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˙̨̨̎̒̓̆̑̒̓̃̏ ̨̏̒̃̓̉ ̨ ̎́̔̋̉ ˠ̩̋̑́̎̉ 
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˗̝̑́̍́̓̏̑̒̋̉̊ ̈́̃̏̅ ̃́̇̋̏̄̏ ̠̃̆̑̒̓́̓̏̂̔̅̔̃́̎̎ 
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ɺ ʟʙʽʨʥʠʢʫ ʥʘʚʝʜʝʥʽ ʤʘʪʝʨʽʘʣʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʚʘʞʢʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ, ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ, ʚʝʨʩʪʘʪʽʚ, ʽʥʩʪʨʫʤʝʥʪʽʚ, ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʧʨʦʛʨʝʩʠʚʥʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥ. 

 

ʆʉʅʆɺʅɸ ʊɽʄɸʊʀʂɸ ʂʆʅʌɽʈɽʅʎɯɰ 

1. ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʤʝʪʘʣʦʦʙʨʦʙʢʠ, ʷʢʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. 

2. ʅʦʚʽ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʤʝʪʘʣʦʦʙʨʦʙʢʠ, ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ 

ʚʝʨʩʪʘʪʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

3. ʇʨʦʛʨʝʩʠʚʥʘ ʪʝʭʥʽʢʘ ʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

4. ʅʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʫʧʨʘʚʣʽʥʥʽ ʚʠʨʦʙʥʠʮʪʚʦʤ. 

5. ʇʨʦʙʣʝʤʠ ʽʥʞʝʥʝʨʥʦʾ ʦʩʚʽʪʠ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʢʘʜʨʽʚ ʚʠʱʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ. 

6. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. 

7. ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʤʝʨʝʞʽ ʽ ʩʠʩʪʝʤʠ, ʝʣʝʤʝʥʪʠ ʽ ʧʨʠʩʪʨʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʪʘ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. 

8. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʪʝʭʥʽʮʽ ʪʘ ʝʢʦʥʦʤʽʮʽ. 

9. ʄʝʥʝʜʞʤʝʥʪ ʪʘ ʤʘʨʢʝʪʠʥʛ. 
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ʏʫʧʨʠʥʘ ɺ.ʄ., ʜ.ʪ.ʥ., ʜʦʮ., ɼʅɼɯ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʤ. ʏʝʨʢʘʩʠ 
ʏʫʭʣʽʙ ɺ.ʃ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚ. ʢʘʬ. ʅʊʋ "ʍʇɯ" 
  
  

https://nung.edu.ua/
https://nung.edu.ua/


5 
 

Cristian Barz, Ph.D., Full Professor, Department of Electrical Engineering, 
Electronic and Computers, North University Center of Baia 
Mare, Romania 

Ehrentreich Torsten, Dipl. Ingenieur, Berlin,Germany 

Michağ Bembenek, Professor, AGH University of Science and Technology, Poland 

Iwona Przychocka, Dr hab., professor, prorector of Helena Chodkowska University 
of Technology and Economics 

Jarosğaw Zi·ğkowski,  PhD, DSc, Prof., Military University of Technology | WAT Å 
Faculty of Mechanical Engineering  

Justyna ŧyliŒska, Dr, rector of Helena Chodkowska University of Technology 
and Economics in Warsaw 

Predrag Dasic, University Union "Nikola Tesla", Serbia 

Volodymyr 

Hutsaylyuk, 

Dr hab. Eng., Professor, MUT Institute of Robots and Machine 
Design | Department of Manufacturing Technologies Faculty 
Mechanical Engineering Military University of Technology 

 

˛˝ːˍ˚˴˔ˍˣ˴˖˚˕˖ ˗˛˙˴˟˒˟ 

 

ɻʦʣʦʚʘ ɺʘʩʠʣʴʯʝʥʢʦ ʗ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚ. ʢʘʬ. ʂʄʉɯʊ, ɼɼʄɸ 

  

ɺʯʝʥʠʡ ʩʝʢʨʝʪʘʨ ʐʘʧʦʚʘʣʦʚ ʄ.ɺ., ʢ.ʪ.ʥ. 

 

ʏʣʝʥʠ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ 

ʢʦʤʽʪʝʪʫ 

ɸʥʪʦʥʝʥʢʦ ʗ.ʉ., ʢ.ʪ.ʥ.; ɸʥʮʠʬʝʨʦʚʘ ʆ.ʆ., ʢ.ʪ.ʥ.; 

ɹʫʭʦʚʝʮʴ ɺ.ʄ., ʢ.ʪ.ʥ.; ɺʦʣʦʰʠʥ ɺ.ʅ., ʢ.ʪ.ʥ.; 

ʂʦʙʝʣʴʥʠʢ ɺ.ʈ., ʢ.ʪ.ʥ.; ʂʦʧʻʡʢʽʥʘ ʄ.ʖ., ʢ.ʪ.ʥ.; 

ʃʝʱʫʢ ʈ.ʗ., ʢ.ʪ.ʥ.; ʉʝʥʯʠʰʠʥ ɺ.ʉ., ʢ.ʪ.ʥ.; 

ʉʦʨʦʢʽʥʘ ʊ.ʆ., ʢ.ʪ.ʥ.; ʍʦʨʦʰʘʡʣʦ ɺ.ɺ., ʢ.ʪ.ʥ.; 

ʖʨʯʠʰʠʥ ʆ.ʗ., ʢ.ʪ.ʥ.; ɺʘʩʠʣʴʯʝʥʢʦ ʖ.ɺ. 

 

 

 

 

 

 

 

 

ISBN 978-617-7893-02-7       É ɼɼʄɸ 2025 

  

http://vi.tntu.edu.ua/home/pratsivnyky-kafedry/vykladachi/buhovec-valerij-myhajlovych


6 
 

A FINITE ELEMENT STUDY OF UPPER DIE CHAMFER DIMENSIONS  

IN RADIAL EXTRUSION  
 

Abhari  P.B., Solianov D.O., Oliinyk D.S. 

(Donbass State Engineering Academy, Kramatorsk ï Ternopil, Ukraine) 
 

Extrusion is a widely used metal forming process valued for its versatility and 

industrial applications. As a high-speed, cost-effective method, it includes types such 

as forward, backward, radial, lateral, and combined extrusion. Radial extrusion 

involves pressing a billet with opposing punches to force material radially through a 

fixed die. The process is analyzed using the finite element method (FEM) via QForm 

2D, offering key insights into material flow and process optimization [1]. 

The die geometry and power mode parameters for the radial extrusion process 

with room temperature are as follows (Fig. 1): R0 ï the radius of billet (R0=18mm), 

R ï the flange radius (R=36mm), the billet height (70mm), h ï the relative flange height 

(h/R0=0,65), r ï the die chamfer (f=2; 6; 10mm), V ï punch velocity (V=1mm/s), P ï 

punch load, the friction factors between the billet and tools are 

constant (Zibel's law, ɛ=0.08), and also the material used for the simulation is 

AA 6060 aluminium alloy. 

   
a) b) c) 

1 ï punch, 2 ï upper die, 3 ï lower die 

Fig. 1. Effective strain distributions (a), effective stress distributions, MPa (b) and the punch 

load vs. the punch stroke, 1 ï f=2 mm; 2 ï f=6 mm; 3 ï f=10 mm (d) in the radial extrusion  
 

The maximum values of effective strain and stress are calculated as follows: 

Ů max =2.8, ů max =200MPa in the radial extrusion with f=10 mm (Fig. 1). And also, the 

study further examines how punch load varies with stroke, comparing loadïstroke 

curves for different upperΆdie chamfer dimensions. These curves reveal a pronounced 

rise in forming loads as the punch advances through successive deformation stages, 

underscoring how subtle changes in tool geometry can profoundly affect process 

performance (Fig. 1). 
Reference: 1. Abhari Payman. Investigation of load on the tools in precision radial extrusion 

process with multiple ram /Payman Abhari // XVII International scientific conference çNew 

technologies and achievements in metallurgy, material engineering and production engineeringè: 

Series: Monographs. ï Nr 56. ï Czňstochowa, 2016 ï ʈ. 330ï333. 
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APPLICATION OF MULTILAYER SWITCHING FOR NETWORK DESIGN 

IN A METAL FORMING ENTERPRISE USING CISCO PACKET TRACER  

 

Abhari  P.B., Tokar V.O., Khmarskyi D.P. 

(Donbass State Engineering Academy, Kramatorsk ï Ternopil, Ukraine) 
 

In modern enterprise and campus networks, the demand for both high-speed 

switching and efficient routing has led to the widespread adoption of multilayer 

switches. A multilayer switch (MLS) combines the low-latency switching of a 

traditional Layer 2 switch with the dynamic routing capabilities of a router operating 

at Layer 3. This hybrid device is fully capable of performing routing functions such as 

forwarding packets between different IP subnets, participating in routing protocols, and 

applying advanced policy-based controls, all while maintaining the performance 

characteristics of hardware-based switching [1].  

In designing a network topology for a metal forming enterprise, two multilayer 

switches are utilized in place of a traditional router. This configuration enhances 

performance by integrating routing and switching functions, offering greater flexibility 

and scalability within the network infrastructure (Fig. 1). 

 
Fig. 1  Network topology design with multilayer switches for a metal forming enterprise using cisco 

packet tracer: administrative campus (1); hot and cold forming campus (2); 

quality control campus (3) and warehouse campus (4) 

 

Reference: 1. A. Ziradkar, N. Mahendrakar, A. Palande, and Prof. Rajashri Sonawale, 

ñCampus network architecture using cisco packet tracer,ò International Research Journal of 

Engineering and Technology (IRJET), vol. Vol. 8, Issue 4, Apr 2021. [Online]. 
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AGGREGATE -MODULA R PRINCIPLE OF CREATING METAL -

CUTTING MACHINES  

 

Chupryna V.M., Cherednikov O.M. 

(State Scientific Research Institute of Armament and Military Equipment Testing and 

Certification, Cherkasy, Ukraine) 

 

Metal-cutting machines and complexes must be created using modern 

technologies and meet qualitatively new requirements for productivity and product 

quality. For this, it is necessary to guarantee such important indicators as accuracy, 

productivity, reliability, and the level of automation of machine tools. 

Analysis of general trends in the development of domestic and world machine 

tools indicates an increase in the level of automation of machines, as well as a 

significant increase in the level of flexibility and modularity of metalworking 

equipment. In this direction, one of the main ways to develop metalworking equipment 

is to transition to the aggregate-modular principle of machine tool construction, which 

was previously used only for the production of special aggregate machines in single 

copies. 

The aggregate-modular design of the machine tool is shown in Figure 1. 

 
1- rack, 2 - magazine, 3 - auto-operator, 4 - side frame, 5 - power table, 

6 - central frame, 7- rotary table, 8 - multi-spindle head, 

9 - spindle. 

Fig. 1. Layout diagram of a modular type machine: 
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The use of complete modules (assemblies, subassemblies, mechanisms), in 

particular mechatronic modules, as well as unified and normalized elements in machine 

tool designs allows you to create various layouts with a minimum number of original 

elements. This increases their flexibility, repairability, ease of modernization, 

significantly reduces the time for their design and production, reduces the cost of 

machines, makes it possible to widely unify modules and establish their production 

with high quality. 

Figure 2 shows the basic subsystems that form the basis of modular machine tool 

designs. These subsystems contain the main structural elements of a modular machine 

tool. Such aggregate assemblies include typical elements of the supporting system 

(frames, racks, consoles), longitudinal and cross tables, aggregate heads (self-acting 

and non-self-acting), spindle assemblies, automatic gearboxes, rotary tables, turret 

heads, etc. Already today, subsystems manufactured by specialized companies are 

widely used: motor-spindles; rotary tables, overhead guides, chip conveyors, tool 

magazines, turret heads, gearboxes with built-in motors, guide protection devices, and 

others. A significant step towards the aggregate-modular design of machine tools was 

the development, manufacture, and implementation of various types of mechatronic 

modules. When designing and manufacturing modular structures, special attention is 

paid to the unification of landing elements and surfaces for mounting modules. 

 

 
 

Fig. 2. The main subsystems of a modular machine tool 
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Thanks to the modular approach, new directions in the design of machine tools 

have appeared. 

1. Recently, more and more machine tools have appeared that are designed using 

mechatronic modules as complete modules, the feature of which is the location of the 

engine directly on the executive body. In various machine tools, such modules are tool 

and workpiece drives, which are made in the form of motor-spindles, feed drives, main 

drives, rotary and globe tables, rotary headstock, turret heads, rotary tool drives, and 

others. This allows you to significantly increase the modularity of the machine tool 

design by combining mechatronic modules into complex systems and complexes. 

2. Significant development is being made by new generation machine tools with 

variable configuration and open architecture. Reconfiguration provides greater 

flexibility and functionality of the machine tool system by changing the layout of the 

equipment or replacing system components. The change in the architecture of an open 

system occurs by replacing individual nodes - modules. When reconfiguring, it is also 

possible to modernize the machine tool system. Such systems are more flexible both in 

manufacturing and in operation. This necessitates the transition to the modular 

principle of designing and manufacturing machine tool systems. 

3. The development of hybrid layouts is also promising, in which traditional 

solutions coexist with layouts of machines with parallel kinematics (tripod, hexapod). 

The aggregate-modular principle of designing machines from typical modules is also 

widely used here. 

The transition to the aggregate-modular principle of building machine tools 

allows: 

to reduce the number of original parts in the machine tool and ensure high design 

unification of the component elements; 

to increase the accuracy, rigidity and reliability of structures; 

to increase efficiency and significantly reduce the design time of metalworking 

equipment; 

to deepen the specialization of the production of component units and 

significantly reduce the cost of machine tools. 

The latest methods of modular design and manufacturing of machine tools 

require new approaches in their research, among which the following can be identified: 

general issues of rational design of machine tools according to the modular 

principle (with ensuring the main indicators of machine tool quality); 

structural-parametric synthesis of modular machine tool designs; 

modern methods of calculating the main subsystems of the machine tool; 

consideration of the dynamics of the machine tool as a complex modular system; 

mathematical modeling of machine tools and their components. 

Assembly modules have their own characteristics, which, when assembled, are 

added to the similar characteristics of the entire machine tool. 

The use of the aggregate-modular principle of machine tool construction will 

lead to a significant improvement in the quality of metal-cutting equipment in 

production. 
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INVESTIGATION OF REASONS OF REDUCTION OF PERFORMANCE OF 

WELDED AUXILIARY METAL STRUCTURES OF BRIDGE CRANES  

 

Havrysh P., Segin Vi., Yusifov V. 

(Donbass State Engineering Academy, Kramatorsk ï Ternopil, Ukraine) 
 

Main steel structures of bridge cranes are main and final beams. Welding of such 

structures is always performed by qualified welders, after welding, non-destructive 

testing is mandatory, for example, ultrasonic. [1,2]. Metal for such structures is also 

necessarily chosen according to the requirements NPAOP 0.00-1.80-18. Welded 

structures of secondary elements, for example: ʩrane rail fastening rib,  welding 

structures of crane movement drive ï very often manufactured without calculating 

possible deformations and transverse shrinkage. 

Under conditions of cyclic fatigue load, defects occur and welds are destroyed 

during crane operation. Figure 1 shows examples of such defects. 

 

     

a       b 

a) Crane truck cross-section crack  b) Weld seam breakup of metal construction 

Fig. 1. Defects of auxiliary structures 

 

A number of reasons for such defects in crane metal structures have been 

identified. One of the reasons is the design flaws of the welded assembly. Such 

shortcomings arise when the designer does not understand and does not fulfill the basic 

requirements for lifting cranes operating under fatigue cyclic loads. Unlike static loads, 
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fatigue loads change not only their magnitude, but also their sign (positive loads and 

negative). Such loads are especially dangerous for welded units. 

When welding a metal, its microstructure changes, separate zones arise where 

the metal structure does not correspond to the base metal. Therefore, such a change in 

the microstructure does not withstand fatigue loads of metal and defects appear (cracks, 

weld failure). 

It is important to note that due to design flaws formed place lifting crane, where 

often there are defects from fatigue load. In Fig. 2. points of defects of auxiliary metal 

structures are shown. Such defects do not immediately affect the overall performance 

of the crane.  

But, consider for example Fig.1a. 

 

 

ʘ ï cracks in welds of joints of vertical wall with lower 

belt in the area of beam height change, formed in curvilinear part 

transition from smaller intersection to larger; ʙ ï attachment locations 

braces, frame stands, diagonals, frame connections, gussets;  

ʚ ï end point of the structural ribs, covers etc. 

Fig. 2 locations of defects in auxiliary metal structures 
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A crack in the cross member of the crane cart structure leads to a decrease in 

resistance to fatigue loads. First it expands and continues along the weld seam. Defects 

in welds and their destruction lead to an emergency condition of the crane cart. There 

is a need for urgent repairs. The crane is taken out of service while repairs are carried 

out. This reduces the functionality of the crane and its productivity. A repair plan is 

urgently developed, a specialized team is called in, etc. 

Conclusions. Thus, defects and damage to auxiliary metal structures 

significantly affect the general condition of the load-lifting crane and its performance. 

To prevent such situations, it is necessary to carefully inspect not only the main metal 

structures (main and final beams), but also auxiliary metal structures. Timely detection 

of defects leads to quick repairs and restoration of the craneôs performance. 
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DEVELOPMENT OF AN EXPERIMENTAL METHOD FOR DETERMINING 

LIMIT DEFORMATION IN ROLLED METAL SEPARATION  

 

Karnaukh  S. G., Chosta N. V. 

(Donbass State Engineering Academy, Kramatorsk ï Ternopil, Ukraine) 
 

Reducing metal consumption in blank production and increasing the accuracy 
and productivity of rolled metal cutting are important directions for improving 
mechanical engineering. These factors significantly affect the technical and economic 
indicators of subsequent forming processes. Therefore, obtaining high-quality blanks 
at a low production cost is a relevant task. Even a slight increase in the efficiency of 
the separation technology leads to a significant increase in production profitability. 

When evaluating the çstampabilityè of steel, the bending test according to ISO 
7438:2020 [1] plays a major role. However, despite its widespread use, this test has 
significant drawbacks that reduce its effectiveness in assessing quality. These 
drawbacks can be summarized as follows. 

Firstly, the value of the measured bending angle  ɻ , used as a characteristic 
of the ultimate plasticity, does not adequately reflect this material property since it 
depends on the specific test conditions such as the radius of the mandrel and the 
thickness of the specimen. Fracture occurs when a certain level of tensile deformation 

is reached in the outer layers of the specimen ʀ Ȣ Therefore, this value should be 
considered as an indicator of ultimate plasticity. 

In the study [2], a new methodology for determining the ultimate plasticity of 
strip steel during bending is proposed. This methodology utilizes specimens that differ 
in configuration from standard specimens and feature a çgrooveè on the inner 
(bending) side. 

However, fabricating specimens of such shape involves significant labor and 
cost. It is important to consider that among the various types of rolled products, the 
separation of round-sectioned rolled products is the most commonly demanded. 

Therefore, to address the task of determining ɻ  for ranking the metal's bending 
capability and selecting the method of separating rolled products into measured billets, 
it is practical to use specimens with a circular cross-section. 

The diameter of the specimen, $, should correspond to the diameter of the 
separated rolled product, and its length, Ì, should be no less than a certain value υϽ$. 

Prior to testing, a hole with a diameter of Ä ς ̍  ̍ is drilled at the center of the 
specimen. This hole serves to mark the working surface along the bending line with a 
measuring circle. During the bending process, the circle transforms into an ellipse, 
where the major axis Ì perpendicular to the bending line represents the longitudinal 

deformation ʀ of the surface layers, and the minor axis Ì along the bending line 

represents the transverse deformation ʀ. By recording Ìȟ Ì ̍  ̍at the moment of 
crack formation, it becomes straightforward to calculate the values of ultimate 
plasticity: 

‐ ὒὲὰὨϳ ; ‐ ὒὲὰ Ὠϳ . 
The first of these values characterizes the metal's çformabilityè. Consequently, 

when subjected to bending tests, it becomes relatively straightforward to predict the 
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outcomes of separating the rolled product, for which the actual degree of deformation 
is known. 

This method complements the methodology discussed in [3] for selecting the 
appropriate method of separating the rolled product into billets using synergetic 
fracture criteria. It helps minimize potential errors in choosing the separation method 
for materials with different mechanical properties. This is particularly relevant for 
materials that can be classified into different categories based on factors such as heat 
treatment, loading conditions (loading rate, temperature), and the nature of the stress 
state, including plastic, elastic-plastic, and brittle behaviors. Brittle materials may 
exhibit elastic-plastic or even plastic characteristics, while plastic materials can display 
brittle behavior. Overall, the proposed recommendations provide engineers with an 
effective tool for the rational selection of the separation method for rolled products into 
accurately sized billets. 

The sample was subjected to bending deformation at a low deformation rate 
using a three-point cold bending scheme until a destructive crack appeared, which was 
visually observed using a mirror. Measurements of the dimensions Ìȟ Ì ̍  ̍were 
carried out using a digital device. Subsequently, digital photographs, enlarged in 
computer images to significant sizes, were processed in the graphic editor COMPAS. 

The calculation results ‐ , ‐  based on the measured values ὰȟ ὰ are presented in 

Table 1. To scale the resulting image, an additional hole Ä ς ̍  ̍was drilled next to 
the deformed hole prior to photographing (Figure 1). The results of the experiments are 
presented in the form of graphs showing the dependence of longitudinal and transverse 
ultimate formability on the hardness of materials from different classes (Figure 2) [3]. 

 

Table 1. Calculation results ‐ , ‐  

Steel 
Bending axis 

direction 
‐  ‐  

2ʉ10 

Along the rolling 

direction 

0,56 0,39 

ʉ20 0,48 0,32 

C45 0,44 0,22 

100Cr6 0,25 0,20 
 

  
a b 

  
c d 

a ï ς˞ρπ; b ï ˞ ςπ; c ï ὅτυ; d ï ρππὅὶφ 
Figure 1. Photographs of the specimens with the deformed 

working hole after bending [3] 
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1 ï ‐ ὪὌὄ; 1 ï ‐ ὪὌὄ 

Figure 2. Relationship between longitudinal and transverse ultimate formability and material hardness 
 

Conclusions. Therefore, the value ‐ , determined based on the experimental 

results, serves as an indicator suitable for ranking metals according to their divisibility. 

The procedure for determining the ‐  indicator allows for the full standardization of 

the test. Considering the large-scale separation of rolled products into standard blanks, 

it is possible to expect accelerated accumulation of information on the ‐  magnitude 

for metals with different chemical compositions and structural states, leading to the 

formation of a corresponding database. 

The boundary of zone Ὅ (corresponding to a hardness range of ρψπ Ὄὄ) 
coincides with: ‐ πȟτψ; ‐ πȟςψ. Consequently, the steels: 2ʉ10, ʉ20, which 

fall within zone Ὅ, can be classified as materials in a çplastic stateè according to the 

aforementioned criteria. The boundary of zone ὍὍ (corresponding to a hardness range 

of ςψπ Ὄὄ) coincides with: ‐ πȟσυ; ‐ πȟςσ. Consequently, the steel ʉ45, 

which fall within zone ὍὍ, can be classified as materials in a çelastic-plastic stateè. The 

steel ρππὅὶφ falls within zone ὍὍὍ and exhibits characteristics of materials in a çbrittle 

stateè. 
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THE IMPACT OF ARTIFICIAL INTELLIGENCE ON THE 

EFFECTIVENESS OF STUDYING GENERAL TECHNICAL DISCIPLINES 

IN HIGHER EDUCATION  

 

Podlesny Sergy V. 

(Donbass State Engineering Academy, Kramatorsk ï Ternopil, Ukraine) 
 

The integration of artificial intelligence (AI) into higher education has emerged 

as one of the most transformative forces in contemporary academia. As educators and 

policymakers increasingly recognize that traditional teaching methods must evolve to 

accommodate rapid technological advances, the study of general technical 

disciplinesðsuch as mathematics, physics, engineering fundamentals, and computer 

scienceðstands at a pivotal juncture. The problem addressed in this report is 

multifaceted: How can the effectiveness of teaching and learning in these foundational 

technical disciplines be enhanced through the incorporation of AI tools and methods? 

This question is deeply connected with critical scientific and practical tasks, including 

the need to generate personalized learning experiences, improve educational outcomes, 

optimize resource allocation, and ultimately prepare graduates to succeed in a rapidly 

evolving digital economy. The rising prominence of AI offers the promise of 

transforming not only the content delivery and assessment methods but also the overall 

student learning trajectory, making it incumbent upon educators and researchers to 

critically evaluate the resultant impacts. 

Recent research and publications have already initiated the exploration of AIôs 

role in education. Pioneering studies have detailed the use of intelligent tutoring 

systems, adaptive learning platforms, and automated assessment tools that provide real-

time feedback and data-driven insights into student performance. For example, several 

experiments in the United States and Europe have demonstrated significant 

improvements in student engagement and academic achievement when AI-driven 

systems are integrated into general technical courses. Despite these promising results, 

numerous challenges remain unresolved. Earlier research often focused on isolated 

applications of AI, with limited attention to holistic integration across a curriculum 

covering diverse technical domains. Moreover, questions regarding scalability, long-

term effectiveness, ethical considerations, and the potential exacerbation of digital 

inequities have yet to be fully addressed. These gaps form the foundation of the present 

study, which aims to build upon and extend previous work by offering a comprehensive 

analysis of AIôs impact on the effectiveness of studying general technical disciplines 

in higher education [1-5]. 

Based on the identified gaps in the literature, the primary objectives of this report 

are fourfold. First, the study seeks to systematically assess the impact of AI tools on 

student performance and comprehension in general technical disciplines. Second, it 

aims to evaluate the degree to which AI-enabled personalized learning environments 

can address diverse learning styles and mitigate common challenges associated with 

traditional lecture-based formats. Third, the research intends to develop and test a 

robust framework for integrating AI-driven methodologies into the curriculum, 
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incorporating adaptive learning systems, natural language processing (NLP)-based 

tutoring solutions, and immersive simulation technologies. Fourth, the study strives to 

identify the potential barriers to effective implementationðsuch as issues of data 

security, algorithmic bias, and the need for extensive faculty trainingðand propose 

practical strategies to overcome them. 

The main material of the study is presented through a mixed-methods research 

design that combines quantitative experiments, qualitative case studies, and 

comprehensive literature analysis. In the quantitative phase, controlled experiments 

were conducted across several higher education institutions that offer courses in 

general technical disciplines. These experiments compared traditional teaching 

modalities with AI-enhanced learning environments by measuring key performance 

indicators such as test scores, concept mastery rates, and student retention. The 

experimental data indicated that students exposed to AI-based adaptive learning 

systems exhibited statistically significant improvements in both their understanding of 

complex technical concepts and their ability to apply these concepts to problem-solving 

tasks. For instance, in engineering fundamentals courses, students using AI-assisted 

simulations demonstrated faster acquisition of practical skills and a higher degree of 

conceptual clarity compared to their peers in traditional settings. 

The qualitative component of the study involved in-depth interviews and focus 

groups with students, educators, and administrators. These discussions revealed that 

AI interventions not only improve academic performance but also enhance student 

motivation and engagement by providing immediate, personalized feedback. 

Participants highlighted that AI tools facilitate a more interactive learning experience 

by enabling individualized learning trajectories, adjusting the pace of instruction 

according to student needs, and identifying areas where additional instructional support 

is required. Educators reported that the integration of AI into their teaching practices 

allowed them to shift some of their focus from routine instruction to higher-order 

mentoring and complex problem facilitation. At the same time, however, concerns 

about data privacy, the ethical deployment of AI algorithms, and the potential for over-

reliance on technology were consistently articulated, calling for the development of 

robust regulatory frameworks and ethical guidelines. 

A central component of the investigation was the development of an integrative 

conceptual framework for AI-enhanced education in general technical disciplines. This 

framework emphasizes four key dimensions: personalization, feedback, engagement, 

and scalability. Personalization is achieved through adaptive learning systems that 

tailor instructional content to match individual student profiles, thus addressing 

disparate learning speeds and styles. Feedback is delivered in real time via AI-powered 

analytics that can diagnose learning gaps and dynamically adjust instructional 

strategies. Engagement is fostered through interactive simulations and virtual 

environments that offer immersive learning experiences, allowing students to 

experiment safely with complex technical scenarios. Scalability is secured by 

deploying cloud-based AI solutions that can be seamlessly integrated into existing 

institutional infrastructures, ensuring that even large classes can benefit from 

individualized attention. This framework was validated through pilot implementations 



19 
 

in multiple institutions, where measured improvements in academic performance, 

satisfaction metrics, and overall course efficacy provided compelling evidence for the 

transformative potential of AI in this context. 

The scientific results obtained offer robust justification for the continued 

integration of AI in higher education. The data consistently show that AI-enhanced 

learning models lead to improved comprehension, higher engagement levels, and better 

retention rates among students studying general technical disciplines. Moreover, the 

study underscores the value of AI in enabling educators to identify and address 

individual learning challenges, thereby facilitating a more inclusive educational 

environment. The innovative use of technologies such as machine learning algorithms, 

natural language processing, and simulation-based instruction collectively contributes 

to a paradigm shiftðone that transforms static, one-dimensional teaching methods into 

dynamic, interactive, and student-centered learning experiences. Importantly, the 

findings also highlight critical areas for future research, including the optimization of 

AI tools for different technical subjects, strategies for mitigating ethical risks, and the 

development of standardized metrics for assessing the long-term benefits of AI 

integration in educational settings. 

In conclusion, this study provides comprehensive evidence that artificial 

intelligence significantly enhances the effectiveness of studying general technical 

disciplines in higher education. The integration of AI not only advances pedagogical 

practices by offering personalized, interactive, and data-driven instruction but also 

addresses long-standing challenges related to student engagement and instructional 

efficiency. The results advocate for a systematic and ethically grounded adoption of AI 

technologies that can cater to diverse learning needs while preparing graduates to thrive 

in a sophisticated, technology-rich global landscape. Future prospects for this research 

include expanding the scope of AI integration across additional academic disciplines, 

refining adaptive learning algorithms to further individualize learning experiences, and 

establishing multi-institutional collaborations to standardize best practices in AI-

enhanced education. As this field continues to evolve, such initiatives will be crucial 

in shaping a responsive and innovative educational system that not only meets current 

demands but also anticipates the future challenges of a rapidly digitizing world. 
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FEATURES OF TECHNOLOGY FOR THE MANUFACTURE OF LIQUID 

ROCKET ENGINE SHELLS TO THE MODERN CAPABILITIES OF CAD -

CAM SYSTEMS AND 5-AXIS CNC MACHINES  

 

Voichyshen O., Derbaba V. 

(Department of Engineering Technology and Materials Science, National Technical 

University "Dnipro Polytechnic", Dnipro, Ukraine) 
 

This article describes the following scientific results: 

1. The process of planing with a special cutting tool on a 5-axis CNC machine 

for machining screw surfaces of liquid engine (pic.1) housings was proposed for the 

first time. 

 
Picture 1. CAD model of liquid engine shells (screw surfaces) 

 

2. The principles of programming 5-axis CNC machines for planing using 

modern CAM-systems [1] have been developed for the first time. 

3. A mathematical model of increasing the accuracy of the control program on a 

CNC machine [2] for processing the spiral surfaces of the shells of liquid rocket 

engines has been obtained for the first time. 

4. CAM modeling of the cutting process was performed to obtain machining 

accuracy results. 

The practical significance of the results described in the article: 

1. A methodology for programming 5-axis CNC machines for machining spiral 

surfaces of liquid rocket engine housings by milling and planing was created and put 

into production. 
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2. The company introduced planing technology using a 5-axis CNC machine and 

special cutting tools. 

3. A system for measuring and analyzing liquid jet engine shells was put into 

production. 

4. A system for correcting the control program of a CNC machine was created 

and implemented to improve the accuracy of machining spiral surfaces of liquid rocket 

engine housings. 

Theoretical and practical achievements of the work were implemented at the 

following enterprises: State Enterprise ñProduction Association Yuzhny Machine-

Building plant named after A.M. Makarovò (YUZHMASH), State Enterprise 

ñYuzhnoye State Design Office named after M.K. Yangelò (YUZHNOYE SDO). 

The introduction presents scientific novelty and practical significance, reveals 

the relevance of the study. 

The main part analyzes the problems of manufacturing liquid rocket engine cases 

in modern production, methods of their manufacture and control, substantiates and 

adapts the method of modeling the planing process for machining spiral surfaces of 

liquid rocket engine cases. The method of programming 5-axis CNC machines for the 

planing process is described. A method of accuracy control in modeling the planing 

process is proposed. 

A mathematical model for improving the accuracy of machining the screw 

surfaces of liquid rocket engine covers is developed, experimental studies on full-scale 

samples using the mathematical model are considered, methods for modeling and 

programming the planing process for machining the screw surfaces of liquid rocket 

engine covers are developed. The results of using the above methods in production are 

considered. 

In the general conclusions, recommendations for the practical use of the 

developed methods and results are proposed and the results of theoretical and 

experimental studies are summarized. 
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THERMITE CASTING ADDITIVES FOR LARGE CASTINGS  

 
1Zhiguts Yu., 1Legeta Ya., 1Filvarochnyi S., 2Fordziun Y., 2Maksyutova O. 

(Uzhhorod National University, Ukraine, 2Mukachevo State University, Ukraine) 

 

Introduction. Analysing the problems of synthesis of cast materials by 

metallothermic and combined methods, the direction of practical application of 

synthesised materials for heating and feeding the sub-additive zone in 

technologies for producing castings with thermite applications of high 

temperature gradient is traced. 

Purpose of the work. To simulate the processes occurring during the 

feeding of large castings, melting was carried out under pilot conditions to 

produce rolls from ñʉʐʍʅ-45ò.  

Experimental part. Exothermic packs were placed on the melt surface. The 

packages were installed sequentially after controlling the formation of a solid crust on 

the surface of the casting additive with a probe. Portioning of the exothermic charge, 

in addition to increasing the duration of the charge burning, reduces heat loss of the 

thermite alloy. Fluorspar (CaF2) was additionally added to the charge, which reduces 

the ignition temperature of the mixture and increases the fluidity of alumina slag [1]. 

The mould was covered with a lid with a hole in the centre.  

The exothermic charge consisted of 80% thermite, 5.5% carbon (in the form of 

black graphite of ñɻʃ1ò grade), 11% ñɾʂʄʂ-1ò ligature (containing 5% Mg) with 

granules of 3-6 mm in size, 3.5% ferrosilicon (ñʌʉ75ò) and allowed the synthesis of 

a highly superheated melt with a chemical composition similar to that poured into the 

mould. The impurities reduce the calorific value of the exothermic charge by up to 

3200 kJ/kg according to theoretical calculations. The weight of the charge was 

calculated according to the methods of [2] and ranged from 20.5 to 27.6 kg. The loading 

of packages with a metal-thermal charge, each weighing ~ 8 kg, onto the melt surface 

was carried out sequentially three times with a time interval of 1.5 minutes. 

The analysis of the studied rolls showed that for the experimental rolls, the 

smooth surface was limited by smooth edges, in contrast to the complex branched 

shrinkage sink inherent in rolls produced by standard technology. This indicates that 

the heating of the casting additive is sufficient, which is ensured by directed heat 

removal and feeding the casting with a liquid thermite alloy. Subsequent machining of 

the rolls showed the absence of shrinkage defects (pores, shells) and a slight deviation 

in the chemical composition of the roll neck material (Table 1). No bleaching was 

detected in the microstructure of the cast iron roll surface. The casting additive zone 

consisted of high-strength cast iron with ñɻʌ9òïñɻʌ12ò graphite balls. In the 

experiments described above, the casting additive was not topped up by 1/3 with pig 
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iron. The alloy saving on the casting additions was 33%. A section of the casting 

additive showed that the shrinkage sink penetrated 0.5 of its height. 

Machining of the roll necks did not reveal any shrinkage defects. Chemical 

analysis showed that the chemical composition of the casting iron for the roll body and 

casting additive was identical. This opens up significant prospects for alloy savings in 

the production of heavy and medium shaft castings. 

After pouring the mould, pauses were maintained between charge pours, the 

duration of which was determined by the time of hard crust formation on the surface 

of the casting additive and was 3-6 minutes (depending on the roll weight). The first 

experiments showed that the charge does not ignite immediately after charging, but 

with a delay of 1-3 minutes. This made it possible to simplify the technology of 

exothermic charge charging and pour it directly into the additional casting part of the 

casting using measuring containers [1-3]. 

Fig. 1 shows the microstructures of the working layers of ñʉʐʍʅ-45ò roll 

castings obtained by conventional and experimental technologies, with the formation 

of a ledeburite structure of alloy cast iron, dark globules are graphite inclusions. In all 

cases, pickling was carried out with nitallium. 

 

     
Fig. 1. Microstructure of the working layer of the roll of ñʉʐʍʅ-45ò: 

a) made by conventional technology, b) version ñʉʐʍʅ-45ò, made by experimental technology 

(ʭ200) 

 

In addition, it was found that in actual production conditions, there are delays in 

the introduction of the metallothermic charge that are longer than the recommended 

pauses. In this case, the temperature of the charge may no longer be sufficient to ignite 

it. In this case, the charge must be ignited with thermite matches, which has virtually 

no effect on the efficiency of the thermite casting additive. 

During the machining process, clubs were taken from the upper part of the roll 

base and the upper neck for chemical and metallographic analysis and mechanical 

testing. The main parameters of using the pilot technology of high-temperature casting 

additives to produce roll castings and the results of mechanical tests are shown in 

Table 1. 
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Metallographic analysis of the rolls, chemical analysis and mechanical testing 

made it possible to assess the impact of the synthesised materials on the quality of the 

material of the working layer and the upper neck of the roll. The quality of the roll 

material and, above all, the surface hardness of its working layer determine the 

durability of these parts in operation. 

The working layer of both the experimental and control rolls has a structure of 

spheroidal cast iron with nodular graphite. The nature of changes in the size and 

number of graphite inclusions, dispersion and amount of free cementite, as well as 

hardness along the depth of the working layer for control and experimental rolls are 

almost identical (Table 1). 

 
Table 1 - Mechanical characteristics of the material of the upper roll neck 

Roll design type 
Manufacturing 

technology 

Hardness, 

ʅɺ 

Tensile strength, ůb, 

MPa 

ñʉʐʍʅ-45ò 
Traditional 230 463 

Experimental 227 495 

 

Based on the results of the study, it can be concluded that the practical use of the 

synthesised cast irons in the technologies of high temperature metal-thermal 

applications in foundries did not have a negative impact on the microstructure and 

hardness of the working layer of the upper neck of the rolls. At the same time, the 

tensile strength of the upper neck material even increased by 3-10%. A reduction in 

material consumption in the production of rolled rolls was also confirmed by reducing 

the weight of the additive by 60-70% compared to the conventional one [3]. The 

proposed technology does not require significant changes to the traditional casting 

process. Its implementation eliminates the operations of sprinkling and topping up, and 

replaces them with the operations of preparing a metal-thermal charge and its filling.  

Conclusions. The study of the synthesised high quality thermite cast irons 

determined their mechanical properties and microstructure. The use of a thermite alloy 

in the casting additive zone allows the alloy to mature, refine its structure, and increase 

the mechanical properties of the shaft neck by 10-20%. The introduction of the 

technology of thermite casting additives also allows for significant savings in liquid 

alloy consumption and, accordingly, achieves a significant economic effect.  
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ɽʌɽʂʊʀɺʅɯʉʊʔ ɿɸʉʊʆʉʋɺɸʅʅʗ ʂʆʄʇʆɿʀʊɯɺ ʅɸ 

ʆʉʅʆɺɯ ʅɯʊʈʀɼʋ ɹʆʈɸ ʇʈʀ ʆɹʈʆɹʃɽʅʅɯ 

ɺʀʉʆʂʆʄɸʈɻɸʅʎɽɺʀʍ ʉʊɸʃɽʁ 

 
1ɸʚʨʘʤʯʫʢ ʉ.ʂ., 2ɸʥʪʦʥʶʢ ɺ.ʉ., 2ɺʦʣʢʦʛʦʥ ɺ.ʄ., 2ʂʨʘʚʯʫʢ ɸ.ɺ. 

(1ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʽʤ.ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʥʾʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 
2ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 

ʉʪʘʣʽ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʤʘʨʛʘʥʮʶ ʪʘ ʽʥʰʠʭ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʪʘ 

ʛʽʨʥʠʯʦʨʫʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʨʘʜʠʮʽʡʥʦ ʪʘʢʽ ʜʝʪʘʣʽ ʦʙʨʦʙʣʷʶʪʴ ʥʘʧʘʡʥʠʤʠ 

ʨʽʟʮʷʤʠ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ɺʂ8.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʜʝʪʘʣʽ ʧʽʩʣʷ ʣʠʪʪʷ ʤʽʩʪʠʪʴ ʚʢʣʶʯʝʥʥʷ ʧʽʩʢʫ ʪʘ ʽʥʰʠʭ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʤʘʶʪʴ ʣʠʚʘʨʥʫ ʢʽʨʢʫ ʽ ʨʘʢʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʩʭʠʣʴʥʽʩʪʴ ʜʦ 

ʥʘʢʣʝʧʫ, ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʣʘʟʤʦʚʽ ʧʘʣʴʥʠʢʠ, ʷʢʠʤʠ ʧʦʧʝʨʝʜʥʴʦ.  

ʎʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʙʨʦʙʣʝʥʥʷ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʡ, ʝʢʦʣʦʛʽʯʥʦ 

ʰʢʽʜʣʠʚʠʡ, ʝʥʝʨʛʦʻʤʥʠʡ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʛʽʜʥʠʡ.  

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ ʥʽʪʨʠʜʫ ʙʦʨʫ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɼʦʩʣʽʜʞʝʥʦ ʭʘʨʘʢʪʝʨ ʟʥʦʩʫ ʧʣʘʩʪʠʥ ʢʦʤʧʦʟʠʪʫ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ 

ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ.  

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʘʣʴʥʠʭ ʧʣʘʩʪʠʥ 

ʜʽʘʤʝʪʨʦʤ 12,7 ʤʤ ʟ ʇʉʊʄ ʥʘ ʦʩʥʦʚʽ ɺNʚ ʥʘ ʦʧʝʨʘʮʽʷʭ ʪʦʢʘʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʤʘʨʛʘʥʮʝʚʦʾ ʩʪʘʣʽ 110ɻ13ʃ ʪʚʝʨʜʽʩʪʶ ʅɺ 210..240 ʧʦʢʘʟʘʣʠ, ʱʦ ʜʘʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʫʩʧʽʰʥʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʤʽʮʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʝʨʝʨʠʚʯʘʩʪʦʶ ʧʦʚʝʨʭʥʝʶ.  

ʆʙʨʦʙʣʝʥʥʷ ʨʫʭʦʤʦʾ ʙʨʦʥʽ ʜʨʦʙʘʨʦʢ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʦʢʘʨʥʦ-ʢʘʨʫʩʝʣʴʥʦʤʫ 

ʚʝʨʩʪʘʪʽ ʤʦʜ. 1512.  
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ʐʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʚʘʨʽʶʚʘʣʘʩʷ ʚ ʜʽʘʧʘʟʦʥʽ V = 50...180 ʤ/ʭʚ, 

ʧʦʜʘʯʘ ʩʪʘʥʦʚʠʣʘ S = 0,5 ʤʤ/ʦʙ ʧʨʠ ʛʣʠʙʠʥʽ ʨʽʟʘʥʥʷ t = 2...4 ʤʤ. ɿʘ ʢʨʠʪʝʨʽʡ 

ʟʘʪʫʧʣʝʥʥʷ ʧʨʠʡʤʘʣʠ ʚʪʨʘʪʫ ʨʽʟʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʨʦʤʢʠ ʧʣʘʩʪʠʥʠ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʥʦʩ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ ʚ ʤʝʞʘʭ 0,7 ... 1,3 ʤʤ. 

ɺ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʝʭʘʥʽʟʤʫ ʟʥʦʰʫʚʘʥʥʷ ʜʚʦʰʘʨʦʚʠʭ ʧʣʘʩʪʠʥ 

ʪʠʧʫ ʛʝʢʩʘʥʽʪʫ-ʈ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʚʠʩʦʢʦʤʘʨʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ ʟʽ ʰʚʠʜʢʽʩʪʶ 

ʨʽʟʘʥʥʷ V < 1,5 ʤ/ʩ ʧʝʨʝʚʘʞʘʻ ʟʥʦʰʫʚʘʥʥʷ ʧʣʘʩʪʠʥ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ. ʇʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʤ ʟʥʦʩʦʤ ʷʢ ʧʦ 

ʟʘʜʥʽʡ, ʪʘʢ ʽ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ, ʘ ʧʨʠ ʰʚʠʜʢʦʩʪʽ V > 2,5 ʤ/ʩ ʜʦʤʽʥʫʶʯʠʤ ʩʪʘʻ ʟʥʦʩ 

ʧʦ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ.  

ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʽ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʤʘʨʛʘʥʮʦʚʠʩʪʦʾ ʩʪʘʣʽ 

110ɻ13ʃ, ʢʦʣʠ ʧʨʠ V < 90 ʤ/ʭʚ ʧʝʨʝʚʘʞʘʚ ʟʥʦʩ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ 

ʢʦʤʧʦʟʠʪʫ, ʘ ʧʨʠ V > 130 ʤ/ʭʚ ʟʥʦʩ ʧʦʯʠʥʘʚʩʷ ʧʝʨʝʚʘʞʥʦ ʧʦ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ, 

ʫʪʚʦʨʶʶʯʠ ʢʨʘʪʝʨ. ʆʧʪʠʤʘʣʴʥʠʤʠ ʚʠʷʚʠʣʠʩʷ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 

90...110 ʤ/ʭʚ, ʫ ʷʢʠʭ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʧʣʘʩʪʠʥ ʩʪʘʥʦʚʠʚ 180...190 ʭʚ.  

ʈʟ̔ʘʣʴʥʽ ʧʣʘʩʪʠʥʠ ʟ ʨʦʟʨʦʙʣʝʥʦʛʦ ʇʉʊʄ ʥʘ ʦʩʥʦʚʽ BNʚ, ʷʢʠʤʠ ʦʙʨʦʙʣʷʣʠ 

ʟʘʛʦʪʦʚʢʠ, ʥʘʚʽʪʴ ʧʽʩʣʷ 240 ʭʚ ʨʦʙʦʪʠ ʥʝ ʤʘʣʠ ʚʠʜʠʤʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʨʽʟʘʣʴʥʦʾ 

ʢʨʦʤʢʠ ʽ ʪʽʣʴʢʠ ʧʽʩʣʷ 480 ʭʚ ʚʽʜʙʫʚʘʣʦʩʷ ʨʫʡʥʫʚʘʥʥʷ ʢʨʦʤʢʠ ʙʣʠʟʴʢʦ 1,5 ʤʤ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʚʠʨʦʙʥʠʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ BNʚ ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʚʠʩʦʢʦʘʨʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 
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ʂʆʃɸɹʆʈɸʊʀɺʅɯ ʈʆɹʆʊʀ: ʂʃʖʏ ɼʆ ʅɽʉʊɸʏɯ 

ʂɺɸʃɯʌɯʂʆɺɸʅʀʍ ʈʆɹɯʊʅʀʂɯɺ 

 

ɸʣʪʠʯʝʥʢʦ ɻ.ɺ., ʇʘʩʴʢʦ ʄ.ʄ.  

(ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ çɼʨʫʞʢʽʚʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ 

ɼʦʥʙʘʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʘʢʘʜʝʤʽʾè, ʤ. ɼʨʫʞʢʽʚʢʘ, ʋʢʨʘʾʥʘ) 

 

ʅʝʩʪʘʯʘ ʨʦʙʦʯʦʾ ʩʠʣʠ ʘʙʦ ʥʝʩʪʘʯʘ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʨʦʙʽʪʥʠʢʽʚ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ. 

ʗʢ ʽ ʪʨʘʜʠʮʽʡʥʽ ʧʨʦʤʠʩʣʦʚʽ ʤʘʥʽʧʫʣʷʪʦʨʠ, ʢʦʣʘʙʦʨʘʪʠʚʥʽ ʨʦʙʦʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʟʘʚʜʘʥʴ. ɺʦʥʠ ʥʝ ʚʠʤʘʛʘʶʪʴ 

ʧʝʨʝʙʫʜʦʚʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʾʤ 

ʧʦʪʨʽʙʥʦ ʽʩʪʦʪʥʦ ʤʝʥʰʝ ʧʨʦʩʪʦʨʫ, ʥʽʞ ʧʨʦʤʠʩʣʦʚʠʤ ʨʦʙʦʪʘʤ. 

ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʜʝ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʢʣʶʯʘʻ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʶʚʘʥʠʭ ʦʧʝʨʘʮʽʡ, ʘʣʝ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʤʽʩʪʠʪʠ 

ʩʪʘʥʜʘʨʪʥʫ ʢʦʤʽʨʢʫ ʟ ʧʨʦʤʠʩʣʦʚʠʤ ʨʦʙʦʪʦʤ-ʤʘʥʽʧʫʣʷʪʦʨʦʤ.  

ʆʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʙʦʪʽʚ (ʢʦʣʘʙʦʨʘʪʠʚʥʠʭ ʨʦʙʦʪʽʚ) 

1. ɿʚʘʨʶʚʘʥʥʷ 

ʂʦʙʦʪʠ ʟʜʽʡʩʥʶʶʪʴ ʨʝʚʦʣʶʮʽʶ ʚ ʪʝʭʥʦʣʦʛʽʾ ʟʚʘʨʶʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ 

ʟʚʘʨʶʚʘʥʥʽ MAG (ʟʚʘʨʶʚʘʥʥʷ ʤʝʪʘʣʫ ʚ ʘʢʪʠʚʥʦʤʫ ʛʘʟʽ) ʥʝʣʝʛʦʚʘʥʠʭ ʪʘ 

ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ. ɺʦʥʠ ʙʝʨʫʪʴ ʥʘ ʩʝʙʝ ʤʦʥʦʪʦʥʥʽ ʪʘ ʪʦʯʥʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ 

ʯʘʩʪʦ ʩʪʦʤʣʶʶʪʴ ʧʨʘʮʽʚʥʠʢʽʚ ʯʠ ʻ ʥʝʙʝʟʧʝʯʥʽ ʜʣʷ ʥʠʭ.  

ɼʦ ʧʝʨʝʚʘʛ ʢʦʙʦʪʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʥʘʣʝʞʘʪʴ: 

Å ɺʠʱʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ: ʢʦʙʦʪʠ ʧʨʘʮʶʶʪʴ ʙʝʟʧʝʨʝʨʚʥʦ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʝʟʤʽʥʥʦ ʚʠʩʦʢʦʷʢʽʩʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

Å ɻʥʫʯʢʽʩʪʴ: ʾʭ ʤʦʞʥʘ ʰʚʠʜʢʦ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʨʽʟʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʚʘʨʶʚʘʥʥʷ. 

Å ɽʢʦʣʦʛʽʯʥʽʩʪʴ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʟʽʚ ʟʥʠʞʫʻ 

ʨʦʟʙʨʠʟʢʫʚʘʥʥʷ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʫʤʫ ʜʦʦʧʨʘʮʶʚʘʥʥʷ. 

Å ɹʝʟʧʝʢʘ ʧʨʘʮʽ: ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʟʚʽʣʴʥʷʶʪʴʩʷ ʚʽʜ ʥʝʙʝʟʧʝʯʥʠʭ ʟʘʚʜʘʥʴ ʽ 

ʤʦʞʫʪʴ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʩʢʣʘʜʥʽʰʠʭ ʟʘʚʜʘʥʥʷʭ. 

2. ɿʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʚʘʥʪʘʞʝʥʥʷ ʚʝʨʩʪʘʪʽʚ. 

ɺʟʷʪʠ ʟʘʛʦʪʦʚʢʫ ʟ ʣʦʪʢʘ, ʚʩʪʘʥʦʚʠʪʠ ʾʾ ʚ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʚʝʨʩʪʘʪʘ, ʧʦʯʝʢʘʪʠ 

ʧʦʢʠ ʚʝʨʩʪʘʪʥʠʢ ʚʠʢʦʥʘʻ ʦʙʨʦʙʢʫ ʜʝʪʘʣʽ, ʟʘʙʨʘʪʠ ʜʝʪʘʣʴ ʽ ʧʦʢʣʘʩʪʠ ʾʾ ʚ ʣʦʪʦʢ - ʮʽ 

ʦʧʝʨʘʮʽʾ ʙʫʢʚʘʣʴʥʦ ʩʪʚʦʨʝʥʽ ʜʣʷ ʢʦʙʦʪʘ. ʂʦʙʦʪ ʦʙʩʣʫʛʦʚʫʻ ʚʘʰ ʚʝʨʩʪʘʪ ʙʝʟ ʧʘʫʟ 

2 ʟʤʽʥʠ ʧʦʩʧʽʣʴ 7 ʜʥʽʚ ʥʘ ʪʠʞʜʝʥʴ. 
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3. ʇʘʣʝʪʫʚʘʥʥʷ. 

ʈʦʟʩʪʘʚʣʷʥʥʷ ʢʦʨʦʙʦʢ ʟ ʜʝʪʘʣʷʤʠ ʥʘ ʧʘʣʝʪʠ ï ʮʝ ʥʝ ʪʽʣʴʢʠ ʦʜʥʦʤʘʥʽʪʥʘ 

ʨʦʙʦʪʘ, ʘ ʡ ʬʽʟʠʯʥʦ ʚʘʞʢʘ. ʗʢʱʦ ʢʦʨʦʙʢʘ ʚʘʞʠʪʴ ʫʤʦʚʥʠʭ 10 ʢʽʣʦʛʨʘʤ, ʤʽʮʥʦʤʫ 

ʚʘʥʪʘʞʥʠʢʫ ʚʦʥʘ ʥʝ ʟʜʘʻʪʴʩʷ ʚʘʞʢʦʶ ʣʠʰʝ ʧʝʨʰʽ 50 ʨʘʟʽʚ. ʈʦʙʦʪ ʙʝʟ ʧʠʪʘʥʴ ʾʭ 

ʚʘʥʪʘʞʠʪʠʤʝ ʨʽʚʥʦ ʜʦʪʠ, ʜʦʢʠ ʚʦʥʠ ʥʝ ʟʘʢʽʥʯʷʪʴʩʷ. 

ʇʝʨʝʚʘʛʠ ʢʦʙʦʪʽʚ ʫ ʙʦʨʦʪʴʙʽ ʟ ʥʝʩʪʘʯʝʶ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʨʦʙʽʪʥʠʢʽʚ 

Å ɿʚʽʣʴʥʝʥʥʷ ʚʽʜ ʤʦʥʦʪʦʥʥʠʭ ʟʘʚʜʘʥʴ: ʢʦʙʦʪʠ ʙʝʨʫʪʴ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʧʦʚʪʦʨʶʚʘʥʽ ʟʘʚʜʘʥʥʷ, ʟʚʽʣʴʥʷʶʯʠ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʜʣʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ 

ʘʙʦ ʟʘʤʽʥʶʶʯʠ ʥʝʩʪʘʯʫ ʧʨʘʮʽʚʥʠʢʽʚ. 

Å ʅʠʟʴʢʽ ʽʥʚʝʩʪʠʮʽʡʥʽ ʚʠʪʨʘʪʠ: ʢʦʙʦʪʠ ʜʝʰʝʚʰʽ ʟʘ ʪʨʘʜʠʮʽʡʥʽ ʧʨʦʤʠʩʣʦʚʽ 

ʨʦʙʦʪʠ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʝ ʧʦʚʝʨʥʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ.  

Å ɻʥʫʯʢʽʩʪʴ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ʢʦʙʦʪʽʚ ʤʦʞʥʘ ʣʝʛʢʦ ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʪʘ 

ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʚʠʤʦʛ. 

Å ʅʦʚʽ ʧʨʦʬʝʩʽʡʥʽ ʦʙʣʘʩʪʽ: ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʙʦʪʽʚ ʩʪʚʦʨʶʻ ʥʦʚʽ ʨʦʙʦʯʽ ʤʽʩʮʷ 

ʫ ʛʘʣʫʟʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʨʦʙʦʪʽʚ. 

Å ʂʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʙʦʪʽʚ, ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʪʘ ʟʤʽʮʥʶʚʘʪʠ ʩʚʦʾ ʧʦʟʠʮʽʾ ʥʘ ʨʠʥʢʫ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʙʦʪʘ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

¶ ʅʝʚʝʣʠʢʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʜʦ 300 ʢʛ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ 

ʧʦʥʘʜ 300 ʢʛ ʘʙʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʚʩʝ ʦʜʥʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʩʪʦʚʠʡ 

ʢʨʘʥ ʪʘ ʟʥʘʥʥʷ ʩʪʨʦʧʘʣʴʥʠʢʘ. 

¶ ʅʝ ʚʩʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʚ ʚʘʞʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʤʦʞʝ 

ʚʠʢʦʥʘʪʠ ʢʦʙʦʪ.  

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ, ʢʦʙʦʪʠ ʻ ʮʝʥʪʨʘʣʴʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʫ 

ʧʦʜʦʣʘʥʥʽ ʥʝʩʪʘʯʽ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʨʦʙʽʪʥʠʢʽʚ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʶʜʩʴʢʫ ʧʨʘʮʶ, ʧʽʜʚʠʱʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

 

ʃ̔ ʪʝʨʘʪʫʨʘ: 

1.https://biz.nv.ua/ukr/experts/hto-taki-koboti-shcho-vmiyut-robiti-i-skilki-koshtuyut-

ostanni-novini-50122600.html 

2. https://ewlog.com.ua/blog/hnuchka-avtomatyzatsiya 

3.https://robotics.ua/avtomatyzyrovannyi-zavod.-promyshlennye-roboty-na-

proyzvodstve/?srsltid=AfmBOoqXG5uOMyw8WMdtHbbwyj9TQpzhxiaigZzxVV4W6j1gSJitndag 

 

https://biz.nv.ua/ukr/experts/hto-taki-koboti-shcho-vmiyut-robiti-i-skilki-koshtuyut-ostanni-novini-50122600.html
https://biz.nv.ua/ukr/experts/hto-taki-koboti-shcho-vmiyut-robiti-i-skilki-koshtuyut-ostanni-novini-50122600.html
https://ewlog.com.ua/blog/hnuchka-avtomatyzatsiya
https://robotics.ua/avtomatyzyrovannyi-zavod.-promyshlennye-roboty-na-proyzvodstve/?srsltid=AfmBOoqXG5uOMyw8WMdtHbbwyj9TQpzhxiaigZzxVV4W6j1gSJitndag
https://robotics.ua/avtomatyzyrovannyi-zavod.-promyshlennye-roboty-na-proyzvodstve/?srsltid=AfmBOoqXG5uOMyw8WMdtHbbwyj9TQpzhxiaigZzxVV4W6j1gSJitndag
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ʆʎɯʅʂɸ ʉʀʃʆɺʆɻʆ ʈɽɾʀʄʋ ʇʈʀ ʈɸɼɯɸʃʔʅʆʄʋ 

ɺʀɼɸɺʃʖɺɸʅʅɯ ʂʆʅɯʏʅʀʍ ʌʃɸʅʎɯɺ  
 

1ɸʣʽʻʚ ɯ.ʉ., 2ʃʝʚʯʝʥʢʦ ɺ.ʄ., 1ɸʙʭʘʨʽ ʇ.ɹ. 

( 1ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ-ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ, 
2ɯʈɽ ʽʤ. ʆ.ʗ. ʋʩʠʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ) 

 

ʆʩʚʦʻʥʥʷ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʘʚʣʶʚʘʥʥʷ ʩʧʨʠʷʻ 
ʧʽʜʚʠʱʝʥʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ 
ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʷʢʽʩʥʽ ʧʨʝʮʠʟʽʡʥʽ ʜʝʪʘʣʽ. ɼʝʪʘʣʽ ʟ ʬʣʘʥʮʷʤʠ (ʨʠʩ. 1) 
ʩʪʘʥʦʚʣʷʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʩʝʨʝʜ ʜʝʪʘʣʝʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʦʤʫ 
ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ 
ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʤʝʪʦʜʽʚ ʪʦʯʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʰʪʘʤʧʫʚʘʥʥʷ ï ʭʦʣʦʜʥʝ 
ʨʘʜʽʘʣʴʥʝ ʚʠʜʘʚʣʶʚʘʥʥʷ ʟ ʩʫʮʽʣʴʥʦʾ ʘʙʦ ʪʨʫʙʯʘʪʦʾ ʟʘʛʦʪʦʚʢʠ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ 
ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʫ ʟ ʪʦʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʷʢʠʡ ʤʘʻ ʧʦʣʽʧʰʝʥʽ ʩʣʫʞʙʦʚʽ 
ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʡʞʝ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʶ 
ʦʙʨʦʙʢʦʶ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʭʝʤ ʚʠʜʘʚʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 
ʥʝ ʪʽʣʴʢʠ ʨʦʟʰʠʨʠʪʠ ʘʩʦʨʪʠʤʝʥʪ ʜʝʪʘʣʝʡ ʟʘ ʨʘʭʫʥʦʢ ʫʩʢʣʘʜʥʝʥʥʷ ʾʭ ʛʝʦʤʝʪʨʽʾ, 
ʘʣʝ ʡ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʽʥʝʤʘʪʠʯʥʝ ʘʙʦ ʩʠʣʦʚʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʟ ʤʝʪʦʶ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʚʠʨʦʙʽʚ, ʟʥʠʞʝʥʥʷ ʟʫʩʠʣʴ 
ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ʈʠʩ. 1. ʇʨʠʢʣʘʜʠ ʜʝʪʘʣʝʡ ʟ ʢʦʥʽʯʥʠʤʠ ʬʣʘʥʮʷʤʠ (ʛʝʦʤʝʪʨʠʯʥʽ 3D ʤʦʜʝʣʽ) 

 
ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʭʦʣʦʜʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʚʘʞʣʠʚʦ 

ʚʠʟʥʘʯʠʪʠ ʟʫʩʠʣʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʫʩʠʣʣʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʽʥʩʪʨʫʤʝʥʪ. ʆʮʽʥʢʘ ʮʠʭ 
ʧʘʨʘʤʝʪʨʽʚ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʘʣʝ ʡ ʩʧʨʦʝʢʪʫʚʘʪʠ 
ʨʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʰʪʘʤʧʦʚʦʛʦ ʦʩʥʘʱʝʥʥʷ. ʆʩʦʙʣʠʚʽʩʪʶ 
ʰʪʘʤʧʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ (ʨʘʜʽʘʣʴʥʦʛʦ ʪʘ 
ʙʦʢʦʚʦʛʦ), ʻ ʥʘʷʚʥʽʩʪʴ ʩʢʣʘʜʝʥʠʭ ʨʦʟôʻʤʥʠʭ ʤʘʪʨʠʮʴ. ʎʝ ʫʩʢʣʘʜʥʶʻ 
ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʦʛʦ ʦʩʥʘʱʝʥʥʷ, ʘʜʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟôʻʤʥʠʭ ʤʘʪʨʠʮʴ 
ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʥʘʜʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʬʽʢʩʘʮʽʾ ʥʘʧʽʚʤʘʪʨʠʮʴ ʪʘ ʥʝʜʦʧʫʱʝʥʥʷ 
ʾʭ ʨʦʟʢʨʠʪʪʷ ʫ ʧʨʦʮʝʩʽ ʚʠʜʘʚʣʶʚʘʥʥʷ. ʊʦʤʫ ʨʘʟʦʤ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʟʫʩʠʣʣʷ 
ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʦʮʽʥʫʚʘʪʠ ʽ ʟʫʩʠʣʣʷ, ɦ ʦ ʜʽʶʪʴ ʥʘ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ 
ʨʦʟôʻʤʥʦʾ ʤʘʪʨʠʮʽ. 
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ɺ ɼɼʄɸ ʜʣʷ ʘʥʘʣʽʟʫ ʩʠʣʦʚʦʛʦ ʨʝʞʠʤʫ ʧʨʦʮʝʩʽʚ ʚʠʜʘʚʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 
ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʞʝ ʪʨʠʚʘʣʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽ 
ʢʽʥʝʤʘʪʠʯʥʽ ʤʦʜʫʣʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʪʘ ʧʨʠʰʚʠʜʯʠʪʠ ʩʪʚʦʨʝʥʥʷ ʪʘ 
ʨʝʘʣʽʟʘʮʽʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʰʪʘʤʧʫʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 
ʩʢʣʘʜʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʜʝʢʽʣʴʢʦʤʘ ʩʪʫʧʝʥʷʤʠ ʪʝʯʽʾ ʤʝʪʘʣʫ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʚʝʨʭʥʴʦʾ ʦʮʽʥʢʠ 
ʪʘ ʨʦʟʨʦʙʣʝʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʤʦʜʫʣʽʚ ʧʨʦʮʝʩʽʚ ʨʘʜʽʘʣʴʥʦʛʦ ʪʘ ʙʦʢʦʚʦʛʦ 
ʚʠʜʘʚʣʶʚʘʥʥʷ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʧʠʪʦʤʽ ʟʫʩʠʣʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʢʨʠʪʪʷ 
ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʪʨʠʮʴ ʟ ʢʨʘʡʢʦʶ ʫ ʚʠʛʣʷʜʽ ʬʘʩʢʠ ʪʘ ʟʘʦʢʨʫʛʣʝʥʦʶ ʢʨʘʡʢʦʶ 
[1, 2]. ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʛʦ 
ʤʦʜʫʣʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʤʝʪʦʜ ʚʝʨʭʥʴʦʾ ʦʮʽʥʢʠ ʪʘ ʧʨʠʥʮʠʧ 
ʚʽʨʪʫʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʰʚʠʜʢʦʩʪʝʡ ʜʝʬʦʨʤʘʮʽʾ ʣʽʥʝʘʨʠʟʫʚʘʣʠ, 
ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʽʜʦʢʨʝʤʠʪʠ ʘʢʪʠʚʥʽ ʪʘ ʨʝʘʢʪʠʚʥʽ ʩʢʣʘʜʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ 
ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʠʭ ʟʫʩʠʣʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʢʨʠʪʪʷ 
ʤʘʪʨʠʮʽ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʦʭʠʙʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ 
ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʣʷ ʤʦʜʫʣʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʨʦʱʝʥʦʾ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ 
ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʰʚʠʜʢʦʩʪʝʡ ʜʝʬʦʨʤʘʮʽʾ. ʈʦʟʨʦʙʣʝʥʠʡ ʢʽʥʝʤʘʪʠʯʥʠʡ 
ʤʦʜʫʣʴ ʜʣʷ ʟʦʥʠ ʢʦʥʽʯʥʦʛʦ ʬʣʘʥʮʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʩʠʣʦʚʦʛʦ 
ʨʝʞʠʤʫ ʜʝʬʦʨʤʘʮʽʾ ʧʨʦʮʝʩʽʚ ʨʘʜʽʘʣʴʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʟ ʢʦʥʽʯʥʠʤ 
ʬʣʘʥʮʝʤ ʪʘ ʦʮʽʥʶʚʘʪʠ ʧʠʪʦʤʽ ʟʫʩʠʣʣʷ ʨʦʟʢʨʠʪʪʷ ʤʘʪʨʠʮʽ (ʨʠʩ. 2). 

 

 
 

ʘ ʙ 

ʈʠʩ. 2. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʧʠʪʦʤʠʭ ʟʫʩʠʣʴ ʜʝʬʦʨʤʫʚʘʥʥʷ p  (ʘ) ʪʘ ʨʦʟʢʨʠʪʪʷ q  (ʙ)  

ʚʽʜ ʢʫʪʘ ʢʦʥʫʩʫ Ŭ ʪʘ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʬʣʘʥʮʷ h  ʧʨʠ ʚʽʜʥʦʩʥʦʤʫ  

ʟʦʚʥʽʰʥʴʦʤʫ ʨʘʜʽʫʩʽ ʢʦʥʽʯʥʦʛʦ ʬʣʘʥʮʷ 1R  = 1,5 
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ʩʠʣʦʚʦʛʦ ʨʝʞʠʤʫ ʧʨʠ ʙʦʢʦʚʦʤʫ ʚʠʜʘʚʣʶʚʘʥʥʽ ʫ ʤʘʪʨʠʮʽ ʽʟ ʟʘʢʨʫʛʣʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ. ʆʙʨʦʙʢʘ 

ʤʘʪʝʨʽʘʣʽʚ ʪʠʩʢʦʤ. ʂʨʘʤʘʪʦʨʩʴʢ : ɼɼʄɸ. 2024. 1 (53). ʉ. 10ï23. https://doi.org/10.37142/2076-

2151/2024-1(53)10. 
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ʈɽɻʋʃʖɺɸʅʅʗ ʂɯʅɽʄɸʊʀʂʀ ʇʈʆʎɽʉɯɺ ɺʀɼɸɺʃʖɺɸʅʅʗ,  

ʗʂ ʄɽʊʆɼ ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ɼɽʊɸʃɽʁ 
 

1ɸʣʽʻʚ ɯ.ʉ., 2ʃʝʚʯʝʥʢʦ ɺ.ʄ., 1ɸʙʭʘʨʽ ʇ.ɹ., 1ʄʘʣʽʡ ʆ.ɻ. 

( 1ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ-ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ, 
2ɯʈɽ ʽʤ. ʆ.ʗ. ʋʩʠʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ) 

 

ʈʦʟʨʦʙʢʘ ʪʘ ʦʩʚʦʻʥʥʷ ʥʦʚʠʭ ʥʘʫʢʦʤʽʩʪʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ï ʦʜʠʥ 

ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʥʘʧʨʷʤʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʉʧʦʩʦʙʠ ʪʦʯʥʦʛʦ 

ʦʙôʻʤʥʦʛʦ ʰʪʘʤʧʫʚʘʥʥʷ (ʊʆʐ) ʚʠʜʘʚʣʶʚʘʥʥʷʤ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʟʘʛʦʪʦʚʢʠ ʽʟ ʨʦʟʤʽʨʘʤʠ ʽ ʷʢʽʩʪʶ, ʷʢʽ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʛʦʪʦʚʠʭ 

ʜʝʪʘʣʝʡ. ʇʨʠʡʦʤʠ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʻ ʝʬʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ ʘʢʪʠʚʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʬʦʨʤʠ ʪʘ ʷʢʦʩʪʽ 

ʜʝʪʘʣʝʡ, ʱʦ ʰʪʘʤʧʫʶʪʴʩʷ ʟʘ ʥʦʚʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʪʘ ʧʦʧʝʨʝʯʥʦ-

ʧʦʟʜʦʚʞʥʴʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ [1]. 

ʈʠʩ. 1. ɺʘʨʽʘʥʪʠ ʨʝʛʫʣʶʚʘʥʥʷ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʚʠʜʘʚʣʶʚʘʥʥʷ ʧʦʨʦʞʥʠʩʪʠʭ ʜʝʪʘʣʝʡ 

 

ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʣʶʯʝʥʥʷ ʜʝʬʝʢʪʽʚ ʪʠʧʫ ʫʪʷʞʠʥ ʽ ʧʦʧʝʨʝʯʥʠʭ ʪʨʽʱʠʥ ʜʦʩʷʛʘʶʪʴ ʰʣʷʭʦʤ 

ʧʨʠʢʣʘʜʝʥʥʷ ʜʦ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ, ʨʦʟʤʽʱʝʥʦʾ ʚ ʤʘʪʨʠʮʽ, ʩʠʣ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʨʪʷ, ʷʢʽ ʨʝʚʝʨʩʠʚʥʦ ʩʧʨʷʤʦʚʘʥʽ ʫʟʜʦʚʞ ʦʩʽ ʩʠʤʝʪʨʽʾ ʩʪʘʢʘʥʫ 

(ʩʭʝʤʘ 1). ʅʝʦʜʥʦʩʧʨʷʤʦʚʘʥʠʡ ʟʤʽʥʥʠʡ ʚʧʣʠʚ ʥʘ ʙʽʯʥʫ ʧʦʚʝʨʭʥʶ ʩʠʣʘʤʠ ʪʝʨʪʷ 

ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ, ʚʠʨʽʚʥʶʚʘʥʥʶ, ʟʘʣʽʢʦʚʫʚʘʥʥʶ ʽ ʧʦʚʥʦʤʫ ʫʩʫʥʝʥʥʶ 

ʧʦʧʝʨʝʯʥʠʭ ʪʨʽʱʠʥ ʽ ʜʝʬʝʢʪʽʚ ʪʠʧʫ ʫʪʷʞʠʥ [2]. 

1 2  3 
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ʉʧʦʩʦʙʠ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦ-ʧʦʧʝʨʝʯʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ 
ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʽʩʪʶ ʟʜʽʡʩʥʝʥʥʷ ʪʘ ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʫʤʽʱʝʥʝ, 
ʧʦʩʣʽʜʦʚʥʝ ʘʙʦ ʧʦʝʪʘʧʥʝ ʢʦʤʙʽʥʫʚʘʥʥʷ ʧʨʦʩʪʠʭ ʩʭʝʤ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʂʨʽʤ 
ʧʝʨʝʚʘʛ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʭʝʤ (ʦʧʪʠʤʘʣʴʥʠʡ ʽ ʩʘʤʦʨʝʛʫʣʴʦʚʘʥʠʡ 
ʩʠʣʦʚʠʡ ʨʝʞʠʤ, ʚʝʣʠʢʽ ʩʪʫʧʝʥʷ ʬʦʨʤʦʟʤʽʥʠ, ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ), 
ʚʢʣʶʯʝʥʥʷ ʩʭʝʤ ʧʦʧʝʨʝʯʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʽʪʥʦʛʦ 
ʟʙʽʣʴʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʬʦʨʤʠ ʜʝʪʘʣʝʡ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ. 

ʇʦʝʪʘʧʥʝ ʢʦʤʙʽʥʦʚʘʥʝ ʚʠʜʘʚʣʶʚʘʥʥʷ (ʩʭʝʤʘ 2) ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 
ʜʝʪʘʣʽ ʩʢʣʘʜʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʬʦʨʤ ʽ ʟ ʤʝʥʰʠʤʠ ʧʠʪʦʤʠʤʠ ʽ ʧʦʚʥʠʤʠ 
ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘ ʽʥʩʪʨʫʤʝʥʪ [2]. ʎʽ ʢʦʤʙʽʥʦʚʘʥʽ ʩʧʦʩʦʙʠ ʚʠʤʘʛʘʶʪʴ ʘʢʪʠʚʥʦʛʦ 
ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʽ ʩʪʚʦʨʝʥʥʷ ʰʪʘʤʧʽʚ ʟʽ ʩʧʝʮʽʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ, ʫ ʷʢʠʭ 
ʥʝʜʦʩʪʘʪʥʴʦ ʦʜʥʦʛʦ ʥʘʷʚʥʦʛʦ ʨʫʭʦʤʦʛʦ ʜʝʬʦʨʤʫʶʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ï ʧʫʘʥʩʦʥʘ. 

ɿʘ ʥʦʚʠʤ ʩʧʦʩʦʙʦʤ ʨʘʜʽʘʣʴʥʦ-ʧʨʷʤʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ (ʩʭʝʤʘ 3) ʫ ʧʨʦʮʝʩʽ 
ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʯʘʩʥʦ ʟ ʧʫʘʥʩʦʥʦʤ ʚʥʠʟ ʧʝʨʝʤʽʱʫʶʪʴ ʽ ʤʘʪʨʠʮʶ ʽ ʪʘʢʠʤ 
ʯʠʥʦʤ ʚ ʫʤʦʚʘʭ ʨʦʟʜʽʣʴʥʦʾ ʪʝʯʽʾ ʚʠʢʣʶʯʘʶʪʴ ʽʥʪʝʥʩʠʚʥʠʡ ʟʩʫʚ ʤʽʞ ʦʢʨʝʤʠʤʠ 
ʟʦʥʘʤʠ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʩʫʚʘʥʥʷ ʟʨʽʟʫ ʥʘ ʤʝʞʽ ʤʽʞ ʬʣʘʥʮʝʤ ʪʘ ʢʦʨʧʫʩʦʤ ʜʝʪʘʣʽ. 

ɿʘ ʩʧʦʩʦʙʦʤ ʚʠʜʘʚʣʶʚʘʥʥʷ ʧʦʨʦʞʥʠʩʪʠʭ ʜʝʪʘʣʝʡ (ʩʭʝʤʘ 4) ʟʘʜʘʯʘ 
ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 
ʚ ʜʚʘ ʝʪʘʧʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʶʪʴ ʟʚʦʨʦʪʥʝ 
ʚʠʜʘʚʣʶʚʘʥʥʷ ʩʪʽʥʢʠ ʩʪʘʢʘʥʫ ʪʘ ʧʨʷʤʝ ʚʠʜʘʚʣʶʚʘʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ 
ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʽʜʨʦʩʪʢʫ ʚ ʡʦʛʦ ʜʦʥʥʽʡ ʯʘʩʪʠʥʠ, ʘ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 
ʚʠʪʽʩʥʝʥʥʷ ʤʝʪʘʣʫ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʽʜʨʦʩʪʢʫ ʥʘʟʘʜ ʫ ʜʦʥʥʫ ʯʘʩʪʠʥʫ. ʅʘ ʨʠʩ. 1 
ʥʘʚʝʜʝʥʦ ʪʘʢʦʞ ʩʧʦʩʽʙ ʟ ʧʦʜʽʙʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ (ʩʭʝʤʘ 5), ʷʢʠʡ ʤʘʻ ʧʝʨʝʚʘʛʠ ʷʢ ʚ 
ʟʥʠʞʝʥʥʽ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢ ʽ ʟʤʝʥʰʝʥʥʽ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʥʝʩʧʽʚʦʩʥʦʩʪʽ 
ʧʦʨʦʞʥʠʥʠ ʜʝʪʘʣʝʡ. ʎʽ ʩʧʦʩʦʙʠ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʧʨʠʷʶʪʴ 
ʧʦʣʽʧʰʝʥʥʶ ʧʨʦʨʦʙʢʠ ʤʝʪʘʣʫ ʚ ʦʢʨʝʤʠʭ ʟʦʥʘʭ ʜʝʪʘʣʽ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʪʝʭʥʦʣʦʛʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʜʽʘʣʴʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʻ 
ʤʦʞʣʠʚʽʩʪʴ ʘʢʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʽ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 
ʧʨʦʮʝʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʢʽʥʝʤʘʪʠʢʠ ʨʫʭʫ ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 
ʅʘʡʧʨʦʩʪʽʰʽ ʢʽʥʝʤʘʪʠʯʥʽ ʚʘʨʽʘʥʪʠ ʨʘʜʽʘʣʴʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟ 
ʦʜʥʦʩʪʦʨʦʥʥʴʦʶ ʧʦʜʘʯʝʶ ʤʝʪʘʣʫ ʚ ʨʦʙʦʯʫ ʧʦʨʦʞʥʠʥʫ ʥʝʨʫʭʦʤʦʾ ʤʘʪʨʠʮʽ. ʇʨʠ 
ʦʜʥʦʩʪʦʨʦʥʥʽʡ ʩʭʝʤʽ ʚʠʜʘʚʣʶʚʘʥʥʷ ʟʦʥʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 
ʜʝʬʦʨʤʘʮʽʡ ʟʤʽʱʝʥʘ ʜʦ ʥʠʞʥʴʦʾ ʤʝʞʽ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʘʮʽʾ, ʥʘ ʷʢʽʡ 
ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʠʡ ʩʪʨʠʙʦʢ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʚʠʩʦʢʠʡ ʛʨʘʜʽʻʥʪ ʟʩʫʚʥʠʭ 
ʜʝʬʦʨʤʘʮʽʡ. ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʩʧʦʩʽʙ (ʢʽʥʝʤʘʪʠʯʥʽʡ ʚʘʨʽʘʥʪ) ʨʘʜʽʘʣʴʥʦʛʦ 
ʚʠʜʘʚʣʶʚʘʥʥʷ ʟ ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʧʦʜʘʯʝʶ ʤʝʪʘʣʫ ʚ ʨʦʙʦʯʫ ʧʦʨʦʞʥʠʥʫ ʨʫʭʦʤʦʾ 
ʤʘʪʨʠʮʽ (ʩʭʝʤʘ 6). ʈʝʛʫʣʶʚʘʥʥʷ ʢʽʥʝʤʘʪʠʢʠ ʧʦʜʘʯʽ ʜʦʧʦʤʘʛʘʻ ʢʝʨʫʚʘʪʠ 
ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʟʦʥʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʟʤʽʮʥʝʥʥʷ ʧʦ ʚʠʩʦʪʽ ʚ ʦʩʝʨʝʜʢʫ 
ʜʝʬʦʨʤʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʯʝʨʛʫʶʪʴ ʫ ʨʽʟʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʜʘʚʣʶʚʘʥʥʷ ʟ 
ʦʜʥʦʩʪʦʨʦʥʥʴʦʶ ʪʘ ʜʚʦʩʪʦʨʦʥʥʴʦʶ ʧʦʜʘʯʝʶ ʤʝʪʘʣʫ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʧʨʦʮʝʩʫ. 

ʃʽʪʝʨʘʪʫʨʘ: 
1. ɸʣʽʻʚ ɯ.ʉ., ɻʨʫʜʢʽʥʘ ʅ.ʉ., ʄʘʣʽʡ ʍ.ɺ., ʊʘʛʘʥ ʃ.ɺ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʧʨʦʮʝʩʽʚ 

ʪʦʯʥʦʛʦ ʦʙôʻʤʥʦʛʦ ʰʪʘʤʧʫʚʘʥʥʷ ʚʠʜʘʚʣʶʚʘʥʥʷʤ: ʤʦʥʦʛʨʘʬʽʷ. ʂʨʘʤʘʪʦʨʩʴʢ: ɼɼʄɸ. 2021. 208 
ʩ. ISBN 978-617-7889-08-2. 2. Aliev I.S. Radial extrusion processes. Soviet Forging and Metal 
Stamping Technology (English Translation of Kuznechno-Shtampovochnoe Proizvodstvo), 1988, Part 
3, pp. 54ï61. 
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ʅɸɺʏɸʅʅʗ ʉʊʋɼɽʅʊɯɺ ʈʆɿʈʆɹʎɯ ʂɽʈʋʖʏʀʍ ʇʈʆɻʈɸʄ ɼʃʗ 

ɺɽʈʉʊɸʊɯɺ ʏʇʂ ɺ ʋʄʆɺɸʍ ɼʀʉʊɸʅʎɯʁʅʆɰ ʆʉɺɯʊʀ 

 

ɸʥʦʩʦʚ ɺ.ʃ., ɹʦʛʜʘʥʦʚʘ ʃ.ʄ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 
ɿ 2020-ʛʦ ʨʦʢʫ ʙʘʛʘʪʴʦʤ ʦʩʚʽʪʥʽʤ ʟʘʢʣʘʜʘʤ ʜʦʚʦʜʠʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʚ ʫʤʦʚʘʭ 

ʜʠʩʪʘʥʮʽʡʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ɺʅɿ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 
ʚʽʜʧʦʚʽʜʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʽʚ. 

ɺʠʧʫʩʢʥʠʢʠ ʢʘʬʝʜʨʠ ʂʦʤʧôʶʪʝʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 
ʪʨʘʜʠʮʽʡʥʦ ʤʘʶʪʴ ʚʠʩʦʢʫ ʽ ʨʽʟʥʦʙʽʯʥʫ ʧʽʜʛʦʪʦʚʢʫ, ʱʦ ʥʘʜʘʻ ʾʤ ʤʦʞʣʠʚʽʩʪʴ 
ʚʧʝʚʥʝʥʦ ʧʦʯʫʚʘʪʠ ʩʝʙʝ ʥʘ ʩʫʯʘʩʥʦʤʫ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʠʥʢʫ ʧʨʘʮʽ. 

ɸʙʩʦʣʶʪʥʘ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʚʠʨʦʙʽʚ ʧʨʦʝʢʪʫʻʪʴʩʷ ʟʘ 
ʜʦʧʦʤʦʛʦʶ CAD/CAE/CAM-ʩʠʩʪʝʤ ʟ ʦʜʥʦʯʘʩʥʦʶ ʨʦʟʨʦʙʢʦʶ ʪʝʭʥʦʣʦʛʽʾ ʾʭ 
ʚʠʛʦʪʦʚʣʝʥʥʷ [1]. ʊʦʤʫ ʚ ʥʘʛʘʣʴʥʽʡ ʩʠʪʫʘʮʽʾ ʧʦʪʨʽʙʥʦ ʧʨʠʜʽʣʠʪʠ ʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ 
ʦʩʦʙʣʠʚʦʩʪʷʤ ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʉɸʄ-ʩʠʩʪʝʤ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 
ʧʨʘʢʪʠʯʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʛʨʘʤ ʥʘ ʚʝʨʩʪʘʪʘʭ ʏʇʂ. 

ɼʣʷ ʩʪʫʜʝʥʪʽʚ 3-ʛʦ ʢʫʨʩʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʠʩʮʠʧʣʽʥʘ çʇʨʦʝʢʪʫʚʘʥʥʷ ʽ 
ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʪʫʘʮʽʾ 
ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ ʜʠʩʮʠʧʣʽʥʘ ʻ ʚʘʞʣʠʚʦʶ, ʪʦʤʫ ʱʦ ʟʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʚ 
ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʽʯʥʠʭ ʚʠʨʦʙʘʭ ʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʽ ʧʦʣʝʛʰʫʶʪʴ 
ʞʠʪʪʷ ʪʨʘʚʤʦʚʘʥʠʭ ʣʶʜʝʡ. ɺ ʢʫʨʩʽ ʜʠʩʮʠʧʣʽʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ 
ʚʠʢʦʨʠʩʪʘʥʥʷ CAD/CAM-ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʽʟʥʠʭ 
ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɯʥʰʽ ʩʪʫʜʝʥʪʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 
ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ CAD/CAM-ʩʠʩʪʝʤ ʧʨʠ ʚʠʚʯʝʥʥʽ ʜʠʩʮʠʧʣʽʥʠ 
çʊʝʭʥʦʣʦʛʽʾ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷè. ɺʽʜʤʽʥʥʽʩʪʴ ʜʠʩʮʠʧʣʽʥ ʧʦʣʷʛʘʻ ʚ 
ʦʨʽʻʥʪʘʮʽʾ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʘʛʘʣʴʥʦʛʦ 
ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʋ ʚʢʘʟʘʥʠʭ ʢʫʨʩʘʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʥʦʚʥʽ 
ʧʨʠʥʮʠʧʠ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʟ 
ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ 3D ʜʨʫʢʫ ʽ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʥʘ 
ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ. ɿʚʽʩʥʦ, ʟʘʨʘʟ ʽʩʥʫʻ ʜʫʞʝ ʙʘʛʘʪʦ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʪʨʽʙʥʠʤʠ 
ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ 3D 
ʜʨʫʢʫ. ʈʦʟʨʦʙʣʝʥʦ ʪʘʢʦʞ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 
ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʢʝʨʫʶʯʽ ʧʨʦʛʨʘʤʠ ʫ ʚʠʛʣʷʜʽ G-ʢʦʜʫ ʜʣʷ 
ʜʨʫʢʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. ɸʣʝ ʞ ʙʘʛʘʪʦ ʜʝʪʘʣʝʡ ʚʠʨʦʙʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ 
ʤʝʪʘʣʽʚ, ʘʙʦ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ, ʘ ʽʥʢʦʣʠ ʽ ʻʜʠʥʠʤ 
ʤʦʞʣʠʚʠʤ ʤʝʪʦʜʦʤ ʦʙʨʦʙʢʠ ʻ ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʟʽ ʟʥʷʪʪʷʤ ʩʪʨʫʞʢʠ ʥʘ 
ʚʝʨʩʪʘʪʘʭ. 

ʇʽʜʛʦʪʦʚʯʘ ʯʘʩʪʠʥʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʩʪʫʜʝʥʪʦʤ ʚ 
ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʫʜʝʥʪʩʴʢʠʭ ʘʙʦ ʙʝʟʢʦʰʪʦʚʥʠʭ ʚʝʨʩʽʡ 
ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʦʮʝʩ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

1) ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʜʝʪʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ CAD-ʩʠʩʪʝʤʠ 
SolidWorks; 

2) ʨʦʟʨʦʙʢʘ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʫ ʚʠʛʣʷʜʽ G-ʢʦʜʫ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʏʇʂ. ʎʝʡ 
ʧʨʦʮʝʩ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɸʄ-ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ PowerMill ʘʙʦ 
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SolidWorks CAM. ʆʩʪʘʥʥʷ ï ʮʝ ʽʥʪʝʛʨʦʚʘʥʠʡ ʫ CAD-ʩʠʩʪʝʤʫ SolidWorks CAM-
ʤʦʜʫʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʝʥʥʷ ʧʣʘʥʫ ʦʙʨʦʙʢʠ ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʣʽʢʫ ʧʦʚʝʨʭʦʥʴ ʽ 
ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʦʦʙʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʛʝʥʝʨʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ 
ʽʥʩʪʨʫʤʝʥʪʫ. ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ ʧʨʠʩʪʨʦʶ 3D ʜʨʫʢʫ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʣʘʡʩʝʨ Cura, ʜʣʷ ʯʦʛʦ ʪʨʠʚʽʤʽʨʥʫ ʤʦʜʝʣʴ ʧʦʧʝʨʝʜʥʴʦ ʪʨʝʙʘ 
ʢʦʥʚʝʨʪʫʚʘʪʠ ʫ ʬʦʨʤʘʪ STL. ɻʝʥʝʨʘʮʽʷ ʧʨʦʛʨʘʤʥʦʛʦ G-ʢʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 
ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʨʘʥʦʛʦ ʚʝʨʩʪʘʪʫ ʽ ʧʦʩʪʧʨʦʮʝʩʦʨʘ, ʱʦ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʫ ʚʽʢʥʽ 
ʨʝʜʘʢʪʦʨʘ G-ʢʦʜʫ SolidWorks CAM. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ 
ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʚʠʤʦʛʠ ʜʦ ʧʦʚʝʨʭʦʥʴ [2]. ɸʥʘʣʦʛʽʯʥʽ ʟʘʩʦʙʠ ʩʪʚʦʨʝʥʥʷ 
ʢʦʜʫ ʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʤʘʻ ʽ Ultimaker Cura. 

ʂʘʬʝʜʨʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ BioArt ʦʪʨʠʤʘʣʘ ʚʝʨʩʪʘʪʠ, ʥʘ ʢʦʪʨʠʭ ʤʦʞʥʘ 
ʚʠʛʦʪʦʚʣʷʪʠ ʜʝʪʘʣʽ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʪʚʝʨʜʠʭ ʧʣʘʩʪʤʘʩ ʽ ʤʝʪʘʣʽʚ. ʎʝ 
ʩʚʝʨʜʣʠʣʴʥʦ-ʬʨʝʟʝʨʥʠʡ ʚʝʨʩʪʘʪ Sherline 5410 CNC ʟ ʢʝʨʫʚʘʥʥʷʤ ʧʦ 3-ʤ 
ʢʦʦʨʜʠʥʘʪʘʤ ʪʘ ʪʦʢʘʨʥʠʡ ʚʝʨʩʪʘʪ Sherline 4410 CNC. 

ʋ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʢʦʥʪʨʦʣʝʨʘʤʠ ʜʚʠʛʫʥʽʚ 
ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʙʝʟʢʦʰʪʦʚʥʠʡ ʚʘʨʽʘʥʪ ʧʨʦʛʨʘʤʠ Mach 3. ʁʦʛʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ 
ʢʝʨʫʚʘʥʥʷ ʦʙʨʦʙʢʦʶ ʜʝʪʘʣʝʡ ʩʝʨʝʜʥʴʦʾ ʩʢʣʘʜʥʦʩʪʽ. ʇʘʢʝʪ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ 
ʬʫʥʢʮʽʾ ʙʘʟʦʚʦʾ CAM-ʩʠʩʪʝʤʠ. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʬʘʡʣʠ ʜʝʢʽʣʴʢʦʭ 
ʛʨʘʬʽʯʥʠʭ ʬʦʨʤʘʪʽʚ, ʘ ʪʘʢʦʞ ʪʝʢʩʪʦʚʦʛʦ ʬʦʨʤʘʪʫ ʟ G-ʢʦʜʘʤʠ ʷʢʱʦ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʰʽ CAM-ʩʠʩʪʝʤʠ. 

ʇʨʦʛʨʘʤʘ Mach 3 ʷʢ ʽ SolidWorks CAM ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʴʥʦ 
ʧʨʦʤʦʜʝʣʶʚʘʪʠ ʨʦʙʦʪʫ ʚʝʨʩʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʩʫʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ 
ʽʥʩʪʨʫʤʝʥʪʫ ʧʽʜ ʯʘʩ ʤʝʭʘʥʦʦʙʨʦʙʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʫʜʝʥʪ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ 
ʧʝʨʝʚʽʨʠʪʠ ʨʦʙʦʪʫ ʢʦʞʥʦʛʦ ʢʘʜʨʫ ʩʪʚʦʨʝʥʦʛʦ G-ʢʦʜʫ ʽ ʚʽʜʢʦʨʠʛʫʚʘʪʠ ʚʠʷʚʣʝʥʽ 
ʧʦʤʠʣʢʠ. ɿʘʟʚʠʯʘʡ ʤʦʞʣʠʚʦʩʪʽ ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ 
ʩʪʫʜʝʥʪʘʤʠ ʦʙʤʝʞʫʶʪʴʩʷ ʦʧʠʩʘʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. 

ɿʘʨʘʟ ʦʙʣʘʜʥʘʥʥʷ ʢʘʬʝʜʨʠ ʨʝʣʦʢʦʚʘʥʝ ʽ ʨʦʟʤʽʱʝʥʝ ʥʘ ʢʘʬʝʜʨʽ 
ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ, ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʤʘʰʠʥ ʊʝʨʥʦʧʽʣʴʩʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 
ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ. ʅʘ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʙʦʪʘ ʧʦ 
ʦʨʛʘʥʽʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʥʝʪ-ʟʚôʷʟʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʨʦʮʝʩʫ 
ʤʝʭʘʥʦʦʙʨʦʙʢʠ. ʆʢʨʽʤ ʜʝʤʦʥʩʪʨʘʮʽʾ ʥʘ ʢʘʤʝʨʫ ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ G-
ʢʦʜʫ ʩʪʫʜʝʥʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʜʘʣʝʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʢʝʨʫʶʯʦʛʦ 
ʢʦʤʧôʶʪʝʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ AnyDesk. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʥʘʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʪʫʜʝʥʪʘʤ ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʚʯʠʪʠ 
ʧʨʠʥʮʠʧʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʏʇʂ ʽ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʨʦʙʦʪʦʶ 
ʚʝʨʩʪʘʪʽʚ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 
ʜʦʮʽʣʴʥʦ ʚʽʜʧʨʘʮʶʚʘʪʠ ʤʝʪʦʜʠʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʽʥʪʝʨʥʝʪ-ʟʚôʷʟʢʫ ʜʣʷ 
ʧʨʦʚʝʜʝʥʥʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʨʦʮʝʩʫ ʤʝʭʘʥʦʦʙʨʦʙʢʠ ʽ ʚʽʜʜʘʣʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 
ʚʝʨʩʪʘʪʘʤʠ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 
ʦʨʛʘʥʽʟʘʮʽʾ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʦʪ. 

ʃʽʪʝʨʘʪʫʨʘ: 1. ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʉɸD/ʉɸʄ/ʉɸɽ-ʩʠʩʪʝʤ: ʤʦʥʦʛʨʘʬʽʷ / ʆ. ʌ. ʊʘʨʘʩʦʚ, ʆ. ɺ. ɸʣʪʫʭʦʚ, ʇ. ɯ. ʉʘʛʘʡʜʘ, ʃ. ɺ. ɺʘʩʠʣʴʻʚʘ, 

ɺ. ʃ.ɸʥʦʩʦʚ. ï ʂʨʘʤʘʪʦʨʩʴʢ : ʎʊʈɯ çɼʨʫʢʘʨʩʴʢʠʡ ʜʽʤè, 2017. ï 239 ʩ. 2. ɹʦʛʜʘʥʦʚʘ, ʃ. ʄ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ : ʤʦʥʦʛʨʘʬʽʷ / ʃ. ʄ. ɹʦʛʜʘʥʦʚʘ, ɺ. ʃ. ɸʥʦʩʦʚ. ï 

ʂʨʘʤʘʪʦʨʩʴʢ : ʎʊʈɯ çɼʨʫʢʘʨʩʴʢʠʡ ʜʽʤè, 2018. 175 ʩ. 
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ʆʈɻɸʅɯɿɸʎɯɰ ʊɸ ʆɹʈʆɹʂʀ ɯʅʌʆʈʄɸʎɯɰ ɺ ʇʈʆɻʈɸʄʋɺɸʅʅɯ 

 
1ɹʘʛʘʯ ʉ.ɻ., 2ʌʦʤʽʯʝʥʢʦ ɺ.ɺ. 

(ɼʌʂ ɼɼʄɸ, ʤ. ɼʨʫʞʢʽʚʢʘ - ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɸʣʛʦʨʠʪʤʠ ʪʘ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʻ ʦʩʥʦʚʦʶ ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʙʝʟ 

ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʨʦʟʨʦʙʢʫ ʷʢʽʩʥʦʛʦ, ʰʚʠʜʢʦʛʦ ʽ ʥʘʜʽʡʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ɸʣʛʦʨʠʪʤ ð ʮʝ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʨʦʢʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʨʦʟʚôʷʟʘʪʠ ʧʝʚʥʫ ʟʘʜʘʯʫ ʘʙʦ ʚʠʢʦʥʘʪʠ ʧʝʚʥʫ ʦʧʝʨʘʮʽʶ. ɺʽʥ ʦʧʠʩʫʻ ʣʦʛʽʢʫ ʜʽʡ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ, ʽ ʛʘʨʘʥʪʫʻ ʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʘ ʦʙʤʝʞʝʥʫ 

ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ. ɺʘʞʣʠʚʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʧʦʣʷʛʘʻ ʚ ʾʭ ʟʜʘʪʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʜʦʟʚʦʣʷʶʯʠ ʢʦʤʧôʶʪʝʨʘʤ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʩʢʣʘʜʥʽ ʦʧʝʨʘʮʽʾ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʧʨʦʩʪʠʭ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ ʽ ʟʘʢʽʥʯʫʶʯʠ 

ʦʙʨʦʙʢʦʶ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʆʜʥʘʢ ʘʣʛʦʨʠʪʤʠ ʥʝ ʧʨʘʮʶʶʪʴ ʽʟʦʣʴʦʚʘʥʦ ï ʜʣʷ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʽ ʚʽʜʧʦʚʽʜʥʽ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ. ʉʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ï ʮʝ 

ʦʨʛʘʥʽʟʦʚʘʥʽ ʩʧʦʩʦʙʠ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʘʤôʷʪʽ ʢʦʤʧôʶʪʝʨʘ. ɺʦʥʠ 

ʚʠʟʥʘʯʘʶʪʴ, ʷʢ ʜʘʥʽ ʨʦʟʤʽʱʫʶʪʴʩʷ, ʚʟʘʻʤʦʜʽʶʪʴ ʽ ʜʦʩʪʫʧʥʽ ʜʣʷ ʦʙʨʦʙʢʠ. ɺʠʙʽʨ 

ʧʨʘʚʠʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʽʜʝʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʧʦʚʽʣʴʥʦ, ʷʢʱʦ 

ʜʘʥʽ ʦʨʛʘʥʽʟʦʚʘʥʽ ʥʝʝʬʝʢʪʠʚʥʦ. 

