the family. 

 

3. Tasks of social work with militaries exempted of service and their families 

A main goal of the social work with the militaries and members of their families is 

the harmonization of their interaction with the new (civil) social environment, with the 

particular socium. That way, during the transitional period: the period of social 

adaptation of exempted from military service persons the priorities of the content of 

social work are (in degrees): social protection (higher level); social support (second 

degree); social security (third degree); social services or assistance (fourth degree). After 

completion of the period of social adaptation of exempted from military service persons 

and members of their families, the contents of social work with them changes and social 

services and social security are on the first places. Social protection and social support to 

this category of the population in these conditions are necessary only in availability of a 

situation of social risk, abnormal life activities (failure of the period of social adaptation, 

alcoholics, various addictions, disability, unemployment, etc.). 

Social work with military personnel exempted during the period of their social 

adaptation solves a number of problems. First these are the organization and 

implementation of targeted effects on humans for the purpose of socialization in civil 

environment, providing entry into this addiction to the concrete civil socium and its 

development. This task also determines the need of preparation of social workers of 

different profiles specializing in the inclusion of a person in the society. 

On the second place is the task of improving the social environment (and of course, 

the specific socium) in the interests of the people. Applied to social adaptation of 

exempted militaries and to members of their families, this task is realized through the 

formation of a positive image of exempted from military service as stimulating the 

interest of employers to employ this category of the population, development their 

motivation for training or professional retraining, creation of public or non-governmental 

organizations, etc. This task also determines the need for special training of social 

workers specializing in restructuring of social relations in the society [2]. 

On the third place is the task of optimizing the interaction of militaries and members 

of their families and the new social environment of a civil or other specific socium. It 

determines the need for training of social workers with particulra knowledge and skills 

specializing in the harmonization of customer interaction and social environment. 

Thus the content, purpose and tasks of social work with exempted militaries and 

members of their families reflect its pedagogical orientation, which is precisely the 

feature of experience in the development of social work as a whole. The pedagogical 

component of social work with this group of the population necessitates the formation of 

two types of specialists: social pedagogues and social workers, among which there are 

both similarities and significant differences [5]. 

The content of the process of social adaptation of exempted militaries and members 

of their families and tasks of social work with them predetermine as an insufficient 

practice that to receive only social (socio-psychological, socio-legal, socio-economic, 

etc.) protection and realization various kinds of social assistance (educational, medical, 

consumer, psychological, etc.). This is the administrative approach leading to waste of 

manpower and resources to duplicate the efforts of specialists from different profiles and 
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leading to this an ordinary man found in normal condition to be displayed outside the 

clients of social work, and its departments begin their work only when he/she goes into 

the category of risky, Ătroubledò individuals. 

 

4. Conclusion 

The essence of social work with militaries exempted from military service and 

members of their families during the transition period lies in the social adaptation of this 

category of the population to the new conditions of life activity in particular socium, 

which embraces the following stages: preparatory, entry, tolerance and development. The 

successful outcome of the social adaptation of the individual person lies in the 

psychological acceptance of the new conditions of vital activity, in preserving and 

developing the social status and finding a job, which ensures consistent with this status 

material living conditions of the family. 

Such an understanding of social work with militaries exempted of service and their 

family members determines the logic of further research, the essence of which consists 

in: analyses of the history of the development of social work with the category of the 

population; indication of contradictions, shortcomings and difficulties but also on the 

objective and subjective errors in its development; development of experimental model 

for social adaptation of exempted of service militaries and members of their families in 

accordance with the understanding of it as a socio-pedagogical phenomenon on the basis 

of analyses of the Bulgarian experience of social adaptation of the militaries. 
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Abstract: This report aims to give emphasis to the issues concerning illegal 

immigration flows in the recent years, which is a tremendous challenge for the member 

states of the European Union. Effective fight against illegal migration requires a 

comprehensive approach and balanced policy by the EU institutions, ensuring the 

security of Member States, effective border control at the external borders, and 

implementation of the national requirements for entry, residence, and employment of 

foreigners. Subject to the conditions and the procedures for granting special protection to 

foreigners as well as migrantsô rights protection in the context of current international 

humanitarian law. To deal effectively with illegal immigration the Member States need to 

work closely with ñEuropolò, ñFrontexò,ò EASOò and ñEurojustò. It aims to combat 

human beings traffickers and criminal networks in order to enhance the cooperation with 

third countries to be successfully removed these criminal networks; third countries to 

respect international law in term of saving human lives at sea, ensuring the protection of 

refugees and respect of the fundamental rights. It is required the EU to prevent and 

reduce the illegal migration on its own fight against it, especially through an effective 

return policy, in full respect of fundamental rights. 

 

Keywords: Smuggling of Migrants, combat illegal migration 

 

In the European Union (EU), more and more people live that have come beyond 

its borders. Some seek a better future while others are forced to leave their homes be-

cause of hostilities, political prosecution, or natural disasters. 

In 2014, 276 113 migrants entered the member states of the EU illegally, which 

represents an increase of 138% compared to the same period in 2013. To enter the Euro-

pean Union secretly via land, air, and sea routes, most migrants have recourse to criminal 

networks of smugglers1. 

People from the Middle East2 and North Africa try to reach the shores of the Eu-

ropean continent for different reasons and through different channels. Some of them look 

for legal pathways, while others risk their lives, in order to escape from poverty, wars, 

political oppressions, as well as to find family reunification, knowledge, and education.  

                                                                 
1
 European Commissionôs website ï http://ec.europa.eu/dgs/home-affairs/what-we-do/ policies / irregular-migration-return-

policy/ index_en.htm 
2
 Middle East ï Traditional definition of the countries of the Arabian Peninsula, Iran, Iraq, Turkey, Cyprus, Syria, Lebanon, Is-

rael, Jordan, Egypt and the occupied Palestinian territories - "Gaza, the West Bank of the Jordan River and and Eastern Jerusalemò.  
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Smuggling of migrants is a fast growing global criminal activity. Poverty, social 

and political instability, as well as unavailability or limited access to legal channels for 

migrants and protection seekers, push people to look for the services of criminals who 

facilitate their unauthorized entrance, transit or stay into the countries of the EU.  

Smuggling of migrants has for a purpose to transport migrants across the borders 

illegally in order to obtain, directly or indirectly, a financial or other material benefit, and 

the purpose of trafficking in human beings is their exploitation. Moreover, trafficking of 

human beings does not necessarily imply crossing borders; it can be carried out within a 

country as well. Smuggling of migrants is an extremely profitable business, as criminal 

networks thrive due to low risk of detection and sanctioning. 

For people, who do not meet or no longer meet the requirements for entry and 

residence in the territory of a EU member state, are being used different expressions as: 

"unlawful", "illegal", "irregular", "undocumented" migrants and "pending status mi-

grants. The report uses the terms "illegal" and "illegal" migrants. 

The term "illegal migration" means the act of entering into a country in violation 

against the norms of international law, the EU law, and the national law, and it is illegal 

border crossing or lack of a residence visa after an authorized stay. 

Unscrupulous criminal networks organize trips of a large number of migrants, 

ready to do anything to reach the EU. They do substantial profits while jeopardizing the 

lives of migrants. To maximize profits, human beingsô smugglers often cram in unsea-

worthy vessels hundreds of people, including small inflatable boats or cargo ships that 

vessels are at the end of their life cycle, or in trucks. Large numbers of migrants drown in 

the sea, suffocate in containers, or die in the deserts3. 

Migrants are being treated as commodities by smugglers similarly to drugs and 

firearms and the same smuggling pathways are being used by them. Smugglers are con-

stantly changing their routes in order to meet the security situation into the transit coun-

tries and the law enforcement of countermeasures. They abuse with the procedures for 

legal entry and stay as well.  

The irregular migration flows and in particular those by sea, primary along the 

Central and Eastern Mediterranean routes, has increased exponentially over the past year.  

Over 220 000 migrants reached the European Union trough this route in 2014, represent-

ing an increase of 310% compared to 2013 (Frontex, 2015)4. This unprecedented influx 

of illegal migrants and the ruthlessness of the smugglers, who often expose migrants to 

life-threatening risks and violence, require a strong response. Around  

3 000 irregular migrants are estimated to have lost their lives in the Mediterrane-

an Sea in 2014 (UNCHR, 2015)5. 

There are several reasons for this striking increase in the illegal migration flows: 

the dramatic situation in Syria, Eritrea, Southern Sudan, the Democratic Republic of 

Congo, and Iraq. It can be said that Libya is a ñfailed stateò because the law is not being 

executed there. As a result, ideal conditions were established for human traffickers to act 

in complete impunity and the country has become one of the main starting points for 

migrants on their way to the EU.   

                                                                 
3 Communication from the Commission to the European parliament, the Council, the European Economic and Social Commit-

tee and the Committee of the Regions, EU Action Plan against Migrants Smuggling (2015-2020), Brussels, 27.5.2015, COM (2015) 

285 final, page 2. 

4 Frontex ï European Agency for the Management of Operational Cooperation at the External Borders of the Member States of the 

European Union. 

5 UNHCR ï United Nations High Commissioner for Refugees. The Office of the UNHCR, also known as the UN Refugee Agency. 
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Over the past years, some of the Member states of the EU took decisions to legal-

ize vast majority of their illegal migrants, which enabled them to acquire legal rights to 

live and work in the ñhostò country. This in turn raised concerns about the ability of those 

Member States to control the migrantsô flows. 

Illegal migration in the EU is seen as a form of territorial population movement 

where the entry and residence of foreigners and stateless persons, in the ñhostò country, 

shall be made in violation of international law, the EU law, or the national law of the 

Member States. Infringement may be illegal entry into the territory of a country, resi-

dence, performing employment or business.6 

Combating illegal migration represents a complex of legal, economic, and social 

measures. It aimed at preventing irregular entry, irregular residence, and irregular em-

ployment on the territory of the EU member states.  

The increase in the number of migrants is a challenge for the European Union, 

which forces governments of member states to look for common solutions. In 1999, the 

European countries took a decision for creating of the so-called area of "Freedom, securi-

ty and justice." This decision gives the European Union powers of legislative measures in 

the new areas in respect to: 

Å migrants;  

Å political refugees; 

Å border control7. 

In 2002, the EU adopted regulations designed to stop the smuggling of migrants 

so-called ñpackage supportò. It is the current EU legislation to combat smuggling of 

migrants and consists of: 

ï Council Directive 2002/90/EC of 28.11.2002, defining the facilitation of unau-

thorized entry, transit and residence (3) and, on the other hand, minimum rules for 

penalties, liability of legal persons and jurisdiction, which is the subject of this 

framework Decision ï a common definition of the crime of aiding illegal entry, transit 

and residence; 

ï Council Framework Decision 2002/946/JHA of 28 November 2002 on the 

strengthening of the penal framework to prevent the facilitation of unauthorised entry, 

transit and residence; 

In accordance with Article 68 of the Treaty on the Functioning of the European 

Union, the European Council identified in its conclusions of 26 and 27 June 2014, "the 

strategic guidelines for legislative and operational planning within the area of freedom, 

security and justice" for the period 2014 ï 2020. In the guidelines, the focus is on target 

transposition, implementation, and consolidation of existing legal instruments and 

measures. It is underlined the need of implementation of the global approach to migra-

tion, optimal use of legal migration, offering protection to those in need, combating 

illegal migration and effectively managing the borders. 

In terms of illegal migration, the strategic guidelines invite to actions to eliminate 

the root causes of this phenomenon and to control migration flows. In each of these two 

aspects, the cooperation with countries of origin and transit of migrants has an extremely 

important role.  

The main objectives of the European Union in terms of illegal migration are: 

                                                                 
6 Vanya Stamatova, The concept Ăillegal migrationò in the European Union law, Burgas Free University, Scientific Conference with 

international participation 2013 ʛ., page 176. 

7 ñImmigration as a problem of the European union in the global worldò, Sofia 2007, Bulgaria, Public debate ñCitizens for Europeò 

ï ñAlpha Researchò, page 2. 
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ï strengthening and expansion of regional protection programs; 

ï decisive efforts against illegal transfer across borders and human beingsô traf-

ficking; 

ï an effective common return policy establishment; 

ï implementation of the actions announced by the ñworking group on the Medi-

terranean affairsò, which group was created after the tragic incidents in the Mediterrane-

an Sea in the autumn of 2013. 

The fight against human beingsô trafficking is part of the EU policy to tackle with 

the illegal migration by more than a decade. The Convention of the Council of Europe to 

combat human beingsô trafficking (entered into force on 01.02.2008) aims at: preventing 

human beingsô trafficking, protecting victims of trafficking, prosecution of traffickers, 

and promote coordination national action and international cooperation. 

The EU adopted two main legislative acts to combat "irregular" migration: 

ï ñDirective 2008/115/EC8 of the European parliament and of the Council of 16 

December 2008, on common standards and procedures in Member States for returning 

illegally staying third-country nationalsò. The Member States were urged to enforce the 

Directive by 24 December 2010. The first report, concerning its implementation, was 

adopted in March 2014 and the report highlighted the positive developments as well as 

existing challenges. The main areas for further actions include ensuring adequate imple-

mentation, promoting consistent practices that are compatible with fundamental rights, 

improved cooperation between Member States and strengthening the role of Frontex. 

ï ñDirective 2009/52/EC of the European parliament and of the Council of 18 

June 2009 providing for minimum standards on sanctions and measures against 

employers of illegally staying third-country nationalsò. The Member States were urged to 

enforce the Directive by 20 July 2011. The first report on the implementation of the 

directive was presented on 22 May 2014. 

In response to the human tragedy at the Mediterranean Sea, in April 2015, the EU 

took immediate measures. Based on a proposal submitted by the European Commission 

(action plan of 10 points), Member States committed, on 23 April 2015, with Declaration 

of the European Council to take immediate measures for saving lives and strengthening 

the EU actions in the field of migration. 

The following important documents were developed: Resolution of the European 

parliament9, European security program10, European Program on Migration11 and the 

EU Action Plan against the Smuggling of migrants (2015-2020)12. 

European Parliament Resolution, of 29 April 2015, aims to respond to the recent 

tragic events at the Mediterranean Sea and offers a package of emergency measures to be 

taken immediately. 

                                                                 
8 ñDirective 2008/115/EC8 of the European parliament and of the Council of 16 December 2008, on common standards and 

procedures in Member States for returning illegally staying third-country nationalsò. 

9 European Parliament resolution, of 29 April 2015, on the latest tragedies in the Mediterranean and EU migration and asylum 

policies (2015/2660(RSP)). 

10 Communication from the Commission to the European parliament, the Council, the European economic and Social Committee and 

the Committee of the Regions, the European agenda on security, Strasbourg, 28.4.2015, COM (2015) 185 final. 

11 Communication from the Commission to the European parliament, the Council, the European Economic and Social Commit-

tee and the Committee of the Regions, A European Agenda on Migration, Brussels, 13.5.2015, COM (2015) 240 final. 
12 Communication from the Commission to the European parliament, the Council, the European Economic and Social Committee 

and the Committee of the Regions, EU Action Plan against Migrants Smuggling (2015 - 2020), Brussels, 27.5.2015, COM (2015) 285 

final. 
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The European Security Program, of 28.04.2015, emphasizes that cooperation 

within the EU and with third countries in the fight against smuggling of migrants is a 

priority in the fight against organized crime networks. 

European Program for Migration, of 13 May 2015; the fight against smuggling of 

migrants was identified as a priority in order to avoid the exploitation of migrants by 

criminal networks and reduce incentives for illegal migration. The program was set the 

target of transformation the migrant smuggling networks from low risk business with 

high returns into "high-risk activities with low returns for criminals." Actions to combat 

criminal networks of human beings trafficking and smuggling are primarily a way of 

preventing the exploitation of migrants from these criminal networks13. These are also a 

deterrent to illegal migration. 

The European Union Action Plan against Migrants Smuggling, of 27 May 2015;  

the plan identifies specific actions, required for implementation of the above two 

programs in this area, and it includes key actions that are identified. The stricter response 

from Europe to the smuggling of migrants is the following: 

1) Strengthening of police and judicial actions; the more important actions in 

these directions are: 

ï establishing of a register of suspicious vessels and monitoring of their activi-

ties; 

ï supporting the Member States in taking vessels in tow to the shores, intended 

for using by smugglers or their destruction at sea;  

ï establishing of a single ñpoint of contactò, concerning the issues of the migrants 

smuggling,  in each Member State; 

            ï establishing of a contact group of the EU agencies, concerning the issues of the 

smuggling  of migrants. 

2) Improving of collecting and sharing information; the more important actions 

in these directions are: 

ï deployment of liaison officers on migration issues in some key delegations of 

the EU; 

ï strengthening of the joint operational team ñMAREò (Marine Affairs Research 

and Education)ò as an information center on the EU, concerning the smuggling of mi-

grants; 

ï  further development of the intelligence: Africa ï Frontex; 

            ï  increasing of monitoring the pre-frontier areas; Eurosur 14; 

ï supporting the Europol investigations for detection of Internet clues, used by 

smugglers of human beings. 

3) Enhancement of human trafficking prevention and assistance to vulnerable 

migrants; the more important actions in these directions are: 

ï conducting of information and prevention campaigns in non-EU (third) coun-

tries, devoted to the risk of trafficking of human beings;  

                                                                 
13 These efforts are within the European Security Programme and Strategy for Maritime Security. Smuggling of migrants and 

trafficking of human beings are two different activities but interrelated ones, carried out by criminal networks. The differencein the 

first case, migrants are voluntarily involved in illegal migration, paying for the services of a smuggler to cross international borders, 

while in the second case they are victims that undergo a severe coercive exploitation and may be associated with the transition border 

or not. In fact, the two phenomena are difficult to distinguish, because people voluntarily leave and expose themselves to a risk of 

labour or sexual exploitation. 

14 Eurosur is the information-exchange framework designed to improve the management of Europeôs external borders. It aims 

to support Member States by increasing their situational awareness and reaction capability in combating cross-border crime, tackling 

irregular migration and preventing loss of migrant lives at sea. 



277 

ï development of a guide for preventing the migrants smuggling by 2017; 

ï development of guidelines for border and consular services; 

ï initiation of proposals for launching negotiations on readmission agreements 

with the countries of origin of illegal migrants. 

4) Increased cooperation with non-EU third countries; the more important ac-

tions in these directions are: 

ï putting into practice and consolidation of the bilateral and regional cooperation 

framework; 

ï financing of  projects to help non-EU (third) countries for developing strategies 

for fighting against trafficking of human beings and smuggling of migrants;    for im-

proving police capabilities and juridical system and development of integrated border 

management;  

ï establishing a platform for European cooperation with non-EU (third) countries 

and regions  in the field of human beings trafficking and migrants smuggling; 

ï optimization of the use of the EU funds through joint or coordinated planning. 

 

Conclusions: 

1) The current social and economic processes in global, regional, and national 

scale have a significant impact on the development of processes associated with illegal 

migration.  

Effective fight against this phenomenon requires an integrated approach and bal-

anced policy by the EU institutions. It ensures the security of Member States, effective 

border control at the external borders, implementation of the national requirements for 

entry, residence, and employment of foreigners, subject to the conditions and the proce-

dures for granting special protection to foreigners as well as migrantsô rights protection in 

the context of the current international humanitarian law. 

2) There is no the EU Member State that can cope alone with this tremendous 

challenge as illegal migration. It is necessary to be improved the existing EU legislation 

for combating the smuggling of migrants and human beings trafficking to ensure that 

there are appropriate penalties for smugglers, while they avoid the risks of incurring 

criminal responsibility from the persons providing humanitarian assistance to migrants in 

distress. 

3) In order to deal effectively with illegal migration the EU Member States need: 

 ï to work in close cooperation with Europol, Frontex, EASO (European Asy-

lum Support Office) in Eurojust; it aims to combat human beings traffickers and criminal 

networks across the borders, detecting and tracking of their funding and determine their 

way of action for not enabling them to earn money by putting at risk migrants lives; 

 ï to strengthen the cooperation with non-EU (third) countries, especially with 

the neighboring countries of Libya; it is essential to be successfully eliminated these 

criminal networks, both in terms of training in law enforcement and in terms of the pro-

vision of information services; 

ï non-EU (third) countries to respect the international law in terms of saving hu-

man lives at sea, ensuring the protection of refugees and respect of the fundamental 

rights; 

4) To prevent illegal migration is necessary to be established a balanced and ef-

fective European return policy (sending illegal migrants, who do not need international 

protection, back to their own countries). All Member States must transpose into national 
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legislation the ñDirective on common standards and procedures for returning illegally 

staying third-country nationalsò and the ñDirective providing for minimum standards on 

sanctions and measures against employers of illegally staying third-country nationalsò. It 

is recognized the usefulness of readmission agreements with third countries, but it must 

be considered within the overall EU relations with the affected countries. These agree-

ments must be accompanied by incentives to assist their implementation by the third 

countries. 

5) The real danger for the security of the EU comes from people arriving in the 

EU with criminal intentions, including for carrying out terrorist acts. It is about individu-

al migrants, who are deployed in large refugee flows, arriving on the Continent and 

subsequently these criminals may resort to illegal networks of smugglers and to partici-

pate in the people and drugs trafficking as well. 

Such a serious challenge in most significant degree requires consolidation of the 

European Agency for the Management of Operational Cooperation at the External Bor-

ders of the EU (Frontex), the European Police Office (Europol), the European Prosecu-

tor's Office, law enforcement authorities of the EU and the national authorities in each 

Member State in investigating of criminal events and justice. 
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Abstract:   

This report is designed to give an emphasis on problems relating to some of the 

major challenges for the international community at the present time as global climate 

change and global warming, rising temperatures have unprecedented effects worldwide 

and lead to the melting of glaciers, sea level rise, is causing flooding or drought in plac-

es where previously not seen such extreme phenomena. Increasingly, these unusual 

climatic conditions affecting the economy, the environment, health and daily life. This is 

proof that climate change is a reality and risks for the whole planet are colossal, which 

requires the taking of urgent action at national, regional and international levels. 
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One of the biggest challenges to the international community at the present time are 

global climate change and global warming. Rising temperatures have unprecedented 

effects worldwide and lead to the melting of glaciers, sea level rise, is causing flooding or 

drought in places where previously not seen such extreme phenomena. Increasingly, 

these unusual climatic conditions affecting the economy, the environment, health and 

daily life. This is proof that climate change is a reality and risks for the whole planet are 

colossal, which requires the taking of urgent action at national, regional and international 

levels. Some of the effects of climate change are the following: 

ï rising sea levels threaten low-lying island States and coastal communities; 

ï extreme weather conditions threaten food production and heat over the past 

decade have caused the untimely death of thousands of people around the world; 

ï the shortage of water and food, causes a regional conflicts, famine and 

occurrence of refugees; 

ï some plant and animal species are at increasing risk of extinction. 

Climate change leads to more severe floods and cyclones, threatening areas 

considered earlier for safety. Droughts cover larger territories and more people incur 

losses. More predictions of Oxfam by 2015, an average of 375 million people a year will 

be affected by climate-related disasters. 14 

There are different theories about the amendment of the global contemporary climate, 

but so far the theory prevails for the greenhouse effect. If emissions are not reduced, the 

                                                                 
14 OXFAM - 54% increase in number of people affected by climate disasters by 2015 could overwhelm emergency responses - 

http://www.oxfam.org/pressroom/pressrelease/2009-Q4-21/increase- number-peopleaffected-climate-disasters 
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concentration of greenhouse gases in the atmosphere are expected to double compared to 

the pre-industrial era by 2035, which will cause an increase in global temperature by 

more than Ñ 2 ÜC. In the long term there is a risk of global warming, with more than 5 ÜC, 

which is equivalent to the Earth's temperature variations between the last ice age and the 

present condition. The consequences of such warming will cause significant changes in 

the global map. Over 200 million people will be forced to migrate owing sea level rise 

and extreme events such as floods, droughts and hurricanes. Global warming above 2 ÜC 

would be irreversible damage to the planet's biodiversity, water resources and the world 

market for food. 

Humanity has always been at risk of unexpected and adverse changes in climate as a 

result of the action of natural factors (Earth and space). Space is assigned to the factors 

the parameters of the Earth's orbit and solar activity. To earthly factors include shifting of 

the Earth's poles, changes in the speed of Earth's rotation, changes in the appearance of 

the physiographic the Earth. Natural factors have an influence on the distribution of 

temperature, atmospheric general circulation, ocean currents, the area of the cryosphere, 

and hence on the climate and its changes. 

Anthropogenic (human-caused) factors affect by altering certain properties of the 

components of the climate system (the surface of the land, vegetation, atmospheric com-

position). This influence begins to manifest many moons ago, as a result of the pro-

cessing of land, deforestation, urbanization, etc. On our planet, the climate is constantly 

changing, but the change in the past has been natural for tens and hundreds of thousands 

of years, it now change caused by human activity is only possible for a few decades. 

Research has shown that by 1750 onwards, global concentrations of carbon dioxide 

(CO2) in the atmosphere has risen by 37%. This is mainly due to the burning of fossil fuels 

(coal, oil, and natural gas) for the production of energy, as well as deforestation. In recent 

decades, greenhouse gases have the dominant role in terms of global climate change. 

Comprehensive overview of climate data over the last decade brings together 303 

people scientists from 48 countries behind the view that global warming is undeniable 

fact, the results of their collaborative work are published in the ñReport on the State of 

climate change 2009ò, issued by the U.S. National Oceanic and Atmospheric Service15 in 

July 2010. 

Ten are key indicators16 that show global warming, climate change, and these are the 

following: (1) higher ground temperatures; (2) higher temperatures over the oceans; (3) 

high levels of heat in the oceans; (4) the higher air temperatures near the surface of the 

Earth; (5) the higher humidity; (6) the higher sea surface temperatures; (7) sea level rise; 

(8) the reduction of sea ice; (9) the reduction of snow cover; (10) the shrinking of glaci-

ers. The relative movement of each of these performance-enhancing in the first seven and 

a decline in the last three of them ï undoubtedly proves that our planet is undergoing a 

warming over the last half century, as well as that of the Earth every decade since 1980 is 

hotter than the previous. 

The report confirms the conclusions of the UN intergovernmental panel on climate 

change (ɯʈʉʉ)17. The data in the ñFourth assessment report18,ò from 2007, showing that 

                                                                 
15 National Oceanic and Atmospheric Administration (NOAA), The report is available at: http://www1.ncdc.noaa.gov 

/pub/data/cmb/bams-sotc/climate-assessment-2009-lo-rez.pdf 

16 Third National Action Plan on Climate Change for the period 2013-2020, odobren a decision of the Council of Ministers of 

the Republic of Bulgaria ˉ 459 of June 1, 2012, C.29. 

17 Intergovernmental Panel on Climate Change (IPCC), established in 1988 and comprising 1,500 scientists from around the 

world with the mandate to assess and analyze existing research and knowledge on climate change and its impacts, draw up a detailed 
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the world has warmed by an average of 0.76 ÁC compared to pre-industrial levels and 

that temperatures are rising with an increasing pace. During the period 1993-2003 sea 

levels have risen almost two times faster than the previous three decades. The tempera-

ture in Europe in the last century, also has risen by almost 1 ÁC, i.e. more than the global 

average. Rainfall and snowfall have significantly increased in Northern Europe (10% to 

40%), while in southern Europe they were reduced by about 20% and more commonly 

seen drought. Anthropogenic (human-caused) emissions of greenhouse gases are the 

cause of these changes. Give strong evidence that the warming is caused by human activ-

ity and that natural forces could lead to such a rise in global temperature. 

This conclusion, however, is contested by some scientists that in the study of the In-

tergovernmental Group underestimated the role of natural factors and mostly of solar 

variability. It has been proven that small changes in solar activity cannot explain the 

observed climate changes of the last decades. 

The foundation of modern climate policy at global and European level are the rec-

ommendations of the Intergovernmental Panel and they are geared mainly to measures to 

reduce greenhouse gas emissions emitted by human activity, as the only parameter on 

which humanity can actually influence. 

According to the predictions of the ɯʈʉʉ, if you do not take measures to reduce 

emissions of greenhouse gases in this century, the average temperature on Earth is likely 

to increase further by 1.8 ÁC to 4 ÁC. This should not be allowed. The European Union 

considers that it is vital to prevent global warming by more than 2 Á c compared to levels 

before the industrialization. There is serious scientific evidence that above this limit may 

be irreversible and potentially catastrophic changes19. 

According to the Intergovernmental Group of experts on climate change high rise in 

atmospheric concentrations of greenhouse gases (carbon dioxide (CO2), methane (CH4) 

and nitrous oxide (N2O)) is the result of human activity from 1950 to the present day. 

If we let climate change spontaneously and in the future, this will have serious local 

and global security implications. The threats of climate change will be far-reaching. 

Problems such as water shortages, migration of millions of so-called. "refugees because 

of the environment and increased need for disaster assistance, loss of biodiversity and 

agricultural areas, as well as financial turmoil from the impacts of these issues on global 

markets will affect seriously the global community, while able to adapt to these changes. 

In October 2006, British Economist Nicholas Stern, has published its analytical re-

port, which is the first attempt at a summary economic evaluation "in numbers" on the 

threats of climate change and once again confirms the enormous economic cost of inac-

tion. That price, along with the social and environmental costs will affect especially hard 

the poor populations in both developed and developing countries. 

ɼʦʢʣʘʜʲʪ ʉʪʲʨʥ ʧʨʦʛʥʦʟʠʨʘ, ʯʝ ʚ ʜʲʣʛʦʩʨʦʯʝʥ ʧʣʘʥ ʢʣʠʤʘʪʠʯʥʘʪʘ ʧʨʦʤʷʥʘ ʤʦ-

ʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʝʞʝʛʦʜʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ɹʨʫʪʥʠʷ ʚʲʪʨʝʰʝʥ ʧʨʦʜʫʢʪ (ɹɺʇ) ʤʝʞʜʫ 

5% ʠ ʮʝʣʠ 20%, ʘʢʦ ʥʝ ʙʲʜʝ ʧʦʩʪʘʚʝʥʘ ʧʦʜ ʢʦʥʪʨʦʣ ʯʨʝʟ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʧʘʨʥʠʢʦʚʠ-

ʪʝ ʝʤʠʩʠʠ. ʇʨʝʜʧʨʠʝʤʘʥʝʪʦ ʥʘ ʛʣʦʙʘʣʥʠ ʜʝʡʩʪʚʠʷ ʩʨʝʱʫ ʢʣʠʤʘʪʠʯʥʘʪʘ ʧʨʦʤʷʥʘ ʝ 

                                                                                                                                               
report on these issues. Panel reports represent the most authoritative consensus of the international scientific community on climate 

change. 

18 The report is available at:http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_ 

report_synthesis_report.htm 

19 EU against climate change at the forefront of global action to 2020 and beyond, the European communities, 2008, Printed in 

Belgium, with 5. 

http://www.ipcc.ch/publications_and_data
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ʚʷʨʥʘʪʘ ʩʪʨʘʪʝʛʠʷ ʟʘ ʨʘʩʪʝʞ ʚ ʜʲʣʛʦʩʨʦʯʝʥ ʧʣʘʥ ʠ ʢʦʣʢʦʪʦ ʧʦ-ʙʲʨʟʦ ʩʝ ʚʟʝʤʘʪ ʤʝʨ-

ʢʠ, ʪʦʣʢʦʚʘ ʧʦ-ʤʘʣʢʦ ʱʝ ʩʪʨʫʚʘʪ ʪʝ. 

The Stern report predicted that in the long term climate change may result in an an-

nual reduction of Gross domestic product (GDP) between 5% and 20%, if it is not placed 

under control by reducing greenhouse gas emissions. Taking global action against cli-

mate change is a correct strategy for growth in the long term and the sooner action is 

taken, the less it will cost you. 

In 1972, the UN (United Nations) held the first International Conference on "the hu-

man environment in Stockholm (Sweden). From this Conference originated the principle 

ñThink global, act localò. The fight against climate change is a major item on the agenda 

of the international community and the European Union (EU). Have adopted the follow-

ing international agreements: 

1) United Nations Framework Convention on climate change (UNFCCC), in force 

from 21.03.1994 and has been ratified by 194 countries. It outlines the general frame-

work of international efforts to tackle the challenges posed by climate change and adopt 

the principle of "common but differentiated responsibilities". According to its provisions, 

Governments of Member States: 

Å collect and share information on greenhouse gas emissions, national policies 

and best practices ï through the so-called. National communications and annual national 

inventories of greenhouse gases; 

Å draw up national strategies for mitigating and adapting to the expected impacts 

of climate change; 

Å cooperate in preparing for adaptation to the effects of climate change, including 

through the provision of financial and technological assistance to developing countries. 

2) The Kyoto Protocol (KP) to the UNFCCC was adopted in December 1997 but 

shall enter into force on 16.02.2005. is the first legally binding global instrument, engag-

ing developed countries with specific quantitative reductions in their greenhouse gas 

emissions. Under the Protocol, industrialized nations as a whole must reduce their emis-

sions of six greenhouse gases by about 5 percent from 1990 levels during the so-called. 

"First commitment period" from 2008 to 2012 for developing countries are not set emis-

sions targets. The Protocol provides for reductions to be achieved through both the reduc-

tion of emissions in the countries themselves, and through investments in clean-up or 

more environmentally friendly technologies in other countries (the so-called flexible 

mechanisms under the Kyoto Protocol). 

From some shortcomings and gaps in these documents having the need to develop 

and the conclusion of a new global agreement on climate change for the period after 

2012, the conferences of the U N on climate change held in Bali (2007) and in Copenha-

gen (2009) pursue this aim. 

As the next major step forward in the negotiations to reach a new global agreement 

on climate change has characterized the 16th Conference of the parties to the UNFCCC 

held in Cancun, Mexico in December 2010 is a package of decisions Adopted, known as 

a Cancun agreements and represents a key step towards building a comprehensive and 

legally binding framework for climate-related measures to be taken after 2012. 

The meeting of the parties to the Kyoto Protocol, held from 26.11. to 08.12.2012 in 

Doha, Qatar, Member States undertake to its continuation and furthermore adopted a 

roadmap for the development of a new agreement on climate change, which would bind 

all the major economies in the world, including emerging countries like China and India. 



284 

The second stage of operation of the Kyoto Protocol starts on 01.01.2013 and cover on-

ly about 15% of global greenhouse emissions, after Canada, Japan, New Zealand and Rus-

sia. United States again did not join the mechanism for limiting greenhouse gas emissions. 

At a meeting in Germany in June 2015, countries discussed opportunities for reduc-

ing greenhouse gas emissions by 2020, according to the UN, progress has been made on 

the drafting of the text of the agreement. The meeting helped pave the way to a global 

treaty to be signed by the Member States of the United Nations in December in Paris on 

the 21st Conference of the parties to the UN Framework Convention on climate change. 

Of the new Treaty, which will succeed the current Kyoto Protocol, it is expected that a 

more serious commitment from around the world ï including the United States, China 

and others to reduce emissions. It is expected to achieve a new, legally binding interna-

tional agreement to address climate change for the period after 2020. 

The EU and the international community achieved significant progress in the last 

decade in the fight against climate change. As regards the contribution of the EU, the 

objective of reducing by 40% the emissions of the Union, which was agreed by the Euro-

pean Council, confirms its leadership role in the fight against climate change on a global 

scale. This is also an invitation to other major economies to demonstrate responsibility, 

offer their own purposes well before the meeting in Paris. 

ɹʝʟʩʧʦʨʝʥ ʝ ʬʘʢʪa ʧʨʠʟʥʘʪ ʦʪ ʤʝʞʜʫʥʘʨʦʜʥʘʪʘ ʦʙʱʥʦʩʪ, ʯʝ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ 

ʧʨʝʜʧʨʠʝʤʘ ʘʜʝʢʚʘʪʥʠ ʜʝʡʩʪʚʠʷ ʚ ʙʦʨʙʘʪʘ ʩ ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ʠ ʦʪʩʪʦʚ̫ʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ ʜʦ ʥʝ ʧʦʚʝʯʝ ʦʪ 2ÁC ʚ 

ʩʨʝʜʥʦʩʨʦʯʝʥ ʧʝʨʠʦʜ. ʇʨʠʝʪʠ ʩʘ ʩʣʝʜʥʠʪʝ ʧʦ-ʚʘʞʥʠ ʥʦʨʤʘʪʠʚʥʠ ʜʦʢʫʤʝʥʪʠ ʚ ʨʘʤ-

ʢʠʪʝ ʥʘ ɽʉ: 

Undisputed fact is recognized by the international community, that the European Un-

ion shall take appropriate action in combating climate change and assert the need to limit 

global warming to no more than 2 Á C over the medium term. Accepted are the following 

legal documents within the EU: 

1) Regulation 2012/601/EC of 21.06.2012 on the monitoring and reporting of 

greenhouse gas emissions pursuant to Directive 2003/87/EC of the European Parliament 

and of the Council; 

2) Decision 2011/278 / EU of 27.04.2011 laying down EU-wide harmonized 

rules for transitional free allocation of emission allowances under Article 10th of Di-

rective 2003/87 / EC of the European Parliament and of the Council; 

3) Regulation (EC) no 1031/2010 Commission on graphics, management and 

other aspects of auctioning of allowances for greenhouse gas emissions pursuant to Di-

rective 2003/87/EC of the European Parliament and of the Council establishing a scheme 

for trading greenhouse gas emissions trading within the community; 

4) Directive 2009/29/EC of the European Parliament and of the Council amend-

ing Directive 2003/87/EC so as to improve and extend the allowance trading scheme for 

greenhouse gas emissions of the community; 

5) Directive 2009/28/EC of the European Parliament and the Council to promote 

the use of energy from renewable sources and amending and subsequently repealing 

directives 2001/77/EC and 2003/30/EC;  

6) Directive 2009/30/EC of the European Parliament and of the Council amend-

ing Directive 98/70/EC as regards the specification of petrol, diesel and gas-oil and in-

troducing a mechanism to monitor and reduce the levels of greenhouse gas emissions and 
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amending Council Directive 1999/32/EC as regards the specification of fuel used by 

inland waterway vessels and repealing Directive 93/12/EEC; 

7) Directive 2009/31/EC of the European Parliament and of the Council concern-

ing the storage of CO2 in geological formations and amending Directive 85/337/EEC, 

Commission directives 2000/60/EC, 2001/80/EC, 2004/35/EC, 2006/12/EC and 

2008/1/EC, and Regulation (EC) No 1013/2006 of the European Parliament and of the 

Council;  

8) Regulation (EC) No 443/2009 of the European Parliament and of the Council 

setting emission performance standards for new passenger cars as part of the communi-

ty's integrated approach to reduce CO2 emissions from light-duty vehicles; 

9) Directive 2008/101/EO of the European Parliament and of the Council amend-

ing Directive 2003/87/EO so as to include aviation activities in the scheme for trading 

greenhouse gas emissions trading within the community;  

10) Directive 2004/101/EO of the European Parliament and of the Council 

amending Directive 2003/87/EO establishing a scheme for greenhouse gas emission 

allowance trading within the greenhouse gases within the community in respect of pro-

ject mechanisms provided for in the Kyoto Protocol;  

11) Directive 2003/87/EO establishing a scheme for greenhouse gas emission al-

lowance trading within the greenhouse gases within the community and amending Coun-

cil Directive 96/61/EO; 

12) ʂʦʥʩʦʣʠʜʠʨʘʥʘ ʚʝʨʩʠʷ ʥʘ ɼʠʨʝʢʪʠʚʘ 2003/87/ɽʆ ʦʪ 13 ʦʢʪʦʤʚʨʠ 2003 

ʛʦʜʠʥʘ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʩʭʝʤʘ ʟʘ ʪʲʨʛʦʚʠʷ ʩ ʢʚʦʪʠ ʟʘ ʝʤʠʩʠʠ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ 

ʚ ʨʘʤʢʠʪʝ ʥʘ ʆʙʱʥʦʩʪʪʘ ʠ ʟʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ɼʠʨʝʢʪʠʚʘ 96/61/ɽʆ ʥʘ ʉʲʚʝʪʘ. 

