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SUMMARY 

 

Kanygin S.M. Risk-oriented management of financial security of the enterprise. 

3 Qualification scientific work on the rights of the manuscript. 

The thesis for the degree of Doctor of Philosophy by the specialty 072 3 

Finance, Banking and Insurance. Simon Kuznets Kharkiv National University of 

Economics. Kharkiv, 2025. 

The dissertation is devoted to the development of theoretical and 
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methodological foundations of Risk-oriented management of financial security of the 

enterprise (ROM FSE) in the context of digital transformation of the economy. The 

relevance of the study is due to the need to improve the efficiency of financial risk 

management of enterprises in the context of volatile financial markets and rapid 

technological change. 

The study uses a range of methods of scientific knowledge, including scientific 

analysis and synthesis, critical analysis, systematic approach, modeling, empirical 

analysis, and statistical methods. The information base includes statistical data of 

Ukrainian enterprises, the Scopus database, data from the Binance cryptocurrency 

exchange, legislative and regulatory acts, as well as scientific publications of 

domestic and foreign scholars. 

The basic concepts such as "threat", "risk" and "financial security of enterprise" 

are considered. The shortcomings of the current definitions are identified, in 

particular, their generality and insufficient detail, which complicates their practical 

application in the ROM FSE. Based on a critical analysis, the author develops her 

own definitions of these terms, which more accurately reflect the specifics of 

financial risks and their impact on the enterprise. The components of the enterprise 

financial security system and the mechanism of its management, including the 

identification of risks, assessment of their impact and development of response 

strategies, are defined. 

The importance of financial data and technologies in the ROM FSE is studied. 

The necessity of integrating big data and artificial intelligence technologies into the 

process of financial risk management is substantiated. The benefits and challenges of 

digitalization for enterprises, including cybersecurity issues and the need to adapt to 

rapid technological change, are identified. 

The analysis of methodological support of the ROM FSE is carried out. The 

limitations of traditional methods of financial analysis, such as financial ratios and 

qualitative methods, in the modern dynamic business environment are identified. The 

need for adaptive and integrated ROM methods capable of processing large amounts 

of data and taking into account the complex interrelationships between various risk 
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factors is emphasized. The existing approaches to minimizing and transferring 

financial risks are systematized, focusing on asset diversification, optimization of the 

capital structure, financial planning and the use of hedging instruments. 

The models for predicting the bankruptcy of enterprises in the context of the 

FBR are analyzed. Given the limitations of traditional financial ratios, which do not 

always provide sufficient accuracy and flexibility in predicting bankruptcy risks, the 

necessity of using more comprehensive models is substantiated. 

A systematic analysis of existing publications on bankruptcy forecasting was 

conducted using the Scopus database. The eight most common groups of models are 

considered, including discriminant analysis, neural networks, genetic algorithms, and 

support vector machines. Based on a sample of 17,907 Ukrainian enterprises, the 

efficiency of traditional models (Altman, Fox, Springate, Durand, Tereshchenko, 

Matviychuk) is analyzed and it is found that their accuracy is insufficient for effective 

application in modern conditions. 

Attention is drawn to the importance of qualitative indicators in bankruptcy 

forecasting models. A literature review on the inclusion of qualitative factors, such as 

managerial, financial, legal and operational aspects, is carried out. A list of relevant 

indicators is compiled and unified 5-point scales for their evaluation are developed. A 

methodology for integrating qualitative indicators into bankruptcy prediction models 

by means of linear normalization and combination with quantitative indicators is 

proposed. Testing on real data has confirmed that taking into account qualitative 

indicators increases the accuracy of forecasting. 

The methodology for predicting bankruptcy based on neural networks has been 

improved. Using financial data and the indicator of the type of economic activity, the 

models of FNN, RNN LTSM and RNN GRU were built and tested. The results 

showed that neural networks provide higher accuracy of bankruptcy forecasting 

compared to traditional methods. The FNN model proved to be particularly effective, 

achieving the highest accuracy, precision, and F1 score. 

Modern models for predicting bankruptcy are studied and their limitations 

when applied to Ukrainian enterprises are identified. A methodology for integrating 
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qualitative indicators into forecasting models has been developed, which allows to 

increase the accuracy and reliability of forecasts. The methodology of forecasting 

based on neural networks has been improved by taking into account the type of 

economic activity and using modern neural network architectures. 

The possibilities of introducing algorithmic trading on cryptocurrency 

exchanges as a tool for risk-oriented management of financial security of an 

enterprise are investigated. The existing approaches to minimizing financial risks are 

considered and the insufficient study of algorithmic trading in the scientific literature 

is analyzed. 

It is established that algorithmic trading, especially with the use of artificial 

intelligence and price forecasting, allows enterprises to more reasonably manage 

financial risks and adapt to market volatility. The author emphasizes the connection 

between risk-oriented financial security management and cryptocurrency trading, 

which is confirmed by the analysis of scientific publications and the growth of 

cryptocurrency assets capitalization. 

The article analyzes the classification of types of exchange trading by the 

criteria of the level of automation, frequency of transactions and type of market 

analysis. Particular attention is paid to algorithmic trading as a basis for developing 

trading strategies and using trading bots. The historical development of high-

frequency trading and its impact on financial markets are considered, which made it 

possible to understand the importance of continuous development of technologies in 

exchange trading. 

The main components of trading strategies and the algorithm for their 

development are identified, and the advantages and disadvantages of algorithmic 

trading are analyzed. It is proposed to integrate algorithmic trading on cryptocurrency 

exchanges as an innovative component of risk-oriented management of enterprise 

financial security. This combination of digitalization, data science and corporate 

finance management will help to optimize the investment portfolio, minimize 

financial risks and increase profitability by automating trading operations and 

reducing the human factor. 
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A detailed analysis of methods for forecasting prices on cryptocurrency 

exchanges is carried out, which is key to effective risk-oriented management of the 

financial security of an enterprise. The main forecasting methods, such as 

fundamental and technical analysis, are considered, taking into account their 

specificity in the cryptocurrency markets. 

A comparative analysis of fundamental analysis on traditional and 

cryptocurrency exchanges is carried out, the features and difficulties of applying this 

method in the context of unstructured data of the cryptocurrency market are 

determined. The importance of using modern methods of big data processing and 

machine learning to improve the efficiency of fundamental analysis in this area is 

emphasized. 

Technical indicators are classified in detail by groups: trend, momentum, 

volume, and volatility. The advantages and disadvantages of each group are analyzed, 

as well as their application in different markets. The need to combine indicators to 

improve the accuracy of forecasts and reduce the risks associated with the use of 

individual indicators is emphasized. 

The author's own methodology for developing trading strategies based on 

genetic algorithms with the use of risk-oriented metrics is proposed. An empirical 

study was conducted, the results of which confirmed the effectiveness of the 

proposed approach and its economic feasibility by validating it on real market data. 

A model for forecasting cryptocurrency exchange prices based on RNMs, in 

particular modifications of the LSTM and GRU, was developed using data from the 

Binance exchange for the period from June 2021 to June 2023, covering 289 different 

cryptocurrencies. The sample included daily prices and trading volumes, which 

provided a wide range of data for model training. 

A comparative analysis of the LSTM and GRU models was carried out. The 

GRU model showed better results in terms of accuracy and Sortino and Sharpe 

coefficients, which indicates greater stability and efficiency of forecasting. 

The hypothesis that the use of RNNs with complex input features and an 

appropriate learning strategy can improve price forecasting on cryptocurrency 
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exchanges is confirmed. The model takes into account nonlinear dependencies and 

patterns of price dynamics, which increases its accuracy and risk resistance. 

The methodology for predicting prices on cryptocurrency exchanges based on 

recurrent neural networks is improved. In contrast to existing approaches, the 

proposed model uses a feature formation algorithm that takes into account the 

volatility of the asset and signals from 26 technical indicators. 

Keywords: Aorporate financial security, risk-oriented management, bankruptcy 

forecasting, algorithmic trading, digitalisation, financial risk management, financial 

stability modelling, financial security technologies, financial data, strategic risk 

management, exchange trading, financial crisis management, financial innovations, 

cryptocurrency exchanges 
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�;O D>@<C20==O ?>2=>3> CO2;5==O ?@> CAB0;5=V ?V4E>48, ?@>2545=> 0=0;V7 

VA=CNG8E ?C1;V:0FV9 7 ?@>3=>7C20==O 10=:@CBAB20, ?5@5;V: <>6;828E 2EV4=8E 
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7<V==8E B0 >A=>2=V ?@>1;5<8 2 FV9 AD5@V. �82G5==O ;VB5@0BC@8 4>72>;8;> 

A?8@0B8AO =0 ?>?5@54=V 7=0==O B0 28O28B8 ?@>30;8=8 2 VA=CNNG8E 

=0?@0FN20==OE =0C:>2FV2. �=AB@C<5=B>< ?>HC:C >1@0=> Scopus, I> є >4=VєN 7 

=091V;ьH8E =0C:><5B@8G=8E 107 40=8E, I> <VAB8Bь ?>=04 90 <V;ь9>=V2 [316] 

=0C:>28E 6C@=0;V2, :>=D5@5=FV9 B0 :=83 7 @V7=8E >1;0AB59 7=0=ь. *O 1070 <0є 

25;8:89 ?>B5=FV0; 4;O ?@>2545==O 45B0;ь=>3> >3;O4C ?C1;V:0FV9, I> 

AB>ACNBьAO ?@>3=>7C20==O 10=:@CBAB20. %5@54 <5B040=8E, I> =040NBьAO 

Scopus, є 0=>B0FVW, V=D>@<0FVO ?@> F8BC20==O B0 45B0;V ?@> 02B>@AB2>.  

' <560E ?5@28==>3> ?>HC:C ?C1;V:0FV9, ?>2'O70=8E 7 ?@>3=>7C20==O< 

10=:@CBAB20 28:>@8AB0=> 18 :><1V=0FV9 9 :;NG>28E A;V2 (6 ?5@28==8E V 3 

2B>@8==8E), O: :@8B5@VW2 2V41>@C. #VA;O 70AB>AC20==O 2AVE :><1V=0FV9 :;NG>28E 

A;V2 7030;ь=0 :V;ь:VABь @57C;ьB0BV2 A:;0;0 1448. %5@54 CAVE =072 ?C1;V:0FV9 

A;>2> «10=:@CBAB2>» є =091V;ьH ?>H8@5=8<. �V;ьH 45B0;ь=> @57C;ьB0B8 

?>HC:C B0 ?@>F5A ?>40;ьH>W WE >1@>1:8 ?@>V;NAB@>20=> =0 @8A. 2.1. 

 

!0720 3@C?8 <>45;59 %;>20 #5@5:;04

#>HC: Scopus ?C1;V:0FV9 70 :;NG>28<8 A;>20<8 C =072V ?C1;V:0FVW
B0 7020=B065==O @57C;ьB0BV2 C 283;O4V csv D09;V2

#>HC: 7304C20=ь <>45;59 70 :;NG>28<8 A;>20<8 
C =072V ?C1;V:0FVW, 0=>B0FVW, :;NG>28E  A;>20E

#VA;O 2840;5==O 4C1;V:0BV2:
1143

#VA;O 2840;5==O ?C1;V:0FV9 7 
?>E>465==O< C 45@602V-03@5A>@V 

1127

(>@<C20==O 8 3@C? <>45;59 =0 >A=>2V 
:;NG>28E A;V2, O:V =091V;ьH G0AB> 

1C;> 73040=>

�>3VB @53@5AVO

�5@520 @VH5=ь

�8?04:>289 ;VA

�@04Vє=B=89 1CABV=3

!59@>==V <5@56V

 5B>4 k-=091;86G8E ACAV4V2

logit, logistic regression, logistic 

model

decision tree

random forest

boost, xgboost, catboost, gbm, gradient, boosting, machinelightgbm, lgbm

 5B>4 >?>@=8E 25:B>@V2 SVM, support vector

neural, deep learning, lstm, cnn, rnn, 

ann, mlp, recurrent, convolutional

knn, neighbor

!0W2=89 10єAV2Aь:89 :;0A8DV:0B>@ naive, bayes

�V
=V
9=
V <
>4
5;
V

�5@52>?>4V1=V 
0;3>@8B<8

#@>1VB @53@5AVO

linear model, linear regression�V=V9=0 @53@5AVO

probit

�8A:@8<V=0=B=89 0=0;V7 discriminant analysis, discriminant 

model, discriminant function

!
5;
V=
V9
=V
 <
5B
>4
8

�Aь>3>: 1448

Financial distress (DV=0=A>20 :@870) 145 254 5 17 11 18

Default firm (45D>;B) 15 11 0 0 1 0

Bankruptcy (10=:@CBAB2>) 360 550 8 11 26 16

                     2-5 A;>2>

1-5 A;>2>
Model

(<>45;ь)
Prediction

(?@>3=>7C20==O)
Forecast

(?@>3=>7)
Indicator

(V=48:0B>@)
Ratio

(:>5DVFV5=B)
Score

(>FV=:0)

;>3VB, ;>3VAB8G=0 @53@5AVO, 
;>3VAB8G=0 <>45;ь

45@52> @VH5=ь

28?04:>289 ;VA

"� , >?>@=89 25:B>@

=59@>==5, 3;818==5 =02G0==O, lstm, 

cnn, rnn, ann, mlp, @5:C@5=B=89, 
73>@B:>289
<=A, ACAV4
=0W2=89, 109єA.

;V=V9=0 <>45;ь, ;V=V9=0 @53@5AVO

?@>1VB
48A:@8<V=0=B=89 0=0;V7, 
48A:@8<V=0=B=0 <>45;ь, 
48A:@8<V=0=B=0 DC=:FVO

 

$8A. 2.1. #@>F5A ?>HC:C Scopus ?C1;V:0FV9 2 <560E 4>A;V465==O 
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/: 284=> 7 @8A. 2.1 ?VA;O 715@565==O @57C;ьB0BV2 ?>HC:C 2840;5=> 

4C1;V:0B8. &0:>6 28:;NG5=> ?C1;V:0FVW 7 ?>E>465==O< V7 45@6028-03@5A>@0. 

"AB0B>G=89 =01V@ <VAB8Bь 1127 ?C1;V:0FV9. !0 @8A. 2.2 ?@>45<>=AB@>20=> 

48=0<V:C :V;ь:>ABV ?C1;V:0FV9 =0 B5<C ?@>3=>7C20==O 10=:@CBAB20 ?@>BO3>< 

1963-2023 @>:V2. 

 

 

$8A. 2.2. �8=0<V:0 :V;ь:>ABV ?C1;V:0FV9 I>4> ?@>3=>7C20==O 10=:@CBAB20 70 

1963-2023 @>:8 

�65@5;>: AD>@<>20=> =0 >A=>2V [316] 

 

�3V4=> 7 @8A. 2.2, 2 ?5@V>4 2008 3 2023 @>:V2 2V41C;>Aь 7=0G=5 71V;ьH5==O 

:V;ь:>ABV ?C1;V:0FV9. *5 A2V4G8Bь ?@> B5, I> 4>A;V46C20=0 B5<0 =01C;0 

206;82>ABV. Є ?><VB=0 B5=45=FVO 4> 7@>AB0==O :V;ь:>ABV AB0B59, O:0 ?>G0;0 

D>@<C20B8AO 7 2003 @>:C. #><VB=89 A?;5A: ?C1;V:0FV9 7 ?@>3=>7C20==O 

10=:@CBAB20 ?VA;O 2008 @>:C, =0A0<?5@54 ?>2'O70=89 7V A2VB>2>N DV=0=A>2>N 

:@87>N [72], O:0 ?>A8;8;0 206;82VABь @>7C<V==O B0 ?@>3=>7C20==O 10=:@CBAB20. 

*O 157?@5F545=B=0 ?>4VO >7=0<5=C20;0 =030;ь=C ?>B@51C 2 =04V9=8E ?V4E>40E 

4> >FV=:8 @878:V2, I> AB8<C;N20;> 71V;ьH5==O :V;ь:>ABV 2V4?>2V4=8E 

4>A;V465=ь V @>7@>1>:. �>4=>G0A, :@870 40;0 7<>3C >B@8<0B8 25;8:C :V;ь:VABь 

40=8E ?@> 10=:@CBAB2>, I> AB2>@8;> V450;ь=5 ?V4ґ@C=BO 4;O @>7@>1:8 B0 

?5@52V@:8 ?@>3=>7=8E <>45;59. �@V< B>3>, :@870 B0:>6 28:;8:0;0 7=0G=89 

=0C:>289 V ?>;VB8G=89 V=B5@5A 4> 282G5==O WW ?5@H>?@8G8= V =0A;V4:V2, 
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2:;NG0NG8 @>;ь 10=:@CBAB20, I>, <>6;82>, ?@8725;> 4> 71V;ьH5==O 

DV=0=AC20==O 4>A;V465=ь V ?>A8;5==O C2038 =0C:>2FV2 4> FVєW AD5@8. 

&5E=>;>3VG=89 ?@>3@5A 70 >AB0==є 45AOB8;VBBO 4>72>;82 4>A;V4=8:0< 

AB2>@N20B8 1V;ьH A:;04=V V B>G=V <>45;V ?@>3=>7C20==O, I>, <>3;>, ?>A?@8OB8 

7@>AB0==N :V;ь:>ABV ?C1;V:0FV9. &0:8< G8=><, AC:C?=VABь F8E D0:B>@V2 <>65 

?>OA=8B8 7=0G=5 7@>AB0==O :V;ь:>ABV ?C1;V:0FV9, I> V=45:ACNBьAO 2 Scopus, O:V 

AB>ACNBьAO ?@>3=>7C20==O 10=:@CBAB20 ?VA;O DV=0=A>2>W :@878 2008 @>:C. 

&01;. 2.1 <VAB8Bь V=D>@<0FVN ?@> =091V;ьH G0AB> F8B>20=V AB0BBV, 

2:;NG0NG8 02B>@V2, =072C, @V: ?C1;V:0FVW B0 7030;ь=C :V;ь:VABь ?>A8;0=ь, 

>B@8<0=8E ?VA;O ?C1;V:0FVW.  

&45?<JO 2.1 

$59B8=3 ?C1;V:0FV9 =0 >A=>2V >3;O4C ;VB5@0BC@8 

�2B>@8 !0720 $V: 
?C1;V:0FVW 

�Aь>3> 
F8BC20=ь 

Altman E. Financial ratios, discriminant analysis and the 
prediction of corporate bankruptcy [12] 

1968 6608 

Pan W. A new Fruit Fly Optimization Algorithm: 
Taking the financial distress model as an 
example [225] 

2012 1330 

Shumway T. Forecasting bankruptcy more accurately: A 
simple hazard model [260] 

2001 1205 

Altman E., 
Haldeman R., 
Narayanan P. 

Zeta analysis. A new model to identify 
bankruptcy risk of corporations [13] 

1977 1015 

Ravi K., 
Ravi V. 

Bankruptcy prediction in banks and firms via 
statistical and intelligent techniques - A review 
[176] 

2007 745 

Min J., 
Lee Y. 

Bankruptcy prediction using support vector 
machine with optimal choice of kernel function 
parameters [209] 

2005 640 

Shin K., 
Lee T., 
Kim H. 

An application of support vector machines in 
bankruptcy prediction model [256] 

2002 565 

Odom M., 
Sharda R. 

A neural network model for bankruptcy 
prediction [220] 

1990 476 

Wilson R., 
Sharda R. 

Bankruptcy prediction using neural networks 
[296] 

1994 459 

Atiya A. Bankruptcy prediction for credit risk using 
neural networks: A survey and new results [21] 

2001 434 

 

�65@5;>: cD>@<>20=> =0 >A=>2V [12,225, 260,13, 176, 209, 256, 220, 296, 21] 
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/: ?>:070=> 2 B01;. 2.1, =0C:>2FV ?@>45<>=AB@C20;8 206;82VABь 

?@>3=>7C20==O 10=:@CBAB20 B0 9>3> BVA=89 72'O7>: 7 :>@?>@0B82=8< A2VB><.  

#VA;O 0=0;V7C :;NG>28E A;V2 AD>@<>20=> B0 @>73;O=CB> 8 =091V;ьH ?>H8@5=8E 

3@C? <>45;59. �0@B> 707=0G8B8, I> C 45O:8E ?C1;V:0FVOE 4>A;V465=> 1V;ьH =V6 

>48= 284 <>45;59, 0;5 є 9 B0:V, 2 O:8E =5 7304CNBь 6>4=>3> 284C. �V4?>2V4=>, 

AC<0 2AVE @57C;ьB0BV2 =5 >1>2'O7:>2> <0є 4>@V2=N20B8 1127. !0 @8A. 2.3 

=02545=> @57C;ьB0B8 2V4?>2V4=>3> 0=0;V7C G0AB>B8 7304C20==O <>45;59 

?@>3=>7C20==O 10=:@CBAB20 C ?C1;V:0FVOE. 

 

 

 

$8A. 2.3. +0AB>B0 7304C20==O @V7=8E 284V2 <>45;59 ?@>3=>7C20==O 10=:@CBAB20 C 

?C1;V:0FVOE Scopus 

�65@5;>: AD>@<>20=> =0 >A=>2V [316] 

 

/: 284=> 7 @8A. 2.3, D>:CA 4>A;V465=ь ?>ABV9=> 7<V=NєBьAO G5@57 @>728B>: 

AB0B8AB8G=8E <5B>4V2 B0 V=D>@<0FV9=8E B5E=>;>3V9. � >AB0==V @>:8 H284:VABь 

7<V= 7@>AB0є. � <560E 4>A;V465=ь @>73;O=CB> =091V;ьH F8B>20=V ?C1;V:0FVW V7 

AD>@<>20=8E 3@C?.  

