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TECHNICAL SCIENCES 
 

COMBINED PERMEATION GROUTING TECHNOLOGIES USING ULTRA MICROFINE CEMENT  

 

Alekseev V. 

Head of laboratory of Department of technology of binder and concrete, 

National research Moscow state university of civil engineering"  

(NRU MGSU) 

 

Abstract 

In geotechnical construction, it is often necessary to improve the basement soils. One of the effective ways 

of ground improvement is grouting, which is a variety of technologies in which cement grouts are injected into the 

soil, that increases the physical and mechanical properties of the soil. Ultra microfine cement (especially fine 

binder, microcement) used in the technology of solidification or strengthening soils allows to expand the scope of 

application of ground improvement. 

Keywords: grouting, ground improvement, permeation grouting, ultra microfine cement, especially fine 

binder, microcement, soil-cement. 

 

In the context of new underground construction 

and the development of the underground space in cities, 

the use of gentle methods and technologies is required. 

Grouting for soil stabilization is the most effective 

method when it is necessary to solidify soft soils. The 

advantages of grouting over other methods are the flex-

ibility of the technology that allows to use of various 

methods with various materials and equipment, the du-

rability and manufacturability of the cement stabilized 

soil mass (soil-cement). 

Soils are usually characterized by a high degree of 

heterogeneity, which requires different approaches 

when working when performing procedures to improve 

them [1]. The development of science and technology 

has led to the appearance of new materials for grouting 

for soil stabilization [2, 3]. At the moment, 5 main 

grouting modes can be distinguished for ground im-

provement that are applicable in almost all soil types: 

- ground improvement with jet-grouting technol-

ogy including the single fluid system, double fluid sys-

tem and triple fluid system (Jet-1, Jet-2, Jet-3) - jet 

grouting [4]; 

- fracturing (compressive) grouting of soils [1, 4]; 

- consolidation grouting of soils (tail-void grout-

ing) [1, 4]. 

- permeation grouting (penetrating injection) of 

soil pore filling by an injected grout of finely dispersed 

binders (OTDV, or also called ultra microfine binders 

or ultra microfine cement or microcement) using the 

cuff technology or advanced injection method [2]; 

Table 1. 

Parameters of various technologies for cementation fixing of soils. 

Parameters of cementa-

tion fixing of soils 

ʊʝʭʥʦʣʦʛʠʠ ʮʝʤʝʥʪʘʮʠʠ ʛʨʫʥʪʦʚ Techology of grouting of soil 

Jet grouting-1 Jet grouting-2 Fracturing 

grouting of 

soils 

Consolidation 

grouting of soils 

Penetrating 

injection 

Type of soil Sand, sandy 

loam, loam, 

clay 

Sand, sandy 

loam, loam, 

clay 

Heavy sandy 

loams, loams, 

clays 

Technogenic soils, 

rock soils 

Sand, light 

sandy loam 

Maximum compressive 

strength of the soil-cement 

array (MPa) 

14 5 11 
Up to 18,5 (for 

technogenic soil) 
27 

The maximum radius of 

the fixing (m) 
0,45 0,9 0,5 0,8 0,8 

Maximum intensity of soil 

consolidation (l/min) 
190 520 1,5 50 9 

Volume of sludge (pulp) 

output per 1 mį of soil fix-

ing (l) 

210 310 0 0 0 

Consumption of binder 

per 1 mį of fixed soil, (kg) 

Up to 950 (for 

replacing) 
Up to 680 Up to 195 Up to 350 Up to 350 

 

Each of the above-mentioned methods has its own 

sphere of application and is necessary for ground im-

provement for construction projects with a weakened 

bearing ground foundation, when protecting buildings 

from the effects of new construction (including under-

ground), when installing grout cutoff certains [ 5]. 

Innovative achievements in modern materials sci-

ence have contributed to the appearance and implemen-

tation of finely dispersed binders (OTDV, or also 

known as ultra microfine binders or ultra microfine ce-

ment) with the degree of dispersion of up to 25000-

30000 cmĮ / g which are used in grouting for soil stabi-

lization instead of standard cements according to 
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GOST 10178-85. New technologies and high-tech au-

tomated equipment made it possible to carry out per-

meation grouting without hydraulic fracturing, even in 

fine and sandy loam soils [6]. The particle sizes of such 

ultra microfine cements are characterized by indicators 

up to d95 = 3.5-6.5 microns, i.e. at least 95% of the vol-

ume particles have nominal diameters of at least 3.5-6.5 

microns. 

After analyzing table. 1 the advantages of using 

permeation grouting of ultra microfine cement for con-

struction projects requiring minimal impact on the sur-

rounding buildings become obvious because in this 

case, the greatest strength of the pillars of the soil-ce-

ment is achieved (up to 27 MPa), and low injection 

pressures have a minimal effect on the soil mass and 

significant dimensions of the soil-cement mass and a 

high degree of uniformity of the fixed soil are achieved 

[1, 6]. 

The analysis of technologies and comparison of 

parameters shows that the combination of individual 

technological parameters of the stages of grouting, 

taken according to the optimal characteristics, allows 

you to most effectively realize the advantages of 

adapted ground improvement methods by grouting [1, 

2, 8]. 

Based on the experience of work on grouting and 

the analysis of work of other sources, it is obvious that 

a combination of grouting technologies using ultra mi-

crofine cements in the following variations has a clear 

positive effect: 

1) The symbiosis of the jet-grouting with double 

fluid system (Jet-2) with the permeation grouting of ul-

tra microfine cement. The process can be described as 

follows: after the formation of the Jet-2 array is com-

pleted, a ultra microfine cement grout is pumped into it 

at a low pressure and flow rates. In this case, in the ini-

tially formed array, filling of open capillaries of the po-

rous space occurs, including larger injection channels 

formed during the injection process. In this case, micro-

hydrofracture, in contrast to classical fracturing, occurs 

along the most attenuated gradient, i.e. in closed pore 

cells filled with an injection grout of a ultra microfine 

binder OTD. 

2) The symbiosis of fracturing grouting with per-

meation grouting using ultra microfine cement suspen-

sions. This method is advisable in case of alternating 

layers of sandy and clay soils during their improving. 

In the process, permeation grouting of sandy permeable 

soils and fracturing grouting of clay impermeable soils 

(including sandy loam and loam) occurs. 

3) The Symbiosis of the consolidation grouting in 

combination with the permeation grouting. This tech-

nology is relevant for fixing technogenic soils of com-

plex composition in the presence of large voids in the 

soils, various inclusions of various permeability, which 

excludes the possibility of using any one technology. 

Correspondingly, at the first stage, consolidation grout-

ing of soils takes place, and at the second stage, the per-

meation grouting of zones of the soil to be stabilized, 

and grouting of the first stage ensures fixation of the 

microcement grout in the injection zone of the second 

stage. 

The analysis of the work and theoretical research 

allows us to draw the following conclusions: 

1. When choosing a method of ground improve-

ment in dense urban areas, the possibility of combining 

a grouting technology with the most effective safe 

working method should be taken into account. 

2. Adaptation in a single technological process of 

the Jet-2 technology with the permeation grouting of 

ultra microfine cement allows the formation of fixed 

volumes of soil with higher strength and water re-

sistance. 

3. To stabilize man-made heterogeneous soils, a 

method of symbiosis of consolidation of an array by 

permeation grouting of ultra microfine cement with the 

previous consolidation grouting process is effective. 
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ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ɼʆʅʅʋʕʊ, 

ʟʘʚ. ʢʘʬʝʜʨʦʡ ʪʘʤʦʞʝʥʥʦʛʦ ʜʝʣʘ ʠ ʵʢʩʧʝʨʪʠʟʳ ʪʦʚʘʨʦʚ, 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʣʯʝʚʘ ɼ.ɺ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ɼʆʅʅʋʕʊ, 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʪʘʤʦʞʝʥʥʦʛʦ ʜʝʣʘ ʠ ʵʢʩʧʝʨʪʠʟʳ ʪʦʚʘʨʦʚ, 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ON FIRE SAFETY OF PORTIERE FABRICS  

 

Osipenko N. 

State Educational Institution of Higher Vocational Education DONNUET, 

Head of the Customs Affairs and Goods Expertise Chair, 

Doctor of Technical Science, Professor 

Kolcheva D. 

State Educational Institution of Higher Vocational Education DONNUET, 

Docent of the Customs Affairs and Goods Expertise Chair, 

Candidate of Technical Science 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʠʭ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʪʢʘ-

ʥʝʡ ʨʘʟʣʠʯʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʜʦ ʠ ʧʦʩʣʝ ʠʭ ʦʙʨʘʙʦʪʢʠ ʦʛʥʝʟʘʱʠʪʥʳʤ ʧʨʝʧʘʨʘʪʦʤ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʠʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʜʦ ʠ ʧʦʩʣʝ ʦʛ-

ʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʥʘ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ-

ʢʘʟʘʣʠ ʠʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʧʦʜʪʚʝʨʜʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʜʘʥʠʷ ʦʛʥʝʟʘ-

ʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʨʘʟ-

ʣʠʯʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʦʛʥʝʟʘʱʠʪʥʳʡ ʧʨʝʧʘʨʘʪ Flame Stop, ʩʧʦʩʦʙʥʳʡ ʫʣʫʯ-

ʰʠʪʴ ʠʭ ʦʛʥʝʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʬʦʩʬʦʨʘ ʠ ʘʟʦʪʘ ʚ ʘʤʠʥʦʪʨʠʤʝʪʠʣʝʥ-

ʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʝ, ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʡ ʘʤʤʠʘʢʦʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʤʘʯʠʚʘʪʝʣʷ. ʋʩʪʘʥʦʚʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʝʧʘʨʘʪʝ Flame Stop ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʨʘʟʣʠʯʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʛʥʝʟʘʱʠʪʥʳʤ 

ʧʨʝʧʘʨʘʪʦʤ Flame Stop, ʧʦʯʪʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʦ ʦʙʨʘʙʦʪʢʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ɼʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʢʠ ʜʣʷ ʫʭʦʜʘ ʟʘ ʧʦʨʪʴʝʨʥʳʤʠ ʪʢʘʥʷʤʠ, ʦʙʨʘʙʦ-

ʪʘʥʥʳʤʠ Flame Stop, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

Abstract 

The article reflects the need to improve the flame retardant properties of portiere fabrics to ensure their fire 

safety. Research results of flammability indexes of portiere fabrics with different fibrous composition before and 

after processing with a flame retardant are shown. 

The aim of the research is to study flammability indexes of portiere fabrics before and after the fire-retardant 

processing. 

Tests on portiere fabrics flammability before fire-retardant processing showed their nonconformity with the 

specified requirements and confirmed the need for fire protection. 

On the basis of the conducted research it is proposed to use the new flame retardant Flame Stop for the 

processing of portiere fabrics of different fibrous composition. It will improve their fireproof properties due to the 

high content of phosphorus and nitrogen in aminotrimethylenphosphonic acid, neutralized with ammonia with the 

addition of a foaming agent. There has been found out the optimal concentration of the active substance in the 

retardant Flame Stop to make portiere fabrics of different fibrous composition hardly flammable. 

It is shown that the indicators of tensile strength of portiere fabrics processed by Flame Stop almost do not 

differ from the corresponding indexes determined before processing and correspond to the specified requirements. 

There has been proved the possibility of using chemical cleaning to care about portiere fabrics processed by 

Flame Stop, preserving their flame retardant properties. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʦʨʪʴʝʨʥʳʝ ʪʢʘʥʠ, ʦʛʥʝʟʘʱʠʪʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʧʦʢʘʟʘʪʝʣʠ ʚʦʩ-

ʧʣʘʤʝʥʷʝʤʦʩʪʠ. 

Keywords: fire safety, portiere fabrics, flame retardants, flammability indexes. 
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ʊʝʢʩʪʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝ-

ʙʝʣʴʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʝ ʪʢʘʥʠ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʪʜʝʣʢʠ ʠʥʪʝʨʴʝʨʘ, ʢʘʢ ʚ ʞʠʣʳʭ 

ʜʦʤʘʭ, ʪʘʢ ʠ ʚ ʤʝʩʪʘʭ ʩ ʤʘʩʩʦʚʳʤ ʩʢʦʧʣʝʥʠʝʤ ʣʶ-

ʜʝʡ (ʙʦʣʴʥʠʮʘʭ, ʛʦʩʪʠʥʠʮʘʭ, ʦʙʱʝʞʠʪʠʷʭ, ʩʘʥʘʪʦ-

ʨʠʷʭ, ʜʦʰʢʦʣʴʥʳʭ ʠ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ, ʪʝʘʪʨʘʭ, 

ʢʠʥʦʪʝʘʪʨʘʭ ʠ ʪ.ʜ.) [10, 17]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʧʦʞʘʨʦʦʧʘʩʥʳʤʠ ʚ 

ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʣʝʛʢʦ ʚʦʩʧʣʘʤʝ-

ʥʷʪʴʩʷ ʜʘʞʝ ʦʪ ʤʘʣʦʢʘʣʦʨʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʛʦ-

ʨʘʥʠʷ ʠ ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʧʣʘʤʷ, ʦʩʦʙʝʥʥʦ 

ʜʣʷ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʚʝʨʪʠ-

ʢʘʣʴʥʦʤ ʚʠʜʝ [1, 4, 6]. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʫʣʫʯʰʠʪʴ ʦʛʥʝʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʛʦʨʶ-

ʯʠʭ ʠ ʪʝʨʤʦʩʪʦʡʢʠʭ ʚʦʣʦʢʦʥ ʠʣʠ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝ-

ʥʝʥʠʶ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [1, 3, 9]. ʂʘʢ ʩʣʝ-

ʜʫʝʪ ʠʟ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʛʥʝʟʘʱʠʪʦʡ 

ʪʝʢʩʪʠʣʷ [1, 2, 4, 6, 9, 13-15], ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠʜʘʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʪʝʢʩʪʠʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʙʝʣʴʥʦ-ʜʝ-

ʢʦʨʘʪʠʚʥʳʤ ʪʢʘʥʷʤ, ʨʘʟʣʠʯʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʦ-

ʩʪʘʚʘ ʷʚʣʷʝʪʩʷ ʠʭ ʦʙʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʛ-

ʥʝʟʘʱʠʪʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʦʪʜʝ-

ʣʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʢʩʪʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʠʟʫʯʝʥʠʶ ʘʩʩʦʨʪʠʤʝʥʪʘ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥ ʬʦʨʤʠʨʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʚʚʦʟʫ 

ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠʟ-ʟʘ ʨʫʙʝʞʘ [5]. ɿʘʨʫʙʝʞʥʳʝ ʦʛ-

ʥʝʟʘʱʠʪʥʳʝ ʧʨʝʧʘʨʘʪʳ ʦʪʣʠʯʘʶʪʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝʤ 

ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʊʘʢ, ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʥʘ ʩʝʛʦʜʥʷ ʟʘʩʣʫʞʠʚʘʶʪ ʦʛʥʝʟʘʱʠʪʥʳʝ 

ʧʨʝʧʘʨʘʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʨ- ʠ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʣʫʯ-

ʰʠʪʴ ʦʛʥʝʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʦʢʩʘ, ʢʦʪʦ-

ʨʳʡ ʧʨʝʧʷʪʩʪʚʫʝʪ ʛʦʨʝʥʠʶ, ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʛʦʨʶ-

ʯʠʭ ʧʨʦʜʫʢʪʦʚ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʫʤʝʥʴʰʘʝʪ ʧʦʪʦʢ ʛʦ-

ʨʶʯʠʭ ʛʘʟʦʚ ʧʣʘʤʝʥʠ. 

ʀʟʫʯʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʚʝʜʫ-

ʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʨʘʙʦʪʳ Einsele U., Horrocks, A.R, Price D., 

Green J., Joseph P., Ebdon J.R., Weil E.D., Levchik 

S.V., Ranney M.W., ɸ. ʅ. ɹʘʨʘʪʦʚʘ, ɸ. ɻ. ɹʘʨʠʣʦ, ɸ. 

ɸ. ɹʝʨʣʠʥ, ʅ. ʉ. ɿʫʙʢʦʚʦʡ, ʉ. ʖ. ʂʦʟʠʥʜʳ, ʕ. ɸ. 

ʂʦʣʦʤʝʡʮʝʚʦʡ, ʅ. ʀ. ʂʦʥʩʪʘʥʪʠʥʦʚʦʡ ɸ. ʇ. ʄʦʨʳ-

ʛʘʥʦʚʘ, ʂ. ɽ. ʇʝʨʝʧʝʣʢʠʥʘ, ʄ. ɸ. ʊʶʛʘʥʦʚʦʡ [1, 4, 

9, 15-22] ʠ ʜʨ. ʆʜʥʘʢʦ, ʧʨʦʙʣʝʤʘ ʦʛʥʝʟʘʱʠʪʳ ʤʝ-

ʙʝʣʴʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʭ ʪʢʘʥʝʡ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ 

ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʦʛʥʝʟʘʱʠʪʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʳʤʠ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠ-

ʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʢʘʥʝʡ ʢʦʤʧʣʝʢʩʫ ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʠʚʘʥʠʝ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʤʝʙʝʣʴʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʭ 

ʪʢʘʥʝʡ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʦʛʥʝʟʘʱʠʪʥʳʤʠ ʧʨʝ-

ʧʘʨʘʪʘʤʠ.  

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʧʦʨʪʴʝʨʥʳʝ 

ʪʢʘʥʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʧʦʯʪʠ ʜʚʝ ʪʨʝʪʠ ʚ ʦʙ-

ʱʝʤ ʘʩʩʦʨʪʠʤʝʥʪʝ ʤʝʙʝʣʴʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʭ ʪʢʘʥʝʡ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʨʪʴʝʨ-

ʥʳʭ ʪʢʘʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ 

ʅʦʤʝʨ ʦʙʨʘʟʮʘ ʪʢʘʥʠ ɺʦʣʦʢʥʠʩʪʳʡ ʩʦʩʪʘʚ, % ɺʠʜ ʧʝʨʝʧʣʝʪʝʥʠʷ 
ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ, 

ʛ/ʤ2 
ʊʦʣʱʠʥʘ, ʤʤ 

1 

ʧʦʣʠʵʩʪʝʨ ï 53, 

ʭʣʦʧʦʢ ï 30, 

ʣʝʥ ï 17 

ʜʚʫʭʩʣʦʡʥʦʝ 317 0,76 

2 

ʧʦʣʠʵʩʪʝʨ ï 52, 

ʭʣʦʧʦʢ ï 30, 

ʣʝʥ ï 18 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ 174 0,48 

3 

ʧʦʣʠʵʩʪʝʨ ï 57, 

ʭʣʦʧʦʢ ï 30, 

ʣʝʥ ï 7, ʣʘʡʢʨʘ ï 6 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ 242 0,58 

4 

ʧʦʣʠʵʩʪʝʨ ï 60, 

ʚʠʩʢʦʟʘ ï 32, 

ʣʝʥ ï 8 

ʧʦʣʦʪʥʷʥʦʝ 218 0,56 

5 

ʧʦʣʠʵʩʪʝʨ ï 53, 

ʭʣʦʧʦʢ ï 28, 

ʣʝʥ ï 17, 

ʚʠʩʢʦʟʘ ï 2 

ʧʦʣʦʪʥʷʥʦʝ 178 0,47 

6 ʧʦʣʠʵʩʪʝʨ ï 100 ʞʘʢʢʘʨʜʦʚʦʝ 176 0,30 

7 ʭʣʦʧʦʢ ï 100 ʨʝʧʩ 210 0,48 
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ 

ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʜʦ ʠ ʧʦʩʣʝ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʠ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʢʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɼʉʊʋ 4155-2003 

[7], ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ IMO-Res. A.471 (XII) çRec-

ommendation on test method for determining the re-

sistance to flame of vertically supported textiles and 

filmsè ʚ ʯʘʩʪʠ ʤʝʪʦʜʘ ʠʩʧʳʪʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʘʢʢʨʝ-

ʜʠʪʦʚʘʥʥʦʡ ʦʧʳʪʥʦ-ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʊʘʢ, ʩʦʛʣʘʩʥʦ [7] ʪʝʢʩʪʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʢʘʢ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʡʩʷ, ʝʩʣʠ ʨʝʟʫʣʴ-

ʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʢʠʤ ʫʩʣʦʚʠʷʤ: 

- ʚʨʝʤʷ ʦʩʪʘʪʦʯʥʦʛʦ ʧʣʘʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ ʩʦ-
ʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 5 ʩ ʣʶʙʦʡ ʠʟ ʧʨʦʙ, ʠʩʧʳʪʘʥʥʳʭ ʧʨʠ 

ʟʘʞʠʛʘʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ; 

- ʥʘʣʠʯʠʝ ʧʨʦʛʦʨʘʥʠʷ ʦʙʨʘʟʮʘ ʜʦ ʦʜʥʦʡ ʠʟ 

ʝʛʦ ʢʨʦʤʦʢ ʫ ʣʶʙʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ, ʠʩʧʳʪʘʥʥʳʭ ʧʨʠ 

ʟʘʞʠʛʘʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ; 

- ʜʣʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʩʧʳʰʢʠ ʫ ʣʶʙʦʛʦ ʠʟ 

ʦʙʨʘʟʮʦʚ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 100 ʤʤ ʦʪ 

ʪʦʯʢʠ ʟʘʞʠʛʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʢʨʦʤʢʠ; 

- ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʦʙʫʛʣʠʚʘʶʱʝʛʦʩʷ ʫʯʘʩʪʢʘ 
ʙʦʣʝʝ 150 ʤʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʣʶʙʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ, 

ʠʩʧʳʪʘʥʥʳʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʣʘʤʝʥʠ ʩ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʠʣʠ ʢʨʦʤʢʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘ-

ʥʠʡ ʧʨʦʙ ʥʝ ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʫʩʣʦʚʠʷ, ʫʢʘʟʘʥʥʳʝ 

ʚʳʰʝ, ʪʦ ʪʝʢʩʪʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦ-

ʚʦʩʧʣʘʤʝʥʷʝʤʳʤ. ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

SPSS (Statistical Package for the Social Sciences). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʳʪʘ ʩʦʩʪʘʚʠʣʘ ʦʪ 

1 ʜʦ 2%. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʦʨʪʴʝʨʥʳʭ 

ʪʢʘʥʝʡ ʙʝʟ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. 