On 16 April 2014 Parliament approved the agreement on the regulation of the Euro-

pean Parliament and of the Council amending Regulation (EC) no 525/13 concerning the 

technical implementation of the Kyoto Protocol during the second period of commit-

ments to reduce greenhouse gas emissions, approved at the Conference on climate 

change in Doha in 2012. 

In the Republic of Bulgaria adopted the following important legal documents: 

1) Law to curb climate change (CCL) Promulgated, SG. 22 of 11.03.2014, in 

force from 11.03.2014;  

2) Environmental Protection Act (EPA), (Gg. 91/2002, AMB. amend. Gg. 

42/2011); 

3) Energy Law (EL), (Gg. 107/2003, AMB. amend. Gg. 47/2011);  

4) Law on Renewable Energies (LRE) (Gg. 35/2011);  

5) Energy Efficiency Act (EE), (Gg. 98/2008 AMB. amend. Gg. 35/2011); 

6) Financial management of disaster risk and insurance opportunities for adapta-

tion to climate change in Bulgaria, 01.07.2014;  

7) Analysis and evaluation of the risks and the vulnerability of sectors in the Bul-

garian economy than climate change, 20.06.2014;  

8) Third national plan for action on climate change for the period 2013-2020, ap-

proved by decision No. 439 of June 1, 2012, of the Council of Ministers;  

9) Second national action plan on climate change 2005-2008 

Climate change and the need to adapt to them put a number of questions in front of 

public administration and development, whose solution is becoming more imperative 

after each consecutive report of the IPCC from 1990 onwards. In this context, the Euro-

pean Commission published in 2007 a green paper "Adapting to climate change in Eu-

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2003L0087:20090625:BG:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2003L0087:20090625:BG:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2003L0087:20090625:BG:PDF
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rope ï options for EU actions", followed in 2008 by the white paper, which sets the 

framework of the European strategy for adaptation to climate change and is accompanied 

by an assessment of the impact of proposed policies in this area (Impact of Europea ' s 

Changing Climate, 2008). In March 2012, enabled European Internet platform for adap-

tation to Climate change-ADAPT, and in April 2013, was adopted an EU strategy for 

adaptation to climate change "(EC, 2013) 20 

Adapting to climate change can be directed either to reduce the potential impacts of 

the effects of climate change on natural and human systems and the common 

vulnerability to climate change, or to increase the capacity for adaptation. In respect of 

policies related to climate change, there are different types of adaptation: an advanced, 

autonomous and planned adaptation. Proactive adaptation is carried out before the effects 

of climate change to be noticed, while autonomous adaptation does not constitute a con-

scious response to climatic stimuli but is triggered by environmental changes in natural 

systems, as well as changes in the market or in the well-being of human systems. Contra-

ry to these two approaches, planned adaptation is the result of a deliberate political deci-

sion based on raising awareness of the fact that conditions have changed or are about to 

change and that action is needed in order to restore, maintain, or achieve a desired state. 

Key factors to support the ability for adaptation are: economic resources, technology, 

information/awareness, skills/human resources, natural resources, infrastructure and 

institutional support/management. 

They feature the following types of measures and actions: predictable (proactive) ad-

aptation that takes place before the impact of climate change to be noticed, as opposed to 

Jet adjustment, which is limited to taking action to alleviate impact after it happened. 

Other types are so-called defensive/mitigation measures that seek to reduce the negative 

effects, contrary to the opportunistic measures aimed at strengthening the exploitation of 

beneficial effects. 

 

Conclusion: 

1. One of the most important problems facing the international community at present 

is climate change, because it invariably affects the other global problems such as conser-

vation of biodiversity, the conservation of clean drinking water, protection of the sea and 

the forests, poverty, the provision of food and good living conditions. 

2. Combating climate change is not only a regional but also a global problem whose 

solution is necessary taking measures of an international character. Member, national 

planning policies, identify the right as an essential tool to prevent global climate change 

and as a key instrument to ensure the universal efforts to evade the progression of this 

rapid process of climate change21. 

3. Climate change is a global problem, to overcome that global action at all levels 

(national, regional and local) ï on the part of Governments, business and each one of us 

individually. The choice is ours ï the right and obligation to act and to take advantage of 

the opportunities of a low-carbon development, or to be idle witness to the changing life 

of the planet, which will leave the legacy of generations after us. 22 

                                                                 
20 Anton Popov and authors, analysis and evaluation of the risks and the vulnerability of sectors in the Bulgarian economy of 

climate change-general part, operational programme environment 2007-2013, 15. 

21 Carlson, J. International Environmental Law, Climate Change, and Intergenerational Justice. University of Iowa Legal 

Studies Research Paper, 2009, ʩ. 76. 

22 Third national plan for action on amendments change for the period 2013-2020, odobren by decision of the Council of 

Ministers of the Republic of Bulgaria no 459 dated 1 June 2012, s. 35. 
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4. It is envisaged that Member States of the United Nations in December in Paris on the 

21st Conference of the parties to the UN Framework Convention on climate change to sign 

a global climate agreement, binding all countries and entering into force by 2020, as well as 

to find ways of increasing the proportion of the 2020 targets and actions for reduction of 

emissions so the world has a chance to remain under the ceiling of 2 ÁC increase in tem-

perature. Of the new Treaty, which will succeed the current Kyoto Protocol, it is expected 

that a more serious commitment from around the world ï including the United States, 

China and others to reduce emissions. It is expected to achieve a new, legally binding inter-

national agreement to address climate change for the period after 2020. 
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Abstract: The report examined the changes occurred with the introduction of 

doctrines and guidelines for planning of operations at the operational and tactical level, 
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on the process of joint identification and destruction of targets. 
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Planning purposes in operations in past military conflicts has always been an integral 

part of the planning of fire defeat opponents. This process is occurring in sub planning 

fire defeat of all levels, the process was mainly directed to the destruction of entire funds 

with deadly effect, and the use of funds to non-lethal effect has been addition to the 

results from the deadly effect. 

Changes occurred in recent years, especially with the introduction of guidelines for 

the planning of operations at the operational and tactical levels, require an assessment of 

the need to carry out certain activities in the process of planning objectives as well as to 

indicate its connection with process operational planning and identify the main points of 

the group planning and management of the joint effects on the process of joint identifica-

tion and destruction of targets in the steps of the process of operational planning. 

The co-determination and destruction objectives are closely related to the joint opera-

tional planning process. At the operational level information is obtained in the form of 

notes or operational concept for the operation, which includes the mission, desired end 

state, objectives and effects tasks for subordinates. For specific areas of planning, fire 

support and joint identification and destruction of targets provide additional information, 

including guidance on the planning process of joint identification and destruction of 

objectives, and common priorities for the process itself. The planning process requires 

careful coordination and synchronization. In the operations of the joint forces can simul-

taneously using conventional forces and special operations such the entire width and 

depth of the joint operation area in linear and nonlinear construction. The direct and 

indirect attacks against the opposing center of gravity must be aimed at achieving the 

necessary operational purposes in accordance with the concept of the operation, while 

limiting potential side effects in the next phases of the operation. 

The integration and synchronization of deterrent action and maneuver commanders 

support the maximum achieving the operational level. Within its zones to conduct opera-

tions, land, air and naval components can be specified for supporting or supported com-

manders to integrate and synchronize maneuver, joint fire support and deterrent action. In 

addition, they define and plan objectives, priorities, effects and schedule impact. Com-

mander component defined as supported in the joint area of operation impact on targets 
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throughout the area of operation and has responsibilities to plan and manage the process 

of planning purposes in accordance with the priorities set by the commander of the joint 

forces. These activities should be coordinated with the appropriate commanders compo-

nent commands. In the event that these effects have an adverse impact on other opera-

tions authorized by problem Commander of the joint forces. Planning involves analyzing 

and understanding the interaction and connectivity of multiple systems at the operational 

level (political, economic, social, informational, etc.) to determine the consequences of 

the actions of forces. Planning purposes in the operations of the joint forces is carried out 

in the general process of planning operations and follows its phases. The main processes 

of planning objectives, determining the order of impact on them and the anticipated 

effects is done in developing the plan for the operation as the beginning place in phase 1 

and the end - with the development of the operational plan and its approval by the strate-

gic commander. Planning of operations of joint forces consists of eight steps. 

Step 1 - ñInitiating planning ò was held with the aim to develop and maintain a cer-

tain level of awareness of the operational environment in order to ensure execution of the 

operational assessments, estimates and opinions of operational performance of the strate-

gic commander. The main responsibility in this step brings the group for operational 

planning of joint operations to be supported by all departments in the headquarters of the 

joint forces, representatives of ministries, government, non-government organizations. In 

this step, depending on the planned operation determines the type, composition and 

timing of deployment of various groups and centers of the departments of the headquar-

ters of the joint forces and the relations between them. The desired outcomes of this step 

of planning in response to the crisis are determining the need for deployment of an opera-

tional team communication and intelligence accountability in the area of interest and 

assess the nature of the threats and risks. The bases for work in this step are the docu-

ments received from the Strategic Command. Such documents are: 

- Initiating an order/directive;  

- The strategic planning guidelines-guidance on the joint identification and destruc-

tion of targets and joint fire support;  

- The concept of the operation or a sample thereof;  

- Strategic goals for the impact. 

In its activity the Group for Planning and Management of Cooperative Effects does 

the following (GPMCE): 

- Formation of the GPMCE;  

- Studying all initiating documents; 

- Send a request for additional information to the Group of intelligence planning, if 

necessary;  

- Makes an estimate of the time for the planning of the processes of joint fire sup-

port and joint identification and destruction of targets. 

As a result of this step in planning is developing guidelines for joint identification 

and destruction of targets for inclusion in the preliminary combat orders to subordinate 

units. 

Step 2 ï ñMission analysisò starts on the basis of receipt of a warning order from the 

Strategic Commander or his guidance for the initiation of advance planning, a project of 

the strategic evaluation or project of the options for a military response. In this step, you 

activate the group for operational planning for the joint operations, will be the warning 

order to subordinate components. The group operational planning of the joint operations 
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carried out analysis of the task to be performed, the time available, the political objec-

tives, desired final State, the potential military and non-military factors, the need for 

external coordination and additional instructions. In this steps the group to deploy for a 

comprehensive assessment of the operational environment. The results of the analyses 

and activities in this step can be the following: 

- Development and giving the warning order to the components;  

- An analysis of the mission, based on the assessment of the Commander of the joint 

forces;  

- Preparation of proposals for military option for a response from the joint forces af-

ter receiving suggestions from the commanders of the components and sending 

them to the Strategic Commander. 

Incoming information about the group in this step is: 

- Certain critical conditions (points) and operation phases of the operational model;  

- Received an integrated database for the purposes of the operation in the area. 

- The Group continues its activities as: determines the operational effects and ac-

tions; 

- Develop criteria for prioritizing the objectives; 

- Preparation of information for inclusion in the mission analysis briefing related to 

the joint determination and destruction of targets; 

- Participate in the analysis of critical points and the Centre of gravity by phases and 

lines of operation;  

- Preparation of joint guidelines for the identification and destruction of targets for 

inclusion in the guidelines of planning Commander;  

- Develop a list of prohibited purposes of impact, when entering information in ini-

tiating documents. 

Step 3 ï ñDevelopment of options for actionò.  

This step starts upon receipt of the strategic assessment of the crisis, the military op-

tions to reply or instructions on the planning of strategic commander. 

The operational planning group of joint operations on the basis of the work of the 

group for a comprehensive assessment of the operational environment (designated opera-

tional objectives, operational centers of gravity (own and the opponent), critical ability, 

critical requirements and critical points) determines the lines and the phases of the opera-

tion and developed an operational model for the planning and management of the opera-

tion. 

The planning and management of the joint effects-based criteria for success to 

achieve the operational objectives and the results of the analysis of all the active parties 

in the theater of operations of the group for the operational planning of joint operations, 

determines the operational effects to be achieved for the implementation of the designat-

ed Commander of operational objectives. 

Offers appropriate use of funds for a joint fire support on the conditions laid down in 

the operational model phases and lines of operation. A key role here holds the joint iden-

tification and destruction of targets by liaison officers component commands and those 

for senior staff. Jointly defining activity and destruction of targets is a summary of the 

requests from the component commands and distribution objectives integrated in the joint 

list of the priority objectives of the joint coordination group for the identification and 

destruction of targets to the beginning, and in the course of the operation in accordance 
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with the capabilities of crossfire and percussion means of participating in the various 

phases and lines of operation component commands. 

Specific activity of GPMCE is as follows: 

- An analysis of additional incoming intelligence to be used in the development of 

options for action;  

- On the basis of the operational model and options for action the opponent discuss-

es possible lists of goals for each option for action, taking into account the critical 

points and the Centre of gravity;  

- Started the development of a matrix for the management of the impact;  

- Analysis of forces and means of intelligence and impact for their appropriate use 

for each option for action;  

- Analysis, how to act on the critical points and the Centre of gravity for action for 

each variant; 

- Proposal for the use of non-lethal and lethal forces and means of influence on the 

discussed options for action; 

- Support group for intelligence planning in the development of options for action of 

opposing forces;  

- Assist the joint operational planning group in the development of their options for 

action;  

- Developing a request for airspace management;  

- Draw up a proposal for the desired operational effects on phases of the operation;  

- Shall draw up a proposal for the priorities of the effects on phases of the operation; 

- The objectives allocated between the components. 

The end result of this step have developed options for use of forces and means of 

jointly defining the objectives and destruction in each of the options developed for the 

action of its own forces and resources. 

 

Step 4 ï ñAnalysis and simulation on the options for actionò.  
Activity of GPMCE is as follows: 

- Updating of all lists of purposes depending on the specific conditions of the opera-

tional environment;  

- Clarification of the criteria for the nomination and prioritization of the objectives 

in the area of operation; 

- Specify the tasks of the joint fire support;  

- Start of the development of the synchronization matrix of objectives; 

- Specify the measures for efficiency;  

- Assessment of the effects after impact on the objectives of each option for action 

of opposing forces;  

- Assessment of the effects of the main actions of troops for each version of own 

troops; 

- Proposal for the use of non-lethal and lethal forces and means to achieve the re-

quired effects on any option for action.  

- A proposal by the Commander of the joint forces on how to use the powers and 

means of intelligence and the impact each option for action; 

Step 5 ï ñComparison and assessment of the options for actionò.  

Activity of the GPMCE lies in: 
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- Participation of experts from the Group during the comparison of each option for 

action;  

- Updating of lists of purposes depending on the new intelligence information;  

- Offers options for the use of forces and means of impact on the objectives of each 

option for action; 

- If necessary, report the pros and cons of the use of forces and means of impact on 

the objectives of each option for action;  

- Offers a line of impact on objectives, what forces and means of joint fire support 

to use, use of lethal and non-lethal forces and means and what effects will occur 

after the impact on the objectives in the area of operation; 

Step 6 ï ñApproval of option for actionò.  

The activities of GPMCE lie in: 

- With experts involved in approving the option for action; 

- Finally being developed all lists with goals, impact matrix in targets and joint syn-

chronization matrix; 

- Final tasks are developed and the schedule of the joint fire support;  

- Final performance measures are being developed;  

- Develop the use of forces and means for the establishment and destruction of the 

objectives set out in the approved option for action; In applying the method of 

parallel work to give prior martial orders/orders to subordinate formations; 

Step 7 ï ñDeveloping the concept for the conduct of the operationò and ñPlan of 

operationò. 

Activity of GPMCE:  

- Updating lists of objectives and the plates under the new intelligence information; 

- After validation of the concept of operation and rules for use of force completes 

the establishment of lists of objectives;  

- Coordinate the sequence of effects in phases, objectives and stages of the opera-

tion in accordance with the operational model in order to ensure freedom of action 

and implementation of operational effects;  

- Coordinate operational effects through consistent impact on objectives; 

- Prepare Annex and coordinating instructions of the joint fire support as an integral 

part of the concept of operation of the joint operational forces. 

Step 8 ï Evaluation and review of the plan for the operation.  

Activity of the GPMCE lies in: 

- Participates with experts from the group in the evaluation and revision of the plan 

for the operation, if necessary; 

- Constantly analyze and update all lists/plates with goals after receipt of new intel-

ligence information;  

- If the operational environment is developing a proposal for the use of forces and 

means of influence on the targets;  

- Through experts provide expertise for planning purposes in the functional groups 

in the headquarters of the joint task force. 

 

Planning is the main process performed by an expert group for planning and 

management of the joint effects. This process is a support process in planning the 

operation. 
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Planning of targets is a key process performed by the experts in the planning and 

management of the joint effects. This process is a process planning in support of the 

operation. The planning process is a fundamental factor for the success of the operation 

of the joint forces. The realization of the process of planning the goals expressed in the 

various means of destruction as a priority of the opponent, as well as in the conduct of a 

complex of measures for the conservation of its resources. 

The experience of modern armed conflicts shows that the effective planning of objec-

tives in operations resulting in sharply increasing degrees of destruction of the gangs at 

the enemy, inflicting certain losses and reduce his potential battle to the level requested, 

and, in certain cases, through destruction of critical priority objectives and targets of high 

value are achieved and the objectives of the operation. 
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ʋʚʦʜ 

ʆʙʤʷʥʘʪʘ ʥʘ ʜʘʥʥʠ ʠ ʠʥʬʦʨʤʘʮʠʷ ʝ ʦʩʥʦʚʥʘ ʬʫʥʢʮʠʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ 

ʩʠʩʪʝʤʠ ʠ ʝ ʩ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʣʦʛʠʩʪʠʢʘʪʘ.  

ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʣʘʛʘ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʠʟ-

ʛʨʘʞʜʘʥʝ ʥʘ ʚʟʘʠʤʦʚʨʲʟʢʠʪʝ ʧʨʠ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʣʦʛʠʩʪʠʢʘʪʘ. ɺʩʠʯʢʠ ʨʝh ʝʥʠʷ ʚ 

ʩʲʚʨʝʤʝʥʥʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʙʘʯʝ ʩʝ ʥʫʞʜʘʷʪ  ʦʪ ʦʙʝʢʪʠʚʥʘ, ʪʦʯʥʘ, ʜʦʩʪʦʚʝʨʥʘ, 

ʜʦʩʪʲʧʥʘ ʠ ʥʘʚʨʝʤʝʥʥʘ ʠʥʬʦʨʤʘʮʠʷ. ʎʝʣʪʘ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʩʠʩ-

ʪʝʤʠ ʝ ʜʘ ʦʩʠʛʫʨʷʚʘ ʠʥʬʦʨʤʘʮʠʷ ʩ ʪʝʟʠ ʢʘʯʝʩʪʚʘ.  

ʊʘʢʘ ʦʩʥʦʚʥʠʪʝ ʟʘʜʘʯʠ ʥʘ ʣʦʛʠʩʪʠʯʥʠʪʝ ʤʝʥʠʜʞʲʨʠ ʩʘ ʜʘ ʨʘʟʙʝʨʘʪ ʧʨʝʜʠʟʚʠʢʘ-

ʪʝʣʩʪʚʘʪʘ ʥʘ ʧʘʟʘʨʘ ʠ ʜʘ ʦʩʠʛʫʨʷʪ ʧʨʘʚʠʣʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʦʪʦʢʘ ʦʪ ʠʥʬʦʨʤʘʮʠʷ.  

ʌʠʣʦʩʦʬʠʷʪʘ ʥʘ ʣʦʛʠʩʪʠʢʘʪʘ ʝ ʚ ʥʘʣʠʯʠʝʪʦ ʥʘ ʪʦʯʥʠʷ ʧʨʦʜʫʢʪ, ʥʘ ʪʦʯʥʦʪʦ ʤʷʩ-

ʪʦ, ʚ ʪʦʯʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ, ʪʦʯʥʦ ʥʘʚʨʝʤʝ ʠ ʩ ʤʠʥʠʤʘʣʝʥ ʨʘʟʭʦʜ. ɿʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ 

ʪʘʟʠ ʬʠʣʦʩʦʬʠʷ ʦʩʥʦʚʥʦ ʟʥʘʯʝʥʠʝ ʠʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʪʦ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʣʦʛʠʩʪʠ-

ʢʘʪʘ, ʢʦʝʪʦ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʠʟʙʨʘʥʘʪʘ ʣʦʛʠʩʪʠʯʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠ ʩʲʦʪʚʝʪʥʠʪʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ. 

ʇʦ ʥʘʰʝ ʤʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ, ʙʘʟʠʨʘʥʠ ʠ ʦʙʩʣʫʞʚʘʱʠ ʣʦʛʠʩʪʠʯ-

ʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝ ʦʙʦʩʦʙʷʚʘʪ ʠ ʬʫʥʢʮʠʦʥʠʨʘʪ ʢʘʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʣʦʛʠʩʪʠʯʥʠ 

ʩʠʩʪʝʤʠ. 

ɺ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ, ʦʙʘʯʝ ʩʝ ʦʯʝʨʪʘʚʘ, ʯʝ  ʝʜʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʥʝ 

ʤʦʞʝ ʜʘ ʦʙʭʚʘʥʝ ʚʩʠʯʢʠ ʣʦʛʠʩʪʠʯʥʠ ʧʨʦʮʝʩʠ ʠ ʢʘʪʦ ʢʨʘʝʥ ʨʝʟʫʣʪʘʪ - ʥʝ ʝ ʜʦʩʪʘʪʲʯ-

ʥʘ. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ,  ʚʲʧʨʝʢʠ ʥʘʩʠʪʝʥʠʷ ʧʘʟʘʨ ʦʪ ʩʦʬʪʫʝʨ ʧʨʦʜʫʢʪʠ ʟʘ ʦʙʩʣʫʞʚʘʥʝ 

ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʥʫʞʜʠ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ, ʥʷʤʘ ʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʜʘ ʦʙʭʚʘɦ ʘ 

ʚʩʠʯʢʠ ʧʨʦʮʝʩʠ. ɺ ʪʘʟʠ ʥʘʩʦʢʘ ʩʝ ʧʦʣʘʛʘʪ ʦʛʨʦʤʥʠ ʫʩʠʣʠʷ, ʥʦ ʜʦ ʤʦʤʝʥʪʘ ʥʝ ʝ 

ʧʦʩʪʠʛʥʘʪ ʟʘʜʦʚʦʣʠʪʝʣʝʥ ʨʝʟʫʣʪʘʪ. ʅʝ ʩʝ ʚʠʞʜʘ ʠ ʚ ʙʣʠʟʢʦʪʦ (ʘ ʤʦʞʝ ʙʠ ʠ ʚ ʧʦ-

ʜʘʣʝʯʥʦʪʦ) ʙʲʜʝʱʝ ʜʘ ʙʲʜʝ ʨʝʘʣʠʟʠʨʘʥ ʪʘʢʲʚ ʧʨʦʝʢʪ. ʊʦʚʘ, ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʥʘʣʘʛʘ 

ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʜʘ ʚʥʝʜʨʷʚʘʪ ʧʦʚʝʯʝ ʦʪ ʝʜʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ, ʘ ʥʝ ʨʷʜʢʦ ʠ 

ʩʘʤʠ ʜʘ ʠʥʚʝʩʪʠʨʘʪ ʚ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʪʘʢʠʚʘ.  

ʆʪʜʝʣʥʠʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʲʭʨʘʥʷʚʘʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧʨʦʮʝʩʠ ʚ ʩʚʦʷ 

ʙʘʟʘ ʦʪ ʜʘʥʥʠ, ʙʝʟ ʦʙʘʯʝ ʜʘ ʩʲʟʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʪʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʜʘ ʙʲʜʝ ʩʧʦʜʝ-

ʣʝʥʘ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʨʝʜʠʮʘ ʥʝʛʘʪʠʚʥʠ ʧʦʩʣʝʜʠʮʠ ʠ ʟʘʪʨʫʜʥʷʚʘ ʧʨʘʚʠʣʥʦʪʦ ʬʫʥʢʮʠ-

ʦʥʠʨʘʥʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʢʘʪʦ ʮʷʣʦ. ɺ ʨʝʟʫʣʪʘʪ - ʩʝ ʥʘʣʘʛʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʜʘ ʩʝ 
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ʨʘʟʨʘʙʦʪʠ ʤʦʜʝʣ, ʢʦʡʪʦ ʜʘ ʩʠʥʭʨʦʥʠʟʠʨʘ ʠ ʠʥʪʝʛʨʠʨʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʚ ʠ ʠʟʚʲʥ 

ʦʨʛʘʥʠʟʘʮʠʷʪʘ. 

ʀʥʪʝʛʨʘʮʠʷʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʩʝ ʧʨʝʚʲʨʥʘ ʚ ʦʩʥʦʚʝʥ ʧʨʦʙʣʝʤ ʦʪ ʩʚʝʪʦʚʝʥ 

ʤʘʱʘʙ ʠ ʝ ʦʪ ʧʲʨʚʦʩʪʝʧʝʥʥʘ  ʚʘʞʥʦʩʪ ʟʘ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʱʠʷ ʩʝ ʙʠʟʥʝʩ ʠ ʦʙʱʝʩ-

ʪʚʝʥʘ ʩʬʝʨʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʚʘ ʜʘʣʠ ʜʘʜʝʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʝ ʤʘʣʢʘ, ʩʨʝʜʥʘ ʠʣʠ 

ʛʦʣʷʤʘ. ʊʝʥʜʝʥʮʠʷʪʘ ʛʦʣʝʤʠ ʤʝʞʜʫʥʘʨʦʜʥʠ ʢʦʤʧʘʥʠʠ ʜʘ ʧʦʣʟʚʘʪ ʠʥʬʦʨʤʘʮʠʦʥʥʠ 

ʩʠʩʪʝʤʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʣʦʛʠʩʪʠʢʘʪʘ ʩ ʮʝʣ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʦʧʝʨʘʪʠʚʥʠʷ ʨʘʟʭʦʜ ʠ 

ʧʦʚʠʰʘʚʘʥʝ ʥʠʚʦʪʦ ʥʘ ʦʙʩʣʫʞʚʘʥʝ ʩ ʮʝʣ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʪʘ 

ʚʩʝ ʧʦ-ʯʝʩʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʥʘ ʙʲʣʛʘʨʩʢʠʷ ʧʘʟʘʨ.   ʆʩʠʛʫʨʷʚʘʥʝʪʦ ʥʘ ʢʦʥʢʫʨʝʥʪʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʨʝʜʘ ʚ ʠ ʠʟʚʲʥ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʛʘʨʘʥʪʠʨʘ ʥʝʡʥʘʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʦʩʪ ʥʘ ʚʩʠʯʢʠ ʥʠʚʘ ʠ ʩʲʟʜʘʚʘ ʙʝʟʩʧʦʨʥʠ ʧʨʝʜʠʤʩʪʚʘ ʟʘ  ʨʘʟʚʠʪʠʝ ʠ ʨʘʩʪʝʞ. 

ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʝ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʧʨʠ ʧʨʠʣʦʞʝʥʠʝ-

ʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ  ʩʠʩʪʝʤʠ ʠ ʧʨʝʜʣʘʛʘʥʝ ʥʘ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ ʟʘ ʧʦʜʦʙ-

ʨʷʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʪʷʭʥʦʪʦ ʬʫʥʢʮʠʦʥʠʨʘʥʝ. 

 

1. ʇʨʦʫʯʚʘʥʝ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʣʦʛʠʩʪʠʯʥʠ ʩʠʩʪʝʤʠ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠʪʝ. 

ʇʨʝʜʣʘʛʘʥʠʪʝ ʥʘ ʙʲʣʛʘʨʩʢʠʷ ʧʘʟʘʨ ERP ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʘ ʩʲʩ 

ʜʦʢʘʟʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʣʦʛʠʩʪʠʢʘʪʘ. ʇʦʣʟʠʪʝ ʩʘ ʙʝʟʩʧʦʨʥʠ - ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ 

ʨʘʟʭʦʜʠʪʝ,  ʨʲʩʪ ʚ ʧʨʠʭʦʜʠʪʝ, ʧʨʠʪʦʢ ʥʘ ʩʚʝʞʠ ʧʘʨʠʯʥʠ ʧʦʪʦʮʠ, ʛʝʥʝʨʠʨʘʥʠ ʚ 

ʩʣʝʜʩʪʚʠʝ ʥʘ ʤʠʥʠʤʠʟʠʨʘʥʠʪʝ ʨʘʟʭʦʜʠ ʠ ʫʚʝʣʠʯʝʥʠʪʝ ʧʨʠʭʦʜʠ.  

ɿʘ ʮʝʣʠʪʝ ʥʘ ʥʘʩʪʦʷʱʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʧʨʦʚʝʜʝʥʦ ʧʨʦʫʯʚʘʥʝ, ʯʨʝʟ ʘʥʢʝʪʘ ʩ ʮʝʣ 

ʘʥʘʣʠʟ ʥʘ  ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʣʦʛʠʩʪʠʯʥʠ ʩʠʩʪʝʤʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠʪʝ 

(ʉʦʬʠʷ ʛʨʘʜ  ʠ ʉʦʬʠʡʩʢʘ ʦʙʣʘʩʪ). ʇʨʦʫʯʚʘʥʝʪʦ ʝ ʧʨʦʚʝʜʝʥʦ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʠ 

ʠʟʚʲʥ ʩʬʝʨʘʪʘ ʥʘ ʤʘʪʝʨʠʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʧʨʦʫʯʚʘʥʝʪʦ ʫʯʘʩʪʚʘʪ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʪ ʦʙʱʝʩʪʚʝʥʠʷ ʩʝʢʪʦʨ ʠ ʤʘʣʢʠ, ʩʨʝʜʥʠ ʠ ʛʦʣʝʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪ ʨʘʟʣʠʯʥʠ ʙʠʟʥʝʩ 

ʩʬʝʨʠ ï ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʲʨʛʦʚʠʷ, ʫʩʣʫʛʠ.[1] 

ʎʝʣʪʘ ʥʘ ʘʥʢʝʪʘʪʘ ʝ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʩʪʝʧʝʥʪʘ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʠʪʝ ʣʦʛʠʩʪʠʯʥʠ ʩʠʩʪʝʤʠ ʚ ʩʪʦʧʘʥʩʢʠʷ ʞʠʚʦʪ ʥʘ ʩʪʨʘʥʘʪʘ ʠ ʟʥʘʯʝʥʠʝʪʦ, 

ʢʦʝʪʦ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʦʪʜʘʚʘʪ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʣʦʛʠʩʪʠʯʥʠ ʩʠʩʪʝʤʠ ʢʘʪʦ ʧʨʝʜ-

ʧʦʩʪʘʚʢʘ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʩʚʦʷʪʘ ʜʝʡʥʦʩʪ.  

ɸʥʢʝʪʘʪʘ ʩʝ ʩʲʩʪʦʠ ʦʪ 15 ʚʲʧʨʦʩʘ. ʆʙʝʢʪ ʥʘ ʧʨʦʫʯʚʘʥʝ ʩʘ 10 ʦʨʛʘʥʠʟʘʮʠʠ. ʉʧʦ-

ʨʝʜ ʢʨʠʪʝʨʠʷ Ăʙʨʦʡ ʥʘ ʧʝʨʩʦʥʘʣʘò, ʠʟʩʣʝʜʚʘʥʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝ ʨʘʟʧʨʝʜʝʣʷʪ ʚ ʪʨʠ 

ʦʩʥʦʚʥʠ ʛʨʫʧʠ: ʛʦʣʝʤʠ ï 2; ʩʨʝʜʥʠ ï 5; ʤʘʣʢʠ ï 3. ʆʪ ʪʷʭ, ʚ ʦʙʱʝʩʪʚʝʥʠʷ ʩʝʢʪʦʨ ʩʘ 

2 ï ʛʦʣʷʤʘ ʠ ʩʨʝʜʥʘ ʦʨʛʘʥʠʟʘʮʠʷ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ ʩʬʝʨʘ ʩʘ 2 ï 1 ʛʦʣʷʤʦ ʠ 1 

ʩʨʝʜʥʦ ʧʨʝʜʧʨʠʷʪʠʝ, ʚ ʪʲʨʛʦʚʩʢʘʪʘ ʩʬʝʨʘ ʩʘ 2 ï 1 ʩʨʝʜʥʦ ʠ 1 ʤʘʣʢʦ ʧʨʝʜʧʨʠʷʪʠʝ ʠ ʚ 

ʩʬʝʨʘʪʘ ʥʘ ʫʩʣʫʛʠʪʝ ʩʘ 4 ï 2 ʩʨʝʜʥʠ ʠ 2 ʤʘʣʢʠ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʆʪ ʧʨʦʚʝʜʝʥʘʪʘ ʘʥʢʝʪʘ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʝʷ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ  ʩʣʝʜʥʠʪʝ ʠʟ-

ʚʦʜʠ:[2] 

ü ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ ʠ ʨʘʟʤʝʨʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠʪʝ, ʚʩʠʯʢʠ ʠʟʧʦʣʟʚʘʪ ʩʦʬʪʫʝʨ 
ʟʘ ʣʦʛʠʩʪʠʯʥʠʪʝ ʧʨʦʮʝʩʠ, ʢʦʠʪʦ ʥʘʡ-ʯʝʩʪʦ ʩʘ ʩʚʲʨʟʘʥʠ ʩʲʩ  ʩʯʝʪʦʚʦʜʥʠ, 

ʩʢʣʘʜʦʚʠ, ʪʨʘʥʩʧʦʨʪʥʠ, ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʯʦʚʝʰʢʠ ʨʝʩʫʨʩʠ, ʜʝʣʦʚʦʜʥʠ ʠ ʜʨʫʛʠ 

ʦʧʝʨʘʮʠʠ. ʇʦʚʝʯʝʪʦ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʪ ʙʨʦʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʩʠʩ-

ʪʝʤʠ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʪ ʟʘ ʦʧʪʠʤʘʣʝʥ ʥʘ ʪʦʟʠ ʝʪʘʧ. 

ü ʇʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʥʝ ʧʨʘʚʷʪ ʘʥʘʣʠʟ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ 

ʩʠʩʪʝʤʠ, ʨʝʩʧʝʢʪʠʚʥʦ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʨʝʜʘ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʥʘʣʘʛʘ 

ʠʟʚʦʜʘ, ʯʝ ʪʝ ʥʷʤʘʪ ʷʩʥʦʪʘ ʦʪʥʦʩʥʦ ʧʦʣʟʠʪʝ ʚ ʪʘʟʠ ʧʦʩʦʢʘ. ʆʩʥʦʚʥʘ ʧʨʠʯʠʥʘ 
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ʝ ʣʠʧʩʘʪʘ ʥʘ ʜʦʙʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʢʫʣʪʫʨʘ, ʢʦʝʪʦ ʧʦʢʘʟʚʘ ʧʨʘʟʥʠʥʘ ʚ ʟʥʘ-

ʥʠʝʪʦ ʠ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʨʘʟʚʠʪʠʝ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʬʝʢ-

ʪʠʚʥʦʩʪʪʘ. 

ü ɺʲʧʨʝʢʠ ʛʦʣʝʤʠʷ ʙʨʦʡ ʬʠʨʤʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʣʦʛʠʩʪʠʯʥʠ 

ʩʠʩʪʝʤʠ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʘʢʪʦ ʠ ʛʦʣʝʤʠʷ ʙʨʦʡ ʧʨʝʜʣʘʛʘʥʠ ʩʦʬʪʫʝʨ ʧʨʦʜʫʢʪʠ, 

ʧʦʚʝʯʝʪʦ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʠ ʧʦʣʘʛʘʪ ʫʩʠʣʠʷ ʠ ʠʥʚʝʩʪʠʨʘʪ ʚ ʩʦʙʩʪʚʝʥʠ ʧʨʦʝʢʪʠ, 

ʢʦʠʪʦ ʜʘ ʧʦʢʨʠʷʪ ʥʫʞʜʠʪʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ. ʊʦʚʘ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʨʘʟʚʠʚʘ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʪʨʫʢʪʫʨʘ,  ʥʦ ʩʲʟʜʘʚʘ ʠ ʩʲʦʪʚʝʪʥʠʪʝ ʟʘʪʨʫʜʥʝʥʠʷ.  

ü ɺʩʠʯʢʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʠʞʜʘʪ ʧʦʣʟʘ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʣʦʛʠʩʪʠʯʥʠʪʝ ʩʠʩ-

ʪʝʤʠ, ʢʘʪʦ ʧʦʚʝʯʝʪʦ ʦʪ ʪʷʭ ʩʘ ʛʦʪʦʚʠ ʜʘ ʦʩʠʛʫʨʷʪ ʬʠʥʘʥʩʦʚ ʠ ʯʦʚʝʰʢʠ ʨʝ-

ʩʫʨʩ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʦʚʠ ʧʨʠʣʦʞʝʥʠʷ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʧʦʣʝʟʥʦʩʪʪʘ, 

ʢʦʷʪʦ ʥʘʤʠʨʘʪ ʚ ʩʠʩʪʝʤʠʪʝ ʠ ʧʨʠʣʦʞʝʥʠʷʪʘ, ʠ ʥʝʧʨʝʩʪʘʥʥʦ ʥʘʨʘʩʪʚʘʱʠʪʝ 

ʥʫʞʜʠ, ʦʧʨʝʜʝʣʝʥʠ ʦʪ ʜʠʥʘʤʠʯʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʩʨʝʜʘʪʘ. 

ü ʄʥʦʛʦ ʤʘʣʢʘ ʯʘʩʪ ʦʪ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʠʟʧʦʣʟʚʘʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ,  ʧʨʝʜʣʘʛʘʥʠ 

ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʨʝ-

ʩʫʨʩʠ. ʊʝ ʥʷʤʘʪ ʷʩʥʦʪʘ ʟʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ, ʢʦʠʪʦ ʩʝ ʧʨʝʜʣʘʛʘʪ ʦʪ ʚʠʩʦʢʠʪʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʚʲʧʨʝʢʠ ʪʦʚʘ ʥʘʤʠʨʘʪ ʧʦʣʟʘ ʚ ʦʙʝʜʠʥʷʚʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʠʪʝ ʠ 

ʧʨʠʣʦʞʝʥʠʷʪʘ. 

ü ʆʨʛʘʥʠʟʘʮʠʠʪʝ ʚ ʧʦ-ʛʦʣʷʤʘʪʘ ʩʠ ʯʘʩʪ ʥʝ ʧʦʟʥʘʚʘʪ ʠʥʩʪʨʫʤʝʥʪʠʪʝ ʟʘ ʠʥʪʝʛ-

ʨʘʮʠʷ, ʪʦʝʩʪ ʥʝ ʟʥʘʷʪ ʢʘʢ ʤʦʞʝ ʜʘ ʠʥʪʝʛʨʠʨʘʪ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʣʦʛʠʩʪʠʯʥʠ 

ʩʠʩʪʝʤʠ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʝʪʦ ʥʝ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʨʘʟʚʠʚʘʪ ʚ ʧʨʘʚʠʣʥʘʪʘ ʥʘ-

ʩʦʢʘ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʥʝʟʥʘʥʠʝ, ʚʩʠʯʢʠ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʭʘ ʠʥʪʝʛʨʠʨʘʣʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʠʪʝ ʩʠ ʨʝʩʫʨʩʠ ʧʨʠ ʚʲʟʤʦʞʥʦʩʪ. 

 

2. ʀʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ. 

ʉʪʨʘʪʝʛʠʷʪʘ ʥʘ ʜʲʣʛʦʩʨʦʯʥʠʷ ʫʩʧʝʭ ʧʨʝʜʧʦʣʘʛʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʥʦʚʘʮʠʦʥʥʠʷ 

ʧʦʪʝʥʮʠʘʣ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ ʫʯʘʩʪʥʠʮʠ ʚ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ ʠ ʢʦʥʮʝʥʪʨʠʨʘʥʝ ʥʘ ʪʝʭʥʠʪʝ ʨʝʩʫʨʩʠ. 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʩʝ ʦʙʦʩʦʙʷʚʘ ʧʘʟʘʨʥʘ ʥʠʰʘ ʟʘ ʧʨʝʜʣʘʛʘʥʝ ʥʘ ʠʥʪʝʛʨʘ-

ʮʠʦʥʝʥ ʩʦʬʪʫʝʨ, ʢʦʡʪʦ ʜʘ ʦʪʛʦʚʦʨʠ ʥʘ ʥʘʨʘʩʪʚʘʱʠʪʝ ʥʫʞʜʠ ʦʪ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʚʝʯʝ 

ʚʥʝʜʨʝʥʠ ʩʦʬʪʫʝʨʥʠ ʧʨʠʣʦʞʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʷʪʘ. 

ʊʦʚʘ ʥʘʣʘʛʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʨʝʜʣʘʛʘʥʝ ʥʘ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ, ʢʦʡʪʦ ʜʘ 

ʙʲʜʝ ʩ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ, ʠ ʜʘ ʙʲʜʝ ʜʦʩʪʲʧʝʥ, ʢʘʢʪʦ ʟʘ ʛʦʣʝʤʠʪʝ, ʪʘʢʘ ʠ ʟʘ 

ʩʨʝʜʥʠʪʝ ʠ ʤʘʣʢʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʠ ʧʨʝʜʣʘʛʘʥ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ (ʧʲʣʥʦʪʦ ʥʘʠʤʝʥʦʚʘʥʠʝ ʥʘ ʠʥ-

ʪʝʛʨʘʮʠʦʥʥʠʷ ʤʦʜʝʣ ʝ ʠʥʪʝʨʬʝʡʩ ʟʘ ʧʨʠʣʦʞʥʦ ʧʨʦʛʨʘʤʠʨʘʥʝ (Application 

Programming Interface ï API)) ʧʨʝʜʩʪʘʚʣʷʚʘ ʠʥʪʝʨʬʝʡʩ ʟʘ ʨʘʟʨʘʙʦʪʯʠʮʠ ʠ ʧʨʦʛʨʘʤʠʩ-

ʪʠ, ʯʨʝʟ ʢʦʡʪʦ ʩʝ ʩʲʟʜʘʚʘʪ ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʦʬʪʫʝʨ ʠʥʩʪʨʫʤʝʥʪʠ. ʊʦʡ ʩʝ ʠʟʛʨʘʞʜʘ ʦʪ 

ʨʘʟʣʠʯʥʠ ʤʦʜʫʣʠ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ: ʦʙʨʘʙʦʪʢʘ (ʪʨʘʥʩʬʦʨʤʘʮʠʷ); ʩʲʭ-

ʨʘʥʝʥʠʝ; ʚʲʚʝʞʜʘʥʝ; ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʥʘ ʪʨʘʥʩʬʝʨʠʨʘʥʝʪʦ ʥʘ ʜʘʥʥʠ ʠ ʠʥʬʦʨʤʘʮʠʷ.[3] 

ʄʦʜʝʣʲʪ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʩʦʬʪʫʝʨ ʤʦʜʝʣʠ ʟʘ 

ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʠʩʪʝʤʠ. 

ʇʨʝʜʣʘʛʘʥʠʷʪ ʧʨʦʜʫʢʪ ʠʤʘ ʩʣʝʜʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʧʨʝʜ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʜʦʩʝʛʘ 

ʘʣʪʝʨʥʘʪʠʚʠ:  

ü ʩʨʦʢʲʪ ʟʘ ʠʥʪʝʛʨʘʮʠʷ ʱʝ ʟʘʚʠʩʠ ʝʜʠʥʩʪʚʝʥʦ ʦʪ ʥʫʞʜʠʪʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ; 

ü ʩʪʨʝʤʝʞʲʪ ʝ ʨʘʟʭʦʜʠʪʝ ʧʦ ʧʨʦʝʢʪʘ ʜʘ ʙʲʜʘʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʘʥʠʞʝʥʠ; 

ü ʤʠʥʠʤʘʣʝʥ ʨʠʩʢ ʦʪ ʥʝʫʩʧʝʭ ʥʘ ʧʨʦʝʢʪʘ.  
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ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʠʥʪʝʛʨʘʮʠʦʥʥʠʷ ʩʦʬʪʫʝʨ ʥʝ ʠʟʠʩʢʚʘ ʥʫʞʜʘ ʦʪ ʦʧʠʪ ʚ ʨʝʘ-

ʣʠʟʘʮʠʷʪʘ ʥʘ ʩʣʦʞʥʠ ʠʥʪʝʛʨʘʮʠʦʥʥʠ ʧʨʦʝʢʪʠ. ʉ ʥʝʛʦ ʤʦʛʘʪ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʢʦʤʧ-

ʣʝʢʩʥʠ ʠʥʪʝʛʨʘʮʠʦʥʥʠ ʧʨʦʝʢʪʠ, ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʦʙʱʠʪʝ ʪʦʯʢʠ ʟʘ ʜʦʩʪʲʧ. ɺʲʟʤʦʞ-

ʥʦʩʪʠʪʝ ʟʘ ʠʥʪʝʛʨʘʮʠʷ, ʯʨʝʟ ʧʨʝʜʣʘʛʘʥʠʷ ʤʦʜʝʣ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛʫʨʘ 1. 

 

 
 

ʌʠʛʫʨʘ 1. ɺʟʘʠʤʦʚʨʲʟʢʠ, ʦʩʲʱʝʩʪʚʷʚʘʥʠ ʦʪ ʠʥʪʝʛʨʘʮʠʦʥʥʠʷ ʤʦʜʝʣ. 

 

ʆʪ ʌʠʛʫʨʘ 1. ʝ ʚʠʜʥʦ, ʯʝ ʜʚʫʧʦʩʦʯʥʘʪʘ ʠʥʪʝʛʨʘʮʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʝ ʥʘʡ-

ʩʣʦʞʥʠʷ ʠ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ ʥʘʡ-ʬʫʥʢʮʠʦʥʘʣʥʠʷ ʪʠʧ ʠʥʪʝʛʨʘʮʠʷ. ʊʘʟʠ ʠʥʪʝʛʨʘʮʠʷ 

ʨʘʙʦʪʠ ʥʘ ʧʨʠʥʮʠʧʘ ʟʘʷʚʢʘ-ʦʪʛʦʚʦʨ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʨʝʰʘʚʘʪ ʧʨʦʙʣʝʤʠʪʝ ʩ 

ʣʠʧʩʘʪʘ ʥʘ ʢʦʥʪʨʦʣ ʠ ʦʙʨʘʪʥʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʥʝ ʩʝ ʠʟʠʩʢʚʘ ʠʥʪʝʨʚʝʥʮʠʷ ʠʣʠ 

ʫʯʘʩʪʠʝ ʦʪ ʩʣʫʞʠʪʝʣ, ʟʘ ʜʘ ʬʫʥʢʮʠʦʥʠʨʘ ʥʦʨʤʘʣʥʦ. 

ʇʨʠʥʮʠʧʲʪ ʥʘ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ ʤʦʜʝʣʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʝʜʥʘ 

ʦʨʛʘʥʠʟʘʮʠʷ ʝ ʧʦʢʘʟʘʥ ʥʘ ʌʠʛʫʨʘ 2. 

 

 
 

ʌʠʛʫʨʘ 2. ʇʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ ʠʥʪʝʛʨʘʮʠʦʥʥʠʷ ʤʦʜʝʣ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ 

ʩʠʩʪʝʤʘ. 

 

ʅʘ ʌʠʛʫʨʘ 2. ʩʘ ʧʦʢʘʟʘʥʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʤʦʜʝʣʘ ʟʘ ʠʥʪʝʛʨʘʮʠʷ ʩ ʠʥʬʨʘʩʪ-

ʨʫʢʪʫʨʘʪʘ, ʩʝʨʚʠʟʠʪʝ ʠ ʧʨʠʣʦʞʝʥʠʷʪʘ. ʇʨʝʜʣʦʞʝʥʠʷʪ ʤʦʜʝʣ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʦʩʲ-

ʱʝʩʪʚʠ ʥʝʧʨʝʢʲʩʥʘʪ ʠʥʬʦʨʤʘʮʠʦʥʝʥ ʦʙʤʝʥ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ 

ʚʦʜʠ ʜʦ ʧʦ-ʛʦʣʷʤʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʧʦ ʚʩʠʯʢʠ ʥʠʚʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʠ ʦʧʪʠʤʠʟʠʨʘ 

ʙʠʟʥʝʩ ʧʨʦʮʝʩʠʪʝ. 

ʉʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʧʦʜʜʲʨʞʘ ʥʷʢʦʣʢʦ ʬʦʨʤʘʪʘ ʟʘ ʦʙʤʝʥ ʥʘ ʜʘʥʥʠʪʝ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪ ʦʪ ʥʫʞʜʠʪʝ ʥʘ ʢʣʠʝʥʪʠʪʝ. ʊʦʟʠ ʤʦʜʝʣ ʧʨʝʜʣʘʛʘ ʚʲʟʤʦʞʥʦʩʪ ʢʣʠʝʥʪʠʪʝ ʜʘ 

ʧʦʣʫʯʘʚʘʪ ʠ ʦʙʨʘʙʦʪʚʘʪ ʥʝʦʙʭʦʜʠʤʠʪʝ ʜʘʥʥʠ, ʩʧʦʨʝʜ ʩʚʦʠʪʝ ʮʝʣʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥ-
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ʥʠ ʥʫʞʜʠ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʜʦʢʫʤʝʥʪʠʨʘʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʭʦʜʷʱʠʪʝ ʜʘʥʥʠ,  

ʠʥʬʦʨʤʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʠʟʚʲʨʰʠ ʢʦʥʢʨʝʪʥʘ ʦʙʨʘʙʦʪʢʘ ʢʦʨʝʢʪʥʦ ʠ ʜʘ 

ʠʟʚʲʨʰʠ ʧʨʘʚʠʣʥʠʪʝ ʜʝʡʩʪʚʠʷ. ʈʝʩʧʝʢʪʠʚʥʦ, ʩʣʝʜ ʪʘʟʠ ʦʙʨʘʙʦʪʢʘ, ʜʘʥʥʠʪʝ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʧʨʝʥʘʩʦʯʝʥʠ ʢʲʤ ʜʨʫʛʠ ʩʠʩʪʝʤʠ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʟʠʮʠʦʥʠʨʘ-

ʥʝʪʦ ʠʤ ʚ ʠʣʠ ʠʟʚʲʥ ʦʨʛʘʥʠʟʘʮʠʷʪʘ. 

ʉʭʝʤʘʪʠʯʥʦ ʤʦʜʝʣʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʌʠʛʫʨʘ 3. 

 

 
 

ʌʠʛʫʨʘ 3. ʀʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ. 

 

ʆʩʥʦʚʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʧʨʝʜʣʘʛʘʥʠʷ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ ʩʲʟʜʘʚʘ ʠ ʥʘʡ-

ʚʘʞʥʘʪʘ ʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʘ ʠʤʝʥʥʦ - ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʦʙʱʘ ʪʦʯʢʘ ʟʘ ʜʦʩʪʲʧ. 

ʅʘ ʪʘʟʠ ʦʩʥʦʚʘ ʤʦʜʝʣʲʪ ʧʨʝʜʦʩʪʘʚʷ ʩʣʝʜʥʠʪʝ ʦʧʝʨʘʪʠʚʥʠ ʚʲʟʤʦʞʥʦʩʪʠ:  

V ʆʩʠʛʫʨʷʚʘʥʝ ʥʘ ʦʙʱʘ ʪʦʯʢʘ ʟʘ ʜʦʩʪʲʧ; 

V ʊʝʦʨʝʪʠʯʥʦ ʙʝʟʢʨʘʝʥ ʙʨʦʡ ʧʦʪʨʝʙʠʪʝʣʠ; 

V ɻʘʨʘʥʪʠʨʘʥ ʤʦʜʝʣ ʥʘ ʚʭʦʜʷʱʘʪʘ ʠ ʠʟʭʦʜʷʱʘ ʠʥʬʦʨʤʘʮʠʷ; 

V ɸʚʪʦʥʦʤʥʦʩʪ ʥʘ ʪʦʯʢʠʪʝ ʟʘ ʜʦʩʪʲʧ (ʚʩʷʢʘ ʨʘʙʦʪʠ ʥʝʟʘʩʠʩʠʤʦ ʦʪ ʜʨʫʛʘʪʘ); 

V ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʩʝʤʘʥʪʠʯʥʦ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʪʦʯʢʠʪʝ ʟʘ ʜʦʩʪʲʧ; 

V ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʥʘ ʪʦʯʢʠʪʝ ʟʘ ʜʦʩʪʲʧ; 

V ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʚʝʨʩʠʠ ʥʘ ʩʦʬʪʫʝʨʘ, ʯʨʝʟ ʥʦʤʝʨ 

ʥʘ ʚʝʨʩʠʷʪʘ ʢʘʪʦ ʦʩʥʦʚʥʘ ʪʦʯʢʘ ʟʘ ʜʦʩʪʲʧ; 

V ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʚʢʣʶʯʚʘʥʝ ʠ ʠʟʢʣʶʯʚʘʥʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠ (ʩʠʩʪʝʤʠ ʠ 
ʧʨʠʣʦʞʝʥʠʷ) ʧʦ ʚʩʷʢʦ ʚʨʝʤʝ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʫʞʜʠʪʝ, ʢʘʢʪʦ ʠ ʩʲʟʜʘʚʘʥʝ 

ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥ ʧʨʦʮʝʩ ʟʘ ʪʦʚʘ (ʘʙʦʥʘʤʝʥʪʝʥ ʧʣʘʥ); 

V ɹʲʨʟʦ ʥʘʜʛʨʘʞʜʘʥʝ, ʯʨʝʟ ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʦʚʠ ʪʦʯʢʠ ʟʘ ʜʦʩʪʲʧ. 

ʇʨʝʜʣʦʞʝʥʠʷʪ ʤʦʜʝʣ ʟʘ ʠʥʪʝʛʨʘʮʠʷ ʩʲʟʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʧʨʝʜ-

ʚʘʨʠʪʝʣʥʦ ʚʥʝʜʨʝʥʠ ʩʦʬʪʫʝʨʥʠ ʧʨʦʜʫʢʪʠ, ʢʘʢʪʦ ʠ ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʙʝʟ ʨʠʩʢ ʦʪ 

ʟʘʛʫʙʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʢʲʤ ʤʦʤʝʥʪʘ ʝ ʩʲʙʨʘʥʘ, ʦʙʨʘʙʦʪʝʥʘ ʠ Ăʩʢʣʘʜʠʨʘʥʘò.  

ʏʨʝʟ ʤʦʜʝʣʘ ʩʝ ʧʦʟʚʦʣʷʚʘ ʥʘ ʚʩʠʯʢʠ ʞʝʣʘʝʱʠ ʫʯʘʩʪʥʠʮʠ ʚ ʙʠʟʥʝʩʘ ʜʘ ʩʝ ʠʥʪʝʛ-

ʨʠʨʘʪ ʚ ʦʙʱʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ, ʠʟʛʨʘʜʝʥʘ ʥʘ ʧʨʠʥʮʠʧʘ Ăʚʩʝʢʠ ʢʲʤ ʚʩʝ-

ʢʠò, ʯʨʝʟ ʢʦʡʪʦ ʩʝ ʩʲʟʜʘʚʘ ʥʦʚʘ ʙʠʟʥʝʩ ʣʦʛʠʢʘ. 

ʇʨʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʤʦʜʝʣʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʦʩʦʯʘʪ ʧʨʦʮʝʜʫʨʠ, ʧʦ ʢʦʠʪʦ ʜʘ 

ʙʲʜʝ ʩʲʟʜʘʜʝʥ ʠ ʧʨʠʣʦʞʝʥ ʥʘ ʧʨʘʢʪʠʢʘ, ʪʦʝʩʪ ʥʝʦʙʭʦʜʠʤ ʝ ʘʣʛʦʨʠʪʲʤ, ʢʘʪʦ ʯʨʝʟ 

ʥʝʛʦ ʩʝ ʦʧʨʝʜʝʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ ʜʝʡʩʪʚʠʷʪʘ. ʎʝʣʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʝ ʜʘ 

ʧʦʣʦʞʠ ʦʩʥʦʚʘʪʘ ʥʘ ʦʙʱʠ ʧʨʘʚʠʣʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʜʘ ʩʝ ʥʘʜʛʨʘʞʜʘ ʚʩʝʢʠ ʦʪʜʝʣʝʥ 

(ʯʘʩʪʝʥ) ʩʣʫʯʘʡ. 
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ʇʨʝʜʣʘʛʘʥʠʷʪ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ ʩʝ ʩʪʨʝʤʠ ʜʘ ʧʦʜʦʙʨʠ ʩʦʬʪʫʝʨʥʘʪʘ ʘʨʭʠ-

ʪʝʢʪʫʨʘ, ʩʲʚʤʝʩʪʠʤʦʩʪʪʘ, ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ, ʧʦʜʜʨʲʞʢʘʪʘ, ʜʠʟʘʡʥʘ ʠ ʜʨʫʛʠ.  ʇʦʣ-

ʟʘʪʘ ʩʝ ʠʟʨʘʟʷʚʘʪ ʚ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʨʝʩʫʨʩʠ, 

ʢʦʠʪʦ ʧʦʜʧʦʤʘʛʘʪ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʮʝʣʠʪʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ. 

ʇʦ ʥʘʰʝ ʤʥʝʥʠʝ, ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ ʠʟʠʩʢʚʘ 

ʩʣʝʜʚʘʥʝʪʦ ʥʘ ʘʣʛʦʨʠʪʲʤ, ʢʦʡʪʦ ʚʢʣʶʯʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʠ ʩʲʱʥʦʩʪʪʘ ʥʘ ʥʝʦʙ-

ʭʦʜʠʤʠʪʝ ʧʨʦʮʝʜʫʨʠ. ï ʌʠʛʫʨʘ 4. 

 

 
 

ʌʠʛʫʨʘ 4. ɸʣʛʦʨʠʪʲʤ ʟʘ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʠʥʪʝʛʨʘʮʠʦʥʥʠʷ ʤʦʜʝʣ 

 

ɺʲʧʨʦʩʲʪ  ʩʲʩ ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʚʠʥʘʛʠ ʩʪʦʠ ʥʘ ʧʨʝʜʝʥ ʧʣʘʥ, ʪʲʡ 

ʢʘʪʦ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʩʝ ʩʪʨʝʤʷʪ ʤʘʢʩʠʤʘʣʥʦ ʜʘ ʟʘʱʠʪʷʪ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʩʠ 

ʩʠʩʪʝʤʠ ʦʪ ʚʲʥʰʥʠ ʠ ʚʲʪʨʝʰʥʠ ʧʦʩʝʛʘʪʝʣʩʪʚʘ ʠ ʟʣʦʥʘʤʝʨʝʥʘ ʥʘʤʝʩʘ.  
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ʇʨʝʜʣʘʛʘʥʠʷʪ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ ʧʦʟʚʦʣʷʚʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʜʘ ʨʝʰʘʪ ʧʨʦʙ-

ʣʝʤʠʪʝ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʚ ʪʨʠ ʦʩʥʦʚʥʠ ʥʘʧʨʘʚʣʝʥʠʷ:  

ü ʇʦʩʪʦʷʥʝʥ ʦʙʤʝʥ: ɿʘʣʘʛʘ ʩʝ ʚ ʩʘʤʦʪʦ ʥʘʯʘʣʦ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʘʪʦ ʦʩʥʦʚʥʘʪʘ ʮʝʣ ʝ ʤʠʥʠʤʠʟʠʨʘʥʝ ʥʘ ʧʝʨʠʦʜʠʪʝ ʥʘ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ. 

ü ʎʷʣʦʩʪʥʦʩʪ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʥʦʩʪ: ɿʘʱʠʪʘʪʘ ʥʘ ʜʘʥʥʠʪʝ ʩʨʝʱʫ ʤʘʥʠʧʫʣʘ-

ʮʠʷ ʠʣʠ ʥʝʧʨʘʚʦʤʝʨʝʥ ʜʦʩʪʲʧ ʝ ʦʩʥʦʚʥʘ ʟʘʜʘʯʘ ʚ ʝʜʠʥʥʘʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʨʝʜʘ, 

ʧʨʝʟ ʢʦʷʪʦ ʩʝ ʧʨʝʥʘʩʷ ʢʨʠʪʠʯʥʘ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʯʨʝʟ ʨʘʟʣʠʯʥʠ 

ʬʦʨʤʠ ʥʘ ʧʫʙʣʠʯʝʥ ʧʨʝʥʦʩ (ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʧʨʝʟ ʀʥʪʝʨʥʝʪ). 

ü ʉʠʛʫʨʥʦʩʪ: ʮʝʥʪʨʘʣʠʟʠʨʘʥʦ ʫʧʨʘʚʣʝʥʠʝ ʟʘ ʜʦʩʪʲʧ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʠ ʦʪʦ-

ʨʠʟʘʮʠʷ ʢʲʤ ʚʩʠʯʢʠ ʩʠʩʪʝʤʠ ʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʄʦʞʝʤ ʜʘ ʦʙʦʙʱʠʤ, ʯʝ ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʝ ʦʪ ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʟʘ 

ʚʩʷʢʘ ʦʨʛʘʥʠʟʘʮʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʬʝʨʘʪʘ ʚ ʢʦʷʪʦ ʨʘʟʚʠʚʘ ʜʝʡʥʦʩʪʪʘ ʩʠ.  ʀʥʬʦʨ-

ʤʘʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ ʩʘ ʠʟʣʦʞʝʥʠ ʥʘ ʝʞʝʜʥʝʚʥʠ ʨʠʩʢʦʚʝ ʠ ʩʘ ʦʙʝʢʪ ʥʘ ʧʦʩʪʦ̫ ʥʥʠ 

ʘʪʘʢʠ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʮʷʣʦʩʪʝʥ ʤʝʭʘʥʠʟʲʤ ʟʘ ʢʦʥʪ-

ʨʦʣ ʠ ʟʘʱʠʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ. 

ʅʘ ʙʲʣʛʘʨʩʢʠʷ ʩʦʬʪʫʝʨʝʥ ʧʘʟʘʨ ʚ ʤʦʤʝʥʪʘ ʧʨʝʜʣʘʛʘʥʝʪʦ ʥʘ ʩʭʦʜʥʠ  ʧʨʦʜʫʢʪʠ ʝ 

ʦʛʨʘʥʠʯʝʥʦ, ʥʦ ʪʦ ʩʣʝʜʚʘ ʤʘʢʘʨ ʠ ʙʘʚʥʦ ʩʚʝʪʦʚʥʠʪʝ ʪʝʥʜʝʥʮʠʠ. ʇʦʣʟʠʪʝ ʦʪ ʪʘʢʲʚ 

ʚʠʜ ʧʨʦʜʫʢʪ ʩʘ ʙʝʟʧʦʨʥʠ, ʥʦ ʧʨʝʜʣʘʛʘʥʝʪʦ ʥʘ ʩʭʦʜʥʠ ʧʨʦʜʫʢʪʠ ʥʘ ʧʘʟʘʨʘ ʪʝʧʲʨʚʘ 

Ăʧʨʦʭʦʞʜʘò. 

ʇʦ ʥʘʰʝ ʤʥʝʥʠʝ, ʧʨʝʜʣʘʛʘʥʠʷʪ ʚ ʥʘʩʪʦʷʱʠʷ ʪʨʫʜ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ ʧʨʠʪʝ-

ʞʘʚʘ ʩʣʝʜʥʠʪʝ ʠʥʦʚʘʪʠʚʥʠ ʝʣʝʤʝʥʪʠ: 

ü ɼʦ ʤʦʤʝʥʪʘ ʥʝ ʩʲʱʝʩʪʚʫʚʘ ʘʥʘʣʦʛʠʯʥʘ ʙʲʣʛʘʨʩʢʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʥʘʩʪʦʷʱʠʷ 
ʧʨʦʝʢʪ ʤʦʞʝ ʜʘ ʟʘʝʤʝ ʩʲʱʝʩʪʚʫʚʘʱʘʪʘ ʚ ʤʦʤʝʥʪʘ ʥʝʟʘʝʪʘ ʥʠʰʘ ʥʘ ʠʥʬʦʨ-

ʤʘʮʠʦʥʝʥ ʠʥʪʝʛʨʘʪʦʨ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʠ ʜʨʫʛ 

ʩʦʬʪʫʝʨ; 

ü ʀʥʦʚʘʪʠʚʝʥ ʝ ʧʦʜʭʦʜʘ ʥʘ ʪʝʭʥʠʯʝʩʢʘ ʨʝʘʣʠʟʘʮʠʷ ʢʘʪʦ ʚʠʜ ʘʨʭʠʪʝʢʪʫʨʘ; 

ü ʌʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ ʥʘ ʤʦʜʝʣʘ ʝ ʥʘʩʦʯʝʥʘ ʢʲʤ ʚʩʠʯʢʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ  ʠʥʜʠ-

ʚʠʜʫʘʣʥʠ ʧʦʪʨʝʙʠʪʝʣʠ; 

ü ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʢʘʥʘʣʠ ʤʝʞʜʫ ʢʣʠʝʥʪʩ-

ʢʠʪʝ ʧʨʠʣʦʞʝʥʠʷ; 

ü  ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʩʨʝʜʠ ʠ ʧʨʦʪʦʢʦʣʠ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ. 

ʆʩʦʙʝʥʦ ʛʦʣʷʤ ʧʦʪʝʥʮʠʘʣ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʧʨʝʜʣʘʛʘʥʠʷ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ 

ʠʤʘ ʥʘʡ-ʚʝʯʝ ʚ ʧʦ-ʤʘʣʢʠʪʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʪ ʦʛʨʘʥʠʯʝʥ ʙʨʦʡ ʩʦʬʪʫʝʨʥʠ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʥʠʩʲʢ ʙʶʜʞʝʪ ʟʘ ʧʨʦʛʨʘʤʥʦ ʦʩʠʛʫʨʷʚʘʥʝ, ʥʦ ʠʟʧʠʪʚʘʪ ʥʫʞʜʘ ʦʪ ʠʥʪʝʛ-

ʨʠʨʘʥʘʪʘ ʠʤ ʫʧʦʪʨʝʙʘ ʩ ʦʛʣʝʜ ʧʦ-ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʥʘ ʤʘʣʦʯʠʩ-

ʣʝʥʠʷ ʧʝʨʩʦʥʘʣ ʠ ʜʦʩʪʲʧ ʜʦ ʠʥʬʦʨʤʘʮʠʷ "ʦʪ ʧʲʨʚʘ ʨʲʢʘ" ʥʘ ʫʧʨʘʚʣʝʥʩʢʠʷ ʩʲʩʪʘʚ. 

ʇʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʧʨʝʜʣʘʛʘʥʠʷ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ ʝ ʩʚʲʨʟʘʥʦ ʩ ʧʦʩʪʠʛʘʥʝ ʥʘ 

ʩʣʝʜʥʠʪʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʪʝ ʮʝʣʠ, ʥʘʩʦʯʝʥʠ ʢʲʤ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ 

ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʣʦʛʠʩʪʠʯʥʠ ʩʠʩʪʝʤʠ: 

ü ɼʲʣʛʦʩʨʦʯʥʘ ʫʧʦʪʨʝʙʘ;  

ü ɻʲʚʢʘʚʦʩʪ ʠ ʘʚʪʦʥʦʤʥʦʩʪ;  

ü ʉʲʟʜʘʚʘʥʝ ʥʘ ʫʩʪʦʡʯʠʚʘ ʠʥʪʝʛʨʠʨʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ.  

ʅʘ ʙʲʣʛʘʨʩʢʠʷ ʩʦʬʪʫʝʨʝʥ ʧʘʟʘʨ ʚ ʤʦʤʝʥʪʘ ʧʨʝʜʣʘʛʘʥʝʪʦ ʥʘ ʩʭʦʜʥʠ  ʧʨʦʜʫʢʪʠ ʝ 

ʦʛʨʘʥʠʯʝʥʦ, ʥʦ ʪʦ ʩʣʝʜʚʘ ʤʘʢʘʨ ʠ ʙʘʚʥʦ ʩʚʝʪʦʚʥʠʪʝ ʪʝʥʜʝʥʮʠʠ. 

ʂʦʤʧʘʥʠʷʪʘ Lambda Labs, ʙʘʟʠʨʘʥʘ ʚ ʉʘʥ ʌʨʘʥʮʠʩʢʦ ʩʢʦʨʦ ʱʝ ʧʫʩʥʝ API ʟʘ 

ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʣʠʮʘ, ʢʦʡʪʦ ʱʝ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʩ ʧʨʠʣʦʞʝʥʠʷ ʟʘ Google Glass. 
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ɿʘʷʚʢʠʪʝ ʟʘ ʧʨʠʣʦʞʝʥ ʠʥʪʝʨʬʝʡʩ ʢʲʤ ʢʦʤʧʘʥʠʷʪʘ ʨʘʩʪʘʪ ʩ 15% ʤʝʩʝʯʥʦ ʠ ʚʝʯʝ ʩʘ 

ʥʘʜ 5 ʤʣʥ. ʥʘ ʤʝʩʝʮ. ʅʦʚʘʪʘ ʪʝʭʥʦʣʦʛʠʷ ʥʘ Lambda Labs ʱʝ ʧʦʟʚʦʣʠ ʚ ʧʨʠʣʦʞʝʥʠʷ-

ʪʘ ʟʘ Google Glass ʜʘ ʩʝ ʠʥʪʝʛʨʠʨʘʪ ʬʫʥʢʮʠʠ ʟʘ ʟʘʧʦʤʥʷʥʝ ʥʘ ʣʠʮʘ, ʪʲʨʩʝʥʝ ʥʘ 

ʠʟʚʝʩʪʥʦ ʣʠʮʝ ʚ ʛʨʫʧʘ, ʠʥʪʝʣʠʛʝʥʪʥʘ ʘʜʨʝʩʥʘ ʢʥʠʛʘ ʠ ʜʨʫʛʠ. [4] 

ɼʨʫʛ ʩʭʦʜʝʥ ʧʨʦʜʫʢʪ ʝ Google AdWords API, ʢʦʡʪʦ ʝ ʨʘʟʨʘʙʦʪʝʥ ʟʘ ʧʨʦʛʨʘʤʠʩ-

ʪʠ, ʧʨʝʜʩʪʘʚʣʷʚʘʱʠ ʛʦʣʝʤʠ ʨʝʢʣʘʤʦʜʘʪʝʣʠ ʠ ʪʨʝʪʠ ʩʪʨʘʥʠ ʩ ʧʦʟʥʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠ-

ʠʪʝ. ʊʦʡ ʚʢʣʶʯʚʘ ʘʛʝʥʮʠʠ, ʩʧʝʮʠʘʣʠʩʪʠ ʧʦ ʤʘʨʢʝʪʠʥʛ,  ʯʨʝʟ ʪʲʨʩʝʱʠ ʤʘʰʠʥʠ 

(SEM) ʠ ʜʨʫʛʠ ʩʧʝʮʠʘʣʠʩʪʠ ʧʦ ʦʥʣʘʡʥ ʤʘʨʢʝʪʠʥʛ, ʢʦʠʪʦ ʫʧʨʘʚʣʷʚʘʪ ʥʷʢʦʣʢʦ ʢʣʠ-

ʝʥʪʩʢʠ ʧʨʦʬʠʣʘ ʠʣʠ ʛʦʣʝʤʠ ʢʘʤʧʘʥʠʠ. [5] 

ʇʨʦʛʨʘʤʘʪʘ Facebook Marketing API ʧʦʟʚʦʣʷʚʘ ʥʘ ʨʘʟʨʘʙʦʪʯʠʮʠʪʝ ʜʘ ʠʟʛʨʘʞʜʘʪ 

ʠʥʩʪʨʫʤʝʥʪʠ ʠ ʫʩʣʫʛʠ, ʢʦʠʪʦ ʧʨʦʛʨʘʤʥʦ ʩʲʟʜʘʚʘʪ, ʢʫʧʫʚʘʪ ʠ ʫʧʨʘʚʣʷʚʘʪ ʨʝʢʣʘʤʥʠ 

ʢʘʤʧʘʥʠʠ ʚʲʚ Facebook. ʇʨʠʣʦʞʝʥʠʝʪʦ ʩʝ ʧʦʣʟʚʘ ʟʘ ʙʨʘʥʜʦʚʝʪʝ, ʯʨʝʟ ʪʨʝʪʠ ʩʪʨʘʥʠ 

ï ʜʦʩʪʘʚʯʠʮʠ, ʟʘ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘʪ ʤʥʦʛʦʤʠʣʠʦʥʥʠ ʨʝʢʣʘʤʥʠ ʢʘʤʧʘʥʠʠ, ʢʦʠʪʦ ʩʘ 

ʪʚʲʨʜʝ ʩʣʦʞʥʠ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ, ʯʨʝʟ ʦʙʠʯʘʡʥʠʷ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ 

ʨʝʢʣʘʤʘ ʚʲʚ Facebook. [6] 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʠ ʚ ɹʲʣʛʘʨʠʷ ʩʝ ʧʦʣʘʛʘʪ ʫʩʠʣʠʷ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ 

API ʧʨʠʣʦʞʝʥʠʷ. ʊʘʢʘʚʘ ʝ ʧʣʘʪʬʦʨʤʘʪʘ ʟʘ ʦʥʣʘʡʥ ʪʲʨʛʦʚʠʷ Deltastock API [7], 

ʢʦʡʪʦ e ʥʘʧʲʣʥʦ ʙʝʟʧʣʘʪʝʥ ʠ ʝ ʜʦʩʪʲʧʝʥ ʟʘ ʚʩʠʯʢʠ ʜʝʤʦ ʢʣʠʝʥʪʠ ʧʦ ʧʦʜʨʘʟʙʠʨʘʥʝ. 

ʇʨʠ ʥʝʛʦ ʢʣʠʝʥʪʠʪʝ ʩ ʨʝʘʣʥʠ ʩʤʝʪʢʠ ʪʨʷʙʚʘ ʜʘ ʧʦʜʧʠʰʘʪ ʜʦʧʲʣʥʠʪʝʣʥʦ ʩʧʦʨʘʟʫʤʝ-

ʥʠʝ, ʟʘ ʜʘ ʘʢʪʠʚʠʨʘʪ API. 

ʇʦ ʥʘʰʝ ʤʥʝʥʠʝ, ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʠʥʪʝʛʨʘʮʠʦʥʥʠʷ ʤʦʜʝʣ ʚʦʜʠ ʜʦ ʧʦʚʠh ʘʚʘʥʝ 

ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘʥʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʣʦʛʠʩʪʠʯʥʠ ʩʠʩʪʝʤʠ 

ʚ ʩʣʝʜʥʠʪʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

ü ʄʦʜʝʣʲʪ ʤʦʞʝ ʜʘ ʦʩʠʛʫʨʠ ʤʦʙʠʣʥʦʩʪ, ʝʜʠʥʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʨʝʜʘ ʠ 
ʮʝʥʪʨʘʣʠʟʠʨʘʥʦ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʤʦʞʝ ʜʘ ʥʘʤʘʣʠ 

ʠʥʚʝʩʪʠʮʠʠʪʝ - ʪʦʝʩʪ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʝʯʘʣʙʘ.  

ü ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ ʤʦʜʝʣʘ ʦʩʠʛʫʨʷʚʘ ʧʲʣʥʘʪʘ ʤʫ ʠ ʪʦʯʥʘ ʘʜʘʧʪʘʮʠʷ ʢʲʤ 

ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʘʪʘ ʙʠʟʥʝʩ ʩʠʪʫʘʮʠʷ ʠ ʩʲʟʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʩʚʦʙʦʜʝʥ ʠ ʥʝʦʛʨʘʥʠʯʝʥ ʜʦʩʪʲʧ ʜʦ ʠʥʪʝʛʨʠʨʘʥʘʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ. 

ü ʉ ʧʨʝʜʣʘʛʘʥʠʷ ʤʦʜʝʣ ʤʦʞʝ  ʙʲʨʟʦ ʠ ʣʝʩʥʦ ʜʘ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʪ ʧʨʠʣʦʞʝʥʠʷ 
ʠ ʤʦʜʫʣʠ. ʊʦʡ ʧʦʟʚʦʣʷʚʘ ʩʨʘʚʥʠʪʝʣʥʦ ʣʝʩʥʘ ʧʦʜʜʨʲʞʢʘ ʠ ʥʝ ʥʘ ʧʦʩʣʝʜʥʦ 

ʤʷʩʪʦ, ʥʦ ʦʪ ʦʩʦʙʝʥʘ ʚʘʞʥʦʩʪ - ʙʲʜʝʱʦ ʘʜʘʧʪʠʨʘʥʝ ʢʲʤ ʧʨʦʤʝʥʠʪʝ ʠ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʙʠʟʥʝʩ ʩʨʝʜʘʪʘ.  

ü ʄʦʜʝʣʲʪ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʥʪʝʛʨʠʨʘʥʝ, ʢʘʢʪʦ ʚʲʪʨʝ ʚ ʦʨʛʘʥʠʟʘʮʠʷʪʘ, 
ʪʘʢʘ ʠ ʠʟʚʲʥ ʥʝʷ. ʊʘʢʘ ʩʝ ʩʲʟʜʘʚʘ ʦʙʱʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʨʝʜʘ ʠ  ʩʝ ʜʦʩʪʠʛʘ 

ʥʝʦʙʭʦʜʠʤʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ. ʌʠʨʤʠʪʝ ʧʨʠʜʦʙʠʚʘʪ ʠʥʬʦʨʤʘʮʠʦʥʥʘ 

ʛʲʚʢʘʚʦʩʪ,  ʙʲʨʟʠʥʘ ʠ ʘʜʘʧʪʘʮʠʷ ʟʘ ʥʦʚʠ ʨʘʟʨʘʙʦʪʢʠ. 

ü ʏʨʝʟ ʠʥʪʝʛʨʘʮʠʦʥʥʠʷ ʤʦʜʝʣ ʤʦʛʘʪ ʜʘ ʩʝ ʫʧʨʘʚʣʷʚʘʪ ʚʘʞʥʠ ʙʠʟʥʝʩ 

ʪʨʘʥʟʘʢʮʠʠ ʠ ʪʦʡ ʯʝʩʪʦ ʠʤʘ ʜʠʨʝʢʪʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʪʘ ʩ 

ʢʣʠʝʥʪʠʪʝ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʙʠʟʥʝʩʘ ʟʘ ʜʝʡʩʪʚʠʝ. 

ü ʇʨʝʜʣʦʞʝʥʠʷʪ ʤʦʜʝʣ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʥʝʧʨʝʢʲʩʥʘʪ 

ʠʥʬʦʨʤʘʮʠʦʥʝʥ ʦʙʤʝʥ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʚʦʜʠ ʜʦ ʧʦ-

ʛʦʣʷʤʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʧʦ ʚʩʠʯʢʠ ʥʠʚʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʠ ʦʧʪʠʤʠʟʠʨʘ 

ʙʠʟʥʝʩ ʧʨʦʮʝʩʠʪʝ. 

ü ʄʦʜʝʣʲʪ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʧʦʚʠʰʠ ʝʨʛʦʥʦʤʠʯʥʦʩʪʪʘ, ʢʦʷʪʦ ʧʨʷʢʦ ʚʣʠʷʝ 
ʚʲʨʭʫ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʠ ʪʷʭʥʘʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ. ʊʘʢʘ ʩʣʝʜʚʘ ʜʘ ʩʝ 

ʧʦʚʠʰʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʦʪʜʝʣʥʠʪʝ ʩʣʫʞʠʪʝʣʠ ʠ ʨʘʙʦʪʥʠʮʠ. 
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ʄʝʥʠʜʞʲʨʠʪʝ ʱʝ ʧʦʣʫʯʘʪ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʣʘʥʠʨʘʥʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʥʘ 

ʙʠʟʥʝʩ ʧʨʦʮʝʩʠʪʝ, ʢʘʢʪʦ ʠ ʜʘ ʠʟʛʨʘʞʜʘʪ ʩʚʦʠʪʝ ʩʪʨʘʪʝʛʠʠ ʟʘ ʙʲʜʝʱʦ 

ʨʘʟʚʠʪʠʝ ʥʘ ʥʦʚʘ ʧʦ-ʟʜʨʘʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʦʩʥʦʚʘ, ʙʘʟʠʨʘʥʘ ʥʘ ʧʦʚʝʯʝ 

ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʩʘʤʘʪʘ ʬʠʨʤʘ ʠ ʥʝʡʥʠʪʝ ʧʘʨʪʥʴʦʨʠ. 

ü ʏʨʝʟ ʧʨʝʜʣʘʛʘʥʠʷ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦ-ʛʦʣʷʤʘ 

ʩʠʛʫʨʥʦʩʪ ʥʘ ʧʨʝʜʘʚʘʥʝ ʠ ʦʙʤʝʥ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ. 

ɿʘ ʘʧʨʦʙʘʮʠʷ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ ʝ ʧʨʠʣʦʞʝʥ ʢʘʯʝʩʪʚʝʥ 

ʤʝʪʦʜ - ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʝʢʩʧʝʨʪʥʠ ʦʮʝʥʢʠ ʩ ʮʝʣ ʧʨʦʚʝʨʢʘ ʥʘ ʧʨʘʢʪʠʯʝʩʢʘʪʘ ʟʥʘʯʠ-

ʤʦʩʪ ʠ ʧʨʠʣʦʞʠʤʦʩʪ ʥʘ ʤʦʜʝʣʘ ʚ ʦʙʱʝʩʪʚʝʥʠʷ ʠ ʩʪʦʧʘʥʩʢʠʷ ʞʠʚʦʪ ʥʘ ʩʪʨʘʥʘʪʘ ʠ 

ʟʥʘʯʝʥʠʝʪʦ, ʢʦʝʪʦ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ʦʪʜʘʚʘʪ ʥʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ 

ʢʘʥʘʣʠ ʢʘʪʦ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʩʚʦʷʪʘ ʜʝʡʥʦʩʪ. ʇʨʦʫʯʚʘʥʝʪʦ ʥʘ ʝʢʩ-

ʧʝʨʪʥʠʪʝ ʤʥʝʥʠʷ ʝ ʠʟʚʲʨʰʝʥʦ, ʯʨʝʟ ʤʝʪʦʜʘ ʥʘ ʣʠʯʥʦ ʧʦʣʫʩʪʨʫʢʪʫʨʠʨʘʥʦ ʠʥʪʝʨʚʶ ʩ 

ʝʢʩʧʝʨʪʠ ʦʪ ʩʬʝʨʘʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʪʦ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʠʪʝ ï ʨʲʢʦʚʦ-

ʜʠʪʝʣʠ ʠ ʩʧʝʮʠʘʣʠʩʪʠ. ʀʥʪʝʨʚʶʠʨʘʥʠ ʩʘ ʦʙʱʦ 10 ʝʢʩʧʝʨʪʠ ʢʘʪʦ ʧʨʦʫʯʚʘʥʝʪʦ ʝ 

ʧʨʦʚʝʜʝʥʦ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪ ʠ ʠʟʚʲʥ ʩʬʝʨʘʪʘ ʥʘ ʤʘʪʝʨʠʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ 

ʧʨʦʫʯʚʘʥʝʪʦ ʫʯʘʩʪʚʘʪ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪ ʦʙʱʝʩʪʚʝʥʠʷ ʩʝʢʪʦʨ ʠ ʤʘʣʢʠ, ʩʨʝʜʥʠ ʠ ʛʦʣʝ-

ʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪ ʨʘʟʣʠʯʥʠ ʙʠʟʥʝʩ ʩʬʝʨʠ ï ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʲʨʛʦʚʠʷ, ʫʩʣʫʛʠ. ʉʧʦ-

ʨʝʜ ʢʨʠʪʝʨʠʷ Ăʙʨʦʡ ʥʘ ʧʝʨʩʦʥʘʣʘò, ʠʟʩʣʝʜʚʘʥʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝ ʨʘʟʧʨʝʜʝʣʷʪ ʚ ʪʨʠ 

ʦʩʥʦʚʥʠ ʛʨʫʧʠ: ʛʦʣʝʤʠ ï 2; ʩʨʝʜʥʠ ï 5; ʤʘʣʢʠ ï 3. ʆʪ ʪʷʭ, ʚ ʦʙʱʝʩʪʚʝʥʠʷ ʩʝʢʪʦʨ ʩʘ 

2 ï ʛʦʣʷʤʘ ʠ ʩʨʝʜʥʘ ʦʨʛʘʥʠʟʘʮʠʷ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ ʩʬʝʨʘ ʩʘ 2 ï 1 ʛʦʣʷʤʦ ʠ 1 

ʩʨʝʜʥʦ ʧʨʝʜʧʨʠʷʪʠʝ, ʚ ʪʲʨʛʦʚʩʢʘʪʘ ʩʬʝʨʘ ʩʘ 2 ï 1 ʩʨʝʜʥʦ ʠ 1 ʤʘʣʢʦ ʧʨʝʜʧʨʠʷʪʠʝ ʠ ʚ 

ʩʬʝʨʘʪʘ ʥʘ ʫʩʣʫʛʠʪʝ ʩʘ 4 ï 2 ʩʨʝʜʥʠ ʠ 2 ʤʘʣʢʠ ʧʨʝʜʧʨʠʷʪʠʷ.* 

ʅʘ ʚʩʝʢʠ ʦʪ ʧʦʩʪʘʚʝʥʠʪʝ ʚʲʧʨʦʩʠ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʷʭʥʘʪʘ ʟʥʘʯʠʤʦʩʪ, ʝʢʩʧʝʨ-

ʪʠʪʝ ʩʘ ʧʦʩʪʘʚʠʣʠ ʦʮʝʥʢʘ ʦʪ 1 ʜʦ 5. 

ɺ ʊʘʙʣʠʮʘ 1. ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʨʝʜʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʜʘʜʝʥʠʪʝ ʦʮʝʥʢʠ ʦʪ 1 ʜʦ 5 

ʟʘ ʚʩʝʢʠ ʦʪ ʧʦʩʪʘʚʝʥʠʪʝ ʚʲʧʨʦʩʠ. 

ʊʘʙʣʠʮʘ 1. 

ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠʪʝ ʟʘ ʧʨʘʢʪʠʯʝʩʢʘ ʧʨʠʣʦʞʠʤʦʩʪ ʥʘ 

ʠʥʪʝʛʨʘʮʠʦʥʥʠʷ ʤʦʜʝʣ 

ʇʦʢʘʟʘʪʝʣʠ 
ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʦʮʝʥʢʘ 

ʦʪ 1 ʜʦ 5 

ʇʨʠʣʦʞʠʤʦʩʪ 4,8 

ʀʥʚʝʩʪʠʮʠʦʥʥʦ ʥʘʤʝʨʝʥʠʝ 4,5 

ʇʦʣʟʠ ʟʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ 4,9 

ʇʦʣʟʠ ʟʘ ʣʦʛʠʩʪʠʢʘʪʘ 5 

ʌʠʥʘʥʩʦʚʠ ʧʦʣʟʠ 4,4 

ʋʣʝʩʥʷʚʘʥʝ ʥʘ ʜʦʩʪʘʚʯʠʮʠ 4,9 

ʋʣʝʩʥʷʚʘʥʝ ʥʘ ʢʣʠʝʥʪʠʪʝ 4,9 

ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ 5 

ʉʢʦʨʦʩʪ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ 5 

ɽʬʝʢʪʠʚʥʦʩʪ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ 

ʣʦʛʠʩʪʠʯʥʠ ʩʠʩʪʝʤʠ 
4,8 

ʆʙʱʘ ʩʨʝʜʥʦʘʨʠʪʤʝʪʠʯʥʘ ʩʪʦʡʥʦʩʪ: 4,7 

                                                                 
*
 ʇʨʦʫʯʚʘʥʝʪʦ ʥʘ ʝʢʩʧʝʨʪʥʠʪʝ ʤʥʝʥʠʷ ʝ ʧʨʦʚʝʜʝʥʦ ʧʨʝʟ 2014 ʛ. ʚ ʦʨʛʘʥʠʟʘʮʠʠʪʝ, ʫʯʘʩʪʚʘʣʠ ʚ 
ʘʥʢʝʪʘʪʘ, ʧʨʦʚʝʜʝʥʘ ʧʨʝʟ 2013 ʛ., ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʢʦʷʪʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʧʘʨʘʛʨʘʬ 1. ʥʘ ʥʘʩʪʦ-
ʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ. 



303 

 

ʆʪ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʩʣʝʜʥʠʪʝ ʠʟʚʦʜʠ:  

¶ ʆʨʛʘʥʠʟʘʮʠʠʪʝ ʧʨʠʝʤʘʪ ʧʨʝʜʣʦʞʝʥʠʷ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ ʠ ʛʦ ʦʮʝʥʷ-

ʚʘʪ ʚʠʩʦʢʦ.  

¶ ʅʘʙʣʶʜʘʚʘ ʩʝ ʩʣʝʜʥʘʪʘ ʪʝʥʜʝʥʮʠʷ, ʦʯʝʨʪʘʥʘ ʦʪ ʦʮʝʥʢʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ 

ʧʦ ʚʠʜ ʦʨʛʘʥʠʟʘʮʠʠ - ʊʝʟʠ ʩ ʥʝʩʪʦʧʘʥʩʢʘ ʮʝʣ, ʨʘʙʦʪʝʱʠ ʚ ʦʙʱʝʩʪʚʝʥʠʷ 

ʩʝʢʪʦʨ ʥʘʡ-ʩʣʘʙʦ ʨʘʟʙʠʨʘʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʤʦʜʝʣʘ ʠ ʟʘʪʦʚʘ ʩʘ ʛʦ ʦʮʝ-

ʥʠʣʠ ʧʦ-ʥʠʩʢʦ. ʆʨʛʘʥʠʟʘʮʠʠʪʝ ʦʪ ʛʦʣʷʤ ʠ ʩʨʝʜʝʥ ʪʠʧ ʜʘʚʘʪ ʚʠʩʦʢʘ 

ʦʮʝʥʢʘ ʥʘ ʤʦʜʝʣʘ ʠ ʩʘ ʩʢʣʦʥʥʠ ʜʘ ʠʥʚʝʩʪʠʨʘʪ ʚ ʪʘʢʲʚ ʚʠʜ ʠʥʪʝʛʨʘʮʠʷ. 

ʄʘʣʢʠʪʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʘ ʩʢʝʧʪʠʯʥʠ ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʚʲʟʚʨʲʱʘʝʤʦʩʪ 

ʥʘ ʠʥʚʝʩʪʠʮʠʷʪʘ ʚʲʧʨʝʢʠ, ʯʝ ʠ ʪʝ ʥʘʤʠʨʘʪ ʩʚʦʠʪʝ ʧʦʣʟʠ.  

¶ ɺʲʧʨʝʢʠ ʚʠʩʦʢʠʷ ʨʝʟʫʣʪʘʪ ʥʘ ʦʮʝʥʢʘ ʧʨʦʮʝʩʘ ʥʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʟʘ 

ʢʘʢʚʘʪʦ ʠ ʜʘ ʝ ʠʥʚʝʩʪʠʮʠʷ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʩʚʝʪʦʚʥʘ ʠʢʦʥʦʤʠʯʝʩʢʘ ʢʨʠʟʘ 

ʝ ʩʣʦʞʝʥ ʠ ʥʦʩʠ ʩʚʦʠʪʝ ʨʠʩʢʦʚʝ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʣʦʛʠʩ-

ʪʠʯʥʠ ʩʠʩʪʝʤʠ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ, ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʠʥʪʝʛʨʘʮʠʦʥʝʥ ʤʦʜʝʣ, ʢʦʡʪʦ  

ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʧʦʜʦʙʨʠ ʚʟʘʠʤʦʚʨʲʟʢʠʪʝ ʤʝʞʜʫ ʧʘʨʪʥʴʦʨʠ ʠ ʢʣʠʝʥʪʠ ʢʘʪʦ  ʦʩʠʛʫʨʠ 

ʚʨʲʟʢʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ ʩʦʬʪʫʝʨʥʠ ʧʨʦʜʫʢʪʠ ʠ ʤʦʞʝ ʜʘ ʠʟʚʣʠʯʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪ 

ʜʘʜʝʥ ʧʨʦʜʫʢʪ, ʜʘ ʷ ʦʙʨʘʙʦʪʚʘ (ʘʢʦ ʝ ʥʝʦʙʭʦʜʠʤʦ) ʠ ʜʘ ʷ ʚʲʚʝʞʜʘ ʚ ʜʨʫʛ ʩʦʬʪʫʝʨʝʥ 

ʧʨʦʜʫʢʪ. 
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Abstract: ɸʢʪʫʘʣʥʦʩʪʪʘ ʥʘ ʪʝʤʘʪʘ ʩʝ ʩʲʩʪʦʠ ʚ ʪʦʚʘ, ʯʝ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʚ 

ʤʦʤʝʥʪʘ ʝ ʝʜʥʘ ʦʪ ʥʘʡ-ʠʟʩʣʝʜʚʘʥʠʪʝ ʠ ʥʘʡ-ʦʧʠʩʚʘʥʠʪʝ ʚ ʥʘʫʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ. ʊʦʚʘ ʝ 

ʩʲʚʩʝʤ ʣʦʛʠʯʥʦ, ʪʲʡ ʢʘʪʦ ʪʷ ʩʝ ʩʤʷʪʘ ʟʘ ʥʘʡ-ʟʥʘʯʠʤʘ ʠ ʩʝ ʧʨʠʝʤʘ ʢʘʪʦ ʦʧʨʝʜʝʣʷʱʘ ʟʘ 
ʢʨʘʡʥʠʷ ʨʝʟʫʣʪʘʪ ʥʘ ʚʩʠʯʢʠ ʜʨʫʛʠ ʜʝʡʥʦʩʪʠ, ʢʦʠʪʦ ʩʝ ʫʧʨʘʚʣʷʚʘʪ 

 

Keywords: ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ, ʨʝʰʝʥʠʝ, ʦʨʛʘʥʠʟʘʪʦʨʩʢʘ ʜʝʡʥʦʩʪ, ʧʣʘʥʠʨʘʥʝ 

 

1. Introduction  

ʅʘʨʘʩʪʚʘʱʘʪʘ ʟʥʘʯʠʤʦʩʪ ʩʧʝʮʠʬʠʢʘ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʚ ɹʲʣʛʘʨʩʢʘ-

ʪʘ ʘʨʤʠʷ ʩʝ ʦʧʨʝʜʝʣʷ ʧʨʝʜʠʤʥʦ ʦʪ ʩʣʝʜʥʠʪʝ ʬʘʢʪʦʨʠ : ʠʟʚʲʨʰʚʘʱʘʪʘ ʩʝ ʨʝʬʦʨ-

ʤʘ; ʛʦʣʝʤʠʪʝ ʠʟʤʝʥʝʥʠʷ ʚ ʮʝʥʥʦʩʪʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʩʪʠʣʘ ʥʘ ʞʠʚʦʪ ʥʘ ʤʣʘʜʠʪʝ 

ʭʦʨʘ ʠ ʚʦʝʥʥʦʩʣʫʞʝʱʠʪʝ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ; ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʜʘ ʩʝ ʧʦʜ-

ʜʲʨʞʘ ʙʦʝʩʧʦʩʦʙʥʦʩʪʪʘ ʠ ʙʦʝʛʦʪʦʚʥʦʩʪʪʘ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʘʨʤʠʷ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ 

ʤʘʪʝʨʠʘʣʥʦ-ʪʝʭʥʠʯʝʩʢʦ ʠ ʬʠʥʘʥʩʦʚʦ ʟʘʪʨʫʜʥʝʥʠʝ. 

2. Main part  

 

1. ʇʉʀʍʆʃʆɻʀʏɽʉʂɸ ʉʒʑʅʆʉʊ ʀ ʉʊʈʋʂʊʋʈɸ 

ʅɸ ʋʇʈɸɺʃɽʅʉʂɸʊɸ ɼɽʁʅʆʉʊ. 

 

1. 1. ʉʲʱʥʦʩʪ, ʩʲʜʲʨʞʘʥʠʝ ʠ ʮʝʣ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ 

ɺ ʥʘʫʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʩʲʱʝʩʪʚʫʚʘʪ ʤʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘ ʫʧʨʘʚʣʝʥʠʝʪʦ. ɺʥʠ-

ʤʘʪʝʣʥʠʷʪ ʠʤ ʘʥʘʣʠʟ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʘʩʧʝʢʪʘ ʧʦʢʘʟʚʘ, ʯʝ ʚʩʠʯʢʠ ʪʝ ʠʤʘʪ ʟʘ ʦʩʥʦʚʘ 

ʢʣʘʩʠʯʝʩʢʦʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʈʦʩ ʒʰʙʠ. ʉʧʦʨʝʜ ʥʝʛʦ ʦʩʥʦʚʥʘʪʘ ʠ ʛʣʘʚʥʘ ʮʝʣ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝʪʦ ʝ ʩʪʨʝʤʝʞʲʪ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʨʘʚʥʦʚʝʩʠʝ ʩ ʠʟʤʝʥʷʱʘʪʘ ʩʝ ʩʨʝʜʘ, ʜʘ ʩʝ 

ʧʨʠʩʧʦʩʦʙʠ ʢʲʤ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʚʲʥʰʥʠʪʝ ʫʩʣʦʚʠʷ, ʢʘʪʦ ʧʨʠ ʪʦʚʘ ʟʘʧʘʟʠ ʢʘʯʝʩʪʚʝ-

ʥʘʪʘ ʩʠ ʦʧʨʝʜʝʣʝʥʦʩʪ. 

ɺʲʧʨʝʢʠ, ʯʝ ʤʥʦʛʦ ʘʚʪʦʨʠ ʧʦʜʣʘʛʘʪ ʥʘ ʜʠʩʢʫʩʠʷ ʫʥʠʚʝʨʩʘʣʥʦʩʪʪʘ ʥʘ ʝʜʥʦ ʪʘʢʦ-

ʚʘ ʦʧʨʝʜʝʣʝʥʠʝ, ʚ ʢʨʘʡʥʘ ʩʤʝʪʢʘ ʪʦ ʜʘʚʘ ʝʜʥʘ ʜʦʙʨʘ ʦʩʥʦʚʘ ʟʘ ʘʥʘʣʠʟ ʥʘ ʫʧʨʘʚʣʝʥʩ-

ʢʘʪʘ ʜʝʡʥʦʩʪ, ʥʘʡ-ʤʘʣʢʦ ʧʦʨʘʜʠ ʩʣʝʜʥʠʪʝ ʜʚʝ ʦʩʥʦʚʘʥʠʷ  : 
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-  ʧʦʢʘʟʚʘ, ʯʝ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝʪʦ ʥʘ ʫʧʨʘʚʣʝʥʠʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʙʝʟ 

ʧʨʦʤʷʥʘ ʥʘ ʧʨʠʝʪʘʪʘ ʫʧʨʘʚʣʝʥʩʢʘ ʢʦʥʮʝʧʮʠʷ ; 

- ʧʨʦʤʷʥʘʪʘ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʢʦʥʮʝʧʮʠʷ /ʯʘʩʪʠʯʥʘ ʠʣʠ ʮʷʣʦʩʪʥʘ/, ʝ ʩʧʦʩʦʙ ʟʘ 

ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ ʫʧʨʘʚʣʝʥʠʝʪʦ. 

ʀ ʚ ʜʚʘʪʘ ʩʣʫʯʘʷ ʮʝʣʪʘ ʝ ʘʜʝʢʚʘʪʥʦʩʪ ʥʘ ʫʩʣʦʚʠʷʪʘ ʠ ʟʘʧʘʟʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʝʥʘʪʘ 

ʦʧʨʝʜʝʣʝʥʦʩʪ. 

ɺ ʧʩʠʭʦʣʦʛʠʯʝʩʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʩʚʲʨʟʚʘ ʩ 

ʧʦʥʷʪʠʝʪʦ ñʚʲʟʜʝʡʩʪʚʠʝò. ʄʥʦʛʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʦ ʠ ʧʨʠʝʪʦ ʢʘʪʦ ʨʘʙʦʪʥʦ ʦʪ ʠʟʩʣʝ-

ʜʦʚʘʪʝʣʠʪʝ ʝ ʦʧʨʝʜʝʣʝʥʠʝʪʦ, ʯʝ ñʫʧʨʘʚʣʝʥʠʝʪʦ ʝ ʮʝʣʝʥʘʩʦʯʝʥʘ ʜʝʡʥʦʩʪ ʟʘ ʚʲʟʜʝʡʩʪ-

ʚʠʝ ʚʲʨʭʫ ʩʲʟʥʘʥʠʝʪʦ ʥʘ ʭʦʨʘʪʘ /ʥʘʡ- ʚʝʯʝ ʧʦ ʧʦʩʦʢʘ ʥʘ ʤʦʪʠʚʘʮʠʷʪʘ/ ʩ ʮʝʣ ʧʦʚʠ-

ʰʘʚʘʥʝ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʪʷʭʥʘʪʘ ʜʝʡʥʦʩʪ ʧʨʠ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʟʘʜʘʯʠ.ò  

ʅʘʡ-ʯʝʩʪʦ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʚʲʚ ʚʩʝʢʠ ʩʦʮʠʘʣʝʥ ʦʨʛʘʥʠʟʲʤ, ʚʢʣʶʯʠʪʝʣʥʦ 

ʚ ʘʨʤʠʷʪʘ, ʩʝ ʘʥʘʣʠʟʠʨʘ ʦʪ ʪʨʠ ʩʪʨʘʥʠ: 

1. ʆʪ ʬʫʥʢʮʠʦʥʘʣʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ï ʢʘʪʦ ʧʨʦʮʝʩ ʥʘ   ʦʙʝʜʠʥʷʚʘʥʝ ʥʘ ʮʷʣʦʪʦ ʩ 

ʦʛʣʝʜ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʮʝʣʝʥʘʩʦʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʩʧʨʷʤʦ ʧʨʠʝʪʘʪʘ ʮʝʣ; 

            2. ʆʪ ʩʫʙʩʪʨʘʪʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ï ʢʘʪʦ ʧʨʦʮʝʩ ʥʘ ʧʦʣʫʯʘʚʘʥʝ,  

ʧʨʝʨʘʙʦʪʚʘʥʝ ʠ ʧʨʝʜʘʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʩ ʦʛʣʝʜ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ; 

  3. ʆʪ ʩʪʨʫʢʪʫʨʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ï ʢʘʪʦ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʮʝʣ ʯʨʝʟ  

ʦʧʪʠʤʠʟʠʨʘʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʫʧʨʘʚʣʷʝʤʘʪʘ ʩʠʩʪʝʤʘ. 

 

ɸʢʦ ʘʥʘʣʠʟʠʨʘʤʝ ʜʘʜʝʥʠʪʝ ʜʦʪʫʢ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʛʣʝʜʥʠ ʪʦʯʢʠ ,ʤʦʞʝʤ ʜʘ ʢʘʞʝʤ, 

ʯʝ ʚ ʥʘʡ-ʦʙʱ ʧʣʘʥ, ʢʣʶʯʦʚʠ  ʧʦʥʷʪʠʷ ʩʧʨʷʤʦ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʩʘ:  ʚʲʟʜʝʡʩʪ-

ʚʠʝ ï ʮʝʣʝʥʘʩʦʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ï ʮʝʣ, ʪ.ʝ. ʚʲʟʜʝʡʩʪʚʠʝ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʮʝʣʝʥʘʩʦʯʝʥʦ 

ʧʦʚʝʜʝʥʠʝ ʩʧʨʷʤʦ ʦʙʦʩʥʦʚʘʥʘ ʠ ʧʨʠʝʪʘ ʮʝʣ. 

ʆʩʥʦʚʥʘ ʮʝʣ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʚ ʘʨʤʠʷʪʘ ʝ ʧʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʚʠʩʦʢʘ ʙʦ-

ʝʛʦʪʦʚʥʦʩʪ ʠ ʙʦʝʩʧʦʩʦʙʥʦʩʪ. ʅʝʡʥʦʪʦ ʧʦʩʪʠʛʘʥʝ ʠʟʠʩʢʚʘ ʧʨʝʜʠ ʚʩʠʯʢʦ ʩʣʝʜʥʦʪʦ: 

- ʧʦʟʥʘʚʘʥʝ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠʪʝ ʠ ʪʝʥʜʝʥʮʠʠʪʝ ʚ ʘʨʤʝʡʩʢʘʪʘ ʩʠʩʪʝʤʘ ʠ 
ʥʘʩʦʯʚʘʥʝ ʥʘ ʥʝʡʥʦʪʦ ʨʘʟʚʠʪʠʝ ʩʲʦʙʨʘʟʥʦ ʩ ʪʷʭ; 

- ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʪʢʨʠʚʘʥʝ ʠ ʨʘʟʨʝʰʘʚʘʥʝ ʥʘ ʚʲʟʥʠʢʚʘʱʠʪʝ ʧʨʦʪʠʚʦʨʝʯʠʷ, 
ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷʪʘ  ʧʦ ʧʲʪʷ ʢʲʤ ʧʦʩʪʘʚʝʥʠʪʝ ʮʝʣʠ; 

- ʟʘʧʘʟʚʘʥʝ ʠ ʨʘʟʚʠʪʠʝ ʝʜʠʥʩʪʚʦʪʦ ʥʘ ʘʨʤʝʡʩʢʘʪʘ ʩʠʩʪʝʤʘ, ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ 
ʧʨʝʦʜʦʣʷʚʘ ʠʣʠ ʥʝʫʪʨʘʣʠʟʠʨʘ ʚʲʪʨʝʰʥʠʪʝ ʠ ʚʲʥʰʥʠʪʝ ʦʪʨʠʮʘʪʝʣʥʠ 

ʚʲʟʜʝʡʩʪʚʠʷ; 

- ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʨʝʘʣʠʩʪʠʯʥʘ ʫʧʨʘʚʣʝʥʩʢʘ ʧʦʣʠʪʠʢʘ, ʦʩʥʦʚʘʥʘ ʥʘ ʩʪʨʦʛʦ 
ʦʪʯʠʪʘʥʝ ʥʘ ʩʫʙʝʢʪʠʚʥʠʪʝ ʠ ʦʙʝʢʪʠʚʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ; 

- ʢʦʥʪʨʦʣ ʠ ʧʨʘʚʠʣʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʥʘʣʠʯʥʠʪʝ ʨʝʩʫʨʩʠ ï ʣʠʯʝʥ ʩʲʩʪʘʚ, 

ʚʨʝʤʝ, ʬʠʥʘʥʩʦʚʠ ʠ ʤʘʪʝʨʠʘʣʥʦ-ʪʝʭʥʠʯʝʩʢʠ ʩʨʝʜʩʪʚʘ; 

- ʧʦʚʠʰʘʚʘʥʝ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʢʫʣʪʫʨʘ ʥʘ ʧʦʜʯʠʥʝʥʠʪʝ ʦʪ ʦʪʜʝʣʥʠʪʝ 
ʠʟʧʲʣʥʠʪʝʣʩʢʠ ʟʚʝʥʘ; 

- ʨʘʮʠʦʥʘʣʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʦʣʝʢʪʠʚʥʠʷ ʫʤ; 

- ʨʘʟʚʠʪʠʝ ʥʘ ʢʘʜʨʠʪʝ. 

 

ʄʥʦʛʦ ʯʝʩʪʦ, ʦʩʦʙʝʥʦ ʧʨʠ ʩʝʛʘʰʥʠʷ ʧʨʝʭʦʜ ʦʪ ʝʜʥʦ ʦʙʱʝʩʪʚʦ ʢʲʤ ʜʨʫʛʦ ʠʣʠ ʧʦ 

ʚʨʝʤʝ ʥʘ ʜʲʣʛʦ ʧʨʦʜʲʣʞʘʚʘʱʠ ʨʝʬʦʨʤʠ, ʮʝʣʪʘ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʝ ʩʚʲʨʟʘ-

ʥʘ ʩ ʥʷʢʘʢʚʠ ʧʨʦʤʝʥʠ. ʇʦʥʷʪʠʝʪʦ ñʧʨʦʤʷʥʘò ʝ ʩʚʲʨʟʘʥʦ ʠ ʩ ʫʧʨʘʚʣʝʥʠʝʪʦ ʚ ʦʥʝʟʠ 

ʩʦʮʠʘʣʥʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʚ ʥʷʢʘʢʚʘ ʬʦʨʤʘ ʥʘ ʢʦʥʢʫʨʝʥʮʠʷ /ɹʲʣʛʘʨʠʷ 

ʠʣʠ ʈʫʤʲʥʠʷ ʝ ʧʦ-ʛʦʪʦʚʘ ʟʘ ɽʚʨʦʧʝʡʩʢʠʷʪ ʩʲʶʟ ?/. ʀʤʝʥʥʦ ʟʘʪʦʚʘ ʧʨʦʙʣʝʤʲʪ ñʧʨʦ-
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ʤʷʥʘò ʩʝʛʘ ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʠʟʩʣʝʜʚʘʥʠʪʝ ʠ ʜʠʩʢʫʪʠʨʘʥʠʪʝ.ʇʦʚʝʯʝʪʦ ʦʪ ʠʟʩʣʝʜʦʚʘʪʝ-

ʣʠʪʝ ʩʤʷʪʘʪ, ʯʝ ʟʘ ʜʘ ʙʲʜʝ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʝʥʠʝʪʦ ʚ ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʤʷʥʘʪʘ, ʘ ʠ 

ʩʣʝʜ ʪʦʚʘ, ʧʲʨʚʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʠ ʜʦʢʘʞʝ ʩʣʝʜʥʦʪʦ: 

      - ʥʝʦʙʭʦʜʠʤʘ ʣʠ ʝ ʧʨʦʤʷʥʘʪʘ; 

      - ʠʤʘ ʣʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʧʨʦʤʷʥʘʪʘ /ʬʠʥʘʥʩʦʚʘ, ʤʘʪʝʨʠʘʣʥʦ-

ʪʝʭʥʠʯʝʩʢʘ, ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʯʦʚʝʰʢʠʪʝ ʨʝʩʫʨʩʠ/; 

      - ʠʟʠʩʢʚʘ ʣʠ ʧʨʦʤʷʥʘʪʘ ʥʷʢʘʢʚʘ ʧʨʝʧʦʜʛʦʪʦʚʢʘ ʥʘ ʠʟʧʲʣʥʠʪʝʣʠʪʝ; 

      - ʢʘʢʚʦ ʩʦʮʠʘʣʥʦ ʥʘʧʨʝʞʝʥʠʝ ʱʝ ʩʲʟʜʘʜʝ ʧʨʦʤʷʥʘʪʘ  ; 

      - ʢʘʢ ʜʘ ʩʪʘʥʝ ʧʨʦʤʷʥʘʪʘ, ʠʣʠ ʢʦʡ ʝ ʥʘʡ-ʝʬʝʢʪʠʚʥʠʷ ʥʘʯʠʥ ʟʘ ʧʨʦʤʷʥʘ ʦʪ 

ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʦʩʪʠ  ; 

      - ʢʘʢʚʘ ʝ ʮʝʥʘʪʘ ʥʘ ʧʨʦʤʷʥʘʪʘ /ʩʨʝʜʩʪʚʘ, ʩʦʮʠʘʣʥʦ ʥʘʧʨʝʞʝʥʠʝ, ʦʙʱʝʩʪʚʝʥʠ 

ʨʝʘʢʮʠʠ ʠ ʜʨ./  ; 

      - ʝɦ ʜʦʚʝʜʝ ʣʠ ʧʨʦʤʷʥʘʪʘ ʜʦ ʟʥʘʯʠʤ ʝʬʝʢʪ /ʩʪʨʫʚʘ ʣʠ ʩʠ ʜʘ ʩʝ ʧʨʘʚʠ ʪʷ/. 

      

ʊʘʟʠ ʩʭʝʤʘ ʧʦʢʘʟʚʘ, ʯʝ ʟʘʧʦʯʚʘʥʝʪʦ ʥʘ ʧʨʦʤʷʥʘʪʘ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ  ʨʝʟʫʣʪʘʪ ʥʘ 

ʥʝʯʠʝ ʭʨʫʤʚʘʥʝ, ʘ ʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥ ʠʟʚʦʜ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʟʘʜʲʣʙʦʯʝʥ ʘʥʘʣʠʟ ʠ 

ʠʟʩʣʝʜʚʘʥʠʷ. ʈʝʘʣʠʟʠʨʘʥʘʪʘ ʢʘʪʦ ñʭʨʫʤʚʘʥʝò ʧʨʦʤʷʥʘ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʱʝ ʠʤʘ ʦʪʨʠ-

ʮʘʪʝʣʥʠ ʝʬʝʢʪʠ. 