1968 @>:C Altman E.I. AB02 ?V>=5@>< C FV9 30;C7V, 4>A;V482H8, O: =0 >A=>2V 

48A:@8<V=0=B=>3> 0=0;V7C =0 >A=>2V DV=0=A>28E :>5DVFVє=BV2 <>6=0 

?@>3=>7C20B8 :>@?>@0B82=5 10=:@CBAB2>. *O @>1>B0 70:;0;0 >A=>2C 4;O 
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<091CB=VE 4>A;V465=ь, ?@>;82H8 A2VB;> =0 ?>B5=FV0; F8E <5B>4V2 2 >FV=FV 

DV=0=A>2>3> AB0=C :><?0=VW [12]. $>1>B0 >B@8<0;0 ?>40;ьH89 @>728B>: 1977 

@>:C, :>;8 �;ьB<0= �., )0;45<0= $. B0 !0@0O=0= #.70?@>?>=C20;8 �5B0->FV=:C 

3 1V;ьH :><?;5:A=C <>45;ь ?@>3=>7C20==O. ' 4>A;V465==V 7@>1;5=> 0:F5=B =0 

:>@8A=>ABV <>45;V C @V7=8E 0A?5:B0E, B0:8E O: >FV=:0 :@548B>A?@><>6=>ABV B0 

C?@02;V==O ?>@BD5;5< [13]. 

!0?@8:V=FV 20-3> AB>;VBBO 2V41C2AO ?5@5EV4 4> 1V;ьH 4>A:>=0;8E <5B>4V2. 

�V41C20;>Aь 0:B82=5 4>A;V465==O =59@><5@56 =0 ?@54<5B WE=ь>3> ?>B5=FV0;C C 

?@>3=>7C20==V 10=:@CBAB20. *59 7AC2 1C2 ?V4:@5A;5=89 28A=>2:0<8 ?@> B5, I> 

=59@><5@56V ?5@525@H8;8 <>45;V ;>3VAB8G=>W @53@5AVW 70 B>G=VABN B0 

=04V9=VABN ?@>3=>7C20==O [305]. 

�>A;V46CNG8 0;ьB5@=0B82=V <5B>48 ,8= �., �V &., �V< ).C 2002 @>FV 

70?@>?>=C20;8 28:>@8AB>2C20B8 35=5B8G=V 0;3>@8B<8 4;O CAC=5==O =54>;V:V2 

=59@>==8E <5@56. �E @>1>B0 ?V4:@5A;8;0 ?>B5=FV0; V=H8E <0B5<0B8G=8E 

<5B>4V2 2 >B@8<0==V <>45;59, O:V ?@>ABVH5 V=B5@?@5BC20B8 [256]. 

!0ABC?=V :V;ь:0 @>:V2 AB0;8 ?5@V>4>< <5B>4>;>3VG=>W 4825@A8DV:0FVW. 

�>A;V465==O 2004 @>:C ?@54AB028;> 7<VH0=C ;>3VB-<>45;ь O: =>289 ?V4EV4 4> 

?@>3=>7C20==O [162]. "4=>G0A=> ?>G0;8 ?>@V2=N20B8 @V7=V <>45;V 

?@>3=>7C20==O, B0:V O: ;V=V9=V <>45;V, =59@><5@56V V =02VBь 2592;5B-<5@56V 

[209]. ":@V< B>3> 7@>1;5=> I5 >48= 7=0G=89 ?@>@82, :>;8 7'O28;8Aь <>45;V =0 

>A=>2V <0H8=8 >?>@=8E 25:B>@V2 7 >?B8<V7>20=8<8 ?0@0<5B@0<8 DC=:FVW O4@0, 

O:V ?@>45<>=AB@C20;8 :@0IV ?@>3=>AB8G=V <>6;82>ABV ?>@V2=O=> 7 ?>?5@54=V<8 

<>45;O<8 [35]. 

' A5@548=V 2000-E @>:V2 B0:>6 7@>1;5=V A?@>18 ?5@53;O=CB8 B0 C7030;ь=8B8 

7=0==O 2 FV9 30;C7V. ' 2007 @>FV >?C1;V:>20=> 2A51VG=89 >3;O4, O:89 >E>?82 

?C1;V:0FVW 7 1968 ?> 2005 @V: V AB02 7=0G=8< 465@5;>< V=D>@<0FVW 4;O 

4>A;V4=8:V2 [176]. #0@0;5;ь=> 4>A;V46C20;8AO =>2V <>45;V, B0:V O: C7030;ь=5=V 

048B82=V <>45;V B0 109єAV2Aь:V <5@56V, :>6=0 7 O:8E ?@>?>=C20;0 C=V:0;ь=V 

?5@A?5:B828 4;O ?@>3=>7C20==O 10=:@CBAB20 [271, 40]. 
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!0?@8:V=FV 2000-E B0 =0 ?>G0B:C 2010-E @>:V2, O:, 265 707=0G0;>Aь @0=VH5, 

3;>10;ь=89 DV=0=A>289 ;0=4H0DB 707=02 :@878, :V;ь:VABь 4>A;V465=ь 

71V;ьH8;0Aь. �0@B> 707=0G8B8, I> 4>A;V465==O AB0;8 1V;ьH 7>A5@5465=V =0 

@53V>=0;ь=8E :>=B5:AB0E. !0?@8:;04, 4>A;V465==O 2009 @>:C ?@8A2OG5=5 

?@>3=>7C20==N 10=:@CBAB2 =0 &0920=V 7 28:>@8AB0==O< 45:V;ь:>E <>45;59, V 

28O28;>, I> >A>1;82> 5D5:B82=>N є ?@>1VB-<>45;ь [188]. -5 >48= 7=0G=89 

?@>3@5A 2V41C2AO C 2012 @>FV 7 2?@>20465==O< 0;3>@8B<C >?B8<V70FVW Fruit Fly, 

I> AB02 =>28< V=AB@C<5=B>< 4;O DV=0=A>2>3> 0=0;V7C [225]. 

' A5@548=V 2010-E @>:V2, A?>AB5@V30;>AO 7@>AB0==O V=B5@5AC 4> <0H8==>3> 

=02G0==O B0 45@52>284=8E <>45;59. �>A;V465==O >FV=N20;8 =59@>==V <5@56V 

4;O ?@>3=>7C20==O DV=0=A>28E B@C4=>IV2 C :>=:@5B=8E @53V>=0E, B0:8E O: 

�8B09 [113]. $>:>< ?V7=VH5 0=A0<1;52V 45@520 7 A8=B5B8G=8<8 >7=0:0<8 

?@>B5AB>20=V =0 WE=N 5D5:B82=VABь C ?@>3=>7C20==V 10=:@CBAB20 [314]. 2017 @V: 

>7=0<5=C202AO :V;ь:><0 4>AO3=5==O<8. �>:@5<0, 70?@>?>=>20=> ?V4EV4 

CA5@54=5==O 109єAV2Aь:>W <>45;V, O:89 ?V4:@5A;Nє 206;82VABь :>=:@5B=8E 

DV=0=A>28E :>5DVFVє=BV2 C ?@>3=>7C20==V 10=:@CBAB20 [27]. �@V< B>3>, AB2>@5=> 

A8=5@35B8G=C <>45;ь 7 >?B8<V70FVєN AV@>3> 2>2:0, O:0 2AB0=>28;0 =>289 

AB0=40@B C FV9 30;C7V  [292]. #0@0;5;ь=>, 4>A;V465==O &@0G8=Aь:>3> 

?V4:@5A;8;> ?>B5=FV0; =5;V=V9=8E <>45;59, B0:8E O: 28?04:>289 ;VA, C 

?>:@0I5==V B>G=>ABV ?@>3=>7C20==O, :>;8 2>=8 4>?>2=NNBьAO 4>40B:>28<8 

DV=0=A>28<8 ?>:07=8:0<8 [282]. � >4=><C 7 4>A;V465=ь @>73;O=CB>, O: @V7=V 

B8?8 2EV4=8E 40=8E <>6CBь 2?;820B8 =0 B>G=VABь 0=A0<1;V2 :;0A8DV:0B>@V2 C 

?@>3=>7C20==V 10=:@CBAB20 [111]. 

"B65, 2V4 48A:@8<V=0=B=>3> 0=0;V7C =0?@8:V=FV 1960-E @>:V2 4> A:;04=8E 

>1G8A;N20;ь=8E <>45;59 2020-E @>:V2 AD5@0 ?@>3=>7C20==O 10=:@CBAB20 AB0;0 

A2V4G5==O< =52?8==>3> ?@03=5==O 4> B>G=>ABV B0 V==>20FV9. 

�V;ьH 45B0;ь=> 707=0G5=V =0 703040=V 2848 <>45;59, 0 B0:>6 WE ?5@52038 B0 

=54>;V:8 2 :>=B5:ABV ?@>3=>7C20==O 10=:@CBAB20 @>73;O=CB> =0 @8A. 2.4. 
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�>3VB @53@5AVO

�5@520 
@VH5=ь

�8?04:>289 
;VA

�@04Vє=B=89 
1CABV=3

!59@>==V <5@56V

 5B>4 k-

=091;86G8E 
ACAV4V2

%B0B8AB8G=0 <>45;ь, O:0 28:>@8AB>2Cє ;>3VAB8G=C DC=:FVN 4;O <>45;N20==O 1V=0@=>W 70;56=>W 7<V==>W.

�0є CO2;5==O ?@> 270є<>72'O7>: <V6 2EV4=8<8 7<V==8<8 B0 @57C;ьB0B><.

!55D5:B82=0 ?@8 @>1>BV 7V A:;04=8<8, =5;V=V9=8<8 72'O7:0<8 <V6 7<V==8<8, I> <>65 >1<568B8 ?@>3=>AB8G=C 5D5:B82=VABь.

#@89<0є @VH5==O =0 >A=>2V =87:8 ?@028;, 282545=8E 7 40=8E.

Іє@0@EVG=0 ?@8@>40 45@52 @VH5=ь є ;53:>N 4;O V=B5@?@5B0FVW.
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�Aь>3> DV=. 
@57. (<;@4. 3@=) 

?5@5@>1=0 ?@><8A;>2VABь 3240 1557.45 -10.82 
DV=0=A8 B0 AB@0EC20==O 3081 85.83 35.79 
B>@3V2;O 2898 2636.6 31.72 
;>3VAB8:0 880 422.71 33.49 
?@>D5AV9=0, =0C:>20 B0 B5E=VG=0 4VO;ь=VABь 849 265.62 -12.42 
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1C4V2=8FB2> 783 163.53 0.59 
04<V=VAB@C20==O 693 39.11 -5.34 
<548F8=0 B0 A>FV0;ь=0 4>?><>30 626 164.51 27.22 
=5@CE><VABь 539 38.31 -8.39 
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�>5DVFVє=B �;ьB<0=0 @>7@0E>2CєBьAO 70 D>@<C;>N (2.1) B0 28:>@8AB>2Cє 

?>:07=8:8, =02545=V C B01;. 2.4. 

 

Z = 0,717 A + 0,847 B + 3,107 C + 0.42 D + 0,998 E.        (2.1) 
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B01;. 2.5. 

 

Z = 0,063 A+ 0,092 B + 0,057 C+0,001 D.                  (2.2) 
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Z = 1,03 A + 3,07 B + 0,66 C + 0,4 D.                         (2.3) 
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I II III IV V 

$A: $A: ≥ 30 
50 10;V2 

30 > $A: ≥ 
20 2V4 50 4> 
35 10;V2 

20 > $A: ≥ 
10 2V4 35 4> 
20 10;V2 

10 > $A: ≥ 1 
2V4 20 4> 4 
10;V2 

$A: < 1 
0 10;V2 

�? �? ≥ 2 
30 10;V2 

2 > �? ≥ 1,7 
2V4 30 4> 20 
10;V2 

1,7 > �? ≥ 
1,4 2V4 20 4> 
10 10;V2 

1,4 >�? ≥ 1,1 
2V4 10 4> 1 
10;V2 

�? < 1,1 
0 10;V2 

�0 �0 ≥ 0,7 
20 10;V2 

0,7 > �0 ≥ 
0,45 2V4 20 
4> 10 10;V2 

0,45 > �0 ≥ 
0,3 2V4 10 4> 
5 10;V2 

0,3 > �0 ≥ 
0,2 2V4 5 4> 1 
10;V2 

�0 < 0,2 
0 10;V2 
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Z = 1,5 A + 0,08 B + 10 C + 5 D + 0,3 E + 0,1 F.                   (2.4) 

 



82 

&45?<JO 2.9 

#>@O4>: @>7@0EC=:C ?>:07=8:V2 <>45;V &5@5I5=:0 ". ". 
C<>2=5 
?>7=0G5==O ?>:07=8: D>@<C;0 @>7@0EC=:V2 =0 

107V @O4:V2 D>@< 1 B0 2 
a 28A>:>;V:2V4=V 0:B828 / G8AB89 4>EV4 (1160 + 1165) / 2000 
b 0:B828 / ?>78:>2V :>HB8 1300 / (1595 + 1695) 
c G8AB89 DV=. @57. / 0:B828 (2350 3 2355) / 1300 
d G8AB89 DV=. @57 / G8AB89 4>EV4 (2350 3 2355) / 2000 
e 70?0A8 / G8AB89 4>EV4 1100 / 2000 
f G8AB89 4>EV4 / 0:B828 2000 / 1300 

 

�65@5;>: AD>@<>20=> =0 >A=>2V [359] 

 

�3V4=> 7 @5:><5=40FVO<8 &5@5I5=:0 ". "., 7=0G5==O <5=H5 0.51 A2V4G8Bь 

?@> 28A>:C 9<>2V@=VABь 10=:@CBAB20.  

#@>0=0;V7Cє<> <>45;ь >FV=:8 9<>2V@=>ABV 10=:@CBAB20 70 02B>@AB2>< 

 0B2V9GC:0 �. �. [348]. *5 <>45;ь C 283;O4V 48A:@8<V=0=B=>W DC=:FVW. 

�=B53@0;ь=89 ?>:07=8: 70 FVєN <>45;;N @>7@0E>2CєBьAO 70 D>@<C;>N (2.5) B0 

28:>@8AB>2Cє ?>:07=8:8, =02545=V C B01;. 2.10. 

Z = 0,033 A + 0,268 B + 0,045 C + 0,018 D + 0,004 E + 0,015 F + 0,702 G   (2.5) 

&45?<JO 2.10 

#>@O4>: @>7@0EC=:C ?>:07=8:V2 <>45;V �. �.  0B2V9GC:0 

C<>2=5 
?>7=0G5==O ?>:07=8: D>@<C;0 @>7@0EC=:V2 =0 

107V @O4:V2 D>@< 1 B0 2 
a >1>@>B=V 0:B828 / =5>1>@>B=V 0:B828 1195 / 1095 
b G8AB89 4>EV4 / ?>B>G=V 7>1>29O70==O 2000 / 1695 
c G8AB89 4>EV4 / 2;0A=89 :0?VB0; 2000 / 1495 
d 0:B828 / G8AB89 4>EV4 1300 / 2000 

e 
(>1. 0:B828 3 ?>B>G=V 7>1>29O70==O) / >1. 

0:B828 (1195 + 1695) / 1195 

f 7>1>29O70==O / 0:B828 (1595 + 1695) / 1300 
g 2;0A=89 :0?VB0; / ?>78:>289 :0?VB0; 1495 / (1900 3 1495) 

 

�65@5;>: AD>@<>20=> =0 >A=>2V [348] 

 

�3V4=> 7 @5:><5=40FVO<8 02B>@0 <>45;V, 7=0G5==O <5=H5 1.104 A2V4G8Bь ?@> 

28A>:C 9<>2V@=VABь 10=:@CBAB20. �>6=C 7 >?8A0=8E <>45;59 70AB>A>20=> 4> 

AD>@<>20=>W 281V@:8 ?V4?@8є<AB2. $57C;ьB0B8 ?@>0=0;V7>20=> G5@57 >A=>2=V 

<5B@8:8, 0 A0<5 B>G=>ABV, ?>2=>B8, 2;CG=>ABV B0 F1 >FV=:8. 



83 

&>G=VABь (0=3;. accuracy) 3 F5 <V@0 5D5:B82=>ABV <>45;V, O:0 28<V@Nє 

G0AB:C ?@028;ь=8E ?@>3=>7V2, 2V4=>A=> 7030;ь=>W :V;ь:>ABV ?@>3=>7V2. �>=0 

>1G8A;NєBьAO O: 2V4=>H5==O :V;ь:>ABV ?@028;ь=8E ?@>3=>7V2 4> 7030;ь=>W 

:V;ь:>ABV ?@>3=>7V2. 

�;CG=VABь (0=3;. precision) 3 F5 <V@0 5D5:B82=>ABV <>45;V, O:0 28<V@Nє 

G0AB:C ?@028;ь=8E ?>78B82=8E ?@>3=>7V2 2V4=>A=> 7030;ь=>W :V;ь:>ABV 

?>78B82=8E ?@>3=>7V2, O:V <>45;ь 7@>18;0. *5 40є CO2;5==O ?@> B5, =0A:V;ь:8 

B>G=> <>45;ь V45=B8DV:Cє :;0A8. 

#>2=>B0 (0=3;. recall) 3 F5 <V@0 5D5:B82=>ABV <>45;V, O:0 28<V@Nє G0AB:C 

?@028;ь=8E ?@>3=>7V2 ?>78B82=>3> :;0AC 2V4=>A=> 7030;ь=>W :V;ь:>ABV 

?@54AB02=8:V2 ?>78B82=>3> :;0AC C 40=8E. 

F1 >FV=:0 3 F5 30@<>=VG=5 A5@54=є B>G=>ABV B0 ?>2=>B8, V 2>=0 

28:>@8AB>2CєBьAO 4;O 10;0=AC20==O <V6 B>G=VABN B0 ?>2=>B>N. �0728G09 WW 

28:>@8AB>2CNBь C 28?04:0E, :>;8 206;820 O: B>G=VABь, B0: V ?>2=>B0, V E>GCBь 

>B@8<0B8 >4=5 G8A;>, I> 2V4>1@060є O:VABь <>45;V. 

*V <5B@8:8 4>?><030NBь 7@>7C<VB8, =0A:V;ь:8 4>1@5 <>45;ь 2?>@0;0AO 7V 

A2>єN 7040G5N :;0A8DV:0FVW. #@>AC<C20=> 5D5:B82=VABь <>45;59 =0 >A=>2V 

>FV=N20==O WE=ь>W 4>AB>2V@=>ABV =0 >A=>2V AD>@<>20=>W 281V@:8. $57C;ьB0B 

>FV=:8 =02545=> =0 @8A. 2.5. 

 

$8A. 2.5. "FV=:0 VA=CNG8E <>45;59 ?@>3=>7C20==O 10=:@CBAB20 ?V4?@8є<AB2 2 

':@0W=V, 2020 @. �65@5;>: 2;0A=0 @>7@>1:0 



84 

/: 284=> 7 @8A. 2.5, 2AV <>45;V ?>:070;8 >4=0:>2> A5@54=V9 @V25=ь B>G=>ABV 

B0 ?>2=>B8 ?@8 287=0G5==V 10=:@CBV2. �1V;ьH5==O B>G=>ABV B0 F1->FV=:8 H;OE>< 

C4>A:>=0;5==O <>45;59 4>72>;8Bь 1V;ьH 5D5:B82=> V45=B8DV:C20B8 

?V4?@8є<AB20 7 28A>:8< @878:>< 10=:@CBAB20, I> A?@8OB8<5 A2>єG0A=><C 

?@89=OBBN C?@02;V=Aь:8E @VH5=ь I>4> <V=V<V70FVW F8E @878:V2 2 <560E $"' 

(�#. �=0G5==O <5B@8: <>65 1CB8 ?>:@0I5=> 70 @0EC=>: 28:>@8AB0==O 1V;ьH 

A:;04=8E <>45;59 =0 >A=>2V =59@><5@56 (?C=:B 2.3), B0 V<?;5<5=B0FVW 

4>40B:>28E 2EV4=8E >7=0:, B0:8E O: O:VA=V ?>:07=8:8 (?C=:B 2.2), 284 

5:>=><VG=>W 4VO;ь=>ABV (?C=:B 2.3), AC4>289 @5єAB@, <0:@>5:>=><VG=0 

AB0B8AB8:0, B>I>. 

 

 

2.2.  5B>48G=89 ?V4EV4 4> ?@>3=>7C20==O 9<>2V@=>ABV 10=:@CBAB20 

?V4?@8є<AB20 =0 >A=>2V :V;ь:VA=8E B0 O:VA=8E ?>:07=8:V2 

 

 

' :>=B5:ABV 5<?V@8G=8E 4>A;V465=ь, A?@O<>20=8E =0 24>A:>=0;5==O 

<>45;59 ?@>3=>7C20==O 10=:@CBAB20 ?V4?@8є<AB2, =0;56=8< G8=>< 

48D5@5=FVN20B8 9 0=0;V7C20B8 O:VA=V ?>:07=8:8 є =52V4:;04=>N 7040G5N (?@> 

I> 707=0G5=> C ?C=:BV 1.3). � <V@C :><?;5:A8DV:0FVW 5:>=><VG=8E 270є<>72'O7:V2 

B0 7@>AB0==O 2?;82C =5>1G8A;N20=8E D0:B>@V2, O:V 7?;820NBь =0 2V@>3V4=VABь 

10=:@CBAB20, =01C20є 7=0GCI>ABV 3;C1>:89 0=0;V7 B0:8E ?0@0<5B@V2. �>:@5<0, F5 

>1C<>2;5=> B8<, I> O:VA=V ?>:07=8:8, є 1030B>0A?5:B=8<. 