ʇʦʢʘʟʘʪʝʣʠ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʙʝʟ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʅʦʤʝʨ ʦʙ-

ʨʘʟʮʘ ʪʢʘʥʠ 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ 

ɺʨʝʤʷ ʦʩʪʘʪʦʯʥʦʛʦ ʧʣʘ-

ʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ, ʩ 

ʇʨʦʛʦʨʘʥʠʝ ʜʦ ʦʜ-

ʥʦʛʦ ʠʟ ʢʨʘʝʚ 

ɼʣʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʚʩʧʳʰʢʠ, ʤʤ 

ɼʣʠʥʘ ʦʙʫʛʣʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ, ʤʤ 

1 75 ʧʨʦʛʦʨʘʝʪ 237 206 

2 76 ʧʨʦʛʦʨʘʝʪ 300 220 

3 67 ʧʨʦʛʦʨʘʝʪ 208 185 

4 69 ʧʨʦʛʦʨʘʝʪ 311 219 

5 44 ʧʨʦʛʦʨʘʝʪ 315 217 

6 36 ʧʨʦʛʦʨʘʝʪ 36 196 

7 74 ʧʨʦʛʦʨʘʝʪ 334 212 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʦʙʨʘʟʮʳ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ [7], ʷʚʣʷʶʪʩʷ ʣʝʛʢʦ-

ʚʦʩʧʣʘʤʝʥʷʶʱʠʤʠʩʷ ʠ ʥʫʞʜʘʶʪʩʷ ʚ ʦʛʥʝʟʘʱʠʪʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʢʘʥʴ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʟ 

100% ʧʦʣʠʵʩʪʝʨʘ (ʦʙʨʘʟʝʮ ˉ 6), ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʩʧʳʰʢʠ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʫʩʪʘ-

ʥʦʚʣʝʥʥʦʛʦ ʥʦʨʤʘʪʠʚʘ (100 ʤʤ). ʆʜʥʘʢʦ ʧʦ ʜʨʫʛʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʵʪʘ ʪʢʘʥʴ ʥʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ [7]. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʪʴ-

ʝʨʥʳʭ ʪʢʘʥʝʡ ʨʘʟʣʠʯʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥ ʥʦʚʳʡ ʦʛʥʝʟʘʱʠʪʥʳʡ ʧʨʝʧʘʨʘʪ Flame 

Stop [11] ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ï 

ʘʤʠʥʦʪʨʠʤʠʪʝʣʝʥʬʦʩʬʦʥʦʚʦʡ (ɸʊʌ) ʢʠʩʣʦʪʳ 

75õ300 ʛ/ʣ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʘʷ ʘʤʤʠ-

ʘʢʦʤ ɸʊʌ ʢʠʩʣʦʪʘ ʩʦʜʝʨʞʠʪ 23,2% ʬʦʩʬʦʨʘ ʠ 

24,5% ʘʟʦʪʘ, ʯʪʦ ʩʫʤʤʘʨʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʢʠʩʣʦʪʥʦʡ 

ʬʦʨʤʝ ɸʊʌ ʢʠʩʣʦʪʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ 

31,2% ʬʦʩʬʦʨʘ ʠ 4,7% ʘʟʦʪʘ. ɺʳʙʦʨ ʪʘʢʦʡ ʢʦʤʧʦʟʠ-

ʮʠʠ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 

ʬʦʩʬʦʨʘ ʠ ʘʤʤʠʘʢʘ, ʩʧʦʩʦʙʥʳʭ ʫʣʫʯʰʘʪʴ ʦʛʥʝʟʘ-

ʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʦʚʳʡ ʦʛʥʝʟʘʱʠʪʥʳʡ ʧʨʝʧʘʨʘʪ ʥʝ ʜʦʣʞʝʥ 

ʫʭʫʜʰʘʪʴ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʚʦʡʩʪʚ ʪʢʘ-

ʥʝʡ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ, ʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʨʠ-

ʝʤʣʝʤʫʶ ʩʪʦʠʤʦʩʪʴ. 

ʆʛʥʝʟʘʱʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʧʣʶʩʦʚʦʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʚ 

ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩʦ-

ʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʨʝʞʠʤʘʤ, ʫʯʠʪʳʚʘʷ ʚʦʣʦʢ-

ʥʠʩʪʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ɸʊʌ ʢʠʩʣʦʪʳ ʚ ʥʦʚʦʤ ʧʨʝʧʘʨʘʪʝ Flame Stop ʠʩʩʣʝ-

ʜʦʚʘʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʜʣʷ ʦʙʨʘʟ-

ʮʦʚ ˉ 2, 6, 7 (ʪʘʙʣʠʮʘ 3). 
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ʊʘʙʣʠʮʘ 3. 

ʇʦʢʘʟʘʪʝʣʠ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʥʦʚʳʤ ʧʨʝʧʘʨʘʪʦʤ  

Flame Stop ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɸʊʌ ʢʠʩʣʦʪʳ 75, 100, 125, 150 ʛ/ʣ 

ʅʦʤʝʨ ʦʙ-

ʨʘʟʮʘ ʪʢʘʥʠ 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ 

ɺʨʝʤʷ ʦʩʪʘʪʦʯ-

ʥʦʛʦ ʧʣʘʤʝʥʥʦʛʦ ʛʦʨʝ-

ʥʠʷ, ʩ 

ʇʨʦʛʦʨʘʥʠʝ ʜʦ 

ʦʜʥʦʛʦ ʠʟ ʢʨʘʝʚ 

ɼʣʠʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʡ ʚʩʧʳʰʢʠ, ʤʤ 

ɼʣʠʥʘ ʦʙʫʛʣʝʥ-

ʥʦʛʦ ʫʯʘʩʪʢʘ, ʤʤ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɸʊʌ ʢʠʩʣʦʪʳ 75 ʛ/ʣ 

2 65 ʥʝ ʧʨʦʛʦʨʘʝʪ 250 185 

6 13 ʥʝ ʧʨʦʛʦʨʘʝʪ 22 140 

7 0 ʥʝ ʧʨʦʛʦʨʘʝʪ 125 125 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɸʊʌ ʢʠʩʣʦʪʳ 100 ʛ/ʣ 

2 0 ʥʝ ʧʨʦʛʦʨʘʝʪ 55 120 

6 0 ʥʝ ʧʨʦʛʦʨʘʝʪ 20 48 

7 0 ʥʝ ʧʨʦʛʦʨʘʝʪ 32 63 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɸʊʌ ʢʠʩʣʦʪʳ 125 ʛ/ʣ 

2 0 ʥʝ ʧʨʦʛʦʨʘʝʪ 50 80 

6 0 ʥʝ ʧʨʦʛʦʨʘʝʪ 15 45 

7 0 ʥʝ ʧʨʦʛʦʨʘʝʪ 30 60 

ʂʦʥʮʝʥʪʨʘʮʠʷ ɸʊʌ ʢʠʩʣʦʪʳ 150 ʛ/ʣ 

2 0 ʥʝ ʧʨʦʛʦʨʘʝʪ 45 63 

6 0 ʥʝ ʧʨʦʛʦʨʘʝʪ 15 41 

7 0 ʥʝ ʧʨʦʛʦʨʘʝʪ 28 57 

 

ʊʘʢ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʧʦʨʪʴʝʨʥʳʭ 

ʪʢʘʥʝʡ, ʦʙʨʘʙʦʪʘʥʥʳʝ Flame Stop ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ɸʊʌ ʢʠʩʣʦʪʳ 75 ʛ/ʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʘʤʳʤʠ ʥʠʟ-

ʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʧʦʣʫʯʝʥ-

ʥʳʤʠ ʜʣʷ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʆʜʥʘʢʦ, ʪʢʘʥʠ 

ʩ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʧʦ [7] ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ 

ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʝʤʳʝ.  

ʇʦʚʳʰʝʥʠʝ ʚ ʥʦʚʦʤ ʦʛʥʝʟʘʱʠʪʥʦʤ ʧʨʝʧʘʨʘʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ ʢʠʩʣʦʪʳ ʜʦ 100õ150 ʛ/ʣ ʧʨʠ-

ʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʩ-

ʧʣʘʤʝʥʷʝʤʦʩʪʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʢʘʥʠ ʢʘʢ ʪʨʫʜʥʦʚʦʩ-

ʧʣʘʤʝʥʷʝʤʳʝ. ʆʜʥʘʢʦ ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ɸʊʌ ʢʠʩʣʦʪʳ ʚ ʥʦʚʦʤ ʧʨʝʧʘʨʘʪʝ ʙʦʣʝʝ 150 ʛ/ʣ, ʥʘ 

ʥʘʰ ʚʟʛʣʷʜ, ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ 

ʪʢʘʥʝʡ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʣʠ ʚʣʠʷʥʠʝ ʥʦʚʦʛʦ ʧʨʝʧʘʨʘʪʘ 

Flame Stop ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʧʦʨ-

ʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʠʩʧʳʪʘʥʠʡ ʜʦ ʠ ʧʦʩʣʝ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʦʨʤʘʪʠʚʘʤ [12] (ʥʝ ʤʝʥʝʝ 147 ʅ) ʠ 

ʜʣʷ ʪʢʘʥʝʡ ʩ ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠʟʤʝʥʷʶʪʩʷ 

ʧʦ ʦʩʥʦʚʝ ʦʪ 708,2 ʜʦ 1692,1 ʅ, ʧʦ ʫʪʢʫ ï ʦʪ 261,7 ʅ 

ʜʦ 1368 3 ʅ, ʘ ʜʣʷ ʪʢʘʥʝʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʝʧʘʨʘ-

ʪʦʤ Flame Stop, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʦʩʥʦʚʝ ï ʦʪ 

672,9 ʜʦ 1685,3 ʅ, ʧʦ ʫʪʢʫ ï ʦʪ 259,7 ʜʦ 1367,1 ʅ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦʩʣʝ 

ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʥʝ-

ʩʢʦʣʴʢʦ ʫʭʫʜʰʠʣʠʩʴ: ʧʦ ʦʩʥʦʚʝ ï ʥʘ 0,5 õ 5%, ʧʦ 

ʫʪʢʫ ï ʥʘ 0,1 õ 1%, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫ-

ʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʡ (ʥʝ ʙʦʣʝʝ 5%). 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ, ʦʙʨʘ-

ʙʦʪʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʤ Flame Stop ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ɸʊʌ ʢʠʩʣʦʪʳ 125 ʛ/ʣ, ʢ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʢʝ ʩʦ-

ʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [8]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4. 

ʇʦʢʘʟʘʪʝʣʠ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʤ Flame Stop ʩ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ ɸʊʌ ʢʠʩʣʦʪʳ 125 ʛ/ʣ ʜʦ ʠ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʢʠ 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ ʪʢʘʥʠ 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ 

ɺʨʝʤʷ ʦʩʪʘ-

ʪʦʯʥʦʛʦ ʧʣʘʤʝʥ-

ʥʦʛʦ ʛʦʨʝʥʠʷ, ʩ 

ʇʨʦʛʦʨʘʥʠʝ ʜʦ 

ʦʜʥʦʛʦ ʠʟ ʢʨʘʝʚ 

ɼʣʠʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʡ ʚʩʧʳʰʢʠ, 

ʤʤ 

ɼʣʠʥʘ ʦʙʫʛ-

ʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ, 

ʤʤ 

1 1/1ĭ ʥʝ ʧʨʦʛʦʨʘʝʪ 72/85 103/115 

2 0/0 ʥʝ ʧʨʦʛʦʨʘʝʪ 50/66 80/84 

3 1/1 ʥʝ ʧʨʦʛʦʨʘʝʪ 87/90 109/119 

4 1/1 ʥʝ ʧʨʦʛʦʨʘʝʪ 77/86 117/125 

5 0/0 ʥʝ ʧʨʦʛʦʨʘʝʪ 73/85 118/128 

6 0/0 ʥʝ ʧʨʦʛʦʨʘʝʪ 15/15 45/57 

7 0/0 ʥʝ ʧʨʦʛʦʨʘʝʪ 30/35 60/55 

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʯʠʩʣʠʪʝʣʝ ʫʩʣʦʚʥʳʭ ʜʨʦʙʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʜʦ ʭʠʤʠʯʝ-

ʩʢʦʡ ʯʠʩʪʢʠ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʢʠ. 
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ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʧʦʨʪʴ-

ʝʨʥʳʭ ʪʢʘʥʝʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʤ Flame 

Stop ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɸʊʌ ʢʠʩʣʦʪʳ 125 ʛ/ʣ, ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʚʨʝʤʷ ʦʩʪʘʪʦʯʥʦʛʦ ʧʣʘʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ 

ʠ ʧʨʦʛʦʨʘʥʠʝ ʜʦ ʦʜʥʦʛʦ ʠʟ ʢʨʘʝʚ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ 

ʯʠʩʪʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʜʣʷ ʚʩʝʭ ʩʝʤʠ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫʭʫʜʰʝʥʠʝ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʜʣʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʩʧʳʰʢʠ ʠ ʜʣʠʥʳ 

ʦʙʫʛʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤʠ ʦʙʨʘʟʮʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʭʠʤʠʯʝ-

ʩʢʦʡ ʯʠʩʪʢʝ. ʆʜʥʘʢʦ, ʦʮʝʥʢʘ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʧʦ-

ʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʯʠʩʪʢʠ ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ [7], ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʪʢʘʥʠ ʷʚʣʷʶʪʩʷ ʪʨʫʜʥʦʚʦʩʧʣʘʤʝʥʷʝʤʳʤʠ. 

ɺʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʩʧʣʘ-

ʤʝʥʷʝʤʦʩʪʠ ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʨʘʟʣʠʯʥʦʛʦ ʚʦʣʦʢ-

ʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʥʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʷʚʣʷʶʪʩʷ ʣʝʛ-

ʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʤʠʩʷ ʠ ʥʫʞʜʘʶʪʩʷ ʚ ʦʛʥʝʟʘʱʠʪʝ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʪʴ-

ʝʨʥʳʭ ʪʢʘʥʝʡ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʨʝʧʘʨʘʪ Flame 

Stop, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʘʤʠʥʦʪʨʠʤʝʪʠʣʝʥ-

ʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚ-

ʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʡ ʢʠʩʣʦʪʳ ʚ 

ʧʨʝʧʘʨʘʪʝ Flame Stop ʜʣ̫ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʚʦʜʘ 

ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʨʘʟʣʠʯʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʦ-

ʩʪʘʚʘ ʚ ʪʨʫʜʥʦʚʦʩʧʣʘʤʝʥʷʝʤʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ 

ʧʦʨʪʴʝʨʥʳʭ ʪʢʘʥʝʡ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ Flame 

Stop ʧʦʯʪʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ɼʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝ-

ʩʢʦʡ ʯʠʩʪʢʠ ʜʣʷ ʫʭʦʜʘ ʟʘ ʧʦʨʪʴʝʨʥʳʤʠ ʪʢʘʥʷʤʠ, ʦʙ-

ʨʘʙʦʪʘʥʥʳʤʠ Flame Stop, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ ʦʛʥʝʟʘ-

ʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʘʨʘʪʦʚ ɸ.ʅ. ʇʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴ ʪʝʢ-
ʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ / ɸ.ʅ. ɹʘʨʘʪʦʚ, ʅ.ʀ. ʂʦʥʩʪʘʥ-

ʪʠʥʦʚʘ, ʀ.ʉ. ʄʦʣʯʘʜʩʢʠʡ. ï ʄ., 2006. ï 273 ʩ. 

2. ɹʘʨʠʣʦ ʆ.ɻ. ɺʦʛʥʝʙʽʦʟʘʭʠʩʪ ʪʢʘʥʠʥ ʽ ʧʘ-

ʧʝʨʫ ʧʨʦʩʦʯʫʚʘʣʴʥʦʶ ʢʦʤʧʦʟʠʮʽʻʶ: ɸʚʪʦʨʝʬʝʨʘʪ 

ʜʠʩʝʨʪʘʮʽʾ ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï ʂ., 2005. ï 22 ʩ. 

3. ɹʫʢʠʥ ɸ.ʉ. ʆʮʝʥʢʘ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ 
ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ / ɸ.ʉ. ɹʫʢʠʥ // ʊʝʭʥʠʯʝ-

ʩʢʠʡ ʪʝʢʩʪʠʣʴ. ï 2001. ï ˉ 2. ï ʉ. 18-19. 

4. ɿʫʙʢʦʚʘ ʅ.ʉ. ʉʥʠʞʝʥʠʝ ʛʦʨʶʯʝʩʪʠ ʪʝʢ-

ʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʨʝʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ / ʅ.ʉ. ɿʫʙʢʦʚʘ, 

ʉ.ʖ. ɸʥʪʦʥʦʚ // ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 

2002. ï ˉ 1. ï ʉ. 96-102.  

5. ʂʦʣʯʝʚʘ ɼ.ɺ. ɺʠʙʽʨ ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʨʝʯʦʚʠʥ 
ʜʣʷ ʦʙʨʦʙʣʷʥʥʷ ʤʝʙʣʝʚʦ-ʜʝʢʦʨʘʪʠʚʥʠʭ ʪʢʘʥʠʥ / 

ɼ.ɺ. ʂʦʣʯʝʚʘ, ʅ.ɯ. ʆʩʠʧʝʥʢʦ // ʃʝʛʢʘ ʧʨʦʤʠʩʣʦ-

ʚʽʩʪʴ. ï 2013. ï ˉ 3. ï ʉ. 47-49. 

6. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ʅ.ʀ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʦʛʥʝʟʘʱʠʪʳ ʤʝʙʝʣʴʥʳʭ ʪʢʘʥʝʡ / ʅ.ʀ. ʂʦʥʩʪʘʥ-

ʪʠʥʦʚʘ, ɸ.ɸ. ɿʘʡʮʝʚ, ʅ.ʉ. ɿʫʙʢʦʚʘ, ʖ.ɺ. ʉʪʨʝʢʘ-

ʣʦʚʘ // ʊʝʢʩʪʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ï 2002. ï ˉ 

11. ï ʉ. 34-37. 

