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ABSTRACT 

Petrenko V.O. Improving the load-bearing capacity of the frame of hopper cars 

for grain transportation by improving the design and calculation methods. 3 Qualifying 

scientific work on manuscript rights. 

Dissertation for the Degree of Doctor of Philosophy in Specialty 273 «Railway 

Transport». 3 State University of Infrastructure and Technologies, Kyiv, 2025 

This dissertation is dedicated to the study of improving the load-bearing capacity 

of hopper wagon frames for grain transportation by optimizing the design and 

calculation methods. It is highly relevant to the railway transport industry in ensuring 

the load-bearing capacity of this type of rolling stock beyond its designated service life, 

considering the specific operational conditions. 

In this dissertation, the scientific task of improving the methods of calculation 

and strengthening of the frame of hopper cars for grain transportation is solved. 



10 

Scientific novelty of the obtained results: 

For the first time: 

- the application of an additional correction coefficient in the mathematical 

model for predicting the resource of load-bearing structures of freight wagons has been 

scientifically substantiated, and its quantitative value has been determined. This 

coefficient accounts for the uneven loading of the grain hopper wagon to enhance the 

load-bearing capacity of its frame; 

- dependencies of the fatigue resistance coefficients of the grain hopper 

wagon frame on the predicted service life have been obtained, considering the 

equivalent stresses arising in the frame due to uneven loading. This allows for the 

development of design solutions to improve the load-bearing structures of the wagon; 

- the reason for the development of cracks in the frame of a hopper wagon for 

grain transportation is determined, which consists in excessive stresses 

arising at the junction of the backbone beam with the rear stop of the absorber 

due to the action of additional forces from unevenly placed cargo in design 

modes I (tension), III (tension) and a sharp change in the rigidity of the 

connection, which allows to improve the methods for calculating the strength 

properties of this type of freight wagon. 

Improvements made: 

- the schemes of design modes I and III for assessing the stress-strain state 

of the hopper car frame for grain transportation by taking into account additional forces 

from uneven loading of the car, which allows creating modern technical solutions to 

improve the design of the car frame; 

- the design methodology for new structural solutions of load-bearing 

freight wagon structures has been improved. Unlike existing methods, it considers the 

accumulation of stresses (damage) by comparing normal and shear stresses with 

endurance limits under a pulsating load cycle, thus increasing the justification level for 

design decisions during wagon modernization. 

The computational model for assessing the stress-strain state of the grain hopper 

wagon frame has been further developed by considering the impact of uneven loading. 
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This allows for the creation of more advanced structural solutions and significantly 

extends the service life of load-bearing wagon structures. 

Practical significance of the obtained results: 

- a new structural solution for improving the body frame of the grain hopper 

wagon, protected by Ukrainian State Patent No. 135500 for a utility model, has been 

developed. Based on this, design and technological documentation for the 

modernization of grain hopper wagons has been created; 

- the refined mathematical model for predicting the resource of load-bearing 

structures of freight wagons using a correction coefficient, which accounts for the 

possibility of uneven loading of the grain hopper wagon, is applied in practice at JSC 

"Ukrzaliznytsia" for testing and modernizing railway wagons; 

- improved methods for calculating load-bearing structures, specifically 

refining calculation modes I and III to assess the stress-strain state of the grain hopper 

wagon frame considering uneven loading, are utilized by the "NDCTI" branch of JSC 

"Ukrzaliznytsia" in research and development projects for improving freight wagon 

designs; 

- a program and methodology for technical diagnostics of grain hopper 

wagons to extend their service life, developed with the author's participation, have been 

implemented in JSC "Ukrzaliznytsia" to assess the technical condition of freight 

wagons. 

Implementation of dissertation results: 

- at wagon repair enterprises of JSC "Ukrzaliznytsia," the technological 

instruction NDCTI.19-752.00.00.000 TI, developed based on the proposed structural 

solution, is used for repairing grain hopper wagons of model 19-752. This is confirmed 

by an official act dated 14.03.2025 from the "UZ WAGON-SERVICE" branch 

(Appendix A). 

- at the "NDCTI" branch of JSC "Ukrzaliznytsia," the dissertation results 

are applied in developing programs and methodologies for technical diagnostics and 

control tests of grain hopper wagons to extend their operational life, in assessing the 

stress-strain state of freight wagon frames, and in designing new structural solutions 
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for load-bearing freight wagon structures. This is confirmed by an act dated 10.03.2025 

from the "NDCTI" branch of JSC "Ukrzaliznytsia" (Appendix A). 

- the analysis of grain hopper wagon structures, classification of structural 

defects in grain hopper wagons of model 19-752, and the program and methodology 

for technical diagnostics of grain hopper wagons to extend their operational life are 

utilized in the educational process at the State University of Infrastructure and 

Technologies. This is part of the lecture course for the academic component 

"Reliability and Technical Diagnostics of Freight Wagons" at the Department of 

"Wagons and Wagon Facilities" for the preparation of master's degree students in 

specialty 273 "Railway Transport." This is confirmed by an act dated 13.03.2025 

(Appendix A). 

Publications 

In connection with the dissertation topic, the following works have been 

published: 

A total of  20 scientific publications have been published, including 4 scientific 

articles in domestic journals listed in the approved list of scientific specialized 

publications by the Ministry of Education and Science of Ukraine, 1 scientific article 

in a journal indexed in the Scopus database, 7 conference abstracts confirming the 

validation of research results, and an additional 5 articles reflecting the research 

outcomes. Furthermore, 1 Ukrainian utility model patent and 2 copyrights for works 

have been registered, supplementing the practical novelty of the research results. 

Structure of the Dissertation 

In the INTRODUCTION, the choice of the research topic and its relevance are 

substantiated, the relationship of the work with scientific programs, plans, and themes 

is determined, the research objective is formulated, and the object, subject, and 

methods of research are described. The scientific novelty and practical significance of 

the obtained research results are defined, the essence of the author's personal 

contribution to the dissertation work is revealed, information on the testing and 

implementation of the research results is provided, a review of publications is 

presented, as well as a description of the structure and volume of the dissertation work. 
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In SECTION 1, an analysis of scientific and technical literature related to the 

dissertation research direction is conducted, and an analysis of publications on the 

improvement of the design and calculation methods of hopper car frames for grain 

transportation is performed. The necessity of considering the specific operational 

features of grain hopper cars with uneven loading to refine the existing calculation 

methods is confirmed. A structural scheme is developed, according to which an 

analysis of the design features of grain hopper cars is conducted. It is established that 

the hopper car models 19-752 and 11-739 have design deficiencies in the frame at the 

connection point of the spine beam with the rear stop of the absorption device. Based 

on the analysis of commercial failures of freight cars, a specific feature of grain hopper 

cars that may affect their load-bearing capacity is identified4the possibility of their 

operation with uneven loading (cargo shift). The regulatory documentation for the 

maintenance of freight cars does not provide specific requirements to prevent the 

operation of grain hopper cars with uneven loading. Considering the operational 

features of grain hopper cars, where the loading level is not uniform due to non-

compliance with loading requirements and different grain densities, it is advisable to 

account for the unevenness of the inter-bogie static load at the level of 10% when 

designing new structural solutions for the load-bearing structures of grain hopper cars. 

Based on the conducted analysis, the author proposes the following hypothesis: 

failures of the load-bearing structures of grain hopper cars are related to the imperfect 

design of the connection point of the spine beam with the rear stop and excessive 

stresses arising from their operation with uneven loading. 

In SECTION 2, based on an analysis of the freight car fleet, it is determined that 

the grain hopper car model is the most widespread (95% of the total fleet of hopper 

cars). To determine the impact of structural imperfections in the load-bearing structures 

(body frame) of grain hopper cars on their technical condition, a systematic analysis of 

statistical data on operational failures is conducted. It is established that the systematic 

failure of the body frame of the 19-752 grain hopper car model is a crack in the spine 

beam at its connection with the rear stop of the absorption device. Additionally, to 

assess the impact of uneven loading on the load-bearing capacity of the frame, an 
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evaluation of its stress-strain state and a forecast resource calculation considering the 

additional forces from uneven loading are performed. As a result, calculation modes I 

and III for assessing the stress-strain state of the hopper car frame, considering loading 

unevenness, are refined, and the theoretical justification for applying a correction 

coefficient for resource prediction is provided. It is established that unevenly 

distributed cargo in modes I (tension) and III (tension) causes fatigue cracks in the 

riveted joint area due to the abrupt change in stiffness at this connection. 

In SECTION 3, research is conducted to identify and determine the optimal 

structural solution for improving the body frame design of the 19-752 grain hopper car 

model to enhance its load-bearing capacity. To achieve this, an appropriate structural 

research scheme is developed using the cyclic iteration design method, taking into 

account the results of stress accumulation analysis by comparing normal and shear 

stresses with the endurance limit for shear stresses under a pulsating cycle. Based on 

the research results, the optimal structural solution for improving the 19-752 grain 

hopper car frame is determined4applying a variable cross-section reinforcement plate 

at the connection point of the spine beam with the rear stop of the absorption device. 

Theoretical resource prediction calculations confirm the compliance of the chosen 

structural solution with established requirements, considering the correction coefficient 

that accounts for loading unevenness. 

Based on the proposed structural solution, design and technological 

documentation (modernization project) for manufacturing a prototype is developed. 

In SECTION 4, based on the results of the "wedge drop" tests, the stress levels 

arising from the simulation of various vibration types are determined, and these results 

are considered in the calculations of the dynamic stress component to determine the 

fatigue resistance index (resource prediction). The results of resource tests confirm the 

feasibility of further operation of the 19-752 grain hopper car body frame for at least 

seven years. Considering the convergence of theoretical and experimental research 

results, fatigue resistance coefficients for the modernization zone and the pivot beam 

were determined using extrapolation for 40 and 45 years of operation. 
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Thus, the experimental justification for applying a correction coefficient in the 

fatigue resistance margin determination formula (mathematical resource prediction 

model) is confirmed, and the effectiveness of the proposed structural solution for 

improving the 19-752 grain hopper car body frame design is substantiated. 

To confirm the reliability of the proposed structural solution for improving the 

19-752 model car body frame in operation, controlled operation of a test batch of 10 

cars with modernized frames was conducted over four months according to the author's 

program and methodology. The results of the controlled operation were successful, 

with no defects found in the body frame during the controlled operation period. 

Additionally, the frequency of frame body failures in the test batch of cars with 

modernized frames was analyzed (four years before modernization and three years 

after modernization). The results demonstrate a reduction in the total number of failures 

among the studied cars after modernization. 

The estimated economic effect of implementing the dissertation research results 

is assessed by comparing the cost of modernizing the frames of grain hopper cars with 

the cost of new cars. 

The CONCLUSIONS summarize the research results for each section of the 

dissertation and provide an overall conclusion. The research objective was achieved 

using appropriate research methods. The research results contain scientific novelty, 

which can be applied in the stress-strain state of load-bearing structures of grain hopper 

cars and predicting their resource considering the specific operational conditions with 

unevenly distributed cargo. The obtained practical research results have been 

implemented in the railway transport industry. 

Keywords: railway transport, rolling stock, freight cars, hopper car, load-

bearing structures, load-bearing capacity, frame, diagnostics, system analysis, crack, 

failure, shifting cargo, stresses (equivalent stresses), stress-strain state, model, method, 

calculation algorithm, service life, modernization, testing. 
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�> =5A?@02=>AB59 2V7:V2 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 2V4=>ASBPAS 

40=V 7 :>40<8 2EE, @>7?>4V;5==S S:8E ?@54AB02;5=> =0 @8A. 2.3. 
 

 

$8AC=>: 2.3 3 $>7?>4V;5==S =5A?@02=>AB59 2V7:V2  
 

 

�030;P=0 :V;P:VABP &"2-1, &"2-2 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 ?> 

=5A?@02=>ABS< 2V7:V2 AB0=>28BP 87 >4.  

!091V;PHV :V;P:>ABV ?@8?040RBP =0 =5A?@02=>ABV: 220 3 !52V4?>2V4=VABP 

707>@V2 :>27C=0 (21 >4, 24,1%),  214 3 �;0< ?@C68= (21 >4., 24,1%),  212 3 &@VI8=0 

:>2?0:0 :>27C=0 (16 >4., 18,4%) B0 206 3 �;0< (B@VI8=0) :>27C=0 (15 >4., 17,2%). 

 �> =5A?@02=>AB59 02B>7G5?V2 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 

2V4=>ASBPAS 40=V @>74V;C 7 :>40<8 3EE B01;. 2.1. !5A?@02=>ABV, I> <0;8 <VAF5 4;S 

F8E 203>=V2 ?@54AB02;5=V =0 @8A. 2.4 C 283;S4V 4V03@0<8 @>7?>4V;C ?> :V;P:>ABV 

28?04:V2, S:V 70DV:A>20=V ?> ?52=8< :>40< =5A?@02=>AB59. 

 %;V4 707=0G8B8, I> 284V;SRBPAS 13 >A=>2=8E :>4V2 =5A?@02=>ABV ?> S:8< 

DV:ACRBPAS 2V4<>28. 
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$8AC=>: 2.4 3 $>7?>4V;5==S =5A?@02=>AB59 02B>7G5?V2 
 

 

�030;P=0 :V;P:VABP &"2-1, &"2-2 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 ?> 

=5A?@02=>ABS< 02B>7G5?8 AB0=>28BP 45 >4.  

!091V;PHV :V;P:>ABV ?@8?040RBP =0 =5A?@02=>ABV: 348 3 !5A?@02=VABP 

?>3;8=0RG>3> 0?0@0BC (6 >4., 13,3%), 302 3 #@>28A0==S 02B>7G5?8 (8 >4., 17,8%), 

380 3 &@VI8=0 (7;0<) F5=B@CRG>W 10;:8 (8 >4., 17,8%) B0 350 3 "1@82 

(>A;01;5==S) 1>;BC ?V4B@8<CRG>W ?;0=:8 (10 >4., 22,2%). %5@54 =5A?@02=>AB59 

02B>7G5?8 1C;8 70DV:A>20=V 28?04:8 B@VI8=8 :>@?CAC 02B>7G5?C (:>4 304), 7;0< 

(B@VI8=0) C?>@=>W ?;8B8 ?>3;8=0RG>3> 0?0@0BC (:>4 349), B@VI8=0 C40@=>W 

@>75B:8 (:>4 320), B@VI8=0 (7;0<) :;8=0 (20;8:0) BS3>2>3> E><CB0 (:>4 360). 

�> =5A?@02=>AB59 30;P<>2>3> >1;04=0==S 203>=C 2V4=>ASBPAS 40=V 7 :>40<8 

4EE B01;. 2.1. !5A?@02=>ABV 30;P<V2=>3> >1;04=0==S, I> <0;8 <VAF5 4;S 203>=V2-

E>?5@V2 4;S ?5@52575==S 75@=0 ?@54AB02;5=V =0 @8A. 2.5. 

%;V4 707=0G8B8, I> 284V;SRBPAS 18 >A=>2=8E :>4V2 =5A?@02=>ABV ?> S:8< 

DV:ACRBPAS 2V4<>28. 
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$8AC=>: 2.5 3 $>7?>4V;5==S =5A?@02=>AB59 30;P<>2>3> >1;04=0==S 

 

�030;P=0 :V;P:VABP &"2-1, &"2-2 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 ?> 

=5A?@02=>ABS< 30;P<>2>3> >1;04=0==S AB0=>28BP 685 >4.  

!091V;PHV :V;P:>ABV ?@8?040RBP =0 =5A?@02=>ABV:   

455 3 $>7C:><?;5:BC20==S @CG=>3> AB>S=:>2>3> 30;P<0 (233 >4., 34%),                 

403 3 !5A?@02=VABP ?>2VB@>@>7?>4V;P=8:0 (173 >4., 25,3%), 440 3 "A;01;5==S 

:@V?;5==S B@C1  ?>2VB@>?@>2>4C V 30;P<>2>3> >1;04=0==S (53 >4., 7,7%),               

445 3 �020@R20==S 10H<0:C (47 >4., 6,9%) B0 443 3 �;0< 2065;V2 B0 BS3 30;P<V2=>W 

206V;P=>W ?5@540GV (44 >4., 6,4%). 

�> =5A?@02=>AB59 :C7>20 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 

2V4=>ASBPAS 40=V 7 :>40<8 5EE B01;. 2.1.  

!5A?@02=>ABV ?> :C7>2C 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 

?@54AB02;5=V =0 @8A. 2.6. 

%;V4 707=0G8B8, I> 284V;SRBPAS 8 >A=>2=8E :>4V2 =5A?@02=>ABV ?> S:8< 

DV:ACRBPAS 2V4<>28. 

Кі
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Eт

ь,
 о

д.

Код неEпD46ноEті
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$8AC=>: 2.6 3 $>7?>4V;5==S =5A?@02=>AB59 :C7>20 

 

�030;P=0 :V;P:VABP &"2-1, &"2-2 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 ?> 

=5A?@02=>ABS< :C7>20 AB0=>28BP 647 >4. !091V;PHV :V;P:>ABV ?@8?040RBP =0 

=5A?@02=>ABV: 549 3 !5A?@02=VABP 20=B06=>-@>720=B06C20;P=8E <5E0=V7<V2 

A?5FV0;V7>20=8E 203>=V2 (506 >4., 78,2%) B0 567- &@VI8=0 (7;0<) AE>4V2, ?>@CG=V2 

B0 ?V4=V6>: (125 >4., 19,3%). 

�> =5A?@02=>AB59 @0<8 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 2V4=>ASBPAS 

40=V 7 :>40<8 6EE B01;. 2.1. !5A?@02=>ABV @0<8, I> <0;8 <VAF5 4;S 203>=V2-

E>?5@V2 4;S ?5@52575==S 75@=0 ?@54AB02;5=V =0 @8A. 2.7. 

 
 

$8AC=>: 2.7 - $>7?>4V;5==S =5A?@02=>AB59 @0<8 203>=V2-E>?5@V2 4;S 

?5@52575==S 75@=0 
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Eт
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�030;P=0 :V;P:VABP &"2-1, &"2-2 ?> =5A?@02=>ABS< @0<8 :C7>20 AB0=>28BP 

320 >4. !091V;PHV :V;P:>ABV 2V4=>ASBPAS =0 =5A?@02=>ABV: 613 3 &@VI8=0 =0 ABV=FV 

E@51B>2>W 10;:8  (120 >4., 37,5%), 621 3 &@VI8=0 :V=F528E 10;>: (101 >4., 31,6%) 

B0 618 3 �;0< (B@VI8=0, >1@82) @>7:>AV2 (83 >4., 25,9%). 

#@>BS3>< @>73;S=CB>3> ?5@V>4C 5:A?;C0B0FVW B0:>6 <0;8 <VAF5 5 28?04:V2 

B5E=VG=>3> >1A;C3>2C20==S ?> =5A?@02=>ABV 849 3 !0A:@V7=89 :>@>7V9=89 7=>A 

1VG=8E ABV= B0 40EC 1V;PH =V6 25% ?>25@E=V, :>4 8EE B01;. 2.1, 0 B0:>6 

70DV:A>20=V B5E=VG=V >1A;C3>2C20==S ?> =5A?@02=>ABS< =5 ?>2’S70=8< 7 

B5E=VG=8< AB0=>< 203>=V2, :>4 9EE B01;. 2.1. #5@5;V: =5A?@02=>AB59 40=>W 3@C?8 

?@54AB02;5=89 =0 @8A. 2.8. 

 
 

$8AC=>: 2.8 3 $>7?>4V;5==S 2V4<>2 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0, I> 

=5 ?>2’S70=V 7 WE ?>B>G=8< B5E=VG=8< AB0=>< 

 

 �=0;V7 AC<0@=8E :V;P:>AB59 5:A?;C0B0FV9=8E =5A?@02=>AB59 203>=V2-

E>?5@V2 4;S ?5@52575==S 75@=0 2V4=>A=> 3@C? WE >1;04=0==S (@8A. 2.3 3 2.8) 

?>:0702 (@8A. 2.9), I> =091V;PHV :V;P:>ABV 2V4<>2 ?@8E>4SBPAS =0 =0ABC?=V 3@C?8: 

=5A?@02=>ABV 30;P<>2>3> >1;04=0==S 203>=0, :>4 4EE (685 >4, 35,8%), 

=5A?@02=>ABV :C7>20 203>=C, :>4 5EE (647 >4., 33,8%) B0 =5A?@02=>ABV @0<8 

203>=C, :>4 6EE (320 >4., 16,7%).  
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$8AC=>: 2.9 3 $>7?>4V;5==S :V;P:>ABV 2V4<>2 4>A;V465=8E 203>=V2-E>?5@V2 4;S 

?5@52575==S 75@=0 ?> 3@C?0< WE >1;04=0==S  

 

/:I> @>73;S=CB8 >B@8<0=C 281V@:C ?> 28:>=0=8< B5E=VG=8< 

>1A;C3>2C20==S< 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 7 B>G:8 7>@C @>:C 

?>1C4>28 203>=V2, B> @>7@0EC=:>289 A5@54=V9 2V: 203>=0-E>?5@0 4;S ?5@52575==S 

75@=0 =0 =5A?@02=VABP AB0=>28BP 31,96 @>:8, <568 @>7?>4V;5==S 2V:C 2V4 1 4> 43 

@>:V2. $>7?>4V; :V;P:>ABV 203>=V2, I> 4>A;V46C20;8AS, 2V4=>A=> WE 2V:>28E 3@C? 

?@54AB02;5=> =0 @8A. 2.10.  

�3V4=> >B@8<0=8E @57C;PB0BV2 4>A;V465==S  2AB0=>2;5=>, I> 4;S >1@0=>W 

281V@:8 40=8E ?> =5A?@02=>ABS<, 90% B5E=VG=8E >1A;C3>2C20=P 7 2V4G5?;5==S< 

203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 ?> =5A?@02=>ABS< WE >1;04=0==S 

?@8E>4SBPAS =0 203>=8, I> ?5@528I8;8 2AB0=>2;5=89 =>@<0B82=89 AB@>: 

A;C618 30 @>:V2.  

' 72'S7:C 7 F8<, <>6=0 7@>18B8 28A=>2>:, I> ?VA;S =0AB0==S ?@87=0G5=>3> 

AB@>:C A;C618 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 A;V4 ?5@53;S=CB8 A8AB5<C 

B5E=VG=>3> 4V03=>ABC20==S B0 @5<>=BC 2 G0AB8=V 2?@>20465==S C4>A:>=0;5==S 

:>=AB@C:FV9 7 <5B>R ?>:@0I5==S WE =04V9=>ABV B0 =5A=>W 740B=>ABV. 

1хх 2хх 3хх 4хх 5хх 6хх 8хх 9хх
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$8AC=>: 2.10 3 $>7?>4V;5==S :V;P:>ABV 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 ?> 

2V:>28< 3@C?0< 7 <><5=BC WE ?>1C4>28 

 

�7 7030;P=>W :V;P:>ABV ?0@:C 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0                 

�& «':@70;V7=8FS» (11 634 >4.) BV;P:8 70 420 <VASFV WE 5:A?;C0B0FVW 1C;8 

2V4G5?;5=V C ?>70?;0=>289 @5<>=B (&"2-1 B0 &"2-2) 1913 203>=V2, I> AB0=>28BP 

16,4% 2V4 7030;P=>3> ?0@:C. &0:V @57C;PB0B8 A2V4G0BP ?@> =87P:89 @V25=P 

3>B>2=>ABV ?0@:C 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 �& «':@70;V7=8FS» [2]. 

$07>< 7 F8< 287=0G5=>, I> 7=0G=89 2?;82 =0 B5E=VG=89 AB0= 2 5:A?;C0B0FVW 

203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 <0RBP 2V4<>28 @0<8 :C7>20, 7>:@5<0 

=091V;PHV :V;P:>ABV 2V4<>2 @0<8 203>=0 2V4=>ASBPAS B@VI8=8 =0 ABV=FV E@51B>2>W 

10;:8  (120 >4., 37,5%), I> A2V4G8BP ?@> =5>1EV4=VABP ?@>2545==S 4>A;V465=P 

I>4> :>=AB@C:FV9=>3> C4>A:>=0;5==S @0<8. 

"A=>2=V @57C;PB0B8 ?@>2545=8E 4>A;V465=P ?@82545=V 2 ?@0FSE [33-35]. 

 

2.2 %8AB5<=89 0=0;V7 B5E=VG=>3> AB0=C @0< :C7>2V2 203>=V2-E>?5@V2 4;O 
?5@52575==O 75@=0 

�;S ?@>2545==S A8AB5<=>3> 0=0;V7C B5E=VG=>3> AB0=C @0< :C7>2V2 203>=V2-

E>?5@V2 4;S ?5@52575==S 75@=0 1C;> @>73;S=CB> 281V@:C V7 667 203>=V2-E>?5@V2 

4;S ?5@52575==S 75@=0, S:8< 1C;> ?@>2545=> B5E=VG=5 4V03=>ABC20==S 7 <5B>R 

?@>4>265==S B5@<V=C 5:A?;C0B0FVW ?@>BS3>< 2016-2017 @>:V2 73V4=> [36].  

90,2%

0,7%
9,1%

2V4 30 @>:V2 B0 1V;PH5
2V4 20 4> 29 @>:V2
2V4 1 4> 19 @>:V2



79 

�0 @57C;PB0B0<8 0=0;V7C B5E=VG=8E @VH5=P [36] I>4> ?@>4>265==S B5@<V=C 

5:A?;C0B0FVW 2840=8E DV;VєR «!��&�» �& «':@70;V7=8FS» 2AB0=>2;5=>, I> C   

100 203>=V2 V7 667 >3;S=CB8E 1C;> 28S2;5=V 45D5:B8 =5A=8E :>=AB@C:FV9 (@8A. 

2.11). 

 

 

 

$8AC=>: 2.11 3 %?V22V4=>H5==S 45D5:B=8E B0 15745D5:B=8E =5A=8E 

:>=AB@C:FV9 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 70 @57C;PB0B0<8          

B5E=VG=>3> 4V03=>ABC20==S 

 

"B65, 70 @57C;PB0B0<8 B5E=VG=>3> 4V03=>ABC20==S 203>=V2-E>?5@V2 4;S 

?5@52575==S 75@=0 2AB0=>2;5=>, I> C 15 % 203>=V2 (100 >4.) 28S2;5=> 45D5:B8 

=5A=8E :>=AB@C:FV9. 

->1 287=0G8B8 B8?8 28S2;5=8E 45D5:BV2 =5A=8E :>=AB@C:FV9 203>=V2-

E>?5@V2 4;S ?5@52575==S 75@=0 B0 ?@>25AB8 WE 0=0;V7 7 <5B>R 287=0G5==S 

70:>=><V@=>ABV <VAFP WE 28=8:=5==S 2 @0<V @>7@>1;5=> 2V4?>2V4=C AE5<C 7 

:>4C20==S< >A=>2=8E ?0@0<5B@V2 (@8A. 2.12).  

�5D5:B8 A0<>3> :C7>20 (>1H828 B0 ABV9>:) 2 0=0;V7V =5 @>73;S40RBPAS. 

 

667

100

�57 45D5:BV2 @0<8 :C7>20 � 45D5:B0<8 @0<8 :C7>20
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$8AC=>: 2.12 3 %E5<0 0=0;V7C 45D5:BV2 =5A=8E :>=AB@C:FV9 203>=V2-

E>?5@V2 4;S ?5@52575==S 75@=0 

 

�=0;V7 28:>=C202AS ?> :0@B0E :>=B@>;R [36] A:;045=8E 70 @57C;PB0B0<8 

B5E=VG=>3> 4V03=>ABC20==S 100 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 7 

2@0EC20==S< @>7@>1;5=>W AE5<8. 

$57C;PB0B8 0=0;V7C 70=5A5=V 4> B01;. 2.2. 

�87=0G5==S B8?C 45D5:BC 
(E0@0:B5@C @C9=C20==S) 

&@VI8=0  
(:>4 - &$) 

�5D>@<0FVS  
(:>4 -�) 

!04<V@=0 :>@>7VS 
(:>4 - �) 

�87=0G5==S <VAFS @>7B0HC20==S 
45D5:BC 

,2>@=52V B0 
?@><V6=V 10;:8 

(:>4 1) 

)@51B>20 10;:0 B0 
WW 5;5<5=B8  
(:>4 2) 

�V=F52V 10;:8  
(:>4 3) 

�8A=>2:8 
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&01;8FS 2.2 3 �=0;V7 40=8E I>4> 28S2;5=8E 45D5:BV2 @0<8 :C7>20 

№ 
?/? 

!><5@ 
203>=C 

 >45;ь 
203>=C 

$V: 
?>1C4>28 

$>7<VI5==O 45D5:BC 
�>4 1 �>4 2 �>4 3 

1 95615928 19-752 1987  &$  

2 95453965 19-752 1985  &$ &$ 

3 95525853 19-752 1986  &$  

4 95615233 19-752 1987  &$  

5 95759783 19-752 1988   &$  

6 95619086 19-752 1987   &$  

7 95531513 19-752 1986 � &$  

8 95523155 19-752 1986  &$  

9 95679320 19-752 1986 &$ &$  

10 95625927 19-752 1987  &$  

11 95529459 19-752 1986  &$  

12 95516910 19-752 1985  &$  

13 95616348 19-752 1987  &$  

14 95633921 19-752 1986  &$  

15 95320719 19-752 1986  &$  

16 95529418 19-752 1986  &$  

17 95667051 19-752 1987  &$ &$ 

18 95524583 19-752 1986  &$  

19 95524930 19-752 1986 &$ &$ &$ 

20 95618815 19-752 1987  &$  

21 95523114 19-752 1986  &$  

22 95712865 19-752 1987  &$  

23 95449831 19-752 1985 &$ &$  

24 95524278 19-752 1986  &$  

25 95526828 19-752 1986  &$  

26 95527255 19-752 1986  &$  

27 95682589 19-752 1986  &$  

28 95750873 19-752 1988  &$  

29 95678850 19-752 1986 &$ &$  

30 95530028 19-752 1986  &$  

31 95620076 19-752 1987  &$  

32 95524914 19-752 1986 � &$  

33 95529947 19-752 1986  &$  

34 95636346 19-752 1987  &$  

35 53203550 19-752 1986   &$  

36 95530135 19-752 1986  &$  

37 95678660 19-752 1986  &$ &$ 

38 95224879 19-752 1986   &$  

39 95543484 19-752 1985  &$  

40 95530473 19-752 1986  &$  

41 95683926 19-752 1987   &$  

42 95523635 19-752 1986 &$ &$, � � 

43 95447223 19-752 1985  &$  

44 95526877 19-752 1986   &$  

45 95531273 19-752 1986   &$  
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№ 
?/? 