%:;04=VABь 287=0G0єBьAO B8<, I> G8A5;ь=V ?>:07=8:8 <>6CBь =5 

2V4>1@060B8 :>=B5:ABC0;ь=C A:;04=VABь ?V4?@8є<=8Fь:>W 4VO;ь=>ABV. (V=0=A>2V 

:>5DVFV5=B8, O:V G0AB> <0NBь 206;825 7=0G5==O, =5 740B=V 2@0EC20B8 @878:8, 

?>2'O70=V 7 =52848<8<8 4;O F8D@>2>3> 0=0;V7C G8==8:0<8. *5 28:;8:0є 

=5>1EV4=VABь 2:;NG5==O O:VA=8E >7=0: 4> 0=0;VB8G=>W <>45;V, 7>:@5<0 7 >3;O4C 

=0 48=0<VG=VABь 7<V= C 7>2=VH=ь><C A5@54>28IV, O:V <>6CBь 2?;820B8 =0 

?V4?@8є<AB2>, B0 9>3> 740B=VABь 4> 040?B0FVW 4> B0:8E 7<V=. �2060NG8 =0 



85 

206;82C @>;ь C?@02;V=Aь:8E @VH5=ь C 715@565==V DV=0=A>2>W AB01V;ь=>ABV, 

28:>@8AB0==O O:VA=8E ?>:07=8:V2 C 4>A;V465==V <>45;59 ?@>3=>7C20==O 

10=:@CBAB20 28O2;OєBьAO =5 ;8H5 4>FV;ь=8<, 0;5 9 >1>2'O7:>28< 4;O 

70157?5G5==O :><?;5:A=>3> 0=0;V7C V 24>A:>=0;5==O ?@0:B8G=8E @57C;ьB0BV2. 

#5@5;V: O:VA=8E ?>:07=8:V2 B0 2V4?>2V4=8E 465@5;, =02545=> C B01;. 2.11. 

&45?<JO 2.11 

#5@5;V: 3@C? O:VA=8E ?>:07=8:V2 C ?C1;V:0FVOE 
�65@5;> #>:07=8: �<VAB ?>:07=8:0 
[169] �0;C7ь �5@602=0 ?>;VB8:0 B0 <V6=0@>4=V C3>48, F8:;VG=VABь, 

@8=:>289 ?>?8B, GCB;82VABь 4> 7<V= <0:@>5:>=><VG=8E 
D0:B>@V2, 68BBє289 F8:; ?@>4C:BC 

 5=546<5=B �><?5B5=B=VABь, AB01V;ь=VABь, 2V4=>A8=8 <V6 
<5=546<5=B>< B0 2;0A=8:><, C?@02;V==O ;N4Aь:8<8 
@5AC@A0<8, ?@>F5A 7@>AB0==O/5D5:B82=VABь 1V7=5AC, 
?;0=C20==O, 4>AO3=5==O 

�=CG:VABь #@O<5 B0 =5?@O<5 DV=0=AC20==O 
�>2V@0 �@548B=0 VAB>@VO, 4>AB>2V@=VABь V=D>@<0FVW, 2V4=>A8=8 7 

DV=0=A>28<8 CAB0=>20<8 
�>=:C@5=B>-
A?@><>6=VABь 

#>78FVO =0 @8=:C, ABC?V=ь :>=:C@5=FVW, ?5@A?5:B828 
?>?8BC =0 ?@>4C:B G8 ?>A;C3C 

"?5@0FV9=V %B01V;ь=VABь B0 @V7=><0=VB=VABь 70:C?V25;ь, 5D5:B82=VABь 
28@>1=8FB20, 4825@A8DV:0FVO 71CBC, 5D5:B82=VABь 
71CB>2>W <5@56V 

 [151] �030;ь=V �5@V2=8FB2>, :V;ь:VABь @>:V2 C 1V7=5AV, :>=:C@5=FVO, 
@V25=ь >1A;C3>2C20==O, <VAF57=0E>465==O, =02G0==O 
?@0FV2=8:V2, >1V7=0=VABь C B5=45=FVOE @8=:C 

[247] $5>@30=V70FVO �>2=VH=є A5@54>28I5, O:VABь >@30=V70FVW 
�8D5@5=FV0FVO �2'O7:8, @5?CB0FVO, ?@82V;5W, @>1>G89 3@0DV: 
 0@:5B8=3 /:VABь B>20@V2 G8 ?>A;C3, ?>78FVO =0 @8=:C 
%5@2VA �;Vє=B>>@Vє=B>20=VABь 
#@>4C:B82=VABь #@>4C:B82=VABь 28@>1=8FB20 

[315] �030;ь=V �5@V2=8FB2>, :>=B@035=B8, 4>B@8<0==O C3>4, V==>20FVW 
 

�65@5;>: AD>@<>20=> =0 >A=>2V [315, 169, 151, 247] 

 

' ?5@5;VG5=8E 2 B01;. 2.11 ?C1;V:0FVOE @>73;O=CB> 1030B> ?>:07=8:V2, A5@54 

O:8E 4>FV;ь=> 284V;8B8 <5=5465@Aь:C, DV=0=A>2C B0 >?5@0FV9=C 3@C?8 

�;0A8DV:0FVO =0 FV 3@C?8 74V9A=5=0 02B>@>< =0 >A=>2V 0=0;V7C ;VB5@0BC@=8E 

465@5; B0 WE=ь>3> 2=5A:C C ?@>3=>7C20==O @878:V2 10=:@CBAB20. �>6=0 3@C?0 

?>:07=8:V2 1C;0 287=0G5=0 2V4?>2V4=> 4> WW @>;V C 70157?5G5==V $"' (�#. 

 5=5465@Aь:V ?>:07=8:8 >1@0=V G5@57 WE=V9 157?>A5@54=V9 2?;82 =0 AB@0B53VG=V 



86 

@VH5==O B0 >@30=V70FV9=C 5D5:B82=VABь. (V=0=A>2V ?>:07=8:8 2:;NG5=V 7024O:8 

WE=V9 740B=>ABV :V;ь:VA=> 2V4>1@060B8 DV=0=A>289 AB0= ?V4?@8є<AB20 B0 

?>B5=FV9=V @878:8. "?5@0FV9=V ?>:07=8:8 1C;8 284V;5=V G5@57 WE=N @>;ь C 

70157?5G5==V 157?5@51V9=>W 4VO;ь=>ABV B0 5D5:B82=>ABV 28:>@8AB0==O @5AC@AV2. 

&0:>6 4>40=> 3@C?C N@848G=8E ?>:07=8:8, O:V =5 @>73;O=CBV 2 6>4=V9 7 

?C1;V:0FV9 I>4> :;0A8DV:0FVW, ?@>B5 4>A;V465=V C 25;8:V9 :V;ь:>ABV >:@5<8E 

?C1;V:0FV9 [44, 166, 91, 243, 103, 110, 165, 154, 230, 245, 205, 293, 194, 241, 62, 

19, 130, 258, 175, 208, 141, 96, 86, 224]. %D>@<>20=89 =01V@ ?>:07=8:V2 =02545=> 

2 B01;. 2.12. 

&45?<JO 2.12 

/:VA=V ?>:07=8:8 2 <>45;OE ?@>3=>7C20==O 10=:@CBAB20 
�@C?0 #>:07=8:8 
 5=546<5=B �>O;ь=VABь ?@0FV2=8:V2 

/:VABь B0 ?@>D5AV>=0;V7< <5=546<5=BC 
(V=0=A>2V %B0= 0:B82V2 

/:VABь DV=0=A>2>W 72VB=>ABV 
.@848G=V �V4?>2V4=VABь 4VO;ь=>ABV 70:>=>402AB2C 

%?>@8 2 AC40E 
"?5@0FV9=V $8=:>20 @5?CB0FVO 

�==>20FVW 
#@>4C:B82=VABь 
�V4?>2V4=VABь AB0=40@BV2 
�=CG:VABь 1V7=5A-<>45;V 

 

�65@5;>: AD>@<>20=> =0 >A=>2V [315, 169, 151, 247] 

 

�V4B0:, @>73;O=CB> >:@5<> ?C1;V:0FVW I>4> 2?;82C :>6=>3> ?>:07=8:0, 

707=0G5=>3> C B01;. 2.12, =0 DV=0=A>2C 157?5:C ?V4?@8є<AB20 B0 AD>@<C20B8 

A8AB5<C >FV=:8 ?> 5-10;ь=V9 H:0;V 4;O :>6=>3> 7 =8E. *5 4>72>;8Bь 

70AB>A>2C20B8 WE 2 AC:C?=>ABV ?@8 >FV=FV AB0=C ?V4?@8є<AB20.  

�81V@ ?9OB810;ь=>W H:0;8 >1C<>2;5=89 =5>1EV4=VABN 4>AO3=5==O 10;0=AC 

<V6 45B0;V70FVєN >FV=N20==O B0 7@CG=VABN 9>3> 70AB>AC20==O. &0:0 H:0;0 

4>72>;Oє 48D5@5=FVN20B8 @V2=V >FV=:8 4;O :>6=>W 3@C?8 O:VA=8E ?>:07=8:V2, 

715@V30NG8 ?@8 Fь><C ?@>AB>BC B0 7@>7C<V;VABь <5B>4>;>3VW. �;O 287=0G5==O 

10;V2 28:>@8AB>2CєBьAO A8AB5<0 :@8B5@VW2, O:0 2V4?>2V40є A?5F8DVG=8< 

E0@0:B5@8AB8:0< :>6=>3> ?>:07=8:0. "FV=:0 1 <>65 2V4>1@060B8 =09=86G89 



87 

@V25=ь 28:>=0==O 01> =530B82=89 2?;82, B>4V O: >FV=:0 5 A2V4G8Bь ?@> 

=0928I89 @V25=ь 28:>=0==O 01> ?>78B82=89 2?;82. #@>F5A >FV=N20==O 

74V9A=NєBьAO 5:A?5@B0<8, O:V =0 >A=>2V 0=0;V7C 2V4?>2V4=8E 40=8E B0 V=D>@<0FVW 

?@8A2>NNBь :>6=><C ?>:07=8:C ?52=89 10; 2V4?>2V4=> 4> 2AB0=>2;5=8E 

:@8B5@VW2. �=0G5==O <>6CBь 1CB8 AC19є:B82=8<8, >A:V;ь:8 >FV=N20==O 

?@>2>4OBь ;N48 =0 <VAFOE, O:V <>6CBь <0B8 @V7=89 @V25=ь 4>A2V4C B0 

V=B5@?@5B0FVW :@8B5@VW2. �8:>@8AB0==O ?9OB810;ь=>W H:0;8 B0:>6 A?@8Oє 

AB0=40@B870FVW ?@>F5AC >FV=N20==O, I> ?>;53HCє ?>@V2=O==O @V7=8E ?>:07=8:V2 

B0 3@C? ?>:07=8:V2 <V6 A>1>N. &0:8< G8=><, 70AB>AC20==O ?9OB810;ь=>W H:0;8 

4>72>;Oє 5D5:B82=> V=B53@C20B8 =>@<0;V7>20=V O:VA=V ?>:07=8:8 2 <>45;ь 

?@>3=>7C20==O 10=:@CBAB20, 70157?5GCNG8 1V;ьH B>G=89 B0 =04V9=89 0=0;V7 

DV=0=A>28E @878:V2 ?V4?@8є<AB20. 

' 4>A;V465==V �V7> �., %0?Vє=F0 #. B0 �V=30;5A �. [128] C2030 0:F5=BCєBьAO 

=0 206;82>ABV :>@?>@0B82=>W :C;ьBC@8 B0 =0 WW ?>78B82=><C 2?;82V =0 

?@89=OBBO DV=0=A>28E @VH5=ь. $0460= $., %5@25A ). B0 �V=30;5A �. [238] 2:070;8 

=0 <>6;82V =530B82=V DV=0=A>2V =0A;V4:8 4825@A8DV:0FVW :C;ьBC@8.  0@3>;VA /., 

�;ьD5=109= ). B0 �>;H �6. [201], 0 B0:>6 "@;8Fь:89  ., ,<V4B (. B0 $09=A 

%. [222] ?@>25;8 <5B0-0=0;V7 270є<>72'O7:C <V6 :>@?>@0B82=>N A>FV0;ь=>N 

2V4?>2V40;ь=VABN (�%�) B0 DV=0=A>28<8 @57C;ьB0B0<8, 2:07CNG8 =0 ?>78B82=89 

:>@5;OFV9=89 72'O7>:. �>4D@V #.,  5@@V;; �. B0 )0=A5= �6.[119] @>73;O=C;8 

�%� O: D>@<C AB@0EC20==O, I> A?@8Oє AB2>@5==N V=25AB8FV9=>W 20@B>ABV. �6> 

)., )0@46>B>  . [161] ?@>45<>=AB@C20;8, I> :><?0=VW 7 A8;ь=8<8 

7>1>2'O70==O<8 C AD5@V �%� G0AB> <0NBь 28IC @8=:>2C 20@BVABь. (;0<<5@ %. 

[105] ?V4B25@482 ?>78B82=89 ?@8G8==>-=0A;V4:>289 72'O7>: <V6 �%� B0 

DV=0=A>28<8 @57C;ьB0B0<8 ?V4?@8є<AB2. #5@5@0E>20=V 4>A;V465==O 

?V4:@5A;NNBь @>;ь �%� C D>@<C20==V DV=0=A>28E @57C;ьB0BV2 ?V4?@8є<AB2. 

�>:@5<0, 2?;82 F8E D0:B>@V2 =0 ;>O;ь=VABь ?@0FV2=8:V2 є 206;828< 0A?5:B><, 

O:89 <>65 >?>A5@54:>20=> 2?;820B8 =0 DV=0=A>2C AB01V;ь=VABь B0 @878:8 

10=:@CBAB20. �8A>:0 ;>O;ь=VABь ?@0FV2=8:V2 A?@8Oє ?>:@0I5==N 

?@>4C:B82=>ABV, 7=865==N ?;8==>ABV :04@V2 B0 7<VF=5==N :>@?>@0B82=>3> 



88 

V<V46C, I> 2 A2>N G5@3C ?>78B82=> 2V4>1@060єBьAO =0 DV=0=A>28E ?>:07=8:0E 

:><?0=VW. !02?0:8, =87ь:0 ;>O;ь=VABь <>65 ?@872>48B8 4> 71V;ьH5==O 28B@0B =0 

=09< B0 =02G0==O ?5@A>=0;C, 7=865==O 5D5:B82=>ABV @>1>B8 B0 ?>3V@H5==O 

270є<>2V4=>A8= 2A5@548=V >@30=V70FVW. %0<5 B><C 206;82> A8AB5<0B8G=> 

0=0;V7C20B8 ?5@52038 B0 =54>;V:8, I> 2?;820NBь =0 ;>O;ь=VABь ?@0FV2=8:V2, 4;O 

1V;ьH B>G=>3> ?@>3=>7C20==O @878:V2 10=:@CBAB20. ' B01;. 2.13 ?@54AB02;5=> 

?5@5;V: ?5@5203 B0 =54>;V:V2, I> 2?;820NBь =0 ;>O;ь=VABь ?@0FV2=8:V2, O:89 1C2 

A8AB5<0B8G=> 4>A;V465=89 C =0C:>2V9 @>1>BV �6> )., )0@46>B>  . [161]. 

&45?<JO 2.13 

#5@5;V: ?5@5203 B0 =54>;V:V2 ;>O;ь=>ABV ?@0FV2=8:V2 2V4=>A=> (�# 

�0B53>@VO #5@52038 !54>;V:8 
%?V;ь=>B0 - �;03>4V9=VABь 

- �=25AB8FVW 2 ACA?V;ь=> :>@8A=V 
V==>20FVW 

- #V4B@8<:0 2 >B@8<0==V 68B;0 
- �>?><>30 2 >A2VBV 

- %C?5@5G:8 7 V=25AB>@0<8 
- !530B82=89 5:>=><VG=89 
2?;82 

!02:>;8H=є 
A5@54>28I5 

- �>@8A=V ?@>4C:B8 B0 ?>A;C38 
- �0?>1V30==O 701@C4=5==N 
- #5@5@>1:0 B0 CB8;V70FVO 
- �;ьB5@=0B82=V 2848 ?0;820 
- �><C=V:0FVO 7 3@><04:VABBN 
- "A=>2=V 70A>18 B0 >1;04=0==O 

- %C?5@5G:8 7 3@><04:VABBN 
- �V4ACB=VABь :><C=V:0FVW 

�V4=>A8=8 7 
?@0FV2=8:0<8 

- �0@=V 2V4=>A8=8 7 
?@>DA?V;:0<8 

- �V4ACB=VABь ?>;VB8:8 
A:>@>G5==O 

- $>7?>4V; ?@81CB:V2 A5@54 
?@0FV2=8:V2 

- �0;CG5==O ?@0FV2=8:V2 4> 
?@89=OBBO @VH5=ь 

- �8A>:V ?5=AV9=V 28?;0B8 
- "E>@>=0 74>@>2'O B0 157?5:8 

- #>30=V 2V4=>A8=8 7 
?@>DA?V;:0<8 

- (>@<0;ь=5 2V4=>H5==O 4> 
157?5:8 ?@0FV 

- #>ABV9=V / 25;8:V A:>@>G5==O 
?5@A>=0;C 

- �V4ACB=VABь ?5=AV9 / ?V;ь3 

/:VABь B0 
157?5:0 
?@>4C:FVW 

- �8A>:0 O:VABь B0 157?5G=VABь 
?@>4C:FVW 

- �>A;V465==O B0 
@>7@>1:8/V==>20FVW 

- #V;ь38 4;O 5:>=><VG=> 
=570E8I5=8E 25@AB2 =0A5;5==O 

- !87ь:0 O:VABь B0 157?5G=VABь 
?@>4C:FVW 

- !52V4?>2V4=VABь 28<>30< 
0=B8<>=>?>;ь=>3> 
70:>=>402AB20 

�=4CAB@VO  - �;:>3>;ь 
- �70@B=V V3@8 
- &NBN= 
- �>3=5?0;ь=0 71@>O 
- /45@=V B5E=>;>3VW 

�65@5;>: AD>@<>20=> =0 >A=>2V [161]



89 

#5@5;V: 7 B01;. 2.13 <>65 1CB8 28:>@8AB0=89 2 O:>ABV 1078 4;O D>@<C20==O 

0=:5B >FV=:8 @V2=O ;>O;ь=>ABV ?@0FV2=8:V2 =0 ?V4?@8є<AB2V. '7030;ь=5=89 >?8A 

4;O 28AB02;5==O 10;V2 =0ABC?=89: 

1 3 �8A>:89 @V25=ь =5704>2>;5=>ABV 

2 3 �V;ьHVABь ?@0FV2=8:V2 =5704>2>;5=V 

3 3 �<VH0=V 2V43C:8 2V4 ?@0FV2=8:V2 

4 3 �V;ьHVABь ?@0FV2=8:V2 704>2>;5=V 

5 3 �8A>:89 @V25=ь 704>2>;5=>ABV A5@54 ?@0FV2=8:V2. 

":@5<>W C2038 70A;C3>2Cє 2?;82 O:>ABV B0 ?@>D5AV>=0;V7<C <5=546<5=BC 

=0 DV=0=A>2V ?>:07=8:8. )5<1@V: �.,  59A>= #. [139] 225;8 «B5>@VN 25@E=VE 

5H5;>=V2», O:0 AB25@46Cє, I> DV=0=A>2V ?>:07=8:8 ?V4?@8є<AB20 <>6=0 

?@>3=>7C20B8, 0=0;V7CNG8 E0@0:B5@8AB8:8 WW :5@V2=>3> A:;04C. *O V45O >B@8<0;0 

?V4B25@465==O 2 4>A;V465==V �5@B@0=  ., ,>0@ �. [42], 45 0:F5=BCєBьAO C2030 

=0 7=0GCIV9 @>;V >:@5<8E <5=5465@V2 C D>@<C20==V :>@?>@0B82=8E ?>;VB8:. 

�V11>=A $., �0;ь4<0=  . [116] @>7H8@8;8 F59 ?V4EV4, @>73;O40NG8 A?5F8DVG=V 

=028G:8 B>?-<5=5465@V2 O: :;NG>289 D0:B>@ DV=0=A>2>3> CA?VEC. �0?;0= %., 

�;510=>2  ., %>@5=A5=  . [164] B0 �40<A $., �;<5940 )., (5@@59@0 �. [5] 

7>A5@548;8AO =0 0B@81CB0E B0 E0@0:B5@8AB8:0E 35=5@0;ь=8E 48@5:B>@V2, 

0=0;V7CNG8 WE 2?;82 =0 DV=0=A>2V ?>:07=8:8. �>:@5<0, 4>A;V465==O 

�>@=5;;V (., �><V=5: �. V �N=3:2VAB �. [79] ?V4:@5A;8;8 206;82VABь 

4>A2V4G5=>3> =03;O4C 70 B>?-<5=5465@0<8 4;O 4>AO3=5==O :@0I8E DV=0=A>28E 

@57C;ьB0BV2. ' B01;. 2.14 ?@54AB02;5=> ?5@5;V: E0@0:B5@8AB8: B>?-<5=546<5@V2, 

I> 2?;820NBь =0 DV=0=A>2V @57C;ьB0B8 ?V4?@8є<AB20. 