ɹʽʣʴʰ ʩʢʣʘʜʥʽ ʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ ʜʝʨʝʚʘ ʽ ʛʨʘʬʠ, ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ 

ʽʻʨʘʨʭʽʯʥʽ ʚʽʜʥʦʩʠʥʠ ʪʘ ʟʚôʷʟʢʠ ʤʽʞ ʦʙôʻʢʪʘʤʠ. ʈʦʙʦʪʘ ʟ ʪʘʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʚʠʤʘʛʘʻ ʦʩʦʙʣʠʚʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʦʙʭʦʜʠʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʟʤʽʥʶʚʘʪʠ 

ʾʭʥʶ ʩʪʨʫʢʪʫʨʫ. ɸʣʛʦʨʠʪʤʠ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʡ ʥʘʜ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʠʭ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʩʪʠʤʠ, ʷʢ ʧʦʰʫʢ 

ʝʣʝʤʝʥʪʘ ʚ ʤʘʩʠʚʽ, ʘʙʦ ʩʢʣʘʜʥʠʤʠ, ʷʢ ʘʣʛʦʨʠʪʤʠ ʩʦʨʪʫʚʘʥʥʷ ʪʘ ʧʦʰʫʢʫ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʰʣʷʭʫ ʚ ʛʨʘʬʘʭ. ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʘʣʛʦʨʠʪʤʫ ʻ ʡʦʛʦ 

ʩʢʣʘʜʥʽʩʪʴ, ʷʢʘ ʚʠʟʥʘʯʘʻ, ʩʢʽʣʴʢʠ ʯʘʩʫ ʘʙʦ ʧʘʤôʷʪʽ ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʆʧʪʠʤʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ 

ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʨʝʩʫʨʩʽʚ ʽ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤ. 

ɺʘʞʣʠʚʦ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʽ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ. 

ʅʝʨʽʜʢʦ ʚʠʙʽʨ ʤʝʥʰ ʧʽʜʭʦʜʷʱʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʘʙʦ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʟʘʪʨʠʤʦʢ ʽ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʧʘʤôʷʪʽ. ʊʦʤʫ ʨʦʟʫʤʽʥʥʷ ʮʠʭ 

ʢʦʥʮʝʧʮʽʡ ʽ ʚʤʽʥʥʷ ʾʭ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ï ʮʝ ʙʘʟʦʚʽ ʥʘʚʠʯʢʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʨʦʛʨʘʤʽʩʪʘ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʠʩʘʪʠ ʢʦʜ, ʱʦ ʧʨʘʮʶʻ ʰʚʠʜʢʦ, ʥʘʜʽʡʥʦ ʽ 

ʝʬʝʢʪʠʚʥʦ. 

ʆʪʞʝ, ʘʣʛʦʨʠʪʤʠ ʽ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʽʥʬʦʨʤʘʪʠʢʠ, 

ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʝʬʝʢʪʠʚʥʫ ʾʾ ʦʙʨʦʙʢʫ. ɿʥʘʥʥʷ ʮʠʭ ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ ʽ ʧʨʠʥʮʠʧʽʚ ʻ ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʽ ʫʩʧʽʰʥʦʾ ʢʘʨôʻʨʠ ʫ ʩʬʝʨʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
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ɺʇʃʀɺ ʎʀʌʈʆɺɯɿɸʎɯɰ ʅɸ ʉʊʈɸʊɽɻɯɰ ʇʈʆʄʀʉʃʆɺʀʍ 

ʇɯɼʇʈʀɭʄʉʊɺ 

 

ɹʠʚʰʝʚʘ ʃ.ʆ., ʉʢʠʙʘ ʇ.ʈ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʋ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ ʮʠʬʨʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʩʪʘʣʘ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ 

ʯʠʥʥʠʢʽʚ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɺʦʥʘ ʦʭʦʧʣʶʻ ʚʩʽ ʘʩʧʝʢʪʠ ʾʭʥʴʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ï ʚʽʜ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʜʦ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʋʩʧʽʰʥʘ 

ʮʠʬʨʦʚʽʟʘʮʽʷ ʩʪʘʻ ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʤʽʮʥʝʥʥʷ ʣʽʜʝʨʩʴʢʠʭ 

ʧʦʟʠʮʽʡ ʥʘ ʨʠʥʢʫ [1;2]. 

ʎʠʬʨʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʷʢ ʚʽʪʯʠʟʥʷʥʠʤʠ, ʪʘʢ ʽ 

ʟʘʨʫʙʽʞʥʠʤʠ ʬʘʭʽʚʮʷʤʠ. ʉʝʨʝʜ ʥʘʡʚʽʜʦʤʽʰʠʭ ʧʨʘʮʴ ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ ʨʦʙʦʪʠ 

ʌʽʣʽʧʘ ʂʦʪʣʝʨʘ [1], ʂʣʘʫʩʘ ʐʚʘʙʘ [2], ɼʦʥʘ ʊʘʧʩʢʦʪʪʘ [3], ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴ 

ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʜʽʜʞʠʪʘʣʽʟʘʮʽʾ. ʅʘʫʢʦʚʮʽ ʪʘ ʝʢʩʧʝʨʪʠ ʦʜʥʦʛʦʣʦʩʥʦ ʚʠʟʥʘʶʪʴ, 

ʱʦ ʮʠʬʨʦʚʽʟʘʮʽʷ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɼʦʩʣʽʜʥʠʮʴʢʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʢʦʤʧʘʥʽʾ, ʷʢʽ ʘʢʪʠʚʥʦ ʽʥʚʝʩʪʫʶʪʴ ʫ ʩʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʫʪʪʻʚʦ ʚʠʱʽ ʨʝʟʫʣʴʪʘʪʠ [5;6]. ʇʨʦʪʝ ʪʝʤʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʩʘʤʝ ʫ ʩʬʝʨʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʦʪʨʝʙʫʻ 

ʜʝʪʘʣʴʥʽʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤʠ ʧʠʪʘʥʥʷ 

ʘʜʘʧʪʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʜʦ ʮʠʬʨʦʚʠʭ ʽʥʥʦʚʘʮʽʡ, ʟʤʽʥʠ ʧʽʜʭʦʜʽʚ ʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʢʫʣʴʪʫʨʠ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʎʠʬʨʦʚʽʟʘʮʽʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʦʭʦʧʣʶʻ ʪʘʢʽ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ, ʷʢ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʽʥʪʝʛʨʘʮʽʷ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT), 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (AI), ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚ, ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ (MES) ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʨʦʙʦʪʠʟʘʮʽʷ [4]. ɿʘʟʥʘʯʝʥʽ ʝʣʝʤʝʥʪʠ ʩʧʨʠʷʶʪʴ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ, ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ, ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ 

ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʦʧʝʨʘʮʽʡ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʶ ʛʥʫʯʢʦʩʪʽ ʫ 

ʩʪʚʦʨʝʥʥʽ ʘʜʘʧʪʦʚʘʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ [6]. ɿʘʚʜʷʢʠ ʽʤʧʣʝʤʝʥʪʘʮʽʾ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʪʝʭʥʽʯʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʨʦʩʪʦʾʚ. 

ʆʜʥʘʢ ʧʨʦʮʝʩ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʥʝʨʽʜʢʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ 

ʚʠʢʣʠʢʘʤʠ. ɼʦ ʦʩʥʦʚʥʠʭ ʽʟ ʥʠʭ ʥʘʣʝʞʘʪʴ ʚʠʩʦʢʽ ʚʠʪʨʘʪʠ ʥʘ ʤʦʜʝʨʥʽʟʘʮʽʶ 

ʚʠʨʦʙʥʠʯʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʧʽʨ ʧʝʨʩʦʥʘʣʫ ʜʦ ʽʥʥʦʚʘʮʽʡʥʠʭ ʟʤʽʥ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʚʠʪʢʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʮʠʬʨʦʚʠʭ ʢʦʤʧʝʪʝʥʮʽʡ ʧʨʘʮʽʚʥʠʢʽʚ. ʊʘʢʦʞ ʥʘʛʘʣʴʥʠʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʦʩʢʽʣʴʢʠ ʽʥʪʝʛʨʘʮʽʷ ʬʽʟʠʯʥʦʛʦ 

ʪʘ ʮʠʬʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱ ʩʪʚʦʨʶʻ ʥʦʚʽ ʨʠʟʠʢʠ ʱʦʜʦ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʽ ʩʠʩʪʝʤ. ʂʨʽʤ 

ʮʴʦʛʦ, ʟʘʛʨʦʟʠ ʚʠʪʦʢʫ ʜʘʥʠʭ, ʰʘʭʨʘʡʩʪʚʘ ʯʠ ʢʽʙʝʨʘʪʘʢ ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʜʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ [4]. ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʤʫʰʫʻ ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʰʚʠʜʢʦ 

ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʥʘ ʨʠʥʢʫ. ʇʨʦʮʝʩ ʮʠʬʨʦʚʽʟʘʮʽʾ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʻ 

ʩʪʨʘʪʝʛʽʯʥʠʡ ʧʽʜʭʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʩʧʨʠʷʶʯʠ ʧʽʜʚʠʱʝʥʥʶ 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ, ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʦʧʪʠʤʽʟʘʮʽʶ 

ʚʠʪʨʘʪ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ ʰʣʷʭʦʤ 

ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʧʽʜʭʦʜʽʚ [2;6]. ɯʥʪʝʛʨʘʮʽʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤʠ ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʜʠʥʘʤʽʯʥʽ ʟʤʽʥʠ 

ʨʠʥʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [5]. 

ʇʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʧʨʦʚʽʜʥʠʭ ʢʦʤʧʘʥʽʡ ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʝʢʪʦʨʫ ʩʚʽʜʯʠʪʴ, 

ʱʦ ʮʠʬʨʦʚʽʟʘʮʽʷ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʾʭ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʯʝʨʝʟ 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʨʘʮʽʦʥʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʮʽʾ. ɺʦʥʘ ʪʘʢʦʞ ʩʧʨʠʷʻ 

ʩʢʦʨʦʯʝʥʥʶ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʟʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʘ ʝʬʝʢʪʠʚʥʽʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʮʠʬʨʦʚʽ 

ʧʣʘʪʬʦʨʤʠ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʦʩʚʦʻʥʥʷ ʥʦʚʠʭ ʨʠʥʢʦʚʠʭ 

ʩʝʛʤʝʥʪʽʚ [3]. ʎʠʬʨʦʚʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʟʫʤʦʚʣʶʶʪʴ ʢʘʨʜʠʥʘʣʴʥʫ ʧʝʨʝʙʫʜʦʚʫ 

ʪʨʘʜʠʮʽʡʥʠʭ ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ. ʂʦʤʧʘʥʽʾ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ ʚʧʨʦʚʘʜʞʫʶʪʴ ʩʝʨʚʽʩʥʦ-

ʦʨʽʻʥʪʦʚʘʥʽ ʧʽʜʭʦʜʠ (servitization), ʽʥʪʝʛʨʫʶʪʴ ʮʠʬʨʦʚʽ ʣʘʥʮʶʛʠ ʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʥʮʠʧʠ ʘʜʘʧʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʧʦʧʠʪʫ, ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾ ʧʨʦʜʫʢʮʽʾ ʡ ʩʢʦʨʦʯʫʚʘʪʠ ʮʠʢʣ ʚʠʭʦʜʫ ʥʦʚʠʭ ʚʠʨʦʙʽʚ ʥʘ ʨʠʥʦʢ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʝʨʝʜʙʘʯʘʻ ʘʢʪʠʚʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʡ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʯʘʥʥʷ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ [3;6]. 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʛʘʣʫʟʽ ʩʪʘʥʝ ʚʠʟʥʘʯʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʡ ʘʜʘʧʪʘʮʽʾ ʜʦ ʚʠʤʦʛ ʮʠʬʨʦʚʦʾ ʝʢʦʥʦʤʽʢʠ. ʎʠʬʨʦʚʽʟʘʮʽʷ ʚʠʩʪʫʧʘʻ ʢʣʶʯʦʚʠʤ 

ʯʠʥʥʠʢʦʤ ʩʪʨʘʪʝʛʽʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʚʽʜʢʨʠʚʘʶʯʠ 

ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʦʜʦʚʞʝʥʥʷ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʠʤʘʛʘʪʠʤʝ ʧʝʨʝʛʣʷʜʫ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʽʜʭʦʜʽʚ, ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʧʨʦʬʝʩʽʡʥʠʭ ʥʘʚʠʯʦʢ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʩʫʯʘʩʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ. ɺʦʜʥʦʯʘʩ ʛʦʩʪʨʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʪʨʝʙʘ ʚ ʨʦʟʨʦʙʮʽ 

ʫʥʽʬʽʢʦʚʘʥʠʭ ʛʘʣʫʟʝʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʫ 

ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʤʘʻ ʚʽʜʽʛʨʘʚʘʪʠ ʜʝʨʞʘʚʥʘ ʧʦʣʽʪʠʢʘ ʧʽʜʪʨʠʤʢʠ, ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʣʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ ʚ ʧʨʦʤʠʩʣʦʚʽʡ ʩʬʝʨʽ. 
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ɹʠʚʰʝʚʘ ʃ.ʆ. ʆʩʦʥʝʥʢʦ ɼ.ʉ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɹʽʦʪʝʭʥʦʣʦʛʽʾ ʩʪʘʣʠ ʢʣʶʯʝʤ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʠʨʽʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ [1].  

ɯʥʪʝʛʨʘʮʽʷ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʟʤʽʥʠʣʘ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ, ʟʨʦʙʠʚʰʠ 

ʚʠʨʦʙʥʠʮʪʚʦ ʝʬʝʢʪʠʚʥʽʰʠʤ, ʝʢʦʣʦʛʽʯʥʽʰʠʤ ʽ ʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʠʤ ʛʣʦʙʘʣʴʥʠʤ 

ʚʠʢʣʠʢʘʤ [3]. ɿʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʽ ʩʧʦʞʠʚʘʥʥʷ ʟʤʫʰʫʻ ʧʨʦʤʠʩʣʦʚʽʩʪʴ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʽʥʥʦʚʘʮʽʾ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʨʠʥʢʦʚʠʭ ʧʦʪʨʝʙ ʙʝʟ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ, 

ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ 

ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ [4]. ɺʘʞʣʠʚʠʡ ʚʥʝʩʦʢ ʙʽʦʪʝʭʥʦʣʦʛʽʡ - ʙʽʦʢʘʪʘʣʽʟ. 

ʌʝʨʤʝʥʪʠ ʪʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʩʢʦʨʦʯʫʶʪʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʡ ʫʩʫʚʘʶʪʴ 

ʪʦʢʩʠʯʥʽ ʨʝʘʛʝʥʪʠ, ʧʽʜʚʠʱʫʶʯʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʫ ʬʘʨʤʘʮʝʚʪʠʮʽ, ʭʘʨʯʫʚʘʥʥʽ ʪʘ 

ʚʠʨʦʙʥʠʮʪʚʽ ʙʽʦʧʘʣʠʚʘ [1]. ɹʽʦʧʦʣʽʤʝʨʠ, ʷʢʽ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʚ ʧʨʠʨʦʜʽ, ʻ ʱʝ ʦʜʥʠʤ 

ʜʦʩʷʛʥʝʥʥʷʤ. ɹʽʦʪʝʭʥʦʣʦʛʽʾ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʽʦʦʯʠʱʝʥʥʽ ʚʦʜ ʽ 

ˇʨʫʥʪʽʚ [2]. ɹʽʦʨʝʤʝʜʽʘʮʽʷ ʜʦʧʦʤʘʛʘʻ ʟʥʝʰʢʦʜʞʫʚʘʪʠ ʪʦʢʩʠʥʠ, ʥʘʬʪʦʚʽ ʧʨʦʜʫʢʪʠ 

ʡ ʤʝʪʘʣʠ, ʟʤʝʥʰʫʶʯʠ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʪʘ ʚʠʪʨʘʪʠ ʥʘ ʫʪʠʣʽʟʘʮʽʶ [4].  

ʉʪʘʣʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʤʦʞʣʠʚʝ ʟʘʚʜʷʢʠ ʟʘʤʢʥʫʪʠʤ ʮʠʢʣʘʤ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʽʜʭʦʜʽʚ ʽ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ - ʚʠʨʦʙʥʠʮʪʚʦ 

ʙʽʦʛʘʟʫ ʪʘ ʙʽʦʝʪʘʥʦʣʫ ʟ ʚʽʜʭʦʜʽʚ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [3].  

ʉʫʯʘʩʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʩʪʠʢʘʻʪʴʩʷ ʟ ʢʣʽʤʘʪʠʯʥʠʤʠ ʟʤʽʥʘʤʠ, ʥʝʩʪʘʯʝʶ 

ʝʥʝʨʛʽʾ ʡ ʨʝʩʫʨʩʽʚ. ɹʽʦʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, 

ʟʘʤʽʥʠʪʠ ʭʽʤʽʯʥʽ ʨʝʘʛʝʥʪʠ ʙʽʦʣʦʛʽʯʥʠʤʠ ʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʜʠʟʘʡʥ. 

ɯʥʥʦʚʘʮʽʾ ʚ ʙʽʦʪʝʭʥʦʣʦʛʽʷʭ ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ, ʫʥʠʢʥʝʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ 

ʰʪʨʘʬʽʚ ʽ ʧʽʜʚʠʱʝʥʥʶ ʨʠʥʢʦʚʦʾ ʨʝʧʫʪʘʮʽʾ. ɺʦʜʥʦʯʘʩ ʨʝʘʣʽʟʘʮʽʷ ʙʽʦʪʝʭʥʦʣʦʛʽʡ 

ʧʦʪʨʝʙʫʻ ʧʦʜʦʣʘʥʥʷ ʨʝʛʫʣʷʪʦʨʥʠʭ ʙʘʨôʻʨʽʚ, ʚʠʩʦʢʠʭ ʽʥʚʝʩʪʠʮʽʡ ʽ ʜʝʬʽʮʠʪʫ 

ʢʘʜʨʽʚ. ʈʦʟʚ'ʷʟʘʪʠ ʮʽ ʧʨʦʙʣʝʤʠ ʤʦʞʥʘ ʯʝʨʝʟ ʜʝʨʞʘʚʥʫ ʧʽʜʪʨʠʤʢʫ, ʩʧʽʚʧʨʘʮʶ 

ʥʘʫʢʠ ʡ ʙʽʟʥʝʩʫ ʪʘ ʧʨʦʩʫʚʘʥʥʷ ʚʠʛʽʜ ʪʝʭʥʦʣʦʛʽʡ ʩʝʨʝʜ ʛʨʦʤʘʜʩʴʢʦʩʪʽ. 

ɹʽʦʪʝʭʥʦʣʦʛʽʾ - ʩʪʨʘʪʝʛʽʯʥʠʡ ʥʘʧʨʷʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʦʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʡ ʝʢʦʥʦʤʽʯʥʽ ʚʠʢʣʠʢʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʝʬʝʢʪʠʚʥʠʡ ʪʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ. 
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ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʣʠʰʝ ʚʥʫʪʨʽʰʥʽ ʧʦʪʨʝʙʠ, ʘ ʡ ʬʦʨʤʫʻ 

ʚʘʛʦʤʠʡ ʝʢʩʧʦʨʪʥʠʡ ʧʦʪʝʥʮʽʘʣ. ʇʨʦʪʝ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʮʴʦʛʦ ʩʝʢʪʦʨʫ 

ʩʪʠʢʘʶʪʴʩʷ ʟ ʛʦʩʪʨʦʶ ʧʨʦʙʣʝʤʦʶ ð ʜʝʬʽʮʠʪʦʤ ʢʚʘʣʽʬʽʢʦʚʘʥʦʾ ʨʦʙʦʯʦʾ ʩʠʣʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʤʦʚʣʝʥʴ, ʙʨʘʢ ʬʘʭʽʚʮʽʚ, 

ʟʜʘʪʥʠʭ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʥʘ ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʩʪʘʻ ʩʪʨʠʤʫʚʘʣʴʥʠʤ 

ʬʘʢʪʦʨʦʤ ʨʦʟʚʠʪʢʫ. 

ʇʨʠʯʠʥʘʤʠ ʪʘʢʦʾ ʩʠʪʫʘʮʽʾ ʻ ʢʦʤʧʣʝʢʩ ʦʙʩʪʘʚʠʥ: ʤʽʛʨʘʮʽʷ ʨʦʙʦʯʦʾ ʩʠʣʠ ʟʘ 

ʢʦʨʜʦʥ, ʩʪʘʨʽʥʥʷ ʢʘʜʨʦʚʦʛʦ ʩʢʣʘʜʫ, ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʧʨʝʩʪʠʞʫ ʪʝʭʥʽʯʥʠʭ ʧʨʦʬʝʩʽʡ 

ʩʝʨʝʜ ʤʦʣʦʜʽ, ʘ ʪʘʢʦʞ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʧʽʜʛʦʪʦʚʢʦʶ ʫ ʟʘʢʣʘʜʘʭ ʦʩʚʽʪʠ ʪʘ 

ʧʦʪʨʝʙʘʤʠ ʨʠʥʢʫ ʧʨʘʮʽ. ɺʦʜʥʦʯʘʩ ʜʝʨʞʘʚʥʘ ʧʦʣʽʪʠʢʘ ʪʘ ʩʪʨʘʪʝʛʽʷ ʧʽʜʧʨʠʻʤʩʪʚ 

ʯʘʩʪʦ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʛʦʪʦʚʠʤʠ ʜʦ ʩʠʩʪʝʤʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. 

ʄʝʪʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʩʝʙʽʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤʠ ʥʝʩʪʘʯʽ 

ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ ʫ ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ, ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʧʨʠʯʠʥ ʢʘʜʨʦʚʦʛʦ ʜʝʬʽʮʠʪʫ, ʦʮʽʥʢʘ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʦʟʚʠʪʦʢ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ 

ʪʘʢʦʞ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʧʦʜʦʣʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚ ʽ ʧʦʪʨʝʙ ʨʠʥʢʫ ʧʨʘʮʽ. ɺʠʟʥʘʯʠʤʦ ʦʩʥʦʚʥʽ 

ʧʨʠʯʠʥʠ ʢʘʜʨʦʚʦʛʦ ʜʝʬʽʮʠʪʫ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʋʢʨʘʾʥʠ ʩʴʦʛʦʜʥʽ.  

1 ʄʘʩʦʚʘ ʪʨʫʜʦʚʘ ʤʽʛʨʘʮʽʷ ʟʘ ʢʦʨʜʦʥ. ɹʘʛʘʪʦ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ 

ʚʠʾʞʜʞʘʶʪʴ ʜʦ ʢʨʘʾʥ ɭʚʨʦʧʠ ʚ ʧʦʰʫʢʘʭ ʚʠʱʦʾ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʪʘ ʢʨʘʱʠʭ ʫʤʦʚ 

ʧʨʘʮʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʪʦʢʫ ʢʘʜʨʽʚ ʽʟ ʢʨʘʾʥʠ. 

2 ʉʪʘʨʽʥʥʷ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʨʦʙʽʪʥʠʢʽʚ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ 

ʛʘʣʫʟʽ ð ʮʝ ʣʶʜʠ ʧʝʨʝʜʧʝʥʩʽʡʥʦʛʦ ʘʙʦ ʧʝʥʩʽʡʥʦʛʦ ʚʽʢʫ. ʄʦʣʦʜʴ ʥʝʦʭʦʯʝ ʦʙʠʨʘʻ 

ʪʝʭʥʽʯʥʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʨʦʟʨʠʚ ʧʦʢʦʣʽʥʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

3 ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ ʧʦʪʨʝʙʘʤ ʨʠʥʢʫ ʧʨʘʮʽ. ʆʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ 

ʚ ʙʘʛʘʪʴʦʭ ʧʨʦʬʝʩʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʢʣʘʜʘʭ ʟʘʩʪʘʨʽʣʽ ʪʘ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ 

ʚʠʤʦʛʘʤ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʠʧʫʩʢʥʠʢʠ ʯʘʩʪʦ ʥʝ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ, 

ʧʦʪʨʽʙʥʠʭ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

4 ʅʠʟʴʢʠʡ ʧʨʝʩʪʠʞ ʪʝʭʥʽʯʥʠʭ ʧʨʦʬʝʩʽʡ. ʋ ʩʫʩʧʽʣʴʩʪʚʽ ʪʝʭʥʽʯʥʽ ʪʘ ʨʦʙʽʪʥʠʯʽ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʩʧʨʠʡʤʘʶʪʴʩʷ ʷʢ ʤʝʥʰ ʧʨʠʚʘʙʣʠʚʽ. ʄʦʣʦʜʴ ʯʘʩʪʽʰʝ ʦʙʠʨʘʻ 

ʛʫʤʘʥʽʪʘʨʥʽ ʯʠ ʝʢʦʥʦʤʽʯʥʽ ʥʘʧʨʷʤʠ, ʥʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʨʝʘʣʴʥʦʛʦ ʧʦʧʠʪʫ ʥʘ 

ʨʠʥʢʫ ʧʨʘʮʽ. 

5 ʅʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ. ɿʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʚ ʛʘʣʫʟʽ ʥʝ ʟʘʚʞʜʠ 

ʚʽʜʧʦʚʽʜʘʻ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʧʨʘʮʽ. ʎʝ ʟʥʠʞʫʻ ʤʦʪʠʚʘʮʽʶ ʜʦ ʧʨʘʮʽ 

ʪʘ ʚʩʪʫʧʫ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ. 

6 ɺʽʜʩʫʪʥʽʩʪʴ ʩʠʩʪʝʤʥʦʾ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʦʬʝʩʽʡʥʦ-ʪʝʭʥʽʯʥʦʾ ʦʩʚʽʪʠ. 

ɹʨʘʢ ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʦʟʚʠʪʦʢ ʧʨʦʬʝʩʽʡʥʠʭ ʫʯʠʣʠʱ, ʪʝʭʥʽʢʫʤʽʚ ʽ ʢʦʣʝʜʞʽʚ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʟʘʥʝʧʘʜʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʧʫʩʢʥʠʢʽʚ ʪʝʭʥʽʯʥʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ.  

ʂʘʜʨʦʚʠʡ ʛʦʣʦʜ ʫ ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ ʤʘʻ ʩʫʪʪʻʚʠʡ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʧʽʜʧʨʠʻʤʩʪʚ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʫ ʟʥʠʞʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʪʘ ʧʦʨʫʰʝʥʥʽ ʚʠʨʦʙʥʠʯʠʭ ʛʨʘʬʽʢʽʚ ʯʝʨʝʟ 

ʥʝʩʪʘʯʫ ʥʝʦʙʭʽʜʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ. ʇʽʜʧʨʠʻʤʩʪʚʘ ʟʤʫʰʝʥʽ ʟʤʝʥʰʫʚʘʪʠ ʦʙʩʷʛʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʘʙʦ ʚʽʜʤʦʚʣʷʪʠʩʷ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʪʨʘʪʠ ʢʣʽʻʥʪʽʚ, ʟʥʠʞʝʥʥʷ ʜʦʭʦʜʽʚ ʽ ʟʘʛʦʩʪʨʝʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ ʟ ʽʥʦʟʝʤʥʠʤʠ 

ʚʠʨʦʙʥʠʢʘʤʠ. ʆʩʦʙʣʠʚʦ ʚʽʜʯʫʪʥʦʶ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʬʘʭʽʚʮʽʚ ʨʦʙʽʪʥʠʯʠʭ ʧʨʦʬʝʩʽʡ, 

ʪʘʢʠʭ ʷʢ ʪʦʢʘʨʽ, ʬʨʝʟʝʨʫʚʘʣʴʥʠʢʠ, ʟʚʘʨʶʚʘʣʴʥʠʢʠ, ʘ ʪʘʢʦʞ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʟʜʘʪʥʦʛʦ ʧʨʘʮʶʚʘʪʠ ʟ ʩʫʯʘʩʥʠʤ ʚʠʩʦʢʦʪʦʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. ʅʝʩʪʘʯʘ 

ʢʘʜʨʽʚ ʪʘʢʦʞ ʫʩʢʣʘʜʥʶʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʶ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʦʩʢʽʣʴʢʠ ʚʽʜʩʫʪʥʽ ʧʨʘʮʽʚʥʠʢʠ, ʷʢʽ ʤʦʛʣʠ ʙ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʜʦ ʚʠʤʦʛ ʩʫʯʘʩʥʦʛʦ ʨʠʥʢʫ. ɺ ʫʤʦʚʘʭ 

ʢʘʜʨʦʚʦʛʦ ʜʝʬʽʮʠʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʯʘʩʪʦ ʟʤʫʰʝʥʽ ʧʝʨʝʥʘʚʘʥʪʘʞʫʚʘʪʠ ʥʘʷʚʥʠʡ 

ʧʝʨʩʦʥʘʣ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʚʠʨʦʙʥʠʯʠʭ ʧʦʤʠʣʦʢ ʽ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʚʠʛʦʨʘʥʥʷ ʩʝʨʝʜ 

ʧʨʘʮʽʚʥʠʢʽʚ. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʞʠʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʭʦʜʽʚ ʷʢ 

ʥʘ ʜʝʨʞʘʚʥʦʤʫ, ʪʘʢ ʽ ʥʘ ʢʦʨʧʦʨʘʪʠʚʥʦʤʫ ʨʽʚʥʷʭ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʻ 

ʨʝʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʨʦʬʝʩʽʡʥʦ-ʪʝʭʥʽʯʥʦʾ ʦʩʚʽʪʠ ʟ ʦʨʽʻʥʪʘʮʽʻʶ ʥʘ ʧʦʪʨʝʙʠ 

ʨʠʥʢʫ ʧʨʘʮʽ ʪʘ ʘʢʪʠʚʽʟʘʮʽʷ ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʥʘʚʯʘʣʴʥʠʤʠ ʟʘʢʣʘʜʘʤʠ ʡ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. ɺʘʞʣʠʚʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʜʫʘʣʴʥʫ ʦʩʚʽʪʫ, ʱʦ ʧʦʻʜʥʫʻ 

ʪʝʦʨʝʪʠʯʥʝ ʥʘʚʯʘʥʥʷ ʟ ʧʨʘʢʪʠʢʦʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʛʦʪʫʚʘʪʠ ʬʘʭʽʚʮʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʴʥʠʤ ʚʠʤʦʛʘʤ ʨʦʙʦʪʦʜʘʚʮʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʘʶʪʴ ʙʫʪʠ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʫ ʩʪʚʦʨʝʥʥʽ ʧʨʠʚʘʙʣʠʚʠʭ ʫʤʦʚ ʧʨʘʮʽ, 

ʢʦʥʢʫʨʝʥʪʥʦʾ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʪʘ ʩʦʮʽʘʣʴʥʦʛʦ ʧʘʢʝʪʘ, ʷʢʽ ʤʦʞʫʪʴ ʫʪʨʠʤʘʪʠ 

ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʛʘʣʫʟʽ ʪʘ ʩʪʠʤʫʣʶʚʘʪʠ ʤʦʣʦʜʴ ʦʙʠʨʘʪʠ ʪʝʭʥʽʯʥʽ ʧʨʦʬʝʩʽʾ. 

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʻ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʧʨʝʩʪʠʞʫ ʪʝʭʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 

ʯʝʨʝʟ ʽʥʬʦʨʤʘʮʽʡʥʽ ʢʘʤʧʘʥʽʾ, ʧʨʦʬʦʨʽʻʥʪʘʮʽʶ ʚ ʰʢʦʣʘʭ ʪʘ ʧʦʟʠʪʠʚʥʝ ʚʠʩʚʽʪʣʝʥʥʷ 

ʨʦʙʦʪʠ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫ ɿʄɯ. ɼʦʜʘʪʢʦʚʠʤ ʢʨʦʢʦʤ ʻ ʩʪʠʤʫʣʶʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ 

ʤʽʛʨʘʮʽʾ ʨʦʙʦʯʦʾ ʩʠʣʠ, ʟʦʢʨʝʤʘ ʟʘʣʫʯʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʽʟ ʨʝʛʽʦʥʽʚ ʽʟ ʚʠʱʠʤ ʨʽʚʥʝʤ 

ʙʝʟʨʦʙʽʪʪʷ, ʘ ʪʘʢʦʞ ʘʜʘʧʪʘʮʽʷ ʪʨʫʜʦʚʠʭ ʤʽʛʨʘʥʪʽʚ, ʷʢʽ ʧʦʚʝʨʪʘʶʪʴʩʷ ʟ-ʟʘ ʢʦʨʜʦʥʫ.  

ɺʠʩʥʦʚʦʢ: ʂʘʜʨʦʚʠʡ ʜʝʬʽʮʠʪ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ, 

ʱʦ ʩʪʨʠʤʫʻ ʨʦʟʚʠʪʦʢ ʛʘʣʫʟʽ ʪʘ ʟʥʠʞʫʻ ʾʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. ʇʦʜʦʣʘʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʠʤʘʛʘʻ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʨʝʬʦʨʤʫ ʦʩʚʽʪʠ, 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʷʢ 

ʜʝʨʞʘʚʠ, ʪʘʢ ʽ ʙʽʟʥʝʩʫ ʚ ʧʽʜʛʦʪʦʚʮʽ ʪʘ ʫʪʨʠʤʘʥʥʽ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ. 
 

ʃʽʪʝʨʘʪʫʨʘ:  

1. ʄ.ʇʨʠʭʦʜʴʢʦ. ɼʝʩʷʪʴ ʨʠʟʠʢʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. 31.01.2024. URL: https://www.epravda.com.ua/columns/2024/01/31/709328/ 
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ʅɽʉʇʈɸɺʅʆʉʊɯ ʈɸʄ ɺɯɿʂɯɺ ɺɸɻʆʅɯɺ ʄɽʊʈʆʇʆʃɯʊɽʅʋ, ʗʂɯ 

ɺʀʅʀʂɸʖʊʔ ʇʈʀ ɽʂʉʇʃʋɸʊɸʎɯɰ 

 

ɹʽʨʶʢʦʚ ʉ. ɺ., ʖʨʯʝʥʢʦ ʆ. ɸ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ) 

 

ʋ ʍʘʨʢʽʚʩʴʢʦʤʫ ʤʝʪʨʦʧʦʣʽʪʝʥʽ ʥʘ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʜʚʘ 

ʪʠʧʠ ʚʽʟʢʽʚ ï ʧʦʚʽʜʮʝʚʠʡ ʪʘ ʰʧʠʥʪʦʥʥʠʡ. ʆʩʥʦʚʥʘ ʾʭ ʚʽʜʤʽʥʥʽʩʪʴ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ 

ʧʦʣʷʛʘʻ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʢʩʦʚʦʛʦ ʚʫʟʣʘ, ʱʦ ʟôʻʜʥʫʻ ʢʦʣʽʩʥʫ ʧʘʨʫ ʟ ʨʘʤʦʶ ʚʽʟʢʘ. 

ʈʘʤʠ ʮʠʭ ʚʽʟʢʽʚ ʪʘʢʦʞ ʤʘʶʪʴ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʘʤ ʚʽʟʢʽʚ ʪʘ 

ʚʠʜʽʣʠʪʠ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʜʞʝ ʩʘʤʝ ʯʝʨʝʟ ʨʘʤʫ 

ʧʝʨʝʜʘʶʪʴʩʷ ʪʷʛʦʚʽ ʪʘ ʛʘʣʴʤʽʚʥʽ ʟʫʩʠʣʣʷ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʥʝʾ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚʘʛʘ ʢʫʟʦʚʘ ʤʽʞ ʢʦʣʽʩʥʠʤʠ ʧʘʨʘʤʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʧʨʠ ʨʫʩʽ ʧʦ ʢʦʣʽʾ ʥʘ ʨʘʤʫ ʚʽʟʢʘ ʜʽʶʪʴ ʨʽʟʥʽ ʟʘ ʥʘʧʨʷʤʢʦʤ ʪʘ 

ʚʝʣʠʯʠʥʦʶ ʟʫʩʠʣʣʷ, ʷʢʽ ʟ ʯʘʩʦʤ ʚʠʢʣʠʢʘʶʪʴ ʪʨʽʱʠʥʠ ʚ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ [1]. ʅʘ 

ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʘ ʨʘʤʘ ʚʽʟʢʘ, ʷʢʘ ʻ ʦʩʥʦʚʥʦʶ ʥʝʩʫʯʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʤʦʥʪʫ, ʘʜʞʝ ʾʾ ʥʝʩʧʨʘʚʥʽʩʪʴ ʤʦʞʝ ʧʨʠʚʝʩʪʠ 

ʜʦ ʘʚʘʨʽʾ, ʱʦ ʥʝʧʨʠʧʫʩʪʠʤʦ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʧʘʩʘʞʠʨʽʚ. 

 

 

ʈʠʩ.1. ʈʘʤʘ ʧʦʚʽʜʮʝʚʦʛʦ ʚʽʟʢʘ 
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ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʢʦʥʩʪʨʫʢʮʽʶ,  

ʥʘʫʢʦʚʮʷʤʠ ʪʘ ʽʥʞʝʥʝʨʘʤʠ ʙʫʣʦ ʚʠʜʽʣʝʥʦ çʩʣʘʙʢʽ ʤʽʩʮʷè ʚ ʨʘʤʽ ʚʽʟʢʘ [2], ʷʢʽ ʧʦ 

ʤʦʞʣʠʚʦʩʪʽ ʫʩʫʚʘʣʠʩʷ ʘʙʦ ʧʽʜʩʠʣʶʚʘʣʠʩʷ. ʊʘʢʦʞ ʚʧʨʦʚʘʜʞʫʚʘʣʠʩʷ ʫ 

ʚʠʨʦʙʥʠʮʪʚʦ ʽʥʰʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ï ʚʽʜ ʟʤʽʥʠ ʟʚʘʨʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʤʠ ʥʘ ʣʠʩʪʦʚʫ ʜʦ ʟʤʽʥʠ ʤʘʨʢʠ ʩʪʘʣʽ, ʟ ʷʢʦʾ ʚʠʨʦʙʣʷʣʠʩʷ ʙʘʣʢʠ ʨʘʤʠ. 

ɿ ʨʦʟʚʠʪʢʦʤ  ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʧʨʦʛʥʦʟʫʚʘʪʠ, ʷʢ ʙʫʜʝ 

ʚʝʩʪʠ ʩʝʙʝ ʨʘʤʘ ʚʽʟʢʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʟʘʭʦʜʠ, ʷʢʽ ʧʽʜʚʠʱʘʪʴ 

ʾʾ ʤʽʮʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ. ʊʘʢʦʞ ʤʦʞʣʠʚʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʦʩʚʽʜ ʟʘʢʦʨʜʦʥʥʠʭ 

ʤʝʪʨʦʧʦʣʽʪʝʥʽʚ ʱʦʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʟʢʘ ʪʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʚʧʨʦʚʘʜʞʫʚʘʣʠʩʷ 

ʥʠʤʠ ʜʣʷ ʡʦʛʦ ʥʘʜʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʑʦʜʦ ʨʘʤʠ ʚʽʟʢʘ ʮʝ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʘ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʙʘʣʦʢ, ʟʤʽʥʘ ʪʦʚʱʠʥʠ ʣʠʩʪʽʚ, ʟ ʷʢʠʭ ʚʦʥʠ ʟʚʘʨʝʥʽ, 

ʧʦʣʝʛʰʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʟʢʘ, ʟʦʢʨʝʤʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʤʠ ʟ  ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ 

[3]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʨʘʤʘ ʚʽʟʢʘ ʻ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʚʘʛʦʥʫ ʤʝʪʨʦʧʦʣʽʪʝʥʫ. ɺʽʜ ʤʽʮʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʨʘʤʠ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʙʝʟʧʝʢʘ ʨʫʭʫ, ʘ ʡ ʢʦʤʬʦʨʪʥʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ. ʊʦʞ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʤʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʥʝ 

ʪʽʣʴʢʠ ʫ ʚʽʪʯʠʟʥʷʥʦʤʫ ʚʘʛʦʥʦʙʫʜʫʚʘʥʥʽ, ʘ ʡ ʫ ʟʘʢʦʨʜʦʥʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ.  

 

ʃʽʪʝʨʘʪʫʨʘ: 
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ʅɽʁʈʆʄɽʈɽɾɽɺɽ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ 

ʆɹʃɸɼʅɸʅʅʗ ʋ ɺɸɾʂʆʄʋ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅɯ 

 

ɹʦʥʜʘʨʻʚ ʗ.ɻ., ʐʘʰʢʦ ɺ.ʆ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʨʦʙʦʪʠ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʫ ʚʘʞʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʜʝ 

ʥʘʚʽʪʴ ʢʦʨʦʪʢʦʯʘʩʥʽ ʟʫʧʠʥʢʠ ʘʛʨʝʛʘʪʽʚ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ 

ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ ʪʘ ʨʠʟʠʢʽʚ ʜʣʷ ʧʝʨʩʦʥʘʣʫ. ɿʽ ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʨʦʩʪʘʥʥʷʤ ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʥʠʭ ʟ ʧʨʦʤʠʩʣʦʚʠʭ 

ʩʝʥʩʦʨʽʚ, ʟʥʘʯʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʤʝʪʦʜʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʢʣʘʩʠʯʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʪʦʯʥʦʛʦ ʦʧʠʩʫ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʥʦʰʫʚʘʥʥʷ, ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʧʽʜʭʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ 

ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ð ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʚʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʫʩʽʭ 

ʚʥʫʪʨʽʰʥʽʭ ʤʝʭʘʥʽʟʤʽʚ ʜʝʛʨʘʜʘʮʽʾ. ʎʝ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʫ ʢʦʥʪʝʢʩʪʽ ʚʝʣʠʢʦʾ 

ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʫ ʚʘʞʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ [1]. 

ʉʝʨʝʜ ʘʨʭʽʪʝʢʪʫʨ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʧʨʘʮʶʶʪʴ ʽʟ ʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʠʨʽʟʥʷʶʪʴʩʷ ʨʝʢʫʨʝʥʪʥʽ 

ʤʝʨʝʞʽ (RNN), ʟʦʢʨʝʤʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʷ ð ʤʝʨʝʞʽ ʟ ʜʦʚʛʦʶ ʢʦʨʦʪʢʦʯʘʩʥʦʶ 

ʧʘʤôʷʪʪʶ (LSTM). ʎʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʪʨʝʥʜʠ ʜʝʛʨʘʜʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, 

ʚʨʘʭʦʚʫʶʯʠ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚ ʟʤʽʥʽ ʩʠʛʥʘʣʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ LSTM ʫ ʟʘʜʘʯʘʭ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ (Remaining Useful Life, RUL) ʘʙʦ ʯʘʩʫ ʜʦ 

ʚʽʜʤʦʚʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʚʽʙʨʘʮʽʡʥʠʭ, ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʘ ʽʥʰʠʭ ʬʽʟʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʷʢʽ ʬʽʢʩʫʶʪʴʩʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ [2]. ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʟʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ, 

ʱʦ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ. ʎʝ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ 

ʬʘʢʪʠʯʥʠʤ ʩʪʘʥʦʤ ʦʙʣʘʜʥʘʥʥʷ. ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ð ʪʘʢʠʭ ʷʢ ʨʘʜʽʘʮʽʷ, 

ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʽʜʚʠʱʝʥʘ ʚʦʣʦʛʽʩʪʴ, ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ 

ʘʛʨʝʩʠʚʥʝ ʙʽʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɿ ʯʘʩʦʤ ʮʝ ʤʦʞʝ ʥʝ ʣʠʰʝ ʩʧʨʠʯʠʥʷʪʠ 

ʜʦʧʫʩʪʠʤʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʘʣʝ ʡ ʚʠʚʦʜʠʪʠ ʾʭ ʟʘ ʤʝʞʽ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʩʪʚʦʨʶʶʯʠ ʧʝʨʝʜʫʤʦʚʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʚʽʜʤʦʚ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʝ ʫ 

ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘ ʨʠʩ. 

1 [3]. ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ: ʟʙʽʨ 

ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʾʭ ʦʯʠʩʪʢʘ, ʥʦʨʤʘʣʽʟʘʮʽʷ ʪʘ ʫʥʽʬʽʢʘʮʽʷ; 

ʚʠʜʽʣʝʥʥʷ ʨʝʣʝʚʘʥʪʥʠʭ ʦʟʥʘʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʽʥʞʝʥʝʨʽʾ ʦʟʥʘʢ (feature 

engineering), ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ ʤʘʨʢʦʚʘʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ 

ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʪʘ ʚʽʜʤʦʚ, ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʾʾ ʚʘʣʽʜʘʮʽʷ ʥʘ 

ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ 

 

ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʫ ʧʦʙʫʜʦʚʽ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʚʽʜʽʛʨʘʻ ʷʢʽʩʥʘ ʧʽʜʛʦʪʦʚʢʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ. ʊʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʚʠʜʽʣʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʧʨʠʭʦʚʘʥʠʭ ʢʦʨʝʣʷʮʽʡ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ. ɯʥʪʝʛʨʘʮʽʷ ʤʝʪʦʜʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʤʝʪʦʜʘʤʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ [4]. ɿʥʘʯʥʫ ʫʚʘʛʫ 

ʧʨʠʚʝʨʪʘʻ ʧʦʷʩʥʶʚʘʥʠʡ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (Explainable AI), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʽʰʝʥʴ ʥʝʡʨʦʤʝʨʝʞʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʡ 

ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʜʝ ʚʽʜʤʦʚʘ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʝ ʤʘʪʠ ʢʨʠʪʠʯʥʽ 

ʥʘʩʣʽʜʢʠ, ʘ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʡ ʧʝʨʩʦʥʘʣ ʧʦʚʠʥʝʥ ʨʦʟʫʤʽʪʠ ʣʦʛʽʢʫ, ʟʘ ʷʢʦʶ ʙʫʣʦ 

ʩʬʦʨʤʦʚʘʥʦ ʧʨʦʛʥʦʟ.  

ɺʘʨʪʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʝʡʨʦʤʝʨʝʞʝʚʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʻ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʾ ʢʦʥʮʝʧʮʽʾ ɯʥʜʫʩʪʨʽʾ 4.0, ʜʝ ʦʙʣʘʜʥʘʥʥʷ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

ʪʘ ʘʥʘʣʽʪʠʢʘ ʦʙôʻʜʥʫʶʪʴʩʷ ʫ ʻʜʠʥʠʡ ʮʠʬʨʦʚʠʡ ʣʘʥʮʶʛ ʩʪʚʦʨʝʥʥʷ ʚʘʨʪʦʩʪʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʦʪʨʠʤʫʶʪʴ ʥʝ ʣʠʰʝ ʟʘʩʽʙ 

ʧʽʜʪʨʠʤʢʠ ʥʘʜʽʡʥʦʩʪʽ, ʘ ʡ ʽʥʩʪʨʫʤʝʥʪ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ 

ʧʨʦʜʫʢʮʽʾ. ʆʪʞʝ, ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʫ 

ʚʘʞʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. 
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1ɹʫʨʮʝʚʘ ʆ.ɭ., 2ɻʦʥʯʘʨʦʚʘ ɸ.ʉ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʋ XXI ʩʪʦʣʽʪʪʽ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʚʠʜʢʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʟʤʽʥʘʤʠ, ʛʣʦʙʘʣʽʟʘʮʽʻʶ ʪʘ ʟʨʦʩʪʘʶʯʦʶ ʢʦʥʢʫʨʝʥʮʽʻʶ, ʱʦ 

ʚʠʤʘʛʘʻ ʚʽʜ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦʩʪʽʡʥʦʾ ʘʜʘʧʪʘʮʽʾ ʽ ʽʥʥʦʚʘʮʽʡ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ 

ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʫʩʧʽʭʫ ʩʪʘʻ ʣʶʜʩʴʢʠʡ ʢʘʧʽʪʘʣ ï ʢʦʤʧʝʪʝʥʪʥʽ, ʤʦʪʠʚʦʚʘʥʽ ʪʘ 

ʟʜʘʪʥʽ ʜʦ ʥʘʚʯʘʥʥʷ ʧʨʘʮʽʚʥʠʢʠ. ʉʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʧʝʨʩʦʥʘʣʫ ʥʘʙʫʚʘʶʪʴ 

ʦʩʦʙʣʠʚʦʾ ʚʘʞʣʠʚʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʢʘʜʨʠ, ʛʦʪʦʚʽ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʢʣʠʢʘʤ ʩʫʯʘʩʥʦʩʪʽ ʽ ʩʧʨʠʷʪʠ ʩʪʘʣʦʤʫ ʟʨʦʩʪʘʥʥʶ ʦʨʛʘʥʽʟʘʮʽʡ. 

ɺʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʚʠʪʢʫ ʧʝʨʩʦʥʘʣʫ ʜʦʧʦʤʘʛʘʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ 

ʟʙʝʨʝʛʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʨʦʟʚʠʪʦʢ ʫ 

ʩʚʽʪʽ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ. 

ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʩʪʨʽʤʢʦ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ, 

ʛʣʦʙʘʣʽʟʘʮʽʾ, ʮʠʬʨʦʚʽʟʘʮʽʾ ʪʘ ʥʦʚʠʭ ʩʦʮʽʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʫʩʧʽʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʪʘ ʛʦʪʦʚʥʦʩʪʽ ʡʦʛʦ ʧʝʨʩʦʥʘʣʫ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʯʘʩʫ. ʃʶʜʩʴʢʠʡ ʢʘʧʽʪʘʣ ʧʝʨʝʩʪʘʻ ʙʫʪʠ ʧʨʦʩʪʦ ʨʝʩʫʨʩʦʤ ï 

ʚʽʥ ʩʪʘʻ ʩʪʨʘʪʝʛʽʯʥʠʤ ʘʢʪʠʚʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ, 

ʽʥʥʦʚʘʮʽʡʾʩʪʴ ʽ ʛʥʫʯʢʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ. ʊʦʤʫ ʬʦʨʤʫʚʘʥʥʷ çʢʘʜʨʽʚ ʤʘʡʙʫʪʥʴʦʛʦè ʻ 

ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʋ ʩʚʽʪʽ, ʜʝ ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ, ʨʘʥʽʰʝ ʥʝʤʠʩʣʠʤʦʶ, 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʤʫʰʝʥʽ ʥʝ ʣʠʰʝ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʦʚʽ ʫʤʦʚʠ, ʘ ʡ ʧʝʨʝʜʙʘʯʘʪʠ ʾʭ, 

ʙʫʜʫʚʘʪʠ ʛʥʫʯʢʽ ʤʦʜʝʣʽ ʨʦʙʦʪʠ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʟʚʠʯʘʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʚʠʪʢʫ 

ʧʝʨʩʦʥʘʣʫ ʚʞʝ ʥʝ ʧʨʘʮʶʶʪʴ. ʅʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʩʠʩʪʝʤʥʠʡ, 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʥʝ ʣʠʰʝ ʧʨʦʬʝʩʽʡʥʽ ʥʘʚʠʯʢʠ, ʘ ʡ ʟʜʘʪʥʽʩʪʴ 

ʧʨʘʮʽʚʥʠʢʽʚ ʰʚʠʜʢʦ ʥʘʚʯʘʪʠʩʷ, ʘʜʘʧʪʫʚʘʪʠʩʷ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʽʥʥʦʚʘʮʽʾ. 

ʆʩʥʦʚʫ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʝʨʩʦʥʘʣʫ ʩʢʣʘʜʘʶʪʴ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ 

ʥʘʧʨʷʤʢʽʚ: 

ʇʨʦʬʝʩʽʡʥʝ ʥʘʚʯʘʥʥʷ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʮʠʬʨʦʚʽ ʥʘʚʠʯʢʠ. ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʤʽʥʶʶʪʴ ʩʧʦʩʦʙʠ ʨʦʙʦʪʠ, ʚʠʤʘʛʘʶʪʴ ʟʥʘʥʥʷ ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʥʘʚʠʯʦʢ 

ʘʥʘʣʽʪʠʢʠ ʪʘ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ. ɹʝʟʧʝʨʝʨʚʥʝ ʥʘʚʯʘʥʥʷ, ʛʥʫʯʢʽ 

ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ e-learning ʩʪʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʶ. 

ʈʦʟʚʠʪʦʢ çsoft skillsè. ʋ ʩʚʽʪʽ, ʜʝ ʤʘʰʠʥʠ ʚʩʝ ʯʘʩʪʽʰʝ ʙʝʨʫʪʴ ʥʘ ʩʝʙʝ 

ʨʫʪʠʥʥʽ ʟʘʚʜʘʥʥʷ, ʮʽʥʥʽʩʪʴ ʣʶʜʩʴʢʠʭ ʥʘʚʠʯʦʢ ï ʢʦʤʫʥʽʢʘʮʽʾ, ʢʨʝʘʪʠʚʥʦʩʪʽ, 

ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʝʤʦʮʽʡʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ï ʟʨʦʩʪʘʻ. ɺʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʚ 

ʢʦʤʘʥʜʽ, ʚʝʩʪʠ ʧʝʨʝʛʦʚʦʨʠ ʽ ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʽ ʧʨʦʙʣʝʤʠ ʩʪʘʶʪʴ ʢʣʶʯʦʚʠʤʠ. 
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ʋʧʨʘʚʣʽʥʥʷ ʪʘʣʘʥʪʘʤʠ ʽ ʢʘʜʨʦʚʠʡ ʨʝʟʝʨʚ. ɺʠʷʚʣʝʥʥʷ, ʨʦʟʚʠʪʦʢ ʽ ʫʪʨʠʤʘʥʥʷ 

ʥʘʡʢʨʘʱʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ï ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʩʪʨʘʪʝʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɺʥʫʪʨʽʰʥʽ 

ʧʨʦʛʨʘʤʠ ʢʘʨôʻʨʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʽ ʧʽʜʛʦʪʦʚʢʠ ʣʽʜʝʨʽʚ ʜʦʧʦʤʘʛʘʶʪʴ ʬʦʨʤʫʚʘʪʠ 

ʥʘʜʽʡʥʫ ʙʘʟʫ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʟʤʽʥ. 

ʌʦʨʤʫʚʘʥʥʷ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʢʫʣʴʪʫʨʠ. ʇʽʜʪʨʠʤʢʘ ʮʽʥʥʦʩʪʝʡ, ʱʦ 

ʩʪʠʤʫʣʶʶʪʴ ʽʥʥʦʚʘʮʽʾ, ʟʘʣʫʯʝʥʽʩʪʴ ʽ ʚʽʜʢʨʠʪʽʩʪʴ ʜʦ ʟʤʽʥ, ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʝ 

ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʦʪʝʥʮʽʘʣʫ ʧʝʨʩʦʥʘʣʫ. 

ʎʠʬʨʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʥʝ ʣʠʰʝ ʩʧʨʦʱʫʶʪʴ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ, ʘʣʝ ʡ ʩʪʘʶʪʴ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʟʤʽʥ. HR-ʘʥʘʣʽʪʠʢʘ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ 

ʧʦʪʨʝʙʠ ʚ ʨʦʟʚʠʪʢʫ, ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʨʦʛʨʝʩ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ. ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʯʘʥʥʷʤ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʩʦʥʘʣʽʟʫʚʘʪʠ ʦʩʚʽʪʫ, ʘʜʘʧʪʫʚʘʪʠ ʾʾ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. ɺʽʨʪʫʘʣʴʥʽ ʪʨʝʥʽʥʛʠ ʪʘ ʧʣʘʪʬʦʨʤʠ e-learning ʨʦʙʣʷʪʴ ʦʩʚʽʪʫ 

ʜʦʩʪʫʧʥʦʶ ʪʘ ʛʥʫʯʢʦʶ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʫ ʧʝʨʽʦʜʠ ʰʚʠʜʢʠʭ ʟʤʽʥ. 

ɺ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʟʘ ʪʘʣʘʥʪʠ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʷ ʦʩʚʽʪʥʽʭ ʽ 

ʤʦʪʠʚʘʮʽʡʥʠʭ ʧʨʦʛʨʘʤ ʩʪʘʻ ʧʨʽʦʨʠʪʝʪʦʤ. ʇʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʦʩʦʙʠʩʪʽʩʥʽ ʧʦʪʨʝʙʠ ʽ ʧʦʪʝʥʮʽʘʣ ʧʨʘʮʽʚʥʠʢʽʚ, ʤʦʞʫʪʴ ʢʨʘʱʝ ʫʪʨʠʤʫʚʘʪʠ 

ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʾʭʥʶ ʟʘʣʫʯʝʥʽʩʪʴ. ɻʥʫʯʢʽ ʦʩʚʽʪʥʽ 

ʪʨʘʻʢʪʦʨʽʾ, ʘʜʘʧʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ʽ ʧʽʜʪʨʠʤʢʘ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʦʩʪʫ ʩʧʨʠʷʶʪʴ 

ʬʦʨʤʫʚʘʥʥʶ ʣʦʷʣʴʥʦʾ ʪʘ ʤʦʪʠʚʦʚʘʥʦʾ ʢʦʤʘʥʜʠ. 

ʂʝʨʽʚʥʠʢʠ ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʥʝ ʪʽʣʴʢʠ ʤʝʥʝʜʞʝʨʽʚ, ʘ ʡ ʥʘʩʪʘʚʥʠʢʽʚ. 

ɺʦʥʠ ʧʦʚʠʥʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʢʫʣʴʪʫʨʫ ʚʽʜʢʨʠʪʦʩʪʽ, ʜʦʚʽʨʠ, ʩʧʨʠʷʪʠ ʧʨʦʬʝʩʽʡʥʦʤʫ 

ʨʦʟʚʠʪʢʫ ʪʘ ʟʘʦʭʦʯʫʚʘʪʠ ʽʥʽʮʽʘʪʠʚʫ. ʃʽʜʝʨʠ, ʷʢʽ ʻ ʧʨʠʢʣʘʜʦʤ ʜʣʷ ʩʚʦʾʭ ʢʦʤʘʥʜ, 

ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʚʯʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡ. 

ɯʥʚʝʩʪʠʮʽʾ ʫ ʨʦʟʚʠʪʦʢ ʢʘʜʨʽʚ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʧʽʜʚʠʱʫʚʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ, ʟʥʠʞʫʚʘʪʠ ʧʣʠʥʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ, ʰʚʠʜʢʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʟʤʽʥ ʽ ʟʤʽʮʥʶʚʘʪʠ ʧʦʟʠʮʽʾ ʥʘ ʨʠʥʢʫ. ʉʪʨʘʪʝʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʣʶʜʩʴʢʠʤ 

ʢʘʧʽʪʘʣʦʤ ï ʮʝ ʟʘʧʦʨʫʢʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʫʩʧʽʭʫ ʢʦʤʧʘʥʽʾ. 

ʉʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʧʝʨʩʦʥʘʣʫ ʚ ʝʧʦʭʫ ʰʚʠʜʢʠʭ ʟʤʽʥ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʠʢʣʠʢʽʚ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʫʩʧʽʭʫ ʩʫʯʘʩʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʌʦʨʤʫʚʘʥʥʷ ʢʘʜʨʽʚ ʤʘʡʙʫʪʥʴʦʛʦ ï ʮʝ ʥʝ ʣʠʰʝ ʧʨʦ ʥʘʚʯʘʥʥʷ ʥʦʚʠʭ ʧʨʦʬʝʩʽʡʥʠʭ 

ʥʘʚʠʯʦʢ, ʘ ʡ ʧʨʦ ʨʦʟʚʠʪʦʢ ʛʥʫʯʢʦʩʪʽ, ʢʨʝʘʪʠʚʥʦʩʪʽ, ʣʽʜʝʨʩʪʚʘ ʪʘ ʟʜʘʪʥʦʩʪʽ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʥʦʛʦ, ʽʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʚʠʪʢʫ ʣʶʜʩʴʢʦʛʦ ʢʘʧʽʪʘʣʫ, ʧʽʜʪʨʠʤʢʘ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʢʫʣʴʪʫʨʠ ʪʘ 

ʘʢʪʠʚʥʘ ʨʦʣʴ ʢʝʨʽʚʥʠʮʪʚʘ ʩʪʚʦʨʶʶʪʴ ʤʽʮʥʫ ʦʩʥʦʚʫ ʜʣʷ ʩʪʘʣʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʢʦʤʧʘʥʽʾ. ɯʥʚʝʩʪʠʮʽʾ ʫ ʧʝʨʩʦʥʘʣ ï ʮʝ ʽʥʚʝʩʪʠʮʽʾ ʚ ʤʘʡʙʫʪʥʻ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ, ʽʥʥʦʚʘʮʽʡʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʙʽʟʥʝʩ-

ʩʝʨʝʜʦʚʠʱʽ. 
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ɯʅɾʀʅɯʈʀʅɻ ɽʇɯʎʀʂʃɯʏʅʆɰ ʇɽʈɽɼɸʏɯ ʋ SOLIDWORKS 

 

ɺʘʣʝʮʴʢʠʡ ɹ.ʇ., ɿʘʣʝʪʘ ʆ.ʄ. 

(ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ, ʋʢʨʘʾʥʘ) 

 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʘʩʧʝʢʪʠ ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʝʧʽʮʠʢʣʽʯʥʦʾ 

ʧʝʨʝʜʘʯʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʩʦʙʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ SOLIDWORKS. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʘʥʘʣʽʟʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ SOLIDWORKS Motion, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ. ɺʦʥʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʝʨʝʚʽʨʢʫ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ, ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ 

ʪʘʢʦʞ ʥʘ ʧʦʜʘʣʴʰʫ ʦʧʪʠʤʽʟʘʮʽʶ ʩʠʩʪʝʤ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. 

ʋ ʢʨʘʾʥʘʭ ʽʟ ʨʦʟʚʠʥʝʥʦʶ ʤʘʰʠʥʦʙʫʜʽʚʥʦʶ ʛʘʣʫʟʟʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʽʥʞʠʥʽʨʠʥʛʫ ʥʘ ʙʘʟʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (3D). 

ɺʦʜʥʦʯʘʩ ʥʘʷʚʥʽ 3D ʤʦʜʝʣʽ ʥʝʜʦʩʪʘʪʥʴʦ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʫʟʣʽʚ ʽ ʜʝʪʘʣʝʡ ʩʧʨʷʞʝʥʴ. ɺ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʨʠʥʢʫ, ʢʦʣʠ 

ʚʽʪʯʠʟʥʷʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʧʨʘʛʥʝ ʜʦ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ ʪʘ 

ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʩʪʘʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ.  

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʝʨʝʜʘʪʦʯʥʽ ʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ ʢʦʥʪʘʢʪʫʶʯʠʤʠ ʣʘʥʢʘʤʠ ʤʝʭʘʥʽʟʤʫ (ʩʘʪʝʣʽʪʘʤʠ, ʚʦʜʠʣʦʤ ʪʘ ʚʽʥʮʝʚʦʶ 

ʰʝʩʪʝʨʥʝʶ) ʯʝʨʝʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚ'ʷʟʦʢ çRotaryMotorè. ʇʽʩʣʷ ʮʴʦʛʦ ʜʦ ʚʭʽʜʥʦʾ 

ʣʘʥʢʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʣʝʤʝʥʪ çRotaryMotorè ʟ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ SOLIDWORKS 

Motion, ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʤʽʞ ʢʦʥʪʘʢʪʫʶʯʠʤʠ ʪʽʣʘʤʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʢʦʨʝʢʪʥʽʩʪʴ ʟʘʜʘʥʠʭ ʧʝʨʝʜʘʪʦʯʥʠʭ ʚʽʜʥʦʰʝʥʴ (ʨʠʩ.1.). 

 
ʈʠʩ. 1. ɼʦʩʣʽʜʞʝʥʥʷ ʨʫʭʫ ʤʦʜʝʣʽ ʟʙʽʨʢʠ ʝʧʽʮʠʢʣʽʯʥʦʾ ʧʝʨʝʜʘʯʽ 
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ɼʨʫʛʠʡ ʝʪʘʧ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ çSolid Body 

Contactè. ɺ ʭʦʜʽ ʨʦʟʨʘʭʫʥʢʽʚ ʬʦʨʤʫʶʪʴʩʷ ʛʨʫʧʠ ʢʦʥʪʘʢʪʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʜʦʜʘʻʪʴʩʷ ʝʣʝʤʝʥʪ çRotaryMotorè, ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʽʟ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʽʩʪʦʪʥʦ 

ʧʝʨʝʚʠʱʫʻ ʧʦʧʝʨʝʜʥʶ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʫ ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʘʢʪʥʠʭ ʧʘʨ ʪʘ ʟʘʜʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʚ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʧʨʦʻʢʪʫ. ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʟʦʨʽʚ ʫ ʟʫʙʯʘʩʪʠʭ 

ʟʘʯʝʧʣʝʥʥʷʭ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʦʤ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʬʫʥʢʮʽʾ çSolid Body Contactè. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʦ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ ʥʘ 

ʜʠʥʘʤʽʢʫ ʤʝʭʘʥʽʟʤʫ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʡʦʛʦ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

ɸʥʘʣʽʟ ʨʫʭʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʨʽʟʥʠʭ ʚʠʧʘʜʢʽʚ: ʚʭʽʜʥʘ ʰʚʠʜʢʽʩʪʴ 

ʩʪʘʥʦʚʠʪʴ 200 ʦʙ/ʭʚ. ɺʠʧʘʜʦʢ 1 ï ʚʽʥʮʝʚʘ ʰʝʩʪʝʨʥʷ ʥʝʨʫʭʦʤʘ, ʩʦʥʷʯʥʘ ʰʝʩʪʝʨʥʷ 

ï ʚʭʽʜʥʘ, ʘ ʚʦʜʠʣʦ ï ʚʠʭʽʜʥʝ. ɺʠʧʘʜʦʢ 2 ï ʩʦʥʷʯʥʘ ʰʝʩʪʝʨʥʷ ï ʬʽʢʩʦʚʘʥʘ, ʢʦʨʦʥʘ 

ʻ ʚʭʦʜʦʤ, ʘ ʚʦʜʠʣʦ ʻ ʚʠʭʽʜʥʠʤ. ɺʠʧʘʜʦʢ 3 ï ʚʦʜʠʣʦ ʬʽʢʩʦʚʘʥʝ, ʩʦʥʷʯʥʘ ʰʝʩʪʝʨʥʷ 

ʚʭʽʜʥʘ, ʘ ʚʽʥʮʝʚʘ ʰʝʩʪʝʨʥʷ ʚʠʭʽʜʥʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʧʨʠʚʦʜʫ ʝʧʽʮʠʢʣʽʯʥʦʾ ʧʝʨʝʜʘʯʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

 
ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʘʨʽʘʥʪʽʚ ʝʧʽʮʠʢʣʽʯʥʦʾ ʧʝʨʝʜʘʯʽ 

 ɺʘʨʽʘʥʪ 1 ɺʘʨʽʘʥʪ 2 ɺʘʨʽʘʥʪ 3 

ʅʘʧʨʷʤ ʨʫʭʫ  ɺʧʝʨʝʜ ɺʧʝʨʝʜ ʅʘʟʘʜ 

ʊʠʧ ʧʝʨʝʜʘʯʽ ʅʠʟʴʢʦʰʚʠʜʢʽʩʥʘ ɺʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʅʠʟʴʢʦʰʚʠʜʢʽʩʥʘ 

ʇʝʨʝʜʘʚʘʣʴʥʝ 

ʚʽʜʥʦʰʝʥʥʷ 
0,23 0,23 0,30 

ɺʠʭʽʜʥʘ 

ʰʚʠʜʢʽʩʪʴ 

ʚ 0,77 ʨʘʟʠ ʤʝʥʰʘ 

ʟʘ ʚʭʽʜʥʫ 

ʚ 0,77 ʨʘʟʠ ʤʝʥʰʘ ʟʘ 

ʚʭʽʜʥʫ 

ɺ 0,70 ʨʘʟʠ ʤʝʥʰʘ ʟʘ 

ʰʚʠʜʢʽʩʪʴ ʥʘ ʚʭʦʜʽ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʩʽʭ ʚʠʧʘʜʢʽʚ, ʙʫʣʦ ʫʩʧʽʰʥʦ ʚʠʢʦʥʘʥʦ ʟ ʜʦʜʘʪʢʦʚʠʤ 

ʨʦʟʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʯʠʩʣʘ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʭʦʜʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʥʘ 

ʚʠʭʦʜʽ. 

SolidWorks ʻ ʦʜʥʽʻʶ ʟ ʙʘʟʦʚʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʩʧʨʦʝʢʪʫʚʘʪʠ ʚʠʨʦʙʠ ʘʙʦ ʢʦʤʧʦʥʝʥʪʠ ʙʫʜʴ-ʷʢʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʻ 

ʧʦʧʫʣʷʨʥʦʶ ʧʨʦʛʨʘʤʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 3D ʤʦʜʝʣʝʡ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʽ ʧʨʝʜʤʝʪʥʽ ʦʙʣʘʩʪʽ ʽʥʞʠʥʽʨʠʥʛʫ, ʚʘʞʣʠʚʦ 

ʨʦʟʫʤʽʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʽʥʞʝʥʝʨʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʈʽʰʝʥʥʷ ʩʠʩʪʝʤʥʠʭ ʧʨʦʙʣʝʤ, ʱʦ 

ʤʘʶʪʴ ʤʦʥʝʪʘʨʥʠʡ ʘʩʧʝʢʪ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʦʣʽʪʠʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʪʝʭʥʽʯʥʽ 

ʟʘʚʜʘʥʥʷ. ʎʽ ʢʘʪʝʛʦʨʽʾ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʽ ʚʢʣʶʯʘʶʪʴ ʘʩʧʝʢʪʠ ʽʥʰʠʭ ʢʘʪʝʛʦʨʽʡ. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʣʽʪʠʯʥʽ ʟʘʚʜʘʥʥʷ ʚʨʘʭʦʚʫʶʪʴ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ, ʘ 

ʝʢʦʥʦʤʽʢʘ ʽ ʪʝʭʥʽʢʘ ʜʽʶʪʴ ʚ ʧʦʣʽʪʠʯʥʦʤʫ ʢʦʥʪʝʢʩʪʽ. 
ʃʽʪʝʨʘʪʫʨʘ: 

1. ʉʠʩʪʝʤʠ 3D ʤʦʜʝʣʶʚʘʥʥʷ: ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ/ ʇʘʣʴʯʝʚʩʴʢʠʡ ɹ.ʆ., ɺʘʣʝʮʴʢʠʡ, 

ɹ.ʇ., ɺʘʨʘʥʽʮʴʢʠʡ ʊ.ʃ. / ʃʫʮʴʢ:, 2016. - 176ʩ. 

2. Dassault Syst¯mes. SolidWorks web help [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] /  10 Dassault Syst¯mes 
// Dassault Syst¯mes. ï 2022.  
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ʂʅʀɻɸ çTECHNOLOGIES  OF WORKPIECES MANUFACTURING  BY 

CASTINGè ï ʉʋʏɸʉʅɽ ʅɸɺʏɸʃʔʅʆ-ʄɽʊʆɼʀʏʅɽ ɺʀɼɸʅʅʗ 

 

ɺʘʩʠʣʴʢʽʚ ɺ., ʈʘʜʠʢ ɼ., ɼʘʥʠʣʴʯʝʥʢʦ ʃ. 

(ʊʅʊʋ ʽʤʝʥʽ ɯ. ʇʫʣʶʷ, ʤ. ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʽʥʪʝʛʨʘʮʽʾ ʋʢʨʘʾʥʠ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʦʩʚʽʪʥʴʦʛʦ 

ʧʨʦʩʪʦʨʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʘʥʛʣʦʤʦʚʥʠʭ ʥʘʫʢʦʚʦ-ʧʦʧʫʣʷʨʥʠʭ ʪʘ 

ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʠʭ ʚʠʜʘʥʴ. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ çTechnologies of 

Workpieces Manufacturing by Castingè [1] ʟʘʟʥʘʯʝʥʠʭ ʘʚʪʦʨʽʚ ʻ ʧʨʠʢʣʘʜʦʤ 

ʩʫʯʘʩʥʦʾ, ʛʣʠʙʦʢʦ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʧʨʘʮʽ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʧʽʜʛʦʪʦʚʢʫ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ ʤʝʭʘʥʽʢʠ ʪʘ ʤʝʪʘʣʦʦʙʨʦʙʢʠ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʪʘ ʦʟʥʘʡʦʤʣʝʥʥʷ ʰʠʨʰʦʛʦ ʢʦʣʘ ʯʠʪʘʯʽʚ ʟ 

ʘʥʛʣʦʤʦʚʥʠʤ ʽʣʶʩʪʨʦʚʘʥʠʤ ʥʘʚʯʘʣʴʥʠʤ ʧʦʩʽʙʥʠʢʦʤ ʟ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʨʦʙʽʚ ʤʝʪʦʜʦʤ ʣʠʪʪʷ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ G9 - ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ ʪʘ ʩʫʤʽʞʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. 

ɸʢʪʫʘʣʽʟʫʻ ʜʘʥʝ ʚʠʜʘʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʬʦʨʤ ʩʠʩʪʝʤʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʘʙʦ 

ʾʭ ʩʘʤʦʦʮʽʥʶʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ. 

 ʣʠʪʠʭ ʟʘʛʦʪʦʚʦʢ. ʆʢʨʝʤʘ ʫʚʘʛʘ ʫ ʧʦʩʽʙʥʠʢʫ ʧʨʠʜʽʣʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʧʦʩʦʙʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʛʦʪʦʚʦʢ ʣʠʪʪʷʤ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʣʠʚʘʨʥʽ ʦʧʝʨʘʮʽʾ: ʣʠʪʪʷ ʚ 

ʧʽʱʘʥʽ ʬʦʨʤʠ, ʚ ʢʦʢʽʣʴ, ʧʽʜ ʪʠʩʢʦʤ, ʫ ʚʘʢʫʫʤʽ, ʧʨʝʮʠʟʽʡʥʝ ʣʠʪʪʷ ʪʦʱʦ. ʆʧʠʩʘʥʦ 

ʦʩʥʦʚʥʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʣʠʪʪʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʟʜʦʙʫʚʘʯʝʚʽ ʚʠʱʦʾ ʦʩʚʽʪʠ, ʘ ʟʛʦʜʦʤ ʡ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʤʫ ʬʘʭʽʚʮʝʚʽ ʩʚʽʜʦʤʦ 

ʦʙʠʨʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʘʨʰʨʫʪ ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʪʝʨʽʘʣʫ, ʬʦʨʤʠ ʪʘ ʩʝʨʽʡʥʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʢʦʥʫʚʘʪʠ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

 

ɽʚʦʣʶʮʽʷ ʪʘ ʩʫʯʘʩʥʽʩʪʴ ʣʠʚʘʨʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʇʦʩʽʙʥʠʢ ʦʭʦʧʣʶʻ ʽʩʪʦʨʠʯʥʽ 

ʘʩʧʝʢʪʠ ʩʪʘʥʦʚʣʝʥʥʷ ʣʠʚʘʨʥʦʾ ʩʧʨʘʚʠ ï ʚʽʜ 

ʧʨʠʤʽʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʟʘʛʦʪʦʚʦʢ 

ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʡ. 

ɸʚʪʦʨʠ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʶʪʴ ʝʚʦʣʶʮʽʶ ʟʥʘʥʴ, 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʜʦʙʫʚʘʯʘʤ ʚʠʱʦʾ ʦʩʚʽʪʠ ʥʝ ʣʠʰʝ 

ʦʧʘʥʫʚʘʪʠ ʤʘʪʝʨʽʘʣ, ʘ ʡ ʦʩʤʠʩʣʠʪʠ ʣʦʛʽʢʫ 

ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ ʥʘʫʢʠ ʪʘ 

ʧʨʘʢʪʠʢʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʯʥʦʾ ʦʩʚʽʪʠ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʝ 

ʣʠʰʝ ʥʘ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʥʷʭ, ʘʣʝ ʡ ʥʘ 

ʨʦʟʫʤʽʥʥʽ ʪʝʭʥʦʣʦʛʽʡ ʣʠʚʘʨʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʽʩʪʦʨʠʯʥʠʭ ʘʩʧʝʢʪʽʚ 

ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʣʶʜʩʪʚʘ ʪʘ ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ 
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ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ. ɺ ʜʘʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʪʘʢʦʞ ʨʦʟʢʨʠʪʦ ʧʠʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ: ʣʠʪʪʷ ʟʘ ʤʦʜʝʣʷʤʠ, ʱʦ ʛʘʟʠʬʽʢʫʶʪʴʩʷ, ʰʚʠʜʢʽʩʥʝ ʦʭʦʣʦʜʞʝʥʥʷ, ʜʝʬʝʢʪʠ 

ʚʠʣʠʚʢʽʚ ʪʦʱʦ. ɸʢʮʝʥʪʦʚʘʥʦ ʫʚʘʛʫ ʥʘ ʜʦʮʽʣʴʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʨʽʰʝʥʴ 

ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʷʢ ʟʘʧʦʨʫʢʠ ʬʦʨʤʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ. 

ɺʠʨʦʙʥʠʯʽ ʨʝʩʫʨʩʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʧʦʨʷʜʞʝʥʥʷ. ʋ ʢʥʠʟʽ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʩʧʦʨʷʜʞʝʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʣʠʚʘʨʥʠʭ 

ʮʝʭʘʭ. ʇʦʜʘʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʭʝʤʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ. ʊʘʢʘ ʩʪʨʫʢʪʫʨʦʚʘʥʘ 

ʧʦʜʘʯʘ ʜʦʟʚʦʣʷʻ ʟʜʦʙʫʚʘʯʘʤ ʦʧʘʥʫʚʘʪʠ ʥʝ ʣʠʰʝ ʪʝʦʨʽʶ, ʘ ʡ ʧʨʘʢʪʠʯʥʽ ʟʘʩʘʜʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʫʯʘʩʥʦʛʦ ʣʠʚʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʆʢʨʝʤʦ ʟʘʩʣʫʛʦʚʫʻ ʫʚʘʛʠ ʧʦʜʘʥʥʷ ʚʘʨʽʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ï 

ʘʚʪʦʨʠ ʧʦʢʘʟʫʶʪʴ, ʷʢ ʜʣʷ ʦʜʥʽʻʾ ʡ ʪʽʻʾ ʞ ʟʘʛʦʪʦʚʢʠ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ ʨʽʟʥʽ 

ʩʧʦʩʦʙʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʝʢʦʥʦʤʽʯʥʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʯʠʥʥʠʢʽʚ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʛʥʫʯʢʽʩʪʴ ʤʠʩʣʝʥʥʷ, ʷʢʦʾ ʚʠʤʘʛʘʻ ʩʫʯʘʩʥʘ ʽʥʞʝʥʝʨʥʘ ʦʩʚʽʪʘ. 

ʊʝʩʪʦʚʠʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʴ ʽ ʧʨʘʢʪʠʯʥʝ ʩʧʨʷʤʫʚʘʥʥʷ. ʂʦʞʝʥ ʨʦʟʜʽʣ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʪʝʩʪʦʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʪʦʯʥʠʡ ʯʠ 

ʧʽʜʩʫʤʢʦʚʠʡ ʢʦʥʪʨʦʣʴ ʘʙʦ ʞ ʩʘʤʦʦʮʽʥʶʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ. ɿʘʚʜʘʥʥʷ ʫʢʣʘʜʝʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ɹʦʣʦʥʩʴʢʦʛʦ 

ʧʨʦʮʝʩʫ ʩʧʨʠʷʶʪʴ ʬʦʨʤʫʚʘʥʥʶ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʣʦʛʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʟʜʘʪʥʦʩʪʽ 

ʜʦ ʘʥʘʣʽʟʫ ʪʘ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ʊʘʢʝ ʧʦʻʜʥʘʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʢʦʥʪʨʦʣʝʤ ʟʥʘʥʴ ʨʦʙʠʪʴ ʧʦʩʽʙʥʠʢ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʨʫʢʘʭ 

ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ ʪʘ ʟʜʦʙʫʚʘʯʘ ʦʩʚʽʪʠ. 

ɸʥʛʣʦʤʦʚʥʝ ʚʠʢʣʘʜʝʥʥʷ ʪʘ ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʚʧʨʘʮʽ. 

ʆʩʦʙʣʠʚʫ ʮʽʥʥʽʩʪʴ ʚʠʜʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʡʦʛʦ ʘʥʛʣʦʤʦʚʥʘ ʬʦʨʤʘ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʪʫʧ ʜʦ ʟʥʘʥʴ ʥʝ ʣʠʰʝ ʫʢʨʘʾʥʩʴʢʠʤ ʟʜʦʙʫʚʘʯʘʤ ʦʩʚʽʪʠ, ʘʣʝ ʡ ʟʜʦʙʫʚʘʯʘʤ ʦʩʚʽʪʠ 

ʟ ʯʠʩʣʘ ʽʥʦʟʝʤʥʠʭ ʛʨʦʤʘʜʷʥ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ. ɹʽʣʴʰʝ ʪʦʛʦ, ʚʠʢʣʘʜ 

ʤʘʪʝʨʽʘʣʫ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʘʭʦʚʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ ʩʧʨʠʷʻ 

ʬʦʨʤʫʚʘʥʥʶ ʤʦʚʥʦʾ ʽʥʞʝʥʝʨʥʦʾ ʢʫʣʴʪʫʨʠ, ʱʦ ʻ ʥʝʦʜʤʽʥʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʽʥʪʝʛʨʘʮʽʾ ʋʢʨʘʾʥʠ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʩʪʦʨʫ. ɿʜʦʙʫʚʘʯʽ ʦʩʚʽʪʠ 

ʥʘʚʯʘʶʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʟ ʪʝʨʤʽʥʘʤʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʬʘʭʦʚʫ ʣʽʪʝʨʘʪʫʨʫ, ʛʦʪʫʚʘʪʠ 

ʘʥʛʣʦʤʦʚʥʽ ʧʨʦʻʢʪʠ, ʘ ʪʘʢʦʞ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʢʫʨʩʘʭ ʽ ʧʨʦʛʨʘʤʘʭ 

ʘʢʘʜʝʤʽʯʥʦʾ ʤʦʙʽʣʴʥʦʩʪʽ. 

ʇʽʜʩʫʤʦʢ ʨʦʙʦʪʠ. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʘʮʝʶ ʩʫʯʘʩʥʦʛʦ 

ʦʩʚʽʪʥʴʦʛʦ ʨʝʩʫʨʩʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘʧʠʪʘʤ ʽʥʞʝʥʝʨʥʦʾ ʦʩʚʽʪʠ ʍʍɯ ʩʪʦʣʽʪʪʷ. ɺʽʥ 

ʛʘʨʤʦʥʽʡʥʦ ʧʦʻʜʥʫʻ ʥʘʫʢʦʚʫ ʮʽʥʥʽʩʪʴ, ʤʝʪʦʜʠʯʥʫ ʯʽʪʢʽʩʪʴ ʽ ʧʨʘʢʪʠʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ. 

ɸʥʛʣʦʤʦʚʥʝ ʚʠʢʣʘʜʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʦʩʽʙʥʠʢʘ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʨʦʟʰʠʨʠʪʠ ʢʦʣʦ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʡ ʬʦʨʤʫʻ ʫ ʟʜʦʙʫʚʘʯʽʚ ʬʘʭʦʚʫ ʤʦʚʥʫ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ. ɺ ʫʤʦʚʘʭ 

ʨʝʬʦʨʤʫʚʘʥʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ʚ ʋʢʨʘʾʥʽ ʧʦʜʽʙʥʽ ʚʠʜʘʥʥʷ ʚʜʦʩʢʦʥʘʣʶʶʪʴ ʧʽʜʭʦʜʠ ʜʦ 

ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʟʘʢʣʘʜʽ. ɰʭʥʻ ʧʦʰʠʨʝʥʥʷ ʡ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʠʡ ʧʨʦʩʪʽʨ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ ʬʘʭʽʚʮʷ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʠʥʢʫ ʧʨʘʮʽ. 
ʃʽʪʝʨʘʪʫʨʘ: 

1. Technologies of workpieces manufacturing by casting: manual / V.V. Vasylkiv, L.M. 

Danylchenko, D.L. Radyk.ï Ternopil : Published TNTU named after Ivan Puluj, 2023. ï 492 p. ISBN 

978-966-305-124-6. URl: https://elartu.tntu.edu.ua/handle/lib/42881 

 

https://elartu.tntu.edu.ua/handle/lib/42881
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊʆʏɯʅʅʗ ʉʊɸʃɽʁ ʋ ɺɸɾʂʀʍ 

ʋʄʆɺɸʍ ʊɽʈʄʆʄɽʍɸʅɯʏʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ ʅɸ 

ʇɯɼʇʈʀɭʄʉʊɺɸʍ ɺɸɾʂʆɻʆ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 

 
1ɺʘʩʠʣʴʯʝʥʢʦ ʗ.ɺ., 1ʐʘʧʦʚʘʣʦʚ ʄ.ɺ.,2ʉʝʥʠʢ ɸ.ɸ., 1ɻʨʠʛʦʨʝʥʢʦ ɼ.ʄ., 
1ɺʦʧʝʣʴʥʠʢ ʈ.ɻ. 

(1ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ-ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ, 2ʊʅʊʋ ʽʤʝʥʽ ɯ. ʇʫʣʶʷ, 

ʤ. ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʢʣʶʯʦʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʚʠʩʦʢʦʤʽʮʥʠʭ ʩʪʘʣʝʡ ʜʣʷ ʜʝʪʘʣʝʡ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʦʙʦʨʦʥʽ, ʚʘʞʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. ʆʜʥʠʤ 

ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʩʪʽʡʢʠʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʪʦʯʽʥʥʷ ʚ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ. 

ʄʝʪʦʜʠʢʘ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʝʨʝʜʙʘʯʘʻ 

ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʛʣʠʙʠʥʫ, ʧʦʜʘʯʫ ʪʘ ʰʚʠʜʢʽʩʪʴ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʟʦʥʽ 

ʨʽʟʘʥʥʷ, ʘ ʪʘʢʦʞ ʚôʷʟʢʦʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʨʦʙʣʶʚʘʥʦʾ ʩʪʘʣʽ. ʅʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ  ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʰʣʷʭʦʤ ʘʜʘʧʪʘʮʽʾ ʽʩʥʫʶʯʠʭ ʪʦʢʘʨʥʠʭ ʮʝʥʪʨʽʚ ʜʦ ʨʦʙʦʪʠ ʟ ʥʦʚʠʤʠ 

ʧʦʢʦʣʽʥʥʷʤʠ ʧʣʘʩʪʠʥ ʟ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ ʟʥʦʩʦʩʪʽʡʢʠʤʠ ʧʦʢʨʠʪʪʷʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʨʝʞʠʤʽʚ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ ʥʘ ʨʽʞʫʯʽʡ ʢʨʦʤʮʽ ʜʦ 25ï30%, 

ʟʙʽʣʴʰʠʪʠ ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʫ 1,8ï2,3 ʨʘʟʘ, ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʚʽʙʨʘʮʽʡ ʽ 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ .  

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʪʝʨʤʦʤʝʭʘʥʽʯʥʽʡ ʨʽʚʥʦʚʘʟʽ ʧʨʦʮʝʩʫ. 

ɽʬʝʢʪʠʚʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ɗʝʬ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ  ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ: 

ὗ̆ ̕

ὗ

Ὧὃ

ρ

”˞ὴ

ὨὝ

Ὠὸ
 

ʜʝ Q ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ; k ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ; A ï ʧʣʦʱʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ; 

ɟ ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ; CP ï ʪʝʧʣʦʻʤʥʽʩʪʴ; ÖT/Öt ï ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʯʘʩʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ 

ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 

ʷʢʽʩʪʴ ʽ ʨʝʩʫʨʩ ʜʝʪʘʣʝʡ ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʽ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 
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ʉʀʉʊɽʄɸ ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ  ʇʈʆʎɽʉʋ 

ʉʂʃɸɼɸʅʅʗ ɺɯʉɽʉʀʄɽʊʈʀʏʅʀʍ ɼɽʊɸʃɽʁ 

 

ɺʠʩʣʦʫʭ ʉ.ʇ, ɺʦʣʦʰʢʦ ʆ.ɺ., ʖʨʢʦʚʝʮʴ ɺ.ɯ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʤ.ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 

ʉʢʣʘʜʘʥʥʷ ʻ ʟʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ, ʱʦ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʋʩʧʽʰʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʩʦʢʦʷʢʽʩʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʪʦʯʥʽ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ ʥʝ ʤʦʞʫʪʴ ʛʘʨʘʥʪʫʚʘʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʚʠʨʦʙʫ, 

ʷʢʱʦ ʩʢʣʘʜʘʥʥʷ ʚʠʢʦʥʘʥʦ ʥʝʟʘʜʦʚʽʣʴʥʦ. ʅʘʜʽʡʥʽʩʪʴ ʚʠʨʦʙʫ ʽ ʡʦʛʦ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʪʘʢʦʞ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʷʢʦʩʪʽ ʩʢʣʘʜʘʥʥʷ. 

ʇʨʦʮʝʩʠ ʩʢʣʘʜʘʥʥʷ ʻ ʥʘʡʤʝʥʰ ʤʝʭʘʥʽʟʦʚʘʥʠʤʠ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʽ 

ʟʘʡʤʘʶʪʴ ʥʝʧʨʦʧʦʨʮʽʡʥʫ ʯʘʩʪʢʫ ʚ ʟʘʛʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʪʨʫʜʦʤʽʩʪʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʰʠʥ ʽ ʧʨʠʣʘʜʽʚ. ʉʢʣʘʜʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟ'ʻʜʥʘʥʴ ʚ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ ʚʢʣʶʯʘʶʪʴ ʜʦ 40% ʚʩʽʭ ʩʢʣʘʜʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʪʦʤʫ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ.  

ʊʘʢʠʡ ʪʠʧ ʩʢʣʘʜʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʘʢʠʭ 

ʷʢ ʩʢʣʘʜʘʥʥʷ ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʘʣʽʚ, ʬʣʘʥʮʝʚʽ ʚʫʟʣʠ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʚʫʟʣʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʤʽʢʨʦʩʭʝʤ ʚ ʝʣʝʢʪʨʦʥʽʮʽ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʩʢʣʘʜʘʥʥʷ ʻ 

ʩʢʣʘʜʥʠʤʠ ʦʩʢʽʣʴʢʠ ʝʪʘʧʠ ʚʽʜʥʦʩʥʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ ʪʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʦʙʤʝʞʝʥʽ 

ʪʨʘʻʢʪʦʨʽʻʶ ʪʘ ʩʢʣʘʜʘʣʴʥʠʤ ʟʫʩʠʣʣʷʤ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʙʦʪʠʟʦʚʘʥʽ ʤʘʥʽʧʫʣʷʪʦʨʠ, ʟʘʚʜʷʢʠ ʾʭ ʪʦʯʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ 

ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɼʣʷ ʨʦʙʦʪʽʚ-ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʧʦʪʨʽʙʥʦ ʟʦʨʦʚʽ ʪʘ ʩʠʣʦʚʽ ʜʘʪʯʠʢʠ, ʱʦʙ 

ʚʽʜʯʫʚʘʪʠ ʪʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʧʨʠʻʜʥʫʚʘʣʴʥʫ ʜʝʪʘʣʴ ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʦʾ. ʊʦʤʫ ʥʘ 

ʦʧʝʨʘʮʽʶ ʩʢʣʘʜʘʥʥʷ ʚʧʣʠʚʘʻ ʦʮʽʥʢʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʠʻʜʥʫʚʘʣʴʥʦʾ ʜʝʪʘʣʽ, ʱʦ 

ʧʦʢʘʟʫʻ ʢʫʪʦʚʽ ʪʘ ʦʨʽʻʥʪʘʮʽʡʥʽ ʨʦʟʙʽʞʥʦʩʪʽ  ʤʽʞ ʜʝʪʘʣʷʤʠ ʚ ʧʨʦʮʝʩʽ ʾʭ ʧʦʻʜʥʘʥʥʷ 

[1]. ʂʨʽʤ ʪʦʛʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʠʻʜʥʫʚʘʣʴʥʦʾ ʜʝʪʘʣʽ ʚʽʜʥʦʩʥʦ 

ʙʘʟʦʚʦʾ, ʚʠʥʠʢʘʶʪʴ ʩʢʣʘʜʘʣʴʥʽ ʟʫʩʠʣʣʷ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʫ ʜʝʪʘʣʝʡ. ʋʩʧʽʰʥʝ 

ʩʢʣʘʜʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʪʦʯʥʦ ʢʝʨʫʶʪʴʩʷ ʩʢʣʘʜʘʣʴʥʽ ʟʫʩʠʣʣʷ ʚ 

ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʫ ʧʦ ʚʩʽʡ ʛʣʠʙʠʥʽ ʟʘʥʫʨʝʥʥʷ [2]. 

ɺ ʨʦʙʦʪʽ [3] ʨʦʟʛʣʷʥʫʪʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ ʟ 

ʧʨʠʧʫʱʝʥʥʷʤ, ʱʦ ʛʣʠʙʠʥʘ ʟôʻʜʥʘʥʥʷ ʜʝʪʘʣʝʡ ʻ ʚʽʜʦʤʦʶ ʬʫʥʢʮʽʻʶ ʯʘʩʫ. 

ʐʚʠʜʢʽʩʪʴ ʟôʻʜʥʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʜʘʥʦʛʦ ʯʘʩʫ ʚʚʝʜʝʥʥʷ, ʘ ʜʠʥʘʤʽʯʥʘ 
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ʤʦʜʝʣʴ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʩʢʣʘʜʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʘ 

ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʩʢʣʘʜʘʥʥʷ ʚʫʟʣʘ, ʚʢʣʶʯʘʶʯʠ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʽʥʝʨʮʽʷ, ʩʠʣʘ 

ʪʷʞʽʥʥʷ, ʧʘʩʠʚʥʘ ʧʽʜʜʘʪʣʠʚʽʩʪʴ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʝʥʪʨʫ ʧʦʜʘʪʣʠʚʦʩʪʽ ʪʘ ʰʚʠʜʢʽʩʪʴ 

ʟôʻʜʥʘʥʥʷ ʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʧʣʠʚ ʩʠʣʠ ʟôʻʜʥʘʥʥʷ ʪʘ ʢʫʪʘ ʥʘʭʠʣʫ ʱʦʜʦ ʯʘʩʫ 

ʧʨʦʮʝʩʫ ʚʚʝʜʝʥʥʷ [4]. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʰʠʨʝʥʫ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ 

ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʰʪʠʬʪʘ ʚ ʦʪʚʽʨ, ʚʢʣʶʯʘʶʯʠ ʤʝʭʘʥʽʢʫ ʧʨʫʞʥʦʛʦ 

ʢʦʥʪʘʢʪʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʥʝʚʝʣʠʢʽ ʜʝʬʦʨʤʘʮʽʾ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʢʦʥʪʘʢʪʫ ʧʽʜ ʯʘʩ 

ʩʢʣʘʜʘʥʥʷ [5]. 

ɸʥʘʣʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʘʥʥʷ ʚʠʨʦʙʽʚ 

ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʥʘʥʥʷ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʥʦʞʠʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʨʦʟʤʽʨʠ ʪʘ 

ʤʘʪʝʨʽʘʣ ʟôʻʜʥʫʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʾʭ ʤʘʩʫ, ʰʚʠʜʢʽʩʪʴ ʩʢʣʘʜʘʥʥʷ, ʛʣʠʙʠʥʘ ʚʩʪʘʚʣʝʥʥʷ 

ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ, ʥʘʚʝʜʝʥʽ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ ʩʫʧʝʨʝʯʣʠʚʽ 

ʨʽʰʝʥʥʷ ʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ. ʊʦʤʫ ʚ ʨʦʙʦʪʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʩʢʣʘʜʘʥʥʷ ʚʽʩʝʩʠʤʝʪʨʠʯʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʝʜʦʣʽʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʩʠʩʪʝʤ 

[6]. ʈʦʟʨʦʙʣʶʚʘʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʜʙʘʯʘʻ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ ʥʘ ʙʘʟʽ 

ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʚʢʣʶʯʘʻ ʩʫʯʘʩʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʽʚ: 

React, Redux, Jest, Mongo DB, three, Chart ʪʦʱʦ.  

ʉʪʚʦʨʶʚʘʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʫ 

ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʽʥʪʝʨʘʢʪʠʚʥʠʤ ʛʨʘʬʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʥʘ ʙʘʟʽ React, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʚʝʙ ʟʘʩʪʦʩʫʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ, ʷʢʽ 

ʟʤʽʥʶʶʪʴʩʷ ʟ ʯʘʩʦʤ.  

ɼʣʷ ʦʧʠʩʫ ʫʩʽʭ ʬʫʥʢʮʽʡ ʽ ʤʦʜʫʣʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

TypeScript, ʷʢʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʽʚ ʪʘ ʧʽʜʪʨʠʤʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʚʥʦʮʽʥʥʠʭ ʢʣʘʩʽʚ ʷʢ ʚ ʪʨʘʜʠʮʽʡʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  

ʄʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʤʘʥʽʧʫʣʷʪʦʨʘ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ, ʽ ʡʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Redux ʙʽʙʣʽʦʪʝʢʠ, ʷʢʘ ʪʘʢʦʞ ʟʙʝʨʽʛʘʻ 

ʩʪʘʥ ʧʨʠʻʜʥʫʚʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʚ ʨʽʟʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ɼʣʷ ʽʤʽʪʘʮʽʾ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ ʚ ʚʝʙ ʽʥʪʝʨʬʝʡʩʽ 3D ʤʦʜʝʣʽ ʜʝʪʘʣʝʡ ʤʘʶʪʴ 

ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʠʭ ʬʫʥʢʮʽʡ three. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʦʪʨʠʤʘʥʽ ʤʦʜʝʣʽ ʜʝʪʘʣʝʡ ʽ ʤʘʥʽʧʫʣʷʪʦʨʘ ʦʧʠʩʫʶʪʴʩʷ ʬʫʥʢʮʽʷʤʠ three ʱʦ 

ʽʤʧʦʨʪʫʶʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʝ React ʜʣʷ ʢʦʨʝʛʫʚʘʥʥʷ 3D-ʤʦʜʝʣʝʡ ʟʘ ʜʦʧʦʤʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ.  

https://uk.wikipedia.org/wiki/%D0%92%D0%B5%D0%B1%D0%B7%D0%B0%D1%81%D1%82%D0%BE%D1%81%D1%83%D0%BD%D0%BE%D0%BA
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ʉʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʠʭ ʙʘʟ ʜʘʥʠʭ ʨʦʙʦʪʽʚ ʤʘʥʽʧʫʣʷʪʦʨʽʚ ʟ ʾʭʥʽʤʠ 

ʬʫʥʢʮʽʷʤʠ ʽ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʩʢʣʘʜʘʥʥʷ. 