!><5@ 
203>=C 

 >45;ь 
203>=C 

$V: 
?>1C4>28 

$>7<VI5==O 45D5:BC 
�>4 1 �>4 2 �>4 3 

46 95683140 19-752 1987   &$  

47 95628582 19-752 1985 &$ &$, � � 

48 95373361 19-752 1986  &$  

49 95523874 19-752 1986  &$  

50 95487476 19-752 1986   &$  

51 95531307 19-752 1986   &$  

52 95620985 19-752 1987  &$  

53 95683934 19-752 1987  &$  

54 95643763 19-752 1986   &$  

55 95619151 19-752 1987  &$  

56 95696274 19-752 1985   &$  

57 95667713 19-752 1987   &$  

58 95532818 19-752 1986   &$  

59 95452454 19-752 1985  &$  

60 95668257 19-752 1987  &$  

61 95526281 19-752 1986   &$  

62 95561452 19-752 1986  &$  

63 95643540 19-752 1984  &$  

64 95451118 19-752 1985   &$  

65 95542411 19-752 1985  &$  

66 95542510 19-752 1985  &$  

67 95540720 19-752 1985  &$  

68 95543070 19-752 1985  &$  

69 95529251 19-752 1986   &$  

70 95539227 19-752 1985   &$  

71 95666970 19-752 1987  &$  

72 95681482 19-752 1986  &$ &$ 

73 95682001 19-752 1986  &$  

74 95249413 19-752 1986  &$  

75 95526919 19-752 1986 &$ &$  

76 95529566 19-752 1986   &$  

77 95645107 19-752 1984   &$  

78 95451381 19-752 1985  &$  

79 95336749 19-752 1985   &$ &$ 

80 95423471 19-752 1985 &$ &$  

81 95446944 19-752 1985   &$  

82 95449963 19-752 1985   &$  

83 95524534 19-752 1986   &$  

84 95543740 19-752 1985   &$  

85 95613865 19-752 1986   &$  

86 95682621 19-752 1986   &$  

87 95430773 19-752 1985   &$  

88 95448254 19-752 1985   &$  

89 95449500 19-752 1985   &$  

90 95523015 19-752 1986   &$  

91 95541074 19-752 1985 &$ &$  
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95 95523023 19-752 1986   &$  

96 95682803 19-752 1986 &$ &$  

97 95528915 19-752 1986   &$  

98 95448486 19-752 1985   &$  

99 95452942 19-752 1985 &$ &$  
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=5>1EV4=> @>7@>18B8 @>7@0EC=:>2C (<0B5<0B8G=C) <>45;P @0<8 :C7>20 203>=0-
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=0?@C65=>-45D>@<>20=>3> AB0=C) [37] 7 2@0EC20==S< =54>;V:V2 :>=AB@C:FVW B0 

=5@V2=><V@=>ABV WE =020=B065==S . 

 

2.3 "A>1;82>ABV @>7@0EC=:V2 =5A=8E A8AB5< 203>=0-E>?5@0 4;O 
?5@52575==O 75@=0 

#@>BS3>< 2AP>3> AB@>:C 5:A?;C0B0FVW 203>= 7=0E>48BPAS ?V4 4VєR 2;0A=>W 

2038 (2030 B0@8), 25;8G8=0 S:>W 70;8H0єBPAS ?>ABV9=>R. ' ?5@V>4 <V6 

7020=B065==S< B0 @>720=B065==S< =0 203>= 4Vє 2030 20=B06C, S:0 =07820єBPAS 

:>@8A=8< =020=B065==S<. !020=B065==S, I> ?>ABV9=> 4VRBP =0 203>= (=5 

70;560BP 2V4 G0AC), =07820RBP AB0B8G=8<8. �@V< B>3>, =0 :C7>2 203>=0 ?@8 

74V9A=5==V <0=52@>28E >?5@0FV9 C 7020=B065=><C AB0=V 4Vє 7CA8;;S @>7?>@C 

=0A8?=>3> 20=B06C, 0 ?@8 7G5?;5==V 3 7CA8;;S C40@C [38]. 
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=5A?@8SB;825 A?>;CG5==S 7CA8;P 73V4=> 7 @>7@0EC=:>28<8 @568<0<8. 
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- :207VAB0B8G=V @>7BS3C20==S G8 AB8A:C20==S ?@8:;045=V 4> C?>@V2 

02B>7G5?C >1>E :V=FV2 203>=0; 

- A8;8 C40@C G8 @82:0, ?@8:;045=V 4> C?>@V2 02B>7G5?C >4=>3> :V=FS 203>=0 

9 C@V2=>206CRBPAS A8;0<8 V=5@FVW <0A 203>=0. 

 

2.3.2 $>7@0EC=>: =0 <VF=VABP ?@8 �� @>7@0EC=:>2><C @568<V 

«II» 4>40B:>289 A?5FV0;P=89 @>7@0EC=:>289 @568< 2AB0=>2;RєBPAS 4;S 

>:@5<8E B8?V2 203>=V2, 0 =5>1EV4=VABP ?@>2545==S @>7@0EC=:C 2:07CєBPAS C 

B5E=VG=><C 70240==V =0 ?@>5:BC20==S. #@8 @>7@0EC=:0E 2@0E>2CRBP A8;8, I> 

CB2>@RRBP =5A?@8SB;825 ?>є4=0==S =020=B065=P 4;S 40=>3> B8?C 203>=0 (?@8 

@5<>=B=8E >?5@0FVSE, 7020=B06C20;P=>-@>720=B06C20;P=8E >?5@0FVSE B>I>). 

' 28?04:C 4>A;V465==S <VF=>ABV =5A=>W :>=AB@C:FVW :C7>20 203>=0 ?@8 

@5<>=B=8E >?5@0FVSE 4> C2038 ?@89<0єBPAS 4VS A8;, I> 28=8:0RBP ?@8 

?>B>G=><C @5<>=BV: 

0) 4VS A8;8 BS6V==S, I> 2@V2=>2065=0 G>B8@<0 @50:FVS<8 2 7>=0E, 

?5@5410G5=8E 4;S ?V49><C 203>=0 =0 4><:@0B0E; 

1) 4VS A8;8 BS6V==S, I> 2@V2=>206CєBPAS G>B8@<0 @50:FVS<8 2 :V=F528E 

G0AB8=0E H2>@=528E 10;>:; 

2) 4VS A8;8 BS6V==S, I> 2@V2=>206CєBPAS 42><0 @50:FVS<8 2 :V=F528E 

G0AB8=0E >4=VєW H2>@=52>W 10;:8 B0 ?’SB=8:C 7 ?@>B8;56=>3> 1>:C 203>=0; 
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3) 4VS A8;8 BS6V==S (157 C@0EC20==S A8;8 BS6V==S 20=B06C), I> 

2@V2=>206CєBPAS @50:FVS<8 2 42>E :V=F528E G0AB8=0E H2>@=528E 10;>:, 

@>7<VI5=8E 70 4V03>=0;;R 203>=0; 

4) 4VS A8;8 BS6V==S, I> 2@V2=>206CєBPAS 42><0 @50:FVS<8 2 :V=F52V9 10;FV 

2 7>=0E =0 2V4AB0=V 0,79 < 2V4 >AV :>;VW B0 ?’SB=8:C 7 ?@>B8;56=>3> 1>:C 203>=0. 

#@8 =0S2=>ABV 4>40B:>28E AE5< ?V49><C :C7>20 203>=0, I> ?5@5410G5=V 

5:A?;C0B0FV9=8<8 4>:C<5=B0<8, 4;S =8E ?>28==0 1CB8 287=0G5=0 <VF=VABP 

=5A=>W :>=AB@C:FVW. ' 40=V9 @>1>BV 4>2V4:>2> ?@>2>48;>AP 4>A;V465==S 2?;82C 

70?@>?>=>20=>3> :>=AB@C:FV9=>3> @VH5==S I>4> C4>A:>=0;5==S :>=AB@C:FVW 

@0<8 :C7>20 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 2 @5<>=B=8E @568<0E (C B.G. 

020@V9=><C), S:V ?5@5410G0RBP ?V4V9<0==S 203>=0 =0 4><:@0B0E. 

 

2.3.3 $>7@0EC=>: =0 <VF=VABP ?@8 ��� @>7@0EC=:>2><C @568<V 

#@8 ��� @>7@0EC=:>2><C @568<V 4> C2038 ?@89<0єBPAS 25@B8:0;P=5 

AB0B8G=5 =020=B065==S, I> 287=0G0єBPAS 70 D>@<C;>R (2.1). 

�5@B8:0;P=5 48=0<VG=5 =020=B065==S @>7@0E>2CєBPAS 70 D>@<C;>R: 

                                                ,                                             (2.7) 

 

45: k86 3 :>5DVFVє=B 25@B8:0;P=>W 48=0<V:8, S:89 @>7@0E>2CєBPAS 70 

D>@<C;>R: 

                                        ,                            (2.8) 

 

45  3 <0B5<0B8G=5 >GV:C20==S;  

β 3 :>5DVFVє=B @>7?>4V;C, 4;S 20=B06=8E 203>=V2 β = 1,15; 

 (k86) 3 V<>2V@=VABP :>5DVFVє=B0 25@B8:0;P=>W 48=0<V:8,  (k86) = 0,97. 

 

                                         ,                             (2.9) 

 

45: 4 3 157@>7<V@=89 :>5DVFVє=B, I> 70;568BP 2V4 B8?C 2C7;0, 4=0,05; 
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6 k P 
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kPπβ
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42k

AB

4 15
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b4k86
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b 3 :>5DVFVє=B A?V22VA=>ABV, @>7@0E>2CєBPAS 70 D>@<C;>R: 

 

                                                   ,                                               (2.10) 

 

45 n’ 3 G8A;> >A59 C 2V7:C 01> C 3@C?V 2V7:V2 ?V4 >4=8< :V=F5< 203>=0,            

n = 2. 

V 3 :>=B@C:FV9=0 H284:VABP, V = 33 </A; 

fEF 3 AB0B8G=89 ?@>38= @5AA>@=>3> ?V42VHC20==S, fEF = 0,45 <. 

 

�V4F5=B@>25 =020=B065==S @>7@0E>2CєBPAS 70 D>@<C;>R:  

 

                                                 ,                                             (2.11) 

 

45: ɳ 3 :>5DVFVє=B 4;S 20=B06=8E 203>=V2 , ɳ = 0,075. 

 

�VB@>25 =020=B065==S 287=0G0єBPAS 70 D>@<C;>R: 

 

                                                    ,                                         (2.12) 

 

45: Ì6 3 ?8B><89 B8A: 2VB@C, Ì6  = 0,5 :!/<2; 

F5  3 ?;>I0 1>:>2>W ?@>5:FVW :C7>20, <2. 

 

�>:>2V A8;8 48=0<VG=>W 270є<>4VW 203>=0 B0 :>;VW (@0<=5 7CA8;;S) 

287=0G0єBPAS 70 D>@<C;>R: 

 

                                      ,                            (2.13) 
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45:  3 <0B5<0B8G=5 >GV:C20==S @0<=>3> 7CA8;;S; 

 (�D) 3 V<>2V@=VABP @0<=>3> 7CA8;;S,  (�D) = 0,97. 

&>4V <0B5<0B8G=5 >GV:C20==S @0<=>3> 7CA8;;S 4>@V2=Rє: 

 

                                            ,                                  (2.14) 

 

45:  3 :>5DVFVє=B, I> 70;568BP 2V4 B8?C E>4>28E G0AB8=, = 0,003. 

 

I=5@Fi9=i =020=B065==S @>7@0E>2CєBPAS 70 D>@<C;>R: 

 

                                           ,                                                 (2.15) 

 

45: N 3 =>@<>20=0 25;8G8=0 ?>274>26=P>3> =020=B065==S, I> ?@8:;045=0 

4> 02B>7G5?C, :!; 

�5D  3 <0A0 1@CBB> 203>=0, B;  

m 3 <0A0 :C7>20, B. 

  

�5@B8:0;P=0 A8;0, I> 7C<>2;5=0 4VєR A8; V=5@FVW 

 

                                             ,                                             (2.16) 

 

45:  hk 3 25@B8:0;P=0 2V4AB0=P 2V4 F5=B@C 2038 203>=0 4> >AV 02B>7G5?C, <. 

 

                                          ,                                                   (2.17) 

 

45: hJ 3 2V4AB0=P 2V4 >AV :>;VA=>W ?0@8 4> F5=B@C 2038, hJ  = 2 <; 

r 3 @04VCA A5@54=P>7=>H5=>3> :>;5A0, r = 0,475 <; 

ha 3 2V4AB0=P 2V4 25@E0 3>;>2:8 @59:8 4> >AV 02B>7G5?C, ha  = 0,95 <. 
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�5@B8:0;P=0 A8;0, I> 7C<>2;5=0 4VєR 1>:>28E A8; 287=0G0єBPAS 70 

D>@<C;>R: 

 

                                          ,                                       (2.18) 

 

45: �J, �6 3 2V4?>2V4=> 2V4F5=B@>25 B0 2VB@>25 =020=B065==S, :!; 

hJ, h6 3 25@B8:0;P=V 2V4AB0=V 2V4 B>G:8 ?@8:;045==S 7CA8;P 4> B>G:8 

4>40B:>2>3> 7020=B065==S 01> @>720=B065==S, hJ  = 1,2 <, h6  = 2 <; ÿ′ 3 G8A;> >4=>9<5==8E ?0@0;5;P=> 7020=B065=8E 2C7;V2; ÿ′3 3>@87>=B0;P=0 2V4AB0=P <V6 B>G:0<8 4>40B:>2>3> 7020=B065==S >1> 
@>720=B065==S, b’ = 0,76 <. 

 

�5@B8:0;P=5 7CA8;;S, S:5 ?@8:;045=5 4> C?>@V2 02B>7G5?C 287=0G0єBPAS: 
 

                                          ,                                                (2.19) 

 

45: N 3 =>@<>20=5 ?>274>26=є 7CA8;;S, :!; 

l 3 @V7=8FS @V2=S >A59 02B>7G5?C, l = 0,1 <; 

4 3 @>7@0EC=:>20 4>268=0 :>@?CAC 02B>7G5?C(?@8 AB8A:0==V a = 1 <, ?@8 

@>7BS3C20==V 4 = 0,9 <). 

�>:>2V 7CA8;;S, S:V 4VRBP =0 203>= G5@57 02B>7G5?=89 ?@8AB@V9: 

3 ?@8 30;P<C20==V:  

 

                                  ,                          (2.20) 

 

45: N 3 =>@<>20=5 ?>274>26=є 7CA8;;S; 

· 3 <>6;825 >4=>1VG=5 7<VI5==S H:2>@=52>3> ?5@5@V7C :C7>20 70 @0EC=>: 

707>@V2 <V6 5;5<5=B0<8 203>=0, ·=0,04 <; 
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L 3 ?>;>28=0 2V4AB0=V <V6 704=V<8 C?>@=8<8 ?>25@E=S<8 C?>@V2 

02B>7G5?=>3> ?@8AB@>R, <; 

LC 3 ?>;>28=0 4>268=8 203>=0 70 >AS<8 7G5?;5==S 02B>7G5?V2, <; 

l5  3 ?>;>28=0 1078 203>=0, <; 

R 3 @>7@0EC=:>289 @04VCA :@82>W, R = 250 <. 

 

3 ?@8 2?8AC20==V 2 :@82C 4V;P=8FR :>;VW: 

 

                                                ,                                             (2.19) 

 

+8A5;P=V 7=0G5==S >A=>2=8E 7CA8;P, S:V 4VRBP =0 =5A=C :>=AB@C:FVR :C7>20 

203>=0-E>?5@0 ?@8 ��� @>7@0EC=:>2><C @568<V =02545=V 2 B01;. 2.5. 

 

&01;8FS 2.6 3 +8A5;P=V 7=0G5==S 7CA8;P, S:V 4VRBP =0 =5A=C :>=AB@C:FVR 

:C7>20 ?@8 ��� @>7@0EC=:>2><C @568<V 

&8? 7CA8;;S �=0G5==S, :! 

�5@B8:0;P=5 AB0B8G=5 829,926 

�5@B8:0;P=5 48=0<VG=5 99,59 

�V4F5=B@>25 156,35 

$0<=5 202,94 

�VB@>25 17,1 

 

�5;8G8=8 ?>274>26=VE A8;, S:V 4VRBP =0 203>= ?@8 ��� @>7@0EC=:>2><C 

@568<V =02545=V 2 B01;. 2.7. 

 

&01;8FS 2.7 3 �5;8G8=8 ?>274>26=VE A8;, S:V 4VRBP =0 203>= ?@8 «���» 

@>7@0EC=:>2><C @568<V 

�5;8G8=0 ?>274>26=P>W A8;8,  ! 

�207VAB0B8G=0 A8;0 '40@, @82>: 
31,0 

+1,0 

31,0 

+1,0 
 

R
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$>7@0EC=:>2V 7=0G5==S 7CA8;P @>7?>@C =0A8?=>3> 20=B06C =0 ABV=8 :C7>20 

203>=0-E>?5@0 ?@8 «���» @>7@0EC=:>2><C @568<V =02545=V 2 B01;8FSE 2.8, 2.9. 

 

&01;8FS 2.8 3 +8A5;P=5 7=0G5==S B8A:C @>7?>@C =0A8?=>3> 20=B06C =0 

5;5<5=B8 1>:>28E ABV=>: :C7>20 203>=0-E>?5@0 

�;5<5=B8 1>:>2>W ABV=:8 
&8A: =0A8?=>3> 20=B06C, 

:#0 
�V=F52V 23,6 

#@><V6=V 43,42 

#>25@E=S ABV=:8 39,64 

 

&01;8FS 2.9 3 +8A5;P=5 7=0G5==S B8A:C @>7?>@C =0A8?=>3> 20=B06C =0 

5;5<5=B8 B>@F52>W ABV=:8 :C7>20 203>=0-E>?5@0 

�;5<5=B B>@F52>W ABV=:8 &8A: =0A8?=>3> 20=B06C, 
:#0 

�V=F52V ABV9:8 35,39 

#@><V6=V ABV9:8 70,78 

#>25@E=S ABV=:8 35,39 

 

2.4 #>1C4>20 @>7@0EC=:>2>W <>45;V 4;O >FV=:8 =0?@C65=>-
45D>@<>20=>3> AB0=C @0<8 203>=0-E>?5@0 4;O ?5@52575==O 75@=0 

2.4.1 "?8A <0B5<0B8G=>3> 0?0@0BC 4;S >FV=:8 =0?@C65=>-45D>@<>20=>3> 

AB0=C @0<8 :C7>20 

�;S ?@>2545==S >FV=:8 =0?@C65=>-45D>@<>20=>3> AB0=C (<VF=VA=8E 

@>7@0EC=:V2) @0<8 203>=0-E>?5@0 <>45;V 19-752 1C;> 70AB>A>20=> <5B>4 :V=F528E 

5;5<5=BV2 [10, 39], S:89 @50;V7>20=89 2 A8AB5<V 02B><0B87>20=>3> ?@>є:BC20==S 

SolidWorks Simulation [41]. 

SolidWorks Simulation 3 ?0:5B ?@>3@0<, ?@87=0G5=89 4;S V=65=5@=8E 

@>7@0EC=:V2 :>=AB@C:FV9 V 0=0;V7C DV78G=8E ?@>F5AV2, ?>2'S70=8E 7 =8<8, 

70A=>20=89 =0 <5B>4V :V=F528E 5;5<5=BV2 V ?@87=0G5=89 4;S ?@>2545==S 0=0;V7C 

=0?@C65=>-45D>@<>20=>3> AB0=C :>=AB@C:FV9.  

 5B>4 :V=F528E 5;5<5=BV2 (40;V 3  ��) 2 G8A5;P=89 <5B>4 @VH5==S 

48D5@5=FV0;P=8E @V2=S=P 7 G0AB8==8<8 ?>EV4=8<8, 0 B0:>6 V=B53@0;P=8E 
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@V2=S=P, I> 28=8:0RBP ?@8 28@VH5==V 70240=P <5E0=V:8 B0 DV78:8 [10, 39]. %CBP 

 �� ?>;S30є 2 B><C, I> 4>A;V46C20=0 >1;0ABP @>71820єBPAS =0 :V=F52V 5;5<5=B8, 

2 :>6=><C 7 5;5<5=BV2 4>2V;P=> 2818@0єBPAS 284 0?@>:A8<CRG>W DC=:FVW V ?>BV< 

7=0E>4SBPAS 7=0G5==S F8E DC=:FV9 =0 :>@4>=0E 5;5<5=BV2. #@>F5A ?>4V;C <>45;V 

=0 <0;V G0AB8=8 =07820єBPAS AB2>@5==S< AVB:8. � SolidWorks Simulation 

28:>@8AB>2CRBPAS ?@>AB>@>2V, >1>;>=:>2V, 10;:>2V V A?5FV0;P=V AVB:8. 

#@>AB>@>2V 5;5<5=B8 70AB>A>2CRBP 4;S >1'є<=8E BV; V CB2>@RRBP AVB:C 7 

B5B@054@0;P=8<8 B25@4>BV;P=8<8 5;5<5=B0<8 4;S :>6=>3> B25@4>3> BV;0 V 

1C20RBP 42>E B8?V2: 

  

0) 1) 

$8AC=>: 2.19 3 �V=V9=89 (0) B0 ?0@01>;VG=89 (1) ?@>AB>@>289 5;5<5=B 

 

"1>;>=:>2V 5;5<5=B8 70AB>A>2CRBP 4;S B>=:>ABV==8E 45B0;59 (7 ;8AB>2>3> 

<5B0;C) V CB2>@RRBP AVB:C 7 B@8:CB=8<8 5;5<5=B0<8 V 1C20RBP B0:>6 42>E B8?V2: 

  

0) 1) 

$8AC=>: 2.20 3 �V=V9=89 (0) B0 ?0@01>;VG=89 (1) >1>;>=:>289 5;5<5=B 

 

�0;:>2V 5;5<5=B8 70AB>A>2CRBPAS 4;S <>45;59 AB2>@5=8E @CE>< 

?>ABV9=>3> ?>?5@5G=>3> ?5@5@V7C 70 45S:>R B@0є:B>@VW, V 287=0G0єBPAS 42><0 

:V=F528<8 B>G:0<8 V ?>?5@5G=8< ?5@5@V7><. 
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$8AC=>: 2.21 3 �0;:>289 5;5<5=B 

 

�><1V=>20=0 AVB:0 02B><0B8G=> 70AB>A>2CєBPAS, :>;8 2 <>45;V ?@8ACB=V 

@V7=V 35><5B@8G=V D>@<8. 

� >A=>2V  �� ;568BP 48A:@5B870FVS >1'є:B0 7 <5B>R @>72'S70==S @V2=S=P 

<5E0=V:8 =5?5@5@2=>3> A5@54>28I0 7 ?@8?CI5==S<, I> FV A?V22V4=>H5==S 

28:>=CRBPAS 2 <560E :>6=>W 7 5;5<5=B0@=8E >1;0AB59. *V >1;0ABV =07820RBPAS 

:V=F528<8 5;5<5=B0<8. �>=8 <>6CBP 2V4?>2V40B8 @50;P=V9 G0AB8=V ?@>AB>@C 01> 

6 1CB8 <0B5<0B8G=>R 01AB@0:FVєR, S: 5;5<5=B8 AB5@6=V2, 10;>:, ?;0AB8= 01> 

>1>;>=>:. ' <560E :V=F52>3> 5;5<5=B0 ?@87=0G0RBPAS 2;0AB82>ABV >1<565=>3> 

=8< A53<5=B0 >1'є:B0 (F5 <>6CBP 1CB8, =0?@8:;04, E0@0:B5@8AB8:8 6>@AB:>ABV B0 

<VF=>ABV <0B5@V0;C, IV;P=VABP B>I>) V >?8ACRBPAS ?>;S  ?>HC:>28E 25;8G8= 

(2V4=>A=> <5E0=V:8 B25@4>3> BV;0 F5 ?5@5<VI5==S, 45D>@<0FVW, =0?@C65==S 

B>I>). #0@0<5B@8 7 4@C3>W 3@C?8 ?@87=0G0RBPAS 2 2C7;0E 5;5<5=B0, 0 ?>BV< 

22>4SBPAS V=B5@?>;SFV9=V DC=:FVW, 70 4>?><>3>R S:8E 2V4?>2V4=V 7=0G5==S <>6=0 

>1G8A;8B8 2 1C4P-S:V9 B>GFV 2A5@548=V 5;5<5=B0 01> =0 9>3> <56V. �0240==S 

<0B5<0B8G=>3> >?8AC 5;5<5=B0 72>48BPAS 4> B>3>, I>1 ?>2'S70B8 4VRGV 2 2C7;0E 

D0:B>@8. ' <5E0=VFV =5?5@5@2=>3> A5@54>28I0 F5, S: ?@028;>, ?5@5<VI5==S B0 

A8;8. $>73;S=5<> ?@S<89 <5B>4 ?>1C4>28 @V2=S=P, I> ?>2'S7CRBP FV D0:B>@8 2 

<560E :V=F52>3> 5;5<5=B0, 70 ?@8?CI5==S< ;V=V9=>W ?>AB0=>2:8 7040GV. 

#>;5 ?5@5<VI5=P A 2 <560E 5;5<5=B0 (4;S ?@>AB>@>2>W 7040GV 

Δ =[u, v, w]) G5@57 V=B5@?>;SFV9=V DC=:FVW (2 B0: 720=8E V7>?0@0<5B@8G=8E 

:V=F528E 5;5<5=B0E, S:V 28:>@8AB>2CRBPAS, 7>:@5<0, 2 SolidWorks Simulation, 

2>=8 є V45=B8G=8<8 DC=:FVS< D>@<8), 7V1@0=V 2 <0B@8FR [N], 28@060єBPAS G5@57 
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2C7;>2V ?5@5<VI5==S {Δ}. %5=A V=B5@?>;SFV9=8E DC=:FV9 ?>;S30є 2 B><C, I>1, 

7=0RG8 25;8G8=8, =0?@8:;04, ?5@5<VI5=P 2 2C7;0E, >B@8<0B8 WE 7=0G5==S 2 1C4P-

S:V9 B>GFV 5;5<5=B0 2 70;56=>ABV 2V4 :>>@48=0B. ' <0B@8G=><C 283;S4V 

A?V22V4=>H5==S <0RBP 283;S4: 

 

                                                 Δ = N·{Δ}                                           (2.20) 

 

�;S ?@>AB>@>2>W 7040GV:  

 

                            {Δ}= [u1,v1,w1,u2,v2,w2,...,uk,vk,wk],               (2.21) 

 

45: k 4 :V;P:VABP 2C7;V2 :V=F52>3> 5;5<5=B0. 

 

#>;5 45D>@<0FV9 ¸ 28@060єBPAS G5@57 ABC?5=V A2>1>48 {Δ} H;SE>< 

48D5@5=FVR20==S ?>;S ?5@5<VI5=P (0 D0:B8G=> V=B5@?>;SFV9=8E DC=:FV9) 

2V4?>2V4=> 4> A?V22V4=>H5=P, 7V1@0=8E 2 <0B@8FR [D], I> ?>2'S7Cє 45D>@<0FVW 7 

?5@5<VI5==S<8: 

                                                ¸=[D]·{Δ},                                       (2.22) 

� C@0EC20==S< @V2=S=P AB0=C, =0 >A=>2V S:8E ;568BP 70:>= �C:0 V 

:>5DVFVє=B8 S:>3> CB2>@RRBP <0B@8FR [E], 2AB0=>2;RєBPAS 72'S7>: A?>G0B:C <V6 

?>;5< =0?@C65=P V ?>;5< 45D>@<0FV9: 

 

                                                     σ=[E]                                               (2.23) 

 

#>BV< V <V6 =0?@C65==S<8 V ABC?5=S<8 A2>1>48 2 2C7;0E: 

 

                                             σ=[E]⋅[D]·{Δ},                                           (2.24) 
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(>@<C;RRBPAS 28@078 4;S A8; {F}, I> 4VRBP 2 25@H8=0E 5;5<5=B0, 2 

70;56=>ABV 2V4 ?>;S =0?@C65=P σ, 4;S G>3> 28:>@8AB>2CєBPAS <0B@8FS 

?5@5B2>@5==S =0?@C65=P C 2C7;>2V A8;8 [A]: 

 

                                            {F}=[A]·{σ},                                         (2.25) 

 

#>2'S7CRBPAS 28@078 4;S 2C7;>28E A8; V ?5@5<VI5=P 2 2C7;0E:  

 

                                                {F}=[k] {Δ},                                         (2.26) 

 

45: [k]=[A]⋅[E]⋅[D] - <0B@8FS 6>@AB:>ABV :V=F52>3> 5;5<5=B0. 

 

�;S =040==S <0B@8FV [k] 2;0AB82>ABV A8<5B@VW 4>AS30є< 70<V=8 <0B@8FV 

?5@5B2>@5==S 6>@AB:>ABV <0B@8F5R, B@0=A?>=>20=>W 4> <0B@8FV ?5@5B2>@5==S 

?5@5<VI5=P 2 45D>@<0FVW [D]. &>4V: 

 

                                       [k]=[D]ᵀ⋅[E]⋅[D],                                        (2.27) 

 

#5@5@0E>20=V 70;56=>ABV 4>72>;SRBP, 7=0RG8 ?5@5<VI5==S 2 2C7;0E, 

>B@8<0B8 25;8G8=8 A8;, 0 B0:>6 28@VH8B8 72>@>B=C 7040GC: 70 A8;0<8 7=09B8 

?5@5<VI5==S, 0 ?>BV< 45D>@<0FVW B0 =0?@C65==S 2 <560E :V=F52>3> 5;5<5=B0. 

