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ABSTRACT 

Herba O.V. Improvement of Operating Conditions and Design of Screw-Type 

Hydraulic Turbines for Small Hydropower Plants. 3 Qualifying scientific work on 

the rights of a manuscript. 

Dissertation for doctor of philosophy degree in specialty 192 3 Construction 

and civil engineering (19 3 Architecture and construction). 

National University of Water and Environmental Engineering, Rivne, 2025.   

Modern challenges in the energy sector, particularly the growing need for 

renewable energy sources, the assurance of Ukraine’s energy security, and the 
reduction of dependence on traditional resources, highlight the necessity of 

implementing innovative technologies in the field of small-scale hydropower. One 

of the promising directions is the development of turbines capable of operating 

efficiently in both water and air environments, offering versatile applications in 

renewable energy systems. 

The objective of this research is to increase the efficiency of small screw-type 

hydraulic turbines by improving their design parameters and interaction conditions 

with the water flow. This creates the prerequisites for expanding their use in 

autonomous energy systems, water management infrastructure, and hydraulic 

engineering facilities. 

To achieve this goal, the current state of small hydropower was analyzed, 

advanced turbine designs were developed and experimentally investigated, and 

scientifically grounded recommendations for improving their performance were 

formulated. The structure of the study includes an introduction, seven chapters, 

conclusions, references, and appendices. 

The introduction justifies the relevance of the research topic, outlines the aim 

and main objectives of the dissertation, defines the object, subject, and methods of 

the study, presents the scientific novelty, and identifies the author's personal 

contribution. 

The first chapter, «The State, Prospects, and Technological Solutions of 

Small Hydropower in Ukraine», provides a comprehensive overview of the sector, 
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its role in the overall energy system, and development prospects in the context of the 

global transition to renewable sources. It discusses key problems facing the industry, 

including technical limitations, economic factors, and environmental challenges. 

Technological solutions from leading manufacturers are examined with an emphasis 

on turbine adaptation to natural conditions and optimization of energy conversion 

via flow vortexing. Based on the analysis, modernization of equipment and an 

engineering turbine model are proposed to minimize energy losses and increase 

efficiency. The results lay the foundation for effective use of water resources and 

define the direction for further research in small hydropower. 

The second chapter, «Design of Improved Types of Screw Turbines», 

provides a detailed justification of improved structural solutions for three types of 

spiral turbines, emphasizing their efficiency under different operating conditions. It 

describes three patented models based on a shared principle of gradually 

compressing and accelerating the flow to efficiently convert kinetic energy into 

mechanical energy. Each turbine has unique geometric and functional features: 

3 A turbine with blades based on the golden spiral principle allows for uniform 

load distribution with concentration near the casing (in the zone of larger diameter), 

promoting gradual power increase and improved energy conversion; 

3 A turbine with expanding straight spiral blades ensures optimal flow 

interaction, even load distribution, and stable operation, resulting in a high efficiency 

factor; 

3 A turbine with straight spiral blades and a tapered casing features a 

lightweight design that reduces overall mass, enables faster startup under weak flow 

conditions, and minimizes energy losses. 

The use of different blade profiles and the flywheel effect of the casing helps 

reduce the startup flow speed, ensures rotation stability, and decreases  energy 

pulsations. 

The third chapter, «Experimental Setup and Turbine Models», presents a 

detailed description of the laboratory installation used to conduct experimental 

research on turbine performance in both water and air flows. It outlines the 
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methodology for preparing turbine models, their structural features, test parameters, 

and the conditions under which the experiments were carried out. 

Special attention is given to the modernization of the setup, including the 

integration of a test module enabling complex testing under variable hydrodynamic 

and electrical parameters, as well as the addition of modern measuring devices such 

as a laser tachometer and multimeter to record generated voltage. 

As part of the research, a special device was developed to redirect the flow at 

a 90° angle to the plane of the turbine blades. Its structural feature is an increased 

inlet diameter with gradual narrowing toward the outlet, which creates additional 

flow compression and increases its speed before interacting with the turbine’s 

working elements. 

The characteristics of the generators used during testing are examined, along 

with their power and integration potential within the research installation. Methods 

of data collection and analysis are described, aimed at minimizing errors and 

ensuring high measurement accuracy. Algorithms for evaluating model performance 

are presented, including analysis of output characteristics, comparison of results, and 

identification of key factors influencing turbine productivity in different conditions. 

The fourth chapter, «Laboratory Studies of Designed Turbine Models in Air 

Flow», focuses on the operation of spiral turbines in air flow, emphasizing their 

aerodynamic efficiency and operational characteristics. Mechanisms for generating 

torque, the influence of design parameters on energy losses, and optimal operating 

conditions in variable flows are discussed. 

Experimental tests using a modernized module with compressor equipment 

confirmed the models’ ability to function under varying pressure, supporting the 

direction of structural optimization. 

An improved comparison methodology enabled evaluation of model 

efficiency. A key improvement was the optimization of blade and casing geometry, 

which ensured rotational stability via the flywheel effect. 



11 

The results confirmed the impact of design changes on stability and electricity 

generation levels, forming the basis for optimizing turbines under unstable air and 

water flow conditions. 

The fifth chapter, «Design of the Screw-Type Turbine», is devoted to the 

structural features of the screw-type turbine and the design process. Key stages of 

development are considered, including the determination of optimal parameters 

based on analysis of deficiencies in spiral turbine designs that affected their  

productivity. 

Particular attention is paid to optimizing the geometry of the turbine casing 

and blades to minimize hydrodynamic losses and enhance energy conversion 

efficiency. The introduction of curved transitions in the blade-to-casing joint area 

reduced flow turbulence and ensured uniform load distribution across turbine 

components. 

Based on the analysis of results from air flow tests of spiral turbines, an 

improved screw turbine model was developed. A complete set of technical 

documentation for patenting was prepared. 

The sixth chapter, «Laboratory Studies of Turbine Models in Water Flow», 

analyzes the experimental results of five turbine models tested in water under 

varying and balanced mass conditions. It was established that increased turbine mass 

promotes more stable rotation, higher inertia, and more effective kinetic energy 

conversion, while lighter models allow for quicker startup but perform worse under 

high load conditions. 

Experiments with flow angles of 45° and 90° showed that a 90° flow angle 

results in lower energy losses, more stable rotation, and higher energy conversion 

efficiency, whereas the 45° angle led to decreased efficiency, especially under 

maximum load. Increased head pressure positively affected turbine performance. 

The obtained results allowed for the development of practical 

recommendations on optimizing model mass, flow angle, and operating modes to 

increase turbine efficiency in small hydropower plants. 
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The seventh chapter, «Recommendations for the Application of Turbine 

Models Based on Laboratory Research», summarizes the research results, outlines 

the scientific novelty of the work, and assesses the practical applicability of the 

developed technical solutions. It analyzes the influence of head pressure, flow angle, 

load, and turbine mass on efficiency under changing operational conditions. 

It is proven that increasing head pressure and directing flow at a 90° angle 

lead to a linear increase in voltage and efficiency. The screw-type turbine 

demonstrated the best performance, ensuring stable generation under variable loads. 

Practical recommendations were formulated for selecting and operating 

turbines to increase the efficiency of small hydropower systems and to adapt them 

to unstable flow conditions 3 an important factor in improving autonomous energy 

sources. The potential for applying the developed technical solutions in related 

fields, including alternative energy, aerodynamic systems, and mechanical energy 

conversion, is emphasized. 

The conclusions summarize the main research findings, outline prospects for 

future scientific developments, and identify potential directions for the use of 

improved turbines in renewable energy and other technical domains. 

The obtained results were presented at scientific conferences, thematic  

seminars, and published in peer-reviewed scientific journals. The proposed technical 

solutions are protected by utility model patents. Further research will focus on 

adapting the developed designs to real operating conditions, increasing their 

durability, and expanding their application in renewable energy. 

Keywords: Small hydropower, screw turbines, helical turbines, design, 

laboratory research, modeling, hydrodynamics, hydraulics, energy systems, 

renewable energy, pipeline, turbulent flow. 
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<0;>W  3V4@>5=5@35B8:8)   501310000 1013500 <100 

UNIDO  ("@30=V70FVS @>728B:C  
?@><8A;>2>ABV >1’є4=0=8E =0FV9)   2001310000   10132000   <100   

ESHA  (Є2@>?59AP:0 0A>FV0FVS 
<0;>W  3V4@>5=5@35B8:8)   <15000   -   -   

OLADE  (�0B8=>0<5@8:0=AP:0  
5=5@35B8G=0 >@30=V70FVS)   50135000  513500   <50   

�8B09   5013
50000   

1013500   <100   

,25FVS   1013
15000   

-   -   

%,�   <15000   50132000   <500   

�=4VS   <25000   <2000   <100   

�’єB=0<   50135000  513500   <50   

/?>=VS   <10000   -   -   

(@0=FVS   20013
8000   

50132000   <500   

�=4>=57VS   <5000   -   -   

!>@253VS   <10000   -   -   

�0=040   <30000   <1000   -   

�@35=B8=0   <5000   <1000   -   

�@078;VS   <10000   -   -   

�B0;VS   <3000   -   -   

':@0W=0   <10000   <1000   <200   
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28:>@8AB0==S 3V4@>5=5@35B8G=8E @5AC@AV2 C 206:>4>ABC?=8E 01> V7>;P>20=8E 
@53V>=0E [20]. 

�V4><0 V 1V;PH 45B0;P=0 :;0A8DV:0FVS ��% <0;>W 3V4@>5=5@35B8:8 

70;56=> 2V4 WE=P>W 2AB0=>2;5=>W ?>BC6=>ABV [21]: 

3 <0;V ��% 3 2V4 1  �B 4> 10  �B; 

3 <V=V ��% 3 2V4 100 :�B 4> 1  �B; 

3 <V:@> ��% 3 2V4 5 :�B 4> 100 :�B; 

3 ?V:> ��% 3 4> 5 :�B. 

#> :>=AB@C:B82=><C 28:>=0==R ��% <0;>W ?>BC6=>ABV ?@89=SB> 
?>4V;SB8 =0 [23]:  

3 3@51;52V, 28:>@8AB>2CRBP 4;S AB2>@5==S =0?>@C 3@51;V 01> 1C4V2;V 

��%. � 70;56=>ABV 2V4 @>7B0HC20==S ��% @>7@V7=SRBP ?@83@515;P=V V @CA;>2V 

3V4@>5;5:B@>AB0=FVW; 

3 45@820FV9=V, S:V 28:>@8AB>2CRBP ?>B5=FV9=C 5=5@3VR B8A:C 2>48 2 

B@C1>?@>2>4V 01> :0=0;V; 

3 2V;P=>?>B>G=V, 2 S:8E 2AB0=>2;RєBPAS 157?>A5@54=P> 3V4@>BC@1V=0 2 
@VG:>289 ?>BV: 157 1C4P-S:8E 3V4@>B5E=VG=8E A?>@C4 V ?@0FRє 70 @0EC=>: 9>3> 

:V=5B8G=>W 5=5@3VW. 

 0;V ��% 70 @V2=5< =0?>@C ?>4V;SBPAS =0 =87P:>=0?V@=V, 

A5@54=P>=0?V@=V B0 28A>:>=0?V@=V. �@0=8G=V 7=0G5==S =0?>@C 4;S :>6=>W 

:0B53>@VW 2 @V7=8E ;VB5@0BC@=8E 465@5;0E @V7=V. 

$S4 70@C1V6=8E V 2VBG87=S=8E <0H8=>1C4V2=8E DV@< B0 ?@>5:B=8E 

>@30=V70FV9 ?@>?>=CRBP 3@0=8G=V 7=0G5==S =0?>@V2, ґ@C=BCRG8AP =0 A2>WE 

@>7@>1:0E B0 E0@0:B5@8AB8:0E BC@1V==>3> CAB0B:C20==S. 
'7030;P=RRG8 FV 40=V, <>6=0 =0ABC?=8< G8=>< :;0A8DV:C20B8  ��% 70 

=0?>@>< [20]: 

3 =87P:>=0?V@=V ! < 20 <; 

3 A5@54=P>=0?V@=V ! = 20 3 100 <; 

3 28A>:>=0?V@=V ! > 100 <. 

�> A:;04C 3V4@>5=5@35B8G=8E >1’є:BV2 2E>4SBP 3V4@>03@530B8, S:V 
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157?>A5@54=P> 28@>1;SRBP 5;5:B@8G=C 5=5@3VR. �V4@>03@530B A:;040єBPAS 7 
42>E >A=>2=8E G0AB8=: 3V4@>BC@1V=8, I> ?5@5B2>@Rє 5=5@3VR ?>B>:C 2>48 2 

<5E0=VG=C 5=5@3VR >15@B0==S, B0 5;5:B@8G=>3> 35=5@0B>@0, S:89 ?5@5B2>@Rє 

FR <5E0=VG=C 5=5@3VR 2 5;5:B@8G=C [7].  

�V4@02;VG=0 BC@1V=0 [24] 3 F5 <5E0=VG=89 ?@8AB@V9, ?@87=0G5=89 4;S 

?5@5B2>@5==S 5=5@3VW @CE><>W 2>48 (?>B5=FV0;P=>W, :V=5B8G=>W 01> WE 

:><1V=0FVW) C <5E0=VG=C 5=5@3VR >15@B0==S @>1>G>3> :>;5A0, S:0 <>65 

28:>@8AB>2C20B8AS 4;S ?@82>4C 35=5@0B>@V2 5;5:B@>5=5@3VW 01> V=H8E 

<5E0=V7<V2. 
�0 ?@8=F8?>< 4VW 3V4@>BC@1V=8 ?@89=SB> ?>4V;SB8 =0 :;0A8, A8AB5<8, 

B8?8 V A5@VW. �A=Cє 420 >A=>2=8E :;0A8 3V4@>BC@1V=: 0:B82=V 9 @50:B82=V. 

/:I> 2 3V4@>BC@1V=0E 28:>@8AB>2CєBPAS ;8H5 :V=5B8G=0 5=5@3VS ?>B>:C, 

B0:V BC@1V=8 =07820RBPAS 0:B82=8<8. ' =8E 2>40 =04E>48BP =0 @>1>G5 :>;5A> 

157 =04;8H:>2>3> B8A:C, V <0965 25AP =0S2=89 B8A: ?5@5B2>@RєBPAS =0 

H284:VABP 4;S 4>AS3=5==S 28A>:>3> ���. 

$50:B82=V BC@1V=8, =02?0:8, G0AB:>2> 01> ?>2=VABR 28:>@8AB>2CRBP 
?>B5=FV9=C 5=5@3VR ?>B>:C. ' F8E BC@1V=0E ?@>F5A ?5@5B2>@5==S  5=5@3VW =0 

@>1>G><C :>;5AV 2V41C20єBPAS V7 70;8H:>28< B8A:><. �>=8 B0:>6 

28:>@8AB>2CRBP :V=5B8G=C 5=5@3VR ?>B>:C, 70157?5GCRG8 5D5:B82=C ?5@540GC 

5=5@3VW G5@57 :><1V=>20=5 28:>@8AB0==S B8A:C B0 H284:>ABV [25]. 

�> :;0AC 0:B82=8E BC@1V= =0;560BP A8AB5<8 :>2H>28E, ?>E8;> 3 

AB@C<5=528E BC@1V=, H=5:>28E BC@1V= B0 BC@1V= ?>42V9=>W 4VW.  

�;0A @50:B82=8E BC@1V= 2E>4SBP =0ABC?=V A8AB5<8: >AP>2V-?@>?5;5@=V V 

4V03>=0;P=V, ?>2>@>B=> 3 ;>?0B52V, ?>2>@>B=> 3 ;>?0B52V B0 @04V0;P=> 3 >AP>2V 
BC@1V=8. 

�AV BC@1V=8 C<>2=> ?>4V;SRBPAS =0 <0;V, A5@54=V V 25;8:V. �> <0;8E 

BC@1V= =0;560BP BV, C S:8E 4V0<5B@ @>1>G>3> :>;5A0 D < 1,2 < ?@8 =87P:8E 

=0?>@0E V D <0,5 < ?@8 28A>:8E, 0 ?>BC6=VABP AB0=>28BP =5 1V;PH5 1000 :�B. 

�> A5@54=VE 3 BV BC@1V=8, C S:8E 1,2 < D <2,5 < ?@8 =87P:8E =0?>@0E V 0,5 <D< 

1,6 < ?@8 28A>:8E, 0 ?>BC6=VABP 1000 <N< 15000 :�B. �> 25;8:8E BC@1V= 
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2V4=>ASBPAS BV, S:V <0RBP D V N 1V;PH5, =V6 C A5@54=VE [25]. 

%CG0A=5 3V4@>BC@1>1C4C20==S >@Vє=B>20=5 =0 @>728B>: V 24>A:>=0;5==S 

70 B0:8<8 >A=>2=8<8 =0?@S<0<8 [25]: 

3  ?V428I5==S 5:>=><VG=>ABV B0 =04V9=>ABV ?V4 G0A 5:A?;C0B0FVW; 

3  71V;PH5==S H284:>EV4=>ABV 3V4@>BC@1V= 4;S 4>AS3=5==S =5>1EV4=>W 

@>7@0EC=:>2>W ?>BC6=>ABV ?@8 <5=H8E 3010@8B0E V 207V 03@530BV2. *5 A?@8Sє 

7<5=H5==R 20@B>ABV 5=5@35B8G=>3> >1;04=0==S B0 A?>@C465==S ��%; 

3  ?>;V?H5==S 5=5@35B8G=8E E0@0:B5@8AB8:, 7>:@5<0 ?V428I5==S 

A5@54=P>3> 5:A?;C0B0FV9=>3> ��� 3V4@>03@530BV2; 
3  ?>:@0I5==S :02VB0FV9=8E E0@0:B5@8AB8:, I> 7<5=HCє @C9=C20==S 

?@>B>G=8E G0AB8=, 4>72>;Sє 7=878B8 @V25=P CAB0=>2:8 BC@1V=8 I>4> =86=P>3> 

1’єDC, B0 7=86Cє 28B@0B8 =0 1C4V2=8FB2>; 

3  7=865==S ?C;PA0FV9 B8A:C 2 ?@>B>G=V9 G0AB8=V (>A>1;82> 70 @>1>G8< 

:>;5A>< @04V0;P=>->AP>28E BC@1V=) V AC?CB=VE 2V1@0FV9 03@530BV2; 

3  71V;PH5==S >48=8G=>W ?>BC6=>ABV 3V4@>03@530BV2, I> 4>72>;Sє 

7<5=H8B8 WE=R :V;P:VABP, ?V428I8B8 ��� V 7<5=H8B8 20@BVABP >1;04=0==S B0 
1C4V2=8FB20 ��%. 

/:I> 4;S 7040=>3> 4V0?07>=C =0?>@V2 V C<>2 @>1>B8 ��% <>6;82> 

28:>@8AB0==S :V;P:>E B8?V2 3V4@>BC@1V= 01> @>1>G8E :>;VA, B> 4;S 287=0G5==S 

=09:@0I>3> @VH5==S ?>B@V1=> 28:>=0B8 B5E=V:>-5:>=><VG=89 0=0;V7 @V7=>3> 

5=5@35B8G=>3> >1;04=0==S. #@>F5A 281>@C >?B8<0;P=>3> 20@V0=B0 ?5@5410G0є: 

3  ?>@V2=S==S 5=5@35B8G=8E E0@0:B5@8AB8: (���, H284:>EV4=VABP, 

:02VB0FV9=0 ABV9:VABP); 

3  0=0;V7 28B@0B =0 5:A?;C0B0FVR B0 >1A;C3>2C20==S (>GV:C20=89 B5@<V= 
A;C618, 20@BVABP @5<>=BC, A?>6820==S @5AC@AV2 4;S >1A;C3>2C20==S); 

3  >FV=:0 :0?VB0;P=8E 28B@0B (20@BVABP >1;04=0==S, 70B@0B8 =0 <>=B06, 

1C4V25;P=V @>1>B8, ?>2’S70=V 7 040?B0FVєR BC@1V=8 4> C<>2 ��%); 

3  @>73;S4 5:>;>3VG=8E 0A?5:BV2 (2?;82 =0 =02:>;8H=є A5@54>28I5, 

@V25=P HC<C, 715@565==S ?@8@>4=8E @5AC@AV2); 

3  <>45;R20==S @>1>B8 >1;04=0==S 2 @50;P=8E C<>20E (28?@>1C20==S 
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?@>B>B8?V2 01> 28:>@8AB0==S =0S2=8E 40=8E 7 V=H8E ��% V7 ?>4V1=8<8 
C<>20<8). 

!0 >A=>2V @57C;PB0BV2 B5E=V:>-5:>=><VG=>3> 0=0;V7C >18@0єBPAS BC@1V=0 

G8 @>1>G5 :>;5A>, S:5 70157?5GCє =0928IC 5=5@3>5D5:B82=VABP 70 >?B8<0;P=>W 

20@B>ABV V <V=V<0;P=>3> 2?;82C =0 4>2:V;;S. 

 

1.4. "1;04=0==O <0;8E 3V4@>5;5:B@>AB0=FV9 

 

1.4.1. &C@1V=8 @V7=8E 28@>1=8:V2 

 

&C@1V=0 :><?0=VW Andritz Hydro 
�07=0G8<>, I> >?B8<0;P=89 281V@ :>=AB@C:B82=8E ?0@0<5B@V2 4;S 

70157?5G5==S 286820==S @818 <>65 45I> 2V4@V7=SB8AS 2V4 B8E 48709=5@AP:8E 

<V@:C20=P, 2 S:8E 3>;>2=8< 70240==S< є <0:A8<V70FVS 5=5@35B8G=>3> 

28@>1=8FB20 01> <V=V<V70FVS 28B@0B. 

�2AB@V9AP:0 :><?0=VS Andritz Hydro [27] є >4=8< V7 ?@>2V4=8E A2VB>28E 

?>AB0G0;P=8:V2 5;5:B@><5E0=VG=>3> >1;04=0==S B0 ?>A;C3 4;S 
3V4@>5;5:B@>AB0=FV9. �>=0 709<0є :;RG>2V ?>78FVW C 2?@>20465==V ACG0A=8E 

B5E=>;>3V9 4;S ?V428I5==S 5D5:B82=>ABV @>1>B8 3V4@>5=5@35B8G=8E A8AB5<, 

2>4=>G0A ?@84V;SRG8 >A>1;82C C203C 5:>;>3VG=8< 0A?5:B0< 5:A?;C0B0FVW. 

"4=8< V7 AB@0B53VG=8E =0?@S<V2 4VS;P=>ABV :><?0=VW є @>7@>1:0 

B5E=>;>3V9, A?@S<>20=8E =0 715@565==S 68BBє740B=>ABV @81=8E ?>?C;SFV9, I> 

270є<>4VRBP V7 3V4@>5=5@35B8G=8<8 CAB0=>2:0<8. �;S FP>3> Andritz Hydro  

70AB>A>2Cє :><?;5:A=C AB@0B53VR fish-friendly, >@Vє=B>20=C =0 <V=V<V70FVR 

<5E0=VG=8E B@02< @81, S:V <>6CBP 28=8:0B8 ?V4 G0A WE ?@>E>465==S G5@57 

BC@1V=8 [28]. 

Fish-friendly B5E=>;>3VW 2 3V4@>BC@1V=0E. �;RG>2>R A:;04>2>R FVєW  

AB@0B53VW є V=B53@0FVS :>=AB@C:B82=8E >A>1;82>AB59 03@530BV2, S:V 4>?><030RBP 

7<5=H8B8 <5E0=VG=89 2?;82 =0 @81C ?V4 G0A WW ?5@5<VI5==S C 2>4=><C ?>B>FV. 

"A=>2=8<8 AB@5A>28<8 D0:B>@0<8, I> <>6CBP A?@8G8=8B8 B@02<C20==S, є: 3 
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@V7:V ?5@5?048 B8A:C, I> <>6CBP ?@8725AB8 4> 10@>B@02< V DV7V>;>3VG=8E 
?>H:>465=P >@30=V7<C @818. 3 :>=B0:B V7 ;>?0BS<8 BC@1V=8, S:89 ?>B5=FV9=> 

A?@8G8=Sє <5E0=VG=V CH:>465==S. 3 BC@1C;5=B=V 7>=8 ?>B>:C, I> AB2>@RRBP 

A8;P=V 3V4@>48=0<VG=V =020=B065==S B0 <>6CBP =530B82=> 2?;820B8 =0 

?@8@>4=V @CE>2V @5D;5:A8 @81. 

�=65=5@=V @VH5==S 4;S ?V428I5==S 286820=>ABV @81. �;S 7=865==S 

@878:V2 B@02<C20==S :><?0=VS Andritz Hydro 2?@>2046Cє =87:C 

:>=AB@C:B82=8E C4>A:>=0;5=P, A5@54 S:8E:  

3 >?B8<V7>20=V 35><5B@8G=V ?0@0<5B@8 ;>?0B59, I> 7<5=HCRBP 7AC2=V 
=020=B065==S B0 70157?5GCRBP ?;02=89 ?5@5EV4 2>4=>3> ?>B>:C G5@57 BC@1V=C; 

 3 7<5=H5==S 7>= 28A>:>3> BC@1C;5=B=>3> =020=B065==S, I> 4>72>;Sє 

C=8:0B8 E0>B8G=8E @CEV2 2>48 2 >1;0ABV ?@>E>465==S @81; 

3 @>7@>1:0 3V4@>48=0<VG=> 282V@5=8E :0=0;V2 ?@>E>4C, I> 7=86CRBP 

<>6;82VABP <5E0=VG=>3> :>=B0:BC 7 >15@B>28<8 G0AB8=0<8. 

�0;0=A <V6 5=5@3>5D5:B82=VABR B0 5:>;>3VG=>R 157?5:>R. �06;82> 

707=0G8B8, I> >?B8<0;P=89 281V@ :>=AB@C:B82=8E ?0@0<5B@V2 4;S 
70157?5G5==S 286820==S @818 <>65 ACBBє2> 2V4@V7=SB8AS 2V4 B8E 

48709=5@AP:8E @VH5=P, 45 3>;>2=8< 70240==S< є <0:A8<V70FVS 5=5@35B8G=>3> 

28@>1=8FB20 01> <V=V<V70FVS 28B@0B. �>AS3=5==S 10;0=AC <V6 5D5:B82=VABR 

BC@1V=8 B0 WW 5:>;>3VG=>R 157?5:>R 28<030є @5B5;P=>3> 0=0;V7C 

3V4@>48=0<VG=8E ?@>F5AV2, @>7@>1:8 A?5FV0;P=8E B5E=VG=8E @VH5=P B0 

?@>2545==S <0AHB01=8E 5:A?5@8<5=B0;P=8E 4>A;V465=P (@8A. 1.3). 

&5E=>;>3VW fish-friendly, @>7@>1;5=V :><?0=VєR, 0:B82=> 2?@>2046CRBPAS 

C 3V4@>5=5@35B8G=8E ?@>5:B0E ?> 2AP><C A2VBC, A?@8SRG8 ?V428I5==R 
5:>;>3VG=>W ABV9:>ABV 3V4@>5;5:B@>AB0=FV9. ' ?5@A?5:B82V ?>40;PH89 @>728B>: 

FVєW :>=F5?FVW <>65 ?@8725AB8 4> AB2>@5==S =>28E ?>:>;V=P BC@1V=, I> 

?>є4=CRBP 28A>:C 5=5@35B8G=C 5D5:B82=VABP V7 <V=V<0;P=8< 2?;82>< =0 

=02:>;8H=є A5@54>28I5. 
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 <E. 1.3. �V8DBFGD5VA4 fish-friendly >B@C4AVW Andritz Hydro 

 

&C@1V=0 :><?0=VW Mavel 
�><?0=VS Mavel [29], S:0 є ?@>2V4=8< A2VB>28< 28@>1=8:>< 3V4@>BC@1V=, 

74V9A=Rє A2>R 4VS;P=VABP =0 ACG0A=8E 28@>1=8G8E ?>BC6=>ABSE C +5AP:V9 

$5A?C1;VFV. �>=0 A?5FV0;V7CєBPAS =0 @>7@>1FV B0 28@>1=8FB2V 3V4@>BC@1V= V 

AC?CB=P>3> >1;04=0==S 4;S 3V4@>5;5:B@>AB0=FV9 7 ?>BC6=VABR 2V4 30 :�B 4> 30 

 �B.  

#@>4C:B>289 @S4 :><?0=VW >E>?;Rє H8@>:89 A?5:B@ 3V4@>BC@1V=, A5@54 

S:8E:  

3 ?>2>@>B=>-;>?0B52V BC@1V=8, I> 70157?5GCRBP 3=CG:5 @53C;R20==S 

@>1>G8E ?0@0<5B@V2;  

3 @04V0;P=>->AP>2V BC@1V=8, S:V 28:>@8AB>2CRBPAS C 

3V4@>5;5:B@>AB0=FVSE 7 A5@54=V< =0?>@><;  

3 :>2H>2V BC@1V=8, >?B8<0;P=V 4;S 28A>:>=0?V@=8E ��%;  

3 <>4C;P=V 3V4@>BC@1V=8, I> 45<>=AB@CRBP 28A>:C 040?B82=VABP C <0;8E 

3V4@>5=5@35B8G=8E A8AB5<0E. 

"4=8< 7 V==>20FV9=8E @VH5=P :><?0=VW Mavel є <>4C;P=0 <V:@>BC@1V=0  

(@8A. 1.4), A?5FV0;P=> @>7@>1;5=0 4;S 3V4@>2C7;V2 7 =87P:8< =0?>@>< V 
=525;8:>R 28B@0B>R 2>48. *S 3V4@>BC@1V=0 28:>@8AB>2Cє B5E=>;>3VR A8D>=0 
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V >A=0I5=0 @>1>G8< :>;5A>< ?>2>@>B=>-;>?0B52>3> B8?C 7 G>B8@<0 
@53C;P>20=8<8 2@CG=C ;>?0BS<8. $>1>G5 :>;5A> 7'є4=CєBPAS 7 0A8=E@>==8< 

35=5@0B>@>< G5@57 ?5@540GC 01> 157?>A5@54=P>, I> 4>72>;Sє >?B8<V7C20B8 

>15@B0==S 3V4@>BC@1V=8 B0 35=5@0B>@0 2V4?>2V4=> 4> C<>2 :>=:@5B=>W ��%, 

70157?5GCRG8 <0:A8<0;P=C 5D5:B82=VABP ?@8 7<V==8E 5:A?;C0B0FV9=8E 

C<>20E.  

 

 <E. 1.4. �B8G?ьA4 7V8DBFGD5VA4 E<HBAAB7B F<CG 

 

�0 >AB0==V 20 @>:V2 :><?0=VS Mavel 2AB0=>28;0 ?>=04 65 <V:@>BC@1V= C 

B0:8E :@0W=0E, S: �>;30@VS, +5AP:0 $5A?C1;V:0, (V=;S=4VS, �B0;VS, /?>=VS, 

�0B2VS, !V<5GG8=0, #>;PI0, %;>20GG8=0, %;>25=VS, %,� B0 ':@0W=0 [7]. 

�> ?5@5203 3V4@>BC@1V= Mavel (TM Micro) A;V4 2V4=5AB8 B0:V 

E0@0:B5@8AB8:8, S: <>4C;P=0 :>=AB@C:FVS, I> 4>72>;Sє 7@CG=5 B0 H284:5 

2AB0=>2;5==S 157 =5>1EV4=>ABV 2 >:@5<V9 <0H8==V9 70;V, 0 B0:>6 <>6;82VABP 

@CG=>3> =0;0HBC20==S ;>?0B59 @>1>G>3> :>;5A0 4;S 4>AS3=5==S >?B8<0;P=8E 

5:A?;C0B0FV9=8E ?0@0<5B@V2. �8:>@8AB0==S B5E=>;>3VW A8D>=C 70157?5GCє 

28A>:C 5D5:B82=VABP BC@1V=8, 0 =04V9=0 :>=AB@C:FVS 30@0=BCє AB01V;P=C @>1>BC 

2 C<>20E @V7=8E 3V4@02;VG=8E @568<V2 [30]. 

�><?;5:B0FVS 3V4@>BC@1V=8 Mavel 2:;RG0є:  

3 3V4@>BC@1V=C;  
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3 35=5@0B>@;  
3 BS3>289 <5E0=V7<;  

3 02B><0B87>20=C A8AB5<C :5@C20==S, I> 4>72>;Sє 5D5:B82=> C?@02;SB8 

?@>F5A>< 28@>1=8FB20 5=5@3VW B0 70157?5GCє 28A>:C 02B><0B870FVR 

5:A?;C0B0FVW (@8A. 1.5). 

 

 <E. 1.5. �V8DB9?9>FDBEF4AJVO Olawa II  
(3 x TM10 Modular Micro H= 4,0 m; Q= 11,7 m3.s-1 ; N= 300 kW)[31]. 

 

�?@>20465==S B5E=>;>3V9 Mavel 2 ':@0W=V. �V4@>03@530B8 :><?0=VW 

Mavel 1C;8 2AB0=>2;5=V ?VA;S @5:>=AB@C:FVW =0 !>2>H8FP:V9 <0;V9 

3V4@>5;5:B@>AB0=FVW, @>7B0H>20=V9 =0 @VGFV �8AB@8FS &8A<5=8FP:0 ?>1;87C 

A5;0 !>2>H8GV 2 �@>3>18FP:><C @09>=V �P2V2AP:>W >1;0ABV. 

*59 ?@>5:B 45<>=AB@Cє CA?VH=5 2?@>20465==S ACG0A=8E B5E=>;>3V9 4;S 
?V428I5==S 5D5:B82=>ABV 28@>1=8FB20 5=5@3VW =0 <0;8E 3V4@>5;5:B@>AB0=FVSE 

2 ':@0W=V. $50;V70FVS B0:8E V=65=5@=8E @VH5=P A?@8Sє @>728B:C 02B>=><=>W 

35=5@0FVW 5;5:B@>5=5@3VW C 2V440;5=8E @53V>=0E B0 70157?5GCє 5:>;>3VG=C 

ABV9:VABP 2VBG87=S=8E ��%. 

&C@1V=0 28@>1=8FB20 WTW Poland sp. z o.o. 

#>;PAP:0 :><?0=VS WTW є ?@>2V4=8< ?>;PAP:8< 28@>1=8:>< BC@1V=, 0 

B0:>6 <5E0=VG=>3> V 5;5:B@8G=>3> >1;04=0==S 4;S <0;8E 3V4@>5;5:B@>AB0=FV9, 

I> ?>G0;0 A2>R 4VS;P=VABP 7 1986 @>:C [32]. #@>5:B8 3V4@>BC@1V= 

@>7@>1;SRBPAS 7 28:>@8AB0==S< ACG0A=8E ?@>3@0< 4;S 3D-<>45;R20==S, I> 
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4>72>;Sє B>G=> @>7@0E>2C20B8 B0 >?B8<V7C20B8 :>=AB@C:FVR BC@1V= V V=H>3> 
>1;04=0==S 4;S 5;5:B@>AB0=FV9. �;S 283>B>2;5==S BC@1V= B0 :><?;5:BCRG8E 

28:>@8AB>2CRBPAS <0B5@V0;8 V :><?>=5=B8 2V4 ?@>2V4=8E A2VB>28E 28@>1=8:V2, 

I> 30@0=BCє 28A>:C S:VABP B0 =04V9=VABP ?@>4C:FVW. 

�024S:8 @50;V70FVW ?@>5:BC Є% «�?@>20465==S V==>20FV9=>3> 

28@>1=8FB20 3V4@>BC@1V= =0 WTW Poland sp. Z >. O. In Bartoszyce», 1C;> 

@>7@>1;5=> 4;S 28@>1=8FB20, =>289 B8? 2>4S=>W BC@1V=8 AX3L (@8A. 1.6), 7 

=>20B>@AP:>R :>=AB@C:FVєR, S:0 E0@0:B5@87CєBPAS [33]: 

3 V==>20FV9=0 :>=AB@C:FVS BC@1V=8 AX3L 3 є @57C;PB0B>< 2;0A=>3> 
28=0E>4C WTW (02B>@AP:5 ?@02> 7 PAT.224665); 

3 ?V428I5=0 <VF=VABP BC@1V=8, 71V;PHCє 30@0=BV9=89 B5@<V= 5:A?;C0B0FVW  

4> 10 @>:V2; 

3 <>6;82VABP >B@8<0==S <0:A8<0;P=>W 5=5@3>5D5:B82=>ABV 2>4=>3> 

?>B>:C, ?>G8=0RG8 2V4 25;8G8=8 ?5@5?04C AE8;C 2 1,5 <; 

3 2V4ACB=VABP ?5@520=B065==S ?V4H8?=8:V2 =04<V@=>R =0?@C3>R; 

3 1V;PH 28A>:5 B5?;>25 @>7H8@5==S 20;C; 
3 ?V428I5=0 AB01V;P=VABP @>1>B8 BC@1V=8; 

3 71V;PH5=V ?5@V>48 <V6 =5>1EV4=VABR B5E=VG=>3> >1A;C3>2C20==S 

BC@1V=8, 7024S:8 <>6;82>ABV ?>ABV9=>3> :>=B@>;R @5AC@AC ?V4H8?=8:V2; 

3 7<5=H5==S 28=8:=5==S =51060=8E 2V1@0FVW =0 20;C. 

 

 <E. 1.6. "GD5VA4 AX3L ; 7BD<;BAF4?ьA<@ 64?B@ 
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*S ACG0A=0 BC@1V=0 ($8A. 1.6) 7 ?@S<8< >AP>28< ?>B>:>< 2>48 
E0@0:B5@87CєBPAS ?V428I5=8< ��� ?>@V2=S=> 7 :;0A8G=8<8 @VH5==S<8. 

�0AB>A>20=V B5E=VG=V @VH5==S 4>72>;SRBP >B@8<0B8 1V;PHC H284:VABP ?>B>:C 

G5@57 BC@1V=C (?@8 B><C 6 4V0<5B@V @>B>@0) [33]. &C@1V=0 AX3L @5:><5=4>20=0 

4;S =87P:>=0?V@=8E 5;5:B@>AB0=FV9 7 =0?>@0<8 1,535,0 <, 28B@0B0<8 2>48 23

14 <3/A,  ?>BC6=VABR 4> 600 :�B V 4V0<5B@>< @>1>G>3> :>;5A0 83031640 <<.. 