ʊʦʤʫ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦʢʫʤʝʥʪʦ-

ʦʨʽʻʥʪʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ Mongo DB.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʥʘ ʨʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʦʟʨʦʙʢʫ ʚʽʨʪʫʘʣʴʥʦʾ ʚʝʙ 3D 

ʤʦʜʝʣʽ ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʪʠʧʫ çʚʘʣ-ʚʪʫʣʢʘè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ 

ʙʽʙʣʽʦʪʝʢ/ʬʨʝʡʤʚʦʨʢʽʚ ʜʣʷ ʩʧʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ 

ʚʽʩʝʩʠʤʝʪʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʩʢʣʘʜʘʣʴʥʠʭ ʟʫʩʠʣʴ ʚ ʪʦʯʢʘʭ 

ʢʦʥʪʘʢʪʫ ʜʝʪʘʣʝʡ ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʧʨʦʮʝʩʦʤ ʟô̒ ʜʥʘʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ ʚʽʩʝʩʠʤʝʪʨʠʯʥʠʭ ʜʝʪʘʣʝʡ. 
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ʉʀʉʊɽʄʅɯ ʇʈʆɹʃɽʄʀ ʃʆɻɯʉʊʀʏʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ɺ ʇɽʈɯʆɼ 

ɺʆɭʅʅʆɰ ɸɻʈɽʉɯɰ: ʊɽʆʈɽʊʀʏʅɯ ʊɸ ʇʈɸʂʊʀʏʅɯ ɸʉʇɽʂʊʀ 

 

ɺʦʣʦʰʠʥʘ ʆ.ʆ., ɼʝʨʝʚô̫ ʥʢʦ ʉ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɺ ʫʤʦʚʘʭ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʦʻʥʥʦʾ ʘʛʨʝʩʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʣʦʛʽʩʪʠʢʘ ʩʪʘʣʘ 

ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʩʬʝʨ, ʱʦ ʟʘʟʥʘʣʘ ʩʫʪʪʻʚʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʽ ʚʠʢʣʠʢʽʚ. 

ʈʫʡʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʙʣʦʢʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʧʦʩʪʘʯʘʥʥʷ, 

ʜʝʬʽʮʠʪ ʨʝʩʫʨʩʽʚ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʫ ʦʙʩʪʘʥʦʚʢʠ 

ʧʨʠʟʚʝʣʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʛʣʠʙʦʢʠʭ ʩʠʩʪʝʤʥʠʭ ʧʨʦʙʣʝʤ ʫ ʣʦʛʽʩʪʠʯʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ. ʃʦʛʽʩʪʠʢʘ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʚʠʢʦʥʫʻ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʽʯʥʫ, ʘ ʡ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʫ ʬʫʥʢʮʽʶ ʧʽʜʪʨʠʤʢʠ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʜʝʨʞʘʚʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʩʝʣʝʥʥʷ ʙʘʟʦʚʠʤʠ ʧʦʪʨʝʙʘʤʠ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʛʫʤʘʥʽʪʘʨʥʦʾ ʩʠʪʫʘʮʽʾ. ʈʘʟʦʤ ʽʟ 

ʪʠʤ, ʽʩʥʫʶʯʽ ʣʦʛʽʩʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʫ ʤʠʨʥʠʡ ʯʘʩ, ʚʠʷʚʠʣʠʩʷ 

ʥʝʛʦʪʦʚʠʤʠ ʜʦ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚ ʟʙʨʦʡʥʦʛʦ ʢʦʥʬʣʽʢʪʫ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ 

ʚ ʢʦʤʧʣʝʢʩʥʦʤʫ ʘʥʘʣʽʟʽ ʷʢ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʣʦʛʽʩʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʧʝʨʽʦʜ ʚʦʻʥʥʦʾ ʢʨʠʟʠ.  

ʄʝʪʘ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʠ ʦʩʥʦʚʥʽ ʚʠʢʣʠʢʠ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʶʪʴʩʷ ʩʫʙôʻʢʪʠ 

ʣʦʛʽʩʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʠʷʚʠʪʠ ʚʫʟʴʢʽ ʤʽʩʮʷ ʚ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤʘʭ ʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʪʠ ʥʘʧʨʷʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʝʘʣʽʡ ʚʦʻʥʥʦʛʦ ʯʘʩʫ. 

ɺʦʻʥʥʘ ʘʛʨʝʩʽʷ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʩʧʨʠʯʠʥʠʣʘ ʤʘʩʰʪʘʙʥʽ ʜʝʩʪʨʫʢʪʠʚʥʽ 

ʧʨʦʮʝʩʠ ʚ ʝʢʦʥʦʤʽʮʽ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʪʘ ʩʦʮʽʘʣʴʥʽʡ ʩʬʝʨʽ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʧʣʠʥʫʣʦ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ 

ʧʦʩʪʘʯʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ, ʝʚʘʢʫʘʮʽʷ 

ʥʘʩʝʣʝʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʛʫʤʘʥʽʪʘʨʥʽ ʧʦʪʨʝʙʠ ʩʪʘʣʠ ʢʨʠʪʠʯʥʠʤʠ 

ʟʘʚʜʘʥʥʷʤʠ ʜʣʷ ʜʝʨʞʘʚʠ, ʙʽʟʥʝʩʫ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ. ʋ ʮʠʭ ʫʤʦʚʘʭ 

ʚʠʷʚʠʣʠʩʷ ʩʠʩʪʝʤʥʽ ʧʨʦʙʣʝʤʠ ʣʦʛʽʩʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʚʪʨʘʪʦʶ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ, ʥʝʩʪʘʯʝʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, 

ʜʝʟʦʨʛʘʥʽʟʘʮʽʻʶ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʣʦʛʽʩʪʠʯʥʦʶ ʥʝʛʦʪʦʚʥʽʩʪʶ ʜʦ 

ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ ʩʠʪʫʘʮʽʾ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. 

 
ʊʘʙʣʠʮʷ 1 ï ʆʩʥʦʚʥʽ ʩʠʩʪʝʤʥʽ ʧʨʦʙʣʝʤʠ ʣʦʛʽʩʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʚ ʫʤʦʚʘʭ 

ʚʦʻʥʥʦʾ ʘʛʨʝʩʽʾ 

ʂʘʪʝʛʦʨʽʷ ʧʨʦʙʣʝʤʠ ʆʧʠʩ ʧʨʦʙʣʝʤʠ ʅʘʩʣʽʜʢʠ 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʈʫʡʥʫʚʘʥʥʷ ʜʦʨʽʛ, ʤʦʩʪʽʚ, 

ʟʘʣʽʟʥʠʯʥʠʭ ʚʫʟʣʽʚ, ʧʦʨʪʽʚ ʽ 

ʩʢʣʘʜʽʚ 

ʋʩʢʣʘʜʥʝʥʥʷ ʘʙʦ ʧʨʠʧʠʥʝʥʥʷ 

ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, ʚʪʨʘʪʘ 

ʣʦʛʽʩʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ 

ʆʨʛʘʥʽʟʘʮʽʡʥʦ-

ʫʧʨʘʚʣʽʥʩʴʢʽ 

ɺʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʛʦ ʮʝʥʪʨʫ 

ʢʦʦʨʜʠʥʘʮʽʾ ʣʦʛʽʩʪʠʯʥʠʭ 

ʦʧʝʨʘʮʽʡ 

ʅʝʫʟʛʦʜʞʝʥʽʩʪʴ ʜʽʡ ʤʽʞ 

ʜʝʨʞʘʚʥʠʤʠ ʦʨʛʘʥʘʤʠ, 

ʙʽʟʥʝʩʦʤ ʽ ʛʫʤʘʥʽʪʘʨʥʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ 

ɽʢʦʥʦʤʽʯʥʽ ɿʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ 

ʧʝʨʝʚʝʟʝʥʴ, ʧʘʣʠʚʘ, ʥʝʩʪʘʯʘ 

ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʇʦʜʦʨʦʞʯʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ 

ʧʦʩʣʫʛ, ʟʤʝʥʰʝʥʥʷ 

ʜʦʩʪʫʧʥʦʩʪʽ ʪʦʚʘʨʽʚ 
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ʊʝʭʥʦʣʦʛʽʯʥʽ ʅʝʜʦʩʪʘʪʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ɯʊ-ʨʽʰʝʥʴ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʣʦʛʽʩʪʠʢʦʶ 

ɺʪʨʘʪʘ ʢʦʥʪʨʦʣʶ ʥʘʜ 

ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʯʘʥʥʷ, 

ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ɹʝʟʧʝʢʦʚʽ ʇʦʩʪʽʡʥʘ ʟʘʛʨʦʟʘ ʦʙʩʪʨʽʣʽʚ, 

ʤʽʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʨʠʟʠʢ 

ʚʪʨʘʪʠ ʚʘʥʪʘʞʽʚ 

ʇʦʨʫʰʝʥʥʷ ʣʘʥʮʶʛʽʚ 

ʧʦʩʪʘʯʘʥʥʷ, ʚʪʨʘʪʠ ʪʦʚʘʨʽʚ, 

ʨʠʟʠʢʠ ʜʣʷ ʞʠʪʪʷ ʧʝʨʩʦʥʘʣʫ 

ʄʽʞʥʘʨʦʜʥʘ ʣʦʛʽʩʪʠʢʘ ʆʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ 

ʧʦʨʪʽʚ, ʢʦʥʪʨʦʣʴ ʥʘ 

ʢʦʨʜʦʥʘʭ, ʟʤʽʥʠ ʚ ʤʠʪʥʦʤʫ 

ʨʝʛʫʣʶʚʘʥʥʽ 

ɿʘʪʨʠʤʢʠ ʽʤʧʦʨʪʫ/ʝʢʩʧʦʨʪʫ, 

ʩʢʣʘʜʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ 

ʪʨʘʥʟʠʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ 

ʃʶʜʩʴʢʠʡ ʨʝʩʫʨʩ ʄʦʙʽʣʽʟʘʮʽʷ ʧʨʘʮʽʚʥʠʢʽʚ, 

ʤʽʛʨʘʮʽʷ, ʜʝʬʽʮʠʪ 

ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ ʫ 

ʛʘʣʫʟʽ 

ɿʥʠʞʝʥʥʷ ʢʘʜʨʦʚʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ 

ʣʦʛʽʩʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ 

 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʯʘʩʫ ʚʠʤʘʛʘʻ 

ʩʠʩʪʝʤʥʦʛʦ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʧʣʘʥʫʚʘʥʥʷ, ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ ʨʝʘʣʽʟʘʮʽʾ 

ʣʦʛʽʩʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʇʝʨʝʜʫʩʽʤ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʛʥʫʯʢʽʩʪʴ ʣʦʛʽʩʪʠʯʥʠʭ 

ʣʘʥʮʶʛʽʚ, ʟʜʘʪʥʠʭ ʦʧʝʨʘʪʠʚʥʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʩʠʪʫʘʮʽʾ ʥʘ ʬʨʦʥʪʽ ʪʘ ʚ ʪʠʣʫ. 

ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʘʨʰʨʫʪʽʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, 

ʚʢʣʶʯʘʶʯʠ ʪʠʤʯʘʩʦʚʽ ʣʦʛʽʩʪʠʯʥʽ ʭʘʙʠ, ʤʦʙʽʣʴʥʽ ʩʢʣʘʜʠ ʪʘ ʢʦʤʙʽʥʦʚʘʥʽ ʚʠʜʠ 

ʪʨʘʥʩʧʦʨʪʫ. ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʨʽʰʝʥʴ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʠʟʠʢʠ ʪʘ ʧʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʣʦʛʽʩʪʠʯʥʠʭ ʮʝʥʪʨʽʚ, ʟʜʘʪʥʠʭ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʘʚʪʦʥʦʤʥʦ ʚ ʨʘʟʽ ʚʪʨʘʪʠ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʚʘʨʪʦ ʩʪʚʦʨʶʚʘʪʠ ʨʝʟʝʨʚʠ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʩʮʝʥʘʨʽʾ ʰʚʠʜʢʦʾ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʧʦʩʪʘʯʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʛʨʦʟ. 

ɽʬʝʢʪʠʚʥʘ ʣʦʛʽʩʪʠʢʘ ʧʦʪʨʝʙʫʻ ʪʽʩʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʞ ʜʝʨʞʘʚʥʠʤʠ ʦʨʛʘʥʘʤʠ, 

ʚʽʡʩʴʢʦʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʙʽʟʥʝʩʦʤ ʪʘ ʛʫʤʘʥʽʪʘʨʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʱʦ ʚʠʤʘʛʘʻ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʯʽʪʢʠʭ ʢʘʥʘʣʽʚ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. ɿ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʨʦʟʚʠʚʘʪʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚ ʙʝʟʧʝʯʥʽʰʠʭ ʨʝʛʽʦʥʘʭ, ʧʝʨʝʥʘʧʨʘʚʣʷʶʯʠ ʚʘʥʪʘʞʦʧʦʪʦʢʠ ʜʦ 

ʤʝʥʰ ʫʨʘʞʝʥʠʭ ʟʦʥ. ʆʢʨʝʤʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʣʦʛʽʩʪʠʯʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʘ 

ʢʘʜʨʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʥʘʚʠʯʢʘʤʠ ʢʨʠʟʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʜʽʷʪʠ ʚ ʫʤʦʚʘʭ 

ʧʽʜʚʠʱʝʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɿʘʛʘʣʦʤ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʚʦʻʥʥʠʡ ʧʝʨʽʦʜ ʧʦʚʠʥʥʦ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʘʜʘʧʪʠʚʥʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, 

ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʥʝ ʣʠʰʝ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢʠ, ʘ ʡ 

ʟʘʙʝʟʧʝʯʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʥʦʤʽʢʠ ʪʘ ʧʽʜʪʨʠʤʢʫ ʥʘʩʝʣʝʥʥʷ ʚ ʫʤʦʚʘʭ 

ʟʘʪʷʞʥʦʛʦ ʢʦʥʬʣʽʢʪʫ. 

 
ʃʽʪʝʨʘʪʫʨʘ: 

1. ʄʽʱʫʢ ɯ.ʇ. ʉʠʩʪʝʤʘ ʣʦʛʽʩʪʠʢʠ ʪʦʨʛʦʚʝʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ: ʥʘʧʨʷʤʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɽʢʦʥʦʤʽʯʥʽ ʥʘʫʢʠ. ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ 2011, ˉ 6, T. 2011. ʉ. 182-186. 
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ʉʋʏɸʉʅɯ ʇɯɼʍʆɼʀ ɼʆ ʇɯɼɺʀʑɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ 

ʇɯɼʐʀʇʅʀʂɯɺ ʂʆɺɿɸʅʅʗ 
 

ɺʽʰʪʘʢ ɯ.ɺ., ʉʦʨʦʢʘ ʄ.ʆ. 

(ɺʅʊʋ, ʤ. ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ) 

 

ʇʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤʠ ʚʫʟʣʘʤʠ ʪʝʨʪʷ ʫ ʩʫʯʘʩʥʠʭ ʤʘʰʠʥʘʭ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʾʭʥʴʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʦʥʠ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʟʘʛʘʣʦʤ. ʈʦʟʨʦʙʢʘ ʚʠʩʦʢʦʪʦʯʥʠʭ ʽ ʥʘʜʽʡʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ 

ʢʦʚʟʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ 

ʢʦʥʪʝʢʩʪʽ ʧʽʜʚʠʱʝʥʠʭ ʚʠʤʦʛ ʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʨʝʩʫʨʩʫ ʡ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. ɿʥʘʯʥʘ ʫʚʘʛʘ ʜʦʩʣʽʜʥʠʢʽʚ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʧʨʦʙʣʝʤʘʭ ʟʥʦʩʫ, 

ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ, ʘ ʪʘʢʦʞ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʨʽʰʝʥʴ. ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʰʠʧʥʠʢʽʚ ʽ 

ʨʦʟʚôʷʟʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʥʘʜʽʡʥʦʩʪʽ. ʋʩʧʽʰʥʝ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʠʪʘʥʴ ʻ ʢʣʶʯʝʤ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʩʢʣʘʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʫʤʦʚʘʭ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ ʦʮʽʥʶʚʘʥʥʷ 

ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʽʚ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʽʥʞʝʥʝʨʥʠʭ ʪʘ ʮʠʬʨʦʚʠʭ 

ʧʽʜʭʦʜʽʚ. 

ʇʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘʜʽʡʥʦʾ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʾ ʨʦʙʦʪʠ ʩʫʯʘʩʥʠʭ ʤʘʰʠʥ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʪʦʯʥʽʩʪʴ 

ʚʠʢʦʥʘʚʯʠʭ ʨʫʭʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ. ʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʽ 

ʥʘʜʽʡʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ ʻ ʚʘʞʣʠʚʦʶ ʽʥʞʝʥʝʨʥʦʶ ʟʘʜʘʯʝʶ, ʟʦʢʨʝʤʘ ʚ 

ʢʦʥʪʝʢʩʪʽ ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʪʘ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. 

ɺʯʝʥʽ ʘʢʪʠʚʥʦ ʚʠʚʯʘʶʪʴ ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʧʦʢʨʠʪʪʷ ʜʣʷ ʧʽʜʰʠʧʥʠʢʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʪʝʨʪʷ ʪʘ ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʦʢʘʟʘʣʦ ʦʙʥʘʜʽʡʣʠʚʽ 

ʨʝʟʫʣʴʪʘʪʠ ʫ ʟʤʝʥʰʝʥʥʽ ʟʥʦʩʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʧʽʜʰʠʧʥʠʢʽʚ ʧʽʜ ʨʽʟʥʠʤʠ 
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ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʪʘ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ [1]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ 

ʧʽʜʰʠʧʥʠʢʘ ʟ ʚʘʣʦʤ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʜʯʘʩʥʦʤʫ 

ʚʠʭʦʜʫ ʟ ʣʘʜʫ. ʈʦʟʨʦʙʢʘ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʠʪʠ 

ʢʨʠʪʠʯʥʽ ʟʦʥʠ ʪʘ ʚʜʦʩʢʦʥʘʣʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʧʽʜʰʠʧʥʠʢʽʚ [2]. 

ʎʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʢʨʘʱʫʻ ʟʘʛʘʣʴʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ [1-3]. 

ʅʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʛʨʘʮʽʾ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ (ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ) ʽʟ ʩʫʯʘʩʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟʤʘʱʫʚʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʧʽʜʰʠʧʥʠʢʦʚʦʛʦ 

ʚʫʟʣʘ. ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʟʥʠʞʝʥʥʷ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʟʦʥʘʭ ʪʝʨʪʷ, ʱʦ ʨʘʥʽʰʝ ʥʝ ʙʫʣʦ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʚ 

ʢʦʥʪʝʢʩʪʽ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ ʻ ʢʨʠʪʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʘʰʠʥ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʪʦʯʥʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʽʜʰʠʧʥʠʢʽʚ, ʻ ʟʥʦʩ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, 

ʤʘʪʝʨʽʘʣ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʫʤʦʚʠ ʟʤʘʱʫʚʘʥʥʷ. ʂʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (FEM), ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ 

ʘʥʘʣʽʟʫʚʘʪʠ ʨʦʙʦʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʚʫʟʣʘ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʪʝʨʪʷ ʪʘ ʟʥʦʩ, ʟʙʽʣʴʰʫʶʯʠ ʨʝʩʫʨʩ ʧʽʜʰʠʧʥʠʢʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʛʨʘʮʽʾ ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʟʤʘʱʫʚʘʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ. 
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ɺʇʃʀɺ ɻɽʆʄɽʊʈʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɯʅʉʊʈʋʄɽʅʊɸ ʅɸ 

ɿʋʉʀʃʃʗ ʇʈʗʄʆɻʆ ɺʀɼɸɺʃʖɺɸʅʅʗ ʉʊɸʂɸʅʋ ɿ ʂʆʅɯʏʅʆʖ 

ʇʆʈʆɾʅʀʅʆʖ 

 

ɻʨʘʥʦʚʩʴʢʠʡ ɸ.ɭ., ʏʫʯʠʥ ʆ.ɺ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ-ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʜʝʜʘʣʽ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ 

ʧʨʦʮʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟ ʢʦʥʽʯʥʦʶ ʧʦʨʦʞʥʠʥʦʶ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʪʘ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʆʜʥʠʤ 

ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʻ ʭʦʣʦʜʥʝ ʚʠʜʘʚʣʶʚʘʥʥʷ [1-3]. ʊʝʦʨʝʪʠʯʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʜʘʻ ʟʤʦʛʫ ʥʝ ʣʠʰʝ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʘ ʡ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʨʷʤʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ 

ʜʝʪʘʣʝʡ ʟ ʢʦʥʽʯʥʦʶ ʧʦʨʦʞʥʠʥʦʶ ʚ ʧʨʦʛʨʘʤʽ QForm. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʭʦʜʫ 

ʘʢʪʠʚʥʦʛʦ ʚʝʨʭʥʴʦʛʦ ʧʫʘʥʩʦʥʘ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʠʞʥʴʦʛʦ ʧʫʘʥʩʦʥʘ 

(ʨʘʜʽʫʩʘ ʤʝʥʰʦʾ ʦʩʥʦʚʠ ʥʠʞʥʴʦʛʦ ʧʫʘʥʩʦʥʘ Ὑ̐, ʢʫʪʘ ʥʘʭʠʣʫ ʥʠʞʥʴʦʛʦ 

ʧʫʘʥʩʦʥʘ ‌ ʪʘ ʨʘʜʽʫʩʘ ʟʘʢʨʫʛʣʝʥʥʷ ʤʝʥʰʦʾ ʦʩʥʦʚʠ ʥʠʞʥʴʦʛʦ ʧʫʘʥʩʦʥʘ ὶ) ʥʘ 

ʟʫʩʠʣʣʷ ʧʨʦʮʝʩʫ ʚʠʜʘʚʣʶʚʘʥʥʷ. 

ʉʭʝʤʫ ʧʨʷʤʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʽ ʜʝʪʘʣʴ ʧʽʩʣʷ ʚʠʜʘʚʣʶʚʘʥʥʷ (ʜʝʪʘʣʴ ʟ 

ʪʨʝʪʠʥʥʠʤ ʚʠʨʽʟʦʤ ʧʦʚʝʨʥʫʪʘ ʥʘ 180 ʛʨʘʜʫʩʽʚ) ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 

                    ʧʦʚʝʨʥʫʪʦ ʥʘ 180 ʛʨʘʜʫʩʽʚ 

     ʘ)                                                                   ʙ) 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʷʤʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ (ʘ) ʽ ʜʝʪʘʣʴ ʟ ʢʦʥʽʯʥʦʶ ʧʦʨʦʞʥʠʥʦʶ ʧʽʩʣʷ 

ʚʠʜʘʚʣʶʚʘʥʥʷ (ʙ) 

 

ʋ ʚʩʽʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʟʘʛʦʪʦʚʢʠ  ʟ ʤʘʪʝʨʽʘʣʫ 

ɸʄʮ ʟ ʦʜʥʘʢʦʚʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʨʘʜʽʫʩ Ὑ φυ ʤʤ, ʚʠʩʦʪʘ 
Ὄ φπ ʤʤ), ʨʘʜʽʫʩ ʚʝʨʭʥʴʦʛʦ ʧʫʘʥʩʦʥʫ, ʨʘʜʽʫʩ ʦʪʚʦʨʫ ʚ ʤʘʪʨʠʮʽ ʪʘ ʨʘʜʽʫʩ 
ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʮʴʦʤʫ ʦʜʥʘʢʦʚʽ ʽ ʜʦʨʽʚʥʶʶʪʴ 65 ʤʤ. ʍʽʜ ʚʝʨʭʥʴʦʛʦ ʧʫʘʥʩʦʥʘ s 
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ʩʪʘʥʦʚʠʚ 40 ʤʤ ʪʦʤʫ ʪʦʚʱʠʥʘ ʜʥʠʱʘ ʩʪʘʢʘʥʫ Ὤ ςπ ʤʤ ʧʦʩʪʽʡʥʘ ʚʝʣʠʯʠʥʘ. ʎʝ 
ʟʘʙʝʟʧʝʯʠʣʦ ʩʪʘʣʽʩʪʴ ʚʭʽʜʥʠʭ ʫʤʦʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʧʘʜʢʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʭʦʜʫ ʚʝʨʭʥʴʦʛʦ ʧʫʘʥʩʦʥʘ  ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʠʞʥʴʦʛʦ ʢʦʥʽʯʥʦʛʦ ʧʫʘʥʩʦʥʫ ʥʘ ʟʫʩʠʣʣʷ ʚʠʜʘʚʣʶʚʘʥʥʷ ʩʪʘʢʘʥʫ ʟ 

ʢʦʥʽʯʥʦʶ ʧʦʨʦʞʥʠʥʦʶ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. 

 

 
10 ʛʨʘʜʫʩʽʚ 

 
20 ʛʨʘʜʫʩʽʚ 

 
30 ʛʨʘʜʫʩʽʚ 

  
ʘ) 

 
20 ʤʤ 

 
27,5 ʤʤ 

 
32,5 ʤʤ 

 
 

ʙ) 

 
0,2 ʤʤ 

 
2 ʤʤ 

 
6 ʤʤ 

  
ʚ) 

ʈʠʩ. 2. ʈʦʟʧʦʜʽʣʝʥʥʷ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ ʽ ʛʨʘʬʽʢʠ ʟʫʩʠʣʣʷ ʧʨʷʤʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʩʪʘʢʘʥʫ 

ʚʽʜ ʭʦʜʫ ʚʝʨʭʥʴʦʛʦ ʧʫʘʥʩʦʥʘ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʠʞʥʴʦʛʦ 

ʧʫʘʥʩʦʥʘ: ʢʫʪʘ ʥʘʭʠʣʫ (ʘ), ʨʘʜʽʫʩʘ ʤʝʥʰʦʾ ʦʩʥʦʚʠ (ʙ), ʨʘʜʽʫʩʘ ʟʘʢʨʫʛʣʝʥʥʷ (ʚ) 
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ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ ʢʫʪʘ ʥʘʭʠʣʫ ‌ ʥʠʞʥʴʦʛʦ ʧʫʘʥʩʦʥʘ ʥʘ ʟʫʩʠʣʣʷ 

ʚʠʜʘʚʣʶʚʘʥʥʷ ʢʫʪ ‌ ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ 5 ʜʦ 30 ʛʨʘʜʫʩʽʚ (ʧʦʩʪʽʡʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʨʠ 

ʮʴʦʤʫ ʙʫʣʠ ʨʘʜʽʫʩ ʤʝʥʰʦʾ ʦʩʥʦʚʠ Ὑ̐ ςπ ʤʤ ʽ ʨʘʜʽʫʩ ʟʘʢʨʫʛʣʝʥʥʷ ʤʝʥʰʦʾ 

ʦʩʥʦʚʠ ὶ ς ʤʤ ʥʠʞʥʴʦʛʦ ʧʫʘʥʩʦʥʘ). ʅʘ ʛʨʘʬʽʢʫ (ʨʠʩ. 2, ʘ) ʥʘʚʝʜʝʥʦ ʢʨʠʚʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʫʪʫ ʥʘʭʠʣʫ ʫ 10, 20 ʽ 30 ʛʨʘʜʫʩʽʚ.  

ʇʨʠ ʚʠʚʯʝʥʥʽ ʚʧʣʠʚʫ ʨʘʜʽʫʩʘ ʤʝʥʰʦʾ ʦʩʥʦʚʠ Ὑ̐ ʥʠʞʥʴʦʛʦ ʧʫʘʥʩʦʥʘ ʥʘ 

ʟʫʩʠʣʣʷ ʚʠʜʘʚʣʶʚʘʥʥʷ ʨʘʜʽʫʩ ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ 20 ʜʦ 32,5 ʤʤ (ʧʦʩʪʽʡʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʨʠ ʮʴʦʤʫ ʙʫʣʠ ʢʫʪ ʥʘʭʠʣʫ ‌ ρπ ʛʨʘʜʫʩʽʚ ʽ ʨʘʜʽʫʩ ʟʘʢʨʫʛʣʝʥʥʷ 

ʤʝʥʰʦʾ ʦʩʥʦʚʠ ὶ ς ʤʤ ʥʠʞʥʴʦʛʦ ʧʫʘʥʩʦʥʘ). ʅʘ ʛʨʘʬʽʢʫ (ʨʠʩ. 2, ʙ) ʥʘʚʝʜʝʥʦ 

ʢʨʠʚʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʘʜʽʫʩʫ ʧʫʘʥʩʦʥʘ ʫ 20, 27,5 ʽ 32,5 ʤʤ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʚʧʣʠʚʫ ʨʘʜʽʫʩʘ ʟʘʢʨʫʛʣʝʥʥʷ ʤʝʥʰʦʾ ʦʩʥʦʚʠ ὶ ʥʠʞʥʴʦʛʦ 

ʧʫʘʥʩʦʥʘ ʥʘ ʟʫʩʠʣʣʷ ʚʠʜʘʚʣʶʚʘʥʥʷ ʨʘʜʽʫʩ ʟʘʢʨʫʛʣʝʥʥʷ ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ 0,2 ʜʦ 

10 ʤʤ (ʧʦʩʪʽʡʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʨʠ ʮʴʦʤʫ ʙʫʣʠ ʨʘʜʽʫʩ ʤʝʥʰʦʾ ʦʩʥʦʚʠ Ὑ̐

ςυ ʤʤ ʽ ʢʫʪ ʥʘʭʠʣʫ ‌ ρπ ʛʨʘʜʫʩʽʚ ʥʠʞʥʴʦʛʦ ʧʫʘʥʩʦʥʘ). ʅʘ ʛʨʘʬʽʢʫ (ʨʠʩ. 2, ʚ) 

ʧʨʠʚʝʜʝʥʦ ʢʨʠʚʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʘʜʽʫʩʫ ʟʘʢʨʫʛʣʝʥʥʷ ʫ 0,2, 2 ʽ 6 ʤʤ.  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚ QForm ʜʦʟʚʦʣʠʚ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʭʦʜʫ ʚʝʨʭʥʴʦʛʦ ʧʫʘʥʩʦʥʘ, ʢʫʪʘ 

ʥʘʭʠʣʫ, ʨʘʜʽʫʩʘ ʤʝʥʰʦʾ ʦʩʥʦʚʠ ʥʠʞʥʴʦʛʦ ʧʫʘʥʩʦʥʘ ʽ ʟʤʝʥʰʝʥʥʷʤ ʨʘʜʽʫʩʘ 

ʟʘʢʨʫʛʣʝʥʥʷ ʤʝʥʰʦʾ ʦʩʥʦʚʠ ʥʠʞʥʴʦʛʦ ʧʫʘʥʩʦʥʘ ʜʝʬʦʨʤʫʶʯʝ ʟʫʩʠʣʣʷ ʟʨʦʩʪʘʻ 

ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ ʚʩʝʨʝʜʠʥʽ ʟʘʛʦʪʦʚʢʠ, ʷʢʫ 

ʜʝʬʦʨʤʫʻʤʦ (ʙʽʣʴʰʝ ʚʠʢʨʠʚʣʝʥʥʷ ʜʽʣʠʣʴʥʦʾ ʩʽʪʢʠ ʽ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʜʽʣʷʥʦʢ 

ʟ ʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʝʬʦʨʤʘʮʽʾ). ʅʘʪʦʤʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʫʩʘ ʟʘʢʨʫʛʣʝʥʥʷ 

ʤʝʥʰʦʾ ʦʩʥʦʚʠ ʥʠʞʥʴʦʛʦ ʧʫʘʥʩʦʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʫʩʠʣʣʷ 

ʜʝʬʦʨʤʘʮʽʾ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʜʝʬʦʨʤʫʶʯʠʭ ʟʫʩʠʣʴ ʽ ʧʦʢʨʘʱʝʥʥʷ 

ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 
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ʇɯɼɺʀʑɽʅʅʗ ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɿʋɹʏɸʉʊʀʍ 

ʇɽʈɽɼɸʏ ʅɸ ʆʉʅʆɺɯ ɸʉʀʄɽʊʈʀʏʅʆɻʆ ʇʈʆʌɯʃʖ 

 

ɻʨʠʮʘʡ ɯ.ɭ., ɺʝʨʛʫʥ ɺ.ɸ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) 

 

ʅʘʜʽʡʥʽʩʪʴ ʫʩʽʭ ʚʠʜʽʚ ʤʘʰʠʥ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢʽʩʪʶ ʧʝʨʝʜʘʯ, 

ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʾʭ ʩʢʣʘʜʫ, ʘ ʟ ʾʭ ʙʘʛʘʪʴʦʭ ʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ï ʚʘʣʽʚ, 

ʧʽʜʰʠʧʥʠʢʽʚ, ʤʫʬʪ, ʚʪʫʣʦʢ, ʢʦʨʧʫʩʽʚ ʪʦʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ 

ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ ʤʘʶʪʴ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʪʘ ʰʝʩʪʽʨʥʽ.  ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʯʘʩʥʠʭ 

ʧʨʠʚʦʜʽʚ ʤʘʰʠʥ ʻ ʟʨʦʩʪʘʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʜʘʯ, ʱʦ ʦʟʥʘʯʘʻ, 

ʱʦ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʜʥʦʯʘʩʥʦ ʽ ʩʠʣʦʚʠʤʠ, ʽ ʰʚʠʜʢʽʩʥʠʤʠ. ʎʽ ʦʙʩʪʘʚʠʥʠ 

ʚʠʩʫʚʘʶʪʴ ʜʦ ʧʝʨʝʜʘʯ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ, ʢʦʣʠ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʜʦʣʫʯʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ 

ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʧʨʠ ʨʦʙʦʪʽ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʚ ʛʘʣʫʟʽ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʩʬʦʨʤʫʚʘʚʩʷ 

ʥʦʚʠʡ ʥʘʧʨʷʤʦʢ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʾʭ ʷʢʦʩʪʽ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʽʩ ʟ 

ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ ʟʫʙʮʽʚ. ɻʝʦʤʝʪʨʽʶ ʘʩʠʤʝʪʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʫʪʚʦʨʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʧʦʯʘʪʢʦʚʦʛʦ ʢʦʥʪʫʨʫ ʽ ʟʫʙʯʘʩʪʦʾ ʨʝʡʢʠ ʟ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ 

ʟʘʯʝʧʣʝʥʥʷ ʧʦ ʣʽʚʠʭ ʽ ʧʨʘʚʠʭ ʧʨʦʬʽʣʷʭ. ʊʘʢʝ ʨʽʰʝʥʥʷ ʜʘʣʦ ʟʤʦʛʫ ʟʙʽʣʴʰʠʪʠ 

ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʧʨʦʬʽʣʶ, ʟʤʝʥʰʠʪʠ  ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʽ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʦʩʥʦʚʽ ʥʽʞʢʠ ʟʫʙʮʽʚ, ʟʙʽʣʴʰʠʪʠ ʾʭ ʤʽʮʥʽʩʪʴ ʪʘ ʧʽʜʚʠʱʠʪʠ ʦʧʽʨ ʮʠʢʣʽʯʥʽʡ ʚʪʦʤʽ. 

ʆʜʥʦʯʘʩʥʦ, ʤʝʥʰʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʫʜʘʨʫ ʽ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʚ ʪʘʢʠʭ ʧʝʨʝʜʘʯʘʭ 

ʟʤʝʥʰʫʻ ʰʫʤ ʧʨʠ ʾʭ ʨʦʙʦʪʽ. ʎʽʡ ʪʝʤʽ ʧʦʩʚʷʯʝʥʽ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ ʧʫʙʣʽʢʘʮʽʾ, ʚ ʷʢʠʭ 

ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʜʘʯʽ ʘʥʘʣʽʟʫ ʽ ʧʦʨʽʚʥʷʥʥʷ ʩʠʤʝʪʨʠʯʥʠʭ ʪʘ ʘʩʠʤʝʪʨʠʯʥʠʭ 

ʟʘʯʝʧʣʝʥʴ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʨʷʤʦ- ʪʘ ʢʦʩʦʟʫʙʯʘʩʪʠʭ ʽ ʢʦʥʽʯʥʠʭ 

ʢʦʣʽʩ, ʦʧʪʠʤʽʟʘʮʽʷ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʤʝʪʨʦʣʦʛʽʷ, ʧʨʦʪʝ, ʚʽʜʦʤʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʫʶʪʴʩʷ ʣʠʰʝ ʝʚʦʣʴʚʝʥʪʥʠʭ ʢʦʣʽʩ. ʈʘʟʦʤ ʟ ʪʠʤ, ʽʩʥʫʻ ʽʥʰʠʡ ʚʠʜ 

ʧʝʨʝʜʘʯ, ʘ ʩʘʤʝ - ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʧʝʨʝʜʘʯʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʫ ʃʴʚʽʚʩʴʢʽʡ ʧʦʣʽʪʝʭʥʽʮʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʚʽʪʴ ʙʝʟ 

ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʦʬʽʣʽʚ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʢʦʣʝʩʘ ʤʘʶʪʴ ʪʘʢʽ ʞ ʧʘʨʘʤʝʪʨʠ ʥʘʜʽʡʥʦʩʪʽ, 

ʷʢ ʝʚʦʣʴʚʝʥʪʥʽ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ [1, 2]. 

ɺ ʮʠʭ ʫʤʦʚʘʭ ʧʦʩʪʘʣʦ ʟʘʚʜʘʥʥʷ ʚʠʷʩʥʠʪʠ, ʷʢ ʟʤʽʥʶʶʪʴʩʷ ʧʦʢʘʟʥʠʢʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʷʢʦʩʪʽ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʟʘʯʝʧʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʩʠʤʝʪʨʽʾ ʧʨʦʬʽʣʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʜʦʩʣʽʜʠʪʠ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʘʩʠʤʝʪʨʠʯʥʽ 

ʢʦʣʝʩʘ, ʚʠʷʚʠʪʠ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʟ ʤʝʪʦʶ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʜʘʯ ʽ ʧʨʠʚʦʜʽʚ ʤʘʰʠʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʽ ʝʚʦʣʴʚʝʥʪʥʦʾ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʟ 

ʘʩʠʤʝʪʨʠʯʥʠʤʠ ʧʨʦʬʽʣʷʤʠ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ SolidWorks. ɺʩʪʘʥʦʚʣʶʚʘʣʠ, ʷʢ ʚʧʣʠʚʘʻ 

ʟʤʽʥʘ ʢʫʪʘ ʟʘʯʝʧʣʝʥʥʷ aw ʧʦ ʦʜʥʽʡ ʟ ʩʠʩʪʝʤ ʧʨʦʬʽʣʽʚ ʥʘ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʢʫʪʽʚ 200, 

250, 350 ʪʘ 400 (ʢʦʝʬʽʮʽʻʥʪʠ ʘʩʠʤʝʪʨʽʾ, ʚʽʜʧʦʚʽʜʥʦ 1, 1.25, 1.75, 2). ɸʥʘʣʽʟʫʚʘʣʠʩʷ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʦʨʝʥʽ ʟʫʙʮʽʚ, ʾʭ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ 
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ʪʘʢʠʭ ʜʘʥʠʭ: ʤʦʜʫʣʴ 5 ʤʤ, ʚʽʜʧʦʚʽʜʥʘ ʚʝʣʠʯʠʥʘ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʢʦʣʝʩʘ 6,87 ʤʤ; ʢʽʣʴʢʽʩʪʴ ʟʫʙʮʽʚ 20; ʰʠʨʠʥʘ ʚʽʥʮʷ 40 ʤʤ; 

ʤʘʪʝʨʽʘʣ - ʣʝʛʦʚʘʥʘ ʩʪʘʣʴ 30ʍʄɸ: ʤʽʞʘ ʤʽʮʥʦʩʪʽ 900ï1100 ʄʇʘ, ʤʝʞʘ ʧʣʠʥʥʦʩʪʽ 

700ï850 ʄʇʘ; ʪʚʝʨʜʽʩʪʴ HRC 32 -35; ʦʢʨʫʞʥʘ ʩʠʣʘ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʜʽʘʤʝʪʨʽ 154 

ʅ,  ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ 20 ʅʤ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʝʤʦʥʩʪʨʫʶʪʴ ʛʨʘʬʽʢʠ (ʨʠʩ.1, ʘ ʽ ʙ), ʥʘ ʷʢʠʭ 

ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʴ ʚ ʦʩʥʦʚʽ ʝʚʦʣʴʚʝʥʪʥʠʭ ʽ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʢʦʣʽʩ ʟʘʣʝʞʥʦ 

ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʘʩʠʤʝʪʨʠʯʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʫʙʮʽʚ ʧʽʜ ʜʽʻʶ 

ʦʢʨʫʞʥʦʛʦ ʤʦʤʝʥʪʫ (ʨʠʩ.1, ʚ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʧʨʦʬʽʣʽ ʚʠʷʚʠʣʠʩʷ 

ʝʬʝʢʪʠʚʥʽʰʠʤʠ ʟʘ ʚʩʽʤʘ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

 
  

ʘ ʙ ʚ 

ʈʠʩ.1. ʅʘʧʨʫʞʝʥʥʷ ʚ ʦʩʥʦʚʽ ʟʫʙʮʽʚ ʟ ʙʦʢʫ ʘʩʠʤʝʪʨʽʾ ʪʘ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʣʠ (ʘ) ʪʘ ʟ 

ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ (ʙ) ʜʣʷ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʩʠʤʝʪʨʠʯʥʦʩʪʽ ʪʘ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ  

 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤʠ ʟʫʙʮʷʤʠ. 

ʇʝʨʝʚʘʛʠ ʢʦʣʽʩ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʥʽʚʝʣʶʶʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʫʩʢʣʘʜʥʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʟʫʙʦʦʙʨʦʙʣʝʥʥʷ 

ʽ ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ. ʗʢ ʚ 

ʥʠʟʴʢʦʧʨʦʜʫʢʪʠʚʥʦʤʫ ʤʝʪʦʜʽ ʢʦʧʽʶʚʘʥʥʷ, ʪʘʢ ʽ ʚ ʤʝʪʦʜʽ ʦʙʢʦʯʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʽ 

ʩʧʝʮʽʘʣʴʥʽ ʜʦʨʦʛʦʚʘʨʪʽʩʥʽ ʧʨʦʬʽʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʜʫʣʷ 

ʽ ʜʣʷ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ ʘʩʠʤʝʪʨʽʾ ʽʥʩʪʨʫʤʝʥʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʽʟʥʠʡ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʫ 

ʃʴʚʽʚʩʴʢʽʡ ʧʦʣʽʪʝʭʥʽʮʽ ʨʦʟʨʦʙʣʝʥʦ ʨʘʜʽʘʣʴʥʦ-ʢʦʣʦʚʠʡ ʤʝʪʦʜ ʟʫʙʦʥʘʨʽʟʘʥʥʷ, 

ʷʢʠʡ, ʷʢ ʽ ʯʝʨʚôʷʯʥʝ ʟʫʙʦʬʨʟʝʨʫʚʘʥʥʷ ʥʘʣʝʞʠʪʴ ʜʦ ʤʝʪʦʜʽʚ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʛʝʥʝʨʫʚʘʥʥʷ. ʊʫʪ ʨʽʟʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʦʥʢʦʶ ʜʠʩʢʦʚʦʶ ʬʨʝʟʦʶ, ʚʩʪʘʥʦʚʣʝʥʦʶ 

ʥʘ ʟʫʙʦʬʨʝʟʝʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟʘʤʽʩʪʴ ʯʝʨʚôʷʯʥʦʾ ʬʨʝʟʠ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ 

(ʨʠʩ.2, ʘ). ʅʘʨʽʟʘʥʥʷ ʘʩʠʤʝʪʨʠʯʥʠʭ ʢʦʣʽʩ (ʨʠʩ.2, ʙ ʽ ʚ) ʮʠʤ ʤʝʪʦʜʦʤ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʪʦʛʦ, ʱʦ ʬʨʝʟʫ ʜʦʩʪʘʪʥʴʦ ʟʤʽʩʪʠʪʠ ʚ ʾʾ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽʡ 

ʧʦʧʨʘʚʮʽ ʥʘ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʨʽʚʥʘ ʘʩʠʤʝʪʨʠʯʥʦʩʪʽ ʧʨʦʬʽʣʶ. ʆʪʞʝ, ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ 

ʜʝʰʝʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʦʞʥʘ ʥʘʨʽʟʘʪʠ ʷʢ ʢʦʣʝʩʘ ʟ ʨʽʟʥʠʤ ʤʦʜʫʣʝʤ, ʟʤʽʥʶʶʯʠ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ, ʪʘʢ ʽ ʢʦʣʝʩʘ ʟ ʨʽʟʥʦʶ ʘʩʠʤʝʪʨʽʶ ʟʫʙʮʽʚ ʧʨʠ ʦʩʴʦʚʦʤʫ ʟʤʽʱʝʥʥʽ 

ʬʨʝʟʠ, ʪʦʙʪʦ, ʮʝʡ ʤʝʪʦʜ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽ ʚʠʤʘʛʘʻ 

ʥʘʡʤʝʥʰʝ ʚʠʪʨʘʪ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ ʥʘʡʰʠʨʰʠʤ ʜʽʘʧʘʟʦʥʦʤ ʾʭ 

ʧʘʨʘʤʝʪʨʽʚ.  

ɺʠʩʥʦʚʢʠ: 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤʠ 

ʝʚʦʣʴʚʝʥʪʥʠʤʠ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʢʦʣʝʩʘ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ ʤʘʶʪʴ 

ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ ʥʘʜʽʡʥʽʩʪʴ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʥʝʨʝʚʝʨʩʠʚʥʠʭ ʧʨʠʚʦʜʘʭ ʙʫʜʝ ʤʘʪʠ ʽʩʪʦʪʥʠʡ ʝʬʝʢʪ ʟʘ ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʪʘ 
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ʙʝʟʚʽʜʤʦʚʥʽʩʪʶ ʽ ʜʘʩʪʴ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ. 

ɿʦʢʨʝʤʘ, ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʢʦʨʝʥʽ ʟʫʙʮʽʚ ʘʩʠʤʝʪʨʠʯʥʠʭ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ 

ʢʦʣʽʩ ʟ ʙʦʢʫ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 12 -15%, ʪʘ ʥʘ 35% ʟ ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ ʧʦʢʘʟʫʻ, 

ʱʦ ʢʦʣʝʩʘ ʟ ʮʠʤ ʚʠʜʦʤ ʟʘʯʝʧʣʝʥʥʷ ʤʘʶʪʴ ʚʠʱʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽ 

ʢʨʘʱʝ ʙʫʜʫʪʴ ʧʨʦʪʠʜʽʷʪʠ ʮʠʢʣʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʤʦʞʥʘ 

ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʠ ʪʘ ʤʘʩʫ ʨʝʜʫʢʪʦʨʽʚ ʽ ʩʢʨʠʥʴ ʰʚʠʜʢʦʩʪʝʡ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ 

ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ.  

 

 
 

ʘ ʙ ʚ 

ʈʠʩ. 2. ʅʘʨʽʟʘʥʥʷ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʨʘʜʽʘʣʴʥʦ-ʢʦʣʦʚʠʤ ʤʝʪʦʜʦʤ (ʘ) ʪʘ 

ʘʩʠʤʝʪʨʠʯʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ, ʥʘʨʽʟʘʥʽ ʦʜʥʽʻʶ ʜʠʩʢʦʚʦʶ 

 

ɺ ʮʠʭ ʥʝʨʝʚʝʨʩʠʚʥʠʭ ʧʝʨʝʜʘʯʘʭ ʟʫʙʮʽ ʧʨʠ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʟ ʟʘʯʝʧʣʝʥʥʷ ʟʽ 

ʩʧʨʷʞʝʥʠʤ ʢʦʣʝʩʦʤ ʘʙʦ ʰʝʩʪʽʨʥʝʶ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʝʩʘ, ʪʝʞ ʧʽʜʜʘʶʪʴʩʷ ʮʠʢʣʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ. ɿʤʝʥʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ 

ʢʦʨʝʥʽ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʘʩʠʤʝʪʨʠʯʥʠʭ ʟʫʙʮʽʚ, ʨʘʟʦʤ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʾʭ ʧʨʫʞʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʠʡ ʦʧʽʨ ʮʠʢʣʦʚʽʡ ʚʪʦʤʽ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ 

ʧʣʘʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ, ʟʤʝʥʰʫʶʯʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. 

ʂʨʽʤ ʪʦʛʦ, ʚʥʘʩʣʽʜʦʢ ʚʠʱʦʾ ʞʦʨʩʪʢʦʩʪʽ ʪʘʢʠʭ ʟʫʙʮʽʚ ʽ ʤʝʥʰʦʶ ʘʤʧʣʽʪʫʜʦʶ 

ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʨʦʙʦʪʽ ʪʘʢʠʭ ʧʝʨʝʜʘʯ ʙʫʜʝ ʚʠʥʠʢʘʪʠ ʤʝʥʰʠʡ ʰʫʤ.  

ʗʢ ʧʦʢʘʟʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʫʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʦʢʨʘʱʫʶʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʫʪʘ ʟʘʯʝʧʣʝʥʥʷ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʘʩʠʤʝʪʨʠʯʥʦʩʪʽ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʢʦʧʽʶʚʘʣʴʥʦʛʦ ʘʙʦ ʦʙʢʦʯʫʚʘʣʴʥʦ 

ʟʫʙʦʬʨʝʟʝʨʫʚʘʥʥʷ) ʚʠʙʽʨ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʙʤʝʞʫʻʪʴʩʷ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʢʫʪʦʤ ʧʨʦʬʽʣʶ ʚʠʭʽʜʥʦʛʦ 

ʧʨʦʬʽʣʶ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚ ʨʘʜʽʘʣʴʥʦ-ʢʦʣʦʚʦʤʫ ʤʝʪʦʜʽ ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʦʩʪʠʤ 

ʟʤʽʱʝʥʥʷʤ ʜʠʩʢʦʚʦʾ ʬʨʝʟʠ ʚʟʜʦʚʞ ʾʾ ʦʩʽ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʚʝʣʠʯʠʥʫ.  

ɿʥʘʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʟʫʙʮʽʚ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʜʝʬʝʢʪʽʚ - ʪʨʽʱʠʥʠ ʪʘ ʚʽʜʰʘʨʫʚʘʥʴ ʥʘ ʧʦʚʝʨʭʥʷʭ ʟʫʙʮʽʚ, ʪʦʤʫ  ʟʤʝʥʰʝʥʥʷ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʘʩʠʤʝʪʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʟʘʯʝʧʣʝʥʥʷʭ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʥʫʪʠ ʧʝʨʝʜʯʘʩʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʜʘʯ.  

ɿ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʦʧʪʠʤʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʢʦʣʽʩ ʟ 

ʟʘʜʘʥʦʶ (ʤʘʢʩʠʤʘʣʴʥʦʶ) ʚʝʣʠʯʠʥʦʶ ʘʩʠʤʝʪʨʽʾ ʧʨʦʬʽʣʽʚ ʻ ʨʘʜʽʘʣʴʥʦ-ʢʦʣʦʚʠʡ 

ʤʝʪʦʜ ʟʫʙʦʥʘʨʽʟʘʥʥʷ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʥʘʡʧʨʦʩʪʽʰʠʡ ʨʽʟʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʙʝʟ 

ʙʫʜʴ-ʷʢʦʾ ʢʦʨʝʢʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʻʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ʢʦʣʽʩ. 
ʃʽʪʝʨʘʪʫʨʘ: 1. Ihor E. Hrytsay. Sinusoidal Gears and Alternative Method of Tooth 

Generation.In: Advances in Gear Theory and Gear Cutting Tool Design, Springer, 2022, pp. 233-254. 
https://doi.org/10.1007/978-3-030-92262-7. 

2. ɻʨʠʮʘʡ ɯ.ɭ., ɹʣʘʛʫʪ ɽ.ʄ., ʗʚʦʨʩʴʢʠʡ ɺ.ɿ. ʉʠʥʫʩʦʾʜʘʣʴʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʪʘ ʥʦʚʠʡ 

ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ // ʋʀʎ çʅʘʫʢʘ. ʊʝʭʥʠʢʘ. ʊʝʭʥʦʣʦʛʷè. ʂ., 2004. ʉ. 47-50. 

https://doi.org/10.1007/978-3-030-92262-7
https://doi.org/10.1007/978-3-030-92262-7
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ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉʋ ʅɸʈɯɿɸʅʅʗ ɿʋɹʏɸʉʊʀʍ ʂʆʃɯʉ 

ɺʅʋʊʈɯʐʅʔʆɻʆ ɿɸʏɽʇʃɽʅʅʗ ʈɸɼɯɸʃʔʅʆ-ʂʆʃʆɺʀʄ ʄɽʊʆɼʆʄ 

 

ɻʨʠʮʘʡ ɯ.ɭ., ʉʪʦʣʷʨ ɹ.ʊ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) 

 

ɿʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʪʘ ʟʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʽ ʻ ʚʘʞʣʠʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʙʽʣʴʰʦʩʪʽ 

ʩʫʯʘʩʥʠʭ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʥʘ ʥʘʡʙʣʠʞʯʫ ʽ ʚʽʜʜʘʣʝʥʫ ʧʝʨʩʧʝʢʪʠʚʫ ʥʝ 

ʚʪʨʘʪʷʪʴ ʩʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʪʝ, ʱʦ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʨʠʥʢʫ ʚʢʣʘʜʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʧʝʨʝʜʘʯ 

ʫ 2026 ʨʦʮʽ ʙʫʜʫʪʴ ʦʙʯʠʩʣʷʪʠʩʷ ʩʫʤʦʶ ʫ ʧʦʥʘʜ $210 ʤʣʨʜ, ʧʨʠ ʮʴʦʤʫ ʟʘ ʜʘʥʠʤʠ 

(Global Gear Technology Market by Technology by Geographic Scope and Forecast; 

Verified Market Research, USA, 2021) ʮʽ ʦʙʩʷʛʠ ʱʦʨʦʢʫ ʟʙʽʣʴʰʫʶʪʴʩʷ ʥʘ 4 ï 6%. 

ʊʘʢʽ ʪʝʥʜʝʥʮʽʾ ʩʧʦʥʫʢʘʶʪʴ ʥʘʫʢʦʚʮʽʚ ʪʘ ʚʠʨʦʙʥʠʯʥʠʢʽʚ ʜʦ ʧʦʰʫʢʫ ʥʦʚʠʭ ʚʠʜʽʚ 

ʟʫʙʯʘʩʪʠʭ ʟʘʯʝʧʣʝʥʴ, ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʟʫʙʦʦʙʨʦʙʣʝʥʥʷ.  

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʚʦʜʽʚ ʽ ʧʝʨʝʜʘʯ 

ʩʫʯʘʩʥʠʭ ʤʘʰʠʥ ʩʪʘʣʠ ʩʠʥʫʩʦʾʜʘʣʴʥʽ ʢʦʣʝʩʘ ʪʘ ʧʝʨʝʜʘʯʽ, ʚ ʷʢʠʭ ʧʨʦʬʽʣʴ ʟʫʙʮʽʚ 

ʦʧʠʩʘʥʦ ʥʝ ʝʚʦʣʴʚʝʥʪʦʶ, ʘ ʩʠʥʫʩʦʾʜʦʶ. ʎʽ ʧʝʨʝʜʘʯʽ, ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʷʢʠʭ ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʃʴʚʽʚʩʴʢʽʡ ʧʦʣʽʪʝʭʥʽʮʽ, ʧʦʯʠʥʘʶʯʠ ʟ 2003 ʨʦʢʫ, ʥʘʙʫʚʘʶʪʴ 

ʧʦʰʠʨʝʥʥʷ ʚ ʟʘʢʦʨʜʦʥʥʽʡ ʧʨʘʢʪʠʮʽ ʪʘ ʩʪʘʶʪʴ ʧʨʝʜʤʝʪʦʤ ʚʩʝ ʰʠʨʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʟʘʚʜʷʢʠ ʟʥʘʯʥʠʤ ʾʭ ʧʝʨʝʚʘʛʘʤ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʠʜʘʤʠ ʟʘʯʝʧʣʝʥʴ, ʘ 

ʧʨʦʙʣʝʤʘʤ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ʢʦʣʽʩ ʽ ʧʝʨʝʜʘʯ, 

ʷʢʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ S-ʢʦʣʝʩʘ (çS-gearsè), ʘʙʦ ʢʦʩʠʥʫʩʥʽ ʢʦʣʝʩʘ (çʉosine gearè) 

ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ ʧʫʙʣʽʢʘʮʽʾ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʚʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʫʶʪʴʩʷ ʣʠʰʝ ʟʦʚʥʽʰʥʽʭ ʢʦʣʽʩ, ʭʦʯʘ, ʷʢ 

ʚʽʜʦʤʦ, ʫ ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʥʘʯʥʦ ʝʬʝʢʪʠʚʥʽʰʠʤʠ ʻ ʧʣʘʥʝʪʘʨʥʽ 

ʟʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʽ. ʈʝʜʫʢʪʦʨʠ ʽ ʩʢʨʠʥʽ ʰʚʠʜʢʦʩʪʝʡ ʥʘ ʙʘʟʽ ʢʦʣʽʩ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʘʯʝʧʣʝʥʥʷ ʻ ʢʦʤʧʘʢʪʥʽʰʠʤʠ, ʤʝʥʰ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʠʤʠ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ 

ʜʣʷ ʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ï ʛʝʣʽʢʦʧʪʝʨʽʚ, ʣʽʪʘʢʽʚ, ʘʚʪʦʤʦʙʽʣʽʚ, ʟʘʣʽʟʥʠʯʥʠʭ 

ʣʦʢʦʤʦʪʠʚʽʚ ʪʦʱʦ. 

ɯʥʰʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʟʦʢʨʝʤʘ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʟʫʙʮʷʤʠ. ʋ ʥʘʰ ʯʘʩ 

ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʟʫʙʦʦʙʨʦʙʣʝʥʥʷ, ʪʘʢʽ, ʷʢ ʯʝʨʚôʷʯʥʝ 

ʟʫʙʦʬʨʝʟʝʨʫʚʘʥʥʷ ʪʘ ʟʫʙʦʜʦʚʙʘʥʥʷ (ʜʣʷ ʧʣʘʥʝʪʘʨʥʠʭ ʢʦʣʽʩ) ʽ ʩʪʚʦʨʶʶʪʴ ʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʦʶ ʻ Power Skiv n̔g. ʇʨʠʟʥʘʯʝʥʠʡ 

ʧʦʯʘʪʢʦʚʦ ʜʣʷ ʥʘʨʽʟʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʢʦʣʽʩ ʤʘʣʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʟʘʤʽʥʠ 

ʟʫʙʦʜʦʚʙʘʥʥʷ, ʮʝʡ ʤʝʪʦʜ ʪʝʧʝʨ ʧʦʰʠʨʝʥʠʡ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʢʦʽʩ ʽ 

ʢʦʣʽʩ ʚʝʣʠʢʠʭ ʤʦʜʫʣʽʚ. ʇʨʦʪʝ, ʧʦʨʷʜ ʽʟ ʟʥʘʯʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ, ʡʦʤʫ ʚʣʘʩʪʠʚʽ  

ʥʝʜʦʣʽʢʠ: ʟʥʘʯʥʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʽ ʫʜʘʨʥʽ ʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʭʦʜʽ ʧʨʠ ʚʨʽʟʘʥʥʽ, 

ʦʙʤʝʞʝʥʥʷ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʽ ʦʩʴʦʚʦʾ ʧʦʜʘʯʽ, ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʭʦʜʽʚ. ʂʨʽʤ 

ʪʦʛʦ, ʯʝʨʝʟ ʚʝʣʠʢʫ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʦʙʤʝʞʝʥʦʶ ʻ ʩʪʽʡʢʽʩʪʴ Skiving 

ʽʥʩʪʨʫʤʝʥʪʽʚ.  

ʎʠʭ ʥʝʜʦʣʽʢʽʚ ʥʝ ʤʘʻ ʨʘʜʽʘʣʴʥʦ-ʢʦʣʦʚʠʡ ʤʝʪʦʜ (ʈʂʄ), ʷʢʠʡ ʨʦʟʨʦʙʣʷʶʪʴ ʫ 

ʃʴʚʽʚʩʴʢʽʡ ʧʦʣʽʪʝʭʥʽʮʽ ʧʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʥʢʦʾ ʜʠʩʢʦʚʦʾ 
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ʬʨʝʟʠ ʟʘʤʽʩʪʴ ʩʢʣʘʜʥʠʭ ʽ ʜʦʨʦʛʠʭ ʯʝʨʚôʷʯʥʠʭ ʬʨʝʟ, ʘʙʦ Skiving-ʨʽʟʮʽʚ, ʽ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʫʙʦʬʨʝʟʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʨʦʙʠʪʴ ʮʝʡ ʤʝʪʦʜ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʘ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʈʂ-ʤʝʪʦʜ ʥʘʙʫʚʘʻ ʟʘʚʜʷʢʠ ʡʦʛʦ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ ʢʦʣʽʩ (ʨʠʩ.1), ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ, ʟʘʙʝʟʧʝʯʠʚʰʠ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ, ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ 

ʧʝʨʝʣʘʰʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚ ʫʤʦʚʘʭ ʯʘʩʪʦʾ ʟʤʽʥʠ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ 

ʩʫʯʘʩʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ.   

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ 

ʧʨʦʮʝʩʫ ʥʘʨʽʟʘʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʨʘʜʽʘʣʴʥʦ-ʢʦʣʦʚʠʤ ʤʝʪʦʜʦʤ. 

 

 
ʈʠʩ.1. ʅʘʨʽʟʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʦʣʝʩʘ ʜʠʩʢʦʚʦʶ ʬʨʝʟʦʶ ʨʘʜʽʘʣʴʥʦ-ʢʦʣʦʚʠʤ ʤʝʪʦʜʦʤ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ.  

ʇʨʦʮʝʩ ʥʘʨʽʟʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʨʦʟʛʣʷʜʘʻʤʦ ʷʢ ʩʫʢʫʧʥʽʩʪʴ  

ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʽ ʚʟʘʻʤʦʦʙʫʤʦʚʣʝʥʠʭ ʜʽʡ ʽ ʷʚʠʱ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʧʝʚʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʟʜʽʡʩʥʶʶʪʴʩʷ ʪʘʢʠʤʠ ʝʪʘʧʘʤʠ: ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʨʽʟʽʚ 

ʽ 3D ʤʦʜʝʣʽ ʩʪʨʫʞʢʠ ­ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ­ 

ʘʥʘʣʽʟ ʩʠʣʠ ʨʽʟʘʥʥʷ ­ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʚʽʙʨʘʮʽʡ ­ ʚʠʚʯʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʽ ʷʢʦʩʪʽ ʟʫʙʯʘʩʪʠʭ ʧʦʚʝʨʭʦʥʴ  ­ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʪʷ ʽ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ­ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ 

ʽʥʩʪʨʫʤʝʥʪʫ ­ ʚʠʨʽʰʝʥʥʷ ʟʚʦʨʦʪʥʦʾ ʟʘʜʘʯʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘ ʩʘʤʝ 

- ʚʠʙʽʨ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʘ 

ʷʚʠʱ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʩʫʪʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʦʙʨʦʙʣʝʥʥʷ ʽ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʥʘ ʽ ʢʦʤʧʣʝʢʩʥʘ ʧʨʦʙʣʝʤʘ, ʚ ʦʩʥʦʚʽ 

ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ ʧʘʨʘʤʝʪʨʠ  ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʨʽʟʽʚ.  

ʉʢʣʘʜʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʜʽʘʣʴʥʦ-ʢʦʣʦʚʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ 

ʥʘʣʝʞʠʪʴ ʜʦ ʤʝʪʦʜʽʚ ʥʝʧʝʨʝʨʚʥʦʛʦ ʦʙʢʦʯʫʚʘʣʴʥʦʛʦ ʟʫʙʦʥʘʨʽʟʘʥʥʷ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟ ʥʝʧʝʨʝʨʚʥʦʶ ʪʘ ʧʝʨʽʦʜʠʯʥʦʶ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʟʨʽʟʽʚ ʪʘ ʫʩʽʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ 

ʚʠʧʣʠʚʘʶʪʴ ʟ ʫʤʦʚ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ. ʈʦʟʛʣʷʜʘʶʯʠ ʮʝʡ ʧʨʦʮʝʩ ʚ ʧʦʩʣʽʜʦʚʥʠʭ 
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ʜʠʩʢʨʝʪʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʨʽʟʘʣʴʥʦʛʦ ʢʣʠʥʫ ʢʦʞʥʦʛʦ ʟʫʙʮʷ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦ ʢʫʪʫ 

ʡʦʛʦ ʧʦʚʦʨʦʪʫ, ʩʪʚʦʨʝʥʦ ʛʨʘʬʦʘʥʘʣʽʪʠʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʟʨʽʟʽʚ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʦʢʨʝʤʘ, ʥʘ ʨʠʩ.2 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʽ ʪʦʚʱʠʥʠ ʟʨʽʟʽʚ ʜʠʩʢʦʚʦʾ ʬʨʝʟʠ ʧʨʠ ʥʘʨʽʟʘʥʥʽ 

ʚʥʫʪʨʽʰʥʽʭ ʢʦʣʽʩ ʤʦʜʫʣʝʤ ʚʽʜ 1 ʤʤ ʜʦ 12 ʤʤ (ʯʠʩʣʦ ʟʫʙʮʽʚ ʢʦʣʝʩʘ 60, ʬʨʝʟʠ 20, 

ʦʩʴʦʚʘ ʧʦʜʘʯʘ 2 ʤʤ/ʦʙ., ʨʽʟʘʥʥʷ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ). ʆʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ 

ʢʽʣʴʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʜʘʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʘʣʛʦʨʠʪʤʫ.  

ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʦʪʨʠʤʘʥʠʭ ʟ ʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʥʘʨʽʟʘʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʨʘʜʽʘʣʴʥʦ-ʢʦʣʦʚʠʤ 

ʤʝʪʦʜʦʤ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ, ʨʦʟʨʘʭʫʚʘʪʠ ʽ ʧʝʨʝʜʙʘʯʠʪʠ 

ʩʠʣʫ ʨʽʟʘʥʥʷ, ʪʝʧʣʦʪʫ ʽ ʪʝʤʧʝʨʘʪʫʨʫ, ʾʭ ʚʧʣʠʚ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ. ʅʘʧʨʠʢʣʘʜ, ʟ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʣʦʱʽ 

ʟʨʽʟʽʚ ʚʠʭʦʜʠʪʴ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ ʪʘ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʦʩʽ ʬʨʝʟʠ 

ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠ ʚ ʜʽʣʷʥʢʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ ʜʽʣʠʣʴʥʦʛʦ ʜʽʘʤʝʪʨʫ, ʮʽ ʧʘʨʘʤʝʪʨʠ 

ʚʠʟʥʘʯʘʪʴ ʝʬʝʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʨʽʟʘʥʥʷ. ʋ ʜʽʣʷʥʮʽ ʜʽʣʠʣʴʥʦʛʦ ʜʽʘʤʝʪʨʫ ʚ ʯʘʩʽ 

ʟʙʽʣʴʰʝʥʥʷ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʽ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʪʦʥʢʘ ʜʠʩʢʦʚʘ ʬʨʝʟʘ ʙʫʜʝ 

ʟʘʟʥʘʚʘʪʠ ʜʽʾ ʙʦʢʦʚʦʛʦ ʟʫʩʠʣʣʷ, ʱʦ ʚʠʢʣʠʯʝ ʾʾ ʧʽʜʚʠʱʝʥʽ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʪʘ 

ʚʽʙʨʘʮʽʾ ʽ ʚʧʣʠʥʝ ʥʘ ʪʦʯʥʽʩʪʴ ʥʘʨʽʟʫʚʘʥʠʭ ʢʦʣʽʩ ʽ ʰʦʨʩʪʢʽʩʪʴ ʟʫʙʮʽʚ. 

 

  
 

ʘ ʙ ʚ 

ʈʠʩ.2. ʇʣʦʱʘ ʟʨʽʟʽʚ (ʘ) ʽ ʪʦʚʱʠʥʘ ʟʨʽʟʽʚ (ʙ) ʚ ʧʨʦʮʝʩʽ ʥʘʨʽʟʘʥʥʷ ʧʣʘʥʝʪʘʨʥʠʭ ʢʦʣʽʩ ʤʦʜʫʣʝʤ  

1 ï 12 ʤʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʝʨʪʘʥʥʷ ʬʨʝʟʠ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʭ ʟʤʽʥʠ ʧʦ ʤʦʜʫʣʶ (ʚ) 

 

ɿ ʫʤʦʚʠ ʩʪʽʡʢʦʩʪʽ ʬʨʝʟʠ ʥʘʡʙʽʣʴʰ ʥʝʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʨʽʟʘʥʥʷ ʙʫʜʫʪʴ ʥʘ 

ʜʽʣ̫ʥʮʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ. ɿʫʙʮʽ ʥʘ ʮʽʡ ʯʘʩʪʠʥʽ ʬʨʝʟʠ ʟʨʽʟʘʶʪʴ 

ʩʪʨʫʞʢʠ ʤʽʥʽʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ, ʘ ʯʘʩʪʠʥʘ ʧʨʠʧʫʩʢʫ ʟʤʠʥʘʻʪʴʩʷ ʚ ʦʩʥʦʚʫ ʜʥʘ 

ʚʧʘʜʠʥʠ, ʱʦ ʙʫʜʝ ʚʠʢʣʠʢʘʪʠ ʧʽʜʚʠʱʝʥʝ ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʧʦ ʟʘʜʥʽʡ 

ʧʦʚʝʨʭʥʽ ʟʫʙʮʽʚ ʽ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʨʽʟʘʥʥʷ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʧʦ ʜʽʘʤʝʪʨʫ ʟʫʙʮʽʚ 

ʽʥʩʪʨʫʤʝʥʪʫ.  

ʇʨʠʟʥʘʯʝʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʨʝʟʠ ï ʾ ʾ 

ʪʦʚʱʠʥʠ ʽ ʢʽʣʴʢʦʩʪʽ ʟʫʙʮʽʚ, ʤʘʪʝʨʽʘʣʫ ʽ ʧʦʢʨʠʪʪʷ ʬʨʝʟʠ, ʚʠʙʦʨʦʤ ʦʩʴʦʚʦʾ ʧʦʜʘʯʽ, 

ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʽ ʢʽʣʴʢʦʩʪʽ ʧʨʦʭʦʜʽʚ, ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʚʧʣʠʚ 

ʥʝʛʘʪʠʚʥʠʭ ʯʠʥʥʠʢʽʚ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʫʤʦʚʠ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ-ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʘ ʟʘʜʦʚʽʣʴʥʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʘʥʦʛʦ 

ʧʨʦʮʝʩʫ. 
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ɽʂʆʅʆʄɯʏʅɯʉʊʔ ʈʆɿʈɸʍʋʅʂɯɺ ʇʈʀ ʄʆɼɽʃʖɺɸʅʅɯ 

ɺʃɸʉʊʀɺʆʉʊɽʁ ɹɽɿʇʆɺɯʊʈʗʅʆɻʆ ʂʆʃɽʉɸ 

 

ɼʝʤʯʫʢ ɯ.ɹ., ɿʽʥʴʢʦ ʈ.ɺ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) 

 

ɹʝʟʧʦʚʽʪʨʷʥʽ ʰʠʥʠ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʪʨʘʜʠʮʽʡʥʠʤ ʧʥʝʚʤʘʪʠʯʥʠʤ ʰʠʥʘʤ, ʦʩʢʽʣʴʢʠ ʧʨʦʧʦʥʫʶʪʴ ʥʠʟʢʫ ʧʝʨʝʚʘʛ, ʪʘʢʠʭ 

ʷʢ ʧʽʜʚʠʱʝʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʨʦʢʦʣʽʚ, ʤʝʥʰʝ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ 

ʧʦʪʝʥʮʽʡʥʝ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ [1,2]. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʘ ʾʭ ʯʘʩʪʠʥʘ ʦʩʥʘʱʝʥʘ ʢʦʣʽʩʥʠʤʠ ʨʫʰʽʷʤʠ 

[3]. ʊʘʢʽ ʨʫʰʽʾ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ, ʧʨʦʪʝ ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʫʰʢʦʜʞʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʢʦʣʝʩʦ ʚʠʤʘʛʘʻ ʜʦʚʛʦʛʦ ʽ ʜʦʨʦʛʦʛʦ ʨʝʤʦʥʪʫ, ʘ 

ʪʝʭʥʽʢʘ ʯʘʩʪʦ ʧʨʦʩʪʦʶʻ, ʱʦ ʟʥʠʞʫʻ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ɸʢʪʫʘʣʴʥʠʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʧʦʚʽʪʨʷʥʠʭ ʰʠʥ ʟ ʝʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʙʝʟʧʝʯʥʦʾ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ 

ʚʘʞʣʠʚʠʤ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʯʘʩʦʤ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʪʦʯʥʽʩʪʶ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺ ʩʝʨʝʜʦʚʠʱʽ Solidworks ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʙʝʟʧʦʚʽʪʨʷʥʦʛʦ ʢʦʣʝʩʘ ʟ 

ʨʘʜʽʘʣʴʥʠʤʠ ʰʧʠʮʷʤʠ ʟʘʛʘʣʴʥʠʤ ʦʙôʻʤʦʤ ʧʦʣʽʫʨʝʪʘʥʫ ʚ 2 ʣʽʪʨʠ. ɼʘʥʘ ʬʦʨʤʘ 

ʟʫʤʦʚʣʝʥʘ ʟ ʤʽʨʢʫʚʘʥʴ ʧʨʦʩʪʦʪʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʨʠʮʽ ʪʘ ʚʠʣʠʚʢʠ [4,5]. ʇʨʠ 

ʟʘʜʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʽ ʛʝʦʤʝʪʨʽʾ ʢʦʣʝʩʘ ʦʪʨʠʤʘʥʦ ʧʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʘʞʣʠʚʠʤ ʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʯʘʩʦʤ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʪʦʯʥʽʩʪʶ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʯʘʩʦʤ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʪʦʯʥʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʻ ʩʢʣʘʜʥʠʤ. ɿʘʛʘʣʦʤ, ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰʦʾ 

ʪʦʯʥʦʩʪʽ, ʘʣʝ ʮʝʡ ʧʨʠʨʽʩʪ ʤʦʞʝ ʙʫʪʠ ʥʝ ʣʽʥʽʡʥʠʤ, ʽ ʜʦʜʘʪʢʦʚʠʡ ʯʘʩ ʤʦʞʝ ʥʝ 

ʟʘʚʞʜʠ ʧʨʠʥʦʩʠʪʠ ʧʨʦʧʦʨʮʽʡʥʝ ʧʦʢʨʘʱʝʥʥʷ. ʅʘ ʪʦʯʥʽʩʪʴ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʽʥʰʽ 

ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʷʢʽʩʪʴ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ. 

ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʪʘ 

ʪʦʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʧʨʦʚʦʜʠʪʠ ʙʽʣʴʰʝ ʽʪʝʨʘʮʽʡ, ʚʢʣʶʯʘʪʠ ʙʽʣʴʰʝ ʜʘʥʠʭ ʪʦʱʦ. ʎʝ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʽʣʴʰ ʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ ʫ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ. 

ʅʘʷʚʥʽʩʪʴ ʧʦʪʫʞʥʽʰʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʩʢʣʘʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʰʚʠʜʰʝ ʪʘ ʝʬʝʢʪʠʚʥʽʰʝ, ʟʤʝʥʰʫʶʯʠ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʾ ʪʦʯʥʦʩʪʽ. 

ɺʠʙʽʨ ʘʣʛʦʨʠʪʤʫ ʪʘ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ 

ʽ ʯʘʩ. ʅʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʪʦʯʥʠʤʠ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʫ, ʪʦʜʽ ʷʢ ʽʥʰʽ ʤʦʞʫʪʴ ʙʫʪʠ ʰʚʠʜʰʠʤʠ, ʘʣʝ ʤʝʥʰ ʪʦʯʥʠʤʠ. 

ʅʘʚʽʪʴ ʥʘʡʩʢʣʘʜʥʽʰʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʥʘʡʙʽʣʴʰʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ ʥʝ 

ʟʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʷʢʱʦ ʚʭʽʜʥʽ ʜʘʥʽ ʙʫʜʫʪʴ ʥʝʪʦʯʥʠʤʠ ʘʙʦ 

ʥʝʧʦʚʥʠʤʠ. 
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ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʘ ʩʽʪʢʘ ʜʝʪʘʣʽ ʤʦʜʝʣʶʚʘʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʢʦʣʝʩʘ. 

ʉʽʪʢʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʜʦʩʪʘʪʥʶ ʷʢʽʩʪʴ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʦʨʽʥ ʻ ʦʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʩʽʪʢʠ. ʊʦʙʪʦ 

ʪʨʠʢʫʪʥʽ ʛʨʘʥʽ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ ʤʘʶʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʷʢʦʤʦʛʘ ʙʣʠʞʯʝ ʜʦ 

ʨʽʚʥʦʩʪʦʨʦʥʥʽʭ ʪʨʠʢʫʪʥʠʢʽʚ. ɺʠʪʷʛʥʫʪʽ ʝʣʝʤʝʥʪʠ ʟ ʚʝʣʠʢʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʩʪʦʨʽʥ (ʙʽʣʴʰʠʤ ʪʨʴʦʭ) ʧʦʥʠʟʷʪʴ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʊʘʢʦʞ ʩʽʪʢʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʜʦʩʪʘʪʥʶ ʜʝʪʘʣʽʟʘʮʽʶ ʜʣʷ ʦʙʨʘʭʫʥʢʫ ʜʽʡʩʥʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ. 

ʅʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʧʝʚʥʦʛʦ ʢʦʤʧʨʦʤʽʩʫ ʤʽʞ ʚʠʜʘʣʝʥʥʷʤ ʝʣʝʤʝʥʪʽʚ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʩʽʪʢʠ ʪʘ ʾʭ ʟʙʝʨʝʞʝʥʥʷʤ ʜʣʷ ʜʦʪʨʠʤʘʥʥʷ ʪʦʯʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʽʢʦʚʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʝʞʘʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ 

ʥʘʧʨʫʞʝʥʴ, ʷʢʝ ʦʭʦʧʣʶʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘʧʨʫʞʝʥʴ. ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʬʘʢʪʠʯʥʝ ʧʽʢʦʚʝ ʥʘʧʨʫʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ. ɼʣʷ ʦʙʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʦʚʽʜʥʠʢʠ [6,7]. 

ɼʘʥʠʡ ʘʥʘʣʽʟ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʥʘ ʯʦʨʥʦʚʽʡ ʩʽʪʮʽ ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʧʦʣʽʛʦʥʽʚ, ʪʦʤʫ ʻ ʥʝ ʪʦʯʥʠʤ, ʘʣʝ ʨʘʟʦʤ ʟ ʪʠʤ ʟʘʡʥʷʚ ʤʘʣʦ ʯʘʩʫ ï 2 ʭʚ.  

ɹʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘ ʩʽʪʮʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʟ ʩʝʨʝʜʥʴʦʶ ʽ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ (ʨʠʩ. 1). ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ. 

ɿ ʛʨʘʬʽʢʘ ʨʠʩ. 1 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʯʘʩʫ ʚ 9,5 ʨʘʟʠ 

ʨʝʟʫʣʴʪʘʪʠ ʟʤʽʥʶʶʪʴʩʷ ʚ ʙʽʣʴʰʫ ʩʪʦʨʦʥʫ, ʧʦ ʥʘʧʨʫʞʝʥʥʷʭ ʚ 4,8 ʨʘʟʠ, ʘ ʧʦ 

ʧʝʨʝʤʽʱʝʥʥʷʭ ʚ 3,6 ʨʘʟʠ. ʆʪʞʝ, ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʥʘ ʯʘʩʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʤʘʡʞʝ 

ʚ 10 ʨʘʟʽʚ, ʜʦʤʥʦʞʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ kʥ=4,8 ʽ kʧ=3,6. 
 

ʊʘʙʣʠʮʷ 1 ï ɸʥʘʣʽʟ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʷʢʦʩʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʗʢʽʩʪʴ ʩʽʪʢʠ 

ʏʘʩ 

ʨʦʟʨʘʭʫʥʢʫ, 

ʭʚ. 

ʅʘʧʨʫʞʝʥʥʷ ʤʘʢʩ., 

ʄʇʘ. 

ʇʝʨʝʤʽʱʝʥʥʷ 

ʤʘʢʩ., ʤʤ. 

ʏʦʨʥʦʚʘ, 

ʤʽʥ̔ʤʘʣʴʥʘ 

ʢ̔ ʣʴʢʽʩʪʴ ʧʦʣʽʛʦʥʽʚ 

2 0,42 9,4 

ɺʠʩʦʢʘ, ʩʝʨʝʜʥʷ 

ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʛʦʥʽʚ 
13 1,8 32,5 

ɺʠʩʦʢʘ, 

ʤʘʢʩʠʤʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʛʦʥʽʚ 
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ɺʠʩʥʦʚʢʠ. ɯʩʥʫʻ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʯʘʩʦʤ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʪʦʯʥʽʩʪʶ. ɿʙʽʣʴʰʝʥʥʷ 

ʯʘʩʫ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ ʫ ʧʨʦʧʦʨʮʽʡʥʽʡ ʤʽʨʽ. 



70 
 

ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʚʠʙʽʨ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʷʢʽʩʪʴ ʜʘʥʠʭ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʪʦʯʥʽʩʪʴ ʽ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ. ʅʝ ʟʘʚʞʜʠ ʙʽʣʴʰʘ ʪʦʯʥʽʩʪʴ ʻ ʥʝʦʙʭʽʜʥʦʶ, ʽ 

ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʪʦʯʥʽʩʪʶ ʪʘ ʯʘʩʦʤ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʥʠʤ ʫ ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʘʭ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʥʜʝʥʮʽʷ ʟʤʽʥʠ ʜʝʬʦʨʤʘʮʽʾ ʟʙʝʨʽʛʘʻʪʴʩʷ, 

ʭʦʯʘ ʥʝ ʥʘʩʪʽʣʴʢʠ ʚʠʨʘʞʝʥʘ. ʆʪʞʝ, ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʥʘ ʩʽʪʮʽ ʯʦʨʥʦʚʦʾ 

ʷʢʦʩʪʽ, ʟʙʽʣʴʰʫʶʯʠ ʨʝʟʫʣʴʪʘʪ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ kʥ, kʧ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʥʘ 

ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʨʤʠ ʢʦʣʝʩʘ, ʧʽʜʽʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽʰʫ ʬʦʨʤʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʙôʻʤʫ ʧʦʣʽʫʨʝʪʘʥʫ ʪʘ ʩʢʣʘʜʥʦʩʪʽ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʨʠʮʽ ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʫ 

ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

 
ʈʠʩ. 1. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ ʽ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 
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ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʏɸʉʊʆʊʅʆɻʆ 

ʇɽʈɽʊɺʆʈʖɺɸʏɸ ʇʈʀɺʆɼʋ ʄɽʍɸʅɯɿʄʋ ʇʆɺʆʈʆʊʋ 

ɹɸʐʊʆɺʆɻʆ ʂʈɸʅɸ 

 

ɼʦʨʦʭʦʚ ʄ.ʖ., ʄʘʢʩʠʤʦʚ ɼ.ɭ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɸʢʪʠʚʥʝ ʞʠʪʣʦʚʝ ʪʘ ʢʦʤʝʨʮʽʡʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʩʪʘʚʠʪʴ ʥʦʚʽ ʚʠʤʦʛʠ ʧʝʨʝʜ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʤʠ ʤʘʰʠʥʘʤʠ. ʇʝʨʝʭʽʜ ʜʦ ʢʦʤʧʘʢʪʥʦʾ ʚʠʩʦʪʥʦʾ ʟʘʙʫʜʦʚʠ 

ʦʙʤʝʞʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʨʘʥʽʚ ʟ ʤʝʭʘʥʽʟʤʘʤʠ ʧʝʨʝʩʫʚʘʥʥʷ, ʟʘʣʠʰʘʶʯʠ ʣʠʰʝ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʝʨʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʽʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ 

ʨʦʙʦʯʦʛʦ ʨʘʜʽʫʩʫ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʚʠʤʦʛ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʝʭʘʥʽʟʤʘʭ ʙʘʰʪʦʚʠʭ ʢʨʘʥʽʚ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʨʷʜ ʟʤʽʥ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʠʩʦʪʥʦʩʪʽ ʚ ʮʽʣʦʤʫ ʜʦʩʪʘʪʥʴʦ 

ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʘʙʽʨʥʠʭ ʩʝʢʮʽʡ ʙʘʰʪʠ, ʘ ʪʘʢʦʞ ʚʨʘʭʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʛʨʫʥʪ. 

ɿʙʽʣʴʰʝʥʥʷ ʨʦʙʦʯʦʛʦ ʨʘʜʽʫʩʫ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʣʴʦʪʽ ʚʠʤʘʛʘʪʠʤʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʝʢʮʽʡ ʩʪʨʽʣʠ ʪʘ ʾʭ 

ʧʦʩʠʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʪʠʚʘʛʠ ʪʘ ʢʦʥʩʦʣʽ. ɺʩʝ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʠʡ ʤʝʭʘʥʽʟʤ ʷʢ ʫ ʩʪʘʪʠʯʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ, ʪʘʢ ʽ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʧʦʚʦʨʦʪʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʟʨʦʩʪʘʥʥʷ 

ʤʘʩʠ ʝʣʝʤʝʥʪʽʚ ʩʪʨʽʣʠ ʽ ʧʨʦʪʠʚʘʛʠ ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʠʚʽʜ ʤʝʭʘʥʽʟʤʫ 

ʧʦʚʦʨʦʪʫ ʥʝ ʟʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʶ ʬʫʥʢʮʽʶ, ʘʙʦ ʚʠʢʦʥʫʚʘʪʠʤʝ ʾʾ ʤʝʥʰ 

ʝʬʝʢʪʠʚʥʦ. ʊʘʢʦʞ ʟʨʦʩʪʘʥʥʷ ʤʘʩʠ ʝʣʝʤʝʥʪʽʚ ʢʨʘʥʘ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʪʦʯʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʠʡ ʧʨʠʩʪʨʽʡ ʚ ʮʽʣʦʤʫ. ʏʝʨʝʟ ʛʘʙʘʨʠʪʥʽ 

ʦʙʤʝʞʝʥʥʷ ʧʨʦʩʪʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʠʚʦʜʫ ʧʦʚʦʨʦʪʫ ʟʘʩʪʦʩʫʚʘʪʠ ʚʘʞʢʦ, ʘ ʪʘʢʦʞ, 

ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ ʚʠʤʦʛ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ. 

ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʝ ʢʦʣʦ 

ʜʚʦʭ, ʘʙʦ ʜʝʢʽʣʴʢʦʭ, ʧʨʠʚʦʜʽʚ ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʩʭʝʤʠ ʚʠʨʽʰʠʪʴ ʟʘʜʘʯʫ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ, ʧʨʠ 

ʮʴʦʤʫ ʜʦʜʘʩʪʴ ʡ ʟʘʧʘʩʫ ʧʦʪʫʞʥʦʩʪʽ. ʊʦʯʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʝ 

ʢʦʣʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʝʥʰʝʥʽ ʪʘ ʨʦʟʧʦʜʽʣʝʥʽ ʤʽʞ ʟʫʙʯʘʩʪʠʤʠ ʢʦʣʝʩʘʤ ʧʨʠʚʦʜʽʚ 

ʧʦʚʦʨʦʪʫ. 

ʉʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ, ʘʙʦ ʜʝʢʽʣʴʢʦʭ, ʤʝʭʘʥʽʟʤʽʚ 

ʧʦʚʦʨʦʪʫ ʻ ʧʠʪʘʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. ʅʝʩʠʥʭʨʦʥʥʝ 

ʚʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʠʚʢʽʚ ʧʨʠ ʧʫʩʢʫ, ʟʙʽʣʴʰʝʥʦʤʫ ʟʥʦʩʫ 

ʦʙʣʘʜʥʘʥʥʷ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʘ ʪʘʢʦʞ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʦʜʥʦʛʦ ʟ 

ʜʚʠʛʫʥʽʚ. 

ɼʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʩʭʝʤʠ ʟ ʜʚʦʤʘ ʜʚʠʛʫʥʘʤʠ ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʠʡ ʙʫʜʝ ʫʧʨʘʚʣʷʪʠ ʰʚʠʜʢʽʩʪʶ ʽ ʤʦʤʝʥʪʦʤ 

ʦʙʝʨʪʘʥʥʷ ʘʩʠʥʭʨʦʥʥʦʛʦ (ʘʙʦ ʩʠʥʭʨʦʥʥʦʛʦ) ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ ʥʘʧʨʫʛʠ. 
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ʈʠʩ. 1. ɺʫʟʦʣ ʧʦʚʦʨʦʪʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʻ ʜʦʮʽʣʴʥʠʤ ʽ 

ʜʘʻ ʪʘʢʽ ʞ ʧʝʨʝʚʘʛʠ ʜʣʷ ʽʥʰʠʭ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʘʥʪʘʞʦʧʽʜʽʡʤʘʣʴʥʠʭ 

ʢʨʘʥʽʚ. ʇʨʠ ʮʴʦʤʫ ʤʝʭʘʥʽʟʤʠ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʽ ʤʘʪʠ ʜʚʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ, 

ʪʦʤʫ ʱʦ ʯʘʩʪʦʪʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʧʦʢʨʘʱʫʻ ʨʦʙʦʪʫ ʽ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʽ 

ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ. 

ɼʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʘʩʪʦʪʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʥʝ ʣʠʰʝ ʥʘ ʥʦʚʠʭ 

ʢʨʘʥʘʭ, ʘ ʡ ʥʘ ʢʨʘʥʘʭ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʢʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪ ʘʙʦ ʤʦʜʝʨʥʽʟʘʮʽʶ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʠʰʢʦʚʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʜʣʷ ʦʢʫʧʥʦʩʪʽ ʤʦʜʝʨʥʽʟʘʮʽʾ. 

ɼʘʥʽ ʟʘʭʦʜʠ ʜʦʟʚʦʣʷʪʴ ʪʘʢʦʞ ʩʧʨʦʩʪʠʪʠ ʩʭʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʘʭ, ʟʙʽʣʴʰʠʪʠ ʤʽʞʨʝʤʦʥʪʥʽ 

ʽʥʪʝʨʚʘʣʠ, ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʟ ʥʝʷʢʽʩʥʠʤʠ ʘʙʦ ʜʝʬʽʮʠʪʥʠʤʠ ʟʘʧʘʩʥʠʤʠ 

ʯʘʩʪʠʥʘʤʠ, ʚʽʜʩʫʪʥʽʤʠ ʫ ʟʚôʷʟʢʫ ʟʽ ʟʥʷʪʪʷʤ ʾʭ ʟ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʤʝʥʰʠʪʠ ʷʱʠʢʠ 

ʫʧʨʘʚʣʽʥʥʷ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʫ ʢʝʨʫʚʘʥʥʽ 

ʤʝʭʘʥʽʟʤʫ ʧʦʚʦʨʦʪʫ ʜʦʩʠʪʴ ʰʠʨʦʢʽ: 

- ʤʦʞʣʠʚʝ ʧʨʦʛʨʘʤʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʦʤ, ʚʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ 

ʰʚʠʜʢʦʩʪʝʡ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʧʝʨʘʮʽʡ (ʤʦʥʪʘʞ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ); 

- ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʧʝʨʝʛʨʽʚʫ, ʧʝʨʝʚʠʱʝʥʴ ʥʘʧʨʫʛʠ 

ʪʘ ʽʥʰʦʛʦ, ʘ ʪʘʢʦʞ ʢʦʨʠʛʫʚʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʧʦʛʦʜʥʠʭ ʫʤʦʚ (ʚʽʪʨʦʚʝ ʟʫʩʠʣʣʷ, 

ʥʘʣʠʧʘʥʥʷ ʩʥʽʛʫ ʥʘ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ); 

- ʚʚʝʜʝʥʥʷ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʠʭ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʮʝʥʘʨʽʾʚ ʷʢ ʟʘʜʘʶʪʴʩʷ 

ʦʧʝʨʘʪʦʨʦʤ ʟ ʢʘʙʽʥʠ, ʪʘʢ ʽ ʟʟʦʚʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʘʻ ʟʥʘʯʥʽ 

ʧʝʨʝʚʘʛʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʤʝʭʘʥʽʟʤʽʚ, 

ʪʘʢ ʜʦʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʯʘʩʪʠʥʫ ʦʧʝʨʘʮʽʡ ʙʝʟ ʧʦʩʪʽʡʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʨʽʚʥʶ ʢʦʥʪʨʦʣʶ. 
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ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʂʆʅʉʊʈʋʂʎɯɰ ʄɽʍɸʅɯɿʄʋ 

ɻʆʃʆɺʅʆɻʆ ʇɯɼʁʆʄʋ, ʑʆ ɿɸʇʆɹɯɻɸɭ ʇɸɼɯʅʅʖ ɺɸʅʊɸɾʋ 

ʇʈʀ ʆɹʈʀɺɯ ʂɸʅɸʊɸ 

 

ɼʦʨʦʭʦʚ ʄ.ʖ., ʉʫʰʢʦ ʆ.ʄ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʋ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʽ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʟʘʚʦʜʽʚ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʢʨʘʥʠ. 

ɼʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʧʝʮʽʘʣʴʥʠʭ ʢʨʘʥʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴ ʾʭ ʚʽʜ ʢʨʘʥʽʚ 

ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ: ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ, 

ʘ ʦʪʞʝ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʥʘʯʥʦʛʦ ʯʠʩʣʘ ʨʦʙʦʯʠʭ ʨʫʭʽʚ, ʷʢʝ ʩʢʣʘʜʘʻ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʯʦʪʠʨʴʦʭ ʜʦ ʩʝʤʠ; ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʢʣʶʯʝʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʮʠʢʣ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʣʠʰʝ ʜʣʷ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʦʙʽʪ, ʘʣʝ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ; ʦʙʤʝʞʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ 

ʧʝʨʝʤʽʱʫʚʘʥʦʛʦ ʚʘʥʪʘʞʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; ʦʩʥʘʱʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʚʘʥʪʘʞʦʟʘʭʚʘʪʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʣʝʙʽʜʢʘʤʠ ʽ ʽʥʰʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ. 

ɺʢʣʶʯʝʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʢʨʘʥʽʚ ʚ ʮʠʢʣ ʚʠʨʦʙʥʠʮʪʚʘ, ʾʭ ʪʽʩʥʘ ʚʟʘʻʤʦʜʽʷ ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʦʤʫ ʢʨʘʥ ʧʦʚʠʥʝʥ ʤʘʪʠ ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʘʪʠʯʥʠʭ, 

ʜʠʥʘʤʽʯʥʠʭ, ʫʜʘʨʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɸʚʘʨʽʷ ʢʨʘʥʘ ʤʦʞʝ ʥʝ ʪʽʣʴʢʠ ʥʘ ʜʝʷʢʠʡ ʯʘʩ ʟʫʧʠʥʠʪʠ ʡʦʛʦ ʨʦʙʦʪʫ, ʘ ʡ 

ʧʦʰʢʦʜʠʪʠ ʥʘʚʢʦʣʠʰʥʻ ʦʙʣʘʜʥʘʥʥʷ. ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ 

ʘʚʘʨʽʡ ʻ ʦʙʨʠʚ ʢʘʥʘʪʘ. ʘʣʝ ʜʣʷ ʚʚʝʜʝʥʥʷ ʢʨʘʥʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʧʽʩʣʷ ʦʙʨʠʚʫ ʢʘʥʘʪʘ 

ʤʘʣʦ ʣʠʰʝ ʡʦʛʦ ʟʘʤʽʥʠ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤ ʪʦʥʥʘʞʝʤ ʧʨʠ ʦʙʨʠʚʽ ʢʘʥʘʪʘ 

ʚʠʥʠʢʘʶʪʴ ʚʝʣʠʢʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʜʦʜʘʪʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʾʭ ʩʫʪʪʻʚʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʩʢʦʨʦʯʝʥʥʷ 

ʮʠʢʣʽʯʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʨʽʧʣʝʥʴ ʢʘʥʘʪʽʚ ʜʦ ʪʨʘʚʝʨʩʽ 

ʚʠʷʚʣʝʥʽ ʥʝʜʦʣʽʢʠ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʯʝʨʝʟ ʷʢʽ ʽ ʚʠʥʠʢʘʣʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʊʘʢʦʞ ʧʨʠ ʦʙʨʠʚʽ ʢʘʥʘʪʘ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʢʨʘʥʫ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʟʘʧʦʙʽʛʘʶʪʴ ʧʘʜʽʥʥʷ ʚʘʥʪʘʞʫ ʧʨʠ ʦʙʨʠʚʽ ʢʘʥʘʪʘ, 

ʻ ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʚʘʞʣʠʚʠʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʩʪʦʚʦʛʦ ʢʨʘʥʘ ʧʨʦʚʝʜʝʥʘ ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʣʽʩʧʘʩʪʘ, ʽ ʩʭʝʤʠ ʟʘʧʘʩʫʚʘʥʥʷ ʢʘʥʘʪʘ. ʇʨʠ ʮʴʦʤʫ ʷʢ ʧʨʦʪʦʪʠʧ 

ʚʠʢʦʨʠʩʪʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ [ʜʠʚ. ɼʦʨʦʭʦʚ ʄ.ʖ., ʐʚʘʯʫʥʦʚ ʆ.ʉ. 

ɿʨʽʚʥʦʚʘʞʫʚʘʣʴʥʠʡ ʛʘʣʴʤʽʚʥʠʡ ʙʘʨʘʙʘʥ ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ UA B66D 3/04 ˉ 

u201300969 ʚʽʜ 28.01.2013 ʨ.]. 

ɿʨʽʚʥʦʚʘʞʫʚʘʣʴʥʠʡ ʛʘʣʴʤʽʚʥʠʡ ʙʘʨʘʙʘʥ ʚʤʽʱʫʻ ʙʘʨʘʙʘʥ ʤʝʭʘʥʽʟʤʫ 

ʧʽʜʡʦʤʫ ʚʘʥʪʘʞʫ 1, ʢʘʥʘʪ 2, ʷʢʠʡ ʟʘʧʘʩʦʚʫʻʪʴʩʷ ʥʘ ʙʣʦʢʠ 3, ʥʘ ʟʨʽʚʥʦʚʘʞʫʚʘʣʴʥʠʡ 

ʙʘʨʘʙʘʥ 4, ʧʨʠʪʠʩʢʥʽ ʧʣʘʥʢʠ ʟ ʚʘʞʝʣʷʤʠ 5 ʪʘ ʥʘ ʛʘʢʦʚʫ ʧʽʜʚʽʩʢʫ 6, ʧʘʟ 7 ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʘʞʝʣʷ 8, ʱʦ ʟʘʧʦʙʽʛʘʻ ʧʨʦʚʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʥʘ ʢʫʪ ʥʝ ʙʽʣʴʰʝ 45Á. 
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ʈʠʩ. 1. ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ UA ˉ u201300969 ʚʽʜ 28.01.2013 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʨʽʚʥʷʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʚ ʨʘʟʽ ʧʘʜʽʥʥʷ ʪʨʘʚʝʨʩʠ ʧʨʠ 

ʦʙʨʠʚʽ ʢʘʥʘʪʘ ʞʦʨʩʪʢʠʡ ʫʜʘʨ ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ʙʽʣʴʰ ʧʣʘʚʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʚʘʥʪʘʞʫ 

ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʩʣʠʟʘʥʥʷ ʢʘʥʘʪʘ ʧʦ ʙʘʨʘʙʘʥʫ, ʱʦ ʟʤʝʥʰʫʻ ʜʠʥʘʤʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʶ ʽ ʟʥʠʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷ 

ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ. 

