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'>@4W=<, <. &5@=>?V?L, 2025 @.  

' 4<E5@F4FV==V= @>5>FV 6<@VL5=> =4G>>65 74644==O ?V46<M5==O 
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4>F<6=>7> ?5<5L4 6 E<EF5<V >4=>@O4=>7> >4@F>??5>>?4G4. 
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7=4G5==O >F@<<4=<E @57G?LF4FV6 F4 =46545=> >E>5<EF<= 6=5E>> 74>5G64G4 G 

?@>6545=<E 4>E?V465==OE. �46545=> 6V4><>EFV M>4> 4?@>54FVW F4 
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4<E5@F4FV==>W @>5>F<.  

�?O @54?V74FVW <5F< 4<E5@F4FV==>7> 4>E?V465==O G @>5>FV ?>EF46?5=V F4 

6<@VL5=V =4EFG?=V 7444GV: ?@>65EF< 4=4?V7 >>=EF@G>F<6=<E >E>5?<6>EF5= 

>4=>@O4=<E >4@F>??5>>?4GV6, WE ?V4>>?GNG<E @>5>G<E >@74=V6, F4 =4 FV= 

>E=>6V 74?@>?>=G64F< G4>E>>=4?5=G >>=EF@G>FVN >><5V=>64=>7> 4>F<6=>7> 

?5<5L4 7 @>7L<@5=<<< <>6?<6>EFO<< M>4> ?V4>>?G64==O F4 
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4?O 6<7=4G5==O >V=5<4F<G=<E ?4@4<5F@V6 5474F>?4=>>6>7> <5E4=V7<G ?5<5L4 

F4 4>E?V4<F< G<>6< =4?@46?5=>7> @GEG G4EF<=>< 5G?L5>=>E=>7> ??4EF4 =4 

=>7> >>?<6=V= ??>M<=V; @>7@>5<F< <>45?L 4?O 4>E?V465==O ?@<6545=>7> 

<><5=FG V=5@FVW <5E4=V7<G ?@<6>4G 6V5@4FV==>7> ?5<5L4 >4@F>??5>>?4G4; 
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E>?4EF< ??4= F4 ?@>65EF< 5>E?5@<<5=F4?L=V 4>E?V465==O M>4> 6<7=4G5==O 

FO7>6>7> >?>@G F4 E?>6<64=>W ?>FG6=>EFV 4?O ?@<6>4G @>5>G<E >@74=V6 
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�59T>F>< 4>E?V465==O T ?@>F5E ?V4>>?G64==O >4@F>??O=>W 7@O4>< 

>><5V=>64=<< 4>F<6=<< ?5<5L5< 6 E<EF5<V >4=>@O4=>7> >4@F>??5>>?4G4. 

�@54<5F>< 4>E?V465==O T 674T<>769O7>< <V6 >V=5<4F<G=<<<,  

>>=EF@G>F<6=<<< F4 5=5@75F<G=<<< ?4@4<5F@4<< 4>F<6=>7> >><5V=>64=>7> 

?5<5L4 ?@< ?V4>>?G64==V ??4EF4 �@G=FG >4@F>??O=>W 7@O4><.  

�4G>>6<< @57G?LF4F>< 4<E5@F4FV==>7> 4>E?V465==O T >F@<<4==O O>VE=> 

=>6<E F5>@5F<G=<E 74?56=>EF5=, =4 >E=>6V O><E >F@<<4=> @4FV>=4?L=V 

>>=EF@G>F<6=V F4 >V=5<4F<G=V ?4@4<5F@< >><5V=>64=>7> 4>F<6=>7> ?5<5L5< 6 

E<EF5<V >4=>@O4=>7> >4@F>??5>>?4G4, M> 4>76>?<?> ?V46<M<F< 5D5>F<6=VEFL 

?V4>>?G64==O >4@F>??V. �4 FV= ?V4EF46V  6?5DL5 D>7D>5?5=>: F5>@5F<G=G 

<>45?L, O>4 >?<EGT >V=5<4F<>G 5474F>?4=>>6>7> <5E4=V7<G ?5<5L4 7 

4>F<6=<<< 5>>>6<=>4<< F4 4>76>?OT 4>E?V46G64F< G<>6< =4?@46?5=>7> @GEG 

G4EF<=>< 5G?L5>=>E=>7> ??4EF4 =4 =>7> >>?<6=V= ??>M<=V; <4F5<4F<G=V 

<>45?V 4?O 6<7=4G5==O 5=5@75F<G=<E 74F@4F =4 ?@>F5E 6V44V?5==O F4 

?V4>>?G64==O 5G?L5>=>E=>7> ??4EFG �@G=FG >><5V=>64=<< 4>F<6=<<< 

?5<5L5<; >FD<<4?< ?>44?LL<= D>76<F>> F5>@5F<G=V 74?56=>EFV 4?O 

4>E?V465==O ?@<6545=>7> <><5=FG V=5@FVW <5E4=V7<G ?@<6>4G 6V5@4FV==>7> 
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<>6?<6VEFL 7444=>7> =4?@46?5=>7> @GEG G4EF<=>< 5G?L5>=>E=>7> ??4EFG 

??>M<=>N ?5<5L4; ?5@54=V ?V46VE< 6<>>=4=V 74>4=> V7 4>F<6=<<< 

5>>>6<=>4<<, O>V 74V=E=NNFL >>?<6=V @GE< G ?@>F<D47V 4> 76>@>F=>-

?>EFG?4?L=>7> @GEG ?5<5L4, M> 7=4G=> 7@V6=>646GT <5E4=V7<, 4 WE  

?@>=<>=5==O G �@G=F 4>76>?OT 6V44V?OF< ?V4>>?G64=<= ??4EF 6V4 >E=>6=>7> 

<4E<6G; 6 O>>EFV >@<6>L<?4 6<>>@<EF4=> 7@V6=>646G64?L=<= <4E>6<> 7 

@57G?L>64=<< L4@=V@>< 4?O ?@<T4=4==O L4FG=4, M> 74557?5GGT <>6?<6VEFL 

7<V=< @44VGE4 >@<6>L<?4, 4 6V4 F>7> V 4<??VFG4< >>?<64=L ?5<5L4. 

�46545=V G<==<>< =4?@46?5=V =4 ?V46<M5==O 5D5>F<6=>EFV 

?V4>>?G64==O >4@F>??V ?@< 75<@4==V, >E>5?<6> 4?O 5V?LL E>?44=<E G<>6 

@>5>F< F4 4>76>?<?< ED>@<G64F< >E=>6=V 7444GV 4<E5@F4FV==>7> 4>E?V465==O.  

' 4@G7><G @>74V?V 74?@>?>=>64=> ?@<=F<?>6G EE5<G 6V5@4FV==>7> 

?5<5L4, 4?O O>>7> ?>5G4>64=> >V=5<4F<G=G EE5<G F4 >?<E4=> F5>@5F<G=>N 

<>45??N, M> 547GTFLEO =4 <5F>4V 74<>=5=<E 65>F>@=<E >>=FG@V6. �=4?V7 

>V=5<4F<G=<E ?4@4<5F@V6 GF6>@5=>7> <5E4=V7<G 4>76>?<6 >F@<<4F< 

E>>@57>64=G >V=5<4F<G=G EE5<G <5E4=V7<G ?5<5L4 O> F5>@5F<G=>7> 

?@>F>F<?G DV7<G=V= >>=EF@G>FVW >><5V=>64=>7> 4>F<6=>7> ?5<5L4. 

�<>>@<EF>6GNG< 7@4D>4=4?VF<G=<= <5F>4 ??4=V6, >F@<<4=> 

>V=5<4F<G=V ?4@4<5F@< 4?O E4@4>F5@=<E F>G>> ?5<5L4 F4 =>7> 4>F<6=<E 

5>>>6<=>>. �?O >F@<<4=<E 7=4G5=L ?5@5<VM5=L, L6<4>>EF5= F4 ?@<E>>@5=L, 

>@V< E>4?O@=<E 7=4G5=L, 6<7=4G5=V WE =4?@O<><, M> T 646?<6<< G<==<>>< 4?O 

4=4?V7G =4?@46?5=>7> @GEG ??4EF4 �@G=FG =4 ??>M<=V ?5<5L4;  

�>5G4>64=> F5>@5F<G=G <>45?L, O>4 4>76>?OT 4?O 6<7=4G5=>7> 

>V=5<4F<G=>7> @56<<G @>5>F< ?5<5L4 ?@>4=4?V7G64F< 7=4G5==O 4VNG<E E<? 

=4 G4EF<=>G 5G?L5>=>E=>7> ??4EFG, M> 7=4E>4<FLEO =4 ??>M<=V ?5<5L4, F4 

6<7=4G<F< =4?@O<>> <>6?<6>7> WW @GEG. &4><= ?V4EV4 4>76>?OT <>45?N64F< 

=4?@46?5=<= @GE 5G?L>5>=>E=>7> ??4EFG =4 ??>M<=V ?5<5L4, 7<V=NNG< 
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G4EF>FG >55@F4==O V @44VGE >@<6>L<?4, 4>66<=< 744=VE ?V46VEV6 F4 >GF 

6EF4=>6?5==O ?5<5L4 4> 7>@<7>=FG. 

�>5G4>64=4 F5>@5F<G=4 <>45?L >?<EGT 74>>= @GEG <5E4=V7<G ?5<5L4 F4 

547GTFLEO =4 F5>@5<V ?@> 7<V=G >V=5F<G=>W 5=5@7VW, 4>76>?OT 6<7=4G<F< 

?@<6545=<= <><5=F V=5@FVW ?@<6>4=>7> <5E4=V7<G 6V5@4FV==>7> ?5<5L4, O><= 

?56<FL 6 >E=>6V >FV=>< 5=5@75F<G=<E 74F@4F =4 ?@<6>4 44=>7> @>5>G>7> 

>@74=G. 

' F@5FL><G @>74V?V =4 >E=>6V ?@>6545=<E F5>@5F<G=<E 4>E?V465=L 

>>@5<<E >>=EF@G>F<6=<E F4 >V=5<4F<G=<E ?4@4<5F@V6 F4, 4=4?V7GNG< 4>E6V4 

4=4?>7VG=<E @VL5=L, M> EF>EGNFLEO F4>>7> F<?G <4L<=, F4 6V4?>6V4=> 4> 

@>7@>5?5=>W ?@>7@4<< 5>E?5@<<5=F4?L=<E 4>E?V465=L 5G?> 6<7>F>6?5=> 

4>E?V4=<= 7@47>> >4=>@O4=>7> >4@F>??5>>?4G4 7 >><5V=>64=<< 4>F<6=<< 

?5<5L5<, 4?O O>>7> 6EF4=>6?5=V >E=>6=V F5E=VG=V E4@4>F5@<EF<>< F4 

@57G?N64?L=V ?4@4<5F@<: L6<4>VEFL @GEG 47@574FG 3 0,8331,4 </E; 4V4?47>= 

@57G?N64=L 4<??VFG4 >>?<64=L ?5<5L4 3  5,5 <<; 11,6 <<; 17,3 <<;  

GEF4=>6>G=<= >GF =4E<?G ?5<5L4 3 120; 140; 160; @>7@4EG=>>64 

?@>4G>F<6=VEFL ?@< <V6@O44OE 0,7 < 3 0,21-0,35 74/7>4. 

�?<E4=> <5F>4<>G F4 F5E=VG=5 74557?5G5==O 4?O ?@>6545==O 

5>E?5@<<5=FG. %??4=>64=> ?>6=<= D4>F>@=<= 5>E?5@<<5=F F<?G 32, 4?O O>>7> 

E>?445=> <4F@<FN 5>E?5@<<5=FG, 74?<E4=> @V6=O==O >644@4F<G=>W @57@5EVW F4 

6<@47< 4?O 6<7=4G5==O WW >>5DVFVT=FV6. 

' G5F65@F><G @>74V?V >?<E4=> ?@>6545==O ?>?L>6<E 5>E?5@<<5=F4?L=<E 

4>E?V465=L 6V4?>6V4=> 4> ?@>7@4<< F4 74F65@465=>W <5F>4<><. &GF ?>>474=> 

@>7@>5?5=5 6V4?>6V4=5 ?@<E?>EV5?5==O 4?O 6<7=4G5==O FO7>6>7> >?>@G 

>4@F>??5>>?4G4, =>7> <>=F46 =4 <4L<=V; 4?O 6<7=4G5==O ?>FG6=>EFV ?@<6>4G 

3 <><5=F><V@, M>  66545=> 6 ?4=>G >4@44==>7> 64?G, O><= 79T4=GT 6<EV4=<= 

64? ��� F@4>F>@4 F4 >>=VG=<= @54G>F>@ >4@F>??5>>?4G4 7 >>=F@>?5< G4EF>F< 

>55@F4==O ��� ?475@=<< F4E><5F@><. 

�@< @54?V74FVW 5>E?5@<<5=F4?L=<E 4>E?V465=L M>4> 6<7=4G5==O 
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=574?56=<<< D4>F>@4<< O>>7> 5G?<: ?>EFG?4?L=4 L6<4>VEFL 3 0,6 </E, 

1,0 </E, 1,4 </E; G4EF>F4 >>?<64=L ?5<5L4 3 5,0 �F, 6,0 �F, 7,0 �F. $57G?LF4F>< 

T >F@<<4==O 7=4G5=L FO7>6>7> >?>@G 6 <564E 7,59 - 10,27 >� G 74?56=>EFV 6V4 

@56<<G @>5>F< ?5<5L4 F4 ?>EFG?4?L=>W L6<4>>EFV >4@F>??5>>?4G4. 

�?<E4=> ?@>6545==O 5>E?5@<<5=F4?L=<E 4>E?V465=L ?@< 6<7=4G5==V 

<><5=FG ?@<6>4G @>5>G<E >@74=V6 >4@F>??5>>?4G4, 45 74 =574?56=V D4>F>@< 

?@<==OF> G4EF>FG >>?<64=L ?5<5L4 3 5,0 �F, 6,0 �F, 7,0 �F; 4<??VFG4G 

>>?<64=L ?5<5L4 3 5,5 <<, 11,6 <<, 17,3 <<. �=4=45=4 ?>FG6=VEFL =4 @V7=<E 

@56<<4E >>?<64TFLEO G <564E 4,55 - 6,15 >�F. 

�4 >E=>6V >F@<<4=<E 5>E?5@<<5=F4?L=<E 44=<E @>769O74=> ?>>4?L=V 

>?F<<V74FV==V 7444GV 7 6<5>@G >?F<<4?L=<E ?4@4<5F@V6 =4?4LFG64==O 

>4@F>??5>>?4G4 4?O  >F@<<4==O <V=V<4?L=<E 7=4G5=L FO7>6>7> >?>@G 

 >�  3 L6<4>VEFL  </E, G4EF>F4 >>?<64=L  �F;  

=4=<5=L4 E?>6<64=4 ?>FG6=VEFL (  >�F) E?>EF5@V74TFLEO ?@< G4EF>FV 

>>?<64=L ?5<5L4  �F F4 4<??VFG4V >>?<64=L  <<. 

�F@<<4=V 7=4G5==O @57G?N64?L=<E ?4@4<5F@V6 =>EOFL @5>><5=44FV==<= 

E4@4>F5@, 6<7=4G4?L=<<< 5G4GFL F4>V @57G?N64==O, O>V 4>76>?OFL =5 

=4>>?<GG64F< ?V4>>?4=<= ??4EF �@G=FG 5V?O 6EV4=>7> 6V>=4 ?5<5L4 F4 5G4GFL 

<4>E<<4?L=> =>7> E5?4@G64F< =4 >>?<6=V= ??>M<=V. 

�@< 6<7=4G5==V ?>>47=<>V6 O>>EFV @>5>F< >4@F>??5>>?4G4 6EF4=>6?5=> 
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' ?9OF><G @>74V?V ?@< 4>E?V465==V ?@<6545=>7> <><5=FG V=5@FVW 
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<V=V<4?L=>7> 7=4G5=L 74 F<>? 5G45 E>?444F< 3 9,2 @47<; 74 64@V4=F>< 3 ?@< 
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ABSTRACT  

 

Golovetskyi I.V. Justification of the parameters of a potato harvesting 

machine with a combined active ploughshare. 3 Qualifying scientific work as a 

manuscript. 

Dissertation for the degree of Doctor of Philosophy in the field of 

knowledge 13 Mechanical Engineering, specialty 133 Industrial Engineering. 

Ternopil Ivan Puluj National Technical University MES of Ukraine, Ternopil, 

2025. 

In his dissertation, the scientific task of increasing the efficiency of 

harvesting potatoes was solved when justifying the parameters of a combined 

active ploughshare in the system of a single-row potato digger. 

The introduction substantiates the relevance of the topic, formulates the goal 

and sets the task of the study. The scientific novelty, practical significance of the 

obtained results are described and the personal contribution of the applicant in the 

conducted studies is given. Information on testing and publication of the results of 
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scientific research, the structure and volume of the dissertation work are provided. 

To realize the purpose of the dissertation research, the following tasks have 

been set and solved: to analyze the design features of single-row potato diggers, 

their undermining working bodies, and on this basis to offer an improved design of 

a combined active ploughshare with advanced capabilities for digging and 

transporting a tuberous layer of soil; develop theoretical models to determine the 

kinematic parameters of the multi-link mechanism of the ploughshare and 

investigate the conditions of directional motion of the bulb-bearing bed particle on 

its oscillatory plane; develop a model for studying the reduced moment of inertia 

of the mechanism for driving the vibratory ploughshare of the potato digger; 

develop a model for determining the energy costs for the process of separating and 

digging a tuberous layer of soil; make a single-row potato harvesting machine with 

a vibrating ploughshare and active sides, conduct its field tests, evaluate the quality 

indicators of work; draw up a plan and conduct experimental studies to determine 

the traction resistance and power consumption for driving the working organs of 

the potato digger. 

The object of the study is the process of digging a potato ridge with a 

combined active ploughshare in the system of a single-row potato digger. 

The subject of the study is the relationship between the kinematic, structural 

and energy parameters of the active combined ploughshare when digging a bed of 

soil in a potato bed. 

The scientific result of the dissertation research is to obtain qualitatively new 

theoretical dependencies, on the basis of which rational constructive and kinematic 

parameters of the combined active ploughshare in the system of a single-row 

potato digger were obtained, which made it possible to increase the efficiency of 

digging potatoes. On this basis, for the first time developed: a theoretical model 

that describes the kinematics of a multi-link mechanism of a ploughshare with 

active sidewalls and allows us to explore the conditions of directed movement of a 

bulb-bearing bed particle on its oscillatory plane; mathematical models for 

determining energy costs for the process of separating and undermining the 
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bulbous layer of soil with a combined active ploughshare; theoretical dependencies 

were further developed to study the reduced moment of inertia of the mechanism 

for driving the vibratory ploughshare of the potato digger. 

In the first section of the dissertation, an analysis of the designs of potato 

diggers was carried out, which indicates that many different types of potato 

harvesting machines with passive semi-active and active ploughshares are used in 

practice. Each of them is designed for given working conditions and provides 

certain efficiency. At the same time, there are also disadvantages that are 

associated with limited functional ability, the presence of significant vibrations, 

and limited work in difficult conditions. The above problems prompted the 

development of a new design of the potato digger in the part of the combined 

active ploughshare. The peculiarity of the design is that the ploughshare is fixed on 

two pairs of suspensions having an adjustable length and providing the possibility 

of a given directional movement of the bulb-bearing bed particle by the plane of 

the ploughshare; front suspensions are made integral with active sidewalls, which 

perform oscillating movements in antiphase to reciprocating motion of the 

ploughshare, which significantly balances the mechanism, and their penetration 

into the soil allows to separate the penetrated layer from the main mass; the crank 

used is a balancing flywheel with an adjustable hinge for connecting the 

connecting rod, which makes it possible to change the radius of the crank, and 

from that the amplitude of the ploughshare oscillations. 

The above factors are aimed at increasing the efficiency of digging potatoes 

during harvesting, especially for more complex working conditions and made it 

possible to form the main tasks of the dissertation research. 

In the second section, a schematic diagram of a vibration ploughshare is 

proposed, for which a kinematic scheme is built and described by a theoretical 

model based on the method of closed vector circuits. Analysis of the kinematic 

parameters of the formed mechanism made it possible to obtain a coordinated 

kinematic scheme of the ploughshare mechanism as a theoretical prototype of the 

physical design of the combined active ploughshare. 
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Using a graphic-analytical method of plans, kinematic parameters for 

characteristic points of ploughshare and its active sidewalls are obtained. For the 

obtained values of displacements, velocities and accelerations, in addition to scalar 

values, their directions are determined, which is an important factor for analyzing 

the directional movement of the soil layer on the ploughshare plane; 

A theoretical model has been built, which allows for a certain kinematic 

mode of operation of the ploughshare to analyze the value of the acting forces on a 

particle of a bulb-bearing formation located on the plane of the ploughshare, and 

determine the direction of its possible movement. This approach allows you to 

simulate the directional movement of the tuberous formation on the plane of the 

ploughshare, changing the rotation frequency and radius of the crank, the length of 

the rear suspensions and the angle of installation of the ploughshare to the horizon. 

The constructed theoretical model describes the law of motion of the 

ploughshare mechanism and is based on the theorem on the change of kinetic 

energy, allows us to determine the reduced moment of inertia of the driving 

mechanism of the vibration ploughshare, which underlies the assessment of energy 

costs for the drive of this working body. 

In the third section, on the basis of theoretical studies of individual structural 

and kinematic parameters, and analyzing the experience of similar solutions related 

to this type of machine, and in accordance with the developed program of 

experimental studies, a prototype of a single-row potato digger with a combined 

active ploughshare was made, for which the main technical characteristics and 

adjustment parameters were established: the speed of the unit movement - 0.83-1.4 

m/s; adjustment range of ploughshare oscillation amplitudes 3 5.5 mm; 11.6 mm; 

17.3 mm; setting angle of ploughshare inclination 3 120; 140; 160; design capacity 

at 0.7 m rows - 0.21-0.35 ha/h. 

The method and technical support for the experiment are described. A 

complete factor experiment of type 32 was planned, for which an experiment 

matrix was compiled, an equation of quadratic regression and expressions were 

written to determine its coefficients. 
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The fourth section describes the conduct of field experimental studies in 

accordance with the program and approved methodology. Here is shown the 

developed appropriate attachment to determine the traction resistance of the digger, 

its installation on the machine; to determine the power of the drive - a torque meter 

introduced into the link of the driveshaft, which connects the output shaft of the 

tractor GDP and the conical reduction gear of the potato digger with the control of 

the GDP rotation frequency with a laser tachometer. 

When implementing experimental studies to determine the traction 

resistance of a potato digger, a type 32 experiment plan was developed, the 

independent factors of which were: translational speed 3 0.6 m/s, 1.0 m/s, 1.4 m/s; 

Ploughshare oscillation frequency 3 5.0 Hz, 6.0 Hz, 7.0 Hz. The result is to obtain 

values of traction resistance in the range of 7.59 - 10.27 kN, depending on the 

operating mode of the ploughshare and the translational speed of the potato digger. 

Experimental studies are described in determining the moment of driving the 

working organs of a potato digger, where the frequency of ploughshare oscillations 

is taken as independent factors 3 5.0 Hz, 6.0 Hz, 7.0 Hz; the amplitude of the 

ploughshare oscillations is 5.5 mm, 11.6 mm, 17.3 mm. The found power in 

different modes ranges from 4.55 - 6.15 kW. 

On the basis of the obtained experimental data, local optimization problems 

were solved to select the optimal settings for the potato digger to obtain the 

minimum values of traction resistance  kN 3 speed  m/s, 

frequency of oscillations  Hz; the lowest power consumption (

kW) is observed at the oscillation frequency of the ploughshare  Hz and 

the oscillation amplitude  mm. 

The obtained values of the adjustment parameters are advisory in nature, 

such adjustments will be decisive, which will allow not to accumulate the dug-up 

layer of soil at the entrance window of the ploughshare and will separate it as much 

as possible on the oscillatory plane. 

When determining the quality indicators of the potato digger, the following 

results were established: completeness of digging 3 97.31% > [97%]; damaged 

721.7y 6.0v

0.7f 698.4y

626,5f

5,5�
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tubers 3 2.33% < [3%]; loss of tubers remaining in the soil 3 2.69% < [3%]; 

digging depth 3 -0.5 cm; + 1 cm less ± 2 cm. 

In the fifth section, when studying the reduced moment of inertia of the 

mechanism for driving the vibratory ploughshare of the potato digger, it was found 

that when using a classic eccentric shaft as a crank, the unevenness of the change 

in the moment of inertia, that is, the ratio of the maximum to the minimum values   

per cycle will be 3 9.2 times; according to the variant - when using a balancing 

flywheel, this ratio will be 1.34 times. This means that the use of a flywheel in the 

ploughshare drive system increases the uniformity of its operation at this ratio by 

almost 7 times with idle operation of the ploughshare. 

When taking into account the moment of inertia of the tuberous formation 

located on the plane of the ploughshare, we have: the first version of the drive of 

the ploughshare - the unevenness of the drive by the reduced moment of inertia is 

11.4 times, when using the flywheel this unevenness is 1.43 times, that is, the use 

of the flywheel "smoothes" the unevenness of the reduced moment of inertia by 

almost 8 times. 

According to the developed theoretical model of the interaction of active 

sides of the ploughshare with the soil, the value of the force of their penetration 

was obtained when the dug-up tuberous formation was separated from the main 

soil mass, which greatly facilitates the main digging. The obtained values are 

determined at the soil creasing coefficient N/m3 and lie within 325 N at 

the angle  of sharpening their blades.  

On the basis of the developed model for determining energy costs for the 

process of digging in a bulbous formation, the following results were established: 

graphic dependencies and numerical values were obtained, which show a change in 

the digging force when turning the crank at the working and reverse strokes of the 

ploughshare; it was found that the forces for digging the formation with a "passive" 

(fixed) ploughshare are greater by 25.3% compared to the forces required for the 

penetration of the active ploughshare; the discrepancy between the values of the 

horizontal component of the resistance to movement of the ploughshare, which is 

6
102 ×q

0
45a
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determined theoretically (7810 N) and from the experiment (8423 N) is 7.3%; 

dependence of change of moment and power of the drive during the cycle is 

obtained, and on this basis the actual power of the drive is determined, which will 

be  kW at the frequency of oscillations of the ploughshare  Hz; 

the relative error of theoretical and experimental powers for similar conditions is 

6.9%, which indicates their good convergence. 

The annual economic effect of using the developed machines is 23.607 UAH 

per year with its full load. 

The design of the vibration ploughshare is protected by a declaration patent 

for utility model No. 156320, the results of the dissertation research are used by 

Plotycha Agro LLC in the design of agricultural machines and in the educational 

process of Ternopil Ivan Puluj National Technical University. 

Key words: potato harvesting machine; potato; digging; potato bed; 

performance; vibrational oscillations; separation; transportation; soil clods; 

parameters; factorial experiment; stress; model; conveyor; process. 
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�V6=4@>4=>W =4G>>6>-F5E=VG=>W >>=D5@5=FVW «�$������� ��%�����» 

?@<E6OG5=>W 80-F< @VGGN 7 4=O =4@>465==O ?@>D5E>@4 '.�. �G?L><, 

&5@=>?V?L,2024. %. 149-151 (�4>5G64G >?<E46 <5F>4<>G 6<7=4G5==O ?5D5F<=G 

L4FG=4 ?D< 7=4>>7<V==<E =464=F465==OE). 

 

 

�G5?V>4FVW, O>V 4>44F>>6> 6V4>5D464NFL D57G?LF4F8 48E5DF4FVW 

 

12. �45V= �.�., �>?>65FL><= �.�., �?44L> ..�., �=4@5=>V6 �.�., 

�4<@4G �.�. �V5@4FV==<= ?5<VL >4@F>??5>>?4G4. �5>?4@4FV==<= ?4F5=F =4 

>>@<E=G <>45?L 156320 A01D 21/00 (2024.01). �4O6?5=> 09.01.2024, 

u202400129, >?G5?V>>64=> 05.06.2024, 5N?. 7 23 (�4>5G64G 74?D>?>=G646 

?D<=F<?>6G EE5<G 6V5D4FV==>7> ?5<5L4). 
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�%&'� 

 

�>FG4?L=VEFL F5<<. �5E4=V74FVO 6<@>5=<FF64 EV?LEL>>7>E?>44@EL>>W 

?@>4G>FVW 6 '>@4W=V T >4=<< V7 ?@V>@<F5F=<E 74644=L <4L<=>5G4V6=<>V6 44=>W 

74?G7V. �V4 @V6=O 74557?5G5=>EFV F5E=>?>7VG=<E ?@>F5EV6 5D5>F<6=<<< 

F5E=VG=<<< 74E>54<< 74?56<FL O>VEFL F4 E>5V64@FVEFL 6<@>5?5=>W ?@>4G>FVW. 

�4=4 ?@>5?5<4 747>EF@NTFLEO M5 F<<, M> =4 @<=>G =4L>W 45@646< 65?<>4 

G4EF>4 4>@>7<E EV?LEL>>7>E?>44@EL><E <4L<= 74>>@4>==>7> 6<@>5=<FF64. 

$>76<F>> G>@4W=EL>>7> EV?LEL>>7>E?>44@EL>>7> <4L<=>5G4G64==O T 45M> 

E?>6V?L=5=<<, M> =5 44T <>6?<6>EFV FV= 74?G7V @54?V7G64F< E6V= ?>F5=FV4?. 

�?O ?>E<?5==O ?>7<FV= G>@4W=EL><E 6<@>5=<>V6 EV?LEL>>7>E?>44@EL><E 

<4L<= T =5>5EV4=VEFL G @>7@>5FV =>6<E >>=EF@G>FV= <4L<=, 6G7?V6 G< 

@>5>G<E >@74=V6, O>V 74557?5GG64F<<GFL 6<E>>G F5E=>?>7VG=G 5D5>F<6=VEFL F4 

5G4GFL >>=>G@5=F=<<< =4 @<=>G. 

&><G, 4=4?V7GNG< ?@>5?5<4F<>G, O>4 ?@>E?V4>>6GTFLEO ?@< 6<@>5=<FF6V 

>4@F>??V G <4?<E ?V4E>5=<E 7>E?>44@EF64E =4 F5E=>?>7VG=V= >?5@4FVW 

75<@4==O, E?@O<>64=> =4G>>6<= ?>LG> 4?O 6V4=4E>465==O @VL5=L M>4> 

?>>@4M5==O >>=EF@G>FV= >4=>@O4=<E >4@F>??5>>?4GV6. &4>V <4L<=< ?>6<==V 

47@574FG64F<EO 7 <4?>?>FG6=<<< 5=5@7>74E>54<< F4 5D5>F<6=> 6<>>=G64F< 

F5E=>?>7VG=G >?5@4FVN 75<@4==O.  

%?5F<DV>>N 6<@>5=<FF64 >4@F>??V =4 &5@=>?V?LM<=V T F5, M> FGF, 

?5@5646=>, 646>V G>@=>75<<, O>V GE>?44=NNFL ?@>F5E ?V4>>?G64==O 

5G?L5>=>E=>7> ??4EF4 F4 E5?4@4FVN =>7> E>?44>6<E G4EF<=>>. &><G 4?O 

>4@F>??5>>?4GV6, >E>5?<6>, O>V 47@574FGNFLEO 7 <4?>?>FG6=<<< 

5=5@75F<G=<<< 74E>54<<, 646?<6<< T F5, M>5 ?V4>>?GNG<= ?5<VL 5G6 

4>F<6=<< F4 74557?5GG646 G4EF>>6G E5?4@4FVN. 

�>EF46?5=G 7444GG @54?V7>64=> G5@57 @>7@>5>G =>6>W >>=EF@G>FVW 

>4@F>??575<@4?L=>W <4L<=< 7 >><5V=>64=<< 4>F<6=<< ?5<5L5<, O><= <4T 

E<EF5<G ?V46VEV6, M> =444T =><G <>6?<6>EFV 74V=E=5==O >>?<6=<E @GEV6 74 
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@V7=<<< 74>>=4<< F4 7 @V7=>N 4<??VFG4>N, 4 F4>>6 4>F<6=<E 5>>>6<=>>, O>V 

6V44V?ONFL ??4EF �@G=FG.  

�69O7>> D>5>F< 7 =4G>>6<<< ?D>7D4<4<<, ??4=4<<, F5<4<<. 

�>E?V465==O 74 F5<>N 4<E5@F4FV==>W @>5>F< 6<>>=4=> =4 547V >4D54@< 

F5E=VG=>W <5E4=V>< F4 EV?LEL>>7>E?>44@EL><E <4L<= &5@=>?V?LEL>>7> 

=4FV>=4?L=>7> F5E=VG=>7> G=V65@E<F5FG V<5=V �64=4 �G?NO 6 @>7@V7V =4G>>6>-

4>E?V4=>W @>5>F< =4 F5<G: «$>7@>5?5==O F5E=VG=<E 74E>5V6 47@>6<@>5=<FF64 7 

?>>@4M5=<<< F5E=V>>-5>E??G4F4FV==<<< ?4@4<5F@4<<» (7 45@646=>W 

@5TEF@4FVW 0124U003479). $>76<=GF4 F5<4F<>4 F4>>6 @54?V7>64=4 6V4?>6V4=> 

«%F@4F57VW @>76<F>G &5@=>?V?LEL>>W >5?4EFV =4 2021-2027 @>><». 

�5F4 V 74644==O 4>E?V465=L. 

�5F>N 4<E5@F4FV==>7> 4>E?V465==O T ?V46<M5==O 5D5>F<6=>EFV 

F5E=>?>7VG=>W >?5@4FVW 75<@4==O >4@F>??V L?OE>< >5�@G=FG64==O ?4@4<5F@V6 

>><5V=>64=>7> 4>F<6=>7> ?5<5L4 6 E<EF5<V >4=>@O4=>7> >4@F>??5>>?4G4. 

�?O 4>EO7=5==O ?>EF46?5=>W <5F< =5>5EV4=> 6<@VL<F< F4>V 7444GV 

4>E?V465==O: 

3 ?@>65EF< 4=4?V7 >>=EF@G>F<6=<E >E>5?<6>EF5= >4=>@O4=<E 

>4@F>??5>>?4GV6, WE ?V4>>?GNG<E @>5>G<E >@74=V6, F4 =4 FV= >E=>6V 

74?@>?>=G64F< G4>E>>=4?5=G >>=EF@G>FVN >><5V=>64=>7> 4>F<6=>7> ?5<5L4 

7 @>7L<@5=<<< <>6?<6>EFO<< M>4> ?V4>>?G64==O F4 F@4=E?>@FG64==O 

5G?L5>=>E=>7> ??4EFG �@G=FG; 

3 @>7@>5<F< F5>@5F<G=V <>45?V 4?O 6<7=4G5==O >V=5<4F<G=<E 

?4@4<5F@V6 5474F>?4=>>6>7> <5E4=V7<G ?5<5L4 F4 4>E?V4<F< G<>6< 

=4?@46?5=>7> @GEG G4EF<=>< 5G?L5>=>E=>7> ??4EF4 =4 =>7> >>?<6=V= 

??>M<=V; 

3 @>7@>5<F< <>45?L 4?O 4>E?V465==O ?@<6545=>7> <><5=FG V=5@FVW 

<5E4=V7<G ?@<6>4G 6V5@4FV==>7> ?5<5L4 >4@F>??5>>?4G4; 

3 @>7@>5<F< <>45?L 4?O 6<7=4G5==O 5=5@75F<G=<E 74F@4F =4 ?@>F5E 

6V44V?5==O F4 ?V4>>?G64==O 5G?L5>=>E=>7> ??4EFG �@G=FG; 

3 6<7>F>6<F< >4=>@O4=G >4@F>??575<@4?L=G <4L<=G 7 6V5@4FV==<<  
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?5<5L5< F4 4>F<6=<<< 5>>>6<=>4<<, ?@>65EF< WW ?>?L>6V 6<?@>5G64==O, 

7@>5<F< >FV=>G O>VE=<E ?>>47=<>V6 @>5>F<; 

3 E>?4EF< ??4= F4 ?@>65EF< 5>E?5@<<5=F4?L=V 4>E?V465==O M>4> 

6<7=4G5==O FO7>6>7> >?>@G F4 E?>6<64=>W ?>FG6=>EFV 4?O ?@<6>4G @>5>G<E 

>@74=V6 >4@F>??5>>?4G4.  

�59T>F 4>E?V465==O 3 ?@>F5E ?V4>>?G64==O >4@F>??O=>W 7@O4>< 

>><5V=>64=<< 4>F<6=<< ?5<5L5< 6 E<EF5<V >4=>@O4=>7> >4@F>??5>>?4G4. 

�D54<5F 4>E?V465==O 3 674T<>769O7>< <V6 >V=5<4F<G=<<<,  

>>=EF@G>F<6=<<< F4 5=5@75F<G=<<< ?4@4<5F@4<< 4>F<6=>7> >><5V=>64=>7> 

?5<5L4 ?@< ?V4>>?G64==V ??4EF4 �@G=FG >4@F>??O=>W 7@O4><.  

�5F>4< 4>E?V465==O. 

&5>@5F<G=V 4>E?V465==O >V=5<4F<G=<E ?4@4<5F@V6 <5E4=V7<G ?5<5L4 

�@G=FGNFLEO =4 547>6<E 74E444E F5>@5F<G=>W <5E4=V>< F4 F5>@VW <5E4=V7<V6 V 

<4L<=, 7>>@5<4 <5F>44E 74<>=GF<E 65>F>@=<E >>=FG@V6 F4 7@4D>4=4?VF<G=>7> 

<5F>4G ??4=V6. �<7=4G5==O 5=5@75F<G=<E ?4@4<5F@V6 ?@<6>4=>7> <5E4=V7<G 

@>76<=GFV =4 >E=>6V F5>@5<< ?@> 7<V=G >V=5F<G=>W 5=5@7VW.  

�?O 5>E?5@<<5=F4?L=<E 4>E?V465=L F4 >5@>5>< @57G?LF4FV6 

5>E?5@<<5=FG 6<>>@<EF4=>, 6 >E=>6=><G, EF4=44@F=V <5F>4<><, O>V 5G?< 

@54?V7>64=V 74 E>?445=>N ?@>7@4<>N; ?>?L>6V 6<?@>4G64==O F4 >FV=>4 

O>VE=<E ?>>47=<>V6 @>5>F< >4@F>??5>>?4G4 74V=E=N64?< G 6V4?>6V4=>EFV 4> 

�%&' 7794:2015 «�4L<=< >4@F>??575<@4?L=V. �5F>4< 6<?@>5G64==O».  

�4G>>64 =>6<7=4 >FD<<4=<E D57G?LF4FV6.  

�4G>>6<< @57G?LF4F>< 4<E5@F4FV==>7> 4>E?V465==O T >F@<<4==O O>VE=> 

=>6<E F5>@5F<G=<E 74?56=>EF5=, =4 >E=>6V O><E >F@<<4=> @4FV>=4?L=V 

>>=EF@G>F<6=V F4 >V=5<4F<G=V ?4@4<5F@< >><5V=>64=>7> 4>F<6=>7> ?5<5L5< 6 

E<EF5<V >4=>@O4=>7> >4@F>??5>>?4G4, M> 4>76>?<?> ?V46<M<F< 5D5>F<6=VEFL 

?V4>>?G64==O >4@F>??V. 