�>?0BV @>B>@0 283>B>2;5=V 7 =5@602VRG>W AB0;V. $>1>GV ;>?0B:8 V <0B>G8=0 

@>1>G>3> :>;5A0 283>B>2;5=V 7 G02C=C :C;SAB>W D>@<8. &C@1V=0 >A=0I5=0 

40BG8:0<8 B5<?5@0BC@8 ?V4H8?=8:V2, 40BG8:0<8 2V1@0FV9 ?V4H8?=8:V2, 
40BG8:>< >1>@>BV2 B0 ?>B5=FV><5B@0<8 [33].  

�A<>:BC20;ь=0 BC@1V=0 ,0C15@35@0 

�>A8BP ?5@A?5:B82=V B0 0:BC0;P=V 3V?>B578 B0 <>45;V AB2>@R202 

<0;>2V4><89 28=0EV4=8: ,0C15@35@ [34], S:89 ?@>3>;>A82: «' 74>@>2><C 

<5E0=V7<V =5<0є 6>4=8E ?@S<8E ;V=V9 V ?@028;P=8E :V;». *8< 2V= E>BV2 A:070B8, 

I> 48709= B0 D>@<0 9>3> 28=0E>4V2 70A=>20=V =0 01A>;RB=> V=H><C A?>A>1V 

<>45;R20==S. �V= 2V4<>282AS 2V4 <5@B28E �2:;V4>28E DV3C@. �VRGV B0 

DC=:FV>=0;P=V :>=AB@C:FVW B0 D>@<8 9>3> 28=0E>4V2 A:;040RBPAS V7 
70:@CG5=8E A?V@0;59 B0 2838=V2, 4>ABC?=8E 5;5<5=BV2 «=552:;V4>2>W» 

35><5B@VW, I> ?5@52060RBP C ?@8@>4V. �024S:8 >1'є4=0==R B0:8E A?V@0;P=8E 

:>=DV3C@0FV9 B0 S9F5?>4V1=8E D>@< C 9>3> 28=0E>40E 28@>1;SRBPAS @V7=V 

68BBєAB25@4=V D>@<8 5=5@3VW, =0 2V4<V=C 2V4 B8E, S:V AP>3>4=V 35=5@CRBPAS 

B@048FV9=8<8 <5E0=V7<0<8 B0 4>A8BP G0AB> @C9=CRBP 68BBS =02:>;8H=P>3> 

A5@54>28I0. *V 2848 5=5@3V9 B0 A8;8 740B=V =5 BV;P:8 @501V;VBC20B8, 

AB01V;V7C20B8 ?@8@>4=V ?@>F5A8, 0 9 A?@8SB8 @>728B:C =0H>W F82V;V70FVW. 

,8@>:5 70AB>AC20==S WE 68BBє409=>W 5=5@3VW <>3;> 1 1030B> 2 G><C A?@8SB8 

2V4=>2;5==R 5:>;>3VG=>3> 10;0=AC �5<;V, S:89 B0: 2V4GCB=> 2825;0 7 ;04C 

1574C<=0 ;R4AP:0 4VS;P=VABP [35]. 

,0C15@35@ 4>2>482, I> ACG0A=V <5E0=V7<8 4VRBP 70 4>?><>3>R 

2V4F5=B@>2>3> @CEC, I> A?@8G8=Sє >?V@ @50:B82=><C @CEC, 7024S:8 G><C 

7=0G5==S H284:>ABV >15@B0==S 72>48BPAS 2 :204@0B. ' ?52=><C A5=AV F5 <>65 
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V=B5@?@5BC20B8AP S: =04?>BC6=5 ?@8@>4=5 30;P<C20==S. � 28:>@8AB0==S< 
9>3> ?0B5=B>20=8E 328=BV2 2A<>:BC20==S (@8A. 1.7, 1.8) [36] @>1>B0 B0 

5D5:B82=VABP 71V;PH5=V 2 B><C A0<><C 2V4=>H5==V G5@57 <>;5:C;S@=V ?@>F5A8, 

?V428I5=>W S:>ABV, I> 2 @57C;PB0BV <>65 1CB8 28@>1;5==S 5=5@3VW ?>=04 

>48=8FR. 

 

 <E. 1.7. �E>V; 6E@B>FG64?ьABW FGD5VA< Ш4GD59D79D4 (FGD5VA4-$BD9?ь)[36] 
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 <E. 1.8. �E>V; DBFBD4 6E@B>FG64?ьABW FGD5VA< Ш4GD59D79D4 [36] 

 

$>B>@ 328=B0 2A<>:BC20==S, I> 72C6CєBPAS 4> >A=>28. !572060RG8 =0 

B5, I> 2V= ?@0FRє ?V4 2>4=8< B8A:><, ?>BV: @5G>28=8, I> ?@>E>48BP G5@57 

=P>3>, =5 @C9=CєBPAS 7024S:8 B><C, I> BCB ?5@52060є 4>F5=B@>289 @CE, I> 

28:;8:0є 7=865==S B5<?5@0BC@=>3> 3@04Vє=B0. �>40 B0:8< G8=>< AB0є 

=0A8G5=0 <03=VB=8<8 70@S40<8 B0 <VAB8BP 0<>@D=V AB@C:BC@8, 0 2<VAB 

?>2'S70=>3> :8A=R C =V9 ?5@528ICє :V;P:VABP =V6 C 2V;P=>-48=0<VG=V9 A8AB5<V. 

' :@C3;8E B@C10E =0H8E 2>4>?@>2>4V2 2>40 =5 <>65 7028E@R20B8AS =0;56=8< 

G8=><, 2>=0 AB0є 157A<0G=>R B0 =5682>R. [35]  
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&C@1V=0 «$>B>@ "=V?:0» 

�>A8BP AE>68< =0 4>A;V465==S �V:B>@0 ,0C15@35@0 28S282AS 28=0EV4 

C:@0W=AP:>3> 2G5=>3> ";5:AVS "=V?:0 [37], 2V4><89 S: @>B>@ "=V?:0 [38]. 

"A>1;82VABR 9>3> :>=AB@C:FVW є =5728G09=0 D>@<0, S:0 70157?5GCє 28A>:C 

5D5:B82=VABP @>1>B8 ?@8AB@>R, >4=>G0A=> @>1;SG8 9>3> ?@0:B8G=> 

157HC<=8<. "=V?:> 2V4<>282AS 2V4 B@048FV9=8E ;>?0B59, 70?@>?>=C202H8 

70<VABP =8E >1'є<=V A?V@0;V @V7=>3> 4V0<5B@0, S:V <>6=0 @>7<VIC20B8 =0 @V7=8E 

28A>B0E (@8A. 1.9). �8A>:0 ?@>4C:B82=VABP FP>3> ?@8AB@>R AB0;0 @57C;PB0B>< 

V==>20FV9=>W D>@<8, S:C A0< CG5=89 =07820є «?@8@>4=>R». �024S:8 B0:><C 

48709=C, @>B>@ 740B=89 35=5@C20B8 5;5:B@8G=C 5=5@3VR =02VBP ?@8 =525;8:8E 

?>B>:0E A5@54>28I0, I> @>18BP 9>3> =04728G09=> 5D5:B82=8< V 040?B>20=8< 

4> @V7=8E C<>2 5:A?;C0B0FVW. 

 

 <E. 1.9. �E>V; DBFBD4 �AVC>4 

 

(>@<0 BC@1V=8 «$>B>@0 "=V?:0» 1C;0 704C<0=0 B0:, I>1 701@0B8 

01A>;RB=> 2A5, I> 40є 2VB5@. "@83V=0;P=VABP FVєW D>@<8 @>B>@0 A0<5 2 B><C, 

I> 2V= ?>G8=0є >15@B0B8AS ?@8 H284:>ABV 2VB@C 2V4 0,1 < / A. [38]  
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 <E. 1.10. �>EC9D<@9AF4?ьAV 8BE?V8:9AAO  BFBD4 �CV>B 

 

 0:A8<0;P=5 28:>@8AB0==S 5=5@3VW 2VB@C B0 740B=VABP ?@8AB@>R 

@503C20B8 =0 @CE8 ?>2VB@S 7 <0;8<8 H284:>ABS<8 >1C<>2;5=V B8<, I>, =0 

2V4<V=C 2V4 :;0A8G=8E ?@>?5;5@=8E @>B>@0E, 45 5=5@3VS, I> 28@>1;SєBPAS, 

287=0G0єBPAS ;8H5 H284:VABR 2VB@C V ?;>I5R, S:C >E>?;Rє 2VB@>:>;5A>, 2 

«$>B>@V "=V?:0» 206;82C @>;P C 28@>1;5==V 5=5@3VW 2V4V3@0є =5 BV;P:8 

>1<V=R20=0 ?;>I0, 0 9 C25AP >1'є< @>B>@0 (@8A.1.10). &0:0 :>=AB@C:B82=0 
>A>1;82VABP 4>72>;Sє 1V;PH 5D5:B82=> 28:>@8AB>2C20B8 5=5@3VR 2VB@C, 

>A:V;P:8 @>B>@8 "=V?:0 <>6CBP 0:B82=> 270є<>4VSB8 7 1V;PH>R :V;P:VABR 

?>2VB@S=8E ?>B>:V2 =02VBP ?@8 =87P:8E H284:>ABSE 2VB@C, I> 7=0G=> 71V;PHCє 

5D5:B82=VABP 35=5@C20==S 5=5@3VW [39]. 

,=5:>20 BC@1V=0 
,=5:>2V BC@1V=8 B0:>6 2AB0=>2;RRBPAS =0 <V:@> ��%, >A:V;P:8 2>=8 є 

=09?@0:B8G=VH8< V 5D5:B82=8< 465@5;>< 5;5:B@>5=5@3VW 4;S ACG0A=8E 

3V4@>5;5:B@>AB0=FV9 <0;>W ?>BC6=>ABV.  
#5@H0 328=B>20 BC@1V=0 1C;0 @>7@>1;5=0 B0 283>B>2;5=0 2 1997 @>FV 2 

+5EVW. &0:0 B5E=>;>3VS 70157?5GCє 28A>:C 5D5:B82=VABP ?@8 =87P:8E 28B@0B0E 

2>48 B0 =57=0G=8E =0?>@0E, I> @>18BP H=5:>2V BC@1V=8 V450;P=8< @VH5==S< 
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4;S <0;8E 3V4@>5;5:B@>AB0=FV9, 45 B@048FV9=V BC@1V=8 <>6CBP 1CB8 
=55D5:B82=8<8 [40]. 

�28=B>20 (H=5:>20) BC@1V=0 [41] 3 F5 3@02VB0FV9=0 <5E0=VG=0 <0H8=0, 

S:0 ?5@5B2>@Rє ?>B5=FV9=C 5=5@3VR (?04V==S) 2>4=>3> ?>B>:C 2 <5E0=VG=C 

5=5@3VR, 0 ?>BV<, 7024S:8 @54C:B>@C V 35=5@0B>@C, 2 5;5:B@8G=C. �>40 7V 

AB@C<:0 ABV:0є ?> @CA;C 2 6>;>1 328=B>2>W BC@1V=8, =0E8;5=89 ?V4 ?52=8< 

:CB><. %2>єR 203>R 2V= 4Vє =0 ;>?0BV 328=B>2>W G0AB8=8 @>B>@0 BC@1V=8 V 

?>2V;P=> >15@B0є 2AR BC@1V=C. #@>4C:B82=VABP BC@1V=8 70;568BP 2V4 28B@0B8 V 

=0?>@C 2>48. [42]  

' 2010 @>FV :><?0=VS GESS-CZ (+5AP:0 $5A?C1;V:0) @>7@>18;0 B0 

70?CAB8;0 C 28@>1=8FB2> 328=B>2V BC@1V=8 [43], I> AB0;8 2V4=>A=> =>2>R 

B5E=>;>3VєR, >A=>20=>R =0 ?@8=F8?V AB0@>402=P>3> =0A>A0 3 328=B>2>3> 

=0A>A0 �@EV<540, S:89 >15@B0єBPAS 2 72>@>B=><C =0?@S<:C (@8A. 1.11). 

�28=B>20 BC@1V=0 є 3@02VB0FV9=>R <5E0=VG=>R <0H8=>R, I> ?5@5B2>@Rє 

?>B5=FV0;P=C 5=5@3VR 2>4=>3> ?>B>:C 2 <5E0=VG=C 5=5@3VR, 0 ?>BV<, 70 

4>?><>3>R @54C:B>@0 B0 35=5@0B>@0, C 5;5:B@8G=C 5=5@3VR. �>40, I> ?@>BV:0є 
?> @CA;C, ?>B@0?;Sє 2 6>;>1 H=5:>2>W BC@1V=8, =0E8;5=89 ?V4 ?52=8< :CB><. 

%2>єR 203>R 2>=0 2?;820є =0 ;>?0BV 328=B>2>W G0AB8=8 @>B>@0, I> 70157?5GCє 

?>2V;P=5 >15@B0==S BC@1V=8 B0 5D5:B82=5 28@>1=8FB2> 5;5:B@>5=5@3VW.  

 

 <E. 1.11. �D<>?48 >B@CBAB6>< 5G8V6?V ���! ; 76<AFB6BN FGD5VABN 
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#5@52038: ?@>AB>B0 :>=AB@C:FVW, 4>23>2VG=VABP, :>@8A=0 5D5:B82=VABP 
?>G8=0єBPAS 7 20% =><V=0;P=>W ?>BC6=>ABV (��� 74%),  1572V4<>2=0 ?@8 

=87P:8E 28B@0B0E, ?@>AB>B0 >1A;C3>2C20==S, =5A:;04=89  4>ABC? 4> @>1>G>W 

G0AB8=8 BC@1V=8,  <>6;82VABP CAB0=>2:8  =0  =87P:>=0?V@=8E 

3V4@>2C7;0E (2V4 1,1 <), =5 ?>B@51Cє 4@V1=C A<VBBє70B@8<CRGC @5HVB:C, 

<>6;82VABP CAB0=>2:8 =0 2>4>7;820E,  ?>:@0ICє  S:VABP  2>48  C  2>4>B>FV  (@8A. 

1.12).  $50;V70FVW  ?@>5:BV2  H=5:>28E  BC@1V=  <>6=0 7=09B8 ?@0:B8G=> ?> 2AV9 

Є2@>?V.   

 

 <E. 1.12. �BFG:AVEFь 76<AFB6<I FGD5VA GESS-CZ 

 

,=5:>2V BC@1V=8 H8@>:> 70AB>A>2CRBPAS =0 <0;8E 3V4@>5;5:B@>AB0=FVSE 

7024S:8 A2>W9 ?@>AB>BV 2 CAB0=>2FV B0 5:A?;C0B0FVW, 0 B0:>6 740B=>ABV 

?@0FR20B8 ?@8 <0;8E ?>B>:0E 2>48 V =87P:8E =0?>@0E. �E 28:>@8AB0==S 

4>72>;Sє 5D5:B82=> 35=5@C20B8 5;5:B@8G=C 5=5@3VR =02VBP 2 C<>20E 

>1<565=8E @5AC@AV2 2>4=>3> ?>B>:C [44]. 
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1.4.2. �>=AB@C:B82=V >A>1;82>ABV, >1;04=0==O B0 0=0;V7 
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"1<565==S ;01>@0B>@=>W CAB0=>2:8 =5 4>72>;8;8 4>AS3B8 3@0=8G=>3> 

5D5:B82=>3> @V2=S =0?>@C 2 3<, >4=0: 707=0G5=89 4V0?07>= 22060єBPAS 

>1ґ@C=B>20=8< 4;S @50;P=>3> 2?@>20465==S. #>40;PH5 287=0G5==S 25@E=P>W 

<56V 5D5:B82=>ABV 4>FV;P=> 74V9A=R20B8 2 ?>;P>28E C<>20E =0 >1'є:B0E <0;>W 

3V4@>5=5@35B8:8. 

�0?@>?>=>20=5 :>=AB@C:B82=5 @VH5==S B0:>6 CAC20є ?>B@51C C 
<0AHB01=><C 3V4@>B5E=VG=><C 1C4V2=8FB2V, >A:V;P:8 BC@1V=0 <>65 5D5:B82=> 

?@0FR20B8 157 AB2>@5==S HBCG=8E 2>4>AE>28I. *5 ACBBє2> 7=86Cє 

5:>;>3VG=89 2?;82 B0 7=0G=> A?@>ICє WW 2?@>20465==S 2 C<>20E ?@8@>4=>3> 

@CA;0 @VG:8, 715@V30RG8 ;>:0;P=V 5:>A8AB5<8. 
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�>=AB@C:B82=V >A>1;82>ABV ;>?0B59: 
3  4C3>?>4V1=0 D>@<0 ;>?0BV 28:>=0=0 7 ?>ABC?>2> 71V;PH5=>R ?;>I5R 

(01> B>2I8=>R) 1V;S :>@?CAC 4> 28E>4C 7 BC@1V=8, I> 4>72>;Sє :@0I5 

:>=F5=B@C20B8 ?>BV: 1;86G5 4> :>@?CAC; 

3 4C3>?>4V1=0 D>@<0 ;>?0BV 28:>=0=0 7 ?>ABC?>2> 71V;PH5=>R ?;>I5R 

(01> B>2I8=>R) 1V;S :>@?CAC 4> 28E>4C 7 BC@1V=8 V 7’є4=0=0 7 20;>< ?> 2AV9 

4>268=V;   

3 A?V@0;5?>4V1=0 ;>?0BP V7 >4=0:>2>R ?;>I5R (01> B>2I8=>R) ?> 2AV9 

4>268=V, I> <>65 1CB8 4>FV;P=8< 4;S A?@>I5==S :>=AB@C:FVW 01> ?V4 
:>=:@5B=V C<>28 5:A?;C0B0FVW [53]. 

"A>1;82>ABV :>@?CAC: 
3  ?@S<89 :>@?CA 28:>@8AB>2CєBPAS 4;S AB01V;P=8E C<>2 ?>B>:C, :>;8 

=5<0є ?>B@518 C 4>40B:>2><C AB8A:0==V 45 ?>BV: AB8A:0єBPAS 70 @0EC=>: 

1C4>28 A?V@0;5?>4V1=8E ;>?0B59; 

3  :>=CA>?>4V1=89 :>@?CA 70157?5GCє ?>ABC?>25 7<5=H5==S ?;>IV 

:0=0;C 4;S 2>4=>3> ?>B>:C, I> A?@8Sє AB8A:0==R ?>B>:C V 71V;PH5==R 
H284:>ABV =0 28E>4V. #V4E>48BP 4;S C<>2, 45 ?>B@V1=5 ?V428I5==S H284:>ABV 

?>B>:C 7V 7<V=>R B8A:C 45 D>@<0 A?V@0;5?>4V1=>W ;>?0BV =5 7<V=RєBPAS 274>26 

2AVєW BC@1V=8. 

�0?@>?>=>20=5 @VH5==S H=5:>2>W BC@1V=8 7V A?V@0;5?>4V1=8<8 ;>?0BS<8 

?5@5410G0є :>=AB@C:FVR, C S:V9 20; A;C68BP >A=>2=8< 5;5<5=B><, =0 S:><C 

70:@V?;RRBPAS 2AV :><?>=5=B8 BC@1V=8 B0 70157?5GCє ?5@540GC >15@B0;P=>3> 

<><5=BC =0 <5E0=V7<8 4;S ?>40;PH>3> 28:>@8AB0==S 5=5@3VW. #>@>6=8AB89 

F8;V=4@8G=89 :>@?CA BC@1V=8 28:>=Cє DC=:FVR =0?@02;SRG>3> 5;5<5=B0 4;S 
?>B>:C, A?@S<>2CRG8 9>3> 4> ;>?0B59 B0 @>7B0H>2CєBPAS =0 20;C V =5@CE><> 

7’є4=0=89 7V A?V@0;5?>4V1=>R ;>?0BBR. &0:>6 70E8I0є 2=CB@VH=V 5;5<5=B8 

:>=AB@C:FVW 2V4 2?;82C 7>2=VH=P>3> A5@54>28I0. %?V@0;5?>4V1=0 ;>?0BP 

=5@CE><> 7'є4=0=0 7 :>@?CA>< V @>7B0H>20=0 2A5@548=V =P>3>  V <0є >?B8<0;P=C 

D>@<C 4;S 5D5:B82=>3> ?5@5B2>@5==S :V=5B8G=>W 5=5@3VW ?>B>:C 2>48 =0 

>15@B0;P=89 <><5=B. "@Vє=B>20=0 B0:, I>1 70157?5G8B8 <0:A8<0;P=89 
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:>=B0:B V7 ?>B>:>< 2>48 ?@8 <V=V<0;P=8E 2B@0B0E 5=5@3VW. *5 4>72>;Sє 7=0G=> 
71V;PH8B8 B8A: ?>B>:C =0 ;>?0BV, I>, C A2>R G5@3C, ?V428ICє 5D5:B82=VABP 

?5@5B2>@5==S :V=5B8G=>W 5=5@3VW 2>48 2 >15@B0;P=89 <><5=B V ACBBє2> 

?V428ICє ��� 2AVєW CAB0=>2:8 [53]. 

�0;56=> 2V4 ?@87=0G5==S B0 C<>2 5:A?;C0B0FVW BC@1V=8, :>=AB@C:FV9=0 

<>45;P <>65 1CB8 040?B>20=0: 

3  D>@<0 V :V;P:VABP ;>?0B59 ?V418@0єBPAS 7 C@0EC20==S< B8?C ?>B>:C, 

@V2=S 2>48 B0 =5>1EV4=>W ?>BC6=>ABV; 

3  3010@8B8 :>@?CAC 7<V=RRBPAS 70;56=> 2V4 ?>B@518 2 :><?0:B=>ABV 01> 
>A>1;82>AB59 ?>B>:C (=0?@8:;04, 4;S <0;>=0?V@=8E G8 28A>:>=0?V@=8E 

?>B>:V2); 

3  B8? :>@?CAC <>65 1CB8 ?@S<8<, :>=CA>?>4V1=8< 01> 7 V=H8<8 

<>48DV:0FVS<8 4;S >?B8<V70FVW @>1>B8 2 :>=:@5B=8E C<>20E. 

#@8 FP><C :;RG>20 :>=F5?FVS B5E=VG=8E C<>2 70;8H0єBPAS =57<V==>R: 

<0:A8<0;P=5 28:>@8AB0==S 5=5@3VW ?@8@>4=>3> ?>B>:C G5@57 5D5:B82=C 

270є<>4VR <V6 2>4=8< G8 ?>2VB@S=8< ?>B>:>< V A?V@0;5?>4V1=8<8 ;>?0BS<8 

[54].  

&5E=VG=89 @57C;ьB0B 4>AS30єBPAS 70 @0EC=>: C=V:0;P=>W :>=AB@C:FVW 

BC@1V=8, S:0 2:;RG0є :V;P:0 V==>20FV9=8E @VH5=P, I> >?B8<V7CRBP 

28:>@8AB0==S :V=5B8G=>W 5=5@3VW 2>4=>3> ?>B>:C B0 <V=V<V7CRBP 5=5@35B8G=V 

2B@0B8. 

"A=>2=V B5E=VG=V 0A?5:B8: 
3  ?>ABC?>25 7<5=H5==S ?;>IV :0=0;V2 CA5@548=V BC@1V=8 7 ?>ABC?>28< 

7<5=H5==S< ?;>IV ?@>E>465==S ?>B>:C 4> 28E>4C ΔS>ΔS1 (@8A. 2.1, 2.2, 2.3), 
I> ?V4A8;Rє 3V4@>48=0<VG=C 270є<>4VR 2 BC@1V=V 70 @0EC=>: 71V;PH5==S 

:V;P:>ABV B0 H284:>ABV @V48=8, I> ?@>E>48BP :@V7P BC@1V=C; 

3  7@>AB0==S ?5@5?04C AB0B8G=>3> B8A:C 2V41C20єBPAS S: CA5@548=V 

BC@1V=8, B0: V =0 28E>4V, I> ?V428ICє WW ?>BC6=VABP; 

3  1C4>20 ;>?0B59 V7 7<V==8< :CB>< 0B0:8. #>G0B:>289 :CB 0B0:8 <ÿ 

?>ABC?>2> 7<5=HCєBPAS 4> 28E>4C, AB0RG8 <Ā ($8A. 2.1, 2.2, 2.3). &0:0 7<V=0 
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:CB0 4>72>;Sє ?5@5=0?@02;SB8 ?>BV: 2V4 F5=B@0;P=>W 7>=8 (=09<5=H 
5D5:B82=>W) 4> ?5@8D5@V9=>W 7>=8 (7>=0 7 1V;PH8< 4V0<5B@><, 45 5D5:B82=VABP 

=0928I0). %B2>@R20B8 ?@8@>4=5 DV78G=5 7028E@5==S ?>B>:C, I> 7<5=HCє 

B5@BS (2V4?>2V4=> 4> B5>@VW ,0C15@35@0); 

3  70;56=VABP 7<V=8 ?>G0B:>2>3> :CB0 0B0:8 <α 7 :V=F528< <β 

=0;0HB>2CєBPAS 70;56=> 2V4 C<>2 5:A?;C0B0FVW; 

3  0:C<C;SFVS :V=5B8G=>W 5=5@3VW :>@?CA>< BC@1V=8. �>@?CA 28:>=Cє @>;P 

<0E>28:0, =0:>?8GCRG8 :V=5B8G=C 5=5@3VR ?V4 G0A >15@B0==S, I> ?V4A8;Rє 

5=5@3VR ?>B>:C; 
3  7<5=H5==S 2B@0B 2V4 7028E@5=P. %?5FV0;P=0 D>@<0 ;>?0B59 <V=V<V7Cє 

7028E@5==S, S:V CB2>@RRBPAS =0 WE=VE :V=FSE, I> 7=86Cє 5=5@35B8G=V 2B@0B8 B0 

71V;PHCє ��� CAB0=>2:8; 

3  @50:B82=89 <><5=B 70 @0EC=>: @>7<VI5==S ;>?0B59. �>?0BV 

@>7B0H>20=V B0:, I>1 G0AB:>2> ?5@5:@820B8 ACAV4=R ;>?0BP, CB2>@RRG8 

72C65=V :0=0;8. ' F8E :0=0;0E A?>AB5@V30єBPAS ?04V==S B8A:C 7 >4=>G0A=8< 

71V;PH5==S< H284:>ABV ?>B>:C =0 28E>4V, I> AB2>@Rє 4>40B:>289 @50:B82=89 
<><5=B. 

&0:0 :>=AB@C:FVS 70157?5GCє 28A>:C ?@>4C:B82=VABP V 

5=5@3>5D5:B82=VABP, 2V4:@820RG8 H8@>:V <>6;82>ABV 4;S 28:>@8AB0==S 

BC@1V= C H8@>:><C 4V0?07>=V C<>2 2 @V7=8E AD5@0E, 2V4 <0;8E @VG>: 4> 

?@><8A;>28E >1’є:BV2 70157?5GCRG8 AB01V;P=C ?@>4C:B82=VABP V 28A>:C 

5=5@3>5D5:B82=VABP. 

�V4?>2V4=> 4> ?@87=0G5==S B0 C<>2 28:>@8AB0==S <>48DV:>20=>W 

BC@1V=8, <>6;82V @V7=V 20@V0=B8 28:>=0==S, I> 2@0E>2CRBP 70?@>?>=>20=V 
B5E=VG=V C<>28 B0 28<>38. 

 

2.2. &C@1V=0 7 1C4>2>N ;>?0B59 70 ?@8=F8?>< 7>;>B>W A?V@0;V 
!0 @8A. 2.1 ?@54AB02;5=> :>=AB@C:FVR H=5:>2>W BC@1V=8 7 

A?V@0;5?>4V1=8<8 ;>?0BS<8, ?>1C4>20=8<8 70 ?@8=F8?><, =01;865=8< 4> 

7>;>B>3> AVG5==S 01> A?V@0;V (V1>=0GGV [53, 55]. 
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"A=>2=V >A>1;82>ABV :>=AB@C:FVW B0:>W BC@1V=8: 

3  (>@<0 ;>?0B59. �>?0BV <0RBP A?V@0;P=C D>@<C, I> ?>ABC?>2> 

?5@5:@820є ?@>ABV@ 4;S 157?5@5H:>4=>3> @CEC @V48=8 2V4 2E>4C (?>G8=0єBPAS 

7 :>@?CAC) 4> 28E>4C (;>?0BP 7’є4=CєBPAS 7 20;><); 

3  �<5=H5==S ?;>IV 28E>4C (ΔĂ > ΔS1). #;>I0 ?@>E>465==S ?>B>:C 

7<5=HCєBPAS =0 28E>4V 7024S:8 ?>ABC?>2><C 71V;PH5==R >1’є<C ;>?0B59; 

3  �C4>20 ;>?0B59 V7 7<V==8< :CB>< 0B0:8.  

3 �0AB>AC20==S ?@8=F8?C 7>;>B>3> AVG5==S 70157?5GCє >?B8<0;P=89 

@>7?>4V; ?>B>:C ?> 2AV9 ?>25@E=V ;>?0B59, 7=86CRG8 5=5@35B8G=V 2B@0B8 G5@57 

7028E@5==S. 

"GV:C20=89 5D5:B: 

3  #V428I5==S H284:>ABV ?>B>:C =0 28E>4V 7024S:8 AB2>@5==R 

@>7@V465==S; 

3   0:A8<0;P=0 ?5@540G0 5=5@3VW ?>B>:C =0 >15@B0;P=89 <><5=B; 

3  #>:@0I5==S 7030;P=>3> :>5DVFVє=B0 :>@8A=>W 4VW (���) CAB0=>2:8. 

 

 <E. 2.1. !I9@4 LA9>B6BW FGD5VA< ; 5G8B6BN ?BC4F9= ;4 CD<AJ<CB@ ;B?BFBW 

ECVD4?V: 1 – 64?;   2 – J<?VA8D<KA<= >BDCGE; 3 – ECVD4?9CB8V5A4 ?BC4Fь; α – 

CBK4F>B6<= >GF A4I<?G ?BC4FV 8B >BDCGEG; β – >GF A4I<?G ?BC4FV 8B >BDCGEG 

A4 6<IB8V  
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!0 @8A. 2.1 ?@54AB02;5=> :>=AB@C:FVR BC@1V=8 7V A:;04=8<8 ;>?0BS<8, 

S:V 2AB0=>2;5=V ?V4 ?>G0B:>28< :CB>< ÿ 2V4=>A=> :>@?CAC [56]. *59 :CB 

?>ABC?>2> 7<V=RєBPAS 4> 28E>4C, AB0RG8 Ā, I> 4>72>;Sє A?@S<>2C20B8 

@CHV9=C A8;C 1;86G5 4> :>@?CAC 2 BC@1V=8.  

�<V=0 :CB0 =0E8;C ;>?0B59 4>72>;Sє ?>G0B:>2><C :CBC ÿ 70157?5G8B8 

70E>?;5==S ?>B>:C =0 2E>4V, 0 7<V=0 :CB0 Ā 4> 28E>4C A?@S<>2Cє 5=5@3VR 

?>B>:C 1;86G5 4> :>@?CAC BC@1V=8, 45 5D5:B82=VABP ?5@540GV 5=5@3VW =0 20; 

<0:A8<0;P=0. 

(>@<0 ;>?0B59 70 ?@8=F8?>< A?V@0;V (V1>=0GGV 70 @0EC=>: A:;04=>W 
35><5B@VW 4>72>;Sє <0:A8<0;P=> 5D5:B82=> 28:>@8AB>2C20B8 5=5@3VR 

2>4S=>3> ?>B>:C 7024S:8 >?B8<0;P=><C @>7?>4V;C ?>B>:C 274>26 ;>?0B59. 

&0:0 :>=AB@C:FVS 7=0G=> 7=86Cє <V=V<0;P=C H284:VABP ?>B>:C, 

=5>1EV4=C 4;S AB@03C20==S (?>G0B:C @CEC) BC@1V=8. *5 @>18BP CAB0=>2:C 

?@840B=>R 4;S @>1>B8 =02VBP C <0;8E 2>4>B>:0E 01> C<>20E =87P:>3> B8A:C 

040?BCRG8 :>=AB@C:FVR 4> @V7=8E C<>2 5:A?;C0B0FVW. 

 

2.3. &C@1V=0 7 A?V@0;5?>4V1=8<8 ;>?0BO<8 O:V 71V;ьHCNBьAO 2 
>1’є<V 

 

' 28?04:0E, :>;8 A:;04=0 :>=AB@C:FVS ;>?0B59, S: ?>:070=> =0 @8A. 2.1, 

є 5:>=><VG=> =54>FV;P=>R 01> B5E=VG=> 7092>R, 70AB>A>2CRBPAS A?@>I5=V 

20@V0=B8 28:>=0==S. !0 @8A. 2.2 V @8A. 2.3 7>1@065=> :>=AB@C:FVW ;>?0B59 S:V 

715@V30RBP :>=F5?BC0;P=V >A>1;82>ABV, 0;5 <0RBP ?@>ABVH89 48709=.  

� :>=AB@C:FVW =0 @8A. 2.2, ?@S<V A?V@0;5?>4V1=V ;>?0BV (3) 7'є4=CRBP 
:>@?CA (2) V7 20;>< (1) ?> 2AV9 28A>BV BC@1V=8. �>=8 715@V30RBP A?V@0;5?>4V1=C 

D>@<C, 0;5 157 A:;04=>W 35><5B@VW S: 70 ?@8=F8?>< (V1>=0GGV. �>?0BV 

?>ABC?>2> 71V;PHCRBPAS 2 ?;>IV 01> >1'є<V 274>26 ?>B>:C, I> 7<5=HCє ?;>IC 

28E>4C (ΔĂ > ΔS1). *5 A?@8Sє AB2>@5==R @>7@V465==S ?>B>:C V 71V;PH5==R 

H284:>ABV =0 28E>4V. 
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 <E. 2.2. !I9@4 LA9>B6BW FGD5VA< ; ECVD4?9CB8V5A<@< ?BC4FO@< MB 

;5V?ьLGNFьEO 6 B5’є@V: 1 – 64?; 2 – J<?VA8D<KA<= >BDCGE; 3 – ECVD4?9CB8V5A4 

?BC4Fь; α – CBK4F>B6<= >GF A4I<?G ?BC4FV 8B >BDCGEG; β – >GF A4I<?G ?BC4FV 

8B >BDCGEG A4 6<IB8V 

 

!0 @8A. 2.2 ?>:070=> 2AB0=>2;5==S ;>?0B59 BC@1V=8 7 ?>G0B:>28< :CB>< 

(<α S:89 ?>ABC?>2> 7<V=RєBPAS 4> 28E>4C <β) 4> 2EV4=>3> ?>B>:C AB2>@Rє 

>15@B0;P=89 <><5=B, 2V4=>A=> >AV >15@B0==S, B0 >4=>G0A=> ?5@5=0?@02;Sє 

?>BV: 4> :>@?CAC BC@1V=8. � 7024S:8 1C4>2V ;>?0BV 7 ?>ABC?>28< 7@>AB0==S< 2 
>1'є<V 4> 28E>4C 2>4=>3> ?>B>:C, 70 @0EC=>: AB2>@5==S 4>40B:>2>W @50:B82=>W 

BS38 ?@8 @>7@V465==V B0 <0:A8<0;P=><C 28:>@8AB0==V ?>B>:C 1C45 

70157?5GC20B8AP =091V;PH89 >15@B0;P=89 <><5=B, I> B0:>6 4>72>;Sє 7=0G=> 

7=878B8 =5>1EV4=C 4;S AB@03C20==S BC@1V=8 H284:VABP 2>4S=>3> ?>B>:C.  

&0:0 :>=AB@C:FVS 70157?5GCє 7=0G=5 ?5@5B2>@5==S :V=5B8G=>W 5=5@3VW 

?>B>:C 2 >15@B0;P=89 <><5=B V7 <5=H8<8 28B@0B0<8 =0 283>B>2;5==S B0 <>65 

28:>@8AB>2C20B8AP C A8BC0FVSE, 45 =5 ?>B@V1=0 28A>:0 A:;04=VABP 28:>=0==S, 

0;5 ?>B@V1=0 DC=:FV>=0;P=VABP [53, 57]. 
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2.4. &C@1V=0 7 A?V@0;5?>4V1=8<8 ;>?0BO<8 B0 72C65==O< 
:>@?CAC 

 

->1 70157?5G8B8 206;8289 0A?5:B @>7@>1:8 3V4@>BC@1V=, S:89 2@0E>2Cє 

715@565==S 1V>@V7=><0=VBBS B0 <V=V<V70FVR H:>48 6828< >@30=V7<0<, I> 

<5H:0RBP C 2>4>9<0E. �;S BC@1V= 7 4V0<5B@>< G5@57 S:89 <>6CBP ?@>E>48B8 

=091V;PHV @818, G5@5?0E8 01> V=HV 682V >@30=V7<8, @5:><5=4CєBPAS 

28:>@8AB>2C20B8 :>=AB@C:FVR 7 20@V0=B>< @>7<VI5==S< ;>?0B59, 7>1@065=8< 

=0 @8AC=:C 2.3. #@8 FP><C B0:>6 206;82> 70157?5G8B8 C<>2C 7<5=H5==S 
?;>IV ?@>E>465==S @V48=8 =0 28E>4V 7 BC@1V=8 (?>7=0G0єBPAS S: ΔS1) 70 

@0EC=>: :>=CA>?>4V1=>3> :>@?CAC, I> 7<5=HCєBPAS 4> 28E>4C ?>B>:C 7 

BC@1V=8. �>?0BV 2 B0:><C 28?04:C =5 71V;PHCRBPAS 2 >1’є<V (@8A.2.2). 

*59 ?V4EV4 7=86Cє ��� B0:>W BC@1V=8 70 @0EC=>: 7=865==S <0A8 

:>@?CAC, 0;5 4>72>;Sє C=8:=CB8 B@02<C20==S 6828E >@30=V7<V2. 

&0:8< G8=><, 281V@ :>=AB@C:FVW 3V4@>BC@1V=8 70;568BP 2V4 4V0<5B@0 

BC@1V=8 B0 E0@0:B5@8AB8: 5:>A8AB5<8, I>1 4>AS3B8 10;0=AC <V6 5D5:B82=VABR 
@>1>B8 BC@1V=8 B0 715@565==S< ?@8@>4=>3> A5@54>28I0. 