#@S<5 D>@<C;R20==S, S: ?@028;>, 28:>@8AB>2CєBPAS 4;S >B@8<0==S 

<0B@8FP 6>@AB:>ABV :V=F528E 5;5<5=BV2 AB5@6=V2, 10;>: V ?;0AB8=, 0 B0:>6 4;S 

>?8AC ?@>F5AC B5?;>?@>2V4=>ABV. 

�;S >B@8<0==S <0B@8FP 6>@AB:>ABV ?@>AB>@>28E 5;5<5=BV2 

28:>@8AB>2CRBPAS 20@V0FV9=V ?@8=F8?8, =0?@8:;04, ?@8=F8? <V=V<C<C 

?>B5=FV9=>W 5=5@3VW. "B@8<0=0 B0:8< G8=>< <0B@8FS 6>@AB:>ABV BCB 1C45 

>1G8A;R20B8AS S:: 

 

                                      [ý] = [∫ [ÿ]Т[Ā][ÿ]ýýýþýÿ� ],                        (2.28) 
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#@>1;5<0 V=B53@C20==S ?> >1'є<C BV;0 A:;04=>W D>@<8 01> 6, 2 @07V 

>1>;>=:>28E 5;5<5=BV2, ?> :@82>;V=V9=V9 ?>25@E=V 28@VHCєBPAS 70 @0EC=>: B>3>, 

I> 28@078 70?8ACRBPAS 2 ;>:0;P=V9 A8AB5<V :>>@48=0B 72'S70=V9 7 5;5<5=B>< ξ, 

Ë, η, ?@8 FP><C :>>@48=0B8 7<V=RRBPAS 2 V=B5@20;V [−1,+1]. 

#@8 FP><C 28@07 4;S 5;5<5=B0@=>3> >1'є<C =01C20є 283;S4C: 

 

                                         ýý ýþ ýÿ=∣J∣ dξdËdη,                                     (2.29) 

 

45 ∣J∣  4 45B5@<V=0=B <0B@8FV /:>1V, 01> S:>1V0= ?5@5B2>@5==S. &>4V: 

 

                        [ý] = [∫ ∫ ∫ [ÿ]�[Ā]+121 [ÿ]+121 ýþ�[ý]+121 ý�ýÿý�],          (2.30) 

 

�=0;VB8G=89 @>7@0EC=>: V=B53@0;V2 C 28@07V 4;S <0B@8FV 6>@AB:>ABV 

=5<>6;8289 =02VBP 4;S B@8:CB=8:V2 7 :@82>;V=V9=8<8 AB>@>=0<8. &><C 

70AB>A>2CRBP G8A5;P=5 V=B53@C20==S. �>=> ?>;S30є 2 70<V=V V=B53@0;0 AC<>R 

4>1CB:V2 ?V4V=B53@0;P=8E 28@07V2, >1G8A;5=8E C B>G:0E �0CAA0 01> 2 V=HV9 

A8AB5<V B>G>:, 7 2V4?>2V4=8<8 203>28<8 :>5DVFVє=B0<8. *59 ?@>F5A 

AC?@>2>46CєBPAS @>7@0EC=:>< 25;8G8=8 287=0G=8:0 S:>1V0=0. �V4'є<=5 7=0G5==S 

є =0A;V4:>< 28@>465=>ABV 40=>3> :V=F52>3> 5;5<5=B0. /: ?@028;>, V=D>@<0FVS 

?@> F5 2:;RG0єBPAS 2 4V03=>AB8G=V ?>2V4><;5==S ?@>3@0<. 

 0RG8 <0B5<0B8G=89 0?0@0B 4;S >B@8<0==S <0B@8FP 6>@AB:>ABV :V=F528E 

5;5<5=BV2, ?@82545==S =020=B065=P, ?@8:;045=8E 4> ?>25@E=V 01> 2 >1'є<V 

5;5<5=B0, 4> 7CA8;P 2 2C7;0E, 0 B0:>6 @VH5==S 72>@>B=8E 7040G: >1G8A;5==S ?>;V2 

45D>@<0FV9 V =0?@C65=P 2 >1'є<V 5;5<5=B0 =0 107V ?5@5<VI5=P C 2C7;0E, <>6=0 

?>1C4C20B8 0;3>@8B<  ��. !02545<> 0;3>@8B< 4;S @>72'S70==S 7040G C ;V=V9=V9 

?>AB0=>2FV. 

�8A:@5B870FVS >1'є<C. "1'є<, 709=SB89 45B0;;R 01> 71V@:>R, 

48A:@5B87CєBPAS =0 5;5<5=B8, 01>, S: :06CBP, 1C4CєBPAS AVB:0 :V=F528E 5;5<5=BV2. 

�;S >1'є<=>3> BV;0 >1;0ABP @>71820єBPAS (2 @0<:0E DC=:FV>=0;P=>ABV SolidWorks 

Simulation) =0 B5B@054@8 7 3@0=S<8, 0?@>:A8<>20=8<8 ;V=V9=8<8 (;V=V9=0 
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70;56=VABP 2V4 :>>@48=0B) 01> ?0@01>;VG=8<8 DC=:FVS<8 :>>@48=0B. �;S 

?>25@E=528E <>45;59 4 =0 ?;>A:V (;V=V9=V) 01> :@82>;V=V9=V (?0@01>;VG=V 

70;56=>ABV) B@8:CB=8:8. 

%B5?5=V A2>1>48 4;S ?@>AB>@>28E 5;5<5=BV2. �;S ?@>AB>@>28E :V=F528E 

5;5<5=BV2 AB5?5=S<8 A2>1>48 є ?5@5<VI5==S 2 =0?@S<:C >A59 ;>:0;P=>W A8AB5<8 

:>>@48=0B 5;5<5=B0. �;S :V=F528E 5;5<5=BV2 >1>;>=>: 4> B@P>E ?5@5<VI5=P 2 

:>6=><C 2C7;V 4>40RBPAS I5 B@8 :CB8 ?>2>@>BC =>@<0;V 4> A5@54=P>W ?>25@E=V 

>1;0ABV, 0?@>:A8<>20=>W 5;5<5=B><, 2V4=>A=> B8E A0<8E >A59. 

#5@5B2>@5==S ?5@5<VI5=P V :CBV2 ?>2>@>BC. �87=0G0RBPAS 70;56=>ABV 4;S 

?5@5B2>@5==S ?5@5<VI5=P V :CBV2 ?>2>@>BC 2 2C7;0E 4> 3;>10;P=>W A8AB5<8 

:>>@48=0B. 

"1G8A;5==S <0B@8FP 6>@AB:>ABV :V=F528E 5;5<5=BV2. ' D>@<C;8 4;S 

@>7@0EC=:C :><?>=5=B <0B@8FP 6>@AB:>ABV :V=F528E 5;5<5=BV2, >:@V< :>>@48=0B 

2C7;V2, 2E>4SBP <>4C;V ?@C6=>ABV B0 :>5DVFVє=B8 #C0AA>=0 <0B5@V0;V2. &>1B>, 

S:I> 0=0;V7CєBPAS 71V@:0, B> 2 70;56=>ABV 2V4 =0;56=>ABV 5;5<5=B0 45B0;V ?@8 

@>7@0EC=:C <0B@8FP 6>@AB:>ABV 5;5<5=BV2 28:>@8AB>2CRBPAS 2V4?>2V4=V 

E0@0:B5@8AB8:8 6>@AB:>ABV <0B5@V0;C. 

#5@5EV4 4> 3;>10;P=>W A8AB5<8 :>>@48=0B. "B@8<0=V <0B@8FV 6>@AB:>ABV 7 

28:>@8AB0==S< 70;56=>AB59 4;S ?5@5E>4C 2V4 ;>:0;P=8E A8AB5< :>>@48=0B 

5;5<5=B0 2 3;>10;P=V ?5@5B2>@RRBPAS 2 3;>10;P=C A8AB5<C :>>@48=0B. 

"1'є4=0==S <0B@8FP 6>@AB:>ABV.  0B@8FV 6>@AB:>ABV, ?@54AB02;5=V 2 

3;>10;P=8E :>>@48=0B0E, >1'є4=CRBPAS 2 3;>10;P=C <0B@8FR 6>@AB:>ABV [K]. 

�@0=8G=V C<>28. #@87=0G5=V :>@8ABC20G5< 3@0=8G=V C<>28, AB0B8G=V V 

:V=5<0B8G=V, ?@82>4SBPAS 4> =020=B065=P V ?5@5<VI5=P 2 2C7;0E, 28@065=8E 2 

3;>10;P=V9 A8AB5<V :>>@48=0B, V 2:;RG0RBPAS 2 AB>2?5FP 7CA8;P [F]. 

"B@8<0=0 ;V=V9=0 A8AB5<0 @V2=S=P 284C @>72'S7CєBPAS 2V4=>A=> AB>2?FS 

?5@5<VI5=P: 

                                              [K]⋅[Δ] =[F],                                     (2.31) 
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*5 =091V;PH B@C4><VAB:89 5B0? @>7@0EC=:C. �;S @>72'S7:C 

28:>@8AB>2CRBPAS VB5@0FV9=V 01> ?@S<V <5B>48 (<5B>4>< �0CAA0 4;S SolidWorks 

.  0B@8FS 6>@AB:>ABV, S: ?@028;>, 715@V30єBPAS 2 :><?0:B=V9 D>@<V, AB@C:BC@0 

S:>W 287=0G0єBPAS 4> 5B0?C WW 70?>2=5==S <0B@8FS<8 6>@AB:>ABV 5;5<5=BV2. 

"1G8A;5==S 45D>@<0FV9 V =0?@C65=P. �;S :>6=>3> :V=F52>3> 5;5<5=B0, 

<0RG8 ?5@5<VI5==S (:CB8 ?>2>@>BC) 2 2C7;0E V 0?@>:A8<CRGV DC=:FVW, 

@>7@0E>2CRBPAS 45D>@<0FVW. /:I> 5;5<5=B8 ;V=V9=V 3 45D>@<0FVW 2 <560E 

5;5<5=BV2 ?>ABV9=V, S:I> 5;5<5=B8 ?0@01>;VG=V 3 45D>@<0FVW 7<V=RRBPAS 

;V=V9=>. !0 >A=>2V 45D>@<0FV9 >1G8A;RRBPAS =0?@C65==S 2 5;5<5=B0E. #@8 

=5>1EV4=>ABV (DC=:FVS ?@>3@0<8) =0?@C65==S 2 2C7;0E ACAV4=VE 5;5<5=BV2 

A5@54=P>0@8D<5BCRBPAS (F5 B0:>6 4C65 2V4?>2V40;P=89 5B0?, ?>-@V7=><C 

28@VHC20=89 2 @V7=8E ?@>3@0<0E) 7 ?>40;PH8< ?5@5@0EC=:>< =0?@C65=P 2 <560E 

:>6=>3> 5;5<5=B0. 

�87=0G5==S 5:2V20;5=B=8E =0?@C65=P. !0 >A=>2V :><?>=5=B =0?@C65=>-

45D>@<>20=>3> AB0=C V ?0@0<5B@V2 <VF=>ABV <0B5@V0;C (<0B5@V0;V2) ?@>2>48BPAS 

>1G8A;5==S 5:2V20;5=B=8E =0?@C65=P :@8B5@Vє< <VF=>ABV. 

#@87=0G5==S :@8B5@VW2 <VF=>ABV, WE 28:>@8AB0==S B0 V=B5@?@5B0FVS 

@57C;PB0BV2 @>7@0EC=:C =0?@C65=>-45D>@<>20=>3> AB0=C BV;0 <0RBP 206;825 

7=0G5==S ?@8 @>7@0EC=:C. 

Solidworks Simulation 4>72>;Sє >FV=R20B8 <VF=VABP 28@>1V2 70 G>B8@<0 

:@8B5@VS<8 [42-45]  : 

- <0:A8<0;P=V 5:2V20;5=B=V =0?@C65==S ?>  V75AC (Von Mises); 

- <0:A8<0;P=V 4>B8G=V =0?@C65==S; 

- =0?@C38  >@0-�C;>=0; 

- <0:A8<0;P=V =>@<0;P=V =0?@C65==S. 

�5;8G8=0, I> >B@8<CєBPAS @>7@0EC=:>< 70 :@8B5@Vє< <VF=>ABV, <0є 

@>7<V@=VABP =0?@C38 1 �4 = 1 �/@2 45B 1��4 = 1·106 �4 = 1 �/@@2. 

"FV=:0 <0:A8<0;P=8E =0?@C65=P =0?@C65=>-45D>@<>20=>3> AB0=C @0<8 

:C7>20 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 ?@>2>48BPAS 70 :@8B5@Vє< 
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<0:A8<0;P=>3> 5:2V20;5=B=>3> =0?@C65==S 70  V75A>< (B5>@VS  V75A-)5=:V, 

B0:>6 2V4><0 S: G5B25@B0 5=5@35B8G=0 B5>@VS <VF=>ABV �C15@0) [46]. �@8B5@V9 

 V75A0 287=0G0є <><5=B 28G5@?0==S =5A=>W 740B=>ABV H;SE>< ?>@V2=S==S 

25;8G8=8 5:2V20;5=B=8E =0?@C65=P 7 <565R ?;8==>ABV <0B5@V0;C(Ã@ ). 

�:2V20;5=B=5 =0?@C65==S 2 ?52=V9 B>GFV 287=0G0єBPAS 70 D>@<C;>R: 

 

ø ù ø ù ø ù  2 22

1 2 2 3 3 1

1

2

IV

9>6                            (2.32) 

 

45: 1, 2, 3 3 3>;>2=V =0?@C65==S. 

 

�@8B5@V9  V75A0 70AB>A>2CєBPAS 4;S V7>B@>?=8E <0B5@V0;V2, I> <0RBP 

2'S7:89 E0@0:B5@ @C9=C20==S. �> =8E 2V4=>A8BPAS 1V;PHVABP <5B0;V2, 0 B0:>6 

45S:V ?;0AB<0A8, S:V <0RBP ;V=V9=C 4V;S=:C =0 4V03@0<V 45D>@<C20==S. 

&5>@VS AB25@46Cє, I> ?;0AB8G=89 <0B5@V0; ?>G8=0є @C9=C20B8AS 2 <VAFSE, 

45 =0?@C65==S ?>  V75AC AB0є @V2=8< <0:A8<0;P=> 4>?CAB8<><C 7=0G5==R. 

 

2.4.2 $>7@>1:0 @>7@0EC=:>2>W <>45;V 4;S >FV=:8 =0?@C65=>-

45D>@<>20=>3> AB0=C @0<8 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 

$0<0 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 <>45;V 19-752 ?@54AB02;Sє 

A>1>R ACFV;P=><5B0;52C =5A=C :>=AB@C:FVR V 28:>=0=V V7 =01>@C ?>274>26=VE V 

?>?5@5G=8E 5;5<5=BV2 6>@AB:>ABV. 

#@>AB>@>20 3D-<>45;P @0<8 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 <>45;V 

19-752 ?>1C4>20=0 73V4=> :>=AB@C:B>@AP:>W 4>:C<5=B0FVW 702>40-28@>1=8:0 V 

A:;040єBPAS V7 554 45B0;59 (@8A. 2.22).  

"A=>2=V @57C;PB0B8 4>A;V465=P FP>3> @>74V;C @>73;S40RBP 2 =0C:>28E 

?@0FSE [47-48]. 
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$8AC=>: 2.22 3 3D-<>45;P @0<8 203>=0-E>?5@0 
 

�;S ?@>2545==S >FV=:8 =0?@C65=>-45D>@<>20=>3> AB0=C @>7@>1;5=> 

:><1V=>20=C A:V=G5==>-5;5<5=B=C <>45;P @0<8 203>=0-E>?5@0 4;S ?5@52575==S 

75@=0 7 @V7=8<8 @>7<V@0<8 :V=F528E 5;5<5=BV2 B0 @V7=8<8 B8?0<8 5;5<5=BV2 3          

6 << V 24 << (@8AC=>: 2.23). &0:89 281V@ @>7<V@V2 5;5<5=BV2 28:>=C202AS 7 

@>7@0EC=:C 35><5B@8G=8E >A>1;82>AB59 :>=AB@C:FVW 7 <5B>R >B@8<0==S 1V;PH 

B>G=8E @57C;PB0BV2 (4;S ?@>BS6=8E 3010@8B=8E G0AB8= 28:>@8AB>2C20;8AP 

5;5<5=B8 24 <<, 0 4;S >1'є:BV2 A:;04=8E D>@< 3 6 <<) 73V4=> [49]. 

#0@0<5B@8 A:V=G5==>-5;5<5=B=>W <>45;V  =02545=> 2 B01;. 2.10. 

 

&01;8FS 2.10 3 #0@0<5B@8 A:V=G5==>-5;5<5=B=>W <>45;V @0<8 203>=0 

#0@0<5B@ �=0G5==S 

$>7<V@ 5;5<5=B0 6 << B0 24 << 

�V;P:VABP 5;5<5=BV2 1748350 

�V;P:VABP 2C7;V2 3260275 
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$8AC=>: 2.233 �V=F52>-5;5<5=B=0 <>45;P @0<8 B0 :C7>20 203>=0 
(AVB:0 6 << V 24 <<) 

 

%E5<C =020=B065==S (3@0=8G=V C<>28) 4;S @0<8 B0 :C7>20 203>=0-E>?5@0 

4;S ?5@52575==S 75@=0 <>45;V 19-752 @>7@>1;5=> 73V4=> 7 [3] B0 =02545=> 2             

B01;. 2.11. "FV=:0 =0?@C65=>-45D>@<>20=>3> AB0=C @0<8 203>=0-E>?5@0 1C45 

28:>=C20B8AP 4;S =091V;PH =5283V4=>3> <>6;82>3> ?>є4=0==S >4=>G0A=> 

4VRG8E =>@<0B82=8E A8; C 2V4?>2V4=>ABV 7V 2AB0=>2;5=8<8 @>7@0EC=:>28<8 

@568<0<8 � B0 ���. $568< � 3 C<>2=89 @568< 157?5:8. '<>20< 5:A?;C0B0FVW 70 � 

@568<>< @>7@0EC20==S 4;S 20=B06=8E 203>=V2 2V4?>2V40RBP >A046C20==S V 

7@CH5==S 25;8:>203>2>3> @CE><>3> A:;04C 7 <VAFS, 7VB:=5==S 203>=V2 ?V4 G0A 

<0=52@V2, 7>:@5<0 9 ?V4 G0A @>7?CA:C 7 3V@>:, 5:AB@5=5 30;P<C20==S 2 ?>BS30E 70 

<0;8E H284:>AB59 @CEC 01> 7VB:=5==S 203>=V2 C ?>70HB0B=8E A8BC0FVSE, 0 B0:>6 

020@V9=89 @82>: (?>HB>2E). $568< ��� 3 5:A?;C0B0FV9=89 @568<. � C<>20E 

5:A?;C0B0FVW ��� @>7@0EC=:>2><C @568<C 2V4?>2V40RBP 28?04:8 @CEC 203>=0 7 
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3 25@B8:0;P=V A8;8 ?@8 7<VI5=><C ?>;>65==V 20=B06C 

3 25@B8:0;P=V A8;8 ?@8 7<VI5=><C ?>;>65==V 20=B06C 

3 6>@AB:VABP @5A>@=>3> ?V42VHC20==S 

3 1>:>2V A8;8 

 

$8AC=>: 2.44 3 $>7@0EC=:>20 AE5<0 =020=B065==S @0<8 203>=0-E>?5@0 70 � 

@568<>< (C40@) ?@8 7<VI5=><C ?>;>65==V 20=B06C 
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3 ?@8A:>@5==S 2V4 A8;8 BS6V==S 

3 ?>74>26=V A8;8 

3 25@B8:0;P=V A8;8 ?@8 7<VI5=><C ?>;>65==V 20=B06C 

3 25@B8:0;P=V A8;8 ?@8 7<VI5=><C ?>;>65==V 20=B06C 

3 25@B8:0;P=V A8;8 ?@8 7<VI5=><C ?>;>65==V 20=B06C 

3 6>@AB:VABP @5A>@=>3> ?V42VHC20==S 

3 1>:>2V A8;8 

 

$8AC=>: 2.45 3 $>7@0EC=:>20 AE5<0 =020=B065==S @0<8 203>=0-E>?5@0 70 � 

@568<>< (@82>:) ?@8 7<VI5=><C ?>;>65==V 20=B06C 
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3 ?@8A:>@5==S 2V4 A8;8 BS6V==S 

3 ?>74>26=V A8;8 

3 25@B8:0;P=V A8;8 ?@8 7<VI5=><C ?>;>65==V 20=B06C 

3 25@B8:0;P=V A8;8 ?@8 7<VI5=><C ?>;>65==V 20=B06C 

3 25@B8:0;P=V A8;8 ?@8 7<VI5=><C ?>;>65==V 20=B06C 

3 6>@AB:VABP @5A>@=>3> ?V42VHC20==S 

3 1>:>2V A8;8 

 

$8AC=>: 2.46 3 $>7@0EC=:>20 AE5<0 =020=B065==S @0<8 203>=0-E>?5@0 70 

��� @568<>< (AB8A:) ?@8 7<VI5=><C ?>;>65==V 20=B06C 
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3 ?@8A:>@5==S 2V4 A8;8 BS6V==S 

3 ?>74>26=V A8;8 

3 25@B8:0;P=V A8;8 ?@8 7<VI5=><C ?>;>65==V 20=B06C 

3 25@B8:0;P=V A8;8 ?@8 7<VI5=><C ?>;>65==V 20=B06C 

3 25@B8:0;P=V A8;8 ?@8 7<VI5=><C ?>;>65==V 20=B06C 

3 6>@AB:VABP @5A>@=>3> ?V42VHC20==S 

3 1>:>2V A8;8 

$8AC=>: 2.47 3 $>7@0EC=:>20 AE5<0 =020=B065==S @0<8 203>=0-E>?5@0 70 

��� @568<>< (@>7BS3) ?@8 7<VI5=><C ?>;>65==V 20=B06C 

 

!0 @8AC=:0E 2.48 3 2.49 =02545=> 5?R@8 A8;, <><5=BV2, ?5@5<VI5=P ?@8 

@V2=><V@=> @>7<VI5=><C B0 =5@V2=><V@=><C @>7<VI5=><C 20=B06C 2 :C7>2V 

203>=0 (10 % =5@V2=><V@=VABP <V62V7:>2>3> =020=B065==S), S:V V;RAB@CRBP 2?;82 

2V4 4VW =5@V2=><V@=>3> =020=B065==S. 
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$8AC=>: 2.48 3 �?R@0 ?@8 @V2=><V@=> @>7<VI5=><C 20=B06V 2 :C7>2V 203>=0 

 

 

$8AC=>: 2.49 3 �?R@0 A8;, <><5=BV2 B0 ?5@5<VI5=P ?@8 =5@V2=><V@=> 
@>7<VI5=><C 20=B06V 2 :C7>2V 203>=0 
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!0 @8AC=:0E 2.5032.53 =02545=> 5?R@8 5:2V20;5=B=8E =0?@C65=P, I> 

28=8:0RBP 2 @0<V 203>=0-E>?5@0 <>45;V 19-752 2V4 4VW =>@<0B82=>3> 

=020=B065==S ?@8 C<>2V 7<VI5=>3> 20=B06C =0 10% 70 @568<>< � (C40@, @82>:) 

B0 @568<>< III (AB8A=5==S, @>7BS3=5==S). &>G:8 14, 15 1C;8 >1@0=V 4;S >FV=:8 

045:20B=>ABV <>45;V 70 @57C;PB0B0<8 ?>@V2=S==S 7 @57C;PB0B0<8 

5:A?5@8<5=B0;P=8E 4>A;V465=P. 

 

 

 

 

 

$8AC=>: 2.50 3 �?R@0 5:2V20;5=B=8E =0?@C65=P @0<8 203>=0-E>?5@0 70 

@568<>< IC40@ 

14 

15 
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$8AC=>: 2.51 3 �?R@0 5:2V20;5=B=8E =0?@C65=P @0<8 203>=0-E>?5@0 70 

@568<>< I@82>: 

 

 0:A8<0;P=V @>7@0EC=:>2V =0?@C65==S 2 � @568<V (C40@, @82>:) ?@8 

=5@V2=><V@=> @>7?>4V;5=>3> 20=B06C 2 :C7>2V 203>=0-E>?5@0 A:;040RBP  

316-327  #0 (2 7>=V 7'є4=0==S E@51B>2>W 10;:8 7 704=V< C?>@>< B0 H2>@=52>R 

10;:>R). �>?CAB8<V 7=0G5==S =0?@C65=P 4;S � @568<C 3  

310,5  #0. &0:8< G8=><, <0:A8<0;P=V @>7@0EC=:>2V =0?@C65==S ?5@528ICRBP 

4>?CAB8<V 7=0G5==S 73V4=> 7 [3]. ' :>=B@>;P=8E B>G:0E 14, 15 =0?@C65==S 

AB0=>2;SBP 35,5  #0. 
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$8AC=>: 2.52 3 �?R@0 5:2V20;5=B=8E =0?@C65=P @0<8 203>=0-E>?5@0 70 

@568<>< I��AB 
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$8AC=>: 2.53 3 �?R@0 5:2V20;5=B=8E =0?@C65=P @0<8 203>=0-E>?5@0 70 

@568<>< I��@>7BS3 

 

 0:A8<0;P=V @>7@0EC=:>2V =0?@C65==S 2 ��I @568<V (@>7BS3) ?@8 

=5@V2=><V@=> @>7?>4V;5=>3> 20=B06C 2 :C7>2V 203>=0-E>?5@0 A:;040RBP              

211-221  #0 (2 7>=V 7'є4=0==S E@51B>2>W 10;:8 7 704=V< C?>@>< B0 H2>@=52>R 

10;:>R). �>?CAB8<V 7=0G5==S =0?@C65=P 4;S ��I @568<C 3 210  #0. &0:8< 

G8=><, <0:A8<0;P=V @>7@0EC=:>2V =0?@C65==S ?5@528ICRBP 4>?CAB8<V 73V4=> 

[3]. �3V4=> >B@8<0=8E @57C;PB0BV2 <>6=0 7@>18B8 28A=>2>:, I> =5@V2=><V@=5 

@>7?>4V;5==S 20=B06C 2?;820є =0 ?V428I5==S =0?@C65=P @0<8 203>=0-E>?5@0 

4;S ?5@52575==S 75@=0 <>45;V 19-752 2 A5@54=P><C =0 10-15 % (20-40  #0) B0 
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?@872>48BP 4> ?5@528I5==S =0?@C65=P 70 <56V 4>?CAB8<8E 73V4=> 7 [3] 2 7>=V 

7'є4=0==S E@51B>2>W 10;:8 7 704=V< C?>@>< B0 H2>@=52>R 10;:>R. 

ÃImax (=>@<0) = 279  #0 < ÃImax (7AC2) = 327  #0,  ?@8 ÃI4>?.= 310,5  #0 

ÃIIImax (=>@<0) = 200  #0 < ÃIIImax (7AC2) = 221  #0,  ?@8 ÃI4>?.= 210  #0 

 

2.5.4 $57C;PB0B8 @>7@0EC=:C 2B><=8E ?>H:>465=P E@51B>2>W 10;:8 2 7>=V 

70:;5?:>2>3> 7’є4=0==S 

�@0E>2CRG8 [53-58] @>73;S=5<> @>7?>4V;5==S =>@<0;P=8E B0 4>B8G=8E 

=0?@C65=P =0 E@51B>2>W 10;FV ?V4 70:;5?:0<8 2V4 ?>74>26=VE A8; AB8A:0==S           

(@8A. 2.54-2.57). "FV=R20==S <>6;82>3> =0:>?8G5==S =0?@C65=P 28:>=CєBPAS 

H;SE>< ?>@V2=R20==S >B@8<0=8E =0?@C65=P 7 3@0=8F5R 28B@820;>ABV 70 

4>B8G=8<8 =0?@C65==S<8 ?@8 ?C;PACRG><C F8:;V Ä-0=70  #0 [59].  

 

 

$8AC=>: 2.54 3 $>7?>4V; =0?@C65=P =0 E@51B>2>W 10;FV ?V4 70:;5?:0<8 2V4 

?>74>26=VE A8;. $568< � (AB8A=5==S 2,5 !) 

 

�0 @57C;PB0B0<8 @>7@0EC=:C ?@54AB02;5=><C =0 @8A. 2.54 <>6=0 7@>18B8 

28A=>2>:, I> 2B><=V ?>H:>465==S B5>@5B8G=> <>6CBP =0:>?8GC20B8AS 2 

E@51B>2V9 10;FV ?@8 =020=B065==S 2,5  ! B0 28I5. #@8 FP><C B@VI8=0 1C45 

?>H8@R20B8AS ?V4 =0E8;>< ?@81;87=> 45°. �;5 ?5@528I5==S =0?@C65=P 1  #0 

4C65 =57=0G=5 V B><C 2V@>3V4=VABP B0:>3> S28I0 157 4>40B:>28E A8; 4C65 =87P:0. 



135 

":@5<> @>73;S=5<> 2?;82 25@B8:0;P=8E A8; =0 AC<0@=V 4>B8G=V 

=0?@C65==S. #>@V2=Sє<> @>7@0EC=:8 2V4 A8; BS6V==S 1@CBB> 70 B 7 @>7@0EC=:>< 

2V4 A8; BS6V==S 1@CBB> 70 B A :>5DVFVє=B>< 48=0<V:8 0,352 B0 7 @>7@0EC=:>< 2V4 

A8; BS6V==S 1@CBB> 75 B (?5@5=020=B065==S) A :>5DVFVє=B>< 48=0<V:8 0,352. 