ʆʩʚʝʥ ʪʦʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ, ʯʝ ʭʦʨʘʪʘ, ʢʦʠʪʦ ʟʘʩʷʛʘ ʧʨʦʤʷʥʘʪʘ, ʷ 

ʧʨʠʝʤʘʪ ʧʦ ʨʘʟʣʠʯʝʥ ʥʘʯʠʥ. ɽʜʥʠ ʷ ʧʨʠʝʤʘʪ ʙʲʨʟʦ, ʢʘʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪ, ʜʨʫʛʠ ʷ 

ʦʪʭʚʲʨʣʷʪ, ʪʨʝʪʠ ʩʝ ʩʪʨʝʤʷʪ ʜʘ ʥʝ ʩʝ ʦʙʚʲʨʟʚʘʪ ʩ ʥʝʷ. ʂʦʤʘʥʜʠʨʲʪ, ʢʘʪʦ ʚʦʝʥʝʥ 

ʣʠʜʝʨ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʦʙʨʘʟʷʚʘ ʩ ʠʥʜʠʚʠʜʫʘʣʥʦ-ʧʩʠʭʠʯʝʩʢʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʧʦʜ-

ʯʠʥʝʥʠʪʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʩʲʧʨʦʪʠʚʘ ʩʧʨʷʤʦ ʥʦʚʠʪʝ ʠʜʝʠ. ʅʘʡ-ʯʝʩʪʦ 

ʪʘʟʠ ʩʲʧʨʦʪʠʚʘ ʩʝ ʧʦʨʘʞʜʘ ʦʪ ʜʚʝ ʛʨʫʧʠ ʧʨʠʯʠʥʠ: 

1. ʇʨʠʯʠʥʠ ʦʪ ʩʦʮʠʘʣʥʦ-ʠʢʦʥʦʤʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨ: 

- ʩʪʨʘʭ ʦʪ ʩʲʢʨʘʱʘʚʘʥʝ ʠʣʠ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʜʣʲʞʥʦʩʪʪʘ; 

- ʟʘʧʣʘʭʘ ʟʘ ʩʦʮʠʘʣʥʠʷ ʩʪʘʪʫʩ; 

- ʩʪʨʝʤʝʞ ʜʘ ʩʝ ʟʘʧʘʟʷʪ ʧʨʝʜʠʰʥʠʪʝ ʩʦʮʠʘʣʥʠ ʚʨʲʟʢʠ; 

- ʥʝʞʝʣʘʥʠʝ ʟʘ ʧʨʠʩʧʦʩʦʙʷʚʘʥʝ ʢʲʤ ʧʨʦʤʝʥʠʪʝ ʚ ʢʦʣʝʢʪʠʚʘ; 

- ʟʘʧʣʘʭʘ, ʯʝ ʥʦʚʘʪʘ ʦʙʩʪʘʥʦʚʢʘ ʱʝ ʜʦʚʝʜʝ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʫʜʦʚʣʝʪʚʦʨʝʥʦʩʪʪʘ ʦʪ ʨʘʙʦʪʘʪʘ; 

- ʥʝʜʦʚʦʣʩʪʚʦ ʦʪ ʩʣʘʙʦʪʦ ʣʠʯʥʦ ʫʯʘʩʪʠʝ ʠ ʥʝʟʥʘʯʠʪʝʣʥʘʪʘ ʨʦʣʷ ʚ 

ʧʨʦʤʷʥʘʪʘ; 

- ʥʝʜʦʚʦʣʩʪʚʦ ʦʪ ʚʤʝʰʘʪʝʣʩʪʚʦʪʦ ʥʘ ʚʥʝʜʨʷʚʘʱʠʪʝ ʥʦʚʦʚʲʚʝʜʝʥʠʷʪʘ ʚ 

ʣʠʯʥʘʪʘ ʨʘʙʦʪʘ. 

2. ʇʨʠʯʠʥʠ ʦʪ ʣʠʯʝʥ ʭʘʨʘʢʪʝʨ: 

- ʩʪʨʘʭ ʧʨʝʜ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪʪʘ, ʧʨʝʜʧʦʯʠʪʘʥʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ; 

- ʥʝʨʘʟʙʠʨʘʥʝ ʥʘ ʩʲʱʥʦʩʪʪʘ ʠ ʟʥʘʯʠʤʦʩʪʪʘ ʥʘ ʧʨʦʤʝʥʠʪʝ; 

- ʚʲʟʧʨʠʝʤʘʥʝ ʥʘ ʥʦʚʠʪʝ ʤʝʪʦʜʠ ʥʘ ʨʘʙʦʪʘ ʢʘʪʦ ʣʠʯʥʘ ʦʙʠʜʘ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʩʤʷʥʘ ʥʘ ʥʘʚʠʮʠʪʝ, ʟʘʩʷʛʘʱʠ ʧʨʦʬʝʩʠʦʥʘʣʥʘʪʘ 

ʛʦʨʜʦʩʪ; 

- ʥʝʞʝʣʘʥʠʝ ʜʘ ʩʝ ʠʟʨʘʟʭʦʜʚʘʪ ʩʠʣʠ ʟʘ ʧʨʝʢʚʘʣʠʬʠʢʘʮʠʷ; 

- ʟʘʜʲʣʙʦʯʘʚʘʥʝ ʥʘ ʩʧʝʮʠʘʣʠʟʘʮʠʷʪʘ ʠ ʥʘʤʘʣʷʚʘʥʝ ʯʫʚʩʪʚʦʪʦ ʥʘ 

ʩʦʙʩʪʚʝʥʘ ʟʥʘʯʠʤʦʩʪ ʚ ʪʨʫʜʦʚʠʷ ʧʨʦʮʝʩ. 

ʆʪʥʦʩʥʦ ʩʲʜʲʨʞʘʥʠʝʪʦ ʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ, ʚ ʧʩʠʭʦʣʦʛʠ-

ʯʝʩʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʩʲʱʦ ʠʤʘ ʨʘʟʣʠʯʠʷ. ʊʝ ʩʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʘʩʧʝʢʪʠ ʟʘ 

ʘʥʘʣʠʟ. 
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1.2. ʉʪʨʫʢʪʫʨʘ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ. 

          

 ʅʘʡ-ʨʘʥʥʦʪʦ ʩʭʚʘʱʘʥʝ /ʦʱʝ ʦʪ 1926 ʛʦʜʠʥʘ/ ʥʘ ʬʨʝʥʩʢʠʷ ʠʥʜʫʩʪʨʠʘʣʝʮ ɸʥʨʠ 

ʌʘʡʦʣ  ʝ, ʯʝ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ ʝʣʝʤʝʥʪʠ:  

ʧʣʘʥʠʨʘʥʝ, ʦʨʛʘʥʠʟʠʨʘʥʝ, ʢʦʥʪʨʦʣ ʠ ʨʝʛʫʣʠʨʘʥʝ. ʅʘ ʪʘʟʠ ʦʩʥʦʚʘ ʥʷʢʦʠ ʘʚʪʦʨʠ 

ʩʤʷʪʘʪ, ʯʝ ʫʧʨʘʚʣʝʥʠʝʪʦ ʠʟʧʲʣʥʷʚʘ ʧʣʘʥʠʨʘʱʘ, ʦʨʛʘʥʠʟʠʨʘʱʘ, ʢʦʥʪʨʦʣʠʨʘʱʘ ʠ 

ʢʦʨʠʛʠʨʘʱʘ ʬʫʥʢʮʠʷ. 

ʆʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʩʲʚʨʝʤʝʥʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ, ʪʦʟʠ ʧʦʜ-

ʭʦʜ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʝʤʝ ʧʨʠ ʩʣʝʜʥʠʪʝ ʫʩʣʦʚʠʷ: 

- ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʩʝ ʨʘʟʛʣʝʞʜʘ ʟʘ ʛʦʣʷʤ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ; 

- ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʚ ʩʭʝʤʘʪʘ ñʧʣʘʥʠʨʘʥʝ ï ʦʨʛʘʥʠʟʘʮʠʷ ï ʢʦʥʪʨʦʣ ï 

ʨʝʛʫʣʠʨʘʥʝò ʝ ʚʷʨʥʘ ʩʘʤʦ ʚ ʥʘʡ-ʦʙʱ ʧʣʘʥ. 

ʋʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʜʝʡʥʦʩʪ ʥʘ ʣʠʯʥʦʩʪʪʘ ʠ ʢʘʪʦ 

ʩʲʚʤʝʩʪʥʘ ʜʝʡʥʦʩʪ ʥʘ ʡʝʨʘʨʭʠʯʝʩʢʠ ʚʟʘʠʤʦʩʚʲʨʟʘʥʠ ʜʣʲʞʥʦʩʪʥʠ ʣʠʮʘ. ʅʘʩ ʥʠ 

ʠʥʪʝʨʝʩʫʚʘ ʧʲʨʚʠʷ ʘʩʧʝʢʪ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʠʪʝ ʥʘʙʣʶʜʝʥʠʷ ʚʲʨʭʫ ʜʝʡʥʦʩʪʪʘ ʥʘ ʩʲʚʨʝʤʝʥʥʠʷ ʨʲʢʦʚʦʜʠʪʝʣ 

ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʠ ʥʝʷ ʯʝʩʪʦ ʣʠʧʩʚʘ ʛʦʨʝʧʦʩʦʯʝʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ. ʉʣʫʯʚʘ ʩʝ ʜʘ 

ʩʝ ʚʟʝʤʝ ʨʝʰʝʥʠʝ ʟʘ ʥʝʱʦ, ʢʦʝʪʦ ʥʝ ʝ ʧʣʘʥʠʨʘʥʦ, ʠʣʠ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʧʦʷʚʘʪʘ ʠ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʥʝʱʦ, ʢʦʝʪʦ ʥʝ ʝ ʧʨʝʜʚʠʜʝʥʦ. ʂʘʟʘʥʦ ʩ ʜʨʫʛʠ ʜʫʤʠ, ʚʲʚ ʚʩʝʢʠ ʤʦʤʝʥʪ 

ʥʘ ʨʲʢʦʚʦʜʠʪʝʣʷ ʤʦʞʝ ʜʘ ʩʝ ʥʘʣʦʞʠ ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ ʥʷʢʘʢʲʚ ñʫʧʨʘʚʣʝʥʩʢʠ ʘʢʪò, 

ʢʦʡʪʦ ʪʦʡ ʥʝ ʝ ʧʣʘʥʠʨʘʣ ʟʘ ʜʝʥʷ.  

ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ, ʚ ʩʲʚʨʝʤʝʥʥʘʪʘ ʫʧʨʘʚʣʝʥʩʢʘ ʜʝʡʥʦʩʪ, ʚ ʪʦʚʘ ʯʠʩʣʦ ʠ ʚ ʘʨʤʠʷ-

ʪʘ, ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʨʘʟʣʠʯʥʠ ʝʤʧʠʨʠʯʥʠ ʝʜʠʥʠʮʠ /ʩʲʚʝʱʘʥʠʷ, ʧʨʝʛʦʚʦʨʠ, 

ʨʘʟʛʦʚʦʨʠ ʧʦ ʪʝʣʝʬʦʥʘ, ʨʘʙʦʪʘ ʩ ʜʦʢʫʤʝʥʪʠ ʠ ʜʨ./. ɺʩʷʢʘ ʝʤʧʠʨʠʯʥʘ ʝʜʠʥʠʮʘ ʤʦʞʝ 

ʜʘ ʠʤʘ ʨʘʟʣʠʯʥʦ ʩʲʜʲʨʞʘʥʠʝ, ʥʘʧʨʠʤʝʨ ʩʲʚʝʱʘʥʠʷʪʘ ʤʥʦʛʦ ʯʝʩʪʦ ʩʘ ʨʘʟʣʠʯʥʠ. 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʠʷʪ ʘʥʘʣʠʟ ʥʘ ʪʝʟʠ ʝʤʧʠʨʠʯʥʠ ʝʜʠʥʠʮʠ ʧʦʢʘʟʚʘ, ʯʝ ʫʧʨʘʚʣʝʥʩʢʘ-

ʪʘ ʜʝʡʥʦʩʪ ʩʲʜʲʨʞʘ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ, ʪʨʠ ʪʠʧʘ ʜʝʡʥʦʩʪ: 

1. ɼʠʘʛʥʦʩʪʠʯʥʘ ʜʝʡʥʦʩʪ ï ʩʲʟʜʘʚʘ ʤʦʤʝʥʪʥʠʷ ʦʙʨʘʟ ʥʘ ʫʧʨʘʚʣʷʚʘʥʠʷ 

ʦʙʝʢʪ /ʥʝʛʦʚʦʪʦ ʩʲʩʪʦʷʥʠʝ, ʚ ʯʘʩʪʥʦʩʪ ï ʧʨʦʙʣʝʤʥʘʪʘ ʩʠʪʫʘʮʠʷ/; 

2. ʊʚʦʨʯʝʩʢʘ ʜʝʡʥʦʩʪ ï ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʩʲʟʜʘʜʝʥʠʷ ʦʙʨʘʟ ʩʝ ʠʟʨʘʙʦʪʚʘ 

ʧʨʦʛʨʘʤʘ ʟʘ ʙʲʜʝʱʘʪʘ ʜʝʡʥʦʩʪ, ʯʨʝʟ ʢʦʷʪʦ ʦʙʝʢʪʘ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʤʦʞʝ 

ʜʘ ʩʝ ʧʨʠʚʝʜʝ ʚ ʞʝʣʘʥʦʪʦ ʩʲʩʪʦʷʥʠʝ; 

3. ʆʨʛʘʥʠʟʘʪʦʨʩʢʘ ʜʝʡʥʦʩʪ ï ʦʙʝʟʧʝʯʘʚʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ. 

 

ʊʝʟʠ ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʚʟʘʠʤʥʦ ʩʚʲʨʟʘʥʠ ʠ ʦʙʨʘʟʫʚʘʪ ʧʩʠʭʠʯʝʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ. ʊʝ ʚ ʨʘʟʣʠʯʥʘ ʩʪʝʧʝʥ ʧʨʠʩʲʩʪʚʘʪ ʚ ʜʘʜʝʥʘ ʝʤʧʠʨʠʯʥʘ ʝʜʠ-

ʥʠʮʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʝʡʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ. 

ʉʲʛʣʘʩʥʦ ʪʘʟʠ ʪʝʦʨʠʷ, ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʠʟʧʲʣʥʷʚʘ ʜʚʝ ʬʫʥʢʮʠʠ : 

- ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ï ʩʚʲʨʟʘʥʘ ʩ ʢʘʯʝʩʪʚʝʥʠʪʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʠ ʠʟʤʝʨʝʥʠʷ 

ʥʘ ʢʨʘʡʥʠʷ ʨʝʟʫʣʪʘʪ; 

- ʚʲʟʧʠʪʘʪʝʣʥʘ ï ʩʚʲʨʟʘʥʘ ʩ ʨʘʟʛʣʝʞʜʘʥʝʪʦ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ 

ʢʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʦʙʫʯʝʥʠʝ ʠ ʚʲʟʧʠʪʘʥʠʝ ʥʘ ʣʠʯʥʦʩʪʪʘ. 

ʇʨʠʣʦʞʝʥ ʢʲʤ ʜʝʡʥʦʩʪʪʘ ʥʘ ʨʲʢʦʚʦʜʠʪʝʣʠʪʝ, ʜʝʡʥʦʩʪʥʠʷʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʚʘ ʜʘ 

ʩʝ ʜʠʬʝʨʝʥʮʠʨʘʪ ʜʚʝ ʛʨʫʧʠ ʦʪ ʚʘʞʥʠ ʥʝʡʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʲʨʚʘʪʘ ʛʨʫʧʘ ʤʦʞʝ 

ʜʘ ʙʲʜʝ ʜʝʬʠʥʠʨʘʥʘ ʢʘʪʦ ʠʥʜʠʚʠʜʫʘʣʥʘ ʫʧʨʘʚʣʝʥʩʢʘ ʢʦʥʮʝʧʮʠʷ (ʀʋʂ) ʥʘ ʣʠʯʥʦʩʪ-

ʪʘ, ʘ ʚʪʦʨʘʪʘ ï ʢʘʪʦ ʥʝʡʥʦ ʧʨʦʬʝʩʠʦʥʘʣʥʦ ʤʘʡʩʪʦʨʩʪʚʦ.  
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ʀʋʂ ʧʨʝʜʩʪʘʚʣʷʚʘ ʣʠʯʥʦʪʦ ʚʠʞʜʘʥʝ ʥʘ ʨʲʢʦʚʦʜʠʪʝʣʷ ʟʘ ʩʠʩʪʝʤʘʪʘ ʦʪ ʠʟʠʩʢʚʘ-

ʥʠʷ, ʧʨʝʜʷʚʷʚʘʥʠ ʢʲʤ ʨʘʙʦʪʘʪʘ ʤʫ ʠ ʪʘʟʠ ʥʘ ʧʦʚʝʨʝʥʠʷ ʤʫ ʢʦʣʝʢʪʠʚ, ʦʪ ʛʣʝʜʥʘ 

ʪʦʯʢʘ ʥʘ ʪʷʭʥʘʪʘ ʧʦʩʪʠʞʠʤʦʩʪ ʚ ʢʦʥʢʨʝʪʥʠʪʝ ʫʩʣʦʚʠʷ, ʩ ʥʘʣʠʯʥʠʪʝ ʩʠʣʠ ʠ ʩʨʝʜʩʪ-

ʚʘ, ʘ ʩʲʱʦ ʪʘʢʘ ʥʘʯʠʥʠʪʝ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʦʩʪʘʚʝʥʠʪʝ ʧʨʝʜ ʝʢʠʧʘ ʟʘʜʘʯʠ. ʀʟʛʨʘʞʜʘ 

ʩʝ ʚ ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʬʝʩʠʦʥʘʣʥʦʪʦ ʦʙʫʯʝʥʠʝ ʠ ʩʝ ʫʪʦʯʥʷʚʘ ʚ ʭʦʜʘ ʥʘ ʧʨʠʜʦʙʠʚʘʥʝʪʦ 

ʥʘ ʫʧʨʘʚʣʝʥʩʢʠ ʦʧʠʪ. ʀʋʂ ʠʟʧʲʣʥʷʚʘ ʨʝʜ ʬʫʥʢʮʠʠ: 

- ʮʝʥʥʦʩʪʥʘ, ʢʦʷʪʦ ʦʧʨʝʜʝʣʷ ʟʥʘʯʠʤʦʩʪʪʘ  ʥʘ ʚʩʝʢʠ ʦʪʜʝʣʝʥ ʧʨʦʙʣʝʤ ʚ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʜʝʡʥʦʩʪʪʘ; 

- ʩʪʨʫʢʪʫʨʠʨʘʱʘ ï ʧʨʝʥʘʩʪʨʦʡʚʘ ʩʠʩʪʝʤʘʪʘ ʦʪ ʚʲʥʰʥʠ ʠʟʠʩʢʚʘʥʠʷ ʚ 

ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʣʠʯʥʦʩʪʥʘʪʘ ʟʥʘʯʠʤʦʩʪ ʥʘ ʚʩʝʢʠ ʨʲʢʦʚʦʜʠʪʝʣ; 

- ʤʦʪʠʚʘʮʠʦʥʥʘ ï ʦʧʨʝʜʝʣʷ ʢʦʣʢʦ ʫʩʠʣʠʷ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝ 

ʥʘ ʟʘʜʘʯʠʪʝ; 

- ʩʝʣʝʢʪʠʚʥʘ, ʢʦʷʪʦ ʦʪ ʤʥʦʞʝʩʪʚʦʪʦ ʧʨʦʙʣʝʤʠ, ʩʧʦʥʪʘʥʥʦ ʚʲʟʥʠʢʚʘʱʠ 

ʚ ʧʨʦʮʝʩʘ ʥʘ ʫʧʨʘʚʣʝʥʠʝ, ʧʦʜʙʠʨʘ ʪʝʟʠ, ʢʦʠʪʦ ʟʘʩʣʫʞʘʚʘʪ ʚʥʠʤʘʥʠʝʪʦ 

ʥʘ ʨʲʢʦʚʦʜʠʪʝʣʷ ʠ; 

- ʢʦʥʪʨʦʣʥʘ, ʩ ʢʦʷʪʦ ʟʘʚʲʨʰʚʘ ʧʨʦʮʝʩʲʪ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʧʨʦʮʝʩʘ 

ʥʘ ʫʧʨʘʚʣʝʥʠʝ. 

ʇʨʠ ʘʥʘʣʠʟʘ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʭʦʞʜʘ ʦʪ ʪʦʚʘ, ʢʘʢʲʚ ʪʠʧ 

ʝ ʪʷ: 

ɸ/ ʚʣʘʩʪʥʠʯʝʩʢʠ, ʢʲʜʝʪʦ ʨʲʢʦʚʦʜʠʪʝʣʷʪ ʝ ʥʘʯʘʣʥʠʢ ʥʘ ʧʦʜʯʠʥʝʥʠ ʚ ʧʨʝʢʠʷ 

ʩʤʠʩʲʣ ï ʦʪʜʘʚʘ ʟʘʧʦʚʝʜʠ ʠ ʠʟʠʩʢʚʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʠʤ, ʧʦʦʱʨʷʚʘ, ʥʘʢʘʟʚʘ ʠ ʪ.ʥ.; 

ɹ/ ʣʠʜʝʨʩʢʠ ʪʠʧ, ʧʨʠ ʢʦʡʪʦ ʝʜʥʘ ʣʠʯʥʦʩʪ, ʙʝʟ ʜʘ ʝ ʦʙʣʝʯʝʥʘ ʚʲʚ ʬʦʨʤʘʣʥʘ 

ʚʣʘʩʪ, ʯʨʝʟ ʩʠʣʘʪʘ ʥʘ ʘʚʪʦʨʠʪʝʪʘ ʩʠ ʚʣʠʷʝ ʥʘ ʭʦʨʘʪʘ; 

ɺ/ ɦʘʙʝʥ ʪʠʧ ï ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʦʪ ʛʨʫʧʘ ʜʣʲʞʥʦʩʪʥʠ 

ʣʠʮʘ, ʢʦʠʪʦ ʥʝ ʩʘ ʨʲʢʦʚʦʜʠʪʝʣʠ ʥʘ ʢʦʣʝʢʪʠʚʘ; 

ɻ/ ʧʨʝʜʩʪʘʚʠʪʝʣʝʥ ʪʠʧ ï ʦʟʥʘʯʘʚʘ ʜʝʡʥʦʩʪʪʘ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʥʘ ʝʜʥʘ ʦʨʛʘʥʠ-

ʟʘʮʠʷ ʩʨʝʜ ʩʣʫʞʠʪʝʣʠʪʝ ʥʘ ʜʨʫʛʘ ʦʨʛʘʥʠʟʘʮʠʷ, ʢʦʷʪʦ ʥʝ ʝ ʧʦʜʯʠʥʝʥʘ ʥʘ ʧʲʨʚʘʪʘ 

ʥʠʪʦ ʧʨʷʢʦ, ʥʠʪʦ ʢʦʩʚʝʥʦ. ʅʘʤʠʨʘ ʧʨʦʷʚʘ ʚ ʩʬʝʨʘʪʘ ʥʘ ʦʪʥʦʰʝʥʠʷʪʘ ʤʝʞʜʫ ʚʝʜʦʤ-

ʩʪʚʘʪʘ ʠ ʠʥʩʪʠʪʫʮʠʠʪʝ. ɺ ʘʨʤʠʷʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʠ ʯʝʪʠʨʠʪʝ ʪʠʧʘ ʫʧʨʘʚʣʝʥʠʝ, ʢʘʪʦ 

ʚʩʝʢʠ ʦʪ ʪʷʭ ʩʠ ʠʤʘ ʩʚʦʷ ʩʧʝʮʠʬʠʢʘ. 

 

2. ʉʇɽʎʀʌʀʂɸ  ʅɸ ʋʇʈɸɺʃɽʅʉʂɸʊɸ ɼɽʁʅʆʉʊ ɺ ɸʈʄʀʗʊɸ. 

 

ɸʢʦ ʩʝ ʪʲʨʩʠ ʩʧʝʮʠʬʠʢʘ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʚ ʘʨʤʠʷʪʘ, ʪʦ ʙʠ ʪʨʷʙʚʘʣʦ ʜʘ 

ʩʝ ʪʨʲʛʥʝ ʦʪ ʧʦʥʷʪʠʝʪʦ ñʚʣʘʩʪò, ʪ.ʝ. ʜʘ ʩʝ ʚʠʜʷʪ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʚʣʘʩʪʪʘ, ʢʦʷʪʦ 

ʢʦʤʘʥʜʠʨʠʪʝ ʠʤʘʪ ʚ ʢʘʯʝʩʪʚʦʪʦ ʩʠ ʥʘ ʚʦʝʥʥʠ ʣʠʜʝʨʠ. 

ʅʘʡ-ʰʠʨʦʢʠʷʪ ʦʙʱʦʧʨʠʝʪ ʩʤʠʩʲʣ ʥʘ ʚʣʘʩʪʪʘ ʝ, ʯʝ ʪʷ ʝ ʤʦʥʦʧʦʣʥʦ ʧʨʘʚʦ ʥʘ 

ʥʝʡʥʠʷ ʩʫʙʝʢʪ ʥʘʜ ʧʨʠʯʠʥʠʪʝ ʟʘ ʜʘʜʝʥ ʨʝʟʫʣʪʘʪ ʚ ʦʙʝʢʪʘ. ʂʘʟʘʥʦ ʩ ʜʨʫʛʠ ʜʫʤʠ, ʪʦʚʘ 

ʝ ʧʨʠʚʠʣʝʛʠʷʪʘ ʜʘ ʧʨʠʯʠʥʷʚʘʰ. ʄʦʥʦʧʦʣʲʪ ʚʲʨʭʫ ʧʨʠʯʠʥʠʪʝ ʚʩʲʱʥʦʩʪ ʝ ʨʝʩʫʨʩ ʥʘ 

ʚʣʘʩʪʪʘ. 

ɸʢʦ ʨʘʟʛʣʝʜʘʤʝ ʚʣʘʩʪʪʘ ʢʘʪʦ ʢʦʤʧʦʥʝʥʪ ʥʘ ʦʙʱʝʩʪʚʝʥʠʪʝ ʦʪʥʦʰʝʥʠʷ, ʪ.ʝ. ʚ ʪʝ-

ʩʝʥ ʩʤʠʩʲʣ, ʪʦ ʪʷ ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʪʦ ʩʫʙʝʢʪʠʚʥʘ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʦʠʟʚʦʣʘ ʥʘ 

ʯʫʞʜʘ ʚʦʣʷ. ʀʤʝʥʥʦ ʚ ʪʦʟʠ ʘʩʧʝʢʪ ʚʣʘʩʪʪʘ ʝ ʘʩʠʤʝʪʨʠʯʥʦ ʦʪʥʦʰʝʥʠʝ ï ʪʦʚʘ, ʢʦʝʪʦ ʝ 

ʜʦʩʪʲʧʥʦ ʥʘ ʩʫʙʝʢʪʘ ʥʘ ʚʣʘʩʪʪʘ, ʝ ʦʪʥʝʪʦ ʥʘ ʦʙʝʢʪʘ. 

ʊʦʚʘ ñʘʩʠʤʝʪʨʠʯʥʦ ʦʪʥʦʰʝʥʠʝò ʚ ʘʨʤʝʡʩʢʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ   ʜʨʫ-

ʛʠ ʪʘʢʠʚʘ, ʝ ʜʦʩʪʘ ʩʧʝʮʠʬʠʯʥʦ. ʇʲʨʚʦ, ʪʦ ʝ ʤʥʦʛʦ ʫʩʪʦʡʯʠʚʦ ʚ ʥʷʢʘʢʚʠ ʨʝʛʣʘʤʝʥʪʠ-

ʨʘʥʠ ʨʘʤʢʠ. ɼʘʞʝ ʟʘ ʥʝʦʯʘʢʚʘʥʦ ʚʲʟʥʠʢʥʘʣʠ ʢʨʠʪʠʯʥʠ ʩʠʪʫʘʮʠʠ ʤʝʭʘʥʠʟʤʲʪ ʟʘ 
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ʥʝʛʦʚʦʪʦ ʨʝʘʣʠʟʠʨʘʥʝ ʝ ʦʧʠʩʘʥ. ʊʘʟʠ ʦʩʦʙʝʥʦʩʪ ʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʪʚʦʨʯʝʩʪʚʦʪʦ ʥʘ ʚʦʝʥʥʠʷ ʣʠʜʝʨ. ɺ ʧʦʚʝʯʝʪʦ ʩʣʫʯʘʠ ʪʷ ʧʦʜʧʦʤʘʛʘ 

ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʚ ʘʨʤʠʷʪʘ. 

ɺʣʘʩʪʪʘ ʥʘ ʨʲʢʦʚʦʜʠʪʝʣʷ ʟʘʚʠʩʠ ʠ ʦʪ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ ʫʧʨʘʚʣʝʥʩʢʠʷ ʩʦʮʠʘʣʝʥ 

ʦʨʛʘʥʠʟʲʤ, ʚ ʢʦʡʪʦ ʠʤʘ ʠʟʛʨʘʜʝʥʘ ʤʨʝʞʘ ʦʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠ ʦʪʥʦʰʝʥʠʷ. ʊʝ ʦʩʠʛʫ-

ʨʷʚʘʪ ʮʷʣʦʩʪʥʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʧʦʜʜʲʨʞʘʡʢʠ ʦʧʪʠʤʘʣʥʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʥʝʡʥʠʪʝ ʝʣʝʤʝʥʪʠ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʚʣʘʩʪʪʘ ʥʘ ʦʪʜʝʣʥʠʪʝ ʠʥʜʠʚʠʜʠ ʟʘʚʠʩʠ ʦʪ ʩʲʟʜʘ-

ʜʝʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʦʪ ʤʷʩʪʦʪʦ ʠʤ ʚ ʥʝʷ. ʊʝʟʠ ʨʘʟʩʲʞʜʝʥʠʷ ʩʘ ʚʝʨʥʠ ʟʘ ʪ.ʥʘʨ. 

ʠʜʝʘʣʥʘ ʦʨʛʘʥʠʟʘʮʠʷ. ʅʘ ʧʨʘʢʪʠʢʘ ʚʲʚ ʚʩʝʢʠ ʩʦʮʠʘʣʝʥ ʦʨʛʘʥʠʟʲʤ ʩʝ ʥʘʙʣʶʜʘʚʘ 

ʥʝʧʨʝʢʲʩʥʘʪʘ ʜʠʥʘʤʠʢʘ: ʜʚʠʞʝʥʠʝ ʥʘ ʠʥʜʠʚʠʜʠʪʝ ʚ ʮʷʣʘʪʘ ʩʠʩʪʝʤʘ, ʠʥʮʠʜʝʥʪʥʦ 

ʧʨʦʪʠʯʘʱʠ ʚʨʲʟʢʠ ʠʣʠ ʪʷʭʥʦʪʦ ʧʨʝʨʘʟʧʨʝʜʝʣʝʥʠʝ ʚ ʩʠʩʪʝʤʘʪʘ.  

ɺ ʘʨʤʝʡʩʢʠʪʝ ʩʦʮʠʘʣʥʠ ʦʨʛʘʥʠʟʤʠ ʪʘʟʠ ʜʠʥʘʤʠʢʘ ʝ ʩʲʚʩʝʤ ʤʘʣʢʘ. 

ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʧʨʘʚʘʪʘ ʠ ʟʘʜʲʣʞʝʥʠʷʪʘ ʥʘ ʠʥʜʠʚʠʜʘ ʥʝ ʩʝ ʠʟʤʝʥʷʪ ʩʠʪʫʘʪʠʚ-

ʥʦ, ʢʦʝʪʦ ʙʠ ʤʦʛʣʦ ʜʘ ʩʝ ʧʨʠʝʤʝ ʢʘʪʦ ʧʦʟʠʪʠʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʫʧʨʘʚʣʝʥʩʢʘʪʘ 

ʜʝʡʥʦʩʪ ʚ ʘʨʤʠʷʪʘ. ʊʦʚʘ ʚʩʲʱʥʦʩʪ ʥʝ ʝ ʪʘʢʘ. ɿʘʜʲʣʞʝʥʠʷʪʘ ʥʘ ʚʦʝʥʥʠʪʝ ʣʠʜʝʨʠ ʚʲʚ 

ʚʠʜ ʥʘ ʦʪʛʦʚʦʨʥʦʩʪʠ ʩʘ ʤʥʦʛʦ ʛʦʣʝʤʠ, ʘ ʪʷʭʥʘʪʘ ʥʝʠʟʤʝʥʥʦʩʪ ʦʟʥʘʯʘʚʘ, ʯʝ ʪʝ ʚʠʥʘʛʠ 

ʥʦʩʷʪ ʛʦʣʷʤʘ ʪʝʞʝʩʪ. ʇʩʠʭʦʣʦʟʠʪʝ ʩʤʷʪʘʪ, ʯʝ ʦʪʛʦʚʦʨʥʦʩʪʪʘ ʥʘ ʦʬʠʮʝʨʘ ʠʤʘ ʜʚʝ 

ʠʟʤʝʨʝʥʠʷ  : ʦʛʨʦʤʥʠ ʠ ʧʦʩʪʦʷʥʥʠ ʠ ʟʘʪʦʚʘ ʩ ʧʨʘʚʦ ʷ ʦʧʨʝʜʝʣʷʪ ʢʘʪʦ ʤʥʦʛʦ ʛʦʣʷʤ 

ʩʪʨʝʩʦʨ. ʊʦʚʘ ʜʘʚʘ ʦʪʨʘʞʝʥʠʝ ʚʲʨʭʫ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʤʫ ʜʝʡʥʦʩʪ. ɺʩʝʢʠ ʥʝʛʦʚ ʫʧʨʘʚ-

ʣʝʥʩʢʠ ʘʢʪ ʠʤʘ ʥʝ ʩʘʤʦ ʩʦʮʠʘʣʝʥ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʘʩʧʝʢʪ /ʢʘʢʪʦ ʝ ʧʨʠ ʜʨʫʛʠʪʝ ʨʲ-

ʢʦʚʦʜʠʪʝʣʠ/, ʥʦ ʝ ʩʚʲʨʟʘʥ ʠ ʩ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʞʠʚʦʪʘ ʥʘ ʧʦʜʯʠʥʝʥʠʪʝ ʤʫ. 

ɺʲʚ ʚʩʝʢʠ ʩʣʫʯʘʡ, ʚʩʷʢʦ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʧʨʦʮʝʩʠʪʝ ʚ 

ʠʤʝʪʦ ʥʘ ʥʷʢʘʢʚʘ ʮʝʣ, ʪ.ʝ. ʢʦʥʩʫʤʠʨʘʥʝ ʥʘ ʚʣʘʩʪʪʘ. ɺ ʪʦʟʠ ʩʤʠʩʲʣ, ʝʜʥʦʣʠʯʥʠʷʪ 

ʨʲʢʦʚʦʜʠʪʝʣ, ʢʘʪʦ ʠʤʘ ʥʘʡ-ʛʦʣʷʤʘ ʚʣʘʩʪ, ʠʤʘ ʠ ʥʘʡ-ʛʦʣʷʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʚʲʟʜʝʡʩ-

ʪʚʠʝ ʚʲʨʭʫ ʣʠʥʠʷʪʘ, ʢʦʷʪʦ ʱʝ ʩʣʝʜʚʘ ʮʝʣʠʷ ʢʦʣʝʢʪʠʚ. ɺʣʘʩʪʪʘ, ʢʦʷʪʦ ʧʨʠʪʝʞʘʚʘ, ʤʫ 

ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʛʦʩʧʦʜʩʪʚʘ ʠ ʪʚʦʨʠ ʙʠʪʠʝʪʦ ʧʦ ʩʚʦʡ ʦʙʨʘʟ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʩʚʦʠʪʝ ʠʥʪʝʨʝʩʠ, ʤʦʨʘʣ ʠ ʠʥʪʝʣʝʢʪ. 

ʊʝʟʠ ʨʘʟʩʲʞʜʝʥʠʷ, ʦʪʥʝʩʝʥʠ ʢʲʤ ʢʦʤʘʥʜʠʨʠʪʝ ʦʪ ʘʨʤʠʷʪʘ, ʩʝ ʥʫʞʜʘʷʪ ʦʪ ʠʟʚʝʩ-

ʪʥʘ ʢʦʥʢʨʝʪʠʟʘʮʠʷ, ʢʦʷʪʦ ʙʠ ʦʯʝʨʪʘʣʘ ʥʷʢʦʠ ʦʩʦʙʝʥʦʩʪʠ ʚ ʫʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ 

ʥʘ ʦʬʠʮʝʨʘ. 

ʇʲʨʚʦ, ʦʬʠʮʝʨʲʪ ʥʝ ʝ ʚ ʠʩʪʠʥʩʢʠ ʩʤʠʩʲʣ ʝʜʥʦʣʠʯʝʥ ʨʲʢʦʚʦʜʠʪʝʣ. ʇʨʘʚʘʪʘ ʤʫ 

ʥʘʜ ʜʨʫʛʠʪʝ ʩʘ ʧʨʝʜʧʠʩʘʥʠ, ʢʘʪʦ ʩʣʝʜʩʪʚʠʝ ʦʪ ʬʫʥʢʮʠʠʪʝ ʥʘ ʥʝʛʦʚʠʷ ʩʪʘʪʫʩ. ʊʦʡ ʥʝ 

ʤʦʞʝ ʩʚʦʝʚʦʣʥʦ ʜʘ ʛʠ ʧʨʦʤʝʥʷ.  

ɺʪʦʨʦ, ʘʢʦ ʩʝ ʨʘʟʰʠʬʨʦʚʘʪ ʧʨʘʚʘʪʘ ʤʫ, ʱʝ ʩʝ ʚʠʜʠ, ʯʝ ʪʝ ʩʘ ʩʣʝʜʩʪʚʠʝ ʦʪ ʥʝʛʦ-

ʚʠʪʝ ʟʘʜʲʣʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ ʧʨʘʚʦʪʦ ʜʘ ʧʨʦʚʝʨʷʚʘ ʠ ʚʟʠʩʢʚʘ ʦʪ ʜʨʫʛʠʪʝ ʟʘ ʥʝʱʘ, ʟʘ 

ʢʦʠʪʦ ʪʦʡ ʥʦʩʠ ʦʪʛʦʚʦʨʥʦʩʪʪʘ. 

ʊʨʝʪʦ, ʧʨʠʥʮʠʧʲʪ ʟʘ ʝʜʠʥʦʥʘʯʘʣʠʝ ʥʝ ʦʟʥʘʯʘʚʘ, ʯʝ ʚʦʝʥʥʠʷʪ ʣʠʜʝʨ ʠʤʘ ʙʝʟʛʨʘ-

ʥʠʯʥʘ ʣʠʯʥʘ ʚʣʘʩʪ ʥʘʜ ʜʨʫʛʠʪʝ. ʉʲʛʣʘʩʥʦ ʫʩʪʘʚʠʪʝ, ʪʦʟʠ ʧʨʠʥʮʠʧ ʩʝ ʨʝʘʣʠʟʠʨʘ ʥʘ 

ʜʝʤʦʢʨʘʪʠʯʥʘ ʦʩʥʦʚʘ.  