 

 <E. 2.3. !I9@4 LA9>B6BW FGD5VA< ; ECVD4?9CB8V5A<@< ?BC4FO@< ;V ;6G:9AAO@ 

>BDCGEG: 1 – 64?; 2 – >BAGEA<= >BDCGE; 3 – ECVD4?9CB8V5A4 ?BC4Fь; α – 

CBK4F>B6<= >GF A4I<?G ?BC4FV 8B >BDCGEG; β – >GF A4I<?G ?BC4FV 8B >BDCGEG 
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A2V4G0BP ?@> 4>AS3=5==S B5E=VG=>3> @57C;PB0BC 3 71V;PH5==S ��� 
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3 0:C<C;SFVR :V=5B8G=>W 5=5@3VW :>@?CA>< V7 @50;V70FVєR 5D5:BC 

<0E>28:0, I> AB01V;V7Cє >15@B0==S V 7=86Cє ?C;PA0FVW; 

3 040?B82=VABP :>=AB@C:FV9 4> @V7=8E C<>2 5:A?;C0B0FVW  3 2V4 A;01:8E 
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3. �87=0G5=> @>1>G89 4V0?07>= =0?>@V2 4;S 70?@>?>=>20=8E :>=AB@C:FV9 

3 2V4 0,2 4> 3 <, I> 2V4?>2V40є ?@8@>4=8< C<>20< 1V;PH>ABV <0;8E @VG>: V 
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>B@8<0==S 5=5@3VW 157 ACBBє2>3> 2B@CG0==S 2 ?@8@>4=5 @CA;>, I> <V=V<V7Cє 

5:>;>3VG=89 2?;82 V A?@>ICє 2?@>20465==S CAB0=>2:8 2 @50;P=V 
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28B@0B8 =0 28@>1=8FB2> 157 ACBBє28E 2B@0B 5D5:B82=>ABV. 

6. #5@A?5:B82=VABP 70?@>?>=>20=8E :>=AB@C:FV9 ?V4B25@465=0 
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@57C;PB0BV2. 

#>2VB@S <0є 7=0G=> <5=HC IV;P=VABP (~1,2 :3/<³ ?@8 20 °C) B0 48=0<VG=C 
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2'S7:VABP ?>2VB@S є 7=0G=> 1V;PH GCB;82>R 4> 7<V= B5<?5@0BC@8, I> B0:>6 

?>B@51Cє 4>40B:>2>3> :>=B@>;R ?0@0<5B@V2 ?V4 G0A ?@>2545==S 5:A?5@8<5=BV2 
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=02545=> C B01;8FV 3.1. 
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<V6 05@>48=0<VG=8<8 B0 3V4@>48=0<VG=8<8 5D5:B0<8, 70:;040RBP =0C:>2C 

>A=>2C 4;S AB2>@5==S BC@1V=, 040?B>20=8E 4> A:;04=8E C<>2 5:A?;C0B0FVW. *5 



81 

2V4:@820є ?5@A?5:B828 WE=P>3> 70AB>AC20==S 2 V==>20FV9=8E A8AB5<0E 
5=5@3>?>AB0G0==S. 

 

3.2. "?8A ;01>@0B>@=>W CAB0=>2:8 4;O 4>A;V465==O @>7@>1;5=8E 
BC@1V= 

 

' FP><C @>74V;V =02545=> >?8A 5:A?5@8<5=B0;P=>W CAB0=>2:8, >1;04=0==S 

4;S 4>A;V465=P C 2>4=><C B0 ?>2VB@S=><C ?>B>:0E, >A>1;82>ABV 283>B>2;5==S  

5:A?5@8<5=B0;P=8E <>45;59 BC@1V= B0 WE ?V43>B>2:8 4> 28?@>1C20=P. 
�:A?5@8<5=B0;P=V 4>A;V465==S @V7=8E B8?V2 H=5:>28E BC@1V=, 7>:@5<0 

B@P>E <>48DV:0FV9 A?V@0;5?>4V1=8E :>=AB@C:FV9, 328=B>2>W B0 :;0A8G=>W 

H=5:>2>W BC@1V=, ?>B@51CRBP 2V4B2>@5==S 5:A?;C0B0FV9=8E C<>2, 

<0:A8<0;P=> =01;865=8E 4> @50;P=8E. � B0:><C 2V4=>H5==V 203><C @>;P 

2V4V3@0RBP 4>A;V465==S 2 ;01>@0B>@=8E C<>20E, ?>AB02;5=V =0 A?5FV0;P=8E 
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�;S 7<V=8 3;818=8 2>48 C 25@E=P><C 1'єDV ;01>@0B>@=>W CAB0=>2:8 4> 

28?@>1C20;P=>3> <>4C;S 28:>@8AB>2CєBPAS 70AC2:0 (2) ?>40GV 2>48 (@8A. 3.1) 

[63]. 
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�87=0G5==S 28B@0B8 2>48 Q C ;01>@0B>@=V9 CAB0=>2FV 74V9A=RєBPAS 70 
4>?><>3>R B@8:CB=>3> 28<V@R20;P=>3> 2>4>7;82C B0 ?’є7><5B@0 (@8A. 3.2), S:V 

@>7B0H>20=V 2 3>;>2V CAB0=>2:8. &@8:CB=89 2>4>7;82 S2;Sє A>1>R 2>4><V@=C 

:>=AB@C:FVR 7 B>=:>R ABV=:>R B0 703>AB@5=8<8 :@0S<8, I> <VAB8BP B@8:CB=89 

28@V7, A8<5B@8G=89 2V4=>A=> 25@B8:0;P=>W >AV (@8A. 3.3). ' FV9 CAB0=>2FV 

28:>@8AB>2CєBPAS 2>4>7;82 V7 :CB>< 28@V7C θ = 90° [66].  

 

 <E. 3.2. $BFB C'є;B@9FD4 8?O 6<;A4K9AAO A4CBDG A4 FD<>GFAB@G 

6B8B;?<6V DB;F4LB64AB@G A4 A4CVDAB@G 54>G ?45BD4FBDABW 

GEF4AB6>< 

 

#@8 ?>40GV =0 CAB0=>2:C ?52=>W 28B@0B8 Q =0 2>4>7;82V D>@<CєBPAS 

2V4?>2V4=89 =0?V@ ! (28A>B0 H0@C 2>48 =0 ?>@>7V B@8:CB=>3> 2>4><V@C), S:89 

<>65 1CB8 287=0G5=89 70 4>?><>3>R 0=0;VB8G=8E 70;56=>AB59 [66, 67]:  

1. (>@<C;0 �V=30 (θ = 90°) 

                                                Ā = 1,343�2.47                                           (3.1) 

2. (>@<C;0 &><A>=0 (θ = 90°) 

                                                  Ā = 1,4�2.5                                               (3.2) 
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3. (>@<C;0 �@025 (θ = 22°...118°)     

                                         Ā = 1,331 (��� �2)0.996 �2.47                              (3.3) 

' =02545=8E 70;56=>ABSE =0?V@ ! 28@060єBPAS 2 <5B@0E, 0 28B@0B0 Q 3 C 

<3/A. 

 

 <E. 3.3. !I9@4 7B?B6< ?45BD4FBDABW GEF4AB6>< 8?O 6<;A4K9AAO 

6<FD4F< 6B8< Q: 1 – CV86V8A<= FDG5BCDB6V8, 2 – ;4EG6>4, 3 – C'є;B@9FD 

8?O 6<;A4K9AAO A4CBDG A4 FD<>GFAB@G 6B8B;?<6V, 4 – 6<@VDN64?ьA<= 

FD<>GFA<= 6B8B;?<6 [66] 

 

�@0E>2CRG8 A?5F8DV:C :>=AB@C:FVW B0 DV:A>20=89 :CB 28@V7C Ā  =0 

B@8:CB=><C 2>4>7;82V, 4;S 287=0G5==S 28B@0B8 2>48 Ā C ;01>@0B>@=V9 

CAB0=>2FV 4>FV;P=> 28:>@8AB>2C20B8 D>@<C;C &><A>=0 (3.2) [66]. 

->1 <0:A8<0;P=> 5D5:B82=> 7 <V=V<0;P=8<8 2V4E8;5==S<8 ?@>2>48;8AP 

4>A;V465==S 5:A?5@8<5=B0;P=8E BC@1V=, 1C;> 70?@>5:B>20=> 9 283>B>2;5=> 

C=V25@A0;P=89 28?@>1C20;P=89 <>4C;P. !0 =P><C 2V4B2>@RRBPAS >4=0:>2V 
C<>28 4;S 2E>4C B0 28E>4C ?>2VB@S=>3> B0 2>4S=>3> ?>B>:V2 7 <>6;82VABR 

;53:>W 70<V=8 4>A;V46C20=8E BC@1V=. �;S FP>3> 4>40B:>2> 4>40=> 7’є4=C20;P=C 

<CDBC =0 20;C B0 420 :@V?;5==S BC@1V=8 7 ?V4H8?=8:0<8 2 H0EBV CAB0=>2:8.   

�06;828< 5B0?>< ?@>5:BC20==S AB0;> 287=0G5==S 4V0<5B@0 

=0?@02;SRG>W H0EB8, S:89 157?>A5@54=P> 2?;820є =0 3V4@02;VG=89 @568< B0 

H284:VABP ?>B>:C. � >3;S4C =0 B5E=VG=V >1<565==S ?>40GV ;01>@0B>@=>W 

CAB0=>2:8, <0:A8<0;P=0 28B@0B0, S:C <>6=0 70157?5G8B8 2 <560E AB01V;P=>W 
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@>1>B8 A8AB5<8, AB0=>28;0 1;87P:> Q<0E = 0,16 <3/A [62, 66]. �;S 70157?5G5==S 
;0<V=0@=>3> B0 AB01V;P=>3> ?>B>:C ?@8 7040=V9 28B@0BV 1C;> 287=0G5=> 4V0<5B@ 

H0EB8 dH = 0,21 <, I> 4>72>;S;> >B@8<0B8 >?B8<0;P=C H284:VABP B5GVW 2 

@>1>GV9 7>=V BC@1V=8 157 BC@1C;V70FVW ?>B>:C 01> =04<V@=8E 2B@0B =0?>@C. 

&0:89 ?V4EV4 30@0=BC202 @5?@575=B0B82=VABP @57C;PB0BV2 4>A;V465==S B0 

70157?5GC202 =01;865==S 4> C<>2 @50;P=>W 5:A?;C0B0FVW. 

&0:>6 C :>=AB@C:FVW ?5@5410G5=> <>6;82VABP AB2>@5==S 7<V==8E =0?>@V2 

2>4S=>3> ?>B>:C H;SE>< <>=BC20==S =0?@02;SRG>W H0EB8 157?>A5@54=P> =0 

70?V@=V9 70A;V=FV. #@8=F8? WW @>7<VI5==S 70157?5GCє 28BV:0==S 2>48 B0:8< 
G8=><, I>1 1C;0 <>6;82VABP 2AB0=>2;5==S 35=5@0B>@0 =0 >4=V9 >AV 7 BC@1V=>R 

G5@57 20;.   

�8?@>1C20;P=89 <>4C;P (9) 4>72>;Sє B5ABC20B8 BC@1V=8 2 C<>20E 

<0:A8<0;P=> =01;865=8E 4> @50;P=8E. �V= 28:>@8AB>2CєBPAS 4;S >FV=:8 

5D5:B82=>ABV BC@1V=, 0 B0:>6 4;S 4>A;V465==S @V7=8E 0A?5:BV2 (2V1@0FVW, HC<C) 

@>1>B8 BC@1V= 2 ?>B>FV 2>48 B0 ?>2VB@S. 

 

3.3. "A>1;82>ABV 28?@>1C20;ь=>3> <>4C;O 4;O 4>A;V465=ь 
BC@1V= C ?>2VB@O=><C ?>B>FV 

�8?@>1C20;P=89 <>4C;P (CAB0=>2:0) 4;S 4>A;V465==S BC@1V= 2 

?>2VB@S=><C ?>B>FV (@8A. 3.4) A:;040єBPAS 7 :V;P:>E >A=>2=8E :><?>=5=BV2, S:V 

70157?5GCRBP WW DC=:FV>=C20==S B0 4>72>;SRBP ?@>2>48B8 28<V@R20==S 9 

0=0;V7 5D5:B82=>ABV @>1>B8 BC@1V=. *5=B@0;P=>R G0AB8=>R CAB0=>2:8, 45 
@>7<VICRBPAS BC@1V=8 є 70?V@=0 70A;V=:0 2 7 =0?@02;SRG>R H0EB>R 3, S:0 

70157?5GCє AB01V;P=5 :@V?;5==S BC@1V= 4 2 >?B8<0;P=8E C<>20E 4;S WE @>1>B8. 

�0; 11 G5@57 <CDBC 5 7'є4=Cє BC@1V=C 7 35=5@0B>@>< 9 V 157?5@5@2=> ?5@540є 

<5E0=VG=C 5=5@3VR 2V4 BC@1V=8 4> 35=5@0B>@0. �0;, 283>B>2;5=89 V7 

=5@602VRG>W AB0;V, ?@>E>48BP G5@57 F5=B@ H0EB8 V 70:@V?;5=89 =0 

?V4H8?=8:0E, I> <V=V<V7Cє B5@BS B0 70157?5GCє ?;02=C @>1>BC. �57IVB:>289 

35=5@0B>@ 70 4>?><>3>R 20;C >B@8<Cє 2V4 BC@1V=8 <5E0=VG=C 5=5@3VR, B0 
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?5@5B2>@Rє WW =0 5;5:B@8G=C 5=5@3VR. -5 >4=VєR 206;82>R A:;04>2>R 
CAB0=>2:8 є 1;>:  7 =020=B065==S< 7, 45 =020=B065==S AB2>@Rє ;0<?>G:0 

@>760@R20==S (24�, 21�B). �;S 28<V@R20==S 28@>1;5=>W 5;5:B@8G=>W =0?@C38 

35=5@0B>@>< 28:>@8AB>2C202AS <C;PB8<5B@,  0 >15@B8 4>A;V46C20=8E 7@07:V2 

BC@1V= 28<V@R20;8AP ;075@=8< B0E><5B@><, ->1 ?@>25AB8 4>A;V48 2 

?>2VB@S=><C ?>B>FV 28?@>1C20;P=89 <>4C;P 4>40B:>2> >1;04=C202AS  

:><?@5A>@>< 1 4;S AB2>@5==S B8A:C ?>2VB@S. !5>1EV4=V 4;S 4>A;V4V2 B8A:8 

?>2VB@S (@1 = 20B<, @2 = 40B<, @3 = 60B<) 2V4 :><?@5A>@0, =0;0HB>2C20;8AS =0 

@53C;R20;P=><C 28?CA:=><C :;0?0=V 7 <0=><5B@><. �:A?5@8<5=B0;P=> 
287=0G5=> >?B8<0;P=C 2V4AB0=P <V6 ?>2VB@>4CRG8< A>?;>< :><?@5A>@0 B0 

2E>4>< 2 BC@1V=C 3 2>=0 AB0=>28BP 5 A< V 70157?5GCє =5>1EV4=V C<>28 270є<>4VW 

?>B>:C 7 @>1>G8<8 >@30=0<8 BC@1V=8.  

 

 <E. 3.4. !I9@4 6<CDB5G64?ьAB7B @B8G?O 8?O 8BE?V8V6 G CB6VFDOAB@G 

CBFBJV: 1 – >B@CD9EBD;  2 – ;4E?VA>4 CBFB>G;  3 – A4CD46?ONK4 >4@9D4 

CBFB>G (L4IF4); 4 – 8BE?V8:G64A4 FGD5VA4; A4CD46?ONK<= 64?; 5 –  

>DVC?9AAO FGD5VA< ; CV8L<CA<>B@; 6 – @BAF4:A4 @GHF4; 7 – 

6<@VDN64?ьAV CD<?48< F4 A464AF4:9AAO; 8 – CDB6V8A<>; 9 – 79A9D4FBD; 

10 – @BAF4:A4 A4CD46?ONK4; 11 – A4CD46?ONK<= 64?; 12 – >DVC?9AAO 

79A9D4FBD4. 

*S CAB0=>2:0 4>72>;Sє 282G0B8 @>1>BC BC@1V= S: 2 ?>2VB@S=><C B0: V 2 

2>4=><C ?>B>FV, ?@>2>48B8 5:A?5@8<5=B8 4;S >?B8<V70FVW WE ?@>4C:B82=>ABV, 0 

B0:>6 74V9A=R20B8 :>=B@>;P B0 0=0;V7 @>1>B8 35=5@0B>@0 S: 2 @568<V 

E>;>AB>3> E>4C B0 ?V4 =020=B065==S<. 
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3.4. "A>1;82>ABV 28?@>1C20;ь=>3> <>4C;O 4;O 4>A;V465=ь 

BC@1V= C 2>4=><C ?>B>FV 
 

�;S ?@>2545==S 4>A;V465=P 70?@>5:B>20=8E BC@1V= C 2>4=><C ?>B>FV 2 

;01>@0B>@=V9 CAB0=>2FV >1;04=0=>W @575@2C0@>< 4;S 2>48, =0A>A=>R A8AB5<>R 

B0 B@C1>?@>2>40<8, G5@57 S:V 2>40 ?>40єBPAS 4> 4>A;V4=>W 7>=8 ;>B:0, 0 ?>BV: 

2>48 @53C;RєBPAS 70AC2:>R, I> AB2>@Rє @V7=V C<>28 4;S 28?@>1C20=P, 

7>:@5<0, H284:VABP B0 >1'є<, 1C;> 2;0HB>20=> C=V25@A0;P=89 28?@>1C20;P=89 
<>4C;P 2 ;>BV: ;01>@0B>@=>W CAB0=>2:8, G5@57 S:89 ?@>?CA:0єBPAS 2>40 4;S 

<>45;R20==S @50;P=8E C<>2 2>4=>3> ?>B>:C (@8A. 3.1). $5F8@:C;SFV9=0 

A8AB5<0, 70157?5GCє ?>25@=5==S 2>48 7 28?CA:=>W A5:FVW ;>B:0, =0704 C 

@575@2C0@ 4;S ?>2B>@=>3> 28:>@8AB0==S. *5 4>72>;Sє ?V4B@8<C20B8 ?>ABV9=89 

@V25=P 2>48 V AB01V;P=V C<>28 5:A?5@8<5=BV2 ?@>BS3>< B@820;>3> G0AC.  

�8?@>1C20;P=89 <>4C;P 4;S 4>A;V465=P C 2>4=><C ?>B>FV, >:@V< I8B0 

02B><0B870FVW B0 5;5:B@8G=8E 40BG8:V2 4;S 28<V@R20==S 2AVE =5>1EV4=8E 
?0@0<5B@V2, 1C2 4>>1;04=0=89 4>40B:>28<8 28<V@R20;P=8<8 ?@8;040<8, 

B0:8<8 S: H?VF5=-<0AHB018 4;S 287=0G5==S @V2=V2 @V48=8 C 25@E=P><C B0 

=86=P><C 1’єD0E. &0:>6 1C;8 4>40=V <C;PB8<5B@ V ;075@=89 B0E><5B@  4;S 

:>=B@>;R 5;5:B@8G=8E ?0@0<5B@V2 B0 H284:>ABV >15@B0==S. �>4020==S F8E 

?@8AB@>W2 70157?5G8;> <>6;82VABP ?5@52V@:8 4>AB>2V@=>ABV 02B><0B8G=> 

>B@8<0=8E 40=8E H;SE>< WE ?>@V2=S==S 7 =570;56=8<8 ?>:07=8:0<8. *5 

B>G=VABP 5:A?5@8<5=B0;P=8E 28<V@R20=P, 7<5=HCє 2?;82 ;R4AP:>3> D0:B>@C 

B0 <V=V<V7Cє 9<>2V@=VABP ?>E81>:. �=B53@0FVS 4>40B:>28E ?@8;04V2 7V I8B>< 
02B><0B870FVW A?@>ICє >1@>1:C 40=8E B0 4>72>;Sє 5D5:B82=VH5 0=0;V7C20B8 

270є<>72’S7>: <V6 ?0@0<5B@0<8 5:A?5@8<5=BC. 

!0 @8A. 3.5 AE5<0B8G=> ?>:070=> 2AV A:;04>2V 28?@>1C20;P=>3> <>4C;S 

4;S 4>A;V4V2 BC@1V= C 2>4=><C ?>B>FV, 45  2>40 7 @575@2C0@0 ?>40єBPAS 

=0A>A=>R A8AB5<>R 2 ;>BV: ;01>@0B>@=>W CAB0=>2:8 1, 45 AB2>@RєBPAS 2>4=89 

?>BV: 7 ?52=>R H284:VABR.  
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 <E. 3.5. !I9@4 6<CDB5G64?ьAB7B @B8G?O 8?O 8BE?V8V6 G 6B8AB@G CBFBJV: 

1 –  ?BFV> ?45BD4FBDABW GEF4AB6><; 2 – 84FK<> F4 LCVJ9A-@4ELF45, 

8?O ;AOFFO CB>4;A<>V6 DV6AO 6B8<; 3 – A4CD46?ONK4 CBFB>G 

C9DC9A8<>G?ODAB ?BC4FO@ FGD5VA; 4 –  ;4E?VA>4 6B8OAB7B CBFB>G; 5 – 

A4CD46?ONK4 >4@9D4 CBFB>G (L4IF4); 6 – 8BE?V8:G64A4 FGD5VA4; 7 – 

>DVC?9AAO FGD5VA< ; CV8L<CA<>B@; 8 – @BAF4:A4 @GHF4; 9 – M<F 

46FB@4F<;4JVW; 10 – >DVC?9AAO A4CD46?ONKB7B 64?G ; CV8L<CA<>B@; 11  – 

CDB6V8A<>; 12 –  79A9D4FBD; 13 – A4CD46?ONK<= 64?; 14 – @BAF4:A4 

A4CD46?ONK4; 15 – 5?B> >9DG64AAO A464AF4:9AAO@. 

 

�0A;V=:0 2>4S=>3> ?>B>:C 4 70157?5GCє :>=B@>;P>20=5 71V;PH5==S  @V2=S 

2>48 h 2 25@E=P><C 1’єDV, I> :>=B@>;RєBPAS 40BG8:0<8 [68] B0 H?VF5=-

<0AHB01>< 2 V 2V4?>2V4=8<8 ?>7=0G:0<8 =0 70A;V=FV.  �>A;V46C20=0 BC@1V=0 6 

2AB0=>2;RєBPAS 2 H0EBV 5, V 2>40 ?@>E>48BP G5@57 WW ;>?0BV, 7<CHCRG8 WE 

>15@B0B8AS. "15@B>289 @CE 2V4 BC@1V=8 70 4>?><>3>R =0?@02;SRG>3> 20;C 12, 

7’є4=0=>3> <CDB>R 8, ?5@540єBPAS =0 35=5@0B>@ 13. �8@>1;5=0 =0?@C30 B0 

>15@B8 35=5@0B>@0 G5@57 ?@>2V4=8: 11 ?5@540RBPAS =0 :>=B@>;5@ 2 I8B 
02B><0B870FVW 9 B0 1;>: :5@C20==S =020=B065==S< 15. �0BG8:8 B0:>6 

?5@540RBP A83=0; =0 :>=B@>;5@ C I8B 02B><0B870FVW B0 DV:ACRBP 206;82V 

?0@0<5B@8 @>1>B8 BC@1V=8: :V;P:VABP >15@BV2, =0?@C3C 157 =020=B065==S, 

=0?@C3C ?V4 =020=B065==S<, @V2=V 2>48 2 25@E=P><C B0 =86=P><C 1’єD0E.  
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!0 @8A. 3.6 ?@54AB02;5=> 283;S4 :>=AB@C:FVW C=V25@A0;P=>3> 
28?@>1C20;P=>3> <>4C;S, 2AB0=>2;5=>3> 2 ;>B>: ;01>@0B>@=>W CAB0=>2:8 4;S 

?@>2545==S 4>A;V465=P BC@1V= C 2>4=><C ?>B>FV 7V AB>@>=8 25@E=P>3> 1’єD0. 

#@8AB@V9 @>7@>1;5=> 7 C@0EC20==S< <>6;82>ABV 20@VR20==S C<>2 ?>B>:C B0 

>A=0I5=89 CAV<0 =5>1EV4=8<8 A:;04>28<8 V ?@8;040<8 4;S 28<V@R20==S B0 

:>=B@>;R ?0@0<5B@V2 5:A?5@8<5=BC. 

 

 <E. 3.6. �?4LFB64A<= 6 ?BFV> ?45BD4FBDABW GEF4AB6>< 6<CDB5G64?ьA<= 

@B8G?ь 8?O 8BE?V8V6 G 6B8AB@G CBFBJV (6<7?O8 ;V EFBDBA< 69DIAьB7B 5’єH4)   

 

!0 @8A. 3.7 ?>:070=> 2;0HBC20==S 2 ;>BV: ;01>@0B>@=>W CAB0=>2:8 

C=V25@A0;P=>3> 28?@>1C20;P=>3> <>4C;S 4;S 4>A;V4V2 BC@1V= C 2>4=><C ?>B>FV 

265 7 283;S4>< 7V AB>@>=8 =86=P>3> 1’єD0. 
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 <E. 3.7. �?4LFB64A<= 6 ?BFV> ?45BD4FBDABW GEF4AB6>< 6<CDB5G64?ьA<= 

@B8G?ь 8?O 8BE?V8V6 G 6B8AB@G CBFBJV (6<7?O8 ;V EFBDBA< A<:AьB7B 5’єH4)  

 

�01>@0B>@=C CAB0=>2:C 7 4>A;V465==S BC@1V= >1;04=0=> I8B>< 

02B><0B870FVW 7 :>=B@>;5@>< (@8A. 3.8), S:89:  

- 28<V@Rє @V25=P @V48=8 4> V ?VA;S 5:A?5@8<5=B0;P=>3> AB5=4C [68];  

- 28<V@Rє :V;P:VABP >15@BV2 BC@1V=8 7 35=5@0B>@><; 
- 2V4>1@060є <=5<>AE5<C 5:A?5@8<5=B0;P=>W CAB0=>2:8 2 @568<V 

@50;P=>3> G0AC;  

- 28<V@Rє 25;8G8=C 28@>1;5=>W 5;5:B@8G=>W =0?@C38 2 @V7=8E @568<0E 

=020=B065==S B0 @V2=SE 2>48 C 25@E=P><C 1’єDV; 

- 2V4>1@060є >B@8<0=V 40=V 2 3@0DVG=><C 283;S4V  B0 70?8ACє 2 0@EV2 

>B@8<0=V @57C;PB0B8.  
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 <E. 3.8. ЗB6AVLAV= 6<7?O8 DB;DB5?9AB7B M<F4 46FB@4F<;4JVW 

 

�;S 02B><0B870FVW ?@>F5AC 28<V@R20==S 28I5707=0G5=8E ?0@0<5B@V2 

@>7@>1;5=> 02B><0B8G=89 :>=B@>;5@ [69], S:89 A:;040єBPAS 7:  
- ?@>3@0<>20=>3> ;>3VG=>3> :>=B@>;5@0 Siemens CPU 1215C;  

- <>4C;S @>7H8@5==S 0=0;>3>28E 2E>4V2 SM 1231 AI8x13 BIT;  

- 4020G0 B8A:C bd sensors lmp 808;  

- ?5@5B2>@R20G V<?C;PAV2 40BG8:0 )>;;0 7 35=5@0B>@0, @50;V7>20=89 =0 

>A=>2V ARDUINO NANO;  

- 4020G0 48DC7=>3> B0 A2VB;> 2V41820RG>3> @568<V2 Pepperl + Fuchs 

UB800-18GM40-I-V1;  

- HMI ?0=5;V Schneider Electric HMIET6500. 

�;S 45B0;P=>3> 0=0;V7C 5D5:B82=>ABV 4>A;V46C20=8E <>45;59  BC@1V=  

B0:>6  ?>B@V1=> 287=0G8B8 7<V==C 25;8G8=C 3 28B@0BC 2>48.  "A:V;P:8  20@BVABP  

4020GV2  28B@0B  є 4>2>;V 28A>:>R, 4>FV;P=8< є 28:>@8AB0==S =5?@S<>3> 

<5B>4C 28<V@R20==S 28B@0B =0 >A=>2V 7<V=8 @V2=S @V48=8.  �;S  FVєW 7040GV  

70AB>A>2C202AS ?@>3@0<>20=89 ;>3VG=89 :>=B@>;5@ Siemens CPU 1215C C 

?>є4=0==V 7 <>4C;5< @>7H8@5==S 0=0;>3>28E 2E>4V2 SM 1231 AI8x13 BIT. 
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"1@0=0 :>=DV3C@0FVS >1;04=0==S 70157?5GCє <>6;82VABP ?V4:;RG5==S 4> 
2>AP<8 0=0;>3>28E 4020GV2 V7 C=VDV:>20=8< 28EV4=8< A83=0;><, I> 4>72>;Sє 

70157?5G8B8 B>G=V 28<V@R20==S @V2=S @V48=8 2 @V7=8E B>G:0E 

5:A?5@8<5=B0;P=8E CAB0=>2>:. �@V< B>3>, :>=B@>;5@ ?V4B@8<Cє 14 48A:@5B=8E 

2E>4V2 V 10 48A:@5B=8E 28E>4V2, I> 40є <>6;82VABP @50;V7C20B8 A:;04=V 

0;3>@8B<8 02B><0B8G=>3> :5@C20==S B0 >1@>1:8 40=8E C @568<V @50;P=>3>  

G0AC [70]. 

�024S:8 28:>@8AB0==R FVєW A8AB5<8 <>6=0 287=0G0B8 28B@0B8 2>48, 

0=0;V7CRG8 48=0<V:C 7<V=8 @V2=S @V48=8, I> ACBBє2> 7=86Cє DV=0=A>2V 28B@0B8 
=0 70:C?V2;R A?5FV0;V7>20=8E 28B@0B><V@V2 157 2B@0B8 B>G=>ABV 28<V@R20=P.  

�2B><0B8G=5 28<V@R20==S =5>1EV4=8E ?0@0<5B@V2 2 ;01>@0B>@=V9 

CAB0=>2FV ?@>2>48BPAS =0ABC?=8< G8=><: ?@8 7<V=V @V2=S 2>48 2 ;01>@0B>@=V9 

CAB0=>2FV 4020G, S:89 ?V4:;RG5=> 4> 0=0;>3>2>3> 2E>4C <>4C;S @>7H8@5==S 

=04A8;0є A83=0; 4&20 <� (2 70;56=>ABV 2V4 =0?>2=5==S @575@2C0@C) ?@> 

2V4AB0=P 4> 2>48 =0 :>=B@>;5@, S:89 ?5@5B2>@Rє 9>3> 2 F8D@>25 7=0G5==S 70 

04@5A>R %IW102 ?>40єBPAS =0 1;>: <0AHB01C20==S FC1, 2V4?>2V4=> 4> <56 
28<V@R20==S 4020G0. "A:V;P:8 ?>B@V1=> 28<V@R20B8 @V25=P 2>48 2 @575@2C0@V 

;>B:0, B> 2V4 ?>G0B:>2> 70<V@S=>W 2V4AB0=V 4020G0 4> 4=0 ;>B:0 2V4=V<0є<> 

>B@8<0=C 2V4AB0=P V 2 @57C;PB0BV >B@8<Cє<> @V25=P 2>48 2 ;01>@0B>@=V9 

CAB0=>2FV [70]. 

�V;P:VABP >15@BV2 @>B>@0 28<V@RєBPAS 70 4>?><>3>R V<?C;PAV2, S:V 

35=5@Cє 40BG8: )>;0, V=B53@>20=89 C 35=5@0B>@. �0BG8: D>@<Cє B@84FSBP 

V<?C;PAV2 =0 :>65= >15@B @>B>@0. "B@8<0=V V<?C;PA8 ?5@540RBPAS =0 

?5@5B2>@R20G ARDUINO NANO, S:89 :>=25@BCє V<?C;PA=V A83=0;8 C A83=0;8 
?>ABV9=>W =0?@C38 2 4V0?07>=V 0...5 �. �0;V AD>@<>20=89 A83=0; ?>40єBPAS =0 

:>=B@>;5@ 2 0=0;>3>289 2EV4 PIW0 4;S ?>40;PH>W >1@>1:8 B0 287=0G5==S 

H284:>ABV >15@B0==S (@8A. 3.9). 

!0?@C30 28<V@RєBPAS 70 4>?><>3>R 0=0;>3>2>3> 40BG8:0, S:89 

?V4:;RG5=89 4> 0=0;>3>2>3> 2E>4C :>=B@>;5@0 PIW2 C I8BV 02B><0B870FVW 

(@8A. 3.9). %83=0;, >B@8<0=89 7 >4=VєW D078 35=5@0B>@0, ?@>E>48BP ?@>F5A 
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=>@<0;V70FVW G5@57 B@0=AD>@<0B>@ B0 <0AHB01C20==S 2 :>=B@>;5@V. #VA;S FP>3> 
F8D@>25 7=0G5==S =0?@C38 28:>@8AB>2CєBPAS 4;S 0=0;V7C 5D5:B82=>ABV @>1>B8 

BC@1V=8. 

 

 <E. 3.9. !I9@4 CV8>?NK9AAO 79A9D4FBD4 OBL9 6 M<F 46FB@4F<;4JVW 

 

"1@>1:0 >B@8<0=8E 40=8E 74V9A=RєBPAS 2 ?@>3@0<=><C A5@54>28IV 

:>=B@>;5@0, I> 4>72>;Sє 2 @50;P=><C G0AV 2V4A;V4:>2C20B8 7<V=8 ?0@0<5B@V2 B0 

>FV=R20B8 @>1>GV E0@0:B5@8AB8:8 4>A;V46C20=8E BC@1V=.  

�;S 4>40B:>2>3> >1G8A;5==S 28B@0B8 2>48 1C2 28:>@8AB0=89 ?>?5@54=V9 

@>7@0EC=>:, S:89 2:;RG02 2 A515 287=0G5==S ?;>IV ?5@5@V7C =0?@02;SRG>W 

:0<5@8 ?>B>:C V H284:>ABV 2>4=>3> ?>B>:C. �8:>@8AB0==S <0B5<0B8G=8E 

D>@<C; 4>72>;8;> B>G=> 287=0G8B8 28B@0BC 2>48 2 5:A?5@8<5=B0;P=8E C<>20E 
[71]. 

�87=0G5==O 28B@0B8 2>48 [72, 73] 

"A=>2=>R D>@<C;>R 4;S >1G8A;5==S 28B@0B8 2>48 є: 

                                                              Q1=Skv                                                   (3.4) 

45: 

• Q1 3 287=0G5=0 70 4>?><>3>R ?@>3@0<=>3> 70157?5G5==S, <³/A; 

• Sk 3 ?;>I0 ?5@5@V7C =0?@02;SRG>W :0<5@8 ?>B>:C, (<²); 
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• v 3 H284:VABP 2>4=>3> ?>B>:C, (</A).  
$>7@0EC=>: ?;>IV ?5@5@V7C [72, 73] 

�;S 287=0G5==S ?;>IV ?5@5@V7C B@C1>?@>2>4C 28:>@8AB>2C20;0AS 

D>@<C;0 4;S ?;>IV :@C3>2>3> ?5@5@V7C: 

                                                              Ă� = ÿ (�2)2
                                           (3.5) 

45: 

• D 3 4V0<5B@ =0?@02;SRG>W :0<5@8 ?>B>:C (<); 

• Ã 3 :>=AB0=B0 (?@81;87=> 3.14159). 

$>7@0EC=>: H284:>ABV ?>B>:C 
�;S >1G8A;5==S H284:>ABV ?>B>:C 28:>@8AB>2C20;0AS D>@<C;0 4;S 

H284:>ABV 28BV:0==S 7 >B2>@C: 

                                                   � = √2āℎ                                                 (3.6) 

45: 
• g 3 ?@8A:>@5==S 2V;P=>3> ?04V==S, (?@81;87=> 9.81 </A²); 

• h 3 =0?V@ (28A>B0 2>48 C 25@E=P><C 1’єDV 2V4 F5=B@0 H0EB8), (<). 

&0:8< G8=>< >1’є4=0=0 D>@<C;0 7 4>?><>3>R S:>W ?@>2>48;>AS 

?@>3@0<=5 >1G8A;5==S 28B@0B8 2>48 283;S40є B0:: 

                                                                                    Ā1 = ÿ (�2)2 √2āℎ                                         (3.7) 

�;S 70157?5G5==S 5D5:B82=>3> <>=VB>@8=3C B0 :5@C20==S 

5:A?5@8<5=B0;P=>R CAB0=>2:>R 1C;0 @>7@>1;5=0 SCADA 3 A8AB5<0, I> =040є 

<>6;82>ABV 2V440;5=>3> 4>ABC?C 4> :>=B@>;5@0. "A=>2=>R <5B>R SCADA -

A8AB5<8 є 2V7C0;V70FVS B5E=>;>3VG=>3> ?@>F5AC 28<V@R20==S @V2=S @V48=8 2 

;01>@0B>@=V9 CAB0=>2FV 70 4>?><>3>R V=BCWB82=> 7@>7C<V;>W <=5<>AE5<8. 

�@V< B>3>, A8AB5<0 @50;V7Cє DC=:FVR 02B><0B8G=>3> @>7@0EC=:C 28B@0B @V48=8 
=0 >A=>2V 40=8E 7 40BG8:V2, 0 B0:>6 70157?5GCє 7G8BC20==S 2 @50;P=><C G0AV 

?>:07=8:V2 >15@BV2 @>B>@0 B0 =0?@C38 I> 35=5@CєBPAS (482. @8A. 3.10). 
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 <E. 3.10. �A9@BEI9@4 9>EC9D<@9AF4?ьABW GEF4AB6>< 

 

SCADA 3 A8AB5<0 =040є :>@8ABC20GC V=D>@<0FVR ?@> 48=0<VG=C 7<V=C 

?0@0<5B@V2 ?@>F5AC 2 3@0DVG=><C 283;S4V (@8A. 3.11), I> ?>;53HCє 0=0;V7 

B@5=4V2 B0 28S2;5==S 70:>=><V@=>AB59.  

 

 <E. 3.11. �V>AB «Trends» 89 6V8B5D4:9AB ;@VAG DV6AV6 A4CDG7< ;4?9:AB 6V8 

DV6AO 6B8< G 69DIAьB@G 5’єHV 
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�06;82>R DC=:FVєR є B0:>6 0@EV20FVS >B@8<0=8E 40=8E, I> 4>72>;Sє 
715@V30B8 V=D>@<0FVR ?@> ?5@51V3 5:A?5@8<5=BV2 4;S ?>40;PH>3> 0=0;V7C B0 

?>@V2=S==S @57C;PB0BV2. �@V< B>3>, SCADA-A8AB5<0 =040є <>6;82VABP 

48AB0=FV9=>3> :5@C20==S ?0@0<5B@0<8 @>1>B8 CAB0=>2:8, I> 4>72>;Sє 

>?5@0B82=> 7<V=R20B8 @568<8 @>1>B8 B0 >?B8<V7C20B8 ?@>F5A 4>A;V465==S 

[70].  