7. ʄʘʪʝʨʽʘʣʠ ʪʝʢʩʪʠʣʴʥʽ. ʄʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥʷ 
ʥʘ ʟʘʡʤʠʩʪʽʩʪʴ : ɼʉʊʋ 4155ï2003 ï ʂ. : ɼʝʨʞʩʧʦʞʠ-

ʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2003. ï 7 ʩ. 

8. ʄʘʪʝʨʽʘʣʠ ʪʝʢʩʪʠʣʴʥʽ ʪʘ ʦʜʷʛ. ʄʝʪʦʜʠ ʚʠ-

ʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʭʽʤʽʯʥʦʛʦ ʯʠʱʝʥʥʷ : ɼʉʊʋ 

4182-2003 ï ʂ. : ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 

2004. ï III , 8 ʩ. 

9. ʄʦʨʳʛʘʥʦʚ ɸ.ʇ. ʇʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʦʛʥʝʟʘʱʠʪʥʦʡ ʦʪʜʝʣʢʠ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ / 

ɸ.ʇ. ʄʦʨʳʛʘʥʦʚ, ʕ.ɸ. ʂʦʣʦʤʝʡʮʝʚʘ // ʊʝʢʩʪ. ʭʠ-

ʤʠʷ., ʩʧʝʮ. ʚʳʧ. ʈʉʍʊʂ. ï 2002. ï ˉ 1 (20). ï ʉ. 49-

52. 

10. ʆʩʠʧʝʥʢʦ ʅ.ɯ. ʉʫʯʘʩʥʠʡ ʘʩʦʨʪʠʤʝʥʪ ʤʝʙ-
ʣʝʚʦ-ʜʝʢʦʨʘʪʠʚʥʠʭ ʪʢʘʥʠʥ ʪʘ ʰʣʷʭʠ ʧʦʣʽʧʰʝʥʥʷ ʾʭ-

ʥʴʦʾ ʧʦʞʝʞʦʙʝʟʧʝʯʥʦʩʪʽ / ʅ.ɯ. ʆʩʠʧʝʥʢʦ, ɼ.ɺ. ʂʦʣ-

ʯʝʚʘ // ʊʦʚʘʨʦʟʥʘʚʩʪʚʦ ʪʘ ʽʥʥʦʚʘʮʽʾ. ï 2011. ï ɺʠʧ. 

3. ï ʉ. 45-55. 

11. ʇʘʪʝʥʪ UA ˉ 81721, D06ʄ 13/00. ɺʦʛʥʝʟʘ-
ʭʠʩʥʠʡ ʧʨʝʧʘʨʘʪ çFLAME STOPè / ʆʩʠʧʝʥʢʦ ʅ.ɯ., 

ʇʦʣʽʱʫʢ ʉ.ʆ., ʂʦʣʯʝʚʘ ɼ.ɺ.; ʟʘʷʚʥʠʢ ʪʘ ʧʘʪʝʥʪʦʚʣʘ-

ʩʥʠʢ ɼʦʥʅʋɽʊ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʊʫʛʘʥ-ɹʘʨʘʥʦʚʩʴ-

ʢʦʛʦ; ʆʧʫʙʣ. 10.07.2013, ɹʶʣ. ˉ 13. 

12. ʇʦʣʦʪʥʘ ʜʝʢʦʨʘʪʠʚʥʳʝ. ʆʙʱʠʝ ʪʝʭʥʠʯʝ-
ʩʢʠʝ ʫʩʣʦʚʠʷ : ɻʆʉʊ 23432-89. ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʩʪʘʥʜʘʨʪʦʚ, 1990. ï 13 ʩ. 

13. ʇʫʰʢʘʨʝʥʢʦ ɸ.ʉ. ɿʥʠʞʝʥʥʷ ʟʘʡʤʠʪʦʩʪʽ ʪʝ-
ʢʩʪʠʣʴʥʠʭ ʽ ʧʘʧʝʨʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ 

ʚʦʛʥʝʟʘʭʠʩʥʠʤʠ ʩʢʣʘʜʘʤʠ / ɸ.ʉ. ʇʫʰʢʘʨʝʥʢʦ, ɸ.ɸ. 

ʏʝʨʥʫʭʘ // ʇʨʦʙʣʝʤʳ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ï 

2008. ï ˉ 24. ï ʉ. 140-143. 

14. ʉʳʨʙʫ ʉ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʦ-

ʩʪʘʚʦʚ ʜʣʷ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ / ʉ.ɸ. ʉʳʨʙʫ, 

ɺ.ɸ. ɹʫʨʤʠʩʪʨʦʚ, ɼ.ɹ. ʉʘʤʦʡʣʦʚ, ɸ.ʍ. ʉʘʣʠʭʦʚʘ // 

ʊʝʭʥʦʣʦʛʠʠ ʪʝʭʥʦʩʬʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ï 2011. ï 

ˉ 5 (39). ï ʉ. 1-7. 

15. ʊʶʛʘʥʦʚʘ ʄ.ɸ. ʆʛʥʝʟʘʱʠʪʥʳʝ ʪʝʢʩʪʠʣʴ-

ʥʳʝ ʤʘʪʝʨʠʘʣʳ / ʄ.ɸ. ʊʶʛʘʥʦʚʘ, ʄ.ɸ. ʂʦʧʴʝʚ, ʉ.ɸ. 

ʂʦʯʘʨʦʚ // ɾ. ɺʍʆ ʠʤ. ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ. ï 1981. ʪ. 

26. ï ˉ 4. ï ʉ. 61-68. 

16. Einsele, U. ¦ber die Flammfestausr¿stung 

von Textilien (1972) Textil-Praxis, 27 (3), pp. 172-

175. 

17. Green, J. An Overview of the Fire Retardant 

Chemicals Industry. Past ï Present ï Future, Fire and Ma-

terials. 1995; 19 (5): 197-204. 

18. Horrocks A.R., M. Tunc and D. Price. The 

Burning Behaviour of Textiles and Its Assessment by 

Oxygen-index Methods: A Critical Appreciation of Re-

cent Developments. Textile Institute, 1989. p. 205. 

19. Horrocks, A.R. and D. Price. Advances in fire 

retardant materials. UK, Woodhead Publishing Lim-

ited, 2008. 632 p. 

20. Joseph, P. and Ebdon, J.R. Phosphorus-Based 

Flame Retardants. In: Fire Retardancy of Polymeric 

Materials, Second Edition. (Eds: Wilkie, Charles, 

A and Morgan, Alexander, B). UK: CRC Press, 2009. 

pp. 107-127. 

21. Ranney, M.W. Flame Retardant Textiles. Park 

Ridge, N.J., Noyes Data Corp., 1970. 373 p. 

22. Weil, E.D. and Levchik S.V. Flame Retardants 

for Plastics and Textiles; Practical Applications. Ger-

many, HANSER, 2009. 297 p. 

 

http://eprints.ulster.ac.uk/6229/
http://eprints.ulster.ac.uk/6229/


10 The scientific heritage No 48 (2020) 

ʆʉʆɹʃʀɺʆʉʊɯ ʉʀʅʊɽɿʋ ɸɺʊʆʄɸʊʀʏʅʆɰ ʉʀʉʊɽʄʀ ʈɽɻʋʃʖɺɸʅʅʗ ʇʈʆʎɽʉʆʄ 

ɼʈɽʅʋɺɸʅʅʗ ʌʃɽɻʄʀ ʋ ɺʀʇɸʈʅʀʂɸʍ ɺʊʆʈʀʅʅʆɰ ʂʆʅɼɽʅʉɸʎɯɰ ɺʀʈʆɹʅʀʎʊɺɸ 

ɸʄɯɸʂʋ 

 

ɹʘʙʽʯʝʥʢʦ ɸ.ʂ. 

ʅʊʋ çʍʇɯè, ʂʘʬʝʜʨʘ ɸʊʉ ʪʘ ɽʄ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

ʇʦʜʫʩʪʦʚ ʄ.ʆ. 

ʅʊʋ çʍʇɯè, ʂʘʬʝʜʨʘ ɸʊʉ ʪʘ ɽʄ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

ʂʨʘʚʯʝʥʢʦ ʗ.ʆ. 

ʅʊʋ çʍʇɯè, ʂʘʬʝʜʨʘ ɸʊʉ ʪʘ ɽʄ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

ɻʝʨʤʘʥ ɽ.ɭ. 

ʅʊʋ çʍʇɯè, ʂʘʬʝʜʨʘ ɸʊʉ ʪʘ ɽʄ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

ɹʘʙʽʯʝʥʢʦ ʖ.ɸ. 

ʋʢʨɼʋɿʊ, ʂʘʬʝʜʨʘ ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʽʚ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

FEATURES OF SYNTHESIS OF AUTOMATIC CONTROL SYSTEM OF REFLUX DRAINAGE 

PROCESS IN EVAPORATORS OF SECONDARY CONDENSATION OF AMMONIA PRODUCTION  

 

Babichenko A. 

NTU çKhPIè, Department of TSA and EM, Kharkiv, Ukraine, 

Podustov M. 

NTU çKhPIè, Department of TSA and EM, Kharkiv, Ukraine, 

Kravchenko Ya. 

NTU çKhPIè, Department of TSA and EM, Kharkiv, Ukraine, 

German E. 

NTU çKhPIè, Department of TSA and EM, Kharkiv, Ukraine, 

Babichenko Ju. 

UkrSURT, Department of Heat engineering and heat engines, Kharkov, Ukraine 

 

ɸʥʦʪʘʮʽʷ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʜʨʝʥʫʚʘʥʥʷ ʬʣʝʛʤʠ ʫ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʠʧʘʨʥʠʢʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʪʦʨʠʥʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ 

ʚʠʨʦʙʥʠʮʪʚ ʘʤʽʘʢʫ ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʥʦʚʥʘ ʤʝʪʘ ʪʘ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ, ʘ ʩʘʤʝ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢ-

ʪʠʚʥʽʩʪʴ ʪʘ ʩʪʘʪʠʯʥʘ ʧʦʤʠʣʢʘ. ɺʠʢʦʥʘʥʦ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʧʘʢʝʪʽ MatLab ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʨʝʛʫ-

ʣʶʚʘʥʥʷ. 

Abstract 

According to the results of the analysis of the system of optimal software control of the phlegm drainage 

process in low-temperature evaporators of the technological complex of secondary condensation of ammonia pro-

duction, the main goal and criterion of control quality are established, namely economic efficiency and static error. 

The process of modeling the control system in the MatLab package with the definition of the algorithm and pa-

rameters of the controller settings that provide the criterion of control quality is performed. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ, ʚʠʧʘʨʥʠʢʠ, ʜʨʝʥʫʚʘʥʥʷ ʬʣʝʛʤʠ, ʚʪʦʨʠʥʥʘ ʢʦʥʜʝʥʩʘʮʽʷ, ʘʤʽʘʢ, 

ʨʝʛʫʣʷʪʦʨ. 

Keywords: control system, evaporators, phlegm drainage, secondary condensation, ammonia, regulator. 

 

ʉʫʯʘʩʥʽ ʘʛʨʝʛʘʪʠ ʩʠʥʪʝʟʫ ʘʤʽʘʢʫ ʩʪʘʥʦʚʣʷʪʴ ʩʦ-

ʙʦʶ ʩʢʣʘʜʥʽ ʚʝʣʠʢʦʪʦʥʥʘʞʥʽ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʯʥʽ 

ʢʦʤʧʣʝʢʩʠ, ʚ ʷʢʠʭ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʥʦʨʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʘʙʦ ʦʧʪʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʽʚ  ̒ʚʪʦʨʠʥʥʘ ʢʦʥʜʝʥʩʘʮʽʷ, 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʚʠʧʘʨʥʠʢʠ (ɺʅʊ) ʷʢʦʛʦ ʨʘʟʦʤ 

ʟ ʚʦʜʦ-ʘʤʽʘʯʥʠʤʠ ʘʙʩʦʨʙʮʽʡʥʦ-ʭʦʣʦʜʠʣʴʥʠʤʠ ʫʩʪʘ-

ʥʦʚʢʘʤʠ (ɸʍʋ) ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʜʝʥʩʘʮʽʶ ʧʨʦ-

ʜʫʢʮʽʡʥʦʛʦ ʘʤʽʘʢʫ ʟ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʛʘʟʫ ʎɻ ʟʘ 

ʨʘʭʫʥʦʢ ʡʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ.  

ɺʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʮʠʢʣʽ ɸʍʋ ʧʦʚʽʪʨʷ-

ʥʦʛʦ  ̔ʚʦʜʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʚ ʢʦʥʜʝʥ-

ʩʘʪʦʨʽ ʪʘ ʘʙʩʦʨʙʝʨʽ ʨʦʙʦʪʘ ɺʅʊ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ 

ʧʦʩʪʽʡʥʠʤ ʚʧʣʠʚʦʤ ʩʝʟʦʥʥʠʭ ʪʘ ʜʦʙʦʚʠʭ ʟʙʫʨʝʥʴ, 

ʚʠʢʣʠʢʘʥʠʭ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ  ̔ʚʦʣʦʛʦʩʪʽ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ɺʩʝ ʮʝ ʟʛʽʜʥʦ ʽʩʥʫʶʯʠʭ ʜʦ-

ʩʣʽʜʞʝʥʴ [1] ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʢʦʦʨʜʠʥʘʪ ʚʝʢ-

ʪʦʨʘ ʟʙʫʨʝʥʴ ɺʅʊ, ʘ ʩʘʤʝ ʪʝʤʧʝʨʘʪʫʨʠ (18õ38 Áʉ) 

ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ (0,994õ0,998 ʢʛ/ʢʛ) ʭʦʣʦʜʦʘʛʝʥʪʫ ʥʘ 

ʚʭʦʜʽ, ʪʠʩʢʫ ʢʠʧʽʥʥʷ (0,25õ0,296 ʄʇʘ) ʭʦʣʦʜʦ-

ʘʛʝʥʪʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʤʽʘʢʫ ʫ ʎɻ (9õ12 % ʦʙ.) ʥʘ 

ʚʠʭʦʜʽ ɺʅʊ. ʇʨʠ ʮʴʦʤʫ ʥʘʜʭʦʜʞʝʥʥʷ ʭʦʣʦʜʦʘʛʝʥʪʫ 

ʟ ʜʦʤʽʰʢʘʤʠ ʚʦʜʠ ʜʦ ɺʅʊ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʜʨʝʥʫʚʘʥʥʷ ʾʾ ʫ ʚʠʛʣʷʜʽ ʬʣʝʛʤʠ 

ʟ ʜʝʷʢʦʶ ʚʠʪʨʘʪʦʶ ὓl . ʎʝʡ ʧʨʦʮʝʩ ʟʛʽʜʥʦ ʧʦʧʝ-
ʨʝʜʥʴʦ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʫ Ū2ʎ ʦʭʦʣʦʜʞʝʥʥʷ ʎɻ ʫ ɺʅʊ ʽ ʥʦʩʠʪʴ 

ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʾʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʝʨʫʶʯʦʾ 

ʜʽʾ ʚʠʪʨʘʪʠ ʬʣʝʛʤʠ [2]. ɿʘ ʽʩʥʫʶʯʠʭ ʟʤʽʥ ʢʦʦʨʜʠʥʘʪ 

ʚʝʢʪʦʨʘ ʟʙʫʨʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʟʤʽʱʝʥʥʷ ʝʢʩʪʨʝ-

ʤʫʤʫ (ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ Ū2ʎ). ɿʘ 

ʪʘʢʠʭ ʦʙʩʪʘʚʠʥ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ Ū2ʎ ʫ 
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ɺʅʊ ʩʢʣʘʜʘʻ ʚʽʜ -8 Áʉ ʜʦ 5 Áʉ. ʆʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ 

ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʽʪʴ ʥʘ 1 Áʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʯʥʦʾ ʚʠʪʨʘʪʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ 

307,3 ʪʠʩ.ʥʤ3 ʪʘ ʟʥʠʞʫʻ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʘʛʨʝʛʘʪʫ ʩʠʥ-

ʪʝʟʫ [3]. ɺʩʝ ʮʝ ʟʫʤʦʚʠʣʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘ-

ʷʚʥʽʩʪʶ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ ʟ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ, 

ʦʙʯʠʩʣʶʚʘʯʝʤ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

ʪʘ ʟʥʘʯʝʥʴ ʫʩʪʘʚʦʢ (ʟʘʚʜʘʥʥʷ) ʨʝʛʫʣʷʪʦʨʘ ʚʠʪʨʘʪʠ 

ʬʣʝʛʤʠ [4]. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʪʘʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʣʷʛʘʻ ʫ 

ʩʣʽʜʢʫʚʘʥʥʽ ʟʘ ʟʤʽʥʦʶ ʫʩʪʘʚʢʠ, ʪʦʙʪʦ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʚʠ-

ʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠ-

ʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ɿʘ ʪʘʢʦʾ ʫʤʦʚʠ ʦʩ-

ʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʤʘʻ ʙʫʪʠ ʦʙ-

ʨʘʥʘ ʩʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʚ ʨʽʚʥʦʚʘʞʥʦʤʫ ʨʝʞʠʤʽ 

ʩʠʩʪʝʤʠ. ɺʠʭʦʜʷʯʠ ʟ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʪʘ ʦʙʨʘʥʦʛʦ 

ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ 

ʘʥʘʣʽʟ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʪʠʧʫ ʨʝ-

ʛʫʣʷʪʦʨʘ ʽ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʠʢʦʥʘʪʠ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʦʙʨʘʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ. ɼʠʥʘʤʽʢʘ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʥʴʦʤʫ 

ʚʠʢʦʥʘʚʯʠʤ ʧʨʠʩʪʨʦʻʤ ʽ ʚʠʪʨʘʪʦʤʽʨʦʤ, ʷʢ ʚʽʜʦʤʦ, 

ʦʧʠʩʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ ʧʦ-

ʨʷʜʢʫ. ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʪʘʢʦʛʦ ʦʙôʻʢʪʫ ʤʘʻ ʚʠ-

ʛʣʷʜ:  

ὡ̨ ί ; (1) 

ʜʝ Ὧ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦ ʢʘʥʘʣʫ ʨʝʛʫʣʶ-
ʚʘʥʥʷ, (ʢʛ/ʛʦʜ)/ʇʘ; 

Ὕ ï ʩʪʘʣʘ ʯʘʩʫ ʦʙôʻʢʪʘ, ʩ.: 

Ὕ ˡ

Ў
, (2) 

ὒ ï ʜʦʚʞʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʫ ʤʽʞ ʜʘʪʯʠʢʦʤ ʪʘ ʨʝ-
ʛʫʣʶʶʯʠʤ ʦʨʛʘʥʦʤ, ʤ; 

ὓl  ï ʚʠʪʨʘʪʘ ʬʣʝʛʤʠ, ʢʛ/ʩ; 

Ὓ ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʤ2; 

Ўὖ ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʨʝʛʫʣʶʶʯʦʤʫ ʦʨʛʘʥʽ, 

ʇʘ; 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʧʽʟ-

ʥʝʥʥʷ ὡ̝ ί Ὡ , ʷʢʝ ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʜʘʥʦʛʦ 

ʦʙôʻʢʪʫ, ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ 

[5]: 

ὡʆɿί ὡʆίὡɿί Ὡ ; (3) 

ʜʝ † ï ʪʨʘʥʩʧʦʨʪʥʝ ʟʘʧʽʟʥʝʥʥʷ, ʩ.: 

† , (4) 

Ὗ ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ, ʤ/ʩ. 

ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ (3) Ὕ ʽ † ʚʠʟʥʘʯʘʣʠʩʴ ʚʠʭʦ-
ʜʷʯʠ ʟ ʨʝʘʣʴʥʠʭ ʽʩʥʫʶʯʠʭ ʫʤʦʚ, ʱʦ ʤʦʞʫʪʴ ʩʧʦ-

ʩʪʝʨʽʛʘʪʠʩʴ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʽ ʚʠʭʦʜʫ ʬʣʝʛʤʠ ʟ ɺʅʊ 

ʪʘ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ: ὒ=40 ʤ,  Ὀ˟ =̋0,025 ʤ ï 

ʜʽʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʟʥʘʯʝʥʴ Ὗ ʽ Ὕ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʟʛʽʜʥʦ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ ʩʝʨʝʜʥʷ ʚʠʪʨʘʪʘ ʬʣʝʛʤʠ ὓl  ʥʘ ʨʽʚʥʽ 0,5 

ʪ/ʛʦʜ [2]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʦʪʨʠ-

ʤʘʥʽ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ: Ὕ=0,06 

c, †=90 c. ʆʪʨʠʤʘʥʘ ʩʪʘʣʘ ʯʘʩʫ ʻ ʜʫʞʝ ʤʘʣʦʶ ʚʝʣʠ-

ʯʠʥʦʶ ʽ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʽʡ ʜʠʥʘʤʽʯʥʽʡ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʮʽ, ʘ ʦʪʞʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ. 