ʇʨʠʩʪʨʽʡ ʟʘʙʝʟʧʝʯʫʻ ʟʘʧʦʙʽʛʘʥʥʶ ʧʘʜʽʥʥʶ ʚʘʥʪʘʞʫ ʧʨʠ ʦʙʨʠʚʽ ʢʘʥʘʪʘ 

ʣʠʚʘʨʥʦʛʦ ʢʨʘʥʘ ʽ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʩʥʦʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʆʩʥʦʚʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʧʨʠʩʪʨʦʶ ʻ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʫʩʪʘʥʦʚʢʠ ʚ ʽʩʥʫʶʯʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʧʦʣʽʩʧʘʩʪʘ ʤʝʭʘʥʽʟʤʫ ʛʦʣʦʚʥʦʛʦ ʧʽʜʡʦʤʫ ʟʘʤʽʩʪʴ ʰʪʘʪʥʦʛʦ ʙʘʣʘʥʩʠʨʘ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʪʨʘʪʠ ʯʘʩʫ ʥʘ ʤʦʥʪʘʞ ʧʨʠʩʪʨʦʶ. ʇʨʠʩʪʨʽʡ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʟʨʽʚʥʷʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʚʽʩʴ ʷʢʦʛʦ ʟʘʬʽʢʩʦʚʘʥʘ ʚ ʦʧʦʨʘʭ, ʽ ʧʨʠʪʠʩʢʥʦʛʦ ʨʦʣʠʢʘ. 

ɹʘʨʘʙʘʥ ʚʠʢʦʥʘʥʠʡ ʙʝʟ ʥʘʨʽʟʢʠ ʽ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʜʝʩʷʪʴ ʚʠʪʢʽʚ ʢʘʥʘʪʘ, ʪʘʢʘ 

ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʨʽʙʥʫ ʩʠʣʫ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ, ʜʦʩʪʘʪʥʶ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʤʦʪʫʚʘʥʥʷ ʢʘʥʘʪʘ ʚ ʧʘʨʽ ʟ ʧʨʠʪʠʩʢʥʠʤ ʨʦʣʠʢʦʤ ʚ ʨʘʟʽ ʦʙʨʠʚʫ 

ʦʜʥʽʻʾ ʟ ʛʽʣʦʢ ʢʘʥʘʪʘ. ʇʨʠʪʠʩʢʥʠʡ ʨʦʣʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʛʘʨʘʥʪʦʚʘʥʦʾ 

ʬʽʢʩʘʮʽʾ ʢʘʥʘʪʘ ʽ ʟʤʝʥʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʙʘʨʘʙʘʥʘ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʨʽʚʥʷʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʦʯʽʢʫʻʪʴʩʷ ʨʽʚʥʦʟʘʤʝʜʣʝʥʝ 

ʧʘʜʽʥʥʷ ʚʘʥʪʘʞʫ ʧʨʠ ʦʙʨʠʚʽ ʢʘʥʘʪʫ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʤʝʥʰʠʪʴ ʜʠʥʘʤʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʶ ʢʨʘʥʘ. 

ɿʨʽʚʥʷʣʴʥʠʡ ʙʘʨʘʙʘʥ ʜʦʟʚʦʣʠʪʴ ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʠ ʘʤʧʣʽʪʫʜʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʘʥʪʘʞʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʙʘʣʘʥʩʠʨʦʤ. ʇʦʧʝʨʝʜʥʽ ʧʨʦʨʘʭʫʥʢʠ ʜʘʶʪʴ ʧʽʜʩʪʘʚʫ ʛʦʚʦʨʠʪʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ 

ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʨʦʟʛʦʡʜʫʚʘʥʥʷ ʚ 2-3 ʨʘʟʠ. 
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ʐʊʋʏʅʀʁ ɯʅʊɽʃɽʂʊ, ʊɽʍʅʆʃʆɻɯʏʅɯ ʇɯɼɻʆʊʆɺʂɸ 

ɯ ɿɸɹɽɿʇɽʏɽʅʅʗ ɺʀʈʆɹʅʀʎʊɺɸ 

 

ɽʬʨʝʤʦʚ ʄ.ɺ., ʇʦʢʘʟʘʥʴʻʚʘ ʉ.ʃ.  

(ʂʨʘʤʘʪʦʨʩʴʢʝ ʚʠʱʝ ʧʨʦʬʝʩʽʡʥʝ ʫʯʠʣʠʱʝ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, ʋʢʨʘʾʥʘ) 
 

ʇʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʫʤʦʚʦʾ ʧʨʘʮʽ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʟ ʜʦʧʦʤʦʛʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʦʪʨʽʙʥʦ ʢʦʥʢʨʝʪʠʟʘʮʽʷ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʡ ʽ ʟʘʚʜʘʥʴ. ʋ ʨʦʙʦʪʽ ʢʦʥʢʨʝʪʠʟʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʬʫʥʢʮʽʾ ʪʘ ʟʘʚʜʘʥʥʷ ʧʨʠ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʧʽʜʛʦʪʦʚʮʽ (ʊʇɺ) ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʽ (ʊɿɺ) 

ʚʠʨʦʙʥʠʮʪʚʘ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʨʦʟʫʤʦʚʦʾ ʧʨʘʮʽ ʚ ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʧʦʣʷʛʘʻ ʫ ʟʘʤʽʥʽ (ʽʤʽʪʘʮʽʾ) ʡʦʛʦ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ 

ʫʧʨʘʚʣʽʥʥʽ ʥʠʤ. ʅʦʨʤʘʪʠʚʥʦ-ʨʦʟʫʤʦʚʽ ʪʨʫʜʦʚʽ ʜʽʾ ʫ ʩʢʣʘʜʽ ʢʦʥʢʨʝʪʥʠʭ ʪʨʫʜʦʚʠʭ 

ʬʫʥʢʮʽʡ ʟʘʢʨʽʧʣʝʥʽ ʫ ʧʨʦʬʝʩʽʡʥʠʭ ʩʪʘʥʜʘʨʪʘʭ ʬʘʭʽʚʮʽʚ. ʅʘʧʨʷʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʦʙʽʪ ʧʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʟʥʘʯʝʥʽ ʢʦʤʧʣʝʢʩʦʤ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ "ʞʠʚʦʾ 

ʧʨʘʮʽ" ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ  ʫ ʧʨʦʬʝʩʽʡʥʠʭ ʩʪʘʥʜʘʨʪʘʭ ʬʘʭʽʚʮʽʚ. 

ʋ ʥʘʮʽʦʥʘʣʴʥʽʡ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ 

ʥʝʜʦʩʪʘʪʥʽʡ ʨʦʟʚʠʪʦʢ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ çʩʧʨʠʯʠʥʠʪʴ ʝʢʦʥʦʤʽʯʥʝ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʚʽʜʩʪʘʚʘʥʥʷè. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʧʦʪʨʝʙʫʻ 

ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʬʫʥʢʮʽʡ ʪʘ ʟʘʚʜʘʥʴ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʢʦʥʢʨʝʪʠʟʫʚʘʪʠ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʚʠʨʦʙʥʠʯʠʭ ʟʘʚʜʘʥʴ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʽʜʥʝʩʝʥʥʷ ʾʭ ʜʦ 

ʧʽʜʛʦʪʦʚʢʠ ʘʙʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʦʟʚ'ʷʟʫʚʘʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʩʪʦʩʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ (ʊʇɺ) ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ (ʊɿɺ). 

ɺʠʨʦʙʥʠʯʽ ʬʫʥʢʮʽʾ (ʚʠʜ ʜʽʷʣʴʥʦʩʪʽ), ʩʧʨʷʤʦʚʘʥʽ ʥʘ çʩʪʚʦʨʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʯʠ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛʠ (ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ), ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʧʨʦʮʝʩʽ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʽ ʜʫʭʦʚʥʦʛʦ ʩʚʽʪʫè. 

çʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ï ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʜʦʟʚʦʣʷʶʪʴ 

ʽʤʽʪʫʚʘʪʠ ʢʦʛʥʽʪʠʚʥʽ ʬʫʥʢʮʽʾ ʣʶʜʠʥʠ (ʚʢʣʶʯʘʶʯʠ ʩʘʤʦʦʩʚʽʪʫ ʽ ʧʦʰʫʢ ʨʽʰʝʥʴ 

ʙʝʟ ʟʘʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ) ʽ ʧʽʜ ʯʘʩ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴè. 

ʋ ʚʠʨʦʙʥʠʮʪʚʽ, ʟʦʢʨʝʤʘ ʽ ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ, ʮʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʫʭʦʚʥʦʛʦ ʩʚʽʪʫ, ʦʙ'ʻʜʥʘʥʽ ʩʧʽʣʴʥʦʶ ʤʝʪʦʶ ʫ ʩʢʣʘʜʽ ʧʝʚʥʠʭ 

ʪʨʫʜʦʚʠʭ ʬʫʥʢʮʽʡ ʬʘʭʽʚʮʽʚ. 

ʂʦʛʥʽʪʠʚʥʽ ʬʫʥʢʮʽʾ ʣʶʜʠʥʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʫʤʦʚʦʾ ʧʨʘʮʽ: 

ʚʠʜʫ ʧʨʦʩʪʦʛʦ ʧʨʦʮʝʩʫ ʧʨʘʮʽ (ʞʠʚʦʾ ʧʨʘʮʽ), ʧʝʨʝʚʘʞʥʦ ʧʦʚ'ʷʟʘʥʦʛʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ. 
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ɯʤʽʪʘʮʽʷ ʧʨʦʩʪʦʛʦ ʧʨʦʮʝʩʫ ʧʨʘʮʽ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ 

ï ʮʝ ʚʠʢʣʶʯʝʥʥʷ ʫʯʘʩʪʽ ʣʶʜʝʡ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʥʠʤ ʟʘ 

ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʝʞʠʚʦʾ ʧʨʠʨʦʜʠ, ʪʦʙʪʦ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʞʠʚʦʾ 

ʧʨʘʮʽ. ʉʣʦʚʦʩʧʦʣʫʯʝʥʥʶ "ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʨʦʟʫʤʦʚʦʾ ʧʨʘʮʽ" ʧʦ ʩʫʪʽ ʚʽʜʧʦʚʽʜʘʻ 

ʪʝʨʤʽʥ "ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ". 

ʆʧʠʩ ʥʦʨʤʘʪʠʚʥʠʭ ʨʦʟʫʤʦʚʠʭ ʪʨʫʜʦʚʠʭ ʜʽʡ ʣʶʜʠʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʧʨʷʤʫ 

ʪʘ ʨʽʚʥʶ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʤʽʩʪʠʪʴʩʷ ʚ ʦʧʠʩʽ ʪʨʫʜʦʚʠʭ ʬʫʥʢʮʽʡ ʧʨʦʬʝʩʽʡʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ. 

ʋ ʧʨʦʬʝʩʽʡʥʠʭ ʩʪʘʥʜʘʨʪʘʭ ʪʨʫʜʦʚʽ ʬʫʥʢʮʽʾ, ʦʙ'ʻʜʥʘʥʽ ʩʧʽʣʴʥʦʶ ʤʝʪʦʶ 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʙ'ʻʢʪʘ ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʧʦʜʽʣʝʥʽ ʟʛʽʜʥʦ ʟ ʢʚʘʣʽʬʽʢʘʮʽʻʶ 

ʚʠʢʦʥʘʚʮʽʚ ʥʘ ʨʽʚʥʽ, ʧʦʟʥʘʯʝʥʽ ʷʢ ʫʟʘʛʘʣʴʥʝʥʽ ʪʨʫʜʦʚʽ ʬʫʥʢʮʽʾ. çʂʚʘʣʽʬʽʢʘʮʽʷè 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʪʘ ʤʘʪʝʤʘʪʠʯʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ, ʩʪʨʫʢʪʫʨʘ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʙʽʪ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ, 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʪʝʭʥʽʯʥʦʾ ʻʜʥʦʩʪʽ ʨʦʙʽʪ ʚʩʪʘʥʦʚʣʝʥʽ ʢʦʤʧʣʝʢʩʦʤ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʊʇɺ - ʩʫʢʫʧʥʽʩʪʴ ʨʦʙʽʪ ʪʘ ʟʘʭʦʜʽʚ ʘʙʦ ʚʠʜ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʪʝʭʥʦʣʦʛʽʯʥʫ ʛʦʪʦʚʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʇʨʠʤʽʪʥʦ, ʱʦ ʨʽʚʥʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʨʽʚʥʷ ʧʨʠ ʊʇɺ ʫ ʧʨʦʬʝʩʽʡʥʠʭ 

ʩʪʘʥʜʘʨʪʘʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʧʨʝʜʤʝʪʽʚ ʧʨʘʮʽ, ʫ ʨʦʟʛʣʷʥʫʪʠʭ 

ʩʪʘʥʜʘʨʪʘʭ ʚʠʨʦʙʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ (ʧʨʦʩʪʽ, ʩʢʣʘʜʥʽ). ʇʽʜ ʚʠʨʦʙʦʤ 

ʟʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʨʦʟʫʤʽʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʴʦʛʦ, ʘ ʜʦʢʫʤʝʥʪʘʮʽʷ 

ʬʽʢʩʫʻ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʢʦʥʘʥʫ ʨʦʙʦʪʫ. 

ʋ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʧʽʜʛʦʪʦʚʢʫ ʜʦ ʧʦʰʫʢʫ ʨʽʰʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʨʦʟʧʦʯʘʣʠ ʟ ʚʢʣʶʯʝʥʥʷ ʜʦ ʧʨʦʬʝʩʽʡʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʬʘʭʽʚʮʽʚ ʦʙʦʚ'ʷʟʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʜʦʧʦʚʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʩʠʩʪʝʤ: 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ (ʉɸʈ ï ʩʠʩʪʝʤʠ), ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʧʨʦ 

ʚʠʨʽʙ (ʈDʄ ï ʩʠʩʪʝʤʠ), ʧʣʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ (GPR ï ʩʠʩʪʝʤʠ) ʪʘ ʽʥʰʠʭ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʟʘʚʜʘʥʥʷ ʊɿɺ - ʮʝ ʧʽʜʪʨʠʤʢʘ ʷʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦ ʩʫʪʽ, ʫʧʨʘʚʣʽʥʥʷ ʜʽʷʤʠ ʣʶʜʝʡ ʪʘ ʟʥʘʨʷʜʴ 

ʧʨʘʮʽ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʦʮʝʩʽ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʩʚʽʪʫ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ (ʚ ʦʨʛʘʥʽʟʘʮʽʾ). 

ɺʠʩʥʦʚʦʢ. ʇʨʦʜʫʢʪ ʨʦʟʫʤʦʚʦʾ ʧʨʘʮʽ ʊʇɺ ʧʨʝʜʤʝʪʦʤ ʨʦʟʫʤʦʚʦʾ ʧʨʘʮʽ ʊɿɺ. 

ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʨʦʟʫʤʦʚʦʾ ʧʨʘʮʽ ʊʇɺ ʥʘʣʝʞʘʪʴ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʊɿɺ ï 

ʫʧʨʘʚʣʽʥʥʷ. ʆʩʥʦʚʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ çʞʠʚʦʾè ʧʨʘʮʽ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ 

ʟʘ ʦʟʥʘʢʘʤʠ ʦʙ'ʻʢʪʽʚ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʦʧʠʩʫʶʪʴʩʷ ʚ ʫʟʘʛʘʣʴʥʝʥʠʭ ʪʨʫʜʦʚʠʭ ʬʫʥʢʮʽʷʭ 

ʩʧʝʮʽʘʣʽʩʪʽʚ. 
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ʈʆɿʈʆɹʂɸ ʇʈʀʉʊʈʆʖ ɿʄɽʅʐɽʅʅʗ ɼʀʅɸʄɯʏʅʀʍ 

ʅɸɺɸʅʊɸɾɽʅʔ ʅɸ ʄɽʊɸʃʆʂʆʅʉʊʈʋʂʎɯʖ ʄʆʉʊʆɺʀʍ ʂʈɸʅɯɺ 

 

ɭʨʤʘʢʦʚʘ ʉ.ʆ., ʂʦʩʪʝʥʢʦ ʄ.ʂ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʇʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʽ ʤʘʰʠʥʠ ʻ ʦʩʥʦʚʦʶ ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʭʘʥʽʟʘʮʽʾ ʡ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚ. ɺʽʜ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʤʘʰʠʥ ʟʘʣʝʞʠʪʴ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʘ ʨʦʙʦʪʘ ʚʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʂʦʥʩʪʨʫʢʮʽʾ 

ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʙʝʟʫʧʠʥʥʦ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ, ʫ ʟʚ'ʷʟʢʫ ʽʟ ʯʠʤ 

ʚʠʥʠʢʘʶʪʴ ʥʦʚʽ ʟʘʚʜʘʥʥʷ ʟ ʨʦʟʨʘʭʫʥʢʫ, ʧʨʦʝʢʪʫʚʘʥʥʶ, ʜʦʩʣʽʜʞʝʥʥʶ ʡ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʽ ʪʝʭʥʽʢʦ - ʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʽ ʷʢʽʩʪʴ ʤʘʰʠʥ. 

ʋ ʮʝʡ ʯʘʩ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʫ ʢʨʘʥʦʙʫʜʫʚʘʥʥʽ, ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ ʢʨʘʥʦʚʠʭ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʢʨʘʥʽʚ ʤʦʩʪʦʚʦʛʦ ʪʠʧʫ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʘʤʝ ʯʝʨʝʟ ʜʽʶ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʤʝʪʘʣʝʚʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʚ ʥʽʡ ʚʠʥʠʢʘʶʪʴ ʪʨʽʱʠʥʠ, ʘ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʤʦʩʪʫ 

ʢʨʘʥʘ ʪʘ ʫʥʝʤʦʞʣʠʚʣʶʻ ʧʦʜʘʣʴʰʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʮʠʭ ʤʘʰʠʥ. ʊʦʤʫ ʟʤʝʥʰʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ [1], ʜʽʡʰʣʠ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤ ʽ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʤʝʭʘʥʽʟʤʽ ʧʽʜʡʦʤʫ ʚʘʥʪʘʞʫ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʫʧʨʘʚʣʷʪʠ ʧʦʯʘʪʢʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ʧʽʜʡʦʤʫ ʙʝʟ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʽ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʰʚʠʜʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʨʘʥʘ ï ʭʚʠʣʴʦʚʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʭʚʠʣʴʦʚʽ ʧʝʨʝʜʘʯʽ [2] ʟʥʘʭʦʜʷʪʴ ʚʩʝ ʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ 6 ʪʠʧʽʚ ʭʚʠʣʴʦʚʠʭ ʟʫʙʯʘʩʪʠʭ 

ʧʝʨʝʜʘʯ: 1) ʟ ʛʝʥʝʨʘʪʦʨʦʤ ʫ ʚʠʛʣʷʜʽ ʜʠʩʢʘ; 2) ʟʜʚʦʻʥʘ; 3) ʟ ʛʝʥʝʨʘʪʦʨʦʤ ʫ ʚʠʛʣʷʜʽ 

ʧʽʜʰʠʧʥʠʢʘ ʢʦʯʝʥʥʷ; 4) ʪʦʨʮʝʚʘ; 5) ʟ ʛʝʥʝʨʘʪʦʨʦʤ ʢʦʚʟʘʥʥʷ; 6) ʟ ʨʦʣʠʢʦʚʠʤ 

ʛʝʥʝʨʘʪʦʨʦʤ. ɸʣʝ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʭʝʤʠ ʭʚʠʣʴʦʚʠʭ ʟʫʙʯʘʩʪʠʭ 

ʧʝʨʝʜʘʯ ʤʘʶʪʴ ʥʘʜʪʦ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ, ʱʦ ʫʪʨʫʜʥʷʶʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʤʝʭʘʥʽʟʤʘʭ ʢʨʘʥʽʚ. ɹʽʣʴʰ ʪʦʛʦ, ʚʠʩʦʢʝ ʧʝʨʝʜʘʪʥʝ ʚʽʜʥʦʰʝʥʥʷ (ʪʦʙʪʦ ʤʘʣʘ 

ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʚʘʥʪʘʞʫ) ʧʦʟʠʪʠʚʥʝ ʪʽʣʴʢʠ ʚ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʥʝʩʪʘʣʦʛʦ 

ʨʫʭʫ, ʘ ʥʘʷʚʥʽʩʪʴ ʛʥʫʯʢʦʛʦ ʢʦʣʝʩʘ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʻ ʚʘʨʪʽʩʪʴ ʨʝʜʫʢʪʦʨʘ. ʊʦʤʫ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʭʝʤʠ ʭʚʠʣʴʦʚʦʛʦ ʨʝʜʫʢʪʦʨʘ, 

ʧʦʟʙʘʚʣʝʥʦʛʦ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʠʭ ʥʝʜʦʣʽʢʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʜʦ ʩʭʝʤʠ, ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ, ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ: 

ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ; ʤʘʣʽ ʛʘʙʘʨʠʪʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʭʘʥʽʟʤʽ ʧʽʜʡʦʤʫ 

ʚʘʥʪʘʞʫ ʙʝʟ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʧʦʚʠʥʥʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʰʚʠʜʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʢʨʘʥʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʭʘʥʽʟʤʽ ʧʽʜʡʦʤʫ 

ʚʘʥʪʘʞʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʭʚʠʣʴʦʚʠʡ ʟʫʙʯʘʪʠʡ ʨʝʜʫʢʪʦʨ, ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʭʝʤʫ 
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ʷʢʦʛʦ ʚʢʣʶʯʝʥʘ ʩʧʽʨʘʣʴʥʘ ʧʨʫʞʠʥʘ, ʱʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʛʥʫʯʢʦʛʦ ʢʦʣʝʩʘ 

(ʨʠʩ. 1). 

 
 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʭʚʠʣʴʦʚʦʛʦ ʟʫʙʯʘʩʪʦʛʦ ʨʝʜʫʢʪʦʨʘ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʭʚʠʣʴʦʚʠʡ ʟʫʙʯʘʪʠʡ ʨʝʜʫʢʪʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ 1, ʥʘ 

ʚʭʽʜʥʦʤʫ ʚʘʣʫ 2 ʷʢʦʛʦ ʚ ʧʽʜʰʠʧʥʠʢʦʚʦʤʫ ʚʫʟʣʽ 3 ʝʢʩʮʝʥʪʨʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʘ 

ʧʨʠʚʽʜʥʘ ʨʫʭʦʤʘ ʰʝʩʪʝʨʥʷ 4, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʚʝʜʝʥʠʤ ʥʝʨʫʭʦʤʠʤ ʢʦʣʝʩʦʤ 5 ʧʦ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʟʘʯʝʧʣʝʥʥʶ, ʧʨʠʯʦʤʫ ʯʠʩʣʦ ʟʫʙʽʚ ʢʦʣʝʩʘ ʙʽʣʴʰʝ, ʥʽʞ ʰʝʩʪʝʨʥʽ. ʅʘ 

ʨʫʭʦʤʽʡ ʰʝʩʪʝʨʥʽ 4 ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʡ ʦʜʠʥ ʢʽʥʝʮʴ ʩʧʽʨʘʣʴʥʦʾ ʧʨʫʞʠʥʠ 6, 

ʜʨʫʛʠʡ ʢʽʥʝʮʴ ʷʢʦʾ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʚʠʭʽʜʥʦʤʫ ʚʘʣʫ 7. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʧʨʠʚʽʜʥʦʛʦ 

ʚʘʣʫ 2 ʧʨʠʚʽʜʥʘ ʰʝʩʪʝʨʥʷ 4 ʟʘ ʨʘʭʫʥʦʢ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʫʟʣʘ 3 ʦʙʢʘʪʫʻʪʴʩʷ ʧʦ 

ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʥʝʨʫʭʦʤʦʛʦ ʢʦʣʝʩʘ 5, ʧʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 

ʰʝʩʪʝʨʥʽ 4 ʱʦʜʦ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʫʟʣʘ 3 ʙʫʜʝ ʤʝʥʰʝ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʧʨʠʚʽʜʥʦʛʦ ʚʘʣʫ 2. ʇʝʨʝʜʘʯʘ ʤʦʤʝʥʪʫ, ʱʦ ʢʨʫʪʠʪʴ, ʚʽʜ ʰʝʩʪʝʨʥʽ 4 ʜʦ ʚʠʭʽʜʥʦʛʦ 

ʚʘʣʫ 7 ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʨʘʣʴʥʦʾ ʧʨʫʞʠʥʠ 6, ʰʝʩʪʝʨʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʝʢʩʮʝʥʪʨʠʯʥʝ ʦʙʝʨʪʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʭʚʠʣʴʦʚʦʛʦ ʟʫʙʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ ʚ 

ʤʝʭʘʥʽʟʤʽ ʧʽʜʡʦʤʫ ʚʘʥʪʘʞʫ (ʨʠʩ. 1) ʜʦʟʚʦʣʷʻ: ʟʤʝʥʰʠʪʠ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ 

ʤʝʭʘʥʽʟʤʫ ʟʘ ʨʘʭʫʥʦʢ ʤʽʥʽʤʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ ʨʝʜʫʢʪʦʨʘ; ʧʦʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ 

ʤʝʭʘʥʽʟʤʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʘʩʠʯʥʠʭ ʩʭʝʤ ʘʙʦ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʛʽʜʨʦʩʠʩʪʝʤʠ ʫ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʧʨʠʚʦʜʫ; ʧʦʥʠʟʠʪʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʶ ʢʨʘʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʢʣʶʯʝʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʨʝʜʫʢʪʦʨʘ 

ʩʧʽʨʘʣʴʥʦʾ ʧʨʫʞʠʥʠ. 
ʃʽʪʝʨʘʪʫʨʘ: 

1.  ɼʠʥʘʤʽʢʘ ʪʘ ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʤʦʩʪʦʚʠʭ ʢʨʘʥʽʚ. ʄʦʥʦʛʨʘʬʽʷ / ɺ.ʉ. 

ʃʦʚʝʡʢʽʥ, ʖ.ʆ. ʈʦʤʘʩʝʚʠʯ, ɺ.ɸ. ɻʦʣʜʫʥ, ɺ.ɺ. ʂʨʫʰʝʣʴʥʠʮʴʢʠʡ. ï ʂ.: ʎʇ Ăʂʆʄʇʈɯʅʊò, 2019. 

ï 460 ʩ. 2. ʇʦʣʝʪʫʯʽʡ, ʆ.ɯ. ʆʩʥʦʚʠ ʪʝʦʨʽʾ ʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʽʚ ʭʚʠʣʴʦʚʠʭ ʟʫʙʯʘʩʪʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʽʟ ʧʽʜʚʠʱʝʥʠʤʠ ʷʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʘʚʪʦʨʝʬ. ʜʠʩ... ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ: 05.02.02 / 

ʇʦʣʝʪʫʯʽʡ ʆʣʝʢʩʘʥʜʨ ɯʚʘʥʦʚʠʯ ; ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥ-ʪ "ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥ-

ʪ". - ʍ., 2006. - 35 ʩ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʅɸɺɸʅʊɸɾɽʅʔ, ʑʆ ɺʀʅʀʂɸʖʊʔ ɺ ʇʈʆʎɽʉɯ 

ʈʆɹʆʊʀ ɹɸʐʊʆɺʀʍ ʂʈɸʅɯɺ 

 

ɭʨʤʘʢʦʚʘ ʉ.ʆ., ʂʦʪʦʚ ɺ.ɸ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɹʘʰʪʦʚʽ ʢʨʘʥʠ ʧʨʠʟʥʘʯʝʥʽ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʪʝʨʠʪʦʨʽʶ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʡʜʘʥʯʠʢʽʚ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʩʢʣʘʜʽʚ, ʧʦʣʽʛʦʥʽʚ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʪʨʘʥʩʧʦʨʪʫ - ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʙʫʜʽʚʝʣʴʥʦ-ʤʦʥʪʘʞʥʠʭ ʽ ʚʘʥʪʘʞʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. ʊʘʢʽ ʢʨʘʥʠ ʚʠʨʽʰʫʶʪʴ ʧʠʪʘʥʥʷ ʤʝʭʘʥʽʟʘʮʽʾ ʨʦʙʽʪ ʥʘ 

ʙʫʜʽʚʥʠʮʪʚʽ. ʋ ʟʚôʷʟʢʫ ʟ ʚʝʣʠʢʠʤ ʧʦʧʠʪʦʤ ʥʘ ʮʽ ʤʘʰʠʥʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ 

ʨʦʙʦʪʠ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʨʘʥʽʚ. 

ʉʪʽʡʢʽʩʪʴ ʢʨʘʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʫʪʪʻʚʠʭ 

ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʚʽʪʨʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʘʩʘ ʧʽʜʽʡʤʘʣʴʥʦʛʦ ʚʘʥʪʘʞʫ, ʜʠʥʘʤʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʘʩʠ ʢʦʥʩʦʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʯʘʩʪʠʥ (ʩʪʨʽʣʘ, 

ʧʨʦʪʠʚʘʛʘ ʽ ʩʪʨʽʣʦʚʝ ʦʙʣʘʜʥʘʥʥʷ) ʪʦʱʦ. ɺʩʽ ʧʝʨʝʣʽʯʝʥʽ ʬʘʢʪʦʨʠ ʥʘʡʙʽʣʴʰ 

ʟʥʘʯʫʱʽ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʢʨʘʥʘ, ʪʦʙʪʦ ʧʨʠ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʧʽʜʡʦʤʫ ʚʘʥʪʘʞʫ, 

ʧʦʚʦʨʦʪʫ ʙʘʰʪʠ ʢʨʘʥʘ, ʟʤʽʥʠ ʚʠʣʴʦʪʫ, ʘʙʦ ʩʫʤʽʱʝʥʥʷ ʨʦʙʦʯʠʭ ʦʧʝʨʘʮʽʡ. 

ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʮʴʦʤʫ, ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʨʽʟʢʦʾ 

ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʶ ʢʨʘʥʘ, ʦʧʦʨʠ ʽ ʨʝʡʢʦʚʽ ʰʣʷʭʠ. 

ʈʦʟʚʠʪʦʢ ʽ ʧʦʜʘʣʴʰʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʘʰʪʦʚʠʭ ʢʨʘʥʽʚ ʥʝʤʦʞʣʠʚʝ ʙʝʟ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʩʪʽʡʢʽʩʪʴ ʟʘ ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ. 

ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʙʘʰʪʦʚʠʭ ʢʨʘʥʽʚ ʚ ʧʝʨʽʦʜ ʧʫʩʢʫ-ʛʘʣʴʤʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʢʨʘʥʘ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʧʨʠʩʢʦʨʝʥʥʷ ʘʙʦ ʫʧʦʚʽʣʴʥʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʜʠʥʘʤʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʨʘʥ ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʫʞʥʫ ʩʠʩʪʝʤʫ, ʪʦʤʫ ʩʠʣʠ ʽʥʝʨʮʽʾ ʚʠʢʣʠʢʘʶʪʴ 

ʢʦʣʠʚʘʥʥʷ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʪʨʠʚʘʶʪʴ ʜʝʷʢʠʡ ʯʘʩ ʽ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ʊʘʢ ʷʢ ʨʫʭʠ ʢʨʘʥʘ ʯʘʩʪʦ ʧʦʻʜʥʫʶʪʴʩʷ, ʪʦ ʤʦʞʣʠʚʝ ʥʘʢʣʘʜʝʥʥʷ ʢʦʣʠʚʘʥʴ, 

ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʩʠʣ ʽʥʝʨʮʽʾ ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɼʞʝʨʝʣʦʤ ʚʝʣʠʢʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʰʪʦʚʭʠ ʽ 

ʫʜʘʨʠ, ʱʦ ʜʦʩʷʛʘʶʪʴ ʚʝʣʠʢʦʾ ʩʠʣʠ ʧʨʠ ʚʝʣʠʢʠʭ ʟʘʟʦʨʘʭ ʚ ʧʝʨʝʜʘʯʘʭ ʤʝʭʘʥʽʟʤʽʚ, 

ʥʝʩʧʨʘʚʥʠʭ ʩʪʠʢʘʭ ʨʝʡʢʦʚʠʭ ʰʣʷʭʽʚ, ʟʥʦʩ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʪ.ʧ. 

ɼʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʫ ʚʩʽʭ ʪʦʯʢʘʭ ʢʨʘʥʘ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ 

ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʪʚʦʨʦʤ ʤʘʩʠ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʧʨʠʩʢʦʨʝʥʥʷ. 

ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʮʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʣʠʢʘʶʪʴ ʚ ʝʣʝʤʝʥʪʘʭ 

ʢʨʘʥʘ ʥʘʧʨʫʛʠ, ʤʽʥʣʠʚʽ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʽ ʯʘʩʪʦ ʧʝʨʝʚʝʨʰʫʶʪʴ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ 

ʚʘʛʠ ʚʘʥʪʘʞʫ. ʊʦʤʫ, ʱʦʙ ʤʘʪʠ ʨʝʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʩʪʘʥʫ ʢʨʘʥʘ, 

ʥʝʦʙʭʽʜʥʦ ʜʝʪʘʣʴʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʪʘ ʪʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ 

ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʙʘʰʪʦʚʠʭ ʢʨʘʥʽʚ, ʜʦʟʚʦʣʷʪʴ ʟʥʘʡʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʤʘʰʠʥʠ ʟʘ 

ʨʽʟʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʉʊʈʋʂʊʋʈʀ ʄɽʊɸʃʋ ʇʈʀ ʅɸʇʃɸɺʃɽʅʅɯ 

ʉɸʄʆɿɸʍʀʉʅʀʄ ʇʆʈʆʐʂʆɺʀʄ ɼʈʆʊʆʄ ɿ ʄʆɼʀʌɯʂɸʊʆʈɸʄʀ 
 

ɾʘʨʽʢʦʚ ʉ. ɺ., ɻʨʠʥʴ ʆ. ɻ., ɻʦʣʫʙ ɼ.ʄ., ʐʘʭʙʘʟʷʥ ɺ.ʌ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɺ ʩʫʯʘʩʥʠʭ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʽʩʥʫʚʘʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ 

ʚʘʞʣʠʚʠʤ ʻ ʧʠʪʘʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʰʪʘʤʧʦʚʦʛʦ. ɼʣʷ 

ʡʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʘʤʦʟʘʭʠʩʥʽ ʧʦʨʦʰʢʦʚʽ ʜʨʦʪʠ (ʉʇɼ). 

ʅʘʧʣʘʚʣʝʥʥʷ ʉʇɼ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʦʪʨʠʤʘʥʥʷ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʟ 

ʚʠʩʦʢʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ, ʫʜʘʨʥʦʶ ʚ'ʷʟʢʽʩʪʶ ʽ ʦʧʽʨʥʽʩʪʶ ʩʢʦʣʶʚʘʥʥʶ. ɺʽʜʦʤʦ, ʱʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʡʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʩʪʨʫʢʪʫʨʠ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʚʚʝʜʝʥʥʷ ʚ 

ʥʘʧʣʘʚʣʝʥʠʡ ʤʝʪʘʣ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ (ʈʄɿ). ʈɿʄ ʽ ʾʭ ʟ'ʻʜʥʘʥʥʷ ʚ 

ʥʘʧʣʘʚʣʝʥʦʤʫ ʤʝʪʘʣʽ ʩʧʨʠʷʶʪʴ ʟʥʘʯʥʦʤʫ ʧʦʣʽʧʰʝʥʥʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʱʦ ʧʽʜʚʠʱʫʻ ʫʜʘʨʥʫ ʚ'ʷʟʢʽʩʪʴ ʪʘ ʦʧʽʨʥʽʩʪʴ ʩʢʦʣʶʚʘʥʥʶ. ʈɿʄ ʚʧʣʠʚʘʻ ʥʘ 

ʧʦʜʨʽʙʥʝʥʥʷ ʜʝʥʜʨʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʝʨʥʘ, ʱʦ ʽ ʦʙʫʤʦʚʣʶʻ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʫʜʘʨʥʦʾ ʚ'ʷʟʢʦʩʪʽ. 

ʇʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʉʇɼ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʩʪʘʚʘʥʥʷ ʧʣʘʚʣʝʥʥʷ ʦʩʝʨʜʷ ʚʽʜ 

ʦʙʦʣʦʥʢʠ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ, ʚʤʽʩʪ 

ʽ ʤʦʨʬʦʣʦʛʽʶ ʥʝʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʦʢʨʘʱʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ ʻ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʦʩʝʨʜʷ ʉʇɼ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʩʫʤʽʰʝʡ. ɿʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ 

ʝʢʟʦʪʝʨʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʚʽʜʩʪʘʚʘʥʥʷ ʧʣʘʚʣʝʥʥʷ 

ʦʩʝʨʜʷ ʚʽʜ ʦʙʦʣʦʥʢʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʚʣʝʥʥʷ ʉʇɼ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʢʟʦʪʝʨʤʽʯʥʦʾ ʩʫʤʽʰʽ ʽ ʈɿʄ ʫ ʩʢʣʘʜʽ 

ʩʘʤʦʟʘʭʠʩʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʣʘʚʣʝʥʦʛʦ 

ʤʝʪʘʣʫ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʢʟʦʪʝʨʤʽʯʥʦʾ ʩʫʤʽʰʽ ʽ ʈɿʄ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ, ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʉʇɼ ʟ ʝʢʟʦʪʝʨʤʽʯʥʦʶ ʩʫʤʽʰʰʶ 

ʦʢʘʣʠʥʘ - ʘʣʶʤʽʥʽʡ ʽ ʈɿʄ ʫ ʩʢʣʘʜʽ ʦʩʝʨʜʷ ʪʘ ʩʫʤʽʰʰʶ ʟʘʣʽʟʥʦʛʦ ʪʘ ʘʣʶʤʽʥʽʻʚʦʛʦ 

ʧʦʨʦʰʢʽʚ. ɺʠʢʦʥʫʚʘʣʦʩʷ ʥʘʧʣʘʚʣʝʥʥʷ ʚʘʣʠʢʽʚ ʥʘ ʧʣʘʩʪʠʥʠ ʟʽ ʩʪʘʣʽ 45 ʨʦʟʤʽʨʦʤ 

10³50³200 ʤʤ ʥʘ ʨʝʞʠʤʽ Iʟʚ = 380 ... 400 ɸ, Uʜ = 29 ... 30 ɺ, Vʟʚ = 19,3 ʤ/ʛʦʜ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʚʠʢʦʥʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʠʩʪʝʤʠ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ SIAMS 700. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʉʇɼ ʟ ʝʢʟʦʪʝʨʤʽʯʥʦʶ 

ʩʫʤʽʰʰʶ ʽ ʈɿʄ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʝʥ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ 

ʩʪʘʥʦʚʠʪʴ 15,7 ʤʢʤ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʥʦʤʝʨʘ ʟʝʨʥʘ 8,5. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʫ ʩʢʣʘʜʽ 

ʉʇɼ ʝʢʟʦʪʝʨʤʽʯʥʦʾ ʩʫʤʽʰʽ ʽ ʈɿʄ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʝʥ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ 

ʩʪʘʥʦʚʠʪʴ 24,9 ʤʢʤ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʥʦʤʝʨʘ ʟʝʨʥʘ 7,4. ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʟʝʨʝʥ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʦʙʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʫ ʩʪʨʫʢʪʫʨʽ ʤʝʪʘʣʫ ʈɿʄ ʽ ʾʭ 

ʟôʻʜʥʘʥʴ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷʤ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʚʢʣʶʯʝʥʴ ʦʢʩʠʜʫ A12O3, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʝʢʟʦʪʝʨʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʽ ʩʪʘʶʪʴ ʜʦʜʘʪʢʦʚʠʤʠ 

ʮʝʥʪʨʘʤʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʩʧʨʠʷʶʪʴ ʧʦʜʨʽʙʥʝʥʥʶ ʩʪʨʫʢʪʫʨʠ. 
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ɸʉʇɽʂʊʀ ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʗʂʆʉʊɯ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼɯɺ ʄɽʊɸʃʆʈɯɿɸʃʔʅʀʍ ʄɸʐʀʅ 

 

ɿʘʜʦʨʦʞʥʷ ɯ.ʄ., ɿʫʙʝʨ ʃ.ʆ., ʄʝʜʝʣʷʻʚ ɼ.ʆ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʨʩʪʘʪʽʚ. ʉʪʽʡʢʠʤʠ 

ʪʝʥʜʝʥʮʽʷʤʠ ʨʦʟʚʠʪʢʫ ʻ: ʧʽʜʚʠʱʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 

ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʦʜʥʦʯʘʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʚʠʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ, ʧʦʣʽʧʰʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʝʨʩʪʘʪʽʚ, ʟʙʽʣʴʰʝʥʥʷ 

ʯʠʩʣʘ ʨʦʙʦʯʠʭ ʢʦʦʨʜʠʥʘʪ.  

ʉʫʯʘʩʥʽ ʤʝʪʘʣʦʨʽʟʘʣʴʥʽ ʚʝʨʩʪʘʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʣʶʯʥʦ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ. ɺʽʜʧʦʚʽʜʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʪʘ ʧʨʠʣʘʜʽʚ ʦʙʨʦʙʣʷʶʪʴ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʧʦʭʠʙʢʦʶ ʚ ʯʘʩʪʢʘʭ ʤʽʢʨʦʤʝʪʨʘ, ʘ 

ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʨʠ ʘʣʤʘʟʥʦʤʫ ʪʦʯʽʥʥʽ ʥʝ ʧʝʨʝʚʠʱʫʻ ʩʦʪʠʭ ʯʘʩʪʦʢ 

ʤʽʢʨʦʤʝʪʨʘ. ɺʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ, ʽ ʮʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʪʘʚʠʪʴ 

ʥʦʚʽ ʟʘʚʜʘʥʥʷ ʧʝʨʝʜ ʽʥʞʝʥʝʨʘʤʠ-ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ, ʟʚʘʞʘʶʯʠ ʱʝ ʽ ʥʘ ʪʝ, ʱʦ 

ʧʠʪʘʥʥʷ ʧʦʢʨʘʱʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ (ɽʇ) 

ʚʝʨʩʪʘʪʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʛʘʣʴʥʠʤ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ [1]. ɼʞʝʨʝʣʦʤ ʧʽʜʚʠʱʝʥʥʷ ʜʠʥʘʤʽʯʥʦʩʪʽ ʚ ɽʇ 

ʚʝʨʩʪʘʪʽʚ ʻ ʥʘʜʤʽʨʥʽ ʜʦʜʘʪʢʦʚʽ ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʚ ʧʨʠʚʦʜʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʠʢʘʥʽ 

ʥʘʷʚʥʽʩʪʶ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʣʘʥʮʶʛʫ ʤʝʭʘʥʽʟʤʫ, ʘ ʪʘʢʦʞ 

ʥʝʣʽʥʽʡʥʦʩʪʷʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʣʶʬʪʘʤʠ, ʤʫʬʪʘʤʠ ʟʯʝʧʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷ 

ʪʘʢʠʭ ʢʦʦʨʜʠʥʘʪ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (ɽɼ), ʷʢ ʥʘʧʨʫʛʘ ʘʙʦ ʩʪʨʫʤ. ʅʘʷʚʥʽʩʪʴ ʧʨʫʞʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʧʨʠʚʦʜʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʚʽʙʨʘʮʽʡ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʶʪʴʩʷ 

ʥʘ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʣʘʥʮʶʛʘʭ ʽ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʜʽʾ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʨʫʞʥʠʭ 

ʢʦʣʠʚʘʥʴ ʚ ɽʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʩʧʦʩʦʙʠ [2, 3]. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʤʦʞʣʠʚʦʩʪʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʝʨʩʪʘʪʘ ʚ ʢʦʥʪʝʢʩʪʽ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʣʷʭʦʤ 

ʟʥʠʞʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚʽʜʥʦʰʝʥʴ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ 

ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ (ʇʏ) ʜʣʷ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʰʧʠʥʜʝʣʷ. ɿʦʢʨʝʤʘ, ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ ɽʇ 

ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʚʝʨʩʪʘʪʘ. ɺ ʪʝʭʥʽʯʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʚʝʨʩʪʘʪʘ ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʥʘ ʰʧʠʥʜʝʣʽ, ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʚʝʨʩʪʘʪʘ, ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ɽʇ. 

ʇʨʠ ʢʝʨʫʚʘʥʥʽ ʧʨʠʚʦʜʦʤ ʦʩʥʦʚʥʦʛʦ ʨʫʭʫ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʚʦʟʦʥʥʝ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ, ʥʘ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʟʚʠʯʘʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʠʤ ʤʦʤʝʥʪʦʤ, ʘ ʥʘ ʚʠʩʦʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʟ ʧʦʩʪʽʡʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. ʇʨʠ ʨʦʟʛʣʷʜʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʤʝʥʰʝʥʦʛʦ ʯʠʩʣʘ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʚʽʜʥʦʰʝʥʴ ʫ ʢʦʨʦʙʮʽ ʧʝʨʝʜʘʯ ʙʝʨʫʪʴʩʷ ʜʦ 
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ʫʚʘʛʠ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʘ ʟ ʽʥʰʦʛʦ ï ʤʦʞʣʠʚʦʩʪʽ 

ʜʚʠʛʫʥʘ. ɺ ʧʨʦʮʝʩʽ ʚʠʙʦʨʫ ʇʏ ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʪʘʢʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʷʢ ʜʽʘʧʘʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʚʝʣʠʯʠʥʘ ʧʽʜʪʨʠʤʫʚʘʥʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʥʠʟʴʢʠʭ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʙʝʨʪʘʥʥʷ ʚʽʜʥʦʩʥʦ 

ʥʦʤʽʥʘʣʴʥʦʾ. ʉʪʨʫʤʠ ʚ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʝʛʫʣʶʚʘʥʥʷ. 
ʇʨʠ ʚʠʙʦʨʽ ɽɼ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚʽʥ ʧʦʚʠʥʝʥ ʧʽʜʭʦʜʠʪʠ ʜʦ ʇʏ ʟʘ 

ʥʦʤʽʥʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʽʚ ʫ 
ʩʪʘʪʦʨʥʠʭ ʦʙʤʦʪʢʘʭ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʠʡ ʨʦʟʚʠʥʫʪʠ ʥʝʦʙʭʽʜʥʫ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ 
ʦʙʝʨʪʘʥʥʷ ʙʝʟ ʧʝʨʝʛʨʽʚʫ. ʇʨʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘʢʦʞ ʚʘʞʣʠʚʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ 
ʜʦʧʫʩʪʠʤʽ ʪʝʤʧʝʨʘʪʫʨʠ ʽʟʦʣʷʮʽʾ, ʪʠʧ ʚʝʥʪʠʣʷʮʽʾ ʜʚʠʛʫʥʘ, ʜʦʧʫʩʪʠʤʽ ʰʚʠʜʢʦʩʪʽ 
ʦʙʝʨʪʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ, ʚʪʨʘʪʠ ʚ ʩʪʘʣʽ ʤʘʰʠʥʠ ʥʘ ʧʝʨʝʤʘʛʥʽʯʫʚʘʥʥʷ ʪʘ ʚʠʭʨʦʚʽ 
ʩʪʨʫʤʠ, ʷʢʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʯʘʩʪʦʪʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ. ɼʦʧʫʩʪʠʤʽ 
ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʨʽʟʥʽ ʟʘʣʝʞʥʦ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, 
ʬʽʨʤʠ ʚʠʨʦʙʥʠʢʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʤʘʩʪʠʣʴʥʠʭ 
ʤʘʪʝʨʽʘʣʽʚ. ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʧʨʠʚʦʜʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʥʝ 
ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʱʦʶ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ.  

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʥʜʘʨʪʥʠʭ ʤʦʜʝʣʝʡ 
ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʜʣʷ ʯʘʩʪʦʪʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʾʭʥʷ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ 
ʩʪʘʻ ʤʘʣʦʝʬʝʢʪʠʚʥʦʶ ʥʘ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʛʨʽʚʫ 
ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʪʘ ʨʦʪʦʨʘ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʚʠʛʫʥʘ 
ʧʦʥʘʜ ʥʦʤʽʥʘʣʴʥʫ ʚʠʥʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʘʣʫ ʚʽʜ ʚʣʘʩʥʦʛʦ 
ʚʝʥʪʠʣʷʪʦʨʘ. ɺʠʥʠʢʥʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 
ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ɽɼ. ʇʨʠ ʘʥʘʣʽʟʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʟʤʝʥʰʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʚʽʜʥʦʰʝʥʴ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʧʨʠʚʦʜʫ 
ʩʧʦʯʘʪʢʫ ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʧʝʨʽʦʜ, ʢʦʣʠ ʤʦʤʝʥʪ ʽ ʰʚʠʜʢʽʩʪʴ ʥʘ ʰʧʠʥʜʝʣʽ 
ʙʫʜʫʪʴ ʤʘʢʩʠʤʘʣʴʥʠʤʠ. ʗʢʱʦ ʢʨʠʪʠʯʥʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ, ʥʘʚʝʜʝʥʠʡ ʜʦ 
ʰʧʠʥʜʝʣʷ, ʙʽʣʴʰʝ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 
ʰʧʠʥʜʝʣʷ, ʪʦ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʟʙʝʨʝʞʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ 
ʚʽʜʥʦʰʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 
ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ʜʚʠʛʫʥʘ, ʥʘʚʝʜʝʥʠʭ ʜʦ ʰʧʠʥʜʝʣʷ, ʜʣʷ ʚʩʽʭ 
ʰʚʠʜʢʦʩʪʝʡ ʥʠʞʯʝ ʥʦʤʽʥʘʣʴʥʦʾ ʧʨʠ ʚʠʙʨʘʥʦʤʫ ʩʪʫʧʝʥʽ ʢʦʨʦʙʢʠ ʰʚʠʜʢʦʩʪʝʡ. ʅʘ 
ʰʚʠʜʢʦʩʪʷʭ, ʚʠʱʝ ʟʘ ʥʦʤʽʥʘʣʴʥʫ, ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʤʝʭʘʥʽʢʠ 
ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʨʠʚʦʜʫ, ʥʘ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 
ʧʽʜʰʠʧʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʢʨʠʪʠʯʥʠʡ ʤʦʤʝʥʪ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ, ʥʘʚʝʜʝʥʠʡ ʜʦ 
ʰʧʠʥʜʝʣʷ ʪʦʢʘʨʥʦʛʦ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝ 
ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʚ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʽʜʭʦʜʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʷʢʦʩʪʽ 
ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ. 

ʃʽʪʝʨʘʪʫʨʘ: 1. ɹʽʣʶʢ, ɯ., ʐʘʨʝʡʢʦ, ɼ., ʉʘʚʯʝʥʢʦ, ʆ., ɻʘʚʨʠʣʦʚ, ʉ., & ʌʦʤʝʥʢʦ, ʃ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ɽʃɽʂʊʈʆʇʈʀɺʆɼɯɺ ʄɽʊɸʃʋʈɻɯʁʅʀʍ ʄɸʐʀʅ 

ʊɸ ɺɼʆʉʂʆʅɸʃɽʅʅʗ ɼʀʅɸʄɯʏʅʀʍ ʈɽɾʀʄɯɺ 

ɰʍ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ 

 

ɿʘʜʦʨʦʞʥʷ ɯ.ʄ., ʏʝʨʝʜʥʠʯʝʥʢʦ ɯ.ɯ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʉʴʦʛʦʜʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ (ɽʇ) ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ 

ʧʦʷʚʠ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʽ ʨʦʙʦʪʠʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʥʦʚʠʤʠ ʚʠʤʦʛʘʤʠ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʚ 

ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʜʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ.  

ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (ʛʦʣʦʚʥʽ ɽʇ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ, ɽʇ ʜʦʧʦʤʽʞʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʾ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʜʘʯ ʧʦʩʪʽʡʥʦ 

ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ, ʘʣʝ ʾʭ ʝʣʝʤʝʥʪʠ, ʱʦ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʨʫʭ, ʚ ʜʽʡʩʥʦʩʪʽ ʤʘʶʪʴ 

ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʧʨʠʷʶʯʽ ʧʦʨʫʰʝʥʥʶ ʢʦʣʠʚʘʥʴ ʧʨʠ ʜʽʾ ʚʥʫʪʨʽʰʥʽʭ ʽ 

ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʂʦʣʠʚʘʥʥʷ ʚ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʽ 

ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʇʨʫʞʥʽ ʤʝʭʘʥʽʯʥʽ ʣʘʥʢʠ 

ʧʨʠʚʦʜʫ ʤʘʰʠʥ, ʷʢ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ, ʧʨʠ ʧʨʠʡʦʤʽ ʽ ʩʢʠʜʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʟʙʫʜʞʫʶʪʴ ʢʦʣʠʚʘʥʥʷ ʡʦʛʦ ʢʦʦʨʜʠʥʘʪ ʟ ʚʽʜʭʠʣʝʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʚʽʜ ʟʫʤʦʚʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʻʶ ʽ ʟʨʦʩʪʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʤʝʭʘʥʽʯʥʽ 

ʧʝʨʝʜʘʯʽ, ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʤʘʰʠʥʠ. 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʧʦʩʪʽʡʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ɽʇ, ʟʘʜʘʯʘ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʻ ʥʘʛʘʣʴʥʦʶ, ʱʦ ʚʠʤʘʛʘʻ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʥʘʚʽʪʴ ʚʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʯʠʤʘʣʦ ʨʦʙʽʪ ʥʘʫʢʦʚʦʛʦ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ 

ʩʧʨʷʤʫʚʘʥʥʷ ʧʨʠʩʚʷʯʝʥʦ ʧʦʰʫʢʫ ʰʣʷʭʽʚ ʪʘ ʥʘʧʨʷʤʢʽʚ ʚʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʦʾ 

ʧʨʦʙʣʝʤʘʪʠʢʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɽʇ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʢʝʨʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʤʘʰʠʥ ʪʘ ʧʦʰʫʢ ʨʽʰʝʥʴ ʟ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʩʫʪʪʻʚʽ 

ʧʨʦʙʣʝʤʠ ʥʘʷʚʥʦʩʪʽ ʧʨʫʞʥʠʭ ʣʘʥʦʢ ʚʠʥʠʢʘʶʪʴ ʚ ɽʇ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ 

ʩʘʤʝ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʝʪʣʴʦʚʠʭ ʧʨʠʩʪʨʦʾʚ 

(ʥʘʢʦʧʠʯʫʚʘʯʽʚ), ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʧʘʩʫ ʩʤʫʛʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʙʝʟʧʝʨʝʨʚʥʫ ʦʙʨʦʙʢʫ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʫ ʥʘ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʘʭ ʨʽʟʥʦʛʦ ʪʠʧʫ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʪʣʴʦʚʠʡ ʥʘʢʦʧʠʯʫʚʘʯ ʩʪʘʥʽʚ ʭʦʣʦʜʥʦʾ ʧʨʦʢʘʪʢʠ ʘʙʦ ʜʽʣʷʥʢʠ 

ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʣʦʩʢʠʡ ʘʙʦ ʩʦʨʪʦʚʠʡ ʧʨʦʢʘʪ ʧʦʢʨʠʪʪʷ (ʮʠʥʢ, ʧʦʣʽʤʝʨʠ, ʘʣʶʤʽʥʽʡ), 

ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʟʘʧʘʩʫ ʩʤʫʛʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʨʚʥʫ ʨʦʙʦʪʫ ʩʝʨʝʜʥʴʦʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʯʘʩʪʠʥʠ ʚ ʧʝʨʽʦʜ ʟʚʘʨʶʚʘʥʥʷ ʢʽʥʮʽʚ ʩʤʫʛ. ɼʽʣʷʥʢʘ ʥʘʥʝʩʝʥʥʷ 

ʧʦʢʨʠʪʪʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ: ʙʝʟʧʝʨʝʨʚʥʦʾ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʪʘ 

ʜʠʩʢʨʝʪʥʠʭ ʛʦʣʦʚʥʦʾ ʪʘ ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥ. ʋ ʩʝʨʝʜʥʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʯʘʩʪʠʥʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʦʢʨʠʪʪʷ. ɼʣʷ ʟʚ'ʷʟʢʫ ʙʝʟʧʝʨʝʨʚʥʦʾ ʪʘ 

ʜʠʩʢʨʝʪʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʟʥʘʯʝʥʽ ʧʝʪʣʴʦʚʽ ʧʨʠʩʪʨʦʾ. 
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ʇʝʪʣʴʦʚʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʻ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʘʩ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ 

ʧʦʩʪʫʧʘʣʴʥʦ (ʚʽʟʦʢ) ʽ ʦʙʝʨʪʘʣʴʥʦ (ʙʘʨʘʙʘʥʠ, ʣʝʙʽʜʢʠ), ʤʝʭʘʥʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʥʫʯʢʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʩʤʫʛʦʶ, ʢʘʥʘʪʘʤʠ). ɼʠʥʘʤʽʢʘ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ ʥʝʩʧʨʠʷʪʣʠʚʘ ʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦ ʧʦʚʪʦʨʶʚʘʥʠʭ ʨʝʞʠʤʘʭ 

ʧʦʜʘʯʽ ʪʘ ʚʠʣʫʯʝʥʥʷ ʩʤʫʛ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʜʦʜʘʪʢʦʚʽ ʢʦʣʠʚʘʥʥʷ. 

ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ (ɽʄʉ) ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʪʣʴʦʚʦʛʦ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʻ ʙʘʛʘʪʦʤʘʩʦʚʦʶ, ʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʤʘʛʘʻ ʚʨʘʭʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ 

ʟʤʽʥʠ ʧʨʫʞʥʦʩʪʽ ʩʤʫʛʠ, ʷʢ ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʘʙʦ 

ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʜʦʚʞʠʥʠ ʚ ʥʘʢʦʧʠʯʫʚʘʯʽ, ʘ ʡ ʟʤʽʥʠ ʤʘʩʠ ʩʪʘʣʝʚʦʾ ʩʤʫʛʠ, ʪʦʙʪʦ ʾʾ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʚʘʨʽʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʩʤʫʛʠ.  

ɺ ʨʘʤʢʘʭ ʧʦʯʘʪʢʦʚʦʛʦ ʝʪʘʧʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ɽʇ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʪʣʴʦʚʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ ʜʚʦʤʘʩʦʚʦʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʜʣʷ ʩʠʩʪʝʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʘʥʦ, ʱʦ 

ɽʄʉ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʪʣʴʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʻ ʩʣʘʙʦʜʝʤʧʬʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ, ʜʦ 

ʪʦʛʦ ʞ ʚʝʣʴʤʠ ʯʫʪʣʠʚʦʶ ʜʦ ʚʧʣʠʚʽʚ ʢʝʨʫʚʘʥʥʷ. ɺ ʨʝʞʠʤʽ ʚʠʜʘʯʽ ʩʤʫʛʠ ʟ 

ʧʝʪʣʴʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʢʦʣʠʚʘʥʥʷ ʚ ʩʘʤʽʡ ʟʘʣʽʟʥʽʡ ʩʤʫʟʽ ʬʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ. 

ɼʚʠʛʫʥ ʧʨʘʮʶʻ ʧʨʠ ʮʴʦʤʫ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʨʝʞʠʤʽ. ɺ ʨʝʞʠʤʽ ʥʘʧʦʚʥʝʥʥʷ 

ʧʝʪʣʴʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʜʚʠʛʫʥ ʧʨʘʮʶʻ ʚ ʨʫʰʽʡʥʦʤʫ ʨʝʞʠʤʽ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʥʘʯʥʽ ʨʦʟʛʦʡʜʫʚʘʥʥʷ ʩʤʫʛʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚ ʨʘʤʢʘʭ 

ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʛʣʷʜʘʚʩʷ ʣʠʰʝ ʨʫʰʽʡʥʠʡ ʨʝʞʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʧʨʠ ʥʘʙʦʨʽ ʩʤʫʛʠ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʩʢʣʘʜʝʥʘ 

ʟʘ ʧʨʠʥʮʠʧʦʤ ʧʽʜʣʝʛʣʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʤʽʩʪʠʪʴ ʢʦʥʪʫʨʠ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʨʫʤʫ ʪʘ 

ʰʚʠʜʢʦʩʪʽ, ʚʠʢʦʨʠʩʪʘʥʽ ʟʘʜʘʪʯʠʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʙʘʞʘʥʦʛʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʫ ʯʘʩʽ ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ 

ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʚʘʪʠ ʧʨʦʮʝʩʠ ʨʦʟʛʦʥʫ ʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ɽʇ ʽʟ ʟʘʜʘʥʠʤ ʪʝʤʧʦʤ. 

ɺ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʴʥʦʛʦ ɽʇ ʮʽ ʧʨʠʩʪʨʦʾ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʟʥʘʯʘʶʪʴ ʩʠʛʥʘʣ ʟʘʚʜʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʜʘʪʯʠʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʟʚʦʣʷʻ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʫ ʧʨʦʮʝʩʽ ʨʦʟʛʦʥʫ ʧʦʩʪʽʡʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ, 

ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʦʤ ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʟʘʜʘʪʯʠʢʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʯʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝʟʘʣʝʞʥʽʩʪʴ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʩʪʘʪʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʚʝʜʝʥʥʷ ʚ ʧʨʷʤʠʡ ʣʘʥʮʶʛ ʘʧʝʨʽʦʜʠʯʥʦʾ ʣʘʥʢʠ ʟʽ ʩʪʘʣʦʶ ʯʘʩʫ 

ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ, ʥʽʞ ʫ ʣʘʥʦʢ ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, 

ʧʽʜʚʠʱʫʻ ʟʘʧʘʩ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ. ɼʦ ʧʝʨʝʚʘʛ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʰʢʦʜ ʽ ʢʦʣʠʚʘʥʴ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢʠʡ ʧʨʠʡʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ ʻ ʜʝʤʧʬʽʨʫʚʘʥʥʷʤ ʟ ʧʨʠʜʫʰʝʥʥʷʤ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ, 

ʥʝʜʦʣʽʢʦʤ ʷʢʦʛʦ ʻ ʜʝʷʢʝ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʩʠʩʪʝʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʣʠ ʟôʷʩʫʚʘʪʠ, ʱʦ ʧʨʠ 

ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʝʨʮʽʡʥʠʭ ʤʘʩ ɔ < 2 ʜʦʩʷʛʪʠ ʝʬʝʢʪʠʚʥʦʛʦ 

ʜʝʤʧʬʫʚʘʥʥʷ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ ʙʝʟ ʟʥʘʯʥʦʛʦ 

ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʩʢʣʘʜʥʦ, ʪʦʤʫ ʤʝʪʦʜʠ ʢʦʨʝʢʮʽʾ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʧʦʚ'ʷʟʘʥʽ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʠʭ ʯʠ ʽʥʰʠʭ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʟʚ'ʷʟʢʽʚ ʟʘ ʰʚʠʜʢʽʩʪʶ ʤʝʭʘʥʽʟʤʫ 

ʘʙʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ [1]. 

ɺʚʝʜʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘ ʧʦʭʽʜʥʦʶ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʘʚʯʦʛʦ ʚʘʣʫ 



85 
 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʬʝʢʪʫ, ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ ʽʥʝʨʮʽʾ. ʆʪʞʝ, 

ʤʦʞʥʘ, ʚʚʦʜʷʯʠ ʟʚʦʨʦʪʥʠʡ ʟʘ ʧʦʭʽʜʥʦʶ ʰʚʠʜʢʦʩʪʽ, ʦʪʨʠʤʘʪʠ ʧʣʘʚʥʽ ʧʝʨʝʭʽʜʥʽ 

ʧʨʦʮʝʩʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʥʝʩʢʦʨʝʢʪʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʨʫʭ ʚʠʢʦʥʘʚʯʦʛʦ ʚʘʣʫ 

ʤʘʻ ʩʠʣʴʥʠʡ ʢʦʣʠʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ [2]. 

ʇʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʚʚʝʜʝʥʥʽ ʥʘ ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʘ 

ʰʚʠʜʢʦʩʪʽ ʩʠʛʥʘʣʫ ʟʘ ʜʨʫʛʦʶ ʧʦʭʽʜʥʦʶ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ, 

ʧʨʦʪʝ ʜʚʦʨʘʟʦʚʝ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʚʘʞʢʦ ʚʠʢʦʥʘʪʠ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ 

ʧʫʣʴʩʘʮʽʡ ʥʘ ʚʠʭʦʜʽ ʚʠʤʽʨʶʚʘʯʘ ʰʚʠʜʢʦʩʪʽ. ʑʦʜʦ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʢʝʨʫʚʘʥʥʷ, ʪʦ ʘʥʘʣʦʛʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ, ʷʢʱʦ ʥʘ ʚʭʽʜ 

ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʚʚʝʩʪʠ ʩʠʛʥʘʣ, ʷʢʠʡ ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʽʟʥʠʮʽ ʰʚʠʜʢʦʩʪʽ 

ʜʚʠʛʫʥʘ ʽ ʧʨʠʚʝʜʝʥʦʾ ʜʦ ʚʘʣʫ ʜʚʠʛʫʥʘ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ. 

ʇʽʜʩʫʤʢʦʤ ʧʦʯʘʪʢʦʚʦʛʦ ʝʪʘʧʫ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʱʦ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʚʽʜ ʚʚʝʜʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ ʧʦ ʧʦʭʽʜʥʽʡ ʰʚʠʜʢʦʩʪʽ ʨʦʣʠʢʘ ʟʘ ʨʘʭʫʥʦʢ ʜʝʤʧʬʫʚʘʥʥʷ ʧʨʫʞʥʦʾ ʭʚʠʣʽ 

ʟʫʩʠʣʴ, ʷʢʘ ʧʦʰʠʨʶʻʪʴʩʷ ʚʟʜʦʚʞ ʩʤʫʛʠ ʤʝʪʘʣʫ. ɽʄʉ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʻ ʨʦʟʧʦʜʽʣʝʥʦʶ, ʧʨʠ ʟʘʧʦʚʥʝʥʥʽ ʷʢʦʾ ʚʠʥʠʢʘʶʪʴ ʧʨʫʞʥʽ ʢʦʣʠʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʩʠʛʥʘʣ ʟʘ ʧʦʭʽʜʥʦʶ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʣʠʢʘ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʜʝʤʧʬʫʚʘʥʥʷ 

ʧʦʰʠʨʝʥʥʷ ʧʨʫʞʥʦʾ ʭʚʠʣʽ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʥʘ ɽʇ. ɺʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʦ ʧʦʭʽʜʥʽʡ ʟʘ ʰʚʠʜʢʽʩʪʶ ʜʨʫʛʦʛʦ ʨʦʣʠʢʘ ʜʦʟʚʦʣʠʪʴ 

ʧʨʠʜʫʰʠʪʠ ʧʨʫʞʥʫ ʭʚʠʣʶ, ʷʢʘ ʧʦʰʠʨʶʻʪʴʩʷ ʩʤʫʛʦʶ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʚʽʟʢʘ 

ʥʘʢʦʧʠʯʫʚʘʯʘ. ɺʪʽʤ, ʚʠʷʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʩʪʘʣʝʚʦʾ ʩʤʫʛʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʾʾ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʘ ʪʘʢʦʞ ʯʘʩʪʦʪʘ ʾʾ ʢʦʣʠʚʘʥʴ ʪʘ ʘʤʧʣʽʪʫʜʘ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʫʜʘʨʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʘʛʘʣʦʤ ʦʧʪʠʤʽʟʘʮʽʷ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɽʇ ʛʦʣʦʚʥʠʭ ʪʘ 

ʜʦʧʦʤʽʞʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʤʘʰʠʥ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ 

ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʚʟʘʻʤʥʦʛʦ ʨʦʟʛʣʷʜʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʪʝʭʥʦʣʦʛʽʾ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʽ ʜʦʩʷʛʥʝʥʴ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ, ʘ ʚʨʘʭʫʚʘʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ  ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ 

ɽʇ [3] ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʽʩʪʦʪʥʝ ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʝʣʝʢʪʨʠʯʥʝ ʽ 

ʤʝʭʘʥʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨʠ ʽ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʤʧʬʫʚʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʣʘʩʥʝ ɽʇ. 
 

ʃʽʪʝʨʘʪʫʨʘ: 

1. ɿʘʜʦʨʦʞʥʷ ɯ. ʄ., ɿʘʜʦʨʦʞʥʽʡ ʄ. ʆ. ʆʧʪʠʤʽʟʘʮʽʷ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʧʘʨʘʤʝʪʨʽʚ 

ʜʚʦʤʘʩʦʚʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ʤʦʥʦʛʨʘʬʽʷ ï ɽʣʝʢʪʨʦʥ. ʪʝʢʩʪ. 

ʜʘʥʽ (4,5 ʄʙ). ï ʂʨʘʤʘʪʦʨʩʴʢ : ɼɼʄɸ, 2021. 

2. Kozhevnikova A.ɸ., Kozhevnikov A.V., Sorokin G.A. et al. Damping of Vibrations in the 

Primary Drives of Cold-Rolling Mills // Steel in Translation. ï 2016. ï Vol. 46, ˉ10. ï ʈ. 739-741. 

3. ɿʘʜʦʨʦʞʥʷ ɯ. ʄ. ɸʥʘʣʽʟ ʫʤʦʚ ʜʝʤʧʬʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ ʚ ʜʚʦʤʘʩʦʚʦʤʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ 

ʥʘ ʦʩʥʦʚʽ ʝʬʝʢʪʫ ʨʝʟʦʥʘʥʩʥʦʾ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʟʚʦʨʦʪʥʠʤʠ 

ʟʚôʷʟʢʘʤʠ / ɯ. ʄ. ɿʘʜʦʨʦʞʥʷ, ʄ. ʆ. ɿʘʜʦʨʦʞʥʽʡ // ɺʽʩʥʠʢ ʍʝʨʩʦʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʅʊʋè. ï 2024. ï ˉ2 (89). ï ʉ. 20-26. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ɻɽʅɽʊʀʏʅʀʍ 

ɸʃɻʆʈʀʊʄɯɺ ɼʃʗ ʆʇʊʀʄɯɿɸʎɯɰ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ 

ʆɹʃɸɼʅɸʅʅʗ 

 

ɿʘʣʝʪʘ ɸ.ʆ. 

(ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ ʃʫʮʴʢ, ʋʢʨʘʾʥʘ) 

 

ɽʚʦʣʶʮʽʡʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ  ʮʝ ʢʣʘʩ ʘʣʛʦʨʠʪʤʽʚ, ʩʫʪʴ ʷʢʠʭ ʧʦʣʷʛʘʻ ʫ 

ʧʦʢʨʦʢʦʚʦʤʫ ʧʦʢʨʘʱʝʥʥʽ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʨʷʜʫ ʽʪʝʨʘʮʽʡ: 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʧʦʧʫʣʷʮʽʾ ʨʽʰʝʥʴ (ʭʨʦʤʦʩʦʤ); ʦʮʽʥʢʘ ʢʦʞʥʦʛʦ ʨʽʰʝʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʬʽʪʥʝʩ-ʬʫʥʢʮʽʾ; ʩʝʣʝʢʮʽʷ (ʚʽʜʙʽʨ); ʢʨʦʩʦʚʝʨ (ʩʭʨʝʱʫʚʘʥʥʷ); ʤʫʪʘʮʽʷ; 

ʝʚʦʣʶʮʽʷ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʥʫʻʪʴʩʷ ʘʥʘʣʽʟ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟ ʤʝʪʦʶ 

ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ. ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʚʠʙʦʨʫ ʤʝʪʦʜʫ ʻ ʧʨʠʜʘʪʥʽʩʪʴ ʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʙôʻʢʪʽʚ ʟ ʜʠʩʢʨʝʪʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʷʢʦʾ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʝʷʢʦʶ ʢʽʣʴʢʽʩʪʶ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ, ʩʝʨʝʜ ʤʥʦʞʠʥʠ 

ʷʢʠʭ ʩʣʽʜ ʟʥʘʡʪʠ ʪʘʢʠʡ, ʱʦ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ ʧʦʩʪʘʚʣʝʥʦʾ 

ʟʘʜʘʯʽ. 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚʦʥʠ ʩʪʽʡʢʽ 

ʜʦ ʧʦʪʨʘʧʣʷʥʥʷ ʫ ʣʦʢʘʣʴʥʽ ʦʧʪʠʤʫʤʠ, ʜʦʙʨʝ ʧʨʘʮʶʶʪʴ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ 

ʙʘʛʘʪʦʮʽʣʴʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʧʨʦʩʪʽ ʚ ʨʝʘʣʽʟʘʮʽʾ. ɼʦ ʪʦʛʦ ʞ, ʧʦʢʦʣʽʥʥʷ ʟʨʫʯʥʦ 

ʨʦʟʙʠʚʘʪʠ ʥʘ ʛʨʫʧʠ ʽ ʧʨʘʮʶʚʘʪʠ ʟ ʢʦʞʥʦʶ ʟ ʥʠʭ ʦʢʨʝʤʦ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʘ ʧʦʪʨʝʙʠ 

ʦʙʤʽʥ ʤʽʞ ʛʨʫʧʘʤʠ ʢʽʣʴʢʦʤʘ ʭʨʦʤʦʩʦʤʘʤʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʩʝʨʝʜ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʠʭ. 

ɺʘʞʣʠʚʠʤ ʥʝʜʦʣʽʢʦʤ ɻɸ ʻ ʪʝ, ʱʦ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʥʘʙʦʨʫ 

ʭʨʦʤʦʩʦʤ, ʢʨʠʪʝʨʽʾ ʚʽʜʙʦʨʫ ʭʨʦʤʦʩʦʤ ʽ ʧʨʦʮʝʜʫʨʠ ʘʣʛʦʨʠʪʤʫ ʻ ʝʚʨʠʩʪʠʯʥʠʤʠ ʽ 

ʥʝ ʛʘʨʘʥʪʫʶʪʴ ʰʚʠʜʢʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʝʢʩʪʨʝʤʫʤʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, 

ʘʜʞʝ ʝʚʦʣʶʮʽʷ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ 

ʥʝʧʨʦʜʫʢʪʠʚʥʦʤʫ ʚʽʜʛʘʣʫʞʝʥʥʽ. ɯ, ʥʘʚʧʘʢʠ, ʜʚʘ ʥʝʧʝʨʩʧʝʢʪʠʚʥʽ ʙʘʪʴʢʠ, 

ʚʠʢʣʶʯʝʥʽ ʟ ʝʚʦʣʶʮʽʾ, ʚʠʷʚʣʷʶʪʴʩʷ ʟʜʘʪʥʠʤʠ ʯʝʨʝʟ ʢʽʣʴʢʘ ʽʪʝʨʘʮʽʡ ʧʨʦʜʫʢʫʚʘʪʠ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʥʘʱʘʜʢʘ. ʈʘʟʦʤ ʟ ʪʠʤ, ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʛʝʥʝʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʢʨʘʱʠʭ ʨʽʰʝʥʴ ʜʣʷ 

ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. 

ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ 

ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʟ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 
ʃʽʪʝʨʘʪʫʨʘ: 

1. ɹʦʥʜʘʨʝʥʢʦ ʆ.ɺ. ʆʛʣʷʜ ʩʫʯʘʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʪʘ ʝʚʦʣʶʮʽʡʥʠʭ 
ʘʣʛʦʨʠʪʤʽʚ. ʉʪʨʘʪʝʛʽʾ, ʤʦʞʣʠʚʦʩʪʽ (ʦʛʣʷʜʦʚʘ ʩʪʘʪʪʷ) / ʆ. ɺ. ɹʦʥʜʘʨʝʥʢʦ, ʆ. ɺ. ʋʩʪʠʥʝʥʢʦ, ʈ. B. 

ʇʨʦʪʘʩʦʚ ʪʘ ʽʥ. // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: 

ʄʘʰʠʥʦʟʥʘʚʩʪʚʦ ʪʘ ʉɸʇʈ.  2022.  ˉ 2.  ʉ. 6-16. https://doi.org/10.20998/2079-

0775.2022.2.01 

2. ɽʚʦʣʶʮʽʡʥʽ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ : ʥʘʚʯ. ʧʦʩʽʙʥʠʢ / ɸ.ʆ. ʆʣʽʡʥʠʢ, ʉ.ʆ. 

ʉʫʙʙʦʪʽʥ, ʆ.ʆ. ʆʣʽʡʥʠʢ.  ɿʘʧʦʨʽʞʞʷ : ɿʅʊʋ, 2010.  324 ʩ. 
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ɸʅɸʃɯɿ ʈɽɿɽʈɺɯɺ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

ʊʆʂɸʈʅʆɰ ʆɹʈʆɹʂʀ ɼɽʊɸʃɽʁ ɺɸɾʂʆɻʆ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 

ɿɸ ʈɸʍʋʅʆʂ ʋɺɽɼɽʅʅʗ ɼʆɼɸʊʂʆɺʆɰ ʊɽʇʃʆɺʆɰ ɽʅɽʈɻɯɰ 

ɼʆ ɿʆʅʀ ʈɯɿɸʅʅʗ 

 

ʂʘʣʽʥʽʯʝʥʢʦ ɺ. ɺ., ʗʣʦʟʘ ɹ.ʆ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ-ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 
ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʚʘʞʢʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʤʘʻ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʫʤʦʚ 
ʦʙʨʦʙʢʠ. ʉʝʨʝʜ ʰʣʷʭʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʠʭ ʫʤʦʚ ʤʦʞʝ ʙʫʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʝ 
ʟʥʠʞʝʥʥʷ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʟʦʥʽ ʨʽʟʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʣʝʛʰʝʥʥʷ 
ʜʝʬʦʨʤʘʮʽʾ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʽ ʚʥʘʩʣʽʜʦʢ ʫʚʝʜʝʥʥʷ 
ʜʦʜʘʪʢʦʚʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʋʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ ʤʦʞʝ ʙʫʪʠ 
ʟʜʽʡʩʥʝʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʤʝʥʷ ʧʣʘʟʤʠ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 
ʩʪʨʫʤʫ ʟʘ ʩʭʝʤʦʶ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ (ɽʂʅ). ʆʙʠʜʚʘ ʮʽ ʤʝʪʦʜʠ 
ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʫʪʪʻʚʝ ʧʦʣʝʛʰʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 
ʊʝʭʥʦʣʦʛʽʯʥʘ ʧʨʦʩʪʦʪʘ ʩʧʦʩʦʙʫ ɽʂʅ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʩʘʤʝ ʡʦʛʦ ʫ ʷʢʦʩʪʽ 
ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ɽʂʅ ʚʝʨʩʪʘʪ ʦʩʥʘʱʫʶʪʴ ʩʧʝʮʽʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ, 
ʱʦ ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʻʢʪʦʚʘʥʘ ʥʘ ʙʘʟʽ ʚʽʜʦʤʦʾ ʫʩʪʘʥʦʚʢʠ ʋɽʄʆ-1 ʽ ʚʠʛʦʪʦʚʣʝʥʘ 
ʥʘ  ʦʩʥʦʚʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʝʨʝʤʦʪʫʚʘʥʥʷʤ ʦʙʤʦʪʦʢ. ɿʛʽʜʥʦ ʟ [1], 
ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʚʘʞʢʦʛʦ 
ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʥʘ 25...40 %. ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʽʘʧʘʟʦʥ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 
ʫʩʪʘʥʦʚʢʠ: ʩʠʣʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ I = 100...200 ɸ; ʥʘʧʨʫʛʘ U = 6...12 ɺ. 

ɿ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʨʝʟʝʨʚʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʦʢʘʨʥʦʾ 
ʦʙʨʦʙʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʦʩʦʙʫ ɽʂʅ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ 
ʧʠʪʦʤʦʾ ʝʥʝʨʛʦʤʽʩʪʢʦʩʪʽ e ʨʽʟʘʥʥʷ ʧʨʠ ʯʦʨʥʦʚʦʤʫ ʪʦʯʽʥʥʽ ʩʪʘʣʽ 50ʍʅ (ʪʚʝʨʜʠʡ 
ʩʧʣʘʚ ʊ5ʂ10; ʜʽʘʤʝʪʨ ʦʙʨʦʙʢʠ D = 1300 ʤʤ; t = 15 ʤʤ; S = 1,47...1,65 ʤʤ/ʦʙ; 
v = 50...60 ʤ/ʭʚ) ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ ʜʦ ʦʙʨʦʙʢʠ ʟ ɽʂʅ. 
ʇʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ e ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʜʣʷ ʦʙʨʦʙʢʠ ʟ: ʥʦʨʤʘʪʠʚʥʠʤʠ ʨʝʞʠʤʘʤʠ 
(Sʥʦʨʤ = 1,47 ʤʤ/ʦʙ; vʥʦʨʤ = 50 ʤ/ʭʚ); ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʦʜʘʯʝʶ ʪʘ ʥʦʨʤʘʪʠʚʥʦʶ 
ʰʚʠʜʢʽʩʪʶ ʨʽʟʘʥʥʷ (Sʤʘʢʩ = 1,65 ʤʤ/ʦʙ; vʥʦʨʤ = 50 ʤ/ʭʚ); ʨʝʞʠʤʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʾ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (Sʤʘʢʩ = 1,65 ʤʤ/ʦʙ; vʤʘʢʩ = 60 ʤ/ʭʚ). ɿʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ e ʧʨʠ 
ʦʙʨʦʙʮʽ ʥʘ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʞʠʤʘʭ ʨʽʟʘʥʥʷ ʩʢʣʘʣʦ: ʜʣʷ ɽʂʅ ʟ 
ʤʘʢʩʠʤʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ (I = 100 ɸ; U = 12 ɺ) ï 14,95...15,06 %; ʜʣʷ ɽʂʅ ʟ 
ʤʘʢʩʠʤʘʣʴʥʦʶ ʩʠʣʦʶ ʩʪʨʫʤʫ (I = 200 ɸ; U = 6 ɺ) ï 24,97...25,06 %. ʅʘʚʝʜʝʥʽ ʜʘʥʽ 
ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʩʫʪʪʻʚʽ ʨʝʟʝʨʚʠ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʦʢʘʨʥʦʾ 
ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʦʩʦʙʫ ɽʂʅ ʜʣʷ 
ʫʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʪʝʧʣʦʪʠ ʧʨʠ ʨʽʟʘʥʥʽ. 

ʃʽʪʝʨʘʪʫʨʘ. 1.  ʂʘʣʽʥʽʯʝʥʢʦ, ɺ. ɺ. ʄʦʞʣʠʚʦʩʪʽ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʧʝʨʝʙʽʛ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʨʠ ʯʦʨʥʦʚʦʤʫ ʪʦʯʽʥʥʽ ʜʝʪʘʣʝʡ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ ʟʘ ʩʭʝʤʦʶ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ / ɺ. ɺ. ʂʘʣʽʥʽʯʝʥʢʦ // ɺʘʞʢʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʇʨʦʙʣʝʤʠ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ. ʄʘʪʝʨʽʘʣʠ XIX ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 01 ï 04 

ʯʝʨʚʥʷ 2021 ʨʦʢʫ / ʟʘ ʟʘʛ. ʨʝʜ. ɺ. ɼ. ʂʦʚʘʣʴʦʚʘ. ï ʂʨʘʤʘʪʦʨʩʴʢ : ɼɼʄɸ, 2021. ï ʉ. 53. 
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ʂʽʥʜʝʥʢʦ ʄ. ɯ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 
 

ʄʘʛʥʽʪʥʝ ʟʤʽʮʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʤʘʛʥʽʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʦʙʨʦʙʢʠ (ʄɯʆ) 

ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ, ʟʦʢʨʝʤʘ: ʥʠʟʴʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ, ʟʙʝʨʝʞʝʥʥʷ 

ʛʝʦʤʝʪʨʽʾ ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʝʢʦʣʦʛʽʯʥʘ ʯʠʩʪʦʪʘ. ɺʦʜʥʦʯʘʩ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʢʣʶʯʦʚʠʤ ʤʦʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʄɯʆ ʻ ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ 

ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ. ɺʠʙʽʨ ʨʝʞʠʤʽʚ ʻ ʩʢʣʘʜʥʠʤ ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʛʘʣʫʟʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ʋʩʧʽʰʥʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʨʝʞʠʤʽʚ ʄɯʆ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ 

ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʮʠʤ ʧʨʦʮʝʩʦʤ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʧʨʠʥʮʠʧʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʚʧʣʠʚ ʥʘ ʢʝʨʦʚʘʥʠʡ ʧʨʦʮʝʩ ʚʝʜʝʪʴʩʷ ʟʛʽʜʥʦ 

ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ - ʟʘʢʦʥʦʤ ʢʝʨʫʚʘʥʥʷ, ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʽ 

ʧʽʜʪʨʠʤʘʥʥʷ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʛʦ ʟʥʘʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʧʘʨʘʤʝʪʨʘ [1].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʟʘʜʘʯ ʄɯʆ ʤʘʣʦʧʨʠʜʘʪʥʝ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʄɯʆ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʽʥʣʠʚʽʩʪʶ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʣʶʚʘʥʠʭ ʚʠʨʦʙʽʚ ʽ ʩʢʣʘʜʥʽʩʪʶ ʧʦʙʫʜʦʚʠ ʪʦʯʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʟʤʽʥʫ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʫ ʧʽʜ ʚʧʣʠʚʦʤ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʆʧʠʩ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʚʠʨʦʙʫ, 

ʦʪʨʠʤʫʶʪʴ ʘʙʦ ʪʝʦʨʝʪʠʯʥʦ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʠʧʫʱʝʥʴ, ʘʙʦ 

ʝʤʧʽʨʠʯʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʜʣʷ ʪʠʧʦʚʠʭ ʚʠʧʘʜʢʽʚ. ʎʽ ʟʘʣʝʞʥʦʩʪʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʯʠʥʥʠʢʽʚ, ʱʦ ʜʽʶʪʴ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʫ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ. 

ɿʘʚʜʘʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʄɯʆ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʟʘʚʜʘʥʴ, ʘʣʛʦʨʠʪʤ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʷʢʠʭ ʘʙʦ ʥʝ ʻ ʻʜʠʥʠʤ, ʘʙʦ ʥʝ ʜʘʻ ʟʤʦʛʠ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʨʦʟʚ'ʷʟʘʥʥʷ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʩʢʣʘʜʥʦ ʟʘʬʽʢʩʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʽʚ ʄɯʆ ʚʽʜ ʚʭʽʜʥʠʭ ʚʝʣʠʯʠʥ, ʱʝ ʩʢʣʘʜʥʽʰʝ ʟʨʦʙʠʪʠ 

ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʪʘʢʦʾ ʟʘʣʝʞʥʦʩʪʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʄɯʆ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʽ ʙʫʣʠ 

ʙ ʟʜʘʪʥʽ ʚʽʜʰʫʢʫʚʘʪʠ ʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʟʘ ʧʦʚʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʠʧʫʱʝʥʴ ʧʨʦ 

ʭʘʨʘʢʪʝʨ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʬʫʥʢʮʽʾ. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʥʝʜʦʣʽʢʽʚ ʥʝʦʙʭʽʜʥʝ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ:  

- ʨʦʟʚ'ʷʟʘʪʠ ʟʘʚʜʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʄɯʆ.  

- ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʝʞʠʤʠ ʄɯʆ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʦʪʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʫʤʦʚʠ ʽ ʷʢʽʩʪʴ ʧʨʦʮʝʩʫ 

ʄɯʆ. 
ʃʽʪʝʨʘʪʫʨʘ: 1. ʅʝʩʪʝʨʝʥʢʦ ʆ.ɺ., ʉʘʚʝʥʢʦʚ ʆ.ɯ., ʌʘʣʦʚʩʴʢʠʡ ʆ.ʆ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ 

ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ: ʥʘʚʯ. ʧʦʩʽʙʥ. / ʟʘ ʨʝʜ. ʇ.ɯ. ɹʽʜʶʢʘ. ʂʠʾʚ: ʅʘʮʽʦʥʘʣʴʥʘ 

ʘʢʘʜʝʤʽʷ ʫʧʨʘʚʣʽʥʥʷ. 2016. 188 ʩ. 
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ʉʋʏɸʉʅɯ ɯʅʊɽʃɽʂʊʋɸʃʔʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʉʀʉʊɽʄɸʍ 

ʋʇʈɸɺʃɯʅʅʗ ʈɽɾʀʄɸʄʀ ɯʄʇʋʃʔʉʅʆɰ ʄɸɻʅɯʊʅʆɰ ʆɹʈʆɹʂʀ 

ɯʅʉʊʈʋʄɽʅʊɯɺ 

 

ʂʽʥʜʝʥʢʦ ʄ. ɯ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʤʘʛʥʽʪʥʦ-ʽʤʧʫʣʴʩʥʫ ʦʙʨʦʙʢʫ (ʄɯʆ) ʤʦʞʥʘ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ 

ʥʘʜʤʽʨʥʫ ʝʥʝʨʛʽʶ ʤʘʪʝʨʽʘʣʫ, ʧʦʚ'ʷʟʘʥʫ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʥʫʪʨʽʰʥʽʭ ʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʥʘʧʨʫʛ ʚ ʽʥʩʪʨʫʤʝʥʪʽ, ʽ ʟʥʠʟʠʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʡʤʦʚʽʨʥʽʩʪʴ ʡʦʛʦ 

ʧʦʣʦʤʢʠ. ʇʝʨʰʦʧʨʠʯʠʥʦʶ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʴʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʧʽʜʜʘʥʦʛʦ ʤʘʛʥʽʪʥʽʡ ʦʙʨʦʙʮʽ, ʻ ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʦʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʰʚʠʜʢʦʨʽʟʘʣʴʥʦʾ ʩʪʘʣʽ [1]. 

ɼʽʷ ʽʤʧʫʣʴʩʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʦʩʴʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʟʽ ʰʚʠʜʢʦʨʽʟʘʣʴʥʠʭ 

ʩʪʘʣʝʡ ʻ ʝʬʝʢʪʠʚʥʦʶ ʪʽʣʴʢʠ ʧʨʠ ʧʝʚʥʠʭ (ʦʧʪʠʤʘʣʴʥʠʭ) ʨʝʞʠʤʘʭ ʤʘʛʥʽʪʥʦʾ 

ʦʙʨʦʙʢʠ (ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʯʘʩʫ ʦʙʨʦʙʢʠ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʯʘʩʫ 

ʚʠʪʨʠʤʢʠ ʧʽʩʣʷ ʦʙʨʦʙʢʠ). 

ʆʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ ʤʘʛʥʽʪʥʦʾ ʦʙʨʦʙʢʠ, ʧʨʠ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʝ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʤʘʢʩʠʤʘʣʴʥʝ ʧʦʣʽʧʰʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʧʽʚʧʘʜʘʶʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʛʥʽʪʥʦʾ 

ʦʙʨʦʙʢʠ ʰʚʠʜʢʦʨʽʟʘʣʴʥʘ ʩʪʘʣʴ ʟʘʟʥʘʻ ʦʙ'ʻʤʥʝ ʟʤʽʮʥʝʥʥʷ, ʜʠʩʧʝʨʩʽʡʥʝ 

ʪʚʝʨʜʥʝʥʥʷ, ʩʪʘʻ  ʦʜʥʦʨʽʜʥʽʰʦʶ  ʧʦ  ʩʪʨʫʢʪʫʨʽ  ʽ  ʧʦʢʨʘʱʫʻ  ʩʚʦʾ   ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [2].  

ʅʠʥʽ ʪʨʠʚʘʻ ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʄɯʆ, ʫ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ 

ʦʩʦʙʣʠʚʦʛʦ ʽʥʪʝʨʝʩʫ ʥʘʙʫʚʘʻ ʧʨʦʙʣʝʤʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʄɯʆ ʟ 

ʤʝʪʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʾʾ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʉʢʣʘʜʥʽʩʪʴ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʄɯʆ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʦʜʥʦʯʘʩʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʢʝʨʫʚʘʥʥʷ ʢʽʣʴʢʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ (ʥʘʧʨʫʞʝʥʽʩʪʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʯʠʩʣʦʤ 

ʽʤʧʫʣʴʩʽʚ ʫ ʩʝʨʽʾ, ʯʘʩʪʦʪʦʶ ʧʨʦʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ, ʯʘʩʦʤ ʽʤʧʫʣʴʩʫ ʚ ʩʝʨʽʾ, 

ʽʥʪʝʨʚʘʣʘʤʠ ʤʽʞ ʽʤʧʫʣʴʩʦʤ ʫ ʩʝʨʽʾ, ʯʠʩʣʦʤ ʩʝʨʽʡ ʽʤʧʫʣʴʩʽʚ). 

ʂʝʨʫʚʘʥʥʷ ʄɯʆ ʜʦʚʦʜʠʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʧʽʜʩʪʘʚʽ ʝʤʧʽʨʠʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʽ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ, ʥʘ ʷʢʽ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʤʘʪʝʨʽʘʣ ʽ ʬʦʨʤʘ 

ʚʠʨʦʙʫ.  

ʋ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʣʘʩʷ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʄɯʆ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʝʞʠʤʠ ʦʙʨʦʙʣʝʥʥʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʪʠʧʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ ʦʙʨʦʙʣʶʚʘʥʠʭ ʚʠʨʦʙʽʚ. 

ʅʘʷʚʥʽʩʪʴ ʘʧʨʽʦʨʥʦ ʟʘʜʘʥʠʭ ʨʝʞʠʤʽʚ ʄɯʆ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ, ʦʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʄɯʆ ʢʦʥʢʨʝʪʥʦʾ ʜʝʪʘʣʽ ʽ ʨʦʟʨʘʭʫʥʦʢ ʚʝʜʝʪʴʩʷ ʟʘ ʫʩʝʨʝʜʥʝʥʠʤʠ 

ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʦʧʪʠʤʘʣʴʥʽ 

ʨʝʞʠʤʠ ʄɯʆ ʻ ʫʥʽʢʘʣʴʥʠʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʨʘʟʢʘ ʚʠʨʦʙʫ.  

ʆʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʄɯʆ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ 

ʚʠʙʦʨʫ ʨʝʞʠʤʽʚ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ 
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ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ - ʩʫʢʫʧʥʦʩʪʽ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʢʽʣʴʢʦʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ: ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʯʘʩ ʽʤʧʫʣʴʩʫ ʚ ʩʝʨʽʾ, ʯʘʩʪʦʪʘ 

ʧʨʦʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ,  ʢʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʫ ʩʝʨʽʾ, ʽʥʪʝʨʚʘʣ ʤʽʞ ʽʤʧʫʣʴʩʘʤʠ ʚ 

ʩʝʨʽʾ, ʢʽʣʴʢʽʩʪʴ ʩʝʨʽʡ ʽʤʧʫʣʴʩʽʚ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʧʦʜʦʣʘʥʥʷ 

ʟʘʟʥʘʯʝʥʠʭ ʥʝʜʦʣʽʢʽʚ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, 

ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʦʙʨʦʙʣʝʥʥʷ ʢʦʞʥʦʾ ʜʝʪʘʣʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʫʤʦʚʠ 

ʪʘ ʷʢʽʩʪʴ ʧʨʦʮʝʩʫ ʄɯʆ. ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʄɯʆ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽʡ ʩʠʩʪʝʤʽ 

ʫʧʨʘʚʣʽʥʥʷ ʄɯʆ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ. 

ʎʽʡ ʧʨʦʙʣʝʤʽ ʡ ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ.  

ʋ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʨʽʰʝʥʥʷʤ ʟʘʚʜʘʥʴ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʰʫʢʫ ʪʘ ʚʠʙʦʨʫ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʛʦʩʪʨʦ ʧʦʩʪʘʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʪʨʫʜʥʦʱʽʚ ʚ ʩʢʣʘʜʥʠʭ ʩʠʪʫʘʮʽʷʭ ʽ ʧʨʠ ʦʙʤʝʞʝʥʠʭ 

ʨʝʩʫʨʩʘʭ.  

ʉʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʪʘ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʧʨʦʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʚʩʽʭ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. 

ʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʦʭʦʜʷʪʴ ʜʦ ʩʧʦʞʠʚʘʯʘ ʫ ʚʠʛʣʷʜʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʧʨʘʢʪʠʯʥʦ ʽʥʚʘʨʽʘʥʪʥʽ ʜʦ ʪʽʻʾ ʯʠ ʽʥʰʦʾ 

ʧʨʦʙʣʝʤʥʦʾ ʦʙʣʘʩʪʽ. ʊʨʘʜʠʮʽʡʥʦ ʜʦ ɯʊ ʚʽʜʥʦʩʷʪʴ ʥʝʯʽʪʢʫ ʣʦʛʽʢʫ (ʅʃ), ʛʝʥʝʪʠʯʥʽ 

ʘʣʛʦʨʠʪʤʠ (ɻɸ) ʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (ʅʄ). ɯʊ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. ɺʠʤʦʛʠ ʜʦ ʧʨʠʩʪʨʦʾʚ ʫʧʨʘʚʣʽʥʥʷ ï 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʜʽʡʥʝ ʫʧʨʘʚʣʽʥʥʷ ʦʙ'ʻʢʪʦʤ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʡʦʛʦ ʨʦʙʦʪʠ [3].  

ʈʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ. ɻʦʣʦʚʥʝ ʤʽʩʮʝ ʚ ʥʝʯʽʪʢʽʡ ʣʦʛʽʢʽ ʪʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʧʦʩʽʜʘʻ ʥʝʯʽʪʢʠʡ ʚʠʩʥʦʚʦʢ. ʇʨʦʮʝʩ ʥʝʯʽʪʢʦʛʦ 

ʚʠʚʝʜʝʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʜʦʙʫʪʪʷ ʥʝʯʽʪʢʠʭ ʚʠʩʥʦʚʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʝʯʽʪʢʠʭ ʫʤʦʚ ʘʙʦ ʧʝʨʝʜʫʤʦʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʴ ʽ ʧʨʠʥʮʠʧʽʚ 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. ʎʝʡ ʧʨʦʮʝʩ ʦʙ'ʻʜʥʫʻ ʚ ʩʦʙʽ ʚʩʽ ʦʩʥʦʚʥʽ ʢʦʥʮʝʧʮʽʾ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ 

ʤʥʦʞʠʥ: ʬʫʥʢʮʽʾ ʧʨʠʥʘʣʝʞʥʦʩʪʽ, ʣʽʥʛʚʽʩʪʠʯʥʽ ʟʤʽʥʥʽ, ʥʝʯʽʪʢʽ ʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, 

ʤʝʪʦʜʠ ʥʝʯʽʪʢʦʾ ʽʤʧʣʽʢʘʮʽʾ ʪʘ ʥʝʯʽʪʢʽ ʢʦʤʧʦʟʠʮʽʾ.  

ʉʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʥʝʯʽʪʢʦʛʦ ʚʠʚʝʜʝʥʥʷ ʽ ʩʣʫʞʘʪʴ ʩʚʽʪʦʛʣʷʜʥʠʤ ʙʘʟʠʩʦʤ ʫʩʽʻʾ ʽʩʥʫʶʯʦʾ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ. ɼʦʩʷʛʥʫʪʽ ʫʩʧʽʭʠ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʮʠʭ ʩʠʩʪʝʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʥʘʯʥʦʛʦ 

ʢʣʘʩʫ ʟʘʜʘʯ ʢʝʨʫʚʘʥʥʷ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʩʪʘʥʦʚʣʝʥʥʷ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. ʉʠʩʪʝʤʠ 

ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, 

ʛʨʫʧʫʚʘʥʥʷ ʜʘʥʠʭ, ʨʦʟʨʽʟʥʝʥʥʷ ʦʙʨʘʟʽʚ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ.  

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ï ʮʝ ʨʦʟʧʦʜʽʣʝʥʠʡ ʧʘʨʘʣʝʣʴʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʜʠʥʠʮʴ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʢʦʧʠʯʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʟʥʘʥʥʷ ʪʘ ʥʘʜʘʶʪʴ ʾʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʦʪʨʠʤʫʻ 

ʽʥʬʦʨʤʘʮʽʶ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʾʭ ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ 

[3].  
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ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʠʭ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ ʟ 

ʚʝʣʠʢʠʤ ʦʙ'ʻʤʦʤ ʧʘʤ'ʷʪʽ, ʤʦʞʣʠʚʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʤʫʣʴʪʠ ʤʝʨʝʞ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʪʘ ʧʦʪʨʝʙʘ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ 

ʽʥʬʦʨʤʘʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟ ʟʥʘʥʴ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʥʘʧʨʘʚʣʝʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ï ʟ 

ʽʥʰʦʛʦ, ʧʨʠʟʚʝʣʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ [4].  

ʇʽʜ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʨʦʟʫʤʽʶʪʴ ʦʙ'ʻʜʥʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʠʤ 

ʧʨʦʮʝʩʦʤ ʩʪʨʫʢʪʫʨʫ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʢʦʪʨʽ 

ʧʨʘʮʶʶʪʴ ʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʟ ʦʧʝʨʘʪʦʨʦʤ ʘʙʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʴʦʛʦ; ʟʜʘʪʥʫ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʦʤʦʩʪʝʡ ʽ ʟʥʘʥʴ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʤʦʪʠʚʘʮʽʾ ʩʠʥʪʝʟʫʚʘʪʠ, ʛʝʥʝʨʫʚʘʪʠ  

ʨʽʰʝʥʥʷ ʧʨʦ ʜʽʶ ʪʘ ʟʥʘʭʦʜʠʪʠ ʝʬʝʢʪʠʚʥʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʟʜʘʪʥʽ ʛʝʥʝʨʫʚʘʪʠ ʤʝʪʫ, ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʜʦ ʜʽʾ, 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʽʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʟʫʣʴʪʘʪʫ ʜʽʾ ʽ ʟʽʩʪʘʚʣʷʪʠ ʾʭ ʟ ʨʝʘʣʴʥʠʤʠ, ʫʪʚʦʨʶʶʯʠ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ, 

ʢʦʨʠʛʫʚʘʪʠ ʤʝʪʫ ʘʙʦ ʫʧʨʘʚʣʽʥʥʷ. ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʻ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʡʥʝ ʚʽʜʥʝʩʝʥʥʷ ʜʦ ʢʣʘʩʫ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, 

ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʧʽʜʩʠʩʪʝʤʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʟʦʚʥʽʰʥʽʤ ʩʚʽʪʦʤ (ʜʘʪʯʠʢʠ, ʚʠʢʦʥʘʚʯʽ ʧʨʠʩʪʨʦʾ).  

ɺʠʩʥʦʚʢʠ: 

1. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʄɯʆ ʜʘʩʪʴ ʟʤʦʛʫ 

ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʽ ʛʝʦʤʝʪʨʽʾ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʚʠʨʦʙʫ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ ʰʚʠʜʢʦ ʧʝʨʝʥʘʣʘʰʪʦʚʫʚʘʪʠʩʷ ʥʘ ʦʙʨʦʙʢʫ 

ʚʠʨʦʙʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ.  

2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʯʽʪʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚ ʫʧʨʘʚʣʽʥʥʽ ʜʘʩʪʴ ʟʤʦʛʫ ʪʦʯʥʦ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʽʚ ʄɯʆ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʽʥʩʪʨʫʤʝʥʪʫ ʘʙʦ 

ʚʠʨʦʙʫ.   

3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʄɯʆ ʜʘʩʪʴ ʟʤʦʛʫ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʦʙʨʦʙʢʫ ʚʠʨʦʙʽʚ, ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʄɯʆ ʽ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩ ʄɯʆ.  
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ʉʀʉʊɽʄɸ ʂɽʈʋɺɸʅʅʗ ʗʂɯʉʊʖ ʇʈʆʎɽʉʋ ʄɽʍɸʅɯʏʅʆɻʆ 

ʆɹʈʆɹʃɽʅʅʗ ʉʅɸʈʗɼɯɺ 

 
1ʂʣʠʤʝʥʢʦ ɻ. ʇ., 1ʄʘʨʢʦʚ ʆ. ɭ., 2ʂʘʣʶʞʥʠʡ ɺ.ʃ., 3ɿʘʛʽʨʥʷʢ ɼ.ʄ., 
4ʄʫʟʠʢʽʥ ɭ.ʉ., 4ʄʫʟʠʢʽʥ ʇ.ʉ., 5ɸʜʘʤʝʥʢʦ ɹ.ɯ.ɼ, 5ɹʘʨʘʙʦʡ ʄ.ʄ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ-ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ, 2ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, 3ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄʠʭʘʡʣʘ 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ, 4ʊʆɺ çɼɭʄɿè., 5ɸʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ çʂʦʤʧʘʥʽʷ 

ʘʚʽʘʮʽʡʥʦʛʦ ʪʘ ʨʘʢʝʪʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè) 

 

ʋ ʢʦʥʪʝʢʩʪʽ ʨʦʟʚʠʪʢʫ ʦʙʦʨʦʥʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʨʫʧʥʦʢʘʣʽʙʝʨʥʠʭ ʩʥʘʨʷʜʽʚ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʷʢʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʢʦʨʧʫʩʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʧʨʦʮʝʩʥʦʛʦ 

ʧʽʜʭʦʜʫ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ISO 9000:2000, ʚʨʘʭʦʚʫʻ ʩʧʝʮʠʬʽʢʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʩʪʘʙʽʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʮʝʩʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʭʦʧʣʶʻ ʫʩʽ ʩʪʘʜʽʾ ʦʙʨʦʙʢʠ: ʚʽʜ ʧʽʜʛʦʪʦʚʢʠ ʪʘ 

ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʅʘ ʨʠʩʫʥʢʫ 1 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʷʢʽʩʪʶ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʩʥʘʨʷʜʽʚ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʟʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ, ʢʦʨʠʛʫʚʘʣʴʥʽ ʜʽʾ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʛʣʘʤʝʥʪʽʚ ʦʙʨʦʙʣʝʥʥʷ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʧʨʦʮʝʩʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ 

ʨʽʟʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʩʪʽ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʉʪʚʦʨʝʥʦ ʙʘʟʫ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʠʧʦʚʠʭ ʜʝʬʝʢʪʽʚ 

ʟʘʛʦʪʦʚʦʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʨʧʫʩʽʚ ʩʥʘʨʷʜʽʚ ʽ ʚʠʤʦʛ ʜʦ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʯʠʩʪʦʪʠ ʧʦʚʝʨʭʥʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʫ ʧʨʦʮʝʩʽ 

ʪʘ ʦʧʝʨʘʪʠʚʥʦ ʚʥʦʩʠʪʠ ʢʦʨʝʢʪʠʚʠ ʫ ʨʝʞʠʤʠ. 

ɯʥʪʝʛʨʘʮʽʷ ʚ ʩʠʩʪʝʤʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʜʽʘʛʥʦʩʪʠʢʠ, ʪʘʢʠʭ ʷʢ ʽʥʜʫʢʪʠʚʥʽ 

ʜʘʪʯʠʢʠ ʧʝʨʝʤʽʱʝʥʥʷ, ʚʽʙʨʦʜʘʪʯʠʢʠ ʪʘ ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʬʦʨʤʠ, ʜʘʻ 

ʟʤʦʛʫ ʚʠʷʚʣʷʪʠ ʚʽʜʭʠʣʝʥʥʷ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʪʘ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʧʦʟʘʰʪʘʪʥʽ ʩʠʪʫʘʮʽʾ. 
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 ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʷʢʽʩʪʶ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʛʦ 
ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ (ʩʥʘʨʷʜʽʚ) 

ɺʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ 

ʢʝʨʽʚʥʠʮʪʚʘ 

ʇʽʜʛʦʪʦʚʯʦ-

ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʨʦʮʝʩ 

ʇʨʦʮʝʩ ʦʙʩʣʫ-

ʛʦʚʫʚʘʥʥʷ 

ʂʝʨʫʚʘʥʥʷ 

ʨʝʩʫʨʩʘʤʠ 

ʇʨʦʮʝʩ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ  

ʆʨʛʘʥʽʟʘʮʽʡʥʠʡ 

ʧʨʦʮʝʩ 
ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʉʦʙʽʚʘʨʪʽʩʪʴ 

ʅʘʜʽʡʥʽʩʪʴ 

ɺʠʜʘʪʦʢ 

ɽʨʛʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ 

ʧʨʦʜʫʢʪ  

(ʜʝʪʘʣʴ) 

ʉ
ʧ
ʦ
ʞ
ʠ
ʚ
ʘ
ʯ

 
 

ʚ
ʠ
ʤ
ʦ
ʛ
ʠ

 

ʉ
ʧ
ʦ
ʞ
ʠ
ʚ
ʘ
ʯ

 
 

ɿ
ʘ
ʜ
ʦ
ʚ
ʽ
ʣ
ʴ
ʥ
ʝ
ʥ
ʥ
ʷ
 

ʚʠ
ʤ
ʦ
ʛ 

ʥʦʨʤʘ-

ʪʠʚʥʠʡ 

ʧʨʦʜʫʢʪ 

ʨʝʛʣʘ-

ʤʝʥʪʠ 

ʝʢʩʧʣʫ-

ʘʪʘʮʽʾ 

ɺʝʨʩʪʘʪ 

ɺʭʽʜʥʽ ʬʘʢʪʦʨʠ ɺʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ 

ʆʮʽʥʢʘ, ʘʥʘʣʽʟ, 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʃʶʜʠʥʘ 

ɯʥ-
ʩʪʨʫ-
ʤʝʥʪ 

ɼʝʪʘʣʴ 

 

 

ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʷʢʽʩʪʶ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʩʥʘʨʷʜʽʚ 

 

ʆʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʦʶ ʻ ʨʝʘʣʽʟʘʮʽʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʦʮʽʥʶʚʘʥʥʷ ʟʥʦʩʫ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʥʝ ʣʠʰʝ ʛʝʦʤʝʪʨʠʯʥʽ, ʘ ʡ ʪʝʨʤʦʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʋ ʧʨʦʮʝʩʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʦʙʨʦʙʢʠ 

ʩʥʘʨʷʜʽʚ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʠʜʘʪʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʜʦ 97%, 

ʟʥʠʞʝʥʥʷ ʚʽʜʩʦʪʢʫ ʙʨʘʢʫ ʥʘ 35% ʪʘ ʧʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ ʽʥʩʪʨʫʤʝʥʪʫ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ 40%. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʢʦʧʠʯʝʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ 

ʮʠʬʨʦʚʽ ʧʘʩʧʦʨʪʠ ʦʧʝʨʘʮʽʡ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʙʘʟʫ ʟʥʘʥʴ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʦʧʝʨʘʮʽʡ ʚ ʤʝʞʘʭ ʦʙʦʨʦʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʷʢʽʩʪʶ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʩʥʘʨʷʜʽʚ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʛʘʨʘʥʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʚʠʤʦʛʘʤ. ʇʦʻʜʥʘʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ 

ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʥʦʚʽʪʥʽʭ ʧʽʜʭʦʜʽʚ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ 

ʧʽʜʚʠʱʝʥʥʶ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʋʢʨʘʾʥʠ. 
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʆɹʈʆɹʃɽʅʅʗ ɼɽʊɸʃɽʁ ɺ ʋʄʆɺɸʍ 

ɺɸɾʂʆɻʆ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 

 

ʂʣʠʤʝʥʢʦ ɻ.ʇ., ʈʝʚʘ ɭ.ʉ., ʄʘʰʥʴʦʚ ɯ.ʆ., ʆʣʽʡʥʠʢ ʉ.ɯ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ-ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɺ ʫʤʦʚʘʭ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʜʝ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟʘʛʦʪʦʚʢʠ ʟ 

ʚʠʩʦʢʦʤʽʮʥʠʭ ʩʪʘʣʝʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʦʨʦʥʥʦʛʦ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ 

ʚ ʫʤʦʚʘʭ ʟʥʘʯʥʦʛʦ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʽʟʘʣʴʥʝ ʣʝʟʦ. ʇʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʘ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʬʦʨʤʦʩʪʽʡʢʦʩʪʽ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʪʘ ʢʘʩʘʣʴʥʠʤʠ 

ʥʘʧʨʫʞʝʥʥʷʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʥʘ ʧʝʨʝʜʥʽʡ ʪʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʷʭ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟ 

ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʩʪʘʣʝʡ (ʜʦ HB 3600 ʄʇʘ), ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ 

çʊʫʨʙʦʘʪʦʤè, çɽʣʝʢʪʨʦʚʘʞʤʘʰè, çʅʂʄɿè, çʂɿɺɺè ʪʘ ʽʥʰʠʭ ʚʠʨʦʙʥʠʢʽʚ 

ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʝʮʠʟʽʡʥʠʭ ʧʣʘʩʪʠʥ ʽʟ 

ʧʨʠʪʫʧʣʝʥʥʷʤ, ʚʠʢʦʥʘʥʠʤ ʥʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ, ʪʘ ʩʪʨʫʞʢʦʣʘʤʘʶʯʠʭ ʛʝʦʤʝʪʨʽʡ ʟ 

ʦʧʪʠʤʽʟʦʚʘʥʠʤʠ ʩʪʘʙʽʣʽʟʫʶʯʠʤʠ ʬʘʩʢʘʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʨʽʟʘʣʴʥʽʡ ʟʦʥʽ, ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʰʠʨʠʥʠ ʬʘʩʢʠ 

ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʘ ʚʽʜ ʰʣʷʭʫ ʨʽʟʘʥʥʷ ʧʨʠ ʪʦʯʽʥʥʽ ʩʪʘʣʝʡ ʨʽʟʥʦʾ ʪʚʝʨʜʦʩʪʽ. ɻʨʘʬʽʢʠ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʫʤʦʚ ʨʽʟʘʥʥʷ ʥʘ ʬʦʨʤʫ ʢʨʠʚʠʭ ʟʥʦʰʫʚʘʥʥʷ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʜʦʟʚʦʣʠʣʘ ʟʤʝʥʰʠʪʠ ʧʦʤʠʣʢʠ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʥʘʧʨʫʞʝʥʴ ʥʘ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ. ʈʝʘʣʽʟʘʮʽʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʜʘʻ ʟʤʦʛʫ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʽʥʩʪʨʫʤʝʥʪ ʜʦ 2,5 ʨʘʟʽʚ, ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʛʣʘʤʝʥʪʦʚʘʥʫ ʪʦʯʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, 

ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʥʘʧʨʫʞʝʥʴ ʥʘ ʟʥʦʩ ʨʽʟʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʬʦʨʤʦʩʪʽʡʢʦʩʪʽ ɗʬ ʪʘ ʚʽʜʥʦʩʥʦʛʦ ʢʘʩʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ůŰ/ůʚ. 
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ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʰʠʨʠʥʠ ʬʘʩʢʠ ʟʥʦʩʫ ʚʽʜ ʰʣʷʭʫ ʨʽʟʘʥʥʷ ʧʨʠ ʪʦʯʽʥʥʽ ʩʪʘʣʝʡ 

ʧʽʜʚʠʱʝʥʦʾ ʪʚʝʨʜʦʩʪʽ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʦʩʪʽʡʢʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʝ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʦʥʴ ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ: 

 

ὗ̕
—ὲ  τππ —̈  τππ

ς
ȾЍς τππ 

 

ʜʝ ɗʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʘ, 

ɗʟ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʘ, 

400 ï ʝʪʘʣʦʥʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʫ ʘʢʪʠʚʥʦʛʦ 

ʨʦʟʤôʷʢʰʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʫʟʘʛʘʣʴʥʝʥʦʶ ʝʢʩʧʦʥʝʥʮʽʡʥʦʶ 

ʤʦʜʝʣʣʶ: 

 

S (ɗʬ, ůŰ) = S (ůŰ) Ā [k Ā(0,6 + 0,1Ā|ůŰ|)]1/2 

 

ʜʝ S ï ʙʘʟʦʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, 

ůŰ ï ʢʘʩʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ, 

k ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʮʽʥʢʠ ʫʤʦʚ 

ʨʽʟʘʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚʘʞʢʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. 
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ɺʇʃʀɺ ʂʈʀɺʀʅʀ ʇʆɺɽʈʍʅɯ ʈɯɿɸʅʅʗ ʅɸ ɼɽʗʂɯ ʆʉʆɹʃʀɺʆʉʊɯ 

ʇʈʆʎɽʉʋ ʈɯɿɸʅʅʗ ʇʈʀ ʉɺɽʈɼʃɯʅʅɯ 

 
1ʂʦʙʝʣʴʥʠʢ ʆ.ʉ., 2ʃʝʱʫʢ ʈ.ʗ., 2ɹʝʡ ʄ.ɯ., 2ʂʦʙʝʣʴʥʠʢ ɺ.ʈ. 

(1 ɺʉʇ çʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʊʅʊʋ ʽʤʝʥʽ ɯ. ʇʫʣʶʷè, ʋʢʨʘʾʥʘ, 
2 ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ʇʫʣʶʷ, ʋʢʨʘʾʥʘ) 

 

ʉʧʽʨʘʣʴʥʽ ʩʚʝʨʜʣʘ ʤʘʶʪʴ ʨʷʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ. ʆʜʥʽʻʶ ʽʟ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʧʽʨʘʣʴʥʦʛʦ ʩʚʝʨʜʣʘ ʻ ʪʝ, ʱʦ ʡʦʛʦ ʛʦʣʦʚʥʽ ʨʽʟʘʣʴʥʽ ʢʨʦʤʢʠ (ɻʈʂ) ʨʦʟʤʽʱʝʥʽ ʧʽʜ 

ʧʝʚʥʠʤ ʢʫʪʦʤ j ʜʦ ʥʘʧʨʷʤʫ ʧʦʜʘʯʽ (ʛʦʣʦʚʥʠʡ ʢʫʪ ʚ ʧʣʘʥʽ) ʽ ʪʦʤʫ ʧʦʚʝʨʭʥʶ 

ʨʽʟʘʥʥʷ ʤʦʞʥʘ ʧʦʜʘʪʠ, ʷʢ ʢʦʥʽʯʥʫ, ʷʢʘ ʤʘʻ ʧʝʚʥʫ ʩʬʦʨʤʦʚʘʥʫ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ 

ʢʨʠʚʠʥʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʚʝʨʜʣ ʜʽʘʤʝʪʨʘʤʠ 9 ʽ 14ʤʤ, ʧʨʠ ʩʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥʥʷʭ ʧʝʨʝʤʠʯʢʠ 2 ʽ 2,5ʤʤ: ʢʨʠʚʠʥʘ r ʧʦʚʝʨʭʥʽ ʨʽʟʘʥʥʷ ʢʦʣʠʚʘʻʪʴʩʷ ʚ 

ʛʨʘʥʠʮʷʭ 0,22é1,00 ʽ 0,14é0,80 ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʘ ʟʤʽʥʘ ʢʨʠʚʠʥʠ ʧʦʚʝʨʭʥʽ 

ʨʽʟʘʥʥʷ ʧʨʠ ʩʚʝʨʜʣʽʥʥʽ ʙʝʟʧʝʨʝʯʥʦ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ, ʘ ʩʘʤʝ: ʢʦʝʬʽʮʽʻʥʪ ʧʦʟʜʦʚʞʥʴʦʛʦ ʫʢʦʨʦʯʝʥʥʷ ʩʪʨʫʞʢʠ k, ʚʝʣʠʯʠʥʫ ʢʫʪʘ 

ʟʩʫʚʫ q (ʧʦʣʦʞʝʥʥʷ ʧʣʦʱʠʥʠ ʟʩʫʚʫ) ʽ ʚʝʣʠʯʠʥʫ ʚʽʜʥʦʩʥʦʛʦ ʟʩʫʚʫ e. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ 

ʧʝʨʝʚʘʞʥʦ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʝʣʝʤʝʥʪʽʚ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ (ʛʣʠʙʠʥʠ, ʧʦʜʘʯʽ, 

ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ) ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ï 

ʨʽʟʮʽʚ ʥʘ ʚʝʣʠʯʠʥʠ: k, q ʽ e. 
ʇʠʪʘʥʥʷ ʚʧʣʠʚʫ ʩʘʤʝ ʢʨʠʚʠʥʠ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʜʝʷʢʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ (ʪʘʥʛʝʥʮʽʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʩʠʣʠ ʨʽʟʘʥʥʷ) 

ʜʦʩʣʽʜʞʝʥʦ ʪʽʣʴʢʠ ʧʨʠ ʪʦʯʽʥʥʽ ʽ ʪʦ ʯʘʩʪʢʦʚʦ. 

ʊʦʤʫ ʧʨʦʚʝʜʝʥʥʷ, ʚ ʽʤʦʚʽʨʥʽʩʥʦʤʫ ʘʩʧʝʢʪʽ, ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʢʨʠʚʠʥʠ 

ʧʦʚʝʨʭʥʽ ʨʽʟʘʥʥʷ ʧʨʠ ʩʚʝʨʜʣʽʥʥʽ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʫʢʦʨʦʯʝʥʥʷ ʩʪʨʫʞʢʠ ï kl, 

ʧʦʣʦʞʝʥʥʷ ʧʣʦʱʠʥʠ ʟʩʫʚʫ (ʢʫʪ ʟʩʫʚʫ q) ʽ ʚʽʜʥʦʩʥʠʡ ʟʩʫʚ - e ʚ ʧʝʚʥʽʡ ʤʽʨʽ 

ʟʘʧʦʚʥʠʪʴ ʽʩʥʫʶʯʫ ʧʨʦʛʘʣʠʥʫ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʽ ʻ ʙʝʟʧʝʨʝʯʥʦ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ: 

ʚʩʪʘʥʦʚʠʪʠ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥ kl, q ʽ e ʪʘ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʢʨʠʚʠʥʠ 
ʧʦʚʝʨʭʥʽ ʨʽʟʘʥʥʷ ʥʘ ʮʽ ʚʝʣʠʯʠʥʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʪʫ ʨʽʟʮʽʚ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ g  ʽ a  ʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ t, ʧʦʜʘʯʽ s, h ʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ V ʽ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʨʽʟʮʷ ï ʙʫʣʠ ʧʦʩʪʽʡʥʠʤʠ. 

ʆʪʨʠʤʘʣʠ ʚʽʜʧʦʚʽʜʥʽ ʟʨʘʟʢʠ ʩʪʨʫʞʢʠ ʥʘ ʨʽʟʥʽʡ ʢʨʠʚʠʥʽ ʧʦʚʝʨʭʥʽ, ʚʠʟʥʘʯʠʣʠ 

ʟʥʘʯʝʥʥʷ kl. ʆʧʨʘʮʶʚʘʚʰʠ ʩʪʘʪʠʩʪʠʯʥʽ ʨʷʜʠ ʦʪʨʠʤʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʛʨʘʬʽʢʠ 

ʟʘʣʝʞʥʦʩʪʝʡ ()rfkl =  ʪʘ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ kl. 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʤʦʜʝʣʣʶ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ ʟ ʦʜʥʽʻʶ ʧʣʦʱʠʥʦʶ ʟʩʫʚʫ, ʧʽʩʣʷ ʨʷʜʫ 

ʩʧʨʦʱʝʥʴ ʦʪʨʠʤʘʣʠ ʟʘʣʝʞʥʦʩʪʽ ɗ ʪʘ e ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ kl ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʛʨʘʬʽʢʠ 

ʟʘʣʝʞʥʦʩʪʝʡ ɗ ʪʘ e ʚʽʜ ʢʨʠʚʠʥʠ ʧʦʚʝʨʭʥʽ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʦʟʩʽʶʚʘʥʥʷ 

ʚʝʣʠʯʠʥ. ɯ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʦʪʨʠʤʘʣʠ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ɗ ʪʘ e. 
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ʉʊɯʁʂɯʉʊʔ ɯʅʉʊʈʋʄɽʅʊʋ ʇʈʀ ʆɹʈʆɹʎɯ ʅɽɾʆʈʉʊʂʀʍ 

ɻɺʀʅʊʆɺʀʍ ɿɸɻʆʊʆɺʆʂ 

 
1ʂʦʙʝʣʴʥʠʢ ʆ.ʉ., 2ʃʝʱʫʢ ʈ.ʗ., 2ʂʦʙʝʣʴʥʠʢ ɺ.ʈ., 2ʃʝʱʫʢ ʄ.ʈ., 2ɹʫʭʦʚʝʮʴ ɺ.ʄ. 

(1 ɺʉʇ çʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʊʅʊʋ ʽʤʝʥʽ ɯ. ʇʫʣʶʷè, ʋʢʨʘʾʥʘ, 
2 ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ʇʫʣʶʷ, ʋʢʨʘʾʥʘ) 

 

ʉʫʯʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚʠʩʫʚʘʻ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʜʦ ʜʝʪʘʣʝʡ, ʱʦ ʤʘʶʪʴ ʥʝʞʦʨʩʪʢʽ ʯʠ ʤʘʣʦʞʦʨʩʪʢʽ 

ʛʚʠʥʪʦʚʽ ʧʦʚʝʨʭʥʽ. ʇʨʦʮʝʩ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʥʝʞʦʨʩʪʢʠʭ ʛʚʠʥʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʛʚʠʥʪʦʚʠʭ ʢʦʥʚʝʻʨʘʭ, ʻ ʜʫʞʝ ʩʢʣʘʜʥʠʤ, ʘ ʨʝʟʫʣʴʪʘʪ ʡʦʛʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʘʛʘʪʴʤʘ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʟʨʽʟʫʚʘʥʦʛʦ ʰʘʨʫ 

ʤʝʪʘʣʫ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʯʝʨʝʟ ʩʠʣʴʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʥʘʛʨʽʚ, ʙʝʟʧʝʨʝʨʚʥʘ ʟʤʽʥʘ 

ʛʝʦʤʝʪʨʽʾ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ, ʨʽʟʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʝʬʝʢʪʠ, ʱʦ ʟôʷʚʣʷʶʪʴʩʷ ʽ 

ʟʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʨʽʟʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʊʦʤʫ ʚʠʚʯʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʤʝʪʦʜʦʤ 

ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʟʘʪʨʫʜʥʝʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʘʞʢʦ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʥʝʟʘʣʝʞʥʽ 

ʟʤʽʥʥʽ ʚʝʣʠʯʠʥʠ ʽ ʧʦ ʯʝʨʟʽ ʟʤʽʥʶʚʘʪʠ ʜʝʷʢʽ ʟ ʥʠʭ, ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ ʧʝʚʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. ʊʦʤʫ ʧʨʘʢʪʠʯʥʦ ʮʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʝʤʧʽʨʠʯʥʦ, 

ʦʜʥʦʯʘʩʥʦ ʟʤʽʥʶʶʯʠ ʜʝʢʽʣʴʢʘ ʟʤʽʥʥʠʭ, ʱʦʙ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʽ ʚʠʪʨʘʪʠ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ (ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ), ʷʢʠʡ ʚʧʝʨʰʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʦʬ. ɹʦʢʩʦʤ ʽ ʘʜʘʧʪʦʚʘʥʠʡ ʜʦ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʧʨʦʬ. ɺʫʣʴʬʦʤ ɸ.ʄ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʠʩʫʻʪʴʩʷ ʥʝ ʩʠʩʪʝʤʦʶ 

ʨʽʚʥʷʥʴ ʚ ʮʽʣʦʤʫ, ʘ ʣʠʰʝ ʧʝʚʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ 

ʥ̔ʪʝʨʝʩʫʶʪʴ ʜʦʩʣʽʜʥʠʢʽʚ, ʷʢʠʡ ʥʘʤʘʛʘʻʪʴʩʷ ʪʚʦʨʠʪʠ ʷʢʦʤʦʛʘ ʧʨʦʩʪʽʰʫ ʤʦʜʝʣʴ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʾʾ ʚʠʨʽʰʝʥʥʷ. 

ʊʘʢ, ʟʤʽʥʘ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʊ ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ V, ʧʦʜʘʯʽ 

S ʽ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ t ʦʧʠʩʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ qpm tCvsT = , ʪʫʪ 

ʧʨʠʡʤʘʻʪʴʩʷ ʊ ï ʟʘʣʝʞʥʘ ʽ V,s,t ï ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. 

ɺ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ ʙʫʜʝ ʧʦʣʽʥʦʤʦʤ ʧʝʨʰʦʾ ʩʪʝʧʝʥʽ: 

t
m

q
S

m

P

m

V

m

C
T lnln

lnln
ln +++= ; 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʣʘʥʫʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʦʙʪʦ 

ʦʜʥʦʯʘʩʥʦʾ ʟʤʽʥʠ ʚʩʽʭ ʟʤʽʥʥʠʭ ʬʘʢʪʦʨʽʚ ʍ1(V), X2(S), X3(t) ʟ ʥʝʦʙʭʽʜʥʠʤ 

ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʩʪʽʡʥʦʾ b0 ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ b1, b2, b3. ʪʘ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʭʠʙʢʠ: 

e++++=
3322110

xbxbxbby . 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʣʠ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ 

ʚ ʥʘʪʫʨʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ  
35,046,067,124,11 tSVeT= , ʭʚ. 
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ɽʅʊʈʆʇɯʁʅʀʁ ʇɯɼʍɯɼ ɼʆ ʆʎɯʅʂʀ ʅɸɼɯʁʅʆʉʊɯ ʄɸʐʀʅ ʋ 

ʈɽʄʆʅʊʅʆʄʋ ɺʀʈʆɹʅʀʎʊɺɯ 

 

ʂʦʚʘʣʝʚʩʴʢʠʡ ʉ.ɺ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʆʜʥʠʤ ʽʟ ʘʢʪʫʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ ʜʣʷ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʡʦʛʦ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʨʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ ʚ ʨʝʤʦʥʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʪʨʦʧʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʥʘʜʽʡʥʦʩʪʽ ʤʘʰʠʥ. 

ʋ ʮʝʥʪʨʽ ʜʦʩʣʽʜʞʝʥʥʷ ð ʝʥʪʨʦʧʽʷ ʐʝʥʥʦʥʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ 

ʥʘʜʽʡʥʽʩʪʴ ʷʢ ʨʽʚʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʱʦʜʦ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ 

ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ 

ʘʥʘʣʽʟʽ ʝʥʪʨʦʧʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʠʧʦʚʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʜʦ ʚʽʜʤʦʚʠ 

(ʥʦʨʤʘʣʴʥʦʛʦ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ, ɺʝʡʙʫʣʣʘ, ʛʘʤʤʘ-ʨʦʟʧʦʜʽʣʫ, ʣʦʛʥʦʨʤʘʣʴʥʦʛʦ, 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʪʘ ʨʦʟʧʦʜʽʣʫ ʇʫʘʩʩʦʥʘ) ʟʘ ʫʤʦʚʠ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʾ [1,2,3]. ʎʝ ʜʦʟʚʦʣʷʻ ʫʥʽʬʽʢʦʚʘʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʤʦʜʝʣʽ 

ʜʝʛʨʘʜʘʮʽʾ ʡ ʘʜʘʧʪʫʚʘʪʠ ʧʨʦʛʥʦʟʥʽ ʩʪʨʘʪʝʛʽʾ. ɺʚʝʜʝʥʦ ʧʦʥʷʪʪʷ ʟʘʣʠʰʢʦʚʦʾ 

ʝʥʪʨʦʧʽʾ ð ʷʢ ʢʽʣʴʢʽʩʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʧʽʩʣʷʨʝʤʦʥʪʥʦʛʦ ʩʪʘʥʫ ʚʫʟʣʽʚ. ʎʝʡ 

ʧʦʢʘʟʥʠʢ ʜʘʻ ʟʤʦʛʫ ʥʝ ʣʠʰʝ ʦʮʽʥʶʚʘʪʠ ʨʽʚʝʥʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʦʛʥʦʟʫ, ʘ ʡ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʩʘʤʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʥʘ ʤʘʡʙʫʪʥʽʡ ʩʪʘʥ ʩʠʩʪʝʤʠ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʧʦʙʫʜʦʚʽ ʤʝʪʨʠʢʠ ʝʥʪʨʦʧʽʡʥʦʛʦ ʨʠʟʠʢʫ, ʷʢʘ ʚʨʘʭʦʚʫʻ 

ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚʫʟʣʘ, ʪʘʢ ʽ ʩʪʫʧʽʥʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʾʾ ʧʨʦʛʥʦʟʫ. ʊʘʢʘ 

ʤʝʪʨʠʢʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʜʠʥʘʤʽʯʥʝ ʨʘʥʞʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʟʘ ʢʨʠʪʠʯʥʽʩʪʶ, 

ʬʦʨʤʫʚʘʪʠ ʘʜʘʧʪʠʚʥʽ ʛʨʘʬʽʢʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʫʚʘʪʠ 

ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʪʨʫʯʘʥʴ ʙʝʟ ʚʪʨʘʪʠ ʥʘʜʽʡʥʦʩʪʽ. 

ʆʩʢʽʣʴʢʠ ʨʝʤʦʥʪʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʯʘʩʪʦ ʤʘʻ ʩʧʨʘʚʫ ʟ ʫʩʪʘʪʢʫʚʘʥʥʷʤ, ʜʣʷ 

ʷʢʦʛʦ ʚʽʜʩʫʪʥʽ ʧʦʚʥʽ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʘʙʦ ʧʘʩʧʦʨʪʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʚʪʨʘʯʝʥʘ, 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʩʪʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʽʜʭʦʜʽʚ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʚ 

ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɽʥʪʨʦʧʽʡʥʠʡ ʧʽʜʭʽʜ ʚʠʷʚʠʚʩʷ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤ 

ʩʘʤʝ ʚ ʪʘʢʠʭ ʦʙʩʪʘʚʠʥʘʭ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʥʝ 

ʘʙʩʦʣʶʪʥʦʛʦ ʯʘʩʫ ʜʦ ʚʽʜʤʦʚʠ, ʘ ʨʽʚʥʷ ʚʠʟʥʘʯʝʥʦʩʪʽ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʧʨʦʛʥʦʟʦʤ 

ʨʝʩʫʨʩʫ. 

ʋ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʮʝʥʘʨʽʾʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʪʨʦʧʽʡʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʫ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ð ʚʽʜ 

ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʜʦ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʩʦʙʣʠʚʫ ʮʽʥʥʽʩʪʴ ʝʥʪʨʦʧʽʡʥʘ ʤʦʜʝʣʴ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʚ ʫʤʦʚʘʭ ʦʜʠʥʠʯʥʦʛʦ ʨʝʤʦʥʪʫ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʜʝ 

ʢʦʞʝʥ ʚʫʟʦʣ ʤʦʞʝ ʤʘʪʠ ʚʣʘʩʥʫ ʽʩʪʦʨʽʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʜʝʛʨʘʜʘʮʽʾ. 

ɿʥʘʯʫʱʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ ʧʨʦʮʝʜʫʨ ʘʛʨʝʛʘʮʽʾ ʝʥʪʨʦʧʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʨʽʚʥʽ ʤʘʰʠʥʥʠʭ ʧʘʨʢʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʡ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ 

ʚʠʡʪʠ ʟʘ ʤʝʞʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʽʥʪʝʛʨʘʣʴʥʽ ʽʥʜʠʢʘʪʦʨʠ 
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ʥʘʜʽʡʥʦʩʪʽ ʜʣʷ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʨʦʟʜʽʣʽʚ. ʆʪʞʝ, ʦʮʽʥʢʘ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʩʪʘ ̒ʙʫʪʠ 

ʣʠʰʝ ʧʠʪʘʥʥʷʤ ʽʥʞʝʥʝʨʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʥʘʙʫʚʘʻ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʨʠʟʠʢʽʚ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ. 

ʉʠʩʪʝʤʥʘ ʽʥʪʝʛʨʘʮʽʷ ʟ ʜʽʶʯʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʮʠʬʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʘʣʘ 

ʟʤʦʛʫ ʦʙôʻʜʥʘʪʠ ʜʘʥʽ ʟ ʯʠʩʣʝʥʥʠʭ ʜʞʝʨʝʣ ð ʚʽʜ ʩʝʥʩʦʨʽʚ ʽ ʏʇʋ-ʩʠʩʪʝʤ ʜʦ ERP-

ʨʽʰʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʥʪʨʦʧʽʡʥʘ ʤʦʜʝʣʴ ʩʪʘ ̒ʥʝ ʦʢʨʝʤʠʤ ʤʦʜʫʣʝʤ, ʘ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʫʨʫ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʽʜʪʨʠʤʫʶʯʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 

ʨʝʞʠʤʽ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʅʘ ʙʘʟʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʨʦʟʨʦʙʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʮʠʬʨʦʚʦʛʦ 

ʤʦʜʫʣʷ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʷʢ ʯʘʩʪʠʥʘ MES/SCADA/IoT-

ʩʠʩʪʝʤ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. ʄʦʜʫʣʴ ʚʠʢʦʥʫʻ ʦʙʯʠʩʣʝʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʝʥʪʨʦʧʽʾ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʟʠʢʫ ʪʘ ʚʠʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʊʆ. ɸʣʛʦʨʠʪʤ ʨʝʘʣʽʟʦʚʘʥʦ ʫ 

ʚʠʛʣʷʜʽ ʧʩʝʚʜʦʢʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʥʩʦʨʥʠʭ ʜʘʥʠʭ ʽ ʜʘʥʠʭ ʥʘʧʨʘʮʶʚʘʥʥʷ, ʱʦ 

ʨʦʙʠʪʴ ʩʠʩʪʝʤʫ ʛʥʫʯʢʦʶ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʪʨʦʧʽʡʥʦʾ ʤʦʜʝʣʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʟ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (70 ʦʜʠʥʠʮʴ) ʜʦʟʚʦʣʷʻ  ʟʤʝʥʰʠʪʠ  

ʢʽʣʴʢʽʩʪʴ ʘʚʘʨʽʡʥʠʭ ʟʫʧʠʥʦʢ ʥʘ 43 %, ʟʥʽʞʠʪʠ  ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ 

18 %, ʟʙʽʣʴʰʠʪʠ ʽʥʪʝʨʚʘʣ ʤʽʞ ʚʪʨʫʯʘʥʥʷʤʠ ʥʘ 12 %, ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʧʝʨʝʚʘʛʠ ʝʥʪʨʦʧʽʡʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʥʘʜ 95 %. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʝʥʪʨʦʧʽʡʥʘ ʤʦʜʝʣʴ ʻ ʧʦʪʫʞʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʩʪʨʘʪʝʛʽʾ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʦʨʽʻʥʪʦʚʘʥʦʾ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʪʠʟʦʚʘʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ. ɯʥʪʝʛʨʘʮʽʷ ʝʥʪʨʦʧʽʡʥʠʭ ʤʝʪʦʜʽʚ ʫ ʮʠʬʨʦʚʽ ʩʠʩʪʝʤʠ 

ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʚʦʨʶʻ ʥʘʫʢʦʚʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʩʘʤʦʥʘʚʯʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʢʝʨʫʚʘʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʚʠʨʦʙʽʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʱʦ ʮʽʣʢʦʤ ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʷʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʉʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʘ ʥʘ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ð ʷʢ ʚʽʜ ʽʥʞʝʥʝʨʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʘʢ ʽ ʚʽʜ 

ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ. ʎʝ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʦʩʪʫʧʦʚʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʽ ʘʜʘʧʪʘʮʽʾ ʾʭ ʜʦ ʩʧʝʮʠʬʽʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏɯ ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ʊɸ 

ɽʌɽʂʊʀɺʅʆʉʊɯ ʆɹʈʆɹʂʀ ɺɽʃʀʂʀʍ ɼɽʊɸʃɽʁ ʋ ɺɸɾʂʆʄʋ 
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(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ-ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʉʫʯʘʩʥʽ ʚʠʢʣʠʢʠ ʦʙʦʨʦʥʥʦʾ, ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʝʡ 

ʚʠʤʘʛʘʶʪʴ ʚʽʜ ʧʽʜʧʨʠʻʤʩʪʚ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʚʠʩʦʢʦʪʦʯʥʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʟʽ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʱʦ ʟʘʟʥʘʶʪʴ 

ʟʥʘʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʽ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ. ʊʠʧʦʚʽ ʧʨʠʢʣʘʜʠ ð 

ʢʦʣʽʥʯʘʩʪʽ ʚʘʣʠ, ʛʽʜʨʦʪʫʨʙʽʥʥʽ ʜʝʪʘʣʽ, ʢʦʨʧʫʩʠ ʪʘ ʧʽʜʰʠʧʥʠʢʦʚʽ ʚʫʟʣʠ ʜʽʘʤʝʪʨʦʤ 

ʜʦ 3 ʤ ʽ ʜʦʚʞʠʥʦʶ ʜʦ 12 ʤ. 

ʆʛʣʷʜ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [1ï3] ʩʚʽʜʯʠʪʴ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʯʝʨʝʟ: 

- ʜʝʬʦʨʤʘʮʽʾ, ʩʧʨʠʯʠʥʝʥʽ ʛʨʘʚʽʪʘʮʽʡʥʠʤʠ ʪʘ ʪʝʧʣʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ; 

- ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʘʥʜʘʨʪʥʠʭ ʢʨʽʧʣʝʥʴ ʜʣʷ ʜʦʚʛʠʭ ʚʘʣʽʚ ʘʙʦ ʚʝʣʠʢʠʭ 

ʜʝʪʘʣʝʡ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʩʦʙʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʚʽʜʭʠʣʝʥʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ; 

- ʦʙʤʝʞʝʥʽʩʪʴ ʩʪʘʮʽʦʥʘʨʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʫ ʨʘʟʽ ʚʝʣʠʢʠʭ 

ʨʦʟʤʽʨʽʚ ʦʙôʻʢʪʽʚ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ ʧʦʩʪʘʻ ʧʦʪʨʝʙʘ 

ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ: 

- ʨʦʟʨʦʙʢʘ ʛʥʫʯʢʠʭ, ʘʜʘʧʪʠʚʥʠʭ, ʙʘʛʘʪʦʪʦʯʢʦʚʠʭ ʢʨʽʧʣʝʥʴ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡ [2]; 

- ʧʦʙʫʜʦʚʘ ʽʥʪʝʛʨʦʚʘʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʦʜʥʦʯʘʩʥʠʡ ʚʧʣʠʚ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ [3]; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʦʙʨʦʙʢʠ ʡ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ [1, 4]; 

- ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʪʝʧʣʦʚʦʛʦ ʜʨʝʡʬʫ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ ʫ ʛʝʦʤʝʪʨʽʾ ʜʝʪʘʣʽ. 

ɺʠʢʦʥʘʥʥʷ ʚʢʘʟʘʥʠʭ ʟʘʜʘʯ ʟʘʙʝʟʧʝʯʠʪʴ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʾ 

ʤʝʪʦʜʠʢʠ ʚʠʩʦʢʦʪʦʯʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʫ ʤʦʞʥʘ ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʥʘʷʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ. 
ʃʽʪʝʨʘʪʫʨʘ: 1. Guo Q. Reviews on the machining and measurement of large components. ï 

Advances in Mechanical Engineering, 2023, 15(9): 1ï11. 

2. Wang Y. et al. Optimisation of machining fixture layout under multi-constraints. ï Int J 

Mach Tools Manuf, 2006. 

3. Denkena B., Schmidt C. Thermal and mechanical influences on shape deviations in 

machining structural parts. ï Int J Mach Tools Manuf, 2010. 

4. Zhou Z. et al. A combined calibration method of a mobile robotic measurement system for 

large-sized components. ï Measurement, 2022. 
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ʄɽʊʆɼʀʂɸ ɻɽʆʄɽʊʈʀʏʅʆɰ ɺɽʈʀʌɯʂɸʎɯɰ ʉʊɸʅʀʅ ɿɺɸʈʅʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁ ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʎʀʌʈʆɺʀʍ ʊɽʍʅʆʃʆɻɯʁ 

ɿɺʆʈʆʊʅʆɻʆ ɯʅɾʀʅɯʈʀʅɻʋ 

 
1ʂʦʚʘʣʴʦʚ ɺ.ɼ., 1ɸʥʪʦʥʝʥʢʦ ʗ.ʉ., 2ʉʝʥʯʠʰʠʥ ɺ.ʉ. 
1(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ-ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 
2ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯ. ʇʫʣʶʷ, ʋʢʨʘʾʥʘ) 

 

ɾʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ ʽ ʾʾ ʝʣʝʤʝʥʪʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ 

ʟʥʘʯʥʫ ʤʘʩʫ, ʪʘʢʠʭ ʷʢ ʩʪʘʥʠʥʠ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡʢʽʩʪʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʽ, 

ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘ ʪʦʯʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ. ɺ ʜʘʥʠʡ ʯʘʩ ʧʝʨʝʚʽʨʢʘ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ. ʍʦʯʘ ʮʽ ʤʝʪʦʜʠ ʝʬʝʢʪʠʚʥʽ ʜʣʷ 

ʦʮʽʥʢʠ ʙʘʟʦʚʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ, ʚʦʥʠ ʩʪʠʢʘʶʪʴʩʷ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʟ ʥʝʟʥʘʯʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ [1]. ɿ ʨʦʟʚʠʪʢʦʤ 

ʪʝʭʥʦʣʦʛʽʡ ʟʚʦʨʦʪʥʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ ʩʪʘʣʘ ʤʦʞʣʠʚʦʶ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ ʽ ʪʦʯʥʘ 

ʧʝʨʝʚʽʨʢʘ ʩʢʣʘʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʪʘʥʠʥ ʟʚʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ. ʈʝʽʥʞʠʥʽʨʠʥʛ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʽʩʥʫʶʯʦʛʦ ʧʨʦʜʫʢʪʫ ʘʙʦ 

ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ, ʬʫʥʢʮʽʡ ʪʘ ʧʘʨʘʤʝʪʨʽʚ. ɺʽʥ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʢʦʥʪʨʦʣʽ ʷʢʦʩʪʽ, ʜʽʜʞʠʪʘʣʽʟʘʮʽʾ ʪʘ ʤʝʪʨʦʣʦʛʽʾ. 

ʇʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʮʠʬʨʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D-ʩʢʘʥʫʚʘʥʥʷ, 

ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ CAD-ʤʦʜʝʣʽ ʪʘ ʧʝʨʝʚʽʨʢʠ ʾʾ ʪʦʯʥʦʩʪʽ. 

ʊʨʠʚʠʤʽʨʥʽ ʩʢʘʥʝʨʠ ʜʦʟʚʦʣʷʶʪʴ ʟʙʠʨʘʪʠ ʚʠʩʦʢʦʜʝʪʘʣʽʟʦʚʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʜʘʥʽ, 

ʧʦʣʝʛʰʫʶʯʠ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʽʟ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʠʟʥʘʯʝʥʠʤʠ ʩʧʝʮʠʬʽʢʘʮʽʷʤʠ ʉɸʇʈ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʛʝʦʤʝʪʨʠʯʥʦ ʩʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ ʻ ʪʝʨʤʽʯʥʘ 

ʜʝʬʦʨʤʘʮʽʷ, ʷʢʘ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʥʝʨʽʚʥʦʤʽʨʥʝ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ [2]. ʎʝ ʷʚʠʱʝ ʩʧʨʠʯʠʥʷʻ ʫʩʘʜʢʫ, ʟʤʽʱʝʥʥʷ ʪʘ ʚʠʢʨʠʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʤʽʨʽʚ. ɯʥʰʠʤ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʻ 

ʷʢʽʩʪʴ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʜʝ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ 

ʩʧʨʠʷʶʪʴ ʜʝʬʦʨʤʘʮʽʷʤ ʥʘʚʽʪʴ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʄʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ ʪʦʯʥʽʩʪʶ ʚʘʞʢʦʛʦ ʚʝʨʩʪʘʪʘ ʟʽ ʟʚʦʨʦʪʥʠʤʠ 

ʟʚ'ʷʟʢʘʤʠ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [2]. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʠ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʜʘʧʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʝʨʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʶ ʪʦʯʥʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ʋʜʦʩʢʦʥʘʣʝʥʦ 

ʩʧʦʩʦʙʠ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʦʯʥʽʩʪʶ ʟʘ ʚʽʜʭʠʣʝʥʥʷʤʠ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʦʾ 

ʩʠʩʪʝʤʠ ʽ ʧʦʭʠʙʦʢ ʛʦʪʦʚʦʾ ʜʝʪʘʣʽ. ʇʦʨʷʜ ʽʟ ʪʠʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 3D-

ʩʢʘʥʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʟʘʣʠʰʢʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʚʠʩʚʽʪʣʶʶʯʠ ʚʟʘʻʤʦʜʽʶ 

ʜʝʬʦʨʤʘʮʽʡ ʤʽʞ ʢʽʣʴʢʦʤʘ ʟʚʘʨʶʚʘʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ.  
ʃʽʪʝʨʘʪʫʨʘ: 1. Gabġtur, P., Koļiġko, M., Kaġļak, J., & Poll§k, M. (2025). Methodology 

for Verification of Geometrically Complex Components Through Reverse Engineering. Applied 

Sciences, 15(7), 3963. https://doi.org/10.3390/app15073963. 2. ɼʠʩʩʝʨʪʘʮʽʷ ʇ̔ ʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ h ʣʷʭʦʤ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ /ɸʥʪʦʥʝʥʢʦ ʗ.ʉ. 

ï ʂʨʘʤʘʪʦʨʩʴʢ ï 2019 - ʋɼʂ 621.9.06-229.004 
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ʂʆʄʇʆʅʆɺʂɸ ɺɸɾʂʀʍ ʊʆʂɸʈʅʀʍ ɺɽʈʉʊɸʊɯɺ 

ɼʃʗ ʈɽɸʃɯɿɸʎɯɰ ɺʀʈʆɹʅʀʎʊɺɸ ɼɽʊɸʃɽʁ 

ʆɹʆʈʆʅʅʆɻʆ ʊɸ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

 

ʂʦʚʘʣʴʦʚ ɺ.ɼ., ʏʫʡʢʦ ɺ.ɺ., ʃʦʙʫʨ ʖ.ʄ., ɻʦʣʫʙʠʮʴʢʠʡ ɽ.ɺ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ-ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɺ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʝʣʦʢʘʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʤʦʙʽʣʴʥʠʭ, 

ʞʦʨʩʪʢʠʭ ʽ ʪʦʯʥʠʭ ʚʝʨʩʪʘʪʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʦʙʦʨʦʥʥʦʛʦ 

ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʥʦʚʢʠ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʫʟʣʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ. ɺ ʦʩʥʦʚʫ 

ʧʦʢʣʘʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ ʦʮʽʥʢʫ ʢʦʤʧʦʥʦʚʦʯʥʠʭ ʨʽʰʝʥʴ ʟʘ ʢʨʠʪʝʨʽʷʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʩʪʦʨʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʩʫʤʽʩʥʦʩʪʽ ʟ ʩʠʩʪʝʤʘʤʠ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʄʝʪʦʜʠʢʘ, 

ʧʝʨʝʜʙʘʯʘʻ ʧʦʙʫʜʦʚʫ ʩʪʨʫʢʪʫʨʥʦʾ ʤʘʪʨʠʮʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʥʠʥʠ, ʦʧʦʨ, ʧʨʠʚʦʜʽʚ ʪʘ ʽʥʪʝʨʬʝʡʩʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʚʠʨʦʙʫ ʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʧʦʻʜʥʘʥʥʶ ʤʦʜʫʣʴʥʦʛʦ 

ʧʨʠʥʮʠʧʫ ʧʦʙʫʜʦʚʠ ʟ ʘʜʘʧʪʠʚʥʠʤʠ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤʠ ʦʧʦʨʘʤʠ ʪʘ ʮʠʬʨʦʚʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʨʝʩʫʨʩ ʦʙʨʦʙʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʦʙʨʦʙʢʠ ʢʦʨʧʫʩʽʚ 

ʩʥʘʨʷʜʽʚ, ʝʣʝʤʝʥʪʽʚ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʪʫʨʙʽʥʥʠʭ ʬʣʘʥʮʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʧʽʜʚʠʱʝʥʦʶ ʜʠʥʘʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ʪʘ ʤʽʥʽʤʘʣʴʥʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʚʝʨʩʪʘʪʘ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʩʧʨʦʱʫʻ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʤʦʥʪʘʞ ʽ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʩʣʷ ʨʝʣʦʢʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʈʠʩ. 1 ʽʣʶʩʪʨʫʻ ʣʦʛʽʢʫ 

ʚʠʙʦʨʫ ʚʫʟʣʽʚ ʢʦʤʧʦʥʦʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʠʪʝʨʽʾʚ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧʦʥʦʚʢʠ ʚʝʨʩʪʘʪʘ ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʨʽʰʝʥʴ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʚʘʞʢʦʛʦ ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺʽʥ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʩʣʽʜʦʚʥʦʤʫ 

ʚʨʘʭʫʚʘʥʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. 

ʇʦʯʘʪʢʦʚʽ ʝʪʘʧʠ ʚʢʣʶʯʘʶʪʴ ʬʦʨʤʘʣʽʟʘʮʽʶ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʢʠ ʫ ʚʠʛʣʷʜʽ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʽ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʢʣʘʜʫ 

ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʙʘʟʦʚʦʤʫ ʚʘʨʽʘʥʪʫ ʧʦʙʫʜʦʚʠ. 
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ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʩʠʥʪʝʟ ʤʦʞʣʠʚʠʭ ʩʪʨʫʢʪʫʨ, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʥʦʨʤʘʣʽ ʪʘ 

ʙʘʣʘʥʩ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʭʠʙʦʢ, ʘ ʪʘʢʦʞ ʦʮʽʥʶʻʪʴʩʷ ʚʧʣʠʚ ʜʝʬʦʨʤʘʮʽʡʥʠʭ 

ʯʠʥʥʠʢʽʚ. ɿʘʚʝʨʰʘʣʴʥʽ ʝʪʘʧʠ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʢʦʤʧʦʥʦʚʦʢ, ʚʩʪʘʥʦʚʣʝʥʥʽ ʢʨʠʪʝʨʽʾʚ ʪʘ ʚʠʙʦʨʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ, 

ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

 

 

ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧʦʥʦʚʢʠ ʚʘʞʢʦʛʦ ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʫ. 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʦʤʧʦʥʦʚʢʠ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ 

ʚʝʨʩʪʘʪʽʚ ʟʘʙʝʟʧʝʯʫʻ ʥʦʚʠʡ ʨʽʚʝʥʴ ʤʦʙʽʣʴʥʦʩʪʽ, ʪʦʯʥʦʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʫʤʦʚ 

ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʪʘ ʨʝʣʦʢʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʦʻʜʥʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʤʦʜʫʣʴʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʪʘ ʮʠʬʨʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʢʦʥʪʨʦʣʶ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʙʨʦʙʢʫ 

ʜʝʪʘʣʝʡ ʦʙʦʨʦʥʥʦʛʦ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʽʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʙʦʨʫ 

ʝʣʝʤʝʥʪʽʚ ʢʦʤʧʦʥʦʚʢʠ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʯʽʪʢʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ, ʛʝʦʤʝʪʨʠʯʥʠʭ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʢʨʠʪʝʨʽʷʭ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʝʨʩʪʘʪʽʚ, ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʰʚʠʜʢʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʫ ʥʦʚʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ, ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʅɽʆɹʍɯɼʅʆɻʆ ʉʊʋʇɽʅʗ ɼɽʌʆʈʄɸʎɯɰ 

ʂʆɺɸʃʔʉʔʂʆɰ ʆʇɽʈɸʎɯɰ ʆʉɸɼɾʋɺɸʅʅʗ ʇʈʀ ʂʋɺɸʅʅɯ ɻɸʂɯɺ 

 

ʂʦʣʽʩʥʠʢ ʂ. ɼ., ʏʫʭʣʽʙ ɺ. ʃ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ) 

 

ʋ ʚʘʞʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʟʘʜʘʯ ʻ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ, ʪʘʢʠʭ ʷʢ ʚʘʥʪʘʞʦʧʽʜʽʡʤʘʣʴʥʽ ʛʘʢʠ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʟʥʘʯʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɺʽʜ ʦʧʝʨʘʮʽʾ ʦʩʘʜʞʫʚʘʥʥʷ (ʨʠʩ. 1) ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʫʚʘʥʥʷʤ ʛʘʢʽʚ ʟʘʣʝʞʠʪʴ ʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ, ʤʽʮʥʽʩʪʴ ʽ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʠʙʽʨ ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ ʻ 

ʚʘʞʣʠʚʠʤ, ʘʜʞʝ ʡʦʛʦ ʧʦʨʫʰʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʜʝʬʝʢʪʽʚ ʘʙʦ ʟʥʠʞʝʥʥʷ ʨʝʩʫʨʩʫ ʜʝʪʘʣʽ [1]. 

 
ʈʠʩ. 1. ɽʩʢʽʟ ʢʦʚʘʣʴʩʴʢʦʾ ʦʧʝʨʘʮʽʾ ʦʩʘʜʞʫʚʘʥʥʷ 

 

ʋ ʨʦʙʦʪʽ [2] ʘʚʪʦʨʠ ʚʠʟʥʘʯʠʣʠ ʜʣʷ ʧʦʢʦʚʦʢ ʟ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʥʝʦʙʭʽʜʥʠʡ 

ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʦʩʘʜʞʫʚʘʥʥʽ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 30%. ʆʜʥʘʢ ʩʧʝʮʠʬʽʢʘ 

ʦʩʘʜʞʫʚʘʥʥʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʛʘʢʽʚ, ʟʦʢʨʝʤʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ, ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʚʦʣʦʢʦʥ, 

ʜʦʩʽ ʥʝʜʦʩʪʘʪʥʴʦ ʦʧʨʘʮʴʦʚʘʥʘ. ɺʽʜʩʫʪʥʽ ʩʠʩʪʝʤʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ 

ʦʩʘʜʞʫʚʘʥʥʷ ʟʘʛʦʪʦʚʢʠ ʟʽ ʩʪʘʣʽ 20 ʜʣʷ ʛʘʢʘ ʰʣʷʭʦʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɿʘʚʜʘʥʥʷ: ʧʨʦʚʝʩʪʠ ʩʝʨʽʶ ʜʦʩʣʽʜʞʝʥʴ ʚ ʩʝʨʝʜʦʚʠʱʽ QForm [3] , ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʜʝʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʟ ʨʽʟʥʠʤʠ 

ʩʪʫʧʝʥʷʤʠ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʱʦʜʦ ʟʥʘʯʝʥʥʷ 

ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ, ʦʨʽʻʥʪʘʮʽʾ ʚʦʣʦʢʦʥ ʪʘ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ.  

ɼʦʩʣʽʜʞʝʥʦ ʚʘʨʽʘʥʪʠ ʩʪʫʧʝʥʷ ʜʝʬʦʨʤʘʮʽʾ: 20%, 30%, 40%, 50%, 60% ʪʘ 

70%. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʩʪʫʧʝʥʽ ʜʝʬʦʨʤʘʮʽʾ 40ï50% (ʨʠʩ. 2) 

ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʢʨʘʱʝ ʫʱʽʣʴʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʧʣʘʩʪʠʯʥʦʾ 
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ʜʝʬʦʨʤʘʮʽʾ, ʥʘʧʨʫʞʝʥʴ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. ʇʨʠ ʜʝʬʦʨʤʘʮʽʾ 60% 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʨʠʟʠʢʫ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʽ ʧʦʨʦʞʥʠʥ ʫ ʮʝʥʪʨʘʣʴʥʽʡ 

ʯʘʩʪʠʥʽ ʟʘʛʦʪʦʚʢʠ. 

 

 
ʘ) 40%; ʙ) 50%; ʚ) 60% 

ʈʠʩ. 2. ʈʦʟʧʦʜʽʣʝʥʥʷ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʡ ʚ ʧʝʨʝʨʽʟʽ ʟʘʛʦʪʦʚʢʠ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ 

ʜʝʬʦʨʤʘʮʽʾ 

 
ʊʘʙʣʠʮʷ 1 - ʇʦʢʘʟʥʠʢʠ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʉʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ (%) ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

(Min) 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

(Max) 

40 0,11 0,74 

50 0,12 1,1 

60 0,16 1,5 

 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ QForm ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʠʡ 

ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ ʦʩʘʜʞʫʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʘʢʽʚ ʟʽ ʩʪʘʣʽ 20 ʩʪʘʥʦʚʠʪʴ 40ï

50%. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʫ ʪʘ ʟʥʠʞʫʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʜʝʬʝʢʪʽʚ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʜʦʩʣʽʜʞʝʥʥʷ ð ʜʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʽʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʦʮʽʥʢʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ [2], 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʢʦʚʘʥʠʭ 

ʜʝʪʘʣʝʡ ʽ ʟʥʠʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ. 

 
ʃʽʪʝʨʘʪʫʨʘ: 

1. ɭ. ɯ. ʐʠʬʨʽʥ, ɭ. ɯ. ʉʦʢʦʣ, ɺ. ʃ. ʏʫʭʣʽʙ, ʉ. ʆ. ɻʫʙʩʴʢʠʡ, P. Lechner, W.Volk. / ʗʢʽʩʪʴ 
ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ : ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ï ʍʘʨʢʽʚ : ʅʊʋ çʍʇɯè, 2025. ï 415 ʩ. 

2. ʏʫʭʣʽʙ ɺ.ʃ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʩʘʜʞʫʚʘʥʥʷ 
ʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʚ ʤʝʪʘʣʽ ʧʨʠ ʧʨʦʪʷʛʫʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ ʟ ʪʠʪʘʥʦʚʦʛʦ 

ʩʧʣʘʚʫ / ɺ.ʃ. ʏʫʭʣʽʙ, ɭ.ʉ. ʂʣʝʤʝʰʦʚ, ɺ.ʆ. ɻʨʠʥʢʝʚʠʯ, ʍ. ɼʠʷ // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ʉʝʨʽʷ 

çʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷè. ï ʂ.: ʅʊʋʋ çʂʇɯè. - 2016. - ˉ 1 (76). - ʉ. 147 ï 155. 

3. Qform UK. URL: https://www.qform3d.com/ (accessed May 21, 2025). 
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ʈʆʃʔ ʉʆʎɯɸʃʔʅʆ-ʇʉʀʍʆʃʆɻɯʏʅʀʍ ʄɽʊʆɼɯɺ ʋʇʈɸɺʃɯʅʅʗ ʅɸ 

ʄɸʐʀʅʆɹʋɼɯɺʅʆʄʋ ʇɯɼʇʈʀɭʄʉʊɺɯ 
 

ʂʦʥʜʨʘʪʝʥʢʦ ʆ.ʆ., ɹʻʣʽʢʦʚʘ ʆ.ʖ., ɸʥʝʥʢʦ ʅ.ɺ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʉʫʯʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ð ʮʝ ʥʝ ʣʠʰʝ ʦʙʣʘʜʥʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʡ ʣʶʜʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʨʦʙʦʪʠ. ʄʘʰʠʥʦʙʫʜʽʚʥʘ ʛʘʣʫʟʴ ʯʘʩʪʦ 

ʩʪʠʢʘʻʪʴʩʷ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʪʨʝʩʫ, ʚʪʦʤʠ, ʤʽʞʦʩʦʙʠʩʪʽʩʥʠʭ ʢʦʥʬʣʽʢʪʽʚ. ɿ 

ʦʜʥʦʛʦ ʙʦʢʫ - ʪʝʭʥʽʯʥʽ ʽʥʥʦʚʘʮʽʾ ʚʠʤʘʛʘʶʪʴ ʛʥʫʯʢʦʾ ʘʜʘʧʪʘʮʽʾ ʧʝʨʩʦʥʘʣʫ, ʟ ʽʥʰʦʛʦ 

- ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʦʩʦʙʣʠʚʦ ʚʨʘʟʣʠʚʠʡ ʧʩʠʭʽʯʥʠʡ ʩʪʘʥ ʣʶʜʠʥʠ, ʷʢʠʡ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ ʧʦʚʝʜʽʥʢʠ, ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʘʛʨʝʩʠʚʥʠʤ ʩʪʘʚʣʝʥʥʷʤ ʜʦ ʦʪʦʯʫʶʯʠʭ. ʉʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʫʧʨʘʚʣʽʥʩʴʢʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʧʦʟʠʪʠʚʥʦʛʦ ʤʦʨʘʣʴʥʦʛʦ ʢʣʽʤʘʪʫ, ʤʦʪʠʚʘʮʽʶ, ʨʦʟʚʠʪʦʢ ʢʦʣʝʢʪʠʚʫ ʪʘ ʛʘʨʤʦʥʽʡʥʽ 

ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʧʨʘʮʽʚʥʠʢʘʤʠ. 

ʎʽʣʷʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʣʽ ʩʦʮʽʘʣʴʥʦ-

ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʛʦ ʩʪʨʝʩʫ, 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʢʘʜʨʦʚʠʭ ʚʠʢʣʠʢʽʚ. 

ʊʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʩʦʮʽʘʣʴʥʠʭ ʽ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʻ 

ʩʦʮʽʘʣʴʥʘ ʧʩʠʭʦʣʦʛʽʷ ʽ ʧʩʠʭʦʣʦʛʽʷ ʦʩʦʙʠʩʪʦʩʪʽ ʷʢ ʥʘʫʢʠ ʧʨʦ ʟʘʢʦʥʠ 

ʧʩʠʭʦʬʽʟʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽʥʜʠʚʽʜʘ, ʨʽʟʥʠʭ ʩʫʩʧʽʣʴʥʠʭ ʛʨʫʧ, ʢʦʣʝʢʪʠʚʽʚ. ʄʝʪʘ ʮʠʭ 

ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ - ʚʠʚʯʘʪʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʢʦʥʠ ʧʩʠʭʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʝʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ ʚ ʽʥʪʝʨʝʩʘʭ ʩʫʩʧʽʣʴʩʪʚʘ ʽ 

ʦʩʦʙʠʩʪʦʩʪʽ. ʋ ʮʴʦʤʫ ʧʦʣʷʛʘʻ ʻʜʥʽʩʪʴ, ʪʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʽ ʚʟʘʻʤʦʟʫʤʦʚʣʝʥʽʩʪʴ 

ʩʦʮʽʘʣʴʥʠʭ ʽ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ [1]. 

ʈʘʟʦʤ ʟ ʪʠʤ ʤʽʞ ʥʠʤʠ ʽʩʥʫʶʪʴ ʽ ʚʽʜʤʽʥʥʦʩʪʽ: ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʦʮʽʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʥʦʩʠʥʘʤʠ ʚ ʢʦʣʝʢʪʠʚʘʭ ʽ ʤʽʞ 

ʢʦʣʝʢʪʠʚʘʤʠ; ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ï ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʝʜʽʥʢʦʶ ʽʥʜʠʚʽʜʘ ʽ 

ʤʽʞʦʩʦʙʦʚʠʤʠ ʩʪʦʩʫʥʢʘʤʠ ʫ ʢʦʣʝʢʪʠʚʽ [2]. 

ʋ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʟʘʣʝʞʘʪʴ ʥʝ ʣʠʰʝ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʡ, ʘ ʡ ʚʽʜ ʟʣʘʛʦʜʞʝʥʦʾ ʨʦʙʦʪʠ ʢʦʤʘʥʜʠ. ʉʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ 

ʜʦʧʦʤʘʛʘʶʪʴ: 

ï ʨʦʟʚôʷʟʫʚʘʪʠ ʢʦʥʬʣʽʢʪʠ; 

ï ʬʦʨʤʫʚʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʢʣʽʤʘʪ; 

ï ʟʥʠʞʫʚʘʪʠ ʧʣʠʥʥʽʩʪʴ ʢʘʜʨʽʚ. 

ɺʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʩʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʥʘʙʫʚʘʶʪʴ ʚ ʫʤʦʚʘʭ 

ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ, ʘʜʞʝ ʚʽʡʥʘ ʚʧʣʠʚʘʻ ʥʝ ʣʠʰʝ ʥʘ ʝʢʦʥʦʤʽʢʫ, ʘ ʡ ʥʘ ʧʩʠʭʦʝʤʦʮʽʡʥʠʡ 

ʩʪʘʥ ʧʨʘʮʽʚʥʠʢʽʚ, ʪʨʫʜʦʚʫ ʜʠʩʮʠʧʣʽʥʫ ʪʘ ʟʜʘʪʥʽʩʪʴ ʢʦʣʝʢʪʠʚʫ ʜʽʷʪʠ ʟʛʫʨʪʦʚʘʥʦ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʩʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʚ 

ʮʠʭ ʫʤʦʚʘʭ.  

1. ʇʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʪʨʠʚʦʞʥʦʩʪʽ ʪʘ ʩʪʨʝʩʫ. ʇʨʘʮʽʚʥʠʢʠ ʧʦʩʪʽʡʥʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʥʦʚʠʥ ʧʨʦ ʙʦʡʦʚʽ ʜʽʾ, ʚʪʨʘʪʫ ʙʣʠʟʴʢʠʭ, ʤʦʙʽʣʽʟʘʮʽʶ, 

ʦʙʩʪʨʽʣʠ, ʚʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʉʪʨʝʩ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ 
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ʫʚʘʛʠ, ʤʦʪʠʚʘʮʽʶ ʜʦ ʧʨʘʮʽ, ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʬʽʟʠʯʥʠʡ ʽ ʧʩʠʭʽʯʥʠʡ ʩʪʘʥ. 

2. ʂʦʣʝʢʪʠʚ ʷʢ ʜʞʝʨʝʣʦ ʩʠʣʠ ʽ ʧʽʜʪʨʠʤʢʠ. ʅʘ ʬʦʥʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʫʞʝ 

ʚʘʞʣʠʚʦ ʙʫʜʫʚʘʪʠ ʚʽʜʯʫʪʪʷ ʻʜʥʦʩʪʽ, ʚʟʘʻʤʥʦʾ ʜʦʚʽʨʠ ʡ ʩʦʣʽʜʘʨʥʦʩʪʽ ʚ ʢʦʣʝʢʪʠʚʽ. 

ʉʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʜʦʧʦʤʘʛʘʶʪʴ: ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʦʣʦʥʪʝʨʩʴʢʽ 

ʽʥʽʮʽʘʪʠʚʠ, ʧʨʦʚʦʜʠʪʠ ʟʘʭʦʜʠ ʚʟʘʻʤʦʧʽʜʪʨʠʤʢʠ, ʩʪʚʦʨʶʚʘʪʠ ʢʫʣʴʪʫʨʫ çʩʚʦʛʦ 

ʩʝʨʝʜ ʩʚʦʾʭè. 

3. ɿʙʝʨʝʞʝʥʥʷ ʤʦʪʠʚʘʮʽʾ ʫ ʢʨʠʟʦʚʠʭ ʫʤʦʚʘʭ. ɻʨʦʰʦʚʘ ʤʦʪʠʚʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʦʙʤʝʞʝʥʦʶ ʯʝʨʝʟ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʨʠʥʢʫ. ʉʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ 

(ʚʠʟʥʘʥʥʷ, ʜʷʢʘ, ʤʦʨʘʣʴʥʝ ʟʘʦʭʦʯʝʥʥʷ, ʜʦʚʽʨʘ) ʩʪʘʶʪʴ ʢʣʶʯʦʚʠʤʠ ʩʪʠʤʫʣʘʤʠ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʛʦʨʘʥʥʶ, ʟʤʽʮʥʝʥʥʷ ʧʦʯʫʪʪʷ 

ʟʥʘʯʫʱʦʩʪʽ ʧʨʘʮʽ. 

4. ʇʽʜʪʨʠʤʢʘ ʤʦʙʽʣʽʟʦʚʘʥʠʭ ʪʘ ʾʭʥʽʭ ʨʦʜʠʥ. ʋ ʙʘʛʘʪʴʦʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʧʨʘʮʽʚʥʠʢʠ ʘʙʦ ʤʦʙʽʣʽʟʦʚʘʥʽ, ʘʙʦ ʤʘʶʪʴ ʨʦʜʠʯʽʚ ʥʘ ʬʨʦʥʪʽ. ʉʦʮʽʘʣʴʥʦ-

ʧʩʠʭʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʟʘʻʤʦʜʦʧʦʤʦʛʫ ʩʽʤôʷʤ 

ʚʽʡʩʴʢʦʚʠʭ, ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʚôʷʟʦʢ ʽʟ ʤʦʙʽʣʽʟʦʚʘʥʠʤʠ (ʽʥʬʦʨʤʘʮʽʡʥʽ ʣʠʩʪʠ, 

ʧʦʜʘʨʫʥʢʠ), ʟʤʝʥʰʠʪʠ ʚʽʜʯʫʪʪʷ ʚʪʨʘʪʠ ʯʠ ʽʟʦʣʷʮʽʾ ʚ ʨʦʜʠʥʘʭ. 

5. ɸʜʘʧʪʘʮʽʷ ʜʦ ʥʝʩʪʘʙʽʣʴʥʠʭ ʫʤʦʚ ʧʨʘʮʽ. ɺʽʡʥʘ ʟʤʽʥʶʻ ʫʤʦʚʠ ʨʦʙʦʪʠ: 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʙʦʾ ʟ ʝʣʝʢʪʨʠʢʦʶ, ʩʢʦʨʦʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʜʥʷ, ʝʚʘʢʫʘʮʽʷ. 

ʉʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʘ ʛʥʫʯʢʽʩʪʴ (ʥʘʩʪʘʚʥʠʮʪʚʦ, ʩʧʽʚʯʫʪʪʷ, ʯʝʩʥʘ ʢʦʤʫʥʽʢʘʮʽʷ) 

ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʘʜʘʧʪʫʚʘʪʠ ʢʦʣʝʢʪʠʚ ʜʦ ʟʤʽʥ ʙʝʟ ʧʘʥʽʢʠ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʜʽʷʣʴʥʦʩʪʽ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʨʝʙʘ 

ʘʜʘʧʪʫʚʘʪʠ ʪʘ ʨʦʟʚʠʚʘʪʠ ʽʥʩʪʠʪʫʪ ʥʘʩʪʘʚʥʠʮʪʚʘ. ʅʝʦʙʭʽʜʥʦ ʤʦʪʠʚʫʚʘʪʠ 

ʜʦʩʚʽʜʯʝʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʧʨʦʚʦʜʠʪʠ ʪʨʝʥʽʥʛʠ ʜʣʷ ʥʘʩʪʘʚʥʠʢʽʚ ʽʟ ʨʦʟʚʠʪʢʫ 

ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʥʘʚʠʯʦʢ ʽ ʤʝʪʦʜʠʢ ʥʘʚʯʘʥʥʷ. ʂʨʽʤ ʮʴʦʛʦ, ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʩʠʭʦʣʦʛʽʯʥʫ ʩʫʤʽʩʥʽʩʪʴ ʤʽʞ ʥʘʩʪʘʚʥʠʢʦʤ ʽ ʥʦʚʘʯʢʦʤ (ʟʘ ʫʯʘʩʪʶ HR-ʬʘʭʽʚʮʷ ʘʙʦ 

ʧʩʠʭʦʣʦʛʘ). 

ʅʘ ʧʨʦʚʽʜʥʠʭ ʟʘʚʦʜʘʭ ʅʽʤʝʯʯʠʥʠ ʪʘ ʇʦʣʴʱʽ ʧʨʘʢʪʠʢʫʶʪʴ çʧʩʠʭʦʣʦʛʽʯʥʠʡ 

ʩʢʨʠʥʽʥʛè ʤʦʣʦʜʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʧʝʨʝʜ ʩʪʘʞʫʚʘʥʥʷʤ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʦʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʩʪʘʚʥʠʢʘ, ʘ ʥʝ çʧʝʨʰʦʛʦ ʚʽʣʴʥʦʛʦè. 

ɿʘʣʫʯʝʥʥʷ ʧʩʠʭʦʣʦʛʘ ʘʙʦ HR-ʢʦʥʩʫʣʴʪʘʥʪʘ ʜʦʟʚʦʣʠʪʴ: 

- ʟʘʙʝʟʧʝʯʠʪʠ ʭʦʯʘ ʙ ʯʘʩʪʢʦʚʫ ʧʩʠʭʦʣʦʛʽʯʥʫ ʧʽʜʪʨʠʤʢʫ ʜʣʷ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʩʪʨʝʩʫ (ʚʽʡʩʴʢʦʚʘ ʪʨʠʚʦʛʘ, ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ); 

-ʧʨʦʚʦʜʠʪʠ ʢʦʨʦʪʢʽ ʘʥʦʥʽʤʥʽ ʦʧʠʪʫʚʘʥʥʷ ʱʦʜʦ ʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ 

ʢʦʣʝʢʪʠʚʫ; 

- ʩʪʚʦʨʠʪʠ çʪʦʯʢʫ ʜʦʚʽʨʠè ð ʤʽʩʮʝ ʘʙʦ ʢʦʥʪʘʢʪ, ʢʫʜʠ ʧʨʘʮʽʚʥʠʢ ʤʦʞʝ 

ʟʚʝʨʥʫʪʠʩʷ ʟ ʦʩʦʙʠʩʪʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ 

ʚ ʢʦʣʝʢʪʠʚʽ ʪʘ ʟʤʝʥʰʠʪʴ ʨʽʚʝʥʴ ʝʤʦʮʽʡʥʦʛʦ ʚʠʛʦʨʘʥʥʷ. 
ʃʽʪʝʨʘʪʫʨʘ: 

1. ʄʝʣʴʥʠʢ ɯ. ʆ., ʈʘʟʛʦʚʦʨʦʚʘ ɸ. ɸ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʢʦʣʝʢʪʠʚʦʤ. Modern Economics. 2019. ˉ 18(2019). ʉ. 99-105. 2. ʇʰʠʢ-ʂʦʚʘʣʴʩʴʢʘ 

ʆ.ʆ., ʂʦʚʘʣʴʩʴʢʠʡ ʆ.ɯ. ʈʦʟʚʠʪʦʢ ʩʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʚ 

ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ. ʄʝʥʝʜʞʤʝʥʪ ʪʘ ʧʽʜʧʨʠʻʤʥʠʮʪʚʦ ʚ ʋʢʨʘʾʥʽ: ʝʪʘʧʠ ʩʪʘʥʦʚʣʝʥʥʷ  ̔

ʧʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ. 2023.  ̄2 (9). ʉ.104-109. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ɼʀʉʂʈɽʊʀɿɸʎɯɰ ɿɸɼʅʔʆɰ ʇʆɺɽʈʍʅɯ 

ɯʅʉʊʈʋʄɽʅʊɸ ʅɸ ʇʈʆʎɽʉ ʈɯɿɸʅʅʗ ʇʆʃɯʄɽʈʅʀʍ ʂʆʄʇʆɿʀʊɯɺ 

 
1ʂʦʨʙʫʪ ɭ.ɺ., 1ʇʘʨʥʝʥʢʦ ɺ.ʉ., 2ʅʽʢʦʣʘʻʥʢʦ ʊ.ʇ., 1ʇʝʪʨʦʚ ʆ.ɼ. 

(1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 

ʇʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ (ʇʂʄ) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʚʠʩʦʢʠʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ. ʆʜʥʘ ʟ ʧʨʠʯʠʥ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ 

ʟ ʇʂʄ ʷʚʣʷʻʪʴʩʷ ʪʝʧʣʦʥʘʧʨʫʞʝʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʱʦ ʚ ʦʩʥʦʚʥʦʤʫ  

ʚʠʢʣʠʢʘʥʘ ʩʠʣʘʤʠ ʪʝʨʪʷ  ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ  ʥʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʙʝʟ ʚʪʨʘʪʠ ʷʢʦʩʪʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ ʷʢʽʩʪʴ 

ʦʪʨʠʤʘʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟ ʇʂʄ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʜʠʩʢʨʝʪʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʟʘʜʥʴʦʶ ʧʦʚʝʨʭʥʝʶ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʘ  ʥʘ 

ʚʝʣʠʯʠʥʫ ʪʘ ʨʦʟʧʦʜʽʣ ʩʠʣ ʨʽʟʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʣ 

ʨʽʟʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘ ʟʽ ʩʫʮʽʣʴʥʠʤʠ ʨʽʟʘʣʴʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʜʠʩʢʨʝʪʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʘ  ʥʘ 

ʚʝʣʠʯʠʥʫ ʪʘ ʨʦʟʧʦʜʽʣ ʩʠʣ ʨʽʟʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʣ 

ʨʽʟʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘ ʟʽ ʩʫʮʽʣʴʥʠʤʠ ʨʽʟʘʣʴʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʜʠʩʢʨʝʪʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʠʣ, ʷʢʽ ʜʽʶʪʴ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ 

ʇʂʄ. 

 

 
ὔ  ï ʥʦʨʤʘʣʴʥʘ ʩʠʣʘ, ʷʢʘ ʜʽʻ ʧʦ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ, ὔ̈ - ʥʦʨʤʘʣʴʥʘ ʩʠʣʘ, ʷʢʘ ʜʽʻ ʧʦ 

ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ, ὔ̒ ï ʥʦʨʤʘʣʴʥʘ ʩʠʣʘ ʟʩʫʚʫ, Ὂ̒ ï ʜʦʪʠʯʥʘ ʩʠʣʘ ʟʩʫʚʫ,   Ὂ ï cʠʣʘ ʪʝʨʪʷ ʧʦ 

ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ, Ὂ̈ ï ʩʠʣʘ ʪʝʨʪʷ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ, Ὑ  ï ʨʽʚʥʦʜʽʶʯʘ ʩʠʣʘ (ʩʠʣʘ 

ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ), R ï ʩʫʤʘʨʥʘ ʩʠʣʘ ʨʽʟʘʥʥʷ. 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʣ ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʢʠ ʇʂʄ 
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ɿ ʨʠʩ. 1 ʚʠʧʣʠʚʘʻ, ʩʢʣʘʜʦʚʽ ʨʽʚʥʦʜʽʶʯʦʾ ʩʠʣʠ ʜʦʨʽʚʥʶʶʪʴ (1, 2): 

 

ὖ ὖ Ὂ̈ ὔ ÃÏÓ‎ ὊÓÉÎ‎ Ὂ̈    (1) 

ὖ ὖ ὔ̈ ὊÃÏÓ‎ ὔ ÓÉÎ‎ ὔ̝             (2) 

 

ʅʦʨʤʘʣʴʥʘ ʩʠʣʘ ʧʦ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ ʪʘ ʩʠʣʘ ʪʝʨʪʷ ʧʦ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ 

ʜʦʨʽʚʥʶʶʪʴ (3, 4): 

 

ὔ ὖÓÉÎ‫ ‎ȾÃÏÓ(3)     ‫ 

Ὂ ὖÃÏÓ‫ ‎ȾÃÏÓ(4)     ‫ 

 

ɿʚʽʜʩʠ (5, 6): 

 

„ ὖÓÉÎ‫ ‎ȾÂὰÃÏÓ‫     (5) 

† ὖÃÏÓ‫ ‎ȾÂὰÃÏÓ‫     (6) 

 

ʜʝ, „ ï ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʧʦ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ, † ï ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ, 

ʷʢʝ ʜʽʻ ʧʦ ʧʝʨʝʜʥʽʡ ʧʦʚʝʨʭʥʽ, ὦ ï h ʠʨʠʥʘ ʟʨʽʟʫ, ὰ ï ʜʦʚʞʠʥʘ ʢʦʥʪʘʢʪʫ ʧʦ ʧʝʨʝʜʥʽʡ 

ʧʦʚʝʨʭʥʽ. 

ʉʠʣʠ, ʱʦ ʜʽʶʪʴ ʚ ʧʣʦʱʠʥʽ ʟʩʫʚʫ (7, 8): 

 

ὔ ὙÓÉÎ‫ ‍     (7) 

Ὂ ὙÃÏÓ‫ ‍     (8) 

 

ɿʚ̔ʜʩʠ (9, 10): 

 

„ ὙÓÉÎ‫ ‍ÓÉÎ‍Ⱦὦὥ    (9) 

† ὙÃÏÓ‫ ‍ÓÉÎ‍Ⱦὦὥ    (10) 

 

ʉʠʣʠ ʪʝʨʪʷ ʧʦ ʧʝʨʝʜʥʽʡ ʪʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ (11, 12): 

 

Ὂ ‘ ὔ      (11) 

Ὂ̈ ‘ ὔ̈                (12) 

 

ʜʝ ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ. 

ʉʠʣʠ, ʷʢʽ ʜʽʶʪʴ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʫ  ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʫʞʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʬ. 
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ʆ.ʆ. ʉʪʝʧʘʥʦʚʘ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʪʘʪʠʯʥʝ ʚʜʘʚʣʶʚʘʥʥʷ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ 

ʽʥʩʪʨʫʤʝʥʪʘ ʚ ʤʘʪʝʨʽʘʣ ʢʦʤʧʦʟʠʪʘ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ  ʜʘʥʽ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʬ. ʄ.ɺ. ɺʝʨʝʟʫʙʘ, ʩʠʣʠ, ʷʢʽ ʜʽʶʪʴ ʧʦ 

ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʘ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʢʫʪʘ ʦʨʽʻʥʪʘʮʽʾ ʘʨʤʫʶʯʠʭ ʚʦʣʦʢʦʥ  

ʪʘ ʜʦʚʞʠʥʠ ʢʦʥʪʘʢʪʫ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ (13, 14): 

 

†̈ πȟυ”ϽὉϽ‍ρ ‘Ͻὧέί‌ϽÓÉÎ‌   (13) 

ὔ̈ πȟυϽ”ϽὉϽ‏Ͻὧέί‌    (14) 

 

ʜʝ ɟ ï ʨʘʜʽʫʩ ʟʘʢʨʫʛʣʝʥʥʷ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ, ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʇʂʄ.  

ɿʚʽʜʩʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʣʝʞʥʦʩʪʽ (13, 14) ʪʘ ʨʠʩ.1: 

 

„̈ πȟυϽ”ϽὉϽ‏Ͻὧέί‌Ⱦὦὰ̈    (15) 

†̈ πȟυ”ϽὉϽ‍ρ ‘Ͻὧέί‌ϽÓÉÎ‌Ⱦὦὰ̈          (16) 

 

ɯʟ ʟʘʣʝʞʥʦʩʪʝʡ (15) ʪʘ (16) ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʪʘ ʜʦʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʷʢʽ ʜʽʶʪʴ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʘ.  

ɺ ʧʨʦʮʝʩʽ ʢʦʥʪʘʢʪʫ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʶ 

ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ ʫ ʚʠʛʣʷʜʽ ʜʠʩʢʨʝʪʥʠʭ ʜʽʣʷʥʦʢ ʟ  ʨʝʛʫʣʷʨʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ 

ʥʘ ʥʠʭ ʛʣʦʙʫʣʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʧʨʘʚʣʝʥʝ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʢʦʤʧʦʟʠʪʫ ʚ 

ʦʙ'ʻʤʽ ʟʨʽʟʘʻʤʦʛʦ ʰʘʨʫ [1], ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʨʦʜʞʝʥʥʷ, ʨʽʩʪ ʪʘ 

ʟʣʠʪʪʷ ʤʽʢʨʦʪʨʽʱʠʥ ʫ ʤʘʢʨʦʪʨʽʱʠʥʠ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʘʪʠ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʚʠʜʫ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʦʙʨʦʙʢʠ ʇʂʄ, ʜʦʩʣʽʜʞʝʥʦ ʫʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʪʨʽʱʠʥ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʜʽʻʶ ʛʣʦʙʫʣʠ ʥʘ ʜʠʩʢʨʝʪʥʽʡ ʜʽʣʷʥʮʽ ʟʘʜʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʽʥʩʪʨʫʤʝʥʪʘ, ʚʠʟʥʘʯʝʥʦ ʾʭ ʨʦʟʤʽʨʠ ʪʘ ʧʦʚʝʜʽʥʢʫ. 

ʇʽʜʩʫʤʢʦʤ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʦʥʩʪʨʫʢʮʽʻʶ 

ʽʥʩʪʨʫʤʝʥʪʘ, ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʪʘ ʷʢʽʩʪʶ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʝʡ ʟ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʚʽʜʧʦʚʽʜʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ ʇʂʄ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʜʝʪʘʣʝʡ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

1. ʂʦʨʙʫʪ ɭ., ʇʘʨʥʝʥʢʦ ɺ., ʅʽʢʦʣʘʻʥʢʦ ʊ., ʇʣʽʚʘʢ ʆ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʪʚʦʨʽʚ ʫ 

ʚʦʣʦʢʥʠʩʪʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʨʠ ʦʙʨʦʙʮʽ ʩʚʝʨʜʣʘʤʠ ʟ ʜʠʩʢʨʝʪʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ ʛʣʦʙʫʣʷʨʥʦʛʦ ʪʠʧʫ ʥʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ // ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ. ï 2022. ï 

ˉ 1(27). ï ʉ. 101ï107. 
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ʈʆɿʈʆɹʂɸ ʉʀʉʊɽʄʀ ʂɽʈʋɺɸʅʅʗ ʃɯʅɯʁʅʀʄ ɸʂʊʋɸʊʆʈʆʄ ɼʃʗ 

ʅɸʎɯʃʖɺɸʅʅʗ ɹʈɸʅɼʉʇʆʁʊɸ ʈʆɹʆʊʆʄ-ʄɸʅɯʇʋʃʗʊʆʈʆʄ 

 

ʂʦʨʝʥʜʽʡ ɺ.ʄ., ʂʘʯʫʨ ʆ.ʖ., ʇʠʣʠʧ ʄ.ɺ., ʂʘʨʧʠʥ ʈ.ɹ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) 

 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʛʘʩʽʥʥʷ ʧʦʞʝʞ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʷʢʦʛʦ ʚʩʝ ʯʘʩʪʽʰʝ ʟʘʣʫʯʘʶʪʴʩʷ 

ʨʦʙʦʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ. ʅʝʚʽʜô̒ ʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʨʦʙʦʪʠ-

ʤʘʥʽʧʫʣʷʪʦʨʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʧʦʞʝʞʦʛʘʩʽʥʥʷ, 

ʟʦʢʨʝʤʘ ʙʨʘʥʜʩʧʦʡʪʽʚ. ʋʩʧʽʰʥʘ ʨʝʘʣʽʟʘʮʽʷ ʮʠʭ ʟʘʚʜʘʥʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʪʝʣʴʥʦʤʫ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʘ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʤʘʥʽʧʫʣʷʪʦʨʽʚ [1], ʘ ʪʘʢʦʞ ʥʘ ʨʦʟʨʦʙʮʽ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ 

ʢʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘʤʠ [2, 3]. ʇʨʠ ʮʴʦʤʫ, ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘʢʠʭ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʻ ʢʣʶʯʦʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ [4]. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʫ 

ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʻ ʨʦʟʨʦʙʢʘ ʧʨʝʮʠʟʽʡʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʥʘʚʯʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʣʽʥʽʡʥʽ ʘʢʪʫʘʪʦʨʠ ʧʦʩʽʜʘʶʪʴ ʟʥʘʯʥʝ ʤʽʩʮʝ ʟʘʚʜʷʢʠ ʩʚʦʾʡ 

ʟʜʘʪʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʦʯʥʝ ʪʘ ʰʚʠʜʢʝ ʣʽʥʽʡʥʝ ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʥʘʮʽʣʶʚʘʥʥʷ. ɼʘʥʘ ʩʪʘʪʪʷ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʣʽʥʽʡʥʠʤ ʘʢʪʫʘʪʦʨʦʤ, ʱʦ ʻ ʯʘʩʪʠʥʦʶ ʨʦʙʦʪʘ-ʤʘʥʽʧʫʣʷʪʦʨʘ, ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʪʦʯʥʦʛʦ ʥʘʮʽʣʶʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘ ʫ ʩʢʣʘʜʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʧʦʞʝʞʦʛʘʩʽʥʥʷ, ʨʦʟʚʠʚʘʶʯʠ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʽʚ ʫ ʛʘʣʫʟʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʤʘʥʽʧʫʣʷʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ [5]. 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʨʦʙʦʪ-ʤʘʥʽʧʫʣʷʪʦʨ (ʨʠʩ. 1), ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʪʦʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʥʘʮʽʣʶʚʘʥʥʷ ʧʦʞʝʞʥʦʛʦ ʙʨʘʥʜʩʧʦʡʪʘ, ʤʘʻ ʰʘʨʥʽʨʥʦ-ʚʘʞʽʣʴʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ ʢʫʪʦʚʦʶ (ʘʥʛʫʣʷʨʥʦʶ) ʢʽʥʝʤʘʪʠʯʥʦʶ ʩʭʝʤʦʶ, ʜʝ 

ʚʩʽ ʨʫʭʦʤʽ ʟôʻʜʥʘʥʥʷ ʻ ʦʙʝʨʪʘʣʴʥʠʤʠ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʤʘʥʝʚʨʝʥʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ ʫ ʨʦʙʦʯʽʡ ʟʦʥʽ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʚʜʘʥʴ 

ʧʦʞʝʞʦʛʘʩʽʥʥʷ. ʄʘʥʽʧʫʣʷʪʦʨ ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʠʡ ʷʢ ʩʪʘʮʽʦʥʘʨʥʦ, ʟ 

ʢʨʽʧʣʝʥʥʷʤ ʦʩʥʦʚʠ ʜʦ ʥʝʨʫʭʦʤʦʛʦ ʬʫʥʜʘʤʝʥʪʫ, ʪʘʢ ʽ ʤʦʙʽʣʴʥʦ, ʰʣʷʭʦʤ ʤʦʥʪʘʞʫ 

ʥʘ ʢʦʣʽʩʥʫ ʘʙʦ ʛʫʩʝʥʠʯʥʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʾ ʟʦʥʠ. 

ʆʩʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʣʘʜʘʻ ʤʘʩʠʚʥʘ ʧʣʠʪʘ 1, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʩʪʽʡʢʽʩʪʴ ʪʘ 

ʩʣʫʛʫʻ ʦʩʥʦʚʦʶ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʚʩʽʭ ʨʝʰʪʘ ʣʘʥʦʢ ʤʘʥʽʧʫʣʷʪʦʨʘ. ɻʦʨʠʟʦʥʪʘʣʴʥʝ 

ʦʙʝʨʪʘʥʥʷ ʤʘʥʽʧʫʣʷʪʦʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʚʦʜʘ, ʱʦ ʚʢʣʶʯʘʻ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥ 8 ʪʘ ʨʝʜʫʢʪʦʨ 11, ʜʦʟʚʦʣʷʶʯʠ ʤʘʥʽʧʫʣʷʪʦʨʫ ʦʭʦʧʣʶʚʘʪʠ ʰʠʨʦʢʠʡ 

ʘʟʠʤʫʪʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ. ʉʘʤʘ ʨʫʢʘ ʤʘʥʽʧʫʣʷʪʦʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʢʣʶʯʦʚʠʭ 

ʣʘʥʦʢ: ʧʣʝʯʦʚʘ ʣʘʥʢʘ 3 ʟôʻʜʥʫʻʪʴʩʷ ʟ ʧʨʠʚʦʜʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʯʝʨʝʟ 

ʧʽʜʰʠʧʥʠʢʦʚʽ ʦʧʦʨʠ, ʘ ʾʾ ʢʫʪʦʚʝ ʧʦʣʦʞʝʥʥʷ (ʥʘʭʠʣ) ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʧʣʦʱʠʥʠ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʣʽʥʽʡʥʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 15. ʃʽʢʪʴʦʚʘ ʣʘʥʢʘ 4 

ʟôʻʜʥʘʥʘ ʟ ʧʣʝʯʦʚʦʶ ʪʘʢʦʞ ʯʝʨʝʟ ʧʽʜʰʠʧʥʠʢʦʚʽ ʚʫʟʣʠ, ʽ ʾʾ ʢʫʪ ʪʘʢʦʞ ʨʝʛʫʣʶʻʪʴʩʷ 

ʦʢʨʝʤʠʤ ʣʽʥʽʡʥʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 16, ʜʦʟʚʦʣʷʶʯʠ ʟʤʽʥʶʚʘʪʠ ʚʠʣʽʪ ʨʫʢʠ. 

ʃʘʥʢʘ ʧʝʨʝʜʧʣʽʯʯʷ 5 ʟôʻʜʥʫʻʪʴʩʷ ʟ ʣʽʢʪʴʦʚʦʶ ʪʘ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʦʙʝʨʪʘʪʠʩʷ ʥʘʚʢʦʣʦ 

ʩʚʦʻʾ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 9 ʪʘ ʧʦʚʦʨʦʪʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 
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12. ɺʫʟʦʣ ʢʠʩʪʽ 6 ʢʨʽʧʠʪʴʩʷ ʜʦ ʧʝʨʝʜʧʣʽʯʯʷ ʯʝʨʝʟ ʧʽʜʰʠʧʥʠʢʦʚʽ ʦʧʦʨʠ 14, ʘ ʡʦʛʦ 

ʢʫʪʦʚʝ ʧʦʣʦʞʝʥʥʷ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ 10 ʯʝʨʝʟ ʧʘʩʦʚʫ ʧʝʨʝʜʘʯʫ 13. 

ɺʽʥ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʚʽʣʴʥʦʩʪʽ ʜʣʷ ʪʦʯʥʽʰʦʛʦ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ʩʭʦʧʣʶʚʘʯʘ 7 ʧʦʞʝʞʥʦʛʦ ʙʨʘʥʜʩʧʦʡʪʘ ʫ ʧʨʦʩʪʦʨʽ. 