�;S 70157?5G5==S 1V;PH 3;81>:>3> B0 2A51VG=>3> 0=0;V7C 28EV4=8E 

?>:07=8:V2, I> 28@>1;SRBPAS 35=5@0B>@><, C 1;>FV :5@C20==S =020=B065==S< 

1C;> 74V9A=5=> ?>5B0?=5 71V;PH5==S =020=B065==S. � FVєR <5B>R 4> AE5<8 
?V4:;RG5=> B@8 V45=B8G=V ;0<?8 @>760@R20==S (482. @8A. 3.12) 7030;P=>R 

=><V=0;P=>R ?>BC6=VABR 63 �B (3 ;0<?8 x 21 �B :>6=0). &0:0 :>=DV3C@0FVS 

4>72>;8;0 >B@8<0B8 28<V@R20==S 2 G>B8@P>E GVB:> 287=0G5=8E @568<0E: 157 

=020=B065==S (E>;>AB89 EV4) B0 ?@8 B@P>E @V7=8E @V2=SE =020=B065==S, I> 

A?@8Sє :><?;5:A=><C 4>A;V465==R 5;5:B@8G=8E E0@0:B5@8AB8: 35=5@0B>@0 2 

H8@>:><C 4V0?07>=V @>1>G8E C<>2. 

 

 <E. 3.12. ЗB6AVLAV= 6<7?O8 5?B>G ; 9?9>FD<KA<@ A464AF4:9AAO@ 

 

�>=AB@C:FVS 28?@>1C20;P=>3> <>4C;S C73>465=0 7 3010@8B0<8 ;>B:0 

;01>@0B>@=>W CAB0=>2:8 B0 70157?5GCє <>6;82VABP ?@>2545==S :>=B@>;P=8E 
28<V@R20=P @V2=S 2>48 C 25@E=P><C 1’єDV 2 H5AB8 DV:A>20=8E B>G:0E. *5 

4>72>;Sє 287=0G8B8 @>1>GV <56V 4;S ?@>2545==S 5:A?5@8<5=BV2. �>=B@>;P=V 
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B>G:8 @>7B0H>20=V 25@B8:0;P=> 2V4=>A=> 25@E=P>W :@><:8 70A;V=:8 ?>40GV 
?>B>:C, ?@8 FP><C =C;P>20 2V4<VB:0 DV:ACєBPAS ?5@?5=48:C;S@=> 4> >AV, I> 

?@>E>48BP G5@57 F5=B@ =0?@02;SRG>W H0EB8 ?>B>:C, S: ?>:070=> =0 @8A. 3.13.  

 

 <E. 3.13. ЗB6AVLAV= 6<7?O8 6<CDB5G64?ьAB7B @B8G?O ; >BAFDB?ьA<@< 

CB;A4K>4@< DV6AO 6B8< G 69DIAьB@G 5’єHV 

 

!0 @8A. 3.13 ?>:070=>, I> =C;P>2C 2V4<VB:C 2AB0=>2;5=> =0 28A>BV 0,4 < 

2V4 4=0 ;>B:0. &0:5 @>7B0HC20==S 70157?5GCє 4>AB0B=V9 ?@>ABV@ 4;S 

@>7<VI5==S 35=5@0B>@0 =04 @V2=5< 2>48 2 =86=P><C 1’єDV. *5 @VH5==S 

4>72>;Sє C=8:=CB8 ?@S<>3> :>=B0:BC 5;5:B@8G=>3> >1;04=0==S 7 2>4>R, 

<V=V<V7Cє @878: 70B>?;5==S B0 :>@>B:>3> 70<8:0==S, 0 B0:>6 ?V428ICє 

7030;P=C 157?5:C 5:A?;C0B0FVW. �@V< B>3>, B0:5 :>=AB@C:B82=5 28:>=0==S 
?>;53HCє 4>ABC? 4> 2C7;V2 35=5@0B>@0, A?@>ICє <>=B06 V 45<>=B06 <>45;59 

BC@1V=, I> є >A>1;82> 206;828< 4;S ;01>@0B>@=8E C<>2, 45 ?5@5410G5=0 

=5>1EV4=VABP G0AB>W 70<V=8 BC@1V= V 3=CG:5 28:>@8AB0==S 28?@>1C20;P=>3> 

<>4C;S 4;S @V7=><0=VB=8E 5:A?5@8<5=BV2 V =02G0;P=8E FV;59. 

� <5B>R 70157?5G5==S 28A>:>W B>G=>ABV B0 =04V9=>ABV 5:A?5@8<5=B0;P=8E 

4>A;V465=P, ?>:078 7=V<0B8<CBPAS 42><0 =570;56=8<8 <5B>40<8.  
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#5@H89 <5B>4 ?>;S30є C 28:>@8AB0==V 28<V@R20;P=8E ?@8AB@>W2, 0 
A0<5: B@8:CB=>3> 2>4>7;82C, H?VF5=-<0AHB01V2 (4;S B>G=>3> 28<V@R20==S 

@V2=S 2>48 C 25@E=P><C B0 =86=P><C 1’єD0E), <C;PB8<5B@0 (4;S 28<V@R20==S 

5;5:B@8G=8E ?0@0<5B@V2, B0:8E S: =0?@C30) B0 ;075@=>3> B0E><5B@0 (4;S 

287=0G5==S H284:>ABV >15@B0==S BC@1V=8 7 35=5@0B>@><). 

�@C389 <5B>4 ?5@5410G0є 02B><0B87>20=89 71V@ 40=8E 70 4>?><>3>R 
02B><0B8G=>3> :>=B@>;5@0, V=B53@>20=>3> 2 I8B 02B><0B870FVW. *59 :>=B@>;5@ 

70?@>3@0<>20=89 =0 @53C;S@=89 71V@ ?>:07V2 7 40BG8:V2 B0 WE @5єAB@0FVR.  

#0@0;5;P=5 28:>@8AB0==S 02B><0B87>20=>W A8AB5<8 71>@C ?>:07=8:V2 B0 
@CG=8E 28<V@R20=P 4>72>;8BP ?@>25AB8 :><?;5:A=C 25@8DV:0FVR >B@8<0=8E 

@57C;PB0BV2. %?V2AB02;5==S ?0@0<5B@V2, >B@8<0=8E @V7=8<8 <5B>40<8, 40ABP 

7<>3C 28S28B8 B0 <V=V<V7C20B8 @878: 28?04:>28E ?><8;>:, ?>E81>: 

:0;V1@C20==S 28<V@R20;P=8E ?@8;04V2 B0 ;R4AP:>3> D0:B>@C. &0:89 ?V4EV4 

70157?5G8BP 28A>:89 ABC?V=P 4>2V@8 4> >B@8<0=8E 5:A?5@8<5=B0;P=8E 40=8E 

B0 >1ґ@C=B>20=VABP 7@>1;5=8E =0 WE >A=>2V 28A=>2:V2. 

 

3.5. �83>B>2;5==O ?@8AB@>N O:89 =0?@02;OB8<5 2>4=89 ?>BV: 
?V4 :CB>< 90° 4> ;>?0B59 BC@1V= 

 

�;S 70157?5G5==S @53C;P>20=8E C<>2 5:A?5@8<5=BC, 7>:@5<0 

A?@S<C20==S 2>4=>3> ?>B>:C ?V4 =5>1EV4=8< :CB>< 4> ;>?0B59 4>A;V46C20=8E 

BC@1V=, 1C2 @>7@>1;5=89 B0 283>B>2;5=89 70 4>?><>3>R B5E=>;>3VW 3D-4@C:C 

A?5FV0;P=89 ?@8AB@V9 3 =0?@02;SRG0 ?>B>:C (@8A. 3.14). �W :>=AB@C:FVS 

4>72>;Sє 7<V=R20B8 =0?@S< V @V2=><V@=VABP @>7?>4V;C ?>B>:C, I> A?@8Sє 
?>:@0I5==R B>G=>ABV 5:A?5@8<5=B0;P=8E 4>A;V465=P B0 <>45;R20==R @V7=8E 

3V4@>48=0<VG=8E C<>2. 
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 <E. 3.14. �<7?O8 A4CD46?ONKBW CBFB>G ; 86BI EFBDVA 

 

!0?@02;SRG0 ?>B>:C 28:>@8AB>2CєBPAS 4;S 4>A;V465=P 2 @568<V @>1>B8 

BC@1V= H;SE>< AB2>@5==S :>=B@>;P>20=8E C<>2 ?>B>:C ?5@?5=48:C;S@=> 4> 
;>?0B59 BC@1V= (90°), B0 70157?5G5==S @V2=><V@=>3> @>7?>4V;C ?>B>:C ?> 2AV9 

?;>I8=V 2EV4=>3> ?5@5B8=C BC@1V=8 7<5=HCRG8 2B@0B8 5=5@3VW ?>B>:C ?V4 G0A 

?5@5=0?@02;5==S. 

&0:8< G8=><, @>7@>1;5=0 =0?@02;SRG0 ?>B>:C 4>72>;Sє AB2>@R20B8 

:>=B@>;P>20=V C<>28 4;S >FV=:8 @>1>B8 BC@1V=, <V=V<V7CRG8 2B@0B8 5=5@3VW 

?>B>:C B0 70157?5GCRG8 @V2=><V@=89 @>7?>4V; H284:>AB59 C ?5@5@V7V 

AB@C<5=S. �;S ?>40;PH>3> 0=0;V7C 5D5:B82=>ABV 270є<>4VW ?>B>:C 7 ;>?0BS<8 
BC@1V=8 =5>1EV4=> 287=0G8B8 >A=>2=V 3V4@>48=0<VG=V ?0@0<5B@8, 7>:@5<0 

ABC?V=P AB8A=5==S AB@C<5=S, H284:VABP 28BV:0==S B0 28B@0BC @V48=8.  

�;S FP>3> @>73;S=5<> 2V4?>2V4=V @>7@0EC=:>2V 70;56=>ABV, I> >?8ACRBP 

270є<>72’S7>: <V6 35><5B@8G=8<8 E0@0:B5@8AB8:0<8 =0?@02;SRG>W, 

:V=5<0B8G=8<8 ?0@0<5B@0<8 ?>B>:C B0 :>5DVFVє=B0<8, I> 2@0E>2CRBP 2?;82 

3V4@02;VG=8E 2B@0B. 

!0 @8A. 3.15 7>1@065=>  :>=AB@C:FVR =0?@02;SRG>W ?>B>:C <0є, I> 

2:;RG0є 475@:0;P=5 2V4>1@065==S =0?@02;SRG8E :@828E 2V4=>A=> ;>?0B59 
4>A;V46C20=8E BC@1V=. &0:0 35><5B@VS A?@8Sє >?B8<0;P=><C ?5@5=0?@02;5==R 

?>B>:C, >4=>G0A=> 7=86CRG8 2B@0B8 5=5@3VW =0 BC@1C;5=B=VABP V >?V@. 
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 <E. 3.15. !I9@4 DB;DB5?9AB7B CD<EFDBN 8?O ECDO@G64AAO 6B8AB7B 

CBFB>G 

 

�1V;PH5=89 2EV4=89 4V0<5B@ (d0 = 0,315<), I> ?>ABC?>2> 72C6CєBPAS 4> 
2E>4C 2 =0?@02;SRGC :0<5@C (dc = 0,2095<), AB2>@Rє 5D5:B AB8A=5==S 

AB@C<5=S. �>=VG=0 D>@<0 70>:@C3;5==S (L 3 L1 = 0.11<)  A?@8Sє @V2=><V@=><C 

@>7?>4V;C H284:>AB59 C ?>B>FV, 70157?5GCRG8 >?B8<0;P=V ?0@0<5B@8 

H284:>ABV B0 B8A:C 2>48 =0 2E>4V 4> BC@1V=8. %B8A=5==S AB@C<5=S B0:>6 

70157?5GCє ?;02=89 ?5@5EV4 2V4 @V7=>A?@S<>20=8E @CEV2 @V48=8 2 @575@2C0@V, 

7>:@5<0 2V4 @04V0;P=>3> @CEC 274>26 ABV=>:, 4> @04V0;P=> 3 >AP>2>3> @CEC C 

?>B>FV, I> ?V428ICє 5D5:B82=VABP @>1>B8 BC@1V=8. 

%BC?V=P AB8A=5==S E0@0:B5@87CєBPAS :>5DVFVє=B>< AB8A=5==S ε, S:89 

287=0G0єBPAS S: 2V4=>H5==S ?;>IV AB8A=5=>3> ?>?5@5G=>3> ?5@5@V7C AB@C<5=S 

Sc 4> ?;>IV 2EV4=>3> >B2>@C S0 [74]: 

                                          � = Ă�Ă0 = (ý�ý0)2
                                                 (3.8) 

,284:VABP 28BV:0==S ?>B>:C 287=0G0єBPAS 70 D>@<C;>R: 

                                           � = �√2āℎ                                                     (3.9) 

45 φ 3 :>5DVFVє=B H284:>ABV. �=0;V7CRG8 D>@<C;C (3.9), <>6=0 7@>18B8 

28A=>2>:, I> :>5DVFVє=B H284:>ABV φ 287=0G0єBPAS S: 2V4=>H5==S D0:B8G=>W 

H284:>ABV 28BV:0==S @V48=8 4> B5>@5B8G=>W H284:>ABV 28BV:0==S V450;P=>W 

@V48=8: 
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                                                  � = �√2ý/                                                    (3.10) 

�V9A=0 H284:VABP 28BV:0==S � 702648 45I> <5=H0 70 V450;P=C G5@57 

2?;82 >?>@C, B><C :>5DVFVє=B H284:>ABV � 702648 <5=H89 70 >48=8FR. 

$>7?>4V; H284:>AB59 C ?>?5@5G=><C ?5@5@V7V AB@C<5=S є @V2=><V@=8< 
;8H5 2 9>3> F5=B@0;P=V9 G0AB8=V (S4@V AB@C<5=S), B>4V S: 7>2=VH=V9 H0@ @V48=8 

707=0є 30;P<C20==S G5@57 B5@BS >1 ABV=:8 ?@8AB@>R B0 9>3> =0?@02;SRGV 

?>25@E=V (@8A. 3.14, 3.15). �:A?5@8<5=B0;P=V 4>A;V465==S A2V4G0BP, I> 

H284:VABP C S4@V AB@C<5=S ?@0:B8G=> 4>@V2=Rє V450;P=V9, B><C :>5DVFVє=B 

H284:>ABV � A;V4 @>73;S40B8 S: :>5DVFVє=B A5@54=P>W H284:>ABV. /:I> 

28BV:0==S 2V41C20єBPAS 2 0B<>AD5@C, B> B8A: ?> 2AP><C ?>?5@5G=><C ?5@5@V7C 

F8;V=4@8G=>3> AB@C<5=S 4>@V2=Rє 0B<>AD5@=><C. 

�8B@0B0 @V48=8 G5@57 ?@8AB@V9 4;S A?@S<C20==S ?>B>:C Q2 287=0G0єBPAS 
S: 4>1CB>: 4V9A=>W H284:>ABV 28BV:0==S =0 D0:B8G=C ?;>IC ?5@5@V7C 

AB@C<5=S. �8:>@8AB>2CRG8 A?V22V4=>H5==S (3.8) V (3.9), >B@8<0є<>  [75]:   

                                             Ā2 = �Ă0�√2āℎ                                          (3.11) 

�>1CB>: :>5DVFVє=BV2 � B0 � ?>7=0G0єBPAS ;VB5@>R � V =07820єBPAS 

:>5DVFVє=B>< 28B@0B8. &0:8< G8=><, D>@<C;0 (3.11) =01C20є >AB0B>G=>3> 

283;S4C: 

                                               Ā2 = �Ă0√2āℎ                                           (3.12) 

*59 28@07 (3.12) @>72’S7Cє >A=>2=5 70240==S 287=0G5==S 28B@0B8 V <>65 

1CB8 70AB>A>20=89 4;S 2AVE 28?04:V2 28BV:0==S. "A=>2=0 A:;04=VABP 9>3> 

28:>@8AB0==S ?>;S30є C =5>1EV4=>ABV B>G=>W >FV=:8 :>5DVFVє=B0 28B@0B8 �. 

(V78G=0 ACB=VABP FP>3> :>5DVFVє=B0 28?;820є 7 @V2=S==S (3.12): 

                                                � = Ā2Ă0 √2ý/                                                 (3.13) 

 �V9A=0 28B@0B0 702648 <5=H0 70 B5>@5B8G=C, 0 :>5DVFVє=B 28B@0B8 � =5 
?5@528ICє >48=8FV G5@57 2?;82 42>E >A=>2=8E D0:B>@V2: AB8A=5==S AB@C<5=S 

B0 >?>@C. ' @V7=8E 28?04:0E 4><V=CRG8< <>65 1CB8 >48= V7 F8E D0:B>@V2. 

�>5DVFVє=B8 AB8A=5==S �, >?>@C ζ, H284:>ABV � B0 28B@0B8 � 70;560BP 

?5@54CAV< 2V4 B8?C >B2>@C 01> =0A04:8, 0 B0:>6, S: V 2AV 157@>7<V@=V 



102 

:>5DVFVє=B8 2 3V4@02;VFV, 2V4 >A=>2=>3> :@8B5@VR 3V4@>48=0<VG=>W ?>4V1=>ABV 3 

G8A;0 $59=>;P4A0 (āÿ). *59 ?0@0<5B@ 287=0G0є @568< @CEC @V48=8 [76]. 

!0 @8A. 3.16 =02545=> 70;56=>ABV :>5DVFVє=BV2 �, � V � 4;S :@C3;>3> 

>B2>@C 2V4 G8A;0 āÿ, @>7@0E>20=>3> 70 V450;P=>R H284:VABR 28BV:0==S. 

 

 <E. 3.16 – З4?9:AVEFь ε, φ V μ 6V8 R9 [77] 

 

� 3@0DV:0 (@8A. 3.16) 284=>, I> 7V 71V;PH5==S< āÿ, B>1B> 7V 7<5=H5==S< 

2?;82C A8; 2'S7:>ABV, :>5DVFVє=B � 7@>AB0є 2=0A;V4>: 7<5=H5==S :>5DVFVє=B0 

>?>@C ζ, B>4V S: :>5DVFVє=B � 7<5=HCєBPAS G5@57 7=865==S 30;P<C20==S @V48=8 
1V;S :@><:8 >B2>@C B0 71V;PH5==S @04VCAV2 :@8287=8 ?>25@E=V ?>B>:C =0 

4V;S=FV 2V4 :@><:8 4> ?>G0B:C F8;V=4@8G=>W G0AB8=8. �=0G5==S :>5DVFVє=BV2 � 

B0 � ?@8 FP><C 0A8<?B>B8G=> =01;860RBPAS 4> WE=VE B5>@5B8G=8E 7=0G5=P 4;S 

V450;P=>W @V48=8: ?@8 āÿ → > 7=0G5==S � → 1, � → 0,6. 

�>5DVFVє=B 28B@0B8 �, I> 287=0G0єBPAS S: 4>1CB>: � =0 �, 7V 71V;PH5==S< āÿ A?>G0B:C 7@>AB0є G5@57 @V7:5 71V;PH5==S �, 4>AS30RG8 <0:A8<C<C 0.69, 0 

?>BV< 7<5=HCєBPAS G5@57 7=0G=5 ?04V==S �, AB01V;V7CRG8AP ?@8 25;8:8E 

7=0G5==SE āÿ =0 @V2=V 0,6030,61. 

�;S <0;> 2’S7:8E @V48= (2>48, 15=78=C, 30AC B>I>), 28BV:0==S S:8E 

70728G09 2V41C20єBPAS ?@8 28A>:8E 7=0G5==SE āÿ, :>5DVFVє=B8 7<V=RRBPAS C 
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2C7P:><C 4V0?07>=V. ' @>7@0EC=:0E ?@89<0RBP B0:V CA5@54=5=V 7=0G5==S: � = 

0,64; � = 0,97; � = 0,62; ζ=0,065 [78]. 

 

3.6. �83>B>2;5==O @>7@>1;5=8E BC@1V= B0 ?V43>B>2:0 4> ?@>2545==O 
;01>@0B>@=8E 4>A;V465=ь 

 

�;S ?V43>B>2:8 4> ?@>2545==S ;01>@0B>@=8E 4>A;V465=P @>7@>1;5=8E 

BC@1V=, ?5@54 AB2>@5==S< 3D-<>45;59 B0 283>B>2;5==S< ?@>B>B8?V2 1C;> 

74V9A=5=> ?>?5@54=V9 V=65=5@=89 @>7@0EC=>: ?0@0<5B@V2 BC@1V=. 
$>7@0EC=:>20 <5B>48:0 107CєBPAS =0 :;0A8G=8E 70;56=>ABSE 3V4@>48=0<V:8 B0 

2@0E>2Cє >1<565==S 28B@0B8 9 3010@8BV2 ;01>@0B>@=>W CAB0=>2:8.  5B>48:0 

2:;RG0є B0:V 5B0?8: 

3 �040==S 2EV4=8E ?0@0<5B@V2 5:A?;C0B0FVW: 28B@0B0 ?>B>:C Q (4> 0,16 

<³/A), 4>ABC?=89 =0?V@ h60 (4> 0,6 <); 4V0<5B@ =0?@02;SRG>W H0EB8 DH = 0,21 <, 

I> 7C<>28;> ?@89=SBBS @>7@0EC=:>2>3> 4V0<5B@0 BC@1V= D = 0,2 <; 

3 $>7@0EC=>: ?;>IV ?5@5@V7C =0?@02;SRG>W :0<5@8 B0 2EV4=>3> ?5@5@V7C 

BC@1V=8 (70 D>@<C;>R 3.5); 
3 �87=0G5==S H284:>ABV ?>B>:C 2 =0?@02;SRGV9 :0<5@V (70 D>@<C;>R 

3.6); 

3 �87=0G5==S H284:>ABV ?>B>:C =0 2E>4V 2 BC@1V=C (70 D>@<C;>R 3.9); 

3 �81V@ >?B8<0;P=>3> ?@>DV;R B0 4>268=8 ;>?0B59 2V4?>2V4=> 4> 

7040=>W 4>268=8 BC@1V=8 (210 <<) B0 28<>3 4> :CB0 >E>?;5==S (0.75 >15@B0). 

3 "1ґ@C=BC20==S D>@<8 B0 :CB0 0B0:8 ;>?0B59 107CєBPAS =0 ?@8=F8?0E 

2V;P=>3> 28E>@C, 3V4@>48=0<VG=>W 30@<>=V70FVW B0 ?@8@>4=>W >?B8<V70FVW  

?>B>:C, >?8A0=8E C ?@0FSE ,0C15@35@0, 0 B0:>6 =0 V=65=5@=8E ?V4E>40E, 

28:;045=8E C 4>A;V465==SE "=V?:0. �>:@5<0, S: 107>2C 35><5B@8G=C >A=>2C 

>1@0=> ;>30@8D<VG=C A?V@0;P, I> 4>72>;Sє 70157?5G8B8 AB01V;P=5 >1BV:0==S 

?>25@E=V ;>?0B59 V7 <V=V<0;P=8<8 3V4@>48=0<VG=8<8 2B@0B0<8. �CB 0B0:8 

;>?0BV C ?;>I8=V >15@B0==S 1C;> ?@89=SB> 2 <560E 28332°, I> 2V4?>2V40є 

>?B8<0;P=8< 7=0G5==S< 4;S @>1>B8 2 C<>20E =87P:>=0?V@=>3> ?>B>:C, 
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E0@0:B5@=>3> 4;S  328=B>28E V A?V@0;5?>4V1=8E BC@1V= H=5:>2>3> B8?C, 
70157?5GCRG8 A?@8SB;8289 10;0=A <V6 ?V49><=>R A8;>R B0 >?>@>< ?>B>:C; 

3 �2C65==S :>@?CAC BC@1V=8 2V4 2E>4C 4> 28E>4C >1ґ@C=B>20=> =5 ;8H5 7 

B>G:8 7>@C 715@565==S B0 =0@>IC20==S H284:>ABV ?>B>:C, 0;5 9 A?8@0єBPAS =0 

?@8@>4>>@Vє=B>20=V 3V4@>48=0<VG=V ?@8=F8?8, >?8A0=V C ?@0FSE ,0C15@35@0. 

�>:@5<0, ,0C15@35@ AB25@46C202, I> 5D5:B82=5 B@0=A?>@BC20==S B0 

5=5@35B8G=5 ?5@5B2>@5==S @V48= 4>AS30єBPAS G5@57 48=0<VG=C AB@C:BC@870FVR 

?>B>:C 70 A?V@0;5?>4V1=>R B@0є:B>@VєR 7 ?@8A:>@5==S< C 72C65=><C :0=0;V, 

I> A?@8Sє 5=5@35B8G=V9 :>=F5=B@0FVW ?>B>:C. *5 4>72>;Sє =5 ;8H5 715@53B8, 0 
9 ?V4A8;8B8 2=CB@VH=R 5=5@3VR ?>B>:C 157 7=0G=8E BC@1C;5=B=8E 2B@0B. 

�8:>@8AB0==S 72C65==S =0 j39 % (2V4 0,0314 <² 4> 0,0191 <²) C 4>A;V46C20=V9 

BC@1V=V 4>72>;Sє @50;V7C20B8 B0:89 ?V4EV4: ?>BV: =0 2E>4V <0є 1V;PHC ?;>IC, 

I> 7<5=HCє ;>:0;P=V 2B@0B8, B>4V S: 72C65==S 4> 28E>4C 71V;PHCє ;V=V9=C 

H284:VABP @CEC @V48=8 2V4?>2V4=> 4> @V2=S==S �5@=C;;V. *5 AB2>@Rє C<>28 

4;S ?V428I5==S :>5DVFVє=B0 ?5@5B2>@5==S 5=5@3VW ?>B>:C =0 <5E0=VG=C @>1>BC 

@>B>@0. "=V?:> C A2>WE @>1>B0E I>4> 3V4@02;VG=8E A8AB5< B0:>6 =03>;>HC202, 
I> ?>ABC?>25 72C65==S :0=0;V2 7=86Cє 2B>@8==V ?>B>:8 V BC@1C;5=FVR, 

?V428ICRG8 7030;P=89 :>5DVFVє=B :>@8A=>W 4VW. &0:89 ?V4EV4 70157?5GCє 1V;PH 

@V2=><V@=C B0 5D5:B82=C ?5@540GC 5=5@3VW =0 @>B>@, 0 B0:>6 A?@8Sє ?;02=><C 

?@>E>465==R ?>B>:C. 

!0 =0ABC?=><C 5B0?V 1C;> 74V9A=5=> AB2>@5==S B@828<V@=8E 

:><?’RB5@=8E ?@>5:FV9 BC@1V=. �;S FVєW FV;V 70AB>A>20=> 157:>HB>2=5 B0 

H8@>:> ?>H8@5=5 ?@>3@0<=5 70157?5G5==S 4;S 3D-<>45;R20==S 3 Blender 

[79]. �81V@ A0<5 FP>3> ?@>3@0<=>3> A5@54>28I0 7C<>2;5=89 9>3> ?>BC6=8<8 
DC=:FV>=0;P=8<8 <>6;82>ABS<8, ?V4B@8<:>R A:;04=>3> <>45;R20==S 

>1’є:BV2 4>2V;P=>W 35><5B@VW, H8@>:8<8 <>6;82>ABS<8 2V7C0;V70FVW, 3=CG:VABR 

=0;0HBC20=P, 0 B0:>6 =0S2=VABR 25;8:>W :V;P:>ABV =02G0;P=8E @5AC@AV2 V 

0:B82=>W >=;09=-A?V;P=>B8, I> 7=0G=> ?>;53HCє ?@>F5A >A2>є==S B0 

2?@>20465==S =>28E V=AB@C<5=BV2. 
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%B2>@5=V 70 4>?><>3>R Blender B@828<V@=V <>45;V BC@1V= =5 ;8H5 
4>72>;8;8 45B0;P=> >?@0FR20B8 35><5B@8G=V ?0@0<5B@8 :>=AB@C:FV9, 0;5 9 

AB0;8 >A=>2>R 4;S ?V43>B>2:8 D09;V2 C D>@<0BV STL, ?@840B=8E 4;S 

?>40;PH>3> 3D-4@C:C. *5 70157?5G8;> B>G=C 2V4?>2V4=VABP <V6 ?@>5:B=>R B0 

DV78G=>R <>45;;R, I> є :@8B8G=> 206;828< 4;S 4>AB>2V@=>ABV 

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

!0ABC?=8< 5B0?>< AB0;0 <0B5@V0;V70FVS 2V@BC0;P=8E <>45;59 H;SE>< 

283>B>2;5==S DV78G=8E ?@>B>B8?V2 <5B>4>< 048B82=>3> 28@>1=8FB20. �;S FVєW 

<5B8 28:>@8AB0=> 28A>:>B>G=5 >1;04=0==S 3 3D-?@8=B5@ Anycubic Kobra Max 
[80] (482. @8A. 3.17), S:89 4>72>;Sє AB2>@R20B8 25;8:>3010@8B=V >1’є:B8 7V 

A:;04=>R ?@>AB>@>2>R D>@<>R 7 28A>:>R @>74V;P=>R 740B=VABR. �024S:8 

=04V9=>ABV :>=AB@C:FVW B0 AB01V;P=>ABV 4@C:C, ?@8AB@V9 70157?5GCє B>G=C 

@50;V70FVR =02VBP 4@V1=8E 5;5<5=BV2 BC@1V=8, I> >A>1;82> 206;82> 4;S 

715@565==S 05@>3V4@>48=0<VG=8E E0@0:B5@8AB8: BC@1V=8. 

 

 <E. 3.17. �DBJ9E 3D – 8DG>G DB;DB5?9ABW @B89?V FGD5VA< A4 3D CD<AF9DV 

Anycubic Kobra Max 
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(V78G=V <>45;V BC@1V=, >B@8<0=V 2 @57C;PB0BV ?@>F5AC 3D-4@C:C, 
28:>@8AB>2C20;8AS 4;S ?@>2545==S 5:A?5@8<5=BV2 C ;01>@0B>@=8E C<>20E 7 

<5B>R 0=0;V7C 2?;82C :>=AB@C:B82=8E ?0@0<5B@V2 =0 5D5:B82=VABP @>1>B8 

BC@1V= C @V7=8E A5@54>28I0E. ' @0<:0E 4>A;V465==S 1C;> @>7@>1;5=> B0 

283>B>2;5=> ?’SBP 5:A?5@8<5=B0;P=8E <>45;59: B@8 20@V0=B8 A?V@0;5?>4V1=8E 

BC@1V=, >4=C BC@1V=C 328=B>2>3> B8?C B0 >4=C <>45;P H=5:>2>W BC@1V=8. �AV 

BC@1V=8 1C;8 283>B>2;5=V 7 28:>@8AB0==S< 048B82=>W B5E=>;>3VW, I> 

70157?5G8;> 28A>:C B>G=VABP 2V4B2>@5==S A:;04=>W 35><5B@VW, AC2>@5 

4>B@8<0==S ?@>5:B=8E ?0@0<5B@V2 B0 2V4?>2V4=VABP D0:B8G=>W :>=AB@C:FVW 
F8D@>28< 3D-<>45;S<. #@54AB02;5=V <>48DV:0FVW H=5:>28E BC@1V= (482. @8A. 

3.1833.22) <0RBP ACBBє2V :>=AB@C:B82=V 2V4<V==>ABV, 7>:@5<0 C 35><5B@VW 

;>?0B59 (:CB =0E8;C, ?@>DV;P, 4>268=0) B0 :>=DV3C@0FVW :>@?CAC (D>@<0, 

@>7<V@8 2EV4=>3> V 28EV4=>3> >B2>@V2), I> 4>72>;Sє :><?;5:A=> 4>A;V46C20B8 

2?;82 @V7=8E V=65=5@=8E @VH5=P =0 3V4@>48=0<VG=C 5D5:B82=VABP 70 @V7=8E 

@568<V2 ?>B>:C. 

�;S 70157?5G5==S :>@5:B=>ABV ?>@V2=S;P=>3> 0=0;V7C ?@>4C:B82=>ABV 
4>A;V46C20=8E BC@1V= CAV 7@07:8 1C;8 A?@>5:B>20=V 7 >4=0:>28<8 3010@8B=8<8 

@>7<V@0<8, C73>465=8<8 7 35><5B@VєR =0?@02;SRG>W H0EB8 28?@>1C20;P=>3> 

<>4C;S. *S H0EB0 1C;0 A?@>5:B>20=0 7 C@0EC20==S< 28B@0B=>W A?@><>6=>ABV 

;01>@0B>@=>W CAB0=>2:8, I> 4>72>;8;> 70157?5G8B8 AB01V;P=89 @568< B5GVW 

?@8 7040=V9 28B@0BV. �V0<5B@ :>6=>W BC@1V=8 AB0=>28BP D = 200 <<, 4>268=0 3 

210 <<, 0 :>6=0 ;>?0BP 28:>=Cє 0.75 >15@B0 =02:>;> A2>єW >AV. �@V< B>3>, 

?;>I0 ?5@5@V7C =0 2E>4V (&S = 0,0314 <²) B0 28E>4V (&S1 = 0,0191 <²) B0:>6 

70;8H0;0AS =57<V==>R 4;S 2AVE 5:A?5@8<5=B0;P=8E BC@1V=. &0:0 C=VDV:0FVS 
3010@8B=8E ?0@0<5B@V2 AB2>@Rє AB0=40@B87>20=V C<>28 4;S ?@>2545==S 

5:A?5@8<5=BV2, I> 70157?5GCє: 

- "1'є:B82=VABP >FV=:8. �8:;RG5==S 2?;82C 2V4<V==>AB59 C @>7<V@0E 

4>72>;Sє 1V;PH GVB:> 28S28B8 2?;82 :>=AB@C:B82=8E >A>1;82>AB59 =0 @>1>GV 

E0@0:B5@8AB8:8 BC@1V=. 
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- #>@V2=S==VABP @57C;PB0BV2. Є4=VABP :;RG>28E 35><5B@8G=8E 
?0@0<5B@V2 AB2>@Rє C<>28 4;S :>@5:B=>3> ?>@V2=S;P=>3> 0=0;V7C 

?@>4C:B82=>ABV 9 :>5DVFVє=B0 :>@8A=>W 4VW. 

- �V4B2>@R20=VABP 5:A?5@8<5=BC. "4=0:>2V @>7<V@8 ?>;53HCRBP 

?>2B>@5==S 4>A;V465=P, 70157?5GCRG8 <>6;82VABP ?5@52V@:8 >B@8<0=8E 

40=8E. 

&0:V AB0=40@B87>20=V ?V4E>48 4>72>;SRBP 7>A5@548B8AS =0 0=0;V7V 

:>=AB@C:B82=8E >A>1;82>AB59 V >?B8<V70FVW ?0@0<5B@V2 BC@1V=, 28:;RG82H8 
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$1 3 5;5:B@8G=5 =020=B065==S 2 @568<V E>;>AB>3> E>4C, 0 �B; 

$2 3 5;5:B@8G=5 =020=B065==S ?>BC6=VABR 21�B. 

�=SBBS ?>:07V2 =0?@C38 (U) B0 H284:>ABV >15@B0==S (�) 7 35=5@0B>@0 є 

206;828< 5;5<5=B>< 5:A?5@8<5=B0;P=>3> ?@>F5AC. *V ?>:07=8:8 4>72>;SRBP 

>FV=8B8 S: 5;5:B@8G=C, B0: V <5E0=VG=C 5D5:B82=VABP BC@1V= 70 B0:8E 0A?5:BV2: 

3 �=5@35B8G=0 ?@>4C:B82=VABP. !0?@C30 U є :;RG>28< ?>:07=8:>< 4;S 

287=0G5==S :V;P:>ABV 5;5:B@>5=5@3VW, S:C BC@1V=0 740B=0 28@>1;SB8 70 @V7=8E 

C<>2 ?>2VB@S=>3> ?>B>:C. *5 4>72>;Sє >FV=8B8 ?@0:B8G=C :>@8A=VABP BC@1V=8 

4;S @50;P=8E 70AB>AC20=P; 
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3  5E0=VG=0 5D5:B82=VABP. ,284:VABP >15@B0==S � 2V4>1@060є 740B=VABP 
BC@1V=8 ?5@54020B8 5=5@3VR ?>B>:C =0 35=5@0B>@. �V;PH 28A>:V >15@B8 ?@8 

7040=8E C<>20E A2V4G0BP ?@> :@0IC :>=AB@C:FVR BC@1V=8. 

�A=CRBP @V7=V <5B>48 ?;0=C20==S 5:A?5@8<5=BV2, A?@S<>20=V =0 

7<5=H5==S :V;P:>ABV 4>A;V4V2, 7>:@5<0 <5B>4 0:B82=>3> 5:A?5@8<5=BC. �V= 

?5@5410G0є 0;3>@8B<V7>20=5 @>7B0HC20==S B>G>: 28<V@R20==S C 

<V6D0:B>@=><C ?@>AB>@V, I> 4>72>;Sє 7<5=H8B8 :V;P:VABP =5>1EV4=8E 

4>A;V4V2 C 5-10 @07V2 C ?>@V2=S==V 7 B@048FV9=8<8 <5B>40<8 [84-90]. 

#@8 281>@V <5B>4C ?;0=C20==S 5:A?5@8<5=BV2 C ?>2VB@S=><C ?>B>FV 4;S 

>FV=:8 5D5:B82=>ABV A?V@0;5?>4V1=8E BC@1V= 206;82> 2@0E>2C20B8 B0:V 

D0:B>@8, S: B>G=VABP 28<V@R20=P, :V;P:VABP 4>A;V4V2, 0 B0:>6 G0A>2V B0 

DV=0=A>2V @5AC@A8. �8:>@8AB0==S <5B>4C 0:B82=>3> 5:A?5@8<5=BC =5 ;8H5 

ACBBє2> A:>@>GCє G0A ?@>2545==S 4>A;V465=P V 7<5=HCє 28B@0B8, 0 9 70157?5GCє 

28A>:C B>G=VABP V =04V9=VABP >B@8<0=8E @57C;PB0BV2. 