&45?<JO. 2.14 

"?8A :@8B5@VW2, 70 O:8<8 >FV=NєBьAO 2?;82 B>?-<5=5465@V2 =0 (�# 

�@8B5@V9 "?8A 
�V45@AB2> 

!09<0є 3@02FV2 :;0AC "�" �=0E>48Bь, =09<0є 3@02FV2 :;0AC "�" 
$>72820є ;N459 &@5=Cє ;N459 =0 WE=VE ?>B>G=8E ?>A040E 4;O ?V428I5==O 

5D5:B82=>ABV B0 3>BCє WE 4> <091CB=VE @>;59. 
�2V;ь=Oє B8E, EB> =5 
A?@02;OєBьAO 7 @>1>B>N 

'AC20є 3@02FV2 :0B53>@VW "%" ?@>BO3>< 180 4=V2. �>AO30єBьAO 
F5 H;OE>< B@5=C20==O, ?5@52545==O, ?>=865==O 2 ?>A04V 01> 
72V;ь=5==O. 



90 

#DB8B6:9AAO F45?<JV 2.14 

�@8B5@V9 "?8A 
%B028BьAO 4> ;N459 7 
?>203>N 

*V=Cє V=H8E, AB028BьAO 4> =8E A?@0254;82> V ?@>O2;Oє BC@1>BC 
?@> WE=V ?>3;O48 B0 ?>GCBBO. 

�D5:B82=VABь �40B=VABь 28@>1;OB8 7=0G=V >1AO38 ?@>4C:FVW 7 <V=V<0;ь=8<8 
28B@0B0<8 7CA8;ь. 

 5@560 B0;0=>28B8E 
;N459 

 0є 25;8:C <5@56C B0;0=>28B8E ;N459. 

�=CG:VABь/�40?B82=VABь ,284:> ?@8AB>A>2CєBьAO 4> 7<V=8 ?@V>@8B5BV2 B0 C<>2. 
%?@02;OєBьAO 7V A:;04=>I0<8 B0 7<V=0<8. 

"A>18ABVABь 
�>1@>G5A=VABь !5 7@V70є :CB8 5B8G=>. �02>9>2Cє 4>2V@C B0 715@V30є 

:>=DV45=FV9=VABь. 
"@30=V70FVO B0 
?;0=C20==O 

#;0=Cє, >@30=V7>2Cє, A:;040є 3@0DV:8 B0 1N465B8 2 5D5:B82=89, 
?@>4C:B82=89 A?>AV1. 

%?>:V9 ?V4 B8A:>< #V4B@8<Cє AB01V;ь=C ?@>4C:B82=VABь 2 C<>20E 28A>:>3> B8A:C 
01> AB@5AC 

�3@5A82=89, 0;5 
H0=>1;8289 

,284:> @CE0єBьAO V <VF=> AB>WBь, =5 1C4CG8 ?@8 Fь><C =04B> 
01@0782=8<. 

,284:> ?@89<0є 
@VH5==O 

,284:> 4Vє, =5 70F8:;NNG8Aь =0 ?5@5H:>40E. 

�>B@8<CєBьAO 27OB8E =0 
A515 7>1>2'O70=ь 

�>B@8<CєBьAO CA=8E B0 ?8Aь<>28E 4><>2;5=>AB59, =572060NG8 
=0 >A>18ABV 28B@0B8. 

�=B5;5:B 
�=0;VB8G=V =028G:8 %B@C:BC@Cє B0 >1@>1;Oє O:VA=V 01> :V;ь:VA=V 40=V B0 @>18Bь 

28A=>2:8. 
%B@0B53VG=5 <8A;5==O / 
10G5==O 

�40B=VABь 10G8B8 7030;ь=C :0@B8=C V =048E0NG5 4>=>A8B8 WW 4> 
0C48B>@VW. 

�@50B82=VABь / 
V==>20FV9=VABь 

�5=5@Cє =>2V B0 V==>20FV9=V ?V4E>48 4> 28@VH5==O ?@>1;5<. 

'2030 4> 45B0;59 !5 4>72>;Oє 206;828< 45B0;O< 28A;87=CB8 7 ?>;O 7>@C 01> 
7V@20B8 ?@>5:B. 

 >B820FVO 
�=BC7V07< �8O2;Oє ?@8AB@0ABь V 70E>?;5==O @>1>B>N.  0є ?>78FVN "<>6C 

7@>18B8". 
!0?>;53;82VABь �5<>=AB@Cє =0?>;53;82VABь V 3>B>2=VABь 9B8 4> :V=FO, I>1 I>Aь 

7@>18B8. 
#@>0:B82=89 / 
�=VFV0B82=89 

�Vє, =5 >B@8<CNG8 2:07V2>:, I> @>18B8. #@8=>A8Bь =>2V V45W 2 
:><?0=VN. 

$>1>G0 5B8:0  0є A8;ь=C 3>B>2=VABь =0?>;53;82> V 4>23> ?@0FN20B8, I>1 
28:>=0B8 @>1>BC. 

�AB0=>2;Nє 28A>:V 
AB0=40@B8 

"GV:Cє, I> >A>18AB0 ?@>4C:B82=VABь V ?@>4C:B82=VABь :><0=48 
1C4CBь =09:@0I8<8. 

 V6>A>18ABVA=5 
�<V==O A;CE0B8 �>72>;Oє V=H8< 3>2>@8B8 V ?@03=5 7@>7C<VB8 WE=N B>G:C 7>@C. 
�V4:@8BV 4> :@8B8:8 B0 
V459 

+0AB> ?@>A8Bь 72>@>B=>3> 72'O7:C V A?>:V9=> @503Cє =0 :@8B8:C. 

#8Aь<>20 :><C=V:0FVO #8H5 GVB:> B0 7@>7C<V;>, 28:>@8AB>2CNG8 ?@028;ь=C 3@0<0B8:C. 
'A=0 :><C=V:0FVO �>2>@8Bь GVB:> V 28@07=>, =5 1C4CG8 =04B> 1030B>A;V2=8< 01> 

10;0:CG8<. 



91 

#DB8B6:9AAO F45?<JV 2.14 

�@8B5@V9 "?8A 
�><0=4=0 @>1>B0 �25@B0єBьAO 4> :>;53 V A?V2?@0FNє 7 :5@V2=8:0<8 4;O 

=0;03>465==O AB>AC=:V2. 
#5@5:>=;82VABь �40B=VABь ?5@5:>=C20B8 V=H8E 4>B@8<C20B8AO ?52=>3> :C@AC 4V9 
�0157?5GCє 
2V4?>2V40;ь=VABь ;N459 

�AB0=>2;Nє FV;V 4;O :><0=48 B0 :>=B@>;Nє WE 28:>=0==O, I>1 
70157?5G8B8 ?@>3@5A =0 H;OEC 4> 7025@H5==O. 

 

�65@5;>: AD>@<>20=> =0 >A=>2V [164] 

 

' :>=B5:ABV ?@>2545=>3> =0C:>2>3> 0=0;V7C �0?;0= %., �;510=>2  . B0 

%>@5=A5=  .  2AB0=>28;8, I> A5@54 E0@0:B5@8AB8:, ?@54AB02;5=8E C B01;. 2.14, 

:;NG>28<8 45B5@<V=0=B0<8 DV=0=A>28E ?>:07=8:V2 є =028G:8 :><C=V:0FVW, 

AB@0B53VG=>3> ?;0=C20==O B0 >?5@0B82=>ABV ?@89=OBBO @VH5=ь. �V4B0:, FV 

?>:07=8:8 27OB> 4;O >FV=:8 @V2=O O:>ABV B0 ?@>D5AV>=0;V7<C <5=5465@V2 =0 

?V4?@8є<AB20. %D>@<>20=89 ?5@5;V: =02545=> 2 B01;. 2.15. 

&45?<JO. 2.15 

"?8A :@8B5@VW2, 70 O:8<8 >FV=NєBьAO 2?;82 B>?-<5=5465@V2 =0 (�# 

�@8B5@VW / 
�V;ь:VABь 
10;V2 

!028G:8 ?@89=OBBO 
@VH5=ь 

%B@0B53VG=5 ?;0=C20==O �><C=V:0FV9=V =028G:8 

1 $VH5==O ?@89<0NBьAO 
?>2V;ь=> B0 =5 702648 
>1ґ@C=B>20=> 

�V4ACB=є AB@0B53VG=5 
?;0=C20==O 

�=0G=V ?@>1;5<8 2 
:><C=V:0FVW 

2 Є 2V4AB@>G:8 2 
?@89=OBBV 206;828E 
@VH5=ь 

Є A?@>18 AB@0B53VG=>3> 
?;0=C20==O, 0;5 2>=8 
=5 702648 5D5:B82=V 

Є ?@>1;5<8 2 
A?V;:C20==V, 0;5 =5 
:@8B8G=V 

3 $VH5==O ?@89<0NBьAO 
2G0A=>, 0;5 V=>4V 157 
?>2=>3> 0=0;V7C 

Є 107>20 AB@0B53VO, O:>W 
:><?0=VO A;V4Cє 

�030;>< :><C=V:0FVO =0 
3V4=><C @V2=V 

4 $VH5==O ?@89<0NBьAO 
A2>єG0A=> V 70728G09 
>1ґ@C=B>20=> 

%B@0B53VO GVB:> 
287=0G5=0 B0 2 
>A=>2=><C 28:>=CєBьAO 

/:VA=0 :><C=V:0FVO 2 
1V;ьH>ABV 28?04:V2 

5 $VH5==O ?@89<0NBьAO 
H284:>, >1ґ@C=B>20=> 
B0 5D5:B82=> 

%8;ь=5 AB@0B53VG=5 
?;0=C20==O B0 
5D5:B82=5 9>3> 
2?@>20465==O 

�V4<V==V :><C=V:0FV9=V 
=028G:8 =0 2AVE @V2=OE 

 

�65@5;>: 2;0A=0 @>7@>1:0 

 

' :>=B5:ABV (�# 25;8:5 7=0G5==O <0є B0:>6 AB0= 0:B82V2. �>A;V465==O 

)>;; �., )0BGV=A>= #.,  VE05;0A !.[138] B0  CAA> #., %:V02> %.[211] 



92 

0:F5=BC20;8 C203C =0 B><C, O: AB0= 0:B82V2 <>65 2?;820B8 =0 @VH5==O I>4> 

AB@C:BC@8 :0?VB0;C, >A>1;82> 2 є2@>?59Aь:8E <0;8E B0 A5@54=VE ?V4?@8є<AB20E. 

Casey E., O'Toole C. [63] 4>A;V48;8 206;82VABь AB0=C 0:B82V2 4;O <0;8E B0 

A5@54=VE ?V4?@8є<AB2 ?V4 G0A DV=0=A>28E :@87. &VB<0= %., �5AA5;ьA $. [278], 

$0460= $., �V=30;5A �. [239], 0 B0:>6 �0@:;09  ., %<VB �.[29] @>73;O=C;8 @V7=V 

D0:B>@8, O:V 2?;820NBь =0 @VH5==O I>4> AB@C:BC@8 :0?VB0;C 25;8:8E 

?V4?@8є<AB2. %;C68Bь �9G.[248], �@V:A>= &., �09B &.[98] B0 �;<5940 )., 

�0<?5;;>  .[9] 0:F5=BC20;8 C203C =0 AB0=C 0:B82V2 C :>=B5:ABV V=25AB8FV9=8E 

@VH5=ь B0 DV=0=A>2>W ?@>4C:B82=>ABV 25;8:8E ?V4?@8є<AB2. !0@5HBV, �5@35@ �., 

'45;; �.[41] =040;8 >3;O4 DV=0=AC20==O <0;>3> 1V7=5AC, ?V4:@5A;NNG8 @>;ь 

O:>ABV 0:B82V2. � F8B>20=8E 4>A;V465=ь AB0є >G5284=8<, I> AB0= 0:B82V2 <0є 

7=0G=89 2?;82 =0 DV=0=A>2C 157?5:C ?V4?@8є<AB2 2 @V7=8E A53<5=B0E @8=:C B0 C 

@V7=V ?5@V>48, 7>:@5<0 ?V4 G0A DV=0=A>28E :@87. %B0= 0:B82V2 <>65 

45<>=AB@C20B8 740B=VABь 35=5@C20B8 ?@81CB>: B0 2V4?>2V40B8 70 7>1>2'O70==O 

?5@54 :@548B>@0<8. "B65, 2@0EC20==O AB0=C 0:B82V2 C ?@>3=>7C20==V 

10=:@CBAB20 є =5>1EV4=8< V :>@8A=8< 0A?5:B><, O:89 <>65 4>?><>3B8 1V;ьH 

B>G=> >FV=8B8 DV=0=A>289 AB0= ?V4?@8є<AB20 B0 2G0A=> 268B8 70E>4V2 4;O 

?V4B@8<:8 9>3> (�#. �0@B> 707=0G8B8, I> C=V25@A0;ь=>3> <5B>4C 4;O >FV=:8 

O:>ABV 0:B82V2 =5<0є, B><C 4;O :>6=>3> ?V4?@8є<AB20 :@8B5@VW <>6CBь 1CB8 

V=482V4C0;ь=8<8. '7030;ь=5=89 >?8A 4;O 28AB02;5==O 10;V2 =0ABC?=89: 

1 3 �:B828 2 ?>30=><C AB0=V, ?>B@51CNBь 7=0G=8E V=25AB8FV9 

2 3 �:B828 C A5@54=ь><C AB0=V, ?>B@51CNBь ?52=>3> >=>2;5==O 

3 3 �:B828 C 704>2V;ь=><C AB0=V, <V=V<0;ь=V ?>B@518 2 >=>2;5==V 

4 3 �:B828 C 4>1@><C AB0=V, 3>B>2V 4> 5:A?;C0B0FVW 

5 3 �:B828 2 V450;ь=><C AB0=V, =>2V 01> 4>1@5 715@565=V. 

�>A;V465==O O:>ABV DV=0=A>2>W 72VB=>ABV B0 WW 2?;82C =0 DV=0=A>2C 

4VO;ь=VABь :><?0=V9 B0:>6 є 0:BC0;ь=>N B5<>N 2 0:045<VG=8E 4>A;V465==OE. 

�0@B  ., �V25@ �., �5=4A<0= �. [33], �>;; $., ,820:C<0@ �.[25], Francis J., 

LaFond R., Olsson P., Schipper K. [108], 0 B0:>6 �V4; �., �V;0@V �., �5@4V $. [46] 

0:F5=BC20;8 C203C =0 270є<>72'O7:C <V6 O:VABN DV=0=A>2>W 72VB=>ABV B0 WW 



93 

7=0GCIVABN 4;O 70FV:02;5=8E AB>@V=. �5E>C #., �5 �., ,@0=4 �. [83] 

70?@>?>=C20;8 >3;O4 2?;82C B>G=>ABV 72VB=>ABV =0 DV=0=A>2V ?>:07=8:8. )V;V #., 

#0;5?C �. [144] B0 Bushman R., Smith A. [59] ?V4:@5A;8;8 206;82VABь 

28A>:>O:VA=>W DV=0=A>2>W 72VB=>ABV 4;O :>@?>@0B82=>3> C?@02;V==O. �>0==C �., 

%5@0D8< �. [156], �E0;V20; �., �V "., *0=3 �., /=3 /. [88] B0 �V< .., #0:  ., 

�Vє@ �.[170] @>73;O=C;8 270є<>72'O7>: <V6 B0 :>@?>@0B82=>N A>FV0;ь=>N 

2V4?>2V40;ь=VABN, 2:07CNG8 =0 206;82VABь 4>B@8<0==O AB0=40@BV2 C F8E 

>1;0ABOE 4;O 4>AO3=5==O :@0I8E DV=0=A>28E @57C;ьB0BV2. � F8B>20=8E 

4>A;V465=ь 284=>, I> O:VABь DV=0=A>2>W 72VB=>ABV <0є 7=0G=89 2?;82 =0 

DV=0=A>2C 4VO;ь=VABь ?V4?@8є<AB2 B0 WE=V @57C;ьB0B8. �8A>:0 O:VABь 72VB=>ABV 

<>65 4>?><>3B8 V=25AB>@0<, :@548B>@0< V V=H8< 70FV:02;5=8< AB>@>=0< 

>B@8<0B8 1V;ьH 4>AB>2V@=C B0 ?>2=C V=D>@<0FVN ?@> DV=0=A>289 AB0= :><?0=VW, 

I> 4>72>;Oє ?@89<0B8 >1ґ@C=B>20=V @VH5==O. &0:8< G8=><, O:VABь DV=0=A>2>W 

72VB=>ABV A;V4 @>73;O40B8 O: 206;8289 D0:B>@ ?@8 0=0;V7V DV=0=A>2>W ABV9:>ABV 

B0 ?@>3=>7C20==V <>6;82>3> 10=:@CBAB20 ?V4?@8є<AB2, >A>1;82> 2 :>=B5:ABV 

WE=ь>W 7=0GCI>ABV 4;O V=25AB>@V2 B0 DV=0=A>28E 0=0;VB8:V2. 

#@8 0=0;V7V O:>ABV DV=0=A>2>W 72VB=>ABV 206;82> @>73;O40B8 WW B>G=VABь, 

7@>7C<V;VABь B0 4>B@8<0==O AB0=40@BV2 O: >:@5<V 0A?5:B8 G5@57 WE=V 2?;828 =0 

4>AB>2V@=VABь, :>@8A=VABь B0 ?>@V2=O==VABь DV=0=A>2>W V=D>@<0FVW. &>G=VABь 

DV=0=A>2>W 72VB=>ABV 2:07Cє =0 B5, =0A:V;ь:8 2V4>1@065=0 V=D>@<0FVO 2V4?>2V40є 

@50;ь=><C DV=0=A>2><C AB0=C :><?0=VW. #><8;:8 G8 =5B>G=>ABV 2 72VB=>ABV 

<>6CBь A?@8G8=8B8 =5?@028;ь=V @VH5==O 7 1>:C V=25AB>@V2, :@548B>@V2 B0 

V=H8E 70FV:02;5=8E AB>@V=. &>G=VABь 28<030є ?@028;ь=>3> 287=0G5==O B0 

2V4>1@065==O DV=0=A>28E ?>4V9 B0 >?5@0FV9 C 2V4?>2V4=>ABV 7 <V6=0@>4=8<8 

AB0=40@B0<8 DV=0=A>2>W 72VB=>ABV. ":@V< B>3>, DV=0=A>20 V=D>@<0FVO ?>28==0 

1CB8 ?@54AB02;5=0 C B0:89 A?>AV1, I>1 WW ;53:> 7@>7C<V;8 70FV:02;5=V AB>@>=8, 

O:V <>6CBь =5 <0B8 3;81>:8E 7=0=ь C DV=0=A0E. !57@>7C<V;0 72VB=VABь <>65 

?@8725AB8 4> =5?@028;ь=8E B@0:BC20=ь V @VH5=ь. �@>7C<V;VABь 28<030є ?@>7>@>W 

?>40GV V=D>@<0FVW B0 287=0G5==O B5@<V=V2 B0 ?>=OBь C DV=0=A>28E 72VB0E.  

!0@5HBV, <V6=0@>4=V AB0=40@B8 DV=0=A>2>W 72VB=>ABV 2AB0=>2;NNBь ?@028;0 B0 



94 

?@8=F8?8, O:V ?>28==V 4>B@8<C20B8AO ?@8 A:;040==V DV=0=A>2>W 72VB=>ABV. 

�>B@8<0==O F8E AB0=40@BV2 206;82> 4;O 70157?5G5==O ?>@V2=N20=>ABV <V6 

:><?0=VO<8 B0 =040==O V=25AB>@0< B0 :@548B>@0< =04V9=>W V=D>@<0FVW. 

#>@CH5==O AB0=40@BV2 <>65 ?@8725AB8 4> =530B82=>3> 2?;82C =0 @5?CB0FVN 

:><?0=VW B0 WW A?@><>6=VABь 70;CG0B8 V=25AB8FVW. �030;ь=89 0=0;V7 O:>ABV 

DV=0=A>2>W 72VB=>ABV 2:;NG0є 2 A515 2@0EC20==O 2AVE F8E 0A?5:BV2, >A:V;ь:8 

2>=8 270є<>?>2'O70=V B0 2?;820NBь =0 =04V9=VABь B0 :>@8A=VABь V=D>@<0FVW 4;O 

?@89=OBBO @VH5=ь 70FV:02;5=8<8 AB>@>=0<8. !54>;V:8 2 1C4ь-O:><C 7 F8E 

0A?5:BV2 <>6CBь ?@8725AB8 4> A5@9>7=8E ?@>1;5< C DV=0=A>2><C 0=0;V7V B0 

?@89=OBBV @VH5=ь. 

