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VIBRO -ACOUSTIC DIAGNOSTICS  OF TURBOCHARGER  
 

The proposed method is based on solving a system of complex equations. The article considers the method 

for diagnosing a turbocharger, based on the spectral analysis of vibroacoustic signals of a compressor. A method 

for eliminating the ñDFT leakage effectò in the discrete spectrum is offered. 

 

Key words: turbocharger diagnostics, leakage effect, spectral analysis, compressor blade frequency. 

 
Turbocharger diagnostics. Turbochargers are an integral part of most modern marine diesel en-

gines. Modern turbochargers provide a high value of charge air pressure (ḱ up to 6 at ST27-Serie and 

ḱ up to 10 at K2B serie) and highly efficient operation of marine diesel engines with low emissions of 

carbon oxides and soot [1, 2]. 

High efficiency of MAN ME and MAN MC diesel engines (with a real specific effective flow rate 

of 160ï170 g/kWh) is provided by the high charge air pressure, in particular. When the efficiency of the 

turbocharger decreases, the efficiency of the diesel engine drops abruptly, the level of emission of car-

bon oxides and soot increases. 

During operation of marine diesel engines, the exhaust manifolds become clogged with products of in-

complete combustion. As a result, the throughput of the exhaust manifolds and the nature of the internal flow 

of gases before the blades of the turbocharger impeller may vary. In this case, the appearance of pulsations  

is possible which leads to rotor oscillation. The increased level of rotor oscillation creates additional loads on 

the turbocharger bearings and reduces their life. In the event of microdefects in the bearings of the turbo-

charger, the vibration level of the rotor increases even further that may lead to a severe accident. 

Constant operational monitoring of the vibration level of the turbocharger rotor can prevent an 

emergency situation [3]. 

The experiments on diesel engines in laboratory and in sea conditions have revealed that the turbo-

charger compressor blades generate oscillations which are always present in the overall vibration spec-

trum, regardless of the technical condition of the turbocharger. The spectral analysis of the turbocharger 

vibration has shown that the compressor blades generate a vibroacoustic signal with a frequency equal 

to the speed of the turbocharger rotor multiplied by the number of air blades [3, 4] 

ɡb = nb Ĭ RPMtur / 60, 

where ɡb ï blade frequency of the turbocharger compressor, Hz; nb ï the number of compressor air 

blades, RPMtur ï the speed of the turbocharger rotor min
ï1

. 

To determine the blade frequency of the turbocharger compressor and the subsequent calculation 

of the turbocharger speed, the amplitude spectrum of vibroacoustic signals was used. The recording was 

made on the opposite side of the compressor air filter (see Fig. 1) using a broadband industrial micro-

phone with a frequency bandwidth of 10 Hz ï 20 kHz. 

In the case of recording vibration of the turbocharger of diesel engine 6L80MCE with the turbo-

charger VTR 564-31 (20 compressor blades), the expected blade frequency of the compressor was cal-

culated on the basis of the turbocharger rotor speed rating at the nominal conditions: 

ɡb = 20 blades Ĭ 9000 rpm / 60 = 3 kHz. 

Due to the fact that the operating mode of the diesel engine was at a lower load, the expected speed of 

the turbocharger rotor shall be less than the nominal one. Thus, the value of the blade frequency calculated 

for the nominal conditions can be used as the upper limit for determining the actual operational value. 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

 

7 

   

Fig. 1. Recording the vibration of turbocharger using the broadband microphone 

Fig. 2 shows the vibration spectrum of the turbocharger VTR 564-31 recorded at a load close to the 

nominal one. It can be seen from Fig. 2 that the harmonic closest to 3 kHz has a frequency of 2 948 Hz. 

The nearest harmonic on the left has a frequency of 1 474 Hz and is a subharmonic with a frequency 

equal to half of the blade frequency ɡb /2. This leftmost subharmonic in the spectrum can be considered 

as the left boundary when determining of the harmonic corresponding to the blade frequency of the tur-

bocharger compressor. 

 

Fig. 2. Vibroacoustic spectrum of turbocharger VTR 564-31 

Thus, according to the blade frequency of the VTR 564-31 turbocharger compressor determined in 

the spectrum in the operational conditions, we calculate the speed of the turbocharger rotor: 

RPMtur = 60 Ĭ ɡb / nb, 

RPMtur = 60 Ĭ 2948 Hz  / 20 = 8844 RPM. 

The regular tachometer of the turbocharger showed a rotation speed of 8 800 RPM, which in com-

parison with the value determined by the spectrum gives a relative error of 0,5%. 

It is necessary to take into account the industrial accuracy class of the standard tachometer (divi-

sion scale of 200 RPM). 

Spectral analysis of a vibroacoustic signal recorded at a frequency of 44,1 kHz makes it possible 

to analyze harmonics in steps of less than 1 Hz at a recorded signal frequency up to 20 kHz [5].  

The blade frequency of the turbocharger compressor is significantly lower. Thus, as a result of the spec-
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tral analysis of the vibroacoustic signal of the turbocharger compressor, an error in determining the fre-

quency less than 1 RPM can be reasonably obtained. Such accuracy is much higher than the accuracy 

of the standard tachometers, which makes it possible to use the blade frequency of the turbocharger 

compressor in accurate calculations of the main rotational speed of the turbocharger and the subsequent 

estimation of the diesel engine power. 

After determining the compressor blade frequency and the main speed of the turbocharger 

(RPMtur), we can analyze the harmonic amplitude at the main speed of the rotor: 

ɡturbocharger = ɡb / nb 

In the case shown in Fig. 2 

ɡturbocharger = 2948 Hz  / 20 = 147,4 Hz. 

We eliminate the "leakage effect" for the harmonic at the fundamental frequency ɡ of the turbo-

charger, using the algorithm described in paragraph 4, solving the system of equations (1). After recov-

ering the amplitude of the ɡturbocharger, we analyze it. 

Obviously, if there is a significant increase in the amplitude ȹ of the harmonic at the main speed of 

the turbocharger rotor, this demonstrates an increased vibration of the rotor. Fig. 2 shows a slight in-

crease in the amplitude of the fundamental harmonic ȹ, which characterizes the permissible vibration 

level of the turbocharger rotor. 

Preliminary experiments on MAN MC diesel engines have shown that an increase in the amplitude 

of the harmonic at the main frequency ɡturbocharger in 2ï3 times regarding the average level of the ampli-

tude spectrum characterizes the dangerous vibration level of the turbocharger rotor. The average level 

of the harmonic amplitudes was estimated in the frequency range 

[ɡturbocharger ï 50 Hz .. ɡturbocharger + 50 Hz]. 

To better quantify the limits of vibration level of the turbocharger rotor, further research is re-

quired. It may be noted that the spectrum analysis of vibroacoustic signals of the turbocharger compres-

sor can be made quickly under operating conditions. 

Eliminating the "leakage effect" of discrete spectrum. In the process of analyzing the discrete 

spectrum of vibroacoustic signals in order to estimate their frequency and amplitude characteristics, it is 

necessary to solve the problem of eliminating the effect of "leakage". This effect is a consequence of the 

finiteness of the analyzed temporal realization and its discrete representation. The effect of "leakage"  

or outflow of power from the spectral peaks into the adjacent spectral lines is considered to be one of 

the main DFT errors [4, 5]. 

As an example, Fig. 3 shows the amplitude spectra of the same sinusoidal signal with an integer (a) 

and a non-integer (b) number of samples per one signal period. Let the frequency of a signal 

be represented by ɔ = M
 
/
 
T, where T is the period of the signal; M = n + ů, where n is an integer and  

0 < ů < 1, then the maximum distortions of the amplitude, frequency and phase of the central harmonica 

and leakage of power into the neighbouring ones will be observed at ů = 0,5 See [5]. 

 
a) ů = 0 

 
b) ů Í 0 

Fig. 3. DFT leakage effect 

Thus, when analyzing the parameters of the original spectrum signal, i. e. the central harmonic, the 

resulting amplitude, frequency and phase will be distorted in the case of a non-integer number of signal 
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samples per its period. In practice, for discrete recording of signals, an ADC with a selected and fixed 

sampling rate is used. It is understandable that the number of samples per period will never be an inte-

ger and the value of ů will change from 0 to 1 depending on the natural frequency of the measured sig-

nal, and the accuracy of estimating the signal parameters along the central harmonic will change. 

The most common solution for leakage effect reduction is based on window transform methods.  

The essence of the method is simple: to reduce the number of discontinuities at the edges in order to reduce 

leakage it is necessary to reduce the amplitude of the signal near the edges. This scaling is carried out dur-

ing the implementation of the multiplication by the window with the special form 

( )w

j j
s s W j= Ö , 

where W(j) is stands for Window functions (see Table). 

As a result of applying window functions, the spectrum of the original signal is changed and its 

RMS decreases by RMS Coeff times, as shown in Table. The decrease in RMS when using the Hanning 

window is 0,707 / 0,433 = 1,633. Thus, the dependence of the amplitude, frequency and phase of the 

fundamental harmonic in the spectrum from the value of ů decreases. This means that the fundamental 

harmonic s
w

j can be used to approximate the signal parameters with a certain constant error, which can 

be taken into account. 

Table  

Window functions and RMS coefficient used to reduce the effect of "leakage" 

Hemming window RMS Coeff = 1,414 
2ˊ

( ) 0,53836 0,46164 cos
1

n
n

N
v = -

-

å õ
æ ö
ç ÷

 

Hanning window RMS Coeff = 1,633 
2ˊ

( ) 0,5 1 cos
1

n
n

N
v = -

-

å å õõ
æ æ öö
ç ç ÷÷

 

Kaiser window RMS Coeff = 1,61 
( )( )2

2 1
10

0

( )

1

( )

n N
N

n

I

I

- +
-

v =

b -

b
 

Blackman-Harris 

window 
RMS Coeff = 1,585 ( ) 0,42 0,5cos(2́ /( 1)) 0,8cos(4ˊ /( 1))n n N n Nv = - - + - 

More precisely, we can eliminate the "leakage" effect by a numerical method based on the pro-

cessing of the complex DFT results. In [5], a suggestion was made that the frequency m, the phase ű, 

and the amplitude A of the original signal from the values of two maximum harmonics in the spectrum

1
,

k k
X X

+  should be specified. For this it is proposed to solve numerically the system of complex equa-

tions. To do so, the system of complex equations is proposed to be solved numerically: 

1 1
( , ) / ( , ) /

,
Arg( ( , ) ) Arg( )

k k k k

k k

E m E m X X

E m X

+ +
ë ûf f =î î
ì ü

f =î îí ý
                                                   (1) 

where the parameters of the k-th harmonic are specified as: 

Re Im
k k k

X j= + ; 

kj

k k
X NA e

f
= , 

2 21
Re Im

k k k
A

N
= + , 

Im
arctg( ) Arg( )

Re

k

k k

k

Xf = = . 

The harmonic coefficients can be represented in the form ( / 2) ( , )
k k k

X A E m= f, where ( , )
k

E mf   

is a complex function independent of the amplitude, but dependent on the frequency and phase: 

2 ( ) 2 ( )

2 ( ) 2 ( )

1 1
( , ) .

1 1

j m k j m k

j j

k j m k j m k

N N

e e
E m e e

e e

p - - p +

f - f

p - - p +

- -
f = +

- -
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The system of equations (1) must be solved in the case where the harmonics to the left and right of 

the central one are not equal to zero (in practice it is more than a given small value ŭ): 

1 1
,

k k
X X
- +
>d >d. 

If  
1 1

0, 0
k k

X X
- +
= =, then the leakage effect is absent and the frequency, amplitude and phase of 

the central harmonica correspond to parameters of the measured initial signal See Fig. 4. 

When solving the system (1) for the situation of strong leakage effects (ů ~ 0,5 See Fig. 4), only 

five full iterations were required to provide a specified error of less than 0,5% in frequency and phase. 

For a sinusoidal signal, the amplitude and frequency are recovered to the value specified in the original 

signal with accuracy to 5 decimal places. In this case, the amplitude of the central harmonic in the spec-

trum after the DFT before the recovery procedure was with an error of 35% (!) See Fig. 4, c [3, 4]. 

 

Fig. 4. DFT leakage effect eliminating [3, 4] 

An error in estimating the frequency of the original signal with respect to the frequency of the  

central harmonic can also be significant. It depends on the frequency of the ADC and the frequency  

of the original signal. As the frequency of the ADC increases, the error in estimating the frequency will 

decrease. 

The solution of the system (1) is not associated with additional memory as is the case for the fast 

Fourier transform (FFT). Despite the iterative numerical solution for system (1), such procedure only 

very slightly increases the overall computation time, and make it possible to obtain not only the spec-

trum of the signal, but also the restored value of the fundamental frequency, amplitude and phase of the 

measured signal, when it is close to sinusoidal. 

The solution of system (1) is not connected with allocating additional memory for storing volumetric 

data sets and computed coefficients, as in case of fast Fourier transform (FFT). In this regard, the algo-

rithm can be programmed on a modern DSP controller which implements the FFT. 

Despite the iterative numerical solution (1), such a recovery procedure increases the total calculation 

time very slightly and it allows recovery of not only the signal spectrum, but also the restored value of the 

fundamental frequency and amplitude and phase of the measured signal, if it is close to sinusoidal. 

This method was investigated in case of noise in the original signal (with a white noise of 5%  

and 10% of the amplitude of the sinusoid). Fig. 4 shows the solution of the system (1) for a sinusoid 

with an amplitude of 0,8 and for the cases a) ♬ = 0,1, b) ♬ = 0,3 c) ♬ = 0,5 and c) ♬ = 0. The central 

green line in each Fig. 4, aïd is the main harmonic of a sinusoid with amplitude of 0,8 with the restored 

amplitude, frequency and phase, being a result of solving the system of equations (1). 

For all the cases, not more than 5 complete iterations were required to ensure a given accuracy.  

As a result of the solution of the system (1), the phase and frequency of the signal with the addition of 

white noise to 10%, are restored to the initial value with an error of not more than 0,5%. 
 

Conclusions. The methods of vibrodiagnostics of marine diesel engines with turbocharging con-

sidered in the article can be helpful for practical use. The "leakage effect" method improves the reliabil-

ity of diagnostic findings. A vibroacoustic method for determining the speed of a turbocharger rotor and 

estimating the level of the oscillation amplitude at the main rotational speed can be used as a basis for 

the express diagnostics of the turbocharger under operating conditions. 
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ɺ ʛʣʘʚʥʳʭ ʩʫʜʦʚʳʭ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʣʝʛʢʦʛʦ ʠ ʪʷʞʝʣʦʛʦ ʪʦ-

ʧʣʠʚʘ. ʇʣʦʪʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʪʠʭ ʪʦʧʣʠʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʠʜʘ ʪʦʧʣʠʚʘ, ʠʩ-

ʧʦʣʴʟʫʝʤʦʛʦ ʚ ʜʚʠʛʘʪʝʣʝ, ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʚʠʛʘʪʝʣʷ. ʊʘʢʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

ʧʝʨʚʦʝ ï ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʦʛʦ ʚʠʜʘ ʪʦʧ-

ʣʠʚʘ ʩ ʧʦʤʦʱʴʶ ʤʦʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʚʪʦʨʦʝ ï ʧʫʪʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʨʘʩʯʝʪʥʦʡ ʤʝʪʦʜʠʢʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʪʦʧʣʠʚʘ. ʇʝʨʚʦʤʫ ʩʧʦʩʦʙʫ ʩʚʦʡʩʪʚʝʥʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʦʙʳʯʥʦ ʚʪʦʨʦʤʫ ʩʧʦʩʦʙʫ. ʊʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘ ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ 

ʚʨʝʤʷ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʜʚʠʛʘʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚʦʧʨʦʩ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʘʢʪʫʘʣʴʥʳʤ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚʠʜʘ ʠʣʠ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʩʫʜʦʚʦʛʦ 

ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʤʘʨʢʠ 6L20 ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ ( ),
z
j  

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ ( )
z
x  ʠ ʧʝʨʠʦʜʘ ʠʥʜʫʢʮʠʠ ( ),

i
t  ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ: 

2 2 3

ʬo ʬo ʬo
ű 104,393 0,6198 0,1719 0,5208,10

zoʧ
P P P-=- + Ö - Ö + ÖÖ                              (1) 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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( )2 3 2

ʬo ʬo ʜʣ ʜʪ 
0,891049 0,9062525 10 0,2187509 10 ,/

zoʧ
P P- -Ö Öx = + Ö - Ö Ör r                   (2) 

( )
0,34

c o c

o ʜʣ ʜʪ

ʟʚʧ o ʟʚʧ

1 1
10 exp / / ,

i

V V T V V
B E R T

V P V

q q

m

è øå õ å õ- -
é ùt = + Ö Ö Ö + Ör ræ ö æ ö

e eé ùç ÷ê ú

Ö
ç

Ö
÷

                 (3) 

ʛʜʝ zon
j  ʠ zon

x  ï ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ ʜʣʷ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ; 

ʜʣ
r  ï ʧʣʦʪʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʜʚʠʛʘʪʝʣʝ, ʢʛ/ʤ

3
; 

ʜʪ
r  ï ʧʣʦʪʥʦʩʪʴ ʜʨʫʛʠʭ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ ʪʦʧʣʠʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʵʪʦʤ ʜʚʠ-

ʛʘʪʝʣʝ, ʢʛ/ʤ
3
; 

ʬʦ
ʈ  ï ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ ʠʟ ʬʦʨʩʫʥʢʠ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ, Mʇa; 

V
q
 ʠ 

ʟʚʧ
V  ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʲʝʤʳ ʮʠʣʠʥʜʨʘ ʧʨʠ ʥʘʯʘʣʝ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ ʮʠʣʠʥʜʨ 

ʠ ʟʘʢʨʳʪʠʠ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ; 

ɽ ï ʫʩʣʦʚʥʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, Mɼʞ/ʢʤoʣʴ; 
4 5(1 1,6 10 ) 12 10B n- -= - Ö Ö Ö ï ʢʦʬɻʬʠʮʠʝʥʪ [1]; 

Ů ï ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʜʚʠʛʘʪʝʣʷ; 

ʦ
ʈ  ʠ 

ʦ
ʊ  ï ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; Mʇa ʠ K; 

R
m ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, Mɼʞ/(ʢʤʦʣʴ Ŀ K). 

ɺ ʚʳʨʘʞʝʥʠʷʭ (2) ʠ (3) ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʚʠʜʘ ʪʦʧʣʠʚʘ ʫʯʠʪʳʚʘʝʪʩʷ ʦʪʥʦʰʝʥʠʷʤʠ ʧʣʦʪʥʦ-

ʩʪʝʡ (
ʜʣ ʜʪ

/r r ʠʣʠ 
ʜʪ ʜʣ

/r r). ʇʨʠʥʷʪʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʮʝʪʘʥʦʚʦʛʦ ʯʠʩʣʘ (ʎʏ) ʚ ʦʩʥʦʚʥʦʤ ʚʣʠʷʝʪ 

ʥʘ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ (ɽ), ʪʘʢ ʢʘʢ ʎʏ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʪʦʧʣʠʚʘ 

ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʟʥʘʯʝʥʠʠ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (ɽ), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ [2]: 

( )
0,11028

ʜʣ ʜʣ ʜʪ
,/E E ʎʏ ʎʏ= Ö                                               (4) 

ʛʜʝ 
ʜʣ
ɽ  ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ; 

ʜʣ
ʎʏ  ʠ 

ʜʪ
ʎʏ  ï ʮʝʪʘʥʦʚʳʝ ʯʠʩʣʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʦʝ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚ ʜʚʠʛʘʪʝʣʝ. 

ɺ ʪʘʙʣ. 1 ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʛʣʘʚʥʳʭ 

ʩʫʜʦʚʳʭ ʜʠʟʝʣʷʭ ʤʘʨʢʠ 6L20. 
ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʛʣʘʚʥʳʭ ʩʫʜʦʚʳʭ ʜʠʟʝʣʷʭ ʤʘʨʢʠ 6L20 

ʇʦʢʘʟʘʪʝʣʠ 
ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 

827 838 848 900 

1. ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ (ʎʏ), ʥʝ ʤʝʥʝʝ 51 51 45 35 

2. ʎʝʪʘʥʦʚʳʡ ʠʥʜʝʢʩ (ʎʀ), ʥʝ ʤʝʥʝʝ  50,4 50,4 ï 35 

3. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʝʨʳ, ʤʛ/ʢʛ, ʥʝ ʙʦʣʝʝ ï 8,6 9,0 1,5 (% ʤ/ʤ) 

4. ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ ʚ ʟʘʢʨʳʪʦʤ ʪʠʛʝʣʝ, Üʉ, ʥʝ ʥʠʞʝ 74 67 65 60 

5. ʂʦʢʩʫʝʤʦʩʪʴ 10%-ʥʦʛʦ ʦʩʪʘʪʢʘ ʨʘʟʛʦʥʢʠ, % ʤʘʩʩ, ʥʝ ʙʦʣʝʝ ï 0,03 0,03 0,3 

6. ɿʦʣʴʥʦʩʪʴ, % ʤʘʩʩ, ʥʝ ʙʦʣʝʝ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ 0,01 (% ʤ/ʤ) 

7. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʳ, ʤʛ/ʢʛ, ʥʝ ʙʦʣʝʝ ʆʪʩʫʪʩʪʚʫʝʪ 38  0,3 (% ʦʙ/ʦʙ) 

8. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʥʝ ʙʦʣʝʝ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ʆʪʩʫʪʩʪʚʫʝʪ ï 

9. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40Üʉ (ʤʤ2/ʩ) 2,98 2,579 2,76 2õ11 

10. ʅʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ (QH), Mɼʞ/ʢʛ 42,65 42,65 42,65 41,42 

ʅʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʚʣʠʷʝʪ ʥʘ ʚʳʜʝʣʝʥʥʫʶ ʪʝʧʣʦʪʫ ʧʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ 
HC

( )Q : 

Hʉ H ʮ
,    ɼʞ/ʢʛ,

z
Q Q g x=x Ö Ö Ö                                                        (5) 

ʛʜʝ 
H

Q  ï ʥʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʄɼʞ/ʢʛ; 

ʮ
g  ï ʮʠʢʣʦʚʘʷ ʧʦʜʘʯʘ ʪʦʧʣʠʚʘ, ʢʛ; 

ʭD  ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʫʩʣʦʚʥʦ ʩʛʦʨʝʚʰʝʛʦ ʪʦʧʣʠʚʘ ʚ ʨʘʩʯʝʪʥʦʤ ʰʘʛʝ. 



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 
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ɺ ʪʘʙʣ. 2. ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚʠʜʘ ʪʦʧʣʠʚʘ ʠʣʠ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʣʘʚʥʦʛʦ 

ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʤʘʨʢʠ 6L20. ʇʨʠ ʵʪʦʤ ʫʛʦʣ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʧʦ ʤʝʥʠʩʢʫ ʧʨʠʥʷʪ 

ʤʝʥ
9,8q = , ʘ ʜʘʚʣʝʥʠʝ ʥʘʯʘʣʘ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ ï ʨʘʚʥʳʤ ʈʬʦ Mʇa. 

ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʣʘʚʥʦʛʦ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ ʤʘʨʢʠ 6L20 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ 

(Pʬʦ = 45 Mʇʘ; Ūʤʝʥ = 9,8Ü; n = 1 000 ʤʠʥī1; ɖʤ = 0,85) 

ʇʦʢʘʟʘʪʝʣʠ 
ʇʣʦʪʥʦʩʪʴ (ɟy), ʢʛ/ʤ

3 

827 838 848 860 880 900 

1. ʅʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ 

H

ʄɼʞ
( ),

ʢʛ
Q  

42,65 42,65 42,65 42,65 42,65 42,65 

2. ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ʪʦʧʣʠʚʘ (ʎʏ) 51 51 45 45 45 35 

3. ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʩʛʦʨʘʥʠʷ (Pz), 

Mʇa 

19,4 19,23 18,97 18,8 18,52 18,0 

4. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ  

ʩʛʦʨʘʥʠʷ (Tz), K 

2 035 2 017 2 000 1 981 1 952 1 919 

5. ʀʥʜʠʢʘʪʦʨʥʳʡ ʂʇɼ (ɖi), % 0,553 0,546 0,539 0,532 0,520 0,507 

6. ʉʨʝʜʥʝʝ ʠʥʜʠʢʘʪʦʨʥʦʝ ʜʘʚʣʝʥʠʝ(Pi), 

Mʇa 

2,919 2,882 2,846 2,807 2,745 2,678 

7. ʇʝʨʠʦʜ ʠʥʜʫʢʮʠʠ (Űi), ʩ 0,5304Ŀ10ï3 0,5375Ŀ10ï3 0,572Ŀ10ï3 0,58Ŀ10ï3 0,594Ŀ10ï3 0,673Ŀ10ï3 

8. ʀʥʜʠʢʘʪʦʨʥʘʷ ʤʦʱʥʦʩʪʴ (Ni), ʢɺʪ 1 284 1 268 1 252 1 235 1 207 1 178 

9. ʋʜʝʣʴʥʳʡ ʠʥʜʠʢʘʪʦʨʥʳʡ ʨʘʩʭʦʜ  

ʪʦʧʣʠʚʘ 
ʛ

( ),
ʢɺʪ ʯ

i
g

Ö
 

152,7 154,6 156,6 158,7 162,3 166,6 

10. ʉʨʝʜʥʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʜʘʚʣʝʥʠʝ (Pe), 

Mʇa 

2,481 2,450 2,419 2,386 2,333 2,276 

11. ʕʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ (Ne), ʢɺʪ 1 091 1 078 1 064 1 050 1 026 1 001 

12. ʋʜʝʣʴʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʩʭʦʜ  

ʪʦʧʣʠʚʘ 
ʛ

( ),
ʢɺʪ ʯ

e
g

Ö
 

179,6 181,9 184,2 186,7 190,9 196 

13. ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ 

(ɝz) 

0,878 0,866 0,856 0,844 0,825 0,806 

ʅʘ ʨʠʩ. 1 ʠ 2 ʧʦʢʘʟʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 

ʩʛʦʨʘʥʠʷ ( , , , , )
i z z z z

P Tt j x , ʠʥʜʠʢʘʪʦʨʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʠʛʘʪʝʣʷ ( , ,
i i i

g Nh   

ʠ , , )
e e e

g Nh , ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦ-

ʩʪʠ ʪʦʧʣʠʚʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, c ʫʪʷʞʝʣʝʥʠʝʤ ʪʦʧʣʠʚʘ, ʚʝʨʥʝʝ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ, 

ʫʭʫʜʰʘʝʪcʷ ʠʩʧʘʨʷʝʤʦʩʪʴ ʪʦʧʣʠʚʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ( ),
i
t  ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ ( ).
z
x  ɸ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʩʛʦʨʘʥʠʷ ( )
z

P  ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ ( ).
z

T  ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ-

ʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʛʦʨʘʥʠʷ ( )
z
j  ʠ 

z
j  ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. 

ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ ʠʥʜʠʢʘʪʦʨʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʱ-

ʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ (Ni ʠ Ne) ʩʥʠʞʘʶʪʩʷ, ʘ ʫʜʝʣʴʥʳʡ ʠʥʜʠʢʘʪʦʨʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʩʭʦʜʳ ʪʦʧʣʠ-

ʚʘ (gi ʠ ge) ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ, ʢʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ,  ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʨʦ-

ʮʝʩʩʘ ʩʛʦʨʘʥʠʷ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʮʠʢʣʦʚʘʷ ʧʦʜʘʯʘ ʪʦʧʣʠʚʘ (gʮ) ʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ (Ŭ) ʧʨʠʥʠʤʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʘ ʤʝʭʘʥʠʯʝʩʢʠʡ ʂʇɼ (ɖm) ï ʨʘʚʥʳʤ  0,85. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 2, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ ʦʪ 827 ʢʛ/ʤ
3 

ʜʦ 900 ʢʛ/ʤ
3
 ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 8,2%, ʘ ʫʜʝʣʴʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 9,1%. ʇʦʵʪʦʤʫ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ʥʫʞʥʦʤ ʫʨʦʚʥʝ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ ʤʦʞʥʦ ʧʨʠʥʷʪʴ 

ʚ ʧʨʝʜʝʣʘʭ 840õ850 ʢʛ/ʤ
3
. 
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ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ  

ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ  

ʪʦʧʣʠʚʘ ʛʣʘʚʥʦʛʦ ʩʫʜʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʤʘʨʢʠ 6L20 

(Pʬo = 45 Mʇa; ɗʤʝʥ = 9,8Ü; n = 1000 ʤʠʥī1) 

ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ  

ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʣʘʚʥʦʛʦ ʩʫʜʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʤʘʨʢʠ 6L20 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ 

(Pʬo = 45 Mʇa; ɗʤʝʥ = 9,8Ü; n = 1000 ʤʠʥī1) 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɼʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʊʝʦʨʠʷ ʧʦʨʰʥʝʚʳʭ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ: 

ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çɼʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷè / ɼ.ʅ. ɺʳʨʫʙʦʚ, 

ʅ.ɸ. ʀʚʘʰʝʥʢʦ, ɺ.ʀ. ʀʚʠʥ ʠ ʜʨ. / ʇʦʜ ʨʝʜ. ɸ.ʉ. ʆʨʣʠʥʘ, ʄ.ɻ. ʂʨʫʛʣʦʚʘ. ï 4-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. 

ʠ ʜʦʧ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1983. ï 372 c. 

2. ʅʘʩʠʙʦʚ ʌ.ɹ. ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʜʠʟʝʣʷ ʩ ʧʦʨʰʥʝʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʶʰʠʤ ʩʪʝʧʝʥʴ 

ʩʞʘʪʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʠʭ ʪʦʧʣʠʚ: ɼʠʩ. ... ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ / ʌ.ɹ. ʅʘʩʠʙʦʚ. ï 

ɹʘʢʫ, 1999. ï ʉ. 140. 
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ɹʘʢʫ, AZ1000 

ʝ-mail: rovsan59@mail.ru 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʄɽʍɸʅʀɿɸʎʀʀ  

ʀ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʈʆʎɽʉʉʆɺ ʆɹʈɸɹʆʊʂʀ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʪʘʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, 

ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ (ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ), ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʣʝʛ-

ʯʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʦʮʝʥʢʘ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʘʥʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʡ ʟʘʛʦ-

ʪʦʚʢʠ ʠ ʧʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʟʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫ-

ʜʘ, ʪʨʫʜʦʝʤʢʦʩʪʴ ʦʧʝʨʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 

 

 
R.D. Djabbarov 

 

Azerbaijan State Marine Academy, 

Baku, AZ1000 

ʝ-mail: rovsan59@mail.ru 

 

DETERMINATION OF EFFICIENCY OF MECHA NIZATION  

AND AUTOMATION OF  PROCESSING PROCESSES 
 

This article determines the effectiveness of mechanization and automation of technological processes by such 

indicators as increasing labor productivity, reducing production costs, shortening the production cycle (processing 

time), improving the quality of processing and facilitating working conditions. The estimation of the comparative 

labor productivity, the degree of automation of the machine, the coefficient of automation, the comparative cost  

of processing one workpiece and the payback period of capital investments are calculated. 

 

Key words: efficiency of mechanization, technological process, labor productivity, labor input of an opera-

tion, technological prime cost. 

 

 

ʉʪʝʧʝʥʴ ʧʨʦʛʨʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘʫʯʥʦʝ ʠʭ ʦʙʦʙʱʝʥʠʝ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ ʚ ʪʝʭʥʦʣʦʛʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʩʙʦʨʢʠ. 

ʅʘʯʘʣʦ ʠʟʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪ. ʝ. ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʦʢ, ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʝʪʩʷ ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦ ʨʘʟʤʝʨʘʤ, ʬʦʨʤʝ ʠ ʢʘʯʝʩʪʚʫ ʪʨʝ-

ʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʝʛʦ ʨʘʙʦʪʝ, ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʚʳʤ ʛʦʜʘʤ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʜʦʣʞʥʦ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʦʟʜʘʶʱʠʭ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʚʳʙʦʨʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʵʢʦʥʦʤʠʯʥʳʭ ʬʦʨʤ ʟʘ-

ʛʦʪʦʚʦʢ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʥʘʠʤʝʥʴʰʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʭʦʜʳ. ʅʝʧʨʝʨʳʚʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʟʘʛʦʪʦʚʦʢ ʠ ʧʨʠʙʣʠʞʝʥʠʝ ʠʭ ʬʦʨʤ ʢ ʬʦʨʤʘʤ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ ʨʝʟʢʦ ʩʦʢʨʘʱʘʶʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝ-

ʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ, ʦʛʨʘʥʠʯʠʚʘʷ ʝʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʧʝʨʘʮʠʷʤʠ ʦʢʦʥ-

ʯʘʪʝʣʴʥʦʡ ʦʪʜʝʣʢʠ ʠ ʩʦʢʨʘʱʘʷ ʪʝʤ ʩʘʤʳʤ ʦʪʭʦʜʳ ʤʝʪʘʣʣʘ ʚ ʩʪʨʫʞʢʫ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʶʪ ʩʣʝ-

ʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʩʥʠʞʝʥʠʝʤ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 
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ʧʨʦʜʫʢʮʠʠ, ʩʦʢʨʘʱʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ (ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ), ʧʦʚʳʰʝʥʠʝʤ ʢʘ-

ʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʣʝʛʯʝʥʠʝʤ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. 

ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʠ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʢʘʟʳʚʘ-

ʝʪ ʤʘʩʰʪʘʙ ʠʣʠ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʟʤʝʨ ʧʘʨʪʠʡ ʜʝʪʘʣʝʡ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʘʨʪʠʡ (ʜʣʷ ʩʝʨʠʡ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ); ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʨʘʟʤʝʨʦʚ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʷʝʤʳʭ ʥʘ ʜʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʘʥʥʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ʜʝʪʘʣʝʡ, ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʳ 

ʠʟʛʦʪʦʚʣʷʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʝʡʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʕʪʠ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʚʳʙʦʨ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʨʠʯʝʤ ʨʘʮʠʦʥʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʠʙʦʣʴʰʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʜʝʪ ʨʘʟʣʠʯʝʥ [1]. 

ɼʣʷ ʦʮʝʥʢʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʤʝ-

ʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ: 

1
 ʰʪ/ʯʝʣ ʯ,ʇ
ʊ
= Ö 

ʛʜʝ ʇ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʝʜʠʥʠʮʘʭ ʧʨʦʜʫʢʮʠʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʯʝʣʦ-

ʚʝʢʦʯʘʩ ʪʨʫʜʘ ʨʘʙʦʯʝʛʦ; 

ʊ ï ʪʨʫʜʦʝʤʢʦʩʪʴ ʦʧʝʨʘʮʠʠ ʚ ʯʝʣʦʚʝʢʦʯʘʩʘʭ. 

ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʘʥʢʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʨʠʤʝʨʥʦ ʦʜʥʦ-

ʨʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ:  

ʩʪ

ʩʪ

,
ʉ ʊ

ʉ

-
h=  

ʛʜʝ ʉʩʪ ï ʩʪʘʥʢʦʝʤʢʦʩʪʴ, ʪ. ʝ. ʚʨʝʤʷ ʩʪʘʥʢʘ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ, ʚ ʩʪʘʥʢʦ-

ʤʠʥʫʪʘʭ ʠʣʠ ʩʪʘʥʢʦʯʘʩʘʭ. 

ʇʨʠ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʛʜʘ ʪʨʫʜʦʝʤʢʦʩʪʴ ʊ ʤʘʣʘ ʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʫʣʶ, ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ɖ ʙʣʠʟʦʢ ʢ ʝʜʠʥʠʮʝ. ɼʣʷ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ, ʢʦʛʜʘ ʊ = ʉʩʪ, ɖ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʨʘʚʝʥ ʥʫʣʶ. 

ʉʨʘʚʥʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʦʧʝʨʘʮʠʠ ʥʘ ʨʘʟ-

ʥʳʭ ʩʪʘʥʢʘʭ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ, ʤʦʞʥʦ ʜʘʪʴ ʩʨʘʚʥʠʪʝʣʴʥʫʶ 

ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʠʭ ʩʪʘʥʢʦʚ. 

ʂʨʦʤʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ɖ, ʫʨʦʚʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʧʦʩʪʨʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʪʘʥʢʘ ʢ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʢ ʩʫʤʤʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ: 

ʊ

ʊ ɺ

ʊ
ʢ
ʊ ʊ
=

+
. 

ʅʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ ʥʝʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʘʭ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʥʝʧʨʝʨʳʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʥʘʧʨʠʤʝʨ, ʥʝʧʨʝʨʳʚʥʦʝ 

ʬʨʝʟʝʨʦʚʘʥʠʝ ʠʣʠ ʰʣʠʬʦʚʘʥʠʝ ʥʘ ʩʪʘʥʢʘʭ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʩʪʦʣʘʤʠ ʠ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʛʨʫʟʢʦʡ. 

ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʚʨʝʤʷ ʊʚ ʨʘʚʥʦ ʥʫʣʶ (ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʤʘʰʠʥʘʤʠ), ʘ ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʢ = 1. 

ʇʨʠ ʥʝʠʟʤʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʘʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʦʙʳʯʥʦ ʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʤʘʣʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʦʵʪʦʤʫ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ (ʧʦʚʳʰʝʥʠʝ ʨʝʞʠʤʦʚ) ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝ ʜʘʝʪ ʥʫʞʥʦʛʦ ʵʬʬʝʢʪʘ [2]. 

ʎʝʣʝʩʦʦʙʨʘʟʥʘʷ ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ ʟʘʪʨʘʪʦʡ ʪʨʫʜʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʕʪʠ ʟʘʪʨʘʪʳ ʦʮʝʥʠʚʘʶʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʦ ʠ ʧʦ-

ʩʣʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʟʚʝʩʪʠ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʉʨʘʚʥʠʪʝʣʴʥʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʧʦʣʴʟʫʷʩʴ ʬʦʨʤʫʣʦʡ 

ʧʟʰ
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ʩ ʟ
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1 0
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ʛʜʝ ʉʪ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʢʦʧ.; 

ʅ ï ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʢ ʦʩʥʦʚʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ (ʙʝʟ ʩʪʦʠʤʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ, ʥʦ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʩʥʘʩʪʢʠ), %. ɼʣʷ ʥʝʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʅ = 200%; ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʅ = 300%; 

ɿʩʪ ï ʤʠʥʫʪʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʩʪʘʥʦʯʥʠʢʘ, ʢʦʧ.; 

ʊh ï ʰʪʫʯʥʦʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʤʠʥ; 

ʂʩ ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʢʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʦʜʥʠʤ ʩʪʘʥʦʯʥʠʢʦʤ, ʰʪ.; 

ʤʩ ï ʤʠʥʫʪʥʘʷ ʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʥʢʘ ʩ ʫʯʝʪʦʤ ʨʝʤʦʥʪʘ, ʢʦʧ.; 

ʊʧʟ ï ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʤʠʥ; 

ʂʟ ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʦʪʦʚʦʢ ʚ ʧʘʨʪʠʠ, ʰʪ.; 

ɿʥʣ ï ʤʠʥʫʪʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʥʘʣʘʜʯʠʢʘ, ʢʦʧ. [3]. 

ʇʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʊʦʢ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

ʢ

ʦʢ

ʩʞ

 ʤʝʩʷʮʝʚ,
ʉ

ʊ
ʉ ʄ
=  

ʛʜʝ ʉʢ ï ʩʫʤʤʘ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʪ. ʝ. ʩʪʦʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠʣʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʧ.; 

ʉʩʞ ï ʚʝʣʠʯʠʥʘ ʩʥʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʧʦ ʧʨʝʞʥʝʤʫ ʚʘʨʠʘʥʪʫ), ʢʦʧ.; 

ʄ ï ʤʝʩʷʯʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚʳʧʫʩʢʘ ʜʝʪʘʣʝʡ, ʰʪ. [4]. 

ʇʨʘʢʪʠʯʝʩʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʢ ʤʝʪʘʣʣʦʨʝʞʫʱʠʤ ʩʪʘʥʢʘʤ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 6ï8 ʤʝʩʷʮʝʚ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘʚʠʩʷʪ 

ʦʪ ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʦʩʥʦʚʥʦʡ ʦʮʝʥʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ. 
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LASER CENTERING OF SHAFT OF GAS TURBINE UNITS 

 
The question of improving the quality and performance of installation work of ship gas turbine units in a test 

stand. A method of laser alignment of shafts using adjustable vibration supports is proposed. 

 

Key words: installation, gas turbine units, laser centering system, vibration dampers. 

 

 

ʋʩʧʝʰʥʦʝ ʦʩʚʦʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʜʦʚʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʠ ʜʠʟʝʣʴ-ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʘʛʨʝʛʘ-

ʪʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʦʙʝʩʧʝʯʝʥʠ-

ʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʤʦʥʪʘʞʘ ʧʨʠ ʟʘʚʦʜʩʢʠʭ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ. ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʢʘʯʝʩʪ-

ʚʘ ʩʪʝʥʜʦʚʦʛʦ ʤʦʥʪʘʞʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʦʩʥʦʩʪʠ ʚʩʝʭ ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ, ʫʟʣʦʚ 

ʠ ʘʛʨʝʛʘʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʬʫʥʢʮʠʠ ʧʝʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ ʩʠʣʦʚʦʡ ʪʫʨʙʠʥʳ ɻʊɼ 

ʢ ʢʦʨʘʙʝʣʴʥʦʤʫ ʨʝʜʫʢʪʦʨʫ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʤʦʥʪʘʞʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʪʨʘʪʘʤʠ ʪʨʫʜʘ 

ʥʘ ʚʳʚʝʨʢʫ ʠ ʬʠʢʩʘʮʠʶ ʧʦʣʦʞʝʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʆʛʨʘʥʠʯʠʪʝʣʴ-

ʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʦʮʝʩʩʘ ʤʦʥʪʘʞʘ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʳ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʳ-

ʩʦʢʠʝ ʤʦʱʥʦʩʪʠ ʠ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ, ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʫʙʥʦʡ ʦʙʚʷʟʢʠ ʠ ʛʘʟʦʦʪʚʦ-

ʜʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʧʝʨʝʢʦʩʘʤ ʢʦʨʧʫʩʦʚ, ʪʝʧʣʦʚʳʝ ʨʘʩʰʠʨʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ 

ʢ ʠʟʛʠʙʘʤ ʚʘʣʦʧʨʦʚʦʜʦʚ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʤʫʬʪ, ʧʦʛʨʝʰʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘ, ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʤʝʩʪ ʢʨʝʧʣʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ɻʊɼ. 

ʆʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʦʦʩʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʳʝ ʩʤʝʱʝʥʠʷ ʦʩʝʡ 

ʚʩʝʭ ʩʦʧʨʷʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʙʱʝʡ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʳ-

ʚʝʨʢʘ ʫʟʣʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳ-

ʧʦʣʥʷʪʴ ʢʦʨʨʝʢʮʠʶ ʧʦʣʦʞʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ, ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʫʛʣʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪ. ʝ.  

ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʞʝʩʪʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʧʦʜʘʪʣʠʚʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʟʘʢʨʝʧʣʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʝʥʪʨʦʚʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʟʝʣʴ-ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʩʚʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʠ ʯʘʩʦʚʳʭ ʠʥʜʠʢʘʪʦʨʦʚ [1]. 
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ʊʦʯʥʦʩʪʴ ʮʝʥʪʨʦʚʢʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʜʣʷ ʢʦʨʘʙʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʘʩʧʦʨʪʥʦʡ ʚʝʣʠʯʠʥʦʡ, 

ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʢʘʢ ʧʨʠ ʤʦʥʪʘʞʝ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ, ʪʘʢ ʠ ʧʨʠ ʤʦʥʪʘʞʝ 

ʚ ʢʦʨʘʙʣʝ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʠʟʣʦʤʘ ʦʩʝʡ ʚʘʣʦʚ ʘʛʨʝʛʘʪʦʚ ʠ ʪʨʘʥʩʤʠʩʩʠʡ ʠʭ ʩʦʝʜʠʥʷʶ-

ʱʠʭ (ʨʠʩ. 1). 

 

ʘ                                                                   ʙ 

ʈʠʩ. 1. ʊʨʘʥʩʤʠʩʩʠʷ çɻʊɼ ï ʩʪʝʥʜʦʚʳʡ ʨʝʜʫʢʪʦʨè, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʦʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʩʪʝʥʜʝ:  

ʘ ï ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ɻʊɼ, ʙ ï ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʩʪʝʥʜʦʚʦʛʦ ʨʝʜʫʢʪʦʨʘ 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʧʠʩʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʠ ʢʦʥʪʨʦʣʷ, ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʛʦ ʥʝʜʦʩ-

ʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʦʣʴʢʦ ʨʘʜʠʘʣʴʥʦʛʦ ʙʠʝʥʠʷ ʬʠʢʩʠʨʫʝʪʩʷ ʫʛʣʦʚʦʝ ʩʤʝʱʝ-

ʥʠʝ ʦʩʝʡ ʚʘʣʦʚ. ɺ ʩʣʫʯʘʝ ʞʝ ʥʘʣʠʯʠʷ ʣʠʥʝʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʩʦʦʩʥʦʩʪʠ ʠʥʜʠʢʘʪʦʨʥʘʷ ʩʭʝʤʘ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʤʝʱʝʥʠʝ ʦʩʝʡ. 

ɼʨʫʛʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʭʝʤʳ ʦʮʝʥʢʠ ʥʝʩʦʦʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴ-

ʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ï ʤʫʬʪ, ʥʘ ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟʤʝ-

ʨʠʪʝʣʴʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʠ ʢʦʪʦʨʳʝ ʧʨʠ ʩʠʣʦʚʦʤ ʟʘʤʳʢʘʥʠʠ ʤʝʥʷʶʪ ʧʦʣʦʞʝʥʠʝ ʩʪʳʢʦʚʦʯʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ ʚʚʠʜʫ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʟʘʣʦʞʝʥʥʦʡ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʥʝʦʙ-

ʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʩʥʦʩʪʠ ʚʘʣʦʚ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʘʛʨʝʛʘʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʘʛʨʝʛʘʪʦʚ ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʡ ʪʨʘʥʩʤʠʩʩʠʠ ʧʦ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ ʚʳʭʦʜʥʳʭ ʫʟʣʦʚ. 

ʆʙʝʩʧʝʯʠʪʴ ʥʦʨʤʘʪʠʚʥʫʶ ʚʝʣʠʯʠʥʫ ʩʦʦʩʥʦʩʪʠ ʩ ʧʝʨʚʦʛʦ ʨʘʟʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʫʜʘʝʪʩʷ, ʧʦ-

ʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʤʥʦʛʦʢʨʘʪʥʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʜʮʝʥʪʨʦʚʢʫ ʘʛʨʝʛʘʪʦʚ ʠʟʜʝʣʠʷ 

ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʢʣʠʥʴʝʚ ʤʝʞʜʫ ʦʧʦʨʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʫʩʪʘʥʦʚʦʯʥʦʡ ʨʘʤʳ ɻʊɼ  

ʠ ʬʫʥʜʘʤʝʥʪʦʤ ʙʦʢʩʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʚʝʣʠʯʠʥ ʢʣʠʥʴʝʚ ï ʦʧʝʨʘʮʠʷ ʪʨʫʜʦʝʤʢʘʷ, ʢʦ-

ʪʦʨʘʷ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʚ ʧʨʦʚʝʜʝʥʠʠ ʧʦʜʦʙʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʠ ʤʦʥʪʘʞʝ ɻʊɸ ʠ ʝʛʦ 

ʮʝʥʪʨʦʚʢʝ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʷʤʦʡ ʤʝʪʦʜ 

ʠʟʤʝʨʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝ-

ʜʦʚʦʡ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ OPTALIGNSmart. ʉʠʩ-

ʪʝʤʘ OPTALIGN Smart ï ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʪʦʯʥʦʡ ʮʝʥʪʨʦʚʢʠ ʚʘʣʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦ-

ʜʠʪ ʥʘʜʝʞʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʚ ʟʘʱʠʱʝʥʥʦʤ ʠʩʧʦʣ-

ʥʝʥʠʠ, ʩʧʦʩʦʙʥʳʡ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʚʠʙʨʘʮʠʡ, 

ʚʥʝʰʥʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʜʨʫʛʠʭ ʥʝʛʘʪʠʚʥʳʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʜʦʧʦʣʥʝʥʥʳʡ ʪʝʭʥʠʯʝ-

ʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʣʘʟʝʨʥʦʛʦ ʜʘʪʯʠʢʘ 

ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦ ʧʷʪʠ ʦʩʷʤ 

(ʨʠʩ. 2). ʇʦʛʨʝʰʥʦʩʪʴ ʮʝʥʪʨʦʚʢʠ ʚʘʣʦʚ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʩʦʩʪʘʚʣʷʝʪ 0,01 ʤʤ, ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ 0,001 ʤʤ. 

ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʧʦʨʘ ʧʝʨʝʤʝʱʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜʥʷʪʘ ʚʚʝʨʭ 

ʠʣʠ ʩʤʝʱʝʥʘ ʚ ʩʪʦʨʦʥʫ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ; ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʦʧʦʨʘ ʧʝ-

ʨʝʤʝʱʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʫʱʝʥʘ ʚʥʠʟ ʠʣʠ ʩʤʝʱʝʥʘ ʥʘʚʩʪʨʝʯʫ. 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ  

ʣʘʟʝʨʥʦʡ ʮʝʥʪʨʦʚʢʠ OPTALIGN Smart 
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ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʨʘʙʦʪ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʨʝʛʫʣʠʨʫʝʤʳʝ ʦʧʦʨʳ SKF Vibracon, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʦʩʪʦʡ 

ʠ ʪʦʯʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʧʦʨʳ ʢʦʤʧʝʥʩʠʨʫʶʪ ʫʛʣʦʚʦʡ ʧʝʨʝʢʦʩ ʜʦ 4Ü ʤʝʞʜʫ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝʤ ʠ ʤʦʥʪʘʞʥʳʤ ʦʩʥʦʚʘʥʠʝʤ, ʫʩʪʨʘʥʷʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪ-

ʢʝ ʦʩʥʦʚʘʥʠʷ, ʦʙʣʝʛʯʘʶʪ ʧʦʜʛʦʥʢʫ ʢʣʠʥʴʝʚ, ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʨʘʚʥʠʚʘʥʠʝ ʨʘʤʳ ɻʊɼ 

ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʮʝʥʪʨʦʚʢʫ ʩ ʪʨʘʥʩʤʠʩʩʠʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʚʳʭʣʦʧʥʦʤ ʢʦʣʣʝʢʪʦʨʝ. 

ɼʘʪʯʠʢ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ OPTALIGN Smart ʦʩʥʘʱʝʥ ʜʚʫʤʷ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 

ʜʝʪʝʢʪʦʨʘʤʠ, ʚʩʪʨʦʝʥʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ ʛʦʨʠʟʦʥʪʘʣʠ ʚ ʨʝ-

ʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʜʘʪʯʠʢʦʤ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʘʣʘ. ɺʦ ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʚ ʨʝʞʠʤʝ 

ʥʝʧʨʝʨʳʚʥʦʡ ʣʠʥʝʡʥʦʡ ʨʘʟʚʝʨʪʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʙʳʩʪʨʦʝ ʠ ʪʦʯʥʦʝ ʩʯʠʪʳʚʘʥʠʝ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʞʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʚʦʙʦʜʥʳʡ ʭʦʜ ʚʘʣʘ. 

ʄʦʥʪʘʞ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʮʝʥʪʨʦʚʢʠ ʥʘ ʚʘʣʫ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ. ʂʦʤʧʘʢʪʥʦʝ ʟʘʞʠʤʥʦʝ ʫʩʪ-

ʨʦʡʩʪʚʦ ʜʘʪʯʠʢʘ ʠ ʣʘʟʝʨʘ, ʠ ʧʨʠʝʤʥʠʢʘ ʮʝʧʥʦʛʦ ʪʠʧʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʞʝʩʪʢʫʶ ʬʠʢ-

ʩʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʣʫʯʘʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʘʣʘ ʠʣʠ ʪʨʘʥʩʤʠʩʩʠʠ ʠʟ 

ʤʘʛʥʠʪʥʳʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʫʩʪʘʥʦʚʢʠ ʣʘʟʝʨʥʦʛʦ ʜʘʪʯʠʢʘ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʛʥʠʪʥʦʝ ʟʘʞʠʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʨʘʙʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ ʩʪʝʥʜʝ, 

ʚʢʣʶʯʘʷ ɻʊɼ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʤʝ, ʚʳʭʣʦʧʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ (ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʛʘʟʦʦʪʚʦʜʘ) ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʤʦʥʪʘʞ ʪʨʘʥʩʤʠʩʩʠʠ çɻʊɼ ï ʩʪʝʥʜʦʚʳʡ ʨʝʜʫʢʪʦʨè. ʄʝʩʪʦ ʩʦʝʜʠʥʝʥʠʷ 

ʪʨʘʥʩʤʠʩʩʠʠ ʢ ɻʊɼ ʚʥʫʪʨʠ ʛʘʟʦʦʪʚʦʜʘ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ ʠ ʜʘʣʝʝ ʥʝ ʜʝʤʦʥʪʠʨʫʝʪʩʷ, ʧʦʵʪʦʤʫ ʫʩ-

ʪʘʥʦʚʢʘ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʮʝʥʪʨʦʚʢʠ OPTALIGN Smart ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʬʣʘʥʮʳ ʩʠʣʦʚʦʡ ʪʫʨ-

ʙʠʥʳ ɻʊɼ ʠ ʬʣʘʥʮʳ ʪʨʘʥʩʤʠʩʩʠʠ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚʚʦʜ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʟʤʝʨʦʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʴʶʪʝʨʘ OPTALIGN Smart: 

ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʤʫʬʪʳ ʜʦ ʜʘʪʯʠʢʘ; 

ï ʜʠʘʤʝʪʨ ʤʫʬʪʳ; 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ; 

ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʤʫʬʪʳ ʜʦ ʧʝʨʝʜʥʝʡ ʦʧʦʨʳ ʠʟʜʝʣʠʷ; 

ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʦʧʦʨʘʤʠ ʠʟʜʝʣʠʷ.  

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʤʦʥʪʘʞʘ ʣʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʮʝʥ-

ʪʨʦʚʢʘ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʧʦ ʮʝʥʪʨʫ ʜʘʪʯʠʢʘ ʧʨʠʝʤʥʠʢʘ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʢʠ ʟʘʞʠʤʦʚ ʢʨʝʧʝʞʘ 

ʠ ʧʦʚʦʨʦʪʘ ʜʠʩʢʦʚʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʫʛʣʘ. ʇʨʦʮʝʜʫʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʫʪʝʤ 

ʧʦʚʦʨʦʪʘ ʪʨʘʥʩʤʠʩʩʠʠ ʚʢʣʶʯʝʥʠʝʤ ʚʘʣʦʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʝʜʫʢʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʝʡ ʪʨʘʥʩʤʠʩʩʠʠ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʤʦ-

ʥʠʪʦʨʝ ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʡ ʠʭ ʩʤʝʱʝʥʠʷ ʠ ʟʘʟʦʨʘ ʚ ʩʪʳʢʝ ʤʫʬʪʳ ʢʘʢ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʚʝʨ-

ʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʝʡ (ʨʠʩ. 3). ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʟʦʨʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʨʠ ʦʙʟʦʨʝ ʩʚʝʨʭʫ 

ʠʣʠ ʩʙʦʢʫ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ; ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʤʝʱʝʥʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʚʘʣ ʧʨʘʚʦʡ ʤʘʰʠʥʳ ʚ ʪʦʯʢʝ ʤʫʬʪʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʳʰʝ ʠ ʜʘʣʴʰʝ. 

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʛʨʝʛʘʪʦʚ  

ʥʘ ʤʦʥʠʪʦʨʝ ʢʦʤʧʴʶʪʝʨʘ OPTALIGN Smart 
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ʆʧʝʨʘʮʠʷ ʮʝʥʪʨʦʚʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʥʝ ʧʦʷʚʷʪʩʷ ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʟʥʘʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʦʧʫʩʢʦʤ ʥʘ ʮʝʥʪʨʦʚʢʫ ʘʛʨʝʛʘʪʦʚ. 

  

ʈʠʩ. 4. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʨʝʛʫʣʠʨʫʝʤʦʡ ʦʧʦʨʳ SKF Vibracon 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʇɸʆ çʆɼʂ-ʉʘʪʫʨʥè ʪʝʭʥʦʣʦʛʠʷ ʣʘʟʝʨʥʦʡ ʮʝʥ-

ʪʨʦʚʢʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʤʦʥʪʘʞʝ ʢʦʨʘʙʝʣʴʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. ɽʝ ʨʝʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʮʝʥʪʨʦʚʢʠ, ʩʦʢʨʘʪʠʪʴ 

ʥʘ 30% ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʘʙʦʪ ʧʦ ʮʝʥʪʨʠʨʦʚʢʝ ʘʛʨʝʛʘʪʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʥʘʛʣʷʜʥʦʩʪʴ ʧʨʦʮʝʜʫ-

ʨʳ ʮʝʥʪʨʦʚʢʠ, ʫʜʦʙʩʪʚʦ ʧʨʝʜʲʷʚʣʝʥʠʷ ʦʧʝʨʘʮʠʠ ʩʣʫʞʙʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠʣʠ ʟʘʢʘʟʯʠʢʫ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʮʝʥʪʨʦʚʢʠ ʘʛʨʝʛʘʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʩʙʦʨʢʝ ʠ ʨʝʤʦʥʪʝ ʣʶ-

ʙʳʭ ʧʦʜʦʙʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʫʜʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ ʩʫʜʦʨʝʤʦʥʪʥʦʡ ʦʪʨʘʩʣʠ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ. ʇʨʠ-

ʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʠʟ ʩʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʘʢʪʫ-
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ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʩʫʜʦʨʝ-

ʤʦʥʪʘ ʥʘ ʙʘʟʝ ʂʘʤʯʘʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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TO THE QUESTION OF THE DE VELOPMENT OF THE SHIP REPAIR INDUSTRY  

OF THE KAMCHATKA REGION  

 
The work considers the issue of the prospects for the development of the ship repair industry in the Kamchat-

ka Region. The information from the strategy of socioeconomic development of the Kamchatka Regionis present-

ed. The relevance of using gas-thermal coatings in ship repair is considered. The types of coatings are given.  

The relevance and prospects of creating a research laboratory of mechanical engineering and ship repair on the 

basis of the Kamchatka State Technical University are shown. 

 

Key words: ship repair, gas-thermal coating, spraying, classification of coatings, technical research laborato-

ry of mechanical engineering and ship repair. 

 
ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝ-

ʙʫʝʤʳʝ ʩʚʦʡʩʪʚʘ ʜʝʪʘʣʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʥʘʜʝʞʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʪʜʝʣʦʯʥʦ-ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ (ʆʋʆ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʰʝ-

ʥʠʶ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʚʩʝʡ ʜʝʪʘʣʠ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ [1] ʪʨʝʙʫʶʪ ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʘʣʠ-

ʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʆʋʆ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʈʘʟʚʠʪʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʊʇ) ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʳʤ ʠ ʜʣʷ ʩʫʜʦʨʝʤʦʥʪʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ: ʚʳʩʦʢʠʡ ʫʨʦ-

ʚʝʥʴ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʤʦʨʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʦʩʥʦʚʥʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʫʩʪʘʨʝʚʰʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ; ʦʩʪʨʘʷ ʥʝʭʚʘʪʢʠ ʠ ʧʨʦʙʣʝʤʘ ʩʪʘʨʝʥʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥ-

ʥʳʭ ʢʘʜʨʦʚ; ʢʦʥʢʫʨʝʥʮʠʷ ʩ ʢʠʪʘʡʩʢʠʤʠ, ʢʦʨʝʡʩʢʠʤʠ ʠ ʷʧʦʥʩʢʠʤʠ ʚʝʨʬʷʤʠ [2]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʉʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʜʦ 2030 ʛʦ-

ʜʘ [3] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʝʞʝʛʦʜʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʚ ʩʫʜʦʨʝʤʦʥʪʝ ʙʫ-

ʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʫʩʪʦʡʯʠʚʦʤ ʫʨʦʚʥʝ ʩ ʪʝʥʜʝʥʮʠʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʇʨʘʚʠ-
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ʪʝʣʴʩʪʚʦʤ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʥʘʤʝʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʦʨʠʪʝʪʥʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʩʫʜʦʨʝʤʦʥʪʘ: 

ï ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʧʝʨʝʯʥʷ ʫʩʣʫʛ 

ʩʫʜʦʨʝʤʦʥʪʘ; 

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʠʤʠʜʞʘ ʩʫʜʦʨʝʤʦʥʪʘ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝ-

ʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʘʤʯʘʪʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ; 

ï ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʜʨʦʚ ʜʣʷ ʩʫʜʦʨʝʤʦʥʪʘ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ 

ʥʘ ʙʘʟʝ ʂʘʤʯʘʪɻʊʋ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʝʡ ʩʫʜʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, ʦʩʦʙʝʥʥʦ 

ʪʷʞʝʣʦ ʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʣʦʞʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʆʋʆ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʥʝʩʝʥʠʝʤ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘ-

ʣʝʡ: ʧʣʘʟʤʝʥʥʦʝ, ʜʝʪʦʥʘʮʠʦʥʥʦʝ, ʵʣʝʢʪʨʦʜʫʛʦʚʦʝ, ʣʘʟʝʨʥʦʝ ʥʘʧʳʣʝʥʠʷ. ʕʪʠ ʤʝʪʦʜʳ ʠʤʝʶʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ: ʦʛʨʘʥʠʯʝʥʥʦʝ ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʜʝʪʘʣʴ ʠ ʫʤʝʥʴʰʝʥʠʝ ʜʝ-

ʬʦʨʤʘʮʠʡ ʧʦʩʣʝʜʥʝʡ; ʤʠʥʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝ-

ʤʝʰʠʚʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʤʝʪʘʣʣʦʤ ʧʦʢʨʳʪʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ, ʙʣʠʟʢʠʝ ʢ ʩʚʦʡʩʪʚʘʤ ʥʘʧʣʘʚʦʯʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʥʝʩʝʥʠʷ ʥʘ ʠʟʥʦʰʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ 

ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ; ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʨʠʧʫʩʢʘʤʠ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʤʝʭʘʥʠʯʝ-

ʩʢʫʶ ʦʙʨʘʙʦʪʢʫ [4]. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ï ʵʪʦ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʥʘʛʨʝʪʳʭ 

ʠ ʨʘʩʧʳʣʝʥʥʳʭ ʯʘʩʪʠʮ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʘʩʧʳʣʷʶʱʝʡ ʛʘʟʦʚʦʡ 

ʩʪʨʫʠ, ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʢʦʪʦʨʳʭ ʩ ʦʩʥʦʚʦʡ ʠʣʠ ʧʦʜ ʩʣʦʝʤ ʨʘʥʝʝ ʥʘʧʳʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦ-

ʜʠʪ ʠʭ ʩʦʝʜʠʥʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʘʨʢʠ, ʘʜʛʝʟʠʠ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʮʝʧʣʝʥʠʷ. ʋʧʨʦʯʥʷʶʱʝʝ 

ʥʘʟʥʘʯʝʥʠʝ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʠʤʝʝʪ ʤʥʦʛʦʮʝʣʝʚʦʡ ʭʘʨʘʢʪʝʨ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʪʘʢʠʭ  

ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʠʭ ʤʥʦʛʦʦʙʨʘʟʠʝ ʠ ʨʝʟʫʣʴʪʘʪ ʩʦʚʦʢʫʧʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʝʭ ʦʩʥʦʚʥʳʭ 

ʧʨʠʨʦʜʥʳʭ (ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ) ʬʘʢʪʦʨʦʚ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ: ʚʝʱʝʩʪʚʘ ʥʘʧʳʣʷʝʤʦ-

ʛʦ ʤʘʪʝʨʠʘʣʘ; ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ; ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʩʥʦʚʳ ʢ ʩʮʝʧʣʝʥʠʶ ʩ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʥʘʧʳʣʷʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʭ ʘʛʨʝʛʘʪʥʦ-ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʘʨʘʢʪʝʨʘ ʩʦʯʝʪʘʥʠʡ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʚʩʝ ʛʘʟʦʪʝʨʤʠ-

ʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ. ɺ ʪʘʙʣ. 1 ʧʦʢʘʟʘʥʳ ʥʘʟʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʠʭ ʥʘʟʥʘʯʝʥʠʝ [5]. 

ʊʘʙʣʠʮʘ 1 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ 

ʅʘʟʚʘʥʠʝ ʧʦʢʨʳʪʠʷ ʅʘʟʥʘʯʝʥʠʝ ʧʦʢʨʳʪʠʷ 

ɸʥʪʠʘʜʛʝʟʠʦʥʥʦʝ 
ʀʟʥʦʩʦʩʪʦʡʢʦʝ ʧʦʢʨʳʪʠʝ, ʩʥʠʞʘʶʱʝʝ ʩʢʣʦʥʥʦʩʪʴ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʢ ʘʜʛʝʟʠʦʥʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʠʣʠ ʩʭʚʘʪʳʚʘʥʠʶ 

ɸʥʪʠʬʨʠʢʮʠʦʥʥʦʝ ʀʟʥʦʩʦʩʪʦʡʢʦʝ ʧʦʢʨʳʪʠʝ, ʧʦʥʠʞʘʶʱʝʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʨʘʙʦʯʝʡ ʧʘʨʝ ʪʨʝʥʠʷ 

ɾʘʨʦʩʪʦʡʢʦʝ 
ʂʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʝ ʧʦʢʨʳʪʠʝ, ʧʦʚʳʰʘʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʶ 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ɿʘʱʠʪʥʦʝ ʇʦʢʨʳʪʠʝ, ʟʘʱʠʱʘʶʱʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʀʟʥʦʩʦʩʪʦʡʢʦʝ ʇʦʢʨʳʪʠʝ, ʧʦʚʳʰʘʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʠʟʥʘʰʠʚʘʥʠʷ 

ʂʦʨʢʦʚʦʝ 
ʇʦʢʨʳʪʠʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʚ ʮʝʣʷʭ ʢʦʧʠʨʦʚʘʥʠʷ ʝʝ ʬʦʨʤʳ ʠʣʠ ʩʥʠʤʘʝʤʦʝ 

ʩ ʦʩʥʦʚʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʮʝʣʷʭ 

ʂʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʝ ɿʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ, ʧʦʚʳʰʘʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʩʥʦʚʳ ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʊʝʧʣʦʟʘʱʠʪʥʦʝ 
ʊʝʨʤʦʨʝʛʫʣʠʨʫʶʱʝʝ ʧʦʢʨʳʪʠʝ, ʩʥʠʞʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʥʘ ʟʘʱʠ-

ʱʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʊʝʨʤʦʨʝʛʫʣʠʨʫʶʱʝʝ 
ʇʦʢʨʳʪʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʠʣʠ ʠʟʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ 

ʊʝʨʤʦʩʪʦʡʢʦʝ 
ʇʦʢʨʳʪʠʝ, ʦʙʣʘʜʘʶʱʝʝ ʥʝʦʙʭʦʜʠʤʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʢʨʘʪʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʋʧʣʦʪʥʠʪʝʣʴʥʦʝ 
ʇʦʢʨʳʪʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʟʘʟʦʨʦʚ ʚ ʩʦʧʨʷʞʝʥʥʳʭ ʵʣʝ-

ʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ 

ʌʨʠʢʮʠʦʥʥʦʝ ʀʟʥʦʩʦʩʪʦʡʢʦʝ ʧʦʢʨʳʪʠʝ, ʧʦʚʳʰʘʶʱʝʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʕʨʦʟʠʦʥʥʦʩʪʦʡʢʦʝ 
ʇʦʢʨʳʪʠʝ, ʫʤʝʥʴʰʘʶʱʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʪʫʨʙʫʣʝʥʪ-

ʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʟʘʱʠʱʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʦʚ ʆʋʆ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʧʳʣʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʈʦʩʩʠʡʩʢʠʤ ʤʦʨʩʢʠʤ ʨʝʛʠʩʪʨʦʤ 

ʩʫʜʦʭʦʜʩʪʚʘ, ʢʦʪʦʨʳʡ ʚ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʨʝʤʦʥ-

ʪʦʤ ʤʦʨʩʢʠʭ ʩʫʜʦʚ [6] ʜʦʧʫʩʢʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʧʳʣʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʦʜʦʙʨʝʥʠʷ ʈʝʛʠʩʪʨʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʊʇ. 

ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʜʝʪʘʣʠ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʦʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʦʜʥʦʛʦ ʠʟ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʦ ʥʘʧʳʣʝʥʠʝ. 
ʊʘʙʣʠʮʘ 2 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʥʘʙʣʶʜʝʥʠʶ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʜʝʪʘʣʠ, 

ʫʟʣʘ 
ɺʝʨʦʷʪʥʳʝ ʜʝʬʝʢʪʳ ʉʧʦʩʦʙʳ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʦʚ 

ɹʣʦʢ ʮʠʣʠʥʜʨʦʚ 

ʂʦʨʨʦʟʠʦʥʥʳʝ ʨʘʟʲʝʜʘʥʠʷ, ʨʠʩʢʠ, ʟʘʙʦʠ-

ʥʳ ʧʦ ʥʘʧʨʘʚʣʷʶʱʠʤ ʧʦʷʩʘʤ ʙʣʦʢʘ, ʘ 

ʪʘʢʞʝ ʚ ʨʘʡʦʥʝ ʧʨʦʜʫʚʦʯʥʳʭ ʦʢʦʥ. ʋʚʝ-

ʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʧʦʷʩʦʚ ʠ ʟʘʟʦʨʘ ʚ ʩʦ-

ʝʜʠʥʝʥʠʠ 

ɿʘʯʠʩʪʢʘ ʜʦ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ ʠ ʟʘʜʝʣʢʘ 

ʧʦʣʠʤʝʨʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʣʠʙʦ ʨʘʩʪʦʯʢʘ 

ʙʣʦʢʘ ʠ ʫʩʪʘʥʦʚʢʘ ʧʨʦʩʪʘʚʦʯʥʦʛʦ ʢʦʣʴʮʘ 

ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʦʜʦʙʨʝʥʥʦʡ PC. ɻʘʟʦʧʣʘ-

ʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʠʣʠ ʥʘʧʣʘʚʢʘ ʧʣʘʟʤʝʥ-

ʥʘʷ, ʵʣʝʢʪʨʦʠʩʢʨʦʚʘʷ 

ʂʣʘʧʘʥʳ ʚʳʧʫʩʢʥʦʡ  

ʠ ʚʧʫʩʢʥʦʡ 

ɼʝʬʝʢʪʳ ʩʝʜʣʘ: ʠʟʥʦʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʷ-

ʩʢʘ, ʟʘʟʦʨ ʙʦʣʝʝ ʜʦʧʫʩʪʠʤʦʛʦ 

ʆʙʨʘʙʦʪʢʘ ʢʘʥʘʚʢʠ ʧʦʜ ʥʘʧʣʘʚʢʫ. ʅʘʧʣʘʚ-

ʢʘ ʠʣʠ ʧʣʘʟʤʝʥʥʦ-ʧʦʨʦʰʢʦʚʘʷ ʥʘʧʣʘʚʢʘ 

ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʦʜʦʙʨʝʥʥʦʡ 

ʈʝʛʠʩʪʨʦʤ 

ɼʝʬʝʢʪʳ ʚʳʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ: ʠʟʥʦʩ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʧʦʷʩʢʘ, ʟʘʟʦʨ ʙʦʣʝʝ 

ʜʦʧʫʩʪʠʤʦʛʦ 

ɿʘʤʝʥʘ ʢʣʘʧʘʥʘ ʣʠʙʦ ʥʘʧʣʘʚʢʘ ʠ ʦʙʨʘʙʦʪ-

ʢʘ, ʣʠʙʦ ʧʣʘʟʤʝʥʥʦ-ʧʦʨʦʰʢʦʚʦʝ ʥʘʧʳʣʝ-

ʥʠʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʦʜʦʙʨʝʥʥʦʡ ʈʝʛʠʩʪʨʦʤ 

ʀʟʥʦʩ ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʦʢʘ ʢʣʘʧʘʥʘ, ʟʘʟʦ-

ʨʳ ʚ ʩʦʝʜʠʥʝʥʠʠ çʰʪʦʢ-ʚʪʫʣʢʘ ʥʘʧʨʘʚ-

ʣʷʶʱʘʷè ʙʦʣʝʝ ʜʦʧʫʩʪʠʤʦʛʦ, ʦʚʘʣʴʥʦʩʪʴ 

ʰʪʦʢʘ ʚʳʰʝ ʜʦʧʫʩʪʠʤʦʡ 

ʍʨʦʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʦʢʘ ʣʠʙʦ 

ʧʣʘʟʤʝʥʥʦʝ ʠʣʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝ-

ʥʠʝ 

ʂʣʘʧʘʥ ʧʫʩʢʦʚʦʡ 

ɼʝʬʝʢʪʳ ʰʧʠʥʜʝʣʷ: ʨʠʩʢʠ, ʠʟʥʦʩ ʫʧʣʦʪ-

ʥʠʪʝʣʴʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ 

ʭʨʦʤʠʨʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʳʤ ʠʣʠ ʛʘʟʦʪʝʨ-

ʤʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ 

ʂʦʣʝʥʯʘʪʳʡ ʚʘʣ 

ʀʟʥʦʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʨʠʩʢʠ, ʟʘʜʠʨʳ, ʦʚʘʣʴʥʦʩʪʴ ʠʣʠ ʢʦʥʫʩ-

ʥʦʩʪʴ ʨʘʤʦʚʳʭ ʠ ʤʦʪʳʣʝʚʳʭ ʰʝʝʢ ʙʦʣʝʝ 

ʜʦʧʫʩʪʠʤʳʭ ʚʝʣʠʯʠʥ 

ʅʘʧʣʘʚʢʘ ʠʣʠ ʥʘʧʳʣʝʥʠʝ ʧʣʘʟʤʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʦʜʦʙʨʝʥʥʦʡ ʈʝʛʠ-

ʩʪʨʦʤ 

ʐʘʪʫʥ ʚ ʩʙʦʨʝ 

ʆʩʣʘʙʣʝʥʠʝ ʧʦʩʘʜʢʠ ʚʪʫʣʢʠ ʚ ʚʝʨʭʥʝʡ 

ʛʦʣʦʚʢʝ ʰʘʪʫʥʘ 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʪʫʣʢʠ ʥʘʧʳʣʝʥʠʝʤ ʣʠʙʦ ʭʨʦʤʠʨʦʚʘʥʠʝʤ 

ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʪʷʛʘ 

ʇʦʨʰʝʥʴ ʩʦ ʰʪʦʢʘʤʠ 

ʧʘʣʴʮʝʤ 

ʆʩʣʘʙʣʝʥʠʝ ʧʦʩʘʜʢʠ ʧʘʣʴʮʘ ʚ ʧʦʨʰʥʝ ʇʣʘʟʤʝʥʥʦʝ ʠʣʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝ-

ʥʠʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʦʜʦʙʨʝʥʥʦʡ PC 

ɺʘʣ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ 

ʆʩʣʘʙʣʝʥʠʝ ʥʘʪʷʛʘ ʚ ʩʦʝʜʠʥʝʥʠʠ çʚʘʣ ï 

ʰʘʡʙʘ ʢʫʣʘʯʥʘʷè 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʘʜʦʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʩʪʘʣʠʚʘʥʠʝʤ, ʭʨʦʤʠʨʦʚʘʥʠʝʤ, ʧʣʘʟʤʝʥ-

ʥʳʤ ʠʣʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝʤ 

ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʫʩʪʘʥʦʚʦʯʥʦʛʦ ʥʘʪʷʛʘ  

ʚ ʩʦʝʜʠʥʝʥʠʠ 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʫʜʦʨʝʤʦʥʪʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ, ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʜʨ. 

ʆʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʝ ʷʚʣʷʶʪʩʷ: 

ï ʩʚʘʨʢʘ ʠ ʥʘʧʣʘʚʢʘ (ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ, ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘʷ, ʚʠʙʨʦʜʫʛʦʚʘʷ, ʛʘʟʦʚʘʷ, ʧʣʘʟʤʝʥʥʘʷ, 

ʣʘʟʝʨʥʘʷ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʧʨʦʯʥʝʥʠʝʤ;  

ï ʥʘʧʳʣʝʥʠʝ (ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ, ʧʣʘʟʤʝʥʥʦʝ); 

ï ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ (ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ) ʧʦʢʨʳʪʠʷ (ʭʨʦʤʠʨʦʚʘʥʠʝ, ʦʩʪʘʣʠʚʘʥʠʝ, ʤʝʜʥʝʥʠʝ); 

ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ; 

ï ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ; 

ï ʥʘʥʝʩʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʠ ʜʨ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʠ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʪʦʜʦʚ ʆʋʆ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʧʳʣʝʥʠʝʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʌʆʇ ʜʣʷ ʩʫʜʦʚʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝ-

ʥʠʷ ʠ ʩʫʜʦʨʝʤʦʥʪʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʜʝʪʘʣʠ ʩʫʜʦʚʳʭ  



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 

 

26 

ʘʛʨʝʛʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʙʘʟʝ ʂʘʤʯʘʪɻʊʋ, ʠʤʝʶʱʝʛʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʥʘʫʯʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʩʦʟʜʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʩʫʜʦʨʝʤʦʥʪʘ. 

ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʦ ʦʩʥʦʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʩʥʘʱʝʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʊʘʙʣʠʮʘ 3 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ  

ʠ ʩʫʜʦʨʝʤʦʥʪʘ ʂʘʤʯʘʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʅʘʟʥʘʯʝʥʠʝ 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʧʣʘʟʤʝʥ-

ʥʦʛʦ ʥʘʧʳʣʝʥʠʷ  

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: 

ï ʪʝʨʤʦʙʘʨʴʝʨʥʳʭ, ʫʧʣʦʪʥʷʶʱʠʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʜʝʪʘʣʝʡ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ ʠ ʢʦʤʧʨʝʩʩʦ-

ʨʦʚ, ʛʠʜʨʦʥʘʩʦʩʦʚ, ʛʠʜʨʦʤʦʪʦʨʦʚ ʠ ʜʨ.; 

ï ʩʦʟʜʘʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʠ ʟʘʱʠʪʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ; 

ï ʨʝʤʦʥʪ ʠʟʥʦʰʝʥʥʳʭ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʧʦʜ ʧʦʜʰʠʧʥʠʢʠ ʨʘʟʣʠʯʥʳʭ ʚʘʣʦʚ ʠ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʘʛʨʝʛʘʪʦʚ ʩʫʜʦʚ 

ʨʳʙʦʣʦʚʥʦʛʦ ʬʣʦʪʘ ʠ ʜʨ. 

ʊʚʝʨʜʦʤʝʨ 

ʊʚʝʨʜʦʤʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ ï ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʪʘʢ ʢʘʢ ʦʥʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʪʘʢʠʤʠ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, 

ʢʘʢ ʧʨʦʯʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʜʨ. 

ʇʨʦʬʠʣʦʤʝʪʨ 

ʉʨʝʜʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʜʣʷ ʩʫʜʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʷʚʣʷʶʱʝʡʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʆʪ ʥʝʝ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠʟʜʝʣʠʡ, ʥʦ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨ. ʩʚʦʡʩʪʚ ï 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʨʷʜ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ  

ʤʠʢʨʦʩʢʦʧ 

ʊʦʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʠʛ-

ʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʢʘʯʝʩʪʚʝ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʧʦʣ-

ʥʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ 

ʄʠʢʨʦʩʢʦʧ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʨʘʟʤʝʨʦʚ ʧʦʢʨʳʪʠʡ, ʚʝ-

ʣʠʯʠʥʳ ʠʟʥʦʩʘ ʠ ʜʨ. ɼʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʪʷʞʝʣʳʝ ʜʝʪʘʣʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʜʣʷ ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʜʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʨʳʙʦʣʦʚʥʦʛʦ ʬʣʦʪʘ 
ʀʥʚʝʨʪʠʨʦʚʘʥʥʳʡ  

ʤʠʢʨʦʩʢʦʧ 

ʄʠʢʨʦʩʢʦʧ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʝʡ 

ʐʣʠʬʦʚʘʣʴʥʦ-

ʧʦʣʠʨʦʚʘʣʴʥʳʡ ʩʪʘʥʦʢ 

ʉʪʘʥʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ ʠʟʜʝʣʠʡ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ. ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʵʪʘʧʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʠ ʢʨʘʡʥʝ ʚʘʞʥʘ ʚ ʤʝ-

ʪʘʣʣʦʛʨʘʬʠʠ ʆʪʨʝʟʥʦʡ ʩʪʘʥʦʢ 

ʋʥʠʚʝʨʩʘʣʴʥʘʷ  

ʨʘʟʨʳʚʥʘʷ ʤʘʰʠʥʘ 

ʈʘʟʨʳʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʠʟʤʝʨʠʪʝʣʝʤ ʩʠʣʳ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʝ ʩʫʞʝʥʠʝ ʠ ʫʜʣʠʥʝʥʠʝ, ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʨʘʟʨʳʚ,  

ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʈʘʟʨʳʚʥʳʝ ʤʘʰʠʥʳ, ʜʦʧʦʣʥʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ, ʩʧʦʩʦʙʥʳ ʦʧʨʝʜʝ-

ʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʘʜʢʫ, ʠʟʛʠʙ, ʦʩʪʘʪʦʯʥʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʩʧʣʶʱʠʚʘ-

ʥʠʝ, ʨʘʩʩʣʦʝʥʠʝ, ʦʪʩʣʘʠʚʘʥʠʝ, ʨʘʟʜʠʨʘʥʠʝ ʠ ʪ. ʧ. 

ʈʘʙʦʪʘ ʣʘʙʦʨʘʪʦʨʠʠ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

ï ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʩʫʜʦʚʳʭ ʘʛʨʝʛʘʪʦʚ  

ʠ ʧʠʱʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪ. ʯ. ʨʳʙʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ; 

ï ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʨʘʙʦʪ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩ ʮʝʣʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʯʘʩʪʝʡ ʜʝʪʘʣʝʡ; 

ï ʠʟʫʯʝʥʠʝ ʧʨʠʯʠʥ ʧʦʚʨʝʞʜʝʥʠʷ ʜʝʪʘʣʝʡ ʩ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠ ʨʝʤʦʥʪʘ. 

ʉʦʟʜʘʥʠʝ ʥʘʫʯʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʟʚʦʣʠʪ ʚʫʟʫ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ ʠʥʞʝʥʝʨʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʠ ʙʝʨʝʛʦʚʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ ʨʝʘʣʠʟʘʮʠʷ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʜʨʫʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ 

ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʚʢʣʘʜʦʤ ʤʦʨʝʭʦʜʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʂʘʤʯʘʪɻʊʋ ʚ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʨʘʟʚʠʪʠʷ ʨʳʙʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʩʫʜʦʨʝʤʦʥʪʥʦʡ ʦʪʨʘʩʣʠ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ [3]: 

ï ʦʙʥʦʚʣʝʥʠʝ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ, ʨʘʟʚʠʪʠʝ ʧʦʨʪʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʢʦʤʧʣʝʢʩ-

ʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʫʜʦʚ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʤʦʥʪʘ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ ʚ ʧʦʨʪʫ ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢʘ-ʂʘʤʯʘʪʩʢʦʛʦ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʤʦʥʪʘ ʩʫʜʦʚ ʠʥʦʩʪʨʘʥʥʦʡ ʧʦʩʪʨʦʡʢʠ, ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫ-

ʜʦʚ (ʜʣʠʥʦʡ ʜʦ 150 ʤ) ʥʘ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ; 
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ï ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʡ ʜʦʩʪʘʚʢʠ ʠʤʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ; 

ï ʢʘʜʨʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʪʨʘʩʣʠ ʪʨʫʜʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʝʦʙʭʦʜʠʤʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʫʜʦʨʝʤʦʥʪʥʘʷ ʦʪʨʘʩʣʴ ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʭʨʘʥʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʦʪʨʘʩʣʠ. ʇʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʳʝ ʧʦʟʠʮʠʠ ʩʫʜʦʨʝʤʦʥʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʩʧʨʦʩʘ, ʧʨʝʜʲʷʚʣʷʝʤʦʛʦ ʨʳʙʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʘ ʦʙʥʦʚʣʝʥʠʝ ʠ ʨʝʤʦʥʪ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʧʨʠ-

ʙʣʠʞʝʥʥʦʩʪʠ ʢ ʨʘʡʦʥʘʤ ʨʳʙʥʦʛʦ ʧʨʦʤʳʩʣʘ ʠ ʚʦʟʨʦʞʜʝʥʠʷ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ. 
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METHODOLOGY OF INDISTINCT ESTIMATION OF THE EFFECTIVENESS OF METHODS   

OF FINISHING AND  STRENGTHENING PROCESSING OF MACHINE PARTS  

 
The article presents a version of the mathematical solution to the problem of evaluating the effectiveness 

of methods of finishing and strengthening processing of machine parts. The purpose of the methodology is to in-

crease the operational characteristics of machine parts and their unions. To solve the problem, data on the parame-

ters of the surface layer state, operational properties of parts, and methods of finishing and strengthening pro-

cessing are formalized. The methodology is based on the mechanism of indistinct composition of binary indistinct 

ratios, statistical analysis and expert estimation method. 
 

Key words: machine parts, finishing and strengthening processing, state parameters, operational properties,  

a binary indistinct ratio, aindistinct composition. 

 

 
ʇʨʦʙʣʝʤʘ ʥʘʜʝʞʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʪʦʠʪ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦ. 

ɺ ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ, ʜʝʪʘʣʠ ʤʘʰʠʥ 

(ɼʄ) ʠʣʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʌʕ) ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʫʪʨʘʯʠʚʘʶʪ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʩʪʴ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʫʟʣʦʚ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʵʪʠ ʜʝʪʘʣʠ, ʠ ʤʝʭʘʥʠʟʤʘ ʚ ʮʝ-

ʣʦʤ. ʕʬʬʝʢʪʠʚʥʦ ʵʪʦʤʫ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʚʝʥʪʠʚʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʨʝʤʦʥʪʦʤ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʟʘʤʝʥʦʡ ʫʢʘʟʘʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʰʠʥ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ 

ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʤʘʰʠʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʚʳʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʠ ʝʝ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʤʝʪʦʜʦʚ ʦʪʜʝʣʦʯʥʦ-ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ (ʄʆʋʆ). ʀʟ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ (ʩʤ., ʥʘʧʨʠ-
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ʤʝʨ, [1]) ʠʟʚʝʩʪʥʘ ʦʙʰʠʨʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʄʆʋʆ, ʚʢʣʶʯʘʶʱʘʷ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʪʦʜʦʚ,  

ʚ ʠʭ ʩʦʦʪʥʦʰʝʥʠʠ ʩʦ ʤʥʦʛʠʤʠ ʜʝʩʷʪʢʘʤʠ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʝʡ ʠʣʠ 

ʠʭ ʌʕ, ʘ ʪʘʢʞʝ ʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʤʝʷ ʚ ʥʘʣʠʯʠʠ ʪʘʢʠʝ 

ʜʘʥʥʳʝ ʠ ʦʧʠʨʘʷʩʴ ʥʘ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ (ʆɺ), ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʦʡ 

ʢʦʤʧʣʝʢʩ ʄʆʋʆ, ʢʦʪʦʨʳʡ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣ ʧʦʣʫʯʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ɼʄ (ʌʕ) 

ʩ ʫʯʝʪʦʤ ʠʭ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʪ. ʯ. ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ʨʝʰʝʥʠʝ ʪʘʢʦʡ ʛʨʦʤʦʟʜʢʦʡ ʟʘʜʘʯʠ, ʧʨʝʜʧʦʣʘ-

ʛʘʶʱʝʡ, ʩ ʫʯʝʪʦʤ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʆɺ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ 

ʚʘʨʠʘʥʪʦʚ, ʥʠ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʠʚʠʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʢʣʘʩʩʠʯʝ-

ʩʢʠʝ ʤʝʪʦʜʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ, ʠ ʪʝʤ ʙʦʣʝʝ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ, ʥʝʜʦʩʪʠʞʠʤʦ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ, ʬʦʨʤʠʨʫʶʱʝʡ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ ʨʘʮʠʦʥʘʣʴʥʳʝ ʨʝʰʝ-

ʥʠʷ ʧʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʶ ʄʆʋʆ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʤʫ ʜʦʩʪʠʞʝ-

ʥʠʶ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ɼʄ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʙʝʩʧʝʨʝʙʦʡʥʫʶ 

ʨʘʙʦʪʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʝʜʠʥʦʛʦ ʨʝʩʫʨʩʘ [2]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨ [3] ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʛʨʫʧ-

ʧʠʨʦʚʢʠ ʄʆʋʆ, ʠʤʝʶʱʠʝ ʦʪʥʦʰʝʥʠʝ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʜʘʥ-

ʥʦʤʫ ʢʣʘʩʩʠʬʠʢʘʪʦʨʫ, ʜʣʷ ʜʝʪʘʣʠ çʰʝʩʪʝʨʥʠè ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʪʘʢʠʝ ʄʆʋʆ, ʢʘʢ ʟʘʢʘʣʢʘ 

ʊɺʏ, ʮʝʤʝʥʪʘʮʠʷ, ʘʟʦʪʠʨʦʚʘʥʠʝ, ʜʨʦʙʝʩʪʨʫʡʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʘʟʦʪʠʨʦʚʘʥʠʝ, ʮʝʤʝʥʪʘʮʠʷ ʠʣʠ ʧʦ-

ʢʨʳʪʠʝ ʧʦʨʠʩʪʳʤ ʭʨʦʤʦʤ, ʣʘʟʝʨʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʠ ʜʨʫʛʠʝ. ɺ ʤʦʥʦʛʨʘʬʠʠ [1] ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙ-

ʰʠʨʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʧʨʠʚʝ-

ʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʦ ʩʪʝʧʝʥʠ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʨʠʤʝʥʝʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ ʦʪ-

ʜʝʣʴʥʳʭ ʄʆʋʆ ʠ ʫʧʨʘʚʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ (ʇʉʇʉ) ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʥʳ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʫʣʠʨʦʚʦʢ: 

1) ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ; 

2) ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ; 

3) ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ; 

4) ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʫʧʨʘʚʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ; 

5) ʧʦʣʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʳʤʠ ʪʨʝʙʫʶʪʩʷ ʬʠʥʠʰʥʳʝ ʤʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ. 

ʇʨʠ ʵʪʦʤ ʬʦʨʤʫʣʠʨʦʚʢʠ 1 ʠ 2 ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʥʝʯʝʪʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʟʘʢʣʶʯʘʶʪ 

ʚ ʩʝʙʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ. ʀʤʝʷ ʠʟʥʘʯʘʣʴʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ, 

ʵʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥʘ ʠ ʦʙʨʘʙʦʪʘʥʘ ʢʘʢ ʥʝʯʝʪʢʘʷ ʠʤʝʥʥʦ ʚ ʩʠʣʫ ʥʝʯʝʪʢʠʭ 

ʬʦʨʤʫʣʠʨʦʚʦʢ. ɺ ʵʪʦʤ ʩʚʝʪʝ ʬʦʨʤʫʣʠʨʦʚʢʘ 4 ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʢʘʪʝʛʦʨʠʠ ʥʝʯʝʪʢʠʭ 

ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʵʪʦʡ ʞʝ ʤʦʥʦʛʨʘʬʠʠ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʜʝʪʘʣʝʡ ʤʘʰʠʥ (ʕʉɼʄ) ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʩʪʦʷʥʠʷ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩ ʪʘʢʠʤʠ 

ʬʦʨʤʫʣʠʨʦʚʢʘʤʠ: 

ï ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʕʉɼʄ; 

ï ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʚʳʟʳʚʘʝʪ ʫʣʫʯʰʝʥʠʝ ʕʉɼʄ; 

ï ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʚʳʟʳʚʘʝʪ ʫʭʫʜʰʝʥʠʝ ʕʉɼʄ; 

ï ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʭʫʜʰʝʥʠʝ ʕʉɼʄ; 

ï ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʘ ʥʘ ʕʉɼʄ. 

ɿʜʝʩʴ ʚʩʝ ʬʦʨʤʫʣʠʨʦʚʢʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʩʣʝʜʥʝʡ, ʜʦʧʫʩʢʘʶʪ ʥʝʯʝʪʢʠʝ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʫʣʫʯʰʝʥʠʷ/ʫʭʫʜʰʝʥʠʷ ʠ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʢʘʪʝʛʦʨʠʠ ʥʝʯʝʪʢʠʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʥʘʣʠʯʝʩʪʚʫʶʱʠʭ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʬʦʨʤʘʣʴ-

ʥʫʶ ʤʦʜʝʣʴ ʥʝʯʝʪʢʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʧʨʠʛʦʜʥʦʩʪʠ ʄʆʋʆ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʕʉɼʄ. ɺ ʨʘʙʦʪʝ [4] ʦʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʥʝʯʝʪʢʠʭ ʦʪʥʦʰʝʥʠʡ ʤʝʭʘʥʠʟʤʘ 

ʢʦʤʧʦʟʠʮʠʠ ʙʠʥʘʨʥʳʭ ʥʝʯʝʪʢʠʭ ʦʪʥʦʰʝʥʠʡ. ɹʠʥʘʨʥʦʝ ʥʝʯʝʪʢʦʝ ʦʪʥʦʰʝʥʠʝ (ɹʅʆ) ʩʪʨʦʠʪʩʷ 

ʥʘ ʙʘʟʝ ʜʚʫʭ ʙʘʟʠʩʥʳʭ ʤʥʦʞʝʩʪʚ, ʥʘʧʨʠʤʝʨ, ʤʥʦʞʝʩʪʚʘ ʕʉɼʄ E ʠ ʤʥʦʞʝʩʪʚʘ ʇʉʇʉ ʈ. ʇʦʣʫ-

ʯʝʥʥʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ɹʅʆ PɽI  ʦʙʨʘʟʫʝʪ ʜʝʢʘʨʪʦʚʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʙʘʟʠʩʥʳʭ ʤʥʦʞʝʩʪʚ ɽ ʠ ʈ, ʧʨʠ 

ʵʪʦʤ ʵʣʝʤʝʥʪʘʤʠ ɹʅʆ ʚʳʩʪʫʧʘʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʨʪʝʞʝʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦ-

ʚʘʥʦ ɹʅʆ ʥʝʯʝʪʢʠʭ ʦʮʝʥʦʢ ʚʣʠʷʥʠʷ ʇʉʇʉ ʥʘ ʕʉɼʄ { }, , ,
PEPE j k I j k

I p e p e= m . ɿʜʝʩʴ 
k

e EÍ   

ʠ j
p PÍ  ï ʵʣʝʤʝʥʪʳ ʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ,

PE k j
e pm  ï ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʌʇ) ɹʅʆ, ʢʦʪʦ-
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ʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʦʙʨʘʞʝʥʠʝ [ ]: , 0,1
PE

P Em ­ . ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ ,P E³  

ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʚʳʩʪʫʧʘʶʪ ʥʝʯʝʪʢʠʝ ʦʮʝʥʢʠ, ʬʦʨʤʘʣʠʟʫʝʤʳʝ ʌʇ PE
m . ʇʦʜʦʙʥʳʤ ʞʝ ʦʙʨʘ-

ʟʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʦ ɹʅʆ { }, , ,
ʄP i j MP i j

I m p m p= m , ʬʦʨʤʘʣʠʟʫʶʱʝʝ ʥʝʯʝʪʢʦʝ ʚʣʠʷʥʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʄʆʋʆ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʇʉʇʉ ɼʄ. 
ʄP

I  ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʟʝ ʤʥʦʞʝʩʪʚ 

M ʠ P, ʛʜʝ M ï ʤʥʦʞʝʩʪʚʦ ʄʆʋʆ. 

ʕʣʝʤʝʥʪʳ ʫʢʘʟʘʥʥʳʭ ɹʅʆ ʝʩʪʴ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʚ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʚʘʨʠʘʥʪʝ ʤʦ-

ʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʦʦʪʥʝʩʝʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʥʝʯʝʪʢʠʭ ʬʦʨʤʫʣʠʨʦʚʦʢ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝ-

ʣʠʯʠʥʦʡ ʚ ʧʨʝʜʝʣʘʭ ʝʜʠʥʠʯʥʦʛʦ ʦʪʨʝʟʢʘ. ʅʘʧʨʠʤʝʨ, 
MP
m < ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ > = 0,8; 
MP
m < ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ > = 0,3. ɺ ʧʨʝʜʝʣʴʥʦ ʢʦʨʨʝʢʪʥʦʤ ʚʘʨʠ-

ʘʥʪʝ ʜʘʥʥʦʝ ʩʦʦʪʥʝʩʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʞʜʦʡ ʧʘʨʳ ʵʣʝʤʝʥ-

ʪʦʚ ʙʘʟʠʩʥʳʭ ʤʥʦʞʝʩʪʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʩʚʷʟʠ ʵʣʝʤʝʥʪʦʚ ʵʪʦʡ 

ʧʘʨʳ ʣʠʙʦ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʘʢʦʚʳʭ, ʧʨʠʚʣʝʯʝʥʠʷ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʟʥʘʯʝʥʠʷ 

MPm  ʵʢʩʧʝʨʪʥʳʤʠ ʦʮʝʥʢʘʤʠ. 

ʅʝʯʝʪʢʘʷ ʢʦʤʧʦʟʠʮʠʷ ʵʪʠʭ ɹʅʆ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʥʦʝ ɹʅʆ 
ʄEI . ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʚ ʝʝ ʢʣʘʩʩʠ-

ʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʬʦʨʤʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʢ: 

ʄE ʄʈ ʈE
I I I= Ã ,                                                                (1) 

{ } { }{ }, max min , , ,
j

ʄɽ i k MP i j PE j k
p P

m e m p p e
Í

m = m m .                                (2) 

ʈʝʟʫʣʴʪʘʪʥʦʝ ɹʅʆ 
ʄE

I  ʝʩʪʴ ʤʘʪʨʠʮʘ, ʢʘʞʜʘʷ i-ʷ ʩʪʨʦʢʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨ  

ʥʝʯʝʪʢʠʭ ʦʮʝʥʦʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ i-ʛʦ ʄʆʋʆ ʚ ʦʪʥʦʰʝʥʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ɼʄ. 

ʉʢʘʣʷʨʥʘʷ (ʯʝʪʢʘʷ) ʦʮʝʥʢʘ iQ  ʵʬʬʝʢʪʠʚʥʦʩʪʠ i-ʛʦ ʤʝʪʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳ-

ʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʜʣʷ ʦʜʥʦʪʦʯʝʯʥʳʭ ʤʥʦʞʝʩʪʚ: 
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1

E

MEik ik

k

i E
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k

I q

Q

I

=

=

Ö

=
ä

ä
,                                                              (3) 

ʛʜʝ 
MEik

I  ï ʵʣʝʤʝʥʪ ɹʅʆ 
ME

I , ʚʳʨʘʞʘʝʤʳʡ ʌʇ { },
ME i k

m em  ʧʦ ʬʦʨʤʫʣʝ (2), 
ik

q  ï ʯʝʪʢʦʝ ʟʥʘʯʝ-

ʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʙʘʟʠʩʥʦʛʦ ʤʥʦʞʝʩʪʚʘ E, ʦʧʨʝʜʝʣʷʝʤʦʝ ʥʘ ʦʩʥʦʚʝ ʌʇ çʅʝʯʝʪʢʘʷ 

ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʄʆʋʆ ʥʘ ʕʉɼʄ ʧʦ 10-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝè, ʧʨʠʤʝʨʥʳʡ ʛʨʘʬʠʢ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥ 

ʥʘ ʨʠʩ. 1. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʪʦʛʦʚʘʷ ʚʝʱʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ i
Q  ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

[ ]0,10
i

QÍ . ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʌʇ, ʚʳʨʘʞʘʶʱʘʷ ʥʝʯʝʪʢʦʝ ʦʪʥʝʩʝʥʠʝ ʬʦʨʤʘ-

ʣʠʟʫʝʤʦʛʦ ʚʣʠʷʥʠʷ ʢ ʪʨʝʤ ʫʨʦʚʥʷʤ ʵʪʦʛʦ ʚʣʠʷʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʣʠʥʛʚʠʩ-

ʪʠʯʝʩʢʠʤʠ ʪʝʨʤʘʤʠ: çʥʠʟʢʦʝè, çʩʨʝʜʥʝʝè, çʚʳʩʦʢʦʝè. ʏʠʩʣʦ ʪʘʢʠʭ ʫʨʦʚʥʝʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠ-

ʨʝʥʦ ʜʦ 5 ʠʣʠ 7 ʚʚʝʜʝʥʠʝʤ ʪʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʪʝʨʤʦʚ, ʪʘʢʠʭ ʢʘʢ çʦʯʝʥʴ 

ʥʠʟʢʦʝè, çʚʳʰʝ ʩʨʝʜʥʝʛʦè ʠ ʜʨ. 