#V4 G0A ?@>2545==S 5:A?5@8<5=BV2 C ?>2VB@S=><C ?>B>FV 2AV 40=V 

(H284:VABP >15@B0==S, 28@>1;5=0 =0?@C30 2 @V7=8E @568<0E B>I>) 
70?8ACRBPAS 2 A?5FV0;P=C B01;8FR (B01;. 4.1)  4;S ?>40;PH8E 0=0;V7V2 9 

28A=>2:V2.  

"45?<JO 4.1 

!I9@4 C?4AG64AAO 9>EC9D<@9AFV6 ; 8BE?V8:9AAO FGD5VA G 

CB6VFDOAB@G CBFBJV  

,8D@ 
BC@1V=8 

@1 @2 @3 

U n U n U n 

$1       

$2       

 

"B@8<0=V @57C;PB0B8 <>6=0 >1@>1;SB8 70 4>?><>3>R <5B>4V2 

@53@5AV9=>3> 01> 48A?5@AV9=>3> 0=0;V7C, I>1 28S28B8 70;56=>ABV <V6 

?0@0<5B@0<8 ?>B>:C V ?@>4C:B82=VABR @V7=8E <>45;59 BC@1V= [91-92].  5B>48 

@53@5AV9=>3> 0=0;V7C 4>72>;SRBP ?>1C4C20B8 <0B5<0B8G=V <>45;V, I> 
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>?8ACRBP 70;56=>ABV <V6 7<V==8<8 [89], B>4V S: 48A?5@AV9=89 0=0;V7 
4>?><030є 287=0G8B8 AB0B8AB8G=C 7=0GCIVABP 2?;82C >:@5<8E D0:B>@V2 =0 

@57C;PB0B8 5:A?5@8<5=BC [90].#@>2545=V 5:A?5@8<5=B8 H8D@C20;8AS 

=0ABC?=8< G8=><: @8<AP:0 F8D@0 =0 ?>G0B:C H8D@C >7=0G0є <>45;P 

4>A;V46C20=>W BC@1V=8 7 ?>G0B:>2>R 203>R, 0 @>7<VI5=0 2 =86=P><C V=45:AV 

70 =5R ;0B8=AP:0 F8D@0 (1) 3 >7=0G0є I> 2030 B0:>W BC@1V=8 71V;PH5=0 4> @V2=S 

2038, =09206G>W A5@54 4>A;V46C20=8E BC@1V= 7 ?>E81:>R 2 ± 5%  [93]. ,8D@8 

2V4?>2V40RBP B0:8< =0720< BC@1V=: 

� 3 BC@1V=0 7 1C4>2>R ;>?0B59 70 ?@8=F8?>< 7>;>B>W A?V@0;V 203>R 922 

3@0<8; 

�� 3 BC@1V=0 7 A?V@0;5?>4V1=8<8 ;>?0BS<8, S:V 71V;PHCRBPAS 2 >1’є<V 

203>R 925 3@0<8; 

��� 3 BC@1V=0 7 A?V@0;5?>4V1=8<8 ;>?0BS<8 7V 72C65==S< :>@?CAC 203>R 

755 3@0<8; 

���1 3 BC@1V=0 7 A?V@0;5?>4V1=8<8 ;>?0BS<8 7V 72C65==S< :>@?CAC 203>R 

923 3@0<8. 
�;S 287=0G5==S >?B8<0;P=>3> 20@V0=BC :>=AB@C:FVW ?><V6 

A?V@0;5?>4V1=8E BC@1V= ?@>2>48BPAS 0=0;V7 2?;82C B8A:C ?>2VB@S (@1, @2, @3) 2 

@568<0E E>;>AB>3> E>4C ($1) B0 ?V4 =020=B065==S< ($2) =0 <>45;V 

4>A;V46C20=8E BC@1V=. !0 FP><C 5B0?V 4>A;V465=P :>6=0 4>A;V46C20=0 <>45;P 

B5ABC20;0AP ?@8 B@P>E 7=0G5==S B8A:C ?>2VB@S. &0:>6 4;S :>@5:B=>3> 0=0;V7C 

@57C;PB0BV2 ;01>@0B>@=8E 5:A?5@8<5=BV2 ?@>2545=> 4>40B:>2V 4>A;V465==S 

BC@1V=8 7 ?@S<8<8 A?V@0;5?>4V1=8<8 ;>?0BS<8 7V 72C65==S< :>@?CAC 45 

28@V2=R20;0AS <0A0 BC@1V=8 7  ?>G0B:>2>W 2038 755 3@. 4> 3 923 3@. &>4V 4;S 
287=0G5==S 5D5:B82=VH>3> 20@V0=BC A5@54 4>A;V46C20=8E BC@1V=, =5>1EV4=> 

7@>18B8 3*2*4 = 24 4>A;V48 ?@8 S:8E ?>B@V1=> >B@8<0B8 48 ?>:07=8:V2 (B01;. 

4.2-4.5). 
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4.2. �>A;V465==O BC@1V= C ?>2VB@O=><C ?>B>FV 

4.2.1. �>A;V465==O BC@1V=8 � 
 

�;S 4>A;V465==S BC@1V=8 7 1C4>2>R ;>?0B59 70 ?@8=F8?>< 7>;>B>W 

A?V@0;V C ?>2VB@S=><C ?>B>FV  2 C<>20E 2?;82C 42>E 7<V==8E =0 E0@0:B5@8AB8:8 
BC@1V=8 28:>@8AB0=> ?>2=89 D0:B>@=89 5:A?5@8<5=B [86]. *5 4>72>;8BP 
4>A;V48B8 2?;82 :>6=>3> 7 D0:B>@V2 (B8A: ?>2VB@S B0 =020=B065==S), 0 B0:>6 

WE 270є<>4VR. � @57C;PB0BV ?>B@V1=> ?@>25AB8 5:A?5@8<5=B8 4;S :>6=>W 

:><1V=0FVW @V2=V2 D0:B>@V2, I>1 287=0G8B8 70;56=VABP. 

#5@54 ?@>2545==S< 5:A?5@8<5=BV2 1C;> 72065=> 283>B>2;5=C <>45;P 

BC@1V=8 7 1C4>2>R ;>?0B59 70 ?@8=F8?>< 7>;>B>W A?V@0;V, 2030 A:;0;0 922 3@.  

&5ABC20==S BC@1V=8 7 H8D@>< � ?@>2>48;8AP 2 @568<0E E>;>AB>3> E>4C 

($1 = 0 �B)  B0 ?V4 =020=B065==S< ($2 = 21 �B), ?@8 B@P>E ?>7=0G:0E B8A:C 
?>2VB@S (@1 = 20B<, @2 = 40B<, @3= 60B<). "B@8<0=V ?>:07=8:8 4>A;V465=P 

=02545=V 2 B01;8FV 4.2. 

"45?<JO 4.2 

�FD<@4AV CB>4;A<>< FGD5VA< (І) 6 CB6VFDOAB@G CBFBJV B59DF< (n) F4 

A4CDG74 (U) ;4?9:AB 6V8 F<E>G (D1, D2, D3) V A464AF4:9AAO ( 1,  2) 

,8D@ 
BC@1V=8 
� 

D1 D2 D3 

U n U n U n 

 1 2,1 138 3,9 260 5,6 370 

 2 0 0 0 0 2 131 

 

!0 >A=>2V >B@8<0=8E 7=0G5=P 4>A;V4V2 BC@1V=8 7 1C4>2>R ;>?0B59 70 

?@8=F8?>< 7>;>B>W A?V@0;V C ?>2VB@S=><C ?>B>FV 4;S 2V7C0;V70FVW B0 :@0I>3> 

?>@V2=S==S @57C;PB0BV2 ?>1C4>20=> 3@0DV:8 70;56=>ABV 28@>1;5=8E :V;P:>ABV 

>15@BV2 (n) B0 =0?@C38 (U)  2V4 B8A:C ?>2VB@S (@).  
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#VA;S ?@>2545==S 5:A?5@8<5=BV2 4>A;V46C20=>W BC@1V=8 7 1C4>2>R 
;>?0B59 70 ?@8=F8?>< 7>;>B>W A?V@0;V C ?>2VB@S=><C ?>B>FV =0 :>6=V9 ?>7=0GFV 

@V2=V2 B8A:C ?>2VB@S (@1, @2, @3) B0 7<V=V =020=B065==S ($1, $2), 28:>=0=> 0=0;V7 

2?;82C D0:B>@V2 =0 28EV4=V ?0@0<5B@8 (H284:VABP >15@B0==S BC@1V=8 n, 

5;5:B@8G=0 =0?@C30 (U), 4;S 281>@C >?B8<0;P=>W BC@1V=8, 0 B0:>6 287=0G5==S 

WW 5D5:B82=>ABV. � <5B>R ?@>2545==S 0=0;V7C 5D5:B82=>ABV BC@1V=8, 

?>1C4>20=> 3@0DV: 70;56=>ABV 28@>1;5=>W =0?@C38 35=5@0B>@>< 2V4 B8A:C 

?>2VB@S 4;S :>6=>3> @V2=S =020=B065==S (@8A. 4.1), B0 3@0DV: 70;56=>ABV 

28@>1;5=8E BC@1V=>R >15@BV2 2V4 B8A:C ?>2VB@S, 4;S :>6=>3> @V2=S 
=020=B065==S (@8A. 4.2). 

 

 <E. 4.1. �D4HV> ;4?9:ABEFV A4CDG7< 6V8 F<E>G CB6VFDO FGD5VA< І 

 

 

 <E. 4.2. �D4HV> ;4?9:ABEFV >V?ь>BEFV B59DFV6 6V8 F<E>G CB6VFDO FGD5VA< І 
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->1 282G8B8 270є<>72’S7>: B8A:C ?>2VB@S V =020=B065==S =0 BC@1V=C 7 
1C4>2>R ;>?0B59 70 ?@8=F8?>< 7>;>B>W A?V@0;V ?@>2545=> 48A?5@AV9=89 0=0;V7 

[84]. *5 4>72>;Sє 287=0G8B8, S: 7<V=0 >4=>3> D0:B>@C (B8A: ?>2VB@S) 2?;820є 

=0 28EV4=89 ?0@0<5B@ 70 @V7=8E 7=0G5=P 4@C3>3> D0:B>@C (=020=B065==S).  

�>A;V465==S 2 ?>2VB@S=><C ?>B>FV BC@1V=8 7 1C4>2>R ;>?0B59 70 

?@8=F8?>< 7>;>B>W A?V@0;V ?>:070;8 (B01;. 4.2, @8A. 4.1, 4.2), I> ?@8 2<8:0==V 

=020=B065==S BC@1V=0 =5 7C?8=S;0AP =0 ?>7=0G:0E B8A:C ?>2VB@S BV;P:8 2 6 

0B<>AD5@ ?@8 FP><C =0?@C30 ?@>AV40;0 4> 2 �, 0 ?@8 2<8:0==V =020=B065==S 

=0 ?>7=0G:0E B8A:C ?>2VB@S 2 4 V 2 0B<>AD5@0E 3 BC@1V=0 7C?8=S;0AP. /: 284=> 
=0 @8A. 4.2  7 >15@B0<8 28S28;0AP 0=0;>3VG=0 A8BC0FVS, 7V 71V;PH5==S< 

=020=B065==S BC@1V=0 A?>2V;P=RєBPAS 4> =C;P>28E ?>7=0G>: >15@BV2 ?@8 B8A:C 

2 @1 = 2 0B< B0 @2 = 4 0B<, BV;P:8 ?@8 @3 = 6 0B< >15@B8 BC@1V=8 1C;8 n  =131 

>1/E2. 

 

4.2.2. �>A;V465==O BC@1V=8 �� 
 

�;S 4>A;V465==S BC@1V=8 7 A?V@0;5?>4V1=8<8 ;>?0BS<8 I> 

71V;PHCRBPAS 2 >1’є<V C ?>2VB@S=><C ?>B>FV  2 C<>20E 2?;82C 42>E 7<V==8E =0 
E0@0:B5@8AB8:8 BC@1V=8, 28:>@8AB0=> ?>2=89 D0:B>@=89 5:A?5@8<5=B [86]. *5 

4>72>;8BP 4>A;V48B8 2?;82 :>6=>3> 7 D0:B>@V2 (B8A: ?>2VB@S B0 =020=B065==S), 

0 B0:>6 WE 270є<>4VR. � @57C;PB0BV ?>B@V1=> ?@>25AB8 5:A?5@8<5=B8 4;S 

:>6=>W :><1V=0FVW @V2=V2 D0:B>@V2, I>1 287=0G8B8 70;56=VABP. 

#5@54 ?@>2545==S< 5:A?5@8<5=BV2 1C;> 72065=> 283>B>2;5=C <>45;P 

BC@1V=8 7 ?@S<8<8 A?V@0;5?>4V1=8<8 ;>?0BS<8 I> 71V;PHCRBPAS 2 >1’є<V, 2030 
A:;0;0 9253@0<.  

&5ABC20==S BC@1V=8 7 H8D@>< �� ?@>2>48;8AP 2 @568<0E E>;>AB>3> E>4C 

($1 = 0 �B)  B0 ?V4 =020=B065==S< ($2 = 21 �B), ?@8 B@P>E ?>7=0G:0E B8A:C 

?>2VB@S (@1 = 20B<, @2 = 40B<, @3= 60B<). "B@8<0=V ?>:07=8:8 4>A;V465=P 

=02545=V 2 B01;8FV 4.3. 
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"45?<JO 4.3 

�FD<@4AV CB>4;A<>< FGD5VA< (ІІ) 6 CB6VFDOAB@G CBFBJV B59DF< (n) F4 

A4CDG74 (U) ;4?9:AB 6V8 F<E>G (D1, D2, D3) V A464AF4:9AAO ( 1,  2) 

,8D@ 
BC@1V=8 �� 

D1 D2 D3 

U n U n U n 

 1 2,3 151 4,2 284 5,8 389 

 2 0 0 0 0 2,4 160 

 

!0 >A=>2V >B@8<0=8E 7=0G5=P 4>A;V4V2 BC@1V=8 7 H8D@>< �� C 

?>2VB@S=><C ?>B>FV 4;S 2V7C0;V70FVW B0 :@0I>3> ?>@V2=S==S @57C;PB0BV2 

?>1C4>20=> 3@0DV:8 70;56=>ABV 28@>1;5=8E :V;P:>ABV >15@BV2 (n) B0 =0?@C38 
(U)  2V4 B8A:C ?>2VB@S (@).  

#VA;S ?@>2545==S 5:A?5@8<5=BV2 4>A;V46C20=>W BC@1V=8 7 1C4>2>R 

;>?0B59 70 ?@8=F8?>< 7>;>B>W A?V@0;V C ?>2VB@S=><C ?>B>FV =0 :>6=V9 ?>7=0GFV 

@V2=V2 B8A:C ?>2VB@S (@1, @2, @3) B0 7<V=V =020=B065==S ($1, $2), 28:>=0=> 0=0;V7 

2?;82C D0:B>@V2 =0 28EV4=V ?0@0<5B@8 (H284:VABP >15@B0==S BC@1V=8 n, 

5;5:B@8G=0 =0?@C30 (U), 4;S 281>@C >?B8<0;P=>W BC@1V=8, 0 B0:>6 287=0G5==S 

WW 5D5:B82=>ABV. � <5B>R ?@>2545==S 0=0;V7C 5D5:B82=>ABV BC@1V=8, 

?>1C4>20=> 3@0DV: 70;56=>ABV 28@>1;5=>W =0?@C38 35=5@0B>@>< 2V4 B8A:C 

?>2VB@S 4;S :>6=>3> @V2=S =020=B065==S (@8A. 4.3), B0 3@0DV: 70;56=>ABV 

28@>1;5=8E BC@1V=>R >15@BV2 2V4 B8A:C ?>2VB@S, 4;S :>6=>3> @V2=S 

=020=B065==S (@8A. 4.4).  

 

 <E. 4.3. �D4HV> ;4?9:ABEFV A4CDG7< 6V8 F<E>G CB6VFDO FGD5VA< ІІ 
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 <E. 4.4. �D4HV> ;4?9:ABEFV >V?ь>BEFV B59DFV6 6V8 F<E>G CB6VFDO FGD5VA< ІІ 

 

->1 282G8B8 270є<>72’S7>: B8A:C ?>2VB@S V =020=B065==S =0 BC@1V=C 7 

?@S<8<8 A?V@0;5?>4V1=8<8 ;>?0BS<8 I> 71V;PHCRBPAS 2 >1’є<V ?@>2545=> 

48A?5@AV9=89 0=0;V7 [84]. *5 4>72>;Sє 287=0G8B8, S: 7<V=0 >4=>3> D0:B>@C 
(B8A: ?>2VB@S) 2?;820є =0 28EV4=89 ?0@0<5B@ 70 @V7=8E 7=0G5=P 4@C3>3> 

D0:B>@C (=020=B065==S). 

�>A;V465==S 2 ?>2VB@S=><C ?>B>FV BC@1V=8 7 1C4>2>R ;>?0B59 70 

?@8=F8?>< 7>;>B>W A?V@0;V ?>:070;8 (B01;. 4.3, @8A. 4.3, 4.4), I> ?@8 2<8:0==V 

=020=B065==S BC@1V=0 =5 7C?8=S;0AP =0 ?>7=0G:0E B8A:C ?>2VB@S BV;P:8 2 6 

0B<>AD5@ ?@8 FP><C =0?@C30 ?@>AV40;0 4> 2,4 �, 0 ?@8 2<8:0==V =020=B065==S 

=0 ?>7=0G:0E B8A:C ?>2VB@S 2 4 V 2 0B<>AD5@0E 3 BC@1V=0 7C?8=S;0AP. /: 284=> 

=0 @8A. 4.4  7 >15@B0<8 28S28;0AP 0=0;>3VG=0 A8BC0FVS, 7V 71V;PH5==S< 
=020=B065==S BC@1V=0 A?>2V;P=RєBPAS 4> =C;P>28E ?>7=0G>: >15@BV2 ?@8 B8A:C 

2 @1 = 2 0B< B0 @2 = 4 0B<, BV;P:8 ?@8 @3 = 6 0B< >15@B8 BC@1V=8 1C;8 n  =160 

>1/E2 

 

4.2.3. �>A;V465==O BC@1V=8 ��� 
 

�;S 4>A;V465==S BC@1V=8 7 A?V@0;5?>4V1=8<8 ;>?0BS<8 7V 72C65==S< 

:>@?CAC C ?>2VB@S=><C ?>B>FV  2 C<>20E 2?;82C 42>E 7<V==8E =0 
E0@0:B5@8AB8:8 BC@1V=8, 28:>@8AB0=> ?>2=89 D0:B>@=89 5:A?5@8<5=B [84, 86]. 
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*5 4>72>;8BP 4>A;V48B8 2?;82 :>6=>3> 7 D0:B>@V2 (B8A: ?>2VB@S B0 
=020=B065==S), 0 B0:>6 WE 270є<>4VR. � @57C;PB0BV ?>B@V1=> ?@>25AB8 

5:A?5@8<5=B8 4;S :>6=>W :><1V=0FVW @V2=V2 D0:B>@V2, I>1 287=0G8B8 

70;56=VABP. 

#5@54 ?@>2545==S< 5:A?5@8<5=BV2 1C;> 72065=> 283>B>2;5=C <>45;P 

BC@1V=8 7 ?@S<8<8 A?V@0;5?>4V1=8<8 ;>?0BS<8, S:V 71V;PHCRBPAS 2 >1’є<V, 

2030 A:;0;0 7553@.  

&5ABC20==S BC@1V=8 7 H8D@>< ��� ?@>2>48;8AP 2 @568<0E E>;>AB>3> E>4C 

($1 = 0 �B)  B0 ?V4 =020=B065==S< ($2 = 21 �B), ?@8 B@P>E ?>7=0G:0E B8A:C 
?>2VB@S (@1 = 20B<, @2 = 40B<, @3= 60B<). "B@8<0=V ?>:07=8:8 4>A;V465=P 

=02545=V 2 B01;8FV 4.4. 

"45?<JO 4.4 

�FD<@4AV CB>4;A<>< FGD5VA< (ІІІ) 6 CB6VFDOAB@G CBFBJV B59DF< (n) F4 

A4CDG74 (U) ;4?9:AB 6V8 F<E>G (D1, D2, D3) V A464AF4:9AAO ( 1,  2) 

,8D@ 
BC@1V=8 
��� 

@1 @2 @3 

U n U n U n 

$1 2,6 168 4,8 312 6,5 420 

$2 0 0 0,9 59 3,2 207 

 

!0 >A=>2V >B@8<0=8E 7=0G5=P 4>A;V4V2 BC@1V=8 7 H8D@>< ��� C 

?>2VB@S=><C ?>B>FV 4;S 2V7C0;V70FVW B0 :@0I>3> ?>@V2=S==S @57C;PB0BV2 

?>1C4>20=> 3@0DV:8 70;56=>ABV 28@>1;5=8E :V;P:>ABV >15@BV2 (n) B0 =0?@C38 

(U) 2V4 B8A:C ?>2VB@S (@).  

#VA;S ?@>2545==S 5:A?5@8<5=BV2 4>A;V46C20=>W BC@1V=8 7 1C4>2>R 

;>?0B59 70 ?@8=F8?>< 7>;>B>W A?V@0;V C ?>2VB@S=><C ?>B>FV =0 :>6=V9 ?>7=0GFV 

@V2=V2 B8A:C ?>2VB@S (@1, @2, @3) B0 7<V=V =020=B065==S ($1, $2), 28:>=0=> 0=0;V7 
2?;82C D0:B>@V2 =0 28EV4=V ?0@0<5B@8 (H284:VABP >15@B0==S BC@1V=8 n, 

5;5:B@8G=0 =0?@C30 (U), 4;S 281>@C >?B8<0;P=>W BC@1V=8, 0 B0:>6 287=0G5==S 

WW 5D5:B82=>ABV. � <5B>R ?@>2545==S 0=0;V7C 5D5:B82=>ABV BC@1V=8, 

?>1C4>20=> 3@0DV: 70;56=>ABV 28@>1;5=>W =0?@C38 35=5@0B>@>< 2V4 B8A:C 
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?>2VB@S 4;S :>6=>3> @V2=S =020=B065==S (@8A. 4.5), B0 3@0DV: 70;56=>ABV 
28@>1;5=8E BC@1V=>R >15@BV2 2V4 B8A:C ?>2VB@S, 4;S :>6=>3> @V2=S 

=020=B065==S (@8A. 4.6).  

 

 <E. 4.5. �D4HV> ;4?9:ABEFV A4CDG7< 6V8 F<E>G CB6VFDO FGD5VA< ІІІ 

 

 <E. 4.6. �D4HV> ;4?9:ABEFV >V?ь>BEFV B59DFV6 6V8 F<E>G CB6VFDO  

 FGD5VA< ІІІ 

 

->1 282G8B8 270є<>72’S7>: B8A:C ?>2VB@S V =020=B065==S =0 BC@1V=C 7 
?@S<8<8 A?V@0;5?>4V1=8<8 ;>?0BS<8, S:V 71V;PHCRBPAS 2 >1’є<V ?@>2545=> 

48A?5@AV9=89 0=0;V7 [84]. *5 4>72>;Sє 287=0G8B8, S: 7<V=0 >4=>3> D0:B>@C 

(B8A: ?>2VB@S) 2?;820є =0 28EV4=89 ?0@0<5B@ 70 @V7=8E 7=0G5=P 4@C3>3> 

D0:B>@C (=020=B065==S). 

�>A;V465==S 2 ?>2VB@S=><C ?>B>FV BC@1V=8 7 1C4>2>R ;>?0B59 70 

?@8=F8?>< 7>;>B>W A?V@0;V ?>:070;8 (B01;. 4.4, @8A. 4.5, 4.6), I> ?@8 2<8:0==V 

=020=B065==S V 6 0B< =0?@C30 ?@>AV40;0 4> 3,2 �, 0 ?@8 =020=B065==V =0 
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?>7=0GFV B8A:C ?>2VB@S 2 4 0B< =0?@C30 1C;0 0,9 �, 0 =0 2V4<VBFV 2 0B< 3 BC@1V=0 
7C?8=S;0AP.   

 

4.2.4. �>A;V465==O BC@1V=8 ���1 
 

->1 4>A;V48 BC@1V=8 7 A?V@0;5?>4V1=8<8 ;>?0BS<8 7V 72C65==S< 

:>@?CAC C ?>2VB@S=><C ?>B>FV  ?@>25AB8 C @V2=8E C<>20E 2V4=>A=> V=H8E 
BC@1V=, 1C;> 71V;PH5=> 203C 4> 923 3@0< (I> 2 <560E ?>E81:8 ?> <0AV ± 5% ), 

V 7=SB> ?>2B>@=V 70<V@8 B01;8FS 4.5 

&5ABC20==S BC@1V=8 7 H8D@>< ���1 ?@>2>48;8AP 2 @568<0E E>;>AB>3> 

E>4C ($1 = 0 �B)  B0 ?V4 =020=B065==S< ($2 = 21 �B), ?@8 B@P>E ?>7=0G:0E B8A:C 

?>2VB@S (@1 = 2 0B<,  @2 = 4 0B<, @3 = 6 0B<). "B@8<0=V ?>:07=8:8 4>A;V465=P 

=02545=V 2 B01;8FV 4.5. 

"45?<JO 4.5 

�FD<@4AV CB>4;A<>< FGD5VA< (ІІІ1) 6 CB6VFDOAB@G CBFBJV B59DF< (n) F4 

A4CDG74 (U) ;4?9:AB 6V8 F<E>G (D1, D2, D3) V A464AF4:9AAO ( 1,  2) 

,8D@ 
BC@1V=8 
���1 

@1 @2 @3 

U n U n U n 

$1 4,7 310 6,5 420 8,1 524 

$2 0,8 52 2,6 168 4,3 262 

 

!0 >A=>2V >B@8<0=8E 7=0G5=P 4>A;V4V2 BC@1V=8 7 H8D@>< ���1 C 

?>2VB@S=><C ?>B>FV 4;S 2V7C0;V70FVW B0 :@0I>3> ?>@V2=S==S @57C;PB0BV2 

?>1C4>20=> 3@0DV:8 70;56=>ABV (@8A. 4.7, @8A. 4.8) 28@>1;5=8E :V;P:>ABV 

>15@BV2 (n) B0 =0?@C38 (U)  2V4 B8A:C ?>2VB@S (@).  
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 <E. 4.7. �D4HV> ;4?9:ABEFV A4CDG7< 6V8 F<E>G CB6VFDO FGD5VA< ІІІ1 

 

 <E. 4.8. �D4HV> ;4?9:ABEFV >V?ь>BEFV B59DFV6 6V8 F<E>G CB6VFDO  

 FGD5VA< ІІІ1 

 

�>A;V465==S 2 ?>2VB@S=><C ?>B>FV BC@1V=8 7 A?V@0;5?>4V1=8<8 

;>?0BS<8 7V 72C65==S< :>@?CAC 203>R 923 3@. (���1) ?>:070;8, I> BC@1V=0 

?@0FR20;0 ?V4 =020=B065==S< =0 2AVE B@P>E ?>7=0G:0E B8A:C ?>2VB@S V 

2V4?>2V4=> 5D5:B82=VH0 70 V=HV :>=AB@C:FVW A?V@0;5?>4V1=8E BC@1V=. 

 

4.3. �=0;V7 >B@8<0=8E @57C;ьB0BV2 4>A;V465=ь A?V@0;5?>4V1=8E 
BC@1V= C ?>2VB@O=><C ?>B>FV 

 

#>;V?H5=V A?V@0;5?>4V1=V BC@1V=8 45<>=AB@CRBP @V7=V 5:A?;C0B0FV9=V 

E0@0:B5@8AB8:8 ?>@V2=S=> >4=0 7 >4=>R ?V4 G0A B5ABC20=P C :>=B@>;P>20=8E 

C<>20E ?>2VB@S=>3> ?>B>:C. �;S ?@>2545==S ?>@V2=S;P=>3> 0=0;V7C 

5D5:B82=>ABV 70 107>2C BC@1V=C 1C;> >1@0=> :>=AB@C:FVR � 7 =09<5=H8<8 
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?>:07=8:0<8 A5@54 4>A;V46C20=8E BC@1V= ?@8 B8A:C ?>2VB@S  @3= 6 0B< ?V4 
=020=B065==S< ($1, $2). *S BC@1V=0 ?@89<0;0AS 70 100%, 0 2V4A>B:>289 

:>5DVFVє=B 5D5:B82=>ABV V=H8E BC@1V= >1G8A;R202AS 2V4=>A=> =5W. $57C;PB0B8 

5:A?5@8<5=B0;P=8E 4>A;V465=P =02545=> C B01;8FV 4.6, 0 B0:>6 ?@54AB02;5=V 

3@0DVG=> =0 @8A. 4.9 V 4.10. 

"45?<JO 4.6 

�FD<@4AV CB>4;A<>< 8BE?V8:G64A<I FGD5VA 6 CB6VFDOAB@G CBFBJV ; 

6V8EBF>B6<@ 6V8ABL9AAO@ 6V8ABEAB @B89?V І 

 

�=0;V7 
@57C;PB0BV2 

,8D@8 BC@1V= 

� �� ��� ���1 
$1 $2 $1 $2 $1 $2 $1 $2 

U 5,6 2 5,8 2,4 6,5 3,2 8,1 4,3 

% 100 100 102 120 116 160 144 215 

n 370 131 382 160 420 207 524 262 

% 100 100 102 120 116 160 144 215 

 

!0 >A=>2V >B@8<0=8E @57C;PB0BV2 5:A?5@8<5=BV2  A?V@0;5?>4V1=8E BC@1V= 

?>;V?H5=>3> B8?C 2 ?>2VB@S=><C ?>B>FV (B01;. 4.6) 28S2;5=> 107>289 20@V0=B 

:>=AB@C:FVW (�) B0 5D5:B82=VH89 20@V0=B :>=AB@C:FVW A?V@0;5?>4V1=>W BC@1V=8 

(���1). &0: 5D5:B82=VABP BC@1V=8 7 ?@S<8<8 A?V@0;5?>4V1=8<8 ;>?0BS<8 7V 

72C65==S< :>@?CAC 203>R 923 3@. 2 ?>@V2=S==V 7 BC@1V=>R 7 1C4>2>R ;>?0B59 

70 ?@8=F8?>< 7>;>B>W A?V@0;V 203>R 922 3@. ?@8 E>;>AB><C E>4V AB0=>28BP $1 = 

44%, ?@8 =020=B065==V  2V4?>2V4=> $2 = 115%.  
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 <E. 4.9. �BDV6AO?ьA<= 7D4HV> 9H9>F<6ABEFV FGD5VA (І, ІІ, ІІІ, ІІІ1) CB 

79A9D4JVW 9?9>FD<KABW A4CDG7< U 6 ;4?9:ABEFV  F<E>G CB6VFDO D F4 

A464AF4:9AAO  1,  2 

 

 <E. 4.10. �BDV6AO?ьA<= 7D4HV> 9H9>F<6ABEFV FGD5VA (І, ІІ, ІІІ, ІІІ1) CB 

6<DB5?9A<I B59DF4I n 6 ;4?9:ABEFV  F<E>G CB6VFDO D F4 A464AF4:9AAO 

 1,  2 

 

� E>4V 4>A;V465=P 4>40B:>2> 1C;> 2AB0=>2;5=>, I> 71V;PH5=0 2030 

:>@?CAC A?V@0;5?>4V1=>W BC@1V=8 ACBBє2> ?V428ICє WW 5D5:B82=VABP ?@8 

28:>@8AB0==V 2 ?>2VB@S=><C A5@54>28IV, E>G0 ?@8 FP><C 70B@0G0єBPAS 45I> 
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1V;PH5 G0AC =0 28EV4 BC@1V=8 =0 >?B8<0;P=V >15@B8 @>1>B8 BC@1V=8 ?@8 
7040=8E C<>20E. �>=AB@C:FV9=0 1C4>20 ;>?0B59 B0:>6 2V4V3@0є 25;8:C @>;P 2 

5D5:B82=>ABV @>1>B8 A?V@0;5?>4V1=>W BC@1V=8. 

 

�8A=>2:8 4> @>74V;C 4 

' G5B25@B><C @>74V;V ?@>2545=> :><?;5:A=5 4>A;V465==S B@P>E 284V2 
A?V@0;5?>4V1=8E BC@1V= C ?>2VB@S=><C ?>B>FV 70 7<V==8E ?0@0<5B@V2 B8A:C 9 

=020=B065==S. #@>0=0;V7>20=> 2?;82 :>=AB@C:B82=8E >A>1;82>AB59 =0 WE=R 

5=5@35B8G=C 5D5:B82=VABP, AB01V;P=VABP >15@B0==S B0 740B=VABP 4> 040?B0FVW 2 

C<>20E 7<V==>W 05@>48=0<V:8. '4>A:>=0;5=> <5B>48:C ?>@V2=S;P=>3> 0=0;V7C 

@57C;PB0BV2 5:A?5@8<5=BV2 V AD>@<>20=> B5E=VG=V @5:><5=40FVW I>4> 

?>40;PH>W >?B8<V70FVW :>=AB@C:FV9. 

"A=>2=V 28A=>2:8 FP>3> 5B0?C 4>A;V465==S ?>40=> =86G5: 
1. "FV=:0 5D5:B82=VABV :>=AB@C:FV9 BC@1V=: 

3 BC@1V=0 7 ;>?0BS<8 70 ?@8=F8?>< 7>;>B>W A?V@0;V (:>=AB@C:FVS �) 

?>:070;0 =09=86GC 5D5:B82=VABP: ?@8 B8A:C 2 B0 4 0B< WW >15@B8 7C?8=S;8AS 

?V4 =020=B065==S<, 0 ?@8 6 0B< =0?@C30 ?@>AV40;0 4> 2 �;  

3 BC@1V=0 7 A?V@0;5?>4V1=8<8 ;>?0BS<8, I> 71V;PHCRBPAS 2 >1’є<V 

(:>=AB@C:FVS ��), 715@V30;0 @>1>BC ?@8 6 0B<, 28@>1;SRG8 =0?@C3C 2,4 � V 

45<>=AB@CRG8 H284:VABP >15@B0==S (160 >1/E2); 

3 BC@1V=0 7 A?V@0;5?>4V1=8<8 ;>?0BS<8 7V 72C65==S< :>@?CAC 
(:>=AB@C:FVS ���1) ?@>45<>=AB@C20;0 =09:@0IV @57C;PB0B8: AB01V;P=5 7@>AB0==S 

=0?@C38 S: C @568<V E>;>AB>3> E>4C ($1=8,1�) B0: V ?V4 =020=B065==S< 

($2=4,3�), I> 2V4?>2V4=> =0 44% V 115% ?5@528IC20;> ?>:07=8:8 BC@1V=8 �. 

2.  5E0=VG=0 5D5:B82=VABP: 

3 BC@1V=0 �� 4>AS3;0 =0928I>W H284:>ABV >15@B0==S (160 >1/E2 ?@8 6 0B<), 

I> A2V4G8BP ?@> WW :@0IC 040?B0FVR 4> 7<V==>3> ?>B>:C ?>@V2=S=> 7 BC@1V=>R 

�; 
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3 BC@1V=0 ��� 70157?5G8;0 AB01V;P=VABP >15@BV2 C 2AVE @568<0E, =02VBP ?@8 
<5=HV9 ?>G0B:>2V9 <0AV, I5 1V;PH5 ?V428ICRG8 A2>R ?@>4C:B82=VABP ?VA;S 

:>@5:FVW 2038 (���1).  

3. �?;82 :>=AB@C:FV9=8E D0:B>@V2: 

3 71V;PH5==S 2038 ACBBє2> ?V428I8;> 5D5:B82=VABP BC@1V=, E>G0 9 

71V;PHC20;> G0A 28E>4C =0 >?B8<0;P=V >15@B8. 

3 :>=AB@C:FVS ;>?0B59 1C;0 287=0G5=0 S: :@8B8G=> 206;8289 D0:B>@ 4;S 

?@>4C:B82=>ABV, 45 =09:@0IV @57C;PB0B8 ?>:070;0 BC@1V=0 7V 72C65==S< 

:>@?CAC ���1. 
4. �=0;V7 >B@8<0=8E @57C;PB0BV2: 

3 3@0DV:8 70;56=>ABV =0?@C38 B0 >15@BV2 2V4 B8A:C ?>2VB@S 45<>=AB@CRBP 

GVB:89 270є<>72’S7>: <V6 71V;PH5==S< B8A:C B0 ?V428I5==S< 5D5:B82=>ABV 

@>1>B8 BC@1V=. 

3 48A?5@AV9=89 0=0;V7 ?V4B25@482 7=0G=89 2?;82 B8A:C ?>2VB@S =0 28EV4=V 

?0@0<5B@8, B>4V S: =020=B065==S ACBBє2> 2?;820;> ;8H5 =0 BC@1V=8 7 <5=H>R 

<5E0=VG=>R 5D5:B82=VABR. 
5.  5B>48G=V >A>1;82>ABV 4>A;V465==S: 

3 28:>@8AB0==S :><?@5A>@=>3> >1;04=0==S B0 C4>A:>=0;5=>W <5B>48:8 

?>@V2=S==S 5:A?5@8<5=B0;P=8E 40=8E 4>72>;8;> 28S28B8 GVB:C 70;56=VABP 

25;8G8=8 735=5@>20=>W =0?@C38 2V4 B8A:C ?>2VB@S B0 ?@>25AB8 >1'є:B82=5 

A?V2AB02;5==S 5D5:B82=>ABV BC@1V=; 

3 @53@5AV9=89 B0 48A?5@AV9=89 0=0;V7 ?V4B25@482 287=0G0;P=89 2?;82 

B8A:C ?>2VB@S B0 :>=AB@C:B82=8E ?0@0<5B@V2 =0 ?@>4C:B82=VABP BC@1V=.  

6. � ?V4AC<:C =091V;PH 5D5:B82=>R A5@54 4>A;V465=8E :>=AB@C:FV9 

287=0=> BC@1V=C 7 ?@S<8<8 A?V@0;5?>4V1=8<8 ;>?0BS<8 7V 72C65==S< :>@?CAC 

(BC@1V=0 ���1). �>=0 45<>=AB@Cє >?B8<0;P=5 A?V22V4=>H5==S <5E0=VG=>W 

AB01V;P=>ABV B0 5=5@35B8G=>W ?@>4C:B82=>ABV. 