 

 

 
ʈʠʩ. 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʦʙʦʪʘ-ʤʘʥʽʧʫʣʷʪʦʨʘ:  

1 ï ʦʩʥʦʚʘ ʤʘʥʽʧʫʣʷʪʦʨʘ; 2 ï ʧʨʠʚʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʚʦʨʦʪʫ; 3 ï ʧʣʝʯʦʚʘ ʣʘʥʢʘ;  

4 ï ʣʽʢʪʴʦʚʘ ʣʘʥʢʘ; 5 ï ʣʘʥʢʘ ʧʝʨʝʜʧʣʽʯʯʷ; 6 ï ʣʘʥʢʘ ʢʠʩʪʽ; 7 ï ʩʭʦʧʣʶʚʘʯ;  

8, 9, 10 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ; 11 ï ʯʝʨʚôʷʯʥʘ ʧʝʨʝʜʘʯʘ; 12 ï ʧʦʚʦʨʦʪʥʠʡ ʤʝʭʘʥʽʟʤ;  

13 ï ʟʫʙʯʘʩʪʦ-ʧʘʩʦʚʘ ʧʝʨʝʜʘʯʘ; 14 ï ʧʽʜʰʠʧʥʠʢʦʚʽ ʚʫʟʣʠ; 15, 16 ï ʣʽʥʽʡʥʽ ʘʢʪʫʘʪʦʨʠ 

 

ʆʩʥʦʚʥʽ ʦʧʝʨʘʮʽʡʥʽ ʨʫʭʠ ʤʘʥʽʧʫʣʷʪʦʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ 

ʢʝʨʫʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʦʤ, ʚʢʣʶʯʘʶʪʴ ʦʙʝʨʪʘʥʥʷ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʚʢʦʣʦ 
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ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʦʩʥʦʚʠ, ʨʫʭ (ʥʘʭʠʣ) ʧʣʝʯʦʚʦʛʦ ʩʫʛʣʦʙʫ ʜʣʷ ʧʽʜʡʦʤʫ ʘʙʦ 

ʦʧʫʩʢʘʥʥʷ ʨʫʢʠ, ʨʫʭ (ʥʘʭʠʣ) ʣʽʢʪʴʦʚʦʛʦ ʩʫʛʣʦʙʫ ʜʣʷ ʚʠʩʫʚʘʥʥʷ ʘʙʦ ʚʪʷʛʫʚʘʥʥʷ 

ʨʫʢʠ, ʦʩʴʦʚʝ ʦʙʝʨʪʘʥʥʷ ʧʝʨʝʜʧʣʽʯʯʷ ʪʘ ʧʦʚʦʨʦʪ (ʦʙʝʨʪʘʥʥʷ) ʢʠʩʪʽ ʜʣʷ ʪʦʯʥʦʛʦ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ʩʦʧʣʘ ʙʨʘʥʜʩʧʦʡʪʘ. ʎʽ ʨʫʭʠ ʢʦʦʨʜʠʥʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ, 

ʷʢʘ ʦʪʨʠʤʫʻ ʚʭʽʜʥʽ ʢʦʤʘʥʜʠ (ʚʽʜ ʦʧʝʨʘʪʦʨʘ ʘʙʦ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ) 

ʽ ʧʝʨʝʪʚʦʨʶʻ ʾʭ ʥʘ ʪʦʯʥʽ ʩʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʩʧʨʘʮʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʪʘ ʘʢʪʫʘʪʦʨʽʚ ʩʫʛʣʦʙʽʚ. ɿʘʛʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʩʧʨʷʤʦʚʫʻ ʣʘʥʢʠ ʤʘʥʽʧʫʣʷʪʦʨʘ ʟʘ ʟʘʧʨʦʛʨʘʤʦʚʘʥʦʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʨʫʭʽʚ ʜʣʷ ʪʦʯʥʦʛʦ ʥʘʮʽʣʶʚʘʥʥʷ ʙʨʘʥʜʩʧʦʡʪʘ ʥʘ ʚʠʟʥʘʯʝʥʫ ʮʽʣʴ, 

ʫʪʨʠʤʘʥʥʷ ʥʘʮʽʣʶʚʘʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʚʦʛʥʝʛʘʩʥʦʾ ʨʝʯʦʚʠʥʠ. 

ɿʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʣʽʥʽʡʥʠʤʠ 

ʘʢʪʫʘʪʦʨʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʰʘʨʥʽʨʽʚ ʨʦʙʦʪʘ-ʤʘʥʽʧʫʣʷʪʦʨʘ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ 

ʨʦʟʨʦʙʣʝʥʦʤʫ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʤʘʢʝʪʽ, ʧʦʜʘʥʦʤʫ ʥʘ ʨʠʩ. 2.  

 

 
ʈʠʩ. 2. ʃʘʙʦʨʘʪʦʨʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʣʽʥʽʡʥʠʤ ʘʢʪʫʘʨʘʪʦʨʦʤ: 1 ï ʙʣʦʢ ʞʠʚʣʝʥʥʷ; 2 ï ʣʽʥʽʡʥʠʡ ʘʢʪʫʘʪʦʨ; 3 ï ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʡ 

ʜʘʚʘʯ ʧʝʨʝʤʽʱʝʥʥʷ; 4 ï ʜʨʘʡʚʝʨ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʘʢʪʫʘʪʦʨʘ; 5 ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ; 6 ï ʧʣʘʪʘ 

ʢʦʥʪʨʦʣʝʨʘ ʟ ʘʥʘʣʦʛʦʚʦ-ʯʠʩʣʦʚʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ; 7 ï ʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ;  

8 ï ʥʦʫʪʙʫʢ; 9 ï ʤʦʥʽʪʦʨ; 10 ï ʤʫʣʴʪʠʤʝʪʨ 

 

ʉʪʨʫʢʪʫʨʘ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʚʟʘʻʤʦʜʽʶʪʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. ʎʝʥʪʨʘʣʴʥʠʤ 

ʚʠʢʦʥʘʚʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʻ ʣʽʥʽʡʥʠʡ ʘʢʪʫʘʪʦʨ 2, ʷʢʠʡ ʦʪʨʠʤʫʻ ʞʠʚʣʝʥʥʷ ʚʽʜ ʙʣʦʢʫ 
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ʞʠʚʣʝʥʥʷ 1. ɿʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʧʨʦ ʧʦʪʦʯʥʝ ʧʦʣʦʞʝʥʥʷ ʘʢʪʫʘʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʤ ʜʘʚʘʯʝʤ ʧʝʨʝʤʽʱʝʥʥʷ 3. çʄʦʟʢʦʤè ʩʠʩʪʝʤʠ ʚʠʩʪʫʧʘʻ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 5, ʱʦ ʟôʻʜʥʫʻʪʴʩʷ ʽʟ ʥʘ ʧʣʘʪʦʶ ʢʦʥʪʨʦʣʝʨʘ 6, ʥʘ ʷʢʽʡ ʤʦʥʪʫʻʪʴʩʷ 

ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ (ɸʎʇ) ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ 

ʩʠʛʥʘʣʫ ʟ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʜʘʚʘʯʘ ʫ ʮʠʬʨʦʚʠʡ ʬʦʨʤʘʪ, ʱʦ ʩʧʨʠʡʤʘʻʪʴʩʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ. ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʧʦʪʫʞʥʽʩʪʶ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥ 

ʘʢʪʫʘʪʦʨʘ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ ʜʨʘʡʚʝʨ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 4. 

ʇʨʠʥʮʠʧ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, 

ʨʝʘʣʽʟʫʻ ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʫʨ. ʈʦʙʦʪʘ ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʟʘʜʘʥʥʷ ʙʘʞʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʘʢʪʫʘʪʦʨʘ, ʷʢʝ ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʘʙʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʯʝʨʝʟ ʥʦʫʪʙʫʢ 8, 

ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʩʠʩʪʝʤʠ. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ 5 ʧʦʩʪʽʡʥʦ ʟʯʠʪʫʻ ʧʦʪʦʯʥʝ ʧʦʣʦʞʝʥʥʷ 

ʰʪʦʢʘ ʘʢʪʫʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʜʘʚʘʯʘ 3, ʩʠʛʥʘʣ ʟ ʷʢʦʛʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ɸʎʇ ʥʘ ʧʣʘʪʽ ʢʦʥʪʨʦʣʝʨʘ 6. ʆʪʨʠʤʘʚʰʠ ʮʠʬʨʦʚʝ ʟʥʘʯʝʥʥʷ 

ʧʦʪʦʯʥʦʾ ʧʦʟʠʮʽʾ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʦʨʽʚʥʶʻ ʡʦʛʦ ʽʟ ʟʘʜʘʥʠʤ ʙʘʞʘʥʠʤ 

ʧʦʣʦʞʝʥʥʷʤ. ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʨʽʟʥʠʮʽ (ʧʦʤʠʣʢʠ) ʚʙʫʜʦʚʘʥʠʡ ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻ ʥʝʦʙʭʽʜʥʠʡ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ. ʎʝʡ ʢʝʨʫʶʯʠʡ 

ʩʠʛʥʘʣ (ʥʘʧʨʠʢʣʘʜ, ʐɯʄ-ʩʠʛʥʘʣ) ʧʦʜʘʻʪʴʩʷ ʥʘ ʜʨʘʡʚʝʨ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 4, ʷʢʠʡ, 

ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʜʘʻ ʚʽʜʧʦʚʽʜʥʫ ʥʘʧʨʫʛʫ ʪʘ ʩʪʨʫʤ ʥʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʣʽʥʽʡʥʦʛʦ 

ʘʢʪʫʘʪʦʨʘ 2, ʟʤʫʰʫʶʯʠ ʡʦʛʦ ʨʫʭʘʪʠʩʷ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʤʠʣʢʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 

ʎʝʡ ʮʠʢʣ ʚʠʤʽʨʶʚʘʥʥʷ, ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʚʪʦʨʶʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʝ ʜʦʩʷʛʥʝʥʥʷ ʪʘ ʫʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ, ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʦʧʦʤʽʞʥʽ ʽʥʩʪʨʫʤʝʥʪʠ. ʅʦʫʪʙʫʢ 8 ʨʘʟʦʤ ʽʟ ʤʦʥʽʪʦʨʦʤ 9 ʩʣʫʛʫʶʪʴ ʜʣʷ ʥʘʧʠʩʘʥʥʷ 

ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʧʨʦ 

ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʪʘ ʜʣʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʃʦʛʽʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ 7 ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʥʠʢʘʤ ʚʽʜʩʪʝʞʫʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʮʠʬʨʦʚʽ ʩʠʛʥʘʣʠ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʤʽʞ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ʪʘ ʜʨʘʡʚʝʨʦʤ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʟʚôʷʟʢʫ. ʄʫʣʴʪʠʤʝʪʨ 10 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʨʽʟʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʪʘʢʠʭ ʷʢ ʥʘʧʨʫʛʘ ʯʠ ʮʽʣʽʩʥʽʩʪʴ 

ʟôʻʜʥʘʥʴ, ʧʽʜ ʯʘʩ ʟʙʠʨʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ. 
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ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʗʄʆʃɯʅɯʁʅʀʍ 

ʊʈɸɭʂʊʆʈɯʁ ʂʆʃʀɺɸʅʔ ʆɼʅʆʄɸʉʆɺʆɰ ɺɯɹʈɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ 

ɿ ɺɯɹʈʆɿɹʋɼʅʀʂʆʄ ʇʃɸʅɽʊɸʈʅʆɻʆ ʊʀʇʋ 

 

ʂʦʨʝʥʜʽʡ ɺ.ʄ., ʇʘʨʘʱʠʥ ʆ.ʗ., ʗʥʽʚ ʆ.ʄ., ʂʠʨʠʯʫʢ ɺ.ɺ., ɺʽʣʴʯʠʥʩʴʢʠʡ ʊ.ʈ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) 

 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʢʝʨʦʚʘʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʪʨʘʻʢʪʦʨʽʷʤʠ 

ʨʫʭʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʩʫʯʘʩʥʦʾ 

ʪʝʭʥʽʢʠ, ʚʢʣʶʯʘʶʯʠ ʚʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʩʦʨʪʫʚʘʥʥʷ, 

ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɺʽʙʨʦʟʙʫʜʥʠʢʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʠʧʫ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʷʢ ʝʬʝʢʪʠʚʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʨʽʟʥʦʤʘʥʽʪʥʠʭ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʩʢʣʘʜʥʠʭ, ʪʨʘʻʢʪʦʨʽʡ ʢʦʣʠʚʘʥʴ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʽʙʨʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʈʦʟʫʤʽʥʥʷ ʾʭʥʴʦʾ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ, 

ʟʦʢʨʝʤʘ ʘʩʠʤʝʪʨʠʯʥʠʭ ʩʘʤʦʨʝʛʫʣʴʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [1], ʪʘ ʟʜʘʪʥʦʩʪʽ 

ʛʝʥʝʨʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʜʣʷ ʦʜʥʦʤʘʩʦʚʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ [2] 

ʙʫʣʠ ʧʝʨʰʦʯʝʨʛʦʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ 

ʜʝʪʘʣʴʥʦʤʫ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʘʢʠʭ ʤʝʭʘʥʽʟʤʽʚ [3], ʘ ʪʘʢʦʞ ʥʘ ʩʠʣʦʚʦʤʫ ʘʥʘʣʽʟʽ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʽʙʨʦʟʙʫʜʥʠʢʽʚ [4]. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʪʘʢʦʞ ʙʫʣʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ 

ʩʭʝʤ ʤʝʭʘʥʽʟʤʽʚ ʽʥʰʠʭ ʪʠʧʽʚ ʜʣʷ ʟʙʫʨʝʥʥʷ ʢʦʣʠʚʘʥʴ ʚʽʙʨʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ [5] ʪʘ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʦʩʢʠʭ ʚʘʞʽʣʴʥʠʭ ʽ 

ʟʫʙʯʘʩʪʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫ ʧʨʠʚʦʜʘʭ ʚʽʙʨʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ [6]. 

ʉʝʨʝʜ ʰʠʨʦʢʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʦʞʣʠʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

ʚʽʙʨʦʤʘʰʠʥ, ʦʩʦʙʣʠʚʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʧʨʷʤʦʣʽʥʽʡʥʽ (ʣʽʥʽʡʥʽ) 

ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʧʨʷʤʦʚʘʥʫ (ʥʘʧʨʷʤʣʝʥʫ) ʜʽʶ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʥʘ 

ʦʙʨʦʙʣʶʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʚʽʙʨʦʟʙʫʜʥʠʢʘʤʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʠʧʫ ʥʘʜʘʻ 

ʚʘʞʣʠʚʫ ʪʝʦʨʝʪʠʯʥʫ ʦʩʥʦʚʫ ʜʣʷ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ [7]. ʆʜʥʘʢ, ʜʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ, ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ 

ʣʽʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʪʘ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʙʨʦʟʙʫʜʥʠʢʘ, ʥʝʦʙʭʽʜʥʽ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ 

ʬʦʨʤʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʪʨʘʻʢʪʦʨʽʡ ʢʦʣʠʚʘʥʴ ʦʜʥʦʤʘʩʦʚʦʾ ʚʽʙʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʚʽʙʨʦʟʙʫʜʥʠʢʦʤ ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʠʧʫ, ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʪʨʘʻʢʪʦʨʽʡ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ (ʨʠʩ. 1) ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ 

ʦʜʥʦʤʘʩʦʚʦʾ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʚʽʙʨʦʟʙʫʜʞʫʚʘʯʝʤ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʠʧʫ. ʆʩʥʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʩʣʫʛʫʻ ʤʘʩʠʚʥʘ ʨʘʤʘ ʫʩʪʘʥʦʚʢʠ (1), ʷʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʅʘ ʮʽʡ ʨʘʤʽ ʟʤʦʥʪʦʚʘʥʘ ʢʦʣʠʚʥʘ ʤʘʩʘ (4), ʷʢʘ ʻ ʦʩʥʦʚʥʠʤ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʦʙôʻʢʪʦʤ. ʎʷ ʤʘʩʘ ʫʪʨʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʧʨʫʞʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʡ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʣʠʚʘʥʥʷ ʫ ʜʚʦʭ 

ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʥʘʧʨʷʤʢʘʭ. ɺʝʨʪʠʢʘʣʴʥʘ ʧʨʫʞʥʘ ʧʽʜʚʽʩʢʘ (2), 
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ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʣʝʢʪʫ ʚʝʨʪʠʢʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʠʪʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʨʫʞʠʥ, ʜʦʟʚʦʣʷʻ ʤʘʩʽ ʢʦʣʠʚʘʪʠʩʷ ʚʟʜʦʚʞ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ. ʋ ʪʦʡ 

ʞʝ ʯʘʩ ʧʨʫʞʥʘ ʩʠʩʪʝʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʫʭʫ (3), ʱʦ ʪʘʢʦʞ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʥʘʣʦʛʽʯʥʠʭ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʣʠʚʘʥʴ ʤʘʩʠ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʪʘ ʩʪʚʦʨʶʻ ʚʽʜʧʦʚʽʜʥʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʫ ʩʠʣʫ. 

ɿʙʫʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʤʘʩʠ (4) ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʙʨʦʟʙʫʜʥʠʢʘ 

(6) ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʠʧʫ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʢʦʣʠʚʥʽʡ ʤʘʩʽ. 

ʇʨʠʚʽʜ ʚʽʙʨʦʟʙʫʜʥʠʢʘ ʨʝʘʣʽʟʦʚʘʥʠʡ ʚʽʜ ʧʨʠʚʽʜʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (5), ʷʢʠʡ 

ʪʘʢʦʞ ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʢʦʣʠʚʥʽʡ ʤʘʩʽ ʪʘ ʟôʻʜʥʘʥʠʡ ʟ ʚʽʙʨʦʟʙʫʜʥʠʢʦʤ ʟʫʙʯʘʩʪʦ-

ʧʘʩʦʚʦʶ ʧʝʨʝʜʘʯʝʶ. ʂʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʟʦʢʨʝʤʘ ʰʚʠʜʢʽʩʪʶ 

ʦʙʝʨʪʘʥʥʷ ʧʨʠʚʽʜʥʦʛʦ ʚʘʣʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʫ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʙʨʘʮʽʾ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ (7). ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʢʦʣʠʚʥʦʾ 

ʤʘʩʠ (4) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʽ ʜʘʚʘʯʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ (8) ʽ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ (9) ʧʝʨʝʤʽʱʝʥʥʷ. ʎʽ ʜʘʚʘʯʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʤʝʭʘʥʽʯʥʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʤʘʩʠ ʫ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ. ʆʪʨʠʤʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜ ʜʘʚʘʯʽʚ ʧʦʜʘʶʪʴʩʷ 

ʥʘ ʦʩʮʠʣʦʛʨʘʬ (10), ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ 

ʢʦʣʠʚʥʦʾ ʤʘʩʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘʧʠʩ ʪʘ ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʜʦʟʚʦʣʷʻ 

ʢʦʤʧʣʝʢʩʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʜʠʥʘʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʦʜʥʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ ʧʽʜ ʜʽʻʶ 

ʢʝʨʦʚʘʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʧʣʘʥʝʪʘʨʥʦʛʦ ʟʙʫʜʥʠʢʘ. 

 

 
ʈʠʩ. 1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʦʜʥʦʤʘʩʦʚʦʾ ʢʦʣʠʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʚʽʙʨʦʟʙʫʜʥʠʢʦʤ ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʠʧʫ: 1 ï ʨʘʤʘ ʫʩʪʘʥʦʚʢʠ; 2 ï ʚʝʨʪʠʢʘʣʴʥʘ ʧʨʫʞʥʘ 

ʧʽʜʚʽʩʢʘ; 3 ï ʧʨʫʞʥʘ ʩʠʩʪʝʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʫʭʫ; 4 ï ʢʦʣʠʚʥʘ ʤʘʩʘ; 5 ï ʧʨʠʚʽʜʥʠʡ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 6 ï ʚʽʙʨʦʟʙʫʜʥʠʢ ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʠʧʫ; 7 ï ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ;  

8, 9 ï ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʽ ʜʘʚʘʯʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʣʠʚʥʦʾ ʤʘʩʠ; 

10 ï ʦʩʮʠʣʦʛʨʘʬ 
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ʈʠʩ. 2 ʚʽʟʫʘʣʽʟʫʻ ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʣʠʚʘʥʴ 

ʦʜʥʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʟʙʫʜʞʫʻʪʴʩʷ ʧʣʘʥʝʪʘʨʥʠʤ ʚʽʙʨʦʟʙʫʜʥʠʢʦʤ ʟʘ ʡʦʛʦ 

ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʈʠʩʫʥʦʢ ʤʽʩʪʠʪʴ ʜʚʘ ʨʷʜʠ ʛʨʘʬʽʢʽʚ. ɺʝʨʭʥʽʡ ʨʷʜ 

(ʨʠʩ. 2, ʘ, ʙ, ʚ) ʚʽʜʦʙʨʘʞʘʻ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ x(t) (ʧʦʟʥʘʯʝʥʦʛʦ 

ʩʠʥʴʦʶ ʢʨʠʚʦʶ) ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ z(t) (ʧʦʟʥʘʯʝʥʦʛʦ ʯʝʨʚʦʥʦʶ ʢʨʠʚʦʶ) 

ʧʝʨʝʤʽʱʝʥʴ ʢʦʣʠʚʥʦʾ ʤʘʩʠ, ʜʝ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʤʽʨʶʶʪʴʩʷ ʚ ʤʽʣʽʤʝʪʨʘʭ 

(ʤʤ), ʘ ʯʘʩ ï ʫ ʩʝʢʫʥʜʘʭ (ʩ). ʅʠʞʥʽʡ ʨʷʜ (ʛ, ʜ, ʝ) ʧʨʝʜʩʪʘʚʣʷʻ ʚʽʜʧʦʚʽʜʥʽ ʪʨʘʻʢʪʦʨʽʾ 

ʨʫʭʫ ʮʽʻʾ ʤʘʩʠ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ (xʆz), ʜʝ ʦʩʽ ʪʘʢʦʞ ʧʨʦʛʨʘʜʫʡʦʚʘʥʽ ʚ 

ʤʽʣʽʤʝʪʨʘʭ. ʂʦʞʝʥ ʛʨʘʬʽʢ ʪʨʘʻʢʪʦʨʽʾ (ʨʠʩ. 2, ʛ, ʜ, ʝ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʧʦʚʽʜʘʻ 

ʯʘʩʦʚʠʤ ʟʘʣʝʞʥʦʩʪʷʤ, ʧʦʢʘʟʘʥʠʤ ʥʘ ʛʨʘʬʽʢʫ ʥʘʜ ʥʠʤ (ʨʠʩ. 2, ʘ, ʙ, ʚ ʚʽʜʧʦʚʽʜʥʦ). 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʦʽʣʶʩʪʨʦʚʘʥʦʤʫ ʛʨʘʬʽʢʘʤʠ (ʨʠʩ. 2, ʘ) ʪʘ (ʨʠʩ. 2, ʛ), 

ʛʦʨʠʟʦʥʪʘʣʴʥʝ x(t) ʪʘ ʚʝʨʪʠʢʘʣʴʥʝ z(t) ʧʝʨʝʤʽʱʝʥʥʷ ʻ ʢʦʣʠʚʘʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, 

ʙʣʠʟʴʢʠʤʠ ʜʦ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ, ʧʨʠʯʦʤʫ ʘʤʧʣʽʪʫʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ (ʧʦ 

ʢʦʦʨʜʠʥʘʪʽ x) ʻ ʩʫʪʪʻʚʦ ʤʝʥʰʦʶ, ʥʽʞ ʘʤʧʣʽʪʫʜʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ (ʧʦ 

ʢʦʦʨʜʠʥʘʪʽ z). ʗʢ ʥʘʩʣʽʜʦʢ, ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ (ʨʠʩ. 2, ʛ) ʤʘʻ ʬʦʨʤʫ ʚʫʟʴʢʦʛʦ ʝʣʽʧʩʘ, 

ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʨʘʢʪʠʯʥʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʨʷʤʦʾ ʣʽʥʽʾ, ʧʦʣʦʞʝʥʥʷ ʷʢʦʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜ ʪʘ ʩʠʥʬʘʟʥʽʩʪʶ ʢʦʤʧʦʥʝʥʪ ʢʦʣʠʚʘʥʴ. 

ɼʨʫʛʠʡ ʚʠʧʘʜʦʢ (ʛʨʘʬʽʢʠ ʨʠʩ. 2, ʙ, ʜ) ʜʝʤʦʥʩʪʨʫʻ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʘʤʧʣʽʪʫʜʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ x(t) ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʻ ʘʤʧʣʽʪʫʜʫ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ z(t), ʷʢʘ ʻ ʧʦʨʽʚʥʷʥʦ ʤʽʥʽʤʘʣʴʥʦʶ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʪʨʘʻʢʪʦʨʽʾ (ʨʠʩ. 2, ʜ) ʫ ʚʠʛʣʷʜʽ ʚʫʟʴʢʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʩʠʣʴʥʦ ʚʠʪʷʛʥʫʪʦʛʦ 

ʚʟʜʦʚʞ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʦʩʽ ʭ, ʪʦʙʪʦ ʧʨʘʢʪʠʯʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʨʷʤʦʾ ʣʽʥʽʾ, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʧʝʨʝʚʘʞʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʢʦʣʠʚʥʦʾ ʤʘʩʠ. 
 

   

ʘ) ʙ) ʚ) 

   

ʛ) ʜ) ʝ) 

ʈʠʩ. 2. ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ x(t) ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ z(t) ʧʝʨʝʤʽʱʝʥʴ ʢʦʣʠʚʥʦʾ 

ʤʘʩʠ (ʘ, ʙ, ʚ) ʪʘ ʪʨʘʻʢʪʦʨʽʾ ʾʾ ʨʫʭʫ (ʛ, ʜ, ʝ) ʟʘ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʣʘʥʝʪʘʨʥʦʛʦ ʚʽʙʨʦʟʙʫʜʥʠʢʘ 
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ʊʨʝʪʽʡ ʚʠʧʘʜʦʢ (ʛʨʘʬʽʢʠ ʨʠʩ. 2, ʚ, ʝ) ʧʦʢʘʟʫʻ, ʱʦ ʦʙʠʜʚʽ ʩʢʣʘʜʦʚʽ 

ʧʝʨʝʤʽʱʝʥʴ, x(t) ʪʘ z(t), ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʟʥʘʯʥʽ ʪʘ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ 

ʘʤʧʣʽʪʫʜʠ. ʂʣʶʯʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘ ʛʨʘʬʽʢʫ (ʨʠʩ. 2, ʚ) ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʷʚʥʦʛʦ ʟʩʫʚʫ ʬʘʟ ʤʽʞ x(t) ʪʘ z(t). ɺ ʨʝʟʫʣʴʪʘʪʽ, ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ (ʨʠʩ. 2, 

ʝ) ʻ ʩʭʦʞʦʶ ʥʘ ʥʘʭʠʣʝʥʠʡ ʚʫʟʴʢʠʡ ʝʣʽʧʩ, ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʨʷʤʦʾ ʣʽʥʽʾ. ʇʨʠ 

ʮʴʦʤʫ, ʬʦʨʤʘ ʪʘ ʦʨʽʻʥʪʘʮʽʷ ʝʣʽʧʩʘ (ʧʨʷʤʦʾ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʘʤʧʣʽʪʫʜ ʪʘ ʬʘʟʦʚʠʤ ʟʩʫʚʦʤ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʢʦʣʠʚʘʥʴ. 

ɿʘʛʘʣʦʤ, ʨʠʩ. 2 ʝʬʝʢʪʠʚʥʦ ʽʣʶʩʪʨʫʻ ʛʥʫʯʢʽʩʪʴ ʧʣʘʥʝʪʘʨʥʦʛʦ ʚʽʙʨʦʟʙʫʜʥʠʢʘ 

ʫ ʬʦʨʤʫʚʘʥʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʢʦʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʟʤʽʥʫ ʡʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʢʚʘʟʽʣʽʥʽʡʥʠʭ 

ʪʨʘʻʢʪʦʨʽʡ ʦʜʥʦʤʘʩʦʚʦʾ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʨʽʟʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʅʝʟʥʘʯʥʘ ʥʝʛʣʘʜʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʨʘʻʢʪʦʨʽʡ 

ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʚʧʣʠʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ ʪʘ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʜʝ ʧʦʪʨʽʙʥʝ ʪʦʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʡ 

ʢʦʣʠʚʘʥʴ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʩʝʧʘʨʫʚʘʥʥʷ, ʪʨʘʤʙʫʚʘʥʥʷ ʪʦʱʦ). 
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ɺʠʜʘʚʣʶʚʘʥʥʷ ʧʦʨʦʞʥʠʩʪʠʭ ʜʝʪʘʣʝʡ ʫ ʭʦʣʦʜʥʦʤʫ ʦʙôʻʤʥʦʤʫ ʰʪʘʤʧʫʚʘʥʥʽ 

ʻ ʚʘʞʣʠʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚ ʩʫʯʘʩʥʽʡ ʚʠʨʦʙʥʠʯʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʎʝʡ ʧʨʦʮʝʩ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʢʣʘʜʥʽ ʚʠʨʦʙʠ ʟʽ ʟʥʠʞʝʥʦʶ ʚʘʛʦʶ ʪʘ ʟʙʝʨʝʞʝʥʥʷʤ ʚʠʩʦʢʦʾ 

ʤʽʮʥʦʩʪʽ [1-3].  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʷʚʣʝʥʥʷ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʜʝʬʝʢʪ ʪʠʧʫ 

ʫʪʷʞʠʥʘ (ʣʦʢʘʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ). ɺʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʬʦʨʤʫʚʘʥʥʷ ʫʪʷʞʠʥʠ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʽʥʮʝʚʦʾ ʜʝʪʘʣʽ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʥʘʜʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʷʢʽʩʪʶ 

ʫ ʧʨʦʮʝʩʽ ʦʙôʻʤʥʦʛʦ ʰʪʘʤʧʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʫ ʧʨʦʛʨʘʤʽ DEFORM 2D/3D.  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʚʦʨʦʪʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʫ ʧʨʦʛʨʘʤʽ DEFORM 

2D/3D ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʛʦʪʦʚʢʫ ʟ ʤʘʪʝʨʽʘʣʫ AL 1100 Cold ï ʮʝ ʪʝʭʥʽʯʥʦ 

ʯʠʩʪʠʡ ʘʣʶʤʽʥʽʡ, ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʜʦ ʛʨʫʧʠ ʜʝʬʦʨʤʦʚʘʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʟ 

ʚʠʩʦʢʦʶ ʧʣʘʩʪʠʯʥʽʩʪʶ. 

ɿʘʛʦʪʦʚʢʘ ʤʘʣʘ ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ, ʟ ʨʘʜʽʫʩʦʤ R = 18 ʤʤ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʢʨʠʚʣʝʥʥʷ ʜʽʣʠʣʴʥʦʾ ʩʽʪʢʠ ʪʘ ʟʦʥʠ ʫʪʚʦʨʝʥʥʷ 

ʫʪʷʞʠʥʠ ʚ ʦʙʣʘʩʪʽ ʜʥʘ ʜʝʪʘʣʽ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʚʠʜʘʚʣʶʚʘʥʥʷ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, 

ʟʤʽʥʘ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ίӶ  ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʚʽʜʥʦʩʥʫ ʪʦʚʱʠʥʫ ʜʥʘ 

ὸӶ , ʥʘ ʷʢʽʡ ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʜʝʬʝʢʪ. ʇʨʠ ίӶ = 0,2 ʟʦʥʘ ʫʪʚʦʨʝʥʥʷ ʫʪʷʞʠʥʠ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʚʽʜʥʦʩʥʽʡ ʪʦʚʱʠʥʽ ʜʥʘ  ὸӶ = 0,07 ʽ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʚʥʫʪʨʽʰʥʽʡ 
ʧʦʚʝʨʭʥʽ ʜʥʘ, ʙʣʠʞʯʝ ʜʦ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʟ ʤʘʪʨʠʮʝʶ. 

 

ίӶ = 0,2 ίӶ = 0,3 ίӶ = 0,4 ίӶ = 0,5 

     
 

ʈʠʩ. 1. ɺʠʢʨʠʚʣʝʥʥʷ ʜʽʣʠʣʴʥʦʾ ʩʽʪʢʠ ʪʘ ʟʦʥʠ ʫʪʚʦʨʝʥʥʷ ʫʪʷʞʠʥʠ 

 

ɿ ʤʝʪʦʶ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ίӶ ʙʫʣʦ 
ʜʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʜʥʘ ὸӶ ʥʘ ʷʢʽʡ ʚʠʥʠʢʘʻ ʫʪʷʞʠʥʘ, ʚʽʜ 
ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ίӶ ʷʢʘ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 0,2 ʜʦ 0,5 ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ 

s 

R 

t 
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(ʨʠʩ. 2). ʆʪʨʠʤʘʥʽ ʛʨʘʬʽʯʥʽ ʜʘʥʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʨʘʟʥʫ ʪʝʥʜʝʥʮʽʶ: ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʩʥʽʡ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ίӶ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ ʚʽʜʥʦʩʥʘ ʪʦʚʱʠʥʘ ʜʥʘ ὸӶ, 
ʥʘ ʷʢʽʡ ʬʦʨʤʫʻʪʴʩʷ ʫʪʷʞʠʥʘ. 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʜʥʘ ὸӶ ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ίӶ 

 

ʇʽʜʩʫʤʢʦʤ ʨʦʙʦʪʠ ʻ ʪʝ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʾ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ίӶ, 
ʜʝʪʘʣʴ ʤʘʻ ʚʠʱʫ ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʯʠʥʠʪʠ ʦʧʽʨ ʣʦʢʘʣʴʥʦʤʫ ʩʪʦʥʰʝʥʥʶ ʚ 

ʟʦʥʽ ʜʥʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʙʣʘʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʫʪʷʞʠʥʠ ʟʤʽʱʫʻʪʴʩʷ ʙʣʠʞʯʝ ʜʦ 

ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʜʝ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʻ ʤʝʥʰ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʘʨʘʤʝʪʨ ίӶ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ ʫʤʦʚʠ 

ʚʠʥʠʢʥʝʥʥʷ ʫʪʷʞʠʥʠ, ʽ ʤʘʻ ʙʫʪʠ ʦʙʦʚôʷʟʢʦʚʦ ʚʨʘʭʦʚʘʥʠʡ ʧʽʜ ʯʘʩ ʦʧʪʠʤʽʟʘʮʽʾ 

ʛʝʦʤʝʪʨʽʾ ʜʝʪʘʣʽ. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʅɽɺʄɸʊʀʏʅʆɻʆ 

ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ɼɺʀɻʋʅɸ 

 

ʂʨʘʤʩʴʢʠʡ ʆ.ɺ., ɿʽʥʴʢʦ ʈ.ɺ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) 

 

ɺ ʜʘʥʠʡ ʯʘʩ ʚ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʘʢʪʠʚʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ 

ʝʥʝʨʛʝʪʠʯʥʽ ʽ ʪʨʘʥʩʧʦʨʪʥʽ ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʥʝʚʤʘʪʠʯʥʠʭ ʜʚʠʛʫʥʽʚ 

ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʦʙʫʜʦʚʘ ʘʜʝʢʚʘʪʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ 

ʧʦʨʰʥʝʚʠʭ ʧʥʝʚʤʘʪʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʜʝʪʘʣʴʥʠʤ ʨʦʟʛʣʷʜʦʤ ʪʝʨʤʦ- ʽ 

ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. 

ʈʘʥʽʰʝ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʦʩʥʦʚʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʥʝʚʤʘʪʠʯʥʠʭ 

ʜʚʠʛʫʥʽʚ ʥʘ ʙʘʟʽ ʥʘʷʚʥʠʭ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʚʦʩʪʦʨʦʥʥʽʭ ʧʥʝʚʤʘʪʠʯʥʠʭ ʮʠʣʽʥʜʨʽʚ 

[1-3], ʘ ʪʘʢʦʞ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʥʘ 

ʙʘʟʽ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʂ-750 [4]. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʧʦʨʰʥʝʚʠʭ ʧʥʝʚʤʘʪʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʝʢʪʫʚʘʪʠ 

ʦʨʠʛʽʥʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ, ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʰʥʝʚʦʛʦ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʜʚʠʛʫʥʘ. 

ɹʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽ ʧʨʦʛʘʤʘ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʽ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʰʥʝʚʦʛʦ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʋ ʧʨʦʮʝʩʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʟ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʚʘʨʽʶʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: ʪʠʩʢ ʫ 

ʚʧʫʩʢʥʽʡ ʤʘʛʽʩʪʨʘʣʽ, ʢʫʪ ʧʦʯʘʪʢʫ ʚʽʜʢʨʠʪʪʷ ʚʧʫʩʢʥʦʛʦ ʪʘ ʚʠʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʽʚ, 

ʜʽʘʤʝʪʨ ʧʦʨʰʥʷ, ʢʽʣʴʢʽʩʪʴ ʮʠʣʽʥʜʨʽʚ, ʜʽʘʤʝʪʨʠ ʚʧʫʩʢʥʦʛʦ ʪʘ ʚʠʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʽʚ, 

ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʜʦ ʤʘʛʽʩʪʨʘʣʽ [5]. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʷ 

ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʽʚ 750 ʦʙ/ʭʚ. 

ʅʘ ʨʠʩ. 1, ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʪʠʩʢʫ ʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚʽʜ 

ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʧʥʝʚʤʦʜʚʠʛʫʥʘ. 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʧʨʠ ʨʦʙʦʪʽ ʧʥʝʚʤʦʜʚʠʛʫʥʘ ʚʠʤʘʛʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʙʦ ʤʘʭʦʚʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʘʙʦ ʢʽʣʴʢʦʭ ʮʠʣʽʥʜʨʽʚ ʟʘʣʝʞʥʦ ʚʽʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʽʜʩʫʤʢʦʤ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʥʫʚʘʪʠ 

ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʦʩʥʦʚʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʰʥʝʚʠʭ ʧʥʝʚʤʘʪʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʽʟ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʽ ʟʘʜʘʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʛʘʟʦʨʦʟʧʦʜʽʣʫ. ʄʝʪʦʜʠʢʘ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʤʘʶʪʴ 

ʥʘʫʢʦʚʝ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʷʢ ʥʝʦʙʭʽʜʥʠʡ ʝʪʘʧ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʟ 

ʧʥʝʚʤʘʪʠʯʥʦʶ ʪʨʘʥʩʤʽʩʽʻʶ. ʆʪʨʠʤʘʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʘʶʪʴ ʥʘʦʯʥʫ 
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ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʪʠʩʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʜʚʠʛʫʥʘ ʧʨʠ ʦʙʝʨʪʘʭ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʪʠʩʢʫ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʣʘ 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʣʘ 
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2. L. Liu, X.-L. Yu, Optimal design of ideal cycle in air powered engine, Zhejiang Daxue Xuebao 

(Gongxue Ban)/J. Zhejiang Univ. (Eng. Sci.) 40 (2006) 1815ï1818. 3. Trond Inge Eide. Modelling 

and control of a pneumatic starting system for medium-speed gas engines. Norwegian University of 

Science and Technology, 2011. 121 p. 4. ʂʨʘʤʩʢʦʡ ɸ. ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
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ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʆʎɽʉʋ ʍʈʆʄʋɺɸʅʅʗ 

ɻʃʀɹʆʂʀʍ ʆʊɺʆʈɯɺ ɿ ʇʈʆʊʆʏʅʀʄ ɽʃɽʂʊʆʃɯʊʆʄ 

 

ʂʨʫʧʘ ɺ.ɺ., ʐʪʦʛʨʠʥ ʉ.ʇ.  

(ʊʅʊʋ ʽʤʝʥʽ ɯ. ʇʫʣʶʷ, ʤ. ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʭʨʦʤʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʧʨʦʪʦʯʥʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ [1]. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʮʝʩ 

ʭʨʦʤʫʚʘʥʥʷ ʢʨʽʤ ʧʦʯʘʪʢʦʚʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʘʛʦʪʦʚʢʠ, 

ʾʾ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ [1, 2]: 

ʦʯʠʱʝʥʥʷ, ʜʝʬʝʢʪʦʩʢʦʧʽʷ, ʛʽʜʨʦʩʪʨʫʤʝʥʝʚʘ ʦʙʨʦʙʢʘ, ʟʥʝʞʠʨʶʚʘʥʥʷ, ʧʨʦʤʠʚʘʥʥʷ 

ʚ ʭʦʣʦʜʥʽʡ ʚʦʜʽ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʢʦʤʽʨʮʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʭʨʦʤʫʚʘʥʥʷ ʚ ʧʨʦʪʦʯʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ, ʧʨʦʛʨʽʚʘʥʥʷ, ʘʥʦʜʥʝ ʜʝʢʘʧʽʨʫʚʘʥʥʷ, 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʭʨʦʤʫʚʘʥʥʷ ʜʝʪʘʣʽ ʚ ʧʨʦʪʦʯʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ, ʧʨʦʤʠʚʘʥʥʷ ʚ 

ʭʦʣʦʜʥʽʡ ʚʦʜʽ, ʧʨʦʤʠʚʘʥʥʷ ʚ ʛʘʨʷʯʽʡ ʚʦʜʽ, ʧʘʩʠʚʫʚʘʥʥʷ, ʩʫʰʽʥʥʷ [1], [2].  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʚʢʣʶʯʘʻ ʦʧʝʨʘʮʽʾ: 1.ʇʨʦʤʠʚʢʘ 

ʚʦʜʦʶ; 2. ʆʙʝʟʞʠʨʶʚʘʥʥʷ ʨʦʟʯʠʥʦʤ ʢʘʫʩʪʠʯʥʦʾ ʩʦʜʠ; 3. ʇʨʦʤʠʚʢʘ ʚʦʜʦʶ; 4. 

ʊʨʘʚʣʝʥʥʷ ʨʦʟʯʠʥʦʤ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ; 5. ʇʨʦʤʠʚʢʘ ʚʦʜʦʶ; 6. ʇʨʦʤʠʚʢʘ 

ʜʝʤʽʥʝʨʘʣʽʟʦʚʘʥʦʶ ʚʦʜʦʶ; 7. ʍʨʦʤʫʚʘʥʥʷ ï ʧʨʦʢʘʯʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ 

(ʜʝʢʘʧʽʨʢʘ ï ʧʨʦʢʘʯʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʟ ʧʦʜʘʯʝʶ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʱʽʣʴʥʽʩʪʶ 

40-45 ɸ/ɼʤ2; ʧʦʰʪʦʚʭ - ï ʧʨʦʢʘʯʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʟ ʧʦʜʘʯʝʶ ʩʪʨʫʤʫ ʱʽʣʴʥʽʩʪʶ 

70-75 ɸ/ɼʤ2; ʭʨʦʤʫʚʘʥʥʷ ï ʧʨʦʢʘʯʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʟ ʧʦʜʘʯʝʶ ʩʪʨʫʤʫ 

ʱʽʣʴʥʽʩʪʶ 40-45 ɸ/ɼʤ2); 8. ʇʨʦʤʠʚʢʘ ʚʦʜʦʶ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʦʣʽʪ 

ʜʣʷ ʭʨʦʤʫʚʘʥʥʷ ʪʘʢʦʛʦ ʩʢʣʘʜʫ: ʭʨʦʤʦʚʠʡ ʘʥʛʽʜʨʠʜ ʉrʆ3 ï 150 ʛ/ʣ; ʩʽʨʯʘʥʘ 

ʢʠʩʣʦʪʘ H2SO4 ï 1.5 ʛ/ʣ; ʦʩʥʦʚʘ ï ʚʦʜʘ. ɺʩʽ ʦʧʝʨʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʰʣʷʭʦʤ 

ʧʨʦʢʘʯʫʚʘʥʥʷ ʨʽʜʠʥ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʶ ʮʠʣʽʥʜʨʠʯʥʫ ʧʦʚʝʨʭʥʶ ʟʘʛʦʪʦʚʢʠ ʟ 

ʘʥʦʜʦʤ. ʂʘʪʦʜʦʤ ʚʠʩʪʫʧʘʻ ʟʘʛʦʪʦʚʢʘ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʪʝ, ʱʦ ʚʩʽ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʽ 

ʦʧʝʨʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʦʜʠʥ ʫʩʪʘʥʦʚ ʥʘ ʧʨʠʩʪʦʩʫʚʘʥʥʽ. ɺʩʽ ʨʽʜʠʥʠ (ʚʦʜʘ, 

ʝʣʝʢʪʨʦʣʽʪʠ ʪʦʱʦ) ʨʦʟʤʽʱʝʥʽ ʚ ʦʢʨʝʤʠʭ ʻʤʥʦʩʪʷʭ (ʚʘʥʥʘʭ) ʽ ʟôʻʜʥʘʥʽ ʟ 

ʩʧʝʮʽʘʣʴʥʠʤ ʛʽʜʨʦʚʫʟʣʦʤ, ʱʦ ʢʝʨʫʻ ʪʘ ʧʝʨʝʢʣʶʯʘʻ ʾʭ ʧʦʯʝʨʛʦʚʫ ʧʦʜʘʯʫ.  

ʎʝ ʜʦʟʚʦʣʷʻ: ʟʤʝʥʰʠʪʠ ʯʘʩ ʧʽʜʛʦʪʦʚʯʠʭ ʨʦʙʽʪ, ʦʩʢʽʣʴʢʠ ʨʦʟʯʠʥʠ 

ʧʨʦʢʘʯʫʶʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ; ʚʠʢʣʶʯʠʪʠ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʙʨʘʢʫ ʫ ʧʽʜʛʦʪʦʚʯʠʭ 

ʦʧʝʨʘʮʽʷʭ; ʚʠʢʣʶʯʠʪʠ ʟ ʧʨʦʮʝʩʫ ʤʽʞʦʧʝʨʘʮʽʡʥʫ ʣʦʛʽʩʪʠʢʫ; ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʣʴʚʘʥʽʯʥʠʭ ʚʘʥʥ ʤʝʥʰʦʛʦ ʛʘʙʘʨʠʪʫ, ʦʩʢʽʣʴʢʠ ʥʝ ʧʦʪʨʽʙʥʦ 

ʧʦʤʽʱʘʪʠ ʜʝʪʘʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʘʥʥʠ, ʽ ʪ. ʜ. 
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ʉʋʏɸʉʅɯ ʄɽʊʆɼʀ ʐʃɯʌʋɺɸʅʅʗ ɻɸɿʆɺʀʍ ʇɯɼʐʀʇʅʀʂɯɺ ɼʃʗ 

ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ʊɸ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ɰʍʅɯʍ ʈʆɹʆʏʀʍ 

ʇʆɺɽʈʍʆʅʔ 
 

ʂʫʜʨʘʪʦʚ ʄ. ʄ. 

(ɺʅʊʋ, ʤ. ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ) 

 

ɻʘʟʦʚʽ ʧʽʜʰʠʧʥʠʢʠ ʟʘʡʤʘʶʪʴ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʽ ʪʦʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʪʘʢʠʭ ʷʢ ʪʫʨʙʦʤʘʰʠʥʠ, ʤʽʢʨʦʩʠʩʪʝʤʠ, 

ʧʨʝʮʠʟʽʡʥʽ ʩʪʘʥʢʠ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʻ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʫ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʭʘʨʯʦʚʘ, ʪʝʢʩʪʠʣʴʥʘ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʚʠʢʣʠʢʽʚ ʫ ʮʽʡ ʩʬʝʨʽ ʻ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʥʠʟʴʢʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʨʪʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʟʥʦʩʫ. ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʰʣʽʬʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʛʘʟʦʚʠʭ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʪʘʢʽ ʷʢ ʫʣʴʪʨʘʟʚʫʢʦʚʝ, ʘʙʨʘʟʠʚʥʦ-ʩʪʨʫʤʝʥʝʚʝ ʪʘ ʢʦʤʙʽʥʦʚʘʥʝ 

ʰʣʽʬʫʚʘʥʥʷ, ʚʽʜʽʛʨʘʶʪʴ ʢʨʠʪʠʯʥʫ ʨʦʣʴ ʫ ʜʦʩʷʛʥʝʥʥʽ ʮʠʭ ʮʽʣʝʡ. ʆʜʥʘʢ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʤʝʪʦʜʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʪʘ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ.. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʰʣʽʬʫʚʘʥʥʷ ʛʘʟʦʚʠʭ 

ʧʽʜʰʠʧʥʠʢʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʾʭ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘʢʠʭ ʧʽʜʰʠʧʥʠʢʽʚ. 

ʈʦʟʛʣʷʥʫʪʦ ʘʢʪʫʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʰʣʽʬʫʚʘʥʥʷ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ ʛʘʟʦʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ï ʚʘʞʣʠʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʽ ʚʠʩʦʢʦʪʦʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʪʘʢʠʭ ʷʢ 

ʤ̔ ʢʨʦʩʠʩʪʝʤʠ, ʚʝʣʠʢʽ ʪʫʨʙʦʤʘʰʠʥʠ, ʘ ʪʘʢʦʞ ʦʙʣʘʜʥʘʥʥʷ ʚ ʭʘʨʯʦʚʽʡ, ʪʝʢʩʪʠʣʴʥʽʡ 

ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [1, 2]. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤ 

ʪʝʭʥʽʯʥʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʚʢʣʶʯʘʶʯʠ ʤʽʥʽʤʽʟʘʮʽʶ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ, ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʧʽʜʰʠʧʥʠʢʽʚ [3]. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʰʣʽʬʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʧʨʝʮʠʟʽʡʥʝ 

ʰʣʽʬʫʚʘʥʥʷ, ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʝ ʘʣʤʘʟʥʝ ʰʣʽʬʫʚʘʥʥʷ, ʽʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ, 

ʩʫʧʝʨʬʽʥʽʰʫʚʘʥʥʷ ʪʘ ʢʦʤʙʽʥʦʚʘʥʽ ʧʽʜʭʦʜʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ 

ʦʙʤʝʞʝʥʥʷ [4]. ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʘʣʤʘʟʥʠʭ ʪʘ ʢʝʨʘʤʽʯʥʠʭ 

ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʛʝʦʤʝʪʨʽʾ ʧʽʜʰʠʧʥʠʢʽʚ [5]. 

ɿʘʟʥʘʯʝʥʦ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ 

ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʪʘ ʘʙʨʘʟʠʚʥʦ-ʩʪʨʫʤʝʥʝʚʝ ʰʣʽʬʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʦʜʥʦʨʽʜʥʦʩʪʽ ʦʙʨʦʙʢʠ [2]. ʎʽ ʪʝʭʥʦʣʦʛʽʾ 

ʪʘʢʦʞ ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʤʽʢʨʦʪʨʽʱʠʥ ʥʘ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʧʽʜʰʠʧʥʠʢʽʚ [6]. 

ʋ ʨʦʙʦʪʽ ʘʢʮʝʥʪʫʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʰʣʽʬʫʚʘʥʥʷ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʧʝʨʝʚʘʛʠ ʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ ʛʘʟʦʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ, ʱʦ ʻ 

ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʾʭ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ [7]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʰʣʽʬʫʚʘʥʥʷ ʛʘʟʦʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ, 

ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʚʠʩʦʢʦʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ (ʥʘʧʨʠʢʣʘʜ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʪʘ ʘʙʨʘʟʠʚʥʦ-ʩʪʨʫʤʝʥʝʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ) ʟ ʩʫʯʘʩʥʠʤʠ 

ʩʝʥʩʦʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʧʦʚʝʨʭʦʥʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʅʦʚʠʟʥʘ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʙʽʥʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʫʥʠʢʥʫʪʠ ʤʽʢʨʦʪʨʽʱʠʥ ʽ 

ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʦʥʴ ʥʘʚʽʪʴ ʧʨʠ ʟʥʘʯʥʠʭ ʤʝʭʘʥʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʛʘʟʦʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʽ ʚʠʩʦʢʦʪʦʯʥʠʭ ʤʝʭʘʥʽʟʤʘʭ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

1. Shang, Youyun & Cheng, Kai & Ding, Hui & Chen, Shijin. Design of a Hydrostatic 

Spindle and Its Simulation Analysis with the Application to a High Precision Internal Grinding 

Machine. Machines. 2022, 10, 127. https://doi.org/10.3390/machines10020127 

2. Mulik, Rahul & Pandey, Pulak. Mechanism of Surface Finishing in Ultrasonic-Assisted 

Magnetic Abrasive Finishing Process. Materials and Manufacturing Processes, 2010, 25, 1418-1427. 

https://doi.org/10.1080/10426914.2010.499580 

3. Wang, Tingzhang & Cheng, Jian & Liu, Henan & Chen, Mingjun & Wu, Chunya & Su, 

Dingning. Ultra-precision grinding machine design and application in grinding the thin-walled 

complex component with small ball-end diamond wheel. The International Journal of Advanced 

Manufacturing Technology, 2019, 101. https://doi.org/10.1007/s00170-018-3102-7. 

4. Jia, Qian & Hu, Lai. Design and Development of a High-Speed Precision Internal 

Grinding Machine and the Associated Grinding Processes. Processes, 2022, 11, 64. 

https://doi.org/10.3390/pr11010064. 

5. I. Inasaki. Grinding of Hard and Brittle Materials, CIRP Annals, 1987, 36, 2,  463-471. 

ISSN 0007-8506. https://doi.org/10.1016/S0007-8506(07)60748-3. 

6. Mishchenko, Andrii & Wu, Leonardo & Da Silva, Vanessa & Scotti, Americo. Analysis 

of residual stresses resulting from the surface preparation for X-ray diffraction measurement. Journal 

of the Brazilian Society of Mechanical Sciences and Engineering, 2018, 40. 

https://doi.org/10.1007/s40430-018-1036-5. 

7. Lu, F. & Wu, Y.-H & Zhang, K. Technological investigation on taper grinding for hybrid 

bearing ceramic ball. 2004, 25, 82-85. 

 

https://doi.org/10.3390/machines10020127
https://doi.org/10.1080/10426914.2010.499580
https://doi.org/10.1007/s00170-018-3102-7
https://doi.org/10.3390/pr11010064
https://doi.org/10.1016/S0007-8506(07)60748-3
https://doi.org/10.1007/s40430-018-1036-5


126 
 

ʇɽʈʉʇɽʂʊʀɺʅɯ ʅɸʇʈʗʄʂʀ ʈʆɿɺʀʊʂʋ ʇʈʆɼʋʂʊʆɺʀʍ ʃɯʅɯʁʆʂ 

ɼʃʗ ʋʂʈɸɰʅʉʔʂʆɻʆ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ  

ʋ ʇɽʈɯʆɼ ɼʆ 2030 ʈʆʂʋ 

 
1ʃʽʩʦʚʠʡ ʉ.ɺ., 2ʐʘʰʢʦ ɺ.ʆ. 

(1 ɸʊ çʍɸʈʂɯɺʉʔʂʀʁ ʄɸʐʀʅʆɹʋɼɯɺʅʀʁ ɿɸɺʆɼ çʂʆʈʋʄ ʉɺɯʊʃʆ 

ʐɸʍʊɸʈʗè, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 2ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʉʮʝʥʘʨʽʾ ʱʦʜʦ ʤʘʡʙʫʪʥʴʦʛʦ ʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʧʽʩʣʷʚʦʻʥʥʠʭ ʧʦʜʽʡ, ʘʣʝ ʚʞʝ 

ʟʘʨʘʟ ʤʦʞʣʠʚʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʧʨʦʜʫʢʪʦʚʠʭ ʣʽʥʽʡʦʢ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʧʯʘʩʪʠʥ, ʷʢʽ ʙʫʜʫʪʴ ʟʘʪʨʝʙʫʚʘʥʽ ʥʘ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʫ 

ʥʘʡʙʣʠʞʯʽ ʧôʷʪʴ ʨʦʢʽʚ.  

ʄʝʪʦʜʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʝʢʦʥʦʤʽʯʥʠʭ ʩʮʝʥʘʨʽʾʚ ʱʦʜʦ ʨʠʥʢʽʚ ʪʘ 

ʧʨʦʜʫʢʪʽʚ ʧʦʣʷʛʘʻ ʫ ʧʨʦʚʝʜʝʥʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ [1, 2]: ʩʪʘʥʫ ʪʘ ʧʦʪʨʝʙ 

ʛʘʣʫʟʝʡ-ʩʧʦʞʠʚʘʯʽʚ, ʷʢ ʽʩʥʫʶʯʠʭ, ʪʘʢ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ; ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʚʥʫʪʨʽʰʥʴʦʜʝʨʞʘʚʥʠʭ ʚʠʨʦʙʥʠʢʽʚ; ʪʨʝʥʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʽʥʥʦʚʘʮʽʡ ʚ ʦʙʨʘʥʠʭ ʮʽʣʴʦʚʠʭ ʩʝʛʤʝʥʪʘʭ ʨʠʥʢʫ; ʦʙʩʷʛʽʚ ʢʦʞʥʦʛʦ ʟ ʩʝʛʤʝʥʪʽʚ ʟʘ 

ʛʘʣʫʟʝʚʦʶ ʪʘ ʧʨʦʜʫʢʪʦʚʦʶ ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ; ʨʽʚʥʷ ʢʦʥʢʫʨʝʥʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʨʦʚʽʜʥʠʭ ʟʦʚʥʽʰʥʽʭ ʚʠʨʦʙʥʠʢʽʚ; ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʪʘ 

ʜʞʝʨʝʣ ʬʽʥʘʥʩʫʚʘʥʥʷ; ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʦʧʝʨʘʮʽʾ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʟ ʣʽʜʝʨʘʤʠ 

ʨʠʥʢʫ; ʜʝʨʞʘʚʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʽ ʧʦʣʽʪʠʢʠ ʧʽʜʪʨʠʤʢʠ ʚʥʫʪʨʽʰʥʽʭ ʚʠʨʦʙʥʠʢʽʚ. 

ɺʠʩʥʦʚʢʠ ʩʪʘʪʪʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ, ʩʚʽʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʨʝʥʜʽʚ, ʥʘʷʚʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʟʚʽʪʽʚ [3] ʪʘ ʝʢʩʧʝʨʪʥʦʾ ʜʫʤʢʠ ʬʦʢʫʩ-ʛʨʫʧ ʱʦʜʦ ʧʨʽʦʨʠʪʝʪʽʚ ʫ ʧʽʩʣʷʚʦʻʥʥʦʤʫ 

ʚʽʜʥʦʚʣʝʥʥʽ ʜʝʨʞʘʚʠ. ɿʚʘʞʘʶʯʠ ʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʠʪʫʘʮʽʾ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʘʥʘʣʽʪʠʯʥʦʾ ʨʦʙʦʪʠ ʚʠʢʣʶʯʝʥʽ ʥʘʧʨʷʤʢʠ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʧʨʦʜʫʢʪʦʚʠʭ ʣʽʥʽʡʦʢ 

ɺʇʂ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʦʧʪʠʤʘʣʴʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʨʦʟʚʠʪʢʫ ʧʨʦʜʫʢʪʦʚʠʭ 

ʣʽʥʽʡʦʢ, ʷʢʽ ʙʫʜʫʪʴ ʚʽʜʥʝʩʝʥʽ ʜʦ ʜʝʨʞʘʚʥʠʭ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʦʥ ʚʽʜʥʦʚʣʝʥʥʷ, 

ʚʠʟʥʘʯʝʥʽ: 

1) ʆʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʧʯʘʩʪʠʥʠ ʜʣʷ ʛʘʣʫʟʝʡ ʚʠʜʦʙʫʚʘʥʥʷ ï ʙʫʨʦʚʝ, 

ʧʨʦʭʽʜʥʠʮʴʢʝ, ʢʦʥʚʝʻʨʥʝ, ʜʨʦʙʠʣʴʥʝ, ʩʦʨʪʫʚʘʣʴʥʝ ʪʘ ʘʛʨʝʛʘʪʥʦ-ʢʦʤʧʨʝʩʦʨʥʝ. 

2) ʄʝʪʘʣʫʨʛʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʤʦʜʫʣʴʥʠʭ ʟʘʚʦʜʽʚ ï ʧʣʘʚʠʣʴʥʽ ʧʝʯʽ, 

ʄʅʃɿ, ʚʘʢʫʫʤʘʪʦʨʠ, ʧʨʦʢʘʪʥʽ ʩʪʘʥʠ, ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

3) ʆʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʧʯʘʩʪʠʥʠ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ï ʛʽʜʨʦ- ʪʘ 

ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʠ, ʪʫʨʙʽʥʥʝ, ʧʽʜʩʪʘʥʮʽʡʥʝ, ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʪʘ 

ʘʚʪʦʤʘʪʠʢʘ. 

4) ɿʘʧʯʘʩʪʠʥʠ ʜʣʷ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ï ʥʘʩʦʩʠ, ʟʘʧʦʨʥʘ ʘʨʤʘʪʫʨʘ, 

ʪʨʫʙʦʧʨʦʚʦʜʠ, ʝʣʝʤʝʥʪʠ ʪʫʨʙʽʥ. 

5) ɹʫʜʽʚʝʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʰʣʷʭʦʙʫʜʫʚʘʥʥʷ ï 

ʛʨʝʡʜʝʨʥʝ, ʨʝʮʠʢʣʝʨʥʝ, ʙʝʪʦʥʦʟʤʽʰʫʚʘʣʴʥʝ, ʙʫʜʽʚʝʣʴʥʦ-ʧʽʜʽʡʤʘʣʴʥʝ. 

6) ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʛʫʤʘʥʽʪʘʨʥʦʛʦ ʨʦʟʤʽʥʫʚʘʥʥʷ ï ɹʄʈ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʩʠʩʪʝʤʠ ʪʨʘʩʫʚʘʥʥʷ, ʘʧʘʨʘʪʫʨʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 
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7) ʆʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʧʯʘʩʪʠʥʠ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ï ʪʨʘʢʪʦʨʥʝ, 

ʢʦʤʙʘʡʥʦʚʝ, ʥʘʚʽʩʥʝ, ʝʣʝʚʘʪʦʨʥʝ, ʤʘʰʠʥʠ ʜʣʷ ʧʝʨʚʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ. 

8) ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ï 

ʛʽʜʨʦʘʧʘʨʘʪʫʨʘ, ʝʣʝʢʪʨʦʥʥʽ ʙʣʦʢʠ ʢʝʨʫʚʘʥʥʷ, ʨʦʙʦʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ. 

9) ʄʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʝʣʝʤʝʥʪʠ ʫʢʨʠʪʪʽʚ. 

ɿʘʟʥʘʯʝʥʽ ʧʨʦʜʫʢʪʦʚʦ-ʛʘʣʫʟʝʚʽ ʥʘʧʨʷʤʢʠ ʤʘʶʪʴ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʴʦʚʠʭ ʧʨʦʛʨʘʤ ʽʤʧʦʨʪʦʟʘʤʽʱʝʥʥʷ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʭ ʢʣʘʩʪʝʨʽʚ ʫ 

ʩʬʝʨʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʮʝʥʪʨʽʚ 

ʢʦʤʧʝʪʝʥʮʽʡ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʚʘʪʠʤʫʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʪʘ ʚʠʨʦʙʥʠʮʪʚʽ ʦʙʣʘʜʥʘʥʥʷ 

ʧʝʚʥʦʛʦ ʪʠʧʫ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʛʣʠʙʦʢʫ ʩʧʝʮʽʘʣʽʟʘʮʽʶ, ʟʤʝʥʰʠʪʠ 

ʣʦʛʽʩʪʠʯʥʽ ʚʠʪʨʘʪʠ ʪʘ ʥʘʣʘʛʦʜʠʪʠ ʝʬʝʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʟ ʢʽʥʮʝʚʠʤʠ 

ʩʧʦʞʠʚʘʯʘʤʠ ʚ ʢʦʥʢʨʝʪʥʠʭ ʛʘʣʫʟʷʭ. ʆʢʨʝʤʫ ʫʚʘʛʫ ʚʘʨʪʦ ʧʨʠʜʽʣʠʪʠ ʽʥʪʝʛʨʘʮʽʾ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ, ʪʘʢʠʭ ʷʢ ʘʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

(3D-ʜʨʫʢ ʤʝʪʘʣʽʚ), ʮʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ, ʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʜʫʩʪʨʽʾ 4.0 ʫ ʥʦʚʽ ʚʠʨʦʙʥʠʯʽ ʤʘʡʜʘʥʯʠʢʠ. ʎʝ ʥʝ ʣʠʰʝ 

ʧʽʜʚʠʱʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʨʠʥʢʫ, ʘʣʝ ʡ 

ʩʪʚʦʨʠʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʭʦʜʫ ʥʘ ʨʠʥʢʠ ʢʨʘʾʥ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ, ɹʣʠʟʴʢʦʛʦ 

ʉʭʦʜʫ ʪʘ ɸʟʽʾ, ʱʦ ʪʘʢʦʞ ʙʫʜʫʪʴ ʟʘʮʽʢʘʚʣʝʥʽ ʫ ʧʽʩʣʷʚʦʻʥʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʽ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʝʨʞʘʚʥʫ ʧʽʜʪʨʠʤʢʫ ʫ ʬʦʨʤʽ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʟʘʤʦʚʣʝʥʴ, ʛʘʨʘʥʪʽʡ ʟʘʢʫʧʽʚʝʣʴ, ʧʨʦʛʨʘʤ ʣʽʟʠʥʛʫ, ʢʦʤʧʝʥʩʘʮʽʡ 

ʚʽʜʩʦʪʢʦʚʠʭ ʩʪʘʚʦʢ ʟʘ ʢʨʝʜʠʪʘʤʠ ʥʘ ʦʥʦʚʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʫʥʽʬʽʢʘʮʽʾ 

ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. ʈʦʣʴ ʜʝʨʞʘʚʠ ʪʘʢʦʞ ʤʘʻ ʧʨʦʷʚʣʷʪʠʩʷ ʫ ʨʦʟʚʠʪʢʫ 

ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʮʝʥʪʨʽʚ ʪʘ ʧʽʜʪʨʠʤʮʽ ʜʦʩʣʽʜʞʝʥʴ ʽ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ 

ʨʦʟʨʦʙʦʢ (ʅɼɼʂʈ). ʂʨʽʤ ʪʦʛʦ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʛʦʪʦʚʢʠ 

ʽʥʞʝʥʝʨʥʠʭ ʢʘʜʨʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʟ ʩʫʯʘʩʥʠʤʠ 

ʮʠʬʨʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʣʽʥʽʷʤʠ ʪʘ 

ʨʦʙʦʪʦʪʝʭʥʽʢʦʶ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʘ ʨʝʬʦʨʤʘ ʚʠʱʦʾ ʪʝʭʥʽʯʥʦʾ ʦʩʚʽʪʠ ʪʘ ʨʦʟʚʠʪʦʢ 

ʩʠʩʪʝʤʠ ʜʫʘʣʴʥʦʾ ʦʩʚʽʪʠ ʟʘ ʫʯʘʩʪʶ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʛʘʣʫʟʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʥʘʷʚʥʽ ʪʝʥʜʝʥʮʽʾ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʽ ʧʦʪʨʝʙʠ ʬʦʨʤʫʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ 

ʩʠʩʪʝʤʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟ ʦʨʽʻʥʪʘʮʽʻʶ ʥʘ 

ʥʘʮʽʦʥʘʣʴʥʽ ʧʨʽʦʨʠʪʝʪʠ ʪʘ ʛʣʦʙʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʠʢʣʠʢʠ. 
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ɸɼɸʇʊʀɺʅɽ ʇʈʀʉʊʆʉʋɺɸʅʅʗ ɼʃʗ ʊʆʂɸʈʅʆɰ ʆɹʈʆɹʂʀ 

ʊʆʅʂʆʉʊɯʅʅʀʍ ɼɽʊɸʃɽʁ 

 
1ʃʫʮʽʚ ɯ.ɺ., 3ɺʦʣʦʰʠʥ ɺ.ʅ., 2ʃʝʱʫʢ ʈ.ʗ., 2ɹʫʭʦʚʝʮʴ ɺ.ʄ. 

(1ɼʋ çɾʠʪʦʤʠʨʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɾʠʪʦʤʠʨ, ʋʢʨʘʾʥʘ, 
2ʊʅʊʋ ʽʤʝʥʽ ɯ. ʇʫʣʶʷ, ʤ. ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ, 
3ɺʉʇ çʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʊʅʊʋ ʽʤʝʥʽ ɯ.ʇʫʣʶʷè, ʋʢʨʘʾʥʘ) 

 

ʊʦʥʢʦʩʪʽʥʥʽ ʜʝʪʘʣʽ ʪʠʧʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʨʝʮʠʟʽʡʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʘʚʪʦʤʦʙʽʣʴʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʝʜʠʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʝʚʝʣʠʢʦʶ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ, ʥʠʟʴʢʦʶ ʞʦʨʩʪʢʽʩʪʶ, ʘ ʪʘʢʦʞ ʜʫʞʝ ʩʭʠʣʴʥʽ ʜʦ 

ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ [1-3]. ʇʨʠ ʚʠʜʘʣʝʥʥʽ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʨʫʰʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʘ ʨʽʚʥʦʚʘʛʘ ʥʘʧʨʫʞʝʥʴ 

ʚʩʝʨʝʜʠʥʽ ʟʘʛʦʪʦʚʢʠ, ʘ ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʩʝʨʡʦʟʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʨʦʟʪʠʩʢʘʥʥʽ [1-3]. ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʴʦʭ 

ʜʦʩʣʽʜʞʝʥʴ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʪʠʧʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʻ ʩʧʦʩʽʙ ʾʭ ʟʘʪʠʩʢʘʥʥʷ [1-3]. ʊʦʤʫ 

ʨʦʟʨʦʙʣʝʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ ʜʣʷ ʪʦʯʥʦʾ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʪʠʧʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥ ʩʪʘʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʽʜ ʯʘʩ ʟʘʪʠʩʢʫ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ ʪʠʧʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʟʘʪʠʩʢʫ ʪʘ ʪʦʯʥʦʛʦ ʮʝʥʪʨʫʚʘʥʥʷ 

ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʨʫʞʥʦ-ʢʝʨʦʚʘʥʠʭ ʟʘʪʠʩʢʥʠʭ ʩʝʢʮʽʡ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʫ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʜʦʟʚʦʣʷʻ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʢʚʘʟʽʩʪʘʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʾʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʫʟʣʽʚ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʢʦʤʧʝʥʩʘʮʽʶ ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʘʢʪʠʚʥʝ ʜʝʤʧʬʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ, 

ʧʽʜʚʠʱʫʚʘʪʠ ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʽʥ. [4]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʦʢ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ 

ʩʪʨʫʢʪʫʨ ʫ ʩʠʩʪʝʤʘʭ ʟʘʪʠʩʢʫ ʟʘʛʦʪʦʚʦʢ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʘʪʠʩʢʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʚʥʷ ʩʠʣ ʟʘʪʠʩʢʫ, ʪʦʯʥʦʛʦ ʮʝʥʪʨʫʚʘʥʥʷ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʪʘ ʢʦʨʝʢʮʽʾ ʾʾ ʧʦʣʦʞʝʥʥʷ ʧʽʩʣʷ ʟʘʪʠʩʢʫ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ʥʘʚʤʠʩʥʦʛʦ ʚʚʝʜʝʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʟʘʪʠʩʢʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟʦʥ ʜʝʬʦʨʤʘʮʽʾ ʩʠʥʪʝʟʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʘʢʪʠʚʥʦʛʦ ʟʘʪʠʩʢʥʦʛʦ ʢʫʣʘʯʢʘ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʪʠʩʢʫ ʜʝʪʘʣʝʡ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʙʘʟʦʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʜʣʷ 

ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ (ʨʠʩ.1), ʷʢʠʡ ʤʽʩʪʠʪʴ ʧʝʨʝʤʽʱʫʚʘʥʫ ʧʨʫʞʥʫ ʟʘʪʠʩʢʥʫ ʩʝʢʮʽʶ ʪʘ 

ʢʝʨʦʚʘʥʽ ʛʽʜʨʘʚʣʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʧʣʫʥʞʝʨʠ, ʱʦ ʟ ʥʝʶ ʚʟʘʻʤʦʜʽʶʪʴ [5]. 

ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʘʢʪʠʚʥʦʛʦ ʟʘʪʠʩʢʥʦʛʦ ʢʫʣʘʯʢʘ ʪʘ 

ʟʘʪʠʩʥʫʪʦʾ ʪʦʥʢʦʩʪʽʥʥʦʾ ʜʝʪʘʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ CAD/CAE-ʩʠʩʪʝʤʠ ʧʨʠ ʨʽʟʥʠʭ 

ʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʪʘ ʪʦʚʱʠʥʽ ʩʪʽʥʢʠ ʟʘʪʠʩʢʥʦʾ ʩʝʢʮʽʾ. ʅʘ ʾʭ ʦʩʥʦʚʽ 

ʚʠʟʥʘʯʝʥʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʧʦ ʛʽʧʦʪʝʟʽ ʝʥʝʨʛʽʾ ʟʤʽʥʠ ʬʦʨʤʠ ʈʽʭʘʨʜʘ ʌʦʥ ʄʽʟʝʩʘ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʟʘʪʠʩʢʥʦʛʦ ʢʫʣʘʯʢʘ 

ʤʽʩʮʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʠʭ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ 
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ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʰʘʨʥʽʨʽʚ, ʘ ʟʘʪʠʩʢʥʘ ʩʝʢʮʽʷ ʧʨʠ ʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʽʜ 

ʧʣʫʥʞʝʨʽʚ ʚ ʜʽʘʧʘʟʦʥʽ 100é1000 ʅ ʧʨʘʮʶʻ ʚ ʟʦʥʽ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʆʪʨʠʤʘʥʽ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʟʘʪʠʩʢʥʦʾ ʩʝʢʮʽʾ ʧʨʠ ʪʠʭ ʩʘʤʠʭ 

ʩʠʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʽʜ ʧʣʫʥʞʝʨʽʚ ʪʘ ʪʦʚʱʠʥʘʭ ʾʾ ʩʪʽʥʢʠ t ʚʽʜ 4 ʜʦ 2 ʤʤ 

ʩʪʘʥʦʚʣʷʪʴ 0,022é0,235 ʤʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʫ ʪʦʯʥʽʩʪʴ 

ʮʝʥʪʨʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʙʘʟʦʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. 

 

  
ʘ) 

  
ʙ) 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʽʷ ʘʢʪʠʚʥʦʛʦ ʟʘʪʠʩʢʥʦʛʦ ʢʫʣʘʯʢʘ (ʘ) ʪʘ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʜʝʪʘʣʝʡ, ʦʩʥʘʱʝʥʝ ʘʢʪʠʚʥʠʤʠ ʟʘʪʠʩʢʥʠʤʠ ʢʫʣʘʯʢʘʤʠ (ʙ) 
 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘʢʦʞ ʩʧʦʩʽʙ ʩʫʤʽʱʝʥʥʷ ʦʩʽ ʜʝʪʘʣʽ ʪʘ ʰʧʠʥʜʝʣʷ, ʷʢʠʡ 

ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʣʦʞʝʥʥʷ ʦʩʽ ʰʧʠʥʜʝʣʷ ʽ ʧʦʣʦʞʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦ 

ʟʘʪʠʩʥʫʪʦʾ ʚ ʘʢʪʠʚʥʠʭ ʢʫʣʘʯʢʘʭ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʝʪʘʣʽ, ʧʽʩʣʷ ʯʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʟʘʪʠʩʢʥʠʭ ʩʝʢʮʽʡ ʘʢʪʠʚʥʠʭ ʢʫʣʘʯʢʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʫʤʽʱʝʥʥʷ ʦʩʽ 

ʜʝʪʘʣʽ ʟ ʚʽʩʩʶ ʰʧʠʥʜʝʣʷ. ɺʠʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʮʝʥʪʨʫ ʰʧʠʥʜʝʣʷ ʜʦ ʮʝʥʪʨʫ ʪʦʥʢʦʩʪʽʥʥʦʾ ʜʝʪʘʣʽ ʪʘ ʡʦʛʦ ʢʫʪʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʝʣʠʯʠʥ ʧʽʜʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʟʘʪʠʩʢʥʠʭ ʩʝʢʮʽʡ 

ʢʦʞʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʢʫʣʘʯʢʘ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. 
ʃʽʪʝʨʘʪʫʨʘ:  

1. ʊʝʭʥʦʣʦʛʽʯʥʝ ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʥʘ ʪʦʢʘʨʥʠʭ 

ʚʝʨʩʪʘʪʘʭ: ʄʦʥʦʛʨʘʬʽʷ/ ʂʫʟʥʻʮʦʚ ʖ.ʄ., [ʪʘ ʽʥ.].ï ʂ.: ï ʊʝʨʥʦʧʽʣʴ: ʊʝʨʥʦ-ʛʨʘʬ, 2011. ï 692 ʩ.  

2. Liu H. Fixturing technology and system for thin-walled parts machining: A review/ 

C.Wang, T.Li, Q.Bo, K.Liu, Y.Wang// Frontiers of Mechanical Engineering ï 2022. ï Vol.17, Issue 

4 ï pp. 1-32.  

3. ɿʘʞʠʤʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʘʥʠʝʤ: ʄʦʥʦʛʨʘʬʠʷ/ ʂʫʟʥʻʮʦʚ ʖ.ʄ., [ʪʘ ʽʥ.]. ï ɻʘʙʨʦʚʦ: ʋʥʠʚʝʨʩʠʪʝʪʩʢʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ 

çɺʘʩʠʣ ɸʧʨʠʣʦʚè, 2010. 724 ʩ.  

4. Brecher ʉ. Machine Tools Production Systems 3. Mechatronic Systems, Control and 

Automation/ C. Brecher, M. Weck. ï Springer Fachmedien Wiesbaden, 2022. ï 697ʨ.  

5. ɿʘʪʠʩʢʥʠʡ ʢʫʣʘʯʦʢ ʟ ʘʜʘʧʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʟʘʪʠʩʢʫ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ: ʧʘʪ. 155505 ʋʢʨʘʾʥʘ: ɺ23ɺ31/10 / ɺ.ʅ. ɺʦʣʦʰʠʥ, ɯ.ɻ. ʃʦʩʴ ï ˉ u 2023 

03561; ʟʘʷʚʣ. 24.07.2023; ʦʧʫʙʣ. 06.03.2024, ɹʶʣ. ˉ10. ï 4 ʩ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʂʆʄʇʃɽʂʉʅʆɰ ʄɸɻʅɯʊʅʆ-ɸɹʈɸɿʀɺʅʆɰ 

ʆɹʈʆɹʂʀ ʊɸ ɯʆʅʅʆ-ʇʃɸɿʄʆɺʆɻʆ ʊɽʈʄʆʎʀʂʃɯʏʅʆɻʆ 

ɸɿʆʊʋɺɸʅʅʗ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ʉʇʃɸɺʋ ɽʇ 962  

 
1ʄʘʡʙʦʨʦʜʘ ɺ.ʉ., 2ʅʘʣʽʤʦʚ ʖ.ʉ., 1ʉʣʦʙʦʜʷʥʶʢ ɯ.ɺ. 

(1ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ, 2 ɯʇʄʽʮ. ʽʤ. ɻ.ʉ.ʇʠʩʘʨʝʥʢʘ ʅɸʅ 

ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ ʋʢʨʘʾʥʘ) 

 

ʇʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʠʨʦʙʽʚ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ  

ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʙʝʟʩʫʤʥʽʚʥʦ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʆʜʥʠʤ ʽʟ 

ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʝʡ, ʪʦʤʫ ʱʦ ʩʘʤʝ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʜʝʪʘʣʝʡ ʧʨʠ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʻ ʤʽʩʮʝ ʟʘʨʦʜʞʝʥʥʷ ʪʨʽʱʠʥ ʫʪʦʤʠ. ʅʝʛʘʪʠʚʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʧʽʨ ʫʪʦʤʠ ʻ ʤʽʢʨʦʢʦʥʮʝʥʪʨʘʪʦʨʠ 

ʥʘʧʨʫʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʧʽʜʚʠʱʝʥʦʾ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʥʘʷʚʥʦʩʪʽ ʤʽʢʨʦʧʦʜʨʷʧʠʥ, 

ʧʦʟʠʪʠʚʥʽ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʷʢ ʧʝʨʰʦʛʦ, ʪʘʢ ʽ ʜʨʫʛʦʛʦ ʨʦʜʫ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʧʘʜʢʦʚʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ, ʤʽʢʨʦʪʨʽʱʠʥʠ ʽ ʪ.ʽʥ. 

ɺʠʭʦʜʷʯʠ ʟ ʟʘʟʥʘʯʝʥʦʛʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʦʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʤʝʪʦʜʘʤ ʬʽʥʽʰʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ 

ʦʩʦʙʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʚʠʨʦʙʽʚ. ʉʘʤʝ ʤʝʪʦʜʠ ʬʽʥʽʰʥʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʶʪʴ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʙʝʟʧʝʯʠʪʠ ʬʦʨʤʫʚʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʚʠʨʦʙʽʚ, ʷʢʽ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ   

ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʘʨʦʜʞʝʥʥʷʤ ʪʨʽʱʠʥ ʫʪʦʤʠ ʪʘ ʾʭ 

ʨʦʟʚʠʥʝʥʥʷʤ. ʊʨʘʜʠʮʽʡʥʦ ʜʦ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʤʝʪʦʜʠ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʜʦʜʘʪʢʦʚʠʤ ʧʦʣʽʨʫʚʘʥʥʷʤ ʽ 

ʜʠʬʫʟʽʡʥʠʤ ʥʘʩʠʯʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ.  

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ , ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʻ ʢʦʤʧʣʝʢʩʥʘ 

ʦʙʨʦʙʢʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ  ʽʟ ʢʦʤʙʽʥʫʚʘʥʥʷ  ʧʨʦʮʝʩʽʚ ʩʫʙʩʪʨʫʢʪʫʨʥʦʛʦ ʟʤʽʮʥʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʚ ʧʨʦʮʝʩʽ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ (ʄɸʆ) ʧʦʨʦʰʢʘʤʠ 

ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ ʽ ʬʦʨʤʠ ʽ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʠʤ ʪʝʨʤʦʮʠʢʣʽʯʥʠʤ ʘʟʦʪʫʚʘʥʥʷʤ (ɯʇʊɸ) 

[1] . ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʦʙʨʦʙʢʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʟʨʘʟʢʽʚ ʥʘ ʚʪʦʤʫ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʠʤʝʪʨʠʯʥʦʤʫ ʮʠʢʣʽ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʥʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʤʫ ʚʽʙʨʘʪʦʨʽ ʧʨʠ  ʨʽʚʥʽ ʥʘʚʘʥʪʘʞʝʥʴ ʚ 

ʨʦʙʦʯʽʡ ʯʘʩʪʠʥʽ ʟʨʘʟʢʽʚ ůʘ - 400 ʽ 500 ʄʇʘ. ʏʠʩʣʦ ʮʠʢʣʽʚ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʘ ï 

N ʙʫʣʦ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʞʠʤʫ ʦʙʨʦʙʢʠ. ɼʦʜʘʪʢʦʚʦ ʜʣʷ 

ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʣʠ ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ Ra ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʽ 

ʧʦʚʝʨʭʥʝʚʫ ʪʚʝʨʜʽʩʪʴ HV ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʨʘʟʢʽʚ . 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʢʦʨʩʝʪʥʠʭ ʟʨʘʟʢʘʭ ʟ  ʩʧʣʘʚʫ 

ɽʇ 962 ʟ ʢʨʫʛʣʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ, ʷʢʽ ʤʘʶʪʴ ʜʽʘʤʝʪʨ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ 6 

ʤʤ ʪʘ ʜʦʚʞʠʥʫ 140 ʤʤ. (ʈʠʩ.1). 

ʄɸʆ ʜʣʷ ʟʥʠʞʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚʠʢʦʥʫʚʘʣʠ 

ʦʩʢʦʣʴʯʘʪʠʤʠ ʧʦʨʦʰʢʘʤʠ ʌʝʨʦʤʘʧ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 200/100 ʽ 315/200 ʤʢʤ, 

ʘ ʟ ʤʝʪʦʶ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʦʨʦʰʢʦʤ  ʟ ʦʢʨʫʛʣʦʶ 

ʬʦʨʤʦʶ ʯʘʩʪʠʥʦʢ ï ʜʨʽʙ ʯʘʚʫʥʥʘ (ɼʏ) ʟ ʨʦʟʤʽʦʤ ʯʘʩʪʠʥʦʢ 1400/1000 ʤʢʤ. 

 

 

ʈʠʩ.1 ɽʩʢʽʟ ʟʨʘʟʢʘ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʚʪʦʤʫ. 

 

ʇʨʦʮʝʩ ʦʙʨʦʙʣʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ ʪʠʧʫ ʢʽʣʴʮʝʚʘ ʚʘʥʥʘ [1] ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ ʄɸʆ ʥʘʚʢʦʣʦ ʦʩʽ ʢʽʣʴʮʝʚʦʾ ʚʘʥʥʠ 3 ʤ/ʩ ʽ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʟʨʘʟʢʽʚ 

ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ ï 700-800 ʦʙ./ʭʚ., ʤʘʛʥʽʪʥʽʡ ʽʥʜʫʢʮʽʾ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ 0,2 ʊʣ ʽ 

ʯʘʩʽ ʦʙʨʦʙʣʝʥʥʷ 3-4 ʭʚ. ʽ ʢʫʪʽ ʥʘʭʠʣʫ ʟʨʘʟʢʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʩʽ ʢʽʣʴʮʝʚʦʾ 

ʚʘʥʥʠ ï ʨ=40ʦ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʶ 1. 
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ʊʘʙʣʠʮʷ 1 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʝʪʘʧʽʚ ʦʙʨʦʙʣʝʥʥʷ 
ůʘ, 

ʄʇʘ 

N, 

ʤʣʥ.ʮʠʢʣʽʚ 

HV, 

ɻʇʘ 
Ra, ʤʢʤ 

ɺʠʭʽʜʥʠʡ 400 10 5,8 0,32 

ʌʝʨʦʤʘʧ (200/100)+ɯʇʊɸ 

+ʌʝʨʦʤʘʧ(315/200) 
500 1,9  0,18 

ʌʝʨʦʤʘʧ (315/200)+ɯʇʊɸ 

+ʌʝʨʦʤʘʧ(315/200) 
500 4,57   

ʌʝʨʦʤʘʧ (315/200)+ɯʇʊɸ 500 1,8 12 0,15 

ɼʏ(1400/1000)+ʌʝʨʦʤʘʧ(315/200) 500 0,72   

ɼʏ(1400/1000) 500 11,3 7,7 0,29 

ɼʏ(1400/1000) 500 9,2 8,1 0,4 

ɼʏ(1400/1000) 500 10,5 7,6 0,3 

ɼʏ(1400/1000) 500 10,15 7,6 0,29 

ɼʏ(1400/1000)+ɯʇʊɸ 500 2,7 12,7 0,3 

ɼʏ(1400/1000)+ɯʇʊɸ 500 2,85 12,7 0,3 

ɼʏ(1400/1000)+ɯʇʊɸ 500 4 9  

ʌʝʨʦʤʘʧ (315/200)+ɼʏ(1400/1000) 

+ɯʇʊɸ+ ʌʝʨʦʤʘʧ (315/200) 
500 2,7 12,7 0,3 

ʌʝʨʦʤʘʧ (315/200)+ɼʏ(1400/1000) 500 10 7,6 0,27 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʰʫʢʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʦʶ 

ʢʦʤʙʽʥʘʮʽʻʶ ʝʪʘʧʽʚ ʦʙʨʦʙʣʝʥʥʷ ʻ ʧʦʜʚʽʡʥʘ ʄɸʆ - ʌʝʨʦʤʘʧ 

(315/200)+ɼʏ(1400/1000). ʊʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ  ʽʩʥʫʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʟʚ'ʷʟʦʢ ʤʽʞ 

ʧʦʚʝʨʭʥʝʚʦʶ ʪʚʝʨʜʽʩʪʶ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ʽ ʤʝʞʦʶ 

ʚʠʪʨʠʚʘʣʦʩʪʽ. ʇʦʢʘʟʘʥʦ, ʧʨʠ ʧʦʚʝʨʭʥʝʚʽʡ ʪʚʝʨʜʦʩʪʽ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 7,6 

ï 8 ɻʇʘ ʦʪʨʠʤʘʥʦ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʨʘʟʢʽʚ. ʇʝʨʝʚʠʱʝʥʥʷ 

ʟʘʟʥʘʯʝʥʠʭ ʤʝʞ ʧʦʚʝʨʭʥʝʚʦʾ ʪʚʝʨʜʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ 

ʮʠʢʣʽʚ ʜʦ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʟʨʘʟʢʽʚ 

ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

1. ɹ.ɸ. ʃʷʰʝʥʢʦ, ɸ.ɺ. ʈʫʪʢʦʚʩʢʠʡ, ɺ.ɯ. ʄʠʨʦʥʝʥʢʦ, ʆ.ɺ. ʈʘʜʴʢʦ. ʉʧʦʩʽʙ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʟʤʽʮʥʝʥʥʷ ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʠʤ ʘʟʦʪʫʚʘʥʥʷʤ ʫ ʧʫʣʴʩʫʶʯʦʤʫ ʽ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ, 

ʇʘʪ. 10014 ʋʢʨʘʾʥʘ, ʏʠʥʥʠʡ ʚʽʜ 15.12.2006, ɹʶʣ.ˉ12. 
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ɯʅʅʆɺɸʎɯʁʅɯ ʇɯɼʍʆɼʀ ɼʆ ʅɸʇʃɸɺʃɽʅʅʗ ʋ ɺɸɾʂʆʄʋ 

ʄɸʐʀʅʆɹʋɼʋɺɸʅʅɯ 

 

ʄʘʢʘʨʝʥʢʦ ʅ.ʆ., ʂʫʱʽʡ ɻ.ʄ., ɹʻʟʛʽʥ ʆ.ɸ., ɹʦʨʠʩʝʥʢʦ ʖ.ʖ.  

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʋ ʛʘʣʫʟʽ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʥʘʧʣʘʚʣʝʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʧʨʦʚʽʜʥʠʭ 

ʤʝʪʦʜʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʟʤʽʮʥʝʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. ʈʽʟʥʦʤʘʥʽʪʪʷ ʪʝʭʥʦʣʦʛʽʡ ʥʘʧʣʘʚʣʝʥʥʷ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʥʦʩʦʩʪʽʡʢʽ ʧʦʢʨʠʪʪʷ ʟ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘʜʘʧʪʦʚʘʥʠʤʠ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ [1].  

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘʧʣʘʚʣʝʥʥʷ ʧʨʦʧʦʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʟʦʢʨʝʤʘ: ʨʫʯʥʝ ʜʫʛʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʢʨʠʪʠʤʠ 

ʝʣʝʢʪʨʦʜʘʤʠ, ʥʘʧʣʘʚʣʝʥʥʷ ʧʽʜ ʰʘʨʦʤ ʬʣʶʩʫ, ʥʘʧʣʘʚʣʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ ʧʣʘʚʢʠʤʠ ʪʘ ʥʝʧʣʘʚʢʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ, ʜʫʛʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ 

ʧʦʨʦʰʢʦʚʠʤʠ ʜʨʦʪʘʤʠ, ʩʪʨʽʯʢʘʤʠ ʪʘ ʧʣʶʱʝʥʢʦʶ, ʧʣʘʟʤʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ ʟ 

ʘʢʩʽʘʣʴʥʦʶ ʧʦʜʘʯʝʶ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ, ʝʣʝʢʪʨʦʰʣʘʢʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ ʪʦʱʦ.  

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʻ ʤʝʪʦʜ ʥʘʧʣʘʚʣʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʩʫʤʽʰʝʡ. ɽʢʟʦʪʝʨʤʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʜʘʪʢʦʚʝ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʧʦʢʨʘʱʫʶʯʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʫʛʠ, ʟʤʝʥʰʫʶʯʠ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷ ʪʘ 

ʧʽʜʚʠʱʫʶʯʠ ʷʢʽʩʪʴ ʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʚʘ. ɼʦʜʘʚʘʥʥʷ ʪʘʢʠʭ ʩʫʤʽʰʝʡ ʫ 

ʬʣʶʩʠ ʘʙʦ ʧʦʢʨʠʪʪʷ ʝʣʝʢʪʨʦʜʽʚ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ, 

ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʘ ʩʧʨʠʷʻ ʨʽʚʥʦʤʽʨʥʦʤʫ ʧʣʘʚʣʝʥʥʶ ʤʝʪʘʣʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʩʫʤʽʰʝʡ ʫ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʧʦʩʦʙʘʭ ʥʘʧʣʘʚʣʝʥʥʷ ʻ ʦʩʦʙʣʠʚʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ [2]. 

ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʩʫʤʽʰʝʡ ʫ ʟʚʘʨʶʚʘʥʥʽ ʪʘ 

ʥʘʧʣʘʚʣʝʥʥʽ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʬʣʶʩʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʘʚʠʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ, ʷʢʽʩʪʴ ʰʚʘ ʪʘ ʟʘʛʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ 

ʚʠʪʨʘʪʠ [3, 4]. ʆʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʫ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʩʫʤʽʰʝʡ ʤʘʻ ʩʪʘʪʠ ʦʜʥʠʤ ʽʟ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʮʝ ʚʽʜʢʨʠʚʘʻ ʜʦʜʘʪʢʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʥʘʧʣʘʚʣʝʥʥʷ. ʊʘʢʦʞ 

ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʚʧʣʠʚ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʫ ʰʚʘ, ʚʧʣʠʚ 

ʥʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ ʬʣʶʩʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ ʪʘ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʢʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ. 

ʑʝ ʦʜʥʠʤ ʽʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʥʘʧʨʷʤʽʚ ʻ ʤʝʪʦʜ ʥʘʧʣʘʚʣʝʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʝʨʦʚʘʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʟʚʘʨʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʶ ʡʦʛʦ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ (ʧʦʨ, 

ʪʨʽʱʠʥ), ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ, ʘ ʪʘʢʦʞ 

ʟʥʠʞʝʥʥʶ ʧʦʪʨʝʙʠ ʚ ʜʦʜʘʪʢʦʚʽʡ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ [5]. ɺʠʢʦʨʠʩʪʘʥʥʷ 
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ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʬʦʨʤʦʶ ʜʫʛʠ ʪʘ ʭʘʨʘʢʪʝʨʦʤ ʧʝʨʝʥʝʩʝʥʥʷ 

ʢʨʘʧʝʣʴ ʨʽʜʢʦʛʦ ʤʝʪʘʣʫ, ʱʦ ʚ ʧʽʜʩʫʤʢʫ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʥʘʧʨʷʤʢʫ ʚʚʝʜʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʨʦʟʨʽʟʥʷʶʪʴ ʥʘʧʣʘʚʣʝʥʥʷ 

ʽʟ ʜʦʜʘʚʘʥʥʷʤ ʧʦʟʜʦʚʞʥʽʭ (ʇɼʄʇ) ʪʘ ʧʦʧʝʨʝʯʥʠʭ (ʇʆʄʇ) ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. 

ʇɼʄʇ ʟʤʽʥʶʻ ʬʦʨʤʫ ʜʫʛʠ ʟ ʜʟʚʽʥʦʧʦʜʽʙʥʦʾ ʥʘ ʢʦʥʫʩʦʧʦʜʽʙʥʫ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ, ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ ʟʦʥʠ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ 

ʪʘ ʩʧʨʠʷʻ ʢʦʥʪʨʦʣʶ ʬʦʨʤʠ ʰʚʘ [5]. ʇʆʄʇ, ʫ ʚʟʘʻʤʦʜʽʾ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ, 

ʬʦʨʤʫʻ ʫʤʦʚʠ ʜʣʷ ʧʦʷʚʠ ʃʦʨʝʥʮʝʚʠʭ ʩʠʣ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʜʽʣ ʪʝʧʣʘ ʪʘ ʨʫʭ 

ʤʝʪʘʣʫ ʫ ʚʘʥʥʽ, ʟʤʝʥʰʫʶʯʠ ʧʦʨʠʩʪʽʩʪʴ ʽ ʧʽʜʚʠʱʫʶʯʠ ʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ [6]. 

ʇʦʧʨʠ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ ʮʴʦʛʦ ʤʝʪʦʜʫ, ʡʦʛʦ ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʪʨʠʤʫʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʠʢ ʜʣʷ 

ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʽʥʜʫʢʮʽʾ ʧʦʟʜʦʚʞʥʽʭ ʽ ʧʦʧʝʨʝʯʥʠʭ ʤʘʛʥʽʪʥʠʭ 

ʧʦʣʽʚ. ʊʘʢʦʞ ʻ ʧʦʪʨʝʙʘ ʫ ʧʦʛʣʠʙʣʝʥʦʤʫ ʚʠʚʯʝʥʥʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʚʧʣʠʚʫ ʃʦʨʝʥʮʝʚʠʭ ʩʠʣ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʟʦʩʝʨʝʜʠʪʠʩʴ ʥʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʾ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʽʥʥʦʚʘʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʥʘʧʣʘʚʣʝʥʥʷ, 

ʟʦʢʨʝʤʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʩʫʤʽʰʝʡ ʪʘ ʢʝʨʦʚʘʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, 

ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ. ɰʭ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʧʦʪʨʝʙʫʻ ʪʦʯʥʠʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʦʛʣʠʙʣʝʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ ʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ 

ʟʚʘʨʶʚʘʣʴʥʽʡ ʚʘʥʥʽ. 
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ʊʆʏɯʅʅʗ ɿɸɻɸʈʊʆɺɸʅʆɰ ʉʊɸʃɯ 
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(ɯʅʄ ʽʤ. ɺ.ʄ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʯʠʩʪʦʚʦʛʦ ʪʦʯʽʥʥʷ ʟʘʛʘʨʪʦʚʘʥʦʾ 

ʩʪʘʣʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʨʠʪʝʨʽʡ  ʨʫʡʥʫʚʘʥʥʷ ʟʘ ɹʨʦʟʦ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻ 

ʟʘʣʝʞʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʥʘʡʙʽʣʴʰʦʛʦ ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʽ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ [1]: 

Ὀ  ᷿ Ὠʀ, 

ʜʝ ʀ ï ʚʝʣʠʯʠʥʘ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ; ů1  ï ʥʘʡʙʽʣʴʰʝ ʛʦʣʦʚʥʝ 

ʥʘʧʨʫʞʝʥʥʷ; ům ï ʛʽʜʨʦʩʪʘʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʴʦʛʦ ʧʽʜʭʦʜʫ : ï ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʽ D, ʨʽʚʥʦʤʫ 

ʧʨʠʡʥʷʪʦʤʫ ʢʨʠʪʝʨʽʶ, ʽ ʜʘʥʠʡ ʝʣʝʤʝʥʪ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ; ï 

ʧʨʠ ʚʝʣʠʯʠʥʽ D = 0,5 ʤʘʻ ʤʽʩʪʦ ʟʤʽʥʘ ʪʠʧʫ ʩʪʨʫʞʢʠ ʟʽ ʟʣʠʚʥʦʾ ʥʘ ʩʝʛʤʝʥʪʥʫ [2]. 