 
ʈʠʩ. 1. ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ  

çʅʝʯʝʪʢʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʄʆʋʆ ʥʘ ʕʉɼʄ ʧʦ 10-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝè 

q, ʙʘʣʣʦʚ 

1,00 
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1 2 3 4 5 6 7 8 9 10 

   m(q) 

0,50 

0,25 

0 

             ʥʠʟʢʦʝ                ʩʨʝʜʥʝʝ                ʚr ʩʦʢʦʝ 
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ʀʤʝʷ ʚʝʢʪʦʨ Q ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʆʋʆ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʥʘʠʣʫʯʰʠʤ ʟʥʘʯʝʥʠʷʤ 

ʠʥʜʝʢʩʳ ʤʝʪʦʜʦʚ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʄɼ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʠ-

ʩʘʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʟʘʜʘʯʫ ʚʳʙʦʨʘ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʘ-

ʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ɼʄ, ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʦʙ-

ʨʘʙʦʪʢʠ ʠ ʜʨ., ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʤʦʜʝʣʴ ʥʝʯʝʪʢʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʄʆʋʆ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦ-

ʚʫ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʦʧʪʠʤʠʟʘʮʠʠ. ʄʘʰʠʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝ-

ʪʦʜʠʢʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʚʠʜʝ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʦʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʚʝʣʠʯʠʪ ʠʭ 

ʩʨʦʢ ʩʣʫʞʙʳ. 
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ʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ, ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ 3D-ʧʝʯʘʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, ʚʳʷʚʣʝʥʳ ʠʭ ʦʪʣʠʯʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʧʨʝ-

ʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʙʦʙʱʝʥʳ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɸʚʪʦʨʘʤʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʤʦʥʪʘ ʩ ʧʦʤʦʱʴʶ ʘʜ-

ʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘʜʚʦʜʥʳʭ ʢʦʨʘʙʣʝʡ. ʄʘʪʝʨʠʘʣ 

ʩʦʜʝʨʞʠʪ ʪʘʙʣʠʮʳ, ʩʧʨʘʚʢʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʦʨʝʤʦʥʪ, ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʨʝʤʦʥʪʦʧʨʠʛʦʜ-

ʥʦʩʪʴ, 3D-ʧʝʯʘʪʴ, ʧʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʚʳʨʘʱʠʚʘʥʠʝ. 
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THE IMPLEMENTATIO N OF THE CAPABILITIES OF ADDITIVE TECHNOLOGIES  

IN THE MAINTENANCE OF GAS TURBINE ENGINES  

 
This article proposes a solution to the problem of import substitution during the repair work related to the 

maintenance of power plants of ships using additive technologies. Comparative analysis of 3D printing technolo-

gies with using metal powders, their differences and features of application under non-stationary conditions, the 

main advantages and disadvantages are determined. The conditions necessary for repairs using these technologies 

are summarized. The authors determined the most optimal 3D printing technology from the point of view of prac-

tical implementation for repair work and maintenance of power plants of ships and vessels. Examples of the use of 

repairs with the help of additive technologies are given. An algorithm for using additive technologies to eliminate 

malfunctions arising from the operation of power plants of surface ships is proposed. The material contains tables, 

references, statistics. 

 
Key words: ship repair, additive technologies, gas turbine engine, maintainability, 3D printing, direct laser 

growing. 
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ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣ ʈʦʩʩʠʠ 

ʚʦʧʨʦʩʳ ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ. 

ʂʦʤʘʥʜʦʚʘʥʠʝ ɺʦʝʥʥʦ-ʄʦʨʩʢʦʛʦ ʌʣʦʪʘ ʈʌ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʢʦʨʘʙʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʠ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʩʦʩʪʘʚ ɺʄʌ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʩʫʜʦʨʝʤʦʥʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʚʳʟʳʚʘʝʪ ʨʷʜ ʩʣʦʞʥʦʩʪʝʡ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʨʝʤʦʥʪʘ 

ʢʦʨʘʙʣʝʡ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʝʥʜʝʥʮʠʶ ʰʠʨʦʢʦʛʦ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦ-

ʚʦʢ ʥʘʜʚʦʜʥʳʭ ʢʦʨʘʙʣʝʡ ɺʄʌ ʈʦʩʩʠʠ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʘʜʚʦʜʥʳʭ ʢʦʨʘʙʣʝʡ ɺʄʌ ʜʦ ʩʠʭ ʧʦʨ 

ʦʙʣʘʜʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʧʨʦʩʘ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɹʦʣʝʝ ʯʝʤ ʥʘ ʰʝʩʪʠʜʝʩʷʪʠ ʢʦʨʘʙʣʷʭ ʚʦʝʥʥʦ-ʤʦʨʩʢʦʛʦ 

ʬʣʦʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʜʚʠʛʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ çɿʦʨʷè-çʄʘʰʧʨʦʝʢʪè. ʇʦʵʪʦʤʫ çʨʝ-

ʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴè ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʥʘʜʝʞʥʦʩʪʠ ʵʪʠʭ ʠʟʜʝʣʠʡ. 

ɸʚʘʨʠʡʥʦʩʪʴ ʕʋ ʥʘ ʤʦʨʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦ  

ʥʝ ʩʥʠʞʘʝʪʩʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʘʚʘʨʠʠ ʠ ʘʚʘʨʠʡʥʳʝ ʧʨʦʠʩʰʝʩʪʚʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʤ-

ʙʠʥʘʮʠʝʡ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʩʦʙʳʪʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʯʝʣʦʚʝʢʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘʨʫʰʝʥʠʡ ʧʝʨʩʦʥʘʣʦʤ ʪʨʝʙʦʚʘʥʠʡ ʨʫʢʦʚʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ, ʥʝʨʘʩʯʝʪʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʦʚʨʝʞʜʝʥʠʷ (ʦʪʢʘʟʳ) ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘ-

ʥʦʚʢʠ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 30% ʦʪ ʚʩʝʭ ʚʠʜʦʚ ʘʚʘʨʠʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʘʚʘʨʠʷʤ ʟʘʨʫʙʝʞ-

ʥʳʭ ʢʦʨʘʙʣʝʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦʪ ʬʘʢʪ. 

ʊʘʢʞʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʠ ʢʨʫʧʥʳʝ ʤʦʨʩʢʠʝ ʧʨʦʠʩʰʝʩʪʚʠʷ ʩ ʢʦʨʘʙʣʷʤʠ ʚʦʝʥʥʦ-

ʤʦʨʩʢʦʛʦ ʬʣʦʪʘ ʧʨʠ ʫʜʘʣʝʥʠʠ ʠʭ ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʝʩʪʘ ʙʘʟʠʨʦʚʘʥʠʷ ʩ ʧʦʪʝʨʝʡ ʭʦʜʘ, ʚʧʣʦʪʴ ʜʦ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʚʢʣʶʯʠʪʝʣʴʥʦ. 

ɺʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʨʝʤʦʥʪʘ 

ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʨʝʤʦʥʪʦʚ ï ʵʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ 

ʠʟʜʝʣʠʡ, ʩʥʷʪʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʠʙʦ ʧʨʦʠʟʚʦʜʷʱʠʭʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ-

ʩʣʝ ʨʘʩʧʘʜʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʮʝʩʩ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ, ʧʦʣʫʯʘʝʤʳʭ ʣʠʪʴʝʤ. ɺʦʟʦʙʥʦʚʣʝʥʠʝ ʣʠʪʝʡʥʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʜʝʪʘʣʝʡ ʚ ʝʜʠʥʠʯʥʦʤ ʦʙʲʝʤʝ ʜʣʷ ʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʥʝʚʳʛʦʜʥʦ. 

ʆʜʥʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ï ʚʥʝʜʨʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʚ ʨʝʤʦʥʪʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʩʦʯʝʪʘʥʠʠ 3D-ʧʝʯʘʪʠ ʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʊʘʢ, ʧʨʠ ʜʝʬʝʢʪʘʮʠʠ ʜʝʪʘʣʝʡ ʩ ʧʦʤʦʱʴʶ 3D-ʩʢʘʥʝʨʘ ʚʦʟʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ 

ʠʟʥʦʩʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʩ ʧʦʤʦʱʴʶ 3D-ʧʨʠʥʪʝʨʘ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʟʥʦʰʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʫʯʝʪʦʤ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʟʥʦʩʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʝʤʦʥʪʘ ʩ ʧʦʤʦʱʴʶ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ; 

ï ʪʦʯʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʩʣʦʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʤʝʩʪʦ ʠʟʥʦʩʘ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʘ. ɺ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʪʨʦʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦ-

ʚʘʪʴʩʷ ʦʪ 0,2 ʜʦ 0,9, ʪ. ʝ. ʦʪ 20 ʜʦ 90% ʤʘʪʝʨʠʘʣʘ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʯʝʨʝʟ ʩʦʧʣʦʚʳʝ ʦʪʚʝʨʩʪʠʷ 

ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ, ʬʘʢʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʶʪ ʜʝʪʘʣʴ; 

ï ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʜʝʪʘʣʠ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʤʦʥʪʘ. 

ʉʦʯʝʪʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʧʦ ʥʘʟʥʘʯʝʥʠʶ. ʊʘʢʘʷ ʚʘ-

ʨʠʘʪʠʚʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. 

ʇʨʠʤʝʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʤʦʥʪʘ ʩ ʧʦʤʦʱʴʶ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʛʫʪ ʙʳʪʴ: 

ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʣʘʙʠʨʠʥʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʩʦʧʣʦʚʳʭ ʘʧʧʘʨʘʪʦʚ, ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥ 

ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʪ. ʜ.; 

ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʜʝʪʘʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʤʦʥʪʘ ʛʣʘʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʢʨʫʧʥʳʭ ʘʚʘʨʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʈʝʤʦʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ. 
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ʇʨʠ ʵʪʦʤ ʘʚʘʨʠʡʥʫʶ ʩʠʪʫʘʮʠʶ ʥʘ ʦʙʲʝʢʪʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʫʜʘʣʝʥʠʠ ʦʪ ʙʘʟʳ, ʪʘʢʞʝ ʚʦʟʤʦʞ-

ʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʜʝʪʘʣʠ ʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʜʦʩʪʘʚʢʦʡ. 

ɺʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʤʦʥʪʘ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʪʚʝ-

ʯʘʶʱʠʭ ʟʘʜʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʊʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʳʤ ʠʟʛʦʪʦʚʣʝʥʠʝ ʣʶʙʦʡ ʜʝʪʘʣʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʤʦʥʪʘ ʧʦʚʨʝʞʜʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʝʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʩʘʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʟʚʠʪʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ. 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʪʝʭʥʦʣʦʛʠʡ 3D-ʧʝʯʘʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, ʰʠ-

ʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ 

ʠ ʪʝʭʥʠʢʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʄʝʪʦʜ ʉʚʦʡʩʪʚʦ 

High-speed Direct Laser Growth 

(HSDLG) 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ ʠʟ ʧʦʨʦʰʢʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʩʞʘʪʦʡ ʛʘʟʦʧʦʨʦʰʢʦʚʦʡ ʩʪʨʫʝʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʫ ʚʳʨʘʱʠʚʘʥʠʷ 

Selective Laser Sintering (SLS) 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ (ʩʧʝʢʘʥʠʝ) ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʘ 

Selective Laser Melting (SLM) ʈʘʩʧʣʘʚʣʝʥʠʝ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʘ 

Direct Metal Deposition (DMD) 
ʅʘʥʝʩʝʥʠʝ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʘ ʤʝʪʘʣʣʘ ʚ ʪʦʯʢʫ ʧʦʩʪʨʦʝʥʠʷ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʟʜʘʥʠʷ ʩʣʦʝʚ ʜʝʪʘʣʠ 

Construction Laser Additive 

Directe (CLAD) 
ʏʘʩʪʠʯʥʘʷ ʧʣʘʚʢʘ ʤʝʪʘʣʣʘ ʛʘʟʦʧʦʨʦʰʢʦʚʦʡ ʩʪʨʫʠ ʚ ʬʦʢʫʩʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ 

Laser Engineered Net Shaping 

(LENS) 
ʉʧʝʢʘʥʠʝ ʨʘʩʧʳʣʷʝʤʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʤʝʪʘʣʣʘ ʚ ʬʦʢʫʩʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ 

Fused deposition modeling 

(FDM) 

ʇʦʩʣʦʡʥʦʤ ʩʦʟʜʘʥʠʠ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʟʘ ʩʯʝʪ ʫʢʣʘʜʢʠ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʤʝʪʘʣ-

ʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʠ 

Electron Beam Melting (EBM) 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ (ʩʧʝʢʘʥʠʝ) ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʩ ʧʦʤʦʱʴʶ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ 

Electron beam Direct Manufac-

turing (EBDM) 

ʇʦʩʣʦʡʥʦʝ ʥʘʚʘʨʠʚʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʚʠʜʝ ʧʨʦʚʦʣʦʢʠ, ʨʘʩʧʣʘʚʣʷʝʤʦʡ ʧʦʪʦʢʦʤ ʵʣʝʢ-

ʪʨʦʥʦʚ 

Ultrasonic additive manufactur-

ing (UAM) 
ʇʦʩʣʦʡʥʦʤ ʩʚʘʨʠʚʘʥʠʠ ʪʦʥʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʘ 

Multiphase Jet Solidification 

(MJS) 

ʇʦʩʣʦʡʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʜʝʪʘʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʠʜʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢ ʦʩʥʦʚʥʳʤ ʞʝ ʧʨʝʠʤʫʱʝʩʪ-

ʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

ï ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ, 

ï ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ,  

ï ʦʙʰʠʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. 

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʙʦʨʢʫ ʥʘʠʙʦʣʝʝ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʴ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʠʤʝʨ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ (UAM, MJS, MIM), ʪʘʢʞʝ ʦʥʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʧʝʢʪʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

(CLAD), ʥʝʚʳʩʦʢʫʶ ʬʠʟʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ (FDM), ʛʨʦʤʦʟʜʢʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ (High-speed Direct Laser 

Growth), ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʧʝʢʘʥʠʠ ʨʘʩʧʳʣʷʝʤʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʤʝʪʘʣʣʘ ʚ ʬʦʢʫʩʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. 

ʕʪʦʪ ʤʝʪʦʜ ʥʘʠʙʦʣʝʝ ʫʜʦʙʝʥ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʵʣʝʤʝʥ-

ʪʳ ʩʣʦʞʥʦʡ ʢʘʢ ʚʥʫʪʨʝʥʥʝʡ, ʪʘʢ ʠ ʥʘʨʫʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʩʦʟʜʘʥʠʝʤ ʩʧʣʘʚʦʚ ʠ ʩʣʦʝʚ ʤʝʪʘʣʣʘ. ʊʘʢʞʝ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʤʦʥʪ ʧʦʚʨʝʞ-

ʜʝʥʥʳʭ ʜʝʪʘʣʝʡ. 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʊʘʙʣʠʮʘ 2 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʦʚ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʄʝʪʦʜ ʇʨʝʠʤʫʱʝʩʪʚʘ 

HSDLG 

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ, 
ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ, 

ï ʦʙʰʠʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ï ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ, 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ,  
ï ʦʙʲʝʤ ʢʘʤʝʨʳ ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʠ ʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ. 

SLS 

ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ, 

ï ʦʙʰʠʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ï ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ, 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ,  
ï ʦʙʲʝʤ ʢʘʤʝʨʳ ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʠ ʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ. 

SLM 

ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, 
ï ʦʙʰʠʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ï ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ, 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ,  
ï ʦʙʲʝʤ ʢʘʤʝʨʳ ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʠ ʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ. 

DMD 

ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, 
ï ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ, 

ï ʦʙʰʠʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪ. ʯ. ʧʦʜʘʯʘ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, 

ï ʦʙʲʝʤ ʢʘʤʝʨʳ ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʠ ʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ, 
ï ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʛʦʪʦʚʳʝ ʜʝʪʘʣʠ, 

ï ʨʝʤʦʥʪ ʜʝʪʘʣʝʡ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

CLAD 

ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, 
ï ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ, 

ï ʦʙʰʠʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪ. ʯ. ʧʦʜʘʯʘ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, 

ï ʦʙʲʝʤ ʢʘʤʝʨʳ ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʠ ʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ, 
ï ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʛʦʪʦʚʳʝ ʜʝʪʘʣʠ, 

ï ʨʝʤʦʥʪ ʜʝʪʘʣʝʡ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

LENS 

ï ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ, 

ï ʦʙʰʠʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʦʜʘʯʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʠʭ ʩʧʣʘʚʦʚ, 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, 
ï ʦʙʲʝʤ ʢʘʤʝʨʳ ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʠ ʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ. 

FDM 
ï ʦʙʲʝʤ ʢʘʤʝʨʳ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʠ ʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ, 

ï ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

EBM 

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʜʝʪʘʣʝʡ, 

ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ ʜʣʷ 
ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, 

ï ʙʦʣʴʰʘʷ ʢʘʤʝʨʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ. 

EBDM 

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ, 
ï ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, 
ï ʙʦʣʴʰʘʷ ʢʘʤʝʨʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ. 

UAM 
ï ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʠʭ ʜʝʪʘʣʝʡ, 
ï ʥʠʟʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ, 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ. 

MJS 
ï ʙʦʣʴʰʘʷ ʢʘʤʝʨʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ, 
ï ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʤʦʥʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥ-

ʥʳʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 
ʫʩʪʘʥʦʚʦʢ ʠ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʧʦʚʳʩʠʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘ-

ʜʝʞʥʦʩʪʴ ʢʦʨʘʙʣʝʡ ɺʦʝʥʥʦ-ʄʦʨʩʢʦʛʦ ʌʣʦʪʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɹʝʣʦʚ ɻ.ʇ. ɸʪʣʘʥʪʠʯʝʩʢʘʷ ʵʩʢʘʜʨʘ 1968ï2005 / ɻ.ʇ. ɹʝʣʦʚ. ï ʉʇʙ.: ɹʝʨʝʩʪʘ, 2012. ï 604 ʩ. 

2. ɸʥʪʦʥʦʚʘ ɺ.ʉ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: ʋʯʝʙ. ʧʦʩʦʙʠʝ / ɺ.ʉ. ɸʥʪʦʥʦʚʘ, ʀ.ʀ. ʆʩʦʚʩʢʘʷ. ï 

ʉʇʙ.: ɺʐʊʕ ʉʇʙɻʋʇʊɼ, 2017. ï 30 ʩ. 



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 

 

36 

3. ɿʣʝʥʢʦ ʄ.ɸ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ: ʇʦʩʦʙʠʝ ʜʣʷ ʠʥʞʝʥʝʨʦʚ /  

ʄ.ɸ. ɿʣʝʥʢʦ. ï ʄ.: ɻʅʎ ʈʌ ʌɻʋʇ çʅɸʄʀè, 2015. ï 220 ʩ. 

4. ʈʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 3D-ʧʝʯʘʪʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: https://docplayer.ru/  

27519886ïRazlichnyeïtehnologiiïvï3dïpechati.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 03.02.19). 

5. ɸʚʘʨʠʠ ɼɺʉ. ʀʭ ʧʨʠʯʠʥʳ. ʈʝʢʦʤʝʥʜʘʮʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 

http://mirmarine.net/poleznayaïinformatsiya/avarii/360ïavariiïikhïprichinyïrekomendatsii (ʜʘʪʘ ʦʙ-

ʨʘʱʝʥʠʷ: 20.01.2019). 

 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

 

37 

ʋɼʂ 621.822:629.5.03 

 

ʈ.ɺ. ʂʫʟʥʝʮʦʚ 
 

ʇɸʆ çɿɺɽɿɼɸè, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 194295 

e-mail: kuznetsovrv@zvezda.spb.ru 

 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʆɺ ʂʆʅʊʈʆʃʗ ɻɽʈʄɽʊʀʏʅʆʉʊʀ ɹʀʄɽʊɸʃʃʀʏɽʉʂʀʍ 

ʕʃɽʄɽʅʊʆɺ ʀɿɼɽʃʀʁ ʉʋɼʆɺʆɻʆ ʄɸʐʀʅʆʉʊʈʆɽʅʀʗ 

 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʠ ʘʧʧʘʨʘʪʫʨʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʙʠʤʝ-
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DEVELOPMENT OF METHODS FOR TIGHTNESS CONTROL  

OF BIMETALLIC ELEMENTS OF SHIP ENGINEERIN G PRODUCTS 

 
In this work we propose a methodology and equipment for testing the hydraulic tightness of bimetallic  

assemblies and joints having an antifriction purpose, evaluate the tightness of prototypes of cast aluminum  

alloy + sintered powder material, and serial bearing assemblies of cast aluminum alloy + bronze cast alloy compo-

sition. The impact of the technology for producing bimetallic compounds on the degree of its hydraulic tightness 

is assessed. 
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ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʇɸʆ çɿʚʝʟʜʘè ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ 

ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʨʝʩʫʨʩʘ ʩʝʨʠʡʥʳʭ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʚʳʩʦʢʦʦʙʦʨʦʪʠʩʪʳʭ ʩʫʜʦʚʳʭ ʜʠ-

ʟʝʣʝʡ ʠ ʚʭʦʜʷʱʝʛʦ ʚ ʠʭ ʩʦʩʪʘʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚ-

ʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʘ ʰʝʩʪʝʨʝʥʯʘʪʳʭ ʤʘʩʣʷʥʳʭ ʥʘʩʦʩʦʚ ʚ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ ʨʘʟʤʝʨʥʦ-

ʩʪʴʶ 16/17 ʠ 18/20. ʅʘ ʧʨʘʢʪʠʢʝ ʜʦʙʠʪʴʩʷ ʵʪʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʣʝʜʫʶʱʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʟʘʤʝʥʦʡ ʤʘʪʝʨʠʘʣʦʚ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ, ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʡ, ʦʜʥʘʢʦ ʧʦʩʣʝʜʥʝʝ ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ɺ ʨʘʙʦʪʘʭ [1ï3] ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʧʫʩ-

ʥʳʭ ʬʘʩʦʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʩ ʧʦʜʰʠʧʥʠʢʦʚʳʤʠ ʫʟʣʘʤʠ ʥʘ ʵʪʘʧʝ ʟʘʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʜʣʷ ʜʝʪʘʣʝʡ ʩʫʜʦʚʳʭ ʥʘʩʦʩʦʚ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʩʦʟʜʘʥʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʘʣʶʤʠ-

ʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ9ʯ ʠ ʩʧʝʯʝʥʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ. ɸʧʨʦʙʠʨʦʚʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʰʪʘʤʧʦʚʢʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʨʦʰʢʦʚʦʡ ʚʪʫʣʢʠ ʧʦʟʚʦʣʠʣʘ ʩʦʟʜʘʪʴ ʫʩ-

ʪʦʡʯʠʚʫʶ ʘʜʛʝʟʠʦʥʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʘʤʠ ʢʘʢ ʟʘ ʩʯʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʘʣʶʤʠʥʠʷ ʚ ʧʦʨʳ 

ʚʪʫʣʢʠ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʪʠʧʘ AlFe ʠʣʠ AlFeSi ʥʘ ʛʨʘ-

ʥʠʮʝ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʷʪ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ. 

ʆʜʥʘʢʦ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʩʪʘʝʪʩʷ ʧʦʜ ʚʦʧʨʦʩʦʤ. 
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ʊʘʢ, ʚ ʨʘʙʦʪʝ [4] ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʢʠ ʤʝʪʦʜʦʤ çʢʦʨʦʪʢʦʛʦ ʟʘʤʳ-

ʢʘʥʠʷè ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩʧʣʘʚʘ ʘʣʶʤʠʥʠʝʚʦʡ ʙʨʦʥʟʳ ʠ ʩʪʘʣʴʥʦʡ ʦʩʥʦʚʳ (ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʧʣʘʚ ASTM 1045), ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʘʣʶʤʠʥʠʷ, ʤʝʞʬʘʟʥʳʝ ʷʚʣʝʥʠʷ ʜʠʬ-

ʬʫʟʠʠ ʥʘ ʛʨʘʥʠʮʝ ʘʣʶʤʠʥʠʝʚʘʷ ʙʨʦʥʟʘ ï ʞʝʣʝʟʦ. ɸʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʘ 

ʦʪ 430 ʜʦ 528 ʄʇʘ, ʯʪʦ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʚʘʨʢʠ. ʊʘʢʞʝ ʘʚʪʦʨʳ ʚʳ-

ʷʚʠʣʠ, ʯʪʦ ʜʣʷ ʪʘʢʦʛʦ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʫʟʣʘ ʥʘ ʛʨʘʥʠʮʝ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʥʠʢʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʭʠ-

ʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ ʬʘʟ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʜʘʥʥʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ ʙʳʣʘ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. 

ɺ ʨʘʙʦʪʝ [5] ʘʚʪʦʨʳ ʚʳʧʦʣʥʠʣʠ ʧʦʧʳʪʢʫ ʩʦʟʜʘʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ 

ʠʟ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ (ʤʘʪʝʨʠʘʣ ʦʩʥʦʚʳ) ʠ ʙʘʙʙʠʪʦʚʳʭ ʩʧʣʘʚʦʚ (ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʡ ʤʘʪʝ-

ʨʠʘʣ) ʤʝʪʦʜʦʤ MIG-ʩʚʘʨʢʠ, ʧʨʠ ʵʪʦʤ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʜʰʠʧʥʠʢʘ ʧʨʝʜʧʦʣʘʛʘʣʘ ʪʦʨʮʝʚʫʶ ʩʚʘʨʢʫ 

ʙʘʙʙʠʪʘ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ. ʇʨʦʯʥʦʩʪʴ ʘʜʛʝʟʠʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʘ ʦʪ 66 

ʜʦ 83 ʄʇʘ, ʥʘʙʣʶʜʘʣʦʩʴ ʚʟʘʠʤʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʠ ʜʠʬʬʫʟʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʘʙʙʠʪʘ, ʘʚʪʦʨʳ ʥʝ ʧʨʦʚʦʜʠʣʠ ʠʩʧʳʪʘʥʠʷ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ. 

ɺ ʨʘʙʦʪʝ [6] ʘʚʪʦʨ ʧʨʝʜʣʦʞʠʣ ʪʝʭʥʦʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 

ʜʣʷ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʩ-

ʥʦʚʘʥʘ ʥʘ ʠʟʦʩʪʘʪʠʯʝʩʢʦʤ ʧʨʝʩʩʦʚʘʥʠʠ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ. ɺʳʩʦʢʠʝ 

ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠ-

ʜʦʚ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʤʘʪʝʨʠʘʣʦʚ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʧʨʦʚʝʨʷʣʘʩʴ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝ-

ʥʠʝʤ ʠ ʙʳʣʘ ʥʘ ʥʝʦʙʭʦʜʠʤʦʤ ʫʨʦʚʥʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʧʳʪʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ɸʂ9ʯ-ʧʦʨʦʰʢʦʚʳʡ ʤʘʪʝʨʠʘʣ ʜʦʢʘʟʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʝʨʠʡʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [2]. ʆʜʥʘʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʚʥʝʜʨʝʥʠʷ ʙʠʤʝʪʘʣʣʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ ʧʨʝʜʧʨʠʷʪʠʷ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʠʟʜʝʣʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʛʝʨʤʝ-

ʪʠʯʥʦʩʪʠ [7]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʦʮʝʥʢʠ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʡ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʩʪʝʧʝʥʴ ʝʛʦ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. ʊʨʘʜʠʮʠʦʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʚʩʝʛʦ ʠʟʜʝʣʠʷ ʚ ʩʙʦʨʝ, ʧʨʠ ʨʘʙʦʯʠʭ ʨʝʞʠʤʘʭ ʥʘ-

ʛʨʫʞʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʛʝʨʤʝʪʠʯʥʦʩʪʴ 

ʦʪʜʝʣʴʥʳʭ ʦʪʩʝʢʦʚ ʥʘʩʦʩʘ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʷ (ʜʝʬʦʨʤʘʮʠʠ) ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʚʪʫʣʦʢ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʚʝʨʭ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ. 

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʤ ʠʩʧʳʪʘ-

ʪʝʣʴʥʦʤ ʩʪʝʥʜʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ. 

 

 

 

ʉʭʝʤʘ ʠʩʧʳʪʘʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ:  

1 ï ʤʘʪʝʨʠʘʣ ʦʩʥʦʚʳ, 2 ï ʧʘʨʦʥʠʪʦʚʘʷ ʧʨʦʢʣʘʜʢʘ, 3 ï ʧʣʠʪʘ,  

4 ï ʧʦʨʦʰʢʦʚʳʡ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, 5 ï ʰʪʫʮʝʨ, 6 ï ʥʘʩʦʩ, 7 ï ʠʩʪʦʯʥʠʢ ʤʘʩʣʘ 
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ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʝʥʜʘ ʫʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

ï ʧʨʦʩʪʦʪʘ ʠ ʧʦʥʷʪʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ; 

ï ʣʝʛʢʠʡ ʩʲʝʤ-ʫʩʪʘʥʦʚʢʘ ʦʙʨʘʟʮʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʤʦʪʨʘ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʥʘ ʤʝʩʪʝ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʫʩʣʦʚʠʡ, ʙʣʠʟʢʠʭ ʢ ʩʝʨʠʡʥʳʤ ʠʩʧʳʪʘʥʠʷʤ; 

ï ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 24054-80 ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʩʫʜʦʭʦʜʩʪʚʘ (ʈʉ). 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʜʘ ʩʦʩʪʦʷʣʘ ʠʟ: ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ (ʧʣʠʪʳ) ʧʨʝʩʩʘ, ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʩʤʝʥʥʦʡ 

ʧʘʨʦʥʠʪʦʚʦʡ ʧʨʦʢʣʘʜʢʠ, ʰʪʫʮʝʨʘ ʩ ʚʥʫʪʨʝʥʥʠʤ  ʜʠʘʤʝʪʨʦʤ 3 ʤʤ, ʤʘʩʣʦʥʘʛʥʝʪʘʶʱʝʛʦ ʥʘʩʦʩʘ 

ʤʦʱʥʦʩʪʴʶ 40 ʣ/ʤʠʥ ʠ ʨʝʟʝʨʚʫʘʨʘ ʩ ʤʘʩʣʦʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʤʝʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʯʘ-

ʩʦʚʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ (ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʦʢʘʟʘʥ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʦʨʦʰ-

ʢʦʚʦʡ ʚʪʫʣʢʠ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʨʧʫʩʘ ʧʦʜʰʠʧʥʠʢʘ. ʌʠʢʩʘʮʠʶ ʦʙʨʘʟʮʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʩʪʦʣʘ ʧʨʦ-

ʠʟʚʦʜʠʣʠ ʥʘʛʨʫʞʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʦ-ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʧʨʝʩʩʘ ʇʉʋ-125. ʋʩʠʣʠʝ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʦʟʜʘʚʘʣʦʩʴ ʥʘ ʧʨʝʩʩʝ ʇʉʋ-125 ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʦʩʝʚʦʛʦ ʫʩʠʣʠʷ P, ʢʦʪʦʨʦʝ ʠʟʤʝ-

ʨʷʣʦʩʴ ʤʝʭʘʥʠʯʝʩʢʠʤ ʜʠʥʘʤʦʤʝʪʨʦʤ ʩʞʘʪʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʧʘʨʦʥʠʪʦʚʦʡ ʧʨʦʢʣʘʜʢʠ. ɺʥʫʪʨʝʥʥʷʷ ʨʘʙʦʯʘʷ ʧʦʣʦʩʪʴ ʚʩʝʭ ʦʙʨʘʟ-

ʮʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʬʨʝʟʝʨʦʚʘʥʠʷ) ʥʘ ʛʣʫʙʠʥʫ h = 35 ʤʤ. 

ʉʪʝʧʝʥʴ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʮʝʥʠʚʘʣʠ ʞʠʜʢʦʩʪʥʳʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʦʧʨʝʩʩʦʚʢʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʦʙʨʘʟʮʳ, ʘʥʘʣʦʛʠʯʥʳʝ [3] c ʥʘ-

ʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ Ï 61 ʤʤ, ʚʳʩʦʪʦʡ ʅ = 70 ʤʤ ʠʟ ʣʠʪʝʡʥʦʛʦ ʜʦʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʠʣʫʤʠʥʘ ɸʂ9ʯ 

(ɻʆʉʊ1583-93). ɺ ʢʘʯʝʩʪʚʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʮʠʣʠʥʜʨ ʜʠʘʤʝʪʨʦʤ Ï 27 ʤʤ, 

ʚʳʩʦʪʦʡ ʅ = 36 ʤʤ ʠʟ ʧʦʨʦʰʢʘ ʤʘʨʢʠ ɸʅʉ100.29 ʠ ʇɸ-ɹʨʆɻʨ (ɻʆʉʊ 26719-85) ʩ ʧʦʨʠʩʪʦʩʪʴʶ, 

ʨʘʚʥʦʡ 15%. ʆʧʳʪʥʫʶ ʧʘʨʪʠʶ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʟʘʛʦʪʦʚʦʢ ʧʦʣʫʯʘʣʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʦʩʪʦʷʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʊʟʘʣ = 700 Ñ 10Üʉ, Tʦʩʥ = 450 Ñ 10Üʉ, Tʦʙʨ = 25 Ñ 5Üʉ, tʢʨ = 20 ʩ. 

ɼʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʰʪʘʤʧʦʚʢʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ (ʐɾʄ) ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 0 ʜʦ 170 ʄʇʘ. ɺʩʝʛʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 4 ʛʨʫʧʧʳ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ: 

1) ʈh  = 0 ʄʇʘ ï ʣʠʪʝʡʥʦʝ ʧʣʘʢʠʨʦʚʘʥʠʝ; 

2) ʈh  = 1õ3 ʄʇʘ ï ʣʠʪʴʝ ʧʦʜ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ; 

3) ʈh  = 75õ80 ʄʇʘ ï ʐɾʄ ʚ ʠʥʪʝʨʚʘʣʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ; 

4) ʈh  = 165õ171 ʄʇʘ ï ʐɾʄ ʚ ʠʥʪʝʨʚʘʣʝ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʨʷʜʫ ʩ ʦʧʳʪʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʠʩʧʳʪʳʚʘʣʠʩʴ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʟʘʛʦʪʦʚʢʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʩʦʩʪʘʚʘ çʣʠʪʝʡʥʳʡ ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ + ʣʠʪʝʡ-

ʥʳʡ ʙʨʦʥʟʦʚʳʡ ʩʧʣʘʚè. ʉʝʨʠʡʥʳʝ ʦʙʨʘʟʮʳ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ  

ʦʙʨʘʙʦʪʢʠ ʣʠʪʳʭ ʟʘʛʦʪʦʚʦʢ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʧʨʝʩʩʦʚʢʦʡ ʩ ʥʘʪʷʛʦʤ ʮʠʣʠʥʜʨʘ ʠʟ ʦʣʦʚʷʥʥʦ-

ʩʚʠʥʮʦʚʦʡ ʙʨʦʥʟʳ ʚ ʘʣʶʤʠʥʠʝʚʫʶ ʦʙʦʡʤʫ.  

ʆʧʨʝʩʩʦʚʢʫ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʩʝʨʠʡʥʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ʇɸʆ çɿʚʝʟʜʘè. ɺ ʢʘʯʝ-

ʩʪʚʝ ʧʨʦʙʥʦʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʘʩʣʦ ʄʉ-20 (ɻʆʉʊ21743-76) ʩ t = 75õ85ÜC. ɼʘʚʣʝʥʠʝ 

ʦʧʨʝʩʩʦʚʢʠ P = 20 Ñ 1 ʢʛ/ʩʤ
2
 ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ʊʝʤʧʝʨʘʪʫʨʫ ʤʘʩʣʘ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʧʠʨʦʤʝʪʨʘ ʂɹ çʇʀʈʆʎɽʃʔʉè ɼʠʧʦʣʴ. 

ʆ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʩʫʜʠʣʠ ʧʦ ʥʘʣʠʯʠʶ (ʦʪʩʫʪʩʪʚʠʶ) ʪʝʯʝʡ, ʧʷʪʝʥ 

ʠ ʟʘʧʦʪʝʚʘʥʠʷ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥ-

ʥʳʭ ʣʠʪʝʡʥʳʤ ʧʣʘʢʠʨʦʚʘʥʠʝʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʩʚʳʰʝ 1 ʢʛ/ʩʤ
2
 ʧʨʦʠʩʭʦʜʠʪ ʢʘʧʝʣʴʥʘʷ ʪʝʯʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ 

(1õ3 ʄʇʘ) ʚ ʧʨʦʮʝʩʩʝ ʐɾʄ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʫʩʘʜʢʫ ʣʠʪʝʡʥʦʛʦ ʩʧʣʘʚʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ ʥʘ ʛʨʘʥʠʮʝ çʞʠʜʢʠʡ ʤʝʪʘʣʣ-ʧʦʨʦʰʢʦʚʳʡ ʤʘʪʝʨʠ-

ʘʣè. ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ, ʧʦʢʘʟʘʣʠ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 

5ï7 ʢʛ/ʩʤ
2
, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʷʚʣʷʣʘʩʴ ʢʘʧʝʣʴʥʘʷ ʠʣʠ ʩʪʨʫʡʥʘʷ ʪʝʯʴ ʚ ʨʘʡʦʥʝ ʩʦʧʨʷʞʝʥʠʷ ʤʘʪʝʨʠʘ-

ʣʦʚ. ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʦ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟ-

ʮʘ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ. 

ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʐɾʄ ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ P = 75õ171ʄʇʘ, 

ʥʝ ʧʨʦʷʚʠʣʠ ʧʨʠʟʥʘʢʦʚ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

ʀʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʦʧʨʝʩʩʦʚʢʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʩʝʨʠʡʥʦʡ ʟʘʚʦʜʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʅʘ ʜʚʫʭ ʠʟ ʧʷʪʠ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʥʘʙʦʨʝ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 2ï3 ʤʠʥ ʧʦ-

ʩʣʝ ʥʘʯʘʣʘ ʠʩʧʳʪʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʤʝʩʪʥʦʝ ʟʘʧʦʪʝʚʘʥʠʝ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ  



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 
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ʦʩʥʦʚʳ, ʯʪʦ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʩʪʨʫʢʪʫ-

ʨʳ ʣʠʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʣʘʚʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʐɾʄ [8, 9]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʦʮʝʥʢʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʫʟʣʦʚ ʠʟʜʝʣʠʡ ʩʫʜʦʚʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʜʝʣʘʝʪ ʝʛʦ ʨʝʢʦʤʝʥ-

ʜʦʚʘʥʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʪʠʬʨʠʢ-

ʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʫʜʦʚʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʧʦʜʪʚʝʨʜʠʣʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʠ ʩʦʚʤʝʩʪʥʦʡ ʐɾʄ ʠ ʩʧʝʯʝʥʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦ-

ʚʳʭ ʫʟʣʦʚ ʜʣʷ ʜʝʪʘʣʝʡ ʤʘʩʣʷʥʳʭ ʥʘʩʦʩʦʚ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ.  
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ɸʅɸʃʀɿ ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʄʆɼɽʈʅʀɿʀʈʋɽʄʆɻʆ 

ʅɽʌʊɽʅɸʃʀɺʅʆɻʆ ʉʋɼʅɸ ʇʈʆɽʂʊɸ 610 ʅɸ ʇʆɺʓʐɽʅʀɽ ʂʃɸʉʉɸ ʈɽɻʀʉʊʈɸ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ, ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʧʦʨʪʦʚ ʠ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ ʩʦʚʨʝʤʝʥʥʳʤʠ ʙʫʥʢʝʨʦʚʦʯʥʳʤʠ ʩʫʜʘʤʠ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʤʦ-

ʨʘʣʴʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʙʫʥʢʝʨʥʳʭ ʪʘʥʢʝʨʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ.  

ɺʳʧʦʣʥʝʥʘ ʩʪʦʠʤʦʩʪʥʘʷ ʦʮʝʥʢʘ ʵʪʘʧʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʫʥʢʝʨʦʚʦʯʥʳʭ ʩʫʜʦʚ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʢʣʘʩʩʘ ʈʝʛʠʩʪʨʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʝʬʪʝ-

ʥʘʣʠʚʥʦʛʦ ʩʫʜʥʘ ʧʨʦʝʢʪʘ 610 ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʭ ʧʨʦʚʝʜʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʨʥʠ-

ʟʘʮʠʠ ʥʝʬʪʝʥʘʣʠʚʥʦʝ ʩʫʜʥʦ ʩʪʘʣʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʝʝ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʮʝʥʢʘ, ʤʦʜʝʨʥʠʟʘʮʠʷ, ʙʫʥʢʝʨʥʦʝ ʩʫʜʥʦ, ʩʫʜʦʭʦʜʩʪʚʦ. 
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ANALYSIS OF THE TECHNICAL AND ECONOMIC CHARACTERIST ICS  

OF THE MODERNIZED OIL TANK OF THE PROJECT 610  

TO INCREASE THE REGISTER CLASS 
 

The article deals with the issues of improving the environmental safety of navigation, providing ports and oil 

companies with modern bunker vessels. The problem of moral and physical deterioration of bunker tankers and 

the need to modernize them is considered. 

The cost estimate of the stages of modernization of bunker vessels with the aim of increasing their Register 

class has been carried out. The technical and economic results of the modernization of the project 610 oil tanker 

and the economic feasibility of their implementation are analyzed. As a result of modernization, the oil tanker has 

become environmentally friendly. 
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ʈʳʥʦʢ ʙʫʥʢʝʨʦʚʢʠ ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʩʝʛʤʝʥʪʦʚ ʤʠʨʦʚʦʡ ʪʦʨʛʦʚʣʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. ɺ 2017 ʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ 11,3 ʤʣʥ ʪ ʙʫʥʢʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʨʦʩʪ ʢ 2008 ʛ. ʩʦʩʪʘʚʠʣ 63%). ʅʘʠ-

ʙʦʣʴʰʘʷ ʜʦʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʫʥʢʝʨʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʨʝʛʠʦʥ, ʧʦʨʷʜʢʘ 4,6 ʤʣʥ ʪ. 

ɺ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʥʝʬʪʷʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʨʦʩʪʘ ʜʝʜʚʝʡʪʘ ʩʫʜʦʚ, ʧʦ-

ʩʪʨʦʡʢʠ ʥʦʚʳʭ ʧʦʨʪʦʚ ʠ ʪʝʨʤʠʥʘʣʦʚ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʧʦʨʪʘʭ ʠ ʫ ʢʨʫʧʥʳʭ 

ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ, ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʩʫʜʦʚ-ʙʫʥʢʝʨʦʚʱʠʢʦʚ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʙʫʥʢʝʨʦʚʱʠʢʦʚ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʦʨʘʣʴ-

ʥʳʡ ʠ ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ. ʄʦʨʩʢʦʡ ʙʫʥʢʝʨʦʚʦʯʥʳʡ ʬʣʦʪ ʈʌ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 220 ʪʘʥʢʝʨʦʚ 

ʜʝʜʚʝʡʪʦʤ ʦʪ 2 000 ʜʦ 3 500 ʪʦʥʥ. ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʤʦʨʩʢʠʭ ʙʫʥʢʝʨʦʚʦʯʥʳʭ ʩʫʜʦʚ ʩʦʩʪʘʚʣʷʝʪ  

32 ʛʦʜʘ. ʈʝʯʥʦʡ ʙʫʥʢʝʨʦʚʦʯʥʳʡ ʬʣʦʪ ʈʌ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 170 ʪʘʥʢʝʨʦʚ, ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 

ʢʦʪʦʨʦʛʦ 45 ʣʝʪ [1]. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʫʤʝʥʴʰʝʥʠʷ ʘʚʘʨʠʡʥʦʩʪʠ ʬʣʦʪʘ, ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʩʪʨʘʥʝʥʠʷ ʤʦʨʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʫʜʦʚ ʷʚʣʷ-

ʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʙʫʥʢʝʨʦʚʦʯʥʦʛʦ ʬʣʦʪʘ. ɺ ʨʘʙʦʪʘʭ [2, 3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ  



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 
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ʟʘʜʘʯ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʥʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʢʣʘʩʩʘ ʈʝʛʠʩʪʨʘ, ʪ. ʢ. ʦʥ ʷʚʣʷʝʪʩʷ ʦʩ-

ʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʫʜʥʘ ʠ ʩʚʷʟʘʥ ʩ ʜʨʫʛʠʤʠ ʝʛʦ ʪʝʭʥʠʢʦ- ʢɻʦʥʦʤʠ- 

ʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺʳʧʦʣʥʠʪʴ ʩʪʦʠʤʦʩʪʥʫʶ ʦʮʝʥʢʫ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʝʬʪʝʥʘʣʠʚʥʦʛʦ ʩʫʜʥʘ 

çɹʫʥʢʝʨʦʚʱʠʢ-5è ʧʨʦʝʢʪʘ 610 ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʙʫʥʢʝʨʦʚʦʯʥʳʭ ʩʫʜʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʝʝ ʧʨʦʚʝʜʝ-

ʥʠʝ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʚʳʰʝʥʠʷ ʢʣʘʩʩʘ ʈʝʛʠʩʪʨʘ ʤʦʜʝʨ-

ʥʠʟʠʨʫʝʤʦʛʦ ʙʫʥʢʝʨʦʚʦʯʥʦʛʦ ʩʫʜʥʘ. 

ʇʦʜ çʤʦʜʝʨʥʠʟʘʮʠʝʡ ʩʫʜʥʘ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʫʜʥʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʙʳʪʘ, ʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʚʝʥʮʠʡè [4]. ɺ ʨʘʙʦʪʝ [2] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʤʦʜʝʨʥʠʟʘ-

ʮʠʷ ʩʫʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʫʨʦʯʠʚʘʝʪʩʷ ʢ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʝʤʦʥʪʘ, ʘ ʨʘʙʦʪʳ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʨʝʥʦʚʘʮʠʝʡ ʠ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʫʜʥʘ, ʚʢʣʶʯʘʶʪʩʷ ʚ ʩʦʩʪʘʚ ʨʘʙʦʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʫʥʢʝʨʦʚʱʠʢʘ ʨʘʩʩʤʦʪʨʠʤ ʤʦʜʝʨʥʠʟʘʮʠʶ ʙʫʥʢʝʨʦʚʦʯʥʦ-

ʛʦ ʩʫʜʥʘ çɹʫʥʢʝʨʦʚʱʠʢ-5è ʧʨʦʝʢʪʘ 610. ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʥʘ ʷʚʣʷʣʠʩʴ ʧʦ-

ʚʳʰʝʥʠʝ ʢʣʘʩʩʘ ʈʝʛʠʩʪʨʘ ʩʫʜʥʘ, ʧʦʣʫʯʝʥʠʝ ʢʦʥʚʝʥʮʠʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘ-

ʥʠʡ ʇʨʘʚʠʣ ʈʄʈʉ ʠʟʜ. 2007 ʠ ʄʂ ʄɸʈʇʆʃ 73/78 ʩ ʇʨʠʣʦʞʝʥʠʷʤʠ I ʠ II. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʩʫʜʥʦ 

ʜʦʦʙʦʨʫʜʦʚʘʥʦ ʚʪʦʨʳʤ ʜʥʦʤ ʠ ʚʪʦʨʳʤʠ ʙʦʨʪʘʤʠ, ʘ ʪʘʢʞʝ ʥʘ ʩʫʜʥʝ ʚʳʧʦʣʥʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʧʨʦʝʢʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʣʘʩʩʘ ʠ ʧʦʣʫʯʝʥʠʷ ʢʦʥʚʝʥʮʠʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʇʨʠ ʜʦʦʙʦʨʫʜʦʚʘʥʠʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠʟʤʝʥʝʥʘ ʛʨʫʟʦʚʘʷ ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ, ʚʥʝʩʝʥʳ ʠʟ-

ʤʝʥʝʥʠʷ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʩʠʩʪʝʤʫ ʧʦʜʦʛʨʝʚʘ ʛʨʫʟʘ, ʩʠʩʪʝʤʫ ʟʘʜʚʠʞʝʢ ʠ ʙʘʣʣʘʩʪʥʦ-ʦʩʫʰʠʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ [5]. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʥʘ ʜʦ ʠ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʥʢʝʨʦʚʦʯʥʦʛʦ ʩʫʜʥʘ çɹʫʥʢʝʨʦʚʱʠʢ-5è 

ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 
ɿʥʘʯʝʥʠʝ ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ɿʥʘʯʝʥʠʝ  

ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 

1 ɼʣʠʥʘ ʤ 77,53 77,53 

2 ʐʠʨʠʥʘ ʤ 14 14 

3 ɺʳʩʦʪʘ ʙʦʨʪʘ ʤ 6,5 6,5 

4 ʆʩʘʜʢʘ ʧʦ ʃɻɺʃ ʤ 5,4 5,3 

5 ɼʝʜʚʝʡʪ ʪ 3 389 3 093 

6 ʉʢʦʨʦʩʪʴ ʫʟ. 10 10 

7 ʂʣʘʩʩ ʈʝʛʠʩʪʨʘ ï ʃ2*III  ʪʘʥʢʝʨ (>60) (ʆʈʇ) KM*ice3 R2 oil tanker 

 

ɺ ʪʘʙʣ. 2 ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʟʘʪʨʘʪ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʫʜʥʘ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʨʘʙʦʪʳ 

ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʫʥʢʝʨʦʚʦʯʥʦʛʦ ʩʫʜʥʘ çɹʫʥʢʝʨʦʚʱʠʢ-5è ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʵʪʘʧʘʤ 

ʠ ʠʭ ʩʪʦʠʤʦʩʪʠ. ʀʟ ʪʘʙʣ. 2 ʚʠʜʥʦ, ʯʪʦ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʫʥ-

ʢʝʨʥʳʭ ʩʫʜʦʚ ʩʫʜʦʨʝʤʦʥʪʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʙʘʣʣʘʩʪʥʦ-ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʪ. ʢ. 

ʠʤʝʥʥʦ ʵʪʦʪ ʵʪʘʧ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʥʘ-ʙʫʥʢʝʨʦʚʱʠʢʘ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ. 

ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʥʘ çɹʫʥʢʝʨʦʚʱʠʢ-5è ʧʨʦʝʢʪʘ 610 

ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʟʜʝʣʘ 
ʉʪʦʠʤʦʩʪʴ, 

ʨʫʙ. 

ʋʜʝʣʴʥʳʡ 

ʚʝʩ, % 
1 2 3 4 

1 ɻʝʥʝʨʘʣʴʥʳʡ ʩʝʨʚʠʩ (ʩʦʜʝʨʞʘʥʠʝ ʩʫʜʥʘ ʚ ʜʦʢʝ, ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʧʦʞʘʨʥʳʡ ʥʘʜʟʦʨ) 
839 052 1,4 

2 ʄʦʜʝʨʥʠʟʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ: 

2.1. ʂʦʨʧʫʩ ʩʫʜʥʘ 

2.2. ɹʘʣʣʘʩʪʥʦ-ʦʩʫʰʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

2.3. ʉʠʩʪʝʤʘ ʚʦʟʜʫʰʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʨʫʙ 

2.4. ʉʠʩʪʝʤʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ 

2.5. ɻʨʫʟʦʚʘʷ ʩʠʩʪʝʤʘ 

2.6. ʉʠʩʪʝʤʘ ʦʙʦʛʨʝʚʘ ʛʨʫʟʘ 

2.7. ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʝʡ ʚ ʛʨʫʟʦʚʳʭ ʪʘʥʢʘʭ 

2.8. ɻʘʟʦʦʪʚʦʜʥʘʷ ʩʠʩʪʝʤʘ 

2.9. ʈʘʙʦʪʳ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʪʨʫʙ ʥʘʧʦʣʥʝʥʠʷ ʛʨʫʟʦʚʳʭ ʪʘʥʢʦʚ ʠ ʜʨ. 

36 972 490 

17 472 051 

2 670 168,9 

716 146 

371 983 

4 096 944,1 

4 893 332 

648 150 

829 365 

5 274 350 

62,1 

29,3 

4,5 

1,2 

0,6 

6,8 

8,2 

1,1 

1,4 

8,8 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2 

1 2 3 4 

3 ʈʘʙʦʪʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʣʘʩʩʘ ʈʝʛʠʩʪʨʘ (ʢʦʨʧʫʩ ʩʫʜʥʘ, ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ, 

ʘʚʪʦʤʘʪʠʢʘ ʠ ʪ. ʜ.) 
12 664 806 21,3 

4 ʀʪʦʛʦ 50 476 348 ï 

5 ʅɼʉ 18% 9 085 472,6 15,2 

         ɺʩʝʛʦ ʩ ʅɼʉ 59 562 090,6 100 

 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʙʫʥʢʝʨʦʚʱʠʢʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʥʦʚʣʝʥʠʷ ʬʣʦʪʘ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʪʫʱʠʭ ʧʝʨʝʚʦʟʦʢ 

ʯʝʨʝʟ ʨʦʩʩʠʡʩʢʠʝ ʧʦʨʪʳ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʫʜʥʘ çɹʫʥʢʝʨʦʚʱʠʢ-5è ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 15% ʦʪ ʩʪʦʠ-

ʤʦʩʪʠ ʧʦʩʪʨʦʡʢʠ ʥʦʚʦʛʦ ʩʫʜʥʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʜʥʦ çɹʫʥʢʝʨʦʚʱʠʢ-5è ʩʪʘʣʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʝʝ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʚʳ-

ʩʦʢʦʤʫ ʢʣʘʩʩʫ ʈʝʛʠʩʪʨʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʄʂ ʄɸʈʇʆʃ 73/78. 
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METHODS OF CONTROL OF MECHANICAL STRESSES IN FERROMAGNETICS  

 
The article discusses the methods of non-destructive testing of mechanical stresses in ferromagnetics, their 

feasibility of application in the control of trunk pipelines and other large-sized products. 

 

Key words: non-destructive testing, ferromagnetics, magnetic method, magnetic noise method, magnetic cir-

cuit, magnetic field, control object. 

 

 

ʄʘʛʠʩʪʨʘʣʴʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 

ʜʣʷ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʩʪʘʣʴ 20ʌ, 09ɻʉʌ, 13ʍʌɸ, 08ʍʄʌʏɸ, 15ʍʄʌɸ, 3 ʠ ʜʨ.). ʂʘʞʜʘʷ 

ʤʘʨʢʘ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʱʠʤ ʜʣʷ ʚʩʝʭ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ. ʇʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʠʤʝʝʪ ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʝʧʝʥʴ ʢʦʨʨʦ-

ʟʠʠ. ɼʦʩʪʫʧ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʦʛʨʘʥʠʯʝʥ, ʧʦʵʪʦʤʫ ʢʦʥʪʨʦʣʴ 

ʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʘʯʠʩʪʢʠ 

ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʷ ʠ ʠʟʦʣʠʨʦʚʘʥʠʷ ʝʝ ʦʪ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʦʟʠʠ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʢʦʥʪʨʦʣʷ. 

ʅʘʠʙʦʣʴʰʝʡ ʧʝʨʩʧʝʢʪʠʚʦʡ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʣʘʜʘʶʪ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʠʣʠ ʤʝʪʦʜʳ 

ʢʦʥʪʨʦʣʷ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʤʝʶʱʠʝ ʩ ʥʠʤ 

ʤʠʥʠʤʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʜʦʣʞʝʥ ʠʤʝʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʠʟ-

ʚʦʜʠʪʴ ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʝʛʦ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʣʝʤʝʥʪʘʭ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʨʠʯʝʤ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ 

ʨʘʩʯʝʪʳ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʦʨʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʝʪʘʣʣʝ ʧʦʜ ʚʦʟʜʝʡʩʪ-

ʚʠʝʤ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʠ ʫʞʝ ʚʦ ʚʪʦʨʫʶ ʦʯʝʨʝʜʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɼʨʫʛʠʤ ʚʘʞʥʝʡʰʠʤ ʩʚʦʡʩʪʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʪʦʪ ʠʣʠ ʠʥʦʡ ʤʝʪʦʜ ʢʦʥʪʨʦ-

ʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʟ ʧʦʪʝʨʠ 

ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʦʥ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʦʚʝʨʢʠ ʙʝʟ ʜʝʤʦʥʪʘʞʘ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʘʛʠʩʪ-

ʨʘʣʴʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʛʘʙʘʨʠʪʥʳʝ ʠ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʠʭ ʩʪʦʠʤʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʚʳʩʦʢʦʡ. 
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ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʣʝʛʢʦʟʘʤʝʥʠʤʳʤʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʠ ʦʙʣʘʜʘʪʴ ʚʳ-

ʩʦʢʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

1. ʊʝʧʣʦʚʦʡ ʤʝʪʦʜ. ʊʝʨʤʦʫʧʨʫʛʠʡ ʵʬʬʝʢʪ ʠʟʚʝʩʪʝʥ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭʥʠʢʝ ʫʞʝ ʙʦʣʴʰʝ 

100 ʣʝʪ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʯʘʩʪʴ ʧʦʜʚʦʜʠ-

ʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʠʪ ʠ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʪʝʧʣʘ. ʇʨʠ ʨʘʙʦʪʝ ʠʟʜʝʣʠʷ ʚ ʦʙʣʘʩʪʠ 

ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʦʛʦ ʪʝʧʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ 

ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʦʙʣʘʩʪʴ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟ-

ʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʜʝʣʷʝʤʦʛʦ ʪʝʧʣʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q, ʨʘʩʩʝʷʚʰʝʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝ-

ʰʝʥʠʝʤ ʦʜʥʦʤʝʨʥʦʛʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʠʩʪʦʯʥʠʢʘ-

ʤʠ ʪʝʧʣʦʪʳ q [1]: 
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ʛʜʝ ʘ1, ʘ2, ʘ3, b1, b2 ï ʧʦʩʪʦʷʥʥʳʝ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʜʣʠʥʳ ʦʙʨʘʟʮʘ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʪʝ-

ʧʣʦʝʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ ʩʪʨʦʷʪ ʜʠʘʛʨʘʤʤʫ ʚʳʜʝʣʷʝʤʦʛʦ ʪʝʧʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠ-

ʯʠʥʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʉʪ3. 

ʇʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʭʘʥʠʯʝʩʢʠ ʥʘʛʨʫʞʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʩʪʘʣʴ-

ʥʦʛʦ ʤʝʪʘʣʣʘ ʩʦʟʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. ʈʘʟʚʠʪʠʝ ʙʝʩʢʦʥ-

ʪʘʢʪʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʤʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩ ʪʦʯʥʦʩʪʴʶ 

Ñ0,5Üʉ, ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝʪʘʣʣʦʢʦʥʩʪ-

ʨʫʢʮʠʷʭ [2ï5]. ʉʢʘʥʠʨʦʚʘʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʝʧʣʦʚʳʤʠ ʜʝʪʝʢʪʦ-

ʨʘʤʠ (ʪʝʧʣʦʚʠʟʦʨʘʤʠ) ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʧʣʦʱʘʜʠ 2 Ĭ 2 ʤʤ
2
. ɼʨʫʛʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʢʦʥʪʨʦʣʷ ʣʦʢʘʣʴʥʳʭ ʟʦʥ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

2. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʤʝʪʦʜ. ʄʝʪʦʜ ʢʦʥʪʨʦʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʣʫʯʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝ-

ʤʦʛʦ ʠʟʜʝʣʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʪ 5ï10 ʜʦ 200ï400 ʂʵɺ,  

ʘ ʠʟʜʝʣʠʷ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ (ʜʦ 500 ʤʤ) ʧʨʦʩʚʝʯʠʚʘʶʪ ʩʚʝʨʭʞʝʩʪʢʠʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫ-

ʯʝʥʠʝʤ ʩ ʵʥʝʨʛʠʝʡ ʚ ʜʝʩʷʪʢʠ ʄʵɺ ʠ ʠʟʤʝʨʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʠʚʘʝʤʦʛʦ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʟ-

ʣʫʯʝʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʝʥʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ. ʇʨʦʚʦʜʠʤʳʝ ʣʘʙʦ-

ʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʠʪʴ ʘʙʩʦʣʶʪʥʫʶ ʚʝʣʠʯʠʥʫ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʵʪʠʭ ʦʙʨʘʟʮʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʦ ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʨʝʛʠʩʪʨʦʚ [5ï8]. 

ʈʘʟʚʠʪʠʝ ʨʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ï ʣʠʥʟ, ʧʦʣʫʣʠʥʟ ʠ ʨʘʩʪʨʦʚ  

ʂʫʤʘʭʦʚʘ [9] ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʧʨʠʙʦʨʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʊʘʢ, ʧʨʠ-

ʤʝʥʝʥʠʝ ʧʦʣʠʢʘʧʠʣʣʷʨʥʦʡ ʦʧʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʚ 200ï500 ʨʘʟ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʩʚʝʪʦʩʠʣʫ) 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʪʦʢʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ: ʧʦʥʠʟʠʪʴ ʤʦʱʥʦʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ ʠ ʠʟʛʦ-

ʪʘʚʣʠʚʘʪʴ ʨʘʜʠʘʮʠʦʥʥʦ-ʙʝʟʦʧʘʩʥʳʝ ʧʨʠʙʦʨʳ ʥʘʩʪʦʣʴʥʦʛʦ ʠ ʥʦʩʠʤʦʛʦ ʚʘʨʠʘʥʪʦʚ; ʤʘʣʳʝ ʛʘʙʘ-

ʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʘʚʣʷʪʴ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʙʲ-

ʝʢʪʫ ʠ ʠʟʫʯʘʪʴ ʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʦʢ. 
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3. ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜ. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʠʩʧʳʪʘʥʠʡ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʥʘ ʧʨʝʜʥʘʟʥʘʯʘʣʘʩʴ ʜʣʷ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚʥʫʪʨʠ ʧʦʢʦʚʦʢ ʠ ʦʪʣʠʚʦʢ (ʦʙʲʝʤʥʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ), ʘ ʟʘʪʝʤ ʩʪʘʣʘ ʧʨʠʤʝ-

ʥʷʪɹʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʰʚʦʚ ʠ ʙʳʣʘ ʨʘʟʚʠʪʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʪʨʝʱʠʥ) [2]. ɸʧʧʘʨʘʪʫʨʘ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʣʠʥʠʷʭ ʟʘʜʝʨʞʢʠ ʚ ʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʉʫʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʣʫʯʝʥʠʠ ʚ ʠʟʜʝʣʠʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʠʥʷʪʠʠ 

ʦʪʨʘʞʝʥʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʫʣʴʪʨʘʟʚʫʢʦ-

ʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ ʠ ʧʴʝʟʦʵʣʝʢʪʨʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʨʘʟʤʝʨʘ, ʬʦʨʤʳ (ʦʙʲʝʤʥʳʡ / 

ʧʣʦʩʢʦʩʪʥʦʡ), ʚʠʜʘ (ʪʦʯʝʯʥʳʡ / ʧʨʦʪʷʞʝʥʥʳʡ), ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʠ ʧʨ. [10, 11]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ (ʤʘʨʢʠ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʪʦʣʠɦ-

ʥʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʨʦʣʷ, ʤʠʥʠʤʘʣʴʥʦ ʚʳʷʚʣʷʝʤʳʭ ʨʘʟʤʝʨʦʚ 

ʜʝʬʝʢʪʦʚ ʠ ʜʨ.) ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ. 

4. ʄʘʛʥʠʪʥʳʝ ʤʝʪʦʜʳ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʬʝʨ-

ʨʦʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʝʩʪʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪ-

ʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ ʩʧʦʩʦʙʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʄʘʛʥʠʪʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʧʘʨʘʤʝʪʨʦ-

ʚʳʤ ʤʝʪʦʜʦʤ, ʪ. ʢ. ʬʝʨʨʦʤʘʛʥʝʪʠʢ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʢʦʪʦʨʳʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ 

ʚʣʠʷʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ. ɸ ʦʩʥʦʚʥʘʷ ʩʣʦʞ-

ʥʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʷ ï ʵʪʦ ʥʝʣʠʥʝʡʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʰʠʨʦʢʠʡ ʜʠʘʧʘ-

ʟʦʥ ʠʭ ʠʟʤʝʥʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚʝʣʠʯʠʥʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ, 

ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥ ʪʨʫʙʦʧʨʦʚʦʜ, ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

5. ʄʝʪʦʜ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʝʜʣʝʥʥʦ 

ʠʟʤʝʥʷʶʱʝʤʩʷ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ 1917 ʛ. ɹʘʨʢʛʘʫʟʝʥ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ [13]. ʇʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʥʜʫʢʮʠʦʥʥʦʡ ʢʘʪʫʰʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʝʨʨʦ-

ʤʘʛʥʝʪʠʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʚ ʥʝʡ ʥʘʚʦʜʠʪʩʷ ʕɼʉ, ʢʦʪʦʨʫʶ ʥʘ-

ʟʚʘʣʠ ɹʘʨʢʛʘʫʟʝʥʦʚʩʢʠʤ ʰʫʤʦʤ. ʊʘʢ ʢʘʢ ʭʘʨʘʢʪʝʨ ʵʪʦʡ ʕɼʉ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʦʷʥʠʷ 

ʤʘʪʝʨʠʘʣʘ, ʪʦ ʤʘʛʥʠʪʥʳʡ ʵʬʬʝʢʪ ɹʘʨʢʛʘʫʟʝʥʘ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ [14, 15] 

ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ [16ï18]. ʄʝʪʦʜ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ ʚ ʰʠʨʦʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʨʠ 

ʚʩʝʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʩʧʦʩʦʙʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʧʨʠʝʤʘ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ ʵʪʦʪ ʤʝʪʦʜ ʧʨʦʠʣʣʶ-

ʩʪʨʠʨʫʝʤ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʦʡ (ʨʠʩ. 1). 

       

ʈʠʩ. 1. ʉʭʝʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʧʨʠʝʤʘ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ ʠ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʅ)  

ʠ ʕɼʉ (ɽ) ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʪʫʰʢʝ: 1 ï ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ, 2 ï ʤʘʛʥʠʪʦʧʨʦʚʦʜ,  

3 ï ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʢʘʪʫʰʢʘ, 4 ï ʢʘʪʫʰʢʘ ʚʦʟʙʫʞʜʝʥʠʷ 

ʇʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ (1) ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʦʧʨʦʚʦ-

ʜʘ (2) ʠ ʚʦʟʙʫʞʜʘʶʱʝʡ ʢʘʪʫʰʢʠ (4). ʅʘ ʛʨʘʬʠʢʘʭ ʧʦʢʘʟʘʥʘ ʬʦʨʤʘ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʘʷ ʚ ʢʘʪʫʰʢʝ 
ʚʦʟʙʫʞʜʝʥʠʷ, ʠ ʩʦʟʜʘʚʘʝʤʳʝ ʵʪʠʤ ʪʦʢʦʤ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʦʛʠʙʘʶʱʘʷ ʕɼʉ, ʥʘʚʦʜʠʤʘʷ 

ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʪʫʰʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʛʥʠʪʥʦʤʫ ʰʫʤʫ. ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʪʦʢʘ ʩʮʝʧʣʝʥʠʷ ʚ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ dʌ/dt, ʩʚʷʟʘʥʥʫʶ ʩ ʚʦʟʥʠʢʘʶʱʝʡ ʕɼʉ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ 

ʩʦʦʪʥʦʰʝʥʠʝʤ E = ïdʌ/dt, ʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʨʘʩʩʤʦʪʨʝʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʢʘʢ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʝʛʦ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʟʦʥʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʕɼʉ 
ʦʪ ʦʜʥʦʜʦʤʝʥʥʦʡ ʢ ʤʥʦʛʦʜʦʤʝʥʥʦʡ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʦʤʝʥʦʚ ʟʘʚʠʩʠʪ 

ʦʪ ʭʘʨʘʢʪʝʨʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʞʘʪʠʷ ʠʣʠ ʨʘʩʪʷʞʝʥʠʷ. ɼʣʷ ʤʷʛʢʠʭ ʩʪʘʣʝʡ, ʠʩʧʦʣʴʟʫʷ 
ʩʨʝʜʥʝʝ ʟʘ ʧʝʨʠʦʜ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʟʥʘʯʝʥʠʝ ʕɼʉ ʦʪ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʪʷʛʠʚʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʚ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ ʚʝʣʠʯʠʥʘ ʕɼʉ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʧʨʠ 
ʩʞʘʪʠʠ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʦʙʣʘʩʪʠ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʥʘ ʤʦʥʦʪʦʥʥʘ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʘ 

ʫʧʨʫʛʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʕɼʉ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ ʩ ʨʦʩʪʦʤ ʥʘʛʨʫʟʢʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɽʩʣʠ ʧʦʣʥʦʩʪʴʶ ʩʥʷʪʴ ʥʘʛʨʫʟʢʫ ʩ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʪʦ ʕɼʉ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ ʦʢʘʞʝʪʩʷ 
ʤʝʥʴʰʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʕɼʉ ʜʦ ʥʘʛʨʫʞʝʥʠʷ ʠ ʧʦʩʣʝ ʙʫ-

ʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [14, 16], ʧʦʟʚʦʣʠʚʰʠʝ ʫʩʪʘʥʦʚʠʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞ-

ʜʫ ʚʝʣʠʯʠʥʦʡ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʚʝʣʠʯʠʥʦʡ ʕɼʉ 
ʦʪ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜ-

ʥʦʟʥʘʯʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʳ ʧʦʜʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦ-
ʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʣʠʟʢʦʡ ʢ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʝ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʰʫʤʦʚ ʚ ʦʙʣʘʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʙʣʠʟʢʦʡ 
ʢ ʥʫʣʶ. ʀʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʳʝ ʤʦʜʝʣʠ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ çʩʢʘʯʢʦ-

ʦʙʨʘʟʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʦʤʝʥʥʦʡ ʛʨʘʥʠʮʳè ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʦʙʲʷʩʥʠʪʴ ʚʦʟ-
ʥʠʢʥʦʚʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʤʘʛʥʠʪʥʦʛʦ ʰʫʤʘ ʚ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʥʫʣʝʚʦʡ ʦʩʪʘ-

ʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ 
ʠʟ ʦʜʥʦʜʦʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʠʩʭʦʜʥʦʝ ʩʢʘʯʢʠ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʜʦʣʞʥʳ ʫʤʝʥʴʰʘʪʴʩʷ ʚʩʣʝʜʩʪ-

ʚʠʝ ʚʣʠʷʥʠʷ ʧʦʣʝʡ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʩʦʩʝʜʥʠʭ ʜʦʤʝʥʦʚ, ʘ ʟʥʘʯʠʪ, ʜʦʣʞʥʘ ʫʤʝʥʴʰʘʪʴʩʷ 
ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʚʳʟʚʘʥʥʦʛʦ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʘ-

ʝʪʩʷ ʚʝʣʠʯʠʥʘ ʕɼʉ, ʥʦ ʵʪʦʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʆʜʥʘʢʦ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ ʥʘ ʵʬʬʝʢʪʝ ʤʘʛʥʠʪʥʦʛʦ ʰʫʤʘ (ʵʬʬʝʢʪ ɹʘʨʢʛʘʫʟʝʥʘ) ʧʦʢʘʟʘʣ, ʯʪʦ ʕɼʉ ʤʘʛʥʠʪʥʦʛʦ ʰʫʤʘ 
ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʫʧʨʫʛʠʤ ʥʘʧʨʷʞʝʥʠʷʤ. ʇʨʠ ʵʪʦʤ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʤʘʛʥʠʪʥʦʛʦ 

ʰʫʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 10ï100 ʢɻʮ, ʧʦʵʪʦʤʫ ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʪʫʧʘʝʪ ʣʠʰʴ ʦʪ ʧʦʚʝʨʭʥʦʩʪ-
ʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʘ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʕɼʉ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ ʠʤʝʝʪ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʫʙʣʠʢʘʮʠʷʤʠ, ʟʘ ʠʩʢʣʶ-
ʯʝʥʠʝʤ [16], ʚ ʢʦʪʦʨʳʭ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʰʫʤʫ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʪʰʣʠʬʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʘʣʴʥʳʡ ʦʙʲʝʢʪ ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʢʘʣʠʥʘ, 
ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʥʘʢʣʝʧ, ʢʦʨʨʦʟʠʷ ʠ ʜʨ.) ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [15, 19] ʧʦʢʘʟʘʥʦ ʦʯʝʥʴ ʙʦʣʴ-

ʰʦʝ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʕɼʉ ʤʘʛʥʠʪʥʦʛʦ ʰʫʤʘ, ʢʦʛʜʘ ʨʘʩʪʷʛʠ-
ʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʚ 400 ʄʇʘ ʠʟʤʝʥʷʝʪ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʥʘ 60%, ʘ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʥʘʢʣʝʧ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʚ ʜʝʩʷʪʢʠ ʨʘʟ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʊʝʧʣʦʚʦʡ ʤʝʪʦʜ ʠ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʧʦ-

ʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʚʝʣʠʯʠʥʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩ ʪʦʯʥʦʩʪʴʶ Ñ20ï40 ʄʇʘ. ʆʜʥʘʢʦ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʥʘʛʨʫʟʢʘ ʜʦʣʞʥʘ ʥʦʩʠʪʴ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠ 

ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʪʠʯʝʩʢʠʝ ʠʣʠ ʤʝʜʣʝʥʥʦ ʠʟʤʝʥʷʶʱʠʝʩʷ ʥʘʛʨʫʟʢʠ 

ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ ʫʩ-

ʧʝʭʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʨʫʧ-

ʥʦʛʘʙʘʨʠʪʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʤʘʣʘʷ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʧʝʨʝʥʦʩʠʤʳʭ ʜʝʬʝʢʪʦʩʢʦʧʦʚ (ʧʦ-

ʨʷʜʢʘ 0,02...0,01 ʤʤ), ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʪʘʣʣʘ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʘ ʠʤʝʥʥʦ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʜʝʬʝʢʪʘ, 

ʥʝʢʦʪʦʨʳʝ ʜʝʬʝʢʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʚʳʷʚʠʪʴ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʢ ʢʦʥʪʨʦʣʶ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʝʘʣʴʥʳʭ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷʭ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʚʳʰʝʧʝ-

ʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʯʠʥ ʪʨʝʙʫʝʪ ʦʩʪʦʨʦʞʥʦʛʦ ʧʦʜʭʦʜʘ. 
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ʇʨʠ ʠʟʛʠʙʝ ʩʫʜʥʘ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʚ ʭʦʜʝ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ [1, 2] ʤʦʛʫʪ ʚʦʟʥʠ-

ʢʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʛʠʙʘ ʣʠʙʦ ʧʝʨʝʛʠʙʘ (ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ). ʆʩʦʙʝʥʥʦ ʵʪʦ 

ʚʘʞʥʦ ʜʣʷ ʩʫʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʛʠʙʢʦʩʪʴʶ ʢʦʨʧʫʩʘ (ʙʦʣʴʰʘʷ ʜʣʠʥʘ, ʥʠʟʢʠʡ ʙʦʨʪ, 

ʤʘʪʝʨʠʘʣ ʢʦʨʧʫʩʘ ï ʩʪʘʣʴ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ). ʀʟʛʠʙ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʳ ʚʝʩʘ ʠ ʩʠʣʳ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʜʣʠʥʝ ʩʫʜʥʘ 

ʥʝʦʜʠʥʘʢʦʚʦ ʠ ʚ ʢʘʞʜʦʤ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ. ɺ ʮʝʣʦʤ ʞʝ ʪʘʢʠʝ ʩʠ-

ʣʳ ʫʨʘʚʥʦʚʝʰʝʥʳ, ʘ ʠʭ ʩʫʤʤʘʨʥʳʝ ʚʝʣʠʯʠʥʳ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʳ ʜʝʬʦʨʤʘʮʠʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʥʘ ʪʠʭʦʡ ʚʦʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʝʛʦ ʟʘʛʨʫʟʢʠ [3]. ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʨʫʟʘ, ʢʦʛʜʘ ʜʝʬʦʨʤʘʮʠʷ ʢʦʨʧʫʩʘ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʢʦʨʧʫʩʝ ʩʫʜʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʳ ʜʦʧʫʩʢʘʝʤʳʤ 

(ʨʠʩ. 1, ʘ). ʇʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʨʫʟʘ, ʢʦʛʜʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʠʩʧʳʪʳʚʘʝʪ ʧʝʨʝʛʠʙ 

ʠʣʠ ʧʨʦʛʠʙ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʢʦʨʧʫʩʝ ʩʫʜʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʙʦʣʴʰʝ ʜʦʧʫʩʢʘʝʤʳʭ.  

ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʠʟʛʠʙʝ ʢʦʨʧʫʩʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʇʨʘʚʠʣʘʤʠ ʂʣʘʩ-

ʩʠʬʠʢʘʮʠʦʥʥʳʭ ʦʙʱʝʩʪʚ [4ï6], ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʚ ʀʥʬʦʨʤʘʮʠʠ ʦʙ ʦʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʩʫʜʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. 

ʊʘʢ, ʩʫʜʥʦ ʪʠʧʘ ʨʝʢʘ ï ʤʦʨʝ (ʜʣʠʥʘ 128,43 ʤ; ʰʠʨʠʥʘ 15,63 ʤ; ʚʳʩʦʪʘ ʙʦʨʪʘ 5,45 ʤ) ʧʝʨʝʚʦ-

ʟʠʪ 3 300 ʪ ʛʨʫʟʘ. ɺ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜʘ ʠʟ ʧʦʨʪʘ ʚʳʛʨʫʟʢʠ ʚ ʧʦʨʪ ʧʦʛʨʫʟʢʠ ʚ ʧʦʨʦʞʥʝʤ ʩʦʩʪʦʷʥʠʠ 

ʩʫʜʥʦ ʧʨʠʥʠʤʘʝʪ ʟʘʙʦʨʪʥʫʶ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʙʘʣʣʘʩʪʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 2 187 ʪ. ʉʫʭʦʛʨʫʟ ʩ ʦʩʥʦʚʥʳ-

ʤʠ ʨʘʟʤʝʨʝʥʠʷʤʠ: ʜʣʠʥʘ 185,00 ʤ; ʰʠʨʠʥʘ 32,26 ʤ; ʚʳʩʦʪʘ ʙʦʨʪʘ 18,00 ʤ, ʤʦʞʝʪ ʧʝʨʝʚʦʟʠʪʴ 

57 000 ʪ ʛʨʫʟʘ. ɺ ʧʦʨʦʞʥʝʤ ʩʦʩʪʦʷʥʠʠ ʪʘʢʦʝ ʥʘʚʘʣʦʯʥʦʝ ʩʫʜʥʦ ʙʝʨʝʪ ʥʘ ʙʦʨʪ 30 880 ʪ ʙʘʣʣʘʩʪʘ. 
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ʈʠʩ. 1. ɼʝʬʦʨʤʘʮʠʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʚʦ ʚʨʝʤʷ ʛʨʫʟʦʚʳʭ ʠ ʙʘʣʣʘʩʪʥʳʭ ʦʧʝʨʘʮʠʡ (ʥʘ ʪʠʭʦʡ ʚʦʜʝ): 

ʘ ï ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʟʘ (ʜʝʬʦʨʤʘʮʠʷ ʢʦʨʧʫʩʘ ʦʪʩʫʪʩʪʚʫʝʪ); 

ʙ ï ʛʨʫʟ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʦʥʮʘʭ ʩʫʜʥʘ (ʧʝʨʝʛʠʙ); 

ʚ ï ʛʨʫʟ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʩʫʜʥʘ (ʧʨʦʛʠʙ) 

ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʩʫʜʦʚ (ʜʣʠʥʦʡ ʤʝʥʝʝ 120 ʤ) [7] ʦʙʱʘʷ ʧʨʦʯʥʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʝʛʜʘ ʦʙʝʩʧʝ-

ʯʝʥʘ. ɼʣʷ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʩʨʝʜʥʝʛʦ ʪʦʥʥʘʞʘ (ʜʣʠʥʦʡ 120ï180 ʤ) ʧʨʦʯʥʦʩʪʴ ʧʦ ʧʝʨʝʨʝʟʳʚʘʶʱʠʤ 

ʩʠʣʘʤ ʩʯʠʪʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʥʦʡ, ʘ ʥʘʠʙʦʣʴʰʠʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʨʘʡʦʥʝ ʤʠʜʝʣʴ-

ʰʧʘʥʛʦʫʪʘ (ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʩʫʜʥʘ). 

ʋ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ (ʜʣʠʥʦʡ ʙʦʣʝʝ 180 ʤ) [7] ʚʝʣʠʯʠʥʘ ʠ ʧʦʣʦʞʝʥʠʝ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘ-

ʯʝʥʠʡ ʧʝʨʝʨʝʟʳʚʘʶʱʠʭ ʩʠʣ ʠ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʨʫʟʦʚʳʭ ʪʨʶʤʦʚ ʠ ʧʨʠʥʷʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʟʘʛʨʫʟʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʟʜʝʩʴ 

ʥʝʠʟʤʝʥʥʦʡ ʟʦʥʦʡ ʧʦʚʳʰʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʡʦʥ ʤʠʜʝʣʴ-ʰʧʘʥʛʦʫʪʘ ʩʫʜʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʢʘʝʤʦʡ ʥʘʛʨʫʟʢʠ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʪʨʶʤʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʛʨʫ-

ʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ [8] ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ 

ʚ ʮʝʣʦʤ ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʝʪ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ, ʢʦʛʜʘ 

ʩʫʜʥʦ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ( )
r

f M= s ʠʤʝʝʪ ʩʤʳʩʣ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʬʝʨʨʦʤʘʛ-

ʥʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʢʦʨʧʫʩʝ ʩʫʜʥʘ) ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʞʝ ʜʝʣʦ ʦʙ-

ʩʪʦʠʪ ʥʝʩʢʦʣʴʢʦ ʠʥʘʯʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʩʫʜʥʝ ʧʨʦʚʦʜʠʣʠʩʴ  

ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʢʦʤʠʥʛʩʘ ʪʨʶʤʦʚ ʢʘʢ ʚʝʨʭʥʝʡ ʧʣʦʩ-

ʢʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ [2]. ɿʜʝʩʴ ʩʧʣʦʰʥʦʡ ʢʦʤʠʥʛʩ ʛʨʫʟʦʚʳʭ ʪʨʶʤʦʚ (ʨʠʩ. 2) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʝʩʫʱʠʭ ʧʨʦʜʦʣʴʥʳʭ ʩʚʷʟʝʡ ʠ ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩʫʜʦʚʦʛʦ ʢʦʨʧʫʩʘ ʚ ʧʨʦʮʝʩʩʝ ʛʨʫʟʦʚʳʭ ʠ ʙʘʣʣʘʩʪʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʭʦʜʝ ʧʨʦʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ 

ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ [9]: ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝ-

ʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʪʘʣʴʥʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʢʦʨʧʫʩʝ ʩʫʜʥʘ), ʚ ʧʨʦʮʝʩʩʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ, (ů); ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʤʝʞʜʫ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʤʠʥʛʩʘ ʠ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ (ŭ); ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʤʘʪʝʨʠʘʣʘ ʢʦʤʠʥʛʩʘ ( )
c

H , ʢʦʪʦʨʘʷ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʤʝʨʷʣʘʩʴ ʢʦʵʨʮʠʪʠʤʝʪʨʦʤ; ʥʦʨʤʘʣʴʥʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ( , )
r x

H H ; ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʷ ʩ ʫʯʝʪʦʤ 

ʢʨʘʝʚʦʛʦ ʵʬʬʝʢʪʘ ( , , )a b c  (ʨʠʩ. 3). 
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ʈʠʩ. 2. ʂʦʤʠʥʛʩ ʛʨʫʟʦʚʳʭ ʪʨʶʤʦʚ: 

1 ï ʙʦʨʪ ʩʫʜʥʘ (ʧʦʷʩ ʰʠʨʩʪʨʝʢʘ); 2 ï ʥʘʩʪʠʣ ʧʘʣʫʙʳ; 3 ï ʢʦʤʠʥʛʩ ʣʶʢʘ; 4 ï ʩʪʦʡʢʠ ʢʦʤʠʥʛʩʘ; 5 ï ʙʠʤʩ;  

6 ï ʰʧʘʥʛʦʫʪ; 7 ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʢʦʤʠʥʛʩʘ; 8 ï ʧʦʜʧʘʣʫʙʥʳʡ ʩʪʨʠʥʛʝʨ 

 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Mr 

ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʩʚʷʟʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʚʳʰʝ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘ [10, 11]. 

ʉʦʛʣʘʩʥʦ [10] ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʢʦ-

ʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ 

1 2
( , , ..., )

k
f x x xh= ,     (1) 

ʛʜʝ ɖ ï ʧʘʨʘʤʝʪʨ ʧʨʦʮʝʩʩʘ, ʧʦʜʣʝʞʘʱʠʡ ʦʧʪʠʤʠʟʘʮʠʠ; 

( 1, )
i

x i k=  ī ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʠʟʤʝʥʷʝʤʳʝ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉʦʛʣʘʩʥʦ [10] ʬʫʥʢʮʠʷ ʦʪʢʣʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʣʠʥʦʤʦʤ 

2

0

1 1

...
k k k

i i ii i ij i j

i i i j

x x x x
= = <

h=b + b + b + b +ä ä ä     (2) 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʝʛʨʝʩʩʠʠ 
0
, , ,

i ii ij
b b b b. 

ʂʦʵʬʬʠʮʠʝʥʪʳ 
0
, , ,

i ii ij
b b b b  ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʫʨʘʚʥʝʥʠʝ (2) 

ʧʨʠʥʠʤʘʝʪ, ʩʦʛʣʘʩʥʦ [10], ʚʠʜ: 

2

0

1 1

k k k k

i i ii i ij i j ijl i j l

i i i j i jj l

y b b x b x b x x b x x x
= = < < <

= + + + +ä ä ä ä ,                                      (3) 

ʛʜʝ y  ī ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʤʠʟʘʮʠʠ (y  ī ʚʳʙʦʨʦʯʥʘʷ ʦʮʝʥʢʘ ʜʣʷ ɖ). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʢ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ (Mr) ʩʯʠʪʘʝʤ ʚʦʟʤʦʞʥʳʤ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʘʧʧʨʦʢʩʠʤʠ-

ʨʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Mr ʦʪ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʙʘʟʠʨʫʷʩʴ ʥʘ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʘʢ, ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ Mr ʦʪ ʪʨʝʭ ʚʳʙʨʘʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ: ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ů 

ʚ ʩʫʜʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʤʘʪʝʨʠʘʣʘ ʢʦʤʠʥʛʩʘ ʪʨʶʤʦʚ 
c

H  ʠ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ 

ʤʝʞʜʫ ʢʦʤʠʥʛʩʦʤ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ŭ. 
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ɿʘʚʠʩʠʤʦʩʪʴ ( ), ,
r c

M Hs d ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʧʦʣʠʥʦʤʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ. ʕʢʩʧʝʨʠ-

ʤʝʥʪ ʧʨʦʚʝʜʝʥ ʧʦ ʧʨʦʛʨʘʤʤʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʨʦʪʘʪʘʙʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ [11]. 

ʀʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ ʥʘʪʫʨʘʣʴʥʳʝ ʫʨʦʚʥʠ: ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ů ʠ ʢʦʵʨʮʠʪʠʚ-

ʥʦʡ ʩʠʣʳ 
c

H  ʧʨʠʥʠʤʘʣʠʩʴ, ʩʦʛʣʘʩʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤ ʤʘʪʝʨʠʘʣʘ ʢʦʤʠʥʛʩʘ ʪʨʶʤʦʚ, ʘ ʪʘʢʞʝ ʠʩʭʦʜʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [12]. ʀʥʪʝʨ-

ʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ ʥʘʪʫʨʘʣʴʥʳʝ ʫʨʦʚʥʠ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʤʝʞʜʫ ʢʦʤʠʥʛʩʦʤ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ŭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʫʯʝʪʦʤ ʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʠʥʛʩʘ (ʰʝʨʦʭʦʚʘʪʦ-

ʩʪʠ, ʨʞʘʚʯʠʥʘ ʠ ʪ. ʧ.), ʘ ʪʘʢʞʝ ʠʩʭʦʜʷ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʷ. 

ʇʝʨʝʭʦʜʷ ʦʪ ʢʦʜʠʨʦʚʘʥʥʳʭ ( )1 2 3
, ,x x x  ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ ʢ ʥʘʪʫʨʘʣʴʥʳʤ ( ), ,

c
Hs d, 

ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ( ), ,
r c

M Hs d ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ: 

( ) 5, , 464 0,22 156 3,82 10
r c c

M H Hs d = + s- + Ö d+ 

5 3 2 2 7 20,55 3,05 4,01 10 1,58 10 426 3,22 10 .
c c c

H H H-+ s + sd- Ö d- Ö s + - Ö d               (4) 

ʀʟʚʝʩʪʥʦ [10], ʯʪʦ ʬʫʥʢʮʠʷ ʦʪʢʣʠʢʘ, ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʘʷ ʧʦʣʠʥʦʤʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʠ ʥʝʘʜʝʢ-

ʚʘʪʥʦʡ ʥʘʙʣʶʜʘʝʤʳʤ ʟʥʘʯʝʥʠʷʤ ʚʝʣʠʯʠʥʳ y. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʧʨʦʚʝʨʠʪʴ ʝʝ ʘʜʝʢʚʘʪʥʦʩʪʴ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʆʧʨʝʜʝʣʝʥʥʳʝ ʧʫʪʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʠʟ ʫʨʘʚʥʝʥʠʷ (4) ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠ-

ʯʝʥʥʦʩʪʠ 
r

M  ʥʦʩʷʪ ʪʘʢʦʡ ʞʝ ʭʘʨʘʢʪʝʨ, ʢʘʢ ʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
r

M  ʜʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʝʨ-

ʨʦʤʘʛʥʠʪʥʳʭ ʩʪʘʣʝʡ (40ʍ, ʉʪ3, 30ʍɻʉɸ) ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ [12ï14]. ʆʪʣʠʯʠʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʦ-

ʩʪʦʠʪ ʪʦʣʴʢʦ ʚ ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʘʙʣ. 2. ʉʝʤʝʡʩʪʚʘ ʢʨʠʚʳʭ ʚ ʫʢʘʟʘʥʥʦʡ 

ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪʧʫʩʢʘ ʩʪʘʣʠ. 

ʊʘʙʣʠʮʘ 2 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ  

ʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʦʪ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʨʘʟʥʳʭ ʤʘʨʦʢ ʩʪʘʣʝʡ 

ʄʘʨʢʘ ʩʪʘʣʠ: ʉʪ 3 ʄʘʨʢʘ ʩʪʘʣʠ: 40ʍ ʄʘʨʢʘ ʩʪʘʣʠ: 30ʍɻʉɸ 

0,3ʢɸ/ʤ
c

H =  0,95ʢɸ/ʤ
c

H =  1,0ʢɸ/ʤ
c

H =  
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TECHNOLOGY OF APPLICATION OF FUNCTIONALLY ORIENTED  

ION-PLASMA COATINGS ON THE WORKING SURFACE OF THE BALL PIN  

 
The article proposes a technology of application of functionally oriented ion-plasma coatings on the working 

spherical surface of the ball pin, based on the study of operating conditions of the product. On the basis of the graph 

of TP deposition of multilayer coatings on the basis FOP the algorithm the complete composition of all the opera-

tions of TP, DMS, ion-plasma spraying the spherical surface of tie rod end in a vacuum ion-plasma installation. 
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ʐʘʨʦʚʳʝ ʧʘʣʴʮʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʘʣʝʡ ʧʦʜʚʠʞʥʳʭ ʫʟʣʦʚ ʨʫʣʝʚʦʛʦ ʤʝ-

ʭʘʥʠʟʤʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ. ʐʘʨʦʚʳʝ ʧʘʣʴʮʳ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʨʥʳʭ ʟʥʘʢʦʧʝ-

ʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ. ʀʟʛʦʪʦʚʣʷʶʪ ʠʭ ʠʟ ʩʪʘʣʠ 45 ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ. 

ʀʩʧʦʣʥʠʪʝʣʴʥʘʷ ʩʬʝʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʣʦʚʢʠ ʧʘʣʴʮʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʧʦʚʳʰʝʥʥʳʤʠ ʠʟʥʦ-

ʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʪʚʝʨʜʦʩʪʴʶ. 

ɿʘʛʦʪʦʚʢʠ ʰʘʨʦʚʳʭ ʧʘʣʴʮʝʚ ʧʦʣʫʯʘʶʪ ʠʟ ʢʘʣʠʙʨʦʚʘʥʥʦʛʦ ʧʨʦʢʘʪʘ. ʇʦʩʣʝ ʦʙʪʦʯʢʠ ʦʙʳʯʥʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʠ ʧʘʣʴʮʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʟʘʢʘʣʢʝ ʪʦʢʘʤʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʊɺʏ), 

ʟʘʪʝʤ ʩʣʝʜʫʶʪ ʦʪʧʫʩʢ, ʧʨʦʤʳʚʢʘ ʠ ʢʦʥʪʨʦʣʴ ʪʚʝʨʜʦʩʪʠ ʜʝʪʘʣʠ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʰʘʨʦʚʳʭ ʧʘʣʴʮʝʚ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʰʣʠʬʦʚʘʥʠʝʤ ʩʬʝʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʠ ʠ ʧʦʩʘʜʦʯʥʦʛʦ ʢʦʥʫʩʘ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʊʇ) ʦʪʜʝʣʦʯʥʦ-ʫʧʨʦʯʥʷʶʱʝʡ ʦʙ-

ʨʘʙʦʪʢʠ (ʆʋʆ) ʰʘʨʦʚʳʭ ʧʘʣʴʮʝʚ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʩʬʝʨʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ (ʌʆʇ) [1ï4]. ʅʘʫʯʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʚʝʜʝʪʩʷ ʩ ʫʯʝʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʨʘʙʦʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ 

ʠ ʠʟʥʘʰʠʚʘʥʠʷ, ʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʤʝʪʦʜ ʦʙ-

ʨʘʙʦʪʢʠ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʦʧʪʠʤʘʣʴʥʫʶ ʬʦʨʤʫ ʠ ʢʘʯʝʩʪʚʦ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʭ ʩʦ-

ʩʪʦʷʥʠʶ ʧʦʩʣʝ ʧʨʠʨʘʙʦʪʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʯʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʜʝʪʘʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ  
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ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʈʇ) ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʚʝʣʠʯʠʪʴ ʜʦʣ-

ʛʦʚʝʯʥʦʩʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʟʘʢʘʟʯʠʢʦʤ ʨʝʩʫʨʩ ʢʘʞʜʦʡ  

ʠʟ ʈʇ ʥʘʢʦʥʝʯʥʠʢʘ ʨʫʣʝʚʦʡ ʪʷʛʠ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ ʰʘʨʦʚʦʛʦ ʧʘʣʴʮʘ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʥʝʩʝʥʠʷ 

ʚʘʢʫʫʤʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʈʇ ʰʘʨʦʚʳʭ 

ʰʘʨʥʠʨʦʚ ʠʟʜʝʣʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʪʫʨʥʳʝ ʦʙʨʘʟʮʳ ʰʘʨʦʚʦʛʦ ʧʘʣʴʮʘ (ʨʠʩ. 1) ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʤʧʘʥʠʠ çʉʧʝʮʄʘʰè ʩ ʪʚʝʨʜʦʩʪʴʶ ʨʘʙʦʯʝʡ ʯʘʩʪʠ (ʰʘʨʘ) HRC 50, ʚʝʩʦʤ 0,6 ʢʛ ʠ ʠʟʛʦʪʦʚʣʝʥʥʦ-

ʛʦ ʠʟ ʣʝʛʠʨʦʚʘʥʥʦʡ ʭʨʦʤʠʩʪʦʡ ʩʪʘʣʠ 40ʍ. 

 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʰʘʨʦʚʦʛʦ ʧʘʣʴʮʘ  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʪʜʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʰʘʨʦʚʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ (ʜʦ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ) ʚʢʣʶʯʘʣ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ: ʧʦʣʠʨʦʚʢʘ ʈʇ (ʨʠʩ. 2), 

ʦʙʝʟʞʠʨʠʚʘʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʘ ʈʇ (ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʙʦʤʙʘʨʜʠʨʦʚʢʘ) ʢ ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʷ. 

 

ʈʠʩ. 2. ʐʘʨʦʚʳʝ ʧʘʣʴʮʳ ʩ ʧʦʣʠʨʦʚʘʥʥʦʡ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʇʨʠ ʧʦʣʠʨʦʚʘʥʠʠ ʧʨʠʧʫʩʢ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʦʩʪʘʚʠʣ ʦʪ 0,002 ʜʦ 0,008 ʤʤ, ʚ ʢʘʯʝʩʪʚʝ ʘʙʨʘʟʠʚ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʥʢʠʝ ʤʠʢʨʦʰʣʠʬʧʦʨʦʰʢʠ ʩ ʨʘʟʤʝʨʘʤʠ ʟʝʨʝʥ ʄ10. ɼʣʷ ʧʦʣʠ-

ʨʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʥ ʚʦʡʣʦʯʥʳʡ ʢʨʫʛ. ʆʙʨʘʙʦʪʢʘ ʚʳʧʦʣʥʝʥʘ ʩ ʜʣʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 305 ʩ, ʧʨʠ 

ʵʪʦʤ ʧʦʣʫʯʝʥʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 0,03
a

R =  ʤʤ. 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʥʝʩʝʥʠʷ ʚʘʢʫʫʤʥʳʭ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚʳʧʦʣʥʝʥ ʧʨʦʮʝʩʩ 

ʦʙʝʟʞʠʨʠʚʘʥʠʷ: 1ï ʘʮʝʪʦʥ, 2 ï ʩʧʠʨʪ. 

ɺʘʢʫʫʤʥʦʝ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʧʦʢʨʳʪʠʝ ʈʇ ʠʟʜʝʣʠʡ ʚʳʧʦʣʥʝʥʦ ʥʘ ʫʩʪʘʥʦʚʢʝ ʅʅɺ 6.6-ʀ1. 

ʄʘʪʝʨʠʘʣ ʢʘʪʦʜʦʚ ɺʊ 1-0, ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʦʜʦʚ ï 2 (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʋʩʪʘʥʦʚʢʘ ʅʅɺ 6.6-ʀ1 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʠʟʥʦʩʦʤ ʈʇ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʩʬʝʨʳ [3, 4] ʥʘʥʦʩʠʣʦʩʴ ʤʥʦʛʦʩʣʦʡʥʦʝ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʠʜʪʠʪʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ TiN, ʷʚʣʷʶʱʝʝʩʷ ʌʆʇ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʠʣʘ 12 ʤʢʤ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʠʣʘ 50 ʤʠʥ, ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʦʩʠ ʚʪʫʣʢʠ ï 90Ü. ɼʝʪʘʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʧʣʘʥʝʪʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʩ ʧʦʤʦʱʴʶ ʦʧʨʘʚʢʠ 

ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ (ʨʠʩ. 4 ʠ 5). ʇʣʘʥʝʪʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʢʘʤʝʨʫ ʫʩʪʘʥʦʚʢʠ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʢʘʤʝʨʘ ʟʘʢʨʳʚʘʝʪʩʷ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʨʘ-

ʱʝʥʠʠ ʟʘʛʦʪʦʚʢʠ ʚ ʧʣʘʥʝʪʘʨʥʦʤ ʤʝʭʘʥʠʟʤʝ. 

  

ʈʠʩ. 4. ɿʘʛʦʪʦʚʢʘ ʚ ʦʧʨʘʚʢʝ ʈʠʩ. 5. ʋʩʪʘʥʦʚʢʘ ʜʝʪʘʣʠ ʚ ʧʣʘʥʝʪʘʨʥʳʡ ʤʝʭʘʥʠʟʤ 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʯʠʩʪʢʘ ʦʪ ʧʨʠʤʝʩʝʡ ʠ ʦʢʠʩʣʦʚ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ 

ʙʦʤʙʘʨʜʠʨʦʚʢʠ. 

ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʝʚ ʜʝʪʘʣʠ ʜʦ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨ  rʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʛʦ 

ʩʣʦʷ, ʧʦʜʩʣʦʡʢʠ ʪʠʪʘʥʘ, ʢʦʪʦʨʘʷ ʥʘʥʦʩʠʪʩʷ ʚ ʨʝʞʠʤʝ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪ. ʝ. ʚ ʧʨʦʮʝʩʩʝ ʦʙ-

ʨʘʙʦʪʢʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦʣʷʨʥʦʩʪʴ. ʇʨʦʛʨʝʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 700Üʉ. 

ʇʦʩʣʝ ʨʝʞʠʤʘʤʠ ʥʘʥʦʩʷʪʩʷ ʩʣʦʠ: 

1 ʩʣʦʡ ï ʯʠʩʪʳʡ ʪʠʪʘʥ (1 ʤʢʤ) ï ʚʩʷ ʩʬʝʨʘ; 

2 ʩʣʦʡ ï ʥʠʪʨʠʪ ʪʠʪʘʥʘ (6 ʤʢʤ) ï ʚʩʷ ʩʬʝʨʘ; 

3 ʩʣʦʡ ï ʥʠʪʨʠʪ-ʪʠʪʘʥ-ʘʣʶʤʠʥʠʡ (6 ʤʢʤ) ï ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʡ ʰʘʨʦʚʦʡ ʧʦʷʩ. 

ʅʘ ʩʘʤʫ ʜʝʪʘʣʴ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʠ ʦʩʝʜʘʝʪ ʩʦʟʜʘʥʥʦʝ ʦʙʣʘʢʦ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʳʭ ʟʦʥ 

ʦʩʪʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʝʤʥʷʣʘʩʴ, ʟʘʱʠʱʘʣʘʩʴ ʦʪ ʥʘʥʝʩʝʥʠʷ ʧʦʚʪʦʨ-

ʥʦʛʦ ʩʣʦʷ. ʋʛʦʣ ʥʘʥʝʩʝʥʠʷ ʩʣʦʝʚ ï 90 ʛʨʘʜʫʩʦʚ. ʆʙʱʠʡ ʚʠʜ ʠʟʜʝʣʠʡ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤ ʥʠʪʨʠʜʪʠ-

ʪʘʥʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 6. 
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ʈʠʩ. 6. ʅʘʪʫʨʥʳʝ ʦʙʨʘʟʮʳ ʰʘʨʦʚʳʭ ʧʘʣʴʮʝʚ  

(ʦʩʥʦʚʘ ï ʣʝʛʠʨʦʚʘʥʥʘʷ ʭʨʦʤʠʩʪʘʷ ʩʪʘʣʴ, ʧʦʢʨʳʪʠʝ ï ʥʠʪʨʠʜʪʠʪʘʥʦʚʦʝ):  

ʘ ï ʩ ʜʚʫʤʷ ʩʣʦʷʤʠ (1, 2); ʙ ï ʩ ʪʨʝʤʷ ʩʣʦʷʤʠ (1, 2, 3) 

ʆʙʨʘʟʮʳ-ʩʚʠʜʝʪʝʣʠ ʧʣʘʥʠʨʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʜ ʫʛʣʦʤ ʢ ʧʦʪʦʢʫ ʧʣʘʟʤʳ ʠ ʚʳʧʦʣʥʷʪʴ 

ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ. ʋʛʣʳ w ʥʘʢʣʦʥʘ ʦʩʠ ʠʟʜʝʣʠʷ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ ʧʣʘʟʤʳ 90Ü. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʩʣʦʷ ʥʠʪʨʠʜʪʠʪʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩʦʩʪʘʚʣʷʣʘ 20 ʤʠʥ. 

ʅʘ ʙʘʟʝ ʛʨʘʬʘ ʊʇ ʥʘʥʝʩʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠ- 

ʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ [1] ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ (ʨʠʩ. 7) ʧʦʣʥʦʛʦ ʩʦʩʪʘʚʘ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʆʋʆ. 