�4 FV= ?V4EF46V:  

3 6?5DL5 D>7D>5?5=>: 

F5>@5F<G=G <>45?L, O>4 >?<EGT >V=5<4F<>G 5474F>?4=>>6>7> <5E4=V7<G 
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?5<5L4 7 4>F<6=<<< 5>>>6<=>4<< F4 4>76>?OT 4>E?V46G64F< G<>6< 

=4?@46?5=>7> @GEG G4EF<=>< 5G?L5>=>E=>7> ??4EF4 =4 =>7> >>?<6=V= 

??>M<=V; 

<4F5<4F<G=V <>45?V 4?O 6<7=4G5==O 5=5@75F<G=<E 74F@4F =4 ?@>F5E 

6V44V?5==O F4 ?V4>>?G64==O 5G?L5>=>E=>7> ??4EFG �@G=FG >><5V=>64=<< 

4>F<6=<<< ?5<5L5<; 

3 >FD<<4?< ?>44?LL<= D>76<F>> F5>@5F<G=V 74?56=>EFV 4?O 

4>E?V465==O ?@<6545=>7> <><5=FG V=5@FVW <5E4=V7<G ?@<6>4G 6V5@4FV==>7> 

?5<5L4 >4@F>??5>>?4G4. 

�D4>F<G=5 7=4G5==O >FD<<4=<E D57G?LF4FV6.  

�4 >E=>6V F5>@5F<G=<E 4>E?V465=L >F@<<4=> V=65=5@=V <5F>4<><, 

?>5G4>64=> 3-D <>45?V, =4 >E=>6V O><E 6<7=4G5=> @4FV>=4?L=V ?4@4<5F@< 4?O 

6<7>F>6?5==O 4>E?V4=>7> 7@47>4 >4=>@O4=>7> >4@F>??5>>?4G4 7 >><5V=>64=<< 

4>F<6=<< ?5<5L5<, E?5F<DV>>N O>>7> T =4O6=VEFL 4>F<6=<E 5>>>6<=>>, M> 

6V44V?ONFL ??4EF �@G=FG 6V4 >E=>6=>7> <4E<6G, F4 @57G?L>64=<E ?V46VEV6 

?5<5L4, O>V 74557?5GGNFL 7444=<= 74>>= =4?@46?5=>7> @GEG 5G?L5>=>E=>7> 

??4EF4 =4 =>7> ??>M<=V. $57G?LF4F< ?>?L>6<E 6<?@>5G64=L 74E6V4G<?< 6<E>>G 

5D5>F<6=VEFL >4@F>??5>>?4G4, ?@> M> 6>47GNFL ?>>47=<>< O>>EFV @>5>F<. 

�>E?5@<<5=F4?L=V 4>E?V465==O 4>76>?<?< ?V4F65@4<F< 445>64F=VEFL 

F5>@5F<G=<E <>45?5= F4 6EF4=>6<F< @4FV>=4?L=V ?4@4<5F@< >4@F>??5>>?4G4 

4?O 7444=<E G<>6 @>5>F<. 

�F@<<4=V @57G?LF4F< =4G>>6<E 4>E?V465=L 6?@>64465=> G &�� 

«�?>F<G4 �7@>» ?@< ?@>T>FG64==V F4 64>E>>=4?5==V EV?LEL>>7>E?>44@EL><E 

<4L<=. 

$>7@>5?5=V F5>@5F<G=V ?5@54G<>6< 4>E?V465==O >4@F>??5>>?4G4 F4 

E4<4 <4L<=4 6<>>@<EF>6GNFLEO 6 =4G>>6>-?@<>?44=<E 4>E?V465==OE F4 

>E6VF=L><G ?@>F5EV, M> ?@>644OFLEO >4D54@>N F5E=VG=>W <5E4=V>< F4 
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OM<>< G< V=LV >>=F5==5@<, 6<>?NG4NG< 4>44F>>6G >?5@4FVN @GG=>7> 

?V45<@4==O.  

$54?V74FVO F4>>W V45W <>6?<64 74 G<>6< O>VE=>W E5?4@4FVW ?V4>>?4=>7> 
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�5@5F<= 5G?L5>=>E=>7> ??4EF4 6 7=4G=V= <V@V 5G45 6<7=4G4F<EO E?>E>5>< 
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?5@5F<= 5G?L5>=>E=>7> ??4EFG ?56=>W 75><5F@VW. �V4 5G?L5>=>E=<< ??4EF>< 

5G45<> @>7G<VF< ??4EF �@G=FG, 6 O>><G 74?O74NFL 7=V744 5G?L5 V O><= 

?>F@V5=> 6 ?>6=V= <V@V ?V4>>?4F<, =5 ?>L>>46GNG< 5G?L5. %4<5 6V4 ?5@5F<=G 
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75<@4==O, >E>V?L>< F5 <4T 6V4=>L5==O 4> EF4=G �@G=FG =4 F>= G4E F>M>. &5= 

4=4?V7 ?@>6545=> =4 >E=>6V 4>FG4?L=>7> >4F4?>7G E>@FV6 >4@F>??V, M> 
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'>@4W=< [80]. 

�46545<> 45O>V V7 E>@FV6, M> ?@>?>=GNFLEO GEF4=>6>N, F45?. 1.1 

 

&45?<FO 1.1 3 $4==L>EF<7?V E>@F< >4@F>??V [80] 

7 
7/? 

�474?L=<= 6<7?O4 E>@FG/=4764 %F<E?4 E4@4>F5@<EF<>4 

1  

 

�<F=<FO 

�@<7=4G5==O: EF>?>6<=; 
&5@<V= 4>7@V64==O: 40-45 4=V6; 
'@>64==VEFL: 50,0360,0 F/74 6 
>V=FV 6575F4FVW; 
%?>6<6GV O>>EFV: 8,1 54?4; 
�E>5?<6>EFV E>@FG: EFV=><= 4> 
?>F5<=V==O <9O>>FV, 
=56<547?<6<= 4> F<?G �@G=FG. 

 

0,5...0,3DG==$

0,14...0,6DG==$

0,10...0,8DG==$ 0,11
maxDG==$

0,60...0,50DG==$ 0,25...0,13E5DxDG==$

<
�

>
h



46 

�4>V=G5==O F45?. 1.1 

2  

 

�V<<5@VO 
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=4 E>@>>>6<= G< E>@>> ?9OF<= 45=L; 6 F>= G4E, <>65<> @>7G<VF< O>>N 5G?4 
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F5E=>?>7VO 4>7?O4G (>>GGG64==O) V G< =4=646?<6VL<< 5G45 3 D>@<G64==O F4 
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>@74=G >4@F>??5>>?4G4. 

�4 4=4?V7>< @O4G ?VF5@4FG@=<E 465@5? [79, 116, 117, 118], 64@F> 

4>F@<<G64F<EO =4EFG?=>W 74?56=>EFV ?@< 6<7=4G5==V L<@<=< 74E64FG 

?5<5L5<. 
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�>@V6=NNG< FV 46V 74?56=>EFV <>6=4 7@>5<F< 6<E=>6>>, M> 

>>@<F>?>4V5=<= ?5<VL T <5=L 7454@<F=<< G ?>@V6=O==V 7 ??>E><<.  

�4?@<>?44, ?@< 7?<5<=V ?V4>>?G64==O 5G?L5>=>E=>7> ??4EF4 15 E<, 

7?<5<=V 74?O74==O >@4==VE 5G?L5 10 E<, >GFV ?@<@>4=>7> E>>EG �@G=FG 400 3 

??>E><= ?5<VL ?>F@V5=> 6<7>F>6<F< =4 12 E< L<@L<< G ?>@V6=O==V 7 

>>@<F>?>4V5=<<. 

�474?><, G >?4E<G=V= ?VF5@4FG@V F4 5474FL>E ?@4FOE EGG4E=<>V6, 

=46>4OFL ?@<=F<?>6V EE5<<, =4 >E=>6V O><E @54?V7>64=V DV7<G=V >>=EF@G>FVW 

?V4>>?GNG<E @>5>G<E >@74=V6. V 

�46545<> >E=>6=V F<?< ?V4>>?GNG<E @>5>G<E >@74=V6 >4@F>??5>>?4GV6 
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5G?L5>=>E=>7> ??4EF4, 45 ?@<EGF=O 
745G@9O=5=VEFL. $>7E<? @V74?L=>7> ?574 7 
>GF><  4>76>?OT EF55?4< @>E?<= 
>>674F< ?> GF6>@5=<E @V74?L=<E ?574E F4 
5GF< ?5@5@V74=<<<. 
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4?O ?V45>@G >E<?4=>7> <V6 @O4>4<< 
5G?L5>=>E=>7> ??4EF4 F4 ?5@544GV =>7> 
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�?>E><= E5>FV==<= ?5<VL 7 
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�>@<F>?>4V5=<= E5>FV==<= ?5<VL. �6V 
E5>FVW GF6>@NNFL F5= ?5<VL. �47>@ <V6 
E5>FVO<< 6<>>=4=<= 7 <5F>N 
?@>E>465==O @>E?<==<E @5LF>>. 
�>@<F>?>4V5=4 D>@<4 E?@<OT GF@<<4==N 
?V4>>?4=>7> ??4EF4 F4 ?5@544GV =>7> =4 
?>44?LL<= @>5>G<= >@74=. �54>?V>>< 
F4><E >>=EF@G>FV= T F5, M> ?@< 
?V4>>?G64==V 6>?>7<E �@G=FV6 <>6?<65 
=4?<?4==O 6 <VEFOE 6<7<=G 5>>>6<E 
EFV=>>.  

 

%?V?L=<<< =54>?V>>< ??>E><E ?5<5LV6 T F5, M> ?V4>>?4=<= 

5G?L5>=>E=<= ??4EF «@>7FV>4TFLEO» ?> EF>@>=4E 6 ?@>F5EV ?V4>>?G64==O, 

>E>5?<6> F5 O6<M5 E?>EF5@V74TFLEO =4 =5769O74=<E E<?><E �@G=F4E. � 

=4E?V4>> G>7> <>6=4 E?>EF5@V74F< 7=4G=V 6F@4F< >4@F>??V ?@< @>5>FV F4>>W 

<4L<=<. &N ?@>5?5<G GEG64NFL >>@<F>?>4V5=V ?5<5LV, 4?5 6>=< <>6GFL 

745<64F<EO =4?<??<< �@G=F><. 

�>@5E?5=V ?@>5?5<< 6 ?56=V= <V@V 6<@VLGNFLEO ?@< 74EF>EG64==V 

>><5V=>64=<E ?5<5LV6, F45?. 1.4. 
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4<E>4<< =4 7=4G=V 6<E>F<. �4?V 
74M5<?5=<= �@G=F <V6 4<E>4<< 
7=V<4TFLEO E?5FV4?L=<<< 5VF5@4<< F4 =45 
=4 ?>44?LL<= E5?4@G64?L=<= @>5>G<= 
>@74=. 
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�>@5<<< F<?>< ?V4>>?GNG>7> @>5>G>7> 
>@74=G <>6=4 6<4V?<F< ?V6>@G7?V ?5<5LV, 
M> 6<>>@<EF>6GNFLEO 6 E<EF5<V E5?4@4FVW 
7 6<>>@<EF4==O< @>7><4=>7> @>F>@4, 
O><= 7=V<4T 5G?L5>=>E=<= ??4EF 7 
?>65@E=V ?5<5L4 ?> <V@V =>7> 
?>EFG??5==O F4 @>7><44T ?> ?>65@E=V 
?>?O.  

 

�46545=V F<?< >><5V=>64=<E @>5>G<E >@74=V6 6 7=4G=V= <V@V 
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@47>< 7 F<< 6>=< =5744F=V 74557?5G<F< ?5@6<==G E5?4@4FVN �@G=FG =4 E4<V= 

??>M<=V ?5<5L4, M> <>7?> 5< EGFFT6> @>764=F46<F< =4EFG?=<= 

E5?4@G64?L=<= @>5>G<= >@74=. 

&><G 66464NFLEO =4=5V?LL 5D5>F<6=<<< 4>F<6=V ?V4>>?GNGV @>5>GV 

>@74=<, F45?. 1.5 
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&45?<FO 1.5 3 �>F<6=V ?V4>>?GNGV @>5>GV >@74=< 

7 
7/? 

%E5<4 �>@>F><=  >?<E 

1  

 

�>F<6=<= >>?<6=<= ?5<VL. &4>4 
>>=EF@G>FVO ?5<5L4, 4 F5, ?5@5646=> 
?5@54=O @V74?L=4 >@><>4 7@>E>F4, 
4>76>?OT ?>?57L5=> ?V4@V74F< 
5G?L5>=>E=<= ??4EF F4 F@4=E?>@FG64F< 
=>7>, E><>>G<M4F<EO F4 74V=E=N64F< 
?5@6<==G E5?4@4FVN �@G=FG =4 E6>W= 
??>M<=V. �@< =46545=V= EE5<V F4>4 
>>=EF@G>FVO =5744F=4 GF6>@N64F< 
=4?@46?5=<= @GE 5G?L5>=>E=>7> ??4EF4 
74 7444=<< 74>>=>< @GEG; 4=> 5>@>7=< 
<4T ?<?>?>4V5=G D>@<G, F><G, M>5 =5 
?>L>>46G64F< 5G?L5< =>7> ?>F@V5=> 
5V?LL5 747?<5?N64F<. 

2  

 
 

�>F<6=<= ?5<VL 4?O 5?564F>@=<E <4L<=. 
�5@5647>N F4>>W >>=EF@G>FVW T F5, M> 
F5=F@4?L=4 G4EF<=4 ?5<5L4 F4 =>7> 
5>>>6<=>< ?@4FNNFL G ?@>F<D47V, M> 
7@V6=>646GT 4<=4<VG=V E<?< G 
>>=EF@G>FVW. �54>?V>>< T E>?44=4 
>>=EF@G>FVO =4?@46?ONG<E F4 ?@<6>4G. 

3  

 
 

�>F<6=V ?5<5LV 4<E>>6>7> F<?G. 
�5@5647>N F4><E @>5>G<E >@74=V6 T F5, 
M> 6>=< ?@<<GE>6> F@4=E?>@FGNFL 
?V4>>?4=<= ??4EF, ?@< FL><G 76G6GNFL 
=>7>, @G==GNG< 769O7><. 

4  

 

�>F<6=<= 64?<>>6<= ?V4>>?GNG<= 
@>5>G<= >@74=. �V= 5D5>F<6=<= ?@< 
?V4>>?G64==V >4@F>??O=>W 7@O4>< ?@< 
=565?<>V= 7?<5<=V 74?O74==O 5G?L5 F4 =4 
=5769O74=<E �@G=F4E. �5@5646=> F4><= 
@>5>G<= >@74= 74EF>E>6GTFLEO 4?O 
?V45<@4==O F4 4>>G<M5==O 665 
?V4>>?4=>W 7@O4><, 45 5G?L5< 
7=4E>4OFLEO G 64?<>G. 
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�46545=V >?4E<G=V EE5<< ?V4>>?GNG<E ?5<5LV6 >4@F>??5>>?4GV6 ?564FL 

6 >E=>6V 5474FL>E EGG4E=<E >>=EF@G>FV= F4><E @>5>G<E >@74=V6. �6V5@4=<= 

4>E6V4 5>E??G4F4FVW ?>6<=5= EF4F< ?>LF>6E>< 4?O @>7@>5>< 5V?LL 

4>E>>=4?>7> F4 5D5>F<6=>7> ?V4>>?GNG>7> @>5>G>7> >@74=G. 

�<6G<6L< EF@G>FG@G >4@F>??O=>W 7@O4><, <4NG< ?@<>?44< @>5>G<E 

>@74=V6, M> WW 5G4GFL ?V4>>?G64F<, F> 4?O ?>6=>7> GO6?5==O FL>7> ?@>F5EG M5 

?>F@V5=> @>7G<VF< O> 5G45 ?@>E>4<F< F5= ?@>F5E, O> 5G45 6V45G64F<EO 

@G==G64==O ?V4>>?4=>7> ??4EF4.  

� ?VF5@4FG@=<E 465@5?4E F4>>6 <>6=4 7GEF@VF< 5474F> <>45?5= 

674T<>4VW >?<=4 >4@F>??5>>?4G4 7 �@G=F>6<< E5@54>6<M5<. �46545<> 45O>V 7 

=<E. 

�4 4=4?V7>< ?@4FL EGG4E=<E 6G5=<E: �44<GG>4 �.�., �4@4=>6EL>>7>�.�., 

�5@565=>4 �.�., �>=G<>4 �.%., �G?74>>64 �.�., �>?LEL>>7> �.�., �56>4 $.�., 

�>?>64G4 �.�., �@GL5FL>>7> %.�., �>65GL4 &.�., �4W>< �.�., �>654E< �.�., 

�>74G5=>4 �.�., �>@=NL<=4 �.�., �GL=4@L>64 �.%., �>?>5V=>W �.�., 

�4=L>V64 �.$., �4E4<4=4 �.$., $G6<?4 �.�., %<>?V=EL>>7> %.�., &>4G5=>4 �.�., 

%4=?VE4 �.�., ,654<>4 �.%,  ,<<>4 �.�., /@>?G44 �.�., Osman V.S. F4 

V=L<E =46>4OFL @V7=V <>45?V @G==G64==O ??4EF4 �@G=FG, =>7> E5?4@4FVW =4 

@>5>G<E >@74=4E, F@4=E?>@FG64==O ?V4>>?4=>W EG<VLV, 4 F4>>6 <VF=>EFV 

>>@5<<E 5?5<5=FV6 >>=EF@G>FVW [38, 49, 86, 87, 102, 117, 101, 119]. 

Osman V.S. G E6>WE ?@4FOE, 7>>@5<4 [38], >>@<EFGTFLEO 6V4><>N F5>@VTN 

<VF=>EFV �G?>=4-�>@4 ?@< @G==G64==V �@G=FG, =4?@G65==O F4 45D>@<4FVW 

@>7@4E>6GNFLEO 4?O 5?5<5=F4@=<E >59T<V6 �@G=FG.  

&4>>6 6 ?VF5@4FG@V <>6=4 54G<F< <>45?V 45D>@<G64==O �@G=FG, 45 

6@4E>6GNFLEO FV?L>< =>@<4?L=V =4?@G65==O, M> 6<>?<>4NFL ?>65@E=56V 

F@VM<=< ?@< 6V4@<6V; <>45?V, M> 547GNFLEO =4 F5>@VW EGFV?L=>7> E5@54>6<M4 7 

6<>>@<EF4==O< <V>@>?V4E>4G >V=5F<G=>W F5>@VW; �@G=F <>45?NTFLEO O> 

V454?L=> ??4EF<G=5 FV?>; 6@4E>6GTFLEO >@<F<G=<= EF4= �@G=FG ?@< 7@>EF4==V 

D>@<>7<V=< 4> ?>G4F>G F5>GG>EFV; <>45?L �@G=FG O> 4=V7>F@>?=>7> 

E5@54>6<M4 V7 EF4F<G=> @>7?>4V?5=<<< 45D5>F4<<; <>45?L �@G=F>6>7> 
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E5@54>6<M4, 45 66464TFLEO 6V4EGF=V<< G<EF> ?@G6=V 45D>@<4FVW, 4 G4E 3 F5 

<>=>F>==> 7@>EF4NG<= ?4@4<5F@, M> E4@4>F5@<7GT F@4T>F>@VN =464=F465==O 

G ?@>EF>@V 45D>@<4FVW [10];  

,<<>> �.�. G E6>T<G 4<E5@F4FV==><G 4>E?V465==V [117] ?@< 

G4>E>>=4?5==V ?V4>>?GNG>7> >@74=G 74EF>EG646 <>45?L �@G=FG G 6<7?O4V 

69O7>>-?@G6=>7> E5@54>6<M4, M> >?<EGTFLEO <>45??N �5?L6V=4-$>=7F4.  

&<F4F4 [117]: «�?O F4>>W <5E4=VG=>W <>45?V DV7<G=V @V6=O==O 769O7>G 

=4?@G65=L 7V L6<4>>EFO<< 45D>@<4FV= <4NFL 6<7?O4:  
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45 , , , , ,  3 >><?>=5=F< =>@<4?L=<E 45D>@<4FV= F4 

45D>@<4FV= 7EG6G, �4;  3 <>4G?L 7EG6G, �4; ;  3 <>4G?L 

?@G6=>EFV ?V=V==<E 45D>@<4FV=, �4;  3 >>5DVFVT=F �G4EE>=4; 
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45D>@<4FV= ; , ,  3 >><?>=5=F< L6<4>>EF5= 45D>@<4FV= 7EG6G, 

;  3 <>4G?L 69O7>>EFV 7EG6=<E 45D>@<4FV=, . 

'4E 45D>@<G64==O , O><= 6E>4<FL 4> 74?56=>EF5= 769O7>G =4?@G65=L 

V7 L6<4>>EFO<< 45D>@<4FV=, <>65 5GF< 6<7=4G5=<= 74 G4E>< 

@>7?>6EN465==O E6<?V =4?@G65=L  

 

, 

 

45  3 >>5DVFVT=F �O<5. 

 

;   . 

 

'4E @>7?>6EN465==O E6<?V: 

 

, 

 

45  3 6V4EF4=L, =4 O>V= 74FGE4T E6<?O =4?@G65=L G 44=><G E5@54>6<MV. �?O 

�@G=F>6>7> E5@54>6<M4 FO 65?<G<=4 EF4=>6<FL 1-2 <. 

&4><< G<=><, =46545=V @V6=O==O 6<7=4G4NFL >><?>=5=F< =4?@G65=L 

69O7>>-?@G6=>7> E5@54>6<M4, G 6<7?O4V O>>7> ?@54EF46?5=<= �@G=F». 

 

� F4><E <>45?5= <>6=4 =465EF< 4>E<FL 5474F>. �EV 6>=< 7 ?56=<< 

=45?<65==O< 4>76>?ONFL <>45?N64F< �@G=F>65 E5@54>6<M5 F4 >?<EG64F< 

?@>F5E< 674T<>4VW 7 @>5>G<< >@74=4<<. �6<G4==>, >>6=4 <>45?L <4T ?56=V 

?@<?GM5==O, 6@4E>6GT FV?L>< >E=>6=V G<==<><, T E?@4654?<6>N 4?O ?56=<E 

G<>6. � E6>N G5@7G, @>7G<VT<>, M> >4@F>??O=4 7@O4>4 3 F5 E5@54>6<M5, G 
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6V4<V==<<<, FGF T G<==<> =4O6=>EFV >>@5=56>W E<EF5<< @>E?<= O> >G?LFG@=<E, 

F4> V 5G@9O=V6 F>M>. ->5 6@4EG64F< 6EV FV G<==<><, F> <>45?V F4>>7> 

E5@54>6<M4 5G4GFL =44F> 7@><V74><<< F4 E>?44=<<< 6 <4F5<4F<G=><G ??4=V 

4?O @54?V74FVW, 4 F>G=VEFL 5G45 74?564F< 6V4 ?>6=>F< >><?>=5=FV6, M> 6E>4OFL 

6 FN <>45?L. �6<G4==>, M> =46545=V DG=44<5=F4?L=V <>45?V 44NFL 6V4?>6V4L 

=4 >E=>6=V ?<F4==O ?@< ?@>T>FG64==V @>5>G>7> >@74=G, 6<@47< >?<EGNFL 

>E=>6=V E?V66V4=>L5==O G @>77?O4G64=><G ?@>F5EV, 4 ?@< WE ?>T4=4==V 7 

6<EV4=<<< 44=<<<, M> 7=4=45=V 6 E>4V ?@>6545==O 5>E?5@<<5=FG 3 

>F@<<GT<> 744>6V?L=V @57G?LF4F< 4?O F4>>7> @>4G V=65=5@=<E @>7@4EG=>V6.  

 

 

 

 

1.4 �=4?V7 >>=EFDG>F<6=<E >E>5?<6>EF5= ?V4>>?GNG<E D>5>G<E 

>D74=V6  
 

 

�4 >E=>6V =46545=<E >?4E<G=<E EE5< ?V4>>?GNG<E @>5>G<E >@74=V6 

(F45?<FV 1.331.5) 4>E?V4=<>4<< V >>=EF@G>F>@4<< 5G?> @>7@>5?5=> @O4 @VL5=L 

F5E=VG=>7> 6<>>=4==O @>5>G<E >@74=V6. '4EF<=4 7 =<E ?@54EF46?5=4 O> V45O 4> 

@54?V74FVW, 4 G4EF<=4 5G?4 6FV?5=4 G DV7<G=<E >>=EF@G>FVOE >4@F>??5>>?4GV6 

[13, 25, 27, 65, 67, 69,72, 73, 110]. 

�@>5<<> >>@>F><= 4=4?V7 45O><E F4><E @VL5=L, 7 <5F>N ?>EF4=>6>< 

74644==O 4?O >5�@G=FG64==O ?4@4<5F@V6 6?4E=>W @>7@>5?5=>W >>=EF@G>FVW 

?V4>>?GNG>7> @>5>G>7> >@74=G >4@F>??5>>?4G4. 

�4 ?4F5=F=<< ?>LG>>< =46545<> >V?L>4 =4=5V?LL 5D5>F<6=<E @VL5=L 

?V4>>?GNG<E @>5>G<E >@74=V6.  
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4) 5) 
1 3 EFV=>4; 2 3 EF@V?G4EF<= ?V4>>?GNG<= ?5<VL; 3 3 ??4EF<=4;  4 3 @55@> 

6>@EF>>EFV; 5 3 E5?4@G64?L=V ?@GF><; 6 3 @57G?N64?L=<= <5E4=V7<; 7 3 E><GF; 
8, 9 3 LF>?>@=<= 5>?F 7 74=>>N; 10-12 3 ?4=>< 

4 3 6<7?O4 75>>G; 5 3 6<7?O4 E?5@54G 
$<EG=>> 1.15 3 �4@F>??5?V4>>?GNG<= @>5>G<= >@74= 

(?4F. UA 7 106397) [99] 
 

�46545=5 >>=EF@G>F<6=5 @VL5==O (@<E. 1.15) <4T E6V= F5E=>?>7VG=<= 

5D5>F ?@< 6<>>@<EF4==V 7 <4?>?>FG6=<<< 5=5@75F<G=<<< 74E>54<<, O>V ?@< 

6<>>?G64==V >4@F>??O=>W 7@O4>< <4NFL 74 <5FG @>7>@<F< 7@555=V F4 G4EF>>6> 

?@>E5?4@G64F< �@G=F. �5@5647>N @>5>G>7> >@74=G T F5, M> 6V= <4T 

<>6?<6VEFL 6EF4=>6?5==O 45O><E >GFV6 E5?4@G64?L=>W ?@GF>>6>W ??>M<=<, M> 

?V4E<?<FL 5D5>F ?@>EV64==O �@G=FG. '<>6=<< =54>?V>>< 5G45 F5, M> G4EF<=4 

?V4>>?4=<E >4@F>??<= 5G45 ?@<E<?4F<EO �@G=F>< V 4?O WW ?V45<@4==O ?>F@V5=> 

?5@56V@OF< ?>65@E=56<= L4@ @>7>@<F>7> 7@555=O =4 =4O6=VEFL ?@<E<?4=<E 

>4@F>??<=. 

�?>E><= ?5<VL 8 (@<E. 1.16) ?V4@V74T 5G?L5>=>E=<= ??4EF F4 

F@4=E?>@FGT =>7> E6>TN ??>M<=>N 4> @>F>@4 9, O><= 4V?<FL ??4EF F4 E5?4@GT 

�@G=F V 74 ?@<=F<?>< @>7EVN64==O F@4T>F>@V= 6V4><44T =4 ?>65@E=N ?>?O 

>>@5<> 7@G4>< �@G=FG F4 >4@F>??<=<. &4><= ?@<EF@V= 4>5@5 5G45 ?@4FN64F< 

=4 =5769O74=<E �@G=F4E, ?@<G><G, <>6?<65 >E<?4==O ?V4>>?4=>7> ??4EF4 

G5@57 >@4W ?5<5L4. �4 5V?LL 7445@=V?<E �@G=F4E 5G45 =5EF45V?L=4 7?<5<=4 

E>4G, 6V4 G>7> =5@V6=><V@=5 7464=F465==O E5?4@GNG>7> @>F>@4 9 V F>4V 

?@<E<?4==O >4@F>??<= =4 ?>65@E=V ?>?O. 
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1 3 @4<4; 2 3 >?>@=>-?@<6>4=V >>?5E4; 3 3 4<L5?L; 4 3 >>=E>?L; 53 
L4@=V@<; 6 3 ?>6V4><; 7 3 @4<>4; 8 3 ?5<VL; 9 3 @>F>@; 10 3 ?>?5@5G<=4; 11 3 

@GG><;  12 3 ?@G6<==<= <5E4=V7< 
$<EG=>> 1.16 3 �V==<= >4@F>??5>>?4G (?4F. UA 7 57641) [115] 

 
'F6>@5=<= 4>F<6=<= ?5<VL (@<E. 1.17) 75G46GT >>?<64==O ??>M<=<, ?> 

O>V= @GE4TFLEO 5G?L5>=>E=<= ??4EF, ?V46<MGNG< WW E5?4@G64?L=G 744F=VEFL. 

�@G6=V 5?5<5=F< 6 G5@57 EF@<6=V 7 ?5@544NFL FV >>?<64==O 6V4 <5E4=V7<G 

?@<6>4G. �464O>< FL><G 7<5=LGTFLEO >?V@ ?V4>>?G64==O F4 75V?LLGTFLEO 

@V6=><V@=VEFL @>7?>4V?G ?V4>>?4=>W <4E< F4 WW ?5@5EV4 =4 =4EFG?=<= 

E5?4@G64?L=<= @>5>G<= >@74=. �@>F5, F4>4 >>=EF@G>FV= =5 GF6>@NT 

=4?@46?5=<= @GE 5G?L5>=>E=>W <4E<, 7 <5F>N ?V46<M5=>W V=F5=E<DV>4FVW 

?5@6<==>7> E5?4@G64==O =4 ??>M<=V ?5<5L4. 

 

  
4) 5) 

4 3 6<7?O4 765@EG; 5 3 6<7?O4 75>>G  
1 3 @V74?L=4 >@><>4; 2 3 7=GG>4 ??4=>4; 3 V 4 3 ??4EF<=<; 5 3 EF4>4=<;  

63 ?@G6=V 5?5<5=F<; 7 3 EF@<65=L 
$<EG=>> 1.17 3 �>F<6=<= ?V4>>?GNG<= @>5>G<= >@74= 

>4@F>??575<@4?L=>W <4L<=< (?4F. UA 7 103214) [100] 
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4) 

 

5) 

4 3 6<7?O4 75>>G; 5 3 6<7?O4 765@EG 
1 3 ?5<VL-4<E>; 2 3 ?@GF>>6V 54@454=<; 3 3 E>@55><;   

4 3 E5?4@GNG<= F@4=E?>@F5@ 
$<EG=>> 1.18 3 �V4>>?G64?L=>-E5?4@GNG<= ?@<EF@V= 

>>@5=55G?L5>75<@4?L=>W <4L<=< (?4F. UA 7 20358) [92] 
 

�<E><-?5<5LV 1 >55@F4NFLEO 7GEF@VG=> (@<E. 1.18), ?V4@V74NFL 

5G?L5>=>E=<= ??4EF F4 ?>44NFL =>7> 4> ?@GF>>6<E 54@454=V6 2, O>V 

@>7?GLGNFL >4@F>??O=<= 6>@>E V =4?@46?ONFL =>7> 6 ?@>EFV@ <V6 

54@454=4<<. �4=>G4E=> �@G=F ?@>EVNTFLEO 6 ?@><V6>4E <V6 ?@GF>4<<, 4 

G4EF<=4 <4E< ?5@544TFLEO =4 ?@GF>>6<= F@4=E?>@F5@, 45 6V45G64TFLEO 
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>EF4F>G=4 E5?4@4FVO. �56=<< =54>?V>>< F4>>W >>=EF@G>FVW WW 6V4=>E=4 

E>?44=VEFL F4 ?@< =4O6=>EFV @>E?<==<E @5LF>> 3 <>6?<65 >56>?V>4==O 

?@GF>>6<E 54@454=V6 EF55?4<< F4 544<??O< @>E?<=. 

 

 

4) 

 

 

5) 

4 3 6<7?O4 765@EG; 5 3 6<7?O4 75>>G 
1 3 @4<4; 2 3 ??>E><= ?5<VL; 3 3 ?>?<FO;   

4 3 E5?4@GNG<= 54@454=; 5 3 >5>4; 6 3 64?; 7 3 ?@GF><; 8 3 ??4EF<=4;  
9 3 65?<>4 >E=>64; 10 3 <4?4 >E=>64 

$<EG=>> 1.19 3 �4@F>??575<@4?L=4 <4L<=4 7 54@454==<< E5?4@4F>@>< 
(?4F. UA 7 56530) [66] 

 

�>=EF@G>FVO ?V4>>?GNG>7> @>5>G>7> >@74=G (@<E. 1.19) 6<>>=4=4 F4><< 



61 

G<=><, ??>E>4 G4EF<=4 ?5<5L4 ?V4@V74T 5G?L5>=>E=<= ??4EF F4 =4?@46?OT 
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>@74=V6 >4@F>??5>>?4G4.  
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6<7>F>6?ONFL E?@>M5=>W >>=EF@G>FVW [62, 63], M> G4EF> 6V4>5@464TFLEO =4 

5D5>F<6=>EFV WE @>5>F<. &><G 64@F> =4?@4FN64F< =>6V >>=EF@G>F>@EL>V 

@VL5==O 4?O G4>E>>=4?5==O <4?>7454@<F=>W F5E=V><, O>4 ?@<=<4T =4 E555 

?56>6G G4EF>G ?@< 6<@>5=<FF6V >4@F>??V 6 '>@4W=V. 

/> ?>>47GT ?@4>F<>4, 6<@>5=<>< <4?>7454@<F=<E >4@F>??5>>?4GV6 

<4>E<<4?L=> E?@>MGNFL >>=EF@G>FVW, =5 4>?GE>4NG< 75V?LL5==O WE 64@F>EFV. 

&5 7 >4=>7> 5>>G T 6<?@4644=<< >@>>><, 4?5 7 V=L>7> 3 ?@54EF46?5=V =4 

@<=>G <4L<=<, =4 4G<>G 46F>@V6, =5 74664< <4NFL 744>6V?L=V ?>>47=<>< 

5D5>F<6=>EFV @>5>F<.  

 
 

 

$<EG=>> 2.1 3 %6VF?<=< F<?>6<E >>=EF@G>FVW >4@F>??5>>?4GV6 V7 
6V5@4FV==<<< ?5<5L4<<  

 
�4?@<>?44, =46545=V 6 @>5>FV [114] <4?>7454@<F=V >4@F>??5>>?4GV 3 F5 

6V4=>E=> =44V==V <4L<=<, 4?5 6V5@4FV==<= @GE ?5<5L4 <>6?<6<= FV?L>< 

6V4=>E=> >EV >55@F4==O, F>5F> F>G>< L4@=V@=>7> 74>@V??5==O ?5<5L4 4> @4<< 



65 

<4L<=<. &5 =5 4>76>?OT 74557?5G<F< 7444=<= 74>>= @GEG @V74?L=>7> ?574 4?O 

5D5>F<6=>7> ?V4>>?G64==O F4 E5?4@4FVW 5G?L5>=>E=>7> ??4EFG.  

&><G T =5>5EV4=VEFL, =57=4G=> GE>?44=NNG< >>=EF@G>FVN, 74557?5G<F< 

4?O ?5<5L4 5V?LL5 <>6?<6<E @GEV6 7 <5F>N ?>?57L5=>7> =>7> ?@>=<>=5==O 
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4 74>@V??5=4 7@V6=>646G64?L=4 ?@>F<6474 16 G 6<7=4G5=<E >>=F5=F@<G=> 

@>7<VM5=<E >F6>@4E 15 4>76>?OT G4EF>>6> 754?4=EG64F< GF6>@5=G 4<=4<VG=G 

E<EF5<G. �5?<G<=4 <4E< 7@V6=>646G64?L=>W ?@>F<647< 16 F4 <VEF5 WW 

@>7<VM5==O =4 4<E>G >@<6>L<?4 13 6<7=4G4NFLEO 4>44F>>6<<< 

@>7@4EG=>4<< F4 >>@57GNFLEO 6 ?@>F5EV 5>E??G4F4FVW. 

�4 @<E. 2.2 =46545=> ?@<=F<?>6G EE5<G 6V5@4FV==>7> ?5<5L4 

>4@F>??5>>?4G4, O>4 44T GO6G ?@> =>7> ?@<=F<? @>5>F< F4 >E=>6=V 

@57G?N64==O. �?5 M>5 ?5@5=F< 4> >>=EF@G>F<6=<E @>7@4EG=>V6 F4 @>7@>5>< 

@>5>G<E >@5E?5=L E>?44>6<E, =5>5EV4=> 6<>>=4F< E?>G4F>G >V=5<4F<G=<= 

4=4?V7 F4>>7> <5E4=V7<G. � FVTN <5F>N ?@54EF46<<> G7474?L=5=G >V=5<4F<G=G 

EE5<G, @<E. 2.3.  
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$<EG=>> 2.3 3 �V=5<4F<G=4 EE5<4 6V5@4FV==>7> ?5<5L4 

 

�?O >V=5<4F<G=>7> 4=4?V7G F4>>7> 5474F>?4=>>6>7> <5E4=V7<G (@<E. 2.3) 

4>E<FL ?@>EF<< F4 5D5>F<6=<< T <5F>4 74<>=5=<E 65>F>@=<E >>=FG@V6 [85]. 

/> 6<4=>, F5= <5E4=V7< E>?444TFLEO V7 46>E >>=FG@V6: O1ABO2  F4  

O2CDO3. 

�>7=4G<<> 65>F>@4<< 6V4?>6V4=V ?4=><, @<E. 2.3: 

 3 >@<6>L<?; 

3  L4FG=; 

3 65@E=T ??5G5 ?4@< L4@=V@=<E ?V46VEV6 4; 

3 =<6=T ??5G5 ?4@< L4@=V@=<E ?V46VEV6 4; 

3 ?5<VL; 

3 ?4@4 L4@=V@=<E ?V46VEV6 3. 

�5>F>@<  F4  79T4=GNFL F5=F@< >55@F4==O ?4=>>  F4 , 

6V4?>6V4=>. 

&>4V 65>F>@=V @V6=O==O 4?O >>6=>7> 7 >>=FG@V6 74?<L5<> G 6<7?O4V:  
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     (2.2) 

 

%?@>T>FGT<> FV @V6=O==O =4 >EV >@F>7>=4?L=>W E<EF5<< , 66464NG< 

6V4><<<< 4>66<=< ?4=>> F4 >>>@4<=4F< F5=F@V6 >55@F4==O: , 

 F4 . �>6=4 ?4=>4 <4T >GF =4E<?G 4> >EV , O><= 

?>7=4G<<> ,  3 V=45>E, M> 6V4?>6V44T =><5@G ?4=>< (@<E. 2.3). � ?@>T>FVOE 

=4 >EV, >F@<<4T<>: 

 

  (2.3) 

 

  (2.4) 

 

�G56<4=>, M> FGF VE=GT 674T<>769O7>>: 
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   (2.5) 

 

   (2.6) 

 

�V6 >GF4<< � 		V		�   VE=GT >>=EF@G>F<6=<= >V=5<4F<G=<= 76'O7>> 

 

     (2.7) 

 

�GF ?>6>@>FG >@<6>L<?4  6V4><<=, @5LF4 >GF>6<E ?4@4<5F@V6 

7=4E>4<<> V7 @>76'O7>G E<EF5< @V6=O=L (2.5) V (2.6). 