 

 

 

$8AC=>: 2.55 3 $>7?>4V; =0?@C65=P =0 E@51B>2>W 10;FV ?V4 70:;5?:0<8  

2V4 A8; BS6V==S (70 B) 

 
 

$8AC=>: 2.56 3 $>7?>4V; =0?@C65=P =0 E@51B>2>W 10;FV ?V4 70:;5?:0<8 2V4 A8; 

BS6V==S 7 :>5DVFVє=B>< 48=0<V:8 0,352 (70B) 
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$8AC=>: 2.57 3 $>7?>4V; =0?@C65=P =0 E@51B>2>W 10;FV ?V4 70:;5?:0<8 2V4 A8; 

BS6V==S 7 :>5DVFVє=B>< 48=0<V:8 0,352 (75B) 

 

#>@V2=RRG8 >B@8<0=V =0?@C65==S 7 3@0=8F5R 28B@820;>ABV 70 4>B8G=8<8 

=0?@C65==S<8 ?@8 ?C;PACRG><C F8:;V (70  #0), <>6=0 7@>18B8 28A=>2>:, I> 

@568<8 C40@C, AB8A=5==S @568< � B0 @568< ��� 73V4=> [3] =5 є ?@8G8=0<8 

28=8:=5==S 2B><=8E B@VI8= 2 7>=V 70:;5?:>2>3> 7’є4=0==S.  

$>73;S=5<> @568<8 @82:0, @>7BS3C @568< � B0 @568< ���.  

!0 @8AC=:0E 2.58 3 2.59 =02545=> @57C;PB0B8 @>7@0EC=:C 70:;5?:>2>3> 

7'є4=0==S 70 =>@<0B82=8<8 @568<0<8 C40@C B0 AB8A:0==S ?@8 7<VI5=><C 

20=B06V =0 >4=C AB>@>=C 203>=0-E>?5@0 (10 % =5@V2=><V@=>ABV <V62V7:>2>3> 

=020=B065==S 2 9,1 B>=C). 

$>73;S=5<> @>7?>4V;5==S =>@<0;P=8E B0 4>B8G=8E =0?@C65=P =0 E@51B>2>W 

10;FV ?V4 70:;5?:0<8 2V4 ?>74>26=VE A8; @>7BS3C20==S. "FV=R20==S <>6;82>3> 

=0:>?8G5==S =0?@C65=P 28:>=CєBPAS H;SE>< ?>@V2=R20==S >B@8<0=8E 

=0?@C65=P 7 3@0=8F5R 28B@820;>ABV 70 =>@<0;P=8<8 =0?@C65==S<8 ?@8 

?C;PACRG><C F8:;V Ã-0 = 120  #0 [59]. 
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$8AC=>: 2.58 3 $>7?>4V; =0?@C65=P =0 E@51B>2>W 10;FV ?V4 70:;5?:0<8 2V4 

?>74>26=VE A8;. $568< � (@>7BS3 2,0  !) 

 

 

$8AC=>: 2.59 3 $>7?>4V; =0?@C65=P =0 E@51B>2>W 10;FV ?V4 70:;5?:0<8 2V4 

?>74>26=VE A8;. $568< ��� (@>7BS3 1,0  !) 

 

�0 @57C;PB0B0<8 @>7@0EC=:C ?@54AB02;5=><C =0 @8AC=:0E 2.53 B0 2.54 

<>6=0 7@>18B8 28A=>2>:, I> 2B><=V ?>H:>465==S =0:>?8GCRBPAS 2 E@51B>2V9 

10;FV ?@8 =020=B065==S <5=H5 1,0  !. #@8 FP><C B@VI8=0 1C45 ?>H8@R20B8AS 
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25@B8:0;P=> 2V4 =86=P>3> >B2>@C 70:;5?:8 151,7  #0 4> 25@E=P>W 141,9  #0. 

"B@8<0=V =0?@C65==S 2 A5@54=P><C ?5@528ICRBP 4>?CAB8<V =0 25%. 

&0:8< G8=>< =5@V2=><V@=> @>7<VI5=89 20=B06 ?@8 @568<0E � (@>7BS3) B0 

��� (@>7BS3) є ?@8G8=>R 28=8:=5==S B0 @>728B:C 2B><=8E B@VI8= 2 7>=V 

70:;5?:>2>3> 7’є4=0==S. &0:V 7=0G=V =0?@C65==S 28=8:0RBP G5@57 @V7:C 7<V=C 

6>@AB:>ABV 7’є4=0==S B0 >1<565=C ?;>IC 70:;5?:>2>3> 7'є4=0==S E@51B>2>W 

10;:8 7 704=V< C?>@>< [60]. 

 

2.5.5 $>7@0EC=>: ?>:07=8:0 >?>@C 2B><V 7 C@0EC20==S< 4>40B:>28E 

=020=B065=P 

' 2V4?>2V4=>ABV 4> 0;3>@8B<C [3] 28:>=0=> 4>40B:>289 @>7@0EC=>: ?@8 

7<VI5==V 75@=>2>3> 20=B06C (71V;PH5==S =0 10 % =020=B065==S =0 >48= 2V7>: 

?@8 @>720=B065==V V=H>3>). ' S:>ABV ?@54<5BC 40=>3> 4>A;V465==S >1@0=> 

:>5DVFVє=B 70?0AC >?>@C 2B><V, S:89 @>7@0E>20=> 4;S 1;>:C =020=B065=P, I> 

2V4?>2V40є ��� @>7@0EC=:>2><C @568<C, =02545=>3> 2 B01;. 2.11. 

"A=>2=>R 2V4<V==VABR =020=B065=P є ?5@5@>7?>4V;5=V 25@B8:0;P=V A8;8, 

@V25=P 5:2V20;5=B=8E <5E0=VG=8E =0?@C65=P =02545=> =0 @8A. 2.50 B0 2.53. 

$>7@0EC=>: :>5DVFVє=BC 70?0AC >?>@C 2B><V ?@8 ?5@5@>7?>4V;C 

=020=B065=P C ?>@V2=S==V 7 @V2=><V@=8< =020=B065==S< =02545=> =86G5.                                                    Ā =  ��,���,ÿ ≥ [Ā],                                                          (2.33)  

 

45  - 3@0=8FS 28B@820;>ABV (70 0<?;VBC4>R) =0BC@=>W 45B0;V 70 

A8<5B@8G=8< F8:;>< V 2AB0=>2;5=8< @568<>< =020=B065=P 73V4=> 3 42,7  #0; 
  - @>7@0EC=:>20 25;8G8=0 5:2V20;5=B=>W 0<?;VBC48 48=0<VG=>3> 

=0?@C65==S C @50;P=><C @568<V 5:A?;C0B0FV9=8E 28?04:>28E =020=B065=P 70 
?@>5:B=89 AB@>: A;C618 :>=AB@C:FVW; 

 [n] 3 4>?CAB8<89 :>5DVFVє=B 70?0AC >?>@C 2B><V. 
                        ��,� = ��,������ ∗ (1 2 ýĂ ∗ ���,�),                                        (2.34)  

Na,

Qa,
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45  ��,������ 3 A5@54=є (<54V0==5) 7=0G5==S 3@0=8FV 28B@820;>ABV =0BC@=>W 
45B0;V, #0; 

 Zp 3 :20=B8;P @>7?>4V;C, I> 2V4?>2V40є >4=>AB>@>==V9 9<>2V@=>ABV P; 

S:I> 22060B8, I> Ϭa,N 3 28?04:>20 25;8G8=0, S:0 <0є =>@<0;P=89 70:>= 

@>7?>4V;C, B> 4;S >A=>2=8E 45B0;59 203>=V2 @5:><5=4>20=> B0:V 7=0G5==S            P 

= 0,95 V Zp = 1,645; 

 VϬa,N 3 :>5DVFVє=B 20@V0FVW 3@0=8FV 28B@820;>ABV 45B0;V. 

 

�=0G5==S VϬa,N 4;S 45B0;59 7 2C3;5F528E, =87P:>;53>20=8E V =5@602VRG8E 

AB0;59 @5:><5=4>20=> 22060B8 B0:8<8, I> 4>@V2=RRBP: 

- 4;S 720@=8E @0< V 10;>: 7 ;8AB>2>3> 9 D0A>==>3> ?@>:0BC  

2 @07V 02B><0B8G=>3> 720@R20==S 

0,05; 

- B5 A0<5, 2 @07V =0?V202B><0B8G=>3> V @CG=>3> 720@R20==S 0,07; 

- 4;S 7>= ?@820@R20==S 4> 10;>: :@>=HB59=V2 B0 V=H8E  

45B0;59 @CG=8< 720@R20==S< 

0,10 

- 4;S AB0;52>3> ;8B20 0,10; 

- 4;S 7>= ?@820@R20==S ;8B8E 45B0;59 4> ?@>:0B=8E V =02?0:8 0,12. 

                                                                     ��,������ =  �21�����(þ��)ā ,                                             (2.35)  

 

45  �21����� 3 A5@54=є (<54V0==5) 7=0G5==S 3@0=8FV 28B@820;>ABV 3;04:>3> 
AB0=40@B=>3> 7@07:0 7 <0B5@V0;C 45B0;V,  #0. +8A;>2V 7=0G5==S �21����� 287=0G0RBP 
70 4>2V4:>28<8 40=8<8; 

 (þ��)ā 3 A5@54=є 7=0G5==S 7030;P=>3> :>5DVFVє=B0 7=865==S 3@0=8FV 

28B@820;>ABV 40=>W =0BC@=>W 45B0;V 2V4=>A=> 3@0=8FV 28B@820;>ABV 3;04:>3> 

AB0=40@B=>3> 7@07:0. �87=0G0RBP 70 5:A?5@8<5=B0;P=8< 40=8<8 4;S 0=0;>3VG=8E 

45B0;59. �;S 45S:8E B8?>28E 5;5<5=BV2 =5A=8E :>=AB@C:FV9 203>=V2 7=0G5==S (þ��)ā =02545=> 2 B01;. 2.15 73V4=> [3]. 
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&01;8FS 2.15 3 �=0G5==S (þ��)ā 4;S 45S:8E B8?>28E 5;5<5=BV2 =5A=8E 

:>=AB@C:FV9 203>=V2 
)0@0:B5@8AB8:0 5;5<5=B0 9 @>7@0EC=:>2>W 7>=8 (þ��)ā 

%B0=40@B=89 7@07>: V7 ?>;V@>20=>R ?>25@E=5R 73V4=> 7 �"%& 25.502 1,0 

%<C30 ?@>:0B=0 01> ;8B0 7 ?5@5@V7>< 4> 20 A<2 157 :>=F5=B@0B>@V2 =0?@C65=P 
?> >A=>2=><C <5B0;C 1,3 3 1,5 

�0;:8 7 D0A>20=>3> ?@>:0BC (42>B02@, H25;5@, 75B, :CB>:) V HB0<?>20=V 7 
;8AB>2>3> ?@>:0BC ?> >A=>2=><C <5B0;C ?>;8G>: (2V440;5=V 2V4 :>=F5=B@0B>@V2 
=0?@C65=P) 

1,3 3 1,5 

�0;:8 :>@>1G0ABV, 720@5=V 7 D0A>==>3> ?@>:0BC B0 HB0<?>2>: ?>74>26=V<8 
AB8:>28<8 H20<8 ?> 25@E=VE V =86=VE ?>;8G:0E 157 ?>?5@5G=8E @515@ 
6>@AB:>ABV B0 4V0D@03<, ?> 720@=><C H2C 

1,4 3 1,6 

�0;:8 7 D0A>20=>3> ?@>:0BC B0 HB0<?>2>:, ?>SA8 :>@>1G0AB8E 10;>: 7 
;8AB>2>3> ?@>:0BC 2 7>=V 720@=>3> H20, 720@5=V: 

- 42>AB>@>==V<8 ?@S<8<8 ?>?5@5G=8<8 AB8:>28<8 H20<8 C 7>=V 720@=>3> 
H20 

- 42>AB>@>==V<8 :>A8<8 H20<8 ?V4 :CB>< 45⁰ 
- 42>AB>@>==V<8 ?@S<8<, >1@>1;5=8<8 C@V25=P 7 ?>25@E=5R >A=>2=>3> 
<5B0;C, H20<8 

- >4=>AB>@>==V<8 ?@S<8<8 H20<8 (V7 =5?@>20@>< :>@5=S H20 G8 157 
?V420@:8) 

 

 

2,0 3 2,4 

1,8 3 2,2 

1,5 3 1,7 

 

4,0 3 4,8 

�0;:8 D0A>==>3> ?@>:0BC B0 HB0<?>2>:, 10;>: :>@>1G0ABV 720@=V 7 D0A>==>3> 
?@>:0BC, HB0<?>2>: V ;8AB0 7 =0:;04:0<8 7 ;8AB0 =0 ?>;8G:0E, ?@820@5=8<8 ?> 
:>=BC@C :CB>28<8 (;>1>28<8 V D;0=3>28<8) H20<8: 

- C ?5@5@V7V 2 7>=V ;>1>2>3> H20 ?@S<>:CB=>W =0:;04:8 

- C ?5@5@V7V 2 7>=V ;>1>2>3> H20 =0:;04:8 70 A?V22V4=>H5==S :0B5BV2 1:2 
- B5 A0<5 V7 <5E0=VG=>R >1@>1:>R H20 

 

 

 

4,0 3 4,5 

3,2 3 3,8 

2,5 3 3,0 

�0;:8 7 D0A>==>3> ?@>:0BC V HB0<?>2>:, 10;:8  :>@>1G0ABV 720@=V 7 D0A>==>3> 
?@>:0BC, HB0<?>2>: V ;8AB0 7 @51@0<8 6>@AB:>ABV 01> 4V0D@03<0<8, 
?@820@5=8<8 ?>?5@5G=8<8 :CB>28<8 H20<8 157 >1@>1;5==S :@><>: V 
70G8I5==S F8E H2V2 

4,0 3 4,5 

!0?CAB:>25 7’є4=0==S ?@>:0B=8E 5;5<5=BV2 :CB>28<8 D;0=3>28<8 H20<8 2 7>=V 
70:V=G5==S F8E H2V2 4,5 3 5,2 

&02@>25 7’є4=0==S 5;5<5=BV2 V7 D0A>==>3> ?@>:0BC, HB0<?>2>:, :>@>1G0AB8E V 
;8AB>28E 5;5<5=BV2, 720@5=8E >48= 7 >4=8< :CB>28<8 H20<8 157 >1@>1;5==S 
:@><>: C 7>=V 720@=8E H2V2 

4,2 3 4,8 

&5 A0<5 7 >1@>1;5==S< :@><>: V ?>2=8< ?@>20@>< H20 3,5 3 4,0 

�;5<5=B8 7 D0A>==>3> B0 ;8AB>2>3> ?@>:0BC 01> HB0<?>2>: 7 >B2>@0<8, 
CB2>@5=8<8 A25@4;V==S<, 4;S 1>;BV2 V 70:;5?>: C ?5@5@V70E ?> >B2>@0E 2,6 3 2,8 

�20@=V :>@>1G0ABV 10;:8 @0< 2V7:V2 7V AB0;52>3> ?@>:0BC 7 =0:;04:0<8 9 
>B2>@0<8 4;S ;R;P:>28E ?V42VA>: C 7>=V ?@820@5==S :CB>28<8 H20<8 (157 
>1@>1;5==S) 2=CB@VH=VE >18G09>: F8E >B2>@V2 

5,0 3 5,5 

�0; (d ≅ 150 <<) V7 =0?@5A>20=>R <0B>G8=>R 4;S ?5@54020==S ?>?5@5G=8E A8; 
V/01> <><5=BV2 C 7>=V :@><:8 <0B>G8=8 

3,5 3 4,0 

�>;B8 =0 H?8;P:8 7 <5B@8G=>R =0@V77R 70 45D>@<0FVW @>7BS3C20==S-AB8A:0==S 
4V0<5B@>< @V7P18: 
    d = 10 3 20 << 

    d = 20 3 30 << 

    d = 30 3 40 << 

    d = 40 3 50 << 

 

 

3,0 3 3,5 

3,5 3 4,0 

4,0 3 5,0 

4,5 3 5,5 
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�8=0<VG=0 A:;04>20 =0?@C65=P @>7@0E>20=0 =0ABC?=8< G8=><: 

 

                                     ��,ÿ = :ĀĂ�ÿ�0 �∑þ4і? ĀĀ
Ā=1 ∑ÿ��ÿÿ Ā�ÿ��ÿ�                                 (2.36)  

45  m 3 ?>:07=8: AB5?5=V 2 @V2=S==V :@82>W 2B><8 2 0<?;VBC40E; 

 Tp 3 AC<0@=89 G0A 4VW 48=0<VG=8E =0?@C65=P, A; 

 ve 3 F5=B@0;P=0 (5D5:B82=0) G0AB>B0 ?@>F5AC 7<V=8 48=0<VG=8E 

=0?@C65=P, �F; 

 N0 3 107>20 :V;P:VABP F8:;V2, 107; 

 А 3 DC=:FVS ?>:07=8:0 m :@82>W 2B><8, 4;S <0;>2C3;5F528E  

AB0;59 = 16, 4;S =87P:>;53>20=8E AB0;59 = 18; 

 K8V? j 3 A5@54=S G0AB:0 4>268=8 ?@S<8E 4V;S=>: :>;VW (j = 1), :@828E 

4V;S=>: :>;VW (j = 2) V AB@V;>: (j = 3) 2V4 7030;P=>W 4>268=8 70;V7=8G=8E ;V=V9, ?> 

S:8E ?5@5410G0RBP 5:A?;C0BC20B8 4>A;V4=89 203>=. �;S <5@56V <03VAB@0;P=8E 

70;V7=8FP @5:><5=4>20=> 1@0B8 B0:V 7=0G5==S: 

- 4;S ?@S<8E 4V;S=>: :>;VW 0,75; 

- 4;S :@828E 4V;S=>: :>;VW 0,23; 

- 4;S ABV@;>G=8E ?5@52>4V2, E@5AB>28= V ?5@5@V7C :>;VW 0,02; 

Nvi – ?@89=SB0 2V4?>2V4=> :V;P:VABP @>7@S4V2 0<?;VBC4 =0?@C65=P 2  

V-<C V=B5@20;V H284:>AB59 V :V;P:VABP @>7@S4V2 H284:>AB59 @CEC; 

Svi 3 A5@54=P>:204@0B8G=5 2V4E8;5==S ?>B>G=8E 7=0G5=P 0<?;VBC4 

48=0<VG=8E =0?@C65=P 2 V-<C V=B5@20;V H284:>AB59; 

Tvi 3 G0AB:0 G0AC, I> ?@8E>48BPAS =0 @>7?>4V; ?>274>26=VE A8;. 

�;S 720@=8E V ;8B8E @0< B0 10;>: m 287=0G0B8 70 D>@<C;>R:                                                           ÿ = �(þ��)ā ,                                                   (2.37)  

 

%C<0@=89 G0A 4VW 48=0<VG=8E =0?@C65=P Tp, 2 A5:C=40E, 287=0G0RBP 70 

D>@<C;>R: 
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                                                   ĀĂ = 365 ∗ 103 ∗ ÿ�ý�̅ ∗ Āā,                                    (2.38)  

 

45  ÿ�ý 3 ?@>5:B=89 A5@54=P>4>1>289 ?@>1V3 203>=0, :</4>10; 

 �̅ 3 A5@54=S B5E=VG=0 H284:VABP @CEC 203>=0, </A. �=0G5==S 

@5:><5=4>20=> >18@0B8 73V4=> [3]. � >:@5<8E 28?04:0E 2EV4=8<8 40=8<8 

?@>5:BC20==S :>=:@5B=>3> 28@>1C <>65 1CB8 ?5@5410G5=> V=H5; 

 Tk 3 ?@>5:B=89 (@>7@0EC=:>289) :0;5=40@=89 B5@<V= A;C618 45B0;V, 

@V:. /: Tk 15@CBP =>@<0B82=89 (287=0G5=89 G8==8<8 =>@<0B82=8<8 

4>:C<5=B0<8) B5@<V= A;C618 45B0;V 4> ?;0=>2>W 70<V=8 01> ?>2=89 B5@<V= 

A;C618 4> A?8A0==S 203>=0. 

*5=B@0;P=C (5D5:B82=C) G0AB>BC ?@>F5AC, @5:><5=4>20=> ?@81;87=> 

287=0G0B8 70 D>@<C;>R: 

 

                                                         �ÿ = þ2� ∗ : ĀÿEF ,                                                  (2.39)
 

 

45  a 3 :>5DVFVє=B, I> 4>@V2=Rє: 

- 4;S :C7>20 V7>B5@<VG=>3> 203>=0 1,2; 

- 4;S :C7>20 20=B06=>3> 203>=0 1,4; 

- 4;S ?V4@5A>@5=8E G0AB8= 20=B06=>3> 2V7:0 1,7; 

- 4;S =5?V4@5A>@5=8E G0AB8= 2V7:0 2,0; 

 g 3 ?@8A:>@5==S 2V;P=>3> ?04V==S, 9,8 </A2; 

 fEF 3 AB0B8G=89 ?@>38= @5A>@=>W ?V42VA:8 4;S @>7@0EC=:>2>3> @568<C 

=020=B065==S 203>=0, <. 

�;S =5>1@5A>@5=8E G0AB8= 2V7:V2 22060RBP I> fEF 30,005 <. 
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&01;8FS 2.16 3+0AB:0 G0AC @>7?>4V;C ?>274>26=VE A8; Tvi 

�=B5@20; A8;, 

 ! 

+0AB>B=VABP A8; +8A;> F8:;V2 4VW A8; 

$>7BS3 %B8A: $>7BS3 %B8A: 

�V4 0,1 4> 0,4 0,139 0,099 2432 742 

�V4 0,4 4> 0,8 0,309 0,239 5408 1793 

�V4 0,8 4> 1,2 0,289 0,269 5058 2018 

�V4 1,2 4> 1,6 0,179 0,199 3132 1492 

�V4 1,6 4> 2,0 0,060 0,050 1050 892 

�V4 2,0 4> 2,4 0,020 0,019 350 375 

�V4 2,4 4> 2,8 0,0034 0,019 60 142 

�V4 2,8 4> 3,2 0,0006 0,005 10 38 

�V4 3,2 4> 3,6 0,0000 0,0008 0 6 

#>=04 3,6 0,0000 0,0002 0 2 

%C<0@=> 1,0000 1,0000 17500 7500 

 

&01;8FS 2.17 3 $5:><5=4>20=V :>5DVFVє=B8 70?0AC >?>@C 2B><V [n] 

5;5<5=BV2 :>=AB@C:FVW 203>=V2 

�0@V0=B �EV4=V C<>28 @>7@0EC=:C �=0G5==S [n] 

� 

' @07V 28:>@8AB0==S AB0B8AB8G=> =04V9=8E 5:A?5@8<5=B0;P=8E 
40=8E I>4> 3@0=8FP 28B@820;>ABV Ϭa,N 70 4>2V@G>W 9<>2V@=>ABV P 

= 0,95 B0 =04V9=8E 3@0=8FP 40=8E I>4> 5:A?;C0B0FVW 
=020=B065=>ABV 45B0;V Ϭa,e 

1,3 

1,4 

1,7 

� 

' @07V 28:>@8AB0==S AB0B8AB8G=> =04V9=8E 5:A?5@8<5=B0;P=8E 
40=8E I>4> Ϭa,N 70 P = 0,95 B0 =01;865=8E 40=8E I>4> Ϭa,e, 

287=0G5=8E @>7@0EC=:>28< <5B>4>< 70 2AB0=>2;5=8<8 
=>@<0B820<8 48=0<VG=8E A8;, 01> 2 @07V 28:>@8AB0==S 

A5@54=P>9<>2V@=8E 40=8E I>4> Ϭa,N (S:I> P = 0,5) B0 =04V9=8E 
5:A?5@8<5=B0;P=8E 40=8E I>4> Ϭa,e 

1,5 

1,6 

1,9 

� 

' @07V 28:>@8AB0==S =01;865=8E 40=8E I>4> Ϭa,N, 287=0G5=8E 
@>7@0EC=:>28< <5B>4>< 01> 5:A?5@B=8< >FV=R20==S< 4;S P ≅ 

0,5, V =01;865=8E 40=8E I>4> Ϭa,e, 287=0G5=8E @>7@0EC=:>28< 
<5B>4>< 70 2AB0=>2;5=8<8 =>@<0B820<8 48=0<VG=8E A8; 

1,8 

2,0 

2,2 

#@8<VB:0 1. ' 20@V0=B0E C<>2 @>7@0EC20==S �, � B0 � 7=0G5==S 4>?CAB8<8E :>5DVFVє=BV2 
70?0AC AB>ACRBPAS: 
- ?5@H5 3 5;5<5=BV2 :C7>2V2 2AVE B8?V2; 
- 4@C35 3 2V7:V2, 7GV?=8E V 30;P<V2=8E ?@8AB@>W2 20=B06=8E B0 V7><5B@8G=8E 203>=V2; 
- B@5Bє 3 :>;VA=8E ?0@ V WW 72’S7:V2 V7 @0<>R 2V7:0 203>=V2 CAVE B8?V2. 
#@8<VB:0 2. ' @07V 70AB>AC20==S A?5FV0;P=8E CB>G=5=8E <5B>4V2 @>7@0EC20==S :>=:@5B=8E 
2C7;V2 V 45B0;59 <>6=0 28:>@8AB>2C20B8 2V4?>2V4=> >1ґ@C=B>20=V, CB>G=5=V 7=0G5==S [n]. 
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�;S >FV=:8 48=0<VG=>W A:;04>2>W =0?@C65=P C =5A=8E :>=AB@C:FVSE @0<8 

:C7>20 1C;8 @>7@0E>20=V @V2=S==S 4;S 4>A;V4=8E <VAFP 7'є4=0==S E@51B>2>W 

10;:8 @0<8 7 7040=V< C?>@>< ?>3;8=0;P=>3> 0?0@0BC. 

�03>2V :>5DVFVє=B8 Pvi B0 Kyrj ?@89=SB> 73V4=> @5:><5=40FV9 !>@< [3].  

 

&01;8FS 2.18 3 $57C;PB0B8 @>7@0EC=:C :>5DVFVє=BC 70?0AC >?>@C 2B><V 

№ �03>= 
%B@>: 
A;C618, 
@. 

�>5D. 70?0AC 
>?>@C 2B><V 

n 

�>?CAB8<5 
7=0G5==S :>5D. 
70?0AC >?>@C 
2B><V 

1 �03>= <>45;V 19-752 7 
@V2=><V@=8< =020=B065==S< 

20 1,81 

[n] ≥ 1,5 

2 30 1,75 

3 40 1,68 

4 �03>= <>45;V 19-752 7 
=5@V2=><V@=8< 
=020=B065==S< 

20 1,61 

5 30 1,51 

6 40 1,48 

 

!0 @8A. 2.60 =02545=> ?>@V2=S==S 70;56=>ABV 7<V=8 :>5DVFVє=BC 70?0AC 

>?>@C 2B><V ?@8 @V2=><V@=> @>7<VI5=><C B0 ?@8 =5@V2=><V@=> @>7<VI5=><C 

20=B06C 2 :C7>2V 203>=0-E>?5@0 (10 % =5@V2=><V@=>ABV <V62V7:>2>3> 

=020=B065==S). 

 

$8AC=>: 2.60 3 �<V=0 :>5DVFVє=B0 70?0AC >?>@C 2B><V 2 70;56=>ABV 2V4 

@V2=><V@=>ABV =020=B065==S 
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!0 >A=>2V ?@>2545=> ?>@V2=S;P=>3> 4>A;V465==S <>6=0 7@>18B8 28A=>2>:, 

I> ?@8 5:A?;C0B0FVW 203>=V2-E>?5@V2 7 =5@V2=><V@=> @>7<VI5=8< 20=B065< 

:>5DVFVє=B 70?0AC >?>@C 2B><V 2 A5@54=P><C =0 15% =86G89 =V6 C 203>=V2 7 

@V2=><V@=> @>7<VI5=8< 20=B065<. 

!5@V2=><V@=5 =020=B065==S =0 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 

2?;820є =0 7=865==S :>5DVFVє=B0 70?0AC >?>@C 2B><8 B0 ?@872>48BP 4> 

:@8B8G=>3> 7<5=H5==S ?VA;S 70:V=G5==S =>@<0B82=>3> B5@<V=C A;C618, I> 2 

A2>R G5@3C :>@5;RєBPAS 7 >B@8<0=8<8 AB0B8AB8G=8<8 40=8<8 ?@> 2V4<>28. 

� 72’S7:C 7 F8<, B0 @57C;PB0B0<8 =02545=8< =0 @8A. 2.60, 4;S 287=0G5==S 

@50;P=>3> ?>:07=8:0 >?>@C 2B><V n 4;S 203>=V2-E>?5@V2, S:V 5:A?;C0BCRBPAS 7 

=5@V2=><V@=> @>7<VI5=8< 20=B065< =5>1EV4=> 225AB8 4> D>@<C;8 2.33 

4>40B:>289 :>@83CRG89 :>5DVFVє=B КAD, S:89 4>@V2=Rє 0,85. 

&>4V D>@<C;0 4;S 287=0G5==S ?>:07=8:0 >?>@C 2B><V n 4;S 203>=V2-E>?5@V2, 

S:V 5:A?;C0BCRBPAS 7 =5@V2=><V@=> @>7<VI5=8< 20=B065< <0є 283;S4  

                                                    Ā =  ��,���,ÿ · КAD ≥ [Ā],                                                  (2.40)  

 

45: - 3@0=8FS 28B@820;>ABV (70 0<?;VBC4>R) =0BC@=>W 45B0;V 70 

A8<5B@8G=8< F8:;>< V 2AB0=>2;5=8< @568<>< =020=B065=P 73V4=> 3 42,7  #0; 

 - @>7@0EC=:>20 25;8G8=0 5:2V20;5=B=>W 0<?;VBC48 48=0<VG=>3> 

=0?@C65==S C @50;P=><C @568<V 5:A?;C0B0FV9=8E 28?04:>28E =020=B065=P 70 
?@>5:B=89 AB@>: A;C618 :>=AB@C:FVW; 

КAD 3 :>@83CRG89 :>5DVFVє=B ?@8 5:A?;C0B0FVW 203>=0-E>?5@0 7 
=5@V2=><V@=> @>7?>4V;5=8< 20=B065<,  КAD=0,85; 

[n] 3 4>?CAB8<89 :>5DVFVє=B 70?0AC >?>@C 2B><V. 