&45?<JO. 2.16 

"?8A :@8B5@VW2, 70 O:8<8 >FV=NєBьAO 2?;82 O:>ABV DV=0=A>2>W 72VB=>ABV =0 

(�# 

�@8B5@VW / 
�V;ь:VABь 
10;V2 

&>G=VABь �>B@8<0==O AB0=40@BV2 �@>7C<V;VABь 

1 �=0G=V =5B>G=>ABV 2 
72VB=>ABV 

�V;ьHVABь AB0=40@BV2 =5 
4>B@8<CєBьAO 

�2VB=VABь 206:> 
7@>7C<VB8 

2 �5:V;ь:0 =5B>G=>AB59 2 
72VB=>ABV 

�5:V;ь:0 AB0=40@BV2 =5 
4>B@8<CєBьAO 

�2VB=VABь <0є 45O:V 
=5OA=V <><5=B8 

3 �2VB=VABь 7030;>< B>G=0 �V;ьHVABь AB0=40@BV2 
4>B@8<CєBьAO 

�030;>< 72VB=VABь 
7@>7C<V;0 

4  V=V<0;ь=V =5B>G=>ABV 
2 72VB=>ABV 

!57=0G=V 2V4E8;5==O 
2V4 AB0=40@BV2 

�2VB=VABь GVB:0 B0 
<0965 ?>2=VABN 
7@>7C<V;0 

5 �2VB=VABь 100% B>G=0 #>2=5 4>B@8<0==O CAVE 
AB0=40@BV2 

�2VB=VABь ?>2=VABN 
7@>7C<V;0 B0 GVB:0 

 

�65@5;>: 2;0A=0 @>7@>1:0 

 

�>A;V465==O 2?;82C 4>B@8<0==O 70:>=>402AB20 =0 DV=0=A>2V @57C;ьB0B8 

:><?0=V9 є 0:BC0;ь=>N B5<>N 2 0:045<VG=8E 4>A;V465==OE. �E030B %., �V7O: /. 

B0 �>C;7 �6.[44] 282G8;8 @50:FVN FV= 0:FV9 :><?0=V9, O:V 15@CBь CG0ABь C 

AC4>28E ?@>F5A0E, 28O2;ONG8 7=0GCIV =530B82=V 2V4E8;5==O 2V4 =>@<8, 

?>2'O70=V 7 ?>2V4><;5==O<8 ?@> ?>7>28. �0@?>DD /., �V �. V �5=4@68: �. [166] 

B0 �>=5;A>= �., �35  . V  0:V==VA �6. [91] 0:F5=BC20;8 C203C =0 DV=0=A>28E 

=0A;V4:0E, ?>2'O70=8E 7 AC4>28<8 ?>7>20<8 2 :>=B5:ABV H0E@09AB20. $>465@A �. 



95 

V �0= �CA:V@: �.[243] B0 (V;4 �., �>C@V  . V ,C %.[103] 4>A;V46C20;8 7<V=8 2 

?>254V=FV I>4> @>7:@8BBO V=D>@<0FVW 2 :>=B5:ABV 0:FV>=5@=8E ?>7>2V2, 

?V4:@5A;NNG8 2?;82 ?>7>2V2 =0 ?>40;ьH5 DV=0=A>25 72VBC20==O. �0;;5<>@ �. V 

�01@> �. [110] B0 �0@?>DD �6., �V �. V  0@BV= �.  [165] @>73;O=C;8 =0A;V4:8 

?V4@>1:8 DV=0=A>28E 72VBV2, 2:;NG0NG8 28B@0B8 =0 AC4>2V @>73;O48. )0<D5@V-

�65==5@  . V �0=3  . [154] 4>A;V48;8, O: AC4>2V ?>7>28 2?;820NBь =0 7>2=VH=є 

DV=0=AC20==O :><?0=V9.  

#>??> �. B0 �>C �. [230] 28A2VB;8;8 C?@02;V==O C3>40<8 2 

A?V22V4=>H5==OE ?>:C?FO B0 ?>AB0G0;ь=8:0, 0:F5=BCNG8 =0 2?;82V =0 DV=0=A>2V 

=0A;V4:8. $090;;  . B0 %5<?A>= $. [245] 4>A;V48;8 270є<>729O7>: :>=B@0:BV2 7 

<5E0=V7<0<8 WE 28:>=0==O V 2V4?>2V4=89 2?;82 =0 DV=0=A>2V @57C;ьB0B8. 

 5;;52V3B &.,  04E>: �. B0 �5915;ь �. [205] 282G8;8 @>;ь 4>2V@8 B0 

D>@<0;ь=8E :>=B@0:BV2 C <V6>@30=V70FV9=8E 2V4=>A8=0E, 2:07CNG8, I> WE 

10;0=A <>65 2?;820B8 =0 DV=0=A>2V ?>:07=8:8. �0D=5 �. B0 )0945 �. [293] 

4>A;V48;8 >?>@BC=VAB8G=C ?>254V=:C C <V6DV@<>28E 2V4=>A8=0E B0 WW =0A;V4:8 

4;O DV=0=A>2V @57C;ьB0B8. �C> �. [194] 0:F5=BC202 C203C =0 <V6=0@>4=8E 

?V4?@8є<AB20E, ?V4:@5A;NNG8 206;82VABь 4>B@8<0==O :>=B@0:B=8E C3>4 4;O 

A?V2?@0FV B0 ?V428I5==O (�#. $5C5@ �. B0 �@V=ь9> �. [241] @>73;O=C;8 

A:;04=VABь :>=B@0:BV2 AB@0B53VG=8E 0;ьO=AV2, 2:0702H8, I> ?52=V :>=B@0:B=V 

?>;>65==O <>6CBь ?@8725AB8 4> ?>:@0I5==O DV=0=A>28E ?>:07=8:V2. &>4V O: 

�5==>= #. B0 #5@@> �. [62] 7>A5@548;8 C203C =0 @>;V 4>B@8<0==O :>=B@0:BV2 C 

2V4=>A8=0E <V6 ?>:C?F5< V ?@>402F5<, O:V <>6CBь >?>A5@54:>20=> 2?;820B8 =0 

DV=0=A>2C 4VO;ь=VABь.  

�@>@0 %. B0 �59A>= &. [19] 282G8;8 <>B820FVN ?V4?@8є<AB2 4> 

4>1@>2V;ь=>3> ?5@528I5==O 5:>;>3VG=8E =>@<0B82V2. �07=0G0єBьAO, I> B0:0 

?>254V=:0 <>65 ?@8725AB8 4> 5:>=><VW 28B@0B, ?>:@0I5==O @5?CB0FVW B0 V=H8E 

?>78B82=8E DV=0=A>28E @57C;ьB0BV2. �0==V=35< !., �030= $.�. B0 &>@=B>= �. 

[130] 4>A;V48;8 ?@8G8=8, G><C 45O:V ?V4?@8є<AB20 94CBь 70 @0<:8 28<>3 

70:>=>402AB20 C AD5@V >E>@>=8 4>2:V;;O, 2:0702H8 =0 ?>B5=FV9=V DV=0=A>2V 

?5@52038 2V4 0:B82=>W 5:>;>3VG=>W ?>254V=:8. �>0==C �. B0 %5@0D59< �. [156] 



96 

4>A;V48;8 G8==8:8 :>@?>@0B82=>W A>FV0;ь=>W 4VO;ь=>ABV, 0:F5=BCNG8 =0 @>;V 

=0FV>=0;ь=8E V=AB8BCFV9 V @53C;OB82=8E @0<>:. �>=8 ?V4:@5A;8;8, O: 

4>B@8<0==O 01> ?5@528I5==O 70:>=>402G8E 28<>3 <>65 2?;820B8 =0 DV=0=A>2C 

4VO;ь=VABь ?V4?@8є<AB20. ,>@B �. B0 &>DD5;ь  . [258] @>73;O=C;8 72'O7>: <V6 

A0<>@53C;N20==O< V >1>2'O7:>28< 4>B@8<0==O< 70:>=>402AB20, 2:0702H8 =0 

2?;82 ?@02>2>3> A5@54>28I0 =0 DV=0=A>2V @57C;ьB0B8.  5;VA �., �0@B0 %. B0 �0O 

%. [175] 7>A5@548;8Aь =0 7;8BBOE B0 ?>3;8=0==OE V @>;V :>@?>@0B82=>3> 

C?@02;V==O, I> BVA=> ?>2'O70=0 7 4>B@8<0==O< 70:>=>402AB20. �>A;V4=8:8 

>13>2>@8;8 DV=0=A>2V =0A;V4:8 @VH5=ь C Fь><C :>=B5:ABV. � G8A;5==8E 

4>A;V465==OE @>73;O40єBьAO 2?;82 4>B@8<0==O ?>40B:>2>3> 70:>=>402AB20 B0 

?>40B:>2>W AB@0B53VW =0 DV=0=A>2V ?>:07=8:8 ?V4?@8є<AB2. 

�0@B> 707=0G8B8, I> >:@5<C C203C 4>A;V4=8:8 ?@84V;O;8 2?;82C 

4>B@8<0==O ?>40B:>2>3> 70:>=>402AB20.  V;;A �., �@V:A>=  . B0  594ьN �. 

[208] >13>2>@8;8 @5AC@A8, O:V :><?0=VW V=25ABCNBь C ?>40B:>25 ?;0=C20==O, B0 

WE 2V4?>2V4=89 2?;82 =0 DV=0=A>2V @57C;ьB0B8. $53> %. (2003) 4>A;V482 ?@0:B8:C 

C=8:=5==O >?>40B:C20==O A5@54 1030B>=0FV>=0;ь=8E :>@?>@0FV9 %,�, 

2:07CNG8 =0 2?;82 =0 DV=0=A>2C 5D5:B82=VABь. �0=;>=  . B0 %;5<@>4 �. [141] 

?@>0=0;V7C20;8 @50:FVN @8=:C =0 =>28=8 ?@> CG0ABь C ?>40B:>28E CE8;O==OE. 

�8@5=3 %., �0=;>=  . B0  594ьN �. [96] 282G8;8, O: E0@0:B5@8AB8:8 

:5@V2=8FB20 2?;820NBь =0 ?@0:B8:C C=8:=5==O >?>40B:C20==O B0 2V4?>2V4=V 

=0A;V4:8 4;O (�#. �5A09  . B0 �E0@<0?0;0 �. [86] 4>A;V48;8 270є<>72'O7>: <V6 

>?>40B:C20==O< B0 20@BVABN :><?0=VW, 0:F5=BCNG8 =0 ?>B5=FV9=8E DV=0=A>28E 

=0A;V4:0E AB@0B53V9 ?>40B:>2>3> 28:>=0==O. %;5<@>4 �. =0402 5:>=><VG=89 

?>3;O4 =0 :>@?>@0B82=V ?>40B:>2V ?>254V=:8 B0 WE DV=0=A>2V =0A;V4:8. "25@5H 

 . B0 �0<A5@ �. [224] >FV=8;8 2?;82 B>=:>W :0?VB0;V70FVW =0 ?>40B:>2V 

?;0=C20;ь=V 0:B82=>ABV B0 28?;820NGV 7 Fь>3> DV=0=A>2V =0A;V4:8 4;O 

?V4?@8є<AB2. 

&0:8< G8=><, 4>B@8<0==O 70:>=>402AB20 B0 270є<>4VO V7 AC4>2>N A8AB5<>N 

2V4V3@0NBь 206;82C @>;ь C DV=0=A>2V9 4VO;ь=>ABV ?V4?@8є<B2. %C4>2V ?>7>28 

<>6CBь ?@8725AB8 4> 7=0GCI8E DV=0=A>28E 2B@0B 4;O :><?0=V9. �:F5=B =0 



97 

206;82>ABV 4>B@8<0==O ?>40B:>2>3> 70:>=>402AB20 B0:>6 =5 <>6=0 

=54>>FV=N20B8. #V4?@8є<AB20, O:V 2V47=0G0NBьAO 0:B82=8< ?>40B:>28< 

?;0=C20==O<, G0AB> AB8:0NBьAO V7 7=0GCI8<8 DV=0=A>28<8 =0A;V4:0<8, 

>A>1;82> 2 :>=B5:ABV @50:FVW @8=:C =0 B0:C 4VO;ь=VABь. ":@V< B>3>, <V6DV@<>2V 

2V4=>A8=8, >A>1;82> 2 :>=B5:ABV 4>B@8<0==O :>=B@0:BV2 B0 4>2V@8, <>6CBь <0B8 

7=0G=89 2?;82 =0 DV=0=A>2C 5D5:B82=VABь :><?0=V9. � FV;><C, 4>A;V465==O 

?V4:@5A;NNBь 206;82VABь 4>B@8<0==O 70:>=>402AB20 V 270є<>4VW 7 AC4>2>N 

A8AB5<>N C D>@<C20==V DV=0=A>2>W AB@0B53VW B0 4VO;ь=>ABV :><?0=VW. 

#V4?@8є<AB20, O:V @>7C<VNBь V 2@0E>2CNBь FV D0:B>@8, <0NBь 1V;ьH5 H0=AV2 =0 

CA?VE C ACG0A=><C 1V7=5A-A5@54>28IV. 

'7030;ь=5=89 >?8A 4;O 28AB02;5==O 10;V2 I>4> 2?;82C 2V4?>2V4=>ABV 

4VO;ь=>ABV 70:>=>402AB2C =0 DV=0=A>2C 157?5:C ?V4?@8є<AB20 =0ABC?=89: 

1 3 %8AB5<=V ?>@CH5==O, I> 703@>6CNBь 4VO;ь=>ABV :><?0=VW 

2 3 %5@9>7=V 2V4E8;5==O 2 4VO;ь=>ABV 

3 3 �5:V;ь:0 2V4E8;5=ь, ?>B@51CNBь 28?@02;5==O 

4 3  V=V<0;ь=V 2V4E8;5==O, O:V =5 ?@872>4OBь 4> A5@9>7=8E =0A;V4:V2 

5 3 #>2=0 2V4?>2V4=VABь 157 28:;NG5=ь. 

#@8 @>73;O4V 2?;82C @5?CB0FVW ?V4?@8є<AB20 =0 9>3> DV=0=A>2C 157?5:C, 

28=8:;0 ?@>1;5<0 2V4ACB=>ABV C=VDV:>20=>W 45DV=VFVW ?>=OBBO «:>@?>@0B82=0 

@5?CB0FVO». �;O ?>B@51 Fь>3> =0C:>2>3> 0=0;V7C 281@0=> 45DV=VFVN 7 ?@0FV [32], 

O:0 >B@8<0;0 =09H8@H89 @57>=0=A C =0C:>2V9 A?V;ь=>BV. �3V4=> 7 FVєN 

45DV=VFVєN, 02B>@8 287=0G0NBь :>@?>@0B82=C @5?CB0FVN O:  :>;5:B82=V 

AC465==O A?>AB5@V30GV2 ?@> :><?0=VN, I> ґ@C=BCNBьAO =0 >FV=FV DV=0=A>28E, 

A>FV0;ь=8E B0 5:>;>3VG=8E =0A;V4:V2, O:V ?@8?8ACNBьAO :><?0=VW 7 ?;8=>< G0AC. 

$>15@BA #. B0 �0C;V=3 �. C A2>є<C 4>A;V465==V [242] 28AC=C;8 B0 ?V4B25@48;8 

3V?>B57C ?@> B5, I> DV@<8 7 :@0I>N @5?CB0FVєN 45<>=AB@CNBь :@0IV DV=0=A>2V 

@57C;ьB0B8. �@0E>2CNGV @57C;ьB0B8 =0C:>2FV2, <>6=0 AB25@46C20B8, I> VA=Cє 

270є<>729O7>: <V6 @5?CB0FVєN B0 DV=0=A>28< AB0=>< :><?0=VW. *59 729O7>: є 

=5?@O<8<, B0: O: @V25=ь @5?CB0FVW є ?>EV4=8< 4VO;ь=>ABV :><?0=VW 7030;><. 

'7030;ь=5=89 >?8A 4;O 28AB02;5==O 10;V2 I>4> 2?;82C @5?CB0FVW ?V4?@8є<AB20 



98 

=0 9>3> DV=0=A>2C 157?5:C =0ABC?=89: 

1 3 �V;ьHVABь 2V43C:V2 =530B82=V 

2 3 #5@52060є =530B82=89 2V43C:, 0;5 є ?>78B82=V <><5=B8 

3 3 �V43C:8 7<VH0=V 

4 3 �V;ьHVABь 2V43C:V2 ?>78B82=V, 0;5 є >:@5<V =530B82=V 2V43C:8 

5 3 #5@52060NBь 28A>:> ?>78B82=V 2V43C:8.  

Teece D. [274] @>73;O=C2 270є<>4VN <V6 1V7=5A-<>45;O<8, AB@0B53VєN B0 

V==>20FVO<8, ?V4B25@482H8, I> WE 270є<=0 C73>465=VABь <>65 ?>:@0I8B8 

:>=:C@5=B=C ?>78FVN B0 DV=0=A>2V ?>:07=8:8 DV@<8. )>;; �., �>BBV (.,  09@5A 

�. [137] =0 ?@8:;04V VB0;V9Aь:8E DV@< 287=0G8;8 2?;82 V=25AB8FV9 2 V==>20FVW 

=0 DV=0=A>2V @57C;ьB0B8. )0;B �., )5@;V $., !09B �. [153] 0:F5=BC20;8 C203C =0 

D0:B>@0E, O:V AB8<C;NNBь V==>20FV9=VABь, B0 WW 2?;82 =0 1V7=5A-?>:07=8:8. 

(>@A<0= ).[107] ?>@V2=O2 V==>20FV9=89 ?>B5=FV0; 28@>1=8G>3> B0 A5@2VA=>3> 

A5:B>@V2 B0 9>3> 2?;82 =0 DV=0=A>2V ?>:07=8:8. �5@>A:V #.,  0GV= %., �0= $V=5= 

�. [114] 28O28;8 ?>78B82=89 72'O7>: <V6 V==>20FV9=VABN ?V4?@8є<AB20 B0 9>3> 

?@81CB:>2VABN. �030;><, FV 4>A;V465==O ?V4:@5A;NNBь 7=0GCIVABь V==>20FV9 O: 

D0:B>@0, I> 2?;820є =0 DV=0=A>2C 5D5:B82=>ABь ?V4?@8є<AB2. '7030;ь=5=89 

>?8A 4;O 28AB02;5==O 10;V2 I>4> 2?;82C 2?@>20465==O V==>20FV9 ?V4?@8є<AB20 

=0 9>3> DV=0=A>2C 157?5:C =0ABC?=89: 

1 3 �@8B8G=> 70AB0@V;V B5E=>;>3VW, =5309=>3> >=>2;5==O 

2 3 �0AB0@V;V B5E=>;>3VW, ?>B@51Cє V=25AB8FV9 

3 3 %5@54=V9 @V25=ь, ?>B@51Cє =525;8:8E >=>2;5=ь 

4 3 )>@>H89 @V25=ь B5E=>;>3VG=>W >A=0I5=>ABV 

5 3 %CG0A=V B5E=>;>3VW, <0:A8<V70FVO 5D5:B82=>ABV. 

#>@B5@  ., )5??5;ь<0== �6.[231] @>73;O=C;8, O: @>728B>: 28@>1=8FB20 

?>:@0ICє 5D5:B82=VABь B0 2?;820є =0 DV=0=A>2C 5D5:B82=VABь. �59D �.[84] 22V2 

A8AB5<=C <>45;ь, 7>A5@5465=C =0 5:>;>3VG=><C 28@>1=8FB2V, ?V4:@5A;NNG8, O: 

5:>;>3VG=> 5D5:B82=5 28@>1=8FB2> <>65 ?@8725AB8 4> 7=865==O 28B@0B B0 

?>:@0I5==O DV=0=A>28E ?>:07=8:V2. �V �. [184] 7D>:CAC202AO =0 ;0=FN30E 

?>AB02>: V 4>A;V482, O: B5E=>;>3VW 2?;820NBь =0 A?V2?@0FN 2 ;0=FN3C ?>AB02>: 
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B0 =0 2V4?>2V4=V DV=0=A>2V @57C;ьB0B8. %V=3E $., �0@3 %., �5H<CE %. [262] 

@>73;O=C;8, O: <0;V B0 A5@54=V ?V4?@8є<AB20 @>7@>1;ONBь AB@0B53VW, 

0:F5=BCNG8Aь =0 5D5:B82=><C 28@>1=8FB2V 4;O ?V428I5==O DV=0=A>2>W 

ABV9:>ABV. *V 4>A;V465==O :>;5:B82=> ?V4:@5A;NNBь 206;82VABь 5D5:B82=>ABV 

28@>1=8G8E ?@>F5AV2 O: :;NG>2>3> D0:B>@0 4;O 4>AO3=5==O ?>78B82=8E 

DV=0=A>28E @57C;ьB0BV2. ' 707=0G5=8E ?C1;V:0FVOE ?@84V;OєBьAO C2030 O: 4> 

B5E=>;>3V9, B0: V 4> ?@>4C:B82=>ABV. &><C FV 420 0A?5:B8 A;V4 @>73;O40B8 

>:@5<>. '7030;ь=5=89 >?8A 4;O 28AB02;5==O 10;V2 I>4> 2?;82C @V2=O 

5D5:B82=>ABV 28@>1=8G8E ?@>F5AV2 ?V4?@8є<AB20 =0 9>3> DV=0=A>2C 157?5:C 

=0ABC?=89: 

1 3 �C65 =87ь:0 ?@>4C:B82=VABь, 28<030є A5@9>7=>3> ?5@53;O4C 

2 3 !87ь:0 ?@>4C:B82=VABь, G8A;5==V ?@>1;5<=V 7>=8 

3 3 %5@54=O ?@>4C:B82=VABь, ?52=V >1;0ABV ?>B@51CNBь >?B8<V70FVW 

4 3 �>1@0 ?@>4C:B82=VABь 7 =57=0G=8<8 2V4E8;5==O<8 

5 3 �8A>:0 ?@>4C:B82=VABь, >?B8<0;ь=5 28:>@8AB0==O @5AC@AV2. 