7. &5E=VG=V @5:><5=40FVW: 
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3  :;RG>28< =0?@S<>< ?>40;PH>W >?B8<V70FVW є C4>A:>=0;5==S 35><5B@VW 
;>?0B59 B0 :>@?CAC 4;S 70157?5G5==S AB01V;P=>W @>1>B8 2 C<>20E 7<V==>3> 

B8A:C V =020=B065==S; 

3 >B@8<0=V @57C;PB0B8 є >A=>2>R 4;S 24>A:>=0;5==S :>=AB@C:FV9 

A?V@0;5?>4V1=8E BC@1V=, 040?B>20=8E 4> =5AB01V;P=8E @568<V2 @>1>B8 2 

?>2VB@S=><C B0 2>4=><C A5@54>28IV. 

3 ?>40;PH89 5B0? 4>A;V465=P ?5@5410G0є B5ABC20==S BC@1V= C 2>4S=><C 

?>B>FV 4;S >AB0B>G=>3> 287=0G5==S 5D5:B82=>ABV B0 ?@0:B8G=>W ?@840B=>ABV 

70?@>?>=>20=8E :>=AB@C:FV9. 
 

 0B5@V0;8 @>74V;C >?C1;V:>20=V 2 @>1>B0E [84 3 93].   
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$"���� 5 
�"!%&$'.��!!/ ,!��"�"� &'$��!� 

���!&"�"�" &�#' 

5.1. #5@54C<>28 4> AB2>@5==O H=5:>2>W BC@1V=8 

328=B>2>3> B8?C 
 

#V4 G0A ?@>2545==S 5:A?5@8<5=BV2 C B@P>E @568<0E ?>2VB@S=>3> ?>B>:C 
4;S B@P>E <>48DV:0FV9 H=5:>28E BC@1V= 7V A?V@0;5?>4V1=8<8 ;>?0BS<8 1C;> 

28S2;5=>, I> ?V428I5==S 2038 :>@?CAC ACBBє2> ?>:@0ICє 5D5:B82=VABP @>1>B8 

BC@1V=. �>:@5<0, 4>40B:>20 2030 70157?5GCє ?V428I5=C AB01V;P=VABP >15@BV2, I> 

A?@8Sє @V2=><V@=><C 5=5@35B8G=><C ?5@5B2>@5==R. �@V< B>3>, <0A82=VHV 

:>=AB@C:FVW 4>72>;SRBP 7<5=H8B8 =5@V2=><V@=VABP <5E0=VG=>W ?5@540GV, I> 

?>78B82=> 2?;820є =0 ?V428I5==S :>5DVFVє=B0 :>@8A=>W 4VW. &0:0 

70:>=><V@=VABP AB0;0 >A=>2>R 4;S 24>A:>=0;5==S 5D5:B82=VH>W A5@54 

@>7@>1;5=8E A?V@0;5?>4V1=8E BC@1V=. 
�0AB>AC20==S =>2>3> :>=AB@C:B82=>3> ?V4E>4C 40;> 7<>3C 715@53B8 

>A=>2=89 ?@8=F8? @>1>B8 BC@1V=8, 0;5 ?@8 FP><C ACBBє2> ?>:@0I8B8 WW 

DC=:FV>=0;P=V ?0@0<5B@8. �>?0BV <>45@=V7>20=>W BC@1V=8 @>7B0H>20=V ?V4 

:CB>< 4> 2EV4=>3> ?>B>:C, I> 70157?5GCє 5D5:B82=5 D>@<C20==S >15@B0;P=>3> 

<><5=BC 274>26 >AV >15@B0==S B0 >?B8<0;P=5 A?@S<C20==S ?>B>:C 4> :>@?CAC 

BC@1V=8. �024S:8 A?5F8DVG=V9 :>=AB@C:FVW :>@?CAC, I> ?>ABC?>2> 

@>7H8@RєBPAS 4> 28E>4C ?>B>:C, AB2>@RєBPAS 4>40B:>20 @50:B82=0 BS30, 
>1C<>2;5=0 AB8A=5==S< ?>B>:C, I> A?@8Sє ?V428I5==R 5D5:B82=>ABV 

?5@540GV 5=5@3VW. &0:0 :>=DV3C@0FVS 4>72>;Sє <0:A8<0;P=> 28:>@8AB0B8 

:V=5B8G=C 5=5@3VR ?>B>:C, 71V;PHCRG8 >15@B0;P=89 <><5=B V, 2V4?>2V4=>, 

7=86CRG8 <V=V<0;P=> =5>1EV4=C H284:VABP ?>2VB@S=>3> 01> 2>4S=>3> ?>B>:C 

4;S 70?CA:C BC@1V=8 [94]. 

�>=F5?FVS ?>:@0I5=>W H=5:>2>W BC@1V=8 107CєBPAS =0 <>45@=V70FVW  

A?V@0;5?>4V1=>W :>=AB@C:FVW H;SE>< >?B8<V70FVW 35><5B@VW :>@?CAC B0 
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&0:8< G8=><, >B@8<0=89 ?0B5=B (7 156567) [97] =5 ;8H5 70A2V4GCє 

V=B5;5:BC0;P=C 2;0A=VABP =0 :>=AB@C:FVR 328=B>2>W BC@1V=8, 0 9 2V4:@820є 

?5@A?5:B828 WW ?@0:B8G=>3> 70AB>AC20==S 2 5=5@35B8G=V9 30;C7V B0 AC<V6=8E 

B5E=VG=8E =0?@S<0E. 
 

�8A=>2:8 4> @>74V;C 5 

 

#@>2545=V 5:A?5@8<5=B0;P=V 4>A;V465==S B0 B5E=VG=V @>7@>1:8 

?V4B25@48;8 5D5:B82=VABP 24>A:>=0;5==S :>=AB@C:FVW  H=5:>2>W BC@1V=8 

328=B>2>3> B8?C, ?>1C4>20=>W =0 107V BC@1V= 7V A?V@0;5?>4V1=8<8 ;>?0BS<8. 
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$57C;PB0B8 28?@>1C20=P C B@P>E @568<0E ?>2VB@S=>3> ?>B>:C 70A2V4G8;8, I> 
71V;PH5==S 2038 :>@?CAC 7=0G=> ?>:@0ICє AB01V;P=VABP @>1>B8 BC@1V=, 

7<5=HCє =5@V2=><V@=VABP <5E0=VG=>W ?5@540GV B0 ?V428ICє WW ���. 

1. �;RG>2V @57C;PB0B8 C4>A:>=0;5=P: 

3 ;>?0BV, @>7B0H>20=V ?V4 :CB>< 4> 2EV4=>3> ?>B>:C, 70157?5GCRBP 

D>@<C20==S >15@B0;P=>3> <><5=BC B0 5D5:B82=5 A?@S<C20==S ?>B>:C 4> 

:>@?CAC; 

3 2?@>20465==S :@82>;V=V9=8E 70>:@C3;5=P C 7>=V 7;8BBS ;>?0B59 V7 

:>@?CA>< 7<5=HCє 3V4@>48=0<VG=89 >?V@, AB2>@Rє ?@8@>4=5 7028E@5==S B0 
?>:@0ICє 5=5@35B8G=5 ?5@5B2>@5==S; 

3 ?>ABC?>25 7<5=H5==S 4V0<5B@0 :>@?CAC ?@8A:>@Rє ?>BV: V 70157?5GCє 

4>40B:>2C @50:B82=C BS3C; 

3 :>=VG=0 D>@<0 20;C 7<5=HCє ?;>IC ?@>E>465==S ?>B>:C, I> AB2>@Rє 

4>40B:>289 ?5@5?04 B8A:C B0 A?@8Sє 7@>AB0==R ?>BC6=>ABV CAB0=>2:8; 

3 71V;PH5==S <0A8 :>@?CAC 28:>=Cє @>;P <0E>28:0, =0:>?8GCRG8 

5=5@3VR B0 7<5=HCRG8 0<?;VBC4C :>;820=P >15@BV2, I> ?V428ICє AB01V;P=VABP 
@>1>B8 BC@1V=8 2 7<V==8E C<>20E ?>B>:C; 

3 70?@>?>=>20=0 :>=AB@C:FVS 70157?5GCє 040?B82=VABP 4> @>1>B8 70 C<>2 

7<V==>3> 5;5:B@8G=>3> =020=B065==S B0 20@V0B82=>3> =0?>@C.  

2. !0C:>2>-?@0:B8G=5 7=0G5==S: 

3 =0 @>7@>1;5=C :>=AB@C:FVR BC@1V=8 ?>40=> 70S2:C B0 >B@8<0=> ?0B5=B 

':@0W=8 =0 :>@8A=C <>45;P [96], I> ?V4B25@46Cє WW B5E=VG=C =>287=C B0 

?@8:;04=C FV==VABP; 

3 ?V43>B>2;5=0 B5E=VG=0 4>:C<5=B0FVS 70157?5GCє >A=>2C 4;S 
:><5@FV0;V70FVW, ;VF5=7C20==S B0 A5@V9=>3> 28@>1=8FB20 BC@1V=; 

3 70?@>?>=>20=V V=65=5@=V @VH5==S D>@<CRBP =0C:>2>-B5E=VG=C 

?;0BD>@<C 4;S ?>40;PH8E 4>A;V465=P C AD5@V <0;>W 3V4@>5=5@35B8:8, 

3V1@84=8E A8AB5< V A8AB5< 02B>=><=>3> 5=5@3>70157?5G5==S.  

3. $5:><5=40FVW 4;S ?>40;PH8E 4>A;V465=P: 
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3 ?@>2545==S ?>2=><0AHB01=8E 28?@>1C20=P C @50;P=8E C<>20E 
2>4=>3> ?>B>:C 7 <5B>R ?5@52V@:8 5D5:B82=>ABV B0 =04V9=>ABV :>=AB@C:FVW; 

3 @>7@>1:0 V B5ABC20==S =>28E 20@V0=BV2 35><5B@VW ;>?0B59 V :>@?CAC 4;S 

?>40;PH>W >?B8<V70FVW 05@>3V4@>48=0<VG=8E E0@0:B5@8AB8:, 7>:@5<0 2 C<>20E 

=87P:>=0?V@=8E V 7<V==8E ?>B>:V2, E0@0:B5@=8E 4;S ?@8@>4=8E @VG>: B0 

V=65=5@=8E :><C=V:0FV9. 

 

 0B5@V0;8 @>74V;C >?C1;V:>20=V 2 @>1>B0E [34, 94 3 97].   
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$"���� 6 
���"$�&"$!� �"%�����!!/ ,!��"��) &'$��! ' 

�"�!" ' #"&"*� 

6.1. #;0=C20==O ;01>@0B>@=8E 5:A?5@8<5=BV2 70?@>5:B>20=8E 
H=5:>28E BC@1V= C 2>4=><C ?>B>FV 

 

"A=>2=89 ?V4EV4 4> B5ABC20==S 5:A?5@8<5=B0;P=8E BC@1V= є 
A8AB5<0B8G=8< V =0FV;5=8< =0 287=0G5==S =095D5:B82=VH>W :>=AB@C:FVW 4;S 

@V7=8E A5@54>28I (?>2VB@S, 2>40) B0 C<>2 70AB>AC20==S. 

#VA;S ?V43>B>2G>3> ?5@H>3> 5B0?C 4>A;V465=P, 45 ?@>2>48;0AP ?5@52V@:0 

5D5:B82=>ABV BC@1V= C @V7=8E H284:VA=8E @568<0E ?>2VB@S=>3> ?>B>:C,  2 

S:><C 1C;> 287=0G5=> =09>?B8<0;P=VHC :>=AB@C:FVR A?V@0;5?>4V1=>W 

BC@1V=8, 1C;> 28S2;5=> @S4 ?>:@0I5=P 1C4>28, =0 >A=>2V S:8E 70?@>5:B>20=> 

I5 >4=C BC@1V=C 328=B>2>3> B8?C.   

!0ABC?=8< :;RG>28< 5B0?>< є B5ABC20==S 24>A:>=0;5=8E BC@1V= C 
;01>@0B>@=V9 CAB0=>2FV 70 C<>2 HBCG=> AB2>@5=8E 2>4=8E ?>B>:V2, 

<0:A8<0;P=> =01;865=8E 4> @50;P=8E. 

�;S >FV=:8 5D5:B82=>ABV ?>;V?H5=8E H=5:>28E BC@1V= ?@>2>4SBPAS 

5:A?5@8<5=B0;P=V 4>A;V465==S C 2>4S=><C ?>B>FV ?’SB8 <>48DV:0FV9 BC@1V=:  

B@P>E A?V@0;5?>4V1=8E [53], >4=VєW 328=B>2>3> B8?C [97], B0 >4=VєW :;0A8G=>W 

H=5:>2>W [44].   

#;0=C20==S 5:A?5@8<5=BV2 4;S <>48DV:>20=8E H=5:>28E BC@1V= C 
2>4S=><C ?>B>FV є 206;828< B0 3>;>2=8< 5B0?>< 4;S ?5@52V@:8 WE 

5D5:B82=>ABV. &0:89 5:A?5@8<5=B 28<030є B>G=>3> ?V4E>4C, I> 2:;RG0є 

287=0G5==S <5B8 4>A;V465==S, 281V@ 2V4?>2V4=8E ?0@0<5B@V2 V 2;0HBC20==S 

28?@>1C20;P=>3> <>4C;S 2 ;01>@0B>@=C CAB0=>2:C (45B0;P=> >?8A0=> 2 @>74V;V 

3.3) 7 =0?@02;5=8< 2>4S=8< ?>B>:><.  

"A=>2=>R <5B>R 5:A?5@8<5=B0;P=8E 4>A;V465=P ?>;V?H5=8E H=5:>28E 

BC@1V= C 2>4S=><C ?>B>FV є: 
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3 >FV=:0 5D5:B82=>ABV, B>1B> 287=0G8B8, =0A:V;P:8 5D5:B82=> BC@1V=8 
?5@5B2>@RRBP 5=5@3VR 2>4S=>3> ?>B>:C =0 <5E0=VG=C B0 5;5:B@8G=C 5=5@3VR; 

3 B5ABC20==S B0 ?>@V2=S==S @V7=8E 20@V0=BV2 :>=AB@C:FV9, 48709=C 

:>@?CAV2 B0 35><5B@VW ;>?0B59 BC@1V= 4;S 28S2;5==S >?B8<0;P=8E 

E0@0:B5@8AB8:; 

3 287=0G5==S >?B8<0;P=>3> =0?@S<C ?>B>:C 2V4=>A=> ;>?0B59; 

3 282G5==S 2?;82C ?0@0<5B@V2 ?>B>:C B0 0=0;V7 B>3>, S: 7<V=0 @V2=S 2>48 

C 25@E=P><C 1’єDV 2?;820є =0 ?@>4C:B82=VABP BC@1V=8. 

"GV:C20=V @57C;PB0B8: 
3  28S2;5==S ?5@5203 01> =54>;V:V2 :>6=>W BC@1V=8 2 @V7=8E C<>20E; 

3  2AB0=>2;5==S BC@1V=, S:V ?>:07CRBP <0:A8<0;P=C 5D5:B82=VABP C 

?52=><C =0?@S<V ?>B>:C B0 @V2=V 2>48 C 25@E=P><C 1’єDV;  

3  <>6;825 28S2;5==S C=V25@A0;P=>W :>=AB@C:FVW, ?@840B=>W 4;S 

28:>@8AB0==S S: C 2>4=><C B0: V C 2VB@>2><C ?>B>FV;  

3  CB>G=5==S C<>2, 70 S:8E 5D5:B82=VABP BC@1V= <>65 7<V=R20B8AP, B0 

@>7@>1:0 @5:><5=40FV9 4;S WE 040?B0FVW 4> @V7=8E @568<V2. 
*59 ?V4EV4 70157?5GCє =0C:>2> >1ґ@C=B>20=C >FV=:C BC@1V= V 4>72>;Sє 

24>A:>=0;8B8 :>=AB@C:FVR ?5@54 ?@0:B8G=8< 70AB>AC20==S<. 

�;S >FV=:8 5D5:B82=>ABV @>1>B8 4>A;V46C20=8E BC@1V= 

28:>@8AB>2C20;8AS >A=>2=V ?0@0<5B@8, S:V 4>72>;SRBP 287=0G8B8 <5E0=VG=C B0 

5;5:B@8G=C ?@>4C:B82=VABP A8AB5<8. 

"A=>2=V ?>:07=8:8: 

3 !0?@C30 (U,�). "48= V7 :;RG>28E ?0@0<5B@V2, I> E0@0:B5@87Cє 

5;5:B@8G=C ?@>4C:B82=VABP 35=5@0B>@0. !0?@C30 287=0G0є ?>B5=FV0; 
35=5@0B>@0 28@>1;SB8 5;5:B@8G=C 5=5@3VR B0 4>72>;Sє @>7@0EC20B8 

?>BC6=VABP. ' E>;>AB><C @568<V, :>;8 >?V@ =020=B065==S ?@S<Cє 4> 

=5A:V=G5==>ABV (ā → >), AB@C< � C :>;V 2V4ACB=V9, V =0?@C30 U1 =0 28E>4V 

35=5@0B>@0 4>@V2=Rє 9>3> �$%: Ą1 = �þ �                                                                    (6.1) 

45 ke  3 :>5DVFVє=B 5;5:B@8G=>W ?@>?>@FV9=>ABV [98]. 
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3 ,284:VABP >15@B0==S (n, >1/E2) 287=0G0є <5E0=VG=C 5D5:B82=VABP 
BC@1V=8. �8A>:0 B0 AB01V;P=0 H284:VABP >15@B0==S A2V4G8BP ?@> 5D5:B82=5 

?5@5B2>@5==S :V=5B8G=>W 5=5@3VW ?>B>:C 2 <5E0=VG=C 5=5@3VR @>B>@0. 

,284:VABP >15@B0==S ?@S<> ?@>?>@FV9=0 28EV4=V9 =0?@C7V 35=5@0B>@0: U∼ n. 

3 #>BC6=VABP 35=5@0B>@0 ($g, �B) 4>72>;Sє >FV=8B8 5D5:B82=VABP @>1>B8 

35=5@0B>@0 ?V4 @V7=8<8 =020=B065==S<8 B0 287=0G0єBPAS D>@<C;>R: ÿý = Ą� = �2ā                                                                                     (6.2) 

45 R 3 5;5:B@8G=89 >?V@ =020=B065==S ("<). 

3 %B@C< (I,A) 157?>A5@54=P> 2?;820є =0 5;5:B@><03=VB=89 <><5=B 

35=5@0B>@0. ' @568<V E>;>AB>3> E>4C (R→>) AB@C< ?@0:B8G=> 2V4ACB=V9, B><C 

=5 1C;> ?>B@518 C 9>3> DV:A0FVW. %B@C< 287=0G0єBPAS 70 70:>=>< "<0 [98]: � = �ā                                                                                                      (6.3) 

3 +0AB>B0 (Ā, �F). +0AB>B0 28@>1;5=>3> AB@C<C є 206;828< ?0@0<5B@>< 

4;S >FV=:8 @>1>B8 35=5@0B>@0, >A>1;82> S:I> 2V= 28:>@8AB>2CєBPAS 2 A8AB5<0E 

7<V==>3> AB@C<C. �0;568BP 2V4 H284:>ABV >15@B0==S [100]: Ā =  �� Ā60                                                                                                (6.4) 

45 pp 3 :V;P:VABP ?0@ ?>;RAV2 35=5@0B>@0. 

3  ><5=B >?>@C (T, !<) E0@0:B5@87Cє <5E0=VG=V 2B@0B8 C A8AB5<V (B5@BS, 

=020=B065==S). �87=0G0єBPAS G5@57 <5E0=VG=C ?>BC6=VABP BC@1V=8 (Pm): ă = ÿ��                                                                                                   (6.5) 

45 ω 3 :CB>20 H284:VABP 28<V@RєBPAS 2 @04/A B0 @>7@0E>2CєBPAS:  � = 2�Ā60                                                                                               (6.6) 

3 &5<?5@0BC@0 (t, °C). �>=B@>;P B5<?5@0BC@8 35=5@0B>@0 4>72>;Sє 

70?>1V3B8 ?5@53@V2C B0 >FV=8B8 5D5:B82=VABP A8AB5<8 >E>;>465==S  [98]. 

�07>28<8 ?0@0<5B@0<8 4;S 0=0;V7C ?@>4C:B82=>ABV B0 5=5@35B8G=>W 

5D5:B82=>ABV BC@1V=8 є =0?@C30, H284:VABP >15@B0==S, ?>BC6=VABP 35=5@0B>@0 

B0 AB@C<. �;S >FV=:8 040?B82=>ABV BC@1V=8 4> 7<V==8E C<>2 5:A?;C0B0FVW 
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(7<V=8 @V2=S =020=B065==S, H284:>ABV ?>B>:C B>I>) 1C;> >1@0=> 4;S DV:A0FVW  
?>:07=8:8 H284:>ABV >15@B0==S B0 =0?@C38.  

!0?@C30 B0 H284:VABP >15@B0==S є :;RG>28<8 ?0@0<5B@0<8, I> 

4>72>;SRBP >FV=8B8 AB01V;P=VABP @>1>B8 BC@1V=8 B0 35=5@0B>@0. "A:V;P:8 2 

@568<V E>;>AB>3> E>4C (R→>) AB@C< 2V4ACB=V9, 9>3> =5 DV:AC20;8 >:@5<>. �;S 

@>7@0EC=:C ?>BC6=>ABV 4>AB0B=P> 28:>@8AB0==S ?0@0<5B@0 >?>@C, >A:V;P:8 

70:>= "<0 4>72>;Sє 287=0G0B8 AB@C< ?@8 =020=B065==V. 

�>40B:>2> >FV=:0 <><5=BC >?>@C B0 B5<?5@0BC@=>3> @568<C 35=5@0B>@0 

40є 7<>3C 0=0;V7C20B8 <5E0=VG=V 2B@0B8 B0 B5?;>289 10;0=A A8AB5<8, I> є 
206;828< 4;S 4>23>B@820;>W 5:A?;C0B0FVW CAB0=>2:8. &0:8< G8=><, >1@0=V 

?0@0<5B@8 70157?5GCRBP :><?;5:A=C >FV=:C @>1>B8 BC@1V=8 B0 4>72>;SRBP 

287=0G8B8 WW 5D5:B82=VABP ?V4 @V7=8<8 =020=B065==S<8. 

 5B>48:0 @>7@0EC=:C ��� BC@1V=. 

��� (ÿ) BC@1V=8 287=0G0єBPAS S: 2V4=>H5==S :>@8A=>W 5;5:B@8G=>W 

?>BC6=>ABV 35=5@0B>@0 (Pg) 4> 2EV4=>W <5E0=VG=>W ?>BC6=>ABV I> 4Vє =0 BC@1V=C 

(Pm) [101]:    ÿ = ÿ�ÿ� 100%                                                                                (6.7) 

45 (Pg) 287=0G0єBPAS ?> D>@<C;V 6.2, 0 Pm 3 28@0E>2CєBPAS: ÿÿ = 12 ĀĂ�3��                                                                                (6.8) 

45:   Ā 3 3CAB8=0 A5@54>28I0 (4;S ?>2VB@S ~1.225 :3/<³, 4;S 2>48 ~1000 :3/<³) 

S 3 ?;>I0 ?>?5@5G=>3> ?5@5@V7C BC@1V=8, <2; � 3 H284:VABP ?>B>:C, </A; 

%@ 3 :>5DVFVє=B ?>BC6=>ABV BC@1V=8 (287=0G0є, S:0 G0AB:0 5=5@3VW ?>B>:C 

?5@5B2>@RєBPAS 2 <5E0=VG=C 5=5@3VR). $50;P=V 7=0G5==S :>5DVFVє=B0 

?>BC6=>ABV BC@1V=8 7 C@0EC20==S< <5E0=VG=8E V 3V4@>48=0<VG=8E 2B@0B 3    

Cp j 0.6 − 0.8 [102] 
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��� BC@1V=8 4>72>;Sє >FV=8B8 5D5:B82=VABP 28:>@8AB0==S 5=5@3VW 
?>B>:C BC@1V=>R B0 287=0G8B8 2B@0B8 ?@8 ?5@5B2>@5==V <5E0=VG=>W 5=5@3VW 2 

5;5:B@8G=C. 

� @57C;PB0BV ?;0=C20==S 4>A;V4V2 1C;> 287=0G5=> >A=>2=V ?0@0<5B@8 

4>A;V465=P, S:V 20@B> :>=B@>;R20B8 ?V4 G0A 5:A?5@8<5=B0;P=8E 4>A;V465=P. 

�> F8E ?0@0<5B@V2 2V4=5A5=V B0:V: 

Q 3 28B@0B0 @V48=8, (<³/A); 

v 3 H284:VABP ?>B>:C 2>48, <3;  

n1 3 :V;P:VABP >15@BV2 BC@1V=8 2 @568<V E>;>AB>3> E>4C, >1/E2; 
n2 3 :V;P:VABP >15@BV2 BC@1V=8 ?V4 =020=B065==S< (21 �B), >1/E2; 

n3 3 :V;P:VABP >15@BV2 BC@1V=8 ?V4 =020=B065==S< (42 �B), >1/E2; 

n4 3 :V;P:VABP >15@BV2 BC@1V=8 ?V4 =020=B065==S< (63 �B), >1/E2; 

U1 3 28@>1;5=0 35=5@0B>@>< 5;5:B@8G=0 =0?@C30 157 =020=B065==S, �; 

U2 3 28@>1;5=0 35=5@0B>@>< =0?@C30 ?V4 =020=B065==S< (21 �B), �; 

U3 3 28@>1;5=0 35=5@0B>@>< =0?@C30 ?V4 =020=B065==S< (42 �B), �; 

U4 3 28@>1;5=0 35=5@0B>@>< =0?@C30 ?V4 =020=B065==S< (63 �B), �; 
h 3 @V25=P 2>48 C 25@E=P><C 1’єDV, <;   

h1 3 @V25=P 2>48 =0 ?'є7><5B@V, <; 

h0 3 @V25=P 2>48 C 25@E=P><C 1’єDV, ?@8 S:><C ?@>E>48BP AB@03C20==S 

BC@1V=8, <; 

$1 3 5;5:B@8G=5 =020=B065==S 2 @568<V E>;>AB>3> E>4C, ?>BC6=VABP 0 

�B; 

$2  3 5;5:B@8G=5 =020=B065==S ?>BC6=VABR 21�B; 

P3  3 5;5:B@8G=5 =020=B065==S ?>BC6=VABR 42�B; 
P4  3 5;5:B@8G=5 =020=B065==S ?>BC6=VABR 63�B. 

�8?@>1C20;P=89 <>4C;P 4;S 4>A;V465=P C 2>4S=><C ?>B>FV >A=0I5=89 

?@8AB@>є<, S:89 4>72>;Sє 7<V=R20B8 =0?@S< :CB0 ?>B>:C =0 90° 2V4=>A=> 

;>?0B59 BC@1V=8. *5 40є 7<>3C 2V4B2>@R20B8 C<>28 2>4S=>3> ?>B>:C 7 

@53C;R20==S< ?0@0<5B@V2 =0E8;C (45° B0 90°), I> 4>72>;Sє <>45;R20B8 @V7=V 

@568<8 @>1>B8 BC@1V=8. 
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�;S 28<V@R20==S H284:>ABV >15@B0==S BC@1V=8 B0 35=5@>20=>W 
5;5:B@8G=>W =0?@C38 28:>@8AB>2CRBPAS ?@8;048, V=B53@>20=V C 1;>: 
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  h1, @ 0,25 0,274 0,29 0,305 0,312 

��� 

  h0, < h, @ 0,2 0,3 0,41 0,5 0,6 

 1 0,129 
U1, � 6,4 10,3 13,7 16,3 18,2 

n1, B5/I6 157 248 325 390 439 

 2 0,156 
U2, � 4,4 8,4 11,6 14 15,7 

n2, B5/I6 112 195 277 330 375 

P3 0,171 
U3, � 3 6,7 9,9 12,2 14,1 

n3, B5/I6 88 160 242 290 333 

P4 0,186 
U4, � 2 5,5 8,7 10,8 12,6 

n4, B5/I6 61 135 201 259 300 

  h1, @ 0,252 0,274 0,291 0,305 0,315 
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CDB8B6:9AAO F45?<JV 6.2 

,8D@ 
BC@1V=8   h0, < h, @ 0,2 0,3 0,4 0,5 0,6 

�V 

 1 0,098 
U1, � 9,5 13,4 17,2 19,9 22 

n1, B5/I6 227 320 414 489 551 

 2 0,123 
U2, � 7,9 12,2 15,5 18,3 20,5 

n2, B5/I6 185 290 368 441 504 

P3 0,138 
U3, � 6,7 10,9 14 16,8 18,8 

n3, B5/I6 160 261 330 405 454 

P4 0,152 
U4, � 5,4 9,6 12,7 15,5 17,5 

n4, B5/I6 133 230 301 368 420 

  h1, @ 0,25 0,272 0,287 0,301 0,312 

V  

  h0, < h, @ 0,2 0,3 0,4 0,5 0,6 

 1 0,149 
U1, � 4,5 7,5 10,2 12,5 14,8 

n1, B5/I6 113 178 247 299 348 

 2 0,165 
U2, � 2,9 5,9 8,6 10,8 13,1 

n2, B5/I6 80 146 199 259 314 

P3 0,182 
U3, � 1,2 4,5 7 9,2 11,4 

n3, B5/I6 37 113 166 218 273 

P4 0,198 
U4, � 0,2 3,1 5,5 7,8 10,1 

n4, B5/I6 5 83 135 183 245 

  h1, @ 0,288 0,312 0,332 0,348 0,365 

 

!0 >A=>2V >B@8<0=8E 5:A?5@8<5=B0;P=8E 40=8E V7 B01;8FV 6.2 
?@>AB56CєBPAS GVB:0 70;56=VABP <V6 =0?>@>< 2>48 C 25@E=P><C 1’єDV, 

=020=B065==S< =0 35=5@0B>@ B0 28EV4=8<8 ?0@0<5B@0<8 BC@1V= 3 H284:VABR 

>15@B0==S (n) V =0?@C3>R (U). ' 2AVE BC@1V=0E A?>AB5@V30єBPAS 70:>=><V@=5 

7@>AB0==S >15@BV2 B0 28EV4=>W =0?@C38 V7 ?V428I5==S< @V2=S =0?>@C, I> 

2V4?>2V40є 3V4@>48=0<VG=8< 70:>=0<. �>4=>G0A, 7V 71V;PH5==S< 5;5:B@8G=>3> 

=020=B065==S (2V4 $1 4> $4) ?>:07=8:8 n B0 U 7<5=HCRBPAS, I> A2V4G8BP ?@> 

7@>AB0==S >?>@C C A8AB5<V 5;5:B@>35=5@0FVW. 
!0928IV 7=0G5==S >15@BV2 B0 =0?@C38 1C;8 70DV:A>20=V C 328=B>2>W 

BC@1V=8 (BC@1V=0 IV), I>, 9<>2V@=>, ?>2’S70=> 7 WW 1V;PH>R <0A>R (1096 3) B0 

A?5F8DVG=>R D>@<>R ;>?0B59, S:0 A?@8Sє 5D5:B82=VH><C 70E>?;5==R 

2>4=>3> ?>B>:C. !0B><VABP =09=86GV @57C;PB0B8 ?@>45<>=AB@C20;0 H=5:>20 
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BC@1V=0 (BC@1V=0 V), I> <>6=0 ?>SA=8B8 WW <5=H>R <0A>R B0 35><5B@8G=8<8 
>A>1;82>ABS<8 :>=AB@C:FVW. 

#>@V2=S==S BC@1V= �3���, S:V <0RBP A?V@0;5?>4V1=C D>@<C ;>?0B59, 

45<>=AB@Cє, I> 20@V0=B V7 ;>?0BS<8 70 ?@8=F8?>< «7>;>B>W A?V@0;V» (BC@1V=0 

�) 70157?5GCє AB01V;P=V ?>:07=8:8 2 C<>20E 7<V==>3> =020=B065==S, I> <>65 

A2V4G8B8 ?@> WW :@0IC 040?B0FVR 4> 7<V= C ?>B>FV. &C@1V=0 ��, 7 ?>ABC?>28< 

@>7H8@5==S< ;>?0B59, ?>:070;0 45I> 28IC ?@>4C:B82=VABP 70 @0EC=>: 

:@0I>3> 70E>?;5==S ?>B>:C, >A>1;82> =0 A5@54=VE V 28A>:8E @V2=SE =0?>@C. 

"B@8<0=V @57C;PB0B8 AB0=>2;SBP >A=>2C 4;S ?>1C4>28 <0B5<0B8G=8E 
<>45;59, S:V 4>72>;SBP ?@>3=>7C20B8 @>1>BC BC@1V= C 7<V==8E 3V4@02;VG=8E 

C<>20E, 0 B0:>6 <>6CBP 1CB8 28:>@8AB0=V ?@8 :>=AB@CR20==V 

?>2=><0AHB01=8E 3V4@>5=5@35B8G=8E A8AB5< =0 >A=>2V A?V@0;5?>4V1=8E B0 

H=5:>28E BC@1V=. 

�;S 3;81H>3> @>7C<V==S >A>1;82>AB59 @>1>B8 :>6=>W BC@1V=8 B0 

28S2;5==S B5=45=FV9 7<V=8 28EV4=8E ?0@0<5B@V2 70;56=> 2V4 3V4@02;VG=8E 

C<>2 1C;> ?>1C4>20=> 3@0DV:8 DC=:FV>=0;P=8E 70;56=>AB59 70 @57C;PB0B0<8 
5:A?5@8<5=B0;P=8E 40=8E. 

�>:@5<0, 4;S 2AVE 4>A;V46C20=8E BC@1V= ?>1C4>20=> B0:V 3@0DV:8: 

3 3@0DV:8 70;56=>ABV =0?@C38 2V4 28A>B8 2>48 C 25@E=P><C 1’єDV U = f(h) 

4;S :>6=>3> @V2=S =020=B065==S =0 35=5@0B>@ (P13P4), I> 2V4>1@065=V =0 

@8AC=:0E 6.1, 6.3, 6.5, 6.7, 6.9. *V 3@0DV:8 4>72>;SRBP >FV=8B8, S: 7<V=RєBPAS 

5;5:B@8G=89 28EV4 70;56=> 2V4 7@>AB0==S =0?>@C ?@8 AB0;><C =020=B065==V.  

3 3@0DV:8 70;56=>ABV H284:>ABV >15@B0==S 2V4 28A>B8 2>48 n = f(h) ?@8 

B8E A0<8E @V2=SE =020=B065==S (P13P4), ?@54AB02;5=V =0 @8AC=:0E 6.2, 6.4, 6.6, 
6.8, 6.10. *5 40є 7<>3C ?@>AB568B8 2?;82 3V4@>48=0<VG=>3> A5@54>28I0 =0 

:V=5<0B8G=C E0@0:B5@8AB8:C BC@1V=8 3 G0AB>BC >15@B0==S @>B>@0. 

�=0;V7 >B@8<0=8E 3@0DV:V2 70157?5GCє 2V7C0;V70FVR 2?;82C 

:>=AB@C:B82=8E >A>1;82>AB59 BC@1V= =0 WE ?@>4C:B82=VABP C 7<V==8E C<>20E 

2>4=>3> ?>B>:C B0 4>72>;Sє ?@>25AB8 ?>@V2=S;P=C >FV=:C 5=5@3>5D5:B82=>ABV 

BC@1V=. 
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      <E. 6.1. З4?9:AVEFь U=f(h) 8?O            <E. 6.2. З4?9:AVEFь n=f(h) 8?O 

                          FGD5VA< I                                                       FGD5VA< I 

 

 

      <E. 6.3. З4?9:AVEFь U=f(h) 8?O            <E. 6.4. З4?9:AVEFь n=f(h) 8?O 

                          FGD5VA< II                                                     FGD5VA< II 

 

 

      <E. 6.5. З4?9:AVEFь U=f(h) 8?O            <E. 6.6. З4?9:AVEFь n=f(h) 8?O 

                         FGD5VA< IIІ                                                    FGD5VA< IIІ 
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      <E. 6.7. З4?9:AVEFь U=f(h) 8?O            <E. 6.8. З4?9:AVEFь n=f(h) 8?O 

                         FGD5VA< IV                                                    FGD5VA< IV 

 

 

      <E. 6.9. З4?9:AVEFь U=f(h) 8?O            <E. 6.10. З4?9:AVEFь n=f(h) 8?O 

                         FGD5VA< V                                                     FGD5VA< V 

 

�>A;V465==S @>1>B8 BC@1V= V7 @V7=>R <0A>R, 2AB0=>2;5=8E C 2>4=><C 

?>B>FV ?V4 :CB>< 45° 4> ?;>I8=8 ;>?0B59, ?V4B25@48;> VAB>B=89 2?;82 <0A8 

:>=AB@C:FVW =0 48=0<VG=V B0 5=5@35B8G=V E0@0:B5@8AB8:8 A8AB5<8. �=0;V7 

5:A?5@8<5=B0;P=8E 40=8E V 3@0DVG=8E 70;56=>AB59 ?>:0702, I> <0A0 BC@1V=8 

157?>A5@54=P> 2?;820є =0 ABV9:VABP >15@B0==S, <><5=B V=5@FVW, @V25=P 

AB@03C20==S B0 5D5:B82=VABP 35=5@0FVW 5;5:B@>5=5@3VW ?@8 7<V==8E 

3V4@>48=0<VG=8E C<>20E V =020=B065==SE =0 35=5@0B>@. 

�53HV BC@1V=8 (=0?@8:;04, H=5:>20 BC@1V=0 3 690 3) E0@0:B5@87CRBPAS 
H284H8< 70?CA:>< (<5=H5 7=0G5==S h ), >4=0: 28S2;SRBP <5=HC 28EV4=C 

=0?@C3C 70 28A>:8E @V2=V2 =020=B065==S, I> A2V4G8BP ?@> >1<565=C 

5=5@3>5D5:B82=VABP ?@8 V=B5=A82=><C @568<V 5:A?;C0B0FVW. !0B><VABP 1V;PH 

<0A82=V BC@1V=8 (7>:@5<0 328=B>20 3 1096 3) 45<>=AB@CRBP AB01V;P=VHV 
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?>:07=8:8 >15@B0==S B0 28IC ?@>4C:B82=VABP 70 @0EC=>: :@0I>3> 70E>?;5==S 
V ?5@5B2>@5==S :V=5B8G=>W 5=5@3VW ?>B>:C 2>48. 