�VE?O ?5@5F6>@5=L >F@<<4T<>: 

 

     (2.8) 

 

    (2.9) 

 

    (2.10) 

 

    (2.11) 
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&4><< G<=>< >?<E4=> >E=>6=V >V=5<4F<G=V 769O7>< <V6 ?4=>4<< 

GF6>@5=>7> <5E4=V7<G, M> 4>76>?OT 4=4?V7G64F< =>7> >V=5<4F<G=V ?4@4<5F@<, 

=4?@<>?44 =4 >E=>6V @>7@>5?5=>W >><?9NF5@=>W ?@>7@4<< (4>44F>> �).   

�5F>N F4>>7> 4>E?V465==O T 6<5V@ @4FV>=4?L=<E >>=EF@G>F<6=<E 

?4@4<5F@V6 <5E4=V7<G 6V5@4FV==>7> ?5<5L4 >4@F>??5>>?4G4, O>V 

74557?5GG64F<<GFL 5D5>F<6=<= 5=5@7>755@V74NG<= @56<< @>5>F< >4=>G4E=> 

7 6<E>>>N ?@>4G>F<6=VEFN ?V4>>?G64==O F4 E5?4@4FVTN 5G?L5>=>E=>7> 

??4EFG. 
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2.2 �>E?V465==O >V=5<4F<G=<E ?4D4<5FDV6 E4D4>F5D=<E F>G>> F4 

?4=>> 6V5D4FV==>7> ?5<5L4 

 

 

�474F> =4G>>6FV6 7>E5@546GNFL E6>N G647G =4 4>E?V465==V 

<V=V>4@F>??575<@4?L=<E <4L<= [28, 33, 34, 41, 42, 48]. �E>5?<6> F5 4>5@5 

@>76<=GF> 6 F<E >@4W=4E, O>V =4=5V?LL5 5>E?>@FGNFL F4>>W F5E=V>< =4 

E6VF>6<= @<=>>. �@>F5, 4>E<FL >5<565=>N T V=D>@<4FVO, O>4 6<E6VF?NT 

V=65=5@=V <5F>4<>< 4>E?V465==O, =4?@<>?44, >V=5<4F<G=<E ?4@4<5F@V6 

>E=>6=<E @>5>G<E >@74=V6 >4@F>??5>>?4GV6. �V4 74EF>EG64==O F4 @54?V74FVW F>W 

G< V=L>W F5>@VW, O>4 >?<EGT ?>F@V5=<= ?@>F5E, 74?56<FL F>G=VEFL >V=F56>7> 

@57G?LF4FG [16, 25, 26, 56]. �@>5?5<4 747>EF@NTFLEO, O>M> T =>6V 

>>=EF@G>F<6=V @VL5==O, M> 6V4<V==V 6V4 F<?>6<E. &>4V E>?44=> >>=EF@G>F>@G 

?@><>45?N64F< @>5>FG 74?@>?>=>64=>W >>=EF@G>FVW. &><G 64@F> @>76<64F< 

F5>@5F<G=V ?V4E>4< 4?O 4=4?V7G ?56=<E ?4@4<5F@V6 <4L<= G 6<7?O4V 

V=65=5@=<E <5F>4<>, O>V <4NFL =5>5EV4=G ?>E?V4>6=VEFL F4 ?>6=>FG 4?O 

@54?V74FVW 4>E?V465==O, 4 F4>>6 =5E>?44=V <4F5<4F<G=V 6<>?44><. 

�4 @>7@>5?5=>N 6?4E=>N >>=EF@G>FVTN >4@F>??575<@4?L=>W <4L<=< 

(@<E. 2.5) =4=5V?LL<= V=F5@5E G 4>E?V465==V ?@54EF46?OT E<EF5<4 ?5<5L4 [51] 

7 <5E4=V7<>< =>7> ?@<6>4G. �V4 5D5>F<6=>EFV @>5>F< 44=>7> @>5>G>7> >@74=G 

74?56<FL 5=5@7>T<=VEFL <4L<=<, EFG?V=L E5?4@4FVW G4EF<=>> 5G?L5>=>E=>7> 

??4EF4 F>M>.  

�5F>4<>G 4>E?V465==O >V=5<4F<G=<E ?4@4<5F@V6 @>5>G>7> >@74=G 

6<5G4GT<> 74 ?@<=F<?>< 6V4 =44E>465==O 5=5@7VW 6 E<EF5<G 4> 674T<>4VW 

@>5>G>7> >@74=G 7 E5@54>6<M5<, O>5 EF6>@NT @>5>G<= >?V@. 

�?5 =4 ?5@L><G 5F4?V F4>>7> 4>E?V465==O =5>5EV4=> >F@<<4F< G<E?>6V 

7=4G5==O 4VNG<E ?5@5<VM5=L, L6<4>>EF5= F4 ?@<E>>@5=L, ?@>4=4?V7G64F< WE 

=4?@O<>< F>M>. 

&5 74644==O 6<@VL<<> ?@< 74EF>EG64==V 7@4D>4=4?VF<G=>7> <5F>4G 

??4=V6 [85], O><=  6<??<64T V7 7474?L=>W F5>@VW <5F>4G 74<>=5=<E 65>F>@=<E 
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>>=FG@V6, O><< >?<E4=> >E=>6=V >V=5<4F<G=V ?4@4<5F@< @>7@>5?5=>7> 

<5E4=V7<G. 

�VE?O 4=4?V7G @>5>F< >V=5<4F<G=<E ?4@4<5F@V6 ?@>?>=>64=>W 

>V=5<4F<G=>W EE5<4 6V5@4FV==>7> ?5<5L4 (@<E. 2.3) 5G?> 6=5E5=> @O4 

GF>G=5=L F4 ?@<6545=> G 6V4?>6V4=VEFL >V=5<4F<G=G EE5<G 4> 7454@<FV6 ?4=>> 

DV7<G=>W >>=EF@G>FVW ?5<5L4, @<E. 2.4.  

 

$<EG=>> 2.4 3 'F>G=5=4 >V=5<4F<G=4 EE5<4 ?@<6>4G ?5<5L4 
 

/> 6<EV4=V ?4@4<5F@< 5G45<> @>7G<VF<, M> ?@<6>4 ?5<5L4 5G45 

74V=E=NTFLEO 6V4 ��� F@4>F>@4, G4EF>F4 O>>7> E>?444T  >5/E6. �4? 

6V45>@G ?@<T4=4=> 4> >GF>6>7> >>=VG=>7> @54G>F>@4 7 ?5@544F>G=<< G<E?>< 

.  

�<E>4OG< 7 FL>7>, G4EF>F4 654GG>W ?4=>< ?@<6>4G 5G45 EF4=>6<F< 

 

.      (2.12) 

 

/>M> ?5@5=F< 4> >GF>6>W L6<4>>EFV 654GG>W ?4=>< (>@<6>L<?4), F>  

540
���

n
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D54
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i

n
n
1
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.      (2.13) 

 

�<E>4OG< 7 <V@>G64=L =5>5EV4=>W 4<??VFG4< @GEG @V74?L=>W >@><>< 

(17,3 <<), ?@<=<4T<> @44VGE >@<6>L<?4  

� >>=EF@G>F<6=<E <V@>G64=L F4 @54?V74FVW DV7<G=>W >>=EF@G>FVW ?5<5L4 

>4@F>??575<@4?L=>W <4L<=< 4>66<=< ?4=>> F4 6V4EF4=V <V6 WE >?>@4<< 

?@<==OFV 6V4?>6V4=> 4> =46545=>W =<6G5 >V=5<4F<G=>W EE5<< ?@<6>4G 

?5<5L4, @<E. 2.4. 

�46?<6<< 4E?5>F>< 6 F4>><G 4>E?V465==V T 6<O6<F< 7=4G5==O 4VNG<E 6 

5G4L-O>V= F>GFV ?5<5L4 G< V=L<E F>G>4E ?4=>>, =4?@<>?44 >@V< 65?<G<= 

L6<4>>EF5= G< ?@<E>>@5=L M5 WE =4?@O<><. &5 =444?V <4F<<5 6<@VL4?L=5 

7=4G5==O 4> 6EF4=>6?5==O «?>654V=><» G4EF<=>> �@G=FG V 5G?L5 =4 ??>M<=V 

?5<5L4, F>5F> 6<7=4G4F<<5 <>6?<6VEFL =4?@46?5=>7> @GEG F4>>W <4E< F4 WW 

E5?4@4FVN.  

&><G, 74EF>E>6GNG< 44=<= <5F>4, 6EF4=>6<<> =5>5EV4=V >V=5<4F<G=V 

?4@4<5F@< 4>E?V46G64=<E 65?<G<= 6 E4@4>F5@=<E F>G>4E ??>M<=< ?5<5L4 

[52]. �?O >F@<<4==O 7474?L=>W >4@F<=< 7<V=< L6<4>>EF5= V ?@<E>>@5=L ?4=>> 

G 6<7=4G5=<E F>G>4E ?5<5L4 F4 =>7> ?@<6>4G, ?@<=<5<> >@>> 4>E?V465==O 3 

F5 ?>6>@>F >@<6>L<?4 >@4F=<=  F4 6 4V4?47>=V 6V4 0 4> . �4 F4><E 

G<>6 ?5<VL 74V=E=<FL >4<= ?>6=<= F<>?: ?@O<<= (@>5>G<=) F4 76>@>F=<= 

(E>?>EF<=) E>4<. 

�5@5=45<> 4> 6<7=4G5==O >V=5<4F<G=<E ?4@4<5F@V6. 

�4 ?>G4F>>65 ?>?>65==O >@<6>L<?4 ?@<=<5<> F4>5, M> 6V4?>6V44T 

>@4==L><G 744=L><G 6V4E<?5==N ?5<5L4 6 EF>@>=G F@4=E?>@F5@4, F>5F> ?VE?O 

O>>7> 5G45 6V45G64F<EO @GE ?574 ?5<5L4 (@>5>G<= EV4) 6 EF>@>=G 

=5?V4>>?4=>7> 5G?L5>=>E=>7> ??4EF4. �4=5 ?>?>65==O 6<7=4G4TFLEO 

75><5F@<G=>N ?>5G4>6>N =4 =>7> >V=5<4F<G=V= EE5<V, 6<>>=4=V= G <4ELF45V. 

�5@56V@OT<> ?@46<?L=VEFL ?>?>65=L ?4=>> F4>>7> <5E4=V7<G =4 DV7<G=V= 

>>=EF@G>FVW ?@<6>4G ?5<5L4. 
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�6464T<>, M> ��� F@4>F>@4 >55@F4TFLEO 7 ?>EFV==>N >GF>6>N 

L6<4>VEFN, . 

&>4V ?V=V==4 (>>?>64) L6<4>VEFL F. � >@<6>L<?4 5G45 EF4=>6<F< 

 

.      (2.14) 

 

�?O 6V4=4E>465==O L6<4>>EF5= F4 ?@<E>>@5=L 4?O E4@4>F5@=<E F>G>>, 

M> =4?564FL ?5<5LG G< 79T4=G64?L=<< ?4=>4< ?@<6>4=>7> <5E4=V7<G, 

74?<L5<> 65>F>@=V E<EF5<< @V6=O=L, 74 O><<< V 5G45<> 74V=E=N64F< 

@>769O7>>: 

      (2.15) 

 

      (2.16) 

 

&GF 6<>>@<EF4=> =4EFG?=V ?>7=4G5==O: 3 65>F>@ 45E>?NF=>W (6 <564E 

?@<6>4=>7> <5E4=V7<G) L6<4>>EFV F. ;  3 65>F>@ 6V4=>E=>W L6<4>>EFV 

F.  6V4=>E=> F. . �>7=4G5==O 4?O @5LFG F>G>> 3 6V4?>6V4=> 4> 

>V=5<4F<G=>W EE5<<, @<E. 2.4. 

�E=>6=4 V45O ?@>?>=>64=>7> 7@4D>4=4?VF<G=>7> <5F>4G ??4=V6 ?>?O74T 

6 F><G, M> =56V4><V L6<4>>EFV <>6=4 7=4=F<, <4NG< G4EF<=G 7=4G5=L 

65?<G<= L6<4>>EF5= F4 4?O V=L<E FV?L>< WE =4?@O<><. &5>@5F<G=V >E=>6< 

<5F>4G ??4=V6 T 6V4><<<< [85] V F><G WE ?>E?V4>6=>EFV =46>4<F< =5 5G45<>, 4 

FV?L>< @>76<=5<> =>7> F4 74EF>EGT<> 4> @>7@>5?5=>7> <5E4=V7<G. 

�?<EGNG< ?@<6>4=<= <5E4=V7< ?5<5L4, =46545<> 74?56=>EFV F4 

>E=>6=V @57G?LF4F< 6<7=4G5==O >V=5<4F<G=<E ?4@4<5F@V6 44=>7> <5E4=V7<G. 
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�F@<<4==O @>769O7>V6 E<EF5< (2.15) V (2.16) 6<>>=GT<> G ?>E?V4>6=><G 

?V4@4EG=>G G<E?>6<E 7=4G5=L LG>4=<E L6<4>>EF5= F>G>> F4 ?>5G4>6>N WE 

65>F>@V6 =4 ??4=V L6<4>>EF5= G ?@<==OF><G <4ELF45V. �@<>?44 ??4=G 

L6<4>>EF5= (@<E. 2.5) 5G45 =46545=> =<6G5 ?VE?O >?<EG ?@>F54G@< 

6<7=4G5==O 6EVE L6<4>>EF5= E4@4>F5@=<E F>G>> ?4=>>.  

�GF>6G L6<4>VEFL L4FG=4  (?4=>4 2) 7=4E>4<<> 74 7=4G5==O< 

6V4=>E=>W L6<4>>EFV F.  6V4=>E=> F. , 6<@47 <4F<<5 6<7?O4 

 

      (2.17) 

 

�=4?>7VG=> 7=4E>4<<> >GF>6G L6<4>VEFL  ?4=>< 3, G5@57 >F@<<4=5 

7=4G5==O 6V4=>E=>W L6<4>>EFV F.  6V4=>E=> >?>@<  

 

      (2.18) 

 

�4?V, @>769O7GNG< ?>EF46?5=5 74644==O, 54G<<>, M> F.  F4>>6 

=4?56<FL ?4=FV 3, 4 F5 >7=4G4T, M> WW >GF>64 L6<4>VEFL 4>@V6=NT . 

�V4><>, M> >>?>6V L6<4>>EFV T ?@>?>@FV==<<< 4> 4>66<=< ?4=>>, F><G 

4?O 6<7=4G5==O L6<4>>EFV , 5G45 E?@4654?<6<< E?V66V4=>L5==O 

 

.     (2.19) 

 

�F@<<4=V 6V4=>E=V L6<4>>EFV F>G>> 4>76>?ONFL 6<7=4G<F< >GF>6V 

L6<4>>EFV 6V4?>6V4=<E ?4=>>. 

�GF>64 L6<4>VEFL  ??>M<=< ?5<5L4 5G45 6<7=4G4F<EL 74 6<@47>< 
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     (2.20) 

 

�GF>64 L6<4>VEFL 744=L>7> ?V46VEG ?5<5L4 (?4=>4 5) 5G45 EF4=>6<F<  

 

     (2.21) 

 

/> 6<4=> 7 @<E. 2.4, M> G5F65@F4 ?4=>4  =5 T 6 ??>M<=V >E=>6< 

?5<5L4, 4 ?<L5 G<>6=> E?>?GG4T F>G>< L4@=V@=<E 79T4=4=L ?5<5L4 7 

?V46VE4<<. %4<4 >>=EF@G>FVO ?5<5L4 T >>@<F>?>4V5=>N V F><G 4V=E=4 =>7> 

@>5>G4 ??>M<=4 7=4E>4<FLEO =<6G5. �4 @<E. 2.4 6>=4 G<>6=> ?>7=4G5=4 

?V=VTN , O>4 =4?56<FL FV= ??>M<=V. &><G T =5>5EV4=VEFL 6<7=4G<F< 

L6<4>>EFV 6 F.  3 F5 F>G>4 ?574 ?5<5L4, F. 3 E5@54<=4 =>7> >E=>6<,  F.  

3 F>G>4 744=L>7> >@4N ?5<5L4. 

�E>V?L>< GF6>@5=4 DV7G@4  T F65@4<< FV?><, M> >?<EGTFLEO 

E4@4>F5@=<<< F>G>4<< ?5<5L4, F> F4>4 DV7G@4 <4T FG E4<G >GF>6G L6<4>VEFL, 

M> V ?4=>4 4 . 

� FL>7> 6<??<64T, M> 6V4=>E=4 L6<4>VEFL F.  6V4=>E=> F.  5G45 

EF4=>6<F< 

.     (2.22) 

 

�=4?>7VG=<< G<=>< 6<7=4G4T<> 6V4=>E=G L6<4>VEFL F.  F4 F.  

 

,     (2.23) 

 

.       (2.24) 
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�5E>?NF=V L6<4>>EFV F.  F4 F.  6<7=4G4T<> 7 ??4=G L6<4>>EF5=, 

@<E. 2.5. 

� M5 >4=VTN E4@4>F5@=>N F>G>>N <5E4=V7<G ?@<6>4G ?5<5L4 T >@4==O 

F.  4>F<6=>W 5>>>6<=><. $>?L F4>>W ?4=>< <5E4=V7<G ?5<5L4 F5 6V44V?OF< 

5G?L5>=>E=<= ??4EF 6V4 >E=>6=>7> <4E<6G �@G=FG 4?O ?>44?LL>7> 

?>?57L5=>7> ?V4>>?G64==O. 

&4><< E4<<< G<=>< ?V4E>4<<> 4> 6<7=4G5==O FVTW L6<4>>EFV. �E>V?L>< 

F.  =4?56<FL ?4=FV 3, O>4 <4T E>?44=G >>=DV7G@4FVN, F> WW >GF>64 L6<4>VEFL 

5G45 @V6=>N . �<@47 L6<4>>EFV 4?O F.  <4F<<5 6<7?O4 

 

    (2.25) 

 

&4><< G<=><, 5G?> >?<E4=> 6<@47< 4?O 6<7=4G5==O L6<4>>EF5= 6EVE 

E4@4>F5@=<E F>G>> ?4=>> <5E4=V7<G ?@<6>4G 6V5@4FV==>7> ?5<5L4. &GF 

>?<E4=> >?NG>6V E?V66V4=>L5==O, M> 4>76>?ONFL G ?@>EF<= E?>EV5 

6EF4=>6<F< 7=4G5==O F4 =4?@O<>> L6<4>>EF5= 5G4L-O><E F>G>>, M> FV>46?OFL 

4>E?V4=<>4. 

�?O ?@<>?44G ?>>465<> ??4= L6<4>>EF5= ?@< ?>?>65==V 64?4 

>@<6>L<?4 , @<E. 2.5. 

 

$<EG=>> 2.5 3 �?4= L6<4>>EF5= <5E4=V7<G ?@<6>4G ?5<5L4 ( ) 
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&4><= ??4= L6<4>>EF5= <>6=4 >F@<<4F< 4?O 5G4L-O>>7> ?>?>65==O 

>@<6>L<?4 ?@<6>4G O> 654GG>W ?4=>< F4 6<7=4G<F< L6<4>VEFL 4>6V?L=>W 

F>G><, M> =4?56<FL <5E4=V7<G ?@<6>4G ?5<5L4 (4>44F>> �). 

�4 @57G?LF4F4<< 4>E?V465==O >F@<<4=> @O4 7=4G5=L ?V=V==<E F4 

>GF>6<E L6<4>>EF5=. �4 @<E. 2.6 =46545<> 7@4DVG=V 74?56=>EFV >F@<<4=<E 

>GF>6<E L6<4>>EF5= ?4=>> ?@<6>4=>7> <5E4=V7<G. 

 

 

$<EG=>> 2.6 3 �@4DVG=V 74?56=>EFV 7<V=< >GF>6<E L6<4>>EF5= ?4=>> 

 

&4> E4<> 7=4=45=> 6EV =5>5EV4=V ?V=V==V L6<4>>EFV F>G>> ?4=>>, M> 

=5>5EV4=V 4?O @54?V74FVW 7444GV 4>E?V465==O ?@>F5EV6, O>V 6<>>=GT ?5<VL O> 

@>5>G<= >@74=. 

�<7=4G5==O L6<4>>EF5= F>G>> O> ?5@54G<>64 4> 6<7=4G5==O 

?@<E>>@5=L 3 ?4@4<5F@V6, O><<< 5G45<> >?5@G64F< 557?>E5@54=L> 4?O 4=4?V7G 

5D5>F<6=>EFV @>5>F< F4>>7> <5E4=V7<G. �5@5=45<> 4> 6<7=4G5==O 7=4G5=L F4 

=4?@O<>V6 ?@<E>>@5=L F<E 65 E4@4>F5@=<E F>G>>. 

�?O 6V4=4E>465==O ?@<E>>@5=L F>G>>, M> =4?564FL 44=><G <5E4=V7<G 

E?>G4F>G ?>F@V5=> E>?4EF< 65>F>@=V E<EF5<< @V6=O=L 74 O><<< V 5G45<> 65EF< 

@>769O7>>: 
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     (2.26) 

     (2.27) 

 

&GF ?>7=4G5=>:  3 65>F>@ 45E>?NF=>7> (6 <564E ?@<6>4=>7> 

<5E4=V7<G) ?@<E>>@5==O F. ; ,  3 6V4?>6V4=> =>@<4?L=4 F4 

F4=75=FV==4 E>?44>6V ?>6=>7> (<>4G?O) ?@<E>>@5==O F.  6V4=>E=> F. . 

$5LFG ?>7=4G5=L 4=4?>7VG=V F4 6V4=5E5=V 4> 6V4?>6V4=<E F>G>>, @<E. 2.4. 

�?O @>769O7>G E<EF5<< (2.26) E?>G4F>G =5>5EV4=> 6<7=4G<F< =>@<4?L=V 

E>?44>6V ?>6=<E ?@<E>>@5=L: 

 

,     (2.28) 

 

.     (2.29) 

 

&4=75=FV==V E>?44>6V F<E ?@<E>>@5=L 7=4=45<> V7 ??4=G ?@<E>>@5=L 

(@<E. 2.7), O><=  F4>>6 =46545<> ?VE?O >?<EG 6EVTW ?@>F54G@< 6V4=4E>465==O 

?@<E>>@5=L 4?O E4@4>F5@=<E F>G>> <5E4=V7<G ?@<6>4G.  

&>4V ?>6=V (<>4G?L) ?@<E>>@5==O: 
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    (2.31) 

ï
î

ï
í

ì

.

;

222

t

tJ

�O

n

�OO�

��

n

����

aaaa

aaa

òòòò

ò

ò

òò

ï
î

ï
í

ì

.

;

333

t

t

EO

n

EOOE

EF

n

EFFE

aaaa

aaaa

òòòò

òòòò

�
a

ò

B
n

��
J
ò

t

��
a

ò

B A

BA

BAn

BA

l
a

2
J

2

2

2

2

B�

B�n

B�

l
a

J

,
22

t

��

n

��B�
44a

,
22

222

t

B�

n

B�B�
44a



81 

�4NG< F4=75=FV==V E>?44>6V ?@<E>>@5=L, 6<7=4G4T<> >GF>6V 

?@<E>>@5==O ?4=>>: 

3 4?O ?4=>< 2 

;     (2.32) 

3 4?O ?4=>< 3 

.     (2.33) 

 

�4@F> 747=4G<F<, M> , >E>V?L><  

�5@5E>4<<> 4> @>76'O7>G 4@G7>W E<EF5<< 65>F>@=<E @V6=O=L (2.26). 

�<7=4G4T<> ?@<E>>@5==O F. , O>4 =4?56<FL ?4=FV 3. 

�4?<L5<> 6<@47 4?O 6<7=4G5==O =>@<4?L=>W E>?44>6>W ?@<E>>@5==O 

 G5@57 @4=VL5 6<7=4G5=V L6<4>>EFV 6V4?>6V4=<E F>G>>. 

 

     (2.34) 

 

�>7> F4=75=FV==4 E>?44>64 5G45 6<7=4G4F<EL  

 

     (2.35) 

 

&>4V ?>6=5 ?@<E>>@5==O F.  

 

    (2.36) 

 

 

�4?V ?>F@V5=> 6<7=4G<F< =>@<4?L=V E>?44>6V @5LFG ?@<E>>@5=L: 
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       (2.37) 

.      (2.38) 

 

&4=75=FV==V E>?44>6V @>77?O4G64=<E ?@<E>>@5=L 6<7=4G4T<> 7 ??4=G 

?@<E>>@5=L, =4?@<>?44, @<E. 2.7.  

�>6=V ?@<E>>@5==O 5G4GFL EF4=>6<F<: 

 

    (2.39) 

 

    (2.40) 

 

�4 >E=>6V >F@<<4=<E F4=75=FV==<E E>?44>6<E ?@<E>>@5=L, 6<7=4G<<> 

>GF>6V ?@<E>>@5==O ?4=>> 4 V 5: 

     (2.41) 

 

     (2.42) 

 

�@<E>>@5==O F.  6V4=>E=> F.  74?<L5<> G 6<7?O4V 

 

    (2.43) 

 

45  3 =>@<4?L=4 E>?44>64 ?@<E>>@5==O , 
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     (2.44) 

 

 3 F4=75=FV==4 E>?44>64. 

&N E>?44>6G 6<7=4G<<> G5@57 >GF>65 ?@<E>>@5==O ?4=>< 4, >E>V?L>< F. 

 W= =4?56<FL 

     (2.45) 

 

&>4V ?>6=5 ?@<E>>@5==O 6V4?>6V4=> (32) 

 

    (2.46) 

 

�=4?>7VG=<< G<=>< LG>4T<> ?@<E>>@5==O . 

 

    (2.47) 

 

45  3 =>@<4?L=4 E>?44>64 ?@<E>>@5==O  

 

      (2.48) 

 

&4=75=FV==4 E>?44>64  

     (2.49) 

 

-5 >4=VTN E4@4>F5@=>N F>G>>N @>77?O4G64=>7> <5E4=V7<G T F , 6>=4 

=4?56<FL @V74?L=V= >@><FV 4>F<6=>W 5>>>6<=>< ?5<5L4, WW ?@<E>>@5==O 

EF4=>6<F<<5  
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    (2.50) 

 

45  3 =>@<4?L=4 E>?44>64 ?@<E>>@5==O , 

 

     (2.51) 

 

&4=75=FV==G E>?44>6G FL>7> ?@<E>>@5==O 6<7=4G<<> G5@57 >GF>65 

?@<E>>@5==O  ?4=>< 3. 

    (2.52) 

 

$<EG=>> 2.7 3 �?4= ?@<E>>@5=L <5E4=V7<G ?@<6>4G ?5<5L4 ( ) 

 

&4><< G<=><, 5G?< 7=4=45=V L6<4>>EFV (4>44F>> �) V ?@<E>>@5==O 

(4>44F>> �) 4?O E4@4>F5@=<E F>G>> <5E4=V7<G ?@<6>44 ?5<5L4. 

&5?5@ 646?<6<< 4E?5>F>< 5G45 ?@>E?V4>G64F<, O> 6<7=4G5=V 

>V=5<4F<G=V ?4@4<5F@< 5G4GFL 7<V=N64F<EO ?@>FO7>< @>5>G>7> F<>?G 

?5<5L4. �4?@<>?44, E4@4>F5@ 7<V=< ?@<E>>@5=L 5G45 6<7=4G4F< =4?@46?5=<= 

@GE G4EF<=>< =>7> ??>M<=>N, @<E. 2.8. 
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$<EG=>> 2.8 3 �<V=4 ?@<E>>@5=L G E4@4>F5@=<E F>G>4E ??>M<=< ?5<5L4 

 

�@V< F>7>, 64@F> ?@>E?V4>G64F< 7<V=G ?@<E>>@5=L, O>V 6<=<>4NFL 6 F. , 

M> =4?56<FL ?57G ?5<5L4, F4 F.  4>F<6=>W 5>>>6<=><, @>5>F4 O>>W 7G<>6<FL 

5D5>F 6V44V?5==O 5G?L5>=>E=>7> ??4EFG ?@< =>7> ?V4>>?G64==V, @<E. 2.9.  

 

 

$<EG=>> 2.9 3 �@<E>>@5==O F.  F4 F.  

 

�?O 6<O6?5==O V=5@FV==<E <><5=FV6 ?4=>> F4 6<7=4G5==O F4=75=FV==<E 

E>?44>6<E 5G4L-O><E F>G>>, M> =4?564FL ?4=>4< <5E4=V7<G ?@<6>4G ?5<5L4, 

4>FV?L=> =465EF< 7=4G5==O >GF>6<E ?@<E>>@5=L ?4=>>, @<E. 2.10.  

G

D

D G
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$<EG=>> 2.10 3 �GF>6V ?@<E>>@5==O ?4=>> ?@<6>4=>7> <5E4=V7<G 

 

&4><< G<=><, 5G?> >?<E4=> F5>@5F<G=G <>45?L 4?O 6<7=4G5==O 

>E=>6=<E >V=5<4F<G=<E ?4@4<5F@V6 <5E4=V7<G ?@<6>4G ?5<5L4, M> 4>76>?OT 

>?<E4F< 74>>=><V@=>EFV 674T<>4VW ?4=>> F4>>7> <5E4=V7<G F4 

>E4@4>F5@<7G64F< ?V=V==V, >GF>6V L6<4>>EFV F4 ?@<E>>@5==O 5G4L-O><E F>G>> 

G< ?4=>> 4>E?V46G64=>7> <5E4=V7<G. �F@<<4=V >V=5<4F<G=V ?4@4<5F@< <4NFL 

E>4?O@=V 7=4G5==O F4 =4?@O<><, M> 4>76>?OT 4>E?V4=<>G 5V?LL ?>6=> 

7>@VT=FG64F<EL ?@> WE 6??<6 =4 4>E?V46G64=<= ?@>F5E.  

 

 

 

2.3 �>E?V465==O G<>6 =4?D46?5=>7> DGEG G4EF<=>< 5G?L5>=>E=>7> 

??4EF4 =4 >>?<6=V= ??>M<=V ?5<5L4 

 

�=4?V7GNG< 465@5?4 V=D>@<4FVW, 4>E?V4=<>< ?@>?>=GNFL 5474F> 

64@V4=FV6 >>=EF@G>F<6=>7> 6<>>=4==O ?V4>>?GNG<E @>5>G<E >@74=V6 

>4@F>??5>>?4GV6 F4 E?>E>5V6 ?V4>>?G64==O 7474?>< [7, 15, 16, 20, 24, 25, 26, 

64]. �>6=5 7 F4><E @VL5=L <4T E6>N E?5F<DV>G 74EF>EG64==O. �@>F5, =5 6 

5474FL>E ?@4FOE 4>E?V4=<>< 4>F5=FGNFL, M> 44=<= @>5>G<= >@74= ?>6<=5= 

?@4FN64F< G 646><E G<>64E: ?@< 75<@4==V ??>4V6 E?>EF5@V74TFLEO 7445@=V?<= 

�@G=F, ?V46<M5=4 7@G4>G64FVEFL, =4O6=VEFL @>E?<==<E @5LF>> F>M>. �46545=V 
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G<>6< @>5>F< ?V4>>?GNG>7> @>5>G>7> >@74=G E?>=G>4NFL 6<LG>G64F< 

@VL5==O, M>5 7<5=L<F< FO7>6<= >?V@ ?@< ?5@5<VM5==V <4L<=, 74557?5G<F< 

4>5@5 >@<L5==O �@G=FG ?@< =>7> ?V4>>?G64==V 4?O ?>?57L5=>W ?>44?LL>W 

E5?4@4FVW G4EF<=>> F4 >F@<<4F< =4?@46?5=<= @GE 5G?L5>=>E=>7> ??4EF4 ?@< 

?56=><G >V=5<4F<G=><G @56<<V @>5>F< ?@<6>4G ?5<5L4 [33, 34, 40, 41, 42, 

44, 48]. %4<5 ?<F4==O 6??<6G >V=5<4F<G=>7> @56<<G @>5>F< =4 <>6?<6VEFL 

6<=<>=5==O =4?@46?5=>7> @GEG G4EF<=>>, M> 7=4E>4OFLEO =4 =>7> ??>M<=V, 

@>76<=GFV M5 =54>EF4F=L> 4?O F4>>7> F<?G @>5>G>7> >@74=G. �E>5?<6> F5 

EF>EGTFLEO 6??<6G E<? V=5@FVW =4 G4EF<=>G 5G?L5>=>E=>7> ??4EF4 6 >>6=><G 7 

?>?>65=L >GF4 ?>6>@>FG >@<6>L<?4 ?@<6>4=>7> <5E4=V7<G, >>?< ??>M<=4 

?5<5L4 74V=E=NT =5??>E>>?4@4?5?L=V >>?<64==O. 

&><G T =5>5EV4=VEFL @>7@>5<F< <>45?L, O>4 6EF4=>6?NT ?56=V G<>6<, 

M>4> <>6?<6>EFV =4?@46?5=>7> @GEG G4EF<=>< 5G?L5>=>E=>7> ??4EF4 6 

>>6=V= F>GFV >>?<6=>W ??>M<=< 7 <5F>N V=F5=E<DV>4FVW ?@>F5EG ?5@6<==>W 

E5?4@4FVW =4 ??>M<=V ?5<5L4. 

� F5>@5F<G=><G ??4=V ?5<VL 3 F5 >?<=, O><= ?V4@V74T 5G?L5>=>E=<= 

??4EF F4 ?5@5<VM4T =>7> E6>TN ??>M<=>N 7 >4=>G4E=>N E5?4@4FVTN 

G4EF<=>>, O>V ?@>E>4OFL >@V7L MV?<=< =4 ?@GF>>6V= G4EF<=V ?5<5L4, @<E. 2.11. 

 

$<EG=>> 2.11 3 %E5<4F<G=5 7>5@465==O DV7<G=>W >>=EF@G>FVW  
?5<5L4 >4@F>??5>>?4G4 
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�?<E4=<= ?@>F5E 6>?NG4T G<>6=> =574?56=V F@< 7444GV: ?V4@V74==O 

5G?L5>=>E=>7> ??4EF4 @V74?L=<< ?57>< ?5<5L4; GF6>@5==O =4?@46?5=>7> 

@GEG 5G?L5>=>E=>7> ??4EF4 ??>M<=>N ?5<5L4; >FV=>4 E5?4@G64?L=>W 

744F=>EFV ?@GF>>6>W G4EF<=< ?5<5L4 [60]. 

�4 ?>G4F>>6><G 5F4?V =4=5V?LL<= V=F5@5E ?@54EF46?OT 6<6G5==O 

6??<6G >V=5<4F<G=<E ?4@4<5F@V6 ?5<5L4, O>V ?>7=4G4NFLEO =4 =>7> 744F=>EFV 

F@4=E?>@FG64F< G4EF<=>< 5G?L5>=>E=>7> ??4EF4. �5>, V=4>L5 >46GG<, 

6<6G<F< ?>654V=>G G4EF<=>< =4 ??>M<=< ?5<5L4 ?@< @V7=<E ?>?>65==OE 

>@<6>L<?4 ?@<6>4=>7> <5E4=V7<G. 

�5@5=45<> 4> <>45?N64==O FL>7> ?@>F5EG. �F65, ?5<VL 3 F5 >>?<6=4 

??>M<=4, M> 7=4E>4<FLEO ?V4 >GF><  4> 7>@<7>=FG (@<E. 2.11) F4 74V=E=NT 

>>?<6=V @GE< 74 ?56=<< 74>>=><. �?>M<=4 ?5<5L4 (?5@5F<= 6 ??4=V, ?V=VO 

) L4@=V@=> ?@<T4=4=4 46><4 ?V46VE4<<: 744=V= ?V46VE 3  (L4@=V@  

7=4E>4<FLEO =4 6V4EF4=V  (@<E. 2.11) 6V4 ??>M<=< ?5<5L4); ?5@54=V= ?V46VE 

 (6V4EF4=L  6V4 ??>M<=< ?5<5L4). 

�5@54=V= ?V46VE 6E>4<FL 6 G4EF<=G <5E4=V7<G ?@<6>4G. �V= O6?OT E>5>N 

46>??5G<= 646V?L . ,4@=V@  7'T4=GTFLEO 7 L4FG=>< , O><= ?5@544T 

7GE<??O 4?O >>?<64==O ?5<5L4 6V4 >@<6>L<?4 . �4?56=>EFV, M> >?<EGNFL 

>V=5<4F<>G ?@<6>4G ?5<5L4 =46545=V 6<M5 F4 6<E6VF?5=V G @>5>FV [56].  

%?>G4F>G @>77?O=5<> =4=?@>EFVL<= G4EF>>6<= 6<?44>>, >>?< >4=4 

>>@5<4 G4EF<=>4 <4E>N  7=4E>4<FLEO =4 ??>M<=V ?5<5L4 F4 WW @GE 

74V=E=NTFLEO O> ??>E>>W G4EF<=><. �@V< F>7>, =4 FL><G 5F4?V 66464T<>, M> 

>?V@ ?>6VF@O, 674T<>4VO V=L<E G4EF<=>> EGFFT6>7> 6??<6G =5 <4NFL. � M5 >4=4 

G<>64 3 >>5DVFVT=F F5@FO  T ?>EFV==<<, 6V= =5 74?56<FL 6V4 F>6M<=< 

5G?L5>=>E=>7> L4@G, 4 F4>>6 >V=5<4F<G=<E ?4@4<5F@V6 ?@< @>5>FV ?5<5L4.  

�4 FL><G 5F4?V 4>E?V465=L 646?<6> 7>@VT=FG64F<EO, O>V 4V4?47>=< 

7=4G5=L >V=5<4F<G=<E ?4@4<5F@V6 ?>F@V5=> 74557?5G<F<, M>5 @>5>G<= >@74= 

5G6 4VT744F=<<. �V7=VL5 5G45<> =4>?444F< 4>44F>>6V >5<565==O, M> 5G45 

<>45?L @>5<F< 445>64F=>N 4> @54?L=<E G<>6 @>5>F< ?5<5L4. 
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�<4V?<<> F@< <>6?<6<E @GE< G4EF<=>< =4 ??>M<=V ?5<5L4 [28]: 

- ?5@5<VM5==O 6=<7 ?> ??>M<=V; 

- ?5@5<VM5==O 665@E; 

- ?5@5<VM5==O 7 6V4@<6>< 6V4 ??>M<=<. 

�4@F> @>7G<VF<, M> <>6?<6<= 6<?44>>, >>?< G4EF<=>4 @GE4TFLEO @47>< 

7 ??>M<=>N, F>5F> 6V4=>E=>7> ?5@5<VM5==O =5 6V45G64TFLEO. 

�<4V?<<> >>@5<> D@47<5=F ??>M<=< F4 G4EF<=>G =4 =V=, M>5 ?>>474F< 

4VN E<? ?@< @GEV G4EF<=>< 6=<7, @<E . 2.12,a. 

 

 

a) 5) 

$<EG=>> 2.12 3 %E5<< 4VW E<? =4 G4EF<=>G ?@< WW @GEV 6=<7 (4) V 67>@G(5) 
 

�4 F4><E G<>6 7@GL5==O G4EF<=>< 6=<7 <>6?<65, O>M> E?@>T>FG64F< 

4VNGV E<?< =4 6VEL, O>4 ?4@4?5?L=4 ??>M<=V ?5<5L4, V @57G?LFGNG4, M> 

E?@O<>6GT G4EF<=G 6=<7 5G45 5V?LL>N 74 6V4?>6V4=G @57G?LFGNGG E<?, O>4 

?@>F<?56=> =4?@46?5=4. 