 

2.1. ɼʝʬʦʨʤʘʮʠʠ ʧʨʠ ʫʧʨʘʞʥʷʚʘʥʝ ʥʘ ʚʣʘʩʪʪʘ ʚ ʘʨʤʝʡʩʢʠ ʫʩʣʦʚʠʷ. 

 

ʋʧʨʘʞʥʷʚʘʥʝʪʦ ʥʘ ʚʣʘʩʪʪʘ ʧʦʨʘʞʜʘ ʠ ʥʷʢʦʠ ʨʠʩʢʦʚʝ. ʂʘʢʪʦ ʚ ʜʨʫʛʠʪʝ ʩʦʮʠʘʣʥʠ 

ʦʨʛʘʥʠʟʤʠ, ʪʘʢʘ ʠ ʚ ʘʨʤʠʷʪʘ , ʪʷ ʧʦʨʘʞʜʘ ʥʷʢʦʠ ʜʝʬʦʨʤʘʮʠʠ. ʇʦ-ʭʘʨʘʢʪʝʨʥʠ ʦʪ ʪʷʭ 

ʩʘ  : 

1. ʇʨʠʩʪʨʘʩʪʝʥ ʠ ʪʝʥʜʝʥʮʠʦʟʝʥ ʧʦʜʙʦʨ. ʂʦʤʘʥʜʠʨʲʪ ʧʨʝʥʝʙʨʝʛʚʘ ʚʩʷʢʘ ʠʥ-

ʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʥʝ ʩʲʚʧʘʜʘ ʩ ʥʝʛʦʚʦʪʦ ʤʥʝʥʠʝ ʠ ʠʟʙʦʨ ʥʘ ʨʝʰʝʥʠʝ. ʊʦʚʘ ʥʘʡ-ʯʝʩʪʦ 



310 

ʩʪʘʚʘ ʥʝʩʲʟʥʘʪʝʣʥʦ, ʦʩʦʙʝʥʦ ʧʨʠ ʧʨʦʙʣʝʤʥʘ ʩʠʪʫʘʮʠʷ. ʄʦʞʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʪʘʢʘ, ʯʝ 

ʪʦʡ ʠʥʩʪʠʥʢʪʠʚʥʦ ʜʘ ʩʝ ʩʪʨʘʭʫʚʘ ʦʪ ʘʣʪʝʨʥʘʪʠʚʥʠʪʝ ʨʝʰʝʥʠʷ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ 

ʙʠ ʤʦʛʲʣ ʠʟʙʠʨʘʪʝʣʥʦ ʜʘ ʧʨʦʧʫʩʢʘ ʠʥʬʦʨʤʘʮʠʠʪʝ, ʢʦʠʪʦ ʩʘ ʚ ʧʦʣʟʘ ʥʘ ʥʝʛʦʚʦʪʦ 

ʨʝʰʝʥʠʝ.  

ʊʦʟʠ ʥʘʯʠʥ ʥʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʘʥʥʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠ ʩʲʟʥʘʪʝʣʝʥ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ 

ʩʝ ʛʦʚʦʨʠ ʟʘ ʥʝʛʘʪʠʚʝʥ ʝʣʝʤʝʥʪ ʚ ʩʪʠʣʘ ʥʘ ʨʲʢʦʚʦʜʩʪʚʦ. 

2. ʅʝʦʙʦʩʥʦʚʘʥ ʦʧʪʠʤʠʟʲʤ ʧʨʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ.  ʊʘʟʠ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ 

ʚʟʝʤʘʥʝ ʥʘ ʨʠʩʢʦʚʠ ʨʝʰʝʥʠʷ ʚʦʜʠ ʜʦ ʥʝʛʘʪʠʚʥʠ ʧʦʩʣʝʜʠʮʠ, ʦʧʠʩʘʥʠ ʚʲʚ ʚʦʝʥʥʘʪʘ 

ʠʩʪʦʨʠʷ. ɺʦʝʥʥʠʷʪ ʣʠʜʝʨ ʝ ʥʝʦʙʦʩʥʦʚʘʥʦ ʫʚʝʨʝʥ ʚ ʩʦʙʩʪʚʝʥʦʪʦ ʩʠ ʩʪʘʥʦʚʠʱʝ, 

ʩʤʷʪʘ ʟʘ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʪʦʚʘ, ʢʲʤ ʢʦʝʪʦ ʩʝ ʩʪʨʝʤʠ ʠ ʢʦʝʪʦ ʩʧʦʨʝʜ ʥʝʛʦ ʝ ʥʘʡ-ʧʦʣʝʟʥʦ. 

ʊʘʢʦʚʘ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝ ʜʘ ʩʣʝʜʚʘ ʦʪ ʥʷʢʦʠ ʣʠʯʥʦʩʪʥʠ ʯʝʨʪʠ ʥʘ ʦʬʠʮʝʨʘ, ʥʦ ʤʦʞʝ ʠ 

ʜʘ ʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʪʝʭʥʠʯʝʩʢʦʪʦ ʩʲʩʪʦʷʥʠʝ, ʚ ʢʦʝʪʦ ʠʟʧʘʜʘʪ ʭʦʨʘʪʘ, ʥʦʩʝʱʠ ʛʦʣʷʤʘ 

ʦʪʛʦʚʦʨʥʦʩʪ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʟʘʜʘʯʠʪʝ.  

3. ɽʬʝʢʪ ʥʘ ʨʝʛʨʝʩʠʚʥʦʪʦ ʤʠʩʣʝʥʝ. ʀʟʨʘʟʷʚʘ ʩʝ ʚ ʪʦʚʘ, ʯʝ ʤʠʥʘʣ ʦʪʨʠʮʘʪʝʣʝʥ 

ʦʧʠʪ ʧʨʠ ʚʟʝʤʘʥʝ ʥʘ ʨʠʩʢʦʚʠ ʨʝʰʝʥʠʷ ʩʝ ʝʢʩʧʣʦʘʪʠʨʘ ʩʧʨʷʤʦ ʥʦʚʘʪʘ ʩʠʪʫʘʮʠʷ. 

ʊʦʚʘ ʝ ʤʥʦʛʦ ʦʧʘʩʥʦ, ʟʘʱʦʪʦ ʚ ʙʦʡʥʘ ʦʙʩʪʘʥʦʚʢʘ ʩʪʨʘʭʲʪ ʦʪ ʤʠʥʘʣʠ ʥʝʩʧʦʣʫʢʠ 

ʤʦʞʝ ʜʘ ʦʪʭʚʲʨʣʠ ʥʘʡ-ʜʦʙʨʦʪʦ ʨʝʰʝʥʠʝ ʚ ʘʢʪʫʘʣʥʘʪʘ ʩʠʪʫʘʮʠʷ. ɿʘʪʦʚʘ ʥʷʢʦʠ 

ʚʦʝʥʥʠ ʧʩʠʭʦʣʦʟʠ ʩʤʷʪʘʪ, ʯʝ ʝʜʥʦ ʦʪ ʫʩʣʦʚʠʷʪʘ ʟʘ ʫʩʧʝʰʥʘ ʙʦʡʥʘ ʜʝʡʥʦʩʪ ʥʘ 

ʢʦʤʘʥʜʠʨʘ ʝ ʢʨʠʪʠʯʥʦʩʪʪʘ ʥʘ ʥʝʛʦʚʦʪʦ ʤʠʩʣʝʥʝ.  

4. ɽʬʝʢʪ ʥʘ ʟʘʙʨʘʥʝʥʠʷ ʧʣʦʜ. ʀʤʘ ʩʣʫʯʘʠ, ʢʦʛʘʪʦ ʩʧʫʩʥʘʪʠʪʝ ñʦʪʛʦʨʝò ʫʢʘʟʘ-

ʥʠʷ ʟʘ ʠʟʙʷʛʚʘʥʝ ʥʘ ʜʘʜʝʥʠ ʨʝʰʝʥʠʷ ʧʨʘʚʷʪ ʪʝʟʠ ʨʝʰʝʥʠʷ ʥʘʡ-ʧʨʠʤʘʤʣʠʚʠ ʠ ʞʝʣʘ-

ʥʠ. ʆʪʥʘʯʘʣʦ ʩʝ ʧʦʜʣʘʛʘʪ ʥʘ ʦʙʩʲʞʜʘʥʝ, ʟʘ ʜʘ ʩʝ ʚʠʜʠ ʟʘʱʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʦʪʭʚʲʨ-

ʣʝʥʠ, ʩʣʝʜ ʪʦʚʘ ʩʝ ʚʢʣʶʯʚʘʪ ʢʘʪʦ ʘʣʪʝʨʥʘʪʠʚʥʠ ʠ ʥʘʢʨʘʷ ʩʝ ʠʟʙʠʨʘ ʥʷʢʦʝ ʦʪ ʪʷʭ. ɺ 

ʤʥʦʛʦ ʩʣʫʯʘʠ ʪʦʚʘ ʩʝ ʧʦʣʫʯʘʚʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʥʝʜʦʙʨʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʠʥʩʪʘʥʮʠʠʪʝ ʧʦ ʚʝʨʪʠʢʘʣʘ, ʠʣʠ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʬʦʨʤʠʨʘʥʠ ʥʘʛʣʘʩʠ ʟʘ ʧʨʦʪʠʚʦ-

ʧʦʩʪʘʚʷʥʝ. ʇʨʠʤʝʨ : ʛʣʘʚʥʘʪʘ ʛʝʨʦʠʥʷ ʚ ʊɺ ʩʝʨʠʘʣʘ ñʅʠʢʠʪʘò. 

5. ɽʬʝʢʪ ʥʘ ʨʘʥʛʦʚʦʪʦ ʚʣʠʷʥʠʝ. ɺ ʛʨʫʧʠ ʩʲʩ ʩʪʨʦʛʦ ʡʝʨʘʨʭʠʟʠʨʘʥʘ ʩʪʨʫʢʪʫʨʘ 

ʥʘ ʚʣʘʩʪʪʘ, ʢʘʢʚʠʪʦ ʩʘ ʚʦʠʥʩʢʠʪʝ, ʩʝ ʥʘʨʫʰʘʚʘʪ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ ʠ ʧʨʦ-

ʮʝʩʲʪ ʥʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʥʢʨʝʪʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʝ ʜʦʢʘʟʘʥʦ ,ʯʝ  

ʯʣʝʥʦʚʝʪʝ ʥʘ ʛʨʫʧʘʪʘ ʩ ʥʘʡ-ʥʠʩʲʢ ʨʘʥʛ ʝ ʥʘʡ-ʤʘʣʢʦ ʚʝʨʦʷʪʥʦ ʜʘ ʚʣʠʷʷʪ ʥʘ ʦʙʱʦʪʦ 

ʨʝʰʝʥʠʝ, ʜʦʨʠ ʠ ʢʦʛʘʪʦ ʩʘ ʩ ʧʨʘʚʠʣʥʦ ʩʪʘʥʦʚʠʱʝ. ʊʦʟʠ ʝʬʝʢʪ ʦʙʷʩʥʷʚʘ ʦʯʘʢʚʘʥʝʪʦ, 

ʯʝ ʯʣʝʥʦʚʝʪʝ ʩ ʧʦ-ʛʦʣʷʤ ʨʘʥʛ ʫʧʨʘʞʥʷʚʘʪ ʛʦʣʷʤʦ ʚʣʠʷʥʠʝ ʠ ʥʝ ʩʝ ʥʫʞʜʘʷʪ ʦʪ ʛʦʣʷ-

ʤʘ ʧʦʜʜʨʲʞʢʘ, ʟʘ ʜʘ ʙʲʜʘʪ ʧʨʠʝʪʠ ʪʝʭʥʠʪʝ ʧʨʝʜʣʦʞʝʥʠʷ. ʅʠʩʢʦʩʪʦʷʱʠʪʝ ʤʦʛʘʪ ʜʘ 

ʩʝ ʩʲʛʣʘʩʷʪ ʩ ʥʦʩʠʪʝʣʠʪʝ ʥʘ ʚʣʘʩʪʪʘ, ʜʘʞʝ ʢʦʛʘʪʦ ʟʥʘʷʪ, ʯʝ ʪʷʭʥʦʪʦ ʣʠʯʥʦ ʤʥʝʥʠʝ ʝ 

ʧʦ-ʜʦʙʨʦ.  

 

2.2. ʈʘʟʣʠʢʠ ʤʝʞʜʫ ʫʧʨʘʚʣʝʥʠʝʪʦ ʚ ʘʨʤʝʡʩʢʠ ʫʩʣʦʚʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝʪʦ ʚ 
ʛʨʘʞʜʘʥʩʢʘ ʩʦʮʠʘʣʥʘ ʩʨʝʜʘ. 

 

ʇʦ ʧʨʠʥʮʠʧ, ʫʧʨʘʚʣʝʥʠʝʪʦ ʚ ʘʨʤʠʷʪʘ ʠʤʘ ʛʦʣʝʤʠ ʨʘʟʣʠʢʠ, ʦʪʣʠʯʘʚʘʱʠ ʛʦ ʦʪ 

ʚʩʷʢʦ ʜʨʫʛʦ. ʊʝ ʩʝ ʦʙʩʣʫʞʚʘʪ ʧʨʝʜʠ ʚʩʠʯʢʦ ʦʪ ʟʥʘʯʠʤʦʩʪʪʘ ʥʘ ʮʝʣʠʪʝ, ʭʘʨʘʢʪʝʨʘ ʥʘ 

ʚʦʠʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʠ ʥʘ ʫʩʣʦʚʠʷʪʘ, ʚ ʢʦʠʪʦ ʪʷ ʧʨʦʪʠʯʘ. ɺ ʥʘʡ-ʦʙʱ ʧʣʘʥ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʦʪʢʨʦʝʥʠ ʩʣʝʜʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ: 

-  ʧʨʘʚʘʪʘ ʠ ʟʘʜʲʣʞʝʥʠʷʪʘ ʥʘ ʚʦʝʥʥʠʷ ʣʠʜʝʨ ʩʘ ʨʝʛʣʘʤʝʥʪʠʨʘʥʠ ʚ  ʧʦ-ʛʦʣʷʤʘ 

ʩʪʝʧʝʥ, ʥʦ ʪʦʚʘ ʥʝ ʦʟʥʘʯʘʚʘ, ʯʝ ʪʦʡ ʥʷʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʦʷʚʘ ʥʘ ʠʥʠʮʠʘʪʠʚʥʦʩʪ ʠ 

ʪʚʦʨʯʝʩʪʚʦ; 
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-  ʧʦʜʯʠʥʝʥʠʪʝ ʥʝ ʩʝ ʠʟʙʠʨʘʪ ʦʪ ʢʦʤʘʥʜʠʨʠʪʝ, ʘ ʩʝ ʥʘʟʥʘʯʘʚʘʪ ʦʪ ʜʨʫʛʠ ʠʥʩʪʘʥ-

ʮʠʠ. ʊʷʭʥʦʪʦ ʫʯʘʩʪʠʝ ʚ ʧʦʜʙʦʨʘ ʥʘ ʢʘʜʨʠ ʝ ʦʛʨʘʥʠʯʝʥʦ ʩʘʤʦ ʟʘ ʧʨʦʬʝʩʠʦʥʘʣʥʠʪʝ 

ʚʦʝʥʥʦʩʣʫʞʝʱʠ ʠ ʛʨʘʞʜʘʥʩʢʠʪʝ ʣʠʮʘ; 

-  ʢʣʝʪʚʘʪʘ ʢʲʤ ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ ʦʙʚʲʨʟʚʘ ʩʲʩ ʟʘʜʲʣʞʝʥʠʷ, ʢʦʠʪʦ ʥʝ ʩʘ ʜʦʛʦ-

ʚʦʨʥʠ, ʘ ʚʝʯʥʠ. ʅʠʢʦʡ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʩʚʦʙʦʜʠ ʦʪ ʪʷʭ ʧʦ ʞʝʣʘʥʠʝ, ʜʘ ʩʪʘʯʢʫʚʘ, ʥʠʪʦ 

ʜʘ ʩʠ ʧʦʜʘʜʝ ʦʩʪʘʚʢʘʪʘ; 

-  ʢʦʤʘʥʜʠʨʠʪʝ ʦʪ ʚʩʠʯʢʠ ʥʠʚʘ ʠʤʘʪ ʧʨʦʙʣʝʤʠ ʩ ʯʝʩʪʘʪʘ ʩʤʷʥʘ ʥʘ  ʣʠʯʥʠʷ ʩʲʩ-

ʪʘʚ; 

-  ʢʦʤʘʥʜʠʨʠʪʝ ʠʤʘʪ ʧʦʚʝʯʝ ʚʣʘʩʪ ʦʪ ʢʦʡʪʦ ʠ ʜʘ ʙʠʣʦ ʮʠʚʠʣʝʥ ʥʘʯʘʣʥʠʢ ʠ ʤʦʛʘʪ 

ʜʘ ʥʘʢʘʟʚʘʪ ʧʦʜʯʠʥʝʥʠʪʝ ʩʠ ʟʘ ʥʝʱʘ, ʢʦʠʪʦ ʙʠʭʘ ʤʠʥʘʣʠ ʥʝʟʘʙʝʣʷʟʘʥʦ ʠʟʚʲʥ ʘʨʤʠʷ-

ʪʘ; 

-  ʥʘʡ-ʚʘʞʥʘʪʘ ʦʩʦʙʝʥʦʩʪ ʝ ʪʘʟʠ, ʯʝ ʚʦʝʥʥʠʷʪ ʣʠʜʝʨ ʦʯʘʢʚʘ ʦʪ ʧʦʜʯʠʥʝʥʠʪʝ ʩʠ ʜʘ 

ʧʨʠʝʤʘʪ ʝʚʝʥʪʫʘʣʥʦ ʠ ʩʤʲʨʪʪʘ ʥʘ ʙʦʡʥʦʪʦ ʧʦʣʝ, ʟʘ ʜʘ ʙʲʜʝ ʠʟʧʲʣʥʝʥʘ ʧʦʩʪʘʚʝʥʘʪʘ 

ʟʘʜʘʯʘ. 

 

3. ɺɿɽʄɸʅɽʊʆ ʅɸ ʈɽʐɽʅʀɽ ï ʎɽʅʊʒʈ ʅɸ ʋʇʈɸɺʃɽʅʉʂɸʊɸ 

ɼɽʁʅʆʉʊ ɺ ɸʈʄʀʗʊɸ. 

 

3.1. ɺʠʜʦʚʝ ʨʝʰʝʥʠʷ, ʫʩʣʦʚʠʷ ʠ ʝʪʘʧʠ ʟʘ ʚʟʝʤʘʥʝʪʦ ʠʤ. 

ʇʦ ʩʚʦʷʪʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʘ ʩʲʱʥʦʩʪ ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʝ ʝ ʦʩʥʦʚʝʥ ʢʦʤʧʦʥʝʥʪ 

ʥʘ ʚʩʷʢʦ ʚʦʣʝʚʦ ʜʝʡʩʪʚʠʝ, ʦʩʲʱʝʩʪʚʷʚʘʥʦ ʦʪ ʣʠʯʥʦʩʪʪʘ. ʋʧʨʘʚʣʝʥʩʢʘʪʘ ʜʝʡʥʦʩʪ ʝ 

ʧʨʝʜʠ ʚʩʠʯʢʦ ʚʦʣʝʚʘ. ʈʝʰʝʥʠʝʪʦ ʝ ʦʥʟʠ ʥʘʯʘʣʝʥ ʤʦʤʝʥʪ, ʙʝʟ ʢʦʡʪʦ ʝ ʥʝʚʲʟʤʦʞʥʘ 

ʚʦʣʝʚʘ ʜʝʡʥʦʩʪ. 

ʂʘʪʦ ʚʟʝʤʘ ʨʝʰʝʥʠʷ, ʢʦʤʘʥʜʠʨʲʪ ʥʝʧʨʝʢʲʩʥʘʪʦ ʚʥʘʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʞʠʚʦʪʘ ʥʘ 

ʯʘʩʪʪʘ, ʧʦʜʨʘʟʜʝʣʝʥʠʝʪʦ, ʱʘʙʘ, ʧʨʠʚʝʞʜʘ ʛʠ ʦʪ ʝʜʥʦ ʩʲʩʪʦʷʥʠʝ ʚ ʜʨʫʛʦ ʠʣʠ ʠʟʤʝʥʷ 

ʩʪʝʧʝʥʪʘ ʥʘ ʜʘʜʝʥʦʪʦ ʩʲʩʪʦʷʥʠʝ, ʟʘʜʲʣʞʘʚʘ ʜʘ ʩʝ ʜʝʡʩʪʚʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʦʧʨʝʜʝ-

ʣʝʥʘʪʘ ʮʝʣ. ɿʘʪʦʚʘ ʥʷʤʘ ʣʠ ʨʝʰʝʥʠʝ, ʥʝ ʤʦʞʝ ʜʘ ʟʘʧʦʯʥʝ ʠ ʫʧʨʘʚʣʝʥʩʢʠʷ ʧʨʦʮʝʩ.  

ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʫʩʣʦʚʠʷʪʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ, ʪʝ ʙʠʚʘʪ:     

- ʨʝʰʝʥʠʝ  ʧʨʠ ʧʲʣʥʘ ʦʧʨʝʜʝʣʝʥʦʩʪ: ʥʘʣʠʮʝ ʝ ʮʷʣʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧʨʦʙʣʝʤ-

ʥʘʪʘ ʩʠʪʫʘʮʠʷ ʠ ʩʘ ʠʟʚʝʩʪʥʠ ʧʦʩʣʝʜʠʮʠʪʝ ʦʪ ʚʩʝʢʠ ʚʲʟʧʨʠʝʪ ʚʘʨʠʘʥʪ ʟʘ ʜʝʡʩʪʚʠʝ; 

 -  ʨʝʰʝʥʠʝ ʧʨʠ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ: ʢʦʤʘʥʜʠʨʲʪ ʨʘʟʧʦʣʘʛʘ ʩ ʥʝʧʲʣʥʘ ʠʥʬʦʨʤʘʮʠʷ 

ʟʘ ʧʨʦʙʣʝʤʥʘʪʘ ʩʠʪʫʘʮʠʷ ʠ ʬʘʢʪʦʨʠʪʝ, ʢʦʠʪʦ ʠ ʚʣʠʷʷʪ; 

 - ʨʝʰʝʥʠʝ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʨʠʩʢ: ʪʫʢ ʚʩʷʢʘ ʘʣʪʝʨʥʘʪʠʚʘ ʟʘ ʜʝʡʩʪʚʠʝ ʩʝ ʩʲʧʨʦ-

ʚʦʞʜʘ ʦʪ ʨʘʟʣʠʯʥʠ ʠʟʭʦʜʠ ʠ ʩ ʨʘʟʣʠʯʥʘ ʩʪʝʧʝʥ ʥʘ ʩʙʲʜʚʘʥʝ, ʩʚʲʨʟʘʥʠ ʩ ʦʧʘʩʥʦʩʪ ʟʘ 

ʥʝʛʦʚʠʪʝ ʧʦʩʣʝʜʠʮʠ; 

 - ʨʝhʝʥʠʝ ʧʨʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ: ʢʦʤʘʥʜʠʨʲʪ ʜʝʡʩʪʚʘ ʚ ʢʦʥʬʣʠʢʪʥʘ ʦʙʩʪʘʥʦʚʢʘ 

ʠ ʪʨʷʙʚʘ ʜʘ ʠʟʙʝʨʝ ʥʘʡ-ʫʜʘʯʥʦʪʦ ʩʠ ʧʦʚʝʜʝʥʠʝ. 

 ɿʘ ʜʘ ʙʲʜʝ ʝʬʝʢʪʠʚʝʥ ʧʨʦʮʝʩʲʪ ʥʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʩʧʘ-

ʟʷʪ ʥʷʢʦʣʢʦ ʫʩʣʦʚʠʷ: 

 ɸ/ ʅʫʞʥʦ ʝ ʚʦʝʥʥʠʷʪ ʣʠʜʝʨ ʜʘ ʠʟʧʠʪʚʘ ʧʦʪʨʝʙʥʦʩʪ ʦʪ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʠ ʜʘ 

ʠʤʘ ʫʩʣʦʚʠʷ ʟʘ ʥʝʡʥʦʪʦ ʫʜʦʚʣʝʪʚʦʨʷʚʘʥʝ;  

 ɹ/ ʇʨʦʫʯʚʘʥʝ ʦʧʠʪʘ ʥʘ ʜʨʫʛʠʪʝ, ʪʲʡ ʢʘʪʦ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʧʨʦʙʣʝʤʠʪʝ ʥʝ ʩʘ ʥʦʚʠ 

ʠʣʠ ʫʥʠʢʘʣʥʠ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʪʝ ʚʝʯʝ ʩʘ ʠʤʘʣʠ ʥʷʢʦʛʘ ʠ ʥʷʢʲʜʝ ʩʚʦʝ ʨʝʰʝʥʠʝ; 

 ɺ/ ʂʦʤʘʥʜʠʨʲʪ ʜʘ ʫʤʝʝ ʜʘ ʩʝ ʩʲʚʝʪʚʘ ʩ ʧʦʜʯʠʥʝʥʠʪʝ ʩʠ ʠ ʦʩʦʙʝʥʦ ʩ ʦʬʠʮʝʨʠʪʝ 

ʦʪ ʱʘʙʘ, ʟʘʱʦʪʦ ʢʦʣʢʦʪʦ ʠ ʚʠʩʦʢʦʢʚʘʣʠʬʠʮʠʨʘʥ ʜʘ ʝ, ʥʝ ʤʦʞʝ ʜʘ ʠʤʘ ʝʜʥʘʢʚʦ ʚʠ-

ʩʦʢʘ ʧʦʜʛʦʪʦʚʢʘ ʟʘ ʧʨʘʚʠʣʥʦʪʦ ʨʝʰʘʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʧʨʦʙʣʝʤʠ; 

 ɻ/ ʋʪʦʯʥʷʚʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʤʫ; 
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 ɼ/ ʉʲʙʠʨʘʥʝ ʥʘ ʜʦʩʪʘʪʲʯʥʦ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʙʦʩʥʦʚʘʚʘʥʝʪʦ ʤʫ, ʥʦ ʙʝʟ ʜʘ ʩʝ ʦʪ-

ʣʘʛʘ ʟʘ ʦʙʭʚʘʱʘʥʝ ʥʘ ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʠ ʜʘʥʥʠ ʧʦ ʚʩʠʯʢʠ ʣʠʥʠʠ; 

 ɽ/ ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʧʝʨʠʦʜʘ ʠ ʝʪʘʧʠʪʝ, ʚ ʢʦʠʪʦ ʨʝʰʝʥʠʝʪʦ ʱʝ ʙʲʜʝ ʠʟʧʲʣʥʝʥʦ. 

 ʇʦʩʣʝʜʥʦʪʦ ʫʩʣʦʚʠʝ ʟʘʩʣʫʞʘʚʘ ʜʘ ʤʫ ʙʲʜʝ ʦʙʲʨʥʘʪʦ ʜʦʧʲʣʥʠʪʝʣʥʦ ʚʥʠʤʘʥʠʝ. 

ɽʪʘʧʥʦʩʪʪʘ ʧʨʝʜʧʦʣʘʛʘ ʥʘʡ-ʥʘʧʨʝʜ ʧʨʦʙʣʝʤʥʘʪʘ ʩʠʪʫʘʮʠʷ ʜʘ ʙʲʜʝ ʨʘʟʧʦʟʥʘʪʘ ʠ 

ʦʩʲʟʥʘʪʘ.  

ɺʪʦʨʦ, ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʩʲʙʨʘʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʥʝ ʩʘʤʦ ʜʘ 

ʨʘʟʢʨʠʚʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʥʝʱʘʪʘ ʚ ʤʦʤʝʥʪʘ, ʥʦ ʠ ʪʦʚʘ, ʢʦʝʪʦ ʙʠ ʤʦʛʣʦ ʜʘ ʩʝ ʩʣʫʯʠ ʠ 

ʚ ʙʲʜʝʱʝ. ʊʷ ʪʨʷʙʚʘ ʜʘ ʝ ʦʪ ʨʘʟʣʠʯʥʠ ʠʟʪʦʯʥʠʮʠ, ʧʨʠ ʦʪʯʠʪʘʥʝ ʥʘ ʤʦʪʠʚʘʮʠʷʪʘ ʥʘ 

ʫʯʘʩʪʥʠʮʠʪʝ ʚ ʧʨʦʙʣʝʤʥʘʪʘ ʩʠʪʫʘ ʮʠʷ. ʊʲʡ ʢʘʪʦ ʚʦʝʥʥʠʪʝ ʣʠʜʝʨʠ ʤʦʞʝ ʜʘ ʧʦʣʫʯʘʪ 

ʝʜʥʦʩʪʨʘʥʯʠʚʘ, ʠʟʢʨʠʚʝʥʘ, ʘ ʧʦʥʷʢʦʛʘ ʠ ʥʝʘʜʝʢʚʘʪʥʘ ʥʘ ʜʝʡʩʪʚʠʪʝʣʥʦʩʪʪʘ ʠʥʬʦʨ-

ʤʘʮʠʷ, ʪʷ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʦʜʣʘʛʘʥʘ ʥʘ ʧʨʦʚʝʨʢʘ. 

ʊʨʝʪʦ, ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʚʝʯʝ ʦʙʨʘʙʦʪʝʥʘ ʠ ʢʘʯʝʩʪʚʝʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʙʠ ʤʦʛʣʦ ʜʘ 

ʩʝ ʧʨʝʤʠʥʝ ʢʲʤ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʧʨʦʙʣʝʤʥʘʪʘ ʩʠʪʫʘʮʠʷ. ʉʪʨʝʤʝʞʲʪ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ 

ʢʲʤ ʨʘʟʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʩʲʱʝʩʪʚʝʥʦʪʦ ʦʪ ʥʝʩʲʱʝʩʪʚʝʥʦʪʦ, ʟʘʜʲʣʙʘʚʘʥʝ ʧʦʜ ʧʦʚʲʨʭ-

ʥʦʩʪʪʘ ʥʘ ʧʨʦʙʣʝʤʘ, ʦʮʝʥʢʘ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʪʝʥʜʝʥʮʠʠ, ʧʨʦʛʥʦʟʘ ʟʘ ʙʲʜʝʱʦʪʦ 

ʨʘʟʚʠʪʠʝ ʥʘ ʥʝʱʘʪʘ, ʧʨʝʜʧʘʟʚʘʥʝ ʦʪ ʛʨʫʧʠ ʝʢʩʪʨʘʧʦʣʘʮʠʠ ʠ ʨʘʟʢʨʠʚʘʥʝ ʥʘ ʬʘʢʪʦʨʠ-

ʪʝ, ʢʦʠʪʦ ʚʣʠʷʷʪ ʥʘ ʩʲʙʠʪʠʷʪʘ. 

ʏʝʪʚʲʨʪʠ ʝʪʘʧ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʘʣʪʝʨʥʘʪʠʚʠʪʝ, ʢʦʡʪʦ ʧʨʝʜʭʦʞʜʘ 

ʪʷʭʥʘʪʘ ʦʮʝʥʢʘ ʠ ʧʨʠʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʝ. 

ʇʝʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʱʝ ʙʲʜʝ ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʠʟʧʲʣʥʝʥʠʝʪʦ, ʚʢʣʶʯ-

ʚʘʱʘ ʬʦʨʤʫʣʠʨʘʥʝ ʥʘ ʨʝʰʝʥʠʝʪʦ ʧʦ ʪʘʢʲʚ ʥʘʯʠʥ, ʯʝ ʜʘ ʙʲʜʝ ʨʘʟʙʨʘʥʦ ʦʪ ʧʦʜʯʠʥʝ-

ʥʠʪʝ ʠ ʶʨʠʜʠʯʝʩʢʦʪʦ ʤʫ ʦʬʦʨʤʷʥʝ ʢʘʪʦ ʟʘʧʦʚʝʜ, ʨʘʟʧʦʨʝʞʜʘʥʝ ʠ ʪ.ʥ. 

ʐʝʩʪʠ ʠ ʧʦʩʣʝʜʝʥ ʝ ʝʪʘʧʲʪ ʥʘ ʢʦʥʪʨʦʣ ʠ ʦʮʝʥʢʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ. ʅʘ ʪʦʟʠ ʝʪʘʧ ʩʝ 

ʦʧʨʝʜʝʣʷ ʝʬʝʢʪʲʪ ʦʪ ʚʟʝʪʦʪʦ ʨʝʰʝʥʠʝ ʠ ʩʝ ʟʘʪʚʘʨʷ ʮʝʣʠʷʪ ʮʠʢʲʣ. 

ɸʢʦ ʨʝʰʝʥʠʝʪʦ ʩʝ ʝ ʦʢʘʟʘʣʦ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦ, ʢʦʤʘʥʜʠʨʲʪ ʪʨʷʙʚʘ ʜʘ ʛʦ ʧʨʝ-

ʨʘʟʛʣʝʜʘ ʠ ʜʘ ʩʝ ʦʙʲʨʥʝ ʢʲʤ ʩʣʝʜʚʘʱʘʪʘ ʘʣʪʝʨʥʘʪʠʚʘ ʧʨʠ ʠʟʙʦʨʘ. 

ɺʲʚ ʚʩʝʢʠ ʩʣʫʯʘʡ, ʧʨʦʚʝʨʢʘʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʝ ʧʦʣʝʟʥʘ ʟʘ ʚʦʝʥʥʠʷ ʣʠʜʝʨ. ɸʢʦ 

ʨʝʰʝʥʠʝʪʦ ʝ ʜʦʙʨʦ, ʪʦʡ ʱʝ ʟʥʘʝ ʢʘʢʚʦ ʜʘ ʧʨʘʚʠ ʧʨʠ ʜʨʫʛ ʧʦʜʦʙʝʥ ʩʣʫʯʘʡ. ɸʢʦ ʧʲʢ 

ʩʝ ʦʢʘʞʝ ʣʦʰʦ, ʱʝ ʟʥʘʝ ʢʘʢʚʦ ʜʘ ʥʝ ʧʨʘʚʠ ʩʣʝʜʚʘʱʠʷ ʧʲʪ. 

 

3.2. ʇʩʠʭʦʣʦʛʠʯʝʩʢʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʛʨʫʧʦʚʦʪʦ ʚʟʝʤʘʥʝ ʥʘ 

ʨʝʰʝʥʠʝ ʟʘ ʙʦʡ ʦʪ ʱʘʙʘ ʠ ʚʲʟʤʦʞʥʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʟʘʱʠʪʥʦ 

ʙʷʛʩʪʚʦ ʦʪ ʦʪʛʦʚʦʨʥʦʩʪ. 

 

ʇʦʪʝʥʮʠʘʣʲʪ ʥʘ ʛʨʫʧʘʪʘ /ʱʘʙʘ/, ʢʦʷʪʦ ʚʟʝʤʘ ʫʧʨʘʚʣʝʥʩʢʠ ʨʝʰʝʥʠʷ  ʟʘʚʠʩʠ, ʥʦ 

ʥʝ ʝ ʤʝʭʘʥʠʯʝʥ ʩʙʦʨ ʦʪ ʧʦʪʝʥʮʠʘʣʠʪʝ ʥʘ ʚʢʣʶʯʝʥʠʪʝ ʚ ʥʝʷ ʦʬʠʮʝʨʠ. ʊʫʢ ʟʘʜʘʯʘʪʘ ʝ 

ʦʱʝ ʧʦ-ʩʣʦʞʥʘ, ʟʘʱʦʪʦ ʦʩʚʝʥ ʦʪ ʣʠʯʥʦʩʪʥʦʧʩʠʭʦʣʦʛʠʯʝʩʢʠʪʝ, ʟʘʚʠʩʠ ʠ ʦʪ ʩʦʮʠʘʣ-

ʥʦʧʩʠʭʦʣʦʛʠʯʝʩʢʠʪʝ ʦʩʦʙʝʥʦʩʪʠ, ʩʚʲʨʟʘʥʠ ʩ ʦʙʱʫʚʘʥʝʪʦ, ʢʦʣʝʛʠʘʣʥʦʩʪʪʘ, ʧʩʠʭʠ-

ʯʝʩʢʘʪʘ ʩʲʚʤʝʩʪʠʤʦʩʪ, ʧʦʝʤʘʥʝʪʦ ʠʣʠ ʙʷʛʩʪʚʦʪʦ ʦʪ ʦʪʛʦʚʦʨʥʦʩʪ ʠ ʜʨ. 

ʇʨʘʚʠʣʥʦʪʦ ʩʲʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʝʜʠʥʦʥʘʯʘʣʠʝʪʦ ʠ ʢʦʣʝʛʠʘʣʥʦʩʪʪʘ ʧʨʠ ʚʟʝʤʘʥʝ 

ʥʘ ʛʨʫʧʦʚʦ ʨʝʰʝʥʠʝ ʟʘʚʠʩʠ ʦʪ ʤʥʦʛʦ ʦʙʩʪʦʷʪʝʣʩʪʚʘ, ʢʘʪʦ ʦʩʥʦʚʥʠʪʝ ʦʪ ʪʷʭ ʩʘ ʩʚʲʨ-

ʟʘʥʠ ʩ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʢʦʥʢʨʝʪʥʘʪʘ ʩʠʪʫʘʮʠʷ ʠ ʩʪʠʣʘ ʥʘ ʨʲʢʦʚʦʜʩʪʚʦ ʥʘ ʢʦʤʘʥʜʠ-

ʨʘ. ʅʘʡ-ʧʦʜʭʦʜʷʱʘ ʝ ʪʘʟʠ ʧʨʦʧʦʨʮʠʷ, ʢʦʷʪʦ ʦʩʠʛʫʨʷʚʘ ʚʟʝʤʘʥʝʪʦ ʥʘ ʥʘʡ-ʙʲʨʟʦ ʠ 

ʥʘʡ-ʝʬʝʢʪʠʚʥʦ ʨʝʰʝʥʠʝ, ʦʩʦʙʝʥʦ ʧʨʠ ʙʦʡʥʘ ʩʠʪʫʘʮʠʷ. ʆʧʪʠʤʘʣʥʦʩʪʪʘ ʥʘ ʪʦʚʘ 

ʩʲʦʪʥʦʰʝʥʠʝ ʟʘʚʠʩʠ ʠ ʦʪ ʧʩʠʭʠʯʝʩʢʘʪʘ ʩʲʚʤʝʩʪʠʤʦʩʪ ʥʘ ʯʣʝʥʦʚʝʪʝ ʥʘ ʛʨʫʧʘʪʘ. 