 

�8A=>2:8 4> @>74V;C 2 
!0 >A=>2V ?@>2545=>3> 0=0;V7C ?0@:C 203>=V2-E>?5@V2 4;S ?5@52575==S 

75@=0 2AB0=>2;5=>, I> 75@=>2>78 <>45;V 19-752 AB0=>2;SBP 95% 2V4 2AP>3> ?0@:C. 

!0 >A=>2V @57C;PB0BV2 ?@>2545=>3> 0=0;V7C 2V4<>2 203>=V2-E>?5@V2 4;S 

Na,

Qa,
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?5@52575==S 75@=0 <>45;V 19-752 A8AB5<0B87>20=> B0 287=0G5=> 2V4<>28, S:V 

?@872>4SBP 4> ?5@54G0A=>3> 28E>4C WE 7 ;04C 2 5:A?;C0B0FVW. �87=0G5=> 3@C?8 

2V4<>2 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 2 5:A?;C0B0FVW, I> <0RBP 

A8AB5<=89 E0@0:B5@ V є :@8B8G=8<8 4;S 70157?5G5==S 157?5@51V9=>3> ?5@52V7=>3> 

?@>F5AC, 0 A0<5: =5A?@02=>ABV 30;P<>2>3> >1;04=0==S 203>=0 (685 >4, 35,8%), 

=5A?@02=>ABV :C7>20 203>=C (647 >4., 33,8%) B0  =5A?@02=>ABV @0<8 203>=C (320 

>4., 16,7%). #>=04 90% 2V4<>2 ?@8E>48BPAS =0 203>=8, S:V 265 28G5@?0;8 A2V9 

?@87=0G5=89 B5@<V= A;C618 30 @>:V2. !0 >A=>2V A8AB5<=>3> 0=0;V7C 2V4<>2 @0< 

:C7>2V2 2AB0=>2;5=>, I> 15% ?@>4V03=>AB>20=8E 203>=V2-E>?5@V2 4;S 

?5@52575==S 75@=0 <>45;V 19-752 <0RBP 45D5:B8 2 @0<0E :C7>2V2 V7 =8E 100% F5 

B@VI8=8 E@51B>28E 10;>: 2 <VAFSE WE 7'є4=0==S 7 704=V< C?>@><. &0:V B@VI8=8 є 

A8AB5<=8<8 B0 28=8:0RBP =0 ?5@5B8=V ?@87=0G5=>3> AB@>:C A;C618 203>=V2 (30 

@>:V2). 

!0 >A=>2V ?@>2545=>3> 0=0;V7C @57C;PB0BV2 >FV=:8 =0?@C65=> 

45D>@<>20=>3> AB0=C @0<8 :C7>20 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 <>45;V 

19-752 B5>@5B8G=> ?V4B25@465=> 3V?>B57C ?@> B5, I> =5@V2=><V@=5 =020=B065==S 

=0 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 B0 =54>A:>=0;0 :>=AB@C:FVW 

70:;5?:>2>3> 7'є4=0==S E@51B>2>W 10;:8 7 704=V< C?>@>< =530B82=> 2?;820є =0 

<VF=VA=V E0@0:B5@8AB8:8 @0<8 B0 ?@872>48BP 4> ?V428I5==S =0?@C65=P 28I5 

4>?CAB8<8E. 

#@>2545=> 0=0;V7 =0:>?8G5==S 2B><=8E ?>H:>465=P E@51B>2>W 10;:8 2 

7>=V :;5?0=>3> 7’є4=0==S ?@8 C<>2V =5@V2=><V@=>3> @>7<VI5==S 20=B06C B0 

287=0G5=>, I> 2B><=V ?>H:>465==S =0:>?8GCRBPAS 2 ?@8 =020=B065==S <5=H5 

1,0  !. #@8 FP><C B@VI8=0 =0 E@51B>2V9 10;FV @0<8 :C7>20 1C45 ?>H8@R20B8AS 

25@B8:0;P=> 2V4 =86=P>3> >B2>@C 70:;5?:8 151,7  #0 4> 25@E=P>W 141,9  #0. 

&0:8< G8=>< =5@V2=><V@=> @>7<VI5=89 20=B06 (10 % =5@V2=><V@=>ABV 

<V62V7:>2>3> =020=B065==S) ?@8 @568<0E � (@>7BS3) B0 ��� (@>7BS3) є ?@8G8=>R 

28=8:=5==S 2B><=8E B@VI8= 2 7>=V 70:;5?:>2>3> 7’є4=0==S G5@57 @V7:C 7<V=C 

6>@AB:>ABV FP>3> 7'є4=0==S. 
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&5>@5B8G=> 4>2545=>, I> =5@V2=><V@=5 =020=B065==S 203>=0-E>?5@0 4;S 
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:@8B8G=8<8 1C4CBP 4>B8G=V =0?@C65==S, B0: S: 22060єBPAS, I> 720@=5 7’є4=0==S 

?@0FRє =0 7@V7. "FV=R20==S <VF=>ABV 2AVE :>=AB@C:FV9=8E @VH5=P 28:>=CєBPAS 

H;SE>< ?>@V2=R20==S >B@8<0=8E =0?@C65=P 4>?CAB8<8<8 4>B8G=8<8 

=0?@C65==S<8 4;S @568<C � [Ä]=178  #0, 0 4;S @568<C ��� [Ä]=120  #0. 

"FV=R20==S <>6;82>3> =0:>?8G5==S =0?@C65=P 28:>=CєBPAS H;SE>< 

?>@V2=R20==S >B@8<0=8E =0?@C65=P 7 3@0=8F5R 28B@820;>ABV 70 4>B8G=8<8 

=0?@C65==S<8 ?@8 ?C;PACRG><C F8:;V Ä-0=70  #0 (@8A. 3.6). 

 >45@=V70FVS 70 ?5@H8< 20@V0=B><  2V4?>2V40є 28<>30< <VF=>ABV, ?@>B5 

=0:>?8G5==S 2B><=8E ?>H:>465=P 2V41C20єBPAS 265 ?@8 728G09=V9 5:A?;C0B0FVW 

2 ��� @568<V. 

�20@=V 7’є4=0==O 
?@CB:V2 7 =0:;04:>N 

�20@=V 7’є4=0==O 
AB@86=V2 7 704=V< C?>@>< 

�;5:B@>70:;5?:8 
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$8AC=>: 3.5 3 �0;8H:>2V =0?@C65==S 2 @>7<V@V 20% 2V4 3@0=8FV B5:CG>ABV 
 

 

$8AC=>: 3.6 3 $>7?>4V; =0?@C65=P =0 E@51B>2>W 10;FV 2V4 ?>74>26=VE A8;. 

$568< ��� (@>7BS3=5==S 1,0  !) 

 

�;S :>=AB@C:FV9=>3> @VH5==S 70 ?5@H8< 20@V0=B>< 1C;8 2?@>20465=V 

70E>48 I>4> CAC=5==S D0:B>@V2, I> ?@872>4SBP 4> @C9=C20==S E@51B>2>W 10;:8 
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@0<8 73V4=> B01;. 3.2, 0;5 70 @57C;PB0B0<8 <VF=VA=8E @>7@0EC=:V2 2AB0=>2;5=> 

=52V4?>2V4=VABP ?C=:BC 3 28<>3 4> :>=AB@C:FV9=>3> @VH5==S 73V4=> B01;. 3.1. �> 

?5@5203 FP>3> 20@V0=BC <>45@=V70FVW <>6=0 2V4=5AB8 70AB>AC20==S  =>2>3> 

:>=AB@C:FV9=>3> 5;5<5=BC C 283;S4V =0:;04:8, S:0 @07>< 7V AB@86=S<8 4>72>;Sє 

@>7?>4V;8B8 =0?@C65==S 2 <VAFV 28=8:=5==S B@VI8= =0 E@51B>2V9 10;FV, 0;5 

FP>3> =54>AB0B=P> I>1 =0:>?8G5==S 2B><=8E ?>H:>465=P =5 2V41C20;>AP. 

&><C ?5@5E>48<> 4> ?@>є:BC20==S 4@C3>3> 20@V0=BC <>45@=V70FVW 7 

2@0EC20==S< =54>;V:V2 B0 ?5@5203 ?5@H>3> 20@V0=BC. 

 

3.3.2 �>=AB@C:FV9=5 @VH5==S 70 4@C38< 20@V0=B>< 

�>=AB@C:FV9=5 @VH5==S I>4> C4>A:>=0;5==S :>=AB@C:FVW @0<8 203>=0-

E>?5@0 4;S ?5@52575==S 75@=0 <>45;V 19-752 70 4@C38< 20@V0=B>< ?>;S30є 2 

=0ABC?=8E 5B0?0E @>1VB, I> ?@82545=V =86G5. 

1) �@V70B8 3>;>2:8 B0 45<>=BC20B8 70:;5?:8 2 @09>=V 28=8:=5==S B@VI8=8 

7 >1>E AB>@V= E@51B>2>W 10;:8. �>;>2:8 70:;5?>: 7@V70B8 7 2=CB@VH=P>W AB>@>=8 

E@51B>2>W 10;:8, I>1 28:;RG8B8 B5@<VG=89 2?;82 =0 E@51B>2C 10;:C 2 @09>=V 

28=8:=5==S B@VI8=8.  

2) �V4@V70B8 2V4 704=P>3> C?>@C 42V G0AB8=8, S: ?>:070=> =0 @8A. 3.7. 

3) +0AB8=8 2V4@V70RBPAS 2@V25=P 7 25@B8:0;P=>R ABV=:>R C?>@C, 0 2=87C  

2V4@V70RBPAS 4> ?>G0B:C @04VCA=>3> ?5@5E>4C =0 3>@87>=B0;P=C ABV=:C C?>@C 

4) $>7@>18B8 B@VI8=C B0 CAC=CB8 WW 720@R20==S<. 

5) �0G8AB8B8 720@=89 H>2 CAC=CB>W B@VI8=8 7 2=CB@VH=P>W AB>@>=8 2@V25=P 

7 E@51B>2>R 10;:>R. 

6) �83>B>28B8 42V >4=0:>2V 45B0;V B0 2AB0=>28B8 WE =0 <VAFS 7@V70=8E G0AB8= 

C?>@C, S: ?>:070=> =0 @8A. 3.8 B0 >120@8B8. �5B0;V ?@820@RRBPAS 4> E@51B>2>W 

10;:8 ?> WW :>=BC@C B0 G5@57 5;5:B@>70:;5?:8, 0 4> 25@B8:0;P=>3> ;8AB0 C?>@C 

G5@57 >B2>@8. 

�5B0;P, I> ?@>?>=CєBPAS <0є 283>B>2;SB8AS 7 B>3> 6 <0B5@V0;C, I> V 

E@51B>20 10;:0 @0<8 203>=0 (AB0;P 09�2%). 



158 

 

 

$8AC=>: 3.7 3 +0AB8=8 704=P>3> C?>@C, I> 2V4@V70RBPAS 

 

 

 

$8AC=>: 3.8 3 �030;P=89 283;S4 4@C3>3> :>=AB@C:FV9=>3> @VH5==S 

!>289 :>=AB@C:FV9=89 
5;5<5=B 

+0AB8=0 C?>@C № 1, I> 
2V4@V70єBьAO 

+0AB8=0 C?>@C №2, I> 
2V4@V70єBьAO 

�;5:B@>70:;5?:8 !>20 45B0;ь 
?@820@NєBьAO 4> 
704=ь>3> C?>@C 
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"FV=R20==S <VF=>ABV :>=AB@C:FV9=>3> @VH5==S 70 4@C38< 20@V0=B><  

28:>=CєBPAS 0=0;>3VG=> ?5@H><C 20@V0=BC. $57C;PB0B8 0=0;V7C @>7?>4V;C 

=0?@C65=P =02545=> =0 @8A. 3.9. 

 

 

$8AC=>: 3.9 3 $>7?>4V; =0?@C65=P 20@V0=BC 2 =0 E@51B>2>W 10;FV 2V4 ?>74>26=VE 

A8;. $568< ��� (@>7BS3=5==S 1,0  !) 

 

 >45@=V70FVS 70 4@C38< 20@V0=B>< 2V4?>2V40є 28<>30< <VF=>ABV 73V4=> 

?C=:BV2 1-2 B01;. 3.1, ?@>B5 =0:>?8G5==S 2B><=8E ?>H:>465=P 2V41C20єBPAS 265 

4;S ��� @568<C =020=B065=P, I> =5 2V4?>2V40є 28<>30< 73V4=> ?C=:BC 3 B01;. 3.1. 

#>?@8 F5, 40=89 20@V0=B :>=AB@C:FV9=>3> @VH5==S <0є ?5@52038 2 B><C I> 

CAC=CB0 B@VI8=0 E@51B>2>W 10;:8 =5 70:@8B0 =0:;04:>R, I> ?>:@0ICє 

:>=B@>;5?@840B=VABP FP>3> <VAFS 2 <091CB=P><C, CAC=5==S B@VI8=8 <>6=0 

28:>=C20B8 7 42>E 1>:V2 ABV=>: E@51B>2>W 10;:8, 0 B0:>6 A;V4 2V47=0G8B8 

7>A5@5465=VABP <VAFP, S:V <0RBP ?V428I5=V =0?@C65==S (7>=8 720@=>3> 7'є4=0==S 

=>2>W 45B0;V 7 >A=>2=8< <5B0;>< E@51B>2>W 10;:8). �> =54>;V:V2 <>6=0 2V4=5AB8 

4>A8BP 3@><V74:C =>2C 45B0;P, S:0 =57@CG=0 C 2AB0=>2;5==V. 
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3.3.3 �>=AB@C:FV9=5 @VH5==S 70 B@5BV< 20@V0=B>< 

� B@5BP><C 20@V0=BC :>=AB@C:FV9=>3> @VH5==S 2@0E>2CRG8 ?5@52038 B0 

=54>;V:8 ?5@H8E 42>E 20@V0=BV2 <>45@=V70FVW 1C45 70AB>A>20=> ?@89>< 

@>7AVR20==S =0?@C65=P 70 4>?><>3>R 7<V=8 ?>?5@5G=>3> ?5@5@V7C =>2>3> 

:>=AB@C:FV9=>3> 5;5<5=B0 (=0:;04:8). 

 >45@=V70FVS 70 B@5BV< 20@V0=B>< ?>;S30є 2 =0ABC?=8E >?5@0FVSE, I> 

?@82545=V =86G5. 

1) �@V70B8 3>;>2:8 B0 45<>=BC20B8 70:;5?:8 2 @09>=V 28=8:=5==S B@VI8=8. 

2) $>7@>18B8 B@VI8=C B0 CAC=CB8 WW 720@R20==S<. 

3) �83>B>28B8 42V 45B0;V 7 ?>ABC?>2>R 7<V=>R B>2I8=8 73V4=> @8A. 3.10. 

 

$8AC=>: 3.10 3 �5B0;P 7 ?>ABC?>2>R 7<V=>R B>2I8=8 

  

3) $>7@>18B8 :@0W 704=P>3> C?>@C 4;S 720@R20==S <5E0=VG=8< A?>A>1><. 

4) �AB0=>28B8 283>B>2;5=V =0:;04:8 7 ?>ABC?>2>R 7<V=>R B>2I8=8 =0 

E@51B>2C 10;:C 203>=0 S: ?>:070=> =0 @8A. 3.11 B0 ?@820@8B8 WW 4> E@51B>2>W 10;:8 

?> :>=BC@C V G5@57 5;5:B@>70:;5?:8 B0 4> 704=P>3> C?>@C (2AB8:). 
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$8AC=>: 3.11 3 �030;P=89 283;S4 B@5BP>3> :>=AB@C:FV9=>3> @VH5==S 
 

"FV=R20==S <VF=>ABV 28:>=CєBPAS 0=0;>3VG=> S: 4;S ?5@H>3> B0 4@C3>3> 

20@V0=BV2 7 2@0EC20==S< 28<>3 73V4=> B01;. 3.1. $>7?>4V;C =0?@C65=P B@5BP>3> 

:>=AB@C:FV9=>3> @VH5==S ?@54AB02;5=> =0 @8A. 3.12. 

 

 

$8AC=>: 3.12 3 $>7?>4V; =0?@C65=P B@5BP>3> 20@V0=BC =0 E@51B>2>W 10;FV 2V4 

?>74>26=VE A8;. $568< ��� (@>7BS3=5==S 1,0  !) 

 

 >45@=V70FVS 70 B@5BV< 20@V0=B>< 2V4?>2V40є 28<>30< <VF=>ABV, =091V;PHV 

=0?@C65==S =5 ?5@528ICRBP 3@0=8FV 28B@820;>ABV 70 4>B8G=8<8 =0?@C65==S<8 

!>289 :>=AB@C:FV9=89 
5;5<5=B 

�;5:B@>70:;5?:8 
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4;S ?C;PACRG>3> F8:;C 69 M#0< [70  #0]. #@89>< 7 70AB>AC20==S< =0:;04:8 

7<V==>W B>2I8=8 402 7<>3C 1V;PH @V2=><V@=> @>7?>4V;8B8 =020=B065==S. �;5 

40=89 20@V0=B <0є @S4 =54>;V:V2, 7>:@5<0 =5<>6;82VABP CAC=5==S B@VI8=8 =0 

E@51B>2V9 10;FV 7 42>E AB>@V= 25@B8:0;P=8E ;8ABV2 B0 ABC?5=5289 ?5@5EV4 

B>2I8=8 =0 =0:;04FV S:89 ?@8 =5?@028;P=><C 283>B>2;5==V <>65 AB2>@R20B8 

4>40B:>2V :>=F5=B@0B>@8 =0?@C65=P. 

 

3.3.4 �>=AB@C:FV9=5 @VH5==S 70 G5B25@B8< 20@V0=B>< 

$>73;S40RG8 @57C;PB0B8 <VF=VA=8E @>7@0EC=:V2 70?@>?>=>20=8E 

:>=AB@C:FV9=8E @VH5=P I>4> C4>A:>=0;5==S :>=AB@C:FVW @0<8 203>=0-E>?5@0 4;S 

?5@52575==S 75@=0 <>45;V 19-752 =5>1EV4=> 2V4<VB8B8 @VH5==S 70 20@V0=B>< 2 B0 

20@V0=B>< 3.  >45@=V70FVS 70 20@V0=B>< 2 є =091V;PH 6>@AB:>R, =091V;PHV 

=0?@C65==S E>G V 1V;PHV =V6 C 20@V0=B0 1 B0 3 B0 2>=8 ;>:0;V7>20=V 2 =525;8:V9 

7>=V.  >45@=V70FVS 70 20@V0=B>< 3 70 @0EC=>: ?>ABC?>2>W 7<V=8 B>2I8=8 =0:;04:8 

B0 WW 6>@AB:>ABV 4>72>;8;0 >B@8<0B8 =09<5=HV =0?@C65==S. �@0E>2CRGV, I> V 

20@V0=B 2 V 20@V0=B 3 <0RBP A2>W ?5@52038 ?@>?>=CєBPAS >1’є4=0B8 FV 20@V0=B8 2 

>4=5 :>=AB@C:FV9=5 @VH5==S. 

&5E=>;>3VS 28:>=0==S :>=AB@C:FV9=>3> @VH5==S 70 G5B25@B8< 20@V0=B>< 

?>2=VABR 2V4?>2V40є 4@C3><C 20@V0=BC, >:@V< :>=AB@C:FVW =>2>W 45B0;V (=0:;04:8), 

S:0 1C45 <0B8 ?>ABC?>2C 7<V=C B>2I8=8 B0 ?@820@R20B8AP ?> :>=BC@C 4> 

E@51B>2>W 10;:8 B0 5;5:B@>70:;5?:0<8, V 2AB8: 4> 704=P>W ABV=:8 704=P>3> C?>@C. 

�A:V7 B0 3-D <>45;P =>2>W 45B0;V 4;S G5B25@B>3> :>=AB@C:FV9=>3> @VH5==S 

?@82545=> =0 @8A. 3.13. 

�0=5 :>=AB@C:FV9=5 @VH5==S <0є 2AV ?5@52038 ?>?5@54=VE 20@V0=BV2 

<>45@=V70FV9 B0 28:;RG0є WE =54>;V:8. 
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0) 

 

1) 

 

$8AC=>: 3.13 3 !>20 45B0;P 4;S :>=AB@C:FV9=>3> @VH5==S 70 4 20@V0=B>< 

(0 3 5A:V7 =>2>W 45B0;V; 1 3 3-D <>45;P =>2>W 45B0;V) 
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�030;P=0 283;S4 G5B25@B>3> :>=AB@C:FV9=>3> @VH5==S <0є =0ABC?=89 

283;S4 (@8A. 3.14). 

 

 

 

 

$8AC=>: 3.14 3 �030;P=89 283;S4 G5B25@B>3> :>=AB@C:FV9=>3> @VH5==S 

 

#@8 ?@>2545==V <VF=VA=8E @>7@0EC=:V2 S: V 2 ?>?5@54=VE 20@V0=B0E 

2@0E>2CRBPAS 70;8H:>2V =0?@C65==S 2V4 720@R20==S 2 @>7<V@V 20% 2V4 3@0=8FV 

B5:CG>ABV. "FV=R20==S <VF=>ABV 28:>=CєBPAS H;SE>< ?>@V2=R20==S >B@8<0=8E 

=0?@C65=P 4>?CAB8<8<8 4>B8G=8<8 =0?@C65==S<8 4;S @568<C � [Ä]=178  #0, 

0 4;S @568<C ��� [Ä]=120  #0. "FV=R20==S <>6;82>3> =0:>?8G5==S =0?@C65=P 

28:>=CєBPAS H;SE>< ?>@V2=R20==S >B@8<0=8E =0?@C65=P 7 3@0=8F5R 

28B@820;>ABV 70 4>B8G=8<8 =0?@C65==S<8 ?@8 ?C;PACRG><C F8:;V Ä-0=70  #0.  

�0 @57C;PB0B0<8 0=0;V7C 5?R@8 @>7?>4V;C =0?@C65=P G5B25@B>3> 

:>=AB@C:FV9=>3> @VH5==S 2AB0=>2;5=>, I> 40=89 20@V0=B 2V4?>2V40є 28<>30< 

<VF=>ABV, 0 =091V;PHV =0?@C65==S =5 ?5@528ICRBP 3@0=8FV 28B@820;>ABV 70 

4>B8G=8<8 =0?@C65==S<8 4;S ?C;PACRG>3> F8:;C 58 M#0< [70  #0]. &0:>6 

1C;> 2@0E>20=> =5@V2=><V@=VABP =020=B065==S H;SE>< ?5@5@>7?>4V;C 

25@B8:0;P=8E A8; <V6 2V7:0<8 2 ��� @>7@0EC=:>2><C @568<V =0 10%, 2 B0:><C 

28?04:C =091V;PHV =0?@C65==S B0:>6 =5 ?5@528ICRBP 3@0=8FV 28B@820;>ABV 70 

4>B8G=8<8 =0?@C65==S<8 4;S ?C;PACRG>3> F8:;C 62,3 M#0< [70  #0].  

!>20 45B0;ь �;5:B@>70:;5?:8 �20@N20==O ?> 2Aь><C :>=BC@C 
=>2>W 45B0;V 
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�?R@0 @>7?>4V;C =0?@C65=P G5B25@B>3> :>=AB@C:FV9=>3> @VH5==S 2V4 

?>74>26=VE A8; 7 2@0EC20==S< 4VW A8; 2V4 =5@V2=><V@=>3> =020=B065==S 

?@82545=0 =0 @8A. 3.15. 

 

 

$8AC=>: 3.15 3 $>7?>4V; =0?@C65=P G5B25@B>3> :>=AB@C:FV9=>3> @VH5==S 

2V4 ?>74>26=VE A8;. $568< ��� (@>7BS3 1,0  !) 

  

 !091V;PHV =0?@C65==S, I> 28=8:0RBP 2 7>=V CAC=5==S B@VI8=8 =0 

E@51B>2V9 10;FV @0<8 203>=0-E>?5@0 A:;040RBP 42,7  #0< [70  #0]. #@8 FP><C, 

2 40=><C :>=AB@C:FV9=><C @VH5==V 70157?5GCєBPAS <>6;82VABP CAC=5==S 

B@VI8=8 =0 E@51B>2V9 10;FV 7 >1>E 1>:V2 ABV=>:, 4>ABC?=0 ?>2=0 

'AC=5==S B@VI8=8 

max 42,7 M#0 

�>=0 <>45@=V70FVW 
max 62,3 M#0 
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:>=B@>;5?@840B=VABP <VAFS CAC=5==S B@VI8=8 =0 E@51B>2V9 10;FV, 40=5 @VH5==S 

=5 ?>B@51Cє 70:;5?:>2>3> 7'є4=0==S, 0 707=0G8BP B0:C <>45@=V70FVR <>6=0 

28:>=0B8 2 C<>20E 1C4P-S:>3> 0B5AB>20=>3> �$#.  

 &0:>6 1C;> >FV=5=> =0?@C65==S, S:V 28=8:0RBP 2 @0<V 203>=0-E>?5@0 

73V4=> G5B25@B>3> :>=AB@C:FV9=>3> @VH5==S 2 @5<>=B=8E @568<0E (@8A. 3.16). 

 

0) 

 

1) 

$8AC=>: 3.16 3 "FV=:0 =0?@C65=>-45D>@<>20=>3> AB0=C @0<8 203>=0-

E>?5@0 70 G5B25@B8< :>=AB@C:FV9=8< @VH5==S< 2 @5<>=B=8E @568<0E 

(720=B065=89 203>= 3 0; 1 3 ?>@>6=V9 203>=) 
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�;S 7020=B065=>3> 203>=C 3 @5<>=B=89 @568< (?V49>< 70 420 :V=FV 

H2>@=52>W 10;:8), <0:A8<0;P=V =0?@C65==S 2 7>=V <>45@=V70FVW A:;040RBP           

51,5  #0, 0 4;S ?>@>6=P>3> 203>=C 3 @5<>=B=89 @568< (?V49>< ?> 4V03>=0;SE). 

<0:A8<0;P=V =0?@C65==S 2 7>=V <>45@=V70FVW A:;040RBP 40  #0, ?@8 4>?CAB8<8E 

7=0G5==SE [Ã]= 0,9·ÃT=0,9·345  #0=310,5  #0. 

 $>7@0ECє<> 70 D>@<C;0<8 3.1 B0 3.2 2V4?>2V4=V :>5DVFVє=B8 70?0AC >?>@C 

2B><8 4;S ?@89=SB>3> :>=AB@C:B>@AP:>3> @VH5==S 7 2@0EC20==S< ?>?@02>G=>3> 

:>5DVFVє=BC I>4> =5@V2=><V@=>3> =020=B065==S B0 70=5A5<> @57C;PB0B8 

@>7@0EC=:V2 4> B01;. 3.3.                                                    Ā =  ��,���,ÿ ≥ [Ā],                                                            (3.1)                                                     Ā =  ��,���,ÿ · КAD ≥ [Ā],                                                  (3.2)  

45: - 3@0=8FS 28B@820;>ABV (70 0<?;VBC4>R) =0BC@=>W 45B0;V 70 

A8<5B@8G=8< F8:;>< V 2AB0=>2;5=8< @568<>< =020=B065=P 73V4=> 3 42,7  #0; 

 - @>7@0EC=:>20 25;8G8=0 5:2V20;5=B=>W 0<?;VBC48 48=0<VG=>3> 

=0?@C65==S C @50;P=><C @568<V 5:A?;C0B0FV9=8E 28?04:>28E =020=B065=P 70 
?@>5:B=89 AB@>: A;C618 :>=AB@C:FVW; 

КAD 3 :>@83CRG89 :>5DVFVє=B ?@8 5:A?;C0B0FVW 203>=0-E>?5@0 7 
=5@V2=><V@=> @>7?>4V;5=8< 20=B065<.  КAD=0,85; 

[n] 3 4>?CAB8<89 :>5DVFVє=B 70?0AC >?>@C 2B><V [n] ≥1,5. 

&01;8FS 3.3 3 $57C;PB0B8 @>7@0EC=:C :>5DVFVє=BC 70?0AC >?>@C 2B><V 

№ 
�;5<5=B =5A=>W 
:>=AB@C:FVW 203>=0 

%B@>: 
A;C618, @. 

 

�>5D. 70?0AC 
>?>@C 2B><V n 

�>5D. 70?0AC 
>?>@C 2B><V  

n × КAD 

�>?CAB8<5 
7=0G5==S :>5D. 
70?0AC >?>@C 
2B><V 

1 

�>=0 <>45@=V70FVW 
E@51B>2>W 10;:8 

30 2,47 2,10 

[n] ≥ 1,5 

2 35 2,33 1,96 

3 37 2,23 1,90 

4 40 2,06 1,75 

5 45 1,76 1,50 

6 

,2>@5=20 10;:0 

30 2,59 2,20 

7 35 2,41 2,10 

8 37 2,35 2,00 

9 40 2,10 1,80 

10 45 1,9 1,60 

Na,

Qa,
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#V4 G0A @>7@0EC=:C ?@89=SB>: :>5DVFVє=B :@82>W 2B><V m=0,4; :>5DVFVє=B 

:>=F5=B@0FVW 3 4,5; A5@54=є 7=0G5==S 3@0=8FV 28B@820;>ABV @0<8 3 210  #0; 

A5@54=P>4>1>289 ?@>1V3 203>=0 3 162 :<, ?@>5:B=0 A5@54=S H284:VABP 3 22,4</c. 

�@0E>2CRG8 >B@8<0=V @57C;PB0B8 @>7@0EC=:V2 28:>=0є<> >FV=:C 

2V4?>2V4=>ABV @>7@>1;5=8E G>B8@P>E  :>=AB@C:FV9=8E @VH5=P I>4> 

C4>A:>=0;5==S :>=AB@C:FVW @0<8 :C7>20 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 

<>45;V 19-752 73V4=> 28<>3 B01;. 3.1 B0 70=5A5<> @57C;PB0B8 >FV=:8 2 B01;. 3.4. 

 

&01;8FS 3.4 3 "FV=:0 2V4?>2V4=>ABV :>=AB@C:FV9=8E @VH5=P 

№ 

7/? 