ʇʨʠ ʚʢʘʟʘʥʦʤʫ ʧʽʜʭʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʤʽʰʘʥʘ ʤʦʜʝʣʴ ʪʝʨʪʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʫ ʚʪʦʨʠʥʥʽʡ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʝ ʧʽʜʚʠʱʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ. 

ɺ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʝʣʠʯʠʥʠ ʢʨʠʪʝʨʽʶ D ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʽʜ ʯʘʩ ʪʦʯʽʥʥʷ ʩʪʘʣʠ ʐʍ15 (62ï64 HRC), 

ʨʽʟʮʝʤ, ʦʩʥʘʱʝʥʠʤ PcBN ɹʦʨʩʠʥʽʪ. ʇʦʨʽʚʥʶʶʯʠ ʬʦʨʤʫ ʩʪʨʫʞʢʠ, ʘ ʪʘʢʦʞ 

ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʘ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʢʨʘʱʝ ʥʘʙʣʠʞʝʥʥʷ ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʧʦʢʘʟʥʠʢʽʚ ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ 

ʟʘ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʨʫʡʥʫʚʘʥʥʷ D = 0,15. ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ D ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʟʨʦʩʪʘʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʘʣʝ ʽ ʜʦʚʞʠʥʘ ʢʦʥʪʘʢʪʫ ʩʪʨʫʞʢʠ ʟ ʧʝʨʝʜʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ, ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʨʫʞʢʠ ʪʘʢʦʞ 

ʟʨʦʩʪʘʶʪʴ ʽ ʧʨʠ ʩʧʽʚʧʘʜʽʥʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʧʘʨʘʤʝʪʨʦʤ ʩʠʣʠ 

ʨʽʟʘʥʥʷ, ʦʩʪʘʥʥʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʚʝʣʠʯʠʥʠ, ʚʠʤʽʨʷʥʽ ʝʤʧʽʨʠʯʥʦ.  
 

ʊʘʙʣʠʮʷ 1. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

D 
Pz, ʅ 

(max) 

Py, ʅ 

(max) 

L, ʤʢʤ 

(max) 

ʘ, ʤʢʤ 

(max/min) 

0,1 85 36 70 95/40 

0,15 112 45 110 102/38 

0,2 127 59 120 150/40 

0,3 132 67 136 160/55 

0,5     

ɽʢʩʧʝʨʠʤʝʥʪ 125 42 112 80/40 
ʃʽʪʝʨʘʪʫʨʘ: 1. Brozzo, P. A new method for the.prediction of formability limits of metal 

sheets / P. Brozzo, B. Deluca, R. Rendina // Proc. of the 7th biennial cong. in Inter. Deep Draw. Res. 

Group. ï 1972. ï ʈ. 3.1/3.5; 2. ʂʨʠʚʦʨʫʯʢʦ, ɼ.ɺ. ʆʩʥʦʚʠ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ / ɼ.ɺ. ʂʨʠʚʦʨʫʯʢʦ, ɺ.ʆ. ɿʘʣʦʛʘ, 

ɺ.ɻ. ʂʦʨʙʘʯ. ï ʉʫʤʠ : ɺʠʜ-ʚʦ ʉʫʤɼʋ, 2010. ï 208 ʩ. 



136 
 

ʇɯɼʍʆɼʀ ɼʆ ɸʅɸʃɯɿʋ ʄɯʎʅʆʉʊɯ ʉʋɼʅʆɺʀʍ ɻʈɽɹʅʀʍ 

ɻɺʀʅʊɯɺ, ɺʀɻʆʊʆɺʃɽʅʀʍ ɿɸ ɼʆʇʆʄʆɻʆʖ WAAM-ʊɽʍʅʆʃʆɻɯɰ ɿ 

ɯʅʊɽɻʈʆɺɸʅʀʄʀ ʂʆʄɯʈʏɸʉʊʀʄʀ ʉʊʈʋʂʊʋʈɸʄʀ 

 

ʄʘʥʴʢʦ ɺ.ɺ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, 

ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ) 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. 

ʉʫʜʥʦʙʫʜʫʚʘʥʥʷ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʻ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʩʝʨʝʜ ʷʢʠʭ 

ʜʨʦʪʦʚʦ-ʜʫʛʦʚʝ ʘʜʠʪʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ (Wire Arc Additive Manufacturing, 

WAAM) ʚʠʨʽʟʥʷʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʩʪʚʦʨʶʚʘʪʠ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʽ ʜʝʪʘʣʽ ʩʢʣʘʜʥʦʾ 

ʛʝʦʤʝʪʨʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ WAAM ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʫʜʥʦʚʠʭ ʛʨʝʙʥʠʭ ʛʚʠʥʪʽʚ 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʦʩʪʽ 

ʟʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʧʦʨʦʞʥʠʩʪʠʭ ʢʦʤʽʨʯʘʩʪʠʭ ʩʪʨʫʢʪʫʨ. ʆʜʥʘʢ ʚʽʜʩʫʪʥʽʩʪʴ 

ʫʥʽʬʽʢʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʪʘʢʠʭ ʚʠʨʦʙʽʚ ʦʙʤʝʞʫʻ 

ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ WAAM ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʛʨʝʙʥʠʭ ʛʚʠʥʪʽʚ ʽʟ ʚʥʫʪʨʽʰʥʽʤʠ ʢʦʤʽʨʯʘʩʪʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʪʘ 

ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ ʤʝʭʘʥʽʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. 

ʋ ʩʚʽʪʦʚʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʢʦʧʠʯʝʥʦ ʟʥʘʯʥʠʡ ʜʦʩʚʽʜ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ WAAM. 

ʇʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʨʦʙʽʪ ʩʪʦʩʫʻʪʴʩʷ ʟʨʘʟʢʽʚ ʽʟ ʩʫʮʽʣʴʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʪʘ ʫʤʦʚʘʤʠ 

ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʠʪʘʥʥʷ ʚʧʣʠʚʫ ʘʥʽʟʦʪʨʦʧʽʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʬʨʘʛʤʝʥʪʘʨʥʦ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ ʜʦʩʽ ʟʘʣʠʰʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤʠ ʧʠʪʘʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʪʘ ʨʝʩʫʨʩʫ ʛʨʝʙʥʠʭ ʛʚʠʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʨʦʙʦʪʽ ʚ ʫʤʦʚʘʭ 

ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʪʦʢʫ ʟʘ ʢʦʨʧʫʩʦʤ. ɼʝʷʢʽ ʨʦʙʦʪʠ ʪʦʨʢʘʶʪʴʩʷ ʧʠʪʘʥʴ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ, ʧʨʦʪʝ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʜʥʦʯʘʩʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʫ, 

ʛʝʦʤʝʪʨʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ WAAM-ʪʝʭʥʦʣʦʛʽʾ ʻ ʧʦʦʜʠʥʦʢʠʤ. 

ʉʝʨʝʜ ʢʣʶʯʦʚʠʭ ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʜʽʣʷʶʪʴʩʷ: 

¶ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʱʦʜʦ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ WAAM-ʢʦʤʧʦʥʝʥʪʽʚ, 

ʦʩʦʙʣʠʚʦ ʟ ʢʦʤʽʨʯʘʩʪʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ; 

¶ ʥʝʜʦʩʪʘʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʘʥʽʟʦʪʨʦʧʽʶ WAAM-

ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʣʘʚʣʝʥʥʷ; 
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¶ ʚʽʜʩʫʪʥʽʩʪʴ ʫʥʽʬʽʢʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʤʽʮʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʩʫʜʥʦʚʠʭ ʛʚʠʥʪʽʚ ʽʟ 

ʚʥʫʪʨʽʰʥʽʤʠ ʧʫʩʪʦʪʽʣʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʩʪʚʦʨʝʥʠʭ ʘʜʠʪʠʚʥʦ. 

ʄʝʪʘ ʨʦʙʦʪʠ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʣʦʧʘʪʝʡ ʣʠʪʦʛʦ ʛʨʝʙʥʦʛʦ ʛʚʠʥʪʘ ʪʘ 

ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʽʢʝʣʴ-ʘʣʶʤʽʥʽʻʚʦʾ ʙʨʦʥʟʠ (NAB), 

ʥʘʜʨʫʢʦʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ WAAM, ʟ ʥʘʩʪʫʧʥʠʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʧʽʜʭʦʜʽʚ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʝʪʦʜʠʢʠ ʦʩʦʙʣʠʚʦʩʪʷʤ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟ WAAM-ʢʦʤʽʨʢʘʤʠ. ʈʦʟʛʣʷʥʫʪʦ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʚʪʦʤʥʦʾ 

ʤʽʮʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ WAAM-ʧʨʦʮʝʩʫ ʪʘ ʚʠʤʦʛ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ 

ʪʦʚʘʨʠʩʪʚ. 

ʄʝʪʦʜʠ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʛʨʝʙʥʠʡ ʛʚʠʥʪ ʙʫʢʩʠʨʘ ʟ NAB ʜʽʘʤʝʪʨʦʤ 4,3 ʤ. 

ʇʨʦʚʝʜʝʥʦ CFD-ʘʥʘʣʽʟ ʫ SolidWorks Flow Simulation ʫ ʚʽʜʢʨʠʪʽʡ ʚʦʜʽ ʪʘ ʟʘ 

ʢʦʨʧʫʩʦʤ ʩʫʜʥʘ. FEM-ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʫ SolidWorks Simulation ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ WAAM-

NAB: ʤʝʞʫ ʪʝʢʫʯʦʩʪʽ, ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ, ʚʪʦʤʥʫ ʚʠʪʨʠʚʘʣʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʢʦʨʦʟʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. 

WAAM -ʙʨʦʥʟʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʥʘ 30ï50% ʚʠʱʫ ʤʝʞʫ ʪʝʢʫʯʦʩʪʽ ʪʘ ʥʘ 

17ï20% ʙʽʣʴʰʫ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ ʧʦʨʽʚʥʷʥʦ ʟ ʣʠʪʠʤ ʘʥʘʣʦʛʦʤ. ɿʘʬʽʢʩʦʚʘʥʦ 

ʥʘʷʚʥʽʩʪʴ ʘʥʽʟʦʪʨʦʧʽ,ʾ ʭʘʨʘʢʪʝʨʥʦ ʾʜʣʷ ʘʜʠʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʧʨʫʞʝʥʥʷ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʧʘʩʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɿôʷʩʦʚʘʥʦ, ʱʦ ʚ ʟʦʥʽ ʢʦʨʝʥʷ ʣʦʧʘʪʽ (0,2ï0,3 R) ʽʥʪʝʛʨʘʮʽʷ ʧʦʨʦʞʥʠʩʪʠʭ ʩʪʨʫʢʪʫʨ 

ʥʝʜʦʮʽʣʴʥʘ, ʪʦʜʽ ʷʢ ʦʙʣʘʩʪʴ 0,4ï0,9 R ʧʨʠʜʘʪʥʘ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʨʘʜʽʻʥʪʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʤʘʩʫ ʢʦʥʩʪʨʫʢʮʽʾ. ʋʪʦʯʥʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ 

ʟʘʧʘʩʫ ʜʣʷ ʛʚʠʥʪʽʚ ʟ WAAM-ʩʪʨʫʢʪʫʨʦʶ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʚʠʱʝʥʠʭ ʚʠʤʦʛ ʜʦ 

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ.  

ɺʠʩʥʦʚʢʠ. 

ʊʝʭʥʦʣʦʛʽʷ WAAM ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʢʦʤʽʨʯʘʩʪʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʩʪʚʦʨʶʻ 

ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʠʭ, ʣʝʛʢʠʭ ʪʘ ʤʽʮʥʠʭ ʛʨʝʙʥʠʭ ʛʚʠʥʪʽʚ. 

CFDïFEM-ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʥʘʡʙʽʣʴʰʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʟʦʥʠ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʦʞʥʠʩʪʠʭ ʩʪʨʫʢʪʫʨ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʨʘʭʦʚʫʻ ʥʝ ʣʠʰʝ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

WAAM -ʤʘʪʝʨʽʘʣʫ, ʘʣʝ ʡ ʩʧʝʮʠʬʽʢʫ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʦʚʝʜʝʥʦ ʧʦʪʨʝʙʫ ʚ 

ʟʙʽʣʴʰʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʟʘʧʘʩʫ ʜʣʷ WAAM-ʢʦʤʧʦʥʝʥʪʽʚ. ʇʦʜʘʣʴʰʽ 



138 
 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʚʝʜʽʥʢʫ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʘʚʘʨʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʚʘʣʽʜʘʮʽʶ. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʤʘʻ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʛʨʝʙʥʠʭ ʛʚʠʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʧʫʣʴʩʘʮʽʡ, ʚʽʙʨʘʮʽʡ, 

ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɯʥʪʝʛʨʘʮʽʷ ʧʦʨʦʞʥʠʩʪʠʭ ʩʪʨʫʢʪʫʨ ʩʧʨʠʷʻ ʝʢʦʥʦʤʽʾ 

ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠʩʢʦʨʝʥʥʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʥʠʞʝʥʥʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ WAAM-ʛʚʠʥʪʽʚ ʪʘʢʦʞ ʧʦʣʝʛʰʫʻ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʤʦʞʣʠʚʦʩʪʽ ʣʦʢʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʤʝʪʦʜʦʤ ʧʦʚʪʦʨʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯɰ ʐʊɸʄʇʋɺɸʅʅʗ 

ʂʈʋʇʅʆʂɸʃɯɹɽʈʅʀʍ ɸʈʊʉʅɸʈʗɼɯɺ ʋ ʊʆʄʋ ʏʀʉʃɯ ɿɸʍɯɼʅʀʍ 

ʂɸʃɯɹʈɯɺ 

 
1ʄʘʨʢʦʚ ʆ.ɭ., 1ʂʣʠʤʝʥʢʦ ɻ. ʇ., 2ʂʘʣʶʞʥʠʡ ɺ.ʃ., 3ɿʘʛʽʨʥʷʢ ɼ.ʄ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ-ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ, 2ʅʊʋʋ çʂʇɯ ̔ ʤ.ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 3ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʄʠʭʘʡʣʘ 

ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ, ʤ. ʂʨʝʤʝʥʯʫʢ, ʋʢʨʘʾʥʘ) 

 

ʆʜʥʽʻʶ ʟ ʛʘʣʫʟʝʡ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʥʘʮʽʦʥʘʣʴʥʫ ʙʝʟʧʝʢʫ ʢʨʘʾʥʠ, ʻ ʩʧʝʮʽʘʣʴʥʝ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʦʟʙʨʦʻʥʴ. ɿʽ ʩʢʦʨʦʯʝʥʥʷʤ ʧʦʩʪʘʚʦʢ 

ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʩʥʘʨʷʜʽʚ ʢʘʣʽʙʨʦʤ 155 ʤʤ ʚʽʜ ʉʐɸ ʚʠʥʠʢʣʘ ʧʨʦʙʣʝʤʘ 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʚʣʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʥʘʨʷʜʽʚ ʥʘʪʽʚʩʴʢʦʛʦ ʢʘʣʽʙʨʫ. ʂʨʽʤ ʮʴʦʛʦ 

ʨʘʜʷʥʩʴʢʽ ʘʨʪʠʣʝʨʽʡʩʴʢʽ ʩʪʚʦʣʠ ʚʞʝ ʚʠʯʝʨʧʘʣʠ ʩʚʽʡ ʨʝʩʫʨʩ, ʘ ʥʘ ʟʘʤʽʥʫ ʾʤ ʚ 

ʋʢʨʘʾʥʽ ʟʘʧʫʱʝʥʦ ʚʣʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʩʪʚʦʣʽʚ ʧʽʜ ʢʘʣʽʙʨ 155 ʤʤ 

(ʉɸʋ çɹʦʛʜʘʥʘè).  

ɺʩʝ ʮʝ ʚʠʤʘʛʘʣʦ ʪʝʨʤʽʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʥʘʨʷʜʽʚ 155 ʤʤ ʧʦ ʪʠʧʫ ʄ107 

ʪʘ ʄ795. ɺʩʪʘʥʦʚʣʝʥʥʷ ʬʦʨʤʦʟʤʽʥʝʥʥʷ ʪʘ ʪʝʨʤʦ-ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ (ʊʅɼʉ) ʟʘʛʦʪʦʚʢʠ ʧʽʜ ʯʘʩ ʰʪʘʤʧʫʚʘʥʥʷ ʩʥʘʨʷʜʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦʛʦ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʰʪʘʤʧʫʚʘʥʥʷ ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʩʥʘʨʷʜʽʚ ʻ ʩʚʦʻʯʘʩʥʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʈʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʦʟʚʦʣʠʪʴ ʧʦʩʠʣʠʪʠ ʚʣʘʩʥʝ ʢʨʫʧʥʦʩʝʨʽʡʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʩʥʘʨʷʜʽʚ.  

ʉʥʘʨʷʜʠ ʢʘʣʽʙʨʦʤ 155 ʤʤ ʤʘʶʪʴ ʜʦʚʛʫ ʢʦʥʫʩʥʫ ʯʘʩʪʠʥʫ ʪʘ ʪʝʭʥʦʣʦʛʽʷ ʾʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʘʜʷʥʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ 

ʩʧʝʮʽʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ ʦʙʪʠʩʢʘʥʥʷ ʥʦʩʠʢʘ ʩʥʘʨʷʜʫ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʢʦʤʧʣʝʢʩʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʝʯʽʾ ʤʝʪʘʣʫ ʧʽʜ ʯʘʩ ʰʪʘʤʧʫʚʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʟʤʽʥʝʥʥʷʤ ʟʘʛʦʪʦʚʢʠ ʟʘ ʪʨʠʦʧʝʨʘʮʽʡʥʦʛʦ ʰʪʘʤʧʫʚʘʥʥʷ.  

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʨʦʟʰʠʨʝʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʩʥʘʨʷʜʽʚ ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʢʘʣʽʙʨʦʤ 155 ʤʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʤʝʪʘʣʫ ʡ ʝʥʝʨʛʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʰʪʘʤʧʫʚʘʥʥʷ ʩʥʘʨʷʜʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʦʚʠʤ ʤʝʪʦʜʦʣʦʛʽʯʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʘʛʘʪʦʧʝʨʝʭʽʜʥʠʭ ʦʧʝʨʘʮʽʡ ʻ ʨʦʟʨʦʙʢʘ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʾ (ʉɽ) 3D ʤʦʜʝʣʽ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʟʤʽʮʥʝʥʥʷ ʪʘ ʨʝʣʘʢʩʘʮʽʶ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʯʘʩ ʛʘʨʷʯʦʛʦ 

ʰʪʘʤʧʫʚʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʉɽ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʦ ʊʅɼʉ ʟʘʛʦʪʦʚʢʠ ʥʘ 

ʚʩʽʭ ʝʪʘʧʘʭ ʰʪʘʤʧʫʚʘʥʥʷ, ʱʦ ʥʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʨʘʥʽʰʝ ʥʘʚʽʪʴ ʟʘʨʫʙʽʞʥʠʤʠ 

ʜʦʩʣʽʜʥʠʢʘʤʠ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʛʝʦʤʝʪʨʽʾ ʜʝʬʦʨʤʫʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ 

ʬʦʨʤʦʟʤʽʥʝʥʥʷ ʪʘ ʩʠʣʦʚʽ ʧʦʢʘʟʥʠʢʠ ʥʘ ʚʩʽʭ ʦʧʝʨʘʮʽʷʭ ʰʪʘʤʧʫʚʘʥʥʷ.  
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ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʠʚ ʧʽʜʪʚʝʨʜʠʪʠ ʚʩʪʘʥʦʚʣʝʥʽ 
ʨʝʞʠʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʚʧʨʦʚʘʜʠʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʥʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʫ 
ʚʠʨʦʙʥʠʮʪʚʦ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ ʥʦʚʠʭ ʟʥʘʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 
ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʢʦʥʩʪʨʫʢʮʽʡ ʰʪʘʤʧʦʚʦʛʦ ʦʩʥʘʱʝʥʥʷ ʪʘ 
ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʨʧʫʩʽʚ ʢʨʫʧʥʦʢʘʣʽʙʝʨʥʠʭ ʩʥʘʨʷʜʽʚ ʫ ʪʦʤʫ ʯʠʩʣʽ 
ʢʘʣʽʙʨʦʤ 155 ʤʤ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʰʪʘʤʧʫʚʘʥʥʷ ʩʥʘʨʷʜʽʚ ʢʘʣʽʙʨʦʤ 
155 ʤʤ, ʫ ʨʦʟʨʦʙʣʝʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʙʫʣʠ ʩʫʤʽʱʝʥʥʽ ʜʚʽ ʟʘʛʦʪʽʚʝʣʴʥʽ ʦʧʝʨʘʮʽʾ ʚ ʦʜʥʫ. 
ɼʦ ʪʦʛʦ ʞ, ʧʨʦʪʷʛʫʚʘʥʥʷ ʛʽʣʴʟ ʧʝʨʝʜ ʦʙʪʠʩʢʫʚʘʥʥʷʤ ʢʦʥʫʩʘ ʧʨʦʚʦʜʠʪʴʩʷ ʥʝ ʢʨʽʟʴ 
ʪʨʠïʯʦʪʠʨʠ ʤʘʪʨʠʮʽ, ʷʢ ʫ ʚʽʜʦʤʠʭ ʪʝʭʧʨʦʮʝʩʘʭ, ʘ ʯʝʨʝʟ ʦʜʥʫ ʤʘʪʨʠʮʶ. ʆʢʨʽʤ 
ʮʴʦʛʦ, ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʧʨʦʪʷʛʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʩʥʘʨʷʜʽʚ ʯʝʨʝʟ ʤʘʪʨʠʮʶ 
ʟ ʢʨʠʚʦʣʽʥʽʡʥʦʶ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ. ʎʝ ʥʘʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʩʠʣʫ 
ʧʨʦʪʷʛʫʚʘʥʥʷ ʪʘ ʟʙʽʣʴʰʠʪʠ ʩʪʽʡʢʽʩʪʴ ʤʘʪʨʠʮʽ. ɺʠʱʝʟʘʟʥʘʯʝʥʽ ʧʽʜʭʦʜʠ ʥʝ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʨʫʙʽʞʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʩʥʘʨʷʜʽʚ.  

ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʰʪʘʤʧʫʚʘʣʴʥʠʭ ʧʝʨʝʭʦʜʽʚ ʟ 8 ʜʦ 4 ʥʘʜʘʻ ʧʝʨʝʚʘʛʫ ʫ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʰʪʘʤʧʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʘʨʫʙʽʞʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʫ 
ʪʦʤʫ ʯʠʩʣʽ ʢʘʣʽʙʨʦʤ 155 ʤʤ, ʱʦ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʚ ʪʝʧʝʨʽʰʥʽʭ ʫʤʦʚʘʭ ʜʣʷ ʋʢʨʘʾʥʠ. 
ʆʧʪʠʤʽʟʘʮʽʷ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʰʪʘʤʧʫʚʘʥʥʷ ʥʘ ʚʩʽʭ 
ʦʧʝʨʘʮʽʷʭ ʜʦʟʚʦʣʠʣʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʝʩʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʣʽʥʽʾ ʟ 4 ʜʦ 3 ʽ 
ʜʣʷ ʰʪʘʤʧʫʚʘʥʥʷ ʢʦʨʧʫʩʫ ʩʥʘʨʷʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʥʰ ʧʦʪʫʞʥʽ (ʫ 2é2,5 
ʨʘʟʘ) ʛʽʜʨʘʚʣʽʯʥʽ ʧʨʝʩʠ, ʥʽʞ ʫ ʙʘʟʦʚʠʭ ʪʝʭʧʨʦʮʝʩʘʭ. ʎʝ ʥʘʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ 
ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ 1,5é2,0 ʨʘʟʘ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʨʫʙʽʞʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʰʪʘʤʧʫʚʘʥʥʷ ʩʥʘʨʷʜʽʚ ʢʘʣʽʙʨʦʤ 
155 ʤʤ ʟ ʛʘʟʦʚʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʟʘʛʦʪʦʚʦʢ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʜʙʘʯʘʻ 
ʽʥʜʫʢʮʽʡʥʝ ʥʘʛʨʽʚʘʥʥʷ, ʷʢʝ ʚ 2,3 ʨʘʟʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ, ʱʦ ʜʦʟʚʦʣʠʣʦ 
ʟʥʠʟʠʪʠ ʫʛʘʨ ʜʦ 0,25é0,35 %.  

ɺʘʞʣʠʚʦʶ ʚʽʜʤʽʪʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʟʨʦʙʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʚʠʛʽʜʥʦ 
ʚʽʜʨʽʟʥʷʻ ʾʭ ʚʽʜ ʚʽʜʦʤʠʭ ʟʘʨʫʙʽʞʥʠʭ ʘʥʘʣʦʛʽʚ, ʻ ʚʠʣʫʯʝʥʥʷ ʦʢʨʝʤʦʾ ʝʥʝʨʛʦʻʤʥʦʾ 
ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʘ ʥʘʪʦʤʽʩʪʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʠʭ ʤʝʭʘʥʽʯʥʠʭ 
ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ. ʎʝ ʜʦʟʚʦʣʠʣʦ 
ʫʥʠʢʥʫʪʠ ʪʨʠʚʘʣʦʛʦ ʧʨʦʮʝʩʫ ʪʝʨʤʦʦʙʨʦʙʢʠ, ʥʝ ʚʠʪʨʘʯʘʪʠ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʜʣʷ 
ʥʘʛʨʽʚʘʥʥʷ, ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʤʝʪʘʣʫ ʥʘ ʫʛʘʨ ʪʘ ʫʥʠʢʥʫʪʠ ʦʢʠʩʣʝʥʥʷ 
ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʘʤʦʨʠ ʩʥʘʨʷʜʫ. ʎʝ ʥʘʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ 
ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʥʘʨʷʜʽʚ, ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʤʝʪʘʣʫ, ʧʨʠʨʦʜʥʦʛʦ 
ʛʘʟʫ ʪʘ ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ.  

ʈʦʟʨʦʙʣʝʥʽ ʥʦʨʤʘʪʠʚʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʥʘʨʷʜʥʦʾ ʩʪʘʣʽ ʜʦʟʚʦʣʠʣʠ 
ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ 8é12% ʽ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʜʝʬʽʮʠʪʥʠʭ 
ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʥʦʨʤʘʪʠʚʽʚ ʨʦʟʨʦʙʣʝʥʦ 
ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʧʨʠʟʥʘʯʝʥʦ ʚʝʨʩʪʘʪʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ 
ʦʙʨʦʙʢʠ ʢʦʨʧʫʩʽʚ ʩʥʘʨʷʜʽʚ.  

ʃʽʪʝʨʘʪʫʨʘ: 1. Kaliuzhnyi V., Markov O., Aliieva L., Levchenko V., Kaliuzhnyi A. 

Investigation of hot combined extrusion of steel hollow conical parts. Journal of the Brazilian Society 

of Mechanical Sciences and Engineering. 2024. 46(8), ˉ454. https://doi.org/10.1007/s40430-024-

05032-4. 2. Markov O., Zinskyi V., Shevtsov S., Hrudkina N. Designing optimal geometry of the 

radius die for broaching cases. (2024) Eastern-European Journal of Enterprise Technologies, 6/1 

(132), pp. 76-83  https://doi.org/10.15587/1729-4061.2024.317060 

https://doi.org/10.1007/s40430-024-05032-4
https://doi.org/10.1007/s40430-024-05032-4
https://doi.org/10.15587/1729-4061.2024.317060
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ʉʀʉʊɽʄɸ ʂɽʈʋɺɸʅʅʗ ʋʉʊɸʅʆɺʂʀ ʆɹôɭʄʅʆɻʆ 

ʅɸʇʃɸɺʃɽʅʅʗ ʇʆʈʆʐʂʆɺʀʄ ɽʃɽʂʊʈʆɼʆʄ 

 

ʄʝʜʚʽʜʴ ʖ.ɺ., ɼʝʨʝʚôʷʥʢʦ ɼ.ʆ., ʇʘʥʯʫʢ ɺ.ɻ. 

(ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ, 

ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʾʥʘ) 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʷʚʣʷʻ ʩʦʙʦʶ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʪʨʴʦʭʢʦʦʨʜʠʥʘʪʥʠʡ ʩʪʽʣ (ʨʠʩ. 1). ɼʣʷ 

ʧʦʜʘʯʽ ʩʪʨʽʯʢʦʚʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʡ 

ʤʝʭʘʥʽʟʤ ʧʦʜʘʯʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ ʚʽʜ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʥʘʧʽʚʘʚʪʦʤʘʪʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʅʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʧʣʦʩʢʫ ʧʦʚʝʨʭʥʶ ʩʪʘʣʴʥʦʾ ʟʘʛʦʪʦʚʢʠ. ɼʣʷ ʮʴʦʛʦ ʯʠʩʣʦʚʘ ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ ʫʩʪʘʥʦʚʢʠ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟʘ 

ʟʘʜʘʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ ʽʟ ʚʩʪʘʥʦʚʣʝʥʦʶ ʰʚʠʜʢʽʩʪʶ ʽ ʧʦʜʘʯʫ ʧʣʘʚʢʦʛʦ ʝʣʝʢʪʨʦʜʫ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʦ ʟ ʧʝʨʝʤʽʱʝʥʥʷʤ ʽʟ ʧʽʜʪʨʠʤʢʦʶ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʣʘʚʣʝʥʥʷ. 

 
ʈʠʩ. 1. ʃʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ ʥʘ ʙʘʟʽ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 3-ʭ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʪʦʣʘ 

 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʽ ʫʪʦʯʥʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚ ʤʝʞʘʭ ʧʦʰʫʢʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʪʚʦʨʶʻʪʴʩʷ 

ʨʦʟʽʤʢʥʫʪʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. ʇʝʨʰʘ ʯʘʩʪʠʥʘ ʙʫʜʝ 

ʢʝʨʫʚʘʪʠ ʧʝʨʝʤʽʱʝʥʥʷʤ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʟʘ ʪʨʴʦʤʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ. ɺ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʦʜʥʫ ʽʟ ʚʽʜʦʤʠʭ ʩʠʩʪʝʤ ʏʇʂ. ʅʘ ʝʪʘʧʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʟʨʘʟʢʘ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʥʘʡʧʨʦʩʪʽʰʘ ʩʠʩʪʝʤʘ ʏʇʂ MACH3, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ ʥʘ ʙʘʟʽ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ. ɼʨʫʛʘ 

ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʝ ʢʝʨʫʚʘʥʥʷ ʜʞʝʨʝʣʦʤ 

ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2. ʇʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʶʪʝʨ ʯʝʨʝʟ 

ʽʥʪʝʨʬʝʡʩʥʫ ʧʣʘʪʫ MACH3 ʽ ʜʨʘʡʚʝʨʠ ʜʚʠʛʫʥʽʚ ʢʝʨʫʻ ʪʨʴʦʤʘ ʢʨʦʢʦʚʠʤʠ 

ʜʚʠʛʫʥʘʤʠ ʪʠʧʫ NEMA 23. 
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ʇʦʜʘʯʘ ʝʣʝʢʪʨʦʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ɼʣʷ 

ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦʜʘʯʝʶ 

ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ ʚʽʜ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʥʘʧʽʚʘʚʪʦʤʘʪʫ ʤʦʜʝʣʽ SSVA-500. 

 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʫʩʪʘʥʦʚʢʠ ʦʙ'ʻʤʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ 

ʩʪʨʽʯʢʦʚʠʤ ʧʦʨʦʰʢʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʙʘʟʽ ʢʦʤʧôʶʪʝʨʘ HP t510 

Flexible Thin Clien. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3. ɯʥʪʝʨʬʝʡʩʥʠʡ ʤʦʜʫʣʴ 

ʤʽʩʪʠʪʴ ʧʣʘʪʫ MACH3, ʜʨʘʡʚʝʨʠ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ, ʤʦʜʫʣʴ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʜʘʯʽ 

ʝʣʝʢʪʨʦʜʫ ʽ ʟôʻʜʥʘʥʠʡ ʟ ʢʦʤʧôʶʪʝʨʦʤ ʯʝʨʝʟ ʧʘʨʘʣʝʣʴʥʠʡ LPT-ʧʦʨʪ. 

 

 
 

ʈʠʩ. 3. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

(ʙʝʟ ʜʞʝʨʝʣʘ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ) 

 

ɺʠʩʥʦʚʦʢ: ɺ ʤʝʞʘʭ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʨʝʪʽʤ 

ʨʽʚʥʝʤ ʚʠʱʦʾ ʦʩʚʽʪʠ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʫʩʪʘʥʦʚʢʠ ʥʘʧʣʘʚʣʝʥʥʷ 

ʩʪʨʽʯʢʦʚʠʤ ʧʦʨʦʰʢʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ. 
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ʇɯɼɺʀʑɽʅʅʗ ɿʅʆʉʆʉʊɯʁʂʆʉʊɯ ʊɸ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ʇʆɺɽʈʍʆʅʔ 

ɻɸɿʆɺʀʍ ʇɯɼʐʀʇʅʀʂɯɺ ʄɽʊʆɼɸʄʀ ɸɿʆʊʋɺɸʅʅʗ ʊɸ 

ɽʃɽʂʊʈʆɽʈʆɿɯʁʅʆɻʆ ɸʃʄɸɿʅʆɻʆ ʐʃɯʌʋɺɸʅʅʗ 

 

ʄʝʣʴʯʝʥʢʦ ɸ. ʉ. 

(ɺʅʊʋ, ʤ. ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ) 

 

ʇʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ 

ʤʝʭʘʥʽʟʤʽʚ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ɻʘʟʦʚʽ 

ʧʽʜʰʠʧʥʠʢʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, 

ʦʩʦʙʣʠʚʦ ʧʦʪʨʝʙʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʪʘ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ. ɼʣʷ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʪʘʢʠʭ 

ʧʽʜʰʠʧʥʠʢʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʘʟʦʪʫʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ 

ʢʦʤʙʽʥʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ʥʽʪʨʦʛʘʨʪʫʚʘʥʥʷ, ʱʦ ʧʦʻʜʥʫʻ ʜʠʬʫʟʽʡʥʝ 

ʥʘʩʠʯʝʥʥʷ ʘʟʦʪʦʤ ʟ ʧʦʜʘʣʴʰʠʤ ʪʝʨʤʽʯʥʠʤ ʟʤʽʮʥʝʥʥʷʤ [1, 2]. ʊʘʢʽ ʧʽʜʭʦʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʪʚʝʨʜʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʘʜʽʡʥʽʩʪʴ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʘʟʦʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʝʪʦʜʽʚ ʘʟʦʪʫʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʮʠʭ ʤʝʪʦʜʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʮʥʶʶʯʠʭ ʰʘʨʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʛʘʟʦʚʠʭ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʧʦʻʜʥʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ 

ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʠʤ ʘʣʤʘʟʥʠʤ ʰʣʽʬʫʚʘʥʥʷʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʻ 

ʬʦʨʤʫʚʘʥʥʶ ʩʪʘʙʽʣʴʥʠʭ ʥʽʪʨʠʜʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʤʘʪʝʨʽʘʣʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʪʚʝʨʜʽʩʪʴ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʥʘʚʽʪʴ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ ʥʘ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ [3]. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʽ ʷʢ: 

1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ 

ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʩʣʷ ʘʟʦʪʫʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʘʣʤʘʟʥʦʛʦ 

ʰʣʽʬʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʾʭʥʴʦʾ ʪʚʝʨʜʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʪʝʨʤʦʩʪʘʙʽʣʴʥʦʩʪʽ [4]; ʘʥʘʣʽʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʟʤʽʮʥʝʥʠʭ ʰʘʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (SEM) ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʜʠʬʨʘʢʮʽʾ (XRD) ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʨʦʟʧʦʜʽʣʫ ʥʽʪʨʠʜʥʠʭ ʚʢʣʶʯʝʥʴ [5]. 
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2. ʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ï ʨʦʟʨʦʙʢʘ ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʽʥʢʠ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʧʽʜʰʠʧʥʠʢʽʚ ʧʽʜ ʯʘʩ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʘʣʤʘʟʥʦʛʦ 

ʰʣʽʬʫʚʘʥʥʷ [6]; ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (FEM) ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʮʥʶʶʯʠʭ 

ʰʘʨʽʚ [3]. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʧʦʻʜʥʘʥʥʷ ʘʟʦʪʫʚʘʥʥʷ ʟ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʠʤ ʘʣʤʘʟʥʠʤ 

ʰʣʽʬʫʚʘʥʥʷʤ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʛʘʟʦʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ 

ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʥʽʪʨʠʜʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 

ʆʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʘʟʦʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʬʘʟʦʚʠʤ 

ʩʢʣʘʜʦʤ ʪʘ ʨʦʟʧʦʜʽʣʦʤ ʘʟʦʪʫ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʧʽʜʰʠʧʥʠʢʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʤʽʮʥʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʘʩʧʝʢʪʠ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʮʥʶʶʯʠʭ ʰʘʨʽʚ, ʱʦ ʩʧʨʠʷʻ 

ʧʦʢʨʘʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ ʚ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ɸʅʊʀʂʈʀɿʆɺɽ ʋʇʈɸɺʃɯʅʅʗ ʇɯɼʇʈʀɭʄʉʊɺʆʄ: 

ʇʈɸɺʆɺɯ ɿɸʉɸɼʀ ʊɸ ɺʀʂʃʀʂʀ 

 

ʄʝʣʴʯʝʥʢʦ ɺ.ɯ., ɹʦʥʜʘʨʝʥʢʦ ɸ.ʆ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 
 

ʋ ʩʫʯʘʩʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʪʠʢʘʶʪʴʩʷ ʟ ʯʠʩʣʝʥʥʠʤʠ 

ʚʠʢʣʠʢʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʬʽʥʘʥʩʦʚʽ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, ʨʠʥʢʦʚʽ ʢʦʣʠʚʘʥʥʷ, ʟʦʚʥʽʰʥʽ ʽ 

ʚʥʫʪʨʽʰʥʽ ʟʘʛʨʦʟʠ. ɸʥʪʠʢʨʠʟʦʚʝ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ. ʆʜʥʘʢ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʧʨʦʮʝʩʽʚ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʯʽʪʢʦʾ ʽ ʜʽʻʚʦʾ 

ʧʨʘʚʦʚʦʾ ʙʘʟʠ, ʷʢʘ ʨʝʛʫʣʶʻ ʜʽʾ ʫʯʘʩʥʠʢʽʚ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʢʨʠʟʦʚʠʭ 

ʩʠʪʫʘʮʽʷʭ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚʠʚʯʝʥʥʷ ʧʨʘʚʦʚʠʭ ʟʘʩʘʜ ʘʥʪʠʢʨʠʟʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, 

ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʚʠʢʣʠʢʽʚ ʽ ʧʨʦʙʣʝʤ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ ʩʫʯʘʩʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. 

ɸʥʪʠʢʨʠʟʦʚʝ ʫʧʨʘʚʣʽʥʥʷ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ, ʱʦ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ, ʘʥʘʣʽʟ ʽ ʧʦʜʦʣʘʥʥʷ 

ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʛʨʦʞʫʚʘʪʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʨʦʟʚʠʪʢʫ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʥʪʠʢʨʠʟʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʻ 

ʥʘʜʽʡʥʘ ʧʨʘʚʦʚʘ ʦʩʥʦʚʘ, ʷʢʘ ʨʝʛʫʣʶʻ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʠ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ ʜʽʡ ʫ ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʷʭ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʧʨʘʚ ʽ ʟʘʢʦʥʥʠʭ ʽʥʪʝʨʝʩʽʚ ʫʩʽʭ ʩʪʦʨʽʥ. 

ɸʥʪʠʢʨʠʟʦʚʝ ʫʧʨʘʚʣʽʥʥʷ ï ʮʝ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʽ ʧʨʦʮʝʜʫʨ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʢʨʠʟʦʚʠʭ ʷʚʠʱ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 

ʎʝʡ ʧʨʦʮʝʩ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʘʚʦʚʠʭ ʥʦʨʤʘʭ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʘʤʢʠ ʽ ʧʦʨʷʜʦʢ ʡʦʛʦ 

ʟʜʽʡʩʥʝʥʥʷ. ɼʦ ʪʘʢʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʘʢʪʽʚ ʥʘʣʝʞʘʪʴ ɻʦʩʧʦʜʘʨʩʴʢʠʡ ʢʦʜʝʢʩ, 

ʎʠʚʽʣʴʥʠʡ ʢʦʜʝʢʩ, ɿʘʢʦʥʠ ʧʨʦ ʙʘʥʢʨʫʪʩʪʚʦ, ʧʦʜʘʪʢʦʚʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʪʘ ʽʥʰʽ 

ʛʘʣʫʟʝʚʽ ʥʦʨʤʘʪʠʚʠ. 

ʇʨʘʚʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʘʥʪʠʢʨʠʟʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʧʣʶʻ ʪʘʢʽ ʢʣʶʯʦʚʽ 

ʥʘʧʨʷʤʢʠ: 

ʈʝʛʫʣʶʚʘʥʥʷ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʨʘʚʘ ʪʘ ʦʙʦʚôʷʟʢʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʦʨʷʜʦʢ ʫʢʣʘʜʘʥʥʷ ʜʦʛʦʚʦʨʽʚ, ʚʝʜʝʥʥʷ ʬʽʥʘʥʩʦʚʦʾ ʟʚʽʪʥʦʩʪʽ ʽ 

ʧʦʜʘʪʢʦʚʠʭ ʧʣʘʪʝʞʽʚ. 

ʇʨʦʮʝʜʫʨʠ ʙʘʥʢʨʫʪʩʪʚʘ ʪʘ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʢʦʥʥʦ 

ʚʨʝʛʫʣʶʚʘʪʠ ʬʽʥʘʥʩʦʚʽ ʪʨʫʜʥʦʱʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʘʭʠʩʪʠʪʠ ʽʥʪʝʨʝʩʠ ʢʨʝʜʠʪʦʨʽʚ ʽ 

ʟʙʝʨʝʛʪʠ ʨʦʙʦʯʽ ʤʽʩʮʷ. 

ʇʨʘʚʦʚʽ ʥʦʨʤʠ ʱʦʜʦ ʪʨʫʜʦʚʠʭ ʚʽʜʥʦʩʠʥ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ 

ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʠ ʟ ʧʨʘʮʽʚʥʠʢʘʤʠ ʚ ʫʤʦʚʘʭ ʢʨʠʟʠ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʦʮʽʘʣʴʥʠʡ 

ʟʘʭʠʩʪ ʪʘ ʧʨʘʚʦʚʫ ʧʽʜʪʨʠʤʢʫ. 

ʋ ʨʘʟʽ ʥʘʩʪʘʥʥʷ ʢʨʠʟʦʚʦʾ ʩʠʪʫʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʦ ʟʦʙʦʚôʷʟʘʥʝ ʜʽʷʪʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʟʘʢʦʥʦʜʘʚʩʪʚʘ. ʎʝ ʚʢʣʶʯʘʻ ʩʚʦʻʯʘʩʥʝ ʽʥʬʦʨʤʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʦʨʛʘʥʽʚ, ʜʦʪʨʠʤʘʥʥʷ ʧʨʦʮʝʜʫʨ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʘʙʦ ʙʘʥʢʨʫʪʩʪʚʘ, 

ʚʠʢʦʥʘʥʥʷ ʟʦʙʦʚôʷʟʘʥʴ ʧʝʨʝʜ ʢʨʝʜʠʪʦʨʘʤʠ ʪʘ ʧʨʘʮʽʚʥʠʢʘʤʠ. ʅʝʚʠʢʦʥʘʥʥʷ ʮʠʭ 

ʚʠʤʦʛ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʶʨʠʜʠʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʢʝʨʽʚʥʠʮʪʚʘ ʪʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʽʣʦʤʫ. 
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ɿʘʢʦʥʦʜʘʚʩʪʚʦ ʧʝʨʝʜʙʘʯʘʻ ʢʽʣʴʢʘ ʬʦʨʤ ʚʨʝʛʫʣʶʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʧʨʦʙʣʝʤ 

ʧʽʜʧʨʠʻʤʩʪʚ: ʩʘʥʘʮʽʶ, ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʶ ʙʦʨʛʽʚ, ʤʠʨʦʚʫ ʫʛʦʜʫ ʪʘ ʣʽʢʚʽʜʘʮʽʶ. 

ʂʦʞʥʘ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʶʨʠʜʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʨʦʮʝʜʫʨʥʽ ʚʠʤʦʛʠ. ɺʘʞʣʠʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʫʩʧʽʰʥʦʛʦ ʘʥʪʠʢʨʠʟʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʻ ʛʨʘʤʦʪʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ 

ʧʨʦʮʝʜʫʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʨʝʩʽʚ ʫʩʽʭ ʩʪʦʨʽʥ. 

ʇʨʘʚʠʣʴʥʦ ʩʢʣʘʜʝʥʽ ʽ ʩʚʦʻʯʘʩʥʦ ʦʥʦʚʣʝʥʽ ʜʦʛʦʚʦʨʠ ʻ ʦʩʥʦʚʦʶ ʜʣʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʫ ʢʨʠʟʦʚʠʡ ʧʝʨʽʦʜ. ɺʦʥʠ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʚʟʘʻʤʥʽ ʧʨʘʚʘ ʽ 

ʦʙʦʚôʷʟʢʠ ʩʪʦʨʽʥ, ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʟʦʙʦʚôʷʟʘʥʴ, ʘ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʶʪʴ ʤʝʭʘʥʽʟʤʠ 

ʚʨʝʛʫʣʶʚʘʥʥʷ ʩʧʦʨʽʚ. 

ʂʝʨʽʚʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚ ʥʝʩʫʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ 

ʢʨʠʟʦʚʠʭ ʩʠʤʧʪʦʤʽʚ ʽ ʚʞʠʪʪʷ ʥʝʦʙʭʽʜʥʠʭ ʟʘʭʦʜʽʚ. ɿʘʢʦʥʦʜʘʚʩʪʚʦ ʧʝʨʝʜʙʘʯʘʻ ʨʽʟʥʽ 

ʬʦʨʤʠ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ï ʚʽʜ ʮʠʚʽʣʴʥʦ-ʧʨʘʚʦʚʦʾ ʜʦ ʢʨʠʤʽʥʘʣʴʥʦʾ ï ʫ ʨʘʟʽ 

ʥʝʥʘʣʝʞʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʩʣʫʞʙʦʚʠʭ ʦʙʦʚôʷʟʢʽʚ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʠʪʢʽʚ ʘʙʦ 

ʙʘʥʢʨʫʪʩʪʚʘ. 

ʂʚʘʣʽʬʽʢʦʚʘʥʘ ʧʨʘʚʦʚʘ ʧʽʜʪʨʠʤʢʘ ʜʦʧʦʤʘʛʘʻ ʧʽʜʧʨʠʻʤʩʪʚʫ ʫʥʠʢʥʫʪʠ 

ʧʦʤʠʣʦʢ, ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʪʨʠʤʘʥʥʷ ʧʨʦʮʝʜʫʨ ʪʘ ʟʘʭʠʩʪʠʪʠ ʽʥʪʝʨʝʩʠ ʚ ʩʫʜʦʚʠʭ ʽ 

ʧʦʟʘʩʫʜʦʚʠʭ ʧʨʦʮʝʩʘʭ. ʖʨʠʜʠʯʥʠʡ ʩʫʧʨʦʚʽʜ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʪʨʘʪʝʛʽʾ 

ʘʥʪʠʢʨʠʟʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʋʨʘʭʫʚʘʥʥʷ ʧʨʘʢʪʠʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʽ ʟʤʽʥ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʘʥʪʠʢʨʠʟʦʚʝ ʫʧʨʘʚʣʽʥʥʷ. ʎʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʦʜʽʚ ʟ ʧʦʜʦʣʘʥʥʷ ʢʨʠʟ ʽ ʟʘʭʠʩʪʫ ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚ. ɸʥʪʠʢʨʠʟʦʚʝ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʻ ʩʢʣʘʜʥʠʤ ʽ 

ʙʘʛʘʪʦʛʨʘʥʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ ʝʬʝʢʪʠʚʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʙʝʟ ʯʽʪʢʦʾ ʪʘ 

ʥʘʜʽʡʥʦʾ ʧʨʘʚʦʚʦʾ ʦʩʥʦʚʠ. ɿʘʢʦʥʦʜʘʚʩʪʚʦ, ʱʦ ʨʝʛʫʣʶʻ ʛʦʩʧʦʜʘʨʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ, 

ʧʨʦʮʝʜʫʨʠ ʙʘʥʢʨʫʪʩʪʚʘ, ʪʨʫʜʦʚʽ ʚʽʜʥʦʩʠʥʠ ʪʘ ʽʥʰʽ ʢʣʶʯʦʚʽ ʩʬʝʨʠ, ʩʪʚʦʨʶʻ ʨʘʤʢʠ 

ʜʣʷ ʟʘʭʠʩʪʫ ʽʥʪʝʨʝʩʽʚ ʫʩʽʭ ʫʯʘʩʥʠʢʽʚ ʨʠʥʢʫ ʽ ʩʧʨʠʷʻ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ 

ʢʨʠʟʦʚʠʭ ʫʤʦʚʘʭ. ʉʚʦʻʯʘʩʥʝ ʽ ʧʨʘʚʠʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʘʚʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʷ ʙʦʨʛʽʚ, ʩʘʥʘʮʽʷ ʘʙʦ ʤʠʨʦʚʽ ʫʛʦʜʠ, ʜʦʧʦʤʘʛʘʻ ʥʝ ʣʠʰʝ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʬʽʥʘʥʩʦʚʽ ʚʪʨʘʪʠ, ʘʣʝ ʡ ʟʙʝʨʝʛʪʠ ʨʦʙʦʯʽ ʤʽʩʮʷ ʪʘ ʜʦʚʽʨʫ ʧʘʨʪʥʝʨʽʚ. 

ɺʦʜʥʦʯʘʩ, ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʢʝʨʽʚʥʠʮʪʚʘ ʟʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʢʨʠʟʦʚʠʭ 

ʩʠʪʫʘʮʽʷʭ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʬʝʩʽʡʥʦʩʪʽ ʪʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

ʤʝʥʝʜʞʤʝʥʪʫ. ʖʨʠʜʠʯʥʠʡ ʩʫʧʨʦʚʽʜ ʘʥʪʠʢʨʠʟʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʠʩʪʫʧʘʻ 

ʢʣʶʯʦʚʠʤ ʯʠʥʥʠʢʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʨʘʚʦʚʠʭ ʧʦʤʠʣʦʢ ʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʨʦʟʦʨʽʩʪʴ ʧʨʦʮʝʩʽʚ. ʆʢʨʽʤ ʪʦʛʦ, ʧʦʩʪʽʡʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʘʚʦʚʦʾ ʙʘʟʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʫ ʝʢʦʥʦʤʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʦʜʽʚ ʘʥʪʠʢʨʠʟʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʆʪʞʝ, ʧʨʘʚʦʚʽ ʟʘʩʘʜʠ ʘʥʪʠʢʨʠʟʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ï ʮʝ ʬʫʥʜʘʤʝʥʪ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʟʘʢʦʥʥʽʩʪʴ, ʧʦʨʷʜʦʢ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ʃʠʰʝ ʛʘʨʤʦʥʽʡʥʝ ʧʦʻʜʥʘʥʥʷ ʧʨʘʚʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ ʧʨʦʬʝʩʽʡʥʠʤ 

ʤʝʥʝʜʞʤʝʥʪʦʤ ʜʘʻ ʟʤʦʛʫ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʫʩʧʽʰʥʦ ʜʦʣʘʪʠ ʢʨʠʟʠ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʨʦʟʚʠʪʦʢ. 
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ʇʈʆʌɯʃɯʖɺɸʅʅʗ ʏɽʈɺôʗʏʅʀʍ ʌʈɽɿ ɿ ʇʈʆʊʋɹɽʈɸʅʎɽʄ 

ɼʃʗ ʆɹʈʆɹʂʀ ɸʉʀʄɽʊʈʀʏʅʀʍ 

ɺɽʃʀʂʆʄʆɼʋʃʔʅʀʍ ɿʋɹʏɸʉʊʀʍ ʂʆʃɯʉ 
 

ʄʠʨʦʥʝʥʢʦ ʆ.ɭ.  

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʯʠʩʪʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʘʩʠʤʝʪʨʠʯʥʠʭ 

ʚʝʣʠʢʦʤʦʜʫʣʴʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʧʨʠʧʫʩʢ ʤʘʻ ʙʫʪʠ ʥʝʨʽʚʥʦʤʽʨʥʠʤ: ʙʽʣʴʰʠʤ 

ʙʽʣʷ ʚʝʨʰʠʥ ʠ, ʤʝʥʰʠʤ ʙʽʣʷ ʥʽʞʢʠ ʟʫʙʘ. ʊʦʤʫ ʜʣʷ ʦʙʨʦʙʢʠ ʢʦʣʽʩ ʽʟ ʧʨʠʧʫʩʢʦʤ 

ʧʽʜ ʯʠʩʪʦʚʝ ʦʙʨʦʙʣʝʥʥʷ  ʧʦʪʨʽʙʥʽ ʩʧʝʮʽʘʣʴʥʽ ʬʨʝʟʠ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʚʠʢʦʥʘʚʯʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʘ ʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʠʧʫʩʢʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʟʫʙʦʨʽʟʥʽ ʯʝʨʚ'ʷʯʥʽ 

ʬʨʝʟʠ ʟ ʧʨʦʪʫʙʝʨʘʥʮʝʤ [1,4]. 

ʇʨʦʪʫʙʝʨʘʥʝʮʴ ʟʘʙʝʟʧʝʯʫʻ ʥʝʚʝʣʠʢʠʡ ʧʽʜʨʽʟ ʥʽʞʢʠ ʟʫʙʘ, ʱʦʙ ʟʤʝʥʰʠʪʠ 

ʧʨʠʧʫʩʢ ʧʽʜ ʯʠʩʪʦʚʝ ʦʙʨʦʙʣʝʥʥʷ ʚ ʟʘʧʘʜʠʥʽ ʪʘ ʟʥʦʩ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. 

ʌʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʽʞʢʠ ʟʫʙʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʝ, ʥʽʞ ʫ 

ʟʚʠʯʘʡʥʠʭ ʤʦʜʫʣʴʥʠʭ ʬʨʝʟ. ɿʚʠʯʘʡʥʘ ʤʦʜʫʣʴʥʘ ʬʨʝʟʘ ʦʧʠʩʫʻ ʧʝʨʝʭʽʜʥʫ ʢʨʠʚʫ, 

ʷʢʘ ʧʣʘʚʥʦ ʩʧʦʣʫʯʘʻʪʴʩʷ ʟ ʝʚʦʣʴʚʝʥʪʥʠʤ ʧʨʦʬʽʣʝʤ ʜʝʪʘʣʽ, ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʚʝʨʰʠʥʘ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʚʠʢʦʥʫʻ ʯʠʩʪʦʚʝ ʦʙʨʦʙʣʝʥʥʷ, ʧʝʨʝʙʫʚʘʻ ʚ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ. ʅʘʷʚʥʽʩʪʴ ʧʽʜʨʽʟʫ ʽʩʪʦʪʥʦ ʧʦʢʨʘʱʫʻ ʫʤʦʚʠ ʨʽʟʘʥʥʷ, 

ʨʦʟʚʘʥʪʘʞʫʶʯʠ ʚʝʨʰʠʥʥʽ ʢʨʦʤʢʠ ʽʥʩʪʨʫʤʝʥʪʫ. ɺʠʢʨʫʞʢʘ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʦʪʦʚʱʝʥʦʶ ʛʦʣʦʚʢʦʶ ʬʨʝʟʠ - ʧʨʦʪʫʙʝʨʘʥʮʝʤ (ʨʠʩ. 1). ɻʦʣʦʚʢʘ ʬʨʝʟʠ ʨʦʟʰʠʨʝʥʘ 

ʚʚʝʜʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʢʫʪʘ ʧʨʦʬʽʣʶ, ʫʪʚʦʨʝʥʦʛʦ ʧʝʨʝʭʽʜʥʦʶ ʧʨʷʤʦʶ ʤʽʞ 

ʚʝʨʰʠʥʦʶ ʬʨʝʟʠ ʽ ʧʨʷʤʦʶ ʦʩʥʦʚʥʦʛʦ ʧʨʦʬʽʣʶ. 

 

 
 

ʈʠʩ. 1. ʇʨʦʬʽʣʴ ʟʫʙʘ ʯʝʨʚ'ʷʯʥʦʾ ʬʨʝʟʠ ʟ ʧʨʦʪʫʙʝʨʘʥʮʝʤ: 

Sn0 - ʪʦʚʱʠʥʘ ʟʫʙʘ ʨʝʡʢʠ ʥʘ ʜʽʣʠʣʴʥʦʤʫ ʢʦʣʽ; ha0 - ʚʠʩʦʪʘ ʛʦʣʦʚʢʠ ʟʫʙʘ; Ŭn0 = 20Á- ʢʫʪ 

ʧʨʦʬʽʣʶ ʨʝʡʢʠ; hy1- ʚʠʩʦʪʘ ʧʨʦʪʫʙʝʨʘʥʮʷ; Ŭn1 - ʨʘʜʽʫʩ ʦʢʨʫʛʣʝʥʥʷ ʙʦʢʦʚʦʾ ʯʘʩʪʠʥʠ ʨʝʡʢʠ 

 

ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʬʽʣʶ ʟʫʙʘ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʫʤʦʚʠ:  

- ʢʫʪ ʧʨʦʬʽʣʶ ŬW0 ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʠʤ ʟʘ Ŭn0  ʟʘ ʫʤʦʚʘʤʠ ʨʽʟʘʥʥʷ; 
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- ʧʝʨʝʭʽʜʥʘ ʢʨʠʚʘ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʪʠʥʘʪʠ ʝʚʦʣʴʚʝʥʪʫ ʚʠʱʝ ʪʦʯʢʠ ɸ ʟ 

ʧʦʣʷʨʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ; 

-ʨʘʜʽʫʩ ʧʨʦʪʫʙʝʨʘʥʮʷ Ŭn1ʪ ʤʘʻ ʙʫʪʠ ʦʙʨʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝ 

ʚʽʜʙʫʣʦʩʷ ʟʘʛʦʩʪʨʝʥʥʷ ʚʝʨʰʠʥʠ ʟʫʙʘ; 

- ʚʝʣʠʯʠʥʘ ʧʽʜʨʽʟʫ ʤʘʻ ʧʝʨʝʙʫʚʘʪʠ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ. 

ɺʠʢʦʥʘʥʥʷ ʜʨʫʛʦʾ ʫʤʦʚʠ ʜʣʷ ʬʨʝʟ ʽʟ ʧʨʦʪʫʙʝʨʘʥʮʝʤ ʚʠʤʘʛʘʻ ʟʤʝʥʰʝʥʥʷ 

ʨʘʜʽʫʩʘ ʦʙʢʘʪʢʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʫʪʘ ʧʨʦʬʽʣʶ, ʱʦ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʰʦʨʩʪʢʦʩʪʽ 

ʧʦʚʝʨʭʥʽ ʚʠʢʨʫʞʢʠ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʧʽʜʨʽʟʫ ʟʘ ʧʝʚʥʠʭ ʟʥʘʯʝʥʴ 

ʟʘʜʘʥʠʤ ʨʘʜʽʫʩʦʤ ʧʨʦʪʫʙʝʨʘʥʮʷ ʧʨʠʟʚʝʜʝ ʘʚʪʦʤʘʪʠʯʥʦ ʜʦ ʚʠʢʦʥʘʥʥʷ ʯʝʪʚʝʨʪʦʾ 

ʫʤʦʚʠ. ɼʣʷ ʮʴʦʛʦ ʦʜʝʨʞʫʚʘʥʘ ʥʘ ʜʝʪʘʣʽ ʚʠʢʨʫʞʢʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʜʦʩʪʘʪʥʶ 

ʚʝʣʠʯʠʥʫ ʝ ʧʽʜʨʽʟʫ. ɺʝʣʠʯʠʥʘ ʧʽʜʨʽʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʩʧʝʮʠʬʽʢʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʫʙʯʘʩʪʠʭ ʜʝʪʘʣʝʡ. ʌʨʝʟʘ ʟ ʧʨʦʪʫʙʝʨʘʥʮʝʤ ʻ ʩʧʝʮʽʘʣʴʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʦʙʨʦʙʢʠ ʧʝʚʥʦʛʦ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʟ 

ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ [2,3].  

ʇʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʧʨʦʬʽʣʶʚʘʥʥʷ ʟʫʙʘ ʯʝʨʚ'ʷʯʥʠʭ ʬʨʝʟ ʪʘ ʥʘʨʽʟʘʥʥʷ 

ʘʩʠʤʝʪʨʠʯʥʠʭ ʚʝʣʠʢʦʤʦʜʫʣʴʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ: 

- ʇʨʦʬʽʣʶʚʘʥʥʷ ʟʫʙʘ  ʬʨʝʟʠ ʩ ʢʫʪʦʤ Ŭ =20 ʧʦ ʧʨʘʚʦʤʫ ʨʦʙʦʯʦʤʫ ʧʨʦʬʽʣʶ. 

- ʇʨʦʬʽʣʶʚʘʥʥʷ ʟʫʙʘ  ʬʨʝʟʠ ʩ ʢʫʪʦʤ Ŭ =24 ʧʦ ʣʽʚʦʤʫ ʥʝ ʨʦʙʦʯʦʤʫ ʧʨʦʬʽʣʶ. 

- ʇʨʦʬʽʣʶʚʘʥʥʷ ʟʫʙʘ  ʬʨʝʟʠ ʩ ʧʨʦʪʫʙʝʨʘʥʮʝʤ ʜʣʷ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʽʣʶ. 

- ʆʙʨʦʙʢʘ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʩ ʧʨʠʧʫʩʢʦʤ  ʧʦ ʙʦʢʦʚʦʤʫ ʧʨʦʬʽʣʶ ʩ 

ʧʨʦʪʫʙʝʨʘʥʮʝʤ ʽ ʬʦʨʤʫʻʤʦ ʝʚʦʣʴʚʝʥʪʥʠʡ ʧʨʦʬʽʣʴ ʟʫʙʘ.  

- ʆʙʨʦʙʢʘ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʯʠʩʪʦʚʦʶ ʬʨʝʟʦʶ ʙʝʟ 

ʦʙʨʦʙʢʠ ʚʧʘʜʠʥʠ ʟʫʙʘ.  

ʎʝʡ ʤʝʪʦʜ ʧʨʦʬʽʣʶʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʘʩʠʤʝʪʨʠʯʥʠʭ ʚʝʣʠʢʦʤʦʜʫʣʴʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʚʠʩʦʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʟʮʽʧʣʝʥʥʷ , ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʝ 

ʧʦʣʷʛʘʥʥʷ ʟʫʙʘ, ʟʤʝʥʰʠʪʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʣʦʤʢʠ ʟʫʙʘ, ʟʤʝʥʰʠʪʠ ʰʫʤʥʽʩʪʴ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʟʫʙʯʘʪʦʾ ʧʝʨʝʜʘʯʽ. 
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ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 2022. ï ʉ. 75-77. 

3. ʂʣʦʯʢʦ ʆ.ʆ., ʉʘʧʨʠʢʽʥʘ ɽ.ɺ., ʌʝʜʦʨʴʦʚʘ ɸ.ʆ., ʄʠʨʦʥʝʥʢʦ ʆ.ɭ., ɯʚʘʥʯʝʥʢʦ ɺ.ɺ. 

ʃʘʥʮʶʛʦʚʝ ʣʦʛʘʨʠʬʤʽʯʥʝ ʩʧʦʣʫʯʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʝʨʝʜʘʯ // ɯʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ: ʥʘʫʢʘ, ʪʝʭʥʽʢʘ, ʪʝʭʥʦʣʦʛʽʷ, ʦʩʚʽʪʘ, ʟʜʦʨʦʚôʷ: ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʍXʍɯ. ʟʘ ʨʝʜ. ʧʨʦʬ. 

ʉʦʢʦʣʘ ɭ.ɯ. ð ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè. 

4. Klochko, O., Okhrimenko, O., & Shapovalov, M. (2021). Initial instrumental surface of 

modular millings on the basis of one-band hyperboloid for the manufacture of gear wheeled wheels. 

Mechanics and Advanced Technologies, 5(3), 374ï380. https://doi.org/10.20535/2521- 

1943.2021.5.3.250168 
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ɯʅʅʆɺɸʎɯʁʅʀʁ ʄɸʈʂɽʊʀʅɻ ɯ ʂʈɸʋɼʉʆʈʉʀʅɻ: ʉʀʅɽʈɻɯʗ 

ʎʀʌʈʆɺʀʍ ʇɯɼʍʆɼɯɺ 
 

ʄʠʨʦʥʝʥʢʦ ɭ.ɺ., ɹʘʨʢʦʚʘ ʉ.ʆ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʟʘʧʠʪʽʚ 

ʩʧʦʞʠʚʘʯʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʤʫʰʝʥʽ ʦʧʝʨʘʪʠʚʥʦ ʘʜʘʧʪʫʚʘʪʠʩʷ, ʚʧʨʦʚʘʜʞʫʶʯʠ ʥʦʚʽ 

ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʻ ʢʨʘʫʜʩʦʨʩʠʥʛ ð ʤʝʪʦʜ ʟʘʣʫʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ 

ʫʯʘʩʥʠʢʽʚ ʜʦ ʛʝʥʝʨʘʮʽʾ ʽʜʝʡ, ʚʠʨʽʰʝʥʥʷ ʙʽʟʥʝʩ-ʟʘʚʜʘʥʴ ʪʘ ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʨʽʰʝʥʴ. 

ʂʨʘʫʜʩʦʨʩʠʥʛ ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʥʽʷʤ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʰʠʨʦʢʦʾ ʘʫʜʠʪʦʨʽʾ ð ʚʽʜ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʝʢʩʧʝʨʪʽʚ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. 

ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʮʠʬʨʦʚʠʭ ʧʣʘʪʬʦʨʤ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ ʩʧʽʣʴʥʦʪ, ʮʝʡ ʧʽʜʭʽʜ 

ʩʪʘʻ ʜʦʩʪʫʧʥʠʤ ʥʘʚʽʪʴ ʜʣʷ ʤʘʣʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ, ʜʦʟʚʦʣʷʶʯʠ ʩʫʪʪʻʚʦ 

ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʤʘʨʢʝʪʠʥʛ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʫ ʙʽʢ ʙʽʣʴʰʦʾ ʚʽʜʢʨʠʪʦʩʪʽ, 

ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ ʪʘ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ. ʂʨʘʫʜʩʦʨʩʠʥʛʦʚʽ ʧʣʘʪʬʦʨʤʠ ʜʘʶʪʴ ʟʤʦʛʫ ʥʝ 

ʣʠʰʝ ʟʘʣʫʯʘʪʠ ʥʦʚʽ ʽʜʝʾ, ʘ ʡ ʦʪʨʠʤʫʚʘʪʠ ʧʨʷʤʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʚʽʜ ʮʽʣʴʦʚʦʾ 

ʘʫʜʠʪʦʨʽʾ, ʪʝʩʪʫʚʘʪʠ ʢʦʥʮʝʧʮʽʾ ʧʨʦʜʫʢʪʽʚ, ʬʦʨʤʫʚʘʪʠ ʣʦʷʣʴʥʽʩʪʴ ʜʦ ʙʨʝʥʜʫ. ɺʩʝ 

ʮʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʩʪʨʘʪʝʛʽʡ [1]. 

ʋ ʢʦʥʪʝʢʩʪʽ ʫʢʨʘʾʥʩʴʢʦʛʦ ʨʠʥʢʫ ʢʨʘʫʜʩʦʨʩʠʥʛ ʧʦʩʪʫʧʦʚʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʫ 

ʙʽʟʥʝʩ-ʧʨʘʢʪʠʢʫ. ʅʘʧʨʠʢʣʘʜ, ʝʥʝʨʛʝʪʠʯʥʘ ʢʦʤʧʘʥʽʷ ɼʊɽʂ ʫʩʧʽʰʥʦ ʩʧʽʚʧʨʘʮʶʻ ʟ 

ʤʽʞʥʘʨʦʜʥʦʶ ʧʣʘʪʬʦʨʤʦʶ InnoCentive (ʉʐɸ) ʜʣʷ ʧʦʰʫʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ. 

ʇʦʧʨʠ ʪʝ, ʱʦ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʢʨʘʫʜʩʦʨʩʠʥʛ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʥʦʚʠʤ 

ʷʚʠʱʝʤ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʡʦʛʦ ʘʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢ 

ʝʬʝʢʪʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʆʪʞʝ, ʢʨʘʫʜʩʦʨʩʠʥʛ ʻ ʧʦʪʫʞʥʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʦʛʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ 

ʤʘʨʢʝʪʠʥʛʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʚʠʢʣʠʢʠ ʨʠʥʢʫ, 

ʧʽʜʚʠʱʝʥʥʷ ʢʨʝʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʦʤʧʘʥʽʾ ʪʘ ʟʤʽʮʥʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʟʽ 

ʩʧʦʞʠʚʘʯʘʤʠ. ʋ ʥʘʡʙʣʠʞʯʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʡʦʛʦ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʢʦʥʢʫʨʝʥʪʥʠʭ 

ʧʝʨʝʚʘʛ ʧʽʜʧʨʠʻʤʩʪʚ ʣʠʰʝ ʟʨʦʩʪʘʪʠʤʝ. 

 

ʃʽʪʝʨʘʪʫʨʘ: 

1. ʍʘʫ ɼʞ. ʂʨʘʫʜʩʦʨʩʠʥʛ. ʂʦʣʣʝʢʪʠʚʥʳʡ ʨʘʟʫʤ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ / ɼʞ. 

ʍʘʫ ; ʧʝʨ. ʟ ʘʥʛʣ. ð ʄ. : ɸʣʴʧʠʥʘ ʇʘʙʣʠʰʝʨ, 2012. ð 288 ʩ. 

2. ʇʦʣʪʦʨʘʢ ʂ. ɸ., ɿʦʟʫʣʴʦʚ ʆ. ɺ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʨʘʫʜ-ʪʝʭʥʦʣʦʛʽʡ ʚ ʤʘʨʢʝʪʠʥʛʦʚʽʡ 

ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ. URL: https://ela.kpi.ua/bitstream/123456789/11872/1/66.pdf . 

 

https://ela.kpi.ua/bitstream/123456789/11872/1/66.pdf
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ʉʀʉʊɽʄʅʆ-ʉʊʈʋʂʊʋʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɿɹɯʈʅʀʍ 

ɹʃʆʏʅʆ-ʄʆɼʋʃʔʅʀʍ ʈɯɿʎɯɺ ɼʃʗ ɺɸɾʂʀʍ ɺɽʈʉʊɸʊɯɺ 

 

ʄʠʨʦʥʝʥʢʦ ɭ.ɺ., ʄʽʨʘʥʮʦʚ ʉ.ʃ., ɺʦʚʯʝʥʢʦ ʄ.ɺ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʅʘʜʽʡʥʽʩʪʴ ʟʙʽʨʥʠʭ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

(ɽɺ) ʧʦʚʝʨʭʦʥʴ ʾʭ ʢʦʥʪʘʢʪʫʶʯʠʭ ʜʝʪʘʣʝʡ. 

ɺ ʨʦʙʦʪʽ [1] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ɽɺ ʢʦʥʪʘʢʪʫʶʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʝʣʝʤʝʥʪʽʚ ʟʙʽʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʦʢʘʨʥʠʭ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʭ ʨʽʟʮʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʛʨʘʬʽʚ [2] ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ɽɺ, ʷʢʽ 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʢʦʥʪʘʢʪʫʶʯʽ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʽʚ ʟʙʽʨʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʤʽʥʫʶʯʠʭ ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʩʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʪʝʦʨʽʾ ʛʨʘʬʽʚ. 

ʊʝʦʨʽʷ ʩʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʩʭʝʤʠ ʙʣʦʯʥʦ-

ʤʦʜʫʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʽʟʮʽʚ ʟ ʚʠʷʚʣʝʥʥʷʤ ʪʠʧʽʚ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʧʦʚʝʨʭʦʥʴ ʽ ʨʦʟʤʽʩʪʠʪʠ ʝʣʝʤʝʥʪʠ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʧʨʷʤʽʚ ʜʽʾ 

ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʨʽʟʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʜʽʣʠʪʠ ʦʢʨʝʤʽ ʛʽʣʢʠ ʚ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ ï çʪʘʢʠʡ, 

ʷʢ ʪʘè. ʇʨʠʢʣʘʜ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʪʦʢʘʨʥʦʛʦ ʨʽʟʮʷ ʪʘ ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

    
ʘ)        ʙ) 

ʘ) ʙʣʦʯʥʠʡ ʪʦʢʘʨʥʠʡ ʨʽʟʝʮʴ; ʙ) ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʙʣʦʯʥʦʛʦ ʨʽʟʮʷ 

ʈʠʩ. 1. ɹʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʡ ʪʦʢʘʨʥʠʡ ʨʽʟʝʮʴ ʜʣʷ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ 

 

ʇʦ ʩʫʪʽ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʪʦʢʘʨʥʦʛʦ ʨʽʟʮʷ, ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 1, ʷʚʣʷʻ ʩʦʙʦʶ ʟʚʘʞʝʥʠʡ ʛʨʘʬ, ʨʠʩʫʥʦʢ 2, ʨʝʙʨʘʤ ʷʢʦʛʦ ʧʨʠʩʚʦʶʶʪʴʩʷ 

ʧʝʚʥʽ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ. ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʙʝʨ ʛʨʘʬʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʧʫ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʦʚʝʨʭʦʥʴ, ʘ ʡʦʛʦ ʚʝʨʰʠʥʘʤʠ ï ʜʝʪʘʣʽ ʙʣʦʢʦʚʠʭ ʨʽʟʮʽʚ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʢʦʞʥʫ ʦʙʣʘʩʪʴ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʙʣʦʯʥʦʛʦ ʨʽʟʮʷ, ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʾʾ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʪʝʞʫ ʚʝʨʰʠʥ. 

ʂʦʞʥʘ ʛʽʣʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʥʘ ʛʨʘʬʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʢʨʝʤʦ. 

ʅʘʧʨʠʢʣʘʜ, ʚʝʨʰʠʥʘ u1 ʚʽʜʧʦʚʽʜʘʻ ʨʽʟʘʣʴʥʦʤʫ ʝʣʝʤʝʥʪʫ, u2 ï ʙʣʦʢ ʚʩʪʘʚʮʽ, 

u3 ï ʛʚʠʥʪʫ, u5 ï ʧʣʘʩʪʠʥʽ ʦʧʦʨʥʽʡ ʽ ʪ.ʜ. ɿʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʙʝʨ 

ʛʨʘʬʫ ʥʘʚʝʜʝʥʽ ʽ ʪʘʙʣʠʮʽ 1. 
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ʈʠʩ. 2. ɿʚʘʞʝʥʠʡ ʛʨʘʬ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ 

ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʭ ʪʦʢʘʨʥʠʭ ʨʽʟʮʽʚ 
 

ʊʘʙʣʠʮʷ 1 ï ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʚʘʞʝʥʦʛʦ ʛʨʘʬʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʟʘ ʩʪʨʫʢʪʫʨʥʦʶ ʩʭʝʤʦʶ 

ʪʦʢʘʨʥʠʭ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʭ ʨʽʟʮʽʚ 
 

ˉ ʧ.ʧ. ʊʠʧ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʇʦʟʥʘʯʝʥʥʷ ʥʘ ʩʭʝʤʽ ɺʘʛʦʚʠʡ ʢʦʝʬ. 

1 ʇʣʦʱʠʥʘ-ʧʣʦʱʠʥʘ  c1 

2 ʉʬʝʨʘ-ʩʬʝʨʘ  c2 

3 ʎʠʣʽʥʜʨ-ʮʠʣʽʥʜʨ  c3 

4 ʇʨʠʟʤʘ-ʧʨʠʟʤʘ  c4 

5 ʂʦʥʫʩ-ʢʦʥʫʩ  c5 

6 ɻʚʠʥʪʦʚʘ  c6 

7 ɽʣʽʧʩ-ɽʣʽʧʩ  c7 

8 ʐʘʨ-ʧʣʦʱʠʥʘ  c8 

9 ʎʠʣʽʥʜʨ-ʧʣʦʱʠʥʘ  c9 

10 ʐʘʨ-ʰʘʨ  c10 

11 ʐʘʨ-ʮʠʣʽʥʜʨ  c11 

12 ɯʥʰʝ  c12 
 

ʂʦʨʪʝʞʽ ʚʝʨʰʠʥ, ʷʢʽ ʻ ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʪʦʢʘʨʥʠʭ ʙʣʦʯʥʦ-

ʤʦʜʫʣʴʥʠʭ ʨʽʟʮʽʚ ʥʘ ʟʚʘʞʝʥʦʤʫ ʛʨʘʬʽ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ ʟ 

ʚʠʜʽʣʝʥʥʷʤ ʛʽʣʦʢ: ʛʽʣʢʘ P (ʤʝʭʘʥʽʟʤ ʟʘʢʨʽʧʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʙʣʦʯʥʦʛʦ ʨʽʟʮʷ) ï  

KP = Ku1-u12 = <u1, u4, u3, u10, u12>; ʛʽʣʢʘ X (ʝʣʝʤʝʥʪʠ ʨʽʟʮʷ, ʱʦ ʩʧʨʠʡʤʘʶʪʴ ʩʠʣʫ 

Px) ï KX = Ku1 ï u12 = <u1, u2, u5, u10, u12>; ʛʽʣʢʘ Y (ʝʣʝʤʝʥʪʠ ʨʽʟʮʷ, ʱʦ ʩʧʨʠʡʤʘʶʪʴ 

ʩʠʣʫ Py) ï KY = Ku1 ï u12 = <u1, u2
|, u5, u10, u12>; ʛʽʣʢʘ Z (ʝʣʝʤʝʥʪʠ ʨʽʟʮʷ, ʱʦ 

ʩʧʨʠʡʤʘʶʪʴ ʩʠʣʫ Pz) ï KZ = Ku1 ï u12 = <u1, u2
||, u9, u10, u12>. 

ɯʥʜʝʢʩʠ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, u2, u2
|, u2

|| ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʪʘʢ ʷʢ ʤʦʚʘ ʡʜʝ ʥʝ ʪʽʣʴʢʠ 

ʧʨʦ ʜʝʪʘʣʽ, ʘ ʡ ʧʨʦ ʧʦʚʝʨʭʥʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʤʽʥʫʶʯʠʭ ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʙʣʦʯʥʠʭ 

ʨʽʟʮʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ. ʄʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʟʚʘʞʝʥʦʛʦ ʛʨʘʬʫ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʷʭ 2 ʪʘ 3. 
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ʊʘʙʣʠʮʷ 2 ï ʄʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʟʚʘʞʝʥʦʛʦ ʥʝ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʛʨʘʬʫ, ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʛʽʣʢʠ P 
 

ɺʝʨʰʠʥʠ 
ɺʝʨʰʠʥʠ 

u1 u4 u3 u10 u12 

u1 ʩ1 ʩ1 0 0 0 

u4 ʩ1 ʩ1 ʩ1 0 0 

u3 0 ʩ1 ʩ1 ʩ6 0 

u10 0 0 ʩ6 ʩ1 ʩ1 

u12 0 0 0 ʩ1 ʩ1 

 
ʊʘʙʣʠʮʷ 3 ï ʄʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʟʚʘʞʝʥʦʛʦ ʥʝ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʛʨʘʬʫ, ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʛʽʣʢʠ X (Y) (Z) 
 

ɺʝʨʰʠʥʠ 
ɺʝʨʰʠʥʠ 

u1 u2 (u2
|) (u2

||) u5 (u9) u10 u12 

u1 ʩ1 ʩ1 0 0 0 

u2 (u2
|) (u2

||) ʩ1 ʩ1 ʩ1 0 (ʩ1) 0 

u5 (u9) 0 ʩ1 ʩ1 ʩ1 0 

u10 0 0 (ʩ1) ʩ1 ʩ1 ʩ1 

u12 0 0 0 ʩ1 ʩ1 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʤʦʞʥʘ ʚʠʷʚʠʪʠ, ʷʢʠʤʠ ʪʠʧʘʤʠ 

ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ ʧʦʚ'ʷʟʘʥʽ (ʡʜʝʪʴʩʷ ʧʨʦ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ) ʦʜʠʥ ʟ ʦʜʥʠʤ 

ʨʽʟʥʽ ʜʝʪʘʣʽ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʭ ʪʦʢʘʨʥʠʭ ʨʽʟʮʽʚ. ʊʦʤʫ, ʦʯʝʚʠʜʥʦ, ʱʦ ʙʣʦʯʥʦʤʫ 

ʨʽʟʮʶ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʜʦʤʽʥʫʶʯʦʶ ʢʦʥʪʘʢʪʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʻ ʧʣʦʱʠʥʘ-

ʧʣʦʱʠʥʘ. 

ɺʝʨʰʠʥʘ ʛʨʘʬʘ, ʚ ʷʢʫ ʧʨʠʭʦʜʠʪʴ ʥʘʡʙʽʣʴʰʝ ʨʝʙʝʨ, ʷʚʣʷʻ ʩʦʙʦʶ ʜʝʪʘʣʴ 

ʙʣʦʯʥʦʛʦ ʨʽʟʮʷ, ʱʦ ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ ʥʘʙʽʨ ʧʦʚʝʨʭʦʥʴ, ʘ ʦʪʞʝ, ʽ ʥʘʡʙʽʣʴʰʠʡ ʥʘʙʽʨ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ɽɺ). ʇʨʠʯʦʤʫ ʥʝ ʥʘʙʽʨ ɽɺ ʚʠʟʥʘʯʠʪʴʩʷ ʢʽʣʴʢʽʩʪʶ 

ʧʦʚʝʨʭʦʥʴ, ʘ ʧʦʚʝʨʭʥʽ ʙʫʜʫʪʴ ʤʘʪʠ ʧʝʚʥʠʡ ʦʙʤʝʞʝʥʠʡ ʥʘʙʽʨ ɽɺ, ʱʦ 

ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʢʦʤʧʣʝʢʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʦʜʦʤ 

ʦʙʨʦʙʢʠ ʜʝʪʘʣʽ ʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʽʥʞʝʥʝʨʽʾ ʜʝʪʘʣʝʡ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʫʤʦʚʠ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʭ ʪʦʢʘʨʥʠʭ ʨʽʟʮʽʚ, 

ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʣʽʢ ɽɺ ʪʘ ʾʭ ʜʽʘʧʘʟʦʥ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʧʣʝʢʩʥʽ ʧʘʨʘʤʝʪʨʠ ʟʽ ʩʪʘʥʫ ʚʠʙʨʘʪʠ ʤʝʪʦʜ ʦʙʨʦʙʢʠ. 

 
ʃʽʪʝʨʘʪʫʨʘ: 1. ʄʠʨʦʥʝʥʢʦ ɭ.ɺ. ɻʨʘʬʦʚʘ ʤʦʜʝʣʴ ʟʙʽʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʣʦʯʥʦ-

ʤʦʜʫʣʴʥʠʭ ʨʽʟʮʽʚ ʜʣʷ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ / ɭ.ɺ. ʄʠʨʦʥʝʥʢʦ, ʉ.ʃ. ʄʽʨʘʥʮʦʚ // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ ʍɯɯɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè. ʃʴʚʽʚ ï ɿʚʝʥʽʚ (ʂʘʨʧʘʪʠ), 18-21 ʣʶʪʦʛʦ 2025 ʨʦʢʫ. ï ʃʴʚʽʚ: ɺʠʜʘʚʥʠʮʪʚʦ 

ʃʴʚʽʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ, 2025. ï ʉ. 90 ï 92. 2. ʈ.ʄ. ʊʨʦʭʠʤʯʫʢ. ʊʝʦʨʽʷ ʛʨʘʬʽʚ. ï ʅʘʚʯʘʣʴʥʠʡ 

ʧʦʩʽʙʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʬʘʢʫʣʴʪʝʪʫ ʢʽʙʝʨʥʝʪʠʢʠ. ð ʂ : ʈɺʎ çʂʠʾʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, 1998. ï 

ʉ. 24. ï ISBN 966-594-043-0. 
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ɸʅɸʃɯɿ ɼʀʅɸʄɯʏʅʀʍ ʄʆɼɽʃɽʁ ʆʉʔʆɺʆɻʆ ʄɽʊɸʃʆʈɯɾʋʏʆɻʆ 

ɯʅʉʊʈʋʄɽʅʊɸ ɺ ʇʈʆʎɽʉɯ ʏʀʉʊʆɺʆɰ ʆɹʈʆɹʂʀ ʆʊɺʆʈɯɺ 

 

ʄʽʨʦʰʥʠʯʝʥʢʦ ʆ.ɺ. 

(ɼɺʅɿ çɼʦʥʅʊʋè, ʤ. ɼʨʦʛʦʙʠʯ, ʋʢʨʘʾʥʘ) 

 

1. ɺʩʪʫʧ 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʦʪʚʦʨʠ ʚʠʩʦʢʦʾ 

ʷʢʦʩʪʽ ʣʠʰʝ ʥʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʽʟʘʥʥʷ (ʜʦ 4 ʤ/ʭʚ), ʱʦ ʩʫʪʪʻʚʦ 

ʧʦʩʪʫʧʘʻʪʴʩʷ ʰʚʠʜʢʦʩʪʷʤ ʨʽʟʘʥʥʷ ʧʨʠ ʽʥʰʠʭ ʚʠʜʘʭ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ ʣʝʟʦʚʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʚ ʫʤʦʚʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʝʨʩʪʘʪʽʚ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘʢʽ ʦʧʝʨʘʮʽʾ ʩʪʘʶʪʴ 

ʣʽʤʽʪʫʶʯʠʤʠ, ʱʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ, ʧʨʦʙʣʝʤʘ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʽ 

ʧʨʘʢʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

2. ɼʠʥʘʤʽʯʥʽ ʘʩʧʝʢʪʠ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ ʦʩʴʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʆʜʥʠʤ ʽʟ ʚʠʟʥʘʯʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʯʠʩʪʦʚʦʾ 

ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ, ʻ ʨʦʟʚʠʪʦʢ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʢʦʣʠʚʘʥʥʷʤʠ 

ʦʩʴʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ [1, 2]. ɸʥʘʣʽʟ 

ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʮʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ 

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʦʩʴʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʡʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʫʤʦʚʠ. 

ɯʩʥʫʶʯʽ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʦʩʴʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʟʜʝʙʽʣʴʰʦʛʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʢʦʥʮʝʧʮʽʾ ʢʦʣʠʚʘʥʴ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ ʟ ʜʚʦʤʘ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ ʪʘ 

ʧʨʠʚʝʜʝʥʦʶ ʤʘʩʦʶ M ʫ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʦʩʽ ʽʥʩʪʨʫʤʝʥʪʘ [3]. ʆʜʥʘʢ 

ʮʽ ʤʦʜʝʣʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʡʦʛʦ ʟʛʠʥʥʫ ʞʦʨʩʪʢʽʩʪʴ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʚʠʪʦʢ 

ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʧʦʧʝʨʝʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʴʥʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

3. ʆʙʤʝʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʈʦʟʚʠʪʦʢ ʘʜʝʢʚʘʪʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʦʩʴʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ ʪʦʯʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʡʦʛʦ ʟʛʠʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 

ʥʝʦʙʭʽʜʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʤʘʩʦʚʦʾ ʤʦʜʝʣʽ ʜʦ ʩʠʩʪʝʤʠ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ. ʎʝ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʆʩʴʦʚʽ ʤʝʪʘʣʦʨʽʟʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʨʦʟʚʝʨʪʢʠ, ʩʚʝʨʜʣʘ ʽ ʟʝʥʢʝʨʠ, ʟʘ 

ʩʚʦʻʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʻ ʩʪʨʠʞʥʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 
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ʱʦ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʝʨʝʤʽʱʝʥʴ ʽ ʩʠʣ ʧʨʠ 

ʜʠʥʘʤʽʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. 

ʋ ʨʦʙʦʪʽ [4] ʜʦʩʣʽʜʞʝʥʦ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʾʭ ʜʦ ʟʘʜʘʯ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʩʴʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʜʘʻ 

ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʟʛʠʥʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʥʘ ʨʦʟʚʠʪʦʢ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʾʭʥʶ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

 

4. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʢʣʘʜʝʥʝ, ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʩʪʘʚʠʪʴʩʷ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʦʩʴʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʡʦʛʦ ʟʛʠʥʥʫ ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʢʦʣʠʚʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘ ʪʦʯʥʽʩʪʴ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʠʪʴ: 

- ʙʽʣʴʰ ʪʦʯʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʽʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 

ʦʙʨʦʙʢʠ; 

- ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥ ʫ ʛʝʦʤʝʪʨʽʾ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʽʞʫʯʦʛʦ 

ʝʣʝʤʝʥʪʘ; 

- ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. 

 

ɺʠʩʥʦʚʢʠ: 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʦʩʴʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ 

ʻ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ 

ʦʪʚʦʨʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʟʛʠʥʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʘʜʝʢʚʘʪʥʽʰʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʩʧʨʠʷʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. 
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ʆɻʃʗɼ ɯʉʅʋʖʏʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ɻɯɼʈʆʉʊɸʊʀʏʅʀʍ 

ʇɯɼʐʀʇʅʀʂɯɺ ʊɸ ʄɽʊʆɼɯɺ ɰʍ ʈʆɿʈɸʍʋʅʂɯɺ 

 

ʄʽʭʻʻʚ ɸ.ʆ. 

(ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɻʽʜʨʦʩʪʘʪʠʯʥʠʡ ʧʽʜʰʠʧʥʠʢ (ɻʉʇ) ï ʮʝ ʧʽʜʰʠʧʥʠʢ ʪʝʨʪʷ ʟ ʤʘʩʪʠʣʴʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʪʠʩʢ ʫ ʨʦʙʦʯʦʤʫ ʰʘʨʽ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʷʢʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ 

ʜʞʝʨʝʣʘʤʠ ʧʦʜʘʯʽ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʦʟʘ ʧʽʜʰʠʧʥʠʢʦʤ ʽ ʧʨʘʮʶʶʯʠʤʠ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʥʴʦʛʦ. ʎʽ ʧʽʜʰʠʧʥʠʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʤʘʶʪʴ 

ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ, 

ʚʦʣʦʜʽʶʪʴ ʚʝʣʠʢʦʶ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 

ʦʙʝʨʪʘʥʥʷ. ɺʠʩʦʢʘ ʜʝʤʧʬʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ɻʉʇ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʚʽʙʨʦʩʪʽʡʢʽʩʪʴ ʚʝʨʩʪʘʪʘ, ʜʦʟʚʦʣʷʶʯʠ ʦʜʝʨʞʫʚʘʪʠ ʚʽʜʤʽʥʥʫ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʽ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʛʽʜʨʦʩʪʘʪʠʯʥʽ 

ʧʽʜʰʠʧʥʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʧʨʠʚʦʜʠ ʤʽʢʨʦʧʝʨʝʤʽʱʝʥʴ, ʜʣʷ ʬʽʢʩʘʮʽʾ ʰʧʠʥʜʝʣʽʚ, 

ʷʢ ʜʘʚʘʯʽ ʚ ʩʠʩʪʝʤʘʭ ʘʜʘʧʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʽ ʜʣʷ ʽʥʰʠʭ ʮʽʣʝʡ. ʋʩʝ ʮʝ ʚʠʟʥʘʯʘʻ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʾʭʥʴʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʘʭ 

ʚʝʨʩʪʘʪʽʚ. ʂʦʥʩʪʨʫʢʮʽʾ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ. ɿ ʫʩʽʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʪʠʧʠ: ʨʘʜʽʘʣʴʥʽ (ʮʠʣʽʥʜʨʠʯʥʽ) ʽ ʫʧʦʨʥʽ 

(ʧʽʜʧôʷʪʥʠʢʠ). ʈʘʜʽʘʣʴʥʽ ʧʽʜʰʠʧʥʠʢʠ (ʈʠʩ. 1) ʚʠʢʦʥʫʶʪʴ ʟ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʦ ʦʢʨʫʞʥʦʩʪʽ ʢʠʰʝʥʷʤʠ, ʫ ʢʦʞʥʫ ʟ ʷʢʠʭ ʚʽʜ ʜʞʝʨʝʣʘ ʧʦʜʘʯʽ 

ʯʝʨʝʟ ʜʨʦʩʝʣʶʶʯʠʡ ʧʨʠʩʪʨʽʡ ʧʦʜʘʻʪʴʩʷ ʤʘʩʪʠʣʦ ʧʽʜ ʪʠʩʢʦʤ. 

 
ʈʠʩ. 1. ʈʦʟʧʦʜʽʣ ʪʠʩʢʽʚ ʫ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʘʭ:  

ʘ ï ʙʝʟ ʜʨʝʥʘʞʥʠʭ ʢʘʥʘʚʦʢ; ʙ ï ʽʟ ʜʨʝʥʘʞʥʠʤʠ ʢʘʥʘʚʢʘʤʠ; ʚ ïʫ ʧʦʟʜʦʚʞʥʴʦʤʫ ʧʝʨʝʪʠʥʽ; 

ʛ ï ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʤʘʩʪʠʣʘ; ʜ ï ʟ ʧʽʜʚʝʜʝʥʥʷʤ ʤʘʩʪʠʣʘ ʚ ʢʽʣʴʮʝʚʫ ʢʠʰʝʥʶ 
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ʇʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ F ʚʘʣ ʟʘʡʤʘʻ ʝʢʩʮʝʥʪʨʠʯʥʝ (ʝ- 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ) ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ ʚʪʫʣʢʠ (ʨʠʩ. 1 ʘ,ʙ). ʋʪʚʦʨʠʪʴʩʷ ʨʽʟʥʠʮʷ 

ʨʦʙʦʯʠʭ ʟʘʟʦʨʽʚ, ʯʝʨʝʟ ʷʢʽ ʧʨʦʭʦʜʠʪʴ ʤʘʩʪʠʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʽʟ ʧʨʦʪʠʣʝʞʥʠʭ 

ʢʠʰʝʥʴ, ʘ ʦʪʞʝ, ʟʤʽʥʶʶʪʴʩʷ ʽ ʛʽʜʨʘʚʣʽʯʥʽ ʦʧʦʨʠ ʥʘ ʚʠʭʦʜʽ ʢʠʰʝʥʴ. ʎʝ ʧʨʠʚʦʜʠʪʴ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ ʜʨʦʩʝʣʽʚ ʥʘ ʚʭʦʜʽ ʚ ʢʠʰʝʥʽ ʜʦ ʟʤʽʥʠ ʪʠʩʢʽʚ ʫ 

ʢʦʞʥʽʡ ʢʠʰʝʥʽ: ʨʝʟʫʣʴʪʫʶʯʘ ʪʠʩʢʽʚ ʩʧʨʠʡʤʘʻ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʦʚʝʨʪʘʻ 

ʚʘʣ ʫ ʮʝʥʪʨʘʣʴʥʝ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ. ɻʘʨʘʥʪʦʚʘʥʠʡ ʰʘʨ ʤʘʩʪʠʣʴʥʦʾ ʨʽʜʠʥʠ ʤʘʻ 

ʤʽʩʮʝ ʥʝ ʪʽʣʴʢʠ ʚ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʽ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʪʘ ʟʫʧʠʥʢʠ, ʱʦ ʻ ʽʩʪʦʪʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʤʘʱʝʥʥʷ. ʇʨʠʥʮʠʧ ʜʽʾ ʫʧʦʨʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ 

(ʨʠʩ. 5.1, ʛ,ʜ) ʘʥʘʣʦʛʽʯʥʠʡ. 

ɼʣʷ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʚʘʣʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʝʟʘʤʢʥʫʪʽ 

ʛʽʜʨʦʩʪʘʪʠʯʥʽ ʧʽʜʰʠʧʥʠʢʠ, ʫ ʷʢʠʭ ʚʪʫʣʢʘ ʟ ʥʝʩʫʯʠʤʠ ʢʠʰʝʥʷʤʠ ʦʭʦʧʣʶʻ ʚʘʣ 

ʪʽʣʴʢʠ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ. ʉʠʣʠ ʜʝʤʧʬʫʚʘʥʥʷ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʝʬʝʢʪʫ, ʚʠʭʨʦʚʦʛʦ 

(ʧʣʘʥʝʪʘʨʥʦʛʦ) ʨʫʭʫ ʰʧʠʥʜʝʣʷ, ʘ ʪʘʢʦʞ ʥʘʛʨʽʚʘʥʥʷʤ ʤʘʩʪʠʣʘ ʽ ʡʦʛʦ ʩʪʠʩʥʝʥʥʷ 

ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʫ ʥʴʦʤʫ ʥʝʨʦʟʯʠʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʆʩʢʽʣʴʢʠ ʚ ʛʽʜʨʦʩʪʘʪʠʯʥʽʡ ʦʧʦʨʽ ʤʘʶʪʴ ʤʽʩʮʝ ʚʩʽ ʷʚʠʱʘ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʦʨʽʟʥʦ ʚ ʽʥʰʠʭ ʪʠʧʘʭ ʦʧʦʨ ʢʦʚʟʘʥʥʷ ʧʨʠ ʧʨʦʮʝʩʘʭ ʨʽʟʥʦʾ 

ʰʚʠʜʢʦʩʪʽ, ʪʦ ʚʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʡ ʚʠʧʘʜʦʢ ʰʧʠʥʜʝʣʴʥʠʭ ʦʧʦʨ 

ʢʦʚʟʘʥʥʷ, ʘ ʾʾ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ï ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʘ ʡ ʫʥʽʚʝʨʩʘʣʴʥʘ ʽ ʟ ʥʝʾ 

ʰʣʷʭʦʤ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʘʙʦ ʩʧʨʦʱʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʾ ʦʧʦʨʠ. 