&0:8< G8=><, @57C;PB0B8 28?@>1C20=P 4>72>;SRBP AD>@<C;R20B8 

@5:><5=40FVW I>4> =5>1EV4=>ABV C=VDV:0FVW <0A8 4>A;V4=8E BC@1V= 4;S 

70157?5G5==S :>@5:B=>3> ?>@V2=S==S B0 >1’є:B82=>W >FV=:8 2?;82C ;8H5 

35><5B@8G=8E V :>=AB@C:B82=8E ?0@0<5B@V2. �>:@5<0, 4>FV;P=>  ?@>2>48B8 

?>40;PHV 4>A;V465==S V7 ?@82545==S< <0A8 2AVE BC@1V= 4> @V2=S =09206G>W 

:>=AB@C:FVW, I> 4>72>;8BP CAC=CB8 2?;82 V=5@FV9=>3> G8==8:0 S: 

=5:>=B@>;P>20=>W 7<V==>W B0 7>A5@548B8AP =0 0=0;V7V D>@<8, :CB0 0B0:8 B0 
?@>DV;R ;>?0B59. 

 

6.3.  �:A?5@8<5=B0;ь=V 4>A;V465==O BC@1V= 7 >4=0:>2>N 203>N C 

=0?@02;5=><C 2>4=><C ?>B>FV ?V4 :CB>< 45° 4> ;>?0B59 

 

#@>4>265==S< 4>A;V465=P 5D5:B82=>ABV 24>A:>=0;5=8E BC@1V= AB0;> WE 

B5ABC20==S C ;01>@0B>@=V9 CAB0=>2FV 70 C<>2 HBCG=> AB2>@5=8E 2>4=8E 
=0?>@V2, <0:A8<0;P=> =01;865=8E 4> @50;P=8E C<>2 5:A?;C0B0FVW. 

 5B>R 5:A?5@8<5=BC 1C;0 >FV=:0 5D5:B82=>ABV @>1>B8 H=5:>28E V 

A?V@0;5?>4V1=8E BC@1V= H;SE>< ?>@V2=S;P=>3> 0=0;V7C ?’SB8 :>=AB@C:FV9 7 

28@V2=S=>R 203>R, 2AB0=>2;5=8E C 2>4=><C ?>B>FV ?V4 :CB>< 45° 4> ?;>I8=8 

;>?0B59. &0:89 ?V4EV4 70157?5GC202 =01;865=VABP 4> ?@8@>4=8E C<>2 

DC=:FV>=C20==S B0 4>72>;S2 28S28B8 A?5F8DV:C 270є<>4VW :>=AB@C:FV9 V7 

?>B>:><. 

�;S 70157?5G5==S :>@5:B=>3> ?>@V2=S==S BC@1V= <0A0 :>6=>W BC@1V=8 
1C;0 4>40B:>2> 2@V2=>2065=0 H;SE>< =0<>BC20==S 4@>BC =0 :>@?CA V7 

DV:A0FVєR, 0 B0:>6 ?>40;PH8< 10;0=AC20==S<. #@8 FP><C 2V4E8;5==S 70 

<0A>R =5 ?5@528IC20;> 4>?CAB8<V <56V ±5 %, I> 30@0=BCє >1’є:B82=VABP 

>B@8<0=8E @57C;PB0BV2 [103]. 

�:A?5@8<5=B 1C2 7>A5@5465=89 =0 ?>@V2=S==V BC@1V= 7 V45=B8G=8<8 

7>2=VH=V<8 35><5B@8G=8<8 ?0@0<5B@0<8 B0 >4=0:>28< ?@8=F8?>< 4VW, ?@>B5 7 



160 

@V7=>R 2=CB@VH=P>R :>=DV3C@0FVєR. &0:89 ?V4EV4 4>72>;82 28S28B8 2?;82 
:>=:@5B=8E :>=AB@C:B82=8E @VH5=P =0 5D5:B82=VABP 3V4@>48=0<VG=>3> 

?5@5B2>@5==S 5=5@3VW.  

' 4>A;V465==V 1@0;8 CG0ABP B0:V 20@V0=B8 BC@1V=: 

&C@1V=0 �2 3 7 ;>?0BS<8 70 ?@8=F8?>< «7>;>B>W A?V@0;V», <0A0 3 1100 3; 

&C@1V=0 ��2 3 7 A?V@0;5?>4V1=8<8 ;>?0BS<8, I> ?>ABC?>2> 

@>7H8@RRBPAS, <0A0 3 1089 3; 

&C@1V=0 ���2 3 7 A?V@0;5?>4V1=8<8 ;>?0BS<8 7V 72C65==S< :>@?CAC, <0A0 

3 1090 3; 
&C@1V=0 IV 3 328=B>20 BC@1V=0, <0A0 3 1096 3; 

&C@1V=0 V2 3 H=5:>20 BC@1V=0, <0A0 3 1092 3. 

&0:5 ?>@V2=S==S 40є 7<>3C ?@>0=0;V7C20B8 2?;82 35><5B@VW ;>?0B59 70 

C<>2 28@V2=S=>W <0A8 :>=AB@C:FV9 =0 :;RG>2V @>1>GV ?0@0<5B@8 BC@1V=8 3 

H284:VABP >15@B0==S (n) B0 28EV4=C =0?@C3C 35=5@0B>@0 (U). 

'AV 28?@>1C20==S ?@>2>48;8AS 2 :>=B@>;P>20=8E C<>20E ;01>@0B>@=>W 

CAB0=>2:8, A?5FV0;P=> A:>=AB@C9>20=>W 4;S <>45;R20==S 3V4@>B5E=VG=8E 
?@>F5AV2 <0;>W 3V4@>5=5@35B8:8. %8AB5<0 4>72>;Sє B>G=> @53C;R20B8 @V25=P 

2>48 C 25@E=P><C 1’єDV, 70157?5GCRG8 AB01V;P=89 V :5@>20=89 =0?V@. �;S 

<>45;R20==S =020=B065==S =0 35=5@0B>@ 28:>@8AB>2CєBPAS <>4C;P 

@53C;P>20=>3> =020=B065==S, S:89 4>72>;Sє V<VBC20B8 @V7=V @568<8 @>1>B8 

3V4@>5=5@35B8G=>W A8AB5<8. 

� <5B>R ?V428I5==S B>G=>ABV 5:A?5@8<5=BC 2AV 28<V@R20==S 

74V9A=R20;8AP 2 02B><0B87>20=><C @568<V 7 28:>@8AB0==S< F8D@>28E 

?@8;04V2. �;S @5єAB@0FVW :V;P:>ABV >15@BV2 28:>@8AB>2C202AS 5;5:B@>==89 
B0E><5B@, 4;S :>=B@>;R =0?@C38 3 28A>:>B>G=89 F8D@>289 2>;PB<5B@. ":@V< 

>A=>2=8E ?>:07=8:V2, B0:>6 DV:AC20;8AS 4>40B:>2V ?0@0<5B@8, =5>1EV4=V 4;S 

?>40;PH>3> 0=0;V7C 5=5@35B8G=>W 5D5:B82=>ABV B0 ?>1C4>28 @53@5AV9=8E 

<>45;59. 

�;S 3;81H>3> @>7C<V==S 2?;82C 7>2=VH=VE D0:B>@V2 =0 @>1>BC BC@1V=  

1C;> ?@>2545=> D0:B>@=89 5:A?5@8<5=B, I> 4>72>;Sє 4>A;V48B8 2?;82 
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=570;56=8E 7<V==8E 3 28A>B8 2>48 C 25@E=P><C 1’єDV (h) B0 =020=B065==S =0 
35=5@0B>@ (P) 3 =0 28EV4=V E0@0:B5@8AB8:8 A8AB5<8. &0:89 ?V4EV4 =5 ;8H5 40є 

7<>3C >FV=8B8 >:@5<C 4VR :>6=>3> 7 D0:B>@V2, 0;5 9 28S28B8 5D5:B8 WE=P>W 

270є<>4VW. 

(0:B>@=89 5:A?5@8<5=B є 5D5:B82=8< V=AB@C<5=B>< 4;S 0=0;V7C 

3V4@>5=5@35B8G=8E A8AB5<, >A:V;P:8 4>72>;Sє ?>1C4C20B8 <0B5<0B8G=V <>45;V 

70;56=>AB59 <V6 ?0@0<5B@0<8 ?>B>:C B0 5;5:B@>B5E=VG=8<8 

E0@0:B5@8AB8:0<8 BC@1V=8. �;S :>6=>W :><1V=0FVW @V2=V2 =0?>@C B0 

=020=B065==S 1C;> 70DV:A>20=> 2V4?>2V4=V 7=0G5==S >15@BV2 (n) V =0?@C38 (U), 
I> ?@54AB02;5=V C B01;8FV 6.3. *5 40;> 7<>3C A8AB5<0B87C20B8 @57C;PB0B8 B0 

28S28B8 >?B8<0;P=V ?0@0<5B@8 4;S :>6=>W :>=AB@C:FVW. 

":@V< >A=>2=8E ?>:07=8:V2 5D5:B82=>ABV @>1>B8 BC@1V=, ?V4 G0A 

28?@>1C20=P 1C;> 287=0G5=> :@8B8G=89 @V25=P 2>48 (h ), 70 S:>3> BC@1V=8 

?>G8=0;8 A0<>ABV9=5 >15@B0==S, I> 2V4?>2V40є <><5=BC AB@03C20==S. �;S 

287=0G5==S 28B@0B8 2>48 28:>@8AB>2C202AS ?’є7><5B@, 2AB0=>2;5=89 =0 

B@8:CB=><C 2>4>7;82V, I> 4>72>;8;> ?@>0=0;V7C20B8 2?;82 28B@0B8 =0 
48=0<V:C 70?CA:C BC@1V= B0 WE=R @>1>BC 2 @V7=8E @568<0E =020=B065==S [103]. 

"45?<JO 6.3 

�FD<@4AV CB>4;A<>< 6<DB5?9A<I FGD5VA4@< ; B8A4>B6BN 647BN (І2, ІІ2, ІІІ2, 

VI, V2) G 6B8AB@G CBFBJV CV8 >GFB@ 45° B59DFV6 (n) F4 6<IV8ABW A4CDG7< (U) 

; 79A9D4FBD4 6 KBF<DьBI D9:<@4I A464AF4:9AAO ( 1 – P4)  F4 CD< C’OF< 

DV6AOI A4CBDG (h) 

Ш<HD 
FGD5VA< 

  h0, @ h, @ 0,2 0,31 0,41 0,51 0,6 

�2 

 1 0,128 
U1, � 7,2 11,1 14,1 16,9 19,4 

n1, >1/E2 169 265 333 407 473 

 2 0,149 
U2, � 5,8 9,6 12,5 15,1 17,6 

n2, >1/E2 143 230 299 361 423 

P3 0,161 
U3, � 4,6 8,1 11 13,5 16 

n3, >1/E2 115 190 264 321 384 

P4 0,173 
U4, � 3,5 6,9 9,7 12,2 14,6 

n4, >1/E2 96 165 235 290 343 

  h1, < 0,25 0,274 0,289 0,305 0,312 
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CDB8B6:9AAO F45?<JV 6.3 

Ш<HD 
FGD5VA< 

  h0, @ h, @ 0,2 0,32 0,43 0,51 0,6 

��2 

 1 0,106 
U1, � 7,6 12 15,6 18,3 20,3 

n1, >1/E2 180 286 372 441 500 

 2 0,135 
U2, � 6,2 10,6 14,1 16,6 18,6 

n2, >1/E2 153 256 333 399 450 

P3 0,149 
U3, � 4,9 8,9 12,6 14,8 16,9 

n3, >1/E2 123 207 299 348 407 

P4 0,164 
U4, � 3,8 7,5 11,2 13,4 15,5 

n4, >1/E2 103 178 266 321 368 

    h1, < 0,25 0,276 0,292 0,305 0,312 

���2 

  h0, @ h, @ 0,19 0,3 0,4 0,5 0,6 

 1 0,105 
U1, � 8,5 13,1 15,5 18,2 20,5 

n1, >1/E2 197 314 368 439 504 

 2 0,134 
U2, � 6,9 11,1 13,8 16,4 18,7 

n2, >1/E2 165 265 325 392 452 

P3 0,148 
U3, � 4,9 9,2 12,1 14,5 16,8 

n3, >1/E2 123 218 287 342 405 

P4 0,164 
U4, � 3,7 8,3 11 13,2 15,5 

n4, >1/E2 102 192 264 316 368 

  h1, < 0,25 0,273 0,289 0,303 0,313 

�V 

  h0, @ h, @ 0,2 0,3 0,4 0,5 0,6 

 1 0,098 
U1, � 9,5 13,4 17,2 19,9 22 

n1, >1/E2 227 320 414 489 551 

 2 0,123 
U2, � 7,9 12,2 15,5 18,3 20,5 

n2, >1/E2 185 290 368 441 504 

P3 0,138 
U3, � 6,7 10,9 14 16,8 18,8 

n3, >1/E2 160 261 330 405 454 

P4 0,152 
U4, � 5,4 9,6 12,7 15,5 17,5 

n4, >1/E2 133 230 301 368 420 

  h1, < 0,25 0,272 0,287 0,301 0,312 

V2 

  h0, @ h, @ 0,2 0,31 0,41 0,51 0,6 

 1 0,136 
U1, � 6,1 9,4 12,5 15 16,9 

n1, >1/E2 151 223 299 357 407 

 2 0,151 
U2, � 4,6 8,1 11 13,4 15,3 

n2, >1/E2 115 189 264 320 363 

P3 0,167 
U3, � 3,3 6,8 9,6 12 13,9 

n3, >1/E2 94 163 230 285 327 

P4 0,18 
U4, � 2,1 5,5 8,3 10,6 12,5 

n4, >1/E2 65 135 192 256 298 

  h1, < 0,288 0,314 0,334 0,35 0,366 
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&01;8FS 6.3 <VAB8BP ?>@V2=S;P=89 0=0;V7 5D5:B82=>ABV ?’SB8 
:>=AB@C:FV9 BC@1V= 7 >4=0:>2>R <0A>R 3 �2, ��2, ���2, IV V V2. �8?@>1C20==S 

?@>2>48;8AS C 2>4=><C ?>B>FV ?V4 :CB>< 45° 2V4=>A=> ;>?0B59, ?@8 ?’SB8 

@V2=SE =0?>@C (2V4 0,2 4> 0,6 <) B0 2 G>B8@P>E @568<0E =020=B065==S. 

"A=>2=8<8 >FV=R20=8<8 ?0@0<5B@0<8 1C;8 H284:VABP >15@B0==S BC@1V= 

(>1/E2) B0 28EV4=0 =0?@C30 (�), S:V 28@>1;Sє 35=5@0B>@. 

#CA:>2V E0@0:B5@8AB8:8: 

!09<5=H>3> =0?>@C 4;S 70?CA:C ?>B@51CRBP BC@1V=8 III2, II2 B0 

>A>1;82> IV 3 2>=8 ?>G8=0RBP >15@B0B8AP 265 ?@8 =0?>@V 1;87P:> 0,1 <5B@0. 
*5 >7=0G0є, I> 2>=8 <>6CBP ?@0FR20B8 =02VBP C <0;>2>4=8E C<>20E. 

&C@1V=0 IV (328=B>20) <0є =09=86G89 ?>@V3 70?CA:C 3 0,098 <. !0B><VABP 

BC@1V=0 V2 (H=5:>20) ?>B@51Cє =091V;PH>3> AB0@B>2>3> =0?>@C 3 ?>=04 0,13 

<. &>1B> 2>=0 <5=H GCB;820 4> A;01:>3> ?>B>:C. 

 0:A8<0;ь=0 5D5:B82=VABь ?@8 28A>:><C =0?>@V: 
#@8 <0:A8<0;P=><C =0?>@V 2 0,6 < V =09<5=H><C =020=B065==V 

(@568< $1) =0928IV @57C;PB0B8 45<>=AB@Cє 328=B>20 BC@1V=0 IV. �>=0 
28@>1;Sє =091V;PHC =0?@C3C (22 �) V <0є =09H284H5 >15@B0==S (?>=04 550 

>1/E2). �C65 1;87P:8<8 4> =5W є BC@1V=8 III2 V II2 3 2>=8 B@>E8 ?>ABC?0RBPAS, 

0;5 B56 ?>:07CRBP 28A>:C ?@>4C:B82=VABP. &C@1V=0 �2 709<0є A5@54=R 

?>78FVR, 0 V2 7=0G=> 2V4AB0є 3 2>=0 ?>2V;P=VH5 >15@B0єBPAS V 28@>1;Sє 

<5=HC =0?@C3C =02VBP ?@8 <0:A8<0;P=><C =0?>@V. 

 0:A8<0;ь=0 5D5:B82=VABь ?@8 71V;ьH5==V =020=B065==O: 
�>;8 =020=B065==S 7@>AB0є (@568<8 2V4 $1 4> $4), CAV BC@1V=8 

?@8@>4=> 2B@0G0RBP >15@B8 V 7=86CRBP 28EV4=C =0?@C3C. #@>B5 BCB 
206;82>, S: A8;P=> ?040є ?@>4C:B82=VABP. !09:@0I5 F5 =020=B065==S 

28B@8<Cє 328=B>20 BC@1V=0 IV 3 C =5W ?04V==S <V=V<0;P=5, V =02VBP ?@8 

=0928I><C =020=B065==V 2>=0 40є 28A>:V 7=0G5==S. &C@1V=8 III2 V II2 B56 

?>:07CRBP ABV9:VABP. � >B H=5:>20 V2, =02?0:8, 4C65 2B@0G0є 2 >15@B0E V 

=0?@C7V 3 F5 A2V4G8BP ?@> WW A;01:C 040?B>20=VABP 4> 7<V= C =020=B065==V. 
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�8=0<V:0 7@>AB0==O ?@>4C:B82=>ABV: 
-5 >48= 206;8289 0A?5:B 3 =0A:V;P:8 H284:> 7@>AB0RBP >15@B8 B0 

=0?@C30 ?@8 71V;PH5==V =0?>@C. ' BC@1V= III2 V II2 F59 @VAB AB01V;P=89 V 4>A8BP 

AB@V<:89, I> 3>2>@8BP ?@> E>@>HC :>=AB@C:FVR ;>?0B59 V 35><5B@VW. 

"A>1;82> 284V;SєBPAS III2 3 WW :>@?CA <0є 72C65==S, I> ?>78B82=> 2?;820є 

=0 H284:VABP ?>B>:C V, 2V4?>2V4=>, 5D5:B82=VABP. V2 <0є =09?>2V;P=VH5 

7@>AB0==S 3 =02VBP :>;8 =0?V@ 71V;PHCєBPAS ACBBє2>, ?@>4C:B82=VABP 7@>AB0є 

?>2V;P=>. 

� ?V4AC<:C =09:@0I>R BC@1V=>R 28S28;0AS BC@1V=C IV 3 2>=0 
70?CA:0єBPAS ?@8 =09<5=H><C =0?>@V, 28@>1;Sє =091V;PHC =0?@C3C 9 

>15@B0єBPAS H284H5 70 2AV V=HV 2 CAVE @568<0E. !0 4@C3><C <VAFV 3 BC@1V=0 

III2 7V 72C65=8< :>@?CA><: 2>=0 AB01V;P=0, 5D5:B82=0 9 4>1@5 28B@8<Cє 

=020=B065==S. �0;V 94CBP II2 B0 �2, S:V <0RBP A5@54=V E0@0:B5@8AB8:8. 

!09<5=H 5D5:B82=>R 28S28;0AS H=5:>20 V2 3 2>=0 ?>2V;P=> 70?CA:0єBPAS, 

<0є =09<5=HC ?@>4C:B82=VABP V ?>30=> ?@0FRє ?V4 =020=B065==S<. 

�;S =0>G=>3> 2V4>1@065==S 48=0<V:8 7<V=8 >A=>2=8E ?0@0<5B@V2 @>1>B8 
4>A;V46C20=8E BC@1V= C @V7=8E @568<0E =020=B065==S B0 ?@8 7<V=V @V2=S 2>48 

C 25@E=P><C 1’єDV =0 3@0DV:0E =86G5 ?>40=> 70;56=>ABV 28EV4=>W =0?@C38 

35=5@0B>@0 (U) B0 G0AB>B8 >15@B0==S @>B>@0 (n) 2V4 28A>B8 =0?>@C (h) 4;S 

:>6=>W 7 BC@1V=. #>1C4>20=V 70;56=>ABV 4>72>;SRBP >FV=8B8 5D5:B82=VABP 

:>=AB@C:FV9 B0 ?@>AB568B8 2?;82 7<V=8 =020=B065==S V @V2=S 2>48 =0 :;RG>2V 

@>1>GV E0@0:B5@8AB8:8 A8AB5<8. 

�>:@5<0, 4;S 2AVE BC@1V= ?@54AB02;5=> B0:V 3@0DV:8: 

3 3@0DV:8 70;56=>ABV =0?@C38 2V4 28A>B8 2>48 C 25@E=P><C 1’єDV U = f(h) 

4;S :>6=>3> @V2=S =020=B065==S =0 35=5@0B>@ (P13P4), I> 2V4>1@065=V =0 

@8AC=:0E 6.11, 6.13, 6.15, 6.17, 6.19.  

3 3@0DV:8 70;56=>ABV H284:>ABV >15@B0==S 2V4 28A>B8 2>48 n = f(h) ?@8 

B8E A0<8E @V2=SE =020=B065==S (P13P4), ?@54AB02;5=V =0 @8AC=:0E 6.12, 6.14, 

6.16, 6.18, 6.20.  
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      <E. 6.11. З4?9:AVEFь U=f(h) 8?O            <E. 6.12. З4?9:AVEFь n=f(h) 8?O 

                         FGD5VA< І2                                                     FGD5VA< І2 

 

 

      <E. 6.13. З4?9:AVEFь U=f(h) 8?O            <E. 6.14. З4?9:AVEFь n=f(h) 8?O 

                         FGD5VA< ІІ2                                                     FGD5VA< ІІ2 

 

 

      <E. 6.15. З4?9:AVEFь U=f(h) 8?O            <E. 6.16. З4?9:AVEFь n=f(h) 8?O 

                         FGD5VA< ІІІ3                                                     FGD5VA< ІІІ3 
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      <E. 6.17. З4?9:AVEFь U=f(h) 8?O            <E. 6.18. З4?9:AVEFь n=f(h) 8?O 

                         FGD5VA< IV                                                    FGD5VA< IV 

 

      <E. 6.19. З4?9:AVEFь U=f(h) 8?O            <E. 6.20. З4?9:AVEFь n=f(h) 8?O 

                         FGD5VA< V                                                     FGD5VA< V 

 

�=0;V7 ?>1C4>20=8E 3@0DV:V2 ?V4B25@46Cє, I> ?@8 28@V2=S=V9 <0AV 

BC@1V= :>=AB@C:B82=V >A>1;82>ABV 2V4V3@0RBP :;RG>2C @>;P C D>@<C20==V 

@>1>G8E E0@0:B5@8AB8:. !09:@0IV @57C;PB0B8 70 1V;PHVABR ?0@0<5B@V2 
?@>45<>=AB@C20;0 328=B>20 BC@1V=0 IV, S:0 ?>є4=Cє 28A>:C H284:VABP 

>15@B0==S 7 5D5:B82=>R 35=5@0FVєR 5;5:B@>5=5@3VW 2 C<>20E @V7=8E @V2=V2 

=0?>@C B0 =020=B065==S. �W <0A0, I> AB0=>28;0 1096 3, 1C;0 =091V;PH>R A5@54 

CAVE 4>A;V46C20=8E BC@1V=, I> A2V4G8BP ?@> 2?@>20465==S C :>=AB@C:FVR 

V=65=5@=8E C4>A:>=0;5=P, A?@S<>20=8E =0 ?V428I5==S <5E0=VG=>W 

AB01V;P=>ABV B0 5=5@3>5D5:B82=>ABV. %0<5 FS BC@1V=0 1C;0 >1@0=0 S: 5B0;>==0 

4;S ?>40;PH>3> ?@82545==S <0A V=H8E :>=AB@C:FV9 4> >4=0:>2>3> @V2=S, I> 
70157?5G8;> @V2=V C<>28 4;S 5:A?5@8<5=B0;P=>3> 4>A;V465==S [103]. 

� <5B>R ?V4B25@465==S 4>AB>2V@=>ABV ?>?5@54=VE @57C;PB0BV2 1C;> 

?@>2545=> ?>2B>@=5 B5ABC20==S 328=B>2>W BC@1V=8, S:5 70A2V4G8;> <0965 

?>2=C V45=B8G=VABP ?>:07=8:V2 V7 ?>G0B:>28<8 28<V@R20==S<8. �8S2;5=0 
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?>E81:0 =5 ?5@528IC20;0 1%, I> ?V4B25@46Cє =04V9=VABP <5B>4>;>3VW 
5:A?5@8<5=BC B0 AB01V;P=VABP @>1>B8 ;01>@0B>@=>W CAB0=>2:8.  

&C@1V=8 ��2 B0 ���2 7V A?V@0;5?>4V1=>R D>@<>R ;>?0B59 B0:>6 

?@>45<>=AB@C20;8 28A>:V ?>:07=8:8, >A>1;82> 2 4V0?07>=V A5@54=VE V 28A>:8E 

=0?>@V2. *5 A2V4G8BP ?@> ?>B5=FV0; ?>40;PH>W >?B8<V70FVW :@82>;V=V9=8E D>@< 

;>?0B59. 

"B@8<0=V @57C;PB0B8 ?V4B25@46CRBP 4>FV;P=VABP ?>3;81;5=8E 

4>A;V465=P, 7>:@5<0 2 =0?@S<V >?B8<V70FVW C<>2 ?>B>:C ?V4 :CB>< 90° 4> 

?;>I8=8 ;>?0B59, I> <>65 A?@8SB8 ?V428I5==R :>5DVFVє=B0 
3V4@>48=0<VG=>3> ?5@5B2>@5==S. �8@V2=R20==S <0A8 :>=AB@C:FV9 4>72>;8;> 

<V=V<V7C20B8 2?;82 V=5@FV9=8E D0:B>@V2, 70157?5G82H8 >1’є:B82=VABP 

?>@V2=S==S A0<5 35><5B@8G=8E B0 3V4@>48=0<VG=8E ?0@0<5B@V2.  

&0:8< G8=><, @57C;PB0B8 5:A?5@8<5=BC 4>72>;SRBP 7@>18B8 

>1ґ@C=B>20=V 28A=>2:8 I>4> :>=AB@C:B82=8E ?5@5203 >:@5<8E <>45;59, 

70:;040RG8 =0C:>25 ?V4ґ@C=BS 4;S @>7@>1:8 5D5:B82=VH8E 3V4@>BC@1V==8E 

A8AB5<, >@Vє=B>20=8E =0 70AB>AC20==S 2 C<>20E <0;>W 3V4@>5=5@35B8:8.  
 

6.4. �:A?5@8<5=B0;ь=V 4>A;V465==O BC@1V= 7 >4=0:>2>N 203>N C 

=0?@02;5=><C 2>4=><C ?>B>FV ?V4 :CB>< 90° 4> ;>?0B59 

 

 5B>R 70:;RG=>3> 5B0?C 4>A;V465=P C <560E =0C:>2>W @>1>B8 1C;> 

282G5==S 2?;82C 7<V=8 :CB0 270є<>4VW 2>4=>3> ?>B>:C 7 ;>?0BS<8 BC@1V= =0 

48=0<V:C WE 70?CA:C (AB@03C20==S), H284:VABP >15@B0==S B0 @V25=P 35=5@0FVW 

5;5:B@8G=>W =0?@C38. &0:89 ?V4EV4 4>72>;82 7<>45;R20B8 @568<8 270є<>4VW 7 
?>B>:><, I> =04E>48BP ?V4 ?@S<8< :CB>< 4> ?;>I8=8 ;>?0B59, E0@0:B5@=V 4;S 

C<>2, C S:8E 2>4=89 ?>BV: =5 707=0є ?>?5@54=P>3> ?@8A:>@5==S 01> 7<V=Rє 

=0?@S<>: G5@57 :>=AB@C:B82=V >A>1;82>ABV 3V4@>B5E=VG=8E A?>@C4. 

/: V =0 ?>?5@54=P><C 5B0?V 4>A;V465=P, CAV BC@1V=8 1C;8 ?@82545=V 4> 

>4=0:>2>W <0A8 7 4>?CAB8<8< 2V4E8;5==S< =5 1V;PH5 ±5%, I> 70157?5G8;> 

<V=V<V70FVR 2?;82C V=5@FV9=8E E0@0:B5@8AB8: =0 @57C;PB0B8. �;S 70157?5G5==S 
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<>6;82>ABV 7<V=8 :CB0 =0?@S<:C ?>B>:C 4> 90° 2V4=>A=> ?;>I8=8 ;>?0B59 C 
28?@>1C20;P=89 <>4C;P 1C;> V=B53@>20=> A?5FV0;P=> @>7@>1;5=C 

=0?@02;SRGC ?>B>:C (@8A. 3.15). �>=0 4>72>;S;0 B>G=> :>@83C20B8 :CB ?>40GV 

2>4=>3> ?>B>:C, 70157?5GCRG8 AB01V;P=VABP C<>2 5:A?5@8<5=BC B0 

4>AB>2V@=VABP ?>@V2=S;P=>3> 0=0;V7C BC@1V=. 

�:A?5@8<5=B ?@>2>482AS C :>=B@>;P>20=8E C<>20E ;01>@0B>@=>W 

CAB0=>2:8 7V AB01V;V7>20=8< =0?>@>< 2>48, 7<V=R20=8< C ?’SB8 @V2=SE, 0 B0:>6 

G>B8@<0 ABC?5=S<8 5;5:B@8G=>3> =020=B065==S 35=5@0B>@0. �;S DV:A0FVW 

?0@0<5B@V2 @>1>B8 28:>@8AB>2C20;8AS BV A0<V 28<V@R20;P=V ?@8;048, I> 9 C 
?>?5@54=VE 4>A;V465==SE: F8D@>289 B0E><5B@ 4;S 287=0G5==S >15@BV2 B0 

28A>:>B>G=89 2>;PB<5B@ 4;S @5єAB@0FVW =0?@C38 =0 28E>4V 35=5@0B>@0. 

�>40B:>2> DV:AC20;8AS :@8B8G=V 7=0G5==S AB@03C20==S 4;S :>6=>W BC@1V=8 

(h ), 0 B0:>6 >1G8A;R202AS @V25=P 2>48 C 25@E=P><C 1’єDV (h¡) =0 :>6=><C 5B0?V 

4>A;V465==S. 

$57C;PB0B8 5:A?5@8<5=BV2 =02545=> C B01;8FV 6.4 [104]. 

"45?<JO 6.4 

�FD<@4AV CB>4;A<>< 6<DB5?9A<I FGD5VA4@< ; B8A4>B6BN 647BN (І2, ІІ2, ІІІ2, 

VI, V2) G 6B8AB@G CBFBJV CV8 >GFB@ 90° B59DFV6 (n) F4 6<IV8ABW A4CDG7< (U) 

; 79A9D4FBD4 6 KBF<DьBI D9:<@4I A464AF4:9AAO ( 1 – P4)  F4 CD< C’OF< 

DV6AOI A4CBDG (h) 

,8D@ 
BC@1V=8   h0, @ h, @ 0,2 0,3 0,4 0,49 0,6 

�2 

 1 0,113 
U1, � 9 13 16,7 20 23,7 

n1, B5/I6 212 311 403 491 602 

 2 0,135 
U2, � 6,8 10,2 14 17,5 20,9 

n2, B5/I6 163 247 330 420 517 

P3 0,147 
U3, � 5,2 8 12 15,5 18,1 

n3, B5/I6 129 187 285 368 437 

P4 0,158 
U4, � 3,9 6,7 10,3 13,5 16,2 

n4, B5/I6 105 160 248 321 388 

  h1, @ 0,285 0,311 0,328 0,341 0,357 
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CDB8B6:9AAO F45?<JV 6.4 
Ш<HD 
FGD5VA< 

  h0, @ h, @ 0,2 0,3 0,4 0,5 0,6 

��2 

 1 0,09 
U1, � 9,4 14,1 17,3 20,5 23,9 

n1, B5/I6 223 333 417 504 607 

 2 0,12 
U2, � 7,5 11,7 14,5 17,8 21,3 

n2, B5/I6 178 280 342 428 532 

P3 0,134 
U3, � 5,8 9,1 12,6 15,7 18,6 

n3, B5/I6 143 214 300 375 450 

P4 0,15 
U4, � 4,5 7,4 10,8 13,6 16,5 

n4, B5/I6 113 177 259 322 396 

  h1, @ 0,285 0,311 0,328 0,343 0,357 

���2 

  h0, < h, @ 0,2 0,3 0,4 0,5 0,6 

 1 0,088 
U1, � 10,2 14,6 18,5 21,8 24,7 

n1, B5/I6 247 343 447 545 630 

 2 0,119 
U2, � 7,9 12 15,2 18,8 21,2 

n2, B5/I6 185 285 362 454 527 

P3 0,134 
U3, � 6,3 9,5 13,1 16,4 18,6 

n3, B5/I6 154 227 314 392 450 

P4 0,149 
U4, � 4,7 7,6 11,3 14 16,9 

n4, B5/I6 116 180 268 330 407 

  h1, @ 0,286 0,313 0,329 0,344 0,358 

�V 

  h0, < h, @ 0,2 0,3 0,4 0,5 0,6 

 1 0,072 
U1, � 10,8 15,3 19,5 23 26 

n1, B5/I6 259 362 475 582 664 

 2 0,103 
U2, � 9,2 13,5 17,6 21 24 

n2, B5/I6 218 321 423 520 611 

P3 0,119 
U3, � 7,5 11,6 15,9 19 21,9 

n3, B5/I6 178 278 381 461 548 

P4 0,133 
U4, � 6,1 10 14,3 17,5 20,3 

n4, B5/I6 129 243 337 420 500 

  h1, @ 0,285 0,311 0,328 0,343 0,357 

V2 

  h0, < h, @ 0,2 0,3 0,4 0,5 0,6 

 1 0,125 
U1, � 8,7 12,7 16 18,4 20,7 

n1, B5/I6 201 301 384 444 511 

 2 0,142 
U2, � 6,5 10,3 13,7 16,2 18,1 

n2, B5/I6 158 248 323 388 436 

P3 0,158 
U3, � 5 8,4 11,7 14,2 16,1 

n3, B5/I6 125 195 280 336 386 

P4 0,173 
U4, � 3,7 6,7 10,1 12,7 14,5 

n4, B5/I6 102 160 245 301 342 

  h1, @ 0,319 0,351 0,375 0,394 0,41 
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�=0;V7 >B@8<0=8E @57C;PB0BV2 (B01;8FS 6.4) 4>72>;Sє 2V47=0G8B8 
ACBBє25 7@>AB0==S 5D5:B82=>ABV @>1>B8 2AVE BC@1V= ?@8 270є<>4VW 7 2>4=8< 

?>B>:>< ?V4 :CB>< 90° 4> ?;>I8=8 ;>?0B59. �<5=H5==S :@8B8G=>W 28A>B8 

AB@03C20==S (h ) 2 1V;PH>ABV 28?04:V2 A2V4G8BP ?@> ?>:@0I5==S C<>2 
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?>BV: 2>48 ?5@?5=48:C;S@=> 4> ;>?0B59, >?B8<V7CRG8 270є<>4VR 7 

:>=AB@C:FVєR BC@1V=8.  ' B>9 G0A S: :CB 45° AB2>@Rє =5AB0=40@B=89 =0?@S< 

?>B>:C, 70 S:>3> 28:>@8AB0==S :V=5B8G=>W 5=5@3VW є G0AB:>28<, I> 2?;820є =0 

?@>4C:B82=VABP BC@1V=. 

�81V@ :CB0 90° >1C<>2;5=89 9>3> 740B=VABR 70157?5G8B8 =09:@0IV 

3V4@>48=0<VG=V C<>28 4;S 5D5:B82=>3> 35=5@C20==S 5;5:B@8G=>W =0?@C38 

G5@57 >?B8<0;P=C 270є<>4VR ?>B>:C 7 ;>?0BS<8 B0 AB2>@5==S >15@B0;P=>3> 
<><5=BC. 

�D5:B82=VABP B0:>3> ?V4E>4C ?V4B25@46CRBP @57C;PB0B8, =02545=V 2 

B01;8FSE 6.3 3 6.4. �0=V 45<>=AB@CRBP, I> ?>:07=8:8, >B@8<0=V 70 C<>2 :CB0 

90°, є @5?@575=B0B82=8<8 4;S >FV=:8 E0@0:B5@8AB8: BC@1V= V 4>72>;SRBP B>G=> 

?>@V2=R20B8 WE=R 5D5:B82=VABP C @V7=8E :>=AB@C:B82=8E V @>1>G8E C<>20E. 
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�;S 70157?5G5==S <0:A8<0;P=>W 4>AB>2V@=>ABV >B@8<0=8E @57C;PB0BV2 
?V4 G0A 5:A?5@8<5=B0;P=8E 4>A;V465=P ?’SB8 :>=DV3C@0FV9 BC@1V= 70 @V7=8E 

C<>2 2038 B0 2>4=>3> ?>B>:C ?>:07=8:8 7=V<0;8AS 42><0 =570;56=8<8 

<5B>40<8: 70 4>?><>3>R 28<V@R20;P=8E ?@8AB@>W2 V G5@57 02B><0B87>20=C 

A8AB5<C 71>@C 40=8E. #0@0;5;P=5 28:>@8AB0==S F8E <5B>4V2 4>72>;8;> 

28:>=0B8 :><?;5:A=C 25@8DV:0FVR >B@8<0=8E ?0@0<5B@V2. 

�VAB02;5==S @57C;PB0BV2, >B@8<0=8E @V7=8<8 <5B>40<8, 28S28;> 

28?04:>2V ?>E81:8, A?@8G8=5=V ;R4AP:8< D0:B>@><. �>:@5<0, ?@8 

28<V@R20==V @CG=8< B0E><5B@>< =5 702648 4>B@8<C20;0AS >?B8<0;P=0 
2V4AB0=P DV:A0FVW ?@8AB@>R 2V4 >15@B>2>3> 20;C 35=5@0B>@0 (0,25 <5B@0), I> 

?@872>48;> 4> @>71V6=>AB59, S:V C 45S:8E 28?04:0E 4>AS30;8 20%. $>71V6=VABP 

?>:07=8:V2 =0?@C38, 28<V@S=8E 2>;PB<5B@>< 2@CG=C, 1C;0 7=0G=> <5=H>R 3 4> 

±3% ?>@V2=S=> 7 02B><0B87>20=>R A8AB5<>R. *5 B0:>6 <>6=0 ?>2’S70B8 7 

2?;82>< ;R4AP:>3> D0:B>@C, 7>:@5<0 ?V4 G0A 7G8BC20==S ?>:07V2.  