 

ʈʠʩ. 7. ʉʪʨʫʢʪʫʨʥʳʡ ʚʘʨʠʘʥʪ ʦʧʝʨʘʮʠʡ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  

ʥʘʢʦʥʝʯʥʠʢʘ ʨʫʣʝʚʦʡ ʪʷʛʠ ʚ ʚʘʢʫʫʤʥʦʡ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʊʇ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʢʦʥʝʯʥʠʢʘ ʨʫʣʝʚʦʡ ʪʷʛʠ  

ʚ ʚʘʢʫʫʤʥʦʡ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʚ ʚʠʜʝ ʛʨʘʬʘ G (ʊ, ɸ): ʊ ï ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ ʛʨʘ-

ʬʘ ï ʦʧʝʨʘʮʠʠ ʊʇ; ɸ ï ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʘʨʳ ʚʝʨʰʠʥ ï ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʧʝʨʘʮʠʷʤʠ). ɺ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʧʦʢʨʳʪʠʷ ʦʛʨʘʥʠʯʝʥʦ ʜʚʫʤʷ ʩʣʦʷʤʠ, ʭʦʪʷ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʤʦʞʝʪ 

ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʈʇ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʢʦʥʝʯʥʠʢʘ ʨʫʣʝʚʦʡ 

ʪʷʛʠ ʚ ʚʘʢʫʫʤʥʦʡ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʙʦʪʘʥ-

ʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧ-

ʨʝʜʝʣʝʥʠʶ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʠʪʨʠʜʪʠʪʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝ-

ʣʠʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʘ) ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʰʘʨʦʚʳʭ ʧʘʣʴʮʝʚ  

ʩ ʥʠʪʨʠʜʪʠʪʘʥʦʚʳʤ ʧʦʢʨʳʪʠʝʤ, ʙ) ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʷ, ʚ) ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʥʠʪʨʠʜʪʠʪʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʣʫʦʢʨʫʞʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʘʨʦʚʦʛʦ ʧʘʣʴʮʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʯʝʥʠʷ, ʛ) ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ 

ʥʠʪʨʠʜʪʠʪʘʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʈʇ ʠʟʜʝʣʠʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʝʯʝʥʠʷʤ ʠʟʜʝʣʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʪ ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʥʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚʘʢʫʫʤʥʳʭ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʌʆʇ ʥʘ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʢʦʥʝʯʥʠʢʦʚ ʨʫʣʝʚʦʡ ʪʷʛʠ. 
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ON MODERN SHIP HULL CLEANING TECHNOLOGIES  

 
The degree of surface preparation for applying protective coatings is key. The main task of cleaning 

is to obtain a rough surface, which will provide good adhesion to paints and varnishes. In ship repair, several op-

tions for organizing work on cleaning surfaces are possible, while the choice of a specific option is distributed 

both by the main activities of the enterprise and its production program. 

 

Key words: ship repair enterprises, ship hull structures, ship repair, ship hull cleaning technology. 

 

 

ɺ ʩʫʜʦʨʝʤʦʥʪʝ ʥʝʦʙʭʦʜʠʤʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʠʪʴ ʚʦʧʨʦʩʘʤ ʤʝʭʘʥʠʟʘʮʠʠ. ʈʘʩ-

ʩʤʘʪʨʠʚʘʷ ʧʨʦʙʣʝʤʳ ʤʝʭʘʥʠʟʘʮʠʠ ʜʦʢʦʚʳʭ ʨʘʙʦʪ, ʚʘʞʥʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʦʯʠʩʪʢʝ 

ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ, ʪ. ʢ. ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩʣʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʠʟʜʝʣʠʡ ʠ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʉʪʝʧʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʥʘʥʝʩʝʥʠʶ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝ-

ʥʠʝ: ʯʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʪʝʤ ʚʳʰʝ ʢʘʯʝʩʪʚʦ ʦʢʨʘʩʢʠ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʦʯʠ-

ʩʪʢʠ ï ʧʦʣʫʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ ʭʦʨʦʰʝʝ ʩʮʝʧʣʝʥʠʝ ʩ ʣʘʢʦʢʨʘ-

ʩʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺ ʩʣʫʯʘʝ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʝʪʘʣʝʡ 

ʧʦʢʨʳʪʠʡ (ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʠ ʜʨʫʛʠʭ) ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʝʜʝʪ 

ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘʥʝʩʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʝʛʦ ʦʪ-

ʩʣʘʠʚʘʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʜʦʣʞʥʘ ʧʨʝʩʣʝʜʦʚʘʪʴʩʷ ʮʝʣʴ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʯʠʩʪʢʠ, ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʩʫʜʦʨʝʤʦʥʪʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʤʦ-

ʜʝʨʥʠʟʘʮʠʠ ʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʩʫʜʦʨʝʤʦʥʪʝ ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʧʦ ʦʯʠʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʧʨʠ ʵʪʦʤ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʫʜʦʨʝʤʦʥʪʝ 

ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ: 

ʘʙʨʘʟʠʚʦʩʪʨʫʡʥʘʷ, ʜʨʦʙʝʤʝʪʥʘʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ, ʪʝʨʤʠʯʝʩʢʘʷ, ʦʯʠʩʪʢʘ ʩʫʭʠʤ ʣʴʜʦʤ, ʭʠʤʠʯʝʩʢʠʝ 

ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ, ʦʯʠʩʪʢʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʣʘʟʝʨʥʘʷ ʦʯʠʩʪʢʘ [1]. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʫʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʢʦʨʧʫʩʘ ʩʣʦʞʥʳ ʠ ʥʝ ʩʧʦʩʦʙʥʳ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʫʩʪʨʘʥʠʪʴ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʭʠʤʠʯʝʩʢʠʝ ï ʩʣʠʰʢʦʤ ʘʛʨʝʩʩʠʚʥʳ, ʪʨʝʙʫʶʪ ʩʝʨʴʝʟʥʦʡ ʧʦʜʛʦʪʦʚ-
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ʢʠ ʠ ʦʩʥʘʱʝʥʠʷ. ʅʘ ʪʝʢʫʱʠʡ ʜʝʥʴ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʦ ʦʯʠʩʪʢʝ ʢʦʨʧʫʩʘ ʦʪ ʛʨʷʟʠ, ʨʞʘʚ-

ʯʠʥʳ, ʩʪʘʨʦʡ ʢʨʘʩʢʠ ʠ ʤʘʩʣʷʥʦʡ ʧʣʝʥʢʠ ʷʚʣʷʝʪʩʷ ʧʝʩʢʦʩʪʨʫʡʥʘʷ ʦʯʠʩʪʢʘ. 

ʆʙʦʟʥʘʯʝʥʠʷ ʩʧʦʩʦʙʦʚ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣ. 1. ʉʪʝʧʝʥʴ ʘʙʨʘʟʠʚʥʦ-

ʩʪʨʫʡʥʦʡ ʦʯʠʩʪʢʠ ʠ ʦʯʠʩʪʢʠ ʨʫʯʥʳʤ ʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣ. 2 ʠ 3. 

ʊʘʙʣʠʮʘ 1 

ʆʙʦʟʥʘʯʝʥʠʷ ʩʧʦʩʦʙʦʚ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ [1] 

Sa ʉʪʨʫʡʥʦ-ʘʙʨʘʟʠʚʥʘʷ ʦʯʠʩʪʢʘ 

St ʆʯʠʩʪʢʘ ʨʫʯʥʳʤ ʠʣʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʊʘʙʣʠʮʘ 2 

ʉʪʝʧʝʥʠ ʘʙʨʘʟʠʚʥʦ-ʩʪʨʫʡʥʦʡ ʦʯʠʩʪʢʠ [1] 

Sa1 ʃʝʛʢʘʷ ʦʯʠʩʪʢʘ. ʇʨʠ ʦʩʤʦʪʨʝ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʣʞʥʘʷ ʙʳʪʴ ʩʚʦʙʦʜʥʦʡ ʦʪ ʚʠʜʠʤʳʭ ʤʘʩʣʘ, 

ʩʤʘʟʢʠ, ʛʨʷʟʠ, ʘ ʪʘʢʞʝ ʦʪ ʩʣʘʙʦʧʨʠʩʪʘʶʱʠʭ ʦʢʘʣʠʥʳ, ʨʞʘʚʯʠʥʳ, ʢʨʘʩʢʠ ʠ ʧʦʩʪʦʨʦʥʥʠʭ ʯʘʩʪʠʮ 

Sa2 ʊʱʘʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ. ʇʨʠ ʦʩʤʦʪʨʝ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʣʞʥʘʷ ʙʳʪʴ ʩʚʦʙʦʜʥʦʡ ʦʪ ʚʠʜʠʤʳʭ 

ʤʘʩʣʘ, ʩʤʘʟʢʠ ʠ ʛʨʷʟʠ, ʘ ʪʘʢʞʝ ʦʪ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʦʢʘʪʥʦʡ ʦʢʘʣʠʥʳ, ʨʞʘʚʯʠʥʳ, ʢʨʘʩʢʠ ʠ ʧʦʩʪʦʨʦʥʥʠʭ 

ʯʘʩʪʠʮ. ʃʶʙʳʝ ʦʩʪʘʚʰʠʝʩʷ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʣʞʥʳ ʧʨʠʩʪʘʚʘʪʴ ʧʨʦʯʥʦ 

Sa21/2 ʆʯʝʥʴ ʪʱʘʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ. ʇʨʠ ʦʩʤʦʪʨʝ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʣʞʥʘʷ ʙʳʪʴ ʩʚʦʙʦʜʥʦʡ ʦʪ ʚʠʜʠ-

ʤʳʭ ʤʘʩʣʘ, ʩʤʘʟʢʠ ʠ ʛʨʷʟʠ, ʘ ʪʘʢʞʝ ʦʪ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʦʢʘʪʥʦʡ ʦʢʘʣʠʥʳ, ʨʞʘʚʯʠʥʳ, ʢʨʘʩʢʠ ʠ ʧʦʩʪʦʨʦʥ-

ʥʠʭ ʯʘʩʪʠʮ. ʃʶʙʳʝ ʦʩʪʘʚʰʠʝʩʷ ʩʣʝʜʳ ʟʘʛʨʷʟʥʝʥʠʡ ʜʦʣʞʥʳ ʚʳʛʣʷʜʝʪʴ ʪʦʣʴʢʦ ʢʘʢ ʣʝʛʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ 

ʚ ʚʠʜʝ ʧʷʪʝʥ ʠʣʠ ʧʦʣʦʩ 

Sa3 ʆʯʠʩʪʢʘ ʜʦ ʚʠʟʫʘʣʴʥʦ ʯʠʩʪʦʡ ʩʪʘʣʠ. ʇʨʠ ʦʩʤʦʪʨʝ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʩʚʦʙʦʜʥʦʡ 

ʦʪ ʚʠʜʠʤʳʭ ʤʘʩʣʘ, ʩʤʘʟʢʠ ʠ ʛʨʷʟʠ, ʘ ʪʘʢʞʝ ʦʪ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʦʢʘʪʥʦʡ ʦʢʘʣʠʥʳ, ʨʞʘʚʯʠʥʳ, ʢʨʘʩʢʠ 

ʠ ʧʦʩʪʦʨʦʥʥʠʭ ʯʘʩʪʠʮ. ʆʥʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʦʜʥʦʨʦʜʥʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʦʢʨʘʩʢʫ 

ʊʘʙʣʠʮʘ 3 

ʉʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʨʫʯʥʳʤ ʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤʠ [1] 

St2 ʊʱʘʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ. ʇʨʠ ʦʩʤʦʪʨʝ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʣʞʥʘʷ ʙʳʪʴ ʩʚʦʙʦʜʥʦʡ ʦʪ ʚʠʜʠʤʳʭ 

ʤʘʩʣʘ, ʩʤʘʟʢʠ ʠ ʛʨʷʟʠ, ʘ ʪʘʢʞʝ ʦʪ ʧʣʦʭʦ ʧʨʠʩʪʘʶʱʠʭ ʧʨʦʢʘʪʥʦʡ ʦʢʘʣʠʥʳ, ʨʞʘʚʯʠʥʳ, ʢʨʘʩʢʠ ʠ ʧʦʩʪʦʨʦʥ-

ʥʠʭ ʯʘʩʪʠʮ 

St3 ʆʯʝʥʴ ʪʱʘʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ. ʂʘʢ St2, ʥʦ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʣʞʥʘ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ ʜʦ ʧʦʣʫʯʝ-

ʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʣʝʩʢʘ 

ʆʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʰʣʠʬʦʚʘʥʠʝ, ʧʦʣʠ-

ʨʦʚʘʥʠʝ, ʢʨʘʮʝʚʘʥʠʝ, ʚʠʙʨʦʦʙʨʘʙʦʪʢʘ, ʩʪʨʫʡʥʘʷ ʘʙʨʘʟʠʚʥʘʷ ʠ ʛʠʜʨʦʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ. ʅʝ-

ʜʦʩʪʘʪʢʘʤʠ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ ʦʩʪʘʪʢʠ ʘʙʨʘʟʠʚʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘ-

ʣʝʡ, ʘ ʪʘʢʞʝ, ʟʘʯʘʩʪʫʶ, ʚʳʩʦʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʘʟʝʨʥʘʷ ʦʯʠʩʪʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʠ ʧʨʠ ʨʝʩ-

ʪʘʚʨʘʮʠʦʥʥʳʭ ʨʘʙʦʪʘʭ. ʆʜʥʘʢʦ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʠʩʢʣʶʯʘʝʪ ʪʘʢʞʝ ʝʝ 

ʚʥʝʜʨʝʥʠʷ ʚ ʩʫʜʦʩʪʨʦʝʥʠʝ [1]. 

ʊʝʭʥʦʣʦʛʠʷ ʣʘʟʝʨʥʦʡ ʦʯʠʩʪʢʠ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʳʤ, ʙʝʟʘʙʨʘʟʠʚʥʳʤ, ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʩʧʦʩʦʙʦʤ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʢʨʘʩʢʠ, ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʩʚʘʨʢʠ ʠ ʪ. ʜ. 

ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʡ ʦʯʠʩʪʢʠ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦ-

ʩʪʴʶ ʣʘʟʝʨʦʚ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ, ʪʘʢ ʢʘʢ ʩʨʦʢ ʩʣʫʞʙʳ, ʥʘ-

ʜʝʞʥʦʩʪʴ, ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʜʦʙʩʪʚʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʦʢʫʧʘʶʪ ʠʟʜʝʨʞʢʠ ʥʘ ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ [2]. 

ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʪʘʢʦʚʳ, ʯʪʦ ʩʫʜʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʫʜʝʪ 

ʧʦʢʨʘʩʠʪʴ ʦʜʠʥ ʨʘʟ ʟʘ ʚʝʩʴ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʧʦʨʪʫ ʜʚʘ-ʪʨʠ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʜʝ ʙʫʜʫʪ ʯʠʩʪʠʪʴ ʝʛʦ ʣʘʟʝʨʦʤ. ʃʘʟʝʨ ʩʞʠʛʘʝʪ ʚʩʝ ʥʘʨʦʩʪʳ, ʥʝ ʥʘʥʦʩʷ ʚʨʝʜʘ 

ʢʦʨʧʫʩʫ ʩʫʜʥʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ï ʛʨʦʤʘʜʥʘʷ ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ, ʪ. ʢ. 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʜʥʠʱʘ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ ʜʦ 30%, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, 

ʠ ʚʳʙʨʦʩʳ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ [3]. 

ʉʫʜʦʨʝʤʦʥʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠʤʝʥʷʶʪ ʪʝʭʥʦʣʦʛʠʶ ʛʠʜʨʦʩʪʨʫʡʥʦʡ ʦʯʠʩʪʢʠ ʩ ʧʦʤʦʱʴʶ 

ʘʧʧʘʨʘʪʦʚ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʚʳʩʦʢʦʥʘ-

ʧʦʨʥʦʡ ʚʦʜʷʥʦʡ ʩʪʨʫʠ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʷʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʠ ʦʪʣʦʞʝʥʠʷ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ: ʨʞʘʚʯʠʥʫ, ʢʦʥʩʝʨ-

ʚʘʮʠʦʥʥʳʝ ʩʤʘʟʢʠ, ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ, ʦʪʣʦʞʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʥʘʛʘʨ, ʦʢʘʣʠʥʫ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 
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ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʛʠʜʨʦʩʪʨʫʡʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʨʘʙʦʪʳ, 

ʩʦʚʝʨʰʘʝʤʦʡ ʛʣʘʚʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʢʠʥʝʪʠ-

ʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʩʞʘʪʠʷ ʨʘʙʦʯʝʡ ʞʠʜ-

ʢʦʩʪʠ (ʦʙʳʯʥʦ ʚʦʜʳ) ʜʦ ʩʚʝʨʭʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʝʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʜʘʚʣʠʚʘʥʠʷ ʯʝʨʝʟ ʩʧʝʮʠ-

ʘʣʴʥʦ ʩʧʨʦʬʠʣʠʨʦʚʘʥʥʦʝ ʛʠʜʨʦʩʦʧʣʦ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ. ʅʘ ʚʳʭʦʜʝ ʠʟ ʛʠʜʨʦʩʦʧʣʘ ʢʦʤʧʘʢʪʥʘʷ 

ʩʪʨʫʷ ʚʦʜʳ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʠ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʜʝʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ ʚ ʟʦʥʝ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʚʨʘ-

ʱʘʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ, ʥʘʧʨʠʤʝʨ ʚ ʨʝʟʘʥʠʝ [4]. 

ɻʠʜʨʦʩʪʨʫʡʥʘʷ ʦʯʠʩʪʢʘ ʠʤʝʝʪ ʨʷʜ ʥʝʦʩʧʦʨʠʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷ-

ʤʠ: ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʚʟʨʳʚʦʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ, ʧʦʥʠ-

ʞʝʥʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʨʘʙʦʪʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʜʦʩʪʠʛʘʝʪ ʢʣʘʩʩʘ ʯʠʩ-

ʪʦʪʳ Sa2,5 ï Sa3 ʧʦ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ ʈ ʀʉʆ 8501-1-2014 çʇʦʜʛʦʪʦʚʢʘ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʠʤ ʧʨʦʜʫʢʪʦʚ. ɺʠʟʫʘʣʴʥʘʷ 

ʦʮʝʥʢʘ ʯʠʩʪʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠè [5]. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʟʘʤʝʥʠʤʦ ʜʣʷ ʦʯʠʩʪʢʠ ʚʥʝʰʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʩʫʜʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʦʯʠʩʪʢʠ ʩʪʨʫʝʡ ʚʦʜʳ ʩʫʧʝʨʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʩʢʦʩʪʨʫʡ-

ʥʳʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ  ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʯʠʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʨʘʙʦʯʠʭ), ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʫʪʠʣʠʟʘʮʠʶ ʘʙʨʘʟʠʚʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʛʠʜʨʦʘʙʨʘʟʠʚʥʘʷ ʦʯʠʩʪʢʘ 

ʪʘʤ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʦʯʠʩʪʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʦʢʘʣʠʥʳ, ʨʞʘʚʯʠʥʳ, ʫʙʨʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʠʩʪʦʪʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʜʛʦʪʦʚʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʥʘʠʚʳʩʰʠʤ ʢʘʯʝʩʪ-

ʚʦʤ ʧʦʜ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʷ, ʧʨʦʚʝʩʪʠ ʬʠʥʠʰʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʣʦʞʥʦʛʦ ʢʦʥʪʫʨʘ, ʩʥʠʟʠʪʴ ʰʝʨʦ-

ʭʦʚʘʪʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʷ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʎʝʥʪʨ ʪʝʭʥʦʣʦʛʠʠ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʩʫʜʦʨʝʤʦʥʪʘè ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ 

ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʠ ʦʢʨʘʰʠʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ. ɺ ʢʥʠʛʝ çʊʝʭʥʦ-

ʣʦʛʠʷ ʦʯʠʩʪʢʠ ʠ ʦʢʨʘʩʢʠ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚè ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʛʦʪʦʚʢʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜ ʦʢʨʘʰʠʚʘʥʠʝ, ʧʨʠʚʦʜʷʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʣʘʢʦ-

ʢʨʘʩʦʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʶ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʨʧʫʩʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɼʘʥʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʘ-

ʣʷʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʝ-

ʢʨʘʩʥʳʤ ʫʯʝʙʥʳʤ ʧʦʩʦʙʠʝʤ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʢʦʣʣʝʜʞʝʡ [6]. 

ɺ ʞʫʨʥʘʣʝ çʕʢʩʧʦʟʠʮʠʷ ʄʝʪʘʣʣʦʦʙʨʘʙʦʪʢʘè ʚʳʰʣʘ ʩʪʘʪʴʷ çʇʨʘʚʠʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢʦʨʧʫʩʘ 

ʩʫʜʥʘ ʢ ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʡè ʘʚʪʦʨʘ ʀʨʠʥʳ ɹʘʪʫʨʠʥʦʡ, ʤʝʥʝʜʞʝʨʘ ʧʦ ʤʘʨʢʝʪʠʥʛʫ. ʆʧʠʩʘʥʥʳʡ 

ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʤʝʪʘʣʣʘ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʫʜʘʣʷʝʪ ʟʘʛʨʷʟʥʝʥʠʝ, ʦʙʝʟʞʠʨʠʚʘʝʪ ʠ ʦʙʝʩ-

ʧʳʣʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʟʚʦʣʷʷ ʧʨʝʜʧʨʠʷʪʠʷʤ ʵʢʦʥʦʤʠʪʴ ʤʠʣʣʠʦʥʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʘʙʨʘ-

ʟʠʚʘ, ʚʨʝʤʝʥʠ ʨʘʙʦʪ ʠ ʟʘʨʧʣʘʪʝ ʦʧʝʨʘʪʦʨʦʚ. ʊʝʭʥʦʣʦʛʠʷ çSponge ʙʣʘʩʪʠʥʛè ʫʜʘʣʷʝʪ ʢʦʨʨʦʟʠʶ 

ʠ ʩʪʘʨʫʶ ʢʨʘʩʢʫ ʩ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʨʩʢʠʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʥʝʬʪʷʥʳʭ ʧʣʘʪʬʦʨʤ, ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ, ʚʦʝʥʥʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ, ʙʘʨʞ, ʪʘʥʢʝʨʦʚ [7]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʨʪʘʣ, ʩʦʟʜʘʥʥʳʡ ʜʣʷ ʘʢʪʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʩʬʝʨʝ ʩʫ-

ʜʦʩʪʨʦʝʥʠʷ Sudostroenie.info ʩʦʦʙʱʘʝʪ, ʯʪʦ ɹʘʣʪʠʡʩʢʠʡ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʤʦʨʩʢʦʡ ʩʦʚʝʪ ʥʘʤʝ-

ʨʝʥ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʘʥʜʘʨʪ ʦʯʠʩʪʢʠ ʢʦʨʧʫʩʘ ʩʫʜʦʚ ʚ ʧʦʨʪʘʭ. ʉʪʘʥʜʘʨʪ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ 

ʦʯʠʩʪʢʠ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʦʯʠ-

ʩʪʢʘ ʢʦʨʧʫʩʘ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʘ ʠʟ-ʟʘ ʝʛʦ ʦʙʨʘʩʪʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʥʠʞʘʝʪʩʷ ʩʢʦʨʦʩʪʴ, ʧʦ-

ʚʳʰʘʝʪʩʷ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ. ʉʪʘʥʜʘʨʪ ʪʘʢʞʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨʪʦʚ, 

ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʘ ʦʯʠʩʪʢʘ, ʧʦʩʢʦʣʴʢʫ ʩʝʡʯʘʩ ʠʭ ʯʠʩʣʦ ʦʛʨʘʥʠʯʝʥʦ. ʅʘʜ ʩʪʘʥ-

ʜʘʨʪʦʤ ʨʘʙʦʪʘʶʪ ʢʦʤʧʘʥʠʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʫʜʦʚʳʭ ʧʦʢʨʳʪʠʡ, ʩʫʜʦʚʣʘʜʝʣʴʮʳ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠ-

ʟʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʫʩʣʫʛʠ ʧʦ ʦʯʠʩʪʢʝ. ʋʯʘʩʪʥʠʢʠ ʥʘʜʝʶʪʩʷ, ʯʪʦ ʩʪʘʥʜʘʨʪ ʙʫʜʝʪ ʛʦʪʦʚ 

ʢ ʢʦʥʮʫ 2019 ʛ. [8]. 

ʉʚʦʝʚʨʝʤʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʯʠʩʪʢʠ ʠ ʦʢʨʘʰʠʚʘʥʠʷ ʢʦʥʩʪ-

ʨʫʢʮʠʡ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʘʢʪʠʚʥʦ ʧʨʠʩʪʫʧʘʶʪ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ʉʫʜʦʨʝʤʦʥʪʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ï ʵʪʦ ʚʥʝʜʨʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʉ ʨʘʟʚʠʪʠʝʤ ʩʫʜʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʦʙʥʦʚʣʝʥʠʷ, ʥʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʫʜʦʨʝʤʦʥʪʥʦʡ ʠʥʜʫʩʪʨʠʠ. ʉʪʨʘʪʝʛʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦ ʚʨʝʤʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʘʤʦʨʪʠʟʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʩʣʝʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʫʜʦʨʝʤʦʥʪʥʦʡ ʦʪʨʘʩʣʠ. ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʨʝʬʦʨʤ, ʧʝʨʝʩʪʨʦʡʢʠ  

ʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʭʦʜʘ ʢ ʨʳʥʦʯʥʳʤ ʦʪʥʦʰʝʥʠʷʤ ʩʫʜʦʨʝʤʦʥʪʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʠʤʝʣʘ ʦʯʝʥʴ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʌʣʦʪ, ʧʦʩʪʨʦʝʥʥʳʡ ʚ ʧʨʦʰʣʦʤ ʚʝʢʝ, 

ʥʝ ʪʨʝʙʦʚʘʣ ʚʳʩʦʢʦʪʝʭʥʠʯʥʦʛʦ ʦʩʥʘʱʝʥʠʷ. ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʘʥʥʦʡ ʩʬʝʨʳ ʧʨʠʤʝʥʷʣʦʩʴ ʦʙʦʨʫʜʦʚʘʥʠʝ,  

ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ, ʚʥʝʜʨʝʥʥʳʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 35ï40 ʣʝʪ ʥʘʟʘʜ. ʇʦʜʦʙʥʦʝ ʫʩʪʘʨʝʚʰʝʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʨʝʤʦʥʪʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʜʦʚ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʝʛʦʨʠʡ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʤʦʪʨʝʥʥʦʡ ʚ ʩʪʘʪʴʝ ʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʘʙʠʣʴʥʦʡ 

ʨʘʙʦʪʳ ʨʦʩʩʠʡʩʢʦʛʦ ʬʣʦʪʘ ʥʫʞʥʘ ʧʦʣʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʫʜʦʨʝʤʦʥʪʥʦʡ ʦʪʨʘʩʣʠ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. 
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APPLICATION OF INNOVATIVE TECHNOLOGIES IN SHIP REPAIR  
 

The ship repair industry in modern conditions is the introduction of innovative solutions and transformations 

into the technological process. With the development of new generation vessels, the need arises not only for 

updating, but also for the continuous development of the ship repair industry. The strategy for the application of 

innovative technologies during repairs related to natural depreciation, as well as during recovery from 

emergencies, is very relevant for the modern ship repair industry. Historically, during the period of reforms, 

perestroika and in the process of transition to market relations, the ship repair industry of the Russian Federation 

had a very low level of technical resources. The fleet built in the last century did not require high-tech equipment. 

The enterprises in this sphere used equipment, as well as materials introduced into the technological process  

35ï40 years ago. Such outdated maintenance is not sufficient to repair modern vessels of various categories.  

The relevance of the topic discussed in the article is that for the organization of the stable operation of the russian 

fleet, a complete modernization of the ship repair industry is necessary, which is impossible without the 

introduction of innovative solutions. 

 

Key words: ship repair, innovative methods, laser cutting, laser surfacing. 

 

 

ʉʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʚʠʪʠʝ ʚʝʜʫʱʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ ʢʦʩʤʠʯʝʩʢʦʡ ʠʣʠ ʘʪʦʤʥʦʡ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʣʘʟʝʨʥʳʝ. ʅʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʩʫʜʦʩʪʨʦʝʥʠʝ ʠ ʩʫʜʦʨʝʤʦʥʪ [1]. 



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 
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ɺ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪʘʭ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦ-

ʛʠʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʣʘʟʝʨʥʦʡ ʨʝʟʢʝ ʠ ʩʚʘʨʢʝ. ɼʠʥʘʤʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʜʨʝʥʠʝ ʧʣʘʟʤʝʥʥʳʭ 

ʤʝʪʦʜʠʢ. ʅʘʧʨʠʤʝʨ, ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʚʥʝʜʨʝʥʠʷ ʧʦʨʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʈʠʪʤ ï ʃʘʟʝʨè ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ [2]: 

ï ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚʳʨʝʟʘʪʴ ʜʝʪʘʣʴ, 

ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʨʘʟʤʝʪʢʘ, ʘ ʪʘʢʞʝ ʤʘʨʢʠʨʦʚʢʘ ʜʝʪʘʣʝ, 

ï ʢʦʤʧʣʝʢʩ ʧʨʠʩʧʦʩʦʙʣʝʥ ʢ ʨʘʙʦʪʝ ʚ ʩʣʦʞʥʳʭ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ, 

ï ʥʝʚʳʩʦʢʠʝ ʨʘʩʭʦʜʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʦʤʧʣʝʢʩʘ, 

ï ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʙʦʣʴʰʠʝ ʨʝʟʝʨʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʉʣʝʜʫʝʪ ʟʘʦʩʪʨʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʢʦʤʧʣʝʢʩʝ çʃʘʙʠʨʠʥʪè. ʅʦʚʳʡ ʪʝʭʥʦʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʘʨʠʪʴ ʪʦʥʢʠʝ ʦʙʦʜʢʠ, ʢʦʣʴʮʘ-ʦʙʝʯʘʡʢʠ ʢ ʪʷʞʝʣʦʚʝʩʥʳʤ ʤʦʱʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ. 

ʇʨʝʨʦʛʘʪʠʚʘ ʧʝʨʝʜ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ: 

ï ʩʢʦʨʦʩʪʴ ʩʚʘʨʥʳʭ ʨʘʙʦʪ, 

ï ʤʠʣʣʠʤʝʪʨʦʚʘʷ ʪʦʣʱʠʥʘ ʩʚʘʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ï ʦʙʣʘʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ, 

ï ʚʦʟʤʦʞʥʘ ʩʚʘʨʢʘ ʚ ʧʨʦʙʣʝʤʥʳʭ ʟʦʥʘʭ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʫʶ ʩʚʘʨʢʫ ʧʨʠ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪʘʭ. 

ʅʘʣʠʮʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʜʫʛʦʚʳʭ ʧʦʜʭʦʜʦʚ: 

1) ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

2) ʚʳʩʦʢʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʚʘʨʥʦʛʦ ʰʚʘ, 

3) ʤʠʥʠʤʠʟʘʮʠʷ ʧʨʠʩʘʜʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʦʨʤʘʮʠʡ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, 

4) ʩʚʝʜʝʥʘ ʢ ʤʠʥʠʤʫʤʫ ʦʙʣʘʩʪʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. 

ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʫʜʦʨʝʤʦʥʪʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʪʘʢʠʭ ʧʨʦʙʣʝʤ, ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʪʨʫʜʘ ʠ ʚʳʩʦʢʠʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʎʝʥʪʨ ʪʝʭʥʦʣʦʛʠʠ ʩʫʜʦʩʪʨʦʝʥʠʷ ʠ ʩʫʜʦʨʝʤʦʥʪʘè (ɸʆ çʎʊʉʉè, 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʧʨʦʚʦʜʠʪ ʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʬʝʨʝ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʟʘʥʠʤʘ-

ʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʷʝʪ 

ʠʥʥʦʚʘʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʥʘ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ɸʆ çʎʊʉʉè ï ʵʪʦ ʥʘʫʯʥʳʡ ʮʝʥʪʨ, ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʛʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʷʚʣʷʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʣʘʟʝʨʥʦʡ ʩʬʝʨʝ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʠʦʥʝʨʦʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʪʘʣ ʩʫʜʦʨʝʤʦʥʪʥʳʡ ʟʘʚʦʜ ʚ ɸʩʪʨʘʭʘʥʠ, 

ʠʤʝʥʥʦ ʥʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʢʘʭ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʦʤʧʣʝʢʩ çʈʠʪʤ-ʄʘʣʘʟʝʨè 

ʩ ʥʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʣʘʟʝʨʥʦʡ ʨʝʟʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʨʝʤʦʥʪʝ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ [3]. 

ʂ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʨʘʟʨʘʙʦʪʢʘʤ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʥʦʚʦʝ ʨʝʰʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʧʨʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪʘʭ ʩʫʜʦʚ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʕʪʦ ʵʢʦʥʦʤʠʯʥʦʝ ʚ ʧʣʘʥʝ ʨʝʩʫʨʩʦʚ ʨʝʰʝʥʠʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʜ 

ʧʦʢʨʘʩʢʦʡ ʨʘʟʨʘʙʦʪʘʥʦ ʥʘ ʙʘʟʝ ʆʆʆ çɹʘʨʘʙʘʥ ʅʊʆè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ, ʨʝʩʪʘʚʨʠʨʦʚʘʪʴ 

ʜʝʪʘʣʠ ʠ ʤʝʭʘʥʠʟʤʳ ʤʘʰʠʥ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʦʡ ʠʟʥʦʩ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ 

ʟʘʜʘʯ ʧʨʠʤʝʥʷʝʪʩʷ ʣʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ. 
ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʤʥʦʛʦ ʧʣʶʩʦʚ: 

ï ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʥʘʧʣʘʚʢʠ, 
ï ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʟʦʥʦʡ ʛʣʫʙʠʥʳ ʩʧʣʘʚʣʝʥʠʷ, 

ï ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ï ʚʨʝʤʷ ʠ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ, 
ï ʚʳʩʦʢʠʡ ʩʢʦʨʦʩʪʥʦʡ ʧʦʢʘʟʘʪʝʣʴ, 

ï ʤʠʥʠʤʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩ ʜʝʬʦʨʤʘʮʠʝʡ, 

ï ʛʘʨʘʥʪʠʷ ʮʠʢʣʠʟʘʮʠʠ ʧʦʢʨʳʪʠʷ ʠ ʦʩʥʦʚʳ. ʀʪʦʛ ï ʵʪʦ ʮʝʣʴʥʦʝ ʠʟʜʝʣʠʝ. 

ʇʨʦʚʝʜʝʤ ʘʥʘʣʦʛʠʶ ʩ ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʦʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʦʧʝʨʝʜʠʚ ʉʐɸ, ʂʠʪʘʡ ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ ʥʘ ʚʩʝʤ ʤʠʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʫʨʦʚʥʶ ʚʣʦʞʝʥʠʡ 

ʚ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʜʦʨʝʤʦʥʪʥʘʷ ʩʬʝʨʘ ʚ ʂʠʪʘʝ ʷʚʣʷʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʦʙʩʪʚʝʥʥʦ-

ʩʪʴʶ. ɺ ʩʦʩʪʘʚ ʵʪʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʚʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʝ, ʩʫʜʦʨʝʤʦʥʪʥʳʝ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʠ ʚʝʨʬʠ, ʘ ʪʘʢʞʝ 30 ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ. 
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ʉʝʢʨʝʪ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʂʠʪʘʝ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʫʜʦʨʝʤʦʥʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʢʨʦ-

ʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʬʠʥʘʥʩʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ, ʥʦ ʠ ʚ ʧʩʠʭʦʣʦʛʠʠ ʥʘʩʝʣʝʥʠʷ ʇʦʜʥʝʙʝʩʥʦʡ ï ʚʩʝ, 

ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʜʣʷ ʧʨʦʮʚʝʪʘʥʠʷ ʩʪʨʘʥʳ. ʋʩʧʝʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠʥ-

ʚʝʩʪʠʮʠʡ ï ʞʝʣʘʥʠʝ ʢ ʚʥʝʜʨʝʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʠʢ ʠ ʨʝʰʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, 

ʩʤʝʣʘʷ ʘʧʨʦʙʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʵʢʦʥʦʤʠʷ ʨʝʩʫʨʩʦʚ. 

ʂʠʪʘʡʩʢʠʝ ʩʫʜʦʨʝʤʦʥʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʟʜʘʶʪ ʚʝʩʢʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʥʘ ʜʘʥʥʦʤ ʨʳʥʢʝ ʫʩ-

ʣʫʛ. ʇʨʠʯʠʥ ʥʝʩʢʦʣʴʢʦ ï ʮʝʥʦʚʘʷ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʧʦʣʠʪʠʢʘ, ʦʪʣʘʞʝʥʥʳʡ ʩʝʨʚʠʩ. ɺʩʝ ʵʪʠ ʘʩ-

ʧʝʢʪʳ ʧʦʟʠʪʠʚʥʦ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʩʧʨʦʩʝ ʜʘʥʥʦʛʦ ʩʧʝʢʪʨʘ ʫʩʣʫʛ ʫ ʩʫʜʦʚʣʘʜʝʣʴʮʝʚ. 

ɿʘ 2018ï2019 ʛʛ. ʚʳʜʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʪʝʥʪʦʚ ʚ ʩʬʝʨʝ ʨʝʤʦʥʪʘ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ. 

ʋʜʘʨʝʥʠʝ ʜʝʣʘʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʣʘʟʝʨʥʳʭ ʠ ʧʣʘʟʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʧʦ ʨʝʤʦʥʪʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʬʣʦʪʘ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʠʟʥʦʩʘ, ʧʦ ʙʦʨʴʙʝ ʩ ʢʦʨʨʦʟʠʡʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʨʞʘʚʯʠʥʦʡ, ʘ ʪʘʢʞʝ 

ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʝ ʜʝʪʘʣʝʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ï ʧʣʘʚʫʯʠʭ ʧʣʘʪʬʦʨʤʘʭ. ɹʦʣʴ-

ʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʥʳʤ ʩʦʩʪʘʚ-

ʣʷʶʱʠʤ ʠ ʤʘʥʠʧʫʣʷʪʦʨʘʤ[4]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʦʙʠʣʠʝ ʧʘʪʝʥʪʦʚ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʥʪʝʨʝʩʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. 

ɺʘʞʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʫʩʣʫʛ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʷʚʣʷʝʪʩʷ ʥʝ ʦʪʩʫʪʩʪʚʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʘ ʥʝʩʦʚʝʨʰʝʥʥʘʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʘʷ ʙʘʟʘ  

ʠ ʪʘʤʦʞʝʥʥʳʡ ʢʦʜʝʢʩ. ʀʤʝʥʥʦ ʧʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʩʫʜʦʨʝʤʦʥʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʪʝʨʷʶʪ ʢʦʥʢʫʨʝʥʪʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʂʠʪʘʝ. ʉʦʟʜʘʝʪ-

ʩʷ ʢʨʠʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʨʘʩʣʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʪʠʩʪʠʢʘ, ʧʨʦʠʩʭʦʜʠʪ ʩʦʢʨʘʱʝʥʠʝ ʟʘʢʘʟʦʚ 

ʝʞʝʛʦʜʥʦ. 

ʉʣʦʞʥʦʩʪʴ ʩʠʪʫʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʕʪʦ ʧʨʠʤʝʥʝʥʠʝ ʠ ʪʘʤʦʞʝʥʥʦʝ ʦʬʦʨʤʣʝʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʟʷʪʩʷ ʠʟ-ʟʘ ʛʨʘʥʠʮʳ ʜʣʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ, 

ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ ʟʘʢʘʟʯʠʢʦʚ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘ-

ʥʠʟʦʚʘʪʴ ʚʝʩʴ ʘʩʩʦʨʪʠʤʝʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʚ ʦʜʥʦʡ ʩʪʨʘʥʝ. 

ʇʨʦʙʣʝʤʳ ʚ ʦʬʦʨʤʣʝʥʠʠ ʧʨʠʚʝʟʝʥʥʳʭ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʫʧʣʘʪʘ ʅɼʉ ʜʝʣʘʶʪ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ 

ʩ ʨʦʩʩʠʡʩʢʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʥʝʚʳʛʦʜʥʳʤ ʜʣʷ ʟʘʢʘʟʯʠʢʦʚ. 
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The article provides official statistics on collisions of fishing vessels, as well as the causes and consequences 

of accidents. The analysis of safe navigation devices, preventing the vessel collisions is shown. Solutions to the 

described problems by developing modern ship management technologies based on an integrated control system 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʝ. ɺʦʟʨʘʩʪ ʨr -

ʙʦʣʦʚʝʮʢʠʭ ʩʫʜʦʚ ʬʣʦʪʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ: ʟʘ 20 ʣʝʪ ï 2 492 ʝʜʠʥʠʮ, ʦʪ 10 ʜʦ 20 ʣʝʪ ï 775 ʝʜʠ-

ʥʠʮ ʠ ʚʩʝʛʦ ʣʠʰʴ 160 ʩʫʜʦʚ ʤʣʘʜʰʝ 10 ʣʝʪ. 90% ʩʫʜʦʚ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʩʦʩʪʘʚʣʷʶʪ ʤʘ-

ʣʦʵʬʬʝʢʪʠʚʥʳʝ ʬʠʟʠʯʝʩʢʠ ʠʟʥʦʰʝʥʥʳʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʘʨʝʚʰʠʝ ʩʫʜʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʉʉʉʈ 

60ï80-ʭ ʛʦʜʘʭ, ʠʤʝʶʱʠʝ ʢʨʘʡʥʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʩʫʜʦʚ ʦʩʪʘʣʠʩʴ ʥʘ ʫʨʦʚʥʝ ʧʦʩʣʝʜʥʝʡ ʯʝʪʚʝʨʪʠ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʈʳʙʦʧʨʦʤʳʩʣʦ-

ʚʳʡ ʬʣʦʪ ʈʦʩʩʠʠ çʚʳʤʠʨʘʝʪè (ʨʠʩ. 1). ɺ ʩʚʷʟʠ ʩ ʧʣʘʯʝʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦ-

ʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʩʝ ʯʘʱʝ ʠ ʯʘʱʝ 

ʚʦʟʥʠʢʘʶʪ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʤʦʨʝ. 

 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʳ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʳʙʦʣʦʚʝʮʢʠʭ ʩʫʜʦʚ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ 
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ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʈʦʩʪʨʘʥʩʥʘʜʟʦʨʘ ʧʦʷʚʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠ- 

ʯʝʥʠʶ ʘʚʘʨʠʡ ʚ ʤʦʨʝ, ʠʟ ʥʠʭ ʩʪʦʣʢʥʦʚʝʥʠʝ ʩʫʜʦʚ ʠ ʧʦʩʘʜʢʘ ʥʘ ʤʝʣʴ ï ʩʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

(ʨʠʩ. 2). 

  

ʈʠʩ. 2. ʉʪʦʣʢʥʦʚʝʥʠʝ ʩʫʜʦʚ ʠ ʧʦʩʘʜʢʘ ʥʘ ʤʝʣʴ 

ʅʘ ʩʣʘʡʜʝ ʧʨʠʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʢʦʨʘʙʣʝʢʨʫʰʝʥʠʡ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ 

(ʨʠʩ. 3): 

ï 2010 ʛ. ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 110 ʘʚʘʨʠʡʥʳʭ ʩʣʫʯʘʝʚ, 38 ʯʝʣʦʚʝʢ ʧʦʛʠʙʣʠ; 

ï 2011 ʛ. ï 86 ʘʚʘʨʠʡʥʳʭ ʩʣʫʯʘʝʚ, ʷʨʢʠʡ ʧʨʠʤʝʨ ʩʫʜʥʦ çɸʤʝʪʠʩʪè, ʢʦʪʦʨʦʝ ʦʢʘʟʘʣʦʩʴ ʥʝ ʪʘʤ, 

ʛʜʝ ʥʫʞʥʦ, ʥʝ ʚ ʪʦ ʚʨʝʤʷ, ʧʦʛʠʙ 51 ʯʝʣʦʚʝʢ, 23 ʠʟ ʥʠʭ ʙʳʣʠ ʯʣʝʥʘʤʠ ʵʢʠʧʘʞʘ; 

ï 2012 ʛ. ï 85 ʘʚʘʨʠʡʥʳʭ ʩʣʫʯʘʝʚ, 16 ʯʝʣʦʚʝʢ ʧʦʛʠʙʣʠ, 16 ʧʨʦʧʘʣʠ ʙʝʟ ʚʝʩʪʠ; 

ï 2013 ʛ. ï 37 ʘʚʘʨʠʡʥʳʭ ʩʣʫʯʘʝʚ, 32 ʯʝʣʦʚʝʢʘ ʧʦʛʠʙʣʠ; 

ï 2014 ʛ. ï 77 ʘʚʘʨʠʡʥʳʭ ʩʣʫʯʘʝʚ; 

ï 2016 ʛ. ï 82 ʘʚʘʨʠʡʥʳʭ ʩʣʫʯʘʷ; 

ï 2017 ʛ. ï 95 ʘʚʘʨʠʡʥʳʭ ʩʣʫʯʘʝʚ, 25 ʯʝʣʦʚʝʢ ʧʦʛʠʙʣʠ. 

 

ʈʠʩ. 3. ʉʪʘʪʠʩʪʠʢʘ ʢʦʨʘʙʣʝʢʨʫʰʝʥʠʡ 

ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʢʦʨʘʙʣʝʢʨʫʰʝʥʠʡ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ: 

çʇʝʪʨʦʟʘʚʦʜʩʢè ï ʤʦʨʩʢʦʝ ʩʫʜʥʦ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʨʝʬʨʠʞʝʨʘʪʦʨ. ʇʦʩʪʨʦʝʥ ʚ ɼʘʥʠʠ ʚ 1980 ʛ. 

ʢʘʢ çɿʘʧʦʣʷʨʴʝè. 11 ʤʘʷ 2009 ʛ. ʩʝʣ ʥʘ ʤʝʣʴ ʫ ʦ. ʄʝʜʚʝʞʠʡ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ. ʕʢʠʧʘʞ ʩʧʘʩʝʥ. 

7 ʬʝʚʨʘʣʷ 2012 ʛ. ʧʨʦʠʟʦʰʣʦ ʝʱʝ ʦʜʥʦ ʏʇ ʥʘ ʤʦʨʝ: ʩʫʭʦʛʨʫʟ çʊʘʥʷ ʂʘʨʧʠʥʩʢʘʷè ʠʟ ɺʣʘʜʠ-

ʚʦʩʪʦʢʘ ʟʘʪʦʥʫʣ ʫ ʧʦʙʝʨʝʞʴʷ ʷʧʦʥʩʢʦʡ ʧʨʝʬʝʢʪʫʨʳ ʅʠʠʛʘʪʘ, ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʩʫʭʦʛʨʫʟʦʤ 

çʂʦʪʘ ɼʫʪʘè, ʬʣʘʛ ʉʠʥʛʘʧʫʨʘ. 17 ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʨʦʩʩʠʡʩʢʦʛʦ ʩʫʜʥʘ ʜʦʩʪʘʚʠʣʠ ʥʘ ʙʝʨʝʛ ʠ ʨʘʩʩʝ-

ʣʠʣʠ ʚ ʛʦʩʪʠʥʠʮʝ. ʂʘʧʠʪʘʥʳ ʦʙʦʠʭ ʩʫʜʦʚ ʦʰʪʨʘʬʦʚʘʥʳ ʟʘ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʩʫʜʦʭʦʜʩʪʚʘ. ʇʦʟ-

ʞʝ ʩʫʜʥʦ ʧʦʜʥʷʣʠ ʩʦ ʜʥʘ [1]. 

ʉʘʤʘʷ ʧʝʨʚʘʷ ʢʨʫʧʥʘʷ ʘʚʘʨʠʷ ʧʨʦʠʟʦʰʣʘ 4 ʷʥʚʘʨʷ 2013 ʛ. ʅʝʜʘʣʝʢʦ ʦʪ ʖʞʥʳʭ ʂʫʨʠʣ 

ʥʘ ʨʝʬʨʠʞʝʨʘʪʦʨ çʀʨʠʥʘè ʦʙʨʫʰʠʣʩʷ ʩʠʣʴʥʳʡ ʰʪʦʨʤ, ʧʨʠʰʝʜʰʠʡ ʠʟ ɺʣʘʜʠʚʦʩʪʦʢʘ. ɺ 13 ʤʠʣʷʭ 

ʦʪ ʦ. ʂʫʥʘʰʠʨ ʩʫʜʥʦ ʢʦʩʥʫʣʦʩʴ ʛʨʝʙʥʳʤ ʚʠʥʪʦʤ ʛʨʫʥʪʘ, ʚ ʤʘʰʠʥʥʦ-ʢʦʪʝʣʴʥʦʤ ʦʪʜʝʣʝʥʠʠ ʦʪ-

ʢʨʳʣʘʩʴ ʧʨʦʙʦʠʥʘ, ʠ ʥʘʯʘʣʘ ʧʦʩʪʫʧʘʪʴ ʚʦʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚʳʰʝʣ 

http://primamedia.ru/news/primorye/06.03.2012/194510/yaponskie-vlasti-otpustili-kapitana-zatonuvshego-v-portu-niigati-sudna-quot-tany.html
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ʠʟ ʩʪʨʦʷ. ʉʫʜʥʦ ʜʦʩʪʠʛʘʣʦ ʢʨʝʥʘ ʦʪ ʪʨʝʭ ʜʦ ʜʝʩʷʪʠ ʛʨʘʜʫʩʦʚ. ʂʘʧʠʪʘʥ ʨʝʬʨʠʞʝʨʘʪʦʨʘ ʧʨʠʥʷʣ 

ʨʝʰʝʥʠʝ ʵʚʘʢʫʠʨʦʚʘʪʴ ʵʢʠʧʘʞ ʚ ʩʦʩʪʘʚʝ 19 ʯʝʣʦʚʝʢ. ʄʦʨʷʢʦʚ ʧʨʠʥʷʣ ʥʘ ʙʦʨʪ ʪʝʧʣʦʭʦʜ çʊʘʪʘʨ-

ʩʪʘʥè, ʦʩʪʘʚʠʚ ʩʫʜʥʦ ʚ ʜʨʝʡʬʝ ʙʝʟ ʵʢʠʧʘʞʘ, ʧʦʜʚʝʨʛʘʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʊʠʭʠʡ ʦʢʝʘʥ.  

ʅʘ çʀʨʠʥʝè ʥʘʭʦʜʠʣʦʩʴ 560 ʪ ʨʳʙʳ, 105 ʪ ʤʘʟʫʪʘ, 40 ʪ ʪʦʧʣʠʚʘ, ʜʦ 6 ʪ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ. ʉʧʘʩʘ-

ʪʝʣʴʥʳʤ ʩʫʜʘʤ ʫʜʘʣʦʩʴ ʚʟʷʪʴ çʀʨʠʥʫè ʥʘ ʙʫʢʩʠʨ 9 ʷʥʚʘʨʷ. 

ʕʢʦʣʦʛʠ ʚʟʜʨʦʛʥʫʣʠ 15 ʬʝʚʨʘʣʷ 2013 ʛ., ʢʦʛʜʘ ʪʘʥʢʝʨ çʂʘʨʘʢʫʤʥʝʬʪʴè ʩʝʣ ʥʘ ʤʝʣʴ ʚ 80 ʤ 

ʦʪ ʙʝʨʝʛʘ ʀʪʫʨʫʧʘ. ʅʘ ʝʛʦ ʙʦʨʪʫ ʦʢʦʣʦ 1 ʪʳʩ. ʪ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɽʱʝ ʧʨʠʤʝʨʥʦ 300 ʪ ʨʘʟʣʠ-

ʣʦʩʴ ʚ ʤʦʨʝ. ʄʝʩʪʥʳʝ ʞʠʪʝʣʠ ʛʦʚʦʨʷʪ ʦ ʙʦʣʴʰʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʫʱʝʨʙʝ ï ʚ ʘʢʚʘʪʦʨʠʠ ʂʫʨʠʣʴ-

ʩʢʦʛʦ ʟʘʣʠʚʘ ʫ ʧʦʙʝʨʝʞʴʷ ʀʪʫʨʫʧʘ ʥʘʙʣʶʜʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʣʷʥʦʡ ʧʣʝʥʢʠ, 

ʩʠʣʴʥʳʡ ʟʘʧʘʭ ʩʦʣʷʨʘ, ʰʫʛʘ ʚ ʤʦʨʝ, ʙʝʨʝʛ ʠ ʧʣʦʱʘʜʠ ʚʳʰʝ ʧʦʢʨʳʪʳ ʩʣʦʝʤ ʵʤʫʣʴʩʠʠ ʞʝʣʪʦʛʦ 

ʮʚʝʪʘ. ʉʫʜʥʦ ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʤʧʘʥʠʠ ʠʟ ɺʣʘʜʠʚʦʩʪʦʢʘ, ʢʦʪʦʨʘʷ ʪʝʧʝʨʴ ʧʨʦʩʯʠʪʳʚʘʝʪ ʨʝʥʪʘʙʝʣʴ-

ʥʦʩʪʴ ʩʧʘʩʘʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʠ [2]. 

ʆʭʦʪʩʢʦʝ ʤʦʨʝ ʧʨʦʜʦʣʞʘʝʪ ʩʣʳʪʴ ʤʝʩʪʦʤ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʳʤ ʜʣʷ ʤʦʨʷʢʦʚ. ʉʫʜʥʦ çɺʝʩʪè ʧʝ-

ʨʝʚʝʨʥʫʣʦʩʴ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ ʚʝʯʝʨʦʤ 23 ʩʝʥʪʷʙʨʷ 2013 ʛ. ɺʩʝʛʦ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ ʥʘʭʦʜʠʣʠʩʴ 

10 ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ. ɺʦʩʴʤʝʨʳʭ ʩʧʘʩʣʠ, ʜʚʦʝ ʩʯʠʪʘʶʪʩʷ ʧʨʦʧʘʚʰʠʤʠ ʙʝʟ ʚʝʩʪʠ. ʇʦ ʬʘʢʪʫ ʟʘʪʦʧ-

ʣʝʥʠʷ ʩʫʜʥʘ ʚʦʟʙʫʞʜʝʥʦ ʫʛʦʣʦʚʥʦʝ ʜʝʣʦ. 

ʂʨʫʰʝʥʠʝ ʘʚʪʦʥʦʤʥʦʛʦ ʪʨʘʫʣʝʨʘ çɼʘʣʴʥʠʡ ɺʦʩʪʦʢè ï ʤʦʨʩʢʘʷ ʢʘʪʘʩʪʨʦʬʘ, ʧʨʦʠʟʦʰʝʜʰʘʷ 

2 ʘʧʨʝʣʷ 2015 ʛ. ʦʢʦʣʦ 4:12 ʧʦ ʩʘʭʘʣʠʥʩʢʦʤʫ ʚʨʝʤʝʥʠ (1 ʘʧʨʝʣʷ ʚ 21:12 ʧʦ ʤʦʩʢʦʚʩʢʦʤʫ ʚʨʝʤʝʥʠ, 

18:12 ʧʦ ʚʩʝʤʠʨʥʦʤʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʚʨʝʤʝʥʠ) ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ, ʚ 150 ʤʠʣʷʭ ʶʞʥʝʝ ʄʘʛʘ-

ʜʘʥʘ, ʢʨʫʰʝʥʠʝ ʧʨʠʚʝʣʦ ʢ ʛʠʙʝʣʠ 62 ʯʝʣʦʚʝʢ. 63 ʩʧʘʩʝʥʥʳʭ ʯʝʣʦʚʝʢʘ ʧʦʣʫʯʠʣʠ ʨʘʟʥʳʝ ʩʪʝʧʝʥʠ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʦʨʛʘʥʠʟʤʘ. 

ʀ ʵʪʦ ʪʦʣʴʢʦ ʯʘʩʪʴ ʜʘʥʥʳʭ ʧʨʦʠʟʦʰʝʜʰʠʭ ʢʘʪʘʩʪʨʦʬ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʯʠʩʣʦ 

ʢʦʨʘʙʣʝʢʨʫʰʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ. ʇʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʈʦʩʨʳʙʦʣʦʚʩʪʚʘ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʘʚʘʨʠʡ ʧʨʦʠʟʦʰʣʦ ʧʦ ʚʠʥʝ ʯʝʣʦʚʝʢʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʤʝʨ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʭ ʥʘ ʫʩʠʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʤʦʨʝʧʣʘʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ ʤʦʨʝ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʘʯʝʩʪʚʫ ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʢʦʥʚʝʥʮʠʦʥʥʳʤ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ 

ʚ ʤʦʨʩʢʠʭ ʚʫʟʘʭ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʢʫʨʩʘʥʪʦʚ ʤʦʨʩʢʠʭ ʚʫʟʦʚ ʨʘʟʨʘʙʦʪʘʥ ʠ ʧʦʩʪʦʷʥʥʦ ʘʢʪʫʘʣʠʟʠʨʫʝʪʩʷ ʨʷʜ ʜʦʢʫʤʝʥʪʦʚ, ʦʩʥʦʚʥʳʤ 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʚʝʥʮʠʷ ʇɼʅɺ (ʨʠʩ. 4). 

 

ʈʠʩ. 4. ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʧʦʜʛʦʪʦʚʢʫ ʤʦʨʷʢʦʚ 

ʅʦ ʧʨʦʙʣʝʤʘ ʦʯʝʥʴ ʤʥʦʛʦʛʨʘʥʥʘ, ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʝʝ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ 

ʥʝ ʯʝʨʝʟ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫʶ ʙʘʟʫ, ʘ ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʫʛʘʜʳ-

ʚʘʶʱʠʭ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʤʦʨʝ. 

ʂʦʣʠʯʝʩʪʚʦ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʚ ʤʠʨʝ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʪʝʪ, ʫʚʝʣʠʯʠʚʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʚ ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ. ɺ ʧʨʦʤʳʩʣʦʚʦʤ ʨʝʞʠʤʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʫʜʥʦ ʚʩʪʨʝʯʘʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʧʷʪʩʪʚʠʡ: ʧʣʦʭʘʷ ʧʦʛʦʜʘ, ʩʫʨʦʚʳʡ ʢʣʠʤʘʪ, ʰʪʦʨʤ, ʪʫʤʘʥ, ʥʦʯʴ, ʧʣʘʚʫʯʠʝ ʣʴʜʳ 

ʠ ʣʝʜʷʥʳʝ ʛʣʳʙʳ, ʤʝʣʠ, ʨʠʬʳ, ʜʨʝʡʬʫʶʱʠʝ ʩʫʜʘ ʙʝʟ ʵʢʠʧʘʞʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʊʘʢ, ʦʜʥʦʡ 

ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʚʘʨʠʡ ʷʚʣʷʝʪʩʷ ʩʪʦʣʢʥʦʚʝʥʠʝ ʩʫʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɺ ʨʝʟʫʣʴʪʘ-
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ʪʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘʪʦʧʣʝʥʠʝ ʠ ʧʦʚʨʝʞʜʝʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʪʩʝʢʦʚ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʛʠʙʝʣʴ ʩʫʜʥʘ ʠ ʝʛʦ ʵʢʠʧʘʞʘ. ʈʝʟʫʣʴʪʘʪ ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦ-

ʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʢʘʪʘʩʪʨʦʬʫ ʚ ʚʠʜʝ ʨʘʟʣʠʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʇʨʠ ʣʶʙʦʡ ʘʚʘʨʠʡʥʦʡ 

ʩʠʪʫʘʮʠʠ ʩʫʜʦʚʣʘʜʝʣʝʮ ʥʝʩʝʪ ʢʦʣʦʩʩʘʣʴʥʳʝ ʫʙʳʪʢʠ ʥʘ ʧʦʜʲʝʤ ʠ ʨʝʤʦʥʪ ʩʫʜʥʘ, ʣʠʢʚʠʜʘʮʠʶ ʟʘ-

ʛʨʷʟʥʝʥʠʡ ʠ ʚʳʧʣʘʪʳ ʰʪʨʘʬʦʚ. ʅʘʧʨʠʤʝʨ, ʥʘ ʟʘʢʫʧʢʫ ʥʦʚʦʛʦ ʙʦʣʴʰʦʛʦ ʪʨʘʫʣʝʨʘ ʩʫʜʦʚʣʘʜʝʣʝʮ 

ʜʦʣʞʝʥ ʙʫʜʝʪ ʟʘʪʨʘʪʠʪʴ ʦʢʦʣʦ ʧʷʪʠʜʝʩʷʪʠ ʤʠʣʣʠʦʥʦʚ ʝʚʨʦ. ʊʘʢʠʝ ʨʘʩʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʜʲ-

ʝʤʥʳʤʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʫʜʦʚʣʘʜʝʣʴʮʝʚ, ʠ ʚʩʝ, ʯʪʦ ʦʩʪʘʝʪʩʷ, ï ʪɻʦ ʧʦʢʫʧʢʘ ʙʦʣʝʝ ʜʝʰʝʚʦʛʦ ʫʩ-

ʪʘʨʝʚʰʝʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʩʫʜʥʘ. ʊʝʤ ʩʘʤʳʤ ʦʧʷʪʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʧʘʩʥʦʩʪʠ ʵʢʠʧʘʞ ʩʪʘʨʦʛʦ ʩʫʜʥʘ 

ʩ ʫʩʪʘʨʝʚʰʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʨʝʧʣʘʚʘʥʠʷ, ʠ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʪʦʯʥʳʝ ʩʠʩʪʝʤʳ ʩ ʥʝʡʨʦʩʝʪʝʚʳʤʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʫʧʨʝʜʠʪʴ, ʥʦ ʠ ʧʨʝʜʦʪʚʨʘ-

ʪʠʪʴ ʘʚʘʨʠʶ. 

ɼʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤ: 

ï ʩʠʩʪʝʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ: GPS, Galileo, ɻʃʆʅɸʉʉ, Beidou. ʉ ʚʳʩʦʢʦʡ ʪʦʯ-

ʥʦʩʪʴʶ GPS ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʣʝʞʝʥʠʝ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʪ 15 ʜʦ 50 ʤ, ʘ ʧʨʠ ʧʨʠʝʤʝ ʠ ʦʙʨʘʙʦʪʢʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʦʧʨʘʚʦʢ ʫʤʝʥʴʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʜʦ 10 ʤ. ʉʠʩʪʝʤʫ ʩʣʝʞʝʥʠʷ c ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʤʠ ʧʦʧʨʘʚʢʘʤʠ ʠʩʧʦʣʴʟʫʶʪ ʚʙʣʠʟʠ ʙʝʨʝʛʘ; 

ï ʩʠʩʪʝʤʘ ɸʀʉ ʛʝʥʝʨʠʨʫʝʪ ʚʦʢʨʫʛ ʧʘʨʦʭʦʜʘ ʧʦʣʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʫʨʩʝ ʠ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ, 

ʝʛʦ ʪʠʧʝ, ʦ ʛʨʫʟʝ, ʤʝʩʪʝ ʠ ʚʨʝʤʝʥʠ ʧʨʠʙʳʪʠʷ ʩʫʜʥʘ ʠ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩʫʜʥʘ; 

ï ʩʫʜʦʚʳʝ ʈʃʉ ʠ ʉɸʈʇ. ʀʥʬʦʨʤʘʮʠʶ ʦʪ ʈʃʉ ʠ ʉɸʈʇ ʩʫʜʦʚʦʜʠʪʝʣʴ ʤʦʞʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʝʩʪʴ ʚʨʝʤʷ ʜʣʷ ʧʨʠ-

ʥʷʪʠʷ ʨʝʰʝʥʠʷ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʩ ʦʧʘʩʥʳʤʠ ʮʝʣʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʩʦʚʤʝʩʪʥʦ ʩ ʩʫʜʦʚʳʤʠ 

ʩʣʝʜʷʱʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʦʟʚʦʣʠʪ ʩʦʙʠʨʘʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʚʳʙʠʨʘʪʴ ʢʫʨʩ, ʩʢʦʨʦʩʪʴ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʯʝʨʝʟ 

ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ. 

ʊʝʤ ʩʘʤʳʤ ʙʫʜʝʪ ʫʩʪʨʘʥʝʥʘ ʯʝʣʦʚʝʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʨʠ ʨʘʩʭʦʞʜʝʥʠʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʫʜʦʚ ʧʨʠ ʠʭ ʧʣʦʪʥʦʤ ʜʚʠʞʝʥʠʠ ʚ ʩʠʩʪʝʤʘʭ ʨʘʟʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʚ ʫʟʢʦʩʪʷʭ ʠ ʥʘ ʧʦʜʭʦʜʘʭ 

ʢ ʧʦʨʪʫ ʠʣʠ ʚʳʭʦʜʝ ʠʟ ʧʦʨʪʘ, ʠ ʫʚʝʣʠʯʠʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʨʝʧʣʘʚʘʥʠʷ ʣʶʙʦʛʦ ʩʫʜʥʘ. 
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FEATURES OF THE PROCESS OF PREPARATION  

OF HIGH -DISPERSION TALC POWDERS 

 
This article discusses the features of the preparation of highly dispersed talcum powder. The dependence 

of the humidity of the upper limit of plasticity, the maximum swelling humidity and the capacity of the calcite 

talcite exchange cations on the duration of dry grinding are considered.  
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ʅʘ ʩʫʜʦʨʝʤʦʥʪʥʦʤ ʟʘʚʦʜʝ çɹʠʙʠ-ɽʡʙʘʪè ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʃʂʄ ʧʨʠʤʝʥʷʣʠ ʧʨʠʨʦʜ-

ʥʳʡ ʤʝʣ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʣ ʚʥʝʰʥʠʡ ʚʠʜ ʧʦʢʨʳʪʠʷ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʣ ʘʪʤʦʩʬʝʨʦʩʪʦʡ-

ʢʦʩʪʴ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʘʩʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ ʟʘʚʦʜʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʪʘʣʴʢ ï ʦʩʥʦʚʥʦʡ 

ʙʝʣʳʡ ʧʠʛʤʝʥʪ ʚ ʣʘʢʦʢʨʘʩʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʮʚʝʪʥʳʭ ʧʠʛʤʝʥʪʦʚ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ: ʞʝʣʝʟʦʦʢʠʩʥʳʝ ʧʠʛʤʝʥʪʳ, ʩʚʠʥʮʦʚʳʝ, ʮʠʥʢʦʚʳʝ, ʤʦʣʠʙʜʘʪʥʳʝ ʢʨʦʥʘ, ʩʘʞʘ, ʦʢʠʩʴ ʭʨʦʤʘ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʵʤʘʣʴ ʇʌ-115 ʚʩʝʚʦʟʤʦʞʥʳʭ ʮʚʝʪʦʚ ʠ ʦʪʪʝʥʢʦʚ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʘʣʴʢ ï ʩʣʦʠʩʪʳʡ ʩʠʣʠʢʘʪ, ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʠʤʝʝʪ ʚʝʩʴʤʘ 

ʩʦʚʝʨʰʝʥʥʫʶ ʩʧʘʡʥʦʩʪʴ, ʷʚʣʷʷʩʴ ʤʷʛʢʠʤ ʨʘʩʩʳʧʯʘʪʳʤ ʤʠʥʝʨʘʣʦʤ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʨʚʘʥʳʭ 

ʩʣʦʠʩʪʳʭ ʯʘʩʪʠʮ, ʩ ʯʝʰʫʡʯʘʪʳʤ ʛʘʙʠʪʫʩʦʤ. 

ʗʚʣʷʷʩʴ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʤ ʠ ʛʠʜʨʦʬʦʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʫʩʪʦʡʯʠʚʳʤ ʢ ʙʦʣʴʰʠʥʩʪʚʫ ʢʠʩʣʦʪ 

ʠ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʪʘʣʴʢ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʭ ʧʦʢʨʳʪʠʡ [1]. 

ʇʦʚʳʰʝʥʠʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʪʘʣʴʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʫʪʝʤ ʧʦʤʦʣʘ ʧʦʨʦʰʢʦʚ 

ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʣʴʥʠʮʘʭ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ. 

ʄʠʥʝʨʘʣʳ ʪʘʣʴʢʘ ʦʪʥʦʩʷʪʩʷ ʢ ʜʠʩʧʝʨʩʥʳʤ ʚʦʜʥʳʤ ʤʘʛʥʝʟʠʪʘʤ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʟʠʩʦʚ ʤʠʥʝʨʘʣʦʚ ʪʘʣʴʢʘ ʘʢʪʠʚʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʜʩʦʨʙʮʠʠ  

ʢʘʪʠʦʥʦʚ ʠ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʇʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʥʘ ʙʘʟʠʩʘʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʢʦʣʠʯʝʩʪʚʦʤ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ ʥʘ ʩʢʦʣʘʭ, ʫʛʣʘʭ 

ʠ ʨʝʙʨʘʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɺ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʪʘʣʴʢʘ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ʩʠʣʘʤ ʨʘʩʢʣʠʥʠʚʘʥʠʷ ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʠʝ ʚ ʩʢʦʨʦʩʪʷʭ ʠʟʤʝʥʝʥʠʷ ʩʠʣ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩ-

ʪʠʮ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʙʳʩʪʨʝʝ ʫʙʳʚʘʶʪ, ʯʝʤ 

ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ. 

ʊʦʛʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʚ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦ-

ʩʪʠ, ʚʳʨʘʞʘʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʩʠʣ ʧʨʠʪʷʞʝʥʠʷ ʠ ʦʪʪʘʣʢʠʚʘʥʠʷ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩ-

ʪʠʮ, ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʧʨʠʪʷʞʝʥʠʝ) ʤʝʥʴʰʝ, ʯʝʤ ʚʦ ʚʪʦʨʦʤ. 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʞʘʪʠʷ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʪʘʣʴ-

ʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʧʳʪʳ ʩ ʩʫʩʧʝʥʟʠʷʤʠ ʧʦ ʥʘʙʫʭʘʥʠʶ ʪʘʣʴʢʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʪʨʝʙʫʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ ʚʥʝʰʥʝʛʦ ʫʩʠʣʠʷ ʜʣʷ ʜʠʩʧʝʨʛʘʮʠʠ. ɿʘʤʘʯʠ-

ʚʘʥʠʷ ʯʘʩʪʠʮ ʪʘʣʴʢʘ ʩ ʚʦʜʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʨʘʩʪʠʨʘʥʠʷ ʩ ʜʦʙʘʚʢʘʤʠ 

ʜʠʩʧʝʨʛʘʪʦʨʘ. 

ʈʝʥʪʛʝʥʦʚʩʢʠʤ ʘʥʘʣʠʟʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʪʘʣʴʢʘ ʤʦʛʫʪ ʫʚʝʣʠ-

ʯʠʚʘʪʴ ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʨʝʰʝʪʢʠ ʟʘ ʩʯʝʪ ʚʚʦʜʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʥʝʢʦʪʦʨʳʭ ʪʘʣʴʢʠʪʘʭ ʙʘʟʠʩʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʦʪʦʡʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʘʪʘʮʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ 19ʆ
ɸ
. ʆʜʥʘʢʦ ʥʘ ʥʘʨʫʞʥʦʡ ʙʘʟʠʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʬʦʨʤʠ-

ʨʦʚʘʪʴʩʷ ʙʦʣʝʝ ʤʦʱʥʳʡ ʛʠʜʨʘʪʥʦ-ʠʦʥʥʳʡ ʜʠʬʬʫʟʥʳʡ ʩʣʦʡ ʟʘ ʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ 

ʠ ʥʘʙʫʭʘʥʠʷ. ɺʩʷʢʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʘʛʨʝʛʘʪʦʚ ʪʘʣʴʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʥʘ-

ʨʫʞʥʦʡ ʙʘʟʠʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʘʣʴ-

ʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʠʩʧʝʨʛʘʮʠʠ [2]. 

ʇʨʦʮʝʩʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʠʩʧʝʨʛʘʮʠʠ ʤʠʢʨʦʪʘʣʴʢʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʰʘʨʦʚʦʡ ʵʢʩʮʝʥʪʨʠʢʦʚʦʡ 

ʤʝʣʴʥʠʮʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʪʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʤʝʣʴʥʠʮʳ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʥʘʥʦʧʦʨʦʰʦʢ ʩ ʚʳʩʦʢʠʤ ʨʘʩʩʣʦʝʥʠʝʤ ʘʛʨʝʛʘʪʦʚ ʧʦ ʧʣʦʩʢʦʩʪʠ 

ʠʭ ʩʧʘʡʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʵʬʬʝʢʪʠʚʥʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʥʘʙʫʭʘʥʠʝ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ. ɺʨʝʤʷ ʜʠʩʧʝʨʛʘ-

ʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮ. ʆʜ-

ʥʘʢʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʪʘʣʴʢʠʪʦʚ ʪʨʝʙʫʝʪʩʷ ʤʝʥʝʝ ʜʣʠʪʝʣʴʥʦʝ ʨʘʩʪʠʨʘ-

ʥʠʝ, ʯʝʤ ʜʣʷ ʢʘʣʴʮʠʪʦʚ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʤʦʣʘ ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩ. 1) ʫʚʝʣʠʯʝʥʠʝ ʧʣʘ-

ʩʪʠʯʥʦʩʪʠ, ʝʤʢʦʩʪʠ ʦʙʤʝʥʘ ʠ ʥʘʙʫʭʘʥʠʝ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʫʢʘʟʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʥʘʯʠʥʘʶʪ ʩʥʠʞʘʪʴʩʷ. ʇʦʩʣʝ 8ï10 ʯ ʩʫʭʦʛʦ ʧʦʤʦʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʯʘʩʪʠʮ ʪʘʣʴʢʠʪʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 330 ʤ
2
/ʛ. 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʣʘʞʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʙʫʭʘʥʠʷ (1) ʠ ʝʤʢʦʩʪʠ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ (2)  

ʢʘʣʴʮʠʪʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʭʦʛʦ ʧʦʤʦʣʘ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʩʫ-

ʭʦʛʦ ʧʦʤʦʣʘ. ʈʘʮʠʦʥʘʣʴʥʳʡ ʨʝʞʠʤ ʧʦʤʦʣʘ ʚ ʤʝʣʴʥʠʮʘʭ ʜʦʣʞʝʥ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʧʨʦʷʚʣʝʥʠʶ ʧʣʘʩʪʠʯʥʳʭ ʩʚʦʡʩʪʚ ʯʘʩʪʠʮ ʪʘʣʴʢʠʪʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʣʷʨʥʳʤʠ ʜʠʩʧʝʨʩʠ-

ʦʥʥʳʤʠ ʩʨʝʜʘʤʠ [3]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʫʭʦʛʦ ʧʦʤʦʣʘ 

ʪʘʣʴʢʠʪʦʚ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʜʦʣʞʝʥ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: ʨʘʟʨʫʰʝʥʠʷ ʤʠʢʨʦʘʛ-
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ʨʝʛʘʪʦʚ ʪʘʣʴʢʠʪʘ ʧʦ ʧʣʦʩʢʦʩʪʠ ʩʧʘʡʥʦʩʪʠ, ʪ. ʝ. ʨʘʩʩʣʦʝʥʠʷ ʘʛʨʝʛʘʪʦʚ ʥʘ ʪʦʥʢʠʝ ʧʘʢʝʪʳ, 

ʠ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʨʘʟʣʘʤʳʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʙʘʟʘʣʴʥʳʤ ʧʣʦʩʢʦʩʪʷʤ, ʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʩʢʦʣʳ ʢʨʠʩʪʘʣʣʦʚ 

(ʨʠʩ. 1 ʠ 2). 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʣʘʞʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ (1), ʚʣʘʞʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʙʫʭʘʥʠʷ (2)  

ʠ ʝʤʢʦʩʪʠ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ (3) ʪʘʣʴʢʠʪʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʭʦʛʦ ʧʦʤʦʣʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʣʴ-

ʢʠʪʦʚ ʚ ʩʦʩʪʘʚʘʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʦʨʦʰʢʦʚʦʝ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦ-

ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʪʘʣʴʢʠʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʧʦʤʦʣʘ 

ʚ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ. ʇʨʠ ʵʪʦʤ ʥʘʠʣʫʯʰʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

ʚ ʤʝʣʴʥʠʮʘʭ ʚ ʠʥʪʝʨʚʘʣʝ 70ï80%. ʆʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʧʦʤʦʣʘ ʪʘʣʴʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʦʨʦʰʢʦʚ, ʚʳʩʦʢʫʶ ʦʙʤʝʥʥʫʶ ʝʤʢʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ. ɼʣʷ ʤʝʩʪʥʦʛʦ ʪʘʣʴʢʘ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʭʦʛʦ ʧʦʤʦʣʘ ʩʦʩʪʘʚʠʣʘ 8ï10 ʯʘʩʦʚ. ɺʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʙʫʭʘʥʠʷ ʠ ʝʤʢʦʩʪʠ ʦʙʤʝʥʘ ʢʘʪʠʦʥʦʚ, ʘ ʧʨʠ ʚʳʩʳʭʘ-

ʥʠʠ ʥʘʠʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ ʠ ʤʘʣʦʡ ʫʩʘʜʢʦʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ. 
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ʯʝʩʢʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ / ɺ.ɺ. ʈʳʙʘʣʴʯʝʥʢʦ, ʖ.ɻ. ʊʨʠʬʦʥʦʚ,  

ɸ.ʖ. ʆʤʘʨʦʚ // ʊʨʫʜʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘ-

ʩʪʠʝʤ, ʧʦʩʚʷʱʝʥʥʦʡ 30-ʣʝʪʠʶ ʦʪʢʨʳʪʠʷ ʥʘʥʦʘʣʤʘʟʦʚ. ï ʂʨʘʩʥʦʷʨʩʢ, 2012. ï ʉ. 114ï115. 
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ʤʦʚ, ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ. ʅʘʜʝʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʤʝʨʦʧʨʠʷʪʠʡ, 
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ʞʘʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʵʪʦʡ 
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IMPLE MENTATION OF INTEGRATED PROTECTION  

OF SHIP ASYNCHRONOUS ELECTRIC DRIVES  
 

Asynchronous electric motor today is the main drive of ship mechanisms, systems and devices. Reliability 

and efficiency of its work is ensured by a system of measures, where along with constructive solutions, 

an important place is given to maintenance and maintenance of the operational characteristics of electric drives 

during operation. An important element in this system is the protection of the drive from various emergency con-

ditions. However, a variety of operating modes and features of the operating conditions of an asynchronous elec-

tric drive do not allowto provide effective protection of the electric driveby traditional means. This requires  

the development of fundamentally new approaches to solving this problem and the introduction of integrated pro-

tection of marine electric drives. 

 

Key words: asynchronous electric motor, electric drive, electric protection, thermal protection, thermal relay, 

short circuit, acoustic protection. 

 

 

ʋʨʦʚʝʥʴ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʜʦʚ ʥʝʠʟʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʠ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʧʨʦʜʦʣʞʘʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. ɸʩʠʥʭʨʦʥʥʳʡ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʦʙʱʝʩʫʜʦʚʳʭ 

ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ ʠ ʩʫʜʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʆʢʦʣʦ 70% ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʥʘ ʩʫʜʥʝ, ʧʦʪʨʝʙʣʷʝʪʩʷ ʘʩʠʥʭʨʦʥʥʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ. ʆʪ ʥʘʜʝʞʥʦ-

ʩʪʠ ʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʨʘʙʦʪʳ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʦ ʠ ʢʦʣʠʯʝʩʪ-

ʚʦ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ, ʥʦ ʠ ʩʦʟʜʘʥʠʝ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʦʙʠʪʘʝʤʦʩʪʠ ʵʢʠʧʘʞʘ, ʧʨʠʜʘʥʠʝ ʩʫʜʥʫ ʚʘʞʥʳʭ ʤʦ-

ʨʝʭʦʜʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʪ. ʯ. ʦʙʝʩʧʝʯʝʥʠ ̫ʞʠʚʫʯʝʩʪʠ ʩʫʜʥʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ [1, 2]. 
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ɺʥʝʟʘʧʥʳʡ ʦʪʢʘʟ ʠ ʫʪʨʘʪʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʥʘ, ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ. ʇʨʠʯʠʥʳ ʦʪʢʘʟʦʚ 

(ʠʥʠʮʠʠʨʫʶʱʠʝ ʩʦʙʳʪʠʷ) ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [3ï5]. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʦʪʢʘʟʦʚ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

ï ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʰʠʙʢʘʤʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ,  

ʥʘʨʫʰʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʢʠ, ʚʥʫʪʨʝʥʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʘʢ-

ʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï ʨʝʤʦʥʪʥʦ-ʩʝʨʚʠʩʥʳʝ ʧʨʠʯʠʥʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠʟʥʘʰʠʚʘʥʠʷ, ʩʪʘʨʝʥʠʷ 

ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʘʟʨʫʰʝʥʠʷʤʠ ʜʝʪʘʣʝʡ 

ʠ ʫʟʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʨʠʯʠʥʳ, ʚʳʟʚʘʥʥʳʝ ʥʘʨʫʰʝʥʠʝʤ ʧʨʘʚʠʣ ʠ ʥʦʨʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʝʚr-

ʰʝʥʠʝʤ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʥʠʞʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʠʟʦʣʷʮʠʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ. 

ʉʣʘʙʦʬʦʨʤʘʣʠʟʫʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʢʘʞʜʦʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ çʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨè, ʩʚʷʟʘʥʥʳʡ ʩ ʫʨʦʚʥʝʤ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʝʛʦ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʤʦʮʠʦ-

ʥʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʩʪʝʧʝʥʴʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʤʦʪʠʚʠʨʦʚʘʥʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʝʟʦʰʠ-

ʙʦʯʥʦ ʚʳʧʦʣʥʷʪʴ ʢʦʥʪʨʦʣʴʥʳʝ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʬʫʥʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ [6]. 

ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʩɹʷ ʥʝ ʩʨʘʟʫ, ʘ ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ, ʯʘʱʝ ʚʩʝʛʦ, ʧʨʝ-

ʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʠʥʠʮʠʠʨʫʶʱʠʭ ʩʦʙʳʪʠʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʚʘʨʠʡ-

ʥʦʛʦ ʦʪʢʘʟʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʫʢʘʟʘʥʥʳʝ ʠʥʠʮʠʠʨʫʶʱʠʝ ʩʦʙʳʪʠʷ ʠʤʝʶʪ ʦʙʱʫʶ ʧʨʠʨʦʜʫ ʠ ʦʙʨʘʟʫʶʪ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʮʝʧʦʯʢʠ, ʧʨʠʚʦʜʷʱʠʝ ʚ ʠʪʦʛʝ ʢ ʩʝʨʴʝʟʥʳʤ ʘʚʘʨʠʷʤ ʩ ʥʝʦʙʨʘʪʠʤʳʤʠ ʧʦʩʣʝʜʩʪ-

ʚʠʷʤʠ [7]. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʘʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʟʦʣʠʨʦʚʘʪʴ ʠʥʠʮʠʠʨʫʶʱʠʝ ʩʦʙʳʪʠʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠʣʠ ʨʘʟʦʨʚʘʪʴ ʦʙʱʫʶ ʮʝʧʦʯʢʫ ʠʥʠʮʠʠʨʫʶʱʠʭ ʩʦʙʳʪʠʡ, ʚ ʪ. ʯ. ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ çʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘè. ʀʤʝʥʥʦ ʵʪʫ ʬʫʥʢʮʠʶ ʚ ʩʠʩʪʝʤʝ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʳ-

ʧʦʣʥʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʟʘʱʠʪʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʜʦʚʳʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʠʤʝʶʪ ʨʷʜ ʪʠʧʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʱʠʪ 

ʠ ʙʣʦʢʠʨʦʚʦʢ, ʩʪʨʦʷʱʠʭʩʷ ʥʘ ʙʘʟʝ ʪʝʧʣʦʚʳʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʨʝʣʝ: 

ï ʟʘʱʠʪʘ ʦʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ; 

ï ʟʘʱʠʪʘ ʦʪ ʧʝʨʝʛʨʫʟʢʠ (ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ); 

ï ʟʘʱʠʪʘ ʦʪ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʙʨʳʚʘ ʬʘʟʳ; 

ï ʥʫʣʝʚʘʷ ʟʘʱʠʪʘ; 

ï ʛʨʫʟʦʚʘʷ ʟʘʱʠʪʘ ʠ ʪ. ʜ. 

ʋʢʘʟʘʥʥʳʝ ʚʠʜʳ ʟʘʱʠʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʘʚʘʨʠʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʥʝ ʦʪʩʣʝʞʠʚʘʶʪ ʚʦʟʥʠʢʘʶʱʠʝ ʠʥʠʮʠʠʨʫʶʱʠʝ ʩʦʙʳʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ, ʧʦ ʩʫʪʠ, 

ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʥʦʚʳʭ ʠʥʠʮʠʠʨʫʶʱʠʭ ʩʦʙʳʪʠʡ, ʠ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʦʛʦ ʦʪʢʘʟʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʣʘʚʠʥʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ [7]. 

ʊʘʢ, ʧʨʦʚʝʜʝʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩ-

ʣʦʚʠʷʭ ʠ ʥʘʛʨʫʟʢʝ ʜʦ 0,5ʈʥ, ʦʪʢʣʶʯʝʥʠʝ ʦʜʥʦʡ ʠʟ ʬʘʟ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚʳʟʳʚʘʝʪ 

ʩʨʘʙʘʪʳʚʘʥʠʝ ʟʘʱʠʪʳ ʚ ʠʥʪʝʨʚʘʣʝ ʜʦ 8 ʤʠʥ, ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʚ ʤʦʤʝʥʪ 

ʦʪʢʣʶʯʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʥʘ 10%. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʜʦ 0,8ʈʥ ʨʘʟ-

ʙʨʦʩ ʧʘʨʘʤʝʪʨʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ 5 ʤʠʥ, ʥʦ ʦʪ-

ʢʣʦʥʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʛʘʝʪ 15%. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʧʣʘʚʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ ʪʝʧʣʦʚʳʝ ʨʝʣʝ ʩʨʘʙʘʪʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʨʝʢʪʥʦ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʜʘʥʥʳʡ 

ʫʨʦʚʝʥʴ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʨʝʟʢʦʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʚʘʣʫ ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ, ʠʟ-ʟʘ ʙʦʣʴʰʦʡ 

ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʨʝʣʝ, ʩʨʘʙʘʪʳʚʘʝʪ ʩ ʥʝʜʦʧʫʩʪʠʤʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʙʤʦʪʦʢ ʫʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʩʠʣʘ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʢʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʠʤʝʶʪ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʟʘʱʠʪ, ʯʪʦ ʚ ʨʝ-

ʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʘʚʘʨʠʡʥʳʤ ʦʪʢʣʶʯʝʥʠʷʤ ʩ ʥʝʦʙʨʘʪʠʤʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷ-



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

 

75 

ʤʠ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʨʝʩʫʨʩ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʩʪʘʨʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ, ʩʥʠʞʘʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ [8]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢ-

ʪʠʚʥʳʤʠ ʠ ʥʘʜʝʞʥʳʤʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠ ʚʥʝʜʨʝʥʠʶ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʥʘʧʨʠʤʝʨ ʥʘ 

ʙʘʟʝ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ. 

ʕʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʩʠʩʪʝʤʳ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʙʦʨ ʧʴʝʟʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, ʙʣʦʢ ʢʦʤʤʫʪʘʮʠʠ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʫʶ ʩʠʩʪʝʤʫ ʩ ʫʩ-

ʪʘʥʦʚʣʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʉ ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʥʝʜʨʝʥʘ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʧʣʘʪʥʦʛʦ ʤʠʢʨʦ-
ʢʦʤʧʴʶʪʝʨʘ RaspberryPi, ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ɸrduinoUno, ʨʝʣʝʡʥʦʛʦ ʠ ʢʣʝʤʤʥʦʛʦ 

ʤʦʜʫʣʷ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʥʘ ʦʙʱʝʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʠ ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʧʣʘʩʪʠʢʦʚʳʡ ʢʦʨʧʫʩ, ʩ ʚʦʟ-
ʤʦʞʥʦʩʪʴʶ ʢʨʝʧʣʝʥʠʷ ʥʘ DIN-ʨʝʡʢʫ ʠʣʠ ʥʘ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʂʦʤʤʫʪʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ ʫʩʪ-

ʨʦʡʩʪʚ ʚ ʦʜʥʫ ʩʝʪʴ ʚʦʟʤʦʞʥʘ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ Ethernet ʥʘ 10/100 ʄʙʠʪ.  

ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʥʘʧʨʷʤʫʶ ʩ ʇʂ ʠʣʠ ʧʣʘʥʰʝʪʦʤ ʚʦʟʤʦʞʝʥ ʯʝʨʝʟ Wi-Fi ʠʣʠ Bluetooth. ʇʨʝʠʤʫ-
ʱʝʩʪʚʘʤʠ ʪʘʢʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʦʩʪʫʧʥʦʩʪʴ ʥʘ ʨʳʥʢʝ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. 
ɺʥʝʜʨʝʥʠʝ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʦʚʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʨʝʛʠʩʪʨʘʮʠʶ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʦʡ 
çʢʘʨʪʠʥʳè ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʪ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʙʦʣʴʰʠʥ-

ʩʪʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: 
ï ʥʝʧʨʘʚʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʠʣʠ ʬʘʟ ʦʙʤʦʪʦʢ; 

ï ʦʙʨʳʚʳ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʝʪʚʝʡ ʦʙʤʦʪʦʢ; 
ï ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʩʪʘʪʦʨʦʤ ʠ ʨʦʪʦʨʦʤ; 

ï ʨʘʩʮʝʥʪʨʦʚʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʨʘʙʦʯʝʡ ʤʘʰʠʥʦʡ; 
ï ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʤʫʬʪʝ; 

ï ʠʩʢʨʠʚʣʝʥʠʝ ʚʘʣʘ; 
ï ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʣʠ ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ; 

ï ʦʩʣʘʙʣʝʥʠʝ ʢʨʝʧʣʝʥʠʷ ʠʣʠ ʧʦʩʘʜʢʠ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ; 
ï ʜʝʬʝʢʪʳ ʧʦʜʰʠʧʥʠʢʦʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʜʝʬʝʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʣʦʢʘʣʠʟʦʚʘʪʴ ʦʪ-

ʜʝʣʴʥʳʝ çʠʥʠʮʠʠʨʫʶʱʠʝ ʩʦʙʳʪʠʷè ʠ ʨʘʟʦʨʚʘʪʴ ʮʝʧʦʯʢʫ ʨʘʟʚʠʪʠʷ ʚʥʝʟʘʧʥʦʛʦ ʦʪʢʘʟʘ ʠ ʚʦʟʥʠʢʥʦ-
ʚʝʥʠʷ ʥʝʦʙʨʘʪʠʤʳʭ ʘʚʘʨʠʡʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ.  

ɺʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʥʘ ʙʘʟʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ-
ʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʠ ʨʘʩʰʠʨʷʪʴ ʝʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʘ ʠ ʨʝʞʠʤʦʚ ʝʛʦ ʨʘʙʦʪʳ. ʊʘʢ, ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʦʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-
ʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʣʝ, ʫʨʦʚʥʝʤʝʨʦʚ, ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʫʢʘʟʘʪʝʣʝʡ ʩʢʦʨʦʩʪʠ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʣʝʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʬʫʥʢʮʠʡ: 
ï ʢʦʥʪʨʦʣʴ, ʨʝʛʠʩʪʨʘʮʠʷ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʙʤʦʪʦʢ ʩʪʘ-

ʪʦʨʘ, ʧʦʜʰʠʧʥʠʢʦʚ, ʤʘʩʣʘ, ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʧʦʤʝʱʝʥʠʡ ʠ ʪ. ʜ.); 
ï ʢʦʥʪʨʦʣʴ ʜʘʚʣʝʥʠʷ; 

ï ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʝʡ ʠ ʤʘʩʝʣ; 
ï ʢʦʥʪʨʦʣʴ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʟʘʧʨʝʪ ʥʘ ʧʫʩʢ ʚ ʥʝʨʘʙʦʯʝʤ ʧʦʣʦʞʝʥʠʠ); 

ï ʢʦʥʪʨʦʣʴ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ; 
ï ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ; 

ï ʤʦʥʠʪʦʨʠʥʛ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʷʝʤʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʟʘʱʠʪʫ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʥʦ ʠ ʚʝʩʪʠ ʨʝʛʠʩʪʨʘʮʠʶ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʫʩʪʨʦʡʩʪʚʝ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶ-

ʯʘʝʪ ʧʦʪʝʨʶ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 
ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʠ ʢʦʥʪʨʦʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʜʘʚʘʪʴ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʧʨʝʪ ʥʘ ʟʘʧʫʩʢ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʘʚʘʨʠʡʥʫʶ ʦʩʪʘʥʦʚʢʫ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʪʨʝʙʫʝʪʩʷ 

ʨʝʰʝʥʠʝ ʨʷʜʘ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʦʧʝʨʘʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ ʥʝʦʙʭʦʜʠ-

ʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʧʝʨʘʪʦʨʦʚ. 
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ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʦʡ, ʪʨʝʙʫʶʱʝʡ ʨʝʰʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʚʠʙʨʘʮʠʷ ʩʫʜʦʚʳʭ ʤʝʭʘ-

ʥʠʟʤʦʚ (ʥʘʧʨʠʤʝʨ, ʧʦʨʰʥʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ), ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙ-

ʥʦʡ ʨʘʩʧʦʟʥʘʪʴ ʩʨʝʜʠ ʧʨʦʯʠʭ ʰʫʤʦʚ ʠ ʚʠʙʨʘʮʠʡ ʠʤʝʥʥʦ ʪʫ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ ʨʘʟ-

ʚʠʪʠʷ ʥʝʦʙʨʘʪʠʤʦʛʦ ʜʝʬʝʢʪʘ ʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʩ ʨʝʰʝʥʠʝʤ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʫʨʦ-

ʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. 
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MODELING OF OPTIMIZATION PROCESSES OF SHIP'S ELECTRIC POWER SYSTEM  

AT POWER SUPPLY FROM THE SHORE NETWORK  

 
Certain stages of the operation of ships and vessels are associated with long-term parking at the pier facilities. 

For a number of floating objects, this mode of technical operation is the main one. Power supply to consumers 

of electric energy in this mode is carried out from the coastal network. Ensuring the safety and reliability of power 

supply in these conditions largely depends on the quality of electric energy. However, for a number of objective 

and subjective reasons, the provision of the required quality indicators of electricity for ship consumers in the im-

plementation of power supply from shore sources is associated with certain difficulties. This is due to the structur-

al, operational, technological and regulatory features of the ship's electric power system. Optimization of ship 

consumers' operating modes during power supply from the shore and simulation of the processes of interaction 

between ship and shore networks is an urgent task. 

 

Key words: ship electric power system, long-term parking mode, on-shore electric network, shore power 

board, power quality, power consumers, reliability of power supply. 

 

 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʣʶʙʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ. ɼʣʷ ʙʝʨʝʛʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʧʦʢʘʟʘʪʝʣʠ ʠ ʥʦʨʤʳ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʪʦʯʢʘʭ ʝʝ ʧʝʨʝʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝ-

ʣʷʤ ʩʝʪʝʡ ʥʠʟʢʦʛʦ, ʩʨʝʜʥʝʛʦ ʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝ-

ʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ ʠ ʦʜʥʦʬʘʟʥʦʛʦ ʪʦʢʘ ʯʘʩʪʦʪʦʡ 50 ɻʮ ʩʦʛʣʘʩʥʦ [1]. 



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʩʫʜʦʚ ʦʪ ʙʝʨʝʛʦʚʳʭ ʩʝʪʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʧʨʠʯʘʣʘʭ ʩʪʘʥʜʘʨʪʥʳʝ ʵʣʝʢʪʨʦʢʦʣʦʥʢʠ, ʢʦʪʦʨʳʝ ʠ ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ 

ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʙʝʨʝʛʦʚʦʡ ʵʣʝʢʪʨʦʢʦʣʦʥʢʠ ʚ ʩʫʜʦʚʫʶ ʩʝʪʴ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʱʠʪ ʧʠʪʘʥʠʷ ʩ ʙʝʨʝʛʘ (ʑʇɹ). ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʪʨʝʭʬʘʟʥʳʤ ʪʦʢʦʤ ʦʪ ʙʝʨʝ-

ʛʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʫʜʦʚʦʛʦ ʛʠʙʢʦʛʦ ʰʣʘʥʛʦʚʦʛʦ ʢʘʙʝʣʷ ʧʦ ʦʜʥʦʡ 

ʠʟ ʩʭʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1. 

  

ʘ ʙ 

ʈʠʩ. 1. ʉʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢ ʙʝʨʝʛʦʚʦʡ ʩʝʪʠ: 

ʘ ï ʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ; ʙ ï ʩ ʛʣʫʭʦʟʘʟʝʤʣʝʥʥʦʡ ʥʝʡʪʨʘʣʴʶ; 

zʥ ï ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ; uA, uB, uC ï ʬʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ;  

ɿʂʉ ï ʪʦʯʢʘ ʟʘʟʝʤʣʝʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ; ɿʅ ï ʟʘʟʝʤʣʠʪʝʣʴ ʥʝʡʪʨʘʣʠ 

ʀʤʝʥʥʦ ʚ ʪʦʯʢʘʭ ʧʝʨʝʜʘʯʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʱʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʛʦʚʦ-

ʨʦʤ ʥʘ ʧʦʩʪʘʚʢʫ ʠʣʠ ʥʘ ʫʩʣʫʛʠ ʧʦ ʧʝʨʝʜʘʯʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʦʪʚʝʪʩʪ-

ʚʝʥʥʦʩʪʴ ʟʘ ʢʦʪʦʨʦʝ ʥʝʩʝʪ ʩʝʪʝʚʘʷ ʦʨʛʘʥʠʟʘʮʠʷ [2, 3]. 

ʂʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (ʉʕʕʉ) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʤʝʨʫ ʦʪʢʣʦʥʝʥʠʷ ʘʤʧʣʠʪʫʜ, ʯʘʩʪʦʪʳ ʠ ʚʟʘʠʤʥʳʭ 

ʬʘʟ ʤʛʥʦʚʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʠʭ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʩʢʘʞʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦ-

ʩʪʠ ʬʦʨʤʳ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ 3-ʬʘʟʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ ʩʫʜʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʙʫ-

ʜʝʪ ʦʧʪʠʤʘʣʴʥʳʤ, ʝʩʣʠ ʬʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪʚʝʯʘʶʪ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ: 

( )sin 2 ,
a am a

u U ft= Ö p +q                                                             (1) 

( )sin 2 ,
b bm b

u U ft= Ö p +q                                                             (2) 

sin(2 ),
c cm c

u U ft= Ö p +q                                                            (3) 

2 ,
am bm cm ʥ

U U U U= = =                                                              (4) 

,
ʥ

f f=                                                                             (5) 

2 ,
3a b c
pq =q =q =                                                               (6) 

ʛʜʝ ua, ub, uʩ ï ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; 

Uam, Ubm, Ucm ï ʘʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; 

Uʥ ï ʣʠʥʝʡʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ; 

f ï ʜʝʡʩʪʚʫʶʱʘʷ ʯʘʩʪʦʪʘ ʩʝʪʠ; 

fʥ ï ʥʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʩʝʪʠ; 

ɗa, ɗb, ɗʩm ï ʫʛʦʣ ʩʜʚʠʛʘ ʬʘʟʳ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʨʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʩʫʜʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʜʘʥʥʳʝ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʟʘ ʩʯʝʪ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʫʜʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʟʚʦʣʷʶʪ 

ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʘʢ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ, ʪʘʢ ʠ ʜʣʷ 

ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʦʚ ʉʕʕʉ. ʋʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʧʨʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ  

ʠʩʪʦʯʥʠʢʦʚ: 1 ï ʧʨʠʚʦʜʥʜʡ ʜʚʠʛʘʪʝʣʴ; 2 ï ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ: 3 ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ (ɸʈʅ);  

4 ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʛʫʣʷʪʦʨ ʯʘʩʪʦʪʳ (ɸʈʏ); 5 ï ʩʠʩʪʝʤʘ ʜʠʥʩʪʘʥʮʠʦʥʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʠʚʦʜʥʳʤ ʜʚʠʛʘʪʝʣʝʤ (ɼɸʋ ʉɼɻ); 6 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʟʘʱʠʪʘ; 7 ï ʧʦʪʨʝʙʠʪʝʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʩʫʜʥʘ ʩ ʙʝʨʝʛʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʫʜʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʦʙʘ ʵʪʠ 

ʫʩʣʦʚʠʷ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦ ʨʷʜʫ ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʘʙʝʣʝ ʙʝʨʝʛʦʚʦʛʦ ʧʠʪʘʥʠʷ ʩʥʠʞʘʶʪ ʝʛʦ ʟʥʘʯʝʥʠʝ ʥʘ ʩʫʜʦʚʳʭ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʇʨʠ ʫʜʘʣʝʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʙʝʨʝʛʦʚʦʡ ʢʦʣʦʥʢʠ ʵʪʠ ʧʦʪʝʨʠ ʤʦʛʫʪ ʧʨʝ-

ʚʳʰʘʪʴ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʉʕʕʉ ʧʨʠ ʵʣʝʢʪʨʦʧʠ-

ʪʘʥʠʠ ʩ ʙʝʨʝʛʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʧʫʩʢʘʤʠ, ʧʝʨʝʢʣʶʯʝʥʠʷʤʠ ʩʫʜʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʨʝʞʠʤʦʚ ʠʭ ʨʘʙʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʩʥʠʞʝʥʠʶ 

ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʝʝ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʦʟʨʘʩ-

ʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʠ ʘʚʘʨʠʡʥʳʭ ʦʪʢʘʟʦʚ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʩʪ-

ʚʠʠ ʟʘʪʨʫʜʥʷʶʪ ʵʢʩʧʣʫʘʪʘʮʠʶ ʉʕʕʉ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʨʝʞʠʤʘʭ [4ï6]. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʠ ʧʨʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʩ ʙʝʨʝʛʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʭʝʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ 

ʥʘ ʨʠʩ. 3. ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʩ ʙʝʨʝʛʘ ʧʦʟʚʦ-

ʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʦʷʥʢʠ  

ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʉʕʕʉ [7, 8]. 