ʎʷ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʫʤʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʶ ʜʘʥʠʭ 

ʱʦʜʦ ʽʥʝʨʮʽʡʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʨʝʛʫ-

ʣʷʪʦʨʘ, ʚʠʢʦʥʘʚʯʦʛʦ ʤʝʭʘʥʽʟʤʫ ʽ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʩʠʛ-

ʥʘʣʫ, ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ T ʤʦʞʝ ʩʢʣʘʜʘʪʠ 

ʚʽʜ 3 ʩ ʜʦ 10 ʩ. 

ɯʥʰʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʧʦʣʷʛʘʻ 

ʫ ʜʦʩʪʘʪʥʴʦ ʟʥʘʯʥʽʡ ʚʝʣʠʯʠʥʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʧʽʟ-

ʥʝʥʥʷ. ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʪʘʢʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʜʝ 

†/( †+ Ὕ)>0.5, ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ 

ʨʝʛʫʣʷʪʦʨʘ ï ʧʨʝʜʠʢʪʦʨʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʙʣʦʢ ʜʣʷ ʧʝ-

ʨʝʜʙʘʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʯʝʨʝʟ ʯʘʩ †, ʥʘʧʨʠʢʣʘʜ ʧʨʝ-
ʜʠʢʪʦʨ ʉʤʽʪʘ [6]. ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʩʪʨʫʢʪʫʨʠ ʟôʷʚ-

ʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʙʘʯʠʪʠ ʷʢʠʡ ʩʠʛʥʘʣ ʙʫʜʝ 

ʥʘ ʚʠʭʦʜʽ ʜʦ ʪʦʛʦ, ʷʢ ʚʽʥ ʪʘʤ ʟôʷʚʠʪʴʩʷ ʥʘʩʧʨʘʚʜʽ.  

ɼʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ 

ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʨʦʙʦʚʦ-ʨʘʮʽʦ-

ʥʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ὡ ί ʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʪʨʠʤʢʠ 

ὡɿί: 

ὡ ɿί ὡ ίϽὡɿί, (5) 

 

ʜʝ ὡ ί , ʘ ὡɿί Ὡ . 

ʊʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ὡ ί ὡʆί, ʘʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ 
ʤʦʜʝʣʴ ʦʙôʻʢʪʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʝʘʣʴʥʦʛʦ ʦʙôʻʢʪʫ 

ʢʝʨʫʚʘʥʥʷ. 

ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʟ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ 

ʟʘʪʨʠʤʢʫ ὡɿί, ʟôʷʚʣʷʻʪʴʩʷ ʧʨʠʥʮʠʧʦʚʘ ʤʦʞ-

ʣʠʚʽʩʪʴ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʘ ʜʦ ʧʦʷʚʠ 

ʩʠʛʥʘʣʫ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ. ʈʝʘʣʽʟʫʻʪʴʩʷ ʮʷ ʤʦʞʣʠʚʽʩʪʴ 

ʩʠʩʪʝʤʦʶ ʟʽ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ɺ 

ʷʢʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʝʣʝʤʝʥʪʫ ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴ ʢʣʘʩʠʯʥʠʡ ʇɯɼ ʨʝʛʫʣʷʪʦʨ ʧʝʨʝʜʘʪʥʘ 

ʬʫʥʢʮʽʷ ʷʢʦʛʦ ʟʘʧʠʩʘʥʘ ʩʪʘʥʜʘʨʪʥʦʶ ʬʦʨʤʦʶ [7,8]: 

ὡ̃ ˴ ίˑ ὑ ρ Ὕί (6) 

ʜʝ ὑ  ï ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʫʣʷʪʦʨʘ, 

Ὕ ï ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʘʙʦ ʽʥʪʝʛʨʫʚʘʥʥʷ, 

Ὕ ï ʯʘʩ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ. 
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ʈʠʩ.1. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʟ ʧʨʝʜʠʢʪʦʨʦʤ ʉʤʽʪʘ: 

ὶί ï ʩʠʛʥʘʣ ʟʘʚʜʘʥʥʷ (ʫʩʪʘʚʢʠ); Ὡί ï ʩʠʛʥʘʣ ʧʦʭʠʙʢʠ; όί ï ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʨʝʛʫʣʷʪʦʨʘ;  

ώί ï ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ; ‐ί ï ʨʽʟʥʠʮʷ ʩʠʛʥʘʣʽʚ ʥʘ ʚʠʭʦʜʘʭ ʤʦʜʝʣʽ ʪʘ ʦʙôʻʢʪʘ 

 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧ-

ʥʦʤʫ. ɿʘ ʫʤʦʚʠ ‐ί π ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 
ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ: 

 

ώί ὡ ίὡɿίὡ̃ ˴ ίˑ ὶί ‐ί ὡ ίόί ;  (7) 

 

‐ί  ώί ὡ ίὡɿίόί; (8) 

 

ώί ὡ ίὡɿίόί; (9) 

 

ʈʦʟʚôʷʟʫʶʯʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (7-9) ʚʽʜʥʦʩʥʦ ώί ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ: 

 

ώί ˜˴ˑ

˜˴ˑ ˜˴ˑ ɿ
ὶί ὡɿί. (10) 

 

ʆʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ (10) ʩʚʽʜʯʠʪʴ, ʱʦ ʽʟ ʟʨʦʩ-

ʪʘʥʥʷʤ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʨʽʟʥʠʮʷ ὡ ί ὡ ί  ʫ 

ʟʥʘʤʝʥʥʠʢʫ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ, ʘ ʦʪʞʝ ʟ ʧʝʨʝʜʘʪʥʦʾ 

ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʚʠʣʫʯʘʻʪʴʩʷ ʪʨʘʥʩʧʦʨʪʥʘ ʟʘ-

ʪʨʠʤʢʘ, ʷʢʘ ʪʽʣʴʢʠ ʜʦʜʘʻʪʴʩʷ ʜʦ ʚʞʝ ʦʪʨʠʤʘʥʦʛʦ ʨʝ-

ʟʫʣʴʪʘʪʫ ʨʝʛʫʣʶʚʘʥʥʷ. 

ɼʣ̫ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʷʢ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʬʣʝʛʤʠ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʦ-

ʜʠʬʽʢʘʮʽʶ ʧʨʝʜʠʢʪʦʨʘ ʉʤʽʪʘ [9, 10], ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʪʽʣʴʢʠ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʫʩʪʘʚʢʦʶ ʪʘ 

ʧʨʘʢʪʠʯʥʦʶ ʚʽʜʩʫʪʥʽʩʪʶ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ. ʉʪʨʫʢ-

ʪʫʨʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟ ʪʘʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʚʝ-

ʜʝʥʘ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ.2. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʟ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʧʨʝʜʠʢʪʦʨʦʤ ʉʤʽʪʘ 

 

ʇʨʦʚʽʚʰʠ ʦʧʝʨʘʮʽʶ ʥʦʨʤʫʚʘʥʥʷ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʦʙôʻʢʪʫ ὑ ʩʪʘʻ ʨʽʚʥʠʤ 1, ʧʝʨʝ-

ʜʘʪʥʘ ʬʫʥʢʮʽʷ (1) ʥʘʙʫʚʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

ὡ ὖ Ὡ ; (11) 

ʆʜʥʘʢ ʪʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʣʷ ʨʝʘʣʴʥʦʛʦ 

ʦʙôʻʢʪʫ ʧʨʠ ʥʝʥʦʨʤʦʚʘʥʦʤʫ ὑ, ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʫʣʷʪʦʨʘ ὑ  ʟʤʽʥʠʪʴʩʷ ʦʙʝʨʥʝʥʦ ʧʨʦ-

ʧʦʨʮʽʡʥʦ ʜʦ ʟʥʘʯʝʥʥʷ ὑ. 

ʋ ʟʚôʷʟʢʫ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ 

ʦʙôʻʢʪʫ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʜʝʷʢʽ ʧʨʠʧʫʱʝʥʥʷ. ʗʢ ʙʫʣʦ 

ʩʢʘʟʘʥʦ ʚʠʱʝ, ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ T ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 3 ʩ ʜʦ 10 ʩ. ʊʦʤʫ, ʚ ʷʢʦʩʪʽ 

ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ ʤʦʜʝʣʽ ʦʙôʻʢʪʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘ-

ʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʙʫʣʠ ʦʙʨʘʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʚʽʜ ʛʨʘʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ: 

Ὕ φȢυ ʩ. ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ; 

ὡ ί 

ὡ ίὡ̝ ί 

ὡ ίὡ̝ ί 

ὶί Ὡί 
ὡ̃ ˴ ίˑ 

όί ώί 

‐ί 

ὶί Ὡί 
ὡ̃ ˴ ίˑ 

ὡ- ί 

όί 
ὡ ίὡ̝ ί 

ὡ ίὡ̝ ί 

ώί 

‐ί 
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Ὕ Ὡ υȢτχχς ʩ. ï ʩʝʨʝʜʥʻ ʣʦʛʘ-

ʨʠʬʤʽʯʥʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʘʣʴʰʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘ-

ʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʚʦʜʠʚʩʷ ʜʣʷ ʜʚʦʭ ʤʦʜʝʣʝʡ 

ʧʨʦʮʝʩʫ: 

ὡ ί
Ȣ

; (12) 

ὡ ί
Ȣ

. (13) 

ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ (Ὕ φȢυ) ʙʫʣʦ ʦʪʨʠʤʘʥʦ 
ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʘ: 

 

ὑ  πȢπφςψȟὝ  πȢυςχȟὝ  πȢπππωωψ. (14) 

 

ɺʨʘʭʦʚʫʶʯʽ ʤʘʣʝ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘ-

ʤʝʪʨʫ Ὕ, ʪʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʡʤʘʶʪʴ Ὕ π. 
ʅʘ ʨʠʩ.3 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʥʪʫʨʫ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʜʨʝʥʫʚʘʥʥʷ ʬʣʝʛʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʣʦʾ ʯʘʩʫ ʧʨʦʮʝʩʫ ʱʦ ʜʦʨʽʚʥʶʻ ʟʥʘ-

ʯʝʥʥʷʤ ʩʪʘʣʦʾ ʯʘʩʫ Ὕ ʟ 3ʩ. ʜʦ 10ʩ ʟ ʢʨʦʢʦʤ 1 ʜʣʷ ʤʦ-

ʜʝʣʽ (12). 

 
ʈʠʩ. 3. ɻʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟ ʤʦʜʝʣʣʶ ʦʙôʻʢʪʘ (12) ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ  

ʩʪʘʣʠʭ ʯʘʩʫ 

 

ʇʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʢʦʥʪʦʨʫ ʟ ʤʦʜʝʣʣʶ ʧʨʦʮʝʩʫ (12) ʥʘʚʝʜʝʥʦ ʚ ʊʘʙʣʠʮʽ 1, ʜʝ ɝ̒  ̓ï 

ʩʪʘʪʠʯʥʘ ʧʦʤʠʣʢʘ, ὸ̑̆̄ ï ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʊʘʙʣʠʮʷ 1.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʧʨʦʮʝʩʫ (12) 

ʉʪʘʣʘ ʯʘʩʫ ʦʙôʻʢʪʘ T ʏʘʩ ʟʨʦʩʪʘʥʥʷ ʇʝʨʝʨʝʛʫʣʶʚʘʥʥ ̫
ɝ̒  ̓ʜʣʷ 

ὸ̑̆̄ςχπ̒Ȣ 
ɝ̒  ̓ʜʣʷ 

ὸ̑̆̄σφπ̒Ȣ 
ʇʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ 

3 102.5 0.202826 0.040879 0.007744 95.2349 

4 103.8 0.135507 0.018361 0.003058 67.74103 

5 105.1 0.118874 0.005396 0.001285 44.85013 

6 106.3 0.101954 0.000534 0.00012 26.33235 

6.5 107 0.098688 2.03e-06 6.54e-08 18.39302 

7 107.6 0.097632 0.0005 6.17e-05 22.98777 

8 108.9 0.097623 0.003521 0.000573 32.6934 

9 110.2 0.098727 0.008882 0.001129 42.72425 

10 111.6 0.125762 0.016065 0.001762 53.01753 

 

ʆʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʢʝ-

ʨʫʚʘʥʥʷ ʻ ʩʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ. ʊʦʤʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʮʝʡ ʧʦʢʘʟʥʠʢ ʧʨʠ ʯʘʩʽ ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 

σ† ʪʘ τ†. 
ɼʣʷ ʤʦʜʝʣʽ ʦʙôʻʢʪʫ ʟ ʧʦʩʪʽʡʥʦʶ ʯʘʩʫ Ὕ

υȢτχχςʩ. ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫ-
ʣʷʪʦʨʘ: 

ὑ  πȢπφψψȟὝ  πȢτχωȟὝ  πȢπππψσς. (15) 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ Ὕ ʪʘʢʦʞ ʤʦʞʝʤʦ ʜʦʨʽʚʥʷʪʠ 

0. 

ɻʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʢʦʥʪʫʨʫ ʢʝ-

ʨʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʩʪʘʣʦʾ ʯʘʩʫ ʟ 3 ʜʦ 10 

ʩ. ʟ ʣʦʛʘʨʠʬʤʽʯʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ Ὕ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

4. 
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ʈʠʩ. 4. ɻʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟ ʤʦʜʝʣʣʶ ʦʙôʻʢʪʘ (13) ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ  

ʩʪʘʣʠʭ ʯʘʩʫ 

 

ʇʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ (13) ʥʘʚʝʜʝʥʦ ʚ ʊʘʙʣʠʮʽ 2. 

ʊʘʙʣʠʮʷ 2.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʧʨʦʮʝʩʫ (13) 

ʉʪʘʣʘ ʯʘʩʫ ʦʙôʻʢʪʘ T ʏʘʩ ʟʨʦʩʪʘʥʥʷ ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ 
ɝ̒  ̓ʜʣʷ 

ὸ̑̆̄ςχπ̒Ȣ 
ɝ̒  ̓ʜʣʷ 

ὸ̑̆̄σφπ̒Ȣ 
ʇʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ 

3 101 0,165808 0,027477 0,006698 67,46467 

3,666635 101,9 0,130549 0,012953 0,001599 50,31239 

4,481405 102,9 0,114508 0,003317 0,000217 32,94883 

5,477226 104,1 0,098804 3,12E-07 2,80E-08 15,47527 

6,69433 105,7 0,09763 0,00312 0,000336 27,06366 

8,181888 107,7 0,118285 0,013449 0,001322 42,04354 

10 110,3 0,17337 0,032219 0,005451 63,40672 

ɺʠʩʥʦʚʢʠ 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠ-

ʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝ-

ʩʦʤ ʜʨʝʥʫʚʘʥʥʷ ʬʣʝʛʤʠ ʫ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʠ-

ʧʘʨʥʠʢʘʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʪʦʨʠʥʥʦʾ ʢʦʥ-

ʜʝʥʩʘʮʽʾ ʜʽʶʯʠʭ ʚ ʋʢʨʘʾʥʽ ʘʛʨʝʛʘʪʽʚ ʩʠʥʪʝʟʫ ʘʤʽʘʢʫ 

ʩʝʨʽʾ ɸʄ-1360. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʽ 

ʦʩʥʦʚʥʘ ʤʝʪʘ ʪʘ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ, ʘ 

ʩʘʤʝ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʘʪʠʯʥʘ ʧʦʭʠʙʢʘ. 

ɺʠʟʥʘʯʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʧʝʨʰʦʛʦ ʧʦ-

ʨʷʜʢʫ ʪʘ ʾʾ ʧʘʨʘʤʝʪʨʠ ʟʘ ʽʩʥʫʶʯʠʭ ʨʝʘʣʴʥʠʭ ʚʠʨʦʙ-

ʥʠʯʠʭ ʫʤʦʚ. ɺʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ 

ʧʨʦʮʝʩʫ ʜʨʝʥʫʚʘʥʥʷ ʬʣʝʛʤʠ ʟ ʧʨʝʜʠʢʪʦʨʦʤ ʉʤʽʪʘ, 

ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʟʥʘʯʥʦʶ ʚʝʣʠʯʠʥʦʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʧʽʟʥʝʥʥʷ. ɺʠʢʦʥʘʥʠʡ ʧʨʦʮʝʩ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝ-

ʣʶʚʘʥʥʷ ʚ ʧʘʢʝʪʽ Matlab ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʇɯ ʘʣ-

ʛʦʨʠʪʤ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ ʥʘʣʘʰʪʫ-

ʚʘʥʥʷ. ʇʦʨʽʚʥʶʚʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʫʩʪʘʚʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʬʣʝʛʤʠ ʩʚʽʜʯʠʪʴ, ʱʦ ʥʝʟʚʘʞʘ-

ʶʯʠ ʥʘ ʜʝʷʢʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ ʦʙôʻʢʪʘ 

ʚʩʪʘʥʦʚʣʝʥʽ ʩʪʨʫʢʪʫʨʘ, ʘʣʛʦʨʠʪʤ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʨʘʥʦʤʫ 

ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʫ ʟʘʛʘʣʴ-

ʥʽʡ ʩʪʨʫʢʪʫʨʽ ʩʠʩʪʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʚʪʦʨʠʥʥʦʾ 

ʢʦʥʜʝʥʩʘʮʽʾ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʙʣʝʤʘʪʠʢʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʚ ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʘʭ (ʐʇʉ) ʦʧʨʝʜʝʣʷʶʪ 

ʧʨʠʩʫʱʠʝ ʵʪʠʤ ʩʠʛʥʘʣʘʤ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʰʠ-

ʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ (ʐʉʉ) ʧʨʠ ʧʝʨʝʜʘʯʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʪʢʨʳʪʦʤ ʨʘʜʠʦʢʘ-

ʥʘʣʝ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʍʦʪʷ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʐʇʉ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚ ʵʪʠʭ ʩʝʪʷʭ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ, ʦʜʥʘʢʦ ʨʘʟʚʠʪʠʝ ʩʝʪʝʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʳʭ 

ʫʪʦʯʥʝʥʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ ʦ ʩʧʦʩʦʙʘʭ ʧʦʩʪʨʦʝʥʠʷ ʢʦʜʦʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɹʘʨʢʝʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʩʰʠʨʝʥʠʷ 

ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʤ ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʎʝʣ.ɹ ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢ-

ʮʠʠ (ɸʂʌ) ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʜʦʚ ɹʘʨʢʝʨʘ ʠ ʧʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ɸʂʌ ʥʦʚʳʭ ʢʦʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʤ-

ʧʦʟʠʪʥʳʭ ʢʦʜʦʚ ɹʘʨʢʝʨʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʬʫʥʢʮʠʷʤ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʜʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ.  

ʄʝʪʦʜʳ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʘ ʪʘʢʞʝ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ MatLab. 

ʈʝʟʫʣʴʪʘʪʳ. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʢʦʤʧʦʟʠʪʥʳʭ 

ʢʦʜʦʚ ɹʘʨʢʝʨʘ. ʇʨʦʚʝʜʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʜʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ 12 ʜʦ 48. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʢʦʜʳ 

ɹʘʨʢʝʨʘ, ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʠʭ ʧʦʣʫʯʝʥʠʷ.  

ɺʳʚʦʜʳ. ɼʘʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʜʦʚ ɹʘʨ-

ʢʝʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ɸʂʌ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʜʦʚ ɹʘʨʢʝʨʘ, ʢʘʢ ʠ ɸʂʌ ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɹʘʨ-

ʢʝʨʘ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʩʦʩʪʘʚʣʝʥʳ, ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ 12 ʜʦ 48. 

ʅʘʡʜʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʧʦʩʪʨʦʝʥʠʠ ʧʘʨ ʩʦʯʝʪʘʥʠʡ ʢʦʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʫʶ ɸʂʌ, 
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ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʡʪʠ 4 ʧʘʨʳ ʥʦʚʳʭ ʩʦʯʝʪʘʥʠʡ, ʠʤʝʶʱʠʭ ʪʫ ʞʝ ɸʂʌ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʠʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʐʇʉ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʥʦʥʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʦʪ 3,01 ʜɹ ʜʦ 10,41 ʜɹ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 1 ʄɻʮ. ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʠʩʢʘ ʥʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʜʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʘʚʪʦ-

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʩʦʯʝʪʘʥʠʡ ʢʦʜʦʚʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɹʘʨʢʝʨʘ. 

Abstract 

Issues. The demand for the noise-like signals (NLS) these days are set by the qualities that they innate, which 

allow to provide high interference protection of the broadband communication systems (BCS) while transferring 

confidential information within the open channel, especially for the emergency situations. Despite the NLS theo-

ries are already widely used and well known within these networks, the wireless communication networks are in 

constant demand for the clarification in terms of the new data on the Barker code sequences building, that are used 

in the wireless networks for the wider span using the Direct Sequence Spread Spectrum (DSSS).  

Target. This research targets for finding the analytical expressions of the Autocorrelation function (Serial 

Correlation, ACF) of the composite Barker codes and compliance check of the ACF with the new code construc-

tions of the composite Barker codes using the autocorrelation method of the source composite codes modeling. 

Methods. The analytical calculation methods implementation, and simulation using the MatLab software. 

Results. The analytical expressions for the autocorrelation function of the composite Barker codes are ob-

tained. Modelled simulation, which confirmed the ability of the quantity of the composite sequences increase from 

12 to 48. New composite Barker codes are derived; the receipt methodology is provided.  

Conclusion. Analytical expression for the autocorrelation function of the composite Barker codes is provided. 

Shown that ACF of the composite Barker codes, same as the ACF of the canonical Barker sequences, from which 

they are derived, have the same inner product and autocorrelation function characteristics, that allowed the known 

composite sequences increase from 12 to 48. Similar ACF code construction combination pairs pattern is found, 

that allowed to find 4 new combination pairs binding the same ACF. Calculations show that for the obtained 

composite sequences the growth of the NLS strengthening coefficient may draw up from 3.01dB to 10.41dB within 

the 1MHz speed of information transmission. Presented, is the methodology for the new composite codes with the 

same autocorrelation function search, which can be used for the new code construction combinations search as 

well as other composite Barker sequences. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʜʳ ɹʘʨʢʝʨʘ, ʢʦʤʧʦʟʠʪʥʳʝ ʢʦʜʳ ɹʘʨʢʝʨʘ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ.  

Keywords: Barker codes, composite Barker codes, autocorrelation function. 

 

ɺʚʝʜʝʥʠʝ 
ɺ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ (ʐʉʉ) 

ʧʨʠʤʝʥʷʶʪʩʷ ʰʫʤʦʧʦʜʦʙʥʳʝ ʩʠʛʥʘʣʳ (ʐʇʉ). ʆʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ 

ʐʉʉ, ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʨʘ-

ʙʦʪʫ ʤʥʦʛʠʭ ʘʙʦʥʝʥʪʦʚ ʚ ʦʙʱʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʧʨʠ 

ʘʩʠʥʭʨʦʥʥʦ-ʘʜʨʝʩʥʦʤ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤ 

ʩʚʷʟʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʦʜʦʚʦʤ ʨʘʟʜʝʣʝʥʠʠ ʘʙʦʥʝʥ-

ʪʦʚ.  

ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʐʉʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥ-

ʜʘʤʝʥʪʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʩʚʷʟʳʚʘʝʪ 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʧʦʤʝʭʘ ʥʘ ʚʳʭʦʜʝ ʧʨʠʝʤʥʠʢʘ (ʥʘ 

ʚʳʭʦʜʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʠʣʠ ʢʦʨʨʝʣʷʪʦʨʘ) 

q2 ʩ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʧʦʤʝʭʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤ-

ʥʠʢʘ ɟ2 [1]: 

q2 = 2ɺ ɟ2, (1) 

ʛʜʝ q2 = ʈʩ/ ʈʧ (ʈʩ, ʈʧ ï ʤʦʱʥʦʩʪʠ ʐʇʉ ʠ ʧʦ-

ʤʝʭʠ), ɟ2 = 2ɽ/Nʧ (ʵʥʝʨʛʠʷ ʐʇʉ ɽ = ʈʩʊ, ʊ ï ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʐʇʉ, Nʧ = ʈʧ/F ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʧʦʤʝʭʠ ʚ ʧʦʣʦʩʝ ʐʇʉ, F ï h ʠʨʠʥʘ 

ʩʧʝʢʪʨʘ ʐʇʉ, ɺ = FT ï ʙʘʟʘ ʐʇʉ).  

ʀʟ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠʝʤ ʐʇʉ ʩʦʛʣʘʩʦʚʘʥʥʳʤ 

ʬʠʣʴʪʨʦʤ ʠʣʠ ʢʦʨʨʝʣʷʪʦʨʦʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʩʠ-

ʣʝʥʠʝʤ ʩʠʛʥʘʣʘ (ʠʣʠ ʧʦʜʘʚʣʝʥʠʝʤ ʧʦʤʝʭʠ) ʚ 2ɺ ʨʘʟ 

ʠ ʵʪʫ ʚʝʣʠʯʠʥʫ ʥʘʟʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 

ʐʇʉ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʣʠ ʧʨʦʩʪʦ ʫʩʠʣʝʥʠʝʤ ʦʙʨʘ-

ʙʦʪʢʠ [1]: 

ʂh ʧʩ = q2 / ɟ2 = 2ɺ.  (2) 

ʀʟ (1, 2) ʚʠʜʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨ q2, ʦʧʨʝʜʝʣʷʶ-

ʱʠʡ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʝʤʘ ʐʇʉ, ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ ʜʘʞʝ ʧʨʠ ʵʥʝʨʛʝʪʠʢʝ ʩʠʛʥʘʣʘ ʠ ʧʦ-

ʤʝʭʠ ɟ2 << 1 ʧʫʪʝʤ ʚʳʙʦʨʘ ʐʇʉ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʙʘ-

ʟʦʡ ɺ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʠʟ ʜʚʫʭ ʐʉʉ, ʠʤʝʶʱʠʭ 

ʦʜʠʥʘʢʦʚʳʝ ʧʘʨʘʤʝʪʨʳ q2, ʥʦ ʠʩʧʦʣʴʟʫʶʱʠʝ ʐʇʉ 

ʩ ʨʘʟʥʳʤʠ ʙʘʟʘʤʠ, ʥʘʧʨʠʤʝʨ, ɺ1 < ɺ2, ʚʪʦʨʘʷ ʩʠ-

ʩʪʝʤʘ ʩʚʷʟʠ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʩʣʘʙʳʡ ʧʦʣʝʟ-

ʥʳʡ ʩʠʛʥʘʣ ʥʝʞʝʣʠ ʧʝʨʚʘʷ. 

ʐʇʉ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝ-

ʣʝʥʠʝʤ ʢʘʥʘʣʦʚ (CDMA, WCDMA) [2], ʚ ʩʠʩʪʝʤʘʭ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʩʝʤʝʡʩʪʚʘ 802.11 ʩ ʪʝʭʥʦʣʦ-

ʛʠʝʡ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʤ ʧʨʷʤʦʡ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ (Direct Sequence Spread Spectrum, 

DSSS) [3], ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠ-

ʩʪʝʤʘʭ [4]. ɺ ʨʦʣʠ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʰʠʨʷʶʱʠʭ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʩʝʪʷʭ WCDMA ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ M-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ɻʦʫʣʜʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ, ʚ 

ʩʠʩʪʝʤʘʭ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʩʝʤʝʡʩʪʚʘ 802.11 ʜʣʷ 

ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ɹʘʨʢʝʨʘ ʜʣʠʥʳ 11, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʜʠʦʣʦʢʘ-

ʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʜʳ ɹʘʨʢʝʨʘ 

ʜʣʠʥʳ 11 ʠ 13.  

ʀʟ ʚʩʝʭ ʐʇʉ ʥʘʠʣʫʯʰʠʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʶʪ, ʦʪʢʨʳʪʳʝ ʚ 1953 ʛʦʜʫ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ [1, 5]. ɺʝʣʠʯʠʥʘ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʙʦʢʦʚʦʛʦ ʚʳʙʨʦʩʘ ʠʭ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʬʫʥʢʮʠʠ (ɸʂʌ) ʥʝ ʧʨʝʚʳʰʘʝʪ 1/N, ʛʜʝ N - 

ʜʣʠʥʘ ʢʦʜʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʀʟʚʝʩʪʥʳʭ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɹʘʨʢʝʨʘ ʚʩʝʛʦ 8, ʤʘʢʩʠʤʘʣʴʥʘʷ 
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ʜʣʠʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 13-ʪʠ ʨʘʟʨʷ-

ʜʦʚ. ʇʦʠʩʢ ʢʦʜʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʠʥʳ N 

> 13, ʫ ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʦʢʦʚʦʛʦ 

ʚʳʙʨʦʩʘ ɸʂʌ ʥʝ ʧʨʝʚʳʰʘʣʘ ʙʳ 1/N, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ. ɽʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠ-

ʯʠʪʴ ʙʘʟʫ ʵʪʠʭ ʐʇʉ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʩʪʝʤʘʭ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ ʜʣʷ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʩ ʙʦʣʝʝ 

ʩʣʘʙʦʡ ʵʥʝʨʛʝʪʠʢʦʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠʟʚʝʩʪʥʳʝ 

ʢʦʤʧʦʟʠʪʥʳʝ ʢʦʜʳ ɹʘʨʢʝʨʘ ʜʣʠʥʦʡ ʙʦʣʴʰʝ 13, ʧʦ-

ʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʝʡ ɹʘʨʢʝʨʘ, ʠʭ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʜʦʚ 

ʩ ʪʝʤʠ ʞʝ ʩʚʦʡʩʪʚʘʤʠ ɸʂʌ.  

ʂʦʤʧʦʟʠʪʥʳʝ ʢʦʜʳ ɹʘʨʢʝʨʘ 

ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʝʡ ɹʘʨʢʝʨʘ [5,6] ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʩʢʘʣʷʨ-

ʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢ-

ʮʠʠ, ʠ ʧʦʵʪʦʤʫ ʪʘʢʫʶ ʞʝ ɸʂʌ ʙʫʜʫʪ ʠʤʝʪʴ ʠʥʚʝʨʩ-

ʥʳʝ, ʟʝʨʢʘʣʴʥʳʝ ʠ ʠʥʚʝʨʩʥʳʝ ʟʝʨʢʘʣʴʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ: 

ὙὯ
ρ

ά
ὧὭὧὭ Ὧ

ρ

ά
̒̉̎ Ὥ̃̒̉̎ Ὥ̃ Ὧ

ρ

ά

̒̈̆̑Ὥ̋̒̈̆̑Ὥ̋ Ὧ  

   
ρ

ά
̒̉̎Ȣ̃̈̆̑Ὥ̋̒̉̎Ȣ̃̈̆̑Ὥ̋ Ὧȟ

 σ 

 

ʛʜʝ ʩ( )̔ ï ʢʘʥʦʥʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ɹʘʨʢʝʨʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ  

ʩ( )̔ = ʩ1( )̔ʩ2( )̔éʩn( )̔, ʘ ʩn( )̔ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝ-

ʥʠʷ ρȠ ʩʠʥʚ( )̔ = (-1)ʩ( )̔; ʩʟʝʨʢ( )̔ = ʩn( )̔ʩn-1( )̔éʩ1( )̔; 

ʩʠʥʚ.ʟʝʨʢ( )̔= (-)ʩʟʝʨʢ( )̔. 

ʉ ʫʯʝʪʦʤ (3) ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʴ ʢʘʥʦʥʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [1,6] ʠʥʚʝʨʩʥʳʤʠ, ʟʝʨʢʘʣʴ-

ʥʳʤʠ ʠ ʠʥʚʝʨʩʥʳʤʠ ʟʝʨʢʘʣʴʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʷʤʠ ɹʘʨʢʝʨʘ (ʪʘʙʣ.1). ʅʘ ʨʠʩ. 1, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠ-

ʤʝʨʘ, ʧʦʢʘʟʘʥʳ ɸʂʌ ʢʘʥʦʥʠʯʝʩʢʦʡ, ʠʥʚʝʨʩʥʦʡ, 

ʟʝʨʢʘʣʴʥʦʡ ʠ ʠʥʚʝʨʩʥʦʡ ʟʝʨʢʘʣʴʥʦʡ 13-ʡ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ. 

ʊʘʙʣʠʮʘ ˉ1. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ 

R13(k) R13ʠʥʚ(k) R13ʟʝʨʢ(k) R13ʠʥʚ.ʟʝʨʢ(k) 

    
ʈʠʩ. 1. ɸʂʌ ʜʣʷ ʢʘʥʦʥʠʯʝʩʢʦʡ, ʠʥʚʝʨʩʥʦʡ, ʟʝʨʢʘʣʴʥʦʡ ʠ ʠʥʚʝʨʩʥʦʡ ʟʝʨʢʘʣʴʥʦʡ 13-ʡ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ 

 

ɺ [7] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦ-

ʟʠʪʥʳʭ ʢʦʜʦʚ ɹʘʨʢʝʨʘ, ʦʙʣʘʜʘʶʱʠʭ ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʜʦʙʥʳʤʠ ʪʝʤ, ʢʦʪʦʨʳʤʠ ʦʙʣʘ-

ʜʘʝʪ ʢʦʜ ɹʘʨʢʝʨʘ, ʘ ʠʤʝʥʥʦ: ʢʦʜ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʝʤ 

ʧʝʨʝʤʥʦʞʝʥʠʷ ʜʚʫʭ ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʝʡ ɹʘʨʢʝʨʘ. ʆʜʥʘ ʠʟ ʥʠʭ (ʢʦʨʦʪʢʘʷ), ʥʘʟʳʚʘʝʪʩʷ 

ʦʙʨʘʟʫʶʱʝʡ, ʘ ʚʪʦʨʘʷ, ʙʦʣʝʝ ʜʣʠʥʥʘʷ ï ʵʣʝʤʝʥʪʘʨ-

ʥʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʥʦʞʝʥʠʷ ʢʦʨʦʪʢʦʡ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʙʦʣʝʝ ʜʣʠʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʦʣʫʯʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʚʳʰʝ 13 ʨʘʟʨʷ-

ʜʦʚ. ʆʩʥʦʚʥʦʡ ʚʳʙʨʦʩ ɸʂʌ ʫ ʥʠʭ ʨʘʚʝʥ ʯʠʩʣʫ ʨʘʟ-

ʨʷʜʦʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὔ, ʘ 
ʤʘʢʩʠʤʘʣʴʥʳʡ ʙʦʢʦʚʦʡ ʚʳʙʨʦʩ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʦʙʣʘʩʪʴ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠʝ ʢ 1. ɺ [8] ʧʫʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʥʳʭ ʢʦʜʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʝʡ ʘʥʘʣʦʛʠʯʥʦ ʩʧʦʩʦʙʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ [7], 

ʧʦʣʫʯʝʥʳ 12 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʜʣʠʥʦʡ N, ʨʘʚ-

ʥʦʡ 14 (14ʘ, 14ʙ), 21 (21ʘ, 21ʙ), 22 (22ʘ, 22ʙ), 33 

(33ʘ, 33ʙ), 49, 77 (77ʘ, 77ʙ), 121, ʠ ʧʨʝʚʳʰʝʥʠʝʤ 

ʛʣʘʚʥʦʛʦ ʧʠʢʘ ɸʂʌ ʥʘʜ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʙʦʢʦ-

ʚʳʤʠ, ʨʘʚʥʳʤ N. ɺ [9] ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʦʙʨʘʪʥʳʝ 

ʢʦʤʧʦʟʠʪʥʳʝ ʢʦʜʳ ɹʘʨʢʝʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʝʨʝʤʥʦ-

ʞʝʥʠʝʤ ʜʣʠʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʢʦʨʦʪʢʫʶ, 

ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʭʨʦ-

ʥʠʟʠʨʫʶʱʠʭ ʩʣʦʚ ʚ ʩʝʪʷʭ WCDMA. ɺ [10] ʦʧʠʩʘʥʳ 

ʪʝ ʞʝ ʩʦʩʪʘʚʥʳʝ ʢʦʜʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦ 

ʠ ʚ [8], ʥʦ ʫʞʝ ʧʦʜ ʥʦʚʳʤ ʥʘʟʚʘʥʠʝʤ çʩʠʛʥʘʣʳ ɹʘʨ-

ʢʝʨʘ-ɺʦʣʳʥʩʢʦʡè, ʠ ʫʢʘʟʘʥʦ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

N ʢʘʥʦʥʠʯʝʩʢʘʷ ʠʥʚʝʨʩʥʘʷ N ʟʝʨʢʘʣʴʥʘʷ ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 

2 +1-1 -1+1    

3 +1+1-1 -1-1+1 3 -1+1+1 +1-1-1 

4 +1+1+1-1 -1-1-1+1 4 -1+1+1+1 +1-1-1-1 

4 +1+1-1+1 -1-1+1-1 4 +1-1+1+1 -1+1-1-1 

5 +1+1+1-1+1 -1-1-1+1-1 5 +1-1+1+1+1 -1+1-1-1-1 

7 +1+1+1-1-1+1-1 -1-1-1+1+1-1+1 7 -1+1-1-1+1+1+1 +1-1+1+1-1-1-1 

11 
+1+1+1-1-1-1+1-1-1+1 -1ï ʢʘʥʦʥʠʯʝʩʢʘʷ 11 -1-1-1+1+1+1-1+1+1-1+1 ï ʠʥʚʝʨʩʥʘʷ 

-1+1-1-1+1-1-1-1+1+1+1ï ʟʝʨʢʘʣʴʥʘʷ 11 +1-1+1+1-1+1+1+1-1-1-1 ï ʠʥʚ. ʟʝʨʢʘʣʴʥʘʷ 

13 
+1+1+1+1+1-1-1+1+1-1+1-1+1 ï ʢʘʥʦʥʠʯʝʩʢʘʷ 13 -1-1-1-1-1+1+1-1-1+1-1+1-1 ï ʠʥʚʝʨʩʥʘʷ 

+1-1+1-1+1+1-1-1+1+1+1+1+1 ï ʟʝʨʢʘʣʴʥʘʷ 13 -1+1-1+1-1-1+1+1-1-1-1-1-1 ï ʠʥʚ. ʟʝʨʢʘʣʴʥʘʷ 
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ʧʨʠʤʝʥʝʥʠʷ, ʢʘʢ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜ, ʪʘʢ ʠ ʜʣʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʦʤʧʦʟʠʪʥʳʝ ʢʦʜʳ ɹʘʨʢʝʨʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʢ ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʘʥʦʥʠ-

ʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʘʥʘ-

ʣʦʛʠʯʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʠʭ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʬʫʥʢʮʠʠ: 

Ὑ̋ ̏̍Ὧ̐
ρ

ά
ὧ̋̏̍Ὥ̐̒̋̏̍Ὥ̐ Ὧ

ρ

ά
̒̋̏̍Ȣ̐̉̎ Ὥ̃̒̋̏̍Ȣ̐̉̎ Ὥ̃ Ὧ

ρ

ά
̒̋̏̍Ȣ̐̈̆̑Ὥ̋̒̋̏̍Ȣ̐̈̆̑Ὥ̋ Ὧ

ρ

ά
̒̋̏̍Ȣ̐̉̎Ȣ̃̈̆̑Ὥ̋̒̋̏̍Ȣ̐̉̎Ȣ̃̈̆̑Ὥ̋ Ὧȟ τ 

 

ʛʜʝ ʩʢʦʤʧ( )̔ ïʢʦʤʧʦʟʠʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ɹʘʨʢʝʨʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ (4) ʢʦʤʧʦʟʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ ɹʘʨʢʝʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ [8], ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʴ 

ʠʥʚʝʨʩʥʳʤʠ, ʟʝʨʢʘʣʴʥʳʤʠ ʠ ʠʥʚʝʨʩʥʳʤʠ ʟʝʨʢʘʣʴ-

ʥʳʤʠ ʢʦʤʧʦʟʠʪʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʢʦʪʦ-

ʨʳʝ ʙʫʜʫʪ ʠʤʝʪʴ ʪʝ ʞʝ ɸʂʌ, ʯʪʦ ʠ ʦʩʥʦʚʥʘʷ ʢʦʤʧʦ-

ʟʠʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʩ 12 ʜʦ 48. ɺ ʪʘʙʣ. 2, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, 

ʧʨʠʚʝʜʝʥʳ ʢʦʤʧʦʟʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ N = 

77ʘ, 77ʙ (ʥʦʤʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʟʷʪ ʩʦʛʣʘʩʥʦ 

[8]).  