�>@15BB �.,  >=B5A-%0=G>  ., �V@H �. [78] 282G8;8 2?;82 A5@B8DV:0FVW 

ISO 9000 2 %,�, B0 28O28;8 ?>78B82=89 72'O7>: <V6 A5@B8DV:0FVєN B0 

DV=0=A>2>N 5D5:B82=VABN. /B@V4VA �., �5AV4C �.[155] 4>A;V48;8 DV=0=A>2V 

=0A;V4:8 @50;ь=>3> B0 D>@<0;ь=>3> 2?@>20465==O AB0=40@BC ISO 14001 2 

3@5Fь:8E 28@>1=8G8E :><?0=VOE ?V4 G0A 5:>=><VG=>W :@878. �5=3 %., ,09 *., �C 

�.[304] 7D>:CAC20;8AO =0 :8B09Aь:8E :><?0=VOE B0 4>A;V48;8 A8=5@3VW 

2?@>20465==O V=B53@>20=8E A8AB5< C?@02;V==O, 2:;NG0NG8 AB0=40@B8 ISO. 

!0:0<C@0  ., &0:0E0HV &., �5@B8=Aь:89 �. [212] ?@>0=0;V7C20;8, G><C O?>=Aь:V 

DV@<8 2818@0NBь 5:>;>3VG=V A5@B8DV:0FVW ISO B0 O: F5 :>@5;Nє 7 DV=0=A>28<8 

?>:07=8:0<8. (@09:A5;; �., %5B>, �. [109] B0 #>B>Fь:89  ., #@0:0H �.[232] 

4>A;V48;8, O: <>B820FVO 4> >B@8<0==O A5@B8DV:0FVW ISO 14001 B0 CG0ABь C 

"75;5=8E :;C10E" <>65 2?;820B8 =0 DV=0=A>2V @57C;ьB0B8. �030;><, FV 

4>A;V465==O ?V4:@5A;;8;8 206;82VABь 2V4?>2V4=>ABV AB0=40@B0< O: <5E0=V7<C 

4;O ?>:@0I5==O (�#. �0@B> 707=0G8B8, I> ?5@5;V: AB0=40@BV2, O:8E 20@B> 

4>B@8<C20B8AO, <>65 @V7=8B8AO 2 70;56=>ABV 2V4 30;C7V, B><C 2V4?>2V4=C 
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A8AB5<C >FV=:C ?>B@V1=> 040?BC20B8 V=482V4C0;ь=>. '7030;ь=5=89 >?8A 4;O 

28AB02;5==O 10;V2 I>4> 2?;82C @V2=O 2V4?>2V4=>ABV AB0=40@B0< =0 DV=0=A>2C 

157?5:C ?V4?@8є<AB20 =0ABC?=89: 

1 3 �@8B8G=> =87ь:89 @V25=ь O:>ABV 

2 3 �=0G=V 2V4E8;5==O 2V4 AB0=40@BV2 

3 3 %5@54=V9 @V25=ь O:>ABV 

4 3 !57=0G=V 2V4E8;5==O 2V4 AB0=40@BV2 

5 3 #>2=0 2V4?>2V4=VABь 28A>:8< AB0=40@B0< O:>ABV. 

' =0C:>2V9 ;VB5@0BC@V B0:>6 ?@84V;OєBьAO C2030 270є<>72'O7:C <V6 

3=CG:VABN 2 @V7=8E 0A?5:B0E C?@02;V==O ?V4?@8є<AB2>< B0 DV=0=A>2>N 

5D5:B82=VABN. �C?B0 .., %><5@A &.[132] 2AB0=>28;8 72'O7>: <V6 3=CG:VABN 2 

28@>1=8FB2V B0 1V7=5A-AB@0B53VєN, 0 B0:>6 WE 2?;82 =0 DV=0=A>2V ?>:07=8:8. 

 0:04>: $., �>DD $.[199] 0 B0:>6 #5=3 �., ,@545@ $., ,0E $.[227] 4>A;V48;8, 

O: 3=CG:5 C?@02;V==O <>65 ?>78B82=> 2?;820B8 =0 ?@81CB:>2VABь G5@57 

>?B8<0;ь=5 ?>є4=0==O @8=:>28E B0 Vє@0@EVG=8E <5E0=V7<V2 C?@02;V==O. +60= 

 .,  0:D5@A>= �., �6>=A ". [306] 0:F5=BC20;8 C203C =0 @>;V 3=CG:>ABV 2 

?@>F5A0E =02G0==O 4;O <0;>3> B0 A5@54=ь>3> 1V7=5AC, B0 =0 2V4?>2V4=><C 2?;82V 

=0 DV=0=A>2C 5D5:B82=VABь. �>;45= �., #0C5;; #.[122] B0 �N )., �5 �., �59 �., 

)C0 *.[189] 4>A;V48;8, O: 3=CG:VABь V=D>@<0FV9=8E A8AB5< <>65 ?@8725AB8 4> 

7=865==O 28B@0B 2 1V7=5A-?@>F5A0E, I> =5?@O<> 2?;820є =0 DV=0=A>289 AB0= 

:><?0=VW. �030;><, FV 4>A;V465==O ?V4:@5A;NNBь :@8B8G=C 206;82VABь 

3=CG:>ABV 2 @V7=8E AD5@0E C?@02;V==O 4;O 4>AO3=5==O DV=0=A>2>W AB01V;ь=>ABV B0 

5D5:B82=>ABV, B><C 2V4?>2V4=89 :@8B5@V9 B0:>6 20@B> 4>40B8 4> A8AB5<8 

>FV=:8. '7030;ь=5=89 >?8A 4;O 28AB02;5==O 10;V2 I>4> 2?;82C @V2=O 

2V4?>2V4=>ABV AB0=40@B0< =0 DV=0=A>2C 157?5:C ?V4?@8є<AB20 =0ABC?=89: 

1 3 $V3V4=0 1V7=5A-<>45;ь, 2V4ACB=VABь 3=CG:>ABV 

2 3 !87ь:0 3=CG:VABь, G8A;5==V >1<565==O 

3 3 %5@54=O 3=CG:VABь 

4 3 �>1@0 3=CG:VABь, ?52=V >1<565==O 

5 3 �8A>:0 3=CG:VABь, <>6;82VABь H284:> 7<V=N20B8 AB@0B53VW. 
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&0:8< G8=><, C7030;ь=5=> B0 A8AB5<0B87>20=> @57C;ьB0B8 ?C1;V:0FV9 I>4> 

2?;82C O:VA=8E ?>:07=8:V2 =0 DV=0=A>2C 157?5:C ?V4?@8є<AB20. �;O ?>40;ьH>3> 

28:>@8AB0==O 2V4?>2V4=8E ?>:07=:V2 AD>@<>20=> C=8DV:>20=V 5-10;ь=V H:0;8 

>FV=N20==O. #@>?>=CєBьAO <5B>48:0 ?@>3=>7C20==O 10=:@CBAB20 ?V4?@8є<AB20, 

I> 2@0E>2Cє O:VA=V ?>:07=8:8 (@8A. 2.6). 

 

�V;ь:VA=V ?>:07=8:8 /:VA=V ?>:07=8:8 
(70 5 10;ь=>N H:0;>N)

 >45;ь ?@>3=>7C20==O 10=:@CBAB20

$57C;ьB0B ?@>3=>7C20==O

�EV4=V 40=V ?> ?V4?@8є<AB2C

З1V@ 70 4>?><>3>N 0=:5BC20==O 
:><?5B5=B=8E >AV1 

(B>?-<5=546<5=B, 0C48B>@8, B0 V=.)

З1V@ =0 >A=>2V =0O2=8E 465@5; 
(DV=0=A>20 72VB=VABь B0 V=.)

!>@<0;V70FVO ?>:07=8:V2 4> 4V0?07>=C [0, 1]

 

$8A. 2.6.  5B>48:0 ?@>3=>7C20==O 10=:@CBAB20 ?V4?@8є<AB20 7 2@0EC20==O< 

O:VA=8E ?>:07=8:V2  

�65@5;>: 2;0A=0 @>7@>1:0 

 

�;O =>@<0;V70FVW ?>:07=8:V2 4> 4V0?07>=C 2V4 0 4> 1, <>6=0 

28:>@8AB>2C20B8 @V7=V ?V4E>48, A5@54 O:8E ;V=V9=89, ;>30@8D<VG=89, 

A83<>W4=89 B0 2V4AV:0NG89 [247]. �@0E>2CNGV DV:A>20=89 =01V@ >FV=>: C 5-

10;ь=>W H:0;8 3 ;V=V9=0 =>@<0;V70FVO ?V4E>48Bь =09:@0I5 G5@57 A2>N ?@>AB>BC. 

 þ = �−ÿ�Āÿ�� − ÿ�Ā  (2.1) 

45: ÿþý 3 1 (<V=V<0;ь=0 >FV=:0 70 5-10;ь=>N H:0;>N) ÿþý 3 5 (<0:A8<0;ь=0 >FV=:0 70 5-10;ь=>N H:0;>N) 
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�@0EC20==O <5=5465@Aь:8E, N@848G=8E, DV=0=A>28E B0 >?5@0FV9=8E =5 

:V;ь:VA=8E ?>:07=8:V2 є :@8B8G=> 206;828< 4;O 2A51VG=>W >FV=:8 DV=0=A>2>3> 

AB0=C ?V4?@8є<AB20. *V D0:B>@8 2 :><?;5:AV 4>72>;ONBь ?>:@8B8 =01030B> 

1V;ьH5 0A?5:BV2 4V;ь=>ABV ?V4?@8є<AB20 B0 71V;ьH8B8 B>G=VABь ?@>3=>7C. 

!0 =0ABC?=><C :@>FV 28:>@8AB0=> 1030B>D0:B>@=C <>45;ь, O:0 @50;V7Cє 

@>7@>1;5=89 ?V4EV4 H;OE>< ?>є4=0==O Z->FV=:8 �;ьB<0=0 B0 73040=8E O:VA=8E 

?>:07=8:V2. "A:V;ь:8 Z->FV=:0 �;ьB<0=0 =5 <0є H:0;8 2V4 0 4> 1, B> ?>B@51Cє 

=>@<0;V70FVW. �0AB>A>20=> Min-Max H:0;C: 

 Zn = ý 2 ZÿÿĀýÿþý 2 ZÿÿĀ (2.2) 

45 Z F5 Z->FV=:0. �;O =>@<0;V70FVW 28:>@8AB0=> <0:A8<0;ь=5 7=0G5==O 5. 

 

�0;V, 287=0G5=> 2038 4;O :>6=>3> 7 :>5DVFVє=BV2 =0 @V2=V 0,5 4;O >1>E B0 

@>7@0E>20=> :><1V=>20=C >FV=:C (CS): 

 CS = ýĀā�ÿ ∗ 0.5 + ∑ ĀÿĀ�Ā ∗ 0.5 
(2.3) 

45  ∑ ����Ā  F5 AC<0 2AVE O:VA=8E :>5DVFVє=BV2, ?>4V;5=0 =0 WE=N :V;ь:VABь. 

 

�0;V ?>@V3 :><1V=>20=>W >FV=:8 2AB0=>2;5=> =0 @V2=V 0,5, >A:V;ь:8 2AV 

:>5DVFVє=B8 =>@<0;V7>20=>. 

' 15@57=V-B@02=V 2023 @>:C 2V4V1@0=> 5 ?V4?@8є<AB2, I> ?>3>48;8AO =0 

A?V2?@0FN B0 7V1@0=> 40=V 4;O O:VA=8E :>5DVFVє=BV2 B0 DV=0=A>2V ?>:07=8:8 70 

2022 @V:. "?8BC20;ь=8: @>7<VI5=> 70 AB0B8G=8< ?>A8;0==O< [26]. �20 

?V4?@8є<AB20 710=:@CBC20;8 C 2023 DV=0=A>2><C @>FV. �AV 40=V 7=5>A>1;5=> 70 

4><>2;5=VABN 7 ?@54AB02=8:0<8 ?V4?@8є<AB2. �V1@0=V 40=V B0 2V4?>2V4=V 

@57C;ьB0B8 @>7@0EC=:V2 =0 >A=>2V 7V1@0=8E 40=8E ?@54AB02;5=V 2 B01;. 2.17. 
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&45?<JO 2.17  

�V1@0=V 40=V B0 @57C;ьB0B8 20;V40FVW <>45;V ?@>3=>7C20==O 10=:@CBAB20 

#V4?@8є<AB2> 1 2 3 4 5 

 5=546<5=B 
�>O;ь=VABь 5 4 5 1 1 

#@>D5AV9=VABь <5=546<5=BC 4 5 3 1 2 

(V=0=A>2V 
�:B828 4 5 4 1 1 

/:VABь 72VB=>ABV 3 5 5 3 3 

.@848G=V 
�V4?>2V4=VABь 70:>=>402AB2C 5 4 3 1 2 

%C4>2V A?@028 5 4 4 2 1 

"?5@0FV9=V 

Market reputation 4 5 4 3 3 

�==>20FVW 3 5 5 3 4 

#@>4C:B82=VABь 4 5 3 2 1 

�V4?>2V4=VABь AB0=40@B0< 5 4 5 1 2 

�=CG:VABь 5 5 5 2 1 

#@><V6=V 
@>7@0EC=:8 

"1>@>B=89 :0?VB0;/�Aь>3> 0:B82V2 0.08 0.05 0.13 0.07 0.05 

!5@>7?>4V;5=89 ?@81CB>:/�Aь>3> 
0:B82V2 

0.33 0.27 0.55 0.30 0.20 

#@81CB>: 4> A?;0B8 2V4A>B:V2 B0 
?>40B:V2/�Aь>3> 0:B82V2 

0.17 0.11 0.25 0.13 0.10 

$8=:>20 20@BVABь 2;0A=>3> 
:0?VB0;C/�030;ь=V 7>1>2'O70==O 

1.67 2.20 1.81 1.48 0.01 

�030;ь=V ?@>406V/�030;ь=V 0:B828 1.67 1.09 2.50 1.30 0.90 

Z->FV=:0 �;ьB<0=0 3.78 3.22 5.33 3.11 1.58 

%C<0 2AVE O:VA=8E :>5DVFVє=BV2, ?>4V;5=0 =0 WE :V;ь:VABь 0.85 0.93 0.84 0.36 0.38 

Zn 0.76 0.64 1.07 0.62 0.32 

CS 0.81 0.79 0.95 0.49 0.35 

+8 AB0;> ?V4B@8є<AB2> 10=:@CB>< =V =V =V B0: B0: 
 

�65@5;>: 2;0A=V @>7@0EC=:8 

 

/: 284=> 7 B01;. 2.17, :>5DVFVє=B CS 4;O ?V4?@8є<AB20 5 AB0=>282 0,35 

(=86G5 ?>@>3>2>3> 7=0G5==O), V 2>=> AB0;> 10=:@CB><. �>5DVFV5=B �;ьB<0=0 4;O 

?V4?@8є<AB20 5 =86G89 70 1,81, I> >GV:C20=> 7 B>G:8 7>@C :V;ь:VA=>3> 0=0;V7C. 

' 28?04:C 7 ?V4?@8є<AB2>< 4 Z->FV=:0 �;ьB<0=0 AB0=>2;0 3,11, I> є 157?5G=8< 

7=0G5==O< 2V4?>2V4=> 4> >?8AC <>45;V. "4=0: 7=0G5==O CS 1C;> =86G5 

?>@>3>2>3> V ?V4?@8є<AB2> 710=:@CBC20;>. *5 A2V4G8Bь ?@> B5, I> 7=0G5==O 

?>:07=8:0 Zn <>6=0 28:>@8AB>2C20B8 O: 4>40B:>289 0@3C<5=B ?V4 G0A 

?@89=OBBO @VH5=ь 2 C?@02;V==V DV=0=A>2>N 157?5:>N ?V4?@8є<AB20.  
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&0:8< G8=><, =01C;> ?>40;ьH>3> @>728B:C <5B>48G=5 70157?5G5==O 

?@>3=>7C20==O 9<>2V@=>ABV 10=:@CBAB20 ?V4?@8є<AB20, O:5, =0 2V4<V=C 2V4 

VA=CNG8E, 4>?>2=Nє  A:;04 :V;ь:VA=8E ?>:07=8:V2 70?@>?>=>20=8<8 O:VA=8<8 C 

A:;04V 11 ?>:07=8:V2 (;>O;ь=VABь ?@0FV2=8:V2, O:VABь B0 ?@>D5AV>=0;V7< 

<5=546<5=BC, AB0= 0:B82V2, O:VABь DV=0=A>2>W 72VB=>ABV, 2V4?>2V4=VABь 4VO;ь=>ABV 

70:>=>402AB2C, A?>@8 2 AC40E, @8=:>20 @5?CB0FVO, V==>20FVW, ?@>4C:B82=VABь, 

2V4?>2V4=VABь AB0=40@BV2, 3=CG:VABь 1V7=5A-<>45;V) C D>@<V C=VDV:>20=8E 5-10;ь=8E 

H:0; >FV=N20==O G5@57 ?@>ABC ;V=V9=C =>@<0;V70FVN, I> =040є 7<>3C ?V428I8B8 

B>G=VABь >FV=N20==O ?V4 G0A <>=VB>@8=3C 4;O 70157?5G5==O $"' (�#. 

 

 

2.3.  5B>48G=89 ?V4EV4 4> ?@>3=>7C20==O 9<>2V@=>ABV 10=:@CBAB20 

?V4?@8є<AB20 V7 28:>@8AB0==O< @5:C@5=B=>W =59@><5@56V 7 C@0EC20==O< 284C 

5:>=><VG=>W 4VO;ь=>ABV 

 

 

� C<>20E ACG0A=>W 5:>=><V:8 70157?5G5==O DV=0=A>2>W ABV9:>ABV 

5:>=><VG=8E A8AB5<, ?V428I5==O WW DV=0=A>2>W 5D5:B82=>ABV B0 

:>=:C@5=B>A?@><>6=>ABV ?>B@51Cє <>=VB>@8=3C DV=0=A>2>3> AB0=C 

?V4?@8є<AB20 B0 ?@>3=>7C20==O WE ?>40;ьH>3> @>728B:C 7 28:>@8AB0==O< 

ACG0A=8E B5E=>;>3V9 B0 <>45;59. ' ?@>F5AV >B@8<0==O V=D>@<0FVW ?@> 48=0<V:C 

>A=>2=8E DV=0=A>28E @878:V2 ?V4E>48 <0H8==>3> B0 3;818==>3> =02G0==O 

4>72>;ONBь @>18B8 1V;ьH B>G=V ?@>3=>78 =0 >A=>2V 25;8:8E <0A82V2 40=8E, 

4>72>;ONBь 28:>@8AB>2C20B8 =5710;0=A>20=V <0A828 40=8E B0 715@V30B8 2AN 
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B@5=4C. !0?@8:;04, >1AO3 <>65 71V;ьH8B8AO BV;ь:8 ?VA;O B>3>, 
O: FV=0 ?>G0;0 @CE0B8AO. 

!5>4=>7=0G=VABь C B;C<0G5==V �=B5@?@5B0FVO 40=8E ?@> >1AO3 <>65 1CB8 1V;ьH 
=5>4=>7=0G=>N. �8A>:89 >1AO3 <>65 >7=0G0B8 O: =0:>?8G5==O, 
B0: V @>7?>4V;, I> ?>B@51Cє ?>40;ьH>3> 0=0;V7C. 

�@07;82VABь 4> @8=:>28E <0=V?C;OFV9 �0=V ?@> >1AO38 <>6CBь 1CB8 AE8;ь=V 4> HBCG=>3> 7028I5==O 
?@>2V4=8<8 CG0A=8:0<8. 

!55D5:B82=V =0 =5;V:2V4=8E @8=:0E !0 @8=:0E 7 =87ь:>N ;V:2V4=VABN V=48:0B>@8 >1AO3C, <>6CBь =5 
=04020B8 =04V9=8E A83=0;V2, >A:V;ь:8 @V2=V >1AO3C <>6CBь 1CB8 
70 A2>єN ?@8@>4>N =87ь:8<8 V <5=H ?>:07>28<8 4;O @8=:>28E 
=0AB@>W2. 

�65@5;>: cD>@<>20=> =0 >A=>2V [80, 67, 134, 253] 
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�3V4=> 7 B01;. 3.11  V=48:0B>@8 >1AO3C ?@>?>=CNBь C=V:0;ь=5 @>7C<V==O 

B>@3>2>W 0:B82=>ABV B0 >A=>2=>W A8;8 @8=:>28E @CEV2. �E 740B=VABь 

?V4B25@46C20B8 B5=45=FVW B0 =04020B8 A83=0;8 @0==ь>3> ?>?5@5465==O ?@> 

?>B5=FV9=V @>72>@>B8 2@V2=>206CєBьAO ?@>1;5<0<8 2 V=B5@?@5B0FVW B0 

GCB;82VABN 4> @8=:>2>3> HC<C. &><C, E>G0 V=48:0B>@8 >1AO3C <0NBь 

28@VH0;ь=5 7=0G5==O 4;O 2A51VG=>3> 0=0;V7C @8=:C, 2>=8 B0:>6 ?>B@51CNBь 

:><1V=C20==O 7 V=H8<8 V=48:0B>@0<8. 