 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʉʕʕʉ ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

ʑʇɹ ï ʱʠʪ ʧʠʪʘʥʠʷ ʩ ʙʝʨʝʛʘ; ɹʂ ï ʙʣʦʢ ʢʦʥʪʨʦʣʷ;ʊʨ ï ʨʝʛʫʣʠʨʫʝʤʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ;  

ɹʋ ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; QF ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʢʣʶʯʘʪʝʣʴ 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʳ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦ ʥʘʧʨʷʞʝ-

ʥʠʶ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʥʘʧʨʷʞʝʥʠʷ  

ʚ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʝʪʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʨʫʢʦʚʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʦʚ [1ï3]. 

ɺʪʦʨʳʤ ʢʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʦʩʪʦʷʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʫʜʦʚʦʡ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʠ ʩ ʙʝʨʝʛʘ, ʷʚʣʷʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʪʦʢ ʥʘʛʨʫʟʢʠ  

ʠ ʧʫʩʢʦʚʳʝ ʪʦʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʨʝʚʳʰʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʨʘʙʘʪʳʚʘʥʠʶ ʟʘʱʠʪʳ ʥʘ ʙʝʨʝʛʦʚʦʡ ʢʦʣʦʥʢʝ ʠ ʦʙʝʩʪʦʯʠʚʘʥʠʶ ʚʩʝʭ ʧʦʪʨʝʙʠʪʝʣʝʡ.  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʧʫʩʢʦʚʳʭ ʨʝʞʠʤʘʭ ʠ ʚ ʨʝʞʠʤʘʭ ʧʝʨʝʛʨʫʟʢʠ, ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʡ ʥʘ ʨʠʩ. 3, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʙʣʦʢʦʤ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʡ ʩʦ-

ʛʣʘʩʥʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʨʘʟʛʨʫʞʘʝʪ ʩʠʩʪʝʤʫ, ʦʪʢʣʶʯʘʷ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʠʣʠ 
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ʚʳʜʘʝʪ ʟʘʧʨʝʪ ʥʘ ʟʘʧʫʩʢ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʙʦʣʴʰʠʤʠ ʧʫʩʢʦʚʳʤʠ ʪʦʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʫʩʢʘʭ 

ʘʩʠʥʭʨʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʯʝʨʝʟ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ (ɹʋ) ʨʝʛʫʣʠʨʦʚʦʯʥʳʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʊʨ ʢʦʤ-

ʧʝʥʩʠʨʫʶʪʩʷ ʧʦʪʝʨʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʩʝʪʠ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʫʩʢʦʚʳʝ ʪʦʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ ʜʣʷ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʝʪʠ ʧʨʠ ʧʠʪʘʥʠʠ ʩ ʙʝʨʝʛʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʤʝʩʪʦʤ ʩʪʦʷʥʢʠ ʩʫʜʥʘ, ʩʧʦʩʦʙʦʤ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʙʝʨʝʛʦʚʦʡ ʢʦʣʦʥʢʝ, ʢʦʥʩʪʨʫʢʮʠʝʡ ʱʠʪʘ 

ʧʠʪʘʥʠʷ ʩ ʙʝʨʝʛʘ, ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤʝ 

ʩʪʦʷʥʢʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʨʠʥʮʠʧʘ, ʚ ʪ. ʯ. ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʠʧʦʚʦʡ ʩʭʝʤʳ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
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ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʚ ʨʝʞʠʤʝ ʜʣʠʪʝʣʴʥʦʡ ʩʪʦʷʥʢʠ [9]. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʛʨʝʙʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʛʨʝʙʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʦʙʤʦʪʢʠ ʢʦʪʦʨʦʡ 
ʧʠʪʘʶʪʩʷ ʦʪ ʥʝʟʘʚʠʩʠʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨ ʧʨʝʜʣʘʛʘʝʪ ʟʘʧʠʪʘʪʴ ʛʨʝʙʥʫʶ ʫʩʪʘʥʦʚʢʫ ʦʪ ʦʩʥʦʚʥʦʡ ʩʫʜʦʚʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʠʨʠʩʪʦʨʘʭ ʚ ʮʝʧʠ 
ʚʦʟʙʫʞʜʝʥʠʷ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 
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ANALYSIS OF CIRCUIT SOLUTIONS OF ROWING ELECTRICA L UNITS  

OF ALTERNATING CURRENT  
 

The scheme of upgrade of the rowing electrical unit is presented in this article. As an object of modernization,  

a direct current rowing electric unit  was selected, the windings of which are powered by an independent power source. 

In this article the author suggests to power rowing unit from the main ship alternating current network 

byusing semiconductor voltage converters on thyristors in the excitation circuit of rowing motors. 

 
Key words: rowing units, thyristors. 

 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʚʩʝʚʦʟʤʦʞʥʳʭ ʤʝʪʦʜʦʚ ʧʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʨʫʟʦʚ, ʚ ʧʦʣʷʨʥʳʭ ʨʘʡ-
ʦʥʘʭ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʧʝʨʝʚʦʟʦʢ ʩʝʛʦʜʥʷ ʠ ʥʘ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʦʩʪʘʥʫʪ-
ʩʷ ʣʝʜʦʢʦʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʫʜʘ ʠ ʣʝʜʦʢʦʣʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʝʛʦʜʥʷ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʳ ʚʦʧʨʦ-
ʩʳ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʬʣʦʪʘ ʣʝʜʦʢʦʣʴʥʳʭ ʩʫʜʦʚ. ʉʝʛʦʜʥʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʚʝʜʝʪʩʷ 
ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʨʘʙʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. 
ʊʝʥʜʝʥʮʠʷ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʣʝʜʦʢʦʣʦʚ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʚʩʝʭ ʩʪʨʘʥ. ʇʨʠ ʵʪʦʤ 

ʩʪʫʧʝʥʯʘʪʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦ ʧʦʣʫʪʦʨʘʢʨʘʪʥʳʤ ʠʣʠ ʜʚʫʢʨʘʪʥʳʤ ʫʚʝ-
ʣʠʯʝʥʠʝʤ. ʂʘʯʝʩʪʚʦ ʣʝʜʦʢʦʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦ-
ʚʦʢ, ʘ ʪʘʢʞʝ ʫʧʦʨʘ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʠʧʦʚ ʵʥʝʨʛʝ-
ʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʚʝʜʝʪʩʷ ʧʦʩʪʦʷʥʥʦ. ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʝʢʪʦʚ ʛʨʝʙʥʳʭ 
ʫʩʪʘʥʦʚʦʢ, ʪʘʢʠʭ ʢʘʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʫʩʪʘʥʦʚʢʠ ʩ ʛʠʜʨʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʠ ʪ. ʜ. 
ʅʘʨʷʜʫ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʥʝʜʦʩʪʘʪʢʦʚ. 
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚ-

ʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʥʝʚ-
ʨʝʥʥʳʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ, ʯʘʩʪʠʯʥʳʭ ʨʝʞʠʤʦʚ, ʥʘʜʝʞʥʦʩʪʠ. ʊʘʢʞʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʘʩʩʦʛʘʙʘʨʠʪ-
ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʨʘʟʤʝʱʝʥʠʝ, ʦʩʘʜʢʫ ʠ ʘʚʪʦʥʦʤʥʦʩʪʴ ʧʣʘʚʘʥʠʷ 
ʩʫʜʥʘ [1]. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ: ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʫʜʦʙʩʪʚʦ 
ʫʧʨʘʚʣʝʥʠʷ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ 
ʣʝʜʦʢʦʣʴʥʦʛʦ ʩʫʜʥʘ (ʧʦ ʥʝʩʢʦʣʴʢʫ ʩʫʪʦʢ) ʷʚʣʷʶʪʩʷ ʤʘʥʝʚʨʝʥʥʳʝ ʨʝʞʠʤʳ ʧʨʠ ʩʨʝʜʥʝʤ ʢʦʣʠʯʝʩʪʚʝ 
ʨʝʚʝʨʩʦʚ ʥʝ ʙʦʣʝʝ 20 ʚ ʯʘʩ. 
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ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʪʘʢʠʭ ʩʫʜʦʚ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʪ 15 ʜʦ 30 ʨʝʚʝʨʩʦʚ ʚ ʯʘʩ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʭʦʜʝ ʩʫʜʥʘ ʚʦ ʣʴʜʘʭ ʚʨʝʤʷ ʨʝʚʝʨʩʘ ʩ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʴʶ 

ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 10 ʩ ʩ ʤʦʤʝʥʪʘ ʧʝʨʝʢʣʘʜʢʠ ʨʫʢʦʷʪʢʠ ʧʦʩʪʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ 

ʚʠʥʪʘ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ. 

ʇʨʠ ʣʝʜʦʚʦʤ ʧʣʘʚʘʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ, ʠ ʤʦʤʝʥʪ ʛʨʝʙ-

ʥʦʛʦ ʚʠʥʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ, ʯʘʩʪʦ ʦʥ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʜʦ ʰʚʘʨʪʦʚʥʦʛʦ. ɺ ʩʣʫʯʘʷʭ ʧʣʘʚʘ-

ʥʠʷ ʚʦ ʣʴʜʘʭ ʧʨʠ ʥʘʣʠʯʠʠ ʤʝʣʢʦʙʠʪʦʛʦ ʣʴʜʘ ʩ ʤʦʢʨʳʤ ʩʥʝʛʦʤ (ʰʫʛʠ) ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʙʦʣʴʰʝ ʤʦʤʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʰʚʘʨʪʦʚʥʦʤʫ ʨʝʞʠʤʫ. 

ʊʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘʛʨʫʟʢʘ ʧʝʨʚʠʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʨʘʙʦʪʝ ʩʫʜʥʘ 

ʥʘ ʤʝʣʢʦʚʦʜʴʝ. ɺ ʨʝʞʠʤʘʭ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʠʥʪʘ ʩʦ ʣʴʜʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʦʢʦʣʦ 10 ʩ ʠ ʙʦʣʝʝ, ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʚʫʢʨʘʪʥʦʛʦ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʙʦʣʝʝ. ɺ ʪʘʢʠʭ ʨʝʞʠʤʘʭ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʦʣʦʤʢʘ ʚʠʥʪʘ ʚʩʣʝʜʩʪʚʠʝ 

ʟʘʢʣʠʥʠʚʘʥʠʷ ʚʠʥʪʘ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʚʦʜʘ ʚʠʥʪʘ ʜʦʣʞʥʘ 

ʫʯʠʪʳʚʘʪʴ ʧʦʚʳʰʝʥʠʝ ʤʦʤʝʥʪʘ ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʳ ʠʩʢʣʶʯʝʥʠʶ ʟʘʢʣʠʥʠʚʘ-

ʥʠʷ ʚʠʥʪʘ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʫ ʧʝʨʚʠʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʙʝʟ ʧʝʨʝʛʨʫʟʢʠ. ʂʨʦʤʝ ʪʦʛʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʩʪʦʷʥʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ 

ʧʝʨʚʠʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʥʘʙʨʦʩʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʠʥʪʘ ʩʦ ʣʴʜʦʤ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʚʝʣʠʯʝʥʠʝ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʘʷ ʧʨʝʚʳʰʘʝʪ ʥʦʤʠʥʘʣʴʥʫʶ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʧʨʦʠʩʭʦʜʠʪ 

ʟʘ ʦʯʝʥʴ ʤʘʣʦʝ ʚʨʝʤʷ, ʨʘʚʥʦʝ 0,05 ʩ. ʕʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʜʦʣʞʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʪʘʢʫʶ ʚʳ-

ʩʦʢʫʶ ʜʠʥʘʤʠʢʫ ʫʚʝʣʠʯʝʥʠʷ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʦʛʨʘʥʠ-

ʯʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʦ ʠʟʙʝʞʘʥʠʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ ʟʘʱʠʪʳ. ʆʜʥʠʤ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʚʳʙʦʨʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩʫʜʥʘ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʛʨʝʙʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʨʝʞʠʤʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʥʪʘ ʩʦ ʣʴʜʦʤ. 

ʊʘʢʞʝ ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʯʥʳʝ ʨʝʞʠʤʳ [2]. ɻʨʝʙʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʫʩʪʘ-

ʥʦʚʢʘ ʣʝʜʦʢʦʣʘ ʤʦʞʝʪ ʜʦʣʛʦʝ ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʯʘʩʪʠʯʥʳʭ ʨʝʞʠʤʘʭ. ʇʨʠʤʝʥʷʶʪʩʷ ʨʘʟ-

ʣʠʯʥʳʝ ʤʝʨʳ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʟʘʢʣʠʥʠʚʘʥʠʷ ʚʠʥʪʘ ʚ ʵʪʠʭ ʨʝʞʠʤʘʭ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʥʪʘ, ʢʘʢ ʧʨʠ ʧʦʣ-

ʥʦʡ ʤʦʱʥʦʩʪʠ. ɺʦ-ʚʪʦʨʳʭ, ʫʚʝʣʠʯʝʥʠʝ ʘʚʪʦʥʦʤʥʦʩʪʠ ʧʣʘʚʘʥʠʷ ʩʫʜʥʘ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷ-

ʝʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ. ɺ ʪʘʢʠʭ ʮʝʣʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʯʘʩʪʠʯʥʳʝ ʨʝʞʠʤʳ, ʪ. ʝ. ʨʘʙʦ-

ʪʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʚʠʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʣʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʤʦʱʥʦʩʪʠ. 

ɺ ʜʣʠʪʝʣʴʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʣʝʜʦʢʦʣʴʥʳʭ ʩʫʜʦʚ (ʚ ʪʘʢʠʭ ʨʝʞʠʤʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʫʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʝʪ ʧʨʠ ʥʘʛʨʫʟʢʝ ʜʦ 50% ʥʦʤʠʥʘʣʴʥʦʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʘʚʪʦʥʦʤʥʦ-

ʩʪʠ ʧʣʘʚʘʥʠʷ ʣʝʜʦʢʦʣʦʚ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʠʤʝʣʘ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʘʭ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʦ ʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘ-

ʧʘʟʦʥʝ ʯʘʩʪʠʯʥʳʭ ʫʨʦʚʥʝʡ ʤʦʱʥʦʩʪʠ. ʊʘʢʠʝ ʤʝʨʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʦʚ ʤʝ-

ʞʜʫ ʜʚʫʤʷ ʙʫʥʢʝʨʦʚʢʘʤʠ ʠʣʠ (ʜʣʷ ʘʪʦʤʦʭʦʜʦʚ) ʧʝʨʝʟʘʨʷʜʢʘʤʠ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ɻʕʋ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ɻʕɼ, ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʦ ʩʠʩʪʝʤʝ ʚʝʥʪʠʣʴʥʦʛʦ ʢʘʩʢʘʜʘ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ɻʕʋ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ɻʕɼ, ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʦ ʩʠʩʪʝʤʝ ʚʝʥʪʠʣʴʥʦʛʦ ʢʘʩʢʘʜʘ 
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ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʚ ʮʝʧʠ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ. ʈʝʚʝʨʩʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʘʢʪʥʦʛʦ ʠʣʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʨʝʚʝʨʩʦʨʦʚ ʚ ʮʝʧʠ ʩʪʘʪʦʨʘ. ɼʠʥʘʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳ, ʥʦ ʤʥʦʛʦʧʦʣʶʩʥʦʩʪʴ ʠ ʚʳʩʦʢʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʝʣʘʶʪ ʵʪʫ ʩʠʩʪʝʤʫ ʤʘʣʦʧʨʠʛʦʜʥʦʡ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʥʘ ʩʫʜʘʭ. ʉʫʤʤʘʨʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʧʝʨʝʢʣʶʯʘʪʝʣʷ 

ʚʝʣʠʢʘ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʚ ʪʘʢʦʡ ʩʭʝʤʝ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʥʘ ʧʦʣʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʠ ʧʦʣʥʳʡ ʪʦʢ ʨʦʪʦʨʘ, ʯʪʦ ʜʝʣʘʝʪ ʩʫʤʤʘʨʥʫʶ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ. 

ɺʘʨʠʘʥʪʦʤ ʚʝʥʪʠʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʤʦʞʝʪ ʚʳʩʪʫʧʠʪʴ ʜʚʦʡʥʦʡ ʤʘʰʠʥʥʦ-ʚʝʥʪʠʣʴʥʳʡ ʢʘʩʢʘʜ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ. ʆʙʤʦʪʢʘ ʩʪʘʪʦʨʘ 

ʧʝʨʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʣʫʯʘʝʪ ʧʠʪʘʥʠʝ ʦʪ ʛʝʥʝʨʘʪʦʨʦʚ, ʦʙʤʦʪʢʠ ʨʦʪʦʨʦʚ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ. ʆʙʤʦʪʢʘ ʩʪʘʪʦʨʘ ʚʪʦʨʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʘʢʞʝ ʧʦʣʫʯʘʝʪ ʧʠʪʘʥʠʝ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ. 

ɺ ʵʪʦʡ ʩʭʝʤʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʥʪʘʢʪʥʳʝ ʢʦʣʴʮʘ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʶʩʦʚ ʢʘʞʜʦʡ ʤʘʰʠʥʳ ʤʦʞʝʪ 

ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ, ʦʜʥʘʢʦ ʢʦʥʩʪʨʫʢʮʠʷ ʠʭ ʫʩʣʦʞʥʷʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʫ ʣʝʜʦʢʦʣʦʚ, ʫ ʢʦʪʦʨʳʭ ʜʣʷ ʥʘ-

ʜʝʞʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʤʝʪʴ ʧʦ ʜʚʘ ʜʚʠʛʘʪʝʣʷ ʥʘ ʚʠʥʪ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ɻʕʋ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ. 

 

ʈʠʩ. 2. ʉʭʝʤʘ ɻʕʋ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ 

ɻʨʝʙʥʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʩ ʯʠʩʣʦʤ ʧʦʣʶʩʦʚ, ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ 

ʜʣʷ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʨʝʚʝʨʩʠʨʦʚʘʥʠʝ ʜʚʠʛʘʪʝʣʷ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʠʤʝ-

ʥʝʥʠʷ ʜʘʥʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʯʘʩʪʦʪʳ ʥʘʧʨʷʞʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʠ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ ʜʠʘʧʘ-

ʟʦʥ ʯʘʩʪʦʪ ʛʝʥʝʨʘʪʦʨʦʚ ʦʪ 100 ʜʦ 200 ɻʮ, ʘ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʢʦʣʦ 15ï25 ɻʮ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʩʭʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ: ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʷ ʩʦ ʟʚʝʥʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ɺ ʧʦʩʣʝʜʥʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʠʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʚʳʧʨʷʤʠʪʝʣʷ ʠ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚ ʮʝʧʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ɺ ʩʠʩʪʝʤʝ ʩ ʩʠʥʭʨʦʥʥʳʤ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʤ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ ʠ ʩʠʥʭʨʦʥʥʳʤ ʜʚʠ-

ʛʘʪʝʣʝʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʢʘʯʝʩʪʚʝ ʚʝʥʪʠʣʴʥʦʡ ʠʣʠ ʩʘʤʦʫʧʨʘʚʣʷʝʤʦʡ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ, ʫʧʨʘʚ-

ʣʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʠʣʠ ʕɼʉ 

ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ï ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʳʭ ʠ ʩʦ ʟʚʝʥʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ɺ ʩʭʝʤʘʭ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʯʘʩʪʦʪʳ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʛʨʝʙ-

ʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚ ʩʭʝʤʝ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʠʪʘʥʠʝʤ ʩʠʥʭʨʦʥʥʦ-

ʛʦ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʪ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʪʨʝʙʣʝʥʠʝʤ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʢʦʤʤʫʪʘʮʠʠ ʪʦʢʘ ʚ ʪʠʨʠʩʪʦʨʘʭ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʚʣʠʷʥʠʝʤ ʜʦʙʘʚʦʯʥʳʭ ʧʦʪʝʨʴ, ʚʳʟʳʚʘʝʤʳʭ ʛʘʨʤʦʥʠʢʘʤʠ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʠʧʦʚʫʶ ʤʦʱ-

ʥʦʩʪʴ ʤʘʰʠʥ. 
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ʇʨʠ ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʅʇʏ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʵʢʚʠʚʘʣʝʥʪ-

ʥʳʤ ʤʥʦʛʦʬʘʟʥʳʤ ʩʭʝʤʘʤ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʝʜʠʥʠʯʥʘʷ ʤʦʱʥʦʩʪʴ ʚʝʥʪʠʣʷ  

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʭʝʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʚʢʣʶʯʝʥʠʷ ʅʇʏ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʚʝʥʘʜʮʘʪʠ-

ʬʘʟʥʦʡ ʩʭʝʤʝ, ʥʘ ʪʨʝʭʬʘʟʥʳʡ (ʨʠʩ. 3, ʘ) ʠʣʠ ʜʚʝʥʘʜʮʘʪʠʬʘʟʥʳʡ (ʨʠʩ. 3, ʙ) ɻʕɼ ʚ ɻʕʋ ʩ ʝʜʠʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʝʡ. 

ʇʨʠ ʚʳʩʦʢʦʤ ʚʭʦʜʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʥʠʞʘʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʦʚ, ʠʩʢʣʶʯʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚʝʥʪʠʣʝʡ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʭʝʤʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 3, ʙ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʢʨʠʚʦʡ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 17ï20%. ʌʘʟʦʚʳʡ ʩʜʚʠʛ ʦʙʤʦʪʢʠ ɻʕɼ ʥʘ 30 ʵʣ. ʛʨʘʜ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʤʦʜʫʣʷʮʠʶ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ ʧʝʨʚʠʯʥʦʛʦ ʪʦʢʘ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ 

ʠ ʧʦʚʳʩʠʪʴ ʚʜʚʦʝ ʯʘʩʪʦʪʫ ʤʦʜʫʣʷʮʠʠ. 

 

ʘ                                                                     ʙ 

ʈʠʩ. 3. ʊʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʜʚʝʥʘʜʮʘʪʠʬʘʟʥʳʝ ʤʦʩʪʦʚʳʝ ʩʭʝʤʳ ʅʇʏ 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʤʦʱʥʦʩʪʠ ɻʕʋ ʚʤʝʩʪʦ ʢʘʞʜʦʛʦ ʠʟ ʤʦʩʪʦʚ ʚ ʩʭʝʤʘʭ, ʧʦʢʘʟʘʥʥʳʭ 

ʥʘ ʨʠʩ. 3, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʜʚʘ ʪʨʝʭʬʘʟʥʳʭ ʤʦʩʪʘ ʩ ʧʦʦʯʝʨʝʜʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠʣʠ ʩʭʝʤʫ, 

ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʨʠʩ. 3, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʚʭʦʜʝ ʅʇʏ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʯʘʩʪʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʝ  

12-ʬʘʟʥʳʝ (12-ʠʤʧʫʣʴʩʥʳʝ) ʩʭʝʤʳ, ʚ ʤʘʰʠʥʘʭ ï ʜʝʤʧʬʝʨʥʳʝ ʦʙʤʦʪʢʠ ʠ ʧʣʝʪʝʥʳʝ ʧʨʦʚʦʜʘ. 

ʇʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʩ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ 12-ʬʘʟʥʳʤʠ ʩʭʝʤʘʤʠ ʦʙʤʦʪʦʢ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝ-

ʥʝʨʘʪʦʨʘ ʠ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʚʝʥʘʜʮʘʪʠʬʘʟʥʦʛʦ ɻʕɼ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ɻʕʋ, ʪʘʢ ʢʘʢ ʧʨʠ ʦʪ-

ʢʣʶʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ ɻʕɼ ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʘʪʴ ʩ ʧʦʥʠʞʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ. ɺ ʪʘʢʦʤ ɻʕɼ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʘʨʘʟʠʪʥʳʝ ʦʪ 5-ʡ ʠ 7-ʡ ʛʘʨʤʦʥʠʢ, ʚʳʟʳʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʬʠʣʴʪ-

ʨʘʮʠʠ (ʘ ʪʘʢʞʝ ʦʪ ʛʘʨʤʦʥʠʢ, ʢʨʘʪʥʳʭ ʪʨʝʤ), ʯʪʦ ʫʣʫʯʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʠ ʫʤʝʥʴʰʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʰʫʤʳ. ʕʪʠ ɻʕɼ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. 

ʊʠʧʦʚʘʷ ʤʦʱʥʦʩʪʴ ʩʠʥʭʨʦʥʥʦʛʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʙʨʘʥʘ ʩ ʫʯʝʪʦʤ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʠ ʜʦʙʘʚʦʯʥʳʭ ʧʦʪʝʨʴ. 12-ʠʤʧʫʣʴʩʥʳʝ ʩʭʝʤʳ ʛʝʥʝʨʘʪʦʨʘ 

ʠ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʶʪ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʪʠʨʠʩʪʦʨʦʚ ï 144, 

ʘ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʤʦʱʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʨʘʪʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʠʨʠʩʪʦʨʳ ʥʘ ʪʦʢ 500, 800 ʠ 1 000, ʘ ʚ ʨʘʙʦʯʝʤ ʥʘʧʨʷʞʝʥʠʠ ʜʦ 2 500 ɺ ʧʦʟʚʦ-

ʣʷʶʪ ʩʦʟʜʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʤʦʱʥʦʩʪʴʶ ʜʦ 20 000 ʢɺʪ (ʩ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʧʝʨʝ-

ʛʨʫʟʦʢ). ʋʧʨʘʚʣʷʝʤʳʝ ʚʳʧʨʷʤʠʪʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʞʝ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʜʚʠʛʘ-

ʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʳʩʪʨʦʝ ʥʘʨʘʩʪʘʥʠʝ ʠ ʛʘʰʝʥʠʝ ʧʦʣʷ ʤʘʰʠʥ. 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

 

85 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʘ ʦʩʥʦʚʥʦʛʦ ʩʠʣʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʜʚʦʡʥʦʛʦ ʪʦʢʘ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ ʜʣʷ ʣʝʜʦʢʦʣʦʚ ʤʦʱʥʦʩʪʴʶ 75 000 ʣ. ʩ. ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ. ɼʣʷ ʣʝʜʦʢʦʣʦʚ 

ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʛʨʝʙʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠʤʝʝʪ ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ 

ʠ ʤʘʩʩʫ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʢʦʣʣʝʢʪʦʨʥʳʭ 

ʤʘʰʠʥ. 

ɺ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʯʠʩʣʦ ʛʝʥʝʨʘʪʦʨʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʚʷʟʘʥʦ ʩ ʯʠʩʣʦʤ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʊʘʢʞʝ ʩʠʥʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʤʦ-

ʛʫʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʥʘ ʦʙʱʠʝ ʰʠʥʳ, ʪʘʢ ʠ ʥʘ ʜʚʝ ʩʠʩʪʝʤʳ ʰʠʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ. ʈʝʛʫʣʠ-

ʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷ ʯʘʩʪʦʪʳ. 

ʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ. ʆʥʠ ʧʦʟʚʦ-

ʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʦʪʙʦʨ ʤʦʱʥʦʩʪʠ ʦʪ ʛʣʘʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʜʣʷ ʧʠʪʘʥʠʷ ʙʦʨʪʦʚʦʡ ʩʝʪʠ ʩʫʜʥʘ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʳʤ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʷ ʩʚʷʟʘʥʘ ʩ ʰʠʥʘʤʠ ʛʣʘʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʩʦ ʟʚʝʥʦʤ ʧʦʩʪʦ-

ʷʥʥʦʛʦ ʪʦʢʘ. ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʚʟʘʠʤʥʫʶ ʨʘʙʦʪʫ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʜʚʫʭ ʩʠʩʪʝʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɸʢʫʣʦʚ ʖ.ʀ. ɻʨʝʙʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ / ʖ.ʀ. ɸʢʫʣʦʚ. ï 3-ʝ ʠʟʜ. ï ʄ.: ʊʨʘʥʩʧʦʨʪ, 

1982. ï ʉ. 102ï105. 

2. ʄʘʨʯʝʥʢʦ ɸ.ɸ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʦʩʣʝʨʝʤʦʥʪʥʳʭ ʠʩʧʳʪʘʥʠʡ / ɸ.ɸ. ʄʘʨʯʝʥʢʦ, ʅ.ʅ. ʇʦʨʪʥʷʛʠʥ // ɺʝʩʪʥʠʢ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʠʤ. ʘʜʤʠʨʘʣʘ ʉ.ʆ. ʄʘʢʘʨʦʚʘ. ï ʉʇʙ.: ɻʋʄʈʌ  

ʠʤ. ʘʜʤʠʨʘʣʘ ʉ.ʆ. ʄʘʢʘʨʦʚʘ, 2014. ï ɺʳʧ. 6. ï ʉ. 76ï84. 

 



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 

 

86 

ʋɼʂ 621.313 
 

ʀ.ʀ. ʃʝʙʝʜʝʚ, ɸ.ɸ. ʄʘʨʯʝʥʢʦ 

 
ʂʘʤʯʘʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ, 683003 

e-mail: Lebedev@mail.ru 

 
ʄʆɼɽʈʅʀɿɸʎʀʗ ɻʈɽɹʅʆʁ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʋʉʊɸʅʆɺʂʀ  

ʅɸ ʇʆʉʊʆʗʅʅʆʄ ʊʆʂɽ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʛʨʝʙʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ 

ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʘʥʘʣʦʛʘʤʠ ʠ ʚʳʷʚʣʝʥʠʝ ʚʩʝʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. ɼʘʣʝʝ ʘʚʪʦʨʦʤ ʧʨʠʚʦʜʠʪʩʷ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ, ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʛʝʥʝʨʘʪʦʨ. 

 

 
I.I. Lebedev, A.A. Marchenko 

 
Kamchatka State Technical University, 

Petropavlovsk-Kamchatsky, 683003 

e-mail: Lebedev@mail.ru 

 

UPGRADE OF DC ROWING ELECTRIC PLANT  

 
In this article, the author considers the possibility of upgrading a DC rowing electric plant. For this purpose, 

the proposed system is compared with existing analogues; all advantages and disadvantages of the systems are 

depicted. The author also provides a structural diagram of the proposed unit with a detailed description. 
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ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʛʝʥʝʨʘʪʦʨ ï ʜʚʠʛʘʪʝʣʴ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʢʘʯʝʩʪʚʝ ʛʨʝʙʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʤʦʞʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʫʧʨʦ-

ʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʥʝʦʧʨʘʚʜʘʥʥʳʤ, ʪ. ʢ. ʥʘʨʷʜʫ ʩ ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʧʣʘʚʥʦʩʪʴʶ ʪʨʝʙʫʝʪ ʧʨʠ-

ʤʝʥʝʥʠʷ ʩʣʠʰʢʦʤ ʩʣʦʞʥʳʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʩʭʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʘ ʩʪʘ-

ʪʦʨʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʫʞʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʥʝ ʥʘʰʝʣ ʰʠ-

ʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʚʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦʧʨʠ-

ʚʦʜʘ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʅʘʨʷʜʫ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʦʥʠ ʠʤʝʶʪ ʤʘʩʩʫ  

ʥʝʜʦʩʪʘʪʢʦʚ. ʉʘʤʳʡ ʛʣʘʚʥʳʡ ï ʵʪʦ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ [1]. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʛʨʝʙʥʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʛʣʘʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʟʙʫ-

ʜʠʪʝʣʠ. ʕʪʦ ʛʝʥʝʨʘʪʦʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʛʨʝʙʥʳʭ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʛʣʘʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ ʠʤʝʶʪʩʷ ʚʦʟʙʫʜʠʪʝʣʠ ʚʦʟʙʫʜʠʪʝʣʝʡ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʟʙʫʜʠʪʝʣʝʡ ʛʝʥʝʨʘʪʦʨʦʚ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʝʥ, ʪ. ʢ. ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʜʠʟʝʣʝʡ ʜʣʷ ʚʨʘʱʝʥʠʷ ʚʦʟʙʫʜʠʪʝʣʝʡ, ʠʭ ʬʫʥʢ-

ʮʠʶ ʚʳʧʦʣʥʷʶʪ ʘʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʥʦ ʧʦʩʪʦʷʥʩʪʚʦ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʳʭ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚʳʥʫʞʜʘʝʪ ʧʨʠʤʝʥʷʪʴ ʦʯʝʨʝʜʥʳʝ ʚʦʟʙʫʜʠʪʝʣʠ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʩʦʢʨʘʱʝ-

ʥʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʦʚ ʩʠʩʪʝʤʳ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʘʚ-

ʣʷʝʤʳʡ ʪʨʝʭʬʘʟʥʳʡ ʚʳʧʨʷʤʠʪʝʣʴ ʥʘ ʫʧʨʘʚʣʷʝʤʳʭ ʚʝʥʪʠʣʷʭ. ʋʧʨʘʚʣʝʥʠʝ ʪʠʨʠʩʪʦʨʘʤʠ ʦʩʫʱʝʩʪ-
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ʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʩʭʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ʊʨʝʭʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʛʝ-

ʥʝʨʘʪʦʨʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʝʨʚʠʯʥʦʡ ʩʝʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʩʠʥʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʚʳʩʪʫʧʘ-

ʶʪ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʨʦʣʝ ʚʦʟʙʫʜʠʪʝʣʝʡ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʤʝʨʥʦ ʪʝ ʞʝ ʧʨʠʥʮʠʧʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʠ ʚ ɻʕʋ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʚ ʫʩʪʘ-

ʥʦʚʢʘʭ ʧʝʨʝʤʝʥʥʦ-ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʠʩʪʝʤ: ʦʙʳʯʥʳʝ ʩʠʩʪʝʤʳ 

ʛʝʥʝʨʘʪʦʨ ï ʜʚʠʛʘʪʝʣʴ, ʩʠʩʪʝʤʳ ʧʦʩʪʦʷʥʩʪʚʘ ʤʦʱʥʦʩʪʠ ʠ ʩʠʩʪʝʤʳ ʥʝʠʟʤʝʥʥʦʛʦ ʪʦʢʘ. 

ʇʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʩʪʦʷʥʥʘ, ʚʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʥʘʚʝʰʝʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʜʣʷ ʩʫʜʦʚʦʡ ʩʝʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘ-

ʚʘʪʴ ʝʜʠʥʫʶ ʵʥʝʨʛʦʩʠʩʪʝʤʫ [2]. 

ʀʟʚʝʩʪʥʘ ʩʠʩʪʝʤʘ ʜʚʦʡʥʦʛʦ ʨʦʜʘ ʪʦʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, 

ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʛʨʝʙʥʳʭ ʠ ʜʨʫʛʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʦʙʱʠʡ ʢʦʥʪʫʨ, ʘ ʪʘʢʞʝ ʥʘʚʝʰʝʥʥʳʭ ʥʘ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʥʳʝ ʘʛʨʝʛʘʪʳ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩʫʜʦʚʦʡ ʩʝʪʠ [3]. 

ʀʤʝʶʪʩʷ ʪʘʢʞʝ ʧʨʦʨʘʙʦʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʧʨʘʚʣʷʝʤʳʭ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʦʩʪʦʷ-

ʱʠʭ ʠʟ ʪʠʨʠʩʪʦʨʦʚ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʦʚ ʢʘʢ ʜʣʷ ʜʚʠ-

ʞʝʥʠʷ ʩʫʜʥʘ, ʪʘʢ ʠ ʜʣʷ ʧʠʪʘʥʠʷ ʩʫʜʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʟʘʧʘʜʥʦʛʝʨʤʘʥʩʢʦʛʦ ʪʨʘʫʣʝʨʘ 

ʩ ʪʠʨʠʩʪʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʛʨʝʙʥʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɼʚʘ ʩʠʣʦʚʳʭ ʫʧʨʘʚ-

ʣʷʝʤʳʭ ʙʣʦʢʘ ʚʢʣʶʯʝʥʳ ʥʘ ʰʠʥʳ ʝʜʠʥʦʡ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʊʠʨʠʩʪʦʨʳ 

ʚʢʣʶʯʝʥʳ ʧʦ ʪʨʝʭʬʘʟʥʦʡ ʤʦʩʪʦʚʦʡ ʩʭʝʤʝ. ɺ ʢʘʞʜʦʡ ʬʘʟʝ ï ʧʦ ʩʝʤʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʝʪʚʝʡ. ʉʭʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʝʥʘ ʪʘʢʞʝ ʥʘ ʪʠʨʠʩʪʦʨʘʭ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ 

ʪʦʢʘ ʷʢʦʨʷ, ʦʩʣʘʙʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʛʣʘʚʥʦʛʦ ʪʦʢʘ 

ʋʧʨʘʚʣʷʝʤʳʡ ʚʳʧʨʷʤʠʪʝʣʴ ʦʙʝʩʧʝʯʠʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʤʦʪʢʝ 

ʚʦʟʙʫʞʜʝʥʠʷ ʛʣʘʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʪʝʤ ʩʘʤʳʤ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʫʧʨʘʚʣʝʥʠʝ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝ-

ʥʠʷ ʛʨʝʙʥʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ. ɼʘʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʦʟʚʦʣʠʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʤʥʦʛʠʭ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʫʤʝʥʴʰʠʚ ʤʘʩʩʫ ʩʠʩʪʝʤʳ ʠ ʫʚʝʣʠʯʠʚ ʝʝ ʂʇɼ. 

ʇʦʩʣʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʭʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦ-

ʪʳ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩʪʘʥʦʚʷʪʩʷ ʦʯʝʚʠʜʥʳʤʠ ʧʫʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ ʩʚʷʟʘʥʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʚ ʩʦʩʪʘʚʝ ɻʕʋ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ɻʕʋ. ɺ ʦʩʥʦʚʝ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʛʨʝʙʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʣʝʞʠʪ ʫʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʕʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʷʢʦʨʝ ʜʚʠʛʘʪʝʣʷ ʨʘʟʣʠʯʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ 

ʛʣʘʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. 

ʊʘʢʞʝ ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʥʘ ʦʙʤʦʪʢʫ ʚʦʟʙʫʞʜʝʥʠʷ ʷʢʦʨʷ ʜʚʠʛʘʪʝʣʷ ʝʛʦ ʚʦʟ-

ʙʫʜʠʪʝʣʷʤʠ. ʅʘʧʨʷʞʝʥʠʝ ʚʦʟʙʫʜʠʪʝʣʷ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʤʝʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʚ ʮʝʧʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʟʙʫʜʠʪʝʣʷ. ʎʝʣʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʚʦʟʙʫʜʠʪʝʣʷ ʜʚʠʛʘʪʝʣʷ ʥʘ ʧʦ-

ʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʏʘʩʪʠʯʥʘʷ ʠʣʠ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʩʠʩʪʝʤʫ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ 

ʵʪʘʧʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

1) ʬʫʥʢʮʠʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ɻʕʋ ʥʝ ʜʦʣʞʥʳ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʬʫʥʢʮʠʡ ʧʨʝʜʰʝʩʪ-

ʚʫʶʱʝʡ ʩʠʩʪʝʤʳ, ʪ. ʢ. ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʫʜʥʘ ʙʳʣʠ ʫʯʪʝʥʳ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʣʦʚʠʡ ʧʣʘʚʘ-

ʥʠʷ ʚ ʣʝʜʦʚʳʭ ʚʦʜʘʭ; 

2) ʤʦʜʝʨʥʠʟʘʮʠʷ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʠʩʪʝʤʳ, ʥʦ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

3) ʤʦʜʝʨʥʠʟʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ. 

ʈʝʰʝʥʠʝʤ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʪʠʨʠʩʪʦʨʘʭ ʚ ʮʝʧʠ ʚʦʟʙʫʞʜʝʥʠʷ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ɺʚʝʜʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʫʪʝʤ ʟʘʤʝʥʳ ʵʣʝʢ-

ʪʨʦʤʘʰʠʥʥʳʭ ʚʦʟʙʫʜʠʪʝʣʝʡ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʛʨʝʙʥʦʡ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. ɻʣʘʚʥʦʡ ʯʘʩʪʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʫʧʨʘʚʣʷʝʤʳʡ 

ʚʳʧʨʷʤʠʪʝʣʴ ʥʘ ʪʠʨʠʩʪʦʨʘʭ. ʇʠʪʘʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʦʪ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ. ʇʦʦʯʝʨʝʜʥʦʝ ʚʢʣʶʯʝʥʠʝ ʪʠʨʠʩʪʦʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʙʤʦʪʢʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠʭ ʩʢʦʨʦ-

ʩʪʠ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʨʝʙʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. ɻʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠ ʦʙʤʦʪʦʢ 

ʫʧʨʘʚʣʝʥʠʷ. 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʚʦʟʙʫʜʠʪʝʣʴ 
ʛʝʥʝʨʘʪʦʨʦʚ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʦʟʚʦʣʠʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʭʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 2 ʠ 3. ʆʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʤʘʛʥʠʪʥʦʤ ʫʩʠʣʠʪʝʣʝ ʜʣʷ ʚʦʟʙʫʞ-

ʜʝʥʠʷ ʚʦʟʙʫʜʠʪʝʣʝʡ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʩʘʤʠʭ ʚʦʟʙʫʜʠʪʝʣʷʭ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 

ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʪʘʚʠʪʴ ʚʦʟʙʫʜʠʪʝʣʠ, ʪ. ʢ. ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘ-

ʧʨʷʞʝʥʠʷ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʪʘʢʠʭ ʢʨʫʧʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

ʤʦʞʝʪ ʥʝ ʭʚʘʪʠʪʴ ʠ ʧʦʪʨʝʙʫʝʪʩʷ ʟʘʤʝʥʘ ʠ ʧʝʨʝʩʯʝʪ ʛʝʥʝʨʘʪʦʨʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʯʪʦ ʥʝʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʘ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʚʦʛʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ɻʕʋ ʨʝʞʠʤʳ ʩʫʜʥʘ 

ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 

ʉʣʦʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʷʩʥʷʣʘʩʴ ʧʨʦʙʣʝʤʦʡ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʪʦʢʘ ʚ ʮʝʧʠ ʛʣʘʚʥʦʛʦ ʪʦʢʘ ʠ ʕɼʉ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ 

ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʪʦʢʘ, ʩʠʛʥʘʣ ʦʪ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʝʪ ʥʘ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨ. ʋʧʨʘʚʣʷʶʱʠʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʦʩʫʱʝʩʪʚʣʷʝʪ ʬʫʥʢʮʠʠ ʉʀʌʋ ʜʣʷ ʪʠʨʠʩʪʦʨʦʚ. 

ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʚʳʧʦʣʥʝʥʘ ʨʝʚʝʨʩʠʚʥʦʡ. ʕʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʝʞʠ-

ʤʘ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʆʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ ʧʨʠ ʧʨʦʪʠʚʦʚʢʣʶʯʝʥʠʠ ʦʩʫ-

ʱʝʩʪʚʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʮʝʧʠ ʛʣʘʚʥʦʛʦ ʪʦʢʘ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 
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ʆʊ ɻɽʅɽʈɸʊʆʈʆɺ ʉʆʀɿʄɽʈʀʄʆʁ ʄʆʑʅʆʉʊʀ 

ʉʋɼʆɺʆʁ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ 

 
ʋʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʦʱʥʦʩʪʠ ʩʫʜʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʦʚ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 1 000 ɺ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʪʦʢʦʚʳʭ ʥʘʛʨʫʟʦʢ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʫʨʦʚʥʷʤ ʥʘʧʨʷʞʝʥʠʷ ʚʳʰʝ 1 000 ɺ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦʡ 

ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʦʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʟʜʝʩʴ ʫʜʝ-

ʣʝʥʦ ʧʫʩʢʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʜʨʫʣʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʨʠʚʝʜʝʥʳ ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʜʨʫʣʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʉʪʘʪʴʷ ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʤ, ʥʦ ʠ ʜʨʫʛʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʝʡ ʩʫʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʩʫʜʦʚʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʘʩʠʥʭʨʦʥʥʳʡ 

ʜʚʠʛʘʪʝʣʴ, ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʧʦʜʨʫʣʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 
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ON THE FEATURES OF STARTING HIGH -VOLTAGE ASYNCHRONOUS MOTORS  

FROM GENERATORS OF COMPARABLE POWER  

OF THE SHIP'S ELECTRIC POWER SYSTEM  

 
An increase in the power of the main engines of ships leads to an increase in the capacity of ship power plants. 

The use of voltage classes up to 1 000 V leads to an increase in the equipmentôs mass and dimensions and an in-

crease in current loads. The next step to the improvement of ship power systems is the transition to voltage levels 

above 1 000 V. At the same time, the problem of compliance with the indicators of quality of electric energy remains 

important. Particular attention is paid to the starting of the induction motor thruster, as one of the most powerful con-

sumers. Methods are given, which allow to determine the parameters of the electric drive, the parameters of the elec-

tric motor of the thruster and the quality indicators of electric energy.  

The article will be useful not only for electricians, but also for other professionals involved in the operation 

of ship power equipment. 

 

Key words: main engine, ship power station, quality indicators, asynchronous engine, electric drive, bow 

thruster. 

 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʫʜʦʚʳʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦ- 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʦʱʥʦʩʪʠ 

ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʦʚ ʩʫʜʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʩʫʜʘʭ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 1 000 ɺ ʵʪʦ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢʪʨʦʤʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʦʢʦʚʳʭ ʥʘʛʨʫʟʦʢ. ʇʦʵʪʦʤʫ 

ʚʦ ʠʟʙʝʞʘʥʠʝ ʵʪʦʛʦ ʥʘ ʩʫʜʘʭ ʧʨʠʤʝʥʷʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʚʳʰʝ 

1 000 ɺ, ʘ ʠʤʝʥʥʦ 6 000 ɺ (50 ɻʮ) ʠʣʠ 6 600 ɺ (60 ɻʮ). ʂ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ (ʥʘʧʨʷʞʝʥʠʶ ʠ ʯʘʩʪʦʪʝ ʪʦʢʘ) ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1] 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 1. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʩʫʜʘʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟ-ʟʘ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʝʠʤʫʱʝʩʪʚ: ʧʨʦʩʪʦʪʳ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘʜʝʞʥʦʩʪʠ ï ʧʦʣʫʯʠʣʠ ʘʩʠʥʭʨʦʥʥʳʝ ʤʘʰʠʥʳ. ʆʜʥʠʤ 

ʠʟ ʨʝʞʠʤʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʝʨʴʝʟʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʙʦʪʫ ʚʩʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʠ ʜʘʞʝ ʚʳʟʚʘʪʴ ʦʪʢʣʶʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʷʚʣʷʝʪʩʷ ʨʝʞʠʤ ʧʫʩʢʘ ʤʦʱʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. ʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʧʦʩʦʙʦʚ ʧʫʩʢʘ ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ ʚ ʩʝʪʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʦ ʚ [2, 3]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʜʨʫʣʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ʇʈʋ), ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʘʩʠʥʭʨʦʥʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤʠ ʠʟ ʤʦʱʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʭʦʪʷ ʚʨʝʤʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 30 ʤʠʥ [4]. 

ʊʘʙʣʠʮʘ 1 

ɼʦʧʫʩʪʠʤʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ 

ʇʘʨʘʤʝʪʨʳ 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ɼʣʠʪʝʣʴʥʦʝ,% 
ʂʨʘʪʢʦʚʨʝʤʝʥʥʦʝ 

% ɺʨʝʤʷ, ʩ 

ʅʘʧʨʷʞʝʥʠʝ (ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ) 

ʏʘʩʪʦʪʘ 

+6éī10 

+5 

+20 

+10 

1,5 

5 

 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʧʫʩʢʝ ʤʦʱʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʅʘʧʨʠʤʝʨ, ʨʘʩʩʤʦʪʨʠʤ ʢʦʥʪʝʡʥʝʨʦʚʦʟ çMathilde Maerskè IMO ˉ 9359052 ʢʦʥʪʝʡʥʝʨʦ-

ʚʤʝʩʪʠʤʦʩʪʴʶ 16 000 TEU. ʇʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ ʛʝʥʝʨʘʪʦʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʫʜʦʚʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [5] ʠ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʇʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ ʛʝʥʝʨʘʪʦʨʦʚ 

ɻʝʥʝʨʘʪʦʨ ʊʠʧ S, ʢɺɸ 
n, 

ʦʙ/ʤʠʥ 
U, ɺ I, ɸ f, ɻʮ ʩos ű 

ɼɻ (3) 
çSiemensè 

1DK4531-8BF05-Z 
3 600 1 800 6 600 315,3 60 0,7 

ʊɻ (1) 
çSiemensè 

1FJ4805-4SB62 
7 000 1 800 6 600 613,1 60 0,86 

ɺɻ (1) 

çSiemensè 

65L3710-8LG424 

AW0 

3 571 45ï82 6 600 328,5 60 0,7 

ɸʚʘʨʠʡʥʳʡ çCATERPILLARè SR4 1 700 1 800 440 2 457 60 0,8 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʈʋ ʠ ʝʛʦ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3 

ʠ ʪʘʙʣ. 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 3 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʨʫʣʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʊʠʧ ɼʠʘʤʝʪʨ ʚʠʥʪʘ, ʤʤ ʈ, ʢɺʪ 
nʜʚ, 

ʦʙ/ʤʠʥ 

nʚ, 

ʦʙ/ʤʠʥ 

Rolls-Royce/ Kamewʘ ʊʊ 2650 AUX CP* 2 650 2 200 892 204 

* ɺʠʥʪ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʰʘʛʘ. 

ʊʘʙʣʠʮʘ 4 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʊʠʧ Uʥ, ɺ Iʥ, ɸ Iʧ, ɸ Iʦ, ɸ cosű ɖ, % ɚʧ ɚmax Jʜʚ, ʢʛ Ā ʤ
2 

ɸɺɺ ɸʄɺ  

560L8A VAMH 

6 600 241 1 277,3 59 0,89 0,92 1,8 2,0 85,8 

 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʝʛʦ 

ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ: 

ɼɺ ʉ
,

9,55

dn
J ʄ ʄ

dt
S

= -
Ö

                                                           (1) 



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 
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ʛʜʝ JɆ ï ʩʫʤʤʘʨʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ, ʢʛ ʤ
2
; 

dn

dt
 ï ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ; 

ʄɼɺ ï ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪʩʷ ʜʚʠʛʘʪʝʣʝʤ (ʧʫʩʢʦʚʦʡ ʤʦʤʝʥʪ), ʅ Ŀ ʤ; 

ʄʉ ï ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʡ ʤʝʭʘʥʠʟʤʦʤ, ʅ Ā ʤ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1), ʩʦʙʩʪʚʝʥʥʦ, ʩʣʝʜʫʝʪ, ʯʪʦ ʚʨʝʤʷ ʧʫʩʢʘ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ: 

ɼɺ ʉ

.
9,55 ( )

J dn
dt

M M

S
Ö

=
Ö -

                                                            (2) 

ʉʫʤʤʘʨʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ: 

ɺ ɼɺ
,J J J

S
= +                                                                 (3) 

ʛʜʝ Jɺ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʩʦʟʜʘʚʘʝʤʳʡ ʚʠʥʪʦʤ, ʢʛĀʤ
2
; 

Jɼɺ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʚʠʛʘʪʝʣʷ, ʢʛĀʤ
2
. 

ʆʩʥʦʚʥʦʝ ʟʘʪʨʫʜʥʝʥʠʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʷ (3) ʩʦʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ Jɺ 

ʠ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʦʤ ʄʉ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʦ-ʧʝʨʚʳʭ, 

ʵʪʠʤ ʟʘʥʠʤʘʶʪʩʷ ʟʘʚʦʜʳ ï ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ, ʘ ʥʝ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ʚʦ-ʚʪʦʨʳʭ, ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʢʘʩʘʶʱʝʡʩʷ ʤʘʨʢʠʨʦʚʢʠ 

ʩʫʜʦʚʠʭ ʚʠʥʪʦʚ, ʥʘʧʨʠʤʝʨ ʚ [6], ʝʛʦ ʟʥʘʯʝʥʠʝ ʥʝ ʚʭʦʜʠʪ ʚ ʧʘʩʧʦʨʪʥʝ ʜʘʥʥʳʝ ʚʠʥʪʘ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ ʬʠʨʤ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ ʌʈɻ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Jɺ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ (4), ʧʨʠʚʝʜʝʥʥʦʝ ʚ [7]: 

2

ɺ
0,02 3

D D

A A
J M D

A A

å õå õ å õ
= Ö Ö Ö Ö +æ öæ ö æ ö

ç ÷ ç ÷ç ÷
,                                                (4)  

ʛʜʝ ʄ ï ʤʘʩʩʘ ʚʠʥʪʘ, ʢʛ; 

D ï ʜʠʘʤʝʪʨ ʚʠʥʪʘ, ʤ; 

D

ɸ

ɸ

å õ
æ ö
ç ÷

 ï ʜʠʩʢʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʚʠʥʪʘ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [6], ʧʨʠʚʦʜʠʪʩʷ ʚ ʧʘʩʧʦʨʪʝ ʥʘ ʚʠʥʪ 

ʠ ʥʘʥʦʩʠʪʩʷ ʥʘ ʥʝʛʦ ʫʜʘʨʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʩʩʝ ʚʠʥʪʘ ʝʝ ʟʥʘʯʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʧʦʣʴʟʫʷʩʴ ʚʳʨʘʞʝʥʠʝʤ: 

ʉʊ ʃ
M M ʄ= + ,                                                                (5)  

ʛʜʝ ʄʩʪ ï ʤʘʩʩʘ ʩʪʫʧʠʮʳ ʚʠʥʪʘ, ʢʛ; 

ʄʃ ï ʤʘʩʩʘ ʣʦʧʘʩʪʝʡ ʚʠʥʪʘ, ʢʛ. 

ʄʘʩʩʫ ʩʪʫʧʠʮʳ ʚʠʥʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʦʣʴʟʫʷʩʴ [8], ʛʜʝ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ. ʅʘʤʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʜʣʷ ʙʦʣʴʰʝʛʦ ʫʜʦʙʩʪʚʘ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ 

ʤʘʩʩʫ ʩʪʫʧʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʜʠʘʤʝʪʨʘ, ʠʩʧʦʣʴʟʫʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (6), 

ʢʦʪʦʨʘʷ ʜʣʷ ʜʠʘʤʝʪʨʘ ʚʠʥʪʦʚ ʦʪ 1,6é2,8 ʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1: 

3 21,937 10 6,332 5935.m D D-= Ö Ö - Ö +                                              (6) 

ʊʘʢʞʝ ʤʘʩʩʫ ʩʪʫʧʠʮʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʦʣʴʟʫʷʩʴ ʟʘʚʠʩʠʤʦʩʪʴʶ (7), ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʚ [9, 10], ʥʦ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʝʝ ʯʝʨʪʝʞ: 

2 2

ʉʊ 0 0
780 ( )

K
ʄ d d l= ÖgÖ - Ö,                                                         (7) 

ʛʜʝ d0 ï ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʩʪʫʧʠʮʳ ʚʠʥʪʘ, ʤ; 

dʂ ï ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʦʥʫʩʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʤ (ʩʥʠʤʘʝʪʩʷ ʩ ʯʝʨʪʝʞʘ); 

l0 ï ʜʣʠʥʘ ʩʪʫʧʠʮʳ, ʤ. 

ʄʘʩʩʫ ʣʦʧʘʩʪʝʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

3

ʃ
10 (1,4 15,3 )ʄ D S-=gÖ Ö + Ö Ö,                                                    (8)  

ʛʜʝ ɔ ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʤʘʪʝʨʠʘʣʘ ʚʠʥʪʘ,  ʢʛ/ʤ
3
; 

S ï ʧʣʦʱʘʜʴ ʩʧʨʷʤʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʝʡ, ʤ
2
. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʩʪʫʧʠʮʳ ʚʠʥʪʘ ʦʪ ʝʛʦ ʜʠʘʤʝʪʨʘ 

ʋʜʝʣʴʥʳʡ ʚʝʩ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ, ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 5. 

ʊʘʙʣʠʮʘ 5 

ʋʜʝʣʴʥʳʡ ʚʝʩ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ 

ʄʘʪʝʨʠʘʣ ʄʘʨʢʘ ʤʘʪʝʨʠʘʣʘ ɔʤ, ʢʛ/ʤ
3 

ʉʪʘʣʠ ʣʠʪʝʡʥʳʝ ʉʪʘʣʴ 25ʃ ɻʆʉʊ 977-88 

ʉʪʘʣʴ 30ʃ ɻʆʉʊ 977-88 

ʉʪʘʣʴ 35ʃ ɻʆʉʊ 977-88 

7 850 

ʃʘʪʫʥʠ ʃʄʮɾ-55-3-1 ɻʆʉʊ 17711-72 

ʃɸʄʮɾ-67-5-2-2 ɻʆʉʊ 17711-72 

8 600 

ɹʨʦʥʟʳ ɹʨɸɾʅ-9-4-4 ɻʆʉʊ 614-97 

ɹʨɸɾʅ-9-3-3 ɻʆʉʊ 614-97 

8 450 

 

ʇʣʦʱʘʜʴ ʩʧʨʷʤʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

2

4
D

D A
S

A

å õpÖ
= Öæ ö

ç ÷
.                                                              (9) 

ɽʩʣʠ ʩʯʠʪʘʪʴ ʇʈʋ ʦʩʝʚʳʤ ʥʘʩʦʩʦʤ [11], ʩ ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ [12], ʪʦ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʫʧʦʨ), ʢʦʪʦʨʳʡ ʥʠʤ ʩʦʟʜʘʝʪʩʷ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (10), ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ [13]: 

ʉ

N g Q H
ʄ

rÖ Ö Ö
= =
w wÖh

,                                                          (10) 

ʛʜʝ ɤ ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ, ʨʘʜ/ʩ; 

ɟ = 1 025ʢʛ/ʤ
3
 ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʤʦʨʩʢʦʡ ʚʦʜʳ; 

ɖ ï ʂʇɼ ʥʘʩʦʩʘ; 

Q ï ʧʦʜʘʯʘ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ), ʤ
3
/ʩ; 

H ï ʥʘʧʦʨ, ʤ. 

ɿʥʘʯʝʥʠʷ Q, H, ɖ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʘʩʦʩʘ. ɼʣʷ ʥʘʰʝʛʦ 

ʩʣʫʯʘʷ ʟʘ ʧʨʦʪʦʪʠʧ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʥʘʩʦʩ ʪʠʧʘ ʆʇɺ-11-260. ɽʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ [14] ʠ ʥʘ ʨʠʩ. 2. ʅʘʩʦʩ ʨʘʙʦʪʘʝʪ ʥʘ ʩʝʪʴ, ʥʘʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʝ ʠ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

2

ʉ
2

v
ʅ

g

xÖ
=
Ö

,                                                                  (11) 

ʛʜʝ ɝ = 0,6 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʤʝʩʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ [15]; 

v ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʇʈʋ, ʤ/ʩ (ʜʣʷ ʰʚʘʨʪʦʚʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠʥʠʤʘʝʪʩʷ v = 5 ʤ/ʩ); 

g = 9,81 ʤ/ʩ
2
 ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ɿʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ: 

2

4 Q
v

D

Ö
=
pÖ

,                                                                   (12) 
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ʛʜʝ Q ï ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ, ʤ
3
/ʩ; 

D ï ʜʠʘʤʝʪʨ ʪʨʫʙʳ, ʤ. 

ɼʣʠʥʘ ʪʨʫʙʳ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ (2...3)l D= Ö [16]. 

ʇʦʜʩʪʘʚʠʤ (12) ʚ (11) ʠ ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʦʨʘ ʩʝʪʠ ʦʪ ʨʘʩʭʦʜʘ: 

2

ʉ 2 4

8
.

Q
ʅ

D g

ÖxÖ
=
p Ö Ö

                                                             (13) 

ʅʘʢʣʘʜʳʚʘʝʤ ʥʘʧʦʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʩʦʩʘ (ʨʠʩ. 2) 

ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʤ ʠʥʪʝʨʝʩʫʶʱʠʝ ʥʘʩ ʧʘʨʘʤʝʪʨʳ. 

 

ʈʠʩ. 2. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʪʠ 

ʇʦʣʫʯʠʚ ʟʥʘʯʝʥʠʷ Q, H ʠ ɖ, ʦʧʨʝʜʝʣʷʝʤ ʪʘʢʞʝ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 

2 150 ʢɺʪ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʫʧʦʨ), ʩʦʟʜʘʚʘʝʤʳʡ ʧʨʠʚʦʜʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʜʦʣʞʝʥ 

ʧʨʝʦʜʦʣʝʪʴ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʡ ʩʫʜʥʦʤ: 

ʉʋɼ
ʄ F L= Ö,                                                               (14) 

ʛʜʝ L ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʜʦ ʮʝʥʪʨʘ ʪʨʫʙʳ ʇʈʋ (ʧʣʝʯʦ), ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʧʦ ʯʝʨʪʝʞʫ ʩʫʜʥʘ, ʤ; 

F ï ʫʜʝʣʴʥʘʷ ʪʷʛʘ, ʢʅ (ʜʣʷ ʢʦʥʪʝʡʥʝʨʦʚʦʟʦʚ ʩʦʩʪʘʚʣʷʝʪ 40ï60 ʢʅ). 

ʇʨʠ ʵʪʦʤ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ʄʉ > MCʋɼ. ʎʝʥʪʨ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ, ʢʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʠ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʩʫʜʦʚ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʦʜʥʦʡ ʰʠʨʠʥʳ ʩʫʜʥʘ ʦʪ ʢʦʨʤʳ. ʐʠʨʠʥʘ ʩʫʜʥʘ ʨʘʚʥʘ ʰʠʨʠʥʝ ʩʫʜʥʘ ʧʦ ʤʠʜʝʣʴ-ʰʧʘʥʛʦʫʪʫ [17]. 

ɼʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ ʵʪʠ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʣʷʶʪ: ʜʣʠʥʘ ʩʫʜʥʘ 366,89 ʤ, ʰʠʨʠʥʘ ʩʫʜʥʘ ʧʦ ʤʠʜʝʣʴ-

ʰʧʘʥʛʦʫʪʫ 42,8 ʤ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʜʦ ʮʝʥʪʨʘ ʪʨʫʙʳ ʇʈʋ 284,1ʤ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠʚʦʜʥʦʡ ʜʚʠʛʘʪʝʣʴ ʠ ʚʠʥʪ ʠʤʝʶʪ ʨʘʟʥʳʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʪʦ Jɺ ʠ ʄʉ 

ʤʝʭʘʥʠʟʤʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʢ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʚʠʥʪʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʚʳʨʘʞʝʥʠʷʤʠ (15) ʠ (16) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 
2

' ɺ

ɺ ɺ
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n
J J
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ç ÷
,                                                              (15) 

' ɺ

ʉ ʉ
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.
n

ʄ ʄ
n

å õ
= Öæ öæ ö

ç ÷

                                                               (16) 

ʀʟ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʄôʉ å 0,8 Ā ʄʅ (ʟʥʘʯʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ). 
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ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (2) ʩ ʫʯʝʪʦʤ (15) ʠ (16) ʧʨʠʤʝʪ ʚʠʜ: 

'

ɺ ɼɺ

'
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.                                       (17) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʚʨʝʤʷ ʧʫʩʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʇʈʋ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ  

1ï1,2 ʩ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʧʫʩʪʠʤʠʭ ʧʨʝʜʝʣʘʭ. 

ʊʝʧʝʨʴ ʧʝʨʝʡʜʝʤ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʧʫʩʢ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʦʪ ʜʠʟʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʦʠʟʤʝʨʠʤʦʡ ʤʦʱʥʦʩʪʠ. 

ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚʦ ʚʨʝʤʷ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 

ʚ ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʚʦʜʘʭ ʛʝʥʝʨʘʪʦʨʘ ʩʨʘʟʫ ʫʤʝʥʴʰʘ-

ʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʝʘʢʪʠʚʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʛʝʥʝʨʘʪʦʨʘ (ʩʚʝʨʭ-

ʧʝʨʝʭʦʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʦʯʝʥʴ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʨʝʤʝʥʝʤ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ). 

ʇʨʠ ʥʘʣʠʯʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ, ʢʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʘ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʥʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʚ ʤʦʤʝʥʪ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ, ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʦʢʝ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ-

ʧʨʷʞʝʥʠʝ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʦ ʥʦʤʠʥʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʛʝʥʝʨʘʪʦʨʘ. 

ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʧʝʨʝʭʦʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʦʟʙʫʜʠʪʝʣʷ, ʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʛʝʥʝʨʘʪʦʨʝ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Uʅ ʜʦ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʟʥʘʯʝʥʠʷ Uʋʉʊ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ [18]: 

'

ʋʉʊ ʋʉʊ ʅ
( ) d

t

u U U U e
-
t

= - - Ö,                                               (18) 

ʛʜʝ 
'

do
t  ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩ. 

ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʝʨʝʭʦʜʥʦʡ ʕɼʉ '

q
ɽ  ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ 

ʜʚʠʛʘʪʝʣʷ: 
'

ʇ
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E X
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,                                                                  (19) 

ʛʜʝ '
d
ʍ  ï ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ, ʦ. ʝ. 

ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʪʠʧʘ ʛʝʥʝʨʘʪʦʨʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ [5] '

do
t  = 0,1426 ʩ; '

d
ʍ  = 0,246 ʦ. ʝ., ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ'

q
ɽ  = 1,05 ʦ. ʝ. [18]. 

ʋʩʪʘʥʦʚʠʚʰʝʝʩʷ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠʣʠ ʛʨʘʬʠʯʝʩʢʠ. ʅʘʠʙʦʣʝʝ 

ʫʜʦʙʥʦ ʠ ʙʳʩʪʨʦ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʥʘʧʨʷʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʨʠʚʳʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʧʨʷʞʝ-

ʥʠʷ ʛʝʥʝʨʘʪʦʨʘ Uɻ/Uɻ. ʅʆʄ ʦʪ ʫʩʣʦʚʠʡ ʧʫʩʢʦʚʦʡ ʤʦʱʥʦʩʪʠ Sʇ/Sɻ. ʅʆʄ (Sʇ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʛʝʥʝʨʘʪʦʨʘ Uɻ. ʅʆʄ), ʧʦʩʪʨʦʝʥʥʳʤ ʜʣʷ ʩʣʫʯʘʷ ʯʠʩʪʦ ʨʝʘʢʪʠʚʥʦʡ 

ʥʘʛʨʫʟʢʠ ʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [18] 

ʠ ʥʘ (ʨʠʩ. 3). ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʥʘʯʠʥʘʝʪ ʚʣʠʷʪʴ ʥʘ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʫʩʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʪʦʣʴʢʦ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʟʥʘʯʝʥʠʷʭ 
ʅ

cos 0,8j ² . ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʘʭ ʚʣʠʷʥʠʝʤ ʘʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɺʣʠʷʥʠʝ ʦʪʥʦʰʝʥʠʷ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ (ʆʂɿ) ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ, ʠ ʧʦʪʦʤʫ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʶ ʪʦʯʥʦʩʪʠ 

ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʨʠʚʳʤʠ (ʨʠʩ. 3) ʜʣʷ ʛʝʥʝʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʥʳʝ ʆʂɿ. 

 

ʈʠʩ. 3. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʞʠʤʘʭ ʛʝʥʝʨʘʪʦʨʘ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʫʩʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ 
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ɽʩʣʠ ʛʝʥʝʨʘʪʦʨ ʥʝ ʠʤʝʝʪ ʜʨʫʛʦʡ ʥʘʛʨʫʟʢʠ ʢʨʦʤʝ ʟʘʧʫʩʢʘʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʧʨʷ-

ʞʝʥʠʝ ʜʦʣʞʥʦ ʚʳʙʠʨʘʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʜʦʧʫʩʪʠʤʦʤ ʥʘʛʨʝ-

ʚʘʥʠʠ ʝʛʦ ʦʙʤʦʪʦʢ ʧʫʩʢʦʚʳʤʠ ʪʦʢʘʤʠ. ʊʦʛʜʘ ʟʥʘʯʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ: 
2 2
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,                                     (20) 

ʛʜʝ kI ï ʢʨʘʪʥʦʩʪʴ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ ʜʚʠʛʘʪʝʣʷ; 

Uɼʌ ï ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʞʠʤʘʭ ʜʚʠʛʘʪʝʣʷ, ɺ; 

Uɹ ï ʙʘʟʠʩʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ɺ; 

Uʅ ï ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, ɺ; 

Sɻʅ ï ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ, ʢɺɸ; 

Sɼʅ ï ʧʦʣʥʘʷ ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʢɺɸ; 

Iʅ ï ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ ʜʚʠʛʘʪʝʣʷ, ɸ. 

ʌʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʞʠʤʘʭ ʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

ɼʌ ɹ
U U U= -D,                                                                (21) 

ʛʜʝ ȹU ï ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʛʝʥʝʨʘʪʦʨ ʠ ʜʚʠʛʘʪʝʣʴ, ɺ; 

( )H ʃ ʅ ʃ ʅ
3 cos sinU I R XD = Ö Ö Ö j + Ö j,                                              (22) 

ʛʜʝ cosűH ï ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ; 

Rʃ, ʍʃ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʢʪʠʚʥʘʷ ʠ ʨʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʙʝʣʴʥʦʡ 

ʣʠʥʠʠ, ʆʤ. 

ʀʭ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʧʝʨʝʩʯʠʪʘʪʴ ʧʦ ʫʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʢʘʙʝʣʷ ʦʧʨʝʜʝʣʝʥ-

ʥʦʛʦ ʩʝʯʝʥʠʷ [19] ʠ ʝʛʦ ʜʣʠʥʝ. ʉʝʯʝʥʠʝ ʢʘʙʝʣʷ ʚʳʙʠʨʘʝʪʩʷ ʧʦ ʪʦʢʦʚʦʡ ʥʘʛʨʫʟʢʝ ʜʚʠʛʘʪʝʣʷ. 

ʈʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ (18) ʩ ʫʯʝʪʦʤ (19)ï(22), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩʥʠʞʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʠʪ 19,5%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʨʤʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ [1], ʩʦʙʣʶʜʘʶʪʩʷ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʨʦʤʝ ʟʘʧʫʩʢʘʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ ʢ ʰʠʥʘʤ ʧʨʠʩʦʝʜʠʥʝʥʳ ʜʨʫʛʠʝ ʧʦʪʨʝʙʠʪʝʣʠ, 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʫʩʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 
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Ö Ö Ö Ö Ö + Ö jæ öæ ö Ö +ç ÷
= = ,                            (23) 

ʛʜʝ ʈʅ ï ʟʥʘʯʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʰʠʥʘʤ, ʢɺʪ; 

Qʅ ï ʟʥʘʯʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʰʠʥʘʤ, ʢɺɸʨ; ʅ
cosj  ï 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ. 

ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʟʥʘʯʝʥʠʝ '

q
ɽ  ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʤʦʱʥʦʩʪʠ ʵʪʠʭ ʧʨʠʝʤʥʠʢʦʚ: 

'
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P X Q
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S S

Ö j Ö
= + Ö = + .                                              (24) 

ɿʥʘʯʝʥʠʝ ʘʢʪʠʚʥʦʡ (ʨʝʘʢʪʠʚʥʦʡ) ʤʦʱʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʰʠʥʘʤ, 

ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʤʦʞʥʦ ʚʟʷʪʴ ʚ ʪʘʙʣʠʮʝ ʟʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ [5]. 

ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʤ ʧʨʦʚʝʨʢʫ ʩʧʦʩʦʙʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ (ɸʈʅ) 

ʛʝʥʝʨʘʪʦʨʘ ʧʦ ʝʛʦ ʩʪʘʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ (ʨʠʩ. 4). 

 
ʈʠʩ. 4. ʉʪʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

U/Uʥ ʦ. ʝ. 

I/Iʥ ʦ. ʝ. 

cos ű 

æUʩʪ = 2,5% 
æUʩʪ = 1,75% 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

 

97 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ɸʈʅ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʜʘʥʥʳʭ 

ʧʨʝʜʝʣʘʭ. 

ʉʫʤʤʠʨʫʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚʳʰʝ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʫʜʥʘ ʚ ʮʝʣʦʤ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʚʨʝʤʷ ʧʫʩʢʘ ʠ ʩʥʠʞʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ) ʧʦʧʫʪʥʦ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʨʝʰʘʪʴ ʮʝʣʳʡ ʨʷʜ ʚʦʧʨʦʩʦʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʦ-

ʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʘʧʨʠʤʝʨ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʜʨʫʣʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

3. ʋʯʝʪ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦ-

ʤʫ ʚʳʙʦʨʫ ʫʩʪʘʚʦʢ ʧʫʩʢʦ-ʟʘʱʠʪʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

4. ʆʪʜʝʣʴʥʳʝ ʧʦʣʦʞʝʥʥʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʚ ʯʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ʧʦʣʥʦʪʳ 

ʠ ʚʘʞʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʫʩʪʨʦʡʩʪʚ. 
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ENHANCING FUNCTIONALITY AND EFFICIENCY  

OF COMBINED SHIP PROPULSION SYSTEMS 
 

The use of electronically controlled main engines, which are part of the propulsion complex of marine ves-

sels, makes it possible to optimize not only the workflow, but also reduce NOx emissions with exhaust gases 

to the standards established by MARPOL 73/78, and reduce specific fuel consumption. Installing a synchronous 

machine in the shaft line allows you to get an additional source of electrical energy or a source of movement, in-

creases the efficiency and reliability of the propulsion of the vessel. Regulation of the frequency of rotation of the 

source of movement is carried out from the frequency converter of the company SIEMENS ï Sinamics S120.  

The presence of a frequency converter with an active rectifier allows the movement source to operate at rotational 

frequencies lower than that established by the Register rules. 

 
ʂey words: main engine, shaft generator, electric motor, electronic control, diesel generator, specific fuel 

consumption, loading, active rectifier, frequency converter, vector control. 

 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʤʦʨʩʢʠʝ ʩʫʜʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʚʦʜʦʠʟʤʝʱʝʥʠʷ, ʠʤʝʶʪ 

ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʨʦʧʫʣʴʩʠʚʥʳʝ ʫʩʪʘʥʦʚʢʠ (ʇʋ) ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʚʥʫʪ-

ʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ). ʅʦ ʫʚʝʣʠʯʝʥʠʝ ʮʝʥ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟ-

ʜʘʥʠʷ ʜʣʷ ʥʠʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʢʦʤʧʘʥʠʡ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ɼɺʉ, ʪʘʢʠʭ ʢʘʢ ʄɸN B&W, 

W RTSIL -SULZER, MHI ʠ ʜʨ., ʧʦʩʪʦʷʥʥʦ ʟʘʥʠʤʘʶʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʢʦʥʩ-

ʪʨʫʢʮʠʠ, ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯ-
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ʥʦʩʪʠ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʇʋ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʫʣʫʯʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɻɼ). 

ɼʦʧʦʣʥʝʥʠʝ VI ʢ ʂʦʥʚʝʥʮʠʠ MARPOL 73/78, ʚʩʪʫʧʠʚʰʝʝ ʚ ʜʝʡʩʪʚʠʝ 19 ʤʘʷ 2005 ʛ. ʠ ʦʛʨʘʥʠʯʠ-

ʚʘʶʱʝʝ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʦʢʠʩʣʳ ʘʟʦʪʘ ʠ ʩʝʨʳ), ʬʘʢʪʠʯʝʩʢʠ ʥʘʧʨʘʚ-

ʣʝʥʦ ʥʘ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʭ, ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʘʢʪʠʯʝʩ-

ʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʜʚʠʛʘʪʝʣʝʡ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʚʘʣʘ 

ʢ ʜʚʠʛʘʪʝʣʷʤ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʢʨʦʤʝ ɻɼ ʚ ʩʦʩʪʘʚ ʩʦʚʨʝʤʝʥʥʳʭ ʇʋ ʚʭʦʜʠʪ 

ʠ ʩʠʥʭʨʦʥʥʘʷ ʤʘʰʠʥʘ (ʉʄ), ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʣʠʥʠʶ ʛʨʝʙʥʦʛʦ ʚʘʣʘ (ʨʠʩ. 1). ʆʥʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 

ʢʘʢ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ɺɻ), ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ ʜʚʠʛʘʪʝʣʷ (ɼ). 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʇʋ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʩ ʧʦʤʦʱʴʶ ʉʄ ʧʨʠ ʝʝ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ʜʚʠʛʘʪʝʣʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ɻɼ ʤʠʥʠ-

ʤʘʣʴʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʥʘʜʝʞʥʫʶ ʠ ʙʝʟʘʚʘʨʠʡʥʫʶ ʵʢʩʧ-

ʣʫʘʪʘʮʠʶ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʫʜʦʚʦʡ ʧʨʦʧʫʣʴʩʠʚʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʇʋ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘ çMathilde Maerskè (IMO ˉ 9359052) 

ʚʤʝʩʪʠʤʦʩʪʴʶ 16 000 ʪʳʩ. ʢʦʥʪʝʡʥʝʨʦʚ, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ɻɼ ʥʘ ʩʫʜʥʝ ʫʩʪʘʥʦʚʣʝʥ ʤʘʣʦʦʙʦʨʦʪʥʳʡ ʜʠʟʝʣʴ (ʄʆɼ) DOOSAN-W RTSIL -

SULZER RT-flex96ʉ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʤ (ʕʋ) ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 93 360 ʣ. ʩ. 

(68 640 ʢɺʪ), ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 102 ʦʙ/ʤʠʥ ʠ ʥʦʤʠʥʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ 7 603 850 ʅʤ [2]. 

ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ɻɼ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʘʭ 

ʩ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ (ʧʨʦʭʦʞʜʝʥʠʝ ʢʘʥʘʣʦʚ, ʧʣʘʚʘʥʠʝ ʚ ʪʫʤʘʥʝ ʠ ʜʨ.). ɽʩʪʝʩʪʚʝʥʥʦ, 

ʯʪʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ, ʧʨʠʦʙʨʝʪʘʝʪ 

ʤʠʥʠʤʘʣʴʥʦ ʫʩʪʦʡʯʠʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ɻɼ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʚʠʥʪ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʈʝʛʠʩʪʨʘ ʵʪʘ ʚʝʣʠʯʠʥʘ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʥʠʞʝ 0,3nʥʦʤ. ʏʝʤ ʤʝʥʴʰʝ ʤʠʥʠʤʘʣʴʥʦ 

ʫʩʪʦʡʯʠʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʪʝʤ ʣʫʯʰʝ ʤʘʥʝʚʨʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʫʜʥʘ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʄʆɼ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ (0,16õ0,18nʥʦʤ) ʠ ʜʘʞʝ 0,05nʥʦʤ [3, 4]. ʅʦ ʵʪʦ ʠʤʝʝʪ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ, ʦ ʢʦʪʦʨʳʭ ʜʦʩʢʦʥʘʣʴʥʦ ʠʟʣʦʞʝʥʦ ʚ [5]. 

ʇʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ, ʨʘʩʩʤʦʪʨʠʤ ʚʠʥʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2), 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [1]. ɼʣʷ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (1) ʠ (2), 

ʘ ʜʣʷ ʩʫʜʦʤʝʭʘʥʠʢʦʚ (3) ʠ (4). ʅʘ ʨʠʩ. 2 ʦʙʦʟʥʘʯʝʥʳ nmin = 30 ʦʙ/ʤʠʥ ï ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ɻɼ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʈʝʛʠʩʪʨʘ; nʥʦʤ = 105 ʦʙ/ʤʠʥ ï ʥʦʤʠʥʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ; np = 90 ʦʙ/ʤʠʥ ï ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ [7]. ʂʘʢ ʚʠʜʠʤ ʠʟ ʨʠʩ. 2, 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ nmin = 30 ʦʙ/ʤʠʥ. ʉʢʦʨʦʩʪʴ ʩʫʜʥʘ ʩʦʩʪʘʚʣʷʝʪ  

7õ8 ʫʟʣʦʚ ʧʨʠ ʤʦʱʥʦʩʪʠ N = 30 000 ʢɺʪ. 

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʚ ʣʠʥʠʶ ʚʘʣʘ ʫʩʪʘʥʦʚʣʝʥ ɺɻ/ɼ, ʢʦʪʦʨʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1] ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʘʪʦʨʘ (ʈʊʆ) ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ɻɼ ʚ ʜʠʘʧʘʟʦʥʝ 45ï85 ʦʙ/ʤʠʥ, 

ʠ ʚ ʨʝʞʠʤʝ ʜʚʠʛʘʪʝʣʷ (ʈʊI) ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 40õ90 ʦʙ/ʤʠʥ. ʇʨʠ ʨʘʙʦʪʝ ɺɻ/ɼ ʚ ʨʝʞʠʤʝ ʜʚʠ-

ʛʘʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʨʘʙʦʪʳ ɻɼ. ʈʝʞʠʤʳ ʨʘʙʦʪʳ ɺɻ/ɼ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. 

ɼɻ ˉ 1 

ɼɻ ˉ n 
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ʈʠʩ. 2. ɺʠʥʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 1 ï N = f (v) ʚ ʙʘʣʣʘʩʪʝ ʩ ʦʩʘʜʢʦʡ 6,0/9,9ʤ;  

2 ï N = f (v) ʧʨʠ ʟʘʛʨʫʟʢʝ ʩ ʦʩʘʜʢʦʡ 15,0/15,0 ʤ; 3 ï N = f (n) ʚ ʙʘʣʣʘʩʪʝ ʩ ʦʩʘʜʢʦʡ 6,0/9,9ʤ;  

4 ï N = f (n) ʧʨʠ ʟʘʛʨʫʟʢʝ ʩ ʦʩʘʜʢʦʡ 15,0/15,0 ʤ 

 

ʈʠʩ. 3. ʅʘʛʨʫʟʦʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʚʠʛʘʪʝʣʷ 

ɸʥʘʣʠʟ ʥʘʛʨʫʟʦʯʥʳʭ ʜʠʘʛʨʘʤʤ ʨʘʙʦʪʳ ɺɻ/ɼ (ʨʠʩ. 3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʘ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ 

ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʘʭ, ʢʦʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ɻɼ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʋ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ 

ʩʠʣʦʚʦʡ ʩʭʝʤʳ ʩ ʘʢʪʠʚʥʳʤ ʚʳʧʨʷʤʠʪʝʣʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʜʚʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚ-

ʣʝʥʠʷʭ (ʨʠʩ. 4). ʅʘʣʠʯʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʩ ʘʢʪʠʚʥʳʤ ʚʳʧʨʷʤʠʪʝʣʝʤ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝ-

ʯʠʪʴ ʨʘʙʦʪʫ ɺɻ/ɼ ʥʘ ʯʘʩʪʦʪʘʭ ʥʠʞʝ, ʯʝʤ 30 ʦʙ/ʤʠʥ, ʪ. ʝ. ʚ ʨʝʞʠʤʝ (ʈʊʅ). 

 

ʈʠʩ. 4. ʉʠʣʦʚʘʷ ʩʭʝʤʘ ʜʣʷ ʨʘʙʦʪʳ ʩʠʥʭʨʦʥʥʦʛʦ ɺɻ/ɼ ʩ ʩʫʜʦʚʦʡ ʩʝʪʴʶ 

ʉɻ:2500 ʢɺʪ 

ʉɻ:6000 ʢɺʪ 

ʉɻ:3600 ʢɺʪ 

ʉɻ:1400 ʢɺʪ 

n, ʦʙ/ʤʠʥ 

n, ʦʙ/ʤʠʥ 

nʥʦʤ 

nʨ 

nmin 

v, ʫʟʣʳ 

N, ʢɺʪ 
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ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚʳʰʝ ʩʭʝʤʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʬʠʨʤʳ 

SIEMENS ï Sinamics S120. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʤʦʤʝʥʪʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʚʝʢʪʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʷʚʥʦ-

ʧʦʣʶʩʥʦʡ ɺɻ/ɼ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʦʪʦʢʦʤ, ʟʘʧʠʩʘʥʥʳʝ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʢʦ-

ʦʨʜʠʥʘʪ d ï q, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦ ʧʦʪʦʢʫ ʨʦʪʦʨʘ, ʧʦʟʚʦʣʷʶʪ ʩʦʩʪʘʚʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʤʘ-

ʰʠʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 5. 
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ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ d ï q 

ʇʦʩʢʦʣʴʢʫ ʧʨʠʥʮʠʧʳ ʚʝʢʪʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʙʦʜʥʫʶ ʦʨʠʝʥ-

ʪʘʮʠʶ ʚʝʢʪʦʨʘ ʪʦʢʘ ʩʪʘʪʦʨʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ d ï q, ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ: 

ɺɻ

3
( ).

2
p sd sq sq sd

M z i i= Ö Ö Y Ö -Y Ö                                                    (1) 

ɼʣʷ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 5) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1): 

( )( )ɺɻ

3

2
p p sq sd sq sd sq

M z i i i L L= Ö Ö Y Ö + Ö Ö -,                                              (2) 

ʛʜʝ ʄʚʛ ï ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ɺɻ/ɼ, 

zp ï ʢʦʣʠʯʝʩʪʚʦ ʧʘʨ ʧʦʣʶʩʦʚ ʤʘʰʠʥʳ, 

Ɋp ï ʧʦʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ, 

Lsd, Lsq ï ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʪʘʪʦʨʘ ʧʦ ʦʩʠ d ʠ q, 

isd, isq ï ʧʨʦʝʢʮʠʠ ʪʦʢʘ ʩʪʘʪʦʨʘ ʥʘ ʦʩʠ d ʠ q ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʦʣʴʢʦ ʧʨʠ ʩʪʨʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʪʦʢʘ ʩʪʘʪʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʪʦʢʫ 

ʧʨʦʝʢʮʠʠ ʪʦʢʘ ʩʪʘʪʦʨʘ ʥʘ ʦʩʴ d isd ʨʘʚʝʥ ʥʫʣʶ. ʊʦʛʜʘ ʤʦʤʝʥʪ ɺɻ/ɼ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʩʦʦʪʚʝʪʩ-

ʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ: 

ɺɻ

3

2
p p sq

M z i= Ö ÖY Ö,                                                                (3) 

ʪ. ʝ. ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʤʝʥʪʘ ʜʦʩʪʘʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʝʢʮʠʶ ʪʦʢʘ ʩʪʘʪʦʨʘ 

ʥʘ ʦʩʴ q  isq. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ (ʨʠʩ. 6). 

ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʣʷʨʥʦʩʪʴ ʩʠʛʥʘʣʘ ʟʘʜʘʥʠʷ ʥʘ ʤʦʤʝʥʪ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʨʝ-

ʞʠʤ ʨʘʙʦʪʳ ɺɻ/ɼ, ʪ. ʝ. ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʟʘʜʘʥʠʠ ɺɻ/ɼ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʜʚʠʛʘʪʝʣʝʤ, ʧʨʠ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦʤ ï ʛʝʥʝʨʘʪʦʨʦʤ. ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ʢʦʥʪʫʨʦʚ ʪʦʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʇʀ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʩʦ-

ʚʤʝʩʪʥʦ ʩ ʙʣʦʢʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʕɼʉ. ʇʨʦʮʝʩʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ d ï q, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦ ʧʦʪʦʢʫ ʨʦʪʦʨʘ. ʅʝʦʙʭʦʜʠʤʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚʝʢʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʦʜʫʣʷʪʦʨʦʤ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʯʘʩʪʦʪʝ ʤʦʜʫʣʷʮʠʠ ï 

8 ʢɻʮ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʪʦʢʘ ɺɻ/ɼ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝ ʦʩʥʦʚʥʳʝ 

ʨʝʞʠʤʳ ɺɻ/ɼ ʚ ʩʦʩʪʘʚʝ ʩ ʩʫʜʦʚʦʡ ʇʋ. 
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ʈʠʩ.6. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʤʝʥʪʘ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ 

ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ 

ʄathLAB (ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 7 ʠ ʨʠʩ. 8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ. 7. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ɺɻ/ɼ 

 

ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ɺɻ/ɼ: 

isd ï ʧʦʪʦʢʦʦʙʨʘʟʫʶʱʘʷ ʢʦʤʧʦʥʝʥʪʘ ʪʦʢʘ ʩʪʘʪʦʨʘ;  

isq ï ʤʦʤʝʥʪʦʦʙʨʘʟʫʶʱʘʷ ʢʦʤʧʦʥʝʥʪʘ ʪʦʢʘ ʩʪʘʪʦʨʘ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʤʦʤʝʥʪʫ); wm ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 

 

104 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ɺɻ/ɼ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʝʨʝʩʯʝʪ ʟʥʘʯʝʥʠʡ 

ʤʦʤʝʥʪʘ ɻɼ, ʢʦʪʦʨʳʡ ʜʣʷ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ (4), 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ [2]: 
2

1

1

Rx

Rx R

R

n
M M

n

å õ
= Öæ ö

ç ÷
,                                                                (4) 

ʛʜʝ MR1 ï ʟʥʘʯʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ; 

1R
n  ï ʥʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ; 

Rx
n  ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚ ʟʘʜʘʥʥʦʤ ʨʝʞʠʤʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʜʚʠʛʘʪʝʣʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ, ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

9,55

Rx Rx
M n

ʈ
Ö

= .                                                                     (5) 

ʀʟ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 5 ʄɺʪ. ʉʯʠʪʘʝʤ, ʯʪʦ ʜʣʷ ʝʛʦ ʧʠʪʘʥʠʷ 

ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʦʩʪʠ ʜʚʫʭ ɼɻ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ. ʇʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ 

ʛʝʥʝʨʘʪʦʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [1] ʠ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʇʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ ʛʝʥʝʨʘʪʦʨʦʚ 

ɻʝʥʝʨʘʪʦʨ ʊʠʧ 
ʄʦʱʥʦʩʪʴ, 

ʢɺɸ 

ʏʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ, 

ʦʙ/ʤʠʥ 

ʅʘʧʨʷʞʝʥʠʝ, 

ɺ 

ʊʦʢ, 

ɸ 

ʏʘʩʪʦʪʘ, 

ɻʮ 
ʩos ű 

ɼɻ (3) 
çSiemensè 

1DK4531-8BF05-Z 
3 600 1 800 6 600 315,3 60 0,7 

ʊɻ (1) 
çSiemensè 

1FJ4805-4SB62 
7 000 1 800 6 600 613,1 60 0,86 

ɺɻ (1) 

çSiemensè 

65L3710-8LG424 

AW0 

3 571 45-82 6 600 328,5 60 0,7 

ɸʚʘʨʠʡʥʳʡ çCATERPILLARè SR4 1 700 1 800 440 2 457 60 0,8 

 

ɸʥʘʣʠʟ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʪʦʧʣʠʚʘ (ʋɿʊ) ʜʣʷ ɻɼ ʠ ʜʠʟʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ɼɻ), ʧʨʠʚʝʜʝʥʥʳʝ 

ʚ [8] ʠ ʥʘ ʨʠʩ. 9, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʪʨʘʪʳ ʪʦʧʣʠʚʘ ʜʣʷ ʜʚʫʭ ɼɻ ʩʦʩʪʘʚʣʷʶʪ 1,2 ʪ. ʇʨʠ ʨʘʙʦʪʝ ɻɼ 

ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʧmin = 30 ʦʙ/ʤʠʥ ʠ N = 30 000 ʢɺʪ ʟʘʪʨʘʪʳ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʷʪ 5,6 ʪ. 

 

ʈʠʩ. 9. ʋʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʪʦʧʣʠʚʘ ʜʣʷ ɻɼ ʠ ɼɻ 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʩ ʘʢʪʠʚʥʳʤ ʚʳʧʨʷʤʠʪʝʣʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʇʋ, ʦʙʝʩʧʝʯʠʚ ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʩʫʜʥʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦ-

ʨʝʧʣʘʚʘʥʠ.̫ ʇʨʠ ʵʪʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʢʨʘ-

ʱʘʶʪʩʷ ʟʘʪʨʘʪʳ ʪʦʧʣʠʚʘ, ʧʦʚʳʰʘʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ 

ʂʦʥʚʝʥʮʠʠ MARPOL 73/78. 
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RESEARCH OF MICROPROCESSOR STARTUP OF ASYNCHRONOUS  

HIGH POWER MOTORS  

 
The article considers the current control systems for ship electric drives and the requirements of the In-

ternational Maritime organization for these control systems. In order to improve the reliability of control 

systems and reduce power losses, the efficiency of using a microprocessor device for starting high-power 

motors is presented. 

 

Key words: vessel, asynchronous, motor, microprocessor, thyrister. 

 

 

ʅʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʘ ʤʝʭʘʥʠʟʤʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ, ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʚʦʜʷʱʠʭ ʠʭ 

ʚ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ. ʇʨʠʤʝʨʦʤ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʚʦʜʠʤʳʭ ʚ ʜʚʠʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʦʚ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʫʣʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʩʫʜʦʚʳʝ ʥʘʛʥʝ-

ʪʘʪʝʣʠ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝ-

ʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʥʘ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠ ʩʪʨʦʷʱʠʭʩʷ ʩʫʜʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʫʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʜʦʣʛʦʩʨʦʯʥʘʷ ʨʘʙʦʪʘ ʨʝʣʝʡʥʦ-ʢʦʥʪʘʢʪʦʨʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, 

ʚ ʪ. ʯ. ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʨʝʣʝ, ʢʥʦʧʦʢ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʭʝ-

ʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʟʘʚʠʩʠʪ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʯʘʩʪʦʪʳ ʚʢʣʶʯʝʥʠʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʪʘʢʪʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ, ʘ ʪʘʢʞʝ 

ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʥʘʜʝʞʥʦʩʪʴ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʨʝʣʝʡʥʦ-ʢʦʥʪʘʢʪʥʳʭ ʩʠʩ-

ʪʝʤ ʚ ʩʭʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʭʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ 

ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʧʦʞʘʨʥʦʛʦ ʥʘʩʦʩʘ (ʨʠʩ. 1). 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʩʭʝʤʝ, ʧʫʩʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʢʣʶʯʝʥʠʝʤ 

ʚ ʮʝʧʴ ʩʪʘʪʦʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (R). 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩʫʜʦʚʳʭ ʥʘʩʦʩʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʪʠ ʵʣʝʢʪʨʦʧʨʠ-

ʚʦʜʳ ʥʝ ʨʝʚʝʨʩʠʨʫʶʪʩʷ ʠ ʥʝ ʠʤʝʶʪ ʨʝʞʠʤʦʚ ʪʦʨʤʦʞʝʥʠʷ, ʘ ʠʭ ʩʢʦʨʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʛʫʣʠ-

ʨʫʝʪʩʷ [1]. 

ɿʘʤʳʢʘʥʠʝʤ ʜʚʫʭʧʦʣʶʩʥʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ QF ʥʘ ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʝʪʩʷ ʧʠʪʘʥʠʝ, ʧʦʣʫ-

ʯʘʝʪ ʧʠʪʘʥʠʝ ʢʘʪʫʰʢʘ ʨʝʣʝ ʚʨʝʤʝʥʠ KT1 ʠ ʨʝʣʝ KV1, ʟʘʤʳʢʘʷ ʩʚʦʠ ʢʦʥʪʘʢʪʳ ʚ ʮʝʧʠ, ʨʝʣʝ KT2 

ʚʚʦʜʠʪ ʚ ʨʘʙʦʪʫ ʩʠʩʪʝʤʫ. ɿʘʧʫʩʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ M1 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ 1SB2 ʤʝ-

ʩʪʥʦʛʦ ʧʦʩʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ 2SB2 ʥʘ ʧʫʣʴʪʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʤʳʢʘʝʪʩʷ ʨʝʣʝ KV1 
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ʠ ʧʦʣʫʯʘʝʪ ʧʠʪʘʥʠʝ ʢʘʪʫʰʢʘ ʣʠʥʝʡʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ KM1. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʨʝʣʝ KV1 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʨʝʣʝ ʚʨʝʤʝʥʠ KT2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʢʦʥʪʘʢʪʳ ʢʦʥʪʘʢʪʦʨʘ KM1 ʠ ʨʝʣʝ 

KT2 ʰʫʥʪʠʨʫʶʪ ʢʥʦʧʢʠ ʧʫʩʢʘ, ʜʨʫʛʦʡ ʢʦʥʪʘʢʪ KM1 ʨʘʟʤʳʢʘʝʪ ʮʝʧʴ ʨʝʣʝ ʚʨʝʤʝʥʠ KT1. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʧʦʞʘʨʥʦʛʦ ʥʘʩʦʩʘ 

ʇʨʠ ʠʩʪʝʯʝʥʠʠ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʨʝʣʝ KT1 ʩʚʦʠʤ ʢʦʥʪʘʢʪʦʤ ʟʘʤʳʢʘʝʪ ʮʝʧʴ ʨʝʣʝ KV2, ʢʦ-

ʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʘʝʪ ʧʠʪʘʥʠʝ ʥʘ ʢʘʪʫʰʢʫ ʢʦʥʪʘʢʪʦʨʘ KM2, ʢʦʪʦʨʳʡ ʰʫʥʪʠʨʫʝʪ ʧʫʩʢʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ R ʚ ʮʝʧʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʆʜʠʥ ʠʟ ʢʦʥʪʘʢʪʦʚ ʨʝʣʝ KT1 ʚ ʮʝʧʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟ-

ʤʳʢʘʝʪ ʮʝʧʴ ʧʠʪʘʥʠʷ ʨʝʣʝ KT2. ʈʝʣʝ KT2 ʩ ʤʘʣʦʡ ʟʘʜʝʨʞʢʦʡ ʨʘʟʤʳʢʘʝʪ ʮʝʧʴ ʧʠʪʘʥʠʷ KV1, ʵʪʠʤ 

ʨʘʟʤʳʢʘʷ ʮʝʧʴ ʢʘʪʫʰʢʠ ʢʦʥʪʘʢʪʦʨʘ KM1. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʥʪʘʢʪ ʣʠʥʝʡʥʦʛʦ ʢʦʥʪʘʢʪʦʨʘ 

KM1 ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ ʢʘʪʫʰʢʠ KT1 ʟʘʤʢʥʫʪ, ʫʢʘʟʘʥʥʦʝ ʨʝʣʝ ʚʨʝʤʝʥʠ ʥʝ ʩʨʘʙʘʪʳʚʘʝʪ, ʚʚʠʜʫ ʪʦʛʦ 

ʢʦʥʪʘʢʪ ʨʝʣʝ KV1 ʨʘʟʨʳʚʘʝʪ ʮʝʧʴ ʚʳʧʨʷʤʠʪʝʣʷ VD, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʳʢʘʥʠʶ ʮʝʧʠ ʧʦʩʪʦʷʥʥʦ-

ʛʦ ʪʦʢʘ ʠ ʨʘʟʨʳʚʫ ʮʝʧʠ ʧʠʪʘʥʠʷ KT1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʣʝ KV2 ʦʩʪʘʝʪʩʷ ʚʢʣʶʯʝʥʥʳʤ, ʙʣʘʛʦʜʘʨʷ 

ʪʦʤʫ, ʯʪʦ ʦʥʦ ʠʤʝʝʪ ʩʘʤʦʙʣʦʢʠʨʦʚʢʫ ʩ ʧʦʤʦʱʴʶ ʩʚʦʝʛʦ ʢʦʥʪʘʢʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʦʢʦʥʯʘʥʠʠ 

ʧʨʦʮʝʩʩʘ ʧʫʩʢʘ ʠʟ ʚʩʝʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʦʩʪʘʶʪʩʷ ʚʢʣʶʯʝʥʥʳʤʠ ʪʦʣʴʢʦ ʣʠʥʝʡʥʳʡ ʢʦʥ-

ʪʘʢʪʦʨ KM2 ʠ ʨʝʣʝ KV2 [1]. 

ɽʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʧʫʩʢʘ ʚʦʟʥʠʢʥʝʪ ʥʝʠʩʧʨʘʚʥʦʩʪʴ, ʥʝ ʩʨʘʙʦʪʘʝʪ ʣʠʥʝʡʥʳʡ ʢʦʥʪʘʢʪʦʨ KM2 

ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʪʘʢʪ ʨʝʣʝ ʚʨʝʤʝʥʠ KT2 ʦʪʢʣʶʯʠʪʩʷ, ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʢʦʥʪʘʢʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʨʝʣʝ KV1, ʨʘʟʦʤʢʥʫʚʰʠʩʴ, ʧʨʠʚʝʜʝʪ ʢ ʨʘʟʨʳʚʫ ʮʝʧʠ ʧʠʪʘʥʠʷ ʢʘʪʫʰʢʠ ʢʦʥʪʘʢʪʦʨʘ KM1, 

ʠ ʜʚʠʛʘʪʝʣʴ ʥʝ ʟʘʧʫʩʪʠʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʣʝ ʚʨʝʤʝʥʠ KT2 ʧʨʝʧʷʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦʙʳ ʧʫʩʢʦ-

ʚʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦʣʛʦ ʦʩʪʘʚʘʣʠʩʴ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ. 

ɼʨʫʛʦʡ ʚʠʜ ʙʣʦʢʠʨʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʤ ʚ ʮʝʧʴ ʧʫʩʢʦʚʳʭ 

ʢʥʦʧʦʢ ʢʦʥʪʘʢʪʘ ʨʝʣʝ KT1. ʇʫʩʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʨʠ ʟʘʤʢʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ 

ʵʪʦʛʦ ʢʦʥʪʘʢʪʘ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʘʤʦʙʣʦʢʠʨʦʚʢʠ ʨʝʣʝ KV2 ʝʛʦ ʢʦʥʪʘʢʪ 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʛʨʫʟʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʘ ʩʭʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʪʝʧʣʦ-

ʚʦʝ ʨʝʣʝ FP. ʀʥʜʠʢʘʮʠʷ ʚʢʣʶʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʮʝʧʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʣʘʤʧʘʤʠ ʅ1 ʠ ʅ2. ʆʩʪʘʥʦʚʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ 1SB1 ʥʘ ʤʝʩʪʥʦʤ 

ʧʫʣʴʪʝ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʢʥʦʧʢʠ 2SB1 ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʧʫʣʴʪʝ ʫʧʨʘʚʣʝʥʠʷ [1]. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

ʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ɻ ʥʝʨʛʠʠ ʚ ʨʝʣʝʡʥʦ-ʢʦʥʪʘʢʪʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʧʨʠʤʝʥʷʝʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʘʷ ʘʧʧʘʨʘʪʫʨʘ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʨʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ, 

ʩʦʙʨʘʥʥʫʶ ʥʘ ʩʠʣʦʚʳʭ ʪʠʨʠʩʪʦʨʘʭ ʠ ʧʦʜʢʣʶʯʝʥʥʫʶ ʚ ʮʝʧʴ ʩʪʘʪʦʨʘ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʉʭʝʤʘ ʧʫʩʢʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ 

 ʩ ʧʦʤʦʱʴʶ ʪʠʨʠʩʪʦʨʦʚ 

ɺ ʧʨʦʮʝʩʩʝ ʧʫʩʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʫʛʦʣ ʦʪʢʨʳʪʠʷ ʪʠʨʠʩʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʘʢ, 

ʯʪʦʙʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʝ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ 

ʦʪ 0 ʜʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʤʦʞʥʦ ʙʳʣʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʩʪʘʪʦʨʥʦʡ ʦʙ-

ʤʦʪʢʝ ʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʤ ʤʦʤʝʥʪʘ. ʉ ʧʦʤʦʱʴʶ ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʬʘʟʘʤ ɸ ʠ ʉ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ, 

ʚʩʪʨʝʯʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʛʨʫʧʧʳ ʪʠʨʠʩʪʦʨʦʚ VS1ïVS4, ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʫʩʢʘ ʘʩʠʥ-

ʭʨʦʥʥʦʛʦ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʉʤʝʱʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʧʦʜʘʚʘʝʤʦʛʦ 

ʥʘ ʫʧʨʘʚʣʷʶʱʠʝ ʵʣʝʢʪʨʦʜʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 60Ü. ʅʘʧʨʷʞʝʥʠʝ 

ʥʘ ʟʘʞʠʤʘʭ ʩʪʘʪʦʨʘ ʩʥʠʞʘʶʪ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ ʠ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ. 