ʇʨʦʙʣʝʤʥʠʪʝ ʩʠʪʫʘʮʠʠ ʩʲʜʲʨʞʘʪ ʪʚʲʨʜʝ ʤʥʦʛʦ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʦʷʚʘ ʥʘ ʧʨʦʪʠʚʦ-
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ʨʝʯʠʷ ʠ ʢʦʥʬʣʠʢʪʠ, ʢʦʠʪʦ ʩʨʝʜ ʦʬʠʮʝʨʠʪʝ ʦʪ ʝʜʠʥ ʱʘʙ ʥʝ ʩʘ ʦʙʫʩʣʦʚʝʥʠ ʦʪ ʨʘʟʣʠ-

ʯʠʷ ʚ ʠʥʪʝʨʝʩʠʪʝ, ʘ ʧʦ-ʩʢʦʨʦ ʚ ʨʘʟʙʠʨʘʥʠʷʪʘ, ʦʮʝʥʢʠʪʝ, ʦʧʠʪʘ ʠ ʥʝʜʦʩʪʘʪʲʯʥʘʪʘ 

ʥʘʪʨʝʥʠʨʘʥʦʩʪ ʟʘ ʩʲʚʤʝʩʪʥʘ ʨʘʙʦʪʘ ʦʪ ʪʘʢʦʚʘ ʝʩʪʝʩʪʚʦ. 

ɺʘʞʥʘ ʦʩʦʙʝʥʦʩʪ ʧʨʠ ʤʥʦʛʦ ʩʣʫʯʘʠ ʥʘ ʛʨʫʧʦʚʦ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʚ ʩʪʨʝʩʦʚʘ 

ʩʠʪʫʘʮʠʷ ʝ ʪ.ʥʘʨ. ʙʷʛʩʪʚʦ ʦʪ ʦʪʛʦʚʦʨʥʦʩʪ. ɸʩʧʝʢʪʠ ʥʘ ʪʦʟʠ ʧʨʦʙʣʝʤ ʩʘ ʘʥʘʣʠʟʠʨʘʥʠ 

ʦʪ ʬʨʝʥʩʢʠʷ ʠʟʩʣʝʜʦʚʘʪʝʣ ɼʞʘʥʠʩ. ʊʦʡ ʦʙʦʙʱʘʚʘ ʦʩʝʤ ʚʠʜʘ ʧʦʚʝʜʝʥʠʝ ʟʘ ʟʘʱʠʪʥʦ 

ʙʷʛʩʪʚʦ ʦʪ ʦʪʛʦʚʦʨʥʦʩʪ ʥʘ ʛʨʫʧʦʚʠ ʩʲʚʝʪʥʠʮʠ ʥʘ ʚʠʜʥʠ ʚʦʝʥʥʠ ʠ ʧʦʣʠʪʠʯʝʩʢʠ 

ʨʲʢʦʚʦʜʠʪʝʣʠ  : 

ʇʲʨʚʦ. ʀʣʶʟʠʷ ʟʘ ʥʝʫʷʟʚʠʤʦʩʪ, ʩʧʦʜʝʣʷʥʘ ʦʪ ʧʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʯʣʝʥʦʚʝʪʝ ʦʪ 

ʛʨʫʧʘʪʘ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʩʝ ʚʲʟʮʘʨʷʚʘ ʧʨʝʢʘʣʝʥ ʦʧʪʠʤʠʟʲʤ ʠ ʩʝ ʧʦʝʤʘ ʠʟʚʲʥʨʝ-

ʜʝʥ ʨʠʩʢ. 

ɺʪʦʨʦ. ʂʦʣʝʢʪʠʚʥʠ ʫʩʠʣʠʷ ʟʘ ʨʘʮʠʦʥʘʣʠʟʠʨʘʥʝ ʥʘ ʨʝʰʝʥʠʝʪʦ, ʟʘ ʜʘ ʩʝ ʦʪʩʪʨʘ-

ʥʷʪ ʧʨʝʜʫʙʝʞʜʝʥʠʷʪʘ, ʢʦʠʪʦ ʙʠʭʘ ʥʘʢʘʨʘʣʠ ʯʣʝʥʦʚʝʪʝ ʥʘ ʛʨʫʧʘʪʘ ʜʘ ʩʝ ʦʪʢʘʞʘʪ ʦʪ 

ʧʨʝʜʠʰʥʠʪʝ ʩʠ ʩʪʘʥʦʚʠʱʘ, ʭʠʧʦʪʝʟʠ ʠ ʨʝʰʝʥʠʷ. 

ʊʨʝʪʦ. ɹʝʟʫʩʣʦʚʥʘ ʚʷʨʘ ʚ ʝʪʠʯʥʦʩʪʪʘ ʠ ʚʠʩʦʢʠʷ ʤʦʨʘʣ ʥʘ ʛʨʫʧʘʪʘ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ 

ʢʦʝʪʦ ʯʣʝʥʦʚʝʪʝ ʠ ʚʲʦʙʱʝ ʥʝ ʩʝ ʟʘʤʠʩʣʷʪ ʚʲʨʭʫ ʝʪʠʯʥʠʪʝ ʧʦʩʣʝʜʠʮʠ ʦʪ ʚʟʝʪʦʪʦ 

ʨʝʰʝʥʠʝ. 

ʏʝʪʚʲʨʪʦ. ʇʨʦʪʠʚʥʠʢʲʪ ʩʝ ʪʘʢʩʫʚʘ ʢʘʪʦ ʧʨʝʢʘʣʝʥʦ ʧʦʨʦʯʝʥ, ʟʘ ʜʘ ʩʝ ʛʣʘʩʫʚʘ 

ʜʦʚʝʨʠʝ ʥʘ ʧʨʝʜʧʨʠʝʪʠʪʝ ʦʪ ʥʝʛʦ ʦʧʠʪʠ ʟʘ ʧʨʝʛʦʚʦʨʠ, ʠʣʠ ʢʘʪʦ ʧʨʝʢʘʣʝʥʦ ʩʣʘʙ ʠ 

ʛʣʫʧʘʚ, ʟʘ ʜʘ ʩʝ ʚʟʝʤʘʪ ʥʘʩʝʨʠʦʟʥʦ ʧʨʝʩʣʝʜʚʘʥʠʪʝ ʦʪ ʥʝʛʦ ʮʝʣʠ. 

ʇʝʪʦ. ɺʲʨʭʫ ʚʩʝʢʠ ʯʣʝʥ ʦʪ ʛʨʫʧʘʪʘ, ʢʦʡʪʦ ʠʟʣʠʟʘ ʩ ʘʨʛʫʤʝʥʪʠ ʩʨʝʱʫ ʩʪʝʨʝʦʪʠ-

ʧʠʪʝ, ʠʣʶʟʠʠʪʝ ʠ ʧʦʝʪʠʪʝ ʦʙʱʠ ʘʥʛʘʞʠʤʝʥʪʠ, ʩʝ ʫʧʨʘʞʥʷʚʘ ʧʨʷʢ ʥʘʪʠʩʢ, ʟʘ ʜʘ ʩʝ 

ʧʦʢʘʞʝ, ʯʝ ʚʩʷʢʦ ʥʝʩʲʛʣʘʩʠʝ ʝ ʥʝʩʲʚʤʝʩʪʠʤʦ ʩ ʠʟʠʩʢʚʘʥʝʪʦ ʟʘ ʣʦʷʣʥʦʩʪ ʩʧʨʷʤʦ 

ʩʘʤʘʪʘ ʛʨʫʧʘ. 

ʐʝʩʪʦ. ʉʘʤʦʮʝʥʟʫʨʠʨʘʥʝ ʥʘ ʯʣʝʥʦʚʝʪʝ ʥʘ ʛʨʫʧʘʪʘ ʚʲʚ ʚʨʲʟʢʘ ʩ ʥʝʩʲʛʣʘʩʠʷʪʘ ʠ 

ʨʘʟʣʠʯʠʷʪʘ ʦʪ ʧʨʠʚʠʜʥʠʷ ʢʦʥʩʝʥʩʫʩ /ʝʜʠʥʦʜʫʰʥʦ ʤʥʝʥʠʝ ʠ ʦʜʦʙʨʝʥʠʝ/, ʢʘʪʦ ʚʩʝʢʠ 

ʦʪʜʝʣʝʥ ʯʣʝʥ ʦʤʘʣʦʚʘʞʘʚʘ ʟʥʘʯʠʤʦʩʪʪʘ ʥʘ ʣʠʯʥʠʪʝ ʩʠ ʩʲʤʥʝʥʠʷ ʠ ʧʨʦʪʠʚʥʠʪʝ 

ʜʦʚʦʜʠ. 

ʉʝʜʤʦ. ʉʧʦʜʝʣʝʥʘ ʠʣʶʟʠʷ ʟʘ ʝʜʠʥʦʜʫʰʠʝ ʚ ʧʦʩʪʲʧʢʠʪʝ ʠ ʜʝʡʩʪʚʠʷʪʘ, ʧʨʦʠʟʪʠ-

ʯʘʱʦ ʦʪʯʘʩʪʠ ʦʪ ʩʘʤʦʢʦʥʪʨʦʣʘ ʠ ʦʪ ʣʲʞʣʠʚʦʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʝ ñʚʩʝʢʠ, ʢʦʡʪʦ ʩʠ 

ʤʲʣʯʠ, ʝ ʩʲʛʣʘʩʝʥò. 

ʆʩʤʦ. ʇʦʷʚʘ ʥʘ ñʧʘʟʘʯʠò, ʪ.ʝ. ʦʙʦʩʦʙʷʚʘʱʠ ʩʝ ʯʣʝʥʦʚʝ, ʢʦʠʪʦ ʧʦ ʩʦʙʩʪʚʝʥʘ 

ʠʥʠʮʠʘʪʠʚʘ ʧʨʝʜʧʘʟʚʘʪ ʛʨʫʧʘʪʘ ʦʪ ʧʨʦʪʠʚʥʠʢʦʚʘʪʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʝʚʝʥʪʫʘʣʥʦ 

ʙʠ ʤʦʛʣʘ ʜʘ ʥʘʨʫʰʠ ʯʫʚʩʪʚʦʪʦ ʟʘ ʩʘʤʦʜʦʚʦʣʩʪʚʦ ʥʘ ʛʨʫʧʘʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʝʬʝʢ-

ʪʠʚʥʦʩʪʪʘ ʠ ʤʦʨʘʣʥʠʪʝ ʘʩʧʝʢʪʠ ʥʘ ʥʝʡʥʠʪʝ ʨʝʰʝʥʠʷ. 

ʀʤʘ ʦʩʥʦʚʘʥʠʷ ʜʘ ʩʝ ʩʤʷʪʘ, ʯʝ ʧʦʩʦʯʝʥʠʪʝ ʦʩʝʤ ʚʠʜʘ ʧʦʚʝʜʝʥʠʝ ʥʘ ʟʘʱʠʪʥʦ 

ʙʷʛʩʪʚʦ ʦʪ ʦʪʛʦʚʦʨʥʦʩʪ ʧʨʠ ʛʨʫʧʦʚʦ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʚ ʩʪʨʝʩʦʚʘ ʩʠʪʫʘʮʠʷ ʚ 

ʥʷʢʦʠ ʩʣʫʯʘʠ ʩʝ ʧʨʦʷʚʷʚʘʪ ʠ ʚ ʨʘʙʦʪʘʪʘ ʥʘ ʚʦʝʥʥʠʪʝ ʱʘʙʦʚʝ, ʦʩʦʙʝʥʦ ʚ ʙʦʡʥʘ ʦʙʩ-

ʪʘʥʦʚʢʘ. 

 

3. Conclusion 

ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ, ʧʨʦʠʟʪʠʯʘʱʠ ʦʪ ʪʦʚʘ ,ʯʝ ɹʲʣʛʘʨʠʷ ʚʝʯʝ ʝ ʯʣʝʥʢʘ ʥʘ ʅɸ-

ʊʆ, ʥʘʣʘʛʘʪ ʥʘ  ʚʦʝʥʥʠʪʝ ʣʠʜʝʨʠ ʜʘ ʠʤʘʪ ʜʦʙʨʝ ʦʬʦʨʤʝʥʦ ʨʘʟʙʠʨʘʥʝ ʟʘ ʩʚʦʠʪʝ 

ʮʝʣʠ, ʟʘʜʘʯʠ ʠ ʬʫʥʢʮʠʠ ʚ ʢʘʯʝʩʪʚʦʪʦ ʩʠ ʥʘ ʢʦʤʘʥʜʠʨʠ ʠ ʦʬʠʮʝʨʠ ʦʪ ʱʘʙʦʚʝ ʥʘ 

ʨʘʟʣʠʯʥʠ ʥʠʚʘ.  

ɺ ʭʦʜʘ ʥʘ ʩʚʦʷʪʘ ʫʧʨʘʚʣʝʥʩʢʘ ʜʝʡʥʦʩʪ ʱʝ ʩʝ ʥʘʣʘʛʘ ʯʝʩʪʦ ʜʘ ʩʝ ʩʧʨʘʚʷʪ ʩ ʪʝʞʢʠ 

ʤʠʩʣʦʚʥʠ ʢʘʟʫʩʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠ ʩʨʦʢʦʚʝ ʠ ʜʝʬʠʮʠʪ ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʪʦ ʚʥʠʤʘ-
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ʪʝʣʥʦ ʩʝ ʧʘʟʷʪ ʦʪ ʧʦʛʨʝʰʥʠ ʨʝʰʝʥʠʷ ʠ ʜʝʡʩʪʚʠʷ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʬʘʪʘʣʝʥ 

ʠʟʭʦʜ ʞʠʚʦʪʘ ʥʘ ʧʦʜʯʠʥʝʥʠʪʝ, ʦʩʦʙʝʥʦ ʚ ʙʦʡʥʘ ʦʙʩʪʘʥʦʚʢʘ. ɿʘ ʜʘ ʫʩʧʝʷʪ, ʪʨʷʙʚʘ 

ʦʪʣʠʯʥʦ ʜʘ ʧʦʟʥʘʚʘʪ ʩʧʝʮʠʬʠʢʘʪʘ ʥʘ ʚʦʝʥʥʦʪʦ ʣʠʜʝʨʩʪʚʦ ʠ ʨʘʟʣʠʢʠʪʝ ʤʫ ʦʪ ʪʦʚʘ ʚ 

ʜʨʫʛʠʪʝ ʩʦʮʠʘʣʥʠ ʩʨʝʜʠ, ʠʟʢʫʰʝʥʠʷʪʘ ʥʘ ʚʣʘʩʪʪʘ ʠ ʜʝʬʦʨʤʘʮʠʠʪʝ, ʜʦ ʢʦʠʪʦ ʤʦʞʝ 

ʜʘ ʩʝ ʩʪʠʛʥʝ ʧʨʠ ʧʨʠʣʘʛʘʥʝʪʦ ʠ, ʢʘʢʪʦ ʠ ʝʪʘʧʠʪʝ ʧʨʠ ʚʟʝʤʘʥʝ ʥʘ ʢʦʤʘʥʜʠʨʩʢʦ ʨʝʰʝ-

ʥʠʝ. ʄʥʦʛʦ ʚʘʞʥʦ ʝ ʜʘ ʩʝ ʦʚʣʘʜʝʝ ʠ ʠʟʢʫʩʪʚʦʪʦ ʥʘ ʨʘʙʦʪʘ ʚ ʝʢʠʧ, ʢʦʡʪʦ ʧʨʠʥʮʠʧ ʝ 

ʦʩʥʦʚʦʧʦʣʘʛʘʱ ʚ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʦʬʠʮʝʨʠʪʝ ʦʪ ʩʪʨʘʥʠʪʝ, ʯʣʝʥʢʠ ʥʘ ʅɸʊʆ.  
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ɺ ʤʦʨʷʰʢʘʪʘ ʧʨʦʬʝʩʠʷ ʩʲʱʝʩʪʚʝʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʧʩʠʭʠʢʘʪʘ ʠ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ 

ʢʦʨʘʙʥʠʪʝ ʝʢʠʧʘʞʠ ʚʣʠʷʷʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʠ: 

ʉʝʥʟʦʨʥʘʪʘ ʠʟʦʣʘʮʠʷ, ʧʩʠʭʠʯʝʩʢʘʪʘ ʜʝʧʨʠʚʘʮʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠʷ ʛʣʘʜ. 

ʇʩʠʭʠʯʝʩʢʘʪʘ ʜʝʧʨʠʚʘʮʠʷ ʠ ʩʝʥʟʦʨʥʠʷʪ ʛʣʘʜ ʩʥʠʞʘʚʘʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ 

ʤʦʨʷʮʠʪʝ ʠ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʚʣʦʰʘʚʘʥʝ ʥʘ ʧʦʟʥʘʚʘʪʝʣʥʘʪʘ ʜʝʡʥʦʩʪ ʥʘ ʤʦʨʷʮʠʪʝ. 

ʇʨʠ ʧʦ-ʩʣʦʞʥʠ ʫʩʣʦʚʠ ̫ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʨʘʟʩʪʨʦʡʩʪʚʘ ʥʘ ʦʨʠʝʥʪʘʮʠʷʪʘ ʚʲʚ ʚʨʝʤʝʪʦ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ, ʠʟʦʩʪʨʝʥʘ ʨʝʘʢʮʠʷ ʥʘ ʩʣʘʙʠ ʜʨʘʟʥʠʪʝʣʠ, ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʘʛʨʝʩʠʚ-

ʥʦʩʪʪʘ ʠ ʢʦʥʬʣʠʢʪʥʦʩʪʪʘ ʩʣʝʜʩʪʚʠʝ ʩʧʘʜʘʥʝ ʥʘ ʣʠʯʥʦʩʪʥʠʷ ʧʦʚʝʜʝʥʯʝʩʢʠ ʪʦʣʝʨʘʥʩ. 

ʇʦ ʚʨʝʤʝ ʥʘ ʧʣʘʚʘʥʝʪʦ ʫ ʤʦʨʷʮʠʪʝ ʧʦʥʷʢʦʛʘ ʩʝ ʨʘʟʚʠʚʘ ʪ.ʥ. ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʝʥ 

ʩʠʥʜʨʦʤ. ʊʦʡ ʩʝ ʧʦʷʚʷʚʘ ʧʨʠ ʥʝʜʦʩʪʠʛ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʢʘʢʪʦ ʦʪ ʙʨʝʛʘ, ʪʘʢʘ ʠ ʦʪ 

ʩʪʨʘʥʘ ʥʘ ʢʦʨʘʙʥʦʪʦ ʨʲʢʦʚʦʜʩʪʚʦ ʟʘ ʭʘʨʘʢʪʝʨʘ ʥʘ ʨʝʡʩʘ, ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʠ ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʠʝʪʦ ʥʘ ʧʨʝʚʦʟʚʘʥʠʪʝ ʪʦʚʘʨʠ ʠ ʜʨʫʛʠ ʫʩʣʫʛʠ ʥʘ ʤʦʨʝ. ʂʦʛʘʪʦ ʤʦʨʷʮʠʪʝ ʩʘ 

ʣʠʰʝʥʠ ʦʪ ʟʥʘʯʠʤʘ ʟʘ ʪʷʭ ʠʥʬʦʨʤʘʮʠʷ, ʪʝ ʟʘʧʦʯʚʘʪ ʠʥʜʠʚʠʜʫʘʣʥʦ ʠ ʛʨʫʧʦʚʦ ʙʦʣʝʟ-

ʥʝʥʦ ʜʘ ʪʲʣʢʫʚʘʪ ʚʩʷʢʘʢʚʠ ʥʝʟʥʘʯʠʪʝʣʥʠ ʧʨʠʟʥʘʮʠ ʥʘ ʧʨʦʠʟʪʠʯʘʱʠʪʝ ʥʘʦʢʦʣʦ 

ʩʲʙʠʪʠʷ ʠ ʷʚʣʝʥʠʷ, ʤʠʩʣʠ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʦʙʭʚʘʥʘʪ ʮʷʣʦʩʪʥʠʷ ʞʠʚʦʪ ʥʘ ʤʦʨʷʢʘ ï ʦʪ 

ʩʲʤʥʝʥʠʷ ʠ ʥʘʪʨʘʧʣʠʚʦʩʪʠ ʩʧʨʷʤʦ ʜʝʡʥʦʩʪʪʘ ʥʘ ʢʦʨʘʙʥʦʪʦ ʨʲʢʦʚʦʜʩʪʚʦ ʠʣʠ ʜʨʫʛʠ 

ʯʣʝʥʦʚʝ ʥʘ ʝʢʠʧʘʞʘ, ʜʦ ʥʘʪʨʘʧʣʠʚʦʩʪʠ ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʝʤʝʡʩʪʚʦʪʦ, ʟʘʙʦʣʷʚʘʥʝ ʥʘ 

ʜʝʮʘʪʘ, ʩʲʧʨʫʞʝʩʢʘ ʠʟʥʝʚʷʨʘ ʠ ʧʨ. 

ʇʦʜʦʙʥʠ ʧʨʝʞʠʚʷʚʘʥʠʷ ʠʟʧʠʪʚʘ ʝʜʠʥ ʦʪ ʤʦʨʷʮʠʪʝ ʥʘ ʤʦʪʦʨʝʥ ʢʦʨʘʙ Ăɽʃɽʅɸò, 

ʢʦʠʪʦ ʩʝ ʟʘʩʠʣʚʘʪ ʧʦ ʚʨʝʤʝ ʥʘ ʧʣʘʚʘʥʝʪʦ ʙʝʟ ʥʠʢʦʡ ʜʘ ʟʘʙʝʣʝʞʠ ʧʨʦʤʷʥʘʪʘ ʠ ʜʘ 

ʧʨʝʜʧʨʠʝʤʝ ʥʝʦʙʭʦʜʠʤʠʪʝ ʧʨʝʚʘʥʪʠʚʥʠ ʜʝʡʩʪʚʠʷ, ʢʦʝʪʦ ʧʨʝʚʨʲʱʘ ʤʣʘʜʠʷ ʠ ʥʝʦʧʠ-

ʪʝʥ ʤʦʨʷʢ ʚ ʫʙʠʝʮ ʥʘ ʜʚʘʤʘ ʜʫʰʠ ʦʪ ʝʢʠʧʘʞʘ.  

ɾʠʚʦʪʲʪ ʥʘ ʤʦʨʷʢʘ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʧʦʩʪʦʷʥʥʦ ʦʯʘʢʚʘʥʝ ï ʚʣʠʟʘʥʝ ʚ ʧʨʠʩʪʘ-

ʥʠʱʝʪʦ ʪʨʲʛʚʘʥʝ ʥʘ ʧʣʘʚʘʥʝ, ʟʘʚʲʨʰʚʘʥʝ ʥʘ ʨʝʡʩʘ ʠ ʧʨ. ɺ ʤʦʨʝʪʦ ʤʠʥʘʚʘʪ ʜʝʩʝʪʢʠ 

ʛʦʜʠʥʠ ʦʪ ʞʠʚʦʪʘ ʥʘ ʤʦʨʷʮʠʪʝ, ʥʦ ʪʝ ʚʲʟʧʨʠʝʤʘʪ ʪʝʟʠ ʛʦʜʠʥʠ ʢʘʪʦ ʦʯʘʢʚʘʥʝ ʥʘ 

ʞʠʚʦʪʘ ʥʘ ʙʨʝʛʘ. ʅʘ ʢʦʨʘʙʘ ʚʲʟʥʠʢʚʘʪ ʠʣʶʟʠʠ ʟʘ ʙʨʝʛʦʚʠʷ ʞʠʚʦʪ, ʢʦʠʪʦ ʢʘʪʦ ʧʨʘ-

ʚʠʣʦ ʥʝ ʩʲʦʪʚʝʪʩʚʘʪ ʥʘ ʨʝʘʣʥʦʩʪʪʘ. ʊʦʚʘ ʦʙʩʪʦʷʪʝʣʩʪʚʦ ʯʝʩʪʦ ʚʦʜʠ ʜʦ ʚʲʟʥʠʢʚʘʥʝ 

ʥʘ ʥʝʫʨʝʜʠʮʠ ʠ ʢʦʥʬʣʠʢʪʠ, ʣʠʯʥʦʩʪʥʠ ʨʘʟʩʪʨʦʡʩʪʚʘ .  

ʙ) ʃʠʯʥʦʩʪʥʦʪʦ ʧʨʝʩʠʱʘʥʝ ʚ ʝʢʠʧʘʞʘ ʢʘʪʦ ʟʘʪʚʦʨʝʥʘ ʩʦʮʠʘʣʥʘ ʦʙɦ ʥʦʩʪ 

ʇʨʦʜʲʣʞʠʪʝʣʥʦʪʦ ʩʲʞʠʪʝʣʩʪʚʦ ʥʘ ʭʦʨʘʪʘ ʚ ʟʘʪʚʦʨʝʥʘ ʩʦʮʠʘʣʥʘ ʦʙʱʥʦʩʪ ʢʘʢʚʘ-

ʪʦ ʝ ʢʦʨʘʙʥʠʷʪ ʝʢʠʧʘʞ ʚʦʜʠ ʜʦ ʣʠʯʥʦʩʪʥʦ ʧʨʝʩʠʱʘʥʝ. ʊʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʧʨʝʜʠʟ-
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ʚʠʢʚʘ ʧʦʚʠʰʝʥʘ ʘʛʨʝʩʠʚʥʦʩʪ, ʢʦʥʬʣʠʢʪʥʦʩʪ ʠ ʥʝʧʦʥʦʩʠʤʦʩʪ,ʘ ʚʩʠʯʢʦ ʪʦʚʘ ʚʣʦʰʘʚʘ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʢʦʨʘʙʥʘʪʘ ʜʝʡʥʦʩʪ ʠ ʝ ʦʧʘʩʥʦ ʟʘ ʢʦʨʘʙʦʧʣʘʚʘʥʝʪʦ. 

ʂʦʛʥʠʪʠʚʥʠʷʪ ʜʠʩʦʥʘʥʩ ʚ ʦʬʠʮʝʨʩʢʠʷ ʩʲʩʪʘʚ ʦʪ ʫʧʨʘʚʣʝʥʩʢʦʪʦ ʠ ʦʧʝʨʘʪʠʚʥʦʪʦ 

ʥʠʚʦ ʧʨʠ ʚʟʝʤʘʥʝ ʥʘ ʦʪʛʦʚʦʨʥʠ ʨʝʰʝʥʠʷ . 

ʂʦʛʥʠʪʠʚʥʠʷʪ ʜʠʩʦʥʘʥʩ ʝ ʠʟʩʣʝʜʚʘʥ ʦʪ ʘʤʝʨʠʢʘʥʩʢʠʷ ʧʩʠʭʦʣʦʛ ʃʝʦʥ ʌʝʩʪʠʥ-

ʛʲʨ. ʂʘʧʠʪʘʥʲʪ ʥʘ ʢʦʨʘʙʘ ʠ ʦʩʪʘʥʘʣʠʷʪ ʦʬʠʮʝʨʩʢʠ ʩʲʩʪʘʚ ʦʪ ʫʧʨʘʚʣʝʥʩʢʦʪʦ ʠ ʦʧʝ-

ʨʘʪʠʚʥʦʪʦ ʥʠʚʦ ʝʞʝʜʥʝʚʥʦ ʠʟʧʠʪʚʘʪ ʢʦʛʥʠʪʠʚʝʥ ʜʠʩʦʥʘʥʩ ʧʨʠ ʚʟʝʤʘʥʝ ʥʘ ʫʧʨʘʚ-

ʣʝʥʩʢʠ ʨʝʰʝʥʠʷ, ʦʩʦʙʝʥʦ ʚ ʝʢʩʪʨʝʤʘʣʥʠ ʩʠʪʫʘʮʠʠ. ʊʦʚʘ ʝ ʩʚʲʨʟʘʥʦ ʩ ʧʦʚʠʰʝʥʦ 

ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʦ ʥʘʧʨʝʞʝʥʠʝ, ʧʦʨʦʜʝʥʦ ʥʝ ʩʘʤʦ ʦʪ ʚʠʩʦʢʘʪʘ ʧʝʨʩʦʥʘʣʥʘ ʦʪʛʦ-

ʚʦʨʥʦʩʪ, ʥʦ ʠ ʦʪ ʪʨʫʜʥʦʩʪʪʘ ʥʘ ʩʠʪʫʘʮʠʷʪʘ, ʟʘ ʢʦʷʪʦ ʦʬʠʮʝʨʠʪʝ ʥʷʤʘʪ ʛʦʪʦʚʠ ʨʝʰʝ-

ʥʠʷ ʥʠʪʦ ʦʪ ʧʨʘʢʪʠʢʘʪʘ, ʥʠʪʦ ʦʪ ʪʝʦʨʠʷʪʘ ʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʘʟʯʠʪʘ ʥʘ ʩʦʙʩʪʚʝʥʘʪʘ 

ʠʥʪʫʠʮʠʷ ʠ ʪʚʦʨʯʝʩʢʠʪʝ ʩʠ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʄʦʥʦʪʦʥʥʦʩʪʪʘ ʥʘ ʢʦʨʘʙʥʠʷ ʞʠʚʦʪ ʠ ʝʜʥʦʦʙʨʘʟʠʝʪʦ ʥʘ ʪʨʫʜʦʚʠʪʝ ʧʨʦʮʝʩʠ. 

ɽʜʥʘ ʦʪ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʤʦʨʩʢʘʪʘ ʜʝʡʥʦʩʪ ʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʤʦʥʦʪʦʥʥʠ ʜʝʡʥʦʩʪʠ, 

ʨʝʞʠʤʠ ʠ ʩʠʪʫʘʮʠʠ. ʀʥʪʝʥʟʠʚʥʦʪʦ ʨʘʙʦʪʥʦ ʥʘʪʦʚʘʨʚʘʥʝ ʧʨʝʜʠʟʚʠʢʚʘ ʧʦʚʠʰʘʚʘʥʝ 

ʥʘ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʠ ʫʩʠʣʚʘ ʩʫʙʝʢʪʠʚʥʘʪʘ ʦʮʝʥʢʘ ʟʘ ʤʦʥʦʪʦʥ-

ʥʦʩʪʪʘ . ʄʦʥʦʪʦʥʥʘʪʘ ʜʝʡʥʦʩʪ ʚʲʟʜʝʡʩʪʚʘ ʚʲʨʭʫ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʪʦ ʩʲʩʪʦʷʥʠʝ 

ʥʘ ʯʦʚʝʢʘ ʠ ʧʨʝʜʠʟʚʠʢʚʘ ʨʝʜʠʮʘ ʥʝʞʝʣʘʪʝʣʥʠ ʷʚʣʝʥʠʷ, ʢʘʪʦ: 
- ʧʨʝʚʲʟʙʫʞʜʘʥʝ ʠ ʠʟʪʦʱʘʚʘʥʝ ʥʘ ʝʜʥʠ ʮʝʥʪʨʦʚʝ, ʧʨʠʪʲʧʚ̫ʘʥʝ ʠ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʟʘʜʨʲʞʢʠ 

ʚ ʜʨʫʛʠ ʮʝʥʪʨʦʚʝ; 

- ʫʤʦʨʘ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘʱʠʪʝ ʦʨʛʘʥʠ 

- ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʤʦʪʠʚʘʮʠʷʪʘ, ʢʦʝʪʦ ʩʝ ʧʨʦʷʚʷʚʘ ʚ ʟʘʛʫʙʘ ʥʘ ʠʥʪʝʨʝʩ ʢʲʤ ʜʝʡʥʦʩʪʪʘ, ʦʙʢ-

ʨʲʞʘʚʘʱʠʪʝ ʭʦʨʘ ʠ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ; 

- ʦʪʩʲʩʪʚʠʝ ʥʘ ʧʦʣʦʞʠʪʝʣʥʠ ʝʤʦʮʠʦʥʘʣʥʠ ʝʬʝʢʪʠ; 

- ʩʪʨʝʤʝʞ ʜʘ ʩʝ ʧʨʝʢʨʘʪʠ ʨʘʙʦʪʘʪʘ; 

- ɽʜʥʦʩʪʨʘʥʥʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʦʛʨʘʥʠʯʝʥʘ ʛʨʫʧʘ ʥʝʨʚʥʠ ʢʣʝʪʢʠ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʦʜʲʣʞʠ-

ʪʝʣʥʘʪʘ ʤʦʥʦʪʦʥʥʘ ʜʝʡʥʦʩʪ ʥʘ ʤʦʨʝ ʧʨʝʜʠʟʚʠʢʚʘ ʬʫʥʢʮʠʦʥʘʣʥʦ ʠʟʪʦʱʝʥʠʝ, ʨʘʟʚʠʚʘʥʝ ʥʘ 

ʟʘʜʨʲʞʥʠ ʨʝʘʢʮʠʠ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʫʩʢʦʨʝʥʦ ʧʦʷʚʷʚʘʥʝ ʥʘ ʫʤʦʨʘ, ʩʲʥʣʠʚʦʩʪ, ʙʝʟʨʘʟʣʠʯʠʝ, 

ʫʩʘʤʦʪʷʚʘʥʝ, ʩʪʝʨʝʦʪʠʧʥʦʩʪ ʚ ʧʦʚʝʜʝʥʠʝʪʦ, ʚʷʣʦʩʪ, ʩʥʠʞʘʚʘʥʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ, ʩʧʘʜʘ-

ʥʝ ʥʘ ʠʥʪʝʣʝʢʪʫʘʣʥʘʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʞʠʟʥʝʥʠʷ ʪʝʣʝʩʝʥ ʪʦʥʫʩ, ʦʪʩʣʘʙʚʘʥʝ ʥʘ 

ʚʦʣʷʪʘ ʠ ʚʥʠʤʘʥʠʝʪʦ ʠ ʜʨ. 

- ʄʦʥʦʪʦʥʥʘʪʘ ʜʝʡʥʦʩʪ, ʩʲʯʝʪʘʥʘ ʩʲʩ ʩʝʥʟʦʨʥʘʪʘ ʠʟʦʣʘʮʠʷ ʠ ʧʩʠʭʠʯʝʩʢʘʪʘ ʜʝʧʨʠʚʘʮʠʷ, 

ʥʘ ʬʦʥʘ ʥʘ ʜʝʬʠʮʠʪʘ ʦʪ ʟʥʘʯʠʤʘ ʟʘ ʤʦʨʮ̫ʠʪʝ ʠʥʬʦʨʤʘʮʠʷ ʚʦʜʠ ʜʦ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʩʪʨʝʩʘ, 

ʪʨʝʚʦʞʥʠʪʝ ʦʯʘʢʚʘʥʠʷ, ʚʣʦʰʘʚʘʥʝ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʜʝʡʥʦʩʪʪʘ ʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʛʨʝʰʢʠʪʝ, ʢʦʝʪʦ 

ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʟʘʩʪʨʘʰʘʚʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʢʦʨʘʙʦʧʣʘʚʘʥʝʪʦ. 

ɼʝʥʦʥʦʱʥʠʷʪ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ ʥʘ ʤʦʨʷʮʠʪʝ ʧʦ ʚʨʝʤʝ ʥʘ ʧʣʘʚʘʥʝ ʚʦʜʠ ʜʦ ʥʘʨʫ-

ʰʝʥʠʷ ʥʘ Ăʙʠʦʣʦʛʠʯʥʠʷ ʯʘʩʦʚʥʠʢò ʠ ʙʠʦʨʠʪʲʤʘ ʥʘ ʯʦʚʝʢʘ, ʢʦʝʪʦ ʧʨʝʜʠʟʚʠʢʚʘ ʥʘ-

ʨʫʰʝʥʠʷ ʥʘ ʩʲʥʷ ʠ ʜʨʫʛʠ ʧʩʠʭʦ-ʩʦʤʘʪʠʯʥʠ ʨʘʟʩʪʨʦʡʩʪʚʘ. 

ɹʠʦʨʠʪʤʠʪʝ ʩʘ ʢʦʣʝʙʘʥʠʝ ʥʘ ʩʤʷʥʘ ʠ ʠʥʪʝʥʟʠʚʥʦʩʪ ʥʘ ʧʨʦʮʝʩʠʪʝ ʠ ʬʠʟʠʦʣʦʛʠ-

ʯʝʩʢʠʪʝ ʨʝʘʢʮʠʠ ʚ ʦʨʛʘʥʠʟʤʘ, ʦʙʫʩʣʦʚʝʥʠ ʦʪ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʲʥʰʥʠ ʠ ʚʲʪʨʝʰʥʠ 

ʬʘʢʪʦʨʠ. ʅʘʡ-ʩʲʱʝʩʪʚʝʥʦ ʚʣʠʷʥʠʝ ʦʢʘʟʚʘʪ ʚʲʨʭʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʠ ʥʘʩʪʨʦʝʥʠ-

ʝʪʦ ʥʘ ʯʦʚʝʢʘ ʜʝʥʦʥʦʱʥʠʪʝ ʙʠʦʨʠʪʤʠ, ʩʚʲʨʟʘʥʠ ʩ ʧʝʨʠʦʜʠʪʝ ʥʘ ʛʝʦʛʨʘʬʩʢʠʪʝ ʮʠʢʣʠ 

ï ʩʤʷʥʘʪʘ ʥʘ ʜʝʥʷ ʠ ʥʦʱʪʘ, ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʦʩʚʝʪʝʥʦʩʪʪʘ, ʪ.ʥ Ăʙʝʣʠ ʥʦʱʠò ʠʣʠ 

Ăʯʝʨʥʠ ʜʥʠò ʠ ʧʨ. 