�=48:0B>@8 2>;0B8;ь=>ABV 28<V@NNBь H284:VABь @CEC FV= =570;56=> 2V4 

=0?@O<C. �>=8 4>?><030NBь 287=0G8B8 ?5@V>48 28A>:>W 01> =87ь:>W 

2>;0B8;ь=>ABV =0 @8=:C. �8A>:0 2>;0B8;ь=VABь G0AB> A?>AB5@V30єBьAO ?V4 G0A 

@8=:>28E <0:A8<C<V2 V <V=V<C<V2, I> @>18Bь FV V=48:0B>@8 FV==8<8 4;O 

?@>3=>7C20==O ?>B5=FV9=8E @>72>@>BV2 @8=:C. � B01;. 3.12 =02545=> ?5@5;V: 

?C1;V:0FV9 I>4> 0?@>10FVW 2V4?>2V4=8E V=48:0B>@V2. 

&45?<JO 3.12 

#C1;V:0FVW I>4> 70AB>AC20==O B5E=VG=8E V=48:0B>@V2 2>;0B8;ь=>ABV =0 
@V7=8E @8=:0E 

�=48:0B>@8 "1;0ABь 0?@>10FVW #C1;V:0FVW 
BB �=4>=57V9Aь:0 D>=4>20 1V@60 [298] 
ATR (>=4>289 @8=>: %0C4V2Aь:>W �@02VW [10] 
ATR �;>10;ь=V @8=:8 [66] 
ATR �><159Aь:0 D>=4>20 1V@60 [92] 
ATR $8=>: 0:FV9 B5E=>;>3VG=8E :><?0=V9 ?V4 G0A COVID-19 [64] 
BB �;>10;ь=V @8=:8 [234] 
BB �;>10;ь=V @8=:8 [178] 
BB %5:B>@ V=D>@<0FV9=8E B5E=>;>3V9 (�&) [263] 
BB NIFTY50 [249] 
BB �;>10;ь=V @8=:8 [173] 
DC �0@H02Aь:89 D>=4>289 @8=>: [160] 
 

�65@5;>: cD>@<>20=> =0 >A=>2V [298, 10, 66, 92, 64, 234, 178, 263, 249, 173, 160] 

 

�>A;V465==O =02545=V C B01;. 3.12 ?>:07CNBь, I> V=48:0B>@8 

2>;0B8;ь=>ABV 5D5:B82=V 4;O ?@89=OBBO >1ґ@C=B>20=8E B>@3>28E @VH5=ь. ATR 

>A>1;82> 2V47=0G82AO A2>єN 5D5:B82=VABN 2 >FV=FV 2>;0B8;ь=>ABV =0 @8=:0E 2V4 

CNX NIFTY 4> B5E=>;>3VG=>3> A5:B>@C ?V4 G0A COVID-19, 4>?><030NG8 2 

B>G=V9 >FV=FV B@5=4V2 V ?@>3=>7C20==V FV=. �=0;>3VG=>, A<C38 �>;;V=465@0 

?@>45<>=AB@C20;8 A2>N :>@8A=VABь C @V7=8E :>=B5:AB0E, 2V4 �=4>=57V9Aь:>W 
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D>=4>2>W 1V@6V 4> �&-A5:B>@C. �0=0;8 �>=GV0=0 B0:>6 2V47=0G5=V A2>єN 

5D5:B82=VABN 2 ?52=8E @8=:>28E C<>20E, 7>:@5<0 =0 �0@H02Aь:><C D>=4>2><C 

@8=:C. � B01;. 3.13 =02545=> ?5@52038 B0 =54>;V:8 V=48:0B>@V2 2>;0B8;ь=>ABV. 

&45?<JO 3.13 

#5@52038 B0 =54>;V:8 B5E=VG=8E V=48:0B>@V2 2>;0B8;ь=>ABV 
!0720 "?8A 

#5@52038 
'?@02;V==O @878:0<8 �87=0G5==O @878:, ?>2'O70=89 7 ?52=8< 0:B82>< 01> @8=:><. 

�8I0 2>;0B8;ь=VABь, O: ?>:07Cє, <>65 A2V4G8B8 ?@> 28I89 @878:, 
I> <0є 28@VH0;ь=5 7=0G5==O 4;O AB@0B53V9 C?@02;V==O @878:0<8. 

�45=B8DV:0FVO @8=:>28E 5:AB@5<C<V2 �8O2;5==O =5728G=> A?>:V9=8E 01> =5AB01V;ь=8E @8=:>28E C<>2.  
�40?B0FVO 4> @8=:>28E C<>2 �40?B0FVO 4> <V=;828E @8=:>28E C<>2. $>7H8@5==O ?V4 G0A 

28A>:>W 2>;0B8;ь=>ABV B0 72C65==O ?V4 G0A =87ь:>W 2>;0B8;ь=>ABV. 
!54>;V:8 

�V4AB0NG0 ?@8@>40 �07C20==O =0 VAB>@8G=8E 40=8E ?@872>48Bь 4> =5B>G=8E ?@>3=>7V2 
"1<565=0 ?@>3=>AB8G=0 740B=VABь  >6CBь 2:07C20B8 =0 @V25=ь 2>;0B8;ь=>ABV, 0;5 =5 =0 B5, G8 1C45 

FV=0 @CE0B8AO 23>@C 01> 2=87 
+CB;82VABь 4> @8=:>28E ?>4V9 $0?B>2V ?>4VW =0 @8=:C <>6CBь ?@8725AB8 4> AB@81:V2 

2>;0B8;ь=>ABV, I> <>65 A?@8G8=8B8 5:AB@5<0;ь=V ?>:07=8:8 F8E 
V=48:0B>@V2, O:V =5 >1>2'O7:>2> 2V4>1@060NBь ?>B>G=V @8=:>2V 
C<>28. 

 

�65@5;>: cD>@<>20=> =0 >A=>2V [298, 10, 66, 92, 64, 234, 178, 263, 249, 173, 160] 

 

�3V4=> 7 B01;. 3.13 V=48:0B>@8 2>;0B8;ь=>ABV ?@>?>=CNBь A?5FV0;V7>20=5 

@>7C<V==O 2>;0B8;ь=>ABV @8=:C, O:5 =5<>6;82> >B@8<0B8 157?>A5@54=ь> 2V4 

B@5=4>28E V=48:0B>@V2 01> V=48:0B>@V2 <><5=BC<C. �E 740B=VABь 28<V@N20B8 

@8=:>289 @878: V 28O2;OB8 5:AB@5<0;ь=V C<>28 2@V2=>206CєBьAO WE 70?V7=V;>N 

?@8@>4>N V ?>B5=FV0;>< AC1'є:B82=>W V=B5@?@5B0FVW. &><C 2>=8 B0:>6 

28<030NBь :><1V=C20==O 7 V=H8<8 V=48:0B>@0<8 2 A2>є<C 70AB>AC20==V. 

#@>?>78FVO I>4> :><1V=C20==O V=48:0B>@V2 107CєBьAO =0 =5>1EV4=>ABV 

?V428I5==O B>G=>ABV B0 =04V9=>ABV ?@>3=>7V2 H;OE>< CAC=5==O =54>;V:V2, 

2;0AB828E >:@5<8< V=48:0B>@0<. 

#VA;O >3;O4C 3@C? V=48:0B>@V2 @>73;O=CB> 20@V0=B8 WE :><1V=C20==O. 

�8:>@8AB0==O :><1V=0FVW V=48:0B>@V2 <>65 7<5=H8B8 @878:8, ?>2'O70=V 7 

?>:;040==O< =0 V=B5@?@5B0FVN >:@5<8E B>G>: 40=8E, B8< A0<8< ?V428ICNG8 

ABV9:VABь V =04V9=VABь ?@>3=>7=8E <>45;59. �<?V@8G=V 4>A;V465==O [140], 

?@>45<>=AB@C20;8, I> AB@0B53VW, O:V 2:;NG0NBь 45:V;ь:0 V=48:0B>@V2, ?>ABV9=> 

?5@525@HCNBь AB@0B53VW, O:V ?>:;040NBьAO =0 >48= V=48:0B>@, 7 B>G:8 7>@C 
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?@81CB:>2>ABV B0 AB01V;ь=>ABV 2 @V7=8E @8=:>28E C<>20E, A:>@83>20=8E =0 

@878:. "4=VєN 7 ?@>1;5< :><1V=C20==O є B5, I> @V7=V V=48:0B>@8 <>6CBь 

?>4020B8 AC?5@5G;82V A83=0;8, I> CA:;04=Nє ?@>F5A ?@89=OBBO @VH5=ь. 

!0?@8:;04, 2 B>9 G0A O: >48= V=48:0B>@ <>65 2:07C20B8 =0 =01;865==O 

18G0G>3> B@5=4C, V=H89 <>65 A83=0;V7C20B8 ?@> 254<5689 @>72>@>B, I> 

?@872>48Bь 4> =5>4=>7=0G=>ABV 2 V=B5@?@5B0FVW @8=:>28E =0?@O<V2. �V4AB0NG89 

E0@0:B5@ 45O:8E V=48:0B>@V2 B0:>6 AB2>@Nє ?@>1;5<8.  

!0O2=VABь ?@>1;5< 28<030є :><?;5:A=>3> ?V4E>4C ?@8 :><1V=C20==O, 

7>:@5<0, H;OE>< 70AB>AC20==O <5B>4V2 >?B8<V70FVW 4;O 287=0G5==O 5D5:B82=8E 

:><1V=0FV9 B5E=VG=8E V=48:0B>@V2. &0:0 =5>1EV4=VABь 28=8:0є G5@57 

1030B>3@0==C ?@8@>4C @8=:>28E A83=0;V2 V 270є<>70;56=>ABV <V6 @V7=8<8 

DV=0=A>28<8 V=48:0B>@0<8. &@048FV9=V <5B>48 @CG=>3> 281>@C B0 

=0;0HBC20==O V=48:0B>@V2 є =54>AB0B=ь> 5D5:B82=8<8 G5@57 AC1'є:B82=V 

C?5@5465==O B0 >1<565=V <>6;82>ABV >1@>1:8 25;8:8E <0A82V2 270є<>4VNG8E 

7<V==8E. "B65, 70AB>AC20==O VA=CNG8E <5B>4V2 >?B8<V70FVW, B0:8E O: 35=5B8G=V 

0;3>@8B<8 01> <>45;V <0H8==>3> =02G0==O, <>65 70157?5G8B8 :V;ь:VA=89 V 

A8AB5<=89 ?V4EV4 4> 287=0G5==O >?B8<0;ь=8E =01>@V2 ?>:07=8:V2. *V <5B>48 

>FV=NNBь ?>B5=FV9=V :><1V=0FVW =0 >A=>2V VAB>@8G=8E 40=8E, VB5@0B82=> 

7<V=NNG8 ?0@0<5B@8 4;O <0:A8<V70FVW FV;ь>28E DC=:FV9, O:V 70728G09 ?>2'O70=V 

7 ?@81CB:>2VABN, A:>@83>20=VABBN =0 @878:, 01> V=H8<8 DV=0=A>28<8 

?>:07=8:0<8. �0;V ?> B5:ABC @>728=5=> 02B>@Aь:89 ?V4EV4 4> ?>HC:C 

5D5:B82=8E :><1V=0FV9 =0 >A=>2V 35=5B8G=8E 0;3>@8B<V2. 

� O:>ABV B@5=C20;ь=8E 40=8E 28:>@8AB0=> 40=V 7 :@8?B>20;NB=>W 1V@6V 

Binance 70 ?5@V>4 30.07.2021 3 07.12.2022. �;O 20;V40FVW 28:>@8AB0=> 0=0;>3VG=V 

40=V, ?@>B5 70 ?5@V>4 08.12.2022 3 15.04.2024.  5B>N @>7@0EC=:V2 є 35=5@0FVO 

<0:A8<0;ь=> 5D5:B82=8E :><1V=0FV9 7 2 2EV4=8E B0 2 28EV4=8E A83=0;V2. �AV 40=V 

B0 :>4, 28:>@8AB0=89 4;O @>7@0EC=:V2 @>7<VI5=> 70 AB0B8G=8< ?>A8;0==O< [163]. 

 0NG8 =01V@ I 7 n V=48:0B>@V2 (?>2=89 ?5@5;V: =02545=> 2 B01;. 3.6, 3.8, 

3.10, 3.12), =5>1EV4=> A?>G0B:C 735=5@C20B8 2AV <>6;82V :><1V=0FVW 2EV4=8E B0 

28EV4=8E A83=0;V2 (3.1). 
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ø ù , | ,P i j i j I i jý     (3.1) 

 

45, ÿ ?@54AB02;Oє <=>68=C 2AVE <>6;828E ?0@ V=48:0B>@V2 7 �, 0 ÿ B0 Ā є 
@V7=8<8 5;5<5=B0<8, 30@0=BCNG8, I> :>6=0 ?0@0 A:;040єBьAO 7 42>E C=V:0;ь=8E 

V=48:0B>@V2. �0;V =5>1EV4=> 735=5@C20B8 :><1V=0FVW B0:8E ?0@ (3.2). 

 

ø ù 1 2 1 2 1 2, | ,C p p p p P p pý     (3.2) 

 

�><1V=0FVW ÿ 35=5@CNBьAO 7 ÿ 4;O D>@<C20==O ?0@, 45 :>6=0 ?0@0 <VAB8Bь 

420 A83=0;8. #VA;O Fь>3>, 4;O 7@CG=>ABV :><1V=0FVW B@0=AD>@<>20=> 2 

«?;>A:89» D>@<0B 7 4 5;5<5=BV2 (3.3). 

 

 ø ù ø ù 1 1 2 2 1 2, , , | ,flat a b a bC p p p p p p Cý    (3.3) 

 

�;O :>6=>W :><1V=0FVW V=48:0B>@V2 2E>4C V 28E>4C @>7@0E>20=> 7030;ь=89 

A83=0; H;OE>< ?V4AC<>2C20==O A83=0;V2 >:@5<8E V=48:0B>@V2 (3.4, 3.5): 

  _ _ secentry entry primary entry ondary
S I Iý 

  
 

(3.4) 

 _ _secexit exit primary exit ondary
S I Iý    (3.5) 

 

�5 
_entry primaryI _ secentry ondary

I _exit primaryI _ secexit ondary
I A83=0;8 V=48:0B>@V2, >B@8<0=V =0 

>A=>2V B5E=VG=>3> 0=0;V7C. �><1V=>20=89 A83=0; 287=0G0є 4VN (:C?C20B8, 

B@8<0B8 01> ?@>4020B8) 2 :>6=89 <><5=B G0AC =0 >A=>2V B8E A0<8E 287=0G5=8E 

>:@5<8E V=48:0B>@V2 (3.6). 

 

2

2
entry

t exit

BUY if S

C SELL if S

HOLDif otherwise

ýü
ÿý ý ý
ÿ
þ

  (3.6) 

 

!0 >A=>2V A83=0;V2 V FV=>2>W VAB>@VW 5D5:B82=VABь :>6=>W :><1V=0FVW 

>FV=N20;0AO 70 :V;ь:><0 ?>:07=8:0<8 (B01;. 3.14) 
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&45?<JO 3.14 

 5B@8:8 B5ABC20==O B>@3>28E AB@0B53V9 

 5B@8:0 (>@<C;0 #>OA=5==O 

:-D. ,0@?0 [254] 
f

E R R
S



ù ùû ý  

R 3 4>EV4=VABь ?>@BD5;O (0:B82C), Rf 3 4>EV4=VABь 2V4 

0;ьB5@=0B82=>3> 2:;045==O (O: ?@028;>, 15@5BьAO 

157@878:>20 ?@>F5=B=0 AB02:0), E[ R–Rf ] 3 ?@5<VO 70 

@878: (<0B5<0B8G=5 >GV:C20==O ?5@528I5==O 

?@81CB:>2>ABV 0:B82V2 =04 ?@81CB:>2VABN 2V4 

0;ьB5@=0B82=>3> 2:;045==O), σ 3 AB0=40@B=5 2V4E8;5==O 

?@81CB:>2>ABV ?>@BD5;O (0:B82C). 

:-D. %>@BV=> [265] R T
S

DR


ý

 

45 R 3 A5@54=O ?@81CB:>2VABь ?>@BD5;O, T 3 <V=V<0;ь=> 

4>?CAB8<89 @V25=ь 4>E>4=>ABV ?>@BD5;O, DR 3 

2V4E8;5==O 2 1V: 7=865==O 01> "2>;0B8;ь=VABь 2=87" 

:-D. "<530 [106] 

ø ù
ø ù

ø ù

1 F r dr

F r dr








ù ùû 
 ý




 

45 � - :C<C;OB82=0 DC=:FVO @>7?>4V;C 9<>2V@=>AB59 

?@81CB:>2>ABV, 0 � - FV;ь>289 ?>@V3 ?@81CB:>2>ABV, O:89 

287=0G0є, I> 22060єBьAO ?@81CB:><, 0 I> - 718B:><. 

 0:A8<0;ь=0 

?@>A04:0 (MDD) 

[179] 

TV

PV
MDD

PV
ý   45 TV 4 =09=86G0 20@BVABь ?>@BD5;O 70 ?5@V>4 ?VA;O 

4>AO3=5==O ?V:>2>W 20@B>ABV, PV 4 =0928I0 20@BVABь 

?>@BD5;O 4> ?>G0B:C 7=865==O. 

:-D. �0;ь<0@ [38] 1

1
n

f

i

V

V

MDD

ö ö
÷ ÷

ø ø
 

45 Vf 4 :V=F520 20@BVABь V=25AB8FVW, Vi 4 ?>G0B:>20 

20@BVABь V=25AB8FVW, n 4 :V;ь:VABь @>:V2. 

 

�65@5;>: cD>@<>20=> =0 >A=>2V [254, 265, 106, 179, 38] 

 

�2B>@>< >1'є4=0=> 2AV 40=V ?@> A8<2>;8 2 >48= =01V@ 40=8E (3.7) 

 

1

n

i

i

D D
ý

ý   (3.7) 

 

45, Ā F5 >AB0B>G=V 03@53>20=V 40=V, 0 Āÿ 40=V A8<2>;V2. #VA;O Fь>3> 
2V4:8=CB> 2AV :><1V=0FVW 7 ?>@>6=V<8 7=0G5==O<8 G5@57 2V4ACB=VABь 1078 4;O 

@>7@0EC=:C. &0:>6 >1@>1;5=> 28?04:8, :>;8 є 4V;5==O =0 =C;ь (3.8) B0 28:848 

(3.9 - 3.10). �8?04:8 7 4V;5==O< =0 =C;ь ?>2'O70=V 7 >48=8G=8<8 A83=0;0<8, 

735=5@>20=8<8 ?52=8<8 :><1V=0FVO<8, O:V =5 ?@872>48;8 4> 718B:V2 V =5 

2?;820;8 =0 D>@<C;8, ?>2'O70=V 7 @878:><. 
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    | , , , ,D d D d col for col in sharpe sortino omeg max dra d na w owò ý     (3.8) 

  

 ø ùmax , 0.995colT quantile D colòý   (3.9) 

  

 ø ùmin , 0.005colT quantile D colòý   (3.10) 

 

�5 max
colT  B0 min

colT є 25@E=V< B0 =86=V< ?>@>3>< 4;O >1@>1:8 =0 >A=>2V 

:20=B8;V2. �=0G5==O 70 <560<8 287=0G5=8E :20=B8;ь=8E ?>@>3V2 70<V=NNBьAO 

(3.11), B0:8< G8=>< =>@<0;V7CNG8 5:AB@5<0;ь=V 7=0G5==O. 

 

 
 
 

 

max max

max max

col col

col col

T if D col T

D col T if D col T

D col if VAL9

òòü þ
ÿòò òòý üý
ÿ òòþ

  (3.11) 

 

�V4?>2V4=V 40=V  70 :><1V=0FVO<8 B0 @>7@0EC20;8 >?8A>2C AB0B8AB8:C, B0:C 

O: A5@54=є 7=0G5==O B0 AB0=40@B=5 2V4E8;5==O. #VA;O Fь>3> =>@<0;V7>20=> 2AV 

:>5DVFVє=B8 =0 >A=>2V min-max ?V4E>4C (3.12). 

 

min( )

max( ) min( )
norm

col col
col

col col


ý


  (3.12) 

 

&0:5 <0AHB01C20==O ?@82>48Bь 0B@81CB8 40=8E 4> AB0=40@B=>W H:0;8, =5 

A?>B2>@NNG8 2V4<V==>ABV 2 4V0?07>=0E 7=0G5=ь. 

�2B>@>< AB2>@5=> D>@<C;C, O:0 4>?><>65 281@0B8 =09:@0IC :><1V=0FVN 

=0 >A=>2V @>7@0E>20=8E 0B@81CBV2. �;O >?B8<V70FVW 203>28E :>5DVFVє=BV2 

28:>@8AB0=> 35=5B8G=89 0;3>@8B<, I>1 28O28B8 =091V;ьH 5D5:B82=V :><1V=0FVW 

70 4>?><3>N AD>@<>20=>W DC=:FVW >FV=:8 (3.13). �V4?>2V4=0 DC=:FVO ?5@52V@Oє, 

O: ?@0FNє ?52=0 :><1V=0FVO 203. $57C;ьB0B 287=0G0єBьAO A5@54=ь>N 

?@81CB:>2VABN 281@0=8E :><1V=0FV9 =0 >A=>2V B@5=C20;ь=8E 40=8E: 

 

1

n

i i

i

i

w m

score
w

ý


ý
õ
õ

  (2.13) 
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�5, i
w  - 2030 DV=0=A>2>W <5B@8:8 . 

i
m  - 7=0G5==O <5B@8:8. 

n  - :V;ь:VABь <5B@8:, I> @>73;O40NBьAO. 

iwõ  - 4V;ь=8: 4;O =>@<0;V70FVW >FV=:8 

 

 5B0 ?>;O30є 2 B><C, I>1 <0:A8<V7C20B8 F59 ?>:07=8:, 28:>@8AB>2CNG8 

VAB>@8G=V 40=V, V ?5@52V@8B8 9>3> H;OE>< ?>70281V@:>2>3> B5ABC20==O (2.14). 