#>:07=8: �=0G5==S  B0 C<>20 �0@V0=B8 

:>=AB@C:FV9=8E 

@VH5=P 

1 2 3 4 

1 �>?CAB8<V 4>B8G=V 

=0?@C65==S 4;S @568<C �  

178  #0 3 =5 1V;PH5  

+ 

 

+ 

 

+ 

 

+ 

2 �>?CAB8<V 4>B8G=V 

=0?@C65==S 4;S @568<C ���  

120  #0 3 =5 1V;PH5  

+ 

 

+ 

 

+ 

 

+ 

3 �@0=8FS 28B@820;>ABV 70 

4>B8G=8<8 =0?@C65==S<8 

?@8 ?C;PACRG><C F8:;V Ä-0 

70  #0 3 =5 1V;PH5  

 

3 

 

 

3 

 

 

+ 

 

 

+ 

4 &5E=>;>3VG=VABP �>ABC?=VABP B0 

?@>AB>B0 28:>=0==S, 

<>6;82VABP 

:>=B@>;R 

 

 

3 

 

 

+ 

 

 

3 

 

 

+ 

5 �>5DVFVє=B 70?0AC 2B><8 7 

2@0EC20==S КAD 

1,5 3  =5 <5=H5 4;S 

45 @>:V2 

3 3 3 + 

 

"B65, :>=AB@C:B>@AP:5 @VH5==S 70 G5B25@B8< 20@V0=B>< 2V4?>2V40є 2AV< 

28<>30< I>4> C4>A:>=0;5==S :>=AB@C:FVW @0<8 203>=0-E>?5@0 4;S ?5@52575==S 
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75@=0 <>45;V 19-752. &0:8<, G8=>< >18@0є<> 40=5 :>=AB@C:B>@AP:5 @VH5==S 4;S 

?>40;PH8E 5:A?5@8<5=B0;P=8E 4>A;V465=P. 

�3V4=> ?@89=SB>3> :>=AB@C:B>@AP:>3> @VH5==S 02B>@>< 1C;> @>7@>1;5=> 

:><?;5:B :>=AB@C:B>@AP:>W 4>:C<5=B0FVW B0 B5E=>;>3VG=>W V=AB@C:FVW             

!��&�.19-752.00.00.000 &� (�>40B>: �) 4;S <>45@=V70FVW 4>A;V4=8E 7@07:V2 B0 

>B@8<0=> ?0B5=B =0 :>@8A=C <>45;P [70]. 

  

3.4 �8A=>2:8 4> @>74V;C 3 
�;S ?>HC:C >?B8<0;P=>3> :>=AB@C:FV9=>3> @VH5==S I>4> C4>A:>=0;5==S 

:>=AB@C:FVW @0<8 :C7>20 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 <>45;V 19-752 

@>7@>1;5=> AB@C:BC@=C AE5<C 4>A;V465=P I>4> ?5@5410G0є 70AB>AC20==S 

F8:;VG=>3> VB5@0FV9=>3> <5B>4C ?@>5:BC20==S. 

�;S ?@>є:BC20==S =>2>3> :>=AB@C:FV9=>3> @VH5==S  I>4> C4>A:>=0;5==S 

:>=AB@C:FVW @0<8 :C7>20 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 <>45;V 19-752 

287=0G5=> 70E>48 I>4> CAC=5==S D0:B>@V2, I> ?@872>4SBP 4> @C9=C20==S 

E@51B>2>W 10;:8 @0<8. 

�2B>@>< 2AB0=>2;5=V 28<>38 I>4> ?>HC:C =>2>3> :>=AB@C:FV9=>3> 

@VH5==S I>4> C4>A:>=0;5==S :>=AB@C:FVW @0<8 :C7>20 203>=0-E>?5@0 4;S 

?5@52575==S 75@=0 <>45;V 19-752: 2V4?>2V4=VABP 28<>30< <VF=>ABV 70 4>B8G=8<8 

=0?@C65==S<8 4;S � B0 ��� @>7@0EC=:>2>3> @568<C, 2V4?>2V4=VABP 28<>30< 

28B@820;>ABV 70 4>B8G=8<8 =0?@C65==S<8 ?@8 ?C;PACRG><C F8:;V, 

B5E=>;>3VG=VABP :>=AB@C:FV9=>3> @VH5==S, 2V4?>2V4=VABP :>5DVFVє=B 70?0AC 

2B><8 (=5 1V;PH5 1,5) 7 2@0EC20==S< :>@83CRG>3> :>5DVFVє=BC I>4> 

=5@V2=><V@=>ABV =020=B065==S 203>=0. 

�0 @57C;PB0B0<8 @>7@0EC=:V2 2AB0=>2;5=>, I> 70?@>?>=>20=V ?5@H89, 

4@C389 B0 B@5BV9 20@V0=B8 <>45@=V70FV9 @0<8 :C7>20 203>=0-E>?5@0 4;S 

?5@52575==S 75@=0 <>45;V 19-752 2V4?>2V40RBP 28<>30< <VF=>ABV, 0;5 =5 

2V4?>2V40RBP 28<>30< 28B@820;>ABV 70 4>B8G=8<8 =0?@C65==S<8 ?@8 

?C;PACRG><C F8:;V, ?@8 FP><C 4@C389 20@V0=B 70157?5GC202 28<>38 

B5E=>;>3VG=>ABV. �C;> ?@>0=0;V7>20=> ?5@52038 B0 =54>;V:8 B@P>E 20@V0=BV2 
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70?@>?>=>20=8E <>45@=V70FV9 B0 =0 WE >A=>2V @>7@>1;5=> G5B25@B89 20@V0=B, S:89 

?5@5410G0є 70AB>AC20==S =>2>W 45B0;V C 283;S4V =0:;04:8 7<V==>W B>2I8=8, 0 

7=0G8BP V 6>@AB:>ABV 4;S @>7AVR20==S =0?@C65=P. 

+5B25@B89 20@V0=B <>45@=V70FVW @0<8 :C7>20 203>=0-E>?5@0 4;S 

?5@52575==S 75@=0 @о45?і 19 ?> @57C;PB0B0< @>7@0EC=:V2 ?>:0702 =09:@0I89 

@57C;PB0B V B><C 9>3> 1C;> ?@89=SB> :V=F528<. !>@<0B82=V @568<8 C40@C B0 

AB8A=5==S 2 FP><C 20@V0=BV =5 2?;820RBP =0 @>728B>: B@VI8= 2 7>=V 70:;5?:>2>3> 

7’є4=0==S, 0 >FV=:0 :>5DVFVє=BC 70?0AC 2B><8 7 2@0EC20==S< :>@83CRG>3> 

:>5DVFVє=BC, S:89 2@0E>2Cє =5@V2=><V@=VABP =020=B065==S 704>2>;P=Sє 28<>38 

@5AC@AC 4> 45 @>:V2. 

#@8 FP><C A;V4 707=0G8B8, I> 70<V=0 ?>3;8=0;P=8E 0?0@0BV2 203>=V2-

E>?5@V2 4;S ?5@52575==S 75@=0 <>45;V 19-752 :;0AC &0 =0 0?0@0BC :;0AC &1 40ABP 

7<>3C I5 1V;PH5 ?>:@0I8B8 =5A=C 740B=VABP @0<8 :C7>20, B><C B0:V @5:><5=40FVW 

2 ?>40;PH><C 1C4CBP =040=V 4;S 203>=>@5<>=B=8E ?V4?@8є<AB2.  
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$"���� 4. ��%#�$� �!&��Ь!� �"%�����!!/ $� � ���"!�-

)"#�$� ��/ #�$�����!!/ ��$!� '�"%�"!���!"� 
�"!%&$'�*�� 

 

�:A?5@8<5=B0;P=V 4>A;V465==S ?>;S30RBP 2 ?@>2545==V :>=B@>;P=8E 

28?@>1C20=P 4>A;V4=>3> 7@07:0 @50;V7>20=>3> :>=AB@C:B>@AP:>3> @VH5==S 70 

G5B25@B8< 20@V0=B>< I>4> C4>A:>=0;5==S @0<8 :C7>20 203>=0-E>?5@0 <>45;V 19-

752 73V4=> 28<>3 [3] 7 <5B>R ?V4B25@465==S @57C;PB0BV2 B5>@5B8G=8E 4>A;V465=P 

B0 287=0G5==S 70;8H:>2>3> @5AC@AC 2@0E>2CRG8 =5@V2=><V@=5 =020=B065==S 

203>=0. ":@V< FP>3>, 4;S >FV=:8 1572V4<>2=>ABV @0<8 :C7>20 203>=0-E>?5@0 4;S 

?5@52575==S 75@=0 <>45;V 19-752 ?VA;S <>45@=V70FVW ?@>2545=V 5:A?;C0B0FV9=V 

28?@>1C20==S B0 ?@>0=0;V7>20=> AB0B8AB8:C 2V4<>2 4>A;V4=>W ?0@BVW 203>=V2 7 

<>45@=V7>20=8<8 @0<8 2?@>4>26 5 @>:V2 5:A?;C0B0FVW. �;S >FV=:8 4>FV;P=>ABV 

@50;V70FVW <>45@=V70FVW @0< 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 <>45;V 19-752 

@>7@>1;5=> B5E=V:>-5:>=><VG=5 >13@C=BC20==S. 

�>=B@>;P=V 28?@>1C20==S 2:;RG0RBP 2 A515 A:840==S 7 :;8=V2, C40@=V 

28?@>1C20==S B0 @>7@0EC=:8 [71-75]. � E>4V ?@>2545==S :>=B@>;P=8E 

28?@>1C20=P 4>A;V4=>3> 7@07:0 203>=0-E>?5@0 <>45;V 19-752 1C;8 70AB>A>20=V 

<5B>48 287=0G5==S @50;P=8E =0?@C65=P 2 :>=AB@C:FVW 7 70AB>AC20==S< 

B5=7><5B@VW. &5=7><5B@VS 3 F5 AC:C?=VABP 5:A?5@8<5=B0;P=8E <5B>4V2 287=0G5==S 

=0?@C65=>-45D>@<>20=>3> AB0=C <0B5@V0;C 5;5<5=BV2 :>=AB@C:FVW. � =0H><C 

28?04:C 1C45 70AB>A>2C20B8AP <5B>4 7 70AB>AC20==S< 5;5:B@8G=8E B5=7><5B@V2 

(B5=7>@578AB>@V2) [76]. �;S >FV=:8 @57C;PB0BV2 5:A?;C0B0FV9=8E 28?@>1C20=P 

4>A;V4=>W ?0@BVW 203>=V2 7 <>45@=V7>20=8<8 @0<0<8 70AB>A>2C20;8AP AB0B8AB8G=V 

<5B>48 >FV=R20==S B0 >1@>1:0 @57C;PB0BV2 2V4<>2 2 5:A?;C0B0FVW <5B>4>< 

5:AB@0?>;SFVW B@5=4C. 

�;S ?@>2545==S 5:A?5@8<5=B0;P=8E 4>A;V465=P @>7@>1;5=> 2V4?>2V4=89 

?;0=, S:89 ?@82545=89 2 B01;. 4.1. 
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&01;8FS 4.1 3 #;0= ?@>2545==S 5:A?5@8<5=B0;P=8E 4>A;V465=P 

№ 

7/? 

�B0? @>1>B8 "GV:C20=89 @57C;PB0B 

1 #V43>B>2:0 4>A;V4=>3> 7@07:0 4> :>=B@>;P=8E 28?@>1C20=P 

1.1 �45=B8DV:0FVS 4>A;V4=>3> 

7@07:0 

#V4B25@465==S 40=8E 4>A;V4=>3> 7@07:0 

1.2 �>=B@>;P B5E=VG=>3> AB0=C 

4>A;V4=>3> 7@07:0 

#V4B25@465==S 2V4ACB=>ABV 45D5:BV2 B0 

2V4?>2V4=>ABV B>2I8= =5A=8E :>=AB@C:FV9 

1.3 #>:>;VA=5 7206C20==S 

4>A;V4=>3> 7@07:0 

�<VB0FVS =5@V2=><V@=>3> =020=B065==S 

2 #@>2545==S :>=B@>;P=8E 28?@>1C20=P 

2.1 �8?@>1C20==S A:840==S 7 

:;8=V2 

�87=0G5==S 48=0<VG=8E =0?@C65=P 2 

5;5<5=B0E @0<8 

2.2 '40@=V 28?@>1C20==S �87=0G5==S ?>74>26=VE A8; B0 @50;P=8E 

=0?@C65=P :>=AB@C:FVW 

2.3 $>7@0EC=>: ?>:07=8:V2 

@5AC@AC 

�87=0G5==S ?>:07=8:V2 @5AC@AC B0 

?>@V2=S==S WE 7 B5>@5B8G=8<8 

4>A;V465==S<8 

3 �:A?;C0B0FV9=V 

28?@>1C20==S B0 0=0;V7 

AB0B8AB8G=8E 40=8E 2V4<>2 

#V4B25@465==S 1572V4<>2=>W 5:A?;C0B0FVW 2 

@50;P=8E C<>20E 

4 &5E=V:>-5:>=><VG=5 

>13@C=BC20==S 

�87=0G5==S 5:>=><VG=>W 4>FV;P=>ABV 

2?@>20465==S <>45@=V70FVW  

 

4.1 #V43>B>2:0 4>A;V4=>3> 7@07:0 4> :>=B@>;ь=8E 28?@>1C20=ь 
�;S ?@>2545==S :>=B@>;P=8E 28?@>1C20=P 1C;> <>45@=V7>20=> @0<C 

:C7>20 =0 >4=><C 203>=V E>?5@V 4;S ?5@52575==S 75@=0 <>45;V 19-752  (4>A;V4=89 

7@07>:) 70 @>7@>1;5=8< ?@>є:B>< !��&�.19-752.00.00.000 &�, S:89 <02 B@VI8=8 

2 E@51B>2V9 10;FV @0<8 2 <VAFV WW 7'є4=0==S 7 704=V< C?>@>< 7 >1>E 1>:V2.  
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�030;P=89 283;S4 @50;V7>20=>3> :>=AB@C:FV9=>3> @VH5==S C4>A:>=0;5==S 

@0<8 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 ?@54AB02;5=> =0  @8A. 4.1. 

 

 

$8AC=>: 4.1 3 �030;P=89 283;S4 <>45@=V7>20=>W @0<8 :C7>20 

 

�45=B8DV:0FVR 4>A;V4=>3> 7@07:0 28:>=0=> 70 =>@<0B82=>R 4>:C<5=B0FVєR, 

7>2=VH=V< 284>< B0 :>=AB@C:FVєR 203>=0, :><?;5:B=VABR 9 <0@:C20==S< ?5@54 

?>G0B:>< 28?@>1C20=P.  

�>A;V4=89 7@07>: 1C2  V45=B8DV:>20=89 70 B0:8<8 >7=0:0<8: 

1) !09<5=C20==S 3 203>=-E>?5@ 4;S ?5@52575==S 75@=0 <>45;V 19-752; 

2) #>7=0G5==S >1'є:B0 3  &5E=VG=V C<>28 &' 3-945-76; =><5@ ?@>є:BC 

<>45@=V70FVW !��&�.19-752.00.00.000 &�; 

3) �02>4AP:89 =><5@ 3 №95818815; 

4) �8@>1=8: 3 $C<C=VS. 

5) &5@<V= A;C618 3 30 @>:V2. 

 �;S ?@>2545==S :>=B@>;R B5E=VG=>3> AB0=C 4>A;V4=>3> 7@07:0 

28:>@8AB>2C20;8AP <5B>48 =5@C9=V2=>3> :>=B@>;R: 2V7C0;P=89, 

<03=VB>?>@>H:>289 B0 C;PB@072C:>289. �;S 28S2;5==S B@VI8= @0<8 203>=0 

28:>@8AB>2C20;8AP 2V7C0;P=89 B0 <03=VB>?>@>H:>289 <5B>4, 0 4;S 287=0G5==S 

:>@>7V9=>3> 7=>AC 3 C;PB@072C:>289 73V4=> [77-79]. �0 @57C;PB0B0<8 :>=B@>;R 

B5E=VG=>3> AB0=C @0<8 203>=0 =5 28S2;5=> 6>4=>3> 45D5:BC =5A=8E :>=AB@C:FV9. 



174 

 !0 @8A. 4.2 ?@82545=> 7030;P=89 283;S4 ?@>:>=B@>;P>20=>3> <VAFS 

<>45@=V70FVW @0<8 :C7>20 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 (4>A;V4=>3> 

7@07:0).

 

$8AC=>: 4.2 3 #@>:>=B@>;P>20=5 <VAF5 <>45@=V70FVW 4>A;V4=>3> 7@07:0 
 

"A:V;P:8 :;V<0B8G=V C<>28 5:A?;C0B0FVW 203>=V2-E>?5@V2 4;S ?5@52575==S 

75@=0 A?@8SRBP ?V428I5=V9 H284:>ABV :>@>7VW WE A:;04>28E 5;5<5=BV2, 1C;> 

?@>2545==S 28<V@R20==S C;PB@072C:>28< <5B>4>< B>2I8= >A=>2=8E 5;5<5=BV2 

@0<8 :C7>20 B0 ?>@V2=S==S >B@8<0=8E 7=0G5=P 7 4>?CAB8<8<8 73V4=> [3]. 

#@>2545==S 28<V@R20=P 28:>=C20;8AP 2 :>6=V9 B>GFV 73V4=> B01;. 4.2 ?> B@8 

@078, ?VA;S G>3> @>7@0E>2C20;8AP A5@54=V 7=0G5==S. �AV @57C;PB0B8 28<V@R20=P 

70=5A5=V 4> B01;. 4.2. 

�=0;V7CRG8 >B@8<0=V @57C;PB0B8 <>6=0 7@>18B8 28A=>2>:, I> H284:VABP 

:>@>7VW 7>2=VH=P>W ?>25@E=V 5;5<5=BV2 @0<8 =5 ?5@528ICє 0,05 <</@V:, I> =5 

1V;PH5 4>?CAB8<>3> 7=0G5==S [3].  

!0ABC?=8< 5B0?>< 203>=-E>?5@ 4;S ?5@52575==S 75@=0 <>45;V 19-752 7 

<>45@=V7>20=>R @0<>R №95618815 4;S V<VB0FVW =5@V2=><V@=>3> =020=B065==S 

1C2 720=B065=89 75@=>< G5@57 >48= ;R: (=5@V2=><V@=>), 7030;P=0 <0A0 70 

@57C;PB0B0<8 7206C20==S 203>=0 A:;0;0 92,1 B>==0. �;S 287=0G5==S @V7=8FV <0A8 
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=0 2V7:0E 203>=0 1C;> ?@>2545=> ?>:>;VA=5 7206C20==S 203>=0 @57C;PB0B8 S:>3> 

=52545=V 2 B01;. 4.3. 

 

&01;8FS 3 4.2 #>:07=8:8 :>@>7VW <5B0;0 2V4 =><V=0;P=>W B>2I8=8 

 VAF5 28<V@R20==S &>G:8 

�8<-

=S 

!><V=. 

�=0G5==S,<< 

%5@54=V 

7=0G5==S, 

<< 

�>@>7VS, 

<< 

% 

)@51B>20 10;:0 

 

 

1 10,5 9,1 1,4 13,3 

2 9,0 7,5 1,5 16,6 

3 16,0 14,7 1,3 8,1 

01 10,5 9,0 1,5 14,3 

02 9,0 7,6 1,4 15,5 

03 16,0 14,6 1,4 8,7 

 

,2>@=520 10;:0 

 

 

1 14,0 12,5 1,5 11,1 

2 8,0 7,1 0,9 11,2 

3 14,0 12,8 1,2 8,5 

1 14,0 12,5 1,5 11,1 

2 8,0 6,5 1,1 12,7 

3 14,0 12,6 1,4 9,3 

 

&01;8FS 4.3 3 $57C;PB0B8 ?>:>;VA=>3> 7206C20==S 4>A;V4=>3> 203>=0 

!><5@ 
:>;VA=>W ?0@8 

(�#) 

1 2 3 4 

;V20 ?@020 ;V20 ?@020 ;V20 ?@020 ;V20 ?@020 

�030, B. 12,65 12,85 12,6 12,7 10,1 10,8 10,0 10,4 

%C<0 2038 =0 
�#, B. 25,5 25,3 20,9 20,4 

%C<0 2038 =0 
2V7>:, B. 50,8 41,3 
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"B65, 73V4=> B01;.4.3 =5@V2=><V@=VABP =020=B065==S 4>A;V4=>3> 203>=0 =0 

2V7:0E A:;0;0 9,5 B>=, I> 2 FV;><C 2V4?>2V40є 7=0G5==R 70:;045=><C 2 

B5>@5B8G=8E @>7@0EC=:0E (10 %). 

�030;P=89 283;S4 4>A;V4=>3> 7@07:0 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 

<>45;V 19-752 ?>:070=> =0 @8A. 4.3. 

 

 

$8AC=>: 4.3 3 �030;P=89 283;S4 4>A;V4=>3> 203>=0-E>?5@0 4;S 

?5@52575==S 75@=0 <>45;V 19-752 

 

 4.2 #@>2545==O :>=B@>;ь=8E 28?@>1C20=ь B0 287=0G5==O ?>:07=8:V2 
4;O ?@>3=>7C20==O  @5AC@AC 

�>=B@>;P=V 28?@>1C20==S B0 287=0G5==S ?>:07=8:V2 @5AC@AC 28:>=C20;8AP 

?> 70740;53V4P @>7@>1;5=V9 #@>3@0<V B0 <5B>48FV 28?@>1C20=P !��&�/!�* ��  

005-17 [80, 81] B0 2:;RG0RBP 2 A515 28?@>1C20==S "A:840==S 7 :;8=V2" V C40@=V 

(@5AC@A=V 28?@>1C20==S). #@8 FP><C, 70AB>A>2C20;>AP =0ABC?=5 >1;04=0==S: 

- B5@<>3V3@><5B@  ���-6, I> 28:>@8AB>2CєBPAS 4;S 287=0G5==S C<>2 

=02:>;8H=P>3> A5@54>28I0 (28<V@R20==S B5<?5@0BC@8 B0 2>;>3>ABV); 

- 02B><0B8G=89 @5єAB@0B>@ =0 107V :>=B@>;5@0 CompactRIO-9012, S:89 

2:;RG0є 2 A515 GPS <>4C;P 4;S 28<V@R20==S H284:>ABV, 0=0;>3>-

F8D@>289 ?5@5B2>@R20G 4-E :0=0;P=89 NI 9237,  0:A5;5@><5B@ 
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=87P:>G0AB>B=89 5:A?5@8<5=B0;P=89 B8?C UM 15, B5=7>@578AB>@8 B8?C 

�(5#1-10-200-�-12. �0=89 :><?;5:B >1;04=0==S 28:>@8AB>2CєBPAS 

4;S 287=0G5==S 25;8G8= =0?@C65=P B0 ?@8A:>@5=P (@8A. 4.4) ; 

- 02B>7G5?-48=0<><5B@, 28:>@8AB>2CєBPAS 4;S 287=0G5==S 25;8G8= A8; 

(=0?@C65=P), I> 4VRBP =0 4>A;V4=89 203>= ?V4 G0A C40@=8E 28?@>1C20=P 

(@8A. 4.5); 

- ?5@A>=0;P=89 :><?'RB5@ (=>CB1C:). 

�;S @5єAB@0FVW B0 >1@>1:8 V=D>@<0FVW 7 B5=7>@578AB>@V2 28:>@8AB>2CєBPAS 

A?5FV0;P=5 ?@>3@0<=5 70157?5G5==S ?@>3@0<=>-0?0@0B=>3> @5єAB@0B>@0, S:5 

@>7@>1;5=> 2 ?@>3@0<=><C A5@54>28IV Lab View [82]. 

�0=5 ?@>3@0<=5 70157?5G5==S >:@V< DC=:FV9 70?8AC B0 ?5@540GV 40=8E 

28:>=Cє >1@>1:C A83=0;V2 2V4 B5=7>@578AB>@V2 C 283;S4V 7<V=8 25;8G8= >?>@C B0 

2AB0=>2;Rє ;V=V9=C 70;56=VABP <V6 45D>@<0FVS<8 B0 <5E0=VG=8<8 

=0?@C65==S<8 70 D>@<C;0<8 �0:>=C �C:0. 

 

 

$8AC=>: 4.4 3 �><?;5:B >1;04=0==S 28:>@8AB>2CєBPAS  

4;S 287=0G5==S 25;8G8= =0?@C65=P B0 ?@8A:>@5=P 
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$8AC=>: 4.5 3 �2B>7G5?-48=0<><5B@ 

  

 �A5 28<V@R20;P=5 (28?@>1C20;P=5) >1;04=0==S, I> 70AB>A>2C20;>AP 4;S 

?@>2545==S 28?@>1C20=P <0є <5B@>;>3VG=C 0B5AB0FVR (A2V4>FB20 ?@> 

:0;V1@C20==S), 0 ?5@A>=0;, S:89 1C2 70;CG5=89 4> 28?@>1C20=P є :><?5B5=B=8<8 

?@0FV2=8:0<8 0:@548B>20=>W 28?@>1C20;P=>W ;01>@0B>@VW DV;VW «!��&�» �& 

«':@70;V7=8FS».  

 

 4.2.1 �8?@>1C20==S A:840==S 7 :;8=V2  

�87=0G5==S 48=0<VG=8E =0?@C65=P 2 5;5<5=B0E @0<8 B0 =04@5A>@=V9 10;FV 

74V9A=RєBPAS 70 @57C;PB0B0<8 28?@>1C20=P «A:840==S 7 :;8=V2».  

�V4?>2V4=> 4> @>7@>1;5=>W AE5<8 :>=B@>;P=8E B>G>: 73V4=> [80] 

?@>2>48BPAS CAB0=>2:0 B5=7>@578AB>@V2 =0 =04@5A>@=V9 10;FV B0 @0<V 4>A;V4=>3> 

203>=0-E>?5@0 4;S ?5@52575==S 75@=0. 

#V4 :>;5A0 203>=0 2 70;56=>ABV 2V4 4>A;V46C20=8E 284V2 V<VB0FVW :>;820=P 

2AB0=>2;RRBPAS :;8=8, 0 ?>BV< ?@>2>48BPAS A:840==S 203>=0 H;SE>< 9>3> 

=0:0BC =0 :;8= 70 4>?><>3>R ;>:><>B820.  
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$>7<V@8 :;8=V2, I> 28:>@8AB>2CRBPAS 4;S 28?@>1C20=P ?@82545=V =0 

@8AC=:C 4.6 (28A>B0 21 <<, 4>268=0 350 <<, H8@8=0 50 <<). 

 

 

 

$8AC=>: 4.6 3 $>7<V@8 :;8=C 4;S 28?@>1C20=P 

 

�020=B065=89 4>A;V4=89 203>=, =0:>GCєBPAS 70 4>?><>3>R <0=52@>2>3> 

;>:><>B820 =0 :;8=8. �;8=8 2AB0=>2;RRBPAS =0 @59:8 ?> G5@7V 4;S V<VB0FVW 

2V4?>2V4=8E 284V2 :>;820=P: 

- ?V4 2AV :>;5A0 203>=0 (V<VB0FVS ?V4A:0:C20==S); 

- ?V4 :>;5A0 >4=>3> 1>:C >4=>3> 2V7:0 9 V=H>3> 1>:C 4@C3>3> 2V7:0 

(V<VB0FVS A:@CGC20==S);  

- ?V4 2AV :>;5A0 >4=>3> 2V7:0 (V<VB0FVS 30;>?C20==S); 

- ?V4 :>;5A0 >4=>3> 1>:C E>?5@0 (V<VB0FVS 1VG=>W E8B028FV). 

%E5<0 CAB0=>2:8 :;8=V2 =0 @59:8 ?V4 :>;VA=V ?0@8 4>A;V4=>3> 203>=0-

E>?5@0 4;S ?5@52575==S 75@=0 7 <5B>R V<VB0FVW ?52=8E 284V2 :>;820=P ?V4 G0A 

28?@>1C20=P ?@82545=0 2 B01;. 4.4. 
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&01;8FS 4.4 3 %E5<0 CAB0=>2:8 :;8=V2 ?V4 :>;5A0 203>=0 

№ �84 :>;820=P !><5@ :>;VA=>W ?0@8 

1 2 3 4 

1 #V4A:0:C20==S     

    

2 %:@CGC20==S :C7>20 

 

    

    

3 �0;>?C20==S 

 

    

    

4 �>:>20 E8B028FS     

    

 

�030;P=0 AE5<0 ?@>2545==S 28?@>1C20=P "A:840==S 7 :;8=V2" =02545=0 

=86G5 =0 @8A. 4.7. 

 

 

 

 

 

 

 

 

$8AC=>: 4.7 3 %E5<0 ?@>2545==S 28?@>1C20=P "A:840==S 7 :;8=V2"  

(1 3 =0:>GC20==S :>;5A0 =0 :;8=, 2 3 ?04V==S :>;5A0 7 :;8=0 =0 @59:C,  

�;8= 

&5?;>2>7 �>A;V4=89 203>= 

�>;5A> 

1 2 3 !0?@S<  @CEC 



181 

3 3 :>;5A> =0 @59FV) 

#@8 28?@>1C20==S «A:840==S 7 :;8=V2» ;>:><>B82 ?>G8=0є HB>2E0B8 

4>A;V4=89 203>= =0 70740;53V4P 2AB0=>2;5=V :;8=8 =0 @59:0E, ?V4 G0A 

?@>E>465==S :>;VA 203>=0 ?> :;8=0< 2V41C20єBPAS WE ?04V==S =0 @59:C, B0:8< 

G8=>< AB2>@RRBPAS 2V4?>2V4=V :>;820==S 203>=0, S:V @5єAB@CRBP :><?;5:B>< 

28<V@R20;P=>3> >1;04=0==S B0 D>@<CRBPAS ?@>B>:>;8 28<V@R20=P 7 

2@0EC20==S< ?52=>W =5287=0G5=>ABV 73V4=> [80]. 

$>7@>1;5=0 7030;P=0 B5=7><5B@8G=0 AE5<0 ?5@5410G0є 28:>@8AB0==S 45ASB8 

B5=7>@578AB>@V2 4;S 28?@>1C20==S «A:840==S 7 :;8=V2». �=D>@<0FVS ?@> 

@>7<VI5==S B5=7>@578AB>@V2 =0 :>=AB@C:FV9=8E 5;5<5=B0E =5A=8E :>=AB@C:FV9 

4>A;V4=>3> 203>=0  ?@82545=0 2 B01;. 4.5. 