ʇʨʠ ʰʫʥʪʠʨʦʚʘʥʠʠ ʨʝʟʠʩʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʘʢʪʦʚ ʚ ʮʝʧʠ ʫʧʨʘʚʣʝʥʠʷ ʢ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʧʨʠ-

ʢʣʘʜʳʚʘʝʪʩʷ ʧʦʣʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʇʨʠ ʥʘʞʘʪʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʥʦʧʢʠ ʚ ʮʝʧʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠ-

ʛʘʪʝʣʝʤ ʧʨʝʢʨʘʱʘʝʪʩʷ ʨʘʙʦʪʘ ʩʭʝʤʳ ʨʝʣʝʡʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [2, 3]. 

ɺʘʞʥʝʡʰʠʤ ʜʦʩʪʠʞʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʙʦʣʴ-

ʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ. ʇʨʠʤʝʨʦʤ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʩʭʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʠʢʨʦ-

ʧʨʦʮʝʩʩʦʨ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʝʨʝʜ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʟʘʥʷʪʳʤʠ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ, 

ʩʪʘʚʷʪʩʷ ʚʘʞʥʳʝ ʟʘʜʘʯʠ: 

ï ʇʦʩʪʨʦʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʚʳʙʦʨ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ï ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ,  

ʩʠʥʪʝʟ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ï ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ, ʨʝʘʣʠʟʫʝʤʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ- ʬɻʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ï ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʨʝʤʦʥ-

ʪʦʧʨʠʛʦʜʥʦʩʪʠ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘ-

ʥʠʷ ʩʚʷʟʠ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʘʤʷʪʠ ʠ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʄʠʢʨʦʕɺʄ ʧʨʠʤʝʥʝʥʳ ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʪʨʘʥʩʧʦʨʪʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʝʥʳ 

ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ [4]. 

ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪ-

ʚʝʥʥʦ ʮʠʬʨʦʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʕɺʄ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʠ ʧʦʜʘʯʘ ʫʧʨʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʪʠʨʠʩʪʦʨʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʘʙʦ-

ʪʳ ʕɺʄ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʯʪʦʙʳ ʤʦʜʝʣʴ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʘʣʛʦʨʠʪʤʫ 

ʠ ʩʨʦʢʫ ʨʝʘʣʠʟʘʮʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʝʩ-

ʧʝʯʝʥʠʶ ʪʨʝʙʫʝʤʳʭ ʢʘʯʝʩʪʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚ ʫʢʘʟʘʥʥʦʤ ʦʪʥʦʰʝʥʠʠ 
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ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʘʷ ʤʦʜʝʣʴ ʪʠʨʠʩʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ɺ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʧʨʦʠʩʭʦʜʠʪ ʢʚʘʥ-

ʪʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʪʝʨʚʘʣʦʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʠʤʧʫʣʴʩʳ ʧʦʜʘʶʪʩʷ ʥʘ ʪʠʨʠʩʪʦʨʳ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʧʦ ʚʨʝʤʝʥʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʙʲʝʢʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʠʩʢʨʝʪʠʟʘʮʠʝʡ ʧʦ 

ʚʨʝʤʝʥʠ. ʊʦ ʝʩʪʴ ʩʠʥʪʝʟ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʟʘʢʦʥʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʦʩʫ-

ʱʝʩʪʚʠʪʴ ʥʘ ʙʘʟʝ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʤʠʢʨʦʧʨʦ-

ʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʠ ʠʭ ʨʘʟʨʘʙʦʪʢʘ ʠʤʝʶʪ ʚʘʞʥʫʶ ʩʪʝʧʝʥʴ ʟʥʘʯʠ-

ʤʦʩʪʠ ʥʘ ʧʫʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʦʜʠʪʩʷ ʢ ʟʘʤʝʥʝ ʵʣʝʢʪʨʦʥʥʳʭ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʫʩʣʦʚʥʳʤʠ 

ʠ ʣʦʛʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 

ʠ ʨʘʙʦʯʝʡ ʤʘʰʠʥʦʡ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ɺ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʧʨʠʤʝʥʝʥʳ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʢʦʥʪʨʦʣʣʝʨʳ 

ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘʱʠʪʳ ʧʘʤʷʪʠ, ʟʘʱʠ-

ʪʳ ʦʪ ʧʦʤʝʭ ʠ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ [4]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʥʦʤʥʳʝ ʠʥʚʝʨʪʦʨʳ ʩ ʐʀʄ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʤʦʱ-

ʥʦʩʪʴʶ 1ï5 ʄɺʪ, ʚʳʧʦʣʥʝʥʳ ʥʘ ʟʘʧʠʨʘʝʤʳʭ ʪʠʨʠʩʪʦʨʘʭ. ʅʘ ʚʳʭʦʜʝ ʘʚʪʦʥʦʤʥʦʛʦ ʠʥʚʝʨʪʦʨʘ 

ʚ ʚʠʜʝ ʠʤʧʫʣʴʩʦʚ, ʩʣʝʜʫʶʱʠʭ ʩ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ f, ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘ-

ʧʨʷʞʝʥʠʷ. ʇʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ 

1
T

f
=  

ʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʚʩʝʭ ʬʘʟ. ɸʤʧʣʠʪʫʜʘ ʫʢʘʟʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʘʚʪʦʥʦʤʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʝʝ ʯʘʩʪʠ. ɿʥʘʯʝʥʠʝ ʚʳʭʦʜʥʳʭ ʥʘʧʨʷ-

ʞʝʥʠʡ ʨʝʛʫʣʠʨʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ 

ʠʥʚʝʨʪʦʨʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʛʘʨʤʦʥʠʢ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʧʨʷʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ, ï ʵʪʦ ʘʤʧʣʠʪʫʜʘ U1m ʠ ʯʘʩʪʦʪʘ f1 ʜʣʷ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝ ʦʢʘʟʳʚʘʶʪ, ʫʚʝʣʠʯʠʚʘʷ ʧʦʪʝʨʠ 

ʚ ʜʚʠʛʘʪʝʣʝ, ʩʦʟʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʫʣʴʩʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʷʚʣʝʥʠʶ ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ, 

ʩʦʟʜʘʶʪ ʧʦʤʝʭʠ ʠ ʪ. ʜ. ʅʘʧʨʷʞʝʥʠʝ ʚʳʭʦʜʘ ʩʦʜʝʨʞʠʪ ʛʘʨʤʦʥʠʢʠ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ ʩ ʯʘʩʪʦʪʘʤʠ 

ʛ ʛ 1
,f mf n f= +  

ʛʜʝ m = 1, 2, 3é ï ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ; 

nʛ ï ʙʝʩʢʦʥʝʯʥʳʡ ʨʷʜ ʯʠʩʝʣ. 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʘʤʧʣʠʪʫʜʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʧʝʢʪʨ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʠʥʚʝʨʪʦʨʘ ʩ ʐʀʄ ʧʝʨʝʥʝʩʝʥ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, ʠ ʙʣʘʛʦʜʘʨʷ ʠʥʜʫʢʪʠʚ-

ʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʜʚʠʛʘʪʝʣʷ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʧʦʜʘʚʣʷʶʪʩʷ ʥʘʤʥʦʛʦ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʦʩʥʦʚʥʘʷ. 
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MODELLING  OF THE ROWING ELECTRICAL UNIT WITH THE FREQUENCY CONVERTER  

 
In this article authors provide results of experiments on modeling an electric drive with frequency control. 

This experiment consisted of two stages. The first stage included creation of model with an electronic frequency 

converter. The second stage included the construction of a model with a converter based on electrical machines. 

Further comparison of the received characteristics was carried out. 

 

Key words: electric drive, frequency converter, direct current, tension. 
 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʣʝʜʦʢʦʣʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʚʳʩʦʢʦʤ ʪʝʤʧʝ ʨʦʩʪʘ ʤʦʱʥʦʩʪʠ ʠ ʤʝʜʣʝʥ-

ʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʠ ʛʣʘʚʥʳʭ ʨʘʟʤʝʨʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʫʣʫʯʰʝʥʠʝ ʠʭ ʧʨʦʭʦʜʠ-

ʤʦʩʪʠ ʚʦ ʣʴʜʘʭ ʠ ʤʘʥʝʚʨʝʥʥʦʩʪʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʚʳʰʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. ʇʦʵʪʦʤʫ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʠ ʛʘʙʘʨʠʪʦʚ ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʉʥʠʞʝʥʠʝ ʤʘʩʩʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʚʦʜʦʠʟʤʝʱʝʥʠʷ, ʦʪʚʦʜʠʤʫʶ ʧʦʜ ʟʘʧʘ-

ʩʳ ʪʦʧʣʠʚʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʘʚʪʦʥʦʤʥʦʩʪʠ ʧʣʘʚʘʥʠʷ. ɻʘʙʘʨʠʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʩ-

ʪʘʥʦʚʢʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʤʝʨʳ ʤʘʰʠʥʥʳʭ ʦʪʜʝʣʝʥʠʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʶʪ ʛʣʘʚʥʳʝ ʨʘʟʤʝʱʝʥʠʷ ʩʫʜʥʘ, ʘ ʪʝʤ ʩʘʤʳʤ ʝʛʦ ʧʨʦʭʦʜʠʤʦʩʪʴ ʚʦ ʣʴʜʘʭ, ʤʘ-

ʥʝʚʨʝʥʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ 

ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʘʶʱʠʤʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʜʦʢʦʣʘ. 

ʂʨʦʤʝ ʪʦʛʦ ʫʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʘʰʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʘʝʪ ʪʘʢʞʝ ʙʦʣʴʰʠʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʡ ʥʝʧʦʪʦʧʣʷʝʤʦʩʪʠ ʩʫʜʥʘ. 

ʉ ʫʯʝʪʦʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʜʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʶʪʩʷ ʛʨʝʙʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚ-

ʢʠ. ʇʦʵʪʦʤʫ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʜʣʷ ʣʝʜʦʢʦʣʦʚ ʩʦʭʨʘʥʠʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʠʟʝʣʴ (ʠʣʠ ʪʫʨʙʦ) ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʛʨʝʙʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʠ ʧʝʨʝʤʝʥʥʦ-ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʩʣʝʜʥʠʭ. 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʷʚʣʷʝʪʩʷ ʧʣʘʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩ-

ʪʦʪʳ ʚʨʘʱʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʅʘʠʙʦ-

ʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʳʧʦʣʥʝʥʳ ʧʦ ʩʭʝʤʝ  

ʛʝʥʝʨʘʪʦʨ ï ʜʚʠʛʘʪʝʣʴ. ʈʦʣʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʜʘʥʥʦʡ ʩʭʝʤʝ ʚʳʧʦʣʥʷʝʪ ʛʝʥʝʨʘʪʦʨ, ʥʘʧʨʷʞʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ 
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ʥʝʜʦʩʪʘʪʢʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʙʫʜʠʪʝʣʝʡ ʛʝʥʝʨʘʪʦʨʦʚ 

ʠ ʵʣʝʢʪʨʦʤʘʰʠʥʥʳʭ ʫʩʠʣʠʪʝʣʝʡ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ. 

ʉʝʛʦʜʥʷ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʩʠʩʪʝʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ʕʣʝʢʪʨʦʧʨʠʚʦʜʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʧʣʘʚʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʚʩʝʭ 

ʦʪʨʘʩʣʷʭ. ʉʠʩʪʝʤʳ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʯʘʩʪʦʪʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʠʤʝʶʪ ʦʧ-

ʪʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ʇʦʩʪʨʦʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʦʟ-

ʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʘʥʘʣʦʛʠʯʥʦ ʩʠʩʪʝʤʝ ʛʝʥʝʨʘʪʦʨ ï ʜʚʠʛʘʪʝʣʴ. ʅʦ ʙʦʣʝʝ ʩʦ-

ʚʝʨʰʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʠʨʠʩʪʦʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʪʘʢʞʝ ʠʤʝʶʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇʏ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɻʕʋ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦ-

ʢʘ, ʨʘʙʦʪʘʶʱʠʡ ʩ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʩʠʥʭʨʦʥʥʳʡ ʠʣʠ ʘʩʠʥʭʨʦʥ-

ʥʳʡ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʡ ʛʨʝʙʥʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ (ʨʠʩ. 1). ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʪʘʢʠʭ ɻʕʋ ʩ ʝʜʠʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʝʡ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɻʕʋ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ: 

ʘ ï ʩʭʝʤʘ ʩʦ ʟʚʝʥʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʫʧʨʘʚʣʷʝʤʳʤ ʚʳʧʨʷʤʠʪʝʣʝʤ; 

ʙ ï  ʩʭʝʤʘ ʩ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʠ ʥʝʫʧʨʘʚʣʷʝʤʳʤ ʚʳʧʨʷʤʠʪʝʣʝʤ 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʝ Matlab [2]. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʩ ʯʘʩʪʦʪʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʩʢʦʨʦʩʪʴʶ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʥʘ ʦʩʥʦʚʝ ʠʥʚʝʨʪʦʨʘ ʪʦʢʘ. 

 

ʈʠʩ. 2. ʄʦʜʝʣʴ ʨʘʙʦʪʳ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ 

ʇʝʨʚʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʤʦʜʝʣʠ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ, ʪʘʢ ʢʘʢ 

ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʠʟ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʤʘʰʠʥʳ. ʇʘʨʘʤʝʪʨʳ 

ʜʚʠʛʘʪʝʣʝʡ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʥʝʠʟʚʝʩʪʥʳ, ʧʦʵʪʦʤʫ ʥʘʩʪʨʦʡʢʘ ʤʦʜʝʣʠ ʧʦ ʥʠʤ ʥʝʚʦʟʤʦʞʥʘ. 

ɸʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʧʨʦʰʝʣ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ. ʇʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʥʦʤʠ-

ʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʠ ʯʘʩʪʦʪʝ. 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʧʨʦʚʦʜʠʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʪʦʢʘ ʩ ʮʝʣʴʶ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. ʋʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʪʦʢʘ ʥʘ 20% ʧʨʠʚʝʣʦ ʢ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʨʘʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʠʥʚʝʨʪʦʨʝ, ʥʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʯʘʩʪʦʪʳ ʥʘ-

ʧʨʷʞʝʥʠʷ. ɺʠʜʥʦ, ʯʪʦ ʥʘ ʨʠʩ. 7 ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʘʨʤʦʥʠʢʠ. ɼʘʥʥʘʷ ʬʦʨʤʘ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ ʫʢʘ-

ʟʳʚʘʝʪ ʥʘ ʥʝʢʦʪʦʨʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʥʦ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ 
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ʥʘʧʨʷʞʝʥʠʷ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʢʦʨ-

ʨʝʢʪʥʦʡ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘʩʪʨʦʡʢʘ ʤʦʜʝʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 8. 

 

ʈʠʩ. 3. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʠʥʚʝʨʪʦʨʝ 

 

ʈʠʩ. 4. ʉʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

 

ʈʠʩ. 5. ʅʘʧʨʷʞʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

ʈʠʩ. 6. ʉʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʝ 

 

ʈʠʩ. 7. ʅʘʧʨʷʞʝʥʠʝ 
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ʈʠʩ. 8. ʄʦʜʝʣʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ 

ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʥʘʧʨʷʞʝʥʠʷ ʟʘʜʘʝʪʩʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʚ ʜʘʥʥʦʡ 

ʩʭʝʤʝ ʦʥ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʠʥʚʝʨʪʦʨʘ. ɿʚʝʥʦ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʤʝʭʘʥʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʩʠʥʭʨʦʥʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ. 

ʇʨʠ ʨʘʙʦʪʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʪ ʜʘʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʥʦʤʠʥʘʣʴ-

ʥʳʡ ʨʝʞʠʤ ʜʚʠʛʘʪʝʣʷ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ (ʨʠʩ. 9). ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʘʩʠʥ-

ʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʷʢʦʨʝ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʷʢʦʨʷ ʫʤʝʥʴʰʘʣʘʩʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʏʘʩʪʦʪʘ ʥʘʧʨʷʞʝʥʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʥʠʞʘʣʘʩʴ ʚ ʟʘʜʘʥʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ. ʅʘ ʨʠʩ. 10 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʪʦʢʘ ʛʝʥʝʨʘʪʦʨʘ ʚʝʜʝʪ 

ʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʄʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʦʜʝʣʴ ʨʘʙʦʪʘʝʪ ʢʦʨʨʝʢʪʥʦ. 

 

ʈʠʩ. 9. ʉʢʦʨʦʩʪʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

 

ʈʠʩ. 10. ʉʢʦʨʦʩʪʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʷʭ ʤʦʞʥʦ ʧʦʜʚʝʩʪʠ ʠʪʦʛʠ.  

ɺʦ-ʧʝʨʚʳʭ, ʦʙʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʧʦʩʦʙʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʧʣʘʚʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ɺʦ-ʚʪʦʨʳʭ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʪʦʢʘ ʣʠʥʝʡʥʦ, ʪ. ʝ. ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ. 



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 

 

114 

ʉʠʩʪʝʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʘʨʤʦʥʠʢʠ. 

ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʨʘʙʦʪʫ ʚʩʝʛʦ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʘ ʚ ʮʝʣʦʤ. ʉʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʥʝ ʠʤʝʝʪ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ 

ʠ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʤʝʝʪ ʧʨʘʚʠʣʴʥʫʶ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ [3]. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʷʚʣʷʶʪʩʷ ʤʘʩʩʦʛʘʙʘʨʠʪʥrʝ ʧʦʢʘʟʘʪʝʣʠ ʩʠʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʚ ʩʦʩʪʘʚʝ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʦʚ ʥʘ ʩʫʜʘʭ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. 
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ɺ ʐɽʃʔʌʆɺʓʍ ʄʆʈʗʍ ʈʆʉʉʀʀ ʀ ɽɻʆ ʀʉʇʆʃʔɿʆɺɸʅʀɽ  

ɺ ʉʀʉʊɽʄɸʍ ɸɺʊʆʅʆʄʅʆʁ ʂɸʊʆɼʅʆʁ ɿɸʑʀʊʓ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʜʣʷ ʧʠʪʘʥʠʷ ʩʠʩʪʝʤ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ 

ʜʣʷ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʪʦʯʥʠʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ï ʚʝʪʝʨ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʚʠʜ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʡ, ʯʝʤ ʪʨʘʜʠʮʠ-

ʦʥʥʳʝ. ɺʦʟʤʦʞʥʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʩ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ. 
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ANALYSIS OF STATISTICAL VALUES OF WIND SPEED IN THE SHELF SEAS  

OF RUSSIA AND ITS USE IN AUTONOMOUS CATHODIC PROTEC TION SYSTEMS 

 
The article discusses alternative energy sources for supplying cathodic protection systems for oil and gas 

pipelines. In particular, the source of alternative energy is considered the wind. It is shown that this type 

of renewable energy is more promising and economically profitable than traditional ones. It can be used for ca-

thodic protection with an external current source. 

 

Key words: corrosion, power source, wind power installation, cathodic protection, power module. 

 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʛʨʘʝʪ 

ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʤʦʨʩʢʠʭ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʐʝʣʴʬʳ ʤʦʨʝʡ ʚ ʩʨʝʜʥʝʤ ʠʟʫʯʝʥʳ ʚʩʝʛʦ 

ʥʘ 7%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʥʦʚʥʳʝ ʩʫʭʦʧʫʪʥʳʝ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʝ ʨʝʛʠʦʥʳ ï ʙʦʣʝʝ ʯʝʤ ʥʘ 50%. ʇʦ-

ʵʪʦʤʫ ʧʦʪʝʥʮʠʘʣ ʰʝʣʴʬʦʚʳʭ ʟʘʧʘʩʦʚ ʦʛʨʦʤʝʥ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʙʦʣʴʰʝ ʪʨʝʪʠ ʜʦʙʳʪʦʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʦʩʪʫʧʘʝʪ ʠʟ ʤʦʨʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʨʠ ʦʩʚʦʝʥʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʦʨʩʢʠʭ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʦ ʵʩʪʘʢʘʜ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʧʣʦʱʘʜʦʢ ʧʦʜ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʜʨʫʛʠʭ ʩʦ-

ʦʨʫʞʝʥʠʡ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʥ-

ʩʠʚʥʦʡ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʨʘʟʨʫʰʝʥʠʶ, ʘ ʵʪʦ ʩʥʠʞʘʝʪ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʫʶ, ʪʘʢ 

ʠ ʧʦʞʘʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʣʘʪʬʦʨʤʳ ʚ ʮʝʣʦʤ. ʇʨʠʤʝʥʝʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨ-

ʛʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʩʪʝʤʦʡ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʩʧʦʩʦʙʥʦ ʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʋʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʤʝʞʜʫ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʧʫʪʝʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʚʥʝʰ-

ʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʧʦʜʘʯʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘ-

ʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. 
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ʆʜʥʠʤ ʠʟ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪ-

ʩʷ ʢʘʪʦʜʥʘʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʥʝʬʪʝʛʘʟʦʚʳʭ ʧʣʘʪʬʦʨʤ. ʕʪʦ ʜʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠ ʪʘʢʠʝ ʜʝʷʪʝʣʠ ʥʘʫʢʠ, ʢʘʢ ʢ. ʪ. ʥ. ɸ.ʉ. ʅʘʙʦʪʦʚʘ ʠ ʢ. ʪ. ʥ. ɺ.ɿ. ʅʛʫʝʥ. ʊʘʢʞʝ 

ʥʘʫʯʥʳʝ ʰʢʦʣʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ.ɸ. ʌʘʪʭʫʣʣʠʥʘ ʠ ʉ.ʗ. ɼʫʥʘʝʚʩʢʦʛʦ ʨʝʛʫʣʷʨʥʦ ʨʘʟʨʘʙʘʪʳ-

ʚʘʶʪ ʤʝʪʦʜʳ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤ ʢʘʪʦʜʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ [1]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʥʝʬʪʝ- ʠ ʛʘʟʦʜʦʙʳʚʘʶʱʠʭ 

ʨʘʡʦʥʘʭ. 

2. ʇʨʦʚʝʩʪʠ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ɺʕʋ), ʧʨʠʤʝʥʷʝʤʳʭ 

ʜʣʷ ʧʠʪʘʥʠʷ ʩʠʩʪʝʤ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʩ ʘʚʪʦʥʦʤʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ, ʚʳʷʚʠʪʴ ʜʦʩʪʦʠʥʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʂʘʪʦʜʥʘʷ ʟʘʱʠʪʘ ʩ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ ʧʦʣʫʯʠʣʘ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʩʣʝʜ-

ʩʪʚʠʝ ʧʨʦʩʪʦʪʳ ʤʦʥʪʘʞʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ. 

ʆʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʘʚʪʦʥʦʤʥʳʝ ʢʘʪʦʜʥʳʝ ʩʪʘʥʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʪʘʢʠʝ ʢʘʢ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʳ, ʚʝʪʨʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʳ, ʪʫʨʙʦʘʣʴʪʝʨʥʘʪʦʨʳ ʠ ʬʦʪʦʵʣʝʢʪʨʦ-

ʛʝʥʝʨʘʪʦʨʳ. 

ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ 

ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʤʦʨʩʢʠʭ ʥʝʬʪʷʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ  

ʥʝʜʦʩʪʘʪʦʢ ï ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ. ʊʘʢ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘ-

ʪʦʜʥʦʡ ʟʘʱʠʪʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ  200 ɺʪ ʥʝʦʙʭʦʜʠʤ ʚʝʪʨʦʛʝ-

ʥʝʨʘʪʦʨ ʩ ʜʠʘʤʝʪʨʦʤ ʣʦʧʘʩʪʝʡ 3 ʤ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 4,5 ʤ/ʩ. 

ɺ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʛʦʜʘ ʠ ʨʘʡʦʥʦʚ ʚʝʪʨʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʚ ʨʘʟʳ. ʅʘ ʨʠʩ. 1 ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʡʦʥʳ 

ʥʝʬʪʝ- ʠ ʛʘʟʦʜʦʙʳʯʠ ʈʦʩʩʠʠ. 

 

ʈʠʩ. 1. ʆʩʥʦʚʥʳʝ ʥʝʬʪʷʥʳʝ ʠ ʛʘʟʦʚʳʝ ʙʘʩʩʝʡʥʳ 

ʈʘʩʩʤʦʪʨʠʤ ʚʝʪʨʷʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʜʣʷ ʤʦʨʝʡ ʘʨʢʪʠʯʝʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ, ʛʜʝ ʜʦʙʳʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 90% ʚʩʝʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʛʘʟʘ ʠ ʦʢʦʣʦ 10% ʥʝʬʪʠ. 

ʅʘ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʝʬʪʝʛʘʟʦʚʳʭ ʟʘʧʘʩʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ɹʘʨʝʥʮʝʚʦʤ, ʂʘʨʩʢʦʤ 

ʠ ʆʭʦʪʩʢʦʤ ʤʦʨʷʭ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʦʪ ʚʨʝʤʝʥʠ 

ʛʦʜʘ ʜʣʷ ʵʪʠʭ ʤʦʨʝʡ. 

 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

 

117 

 

ʘ 

 

ʙ 

 

ʚ 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ: 

ʘ ï ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ; ʙ ï ʂʘʨʩʢʦʤ ʤʦʨʝ; ʚ ï ʆʭʦʪʩʢʦʤ ʤʦʨʝ 

ʀʟ ʵʪʠʭ ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘ ʥʘʙʣʶʜʘʝʤʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʩʨʝʜʥʷʷ ʩʢʦ-

ʨʦʩʪʴ ʚʝʪʨʘ ʚʦ ʚʩʝʭ ʤʦʨʷʭ ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ʦʪʤʝʪʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ. ʅʦ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦʝ ʩʥʠʞʝ-

ʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚʝʪʨʘ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘʠʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʨʘʙʦʪʘʶʪ ʥʘ ʧʝʨʝʤʝʥ-

ʥʦʤ ʪʦʢʝ 220 ɺ. ɼʣʷ ʨʘʙʦʪʳ ʦʪ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ  

ʠʥʚʝʨʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ 15ï20% ʤʦʱʥʦʩʪʠ. ʉ ʫʯʝʪʦʤ ʂʇɼ ʩʨʝʜʥʝʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʘʥʮʠʡ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʧʦʨʷʜʢʘ 80ï85% ʦʙʱʠʝ ʧʦʪʝʨʠ ʤʦʛʫʪ ʩʦʩʪʘ-

ʚʠʪʴ ʜʦ 40%. 

ʏʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʪʠ ʧʦʪʝʨʠ ʥʝʦʙʭʦʜʠʤʦ ʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʩʪʦʠʤʦʩʪʠ. ʕʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ï ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩʪʘʥʮʠʠ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ 12ï48 ɺ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʠʣʦʚʳʝ ʤʦʜʫʣʠ ʠ ʤʦʜʫʣʠ ʫʧʨʘʚʣʝʥʠʷ [2]. 
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ʉʠʣʦʚʳʝ ʤʦʜʫʣʠ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʤʝ-

ʥʷʝʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: ʚʳʧʨʷʤʠ-

ʪʝʣʠ, ʠʥʚʝʨʪʦʨʳ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʤʦʜʫʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ: ʫʧʨʘʚʣʝʥʠʝ ʠ ʠʟʤʝʨʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ, ʟʘʱʠʪʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʩʦʦʨʫʞʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛ ʜʘʪʯʠʢʘ ʢʦʨʨʦʟʠʠ [3]. ʊʘʢʞʝ ʜʘʥʥʳʡ ʤʦʜʫʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʣʶʙʦʛʦ ʪʠʧʘ, ʠʤʝʶʱʠʤʠ ʚʥʝʰʥʠʡ ʘʥʘʣʦʛʦ-

ʚʳʡ ʚʭʦʜ ʫʧʨʘʚʣʝʥʠʷ. 

ʀʪʘʢ, ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʠʪʘʥʠʷ ʩʠʩʪʝʤ ʢʘʪʦʜ-

ʥʦʡ ʟʘʱʠʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʰʝʣʴʬʦʚʳʭ ʤʦʨʷʭ ʈʦʩʩʠʠ. ɼʘʥʥʳʡ ʚʳʚʦʜ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʠʩʭʦʜʷ 

ʠʟ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. 
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ENVIRONMENTAL DANGER OF CELLULAR TELEPHONY  

 
The article discusses a possible impact of electromagnetic radiation of a mobile phone on the bioelectric pro-

cesses on the human organism. An attempt to determine parameters of the level of cell phone impact on the hu-

man organism.  
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ɼʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʦʙʠʣʴʥʦʡ ʪʝʣʝʬʦʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝ-

ʥʠʝ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. ɼʣʷ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ ʩʦʩʪʦʠʪ ʠʟ ʚʦʜʳ 

ʠ ʨʘʟʥʦʛʦ ʨʦʜʘ ʩʦʣʝʡ, ʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ ʩʧʦʩʦʙʥʘ ʠʤ ʧʦʛʣʦʱʘʪʴʩʷ. ɼʣʷ ʦʮʝʥʢʠ ʵʪʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʚʝʜʝʥ ʪʘʢʦʡ ʧʘʨʘʤʝʪʨ, ʢʘʢ ʫʜʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ (ʋʂʇ). ɺ ʠʥʦ-

ʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʥ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ Specific Absorption Rate (SAR) ʠ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 

ɺʪ/ʢʛ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 2 ɺʪ/ʢʛ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝ-

ʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʠʤʝʶʪ ʋʂʇ ʥʘ ʫʨʦʚʥʝ ʦʪ 0,5 ʜʦ 1 ɺʪ/ʢʛ. 

ʉ ʥʘʯʘʣʘ ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʩʪʘʣʠ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʩʣʫʯʘʠ ʞʘʣʦʙ 

ʥʘ ʥʝʧʨʠʷʪʥʳʝ ʦʱʫʱʝʥʠʷ ʚ ʦʨʛʘʥʘʭ ʯʝʣʦʚʝʢʘ, ʚʙʣʠʟʠ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʪʝʣʝʬʦʥ. ʅʘʧʨʠʤʝʨ, ʣʁ -

ʜʠ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʥʘʯʘʣʠ ʦʙʨʘʱʘʪʴʩʷ ʚ ʙʦʣʴʥʠʮʳ ʩ ʞʘʣʦʙʘʤʠ 

ʥʘ ʧʦʷʚʣʝʥʠʝ ʙʦʣʝʡ ʚ ʛʨʫʜʠ ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʦʥʠ ʥʦʩʷʪ ʪʝʣʝʬʦʥ ʚ ʥʘʛʨʫʜʥʦʤ ʢʘʨʤʘʥʝ. ɼʘʥʥʳʡ 

ʬʘʢʪ ʟʘʠʥʪʝʨʝʩʦʚʘʣ ʫʯʝʥʳʭ, ʢʦʪʦʨʳʝ ʥʘʯʘʣʠ ʧʨʦʚʦʜʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʙʳʯʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʝʣʝʬʦʥʘ ʩʚʦʜʠʪʩʷ ʢ ʥʘʛʨʝʚʫ ʪʢʘʥʝʡ ʯʝʣʦ-

ʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʦʙʳʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʛʦʚʦʨʘ ʚ ʧʷʪʴ ʤʠʥʫʪ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʩʪʘ, ʢ ʢʦʪʦʨʦʤʫ ʙʳʣ ʧʨʠʣʦʞʝʥ ʪʝʣʝʬʦʥ, ʚ ʩʨʝʜʥʝʤ  

ʥʘ 1ï2 ʛʨʘʜʫʩʘ. ɼʘʞʝ ʪʘʢʦʝ, ʢʘʟʘʣʦʩʴ ʙʳ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʙʣʠʟʠ ʛʦʣʦʚʥʦ-

ʛʦ ʤʦʟʛʘ ʩʧʦʩʦʙʥʦ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʙʫʜʝʪ ʥʘʨʫʰʝʥ ʚʝʩʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ.  

ʇʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʫʯʝʥʳʭ, ʨʝʛʫʣʷʨʥʦʝ ʠ ʜʣʠʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʣʝʬʦʥʘ ʩʧʦʩʦʙʥʦ ʩʧʨʦ-

ʚʦʮʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʨʘʢʘ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ, ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʦʢʦʣʦʫʰʥʦʡ ʞʝʣʝʟʳ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʨʠ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ 

ʥʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ. ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʩʢʠʥ-ʵʬʬʝʢʪʘ, ʪʦ ʩ ʫʯʝʪʦʤ 

ʚʝʣʠʯʠʥʳ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʪʝʣʝʬʦʥʘ ʠ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ, ʛʣʫʙʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʥʝʛʦ ʥʝʚʝʣʠʢʘ. ʀ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʛʨʝʚ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʯʝʣʦʚʝʢʘ ʤʘʣʦ-

ʚʝʨʦʷʪʝʥ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ʯʝʣʦʚʝʢʘ ʛʝʥʝʨʠʨʫʝʪ ʩʦʙʩʪʚʝʥʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ  
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ʧʦʣʝ. ɽʩʣʠ ʚʥʝʰʥʝʝ ʧʦʣʝ ʙʦʣʝʝ ʤʦʱʥʦʝ, ʥʝʞʝʣʠ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʣʝ ʯʝʣʦʚʝʢʘ, ʪʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʝ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʥʘʨʫʰʝʥʦ. 

ʊʦʛʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʧʦʯʝʤʫ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʦʡ ʜʦʙʨʦʚʦʣʴ-

ʮʝʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟʣʫʯʝʥʠʝ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ ʩʧʦʩʦʙʥʦ ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʀʟʣʫʯʝʥʠʝ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ ʩʧʦʩʦʙʥʦ ʧʨʠʚʝʩʪʠ ʢ ʨʘʢʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʄʥʦʛʠʝ ʠʟ ʪʝʭ, ʢʪʦ ʧʦʩʪʦʷʥʥʦ ʧʦʣʴʟʫʝʪʩʷ ʪʝʣʝʬʦʥʦʤ, ʥʘʯʠʥʘʶʪ ʠʩʧʳʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʱʫʱʝʥʠʷ: 

1) ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ; 

2) ʧʨʦʙʣʝʤʳ ʩʦ ʟʨʝʥʠʝʤ; 

3) ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ; 

4) ʥʘʨʫʰʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ. 

ɺ ʦʩʦʙʦ ʪʷʞʝʣʳʭ ʩʣʫʯʘʷʭ ʦʪʤʝʯʘʝʪʩʷ ʚʨʝʤʝʥʥʦʝ ʫʭʫʜʰʝʥʠʝ ʧʘʤʷʪʠ ʠ ʧʨʠʟʥʘʢʠ ʪʦʰʥʦʪʳ. 

ʉʦʪʦʚʳʡ ʪʝʣʝʬʦʥ ï ʵʪʦ ʢʦʤʧʘʢʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʠ ʨʘʟʛʦʚʦʨʝ ʥʘʭʦʜʠʪʩʷ ʫ ʫʰʥʦʡ ʨʘʢʦ-

ʚʠʥʳ, ʪ. ʝ. ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʷ ʫʙʳʚʘʝʪ, ʪʦʛʜʘ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʩʧʦʩʦʙʦʚ 

ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʪʝʣʝʬʦʥʘ ʥʘ ʤʦʟʛ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷ. ɹʝ-

ʟʦʛʦʚʦʨʦʯʥʳʤ ʧʣʶʩʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʪʝʣʝʬʦʥ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʛʦʣʦʚʳ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʦʟʛ ʠ ʩʝʪʯʘʪʢʫ ʛʣʘʟʘ. 

ʉʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʤʦʞʥʦ, ʧʨʠʦʙʨʝʪʘʷ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ ʩ ʥʠʟʢʦʡ ʤʦʱʥʦʩʪʴʶ 

ʧʝʨʝʜʘʪʯʠʢʘ, ʯʪʦ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ, ʛʜʝ ʨʝʪʨʘʥʩʣʷʪʦʨʳ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʫʶ ʩʦʪʦʚʫʶ ʩʚʷʟʴ. 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʤʝʩʪʘ ʭʨʘʥʝʥʠʷ ʪʝʣʝʬʦʥʘ. ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʭʨʘʥʠʪʴ 

ʠʭ ʚ ʢʘʨʤʘʥʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ: 

1) ʥʘ ʛʨʫʜʠ; 

2) ʞʠʚʦʪʝ; 

3) ʚʙʣʠʟʠ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʜʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʥʦʰʝʥʠʷ ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚ ʚ ʢʘʨʤʘʥʘʭ ʦʜʝʞʜʳ 

ʠ ʩʪʘʨʘʪʴʩʷ ʫʙʨʘʪʴ ʪʝʣʝʬʦʥ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʯʝʭʦʣ ʠʣʠ ʨʶʢʟʘʢ. 

ʉʦʪʦʚʳʡ ʪʝʣʝʬʦʥ ʠʛʨʘʝʪ ʚ ʞʠʟʥʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ, ʥʦ ʜʣʷ ʤʠʥʠʤʠʟʘ-

ʮʠʠ ʧʦʪʝʨʴ ʟʜʦʨʦʚʴʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʩʪʝʡʰʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʦʟʚʫʯʝʥʥʳʭ ʚ ʤʘʪʝʨʠʘʣʝ. 
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ʆ ʎɽʃɽʉʆʆɹʈɸɿʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʍʃʆʈʉɽʈɽɹʈʗʅʓʍ ʕʃɽʂʊʈʆɼʆɺ 

ɼʃʗ ʂʆʅʊʈʆʃʗ ʉʀʉʊɽʄ ʇʈʆʊɽʂʊʆʈʅʆʁ ɿɸʑʀʊʓ ʉʊɸʃʔʅʆɻʆ ʂʆʈʇʋʉɸ ʉʋɼʅɸ 
 

ʂʦʨʨʦʟʠʷ ï ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ ʠʟʥʦʩʘ ʩʫʜʦʚ, ʩʥʠʞʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɹʦʨʴʙʘ ʩ ʢʦʨʨʦʟʠʝʡ 

ʥʘ ʬʣʦʪʝ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʟʘʜʘʯʝʡ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʦʜʛʦʪʦʚʢʠ 

ʦʧʝʨʘʪʦʨʦʚ ʠ ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ ʦʪ ʢʦʨʨʦʟʠʠ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʢʘʪʝʨʘ ʈʋʄ 52-22 ʚ ʟʘʜʘʥʥʦʡ ʢʦʥʪʨʦʣʴ-

ʥʦʡ ʪʦʯʢʝ ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʤʝʪʨʘ MASTECHMY 62 ʠ ʜʚʫʭ ʢʦʥʪʨʦʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥ ʵʣʝʢʪʨʦʜ ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʵʣʝʢʪʨʦʫʛʦʣʴʥʦ-

ʛʦ ʠʟʜʝʣʠʷ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ. ʉʪʘʥʜʘʨʪʥʳʡ ʧʝʨʝʥʦʩʥʦʡ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʆʙʘ ʵʣʝʢʪʨʦʜʘ ʙʳʣʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ. ʀʩʩʣʝ-

ʜʫʝʤʦʝ ʩʫʜʥʦ ʥʘʭʦʜʠʣʦʩʴ ʚ ʜʣʠʪʝʣʴʥʦʤ ʩʪʦʷʥʦʯʥʦʤ ʨʝʞʠʤʝ. ʂʦʥʪʨʦʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʩ 23.05.19 

ʧʦ 07.07.19 ʛ., ʧʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦʪʝʥʮʠʘʣ ʢʦʨʧʫʩʘ ʪʨʠʞʜʳ ʚ ʜʝʥʴ ʩ ʧʦʤʦʱʴʶ ʧʷʪʠ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ. ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʤʝʨʥʦ 5 ʩʝʢʫʥʜ. ʀʟʤʝʨʝ-

ʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʚʳʧʦʣʥʷʣ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʦʧʝʨʘʪʦʨ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʦʮʝʥʠʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ. ɸʥʘʣʠʟ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʪʠʧʘ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʭʣʦʨʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ʩʠʣʴʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪ ʩʨʦʢ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʠʧʘʞʘʤʠ ʩʫʜʦʚ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʢʦʥʪʨʦʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʨʦʟʠʷ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ, ʢʦʥʪʨʦʣʴ ʩʠʩʪʝʤ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘ-

ʱʠʪʳ, ʢʦʥʪʨʦʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ, ʧʦʪʝʥʮʠʘʣ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. 
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ON THE EXPEDIENCY OF USING SILVER CHLORIDE ELEC TRODES 

FOR MONITORING S YSTEMS OF PROTECTIVE PROTECTION  

OF THE STEEL HULL OF  A SHIP 
 

Corrosion is one of the causes of wear and tear of ships, reducing their strength and safety. The fight against 

corrosion in the fleet is a priority state task. The solution of this problem is impossible without training of opera-

tors and exchange of experience in monitoring the operation of vessels and ship protection systems against corro-

sion. The paper presents the results of measuring the potential of the hull of the boat RUM 52-22 at a given control 

point using a multimeter MASTECHMY 62 and two control electrodes. As the first control electrode, an electrode of 

our own design, made of an electric carbon product for electric machines, was used. A standard portable silver chlo-

ride reference electrode was used as the second electrode. Both electrodes have been in operation for three years.  

The investigated vessel was in a long-term parking mode. Control measurements were performed from 23.05.19  

to 07.07.19, while monitoring the potential of the body three times a day using five parallel measurements. The time 

interval between parallel potential measurements is approximately 5 seconds. The hull potential measurements were 

performed by a specially trained operator. The accuracy of the measurements was estimated using the coefficient  

of variation. Analysis of the research showed that the accuracy of testing results cathodic protection systems against 

corrosion of ships depends on the choice of the type of the control electrode. It is established that the efficiency  

of the silver chloride electrode has a very strong impact on its service life. The results of full-scale corrosion stud-

ies can be used by ship crews to justify the choice of control electrodes. 
 

Key words: corrosion of steel hulls of ships, control of tread protection systems, control electrodes, shipôs 

hull potential. 
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ʂʦʨʨʦʟʠʷ ï ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʠʟʥʦʩʘ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ, ʩʥʠʞʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʠ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ [1, 2]. ɹʦʨʴʙʘ ʩ ʢʦʨʨʦʟʠʝʡ ʥʘ ʬʣʦʪʝ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʟʘʜʘ-

ʯʝʡ [3ï6]. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʧʝʨʘʪʦʨʦʚ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʨʘʙʦʪʫ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ ʦʪ ʢʦʨʨʦʟʠʠ [7ï13]. ʇʦʜʛʦʪʦʚʢʘ ʦʧʝʨʘ-

ʪʦʨʦʚ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ ʦʪ ʢʦʨʨʦʟʠʠ [2, 11ï13]. 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʦʙʤʝʥ ʦʧʳʪʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʚʳʙʦʨʘ ʵʣʝʢʪʨʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʠ ʢʦʥʪʨʦʣʝ ʩʠʩʪʝʤ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʩʪʘʣʴʥʳʭ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ. 

ʀʟʤʝʨʷʣʠ ʧʦʪʝʥʮʠʘʣ ʢʦʨʧʫʩʘ ʢʘʪʝʨʘ ʈʋʄ 52-22 ʚ ʟʘʜʘʥʥʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʝ [10] ʩ ʧʦʤʦ-

ʱʴʶ ʵʣʝʢʪʨʦʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ (ʤʫʣʴʪʠʤʝʪʨ MASTECHMY62) ʠ ʜʚʫʭ ʢʦʥʪʨʦʣʴʥʳʭ ʵʣʝʢ-

ʪʨʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʜ ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʥʩʪ-

ʨʫʢʮʠʠ [14], ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʵʣʝʢʪʨʦʫʛʦʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ. ɼʘʥʥʳʡ 

ʵʣʝʢʪʨʦʜ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ. ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʨʝ-

ʥʦʩʥʦʡ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ (ʍʉʕ) [4ï6]. ʕʪʦʪ ʵʣʝʢʪʨʦʜ ʪʘʢʞʝ ʥʘʭʦʜʠʣʩʷ 

ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ. ʉʫʜʥʦ ʥʘʭʦʜʠʣʦʩʴ ʚ ʜʣʠʪʝʣʴʥʦʤ ʩʪʦʷʥʦʯʥʦʤ ʨʝʞʠʤʝ ʫ ʧʨʠ-

ʯʘʣʘ ˉ 1 ʤʦʨʩʢʦʛʦ ʨʳʙʥʦʛʦ ʧʦʨʪʘ ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢʘ-ʂʘʤʯʘʪʩʢʦʛʦ. ʉʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ,  

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʩʫʜʥʘ: 

1 ï ʢʦʨʧʫʩ ʩʫʜʥʘ; 2 ï ʬʘʣʴʰʙʦʨʪ ʩʫʜʥʘ; 3 ï ʧʝʨʝʥʦʩʥʦʡ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ; 

4 ï ʧʨʠʞʠʤʥʦʡ ʢʦʥʪʘʢʪ; 5 ï ʧʝʨʝʥʦʩʥʳʝ ʵʣʝʢʪʨʦʜʳ; 6 ï ʤʦʨʩʢʘʷ ʚʦʜʘ; 7 ï ʚʳʢʣʶʯʘʪʝʣʠ 

ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [7ï13]. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʚ ʧʝ-

ʨʠʦʜ ʚʨʝʤʝʥʠ ʩ 23.05.19 ʧʦ 07.07.19, ʧʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʴ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʚʳʧʦʣʥʷʣʠ ʪʨʠ ʨʘʟʘ 

ʚ ʜʝʥʴ (9:00; 14:00; 19:00 ʯ) ʩ ʧʦʤʦʱʴʶ ʧʷʪʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʤʝʨʥʦ 5 ʩ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʚʳ-

ʧʦʣʥʠʣ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʦʧʝʨʘʪʦʨ [11ï13]. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦ-

ʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ V, % [15]. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʢʘʪʝʨʘ ʈʋʄ 52-22 ʚ ʧʝʨʠʦʜ ʩ 23.05.19 ʧʦ 7.07.19: 

1 ï ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʘ ˉ 1; 

2 ï ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʘ ˉ 2 
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ʀʟ ʨʠʩ. 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʜʘ ˉ 1 ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ, ʧʦ-

ʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʠʟʤʝʥʠʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʪ ʨʝʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʠʩʪʝʤʳ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʩʫʜʥʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴ-

ʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ ʢʘʪʝʨʘ ʈʋʄ 52-22, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʩ ʧʦʤʦʱʴʶ 

ʍʉʕ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ɿʘ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʍʉʕ, ʩʥʠʟʠʣʠʩʴ ʦʪ 837 ʜʦ 702 mB. ɺ ʩʦʦʪʚʝʪʩʪ-

ʚʠʠ ʩ ʵʪʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʠʩʪʝʤʘ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʩʫʜʥʘ ʧʦʜʣʝʞʠʪ ʨʝʤʦʥʪʫ [4ï6]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʠʪʝʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʍʉʕ ʧʨʠʚʝʣʘ ʢ ʥʝʘʜʝʢʚʘʪʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʷ ʟʘʱʠ-

ʱʝʥʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʦʪ ʢʦʨʨʦʟʠʠ. 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ: 

ʘ) ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʩʫʜʦʚ ʠ ʢʦʨʘʙ-

ʣʝʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʪʠʧʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ; 

ʙ) ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʍʉʕ, ʦʢʘʟʳʚʘʝʪ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ; 

ʚ) ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʠʧʘʞʘʤʠ 

ʩʫʜʦʚ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʠʩʪʝʤ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʩʪʘʣʴʥʳʭ 

ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ. 
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ʚʦʟʤʦʞʥʦ ʙʝʟ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ ʦʪ ʢʦʨʨʦʟʠʠ. ɼʣʷ ʵʪʦ-

ʛʦ ʥʝʦʙʭʦʜʠʤ ʦʙʤʝʥ ʦʧʳʪʦʤ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ ʦʪ ʢʦʨʨʦʟʠʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʄɹ-105 ʠ ʰʣʠʬʦʚʘʥʥʳʤʠ ʩʪʘʣʴʥʳʤʠ 

ʧʣʘʩʪʠʥʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʩʫʜʦʢʦʨʧʫʩʥʦʡ ʩʪʘʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʈʦʩʩʠʠ ʠ ʋʢʨʘʠʥʳ, ʚʳʧʦʣʥʝʥʥʳʝ 

ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʤʝʪʨʘ MASTECHMS 8261. ʀʩʩʣʝʜʫʝʤʦʝ ʩʫʜʥʦ ʥʘʭʦʜʠʣʦʩʴ ʚ ʜʣʠʪʝʣʴʥʦʤ ʩʪʦʷʥʦʯʥʦʤ 

ʨʝʞʠʤʝ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʩ 05.07.19 ʧʦ 17.07.19, ʧʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʴ ʧʨʦʪʝʢʪʦʨʥʦʡ 

ʟʘʱʠʪʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʚʳʧʦʣʥʷʣʠ ʦʜʠʥ ʨʘʟ ʚ ʜʝʥʴ ʩ ʧʦʤʦʱʴʶ 15 ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʀʥʪʝʨʚʘʣ ʚʨʝ-

ʤʝʥʠ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠʤʝʨʥʦ 5 ʩʝʢʫʥʜ. ɺʩʝ ʢʦʥʪʨʦʣʴʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʠʣ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʦʧʝʨʘʪʦʨ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɸʥʘʣʠʟ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷ-

ʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʴ-

ʥʳʭ ʧʣʘʩʪʠʥ ʚʳʟʳʚʘʶʪ ʫ ʵʢʠʧʘʞʘ ʩʫʜʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʜʘʥʥʳʡ ʚʠʜ ʢʦʥʪʨʦʣʷ 

ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʠʧʘʞʘʤʠ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʨʦʟʠʷ ʩʪʘʣʴʥʳʭ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ, ʢʦʥʪʨʦʣʴ ʩʠʩʪʝʤ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘ-

ʱʠʪʳ, ʢʦʥʪʨʦʣʴʥʳʝ ʩʪʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ, ʧʦʪʝʥʮʠʘʣ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. 
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ON THE ISSUE OF USING STEEL PLATES TO CONTROL  

THE TREAD PROTECTION OF SHIP AND  VESSELS HULLS  

 
Corrosion is one of the main reasons for the deterioration of ships and vessels, reducing their strength and 

safety. The fight against corrosion in the Navy is a priority state task. The solution to this problem is impossible 

without improving the control of the operation of ship and ship protection systems against corrosion. This requires 

the exchange of experience in the field of protection of ships and ships from corrosion. The paper presents the 

results of measuring the potential difference between the MB-105 hull and polished steel plates made of ship hull 

steel manufactured in Russia and Ukraine, made using the MASTECH MS 8261 multimeter. The vessel under 

study is in a long mooring mode. The measurements were carried out in the period from 07/05/19 to 07/17/19, 

while the tread protection of the hull was performed once a day, using 15 parallel measurements. The time interval 

between parallel measurements of the potential difference is approximately 5 seconds. All control measurements 

were performed by a specially trained operator. The accuracy of the measurements was evaluated based on the 

results of the assessment of metrological characteristics. An analysis of the studies performed that the accuracy of 

the results of the control of the tread protection of the hull primarily depends on the state of the surface of the steel 

plates. It has been established that additional measures for the processing of steel plates cause certain difficulties 

for the crew of the ship, and therefore this type of control of the tread protection of the hull is not used by crews of 

vessels and ships. 

 

Key words: corrosion of steel hulls of vessels and ships, control of tread protection systems, control steel 

plates, shipôs hull potential. 
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ʂʦʨʨʦʟʠʷ ï ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʠʟʥʦʩʘ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ, ʩʥʠʞʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʠ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ [1, 2]. ɹʦʨʴʙʘ ʩ ʢʦʨʨʦʟʠʝʡ ʥʘ ʬʣʦʪʝ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʟʘ-

ʜʘʯʝʡ [3ï6]. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤ 

ʟʘɦʠʪʳ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ ʦʪ ʢʦʨʨʦʟʠʠ [7ï13]. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤ ʦʙʤʝʥ ʦʧʳʪʦʤ ʚ ʦʙʣʘʩʪʠ ʟʘ-

ʱʠʪʳ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ ʦʪ ʢʦʨʨʦʟʠʠ [2, 11ï13]. 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʦʙʤʝʥ ʦʧʳʪʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʠʩʪʝʤ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ 

ʩʪʘʣʴʥʳʭ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ. 

ʉʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ [3] ʠʟʤʝʨʷʣʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ ʄɹ-105 

(ʄʘʣʳʡ ɹʫʢʩʠʨ ʧʨʦʝʢʪʘ 714) ʠ ʰʣʠʬʦʚʘʥʥʳʤʠ ʩʪʘʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʩʫ-

ʜʦʢʦʨʧʫʩʥʦʡ ʩʪʘʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʈʦʩʩʠʠ ʠ ʋʢʨʘʠʥʳ (ʈ-1, ʈ-2, ʋ-1, ʋ-2), ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʠʟ-

ʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ (ʤʫʣʴʪʠʤʝʪʨ MASTECHMS 8261). ʉʫʜʥʦ ʥʘʭʦʜʠʣʦʩʴ ʚ ʜʣʠʪʝʣʴʥʦʤ ʩʪʦʷ-

ʥʦʯʥʦʤ ʨʝʞʠʤʝ ʫ ʧʨʠʯʘʣʘ ˉ 13 ʪʦʨʛʦʚʦʛʦ ʧʦʨʪʘ ʚ ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢʝ-ʂʘʤʯʘʪʩʢʦʤ. ʉʭʝʤʘ 

ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ,  

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ: 1 ï ʢʦʨʧʫʩ ʩʫʜʥʘ; 2 ï ʬʘʣʴʰʙʦʨʪ ʩʫʜʥʘ;  

3 ï ʧʝʨʝʥʦʩʥʦʡ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ; 4 ï ʧʨʠʞʠʤʥʦʡ ʢʦʥʪʘʢʪ; 5 ï ʢʦʥʪʨʦʣʴʥʘʷ ʩʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ; 6 ï ʤʦʨʩʢʘʷ ʚʦʜʘ 

ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [7ï13]. ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʩʫʭʠʝ 

ʰʣʠʬʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʳ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʛʨʫʞʘʣʠ ʥʘ ʤʝʪʨ ʚ ʚʦʜʫ ʜʣʷ ʠʟʤʝʨʝʥʠʷ, ʧʦ-

ʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʩʪʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʚʳʥʠʤʘʣʠ ʠʟ ʚʦʜʳ [3]. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠ 

ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʩ 05.07.19 ʧʦ 17.07.19, ʧʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʴ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʢʦʨʧʫ-

ʩʦʤ ʩʫʜʥʘ ʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʚʳʧʦʣʥʷʣʠ ʦʜʠʥ ʨʘʟ ʚ ʜʝʥʴ ʩ ʧʦʤʦʱʴʶ 15 ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ. ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠ-

ʤʝʨʥʦ 5 ʩ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʠʣ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʦʧʝʨʘʪʦʨ [11ï13]. ʊʦʯʥʦʩʪʴ ʠʟ-

ʤʝʨʝʥʠʡ ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [12, 15]. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʠ ʥʘ ʨʠʩ. 2. 

ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ (=U,  mV) ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʄɹ-105  

ʠ ʰʣʠʬʦʚʘʥʥʳʤʠ ʩʪʘʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʨʘʟʣʠʯʥʦʡ ʩʫʜʦʢʦʨʧʫʩʥʦʡ ʩʪʘʣʠ (ʈ-1, ʈ-2, ʋ-1, ʋ-2) 

ɼʘʪʘ 

ʚʳʧʦʣ-

ʥʝʥʠʷ 

ʢʦʥʪʨʦʣʷ 

ʨʘʟʥʦʩʪʠ 

ʧʦʪʝʥ-

ʮʠʘʣʦʚ 

ʈʘʟʥʦʩʪʴ  

ʧʦʪʝʥʮʠʘʣʦʚ  

ʤʝʞʜʫ  

ʢʦʨʧʫʩʦʤ  

ʠ ʩʪʘʣʴʥʦʡ  

ʧʣʘʩʪʠʥʦʡ 

ʀʥʪʝʨʚʘʣ  

ʟʥʘʯʝʥʠʷ ʉ1ï15 

ʉʨʝʜʥʝʝ  

ʟʥʘʯʝʥʠʝ ʉʩ 
ɼʠʩʧʝʨʩʠʷ S2 

ʉʨʝʜʥʝ- 

ʢʚʘʜʨʘʪʠʯ. 

ʦʪʢʣʦʥʝʥʠʝ S 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ V, % 

1 2 3 4 5 6 7 

5
.0

7
.1

9 ʈ-1 221ï239 228,73 29,07 5,39 2,38 

ʈ-2 177ï192 183,60 26,26 5,12 2,79 

ʋ-1 213ï215 214,00 0,43 0,65 0,31 

ʋ-2 174ï176 175,47 0,98 0,99 0,56 

6
.0

7
.1

9 ʈ-1 199ï204 201,33 3,10 1,76 0,87 

ʈ-2 174ï175 174,67 0,24 0,49 0,28 

ʋ-1 141ï142 141,67 0,24 0,49 0,34 

ʋ-2 146ï147 146,87 0,12 0,35 0,24 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 

1 2 3 4 5 6 7 

7
.0

7
.1

9 ʈ-1 211ï212 211,20 0,17 0,41 0,20 

ʈ-2 182ï184 182,93 0,78 0,88 0,48 

ʋ-1 157ï160 158,29 1,30 1,14 0,75 

ʋ-2 172ï175 173,67 0,95 0,98 0,56 

8
.0

7
.1

9 ʈ-1 104ï104 104,00 0,00 0,00 0,00 

ʈ-2 119ï119 119,00 0,00 0,00 0,00 

ʋ-1 102ï102 102,00 0,00 0,00 0,00 

ʋ-2 88ï88 88,00 0,00 0,00 0,00 

9
.0

7
.1

9 ʈ-1 118ï118 118,00 0,00 0,00 0,00 

ʈ-2 116ï117 116,87 0,12 0,35 0,30 

ʋ-1 111ï111 111,00 0,00 0,00 0,00 

ʋ-2 104ï104 104,00 0,00 0,00 0,00 

1
0

.0
7

.1
9 ʈ-1 36ï37 36,80 0,17 0,41 1,13 

ʈ-2 74ï75 74,27 0,21 0,46 0,62 

ʋ-1 29ï30 29,60 0,26 0,51 1,71 

ʋ-2 80ï80 80,00 0,00 0,00 0,00 

1
6

.0
7

.1
9 ʈ-1 10ï36 26,80 60,74 7,79 29,08 

ʈ-2 22ï80 45,60 292,11 17,09 37,48 

ʋ-1 26ï59 37,20 195,03 13,97 37,54 

ʋ-2 33ï106 59,60 408,69 20,22 33,92 

1
7

.0
7

.1
9 ʈ-1 10ï15 12,93 2,92 1,71 13,22 

ʈ-2 16ï20 17,73 1,92 1,39 7,82 

ʋ-1 13ï19 15,47 2,12 1,46 9,42 

ʋ-2 44ï49 46,60 2,54 1,59 3,42 

 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ ʄɹ-105  

ʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʚ ʧʝʨʠʦʜ ʩ 05.07.19 ʧʦ 17.07.19: 

1 ï ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʈ-1; 

2 ï ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʈ-2; 

3 ï ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʋ-1; 

4 ï ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʋ-2 

ʀʟ ʪʘʙʣʠʮʳ ʠ ʨʠʩ. 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝ-

ʞʜʫ ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ ʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʨʘʟʣʠʯʥʦʡ ʩʫʜʦʢʦʨʧʫʩʥʦʡ 

ʩʪʘʣʠ, ʠʟʤʝʥʠʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʠʩʪʝʤʳ 

ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. ɿʘ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʰʣʠʬʦʚʘʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʭ ʠʟ ʩʪʘʣʠ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʈ-1, ʈ-2) ʠ ʫʢʨʘʠʥʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʋ-1, ʋ-2), ʠʟ-

ʤʝʥʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʄɹ-105 ʠ ʩʪʘʣʴʥʦʡ ʧʣʘ-

ʩʪʠʥʦʡ ʈ-1 ʩʥʠʟʠʣʘʩʴ ʥʘ 218,80 ʤɺ. ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʄɹ-105 ʠ ʩʪʘʣʴʥʦʡ 

ʧʣʘʩʪʠʥʦʡ ʈ-2 ʩʥʠʟʠʣʘʩʴ ʥʘ 165,87 ʤɺ. ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʄɹ-105 ʠ ʩʪʘʣʴ-
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ʥʦʡ ʧʣʘʩʪʠʥʦʡ ʋ-1 ʩʥʠʟʠʣʘʩʴ ʥʘ 198,53 ʤɺ. ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʄɹ-105 

ʠ ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʦʡ ʋ-2 ʩʥʠʟʠʣʘʩʴ ʥʘ 128,87 ʤɺ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʩʪʝʤʘ ʧʨʦ-

ʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʧʦʜʣʝʞʠʪ ʨʝʤʦʥʪʫ, ʦʜʥʘʢʦ ʵʪʦʪ ʚʳʚʦʜ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʧʨʘʚʠʣʴ-

ʥʳʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 13-ʜʥʝʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʦʥʠ ʧʦʜʚʝʨʛʣʠʩʴ 

ʢʦʨʨʦʟʠʠ, ʘ ʪ. ʢ. ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʩʪʠʥ ʥʝ ʦʯʠʱʘʣʘʩʴ ʦʪ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ, ʪʦ ʧʨʦʠʟʦʰʣʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʭ ʠʟ ʩʫʜʦʢʦʨʧʫʩʥʦʡ ʩʪʘʣʠ, ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʡ ʠʭ ʦʙʨʘʙʦʪʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʚʳʟʳʚʘʶʪ ʫ ʵʢʠʧʘʞʝʡ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʜʘʥʥʳʡ ʚʠʜ ʢʦʥʪʨʦʣʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʧʫʩʘ 

ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʠʧʘʞʘʤʠ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ. 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ: 

ʘ) ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʢʪʦʨʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ  

ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʫʜʦʢʦʨ-

ʧʫʩʥʦʡ ʩʪʘʣʠ; 

ʙ) ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʫʜʦʢʦʨʧʫʩʥʦʡ ʩʪʘʣʠ,  

ʚʳʟʳʚʘʶʪ ʫ ʵʢʠʧʘʞʘ ʩʫʜʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʜʘʥʥʳʡ ʚʠʜ ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʢ-

ʪʦʨʥʦʡ ʟʘʱʠʪʳ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʠʧʘʞʘʤʠ ʩʫʜʦʚ ʠ ʢʦʨʘʙʣʝʡ. 
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The article discusses the relevance of the usage of modern technologies by sea carriers that will allow them 

to focus on their business, ensuring maximum safety of ships. The main drivers for this is the search for additional 

profitsand security. The key element of transformation is digital services and technologies. 
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ʊʨʘʜʠʮʠʦʥʥʦ ʥʘ ʩʫʜʘʭ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʤʦʨʩʢʠʤʠ ʧʝʨʝʚʦʟʢʘʤʠ, ʧʨʠʤʝʥʷʶʪ ʩʠʩʪʝʤʳ 

ʩʚʷʟʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʋʂɺ-ʜʠʘʧʘʟʦʥʝ. ʋʂɺ-ʨʘʜʠʦʩʪʘʥʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʷʟʴ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʦʨʩʢʦʛʦ ʩʫʜʥʘ ʩ ʦʧʝʨʘʪʠʚʥʦ-ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʣʫʞʙʦʡ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ [11, c. 90]. 

ʃʶʙʦʡ ʧʦʨʪ ʤʠʨʘ ʠʩʧʦʣʴʟʫʝʪ ʵʪʦʪ ʪʠʧ ʩʚʷʟʠ. ʀʟʥʘʯʘʣʴʥʦ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ ʦʭʨʘʥʳ ʯʝ-

ʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ ʥʘ ʤʦʨʝ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʙʳʣʘ ʩʠʩ-

ʪʝʤʘ ʩʚʷʟʠ ʇɺ/ʂɺ. ʆʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʦ ʩʝʨʝʜʠʥʳ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʉʝʡʯʘʩ ʦʥʘ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʚʩʝʭ ʤʦʨʩʢʠʭ ʩʫʜʘʭ ʢʘʢ ʨʝʟʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʠ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʚʳʟʦʚʘ ʙʝʜʩʪʚʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʦʙʤʝʥʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʩʧʫʪʥʠʢʦʚʘʷ 

ʩʚʷʟʴ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʧʦ ʚʩʝʤʫ ʟʝʤʥʦʤʫ ʰʘʨʫ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ Inmarsat. 

ʅʦ ʩʝʛʦʜʥʷ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʩʪʦʷʥʥʫʶ ʩʚʷʟʴ ʩ ʢʘʞʜʳʤ ʛʨʫʟʦʚʳʤ ʩʫʜʥʦʤ, ʯʪʦʙʳ ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʦʣʫʯʘʪʴ ʩʝʨʴʝʟʥʳʝ ʤʘʩʩʠʚʳ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ ʨʘʩʪʫʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʦ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʄʝʞʜʫʥʘ-

ʨʦʜʥʦʡ ʤʦʨʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ (International Maritime Organization (IMO)) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʦʷʥ-

ʥʦʤ ʦʙʥʦʚʣʝʥʠʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʘʨʪ. ʇʦ ʥʦʚʳʤ ʧʨʘʚʠʣʘʤ ʩ 2018 ʛ. ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʨʪʘ  

ʧʨʠʧʠʩʢʠ ʚʩʝ ʩʫʜʘ, ʦʪʧʨʘʚʣʷʶʱʠʝʩʷ ʚ ʜʘʣʴʥʝʝ ʧʣʘʚʘʥʠʝ, ʜʦʣʞʥʳ ʧʦʩʪʦʷʥʥʦ ʧʦʣʫʯʘʪʴ ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʥʦʚʳʝ ʢʘʨʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʘʩʩʦʮʠʘʮʠʝʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦ-

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ECDIS), ʠ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚʩʝ 

ʩʧʫʩʢʘʝʤʳʝ ʥʘ ʚʦʜʫ ʥʦʚʳʝ ʩʫʜʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʚʤʝʩʪʠʤʳ ʩ ECDIS. 

https://www.teacode.com/online/udc/65/656.614.3.html
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ʕʢʩʧʝʨʪʳ ʦʪʨʘʩʣʠ ʩʯʠʪʘʶʪ, ʠ ʤʳ ʩ ʥʠʤʠ ʩʦʛʣʘʩʥ,r ʯʪʦ ʵʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʨʝʰʝʥʘ 

ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭʩʪʦʨʦʥʥʠʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ. ʉʝʡʯʘʩ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʥʘ ʙʘʟʝ ʦʙʦʨʫʜʦʚʘʥʠʷ VSAT ʠ MiniVSAT. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʫʛʣʦʩʫʪʦʯʥʫʶ 

ʩʚʷʟʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʡʦʥʘ ʥʘʭʦʞʜʝʥʠʷ ʤʦʨʩʢʦʛʦ ʩʫʜʥʘ ʣʠʙʦ ʢʦʨʘʙʣʷ. ɺ ʥʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʢʝʪʥʘʷ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʨʫʛʣʳʝ ʩʫʪʢʠ ʥʘʭʦʜʠʪʴʩʷ ʩʫʜʥʫ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ [3, c. 55]. 

ʆʙʝʩʧʝʯʠʚʘʝʪʩ ̫ʧʨʠʝʤ ʠ ʧʝʨʝʜʘʯʘ ʨʘʟʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʦʡ ʢʘʢ ʩʦʦʙʱʝʥʠʷ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʧʦʯʪʳ, ʛʨʘʬʠʯʝʩʢʠʝ ʬʘʡʣʳ, ʬʘʡʣʳ ʜʘʥʥʳʭ ʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ MS Office.  

ʂʨʦʤʝ ʪʦʛʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʝʨʝʜʘʯʘ ʧʦʪʦʢʦʚʦʛʦ ʚʠʜʝʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʘ ʙʦʨʪʫ 

ʩʫʜʥʘ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ ʠ ʢʨʫʛʣʳʝ ʩʪʦʣʳ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢʦʤʧʘʥʠʠ ʢʘʢ ʥʘ ʩʪʦʷʥʢʝ, ʪʘʢ 

ʠ ʚ ʨʝʡʩʝ. ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ ʩʪʘʥʝʪ ʩʧʫʪʥʠʢʦ-

ʚʘʷ ʩʚʷʟʴ ʥʘ ʙʘʟʝ ʪʝʨʤʠʥʘʣʦʚ VSAT. ʅʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʫʜʫʪ ʚʩʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ: ʋʂɺ, ʇɺ/ʂɺ. 

ʉʦʛʣʘʩʥʦ ʠʟʫʯʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [10, c. 134], ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʨʩʢʠʝ ʧʝʨʝʚʦʟʯʠʢʠ ʩʪʨʝʤʷʪʩʷ 

ʢ ʫʧʨʦʱʝʥʠʶ ʠ ʫʜʝʰʝʚʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʢʦʤʤʫʥʠʢʘʮʠʡ çʥʘ ʚʦʜʝè. ɹʦʣʴʰʠʥʩʪʚʦ ʠʛʨʦʢʦʚ 

ʥʝ ʭʦʪʷʪ ʪʨʘʪʠʪʴ ʨʝʩʫʨʩʳ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʩʚʷʟʠ ʠ ʞʝʣʘʶʪ ʧʦʣʫʯʠʪʴ ʛʦʪʦʚʫʶ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʚ ʚʠʜʝ ʩʝʨʚʠʩʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʦʜʫʣʝʡ VSAT, 

ʘ ʪʘʢʞʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʝʜʠʥʦʡ ʩʨʝʜʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʛʦʣʦʩʦʚʳʤ ʩʝʨʚʠʩʘʤ ʧʦʟʚʦʣʷʝʪ 

ʠʤ ʩʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʩʚʦʝʤ ʙʠʟʥʝʩʝ, ʦʙʝʩʧʝʯʠʚ ʤʘʢʩʠʤʘʣʴʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʦʚ 

ʠ ʦʧʪʠʤʠʟʠʨʫʷ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ. 

ʂ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʙʝʩʧʠʣʦʪʥʦʛʦ ʩʫʜʥʘ ʧʨʠʩʦʝʜʠʥʠʣʩʷ Inmarsat ï ʦʜʥʘ 

ʠʟ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʢʦʤʧʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʘ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʦʙʱʝʩʪʚ ï ʈʝʛʠʩʪʨ ʃʣʦʡʜʘ ï ʚʳʧʫʩʪʠʣʦ ʜʦʢʫʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʤʦʨʩʢʠʝ ʩʫʜʘ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

çAL 6è ʧʦʜʨʘʟʫʤʝʚʘʝʪ çʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʦʝ ʩʫʜʥʦ, ʥʝ ʪʨʝʙʫʶʱʝʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʭʦʜʝ 

ʚʳʧʦʣʥʝʥʠʷ ʨʝʡʩʘè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʢʨʫʧʥʳʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʢʦʤʧʘʥʠʠ ʩʯʠʪʘʶʪ ʧʨʦʝʢʪ ʩʫʜʦʚ-ʨʦʙʦʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʤ, ʠ ʧʦʜʛʦʪʦʚʢʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʤʦʨʩʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʢ ʚʚʝʜʝʥʠʶ ʪʘʢʠʭ ʩʫʜʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠʜʝʪ 

ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʩʘʤʠʭ ʘʚʪʦʥʦʤʥʳʭ ʩʫʜʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʠʩʪʳ 

ʚʠʜʷʪ ʨʷʜ ʧʨʦʙʣʝʤ ʚʦ ʚʥʝʜʨʝʥʠʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʫʜʦʚ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, 

ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʬʘʢʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [1, c. 69]. 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʛʦʜʫ ʦʪ ʧʦʩʪʨʦʡʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʫʜʦʚ, ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʥʝ ʩʪʦʠʪ ʦʞʠʜʘʪʴ ʧʦʣʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ 

ʠʟ ʤʦʨʩʢʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʚʠʜʠʪʩʷ ʩʣʝʜʫʶʱʠʡ ʩʮʝʥʘʨʠʡ: ʩʫʜʥʦ-ʨʦʙʦʪ ʚ ʧʦʨʪʫ 

ʦʪʧʨʘʚʣʝʥʠʷ ʚʳʚʦʜʠʪʩʷ ʠʟ ʧʦʨʪʘ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʣʦʮʤʘʥʘ ʠ ʩʠʣʘʤʠ ʙʫʢʩʠʨʦʚ, ʛʜʝ ʫʜʘʣʝʥʥʦ 

ʧʦʣʫʯʘʝʪ ʢʦʤʘʥʜʫ ʩʣʝʜʦʚʘʪʴ ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ. ʇʦʩʣʝ ʧʨʠʙʳʪʠʷ ʚ ʧʦʨʪ ʥʘʟʥʘʯʝʥʠʷ ʩʫʜʥʦ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʠ ʨʦʙʦʪ ʛʦʪʦʚʠʪʩʷ ʢ ʧʨʠʥʷʪʠʶ ʥʘ ʙʦʨʪ ʣʦʮʤʘʥʘ ʠ ʙʫʢʩʠʨʦʚʢʝ ʢ ʧʨʠʯʘʣʫ. 

ʃʦʮʤʘʥʩʢʦʝ ʞʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʪʘʢʦʤʫ ʩʫʜʥʫ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʣʦʞʥʳʭ 

ʧʨʦʣʠʚʦʚ ʠ ʢʘʥʘʣʦʚ. ʊʘʢʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʦʬʠʮʝʨʦʚ-

ʩʫʜʦʚʦʜʠʪʝʣʝʡ. ɻʘʨʘʥʪʠʨʦʚʘʪʴ ʥʝʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʩʦʜʝʨʞʠʤʦʝ ʛʨʫʟʦʚʳʭ ʪʨʶʤʦʚ ʩʤʦʞʝʪ ʠʭ 

ʧʣʦʤʙʠʨʦʚʢʘ (ʢʘʢ ʵʪʦ ʩʝʡʯʘʩ ʧʨʦʠʩʭʦʜʠʪ ʩ ʢʦʥʪʝʡʥʝʨʘʤʠ), ʘ ʜʣʷ ʧʦʜʧʠʩʘʥʠʷ ʛʨʫʟʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʦʚʝʨʝʥʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʘʥʘ ʵʢʩʧʝʜʠʪʦʨʫ ʠʣʠ ʩʫʧʝʨʢʘʨʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʥʝʜʨʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʫʜʦʚ ʚʦʟʤʦʞʥʦ, ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʩ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 

ʪʘʢʞʝ ʥʝʠʟʙʝʞʥʦ, ʢʘʢ ʠ ʚʥʝʜʨʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ʆʜʥʘʢʦ, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, 

ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʪ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʩʮʝʥʘʨʠʡ ʠ ʤʘʩʰʪʘʙ ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʩʫʜʦʚ, 

ʷʚʣʷʝʪʩʷ ʚʳʛʦʜʥʦʩʪʴ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʩʫʜʦʚʣʘʜʝʣʴʮʝʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʝʛʦʜʥʷʰʥʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʥʦʩʪʴʶ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʫʜʦʚ ʚʦʟʤʦʞʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ: 1) ʨʘʙʦʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩ ʢʦʥʪʝʡʥʝʨʠʟʠʨʦʚʘʥʥʳʤʠ ʛʨʫʟʘʤʠ (ʢʘʢ ʩ ʥʝ ʪʨʝʙʫʶʱʠʤʠ ʦʩʦʙʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʨʶʤʦʚ ʩʫʜʥʘʤʠ); 

2) ʨʘʙʦʪʘ ʚ ʫʤʝʨʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʜʦʣʞʥʘ ʙʳʪʴ ʠʩʢʣʶʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʨʟʘʥʠʷ 

ʩʫʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ); 3) ʨʘʙʦʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʥʘʧʨʘʚʣʝʥʠʷʭ ʙʝʟ ʧʨʦʣʠʚʦʚ ʠ ʫʟʢʦʩʪʝʡ. 

ɺʩʝʤ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʊʨʘʥʩʪʠʭʦʦʢʝʘʥʩʢʠʡ ʛʨʫʟʦʧʦʪʦʢ ɸʟʠʷ ï ʉʐɸ, ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʉʐɸ ï ɽʚʨʦʧʘ, ɸʟʠʷ ï ɽʚʨʦʧʘ (ʥʝ ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʭʦʜʦʤ ʉʫʵʮʢʠʤ ʢʘʥʘʣʦʤ). ʈʘʙʦʪʘ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʫʜʦʚ ʚ ʧʨʦʣʠʚʘʭ ʠ ʫʟʢʦʩʪʷʭ ʚʦʟʤʦʞʥʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʜʝ ʠʭ ʥʘ 

ʙʦʨʪʫ ʙʫʜʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʝʮʠʘʣʠʩʪʳ (ʤʝʩʪʥʳʝ ʣʦʮʤʘʥʳ ʠʣʠ ʤʝʩʪʥʳʡ 

ʣʦʮʤʘʥ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʫʜʦʚʦʜʠʪʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʫʜʦʭʦʜʥʫʶ ʢʦʤʧʘʥʠʶ), ʢʦʪʦʨʳʝ 

ʩʤʦʛʫʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʚʦʜʢʫ ʩʫʜʥʘ ʚ ʨʝʞʠʤʝ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [9, c. 37]. 
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ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʚ ʤʦʨʩʢʠʭ 

ʛʨʫʟʦʧʝʨʝʚʦʟʢʘʭ ʟʘ ʨʫʙʝʞʦʤ. ʂ ʧʨʠʤʝʨʫ, ʂʠʪʘʡ ʚʥʝʜʨʷʝʪ ʧʝʨʝʜʦʚʳʝ ʠʥʥʦʚʘʮʠʠ ʚ ʤʦʨʩʢʠʝ 

ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ. ʋʞʝ ʚ ʩʘʤʦʝ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʤʦʨʩʢʠʝ ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ ʥʘʯʥʝʪ ʧʝʨʚʦʝ ʚ ʤʠʨʝ 

ʩʤʘʨʪ-ʩʫʜʥʦ, ʦʥʦ ʙʳʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʚ ʐʘʥʭʘʡʩʢʦʤ ʪʦʨʛʦʚʦʤ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ ʪʦʨʛʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʦʩʪʨʦʝʥʦ ʢʦʤʧʘʥʠʝʡ çHuangpu Wenchong Shipbuilding Coè 

ʚ ɻʫʘʥʯʞʦʫ. ʂʠʪʘʡʩʢʦʝ ʦʙʱʝʩʪʚʦ ʩʫʜʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʞʝ ʚʳʜʘʣʦ ʝʤʫ ʩʝʨʪʠʬʠʢʘʪ, ʠ ʝʛʦ 

ʧʨʠʥʷʣʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʥʦʛʦʧʨʦʬʠʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷ çChina Merchants Groupè. ʂʦʤʧʘʥʠʷ 

ʥʘʟʳʚʘʝʪ ʝʛʦ ʧʝʨʚʳʤ ʚ ʤʠʨʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʢʦʨʘʙʣʝʤ, ʧʦʪʦʤʫ ʯʪʦ ʵʪʦ ʧʝʨʚʦʝ 

ʤʦʨʝʧʣʘʚʘʪʝʣʴʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʧʦʣʫʯʠʚʰʝʝ ʥʘʟʚʘʥʠʝ çʢʠʙʝʨʙʝʟʦʧʘʩʥʳʡè, çʢʠʙʝʨ- 

ʠʩʧʦʣʥʠʪʝʣʴè ʠ çʢʠʙʝʨʧʦʜʜʝʨʞʠʚʘʶʱʠʡè ʩʤʘʨʪ-ʢʦʨʘʙʣʴ, ʧʨʠʥʷʪʳʡ ʙʨʠʪʘʥʩʢʠʤ ʦʙʱʝʩʪʚʦʤ 

ʤʦʨʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ Lloydôs Register. 

çI-Dolphinè (ʪʘʢʦʝ ʥʘʟʚʘʥʠʝ ʧʦʣʫʯʠʣʦ ʧʝʨʚʦʝ ʚ ʤʠʨʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʩʫʜʥʦ) ʠʤʝʝʪ 

ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʪ ʩʙʦʨ 

ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʢʘʢ ʦ ʩʦʩʪʦʷʥʠʠ ʩʘʤʦʛʦ ʩʫʜʥʘ, ʪʘʢ ʠ ʦʢʨʫʞʘʶʱʝʡ ʤʦʨʩʢʦʡ ʩʨʝʜʳ. ʅʘ ʦʩʥʦʚʝ 

ʦʙʦʙʱʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ, 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʘ ʠ ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʪʦʛʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʵʢʠʧʘʞ ʢʦʨʘʙʣʷ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʠ ʠʟʙʝʞʘʪʴ ʬʦʨʩ-

ʤʘʞʦʨʥʳʭ ʩʠʪʫʘʮʠʡ. 

ɼʣʠʥʘ ʩʫʜʥʘ ʩʦʩʪʘʚʣʷʝʪ 179 ʤ, ʰʠʨʠʥʘ ï 32 ʤ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ï 38,8 ʪʳʩ. ʪ. çI-Dolphinè 

ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʤʦʨʩʢʠʝ ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ ʠʟ ʂʠʪʘʷ ʚ ɸʚʩʪʨʘʣʠʶ, ʜʦʩʪʘʚʣʷʷ ʩʦʣʴ ʠ ʫʛʦʣʴ. 

ʂʠʪʘʡ ʥʘʩʪʦʡʯʠʚʦ ʚʥʝʜʨʷʝʪ ʧʝʨʝʜʦʚʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʝʯʥʳʝ ʠ ʤʦʨʩʢʠʝ 

ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ. ɺ ʥʦʷʙʨʝ ʥʘ ʚʦʜʫ ʙʳʣ ʩʧʫʱʝʥ ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʩʘʤʦʨʘʟʛʨʫʞʘʶʱʠʡʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʫʭʦʛʨʫʟ. ɽʛʦ ʧʦʣʥʦʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ï 2,2 ʪʳʩ. ʪ, ʜʣʠʥʘ ï 70,5 ʤ, ʰʠʨʠʥʘ ï 

13,9 ʤ, ʦʩʘʜʢʘ ï 3,3 ʤ, ʨʘʩʯʝʪʥʘʷ ʚʳʩʦʪʘ ʙʦʨʪʘ ʩʦʩʪʘʚʣʷʝʪ 4,5 ʤ. ɺ ʵʢʠʧʘʞ ʚʭʦʜʠʪ ʚʩʝʛʦ 6 ʯʝʣʦʚʝʢ. 

ʉʫʜʥʦ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ, ʤʦʱʥʦʩʪʴ ʢʘʞʜʦʛʦ ï 169 ʢɺʪ.  

ɼʣʷ ʟʘʧʠʪʳʚʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʥʘ ʙʦʨʪʫ ʫʩʪʘʥʦʚʣʝʥ ʣʠʪʠʝʚʳʡ ʘʢʢʫʤʫʣʷʪʦʨ ʝʤʢʦʩʪʴʶ  

2 400 ʢɺʪ/ʯ. ɽʛʦ ʟʘʨʷʜʘ ʭʚʘʪʘʝʪ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʥʦʤʥʦʝ ʧʣʘʚʘʥʠʝ ʜʘʣʴʥʦʩʪʴʶ 80 ʢʤ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 8 ʤʠʣʴ ʚ ʯʘʩ. ɸʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʩʦʜʝʨʞʠʪ 1 000 ʣʠʪʠʝʚʦ-ʠʦʥʥʳʭ ʧʘʯʝʢ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʦʧʦʣʥʷʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʙʘʪʘʨʝʷʤʠ, ʝʩʣʠ ʛʨʫʟ ʪʷʞʝʣʝʝ ʠʣʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʜʦʩʪʘʚʣʝʥ ʥʘ ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ. ʇʦʣʥʦʝ ʚʨʝʤʷ ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ï 2 ʯ, ʵʪʦ ʢʘʢ ʨʘʟ ʪʦʪ 

ʩʨʦʢ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʠ/ʨʘʟʛʨʫʟʢʠ ʢʦʨʘʙʣʷ. ʉʫʜʥʦ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʝʯʥʳʭ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ [5, c. 88]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʤʦʨʩʢʦʡ ʩʫʜʦʭʦʜʥʦʡ ʢʦʤʧʘʥʠʝʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʜʣʷ ʟʘʤʝʥʳ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ ʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʨʩʢʠʭ ʩʫʜʘʭ ʩʜʝʣʘʝʪ ʪʘʢʫʶ ʢʦʤʧʘʥʠʶ ʙʦʣʝʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ, ʯʝʤ ʢʦʤʧʘʥʠʠ-ʢʦʥʢʫʨʝʥʪʳ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ ʧʨʠ 

ʘʥʘʣʠʟʝ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ 

ʧʨʦʬʩʦʶʟʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʪʫʱʝʝ ʥʘʩʝʣʝʥʠʝ ʩʪʨʘʥ ɸʟʠʠ, ʯʪʦ ʩʧʦʩʦʙʥʦ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʦʙʫʯʝʥʥʳʭ ʠ çʜʝʰʝʚʳʭè ʨʘʙʦʪʥʠʢʦʚ ʤʦʨʩʢʦʡ ʠʥʜʫʩʪʨʠʠ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʟʘʨʘʙʦʪʥʳʭ ʧʣʘʪ ʚ ʤʦʨʩʢʦʡ ʦʪʨʘʩʣʠ. 

ʉʦʟʜʘʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ʤʦʛʣʘ ʙʳ 

ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʵʢʩʧʦʨʪʫ ʤʦʨʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʈʦʩʩʠʠ, ʥʦ ʠ ʦʨʛʘʥʠʯʥʦ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ ʛʣʦʙʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʝʛʦʜʥʷ ʥʝ-

ʦʙʭʦʜʠʤ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʥʝʠʟʙʝʞʝʥ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʩʝʚʦʟʨʘʩʪʘʶʱʠʤ ʦʙʲʝʤʦʤ ʧʦʜʣʝʞʘʱʠʭ ʦʙ-

ʨʘʙʦʪʢʝ ʜʘʥʥʳʭ. ʆʙʳʯʥʳʤʠ, ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʫʞʝ ʥʝ ʫʜʘʝʪʩʷ ʠʟ ʵʪʦʛʦ ʧʦʪʦʢʘ ʠʟʚʣʝʯʴ 

ʚʩʶ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʆʧʨʝʜʝʣʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʳʭ ʩʚʝʜʝʥʠʡ. 

ʆʙʦʨʦʪ ʠʥʬʦʨʤʘʮʠʠ ʚʩʝ ʩʠʣʴʥʝʝ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʝʛʦ ʬʠ-

ʥʘʥʩʦʚʳʝ ʫʩʧʝʭʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚʩʝ ʯʘʱʝ ʠʥʬʦʨʤʘʮʠʶ ʥʘʟʳʚʘʶʪ çʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʩʳʨʴʝʤè. ɺ ʨʘʟ-

ʚʠʪʳʭ ʩʪʨʘʥʘʭ ɿʘʧʘʜʘ ʨʘʩʭʦʜʳ ʥʘ ʠʥʬʦʨʤʘʮʠʶ ʫʞʝ ʧʨʝʚʳʰʘʶʪ ʨʘʩʭʦʜʳ ʥʘ ʵʥʝʨʛʝʪʠʢʫ. ʀ ʧʨʠ 

ʨʘʟʫʤʥʦʤ ʧʦʜʭʦʜʝ ʵʪʠ ʨʘʩʭʦʜʳ ʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚʥʝʜʨʝʥʠʝ ʢʦʤ-

ʧʴʶʪʝʨʥʦʛʦ ʫʯʝʪʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʚ ʩʬʝ-

ʨʝ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʮʝʧʮʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʨʘʥʠʣʠʱ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʩʝʛʦʜʥʷ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ 100%-ʥʫʶ ʦʪʜʘʯʫ. 
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ORGANIZATION OF PHYSICAL TRAINING FOR SHIP CREWS  

 
For the effective implementation of the tasks and ensuring the quality operation of the ship's technical 

equipment, it is necessary to maintain a good physical shape of the sailor. Despite the limited opportunities for 

playing sports in ship conditions, a special set of exercises is needed to maintain the general physical form of the 

crew members, which will allow sailors to feel better, healthier, more enduring, and will help them quickly accli-

matize to the operating conditions of the vessel at sea. 

 

Key words: physical culture, physical endurance, sports exercises, human factor, technical operation, safety. 

 

 

ʈʘʙʦʪʘ ʚ ʤʦʨʝ ʦʪʥʝʩʝʥʘ ʢ ʦʜʥʦʡ ʠʟ ʜʝʩʷʪʠ ʩʘʤʳʭ ʦʧʘʩʥʳʭ ʧʨʦʬʝʩʩʠʡ ʚ ʤʠʨʝ. ʊʱʘʪʝʣʴʥʦʝ ʠʟʫʯʝ-

ʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʧʘʩʥʦʩʪʝʡ ʟʘʩʪʘʚʣʷʝʪ ʦʩʦʟʥʘʪʴ, ʯʪʦ ʙʝʟʦʧʘʩʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʥʘ ʠ ʥʘʜʝʞʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʫʜʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʯʝʣʦʚʝʯʝ-

ʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪ. ʯ. ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʵʢʠʧʘʞʘ ʠ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ ʢʘʞʜʦʛʦ ʤʦʨʷʢʘ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʬʠʟʠʯʝʩʢʠʤ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ [1]. 

ʆʙʟʦʨ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʩʥʠʞʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʥʘ [2] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʦʙʱʝʤ ʘʣʛʦ-

ʨʠʪʤʝ ʨʘʟʚʠʪʠʷ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʩʫʜʦʚʳʭ ʫʩʣʦʚʠʷʭ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴ-

ʥʫʶ ʧʦʟʠʮʠʶ [3], ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʝʛʦ ʚʣʠʷʥʠʝ [4]. ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʵʢʠʧʘʞʘ ʜʦʣʞʥʦ ʫʜʝʣʷʪʴʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʥʠʤʘʥʠʝ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʧʦʜʛʦʪʦʚʢʠ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚ, ʚ ʧʣʘʥʝ ʘʜʘʧʪʘʮʠʠ ʢ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ, ʥʘʯʠʥʘ-

ʝʪʩʷ ʚ ʧʨʦʬʠʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ. ʎʝʣʴ ʟʘʥʷʪʠʡ ï 

ʨʘʟʚʠʪʴ ʚ ʙʫʜʫʱʠʭ ʤʦʨʷʢʘʭ ʪʘʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʩʠʣʘ, ʣʦʚʢʦʩʪʴ, ʙʳʩʪʨʦʪʘ, ʚʳʥʦʩʣʠ-

ʚʦʩʪʴ, ʢʦʤʘʥʜʥʦʝ ʯʫʚʩʪʚʦ, ʫʤʝʥʠʝ ʙʳʩʪʨʦ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɺʝʜʴ ʦʪ ʩʦʩʪʦʷʥʠʷ ʵʢʠʧʘʞʘ ʩʫʜʥʘ ʟʘʚʠʩʷʪ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʘʜʘʯ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʘʚʘ-

ʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʤʦʨʝ, ʢʘʯʝʩʪʚʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʩʢʦʨʦʩʪʴ ʧʨʠʥʷʪʠʷ 

ʧʨʘʚʠʣʴʥʳʭ ʨʝʰʝʥʠʡ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ [5]. 

ʅʘ ʟʘʥʷʪʠʷʭ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʝ ʢʫʨʩʘʥʪʳ ʠ ʩʪʫʜʝʥʪʳ ʦʩʚʘʠʚʘʶʪ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʨʘʟ-

ʣʠʯʥʳʝ ʫʧʨʘʞʥʝʥʠʷ ʠʟ ʪʘʢʠʭ ʚʠʜʦʚ ʩʧʦʨʪʘ, ʢʘʢ ʣʝʛʢʘʷ ʘʪʣʝʪʠʢʘ, ʧʘʫʵʨʣʠʬʪʠʥʛ, ʥʘʩʪʦʣʴʥʳʡ ʪʝʥʥʠʩ, 

ʬʫʪʙʦʣ, ʚʦʣʝʡʙʦʣ, ʙʘʩʢʝʪʙʦʣ, ʢʨʦʩʩʬʠʪ ʠ ʪ. ʜ. ɸʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʢʨʫʛʦʚʦʡ ʪʨʝʥʠʨʦʚʢʠ [6]. 
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ʇʦʜʦʙʥʳʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʧʨʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʫʧʨʘʞʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʨʘʟʚʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ (ʩʠʣʫ, ʙʳʩʪʨʦʪʫ, ʚʳʥʦʩʣʠʚʦʩʪʴ), ʥʦ ʠ ʠʭ ʢʦʤ-

ʧʣʝʢʩʥʳʝ ʬʦʨʤʳ ʧʨʦʷʚʣʝʥʠʷ (ʩʠʣʦʚʫʶ, ʩʢʦʨʦʩʪʥʫʶ, ʩʢʦʨʦʩʪʥʦ-ʩʠʣʦʚʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ). ʅʝʦʙ-

ʭʦʜʠʤʦ ʚʦ ʚʨʝʤʷ ʟʘʥʷʪʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʝʜʠʮʠʥʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ ʩʘʤʦʢʦʥʪʨʦʣʴ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʅʘ ʙʘʟʝ ʚʫʟʘ ʩʪʫʜʝʥʪʳ ʠ ʢʫʨʩʘʥʪʳ ʧʨʦʭʦʜʷʪ ʙʘʟʦʚʫʶ ʬʠʟʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʥʝʦʙʭʦʜʠʤʫʶ 

ʜʣʷ ʨʘʙʦʪʳ ʚ ʤʦʨʝ, ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʥʠʤʠ ʟʘʜʘʯ, ʥʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, 

ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʟʘʚʠʩʠʪ ʦʪ ʣʠʯʥʳʭ ʢʘʯʝʩʪʚ ʤʦʨʷʢʘ,  

ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʩʫʜʘʭ ʪʨʫʜʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʥʘʱʝʥʠʷ ʩʫʜʦʚ ʥʝʦʙʭʦʜʠʤʳʤ ʤʠʥʠʤʫʤʦʤ ʩʧʦʨʪʠʚ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʝʨʝʞʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʟʜʦʨʦʚʴʶ ʯʣʝʥʦʚ ʵʢʠʧʘʞʝʡ ʨʫʢʦʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ 

ʠ ʢʘʧʠʪʘʥʦʚ ʩʫʜʦʚ. 

ɿʜʦʨʦʚʴʝ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʦʧʨʦʩʦʚ ʩʫʜʦʭʦʜʥʦʡ 

ʦʪʨʘʩʣʠ. ʄʥʦʛʠʤ ʤʦʨʷʢʘʤ ʩʣʦʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʝʙʷ ʚ ʭʦʨʦʰʝʡ ʬʠʟʠʯʝʩʢʦʡ ʬʦʨʤʝ 

ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʨʛʘʥʠʟʤ ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʤʝʩʷʮʘʤʠ ʥʘʭʦʜʷʩʴ ʚ ʨʝʡʩʝ. 

ʆʩʦʙʝʥʥʦ ʝʩʣʠ ʥʘ ʙʦʨʪʫ ʥʝʪ ʩʧʦʨʪʠʚʥʦʡ ʢʘʶʪʳ ʠʣʠ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ-ʜʚʫʭ ʪʨʝʥʘʞʝʨʦʚ. ɺʤʝʩʪʝ 

ʩ ʪʝʤ ʭʦʨʦʰʘʷ ʬʠʟʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪ. ʢ. ʣʶʙʘʷ ʨʘʙʦʪʘ ʚ ʤʦʨʝ 

ʪʨʝʙʫʝʪ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʠ ʪʨʫʜʥʦʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ ʦʙʳʯʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʤʦʨʷʢ, ʥʝʚʦʟʤʦʞʥʦ ʧʨʝ-

ʦʜʦʣʝʪʴ ʙʝʟ ʢʨʝʧʢʦʛʦ ʟʜʦʨʦʚʴʷ. 

ʈʫʢʦʚʦʜʩʪʚʫ ʩʫʜʦʭʦʜʥʳʭ ʠ ʨʳʙʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʟʳʩʢʠʚʘʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʩʫʜʘʭ ʢʦʤʧʘʥʠʡ ʭʦʪʷ ʙʳ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʧʦʨ-

ʪʠʚʥʦʛʦ ʠʥʚʝʥʪʘʨʷ: ʩʢʘʢʘʣʦʢ, ʧʣʘʪʬʦʨʤ ɹʦʩʫ, ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʛʘʥʪʝʣʝʡ, ʙʦʢʩʝʨʩʢʦʡ ʛʨʫʰʠ, 

ʧʝʪʝʣʴ ʊRʍ, ʧʝʨʝʢʣʘʜʠʥʳ ʜʣʷ ʧʦʜʪʷʛʠʚʘʥʠʡ, ʙʨʫʩʴʝʚ ʜʣʷ ʦʪʞʠʤʘʥʠʡ, ʬʠʪʥʝʩ-ʤʫʣʴʪʠʩʪʘʥʮʠʠ, 

ʚʝʣʦʪʨʝʥʘʞʝʨʦʚ, ʵʣʣʠʧʩʦʠʜʦʚ, ʙʝʛʦʚʳʭ ʜʦʨʦʞʝʢ, ʩʪʝʧʧʝʨʦʚ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʨʘʙʦʪʥʠʢʘʤ ʬʣʦʪʘ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʢʨʦʩʩʬʠʪ (crossfit) ï ʢʨʫʛʦ-

ʚʫʶ ʪʨʝʥʠʨʦʚʢʫ (ʢʦʛʜʘ ʫʧʨʘʞʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʧʦʚʪʦʨʷʶʪʩʷ, ʢʘʢ ʙʳ ʟʘʤʳʢʘʷʩʴ ʚ ʮʝʧʦʯʢʫ), ʢʦʪʦ-

ʨʘʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʧʨʘʞʥʝʥʠʡ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʢʨʦʩʩʬʠʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʥʠʤʘʪʴʩʷ ʠʤ ʥʝ ʪʦʣʴʢʦ ʚ ʩʧʦʨʪʟʘʣʝ, 

ʘ ʧʨʘʢʪʠʯʝʩʢʠ ʛʜʝ ʫʛʦʜʥʦ, ʚ ʪ. ʯ. ʠ ʥʘ ʩʫʜʥʝ ï ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʭʦʨʦʰʝʡ ʬʠʟʠʯʝʩʢʦʡ ʬʦʨʤʳ ʭʚʘ-

ʪʠʪ ʠ ʫʧʨʘʞʥʝʥʠʡ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ. ʈʘʟʚʠʪʠʝ ʬʠʪʥʝʩ-ʠʥʜʫʩʪʨʠʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʟʚʦʣʷ-

ʝʪ ʟʘʥʠʤʘʪʴʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʫʧʨʘʞʥʝʥʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʩʪʝʩʥʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʥʦ-

ʛʦ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʫʧʨʘʞʥʝʥʠʡ, 

ʚʳʧʦʣʥʷʝʤʳʡ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ, ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʧʝʪʣʷʤʠ ʊRʍ. ɺ ʢʦʤʧʣʝʢʩʝ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʥʘʛʨʫʟʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʚʠʪʠʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʠʣʘ, 

ʚʳʥʦʩʣʠʚʦʩʪʴ ʠ ʣʦʚʢʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʜʛʦʪʦʚʢʫ ʧʦ ʩʠʩʪʝʤʝ ʢʨʦʩʩʬʠʪ ʦʙʳʯʥʦ ʜʝʣʷʪ ʥʘ ʪʨʠ 

ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ: ʪʷʞʝʣʘʷ ʘʪʣʝʪʠʢʘ, ʛʠʤʥʘʩʪʠʢʘ ʠ ʢʘʨʜʠʦ [7]. 