 

ø ùtestfitness mean Returnsý   (2.14) 

 

�>65= G;5= ?>?C;OFVW ?@54AB02;Oє ?>B5=FV9=89 =01V@ 203, I> 

70AB>A>2CNBьAO 4> DV=0=A>28E ?>:07=8:V2. $>7<V@ ?>?C;OFVW B0 4V0?07>= 7=0G5=ь 

35=V2 2AB0=>2;NNBьAO B0:8< G8=><, I>1 4>72>;8B8 4>A;V48B8 H8@>:89 A?5:B@ 

:><1V=0FV9.  

�8:>@8AB0=> ?>?C;OFVN G8A5;ь=VABN 8, O:C <>6=0 22060B8 <0;>N. +8< 

<5=H5 G8A5;ь=VABь, B8< <5=H5 35=5B8G=5 @V7=><0=VBBO, I> є =54>;V:>< C 

@>72V4FV. "4=0:, F5 <>65 ?>:@0I8;> <>6;82>ABV 5:A?;C0B0FVW, 4>72>;ONG8 

0;3>@8B<C B>=:> =0;0HB>2C20B8 @VH5==O =02:>;> 7=0945=8E 4V;O=>: 

?>HC:>2>3> ?@>AB>@C. �@V< B>3>, <5=HV ?>?C;OFVW 28<030NBь <5=H5 

>1G8A;N20;ь=>W ?>BC6=>ABV =0 35=5@0FVN, I> @>18Bь WW 1V;ьH 5D5:B82=>N, 0 F5 

206;82> C Fь><C @5AC@A=><VAB:><C 28?04:C. 

�V0?07>= 7=0G5=ь 35=V2 2AB0=>2;5=> 2 <560E 2V4 -10 4> 10 7 :@>:>< 1. *59 

4V0?07>= 70157?5GCє 4>A8Bь H8@>:89 A?5:B@ 4;O 35=V2, I> 4>72>;8;> 7=0G=C 

20@V015;ь=VABь 35=5B8G=>3> A:;04C ?>?C;OFVW. "1<565==O 7=0G5=ь 35=V2 C 

?52=><C V=B5@20;V 4>72>;Oє 710;0=AC20B8 35=5B8G=C @5?@575=B0B82=VABь, 

C=8:0NG8 4><V=C20==O 1C4ь-O:>3> 35=0 G5@57 9>3> <0AHB01. 

�V41V@ 107CєBьAO =0 AB@0B53VW AB0FV>=0@=>3> AB0=C, I> >7=0G0є, I> ;8H5 

=09:@0IV 20@V0=B8 70;8H0NBьAO 4;O 2V4B2>@5==O 2 =0ABC?=><C ?>:>;V==V. *59 

?V4EV4 ?>ABV9=> V=B53@Cє =>2V @VH5==O B0 281V@:>2> 70<V=Nє =55D5:B82=V, 
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4>72>;ONG8 2 @568<V @50;ь=>3> G0AC 040?BC20B8AO 4> 48=0<VG=8E @8=:>28E 

C<>2. %B0FV>=0@=89 2V41V@ B0:>6 ?V428ICє >1G8A;N20;ь=C 5D5:B82=VABь, 

70157?5GCNG8 H284HC :>=25@35=FVN. 

&0:>6 =0;0HB>20=> :@>A8=3>25@ V <CB0FVN 3 35=5B8G=V >?5@0FVW 4;O 

4>A;V465==O =>28E >1;0AB59 ?@>AB>@C @VH5=ь. "1@0=> >4=>B>G:>289 

:@>A8=3>25@ (281V@ >4=VєW B>G:8 =0 E@><>A><V 10Bь:V2Aь:>3> >@30=V7<C, 

35=5B8G=89 <0B5@V0; <V=OєBьAO <VAFO<8 4;O >B@8<0==O =>2>3> ?>B><AB20). 

#V4EV4 >1@0=>, >A:V;ь:8 2V= 5D5:B82=> ?>є4=Cє 35=5B8G=89 <0B5@V0; 10Bь:V2, 

715@V30NG8 ?@8 Fь><C =5>1EV4=V ?>A;V4>2=>ABV 35=V2. *5 70157?5G8;> :><?@><VA 

<V6 35=5B8G=8< @V7=><0=VBBO<, =5>1EV4=8< 4;O @>72V4:8, V 715@565==O< 

CA?VH=8E >7=0: 4;O 5:A?;C0B0FVW. �8?04:>20 <CB0FVO 2AB0=>2;5=0 =0 @V2=V 10%, 

4>?><030NG8 ?V4B@8<C20B8 35=5B8G=C @V7=><0=VB=VABь C ?>?C;OFVW. 

#@>F5A 35=5@0FVW 7>1@065=> =0 @8A. 3.9. $57C;ьB0B8 35=5@0FVW B0 

?@81CB:>2VBь =09:@0I8E :><1V=0FVW ?@>45<>=AB@>20=> =0 @8A=C:0E 3.10 B0 3.11 

2V4?>2V4=>. 

 

 

 

$8A. 3.9. #@>F5A >1@0==O :><1V=0FV9 B5E=VG=8E V=48:0B>@V2 4;O D>@<C20==O 

B>@3>2>W AB@0B53VW =0 >A=>2V 35=5B8G=>3> 0;3>@8B<C 

�65@5;>: 2;0A=V @>7@0EC=:8 
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$8A. 3.10. $57C;ьB0B >1@0==O :><1V=0FV9 B5E=VG=8E V=48:0B>@V2 4;O D>@<C20==O 

B>@3>2>W AB@0B53VW =0 >A=>2V 35=5B8G=>3> 0;3>@8B<C (2AO 281V@:0) 

�65@5;>: 2;0A=V @>7@0EC=:8 

 

$8A. 3.11. $57C;ьB0B >1@0==O :><1V=0FV9 B5E=VG=8E V=48:0B>@V2 4;O D>@<C20==O 

B>@3>2>W AB@0B53VW =0 >A=>2V 35=5B8G=>3> 0;3>@8B<C (15 :><1V=0FV9 7 =0928I>N 

>FV=:>N) �65@5;>: 2;0A=V @>7@0EC=:8 
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/: 284=> 7 @8A. 3.11 :@0IV 15 :><1V=0FV9 7 B@5=C20;ь=>W 281V@:8 

?@>45<>=AB@C20;8 A5@54=V9 ?@81CB>: 1V;ьH5 50% =0 20;V40FV9=V9 281V@FV, I> 

A2V4G8Bь ?@> 5D5:B82=VABь >1@0=8E =0 >A=>2V 35=5B8G=>3> 0;3>@8B<C 203 4;O 

2V41>@C :><1V=0FV9. (V=0;ь=89 ?5@5;V: 7 2V4?>2V4=8E :><1V=0FV9 =02545=> C 

B01;. 3.15. 

&45?<JO 3.15 

#5@5;V: :@0I8E 15 :><1V=0FV9 7 B5E=VG=8E V=48:0B>@V2 =0 >A=>2V 

35=5B8G=>3> 0;3>@8B<C 
�=48:0B>@8 :><1V=0FV9 $5=B015;ь=VABь 

:><1V=0FVW �EV4=V �8EV4=V 
1 2 1 2 

ICH STOCH TEMA BB 1,6789 
MACD DC TEMA BB 1,5504 
STOCH DC TEMA BB 1,909 

ICH FI TEMA BB 1,6861 
ICH VPT TEMA BB 1,6861 
ICH OBV TEMA BB 1,6861 
KST TSI TEMA BB 1,6796 
ICH TSI TEMA BB 2,0068 
ICH EOM TEMA BB 2,3822 
ICH UO TEMA BB 2,3822 

STOCH KC TEMA BB 1,7109 
FI DC TEMA BB 1,8928 

OBV DC TEMA BB 1,8928 
OBV KC TEMA BB 1,8047 

FI KC TEMA BB 1,8047 
 

�65@5;>: 2;0A=V @>7@0EC=:8 

 

�3V4=> 7 B01;. 3.15 2AV =09:@0IV :><1V=0FVW <0NBь >4=0:>2V 28EV4=V A83=0;8 

(TEMA+BB), I> A2V4G8Bь ?@> WE =04V9=VABь. � ;V45@0<8 2EV4=8E A83=0;V2 2A5 =5 

B0: AB01V;ь=>, ?@>B5 є ;V45@8 3 ICH B0 DC. 

&0:8< G8=><, 4VAB0;0 ?>40;ьH>3> @>728B:C ?>A;V4>2=VABь D>@<C20==O 

B>@3>2>W AB@0B53VW 0;3>@8B<VG=>W B>@3V2;V =0 :@8?B>20;NB=V9 1V@6V =0 >A=>2V 

35=5B8G=>3> 0;3>@8B<C, O:0, =0 2V4<V=C 2V4 VA=CNG8E, 28:>@8AB>2Cє @878:-

>@Vє=B>20=V <5B@8:8 (,0@?0, %>@BV=>, "<530,  <0:A8<0;ь=0 ?@>A04:0, 

�0;ь<0@), I> A?@8Oє ?V428I5==N ?@81CB:>2>ABV G5@57 28A>:C @5=B015;ь=VABь 

0;3>@8B<VG=>W B>@3V2;V. 
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3.3.  5B>48G=89 ?V4EV4 4> ?@>3=>7C20==O 48=0<V:8 FV= =0 

:@8?B>20;NB=8E 1V@60E V7 28:>@8AB0==O< @5:C@5=B=>W =59@><5@56V B0 

V=48:0B>@V2 B5E=VG=>3> 0=0;V7C 

 

 

#VA;O @>73;O4C 0;3>@8B<VG=>W 1V@6>2>W B>@3V2;V O: 5;5<5=B0 $"' (�# C 

?.1.3 B0 0=0;V7C <5B>48: ?@>3=>7C20==O FV= =0 :@8?B>20;NB=8E 1V@60E C ?.2.3, 

45 1C;> 70?@>?>=>20=> 28:>@8AB0==O 35=5B8G=8E 0;3>@8B<V2 4;O D>@<C20==O 

B>@3>28E AB@0B53V9 =0 >A=>2V @878:->@Vє=B>20=8E <5B@8:, =0ABC?=8< :@>:>< є 

C4>A:>=0;5==O ?V4E>4V2 4> C?@02;V==O @878:0<8. ' Fь><C ?C=:BV @>7@>1;5=> 

<>45;ь ?@>3=>7C20==O FV= =0 :@8?B>20;NB=V9 1V@6V =0 >A=>2V @5:C@5=B=>W 

=59@><5@56V, I> 4>72>;Oє B>G=VH5 >FV=N20B8 @8=:>2V B@5=48 B0 7=86C20B8 

@878:8 2 C<>20E 28A>:>W 2>;0B8;ь=>ABV. *O <>45;ь ?>:@0ICє B>G=VABь B>@3>28E 

@VH5=ь, I> A?@8Oє 7<VF=5==N (�#. 

&5E=>;>3VG=89 ?@>3@5A, 7>:@5<0, @>728B>: HBCG=>3> V=B5;5:BC, 

?@872>48Bь 4> =57C?8==>3> @>728B:C V=D>@<0FV9=8E B5E=>;>3V9, I> @048:0;ь=> 

7<V=Nє AB@C:BC@C ACA?V;ь=>3> 68BBO B0 5:>=><VG=8E 2V4=>A8=. "4=8< 7 

OA:@028E 28@07V2 FVєW 3;>10;ь=>W B5=45=FVW AB0;0 ?>O20 :@8?B>20;NB 3 

=>20B>@Aь:>3> DV=0=A>2>3> V=AB@C<5=BC, I> =01C2 2V4=>A=> H284:>W 

?>?C;O@=>ABV. �0 40=8<8 liga.net, AB0=>< =0 2023 @V:, G8A;> C=V:0;ь=8E 

:@8?B>20;NB=8E 30<0=FV2 :@8?B>20;NB ?5@528I8;> 60 <V;ь9>=V2 [2], I> 

A2V4G8Bь ?@> 25;8:C C203C O: V=25AB>@V2, B0: V =0C:>2FV2 4> Fь>3> A53<5=B0 

DV=0=A>2>3> @8=:C. 

' :>=B5:ABV FVєW B5E=>;>3VG=>W @52>;NFVW, ?5@54>2V =0C:>2V @>7@>1:8 2 

30;C7V HBCG=>3> V=B5;5:BC, 7>:@5<0 @5:C@5=B=V =59@>==V <5@56V ($! ), 

709<0NBь 206;825 <VAF5 2 5:>A8AB5<V :@8?B>20;NB. %0<5 $!  >1@0=> 2 O:>ABV 

V=AB@C<5=B0 ?@>3=>7C20==O G5@57 WE 740B=VABь 5D5:B82=> >1@>1;OB8 G0A>2V @O48. 

�024O:8 WE 740B=>ABV 4> C7030;ь=5==O B0 282G5==O A:;04=8E ?0BB5@=V2, $!  

<>6CBь A;C3C20B8 =04V9=8< V=AB@C<5=B><. 
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�06;82> 2V47=0G8B8, I> 28A>:0 2>;0B8;ь=VABь :@8?B>20;NB=8E 1V@6 

AB2>@Nє 4>40B:>2V 28:;8:8 4;O V=25AB>@V2 B0 B@5945@V2. �3V4=> 7 40=8<8 

CoinMarketCap [75] 25;8:0 G0AB8=0 :@8?B>20;NB ?>:07Cє 45==C 2>;0B8;ь=VABь 2 

45:V;ь:0 45AOB:V2 2V4A>B:V2, I> 28<030є =>28E ?V4E>4V2 4> ?@>3=>7C20==O @8=:C. 

� Fь><C :>=B5:ABV, 5D5:B82=5 28:>@8AB0==O $!  <>65 AB0B8 28@VH0;ь=8< 

D0:B>@>< 4;O ?@>3=>7C20==O @8=:>28E B5=45=FV9 B0 D>@<C20==O V=25AB8FV9=8E 

AB@0B53V9. 

"4=0: 2?@>20465==O B0 28:>@8AB0==O $!  =5 >1<56CєBьAO ;8H5 

?5@52030<8. "4=8< 7 >A=>2=8E 28:;8:V2 є >1@>1:0 25;8:8E <0A82V2 40=8E, 

=5>1EV4=8E 4;O B@5=C20==O <091CB=VE <>45;59. �0 >FV=:0<8 IDC [300], 

I>@VG=89 >1AO3 40=8E C A2VBV ?@>3=>7CєBьAO 28@>AB8 4> 200 75BB0109BV2 4> 2026 

@>:C, I> 28<030є =>28E ?V4E>4V2 4> WE 715@V30==O B0 >1@>1:8. 

%CG0A=89 =0C:>2>-B5E=>;>3VG=89 :>=B5:AB, I> E0@0:B5@87CєBьAO 

AB@V<:8< @>728B:>< :@8?B>20;NB B0 @>7H8@5==O< >1;0ABV 70AB>AC20==O 

HBCG=>3> V=B5;5:BC, 48:BCє =5>1EV4=VABь 3;81>:>3> B0 2A51VG=>3> 4>A;V465==O 

<>6;82>AB59 $!  4;O 70157?5G5==O 5D5:B82=>3> DC=:FV>=C20==O =0 

:@8?B>20;NB=8E 1V@60E. 

&><C 4>A;V465==O, ?@8A2OG5=V @>7@>1FV @5:C@5=B=8E =59@>==8E <5@56 

4;O ?@>3=>7C20==O FV= =0 :@8?B>20;NB=8E 1V@60E, є 0:BC0;ь=8<8. � :>=B5:ABV 

H284:>3> @>728B:C :@8?B>20;NB B0 7@>AB0==O >1AO3V2 40=8E, I> 28<030NBь 

>1@>1:8, 28:>@8AB0==O $!  <>65 AB0B8 =04V9=8< V=AB@C<5=B>< 4;O 

>?B8<V70FVW C?@02;V==O V=25AB8FV9=8<8 ?>@BD5;O<8 2 Fь><C A53<5=BV 

DV=0=A>2>3> @8=:C. #>?C;O@=VABь :@8?B>20;NB V WE 2>;0B8;ь=VABь ?V4:@5A;NNBь 

=5>1EV4=VABь =>28E ?V4E>4V2 4> ?@>3=>7C20==O @8=:C, V $!  <>6CBь 4>?><>3B8 

2 Fь><C ?@>F5AV. � C@0EC20==O< H284:>3> @>ABC :V;ь:>ABV 40=8E B0 @>7H8@5==O 

>1;0ABV 70AB>AC20==O HBCG=>3> V=B5;5:BC, 4>A;V465==O <>6;82>AB59 $!  4;O 

5D5:B82=>3> DC=:FV>=C20==O =0 :@8?B>20;NB=8E 1V@60E є 206;828< =0?@O<>< 

?>40;ьH>W @>1>B8. 

' @>1>BV [68] =02545=> @57C;ьB0B8 4>A;V465=ь I>4> ?>1C4>28 AB@0B53V9 

D>@<C20==O V=25AB8FV9=8E ?>@BD5;V2, I> 2:;NG0NBь 2>;0B8;ь=V DV=0=A>2V 
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V=AB@C<5=B8, B0:V O: :@8?B>20;NB8. #@54AB02;5=> B>@3>2C AB@0B53VN "AB>?-;>AA 

- <0:A8<0;ь=89 ?@81CB>:", 70A=>20=C =0 24>A:>=0;5==V :;0A8G=>3> B5E=VG=>3> 

V=48:0B>@0 :>27=>W A5@54=ь>W =0 >A=>2V =59@>==8E <5@56. �0?@>?>=>20=> 

?V428I8B8 5D5:B82=VABь 4>23>AB@>:>2>W :>27=>W A5@54=ь>W 70 @0EC=>: 

28:>@8AB0==O >1<565=>W @5:C@AVW 2 =59@>==8E <5@560E �;<0=0 A?V;ь=> 7 

3V1@84=>N =59@>-A8<2>;VG=>N =59@><5@565N, 715@V30NG8 2AV <>6;82>ABV 

=02G0==O =5@5:C@A82=8E G0AB8= <5@56V.  >45;N20==O =0 DV=0=A>2><C V=45:AV 

Eurostoxx50 ?@>45<>=AB@C20;> ?>B5=FV0; B0:>W AB@0B53VW 4;O C=8:=5==O 

2V4'є<=>W 4>E>4=>ABV 0:B82V2 B0 7<5=H5==O V=25AB8FV9=>3> @878:C. #@>B5 

B>G=VABь <>45;V 2 @>1>BV =5 707=0G5=>. �=25AB8FV9=V @878:8 >FV=NNBьAO =0 @V2=V 

>:@5<8E B>@3>28E >?5@0FV9. �>FV;ь=8< є ?@>25AB8 4>A;V465==O, 45 ABV9:VABь 4> 

@878:C 1C45 >FV=N20B8Aь =0 ?>A;V4>2=>ABV B>@3>28E >?5@0FV9. ":@V< B>3>, 

=59@><5@560 2@0E>2Cє @57C;ьB0B ;8H5 >4=>3> B5E=VG=>3> V=48:0B>@0, 

4>FV;ь=8< є AB2>@5==O <>45;V =0 >A=>2V 45:V;ь:>E V=48:0B>@V2 4;O 28O2;5==O 

4>40B:>28E =5;V=V9=8E 729O7:V2 C 48=0<VFV FV=.  

' @>1>BV [68] =02545=> @57C;ьB0B8 4>A;V465=ь 2;0AB82>AB59 0:FV9 7 <5B>N 

?V428I5==O B>G=>ABV ?@>3=>7C20==O FV= =0 D>=4>28E 1V@60E.  #>:070=>, I> 

?C1;VG=V 40=V ?@> V=25AB8FV9=C ?>254V=:C 25;8:8E D>=4V2 2V4>1@060NBь A?V;ь=V 

?5@5:>=0==O WE <5=5465@V2 ?@> 2;0AB82>ABV 0:FV9. !5 707=0G5=> @V25=ь B>G=>ABV 

?>1C4>20=8E <>45;59, 0 ;8H5 :C<C;OB82=C ?@81CB:>2VABь ?> ?>@BD5;N 7 50 

0:B82V2. &0:>6 =5 ?@>0=0;V7>20=> ABV9:VABь <>45;V 4> @878:V2. *5 =5 4>72>;Oє 

AB25@46C20B8, I> B0:C <>45;ь <>6=0 28:>@8AB>2C20B8 ?>70 281V@:>N 2 C<>20E 

=5287=0G5=>ABV. #@8 Fь><C, є 4>FV;ь=8< 2@0EC20B8 4>A2V4 2@0EC20==O 

2;0AB82>AB59 >:@5<8E 3@C? 0:B82V2 ?@8 AB2>@5==V <>45;V. 

' @>1>BV [181] =02545=> @57C;ьB0B8 4>A;V465=ь I>4> ?>1C4>28 E0>B8G=>W 

?5@5EV4=>-=5GVB:>W 3;81>:>W =59@>-:>;820;ь=>W <5@56V 2-3> B8?C 7 

@5B@>3@04=8< A83=0;>< 4;O ?@>3=>7C20==O FV= =0 1V@6V.  >45;ь =0B@5=>20=> 
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