 

&01;8FS 4.5 3 $>7<VI5==S B5=7>@578AB>@V2 =0 4>A;V4=><C 7@07:C 

!><5@ B5=7>@578AB>@0 

(:0=0;C) 

!09<5=C20==S :>=AB@C:FV9=>3> 

5;5<5=BC 

1 !04@5A>@=0 10;:0 

2 !04@5A>@=0 10;:0 

3 !04@5A>@=0 10;:0 

4 ,:2>@=520 10;:0 

5 ,:2>@=520 10;:0 

6 )@51B>20 10;:0 

7 )@51B>20 10;:0 

8 )@51B>20 10;:0 

9 �>=0 <>45@=V70FVW 

10 �>=0 <>45@=V70FVW 

 

&5=7>@578AB>@8 2AB0=>2;RRBPAS =0 70740;53V4P 70G8I5=8E <VAFSE 

:>=AB@C:B82=8E 5;5<5=BV2 4>A;V4=>3> 203>=0 2 =0?V2<>AB>2C AE5<C 'VBAB>=0, 7 

>4=8< 0:B82=8< B0 :><?5=A0FV9=8< B5=7>40BG8:><. %E5<0 CAB0=>2:8 

B5=7>@578AB>@V2 =0 =04@5A>@=V9 10;FV ?@82545=0 =0 @8A. 4.8 B0 4.9. 
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$8AC=>: 4.8 3 %E5<0 @>7<VI5==S ?5@5@V7V2 V CAB0=>2:8 B5=7>@578AB>@V2 =0 

=04@5A>@=V9 10;FV 

 

 

 

$8AC=>: 4.9 3 �AB0=>2;5==S B5=7>@578AB>@V2 № 1, 2, 3 

 

�0;V ?@82545=> AE5<C @>7<VI5==S B5=7>@578AB>@V2 =0 :>=AB@C:FV9=8E 

5;5<5=B0E @0<8 4>A;V4=>3> 203>=0 (@8A. 4.10) B0 ?@8:;04 2AB0=>2;5==S 

B5=7>@578AB>@V2 №6 B0 №7 (@8A. 4.11). 
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$8AC=>: 4.10 3 %E5<0 @>7<VI5==S B5=7>@578AB>@V2 =0 @0<V 203>=0 

 

 

4 5 

6 

7 

8 10 9 
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0)        1) 

$8AC=>: 4.113 �AB0=>2;5==S B5=7>@578AB>@V2 №6 (0) B0 №7 (1) 

 

!0 ?>G0B:C 28?@>1C20=P H;SE>< ?V4V9<0==S B0 >?CA:0==S :C7>20 

4><:@0B0<8 287=0G0;8 =0?@C65==S 2 =04@5A>@=V9 10;FV 2V4 <0A8 20=B06C B0 <0A8 

:C7>20 7 @0<>R ?@8 =5@V2=><V@=><C 7020=B065==V. #>@V2=RRG8 >B@8<0=V 

@57C;PB0B8 =0?@C65=P (B01;. 4.6) 7 4>?CAB8<8< 7=0G5==S<8 <56V B5:CG>ABV 4;S 

AB0;V 20�� (255  #0) 7 S:>W 283>B>2;5=0 =04@5A>@=0 10;:0 <>6=0 7@>18B8 

28A=>2>:, I> 2 AB0B8G=><C AB0=V 2?;82 =0 =04@5A>@=C 10;:C =5@V2=><V@=>3> 

=020=B065==S 3 =57=0G=89. 

 

&01;8FS 4.6 3 $57C;PB0B8 =0?@C65=P 2 =04@5A>@=V9 10;FV 2V4 <0A8 20=B06C 

B0 <0A8 :C7>20 7 @0<>R ?@8 =5@V2=><V@=><C 7020=B065==V 

№ B5=7>@578AB>@0 

(:0=0;C) 

 

1  

 

2  

 

3  

!0?@C65==S,  #0 42,5 33,8 41,2 

 

#VA;S FP>3> 1C;8 ?@>2545=V 28?@>1C20==S "A:840==S 203>=0 7 :;8=V2" 70 

AE5<0<8 73V4=> B01;. 4.4 B0 @8A. 4.7, B0 287=0G5=V 2AV 25;8G8=8 =0?@C65=P 2 

70;56=>ABV 2V4 284C :>;820==S. 

$57C;PB0B8 28?@>1C20=P ?@82545=V 2 B01;. 4.7. 



185 

&01;8FS 4.7 3 $57C;PB0B8 28?@>1C20=P ?> A:840==R 7 :;8=V2 

№ 
7/? 

#V4A:0:C20==S, 
 #0 

№ 7/? %:@CGC20==S 
?5@54 ?@0289 
704 ;V289,  #0 

№ 7/? %:@CGC20==S 
?5@54 ;V289 704 
?@0289,  #0 

1 14 1 15 1 11 

2 13 2 9 2 8 

3 17 3 10 3 11 

4 14 4 10 4 11 

5 9 5 9 5 9 

6 10 6 8 6 8 

7 10 7 11 7 13 

8 6 8 7 8 4 

9 5 9 5 9 4 

10 5 10 6 10 3 

№ 
7/? 

�0;>?C20==S, 
 #0 

№ 7/? �>:>20 
E8B028FS 7 ;V20, 

 #0 

№ 7/? �>:>20 E8B028FS 
7 ?@020,  #0 

1 15 1 10 1 13 

2 14 2 10 2 9 

3 12 3 9 3 12 

4 9 4 11 4 10 

5 6 5 10 5 10 

6 9 6 8 6 11 

7 16 7 12 7 13 

8 5 8 3 8 5 

9 3 9 3 9 4 

10 4 10 5 10 7 

 

 

4.2.2 $5AC@A=V 28?@>1C20==S =0 A?V2C40@ 

#@8 ?@>2545==V @5AC@A=8E 28?@>1C20=P =0 A?V2C40@ 28<V@RRBPAS =0ABC?=V 

?>:07=8:8: 

- H284:VABP =01V30==S 203>=0-1>9:0; 

- A8;0 C40@C 2 02B>7G5?; 

- :V;P:VABP F8:;V2 4> 2V4<>28 01> ?>H:>465==S; 

- =0?@C65==S 2 5;5<5=B0E 203>=0, S:V 4>A;V46CRBPAS. 
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 �;S 287=0G5==S ?>74>26=VE 7CA8;P, I> 4VRBP =0 4>A;V4=89 203>= 2 <><5=B 

C40@C, 1C;> 70AB>A>20=> 02B>7G5?-48=0<><5B@, >1;04=0=89 B5=7>@578AB>@0<8 V 

?>?5@54=P> ?@>3@04C9>20=89 AB0B8G=8< =020=B065==S< =0 AB5=4V A8;>R 4>              

3,5  !. 

�8?@>1C20==S =0 A?V2C40@ ?@>2>48;8AP =0 ?@S<V9 3>@87>=B0;P=V9 4V;S=FV 

70;V7=8G=>W :>;VW DV;VW «��$�» �& «':@70;V7=8FS» 70 4>?><>3>R <0=52@>2>3> 

;>:><>B820 73V4=> [80].  

 �@V< ;>:><>B820, 28:>@8AB>2C20;>AP =0ABC?=5 >1;04=0==S: 

- 203>=-1>9>: <0A>R 92 B; 

- ?@8 42>EC40@=V9 AE5<V 28:>@8AB>2CєBPAS I5 >48= 203>=-E>?5@ 4;S 

?5@52575==S 75@=0 <>45;V 19-752 № 95378238; 

- ?V4?V@=5 >1;04=0==S 7 B@P>E 7030;P<>20=8E 20=B06=8E 203>=V2 7030;P=>R 

<0A>R 300B, ?5@5<VI5==S S:8E >1<565=> @59:>28<8 10H<0:0<8 B0 7 

C@0EC20==S< 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 <>45;V 19-752 №95378238 

<0A0 A:;040є 390 B.  

#>3>4=V C<>28: SA=> +23° %, 2>;>3VABP 75%. $V7=8FS 28A>B >A59 02B>7G5?V2 

28?@>1>2C20=>3> 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 №95618815  V 203>=0-

1>9:0 AB0=>28;0 4> 15 <<, 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 №95378238  V 

203>=0-?V4?>@0 20 << V :>=B@>;R20;0AS ;V=V9:>R 28<V@R20;P=>R <5B0;52>R. 

�030;P=0 AE5<0 @>7<VI5==S @CE><>3> A:;04C ?V4G0A 28?@>1C20=P 

?@54AB02;5=0 =0 @8A. 4.12. 

�;S ?@8A:>@5==S 28?@>1C20=P 28:>@8AB>2C20;0AP 42>EC40@=0 AE5<0 70 >48= 

EV4 203>=0-1>9:0, ?@8 S:V9 ?5@H5 A?V2C40@S==S 28:>=CєBPAS ?@8 =0:>GC20==S 

203>=0-1>9:0 =0 203>=, I> 28?@>1>2CєBPAS, 0 4@C35 3 ?@8 =0:>GC20==V 203>=0, I> 

28?@>1>2CєBPAS, 2 7G5?V 7 203>=><-1>9:>< =0 =5@CE><89 ?V4?V@ (@8A. 4.13). 
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1 3 ;>:><>B82; 2 3 203>=-1>9>:; 3,4 3 203>=8 E>?5@8; 5,6, 6* - 203>=8 

?V4?>@C, 7 3 ?@8AB@V9 28<V@R20==S H284:>ABV. 

 

$8AC=>: 4.12 3 �030;P=0 AE5<0 @>7<VI5==S @CE><>3> A:;04C ?V4G0A 

28?@>1C20=P 

 

1 3 ;>:><>B82; 2 3 203>=-1>9>:; 3 3 203>=-E>?5@ 7 <>45@=V70FVєR; 4 3 203>=-

E>?5@; 5,6, 6* - 203>=8 ?V4?>@C, 7 3 ?@8AB@V9 28<V@R20==S H284:>ABV. 

 

$8AC=>: 4.13 3 �2>EC40@=0 AE5<0 28?@>1C20=P 

 

�;S @>7<VI5==S B5=7>@578AB>@V2 =0 :>=AB@C:FV9=8E 5;5<5=B0E 4>A;V4=>3> 

203>=0 E>?5@ 4;S ?5@52575==S 75@=0 <>45;V 19-752 №95618815 ?@8 

28?@>1C20==SE =0 A?V2C40@ 28:>@8AB>2C20;0AP =>20 AE5<0 73V4=> @8A. 4.14. 

�=D>@<0FVS I>4> @>7<VI5==S B5=7>@578AB>@V2 =0 :>=AB@C:FV9=8E 5;5<5=B0E 

@0<8 4>A;V4=>3> 203>=0 ?@82545=0 2 B01;. 4.8. 
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&01;8FS 4.8 3 $>7<VI5==S B5=7>@578AB>@V2 =0 4>A;V4=><C 7@07:C 

!><5@ B5=7>@578AB>@0 

(:0=0;C) 

!09<5=C20==S :>=AB@C:FV9=>3> 

5;5<5=BC 

1 !04@5A>@=0 10;:0 

2 !04@5A>@=0 10;:0 

3 ,:2>@=520 10;:0 

4 ,:2>@=520 10;:0 

5 ,:2>@=520 10;:0 

6 ,:2>@=520 10;:0 

7 )@51B>20 10;:0 

8 )@51B>20 10;:0 

9 )@51B>20 10;:0 

10 )@51B>20 10;:0 

11 �>=0 <>45@=V70FVW 

12 �>=0 <>45@=V70FVW 

13 �>=0 <>45@=V70FVW 

14* )@51B>20 10;:0 

15* )@51B>20 10;:0 

16 )@51B>20 10;:0 

17 )@51B>20 10;:0 

 

 * - B5=7>@578AB>@8, S:V @>7<VI5=V =0 E@51B>2V9 10;FV 7 4@C3>W AB>@>=8 4;S 

28?@>1C20=P ?@8 42>EC40@=V9 AE5<V. 

 &0:>6 FV B>G:8 287=0G5==S =0?@C65=P 2 ?>40;PH><C 28:>@8AB>2CRBPAS 

4;S ?>@V2=S==S @57C;PB0BV2 @>7@0EC=:>2>W <>45;V 7 5:A?5@8<5=B0;P=8<8 40=8<8 

7 <5B>R >FV=:8 AE>48<>ABV @57C;PB0BV2 B0 045:20B=>ABV @>7@0EC=:>2>W <>45;V, S:0 

2@0E>2Cє 4>40B:>2V A8;8 2V4 =5@V2=><V@=> @>7<VI5=>3> 20=B06C 2 :C7>2V 203>=0-

E>?5@0 4;S ?5@52575==S 75@=0. 
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$8AC=>: 4.14 3 %E5<0 @>7<VI5==S B5=7>@578AB>@V2 =0 @0<V 203>=0 

4 6 

11 13 12 

3 5 

7 

8 

16 

17 

14* 

15* 

9 

10 
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#@82545<> ?@8:;048 2AB0=>2;5==S B5=7>@578AB>@V2 =0 :>=AB@C:FV9=8E 

5;5<5=B0E @0<8 :C7>20 4>A;V4=>3> 203>=0  =86G5 =0 @8A. 4.15, 4.16. 

 

 

$8AC=>: 4.15 3 'AB0=>2:0 B5=7>@578AB>@V2 2 7>=V <>45@=V70FVW  №№ 12, 13 

 

 

$8AC=>: 4.16 3 'AB0=>2:0 B5=7>@578AB>@0 №14 =0 E@51B>2V9 10;FV 
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#>@S4>: ?@>2545==S @5AC@A=8E 28?@>1C20=P =0 A?V2C40@:  

- 203>= >1;04=CєBPAS A?5FV0;P=8< 02B>7G5?><-48=0<><5B@><, ?>?5@54=P> 

?@>3@04C9>20=8< AB0B8G=8< =020=B065==S< 4> 3,5  !; 

- CAB0=>2:0 203>=0 =0 4V;S=:C 70;V7=8G=>W :>;VW  4;S 28?@>1C20=P, 0 B0:>6 

?V:5BC 4;S 287=0G5==S H284:>ABV =0:>GC20==S 203>=0-1>9:0; 

- 28?@>1C20==S =0 A?V2C40@; 

- ?@>2545=5 28<V@R20==S =0?@C65=P, H284:>ABV =0:>GC20==S B0 A8;8 

C40@C 203>=0-1>9:0 70 4>?><>3>R 70A>1V2 28<V@R20;P=>W B5E=V:8; 

- ?@>2545=89 >3;S4 :>=AB@C:FVW ?@8 @5AC@A=8E 28?@>1C20==SE ?VA;S 

:>6=8E 10 C40@V2 =0 ?@54<5B =0S2=>ABV 01> 2V4ACB=>ABV B@VI8=. 

%?V2C40@8 ?@>2>48;8 A?>A>1>< =0:>GC20==S 203>=0-1>9:0 70 4>?><>3>R 

;>:><>B820 =0 28?@>1>2C20=89 203>=, S:89 7=0E>48BPAS 2 3@C?V 7030;P<>20=8E 

203>=V2 ?V4?>@C. $5AC@A=V 28?@>1C20==S 28:>=0=V >:@5<8<8 A5@VS<8 A?V2C40@V2, 

I> 70 >1AS30<8 CH:>465==S 2V4?>2V40RBP 2?;82C 4V9 70 >48= @V: 5:A?;C0B0FVW 

203>=0. #VA;S :>6=>W A5@VW A?V2C40@V2 ?@>2545=0 ?5@52V@:0 B5E=VG=>3> AB0=C 

203>=0 B0 9>3> CAB0B:C20==S. 

� S:>ABV 28EV4=>3> (5:A?;C0B0FV9=>3>) A?5:B@C =020=B065==S 203>=V2 

?@89<0RBPAS AB0B8AB8G=V @>7?>4V;8 <0:A8<C<V2 ?>74>26=VE A8;, S:V 4VRBP =0 

203>= G5@57 02B>7G5?, =02545=8E 2 [3]. �;S @>7@0EC=:C @568<V2 28?@>1C20=P =0 

F8:;VG=C 4>23>2VG=VABP =5A=8E 5;5<5=BV2 :>=AB@C:FVW 4>A;V4=>3> 203>=0 

70AB>A>2Cє<> C7030;P=5=V @>7?>4V;8 48=0<VG=8E (C40@=8E) ?>74>26=VE A8;, 

2V4:>@83>20=V H;SE>< 28:;RG5==S 7 ?>G0B:>28E @>7?>4V;V2 A8; 7 :207VAB0B8G=8< 

E0@0:B5@>< 4VW. 

�81V@ @568<C 28?@>1C20=P =0 @5AC@A, >1@>1:0 V >FV=:0 @57C;PB0BV2 

28?@>1C20=P 28:>=0=V =0 >A=>2V: 

- ;V=V9=>W 3V?>B578 AC<8 =0:>?8G5==S ?>H:>465=P; 

- :@82>W 2B><8 C =0?@C65==SE:  
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�ÿÿ�ÿ=ýāĀýþ,                                                 (4.1) 

 

 45 �ÿ 3 :V;P:VABP F8:;V2 :>;820=P 7 0<?;VBC4>R �і , F 3 ?>:07=8: AB5?5=V. 

#V4 G0A ?V4AC<>2C20==S 2@0E>2CRBP A?5:B@ ?>H:>46C20;P=8E 

0<?;VBC4=8E 48=0<VG=8E =0?@C65=P, ?@8 FP><C 28:>@8AB>2CRBP 3V?>B57C 

;V=V9=>3> AC<C20==S CH:>465=P C 283;S4V: 

 ∑ Āÿ�ÿ = þ,                                                    (4.2) 

4;S =5A=8E :>=AB@C:FV9 203>=V2 0=1. 

#V4 G0A  ?@>2545==S @>7@0EC=:V2 22060є<>, I>: 

- :@8B5@Vє< 2V4<>28 =5A=8E :>=AB@C:FV9 є ?>S20 B@VI8=, S:0 

71V;PHCєBPAS, 2V4 10 4> 15 <<; 

- =5 2@0E>2CRBP 0A8<5B@VR F8:;V2 48=0<VG=8E =0?@C65=P, 2?;82 S:>W 

=0 =0:>?8G5==S 2B><;5=8E ?>H:>465=P @50;P=8E 203>==8E :>=AB@C:FV9 

=57=0G=89. 

�0 40=8<8 28?@>1C20=P >1G8A;R20;8AP :>5DVFVє=B8 70?0AC >?>@C 2B><V 

5;5<5=BV2 :>=AB@C:FVW 203>=0. $>7@0EC=:8 ?@>2545=V 70 <5B>48:>R, 

28:;045=>R 2 #  [80] , �%&' 7598-2014 [3], $� 24.050.37-95 [83], �%&' 

�"%& 33211-2017 [84]. 

#@8 FP><C ?@89=SB>: :>5DVFVє=B :@82>W 2B><V m=0.4, :>5DVFVє=B 

:>=F5=B@0FVW 4,5, A5@54=є 7=0G5==S 3@0=8FV 28B@820;>ABV E@51B>2>W B0 

H2>@=52>W 10;>: 210  #0, A5@54=P>4>1>289 ?@>1V3 203>=0 A:;040є 162 :<, 

?@>5:B=0 A5@54=S H284:VABP 3 22,4 </c. 

$>7@0E>2CRBP >?V@ 2B><V 7 C@0EC20==S< :>5DVFVє=B0 70?0AC n 70 

D>@<C;>R: n = σa,Nσa,e × КAD ≥ [Ā]                                        (4.3) 

45 ��,� 3 3@0=8FS 28B@820;>ABV (70 0<?;VBC4>R) =0BC@=>W 45B0;V 2 @07V 

A8<5B@8G=>3> F8:;C V AB0;>3> @568<C =020=B065==S =0 107V 28?@>1C20=P N0 
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(4;S =5A=8E :>=AB@C:FV9 203>=V2 70728G09 22060RBP, I> 1070 28?@>1C20=P 

AB0=>28BP N0=107 F8:;V2); ��,ÿ 3 @>7@0EC=:>25 7=0G5==S 0<?;VBC48 48=0<VG=>3> =0?@C65==S C<>2=> 
A8<5B@8G=>3> F8:;C, 72545=5 4> 1078 N0, 5:2V20;5=B=5 70 ?>H:>46C20;P=>R 

4VєR 7=0G5==R 0<?;VBC4 C @50;P=><C @568<V 5:A?;C0B0FV9=8E 28?04:>28E 

=0?@C65=P ?@>BS3>< ?@>5:B=>3> B5@<V=C A;C618 45B0;V; [Ā] 3 4>?CAB8<89 :>5DVFVє=B 70?0AC >?>@C 2B><V (n=1,5); 
КAD 3 :>@83CRG89 :>5DVFVє=B ?@8 5:A?;C0B0FVW 203>=0-E>?5@0 7 

=5@V2=><V@=> @>7?>4V;5=8< 20=B065<.  КAD=0,85. 

�5;8G8=0 5:2V20;5=B=>W =02545=>W 0<?;VBC48 48=0<VG=8E =0?@C65=P, 

?@8 @>7@0EC=:C 1030B>F8:;>2>W 2B><8, 287=0G0єBPAS 70 48A:@5B=>R DC=:FVR 

IV;P=>ABV @>7?>4V;C 0<?;VBC4 =0?@C65=P 70 D>@<C;>R: 

 

�4,5= :�ā�0 [��1∑(��Ā � )�×�Ā�+��2 ∑(��ā�� )�×�ā��ā�                        (4.3) 

 

45 m - ?>:07=8: ABC?5=S 2 @V2=S==V :@82>W 2B><8 2 0<?;VBC40E; 

"> – @>7@0EC=:>289 B5@<V= 5:A?;C0B0FVW 2 @>:0E; 

N0 - 107>25 G8A;> F8:;V2; 

N C1,2 - G8A;> F8:;V2 48=0<VG=8E =0?@C65=P, 4VRG8E =0 203>= 2V4?>2V4=> 

G5@57 02B>7G5? B0 2V4 :>;820=P =0 @5A>@=><C ?V42VHC20==V; σajI  - 0<?;VBC48 48=0<VG=8E =0?@C65=P 2 j 4V0?07>=0E C40@=8E ?>74>26=VE 

A8;; σakII - 0<?;VBC48 48=0<VG=8E =0?@C65=P 2V4 :>;820=P =0 @5A>@=><C 

?V42VHC20==V (2 k 4V0?07>=0E); 

  j, k- G0ABVABP 28=8:=5==S 0<?;VBC4 ?@8 2V4?>2V4=8E =0?@C30E. 

#@8 287=0G5==V <56V 28B@820;>ABV (?> 0<?;VBC4V) 4;S :>=B@>;P=>W 7>=8 

?@8 A8<5B@8G=><C F8:;V B0 2AB0=>2;5=><C @568<V =020=B065==S ?@8 

107>2><C G8A;V F8:;V2 28@0E>2CєBPAS A5@54=є @>7@0EC=:>25 7=0G5==S ?>@>3C 

28B@820;>ABV: 
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���– = �−1–(К�– )ā , = 2104,5 = 46,6  #0 

 

 �21– 3 A5@54=є 7=0G5==S ?>@>30 28B@820;>ABV 3;04:>3> AB0=40@B=>3> 7@07:0 
V7 <0B5@V0;0 @0<8 ?@8 A8<5B@8G=><C F8:;V 738=C =0 107V �0 [3]. 

 (К�– )ā3 A5@54=є 7=0G5==S :>5DVFVє=B0 7=865==S ?>@>30  28B@820;>ABV @0<8 
?> 2V4=>H5==R 4> ?>@>30 28B@820;>ABV 3;04:>3> AB0=40@B=>3> 7@07:0,        (К�– )ā = 4,5 [3]. ��� = ���– (1 2 ÿĂ) = 46,6 ∙ (1 2 1,645 ∙ 0,05) = 42,7 М�4 

 

45 ÿĂ 3 :20=B8;P @>7?>4V;5==S, S:89 2V4?>2V40є >4=>AB>@>==V9 9<>2V@=>ABV 

95%,  ÿĂ = 1,645 [3]; 
υ 3 :>5DVFVє=B 20@V0FVW ?>@>3C 28B@820;>ABV 45B0;V [3]: 

- 4;S 720@=8E @0< V 10;>: 7 ;8AB>2>3> V D0A>==>3> ?@>:0BC ?@8 

02B><0B8G=V9 720@FV ?V4 A;>є< D;RA0 V 2 A5@548=V 70E8A=>3> 3070 υ = 0,05; �ý 3 :V;P:VABP F8:;V2 25@B8:0;P=8E :>;820=P 7020=B065=>3> 203>=0, S:V 
28=8:0RBP 70 9>3> AB@>: A;C618 >48= @V:: 

 

   �ý = 365 ∙ ÿ5 ��∙0.5∙103����� ∙ Ā> = 365 ∙ 3,08 162∙0,5∙10322,4 ∙ 1 =4065000; Āā 3  ?@>5:B=89 AB@>: A;C618 203>=0 ?VA;S <>45@=V70FVW; ÿý – ?@>5:B=89 A5@54=P>4>1>289 ?@>1V3 203>=0 (?@89<0є<> 162:< 70 

40=8<8 ��"* �& «'�»); ���3 ?@>5:B=0 A5@54=S B5E=VG=0 H284:VABP @CEC 203>=0 22,4 </A [3]; 
 0,5 3 :>5DVFVє=B ?>@>6=P>3> ?@>1V3C; ÿ5 – 5D5:B82=0 G0AB>B0 ?@>F5AC 7<V=8 48=0<VG=8E =020=B065=P, 

287=0G0єBPAS 70 D>@<C;>R: 

 ÿ5 = �2� ∙ :āĀ = 1.42∙3.14 ∙ :9.810.05 = 3,08 Гц. 
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&01;8FS 4.9 3 !>@<0B82=0 IV;P=VABP @>7?>4V;5==S H284:>ABV @CEC 203>=0 

7 :>=AB@C:FV9=>R H284:VABR 120 :</3>4 [5]. 
�V0?07>= 

H284:>AB59, k 

�=B5@20; 

H284:>ABV 

@CEC, ∆� @/E 
%5@54=S 

H284:VABP 

V=B5@20;C, �ā </A 

+0ABVABP 

H284:>AB59 

2 4V0?07>=V, �ā(�) 
þþ����� þþÿ (þþÿ)4 ∙ �ā(�) 

1 0-12,5 6,25 0,03 0,013 0,02 0,000000000857 

2 12,5-15,0 13,75 0,07 0,041 0,04 0,00000019 

3 15,0-17,5 16,25 0,09 0,059 0,11 0,000001 

4 17,5-20,0 18,75 0,12 0,077 0,14 0,000004 

5 20,0-22,5 21,25 0,16 0,095 0,17 0,00013 

6 22,5-25,0 23,75 0,19 0,113 0,21 0,00036 

7 25,0-27,5 26,25 0,16 0,131 0,24 0,00053 

8 27,5-30,0 28,75 0,10 0,149 0,28 0,00061 

9 30,0-32,5 31,25 0,06 0,167 0,31 0,00055 

10 32,5-35,0 33,75 0,02 0,185 0,35 0,0003 

$07>< - - 1 - - - 

 þþÿ  3 287=0G0єBPAS 7 28:>@8AB0==S< D>@<C; [3]. 
þþÿ = þþ�����Ā :4� þĀ 11 2 �(þþÿ) = 0,1851,13 : 43,14 þĀ 11 2 0,02 ∙ 0,35 = 0,35 

45 Ā 3 ?0@0<5B@ @>7?>4V;C 4;S 7020=B065=>3> 203>=0 @V2=89 1,13 [3]. 

%5@54=є <>6;825 7=0G5==S þþ����� 287=0G0єBPAS 70 D>@<C;0<8: 
- ?@8 V≥15 </A þþ����� = þ + 3,6 ∙ 1024 ∙ ÿ ∙ � 2 15ÿEF = 0.05 + 3,6 ∙ 1024 ∙ 1 ∙ 33,3 2 150,05 = 0,181 

45 a  3 :>5DVFVє=B @V2=89 4;S 5;5<5=BV2 :C7>20 3 0,5; 
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b 3 :>5DVFVє=B S:89 2@0E>2Cє 2?;82 :V;P:VABP >A59 C C 2V7:C 01> 3@C?V 2V7:V2 

?V4 >4=8< :V=F5< 5:V?06C. ÿ = Ā+22Ā ;                                                   (4.4) 

V 3 @>7@0EC=:>20 H284:VABP @CEC, </A; ÿEF 3 AB0B8G=89 ?@>38= @5A>@=>3> ?V42VHC20==S, <. 
&01;8FS 4.10 3 $>7?>4V;5==S ?>274>26=VE A8; ?@8 28?@>1C20==SE =0 

F8:;VG=C 4>23>2VG=VABP [3]. 

�=B5@20; 

A8;,  ! 

%5@54=S 25;8G8=0 

V=B5@20;C A8; āі, 
 ! 