ʊʘʙʣʠʮʘ ˉ2. 

ʂʦʤʧʦʟʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ 77ʘ, 77ʙ 

N ʂʦʤʧʦʟʠʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɹʘʨʢʝʨʘ 77ʘ (11ʭ7) 

77ʘ +1+1+1-1-1+1-1+1+1+1-1-1+1-1+1+1+1-1-1+1-1-1-1-1+1+1-1+1-1-1-1+1+1-1+1-1-1-1+1+1-

1+1+1+1+1-1-1+1-1-1-1-1+1+1-1+1-1-1-1+1+1-1+1+1+1+1-1-1+1-1-1-1-1+1+1-1+1 

77ʘ ʠʥʚ. -1-1-1+1+1-1+1-1-1-1+1+1-1+1-1-1-1+1+1-1+1+1+1+1-1-1+1-1+1+1+1-1-1+1-1+1+1+1-1-

1+1-1-1-1-1+1+1-1+1+1+1+1-1-1+1-1+1+1+1-1-1+1-1-1-1-1+1+1-1+1+1+1+1-1-1+1-1 

77ʘ ʟʝʨʢ. +1-1+1+1-1-1-1-1+1-1-1+1+1+1+1-1+1+1-1-1-1+1-1+1+1-1-1-1-1+1-1-1+1+1+1+1-1+1+1-1-

1-1+1-1+1+1-1-1-1+1-1+1+1-1-1-1-1+1-1-1+1+1+1-1+1-1-1+1+1+1-1+1-1-1+1+1+1 

77ʘ 

ʟʝʨʢ.ʠʥʚ. 

-1+1-1-1+1+1+1+1-1+1+1-1-1-1-1+1-1-1+1+1+1-1+1-1-1+1+1+1+1-1+1+1-1-1-1-1+1-1-

1+1+1+1-1+1-1-1+1+1+1-1+1-1-1+1+1+1+1-1+1+1-1-1-1+1-1+1+1-1-1-1+1-1+1+1-1-1-1 

N ʂʦʤʧʦʟʠʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɹʘʨʢʝʨʘ 77ʙ (7ʭ11) 

77ʙ +1+1+1-1-1-1+1-1-1+1 -1+1+1+1-1-1-1+1-1-1+1 -1+1+1+1-1-1-1+1-1-1+1 -1-1-1-1+1+1+1-

1+1+1-1+1-1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-1-1+1-1-1+1 -1-1-1-1+1+1+1-1+1+1-1+1 

77ʙ ʠʥʚ. -1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-1-

1+1-1-1+1 -1+1+1+1-1-1-1+1-1-1+1 -1-1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-1-1+1-1-1+1 -1 

77ʙ ʟʝʨʢ. +1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-

1+1+1+1-1-1-1-1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1 

77ʙ 

ʟʝʨʢ.ʠʥʚ. 

-1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-

1+1+1+1+1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1 

 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ɸʂʌ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɹʘʨʢʝʨʘ 77ʘ, 77ʙ. 

 

77ʘ (11ʭ7) 77ʙ (7ʭ11) 

  
ʈʠʩ. 2. ɸʂʌ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɹʘʨʢʝʨʘ 77ʘ, 77ʙ, ʠʭ ʠʥʚʝʨʩʥʳʭ, ʟʝʨʢʘʣʴʥʳʭ ʠ ʠʥʚʝʨʩʥʳʭ 

ʟʝʨʢʘʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

 

ɼʣʷ ʢʘʞʜʦʡ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ [8] ʧʦʣʫʯʝʥʳ ʪʨʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʤʝʶʱʠʝ 

ʦʜʥʫ ʠ ʪʫʞʝ ɸʂʌ. ʂʘʞʜʘʷ ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤ-

ʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʦʩʪʦʠʪ ʠʟ ʩʦʚʦʢʫʧ-

ʥʦʩʪʠ ʜʚʫʭ ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ɹʘʨʢʝʨʘ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʤʝʝʪ 

ʪʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʤʝʶ-

ʱʠʭ ʪʫ ʞʝ ɸʂʌ, ʯʪʦ ʠ ʢʘʥʦʥʠʯʝʩʢʘʷ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʠʤʝʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ɸʂʌ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ, ʢʦʤʙʠʥʠʨʫʷ ʦʙʨʘʟʫʶʱʠʝ ʠʭ ʢʘʥʦʥʠʯʝʩʢʠʝ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʤʳ ʧʦʣʫʯʠʤ ʥʝ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ ʚʘ-

ʨʠʘʥʪʳ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʥʦ ʠ 

ʥʦʚʳʝ ʚʘʨʠʘʥʪʳ ʩ ʪʦʡ ʞʝ ɸʂʌ. ʏʠʩʣʦ ʚʦʟʤʦʞʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 3. 
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ʊʘʙʣʠʮʘ 3. 

ʂʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ˉʧʦʩʣʝʜ. 14ʘ 14ʙ 21ʘ 21ʙ 22ʘ 22ʙ 33ʘ 33ʙ 49 77ʘ 77ʙ 121 

ʂʦʣʠʯ.ʚʘʨʠʘʥʪʦʚ 8 8 16 16 8 8 16 16 16 16 16 16 

 

ɸʥʘʣʠʟ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʝʡ ɹʘʨʢʝʨʘ 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʷʤʠ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɸ ï ʢʘʥʦʥʠ-

ʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɹʘʨʢʝʨʘ; ɺ ï ʠʥʚʝʨʩʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ; ʉ ï ʟʝʨʢʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ; D ï ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ. ʉ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ 7-ʡ ʢʘʥʦʥʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʠʤʝʶʱʠʝ ʦʜʥʫ ʠ ʪʫʞʝ ɸʂʌ: A7 ï [1 1 1 -1 -1 1 -1]; 

B7 ï [-1 -1 -1 1 1 -1 1]; C7 ï [-1 1 -1 -1 1 1 1]; D7 ï [1 

-1 1 1 -1 -1 -1]. ʉʦʩʪʘʚʣʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʢʦʤʧʦ-

ʟʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʝʛʢʦ ʧʝʨʝʚʦʜʷʪʩʷ ʚ 

ʪʨʘʜʠʮʠʦʥʥʫʶ ʬʦʨʤʫ ʧʫʪʝʤ ʟʘʤʝʥʳ ʦʙʦʟʥʘʯʝʥʠʡ 

ʥʘ ʢʦʜʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ ʪʘʙʣ. 1.  

ɺ ʪʘʙʣʠʮʝ 4 ʩʚʝʜʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʦʯʝʪʘʥʠʷ 

ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʝʡ. 

ʊʘʙʣʠʮʘ 4. 

ʂʦʤʙʠʥʘʮʠʠ ʩʦʯʝʪʘʥʠʡ ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ˉ 

ʧʦʩʣ. 

14ʘ 

2ʭ7 

14ʙ 

7ʭ2 

21ʘ 

7ʭ3 

21ʙ 

3ʭ7 

22ʘ 

2ʭ11 

22ʙ 

11ʭ2 

33ʘ 

11ʭ3 

33ʙ 

3ʭ11 

49 

7ʭ7 

77ʘ 

11ʭ7 

77ʙ 

7ʭ11 

121 

11ʭ11 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ
ʳ

 

ɸ2ʭɸ7 ɸ7ʭɸ2 ɸ7ʭɸ3 ɸ3ʭɸ7 ɸ2ʭɸ11 ɸ11ʭɸ2 ɸ11ʭɸ3 ɸ3ʭɸ11 ɸ7ʭɸ7 ɸ11ʭɸ7 ɸ7ʭɸ11 ɸ11ʭɸ11 

ɸ2ʭɺ7 ɺ7ʭɸ2 ɺ7ʭɸ3 ɺ3ʭɸ7 A2ʭB11 ɺ11ʭɸ2 ɺ11ʭɸ3 ɺ3ʭɸ11 ɺ7ʭɸ7 ɺ11ʭɸ7 ɺ7ʭɸ11 ɺ11ʭɸ11 

ɸ2ʭʉ7 ʉ7ʭɸ2 ʉ7ʭɸ3 ʉ3ʭA7 A2ʭC11 ʉ11ʭA2 ʉ11ʭɸ3 ʉ3ʭA11 ʉ7ʭɸ7 ʉ11ʭɸ7 ʉ7ʭɸ11 ʉ11ʭɸ11 

ɸ2ʭD7 D7ʭɸ2 D7ʭɸ3 D3ʭɸ7 A2ʭD11 D11ʭɸ2 D11ʭɸ3 D3ʭɸ11 D7ʭɸ7 D11ʭɸ7 D7ʭɸ11 D11ʭɸ11 

ɺ2ʭɸ7 ɸ7ʭɺ2 ɸ7ʭɺ3 ɸ3ʭB7 B2ʭA11 ɸ11ʭB2 ɸ11ʭɺ3 ɸ3ʭB11 ɸ7ʭɺ7 ɸ11ʭɺ7 ɸ7ʭɺ11 ɸ11ʭɺ11 

ɺ2ʭɺ7 ɺ7ʭ ɺ2 ɺ7ʭɺ3 ɺ3ʭB7 ɺ2ʭB11 ɺ11ʭB2 ɺ11ʭɺ3 ɺ3ʭB11 ɺ7ʭɺ7 ɺ11ʭɺ7 ɺ7ʭɺ11 ɺ11ʭɺ11 

ɺ2ʭʉ7 ʉ7ʭ ɺ2 ʉ7ʭɺ3 ʉ3ʭB7 B2ʭC11 ʉ11ʭB2 ʉ11ʭɺ3 ʉ3ʭB11 ʉ7ʭɺ7 ʉ11ʭɺ7 ʉ7ʭɺ11 ʉ11ʭɺ11 

ɺ2ʭD7 D7ʭ ɺ2 D7ʭɺ3 D3ʭB7 B2ʭC11 D11ʭB2 D11ʭɺ3 D3ʭB11 D7ʭɺ7 D11ʭɺ7 D7ʭɺ11 D11ʭɺ11 

  ɸ7ʭʉ3 ɸ3ʭC7   ɸ11ʭʉ3 ɸ3ʭC11 ɸ7ʭʉ7 ɸ11ʭʉ7 ɸ7ʭʉ11 ɸ11ʭʉ11 

  ɺ7ʭʉ3 ɺ3ʭC7   ɺ11ʭʉ3 ɺ3ʭC11 ɺ7ʭʉ7 ɺ11ʭʉ7 ɺ7ʭʉ11 ɺ11ʭʉ11 

  ʉ7ʭʉ3 ʉ3ʭC7   ʉ11ʭʉ3 ʉ3ʭC11 ʉ7ʭʉ7 ʉ11ʭʉ7 ʉ7ʭʉ11 ʉ11ʭʉ11 

  D7ʭʉ3 D3ʭC7   D11ʭʉ3 D3ʭC11 D7ʭʉ7 D11ʭʉ7 D7ʭʉ11 D11ʭʉ11 

  ɸ7ʭD3 ɸ3ʭD7   ɸ11ʭD3 ɸ3ʭD11 ɸ7ʭD7 ɸ11ʭD7 ɸ7ʭD11 ɸ11ʭD11 

  ɺ7ʭD3 ɺ3ʭD7   ɺ11ʭD3 ɺ3ʭD11 ɺ7ʭD7 ɺ11ʭD7 ɺ7ʭD11 ɺ11ʭD11 

  ʉ7ʭD3 ʉ3ʭD7   ʉ11ʭD3 ʉ3ʭD11 ʉ7ʭD7 ʉ11ʭD7 ʉ7ʭD11 ʉ11ʭD11 

  D7ʭD3 D3ʭD7   D11ʭD3 D3ʭD11 D7ʭD7 D11ʭD7 D7ʭD11 D11ʭD11 

 

ʉʦʩʪʘʚʠʤ ʢʦʤʧʦʟʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʜʦʚ ɹʘʨʢʝʨʘ, ʩʦʛʣʘʩʥʦ ʪʘʙʣ.4, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʘʨʠʘʥʪʘ 

77ʙ (ʪʘʙʣ. 5). 

ʊʘʙʣʠʮʘ 5. 

ʂʦʤʧʦʟʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 77ʙ (7ʭ11) 

ˉ ʧ/ʧ ɺʘʨʠʘʥʪ ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʢʦʤʧʦʟʠʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

1. A7 x A11 ɸ11 ɸ11 ɸ11 ɺ11 ɺ11 ɸ11 ɺ11 

2. B7 x A11 B11 B11 B11 A11 A11 B11 A11 

3. C7 x A11 B11 A11 B11 B11 A11 A11 A11 

4. D7 x A11 A11 B11 A11 A11 B11 B11 B11 

5. A7 x B11 B11 B11 B11 A11 A11 B11 A11 

6. B7 x B11 A11 A11 A11 B11 B11 A11 B11 

7. C7 x B11 A11 B11 A11 A11 B11 B11 B11 

8. D7 x B11 B11 A11 B11 B11 A11 A11 A11 

9. A7 x C11 C11 C11 C11 D11 D11 C11 D11 

10. B7 x C11 D11 D11 D11 C11 C11 D11 C11 

11. C7 x C11 D11 C11 D11 D11 C11 C11 C11 

12. D7 x C11 C11 D11 C11 C11 D11 D11 D11 

13. A7 x D11 D11 D11 D11 C11 C11 D11 C11 

14. B7 x D11 C11 C11 C11 D11 D11 C11 D11 

15. C7 x D11 C11 D11 C11 C11 D11 D11 D11 

16. D7 x D11 D11 C11 D11 D11 C11 C11 C11 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ MatLab ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʚʩʝ 16 ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʝʡ ʪʘʙʣ. 5 ʠʤʝʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ɸʂʌ, ʯʪʦ ʠ ʦʩʥʦʚ-

ʥʳʝ ʯʝʪʳʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 77ʙ ʠʟ ʪʘʙʣ. 2. ʀʟ 

ʪʘʙʣ. 5 ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʧʦʟʠʪ-

ʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʚʧʘʜʘʶʪ. ʉʚʝʜʝʤ ʚʤʝʩʪʝ 

ʩʦʚʧʘʜʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʦʪʤʝʪʠʤ ʦʩ-

ʥʦʚʥʳʝ ʯʝʪʳʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 77ʙ (ʪʘʙʣ.6). 

ʊʘʙʣʠʮʘ 6. 

ɸʥʘʣʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 77ʙ 

ˉ 

ʧ/ʧ 
ɺʘʨʠʘʥʪ 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʢʦʤʧʦʟʠʪʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ʉʦʯʝʪʘʥʠʷ ʦʙʨʘʟʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

1 
A7 x A11 

B7 x B11 
ɸ11 ɸ11 ɸ11 ɺ11 ɺ11 ɸ11 ɺ11 

ʢʘʥʦʥʠʯʝʩʢʘʷ 1ʭ ʢʘʥʦʥʠʯʝʩʢʘʷ 2 (77ʙ) 

ʠʥʚʝʨʩʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ 2 

2. 
B7 x A11 

A7 x B11 
B11 B11 B11 A11 A11 B11 A11 

ʠʥʚʝʨʩʥʘʷ 1 ʭ ʢʘʥʦʥʠʯʝʩʢʘʷ 2 (77ʙ ʠʥʚ.) 

ʢʘʥʦʥʠʯʝʩʢʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ 2 

3. 
C7 x A11 

D7 x B11 
B11 A11 B11 B11 A11 A11 A11 

ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʢʘʥʦʥʠʯʝʩʢʘʷ 2  

ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ 2 

4. 
D7 x A11 

C7 x B 11 
A11 B11 A11 A11 B11 B11 B11 

ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʢʘʥʦʥʠʯʝʩʢʘʷ 2 

ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ 2 

5. 
A7 x B11 

B7 x A11 
B11 B11 B11 A11 A11 B11 A11 

ʢʘʥʦʥʠʯʝʩʢʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ 2 

ʠʥʚʝʨʩʥʘʷ 1 ʭ ʢʘʥʦʥʠʯʝʩʢʘʷ 2 

6. 
B7 x B11 

A7 x A11 
A11 A11 A11 B11 B11 A11 B11 

ʠʥʚʝʨʩʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ 2  

ʢʘʥʦʥʠʯʝʩʢʘʷ 1 ʭ ʢʘʥʦʥʠʯʝʩʢʘʷ 2 

7. 
C7 x B11 

D7 x A11 
A11 B11 A11 A11 B11 B11 B11 

ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ 2 

ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʢʘʥʦʥʠʯʝʩʢʘʷ 2 

8. 
D7 x B11 

C7 x A11 
B11 A11 B11 B11 A11 A11 A11 

ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ 2 

ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʢʘʥʦʥʠʯʝʩʢʘʷ 2 

9. 
A7 x C11 

B7 x D11 
C11 C11 C11 D11 D11 C11 D11 

ʢʘʥʦʥʠʯʝʩʢʘʷ 1 ʭ ʟʝʨʢʘʣʴʥʘʷ 2 

ʠʥʚʝʨʩʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 2 

10. 
B7 x C11 

A7 x D11 
D11 D11 D11 C11 C11 D11 C11 

ʠʥʚʝʨʩʥʘʷ 1 ʭ ʟʝʨʢʘʣʴʥʘʷ 2 

ʢʘʥʦʥʠʯʝʩʢʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 2 

11. 
C7 x C11 

D7 x D11 
D11 C11 D11 D11 C11 C11 C11 

ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʟʝʨʢʘʣʴʥʘʷ 2 (77ʙ ʟʝʨʢ.) 

ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 2 

12. 
D7 x C11 

C7 x D11 
C11 D11 C11 C11 D11 D11 D11 

ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʟʝʨʢʘʣʴʥʘʷ 2 (77ʙ 

ʠʥʚ.ʟʝʨʢ) 

ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 2 

13 
A7 x D11 

B7 x C11 
D11 D11 D11 C11 C11 D11 C11 

ʢʘʥʦʥʠʯʝʩʢʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 2 

ʠʥʚʝʨʩʥʘʷ 1 ʭ ʟʝʨʢʘʣʴʥʘʷ 2 

14. 
B7 x D11 

A7 x C11 
C11 C11 C11 D11 D11 C11 D11 

ʠʥʚʝʨʩʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 2 

ʢʘʥʦʥʠʯʝʩʢʘʷ 1 ʭ ʟʝʨʢʘʣʴʥʘʷ 2 

15. 
C7 x D11 

D7 x C11 
C11 D11 C11 C11 D11 D11 D11 

ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 2 

ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʟʝʨʢʘʣʴʥʘʷ 2 

16. 
D7 x D11 

C7 x C11 
D11 C11 D11 D11 C11 C11 C11 

ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 1 ï ʠʥʚʝʨʩʥʘʷ ʟʝʨʢʘʣʴʥʘʷ 2 

ʟʝʨʢʘʣʴʥʘʷ 1 ʭ ʟʝʨʢʘʣʴʥʘʷ 2 

 

ɸʥʘʣʠʟ ʪʘʙʣ. 6 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʝʪʩʷ 16 ʧʘʨ 

ʩʦʯʝʪʘʥʠʡ ʦʩʥʦʚʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɹʘʨʢʝʨʘ. 

ʂʘʞʜʘʷ ʧʘʨʘ ʦʙʨʘʟʫʝʪ ʦʜʠʥʘʢʦʚʫʶ ʨʝʟʫʣʴʪʠʨʫʶ-

ʱʫʶ ʢʦʤʧʦʟʠʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʆʪʣʠʯʠ-

ʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʘʞʜʦʡ ʧʘʨʳ ʩʦʯʝʪʘʥʠʡ ʦʩ-

ʥʦʚʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʪʘ, ʯʪʦ ʝʩʣʠ 

ʚ ʦʜʥʦʡ ʠʤʝʶʪʩʷ ʣʶʙʳʝ ʩʦʯʝʪʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʪʦ ʚ ʜʨʫʛʦʡ ʜʦʣʞʥʳ ʙʳʪʴ ʠʥʚʝʨʩ-

ʥʳʝ ʩʦʯʝʪʘʥʠʷ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʅʘʧʨʠ-

ʤʝʨ, ʝʩʣʠ ʧʝʨʚʦʝ ʩʦʯʝʪʘʥʠʝ A7 x A11 (ʢʘʥʦʥʠʯʝʩʢʘʷ 

1 ʭ ʢʘʥʦʥʠʯʝʩʢʘʷ 2), ʪʦ ʚʪʦʨʦʝ ʩʦʯʝʪʘʥʠʝ, ʜʘʶʱʝʝ 

ʪʫ ʞʝ ʢʦʤʧʦʟʠʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʙʫʜʝʪ ɺ7 ʭ 

ɺ11 (ʠʥʚʝʨʩʥʘʷ 1 ʭ ʠʥʚʝʨʩʥʘʷ 2). 

ʀʩʢʣʶʯʠʤ ʧʘʨʳ ʩʦʯʝʪʘʥʠʡ A7 x A11 - B7 x 

B11, B7 x A11 - A7 x B11, C7 x C11 - D7 x D11, D7 

x C11 - C7 x D11, C7 x C11 - D7 x D11, D7 x C11 - 

C7 x D11, C7 x D11 - D7 x C11, D7 x D11 - C7 x C11, 

ʢʦʪʦʨʳʝ ʜʘʶʪ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ 77ʙ, 77ʙ ʠʥʚ., 77ʙ ʟʝʨʢ., 77ʙ ʠʥʚ.ʟʝʨʢ. ʀʟ 

ʦʩʪʘʚʰʠʭʩʷ 8 ʧʘʨ, ʠʩʢʣʶʯʠʚ ʧʦʚʪʦʨʷʶʱʠʝʩʷ, ʧʦʣʫ-

ʯʠʤ 4 ʧʘʨʳ ʩʦʯʝʪʘʥʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ 

(ʪʘʙʣ. 7). 
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ʊʘʙʣʠʮʘ 7. 

ʅʦʚʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ 77ʙ 

ˉ 

ʧ/ʧ 
ɺʘʨʠʘʥʪ ʂʦʜʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

1. 
C7 x A11 D7 

x B11 

-1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-1-1+1-1-1+1-1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-

1+1+1-1+1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-1+1-1-1+1-1 

2. 
C7 x B11 D7 

x A11 

+1+1+1-1-1-1+1-1-1+1-1-1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-

1+1-1-1+1-1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-1+1+1-1+1 

3. 
A7 x C11 B7 

x D11 

-1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-

1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-1-1+1+1+1 +1-1+1+1-1+1+1+1-1-1-

1 

4. 
A7 x D11 B7 

x C11 

+1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-

1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-1+1+1+1-1-1-1 -1+1-1-1+1-1-1-1+1+1+1 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ 72ʙ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠ ʙʦʣʴʰʫʶ ʙʘʟʫ ʐʇʉ ʩʠʛʥʘʣʘ, ʯʝʤ ʙʘʟʳ ʐʇʉ ʩʠʛ-

ʥʘʣʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʘʥʦʥʠʯʝʩʢʠʝ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ 7 ʠ 11, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʧʦʣʫʯʝʥʳ. ʊʘʢ, 

ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʟʷʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 1 ʄʙʠʪ/ʩ, ʪʦ 

ʩʢʦʨʦʩʪʴ ʩʣʝʜʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʯʠʧʦʚ 11 ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ ɹʘʨʢʝʨʘ ʩʦʩʪʘʚʠʪ 11ʭ106 ʯʠʧ/ʩ, ʰʠʨʠʥʘ 

ʩʧʝʢʪʨʘ ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʠʪ 22 ʄɻʮ, ʙʘʟʘ ʙʫʜʝʪ 

ʨʘʚʥʘ ɺ = 22 (13,42 ʜɹ), ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʐʇʉ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʩʪʘʚʠʪ 44 (16,43 ʜɹ). ɽʩʣʠ 

ʞʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʰʠʨʷʶʱʝʡ ʚʟʷʪʴ ʨʘʩʩʤʦʪʨʝʥʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 72ʙ, ʪʦ ʩʢʦʨʦʩʪʴ ʩʣʝʜʦʚʘʥʠʷ ʝʝ 

ʦʪʜʝʣʴʥʳʭ ʯʠʧʦʚ ʩʦʩʪʘʚʠʪ 77ʭ106 ʯʠʧ/ʩ, ʰʠʨʠʥʘ 

ʩʧʝʢʪʨʘ - 154 ʄɻʮ, ʙʘʟʘ ɺ = 154 (21,87 ʜɹ), ʘ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʐʇʉ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʩʪʘʚʠʪ 

308 (24,89 ʜɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʠʛʨʳʰ ʦʪ ʧʨʠʤʝ-

ʥʝʥʠʷ ʯʠʧʦʚ 77ʙ ʚʤʝʩʪʦ ʯʠʧʦʚ 11 ʩʦʩʪʘʚʠʪ 24,89-

16,43=8,45 ʜɹ. ɺ ʪʘʙʣ. 8 ʧʨʠʚʝʜʝʥ ʚʳʠʛʨʳʰ ʚ ʢʦʵʬ-

ʬʠʮʠʝʥʪʝ ʫʩʠʣʝʥʠʷ ʐʇʉ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʦʤʧʦʟʠʪ-

ʥʳʭ ʢʦʜʦʚ ɹʘʨʢʝʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʢʘʥʦʥʠʯʝʩʢʠʤ ʢʦʜʦʤ ɹʘʨʢʝʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʤ ʢʦʤʧʦʟʠʪʥʦʤ ʢʦʜʝ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 1 ʄɻʮ.  

ʊʘʙʣʠʮʘ 8. 

ɺʳʠʛʨʳʰ ʚ ʢʦʵʬʬʠʮʠʝʥʪʝ ʫʩʠʣʝʥʠʷ ʐʇʉ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʂʘʥʦʥʠʯʝʩʢʠʝ ʠ ʢʦʤʧʦ-

ʟʠʪʥʳʝ ʢʦʜʳ ɹʘʨʢʝʨʘ 

ʂʰʧʩ ʢʘʥʦʥʠʯʝʩʢʦʛʦ 

ʢʦʜʘ ɹʘʨʢʝʨʘ (ʜɹ) 

ʂʰʧʩ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʢʦʜʘ ɹʘʨʢʝʨʘ (ʜɹ) 

ɺʳʠʛʨʳʰ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʜʦʚ (ʜɹ) 

7 14,47 14,47 - 

11 16,43 16,43 - 

14 (2ʭ7; 7ʭ2) 14,47 17,48 3,01 

21 (3ʭ7; 7ʭ3)  14,47 19,24 4,77 

22 (2ʭ11; 11ʭ2) 16,43 19,44 3,01 

33 (3ʭ11; 11ʭ3) 16,43 21,21 4,77 

49 (7ʭ7) 14,47 22,92 8,45 

77 (7ʭ11; 11ʭ7) 16,43 24,89 8,45 

121 (11ʭ11) 16,43 26,85 10,41 

 

ɺʳʚʦʜʳ 

1. ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʢʦʤʧʦʟʠʪ-

ʥʳʭ ʢʦʜʦʚ ɹʘʨʢʝʨʘ, ʢʘʢ ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʬʫʥʢʮʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɹʘʨʢʝʨʘ, ʠʟ ʢʦʪʦʨʳʭ 

ʦʥʠ ʩʦʩʪʘʚʣʝʥʳ, ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʩʢʘʣʷʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʦ-

ʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ 12 ʜʦ 48.  

2. ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 12 ʢʦʤʧʦʟʠʪ-

ʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʤʝʝʪʩʷ ʦʪ 8 ʜʦ 16 ʚʘʨʠ-

ʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʝ 

ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ, ʥʦ ʠ ʥʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  

3. ɸʥʘʣʠʟ 16-ʪʠ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʢʦʤʧʦʟʠʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 72ʙ ʧʦʟʚʦʣʠʣ ʥʘʡʪʠ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʴ ʚ ʧʦʩʪʨʦʝʥʠʠ ʧʘʨ ʩʦʯʝʪʘʥʠʡ ʢʦʜʦʚʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʫʶ ɸʂʌ, ʘ ʪʘʢʞʝ 4 

ʧʘʨʳ ʩʦʯʝʪʘʥʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ.  

4. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʜʦʚ ɹʘʨʢʝʨʘ 

ʜʘʝʪ ʚʳʠʛʨʳʰ ʚ ʢʦʵʬʬʠʮʠʝʥʪʝ ʫʩʠʣʝʥʠʷ ʐʇʉ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʥ 

ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʦʪ 3,01 ʜɹ ʜʦ 10,41 ʜɹ ʧʨʠ ʩʢʦʨʦ-

ʩʪʠ ʧʝʨʝʜʘʯʠ 1 ʄɻʮ.  

5. ʄʝʪʦʜʠʢʘ ʧʦʠʩʢʘ ʥʦʚʳʭ ʢʦʜʦʚʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʩ ʦʜʠʥʘʢʦʚʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ 

ʜʣʷ ʢʦʤʧʦʟʠʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 72ʙ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʩʦʯʝʪʘʥʠʡ ʢʦ-

ʜʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɹʘʨʢʝʨʘ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʟʚʦʣʠʪ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʚʟʘʠʤʦʢʦʨʨʝʣʷʮʠ-

ʦʥʥʳʝ ʬʫʥʢʮʠʠ ʠʟ ʘʥʩʘʤʙʣʷ ʧʘʨ ʥʦʚʳʭ ʢʦʜʦʚʳʭ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʦʧʠʩʘʥʥʦʡ 

ʚʳʰʝ ʤʝʪʦʜʠʢʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʙʦʥʝʥ-

ʪʦʚ ʠ ʠʭ ʢʦʜʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʚ ʦʙʱʝʡ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʦ ʚʨʝʤʝʥ ʥʘʰʝʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʧʝʨʝʩʪʨʦʡʢʠ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʧʨʦʠʟʦʰʣʠ ʩʝʨʴʝʟʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʟʤʝʥʠʣʠʩʴ ʤʥʦʛʠʝ ʤʝʪʦʜʳ, ʧʨʘʚʠʣʘ. ɺʥʝʜʨʝʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ 

ʩʨʦʢʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʦʢʨʘʱʘʝʪ ʟʘʪʨʘʪʳ, ʫʧʨʦʱʘʝʪ ʠ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʠʥʞʝʥʝʨʦʚ. 

ʎʝʣʠ. ʂʦʤʧʣʝʢʩʥʦʝ ʘʚʪʦʨʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. 

ʇʦʠʩʢ ʠ ʚʳʨʘʙʦʪʢʘ ʢʘʯʝʩʪʚʝʥʥʦ-ʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʣʫʞʠʪ ʥʘʰʝʡ ʩʪʨʘʥʝ. 

Abstract 

Since our independence and the restructuring of our country, there have been serious structural changes in 

construction, new technologies have appeared, many methods and rules have changed. The introduction of com-

puter technology in construction is explained by the fact that these technologies significantly reduce the design 

and construction time, reduce costs, simplify and facilitate the work of engineers. 

Goals. Integrated research and implementation of computer technology in our country. Search and develop-

ment of a qualitatively new development strategy that will serve our country. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ, ʙʫʜʫʱʝʝ. 

Keywords: construction, design, new technologies, design programs, future. 

 

ʂʘʢ ʤʳ ʟʥʘʝʤ ʧʦʥʷʪʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʙʳʣʦ ʩ 

ʜʘʚʥʠʭ ʚʨʝʤʝʥ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ ʨʘʟʥʳʝ ʠʩʪʦʨʠʯʝ-

ʩʢʠʝ ʠʩʪʦʯʥʠʢʠ, ʜʥʝʚʥʠʢʠ ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʢʘ-

ʢʦʛʦ-ʣʠʙʦ ʩʦʦʨʫʞʝʥʠʷ ʠʣʠ ʟʜʘʥʠʷ, ʥʝ ʤʦʞʝʪ ʠʜʪʠ 

ʙʝʟ ʤʝʭʘʥʠʟʤʦʚ ʠʣʠ ʞʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ. ɽʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʠʩʪʦʨʠʶ, ʧʠʨʘʤʠʜʫ ʍʝʦ-

ʧʩʘ ʩʪʨʦʠʣʠ ʝʱʝ ʜʦ 3 ʪʳʩʷʯʝʣʝʪʠʠ ʥʘʰʝʡ ʵʨʳ. ʀ 

ʫʞʝ ʪʦʛʜʘ ʜʨʝʚʥʠʝ ʩʪʨʦʠʪʝʣʠ ʧʨʠʤʝʥʷʣʠ ʨʘʟʥʳʝ ʤʝ-

ʪʦʜʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʧʠʩʘʥʠʥʝ ɻʝʨʦʜʦʪʘ ʙʳʣʠ 

ʫʧʦʤʷʥʫʪʳ, ʯʪʦ ʙʣʦʢʠ ʙʳʣʠ ʪʷʥʫʪʳ ʚʝʨʝʚʢʘʤʠ ʧʦ 

ʧʦʜʣʦʞʝʥʥʳʤ ʙʨʝʚʥʘʤ, ʧʦʭʦʞʝʝ ʥʘ ʢʨʘʥʘ. ɸ ʪʘʢ ʞʝ 

ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʩʩʢʘʟʘʭ ʧʠʰʫʪ, ʯʪʦ ʤʝʪʦʜʳ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʪʦʛʜʘʰʥʝʛʦ ʧʠʨʘʤʠʜʳ, ʦʯʝʥʴ ʩʭʦʞʠ ʥʘʩʪʦ-

ʷʱʠʤ ʠ ʥʝ ʤʝʥʷʣʠʩʴ[1]. ʆʥʠ ʙʳʣʠ ʩʣʦʞʝʥʳ ʠʟ ʢʘ-

ʤʝʥʥʳʭ ʙʣʦʢʦʚ, ʩʢʨʝʧʣʝʥʥʳʭ ʛʣʠʥʷʥʳʤ ʨʘʩʪʚʦʨʦʤ. 

ʀ ʵʪʦ ʛʦʚʦʨʠʪ, ʯʪʦ ʜʦ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ 

ʙʳʣʠ ʤʝʪʦʜʳ, ʤʝʭʘʥʠʟʤʳ ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʣʠ ʚ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʝ. 

ʀ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ, ʩ ʨʘʟʚʠʪʠʝʤ ʮʠʚʠʣʠʟʘʮʠʠ 

ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʝʪʦʜʳ. ʀ ʩʝʛʦʜʥʷ 

ʤʳ ʧʦʛʦʚʦʨʠʤ ʦ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʦ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠ ʠʥ-

ʩʪʨʫʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ 
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ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʘʙʦʪʫ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ. ʕʪʠ ʪʝʭ-

ʥʦʣʦʛʠʠ ʧʦʷʚʠʣʠʩʴ ʥʝ ʩʨʘʟʫ, ʩ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ 

ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʧʦʷʚʣʷʣʠʩʴ ʠ ʥʦʚʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʠʥʩʪʨʫʤʝʥʪʳ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʝ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʦʱʘʣʠ, ʦʙʣʝʛʯʘʣʠ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʣʠ ʟʘʪʨʘʪʳ ʨʘʙʦʯʠʭ, ʤʝʭʘʥʠʟʤʦʚ, ʘ 

ʪʘʢ ʞʝ, ʪʦ ʯʪʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ - 

ʩʨʦʢʠ.  

ʇʨʠʚʝʜʫ ʧʨʠʤʝʨ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦ-

ʨʳʝ ʧʦʤʦʛʘʶʪ ʧʨʠ ʨʘʩʯʝʪʘʭ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʦʦʨʫʞʝʥʠʠ ʠ ʟʜʘʥʠʡ. ʂʘʢ ʚʩʝ ʤʳ 

ʟʥʘʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʘʢʦʡ-ʣʠʙʦ ʟʜʘʥʠʡ ʠʣʠ ʩʦʦʨʫ-

ʞʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. ʀ ʥʘ ʢʘʞʜʳʡ 

ʵʪʘʧ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʢʦʤʧʴʶʪʝʨʥʫʶ ʧʨʦʛʨʘʤʤʫ 

ʠʣʠ ʠʥʩʪʨʫʤʝʥʪ ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʠ ʜʝʣʘʪʴ 

ʚʩʶ ʯʝʨʥʫʶ ʨʘʙʦʪʫ ʚʤʝʩʪʦ ʯʝʣʦʚʝʢʘ. ʇʝʨʚʳʡ ʵʪʘʧ ï 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ; ʚʪʦʨʦʡ ʵʪʘʧ ï ʵʪʦ ʧʨʦʚʝʜʝ-

ʥʠʝ ʠʥʞʝʥʝʨʥʦ-ʠʟʳʩʢʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʪʦʧʦʩʴʝʤʢʘ; 

ʪʨʝʪʠʡ ʵʪʘʧ ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʜʘʥʠʷ; ʯʝʪʚʝʨʪʳʡ 

ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ï ʚʦʟʚʝʜʝʥʠʝ ʟʜʘʥʠʷ; ʘ 

ʜʘʣʴʰʝ ʠʜʝʪ ʩʜʘʯʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ.  

ʅʘʰ ʨʘʟʛʦʚʦʨ ʙʫʜʝʪ ʠʜʪʠ ʧʨʦ ʯʝʨʪʚʝʨʪʳʡ ʵʪʘʧ 

ï ʚʦʟʚʝʜʝʥʠʝ ʟʜʘʥʠ.̫ ʆ ʪʦʤ ʢʘʢ ʩʜʝʣʘʪʴ ʚʩʶ ʙʫ-

ʤʘʞʥʫʶ ʨʘʙʦʪʫ ʠ ʚʩʝ ʨʫʯʥʳʝ ʨʘʩʯʝʪʳ ʥʘ ʷʟʳʢʝ ʢʦʤ-

ʧʴʶʪʝʨʘ ʠ ʧʨʦʛʨʘʤʤ. ʅʘʰʘ ʟʘʜʘʯʘ ʚʥʝʜʨʠʪʴ ʚʩʝ ʥʦ-

ʚʳʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʪʦʪ ʵʪʘʧ, ʵʪʘʧ ï 

ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʷ. ʊʝʧʝʨʴ ʧʦʵʪʘʧʥʦ ʙʫʜʝʤ ʨʘʩʤʘʪ-

ʨʠʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʧʣʦʱʘʜʢʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʠʥʞʝʥʝʨʥʦ-

ʠʟʳʩʢʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘʯʠʥʘʝʪʩʷ ʟʝʤʣʷʥʳʝ ʨʘʙʦʪʳ. 

ʂ ʟʝʤʣʷʥʳʤ ʨʘʙʦʪʘʤ ʦʪʥʦʩʷʪʩʷ: ʨʳʪʴʝ ʢʦʪʣʦʚʘʥʘ, ʘ 

ʪʘʢʞʝ ʪʨʘʥʰʝʡ ʜʣʷ ʨʘʟʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʠ ʧʦʩʣʝ 

ʚʩʝʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ï ʦʙʨʘʪʥʘʷ ʟʘ-

ʩʳʧʢʘ. ɺʩʝ ʵʪʠ ʨʘʩʯʝʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ 

çʂʈɽɼʆ ʆɹʒɽʄʓè.  