ʅʘʨʫʰʘʚʘʥʝʪʦ ʥʘ ʩʲʥʷ ʢʘʢʪʦ ʧʦ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ, ʪʘʢʘ ʠ ʧʦ ʢʘʯʝʩʪʚʦ, ʚʣʦʰʘʚʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʠ ʩʘʤʦʯʫʚʩʪʚʠʝʪʦ, ʩʧʦʩʦʙʩʪʚʘ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʥʝʨʚʥʦ ʧʩʠʭʠ-

ʯʝʩʢʘʪʘ ʚʲʟʙʫʜʘ, ʢʦʪ̫ʦ ʚʣʠʷʝ ʦʪʨʠʮʘʪʝʣʥʦ ʥʘ ʥʦʩʝʥʝʪʦ ʥʘ ʚʘʭʪʘʪʘ ʠ ʠʟʧʲʣʥʝʥʠʪʝ ʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʠ ʟʘʜʲʣʞʝʥʠʷ. 
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ʇʨʦʜʲʣʞʠʪʝʣʥʦʪʦ ʙʝʟʩʲʥʠʝ ʚʦʜʠ ʜʦ ʚʣʦʰʘʚʘʥʝ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʨʘʙʦʪʘʪʘ, ʘ ʭʨʦ-

ʥʠʯʥʦʪʦ ʥʝʜʦʩʧʠʚʘʥʝ ʩʝ ʨʘʚʥʷʚʘ ʥʘ ʘʣʢʦʭʦʣʥʦ ʦʧʠʷʥʝʥʠʝ. ʈʦʣʷʪʘ ʥʘ ʙʝʟʩʲʥʠʝʪʦ ʚ 

ʢʦʨʘʙʦʧʣʘʚʘʥʝʪʦ ï ʢʘʢʪʦ ʚ ʪʲʨʛʦʚʩʢʦʪʦ, ʪʘʢʘ ʠ ʥʘ ʚʦʝʥʥʠʪʝ ʢʦʨʘʙʠ ʥʝ ʝ ʜʦʙʨʝ ʧʨʦʫ-

ʯʝʥ ʧʨʦʙʣʝʤ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʛʨʝʰʢʠ ʚ ʦʮʝʥʢʘʪʘ ʠ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʦʙʩʪʘʥʦʚʢʘʪʘ, 

ʚʣʦʰʘʚʘ ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʝ ʠ ʦʪʜʘʚʘʥʝʪʦ ʟʘ ʟʘʧʦʚʝʜʠ, ʟʘʪʨʫʜʥʷʚʘ ʠʟʧʲʣʥʝʥʠʝʪʦ 

ʥʘ ʙʦʡʥʠʪʝ ʟʘʜʘʯʠ. ʉʯʠʪʘ ʩʝ, ʯʝ ʙʝʟʩʲʥʠʝʪʦ ʝ ʝʜʥʘ ʦʪ ʧʨʠʯʠʥʠʪʝ ʟʘ ʪ.ʥ. Ăʜʨʫʞʝʩʢʠ 

ʦʛʲʥò, ʢʦʠʪʦ ʧʦ ʚʨʝʤʝ ʥʘ ʚʦʡʥʘʪʘ ʧʨʠʜʦʙʠ ʟʘʩʪʨʘʰʠʪʝʣʥʠ ʨʘʟʤʝʨʠ. 

ɸʚʩʪʨʘʣʠʡʩʢʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʩʘ ʫʩʪʘʥʦʚʠʣʠ, ʯʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʪʘ ʥʘ ʭʦʨʘʪʘ, ʢʦ-

ʠʪʦ ʥʝ ʩʘ ʩʧʘʣʠ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 18-24 ʯʘʩʘ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʧʦʚʝʜʝʥʠʝ ʥʘ ʭʦʨʘ, 

ʢʦʠʪʦ ʠʤʘʪ ʚ ʢʨʲʚʪʘ ʩʠ 0.05 ʧʨʦʤʠʣʘ ʘʣʢʦʭʦʣ. ʍʦʨʘ, ʢʦʠʪʦ ʥʝ ʩʘ ʩʧʘʣʠ ʚ ʧʨʦʜʲʣʞʝ-

ʥʠʝ ʥʘ 25-26 ʯʘʩʘ ʠʤʘʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪ, ʨʘʚʥʦʩʪʦʡʥʘ ʥʘ ʪʝʟʠ, ʚ ʯʠʷʪʦ ʢʨʲʚ ʩʝ ʩ̡ -

ʜʲʨʞʘ 0.1 ʧʨʦʤʠʣʘ ʘʣʢʦʭʦʣ. ʉʲʛʣʘʩʥʦ ʢʦʥʚʝʥʮʠʷ òSTCWô 95ò ʫʩʪʘʥʦʚʷʚʘ ʣʠʤʠʪ ʦʪ 

0.08 ʧʨʦʤʠʣʘ ʘʣʢʦʭʦʣ ʟʘ ʤʦʨʷʮʠʪʝ. 

ʆʙʝʟʜʚʠʞʚʘʥʝʪʦ ʝ ʛʦʣʷʤ ʙʠʯ ʟʘ ʤʦʨʷʮʠʪʝ ʠ ʘʩʪʨʦʥʘʚʪʠʪʝ, ʥʦ ʜʦʢʘʪʦ ʢʦʩʤʠʯʝʩ-

ʢʘʪʘ ʧʩʠʭʦʣʦʛʠʷ ʢʦʩʤʠʯʝʩʢʘʪʘ ʤʝʜʠʮʠʥʘ ʧʨʝʜʣʘʛʘ ʝʬʝʢʪʠʚʥʠ ʨʝʰʝʥʠʷ ʪʦ ʢʦʨʘʙʥʘ-

ʪʘ ʤʝʜʠʮʠʥʘ ʠ ʤʦʨʩʢʘʪʘ ʧʩʠʭʦʣʦʛʠʷ ʩʘ ʚ ʜʲʣʛ ʥʘ ʤʦʨʷʮʠʪʝ ʦʪ ʚʩʠʯʢʠ ʩʪʨʘʥʠ ʧʦ 

ʩʚʝʪʘ. 

ʄʠʢʨʦʢʣʠʤʘʪʘ ʠ ʦʙʠʪʘʝʤʦʩʪʪʘ ʥʘ ʢʦʨʘʙʥʠʪʝ ʧʦʤʝʱʝʥʠʷ, ʢʫʤʫʣʘʪʠʚʥʦ ʚʲʟʜʝʡʩ-

ʪʚʠʝ ʥʘ ʚʠʙʨʘʮʠʠʪʝ, ʚʲʣʥʝʥʠʝʪʦ ʥʘ ʤʦʨʝʪʦ, ʰʫʤʘ, ʣʲʯʝʥʠʷʪʘ ʥʘ ʢʦʨʘʙʘ; 

ʀʟʧʘʨʝʥʠʝʪʦ ʥʘ ʛʦʨʠʚʘ ʠ ʤʘʩʣʘ, ʰʫʤʲʪ, ʚʠʙʨʘʮʠʠʪʝ, ʧʦʩʪʦʷʥʥʦʪʦ ʠʟʢʫʩʪʚʝʥʦ 

ʦʩʚʝʪʣʝʥʠʝ, ʡʦʥʠʟʠʨʘʱʠʪʝ ʣʲʯʝʥʠʷ, ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʦʪʦ ʠʟʣʲʯʚʘʥʝ ʩʝ ʷʚʷʚʘʪ ʦʩʥʦʚ-

ʥʠòʟʘʤʲʨʩʠʪʝʣʠò ʥʘ ʢʦʨʘʙʥʘʪʘ ʩʨʝʜʘ ʠ ʦʢʘʟʚʘʪ ʩʲʱʝʩʪʚʝʥʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʥʠʝ 

ʚʲʨʭʫ ʪʷʭʥʘʪʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ. 

ʇʦʟʥʘʚʘʥʝʪʦ ʥʘ ʬʘʢʪʦʨʠʪʝ ʚʣʠʷʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʤʥʦʛʦ ʥʘ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʚʲʟ-

ʤʦʞʥʠʪʝ ʧʨʦʙʣʝʤʠ, ʢʦʠʪʦ ʙʠʭʘ ʙʠʣʠ ʚʲʟʥʠʢʥʘʣʠ ʥʘ ʤʦʨʝ. ʇʦʟʥʘʚʘʥʝʪʦ ʥʘ ʬʘʢʪʦʨʠ-

ʪʝ ʩʲʱʦ ʩʧʦʩʦʙʩʪʚʘ ʟʘ ʧʨʝʚʝʥʮʠʷʪʘ ʥʘ ʤʥʦʛʦ ʠʥʮʠʜʝʥʪʠ ʧʨʦʠʟʣʠʟʘʱʠ ʦʪ ʧʩʠʭʦʣʦ-

ʛʠʷʪʘ ʥʘ ʤʦʨʩʢʘʪʘ ʧʨʦʬʝʩʠʷ. ɿʘʪʦʚʘ ʦʨʛʘʥʠʟʠʨʘʥʝʪʦ ʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʩʧʝʮʠʘʣʠ-

ʟʠʨʘʥʠ ʢʫʨʩʦʚʝ ʠ ʙʝʩʝʜʠ ʟʘ ʬʘʢʪʦʨʠʪʝ ʚʣʠʷʝʱʠ ʚʲʨʭʫ ʧʩʠʭʠʢʘʪʘ ʥʘ ʤʦʨʷʢʘ ʚ ʝʢʩʪ-

ʨʝʤʘʣʥʠ ʩʠʪʫʘʮʠʠ, ʙʠʭʘ ʙʠʣʠ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʟʘ ʧʩʠʭʠʯʥʦʪʦ 

ʟʜʨʘʚʝ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʤʦʨʷʮʠʪʝ ʧʦ ʩʚʝʪʘ.  
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ʈʝʟʶʤʝ 

ʉʣʝʜ ʜʦʩʪʘʪʲʯʥʦ ʜʲʣʛʦ ʚʨʝʤʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʠ ʨʘʩʪʝʞ, ʧʨʝʟ 2009 ʛ, 

ʙʲʣʛʘʨʩʢʘʪʘ ʠʢʦʥʦʤʠʢʘ ʥʘʚʣʝʟʝ ʚ ʨʝʮʝʩʠʷ. ʇʨʠʯʠʥʠ ʟʘ ʪʘʟʠ ʨʝʮʝʩʠʷ ʙʷʭʘ: 

-ʦʪʚʦʨʝʥʦʩʪʪʘ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʠʢʦʥʦʤʠʢʘ; 

-ʥʘʣʠʯʠʝʪʦ ʥʘ ʥʠʩʢʦ ʥʠʚʦ ʥʘ  ʩʧʝʩʪʷʚʘʥʠʷ ʚ ʙʲʣʛʘʨʩʢʦʪʦ ʩʦʮʠʘʣʥʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ; ʧʨʠ ʥʠʩʢʠʪʝ ʨʘʚʥʠʱʘ ʥʘ ʩʧʝʩʪʷʚʘʥʠʷ, ɹʲʣʛʘʨʠʷ ʩʪʘʚʘ ʦʱʝ ʧʦ-

ʟʘʚʠʩʠʤʘ ʦʪ ʯʫʞʜʠ ʧʨʝʢʠ ʠʥʚʝʩʪʠʮʠʠ. ʆʩʚʝʥ ʪʝʤʧʘ ʥʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ɹɺʇ, 

ʦʩʥʦʚʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʪ ʢʦʠʪʦ ʯʫʞʜʠʪʝ ʠʥʚʝʩʪʠʪʦʨʠ ʩʝ ʠʥʪʝʨʝʩʫʚʘʪ ʧʨʝʜʠ ʜʘ 

ʠʥʚʝʩʪʠʨʘʪ, ʝ ʙʶʜʞʝʪʥʠʷʪ ʜʝʬʠʮʠʪ ʠ ʨʝʟʝʨʚʠʪʝ ʚ ʯʫʞʜʘ ʚʘʣʫʪʘ. ɽʩʪʝʩʪʚʝʥʦ, 

ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʠʥʚʝʩʪʠʪʦʨʠ ʩʣʝʜʷʪ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʢʫʱʘʪʘ ʩʤʝʪʢʘ ʥʘ ʧʣʘʪʝʞʥʠʷ 

ʙʘʣʘʥʩ, ʠ ʣʠʯʥʦʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʢʘʪʦ ʧʨʦʮʝʥʪ ʦʪ ɹɺʇ. ʀ ʜʚʘʪʘ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʜʩʪʘʚʷʪ ʙʲʣʛʘʨʩʢʘʪʘ ʠʢʦʥʦʤʠʢʘ ʢʘʪʦ ʨʠʩʢ. ɺ ʩʪʨʘʥʘ, ʚ ʢʦʷʪʦ ʧʦʚʝʯʝ ʦʪ 20% ʦʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʪʦ ʥʘʩʝʣʝʥʠʝ ʩʝ ʥʘʤʠʨʘ ʚ ʯʫʞʙʠʥʘ, ʢʘʪʦ ʧʨʝʚʝʞʜʘ ʩʨʝʜʩʪʚʘ ʟʘ 

ʠʟʜʨʲʞʢʘ ʥʘ ʙʣʠʟʢʠ ʠ ʨʦʜʥʠʥʠ (ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʠʥʚʝʩʪʠʨʘʰʝ ʚ ʠʤʦʪʠ ʧʦ ʚʨʝʤʝ 

ʥʘ ʙʫʤʘ ʥʘ ʪʦʟʠ ʧʘʟʘʨ), ʧʦʜʦʙʥʠ ʧʦʢʘʟʘʪʝʣʠ ʙʠʭʘ ʩʝ ʦʮʝʥʠʣʠ ʢʘʪʦ ʧʦ-ʣʦʰʠ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʝʜʥʘ ʙʘʣʘʥʩʠʨʘʥʘ ʠʢʦʥʦʤʠʢʘ.   

ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʨʦʙʣʝʤʠ ʚ ʢʨʠʟʠʩʥʠ ʫʩʣʦʚʠʷ ʟʘ ʜʲʨʞʘʚʥʠʷ ʬʠʩʢ ʩʲʟʜʘʚʘ ʠ 

ʩʠʚʘʪʘ ʠʢʦʥʦʤʠʢʘ. ʅʝʱʦ ʧʦʚʝʯʝ, ʥʘʣʠʯʠʝʪʦ ʥʘ ʪʦʟʠ ʬʝʥʦʤʝʥ ʫ ʥʘʩ ʝ ʩʨʝʜ 

ʦʩʥʦʚʥʠʪʝ ʫʩʣʦʚʠʷ - ʥʘʨʝʜ, ʨʘʟʙʠʨʘ ʩʝ, ʩʲʩ ʩʧʘʜʥʘʣʠʪʝ ʜʦʭʦʜʠ ʦʪ ʜʘʥʲʮʠ ʚ 

ʫʩʣʦʚʠʷʪʘ ʥʘ ʢʨʠʟʘ ï ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʜʝʬʠʮʠʪ ʚ ʠʢʦʥʦʤʠʢʘʪʘ.1 

ʇʦʥʷʢʦʛʘ ʠʢʦʥʦʤʠʢʘʪʘ ʩʝ ʜʝʣʠ ʥʝ ʥʘ ʜʚʝ, ʘ ʥʘ ʪʨʠ ʯʘʩʪʠ -ʣʝʛʘʣʥʘ, ʩʠʚʘ ʠ ʯʝʨʥʘ2. 

ʇʲʨʚʘʪʘ ʚʢʣʶʯʚʘ ʣʝʛʘʣʥʦ ʨʝʛʣʘʤʝʥʪʠʨʘʥʠʪʝ ʬʠʨʤʠ, ʯʠʷʪʦ ʜʝʡʥʦʩʪ ʝ ʚ ʧʲʣʥʦ ʩʲʦʪ-

ʚʝʪʩʪʚʠʝ ʩ ʦʙʱʝʩʪʚʝʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ. ʍʘʨʘʢʪʝʨʠʟʠʨʘ ʩʝ ʩ ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʠʨʘʥʘ 

ʟʘʝʪʦʩʪ ʠ ʩʘʤʦʥʘʝʪʦʩʪ, ʣʝʛʘʣʥʠ ʩʜʝʣʢʠ ʧʨʠ ʩʪʨʠʢʪʥʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʟʘʜʲʣʞʝʥʠʷʪʘ 

ʢʲʤ ʜʘʥʲʯʥʠʪʝ ʚʣʘʩʪʠ, ʦʙʱʝʩʪʚʝʥʦʪʦ ʦʩʠʛʫʨʷʚʘʥʝ ʠ ʥʘʝʪʘʪʘ ʨʘʙʦʪʥʘ ʩʠʣʘ. ɺʪʦʨʘʪʘ 

ʚʢʣʶʯʚʘ ʠʢʦʥʦʤʠʯʝʩʢʠ ʩʪʨʫʢʪʫʨʠ, ʢʦʠʪʦ ʥʘʨʝʜ ʩ ʣʝʛʘʣʥʘʪʘ ʜʝʡʥʦʩʪ ʦʩʲʱʝʩʪʚʷʚʘʪ ʠ 

ʥʝʣʝʛʘʣʥʘ, ʢʦʷʪʦ ʝ ʚ ʥʘʨʫʰʝʥʠʝ ʥʘ ʦʙʱʝʩʪʚʝʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ. ʊʷ ʩʝ ʥʘʨʠʯʘ "ʩʠʚʘ 

ʠʢʦʥʦʤʠʢʘ", ʟʘʱʦʪʦ ʥʝ ʚʩʠʯʢʦ ʩʝ ʦʙʣʘʛʘ ʩ ʜʘʥʲʮʠ. ɺ ʥʝʷ ʩʲʱʝʩʪʚʫʚʘʪ ʦʩʚʝʥ 

ʣʝʛʘʣʥʘʪʘ ʟʘʝʪʦʩʪ ʠ ʩʘʤʦʥʘʝʪʦʩʪ ʠ ʬʦʨʤʠ ʥʘ ʥʝʣʝʛʘʣʥʘ ʟʘʝʪʦʩʪ ʠ ʩʘʤʦʥʘʝʪʦʩʪ, 

ʦʩʲʱʝʩʪʚʷʚʘʪ ʩʝ ʧʦʣʫʣʝʛʘʣʥʠ ʩʜʝʣʢʠ ʧʨʠ ʯʘʩʪʠʯʥʦ ʠʟʧʲʣʥʝʥʠʝ ʥ ʘ ʟʘʜʲʣʞʝʥʠʷʪʘ 

ʢʲʤ ʜʲʨʞʘʚʘʪʘ, ʦʙʱʝʩʪʚʝʥʦʪʦ ʦʩʠʛʫʨʷʚʘʥʝ ʠ ʥʘʝʪʘʪʘ ʨʘʙʦʪʥʘ ʩʠʣʘ.  

ʊʨʝʪʘʪʘ ʯʘʩʪ, ʯʝʨʥʘʪʘ ʠʢʦʥʦʤʠʢʘ, ʚʢʣʶʯʚʘ ʤʘʬʠʦʪʩʢʠʪʝ ʩʪʨʫʢʪʫʨʠ, ʢʦʠʪʦ 

ʩʲʱʝʩʪʚʫʚʘʪ ʥʝʣʝʛʘʣʥʦ ʠ ʦʩʲʱʝʩʪʚʷʚʘʪ ʢʨʠʤʠʥʘʣʥʘ ʜʝʡʥʦʩʪ. ʅʘʣʠʮʝ ʝ ʥʝʣʝʛʘʣʥʘ 

                                                                 
1 ʇʦʣʠʪʠʢʠ ʟʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʢʨʠʟʘ: ʜʠʥʘʤʠʢʘ ʥʘ ʩʢʨʠʪʘʪʘ ʠʢʦʥʦ-
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ʟʘʝʪʦʩʪ ʠ ʩʘʤʦʥʘʝʪʦʩʪ. ʉʜʝʣʢʠʪʝ, ʢʦʠʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘʪ, ʩʲʱʦ ʠʤʘʪ ʥʝʣʝʛʘʣʝʥ 

ʭʘʨʘʢʪʝʨ. ʀʟʙʷʛʚʘʪ ʩʝ ʚʩʷʢʘʢʚʠ ʜʘʥʲʯʥʠ ʠ ʜʨʫʛʠ ʟʘʜʲʣʞʝʥʠʷ ʢʲʤ ʜʲʨʞʘʚʘʪʘ. 

ʇʨʦʙʣʝʤʲʪ, ʢʦʡʪʦ ʚʲʟʥʠʢʚʘ ʧʨʠ ʪʨʦʡʥʦʪʦ ʜʝʣʝʥʠʝ ʥʘ ʠʢʦʥʦʤʠʢʘʪʘ, ʟʘʩʷʛʘ ʛʣʘʚʥʦ 

"ʩʠʚʘʪʘ" ʠ "ʯʝʨʥʘʪʘ" ʠʤ ʩʲʩʪʘʚʥʘ ʯʘʩʪ. ʈʘʟʣʠʯʠʷʪʘ ʤʝʞʜʫ ʪʷʭ ʩʘ ʪʨʫʜʥʦ 

ʦʩʲʱʝʩʪʚʠʤʠ ʠ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʠʤʘʪ ʫʩʣʦʚʝʥ ʭʘʨʘʢʪʝʨ. ʆʙʱʦʪʦ ʤʝʞʜʫ ʪʷʭ ʝ, ʯʝ 

ʥʷʤʘʪ ʩʲʦʪʚʝʪʩʪʚʠʷ ʩ ʦʙʱʝʩʪʚʝʥʠʪʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʠʟʠʩʢʚʘʥʠʷ. ʀ ʧʨʠ ʜʚʝʪʝ 

ʠʢʦʥʦʤʠʢʠ (ʤʘʢʘʨ ʠ ʯʘʩʪʠʯʥʦ ʚ ʩʠʚʘʪʘ) ʥʝ ʩʝ ʧʣʘʱʘʪ ʜʘʥʲʮʠ, ʩʲʱʝʩʪʚʫʚʘ ʥʝʣʝʛʘʣʥʘ 

ʟʘʝʪʦʩʪ ʠ ʩʘʤʦʥʘʝʪʦʩʪ, ʥʝ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʟʘʜʲʣʞʝʥʠʷʪʘ ʢʲʤ ʦʙʱʝʩʪʚʝʥʦʪʦ 

ʦʩʠʛʫʨʷʚʘʥʝ. ʆʙʩʪʦʷʪʝʣʩʪʚʦʪʦ, ʯʝ ʚ ʝʜʠʥʠʷ ʩʣʫʯʘʡ ʪʝʟʠ ʥʘʨʫʰʝʥʠʷ ʩʘ ʜʨʘʩʪʠʯʥʠ, ʘ 

ʚ ʜʨʫʛʠʷ ʩʣʫʯʘʡ ʩʘ ʧʨʠʢʨʠʪʠ ʯʨʝʟ ʣʝʛʘʣʥʘʪʘ ʠʢʦʥʦʤʠʯʝʩʢʘ ʜʝʡʥʦʩʪ, ʩʲʱʝʩʪʚʝʥʦ ʥʝ 

ʧʨʦʤʝʥʷ ʥʝʱʘʪʘ. ʀ ʧʨʠ ʯʝʨʥʘʪʘ ʠʢʦʥʦʤʠʢʘ ʩʝ ʪʲʨʩʷʪ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ ʥʘ 

ʧʨʠʢʨʠʪʠʝ ʠ ʬʦʨʤʘʣʥʦ ʣʝʛʘʣʠʟʠʨʘʥʝ ʥʘ ʜʝʡʥʦʩʪʪʘ, ʧʦʜʦʙʥʦ ʥʘ ʩʠʚʘʪʘ ʠʢʦʥʦʤʠʢʘ. 

ʇʦʨʘʜʠ ʠʟʣʦʞʝʥʠʪʝ ʩʲʦʙʨʘʞʝʥʠʷ ʥʘʠʤʝʥʦʚʘʥʠʝʪʦ "ʩʠʚʘ ʠʢʦʥʦʤʠʢʘ" ʛʫʙʠ 

ʩʦʮʠʘʣʥʦ-ʠʢʦʥʦʤʠʯʝʩʢʠʷ ʩʠ ʩʤʠʩʲʣ, ʟʘʱʦʪʦ ʥʝ ʜʘʚʘ ʝʜʥʦʟʥʘʯʥʘ ʧʨʝʜʩʪʘʚʘ ʟʘ 

ʥʝʡʥʘʪʘ ʩʲʱʥʦʩʪ. 

ʇʨʝʜʩʪʘʚʘ ʟʘ ʨʘʟʤʝʨʘ ʥʘ ʥʝʟʘʢʦʥʥʘʪʘ ʠʢʦʥʦʤʠʢʘ ʩʝ ʧʦʣʫʯʘʚʘ ʧʦ ʢʦʩʚʝʥ ʥʘʯʠʥ. 

ɿʘ ʮʝʣʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ. ʇʦ -ʚʘʞʥʠ ʦʪ ʪʷʭ ʩʘ:3 

ʘ) ʀʟʫʯʘʚʘʥʝ ʥʘ ʬʘʢʪʦʨʠʪʝ, ʢʦʠʪʦ ʩʧʦʩʦʙʩʪʚʘʪ ʟʘ ʥʝʡʥʘʪʘ ʧʦʷʚʘ ʠ ʨʘʟʚʠʪʠʝ. 

ʊʝ ʦʙʠʢʥʦʚʝʥʦ ʙʠʚʘʪ ʠʢʦʥʦʤʠʯʝʩʢʠ, ʩʦʮʠʘʣʥʠ, ʟʘʢʦʥʦʜʘʪʝʣʥʠ, ʧʦʣʠʪʠʯʝʩʢʠ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʢʦʥʪʨʦʣʥʠ. ɺ ʝʜʥʘ ʧʦ-ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʥʘ ʢʦʥʢʨʝʪʥʦʩʪ ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʠʟʫʯʘʚʘ ʪʷʭʥʘʪʘ ʧʨʦʧʫʩʢʘʪʝʣʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦʷʚʘʪʘ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʘʢʘʚʘ 

ʠʢʦʥʦʤʠʢʘ. ʅʘʧʨʠʤʝʨ ʚ ʢʘʢʚʘ ʩʪʝʧʝʥ ʟʘʢʦʥʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ 

ʟʘʜʦʚʦʣʠ ʦʙʱʝʩʪʚʝʥʠʪʝ ʠ ʣʠʯʥʠʪʝ ʧʦʪʨʝʙʥʦʩʪʠ ʩʲʩ ʩʪʦʢʠ ʠ ʫʩʣʫʛʠ. ʉʲʱʦʪʦ ʩʝ 

ʦʪʥʘʩʷ ʟʘ ʦʪʩʲʩʪʚʠʝ ʥʘ ʥʦʨʤʘʪʠʚʥʘ ʫʨʝʜʙʘ, ʨʝʛʣʘʤʝʥʪʠʨʘʱʘ ʪʨʫʜʦʚʘʪʘ ʜʝʡʥʦʩʪ ʠʣʠ 

ʥʝʩʧʘʟʚʘʥʝʪʦ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʘʪʘ, ʟʘ ʧʦʣʠʪʠʯʝʩʢʠʪʝ, ʩʦʮʠʘʣʥʠʪʝ ʠ ʜʘʥʲʯʥʠʪʝ ʨʝ-

ʰʝʥʠʷ, ʢʘʩʘʝʱʠ ʪʘʟʠ ʜʝʡʥʦʩʪ. 

ʙ) ʀʟʫʯʘʚʘʥʝ ʥʘ ʬʦʨʤʠʪʝ, ʚ ʢʦʠʪʦ ʩʝ ʧʨʦʷʚʷʚʘ ʪʘʟʠ ʠʢʦʥʦʤʠʢʘ. ɻʦʣʷʤʦʪʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʬʦʨʤʠ, ʚ ʢʦʠʪʦ ʩʝ ʨʝʘʣʠʟʠʨʘ ʥʝʟʘʢʦʥʥʘʪʘ ʠʢʦʥʦʤʠʢʘ, ʩʠʣʥʦ 

ʟʘʪʨʫʜʥʷʚʘ ʪʝʟʠ, ʢʦʠʪʦ ʛʠ ʠʟʫʯʘʚʘʪ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʦʩʥʦʚʥʠʪʝ ʬʦʨʤʠ ʩʘ ʥʝʟʘʢʦʥʥʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʪʲʨʛʦʚʠʷ, ʥʝʨʝʛʣʘʤʝʥʪʠʨʘʥʠʪʝ ʙʠʪʦʚʠ, ʢʦʤʫʥʘʣʥʠ, ʤʝʜʠʮʠʥʩʢʠ, 

ʦʙʨʘʟʦʚʘʪʝʣʥʠ, ʢʦʥʩʫʣʪʘʥʪʩʢʠ ʠ ʜʨ. ʧʣʘʪʝʥʠ ʫʩʣʫʛʠ, ʥʘʜʦʤʥʘ ʨʘʙʦʪʘ, ʪʨʘʥʩʧʦʨʪʥʠ 

ʫʩʣʫʛʠ ʠ ʪ.ʥ. ʉʧʝʮʠʬʠʯʥʠ ʬʦʨʤʠ ʥʘ ʪʘʢʘʚʘ ʠʢʦʥʦʤʠʢʘ ʩʲʱʝʩʪʚʫʚʘʪ ʢʘʢʪʦ ʚ 

ʜʲʨʞʘʚʥʠʪʝ, ʪʘʢʘ ʠ ʚ ʯʘʩʪʥʠʪʝ ʬʠʨʤʠ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʟʥʘʚʘʪ ʦʪ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʢʦʥʪʨʦʣʥʠʪʝ ʦʨʛʘʥʠ.  

ʚ) ʀʟʫʯʘʚʘʥʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʧʘʨʠʪʝ ʚ ʦʙʨʘʱʝʥʠʝʪʦ ʠʣʠ ʤʦʥʝʪʘʨʝʥ ʤʝʪʦʜ. 

ʀʟʚʝʩʪʥʦ ʝ, ʯʝ ʩʜʝʣʢʠʪʝ ʚ ʥʝʟʘʢʦʥʥʘʪʘ ʠʢʦʥʦʤʠʢʘ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʧʨʘʚʷʪ ʩ ʧʦʤʦʱʪʘ 

ʥʘ ʥʘʣʠʯʥʠ ʧʘʨʠ. ʊʘʢʘ ʩʝ ʧʨʝʦʜʦʣʷʚʘʪ ʜʘʥʲʮʠʪʝ ʠ ʙʘʥʢʦʚʠʷ ʢʦʥʪʨʦʣ. ɸʢʦ ʩʝ 

ʠʟʫʯʘʚʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʧʘʨʠʪʝ ʚ ʦʙʨʘʱʝʥʠʝʪʦ, ʱʝ ʩʝ ʫʩʪʘʥʦʚʠ ʥʝʩʲʦʪʚʝʪʩʪʚʠʝʪʦ 

ʤʝʞʜʫ ʙʘʥʢʦʚʠʪʝ ʦʧʝʨʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʘʨʠʪʝ ʤʝʞʜʫ ʧʦʩʣʝʜʥʦʪʦ ʠ ʪʦʚʘ, 

ʢʦʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʦʙʨʘʱʝʥʠʝʪʦ ʥʘ ʬʘʢʪʠʯʝʩʢʠʷ ɹɺʇ. ʂʦʛʘʪʦ ʥʝʩʲʦʪʚʝʪʩʪʚʠʝʪʦ 

ʚ ʧʘʨʠ ʝ ʛʦʣʷʤʦ, ʪʦʚʘ ʝ ʠʥʜʠʢʘʪʦʨ ʟʘ ʨʘʟʚʠʪʘ ʥʝʟʘʢʦʥʥʘ ʠʢʦʥʦʤʠʢʘ ʠ ʦʙʨʘʪʥʦ. ʊʘ-

ʢʠʚʘ ʧʨʦʫʯʚʘʥʠʷ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʘʚʷʪ ʧʝʨʠʦʜʠʯʥʦ ʠ ʜʘ ʦʙʭʚʘʱʘʪ ʧʦ-ʛʦʣʝʤʠ ʦʪʨʷʟʲ-

ʮʠ ʦʪ ʚʨʝʤʝ. ʊʘʢʘ ʱʝ ʩʝ ʩʣʝʜʠ ʜʠʥʘʤʠʢʘʪʘ ʥʘ ʥʘʨʘʩʪʚʘʥʝ ʠʣʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʥʝʟʘ-

ʢʦʥʥʘʪʘ ʠʢʦʥʦʤʠʢʘ. 

                                                                 
3 ʇʦʣʠʪʠʢʠ ʟʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʢʨʠʟʘ: ʜʠʥʘʤʠʢʘ ʥʘ ʩʢʨʠʪʘʪʘ ʠʢʦʥʦ-
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ʛ) ʉʦʮʠʦʣʦʛʠʯʝʩʢʠ ʤʝʪʦʜʠ. ʂʘʢʪʦ ʧʨʷʢʘʪʘ, ʪʘʢʘ ʠ ʢʦʩʚʝʥʘʪʘ ʘʥʢʝʪʘ ʤʦʛʘʪ ʜʘ 

ʜʦʧʨʠʥʝʩʘʪ ʟʘ ʥʘʙʠʨʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʠʚʘʪʘ ʠʢʦʥʦʤʠʢʘ. 

ɺ ʩʣʫʯʘʷ ʧʦ-ʚʘʞʥʦ ʟʥʘʯʝʥʠʝ ʠʤʘ ʢʦʩʚʝʥʘʪʘ ʘʥʢʝʪʘ, ʧʨʠ ʢʦʷʪʦ ʘʥʢʝʪʴʦʨʲʪ ʩʘʤ 

ʧʨʦʚʝʞʜʘ ʨʘʟʛʦʚʦʨ ʩ ʨʝʩʧʦʥʜʝʥʪʠʪʝ (ʠʟʩʣʝʜʚʘʥʠʪʝ ʣʠʮʘ). ɺʘʞʥʦ ʠʟʠʩʢʚʘʥʝ ʥʘ ʪʘʟʠ 

ʘʥʢʝʪʘ ʝ ʘʥʢʝʪʴʦʨʲʪ ʜʦʙʨʝ ʜʘ ʧʦʟʥʘʚʘ ʘʥʪʫʨʘʞʘ ʥʘ ʘʥʢʝʪʠʨʘʥʦʪʦ ʣʠʮʝ ʠ ʩʘʤʦʪʦ 

ʣʠʮʝ. ʊʦʚʘ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʥʘʙʝʨʝ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʤʷʩʪʦʪʦ ʠ ʨʝʞʠʤʘ ʥʘ 

ʨʘʙʦʪʘ, ʟʘ ʜʦʭʦʜʠʪʝ ʠ ʥʘʯʠʥʠʪʝ ʥʘ ʪʷʭʥʦʪʦ ʧʦʣʫʯʘʚʘʥʝ, ʟʘ ʫʩʣʦʚʠʷʪʘ, ʧʨʠ ʢʦʠʪʦ ʩʝ 

ʦʩʲʱʝʩʪʚʷʚʘʪ ʪʨʫʜʦʚʠʪʝ ʟʘʜʲʣʞʝʥʠʷ. ʊʘʢʘ ʧʦ ʢʦʩʚʝʥ ʧʲʪ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ 

ʟʘʢʣʶʯʝʥʠʷ ʜʘʣʠ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʜʝʡʥʦʩʪ, ʢʦʷʪʦ ʠʟʩʣʝʜʚʘʥʠʪʝ ʣʠʮʘ ʦʩʲʱʝʩʪʚʷʚʘʪ, 

ʝ ʟʘʢʦʥʥʘ ʠʣʠ ʥʝʟʘʢʦʥʥʘ. ɸʥʘʣʦʛʠʯʥʘ ʟʘʜʘʯʘ ʤʦʞʝ ʜʘ ʠʟʧʲʣʥʠ ʠ ʝʜʥʦ ʜʦʙʨʝ 

ʦʨʛʘʥʠʟʠʨʘʥʦ ʠ ʧʨʦʚʝʜʝʥʦ ʠʥʪʝʨʚʶ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʩʚʦʙʦʜʥʘ ʙʝʩʝʜʘ, 

ʥʘʙʣʶʜʝʥʠʝʪʦ, ʛʨʫʧʦʚʠʪʝ ʜʠʩʢʫʩʠʠ ʠ ʜʨ. 

ʉʲʱʝʩʪʚʫʚʘʪ, ʨʘʟʙʠʨʘ ʩʝ, ʠ ʜʨʫʛʠ ʤʝʪʦʜʠ. ʅʦ ʢʘʢʪʦ ʩʧʦʤʝʥʘʪʠʪʝ, ʪʘʢʘ ʠ ʥʝʩʧʦ-

ʤʝʥʘʪʠʪʝ, ʜʘʚʘʪ ʦʨʠʝʥʪʠʨʦʚʲʯʥʠ ʨʝʟʫʣʪʘʪʠ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʮʠʬʨʠʪʝ ʟʘ 

ʦʪʥʦʩʠʪʝʣʥʠʷ ʜʷʣ ʥʘ ʥʝʟʘʢʦʥʥʘʪʘ ʠʢʦʥʦʤʠʢʘ ʚ ʙʨʫʪʥʠʷ ʚʲʪʨʝʰʝʥ ʧʨʦʜʫʢʪ ʥʘ 

ʜʘʜʝʥʘ ʩʪʨʘʥʘ ʩʘ ʧʨʦʤʝʥʣʠʚʠ ʠ ʥʝʧʲʣʥʠ.  ʆʪʜʝʣʥʠʪʝ ʤʝʪʦʜʠ ʤʦʛʘʪ ʜʘ ʩʝ ʦʙʦʙʱʷʪ 

ʢʘʢʪʦ ʩʣʝʜʚʘ: 

 

   

ʬʠʛʫʨʘ 1  ʄʝʪʦʜʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʠʢʦʥʦʤʠʢʘʪʘ ʚ ʩʷʥʢʘ 
 

ʅʝʦʙʭʦʜʠʤʦ ʝ ʤʝʨʢʠʪʝ ʟʘ ʙʦʨʙʘ ʩʲʩ ʩʢʨʠʪʘʪʘ ʠʢʦʥʦʤʠʢʘ ʜʘ ʙʲʜʘʪ: 

- ʧʨʠʦʨʠʪʝʪʥʦ ʥʘʩʦʯʝʥʠ ʢʲʤ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʧʨʘʚʦʧʨʠʣʘʛʘʥʝʪʦ ʠ 

ʚʲʨʭʦʚʝʥʩʪʚʦʪʦ ʥʘ ʟʘʢʦʥʘ; 

-ʧʦʜʢʨʝʧʝʥʠ ʦʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠ ʨʝʬʦʨʤʠ ʠ ʨʝʬʦʨʤʠ ʚ ʢʦʥʪʨʦʣʥʘʪʘ ʩʠʩʪʝʤʘ, 

ʮʝʣʷʱʠ ʧʦʚʠʰʝʥʘ ʝʬʝʢʪʠʚʥʦʩʪ; 

 

ȲɋɘɔɊɎ ɍɆ ɎɍɗɑɋɊɈɆɓɋ 

ɓɆ ɗɐɖɎɘɆɘɆ ɎɐɔɓɔɒɎɐɆ 

 

ȵȶȫȰȮ 

 

ȰȴȷȨȫȳȮ 

ȮȳȪȮȰȦȸȴȶȳȮ ȲȴȪȫȱȳȮ 


























































































