*8:;VG=0 4>23>2VG=VABP 

+8A;> A8; 70 @V: +0ABVABP  і 
0,1-0,4 0,25 2540 0,126000 

0,4-0,8 0,60 5760 0,285000 

0,8-1,2 1,00 5660 0,280000 

1,2-1,6 1,40 3700 0,183000 

1,6-2,0 1,80 1554 0,077000 

2,0-2,4 2,20 725 0,036000 

2,4-2,8 2,60 202 0,010200 

2,8-3,2 3,00 48 0,002400 

3,2-3,6 3,40 6 0,000300 

3,6-4,0 3,80 2 0,000100 

$07>< - 20197 1 

 

 �030;P=0 @>7@0EC=:>20 :V;P:VABP F8:;V2 ?@>BS3>< @>7@0EC=:>2>3> ?5@V>4C 

5:A?;C0B0FVW 203>=0 4;S 7030;P=>W <5@56V ?@>1V3C 287=0G0єBPAS 70 D>@<C;>R [3]:  �;47ĂBзD = �;47G8 ∙ ĀDB;D ∙ КD9: ∙ КG8,                                  (4.5) 
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45 �;47G8 -7030;P=0 :V;P:VABP F8:;V2 4VW C40@=8E ?>74>26=VE A8; 70 1 @V: A5@54=P>W 

<5@56V 5:A?;C0B0FVW =0 :>=AB@C:FVR 203>=0 40=>3> B8?C, 4;S @>7?>4V;V2 (157 

C@0EC20==S :2078AB0B8G=8E A8;) AB0=>28BP: 

- 4;S 20=B06=8E 203>=V2 �;47G8 ≈ 20200 J<>?V6; 
  ĀDB;4- @>7@0EC=:>289 ?5@V>4 5:A?;C0B0FVW 203>=0, (1 @V:.); 

КD9:- :>5DVFVє=B, I> 2@0E>2Cє 2?;82 ?>@>6=P>3> ?@>1V3C 203>=0, ?@8 >FV=FV 

F8:;VG=>W 4>23>2VG=>ABV =5A=8E 5;5<5=BV2 КD9:, ( 4;S 75@=>2>70 КCBD = 0,5 ); 

КD9: = 1 2 КCBD                                                (4.6)    

�C4- :>5DVFVє=B, I> 2@0E>2Cє =5A8<5B@8G=VABP =020=B065==S :>=AB@C:FVW 

203>=0 ?> 9>3> 4>268=V ?@8 7VB:=5==SE V @V2=><V@=>ABV 4>40B:8 C40@=8E A8; 4> 

02B>7G5?;5==S 7 >1>E :V=FV2 203>=0 (?@8 >FV=FV F8:;VG=>W 4>23>2VG=>ABV 

5;5<5=BV2 :>=A>;P=>W G0AB8=8 203>=0 @5:><5=4CєBPAS ?@89<0B8 @V2=8< 0,6). 

�81V@ @568<C =020=B065==S 74V9A=RєBPAS 7 C@0EC20==S< A?V22V4=>H5==S 

A5@54=P>4>1>2>3> ?@>1V3C 4> 7030;P=><5@5652>3>. 

�;S 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0: �;D7ĂBзD = 20200 ∙ 1 ∙ 0,50 ∙ 0,6 ∙ 162290 = 3393 J<>?V6 ;4 1 7B8,; �G4 3 @>7@0EC=:>25 G8A;> 7VB:=5=P 70 >48= @V: 5:A?;C0B0FVW 203>=0. 
�0 >4=>C40@=>R AE5<>R V  āQ>6 = 3,8 ��; āQ>6=3,4  !; āQ>6=2,8  ! āQ>6=2,4  ! 

107>25 G8A;> F8:;V2 7 @>7@0EC=:C =0 >48= @V: 5:A?;C0B0FVW A:;045: �5. = 33933,84 ∙ (0,254 ∙ 0,1258 + 0,64 ∙ 0,2852 + 14 ∙ 0,2802 + 1,44 ∙ 0,1832 + 1,84 ∙ 0,0772+ 2,24 ∙ 0,0359 + 2,64 ∙ 0,0208 + 3,04 ∙ 0,0023 + 3,44 ∙ 0,0003 + 3,74 ∙ 0,0001)= 68 J<>?V6; �5. = 33933,44 ∙ (0,254 ∙ 0,1258 + 0,64 ∙ 0,2852 + 14 ∙ 0,2802 + 1,44 ∙ 0,1832 + 1,84 ∙ 0,0772+ 2,24 ∙ 0,0359 + 2,64 ∙ 0,0208 + 3,04 ∙ 0,0023 + 3,44 ∙ 0,0003 + 3,74 ∙ 0,0001)= 107 J<>?V6; �5. = 33932,84 ∙ (0,254 ∙ 0,1258 + 0,64 ∙ 0,2852 + 14 ∙ 0,2802 + 1,44 ∙ 0,1832 + 1,84 ∙ 0,0772+ 2,24 ∙ 0,0359 + 2,64 ∙ 0,0208 + 3,04 ∙ 0,0023 + 3,44 ∙ 0,0003 + 3,74 ∙ 0,0001)= 230 J<>?V6; 
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�5. = 33932,44 ∙ (0,254 ∙ 0,1258 + 0,64 ∙ 0,2852 + 14 ∙ 0,2802 + 1,44 ∙ 0,1832 + 1,84 ∙ 0,0772+ 2,24 ∙ 0,0359 + 2,64 ∙ 0,0208 + 3,04 ∙ 0,0023 + 3,44 ∙ 0,0003 + 3,74 ∙ 0,0001)= 451 J<>?V6; 
#@8 2-E C40@=V9 AE5<V ?5@H5 A?V2C40@S==S 28:>=0=> ?@8 =0:>GC20==V 

203>=0-1>9:0 =0 203>=, I> 28?@>1>2CєBPAS, 0 4@C35 3 ?@8 =0:>GC20==V 203>=0, I> 

28?@>1>2CєBPAS 2 7G5?V 7 203>=><-1>9:>< =0 203>=8 ?V4?>@0. #@8 FV9 AE5<V 

@5єAB@CRBPAS A8;8 C40@C =0 42>E 02B>7G5?0E 203>=0, I> 28?@>1>2CєBPAS.  

#@8 42>E C40@=V9 AE5<V 7 7CA8;;S< ?5@H>3> C40@C ā1   V 4@C3>3> C40@C ā2 , 
107>25 G8A;> F8:;V2 7 @>7@0EC=:C =0 >48= @V: 5:A?;C0B0FVW A:;045: �5ІІ = �5>6∙� �5�1�+�2�                                                     (4.7) 

&01;8FS 4.11 3 $57C;PB0B8 C40@=8E 28?@>1C20=P 
№ ?/< %8;0 (N), 

 ! 

%5@54=є 
7=0G5==S 
A8;8 (N), 
 ! 

�V;P:VABP 
C40@V2, >4=> 
C40@=0 AE5<0 

�V;P:VABP 
C40@V2 42>E 
C40@=0 AE5<0  

!0:>?8G5=V 
?>H:>465==S, 

 !4 

1  5=H5 1 1 4 - 4 

2 1,0-1,5 1,25 7 - 17 

3 1,5-2,0 1,75 40 - 375 

4 2,0-2,5 2,25 70 - 1794 

5 2,5-3,0 2,75 60 - 3430 

6 3,0-3,5 3,25 93 - 10375 

7 �V;PH5 3,5 3,5 53 - 7953 

8 3+2,6  - 78 9882 

9 3,5+3  - 110 25410 

10 3,8+3,2  - 67 20991 

 $07>< 582 80231  

 



199 

(0:B8G=> ?V4 G0A 28?@>1C20=P 1C;> 7@>1;5=> 582 A?V2C40@8. 

!0?@0FR20==S 70 ?5@V>4 ?@>2545==S @5AC@A=8E  28?@>1C20=P 

?>@V2=R20;>AS 7  @>7@0EC=:>28< =0?@0FR20==S< 70 @V: A;C618 75@=>2>70. 

�@8B5@Vє< =0?@0FR20==S є AC<0 =0:>?8G5=8E ?>H:>465=P, S:V 287=0G0RBPAS 70 

D>@<C;>R: ∑ÿ = ∑�ÿ4 × Āÿ , 
45 ∑ D 3 AC<0 =0:>?8G5=8E ?>H:>465=P; 

Pi   3 7CA8;;S A?V2C40@C; 

ni  3 :V;P:VABP A?V2C40@V2 7 7CA8;;S< Pi . 

$>7@0EC=:>20 AC<0 =0:>?8G5=8E ?>H:>465=P 70 @V: 5:A?;C0B0FVW 

287=0G0єBPAS 70 D>@<C;>R: 

 ÿĂ= �5>6ÿ × Ā5 = 3,254 ×  102 = 11379 М�44 

 

/: 284=> 7 B01;8FV, =0?@0FR20==S =0:>?8G5=8E ?>H:>465=P 70 ?5@V>4 

C40@=8E @5AC@A=8E 28?@>1C20=P A:;040є 80233  !4 V ?@8 @>7@0EC=:>2V9 AC<V 

=0:>?8G5=8E ?>H:>465=P 70 @V: 5:A?;C0B0FVW 11379  !4 2V4?>2V40є: 
 Т = ∑ÿÿĂ = 8023111379 = 7,05 (DB>і6) 

&5@<V= A;C618 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 <>45;V 19-752 ?VA;S 

?@>2545=>W <>45@=V70FVW 73V4=> :>=AB@C:B>@AP:>W 4>:C<5=B0FVW  

!��&�.19-752.00.00.000 B0 B5E=>;>3VG=>W V=AB@C:FVW !���.19-752.00.00.000 &� 

A:;040є I>=09<5=H5 7 @>:V2. 

�0 40=8<8 28?@>1C20=P >1G8A;R20;8AP :>5DVFVє=B8 70?0AC >?>@C 2B><V 

5;5<5=BV2 :>=AB@C:FVW 203>=0 7 ?>@V2=S==S< B5>@5B8G=8E @>7@0EC=:V2               

(B01;. 4.12). $>7@0EC=:8 ?@>2545=V 70 <5B>48:>R, 28:;045=>R 2 #  [80],       

�%&' 7598-2014 [3], $� 24.050.37-95 [83], �%&' �"%& 33211-2017 [84]. #@8 

FP><C ?@89=SB>: :>5DVFVє=B :@82>W 2B><V m = 0,4; :>5DVFVє=B :>=F5=B@0FVW 4,5; 

A5@54=є 7=0G5==S 3@0=8FV 28B@820;>ABV E@51B>2>W B0 H2>@=52>W 10;>: 210  #0; 
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A5@54=P>4>1>289 ?@>1V3 203>=0 A:;040є 162 :<, ?@>5:B=0 A5@54=S H284:VABP 3 

22,4 </c. 

&01;8FS 4.12 3 $>7@0E>20=V 7=0G5==S :>5DVFVє=BV2 70?0AC >?>@C 2B><V 

№ 

�;5<5=B =5A=>W 
:>=AB@C:FVW 
203>=0 

%B@>: 
A;C618, 
@. 

 

�>5D. 70?0AC >?>@C 
2B><V n 73V4=> 

5:A?5@8<5=B0;P=8E 
40=8E 

�>5D. 70?0AC 
>?>@C 2B><V 
73V4=> 

B5>@5B8G=8E 
4>A;V465=P 

n × КAD 

�>?CAB8<5 
7=0G5==S :>5D. 
70?0AC >?>@C 
2B><V 

1 

�>=0 <>45@=V70FVW 
E@51B>2>W 10;:8 

30 2,11 2,10 

[n] ≥ 1,5 

2 35 1,98 1,96 

3 37 1,91 1,90 

4 40 1,76* 1,75 

5 45 1,52* 1,50 

6 

,2>@=520 10;:0 

30 2,09 2,20 

7 35 2,12 2,10 

8 37 2,05 2,00 

9 40 1,84* 1,80 

10 45 1,61* 1,60 

* 5:AB@0?>;P>20=V 7=0G5==S 

"A:V;P:8 AE>48<VABP 5:A?5@8<5=B0;P=8E 40=8E B0 B5>@5B8G=8E 

@>7@0EC=:V2 AB0=>28BP <5=H5 5%, 22060є<>, I> 7=0G5==S :>5DVFVє=BV2 >?>@C 

2B><8 4;S B5@<V=C A;C618 40 B0 45 @>:V2 <>6=0 5:AB@0?>;R20B8 70 =0ABC?=>R 

4V03@0<>R (@8A. 4.17). 

 

 

$8AC=>: 4.17 3 �:AB@0?>;R20==S :>5DVFVє=BC 70?0AC >?>@C 2B><V 

0,00

0,50

1,00

1,50

2,00

2,50

30 35 37 40 45

�>5D. 70?0AC >?>@C 2B><V 73V4=> 5:A?5@8<5=B0;P=8E 40=8E

�>5D. 70?0AC >?>@C 2B><V 73V4=> B5>@5B8G=8E 4>A;V465=P

ПDо7но7о64н89 EтDок Eлу658, Dокі6
[n] 
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&01;8FS 4.13 3 $57C;PB0B8 @5AC@A=8E C40@=8E 28?@>1C20=P 

 %8;0,  ! 

 2,5 3,0 3,5 4,0 

B>G:0 MAX, 

 #0 

MAX, 

 #0 

MAX, 

 #0 

MAX,  #0 

1 35 57 41 63 

2 21 72 34 90 

3 55 93 82 186 

4 29 28 31 32 

5 159 258 265 280 

6 161 230 296 308 

7 49 123 108 110 

8 60 189 103 108 

9 68 79 140 103 

10 70 58 129 152 

11 33 27 77 77 

12 28 31 62 64 

13 37 67 80 48 

14 22 12 39 23 

15 41 52 36 31 

16 55 95 66 124 

17 29 17 10 30 

 

' @57C;PB0BV ?@>2545=8E 28?@>1C20=P 203>=0-E>?5@0 <>45;V 19-752 

№95818815, S:89 1C2 <>45@=V7>20=89 C 2V4?>2V4=>ABV 4> @>7@>1;5=>W 

:>=AB@C:B>@AP:>W  4>:C<5=B0FVW !��&�.19-752.00.00.000 &�,  2AB0=>2;5=>, I>: 

- =0?@C65==S 2 =5A=8E :>=AB@C:FVSE 203>=0 =5 ?5@528ICRBP 4>?CAB8<8E 

7=0G5=P 73V4=> [3], 0 ?>H:>465=P 2 7>=V <>45@=V70FVW @0<8 203>=0 ?V4 G0A 

@5AC@A=8E 28?@>1C20=P =5 28S2;5=>; 
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-  ?V4 G0A @5AC@A=8E 28?@>1C20=P 1C;> 7@>1;5=> 582 A?V2C40@8 A8;>R 2V4         

1 4> 3,5  ! V 1V;PH5, I> 2V4?>2V40є B5@<V=C A;C618 7 @>:V2, 0 70 40=8<8              

B01;. 4.12 ?@>3=>7=89 @5AC@A @0<8 A:;040є 4> 45 @>:V2. 

�;S >FV=:8 045:20B=>ABV @>7@0EC=:>2>W <>45;V >FV=:8 =0?@C65=>-

45D>@<>20=>3> AB0=C 1C;> ?@>2545=> ?>@V2=S;P=89 0=0;V7 =0?@C65=P 

B5>@5B8G=>3> @>7@0EC=:C 70 I @568<>< (C40@) 73V4=> @8A. 2.28, 2.50 B0 

@57C;PB0B0<8 28?@>1C20=P =0 A?V2C40@ ?@8 A8;V C40@C 3,5  !. $57C;PB0B8 

70=5A5=V 4> B01;. 4.14. 

 

&01;8FS 4.14 3 "FV=:0 045:20B=>ABV @>7@0EC=:>2>W <>45;V 

 VAF5 
287=0G5==S 
=0?@C65=P 
(:>=B@>;P=0 
B>G:0) 

!0?@C65==S 
B5>@5B8G=>3> 

4>A;V465==S,  #0 

!0?@C65==S, 
5:A?5@8<5=B0;P=>3> 
4>A;V465==S ?@8 
A?V2C40@V 3,5  !, 

 #0 

$>71V6=VABP, % 

 

� 2@0EC20==S< 7AC2C 
20=B06C 
(7AC2) �AC2 

)@51B>20 10;:0 
(14) 

35,5 39 9 

)@51B>20 10;:0 
(15) 

35,5 36 1 

 

"B65, @>71V6=VABP @57C;PB0BV2 4;S @>7@0EC=:C 7 2@0EC20==S< 7AC2C 

20=B06C AB0=>28BP  2V4  1 4>  9 2V4A>B:V2, F5 40є ?V4AB028 AB25@46C20B8, I> 

28:>@8AB0=0 @>7@0EC=:>20 <>45;P >FV=:8 =0?@C65=>-45D>@<>20=>3> AB0=C  є 

045:20B=>R B0 2@0E>2Cє >A>1;82>ABV C<>20 5:A?;C0B0FVW 203>=V2-E>?5@V2 4;S 

?5@52575==S 75@=0 2 G0AB8=V =5@V2=><V@=>3> =020=B065==S. %;V4, 707=0G8B8, I> 

?@8 ?>@V2=S==V =>@<0B82=>3> @>7@0EC=:C 157 2@0EC20==S 7AC2C 20=B06C 7 

5:A?5@8<5=B0;P=8<8 40=8<8 @>71V6=VABP @57C;PB0BV2 71V;PHCєBPAS 2V4 22 4> 28 

2V4A>B:V2, I> ?V4B25@46Cє =5>1EV4=VABP 2@0EC20==S 2?;82C 4V9 A8; 2V4 

=5@V2=><V@=> @>7<VI5=>3> 20=B06C. &0:8< G8=><, 7’SA>20=>, I> ?@>2545=0 

<>45@=V70FVS ?>:@0ICє =5A=C 740B=VABP @0<8 203>=0-E>?5@0 4;S ?5@52575==S 

75@=0 <>45;V 19-752 B0 2@0E>2Cє =5@V2=><V@=VABP =020=B065==S 203>=0. 



203 

!0 >A=>2V ?@>2545=8E 5:A?5@8<5=B0;P=8E 4>A;V465=P 02B>@>< 1C;> 

70?@>?>=>20=> 4>>?@0FR20B8 #  [80] B0 @>7@>1;5=> =>289 ?@>3@0<=89 

4>:C<5=B 7 2@0EC20==S< >B@8<0=8E @57C;PB0BV2 4>A;V465=P [85] (�>40B>: �), 

S:89 ?5@5410G0є 70AB>AC20==S :>@83CRG>3> :>5DVFVє=BC 4;S 287=0G5==S 

?@>3=>7C20==S @5AC@AC 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0. 

 

4.3 �:A?;C0B0FV9=V 28?@>1C20==O 
�;S >FV=:8 1572V4<>2=>ABV [2] 70?@>?>=>20=>3> C4>A:>=0;5==S :>=AB@C:FVW 

@0<8  :C7>20 203>=V2-E>?5@V2 <>45;V 19-752 2 5:A?;C0B0FVW 1C;> ?@>2545=>  

<>45@=V70FVR 10 203>=V2 (4>A;V4=0 ?0@BVS), S:V <0RBP B@VI8=8 2 <VAFV 

70:;5?:>2>3> 7’є4=0==S E@51B>2>W 10;:8 7 704=V< C?>@>< 02B>7G5?=>3> 

?@8AB@>R 7 28:>@8AB0==S< :>=AB@C:B>@AP:>W B0 B5E=>;>3VG=>W 4>:C<5=B0FVW 

!��&�.19-72.00.00.000 &� (B01;. 4.14). 

#V4:>=B@>;P=0 5:A?;C0B0FVS 4>A;V4=>W ?0@BVW 203>=V2-E>?5@V2 4;S 

?5@52575==S 75@=0 <>45;V 19-752 28:>=C20;0AP 73V4=> @>7@>1;5=>W ?@>3@0<8 B0 

<5B>48:8 28?@>1C20=P !��&�/!�* '� 002-18 [86,87], I> 4>40єBPAS . 

�;3>@8B< ?V4:>=B@>;P=>W 5:A?;C0B0FVW 4>A;V4=>W ?0@BVW 203>=V2 ?>;S302 C 

?5@V>48G=><C ?@>2545==V :>=B@>;R B5E=VG=>3> AB0=C =5A=8E :>=AB@C:FV9 7 

70AB>AC20==S< <5B>4V2 =5@C9=V2=>3> :>=B@>;R [88]. 

 

&01;8FS 4.14 3 #5@5;V: 203>=V2 4>A;V4=>W ?0@BVW 

№7/? !><5@ 203>=0 �0B0 ?>1C4>28 �0B0 <>45@=V70FVW 
@0<8 203>=0 

1 95217642 01.06.1988 12.09.2018 

2 95230843 20.06.1983 13.09.2018 

3 95362257 18.12.1982 06.09.2018 

4 95379244 01.08.1983 29.08.2018 

5 95613568 01.07.1987 11.09.2018 

6 95617874 01.11.1987 31.08.2018 

7 95680419 01.11.1986 05.09.2018 

8 95712451 01.12.1987 04.09.2018 

9 95756409 01.06.1988 30.08.2018 

10 95979266 25.07.1984 28.08.2018 
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#5@V>48G=VABP ?@>2545==S >3;S4V2 ?V4:>=B@>;P=>W ?0@BVW 203>=V2 

28:>=C20;>AP 2 45:V;P:0 5B0?V2:  

?5@H89 - ?@8 28?CA:C 203>=V2-75@=>2>7V2 2 5:A?;C0B0FVR ?VA;S 

<>45@=V70FVW; 

 4@C389 - ?VA;S 1 <VASFS 5:A?;C0B0FVW; 

 B@5BV9 - ?VA;S 2 <VASFV2 5:A?;C0B0FVW; 

 G5B25@B89 - ?VA;S 3 <VASFV2 5:A?;C0B0FVW; 

 ?’SB89 - ?VA;S  4 <VASFV2 5:A?;C0B0FVW.  

�;S ?@>2545==S :>=B@>;R B5E=VG=>3> AB0=C A5@B8DV:>20=8<8 D0EV2FS<8 7 

=5@C9=V2=>3> :>=B@>;R 73V4=> [89], A?V;P=> 7 02B>@>< 1C;> @>7@>1;5=> 

A?5FV0;P=C D>@<C :0@B8 4;S :>=B@>;R 7>=8 <>45@=V70FVW, S:0 є G0AB8=>R 

?@>3@0<8 B0 <5B>48:8 28?@>1C20=P !��&�/!�* '� 002-18 [86]. 

&5@<V= ?@>2545==S ?V4:>=B@>;P=>W 5:A?;C0B0FVW A:;02 4 <VASFV, ?@8 FP><C

?>@>6=V9 ?@>1V3 203>=V2 3 2 800 :<, 7020=B065=89 ?@>1V3 203>=V2 3 2 600 :<. 

#VA;S ?@>2545==S ?'SB8 5B0?V2 :>=B@>;R B5E=VG=>3> AB0=C @0< :C7>2V2 

4>A;V4=>W ?0@BVW 203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 <>45;59 19-752 45D5:BV2 

=5 28S2;5=>. !0 @8A. 4.17 ?@82545=89 ?@>F5A :>=B@>;R B5E=VG=>3> AB0=C 7>=8 

<>45@=V70FVW @0<8 :C7>20 4>A;V4=>W ?0@BVW 203>=V2-E>?5@V2. 

#VA;S 7025@H5==S ?V4:>=B@>;P=>W 5:A?;C0B0FVW, 203>=8 4>A;V4=>W ?0@BVW 

1C;8 4>?CI5=V 4> ?>ABV9=>W 5:A?;C0B0FVW =0 :>;VSE �& «':@70;V7=8FS». $07>< 7 

F8<, 70 2V4<>20<8 F8E 203>=V2 2 5:A?;C0B0FVW 1C2 2AB0=>2;5=89 :>=B@>;P, 

0=0;V7C20;8AP AB0B8AB8G=V 40=V 73V4=>  4>2V4:8 �I"* '� 2087 [90]. 

#5@V>4 0=0;V7C 40=8E AB0=>28BP 7 @>:V2 (4 @>:8 4> <>45@=V70FVW @0< 203>=V2 

(2015, 2016, 2017, 2018) B0 3 @>:8 ?VA;S <>45@=V70FVW @0< 203>=V2 (2019, 2020,  

2021). 

#V4 G0A ?@>2545==S @>1VB 7 :>=B@>;R B5E=VG=>3> AB0=C 4>A;V4=>W ?0@BVW 

203>=V2-E>?5@V2 4;S ?5@52575==S 75@=0 7 <>45@=V7>20=8<8 @0<0<8 D0EV2FS<8 7 

=5@C9=V2=>3> :>=B@>;R 28?@>1C20;P=>W ;01>@0B>@VW DV;VW «!��&�» 

70AB>A>2C20;8AP 28<>38 73V4=>  [77, 78]. 
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$8AC=>: 4.17 3 #@>2545==S :>=B@>;R B5E=VG=>3> AB0=C 

  

 �;S >FV=:8 B5E=VG=>3> AB0=C @0<8 203>=0 4> <>45@=V70FVW B0 ?VA;S, 1C;8 

?@>0=0;V7>20=V 70 ?5@V>48: 

  2015 @V: (?5@V>4 7 31.12.2014 17:01 ?> 31.12.2015 17:00); 

  2016 @V: (?5@V>4 7 31.12.2015 17:01 ?> 31.12.2016 17:00); 

  2017 @V: (?5@V>4 7 31.12.2016 17:01 ?> 31.12.2017 17:00); 

  2018 @V: (?5@V>4 7 31.12.2017 17:01 ?> 31.12.2018 17:00); 

  2019 @V: (?5@V>4 7 31.12.2018 17:01 ?> 31.12.2019 17:00); 

  2020 @V: (?5@V>4 7 31.12.2019 17:01 ?> 31.12.2020 17:00); 

  2021 @V: (?5@V>4 7 31.12.2020 20:01 ?> 31.12.2021 20:00). 

 �0 :;0A8DV:0B>@>< ��� 2005 04 [32] 1C;8 >1@0=V :>48 =5A?@02=>AB59, I> 

2V4=>A8;8AS 4> @0<8 203>=0 (B01;. 4.14). 
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  &01;8FS 4.14 3 !5A?@02=>ABV @0<8 203>=0 70 ��� 2005 04 

�>4 "?8A =5A?@02=>ABV 
601 "1@82 720@=8E H2V2 >4=VєW 01> 1V;PH5 70:;5?:8 :@V?;5==S 10;>: 
602 �5@B8:0;P=89 ?@>38= 10;>: @0<8 1V;PH5 100 << 

603 &@VI8=0 C 2C7;0E 7’є4=0==S E@51B>2>9 B0 H:2>@=52>9 10;>:  
604 &@VI8=0 :>27C=0 =0 H:2>@=52V9 10;FV 
605 "A;01;5==S :@V?;5==S :>27C=0 =0 H:2>@=52V9 10;FV 
606 &@VI8=0 ?’SB=8:0 
607 "A;01;5==S :@V?;5==S ?’SB=8:0 

609 
&@VI8=0, I> ?5@5E>48BP 7 3>@87>=B0;P=>W =0 25@B8:0;P=C ?>;8FR 
10;>: 

610 #>274>26=S B@VI8=0 C 10;:0E @0<8 4>268=>R 1V;PH5 300 << 

611 &@VI8=0 2 =04?’SB=8:>2V9 ?;8BV (D;0=FV) ?’SB=8:0 =5 1V;PH5 30 << 

612 
�5@B8:0;P=0/?>274>26=S =0E8;5=0 B@VI8=0, S:0 ?@>E>48BP 1V;PH5 
=V6 G5@57 >48= >B2V@ 4;S 1>;BV2 01> 70:;5?>: 

613 
�>268=0 25@B8:0;P=>W/ =0E8;5=>W B@VI8=8, =0 >4=V9 ABV=FV 1V;PH5 
100 << <V6 :V=FS<8 B@VI8=8  

614 "1@82 ?> 720@R20==R, @>7@82 =0:;04>: 
615 &@VI8=0, 7;0< 25@E=P>3>/25@B8:0;P=>3> ;8AB0 ?>?5@5G=>W 10;:8 @0<8 

616 �;0</B@VI8=0 ?@><V6=8E 10;>: 
617 �;0< :@V?;5==S DVB8=3>2>3> C?>@C 
618 �;0</B@VI8=0/>1@82 @>7:>AV2 
619 'H8@5==S E@51B>2>W 10;:8 

620 �38= E@51B>2>W 10;:8 
621 &@VI8=0 :V=F528E 10;>: 
622 �;0< :V=F528E 10;>: 
623 $>7@82 25@E=P>3>/25@B8:0;P=>3> ;8AB0 ?>?5@5G=>W 10;:8 @0<8 

624 �;0< :@V?;5==S :>27C=0 =0 H:2>@=52V9 10;FV 
 

 

�07=0G5=V =5A?@02=>ABV ?@89=SBV, S: 287=0G0;P=89 ?0@0<5B@ [91], 7=0G5==S 

S:>3> 287=0G0є ?@0F5740B=VABP @0<8 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 ?>70 

<560<8 ?;0=>28E 284V2 @5<>=BC. 

&0:8< G8=><, 1C2 74V9A=5=89 0=0;V7 2:070=8E 4>2V4>: ��"* '� 2087[90],   

?> =5A?@02=>ABS< @0<8 203>=0, I> 707=0G5=V C B01;. 4.14, 2V4=>A=> 203>=V2-

E>?5@V2 4;S ?5@52575==S 75@=0 73V4=> B01;. 4.13. $57C;PB0B8 0=0;V7C ?@54AB02;5=V 

2 B01;.4.15. 
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&01;8FS 4.15 3 $57C;PB0B8 0=0;V7C =5A?@02=>AB59 @0< 203>=V2 
 

№ 203>=0 
�0B0 

?>1C4>28 

�V;P:VABP =5A?@02=>AB59/:>4 =5A?@02=>ABV 

2015 2016 2017 2018 2019 2020 2021 Σ 

95217642 01.06.1988 1/618       1 

95230843 20.06.1983        - 

95362257 18.12.1982 1/618   1/621  1/613  3 

95379244 01.08.1983 1/618   1/621  1/613  3 

95613568 01.07.1987 1/613  1/618     2 

95617874 01.11.1987        - 

95680419 01.11.1986        - 

95712451 01.12.1987  1/621      1 

95756409 01.06.1988        - 

95979266 25.07.1984        - 
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4>A;V465==S 

 

$V: 
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�0@BVABP =>2>3> 203>=0-E>?5@0 4;S ?5@52575==S 75@=0 >@Vє=B>2=> A:;040є  3  

1,84 <;=. 3@=. 

%B@>: A;C618 =>2>3> 203>=0 3 30 @>:V2.  
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 �@ = 1,84 <;=. 3@= / 30 @>:V2 = 61,3 B8A. 3@=.                            

�:>=><VS (�) 2V4 <>45@=V70FVW >4=>3> 203>=0 7 C@0EC20==S 70B@0B =0 
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&0:8< G8=><, 1C;> ?V4B25@465=> 5:A?5@8<5=B0;P=> 4>FV;P=VABP 

70AB>AC20==S :>@83CRG>3> :>5DVFVє=BC 4;S D>@<C;8 287=0G5==S 70?0AC >?>@C 
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