ʆʨʛʘʥʠʟʘʮʠʷ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʵʢʠʧʘʞʝʡ ʩʫʜʦʚ ʤʦʞʝʪ ʩʪʨʦʠʪʴʩʷ ʥʘ ʩʣʝʜʫʶʱʝʤ 

ʢʦʤʧʣʝʢʩʝ ʫʧʨʘʞʥʝʥʠʡ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʜʣʷ ʩʫʜʦʚʳʭ ʫʩʣʦʚʠʡ: 

1) ʨʘʟʤʠʥʢʘ (ʣʝʛʢʠʡ ʙʝʛ ʥʘ ʤʝʩʪʝ 2ï3 ʤʠʥ, ʥʘʢʣʦʥʳ ʛʦʣʦʚʦʡ, ʨʳʚʢʠ ʨʫʢʘʤʠ, ʨʳʚʢʠ ʨʫʢʘʤʠ 

ʩ ʧʦʚʦʨʦʪʦʤ ʢʦʨʧʫʩʘ ʚ ʧʨʘʚʫʶ ʠ ʣʝʚʫʶ ʩʪʦʨʦʥʳ, ʚʩʝʚʦʟʤʦʞʥʳʝ ʥʘʢʣʦʥʳ ʢʦʨʧʫʩʘ, ʢʨʫʛʦʚʳʝ 

ʜʚʠʞʝʥʠʷ ʢʦʨʧʫʩʘ ʠ ʪʘʟʘ, ʤʘʭʠ ʥʦʛʘʤʠ, ʣʝʛʢʠʝ ʚʳʧʘʜʳ ʥʘ ʧʨʘʚʫʶ ʠ ʣʝʚʫʶ ʥʦʛʠ ʧʦʦʯʝʨʝʜʥʦ, ʦʪ-

ʞʠʤʘʥʠʷ ʦʪ ʧʦʣʘ, ʣʝʛʢʠʝ ʧʨʠʩʝʜʘʥʠʷ); 

2) ʧʨʳʞʢʠ ʥʘ ʩʢʘʢʘʣʢʝ, 4 ʧʦʜʭʦʜʘ ʧʦ 1ʤʠʥ; 

3) ʧʦʜʪʷʛʠʚʘʥʠʷ ʥʘ ʧʝʨʝʢʣʘʜʠʥʝ, 4ï5 ʧʦʜʭʦʜʦʚ 10ï12 ʧʦʚʪʦʨʝʥʠʡ; 

4) ʦʪʞʠʤʘʥʠʷ ʦʪ ʧʦʣʘ ʠʣʠ ʥʘ ʙʨʫʩʴʷʭ, 4ï5 ʧʦʜʭʦʜʦʚ 10ï15 ʧʦʚʪʦʨʝʥʠʡ; 

5) ʧʦʜʲʝʤ ʥʦʛ ʚ ʚʠʩʝ ʥʘ ʧʝʨʝʢʣʘʜʠʥʝ, 4ï5 ʧʦʜʭʦʜʦʚ ʧʦ 15ï20 ʧʦʚʪʦʨʝʥʠʡ; 

6) ʫʧʨʘʞʥʝʥʠʷ ʩ ʛʘʥʪʝʣʷʤʠ (ʞʠʤ ʛʘʥʪʝʣʷʤʠ, ʩʠʜʷ ʥʘ ʥʘʢʣʦʥʥʦʡ ʩʢʘʤʴʝ, ʨʘʟʚʝʜʝʥʠʝ ʛʘʥʪʝʣʝʡ, 

ʩʪʦʷ ʯʝʨʝʟ ʩʪʦʨʦʥʳ, 4ï5 ʧʦʜʭʦʜʦʚ ʧʦ 10ï15 ʧʦʚʪʦʨʝʥʠʡ); 

7) ʟʘʤʠʥʢʘ (ʚʩʝʚʦʟʤʦʞʥʳʝ ʜʳʭʘʪʝʣʴʥʳʝ ʫʧʨʘʞʥʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʩʩʣʘʙʣʝʥʠʝ ʤʳʰʮ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʳʭʘʥʠʷ, ʫʧʨʘʞʥʝʥʠʷ ʠʟ ʢʦʤʧʣʝʢʩʘ ʧʦ ʡʦʛʝ). 

ɺʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʫʧʨʘʞʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʠʪʴ ʟʘ ʩʘʤʦʯʫʚʩʪʚʠʝʤ, ʠʟʙʝʛʘʪʴ ʧʝʨʝʛʨʫ-

ʟʦʢ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʢʦʤʧʣʝʢʩ ʥʘ ʩʚʝʞʝʤ ʚʦʟʜʫʭʝ ʠ ʧʨʠ ʭʦʨʦʰʝʡ ʧʦʛʦʜʝ. ʅʝ ʨʝʢʦʤʝʥ-

ʜʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʫʧʨʘʞʥʝʥʠʷ ʚʦ ʚʨʝʤʷ ʢʘʯʢʠ ʥʘ ʤʦʨʝ, ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʠ ʫʪʦʤʠʪʝʣʴʥʳʭ ʚʘʭʪ  

ʠ ʩʫʜʦʚʳʭ ʨʘʙʦʪ. ɺʦ ʚʨʝʤʷ ʩʪʦʷʥʦʢ ʚ ʧʦʨʪʘʭ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʚʩʝʚʦʟʤʦʞʥʳʝ ʩʧʦʨ-

ʪʠʚʥʳʝ ʩʦʩʪʷʟʘʥʠʷ ʢʘʢ ʤʝʞʜʫ ʯʣʝʥʘʤʠ ʵʢʠʧʘʞʘ, ʪʘʢ ʠ ʩ ʜʨʫʛʠʤʠ ʵʢʠʧʘʞʘʤʠ ʩʫʜʦʚ (ʬʫʪʙʦʣ, ʙʘʜ-

ʤʠʥʪʦʥ, ʪʝʥʥʠʩ, ʚʦʣʝʡʙʦʣ, ʧʝʨʝʪʷʛʠʚʘʥʠʝ ʢʘʥʘʪʘ) [8]. 
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ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʬʩʦʶʟ ʤʦʨʷʢʦʚ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʧʦʤʠʤʦ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʘʢʞʝ ʨʝʢʦʤʝʥ-

ʜʫʝʪʩʷ ʩʦʙʣʶʜʘʪʴ ʥʦʨʤʳ ʧʠʪʘʥʠʷ: ʥʝ ʧʝʨʝʝʜʘʪʴ, ʩʪʘʨʘʪʴʩʷ ʫʧʦʪʨʝʙʣʷʪʴ ʚ ʧʠʱʫ ʪʦʣʴʢʦ ʧʦʣʝʟʥʳʝ 

ʧʨʦʜʫʢʪʳ. ɺ ʨʘʮʠʦʥ ʩʫʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʘʪʴ ʢʦʤʧʣʝʢʩ ʤʫʣʴʪʠʚʠʪʘʤʠʥʦʚ ʠ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʜʦʙʘʚʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʵʢʠʧʘʞʘʤ ʩʫʜʦʚ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪ-

ʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʙʦʣʴʰʠʤ ʬʠʟʠʯʝʩʢʠʤ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠ-

ʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ (ʬʠʥʩʢʘʷ ʩʘʫʥʘ, ʨʘʩʩʣʘʙʣʷʶʱʠʡ ʤʘʩʩʘʞ, ʩʦʣʷʥʘʷ 

ʢʦʤʥʘʪʘ). ʅʝʦʙʭʦʜʠʤ ʩʪʨʦʛʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʯʣʝʥʘʤʠ ʵʢʠʧʘʞʘ (ʟʘʤʝʨʳ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʧʨʦʭʦʞʜʝʥʠʝ ʤʝʜʠʮʠʥʩʢʠʭ ʢʦʤʠʩʩʠʡ, ʦʨʛʘʥʠʟʘʮʠʷ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ ʵʢʠʧʘʞʘ ʩʫʜʥʘ). 

ʄʦʨʷʢʫ, ʢʦʪʦʨʳʡ ʚʝʨʥʫʣʩʷ ʜʦʤʦʡ, ʥʫʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ ʠ ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʧʦʯʚʫ ʧʦʜ ʥʦʛʘʤʠ. 

ɺ ʧʝʨʚʳʝ ʜʚʦʝ-ʪʨʦʝ ʩʫʪʦʢ ʧʦʩʣʝ ʨʝʡʩʘ ʚʨʘʯʠ ʨʝʢʦʤʝʥʜʫʶʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʠʩʢʣʶʯʘʪʴ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ (ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ, ʪʨʘʚʤʳ, ʨʝʟ-

ʢʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʝʙʳʚʘʥʠʝ ʥʘ ʚʝʪʨʫ, ʧʦʜ ʧʘʣʷʱʠʤ ʩʦʣʥʮʝʤ), ʥʝ ʤʝʥʷʪʴ ʢʘʨʜʠʥʘʣʴʥʦ 

ʨʝʞʠʤ ʧʠʪʘʥʠʷ, ʥʝ ʟʣʦʫʧʦʪʨʝʙʣʷʪʴ ʘʣʢʦʛʦʣʝʤ. ʆʪʣʠʯʥʦ ʧʦʤʦʛʘʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʦʤʫ ʨʝ-

ʞʠʤʫ ʜʣʠʪʝʣʴʥʳʡ ʩʦʥ ï ʧʦ 10ï12 ʯ ʚ ʩʫʪʢʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ 

ʚ ʦʩʥʘʱʝʥʠʠ ʩʫʜʦʚ ʩʧʦʨʪʠʚʥʳʤ ʠʥʚʝʥʪʘʨʝʤ, ʙʝʨʝʞʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʩʚʦʝʤʫ ʟʜʦʨʦʚʴʶ ʚʩʝʭ ʯʣʝ-

ʥʦʚ ʵʢʠʧʘʞʘ ʩʫʜʥʘ, ʦʪʢʘʟ ʦʪ ʚʨʝʜʥʳʭ ʧʨʠʚʳʯʝʢ, ʧʨʘʚʠʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʨʝʞʠʤ ʪʨʫʜʘ 

ʠ ʦʪʜʳʭʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʤʦʨʩʢʠʭ ʨʝʡʩʦʚ ʧʦʟʚʦʣʷʪ ʯʝʣʦʚʝʢʫ, ʨʘʙʦʪʘʶʱʝʤʫ 

ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʨʷ, ʧʨʝʦʜʦʣʝʪʴ ʪʨʫʜʥʦʩʪʠ, ʩʦʭʨʘʥʠʪʴ ʟʜʦʨʦʚʴʝ ʠ ʦʪʣʠʯʥʫʶ ʬʠʟʠʯʝʩʢʫʶ 

ʬʦʨʤʫ ʥʘ ʜʦʣʛʠʝ ʛʦʜʳ. 
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RESEARCH OF THE STRENGTH AND NATURE OF MODEL FAILURES  

OBTAINED BY CHANGING THE POSITION IN 3D  PRINTING  

 
The results of experimental studies of tubular models obtained by the technology of layer-by-layer deposition 

at vertical and horizontal print positions are presented. The influence of the model manufacturing speed on its 

strength characteristics is investigated. The analysis of the obtained model strength from the nature of the damage 

during testing is carried out. 

 

Key words: 3D printing, technology of layer-by-layer deposition, strength of a part from ABS and PLA  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʜʦʩʪʠʛʣʠ ʘʜʜʠʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʚʳʜʝʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʠʭ ʢʦʤʧʴʶʪʝʨʥʳʤ ʦʙʨʘʟʘʤ, 

ʧʨʦʠʟʚʦʜʷʱʠʝ ʤʦʜʝʣʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʧʦ ʧʦʩʣʦʡʥʦʤʫ ʧʨʠʥʮʠʧʫ ʧʦ-

ʩʪʨʦʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [1]. 

ʇʨʠ 3D-ʧʝʯʘʪʠ ʪʦʯʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ, ʧʦʩʣʦʡʥʦʝ ʧʦʩʪʨʦʝ-

ʥʠʝ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣ ʠʟʜʝʣʠʷ [2]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ ʪʝʭʥʦʣʦʛʠʠ ʧʦ-

ʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ (FDM / FFF) ʩʣʫʞʘʪ ʧʣʘʩʪʠʢʠ [3]. ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 3D-ʧʝʯʘʪʠ ʤʦʜʝʣʝʡ ʷʚʣʷʶʪʩʷ ɸɺS- ʠ PLA-ʧʣʘʩʪʠʢʠ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʪʝʭʥʦ-

ʣʦʛʠʠ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʧʨʠ ʧʝʯʘʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸɺS 

ʠ PLA-ʧʣʘʩʪʠʢʦʚ. 

ɼʣʷ ʧʝʯʘʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 3D-ʧʨʠʥʪʝʨ çTEVO Tarantula i3è, ʦʙʨʘʙʦʪʢʘ 3D-ʤʦʜʝʣʝʡ ʜʣʷ ʧʝ-

ʯʘʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ çSimplify 3Dè ʩʦʛʣʘʩʥʦ [4], ʥʘʙʦʨ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʠʩʪʝʤ-

ʥʳʭ ʥʘʩʪʨʦʝʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ʥʠʞʝ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ, ʩʦʛʣʘʩʥʦ [5], ʤʦʜʝʣʠ ʠʟ ABS- ʠ PLA-ʧʣʘʩʪʠʢʘ 

ʩ ʧʘʨʘʤʝʪʨʘʤʠ: ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ 20 ʤʤ, ʚʥʫʪʨʝʥʥʠʡ 18 ʤʤ, ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 1 ʤʤ ʠ ʜʣʠʥʘ ʠʟ-

ʜʝʣʠʷ 50 ʤʤ. ʇʝʯʘʪʴ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʢʘʢ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʪʘʢ ʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʤ. ʉʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ʚʳʙʠʨʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 10 ʜʦ 110 ʤʤ/ʩ. 
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ʊʘʙʣʠʮʘ 

ʇʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʧʝʯʘʪʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɽʜ. ʠʟʤ. ɿʥʘʯʝʥʠʝ 

ɼʠʘʤʝʪʨ ʥʠʪʠ ʤʤ 1,75 

ɼʠʘʤʝʪʨ ʩʦʧʣʘ ʤʤ 0,2  

ʉʢʦʨʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠ ʤʤ/ʩ ʦʪ 10 ʜʦ 110  

ʇʣʦʪʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠ % 100 

ʊʦʣʱʠʥʘ ʩʪʝʥʦʢ ʤʤ 0,1 

ʉʳʨʴʝ ï ɸɺS / PLA 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʝʯʘʪʠ: 

ï ʩʦʧʣʘ 

ï ʩʪʦʣʘ  

Üʉ 

 

240 / 220 

80 / 70 

ɺʨʝʤʷ ʧʝʯʘʪʠ  ʦʪ 23 ʯ 30 ʤʠʥ ʜʦ 1 ʯ 57 ʤʠʥ 

ʂʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʰʪ. ʦʪ 183 224 ʜʦ 183 716 

ʆʙʱʠʡ ʚʝʩ (ʤʦʜʝʣʴ + ʧʦʜʜʝʨʞʢʠ)  ʛ 3,77 

ʈʘʩʭʦʜ ʥʠʪʠ ʤʤ 1 252,6 

 

ʀʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ʤʦʜʝʣʠ ʈ-0,5. ɿʘʤʝʨʳ ʧʨʦʚʦʜʠʣʠʩʴ, 

ʩʦʛʣʘʩʥʦ [6], ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ, 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʧʨʦʯʥʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ ʠʟ-

ʜʝʣʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʟʘʤʝʨʦʚ ʧʦʣʫʯʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʧʝʯʘʪʠ (ʨʠʩ. 1 ʠ 2), ʘ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʤʦʜʝʣʝʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦ-

ʣʦʞʝʥʠʷ ʧʨʠ ʧʝʯʘʪʠ. 

 

ʈʠʩ. 1.  ɻʨʘʬʠʢ ʧʨʦʯʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ABS-ʧʣʘʩʪʠʢʘ ʚ ʤʦʜʝʣʠ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʝʯʘʪʠ 

ʅʘ ʧʦʣʫʯʝʥʥʦʤ ʛʨʘʬʠʢʝ (ʨʠʩ. 1) ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʯʥʦʩʪʠ 

ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ ʜʝʪʘʣʝʡ ʠʟ ABS-ʧʣʘʩʪʠʢʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʷʚʥʦ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʦʙʣʘʩʪʠ. ɺ ʧʝʨʚʫʶ ʦʙ-

ʣʘʩʪʴ ʜʣʷ ʩʢʦʨʦʩʪʠ ʦʪ 10 ʜʦ 30 ʤʤ/ʩ ʧʦʧʘʜʘʶʪ ʤʦʜʝʣʠ ʩ ʥʘʠ-

ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʞʘʪʠʝ 42,4ï43,8 ʄʇʘ. ɺʦ ʚʪʦʨʦʡ 

ʦʙʣʘʩʪʠ ʧʨʦʯʥʦʩʪʴ ʧʘʜʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ 40,4 ʄʇʘ. ɺ ʪʨʝʪʴʝʡ 

ʦʙʣʘʩʪʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ ʦʪ 70 ʜʦ 90 ʤʤ/ʩ ʤʦʜʝʣʠ ʠʤʝʶʪ 

ʧʦʩʪʦʷʥʥʫʶ ʧʨʦʯʥʦʩʪʴ 40,6 ʄʇʘ, ʘ ʥʘʯʠʥʘʷ ʩʦ ʩʢʦʨʦʩʪʠ  

100 ʤʤ/ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʨʘʟʨʫh ʝʥʠʝ ʤʦʜʝʣʝʡ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʢʦʣʴʮʫ. 

ʇʨʠ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ ʤʦʜʝʣʝʡ ʦʪ 70 ʜʦ 90 ʤʤ/ʩ ʚ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʨʦʯʥʦʩʪʴ ʧʦʚʳʩʠʣʘʩʴ ʜʦ 41 ʄʇʘ,  

ʘ ʠʭ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚʜʦʣʴ ʩʣʦʝʚ ʧʣʘʩʪʠʢʘ (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʍʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʤʦʜʝʣʠ  

ʠʟ ABS-ʧʣʘʩʪʠʢʘ  

ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʝʯʘʪʠ 

V, ʤʤ/ʩ 
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ɼʣʷ ʙʦʣʝʝ ʧʨʦʯʥʦʛʦ PLA-ʧʣʘʩʪʠʢʘ ʤʦʜʝʣʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʦʪ 50 

ʜʦ 90 ʤʤ/ʩ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʷʭ. ʆʙʨʘʟʮʳ ʙʳʣʠ ʪʘʢʞʝ ʨʘʟʨʫʰʝʥʳ 

ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʟʘʤʝʨʦʚ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʧʨʦʯʥʦʩʪʠ ʩ ʬʦʪʦʛʨʘʬʠʷʤʠ ʨʘʟʨʫʰʝʥʠʷ 

ʚ ʢʨʘʡʥʠʭ ʪʦʯʢʘʭ (ʨʠʩ. 3). 

 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʧʨʦʯʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʠʟ PLA-ʧʣʘʩʪʠʢʘ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʝʯʘʪʠ 

ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ PLA-ʧʣʘʩʪʠʢʘ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʦʪ 50 ʜʦ 90 ʤʤ/ʩ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ 60 ʄʇʘ ʜʦ 55 ʄʇʘ, ʘ ʨʘʟʨʫʰʝʥʠʝ ʤʦʜʝʣʝʡ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʠʤʝʝʪ ʦʩʢʦʣʦʯʥʳʡ ʭʘ-

ʨʘʢʪʝʨ ʢʘʢ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʝʯʘʪʠ (ʨʠʩ. 3), ʪʘʢ ʠ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʨʠʩ. 4). 

 

ʈʠʩ. 4. ʍʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ PLA-ʧʣʘʩʪʠʢʘ ʚ ʤʦʜʝʣʠ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʝʯʘʪʠ 

ʇʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʝʯʘʪʠ ʠʟ PLA-ʧʣʘʩʪʠʢʘ ʧʨʦʯʥʦʩʪʴ ʠʤʝʣʘ ʟʥʘʯʝʥʠʝ 61,7 ʄʇʘ, ʪ. ʝ. ʚʦʟ-

ʨʦʩʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʥʘ 2,7%. 

ɺʳʚʦʜʳ: 

1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʤʦʜʝʣʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʧʣʘʩʪʠʢʦʚ ʟʘ-

ʚʠʩʠʪ ʦʪ ʝʝ ʧʦʣʦʞʝʥʠʷ ʧʨʠ ʧʝʯʘʪʠ. 

2. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʠʟ ʧʣʘʩʪʠʢʘ PLA ʧʨʠʚʦʜʠʪ ʢ ʦʩʢʦʣʦʯʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʫʞʘʝʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʟʜʝʣʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

3. ɼʣʷ ʤʦʜʝʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʧʝʯʘʪʠ, ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ 

ʧʦ ʧʨʦʯʥʦʩʪʠ, ʪʘʢ ʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʠ 70 ʤʤ/ʩ. 

V, ʤʤ/ʩ 
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ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɺʘʣʝʪʦʚ ɺ.ɸ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ): ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ /  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʫʣʴʪʫʨʥʘʷ ʧʦʣʠʪʠʢʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ 

ʜʦʢʫʤʝʥʪʘʤʠ: çʆʩʥʦʚʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠè, ʫʪʚʝʨʞʜʝʥʥʳʝ ʫʢʘʟʦʤ ʧʨʝʟʠʜʝʥʪʘ 

ʈʌ 24.12.2014 ʛ. ʠ çʉʪʨʘʪʝʛʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè, 

ʫʪʚʝʨʞʜʝʥʥʘʷ ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 20.02 2016 ʛ. ˉ 326ʨ. ɺ ʦʙʦʠʭ ʜʦʢʫʤʝʥʪʘʭ  

ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʳʭ ʮʝʣʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠ ʥʘʟʚʘʥʳ çʬʦʨʤʠʨʦʚʘʥʠʝ ʛʘʨ-

ʤʦʥʠʯʥʦ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ ʠ ʫʢʨʝʧʣʝʥʠʝ ʝʜʠʥʩʪʚʘ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠ-

ʦʨʠʪʝʪʥʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʠ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʨʘʟʚʠʪʠʷè [1]. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʮʝʣʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠ-

ʪʠʢʠ ʧʝʨʚʳʤ ʥʘʟʚʘʥʦ çʬʦʨʤʠʨʦʚʘʥʠʝ ʛʘʨʤʦʥʠʯʥʦ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠè ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʪʦʨʘʷ 

ʯʘʩʪʴ ʜʚʫʝʜʠʥʦʡ ʬʦʨʤʫʣʳ ï çʫʢʨʝʧʣʝʥʠʝ ʝʜʠʥʩʪʚʘ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘè ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʠʟ-

ʚʦʜʥʦʡ ʦʪ ʧʝʨʚʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʩʫʞʜʘʝʤʳʭ ʜʦʢʫʤʝʥʪʘʭ ʩʦʜʝʨʞʠʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʘʷ 
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ʠʜʝʷ ʦ ʪʦʤ, ʯʪʦ ʛʣʘʚʥʳʤ ʚʝʢʪʦʨʦʤ ʧʨʦʮʝʩʩʘ ʢʫʣʴʪʫʨʥʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, 

ʙʝʟ ʢʦʪʦʨʦʡ ʥʝʚʦʟʤʦʞʥʳ ʥʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ, ʥʠ ʧʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʘʨʤʦʥʠʯʥʦ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʚ çʆʩʥʦʚʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠè ʩʨʝʜʠ ʩʫʙʲʝʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 
ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠ ʥʘʟʚʘʥʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ [2, ʩ. 4], ʘ ʚ çʉʪʨʘʪʝʛʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥ-
ʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛ.è ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʚ ʮʝʣʷʭ ʩʦʜʝʡʩʪʚʠʷ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʘʨʤʦʥʠʯʥʦ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʡ ʢ ʘʢʪʠʚʥʦʤʫ ʫʯʘʩʪʠʶ ʚ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ é çʦʙʝʩʧʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʙʱʝʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ é ʛʫʤʘʥʠʪʘʨʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ ʚ ʰʢʦʣʝ ʠ ʚ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  
ʧʦʣʦʞʝʥʠʷʤ ʆʩʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠ ʠ ʉʪʨʘʪʝʛʠʠè [3, ʩ. 31]. 
ɺʝʨʦʷʪʥʦ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʢʘʟʳʚʘʪʴ, ʯʪʦ ʬʦʨʤʫʣʠʨʦʚʢʘ ʛʣʘʚʥʦʡ ʮʝʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʪʦʤ ʚʠʜʝ, ʢʘʢ ʦʥʘ ʜʘʥʘ ʚ ʜʦʢʫʤʝʥʪʘʭ, ʦ ʢʦʪʦʨʳʭ ʠʜʝʪ ʨʝʯʴ, ʠʤʝʝʪ ʙʦʣʴ-
ʰʦʝ ʛʫʤʘʥʠʪʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʛʦ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. 
ʏʪʦ ʢʘʩʘʝʪʩʷ ʟʘʤʝʯʘʥʠʡ ʦ ʪʦʤ, ʯʪʦ ʩʨʝʜʠ ʩʫʙʲʝʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠ 

ʚʘʞʥʦʝ ʤʝʩʪʦ ʦʪʚʦʜʠʪʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʫʯʨʝʞʜʝʥʠʷʤ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʜʦʣʞʥʳ ʙʳʪʴ 
ʚʳʩʪʨʦʝʥʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʪʦ ʤʦʞʥʦ ʠ ʥʫʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʨʫʢʦʚʦʜʩʪʚʦ 
ʢ ʜʝʡʩʪʚʠʶ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ. 
ʆʜʥʘʢʦ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʜʣʷ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʫʢʘʟʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʠʤʝʶʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʛʘʨ-
ʤʦʥʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʠ ʠʤʝʝʪ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ ʵʪʦʡ ʩʬʝʨʳ ʥʝ ʪʦʣʴʢʦ ʦʙʱʝʛʫʤʘʥʠʪʘʨʥʳʡ 
ʩʤʳʩʣ, ʥʦ ʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. 
ʏʪʦʙʳ ʜʦʢʘʟʘʪʴ ʵʪʦ, ʥʘʜʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʚʝ ʛʨʫʧʧʳ ʧʨʦʙʣʝʤ: ʚʦ-ʧʝʨʚʳʭ, ʯʪʦ ʪʘʢʦʝ ʛʘʨʤʦʥʠʯ-

ʥʦ ʨʘʟʚʠʪʘʷ ʣʠʯʥʦʩʪʴ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʚ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʧʝʮʠʬʠʢʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠ-
ʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 
ʈʝʰʘʷ ʧʝʨʚʫʶ ʧʨʦʙʣʝʤʫ, ʥʫʞʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʧʦʥʠʤʘʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʪʘʢʦʝ 

çʛʘʨʤʦʥʠʷè. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʡʪʠ ʦʪ ʧʦʥʠʤʘʥʠʷ ʛʘʨʤʦʥʠʠ ʢʘʢ ʥʝʢʦʡ ʨʘʚʥʦʚʝʩʥʦʩʪʠ, ʦʜʠ-
ʥʘʢʦʚʦʩʪʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʘʨʤʦʥʠʶ ʢʘʢ ʩʪʨʫʢʪʫʨʥʦʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ, ʧʨʠʟʥʘʢʘʤʠ ʢʦʪʦʨʦʛʦ 
ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝ ʚ ʝʜʠʥʩʪʚʝ. 
ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʝ ʧʦʥʠʤʘʥʠʝ ʛʘʨʤʦʥʠʠ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʞʜʝʩʪʚʣʝʥʠʝ 

ʩʤʳʩʣʘ ʵʪʦʛʦ ʧʦʥʷʪʠʷ ʩʦ ʩʤʳʩʣʦʤ ʜʨʫʛʦʛʦ, ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʧʦʥʷʪʠʷ ï çʨʘʟʥʦʩʪʦʨʦʥʥʦʩʪʴè 
ï ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʧʦʥʷʪʠʡ çʛʘʨʤʦʥʠʯʥʦʝ ʨʘʟʚʠʪʠʝè ʠ çʚʩʝʩʪʦʨʦʥʥʝʝ 
ʨʘʟʚʠʪʠʝè, ʧʦʩʢʦʣʴʢʫ ʚ ʧʦʩʣʝʜʥʝʤ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʪʘʢʦʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʛʘʨʤʦ-
ʥʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʢʘʢ ʥʘʣʠʯʠʝ ʠʥʪʝʛʨʘʪʠʚʥʦʡ ʦʩʥʦʚʳ, ʪ. ʝ. ʝʜʠʥʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʚʳʰʝ, ʛʘʨʤʦʥʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʠ ï ʵʪʦ ʨʘʟʚʠʪʠʝ ʩʠʣ 

ʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʚ ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʠ ʠ ʝʜʠʥʩʪʚʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʦ ʪʦʤ, ʯʪʦ ʪʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʠʣʳ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʥʘ ʢʘʢʦʡ ʦʩ-
ʥʦʚʝ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʝʜʠʥʩʪʚʦ. 
ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʜʘʪʴ ʫʙʝʜʠʪʝʣʴʥʳʝ ʦʪʚʝʪʳ 

ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ, ʷʚʣʷʝʪʩʷ ʠʜʝʷ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʇʣʦʜʦʪʚʦʨʥʦʩʪʴ ʪʘ-
ʢʦʛʦ ʧʦʜʭʦʜʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʘʚʪʦʨʦʤ ʚ ʨʝʰʝʥʠʠ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʢʫʣʴʪʫʨʦ-
ʣʦʛʠʠ [4], ʪʘʢ ʠ ʚʦʧʨʦʩʦʚ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ [5]. 
ʊʘʢ, ʯʝʣʦʚʝʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʩʪʚʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʯʘʣ ï ʪʝʣʝʩʥʦʛʦ ʠ ʜʫʭʦʚʥʦʛʦ. 

ɼʫʭʦʚʥʘʷ ʠʧʦʩʪʘʩʴ ʯʝʣʦʚʝʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʪʦʞʝ ʚʥʫʪʨʝʥʥʝ ʧʨʦʪʠʚʦʨʝʯʠʚʘ: ʵʪʦ ʟʥʘʤʝʥʠʪʦʝ ʧʨʦ-
ʪʠʚʦʩʪʦʷʥʠʝ ʫʤʘ ʠ ʩʝʨʜʮʘ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ.  
ɼʨʫʛʦʝ ʧʨʦʷʚʣʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ï ʵʪʦ ʝʛʦ ʩʚʦʡʩʪʚʦ ʙʳʪʴ ʠʩ-

ʪʦʯʥʠʢʦʤ ʘʢʪʠʚʥʦʩʪʠ, ʪ. ʝ. ʩʫʙʲʝʢʪʦʤ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʪʴ ʧʣʘʩʪʠʯʥʳʤ ʦʙʲʝʢʪʦʤ ʚʥʝʰʥʠʭ ʚʦʟ-
ʜʝʡʩʪʚʠʡ: ʚʦʩʧʨʠʥʠʤʘʪʴ ʦʧʳʪ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ, ʧʦʜʯʠʥʷʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ, 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʦʨʤʘʤ. 
ɽʱʝ ʦʜʥʦ ʧʨʦʷʚʣʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤ 

ʝʜʠʥʩʪʚʦʤ ʚ ʯʝʣʦʚʝʢʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ, ʪ. ʝ. ʥʝʧʦʚʪʦʨʠʤʦʛʦ, ʫʥʠʢʘʣʴʥʦʛʦ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ, ʪ. ʝ. 
ʪʦʛʦ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʝʥʥʦ ʚʩʝʤʫ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʨʦʜʫ ʥʦ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʨʦʜʥʠʪ ʯʝʣʦʚʝʢʘ 
ʩ ʫʥʠʚʝʨʩʫʤʦʤ ï ʤʠʨʦʤ ʚ ʮʝʣʦʤ. 
ʆʜʥʦ ʠʟ ʩʘʤʳʭ ʜʨʘʤʘʪʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ï ʵʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʝʜʠʥʩʪʚʦ ʚ ʥʝʤ ʵʛʦʠʩʪʘ ʠ ʢʦʣʣʝʢʪʠʚʠʩʪʘ, ʪ. ʝ. ʣʠʯʥʦʛʦ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ, ʯʪʦ ʚʳ-
ʨʘʞʘʝʪʩʷ ʚ ʪʘʢʠʭ ʢʘʪʝʛʦʨʠʷʭ ʢʘʢ çʤʦʝ, çʤʥʝè ï ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ çʥʘʰʝè, çʥʘʤè, ï ʩ ʜʨʫʛʦʡ,  
ʪ. ʝ. ʚ ʯʫʚʩʪʚʝ ʭʦʟʷʠʥʘ ʠ ʯʫʚʩʪʚʝ ʦʙʱʥʦʩʪʠ. ɻʘʨʤʦʥʠʟʘʮʠʷ ʣʠʯʥʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠʥʪʝʨʝʩʦʚ ï 
ʵʪʦ ʚʦʦʙʱʝ ʦʜʥʘ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʟʘʜʘʯ ʢʫʣʴʪʫʨʳ ʚʩʝʭ ʚʨʝʤʝʥ ʠ ʚʩʝʭ ʥʘʨʦʜʦʚ. 
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ʀ, ʥʘʢʦʥʝʮ, ʝʱʝ ʦʜʥʦ ʧʨʦʷʚʣʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʦ ʢʦʪʦʨʦʡ 

ʥʝʣʴʟʷ ʥʝ ʩʢʘʟʘʪʴ, ï ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʝʜʠʥʩʪʚʦ ʚ ʥʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ, ʠʣʠ, 

ʪʦʯʥʝʝ, ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʛʦ. ʈʝʯʴ ʠʜʝʪ ʦ ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʢ ï ʧʦ ʧʨʠʨʦʜʝ ʩʚʦʝʡ ʞʠʚʦʪʥʦʝ, ʥʦ ʚʩʝ 

ʧʨʠʨʦʜʥʦʝ ʚ ʥʝʤ ï ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʞʠʚʦʪʥʳʝ ʠʥʩʪʠʥʢʪʳ ʦʢʫʣʴʪʫʨʝʥʳ, ʦʙʨʘʙʦʪʘʥʳ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥ ʙʳʣ ʚ ʩʦʩʪʦʷʥʠʠ ʞʠʪʴ ʚ ʦʙʱʝʩʪʚʝ, ʘ ʥʝ ʚ ʩʪʘʜʝ ʠʣʠ ʥʝ ʚ ʦʜʠʥʦʯʢʫ, ʢʘʢ ʩʫʱʝʩʪ-

ʚʫʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʚʠʜʳ ʞʠʚʦʪʥʳʭ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʠʥʪʝʛʨʘʪʠʚʥʦʡ ʦʩʥʦʚʦʡ ʝʜʠʥʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʫʱʥʦʩʪʥʳʭ ʩʠʣ ʯʝʣʦ-

ʚʝʢʘ ʷʚʣʷʝʪʩʷ ʪʚʦʨʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʩʝʡ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʨʘʟʚʠʪʠʝ ʪʘʢʦʡ ʩʫʱʥʦ-

ʩʪʥʦʡ ʩʠʣʳ ʯʝʣʦʚʝʢʘ ʢʘʢ çʩʫʙʲʝʢʪʥʦʩʪʴè ʚ ʥʘʠʙʦʣʝʝ ʧʦʟʠʪʠʚʥʦʤ ʝʝ ʧʨʦʷʚʣʝʥʠʠ ï ʪ. ʝ. 

ʚ ʪʚʦʨʯʝʩʪʚʝ, ʩʦʟʠʜʘʥʠʠ. ʕʪʦ ʫʪʦʯʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʧʦʩʢʦʣʴʢʫ çʩʫʙʲʝʢʪʥʦʩʪʴè ʠʤʝ-

ʝʪ ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʠʧʦʩʪʘʩʴ ï ʵʪʦ ʨʘʟʨʫʰʠʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʀʪʘʢ, ʛʘʨʤʦʥʠʯʥʦ ʨʘʟʚʠʪʘʷ ʣʠʯʥʦʩʪʴ ï ʵʪʦ ʣʠʯʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟ-

ʚʠʪʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʫʱʥʦʩʪʥʳʭ ʩʠʣ ʯʝʣʦʚʝʢʘ ʥʘ ʠʥʪʝʛʨʘʪʠʚʥʦʡ ʦʩʥʦʚʝ ʪʚʦʨʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝ-

ʨʘ ʚʩʝʡ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʘʢ ʚʳʰʝ ʛʦʚʦʨʠʣʦʩʴ, ʜʣʷ ʣʶʜʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʧʨʦʙʣʝʤʘ ʛʘʨʤʦʥʠʯ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙʱʝʛʫʤʘʥʠʪʘʨʥʳʡ, ʥʦ ʠ ʩʫʛʫʙʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʩʤʳʩʣ. 
ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʚ ʩʬʝʨʝ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʘ. ʃʶʜʠ, ʨʘʙʦʪʘʶʱʠʝ ʟʜʝʩʴ, ʚʦ-ʧʝʨʚʳʭ, ʠʤʝʶʪ ʜʝʣʦ ʩ ʛʨʦʟʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʩʪʠʭʠʷʤʠ: ʥʝ 
ʪʦʣʴʢʦ ʩ ʚʦʜʦʡ, ʥʦ ʠ ʩ ʚʦʟʜʫʭʦʤ, ʦʛʥʝʤ ʠ ʟʝʤʣʝʡ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʨʦʬʝʩʩʠʡ ʠʣʠ 

ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʠʣʠ ʚʦʦʙʱʝ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʥʠʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʨʘ-
ʙʦʪʥʠʢʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠʤʝʶʪ ʜʝʣʦ ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʡ ʪʝʭʥʠʢʦʡ. ʀ ʥʘʢʦʥʝʮ, ʚ-ʪʨʝʪʴʠʭ, 

ʨʘʙʦʪʥʠʢʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʦʝʦʙʨʘʟʥʳʤʠ ʬʦʨʤʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʦʪ ʣʶʜʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʪʨʝʙʫʝʪʩʷ ʰʠʨʦʢʠʡ 
ʩʧʝʢʪʨ ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, ʟʘʯʘʩʪʫʶ ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʭ. ɼʣʷ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʦ ʥʠʭ ʢʘʢ ʨʘʟ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʘʪʝʛʦʨʠʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝ-
ʥʦ ʩʦʜʝʨʞʘʥʠʝ ʢʦʥʮʝʧʪʘ çʛʘʨʤʦʥʠʯʥʦ ʨʘʟʚʠʪʘʷ ʣʠʯʥʦʩʪʴè. 

ʊʘʢ, ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʧʨʝʜʲʷʚʣʷʶʪ ʚʳʩʦʢʠʝ 
ʪʨʝʙʦʚʘʥʠʷ ʢʘʢ ʢ ʬʠʟʠʯʝʩʢʦʤʫ, ʪʘʢ ʠ ʢ ʜʫʭʦʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʯʝʣʦʚʝʢʘ. ɺ ʩʘʤʳʭ ʦʙʱʠʭ ʯʝʨʪʘʭ 

ʧʦʜ ʜʫʭʦʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ, ʚʦ-ʧʝʨʚʳʭ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʥʪʝʣʣʝʢʪʘ, ʫʤʝʥʠʝ ʤʳʩ-
ʣʠʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʩʪʘʥʦʚʢʫ, ʜʝʣʘʪʴ ʙʝʟʦʰʠʙʦʯʥʳʝ ʚʳʚʦʜʳ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʨʘʟʚʠʪʘʷ ʵʤʦʮʠʦ-

ʥʘʣʴʥʘʷ ʩʬʝʨʘ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʪʘʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʠʥʪʫʠʮʠʷ, ʙʝʟ ʢʦʪʦʨʦʡ 
ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʚʦʦʙʱʝ, ʠ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʦʩʦʙʝʥʥʦ, ʜʝʣʘʪʴ ʥʝʯʝʛʦ. 

ʅʝ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʢʦʣʣʝʢʪʠʚʠʟʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 
ʠ ʨʘʟʚʠʪʳʡ ʣʠʯʥʳʡ ʠʥʪʝʨʝʩ, ʩ ʜʨʫʛʦʡ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʧʦʥʷʪʠʷ çʢʦʤʘʥʜʘè, çʵʢʠʧʘʞè, ʜʣʷ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ï ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʥʝʚʦʟ-
ʤʦʞʥʘ ʙʝʟ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʣʠʯʥʦʛʦ ʠʥʪʝʨʝʩʘ, ʢʦʪʦʨʳʡ ʧʠʪʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʦʙʨʘ-

ʞʝʥʠʷʤʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʪʦʣʢʘ, ʥʦ ʠ ʪʘʢʠʤʠ, ʢʘʢ ʨʦʤʘʥʪʠʢʘ, ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʘʤʦʫʪʚʝʨʞʜʝʥʠʶ 
ʥʝʪʨʠʚʠʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʪ. ʧ. 

ʇʨʦʪʠʚʦʨʝʯʠʚʦʝ ʝʜʠʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠ ʪʘʢʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ 

ʯʝʣʦʚʝʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʜʠʩʮʠʧʣʠʥʳ, ʫʤʝʥʠʝ ʩʣʝʜʦʚʘʪʴ ʩʪʨʦʛʠʤ ʧʨʘʚʠʣʘʤ 
ʠ ʧʨʝʜʧʠʩʘʥʠʷʤ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʷʚʣʷʪʴ ʠʥʠʮʠʘʪʠʚʫ, ʥʘʭʦʜʯʠʚʦʩʪʴ, ʜʝʡʩʪʚʦʚʘʪʴ 

ʥʝʩʪʘʥʜʘʨʪʥʦ, ʙʨʘʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʘ ʩʝʙʷ. 
ʂʘʢ ʚʳʰʝ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʪʝʛʦ-

ʨʠʷʤʠ çʩʫʙʲʝʢʪʥʦʩʪʴè ʠ çʦʙʲʝʢʪʥʦʩʪʴè. 
ɼʦʧʦʣʥʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʘʯʝʩʪʚʘʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʤʦʞʥʦ ʠ ʩ ʧʦʤʦʱʴʶ ʢʘʪʝʛʦʨʠʡ çʠʥʜʠʚʠʜʫʘʣʴʥʦʝè ï çʫʥʠʚʝʨʩʘʣʴʥʦʝè. 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʙʣʠʞʝ ʚʩʝʭ ʧʦʜʦʰʝʣ ʢ ʪʘʡʥʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ʥʝʤʝʮʢʠʡ ʬʠʣʦ-

ʩʦʬ-ʧʨʦʩʚʝʪʠʪʝʣʴ ɺʠʣʴʛʝʣʴʤ ʬʦʥ ɻʫʤʙʦʣʴʜʪ (1767ï1835). ʆʥ ʧʦʣʘʛʘʣ, ʯʪʦ ʚʥʫʪʨʝʥʥʝʡ ʦʩʥʦʚʦʡ 
ʯʝʣʦʚʝʯʝʩʢʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ʢʘʢ ʨʘʟ ʠ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʚʩʝʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʩʠʣ ʚ ʠʭ ʨʘʟʥʦ-

ʦʙʨʘʟʠʠ ʠ ʝʜʠʥʩʪʚʝ. ɺʳʩʰʘʷ ʞʝ ʬʦʨʤʘ ʧʨʦʷʚʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ, ʥʘ ʚʟʛʣʷʜ 
ɻʫʤʙʦʣʴʜʪʘ, ʚ ʛʣʫʙʠʥʝ ʠ ʩʚʦʝʦʙʨʘʟʠʠ ʩʧʦʩʦʙʦʚ ʫʢʦʨʝʥʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ [6]. 

ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦ ʠʤʝʝʪ ʧʨʷʤʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʧʦʥʠʤʘʥʠʶ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ 

ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʚʩʝʭ ʩʫʱʥʦʩʪʥʳʭ 

ʩʠʣ ʯʝʣʦʚʝʢʘ ʚ ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʠ ʠ ʝʜʠʥʩʪʚʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʣʫʙʦʢʦʤʫ ʫʢʦʨʝʥʝʥʠʶ ʯʝʣʦʚʝʢʘ 

ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ 

ʢʘʪʝʛʦʨʠʷʤʠ çʠʥʜʠʚʠʜʫʘʣʴʥʦʝè ï çʫʥʠʚʝʨʩʘʣʴʥʦʝè. 
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ɽʱʝ ʦʜʥʦ ʜʦʧʦʣʥʝʥʠʝ ʚ ʩʧʝʢʪʨ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʙʦʪʥʠʢʘʤ ʚʦʜʥʦ-

ʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʘʪʝʛʦʨʠʡ çʙʠʦʣʦʛʠʯʝʩʢʦʝè ï çʩʦʮʠʘʣʴʥʦʝè. 

ʊʘʢ, ʨʘʙʦʪʘ ʚ ʵʪʦʡ ʩʬʝʨʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ, ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ 

ʠ ʨʘʟʚʠʪʠʷ ʤʥʦʞʝʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʩʚʦʡʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʚʳʥʦʩʣʠʚʦʩʪʴ 

ʠ ʙʳʩʪʨʦʪʘ ʨʝʘʢʮʠʠ. ɸ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʤʝʥʥʦ ʚ ʵʪʦʡ ʩʬʝʨʝ ʩʫʱʝʩʪʚʫʶʪ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʝ 

ʧʦ ʩʚʦʝʡ ʞʝʩʪʢʦʩʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚʩʝʭ ʧʨʦʷʚʣʝʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʯʝʣʦʚʝʢʘ. ʕʪʦ ʚʳʨʘ-

ʞʘʝʪʩʷ ʚ ʦʩʦʙʦʤ ʨʝʞʠʤʝ ʪʨʫʜʘ, ʦʪʜʳʭʘ, ʧʨʠʝʤʘ ʧʠʱʠ ʠ ʪ. ʜ. ʠ ʪ. ʧ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʚʩʝ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ ʷʚʣʷʝʪʩʷ ʫʙʝʜʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ 

ʛʘʨʤʦʥʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʭ, ʥʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʷʟʘʪʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʚʩʝʭ ʩʪʫʧʝʥʝʡ ʧʦʜʛʦʪʦʚʢʠ ʪʘʢʦʛʦ ʨʦʜʘ ʢʘʜʨʦʚ ʜʦʣʞʥʘ ʩʪʘʪʴ ʤʦʱʥʘʷ ʛʫʤʘʥʠʪʘʨʥʘʷ ʩʦ-

ʩʪʘʚʣʷʶʱʘʷ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦ ʠʤʝʝʪ ʜʣʷ ʩʠʩʪʝʤʳ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʚʩʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʜʝʚʷʥʦʩʪʳʝ ʛʦʜʳ, ʪʦ ʝʩʪʴ ʚ ʧʝʨʚʦʝ ʜʝʩʷʪʠʣʝʪʠʝ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʥʦʚʦʡ ʈʦʩʩʠʠ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʚʩʝʭ ʚʠʜʦʚ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ 

ʮʠʢʣʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʠʜʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʣ ʮʠʢʣ ʛʫʤʘʥʠʪʘʨʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʜʠʩʮʠʧʣʠʥ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥ ʵʪʦʛʦ ʮʠʢʣʘ ʦʪʚʦʜʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ ï 

ʩʚʳʰʝ ʪʳʩʷʯʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʦ ʵʪʦʤʫ ʮʠʢʣʫ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʦ ʜʨʫʛʠʤ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʠʩʴ ʢʫʨʩʳ 

ʧʦ ʚʳʙʦʨʫ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʦʪʚʦʜʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ. ɺ ʯʠʩʣʦ ʦʙʷʟʘʪʝʣʴ-

ʥʳʭ ʜʠʩʮʠʧʣʠʥ ʮʠʢʣʘ ɻʉʕ ʚʢʣʶʯʘʣʠʩʴ ʬʠʣʦʩʦʬʠʷ, ʠʩʪʦʨʠʷ, ʨʫʩʩʢʠʡ ʷʟʳʢ ʠ ʢʫʣʴʪʫʨʘ ʨʝʯʠ, ʵʢʦ-

ʥʦʤʠʢʘ, ʧʦʣʠʪʦʣʦʛʠʷ, ʩʦʮʠʦʣʦʛʠʷ, ʧʨʘʚʦ, ʧʩʠʭʦʣʦʛʠʷ ʠ ʧʝʜʘʛʦʛʠʢʘ, ʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ, ʬʠʟʢʫʣʴ-

ʪʫʨʘ. ɺ ʵʪʦʪ ʩʧʠʩʦʢ ʚʦʰʣʘ ʠ ʥʦʚʘʷ ʜʣʷ ʪʦʛʦ ʚʨʝʤʝʥʠ ʜʠʩʮʠʧʣʠʥʘ ï ʢʫʣʴʪʫʨʦʣʦʛʠʷ. 

ɺ ʥʘʯʘʣʝ ʜʚʫʭʪʳʩʷʯʥʳʭ ʛʦʜʦʚ ʩʧʠʩʦʢ ʦʙʷʟʘʪʝʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʙʳʣ ʩʦʢʨʘʱʝʥ, ʚ ʥʝʤ ʦʩʪʘʣʠʩʴ ʪʦʣʴʢʦ ʬʠʣʦʩʦʬʠʷ, ʠʩʪʦʨʠʷ, ʠʥʦʩʪʨʘʥʥʳʡ 

ʷʟʳʢ ʠ ʬʠʟʢʫʣʴʪʫʨʘ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʘ ʮʠʢʣ ʦʪʚʦʜʠʣʦʩʴ ʧʨʝʞʥʝʝ, ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʯʘʩʦʚ. ʕʪʦ ʦʟʥʘʯʘʣʦ, ʯʪʦ, ʝʩʣʠ ʧʦ ʨʝʰʝʥʠʶ ʫʯʝʥʦʛʦ ʩʦʚʝʪʘ ʚʫʟʘ ʠʟ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʠʟʳʤʘʣʠʩʴ ʚʩʝ 

ʥʝʦʙʷʟʘʪʝʣʴʥʳʝ ʜʠʩʮʠʧʣʠʥʳ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʪʦ ʙʦʣʴʰʝʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʯʘʩʦʚ ʦʪʚʦʜʠʣʘʩʴ ʥʘ ʦʙʷʟʘʪʝʣʴʥʳʝ ʜʠʩʮʠʧʣʠʥʳ. ʆʜʥʘʢʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʩʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʢʨʘʱʝʥʠʷ ʯʘʩʦʚ ʥʘ ʠʟʫʯʝʥʠʝ ʜʠʩʮʠʧʣʠʥ ʛʫ-

ʤʘʥʠʪʘʨʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʩʥʷʪʳ, ʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩʦ-

ʩʪʘʚʠʪʝʣʠ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʪʠʤ, ʯʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʠʟʫʯʝʥʠʝ ʜʠʩʮʠʧʣʠʥ ʵʪʦʛʦ 

ʮʠʢʣʘ ʜʦ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʤʠʥʠʤʫʤʘ. ʕʪʦ ʠʤʝʝʪ ʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʝʯʘʣʴʥʳʝ ʧʦʩʣʝʜ-

ʩʪʚʠʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʬʝʨʳ ʚʦ-

ʦʙʱʝ, ʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʩʦʙʝʥʥʦʡ ʤʝʨʝ. 

ɼʣʷ ʧʨʦʷʩʥʝʥʠʷ ʩʠʪʫʘʮʠʠ ʦʙʨʘʪʠʤʩʷ ʢ ʜʝʡʩʪʚʫʶʱʝʤʫ ʬʝʜʝʨʘʣʴʥʦʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï ʩʧʝʮʠʘʣʠʪʝʪ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 26.05.05 çʉʫ-

ʜʦʚʦʞʜʝʥʠʝè. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʄʠʥʶʩʪʝ ʈʦʩʩʠʠ 05.042018 ˉ 50652. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʜʦʢʫʤʝʥ-

ʪʫ ʧʨʦʛʨʘʤʤʘ ʩʧʝʮʠʘʣʠʪʝʪʘ ʜʦʣʞʥʘ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ [7]: 

 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʘʪʝʛʦʨʠʠ (ʛʨʫʧʧʳ) 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 
ʂʦʜ ʠ ʥʘʠʤʝʥʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʚʳʧʫʩʢʥʠʢʘ 

ʉʠʩʪʝʤʥʦʝ ʠ ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʋʂ-1. ʉʧʦʩʦʙʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʳʨʘʙʘʪʳʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʜʝʡʩʪʚʠʡ 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʦʚ ʋʂ-2. ʉʧʦʩʦʙʝʥ ʫʧʨʘʚʣʷʪʴ ʧʨʦʝʢʪʦʤ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʂʦʤʘʥʜʥʘʷ ʨʘʙʦʪʘ ʠ ʣʠʜʝʨʩʪʚʦ ʋʂ-3. ʉʧʦʩʦʙʝʥ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠ ʨʫʢʦʚʦʜʠʪʴ ʨʘʙʦʪʦʡ ʢʦʤʘʥʜʳ, ʚʳʨʘʙʘʪʳʚʘʷ 

ʢʦʤʘʥʜʥʫʶ ʩʪʨʘʪʝʛʠʶ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʂʦʤʤʫʥʠʢʘʮʠʷ ʋʂ-4. ʉʧʦʩʦʙʝʥ ʧʨʠʤʝʥʷʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ(ʳʭ) ʷʟʳʢʝ(ʘʭ), ʜʣʷ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴ- 

ʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʄʝʞʢʫʣʴʪʫʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʋʂ-5. ʉʧʦʩʦʙʝʥ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʫʯʠʪʳʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʫʣʴʪʫʨ ʚ ʧʨʦʮʝʩʩʝ 

ʤʝʞʢʫʣʴʪʫʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠ ʩʘʤʦʨʘʟʚʠʪʠʝ  

(ʚ ʪʦʤ ʯʠʩʣʝ ʟʜʦʨʦʚʴʝʩʙʝʨʝʞʝʥʠʝ) 

ʋʂ-6. ʉʧʦʩʦʙʝʥ ʦʧʨʝʜʝʣʷʪʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʠʦʨʠʪʝʪʳ ʩʦʙʩʪʚʝʥʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʠ ʩʧʦʩʦʙʳ ʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʦʮʝʥʢʠ ʠ ʦʙʨʘ- 

ʟʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ 

ʋʂ-7. ʉʧʦʩʦʙʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʦʣʞʥʳʡ ʫʨʦʚʝʥʴ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʋʂ-8. ʉʧʦʩʦʙʝʥ ʩʦʟʜʘʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴ-

ʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

 

145 

ʂ ʵʪʦʤʫ ʥʫʞʥʦ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʚ ʨʘʟʜʝʣʝ çʆʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠè ʌɻʆʉ ʧʨʝ-

ʜʫʩʤʘʪʨʠʚʘʝʪ ʪʘʢʫʶ ʢʦʤʧʝʪʝʥʮʠʶ, ʢʘʢ ʆʇʂ-1 çʉʧʦʩʦʙʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʩ ʫʯʝʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʧʨʘʚʦʚʳʭ ʦʪʥʦʰʝʥʠʡè. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʩ ʥʝʢʦʪʦʨʦʡ ʥʘʪʷʞʢʦʡ ʤʦʞʥʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʘʟʚʘʥʥʳʭ 

ʚʦ ʌɻʆʉ ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʩʚʦʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʤʳʩʣʫ ʢʦʥʮʝʧʪʘ çʛʘʨʤʦʥʠʯʥʦ ʨʘʟ-

ʚʠʪʘʷ ʣʠʯʥʦʩʪʴè. ʇʨʠ ʵʪʦʤ ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴ-

ʥʳʭ ʠ ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʌɻʆʉ, ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ 

ʚ ʫʯʝʙʥʳʝ ʧʣʘʥʳ ʚʝʩʴ ʩʧʠʩʦʢ ʛʫʤʘʥʠʪʘʨʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʢʦʪʦʨʳʝ, ʢʘʢ 

ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʙʳʣʠ ʚ 90-ʝ ʛʛ. ʚʢʣʶʯʝʥʳ ʚ ʧʨʦʛʨʘʤʤʳ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʷʟʘ-

ʪʝʣʴʥʳʭ. ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʵʪʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺ ʥʝʢʦʪʦʨʳʭ ʚʫʟʘʭ ʠʟ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ ʠʩ-

ʢʣʶʯʠʣʠ ʚʩʝ ʛʫʤʘʥʠʪʘʨʥʳʝ ʜʠʩʮʠʧʣʠʥʳ, ʢʨʦʤʝ ʬʠʣʦʩʦʬʠʠ ʠ ʠʩʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʚ̫-

ʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ. ʆʜʥʘʢʦ ʧʨʠ ʪʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʯʘʩʦʚ, ʢʦʪʦʨʳʝ ʦʪʚʦʜʷʪʩʷ 

ʥʘ ʵʪʠ ʜʠʩʮʠʧʣʠʥʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʣʴʢʦ ʟʘ ʠʭ ʩʯʝʪ ʨʷʜʘ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. ɺ ʨʷʜʝ ʜʨʫʛʠʭ ʩʣʫʯʘʝʚ ʥʝʢʦʪʦʨʳʝ ʛʫʤʘʥʠʪʘʨ-

ʥʳʝ ʜʠʩʮʠʧʣʠʥʳ ʚʢʣʶʯʘʶʪʩʷ ʚ ʨʘʟʜʝʣ çʜʠʩʮʠʧʣʠʥʳ ʧʦ ʚʳʙʦʨʫè. ʏʪʦ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ, ʤʦʞʥʦ 

ʧʦʢʘʟʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʜʠʩʮʠʧʣʠʥʳ çʂʫʣʴʪʫʨʦʣʦʛʠʷè. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʪʘʙʣʠʮʳ, 

ʩʦʛʣʘʩʥʦ ʌɻʆʉ, ʧʨʦʛʨʘʤʤʘ ʩʧʝʮʠʘʣʠʪʝʪʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 26.05.05 çʉʫʜʦʚʦʞʜʝʥʠʝè ʜʦʣʞʥʘ ʫʩ-

ʪʘʥʘʚʣʠʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʢʦʤʧʝʪʝʥʮʠʶ. ʋʂ-5 ï çʉʧʦʩʦʙʝʥ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʫʯʠʪʳʚʘʪʴ ʨʘʟʥʦʦʙ-

ʨʘʟʠʝ ʢʫʣʴʪʫʨ ʚ ʧʨʦʮʝʩʩʝ ʤʝʞʢʫʣʴʪʫʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷè. ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʘʪʝʛʦʨʠʠ (ʛʨʫʧʧʳ) 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ï ʤʝʞʢʫʣʴʪʫʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʪʦʡ ʢʦʤʧʝʪʝʥʮʠʠ, ʩʪʦʣʴ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠʤʝʥʥʦ ʩʫʜʦʚʦʜʠʪʝʣʷʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʧʦʜʘʚʘʥʠʝ ʪʘʢʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʢʘʢ ʢʫʣʴʪʫ-

ʨʦʣʦʛʠʷ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʚʫʟʦʚ ʦʥʘ ʚʦʦʙʱʝ ʠʩʢʣʶʯʝʥʘ ʠʟ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʦʪ-

ʥʝʩʝʥʘ ʢ ʨʘʟʜʝʣʫ çʜʠʩʮʠʧʣʠʥʳ ʧʦ ʚʳʙʦʨʫè. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʢʦʤʧʝʪʝʥʮʠʠ ʋʂ-5 ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʬʠʣʦʩʦʬʠʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʦ ʚʝʩʴʤʘ 

ʟʘʪʨʫʜʥʝʥʦ ʚʚʠʜʫ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʫʯʝʙʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʪʚʦʜʠʤʦʛʦ ʥʘ ʵʪʫ ʜʠʩʮʠʧʣʠʥʫ. 

ɸ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʥʝʢʦʪʦʨʳʝ ʩʪʫʜʝʥʪʳ, ʚʳʙʨʘʚʰʠʝ ʢʫʣʴʪʫʨʦʣʦʛʠ ʁʠʟ ʙʣʦʢʘ çʜʠʩʮʠʧʣʠʥ 

ʧʦ ʚʳʙʦʨʫè, ʧʦʣʫʯʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʧʣʘʥʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʝ-

ʪʝʥʮʠʠ ʋʂ-5, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʫʜʝʥʪʳ, ʚʳʙʨʘʚʰʠʝ ʜʨʫʛʫʶ ʜʠʩʮʠʧʣʠʥʫ ʠʟ ʵʪʦʛʦ ʙʣʦʢʘ, ʦʢʘ-

ʟʳʚʘʶʪʩʷ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʚʝʩʴʤʘ ʫʱʝʤʣʝʥʥʳʤʠ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚʨʷʜ ʣʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʥʦʨʤʘʣʴʥʳʤ. 

ʀʩʭʦʜʷ ʠʟ ʠʟʣʦʞʝʥʥʦʛʦ ʨʘʥʝʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʇʦʣʦʞʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ çʆʩʥʦʚʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠè (2014 ʛ.) 

ʠ çʉʪʨʘʪʝʛʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠ ʜʦ 2030 ʛʦʜʘè (2016 ʛ.) ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʛʘʨʤʦʥʠʯʥʦ ʨʘʟʚʠʪʦʡ ʣʠʯʥʦʩʪʠ ʢʘʢ ʛʣʘʚʥʦʡ ʮʝʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʠ ʜʦʣʞʥʳ 

ʩʪʘʪʴ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʦʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

2. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ, ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝ-

ʪʝʥʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʝʥʠʝ ʚ ʫʯʝʙʥʳʝ ʧʣʘʥʳ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʣʝʜʫʶʱʠʭ ʜʠʩʮʠʧʣʠʥ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ: ʬʠʣʦʩʦʬʠʷ, ʠʩʪʦʨʠʷ, ʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ, ʬʠʟʢʫʣʴʪʫʨʘ, ʨʫʩʩʢʠʡ ʷʟʳʢ  

ʠ ʢʫʣʴʪʫʨʘ ʨʝʯʠ, ʧʩʠʭʦʣʦʛʠʷ, ʵʢʦʥʦʤʠʢʘ, ʧʨʘʚʦ, ʩʦʮʠʦʣʦʛʠʷ, ʧʦʣʠʪʦʣʦʛʠʷ, ʢʫʣʴʪʫʨʦʣʦʛʠʷ. 

3. ʀʩʢʣʶʯʝʥʠʝ ʥʘʟʚʘʥʥʳʭ ʚʳʰʝ ʜʠʩʮʠʧʣʠʥ ʠʣʠ ʚʢʣʶʯʝʥʠʝ ʠʭ ʚ ʨʘʟʜʝʣ çʜʠʩʮʠʧʣʠʥʳ 

ʧʦ ʚʳʙʦʨʫè ʠʤʝʝʪ ʩʚʦʠʤ ʩʣʝʜʩʪʚʠʝʤ ʦʛʨʘʥʠʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘ 

ʢʦʤʧʝʪʝʥʮʠʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 
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ʆʈɻɸʅʀɿɸʎʀʗ ʎʀʌʈʆɺʆɻʆ ʌʆʅɼɸ ʆʎɽʅʆʏʅʓʍ ʉʈɽɼʉʊɺ  

ɼʃʗ ʇʆɼɻʆʊʆɺʂʀ ʉʇɽʎʀɸʃʀʉʊʆɺ ɺʆɼʅʆɻʆ ʊʈɸʅʉʇʆʈʊɸ 

 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʚ ʩʬʝʨʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʜʘʯʠ ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʬʨʦ-

ʚʦʛʦ ʬʦʥʜʘ ʦʮʝʥʦʯʥʳʭ ʩʨʝʜʩʪʚ (ʌʆʉ) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʌʆʉ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʪʨʠ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ: ʧʣʘʥʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ. ʆʩʥʦʚʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʮʠʬʨʦʚʦʛʦ ʌʆʉ ʦʙʦʟʥʘʯʝʥʘ ʜʝʩʢʨʠʧʪʦʨʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʝʪʝʥʮʠʡ. ɼʝʩʢʨʠʧʪʦʨʥʘʷ ʤʦʜʝʣʴ 

ʥʘ ʫʨʦʚʥʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʠʨʫʝʪ ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʚʠʜʝ ʥʘʙʦʨʦʚ ʠʥʜʠʢʘʪʦʨʦʚ ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʧʝʪʝʥ-

ʮʠʡ, ʘ ʪʘʢʞʝ ʜʝʩʢʨʠʧʪʦʨʦʚ ʦʮʝʥʠʚʘʥʠʷ ʠʭ ʚʳʨʘʞʝʥʥʦʩʪʠ. ʅʘ ʫʨʦʚʥʝ ʨʘʟʨʘʙʦʪʢʠ ʜʝʩʢʨʠʧʪʦʨʳ ʦʙʨʝʪʘʶʪ 

ʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʳʨʘʞʘʶʱʫʶ ʢʨʠʪʝʨʠʠ ʦʮʝʥʠʚʘʥʠʷ ʚʳʨʘʞʝʥʥʦʩʪʠ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʦʨʛʘʥʠʟʫʶʪʩʷ 

ʚ ʚʠʜʝ ʥʝʯʝʪʢʦʡ ʜʝʩʢʨʠʧʪʦʨʥʦʡ ʤʦʜʝʣʠ. ʅʘ ʫʨʦʚʥʝ ʨʝʘʣʠʟʘʮʠʠ ʌʆʉ ʜʝʩʢʨʠʧʪʦʨʥʘʷ ʤʦʜʝʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʦʙʲʝʢʪʠʚʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʢʦʤʧʝʪʝʥʮʠʡ. 
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ORGANIZATION OF THE DIGITAL ASSESSMENT F UND  

FOR THE TRAINING OF  WATER TRANSPORT SPECIALISTS  

 
The article presents a solution to the urgent task of organizing a digital fund of assessment tools in the field 

of study in higher education. The scheme described in the article includes three levels of organization: planning, 

development and implementation. The main component of the digital fund of assessment tools is the descriptor 

model of competencies. The descriptor model at the planning level structures competencies in the form of sets 

of indicators of achievement of competencies, as well as descriptors for rating their importance. At the develop-

ment level, descriptors acquire a logical structure that expresses criteria for assessing the importance of indicators 

and are organized as a fuzzy descriptor model. At the level of implementation of the fund of assessment tools,  

the descriptor model implements an objective assessment of the competencies formation. 

 

Key words: competency model, indicator of achievement of competencies, descriptor model, fund of as-

sessment tools, level of organization. 

 

 
ʇʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʠ ʪʨʫʜʥʦ ʨʝʰʘʝʤʳʭ ʥʝ ʪʦʣʴʢʦ ʚ ʈʦʩʩʠʠ, ʥʦ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʈʝʰʝʥʠʝ ʝʝ ʪʝʩʥʦ ʩʚʷ-

ʟʘʥʦ ʩ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʩʦʜʝʨʞʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʝʡ ʠ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ. ɺʩʝ ʙʦʣʴʰʫʶ 

ʚʘʞʥʦʩʪʴ ʦʙʨʝʪʘʶʪ ʟʘʜʘʯʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 
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ʧʨʦʛʨʘʤʤ (ʆʇʆʇ). ʇʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧ. 29 ʩʪ. 2 ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʦʪ 29.12.2012 ʛ. 

ˉ 273-ʌɿ [1] ʢʘʢ ʢʦʤʧʣʝʢʩʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʫʯʘʶʱʝʛʦʩʷ, ʚʳʨʘʞʘʶʱʫʶ ʩʪʝʧʝʥʴ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʬʝʜʝʨʘʣʴʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʘʤ (ʌɻʆʉ), ʘ ʪʘʢʞʝ ʧʦʪʨʝʙʥʦʩʪʷʤ ʬʠʟʠʯʝʩʢʠʭ ʠʣʠ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ, ʚ ʠʥʪʝ-

ʨʝʩʘʭ ʢʦʪʦʨʳʭ ʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʚ ʪ. ʯ. ʩʪʝʧʝʥʴ ʜʦʩʪʠʞʝʥʠʷ ʧʣʘʥʠʨʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʆʇʆʇ. 

ʇʦʵʪʦʤʫ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʪʫʧʘʝʪ ʨʘʮʠʦʥʘʣʠʟʘʮʠʷ ʨʝʰʝʥʠʡ ʧʦ ʩʪʨʫʢʪʫʨʝ 

ʠ ʨʝʩʫʨʩʘʤ ʆʇʆʇ ʠ ʦʙʲʝʢʪʠʚʠʟʘʮʠʷ ʦʮʝʥʠʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʋʩʣʦʞʥʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʚ ʩʚʷʟʠ 

ʩ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʬʫʥʢʮʠʦʥʘʣʠʩʪʩʢʦʡ ʧʘʨʘʜʠʛʤʦʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ɺʆ) ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ 

ʝʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʷʟʳʚʘʝʪ ʤʥʦʛʦʘʩʧʝʢʪʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʮʠʢʣ ɺʆ ʩ ʰʠʨʦʢʠʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʧʨʦʙʣʝʤʘʪʠʢʘ ʦʮʝʥʠʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ (ʈʆ), 

ʢʦʪʦʨʘʷ ʚ ʧʦʩʣʝʜʥʝʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ, ʢʘʢ ʚ ʈʦʩʩʠʠ (ɸ.ɺ. ʍʫʪʦʨʩʢʦʡ, ʆ.ɽ. ʇʝʨʤ̫-

ʢʦʚ, ʉ.ɺ. ʄʠʥʴʢʦʚʘ, ɺ.ʇ. ɹʝʩʧʘʣʴʢʦ, ʀ.ɼ. ʈʫʜʠʥʩʢʠʡ ʠ ʜʨ.), ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ (W. Hutmacher, 

J. Wilkerson ʠ ʜʨ.). ʅʠ ʫ ʢʦʛʦ ʠʟ ʥʠʭ ʥʝʪ ʩʦʤʥʝʥʠʡ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʈʆ ʯʝʨʝʟ ʩʬʦʨʤʠ-

ʨʦʚʘʥʥʦʩʪʴ ʢʦʤʧʝʪʝʥʮʠʡ. ʆʜʥʘʢʦ ʝʩʣʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʆʇʆʇ ʚʣʠʷʥʠʝ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ 

ʥʝ ʷʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʪʦ ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʝʝ ʦʩʚʦʝʥʠʷ ʬʘʢʪʦʨ ʩʫʙʲʝʢʪʠʚʠʟʤʘ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠ-

ʪʠʯʝʩʢʠʤ, ʪʘʢ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʠʚʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʝʤ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʟʘʯʘʩʪʫʶ 

ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ, ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʝʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʂ ʪʦʤʫ ʞʝ ʚ ʟʘʜʘʯʝ ʦʮʝʥʠʚʘʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʥʝʯʝʪʢʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʣʠʷʥʠʝʤ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʢʘʢ ʥʘ ʧʨʦʮʝʜʫʨʫ, ʪʘʢ ʠ ʥʘ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʠʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʟʘʜʘ-

ʯʠ ʦʮʝʥʠʚʘʥʠʷ ʈʆ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʣʝʯʝʪ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʦ-

ʪʘʪʴ ʠ ʫʯʝʩʪʴ ʫʢʘʟʘʥʥʫʶ ʥʝʯʝʪʢʦʩʪʴ. ʉʦʟʜʘʥʠʝ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʚʳʩʪʫʧʠʪʴ ʭʦʨʦʰʝʡ ʙʘ-

ʟʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʬʦʥʜʘ ʦʮʝʥʦʯʥʳʭ ʩʨʝʜʩʪʚ (ʌʆʉ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʚʫʟʘʭ ʟʘʜʘʯʝʡ ʚ ʩʚʷʟʠ ʩ ʫʚʝʨʝʥʥʳʤ ʢʫʨʩʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʘ ʮʠʬʨʦʚʠʟʘʮʠʶ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʆɼ) 

ʚ ʯʘʩʪʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʆʇʆʇ. ɼʘʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ [2], ʠ ʧʦʵʪʦʤʫ ʜʣʷ ʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ. ʇʦʜ ʦʨʛʘʥʠʟʘʮʠʝʡ ʌʆʉ ʙʫʜʝʤ 

ʧʦʥʠʤʘʪʴ ʆɼ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʩʦʟʜʘʥʠʝ ʩʪʨʦʛʦʡ ʚʥʫʪʨʝʥʥʝʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, ʩʦʛʣʘʩʦʚʘʥʥʦ-

ʩʪʠ ʧʣʘʥʦʤʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʠ ʘʚʪʦʥʦʤʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʌʆʉ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʥʠʬʠʢʘʮʠʶ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʶ (ʚ ʩʤʳʩʣʝ ʜʝʪʝʨʤʠʥʘʮʠʠ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʆʇʆʇ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ) ʧʨʦʮʝʜʫʨ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʵʪʠʭ ʧʨʦʮʝʜʫʨʘʭ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʡ ʠʭ ʮʠʬʨʦʚʠʟʘʮʠʠ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʮʠʬʨʦʚʦʛʦ ʌʆʉ ʠʤʝʝʪ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʜʫʨ ʨʘʟʨʘʙʦʪ-

ʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʌʆʉ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʈʆ ʚ ʢʦʥʪʝʢʩʪʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʥʠʬʠʢʘʮʠʠ ʠ ʦʧʝʨʘ-

ʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʜʫʨ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʙʲʝʢʪʠʚʠʟʤʘ ʧʨʦʮʝʜʫʨʳ 

ʦʮʝʥʠʚʘʥʠʷ. 

ʌʆʉ ʜʦʣʞʝʥ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥ ʚ ʩʣʝʜʫʶʱʠʭ ʢʦʥʪʝʢʩʪʘʭ: 

ï ʠʟʫʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ (ʋɼ); 

ï ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʠʭ ʢʣʘʩʪʝʨʦʚ; 

ï ʦʩʚʦʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʪʨʫʜʦʚʳʭ ʬʫʥʢʮʠʡ (ʊʌ) ʠ ʦʙʦʙʱʝʥʥʳʭ ʪʨʫʜʦʚʳʭ ʬʫʥʢʮʠʡ (ʆʊʌ). 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ, ʚʘʞʥʦ ʧʦʥʷʪʴ, ʢʘʢʠʝ ʠʤʝʶʪʩʷ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ 

ʌʆʉ, ʢʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ (ʠ ʢʝʤ) ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʌʆʉ, ʢʘʢʠʝ ʝʩʪʴ ʢʨʠʪʝʨʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪ-

ʚʘ ʌʆʉ, ʢʘʢʠʝ ʫʩʣʦʚʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʌʆʉ, ʝʩʪʴ ʣʠ ʢʘʢʠʝ-ʪʦ ʜʠʨʝʢʪʠʚʥʦ ʫʩ-

ʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʦʨʤʳ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʌʆʉ, ʢʘʢʦʚ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʌʆʉ? 

ʆʙʷʟʘʪʝʣʴʥʳʝ ʧʦ ʌɻʆʉ ʫʩʣʦʚʠʷʤʠ ʨʝʘʣʠʟʘʮʠʠ ʆʇʆʇ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʫʶ ʙʘʟʫ, ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʫʶ ʙʘʟʫ, ʥʘʣʠʯʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʙʠʙʣʠʦʪʝʢʠ, 

ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʜʨʦʚʦʤʫ ʩʦʩʪʘʚʫ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʦʪ-

ʚʝʪʩʪʚʝʥʥʦʩʪʠ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ï ʚ ʟʦʥʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʇʇʉ. 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʚ ʩʚʷʟʠ ʩ ʚʚʝʜʝʥʠʝʤ ʥʦʚʳʭ ʌɻʆʉ ɺʆ 3++ ʧʨʝʪʝʨ-

ʧʝʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʊʨʝʙʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʘ ʨʘʟʜʝʣʝʥʳ ʥʘ ʬʦʨʤʘʣʴʥʳʝ ʠ ʩʦʜʝʨʞʘʪʝʣʴ-

ʥʳʝ. ʌʦʨʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʦʧʠʩʳʚʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʤʫ (ʯʘʩʳ, ʥʝʜʝʣʠ), ʢ ʘʙʩʦʣʶʪʥʦʡ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ, ʢ ʩʪʨʫʢʪʫʨʝ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ (ʮʠʢʣʳ, ʨʘʟʜʝʣʳ, ʦʙʷʟʘʪʝʣʴʥʳʝ ʋɼ). 
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ʇʦʷʚʠʣʦʩʴ ʧʦʥʷʪʠʝ ʀɼʂ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʚʦ ʌɻʆʉ ʢʘʢ ʢʦʤʧʣʝʢʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʪʦʯʥʷʶʱʠʭ 

ʠ ʨʘʩʢʨʳʚʘʶʱʠʭ ʬʦʨʤʫʣʠʨʦʚʢʫ ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʚʠʜʝ ɿʋʅ ʠʣʠ (ʠ) ʢʦʥʢʨʝʪʥʳʭ ʜʝʡʩʪʚʠʡ, ʚʳʧʦʣ-

ʥʷʝʤʳʭ ʚʳʧʫʩʢʥʠʢʦʤ, ʦʩʚʦʠʚʰʠʤ ʜʘʥʥʫʶ ʢʦʤʧʝʪʝʥʮʠʶ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʤʝʨʷʝʤʳ 

ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ, ʜʦʩʪʫʧʥʳʭ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. ʀʟ ʜʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʀɼʂ ʷʚʣʷʝʪʩʷ ʘʛʨʝʛʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʧʝʪʝʥʮʠʠ. 

ʋʯʝʙʥʳʡ ʧʣʘʥ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʋɼ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʟʘ ʩʝʤʝʩʪʨʦʤ 

ʠ ʮʠʢʣʦʤ (ʠʣʠ ʨʘʟʜʝʣʦʤ) ʆʇʆʇ. ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʘ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʛʜʝ ʦʩʥʦʚʥʳʤ 

ʫʩʣʦʚʠʝʤ ʨʘʟʨʘʙʦʪʢʠ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʙʳʣʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʬʦʨʤʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʦʩʥʦʚʥʦʡ 

ʟʘʜʘʯʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌɻʆʉ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʝʪʝʥ-

ʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʝʟ ɿʋʅ. ɸ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʦ ʌɻʆʉ 3++ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤ-

ʧʝʪʝʥʮʠʠ (ʇʂ) ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ (ʇʉ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʧʫʩʢʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʇʂ, ʧʨʝʜʲʷʚʣʷʝ-

ʤʳʭ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ, ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ. ɺʦʟʥʠ-

ʢʘʶʪ ʥʦʚʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʘʧʨʠʤʝʨ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʀɼʂ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʜʝʩʢʨʠʧʪʦʨʥʳʭ ʤʦʜʝʣʝʡ (ɼʄ) ʢʦʤʧʝʪʝʥʮʠʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʀɼʂ ʠ ʧʦʩʪʨʦʝʥʠʷ ɼʄ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʆʇʆʇ ʦʧʨʝʜʝʣʷʝʪ ʪʝʭʥʦ-

ʣʦʛʠʶ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʚʳʙʦʨʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʠ ʠʭ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʀɼʂ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʜʝʩʢʨʠʧʪʦʨʦʚ ʦʮʝʥʠʚʘʥʠʷ ʚʳʨʘʞʝʥʥʦʩʪʠ ʀɼʂ. ʈʘʟʨʘʙʦʪ-

ʢʘ ʀɼʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʆʇʆʇ, ʠʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʠʨʦʚʦʢ ʇʂ ʠ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʊʌ ʠ ʋɼ, ʠ ʩ ʫʯʝʪʦʤ ʚʳʙʨʘʥʥʳʭ ʪʠʧʦʚ ʟʘʜʘʯ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʉʦʩʪʘʚ ʇʉ ʠ ʪʠʧʳ ʟʘʜʘʯ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʫʯʝʙʥʦʤ ʧʣʘʥʝ 

ʆʇʆʇ. ɼʝʪʘʣʴʥʦ ʘʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʢʠ ʀɼʂ ʨʘʩʩʤʦʪʨʝʥ ʚ [3]. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʀɼʂ ʷʚʣʷ-

ʶʪʩʷ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʀɼʂ ʧʦ ʋɼ. 

ʇʨʠʤʝʨ ʀɼʂ: ɿʥʘʝʪ ʤʝʪʦʜʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʫʤʝʝʪ ʠʭ ʧʨʠʤʝʥʷʪʴ; ʫʤʝʝʪ ʧʨʠʥʠʤʘʪʴ 

ʢʦʥʢʨʝʪʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʜʫʨ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤ ʚ ʦʪʨʘʩʣʠ ʚʦʜ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʇʨʠʤʝʨ ʜʝʩʢʨʠʧʪʦʨʘ ʫʨʦʚʥʷ çɺʳʩʦʢʠʡè: ɼʝʤʦʥʩʪʨʠʨʫʝʪ ʛʣʫʙʦʢʠʝ ʟʥʘʥʠʷ ʤʝʪʦʜʦʚ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʝʥ ʜʘʪʴ ʠʩʯʝʨʧʳʚʘʶʱʠʝ ʦʙʲʷʩʥʝʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʋʚʝʨʝʥʥʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʧʨʠʥʠʤʘʝʪ ʢʦʥʢʨʝʪʥʳʝ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳ-

ʨʘʙʘʪʳʚʘʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤ. 

ʇʨʠʤʝʨ ʜʝʩʢʨʠʧʪʦʨʘ ʫʨʦʚʥʷ çʉʨʝʜʥʠʡè: ɼʝʤʦʥʩʪʨʠʨʫʝʪ ʜʦʩʪʘʪʦʯʥʳʝ ʟʥʘʥʠʷ ʤʝʪʦʜʦʚ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʝʥ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʦʙʲʷʩʥʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʡ. ʇʨʠʥʠʤʘʝʪ ʢʦʥʢʨʝʪʥʳʝ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʰʝʥʠʡ ʜʦʩʪʘʪʦʯʥʘ. 

ʇʨʠʤʝʨ ʜʝʩʢʨʠʧʪʦʨʘ ʫʨʦʚʥʷ çʅʠʟʢʠʡ (ʧʦʨʦʛʦʚʳʡ)è: ɿʥʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʬʨʘʛʤʝʥʪʘʨ-

ʥʳʝ, ʩʧʦʩʦʙʝʥ ʚ ʦʙʱʝʤ ʦʙʲʷʩʥʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʇʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ ʥʝʫʚʝʨʝʥ-

ʥʦ, ʧʨʠʚʦʜʷʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʦʩʥʦʚʘʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʡ ʩʦʤʥʠʪʝʣʴʥʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʜʝʩʢʨʠʧʪʦʨʦʚ ʦʮʝʥʠʚʘʥʠʷ ʚʳʨʘʞʝʥʥʦʩʪʠ ʀɼʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʇʇʉ, ʦʪʚʝʪʩʪʚʝʥ-

ʥʳʤʠ ʟʘ ʦʪʜʝʣʴʥʳʝ ʋɼ, ʠʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʠʨʦʚʦʢ ʀɼʂ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ɿʋʅ. ɼʝʩʢʨʠʧʪʦʨʳ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʣʷ ʚʩʝʭ ʢʘʪʝʛʦʨʠʡ ʢʦʤʧʝʪʝʥʮʠʡ. ʏʠʩʣʦ ʜʝʩʢʨʠʧʪʦʨʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʜʣʷ 

ʦʜʥʦʛʦ ʀɼʂ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʠʩʣʫ ʫʨʦʚʥʝʡ ʠʭ ʚʳʨʘʞʝʥʥʦʩʪʠ (ʢʘʢ ʧʨʘʚʠʣʦ, ʠʭ 3). ʉʦʚʦʢʫʧʥʦʩʪʴ 

ʜʝʩʢʨʠʧʪʦʨʦʚ ʀɼʂ ʦʙʨʘʟʫʶʪ ʝʛʦ ʜʝʩʢʨʠʧʪʦʨʥʫʶ ʤʦʜʝʣʴ. 

ɼʝʩʢʨʠʧʪʦʨ ʦʧʠʩʳʚʘʝʪ ʥʝʢʦʪʦʨʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʧʨʦʷʚʣʷʝʪ ʠʩʧʳʪʫʝʤʳʡ ʚ ʦʪʥʦʰʝʥʠʠ 

ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʚʳʨʘʞʝʥʠʷ ʩʪʝʧʝʥʠ ʘʢʪʠʚʥʦʩʪʠ 

ʚ ʦʧʠʩʘʥʠʝ ʜʝʩʢʨʠʧʪʦʨʘ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʩʝʥʳ ʵʧʠʪʝʪʳ ï ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʠʣʘʛʘʪʝʣʴʥʳʝ, ʟʘʜʘʶʱʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʧʨʦʷʚʣʝʥʠʷ ʀɼʂ ʧʦ ʫʨʦʚʥʷʤ ʥʘ ʦʩʥʦʚʝ ʩʫʞʜʝʥʠʡ ʧʨʦʚʝʨʷʶʱʝʛʦ. ʋʥʠʚʝʨʩʘʣʴ-

ʥʘʷ ʬʦʨʤʫʣʘ ʜʝʩʢʨʠʧʪʦʨʘ: 

ɼʝʩʢʨʠʧʪʦʨ = [ʕʧʠʪʝʪ] + ɸʢʪʠʚʥʦʩʪʴ + ʆʙʲʝʢʪ ʢʦʥʪʨʦʣʷ.                    (1) 

ɸʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʢʠ ʜʝʩʢʨʠʧʪʦʨʦʚ ʜʣʷ ʜʘʥʥʦʛʦ ʀɼʂ: 

1. ɺʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ ʬʦʨʤʫʣʠʨʦʚʦʢ ʀɼʂ ʠ ʦʙʨʘʟʫʶʱʠʭ ʝʛʦ ʈʆ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʤ ʧʨʦʚʝʨʷʶʱʠʭ ʟʘʜʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʚʳʷʚʣʷʶʪʩʷ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ ʠ ʘʢʪʠʚʥʦʩʪʝʡ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʝʢʪʘʤ ʢʦʥʪʨʦʣʷ. 

2. ɼʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʚʳʨʘʞʝʥʥʦʩʪʠ ʠʥʜʠʢʘʪʦʨʘ ʩʪʨʦʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʧʠʩʘʥʠʝ ʘʢ-

ʪʠʚʥʦʩʪʠ(ʝʡ), ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʲʝʢʪʘ(ʦʚ) ʢʦʥʪʨʦʣʷ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʦʧʠʩʘʥʠʷ 

ʚʚʦʜʷʪʩʷ ʫʪʦʯʥʷʶʱʠʝ ʵʧʠʪʝʪʳ. 
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3. ɼʣʷ ʀɼʂ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʰʘʙʣʦʥʳ. 

ɼʝʩʢʨʠʧʪʦʨʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʝʪʝʥʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʝʩʢʨʠʧʪʦʨʦʚ ʚʩʝʭ 

ʀɼʂ ʝʝ ʜʦʩʪʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʧʘʩʧʦʨʪ ʢʦʤʧʝʪʝʥʮʠʠ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʦʮʝʥʠʚʘʥʠʷ ʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ. 

ʇʨʠʤʝʨ ʜʝʩʢʨʠʧʪʦʨʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ. ɼʝʩʢʨʠʧʪʦʨʥʘʷ ʤʦʜʝʣʴ ʀɼʂ, ʦʪʥʝ-

ʩʝʥʥʳʭ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʋɼ, ʥʘʨʷʜʫ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʟʘʜʘʥʠʷʤʠ ʚʢʣʶʯʘʶʪʩʷ ʚ ʆʉ ʵʪʠʭ ʋɼ 

ʠ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʤʦʜʝʣʴ ʦʮʝʥʠʚʘʥʠʷ ʦʩʚʦʝʥʠʷ ʋɼ. ʇʦʣʥʦʩʪʴʶ ʤʝʪʦʜʠʢʘ ʦʧʠʩʘʥʘ ʚ [3]. 

ʊʘʙʣʠʮʘ 

ʉʪʨʫʢʪʫʨʘ ʜʝʩʢʨʠʧʪʦʨʥʦʡ ʤʦʜʝʣʠ ʦʮʝʥʠʚʘʥʠʷ ʧʨʠʤʝʨʥʦʛʦ ʀɼʂ 

ʂʦʤʧʦʥʝʥʪʳ ʀɼʂ ʋʨʦʚʝʥʴ  

ʚʳʨʘʞʝʥʥʦʩʪʠ ɸʢʪʠʚʥʦʩʪʴ ʆʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʕʧʠʪʝʪʳ 

ɿʥʘʝʪ ʄʝʪʦʜʳ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ 

ɻʣʫʙʦʢʦ ɺr ʩʦʢʠʡ 

ɼʦʩʪʘʪʦʯʥʦ ʉʨʝʜʥʠʡ 

ʇʦʚʝʨʭʥʦʩʪʥʦ, ʬʨʘʛʤʝʥʪʘʨʥʦ ʅʠʟʢʠʡ 

ʋʤʝʝʪ ʧʨʠʤʝʥʷʪʴ ʄʝʪʦʜʳ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ 

ʋʚʝʨʝʥʥʦ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ɺr ʩʦʢʠʡ 

ʋʚʝʨʝʥʥʦ ʉʨʝʜʥʠʡ 

ʅʝʫʚʝʨʝʥʥʦ, ʩ ʤʝʣʢʠʤʠ ʦʰʠʙʢʘʤʠ ʠ ʥʝʜʦʯʝʪʘʤʠ ʅʠʟʢʠʡ 

ʉʧʦʩʦʙʝʥ ʦʙʲʷʩʥʠʪʴ ʊʝʭʥʦʣʦʛʠʷ  
ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʀʩʯʝʨʧʳʚʘʶʱʝ ɺr ʩʦʢʠʡ 

ɼʦʩʪʘʪʦʯʥʦ ʉʨʝʜʥʠʡ 

ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ ʅʠʟʢʠʡ 

ʋʤʝʝʪ ʧʨʠʥʠʤʘʪʴ 

ʨʝʰʝʥʠʷ 

ʇʨʠʥʷʪʳʝ ʨʝʰʝʥʠʷ ʂʦʥʢʨʝʪʥʳʝ, ʦʙʦʩʥʦʚʘʥʥʳʝ ɺr ʩʦʢʠʡ 

ʂʦʥʢʨʝʪʥʳʝ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʝ ʉʨʝʜʥʠʡ 

ʅʝʫʚʝʨʝʥʥʦ, ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʦʩʥʦʚʘʥʠʷ ʅʠʟʢʠʡ 

ʇʦʚʳʰʝʥʠʝ  

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʇʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟʘ 

ʧʨʦʙʣʝʤ ʚ ʦʪʨʘʩʣʠ 

ɺʳʩʦʢʦ ɺr ʩʦʢʠʡ 

ɼʦʩʪʘʪʦʯʥʦ ʉʨʝʜʥʠʡ 

ʉʦʤʥʠʪʝʣʴʥʦ ʅʠʟʢʠʡ 

 

ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʨʘʞʝʥʥʦʩʪʠ ʀɼʂ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʢʩʧʝʨʪ 

(ʇʇʉ) ʚʳʜʘʝʪ ʟʘʜʘʥʠʝ ʠʩʧʳʪʫʝʤʦʤʫ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ. ʇʨʦʮʝʜʫʨʘ ʦʮʝʥʠʚʘʥʠʷ 

ʚʳʨʘʞʝʥʥʦʩʪʠ ʀɼʂ ʪʨʝʙʫʝʪ ʦʪ ʵʢʩʧʝʨʪʘ ʦʩʤʳʩʣʝʥʠʷ ʨʝʰʝʥʠʡ ʠʩʧʳʪʫʝʤʦʛʦ ʠ ʚʚʦʜ ʚ ʩʠʩʪʝʤʫ 

ʦʮʝʥʦʯʥʳʭ ʩʫʞʜʝʥʠʡ ʚ ʧʝʨʚʠʯʥʦʤ ʥʝʯʝʪʢʦʤ ʚʠʜʝ, ʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʠ-

ʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʝʟ ʫʯʘʩʪʠʷ ʵʢʩʧʝʨʪʘ. ʇʦʜʨʦʙʥʦ ʧʨʦʮʝʜʫʨʘ ʦʮʝʥʠʚʘʥʠʷ ʚʳʨʘʞʝʥʥʦʩʪʠ ʀɼʂ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚ [4]. 

ʉʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʌʆʉ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ʅʘ ʩʭʝʤʝ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ 

ʵʪʘʧʘ: ʧʣʘʥʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʌʆʉ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʌʆʉ ʧʨʦʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ 

ʚʣʠʷʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʬʦʨʤʠʨʫʝʪ ʩʠʩʪʝʤʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʫʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ 

ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʦʚ: çʆʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ: ʨʝʢʪʦʨʘʪ, ʫʯʝʙʥʳʡ ʦʪʜʝʣ, ʜʝʢʘʥʘʪʳè, 

çʇʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚè ʠ çʉʪʫʜʝʥʪʳè. 

ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʵʪʘʧʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʌʆʉ ʷʚʣʷʝʪʩʷ ɹʣʦʢ çʌʝʜʝʨʘʣʴʥʳʝ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ (ʌɻʆʉ)è, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʣʦʢʘʤʠ çʊʨʝʙʦʚʘʥʠʷ ʢʦʥ-

ʪʨʦʣʴʥʦ-ʥʘʜʟʦʨʥʳʭ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠè ʠ çʊʨʝʙʦʚʘʥʠʷ ʨʘʙʦʪʦʜʘʪʝʣʝʡ 

ʢ ʚʳʧʫʩʢʥʠʢʘʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡè. ɺʪʦʨʳʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʵʪʘʧʘ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʙʣʦʢ çʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ (ʇʉ)è, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʣʦʢʦʤ 

çʊʨʝʙʦʚʘʥʠʷ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʢ ʚʳʧʫʩʢʥʠʢʘʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡè ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʦʜ-

ʥʠʢʦʤ ʙʣʦʢʘ çʊʨʝʥʜʳ ʨʳʥʢʘ ʪʨʫʜʘè ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ɹʣʦʢ çʌɻʆʉè ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʙʣʦʢʦʤ çʆʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ: ʨʝʢʪʦʨʘʪ, ʫʯʝʙʥʳʡ 

ʦʪʜʝʣ, ʜʝʢʘʥʘʪʳè ʠ ʙʣʦʢʦʤ çʇʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ (ʇʇʉ)è. ɹʣʦʢ çʄʘʪʝʨʠ-

ʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʙʘʟʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝè ʩʚʷʟʘʥ ʩ ʙʣʦʢʘʤʠ çʆʨʛʘʥʳ ʫʧʨʘʚʣʝ-

ʥʠʷè ʠ çʇʇʉè, ʘ ʪʘʢʞʝ ʙʣʦʢʦʤ çʌɻʆʉè, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʌʆʉ ʪʨʝʙʦʚʘʥʠʷʤ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɹʣʦʢ çʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʙʘʟʘè ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʦʚ çʆʨʛʘʥʳ 

ʫʧʨʘʚʣʝʥʠʷ (ʨʝʢʪʦʨʘʪ, ʫʯʝʙʥʳʡ ʦʪʜʝʣ, ʜʝʢʘʥʘʪʳ)è, ʠ çʇʇʉè, ʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʣʦʢʦʤ çʉʪʫʜʝʥʪʳè. 

ʆʩʥʦʚʥʫʶ ʩʪʘʜʠʶ ʧʣʘʥʠʨʦʚʘʥʠʷ ʌʆʉ ʚʳʨʘʞʘʝʪ ʙʣʦʢ çʌʦʨʤʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʦʮʝʥʦʯʥʳʭ ʩʨʝʜʩʪʚ ʜʠʩʮʠʧ-

ʣʠʥè. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʙʣʦʢʠ ʬʦʨʤʠʨʫʶʪ ʵʪʦʪ ʙʣʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʣʦʢ çʇʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʳʝ ʩʪʘʥʜʘʨʪʳ (ʇʉ)è, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʶ ʆʇʆʇ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʌʆʉ 

ʈʘʟʨʘʙʦʪʢʘ ʌʆʉ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʙʣʦʢʦʤ çʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʡ ʤʦ-

ʜʝʣʠè ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. ʂʦʤʧʝʪʝʥʮʠʠ ʢʦʥʩʪʨʫʠʨʫʶʪ-

ʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʣʦʢʘʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʩʦʟʜʘʥʠʠ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʧʦʜ ʫʧʨʘʚʣʝʥʠ-

ʝʤ ʇʇʉ. ʈʝʟʫʣʴʪʘʪʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʠʩʮʠʧʣʠʥ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʙʣʦʢʘʤʠ çʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʙʘʟʘè ʠ çʄʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʙʘʟʘ ʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝè, ʘ ʪʘʢʞʝ ʧʦʩʪʫʧʘʶʪ ʚ ʙʣʦʢ çʂʦʥʩʪʨʫʢʪʦʨ ʠʥʜʠʢʘʪʦʨʦʚ ʜʦʩʪʠʞʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ (ʇʂ) ʠ ʥʝʢʦʪʦʨʳʭ ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 
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(ʆʇʂ)è. ɹʣʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʀɼʂ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʇʇʉ. ʇʇʉ ʟʘʜʘʶʪ ʯʠʩʣʦ 

ʀɼʂ mi, ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʜʣʷ ʢʘʞʜʦʡ i-ʡ ʢʦʤʧʝʪʝʥʮʠʠ, ʠʩʭʦʜʷ ʠʟ ʯʠʩʣʘ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʇʂ/ʆʇʂ. ʀɼʂ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʙʣʦʢʦʤ çʂʦʥʬʠʛʫʨʘʪʦʨ ʜʝʩʢʨʠʧʪʦʨʦʚ ʇʂ ʠ ʥʝʢʦ-

ʪʦʨʳʭ ʆʇʂè, ʬʦʨʤʠʨʫʷ ʥʘ ʚʳʭʦʜʝ ʜʝʩʢʨʠʧʪʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʀɼʂ. ɼʝʩʢʨʠʧʪʦʨʳ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪʜʝʣʴʥʦ ʙʣʦʢʦʤ çʂʦʥʬʠʛʫʨʘʪʦʨ ʜʝʩʢʨʠʧʪʦʨʦʚ ʫʥʠʚʝʨʩʘʣʴ-

ʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ (ʋʂ) ʠ ʥʝʢʦʪʦʨʳʭ ʆʇʂè. ʆʙʘ ʚʠʜʘ ʜʝʩʢʨʠʧʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʭʝʤʝ 

ʪʠʧʦʚʳʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʙʣʦʢʘʤʠ. ʂʘʞʜʳʡ ʜʝʩʢʨʠʧʪʦʨ ʩʪʨʦʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1) ʠ ʦʮʝʥʠʚʘʝʪʩʷ 

ʫʨʦʚʥʷʤʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʀɼʂ: çɺʳʩʦʢʠʡè, çʉʨʝʜʥʠʡè, çʅʠʟʢʠʡè ʧʨʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʤ ʫʧʨʘʚʣʝ-

ʥʠʠ ʇʇʉ ʯʝʨʝʟ ʙʣʦʢ çʂʦʥʬʠʛʫʨʘʪʦʨ ʂʄè. 

ʈʝʘʣʠʟʘʮʠʷ ʌʆʉ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʙʘʥʢʘ ʦʮʝʥʦʯʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ 

ʦʜʥʦʠʤʝʥʥʳʤ ʢʦʤʧʣʝʢʩʥʳʤ ʙʣʦʢʦʤ. ʆʥ ʚʢʣʶʯʘʝʪ ʙʣʦʢʠ çʌʦʨʤʳ ʢʦʥʪʨʦʣʷè ʠ çʂʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʂʀʄ)è. ɹʣʦʢ çʂʀʄè ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʢʣʶʯʘʝʪ ʙʣʦʢʠ çʂʦʤʧʣʝʢ-

ʩ rʆʉè, çʆʮʝʥʦʯʥʳʝ ʩʨʝʜʩʪʚʘè, çʂʘʪʝʛʦʨʠʠ ʆʉè ʠ çʕʣʝʤʝʥʪʘʨʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷè, ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ ʩ ʙʣʦʢʦʤ çʆʉè ʫʩʪʘʥʦʚʣʝʥʳ ʦʪʥʦʰʝ-

ʥʠʝ ʪʠʧʘ çʀʩʧʦʣʴʟʦʚʘʥʠʝè ʩ ʙʣʦʢʦʤ çʌʦʨʤʳ ʢʦʥʪʨʦʣʷè, ʘ ʙʣʦʢ çʂʀʄè ʩʚʷʟʘʥ ʩ ʙʣʦʢʘʤʠ ʜʝʩʢʨʠʧ-

ʪʦʨʦʚ ʦʪʥʦʰʝʥʠʝʤ ʪʠʧʘ çʏʘʩʪʴ-ʮʝʣʦʝè, ʩʠʤʚʦʣʠʟʠʨʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʢʣʶʯʝʥʠʝ ʜʝʩʢʨʠʧʪʦʨʦʚ 

ʚ ʩʦʩʪʘʚ ʂʀʄ ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʰʥʝʛʦ ʜʦʧʦʣʥʝʥʠʷ. ɺʭʦʜʷʱʠʡ ʚ ʙʘʥʢ ʆʉ ʙʣʦʢ çʅʝʯʝʪʢʠʡ ʢʣʘʩʩʠ-

ʬʠʢʘʪʦʨ ʵʣʝʤʝʥʪʘʨʥʳʭ ʈʆè, ʢʘʢ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʂʀʄ, ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʫʧʨʘʚ-

ʣʝʥʠʝʤ ʇʇʉ. ɹʘʥʢ ʆʉ ʚ ʮʝʣʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤ ʧʨʠ ʨʝʰʝʥʠʠ ʜʨʫʛʠʭ ʟʘʜʘʯ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʚ ʪ. ʯ. ʟʘʜʘʯʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʦʠʤʝʥʥʳʤ 

ʢʦʤʧʣʝʢʩʥʳʤ ʙʣʦʢʦʤ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʮʝʧʴ ʙʣʦʢʦʚ çʂʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʠʩ-

ʧʳʪʘʥʠʷè, çɺʳʜʘʯʘ ʟʘʜʘʥʠʡ ʠ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷè ʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʙʣʦʢʠ çʇʝʨʚʠʯʥʦʝ ʦʮʝʥʠʚʘ-

ʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʈʆè ʠ çʌʦʨʤʠʨʦʚʘʥʠʝ ʥʝʯʝʪʢʠʭ ʵʢʩʧʝʨʪʥʳʭ ʩʫʞʜʝʥʠʡè. ɿʜʝʩʴ ʦʮʝʥʦʯʥʳʝ ʩʨʝʜ-

ʩʪʚʘ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʙʣʦʢʘ çʂʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʠʩʧʳʪʘʥʠʷè. ʉʪʫʜʝʥʪʳ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʷ. ʇʇʉ ʢʦʥʪʨʦʣʠʨʫʝʪ ʠʩʧʳʪʘʥʠʝ ʥʘ ʚʩʝʭ ʝʛʦ ʩʪʘʜʠʷʭ, ʟʘʚʝʨʰʘʷ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠ-

ʝʤ ʧʝʨʚʠʯʥʳʭ ʦʮʝʥʦʢ ʵʣʝʤʝʥʪʘʨʥʳʭ ʈʆ ʠ ʵʢʩʧʝʨʪʥʳʭ ʩʫʞʜʝʥʠʡ. ʇʦʩʣʝʜʥʠʝ ʧʦʩʪʫʧʘʶʪ ʚ ʙʣʦʢʠ 

ʜʝʩʢʨʠʧʪʦʨʦʚ ʀɼʂ, ʬʦʨʤʠʨʫʷ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ɼʄ, ʢʦʪʦʨʳʝ, ʥʘʨʷʜʫ ʩ ʧʝʨʚʠʯʥʳʤʠ ʦʮʝʥʢʘʤʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʈʆ, ʧʦʩʪʫʧʘʶʪ ʚ ʙʣʦʢ çʅʝʯʝʪʢʠʡ ʢʦʥʪʨʦʣʣʝʨ ʦʮʝʥʠʚʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʈʆ, ʀɼʂ 

ʠ ʢʦʤʧʝʪʝʥʮʠʡè, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʦʣʫʯʘʝʪ ʥʘ ʚʭʦʜ ʦʮʝʥʦʯʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟ ʙʘʥʢʘ. ʅʝʯʝʪʢʠʡ ʢʦʥ-

ʪʨʦʣʣʝʨ ʬʦʨʤʠʨʫʝʪ ʦʮʝʥʢʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʀɼʂ ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʙʣʦʢʦʤ çʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ (ʈʆ)è. ʕʪʦʪ ʙʣʦʢ ʩʚʷʟʘʥ ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʚʷʟʷʤʠ ʩ ʙʣʦʢʘ-

ʤʠ çʆʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷè, çʇʇʉè ʠ çʉʪʫʜʝʥʪʳè, ʘ ʪʘʢʞʝ ʩ ʙʣʦʢʘʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʦʪʨʘʞʘ,̫ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʚʳʰʝʩʪʦʷʱʠʤ ʢʦʥʪʨʦʣʴʥʦ-ʥʘʜʟʦʨʥʳʤ ʦʨʛʘʥʘʤ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʌʆʉ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʨʝʞʠʤ 

ʨʘʟʨʘʙʦʪʢʠ ʦʮʝʥʦʯʥʳʭ ʩʨʝʜʩʪʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʨʘʞʝʥʥʦʩʪʠ ʀɼʂ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʜʫʨʫ ʦʮʝʥʠʚʘʥʠʷ 

ʵʪʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ. ʇʦʣʫʯʝʥʘ ʥʦʚʘʷ ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʧʨʦʮʝʜʫʨ ʌʆʉ ʠ ʦʙʲʝʢʪʠʚʠʟʠʨʫʶʱʘʷ ʧʨʦʮʝʜʫʨʫ ʦʮʝʥʠʚʘʥʠʷ. ʄʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ 

ʚ ʣʶʙʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʌʆʉ ʧʦ ʣʶʙʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦ-

ʪʦʚʢʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʘʥʳ ʌɻʆʉ ɺʆ 3++. 
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COMPUTER SIMULATION OF THE AS SEMBLY PROCESS  

AS A WAY TO ENSURE ITS QUALITY  
 

The possibilities of improving the quality of assembling engineering products based on the method 

of individual selection of parts and computer simulation of the assembly process are considered. 