�4?<L5<> FN G<>6G =4EFG?=<< G<=><  

 

     (2.53) 

 

45  3 E<?4 V=5@FVW, M> 4VT =4 G4EF<=>G; 

 3 >GF =4?@O<>G 65>F>@4 E<?< V=5@FVW; 

 3 E<?4 647< G4EF<=><; 

 3 >GF =4E<?G ??>M<=< ?5<5L4 4> 7>@<7>=FG; 

 3 E<?4 F5@FO. 

,sincos tpparinin FGP × aa

in
P

in
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p
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t
F
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&GF 

 

     (2.54) 

 

45  3 ?@<E>>@5==O G4EF>< 6 V-F<= <><5=F G4EG. 

%<?4 647< G4EF<=>< 6<@465=4 6V4><>N 74?56=VEFN 

 

      (2.55) 

 

45  3 ?@<E>>@5==O 6V?L=>7> ?44V==O,  </E2. 

�V4?>6V4=> 4> EE5<< (@<E. 2.12) E<?4 F5@FO EF4=>6<F<<5   

45  3 >>5DVFVT=F F5@FO;  3 =>@<4?L=4 E<?4. 

�5> 6 @>77>@=GF><G 6<7?O4V 

 

     (2.56) 

 

45  3 >GF F5@FO. 

�444?V =5>5EV4=> 6<4V?<F< F>= ?4@4<5F@, O><< <>6=4 6??<64F< =4 

>?<E4=<= ?@>F5E. &4><< ?4@4<5F@>< 5G45 ?@<E>>@5==O, O>5 6<7=4G4T 

?@>F<?56=> =4?@46?5=V E<?< V=5@FVW, M> 4VNFL =4 G4EF<=>G [85]. �4 

?>?5@54=V<< 4>E?V465==O<< [56] 6EF4=>6?5=> =4EFG?=<= @>7?>4V? E<? V=5@FVW 

?> 6V4=>L5==N 4> >4<=<G=>W <4E< 6 F@L>E E4@4>F5@=<E F>G>4E ?V=VW E?V4G, M> 

GF6>@5=<= ?5@5F<=>< ?>74>66=L>-65@F<>4?L=>W ??>M<=< 7 ??>M<=>N 

?5<5L4 ( 3 F>G>4, M> =4?56<FL ?57G ?5<5L4,  3 E5@54<=4 V  3 >@4==O 

F>G>4 ?5<5L4 7V EF>@>=< F@4=E?>@F5@4), @<E. 2.13. 
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$<EG=>> 2.13 3 %<?< V=5@FVW, M> 6??<64NFL =4 >4<=<FN  
<4E< 6 F>G>4E G, K, H 

 

&5 44T <>6?<6VEFL ?>54G<F< V<>6V@=V =4?@O<>< @GEG G4EF<=><, M> 

7=4E>4<FLEO =4 ??>M<=V ?5<5L4. �V?LL EF65@4=> <>6=4 6V4?>6VEF< =4 

?>EF46?5=5 ?<F4==O F>4V, >>?< ?@>4=4?V7GT<> >>6=G V7 G<>6 (=4?@<>?44, 

G<>6G(2.53)), M> 6<7=4G4T <>6?<6VEFL =4?@46?5=>7> @GEG G4EF<=><.  

�?O @54?V74FVW F4>>7> ?V4E>4G 6<4V?<<> 7 6<@47G (2.53) ?@<E>>@5==O , 

7@>5<6L< 45O>V ?5@5F6>@5==O. 

�4?<L5<> 6<@47 (2.53) 6 @>77>@=GF><G 6<7?O4V 

 

 (2.57) 

 

E>>@>F<<> ?V6G F4 ?@46G G4EF<=< =5@V6=>EFV (2.57) =4  F4 77@G?GT<> 

 

 

45> 
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?VE?O ?5@5F6>@5=L F4 E?@>M5=L ?@46>W G4EF<=< =5@V6=>EFV, >EF4F>G=> 

>F@<<4T<> 6<@47 4?O 7=4G5==O ?@<E>>@5==O , M> 7@GLG64F<<5 G4EF<=G 

6=<7. �@<E>>@5==N ?@<E6>NT<> V=45>E «d» 

 

     (2.58) 

 

&4><< G<=><, >F@<<4=> ?5@LG G<>6G, ?@< O>V= G4EF<=4 ?>6<==4 

@GE4F<EL 6=<7 ??>M<=>N ?5<5L4. �4=4 G<>64 (2.58) 6<7=4G4T 7=4G5==O F4 

=4?@O<>> ?@<E>>@5==O, M> ?5@544TFLEO ??>M<=>N ?5<5L4 G4EF<=FV V 

7G<>6?NT =4?@46?5=<= @GE. 

�=4?>7VG=<< G<=>< @>77?O44T<> ?V4EV4 4> 6<7=4G5==O ?@<E>>@5==O, M> 

7G<>6<FL @GE G4EF<=>< 665@E ??>M<=>N ?5<5L4. �46545<> EE5<G 4VNG<E E<? 

74 6>474=>N G<>6>N, @<E. 2.12, 5. 

�>?>6=>N G<>6>N @GEG 665@E 5G45 F5, M> @57G?LFGNG4 4VNG<E E<?, O>V 

7@GLGNFL G4EF<=>G 665@E 5G45 5V?LL>N 6V4 FVTW @57G?LFGNG>W 4?O E<?, M> 

6F@<<GNFL G4EF<=>G 45> =4<474NFLEO 7@GL<F< WW 6=<7 ??>M<=>N ?5<5L4. 

�VW E<? <4F5<4F<G=> 74?<L5<> G5@57 WE ?@>5>FVW =4 6VEL, M> ?4@4?5?L=4 

??>M<=V ?5<5L4 

 

    (2.59) 

 

$>5<<> ?5@5F6>@5==O, 4=4?>7VG=V 4> ?>?5@54=VE: 
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�EF4F>G=> <4T<>, ?@<E6>W6L< ?@<E>>@5==N  V=45>E «u» 

 

      (2.60) 

 

/> 5G?> 747=4G5=>, M> @GE G4EF<=>< ??>M<=>N ?5<5L4 <>6?<6<= 7 

6V4@<6>< G4EF<=>< 6V4 =>7> ?>65@E=V. />M> 74557?5G<F< F4><= >V=5<4F<G=<= 

@56<< @>5>F< ?5<5L4, F> >>=F4>F G4EF<=>< 7 ??>M<=>N ?>6<=5= 5GF< 

?>@GL5=<<. �?O @>7G<V==O FL>7> ?@>F5EG <>6=4 GO6<F<, M> G4EF<=>4 4> 

??>M<=< ?5<5L4 «?@<>@V??5=4» =5647><<< ?@G6=<< 769O7>><. &>4V 

=>@<4?L=4 E<?4  <4?4 5< 6V49T<=5 7=4G5==O. �?5 >E>V?L>< G4EF<=>4 7 

??>M<=>N ?5<5L4 <4T >4=>EF>@>==V= 76'O7>>, F> 4>EF4F=L> @>77?O=GF< 

7@4=<G=G G<>6G, >>?<  (<><5=F «6V4@<6G» G4EF<=><), @<E. 2.12. 

 

    (2.61) 

 

45> 6 @>77>@=GF><G 6<7?O4V 

 

 

 

>EF4F>G=> <4F<<5<>, ?@<E6>W6L< ?@<E>>@5==N V=45>E «0» 

 

      (2.62) 
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&4><< G<=><, ?@>@>5?5=> 6EV >E=>6=V 64@V4=F< ?>6>465==O G4EF<=>< =4 

??>M<=V ?5<5L4, M> 44NFL <>6?<6VEFL 6 ?5@L><G =45?<65==V >FV=<F< 

<>6?<6VEFL =4?@46?5=>7> @GEG ?V4>>?4=>7> 5G?L5>=>E=>7> ??4EF4. 

�E>V?L>< ??>M<=4 ?5<5L4 74V=E=NT =5??>E>>?4@4?5?L=V @GE<, F> 

F@4=E?>@FGNG4 744F=VEFL ??>M<=< ?5<5L4 5G45 @V7=>N. �?O =4>G=>7> 

7>5@465==O ?@<6545<> 7VEF>7@4<G ?>?>65==O ?5<5L4 ( ) 6V4=>E=> 

7>@<7>=FG ?@< 6V4?>6V4=><G 7=4G5==V >GF4  ?>?>65==O >@<6>L<?4,  

@<E. 2.14.   

 

$<EG=>> 2.14 3 �>?>65==O ??>M<=< ?5<5L4 6V4 >GF4 ?>6>@>FG >@<6>L<?4 
 

&>G>< <4>E<<4?L=<E 7=4G5=L >GFV6  4?@>>E<<GT<> >@<6>N 3 

?>?V=><>< G5F65@F>7> EF5?5=O ( ) 4?O <>6?<6>EFV >FV=>< 

?@><V6=<E 7=4G5=L ?>?>65==O ?5<5L4 

 

   (2.63) 

 

&5?5@, <4NG< G<>6< (2.58), (2.60) V (2.62), <>6=4 ?5@56V@<F< <>6?<6<= 

=4?@46?5=<= @GE G4EF<=>< =4 ??>M<=V ?5<5L4.  

�<>>=4T<> F4><= 4=4?V7 4?O F. , M> =4?56<FL @V74?L=><G ?57G 

?5<5L4, F>5F> @>77?O44T<> ?>6>465==O G4EF<=><, O>4 7=4E>4<FLEO =4 

?>G4F>>6V= 4V?O=FV ??>M<=< ?5<5L4. 
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$<EG=>> 2.15 3 �VEF>7@4<4 4?O ?>@V6=O?L=>7> 4=4?V7G ?>654V=>< 

G4EF<=>> G F>GFV G 
 

�4 @<E. 2.15 G 6<7?O4V EF>6?G<>>6>W 7VEF>7@4<< 7>5@465=> 7=4G5==O 

4V=E=<E ?@<E>>@5=L (G5@6>=>7> >>?L>@G) 6 F.  F4 ?>@V6=O=> WE 7 

<V=V<4?L=<<< 7=4G5==O<< ?@<E>>@5=L (E<=L>7> >>?L>@G), O>V 6<7=4G4NFL 

<>6?<6VEFL 6<>>=4==O G<>6 (2.58) V (2.60) 6V4?>6V4=<E @GEV6 G4EF<=><.  

�=4?>7VG=V 7VEF>7@4<< (@<E. 2.16 V 2.17) =46545=> 4?O E4@4>F5@=<E F>G>> 

 V . 

 

$<EG=>> 2.16 3 �VEF>7@4<4 4?O ?>@V6=O?L=>7> 4=4?V7G  
?>654V=>< G4EF<=>> G F>GFV  

 

G

K �

K
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$<EG=>> 2.17 3 �VEF>7@4<4 4?O ?>@V6=O?L=>7> 4=4?V7G ?>654V=><  
G4EF<=>> G F>GFV  

 

�>@5<>N 7VEF>7@4<>N (@<E. 2.18) =46545=> @57G?LF4F< ?>@V6=O==O 

6V4?>6V4=<E ?@<E>>@5=L 6 F. , 45 6<=<>4T 5D5>F 6V4@<6G G4EF<=>< 6V4 

??>M<=< ?5<5L4 ?@< WW =4?@46?5=><G @GEV. 

 

 

$<EG=>> 2.18 3 �VEF>7@4<4 4?O ?>@V6=O?L=>7> 4=4?V7G ?>654V=>< 
G4EF<=>< 6 F>GFV H 74 G<>6<, M> 6>=4 6V4V@64=4 6V4 ??>M<=< ?5<5L4 

 
&4><< G<=><, 74 =46545=>N <>45??N ?>6>465==O G4EF<=>< 

5G?L5>=>E=>7> ??4EF4 =4 >>?<6=V= ??>M<=V ?5<5L4 <>6=4 6 ?5@L><G 

�

�
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=45?<65==V 4=4?V7G64F< ?@> <>6?<6VEFL WW =4?@46?5=>7> @GEG F4 <>45?N64F< 

=>7>. �?O FL>7> =5>5EV4=> 74EF>E>6G64F< 74>?445=V >>=EF@G>F<6=V 

@57G?N64==O 6EVTW E<EF5<< F4 ?V4V5@4F< ?>F@V5=V >V=5<4F<G=V ?4@4<5F@< 

?@<6>4G. 

/> ?@<>?44 >?<L5<> ?>6>465==O G4EF<=>>, O>V 7=4E>4OFLEO =4 ?>G4F>G 

?5<5L4 (F>G>4 ) ?@< 74V=E=5==V =<< @>5>G>7> E>4G ?@< G4EF>FV >55@F4==O 

>@<6>L<?4 432 >5/E6 F4 6 <564E =>7> >GF4 ?>6>@>FG  6V4 0 4> , 5G4GFL 

7@GLG64F<EO 665@E. �VNGV ?@<E>>@5==O FGF 5G4GFL: ?@< , 

6V4?>6V4=> 36,5  </E2; 16,47 </E2; 14,38 </E2, 4 =5>5EV4=V ?@<E>>@5==O 74 

G<>6>N (2.60) 3 9,19 </E2; 8,76 </E2; 8,14 </E2. �F65, G<>64 6<>>=GTFLEO V @GE 

G4EF<=>> 5G45 =4?@46?5=<< 665@E ??>M<=>N ?5<5L4. �@< ?>?>65==V 

>@<6>L<?4  V=5@FV==4 E<?4 E?@O<>64=4 6=<7, M> <4?> 5< 7G<>6<F< @GE 

G4EF<=>< 6=<7. �@<E>>@5==O FGF E>?444T 2,69 </E2, 4 <V=V<4?L=> =5>5EV4=5 

?@<E>>@5==O 74 G<>6>N (2.68) 3 3,14 </E2, ?>@V6=NNG< 7=4G5==O 6<4=>, M> 

G<>64 ?5@5<VM5==O G4EF<=>< 6=<7 ??>M<=>N ?5<5L4 =5 6<>>=GTFLEO, 4 F5 

>7=4G4T M> E<?4 F5@FO T 5V?LL>N V G4EF<=>4 5G45 @GE4F<EL @47>< 7 

??>M<=>N, 6V4=>E=<= @GE G4EF<=>< 6V4EGF=V=. � ?>44?LL<< >55@F4==O< 

>@<6>L<?4 4>  (4> 7465@L5==O @>5>G>7> E>4G), 7@GL5==O G4EF<=>< 5G45 

6=<7 7 <4?>N V=F5=E<6=VEFN, 4 F4>>6 =4 ?>G4F>G 76>@>F=>7> E>4G ?5<5L4 (4> 

 ). �4?V =4?@O<>> @GEG G4EF<=>< 7<V=<FLEO =4 7@GL5==O WW 665@E 4> 

7465@L5==O 76>@>F=>7> E>4G ?5<5L4 ( ). $GE =4 FV= 4V?O=FV ?5<5L4 7 

6V4@<6>< G4EF<=>< 6V4 =>7> ??>M<=< 6V4EGF=V=. �@GL5==O G4EF<=>< 665@E-

6=<7, @GE @47>< V7 ??>M<=>N ?5<5L4 4>76>?OT V=F5=E<DV>G64F< ?@>F5E 

E5?4@4FVW 4@V5=<E �@G=F>6<E G4EF>>, O>V =4GFL ?@>E>4>< >@V7L ?@><V6>< 

?@GF>>6>W G4EF<=< ?5<5L4. �=4?>7VG=V ?V4E>4< 74EF>E>6GT<> 4?O 4=4?V7G 

=4?@46?5=>7> @GEG G4EF<=>< 6 F>G>4E  V  ?5<5L4, >5@GNG<EL 

G

j
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p
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?@54EF46?5=<<< 7VEF>7@4<4<<, @<E. 2.16 V 2.17. �4 4=4?V7>< ?@54EF46?5=<E 

@57G?LF4FV6, @GE G4EF<=>< 7 6V4@<6>< 6V4 ??>M<=< ?5<5L4 6<O6?5=<= 6 F. , 

M> 7=4E>4<FLEO 6 744=V= G4EF<=V ?5<5L4 F4 =4=5?<6GV= 4> ?@GF>>6>7> 

F@4=E?>@F5@4. &4><= 5D5>F FGF 6V4V7@4T ?>7<F<6=G @>?L, >E>V?L>< 4>?><474T 

>G<EF<F< ??>M<=G ?5<5L4 6V4 G4EF<=>> 5G?L5>=>E=>7> ??4EF4 F4 ?>?57L5=> 

?5@5=F< W< =4 =4EFG?=<= @>5>G<= >@74= 3 F@4=E?>@F5@.  

&4><< G<=><, ?@54EF46?5=4 <>45?L ?>6>465==O G4EF<=>< 

5G?L5>=>E=>7> ??4EF4 =4 ??>M<=V ?5<5L4 G 6<7?O4V 74?<E4=<E G<>6 (2.58), 

(2.60) V (2.62) F4 =4O6=>EFV 7=4G5=L >V=5<4F<G=<E ?4@4<5F@V6 ?@< =>7> @>5>FV 

4>76>?OT 7@>5<F< ?>?5@54=V= 4=4?V7 <>6?<6>EFV =4?@46?5=>7> @GEG F4><E 

G4EF<=>> >>?<6=>N ??>M<=>N. 

 

 

 

2.4 �<7=4G5==O 5=5D75F<G=<E ?4D4<5FDV6 ?D<6>4=>7> <5E4=V7<G 

?5<5L4 

 

 

�474F>?4=>>6<= <5E4=V7< ?@<6>4G ?5<5L4 =464=F465=<= E<?4<< F4 

<><5=F4<< >?>@G ?5@5<VM5==N >>@5<<E =>7> ?4=>>, 4 F4>>6 747=4T 6??<6G 

@GE><<E E<? F4 <><5=FV6 =>7> ?4=>>. �=4>L5 >46GG<, 4?O >?<EG F4 4=4?V7G 

74>>=G @GE 6>474=>7> <5E4=V7<G =5>5EV4=> E?>G4F>G E>?4EF< @V6=O==O @GEG F4 

?@54EF46<F< =>7> @>769O7>>.  

�7V4=> DG=44<5=F4?L=<E 74E44 F5>@5F<G=>W <5E4=V>< [50, 112] 74>>= 

@GEG <5E4=V7<G 547GTFLEO =4 F5>@5<V ?@> 7<V=G >V=5F<G=>W 5=5@7VW, 

<4F5<4F<G=<= 6<@47 O>>W <4T 6<7?O4 

 

,       (2.64) 

 

45  3 7=4G5==O >V=5F<G=>W 5=5@7VW <5E4=V7<G 6 44=<= <><5=F G4EG (?@< 

@>77?O4G64=><G ?>?>65==V ?4=>> <5E4=V7<G, M> =>7> GF6>@NNFL); 

�

å- ATT
0

T
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 3 ?>G4F>>65 7=4G5==O >V=5F<G=>W 5=5@7VW <5E4=V7<G; 

 3 EG<4@=5 7=4G5==O 6EVE @>5VF, M> 6<>>=GNFLEO ?@<>?445=<<< E<?4<< 

V <><5=F4<< 4> ?4=>> <5E4=V7<G. 

�V=5F<G=4 5=5@7VO ?4=><, M> 74V=E=NT E>?44=<= @GE (?>EFG?4?L=<= F4 

>55@F>6<=) 5G45 E>?444F<EL 7 >V=5F<G=<E 5=5@7V=, M> 6<=<>4NFL ?@< F<E 

46>E @GE4E >>@5<>, F>5F> ?@< ?>EFG?4?L=><G @GEV >V=5F<G=4 5=5@7VO >>@5<>W 

(V-W) ?4=>< 5G45 E>?444F<  

,      (2.65)  

 

45  3 L6<4>VEFL F5=F@4 <4E V-W ?4=><;  

 3 <4E4 V-W ?4=><. 

�V=5F<G=4 5=5@7VO >>@5<>W (V-W) ?4=>< ?@< >55@F>6><G @GEV 5G45  

 

,      (2.66)  

 

45  3 <><5=F V=5@FVW V-W ?4=>< <5E4=V7<G ?@<6>4G; 

 3 >GF>64 L6<4>VEFL V-W ?4=><.  

&>4V >V=5F<G=4 5=5@7VO G 7474?L=><G 6<?44>G 4?O E>?44=>7> @GEG ?4=>< 

EF4=>6<F<<5   

 

45>  

.     (2.67) 

 

/>M> <5E4=V7< n-?4=>>6<=, F> 7474?>< >V=5F<G=4 5=5@7VO 

E>?444F<<5FLEO 7 >V=5F<G=<E 5=5@7V= =>7> ?4=>>, F>5F> 

0
T

å A

2

2

V
S

VV
mT
J

J

2

V
S
J

V
m

2

2

V

SVJ
V

JT
w

SV
J

V
w

JVVV
TTT

J

22

22

V

SV

SV

VV
JmT
wJ



100 

.    (2.68) 

 

�=4?>7VG=<< G<=><  <>6=4 74?<E4F< 6<@47, M> >?<EGT EG<4@=G @>5>FG 

4VNG<E E<? F4 <><5=FV6 <5E4=V7<G 

 

,   (2.69) 

45  3 65>F>@< E<?; 

 3 <><5=F<. 

&>4V @V6=O==O @GEG [112] 

 

.    (2.70) 

 

�?O 6<@VL5==O 44=>7> @V6=O==O @GEG ?>F@V5=> <4F< 6EV  =>7> E>?44>6V. 

�?5 O>M> @>77?O44F< @54?L=<= <5E4=V7< >4@F>??5>>?4G4 F4 <4E< F4 <><5=F< 

V=5@FVW 6EVE =>7> ?4=>> T 6V4><<<<. � ?56=V= <V@V =56V4><<<< 74?<L4NFLEO 

?V=V==V F4 >GF>6V L6<4>>EFV F5=F@V6 <4E =>7> ?4=>>, 4?5 ?<F4==O ?57>> 

6<@VLGTFLEO ?@< @54?V74FVW <5F>4G ??4=V6. 

�F@<<4=<= <5E4=V7<, 74 >V=5<4F<G=>N EE5<>N, @<E. 2.4, T G4EF>>6> 

>?<E4=<< F4 7=4=45=V L6<4>>EFV F4 ?@<E>>@5==O >?NG>6<E F>G>> ?4=>> FL>7> 

<5E4=V7<G, 4?5 =5 4?O F5=F@V6 <4E =>7> ?4=>>. �@>F5, @>7@>5?5=4 F5>@5F<G=4 

<>45?L, M> >?<EGT =>7> >V=5<4F<G=V ?4@4<5F@< 557 6>4=<E F@G4=>EF5= 

4>76>?<FL =4< F5 @54?V7G64F<.  �@V< F>7>, =47444T<>, M> GF6>@5=<= <5E4=V7< 

?@<6>4G ?5<5L4 3 T <5E4=V7<><, M> <4T >4=G EF5?V=L 6V?L=>EFV, 4 >F65 G5@57 

74>>= @GEG 654GG>W ?4=>< <>6=4 7=4=F< L6<4>>EFV F4 ?@<E>>@5==O @5LFG 

?4=>>. 

/> 4>6545=> G F5>@5F<G=V= <5E4=VFV, M> 65?<G<=< ?@<6545=<E E<? G< 

åå ÷
÷

ø

ö

ç
ç

è

æn

i

i

S

S

i

n

i

i
i

i

JmTT
1

22

1 22

wJ

å ò òå ÷
÷
ø

ö
ç
ç
è

æn

i

S

S

iiiii

i

i

i

i

dMdSSdPPA
1

1 1

,cos j
j

j

iP

i
M

å ò òå ÷
÷
ø

ö
ç
ç
è

æ
-÷

÷
ø

ö
ç
ç
è

æ n

i

S

S

iiiii

n

i

i

S

S

i

i

i

i

i

i

i

dMdSSdPPEJm
1

0

1

22
1 1

,cos
22

j
wJ j

j



101 

<><5=FV6 74?564FL FV?L>< 6V4 6V4=>L5==O L6<4>>EF5= F>G>> G< >GF>6<E 

L6<4>>EF5= ?4=>> 4> 4=4?>7VG=<E ?4@4<5F@V6 654GG>W ?4=>< (?4=>< 

?@<6545==O). &5 4>76>?OT >>=EF4FG64F<, M> ?@<6545=V E<?< F4 <><5=F< E<? 

74?564FL FV?L>< 6V4 ?>?>65==O ?4=>> <5E4=V7<G. 

/>M> ?V4V=F< 4> @V6=O==O @GEG 7 V=L>7> 5>>G, >>6=4 ?4=>4 <4T ?56=G 

V=5@FV==VEFL, O>4 ?@< ?V=V==><G @GEV 6<7=4G4TFLEO <4E>N, 4 ?@< >GF>6><G @GEV 

3  <><5=F>< V=5@FVW. &><G, 74>>= @GEG =5 ?>6<=5= 7<V=<F<EO, O>M> <4E< V 

<><5=F< V=5@FVW 6 <5E4=V7<V 74<V=<F< ?@<6545=>N <4E>N G< ?@<6545=<< 

<><5=F>< V=5@FVW.  

�4?<L5<> 6 7474?L=><G 6<7?O4V 6<@47< 4?O ?@<6545=>W <4E< <5E4=V7<G 

F4 ?@<6545=>7> <><5=FG V=5@FVW <5E4=V7<G [85, 112]: 

 

;     (2.71) 

.     (2.72) 

 

�4 >E=>6V =46545=<E F5>@5F<G=<E 6<>?44>> 74?<L5<> 6<@47 

?@<6545=>7> <><5=FG V=5@FVW  ?@<6>4=>7> <5E4=V7<G 6V5@4FV==>7> ?5<5L4. 

 

,  (2.73) 

 

45  3 <><5=F V=5@FVW 654GG>W ?4=><;  

 3 >GF>64 L6<4>VEFL 654GG>W ?4=><;  

 3 <><5=F V=5@FVW L4FG=4;  
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 3 >GF>64 L6<4>VEFL L4FG=4  6 i-G ?>?>65==V; 

 3 <4E4 L4FG=4;  

 3 ?V=V==4 L6<4>VEFL F5=F@4 <4E< L4FG=4 6  i-G ?>?>65==V;  

 3 <><5=F V=5@FVW ?5@54=L>7> ?V46VEG; 

 3 >GF>64 L6<4>VEFL ?5@54=L>7> ?V46VEG;  

 3 <4E4 >>=EF@G>FVW ?5@54=L>7> ?V46VEG;  

 3 ?V=V==4 L6<4>VEFL F5=F@4 <4E< ?5@54=L>7> ?V46VEG; 

 3 <><5=F V=5@FVW ?5<5L4;  

 3 <4E4 ?5<5L4; 

 3 >GF>64 L6<4>VEFL ?5<5L4;  

 3 ?V=V==4 L6<4>VEFL F5=F@4 <4E< ?5<5L4; 

 3 <><5=F V=5@FVW G4EF<=< 5G?L5>=>E=>7> ??4EF4, M> 7=4E>4<FLEO =4 

?5<5LV;  

 3 <4E4 5G?L5>=>E=>7> ??4EF4, M> 7=4E>4<FLEO =4 ?5<5LV; 

 3 ?V=V==4 L6<4>VEFL F5=F@4 <4E ??4EF4 =4 ?5<5LV; 

 3 <><5=F V=5@FVW ??4=>< 744=L>7> ?V46VEG;  

 3 >GF>64 L6<4>VEFL ?4=>< 744=L>7> ?V46VEG. 

�=4?V7GNG< 6<@47 ?@<6545=>7> <><5=FG V=5@FVW (2.73), 4?O >F@<<4==O 

G<E?>6>7> =>7> 7=4G5==O ?>F@V5=> 6<7=4G<F<: 

>>>@4<=4F< F5=F@V6 647< ?4=>>;  

<><5=F< V=5@FVW ?4=>> 6V4=>E=> F5=F@V6 647<; 

>GF>6V L6<4>>EFV ?4=>>; 

?V=V==V L6<4>>EFV F5=F@V6 <4E ?4=>>; 

<4E< ?4=>>. 

�4 F4><E G<>6 <>6=4 5G45 @54?V7G64F< 6V4=4E>465==O G<E?>6<E 

7=4G5=L ?@<6545=>7> <><5=FG V=5@FVW <5E4=V7<G ?5<5L4 F4 74 @V7=<<< 

64@V4=F4<< >>=EF@G>F<6=>7> 6<>>=4==O 5?5<5=FV6 ?@<6>4G 7@>5<F< 
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?>@V6=O?L=<= 4=4?V7.  

 

 

2.5 �<E=>6>< 4> 4DG7>7> D>74V?G 
 

1. �4?@>?>=>64=> ?@<=F<?>6G EE5<G 6V5@4FV==>7> ?5<5L4, 4?O O>>7> 

?>5G4>64=> >V=5<4F<G=G EE5<G F4 >?<E4=> F5>@5F<G=>N <>45??N, M> 

547GTFLEO =4 <5F>4V 74<>=5=<E 65>F>@=<E >>=FG@V6. �=4?V7 >V=5<4F<G=<E 

?4@4<5F@V6 GF6>@5=>7> <5E4=V7<G 4>76>?<6 >F@<<4F< E>>@57>64=G 

>V=5<4F<G=G EE5<G <5E4=V7<G ?5<5L4 O> F5>@5F<G=>7> ?@>F>F<?G DV7<G=V= 

>>=EF@G>FVW >><5V=>64=>7> 4>F<6=>7> ?5<5L4. 

2. �<>>@<EF>6GNG< 7@4D>4=4?VF<G=<= <5F>4 ??4=V6, >F@<<4=> 

>V=5<4F<G=V ?4@4<5F@< 4?O E4@4>F5@=<E F>G>> ?5<5L4 F4 =>7> 4>F<6=<E 

5>>>6<=>>. �?O >F@<<4=<E 7=4G5=L ?5@5<VM5=L, L6<4>>EF5= F4 ?@<E>>@5=L, 

>@V< E>4?O@=<E 7=4G5=L, 6<7=4G5=V WE =4?@O<><, M> T 646?<6<< G<==<>>< 4?O 

4=4?V7G =4?@46?5=>7> @GEG ??4EF4 �@G=FG =4 ??>M<=V ?5<5L4;  

3. �>5G4>64=> F5>@5F<G=G <>45?L, O>4 4>76>?OT 4?O 6<7=4G5=>7> 

>V=5<4F<G=>7> @56<<G @>5>F< ?5<5L4 ?@>4=4?V7G64F< 7=4G5==O 4VNG<E E<? 

=4 G4EF<=>G 5G?L5>=>E=>7> ??4EFG, M> 7=4E>4<FLEO =4 ??>M<=V ?5<5L4, F4 

6<7=4G<F< =4?@O<>> <>6?<6>7> WW @GEG. &4><= ?V4EV4 4>76>?OT <>45?N64F< 

=4?@46?5=<= @GE 5G?L>5>=>E=>7> ??4EFG =4 ??>M<=V ?5<5L4, 7<V=NNG< 

G4EF>FG >55@F4==O V @44VGE >@<6>L<?4, 4>66<=< 744=VE ?V46VEV6 F4 >GF 

6EF4=>6?5==O ?5<5L4 4> 7>@<7>=FG. 

4. �>5G4>64=4 F5>@5F<G=4 <>45?L, O>4 >?<EGT 74>>= @GEG <5E4=V7<G 

?5<5L4 F4 547GTFLEO =4 F5>@5<V ?@> 7<V=G >V=5F<G=>W 5=5@7VW, 4>76>?OT 

6<7=4G<F< ?@<6545=<= <><5=F V=5@FVW ?@<6>4=>7> <5E4=V7<G 6V5@4FV==>7> 

?5<5L4, O><= ?56<FL 6 >E=>6V >FV=>< 5=5@75F<G=<E 74F@4F =4 ?@<6>4 44=>7> 

@>5>G>7> >@74=G. 

�E=>6=V @57G?LF4F< @>74V?G >?G5?V>>64=V G ?@4FOE [3, 4, 51, 54, 56]. 



104 

$����� 3 

�$��$��� &� ��&����� �$�������/ 

��%��$����&��,��% ��%������,  

 

 

 

3.1 �D>7D4<4 ?D>6545==O 5>E?5D<<5=F4?L=<E 4>E?V465=L 

 

 

' 4<E5@F4FV==><G 4>E?V465==V 6<7=4G5=> <5FG F4 ?>EF46?5=> @O4 7444G, 

=4 >E=>6V O><E ED>@<>64=> ?@>7@4<G 5>E?5@<<5=F4?L=<E 4>E?V465=L. &4>4 

?@>7@4<4 ?>>?<>4=4 =4 F5, M>5 ?V4F65@4<F< F5>@5F<G=V @>7@4EG=>< ?@< 

>5�@G=FG64==V >>=EF@G>F<6=>-F5E=>?>7VG=<E ?4@4<5F@V6 @>7@>5?5=>7> 

>><5V=>64=>7> 4>F<6=>7> ?5<5L4 6 E<EF5<V >4=>@O4=>W >4@F>??575<@4?L=>W 

<4L<=<. �@V< F>7>, >F@<<4=V >>@5<V @57G?LF4F< 5>E?5@<<5=F4?L=<E 

4>E?V465=L E?G7GNFL 6<EV4=<<< ?4@4<5F@4<< 4?O F5>@5F<G=<E >5�@G=FG64=L 

45> GF>G=NNFL WE [61].  

�@>7@4<4 5>E?5@<<5=F4?L=>7> 4>E?V465==O 6>?NG4T =4EFG?=V 

EF@G>FG@=V 5F4?<. 

$>7@>5<F< F4 6<7>F>6<F< >4=>@O4=G >4@F>??575<@4?L=G <4L<=G 7 

>><5V=>64=<< 4>F<6=<< ?5<5L5<, O>4 ?@<7=4G4TFLEO 4?O @>5>F< G =565?<><E 

D5@<5@EL><E G< ?V4E>5=<E 7>E?>44@EF64E F4 47@574FGTFLEO 7 F@4>F>@4<< 

FO7>6>7> >?4EG =5 5V?LL5 0,6 F. 

�@>65EF< ?>?L>6V 5>E?5@<<5=F4?L=V 4>E?V465==O 7 <5F>N 6<7=4G5==O 

5D5>F<6=>EFV @>5>F< >><5V=>64=>7> 6V5@4FV==>7> ?5<5L4 7 4>F<6=<<< 

5>>>6<=>4<<, 6EF4=>6<F< O>VEFL ?V4>>?G64==O 7@555=V6 >4@F>??O=>W 7@O4><; 

6EF4=>6<F< EFG?V=L ?>L>>465=>EFV 5G?L5 @>5>G<<< >@74=4<< 

>4@F>??5>>?4G4; 5D5>F<6=VEFL E5?4@4FVW ?@< @V7=<E G4EF>F4E F4 4<??VFG44E 

??>M<=< ?5<5L4, 6EF4=>6<F< @4FV>=4?L=5 7=4G5==O. 
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�<>>@<EF>6GNG< E?5FV4?V7>64=5 >5?44=4==O, 6<7=4G<F< FO7>6<= >?V@ 

>4@F>??575<@4?L=>W <4L<=<  F4 ?>FG6=VEFL, M> E?>6<64TFLEO ?@<6>4>< 

<5E4=V7<G ?5<5L4 4?O 74557?5G5==O 6V5@4FV==<E >>?<6=<E @GEV6. 

�4 >V=F56><G 5F4?V 3 7V5@4F< F4 E<EF5<4F<7G64F< >F@<<4=V 7=4G5==O, 

6<>>=4F< >5@>5>G 5>E?5@<<5=F4?L=<E 44=<E F4 ?@54EF46<F< WE 

DG=>FV>=4?L=<<< 74?56=>EFO<< 7 6V7G4?V74FVTN @57G?LF4FV6.  

%5@54>6<M5< 4?O ?@>6545==O ?>?L>6<E 5>E?5@<<5=F4?L=<E 4>E?V465=L 

6<5@4F< F<?>65 ?@<64F=5 7>E?>44@EF6>, 45 7@555=56<< E?>E>5>< 6<>>=4=> 

?>E44>G >4@F>??V, 5G6 74V=E=5=<= <V=V<4?L=> 4>EF4F=V= @V65=L 4>7?O4G 74 

?>EV64F< F4 =4 G4E 75<@4==O E5@54=O 745G@9O=5=VEFL ??>MV 7 ?>?5@54=V< 

>G<M5==O< >4@F>??O=>W 7@O4>< 6V4 74?<L>V6 5G@9O=V6 F4 544<??O >4@F>??V. 

 

 

 

3.2 �5'T>F V ?D54<5F 5>E?5D<<5=F4?L=>7> 4>E?V465==O  
 

 

/> 747=4G5=> 6<M5, M> =4 >E=>6V 74?4F5=F>64=>7> ?@<=F<?>6>7> 

@VL5==O [51] 5G?> 74?@>?>=>64=> >>=EF@G>F<6=G EE5<G @>7@>5?5=>7> 

>><5V=>64=>7> 4>F<6=>7> ?5<5L4, O><= V=F57@>64=> 6 >>=EF@G>FVN 

>4@F>??5>>?4G4 >?4E<G=>W EE5<< 5?564F>@=>7> F<?G. 

�VE?O ?@>6545=<E F5>@5F<G=<E 4>E?V465=L >>@5<<E >>=EF@G>F<6=<E F4 

>V=5<4F<G=<E ?4@4<5F@V6 V, 4=4?V7GNG< 4>E6V4 ?>4V5=<E @VL5=L [6, 46, 65, 72, 

73], M> EF>EGNFLEO F4>>7> F<?G <4L<= [89, 90], ?@<=L?< 4> =4EFG?=>W 

>>=EF@G>FVW >4=>@O4=>7> >4@F>??5>>?4G4, @<E. 3.1. 
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1 3 EGFV?L=4 G4EF<=4 ?5<5L4; 2 3 4>F<6=4 5>>>6<=>4; 3 3 ?@GF>>64 
G4EF<=4 ?5<5L4 (7@>E>F); 4 3 744=V= ?V46VE ?5<5L4; 5 3 @57G?L>64=5 >?>@=5 

>>?5E>; 6 3 E<EF5<4 ?@<6>4G ?@GF>>6>7> F@4=E?>@F5@4; 7 3 ?@GF>>6<= 
F@4=E?>@F5@; 8 3 <4E>6<>; 9 3 ?@<6>4=<= >>=VG=<= @54G>F>@; 10 3 L4FG= 

$<EG=>> 3.1 3 �474?L=<= 6<7?O4 @>7@>5?5=>7> >4@F>??5>>?4G4 
 

%?5F<DV>>N @>5>F< F4>>W >4@F>??575<@4?L=>W <4L<=< T F5, M> ?5<VL  

(@<E. 3.1, 3.2)  <4T EGFV?L=G G4EF<=G 7 >@<6>?V=V==>N @V74?L=>N >@><>>N, M> 

4>76>?OT 5D5>F<6=> ?V4@V74F< 5G?L5>=>E=<= ??4EF �@G=FG, 74557?5GGNG< =>7> 

EF<E=5==O 6 ??>M<=V 7@V7G 7 >4=>G4E=>N <>6?<6VEFN >>674==O V ?5@5@V74==O 

�@G=F>6<E G< @>E?<==<E G4EF<=>> ?> @V74?L=><G ?57G. �<?G>?4 E5@54=O 

G4EF<=4 @V74?L=>7> ?574 ?5<5L4 4>76>?OT GF6>@<F< =4 4=V 5>@>7=< 747?<5<=G 

E4<5 ?V4 >E=>6=<< @>7<VM5==O< >4@F>??O=>7> 7=V744, M> E?@<OT G=<>=5==N 

?>L>>465==O 5G?L5. �@V< F>7>, >@<6>?V=V==4 ?>65@E=V @V74?L=>7> ?574, =>7> 

6<?G>?V G4EF<=< ?>?57L5=> 6@V74NFLEO 6 �@G=F E6>TN >?<=>?>4V5=>N 

D>@<>N, EF6>@NNG< 5V?LLV ?<F><V F<E><, F4 ?>?57L5=> 6V44V?ONFL 

?V4>>?G64=<= ??4EF 6V4 >E=>6=>7> <4E<6G. 
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$<EG=>> 3.2 3 �5<VL >4@F>??5>>?4G4 (?@><V6=4 EF44VO  
6<7>F>6?5==O 4>E?V4=>7> 7@47>4) 

 
-5 >4=VTN 6V4<V==VEFN ?@54EF46?5=>W >>=EF@G>FVW ?5<5L4 T F5, M> 4?O 

=>7> >@V??5==O =4 @4<V ?5@5454G5=> 6<>>@<EF4==O 46>E ?V46VEV6 @V7=>W 

4>66<=<. &5 4>76>?OT EF6>@<F< 5D5>F =5?4@4?5?L=<E ?5@5<VM5=L ??>M<=< 

?5<5L4 ?@< =>7> >>?<64==OE. &5= 5D5>F 6<>>@<EF4=> 4?O GF6>@5==O 

=4?@46?5=>7> @GEG 5G?L5>=>E=>7> ??4EF4. 