� >3;S4C =0 28S2;5=V ?>E81:8 4;S 0=0;V7C 70;56=>ABV U=f(h) 4;S :>6=>W 

BC@1V=8 >18@0;8AS ?>:07=8:8, >B@8<0=V 02B><0B87>20=>R A8AB5<>R 71>@C 
40=8E. *5 4>72>;8;> 70157?5G8B8 <0:A8<0;P=C B>G=VABP V =04V9=VABP 

@57C;PB0BV2, S:V AB0;8 >A=>2>R 4;S >FV=:8 5D5:B82=>ABV 4>A;V46C20=8E BC@1V=.   

!0 >A=>2V @57C;PB0BV2 4>A;V465=P, =02545=8E C B01;8FSE 6.4, 1C;> 

?>1C4>20=> 3@0DV: (@8A. 7.1.). �V= V;RAB@Cє 70;56=VABP 5;5:B@8G=>W =0?@C38, 

28@>1;5=>W 35=5@0B>@><, 2V4 28A>B8 2>48 C 25@E=P><C 1’єDV (ℎ) 4;S 

4>A;V46C20=8E BC@1V= (I¢, II¢, III¢, IV, V¢). �;S 7@CG=>ABV V=B5@?@5B0FVW  

@57C;PB0B8 ?@54AB02;5=V 4;S 42>E @568<V2 =020=B065==S: E>;>AB>3> E>4C (P1) 

B0 <0:A8<0;P=>3> =020=B065==S (P4). �@0DV: GVB:> 45<>=AB@Cє 2?;82 
:>=AB@C:B82=8E >A>1;82>AB59 B0 5:A?;C0B0FV9=8E C<>2 =0 ?@>4C:B82=VABP 

BC@1V=. 
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 <E. 7.1. �D4HV> ;4?9:ABEFV U=f(h) 8?O 6EVI 8BE?V8:G64A<I FGD5VA  

(I¢, II¢, III¢, IV, V¢)  ;4 86BI DV6AV6 A464AF4:9AAO (P¡, P₄) 

 

�=0;V7 >B@8<0=8E 5:A?5@8<5=B0;P=8E @57C;PB0BV2 A2V4G8BP, I> 28A>B0 

2>48 C 25@E=P><C 1’єDV (h) є 287=0G0;P=8< D0:B>@><, S:89 2?;820є =0 

?>B5=FV9=C 5=5@3VR ?>B>:C. �V 71V;PH5==S< @V2=S 2>48 ?V428ICєBPAS 
H284:VABP ?>B>:C, I>, 2 A2>R G5@3C, ?@872>48BP 4> 7@>AB0==S G0AB>B8 

>15@B0==S BC@1V= V, 2V4?>2V4=>, 4> 71V;PH5==S 28@>1;5=>W 5;5:B@8G=>W 

=0?@C38. 

/: A2V4G0BP 3@0DV:8 (@8A. 6.1. 3 6.30.), 4;S AB@03C20==S 2AVE 

4>A;V46C20=8E <>45;59 BC@1V= C @V7=8E @568<0E @>1>B8 1C;> =5>1EV4=> 

28B@0B8B8 7=0G=> 1V;PH5 5=5@3VW ?>@V2=S=> 7 5=5@3>28B@0B0<8 ?VA;S ?>G0B:C 

@CEC. *5 S28I5 ?>SA=RєBPAS =0S2=VABR 4>40B:>2>3> >?>@C =0 5B0?V 70?CA:C, 

:>;8 BC@1V=0 ?5@51C20є C AB0=V A?>:>R, 0 ?>BV: 2>48 I5 =5 ?>2=VABR ?>4>;02 
A8;8 V=5@FVW B0 B5@BS. �07=0G5=0 >A>1;82VABP GVB:> 2V4>1@065=0 C 283;S4V 

:@82>;V=V9=>3> 7@>AB0==S =0?@C38 =0 ?>G0B:>28E 5B0?0E ?V428I5==S @V2=S 

2>48, I> ?>ABC?>2> B@0=AD>@<CєBPAS C <0965 ?@S<>;V=V9=C 70;56=VABP, :>;8 

BC@1V=8 4>AS30RBP AB0;>3> @568<C @>1>B8. 
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#V4 G0A 5:A?5@8<5=B0;P=8E 4>A;V465=P 2AB0=>2;5=>, I> 2 =><V=0;P=><C 
@568<V @>1>B8 (?>G8=0RG8 7 28A>B8 2>48 ℎ j 0,2 <) 5;5:B@8G=0 =0?@C30 

7@>AB0є ;V=V9=> ?@>?>@FV9=> 4> ?V428I5==S @V2=S 2>48 2 <560E 4>?CAB8<>3> 

4V0?07>=C ;01>@0B>@=>W CAB0=>2:8 (ℎ f 0,6 <). &0:0 ;V=V9=0 70;56=VABP A2V4G8BP 

?@> AB01V;P=C 48=0<V:C @>1>B8 BC@1V= C 707=0G5=><C V=B5@20;V, I> 70157?5GCє 

?@>3=>7>20=C 5D5:B82=VABP ?5@5B2>@5==S ?>B5=FV0;P=>W 5=5@3VW 2>4=>3> 

?>B>:C 2 5;5:B@8G=C 5=5@3VR. 

"B@8<0=V @57C;PB0B8 ?V4B25@46CRBP, I> 5D5:B82=VABP @>1>B8 BC@1V= 

70;568BP =5 ;8H5 2V4 :>=AB@C:B82=8E >A>1;82>AB59, 0 9 2V4 3V4@>48=0<VG=8E 
E0@0:B5@8AB8: 2>4S=>3> ?>B>:C 2 C<>20E ?V428I5==S @V2=S 2>48. "A>1;82>ABV 

?>254V=:8 =0?@C38 =0 @V7=8E 5B0?0E @>1>B8 4>72>;SRBP 1V;PH 45B0;P=> 

>FV=8B8 5D5:B82=VABP :>6=>W BC@1V=8 B0 @>7@>18B8 @5:><5=40FVW 4;S 

>?B8<V70FVW WE 28:>@8AB0==S C ?@0:B8G=8E C<>20E. 

%5@54 4>A;V465=8E BC@1V= =0928IV ?>:07=8:8 ?@>4C:B82=>ABV 2 CAVE 

G>B8@P>E @568<0E =020=B065==S ?@>45<>=AB@C20;0 BC@1V=0 328=B>2>3> B8?C 

(IV). �W 5D5:B82=VABP 1C;0 =091V;PH >G5284=>R ?@8 @V7=8E @V2=SE 2>48 C 
25@E=P><C 1’єDV B0 ?@8 @V7=8E :CB0E =0?>@C 2>4=>3> ?>B>:C 2V4=>A=> ;>?0B59. 

"A>1;82>ABV :>=AB@C:FVW 328=B>2>W BC@1V=8, 7>:@5<0 WW >?B8<0;P=0 35><5B@VS 
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�8A>:V ?>:07=8:8 @>1>B8 FVєW BC@1V=8 ?V4B25@46CRBPAS 70;56=>ABS<8, 

=02545=8<8 2 3@0DV:0E (@8A. 6.1. 3 6.30.) V B01;8FSE 6.2 3 6.4 4>A;V465==S. 

�28=B>20 BC@1V=0 4>AS30;0 <0:A8<0;P=>3> 7=0G5==S 5;5:B@8G=>W =0?@C38 70 
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=020=B065==S A2V4G8BP ?@> 28A>:C =04V9=VABP B0 <>6;82VABP 28:>@8AB0==S C 

@50;P=8E 5:A?;C0B0FV9=8E A8AB5<0E. 

!0B><VABP =09=86GV ?>:07=8:8 ?@>4C:B82=>ABV 1C;8 70DV:A>20=V C 
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=86GC 5D5:B82=VABP C 2AVE @568<0E =020=B065==S B0 70 @V7=8E @V2=V2 2>48 C 
25@E=P><C 1’єDV ?>@V2=S=> 7 V=H8<8 4>A;V46C20=8<8 <>45;S<8. "A=>2=8<8 

G8==8:0<8 B0:>W =87P:>W ?@>4C:B82=>ABV є :>=AB@C:B82=V >A>1;82>ABV 

H=5:>2>W BC@1V=8, 7>:@5<0 WW =528A>:0 040?B82=VABP 4> 7<V==8E 

3V4@>48=0<VG=8E C<>2 V >1<565=0 740B=VABP 4> 5D5:B82=>3> ?5@5B2>@5==S 

5=5@3VW ?>B>:C. 

*V 28A=>2:8 ?V4B25@46CRBPAS 0=0;V7>< 5:A?5@8<5=B0;P=8E 40=8E 

BC@1V=8 V¢, ?@54AB02;5=8E =0 3@0DV:0E @8A. 6.1. 3 6.30. V 2 B01;8FSE 6.2. 3 6.4.. 

#>:07=8:8 45<>=AB@CRBP A;01:5 7@>AB0==S 5;5:B@8G=>W =0?@C38 C 2AVE 
@568<0E =020=B065==S 7V 71V;PH5==S< 28A>B8 2>48 C 25@E=P><C 1’єDV. )>G0 

H=5:>20 BC@1V=0 28S28;0 AB01V;P=VABP 70 C<>2 =87P:>3> =020=B065==S, WW 

<0:A8<0;P=V 7=0G5==S =0?@C38 ACBBє2> ?>ABC?0RBPAS @57C;PB0B0< V=H8E 

<>45;59, >A>1;82> 2 @568<0E =020=B065==S $4. 

&0:V E0@0:B5@8AB8:8 H=5:>2>W BC@1V=8 >1<56CRBP WW 28:>@8AB0==S C 

A8AB5<0E V7 28A>:8<8 5=5@35B8G=8<8 28<>30<8. �>4=>G0A FS BC@1V=0 <>65 

1CB8 70AB>A>20=0 C 28?04:0E, 45 :;RG>28<8 ?5@52030<8 є ?@>AB>B0 
:>=AB@C:FVW, AB01V;P=VABP @>1>B8 C =><V=0;P=8E C<>20E B0 =87P:0 20@BVABP 

5:A?;C0B0FVW. 

�>A;V465==S ?>:070;8, I> =020=B065==S ACBBє2> 2?;820є =0 G0AB>BC 

>15@B0==S 2AVE <>45;59 BC@1V=: 7V 71V;PH5==S< =020=B065==S >15@B8 BC@1V= 

A?>2V;P=RRBPAS, I> ?@>?>@FV9=> 7=86Cє 28@>1;5=C 5;5:B@8G=C =0?@C3C.  

�030;><, @57C;PB0B8 5:A?5@8<5=BV2 ?V4B25@48;8, I> @>7@>1;5=0 BC@1V=0 

328=B>2>3> B8?C <0є 28IC 5D5:B82=VABP 2 CAVE @568<0E =020=B065==S B0 

@V2=SE 2>48, I> ?>SA=RєBPAS >?B8<V7>20=>R :>=AB@C:FVєR. �>40B:>2C 
?5@5203C 70157?5G8;> 28:>@8AB0==S :>@?CAC BC@1V=8 S: <0E>28:0, I> A?@8S;> 

?>:@0I5==R @>1>B8 2 C<>20E <0:A8<0;P=>3> =020=B065==S. 
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7.3. �=0;V7 28B@0B8 2>48 70;56=> 2V4 @568<V2 =0?>@C 2>4O=>3> 
?>B>:C =0 ;>?0BV BC@1V= 

 

�;S 70157?5G5==S <0:A8<0;P=>W 4>AB>2V@=>ABV >B@8<0=8E @57C;PB0BV2 

?V4 G0A 5:A?5@8<5=B0;P=8E 4>A;V465=P ?’SB8 :>=DV3C@0FV9 BC@1V= 70 @V7=8E 

C<>2 2>4=>3> ?>B>:C, ?>:07=8:8 28B@0B8 2>48 7=V<0;8AS 42><0 =570;56=8<8 

<5B>40<8: 70 4>?><>3>R ?’є7><5B@0 =0 B@8:CB=><C 28<V@R20;P=><C 

2>4>7;82V (45B0;P=> >?8A0=>3> 2 @>74V;V 3.1) B0 G5@57 02B><0B87>20=C A8AB5<C 

71>@C 40=8E (@>74V; 3.3). #0@0;5;P=5 28:>@8AB0==S F8E <5B>4V2 4>72>;8;> 
28:>=0B8 :><?;5:A=C 25@8DV:0FVR @57C;PB0BV2. 

' B01;8FV 7.1. =02545=> @>7@0EC=:>2V 28B@0B8 2>48 (Q¡, <³/A), 287=0G5=V 

70 4>?><>3>R ?@>3@0<=>3> 70157?5G5==S 4;S 2AVE BC@1V= (I¢, II¢, III¢, IV, V¢), 70 

@568<V2 =0?>@C ?V4 :CB0<8 45° B0 90° 2V4=>A=> ;>?0B59, 2V4?>2V4=> 4> @V2=S 

2>48 C 25@E=P><C 1’єDV (ℎ). $>7@0EC=:8 28:>=0=> 70 D>@<C;0<8 (3.7, 3.12) =0 

>A=>2V @V2=S 2>48 B0 ?;>I ?5@5@V7V2 =0?@02;SRG>W :0<5@8 V ?@8AB@>R 

A?@S<C20==S ?>B>:C. 
"45?<JO 7.1 

"45?<JO DB;D4IGA>B6<I 6<FD4F (Q¡) CD< DV;A<I >GF4I CB84KV  

CBFB>G (45° V 90°) F4 DV6AOI 6B8< G 69DIAьB@G 5’єHV (ℎ)  

�CB 
?>B>:C h j 0,2< h j 0,3< h j 0,4< h j 0,5< h = 0,6< 

45° 0,069 0,084 0,097 0,108 0,119 

90° 0,096 0,117 0,135 0,151 0,166 

 

&0:8< G8=><, @>7@0EC=:>2V @57C;PB0B8 4>A;V465=P =02545=V 2 B01;8FV 

6.16 ?V4:@5A;RRBP 206;82VABP :><?;5:A=>3> ?V4E>4C 4> ?@>3@0<C20==S B0 

:0;V1@C20==S 28<V@R20;P=8E A8AB5< V7 C@0EC20==S< :>=AB@C:FVW BC@1V=8, I> є 
:@8B8G=8< 4;S >B@8<0==S B>G=8E V 4>AB>2V@=8E 40=8E. 

�;S >AB0B>G=>3> 0=0;V7C 1C;8 28:>@8AB0=V 7=0G5==S 28B@0B8 2>48 (Q, 

@³/E), 287=0G5=V 70 4>?><>3>R ?’є7><5B@0 2V4?>2V4=> 4> @V2=V2 2>4S=>3> AB>2?0 

(h1, @) , 70DV:A>20=8E C B01;8FSE 6.2 3 6.4. $>7@0EC=:8 ?@>2>48;8AS 70 
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D>@<C;>R &><A>=0 (3.2), S:0 2@0E>2Cє S: 3V4@>48=0<VG=V ?0@0<5B@8 ?>B>:C, 
B0: V :>=AB@C:B82=V >A>1;82>ABV BC@1V=. "B@8<0=V @57C;PB0B8 70DV:A>20=V 2 

B01;8FV 7.2, 70157?5G8;8 28A>:C B>G=VABP >FV=:8 28B@0B8 2>48 B0 AB0;8 

=04V9=>R >A=>2>R 4;S ?>40;PH>3> 0=0;V7C 5D5:B82=>ABV 4>A;V46C20=8E 

BC@1V=. 

"45?<JO 7.2 

 B;D4IGA>B6V 6<FD4F< 6B8< (Q) ;4 84A<@< C’є;B@9FD<KA<I 6<@VDN64Aь CD< 

>GF4I CB84KV CBFB>G 45° V 90° F4 DV;A<I DV6AOI 6B8< G 69DIAьB@G 5’єHV (ℎ)  

,8D@ 
BC@1V= 

�CB 
?>B>:C h j 0,2< h j 0,3< h j 0,4< h j 0,5< h = 0,6< 

I2 
45° 0,044 0,055 0,063 0,072 0,076 

90° 0,061 0,076 0,086 0,095 0,107 

II2 
45° 0,044 0,056 0,065 0,072 0,076 

90° 0,061 0,076 0,086 0,096 0,107 

III2 
45° 0,044 0,055 0,063 0,071 0,077 

90° 0,061 0,077 0,087 0,097 0,107 

IV 
45° 0,044 0,054 0,062 0,070 0,076 

90° 0,061 0,076 0,086 0,096 0,107 

V2 
45° 0,062 0,077 0,090 0,101 0,113 

90° 0,080 0,102 0,121 0,136 0,151 

 

�=0;V7 >B@8<0=8E 40=8E 28S282 7=0G=V @>71V6=>ABV <V6 <5B>40<8, 

7C<>2;5=V >A>1;82>ABS<8 ?@>F5AC 28<V@R20==S. �>:@5<0, ?@8 28:>@8AB0==V 

02B><0B87>20=>W A8AB5<8 =5 1C;> 2@0E>20=> 72C65==S ?>B>:C, A?@8G8=5=5 

:>=AB@C:FVєR BC@1V=8, I> ACBBє2> 2?;820є =0 5D5:B82=C ?;>IC ?@>E>4C 2>48. 
$>7@0EC=>: ?@>2>482AS =0 >A=>2V ?;>IV ?5@5@V7C =0?@02;SRG>W :0<5@8 ?>B>:C 

(Sk = 0,0346<2) 157 :>@5:FVW =0 72C65==S 7 2EV4=>3> ?5@5@V7C BC@1V=8 (S = 

0,0314<2)  4> 28EV4=>3> (S1 = 0,0191<2). ' @57C;PB0BV @50;P=0 ?;>I0 ?@>E>4C 

?>B>:C 1C;0 7<5=H5=0 4> 0,0223<2, ?@>B5 F5 7<5=H5==S =5 1C;> 2@0E>20=5 ?@8 

?@>3@0<C20==V 02B><0B87>20=>W A8AB5<8. 
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!52@0EC20==S :>=AB@C:B82=8E >A>1;82>AB59 ?@872>48;> 4> 7028I5==S 
>1G8A;5=>W 28B@0B8 2>48 ?>@V2=S=> 7 D0:B8G=8<8 7=0G5==S<8, 70DV:A>20=8<8 

?’є7><5B@><. ' 45S:8E 28?04:0E @>71V6=VABP <V6 @57C;PB0B0<8 AS30;0 36%, I> 
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:>=AB@C:B82=8<8 >A>1;82>ABS<8 =0?@02;SRG>3> ?@8AB@>R, S:89 <0є 

71V;PH5=89 2EV4=89 4V0<5B@ (d0 = 0,315<), I> ?;02=> 72C6CєBPAS 4> 2E>4C 2 
=0?@02;SRGC :0<5@C. &0:0 35><5B@VS ?@8AB@>R A?@8Sє D>@<C20==R GVB:> 

A?@S<>20=>3> ?>B>:C 2>48, S:89 AB2>@Rє 5D5:B AB8A=5==S AB@C<5=S.  

&0:>6 B01;8FV 7.1. V 7.2. 45<>=AB@CRBP I> :>=AB@C:FVS H=5:>2>W BC@1V=8 

?>:070;0 =0928IC 28B@0BC 2>48 <0:A8<0;P=> =01;865=C 4> @>7@0EC=:>28E 

28B@0B. *5 B0:>6 ?V4B25@46Cє B>9 D0:B I> ?@8 ?@>3@0<C20==V B0:8E 

@>7@0EC=:V2 =5>1EV4=> 2@0E>2C20B8 72C65==S ?>B>:C S:5 A?@8G8=Sє 

:>=AB@C:FVS BC@1V=8. 
&01;8FV 7.1. V 7.2. 45<>=AB@CRBP, I> <>45;P H=5:>2>W BC@1V=8 V¢ 

?>:070;0 =0928IC 28B@0BC 2>48, S:0 1C;0 <0:A8<0;P=> =01;865=0 4> 

@>7@0EC=:>28E 7=0G5=P, V7 @V7=8F5R, I> AB0=>28;0 j 9%. *59 @57C;PB0B 

?V4:@5A;Rє 206;82VABP 2@0EC20==S 72C65==S ?>B>:C, A?@8G8=5=>3> 

:>=AB@C:B82=8<8 >A>1;82>ABS<8 BC@1V=8, C ?@>F5AV ?@>3@0<C20==S 

0;3>@8B<V2 4;S @>7@0EC=:V2 28B@0B8 2>48. 

�=0;V7 @57C;PB0BV2 B0:>6 2:07Cє =0 B5, I> S:18 72C65==S BC@1V= 1C;> 
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28:>@8AB0==S :>5DVFVє=B0 28B@0B8 � = 0,62, S:89 2@0E>2C202AS 2 @>7@0EC=:0E, 

4>72>;8;> 1 4>AS3B8 @57C;PB0BV2, I5 1;86G8E 4> @50;P=8E ?>:07=8:V2. *5 

?V4:@5A;Rє 7=0GCIVABP B>G=>3> 2V4>1@065==S :>=AB@C:B82=8E >A>1;82>AB59 C 
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185 

7.4. �=0;V7 5D5:B82=>ABV @>1>B8 BC@1V= 70 ��� 

 

�;S >FV=:8 5D5:B82=>ABV @>1>B8 4>A;V46C20=8E BC@1V= 1C;> 

28:>@8AB0=> >A=>2=V ?0@0<5B@8, I> 4>72>;SRBP 287=0G8B8 WE=R <5E0=VG=C B0 

5;5:B@8G=C ?@>4C:B82=VABP. �=0;V7 ?@>2>482AS =0 >A=>2V 5:A?5@8<5=B0;P=8E 

40=8E, S:V 2V4>1@060RBP 70;56=VABP <V6 28B@0B>R 2>48, 28A>B>R 2>4S=>3> 

AB>2?0 C 25@E=P><C 1’єDV B0 28EV4=>R 5;5:B@8G=>R ?>BC6=VABR BC@1V=.  

"A>1;82C C203C ?@84V;S;8 :>5DVFVє=BC :>@8A=>W 4VW, S:89 2V4>1@060є 

5D5:B82=VABP ?5@5B2>@5==S :V=5B8G=>W B0 ?>B5=FV0;P=>W 5=5@3VW 2>4S=>3> 
?>B>:C 2 5;5:B@8G=C 5=5@3VR. �;S FP>3> 28:>@8AB>2C20;8AS S: @>7@0EC=:>2V, 
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C<>2 A8AB5<0 DC=:FV>=Cє 2 @568<0E, <0:A8<0;P=> =01;865=8E 4> @50;P=8E 

5:A?;C0B0FV9=8E. �0 2V4ACB=>ABV =020=B065==S 28=8:0є :@8B8G=0 ?@>1;5<0 3 
>?V@ 35=5@0B>@0 =01;860єBPAS 4> =C;S, I> @>18BP =5<>6;828< B>G=5 

28<V@R20==S :>@8A=>W 5;5:B@8G=>W ?>BC6=>ABV. �V4?>2V4=>, @>7@0EC=>: ��� 

70 B0:8E C<>2 AB0є =5:>@5:B=8<, 0465 =5 2@0E>2CєBPAS D0:B8G=0 @>1>B0 

A8AB5<8 2 C<>20E =020=B065==S. 

$>7@0EC=>: :>5DVFVє=B0 :>@8A=>W 4VW 70 C<>2 <0:A8<0;P=>3> 

=020=B065==S 4>72>;Sє =5 ;8H5 >FV=8B8 7030;P=C 5D5:B82=VABP 5=5@35B8G=>3> 

?5@5B2>@5==S, 0;5 9 ?>@V2=SB8 ?@>4C:B82=VABP @V7=8E :>=AB@C:FV9 BC@1V=. 

%0<5 <0:A8<0;P=5 =020=B065==S 70157?5GCє AB2>@5==S AB01V;P=>3> 
5;5:B@8G=>3> >?>@C =0 >1<>B:0E 35=5@0B>@0, =5>1EV4=>3> 4;S 35=5@0FVW 

5;5:B@>5=5@3VW, B0 D>@<Cє C<>28, 70 S:8E 270є<>4VS :V=5B8G=>W V ?>B5=FV0;P=>W 

5=5@3VW 2>4S=>3> ?>B>:C 7 ;>?0BS<8 BC@1V=8 2V41C20єBPAS 7 <0:A8<0;P=>R 

5D5:B82=VABR. 

�@V< B>3>, 0=0;V7 ��� C B0:8E @568<0E 40є 7<>3C 28S28B8 :>=AB@C:B82=V 

>A>1;82>ABV, I> 2?;820RBP =0 ?5@540GC 5=5@3VW 2V4 2>4=>3> ?>B>:C 4> 
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35=5@0B>@0, 2:;RG0RG8 D>@<C ;>?0B59, 35><5B@VR ?@8AB@>R 4;S =0?@02;5==S 
?>B>:C B0 5D5:B82=VABP 28:>@8AB0==S 28B@0B8 2>48. 

��� (ÿ) BC@1V=8 287=0G0єBPAS S: A?V22V4=>H5==S :>@8A=>W 5;5:B@8G=>W 
?>BC6=>ABV 35=5@0B>@0 (Pg, @>7@0E>2CєBPAS 70 D>@<C;>R 6.2) 4> 2EV4=>W 

<5E0=VG=>W ?>BC6=>ABV, I> 4Vє =0 BC@1V=C (Pm, @>7@0E>2CєBPAS 70 D>@<C;>R 

6.7). 

' B01;8FV 7.3. ?@54AB02;5=V 7=0G5==S ��� (ÿ) 4;S :>6=>W <>45;V BC@1V= 

(I¢, II¢, III¢, IV, V¢) 70 42>E =0?@S<:V2 ?>B>:C 2V4=>A=> ;>?0B59 BC@1V= (45° B0 

90°), @>7@0E>20=V =0 >A=>2V 5:A?5@8<5=B0;P=8E 40=8E 70 C<>2 <0:A8<0;P=>3> 
=020=B065==S =0 @V7=8E @V2=SE 2>48 C 25@E=P><C 1’єDV (ℎ). "B@8<0=V 

@57C;PB0B8 40RBP 7<>3C ?>@V2=SB8 5D5:B82=VABP BC@1V= C @50;P=8E C<>20E 

5:A?;C0B0FVW B0 >1ґ@C=BC20B8 281V@ =091V;PH >?B8<0;P=>W :>=AB@C:FVW 70;56=> 

2V4 3V4@>B5E=VG=8E ?0@0<5B@V2. 

"45?<JO 7.3 

КК� (ÿ) FGD5VA (I¢, II¢, III¢, IV, V¢) ;4 G@B6 @4>E<@4?ьAB7B A464AF4:9AAO 

CD< >GF4I CB84KV CBFB>G 45° F4 90° 8B ?BC4F9= A4 DV;A<I DV6AOI 6B8< G 

69DIAьB@G 5’єHV (ℎ) 

Ш<HD 
FGD5VA 

КGF 
CBFB>G h = 0,2@ h = 0,3@ h = 0,4@ h = 0,5@ h = 0,6@ 

I2 
45° 0,12 0,25 0,35 0,39 0,43 

90° 0,19 0,32 0,45 0,53 0,58 

II2 
45° 0,14 0,28 0,39 0,45 0,48 

90° 0,22 0,35 0,47 0,55 0,60 

III2 
45° 0,15 0,29 0,40 0,47 0,51 

90° 0,25 0,38 0,50 0,57 0,63 

IV 
45° 0,28 0,41 0,52 0,60 0,66 

90° 0,45 0,60 0,72 0,82 0,89 

V2 
45° 0,06 0,19 0,28 0,33 0,34 

90° 0,17 0,31 0,43 0,50 0,53 
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5D5:B82=VABP :>=AB@C:FVW FVєW BC@1V=8. &0:>6 FS <>45;P 45<>=AB@Cє 7=0G=C 
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&C@1V=8 I¢ B0 II¢ ?>:070;8 A5@54=V @57C;PB0B8: ?@8 <0:A8<0;P=><C @V2=V 
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?>:07=8:8 ?>ABC?0RBPAS ;V45@0<, 2>=8 70;8H0RBPAS =0 ?@89=SB=><C @V2=V 4;S 

?@0:B8G=>3> 70AB>AC20==S 2 C<>20E A5@54=P>W =0?V@=>ABV. 
!09=86GV @57C;PB0B8 A?>AB5@V30RBPAS C BC@1V=8 V¢, >A>1;82> 70 :CB0 

45°, 45 ��� 70;8H0єBPAS =87P:8< ?> 2AP><C 4V0?07>=C ℎ (=0?@8:;04, ;8H5 0,06 

?@8 ℎ = 0,2 <). *5 A2V4G8BP ?@> <5=H A?@8SB;82C :>=AB@C:FVR 4;S 

28:>@8AB0==S 5=5@3VW ?>B>:C ?V4 =5?@S<8< :CB><. �>4=>G0A ?@8 :CBV 90° 

BC@1V=0 45<>=AB@Cє 7=0G=> :@0IV ?>:07=8:8 (4> 0,53). 

�030;><, @57C;PB0B8 B01;8FV ?V4B25@46CRBP, I> :CB 90° є >?B8<0;P=8< 

4;S 70157?5G5==S <0:A8<0;P=>W 5D5:B82=>ABV BC@1V=, 0 B0:>6 ?V4:@5A;RRBP 

=5>1EV4=VABP 2@0EC20==S 3V4@>48=0<VG=8E C<>2 V :>=AB@C:B82=8E 
E0@0:B5@8AB8: ?@8 281>@V B8?C BC@1V=8 4;S :>=:@5B=8E 3V4@>B5E=VG=8E 

>1'є:BV2. 

�;S :@0I>W 2V7C0;V70FVW @57C;PB0BV2, =02545=8E C B01;8FV 7.3., 

?>1C4>20=> 3@0DV: (@8A. 7.2.), I> 2V4>1@060є 70;56=VABP :>5DVFVє=B0 :>@8A=>W 

4VW BC@1V= (ÿ = f(h)) 2V4 @V2=S 2>48 C 25@E=P><C 1’єDV (ℎ) 4;S :>6=>W BC@1V=8 (I¢, 

II¢, III¢, IV, V¢). �@0DV: ?>1C4>20=> 70 5:A?5@8<5=B0;P=8<8 40=8<8, 
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>B@8<0=8<8 70 C<>2 <0:A8<0;P=>3> =020=B065==S B0 42>E =0?@S<:V2 ?>40GV 
?>B>:C 3 ?V4 :CB>< 45° B0 90° 4> ?;>I8=8 ;>?0B59. 

 

 <E. 7.2. З4?9:AVEFь >B9HVJVєAF4 >BD<EABW 8VW (ÿ) 6V8 DV6AO 6B8< G 

69DIAьB@G 5’єHV (A4CVD – ℎ) 8?O FGD5VA (I¢, II¢, III¢, IV, V¢) ;4 G@B6 

@4>E<@4?ьAB7B A464AF4:9AAO (P₄) F4 86BI A4CDO@>V6 CB84KV CBFB>G 

(45° V 90°) 

 

�@0DV: (@8A. 7.2.) 4>72>;Sє =0>G=> ?>@V2=SB8 48=0<V:C 7<V=8 ��� 

70;56=> 2V4 C<>2 ?>40GV ?>B>:C B0 28A>B8 =0?>@C, I> >A>1;82> 206;82> 4;S 

28S2;5==S >?B8<0;P=8E @568<V2 5:A?;C0B0FVW :>6=>W BC@1V=8. #>1C4>20 

:@828E =0 >A=>2V 5:A?5@8<5=B0;P=8E 40=8E 70 C<>2 <0:A8<0;P=>3> 

=020=B065==S 70157?5GCє 4>AB>2V@=C >FV=:C 5=5@35B8G=>W 5D5:B82=>ABV 
4>A;V46C20=8E BC@1V= C @50;P=8E 3V4@>B5E=VG=8E C<>20E. 

 

7.5. #>@V2=O;ь=89 0=0;V7 B0 >1ґ@C=BC20==O 281>@C :>=AB@C:FV9 

4;O @>1>B8 C ?>B>FV 7 =87ь:8< =0?>@>< 

 

' <560E 5:A?5@8<5=B0;P=>3> 4>A;V465==S 1C;> ?@>2545=> ?>@V2=S==S 

5D5:B82=>ABV :V;P:>E B8?V2 BC@1V=, 2:;RG0RG8 02B>@AP:V @>7@>1:8 3 B@8 
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:>=AB@C:FVW BC@1V= 7V A?V@0;5?>4V1=8<8 ;>?0BS<8 B0 BC@1V=C 328=B>2>3> B8?C, 
AB2>@5=V 7 C@0EC20==S< ?@8@>4=8E 3V4@>48=0<VG=8E 70:>=><V@=>AB59 B0 

040?B>20=V 4;S @>1>B8 C 2V4:@8B><C ?>B>FV 70 C<>2 =87P:>3> 01> =04=87P:>3> 

=0?>@C. 

�>A;V465==S >E>?;Rє ?>@V2=S==S G>B8@P>E B8?V2 BC@1V=:  

3 BC@1V=0 328=B>2>3> B8?C (?0B. 7156567)[97]; 

3 BC@1V=8 7V A?V@0;5?>4V1=8<8 ;>?0BS<8 (?0B. 7150304) [53]; 

3 H=5:>20 BC@1V=0 (:;0A8G=0 �@EV<54>20 :>=AB@C:FVS); 

3 >AP>20 BC@1V=0 (@50:B82=>3> B8?C). 
 56V @>1>G>3> =0?>@C 287=0G5=> =0 >A=>2V @57C;PB0BV2 ;01>@0B>@=8E 

28?@>1C20=P, :>=AB@C:B82=8E >A>1;82>AB59 BC@1V= B0 0=0;V7C 465@5; [110, 

111]. 

"AP>2V BC@1V=8 5D5:B82=> ?@0FRRBP C 4V0?07>=V 2310 <, >4=0: 

?>B@51CRBP =0S2=>ABV =0?V@=>W :0<5@8 01> 3@51;V, I> 7=0G=> CA:;04=Rє WE 

70AB>AC20==S C 2V4:@8B8E @CA;0E 157 A?5FV0;P=>W 3V4@>B5E=VG=>W 

V=D@0AB@C:BC@8. 
�;0A8G=0 H=5:>20 BC@1V=0 740B=0 DC=:FV>=C20B8 70 =0?>@C 0,5310 <, 

?@>B5 WW 5D5:B82=VABP ACBBє2> 7=86CєBPAS ?@8 <V;:>2>4=8E ?>B>:0E G5@57 

2V4:@8BC 35><5B@VR B0 >1<565=C 3;818=C 70=C@5==S. 

�28=B>20 BC@1V=0 IV (?0B. 7156567) B0 A?V@0;5?>4V1=0 BC@1V=0 III¢ (?0B. 

7150304) 4>A;V46C20;8AS 2 >4=0:>28E C<>20E ;01>@0B>@=>3> AB5=4C 7 

<0:A8<0;P=>R 28A>B>R =0?>@C 4> 0,6 <. "1842V :>=AB@C:FVW 

?@>45<>=AB@C20;8 AB01V;P=C B0 5D5:B82=C @>1>BC 2 4V0?07>=V 0,2 3 0,6 <, I> 

?V4B25@46Cє WE 28A>:C ?@840B=VABP 4> @>1>B8 C 2V4:@8B><C ?>B>FV.  
"1<565==S ;01>@0B>@=>W CAB0=>2:8 =5 4>72>;8;8 4>AS3B8 3@0=8G=>3> 

5D5:B82=>3> @V2=S =0?>@C, >4=0: 70 :>=AB@C:B82=8< 704C<>< >1842V BC@1V=8 

>@Vє=B>20=V =0 @>1>BC 2 4V0?07>=V 0,2 3 3 <, I> 2V4?>2V40є C<>20< 1V;PH>ABV 

<0;8E @VG>: V :0=0;V2. #>40;PH5 287=0G5==S 25@E=P>W <56V 5D5:B82=>ABV 

4>FV;P=> 74V9A=R20B8 2 @50;P=8E ?>;P>28E C<>20E. 
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"1842V BC@1V=8 <0RBP =5@>7’є<=C <>=>;VB=C :>=AB@C:FVR, I> <V=V<V7Cє 
3V4@02;VG=V 2B@0B8, 70157?5GCє AB01V;P=VABP 2 C<>20E 7<V==>3> ?>B>:C B0 

4>72>;Sє 5:A?;C0B0FVR 157 3@51;V 3 H;SE>< 70=C@5==S C ?@8@>4=C B5GVR @VG:8. 

�>=8 <>6CBP 2AB0=>2;R20B8AS 157?>A5@54=P> C @CA;>, =5 ?>B@51CRBP 

D>@<C20==S =0?V@=>3> @575@2C0@C B0 45<>=AB@CRBP AB01V;P=C 35=5@0FVR 70 

C<>2 A?@S<>20=>W ?>40GV 2>48. 

&0:8< G8=><, 328=B>20 B0 A?V@0;5?>4V1=0 BC@1V=8, =0 2V4<V=C 2V4 

>AP>28E V :;0A8G=8E H=5:>28E, є =091V;PH 040?B82=8<8 4> @50;P=8E C<>2 

5:A?;C0B0FVW, B0:8E S: 7<V==0 B5GVS, >1<565=V ?5@5?048, 01> 2V4ACB=VABP 
<>6;82>ABV 1C4V2=8FB20 3V4@>A?>@C4. 

"45?<JO 7.4 

�BDV6AO?ьA4 I4D4>F9D<EF<>4 FGD5VA 

�@8B5@V9 "AP>20 
BC@1V=0 

,=5:>20 
BC@1V=0 

�28=B>20, A?V@0;5?>4V1=0 
BC@1V=8 

�V0?07>= @>1>G8E 
=0?>@V2, < 

2370 0,5310 0,233 

#>B@510 C 3@51;V 01> 
=0?V@=V9 :0<5@V &0: &0:, !V &0:, !V 

 >6;82VABP 
70=C@5==S C 
2V4:@8B89 ?>BV: 

!V &0: &0: 

%BV9:VABP 4> 
701@C4=5==S !87P:0 �8A>:0 %5@54=S 

�>=AB@C:B82=0 
A:;04=VABP �8A>:0 !87P:0 �8A>:0, %5@54=S 

�:>;>3VG=0 
157?5G=VABP "1<565=0 &0: &0: 

�010@8B8 4;S 
<>1V;P=>3> <>=B06C %5@54=V  �5;8:V �><?0:B=V 

 >6;82VABP 
A5@V9=>3> 
283>B>2;5==S 
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