 

Key words: assembly, process, selection of parts, quality, technology, computer simulation.. 

 

 

ʉʙʦʨʢʘ ʷʚʣʷʝʪʩʷ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʠʤʝʥʥʦ 

ʧʨʠ ʩʙʦʨʢʝ ʦʢʦʥʯʘʪʝʣʴʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʯʝʩʪʚʦ ʣʶʙʦʛʦ ʠʟʜʝʣʠʷ. 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʤʘʰʠʥʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ: 

ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʦʥʘ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ ʧʦʣʦʚʠʥʳ ʦʙʱʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝ-

ʣʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘ ʩʙʦʨʢʝ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʨʘʙʦʯʠʭ ʚʳ-

ʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʦʣʚʝʢʘ ʥʝʫʢ-

ʣʦʥʥʦ ʨʘʩʪʝʪ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ, ʯʝʤ ʪʝʭʥʦʣʦʛʠʷ ʩʙʦʨʢʠ ʠʟʜʝʣʠʡ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʘʰʠʥʳ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʤʘʰʠʥʳ 

ʚ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʜʝʪʘʣʝʡ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʳʯʥʦ ʥʝ ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘ-

ʯʝʩʪʚʫ ʜʝʪʘʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʛʦʪʦʚʦʡ ʤʘʰʠʥʳ, ʘ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʠʭ ʥʝʚʦʟʤʦʞʥʦ ʥʠ ʦʙʝʩʧʝʯʠʪʴ, ʥʠ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ. ʅʘʧʨʠʤʝʨ, ʚʠʙʨʘ-

ʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʙʢʦʛʦ ʨʦʪʦʨʘ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɻʊɼ) ʦʧʨʝʜʝʣʷʶʪ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʘʷ ʬʦʨʤʘ ʝʛʦ ʦʩʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʜʠʩʙʘʣʘʥʩʦʚ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʣʘʚʥʳʭ ʮʝʥ-

ʪʨʘʣʴʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ ʜʝʪʘʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʨʦʪʦʨʘ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. ʆʜʥʘʢʦ 

ʢʦʥʩʪʨʫʢʪʦʨ, ʬʦʨʤʫʣʠʨʫʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʢʘʯʝʩʪʚʘ ʩʙʦʨʢʠ, ʠ ʪʝʭʥʦʣʦʛ, ʨʘʟ-

ʨʘʙʘʪʳʚʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʨʦʪʦʨʘ, ʚʳʥʫʞ-

ʜʝʥʳ ʟʘʜʘʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ, ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʦʙʝʩʧʝʯʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠ ʤʝʪʨʦʣʦ-

ʛʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʚʝʣʠʯʠʥʳ ʙʠʝʥʠʡ ʢʦʥʪʨʦʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʣʠ 

ʩʫʤʤʘʨʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʜʠʩʙʘʣʘʥʩʘ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʜʥʦʟʥʘʯʥʦ ʢʘʯʝʩʪ-

ʚʘ ʩʦʙʠʨʘʝʤʦʛʦ ʛʠʙʢʦʛʦ ʨʦʪʦʨʘ, ʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʥʝʫʜʦʙʥʦ, ʘ ʯʘʩʪʦ ʠ ʚʦʦʙʱʝ ʥʝ-

ʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʝʦʜʦʣʠʤʳʭ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ ʠʭ ʜʦʩʪʠʞʝʥʠʠ ʠ ʢʦʥʪʨʦʣʝ 

ʩ ʧʦʤʦʱʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ; 
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ï ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʥʘʟʥʘʯʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʧʨʦ-

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʢʦʪʦʨʳʝ ʙʦʣʝʝ-ʤʝʥʝʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʪʨʝʙʫʝʤʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ. ʊʘʢ, ʚʤʝʩʪʦ ʪʨʝʙʫʝʤʦʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʶʪʩʷ ʧʘ-

ʨʘʤʝʪʨʳ ʝʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʳ ʦʙʳʯʥʦ 

ʥʝʦʜʥʦʟʥʘʯʥʳ ʠ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʨʝʙʫʝʤʦʝ ʩʚʦʡʩʪʚʦ ʧʦʣʥʦʩʪʴʶ, ʜʦʧʫʩʢʘʷ ʨʘʟʣʠʯʥʳʝ ʥʝʨʘʚʥʦ-

ʮʝʥʥʳʝ ʚʘʨʠʘʥʪʳ; 

ï ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʟʘʜʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʝ ʜʦʧʫʩʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʪʩʫʪʩʪʚʫʶʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʩʦʝʜʠʥʷʝ-

ʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʚ ʦʜʥʦʤ ʫʟʣʝ; 

ï ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʢʠ ʷʚʣʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʫʧʨʘʚʣʷʝ-

ʤʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʜʝʪʘʣʠ. 

ʆʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʬʘʢʪʦʨʳ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʤʘʰʠʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʜʝʪʘʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ, ʠʥʦʛʜʘ ʜʦ ʧʨʝʜʝʣʘ ʟʘʚʳʰʘʶʪʩʷ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʶʪ ʠʟ-

ʛʦʪʘʚʣʠʚʘʪʴ ʪʘʢʠʝ ʜʝʪʘʣʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠʟʜʝʣʠʷ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥ-

ʥʳʡ ʧʦʜʭʦʜ ʯʨʝʟʤʝʨʥʦ ʟʘʪʨʘʪʝʥ, ʘ ʚ ʮʝʣʦʤ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʫʞʝ ʚʦʦʙʱʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʜʘʞʝ ʧʨʠ ʦʯʝʥʴ ʙʦʣʴʰʠʭ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʚʳ-

ʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠʟʜʝʣʠʡ, ʩʦʟʜʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʪʨʘʪʥʳʭ ʩʧʦʩʦʙʦʚ ï 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʝʨʝʙʦʨʦʢ, ʜʦʨʘʙʦʪʦʢ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʫʪʦʯʥʝʥʠʡ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ɻʊɼ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʚʠʙʨʦʩʪʦʡʢʦʩʪʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʯʝʥʴ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʩʙʦʨʢʠ ʨʦʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʤʝʥʴʰʝʥʠʷ 

ʜʦ ʧʨʝʜʝʣʘ ʜʦʧʫʩʢʦʚ ʥʘ ʨʘʟʤʝʨʳ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ 

ʜʝʪʘʣʝʡ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʜʝʪʘʣʠ ɻʊɼ ʫʞʝ ʩʝʡʯʘʩ ʠʟʛʦʪʘʚʣʠ-

ʚʘʶʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʚ ʩʝʨʠʡʥʦʤ ʠ ʜʘʞʝ ʝʜʠʥʠʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʪʦʯʥʦʩʪʴʶ, ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʩʙʦʨʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʤʝʪʦʜʘʤʠ ʥʝʧʦʣʥʦʡ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʚʨʫʯʥʫʶ ʧʨʠʛʦʥʢʠ, ʧʦʧʘʨʥʦʛʦ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʜʝʪʘʣʝʡ. 

ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʜʦʨʘʙʦʪʢʝ ʠʟʜʝʣʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20ï80%, ʯʪʦ ʚʳʥʫʞ-

ʜʘʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʚʪʦʨʥʳʝ ʩʙʦʨʢʠ, ʧʦʜʙʠʨʘʷ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ ʜʝʪʘʣʠ 

ʠʣʠ ʧʨʠʛʦʥʷʷ ʠʭ. 

ʊʘʢ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʦʪʦʨʘ ʩʤʝʰʘʥʥʦʡ ʙʘʨʘʙʘʥʥʦ-ʜʠʩʢʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 1), ʚ ʢʦʪʦ-

ʨʦʤ ʜʝʪʘʣʠ ʨʦʪʦʨʥʦʛʦ ʧʘʢʝʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʘʟʠʨʫʶʪʩʷ ʠ ʢʨʝʧʷʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ (ʯʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʞʝ ʩʫʤʤʠʨʦʚʘʥʠʶ ʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ), ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʧʦʣ-

ʥʦʡ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʫʩʢʠ ʥʘ ʨʘʜʠʘʣʴʥʳʝ ʠ ʦʩʝʚʳʝ ʙʠʝʥʠʷ 

ʜʝʪʘʣʝʡ ʧʦʨʷʜʢʘ 1 ʤʢʤ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

 

ʈʠʩ. 1. ʈʦʪʦʨ ʢʦʤʧʨʝʩʩʦʨʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ɻʊɼ: 

1 ï ʮʘʧʬʘ ʧʝʨʝʜʥʷʷ; 2 ï ʜʠʩʢ; 3 ï ʧʨʦʩʪʘʚʢʘ; 4 ï ʙʦʣʪ ʧʨʠʟʦʥʥʳʡ; 

5 ï ʢʦʣʣʝʢʪʦʨ; 6 ï ʢʨʳʣʴʯʘʪʢʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʪʫʧʝʥʠ; 7 ï ʜʠʩʢ-ʣʘʙʠʨʠʥʪ; 8 ï ʮʘʧʬʘ ʟʘʜʥʷʷ 

ʇʦʵʪʦʤʫ ʩ ʮʝʣʴʶ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʙʦʨʢʘ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʡ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʦʩʝʚʳʝ ʠ ʨʘʜʠʘʣʴʥʳʝ ʙʠʝ-

ʥʠʷ ʠ ʧʨʠ ʠʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʟʘʜʘʥʥʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʚʦʨʦʪ ʩʦʧʨʷʛʘʝʤʳʭ ʜʝʪʘʣʝʡ ʚʦʢʨʫʛ 

ʬʦʨʤʠʨʫʝʤʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ (ʵʪʦ ʜʦʧʫʩʢʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʫʟʣʘ) ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ 

ʫʨʦʚʥʷ ʙʠʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʜʠʩʙʘʣʘʥʩ ʨʦʪʦʨʘ ʟʘ ʩʯʝʪ ʚʟʘʠʤʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʚʝʢʪʦʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʜʠʩʙʘʣʘʥʩʦʚ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʵʪʘʧʘʭ ʩʙʦʨʢʠ 

ʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʯʘʩʪʦ ʚʳʷʚʣʷʶʪʩʷ ʨʦʪʦʨʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʙʠʝʥʠʡ ʠ ʜʠʩʙʘʣʘʥ-

ʩʦʚ ʦʪ ʜʦʧʫʩʪʠʤʳʭ. ʇʦʵʪʦʤʫ ʤʥʦʛʠʝ ʨʦʪʦʨʳ ʧʝʨʝʙʠʨʘʶʪ ʥʝʩʢʦʣʴʢʦ (ʜʦ 7ï8 ʠ ʜʘʞʝ ʙʦʣʝʝ) ʨʘʟ, 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʘʣʘʥʩʠʨʫʶʪ, ʧʨʦʠʟʚʦʜʷʪ ʜʦʨʘʙʦʪʢʫ ʜʝʪʘʣʝʡ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠʭʦʜʠʪʩʷ 

ʧʨʦʚʦʜʠʪʴ ʨʘʩʢʦʤʧʣʝʢʪʘʮʠʶ ʨʦʪʦʨʘ. ʇʨʠʯʠʥʫ ʚʳʭʦʜʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʧʨʝʜʝʣʳ 

ʜʦʧʫʩʢʦʚ ʫʩʪʘʥʦʚʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʢʘʯʝʩʪʚʦ ʩʙʦʨʢʠ ʨʦʪʦʨʘ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ 

ʥʝʥʦʨʤʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʤʝʯʝʥʥʳʝ ʚʳʰʝ: ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʬʦʨʤʘ ʝʛʦ ʦʩʠ, ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʜʠʩʙʘʣʘʥʩʦʚ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʣʘʚʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ ʜʝʪʘʣʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʨʦʪʦʨʘ. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʧʦʜʙʦʨʘ ʜʝʪʘʣʝʡ ʚʨʫʯʥʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʘ ʠ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʨʫʜʘ, ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ. ʇʨʦʙʣʝʤʘ ʩʠʣʴʥʦ ʦʩʣʦʞʥʷʝʪʩʷ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʨʝ-

ʟʫʣʴʪʘʪ ʩʙʦʨʢʠ ʥʝʣʴʟʷ ʟʘʨʘʥʝʝ ʧʨʝʜʩʢʘʟʘʪʴ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ 

ʨʘʟʤʝʨʳ ʚʩʝʭ ʜʝʪʘʣʝʡ. ʇʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ 

ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʣʠʰʴ ʥʘ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʤ ʫʟʣʝ 

ʠʣʠ ʜʘʞʝ ʛʦʪʦʚʦʤ ʠʟʜʝʣʠʠ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʠʩʧʳʪʘʥʠʷ. ʊʘʢ, ʝʩʣʠ ʙʘʣʘʥʩʠʨʦʚʢʘ ʛʠʙʢʦʛʦ ʨʦʪʦʨʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ ʥʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪʘʭ, ʪʦ ʧʦʣʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʛʦ ʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ ʚʳʷʚʣʷ-

ʝʪʩʷ ʫʞʝ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɺ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʷ ʥʝʜʦʧʫʩ-

ʪʠʤʦʡ ʚʠʙʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʘʯʘʣʘ ʜʚʠʛʘʪʝʣʴ, ʘ ʟʘʪʝʤ ʠ ʨʦʪʦʨ, ʨʘʟ-

ʚʝʨʥʫʪʴ ʝʛʦ ʜʝʪʘʣʠ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʩʥʦʚʘ ʩʦʙʨʘʪʴ ʠ ʦʪʙʘʣʘʥʩʠʨʦʚʘʪʴ ʩʥʘʯʘʣʘ ʨʦʪʦʨ, 

ʘ ʧʦʩʣʝ ʠ ʚʝʩʴ ʜʚʠʛʘʪʝʣʴ. ʀ ʜʘʞʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʚʩʝʭ ʵʪʠʭ ʯʨʝʟʚʳʯʘʡʥʦ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʦʪʥʶʜʴ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʧʝʨʝʙʨʘʥʥʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʚʠʛʘʪʝʣʷ ʩʥʦʚʘ ʥʝ ʚʦʟʥʠʢ-

ʥʫʪ ʚʠʙʨʘʮʠʠ. 

ʕʪʦ ʚʳʥʫʞʜʘʝʪ ʠʩʢʘʪʴ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʤʘʰʠʥ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ, ʢʘʢ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʚʩʝʛʜʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʭʦʜʦʤ ʨʝʩʫʨʩʦʚ ï ʤʘʪʝʨʠʘʣʦʚ, ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʵʥʝʨʛʠʠ, ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʥʝʤʫ, ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʢʘʯʝʩʪʚʫ ʠ ʩʨʦʢʘʤ ʚʳʧʦʣʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʚʩʝʭ ʵʪʠʭ ʨʝʩʫʨʩʦʚ. ʀʥʬʦʨʤʘʮʠ-

ʦʥʥʳʡ ʨʝʩʫʨʩ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʝʰʝʥʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʙʣʝʤʳ, ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʣʴ-

ʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʠʣʠ ʪʨʫʜʦʚʦʤʫ ʨʝʩʫʨʩʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʵʢʦʥʦʤʠʠ. ɹʦʣʝʝ 

ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʩʪʦʠʤʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʙʳʩʪʨʦ ʠ ʧʦʩʪʦʷʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʚʷʟʠ 

ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ), ʘ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʦʛʦ, ʪʨʫʜʦʚʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ, ʟʘʜʘʯʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ ʷʚ-

ʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʪʘʢʠʝ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʟʘʚʳʰʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪ-

ʚʫ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʜʝʪʘʣʝʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʩʝʭ 

ʨʝʩʫʨʩʦʚ. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʤʘʰʠʥ ʟʥʘʯʠʤʦʩʪʴ ʧʦʪʝʨʴ ʠʥʬʦʨʤʘʮʠʠ 

ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʧʫʩʪʠʤʦʡ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʦʩʥʦʚʘʥʦ ʥʘ ʧʦʩʪʨʦʝʥʠʠ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ 

ʧʦʟʥʘʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʠʥʪʝʨʝʩʫʶʱʠʡ ʦʙʲʝʢʪ. ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ, 

ʧʨʝʜʲʷʚʣʷʝʤʦʝ ʢ ʤʦʜʝʣʷʤ ï ʵʪʦ ʠʭ ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʝʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʢʦʪʦʨʳʝ ʟʘʤʝʱʘʝʪ ʤʦʜʝʣʴ. 

ʇʨʦʩʪʝʡʰʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʙʦʨʦʯʥʘʷ 

ʨʘʟʤʝʨʥʘʷ ʮʝʧʴ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠ ʟʘʤʳʢʘʶʱʠʝ ʟʚʝʥʴʷ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦ-

ʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʪʦʜ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʜʝʪʘʣʝʡ. 

ʄʝʪʦʜ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʜʝʪʘʣʝʡ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʚʘʨʷʶʱʝʤ ʩʙʦʨʢʫ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʚʩʝʭ ʠʣʠ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦʯʝʪʘʥʠʷ ʩʦʙʠʨʘʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʚʳʙʦʨʝ ʣʫʯ-

ʰʝʛʦ ʠʟ ʥʠʭ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʩʧʦʩʦ-

ʙʘ ʧʨʠ ʩʙʦʨʢʝ ʨʝʘʣʴʥʦʛʦ ʠʟʜʝʣʠʷ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ 

ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ, ʥʝʚʦʟʤʦʞʥʦ. ɺʳʭʦʜ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʜʝʪʘʣʝʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʤʝʪʦʜʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜ-

ʙʦʨʘ ʚ ʢʦʤʧʴʶʪʝʨʥʫʶ ʪʝʭʥʦʣʦʛʠʶ [1]. 
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ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʙʦʨ ʜʝʪʘʣʝʡ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʘʣʛʦʨʠʪʤʘʤ, ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʤʩʷ ʧʦ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ [2], ʯʪʦ 

ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʧʦʜʙʦʨʘ ï ʧʫʪʝʤ ʫʧʦʨʷʜʦʯʝʥʠʷ ʤʘʩʩʠʚʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʜʝ-

ʪʘʣʝʡ ʦʙʣʘʜʘʝʪ ʩʦʠʟʤʝʨʠʤʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ, ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳ-

ʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ʉʫʱʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʝʣʠʯʠʥʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʩʦʙʠ-

ʨʘʝʤʳʭ ʜʝʪʘʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘ ʩʙʦʨʦʯʥʦʤ ʩʢʣʘʜʝ, ʚʥʦʩʷʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ 

ʢʦʤʧʴʶʪʝʨʘ. ʀʤʝʶʱʠʝʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʜʝʪʘʣʝʡ ɸ1i ʠ ɸ2j ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ 

ʧʦ ʫʙʳʚʘʥʠʶ. ɿʘʪʝʤ ʩʪʦʣʙʮʳ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʥʘʯʝʥʠʡ ɸ1i ʠ ɸ2j ʧʦʯʣʝʥʥʦ ʚʳʯʠ-

ʪʘʶʪʩʷ, ʦʙʨʘʟʫʷ ʟʘʤʳʢʘʶʱʝʝ ʟʚʝʥʦ ɸȹk, ʪ. ʝ: 

ɸȹk = ɸ1i ï ɸ2j.                                                                    (1) 

ʊʘʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʝʚ: 

1) ʜʣʷ ʨʘʟʤʝʨʥʦʡ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʝʪʳʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʦʜʥʦʛʦ ʟʘʤʳʢʘʶʱʝʛʦ ʟʚʝʥʘ 

(ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2); 

2) ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʤʝʪʦʜʦʤ ʧʦʣʥʦʡ ʚʟʘʠ-

ʤʦʟʘʤʝʥʷʝʤʦʩʪʠ (ʨʘʩʯʝʪ ʧʦ ʤʝʪʦʜʫ ʧʦʣʥʦʡ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ [2]). 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʟʤʝʨʥʦʡ ʮʝʧʠ ʠʟ ʯʝʪʳʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʟʚʝʥʴʝʚ 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʧʦ 100 ʜʝʪʘʣʝʡ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪ-

ʢʣʦʥʝʥʠʡ ů ʠ ʚʝʣʠʯʠʥ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ ʟʘʤʳʢʘʶʱʝʛʦ ʟʚʝʥʘ ɤɸȹ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʉʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ ʟʘʤʳʢʘʶʱʝʛʦ ʟʚʝʥʘ 

ɹʝʟ ʧʦʜʙʦʨʘ 

ʉ ʧʦʜʙʦʨʦʤ ʈʘʩʯʝʪ ʧʦ ʤʝʪʦʜʫ ʧʦʣʥʦʡ 

ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɤɸȹ = 2 
ů = 0,269 

ɤɸȹ = 1,614 

ů = 0,025 

ɤɸȹ = 0,15 

ɤɸȹ = 4 
ů = 0,358 

ɤɸȹ = 2,148 

ů = 0,044 

ɤɸȹ = 0,264 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʙʨʦʩ ʢʘʯʝʩʪʚʘ ʩʦʙʨʘʥʥʦʛʦ ʠʟʜʝʣʠʷ 

ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʳʙʦʨʢʠ ʚ 100 ʰʪ. ʩʦʢʨʘʱʘʝʪʩʷ ʚ 6ï12 ʨʘʟ, ʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʨʘʩʯʝʪʘʤʠ ï ʚ 13ï15 ʨʘʟ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʤʳʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʟʢʦʛʦ ʨʦʩʪʘ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʙʝʟ ʧʦʚʳʰʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʝʛʦ ʜʝʪʘʣʷʤ ʠ ʙʝʟ 

ʨʠʩʢʘ ʧʦʣʫʯʝʥʠʷ ʜʝʬʝʢʪʥʦʛʦ ʠʟʜʝʣʠʷ ʧʨʠ ʬʠʟʠʯʝʩʢʦʤ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ (ʧʦʩʢʦʣʴʢʫ 

ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ ʥʦʩʠʪ ʚʠʨʪʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ). ɹʦʣʝʝ ʪʦʛʦ, 

ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʟʚʝʥʴʝʚ ʚ ʨʘʟʤʝʨʥʦʡ ʮʝʧʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʪʦʛʦ ʤʝʪʦʜʘ ʨʘʩʪʫʪ. 

ɻʦʨʘʟʜʦ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʠʣʠ 

ʥʘʙʦʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ) ʩʦʙʨʘʥʥʦʛʦ ʠʟʜʝʣʠʷ, ʫʯʠʪʳʚʘʶʱʝʡ ʚʩʝ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʮʝʩʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʢʘʢʦʛʦ-ʣʠʙʦ ʨʝʘʣʴʥʦʛʦ 

ʠʟʜʝʣʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʠ ʢʦʤʧʴʶʪʝʨʘ ʩʦʟʜʘʝʪʩʷ ʚʠʨʪʫʘʣʴʥʦʝ ʠʟʜʝʣʠʝ. 

ɺʠʨʪʫʘʣʴʥʦʩʪʴ ʠʟʜʝʣʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ. ɺ ʩʘʤʦʤ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʚʠʨʪʫʘʣʴʥʦʝ ʠʟʜʝʣʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʥʘʟʥʘʯʝʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʢʩʮʝʥ-

ʪʨʠʩʠʪʝʪʦʚ ʨʦʪʦʨʘ) ʠʣʠ ʬʠʟʠʯʝʩʢʠʭ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʩʙʘʣʘʥʩʦʚ ʨʦʪʦʨʘ) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʙʦʨʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʝʘʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʚ ʜʘʥʥʦʤ ʢʦʥʢʨʝʪʥʦʤ ʚʘʨʠʘʥʪʝ ʢʦʤʧʣʝʢʪʘʮʠʠ ʝʛʦ ʜʝʪʘʣʝʡ. 

ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʚ ʢʦʤʧʴʶʪʝʨʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʧʦʟʚʦʣʷʝʪ ʩʪʘʚʠʪʴ, ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʨʝʰʘʪʴ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʠʥʪʝʨʝʩʥʳʝ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ 

ʟʘʜʘʯʠ. ʊʘʢ, ʩ ʧʦʣʫʯʝʥʥʳʤ ʚʠʨʪʫʘʣʴʥʳʤ ʠʟʜʝʣʠʝʤ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʨʝʜʝ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦ-

ʩʪʠ ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʥʦ ʦʯʝʥʴ ʙʳʩʪʨʦ ʠ ʩ ʥʝʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʧʨʦʠʟʚʦʜʠʪʴ ʪʝ ʞʝ ʩʘʤʳʝ ʜʝʡʩʪ-

ʚʠʷ, ʯʪʦ ʠ ʩ ʨʝʘʣʴʥʳʤ, ʬʠʟʠʯʝʩʢʠ ʩʫʱʝʩʪʚʫʶʱʠʤ ʠʟʜʝʣʠʝʤ, ʥʘʧʨʠʤʝʨ, ʚʠʨʪʫʘʣʴʥʳʝ ʙʘʣʘʥʩʠ-

ʨʦʚʢʫ, ʠʩʧʳʪʘʥʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʶ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʙʦʨʢʠ ʠʟʜʝʣʠʷ ʧʨʠ ʜʘʥʥʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʚʘʨʠʘʥʪʝ ʝʛʦ ʢʦʤʧʣʝʢʪʘʮʠʠ ʧʦ ʪʝʤ ʢʨʠʪʝʨʠʷʤ, ʢʦʪʦʨʳʝ ʦʜʥʦʟʥʘʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʝʛʦ, ʥʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʢʠ. ʊʝʤ ʩʘ-

ʤʳʤ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʴ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʩʙʦʨʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʟʜʝʣʠʷ, ʥʘʯʠʥʘʶʱʝʛʦʩʷ ʚʠʨʪʫʘʣʴʥʳʤ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʜʝʪʘʣʝʡ ʠ ʟʘʚʝʨʰʘʶʱʝʛʦʩʷ ʚʠʨʪʫʘʣʴʥʳʤ 

ʠʩʧʳʪʘʥʠʝʤ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʠʟʜʝʣʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ: 

ï ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʙʦʨʢʠ ʠʟʜʝʣʠʷ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʣʫʞʝʙʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʠʟʜʝʣʠʷ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝʩʷ ʧʨʠ ʦʙʳʯʥʦ ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʢʠ; 

ï ʦʮʝʥʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʘʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ, ʠʩʩʣʝʜʫʷ ʝʝ ʧʦʚʝʜʝʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝ-

ʞʠʤʘʭ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ; 

ï ʦʙʦʩʥʦʚʘʥʥʦ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ; 

ï ʚʳʙʠʨʘʪʴ ʥʘʠʣʫʯʰʠʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪ ʢʦʤʧʣʝʢʪʘʮʠʠ ʩʦʙʠʨʘʝʤʦʛʦ ʠʟʜʝʣʠʷ; 

ï ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʣʫʯʘʷʭ ʧʨʦʠʟʚʦʜʠʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʜʦʨʘʙʦʪʢʫ ʜʝʪʘʣʝʡ ʧʝʨʝʜ ʩʙʦʨʢʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʩʘʤʳʝ ʩʣʦʞʥʳʝ ʠ ʘʢʪʫʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ. 
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ʄɽʊʆɼʆʄ ɻɽʅɽʊʀʏɽʉʂʀʍ ɸʃɻʆʈʀʊʄʆɺ 
 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʤʘʨ-

ʰʨʫʪʦʚ ʧʦ ʧʨʠʥʮʠʧʫ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ. ʈʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦ-

ʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ. ɺ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʦʣʦʞʝʥ  

ʘʧʧʘʨʘʪ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʌʦʨʤʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʘʨʰʨʫʪʦʚ ʚʳʧʦʣʥʝʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦ-

ʛʨʘʤʤʳ ʧʨʝʙʳʚʘʥʠʷ ʪʫʨʠʩʪʦʚ ʚ ʨʘʟʨʝʟʝ ʟʥʘʯʝʥʠʡ ʘʪʨʠʙʫʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʨʦʛʨʘʤʤʫ ʤʝʨʦʧʨʠʷʪʠʡ. ʀʩʭʦʜ-

ʥʳʤʠ ʜʘʥʥʳʤʠ ʚʳʩʪʫʧʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʷ ʢʣʠʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʛʨʘʤʤʳ ʧʨʝʙʳʚʘʥʠʷ ʚ ʟʦʥʝ ʦʪʜʳʭʘ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨʢʘ ʥʘʠʣʫʯʰʠʭ ʨʝʰʝʥʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʟʘʧʨʦʩʘʤ ʢʣʠʝʥʪʘ. 

ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʩʪʨʦʝʥʠʷ ʤʘʨʰʨʫʪʦʚ ʠ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ. 
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COMPUTER SYSTEM FOR COMPILING TOURIST RO UTES  

BY METHOD OF  GENETIC ALGORITHMS  

 
The paper considers the development of a computerized system for optimizing tourist routes on the basis 

of the travelling salesman problem. The domain model is considered. Design solutions for creating a system are 

presented. The algorithm for finding optimal routes is based on the apparatus of genetic algorithms. The formal 

examination of the routes was carried out from the point of view of the tourist stay program in the context 

of the attribute values included in the program of events. The initial data are the preferences of clients regarding 

the program of stay in the recreation area. The result of the simulation is a selection of the best solutions that satis-

fy customer needs. The work is ofscientific and research interest from the point of view of the application 

of multi-parameter optimization by the method of genetic algorithms for solving problems of building routes 

and planning events. 
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ʇʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ 

ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʘʤʘ ʧʦʩʪʘ-

ʥʦʚʢʘ ʚʦʧʨʦʩʘ ʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʙʲʝʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʢʦʪʦʨʳʡ 

ʧʣʘʥ ʜʝʡʩʪʚʠʡ. ɽʛʦ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʙʠʪʴ ʥʘ ʪʨʠ ʵʪʘʧʘ: 1) ʤʦʜʝʣʴ, 2) ʘʣʛʦʨʠʪʤ, 3) ʧʨʦʛʨʘʤʤʘ. 

ʇʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʪʦʡ ʪʨʠʘʜʳ ʠ ʝʝ ʚʦʧʣʦʱʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʠʤʧʝʨʘʪʠʚ. ʃʠʰʴ ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʘʜʝʢʚʘʪʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʧʨʦʮʝʩʩʦʚ, ʪʝʦʨʠʡ [1]. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢ ʚʳʨʘʙʦʪʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝ-

ʥʠʡ ʧʦ ʧʨʝʙʳʚʘʥʠʶ ʪʫʨʠʩʪʦʚ ʚ ʟʦʥʝ ʦʪʜʳʭʘ. 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. 
ʊʫʨʠʩʪʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ ï ʧʦʩʨʝʜʥʠʯʝʩʢʦʝ ʢʦʤʤʝʨʯʝʩʢʦʝ ʫʯʨʝʞʜʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʧʦʝʟʜʦʢ ʠʟ ʠʩʭʦʜʥʦʛʦ ʧʫʥʢʪʘ ʚ ʥʝʢʦʪʦʨʫʶ ʟʦʥʫ ʦʪʜʳʭʘ ʥʘ ʥʝʢʦʪʦ-
ʨʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʶʨʠʜʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɿʦʥʘ ʦʪʜʳʭʘ (ɿʆ) ï ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʤʝʩʪʥʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʪʫʨʠʩʪʩʢʦʡ ʢʘʨʪʦʡ, ʢʦʪʦʨʘʷ 
ʦʪʦʙʨʘʞʘʝʪ ʧʫʥʢʪʳ ʧʨʝʙʳʚʘʥʠʷ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʜʣʷ ʪʫʨʠʟʤʘ (ʪʨʘʥʩ-

ʧʦʨʪʥʳʝ ʢʘʥʘʣʳ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ, ʟʘʧʦʚʝʜʥʠʢʠ, ʛʦʩʪʠʥʠʮʳ, ʧʣʷʞʠ, 

ʢʣʫʙʳ ʠ ʜʨ.) ʥʘ ʬʦʥʝ ʦʙʱʝʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʜʦʨʦʛ, ʨʝʢ ʠ ʪ. ʧ.). 
ʆʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʪʝʢʩʪʦʤ, ʬʦʪʦʛʨʘʬʠʷʤʠ, ʨʠʩʫʥʢʘʤʠ ʠ ʫʢʘʟʘʪʝʣʷʤʠ. 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʙʳʚʘʥʠʷ (ʇʈʇ) ï ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 
ʧʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʢʣʠʝʥʪʦʤ, ʦʪʧʨʘʚʣʷʶʱʠʤʩʷ ʚ ʧʦʝʟʜʢʫ ʧʦ ɿʆ. 

ʇʫʥʢʪ ʧʨʝʙʳʚʘʥʠʷ (ʇʇ) ï ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʪʦʯʢʘ ʚʥʫʪʨʠ ɿʆ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʝʥ ʦʧʨʝʜʝ-
ʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ. 

ʄʝʨʦʧʨʠʷʪʠʝʤ ʩʯʠʪʘʝʪʩʷ ʣʶʙʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʢʣʠʝʥʪʘ ʦʪ ʤʦʤʝʥʪʘ ʦʪʧʨʘʚ-
ʣʝʥʠʷ ʚ ʪʫʨʠʩʪʠʯʝʩʢʫʶ ʧʦʝʟʜʢʫ ʜʦ ʤʦʤʝʥʪʘ ʧʨʠʙʳʪʠʷ ʚ ʢʦʥʝʯʥʳʡ ʧʫʥʢʪ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ ʪʫ-

ʨʠʩʪʠʯʝʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ. ʅʝʢʦʪʦʨʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʦʙʲʝʢʪʳ. 
ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʧʨʝʙʳʚʘʥʠʷ ʪʫʨʠʩʪʘ ʚ ʥʝʢʦʪʦʨʦʡ ɿʆ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʡ ʪʫʨʠʩʪʩʢʦʡ ʢʘʨʪʦʡ, ʢʦʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ ʧʫʥʢʪʳ ʧʨʝʙʳʚʘʥʠʷ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ, ʧʨʝʜ-
ʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʜʣʷ ʪʫʨʠʟʤʘ (ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʘʥʘʣʳ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʘʤʷʪ-

ʥʠʢʠ, ʟʘʧʦʚʝʜʥʠʢʠ, ʛʦʩʪʠʥʠʮʳ, ʧʣʷʞʠ, ʢʣʫʙʳ ʠ ʜʨ.) ʥʘ ʬʦʥʝ ʦʙʱʝʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 
(ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʜʦʨʦʛ, ʨʝʢ ʠ ʪ. ʧ.). 

ʄʝʨʦʧʨʠʷʪʠʝʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʣʶʙʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʢʣʠʝʥʪʘ ʦʪ ʤʦʤʝʥʪʘ ʦʪ-
ʧʨʘʚʣʝʥʠʷ ʚ ʪʫʨʠʩʪʠʯʝʩʢʫʶ ʧʦʝʟʜʢʫ ʜʦ ʤʦʤʝʥʪʘ ʧʨʠʙʳʪʠʷ ʚ ʢʦʥʝʯʥʳʡ ʧʫʥʢʪ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʭ 

ʪʫʨʠʩʪʠʯʝʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ. ʅʝʢʦʪʦʨʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʦʙʲʝʢʪʳ. 

ʄʝʨʦʧʨʠʷʪʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʘʪʨʠʙʫʪʘʤʠ: 
ï ʢʣʘʩʩʥʦʩʪʴ (Q) ï ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʪʝʛʦʨʠʘʣʴʥʦ; 

ï ʩʪʦʠʤʦʩʪʴ (C) ï ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʚ ʫ. ʝ.; 
ï ʙʝʟʦʧʘʩʥʦʩʪʴ (P) ï ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʪʝʛʦʨʠʘʣʴʥʦ; 

ï ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ (T) ï ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʚ 10-ʤʠʥʫʪʢʘʭ; 
ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ (E) ï ʚ ʩʤʳʩʣʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ, ʧʩʠʭʠʯʝʩʢʦʡ ʠ ʤʝʥʪʘʣʴ-

ʥʦʡ ʵʥʝʨʛʠʠ ʯʝʣʦʚʝʢʘ ï ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʪʝʛʦʨʠʘʣʴʥʦ. 
ʂʘʪʝʛʦʨʠʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʮʝʜʫʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʚʠʜʘʤ 

ʪʠʧʦʚʳʭ ʦʙʲʝʢʪʦʚ ɿʆ: 
ï ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʘʥʘʣ ʜʦʩʪʘʚʢʠ ʚ ɿʆ; 

ï ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʘʥʘʣ ʚʥʫʪʨʠ ɿʆ; 
ï ʦʪʝʣʠ; 

ï ʧʠʪʘʥʠʝ; 
ï ʧʣʷʞʠ; 

ï ʦʙʲʝʢʪʳ ʨʘʟʚʣʝʯʝʥʠʡ; 
ï ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʢʘʞʜʳʡ ʘʪʨʠʙʫʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʮʝʥ-
ʢʦʡ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʚʘʨʴʠʨʫʶʱʝʡʩʷ ʦʪ 0 ʜʦ 10 ʙʘʣʣʦʚ ʢʘʢ ʘʙʩʦʣʶʪʥʘʷ ʥʝʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʘʠʚʳʩ-

ʰʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ ʠʭ ʨʝʘʣʴʥʳʤʠ ʦʮʝʥʢʘʤʠ ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʤʫ ʧʨʝʡ-

ʩʢʫʨʘʥʪʫ. ʇʝʨʝʯʝʥʴ ʪʠʧʠʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ 
ʠʟ ʘʪʨʠʙʫʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʇʝʨʝʯʝʥʴ ʪʠʧʠʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʧʦʝʟʜʢʝ 

ʄʝʨʦʧʨʠʷʪʠʝ 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʘʪʨʠʙʫʪʘ (0é10) 

Q C P T E 

ʇʝʨʝʤʝʱʝʥʠʝ ʚ/ʠʟ ɿʆ 9 9 9 6 7 

ʇʝʨʝʤʝʱʝʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʚʥʫʪʨʠ ɿʆ 7 9 9 8 8 

ʇʨʦʞʠʚʘʥʠʝ ʚ ʦʪʝʣʝ 8 8 7 0 6 

ʇʠʪʘʥʠʝ 7 8 0 4 7 

ʈʘʟʚʣʝʯʝʥʠʷ 9 6 3 7 8 

ʆʪʜʳʭ ʥʘ ʧʣʷʞʝ 7 7 3 5 7 

ʆʩʤʦʪʨ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ 5 8 4 7 8 

ɼʦʩʫʛ 0 0 1 1 0 



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 

 

160 

ʂʘʞʜʘʷ ʟʦʥʘ ʦʪʜʳʭʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤ ʧʨʝʙʳʚʘʥʠʷ ʚ ɿʆ. ʊʠʧʦʚʘʷ ʧʨʦʛʨʘʤʤʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʘʨʰʨʫʪ ï ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʇʇ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʦʯʝʨʝʜʥʦ ʧʦʩʝʱʝʥ ʦʜʠʥ ʨʘʟ ʩ ʚʨʝʤʝʥʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ ʥʘ ʤʝʨʦʧʨʠʷʪʠʷ, ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʜʣʷ ʜʘʥʥʦʛʦ ʇʇ. ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʧʨʝʙʳʚʘʥʠʷ ʚ ʥʝʢʦʪʦʨʦʡ ɿʆ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʫʨʠ-

ʩʪʩʢʘʷ ʢʘʨʪʘ ʜʘʥʥʦʡ ɿʆ, ʦʪʨʘʞʘʶʱʘʷ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʟʚʝʰʝʥʥʦʛʦ ʛʨʘʬʘ, ʛʜʝ ʚʝʨʰʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʧʫʥʢʪʳ 

ʧʨʝʙʳʚʘʥʠʷ, ʘ ʚʝʩʘ ʦʪʨʘʞʘʶʪ ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʝʱʝʥʠʷ ʠʟ ʦʜʥʦʛʦ ʇʇ ʚ ʜʨʫʛʦʡ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʦʙʱʝʝ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʘʨʰʨʫʪʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʳ N
W  ʨʘʟʤʝʨʥʦʩʪʠ N,  

ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʝʨʝʤʝʱʝʥʠʡ ï ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ N
R , ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʇʇ ʚ ʜʘʥʥʦʡ ɿʆ. ʇʨʠ-

ʤʝʨ ʪʫʨʠʩʪʩʢʦʡ ʢʘʨʪʳ ʪʠʧʠʯʥʦʡ ʢʫʨʦʨʪʥʦʡ ɿʆ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʊʫʨʠʩʪʩʢʘʷ ʢʘʨʪʘ ʪʠʧʠʯʥʦʡ ʟʦʥʳ ʦʪʜʳʭʘ 

(ʚʦʣʥʠʩʪʦʡ ʟʘʣʠʚʢʦʡ ʦʙʦʟʥʘʯʝʥʳ ʧʫʥʢʪʳ ʧʨʝʙʳʚʘʥʠʷ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʤʦʨʶ) 

ɺʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʢʝʪʘ ʢʣʠʝʥʪʘ. ɸʥʢʝʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʥʘʙʦʨ ʬʦʨʤʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʧʦ ʩʫʱʝʩʪʚʫ ʞʝʣʘʝʤʦʛʦ ʧʫʪʝʰʝʩʪʚʠʷ (ʤʝʩʪʦ, ʩʪʦʠʤʦʩʪʴ, ʚʨʝ-

ʤʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʪ. ʧ.), ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʦʚ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʠ-

ʘʛʥʦʩʪʠʢʘ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʠʝʥʪʘ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʪʝʛʦʨʠʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʘʪʨʠʙʫʪʦʚ Q, P ʠ E. ʈʘʩʰʠʬʨʦʚʢʘ ʘʥʢʝʪʳ ʢʣʠʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʰʠʬʨʦʚʢʘ ʪʠʧʠʯʥʦʡ ʘʥʢʝʪʳ ʢʣʠʝʥʪʘ 

ʇʨʠʤʝʨʥʘʷ ʩʪʦʠʤʦʩʪʴ, ʫ. ʝ. 10 000-12 000 

ʆʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ, ʤʠʥĿ10 2 880-3 600 

ʋʨʦʚʝʥʴ ʢʣʘʩʩʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʂʊ Q ɺʳʰʝ ʩʨʝʜʥʝʛʦ 

ʋʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʂʊ ʈ ɺʳʰʝ ʩʨʝʜʥʝʡ 

ʋʨʦʚʝʥʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ, ʩʦʛʣʘʩʥʦ ʂʊ ɽ ʉʨʝʜʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʧʨʝʙʳʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʢʣʠʝʥʪ-

ʩʢʦʛʦ ʟʘʧʨʦʩʘ ʠ ʪʘʢʦʤʫ ʧʦʜʙʦʨʫ ʤʘʨʰʨʫʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʡʜʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʘʩʪ ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʢʣʠʝʥʪʩʢʠʤ ʟʘʧʨʦʩʦʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʩʝʱʘʝʤʳʭ ʧʫʥʢʪʦʚ 
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ʧʨʝʙʳʚʘʥʠʷ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʭʝʤʫ ʪʠʧʠʯʥʦʡ 

ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (ʂʉ) ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʂʉ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʭʦʜ-

ʥʘʷ ʠ ʚʳʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʥʦʩʠʪ ʧʨʠʢʣʘʜʥʦʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʭʦʜʥʦʡ 

ʨʘʩʰʠʬʨʦʚʢʦʡ ʟʘʧʨʦʩʘ ʢʣʠʝʥʪʘ ʠ ʚʳʭʦʜʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʧʨʝʙʳʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʟʦʥʝ 

ʦʪʜʳʭʘ. ɺ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʫʢʨʫʧʥʝʥʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʙʣʦʢʘ (ʨʠʩ. 2). 

ɹʣʦʢ ʜʘʥʥʳʭ. ɺʳʜʝʣʝʥʥʳʡ ʙʣʦʢ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʙʘʟʳ ʜʘʥʥʳʭ (ɹɼ), ʬʠʟʠʯʝʩʢʠ 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʞʝʩʪʢʦʤ ʥʦʩʠʪʝʣʝ ʠʥʬʦʨʤʘʮʠʠ, ʣʦʛʠʢʘ ʠ ʩʝʤʘʥʪʠʢʘ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ. ɺʚʠʜʫ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʟʘʜʘʯʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠ-

ʤʠʟʘʮʠʠ ʚʳʩʪʫʧʘʶʪ ʥʝʚʝʨʙʘʣʴʥʳʝ ʟʥʘʥʠʷ ʦ ʧʦʪʨʝʙʥʦʩʪʷʭ ʯʝʣʦʚʝʢʘ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʥʘʜʩʪʨʦʡʢʠ ʙʦʣʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ï ʙʘʟʳ 

ʟʥʘʥʠʡ (ɹɿ) ʩʠʩʪʝʤʳ. 

 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ 

˝ˍ˔˝ˍˎˍ˟˨ˏˍ˒˙ˍˬ ˕˚ˡ˛˝˙ˍˣ˕˛˚˚ˍˬ ˞˕˞˟˒˙ˍ 
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ˎ  ˑ

ˎ  ̝

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

˕˚˟˒˝ˡ˒˖˞ 
ɸʥʢʝʪʘ 

ʢʣʠʝʥʪʘ 

ʇʨʦʛʨʘʤʤʘ  

ʧʨʝʙʳʚʘʥʠʷ ʂʦʥʩʦʣʴ 
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ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʂʉ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ (ɻɸ) ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ. ʇʨʠ-

ʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ɻɸ ʢ ʟʘʜʘʯʝ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʨʘʩʩʤʦʪʨʝʥʦ ʚ [2]. ʆʙʱʝʝ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (ʎʌ) ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

F = { S, C, Q, P, E, ʊ
 
},                                                                  (1) 

ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʡ ʛʝʥʦʪʠʧ: 

S - ʧʦʨʷʜʢʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʤʘʨʰʨʫʪʫ (n = N, k = 4);  

C - ʩʪʦʠʤʦʩʪʴ: 1..65536 (k = 16), ʫ. ʝ.; 

Q - ʢʘʪʝʛʦʨʠʷ ʢʣʘʩʩʥʦʩʪʠ (n = 1..5, k = 8); 

ʈ - ʢʘʪʝʛʦʨʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ (n = 1..5, k = 8); 

ɽ - ʢʘʪʝʛʦʨʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ (n = 1..5, k = 8); 

T - ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ: 1..65536 (k = 16), 10-ʤʠʥ. (ʩʦʦʪʚ. 1,5 ʛ.). ʂʘʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ Q, 

P, E ʢʦʜʠʨʫʶʪʩʷ 8-ʨʘʟʨʷʜʥʳʤʠ ʜʚʦʠʯʥʳʤʠ ʢʦʜʘʤʠ. 

ʌʦʨʤʘʣʴʥʘʷ ʟʘʧʠʩʴ ʎʌ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʫʶ ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʨʘʟʥʦʩʪʝʡ 

ʩ ʫʯʝʪʦʤ ʪʦʯʥʦʩʪʠ ʢʦʜʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʫʶ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʩʪʨʝʤʠʪʴ ʢ ʤʠʥʠʤʫʤʫ, ʜʦʩʪʠʛʘʷ, ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʠʝʥʪʩʢʠʤ ʟʘʧʨʦʩʦʤ: 

2*

ʟʘʜ ʨʝʟ
( ) min,

E

N

F K par par= - ­ä                                                 (2) 

ʛʜʝ parʟʘʜ ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʨʘʩʰʠʬʨʦʚʢʘ ʢʣʠʝʥʪʩʢʦʛʦ ʟʘʧʨʦʩʘ; 

parʨʝʟ ï ʚʳʜʝʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟ ʦʯʝʨʝʜʥʦʛʦ ʨʝʰʝʥʠʷ ɻɸ; 

ʂɽ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡʩʷ ʪʦʯʥʦʩʪʴʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʘ ʢʘʢ 

ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʢʦʣʠʯʝʩʪʚʫ ʢʦʜʠʨʫʝʤʳʭ ʨʘʟʨʷʜʦʚ; 

N ï ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɹʣʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʯʝʣʦʚʝʢʦʤ. ɼʘʥʥʳʡ ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʤʘʰʠʥʦʡ; ʘʧʧʘʨʘʪʥʘʷ 

ʯʘʩʪʴ ʙʣʦʢʘ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʦʣʴʶ ʚʚʦʜʘ-ʚʳʚʦʜʘ; ʧʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʨʝʘʣʠʟʦʚʘʥʘ 

ʚ ʚʠʜʝ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʧʨʠʢʣʘʜʥʦʤ ʚʘʨʠʘʥʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʠ ʠʥʪʝʨʬʝʡʩʥʳʭ 

ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ (ʤʦʜʠʬʠʮʠʨʫʝʤʦʩʪʴ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʩʠʩʪʝʤʳ) ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʭʘʨʘʢʪʝ-

ʨʘ ʨʘʙʦʪʳ. 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ɻɸ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʥʝʣʠʥʝʡʥʦʛʦ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʠʤʝʥʠʪʴ ɻɸ ʢ ʨʘʟʨʘ-

ʙʦʪʢʝ ʧʨʦʛʨʘʤʤʳ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ 

ʧʨʝʙʳʚʘʥʠʷ ʚ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʟʦʥʝ. ɻʠʙʢʦʩʪʴ ʤʝʪʦʜʦʚ ɻɸ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝʤʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʫʣʴ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʤʘʨ-

ʰʨʫʪʦʚ ʥʘ ʚʳʙʦʨ ʪʫʨʠʩʪʘ. ɼʣʷ ʙʦʣʝʝ ʛʠʙʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʟʦʥʝ ʦʪʜʳʭʘ 

ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʳʭ ʛʦʨʦʜʦʚ ʜʣʷ ʧʫʪʝʰʝʩʪʚʠʷ (ʠʣʠ ʠʩʢʣʶ-

ʯʝʥʠʝʤ ʥʝʞʝʣʘʪʝʣʴʥʳʭ), ʦʧʠʩʘʥʠʝ ʧʫʥʢʪʦʚ ʧʨʝʙʳʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤ ʦʪʜʳʭʘ ʝʱʝ ʜʦ ʧʦʠʩʢʘ ʨʝʰʝ-

ʥʠʷ. ɺ ʦʙʱʝʤ, ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʫʶ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʘ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʚʦʧʨʦʩʳ ʫʯʝʪʘ ʠʪʦʛʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʊʘ-

ʢʠʝ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʠʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ. 
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ʉʊɽʈɾʅɽɺʆʁ ʂʆʅʉʊʈʋʂʎʀʀ ʅɸ ʇʃɸɺʋʏɽʁ ʇʃɸʊʌʆʈʄɽ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʩʪʝʨʞʥʝʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʥʘ ʧʣʘʪʬʦʨʤʝ. ʉʪʝʨʞʥʝʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʫʧʨʫʛʠʡ ʩʪʝʨʞʝʥʴ ʩ ʧʝʨʝʤʝʥʥʦʡ ʠʟʛʠʙʥʦʡ 

ʞʝʩʪʢʦʩʪʴʶ ʠ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ. ʇʣʘʪʬʦʨʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʞʝʩʪʢʘʷ ʠʥʝʨʪʥʘʷ ʧʣʠʪʘ ʥʘ ʫʧʨʫʛʦʤ 

ʦʩʥʦʚʘʥʠʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘ ʩʪʝʨʞʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʈʝʰʝʥʠʝ ʫʨʘʚ-

ʥʝʥʠʷ ʧʦʣʫʯʝʥʦ ʤʝʪʦʜʦʤ ʌʫʨʴʝ. ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʥʘ ʟʥʘʯʝʥʠʝ ʧʝʨʚʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ. ʇʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʛʠʙʦʚ, ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʠ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʦʥʩʪ-

ʨʫʢʮʠʶ. ʇʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʩ ʤʦʜʝʣʴʶ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʠʩʪʝʤʳ ʪʚʝʨʜʳʭ ʪʝʣ. 
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MATHEMATICAL MODELING OF ROD STRUCTURE DYNAMICS  

ON A FLOATING PLATFORM  

 
The problem of construction of mathematical models of rod structure dynamics on the platform is described 

in the article. The rod structure is considered as an elastic rod with variable bending stiffness and distributed mass. 

The platform is considered as a hard inert plate on an elastic base. The mathematical model of the dynamic bend-

ing of the rod is a differential equation with variable coefficients in partial derivatives. The solution of the equa-

tion by the Fourier method is obtained. Investigation of the influence on the mechanical parameters of the system 

the value of the first natural frequency of oscillation is satisfied. Dependencies for determining dynamic dis-

placements, rotation angles, and bending moments under pulsed action on the structure are obtained. The equation 

for calculating the results of the model with the model of small oscillations of solids system is represented. 

 

Key words: floating platform, rod of variable cross section, natural vibrations, Fourier method, Bessel 

functions. 

 

 
ʄʥʦʛʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʜʣʠʥʥʦʤʝʨʥʳʝ ʩʪʝʨʞʥʝʚʳʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʨʩʢʦʛʦ ʙʘ-

ʟʠʨʦʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʣʘʚʫʯʠʭ ʧʣʘʪʬʦʨʤʘʭ ʠ ʩʫʜʘʭ, ʢ ʪʘʢʠʤ ʦʙʲʝʢʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ʤʦʨʩʢʠʝ ʙʫʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ, ʧʣʘʚʫʯʠʝ ʚʝʪʨʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʧʣʘʚʢʨʘʥʳ ʠ ʪ. ʧ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʥʘʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʘʥʥʳʝ ʦʙʲʝʢʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤ 

ʠ ʠʥʪʝʥʩʠʚʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ [1ï3]. ɺʦʧʨʦʩʘʤ ʜʠʥʘʤʠʢʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʮʝʣʦʤ 

ʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʚʷʱʝʥʳ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ [4], ʪʘʢ 

ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʄʂʕ [5] ʠ ʢʣʘʩʩʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ [6ï8]. 
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ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʪʘʢ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʄʂʕ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ, ʢʦʪʦʨʘʷ ʚ ʦʩʥʦʚʥʦʤ 

ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʘʭ [6ï8], ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʷʭ ʫʯʠʪʳʚʘʶʪʩʷ ʧʝʨʝ-

ʤʝʥʥʳʝ ʞʝʩʪʢʦʩʪʴ ʠ ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʪʝʨʞʥʷ, ʘ ʪʘʢʞʝ ʥʝʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʠʥʪʝʛ-

ʨʠʨʦʚʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʟʦʛʥʫʪʦʡ ʦʩʠ ʚʳʧʦʣʥʷʝʪʩʷ ʯʠʩʣʝʥʥʦ, ʵʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʤʦʜʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʚ [6, 8] ʠʩʧʦʣʴʟʦʚʘʥʘ ʫʧ-

ʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ ʚ ʦʜʥʦʤʦʜʦʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʙʝʟ ʘʥʘʣʠʟʘ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʦʩʪʘʣʴʥʳʭ ʩʦʙʩʪ-

ʚʝʥʥʳʭ ʬʦʨʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʥʘ ʧʣʘʚʫʯʝʡ 

ʧʣʘʪʬʦʨʤʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʠʟʛʠʙʘ ʫʧʨʫʛʦʛʦ ʩʪʝʨʞʥʷ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ, ʦʙʦʩ-

ʥʦʚʘʪʴ ʚʳʙʦʨ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤ-

ʧʣʝʢʩʘʭ ʥʘ ʙʘʟʝ ʄʂʕ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʧʨʫʛʠʡ ʩʪʝʨʞʝʥʴ (ʨʠʩ. 1) ʩ ʧʝʨʝʤʝʥʥʦʡ ʧʦ ʜʣʠʥʝ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ m 

ʠ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʴʶ EJ: 

2
m F zn=g ; 2

2
EJ EJ zn+= , ( )1

x
z k k

l
= - +, 1

2

h
k

h
= ,        (1) 

ʛʜʝ g ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, 

E  ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, 

2
F  ʠ 

2
J  ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʧʣʦʱʘʜʠ ʥʠʞʥʝʛʦ ʦʩʥʦʚʘʥʠʷ ʩʪʝʨʞʥʷ, 

1h  ʠ 2h  ï ʨʘʜʠʫʩʳ ʠʥʝʨʮʠʠ ʪʦʨʮʝʚʳʭ ʩʝʯʝʥʠʡ, 

l ï ʜʣʠʥʘ ʩʪʝʨʞʥʷ. 

ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ n ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʪʝʨ-

ʞʝʥʴ ʩ ʧʨʠʥʷʪʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʨʝʰʝʪʯʘʪʳʭ ʙʘʰʝʥ ɜ 0,=  ʘ ʪʘʢʞʝ ʧʠʨʘʤʠʜʘʣʴʥʳʝ ʠ ʢʦʥʠʯʝ-

ʩʢʠʝ ʩʪʝʨʞʥʠ ʧʦʣʦʛʦ ʩʝʯʝʥʠʷ ï 1n= ʠ ʩʧʣʦʰʥʦʛʦ ʩʝʯʝʥʠʷ ï 

2n=. ʉʪʝʨʞʝʥʴ ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥ ʩ ʠʥʝʨʪʥʦʡ ʧʣʠʪʦʡ, ʢʦʪʦʨʘʷ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ ʠ ʤʦʞʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʚ 

ʧʣʦʩʢʦʩʪʠ xy ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ O. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʥʪʘʞʥʦʡ 

ʦʧʝʨʘʮʠʠ ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ 

ʧʦʣʫʯʘʶʪ ʠʤʧʫʣʴʩ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʜʣʠʥʝ 

ʩʢʦʨʦʩʪʠ (ʨʠʩ. 1). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʪʝʨʞʥʷ y(x, t), ʝʩʣʠ ʚʳʙʨʘʪʴ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʩʦ ʩʪʦʨʦʥʳ 

ʤʝʥʴʰʝʛʦ ʦʩʥʦʚʘʥʠʷ, ʥʫʞʥʦ ʨʝʰʠʪʴ ʛʨʘʥʠʯʥʫʶ ʟʘʜʘʯʫ [9]: 

() ()
2 2 2

2 2 2
0

y y
EJ x m x

x x t

å õµ µ µ
+ =æ ö

µ µ µç ÷
,                                                        (2) 

() ( )
0

, 0
x

EJ x y x t
=

¡¡ = ; () ( )( )
0

, 0
x

EJ x y x t
=

¡
¡¡ = ; ( ), 0y l t = ,                                 (3) 

() ( ),
Ox l

EJ x y x t ʩ J
q=

¡¡ =- q- q,                                                         (4) 

ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: 

( ),0 0y x = ; ( ) 0
,0 1

x
y x l

l

å õ
=q -æ ö
ç ÷

,                                                       (5) 

ʛʜʝ c
q ï ʞʝʩʪʢʦʩʪʴ ʫʧʨʫʛʦʛʦ ʧʦʚʦʨʦʪʘ, 

O
J  ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʩʩʳ ʧʣʠʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ O, 

ɗ ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʣʠʪʳ ʩ ʫʯʝʪʦʤ ʞʝʩʪʢʦʡ ʩʦʩʪʳʢʦʚʢʠ ʩʪʝʨʞʥʷ ʩ ʧʣʠʪʦʡ 
x l

y
=
¡q= , 

0
q ï ʥʘʯʘʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʚʦʨʦʪʘ ʧʣʠʪʳ. 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

ʩʪʝʨʞʥʝʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ  

ʥʘ ʧʣʘʚʫʯʝʡ ʧʣʘʪʬʦʨʤʝ 

v 

x 
cq 

JO 

l 

O 

y 
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ʋʨʘʚʥʝʥʠʝ (2) ʜʣʷ ʧʨʠʥʷʪʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʨʞʥʷ (1) ʧʨʠʚʦʜʠʪʩʷ 

ʢ ʚʠʜʫ 

( ) ( )( )
( )

4

ɜ 2 1 2

4

2

2 2 2 1
1

F l
z y'''' z y z y z y

EJ k

+ n+ n ng
¡¡¡ ¡¡+ n+ + n+ n+ =-

-
,                         (6) 

ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʰʪʨʠʭʦʤ ʦʙʦʟʥʘʯʝʥʘ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ z. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (6) ʤʝʪʦʜʦʤ ʌʫʨʴʝ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʯʝʨʝʟ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʚʠʜʝ [10]: 

( )
( )

( )

( ) ( )
( )

1

0 0 0 0 ɕ ɕ

1 0

2 3

ɜ 2 ɜ 10 0

0 ɕ 0 ɕ

2 2

2 12
ɕ, ɕ ɕ ɕ

1 ɕ

2 2
ɕ ɕ sin ,

1 1

n n

n n n

n n

n n

n n

l
y t y A u C B

k

M l P l
B D t

EJ k EJ k

¤

-n n n+

lz l l

=

- - - -

l l

è n+å õ
= + + +é æ ö

l - lç ÷ê

øå õ å õ
ù+ + w +mæ ö æ ö

l - l - ùç ÷ ç ÷ú

ä

                    (7) 

ʛʜʝ ɕ z= , 0
ɕ k= , ny0 , nu0 , nM0 , nQ0  ï ʧʨʦʛʠʙ, ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʧʦʧʝʨʝʯ-

ʥʘʷ ʩʠʣʘ ʚ ʥʘʯʘʣʝ ʦʪʩʯʝʪʘ ʜʣʷ n-ʡ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

( )

2 4

2
4

4

2

16

1

n

n

l F

k EJ

w g
l =

-
 ï ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, 

nw , nm  ï ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʠ ʬʘʟʘ n-ʡ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ, 

ɕ
,A

l  ɕ
,B

l  ɕ
,C

l  ɕ
D
l  ï ʘʥʘʣʦʛ ʬʫʥʢʮʠʡ ʂʨʳʣʦʚʘ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʙʘʣʢʠ [10]: 

( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( )( )0 ɜ 1 0 ɜ ɜ 1 0 ɜ ɜ 1 0 ɜ ɜ 1 0

1
2 ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ;

4
n n n n n n n n n

A I K K I J Y Y J
lz n + + + +

è ø= l z l l + l l -p l l - l lê ú 

( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( )( )0 1 0 1 0 1 0 1 0

1
2 ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ;

4
n n n n n n n n n

B I K K I J Y Y J
lz n n+ n n+ n n+ n n+

è ø= l z l l + l l +p l l - l lê ú 

( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( )( )0 ɜ 0 ɜ ɜ 0 ɜ ɜ 0 ɜ ɜ 0

1
2 ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ;

4
n n n n n n n n n

C I K K I J Y Y J
lz n

è ø= l z l l - l l -p l l - l lê ú 

( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( )( )0 ɜ ɜ 0 ɜ ɜ 0 ɜ ɜ 0 ɜ ɜ 0

1
2 ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ,

4
n n n n n n n n n

D I K K I J Y Y J
lz

è ø= l z l l - l l +p l l - l lê ú 

ʟʜʝʩʴ ()ɜ
J z  ʠ ()zYɜ  ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ, ()ɜ

I z  ʠ ()ɜ
K z  ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ. 

ʀʟ ʧʝʨʚʳʭ ʜʚʫʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (3) ʩʣʝʜʫʝʪ 0
0

n
M = , 0

0
n

Q = , ʫʜʦʚʣʝʪʚʦʨʠʚ ʪʨʝʪʴʝ ʫʩʣʦ-

ʚʠʝ (3), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ: 

( )
0 0 0 ɕ ɕ

0

2 ɜ 1
ɕ ɕ

ɕ
n n n n

n

y Z y A C B-n n

l lz l

å õ+å õ
= -a +æ öæ öæ ölç ÷ç ÷

,                                     (8) 

ʛʜʝ  

( )
0

0

ɕ

ɕ 2 ɜ 1

n

n

n

A

C B

l

l l

l
a =

l + +
. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ, ʠʟ-

ʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 

( )ɜ 1

0 ɕ ɕ ɕ

0

2 ɜ 1
ɕ ɕ

2 ɕ

n

n n

n

Z A C B- - n

l l l

å õ+å õl
¡= -a +æ öæ öæ ölç ÷ç ÷

;                                       (9) 

( ) ( ) ( ) ( )2

2 ɜ 2 ɜ

0 ɕ ɕ ɕ ɕ ɕ ɕ

0 0

2 ɜ 1 2 ɜ 1 2 ɜ 1 2 ɜ 1
ɕ ɕ ;

4 ɕ ɕ ɕ ɕ

n

n n

n n n n

z Z B A D A C Bn+ +

l l l l l l

õå õ+ + + +å å õl
¡¡= - -a + - + öæ öæ æ öæ ööl l l lç ç ÷ç ÷÷

  (10) 

( )
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ɜ 2 ɜ 1

0 ɕ ɕ ɕ

0

2 ɜ 1
ɕ ɕ

8 ɕ

n

n n

n

z Z B D A+ + n

l l l

å õ¡ +å õl
¡¡= -a +æ öæ öæ ölç ÷ç ÷

.                                  (11) 
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ʆʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ 
ɕ
,A

l
 

ɕ
,B

l
 

ɕ
,C

l
 

ɕ
D
l

 ʜʘʥʦ ʚ ʨʘʙʦʪʝ [10], ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʨʘʥʝʝ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

( ) 1

2

nA A-n -n-

lz lz

¡ l
z = z ; ( ) 1

2

nB B-n -n-

lz lz

¡ l
z = z ; ( ) 1

2

nC C-n -n-

lz lz

¡ l
z = z ; ( ) 1

2

nD D-n -n-

lz lz

¡ l
z = z . 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʀʟ ʫʩʣʦʚʠʷ (4) 

ʩʣʝʜʫʝʪ ʯʘʩʪʦʪʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

( )

( )
35
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1

ɚ 1ɚ
ɝ 0

2 1 96

nɜ n

n n

z

k
z Z Z

k

+

=

å õå õ-
æ ö¡¡ ¡+ c - =æ ö

æ öæ ö-
ç ÷ç ÷

,                                 (12) 

ʟʜʝʩʴ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 
2

ʩl

EJ

qc=  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʫʧʨʫʛʦʛʦ ʧʦʚʦʨʦʪʘ, 

3

2

3
O

J

F l
x=
g

 ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʩʩʳ ʧʣʠʪʳ. 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʝ ( )ɚ ɚ 1 /2
n n

k= - , ʪʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩ-

ʪʦʪ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʚʠʜʫ, ʘʥʘʣʦʛʠʯʥʦʤʫ ʩʣʫʯʘʶ ʦʜʥʦʨʦʜʥʳʭ ʩʪʝʨʞʥʝʡ: 
2

2

2

2

n

n

EJ

l F

l
w =

g
. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʝʨʞʝʥʴ ʠ ʧʣʠʪʫ ʢʘʢ ʩʠʩʪʝʤʫ ʪʚʝʨʜʳʭ ʪʝʣ, ʩʦʚʝʨʰʘʶʱʠʭ ʤʘʣʳʝ ʢʦʣʝ-

ʙʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ O, ʪʦ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ 
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3
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3
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l

O

k
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J z z dz c
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n

q

å õg
+ - q+ q=æ ö

æ ö-ç ÷
ñ .                                        (13) 

ʀʩʧʦʣʴʟʫʷ ʨʘʥʝʝ ʧʨʠʥʷʪʳʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʫʨʘʚʥʝʥʠʝ (13) ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ 

4

2

4

2

0
EJ

l F

l
q+ q=

g
,                                                        (14) 

ʛʜʝ 
( )( )( )( )

( )( )( )( ) ( )( )( ) ( )( )( )( )( )( )( )

3

4 3 ɜ 1 2 3

3 1 ɜ 1 ɜ 2 ɜ 3

1 1 2 ɜ 3 3 1 ɜ 2 ɜ 3 2 1 ɜ 1 ɜ 3 1 ɜ 1 ɜ 2

ɢ k

k k k k+ n+ n+

- + + +
l=

x - n+ n+ + + - + + - - + + + - + +
. (15) 

ʅʘ ʛʨʘʬʠʢʝ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʝʨʚʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʯʠʩʣʘ 1
l ʦʪ ʦʪʥʦʩʠʪʝʣʥɹʦʡ 

ʞʝʩʪʢʦʩʪʠ ɢ ʜʣʷ ʫʧʨʫʛʠʭ ʩʪʝʨʞʥʝʡ, ʤʦʜʝʣʠʨʫʶ-

ʱʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʰʝʪʯʘʪʳʭ ʙʘʰʝʥ (ɜ = 0)  

ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʤʝʨʘ k = 0,01  

ʠ k = 0,99, ʥʘʡʜʝʥʥʳʝ ʯʠʩʣʝʥʥʦ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚ-

ʥʝʥʠʷ (12) ʙʝʟ ʫʯʝʪʘ ʣʦʢʘʣʴʥʦʡ ʠʥʝʨʮʠʦʥʥʦʡ ʥʘ-

ʛʨʫʟʢʠ (ɝ = 0). ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ l 

ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ (15), ʰʪʨʠʭʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠ̫-

ʤʠ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʧʝʨʚʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʯʠʩ-

ʣʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʩʦʣʴʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʩ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʦʡ [10]: 1
1,873l =  (k = 0,99), 

1
1,604l =  (k = 0,01). ʀʟ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʟʘ-

ʚʠʩʠʤʦʩʪʝʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ɢ < 0,5 ʟʥʘʯʝʥʠʷ 1
l 

ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ k ʦʪʣʠʯʘʶʪʩʷ ʦʪ l ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5%, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘ-

ʤʠʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʦʡʜʝʪ ʤʦʜʝʣʴ (14). ʇʨʠ ʟʥʘʯʝʥʠʷʭ ɢ > 25 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʢʦʥ-

ʩʦʣʠ ʩ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʦʡ. ʅʘʣʠʯʠʝ ʠʥʝʨʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ x ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʭʦʞʜʝ-

ʥʠʷ ʟʥʘʯʝʥʠʡ ʧʝʨʚʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʯʠʩʣʘ 1
l ʠʟ ʫʨʘʚʥʝʥʠʷ (12) ʠ l ʧʦ ʬʦʨʤʫʣʝ (15). 

0 5 10 15 20 
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l
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k = 0,99 

k = 0,01 
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ɜ = 0 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʯʠʩʣʘ l  

ʦʪ ʧʘʨʘʤʝʪʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ɢ 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʛʠʙʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʟ ʧʝʨʚʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦ-

ʚʠʷ (5) ʧʦʣʫʯʠʤ 0,
n
m =  ʠʟ ʚʪʦʨʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ (5) ʩʣʝʜʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ: 

()
( )

( )2 02

02

12

1
1

1
n n n

n

lEJ
y Z z z

l F k

¤

=

q
l = -

g -
ä .                                         (16) 

ʇʨʦʛʠʙʳ yon ʠʱʝʤ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚʘ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʬʫʥʢʮʠʠ Zn ʩ ʬʫʥʢʮʠʝʡ m
Z  ( )nm¸ , 

ʢʦʪʦʨʘʷ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʣʦʢʘʣʴʥʦʡ ʤʦʤʝʥʪʥʦʡ ʠʥʝʨʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʚʠʜ [9]: 

() () ( ) ()( )( )
31

1 ɝ 1
3

m m m
Z z z Z z k Z z zn ¡

¡= - - d -,  

ʛʜʝ ()zd  ï ʜʝʣʴʪʘ-ʬʫʥʢʮʠʷ ɼʠʨʘʢʘ. 

ʇʦʤʥʦʞʠʚ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (16) ʥʘ ʬʫʥʢʮʠʶ 
m

Z  ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʧʦ ʜʣʠʥʝ, ʘ ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʷ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (4), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʠʙʦʚ yon: 

()

( )

3

0 2

4 6 2
2

64 1

1

n

on

n n

l ɢZ F
y

EJk

¡q g
=-

- l D
,  

ʛʜʝ 2

n
D  ï ʢʚʘʜʨʘʪ ʥʦʨʤʳ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ [9]: 

( )
( ) ( )

( )
( )

3
2 22 ɜ 2 ɜ 2 ɜ 1 2

4 4 4

1

8 ɜ 1 18 16 1
ɝ

3 2
n n n n n n n n

n n n z k
z

k
Z Z z Z Z z Z Z z Z+ + +

=
=

å õ¡+ - å õ
¡ ¡¡ ¡¡ ¡ ¡¡ ¡D = + - + -æ ö æ öæ öl l l ç ÷ç ÷

. 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʛʠʙʦʚ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʠ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʧʨʠʤʫʪ ʚʠʜ: 

( ) ( )
() ( )2 ɜ ɜ 2

0 ɕ ɕ6 2

1 0

1 2 ɜ 1
ɕ, 1 ɕ ɕ sin

ɕ

n

A n n
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Z
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ä ;                (17) 

( ) ( )
() ( )2 ɜ 1 ɜ 2

0 ɕ ɕ ɕ5 2

1 0

1 2 ɜ 1
ɕ, 1 ɕ ɕ sin

ɕ

n

A n n

n nn n

Z
u u ɢ k A C B

¤

- -

l l l

=

å õ¡ +å õ
t =- - -a + l tæ öæ öæ öll D ç ÷ç ÷

ä ;               (18) 
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( ) ( ) ( )
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sin ,
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n nn n

n n
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Z
M M ɢ k B A

D A C B

¤

+

l l
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¡ +å
t =- - - -æ

ll Dç

õå õ+ + +å õ
-a + - + l töæ öæ öæ ööl l lç ÷ç ÷÷
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                        (19) 

ʟʜʝʩʴ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ 2

2

2

EJt

l F
t=

g
 ï ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ, ʚʩʝ ʨʘʟʤʝʨʥʳʝ ʚʝʣʠ-

ʯʠʥʳ ʚ ʚʳʨʘʞʝʥʠʷʭ (17ï19) ʧʨʠʚʝʜʝʥʳ ʢ ʧʘʨʘʤʝʪʨʘʤ 
3 2

0

2

A

F
y l

EJ

g
=q ; 

2 2

0

2

A

F
u l

EJ

g
=q ; 

0 2 2A
M l EJ F=q g. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʦʜʝʣʴ ʢʦʣʝʙʘʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ, ʪʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (13) 

ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (5) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

() 2

2
sinA

u
q t =- l t

l
.                                                        (20) 

ʅʘ ʛʨʘʬʠʢʘʭ ʨʠʩ. 3 ʠ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʨʦʛʠʙʘ ʚʝʨʭʥʝʛʦ ʪʦʨʮʘ 

ʢʦʥʩʪʨʫʢʮʠʠ () ( )max 0
ɕ , /

A
y y yt = t  ʠ ʤʦʤʝʥʪʦʚ: 1 ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʥʠʞʥʝʤ ʦʩʥʦʚʘʥʠʠ 

ʩʪʝʨʞʥʷ () ( )1, / ,
A

M M Mt = t  2 ï ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʤʦʤʝʥʪ ʥʘ ʫʧʨʫʛʦʡ ʦʧʦʨʝ 

() ( )1, / ,
A

M u c M
q

t = t  ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʬʫʥʢʮʠʠ (20) ï 

() ()max
/ ,

A
y l yt =q t  () () /

A
M c M

q
t =q t . 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ ʨʠʩ. 3, ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ c ʠ ʥʘʣʠʯʠʠ ʣʦ-

ʢʘʣʴʥʦʡ ʠʥʝʨʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ x ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʅɼʉ ʢʦʥʩʪʨʫʢʮʠʠ ʦʢʘʟʳʚʘʝʪ 1-ʷ 

ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʫʧʨʦʱʝʥʥʦʡ ʦʜʥʦʤʦʜʦʚʦʡ ʤʦʜʝʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ c (ʨʠʩ. 4) ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʅɼʉ ʜʚʫʭ ʤʦʜʝʣʝʡ, ʥʦ ʪʘʢʞʝ 

ʠ ʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʅɼʉ 

ʩʪʝʨʞʥʝʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ: 

ï ʜʣʷ ʦʮʝʥʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʅɼʉ ʥʝʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

ï ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢʮʠʠ; 

ï ʚ ʧʨʦʚʝʨʢʝ ʘʜʝʢʚʘʪʥʦʩʪʠ ʪʝʩʪʦʚʳʭ ʧʨʠʤʝʨʦʚ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

ï ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʩʪʝʨʞʥʝʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ 

ʧʨʠ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ 
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ʇʝʨʝʭʦʜ ʢ ʨʳʥʦʯʥʳʤ ʦʪʥʦʰʝʥʠʷʤ ʚ ʵʢʦʥʦʤʠʢʝ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʫʩʢʦʨʠʣʠ 

ʪʝʤʧʳ ʚʥʝʜʨʝʥʠʷ ʥʦʚʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʚʦ ʚʩʝ ʩʬʝʨʳ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʞʠʟʥʠ. ʊʝʨʤʠʥ çʠʥʬʦʨʤʘʪʠʟʘʮʠʷè ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʦʢʘʣʴʥʳʭ ʤʥʦ-

ʛʦʪʝʨʤʠʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʩʝʪʝʡ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [1]. 

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, 

ʚ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʘ ʠ ʮʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ, ʚʳʷʚʣʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʚʥʝʜʨʝ-

ʥʠʷ ʥʦʚʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʢʣʘʜʳ, ʪʝʨʤʠʥʘʣʴ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1) ʠʟʫʯʠʪʴ ʪʝʦʨʠʶ ʧʦ ʧʨʦʙʣʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

2) ʠʟʫʯʠʪʴ ʠ ʩʨʘʚʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ; 

3) ʨʘʩʩʤʦʪʨʝʪʴ ʠʭ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ; 

4) ʚʳʷʚʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ ʥʘ ʪʝʨʤʠʥʘʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʚʩʝʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠ ʩʢʣʘʜʘʭ ʚʥʝʜʨʝʥʳ ʪʝ ʠʣʠ ʠʥʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʄʥʦʛʠʝ ʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʩʠʩʪʝʤ ʫʩʪʘʨʝʣʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳ-

ʷʚʠʪʴ ʧʨʠʯʠʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʥʦʚʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʚʥʝʜʨʝʥʳ. 

ʊʝʨʤʠʥʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ï ʵʪʦ ʤʥʦʛʦʤʘʰʠʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʤʘʩʩʦʚʦʛʦ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʙʦ-

ʪʘʪʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ [2]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʩʦʩʪʘʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ʚʭʦʜʷʪ ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ, ʪʝʨʨʠʪʦʨʠʠ, 

ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʚʳ-

ʧʦʣʥʝʥʠʷ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ. 

ʆ.ɹ. ʄʘʣʠʢʦʚ ʜʘʝʪ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʫ ʩʢʣʘʜ ï ʵʪʦ ʟʜʘʥʠʝ, ʩʦʦʨʫʞʝʥʠʝ ʠ ʨʘʟ-

ʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʠʝʤʘ, ʨʘʟʤʝʱʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʧʦʩʪʫʧʘʶʱʠʭ ʪʦʚʘ-

ʨʦʚ, ʛʜʝ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʧʨʠʝʤʫ, ʦʪʧʨʘʚʢʝ, ʭʨʘʥʝʥʠʶ, ʫʧʘʢʦʚʢʝ, ʚʳʧʫʩʢʫ ʪʦʚʘʨʦʚ [2]. 
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ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦ ʛʨʫʟʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ ʩʢʣʘʜʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʩʦʚʨʝʤʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘ-

ʙʦʪʳ ʩʢʣʘʜʦʚ ʪʝʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ ʧʨʝʚʟʦʡʪʠ ʢʦʥʢʫʨʝʥʪʦʚ. 

ʆʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʢʣʘʜʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʢʣʘʜʩʢʠʝ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ ʚʥʝʜʨʷʪʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʠʥʘʯʝ ʦʥʠ ʥʝ ʧʨʠʥʝʩʫʪ ʜʦʣʞʥʦʛʦ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʉʢʣʘʜʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ, ʘ ʢʦʤʧʘʥʠʷ 

ʜʦʣʞʥʘ ʠʤʝʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʦʣʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʟʘʜʘʯʠ ʩʢʣʘʜʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ, ʪʘʢʦʡ ʢʘʢ Warehouse Management System (ʜʘʣʝʝ WMS) [3]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʩʢʣʘʜʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʥʘ ʦʩʥʦʚʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʢʣʘʜʘ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʦʟʠʮʠʡ: 

ï ʪʨʝʙʦʚʘʥʠʷ ʦʧʠʩʘʥʠʷ ʧʨʦʜʫʢʪʘ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʧʘʢʦʚʢʝ; 
ï ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ; 

ï ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʜʝʨʞʢʝ ʩʠʩʪʝʤʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʧʨʦʩʦʚ ʠ ʦʪʯʝʪʦʚ; 
ï ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʪʝʨʬʝʡʩʫ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ / ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʜʨʫʛʠʤʠ  ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ ʩʭʝʤʳ. 

ʀʪʦʛʦʚʳʤ ʜʦʢʫʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʢʣʘʜʘ, ʪʦʚʘʨʥʳʭ ʢʘʪʝʛʦʨʠʡ ʚ ʟʘʜʘʥʥʦʡ ʮʝʧʦʯ-

ʢʝ ʪʦʚʘʨʥʳʭ ʧʦʪʦʢʦʚ ʚ ʢʦʥʢʨʝʪʥʦʡ ʙʠʟʥʝʩ-ʩʭʝʤʝ. 

ʅʘ ʵʪʘʧʝ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʣʘʜʦʤ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ 

ʧʨʦʙʣʝʤ: 

ï ʥʝʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʫʢʦʚʦʜʩʪʚʦʤ ʪʝʢʫʱʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ; 

ï ʧʝʨʩʦʥʘʣ ʥʝ ʛʦʪʦʚ ʨʘʙʦʪʘʪʴ ʩ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ; 

ï ʧʝʨʝʭʦʜ ʦʪ ʦʧʪʠʤʠʟʘʮʠʠ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ; 

ï ʥʝʙʦʣʴʰʦʡ ʙʶʜʞʝʪ; 

ï ʥʝʭʚʘʪʢʘ ʚʨʝʤʝʥʠ. 

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʜʚʫʭ ʩʠʩʪʝʤ ç1ʉè ʠ çLogistics Vision Suiteè (ʜʘʣʝʝ ï çLVSè). 

ʉʠʩʪʝʤʘ ç1Cè ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ, ʫʯʝʪ ʠ ʘʥʘʣʠʟ ʩʢʣʘʜʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʦʤ-

ʧʣʝʢʩʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʣʘʜʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʠ ʟʘʧʘʩʦʚ, ʧʦʣʫʯʘʪʴ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʢʣʘʜʘ ʠ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪʘʭ, 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʢʣʘʜʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʟʘʢʘʟ ʪʦʚʘʨʦʚ, 

ʫʧʨʘʚʣʷʪʴ ʧʝʨʩʦʥʘʣʦʤ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʠʩʪʝʤʳ ç1ʉè ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʣʝʜʫʶʱʠʝ: 

ï ʩʠʩʪʝʤʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʠʩʘʥʠʷ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʙʝʟ ʧʝ-

ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; 

ï ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʠʟʜʝʨʞʢʠ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʣʘʜʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʪʦʚʘʨʥʳʭ ʟʘʧʘʩʦʚ; 

ï ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʢʣʘʜʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ; 

ï ʙʝʟ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; ʫʯʪʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʨʘʟʥʦʪʠʧʥʳʭ ʪʦʚʘʨʦʚ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

ï ʙʦʣʴʰʠʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

ï ʨʝʜʢʦʝ ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʳ; 

ï ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʥʘ ʦʪʚʝʪʩʪʚʝʥʥʦʤ ʭʨʘʥʝʥʠʠ ʪʦʚʘʨʦʚ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʣʘʜʦʤ çLVSè ï  ʵʪʦ ʧʝʨʝʜʦʚʦʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢʣʘʩʩʘ 

Supply Chain Execution. çLVSè ï ʵʪʦ ʤʦʱʥʦʝ, ʩʦʚʨʝʤʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ ʩʦʜʝʡʩʪʚʠʝ ʨʘʟʚʠʪʠʶ ʙʠʟʥʝʩʘ ʢʦʤʧʘʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʛ-

ʤʝʥʪʘʭ ʙʠʟʥʝʩʘ. ʆʧʠʰʝʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʠʩʪʝʤʳ çLVSè ʤʦʞʥʦ ʥʘʟʚʘʪʴ: 

ï ʙʳʩʪʨʦʝ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ 3PL-ʩʢʣʘʜʘʭ ʠ ʣʝʛʢʘʷ ʘʜʘʧʪʘʮʠʷ; 

ï ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ; 

ï ʰʠʨʦʢʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ; 

ï ʪʦʯʥʦʩʪʴ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ;  

ï ʧʨʦʚʝʜʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʨʘʙʦʪʳ ʩʢʣʘʜʘ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

ï ʦʪʩʫʪʩʪʚʠʝ ʬʫʥʢʮʠʠ ʧʨʠʝʤʘ ʟʘʢʘʟʦʚ ʧʦ ʠʥʪʝʨʥʝʪ-ʢʘʥʘʣʘʤ; 



ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ: ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 
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ï ʨʠʩʢ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʜʦʢʫʤʝʥʪʘʮʠʶ; 

ï ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʱʘʜʝʡ; 

ï ʥʝʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʘʙʦʪʦʡ ʧʝʨʩʦʥʘʣʘ. 

ɼʘʣʝʝ ʧʨʦʚʝʜʝʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʩʠʩʪʝʤ ç1ʉè ʠ çLogistics Vision Suiteè. ʆʧʠʰʝʤ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʠʩʪʝʤ ʚ ʩʨʘʚʥʝʥʠʠ (ʪʘʙʣ. 1 ʠ 2). 

ʊʘʙʣʠʮʘ 1 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʠʩʪʝʤ ç1ʉè, çLVSè 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʠʩʪʝʤʳ 1ʉ LVS 

ʉʠʩʪʝʤʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʠʩʘʥʠʷ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ, ʙʝʟ ʧʝʨʝʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ 
+  

ɹʳʩʪʨʦʝ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ 3PL-ʩʢʣʘʜʘʭ ʠ ʣʝʛʢʘʷ ʘʜʘʧʪʘʮʠʷ + + 

ʇʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʠʟʜʝʨʞʢʠ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʣʘʜʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʪʦʚʘʨʥʳʭ ʟʘʧʘʩʦʚ +  

ʉʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ  + 

ʇʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʢʣʘʜʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ +  

ʐʠʨʦʢʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ  + 

ʊʦʯʥʦʩʪʴ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ  + 

ʋʯʪʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʨʘʟʥʦʪʠʧʥʳʭ ʪʦʚʘʨʦʚ +  

ʇʨʦʚʝʜʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʨʘʙʦʪʳ ʩʢʣʘʜʘ  + 

ʀʊʆɻʆ 5 5 

ʊʘʙʣʠʮʘ 2 

ʅʝʜʦʩʪʘʪʢʠ ʩʠʩʪʝʤ ç1ʉè, çLVSè 

ʅʝʜʦʩʪʘʪʢʠ ʩʠʩʪʝʤʳ 1ʉ LVS 

ɹʦʣʴʰʠʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ +  

ʆʪʩʫʪʩʪʚʠʝ ʬʫʥʢʮʠʠ ʧʨʠʝʤʘ ʟʘʢʘʟʦʚ ʧʦ ʠʥʪʝʨʥʝʪ-ʢʘʥʘʣʘʤ  + 

ʈʝʜʢʦʝ ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʳ +  

ʈʠʩʢ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʜʦʢʫʤʝʥʪʘʮʠʶ  + 

ʉʧʝʮʠʘʣʠʟʘʮʠʷ ʥʘ ʦʪʚʝʪʩʪʚʝʥʥʦʤ ʭʨʘʥʝʥʠʠ ʪʦʚʘʨʦʚ +  

ʅʝʜʦʩʪʘʪʦʯʥʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʱʘʜʝʡ  + 

ʅʝʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʨʘʙʦʪʦʡ ʧʝʨʩʦʥʘʣʘ  + 

ʀʊʆɻʆ 3 4 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʩʠʩʪʝʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ç1ʉè 

ʠʤʝʝʪ ʤʝʥʴʰʝ ʥʝʜʦʩʪʘʪʢʦʚ, ʯʝʤ ʩʠʩʪʝʤʘ çLVSè. ʇʨʠʤʝʥʝʥʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʠʩʪʝʤʳ ç1ʉè ʧʦ-

ʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʚʠʜʝ, ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʚʩʝʭ ʜʘʥʥʳʭ ʦ ʧʨʝʜʧʨʠʷʪʠʠ ʚ ʮʝʣʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʷ ʩʢʣʘʜʘ ʚʥʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

ï ʦʧʝʨʘʪʠʚʥʦʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʧʨʠʙʳʪʠʠ ʪʦʚʘʨʘ;  

ï ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʛʦ ʧʦʤʝʱʝʥʠʷ; 

ï ʦʪʩʣʝʞʠʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʪʦʚʘʨʘ; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʜʚʠʞʝʥʠʷ; 

ï ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ; 

ï ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ; 

ï ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ; 

ï ʦʙʥʦʚʣʝʥʠʝ ʩʠʩʪʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ (ICS); ʩʥʠʞʝʥʠʝ ʠʟʜʝʨʞʝʢ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʦʩʚʝ-

ʱʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʢʣʘʜʦʚ (ʚʝʜʴ ʚ ʥʠʭ ʥʝʪ ʣʶʜʝʡ); 

ï ʨʘʟʤʝʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʫʯʝʥʠʠ ʪʦʚʘʨʘ ʚʩʝʤ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʩʯʝʪ 

ʠʥʪʝʛʨʘʮʠʠ WMS ʩ ERP. 
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SEARCH FOR OIL TRAPS 

 
The question of the origin of oil products and the formation of oil traps was touched upon. The methods 

of searching for oil traps and drilling methods are considered. The advantages and disadvantages of each method 

are given. 

 

Key words: oil, gas, oil traps, electrical exploration, gravity exploration, magnetic exploration, seismic ex-

ploration, drilling. 

 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʬʪʝʜʦʙʳʯʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʧʦʠʩʢʠ ʠ ʨʘʟʚʝʜʢʘ 

ʩʢʦʧʣʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʪʘʢʠʭ 

ʩʢʦʧʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʴʶ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʠ ʜʦʙʳʯʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʥʝʬʪʠ ʠ ʛʘʟʘ ʜʦʙʳʚʘʝʪʩʷ ʠʟ-ʧʦʜ ʩʦʣʷʥʳʭ ʢʫʧʦʣʦʚ, ʟʘʯʘʩʪʫʶ ʠʤʝʶʱʠʭ ʛʨʠʙʦ-

ʚʠʜʥʫʶ ʬʦʨʤʫ. ʉʦʣʷʥʳʝ ʢʫʧʦʣʘ ʧʨʦʥʠʢʘʶʱʝʛʦ ʪʠʧʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʣʘʛʦʜʘʨʷ ʧʣʘʩʪʠʯʝʩʢʦʤʫ 

ʜʚʠʞʝʥʠʶ ʩʦʣʠ ʚʚʝʨʭ, ʩʢʚʦʟʴ ʙʦʣʝʝ ʧʣʦʪʥʳʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʧʣʘʚʫʯʝʩʪʠ 

ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʜ [1]. ʆʢʨʫʞʘʶʱʠʝ ʩʦʣʷʥʦʡ ʢʫʧʦʣ ʧʣʘʩʪʳ (ʧʝʩʯʘʥʠʢʠ, ʛʣʠʥʳ 

ʠ ʢʘʨʙʦʥʘʪʳ) ʧʨʠ ʧʦʜʥʷʪʠʠ ʩʦʣʠ ʠʟʤʝʥʷʣʠ ʩʚʦʶ ʬʦʨʤʫ, ʦʙʨʘʟʫʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨ-

ʥʳʝ ʣʦʚʫʰʢʠ. ʊʘʢʠʝ ʣʦʚʫʰʢʠ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʬʣʘʥʛʘʭ ʠ ʧʦʜ ʚʳʩʪʫʧʦʤ ʩʦʣʷʥʦʛʦ ʢʫʧʦʣʘ ʚ ʧʝʩʯʘ-

ʥʠʢʘʭ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʩʙʨʦʩʘʤ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʢʣʘʜʯʘʪʦʩʪʠ ʧʦ ʤʝʨʝ ʧʦʜʥʷʪʠʷ ʩʦʣʠ ʚʚʝʨʭ. ʊʘʢ ʢʘʢ 

ʩʦʣʴ ʥʝʧʨʦʥʠʮʘʝʤʘ ʜʣʷ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʪʦ ʩʦʣʴ ʭʦʨʦʰʦ ʵʢʨʘʥʠʨʫʝʪ ʟʘʣʝʞʠ ʥʝʬʪʠ ʠ ʛʘʟʦʚ. 

ʅʝʬʪʴ, ʛʘʟ ʠ ʚʦʜʘ ʤʝʜʣʝʥʥʦ ʤʠʛʨʠʨʫʶʪ ʩʢʚʦʟʴ ʧʨʦʥʠʮʘʝʤʳʝ ʧʦʨʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʠ ʜʘʚʣʝʥʠʷ. ʂʦʛʜʘ ʥʘ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʧʨʦʥʠʮʘʝʤʳʡ ʙʘʨʴʝʨ 

ʤʠʛʨʘʮʠʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʊʘʢʦʡ ʙʘʨʴʝʨ ʥʘ ʧʫʪʠ ʤʠʛʨʘʮʠʠ 

ʥʘʟʳʚʘʝʪʩʷ ʣʦʚʫʰʢʦʡ. ʊʘʢ ʢʘʢ ʬʣʶʠʜʳ ʥʝʦʜʥʦʨʦʜʥʳ ʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʧʣʦʪʥʦʩʪʴ, ʪʦ ʛʘʟ ʧʦʜʥʠ-

ʤʘʝʪʩʷ ʚʚʝʨʭ, ʚʦʜʘ ʦʧʫʩʢʘʝʪʩʷ ʚʥʠʟ, ʘ ʥʝʬʪʴ ʟʘʥʠʤʘʝʪ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. ʃʦʚʫʰʢʠ ʧʦʜʨʘʟ-

ʜʝʣʷʶʪʩʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ [2]. ʉʪʨʫʢʪʫʨʥʳʝ ʣʦʚʫʰʢʠ ï ʩʣʝʜʩʪʚʠʝ ʤʝʩʪʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʢʣʘʜʯʘʪʦʩʪʴ ʠʣʠ ʩʙʨʦʩʳ ʧʦʨʦʜ. ʇʨʠʤʝʨʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʙʘʨʴʝʨʦʚ ʷʚ-

ʣʷʶʪʩʷ ʘʥʪʠʢʣʠʥʘʣʴʥʳʝ ʣʦʚʫʰʢʠ, ʩʙʨʦʩʦʚʳʝ ʣʦʚʫʰʢʠ, ʘ ʪʘʢʞʝ ʣʦʚʫʰʢʠ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʩʦʣʷ-

ʥʳʤ ʢʫʧʦʣʘʤ (ʨʠʩ. 1). 
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ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʣʦʚʫʰʢʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʝʧʦ-

ʭʦʞʠʭ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʦʥʠ ʦʙʫʩʣʦʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʨʦʜ. ʇʨʠʤʝʨʘʤʠ ʪʘ-

ʢʠʭ ʣʦʚʫʰʝʢ ʷʚʣʷʶʪʩʷ ʦʩʪʘʪʢʠ ʜʨʝʚʥʝʛʦ ʠʟʚʝʩʪʥʷʢʘ ʠʣʠ ʜʦʣʦʤʠʪʦʚʳʡ ʢʦʨʘʣʣʦʚʳʡ ʨʠʬ, ʧʦʛʨʝ-

ʙʝʥʥʳʡ ʧʦʜ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʨʠʩ. 2). 

ʇʨʠʤʝʨʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ ʜʨʫʛʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʨʫʩʣʦ ʧʘʣʝʦʨʝʢʠ, ʟʘʧʦʣʥʝʥʥʦʝ 

ʧʝʩʢʦʤ ʩ ʧʨʠʤʝʩʴʶ ʠʣʘ. ʃʠʪʦʣʦʛʠʷ ʦʩʘʜʦʯʥʳʭ ʩʣʦʝʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʙʦʢʦʚʦʤ ʧʨʦʩʪʠʨʘʥʠʠ, 

ʪʘʢʠʝ ʩʣʦʠ ʤʦʛʫʪ ʩʭʦʜʠʪʴ ʥʘ ʥʝʪ, ʧʨʦʷʚʣʷʷʩʴ ʚ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʡ ʧʦ-

ʨʦʜʳ. ʕʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʰʠʨʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʩʦʟʜʘʝʪʩʷ ʣʦʚʫʰʢʘ [3]. ʅʝʩʦʛʣʘʩʥʦʝ ʟʘʣʝʛʘʥʠʝ ï ʜʨʫʛʦʡ ʚʠʜ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʣʦʚʫʰʢʠ. ʅʝʩʦʛʣʘʩʥʦʝ ʟʘʣʝʛʘʥʠʝ ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʧʦʜʲʝʤʝ, ʥʘʢʣʦʥʝ ʠʣʠ ʵʨʦʟʠʠ 

ʩʚʠʪʳ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩʦʜʝʨʞʘʱʝʡ ʙʫʜʫʱʠʝ ʧʣʘʩʪʳ-ʢʦʣʣʝʢʪʦʨʳ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʧʦʛʨʝʙʝʥʠʝʤ 

ʧʦʜ ʦʩʘʜʦʯʥʳʤ ʩʣʦʝʤ, ʦʙʨʘʟʫʶʱʠʤ ʥʝʧʨʦʥʠʮʘʝʤʳʡ ʙʘʨʴʝʨ. ʅʝʩʦʛʣʘʩʥʦʝ ʟʘʣʝʛʘʥʠʝ ʷʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʝʨʳʚ ʚʨʝʤʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʰʢʘʣʳ (ʨʠʩ. 3). 

 

                     ʘ                                       ʙ                                 ʚ 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʳʝ ʣʦʚʫʰʢʠ: 
ʘ ï ʘʥʪʠʢʣʠʥʘʣʴ; ʙ ï ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʵʢʨʘʥʠʨʦʚʘʥʥʘʷ ʣʦʚʫʰʢʘ; ʚ ï ʩʦʣʷʥʦʡ ʢʫʧʦʣ [2] 

                            

ʈʠʩ. 2. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʣʦʚʫʰʢʘ: 

ʙʠʦʛʝʥʥʳʡ ʨʠʬ, ʟʘʣʝʛʘʶʱʠʡ ʚ ʛʣʠʥʝ [2]  

ʈʠʩ. 3. ʃʦʚʫʰʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ  

ʥʝʩʦʛʣʘʩʥʳʤ ʟʘʣʝʛʘʥʠʝʤ ʧʣʘʩʪʦʚ [3] 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʝʬʪʝʧʦʠʩʢʦ-

ʚʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪ ʧʦ ʧʨʠʥʮʠʧʫ ʦʪ ʦʙʱʝʛʦ ʢ ʯʘʩʪʥʦʤʫ. ʉʥʘʯʘʣʘ ʚʳʷʚʣʷʶʪ ʢʨʫʧʥʳʡ ʥʝʬʪʝʧʝʨ-

ʩʧʝʢʪʠʚʥʳʡ ʨʘʡʦʥ ʠ, ʧʦʩʪʝʧʝʥʥʦ ʩʫʞʘʷ ʧʣʦʱʘʜʴ ʧʦʠʩʢʦʚ, ʚʳʷʚʣʷʶʪ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʦʯʢʠ ʜʣʷ ʙʫʨʝʥʠʷ ʧʦʠʩʢʦʚʳʭ ʩʢʚʘʞʠʥ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ï ʚʳʷʚʣʝʥʠʝ ʚ ʥʝʬʪʝʧʝʨʩʧʝʢʪʠʚʥʦʤ ʨʘʡʦʥʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ, ʩʧʦʩʦʙʥʳʭ ʥʘʢʘʧʣʠʚʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʥʝʬʪʴ. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʥʘʟʳʚʘʝʤʳʝ ʣʦʚʫʰʢʘ-

ʤʠ, ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʥʦ ʚʩʝʭ ʠʭ ʦʙʲʝʜʠʥʷʝʪ ʥʘʣʠʯʠʝ ʧʨʦʥʠʮʘʝʤʦʡ ʛʦʨʥʦʡ 

ʧʦʨʦʜʳ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʪʦʣʱʝʡ ʧʦʨʦʜ. 