$>77?O=5<> 45F4?L=VL5 >>=EF@G>FVN >@V??5==O ?5<5L4, @<E. 3.3. 

 

 

$<EG=>> 3.3 3 �5E4=V7< >@V??5==O ?5<5L4 
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� @<E. 3.3 6<4=>, M> ?5@54=V< ?V46VE>< E?G64FL 4>F<6=V 5>>>6<=>< 1 , 

M> F4=45<=> 79T4=4=V <V6 E>5>N F4 ?@<T4=4=V 4> L4@=V@4 >@<6>L<?4 8 

?@<6>4G. �4 WE ??>M<=V @>7<VM5=> 464 L4@=V@< 3 65@E=V= 3 79T4=GT 7 @4<>N 

>4@F>??5>>?4G4, 4 =<6=V= 2 3  7 ?5<5L5< G ?5@54=V= G4EF<=V; 744=V= ?V46VE 5 

F4>>6 <4T 464 L4@=V@< 3 =<6=V= 4 79T4=GT 7 ?5<5L5<, 65@E=V= 7 3 7 @4<>N 

<4L<=<. �44=V= ?V46VE T @57G?L>64=<< ?@< 74>@V??5==V =>7> =4 @4<V <4L<=<, 

F>5F> ?@< 6<>>@<EF4==V ?V4>?44=<E ??4=>> ?V4 >>@?GE L4@=V@4 6 <>6=4 

>F@<<4F< @57G?L>64=G GEF4=>6>G=G 7<V=G >GFV6 ?>EF4=>6>< ?5<5L4 4> 4=4 

5>@>7=<. �4 @<E. 3.3 ?>>474=<= 64@V4=F <V=V<4?L=>7> GEF4=>6>G=>7> >GF4 

?>EF4=>6>< ?5<5L4 4> 4=4 5>@>7=< 3 120. �@< 6<>>@<EF4==V ?V4>?44=<E 

??4=>> F>6M<=>N 10 << F5= >GF 7@>EF4T V EF4T:   

- ?@< 6<>>@<EF4==V >4=VTW ?V4>?44=>W ??4=>< (10 <<) 3 140; 

- 46>E ??4=>> (20 <<) 3 160. 

�>44?LLG 7<V=G >GF4 ?>EF4=>6>< ?5<5L4 4> 4=4 5>@>7=< 74V=E=NNFL 

76<=F>6<< <5E4=V7<>< >?>@=<E >>?VE (?>7.5, @<E. 3.1) G ?>T4=4==V 7 =46VE>>N 

F@4>F>@4. 

-5 >4=<< F5E=>?>7VG=<< @57G?N64?L=<< ?4@4<5F@>< 44=>W 

>4@F>??575<@4?L=>W <4L<=< T 7<V=4 4<??VFG4< ?5@5<VM5==O ?5<5L4. �5 

>>6=4 >>=EF@G>FVO >4@F>??5>>?4G4, O>V T =4 @<=>G, <4T ?5@5454G5=V F4>V 

@57G?N64==O. &5 ?>69O74=> 7V E>?44=VEFN F5E=VG=>W @54?V74FVW FL>7> @VL5==O. 

%4< ?4@4<5F@ <4T 7=4G=<= 6??<6 =4 7GE<??O ?V4>>?G64==O F4 ?>44?LLG 

E5?4@4FVN 5G?L5>=>E=>7> ??4EF4. � 44=><G >>=F5>EFV FN ?@>5?5<G 6<@VL5=> 

=4EFG?=<< G<=><. �4 6<EV4=><G 64?G >>=VG=>7> @54G>F>@4 ?@<6>4G ?5<5L4 

74>@V??5=> <5F4?56<= <4E>6<>, O><= 6<@VLGT M5 >4=G ?@>5?5<G 3 

7@V6=>646GT @>5>FG <5E4=V7<G ?@<6>4G, 4465 FGF T 7=4G=V 4<=4<VG=V 

7=4>>7<V==V E<?<. �> >E=>6< 4<E>4 ?@<T4=4=> L4@=V@ >@<6>L<?4, O><= 

GF6>@NT 7444=<= @44VGE, 74>@V??5==O< =>7> G @V7=<E >F6>@4E <4E>6<>4, 

@<E. 3.4.  
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1 3 L4@=V@ ?5@54=L>7> ?V46VEG ?5<5L4; 2 3 L4FG=; 3 3 ?@<6>4=<= 
>>=VG=<= @54G>F>@; 4 3 ??4=>4 L4@=V@4 >@<6>L<?4 7 >@V??5==O<<; 5 3 

@57G?N64?L=V >F6>@< @44VGE4 >@<6>L<?4; 6 3 <4E>6<> 
$<EG=>>  3.4 3 �@<6>L<?=>-L4FG==<= ?@<6>4 ?5<5L4 

 

�F65, 4?O 6EF4=>6?5==O 4<??VFG4< >>?<64=L ?5<5L4 4>EF4F=L> 

6<>@GF<F< =<6=V= 5>?F ??4=>< L4@=V@4 >@<6>L<?4 4, >E?45<F< WW 65@E=V= 

5>?F F4 ?>65@=GF< ??4=>G L4@=V@4 6 EF>@>=G 75V?LL5==O G< 7<5=L5==O 

@44VGE4 >@<6>L<?4 4> E?V6?444==O =<6=L>7> >F6>@G ??4=>< 7 >4=<< V7 

@57G?N64?L=<E >F6>@V6 5 <4E>6<>4 6. �4DV>EG64F< ??4=>G L4@=V@4 >@<6>L<?4  

G 7444=><G ?>?>65==V, 74FO7=G6L< WW 65@E=V= F4 =<6=V= 5>?F<. �V4?47>= 

@57G?N64=L 4<??VFG4< ?5<5L4 <>6=4 6EF4=>6<F< 4<E>@5F=>, F45?. 3.1. 

 

&45?<FO 3.1 3 �<??VFG4< >>?<64=L ?5<5L4 F4 4>F<6=<E 5>>>6<=>> 

$44VGE 
>@<6>L<?4 

�>@<7>=F4?L=4 4<??VFG44 �5@F<>4?L=4 4<??VFG44 
?5<5L4 5>>>6<=>< ?5<5L4 5>>>6<=>< 

8,6 5,4 13,0 1,4 10,9 
18,2 11,6 22,5 3,4 28,2 
27,3 17,3 32,8 5,8 43,2 

 

�F@<<4=4 >>=EF@G>FVO <4L<=< 74 >?4E<G=>N EE5<>N =46VLGTFLEO =4 

F@<F>G>>6G =46VE>G F@4>F>@4 F4 ?@<T4=GNFL >4@44==<= 64? 4> ?@<6>4=>7> 

@54G>F>@4, @<E. 3.5. 
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$<EG=>> 3.5 3 &@4=E?>@F=5 ?>?>65==O >4@F>??5>>?4G4 ?@< =46VLG64==V 
=4 F@<F>G>>6G =46VE>G F@4>F>@4 

 

' ?V4EG<>G =46545<> F5E=VG=G E4@4>F5@<EF<>G >4=>@O4=>7> 

>4@F>??5>>?4G4 ?@< 6<>>@<EF4==V 6 =>7> >>=EF@G>FVW >><5V=>64=>7> 

4>F<6=>7> ?5<5L4, >?<E4=>W >>=EF@G>FVW, F45?. 3.2. 

 

&45?<FO 3.2 3 &5E=VG=4 E4@4>F5@<EF<>4 >4=>@O4=>7> >4@F>??5>>?4G4 

�>>47=<> �=4G5==O 
&<? >4@F>??5>>?4G4 >><5V=>64=<= 
&<? ?@<6>4G FO7>6>-?@<6>4=<= 
�V?L>VEFL @O4>V6 ?V4>>?G64==O >4<= 
,6<4>VEFL @GEG 47@574FG, </E 0,8331,4 
�V4?47>= @57G?N64=L 4<??VFG4 >>?<64=L 
?5<5L4, << 

 
5,5;   11,6;   17,3 

&<? >>=65T@4 ?@GF>>6<= F@4=E?>@F5@ 
�V=V==4 L6<4>VEFL F@4=E?>@F5@4: 
?@< G4EF>FV ��� 540 >5/E6, </E 

46>EFG?5=564 
1,63; 3,26 

'EF4=>6>G=<= >GF =4E<?G ?5<5L4, 7@44 12; 14; 16 
$>7@4EG=>>64 ?@>4G>F<6=VEFL, 74/7>4: 
<V6@O44O 0,7 < 
<V6@O44O 0,65 < 
<V6@O44O 0,6 < 

 
0,2130,35 
0,1930,33 
0,1830,3 

 

�@54<5F>< 4>E?V465==O 5G45 6<7=4G5==O 47@>F5E=>?>7VG=<E F4 

5=5@75F<G=<E ?>>47=<>V6 @>5>F< >4@F>??5>>?4G4.  
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3.3 &5E=VG=5 74557?5G5==O ?D>6545==O 5>E?5D<<5=FG  

 

�?O @54?V74FVW ?>?L>6<E 5>E?5@<<5=F4?L=<E 4>E?V465=L 5=5@75F<G=<E 

?>>47=<>V6 @>5>F< >4@F>??5>>?4G4, 4 E4<5, 6<7=4G5==O FO7>6>7> >?>@G 

?5@5<VM5==O <4L<= F4 E?>6<64==O =<< ?>FG6=>EFV 6V4 ��� F@4>F>@4 5G?> 

6<>>@<EF4=> >5?44=4==O =4G>>6>-4>E?V4=>W ?45>@4F>@VW «�7@>F5E=>?>7VW, 

<4L<=< F4 <4F5@V4?<» >4D54@< F5E=VG=>W <5E4=V>< F4 EV?LEL>>7>E?>44@EL><E 

<4L<= &5@=>?V?LEL>>7> =4FV>=4?L=>7> F5E=VG=>7> G=V65@E<F5FG V<5=V �64=4 

�G?NO, O>5 5G?> 7<>=F>64=5 =4 E?5FV4?L=> @>7@>5?5=<E ?@<EF>EG64==OE. 

�?O @5TEF@4FVW 5?5>F@<G=<E E<7=4?V6, M> 75=5@GNFLEO 6 ?@>F5EV 

=464=F465==O F5=7><5F@<G=<< >5?44=4==O<, DV>EG64?<EO F<D@>6>N 

4?4@4FG@>N, M> ?@54EF46?5=4 =4 @<E. 3.6 [103].  

 

 

$<EG=>> 3.6 3 �474?L=<= 6<7?O4 6<<V@N64?L=>W E<EF5<< 

 

�E=>6=V F5E=VG=V E4@4>F5@<EF<>< 6<<V@N64?L=>W E<EF5<< [103]: 

 G<E?> G=V65@E4?L=<E 6<<V@N64?L=<E >4=4?V6 - 8; 

 G4EF>F4 4<E>@5F<74FVW  6V4 1 �F 4> 2 >�F; 

 G4E 46F>=><=>W @>5>F< 52 E6, ?@< <4>E<<4?L=V= G4EF>FV 4<E>@5F<74FVW; 

 @57G?LF4F< 6<<V@N64=L >5@>5?ONFLEO =4 ��, 7 6<>>@<EF4==O< ?4>5FV6 

?@<>?44=<E ?@>7@4<. 
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�@< 6<7=4G5==V FO7>6>7> >?>@G >4@F>??5>>?4G4 5G?> @>7@>5?5=> 

E?5FV4?L=5 ?@<E?>EV5?5==O FO7>6>7> ?@<EF@>N, @<E. 3.7.  

 

 

$<EG=>> 3.7 3 �@<E?>EV5?5==O 4?O 6<7=4G5==O FO7>6>7> >?>@G 
>4@F>??5>>?4G4 

 
 

%GFL =>7> @>5>F< ?>?O74T 6 F><G, M> =<6=N 54?>G ?@<G5?4 6<>>=4=> G 

6<7?O4V �-?>4V5=>7> 5?5<5=F4, O><= <VEF<FL ?>?5@5G<=G 1, =4 O>V= 74>@V??5=V 

@>7EG6=V (@57G?L>64=V) 79T4=G64GV 2 7 =<6=V<< FO74<< F@4>F>@4. �> 

?>?5@5G<=< 1 ?@<T4=4=> 464 EF5@6=V 3 M> <>6GFL 6V?L=> ?5@5<VM4F<EO G 

=4?@46?ONG<E 8 @4<< >4@F>??5>>?4G4. �?O >5<565==O WE @GEG F4 

@57G?N64==O 7444=>7> 6<?L>FG =<6=L>W 54?>< ?@<G5?4 ?5@5454G5=> >F6>@< 4, 
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7 4>?><>7> O><E F4 ?@< E?V6?444==V WE 7 >F6>@4<< G =4?@46?ONGV= 8 @4<< 

DV>EGNFLEO 5>?F4<< 9. &4>4 EE5<4 6<>>@<EF>6GTFLEO ?@< 76<G4==><G @56<<V 

5>E??G4F4FVW >4@F>??5>>?4G4. �?O 6<7=4G5==O FO7>6>7> >?>@G >4@F>??5>>?4G4 

7=V<4T<> DV>E4FVN 5>?F4<< 9, M> 4>76>?OT EF5@6=O< 3 6V?L=> ?5@5<VM4F<EO G 

=4?@46?ONG<E 8 @4<<, F>4V WE @GE >5<56GT<> 46><4 5>?F4<< 6 7 =4>?5T=<<< 

F5=7>@57<EF>@4<< 7. 

�>?F< 6, 6 E6>N G5@7G, 6>@GGGNFLEO 6 >F6>@< 5 EF5@6=V6 3, 4 7>?>6>>N 

74>@V??5=V G E?5FV4?L=><G >@>=LF5==V =4 @4<V <4L<=<. &5 44T <>6?<6VEFL 

>5<56<F< @GE =<6=L>W 54?>< ?@<G5?4. �GE<??O, M> 6<=<>4NFL ?@< 

6<@>5=<G><G >?>@V, @>7FO7GNFL 5>?F< @47>< V7 F5=7>@57<EF>@4<<, M> 

7<V=NNFL E6V= >?V@. �EF4==V ?@<T4=4=V 4> 6<<V@N64?L=>W 4?4@4FG@< V F4><< 

G<=>< DV>EGNFLEO 7=4G5==O 5?5>F@<G=<E E<7=4?V6 F4 74?<EGTFLEO WE 7<V=4 ?@< 

6<=<>=5==V 6<@>5=<G>7> =464=F465==O ?@< ?V4>>?G64==V >4@F>??O=>W 7@O4><. 

&5=7>@57<EF>@< 6<>>@<EF>6G64?< �$5�1-15-200-�-12 (�$5�1-15-200-

�-12) 7 =><V=4?L=<< >?>@>< 200 �<. 

 

$<EG=>> 3.8 3 &5=7>@57<EF>@< �$5�1-15-200-�-12 

 

�?O 6<7=4G5==O >@GF=>7> <><5=FG (?>FG6=>EFV) ?@<6>4G 6V4 ��� 

F@4>F>@4 5G?> 74EF>E>64=> <><5=F><V@, @<E. 3.9. 
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$<EG=>> 3.9 3 �<7=4G5==O >@GF=>7> <><5=FG ?@<6>4G <><5=F><V@>< 

 

�4=<= ?@<EF@V= 6<>=F>6GTFLEO 6 >V=5<4F<G=<= ?4=FN7 <V6 >4@44==<< 

64?>< 6V4 ��� F4 6EV4=<< 64?>< ?@<6>4=>7> @54G>F>@4. �@<=F<? =>7> 

@>5>F< 4=4?>7VG=<= 4> F<?>6>7> F5=7><5F@<G=>7> ?@<EF@>N: ?@< ?5@544GV 

>@GF=>7> <><5=FG 6V4 ��� 4> @>5>G>W <4L<=< G5@57 GGF?<6<= 

F5=7><5F@<G=<= 5?5<5=F ?@>E>4<FL 45D>@<4FVO FL>7> 5?5<5=F4, 4 =4>?5T=<= 

F5=7>44FG<E =4 FN 45D>@<4FVN @547GT 7<V=>N >?>@G, O><= DV>EGT F<D@>64 

4?4@4FG@4. %>?44=VEFL FL>7> ?@<EF@>N ?>?O74T 6 F><G, M> F5=7><5F@<G=<= 

5?5<5=F T >55@F>6<< @47>< 7 L4@=V@>< �G>4, 4 F><G FGF ?5@5454G5=V 

>>=F4>F=V >V?LFO, M> T 6 >>=F4>FV V7 7>6=VL=L>N =5@GE><>N >5>=<>N G5@57 

@FGF=G 64==G. 

'4EF>FG >55@F4==O ��� >>=F@>?N64?< F<D@>6<< ?475@=<< 

557>>=F4>F=<< F4E><5F@>< DT-2234C+ ?@< =4>?5N64==V =4 >55@F>6G G4EF<=G 

E6VF?>6V45<6=>W EF@VG><. 

&4><= >>=F@>?L 6<>?<>4=<= =5>5EV4=VEFN ?5@56V@>< F4 =4?4LFG64==O 

7444=>W G4EF>F< >55@F4==O >>?V=G4EF>7> 64?4 46<7G=4 =4 7444=V= ?5@544GV 4?O 

G77>465==O G4EF>F< >55@F4==O ��� F4 ?>EFG?4?L=>W L6<4>>EFV 47@574FG. 
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3.4 �5F>4<>4 F4 ??4=G64==O 5>E?5D<<5=FG 
 

�?O ??4=G64==O F4 ?@>6545==O 5>E?5@<<5=F4?L=<E ?>?L>6<E 

4>E?V465=L 6<5@4=> >E=>6=V ?V4E>4< EF4=44@F=<E <5F>4< F4 ?@4>F<>< 

?>5G4>6<, ?@>6545==O F4><E 5>E?5@<<5=FV6 G ?>?L>6<E G<>64E [8, 30, 36, 61, 

77], =4 >E=>6V O><E 6<5G4>64=> ??4=-<4F@<FN 5>E?5@<<5=FG. �VE?O 

�@G=F>6=>7> 4=4?V7G 6??<6G D4>F>@V6 =4 >F@<<4==O >E=>6=<E @57G?LF4FV6 

5>E?5@<<5=F4?L=<E 4>E?V465=L, ?@<=L?< 4> 6<E=>6>G, M> =4=5V?LL 

?@4>F<G=<< F4 F4><<, M> <>6?<6> 5G45 @54?V7G64F< =4 ?@4>F<FV 3 F5 5G45 

?>6=<= D4>F>@=<= 5>E?5@<<5=F F<?G 

 

,       (3.1) 

 

45  3 G<E?> @V6=V6 64@VN64==O, ;  

 3 >V?L>VEFL =574?56=<E D4>F>@V6, . 

�4 F4><E G<>6 >V?L>VEFL 4>E?V4V6 4?O 6<7=4G5==O 4>E?V46G64=>W 

65?<G<=< E>?444F<<5 . 

�V?L>VEFL ?>6F>@N64=>EF5= >4=>7> 4>E?V4G 74>?444T<> . &4><< 

G<=><, 7474?L=4 >V?L>VEFL 4>E?V4V6 EF4=>6<F<<5 27. 

�>65@E=N 6V47G>G 5G45 >?<EG64F< @57@5EV==4 74?56=VEFL 4@G7>7> 

?>@O4>G G 6<7?O4V 

 

  (3.2) 

 

�?O 6<7=4G5==O >>5DVFVT=FV6 @V6=O==O @57@5EVW (3.2) =5>5EV4=> E>?4EF< 

<4F@<FN ??4=G64==O �$�, F45?. 3.3. 
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&45?<FO 3.3 3 �4F@<FN ??4=G64==O �$�,  

7 x¡ x¢ �>6F>@ 1 �>6F>@ 2 �>6F>@ 3 
1 -1 -1 y¡ y¢ y£ 
2 0 -1 y¡ y¢ y£ 
3 1 -1 y¡ y¢ y£ 
4 -1 0 y¡ y¢ y£ 
5 0 0 y¡ y¢ y£ 
6 1 0 y¡ y¢ y£ 
7 -1 1 y¡ y¢ y£ 
8 0 1 y¡ y¢ y£ 
9 1 1 y¡ y¢ y£ 

 

�?O 6<7=4G5==O >>5DVFVT=FV6 @V6=O==O @57@5EVW (3.2) 5G45<> 

6<>>@<EF>6G64F< =4EFG?=V 74?56=>EFV [93, 96, 105]: 

 

 

 

 

 

 

   (3.3) 

 

 

 

 

 

 

45 3 5>E?5@<<5=F4?L=5 7=4G5==O 4>E?V46G64=>W 65?<G<=<;  

,  3 =>@<4?V7>64=V 7=4G5==O D4>F>@V6. 

�>4G64==O D4>F>@V6 6<>>=G64F<<5<> 74 7474?L=>?@<==OF<<< 

74?56=>EFO<<, M> @>77?O44NFLEO 6 F5>@VW 5>E?5@<<5=FG. 

2
3N

;/1
10 å yNb

;/1
111 å × ixyNb

;/1
212 iii xxyNb ××å

;/1
2112 iii xxyNb ××å

;/1
2

111 å × ii xyNb

,/1
2

222 å × ii xyNb

i
y

i
x
1 i

x
2
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�<E>4OG< 7 FL>7>, =4<VG5=> ??4= 5>E?5@<<5=FG, 74 O><< 5G45 

?@>6545=> 5>E?5@<<5=F4?L=5 4>E?V465==O F4 74DV>E>64=V 5>E?5@<<5=F4?L=V 

7=4G5==O LG>4=<E 65?<G<= 7 ?>44?LL>N WE >5@>5>>N. 

 

 

 

3.5 �<E=>6>< 4> FD5FL>7> D>74V?G 

 

 

1. �V4?>6V4=> 4> @>7@>5?5=>W ?@>7@4<< 5>E?5@<<5=F4?L=<E 4>E?V465=L 

5G?> 6<7>F>6?5=> 4>E?V4=<= 7@47>> >4=>@O4=>7> >4@F>??5>>?4G4 7 

>><5V=>64=<< 4>F<6=<< ?5<5L5<, 4?O O>>7> 6EF4=>6?5=V >E=>6=V F5E=VG=V 

E4@4>F5@<EF<>< F4 @57G?N64?L=V ?4@4<5F@<: L6<4>VEFL @GEG 47@574FG 3 0,833

1,4 </E; 4V4?47>= @57G?N64=L 4<??VFG4 >>?<64=L ?5<5L4 3  5,5 <<; 11,6 <<; 

17,3 <<;  GEF4=>6>G=<= >GF =4E<?G ?5<5L4 3 120; 140; 160; @>7@4EG=>>64 

?@>4G>F<6=VEFL ?@< <V6@O44OE 0,7 < 3 0,2130,35 74/7>4. 

2. �?<E4=> <5F>4<>G F4 F5E=VG=5 74557?5G5==O 4?O ?@>6545==O 

5>E?5@<<5=FG. %??4=>64=> ?>6=<= D4>F>@=<= 5>E?5@<<5=F F<?G 32, 4?O O>>7> 

E>?445=> <4F@<FN 5>E?5@<<5=FG, 74?<E4=> @V6=O==O >644@4F<G=>W @57@5EVW F4 

6<@47< 4?O 6<7=4G5==O WW >>5DVFVT=FV6. 

�E=>6=V @57G?LF4F< @>74V?G >?G5?V>>64=V G ?@4FOE [3, 51, 54]. 
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$����� 4 

�$�������/ ��%��$����&��,��%  

��%������, &� ��$���� $��'�,&�&�� 

 

 

 

4.1 �V47>F>6>4 4> ?D>6545==O 5>E?5D<<5=F4?L=<E 4>E?V465=L  

 

�?O ?@>6545==O 5>E?5@<<5=F4?L=<E 4>E?V465=L M>4> 6<7=4G5==O 

5=5@75F<G=<E V O>VE=<E ?>>47=<>V6 @>5>F< @>7@>5?5=>7> >4@F>??5>>?4G4, 

>@V< E>?444==O ??4=G 5>E?5@<<5=FG, =5>5EV4=> 74557?5G<F< G<>6< =>7> 

?@>6545==O. �4=VTN 7 F4><E G<>6 T ?V47>F>6>4 ??>MV.  

�?O ?>?57L5=>7> ?@>F5EG ?V4>>?G64==O >4@F>??O=>W 7@O4>< =5>5EV4=> 

?>65@E=N ?>?O >G<EF<F< 6V4 «74=6<E» @>E?<==<E @5LF>> 3 5G@9O=V6 F4 

544<??O >4@F>??V. �4 @<E. 4.1 ?>>474=> F<?>6G ??>MG >4@F>??O=>W 7@O4><, O>4 

T 7=4G=> 745G@9O=5=>N G ?5@V>4 75<@4==O >4@F>??V.  

 

$<EG=>> 4.1 3 �V47>F>6>4 ?>?O 

 

�?O ?V46<M5==O 5D5>F<6=>EFV ?@>F5EG 75<@4==O >4@F>??V, 64@F> 

?@>65EF< E>>LG64==O ?>65@E=56>W @>E?<==>EFV 7 ?>4@V5=5==O< @>E?<==<E 

@5LF>>. �4 @<E. 4.1 ?>>474=4 E6VF?<=4, 45 G4EF<=4 ??>MV 665 ?V47>F>6?5=4 4> 

75<@4==O, =4 G4EF<=V ??>MV 665 7V5@4=<= G@>64= F4 G4EF<=4, O>4 M5 ?>F@55GT 
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>5@>5><.  

�@G7<< >@>>>< ?V47>F>6>< ?>?L>6<E 4>E?V465=L T 6EF4=>6?5==O 

7?<5<=< V L<@<=< 74?O74==O 5G?L5 G 7=V74V 4?O ?@46<?L=>7> =4?4LFG64==O 

>4@F>??5>>?4G4.  

�4 @<E. 4.2 ?>>474=> F<?>6<= >GM >4@F>??V, 76V4>< 6<4=> @>7<VM5==O 

5G?L5 G 7=V74V 3 7?<5<=G 74?O74==O F4 L<@<=G 7=V744.  

 

 

$<EG=>> 4.2 3 &<?>65 @>7<VM5==O 5G?L5 G >4@F>??O=><G 7=V74V 

 

%5@54=T 7=4G5==O >V?L>>E ?>6F>@N64=>EF5= G @V7=<E F>G>4E ??>MV 

E6V4G<FL ?@> F5, M> EV4 ?5<5L4 (7?<5<=4 E>4G) ?> 6V4=>L5==N 4> 65@EG 

7@555=O ?>6<=5= E>?444F< 19-20 E<. &5= ?4@4<5F@ 64@F> >>=F@>?N64F<, M>5 

G=<>=GF< ?>L>>465==O 5G?L5 G5@57 ?V4@V74==O.  

&4> E4<> 64@F> >>=F@>?N64F< 6>?>7VEFL �@G=FG 7 4>?><>7>N 6>?>7><V@4 

45>, <4NG< ?@4>F<G=<= 4>E6V4, 6V7G4?L=>. &5= ?4@4<5F@ 7G<>6<FL >4<= V7 

G<==<>V6 O>>EFV E5?4@4FVW �@G=FG =4 @>5>G<E >@74=4E >4@F>??5>>?4G4 F4 =>7> 

=4?<?4==O =4 E4<V 5G?L5<. 
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/>M> F4>V G<>6< 74557?5G5=V <>6=4 ?5@5E>4<F< 4> ?@>6545==O E4<<E 

?>?L>6<E 5>E?5@<<5=F4?L=<E 4>E?V465=L [6, 22, 30, 58, 59, 71, 77, 91]. 

->5 @54?V7G64F< FN G4EF<=G ?>EF46?5=>W 7444GV, E?>G4F>G =5>5EV4=> 

?V47>FG64F< 47@574F. �5@54 =46VLG64==O< F5=7><5F@<G=>7> >5?44=4==O =4 

6V4?>6V4=V G4EF<=< >4@F>??5>>?4G4, 6V= ?>6<=5= 5GF< F5E=>?>7VG=> 

6V4?47>465=<<, ?5@56V@5=<< F4 ?>6=VEFN 7>F>6<< 4> @>5>F<. &5 4>EO74TFLEO 

?>?5@54=V<< ?>?L>6<<< 6<?@>5G64==O<<, 45 74V=E=NTFLEO 4?@>54FV==5 

6<>>?G64==O ?56=>W ??>MV >4@F>??O=>W 7@O4><.    

&4>G ?@>F54G@G 5G?> 74V=E=5=> V 7@>5?5=> >V?L>4 ?@>5=<E ?V4>>?G64=L 

7 <5F>N ?>?5@54=L>7> 6V4?47>465==O 47@574FG, @<E. 4.1 (?V4>>?4=V G>@=V 

E<G7<).  

�4?V 7>FGT<> E4< 47@574F 4> @>5>F< F4 ?@>6545==O 5>E?5@<<5=F4?L=<E 

4>E?V465=L, @<E. 4.3. 

 

$<EG=>> 4.3 3 �V47>F>6>4 47@574FG 4> 5>E?5@<<5=F4?L=<E 4>E?V465=L 

 

�@>7@4<>N ?@>6545==O 5>E?5@<<5=F4?L=<E 4>E?V465=L ?5@5454G5=> 

6<7=4G5==O FO7>6>7> >?>@G >4@F>??5>>?4G4 F4 EF4=>6?5==O ?>FG6=>EFV =4 
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?@<6>4 =>7> @>5>G<E >@74=V6. � @<E. 4.3 6<4=>, M> @>75?>>>64=> =<6=N 

?>?5@5G<=G V WW ?5@5<VM5==O G =4?@46?ONG<E @4<< >5<56GTFLEO G5@57 5>?F< 7 

=4>?5T=<<< F5=7>@57<EF>@4<<, O>V  ?V4>?NG5=> G5@57 @>79T<< 1 (V=L<= @>79T< 

1 =4 D>F> 7=4E>4<FLEO =4 ?@>F<?56=V= EF>@>=V >>?4G4) 4> @5TEF@GNG>W 

4?4@4FG@<. $>79T< 2 79T4=GT 6<EV4 <><5=F><V@4 7 4?4@4FG@>N. $>79T< 3 

79T4=GT =4>?5T=<= F5=7>@57<EF>@ =4 F5=F@4?L=G >?>@G =46VE>< 

>4@F>??5>>?4G4 F4>>6 V7 F5=7><5F@<G=<< >4=4?>< @5TEF@GNG>W 4?4@4FG@<. 

$5TEF@GNG4 4?4@4FG@4 <>65 ?@4FN64F< 6 46F>=><=><G @56<<V ?@< 

6<6?5==O 6V4 4>G<G?OF>@=>W 54F4@5W 5=5@7>74E>5G F4 7=4E>4<FLEO 

557?>E5@54=L> =4 =L><G, @<E. 4.4. 

 

  
 

4) 5) 
$<EG=>> 4.4 3 $>7<VM5==O F4 ?V4>?NG5==O @5TEF@GNG>W 4?4@4FG@<  

 

�4 @<E. 4.4, 4 ?>>474=> ?V49T4=4=G 4?4@4FG@G, =4 @<E. 4.4, 5 3 ?@>F5E 

74?<EG64==O 44=<E >4=VTW E5@VW 4>E?V4V6 =4 =>GF5G>.  

�>?< F4>4 ?V47>F>6>4 74V=E=5=4, 44?V E?V4GT E4<5 6<?@>5G64==O 74 

?@<==OF>N ?@>7@4<>N 5>E?5@<<5=FV6. 

 

 

  



122 

4.2 �>E?5D<<5=F4?L=5 6<7=4G5==O 5=5D75F<G=<E E4D4>F5D<EF<> 

>4DF>??5>>?4G4 F4 >5D>5>4 D57G?LF4FV6  
 

 

4.2.1 �<7=4G5==O FO7>6>7> >?>DG >4DF>??5>>?4G4 

 

�V4?>6V4=> 4> ?@>7@4<< ??4=G64==O 5>E?5@<<5=F4?L=<E 4>E?V465=L F4 

E4<>7> ??4=G 5>E?5@<<5=FG 6EF4=>6?5=> 4569OFL >><5V=4FV= ?@>6545==O 

5>E?5@<<5=FV6. �?O >F@<<4==O >59T>F<6=<E @57G?LF4FV6 >>6=G V7 >><5V=4FV= 

64@F> ?>6F>@<F< =5 <5=L5 O> 3 @47< [57, 93, 96, 97, 105, 106, 107]. 

�4@4<5F@<, M> ?V4?O74F<<GFL 7<V=V,F45?. 4.1  

 

&45?<FO 4.1 3 $4>F>@< F4 @V6=V 64@VN64==O 

�>7=4G5==O $4>F>@ �V=V<G< (-1) �4>E<<G< (+1) 

x¡ �>EFG?4?L=4 
L6<4>VEFL, </E 

0,6 1,4 

x¢ '4EF>F4 
>>?<64=L 

?5<5L4, �F 

5,0 7,0 

 

�?O ?@46<?L=>W ?>5G4>6< V >@74=V74FVW 4>E?V465==O E>>@<EF4T<>EO 

@>5>G>N <4F@<F5N 5>E?5@<<5=FG, 45 =46545=> 6EV >><5V=4FVW D4>F>@V6 G 

DV7<G=<E 65?<G<=4E, F45?. 4.2  

 

&45?<FO 4.2 3 $>5>G4 <4F@<FO 5>E?5@<<5=FG 

7 
>><5V=4FVW 

x¡ (</E) x¢ (�F) �>6F>@5==O  
1 2 3 

1 0,6 5 y¡ y¢ y£ 
2 1,0 5 y¡ y¢ y£ 
3 1,4 5 y¡ y¢ y£ 
4 0,6 6 y¡ y¢ y£ 
5 1,0 6 y¡ y¢ y£ 
6 1,4 6 y¡ y¢ y£ 
7 0,6 7 y¡ y¢ y£ 
8 1,0 7 y¡ y¢ y£ 
9 1,4 7 y¡ y¢ y£ 
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�4?V E?V4GT E5@VO 5>E?5@<<5=F4?L=<E 4>E?V465=L, @>7L<D@>6>4 

5?5>F@<G=<E E<7=4?V6, 74?<E4=<E @5TEF@GNG>N 4?4@4FG@>N, F4 7 6@4EG64==O 

F4@G64?L=<E >>5DVFVT=FV6 3 ?5@56V4 G DV7<G=V 65?<G<=< 4>E?V46G64=<E 

?4@4<5F@V6. 

�?GE>4NG< 6<>?44>G >?<E4=>W ?@>F54G@<, 74?>6=<<> F45?<FN 

@57G?LF4FV6 E5@54=V<< 7=4G5==O<< ?> >>6=V= 7 ?>6F>@N64=>EF5= >>=>@5F=>W 

>><5V=4FVW, F45?. 4.3. 

 

&45?<FO 4.3 3 $57G?LF4F< 5>E?5@<<5=F4?L=>7> 6<7=4G5==O FO7>6>7> 
>?>@G 47@574FG, >� 

 
7 x¡ x¢ y¡ y¢ y£ 
1 -1 -1 10,06 9,84 9,85 
2 0 -1 9,69 9,89 9,57 
3 1 -1 10,27 10,02 10,13 
4 -1 0 8,68 8,85 8,49 
5 0 0 8,97 8,96 9,11 
6 1 0 9,59 9,68 9,61 
7 -1 1 7,70 7,76 7,59 
8 0 1 8,51 8,49 8,45 
9 1 1 9,59 9,43 9,49 

 

�F@<<46L< 5>E?5@<<5=F4?L=V 7=4G5==O 4>E?V46G64=<E 65?<G<= F4 

74EF>E>6GNG< 74?56=>EFV (3.3), <>6=4 7=4=F< >>5DVFVT=F< @57@5EVW (3.2): 

 

 

 

        (4.1) 

 

 

 

 

�4 >E=>6V FL>7> <>6=4 74V=E=<F< ?5@56V@>G <>45?V =4 445>64F=VEFL. 

;9808,8
0
b

;5005,0
1
b

;6839,0
2

-b

;3979,0
12
b

;1860,0
11
b

.1366,0
22
b
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�<>>@<EF>6GNG< EF4=44@F=V <5F>4<>< F4 4>E6V4 5474FL>E =4G>>6FV6, 

?@>6545=> >FV=>G <>45?V. &GF =46545<> FV @57G?LF4F< F4>>W >FV=><. 

�5@56V@>4 >4=>@V4=>EFV <>45?V 74 >@<F5@VT< �>E@5=4: 

 

     (4.2) 

 

45  3 @>7@4EG=>>65 7=4G5==O >@<F5@VN �>E@5=4,  

 3 F45?<G=5  7=4G5==O FL>7> >@<F5@VN, . 

�46545=5 ?>@V6=O==O E6V4G<FL ?@> F5, M> 4<E?5@EVW >4=>@V4=V. 

�4EFG?=4 >FV=>4 EF>EGTFLEO 7=4GGM>EFV >>5DVFVT=FV6 @57@5EVW, 4?O O>>W 

6<>>@<EF4T<> t->@<F5@V= %F9N45=F4. &5= >@<F5@V= 4>76>?OT 6<7=4G<F<, G< 

6??<64T >>65= 7 D4>F>@V6 (45> WE 674T<>4VO) =4 @57G?LF4F 7 4>6V@G>N 

=<>6V@=VEFN 95%. 

�@<  EFG?5=OE 6V?L=>EFV, >@<F<G=5 7=4G5==O 

5G45 E>?444F< . 