ʈʘʜʽʘʣʴʥʽ ɻʉʇ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ. ʇʽʜʰʠʧʥʠʢʠ ʧʝʨʰʦʛʦ 

ʪʠʧʫ ï ʮʠʣʽʥʜʨʠʯʥʽ ʟ ʜʨʦʩʝʣʶʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʥʘ ʚʭʦʜʽ ʚ ʢʦʞʥʫ ʢʠʰʝʥʶ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʙʝʟ ʜʨʝʥʘʞʥʠʭ (ʤʘʩʣʦʚʽʜʚʽʜʥʠʭ) ʢʘʥʘʚʦʢ ʤʽʞ ʢʠʰʝʥʷʤʠ, 

ʘʙʦ ʟ ʜʨʝʥʘʞʥʠʤʠ ʢʘʥʘʚʢʘʤʠ. ʇʝʨʝʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʧʝʨʰʠʤ, ʪʘʢ ʷʢ ʚʦʥʠ ʤʘʶʪʴ 

ʤʝʥʰʫ ʚʠʪʨʘʪʫ ʤʘʩʪʠʣʘ. ʇʽʜʰʠʧʥʠʢʠ ʜʨʫʛʦʛʦ ʪʠʧʫ ï ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʜʨʦʩʝʣʶʚʘʥʥʷʤ. ɼʨʦʩʝʣʽ ʫʪʚʦʨʷʪʴʩʷ ʱʽʣʠʥʘʤʠ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʚʘʣʫ ʽ ʚʪʫʣʢʠ, 

ʧʨʦʪʠʣʝʞʥʠʤʠ ʧʦʚʝʨʭʥʷʤ, ʱʦ ʫʪʚʦʨʷʪʴ ʦʧʦʨʫ ʥʘ ʚʠʭʦʜʽ ʟ ʢʠʰʝʥʽ. ʆʧʽʨ 

ʚʥʫʪʨʽʰʥʽʭ ʜʨʦʩʝʣʽʚ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʟʚʦʨʦʪʥʦʤʫ ʟʚôʷʟʢʫ ʟʘ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʚʘʣʫ ʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʧʦ ʪʠʩʢʫ ʤʘʩʪʠʣʘ ʚ ʢʠʰʝʥʽ. ɾʦʨʩʪʢʽʩʪʴ 

ʪʘʢʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʚʠʱʝ, ʥʽʞ ʟʚʠʯʘʡʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʭʽʜʥʠʤʠ ʜʨʦʩʝʣʷʤʠ. 

ʋʧʦʨʥʽ ɻʉʇ ʚʠʢʦʥʫʶʪʴ ʟ ʦʜʥʦʶ ʢʽʣʴʮʝʚʦʶ ʢʘʤʝʨʦʶ ʘʙʦ ʙʘʛʘʪʦʢʘʤʝʨʥʠʤʠ. 

ʇʽʜʧôʷʪʥʠʢʠ ʟ ʢʽʣʴʮʝʚʦʶ ʢʘʤʝʨʦʶ ʙʫʚʘʶʪʴ ʟ ʧʽʜʚʝʜʝʥʥʷʤ ʤʘʩʪʠʣʘ ʚ ʢʽʣʴʮʝʚʫ 

ʢʠʰʝʥʶ ʘʙʦ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʤʘʩʪʠʣʘ. ʇʝʨʰʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʝʣʠʢʦʶ ʚʠʪʨʘʪʦʶ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʪʨʦʭʠ ʙʽʣʴʰʦʶ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ. ɼʨʫʛʽ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʽʜʰʠʧʥʠʢʘʭ. 
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ʄʦʣʯʘʥʦʚ ɺ.ʌ., ʃʘʪʠʰʝʚ ɼ.ɺ., ʂʦʟʘʯʝʥʢʦ ʉ.ʖ. 

(ɼɼʊʋ, ʤ.ʂʘʤôʷʥʩʴʢʝ, ʋʢʨʘʾʥʘ) 

 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʜʝʪʘʣʝʡ - 

ʩʢʣʘʜʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʨʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ, 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʪʠʩʢʫ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʝʡ 

ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʷʢʽʩʪʶ ʧʦʚʝʨʭʥʽ. ʆʜʥʠʤ ʟ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʻ ʭʚʠʣʷʩʪʽʩʪʴ ʽ ʰʦʨʩʪʢʽʩʪʴ. ɿʘ ʟʦʚʥʽʰʥʽʤ ʚʠʜʦʤ ʦʙʨʦʙʣʝʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʨʦʟʤʽʨʘʤʠ, ʬʦʨʤʽ ʽ ʭʘʨʘʢʪʝʨʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʤʦʞʥʘ ʧʝʚʥʦʶ 

ʤʽʨʦʶ ʨʦʟʤʽʨʢʦʚʫʚʘʪʠ ʧʨʦ ʷʚʠʱʘ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ, 

ʪʦʙʪʦ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ. 

ʄʝʪʦʶ ʻ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʷ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʭʘʥʽʟʤʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʩʣʽʜ 

ʧʨʠʜʽʣʷʪʠ ʫʚʘʛʫ ʧʠʪʘʥʥʶ ʫʪʚʦʨʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʪʘ ʭʚʠʣʷʩʪʦʩʪʽ. ɿ ʧʦʛʣʷʜʫ 

ʛʝʦʤʝʪʨʽʾ ʰʦʨʩʪʢʽʩʪʴ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʧʽʶʚʘʥʥʷ ʥʘ ʦʙʨʦʙʣʶʚʘʥʽʡ 

ʧʦʚʝʨʭʥʽ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʨʽʟʘʣʴʥʠʭ ʘʙʨʘʟʠʚʥʠʭ ʟʝʨʝʥ. ʇʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, ʩʠʣʴʥʦ ʟʤʽʥʶʶʪʴ ʤʽʢʨʦʨʝʣʴʻʬ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɻʝʦʤʝʪʨʠʯʥʘ ʩʭʝʤʘ ʫʪʚʦʨʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʨʠ ʟʚʠʯʘʡʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʥʘʷʚʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠ ʧʝʚʥʠʭ ʜʦʧʫʱʝʥʥʷʭ. ʅʘʧʨʠʢʣʘʜ, 

ʧʨʦʬʝʩʦʨ ɭ.ʅ.ʄʘʩʣʦʚ, ʧʨʠ ʚʠʚʝʜʝʥʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʨʽʟʽʚ ʟʨʽʟʘʥʠʭ 

ʩʪʨʫʞʦʢ, ʜʦʧʫʩʢʘʚ, ʱʦ ʨʽʟʘʣʴʥʽ ʘʙʨʘʟʠʚʥʽ ʟʝʨʥʘ ʡʜʫʪʴ ʦʜʠʥ ʟʘ ʦʜʥʠʤ, 

ʟʥʘʭʦʜʷʯʠʩʴ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʫ. 

ʇʨʦʬʝʩʦʨ ɸ.ɸ.ʄʘʪʘʣʽʥ ʨʦʟʛʣʷʜʘʚ ʫʪʚʦʨʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʽʙʨʘʮʽʡ ʚ ʩʠʩʪʝʤʽ ʚʝʨʩʪʘʪ ï 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ ï ʽʥʩʪʨʫʤʝʥʪ ï ʜʝʪʘʣʴ. ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʦʚʝʜʝʥʦ, 

ʱʦ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʤʝʪʘʣʫ ʢʦʞʥʝ ʘʙʨʘʟʠʚʥʝ ʟʝʨʥʦ, ʷʢʝ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʨʽʟʘʥʥʽ, 

ʧʨʦʨʽʟʘʻ ʚ ʤʝʪʘʣʽ ʢʘʥʘʚʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʨʦʟʤʽʨʘʤ ʽ ʬʦʨʤʽ. ɺʠʩʦʪʘ 

ʰʦʨʩʪʢʦʩʪʽ, ʧʽʩʣʷ ʢʦʞʥʦʾ ʦʙʨʦʙʢʠ ʘʙʨʘʟʠʚʘʤʠ, ʛʝʦʤʝʪʨʠʯʥʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʨʦʟʤʽʨʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟʝʨʝʥ. 

ɿʘ ʤʦʜʝʣʣʶ ɻʨʘʥʦʚʩʴʢʦʛʦ ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ ʫ ʧʣʦʱʠʥʽ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʦʩʽ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ, ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʙʘʛʘʪʦʟʫʙʦʶ ʬʨʝʟʦʶ, ʫ 

ʷʢʦʾ ʢʦʞʥʝ ʘʙʨʘʟʠʚʥʝ ʟʝʨʥʦ ʻ ʟʫʙʦʤ. 
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ɺʠʚʯʘʶʯʠ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ, ʇ.ɯ.ʗʱʝʨʽʮʠʥ ʚʥʽʩ ʥʦʚʝ ʧʦʥʷʪʪʷ ʚ 

ʪʝʦʨʽʶ ʫʪʚʦʨʝʥʥʷ ʰʣʽʬʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʅʘ ʡʦʛʦ ʜʫʤʢʫ, ʷʢʱʦ ʩʧʨʦʻʢʪʫʚʘʪʠ ʚʩʽ 

ʟʝʨʥʘ ʥʘ ʨʦʙʦʯʽʡ ʜʽʣʷʥʮʽ ʢʨʫʛʘ ʥʘ ʦʜʥʫ ʧʣʦʱʠʥʫ, ʪʦ ʟ ʜʝʷʢʠʤ ʥʘʙʣʠʞʝʥʥʷʤ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʨʽʟʘʣʴʥʠʡ ʢʦʥʪʫʨ, ʥʝʨʽʚʥʦʩʪʽ ʷʢʦʛʦ ʧʦʚʥʽʩʪʶ 

ʢʦʧʽʶʶʪʴʩʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʢʨʫʛʘ ʥʘ ʦʙʨʦʙʣʶʚʘʥʽʡ ʧʦʚʝʨʭʥʽ. ʏʠʤ ʤʝʥʰʘ 

ʥʝʨʽʚʥʽʩʪʴ ʨʽʟʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ, ʪʠʤ ʚʽʥ ʙʣʠʞʯʝ ʧʽʜʭʦʜʠʪʴ ʜʦ ʩʫʮʽʣʴʥʦʛʦ 

ʨʽʟʘʣʴʥʦʛʦ ʣʝʟʘ, ʪʠʤ ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʜʝ ʤʝʥʰʦʶ. ɿʚʽʜʩʠ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʰʦʨʩʪʢʽʩʪʴ ʬʦʨʤʫʻʪʴʩʷ ʨʽʟʘʣʴʥʠʤ ʢʦʥʪʫʨʦʤ, ʧʨʠʯʦʤʫ ʦʜʥʘʢʦʚʠʡ 

ʨʽʟʘʣʴʥʠʡ ʢʦʥʪʫʨ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʅʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʤʘʻ 

ʤʘʩʪʠʣʴʥʦ-ʦʭʦʣʦʜʞʫʚʘʣʴʥʘ ʨʽʜʠʥʘ (ʄʆʈ). ʈʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄʆʈ 

ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʩʠʣʠ ʪʝʨʪʷ ʚ ʧʘʨʽ ʽʥʩʪʨʫʤʝʥʪ-ʜʝʪʘʣʴ, ʟʥʠʞʫʻ ʟʥʦʰʫʚʘʥʥʷ ʽ 

ʟʘʪʫʧʣʝʥʥʷ ʨʽʟʘʣʴʥʠʭ ʣʝʟ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʤʝʥʰʫʻ ʰʦʨʩʪʢʽʩʪʴ ʽ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ 

ʦʙʨʦʙʣʝʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʧʦʢʨʘʱʫʻ ʦʭʦʣʦʜʞʝʥʥʷ ʟʦʥʠ ʦʙʨʦʙʢʠ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʝ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ ʽʟ ʮʽʻʾ ʟʦʥʠ. ʆʜʥʘʢ, ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʤʘʩʪʠʣʴʥʦ-ʦʭʦʣʦʜʞʫʚʘʣʴʥʽ ʨʽʜʠʥʠ ʙʝʟʧʝʨʝʨʚʥʦ ʪʘ ʽʥʪʝʥʩʠʚʥʦ ʟʘʙʨʫʜʥʶʶʪʴʩʷ 

ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ï ʚʽʜʭʦʜʘʤʠ ʤʝʪʘʣʦʦʙʨʦʙʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ 

ʃ.ɺ.ʍʫʜʦʙʽʥʠʤ, ʧʦʢʘʟʘʣʠ, ʱʦ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʟʘʙʨʫʜʥʝʥʴ ʤʝʭʘʥʽʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʯʠʥʷʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, 

ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ, ʟʥʠʞʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʟʤʝʥʰʫʶʪʴ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʩʪʠʣʴʥʦ-ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʝʪʘʧʦʤ 

ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ. ʊʝʦʨʝʪʠʯʥʽ ʨʦʙʦʪʠ 

ʚ ʮʽʡ ʮʘʨʠʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ 

ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ ʷʢ ʦʙ'ʻʢʪ ʽ ʦʜʝʨʞʘʥʥʷ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ, ʱʦ ʧʦʚ'ʷʟʫʶʪʴ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʟʝʨʝʥ ʥʘ ʡʦʛʦ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ ʧʦʢʘʟʘʚ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʜʘʯʽ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ 

ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʷʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʟʦʥʽ 

ʢʦʥʪʘʢʪʫ ʟʝʨʝʥ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʰʣʽʬʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ, ʘ 

ʟʥʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦʟʚʦʣʠʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʷʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. 
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ɺʀɿʅɸʏɽʅʅʗ ɺʇʃʀɺʋ ʈʆɿʉɯʖɺɸʅʅʗ ɽʅɽʈɻɯɰ ɺ ʊɯʃɯ ɿɹɯʈʅʆɻʆ 

ʈɯɿʎʗ ʅɸ ɸʄʇʃɯʊʋɼʋ ʁʆɻʆ ɸɺʊʆʂʆʃʀɺɸʅʔ 

 

ʅʦʚʽʮʴʢʠʡ ʖ.ʗ., ʅʦʚʽʮʴʢʠʡ ʄ.ʗ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) 

 

ʗʢ ʚʽʜʦʤʦ, ʘʚʪʦʢʦʣʠʚʘʥʥʷ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ  ʥʘ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ, 

ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ ʨʝʩʫʨʩ ʚʝʨʩʪʘʪʘ [1], ʪʦʤʫ ʘʤʧʣʽʪʫʜʫ ʮʠʭ ʢʦʣʠʚʘʥʴ ʧʦ 

ʤʦʞʣʠʚʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ. ɿʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʘʚʪʦʢʦʣʠʚʘʥʴ, ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘ ʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ ʩʠʩʪʝʤʠ ɺʇɯɼ, ʤʦʞʣʠʚʝ ʘʙʦ ʰʣʷʭʦʤ 

ʨʦʟʩʽʶʚʘʥʥʷ ʯʘʩʪʠʥʠ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ [2,3,4] (ʧʘʩʠʚʥʝ ʜʝʤʧʬʫʚʘʥʥʷ), ʘʙʦ 

ʛʝʥʝʨʫʚʘʥʥʷʤ ʧʨʦʪʠʬʘʟʥʠʭ ʢʦʣʠʚʘʥʴ ʨʽʟʮʷ [6] ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 

(ʘʢʪʠʚʥʝ ʜʝʤʧʬʫʚʘʥʥʷ).  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʪʝʨʪʷ ʚʩʝʨʝʜʠʥʽ ʜʝʨʞʘʚʢʠ ʟʙʽʨʥʦʛʦ ʪʦʢʘʨʥʦʛʦ ʨʽʟʮʷ ʜʣʷ 

ʧʘʩʠʚʥʦʛʦ ʜʝʤʧʬʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʘʚʪʦʢʦʣʠʚʘʥʴ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʟʙʽʨʥʦʛʦ ʨʽʟʮʷ, ʚ ʷʢʽʡ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʜʘʥʠʡ ʧʨʠʥʮʠʧ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1,ʘ. ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩʫʥʢʘ, ʜʦ 

ʜʝʨʞʘʚʢʠ ʨʽʟʮʷ ʟ ʨʦʟʤʽʨʘʤʠ 80ʭ12ʭ12 ʧʨʠʻʜʥʘʥʦ ʜʚʽ ʤʝʪʘʣʝʚʽ ʧʣʘʩʪʠʥʠ ʨʦʟʤʽʨʦʤ 

65ʭ11ʭ4 ʤʤ, ʷʢʽ ʟôʻʜʥʘʥʦ ʚ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʜʝʨʞʘʚʢʠ ʟʘʢʣʝʧʢʦʶ, ʘ ʚ ʧʝʨʝʜʥʽʡ ï 

ʙʦʣʪʦʤ ʽʟ ʛʘʡʢʦʶ. ɹʦʣʪ ʄ5 ʚʩʪʘʥʦʚʣʝʥʦ ʽʟ ʟʘʟʦʨʦʤ ʚ ʦʪʚʦʨʽ, ʜʽʘʤʝʪʨʦʤ 6 ʤʤ. 

ɿʘʢʣʝʧʢʦʚʝ ʟôʻʜʥʘʥʥʷ, ʷʢʝ ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʜʝʨʞʘʚʢʠ ʨʽʟʮʷ ʥʝ ʙʝʨʝ 

ʫʯʘʩʪʽ ʚ ʧʨʦʮʝʩʽ ʜʝʤʧʬʫʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʘ ʣʠʰʝ ʩʣʫʞʠʪʴ ʫʧʦʨʦʤ. ɿʥʘʯʝʥʥʷ ʩʠʣʠ 

ʪʝʨʪʷ, ʷʢʘ ʚʠʥʠʢʘʻ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʪʘ ʜʝʨʞʘʚʢʦʶ, ʨʝʛʫʣʶʻʪʴʩʷ ʟʘʪʷʞʢʦʶ ʙʦʣʪʘ. 

ʉʠʣʘ ʨʽʟʘʥʥʷ, ʷʢʘ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʚʝʨʰʠʥʠ ʨʽʟʮʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ 

ʟʘʛʦʪʦʚʢʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʣʘʜʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʜʝʨʞʘʚʢʠ ʨʽʟʮʷ (ʩʪʠʩʢ, ʟʛʠʥ ʪʘ 

ʢʨʫʯʝʥʥʷ) ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʦʞʣʠʚʦʛʦ ʩʢʣʘʜʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʜʝʨʞʘʚʢʠ ʪʘ ʧʨʠʪʠʩʥʫʪʠʭ ʜʦ ʥʠʭ ʙʦʣʪʦʤ ʧʣʘʩʪʠʥ. ʆʜʥʘʢ ʥʘʡʙʽʣʴʰʠʡ 

ʚʧʣʠʚ ʥʘ ʛʝʦʤʝʪʨʽʶ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʤʘʶʪʴ ʧʦʟʜʦʚʞʥʽ ʢʦʣʠʚʘʥʥʷ ʨʽʟʮʷ. ʉʠʣʘ 

ʪʝʨʪʷ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʪʘ ʜʝʨʞʘʚʢʦʶ ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠ ʨʫʭʫ ʜʝʨʞʘʚʢʠ, ʘ ʨʦʙʦʪʘ 

ʩʠʣʠ ʪʝʨʪʷ ʽ ʙʫʜʝ ʝʥʝʨʛʽʻʶ ʜʝʤʧʬʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʢʦʣʠʚʘʥʴ ʚʝʨʰʠʥʠ ʨʽʟʮʷ. 

 

 

 

 

ʘ ʙ 

ʈʠʩ. 1. ʉʧʦʩʽʙ ʜʝʤʧʬʫʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʚʝʨʰʠʥʠ ʨʽʟʮʷ (ʘ ï ʢʦʥʩʪʨʫʢʮʽʡʥʘ ʩʭʝʤʘ 

ʽʥʩʪʨʫʤʝʥʪʘ, ʙ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʝʤʧʬʝʨʘ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ ʧʦ ʦʩʽ ʍ).  
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ʅʘ ʨʠʩ. 2,ʘ  ʟʦʙʨʘʞʝʥʦ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʤʽʞ 

ʧʣʘʩʪʠʥʦʶ, ʷʢʘ ʜʝʬʦʨʤʫʻʪʴʩʷ ʧʦ ʦʩʽ ʍ ʪʘ ʦʩʥʦʚʦʶ, ʜʦ ʷʢʦʾ ʚʦʥʘ ʧʨʠʪʠʩʥʫʪʘ 

ʢʦʥʪʘʢʪʥʠʤ ʪʠʩʢʦʤ ʨ. ʇʣʦʱʘ ʮʽʻʾ ʧʝʪʣʽ ʻ ʝʥʝʨʛʽʻʶ, ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 

ʮʠʢʣʫ ʢʦʣʠʚʘʥʴ. ʇʦ ʦʩʽ ʦʨʜʠʥʘʪ ʚʽʜʢʣʘʜʝʥʦ ʚʽʜʥʦʩʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʨʮʷ 

ʧʣʘʩʪʠʥʠ ʚʽʜ 0 ʜʦ 1.  

 

  
ʘ ʙ 

ʈʠʩ. 2. ʈʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʮʠʢʣʫ  

(ʘ ï ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʫ, ʙ ï ʝʥʝʨʛʽʷ ʨʦʟʩʽʶʚʘʥʥʷ) 

 

ʅʘ ʨʠʩ. 2,ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʨʦʟʩʽʶʚʘʥʥʷ 

ʧʨʦʪʷʛʦʤ ʮʠʢʣʫ ʢʦʣʠʚʘʥʥʷ ʚʽʜ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ. ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩʫʥʢʘ, ʦʧʪʠʤʫʤ 

ʪʠʩʢʫ ʣʝʞʠʪʴ ʥʘ ʛʨʘʥʠʮʽ ʧʦʚʥʦʛʦ ʟʩʫʚʫ ʧʣʘʩʪʠʥʠ ʚʽʜʥʦʩʥʦ ʦʩʥʦʚʠ. ʋ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʮʝ ʥʝ ʤʦʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʟʘʜʥʽ ʯʘʩʪʠʥʠ ʧʣʘʩʪʠʥ ʟôʻʜʥʘʥʽ ʟʘʢʣʝʧʢʦʶ ʟ 

ʜʝʨʞʘʚʢʦʶ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʽʟ ʘʥʘʣʽʟʫ ʮʽʻʾ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʽʩʥʫʻ ʦʧʪʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʚʽʜʥʦʩʥʦ ʩʠʣʠ ʟʩʫʚʫ ʧʣʘʩʪʠʥʠ, ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʷʢʦʛʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʢʦʣʠʚʘʥʴ. 

ɼʣʷ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʦʶ ʦʧʠʩʫʻʪʴʩʷ 

ʯʦʪʠʨʴʦʭʤʘʩʦʚʘ ʩʠʩʪʝʤʘ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ [5] ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʛʘʩʘʥʥʷ ʢʦʣʠʚʘʥʴ ʨʽʟʮʷ, ʷʢ ʽ-ʪʦʛʦ ʝʣʝʤʝʥʪʘ ʟʘʛʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ: 

 

Ὧ ,                                                               (1) 

 

where ŭ ̔ï the logarithmic decrement of the oscillations of the i-th element of the 

oscillatory scheme, which characterizes the rate of attenuation of the oscillatory 

process; ɤ ï the angular frequency of oscillations. 

 

‪ Ὕ ς(2)                                           ,‏ 

 

ɿʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʜʠʩʠʧʘʮʽʾ ʦʙʯʠʩʣʶʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 
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  ȟ                                                     (3) 

 

ʜʝ ɽ ï ʤʦʜʫʣʴ ʖʥʛʘ; F ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʣʘʩʪʠʥʠ, q =fpb, f ï 

ʢʦʝʬ. ʪʝʨʪʷ, b ï ʪʦʚʱʠʥʘ ʧʣʘʩʪʠʥʠ, ὶ
ὖ 

ὖ 
. 

ɿʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

˜ Ȣ                                                        (4) 

 

ʇʘʨʘʤʝʪʨʠ ʜʝʤʧʬʫʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʨʽʟʮʷ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ (1 ï 4). 

ɸʚʪʦʢʦʣʠʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʨʦʟʚôʷʟʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʯʠʪʠʨʠʤʘʩʦʚʦʾ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ [5], ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʫʧʦʨʪʘ, ʨʽʟʮʷ, ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʪʘ ʰʧʠʥʜʝʣʷ, ʱʦ ʟôʻʜʥʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʪʘ ʩʪʘʥʠʥʦʶ ʚʝʨʩʪʘʪʘ ʧʨʫʞʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʽʟ ʜʝʤʧʬʝʨʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʭʝʤʠ ʢʣʘʩʠʯʥʦʛʦ ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ - ʘʤʧʣʽʪʫʜʠ 

ʘʚʪʦʢʦʣʠʚʘʥʴ ʨʽʟʮʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.3. 

 

  
ʘ ʙ 

  
ʚ ʛ 

ʈʠʩ. 3. ɸʤʧʣʽʪʫʜʘ ʘʚʪʦʢʦʣʠʚʘʥʴ ʨʽʟʮʷ (ʘ ï ʽʟ ʜʝʨʞʘʚʢʦʶ ʙʝʟ ʜʝʤʧʬʝʨʘ; ʙ ï ʽʟ ʜʝʨʞʘʚʢʦʶ ʟ 

ʜʝʤʧʬʝʨʦʤ ʙʝʟ ʟʘʪʷʞʢʠ; ʚ ï ʽʟ ʜʝʨʞʘʚʢʦʶ ʟ ʜʝʤʧʬʝʨʦʤ ʪʘ ʩʠʣʦʶ ʟʘʪʷʞʢʠ 50 ʅ; ʛ ï ʽʟ 

ʜʝʨʞʘʚʢʦʶ ʟ ʜʝʤʧʬʝʨʦʤ ʪʘ ʩʠʣʦʶ ʟʘʪʷʞʢʠ 500 ʅ) 
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ʅʘ ʨʠʩʫʥʢʫ 3,ʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʣʠʚʘʥʥʷ ʨʽʟʮʷ ʽʟ ʩʫʮʽʣʴʥʦʶ ʜʝʨʞʘʚʢʦʶ ʙʝʟ 

ʜʝʤʧʬʝʨʘ. ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩʫʥʢʘ, ʘʤʧʣʽʪʫʜʘ ʡʦʛʦ ʢʦʣʠʚʘʥʴ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 100 

ʤʢʤ.  

ʅʘ ʨʠʩʫʥʢʫ 3,ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʣʠʚʘʥʥʷ ʨʽʟʮʷ ʽʟ ʧʨʦʩʚʝʨʜʣʝʥʦʶ  ʚʧʦʧʝʨʝʢ 

ʜʝʨʞʘʚʢʦʶ ʪʘ ʥʝ ʟʘʪʷʛʥʫʪʠʤ ʙʦʣʪʦʤ. ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩʫʥʢʘ, ʟʤʝʥʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ 

ʨʽʟʮʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʦʪʠ ʘʚʪʦʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ ɺʇɯɼ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʜʦ ʟʨʦʩʪʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʙʣʠʟʥʦ ʚ 1,5 ʨʘʟʠ. 

ʆʜʥʘʢ ʚʚʝʜʝʥʥʷ ʩʠʣʠ ʜʠʩʠʧʘʮʽʾ ʚ ʪʽʣʦ ʨʽʟʮʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ 

ʟʤʝʥʰʝʥʥʷ  ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ, ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʜʦʩʷʛʘʻʪʴʩʷ (ʨʠʩ. 3,ʚ) 

ʧʨʠ ʩʠʣʽ ʟʘʪʷʞʢʠ 50ʅ ʽ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 1,5 ʤʢʤ.  

ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ ʟʘʪʷʞʢʠ ʜʝʤʧʬʝʨʘ ʨʽʟʮʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ, ʱʦ ʧʦʚʥʽʩʪʶ ʢʦʨʝʣʶʻʪʴʩʷ ʽʟ ʨʠʩʫʥʢʦʤ 2,ʙ. ʊʘʢ 

ʟʙʽʣʴʰʝʥʥʷ ʟʘʪʷʞʢʠ ʜʦ 500 ʅ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ  ʟʨʦʩʪʘʥʥʷ ʘʤʧʣʽʪʫʜʠ 

ʧʨʠʙʣʠʟʥʦ ʚ 10 ʨʘʟʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3,ʛ. 

ɺʠʩʥʦʚʦʢ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʙʽʨʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʽʟ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʩʭʠʣʴʥʽ ʜʦ ʛʝʥʝʨʫʚʘʥʥʷ ʘʚʪʦʢʦʣʠʚʘʥʴ, ʤʦʞʝ ʜʘʚʘʪʠ ʧʦʟʠʪʠʚʥʠʡ 

ʝʬʝʢʪ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʤʦʞʣʠʚʝ ʟʤʝʥʰʝʥʥʷ ʾʭ ʞʦʨʩʪʢʦʩʪʽ. ɿʘʙʝʟʧʝʯʫʶʯʠ 

ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʪʝʨʪʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʟʙʽʨʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʤʦʞʥʘ 

ʟʘʧʦʙʽʛʘʪʠ ʚʠʥʠʢʥʝʥʥʶ ʘʚʪʦʢʦʣʠʚʘʥʴ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʣʝʥʥʷ ʪʘʢʠʭ ʜʝʪʘʣʝʡ, ʘʙʦ ʞ 

ʟʥʘʯʥʦ ʟʤʝʥʰʫʚʘʪʠ ʾʭ ʘʤʧʣʽʪʫʜʫ. 
ʃʽʪʝʨʘʪʫʨʘ: 

1. Altintas Y. Metal Cutting Mechanics, Machine Tool Vibrations, and CNC Design. 

Second edition / Y. Altintas // Cambridge University Press. ï 2012  

2. Altintas. Y. Identification of dynamic cutting force coefficients and chatter stability with 

process damping / Y. Altintas, M. Eynian, H. Onozuka - CIRP Annals - Manufacturing Technology 

57 (2008) / 371-374 

3. ʅʦʚʽʮʴʢʠʡ ʖ. ʗ., ɼʤʠʪʝʨʢʦ ʇ. ʈ. ʆʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʜʝʤʬʫʚʘʥʥʷ 

ʘʚʪʦʢʦʣʠʚʘʥʴ ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʾ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò. ʉʝʨʽʷ: ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʽ ʪʝʭʥʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ. ï 2017. ï ˉ 867. ï ʉ. 51ï55. 

4. Novitskyi Y., Novitskyi M., Lytvyniak Y. Features of vibration dampers application in 

the design of vibration-resistant metal cutting tools // Ukrainian Journal of Mechanical Engineering 

and Materials Science. ï 2024. ï Vol. 10, ˉ 1. ï P. 38ï44.  

5. Novitskyi M., Novitskyi Y., Slipchuk A. The possibility of using structural damping in 

the design of a prefabricated turning cutter to reduce the amplitude of self-oscillations in the process 

of metal cutting // Ukrainian Journal of Mechanical Engineering and Materials Science. ï 2024. ï 

Vol. 9, ˉ 4 (2023). ï  P. 44ï50. 

6. ʇʘʥʦʚʢʦ ʗ. ɻ. ɺʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʫʧʨʫʛʠʭ ʩʠʩʪʝʤ / ʗ. ɻ. ʇʘʥʦʚʢʦ. 
ï ʄ.: ɻʦʩ. ʠʟʜ. ʬʠʟ-ʤʘʪ. ʣʠʪ., 1960. ï 190 ʩ. 

7. Stupnytskyy V., Novitskyi Y., Novitskyi Y., Xianning S. Comprehensive system for 

simulation of vibration processes during the titanium alloys machining // Archive of Mechanical 

Engineering. ï 2023. ï Vol. 70, iss. 1. ï P. 85ï105. 

8. Vnukov Y.M., Djadja S.I., Kuchuhurov M.V., Kondratyuk E.V. The device for self-

excited vibrations researching in turning, Ukrainian Patent UA101906. (2015). 

9. Vnukov Y.M., Kuchugurov M.V, Djadja S.I. and others: Method and device for 

researching the regenerative self-excited vibrations when turning / Cutting & Tool in technological 

system, International Scientific-Technical Collection, Kharkov, 2013. - Vol. 83, p.42-54. 
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ɺʇʃʀɺ ʊɸʅɻɽʅʎɯɸʃʔʅʆɻʆ ɺɯɼʍʀʃʋ ʋʉʊɸʅʆɺʃɽʅʅʗ ʈɯɿʎʗ ʅɸ 

ʊʆʏʅɯʉʊʔ ʇʈʆʌɯʃʖ ʍʆɼʆɺʀʍ ɻɺʀʅʊɯɺ 

 

ʆʥʠʩʴʢʦ ʆ.ʈ., ɺʝʨʢʘʣʝʮʴ ɸ.ɸ., ʌʘʨʠʣʶʢ ʈ.ʄ. 

(ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ, 

ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʾʥʘ) 

 

ʇʨʦʬʽʣʴ ʭʦʜʦʚʠʭ ʛʚʠʥʪʽʚ ʥʘʡʯʘʩʪʽʰʝ ʻ ʪʨʘʧʝʮʽʻʚʠʜʥʠʤ. ʁʦʛʦ ʧʨʦʬʽʣʴʥʠʡ 

ʢʫʪ ʩʪʘʥʦʚʠʪʴ 30Á ʜʣʷ ʩʪʘʥʜʘʨʪʫ ISO, ʘʙʦ ʞ 29Á ʜʣʷ ʩʪʘʥʜʘʨʪʫ ASME (ʨʠʩ.1) [1]. 

 

 
ʈʠʩ. 1. ʇʨʦʬʽʣʴ ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʾ ʥʘʨʽʟʽ ʟʘ ʩʪʘʥʜʘʨʪʦʤ ASME 

 

ɿʘʜʘʯʝʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʚʝʣʠʯʠʥʠ ʧʽʚ-ʧʨʦʬʽʣʴʥʦʛʦ ʢʫʪʘ ʚʽʜ ʪʦʯʥʦʩʪʽ ʫʩʪʘʥʦʚʣʝʥʥʷ ʨʽʟʮʷ ʚʽʜʥʦʩʥʦ ʜʝʪʘʣʽ 

ʽ ʧʦʜʘʣʴʰʦʛʦ ʩʪʚʦʨʝʥʥʷ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʧʨʦʛʥʦʟʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ  

ʪʦʯʥʦʩʪʽ ʧʨʦʬʽʣʶ ʭʦʜʦʚʠʭ ʛʚʠʥʪʽʚ [2, 3]. 

 

 
                                 ʘ                                                  ʙ 

ʈʠʩ. 2. ʉʭʝʤʘ ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʧʦʭʠʙʢʠ ȹ ʫʩʪʘʥʦʚʣʝʥʥʷ ʨʽʟʮʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʾ ʭʦʜʦʚʦʾ ʥʘʨʽʟʽ  

 

ɿʘʩʪʦʩʫʻʤʦ ʤʝʪʦʜʠʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʫ [4] ʽ ʚʠʟʥʘʯʠʤʦ ʦʩʴʦʚʠʡ ʧʨʦʬʽʣʴ 

ʧʦʚʝʨʭʥʽ, ʦʪʨʠʤʘʥʦʾ ʚʥʘʩʣʽʜʦʢ ˇʚʠʥʪʦʚʦʛʦ ʨʫʭʫ ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʨʽʟʘʣʴʥʦʾ ʢʨʘʡʢʠ 

ʫʟʜʦʚʞ  ʦʩʽ Y (ʧʝʨʝʜʥʽʡ ʢʫʪ ʽ ʢʫʪ ʥʘʭʠʣʫ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʨʽʟʮʷ ʤʘʶʪʴ ʥʫʣʴʦʚʽ 

ʟʥʘʯʝʥʥʷ): 
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 ὣὼ ὬẗὸὫ † ὶὸὫ                                    (1) 

 

ʜʝ 
x

h
arcsin=t ; 

h ï ʚʝʨʪʠʢʘʣʴʥʝ (ʪʘʥʛʝʥʮʽʘʣʴʥʝ) ʟʤʽʱʝʥʥʷ ʚʝʨʰʠʥ ʨʽʟʴʦʚʦʛʦ ʨʽʟʮʷ. 

r ï ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ˇʚʠʥʪʦʚʦʾ ʥʘʨʽʟʽ; 

P ï ʢʨʦʢ ˇʚʠʥʪʦʚʦʾ ʥʘʨʽʟʽ; 

Ŭ ï ʢʫʪ ʧʨʦʬʽʣʶ ˇʚʠʥʪʦʚʦʾ ʥʘʨʽʟʽ. 

ʆʪʞʝ ʬʦʨʤʫʣʘ (1), ʱʦ ʦʧʠʩʫʻ ʦʩʴʦʚʠʡ ʧʝʨʝʨʽʟ ʢʦʥʚʦʣʶʪʥʦʾ ʛʚʠʥʪʦʚʦʾ 

ʧʦʚʝʨʭʥʽ ʤʘʻ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʡ ʭʘʨʘʢʪʝʨ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʦʩʴʦʚʠʡ ʧʝʨʝʨʽʟ ʟʘʢʨʠʪʦʛʦ 

ʢʦʩʦʛʦ ʛʝʣʽʢʦʾʜʘ ʪʦʙʪʦ ʪʦʛʦ, ʱʦ ʻ ʟʘʜʘʥʠʡ ʩʪʘʥʜʘʨʪʘʤʠ ʦʧʠʩʫʻʪʴʩʷ ʘʣʛʝʙʨʘʾʯʥʠʤ 

ʨ̔ ʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 

 

 ὣὼ ὼ ὶὸὫ                                     (2) 

 

ʇʦʪʨʝʙʘ ʧʦʚʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʧʨʦʬʽʣʶ 

ʪʦʯʝʥʦʾ ʭʦʜʦʚʦʾ ʥʘʨʽʟʽ ʧʨʦʜʠʢʪʦʚʘʥʘ  ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʚʠʯʥʠʭ 

ʨʽʟʴʙʦʚʠʭ ʨʽʟʮʽʚ ʽʟ ʨʦʟʤʽʱʝʥʥʷʤ ʥʘ ʨʽʟʮʝʪʨʠʤʘʯʽ  ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʫ, ʷʢʝ 

ʚʦʯʝʚʠʜʴ ʧʝʨʝʜʙʘʯʘʻ ʧʝʚʥʽ ʤʝʞʽ ʪʘʥʛʝʥʮʽʘʣʴʥʦʛʦ ʚʽʜʭʠʣʫ ʾʭʥʴʦʾ ʫʩʪʘʥʦʚʢʠ. 

ʊʘʥʛʝʥʮʽʘʣʴʥʠʡ ʚʽʜʭʠʣ ʨʽʟʘʣʴʥʦʾ ʢʨʘʡʢʠ ʨʽʟʮʷ ʬʦʨʤʫʻʪʴʩʷ ʪʘʢʦʞ ʽ ʟʘ ʨʘʭʫʥʦʢ 

ʢʨʽʧʣʝʥʥʷ ʢʘʨʙʽʜʥʦʾ ʚʩʪʘʚʢʠ (ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ) ʥʘ ʨʦʙʦʯʽʡ ʯʘʩʪʠʥʽ ʨʽʟʮʷ. 

ɿʜʝʙʽʣʴʰʦʛʦ ʚʽʥ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʢʦʤʧʘʥʽʷʤʠ-ʚʠʨʦʙʥʠʢʘʤʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ 

ʩʪʘʥʦʚʠʪʴ ʷʢ ʧʨʘʚʠʣʦ Ñ 0,1 ʤʤ. ɼʦʜʘʪʢʦʚʦ ʪʘʥʛʝʥʮʽʘʣʴʥʝ ʟʤʽʱʝʥʥʷ  ʢʨʘʡʢʠ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʭʠʙʢʠ ʫʩʪʘʥʦʚʢʠ ʜʝʪʘʣʽ, ʘ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ 

ʪʘʥʛʝʥʮʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʽʙʨʘʮʽʾ, ʷʢʘ ʩʫʧʨʦʚʦʜʞʫʻ ʧʨʦʮʝʩ ʥʘʨʽʟʝʪʦʯʽʥʥʷ.  
ʃʽʪʝʨʘʪʫʨʘ:  

1. Oleh Onysko, Volodymyr Kopei, Vitalii  Panchuk, Ivan Ivaniv, Anatolii Verkalets.     

Problems of Lead Screw Accuracy made by turning. Automatics and control of processes, equipment, 

and plants, FEMA , 2024. 21-th international conference on Thermal Science and Engineering of 

Serbia. SimTerm Procedings 2024. Niġ, Serbia Oct. 22-2 2024. pp. 270-274. doi: 

10.5937/SimTerm24270O,   ISBN 978-86-6055-192-6 

2. ʆʥʠʩʴʢʦ ʆ. ʈ., ʌʘʨʠʣʶʢ ʈ. ʄ. ʇʨʦʙʣʝʤʠ ʪʦʯʥʦʩʪʽ ʧʨʦʬʽʣʶ ʚʝʣʠʢʦ-ʢʨʦʢʦʚʦʾ ʥʘʨʽʟʽ, 

ʪʦʯʝʥʦʾ ʟ ʜʦʧʦʤʦʛʦʶ ʜʚʦʥʠʪʢʦʚʦʛʦ ʨʽʟʮʷ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʧʨʦʛʨʘʤʘ X ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (ʤ. ʉʫʤʠ, 18ï21 

ʢʚʽʪʥʷ 2023 ʨ.).  ʉ. 63-64. https://conf.teset.sumdu.edu.ua/ 

3. ʆʥʠʩʴʢʦ ʆ. ʈ., ɺʝʨʢʘʣʝʮʴ ɸ. ɸ. ʂʽʥʝʤʘʪʠʯʥʽ ʘʩʧʝʢʪʠ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ʭʦʜʦʚʠʭ ʚʘʣʽʚ. çʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʍɯ 

ʄʽʞʥʘʨʦʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. 18-21ʣʶʪʦʛʦ 2025, ʃʴʚʽʚ-ɿʚʝʥʽʚ. 2025. 

ʉ.99-100. 

4. Oleh Onysko. The strength and accuracy of lead screws - as a function of the geometry 

of the cutting tool or out-of-standard views on the formation of helical surfaces.  Keynote Speech 

Topic. International Conference on Materials and Technologies in Engineering (MTE-2023), May 

16-18, 2023, Lutsk, Ukraine, ï P.21. 
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ʊɽʍʅʆʃʆɻɯʏʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɺʀɻʆʊʆɺʃɽʅʅʗ ɺʀʈʆɹɯɺ 

ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ  

 
1ʆʥʠʱʫʢ ʉ.ɻ., 2ʊʫʣʫʧʦʚ ɺ.ɯ. 

(1ɼɼʄɸ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ; 2ʂʨʘʤʘʪʦʨʩʴʢʠʡ ʬʘʭʦʚʠʡ 

ʢʦʣʝʜʞ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ ï ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ) 

 

ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʛʘʣʫʟʽ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʧʫʩʢʫ 

ʧʨʦʜʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʷʢʦʩʪʽ ʚ ʟʘʜʘʥʽ ʪʝʨʤʽʥʠ. ʄʝʭʘʥʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ ʻ ʚʘʞʣʠʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ.  

ʅʘ ʝʪʘʧʽ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ ʷʢʽʩʪʴ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʝʨʩʪʘʪʠ ʟ 

ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ (ʏʇʋ) [1], ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ (ʉɸʄ) ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʬʫʥʢʮʽʾ 

ʫʧʨʘʚʣʽʥʥʷ.  

ʉʫʯʘʩʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʋ ʦʩʥʘʱʝʥʽ ʨʦʟʰʠʨʝʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʢʝʨʫʚʘʥʥʷ, 

ʪʘʢʠʤʠ ʷʢ ʘʜʘʧʪʠʚʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʦʧʪʠʤʽʟʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ 

(ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʧʦʜʘʯʘ) ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʜʘʪʯʠʢʽʚ, 

ʤʦʥ̔ʪʦʨʠʥʛ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʟʥʦʩ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘ 

ʤʦʞʣʠʚʦʩʪʽ ʩʘʤʦʦʧʪʠʤʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʪʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʄʅ) ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ 

[2]. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʡ ʮʠʬʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʘʢʠʭ ʷʢ ʮʠʬʨʦʚʽ 

ʜʚʽʡʥʠʢʠ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤ ʫ ʤʝʭʘʥʦʦʙʨʦʙʮʽ. ʎʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʦʦʙʨʦʙʢʠ, ʜʦʟʚʦʣʷʶʯʠ ʚʠʨʦʙʥʠʢʘʤ ʚʽʨʪʫʘʣʴʥʦ 

ʚʽʜʪʚʦʨʶʚʘʪʠ ʧʨʦʮʝʩʠ ʜʦ ʾʭʥʴʦʛʦ ʧʦʯʘʪʢʫ, ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ, ʪʘʢʽ 

ʷʢ ʚʫʟʴʢʽ ʤʽʩʮʷ, ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʘʙʦ ʧʦʤʠʣʢʠ, ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʮʝʩʽʚ, ʪʘʢʽ ʷʢ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʨʦʙʦʪʽʚ ʪʘ ʯʘʩ ʮʠʢʣʫ [3].  

ʇʝʨʝʚʘʛʠ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʧʦʣʷʛʘʶʪʴ ʫ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ 

ʰʣʷʭʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʝʢʪʽʚ ʪʘ ʫʩʫʥʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʙʣʝʤ ʜʦ ʧʦʯʘʪʢʫ 

ʬʽʟʠʯʥʦʾ ʦʙʨʦʙʢʠ, ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʦʮʽʥʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʛʨʘʬʽʢʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʦʩʦʙʽʚ ʫʩʫʥʝʥʥʷ ʦʙʤʝʞʝʥʴ ʧʦʪʫʞʥʦʩʪʝʡ, 

ʘ ʪʘʢʦʞ ʧʨʠʩʢʦʨʝʥʥʽ ʨʦʟʨʦʙʢʠ ʧʨʦʜʫʢʮʽʾ ʰʣʷʭʦʤ ʧʦʣʝʛʰʝʥʥʷ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʦʮʽʥʦʢ. 

ʇʨʠʢʣʘʜʘʤʠ ʉɸʄ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ, ʻ MasterCAM (ʦʙʨʦʙʢʘ ʟ ʏʇʋ), Autodesk Fusion 

(ʭʤʘʨʥʘ ʧʣʘʪʬʦʨʤʘ, ʽʥʪʝʛʨʦʚʘʥʘ CAM/CAD/PLM), Siemens NX CAM (ʨʦʟʰʠʨʝʥʘ 

ʙʘʛʘʪʦʦʩʴʦʚʘ ʦʙʨʦʙʢʘ), hyperMILL (5-ʦʩʴʦʚʘ ʦʙʨʦʙʢʘ), SolidCAM (ʽʥʪʝʛʨʦʚʘʥʠʡ 

ʚ SOLIDWORKS) [4]. 
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ɺʨʘʭʦʚʫʶʯʠ ʚʠʤʦʛʠ ɯʥʜʫʩʪʨʽʾ 4.0 [5], ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʏʇʋ ʜʦʟʚʦʣʷʶʪʴ 

ʧʽʜʢʣʶʯʘʪʠ ʾʭ ʜʦ ʤʝʨʝʞʽ ʡ ʟʚôʷʟʫʚʘʪʠ ʾʭ ʟ ʽʥʰʠʤʠ ʚʝʨʩʪʘʪʘʤʠ, ʩʠʩʪʝʤʘʤʠ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʝʟʧʝʨʝʙʽʡʥʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. 

ɯʥʪʝʛʨʘʮʽʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ML) ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʪʚʦʨʠʪʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʏʇʋ ʥʘ ʘʢʪʠʚʥʠʭ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ, 

ʱʦ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ. ʊʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʏʇʋ ʜʦʪʨʠʤʫʶʪʴʩʷ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʜʽʚ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʏʇʋ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʯʠʪʠʩʷ ʪʘ ʚʥʦʩʠʪʠ ʢʦʨʝʢʪʠʚʠ ʚ ʧʨʦʛʨʘʤʥʽ ʢʦʜʠ. 

ʇʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʩʠʩʪʝʤʘʤʠ 

ʏʇʋ, ʧʽʜôʻʜʥʘʥʠʭ ʜʦ ʤʝʨʝʞʽ. 

ɯʥʜʫʩʪʨʽʘʣʴʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (ICS) [6] ʚʽʜʽʛʨʘʶʪʴ ʰʠʨʰʫ ʨʦʣʴ ʚ 

ʫʧʨʘʚʣʽʥʥʽ ʟʘʛʘʣʴʥʠʤʠ ʧʨʦʤʠʩʣʦʚʠʤʠ ʦʧʝʨʘʮʽʷʤʠ, ʚʢʣʶʯʘʶʯʠ ʤʝʭʘʥʦʦʙʨʦʙʢʫ, 

ʟʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺ ʦʩʥʦʚʽ ICS ʻ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʨʠʩʪʨʦʾʚ, ʩʠʩʪʝʤ, ʤʝʨʝʞ ʽ ʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ. 

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

(ʐɯ), ʷʢʽ ʙʫʜʫʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʥʦʩ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʦʪʝʥʮʽʡʥʽ ʧʦʣʦʤʢʠ ʚʝʨʩʪʘʪʘ ʪʘ 

ʧʦʪʨʝʙʫ ʚ ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʣʘʥʫʚʘʪʠ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʥʝʟʘʧʣʘʥʦʚʘʥʠʡ ʯʘʩ ʧʨʦʩʪʦʶ.  

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʤʝʥʰʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ, ʚʢʣʶʯʘʶʯʠ ʪʝʭʥʽʯʥʫ ʧʽʜʛʦʪʦʚʢʫ ʪʘ ʤʝʭʘʥʽʯʥʝ ʦʙʨʦʙʣʝʥʥʷ 

ʚ ʚʠʟʥʘʯʝʥʽ ʪʝʨʤʽʥʠ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʷʢʽʩʪʶ. 

ɺʠʩʥʦʚʦʢ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ 

ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ, ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ, ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʪʘ ʷʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ, ʦʩʦʙʣʠʚʦ ʩʢʣʘʜʥʦʧʨʦʬʽʣʴʥʠʭ. 
 

ʃʽʪʝʨʘʪʫʨʘ: 

1. ɯʥʥʦʚʘʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʘ ʦʩʥʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ 

ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 131 çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè ʩʧʝʮʽʘʣʽʟʘʮʽʾ çʊʝʭʥʦʣʦʛʽʾ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʚʝʨʩʪʘʪʽʚ, ʨʦʙʦʪʽʚ ʪʘ ʤʘʰʠʥè / ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ; 

ʫʢʣʘʜ.: ʂʦʚʘʣʴʦʚ ɺ.ɸ., ɻʘʚʨʫʰʢʝʚʠʯ ɸ.ʖ., ɻʘʚʨʫʰʢʝʚʠʯ ʅ.ɺ. ï ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, 2020. ï 158 ʩ. 

2. Current State of Control Systems in Precision Machining - Lambda Function, 

https://www.lambdafunction.ai/post/current-state-of-control-systems-in-precision-manufacturing-

cnc-machining 

3. The Future of CNC Machining 2025 and Beyond - 3ERP, 

https://www.3erp.com/blog/future-of-cnc-machining/ 

4. What are the top 10 CAM softwares? - Toolpath,  https://toolpath.com/top-questions/what-

are-the-top-10-cam-softwares 

5. ʅʦʜʞʘʢ, ʃ., ʇʘʨʘʱʠʯ, ʄ. ʈʦʟʚʠʪʦʢ 4.0 ʽʥʜʫʩʪʨʽʾ ʚ ʋʢʨʘʾʥʽ: ʧʨʦʙʣʝʤʠ, ʧʝʨʩʧʝʢʪʠʚʠ. // 

ɽʢʦʥʦʤʽʢʘ ʪʘ ʩʫʩʧʽʣʴʩʪʚʦ. ï 2022. ï ʚʠʧ. 45. https://doi.org/10.32782/2524-0072/2022-45-29 

6. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʬʫʥʢʮʽʾ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ / ʆ.ʆ.ʂʨʘʚʮʦʚ 

//  ʇʨʦʙʣʝʤʠ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʝʢʦʥʦʤʽʮʽ . - 2019. - ɺʠʧ. 4(1). - ʉ. 208-213. 

 

https://www.lambdafunction.ai/post/current-state-of-control-systems-in-precision-manufacturing-cnc-machining
https://www.lambdafunction.ai/post/current-state-of-control-systems-in-precision-manufacturing-cnc-machining
https://www.3erp.com/blog/future-of-cnc-machining/
https://toolpath.com/top-questions/what-are-the-top-10-cam-softwares
https://toolpath.com/top-questions/what-are-the-top-10-cam-softwares
https://doi.org/10.32782/2524-0072/2022-45-29
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ɯʅʊɽɻʈɸʎɯʗ ʎʀʌʈʆɺʀʍ ʊɽʍʅʆʃʆɻɯʁ ɺ ʆʉɺɯʊʋ ɼʃʗ 

ʇɯɼɻʆʊʆɺʂʀ ʌɸʍɯɺʎɯɺ ɺɸɾʂʆɻʆ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 

 

ʆʩʪʘʥʢʦʚʘ ʃ.ɸ. 

(ɼʦʥʝʮʴʢʠʡ ʦʙʣʘʩʥʠʡ ʽʥʩʪʠʪʫʪ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʧʝʜʘʛʦʛʽʯʥʦʾ ʦʩʚʽʪʠ, 

ʤ. ʂʨʘʤʘʪʦʨʩʴʢ - ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 
ʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʻ ʦʩʥʦʚʦʶ ʚʘʞʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʢʨʘʾʥʠ ʫ ʩʚʽʪʦʚʽʡ ʝʢʦʥʦʤʽʮʽ. ʈʦʟʚʠʪʦʢ ʮʴʦʛʦ ʩʝʢʪʦʨʫ 
ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ, ʟʘʣʫʯʝʥʥʶ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʟʙʽʣʴʰʝʥʥʶ 
ʝʢʩʧʦʨʪʫ. ɯʥʞʝʥʝʨʠ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʨʦʟʨʦʙʮʽ 
ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʮʠʬʨʦʚʠʭ ʨʽʰʝʥʴ. 
ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʝʭʥʽʯʥʦʾ ʦʩʚʽʪʠ ʜʦʟʚʦʣʷʻ ʢʨʘʾʥʽ ʙʫʪʠ ʣʽʜʝʨʦʤ ʫ ʛʘʣʫʟʽ ʽʥʞʝʥʝʨʽʾ 
ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʣʘʩʥʝ ʨʦʟʚʠʥʝʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 
ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʽʤʧʦʨʪʫ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ. ʈʦʟʚʠʪʦʢ 
ʦʙʦʨʦʥʥʦʾ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 
ʽʥʞʝʥʝʨʽʚ ʫ ʩʬʝʨʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʽʜʛʦʪʦʚʢʠ ʽʥʞʝʥʝʨʽʚ 
ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 
ʩʪʽʡʢʠʡ ʥʘʫʢʦʚʠʡ ʧʨʦʛʨʝʩ. ɯʥʞʝʥʝʨʽʷ ʟʘʣʫʯʘʻ ʤʦʣʦʜʴ ʜʦ ʪʝʭʥʽʯʥʠʭ 
ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ, ʬʦʨʤʫʶʯʠ ʢʘʜʨʦʚʠʡ ʨʝʟʝʨʚ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 
ʧʨʦʨʠʚʽʚ. . ʊʝʥʜʝʥʮʽʾ ʮʠʬʨʦʚʦʾ ʝʢʦʥʦʤʽʢʠ [1] ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 
ʬʦʨʤʫʚʘʥʥʽ ʩʫʯʘʩʥʦʾ ʦʩʚʽʪʥʴʦʾ ʩʠʩʪʝʤʠ, ʦʪʞʝ ʚ çʂʦʥʮʝʧʮʽʾ ʮʠʬʨʦʚʦʾ ʦʩʚʽʪʠè [2] 
ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʦʚʠʡ ʚʠʤʽʨ ʚʠʭʦʚʘʥʥʷ ʜʽʪʝʡ ʽ ʤʦʣʦʜʽ ʚ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʛʦ 
ʧʨʦʩʪʦʨʫ, ʘ ʚ ʤʦʥʦʛʨʘʬʽʾ çɯʥʪʝʛʨʘʮʽʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ: 
ʚʠʢʣʠʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠè [3] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʚʠʢʣʠʢʠ ʜʠʩʪʘʥʮʽʡʥʦʾ 
ʦʩʚʽʪʠ, ʰʣʷʭʠ ʾʭ ʧʦʜʦʣʘʥʥʷ ʪʘ ʽʥʥʦʚʘʮʽʾ, ʷʢʠʭ ʧʦʪʨʝʙʫʻ ʧʨʦʮʝʩ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 
ʚʠʢʣʘʜʘʥʥʷ. ʊʦʤʫ ʤʝʪʦʶ ʽʥʬʦʨʤʘʪʠʯʥʦʾ ʦʩʚʽʪʥʴʦʾ ʛʘʣʫʟʽ ʻ ʨʦʟʚʠʪʦʢ ʦʩʦʙʠʩʪʦʩʪʽ 
ʫʯʥʷ, ʟʜʘʪʥʦʛʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʮʠʬʨʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 
ʧʨʦʙʣʝʤ, ʪʚʦʨʯʦʛʦ ʩʘʤʦʚʠʨʘʞʝʥʥʷ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʦʛʦ ʡ ʩʫʩʧʽʣʴʥʦʛʦ 
ʜʦʙʨʦʙʫʪʫ, ʨʦʟʚʠʪʢʫ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʙʝʟʧʝʯʥʦ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦ ʜʽʷʪʠ ʚ 
ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ. ɯʥʬʦʨʤʘʪʠʢʘ ʩʪʘʻ ʥʝ ʧʨʦʩʪʦ ʥʘʚʯʘʣʴʥʦʶ 
ʜʠʩʮʠʧʣʽʥʦʶ, ʘ ʢʣʶʯʦʚʦʶ ʩʢʣʘʜʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʥʝʦʙʭʽʜʥʠʭ 
ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʨʦʟʙʫʜʦʚʠ ʚʘʞʢʦʛʦ 
ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ.  

ʆʪʞʝ, ʚ ɼʦʥʆʙʣɯʇʇʆ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʫʯʠʪʝʣʽʚ ʧʽʜʛʦʪʦʚʣʝʥʦ 
ʥʠʟʢʫ ʬʘʭʦʚʠʭ ʢʫʨʩʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ STEM-ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 
ʜʣʷ ʟʘʩʚʦʻʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʮʝʧʮʽʡ. 

 

ʃʽʪʝʨʘʪʫʨʘ:1. ʄʘʥʥ ʈ.ɺ. ɯʅʌʆʈʄɸʎɯʁʅɸ ɽʂʆʅʆʄɯʂɸ: ɸʉʇɽʂʊʀ ʈʆɿɺʀʊʂʋ ʊɸ 

ʈɽɸʃɯɿɸʎɯɰ ʅɸʎɯʆʅɸʃʔʅʀʍ ɽʂʆʅʆʄɯʏʅʀʍ ɯʅʊɽʈɽʉɯɺ  http://business-

navigator.ks.ua/journals/2023/73_2023/4.pdf  (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 26.05.2025) 2. ʂʦʥʮʝʧʮʽʷ 

ʚʠʭʦʚʘʥʥʷ ʜʽʪʝʡ ʪʘ ʤʦʣʦʜʽ ʚ ʮʠʬʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ / ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʧʝʜʘʛʦʛʽʯʥʠʭ ʥʘʫʢ 

ʋʢʨʘʾʥʠ. ï 2021. ï 52 ʩ. https://ipv.org.ua/wp-content/uploads/2021/08/Kontseptsiia-vykhovannia-

ditey-ta-molodi-v-tsyfrovomu-prostori.pdf (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 26.05.2025). 3. ɯʥʪʝʛʨʘʮʽʷ ʮʠʬʨʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʚʽʪʽʥʡ ʧʨʦʮʝʩ: ʚʠʢʣʠʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ: ʤʦʥʦʛʨʘʬʽʷ/ʉʘʻʥʢʦ, ʅ.ʉ., ɻʦʣʫʙ, ʊ.ʇ., 

ʃʘʚʨʠʰ, ʖ.ɽ., ʃʫʢôʷʥʝʥʢʦ, ɺ.ɺ., ʃʠʪʦʚʯʝʥʢʦ, ɯ.ʄ.- ʂʠʾʚ: ɺʠʜ-ʚʦ çʎʝʥʪʨ ʫʯʙʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ è. 

- 2022.-220ʩ. 

http://business-navigator.ks.ua/journals/2023/73_2023/4.pdf
http://business-navigator.ks.ua/journals/2023/73_2023/4.pdf
https://ipv.org.ua/wp-content/uploads/2021/08/Kontseptsiia-vykhovannia-ditey-ta-molodi-v-tsyfrovomu-prostori.pdf
https://ipv.org.ua/wp-content/uploads/2021/08/Kontseptsiia-vykhovannia-ditey-ta-molodi-v-tsyfrovomu-prostori.pdf
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ  

ʋ ʊɽʉʊʋɺɸʅʅɯ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ: 

ʄʆɾʃʀɺʆʉʊɯ, ʇɽʈɽɺɸɻʀ ʊɸ ɺʀʂʃʀʂʀ 

 

ʇʘʚʣʦʚʘ ʄ.ʆ., ʌʦʤʽʯʝʥʢʦ ɺ.ɺ. 

(ɼʌʂ ɼɼʄɸ, ʤ. ɼʨʫʞʢʽʚʢʘ - ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʝʜʘʣʽ ʟʨʦʩʪʘʻ ʨʦʣʴ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʦʮʽʘʣʴʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ ʟʫʤʦʚʣʶʻ ʧʦʩʪʽʡʥʫ 

ʧʦʪʨʝʙʫ ʫ ʩʪʚʦʨʝʥʥʽ ʥʘʜʽʡʥʦʛʦ, ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺʽʜʪʘʢ, ʧʠʪʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʡʦʛʦ ʨʦʟʨʦʙʢʠ ʪʘ 

ʪʝʩʪʫʚʘʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤʠ ʷʢ ʜʣʷ ʋʢʨʘʾʥʠ, ʪʘʢ ʽ ʜʣʷ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ. 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʐɯ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛ ʨʫʪʠʥʥʦʾ 

ʨʦʙʦʪʠ ʪʝʩʪʫʚʘʣʴʥʠʢʘ, ʘ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʛʣʠʙʰʠʡ ʘʥʘʣʽʟ ʧʨʦʜʫʢʪʫ, ʘʜʘʧʪʘʮʽʶ ʜʦ 

ʟʤʽʥ ʫ ʢʦʜʽ ʪʘ ʪʦʯʥʽʰʝ ʚʠʷʚʣʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʦʤʠʣʦʢ. 

ɺ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ 

ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʽʥʪʝʛʨʘʮʽʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʐɯ ʫ ʧʨʦʮʝʩʠ ʪʝʩʪʫʚʘʥʥʷ 

ʩʪʘʻ ʥʝʦʙʭʽʜʥʦʶ. ʉʘʤʝ ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʚ ʪʝʩʪʫʚʘʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʥʘʫʢʦʚʦ ʡ ʧʨʘʢʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʪʘ ʩʪʘʥʦʚʠʪʴ ʘʢʪʫʘʣʴʥʠʡ ʥʘʧʨʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

ʇʽʜ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ (ʐɯ) ʤʠ ʨʦʟʫʤʽʻʤʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʱʦ 

ʽʤʽʪʫʶʪʴ ʧʨʦʮʝʩʠ ʣʶʜʩʴʢʦʛʦ ʤʠʩʣʝʥʥʷ, ʟʦʢʨʝʤʘ ʩʧʨʠʡʥʷʪʪʷ, ʥʘʚʯʘʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʁʦʛʦ ʦʩʥʦʚʦʶ ʻ: 

ï ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ï ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʥʘ ʜʘʥʠʭ ʽ ʟ ʯʘʩʦʤ 

ʧʦʢʨʘʱʫʶʪʴ ʩʚʦʶ ʪʦʯʥʽʩʪʴ; 

ï ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ï ʰʪʫʯʥʽ ʩʠʩʪʝʤʠ, ʥʘʪʭʥʝʥʥʽ ʨʦʙʦʪʦʶ ʣʶʜʩʴʢʦʛʦ 

ʤʦʟʢʫ; 

ï ʛʣʠʙʠʥʥʝ ʥʘʚʯʘʥʥʷ ð ʧʽʜʚʠʜ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ ʥʘ ʨʽʚʥʽ ʣʶʜʩʴʢʦʛʦ ʽʥʪʝʣʝʢʪʫ ʘʙʦ ʚʠʱʝ. 

ï ʐɯ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʛʣʠʙʠʥʫ ʪʝʩʪʫʚʘʥʥʷ, ʘʜʞʝ ʟʜʘʪʝʥ: 

ï ʘʚʪʦʤʘʪʠʯʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʇɿ; 

ï ʩʪʚʦʨʶʚʘʪʠ ʪʝʩʪ-ʢʝʡʩʠ, ʯʝʢ-ʣʠʩʪʠ, ʩʮʝʥʘʨʽʾ; 

ï ʛʝʥʝʨʫʚʘʪʠ ʪʝʩʪʦʚʽ ʜʘʥʽ, ʚʨʘʭʦʚʫʶʯʠ ʯʠʩʣʝʥʥʽ ʚʘʨʽʘʥʪʠ ʚʚʦʜʫ; 

ï ʚʠʢʦʥʫʚʘʪʠ ʪʝʩʪʫʚʘʥʥʷ, ʘʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʽ ʚʽʜʩʪʝʞʫʶʯʠ 

ʧʦʤʠʣʢʠ; 

ï ʚʠʟʥʘʯʘʪʠ ʢʨʠʪʠʯʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʪʘ ʾʭ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ; 

ï ʘʜʘʧʪʫʚʘʪʠ ʪʝʩʪʠ ʧʽʜ ʟʤʽʥʠ ʚ ʢʦʜʽ (ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʩʪʦʚʠʭ ʥʘʙʦʨʽʚ). 
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʘʢʪʠʚʥʦ ʧʨʦʥʠʢʘʶʪʴ 

ʫ ʩʬʝʨʫ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʶʯʠ ʤʦʞʣʠʚʦʩʪʽ 

ʪʝʩʪʫʚʘʣʴʥʠʢʽʚ ʽ ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭʥʴʦʾ ʨʦʙʦʪʠ. ʐɯ ʟʜʘʪʝʥ ʚʠʢʦʥʫʚʘʪʠ 

ʥʠʟʢʫ ʬʫʥʢʮʽʡ, ʷʢʽ ʨʘʥʽʰʝ ʚʠʤʘʛʘʣʠ ʙʘʛʘʪʦ ʯʘʩʫ ʪʘ ʟʫʩʠʣʴ. 

ʇʦ-ʧʝʨʰʝ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʘʥʘʣʽʟʫ ʚʠʤʦʛ 

ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʯʝʢ-ʣʠʩʪʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʧʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ ʱʝ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ. 

ʇʦ-ʜʨʫʛʝ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ ʤʦʞʣʠʚʘ ʛʝʥʝʨʘʮʽʷ ʪʝʩʪ-ʢʝʡʩʽʚ ʽ ʧʦʚʥʦʮʽʥʥʠʭ 

ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʾʚ ʥʘ ʦʩʥʦʚʽ ʥʘʜʘʥʠʭ ʚʠʤʦʛ ʘʙʦ ʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʧʦʚʝʜʽʥʢʠ. ʎʝ 

ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʦ ʜʣʷ ʚʝʣʠʢʠʭ ʧʨʦʻʢʪʽʚ ʟ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʥʠʤʠ ʫʤʦʚʘʤʠ. 

ʊʨʝʪʽʤ ʥʘʧʨʷʤʦʤ ʻ ʘʚʪʦʤʘʪʠʯʥʝ ʩʪʚʦʨʝʥʥʷ ʜʦʢʫʤʝʥʪʘʮʽʾ ï ʧʣʘʥʽʚ 

ʪʝʩʪʫʚʘʥʥʷ, ʩʪʨʘʪʝʛʽʡ, ʟʚʽʪʽʚ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʪʦʱʦ. ʎʝ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʯʘʩ ʥʘ 

ʧʽʜʛʦʪʦʚʢʫ ʩʫʧʨʦʚʽʜʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʟʥʠʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʣʶʜʩʴʢʦʾ ʧʦʤʠʣʢʠ. 

ʂʨʽʤ ʪʦʛʦ, ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʐɯ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʟʤʽʥ ʫ ʢʦʜʽ ʡ 

ʜʠʥʘʤʽʯʥʦ ʘʜʘʧʪʫʚʘʪʠ ʪʝʩʪʠ ʜʦ ʥʦʚʠʭ ʫʤʦʚ, ʱʦ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʫ 

ʩʝʨʝʜʦʚʠʱʘʭ ʙʝʟʧʝʨʝʨʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʜʦʩʪʘʚʢʠ (CI/CD).  

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʻ ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʪʝʩʪʦʚʠʭ ʪʘ 

ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʜʘʥʠʭ. ʐɯ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʢʣʘʩʠʬʽʢʫʚʘʪʠ 

ʜʝʬʝʢʪʠ, ʚʠʟʥʘʯʘʪʠ ʾʭ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʥʽ ʤʽʩʮʷ 

ʚ ʩʠʩʪʝʤʽ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʚ ʧʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʇɿ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ 

ʧʝʨʝʚʘʛ ʻ ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʨʠʪʪʷ ʪʝʩʪʘʤʠ. ɿʘʚʜʷʢʠ ʐɯ ʤʦʞʥʘ ʘʚʪʦʤʘʪʠʯʥʦ 

ʛʝʥʝʨʫʚʘʪʠ ʙʽʣʴʰʝ ʪʝʩʪʦʚʠʭ ʩʮʝʥʘʨʽʾʚ, ʦʭʦʧʣʶʶʯʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʘʨʽʘʥʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʧʨʠʭʦʚʘʥʽ ʜʝʬʝʢʪʠ, ʷʢʽ ʤʦʛʣʠ ʙ 

ʟʘʣʠʰʠʪʠʩʷ ʥʝʧʦʤʽʯʝʥʠʤʠ ʧʨʠ ʨʫʯʥʦʤʫ ʪʝʩʪʫʚʘʥʥʽ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʝʚʥʠʤʠ 

ʚʠʢʣʠʢʘʤʠ. ʇʦ-ʧʝʨʰʝ, ʽʩʥʫʻ ʜʝʬʽʮʠʪ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ 

ʩʫʯʘʩʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʪʘ ʤʝʪʦʜʘʤʠ ʐɯ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʰʚʠʜʢʝ ʪʘ ʝʬʝʢʪʠʚʥʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ.  

ʇʦ-ʜʨʫʛʝ, ʙʘʛʘʪʦ ʦʨʛʘʥʽʟʘʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʩʪʘʨʽʣʽ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʥʝʩʫʤʽʩʥʽ ʽʟ ʩʫʯʘʩʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʥʘ ʙʘʟʽ ʐɯ. ʎʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʥʘ 

ʤʦʜʝʨʥʽʟʘʮʽʶ ʘʙʦ ʧʦʚʥʫ ʟʘʤʽʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  

ʑʝ ʦʜʥʽʻʶ ʧʨʦʙʣʝʤʦʶ ʻ ʷʢʽʩʪʴ ʜʘʥʠʭ. ʅʝʷʢʽʩʥʽ ʘʙʦ ʥʝʧʦʚʥʽ ʜʘʥʽ ʤʦʞʫʪʴ 

ʩʧʦʪʚʦʨʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʥʝʧʨʘʚʠʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʐɯ ï ʮʝ ʥʝ ʧʨʦʩʪʦ ʤʦʜʥʠʡ ʪʨʝʥʜ, ʘ 

ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʜʦʧʦʤʘʛʘʻ ʨʦʙʠʪʠ ʪʝʩʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʽʰʠʤ, 

ʛʣʠʙʰʠʤ ʽ ʪʦʯʥʽʰʠʤ. ɿʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʫʪʠʥʥʠʭ ʟʘʜʘʯ ʪʘ ʧʦʢʨʘʱʝʥʥʶ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʤʠ ʤʦʞʝʤʦ ʰʚʠʜʰʝ ʚʠʧʫʩʢʘʪʠ ʷʢʽʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʆʜʥʘʢ ʚʘʞʣʠʚʦ ʧʘʤôʷʪʘʪʠ: ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʤʘʻ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ ʽ ʚʠʢʣʠʢʽʚ. ʊʝʩʪʫʚʘʣʴʥʠʢʘʤ 

ʚʞʝ ʟʘʨʘʟ ʧʦʪʨʽʙʥʦ ʨʦʟʚʠʚʘʪʠ ʥʦʚʽ ʥʘʚʠʯʢʠ, ʘ ʦʩʚʽʪʥʽʤ ʫʩʪʘʥʦʚʘʤ ï ʦʥʦʚʣʶʚʘʪʠ 

ʩʚʦʾ ʧʨʦʛʨʘʤʠ ʥʘʚʯʘʥʥʷ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʌʆʈʄʆɿʄɯʅʀ ʄɽʊɸʃʋ ʇʈʀ ɿɸʉʊʆʉʋɺɸʅʅɯ 

ɯʅʉʊʈʋʄɽʅʊʋ çʇɽʈɽʊʀʉʂɸʏè 

 

ʇʘʣʽʻʥʢʦ ɺ.ʆ., ʏʫʭʣʽʙ ɺ.ʃ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ) 

 

ʋ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʢʦʚʦʢ ʢʦʣʽʥʯʘʩʪʠʭ ʚʘʣʽʚ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ 

ʧʦʪʨʝʙʫʻ ʬʦʨʤʫʚʘʥʥʷ ʱʦʢʠ ʚʘʣʫ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚ ʮʽʡ ʟʦʥʽ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ 

ʚʥʫʪʨʽʰʥʽ ʜʝʬʝʢʪʠ ʯʝʨʝʟ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʤʝʪʘʣʫ [1]. ɼʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʢʝʨʫʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʤ ʧʨʦʮʝʩʦʤ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʨʽʰʝʥʴ ʻ ʽʥʩʪʨʫʤʝʥʪ ʪʠʧʫ 

çʧʝʨʝʪʠʩʢʘʯè, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʣʦʢʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʤʝʪʘʣ ʫ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ 

ʢʫʚʘʥʥʷ. 

ʋ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʦʨʤʦʟʤʽʥʠ ʟʘʛʦʪʦʚʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ çʧʝʨʝʪʠʩʢʘʯè ʫ ʩʫʯʘʩʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

QForm3D ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ [2]. ɻʝʦʤʝʪʨʽʷ 

ʽʥʩʪʨʫʤʝʥʪʫ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʟʦʥʠ ʣʦʢʘʣʴʥʦʛʦ ʦʩʣʘʙʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʩʧʨʠʷʻ ʩʧʨʷʤʦʚʘʥʦʤʫ ʧʦʪʦʢʫ ʤʝʪʘʣʫ ʧʨʠ ʢʫʚʘʥʥʽ. ʅʘ ʢʦʞʥʦʤʫ ʟ 

ʝʪʘʧʽʚ ʦʮʽʥʶʚʘʚʩʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ 

ʤʝʪʘʣʫ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʜʝʬʝʢʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ 

çʧʝʨʝʪʠʩʢʘʯè ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʣʦʢʘʣʴʥʠʭ ʟʦʥ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʤʝʪʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ 

ʛʝʦʤʝʪʨʽʶ ʟʘʛʦʪʦʚʢʠ, ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʜʝʬʝʢʪʽʚ ʽ 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʦʢʦʚʢʠ ʚ ʮʽʣʦʤʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʚʽʣʴʥʦʛʦ ʢʫʚʘʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʣʽʥʯʘʩʪʠʭ ʚʘʣʽʚ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʥʝ ʣʠʰʝ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʤʝʪʘʣʫ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʾ ʜʝʪʘʣʽ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 

ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 
ʃʽʪʝʨʘʪʫʨʘ: 

1. Forging Technology and improvement of passenger car crankshaft: ʚʝʙ-ʩʘʡʪ. URL: 

https://www.linkedin.com/pulse/forging-technology-improvement-passenger-car-crankshaft (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 20.02.2024).  

2. ɹʽʙʘ ʄ.ɺ. ɼʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ QForm ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʆʄʊ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʦʩʚʽʪʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʭ/ ʄ. ɺ. ɹʽʙʘ // ʇʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʤʝʪʘʣʽʚ : ʤʘʪʝʨʽʘʣʠ 

ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. : ʪʝʟ. ʜʦʧʦʚ., 22-26 ʪʨʘʚʥʷ 2017 ʨ., ʤ. ɼʥʽʧʨʦ. ï ɼʥʽʧʨʦ, 2017. ï ʉ. 9. 
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ʆʇʊʀʄɯɿɸʎɯʗ ʇʈʆʎɽʉʋ ʊʆʏɯʅʅʗ ʊʀʊɸʅʋ TI-6AL-4V ʐʃʗʍʆʄ 

ʃʆʂɸʃʔʅʆɻʆ ʊɽʈʄɯʏʅʆɻʆ ɺʇʃʀɺʋ ʅɸ ɿɸɻʆʊʆɺʂʋ 

 

ʇʘʩʪʝʨʥʘʢ ʉ.ʄ. 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʽʜʚʠʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ð ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ, ʪʝʨʤʦʩʪʽʡʢʽʩʪʶ, ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ. 

ʈʘʟʦʤ ʽʟ ʮʠʤ, ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ, ʟʦʢʨʝʤʘ ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʩʢʣʘʜʥʽʩʪʶ ʚ ʦʙʨʦʙʮʽ ʯʝʨʝʟ ʥʠʟʴʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʘʜʛʝʟʽʡʥʦʛʦ ʟʥʦʰʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ. ʎʽ 

ʯʠʥʥʠʢʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʜʯʘʩʥʦʛʦ ʟʥʦʰʝʥʥʷ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. 

ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʩʪʽ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʛʘʨʷʯʦʛʦ ʪʦʯʽʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʦʧʝʨʝʜʥʻ 

ʘʙʦ ʩʫʧʫʪʥʻ ʥʘʛʨʽʚʘʥʥʷ ʟʘʛʦʪʦʚʢʠ. ɿʘʚʜʷʢʠ ʪʝʨʤʽʯʥʦʤʫ ʚʧʣʠʚʫ ʟʤʝʥʰʫʻʪʴʩʷ 

ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ, 

ʢʨʘʱʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʞʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ [1,2]. 

ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʩʧʣʘʚʽʚ, ʟʦʢʨʝʤʘ ʪʠʪʘʥʫ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʥʘ ʘʪʦʤʥʦʤʫ 

ʨʽʚʥʽ, ʟʫʤʦʚʣʝʥʽ ʦʩʣʘʙʣʝʥʥʷʤ ʤʽʞʘʪʦʤʥʠʭ ʟʚôʷʟʢʽʚ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ, 

ʘʢʪʠʚʽʟʘʮʽʻʶ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʨʦʟʯʠʥʝʥʥʷʤ ʢʘʨʙʽʜʽʚ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷʤ 

ʜʠʩʣʦʢʘʮʽʡ. ʎʝ ʚ ʢʦʤʧʣʝʢʩʽ ʟʥʠʞʫʻ ʪʚʝʨʜʽʩʪʴ ʪʘ ʧʦʢʨʘʱʫʻ ʧʣʘʩʪʠʯʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʨʝʘʣʽʟʘʮʽʾ ʣʦʢʘʣʴʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʧʽʜ ʯʘʩ ʪʦʯʽʥʥʷ: 

¶ ʧʦʣʫʤôʷʥʝ ʥʘʛʨʽʚʘʥʥʷ (ʢʠʩʥʝʚʦ-ʘʮʝʪʠʣʝʥʦʚʝ ʘʙʦ ʛʘʟʦʚʝ), 

¶ ʽʥʜʫʢʮʽʡʥʝ, 

¶ ʧʣʘʟʤʦʚʝ, 

¶ ʣʘʟʝʨʥʝ, 

¶ ʝʣʝʢʪʨʦʜʫʛʦʚʝ [3,4,5]. 

ʋ ʧʨʦʚʝʜʝʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ 

ʧʦʣʫʤôʷʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʟʘʛʦʪʦʚʢʠ. ʄʘʪʝʨʽʘʣʦʤ ʜʣʷ ʦʙʨʦʙʢʠ ʩʣʫʛʫʚʘʚ ʪʠʪʘʥʦʚʠʡ 

ʩʧʣʘʚ Ti-6Al-4V. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ɼʦ ʩʢʣʘʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʭʦʜʠʣʠ: 

1. ʊʦʢʘʨʥʠʡ ʚʝʨʩʪʘʪ (1ʂ62); 
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2. ʉʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʪʝʥʟʦʜʘʪʯʠʢʽʚ 

FlexiForce40X [6]; 

3. ʃʘʟʝʨʥʠʡ ʧʽʨʦʤʝʪʨ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ; 

4. ʇʘʷʣʴʥʘ ʣʘʤʧʘ; 

5. ʇʨʦʬʽʣʦʤʝʪʨ ʜʣʷ ʦʮʽʥʢʠ ʰʦʨʩʪʢʦʩʪʽ; 

6. ʈʽʞʫʯʠʡ ʽʥʩʪʨʫʤʝʥʪ ʟʽ ʟʤʽʥʥʦʶ ʧʣʘʩʪʠʥʢʦʶ; 

7. ʎʠʣʽʥʜʨʠʯʥʘ ʟʘʛʦʪʦʚʢʘ Ti-6Al-4V (Ï 30 ʤʤ, ʜʦʚʞʠʥʘ 300 ʤʤ). 

ɿʘʛʦʪʦʚʢʫ ʥʘʛʨʽʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨ 300ÁC, 400ÁC, 500ÁC ʽ 600ÁC, ʧʽʩʣʷ ʯʦʛʦ 

ʚʠʢʦʥʫʚʘʣʠ ʪʦʯʽʥʥʷ ʟ ʦʜʥʘʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ: 

¶ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ð 100 ʤ/ʭʚ; 

¶ ʧʦʜʘʯʘ ð 0,1 ʤʤ/ʦʙ; 

¶ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ð 0,5 ʤʤ. 

ʅʘ ʢʦʞʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʽʚʥʽ ʟʜʽʡʩʥʶʚʘʣʠ ʜʚʘ ʧʨʦʭʦʜʠ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʦʪʦʚʢʠ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ 

ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ. ɿʦʢʨʝʤʘ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʪʠʪʘʥʦʚʦʾ ʟʘʛʦʪʦʚʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

600ÁC ʩʠʣʘ ʨʽʟʘʥʥʷ ʚ ʥʘʧʨʷʤʢʫ X (ʦʩʥʦʚʥʝ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ) ʟʤʝʥʰʠʣʘʩʷ ʥʘ 23%, 

ʘ ʩʠʣʘ ʚ ʥʘʧʨʷʤʢʫ Y (ʨʘʜʽʘʣʴʥʝ ʟʫʩʠʣʣʷ) ð ʥʘ 31% ʧʦʨʽʚʥʷʥʦ ʟ ʭʦʣʦʜʥʦʶ 

ʦʙʨʦʙʢʦʶ. ʎʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʥʠʞʝʥʥʷʤ ʪʚʝʨʜʦʩʪʽ ʪʘ ʦʧʦʨʫ 

ʜʝʬʦʨʤʘʮʽʾ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʟʤʝʥʰʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ 

ʪʠʩʢʫ ʤʽʞ ʽʥʩʪʨʫʤʝʥʪʦʤ ʽ ʟʘʛʦʪʦʚʢʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʤʽʯʥʝ ʧʦʤôʷʢʰʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʽʞʫʯʫ ʯʘʩʪʠʥʫ 

ʽʥʩʪʨʫʤʝʥʪʘ. 

ʂʨʽʤ ʮʴʦʛʦ, ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʟʥʘʯʥʝ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ 

ʧʦʚʝʨʭʥʽ. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʰʦʨʩʪʢʦʩʪʽ Ra ʟʤʝʥʰʠʣʦʩʴ ʟ 2,1 ʤʢʤ ʜʦ 1,7 ʤʢʤ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ ʧʨʠʙʣʠʟʥʦ 

ʥʘ 31,25%. ʊʘʢʠʡ ʝʬʝʢʪ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ ʬʦʨʤʫʚʘʥʥʷʤ ʩʪʨʫʞʢʠ, 

ʟʤʝʥʰʝʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ "ʽʥʩʪʨʫʤʝʥʪ-ʟʘʛʦʪʦʚʢʘ" ʪʘ ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʠʤ ʧʨʦʮʝʩʦʤ ʟʥʽʤʘʥʥʷ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʘʛʦʪʦʚʢʠ 

ʫʪʚʦʨʝʥʥʷ ʟʦʥ ʪʝʨʤʽʯʥʦʛʦ ʦʩʣʘʙʣʝʥʥʷ ʚ ʤʝʪʘʣʽ ʪʘʢʦʞ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʩʠʣʠ 

ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʩʪʨʫʞʢʦʶ ʽ ʨʽʞʫʯʦʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʟʥʠʞʫʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʥʘʣʠʧʘʥʥʷ ʪʘ ʧʦʷʚʠ ʟʘʜʠʨʦʢ. 

ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʧʦʤʽʯʝʥʦ ʚʽʟʫʘʣʴʥʽ ʟʤʽʥʠ ʫ ʭʘʨʘʢʪʝʨʽ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʞʢʠ: 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʦʥʘ ʩʪʘʣʘ ʪʦʥʰʦʶ, ʤʝʥʰ ʣʘʤʢʦʶ ʽ ʤʘʣʘ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʫ 
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ʩʪʨʫʢʪʫʨʫ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʟʥʷʪʪʽ 

ʰʘʨʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʫʤʦʚ ʨʽʟʘʥʥʷ. ɺ ʩʫʢʫʧʥʦʩʪʽ ʮʽ ʬʘʢʪʦʨʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʥʘʛʨʽʚʫ ʷʢ ʩʧʦʩʦʙʫ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʢʠ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ. 

ɺʠʩʥʦʚʢʠ 

1. ʇʦʧʝʨʝʜʥʽʡ ʥʘʛʨʽʚ ʟʘʛʦʪʦʚʢʠ ʻ ʜʽʻʚʠʤ ʩʧʦʩʦʙʦʤ ʟʤʝʥʰʝʥʥʷ ʩʠʣʠ 

ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ. 

2. ɿʤʝʥʰʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʧʨʦʜʦʚʞʫʻ ʡʦʛʦ 

ʨʝʩʫʨʩ. 

3. ʇʦʢʨʘʱʫʻʪʴʩʷ ʯʠʩʪʦʪʘ ʦʙʨʦʙʢʠ ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 600ÁC. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ 

ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠ ʪʦʯʽʥʥʽ ʪʠʪʘʥʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ. 
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ʊɽʍʅʆʃʆɻɯʏʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʉɽʈɯʁʅʆɻʆ ɺʀɻʆʊʆɺʃɽʅʅʗ ʊɸ 

ɽʂʉʇʃʋɸʊɸʎɯɰ  ʆʏʀʉʅʀʍ ʂʆʄɹɸʁʅɯɺ ʅʆɺʆɻʆ ʇʆʂʆʃɯʅʅʗ ɼʃʗ 

ʄɽʍɸʅɯɿʆɺɸʅʆɰ ʇɯɼɿɽʄʅʆɰ ɺʀɰʄʂʀ ʊʆʅʂʀʍ ɺʋɻɯʃʔʅʀʍ 

ʇʃɸʉʊɯɺ ɿ ʅɽʉʇʆʂɯʁʅʆʖ ɻɯʇʉʆʄɽʊʈɯɭʖ 

 
1 ʇʝʨʤʷʢʦʚ ʆ.ɸ.,2 ɼʝʨʛʦʫʩʦʚ ɺ.ʄ., 2 ɹʝʨʝʞʥʦʡ ʈ.ɸ., 3 ʋʜʦʚʽʢʦʚ ʖ.ɺ.  

( 1 ʅʊʋ çʍʇɯè, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 2 ɸʊ çʍɸʈʂɯɺʉʔʂʀʁ ʄɸʐʀʅʆɹʋɼɯɺʅʀʁ 

ɿɸɺʆɼ çʂʆʈʋʄ ʉɺɯʊʃʆ ʐɸʍʊɸʈʗè, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 3 ɺʉʇ çʐʋ çɻʝʨʦʾʚ 

ʢʦʩʤʦʩʫè ʇʨɸʊ çɼʊɽʂ ʇɸɺʃʆɻʈɸɼɺʋɻɯʃʃʗè, ʤ. ʇʘʚʣʦʛʨʘʜ, ʋʢʨʘʾʥʘ) 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ 

ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʦʯʠʩʥʠʭ ʢʦʤʙʘʡʥʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʪʘ ʦʩʚʦʻʥʥʷ ʩʝʨʽʡʥʦʛʦ 

ʥʘʫʢʦʤʽʩʪʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʩʚʽʪʦʚʦʛʦ ʨʽʚʥʷ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʽ ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʚʦʜʫ ʫʜʦʩʢʦʥʘʣʠʪʠ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʽʜʥʫ ʤʦʜʝʨʥʽʟʘʮʽʶ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʙʘʟʽ ʥʘʫʢʦʚʠʭ ʜʦʩʷʛʥʝʥʴ ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, 

ʚʧʨʦʚʘʜʠʪʠ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʟʘʛʦʪʽʚʦʢ ʪʘ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʥʦʚʝ 

ʝʬʝʢʪʠʚʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʫ ʩʫʢʫʧʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʛʘʨʘʥʪʦʚʘʥʦ ʩʪʘʙʽʣʴʥʫ ʷʢʽʩʪʴ ʚ ʫʤʦʚʘʭ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʩʦʢʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʟʥʠʞʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ; 

- ʚʚʝʩʪʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʯʠʩʥʽ ʢʦʤʙʘʡʥʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʠʩʪʝʤʫ ʪʝʭʥʽʯʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ 

ʥʘʜʽʡʥʦʩʪʽ, ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʘʚʜʘʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʦʯʠʩʥʠʭ ʢʦʤʙʘʡʥʽʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ ʧʦʣʷʛʘʣʦ ʚ ʧʨʦʚʝʜʝʥʥʽ ʢʦʤʧʣʝʢʩʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ, ʜʦʩʣʽʜʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ, ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʩʝʨʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʚʝʜʝʥʥʷ ʥʘ ʨʠʥʦʢ ʥʦʚʦʛʦ  ʧʨʦʜʫʢʪʫ - ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʫ 

ʋʂɼ200-500. ʎʝ ʧʝʨʰʠʡ ʢʦʤʙʘʡʥ ʥʦʚʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ 

ʥʘ ʪʦʥʢʠʭ ʧʦʭʠʣʠʭ ʧʣʘʩʪʘʭ ʟ ʛʽʧʩʦʤʝʪʨʽʻʶ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ (ʧʣʘʩʪ ʤʘʻ ʨʽʟʥʽ ʚʠʩʦʪʠ 

ʚ ʨʽʟʥʠʭ ʪʦʯʢʘʭ). ʂʦʤʙʘʡʥ ʦʯʠʩʥʠʡ ʋʂɼ200-500 (ʨʠʩ.1) ʻ ʤʘʰʠʥʦʶ ʨʽʟʘʣʴʥʦʾ ʜʽʾ, 

ʦʩʥʘʱʝʥʦʶ ʰʥʝʢʦʚʠʤʠ ʚʠʢʦʥʘʚʯʠʤʠ ʦʨʛʘʥʘʤʠ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʫʛʽʣʣʷ ʥʘ ʢʦʥʚʝʻʨ.  

  
ʈʠʩ. 1. ʂʦʤʙʘʡʥ ʦʯʠʩʥʠʡ ʋʂɼ200-500 
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ʆʯʠʩʥʠʡ ʢʦʤʙʘʡʥ ʋʂɼ200-500 ʻ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʤʘʰʠʥʦʶ, ʷʢʘ ʤʦʞʝ 

ʧʨʘʮʶʚʘʪʠ ʫ ʩʢʣʘʜʽ ʤʥʦʞʠʥʠ ʦʯʠʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʦ ʦʯʠʩʥʠʡ 

ʢʦʤʧʣʝʢʩ 09ʄɼʅ ʫ ʩʢʣʘʜʽ ʢʨʽʧʠ 09ɼʊ, ʢʦʤʙʘʡʥʫ ʋʂɼ200-500, ʢʦʥʚʝʻʨʘ ʉʇ251. 

 
ʈʠʩ. 2. ʋʚ'ʷʟʫʚʘʥʥʷ ʢʦʤʙʘʡʥʘ ʋʂɼ200-500 ʟ ʢʨʽʧʣʝʶ ʪʘ ʢʦʥʚʝʻʨʦʤ 

 

ɺʠʨʦʙʥʠʯʽ ʧʦʪʫʞʥʦʩʪʽ, ʩʫʯʘʩʥʝ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʝ ʦʙʣʘʜʥʘʥʥʷ, 

ʨʦʟʚʠʥʝʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʙʘʟʘ ʜʦʟʚʦʣʷʶʪʴ ʟʘʚʦʜʫ ʚʠʧʫʩʢʘʪʠ ʧʨʦʜʫʢʮʽʶ ʚʠʩʦʢʦʾ 

ʷʢʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʾ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʚʫʛʽʣʴʥʠʭ, 

ʩʣʘʥʮʝʚʠʭ ʰʘʭʪʘʭ ʪʘ ʢʘʣʽʡʥʠʭ ʢʦʧʘʣʴʥʷʭ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʦ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʨʦʚʝʜʝʥʘ 

ʥʝʦʙʭʽʜʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʦʩʥʦʚʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʟʘʛʦʪʽʚʦʢ ʪʘ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ,  ʱʦ ʫ ʩʫʢʫʧʥʦʩʪʽ 

ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʛʘʨʘʥʪʦʚʘʥʦ ʩʪʘʙʽʣʴʥʫ ʷʢʽʩʪʴ ʚ ʫʤʦʚʘʭ ʩʝʨʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʟʥʠʞʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ɺ ʟʘʛʦʪʽʚʝʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʣʷ ʚʽʜʣʠʚʢʠ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʥʦʚʫ ʜʽʣʷʥʢʫ ʭʦʣʦʜʥʦʪʚʝʨʜʽʶʯʠʭ ʩʫʤʽʰʝʡ, ʚ ʷʢʽʡ ʤʽʩʪʠʪʴʩʷ 

ʬʦʨʤʫʚʘʣʴʥʘ ʣʽʥʽʷ çʆʤʝʛʘè ʟ ʚʠʙʠʚʥʠʤ ʢʦʤʧʣʝʢʩʦʤ GAMMA 9LL 

(ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ) ʪʘ ʜʽʣʷʥʢʘ ʨʝʛʝʥʝʨʘʮʽʾ, ʽʥʜʫʢʮʽʡʥʦ-ʧʣʘʚʠʣʴʥʠʡ ʢʦʤʧʣʝʢʩ 

INDEMAX (ʊʫʨʝʯʯʠʥʘ). ʎʝ ʜʦʟʚʦʣʠʣʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʤʝʪʘʣʦʤʽʩʪʢʽʩʪʴ 

ʚʠʨʦʙʽʚ, ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʷʢʽʩʪʴ ʪʘ ʩʪʚʦʨʠʪʠ ʙʝʟʚʽʜʭʦʜʥʫ ʪʝʭʥʦʣʦʛʽʶ ʷʢʘ 

ʚʠʢʣʶʯʘʻ ʚʽʜʭʦʜʠ ʜʦʧʦʤʽʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘ ʨʠʩ.3 ʧʦʢʘʟʘʥʦ ʟʘʛʦʪʦʚʢʠ, ʷʢʠ 

ʦʪʨʠʤʘʥʽ ʟʘ ʥʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. 

   
ʈʠʩ. 3 ɿʘʛʦʪʦʚʢʠ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʢʦʤʙʘʡʥʫ 

 

ɺ ʤʝʭʘʥʦʩʢʣʘʜʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʫʟʣʽʚ ʢʦʤʙʘʡʥʫ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʨʥʽʟʘʮʽʶ ʪʘ ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ TOS Varndorf (ʏʝʭʽʷ) ʪʘ DOOSAN DBC160 (ʇʽʚʜʝʥʥʘ ʂʦʨʝʷ). ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʩʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʪʴ, ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʛʥʫʯʢʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. ʅʘ ʨʠʩ.4 ʧʦʢʘʟʘʥʦ ʦʙʨʦʙʢʫ 

ʢʦʨʧʫʩʫ ʨʽʟʘʥʥʷ ʢʦʤʙʘʡʥʫ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ TOS Varndorf. 
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ʈʠʩ. 4 ʆʙʨʦʙʢʘ ʢʦʨʧʫʩʫ ʨʽʟʘʥʥʷ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ TOS Varndorf 

 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʫʟʣʽʚ ʢʦʤʙʘʡʥʫ ʚʧʨʦʚʘʜʞʝʥʦ ʽʥʥʦʚʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʫ (ʨʠʩ.5). 

     
ʈʠʩ. 5 ɺʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʫʟʣʽʚ ʢʦʤʙʘʡʥʫ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʚʧʨʦʚʘʜʞʝʥʦ ʤʝʪʨʦʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʴ 

ʜʝʪʘʣʝʡ ʥʘ 3-ʭ ʢʦʦʨʜʠʥʘʪʥʽʡ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʤʘʰʠʥʽ GLOBAL12.22.10 

ʽʪʘʣʽʡʩʴʢʦ-ʰʚʝʡʮʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʦʯʠʩʥʠʭ ʢʦʤʙʘʡʥʽʚ ʋʂɼ200-500 ʥʘ ʰʘʭʪʘʭ ɸʊ çɼʊɽʂ 

ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʛʦ ʚʠʜʦʙʫʪʢʫ 

(2000-2500 ʪ). ʋ ʞʦʚʪʥʽ 2021ʨ. ʥʘ ʰʘʭʪʽ çɼʥʽʧʨʦʚʩʴʢʘè ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʙʘʡʥʘ 

ʟ ʦʜʥʽʻʾ ʣʘʚʠ ʙʫʣʦ ʚʠʜʦʙʫʪʦ 127 ʪʠʩ.ʪ ʚʫʛʽʣʣʷ (ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʡ ʚʠʜʦʙʫʪʦʢ 4100 

ʪ) ï ʮʝ ʨʝʢʦʨʜʥʠʡ ʚʠʜʦʙʫʪʦʢ ʟ ʧʦʪʫʞʥʦʩʪʽ ʧʣʘʩʪʘ, ʱʦ ʚʠʡʤʘʻʪʴʩʷ, ʜʦ 1,05 ʤ.  

ɺʠʨʦʙʥʠʢ ʛʘʨʘʥʪʫʻ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʫ ʜʦ ʢʘʧʽʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʫ ʟ ʚʠʜʦʙʫʪʢʫ ʥʝ ʤʝʥʰ 1 ʤʣʥ.ʪ ʚʫʛʽʣʣʷ, ʱʦ ʚʜʚʽʯʽ ʧʝʨʝʚʝʨʰʫʻ ʧʦʢʘʟʥʠʢʠ 

ʢʦʥʢʫʨʫʶʯʠʭ ʘʥʘʣʦʛʽʚ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʦʩʥʦʚʽ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʦʯʠʩʥʠʭ ʢʦʤʙʘʡʥʽʚ 

ʚʽʪʯʠʟʥʷʥʦʛʦ ʪʘ ʟʘʢʦʨʜʦʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʧʝʮʠʬʽʢʠ ʛʝʦʣʦʛʽʾ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

ʚ ʋʢʨʘʾʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʚʦʜʫ ʟ ʦʩʚʦʻʥʥʷ ʩʝʨʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʤʙʘʡʥʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ ʤʝʪʦʶ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʨʝʩʫʨʩʫ 

ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ ʦʯʠʩʥʠʭ ʢʦʤʙʘʡʥʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. 