ʄʝʪʦʜʳ ʧʦʠʩʢʦʚ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ, 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʵʪʦʛʦ ʠʟʫʯʘʶʪ-

ʩʷ ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʚʳʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʭʦʜʷʪ ʤʝʩ-

ʪʘ ʦʙʥʘʞʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʣʠ ʙʫʨʷʪ ʥʝʙʦʣʴʰʠʝ ʰʫʨʬʳ, ʯʪʦʙʳ ʫʟʥʘʪʴ, ʯʪʦ ʟʘ ʧʦʨʦʜʳ ʟʘʣʝʛʘʶʪ 

ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʞʝ ʠʟʫʯʘʶʪʩʷ ʬʦʪʦʛʨʘʬʠʠ, 

ʩʜʝʣʘʥʥʳʝ ʩ ʙʦʣʴʰʦʡ ʚʳʩʦʪʳ (ʩ ʩʘʤʦʣʝʪʘ ʠʣʠ ʠʟ ʢʦʩʤʦʩʘ). ʅʘ ʪʘʢʠʭ ʩʥʠʤʢʘʭ ʯʘʩʪʦ ʤʦʞʥʦ ʚʳ-

ʷʚʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʠʟʥʘʢʠ ʛʣʫʙʠʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʩʦʩʪʘʚʣʷʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʧʨʦʝʢʮʠʶ 

ʚʳʭʦʜʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʜʘʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʠ ʦʢʦʥ-

ʯʘʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʚʠʜʝ ʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʭʦʞʜʝʥʠʠ ʚ ʥʝʜʨʘʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʟʘʣʝʞʝʡ. 

ʇʦɻʪʦʤʫ ʦʙʷʟʘʪʝʣʴʥʦ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʠʩʢʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʳʩʪʫʧʘʶʪ ʨʘʟʣʠʯʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [4]. 

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʟʝʤʥʳʭ ʥʝʜʨ ʩ ʧʦʤʦʱʴʶ 

ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʂ ʪʘʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʦʪʥʦʩʷʪʩʷ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ, ʛʨʘʚʠʨʘʟʚʝʜʢʘ, ʤʘʛʥʠ-

ʪʦʨʘʟʚʝʜʢʘ, ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ. 

ʕʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʫʯʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʩʢʦʣʴʢʫ ʨʘʟʥʳʝ ʧʦʨʦʜʳ ʠ ʥʘʩʳʱʘʶʱʠʝ ʠʭ ʬʣʶʠʜʳ ʧʦ-ʨʘʟʥʦʤʫ ʧʨʦʚʦʜʷʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʠʟʫʯʘʷ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʚʳʚʦʜʳ ʦ ʭʘʨʘʢʪʝʨʝ ʟʘʣʝʛʘʶʱʠʭ ʧʦʨʦʜ. ɺʳʩʦʢʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ 

ʧʨʠʟʥʘʢʦʤ ʥʘʣʠʯʠʷ ʥʝʬʪʠ ʠʣʠ ʛʘʟʘ. 

ɻʨʘʚʠʨʘʟʚʝʜʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʫʯʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ʇʣʦʪʥʳʝ ʛʦʨʥʳʝ ʧʦ-

ʨʦʜʳ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ. ɼʘʞʝ ʩʘʤʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʤ ʧʦʣʝ ʤʦʛʫʪ ʫʢʘʟʘʪʴ ʥʘ ʪʠʧʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʥʘʩʳʱʘʶʱʠʝ ʠʭ ʬʣʶʠʜʳ, ʢʦʪʦʨʳʝ ʟʘʣʝʛʘ-

ʶʪ ʛʣʫʙʦʢʦ ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ. 

ʄʘʛʥʠʪʦʨʘʟʚʝʜʢʘ ʠʟʫʯʘʝʪ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʥʘʩʳʱʝʥʥʳʝ 

ʥʝʬʪʴʶ, ʥʝ ʦʙʣʘʜʘʶʪ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ ʤʝʪʘʤʦʨʬʠʯʝ-

ʩʢʠʝ ʧʦʨʦʜʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʥʝʬʪʴ, ʠʤʠ ʦʙʣʘʜʘʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ ʪʘʢʞʝ ʤʦ-

ʞʝʪ ʧʦʜʩʢʘʟʘʪʴ ʪʠʧʳ ʧʦʨʦʜ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʥʝʜʨʘʭ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʣʦʚʫʰʢʠ ʝʱʝ ʥʝ ʦʟʥʘʯʘʝʪ 

ʧʨʠʩʫʪʩʪʚʠʷ ʥʝʬʪʷʥʦʡ ʠʣʠ ʛʘʟʦʚʦʡ ʟʘʣʝʞʠ. 

ɼʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʫʚʝʣʠʯʝ-

ʥʠʝ ʚʳʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ. ʕʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʨʝʰʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʙʫʨʝʥʠʷ ʙʦʢʦʚʳʭ ʩʪʚʦ-

ʣʦʚ ʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʬʦʥʜʘ ʩʢʚʘʞʠʥ. 

ʉʝʡʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ 

ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʩʥʦʚʘʥʳ ʦʥʠ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ 

ʚ ʪʦʣʱʝ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʆʙʱʠʡ ʧʣʘʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʦʚ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʣʠ ʚʙʣʠʟʠ ʥʝʝ) ʩʦʟ-

ʜʘʶʪʩʷ ʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʛʣʫʙʴ ʟʝʤʣʠ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩʬʝʨʦʡ, 

ʥʘ ʛʨʘʥʠʮʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʵʬʬʝʢʪʳ ʧʨʝʣʦʤʣʝʥʠʷ, ʦʪʨʘʞʝʥʠʷ ʫʧʨʫʛʠʭ 

ʚʦʣʥ, ʢʦʪʦʨʳʝ ʟʘʩʝʢʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʟʘʧʠʩʳʚʘʶʪ, ʘʥʘʣʠʟʠʨʫʶʪ ʠ ʩʪʨʫʢʪʫʨʠʨʫʶʪ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [5]. 

ɿʚʫʢʦʚʳʝ (ʫʧʨʫʛʠʝ) ʚʦʣʥʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʶʪ ʜʘʥʥʳʝ ʦ ʛʣʫʙʠʥʥʦʤ ʩʪʨʦʝʥʠʠ 

ʟʝʤʥʦʡ ʢʦʨʳ, ʤʦʛʫʪ ʙʳʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘ ʩʫʰʝ ʧʨʦʠʟʚʦʜʷʪ ʧʦʜʨʳʚ ʥʝʙʦʣʴʰʠʭ ʟʘʨʷʜʦʚ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʚʠʙʨʦʛʝʥʝʨʘʪʦʨʳ. 

ʅʘ ʤʦʨʝ, ʯʪʦʙʳ ʥʝ ʧʨʠʯʠʥʠʪʴ ʚʨʝʜ ʤʦʨʩʢʠʤ ʦʙʠʪʘʪʝʣʷʤ, ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʧʥʝʚʤʦʧʫʰʢʫ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʛʨʦʤʥʳʝ 

ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʪʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʪʨʝʭʤʝʨʥʘʷ 3D-ʩʝʡʩʤʠʢʘ. ʆʙʲʝʤʥʦʝ ʠʟʦʙʨʘ-

ʞʝʥʠʝ, ʧʦʣʫʯʘʝʤʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ɿD-ʩʝʡʩʤʠʢʠ, ʛʦʨʘʟʜʦ ʠʥʬʦʨʤʘʪʠʚʥʝʝ, ʯʝʤ ʧʣʦʩʢʦʝ, ʠʟʦʙʨʘʞʝ-

ʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʶʪ ʧʨʠ 2D-ʩʝʡʩʤʠʢʝ. ʊʨʝʭʤʝʨʥʘʷ ʩʝʡʩʤʠʢʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʦʮʝʥʠʪʴ ʝʝ ʨʘʟʤʝʨ, ʥʦ ʠ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦ-

ʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʝ ʪʦʯʢʠ ʜʣʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. 

ɺʩʢʨʳʪʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʣʘʩʪʘ-ʢʦʣʣʝʢʪʦʨʘ ʙʫʨʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʧʣʘʩʪʘ. 

ʄʝʪʦʜ ʫʜʘʨʥʦ-ʢʘʥʘʪʥʦʛʦ ʙʫʨʝʥʠʷ ʠʟʚʝʩʪʝʥ ʜʘʚʥʦ, ʧʨʠʤʝʥʷʝʪʩʷ ʦʥ ʠ ʩʝʡʯʘʩ ʜʣʷ ʨʘʟʨʘʙʦʪ-

ʢʠ ʥʝʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ [6]. ʋʩʪʘʥʦʚʢʘ ʫʜʘʨʥʦ-ʢʘʥʘʪʥʦʛʦ ʙʫʨʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʚʝʰʝʥʥʦʡ 

ʥʘ ʪʨʦʩʝ ʪʷʞʝʣʦʡ ʫʜʘʨʥʦʡ ʰʪʘʥʛʠ ʩ ʜʦʣʦʪʦʤ ʥʘ ʢʦʥʮʝ. ɹʫʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʝʨʠʦ-

ʜʠʯʝʩʢʦʛʦ ʧʦʜʲʝʤʘ ʠ ʩʙʨʦʩʘ ʫʜʘʨʥʦʡ ʰʪʘʥʛʠ, ʢ ʢʦʥʮʫ ʢʦʪʦʨʦʡ ʧʨʠʩʦʝʜʠʥʝʥʦ ʜʦʣʦʪʦ. ʉʠʣʘ 

ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʧʦʷʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʥʚʝʨʪʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʫʶ. ʇʨʠ ʙʫʨʝʥʠʠ ʵʪʠʤ ʩʧʦʩʦʙʦʤ ʞʠʜʢʦʩʪʠ ʚ ʩʢʚʘʞʠʥʝ ʥʝʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʢʦʪʦʨʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʥʘ ʟʘʙʦʝ. ʇʦʩʣʝ ʧʨʦʭʦʜʢʠ ʥʝʩʢʦʣʴʢʠʭ ʬʫʪʦʚ ʰʪʘʥʛʘ ʠ ʜʦʣʦʪʦ ʧʦʜʥʠʤʘʝʪʩʷ 

ʠʟ ʩʢʚʘʞʠʥʳ, ʯʪʦʙʳ ʫʙʨʘʪʴ ʰʣʘʤ ʞʝʣʦʥʢʦʡ. ʋʜʘʨʥʦ-ʢʘʥʘʪʥʳʡ ʤʝʪʦʜ ʚʝʩʴʤʘ ʣʝʛʦʢ ʚ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʦʜʥʘʢʦ ʧʨʠʛʦʜʝʥ ʣʠʰʴ ʜʣʷ ʙʫʨʝʥʠʷ ʥʝʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ. ʉʢʦʨʦʩʪʴ ʧʨʦ-

ʭʦʜʢʠ ʤʘʣʘ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʣʦʪʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʘʩʪʦʛʦ ʧʦʜʲʝʤʘ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʜʣʷ ʦʯʠʩʪʢʠ ʩʢʚʘʞʠʥʳ ʦʪ ʰʣʘʤʘ. 
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ʈʦʪʦʨʥʦʝ ʙʫʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ʜʦʣʦʪʘ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʢʦʣʦʥʥʦʡ ʙʫʨʠʣʴ-

ʥʳʭ ʪʨʫʙ, ʢʦʪʦʨʘʷ ʧʦʜʚʝʰʠʚʘʝʪʩʷ ʥʘ ʢʨʶʢʝ ʪʘʣʝ-

ʚʦʛʦ ʙʣʦʢʘ, ʧʝʨʝʤʝʱʘʶʱʝʛʦʩʷ ʧʦ ʤʘʯʪʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʳ ʢʘʥʘʪʦʚ ʠ ʰʢʠʚʦʚ (ʨʠʩ. 4). 

ɹʫʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʚʨʘʱʝʥʠʷ ʙʫʨʠʣʴʥʦʡ 

ʢʦʣʦʥʥʳ ʠ ʜʦʣʦʪʘ, ʧʨʠ ʵʪʦʤ ʚʝʩ ʋɹʊ (ʫʪʷʞʝʣʝʥ-

ʥʳʭ ʙʫʨʠʣʴʥʳʭ ʪʨʫʙ) ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʜʦʣʦʪʦ, ʙʣʘ-

ʛʦʜʘʨʷ ʯʝʤʫ ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ. 

ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʤʘʟʢʠ ʜʦʣʦʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʦʯʠʩʪʢʠ ʩʢʚʘʞʠʥʳ ʦʪ ʰʣʘʤʘ ʚ ʥʝʝ ʧʦ ʙʫʨʠʣʴʥʦʡ 

ʢʦʣʦʥʥʝ ʧʦʜʘʝʪʩʷ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ. ʇʨʠ ʟʘʢʘʯʢʝ 

ʥʘ ʜʦʣʦʪʦ ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʥʘʩʘʜʢʠ, ʦʯʠʱʘʝʪ ʟʘʙʦʡ ʠ ʧʦʜʥʠʤʘʝʪʩʷ 

ʚʚʝʨʭ ʧʦ ʟʘʪʨʫʙʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ (ʪ. ʝ. ʧʨʦ-

ʩʪʨʘʥʩʪʚʫ ʤʝʞʜʫ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʦʡ ʠ ʩʪʝʥʢʘ-

ʤʠ ʩʢʚʘʞʠʥʳ), ʟʘʭʚʘʪʳʚʘʷ ʟʘ ʩʦʙʦʡ ʰʣʘʤ. ɼʦʡʜʷ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʙʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʦʯʠʱʘʝʪʩʷ, 

ʠʟ ʥʝʛʦ ʫʜʘʣʷʝʪʩʷ ʰʣʘʤ, ʟʘʪʝʤ ʦʥ ʩʥʦʚʘ ʧʦʩʪʫʧʘʝʪ ʚ ʩʢʚʘʞʠʥʫ. ʎʠʨʢʫʣʷʮʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʦʟʚʦʣʠʣʘ ʥʘʨʘʩʪʠʪʴ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʥʦʛʦ ʙʫʨʝʥʠʷ, ʯʝʛʦ ʪʘʢ ʥʝ ʭʚʘʪʘʣʦ ʫʜʘʨʥʦ-ʢʘʥʘʪʥʦʤʫ ʙʫʨʝ-

ʥʠʶ, ʟʘ ʩʯʝʪ ʠʟʲʷʪʠʷ ʰʣʘʤʘ ʙʝʟ ʣʠʰʥʠʭ ʩʧʫʩʢʦ-ʧʦʜʲʝʤʥʳʭ ʦʧʝʨʘʮʠʡ. 
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IMPROVEMENT OF DRINKING WATER SUPPLY TECHNOLOGIES  

FOR SHIP AND VESSELS CREWS 

 
The effective implementation of the task and ensuring the safety of navigation depends not only on the tech-

nical condition of the vessel, but also on the psychophysiological state of each crew member. The human body 

under the conditions of operation of the vessel at sea is affected by various negative factors. These factors worsen 

overall well-being, reduce performance, and also contribute to a decrease in the bodyôs immunity and the devel-

opment of a number of occupational diseases. The use of high-quality drinking water enriched with molecular 

hydrogen ensures the bodyôs resistance and creates additional conditions for the safe operations of the vessel. 

 

Key words: technical operation, safety of navigation, water supply system, molecular hydrogen. 

 

 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʬʣʦʪʘ ʩʚʷʟʘʥʘ ʩ ʜʣʠʪʝʣʴʥʳʤ ʥʘʭʦʞʜʝʥʠʝʤ ʩʫʜʦʚ ʚ ʤʦʨʝ. ɺ ʧʝʨʠʦʜ ʧʣʘʚʘʥʠʷ 

ʵʢʠʧʘʞ ʠʩʧʳʪʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ 

ʥʘ ʦʙʱʝʝ ʩʘʤʦʯʫʚʩʪʚʠʝ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʨʘʟʚʠʪʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʯʣʝʥʦʚ 

ʵʢʠʧʘʞʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʫʩʪʘʣʦʩʪʴ, ʠʟ-

ʤʝʥʷʝʪʩʷ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʷʚʣʝ-

ʥʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ [1ï3]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʭʫʜʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʦʚ ʠ ʘʚʘʨʠʡ, ʩʥʠʞʘʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʣʘʚʘʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ [4ï6]. 

ɸʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʠʩʪʦʯʥʠʢʝ [7], ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʯʝʣʦʚʝ-

ʢʘ ʥʘ ʩʫʜʥʝ ʚ ʤʦʨʝ ʦʨʛʘʥʠʟʤ ʠʩʧʳʪʳʚʘʝʪ ʩʪʨʝʩʩ, ʯʪʦ ʚʝʜʝʪ ʢ ʨʘʟʚʠʪʠʶ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ. 

ʆʢʩʠʜʘʪʠʚʥʳʡ ʩʪʨʝʩʩ ï ʵʪʦ ʧʨʦʮʝʩʩ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʝʪʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʚʝʜʝʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ, ʩʥʠʞʝʥʠʶ ʠʤʤʫʥʠʪʝʪʘ, ʧʦʚʳʰʝʥʠʶ 

ʫʪʦʤʣʷʝʤʦʩʪʠ, ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ, 

ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʛʠʧʝʨʪʦʥʠʠ ʠ ʪ. ʜ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [8] ʧʦʢʘʟʳʚʘʶʪ: ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʫʣʫʯʰʠʪʴ 

ʬʫʥʢʮʠʠ ʦʨʛʘʥʠʟʤʘ, ʥʝʦʙʭʦʜʠʤ ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ H2 ï ʘʥʪʠʦʢʩʠ-

ʜʘʥʪ, ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ ʩʚʦʝʤ ʨʦʜʝ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨ. ʆʥ ʩʚʷʟʳʚʘʝʪ ʠ ʚʳʚʦʜʠʪ ʠʟ ʦʨʛʘʥʠʟʤʘ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʢʦʪʦʨʳʝ ʦʢʠʩʣʷʶʪ ʦʨʛʘʥʠʟʤ 

ʠ ʫʭʫʜʰʘʶʪ ʩʘʤʦʯʫʚʩʪʚʠʝ ʯʝʣʦʚʝʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʠʪʘʤʠʥ C ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʘʥʪʠʦʢʩʠʜʘʥ-

ʪʦʤ, ʦʥ ʩʣʠʰʢʦʤ ʚʝʣʠʢ, ʯʪʦʙʳ ʧʨʦʥʠʢʘʪʴ ʚ ʤʠʪʦʭʦʥʜʨʠʠ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʝʤʫ ʤʘʣʝʥʴʢʦʤʫ ʨʘʟʤʝʨʫ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚʥʫʪʨʴ ʢʣʝʪʢʠ, ʥʝʡʪʨʘʣʠʟʫʷ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠ-

ʢʘʣʳ, ʦʙʨʘʱʘʷ ʠʭ ʚ ʚʦʜʫ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ H2 ï ʵʪʦ ʜʚʘ ʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʜʚʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʘ ʠ ʦʙʨʘʟʦʚʘʪʴ ʜʚʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠʣʠ ʩʦʝʜʠʥʠʪʴʩʷ 

ʩ ʦʜʥʠʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʠ ʦʙʨʘʟʦʚʘʪʴ ʚʦʜʫ. 

ʅʘʫʯʥʦ ʜʦʢʘʟʘʥʦ [9], ʯʪʦ ʚʦʜʦʨʦʜ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʚʦʜʝ, ʦʙʣʘʜʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʫʥʠ-

ʢʘʣɹʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ. ɸʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʫʥʠʢʘʣʴʥʫʶ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ. ʆʥ ʣʠʢʚʠʜʠʨʫʝʪ ʚ ʦʨʛʘʥʠʟ-

ʤʝ ʪʦʣʴʢʦ ʚʨʝʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʧʨʠ ʵʪʦʤ ʚʘʞʥʳʝ ʠ ʧʦʣʝʟʥʳʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʦʨʤʘʣʠʟʫʝʪʩʷ ʭʦʣʝʩʪʝʨʠʥ, ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʫʣʫʯʰʘʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʝʪʘʙʦʣʠʟʤ ʦʨ-

ʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʷʚʣʝʥʠʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʫʩʪʘʣʦʩʪʠ ʠ ʧʦʤʦʛʘʝʪ ʦʨʛʘʥʠʟʤʫ 

ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ. ʂʨʦʤʝ ʪʦʛʦ ʫʣʫʯʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʤʷʛʢʠʡ ʠ ʦʩʚʝʞʘʶʱʠʡ ʚʢʫʩ. 

ɺʦʜʘ, ʦʙʦʛʘʱʝʥʥʘʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʦʜʦʨʦʜʦʤ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʚʦʜʦ-

ʨʦʜʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʩʦʝʜʠʥʝʥʠʠ ʟʘʨʘʥʝʝ ʟʘʛʦ-

ʪʦʚʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ-ʛʘʟʦʚ, ʢʦʪʦʨʳʝ ʭʨʘʥʷʪʩʷ ʚ ʙʘʣʣʦʥʘʭ ʚʥʫʪʨʠ ʷʯʝʡʢʠ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʆʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʥʥʦ-ʦʙʤʝʥʥʘʷ ʤʝʤʙʨʘʥʘ, ʢʦʪʦʨʘʷ ʧʨʦʧʫʩʢʘʝʪ 

ʪʦʣʴʢʦ ʠʦʥʳ ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʘʥʦʜʝ ʷʯʝʡʢʠ. ʄʝʤʙʨʘʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʣʘʛʦʫʩʪʦʡʯʠʚʦʡ 

ʠ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʠʦʥʳ ʚʦʜʦʨʦʜʘ ʜʠʬʬʫ-

ʟʠʨʫʶʪ ʩʢʚʦʟʴ ʤʝʤʙʨʘʥʫ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʦʣʝʢʫʣʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ ʚʦʜʫ. 

ɺʦʜʘ ʧʨʠʦʙʨʝʪʘʝʪ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʠʱʫ. ʂʨʦʤʝ ʪʦʛʦ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʟʜʘʝʪʩʷ ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʩʫʜʥʘ ʚ ʤʦʨʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʜʣʷ 

ʵʢʠʧʘʞʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʩʥʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʧʦʢʘʟʘ-

ʪʝʣʷʤ ʢ ʧʠʪʴʝʚʦʡ ʚʦʜʝ, ʚʢʫʩʦʚʳʝ ʠ ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʦʡ ʚʦʜʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʦʨʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʢʠʧʘʞʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʩʫʜʘʭ ʩʧʝʮʠʘʣʴʥʳʝ ʚʦ-

ʜʦʨʦʜʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʦʙʳʯʥʦʡ ʚʦʜʳ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʦʜʦʨʦʜʦʤ. ʇʦʜʢʣʶʯʝʥʠʝ 

ʜʘʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʢ ʩʠʩʪʝʤʝ ʩʫʜʦʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪ ɹʵʢʠʧʘʞ ʩʫʜʥʘ ʢʘʯʝ-

ʩʪʚʝʥʥʦʡ ʧʨʝʩʥʦʡ ʚʦʜʦʡ, ʦʙʣʘʜʘʶʱʝʡ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʦʟʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʘʚʪʦʥʦʤʥʦʛʦ ʵʣʝʤʝʥ-

ʪʘ ʩʠʩʪʝʤʳ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʦʧʨʝʩʥʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʘʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʥʘʙʞʝʥʠʷ ʧʠʪʴʝʚʦʡ 

ʚʦʜʦʡ ʵʢʠʧʘʞʝʡ ʩʫʜʦʚ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʘʨʷʜʫ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʟʜʦʨʦʚʴʷ, ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʬʠʟʠʯʝʩʢʦʡ ʚʳʥʦʩʣʠʚʦʩʪʠ ʵʢʠʧʘʞʘ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʘʚʘʨʠʡʥʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʵʢʠʧʘʞʝʡ ʩʫʜʦʚ ʠ ʧʦʚʳʰʝ-

ʥʠʝ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʥʘ ʩʫʜʥʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 
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MONORAIL TRANSVERSE VIBRATIONS  

DURING THE BRAKING OF THE SUSPENDED MONORAIL ROAD  

 
The article considers transverse vibrations of the monorail, which occur during braking of rolling stock 

of suspended monorail road. A mathematical model of transverse vibrations of the monorail is developed, with 

taking into account forces arising during starting and braking of the rolling stock. 
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ɺʦ ʚʨʝʤʷ ʧʫʩʢʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʚʝʩʥʦʡ ʜʦʨʦʛʠ ʤʦʥʦʨʝʣʴʩʦʚʳʡ ʧʫʪʴ ʥʘ-

ʛʨʫʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʧʝʨʝʯʥʳʤʠ, ʥʦ ʠ ʧʨʦʜʦʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. ʇʦʧʝʨʝʯʥʳʝ ʥʘʛʨʫʟʢʠ ʦʙʫʩʣʦʚ-

ʣʝʥʳ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʷʞʝʩʪʠ, ʩʠʣ ʠʥʝʨʮʠʠ ʠ ʚʳʟʳʚʘʶʪ ʠʟʛʠʙ ʤʦʥʦʨʝʣʴʩʘ, ʘ ʧʨʦʜʦʣʴʥʳʝ ï ʛʣʘʚ-

ʥʳʤ ʦʙʨʘʟʦʤ, ʪʷʛʦʚʳʤʠ, ʪʦʨʤʦʟʥʳʤʠ ʫʩʠʣʠʷʤʠ ʠ ʧʨʠʚʦʜʷʪ ʢ ʨʘʩʪʷʞʝʥʠʶ ʠʣʠ ʩʞʘʪʠʶ ʤʦʥʦʨʝʣʴʩʘ. 

ʊʝʦʨʠʷ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʥʘʧʦʯʚʝʥʥʦʤʫ ʨʝʣʴʩʦʚʦʤʫ ʧʫʪʠ ʨʘʟʨʘʙʦʪʘʥʘ ʜʦʩʪʘ-

ʪʦʯʥʦ ʧʦʣʥʦ [1ï5]. ʇʘʨʘʤʝʪʨʳ ʤʦʥʦʨʝʣʴʩʦʚʦʛʦ ʠ ʨʝʣʴʩʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪ-

ʩʷ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʠʜʘʤ ʢʨʝʧʣʝʥʠʷ ʦʧʦʨ ʠ ʩʦʝʜʠʥʝʥʠʡ 

ʦʪʨʝʟʢʦʚ, ʰʠʨʠʥʝ ʨʝʣʴʩʦʚʦʡ ʠ ʢʦʣʝʩʥʦʡ ʢʦʣʝʠ. ʇʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʩ ʧʦʜʚʝʩʥʳʤ ʤʦʥʦʨʝʣʴʩʦʤ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ [6ï8]. ʆʩʦʙʝʥʥʦ ʵʪʘ ʩʧʝʮʠʬʠʢʘ ʧʨʦʷʚʣʷʝʪʩʷ 

ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʜʚʝʩʥʦʛʦ ʤʦʥʦʨʝʣʴʩʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʪʝʤʘ 

ʨʘʙʦʪʳ ʘʢʪʫʘʣʴʥʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʣʠʷʥʠʷ ʥʘ ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʥʦ-

ʨʝʣʴʩʘ ʜʝʡʩʪʚʠʷ ʧʨʦʜʦʣʴʥʳʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ ʚʨʝʤʷ ʧʫʩʢʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʧʦʜʚʝʩʥʦʡ ʤʦʥʦʨʝʣʴʩʦʚʦʡ ʜʦʨʦʛʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʥʦʨʝʣʴʩʘ, ʠʩʧʳʪʳʚʘʶʱʝʛʦ ʨʘʩʪʷʛʠʚʘʶʱʝʝ ʫʩʠʣʠʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ [9, 10] ʫʨʘʚʥʝʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʥʦʨʝʣʴʩʘ ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ z ï ʧʦʧʝʨʝʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʤʦʥʦʨʝʣʴʩʘ ʚ ʪʦʯʢʝ x; 

E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥ ʤʦʥʦʨʝʣʴʩ; 

j ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤʦʥʦʨʝʣʴʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ; 
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p
P  ï ʨʘʩʪʷʛʠʚʘʶʱʝʝ ʫʩʠʣʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʤʦʥʦʨʝʣʴʩ; 

, L
g
r  ï ʧʦʛʦʥʥʘʷ ʤʘʩʩʘ ʠ ʜʣʠʥʘ ʤʦʥʦʨʝʣʴʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʡʜʝʤ ʚ ʚʠʜʝ 

( ) ( )
, .pi n x t

z x t Ce
+w

=  

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʳʨʘʞʝʥʠʶ (1), ʙʫʜʝʪ 

4 4 2 0,
p p p

EJn P n L
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+ -r w =                                                          (2) 

ʛʜʝ ʢʦʨʥʠ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʳ: 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʧʦʣʫʯʠʤ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1): 
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ʇʨʝʜʩʪʘʚʠʤ ʧʦʣʫʯʝʥʥʦʝ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʷ: 

( ), ( cos sin cos sin )sin( ).
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ɺʭʦʜʷʱʠʝ ʚ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʦʙʦʙʱʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ [11] ʨʘʚʥʳ: 
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ɽʩʣʠ ʥʘ ʤʦʥʦʨʝʣʴʩ ʜʝʡʩʪʚʫʝʪ ʩʞʠʤʘʶʱʘʷ ʩʠʣʘ p
P , ʪʦ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝ-

ʥʠʷ (2) ʙʫʜʫʪ 1,2p p
n k i=°  ʠ 3,4p p

n K=° , ʘ ʫʨʘʚʥʝʥʠʝ ʠʟʦʛʥʫʪʦʡ ʦʩʠ ʤʦʥʦʨʝʣʴʩʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

() xKDxKCxkhBxkhAxz pPpPpPpP sincossincos +++= . 

ʇʨʠ ʩʞʠʤʘʶʱʝʡ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʝ ʦʙʦʙʱʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʘʥʘʣʦʛʠʯʥʦ [11] ʙʫʜʫʪ: 
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ɼʣʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʛʜʘ ʚʩʝ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʚʥʳ z0, ʚʳʨʘʞʝʥʠʝ (4) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ʛʜʝ ( )
pn

Z x  ï ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ 

ʦʩʠ ʤʦʥʦʨʝʣʴʩʘ ʧʨʠ 
0

1z = . 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʥʦʨʝʣʴʩʘ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʜʝʡʩʪʚʠʝ ʧʨʦʜʦʣʴʥʳʭ ʩʠʣ, ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚʦ ʚʨʝʤʷ 

ʧʫʩʢʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʋʢʘʟʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʦʜʚʝʩʥʳʭ ʤʦʥʦʨʝʣʴʩʦʚʳʭ ʜʦʨʦʛ. 
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ʆʇɽʈɸʎʀʆʅʅʓʁ ʇʋʃʔʊ ʋʇʈɸɺʃɽʅʀʗ 

ʊʈɽʅɸɾɽʈʅʓʄ ʂʆʄʇʃɽʂʉʆʄ çʊɽʍʅʆʃʆɻʀʗ ʈʓɹʅʓʍ ʇʈʆɼʋʂʊʆɺè 

  
ʅʘʣʠʯʠʝ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚʦʜʥʦʛʦ ʩʳʨʴʷ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʙʝʟʦʪʭʦʜʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ, ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʨʘʪʴ ʩʘʤʫʶ ʦʧʪʠʤʘʣʴʥʫʶ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʩʳʨʴʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʩʝʟʦʥʘ ʚʳʣʦʚʘ, ʢʘʯʝʩʪʚʘ, ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʆʩʦʙʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʫʪʨʠ 

ʦʜʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʠʜʘ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʩʣʘ. ɺ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦʣʷ ʤʘ-

ʣʳʭ, çʫʟʢʦʧʨʦʬʠʣʴʥʳʭè ʨʳʙʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʕʪʦ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʫʯʘʶʱʠʤʩʷ ʟʘ-

ʢʨʝʧʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʚ ʧʝʨʠʦʜʳ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʯʪʦ 

ʚ ʠʪʦʛʝ ʚʝʜʝʪ ʢ ʩʫʞʝʥʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠ ʪʝʤ ʙʦʣʝʝ ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʰʠʪʴ 

ʩʦʟʜʘʚʰʫʶʩʷ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʚʠʨʪʫʘʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʥʘʚʳʢʦʚ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʪʨʝʥʘʞʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʊʝʭʥʦʣʦ-

ʛʠʷ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʝʭʥʦʣʦʛʦʚ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ. 
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OPERATING CONTROL PANEL FOR THE TRAINING COMPLEX  

"FISH PRODUCTS TECHNOLOGY"  

 
The presence of a very large number of a wide variety of technologies for processing water raw materials, in-

cluding waste-free and complex, does not make it possible to choose the most optimal for each specific type of 

raw materials, depending on its catch season, quality, structural and mechanical properties, chemical composition. 

A particularly difficult task is the variability of these characteristics within a single species of fishery objects. In a 

market economy, the share of small, "narrow-profile" fish processing enterprises has increased. This does not al-

low students to consolidate their theoretical knowledge during the periods of practical training, which ultimately 

leads to a narrowing of professional and, moreover, creative thinking. Therefore, it is possible to solve the created 

problem by means of virtual skills training. 

The article describes the developed training complex "Fish products technology" for the use in the training of 

technologists of the fishing industry. 

 

Key words: trainig complex, fish products technology, control panel. 

 

 

ʆʩʚʦʝʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʛʠʜʨʦʙʠʦʥʪʦʚ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʜʨʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʜʧʨʠʷʪʠʡ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʘʙʦ-

ʨʘʪʦʨʥʘʷ ʙʘʟʘ ʚʫʟʦʚ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ ʧʦʟʚʦʣʷʝʪ ʛʦʪʦʚʠʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ-

ʪʝʭʥʦʣʦʛʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʨʝʥʘʞʝʨʥʳʝ ʬʦʨʤʳ ʧʦʜʛʦʪʦʚʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ.  

ɺ ʩʠʩʪʝʤʝ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʨʳʙʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʨʝʥʘʞʝʨʥʘʷ ʪʝʭʥʠʢʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʬʠʨʤʘʤʠ ʜʣʷ ʩʧʝʮʠʘ-

ʣʠʩʪʦʚ ʤʦʨʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʦʜʥʘʢʦ ʜʣʷ ʪʝʭʥʦʣʦʛʦʚ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʘʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʥʝ ʧʨʦʚʦ-

ʜʠʣʠʩʴ, ʠ ʛʦʪʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʪʨʝʥʘʞʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

 

185 

ʅʘʣʠʯʠʝ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚʦʜʥʦʛʦ 

ʩʳʨʴʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʝʟʦʪʭʦʜʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ, ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʨʘʪʴ ʩʘʤʫʶ ʦʧʪʠʤʘʣʴ-

ʥʫʶ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʩʳʨʴʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʩʝʟʦʥʘ ʚʳʣʦʚʘ, ʢʘʯʝʩʪʚʘ, ʩʪʨʫʢ-

ʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʆʩʦʙʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʠ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʠʜʘ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʩʣʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦʣʷ ʤʘʣʳʭ, çʫʟʢʦʧʨʦʬʠʣʴʥʳʭè ʨʳʙʦʦʙʨʘʙʘʪʳ-

ʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʕʪʦ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʫʯʘʶʱʠʤʩʷ ʟʘʢʨʝʧʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʟʥʘʥʠʷ ʚ ʧʝʨʠʦʜʳ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ, ʯʪʦ ʚ ʠʪʦʛʝ ʚʝʜʝʪ ʢ ʩʫʞʝʥʠʶ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠ ʪʝʤ ʙʦʣʝʝ ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʰʠʪʴ ʩʦʟʜʘʚʰʫʶʩʷ 

ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʚʠʨʪʫʘʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʥʘʚʳʢʦʚ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʴʶʪʝʨʥʳʡ ʪʨʝʥʘʞʝʨ çʊʝʭʥʦʣʦʛʠʷ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚè, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʚʘʞʥʦʡ ʟʘʜʘʯʠ, ʢʘʢ ʧʦʜʛʦʪʦʚʢʘ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝ-

ʥʠʷʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʇʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷè (ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ çʊʝʭʥʦʣʦ-

ʛʠʷ ʨʳʙʳ ʠ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚè) ʫʨʦʚʥʝʡ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ ʤʘʛʠʩʪʨʘʪʫʨʳ, ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤʫ 

ʚʝʜʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʚʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ ʦʩʥʦʚʝ ʟʥʘʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʭʠʤʠʯʝʩʢʠʭ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʚ ʩʳʨʴʝ, ʧʦʣʫʬʘʙʨʠʢʘʪʝ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʩʦʟʜʘʥʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ. 

ɺʥʝʜʨʝʥʠʝ ʪʨʝʥʘʞʝʨʘ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʠʪ ʫʩʠʣʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʩʧʝʮʠʘʣʴ-

ʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʝʭʥʦʣʦʛʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʪʨʝʥʘʞʝʨʘ ʤʦʜʝʣʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʨʦʞʝʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʚ ʩʫʜʦʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ɹɸʊʄ ʧʨʦʝʢʪʘ 1288, ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙʥʳʭ ʢʦʥʩʝʨʚʦʚ, ʧʨʦʜʫʢʮʠʠ ʭʦʣʦʜ-

ʥʦʛʦ ʢʦʧʯʝʥʠʷ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ ï ʇɸʆ çʆʢʝʘʥʨʳʙʬʣʦʪè, ʈʳʙʦ-

ʣʦʚʝʮʢʦʤ ʢʦʣʭʦʟʝ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘ ï ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦ-

ʜʝʣʴʶ ʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ. 

ʈʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʨʝʥʘʞʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʦʙʱʠʭ ʧʘʥʝʣʝʡ ʠ ʧʘʥʝʣʝʡ ʧʦʜʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ʇʘʥʝʣʠ ʧʦʜʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʩʦʟʜʘʶʪʩʷ ʠ ʚʢʣʶʯʘʶʪʩʷ ʚ ʨʘʙʦʯʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʩʣʝ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʧʨʦʜʫʢʮʠʠ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. 

ɼʘʥʥʳʝ ʦ ʩʳʨʴʝʚʦʡ ʙʘʟʝ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʝʥʘʞʝʨ, ʩʦʜʝʨʞʘʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʙʠʙʣʠʦʪʝʢʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʚʦʜʥʦʛʦ ʩʳʨʴʷ. ɹʘʟʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳ ʧʦ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʘʤ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʚ ʨʘʡʦʥʘʭ ʧʨʦʤʳʩʣʘ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʂʘʤʯʘʪʢʝ, 

ʧʦ ʠʭ ʪʝʭʥʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɺ ʙʘʟʝ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ 17 ʚʠʜʘʤ ʧʨʦʤʳʩʣʦ-

ʚʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʦʨʙʫʰʘ, ʢʘʤʙʘʣʘ ʞʝʣʪʦʙʨʶʭʘʷ, ʢʘʤʙʘʣʘ ʞʝʣʪʦʧʝʨʘʷ, ʢʘʤʙʘʣʘ ʩʝʚʝʨʥʘʷ 

ʜʚʫʭʣʠʥʝʡʥʘʷ (ʙʝʣʦʙʨʶʭʘʷ), ʢʝʪʘ, ʢʠʞʫʯ, ʢʨʘʙ ʢʘʤʯʘʪʩʢʠʡ, ʤʠʥʪʘʡ ʪʠʭʦʦʢʝʘʥʩʢʠʡ, ʥʘʚʘʛʘ ʪʠʭʦʦʢʝ-

ʘʥʩʢʘʷ, ʥʝʨʢʘ, ʦʢʫʥʴ ʪʠʭʦʦʢʝʘʥʩʢʠʡ ʤʦʨʩʢʦʡ, ʧʘʣʪʫʩ ʪʠʭʦʦʢʝʘʥʩʢʠʡ ʯʝʨʥʳʡ, ʧʘʣʪʫʩ ʪʠʭʦʦʢʝʘʥʩʢʠʡ 

ʙʝʣʦʢʦʨʳʡ, ʩʝʣʴʜʴ ʪʠʭʦʦʢʝʘʥʩʢʘʷ, ʪʝʨʧʫʛ ʩʝʚʝʨʥʳʡ ʦʜʥʦʧʝʨʳʡ, ʪʨʝʩʢʘ ʪʠʭʦʦʢʝʘʥʩʢʘʷ, ʯʘʚʳʯʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʚʢʣʶʯʘʝʪ ʩʚʝʜʝʥʠʷ ʦ ʨʘʟʤʝʨʥʦ-ʤʘʩʩʦʚʦʤ ʩʦʩʪʘʚʝ, ʭʠʤʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ, ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʨʘʡʦʥʝ ʠ ʧʝʨʠʦʜʝ ʧʨʦʤʳʩʣʘ, ʧʝʨʠʦʜʝ ʥʝʨʝʩʪʘ. 
ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʛʨʘʤʤʳ, ʤʦʜʝʣʠ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʦʚʘʥʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠ dbGo.NET. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʚʘʡʜʝʨ ʜʘʥʥʳʭ Microsoft Jet 4.0 OLE DB, ʧʣʘʪʬʦʨʤʳ .NET Framework. ʆʩʥʦʚ-
ʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

ï ʙʘʟʘ ʜʘʥʥʳʭ ï ʬʘʡʣ ʙʘʟʳ ʜʘʥʥʳʭ; 
ï ʩʚʷʟʴ ï ʢʦʤʧʦʥʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʚʷʟʴ ʩ ʜʘʥʥʳʤʠ; 

ï ʘʜʘʧʪʝʨʳ ï ʢʦʤʧʦʥʝʥʪʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʟʘʧʨʦʩ ʢ ʜʨʘʡʚʝʨʫ ODBC ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ ʤʦʜʠ-
ʬʠʢʘʮʠʠ ʜʘʥʥʳʭ; 

ï ʥʘʙʦʨ ʜʘʥʥʳʭ ï ʢʦʤʧʦʥʝʥʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʠʨʪʫʘʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ; 

ï ʚʠʟʫʘʣʠʟʘʮʠʷ ï ʢʦʤʧʦʥʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ. 
ʆʧʝʨʘʮʠʦʥʥʳʡ ʧʫʣʴʪ, ʛʣʘʚʥʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʧʘʥʝʣʴ, ʩʦʩʪʦʠʪ ʠʟ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʘʥʝʣʝʡ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʣʦʛʠʢʦʡ ʧʨʦʛʨʘʤʤʳ. ʏʘʩʪʴ ʧʘʥʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʙʘʟʦʚʳʝ ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʳ, ʦʙʨʘʱʝʥʠʝ ʢ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʦ, ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʩʪʘʨʪʝ 

ʧʨʦʛʨʘʤʤʳ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʧʦʩʪʦʷʥʥʦ. ʏʘʩʪʴ ʧʘʥʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʩ ʦʧʝʨʘʪʦʨʦʤ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʘʭ, ʩʦʟʜʘʝʪʩʷ ʠ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ, ʧʨʦʛʨʘʤʤʥʳʤ ʧʫ-

ʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʧʝʨʘʪʦʨʦʤ. 

ɺ ʩʦʩʪʘʚ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʫʣʴʪʘ ʚʭʦʜʷʪ: 

ï ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʟʘʛʨʫʟʢʦʡ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ; 

ï ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ; 
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ï ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; 

ï ʧʘʥʝʣʴ ʠʥʜʠʢʘʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

ï ʤʥʝʤʦʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; 

ï ʤʥʝʤʦʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ; 

ï ʧʘʥʝʣʴ ʠʥʜʠʢʘʮʠʠ ʙʣʦʢʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʮʝʩʩʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ; 

ï ʧʘʥʝʣʴ ʠʥʜʠʢʘʮʠʠ ʙʣʦʢʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ; 

ï ʧʘʥʝʣʴ ʠʥʜʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʭʦʣʦʜʠʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ; 

ï ʧʘʥʝʣʴ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ; 

ï ʧʘʥʝʣʴ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʨʝʥʘʞʝʨʘ;  

ï ʧʘʥʝʣʴ ʚʳʙʦʨʘ ʚʠʜʘ ʩʳʨʴʷ; 

ï ʧʘʥʝʣʴ ʚʳʙʦʨʘ ʧʝʨʠʦʜʘ ʣʦʚʘ; 

ï ʧʘʥʝʣʴ ʚʳʙʦʨʘ ʨʘʡʦʥʘ ʣʦʚʘ. 

ʇʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ, ʤʥʝʤʦʩʭʝʤʳ 

ʠ ʜʠʘʛʨʘʤʤʳ ʩʢʦʤʧʦʥʦʚʘʥʳ ʚ ʛʣʘʚʥʳʡ 

ʦʧʝʨʘʮʠʦʥʥʳʡ ʧʫʣʴʪ. ɼʣʷ ʜʝʤʦʥʩʪʨʘ-

ʮʠʦʥʥʦʡ ʚʝʨʩʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪ-

ʚʘ ʤʦʨʦʞʝʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʥ ʠʤʝʝʪ 

ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 1. 

ʋʧʨʘʚʣʝʥʠʝ ʪʨʝʥʘʞʝʨʦʤ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʠʤʠʪʘʮʠʠ ʜʝʡʩʪʚʠʡ ʩʤʝʥʥʦʛʦ 

ʤʘʩʪʝʨʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʧʨʦʪʦʪʠʧʝ ʚʳ-

ʙʨʘʥʥʦʡ ʣʠʥʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʨʘʩʩʪʘʚʠʪʴ ʦʙʩʣʫʞʠ-

ʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ ʧʦ ʨʘʙʦʯʠʤ ʤʝʩʪʘʤ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʩʳʨʴʷ, ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʨʘʙʦʪʥʠʢʘ ʥʘ ʥʝʢʨʠʪʠʯʝ-

ʩʢʦʤ ʜʣʷ ʧʨʦʮʝʩʩʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʥʠ-

ʢʘʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ 

ʥʝ ʚʳʚʦʜʠʪʩʷ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʚ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ, ʠʟʤʝʥʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʠ ʠʟʤʝʥʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʚʳʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ ʣʠʥʠʶ ï ʚʢʣʶʯʠʪʴ, 

ʘʢʪʠʚʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʦʪʩʫʪʩʪ-

ʚʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʥʝ-

ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʧʦʜʘʯʝ ʩʳʨʴʷ ʧʨʦʠʟʦʡʜʝʪ ʘʚʘʨʠʡʥʘʷ ʦʩʪʘʥʦʚʢʘ ʣʠʥʠʠ ʩ ʚʳʜʘʯʝʡ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʦʦʙʱʝʥʠʷ. ɼʣʷ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʣʝʜʦʚʘ- 

ʪʝʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʩʪʘʥʦʚʢʠ ʨʘʙʦʪʥʠʢʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʟʛʨʫʟʠʪʴ ʘʚʘʨʠʡʥʳʡ ʫʯʘʩʪʦʢ. 

ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʟʘʛʨʫʟʢʦʡ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʟʘ-

ʛʨʫʟʢʠ ʦʩʥʦʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ (ʨʠʩ. 2). 

 

 
 

 
 

ʂʥʦʧʢʘ çɹʘʟʘè ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʙʦʨ ʙʘʟʳ ʜʘʥʥʳʭ. ʇʨʠ ʥʘʞʘʪʠʠ ʚʳʚʦʜʠʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʜʠʘ-

ʣʦʛ ʚʳʙʦʨʘ ʬʘʡʣʘ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʬʘʡʣʘ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʦʢʠ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʜʢʣʶ-

ʯʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʢ ʠʩʪʦʯʥʠʢʫ ʜʘʥʥʳʭ, ʩʦʟʜʘʝʪʩʷ ʚʠʨʪʫʘʣʴʥʳʡ ʥʘʙʦʨ ʟʘʧʠʩʝʡ. 

ʂʥʦʧʢʘ çʉʳʨʴʝè ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʙʦʨ ʚʠʜʘ ʩʳʨʴʷ. ʇʨʠ ʥʘʞʘʪʠʠ ʩʦʟʜʘʝʪʩʷ ʠ ʚʳʚʦʜʠʪʩʷ 

ʥʘ ʤʦʥʠʪʦʨ ʧʘʥʝʣʴ ʚʳʙʦʨʘ ʩʳʨʴʷ (ʨʠʩ. 3). ʇʨʠ ʚʳʙʦʨʝ ʚ ʩʧʠʩʢʝ ʚʠʜʘ ʩʳʨʴʷ ʝʛʦ ʥʘʠʤʝʥʦʚʘʥʠʝ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʵʣʝʤʝʥʪʝ ʧʘʥʝʣʠ ʠʥʜʠʢʘʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʂʥʦʧʢʘ çʈʘʡʦʥè ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʙʦʨ ʨʘʡʦʥʘ ʧʨʦʤʳʩʣʘ. ʇʨʠ ʥʘʞʘʪʠʠ ʩʦʟʜʘʝʪʩʷ ʠ ʚʳʚʦʜʠʪʩʷ 

ʥʘ ʤʦʥʠʪʦʨ ʧʘʥʝʣʴ ʚʳʙʦʨʘ ʨʘʡʦʥʘ ʣʦʚʘ (ʨʠʩ. 4). ʇʨʠ ʚʳʙʦʨʝ ʚ ʩʧʠʩʢʝ ʨʘʡʦʥʘ ʣʦʚʘ ʝʛʦ ʥʘʠʤʝʥʦ-

ʚʘʥʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʵʣʝʤʝʥʪʝ ʧʘʥʝʣʠ ʠʥʜʠʢʘʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʈʠʩ. 2. ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʟʘʛʨʫʟʢʦʡ 

ʈʠʩ. 1. ʆʧʝʨʘʮʠʦʥʥʳʡ ʧʫʣʴʪ ʧʨʦʮʝʩʩʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 



ɺʪʦʨʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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ʂʥʦʧʢʘ çʇʝʨʠʦʜè ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʙʦʨ ʧʝʨʠʦʜʘ ʧʨʦʤʳʩʣʘ. ʇʨʠ ʥʘʞʘʪʠʠ ʩʦʟʜʘʝʪʩʷ ʠ ʚʳʚʦ-

ʜʠʪʩʷ ʥʘ ʤʦʥʠʪʦʨ ʧʘʥʝʣʴ ʚʳʙʦʨʘ ʧʝʨʠʦʜʘ ʧʨʦʤʳʩʣʘ (ʨʠʩ. 5). ʇʨʠ ʚʳʙʦʨʝ ʚ ʩʧʠʩʢʝ ʧʝʨʠʦʜʘ ʧʨʦ-

ʤʳʩʣʘ ʝʛʦ ʥʘʠʤʝʥʦʚʘʥʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʵʣʝʤʝʥʪʝ ʧʘʥʝʣʠ ʠʥʜʠʢʘʮʠʠ ʠʩʭʦʜ-

ʥʳʭ ʜʘʥʥʳʭ. 

   

ʈʠʩ. 3. ʇʘʥʝʣʴ ʚʳʙʦʨʘ ʩʳʨʴʷ ʈʠʩ. 4. ʇʘʥʝʣʴ ʚʳʙʦʨʘ ʨʘʡʦʥʘ 

 ʧʨʦʤʳʩʣʘ 
ʈʠʩ. 5. ʇʘʥʝʣʴ ʚʳʙʦʨʘ ʧʝʨʠʦʜʘ  

ʧʨʦʤʳʩʣʘ 

ʂʥʦʧʢʘ çɺʠʜ ʧʨʦʜʫʢʮʠʠè ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʙʦʨ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ. ʇʨʠ ʥʘʞʘʪʠʠ ʩʦʟʜʘʝʪʩʷ 

ʠ ʚʳʚʦʜʠʪʩʷ ʥʘ ʤʦʥʠʪʦʨ ʧʘʥʝʣʴ ʚʳʙʦʨʘ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʠ ʚʳʙʦʨʝ ʚ ʩʧʠʩʢʝ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ ʝʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʵʣʝʤʝʥʪʝ ʧʘʥʝʣʠ ʠʥʜʠʢʘʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʥʘ ʤʥʝ-

ʤʦʩʭʝʤʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʟʜʘʝʪʩʷ ʠ ʚʳʚʦʜʠʪʩʷ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʨʦʮʝʩʩʘ. ɺ ʩʦʩʪʘʚ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʵʣʝʤʝʥ-

ʪʦʚ ʫʧʨʘʚʣʝʥʠʷ: ʟʘʜʝʨʞʢʘ ʜʦ ʦʙʨʘʙʦʪʢʠ, ʚʠʜ ʦʭʣʘʞʜʝʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʦʭʣʘʞʜʝʥʠʷ, ʧʘʨʘʤʝʪʨʳ 

ʤʦʡʢʠ, ʩʧʦʩʦʙ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʭʣʘʜʘʛʝʥʪ, ʚʨʝʤʷ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʛʣʘʟʠʨʦʚʘʥʠʷ. 

ɺ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʭʦʜʷʪ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʳʙʨʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʚ ʩʦʩʪʘʚ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ çɿʘʜʝʨʞʢʘ ʜʦ ʦʙʨʘʙʦʪʢʠè ʚʭʦʜʷʪ: ʠʥʜʠʢʘʪʦʨ ʪʝʤʧʝʨʘʪʫ-

ʨʳ, ʨʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ; ʚ ʩʦʩʪʘʚ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ çɺʠʜ ʦʭʣʘʞʜʝʥʠʷè ʚʭʦʜʠʪ 

ʛʨʫʧʧʘ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʚʠʜʘ ʦʭʣʘʞʜʝʥʠʷ ʠ ʚʠʜʘ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ: ʣʝʜ, ʣʴʜʦʚʦʜʷʥʘʷ ʩʤʝʩʴ, 

ʚʦʜʘ, ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʥʪʠʩʝʧʪʠʢʘ, ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ 

ʚʘʨʠʘʥʪʦʤ. ʅʘ ʤʥʝʤʦʩʭʝʤʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢ-

ʮʠʠ. ɸʢʪʠʚʥʘʷ ʚ ʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʧʦʜʩʚʝʯʠʚʘʝʪʩʷ ʞʝʣ-

ʪʳʤ ʮʚʝʪʦʤ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʥʘʟʚʘʥʠʝ ʦʧʝʨʘʮʠʠ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʘʥʝʣʴ. 

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çʈʝʞʠʤ ʨʘʙʦʪʳè ʩʦʟʜʘʝʪʩʷ ʧʘʥʝʣʴ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʨʝʥʘʞʝ-

ʨʘ. ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: çʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡè, çʨʘʙʦʯʠʡè, çʦʙʫʯʝʥʠʝè. 

ɺ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʤ ʚʘʨʠʘʥʪʝ ʙʝʟ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩ ʜʝʡʩʪʚʠʡ ʧʦ ʧʦʜ-

ʛʦʪʦʚʢʝ ʣʠʥʠʠ ʢ ʨʘʙʦʪʝ: ʚʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʛʨʫʟʢʘ ʩʳʨʴʷ, ʨʘʩʩʪʘʥʦʚʢʘ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ, ʧʨʦʚʝʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ 

ʧʨʦʚʝʜʝʥʠʶ ʨʘʙʦʯʝʡ ʩʤʝʥʳ. ɺ ʨʝʞʠʤʝ çʦʙʫʯʝʥʠʝè ʧʨʠ ʦʰʠʙʢʝ ʦʧʝʨʘʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʦʩʪʘʥʦʚʢʘ 

ʧʨʦʮʝʩʩʘ, ʬʠʢʩʘʮʠʷ ʦʰʠʙʢʠ ʠ ʚʳʚʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʦʙʱʝʥʠʷ. ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʥʝʚʦʟ-

ʤʦʞʥʘ ʙʝʟ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʢʠ. ɺ ʨʝʞʠʤʝ çʨʘʙʦʯʠʡè ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʡʩʪʚʠʷ ʜʦʣʞʝʥ ʦʩʫʱʝ-

ʩʪʚʣʷʪʴ ʦʧʝʨʘʪʦʨ. ʂʥʦʧʢʘ çɿʘʛʨʫʟʢʘ ʪʨʝʥʘʞʝʨʘè ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʚʘʨʠ-

ʘʥʪʘ ʚ ʧʘʥʝʣʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʟʘʛʨʫʟʢʠ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʘʢʪʠʚʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʣʠʥʠʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʞʠʤʘ çʨʘʙʦʯʠʡè ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʟʘʛʨʫʟʢʫ ʩʳʨʴʷ. ʂʦʣʠʯʝʩʪʚʦ 

ʩʳʨʴʷ ʦʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ. ɿʘʛʨʫʟ-

ʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʣʠʥʠʝʡ. 

ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩʦʜʝʨʞʠʪ ʢʥʦʧʢʠ çʉʪʘʨʪè, çʇʘʫʟʘè, çStepè, 

çCʪʦʧè. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çʉʪʘʨʪè ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʪʘʡʤʝʨ, ʠ ʥʘʯʠʥʘʝʪʩʷ 
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ʚʳʧʦʣʥʝʥʠʝ ʟʘʛʨʫʞʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çʇʘʫʟʘè ʜʝʟʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʪʘʡʤʝʨ, ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çStepè 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʰʘʛʦʚʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çʉʪʦʧè ʧʨʦʠʩʭʦʜʠʪ ʦʩʪʘ-

ʥʦʚʢʘ ʧʨʦʮʝʩʩʘ ʠ ʩʙʨʦʩ ʚʩʝʭ ʟʘʛʨʫʞʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚʨʝʤʝʥʝʤ ʧʨʦʮʝʩʩʘ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ ʠʥʜʠʢʘʮʠʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦ-

ʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʘʥʝʣʴ ʠʥʜʠʢʘʮʠʠ ʙʣʦʢʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʦʜʝʨʞʠʪ 

ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ: ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʳʙʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʨʤʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʨʳʙʳ, 

ʩʨʝʜʥʷʷ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʳʙʳ, ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʜʠʘʛʨʘʤʤʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. 

ʇʘʥʝʣʴ ʠʥʜʠʢʘʮʠʠ ʙʣʦʢʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ï ʠʥʜʠʢʘʪʦʨʳ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʠʟʤʝʥʝʥʠʡ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʴʜʘ, ʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʦʨʘ-

ʞʠʚʘʥʠʷ: ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ ʣʴʜʘ, ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʣʢʘ, ʫʩʫʰʢʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʛʣʘʟʫʨʠ, ʘʢʪʠʚʥʦʩʪʴ ʚʦʜʳ, ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʣʴʜʘ, ʜʠʘʛʨʘʤʤʘ ʢʦʣʠʯʝʩʪʚʘ ʚʳʤʦʨʦ-

ʞʝʥʥʦʡ ʚʦʜʳ. 

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʥʦʧʢʠ çʆʪʯʝʪè ʩʦʟʜʘʝʪʩʷ ʧʘʥʝʣʴ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪ-

ʚʘ ʧʨʦʜʫʢʮʠʠ. ʇʘʥʝʣʴ ʩʦʜʝʨʞʠʪ ʠʥʜʠʢʘʪʦʨʳ ʢʘʯʝʩʪʚʘ: ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʣʝʪʫʯʠʭ ʦʩʥʦʚʘʥʠʡ, 

ʟʥʘʯʝʥʠʷ ʢʠʩʣʦʪʥʦʛʦ ʠ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʝʣ ʞʠʨʘ ʨʳʙʳ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʣʢʘ, ʢʦʣʠʯʝʩʪʚʦ ʛʣʘʟʫʨʠ, 

ʢʦʥʩʠʩʪʝʥʮʠʷ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ, ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʥʜʠʢʘʪʦʨʳ ʩʚʝʜʝʥʳ ʚ ʜʚʝ ʛʨʫʧʧʳ:  

ʜʣʷ ʧʨʦʜʫʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ, ʠ ʜʣʷ ʧʨʦʜʫʢʮʠʠ, ʧʨʦʠʟʚʝʜʝʥʥʦʡ 

ʚ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʩʦʩʪʘʚʝ 

ʧʘʥʝʣʠ ʠʤʝʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠʥʜʠʢʘʮʠʠ. 

ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʟʥʘʯʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʯʝʡ ʩʤʝʥʳ, ʧʨʠʥʷʪʦ-

ʛʦ ʩ ʫʯʝʪʦʤ ʩʤʝʱʝʥʠʷ ʛʨʘʬʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʦʠʩʭʦʜʠʪ ʦʩʪʘʥʦʚʢʘ ʧʨʦʮʝʩʩʘ.  

ʆʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʟʘ ʚʨʝʤʷ ʨʘʙʦʯʝʡ ʩʤʝʥʳ ʚʳ-

ʧʫʩʪʠʪʴ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʥʝ ʜʦʧʫʩʪʠʪʴ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘ-

ʮʠʡ, ʙʨʘʢʘ. 

ʀʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ, ʧʨʦʛʦʥʘ ʤʦʜʝʣʠ ʚʳʚʦʜʷʪʩʷ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ ʛʣʘʚʥʦʛʦ ʤʝʥʶ 

çʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳè. ʇʘʥʝʣʴ çʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʝʨʝʜʘʢʪʠʨʫʝʤʦʛʦ ʦʪʦ-

ʙʨʘʞʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʚʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ ʚ ʢʠʣʦʛʨʘʤ-

ʤʘʭ ʠʣʠ ʪʫʙʘʭ, ʨʘʩʭʦʜ ʩʳʨʴʷ ʧʦ ʥʦʨʤʝ ʚ ʢʠʣʦʛʨʘʤʤʘʭ, ʨʘʩʭʦʜ ʩʳʨʴʷ ʬʘʢʪʠʯʝʩʢʠʡ ʚ ʢʠʣʦʛʨʘʤʤʘʭ, 

ʨʘʩʭʦʜ ʩʳʨʴʷ ʥʘ ʢʦʨʤʦʚʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʢʠʣʦʛʨʘʤʤʘʭ, ʙʘʣʘʥʩ ʩʳʨʴʷ ʚ ʢʠʣʦʛʨʘʤʤʘʭ, ʧʣʘʥʦʚʳʡ 

ʚʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ, ʦʪʢʣʦʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʚʳʧʫʩʢʘ ʦʪ ʧʣʘʥʦʚʦʛʦ, ʟʘʤʝʯʘʥʠʷ ʧʦ ʢʘʯʝʩʪʚʫ ʛʦ-

ʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʝ 

ʪʘʙʣʠʮʳ ʧʦʜʩʚʝʯʠʚʘʝʪʩʷ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʙʘʣʘʥʩʝ ï ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. ʆʪʨʠ-

ʮʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʜʩʚʝʯʝʥʥʳʝ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʧʨʘʚʠʣʴʥʳʭ ʜʝʡʩʪ-

ʚʠʷʭ ʦʧʝʨʘʪʦʨʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʛʦʥʘ ʤʦʜʝʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʪʨʝʥʘʞʝʨ çʊʝʭʥʦʣʦʛʠʷ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚè ʧʦʟʚʦʣʷʝʪ ʦʙʫ-

ʯʘʶʱʠʤʩʷ ʦʪʨʘʙʦʪʘʪʴ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʚʳʙʨʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʤʦʜʝ-

ʣʠ ʮʝʭʘ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʳʩʪʨʫʶ ʘʜʘʧʪʘʮʠʶ ʙʫʜʫʱʠʭ ʜʠʧʣʦʤʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʊʨʝʥʘʞʝʨʥʘʷ ʧʦʜ-

ʛʦʪʦʚʢʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʦʙʫʯʘʶʱʠʤʠʩʷ ʛʣʫʙʦʢʠʭ ʟʥʘʥʠʡ ʙʠʦʭʠʤʠʠ, ʤʠʢʨʦʙʠʦʣʦ-

ʛʠʠ, ʛʠʩʪʦʣʦʛʠʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʬʠʟʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʥʘʚʳʢʦʚ ʧʦʣʴʟʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʳʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʟʘʢʨʝʧʣʝʥʠʝ 

ʦʙʫʯʘʶʱʠʤʠʩʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʴ (ʧʨʦʬʠʣʴ) ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ çʊʝʭʥʦʣʦʛʠʷ ʨʳʙʳ ʠ ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚè. 
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ʇʆʃʋʏɽʅʀɽ ɹʀʆʃʆɻʀʏɽʉʂʀ ɸʂʊʀɺʅʓʍ ɼʆɹɸɺʆʂ  

ʀɿ ʉʊɺʆʈʆʂ ʄʀɼʀʀ ʊʀʍʆʆʂɽɸʅʉʂʆʁ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ  

ʍʆʃʆɼʀʃʔʅʆɻʆ ʇʆʊɽʅʎʀɸʃɸ ʊɺɽʈɼʆʁ ʋɻʃɽʂʀʉʃʆʊʓ 

 
ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ ʠʟ ʩʪʚʦʨʦʢ ʤʦʣʣʶʩʢʦʚ, 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʧʦʩʦʙʦʚ ʩ ʚʳʷʚʣʝʥʠʝʤ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʟʨʘʙʦ-

ʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ ʠʟ ʩʪʚʦʨʦʢ ʤʠʜʠʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ 

ʩʧʦʩʦʙʝ ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʩʪʚʦʨʦʢ ʠ ʠʭ ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʚʝʨʜʳʡ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. ʉʧʦʩʦʙ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʜʠʷ ʪʠʭʦʦʢʝʘʥʩʢʘʷ, ʪʚʝʨʜʳʡ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʜʦʙʘʚʢʘ. 
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OBTAINING BIOLOGICALLY ACTIVE  ADDITIVES  

FROM THE LEAVES OF PACIFIC MUSSEL  

USING THE REFRIGERATING POTENTIAL OF SOLID CARBON DIOXIDE  

 
The article analyzes methods for producing biologically active additives from the leaves of mollusks, vegeta-

ble and natural materials. Based on the analysis of the methods with the identification of their disadvantages,  

a method for producing biologically active additives from the leaves of the pacific mussel has been developed.  

In the developed method, solid carbon dioxide is used to crush the leaves and quickly cool them. The method can 

significantly simplify the technological process, reduce operating costs. 

 

Key words: a pacific mussel, solid carbon dioxide, biologically active additive. 

 

 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ (ɹɸɼ) ʠʟ ʦʙʲʝʢʪʦʚ 

ʥʝʨʳʙʥʦʛʦ ʧʨʦʤʳʩʣʘ ï ʤʠʜʠʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ï ʷʚʣʷʶʪʩʷ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʢʦʨʤʦʚʳʭ ʜʦʙʘʚʦʢ, 

ʙʠʦʢʦʨʨʝʢʪʦʨʦʚ, ɹɸɼ ʜʨʦʙʣʝʥʠʝʤ ʩʪʚʦʨʦʢ ʜʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʟʘʪʝʤ ʦʙʨʘʙʦʪʢʦʡ 

ʢʠʩʣʦʪʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [1]. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʠʟ ʤʠʜʠʡ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʦʤʳʚʢʝ 

ʤʠʜʠʡ, ʫʜʘʣʝʥʠʠ ʧʝʩʢʘ, ʠʟʤʝʣʴʯʝʥʠʠ ʥʘ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ʜʦ ʧʦʣʫʯʝʥʠʷ ʧʘʩʪʦʦʙʨʘʟʥʦʡ ʤʘʩʩʳ, 

ʢʦʪʦʨʘʷ ʧʦʜʚʝʨʛʘʣʘʩʴ ʯʘʩʪʠʯʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʣʩʷ ʭʠʤʠ-

ʯʝʩʢʠʡ ʨʘʩʧʘʜ ʩʦʣʝʡ ʩʪʚʦʨʦʢ ʤʠʜʠʠ ʜʦ ʩʚʦʙʦʜʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʞʠʜʢʦʡ 

ʯʘʩʪʠ ʧʠʱʝʚʦʡ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʠ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʫʩʚʦʝʥʠʷ ʦʨʛʘʥʠʟʤʦʤ [2]. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʚʨʝʜʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʛʠʜʨʦʣʠʟʘʪ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦʡ ʘʧʧʘ-

ʨʘʪʫʨʳ. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʨʤʘ ʜʣʷ ʧʪʠʮ ʠʟ ʩʣʦʷ ʨʘʢʫʰʝʢ ʩ ʚʦʜʦʨʦʩʣʷʤʠ, ʦʪʙʠʨʘʝʤʳʭ ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʝ ʦʪ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ. ʇʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʤʦʡʢʫ ʚ ʙʘʨʘʙʘʥ-

ʥʳʭ ʨʳʙʦʤʦʝʯʥʳʭ ʤʘʰʠʥʘʭ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ 50õ55Üʉ, ʩʪʝʯʢʫ ʥʘ ʨʝʰʝʪʯʘʪʳʭ ʪʨʘʥʩʧʦʨʪʝʨʘʭ 

ʚ ʪʝʯʝʥʠʝ 10õ15 ʤʠʥ, ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʩʫʰʠʣʴʥʳʡ ʙʘʨʘʙʘʥ, ʛʜʝ ʧʨʦʚʦʜʷʪ ʩʫʰʢʫ ʨʘʢʦʚʠʥ ʧʨʠ ʪʝʤ-
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ʧʝʨʘʪʫʨʝ 75õ85Üʉ. ɺʳʩʫʰʝʥʥʳʝ ʨʘʢʫʰʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʣʘʛʠ ʥʝ ʙʦʣʝʝ 1õ8% ʥʘʧʨʘʚʣʷʶʪʩʷ  

ʚ ʚʘʣʴʮʝʚʫʶ ʜʨʦʙʠʣʢʫ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʤʝʣʴʯʝʥʠʝ ʩʳʨʴʷ ʩ ʜʠʘʤʝʪʨʦʤ ʯʘʩʪʠʮ ʥʝ ʙʦʣʝʝ  

3 ʤʤ. ʈʘʟʤʝʣʴʯʝʥʥʳʡ ʨʘʢʫʰʝʯʥʠʢ ʧʝʨʝʜ ʟʘʪʘʨʠʚʘʥʠʝʤ ʚ ʤʝʰʢʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʛʥʠʪʥʳʡ ʩʝʧʘ-

ʨʘʪʦʨ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʤʝʪʘʣʣʦʧʨʠʤʝʩʝʡ [3]. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʪʝʧʣʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʳʨʴʷ ʧʨʠ ʩʫʰʢʝ, ʨʘʩʧʘʜ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʜʨʦʙʣʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʦʛʨʝʚʘ ʤʘʩʩʳ, ʩʣʦʞʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʤʝ-

ʪʘʣʣʦʧʨʠʤʝʩʝʡ. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʘ ʜʣʷ ʢʦʨʦʚ, ʚ ʢʦʪʦʨʦʤ ʩʪʚʦʨʢʠ ʤʠʜʠʠ ʠʟʤʝʣʴʯʘʶʪ 

ʜʦ ʩʦʩʪʦʷʥʠʷ ʢʨʫʧʢʠ ʠ ʧʦʜʚʝʨʛʘʶʪ ʯʘʩʪʠʯʥʦʤʫ ʛʠʜʨʦʣʠʟʫ 36% ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʦʧʦʨʮʠʠ 

1 : 1. ɻʠʜʨʦʣʠʟ ʧʨʦʚʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18õ20Üʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

(77,6%) ʢʘʣʴʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʩʪʚʦʨʢʘʭ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʘʣʴʮʠʡ ʭʣʦʨʠʜ, ʢʦʪʦ-

ʨʳʡ ʣʝʛʢʦ ʫʩʚʘʠʚʘʝʪʩʷ ʦʨʛʘʥʠʟʤʦʤ. ʅʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʘʷ ʯʘʩʪʴ ʢʘʣʴʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ (22,4%) 

ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʢʠʩʣʦʪʘʤʠ ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʨʛʘʥʠʟʤʦʤ [4]. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʚʨʝʜʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪ-

ʚʘ, ʘ ʛʠʜʨʦʣʠʟʘʪ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʠ ʢ ʧʠʱʝ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

(ʪʨʘʚʳ ʠ/ʠʣʠ ʣʠʩʪʴʷ ʜʝʨʝʚʴʝʚ, ʠ/ʠʣʠ ʣʠʩʪʴʷ ʢʫʩʪʘʨʥʠʢʦʚʳʭ), ʚʢʣʶʯʘʶʱʠʡ ʩʫʰʢʫ ʩʳʨʴʷ ʩ ʧʦʤʦ-

ʱʴʶ ʀʂ-ʠʟʣʫʯʝʥʠʷ, ʦʭʣʘʞʜʝʥʠʝ ʚʳʩʫʰʝʥʥʦʛʦ ʩʳʨʴʷ ʧʦ ʚʩʝʡ ʝʛʦ ʤʘʩʩʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʚʳʰʝ 

ʤʠʥʫʩ 80Üʉ ʭʣʘʜʘʛʝʥʪʦʤ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʠʟʤʝʣʴʯʝʥʠʝʤ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ  

ʚ ʩʨʝʜʝ ʭʣʘʜʘʛʝʥʪʘ. ʇʝʨʝʜ ʩʫʰʢʦʡ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʚʣʘʛʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʳʨʴʷ, ʘ ʩʫʰʢʫ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʜʚʝ ʩʪʘ-

ʜʠʠ, ʧʨʠ ʵʪʦʤ ʧʝʨʚʫʶ ʩʪʘʜʠʶ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʚʳʰʝ 90Üʉ ʚ ʪʝʯʝʥʠʝ ʥʝ ʙʦʣʝʝ  

4 ʯ, ʘ ʚʪʦʨʫʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʚʳʰʝ 60Üʉ ʚ ʪʝʯʝʥʠʝ ʥʝ ʙʦʣʝʝ 2 ʯ [5]. ʅʝʜʦʩʪʘʪʢʘʤʠ ʩʧʦʩʦʙʘ 

ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʩʫʰʢʠ ʩʳʨʴʷ. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʙʠʦʢʦʨʨʝʢʪʦʨʦʚ ʠʟ ʥʘʪʫʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʩʣʝ-
ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʩʫʰʝʥʥʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʩʳʨʴʝ ʧʫʪʝʤ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʩʫʰ-

ʢʠ ʜʦ ʚʣʘʞʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 20% ʥʘʧʨʘʚʣʷʶʪ ʚ ʟʘʢʨʳʪʫʶ ʝʤʢʦʩʪʴ, ʚ ʢʦʪʦʨʫʶ ʧʦʜʘʶʪ ʭʣʘʜʘʛʝʥʪ,  
ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʩʳʨʴʝ ʥʝ ʙʦʣʝʝ 20 ʤʠʥ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʦ ʚʩʝʡ ʝʛʦ ʤʘʩʩʝ ʪʝʤʧʝʨʘʪʫʨʳ ī196Üʉ. 

ɿʘʪʝʤ ʦʭʣʘʞʜʝʥʥʦʝ ʩʳʨʴʝ ʧʦʤʝʱʘʶʪ ʚ ʠʟʤʝʣʴʯʠʪʝʣʴ ʤʦʣʦʪʢʦʚʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʦʤ ʝʛʦ ʠʟʤʝʣʴ-
ʯʘʶʪ ʚ ʪʝʯʝʥʠʝ ʥʝ ʙʦʣʝʝ 5 ʤʠʥ ʜʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʥʝ ʙʦʣʝʝ 50 ʤʢʤ. ʇʦʩʣʝ ʯʝʛʦ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ 

ʫʧʘʢʦʚʳʚʘʶʪ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʶʪ ʩʳʨʴʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 
ʚ ʯʘʩʪʥʦʩʪʠ ʦʚʦʱʥʦʝ ʠ/ʠʣʠ ʷʛʦʜʥʦʝ, ʠ/ʠʣʠ ʬʨʫʢʪʦʚʦʝ, ʠ/ʠʣʠ ʙʘʭʯʝʚʦʝ, ʠ/ʠʣʠ ʟʝʨʥʦʚʳʝ, ʠ/ʠʣʠ ʠʭ 

ʟʘʨʦʜʳʰʠ, ʠ/ʠʣʠ ʚʦʜʦʨʦʩʣʠ, ʠ/ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʦʝ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʩʳʨʴʝ, ʠ/ʠʣʠ ʩʢʦʨʣʫʧʫ ʦʨʝʭʦʚ, 
ʠ/ʠʣʠ ʛʨʠʙʳ, ʪʘʢ ʠ ʩʳʨʴʝ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʪʘʢʦʝ ʢʘʢ ʩʢʦʨʣʫʧʘ ʷʠʮ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʫʨʠ-

ʥʳʭ, ʠ/ʠʣʠ ʨʘʢʦʚ, ʠ/ʠʣʠ ʨʝʧʪʠʣʠʡ, ʠ/ʠʣʠ ʨʘʢʦʚʠʥ ʤʦʣʣʶʩʢʦʚ, ʠ/ʠʣʠ ʦʙʲʝʢʪʳ, ʠʟʚʣʝʢʘʝʤʳʝ ʠʟ ʨʘ-
ʢʦʚʠʥ ʥʝʢʦʪʦʨʳʭ ʤʦʣʣʶʩʢʦʚ (ʞʝʤʯʫʛ), ʠ/ʠʣʠ ʢʦʞʫ ʞʠʚʦʪʥʳʭ [6]. 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ ʜʦʚʦʣʴʥʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʭʣʘʜʘʛʝʥʪʘ ï ʞʠʜ-
ʢʦʛʦ ʘʟʦʪʘ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʞʠʜʢʠʡ ʘʟʦʪ ʚ ʝʤʢʦ-

ʩʪʠ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ, ʘ ʥʝ ʦʨʦʰʝʥʠʷ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʝʛʦ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. ʂʨʦʤʝ ʵʪʦʛʦ ʧʨʠʤʝʥʝʥʠʝ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʩʫʰʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝ-

ʣʠʯʠʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʘʣʴʮʠʷ ʠʟ ʩʪʚʦʨʦʢ ʤʠʜʠʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ, ʧʦ-

ʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʘʪʴ ʙʠʦʢʦʨʨʝʢʪʦʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ ɹɸɼ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʯʘʡʰʝʡ ʙʠʦʣʦʛʠʯʝ-
ʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʭʦʜʝ ʭʣʘʜʘʛʝʥʪʘ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ 

ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ɹɸɼ ʠʟ ʩʪʚʦʨʦʢ ʤʠʜʠʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶ-

ʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ: 
1) ʢʦʥʚʝʢʮʠʦʥʥʫʶ ʩʫʰʢʫ ʨʘʢʦʚʠʥ ʜʦ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʥʝ ʙʦʣʝʝ 6õ8%; 

2) ʫʢʣʘʜʳʚʘʥʠʝ ʩʪʚʦʨʦʢ ʨʘʢʦʚʠʥ ʚ ʧʝʨʚʳʡ ʦʪʩʝʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʩʤ. ʨʠʩ.),  
ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʣʴʯʝʥʠʝ ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʧʫʪʝʤ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʞʠʜʢʦʡ ʫʛʣʝʢʠ-

ʩʣʦʪʳ ʥʘ ʩʪʚʦʨʢʠ ʧʨʠ ʜʘʚʣʝʥʠʠ 12õ14 ʘʪʤ. ʇʦʪʦʢ ʩʜʨʦʩʩʝʣʠʨʦʚʘʥʥʦʡ ʫʛʣʝʢʠʩʣʦʪʳ ʧʦʜ ʜʘʚʣʝʥʠ-
ʝʤ ʩ ʭʣʦʧʴʷʤʠ çʩʫʭʦʛʦ ʣʴʜʘè ʨʘʟʙʠʚʘʝʪ ʩʪʚʦʨʢʠ ʨʘʢʦʚʠʥ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʟʢʦ ʧʦʥʠʞʘʷ ʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʫ ʜʦ ī60õ70Üʉ. ɼʠʘʤʝʪʨ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʯʘʩʪʠʮ ʥʝ ʧʨʝʚʳʰʘʣ 5õ8 ʤʤ; 

3) ʠʟʤʝʣʴʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʦ ī60õ70Üʉ ʚ ʰʥʝʢʦʚʦʡ ʜʨʦʙʠʣʢʝ 

ʜʦ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ 2õ3 ʤʤ; 
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4) ʠʟʤʝʣʴʯʝʥʠʝ ʯʘʩʪʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʣʴʯʠʪʝʣ ̫ʩ ʣʦʧʘʩʪʥʳʤ ʥʦʞʦʤ ʜʦ ʨʘʟʤʝʨʘ ʯʘʩ-

ʪʠʮ 600ï800 ʤʢʤ. 

ʊʝʭʥʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ: 

ï ʧʦʚʳʰʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ɹɸɼ ʠʟ ʩʪʚʦʨʦʢ ʤʠʜʠʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ, 

ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʥʠʟʢʘʷ ʘʛʨʝʛʘʮʠʷ, ʢʘʨʘʤʝʣʠʟʘʮʠʷ  

ʠ ʩʣʝʞʠʚʘʝʤʦʩʪʴ ʯʘʩʪʠʮ; 

ï ʫʧʨʦʱʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʥʠʞʝʥʠʝ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. 

 

ʈʠʩ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ:  

1 ï ʜʨʦʩʩʝʣʠ ʧʦʜʘʯʠ CO2; 2 ï ʨʘʢʦʚʠʥʳ ʤʠʜʠʠ ʪʠʭʦʦʢʝʘʥʩʢʦʡ; 3 ï ʰʥʝʢʦʚʘʷ ʜʨʦʙʠʣʢʘ;  

4 ï ʠʟʤʝʣʴʯʠʪʝʣʴ ʩ ʣʦʧʘʩʪʥʳʤ ʥʦʞʦʤ; 5 ï ʝʤʢʦʩʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ɹɸɼ 
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ANALYSIS OF PIPELINE TRANSPORT PERFORMANCE AND SAFETY INDICATORS  

 
In the article the analysis of work is carried out. Requirements to safety of pipeline transport are studied. The 

main factors affecting the operation and safety of pipeline transport are identified. Measures to achieve the great-

est efficiency and reduce the risks of emergency situationsare proposed. 
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ʊʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʈʦʩʩʠʠ ʠʤʝʝʪ ʙʦʣʝʝ ʯʝʤ ʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ. ʋ ʠʩʪʦʢʦʚ ʩʦʟʜʘʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʙʳʣ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚ, ʩʯʠʪʘʚʰʠʡ, ʯʪʦ ʪʦʣʴʢʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ʦʙʝʩʧʝʯʠʪ ʥʘʜʝʞʥʫʶ ʦʩʥʦʚʫ ʨʘʟʚʠʪʠʷ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʳʚʝʜʝʪ ʨʦʩʩʠʡ-

ʩʢʫʶ ʥʝʬʪʴ ʥʘ ʤʠʨʦʚʦʡ ʨʳʥʦʢ. ʀ ʦʥ ʦʢʘʟʘʣʩʷ ʧʨʘʚ [1]. 

ɽʩʣʠ ʤʳ ʧʦʩʤʦʪʨʠʤ ʥʘ ʛʨʘʬʠʢ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʈʦʩʩʪʘʪʦʤ, ʤʳ ʫʚʠʜʠʤ, ʯʪʦ ʥʘ ʛʨʫʟʦʦʙʦʨʦʪ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ɻʨʫʟʦʦʙʦʨʦʪ ʧʦ ʚʠʜʘʤ ʪʨʘʥʩʧʦʨʪʘ 
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ʆʙʲʝʤ ʧʝʨʝʚʦʟʦʢ ʩʳʨʦʡ ʥʝʬʪʠ, ʧʨʠʨʦʜʥʦʛʦ ʠ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʚ ʦʩʥʦʚʝ ʩʚʦʝʡ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ. 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʈʦʩʩʠʠ, ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʧʦʩʣʝʜʥʠʝ ʪʨʠʜʮʘʪʴ ʣʝʪ ʨʘʟʚʠʪʠʝ ʰʣʦ ʙʦʣʴʰʠʤʠ ʪʝʤʧʘʤʠ (ʪʘʙʣ. 1 ʠ 2). 

ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʥʝʬʪʝʧʨʦʚʦʜʘʤ ʈʦʩʩʠʠ 

ʇʦʢʘʟʘʪʝʣʠ 1990 ʛ. 1995 ʛ. 2000 ʛ. 2005 ʛ. 2010 ʛ. 2016 ʛ. 2017 ʛ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʜʣʠʥʘ, ʪʳʩ. ʢʤ 68 64 63 65 65 74 71 

ʆʙʲʝʤ ʧʝʨʝʢʘʯʢʠ, ʤʣʥ ʪ 558 309 318 482 524 578 579 

ɻʨʫʟʦʦʙʦʨʦʪ, ʤʣʨʜ ʪĿʢʤ 1 240 68 745 1 156 1 123 1 268 1 308 

ʊʘʙʣʠʮʘ 2 

ʇʦʢʘʟʘʪʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʛʘʟʦʧʨʦʚʦʜʘʤ ʈʦʩʩʠʠ 

ʇʦʢʘʟʘʪʝʣʠ 1990 ʛ. 1995 ʛ. 2000 ʛ. 2005 ʛ. 2010 ʛ. 2016 ʛ. 2017 ʛ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʜʣʠʥʘ, ʪʳʩ. ʢʤ 144 148 152 160 168 178 179 

ʆʙʲʝʤ ʧʝʨʝʢʘʯʢʠ, ʤʣʥ ʪ 543 474 511 565 537 493 509 

ɻʨʫʟʦʦʙʦʨʦʪ, ʤʣʨʜ ʪĿʢʤ 1 335 1 231 1 171 1 317 1 259 1 176 1 181 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1 ʠ 2, ʧʦʚʳʰʝʥʠʝ ʦʙʲʝʤʘ ʛʨʫʟʦʦʙʦʨʦʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʢʘʢ ʙʣʘʛʦʜʘʨʷ ʫʚʝ-

ʣʠʯʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʣʠʥʳ, ʪʘʢ ʠ ʜʘʚʣʝʥʠʶ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ [2]. 

ʉʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʘʚʘʨʠʡ, ʠʥʮʠʜʝʥʪʦʚ, ʩʣʫʯʘʝʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, 

ʫʩʪʨʦʡʩʪʚʝ, ʠʟʛʦʪʦʚʣʝʥʠʠ, ʠʩʧʳʪʘʥʠʷʭ, ʤʦʥʪʘʞʝ, ʵʢʩʧʣʫʘʪʘʮʠʠ, ʵʢʩʧʝʨʪʠʟʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʷʥʦʡ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ, ʛʘʟʦʚʦʡ 

ʠ ʜʨʫʛʠʭ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʛʘʟʦʦʙʨʘʟʥʳʭ, ʧʘʨʦʦʙʨʘʟʥʳʭ ʠ ʞʠʜʢʠʭ ʩʨʝʜ.  

ʊʨʫʙʦʧʨʦʚʦʜʳ ʜʦʣʞʥʳ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʩʚʠʜʝ-

ʪʝʣʴʩʪʚʦʚʘʥʠʶ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʨʦʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʬʠʢʩʠʨʦʚʘʪʴ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʥʘʨʫʰʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʞʫʨʥʘʣʘʭ. 

ɼʣʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ ʟʘʤʝʪʠʪʴ ʤʝʣʴʯʘʡʰʠʝ 

ʠʟʤʝʥʝʥʠʷ, ʪ. ʢ. ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʥʠ ʫʢʦʤʧʣʝʢʪʦʚʘʥʳ çʀʥʬʨʘʟʚʫʢʦ-

ʚʦʡ ʩʠʩʪʝʤʦʡ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚè (ʜʘʣʝʝ ʀʉʄʊ) [3]. 

ʂ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʷʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʀʉʄʊ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ï ʆʙʥʘʨʫʞʝʥʠʝ ʫʪʝʯʝʢ. ʈʝʛʠʩʪʨʘʮʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʞʠʜʢʠʤʠ ʧʨʦ-

ʜʫʢʪʘʤʠ 3,3 ʣ/ʤʠʥ (0,02%) ʧʨʠ ʦʪʚʝʨʩʪʠʠ ʩ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ, ʚʨʝʤʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪ 1 ʜʦ 6 ʤʠʥ. 

ʈʝʛʠʩʪʨʠʨʫʶʪʩʷ ʫʪʝʯʢʠ ʯʝʨʝʟ ʧʨʦʪʷʞʝʥʥʳʝ ʦʪʚʦʜʳ ʩ ʤʘʣʳʤ ʜʠʘʤʝʪʨʦʤ, ʘ ʪʘʢʞʝ ʫʪʝʯʢʠ ʩ ʧʨʝ-

ʜʝʣʴʥʦ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʥʝ ʚʳʟʳʚʘʶʱʠʝ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʦ ʜʘʥʥʳʤ 

ʩʠʩʪʝʤʳ ʪʝʣʝʤʝʭʘʥʠʢʠ. ʅʠʟʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘ ʚʩʝʭ ʨʝ-

ʞʠʤʘʭ ʨʘʙʦʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ï ʃʦʢʘʮʠʷ ʚʥʫʪʨʠʪʨʫʙʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʈʝʞʠʤ ʥʝʧʨʝʨʳʚʥʳʡ; ʪʦʯʥʦʩʪʴ Ñ50 ʤ ʧʨʠ ʦʩʪʘʥʦʚʢʝ 

ʠ Ñ100 ʤ ʧʨʠ ʜʚʠʞʝʥʠʠ. 

ï ʈʝʛʠʩʪʨʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ï ʆʭʨʘʥʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ. 

ï ʀʥʬʨʘʟʚʫʢʦʚʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʙʝʟ ʜʝʬʝʢʪʦʩʢʦʧʘ). 

ɼʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ Ñ10 ʩʤ ʩʣʝʜʫʶʱʠʝ ʜʝʬʝʢʪʳ: ʚʤʷʪʠʥʳ, ʨʘʩʩʣʦʝʥʠʷ ʤʝʪʘʣʣʘ, ʧʦ-

ʩʪʦʨʦʥʥʠʝ ʧʨʝʜʤʝʪʳ, ʪʚʝʨʜʳʝ ʦʪʣʦʞʝʥʠʷ, ʢʦʥʪʨʦʣʴ ʘʨʤʘʪʫʨʳ ʠ ʩʚʘʨʥʳʭ ʰʚʦʚ. 

ï ɺʠʜʝʦʥʘʙʣʶʜʝʥʠʝ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʚʠʜʝʦʢʘʤʝʨʳ ʩ ʠʥʬʨʘʢʨʘʩʥʦʡ ʧʦʜʩʚʝʪʢʦʡ ʜʣʷ ʜʥʝʚʥʦʛʦ 

ʠ ʥʦʯʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. 

ï ʀʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʘ, ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʪʨʦʣʴ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʢʨʘʥʦʚʳʭ ʫʟʣʦʚ. 

ï ʂʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ. 

ï ʉʘʤʦʜʠʘʛʥʦʩʪʠʢʘ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜʫʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʨʘʙʦʪʫ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ 

ʥʘʛʨʫʟʦʢ. ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʫʯʪʝʥ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʫʩʣʦʚʠʡ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ [3]: 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʚʩʝʡ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠʥʬʨʘʟʚʫʢʦʚʦʡ ʩʠʩʪʝʤʦʡ ʤʦʥʠʪʦʨʠʥʛʘ, ʯʪʦ ʧʦʟʚʦ-

ʣʠʪ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ; 

ï ʟʘʤʝʥʘ ʩʪʘʨʳʭ ʫʯʘʩʪʢʦʚ ʩʝʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʫʙʳ ʙʦʣʴʰʝʛʦ ʜʘʚʣʝʥʠʷ ʩ ʮʝʣʴʶ ʫʚʝʣʠ-

ʯʝʥʠʷ ʛʨʫʟʦʦʙʦʨʦʪʘ; 

ï ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʯʪʦ ʫʤʝʥʴʰʠʪ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡʥʳʭ ʩʠ-

ʪʫʘʮʠʡ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʠʩʪʝʤʳ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜ ʜʦʣʞʝʥ 

ʙʳʪʴ: 

ï ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥ, ʪ. ʝ. ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʫʩʣʦʚʠʷ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʝʛʦ ʨʘʙʦʪʫ. ʇʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥ ʤʘʨʰʨʫʪ, ʧʨʠʜʝʨʞʠʚʘʶʱʠʡʩʷ ʢʨʘʪʯʘʡʰʝʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʣʠʥʠʠ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤʠ ʠ ʢʦʥʝʯʥʳʤʠ ʧʫʥʢʪʘʤʠ; 

ï ʢʘʯʝʩʪʚʝʥʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʚʩʝ ʜʝʪʘʣʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʥʳʭ ʧʨʦʝʢʪʦʤ, ʠ ʩʦʙʣʶʜʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ; 

ï ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʝʢʪʦʤ ʠ ʩʦʙʣʶʜʝʥʠʝʤ 

ʟʘʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʤʦʥʪʘʞ; 

ï ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦʝ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ 

ʟʘ ʨʘʙʦʪʦʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʝʚʳʰʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʫʢʘʟʘʥʥʳʭ ʚ ʠʥʩʪʨʫʢʮʠʷʭ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 
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SELECTION OF SIMILARITY CRITERION  

FOR CALCULATION OF CENTRIFUGAL SUBMERSIBLE PUMP STAGE  

 
An approbation of the method for determining the main design dimensions of the impeller of a centrifugal 

submersible pump based on the given feed is given. The calculated dependences are given, the main performance 

indicators are established. 
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʢʨʠʪʝʨʠʷ ʧʦʜʦʙʠʷ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘ-

ʙʦʯʝʛʦ ʢʦʣʝʩʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʘʟ-

ʤʝʨʦʚ ʢʦʣʝʩʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʦʡ ʧʦʜʘʯʠ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʜʣʷ ʚʩʝʭ ʧʦ-

ʛʨʫʞʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʥʘʩʦʩʦʚ ʩ ʦʩʝʚʳʤ ʥʘʧʨʘʚʣʷʶʱʠʤ ʘʧʧʘʨʘʪʦʤ. 

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʘʜʘʧʪʘʮʠʠ ʧʨʠʚʝʜʝʥʥʦʡ ʧʦʜʘʯʠ ʢʘʢ ʢʨʠʪʝʨʠʷ ʧʦʜʦʙʠʷ 

ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʥʘʧʦʨʦʚ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʛʨʫʞʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦʡ 

ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʢʨʠʪʝʨʠʷ ʧʦʜʦʙʠʷ, ʪ. ʢ. ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʚ ʪʝʦʨʠʠ ʛʠʜʨʦʤʘ-

ʰʠʥ ʢʨʠʪʝʨʠʡ ï ʢʦʵʬʬʠʮʠʝʥʪ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ὲ ʥʝ ʩʦʚʩʝʤ ʫʜʦʙʝʥ ʚ ʩʠʣʫ ʨʷʜʘ ʧʨʠʯʠʥ. ʂʘʢ ʧʨʘ-

ʚʠʣʦ, ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʨʝʙʫʝʤʳʡ ʥʘʧʦʨ, ʧʦʜʘʯʘ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʷ ʠ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʩʪʫʧʝʥʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʜʠʘʤʝʪʨʦʤ ʩʢʚʘʞʠʥʳ [2]. 

ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʦʙʱʠʡ ʥʘʧʦʨ, ʘ ʠ ʥʘʧʦʨ, ʨʘʟʚʠʚʘʝʤʳʡ ʦʜʥʦʡ ʩʪʫʧʝʥʴʶ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʦʙʳʯʥʦ 

ʥʝ ʠʟʚʝʩʪʥʘ. 

ʉʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʠ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʩʪʫʧʝʥʠ ʫ ʧʦʛʨʫʞʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ 

ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʉʦʛʣʘʩʥʦ [1] ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 5ï10% ʜʣʷ ʯʘʩʪʦʪʳ  
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ʚʨʘʝɦʥʠʷ ʠ 1,5ï2 ʨʘʟʘ ʜʣʷ ʜʠʘʤʝʪʨʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʘʯ ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʦʪʣʠʯʘʪʴʩʷ ʚ 10ï20 ʨʘʟ. 

ʇʦʵʪʦʤʫ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʧʦʜʦʙʠʷ 

3
const

Q

nD
=  

ʠ ʧʨʠʥʷʚ ʟʘ ʦʩʥʦʚʥʦʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʩʪʫʧʝʥʠ ʥʘʠʙʦʣʴʰʠʡ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʛʦ ʢʦʣʝ-

ʩʘ, ʧʦʣʫʯʘʝʤ: 

3

2

const.
max

Q

nD
=  

ɿʘʧʠʩʘʚ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦʜʦʙʥʳʭ ʥʘʩʦʩʦʚ ʠ ʧʨʠʥʷʚ ʦʜʠʥ ʠʟ ʥʠʭ ʟʘ ʧʨʠʚʝʜʝʥʥʳʡ, ʧʦ-

ʣʫʯʘʝʤ: 

ʧʨʠʚ

3 3

ʧʨʠʚ 2max ʧʨʠʚ 2max

.
Q Q

n D n D
=

Ö Ö
 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ: 
3

ʧʨʠʚ 2max ʧʨʠʚ

ʧʨʠʚ

2max

const.
n D

Q Q
n D

å õ
= Ö =æ ö

ç ÷
 

ʇʨʠʚʝʜʝʥʥʘʷ ʧʦʜʘʯʘ ʩʣʫʞʠʪ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʘʙʦʯʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩʪʫʧʝʥʝʡ ʧʦʛʨʫʞʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ, ʪ. ʝ. ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʦʜʥʦʤʫ ʜʠʘʤʝʪʨʫ  

( 2maxʧʨʠʚ 
D ) ʠ ʦʜʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ (ʧʨʠʚ

n , ʦʥʠ ʙʫʜʫʪ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʫʶ ʧʨʠʚʝʜʝʥʥʫʶ ʧʦʜʘʯʫ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʘ ʫʯʪʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʠʟʣʦʞʝʥʥʳʝ ʚ [1, 2, 5]. 

ʈʘʩʯʝʪ ʚʝʜʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʢʦʛʜʘ 

ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ʚʳʙʦʨʘ ʧʨʠʚʝʜʝʥʘ ʧʦʜʘʯʘ. 

ʅʘʠʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: 

2max ʚʥ. ʩʪ
2 ,D D s= -  

ʛʜʝ s ï ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʦʡ ʢʦʨʧʫʩʘ ʩʪʫʧʝʥʠ 
ʚʥ. ʩʪ

D  ʠ ʥʘʠʙʦʣʴʰʠʤ 

ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 
2max

.D  ɼʣʷ ʩʪʫʧʝʥʝʡ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʟʤʦʞʥʦʛʦ ʥʘʧʦʨʘ ʩʪʫʧʝʥʠ ʵʪʦʪ ʟʘʟʦʨ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʠʨʘʪʴ ʚ ʧʨʝʜʝʣʘʭ  

s = 2õ3 ʤʤ. ʄʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʥʫʞʥʦ ʚʳʙʠʨʘʪʴ ʜʣʷ ʩʪʫʧʝʥʝʡ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ, ʙʦʣʴʰʠʝ ʜʣʷ 

ʩʪʫʧʝʥʝʡ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʧʦʜʘʯʘ ʩʪʫʧʝʥʠ: 
3

ʧʨʠʚ

2max

2800 90
,Q Q

n D

å õ
= Öæ ö

ç ÷
 

ʛʜʝ 2 800 ï ʧʨʠʚʝʜʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʝʜʠʥʠʯʥʦʛʦ ʥʘʩʦʩʘ, ʦʙ/ʤʠʥ; 

90 ï ʥʘʠʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʝʜʠʥʠʯʥʦʛʦ ʥʘʩʦʩʘ, ʤʤ; 

Q ï ʧʦʜʘʯʘ ʥʘʩʦʩʘ, ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʚʳʙʨʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʠʥʷʪʦʛʦ ʥʘʩʦʩʘ [5]; 

n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʥʘʩʦʩʘ; 

2max
D  ï ʥʘʠʙʦʣʴʰʠʡ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʤʤ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʧʦʜʘʯʘ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʩʪʫʧʝʥʠ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,0 < Qʧʨʠʚ <  

< 9,0 ʣ/ʩ. 

ɽʩʣʠ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʤʝʨʳ ʚʘʣʘ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʜʠʘʤʝʪʨʫ ʰʣʠʮʝʚ 

ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʟʛʠʙ: 

ʢʨ max
3

ʚʥ

ʢʨ

,
0,196

M
d =

t
 

ʛʜʝ max

ʢʨ max max
955,5 .  ʩʤ;

N
M ʢʅ N

n
= Ö  ï ʧʨʠʚʦʜʥʘʷ (ʧʘʩʧʦʨʪʥʘʷ) ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ; 

n ï ʯʘʩʪʦʪʘ ʦʙʦʨʦʪʦʚ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ, ʤʠʥ
ï1

. 
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[ ]1,4 1,6.  .
2

ʊ ʊ

ʊ

t s
h= - t = =

h h
 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ dʚʥ ʧʨʠʥʠʤʘʶʪ ʨʘʟʤʝʨ ʚʘʣʘ ʠʟ ʨʷʜʘ: 17; 20; 22; 25; 28 ʤʤ, ʩ ʫʯʝ-

ʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ [4]. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʣʠʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ-

ʟʥʘʯʘʶʪʩʷ ʧʦ ɻʆʉʊʫ 1139-80. 

ɼʠʘʤʝʪʨ ʚʪʫʣʢʠ ʧʨʠ ʚʭʦʜʝ ʚ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ: 

ʚʪ ʚ 2max
,

d
d K D= Ö  

ʛʜʝ Kdʚ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Qʧʨʠʚ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʘʤʝʪʨʘ ʚʪʫʣʢʠ ʧʨʦʚʝʨʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʚʘʣʘ ʥʘʩʦʩʘ. ʇʨʠ 

ʵʪʦʤ ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʙʣʶʜʝʥʦ ʫʩʣʦʚʠʝ: 

ʚʪ ʚ ʚʪ
,2d d= + d 

ʛʜʝ dʚʪ ï ʜʠʘʤʝʪʨ ʚʪʫʣʢʠ; 

dʚ ï ʜʠʘʤʝʪʨ ʚʘʣʘ ʥʘʩʦʩʘ; 

ɿʚʪ ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʚʪʫʣʢʠ (ʜʣʷ ʧʦʛʨʫʞʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ɿʚʪ =  

= 2ï4 ʤʤ). 

ʅʘʠʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʚʭʦʜʥʳʭ ʢʨʦʤʦʢ ʣʦʧʘʩʪʝʡ (ʨʠʩ. 1): 

1max

2max

1max
,

D

D
D

K
=  

ʛʜʝ 
1maxD

K  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Qʧʨʠʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʨʠʚʳʤ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʯʝʪ-

ʥʳʭ ʚʝʣʠʯʠʥ ʩʪʫʧʝʥʝʡ ʩ ʦʩʝʚʳʤ ʥʘʧʨʘʚʣʷʶʱʠʤ ʘʧʧʘʨʘʪʦʤ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ ʧʦʜʘʯʠ Qʧʨʠʚ: 

1max

100
37,04 ʤʤ.

2,7
D = =  

 

ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: 

1 ï ʢʦʨʧʫʩ; 2 ï ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ; 3 ï ʚʘʣ; 4 ï ʚʪʫʣʢʘ; 5 ï ʩʘʣʴʥʠʢ 

ɼʠʘʤʝʪʨ ʚʭʦʜʘ ʚ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ: 

1max
,

oo D
D K D= Ö  

ʛʜʝ 
1maxD

K  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Qʧʨʠʚ (ʨʠʩ. 2). 