 

&45?<FO 4.4 3 �>@V6=O==O >5G<E?5=<E 7=4G5=L >@<F5@VN %F945=F4 
7 t->@<F<G=<< 

�>5DVFVT=F te>E? t>@ �<E=>6>> 
b0 416,4570 > 2,101 7=4GGM<= 
b1 23,2079 > 2,101 7=4GGM<= 
b2 31,7160 > 2,101 7=4GGM<= 
b12 18,4528 > 2,101 7=4GGM<= 
b11 8,6237 > 2,101 7=4GGM<= 
b22 6,3339 > 2,101 7=4GGM<= 

 

-5 >4=4 ?5@56V@>4 =4L>W <>45?V 3 74 >@<F5@VT< $VL5@4 =4 445>64F=VEFL. 

$>7@4E>64=5 7=4G5==O >@<F5@VN $VL5@4 E>?444T  V 

?>@V6=NT<> =>7> 7 >@<F<G=<< 7=4G5==O<, M> 6<5@4=5 7 F45?<FL [97, 106, 107] 

?@< @V6=V 7=4GGM>EFV , EFG?5=OE 6V?L=>EFV:  3 

. 

,5157,02745,0
Fp GG

pG ;2745,0pG

F
G 5157,0

F
G

18)13(9)1( --kNfs

101,2
>D

t

4309,1
p

F

05,0a 18:3
11
ff

1599,3
>D
F



125 

�F65,   

,     (4.3)  

 

4 F5 >7=4G4T, M> <>45?L T 445>64F=>N 4> 5>E?5@<<5=F4?L=<E 44=<E 

&5?5@ >EF4F>G=> <>6=4 74?<E4F< 6<@47 @V6=O==O @57@5EVW G =4FG@4?L=<E 

65?<G<=4E   

 

  (4.4) 

 

45  3 ?>EFG?4?L=4 L6<4>VEFL, </E,  3 G4EF>F4 >>?<64=L ?5<5L4, �F. 

�4 >E=>6V FVTW 74?56=>EFV 5G4GT<> ?>65@E=N 6V47G>G 4?O 6V7G4?V74FVW 

4>E?V46G64=>7> ?@>F5EG, @<E. 4.5. 

 

 

$<EG=>> 4.5 3 &O7>6<= >?V@ 47@574FG 

 

&4><< G<=><, >F@<<4=> G7474?L=5=<= >5@>5?5=<= @57G?LF4F 

?@>6545==O 5>E?5@<<5=F4?L=>7> 4>E?V465==O, =4 >E=>6V O>>7> <>6=4 

@5>><5=4G64F< =4=5V?LL @4FV>=4?L=V 7=4G5==O ?>EFG?4?L=>W L6<4>>EFV 

1599,34309,1
>Dp
FF

,1366,01623,19948,03178,30424,78817,23
22 fvfvfvy ×××××-×-

v f
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47@574FG G ?>T4=4==V 7 4<??VFG4>N >>?<64=L ?5<5L4, M>5 >F@<<4F< 

<V=V<4?L=<= >?V@ ?5@5<VM5==N <4L<=<, M> ?@<76545 4> 7=<65==O 6<F@4F 

?4?<64 ?@< @>5>FV 5=5@7>74E>5G. 

 

 

4.2.2 �<7=4G5==O ?>FG6=>EFV ?D<6>4G D>5>G<E >D74=V6 

 

�?O 6<7=4G5==O ?>FG6=>EFV =4 ?@<6>4V @>5>G<E >@74=V6 >4@F>??5>>?4G4 

74EF>E>64=> <><5=F><V@, G4EF>FG >55@F4==O O>>7> >>=F@>?N64?< 

?>@F4F<6=<< ?475@=<< 5?5>F@>==<< F4E><5F@>< DT-2234C+ ?@< =46545==V 

=>7> ?@><5=O =4 =4>?5T=G E6VF?>6V45<6=G EF@VG>G =4 >55@F>6V= G4EF<=V 

6EV4=>7> 64?4 ?@<6>4=>7> >>=VG=>7> @54G>F>@4, @<E. 4.6. 

 

 

$<EG=>> 4.6 3 �>=F@>?L V =4?47>465==O G4EF>F<  
>55@F4==O ��� F@4>F>@4 

 

&4><= >>=F@>?L 7G<>6?5=<= F<<, M>5 =4?47>4<F< =5>5EV4=G G4EF>FG 

>55@F4==O >>?V=G4EF>7> 64?4 46<7G=4 F@4>F>@4 4?O 74557?5G5==O 6V4?>6V4=>W 

?>EFG?4?L=>W L6<4>>EFV 47@574FG F4 G4EF>F< >55@F4==O ��� 4?O ?@<6>4G 

@>5>G<E >@74=V6 >4@F>??5>>?4G4.  

�@>6545==O 5>E?5@<<5=FG, DV>EG64==O 44=<E F4 WE >5@>5>G 6<>>=4=> 74 

4=4?>7VG=>N ?>E?V4>6=VEFN F4 ??4=>< O> >?<E4=> G ?>?5@54=L><G ?G=>FV. 
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�>E?V46G64=>N 65?<G<=>N 5G45 ?>FG6=VEFL ?@<6>4G @>5>G<E >@74=V6 

>4@F>??5>>?4G4 ?@< 7<V=V D4>F>@V6 64@VN64==O 3 G4EF>F< >>?<64=L ?5<5L4 

(5,0 �F; 6,0 �F; 7,0 �F) F4 =>7> 4<??VFG4< (5,5 <<; 11,6 <<; 17,3 <<). 

 

&45?<FO 4.5 3 $4>F>@< F4 @V6=V 64@VN64==O ?@< 6<7=4G5==V ?>FG6=>EFV 
?@<6>4G 

 
�>7=4G5==O $4>F>@ $V65=L -1 $V65=L +1 

x¡ '4EF>F4 
>>?<64=L, �F 

5 7 

x¢ �<??VFG44 
>>?<64=L, << 

5,5 17,3 

 

->5 74557?5G<F< 6EV 9 >><5V=4FV= ?>T4=4==O D4>F>@V6, 4>FV?L=> 

E>>@<EF4F<EO @>5>G>N <4F@<F5N, F45?. 4.6. 

 

&45?<FO 4.6 3 $>5>G4 <4F@<FO 

7 x¡ (�F) x¢ (<<) �>6F>@5==O 
1 2 3 

1 5,0 5,5 y¡ y¢ y£ 
2 6,0 5,5 y¡ y¢ y£ 
3 7,0 5,5 y¡ y¢ y£ 
4 5,0 11,6 y¡ y¢ y£ 
5 6,0 11,6 y¡ y¢ y£ 
6 7,0 11,6 y¡ y¢ y£ 
7 5,0 17,3 y¡ y¢ y£ 
8 6,0 17,3 y¡ y¢ y£ 
9 7,0 17,3 y¡ y¢ y£ 

 

�4EFG?=<< >@>>>< T ?@>6545==O E4<>7> 5>E?5@<<5=F4?L=>7> 

4>E?V465==O 6 G<>6=> >4=4>>6<E G<>64E 7 F@<>@4F=>N ?>6F>@N64=>EFV >4=VTW 

>><5V=4FVW D4>F>@V6, 74?<E @57G?LF4FV6, ?5@56545==O WE G DV7<G=V 65?<G<=<, 

74=>E<<> 4> F45?. 4.7   

 

  



128 

&45?<FO 4.7 3 $57G?LF4F< 5>E?5@<<5=F4?L=>7> 6<7=4G5==O ?>FG6=>EFV 
?@<6>4G @>5>G<E >@74=V6, >�F 

 
7 x¡ (�F) x¢ (<<) y¡ y¢ y£ 
1 5,0 5,7 4,84 4,73 4,71 
2 6,0 5,7 4,55 4,68 4,67 
3 7,0 5,7 4,89 4,85 4,90 
4 5,0 11,6 4,76 4,69 4,87 
5 6,0 11,6 5,07 5,14 5,00 
6 7,0 11,6 5,37 5,36 5,28 
7 5,0 17,3 5,18 5,01 5,01 
8 6,0 17,3 5,48 5,62 5,52 
9 7,0 17,3 6,02 6,04 6,15 

 
�4 >F@<<4=<<< 44=<<< F4, E>>@<EF46L<EL >644@4F<G=>N 74?56=VEFN 

@57@5EVW (3.3), 4 F4>>6 =4 >E=>6V 6<@47V6 (3.2) <>6=4 74?<E4F< G<E?>6V 

7=4G5==O >>5DVFVT=FV6 @V6=O==O @57@5EVW:  

 

 

 

        (4.5) 

 

 

 

 

�4 FL><G 5F4?V ?>F@V5=> 66464F<, M> F5 >F@<<4=V ?>?5@54=V @57G?LF4F< 

5>E?5@<<5=F4?L=>7> 4>E?V465==O, 4465 M5 ?>F@V5=> 4>65EF<, M> ?@<==OF4 

<>45?L T 445>64F=>N.  

�?O F4>>W >FV=>< E>>@<EF4T<>EO EF4=44@F=<<< <5F>4<>4<< F4 

74?56=>EFO<< 4?O >FV=>< <>45?V 74 >@<F5@VO<< �>E@5=4, %F9N45=F4 F4 

$VL5@4. 

�5@56V@>4 74 >@<F5@VT< �>E@5=4 6>47GT =4 >4=>@V4=VEFL 4<E?5@EVW. 

;5,0157
0
b

;0,2801
1
b

;0,4001
2
b

;2218,0
12
b

;0663,0
11
b

.0987,0
22
b
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�=4=45=5 @>7@4EG=>>65 7=4G5==O E>?444T , 6>=> 

?>@V6=NTFLEO 7 F45?<G=<<  3 , F>5F> 

 

     (4.6) 

 

4 F5 >7=4G4T, M> 4<E?5@EVW >4=>@V4=V. 

�5@56V@>G 74 t->@<F5@VT< %F9N45=F4 74EF>EGT<> 4> 6<7=4G5==O 

7=4GGM>EFV >>5DVFVT=FV6 @57@5EVW F4 6V4?>6V4=>  6??<6G >>6=>7> 7 >@<F5@VW6 =4 

@57G?LF4F. &GF 74>?445=4 4>6V@G4 =<>6V@=VEFL @57G?LF4FV6 95% 

�@<F<G=5 7=4G5==O FL>7> >@<F5@VN 5G45 E>?444F< . 

�5G<E?5=V @57G?LF4F< >@<F5@VN %F9N45=F4 74=5E5<> 4> F45?. 4.8. 

 

&45?<FO 4.8 3 �>@V6=O==O @57G?LF4FV6 

�>5DVFVT=F te>E? t>@ �<E=>6>> 
b0 367,8286 > 2,101 7=4GGM<= 
b1 20,5428 > 2,101 7=4GGM<= 
b2 29,3440 > 2,101 7=4GGM<= 
b12 16,2646 > 2,101 7=4GGM<= 
b11 4,8646 > 2,101 7=4GGM<= 
b22 7,2353 > 2,101 7=4GGM<= 

 

� >EF4F>G=4 ?5@56V@>4 3 ?5@56V@>4 445>64F=>EFV <>45?V 74 >@<F5@VT< 

$VL5@4. 

� @57G?LF4FV @>7@4EG=>G >F@<<4=5 =4EFG?=5 7=4G5==O >@<F5@VN $VL5@4 

, F45?<G=5 >@<F<G=5 7=4G5==O 3  (6<5@4=5 7 F45?<FV F-

@>7?>4V?G 74 7444=<<< EFG?5=O<< E6>5>4< ( ) F4 @V6=5< 

7=4GGM>EFV, ³ = 0,05). �>@V6=NT<> >F@<<4=V 7=4G5==O 

 

.    (4.7)  

 

2135,0pG

5157,0
F
G

,5157,02135,0
Fp GG

101,2
>D

t

0470,3
p

F 1599,3
>D
F

18;3
11

ff

1599,30470,3
>Dp
FF
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�>@V6=O?L=<= 4=4?V7 ?V4F65@46GT, M> <>45?L T 445>64F=>N, 6>=4 4>5@5 

>?<EGT 5>E?5@<<5=F4?L=V 44=V.  

&5 44T =4< <>6?<6VEFL 6<>>@<EF4F< >F@<<4=V 7=4G5==O >>5DVFVT=FV6 F4 

74?<E4F< >EF4F>G=<= 6<@47 @V6=O==O @57@5EVW. �?O O>VE=>7> @>7G<V==O ?@>F5EG 

4>FV?L=> @V6=O==O @57@5EVW ?>4464F< G =4FG@4?L=<E 65?<G<=4E, F>5F>  

 

  (4.8) 

 

45 3 G4EF>F4 >>?<64=L ?5<5L4, �F;  3 4<??VFG44 >>?<64=L, <<. 

 

�@<==O6L< @V6=O==O @57@5EVW G 6<7?O4V (4.8) F4, F45G?NNG< 7<V==V 

D4>F>@< 6 <564E <V=V<4?L=>7> F4 <4>E<<4?L=>7> 7=4G5=L, >F@<<4T<> 

?>65@E=N 6V47G>G, O>4 E4@4>F5@<7GT 7<V=G ?>FG6=>EFV ?@<6>4G @>5>G<E 

>@74=V6 >4@F>??5>>?4G4, @<E. 4.7. 

 

 

$<EG=>> 4.7 3 �<V=4 ?>FG6=>EFV ?@<6>4G @>5>G<E >@74=V6 

 

,0028,00663,00376,02235.09519,09339,7
22 AfAfAfy ×××××-×-

f A
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�F@<<4=4 ?>65@E=O 6V47G>G 74 5>E?5@<<5=F4?L=<<< 44=<<< 6V4>5@464T 

E4@4>F5@ 7<V=< ?>FG6=>EFV ?@<6>4G 6EVE @>5>G<E >@74=V6, O>V E?>6<64NFL 

?>FG6=VEFL 6V4 ��� F@4>F>@4. &GF 64@F> 74G646<F<, M> 4> E?>6<64=>W 

?>FG6=>EFV 6E>4<FL V ?>FG6=VEFL, O>4 6<F@4G4TFLEO =4 ?@<6>4 F@4=E?>@F5@4 

>4@F>??5>>?4G4. 

�4 ?>?5@54=V<< >>@5<<<< @>7@4EG=>4<< F4 E?>EF5@565==O<< 

?>FG6=VEFL, M> E?>6<64TFLEO =464=F465=<< F@4=E?>@F5@><, O><= 

6EF4=>6?5=<= ?V4 >GF>< 4> ??>M<=< ?>?O, F@4=E?>@FGT 5G?L5>=>E=<= ??4EF, 

7 6@4EG64==O 6F@4F G <5E4=VG=<E ?5@544G4E F4 ?@< 6<=<>=5==V 4>44F>>6<E 

E<? F5@FO <V6 @GE><<<< 5?5<5=F4<<, E>?444T: 

?@< ?V=V==V= L6<4>>EFV F@4=E?>@F5@4 1,63 </E 3 ?@<5?<7=> 1,2 >�F; 

?@< ?V=V==V= L6<4>>EFV F@4=E?>@F5@4 3,26 </E 3 6V4 2,2 >�F 4> 2,5 >�F. 

&><G 7=4G5==O E?>6<64=>W ?>FG6=>EFV F@4=E?>@F5@>< ?>F@V5=> 

6V4=V<4F< 6V4 7=4=45=>W 7474?L=>W ?>FG6=>EFV ?@<6>4G @>5>G<E >@74=V6, O>M> 

<>64 =45 ?@> E?>6<64==O ?>FG6=>EFV FV?L>< <5E4=V7<>< ?@<6>4G ?5<5L4.  

 

 

4.3 �>LG> >?F<<4?L=<E ?4D4<5FDV6 74 D57G?LF4F4<< 

5>E?5D<<5=F4?L=<E 4>E?V465=L 

 

�F@<<4=V ?>65@E=V 6V47G>G 4?O 6<7=4G5==O FO7>6>7> >?>@G 47@574FG 

(@<E. 4.5) F4 ?>FG6=>EFV, M> E?>6<64TFLEO @>5>G<<< >@74=4<< 

>4@F>??5>>?4G4 (@<E. 4.7) 6V4>5@464NFL FV?L>< E4@4>F5@ 7<V=< ?>>47=<>V6 6 

<564E 64@VN64==O =574?56=<E D4>F>@V6.  

�?O 6<7=4G5==O >?F<<4?L=<E 7=4G5=L ?>F@V5=> 74EF>EG64F< 

<4F5<4F<G=<= 4?4@4F 4?O 6V4=4E>465==O >@<F<G=<E F>G>> V7 7>=< 

@4FV>=4?L=<E 7=4G5=L 6<5@4F< >?F<<4?L=V.  

/>M> =5 =4>?444F< 5474F> G<>6 ?@< @>769O74==V F4>>W 7444GV, F> WW 

=5646>> 6<@VL<F<, O>M> E>>@<EF4F<EO G4EF>>6<<< ?>EV4=<<<, M> ?@<@V6=O=V 

4> =G?O, 4?O 6V4=4E>465==O >@<F<G=<E F>G>> =4 =46545=<E ?>65@E=OE.  
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�?O ?>LG>G >?F<<4?L=<E @VL5=L 4?O 6<7=4G5==O FO7>6>7> >?>@G 

47@574FG, <4F5<4F<G=<= 6<@47 G4EF>>6<E ?>EV4=<E <4F<<5 6<7?O4 

 

;        (4.9) 

 

.      (4.10) 

 

�VE?O ?@>F54G@< 6V4=4E>465==O G4EF>>6<E ?>EV4=<E 7 6<>>@<EF4==O 

E?5FV4?V7>64=>7> ?@>7@4<=>7> 74557?5G5==O, >F@<<4T<> 

 

; (4.11) 

 

. (4.12) 

 

�=4?V7 >F@<<4=<E @57G?LF4FV 74E6V4GGT F5, M> 6 <564E 4>E?V46G64=<E 

65?<G<=  F4  =5<4T 5>EF@5<4?L=>W F>G>< (F>G>< 

<V=V<G<G), @<E. 4.8 

 

 

$<EG=>> 4.8 3 �>=FG@=<= 7@4DV> FO7>6>7> >?>@G 47@574FG 

0
¶

¶

v

y

0
¶

¶

f

y

7883917,04235695 - 8725692,32459123 + 74942540,99482502 vf
v

y
××

¶

¶

1018013,31783789 - 74942540,99482502 + 22073940,27317760 vf
f

y
××

¶

¶

1,4 0,4; Îv 7,0 5,0; Îf
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&5 ?>69O74=> 7 F<< M> E4<4 ?>65@E=O 6V47G>G <4T E?45> 6<@465=G 

>@<6<7=G, E>G 74?56=VEFL >644@4F<G=4, 4 F><G >@<F<G=4 F>G>4 ?>74 <564<< 

FVTW >5?4EFV. �?O 6V4=4E>465==O G<>6=> >?F<<4?L=>7> 7=4G5==O FO7>6>7> 

>?>@G 6 FV= >5?4EFV 4>FV?L=> 6<>>@<EF4F< <5F>4 ?5@55>@G =4 EVFFV 7=4G5=L.  

&>4V >?F<<4?L=5 7=4G5==O FO7>6>7> >?>@G 5G45 E>?444F<  

 

 >� 

 

?@< L6<4>>EFV  </E F4 G4EF>FV >>?<64=L  �F. 

&GF <>6=4 M5 >4<= ?V4EV4 74EF>EG64F< 4?O 6V4=4E>465==O >?F<<4?L=<E 

7=4G5=L >?>@G 3 74DV>EG64F< >4<= V7 ?4@4<5F@V6, =4?@<>?44 L6<4>VEFL, 

@<E. 4.9. 

 

 

$<EG=>> 4.9 3 �<V=4 FO7>6>7> >?>@G ?@< DV>E>64=V= L6<4>>EFV 

 
&>4V 6<5<@4T<>, =4?@<>?44 <V=V<4?L=5 7=4G5==O >?>@G 7 FL>7> 7@4DV>4 

O> E?V4G ?5@5@V7G ?>65@E=V 6V47G>G EVG=>N ??>M<=>N. 

-5 >4=<< ?>>4?L=<< 5>E?5@<<5=F>< 5G?> 6<>>=4==O ?>@V6=O?L=>7> 

4=4?V7G FO7>6>7> >?>@G >4@F>??5>>?4G4 G 46>E 64@V4=F4E =>7> @>5>F<:  

3 ?@< @>5>FV ?5<5L4 O> 6V5@4FV==>7> (?@<6>4 66V<>=5=<=);  

3 ?@< @>5>FV ?5<5L4 O> ?4E<6=>7> (?@<6>4 6<<>=5=<=, ?5@5<VM5==O 

74DV>E>64=5). 

�4 @57G?LF4F4<< F4>>7> ?>>4?L=>7> 4>E?V465==O 6EF4=>6?5=> =4EFG?=5.  

721,7y

6,0v 0,7f
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�@< @>5>FV ?5<5L4 7 G4EF>F>N >>?<64=L 7,0 �F, 4<??VFG4>N 3 17,3 << 

F4 ?@< ?>EFG?4?L=V= L6<4>>EFV @GEG 3 1 </E E?>EF5@V746EO FO7>6<= >?V@ 

8423 �. �VE?O DV>E4FVW ?5<5L4, F>5F> ?5@56545==O =>7> 6 EF4FGE ?4E<6=>7>, 

>?V@ =4 ?5@5<VM5==O <4L<=< ?@< ?V4>>?G64==V 5G?L5>=>E=>7> ??4EF4 �@G=FG 

7@VE 4> 7=4G5==O 10840 �, M> <4=65 =4 28,7% 5V?LL5. �@V< F>7>, 

E?>EF5@V74?>EO 45O>5 E>G?G5==O 5G?L5>=>E=>7> ??4EFG F4 @>E?<==<E @5LF>> 

G ?5@54=V= G4EF<=V (?@>EV4=><G >4=4?V) ?@< ?@>E>4V G5@57 ??>M<=G ?5<5L4, 

7=4G=> E?>6V?L=<?4EO ?5@6<==4 E5?4@4FVO �@G=FG =4 =>7> ??>M<=V.   

�=4?>7VG=V ?V4E>4< 74EF>EGT<> ?@< 6<7=4G5==V >?F<<4?L=>7> 7=4G5==O 

?>FG6=>EFV ?@<6>4G @>5>G<E >@74=V6. 

&GF G4EF>>6V ?>EV4=V ?@<@V6=O=V 4> =G?O <4F<<GFL 6<7?O4:  

 

;        (4.13) 

.      (4.14) 

 

�=4E>4<<> G<E5?L=V 7=4G5==O  

 

; (4.15) 

 

. (4.16) 

 

�?F<<4?L=5 7=4G5==O ?>FG6=>EFV ?@<6>4G  >�F 

E?>EF5@V74TFLEO ?@< G4EF>FV >>?<64=L ?5<5L4  �F F4 4<??VFG4V 

>>?<64=L  <<. 

�>>465<> 7=4=45=5 7=4G5==O >?F<<G<G =4 7@4DVG=><G 7>5@465==V, 

@<E. 4.10. 

0
¶

¶

f

y

0
¶

¶

�

y

50733510,95191802 - 65815160,13266507 + 318451310,03759029 fA
f

y
××

¶

¶

9532070,22347727 - 318451310,03759029 + 8629178740,00566847 fA
f

y
××

¶

¶

698,4y

626,5f

5,5�
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$<EG=>> 4.10 3 �>7=4G5==O >?F<<4?L=>7> 7=4G5==O  
?>FG6=>EFV =4 ?>65@E=V 6V47G>G 

 

�F65, =4<< 5G?4 ?@>6545=4 46>5F4?=4 >?F<<V74FVW 4?O 6V4=4E>465==O 

<V=V<4?L=<E 7=4G5=L LG>4=<E 65?<G<=: 7 4>?><>7>N G4EF>>6<E ?>EV4=<E 

@57@5EV==<E <>45?5= 7=4E>4<?< >@<F<G=V F>G><, O>M> 6 6>=< =5 ?>74 <564<< 

4>E?V46G64=>W >5?4EFV, F> F>4V 74EF>E>6G64?< G<E5?L=<= ?>LG> <5F>4 

?>6=>7> ?5@55>@G 7=4G5=L =4 @57G?O@=V= EVFFV. &4><= ?V4EV4 T 4>EF4F=L> 

?@>EF<< F4 <4T =4?56=G F>G=VEFL 4?O F4>>7> @>4G V=65=5@=<E @>7@4EG=>V6 

?@< 6<>>@<EF4==V WE 4?O F5E=>?>7VG=<E =4?4LFG64=L >4@F>??5>>?4G4. 

 

 

 

4.4 �<7=4G5==O O>VE=<E ?>>47=<>V6 D>5>F< >4DF>??5>>?4G4 
 

�<7=4G5==O O>VE=<E ?>>47=<>V6 @>5>F< >4@F>??5>>?4G4 7G<>6?5=> 

=5>5EV4=VEFN ?@>65EF< ?>@V6=O?L=<= 4=4?V7 6V4?>6V4=>EFV @>5>F< 

@>7@>5?5=>7> >4@F>??5>>?4G4 7 >><5V=>64=<< 4>F<6=<< ?5<5L5< 4> 

47@>F5E=VG=<E 6<<>7. 
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�5@GNG<EL �%&' 7794:2015  «�4L<=< >4@F>??575<@4?L=V. �5F>4< 

6<?@>5G64==O» 5G?4 6<F@<<4=4 <5F>4<>4 ?@>6545==O 6V4?>6V4=<E 74<V@V6. 

�E=>6=V <><5=F< ?@>6545=>7> 6<?@>5G64==O. �<5@4=4 @V6=4 

>4@F>??O=4 4V?O=>4, =4 O>V= 6V4<V@O=> 4>66<=G @O4>V6 ?@>FO6=VEFN 10 <.  

�>?>7VEFL �@G=FG =4 G4E ?V4>>?G64==O E>?444?4 19 %. ,<@<=4 <V6@O4L =4 

>4@F>??O=V= 7@O4FV 3 0,6 <. �?<5<=4 6V4>>?G64==O 6V4 65@L<=< 7@555=O 3 

18 E<. ,6<4>VEFL @GEG 47@574FG 3 0,83 </E. �V=V==4 L6<4>VEFL F@4=E?>@F5@4 3 

1,63 </E. 

 

&45?<FO 4.9 3 �>>47=<>< O>>EFV @>5>F< >4@F>??5>>?4G4 

�V?O=>4 �4E4 7V5@4=<E, 
>7 

�F@4F<: 
>7 / %  

�>6=>F4 
?V4>>?G64==O, 

% 

�@<E<?4=V 
�@G=F>< 

5G?L5< ?VE?O 
E5?4@4FVW, % 

�1 11,2 0,31/2,77 97,23 1,2 

�2 11,8 0,29/2,46 97,54 2,0 

�3 10,6 0,30/2,83 97,17 1,8 

%5@54=T 11,2 0,3/2,69 97,31 1,67 

 

�@>4>665==O F45?. 4.9 

�V?O=>4 �V?L>VEFL 
5G?L5 

�>L>>465=V 
5G?L5<, % 

%5@. 7?<5<=4,  
E< 

,<@<=4 
@>7><4G, E< 

�1 123 2,8 17,5 55 

�2 121 2,2 18,2 52 

�3 125 2,0 19,0 54 

%5@54=T 123 2,33 18,2 

-0,5 E<; +1 E< 

53,7 

 

�46545=V E5@54=V @57G?LF4F< ?>>47=<>V6 O>>EFV ?>@V6=OT<> 7 

@57?4<5=F>64=<<<, M> =46545=V �%&' 7794:2015. 

�>6=>F4 ?V4>>?G64==O 

97,31% > [97%]. 

�>L>>465=V 5G?L5<  

2,33% < [3%]. 

�F@4F< 5G?L5, O>V 74?<L<?<EL G �@G=FV 
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2,69% < [3%]. 

�?<5<=4 ?V4>>?G64==O  

 

-0,5 E<; +1 E< <5=L5 ±2 E<. 

 

�>@V6=O?L=<= 4=4?V7 ?>>47=<>V6 O>>EFV @>5>F< >4@F>??5>>?4G4 6>47GT 

=4 =>7> 6<E>>G F5E=>?>7VG=G 5D5>F<6=VEFL F4 6V4?>6V4=VEFL O>>EFV @>5>F< 

47@>F5E=VG=<< 6<<>74<. 

�D5>F<6=VEFL E5?4@4FVW =4 ??>M<=V ?5<5L4 F4 ?@GF>>6><G F@4=E?>@F5@V 

74?56<FL 6V4 4G65 5474FL>E G<==<>V6, 4?5 7 ?@>6545=<E 4>E?V465=L 6<??<64T, 

M> 6 >>=EF@G>FVW >4@F>??5>>?4G4 74>?445=V @4FV>=4?L=V <56V 7<V=< F<E 

?4@4<5F@V6: G4EF>F< >>?<64=L ?5<5L4 5-7 �F; 4<??VFG4< >>?<64=L 5,5-

17,3 <<; ?V=V==4 L6<4>VEFL @GEG ?>?>F=4 F@4=E?>@F5@4 3 46>EFG?5=564, WW 

7=4G5==O 74?56<FL 6V4 >V=5<4F<G=>7> @56<<G @>5>F< >4@F>??5>>?4G4, 

G@>64==>EFV F4 7?<5<=< ?V4>>?G64==O 5G?L5>=>E=>7> ??4EF4 F>M> V 6>=4 

74557?5GGT 7=4G=> 6<MG ?@>?GE>=G E?@><>6=VEFL G ?>@V6=O==V 7 @GE?>< 

E4<>7> ?5<5L4.   

 

 

 

4.5 �<E=>6>< 4> G5F65DF>7> D>74V?G 
 

1. �V4?>6V4=> 4> ?@>7@4<< F4 74F65@465=>W <5F>4<>< ?@>6545==O 

?>?L>6<E 5>E?5@<<5=F4?L=<E 4>E?V465=L 5G?> @>7@>5?5=> 6V4?>6V4=5 

?@<E?>EV5?5==O 4?O 6<7=4G5==O FO7>6>7> >?>@G >4@F>??5>>?4G4, 7<>=F>64=> 

=>7> =4 <4L<=V; 4?O 6<7=4G5==O ?>FG6=>EFV ?@<6>4G 3 <><5=F><V@, M>  

66545=> 6 ?4=>G >4@44==>7> 64?G, O><= 79T4=GT 6<EV4=<= 64? ��� F@4>F>@4 F4 

>>=VG=<= @54G>F>@ >4@F>??5>>?4G4 7 >>=F@>?5< G4EF>F< >55@F4==O ��� 

?475@=<< F4E><5F@><. 
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2. �@< @54?V74FVW 5>E?5@<<5=F4?L=<E 4>E?V465=L M>4> 6<7=4G5==O 

FO7>6>7> >?>@G >4@F>??5>>?4G4 5G?> @>7@>5?5=> ??4= 5>E?5@<<5=FG F<?G 32, 

=574?56=<<< D4>F>@4<< O>>7> 5G?<: ?>EFG?4?L=4 L6<4>VEFL 3 0,6 </E, 

1,0 </E, 1,4 </E; G4EF>F4 >>?<64=L ?5<5L4 3 5,0 �F, 6,0 �F, 7,0 �F. $57G?LF4F>< 

T >F@<<4==O 7=4G5=L FO7>6>7> >?>@G 6 <564E 7,59 - 10,27 >� G 74?56=>EFV 6V4 

@56<<G @>5>F< ?5<5L4 F4 ?>EFG?4?L=>W L6<4>>EFV >4@F>??5>>?4G4. 

3. �>E?5@<<5=F4?L=V 4>E?V465==O ?@< 6<7=4G5==V <><5=FG ?@<6>4G 

@>5>G<E >@74=V6 >4@F>??5>>?4G4 74 =574?56=V D4>F>@< ?@<==OF>: G4EF>FG 

>>?<64=L ?5<5L4 3 5,0 �F, 6,0 �F, 7,0 �F; 4<??VFG4G >>?<64=L ?5<5L4 3 

5,5 <<, 11,6 <<, 17,3 <<. �=4=45=4 ?>FG6=VEFL =4 @V7=<E @56<<4E 

>>?<64TFLEO G <564E 4,55 - 6,15 >�F. 

4. �4 >E=>6V >F@<<4=<E 5>E?5@<<5=F4?L=<E 44=<E @>769O74=> ?>>4?L=V 

>?F<<V74FV==V 7444GV 7 6<5>@G >?F<<4?L=<E ?4@4<5F@V6 =4?4LFG64==O 

>4@F>??5>>?4G4 4?O  >F@<<4==O <V=V<4?L=<E 7=4G5=L FO7>6>7> >?>@G 

 >�  3 L6<4>VEFL  </E, G4EF>F4 >>?<64=L  �F;  

=4=<5=L4 E?>6<64=4 ?>FG6=VEFL (  >�F) E?>EF5@V74TFLEO ?@< G4EF>FV 

>>?<64=L ?5<5L4  �F F4 4<??VFG4V >>?<64=L  <<. 

�F@<<4=V 7=4G5==O @57G?N64?L=<E ?4@4<5F@V6 =>EOFL @5>><5=44FV==<= 

E4@4>F5@, 6<7=4G4?L=<<< 5G4GFL F4>V @57G?N64==O, O>V 4>76>?OFL =5 

=4>>?<GG64F< ?V4>>?4=<= ??4EF �@G=FG 5V?O 6EV4=>7> 6V>=4 ?5<5L4 F4 5G4GFL 

<4>E<<4?L=> =>7> E5?4@G64F< =4 >>?<6=V= ??>M<=V. 

5. �@< 6<7=4G5==V ?>>47=<>V6 O>>EFV @>5>F< >4@F>??5>>?4G4 

6EF4=>6?5=> =4EFG?=V @57G?LF4F<: ?>6=>F4 ?V4>>?G64==O 3 97,31% > [97%]; 

?>L>>465=V 5G?L5< 3 2,33% < [3%];  6F@4F< 5G?L5, O>V 74?<L<?<EL G �@G=FV 3 

2,69% < [3%]; 7?<5<=4 ?V4>>?G64==O 3 -0,5 E<; +1 E< <5=L5 ±2 E<. 

�E=>6=V @57G?LF4F< @>74V?G >?G5?V>>64=V G ?@4FOE [4, 52, 54, 63]. 

 

  

721,7y 6,0v 0,7f

698,4y

626,5f 5,5�
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$����� 5 

������$�� ��&����� ��%�������/ ������&�� 
���%&$'�&�� ��%�����' ����,� &� �������'�� 

�$��&����%&, ����$�%&���/ ���$�&������ ����,� � 
%�%&��� ����$/����� ��$&��������'� 

 
 

 

5.1 �>E?V465==O ?D<6545=>7> <><5=FG V=5DFVW <5E4=V7<G ?D<6>4G 
6V5D4FV==>7> ?5<5L4 >4DF>??5>>?4G4  

 

 

� 4@G7><G @>74V?V 4<E5@F4FV==>7> 4>E?V465==O =46545=> >E=>6=V 

74?56=>EFV, M> >?<EGNFL >V=5<4F<G=V ?4@4<5F@< <5E4=V7<G ?@<6>4G ?5<5L4, 

=46545=> 6<@47 ?@<6545=>7> <><5=FG V=5@FVW 44=>7> <5E4=V7<G. �?5 4?O 

@54?V74FVW G<E?>6>7> 4=4?V7G 5D5>F<6=>EFV @>5>F< F4>>7> ?@<6>4G G5@57 

?@<6545=<= <><5=F V=5@FVW =5>5EV4=> 7=4=F< M5 @O4 ?4@4<5F@V6, 4 E4<5, 

L6<4>>EFV F5=F@V6 <4E, >GF>6V L6<4>>EFV ?4=>>, <><5=F< V=5@FVW ?4=>> V F.4. 

�4 >E=>6V ?>5G4>64=>W <>45?V, M> >?<EGT >V=5<4F<G=V ?4@4<5F@< 

<5E4=V7<G ?5<5L4 7=4=45<> L6<4>>EFV V ?@<E>>@5==O F5=F@V6 <4E ?4=>> 

FL>7> <5E4=V7<G.  

&5=F@ <4E >@<6>L<?4 ?@< =>7> 6<>>=4==V G 6<7?O4V ??4=><, M> >4=<< 

>V=F5< =5@GE><> 74>@V??5=4 4> 654GG>7> 64?G, 4 =4 E6>T<G V=L><G >V=FV <4T 

79T4=G64?L=<= L4@=V@ 7 L4FG=><, M> @47>< GF6>@NNFL >@<6>L<? @44VGE><  

, 7=4E>4<FLEO =4 =>7> E5@54<=V. 

$>77?O44T<> ?5@L<= 64@V4=F 6<>>=4==O >@<6>L<?4 7 <5F>N 6<7=4G5==O 

76545=>7> <><5=FG V=5@FVW 6EL>7> <5E4=V7<G. 

,6<4>VEFL F5=F@4 <4E  >@<6>L<?4 5G45 E>?444F< 

 

      (5.1) 

 

1
l

1
S

AS
JJ

2

1

1
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�=4?>7VG=<< G<=>< <>6=4 7=4=F< V ?@<E>>@5==O 4?O @>77?O4G64=>7> 

F5=F@4 <4E, F>5F>  

      (5.2) 

 

�444?V, 6<7=4G<6L< <><5=F V=5@FVW 6EL>7> <5E4=V7<G ?5<5L4 7 

6V4=>E=> <V=V<4?L=<< 6??<6>< <><5=FG V=5@FVW 654GG>W ?4=><, >FV=<<> =>7> 

=5@V6=><V@=VEFL ?@>FO7>< F<>?G F4 74?@>?>=GT<> @VL5==O 4?O 7@V6=>6465==O 

<5E4=V7<G L?OE>< 6<>>@<EF4==O <4E>6<>4, M> 4>76>?<FL EGFFT6> ?V4=OF< 

?>EFV==G E>?44>6G <><5=FG V=5@FVW 6EL>7> <5E4=V7<G. 

�@G7>N ?4=>>N T L4FG=, F65@4>FV?L=4 <>45?L O>>7> ?@54EF46?5=4 =4 

@<E. 5.1. 

 

 

$<EG=>> 5.1 3 &65@4>FV?L=4 <>45?L L4FG=4 >4@F>??5>>?4G4   

 

�?O 6<7>F>6?5==O 4>E?V4=>7> 7@47>4 >4@F>??5>>?4G4 5G?> 6<>>@<EF4=> 

?>T4=4==O F5>@5F<G=>7> @>7@4EG=>G 7 V<VF4FV==<< <>45?N64==O< >E=>6=<E 

6G7?V6 6 ?@>7@4<V SolidWorks. &5 44T <>6?<6VEFL, =4?@<>?44, E?@>EF<F< 

E>?44=V @>7@4EG=>< 6<7=4G5==O <4E>6<E <><5=FV6 V=5@FVW E>?44=<E FV?, 

>FV=<F< =4?@G65=>-45D>@<>64=<= EF4=, 6>@EF>VEFL 45F4?5= F4 6G7?V6, 

>F@<<4F< @>5>GV >@5E?5==O F>M>. � =4L><G 6<?44>G 74 @>7@>5?5=>N 

<>45??N 5G?> 6EF4=>6?5=> >>>@4<=4F< F5=F@4 <4E L4FG=4 4?O 4=4?V7G =>7> 

L6<4>>EFV F4 ?@<E>>@5==O ?@< @>5>FV <5E4=V7<G ?@<6>4G. 

AS
aa

2

1

1
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�4 >V=5<4F<G=G EE5<G =4=>E<<> F.  3 F5=F@ <4E L4FG=4, M> 

7=4E>4<FLEO 4?O 44=>W >>=EF@G>FVW =4 6V4EF4=V   <. 

&>4V L6<4>VEFL F5=F@4 <4E F.  5G45 6<7=4G4F<EL V7 E?V66V4=>L5==O 

 

,  

76V4>< 

 

,     (5.3) 

 

�5E>?NF=4 L6<4>VEFL F.  5G45 6<7=4G4F<EL V7 ??4=V6 L6<4>>EF5= 

(@57G?LF4F< =46545=V G F45?. 5.1). 

&4> E4<> ?@>?>@FV==> <>6=4 6<7=4G<F< V ?@<E>>@5==O F. , 

6<>>@<EF>6GNG< =4EFG?=5 E?V66V4=>L5==O 

 

,  

76V4>< 

 

.     (5.4) 

 

�=4?>7VG=> 45E>?NF=5 ?@<E>>@5==O F.  7=4=45<> V7 ??4=V6 

?@<E>>@5=L (4>44F>> �). 

�4EFG?=>N ?4=>>N 3 T 4>F<6=V 5>>>6<=><. �?O 6<7=4G5==O WE 

75><5F@<G=<E @>7<V@V6, @>7<VM5==O F5=F@4 <4E F4 6EF4=>6?5==O <4E>6>7> 

<><5=FG V=5@FVW, ?@>6545<> WE <>45?N64==O 4=4?>7VG=<< G<=><, @<E. 5.2. 

2
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2AS

l
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S
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$<EG=>> 5.2 3 �>F<6=V 5>>>6<=>< ?5<5L4 

 

'F6>@5=4 ?4=>4 E>?444TFLEO 7 46>E =5@GE><> 79T4=4=<E 4>F<6=<E 

5>>>6<=>>, M> G 65@E=V= G4EF<=V <4T 79T4=G64?L=<= >@>=LF5== V7 L4@=V@>< 

L4FG=4 F4 ?V444TFLEO F<>?VG=><G =464=F465==N [52]. 

�>>@4<=4F< F5=F@4 <4E 4?O =46545=>7> 6<>>=4==O (@<E. 5.2) 6V4=>E=> 

?>G4F>G >>>@4<=4F, M> ?@<6545=V 4> >EV ?@<T4=G64?L=>7> ?4?LFO @4<< 

>4@F>??5>>?4G4, E>?444NFL  

�F@<<4=G F>G>G =4=>E<<> =4 >V=5<4F<G=G EE5<G <5E4=V7<G, @<E. 5.5. 

�?O 6<7=4G5==O L6<4>>EFV F5=F@4 <4E<  =4=?@>EFVL5 74EF>E>6G64F< 

>?<E4=<= 7@4D>4=4?VF<G=<= <5F>4. �6V4E< 6<??<64T, M> L6<4>VEFL F.  

6V4=>E=>  5G45 6<7=4G4F<EL G5@57 >GF>6G L6<4>VEFL , O>G <4T ?4=>4 3, F4 

6V4EF4=L 6V4 WW >EV >55@F4==O  4> F>G>< , F>5F> 

 

      (5.5) 

).080633,0;012499,0;226863,0(3S

3
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3
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3
w

2
�

3
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2323
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lwJ
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�5E>?NF=G L6<4>VEFL 6<7=4G4T<> V7 ??4=V6 L6<4>>EF5=. 

�>6=5 ?@<E>>@5==O  5G45 E>?444F< 

 

     (5.6) 

 

45  3 =>@<4?L=4 E>?44>64 ?@<E>>@5==O . 

 

      (5.7) 

 

45  3 F4=75=FV==4 E>?44>64 ?@<E>>@5==O . 

 

     (5.8) 

 

45  3 >GF>65 ?@<E>>@5==O ?4=>< 3, O>5 665 T ?>?5@54=L> 6<7=4G5=<<. 

&>4V ?>6=5 ?@<E>>@5==O F.  6V4=>E=> F.  5G45 E>?444F< 

 

.    (5.9) 

 

�5E>?NF=5 7=4G5==O ?@<E>>@5==O  6<7=4G5=> V7 ??4=V6 ?@<E>>@5=L. 

�5<VL >4@F>??5>>?4G4 G 44=><G <5E4=V7<V GF6>@NT ?4=>G 4. �?O 

6<7=4G5==O F5=F@G <4E F4>>W E>?44=>W ?4=>< 4>FV?L=> F4>>6 74EF>EG64F< 

V<VF4FV==5 <>45?N64==O, F65@4>FV?L=4 <>45?L ?5<5L4 ?>>474=4 =4 @<E. 5.3. 
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$<EG=>> 5.3 3 &65@4>FV?L=4 <>45?L ?5<5L4 

 

$54?V7>6GNG< =46545=5 >>=EF@G>F>@EL>5 @VL5==O 6 ?@<>?44=V= 

?@>7@4<V SolidWorks, 6EF4=>6?5=> >>>@4<=4F< F5=F@4 <4E ?5<5L4 3 

 

�>G4F>> >>>@4<=4F 6 FL><G 6<?44>G ?@<6545=> 4> >EV 79T4=G64?L=>7> 

?4?LFO 7 L4@=V@>< 4>F<6=<E 5>>>6<=>>. 

&4> E4<> >F@<<4=G F>G>G  =4=>E<<> =4 >V=5<4F<G=G EE5<G <5E4=V7<G 

(@<E. 5.5) F4 6<7=4G4T<> L6<4>VEFL V ?@<E>>@5==O, FVTW F>G><: 

 

      (5.10) 

 

      (5.11) 

 

45  3 =>@<4?L=4 E>?44>64 ?@<E>>@5==O , 

 

).034711,0;147045,0;245013,0(4 -S

4
S

44
4 FSFS
lwJ
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n

FSFS
aaa

444

n
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a

4
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a
4
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      (5.12) 

 

45  3 F4=75=FV==4 E>?44>64 ?@<E>>@5==O . 

 

     (5.13) 

 

45  3 >GF>65 ?@<E>>@5==O ?4=>< 4. 

�5E>?NF=5 ?@<E>>@5==O F.  7=4=45=> ?@< ?>5G4>6V ??4=G ?@<E>>@5=L 

(4>44F>> �).  

� 74<<>4T <5E4=V7< ?5<5L4 ?4=>4 5 3 744=V= ?V46VE ?5<5L4. �4 

6<@>5?5=>N ?@4>F<>>N, F5= 5?5<5=F F4>>6 7<>45?NT<> G ?@>7@4<V 

SolidWorks. 

 

$<EG=>> 5.4 3 &65@4>FV?L=4 <>45?L 744=L>7> ?V46VEG 
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�>>@4<=4F< F5=F@4 647< 7<>45?L>64=>7> >>=EF@G>F<6=>7> 5?5<5=F4 

5G4GFL E>?444F< 3  

�?O =4=5E5==O F.  =4 ??>E>G >V=5<4F<G=G EE5<G, 5G45<> >?5@G64F< 

FV?L>< 46><4 >>>@4<=4F4<< 3  F4  6V4=>E=> ?>G4F>>6>W F>G><, O>4 

@>7<VM5=4 G 65@E=L><G ?@46><G >GFV ??4=>< 744=L>7> ?V46VEG. 

,6<4>VEFL V ?@<E>>@5==O F.  <>6GFL 5GF< 6<7=4G5=V ?@>?>@FV==> 4> 

L6<4>>EFV F4 ?@<E>>@5==O F. �, F>5F> 

 

, 

76V4>< 

.     (5.14) 

 

�=4?>7VG=>, ?@<E>>@5==O F.  

 

.     (5.15) 

 

,6<4>VEFL F4 ?@<E>>@5==O F5=F@G <4E  5G?L5>=>E=>7> ??4EF4, M> 

7=4E>4<FLEO =4 ??>M<=V ?5<5L4. 

 

,      (5.16) 

 

     (5.17) 

 

45  3 =>@<4?L=4 E>?44>64 ?@<E>>@5==O , 

).025,0;226449,0;017807,0(5 -S
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      (5.18) 

 

45  3 F4=75=FV==4 E>?44>64 ?@<E>>@5==O . 

 

.
     (5.19) 

 

&4><< G<=><, 6EF4=>6?5=V 6EV >>>@4<=4F< F5=F@V6 <4E ?4=>>, >?<E4=V 

>E=>6=V 74?56=>EFV 4?O 6<7=4G5==O WE L6<4>>EF5= F4 ?@<E>>@5=L. �46545<> 

GF>G=5=G >V=5<4F<G=G EE5<G, 45 =4=5E5=> F5=F@< <4E F>M> (@<E. 5.5). 

 

 

$<EG=>> 5.5 3 �V=5<4F<G=4 EE5<4 ?@<6>4G ?5<5L4 7 ?>7=4G5=<<< 
F5=F@4<< <4E ?4=>> 

 

$57G?LF4F< @>7@4EG=>G L6<4>>EF5= 76545=> 4> F45?<FV 5.1. 

FS

FSn

D

D

FDS l
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&45?<FO 5.1 3 ,6<4>>EFV F5=F@V6 <4E ?4=>> <5E4=V7<G ?5<5L4 

 0 300 600 900 1200 1500 

 0,618 0,618 0,618 0,618 0,618 0,618 

 0,651 0,555 0,256 0,053 0,352 0,57 

 0,584 0,832 1,151 1,23 1,068 0,767 

 0 0,145 0,236 0,259 0,213 0,118 

 0 0,064 0,102 0,102 0,087 0,045 

 0 0,26 0,428 0,472 0,393 0,214 

 
0 0,054 0,086 0,086 0,073 0,038 

 
0 0,257 0,422 0,466 0,387 0,21 

 0 0,173 0,285 0,32 0,262 0,143 

 

�@>4>665==O F45?. 5.1 

 1800 2100 2400 2700 3000 3300 

 0,618 0,618 0,618 0,618 0,618 0,618 

 0,651 0,556 0,298 0,056 0,398 0,617 

 0,584 0,788 1,1 1,24 1,115 0,777 

 0 0,122 0,217 0,263 0,236 0,137 

 0 0,049 0,089 0,109 0,102 0,06 

 0 0,227 0,4 0,505 0,452 0,261 

 
0 0,041 0,075 0,092 0,086 0,051 

 
0 0,223 0,394 0,474 0,422 0,244 

 0 0,151 0,266 0,321 0,283 0,165 

 

&5?5@ ?>65@=5<>EO 4> 6<7=4G5==O ?@<6545=>7> <><5=FG V=5@FVW 74 

6<@47>< (2.73). $>7?<L5<> 45O>V E>?44>6V <><5=FV6 V=5@FVW ?4=>>, M>5 

>F@<<4F< =444?V G<E?>6V 7=4G5==O ?@<6545=>7> <><5=FG V=5@FVW [5, 35, 37]. 

 

1
S

J

AS
2

J

2
S

J

3
S
J

FS
4

J

4
S
J

FSp
4

J

4
SpJ

5
S
J

1
S

J

AS
2

J

2
S

J

3
S
J

FS
4

J

4
S
J

FSp
4

J

4
SpJ

5
S
J



149 

  (5.20) 

 

45  3 <><5=F V=5@FVW >@<6>L<?4 (?4=>4 1) 6V4=>E=> F5=F@4 <4E ;  

 3 6V4EF4=L 6V4 F5=F@4 <4E  4> L4@=V@4 74>@V??5==O ; 

 3 <><5=F V=5@FVW 4>F<6=<E 5>>>6<=>> G 75>@V;  

 3 <><5=F V=5@FVW ??4=>< 744=L>7> ?V46VEG ?5<5L4; 

 3 6V4EF4=L 6V4 F5=F@4 <4E  4> L4@=V@4 74>@V??5==O . 

$5LFG ?>7=4G5=L 6V4?>6V44NFL ?>OE=5==O<, M> =46545=V ?V4 6<@47>< 

(2.73).  

 

�4 @<E. 5.6 ?>>474=<= ?@<6545=<= <><5=F V=5@FVW ?@< 6<>>=4==V 

>@<6>L<?4 G 6<7?O4V 5>EF5=F@<>>6>7> 64?4 45> @44VGE >@<6>L<?4 

@54?V7>64=> 7<VM5=<<< L4@=V@4<<, M> 74>@V??5=V =4 F>6EF>EFV==V= ??4=FV 

(G5@6>=4 EGFV?L=4 ?V=VO); E<=O ?G=>F<@=4 ?V=VO 6V4?>6V44T ?@<6545=><G 

<><5=FG V=5@FVW ?@< 6<>>=4==V >@<6>L<?4 =4 6EF4=>6?5=><G <4E>6<>G 

4V4<5F@>< 197 <<, F>6M<=>N 20,5 <<, 6<>>=4=>7> 7 >>=EF@G>FV==>W EF4?V; 

G>@=4 ?G=>F<@=4 ?V=VO 6V4?>6V44T <><5=FG V=5@FVW <4E>6<>4. &GF ?>>474=> 

E?V66V4=>L5==O <V6 ?@<6545=<<< <><5=F4<< V=5@FVW ?@< @V7=<E 6<>>=4==OE 

?@<6>4=>7> <5E4=V7<G ?5<5L4 F4 557 6@4EG64==O V=5@FV==>EFV ??4EF4 �@G=FG , 

M> 7=4E>4<FLEO =4 ??>M<=V ?5<5L4, F>5F> ?@< E>?>EFV= @>5>FV ?5<5L4.  
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$<EG=>> 5.6 3 �@<6545=<= <><5=F V=5@FVW <5E4=V7<G 557 ??4EF4 �@G=FG 
=4 ??>M<=V ?5<5L4 

 
�46?<6<< 6<E=>6>>< FGF 5G45 =4EFG?=5: =5@V6=><V@=VEFL 7<V=< 

<><5=FG V=5@FVW ?@< ?5@L><G 6<>>=4==V ?@<6>44 ?5<5L4, F>5F> 6V4=>L5==V 

<4>E<<4?L=>7> 4> <V=V<4?L=>7> 7=4G5=L 74 F<>? 5G45 E>?444F< 3 9,2 @47<; 74 

4@G7<< 64@V4=F>< 3 ?@< 6<>>@<EF4==V <4E>6<>4, E>?445 F5 E?V66V4=>L5==O 

1,34 @47<. �6V4E< 6<4=>, M> 6<>>@<EF4==O <4E>6<>4 6 E<EF5<V ?@<6>4G 

?5<5L4 ?V46<MGT @V6=><V@=VEFL =>7> @>5>F< 74 F<< E?V66V4=>L5==O< <4=65 

G 7 @47V6 ?@< E>?>EFV= @>5>FV ?5<5L4. 

�46545<> 4=4?>7VG=V 7@4DVG=V 74?56=>EFV 4?O ?@<6545=>7> <><5=FG 

V=5@FVW ?5<5L4 ?@< 6<>>=4==V =<< F5E=>?>7VG=>7> ?@>F5EG, F>5F>, >>?< =4 

=>7> ??>M<=V 7=4E>4<FLEO 5G?L5>=>E=<= ??4EF. �@<G><G 5G?> F4> 

7<>45?L>64=>, M> ??4EF @>7<VMGTFLEO =4 6EV= ??>M<=V ?5<5L4, 4?5 G 

?5@54=V= G4EF<=V 6V= 6V4?>6V44T ?@>DV?N ?V4>>?G64=>7> ??4EF4, 4 G 744=V= 

G4EF<=V 3 F@5F<=V 6V4 ?>G4F>>6>W 65?<G<=<, F>5F> G4EF<=4 �@G=FG ?@>EVO?4EL 

=4 ?@GF>>6V= G4EF<=V ?5<5L4. 
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$<EG=>> 5.7 3 �@<6545=<= <><5=F V=5@FVW <5E4=V7<G ?@< 6<>>=4==V 
?5<5L5< @>5>G>7> ?@>F5EG 

 

&GF <4T<>: EGFV?L=4 G5@6>=4 ?V=VO 3 ?@<6545=<= <><5=F V=5@FVW 

<5E4=V7<G 7 =4O6=VEFN ??4EF4 5G?L5>=>E=>7> �@G=FG, 4?5 G 547>6><G 

6<>>=4==V ?@<6>4G; ?G=>F<@=4 E<=O ?V=VO 3 F5 E4<5, 4?5 G ?@<6>4V 

6<>>@<EF4=> <4E>6<>; 7>@<7>=F4?L=4 ?G=>F<@=4 G>@=4 ?V=VO 3 <><5=F V=5@FVW 

<4E>6<>4. 

�4 F4><E G<>6 <4T<>: ?5@L5 6<>>=4==O ?@<6>4G ?5<5L4 3 

=5@V6=><V@=VEFL @>5>F< ?@<6>4G 74 ?@<6545=<< <><5=F>< V=5@FVW E>?444T 

11,4 @47<, ?@< 6<>>@<EF4==V <4E>6<>4 FO =5@V6=><V@=VEFL E>?444T 1,43 @47<. 

/>M> ?>@V6=N64F< 64@V4=F< 6<>>=4==O ?@<6>4G, F> 6<>>@<EF4==O <4E>6<>4 

«77?446GT» =5@V6=><V@=VEFL ?@<6545=>7> <><5=FG V=5@FVW <4=65 G 8 @47V6.   

&4><< G<=><, 4>E?V465==O ?@<6545=>7> <><5=FG V=5@FVW <5E4=V7<G 

?5<5L4 E6V4G<FL ?@> 6<E>><= 5D5>F 6V4 6<>>@<EF4==O <4E>6<>4 O> 5?5<5=F4 

EF45V?V74FVW ?@>F5EG ?@<6>4G >>?<6=<E 5?5<5=FV6 @>77?O4G64=>7> <5E4=V7<G. 
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5.2 �>E?V465==O 5=5D75F<G=<E 6<FD4F =4 D>5>FG 4>F<6=<E 

5>>>6<=>> <5E4=V7<G ?D<6>4G ?5<5L4 

 

�6545=<= G >>=EF@G>FVN ?5<5L4 >4@F>??5>>?4G4 =>6<= 

>>=EF@G>F<6=<= 5?5<5=F 3 4>F<6=V 5>>>6<=>< (@<E. 5.5) 6V4V7@4T 4>E<FL 

5D5>F<6=G @>?L G ?@>F5EV ?V4>>?G64==O 5G?L5>=>E=>7> ??4EF4. 

&O @>?L ?>?O74T G 6V44V?5==V ??4EF4, M> ?V4>>?GTFLEO 6V4 >E=>6=>7> 

<4E<6G. �V=5<4F<G=V @GE< ?@<6>4=>7> <5E4=V7<G ?5<5L4 E?@>5>F>64=V F4><< 

G<=><, M> 5>>>6<=>< <4NFL 744F=VEFL 74V=E=N64F< >>?<6=V @GE<, ?V4@V74NG< 

??4EF �@G=FG.  

�4 @<EG=>G 5.8 ?>>474=> F65@4>FV?L=G <>45?L E?@>T>F>64=>7> 

<5E4=V7<G ?@<6>4G 6V5@4FV==>7> ?5<5L4 

 

 

$<EG=>> 5.8 3 &65@4>FV?L=4 <>45?L <5E4=V7<G ?@<6>4G  
6V5@4FV==>7> ?5<5L4 

 

�?O @>5>F< 4>F<6=<E 5>>>6<=>> =5 74EF>E>6GTFLEO O><=EL E?5FV4?L=<= 

?@<6>4. �>=< T O> @GE><4 ?4=>4, M> ?5@544T 7GE<??O 6V4 4VW L4FG=4 =4 
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?5@54=V= 79T4=G64?L=<= L4@=V@ ?5<5L4. �E 75><5F@VO 6<>>=4=4 F4><< G<=><, 

M> ?@< 6V4E<?5==V FVTW ?4=>< =4 =565?<><= >GF, E4<V @V74?L=V ?574 5>>>6<=>> 

?5@5<VM4NFLEO G 65@F<>4?L=<= ??>M<=V, M> 4>76>?OT ?V4@V74F< �@G=F. &>4V 

6V4>>@5<?5=<= ??4EF �@G=FG ?57L5 6V4>>@5<<F< @V74?L=<< ?57>< ?5<5L4, M> 

74V=E=NT >>?<64==O G ?>74>66=L>-7>@<7>=F4?L=V= ??>M<=V. �?5 ?>@O4 7 

F5E=>?>7VG=<< 5D5>F>< 3 ?@>=<>=5==O 4>F<6=<E 5>>>6<=>> G ??4EF �@G=FG, 

WE @>5>F4 T G ?@>F<D47V 4> @>5>F< ?5<5L4, M> EGFFT6> 7@V6=>646GT <5E4=V7<.  

�4F@4G5=G 5=5@7VN 5G45<> 6<7=4G4F< G5@57 7GE<??O @V74?L=<E >@><>> 

4>F<6=<E 5>>>6<=>> G �@G=F. 

�474?L=5 7GE<??O  5G45 E>?444F<EO V7 7GE<??O  4?O ?>4>?4==O E<? 

F5@FO, M> 4VNFL =4 ?>65@E=V 5>>>6<=>> F4 7GE<??O  3 7<<=4==O �@G=FG ?@< 

WE ?@>=<>=5==V 

.     (5.21) 

 

�?O 6<7=4G5==O ?5@L>W E>?44>6>W  @>77?O=5<> ?5@5<VM5==O 4>F<6=>W 

5>>>6<=><, O> 46>7@4==>7> >?<=4 [79], M> ?5@5<VMGTFLEO G �@G=FV, @<E. 5.9. 

 

 

$<EG=>> 5.9 3 %E5<4 4VW E<? ?@< ?@>=<>=5==V @V74?L=>7> ?574 
5>>>6<=>< G �@G=F 

 
�6464T<>, M> F5@FO T ?@<EGF=V< =4 >5>E ?>65@E=OE 4>F<6=<E 

5>>>6<=>>. &>4V, M>5 F5= 5D5>F 6@4EG64F<, ?>F@V5=> =>@<4?L=> 4VNGG E<?G 
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7>5@47<F< 6V4E<?5=>N 6V4 =>@<4?V =4 >GF F5@FO . �< DV>F<6=> GF6>@<?< 

=>6<= >?<= V7 75V?LL5=<< >GF>< 747>EF@5==O 

 

     (5.22) 

 

45  3 >GF 747>EF@5==O @V74?L=>W >@><>< 4>F<6=>W 5>>>6<=><; 

 3 >GF F5@FO ?5@54=L>W (E>>L5=>W) G4EF<=< @V74?L=>W >@><>< 5>>>6<=><; 

 3 F5 E4<5 4?O 744=L>W G4EF<=< >@><><. 

&><G =4 F4><= >?<= 5G4GFL 4VOF< E<?<: 

3 =4 ?5@54=N G4EF<=G 

 

,     (5.23) 

 

45  3 =>@<4?L=4 E<?4; 

3 =4 744=N 

 

,     (5.24) 

 

45  3 >?>@=4 @54>FVO, M> 6<=<>4T =4 744=V= 7@4=V. 

&>4V E<?4  ?>6<==4 <4F< F4>5 7=4G5==O, M>5 6<=<>?4 <>6?<6VEFL 

?5@5<VEF<F< 4>F<6=G 5>>>6<=>G G �@G=FV. />M> @>77?O44F< 7@4=<G=<= 

6<?44>> @V6=>647G 4VNG<E E<? , , , F> <>6=4 74EF>EG64F< G<>6G 

@V6=>647<, 74 O>>N ?@>T>FGT<> 6EV 4VNGV E<?< =4 65@F<>4?L=G F4 

7>@<7>=F4?L=G >EV. 

�<E>4OG< 7 FL>7>, 5G45<> <4F<: 

 

;   (5.25) 
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.   (5.26) 

 

�4?<E4=V @V6=O==O (5.25) V (5.26) 674T<>?>69O74=V <V6 E>5>N, 4 F><G 

<>6=4 7 @V6=O==O (5.26) 6<@47<F<  G5@57 , 5G45<> <4F< 

 

.   (5.27) 

 

�V4EF46?OT<> >F@<<4=<= 6<@47 (5.27) G @V6=O==O (5.25) F4 6<7=4G4T<>   

 

  

 

45>, E?@>EF<6L< 

 

   (5.28) 

 

�56V4><>N 74?<L4TFLEO =>@<4?L=4 E<?4 , M> 6E>4<FL G 6<@47 (5.28). 

�W 7=4G5==O 74?56<FL 6V4 6?4EF<6>EF5= �@G=FG F4 <>65 5GF< 6<7=4G5=5 7 

=4EFG?=<E <V@>G64=L. 

' �@G=F ?56=>W F65@4>EFV ?@>=<>4T FV?> 3 E>>L5=4 ?>65@E=O 4>F<6=>W 

5>>>6<=>< F4 7<<=4T �@G=F =4 65?<G<=G WW ?@>=<>=5==O. />M> <5E4=VG=V 

E4@4>F5@<EF<>< �@G=FG 6<@47<F< >>5DVFVT=F>< >59T<=>7> 7<<=4==O �@G=FG , 

7=4G5==O O>>7> <>6=4 7=4=F< G ?VF5@4FG@=<E 465@5?4E 45> 6<7=4G<F< 7 
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5>E?5@<<5=FG, =4?@<>?44 7 4>?><>7>N MV?L=><V@4 �@G=FG, F> <4F<<5<> 

76'O7>> 

 

      (5.29) 

 

45  3 >>5DVFVT=F >59T<=>7> 7<<64==O �@G=FG; 

 3 ??>M4 E>>L5=>W G4EF<=>< 4>F<6=>W 5>>>6<=><; 

 3 6V4EF4=L ?@>=<>=5==O E>>L5=>W G4EF<=>< 5>>>6<=>< G �@G=F. 

$47>< 7 F<<, <>6=4 54G<F<, M> =>@<4?L=4 E<?4  GF6>@5=4 E<?>N 

7<<=4==O �@G=FG ?@< ?@>=<>=5==V 6 =L>7> E>>L5=>W G4EF<=< 4>F<6=>W 

5>>>6<=><, 4 F><G 

 

.    (5.30) 

 

/>M> F4>, F> 6<@47 (5.21) 4?O 6<7=4G5==O 7GE<??O ?@>=<>=5==O 

5>>>6<=>< 6 �@G=F <>6=4 74?<E4F< 
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   (5.31) 

 

�@4>F<>4 ?>>47GT, M> =4=G4EFVL5 7=4G5==OE >GFV6 F5@FO  V  T 

@V6=<<<, F>5F> , F>4V 6<@47 (5.31) <>6=4 ?5@5?<E4F< 

 

  

(5.32) 

 

?VE?O E?@>M5==O >F@<<4T<> 

 

    (5.33) 

 

/>M> 6@4EG64F<, M> 6 >>=EF@G>FVW 4>F<6=>7> ?5<5L4 T 46V F4>V 4>F<6=V 

5>>>6<=><, F> 7GE<??O 4?O WE ?@>=<>=5==O 6 �@G=F ?>F@V5=> ?>46>WF<. �4?V 

7@>5<<> M5 45O>V ?5@5F6>@5==O V >EF4F>G=5 7=4G5==O 7GE<??O ?@>=<>=5==O 

5>>>6<=>> G �@G=F 5G45 E>?444F< 
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.   (5.34) 

 

�444?V ?>>465<> 74?56=VEFL 7GE<??O ?@>=<>=5==O @V74?L=<E >@><>> 

5>>>6<=>> G �@G=F ?@< 7<V=V 747>EF@5==O >@><>> 6V4 100 4> 900 F4 >>5DVFVT=FV 

7<<=4==O �@G=FG  �/<3, @<E. 5.10. 

 

 

$<EG=>> 5.10 3 �@4DV> 7<V=< 7GE<??O ?@>=<>=5==O 4>F<6=<E 5>>>6<=>> 
6 �@G=F ?@< 7<V=V >GF4 747>EF@5==O @V74?L=<E >@><>> 

 

�4 @<E. 5.10 ?>>474=> 46V >@<6<E 3 EGFV?L=4 ?V=VO 6V4?>6V44T G<>6=> 

EF4F<G=><G ?@>=<>=5==N 5>>>6<=>> G �@G=F, ?G=>F<@=4 ?V=VO 3 7GE<??O ?@< 

?5@5<VM5==V 5>>>6<=>> ?@< 6V5@4FV==><G WE @GEV. �F@<<4=V 7=4G5==O 7GE<?L 

?@>=<>=5==O 5>>>6<=>> G �@G=F ?>>474=V ?@< @V7=<E >GF4E 74F>GG64==O WE 

@V74?L=<E >@><>>. �@4>F<G=5 7=4G5==O >GF4 74F>GG64==O ?56<FL 6 <564E 

. �4 7=4G5==O 7GE<??O ?@>=<>=5==O 4>F<6=<E 5>>>6<=>> G �@G=F 

5G45<> >@VT=FG64F<EO E4<5 ?@< F4>><G >GFV WE 74F>GG64==O. 
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�V4<V==VEFL 7=4G5=L >F@<<4=<E 7GE<?L ?56<FL 6 ??>M<=V @V7=<E 

7=4G5=L >>5DVFVT=FV6 F5@FO �@G=FG V 5>>>6<=>>: ?@< EF4F<G=><G ?@>=<>=5==V 

7=4G5==O =><V=4?L=5, ?@< 6V5@4FV==><G @GEV 7=<65=5 =4 35-50%. 

&4><< G<=><, >F@<<4=<= 6<@47 (5.34) 6<@464T 7GE<??O ?@>=<>=5==O 

4>F<6=<E 5>>>6<=>> G �@G=F, O>5 ?>F@V5=> 6@4E>6G64F< ?@< @>7@4EG=>G 

7474?L=<E 6<F@4F 5=5@7VW ?@<6>4G ?5<5L4 ?@< ?V4>>?G64==V 5G?L5>=>E=>7> 

??4EF4 >4@F>??O=>W 7@O4><. 

 

 

 

5.3 �<7=4G5==O 5=5D75F<G=<E 74FD4F =4 ?D>F5E ?V4>>?G64==O 

5G?L5>=>E=>7> ??4EF4  

 

� ?VF5@4FG@=<E 465@5?4E <>6=4 ?>54G<F< @O4 <>45?5=, =4 >E=>6V O><E 

<>45?NNFL ?@>F5E< ?V4>>?G64==O, >G<M5==O, E5?4@4FVW F4  F@4=E?>@FG64==O 

>>@5=55G?L5>??>4V6 [2, 14, 16, 17, 19, 21, 29, 39, 43, 45, 79, 91, 95].  

->5 F5>@5F<G=<< G<=>< >FV=<F< 5=5@75F<G=V 74F@4F<, O>V ?>F@V5=> 

6<F@4F<F< =4 ?5@5<VM5==O ??>M<=< ?5<5L4 G =5?V4>>?4=<= ??4EF �@G=FG 

(@>77?O44T<> E?>G4F>G @>5>G<= EV4 ?5<5L4), ?>5G4GT<> <>45?L =>7> 

674T<>4VW 7 ??4EF>< �@G=FG, @<E. 5.11. 

 

 

$<EG=>> 5.11 3 %E5<4 E<? ?@< 674T<>4VW ?5<5L4 7 ??4EF>< �@G=FG 
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�>45?L 5G4GT<> ?@<?GE>4NG<, M>: =5?V4>>?4=<= 5G?L5>=>E=<= ??4EF 

G<=<FL >?V@  ?5@5<VM5==N ?5<5L4 (=4?@O<>> 3 ?4@4?5?L=> 4> >EV %, 

@<E. 5.8); E<?4 F5@FO  <V6 ??4EF>< �@G=FG F4 ??>M<=>N ?5<5L4;  3 

6474 ??4EF4, M> 7=4E>4<FLEO =4 ??>M<=V ?5<5L4;  3 E<?4 V=5@FVW ??4EF4, 

M> 6<=<>4T ?@< 6V5@4FV==><G @GEV ?5<5L4 7 ?56=<< ?@<E>>@5==O<; , 

3 7>@<7>=F4?L=4 F4 65@F<>4?L=4 E>?44>6V E<?< 4?O ?5@5<VM5==O ?5<5L4 

?@< ?V4>>?G64==V ??4EF4. 

->5 7@>5<F< F4>G >FV=>G E?@>T>FGT<> 4VNGV E<?< =4 6V4?>6V4=V >EV X F4 

Z. � @57G?LF4FV FL>7> >F@<<4T<>: 

 

;     (5.35) 

 

.     (5.36) 

 

�<7=4G<<> 7 @V6=O==O (5.35) , O>G =5>5EV4=> ?@<>?4EF< 4?O 

?5@5<VM5==O ?5<5L4. �?O FL>7> 6<4V?<<> WW V ?5@5?<L5<> 6<@47 (5.35) 6 

@>77>@=GF><G 6<7?O4V 

 

,   (5.37) 

 

45  3 ?@<E>>@5==O, M> ?5@544T ?5<VL 6 F. G ??4EFG �@G=FG;  

 3 <4E4 ??4EF4 �@G=FG, M> 7=4E>4<FLEO =4 ??>M<=V ?5<5L4; 

 3 >GF ?>EF4=>6>< ?5<5L4 4> 7>@<7>=FG; 

 3 >GF F5@FO;  

 3 =>@<4?L=4 E<?4, M> 6<=<>4T 6V4 F<E>G ??4EF4 =4 ?>65@E=N ?5<5L4  
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.   (5.38) 

 

�56V4><<< 74?<L4TFLEO >?V@, M> G<=<FL =545D>@<>64=<= ??4EF �@G=FG 

?@< ?@>=<>=5==V 6 =L>7> ?574 ?5<5L4. �>7> 7=4G5==O <>6=4 ?V4@4EG64F<, 

>>@<EFGNG<EL 74?56=VEFN, M> =46545=4 G ?VF5@4FG@V [79] 4?O <4>E<<4?L=>7> 

=>7> 7=4G5==O   

 

,      (5.39) 

 

45  3 6V4?>6V4=> @>7<V@< ?>?5@5G=>7> ?5@5F<=G ??4EF4; 

3 F<<G4E>6<= >?V@ �@G=FG EF<E>G.  

�F@<<4=V 6<@47< (5.38) F4 (5.39) ?V4EF46?OT<> G (5.37) F4 74?<L5<> 

6<@47 4?O 6<7=4G5==O 7>@<7>=F4?L=>W E>?44>6>W E<?< ?5@5<VM5==O ?5<5L4 G 

?>74>66=L>-7>@<7>=F4?L=V= ??>M<=V 

 

. (5.40) 

 

�=4?>7VG=<< G<=>< ?>EFG?4T<> 4?O 6<7=4G5==O 65@F<>4?L=>W E>?44>6>W 

4?O ?5@5<VM5==O ?5<5L4, 6<7=4G4NG< WW 7 6<@47G (5.36) 

 

. (5.41) 

 

�444?V <>6=4 ?@>45<>=EF@G64F< 7<V=G E>?44>6<E 7GE<?L, M> =5>5EV4=> 

?@<>?4EF< 4> ?5<5L4 4?O =>7> ?5@5<VM5==O. �46545=V EE5<< (@<E. 5.11-5.13) 

5G4GFL E?@4654?<6<<< =5 FV?L>< 4?O @>5>G>7> E>4G ?5<5L4, 45 74V=E=NTFLEO 

?V4@V74==O ??4EF4, 4 = ?@< 76>@>F=><G =>7> E>4V, 45 >?V@ 5G45 <V=V<4?L=<< 

÷
ø

ö
ç
è

æ
?

?

G?????

?

??G?
gamgmmaN a

a
a

a
cos

2
coscos

2
cos

EF??????
bhR s

????
bh ,

EF
s

????

?

G??

?

??GEF????7>D?
tggammabh$ aja

aa
s coscos

2
cos

2
sin ÷

ø

ö
ç
è

æ

gmtggamma$
??????

?

G??

?

??G65DF? ÷
ø

ö
ç
è

æ- aja
aa

sincos
2

cos
2

cos



162 

45>, =46VFL G<EF> F5>@5F<G=>, G4EF<=G 5=5@7VW «?>65@F4F<<5FLEO» 6 E<EF5<G 

V7-74 EF6>@5==O <><5=FG ?@< >?GE>4==V 647< ??4EF4 �@G=FG ??>M<=>N 

?5<5L4. 

�@>5<<> E?>G4F>G ?>@V6=O?L=<= 4=4?V7 =4 @>5>G><G E>4V ?5<5L4, 

66464NG<, M> 74 ?5@L<< 64@V4=F>< ?5<VL T ?4E<6=<< (6V4>?NG5=<= ?@<6>4 

75G465==O >>?<64=L) F4 4@G7<= 64@V4=F 3 4>F<6=<=, M> 74V=E=NT 6V5@4FV==V 

@GE<, @<E. 5.12. 

 

$<EG=>> 5.12 3 �>@<7>=F4?L=4 E>?44>64 >?>@G ?5@5<VM5==N ?5<5L4 

 

�F@<<4=4 7@4DVG=4 74?56=VEFL 74 6<@47>< (5.40) ?>>47GT, M> 5D5>F 6V4 

6V5@4FV==>7> ?@>=<>=5==O ?5<5L4 G �@G=F (?G=>F<@=4 ?V=VO) G ?>@V6=O==V 7 

>?>@>< ?@>=<>=5==N ?4E<6=<< ?5<5L5< (EGFV?L=4 ?V=VO) E>?444T 25,3%. &GF 

6@4E>64=> 5D5>F 6V5@4FV==>7> ?@>=<>=5==O @V74?L=>7> ?574 ?5<5L4 G ??4EF 

�@G=FG F4 7=<65==O 7=4G5==O 4<=4<VG=>7> >>5DVFVT=F4 F5@FO.  

�V7L<5<> 74 >E=>6G 64@V4=F 6V5@4FV==>7> @GEG ?5<5L4 F4 ?>>465<> 

7<V=G 7>@<7>=F4?L=>W F4 65@F<>4?L=>W E>?44>6>W =464=F465==O =4 ?5<VL 

?@>FO7>< ?@O<>7> F4 76>@>F=>7> E>4V6 ?5<5L4.  
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�4=5V?LL 7=4GGM>N T 7>@<7>=F4?L=4 E>?44>64 >?>@G ?5@5<VM5==O 

?5<5L4, @<E. 5.13. 

 

$<EG=>> 5.13 3 �<V=4 7>@<7>=F4?L=>W E>?44>6>W >?>@G  
?5@5<VM5==N ?5<5L4 

 

�6V4E< 6<4=>, M> >?V@ @V7>> ?444T, >E>V?L>< 6V45G64TFLEO 76>@>F=<= EV4 

?5<5L4. �>4<6<<>EL 5?<6G5 O> 7<V=NTFLEO >?V@ ?5@5<VM5==N ?5<5L4 =4 

76>@>F=><G =>7> E>4V, @<E. 5.14. 

 

  

$<EG=>> 5.14 3 �>@<7>=F4?L=4 E>?44>64 >?>@G ?5@5<VM5==O ?5<5L4 ?@< 
76>@>F=><G =>7> E>4V 
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/> 6<4=> 7 7@4DVG=>7> 7>5@465==O, M> >?V@ FGF >>?<64TFLEO 6V4 38 � 4> 

105 � 3 F5 74 @4EG=>> F5@FO ?@< ?5@5<VM5==V ??4EF4. 

�>@V6=NNG< 7>@<7>=F4?L=G E>?44>6G >?>@G ?5@5<VM5==N ?5<5L4 

7=4=45=G 74 F5>@5F<G=>N <>45??N (5.40) 3 7810 � F4 7GE<??O ?@>=<>=5==O 

?5<5L4 7 6V5@4FV==<< @GE><, M> 7=4=45=5 G E>4V ?@>6545==O 5>E?5@<<5=FG 3 

8423 �, WE @>75V6=VEFL E>?444T 7,3%. �F@<<4=5 7=4G5==O T FV?>>< 

4>?GEF<<<< 4?O F4>>7> @>4G 4>E?V465=L. 

&5?5@, >@V< 7>@<7>=F4?L=>W E>?44>6>W >?>@G VE=GT M5 65@F<>4?L=4 

E>?44>64 >?>@G, WW 7=4G5==O 6<>?<>4=5 647>N ??4EF4 F4 4<=4<VG=<< >?>@><, 

@<E. 5.15.  

 

$<EG=>> 5.15 3 �5@F<>4?L=4 E>?44>64 >?>@G ?5@5<VM5==O ?5<5L4  

 

�4@F> 74G646<F<, M> =46545=V 7@4DVG=V 74?56=>EFV E4@4>F5@<7GNFL 

6<@>5=<GV >?>@< =4 ?56=><G @56<<V @>5>F< ?5<5L4 F4 ?@< >>=>@5F=<E 

G<>64E <5E4=VG=<E 6?4EF<6>EF5= �@G=F>6>7> E5@54>6<M4. �?5 >F@<<4=V 

7=4G5==O T 4>EF4F=V<<, M>5 7@>5<F< ?@<5?<7=G >FV=>G 5=5@7>E?>6<64==O 

F4>>N >>=EF@G>FVTN ?5<5L4. �@V< F>7>, 74>?445=V 7=4G5==O <5E4=VG=<E 

6?4EF<6>EF5= E5@54>6<M4 >>@5?NNFL 7V 7=4G5==O<<, M> 5G?< >F@<<4=V 6 E>4V 

?@>6545==O 5>E?5@<<5=F4?L=<E ?>?L>6<E 4>E?V465==O F4 @57G?LF4F< 

?V4?O74NFL ?>@V6=O?L=V= >FV=FV.  
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&5?5@, >F@<<46L< >?NG>6V 74?56=>EFV, M> E4@4>F5@<7GNFL 6<@>5=<GV 

>?>@< ?@< @>5>FV 6V5@4FV==>7> ?5<5L4, 66545<> >F@<<4=V 7=4G5==O F<E 

>?>@V6 G <>45?L 4?O 6<7=4G5==O <><5=FG ?@<6>4G, 4 F4>>6 ?>FG6=>EFV, M> 

E?>6<64TFLEO F<< ?@<6>4><.  

�>45?L ?>5G4GT<> =4 >E=>6V F5>@5F<G=<E ?5@54G<>6 F5>@5<< 

�G>>6EL>>7> [85]. �W @>76<=5<> =4 >E=>6V <>45?V, M> >?<EGT >V=5<4F<>G 

<5E4=V7<G ?5<5L4 F4 4>76>?OT >F@<<4F< ??4=< L6<4>>EF5= <5E4=V7<G 

?@<6>4G ?5<5L4 6 5G4L-O>><G =>7> ?>?>65==V. � F><G =4=@4FV>=4?L=VL<< 

5G45 74?<E4F< 7474?L=<= 6<@47 4?O 7@V6=>646G64?L=>7> <><5=FG, O><= 

?@<>?445=<= 4> 654GG>W ?4=><. �F@<<4=5 7=4G5==O FL>7> <><5=FG V 5G45 

<><5=F>< ?@<6>4G ?5<5L4 >4@F>??5>>?4G4, 4 =>7> 4>5GF>> =4 >GF>6G 

L6<4>VEFL 444GFL ?>FG6=VEFL, M> E?>6<64TFLEO ?@<6>4><. �@>F54G@4 

>F@<<4==O =5>5EV4=<E 7=4G5=L <><5=FV6 ?>?O74T 6 F><G, M> 4> >>6=>7> V7 

??4=V6 L6<4>>EF5=, O>V ?>65@=GFV =4 900 V GF6>@<?< 6>@EF><= 646V?L 

�G>>6EL>>7>, ?@<>?4EF< 6EV 4VNGV E<?<, E>?4EF< @V6=O==O <><5=FV6 6V4=>E=> 

?>?NE4 F4 7=4=F< 4?O  7 ?>?>65=L <5E4=V7<G 7@V6=>646G64?L=G E<?G, 4 

74 =5N 3 7@V6=>646G64?L=<= <><5=F [85, 112]. 

 

(5.42)
 

 

45   3 7@V6=>646G64?L=4 E<?4, M> ?@<>?445=4 4> >@<6>L<?4 ?@<6>4G;  

 3 ??5G5 4VW 7@V6=>646G64?L=>W E<?<; 

 3 E<?< 647< 6V4?>6V4=<E ?4=>>;  

 3 ??5GV E<? 647<; 

 3 E<?< V=5@FVW 6V4?>6V4=<E ?4=>>; 

 3 ??5GV E<? V=5@FVW; 
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, 3 65@F<>4?L=4 V 7>@<7>=F4?L=4 E>?44>6V >?>@G ?5@5<VM5==N 

?5<5L4;  

,  3 ??5GV 4VW E<? , ; 

 3 >?V@ ?@>=<>=5==O 5>>>6<=>> G �@G=F; 

 3 ??5G5 4VW E<?< . 

�@<G><G, 64@F> 74G646<F<, M> E<?4  6<=<>4T G ?@>F<D47V @>5>F< 

?5<5L4, F>5F> ?@< =>7> E>?>EF><G E>4V, 5>>>6<=>< 74V=E=NNFL E6V= @>5>G<= 

EV4:  

      (5.43) 

 

&>4V, =4 >E=>6V <>45?V (5.42), <>6=4 ?>5G4G64F< 74?56=VEFL <><5=FG 

?@<6>4G (�·<) ?5<5L4 6V4 4VNG<E E<? 647<, V=5@FVW F4 6<@>5=<G<E >?>@V6. 

�F@<<4=V 4<E>@5F=V 7=4G5==O 6<7=4G5=V 7 >@>>>< ?>6>@>FG >@<6>L<?4 300 6V4 

?>?>65==O ?>G4F>G @>5>G>7> E>4G ?5<5L4, @<E. 5.16. 

 

 

$<EG=>> 5.16 3 �@V6=>646G64?L=<= <><5=F <5E4=V7<G ?@<6>4G ?5<5L4 
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�=4?>7VG=<< G<=><, 6@4E>6GNG< >GF>6G L6<4>VEFL >55@F4==O 

>@<6>L<?4, <>6=4 >F@<<4F< 7@4DVG=G 74?56=VEFL 4?O E?>6<64=>W ?>FG6=>EFV 

(�F) <5E4=V7<>< ?@<6>4G ?5<5L4, @<E. 5.17. 

 

 

$<EG=>> 5.17 3 �<V=4 E?>6<64=>W ?>FG6=>EFV ?@<6>4>< ?5<5L4 

 

->5 44F< >59T>F<6=G 6V4?>6V4L E?>6<64=>W ?>FG6=>EFV ?@<6>4>< ?@< 

@>5>FV ?5<5L4, ?>F@V5=> >5@G64F<EO 4>5GF>>< E5@54=L>W <<FFT6>W ?>FG6=>EFV 

74 F<>? =4 G4EF>FG >>?<64=L.  

%5@54=O E?>6<64=4 ?>FG6=VEFL 74 F<>? 5G45 E>?444F< 

 

      (5.44) 

 

�V=E=5 E?>6<64==O ?>FG6=>EFV ?@<6>4>< 5G45 

 

      (5.45) 

 

45  3 G4EF>F4 >>?<64=L ?5<5L4. 
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&>4V, 6<55@5<> G<>6< @>5>F< ?@<6>4G, 74 O><<< ?@>@4E>64=4 <>45?L 

(5.42) F4  6@4E>6GNG< G4EF>FG >>?<64=L ?5<5L4  �F, >F@<<4T<> 4V=E=G 

?>FG6=VEFL ?@<6>4G, O>4 E>?445  >�F. 

�F@<<4=G 65?<G<=G ?>@V6=OT<> 7V 7=4G5==O< ?>FG6=>EFV, M> >F@<<4=4 

5>E?5@<<5=F4?L=<< L?OE>< 6 4=4?>7VG=<E G<>64E F4 74 <V=GE>< 1,2 >�F =4 

?@<6>4 F@4=E?>@F5@4. &4>4 ?>FG6=VEFL E>?444T 3  >�F. 

�V4=>E=4 ?>E<5>4 >F@<<4=<E @57G?LF4FV6 EF4=>6<FL 6,9%, M> E6V4G<FL ?@> WE 

4>5@G 75V6=VEFL, 4 >F65 445>64F=VEFL @>7@>5?5=>W F5>@5F<G=>W <>45?V. 

&4><< G<=><, =46545=V ?>>4?L=V <>45?V M>4> 6<7=4G5==O >?>@G ?5<5LG 

?@< ?V4>>?G64==V 5G?L5>=>E=>7> ??4EFG, 6<7=4G5==O >?>@G ?@>=<>=5==O 

5>>>6<=>> G �@G=F F4 7474?L=4 <>45?L 6<7=4G5==O 5=5@75F<G=<E 6<F@4F =4 

?@<6>4 ?5<5L4 T 445>64F=<<<, WE <>6=4 6<>>@<EF>6G64F< 4?O <>45?N64==O 

F4 >FV=>< @>5>F< 6V5@4FV==>7> ?5<5L4 ?@< @V7=<E G<>64E ?V4>>?G64==O 

5G?L5>=>E=>7> ??4EFG �@G=FG.  

 

 

5.4 $>7D4EG=>> DVG=>7> 5>>=><VG=>7> 5D5>FG 6V4 6<>>D<EF4==O 

D>7D>5?5=>W <4L<=  
 

 

�<>>@<EF4==O ?@>?>=>64=>W >>=EF@G>FVW 4>F<6=>7> ?5<5L4 6 E<EF5<V 

@>7@>5?5=>7> >4@F>??5>>?4G4 4>76>?<?> ?V46<M<F< =>7> ?@>4G>F<6=VEFL F4 

E57>==5 =4?@4FN64==O. �<>>@<EF4==O 4>F<6=<E 5>>>6<=>> F4 ?5@6<==4 

E5?4@4FVO =4 ??>M<=V ?5<5L4 7 >4=>G4E=<< =4?@46?5=<< @GE>< 4>76>?<?< 

?V46<M<F< ?>EFG?4?L=G L6<4>VEFL <4L<=< F4 7<5=L<F< =464=F465==O =4 

F@4=E?>@F5@, 4 =4 6<E>4V >F@<<4F< 6<E>>V ?>>47=<>< O>>EFV 75<@4==O 

>4@F>??V. �EV FV G<==<>< <4NFL 6??<6 =4 ?>>47=<>< 5>>=><VG=>W 

5D5>F<6=>EFV ?@54EF46?5=>W @>7@>5><. �<7=4G5==O @VG=>7> 5>>=><VG=>7> 

5D5>FG 547GTFLEO =4 EF4=44@F<7>64=<E <5F>4<>4E, O>V 44NFL G7474?L=5=V 

7=4G5==O F4><E 5D5>FV6. �?O ?>@V6=O?L=>7> 4=4?V7G 6<>>@<EF4=> 4=4?>7 3   

2,7f

315,5
4V=E=5

N

972,4
5>E?4V=E=5

N
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>4@F>??5>>?4G «Bomet (�><5F) =4 F@4>F>@ F@4=E?>@F5@=4», 64@FVEFN 

35000 7@= 74 >4=G <4L<=G, ?@>4G>F<6=VEFN 3 74/7>4. 

�<>>=4=<= @>7@4EG=>> ?>>4746 (4>44F>> �), M> @VG=<= 5>>=><VG=<= 

5D5>F 6V4 6<>>@<EF4==O @>7@>5?5=>W <4L<= E>?444T 23607 7@= =4 @V> ?@< 

?>6=><G WW 7464=F465==V [76]. �F@<<4=5 7=4G5==O 5>>=><VG=>7> 5D5>FG =5 

6@4E>6GT O>VE=<E ?>>47=<>V6 @>5>F< >4@F>??5>>?4G4, 4 ?>@V6=O==O 6<>>=4=> 

FV?L>< 74 ?>>47=<>4<< ?@>4G>F<6=>EFV, =4?@4FN64==O F4 E?>6<64==O 5=5@7VW. 

&>5F> >F@<<4=5 7=4G5==O FV?L>< ?@<5?<7=> 6<7=4G4T 5D5>F 6V4 6<>>@<EF4==O 

<4L<=< 3 74 D>@<4?L=<<< ?>>47=<>4<<.   

 

 

 

5.5 �<E=>6>< 4> ?9OF>7> D>74V?G 

 

1. �@< 4>E?V465==V ?@<6545=>7> <><5=FG V=5@FVW <5E4=V7<G ?@<6>4G 

6V5@4FV==>7> ?5<5L4 >4@F>??5>>?4G4 6EF4=>6?5=>, M> ?@< 74EF>EG64==V 6 

O>>EFV >@<6>L<?4 >?4E<G=>7> 5>EF5=F@<>>6>7> 64?4 =5@V6=><V@=VEFL 7<V=< 

<><5=FG V=5@FVW, F>5F> 6V4=>L5==O <4>E<<4?L=>7> 4> <V=V<4?L=>7> 7=4G5=L 

74 F<>? 5G45 E>?444F< 3 9,2 @47<; 74 64@V4=F>< 3 ?@< 6<>>@<EF4==V 

7@V6=>646G64?L=>7> <4E>6<>4, F5 E?V66V4=>L5==O E>?445 1,34 @47<. &5 

>7=4G4T, M> 6<>>@<EF4==O <4E>6<>4 6 E<EF5<V ?@<6>4G ?5<5L4 ?V46<MGT 

@V6=><V@=VEFL =>7> @>5>F< 74 F<< E?V66V4=>L5==O< <4=65 G 7 @47V6 ?@< 

E>?>EFV= @>5>FV ?5<5L4. 

�@< 6@4EG64==V <><5=FG V=5@FVW 5G?L5>=>E=>7> ??4EF4, M> 7=4E>4<FLEO 

=4 ??>M<=V ?5<5L4, <4T<>: ?5@L5 6<>>=4==O ?@<6>4G ?5<5L4 3 

=5@V6=><V@=VEFL @>5>F< ?@<6>4G 74 ?@<6545=<< <><5=F>< V=5@FVW E>?444T 

11,4 @47<, ?@< 6<>>@<EF4==V <4E>6<>4 FO =5@V6=><V@=VEFL 3 1,43 @47<, F>5F>  

6<>>@<EF4==O <4E>6<>4 «77?446GT» =5@V6=><V@=VEFL ?@<6545=>7> <><5=FG 

V=5@FVW <4=65 G 8 @47V6.   
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2. �4 @>7@>5?5=>N F5>@5F<G=>N <>45??N 674T<>4VW 4>F<6=<E 

5>>>6<=>> ?5<5L4 7 �@G=F>< >F@<<4=> 7=4G5==O 7GE<??O WE ?@>=<>=5==O ?@< 

6V44V?5==V ?V4>>?G64=>7> 5G?L5>=>E=>7> ??4EF4 6V4 >E=>6=>7> <4E<6G �@G=FG, 

M> 7=4G=> ?>?57LGT >E=>6=5 ?V4>>?G64==O. �F@<<4=V 7=4G5==O 6<7=4G5=V ?@< 

>>5DVFVT=FV 7<<=4==O �@G=FG  �/<3 F4 ?564FL 6 <564E 325 � ?@< >GFV 

74F>GG64==O WE ?57 . �GE<??O ?@< G<>6=> EF4F<G=><G ?@>=<>=5==V 

4>F<6=<E 5>>>6<=>> 75V?LL5=5 =4 35-50%.  

3. �4 >E=>6V @>7@>5?5=>W <>45?V 6<7=4G5==O 5=5@75F<G=<E 74F@4F =4 

?@>F5E ?V4>>?G64==O 5G?L5>=>E=>7> ??4EF4 6EF4=>6?5=> =4EFG?=V @57G?LF4F<: 

>F@<<4=> 7@4DVG=V 74?56=>EFV F4 G<E?>6V 7=4G5==O, O>V ?>>47GNFL 7<V=G 

7GE<??O ?V4>>?G64==O ?@< ?>6>@>FV >@<6>L<?4 =4 @>5>G><G F4 76>@>F=><G 

E>44E ?5<5L4; 6EF4=>6?5=>, M> 7GE<??O 4?O ?V4>>?G64==O ??4EF4 «?4E<6=<<» 

(74DV>E>64=<<) ?5<5L5< 5V?LLV =4 25,3% G ?>@V6=O==V V7 7GE<??O<<, M> 

=5>5EV4=V 4?O ?@>=<>=5==O 4>F<6=>7> ?5<5L4; 

@>75V6=VEFL 7=4G5=L 7>@<7>=F4?L=>W E>?44>6>W >?>@G ?5@5<VM5==O 

?5<5L4, O>4 6<7=4G5=4 F5>@5F<G=> (7810 �) F4 V7 ?@>6545=>7> 5>E?5@<<5=FG 

(8423 �) E>?444T 7,3%;  

>F@<<4=> 74?56=>EFV 7<V=< <><5=FG F4 ?>FG6=>EFV ?@<6>4G ?@>FO7>< 

F<>?G V =4 FV= >E=>6V 6<7=4G5=> 4V=E=G ?>FG6=VEFL ?@<6>4G, O>4 E>?445 

 >�F ?@< G4EF>FV >>?<64=L ?5<5L4  �F;  

6V4=>E=4 ?>E<5>4 F5>@5F<G=>W F4 5>E?5@<<5=F4?L=>W ?>FG6=>EF5= 4?O 

4=4?>7VG=<E G<>6 EF4=>6<FL 6,9%, M> E6V4G<FL ?@> WE 4>5@G 75V6=VEFL. 

4. $VG=<= 5>>=><VG=<= 5D5>F 6V4 6<>>@<EF4==O @>7@>5?5=>W <4L<= 

E>?444T 23607 7@= =4 @V> ?@< ?>6=><G WW 7464=F465==V. 

�E=>6=V @57G?LF4F< @>74V?G >?G5?V>>64=V G ?@4FOE [3, 52, 63]. 

 

 

  

6
102 ×q

0
45a

315,5
4V=E=5

N 2,7f
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�%����� $��'�,&�&� $���&� &� ��%����� 

 

 

' 4<E5@F4FV==V= @>5>FV 6<@VL5=> =4G>>6G 7444GG, M> ?>?O74T G 

?V46<M5==V 5D5>F<6=>EFV ?V4>>?G64==O >4@F>??O=>W 7@O4>< =4 >E=>6V 

>5�@G=FG64==O ?4@4<5F@V6 >><5V=>64=>7> 4>F<6=>7> ?5<5L4 6 E<EF5<V 

>4=>@O4=>7> >4@F>??5>>?4G4. 

1. �4 F5>@5F<G=>N <>45??N, O>4 >?<EGT >V=5<4F<>G 5474F>?4=>>6>7> 

<5E4=V7<G ?5<5L4 >F@<<4=> 7=4G5==O F<E ?4@4<5F@V6 4?O E4@4>F5@=<E F>G>> 

??>M<=< ?5<5L4 F4 5>>>6<=>>, O>V E>?444NFL >E=>6G <>45?V 4?O 6<7=4G5==O 

=4?@46?5=>7> @GEG G4EF<=>> 5G?L5>=>E=>7> ??4EF4 =4 =>7> >>?<6=V= 

??>M<=V. 

2. �4 4=4?V7>< =4?@46?5=>7> @GEG G4EF<=>> 5G?L5>=>E=>7> ??4EF4 =4 

>>?<6=V= ??>M<=V ?5<5L4 6EF4=>6?5=> G<>6<, 74 O><E G4EF<=>4 5G45 

=4?@46?5=> @GE4F<EL 7 <5F>N V=F5=E<DV>4FVW E5?4@4FVW F4 F@4=E?>@FG64==O =4 

?@GF>>6V= G4EF<=V ?5<5L4.   

�?O G4EF>F< >55@F4==O >@<6>L<?4 432 >5/E6, ?>G4F>>6>7> >GF4 

?>EF4=>6>< ?5<5L4 4> 7>@<7>=FG 120, 6EF4=>6?5=>:  

?@< @>5>G><G E>4V 4?O >>>?G F>G>> @V74?L=>7> ?574 ?5<5L4 6 <564E 

>GF4 ?>6>@>FG >@<6>L<?4  6V4 0 4>  3 G4EF<=>< 5G4GFL 7@GLG64F<EL G 

65@E; 4>  3 @GE 5G45 @47>< 7 ??>M<=>N; 4>  3 7@GL5==O 

G4EF<=>< 5G45 6=<7 7 <4?>N V=F5=E<6=VEFN, 4 F4>>6 =4 ?>G4F>G 76>@>F=>7> 

E>4G ?5<5L4 (4>  ); 44?V =4?@O<>> @GEG G4EF<=>< 7<V=<FLEO =4 

7@GL5==O WW 665@E 4> 7465@L5==O 76>@>F=>7> E>4G ?5<5L4 ( ). �4 

4=4?>7VG=<< ?V4E>4>< 7@>5?5=> 4=4?V7 4?O E5@54=L>W F4 744=L>W G4EF<= 

?5<5L4. $GE G4EF<=>< 7 6V4@<6>< 6V4 ??>M<=< E?>EF5@V74TFLEO 4?O 744=L>W 

G4EF<=< ?5<5L4 =4=5?<6G>W 4> ?@GF>>6>7> F@4=E?>@F5@4. &4><= 5D5>F 

4>?><474T >G<EF<F< ??>M<=G ?5<5L4 6V4 G4EF<=>> 5G?L5>=>E=>7> ??4EF4 F4 

?>?57L5=> ?5@5=F< =4 F@4=E?>@F5@.  

j 3/p

2/pj pj

2/3pj

pj 2
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3. �@< 4>E?V465==V ?@<6545=>7> <><5=FG V=5@FVW <5E4=V7<G ?@<6>4G 

6V5@4FV==>7> ?5<5L4 >4@F>??5>>?4G4 6EF4=>6?5=>, M> ?@< 6<>>@<EF4==V 

7@V6=>646G64?L=>7> <4E>6<>4 G ?>@V6=O==V 7 >?4E<G=<< 5>EF5=F@<>>6<< 

64?>< @V6=><V@=VEFL @>5>F< ?@<6>4G 74 6V4=>L5==O< <4>E<<4?L=>7> 4> 

<V=V<4?L=>7> 7=4G5=L ?@<6545=>7> <><5=FG V=5@FVW 74 F<>? E>?444T: 4?O 

@>5>F< 557 =464=F465==O 3 7 @47V6 F4 8 @47V6 3 ?@< =464=F465=V <4E>N ??4EF4 

�@G=FG. 

4. �4 @>7@>5?5=>N F5>@5F<G=>N <>45??N 674T<>4VW 4>F<6=<E 

5>>>6<=>> F4 ?5<5L4 7 �@G=F>< 6EF4=>6?5=> 7=4G5==O 7GE<?L WE ?@>=<>=5==O 

?@< 6V44V?5==V 5G?L5>=>E=>7> ??4EF4 �@G=FG: 4?O 4>F<6=<E 5>>>6<=>> 3 6 

<564E 325 �; ?5<5L4 3 7810 �. �?O 64@V4=FG ?4E<6=<E 5>>>6<=>> F4 ?5<5L4 

(=5?@4FNNG<= ?@<6>4) 7GE<??O 4?O ?@>=<>=5==O 6 �@G=F 6 E5@54=L><G 

7@>EF4NFL: 4?O 5>>>6<=>> =4 42,5%, ?5<5L4 3 25,3%. 

�V=E=4 F5>@5F<G=4 ?>FG6=VEFL ?@<6>4G <5E4=V7<G ?5<5L4 E>?444T 

 >�F ?@< G4EF>FV >>?<64=L  �F. 

5. �@< ?@>6545==V 5>E?5@<<5=F4?L=<E 4>E?V465=L F4 >5@>5FV 

@57G?LF4FV6 6EF4=>6?5=> ?>>47=<>< 5=5@7>E?>6<64==O >4@F>??5>>?4G4: >?V@ 

?5@5<VM5==N ?5<5L4 3 8423 �, 6V4=>E=4 ?>E<5>4 4> F5>@5F<G=<E @57G?LF4FV6 

7,3%; ?>FG6=VEFL ?@<6>4G 4,972 >�F, 6V4=>E=4 ?>E<5>4 3 6,9%.  

$57G?LF4F< >?F<<V74FV==>W 7444GV 7 6<5>@G >?F<<4?L=<E ?4@4<5F@V6 

=4?4LFG64==O >4@F>??5>>?4G4:  

4?O >F@<<4==O <V=V<4?L=<E 7=4G5=L FO7>6>7> >?>@G (7,721 >�) 3 

L6<4>VEFL  </E, G4EF>F4 >>?<64=L  �F;   

=4=<5=L4 E?>6<64=4 ?>FG6=VEFL ?@<6>4G (4,698 >�F) E?>EF5@V74TFLEO 

?@< G4EF>FV >>?<64=L ?5<5L4  �F F4 4<??VFG4V >>?<64=L  <<. 

6. �@< 6<7=4G5==V ?>>47=<>V6 O>>EFV @>5>F< >4@F>??5>>?4G4 

6EF4=>6?5=>: ?>6=>F4 ?V4>>?G64==O 3 97,31% > [97%]; ?>L>>465=V 5G?L5< 3 

2,33% < [3%];  6F@4F< 5G?L5, O>V 74?<L<?<EL G �@G=FV 3 2,69% < [3%]; 7?<5<=4 

?V4>>?G64==O 3 -0,5 E<; +1 E<, M>  <5=L5 ±2 E<. 

315,5
4V=E=5

N 2,7f

6,0v 0,7f

626,5f 5,5�
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7. �4 @57G?LF4F4<< 4>E?V465=L 4?O @>7@>5?5=>7> >4=>@O4=>7> 

>4@F>??5>>?4G4 7 >><5V=>64=<< 4>F<6=<< ?5<5L5< 6EF4=>6?5=> F4>V 

@4FV>=4?L=V ?4@4<5F@<: L6<4>VEFL @GEG 47@574FG 3 0,8331,4 </E; 4V4?47>= 

@57G?N64=L 4<??VFG4 >>?<64=L ?5<5L4 3 5,5 <<; 11,6 <<; 17,3 <<;  

GEF4=>6>G=<= >GF =4E<?G ?5<5L4 3 120; 140; 160; @>7@4EG=>>64 

?@>4G>F<6=VEFL ?@< <V6@O44OE 0,7 < 3 0,2130,35 74/7>4. 

$VG=<= 5>>=><VG=<= 5D5>F 6V4 6<>>@<EF4==O @>7@>5?5=>W <4L<= 

E>?444T 23607 7@= =4 @V>. 

8. �E=>6=V @57G?LF4F< 4<E5@F4FV==>7> 4>E?V465==O 6?@>64465=> =4 

&�� «�?>F<G4 �7@>», <5F>4<>< F5>@5F<G=<E @>7@4EG=>V6 F4 ?@>6545==O 

5>E?5@<<5=FV6 6<>>@<EF>6GNFLEO 6 >E6VF=L><G ?@>F5EV &5@=>?V?LEL>>7> 

=4FV>=4?L=>7> F5E=VG=>7> G=V65@E<F5FG V<5=V �64=4 �G?NO ?@< ?V47>F>6FV 

D4EV6FV6 74 E?5FV4?L=VEFN «�7@>V=65=5@VO». 
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1 1 

1.5 �<F@4F< ?4?L=>7>, ?/74 6,5 5,5 

1.6 �4@>4 F@4>F>@4 �V=V-F@4>F>@ 

 

1.7 &V=4 F@4>F>@4, 7@=. 65000 65000 

1.8 �>@<4F<6=5 @VG=5 7464=F465==O, 

7>4.: 

- F@4>F>@4 

- E/7 <4L<=< 

 

 

300 

200 

 

 

300 

300 
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�@>4>665==O F45?.�.1 

1 2 3 

2 �=LV ?>>47=<><     

2.1 �>5DVFVT=F ?5@56>4G  

      >?F>6>W FV=< 6 54?4=E>6G  
1,1 1,1 

2.2 �>5DVFVT=F 5D5>F<6=>EFV 

>4?VF4?L=<E 6>?445=L  
0,2 0,2 

2.3 �@>F5=F 6V4G<E?5=L =4 @5=>64FVN 

?> >E=>6=V= @>5>FV: 

- =4 EV?LEL>>7>E?>44@EL>G F5E=V>G; 

- =4 F@4>F>@ 

 

 

14,3 

12,5 

 

 

14,3 

12,5 

  2.5 �@>F5=F 6V4@4EG64=L =4: 

- ?>F>G=<= @5<>=F V F5E>7?O4 4?O 

>E=>6=>W @>5>F< E/7 <4L<=<; 

- =4 >4?VF4?L=<= @5<>=F; 

- ?>F>G=<= @5<>=F V F5E>7?O4 4?O 

>E=>6=>W @>5>F< F@4>F>@4 

 

 

10 

2 

 

14,9 

 

 

10 

2 

 

14,9 

 

2.6 $>7@O4 >5E?G7>6GNG>7> ?5@E>=4?G 

=4 >E=>6=V= @>5>FV  

 

 

V 

 

 

V 

2.7 �>7>4<==4 EF46>4 F@4>F>@<EF4 (7 

6@4EG64==O< 6EVE 6<4V6 4>??4F) 7@=.  
120 120 

2.8 &V=4 1 ? ?4?L=>7>, 7@=. 54 54 

 

�4F@4F< ?@4FV G ?N4<=>-7>4<=4E =4 >4<=<FN =4@>5VF>G ?@< 6<>>=4==V 

<4L<=>N 6<@>5=<G>7> ?@>F5EG 6<7=4G4T<> 74 D>@<G?>N 

,      (�.3) 

45  3 >V?L>VEFL 6<@>5=<G>7> ?5@E>=4?G =4 >5E?G7>6G64==V F5E=V><; 

 3 ?@>4G>F<6=VEFL <4L<=<. 

W

�
T

�

W
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�4F@4F< =4 @5=>64FVN <4L<=< =4 >4<=<FN =4@>5VF>G  

 

,      (�.4) 

 

45  3 >>5DVFVT=F 6V4G<E?5==O =4 @5=>64FVN; 

 3 @VG=5 7464=F465==O F5E=VG=<E 74E>5V6; 

 3 54?4=E>64 FV=4 <4L<=<. 

�4?VF4?L=V 6>?445==O =4 <4L<=G =4 >4<=<FN =4@>5VF>G 6<7=4G4T<> 74 

D>@<G?>N  

.     (�.5) 

�4F@4F< =4 F5E=VG=5 >5E?G7>6G64==O V @5<>=F< ?>F>G=<= V >4?VF4?L=<= 

6<7=4G4T<> 74 D>@<G?>N 

,     (�.6) 

 

45 3 >>5DVFVT=F 6V4@4EG64=L =4 ?>F>G=<= @5<>=F V F5E=VG=5 

>5E?G7>6G64==O; 

 3 >>5DVFVT=F 6V4@4EG64=L =4 >4?VF4?L=<= @5<>=F; 

 3 ?@>4G>F<6=VEFL 47@574FG 74 1 7>4<=G 5>E??G4F4FV==>7> G4EG. 

�4F@4F< =4 ?4?<6=>-<4EF<?L=V <4F5@V4?< =4 >4<=<FN =4@>5VF>G 

6<7=4G4T<> 74 D>@<G?>N 

 

,      (�.7) 

 

45  3 @>7EV4 ?4?<6=>-7<4MG64?L=<E <4F5@V4?V6 =4 >4<=<FN =4@>5VF>G; 

 3 FV=4 1 ? ?4?<64.  

�4?4=E>64 FV=4 <4L<=< 

�
&W

4�
�

×

×

a

�
T

�

�
TW

�
K

×

�5>E?

�&

&W

''�
P

×

&
'

�
'

5>E?
W

&q� ×

q

&
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,      (�.8) 

 

45  3 >?F>64 FV=4 <4L<=<; 

 3 >>5DVFVT=F ?5@56>4G 7 >?F>6>W FV=< =4 54?4=E>6G. 

$>7@4EG=>> 74F@4F ?@4FV, 5>E??G4F4FV==<E 6<F@4F V ?@<6545=<E 6<F@4F 

=4 547>6G V =>6G <4L<=G F4 5=5@75F<G=<= 74EV5 ?>44=> G F45?<FV �.2.  
 

&45?<FO �.2 3 $>7@4EG=>> 74F@4F ?@4FV, ?@<6545=<E V 5>E??G4F4FV==<E 6<F@4F 

�47>6<= 64@V4=F 3  

�4@F>??5>>?4G  Bomet (�><5F) 
=4 F@4>F>@ F@4=E?>@F5@=4  

�>6<= 64@V4=F 3  

$>7@>5?5=<= >4@F>??5>>?4G 

$V7=<FO 

?>>47=<>V6 

1 2 3 

 ?N4/74 ?N4/74 0,04 

 7@=/74  7@=/74 5,71 

 

7@=/74 

 

7@=/74 

5,14 

 

7@=/74 

 

7@=/74 

1,42 

 

7@=/74 

 

7@=/74 

4,31 

  

7@=/74 

  

7@=/74 

1,69 

 

=7,7+11,84=19,54  7@=/74 

 

=3,39+10,15=13,54 7@=/74 
6,0 

k&� ×'

'&

k

33,0
3

1
�

& 29,0
5,3

1
�

&

40
3

120

�
� 29,34

5,3

120
H
�

18,9
2003

143,0350001,1

×

××

�
� 04,4

3005,3

143,0270001,1

×

××

�
�

93,9
3003

125,0650001,1

×

××

T
� 51,8

3005,3

125,0650001,1

×

××

T
�

7,7
2003

02,01,0350001,1

×

××

�
$ 39,3

3005,3

02,01,0270001,1

×

×

�
$

84,11
3003

149,0650001,1

×

××

T
$ 15,10

3005,3

149,0650001,1

×

××

T
$

&���
  P

. &���
  P

.
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�@>4>665==O F45?. �.2 

   7@=/74    7@=/74 32,14 

 

=9,18+7,7=16,88 7@=/74 

 

=4,04+3,39=7,44 7@=/74 
9,44 

 

=9,93+11,84+117+120/3= 

=178,77 7@=/74 

 

=8,51+10,15+84,86+120/3,5= 

137,8 7@=/74 

41 

 

= 16,18+178,77=195,64 7@=/74 

 

=7,44+137,8=145,24 7@=/74 
50,4 

 7@=/74  7@=/74 35,88 

 7@=/74 
 

7@=/74 1,34 

 

=64,17+79,44=143,61 7@=/74 

 

=28,29+68,1=96,38 7@=/74 
47,23 

= 

=195,65+143,61×0,2= 

=224,377@=/74 

= 

=145,24+96,38×0,2= 

=164,51 7@=/74 

59,85 

 

$>7@4EG=>> @VG=>7> 5>>=><VG=>7> 5D5>FG 6V4 6<@>5=<FF64 V 

6<>>@<EF4==O =>6>W F5E=V><, 6<=4E>4V6 V @4F?@>?>7<FV= G 

EV?LEL>>7>E?>44@EL>><G <4L<=>5G4G64==V F4 =>6<E 74E>5V6 ?@4FV 

4>67>G4E=>7> 6<>>@<EF4==O 7 >@4M<<< O>VE=<<< E4@4>F5@<EF<>4<< 

74V=E=NTFLEO @>7@>5=<>4<< V 6<@>5=<>4<< F<E 74E>5V6 ?@4FV 74 D>@<G?>N 

 

,  (�.9) 

45  3 ?@<6545=V 74F@4F< =4 >4<=<FN 547>6>7> >><??5>EG;  

 3 ?@<6545=V 74F@4F< =4 >4<=<FN =>6>7> >><??5>EG;  

1173/545,6 ×

&
� 86,845,3/545,5 ×

T
�

���
$�� ���

$��

�&TTT
��PAI

�TTTT
��PAI

&���
��I

. &���
��I

.

17,64
2003

350001,1

×

×

�
� 29,28

3005,3

270001,1

×

×

H
�

44,79
3003

650001,1

×

×

T
� 1,68

3005,3

650001,1

×

×

T
�

T���
��K

. T���
��K

.

����
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�����
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 V  3 6V4?>6V4=> @VG=V >59T<< @>5>F<, 6<>>=G64=V ?@< 6<>>@<EF4==V 

>4<=<FV 547>6>7> V =>6>7> 74E>5G ?@4FV, G =4FG@4?L=<E >4<=<FOE: 

 ��  j 600 74; ��=1050 74. 

 3 >>5DVFVT=F >5?V>G @>EFG ?@>4G>F<6=>EFV >4<=<FV =>6>7> 74E>5G 

?>@V6=O=> 7 547>6<<; ; 

�2 3 @VG=<= >5EO7 6<@>5=<FF64 =>6<E 7=4@O4L ?@4FV 6 @>7@4EG=>>6><G 

@>FV, 6 =4FG@4?L=<E >4<=<FOE, �2=1 LF. 

 3 >>5DVFVT=F 6@4EG64==O 7<V=< EF@>>G E?G65< =>6>7> 74E>5G 

?@4FV ?>@V6=O=> 7 547>6<<; 

 3 =>@<4F<6=<= >>5DVFVT=F 5D5>F<6=>EFV, ; 

 V  3 @VG=V 5>E??G4F4FV==V 6<F@4F< E?>6<64G4 ?@< 6<>>@<EF4==V 

=<< 547>6>7> V =>6>7> 74E>5G ?@4FV G @>7@4EG=>G =4 >59T<< @>5VF, O>V 

6<>>=GNFLEO 7 4>?><>7>N =>6>7> 74E>5G ?@4FV. ' F<E 74F@4F4E 6@4E>6GTFLEO 

FV?L>< G4EF<=4 4<>@F<74FVW, O>4 ?@<7=4G5=4 =4 >4?VF4?L=<= @5<>=F 74E>5V6 

?@4FV, F>5F> 557 6@4EG64==O 6<F@4F =4 WE 6V4=>6?5==O. 

&V ?>>47=<>< 6<7=4G4NFLEO 74 D>@<G?4<<: 

 

195,64·1050=205426 7@=.;   (�.10) 

 

145,24·1050=152502 7@=.,   (�.11) 

 

 V  3 @VG=V >4?VF4?L=V 6>?445==O E?>6<64G4 =4 <4L<=G (>4<=<FN 

=4?@4FN64==O) ?@< 6<>>@<EF4==V =<< 547>6>7> V =>6>7> >><??5>EV6, 

6<7=4G4NFLEO 74 D>@<G?4<<: 

143,61·1050=150792 7@=.;    (�.12) 

�
�

�
�

�

�

�

�

75,1
600

1050

�

�

�

�

��

��

$

$

.

.

H
E 2,0

H
E

/

�
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/

H
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96,38·1050=101200 7@=.  (�.13) 

 

�V4EF46<<> >F@<<4=V 7=4G5==O G D>@<G?G (�.9) 

 

 

 

=23607 7@=. 

 

 

&5@<V= >>G?=>EFV 64>E>>=4?5=>W <4L<=< 6<7=4G4T<> 74 D>@<G?>N 

 

 @>><.   (�.14) 

 

&5= ?>>47=<> ?>>47GT ?@> 6<E>>G 5>>=><VG=G 5D5>F<6=VEFL 

?@>6545=>7> 64>E>>=4?5==O. 

  

×

����
�KK

.

/

ê
ë

é
××

54,13

54,19
75,137,224

$
�

152,164
2.01354

1507921012002,0152502205426
×úû

ù
-

×

-×--

3,4
23607

101200
'

$

H
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�

K
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�>F< 6?D>64465==O 
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