ʇʨʦʛʨʘʤʤʘ çʂʈɽɼʆ ʆɹʒɽʄʓè ʩʣʫʞʠʪ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ, ʨʘʩʯʝʪʘ ʦʙʲʝʤʦʚ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʚʝʜʝ-

ʥʠʷ ʢʘʣʝʥʜʘʨʥʳʭ ʛʨʘʬʠʢʦʚ ʜʦʙʳʯʠ ʠ ʭʨʘʥʝʥʠʷ ʩʳ-

ʨʴʷ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʧʫʩʢʘ 

ʪʝʢʩʪʦʚʳʭ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʨʘʩʯʝʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʠ 

ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʦʙʲʝʤʦʚ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ. ʈʘʩʯʝʪ 

ʦʙʲʝʤʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ. ʊʨʘʜʠʮʠʦʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʳʩʪʫʧʘʝʪ ʠʩʭʦʜʥʳʡ ʨʝʣʴʝʬ. ɺʪʦʨʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʩʥʷʪʠʷ 

ʢʨʦʚʣʠ, ʧʦʜʦʰʚʳ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʩʥʷʪʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʣʦʷ, ʨʘʟʨʘʙʦʪʦʢ ʩʳʨʴʷ ʠ ʪ.ʜ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʤʝʩʷʯʥʦʛʦ ʫʯʝʪʘ ʨʘʟʨʘʙʦʪʦʢ ʩʳ-

ʨʴʷ ʩʠʩʪʝʤʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ ʵʪʠ ʚʘʨʠʘʥʪʳ 

ʚ ʦʜʥʦʤ ʨʘʩʯʝʪʝ ʦʙʲʝʤʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʦ-

ʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʠʭ ʦʮʝʥʢʠ, ʫʯʝʪʘ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ ʦʙʲʝʤʦʚ ʟʝʤʣʷʥʳʭ ʤʘʩʩ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʚʝʜʦʤʦʩʪʴ ʦʙʲʝʤʦʚ (ʨʠʩ. 1), ʩʦʟʜʘʝʪʩʷ ʧʨʦ-

ʝʢʪ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʨʘʩʯʝʪʫ, ʩ ʫʯʘʩʪʢʘʤʠ 

ʥʘʩʳʧʝʡ, ʚʳʝʤʦʢ, ʥʫʣʝʚʳʭ ʨʘʙʦʪ ʠ ʪ.ʜ. ɼʣʷ ʦʬʦʨʤ-

ʣʝʥʠʷ ʧʣʘʥʘ ʟʝʤʣʷʥʳʭ ʤʘʩʩ ʩʦʟʜʘʝʪʩʷ ʩʝʪʢʘ ʦʙʲʝ-

ʤʦʚ, ʠʤʝʶʱʘʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʥʘʩʪʨʦʡʢʠ [2]. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʚʝʜʦʤʦʩʪʠ ʦʙʲʝʤʦʚ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʦʙʲʝʢʪʝ ʛʝʦʣʦʛʠʠ 

 

ʇʦʩʣʝ ʧʦʜʩʯʝʪʘ ʦʙʴʝʤʦʚ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʠ ʧʝ-

ʨʝʜ ʙʝʪʦʥʥʳʤʠ ʨʘʙʦʪʘʤʠ ʠʜʝʪ ʫʩʪʨʦʡʩʪʚʦ ʦʧʘ-

ʣʫʙʢʠ. ʂʘʢ ʤʳ ʟʥʘʝʤ ʵʪʦ ʦʯʝʥʴ ʪʨʫʜʦʝʤʢʠʡ ʧʨʦ-

ʮʝʩʩ, ʠ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 40% ʚʩʝʭ ʙʝʪʦʥʥʳʭ ʨʘʙʦʪ. 

ɼʣʷ ʫʩʪʨʦʡʩʪʚ ʦʧʘʣʫʙʦʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ 

ʟʘʨʫʙʝʞʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʢʘʢ EuroSchal ʠ ʦʧʘʣʫʙʦʯ-

ʥʳʝ ʩʠʩʪʝʤʳ ʦʪ Doka. 

EuroSchal ʠʣʠ ʪʘʢ ʞʝ ʧʨʦʛʨʘʤʤʘ ʥʘʟʳʚʘʝʪʩʷ 

"ɽɺʈʆʆʇɸʃʋɹʂɸ", ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʝʨʝʢʨʳʪʠʡ, ʱʠʪʦʚ ʠ ʦʩʪʘʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʦʧʘʣʫʙʢʠ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʦʙʲʝʢʪ. ʇʨʦ-

ʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩ-

ʩʯʠʪʘʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʣʝʢʪʘ ʣʶʙʦʛʦ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʷ ʦʧʘʣʫʙʢʠ. ʉʨʝʜʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ʝʩʪʴ ʪʘʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʘʢ: Alphonse, Alpi, 

Baumann, Cometal, Cotup, Dalli, Doka, Fiedler, 

Haegele, Huennebeck, Interfama, Ischebeck, Kern, 

Malthus, Meva, Noe, Outinord, Port, Paschal, Peri, 

Pilosio, Plettac, Reber, Ringer, Stange, Steidle, 

Wendler, FavoriteDak, Monolitbuild, Hipro, Oprus. 

ʃ ʙʁʦʡ ʠʟ ʥʠʭ (ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʨʘʟʫ) ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʙʨʘʥ ʧʨʠ ʨʘʩʯʝʪʝ ʜʣʷ ʨʘʩʧʝʯʘʪʢʠ ʚʠʜʘ ʦʧʘʣʫʙʢʠ 

ʩʚʝʨʭʫ, ʩʙʦʢʫ, ʣʶʙʦʛʦ ʨʘʟʨʝʟʘ, ʩʧʠʩʢʘ ʵʣʝʤʝʥʪʦʚ, 

ʩʪʦʠʤʦʩʪʠ, ʧʦʛʦʥʥʦʡ ʜʣʠʥʳ ʩʪʝʥ, ʦʙʲʝʤʘ ʙʝʪʦʥʘ, 

ʚʨʝʤʝʥʠ ʩʙʦʨʢʠ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ[3], 

(ʨʠʩ. 2). 
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ʈʠʩ. 2. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʦʧʘʣʫʙʢʠ ʩʙʦʢʫ ʚ ʧʨʦʛʨʘʤʤʝ Euroschal. 

 

ʏʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʦʧʘʣʫʙʢʫ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʨʦ-

ʩʪʦʤ ʨʝʜʘʢʪʦʨʝ ʧʨʦʛʨʘʤʤʳ ʥʘʨʠʩʦʚʘʪʴ ʩʪʝʥʫ ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ɺʘʩ ʧʨʘʚʠʣʘ 

ʫʩʪʘʥʦʚʢʠ ʦʧʘʣʫʙʢʠ. ʂ ʧʨʘʚʠʣʘʤ ʤʦʞʝʪʝ ʦʪʥʝʩʪʠ 

ʪʘʢʠʝ ʢʘʢ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʱʠʪʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʱʠʪʦʚ ʜʦʩʪʫʧʥʳʭ ʥʘ ʩʢʣʘʜʝ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ɺʘʤʠ ʱʠʪʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʜʙʦʨʘ ʱʠʪʦʚ, ʫʩʪʘʥʦʚʢʘ ʱʠʪʦʚ 

ʪʦʣʴʢʦ ʚʝʨʪʠʢʘʣʴʥʦ/ʛʦʨʠʟʦʥʪʘʣʴʥʦ/ʩʤʝʰʘʥʥʦ, ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʱʠʪʳ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʳ, 

ʦʢʦʣʦ ʩʦʪʥʠ ʧʨʘʚʠʣ ʜʣʷ ʚʳʙʦʨʘ ʧʨʠʤʝʥʝʥʠʷ ʫʛʣʦʚ, 

ʚʢʣʘʜʳʰʝʡ, ʩʪʷʞʝʢ, ʢʦʤʧʝʥʩʘʪʦʨʦʚ, ʩʧʦʩʦʙʳ ʟʘ-

ʢʨʳʪʠʷ ʪʦʨʮʦʚ, ʟʘʢʨʫʛʣʝʥʠʡ, ʢʦʣʦʥʥ, ʧʝʨʝʩʝʯʝʥʠʡ 

ʩʪʝʥ, ʧʝʨʝʧʘʜʦʚ ʚʳʩʦʪ ʩʪʝʥ. ʂʨʦʤʝ ʦʧʘʣʫʙʢʠ ʩʪʝʥ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʧʘʣʫʙʢʘ ʧʝʨʝʢʨʳʪʠʡ ʫʢʘʟʘʥʥʦʛʦ 

ʵʪʘʞʘ. 

ɽʱʝ ʦʜʥʘ ʧʨʦʛʨʘʤʤʘ ʧʨʠ ʨʘʩʯʝʪʘ ʦʧʘʣʫʙʢʠ, ʵʪʦ 

ʧʨʦʛʨʘʤʤʘ ʦʪ Doka. ʆʯʝʥʴ ʫʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠ 

ʨʘʩʯʝʪʝ, ʠ ʦʜʠʥ ʠʟ ʧʣʶʩʦʚ ʩʠʩʪʝʤʳ ʵʪʦ ʧʨʠʣʦʞʝʥʠʝ 

ʜʣʷ ʪʝʣʝʬʦʥʘ. ʄʦʞʥʦ ʤʦʙʠʣʴʥʦ ʩʜʝʣʘʪʴ ʨʘʩʯʝʪ ʚ 

ʣʶʙʦʤ ʫʜʦʙʥʦʤ ʤʝʩʪʝ. ʇʨʠʣʦʞʝʥʠʝ Doka-Tools 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ 

ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʘʰʝʡ ʩʪʨʦʡʧʣʦʱʘʜʢʠ. 

ʇʨʦʰʣʠ ʚʨʝʤʝʥʘ, ʢʦʛʜʘ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʦʙʲʝʤʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʦʚʘʣʠ 

ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʘ. ʉ ʠʥʩʪʨʫʤʝʥʪʘʤʠ Doka ɺʳ 

ʠʤʝʝʪʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʪʝʥʦʚʫʶ ʦʧʘ-

ʣʫʙʢʫ ʠ ʦʧʘʣʫʙʢʫ ʜʣʷ ʧʝʨʝʢʨʳʪʠʡ, ʤʦʤʝʥʪʘʣʴʥʦ 

ʧʦʜʙʠʨʘʪʴ ʠʜʝʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ Dokaflex ʠ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʜʦʧʫʩʪʠʤʫʶ ʩʢʦʨʦʩʪʴ ʙʝʪʦʥʠʨʦʚʘʥʠʷ 

ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʩʚʝʞʝʛʦ ʙʝʪʦʥʘ[4], 

(ʨʠʩ. 3). 
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ʈʠʩ. 3. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʦʧʘʣʫʙʢʠ ʚ ʧʨʦʛʨʘʤʤʝ Doka Tools. 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʧʦʩʣʝ ʫʩʪʨʦʡʩʪʘ ʦʧʘʣʫʙʢʠ, 

ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʬʫʥʜʘʤʝʥʪʘ. ɿʜʝʩʴ ʞʝ ʥʘʤ ʥʘ 

ʧʦʤʦʱʴ ʧʨʠʭʦʜʷʪ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʳ ʩʚʷʟʘʥʥʳʝ ʩ 

ʬʫʥʜʘʤʝʥʪʦʤ, ʢʘʢ ʇʨʦʛʨʘʤʤʘ çʌʆʂ-ʢʦʤʧʣʝʢʩè 

(ʨʠʩ. 4). 

ɽʜʠʥʩʪʚʝʥʥʘʷ ʚ ʩʚʦʝʤ ʨʦʜʝ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ʬʫʥʜʘʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʝʢʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦ 

ʫʩʪʨʦʡʩʪʚʫ ʣʶʙʳʭ ʬʫʥʜʘʤʝʥʪʦʚ: 

ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʭ ʬʫʥʜʘʤʝʥʪʦʚ ʧʦʜ ʢʦʣʦʥʥʳ 

ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʡ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ, ʩʚʘʡʥʦʤ 

ʟʘʙʠʚʥʦʤ ʠ ʩʚʘʡʥʦʤ ʙʫʨʦʥʘʙʠʚʥʦʤ ʦʩʥʦʚʘʥʠʠ; 

ʬʫʥʜʘʤʝʥʪ ʧʦʜ ʩʪʝʥʳ ʙʝʩʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʡ ʥʘ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʠ ʩʚʘʡʥʦʤ ʦʩʥʦʚʘʥʠʠ; 

 
ʈʠʩ. 4. ɻʣʘʚʥʦʝ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ ʌʆʂ-ʂʦʤʧʣʝʢʩ. 
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ʘ ʪʘʢʞʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʧʨʦʚʝʨʢʠ) 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʜʧʦʨʥʳʭ ʩʪʝʥ ʠ ʧʦʜʧʦʨʥʳʭ ʩʪʝʥ 

ʠʟ ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ ʠ ʰʧʫʥʪʦʚ ʜʨʫʛʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ. 

ʄʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣ ʩʦʟʜʘʪʴ 

ʪʦʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʙʦʪʳ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, 

ʢʦʥʩʪʨʫʢʪʦʨʘ, ʨʘʩʯʝʪʯʠʢʘ. ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʬʫʥʜʘʤʝʥʪʦʚ "ʌʆʂ ʂʦʤʧʣʝʢʩ" ʘʢʢʫʤʫʣʠʨʫʝʪ 

ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʘʢ ʢʘʢ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʳ ʫʜʝʣʝʥʦ 

ʩʢʨʫʧʫʣʝʟʥʦʤʫ ʩʦʦʪʚʝʪʩʪʚʠʶ ʚʩʝʤ ʜʝʡʩʪʚʫʶʱʠʤ 

ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ[3]. 

ʇʦʩʣʝ ʚʩʝʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʛʦʪʦʚʳʡ 

ʯʝʨʪʝʞ, ʢʦʪʦʨʳʡ ʫʞʝ ʚ ʛʦʪʦʚʦʤ ʚʠʜʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʨʠʩ. 4). 

 
ʈʠʩ. 4. ʇʨʠʤʝʨ ʛʦʪʦʚʦʛʦ ʯʝʨʪʝʞʘ ʧʦʩʣʝ ʨʘʩʯʝʪʦʚ. 

 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʳ ʘʥʘʣʠʟʠʨʫʶ ʠ ʠʩʩʣʝʜʫʶ ʚʩʝ 

ʠʩʪʦʯʥʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʚʳʙʨʘʣʠ ʩʘʤʳʝ ʫʜʦʙʥʳʝ ʠ ʜʦʩʪʫʧʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʛʨʘʤʤʳ ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʀ ʤʳ ʫʚʝʨʝʥʳ, ʯʪʦ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ 

ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ ʧʦʤʦʛʫʪ ʦʙʣʝʛʯʠʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʨʘʩʯʝʪʦʚ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  
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ɸʥʥʦʪʘʮʠʷ  

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʨʝʟʫʣʴʪʘʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝ ʪʘʢ ʠʜʝʘʣʝʥ, ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚʦ 

ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʩʪʨʝʯʘʶʪʩʷ ʦʰʠʙʢʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʰʠʙʢʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʥʝʠʜʝʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ, ʢʦʪʦʨʳʝ, ʝʩʣʠ ʠʭ ʥʝ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʨʦʮʝʜʫʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʨʠʚʝʜʫʪ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʙʨʘʢʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʧʦʪʝʨʷʤ ʜʣʷ ʢʦʤʧʘʥʠʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʨʦʚʦ-

ʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʥʝʠʜʝʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʯʘʩʪʝʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ 6-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

Abstract 

In the production of parts, the outcome of the manufacture is not as ideal as it is geometrically represented 

during its modelling. Surface shape errors and location errors errors are encountered and hence resulting in non-

ideal objects which if not considered whilst going through the modelling procedure will result in a lot of rejects 

being produced and hence losses to the manufacturing company. An investigation is carried out different geometric 

spaces on the presentation of non-ideal geometric parts, and the tools proposed for solving geometric problems in 

6-dimensional space. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʥʝʠʜʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʜʝ-

ʪʘʣʠ ʤʘʰʠʥ, ʪʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

Keywords: geometric space, geometric objects, non-ideal objects, machine parts, engineering technology. 

 

Introduction  

Manufacturing technology, grouped into addic-

tive, molding and subtractive, serves one common pur-

pose in all these groups, thus ensuring an intended ge-

ometric configuration (within the permissible errors). 

[6]. A geometric configuration is regarded as a repre-

sentation of a combinatorial configuration into a geo-

metric space and also identified as a set of points in a 

geometric space that is used to represent a geometric 

object [1]. These geometric objects consist of a point, 

segment, line, curve, polygon, polyhedron of a given 

dimension [2]. The geometric objects play an important 

role in the modelling of machine parts using CAD sys-

tem before the actual manufacturing process.[3] ñGeo-

metrical modelling is a general term applied to three-

dimensional computer-aided design techniques. There 

are three main types of geometrical modelling used, 

namely: line or wireframe modelling, surface model-

ling and solid modelling. Each have their own applica-

tions in the design of engineering components which is 

dependent on the ability of the method to model certain 

geometric structures effectively and generate the cor-

rect data for analysisò [1]. This can only be achieved 

provided, the conditions of the geometric space support 

it. However, with the traditional geometric spaces, 

there are 2 unsolved problems. The first of these is that 

modern geometry tools cannot operate with non-ideal 

shapes and configurations of material objects. The sec-

ond problem - is the absence of the methods and tools 

for describing generation circuits geometric objects, 

from the manufacturing lines and the ending of the 

structure which characterizes the relative location of 

the surfaces 

In this article, we will look through the traditional 

geometrics spaces that are in use to this day, which are 

the Euclidean 3D geometric space, Lobachevski geo-

metric space and the Hilbertôs geometric space, in-line 

with the problems afore mentioned. We will also look 

at the six-dimensional space proposed by Leluykhin 

and Kolesnikov, on how it addresses the 2 problems. 

Precise presentation of geometric objects helps to im-

prove the efficiency in solving engineering problems, 

as well as in other fields.  

Brief history on the development of different 

geometric spaces  

The use of diagrams in geometry has a long history 

which dates to around 1700 B.C Babylonian clay tab-

lets found by archeological investigations of ancient 

Mesopotamian city mounds at the end of the nineteenth 

century [4, 5]. One of the first geometric books Euclidôs 

Elements written by Euclid around 300 B.C which in-

corporated most of the preexisting mathematics. Euclid 

set 5 axioms and gave explanations to prove geomet-

rical facts. In this book, first notions of mathematical 

proof and the logical development of a subject encoun-

tered in Greek mathematics. There was a misunder-

standing with the 5th axiom (known as parallel axiom). 

This led to the discovery of non-Euclidean geometry.  

In the 1820s, Gauss, Lobachevsky, and Bolyai in-

dividually discovered the non-Euclidean geometries as 

they were unconvinced with Euclidôs fifth postulate. 
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Bernard Riemann a student of Gauss who further stud-

ied Gaussôs work on non-Euclidean geometries, also 

developed his own alternate to the Parallel Postulate. 

Riemannôs Alternate developed the idea of non-exist-

ents of parallel lines geometries. The non-Euclidean ge-

ometry developed by Riemann could be modeled on a 

sphere hence referred to as a spherical geometry or el-

liptical geometry. 

David Hilbertôs Foundations of Geometry, the 

first version of which was written in 1899 [8]. Hilbert 

developed axioms However, it turned out that the goal 

of finding a finite set of axioms from which all of math-

ematics could be derived was impossible to achieve. 

and showed that there was a unique geometry that sat-

isfies his axioms, so that any fact that is true in that ge-

ometry is a logical consequence of his axioms. He then 

developed Hilbert space. The mathematicians such as 

Archimedes, Descartes, Fermat, Leibniz, Gauss, Loba-

chevsky, and Boole played a role in the discovery of 

non-Euclidean geometry, the arithmetic mathematics, 

and the formalization of logic; the logic diagrams; up 

to the recent developments in the theory of reasoning 

with diagrams[7].  

 

 

 

Euclidean geometry  

Euclidean geometry is a mathematical system at-

tributed to Alexandrian Greek mathematician Euclid, 

which he described in his textbook on geometry: The 

Elements. The parallel axiom occupies a special place 

in the axiomatics of Euclidean geometry as it is what 

distinguishes it from non-Euclidean geometry [4, 

5].The space of Euclidean geometry is usually de-

scribed as a set of objects of three kinds, called "points", 

"lines" and "planes"; the relations between them are in-

cidence, order ("lying between"), congruence (or the 

concept of a motion), and continuity.  

Euclid defines a solid as that which has length, 

breadth, and depth and the face of a solid is a surface in 

his first and second definitions. He further describes 

other geometric solids such as cube, sphere, cylinder, 

cone and many others [6]. 

The properties of Euclidean space are described by 

a finite-dimensional real vector space, which is an inner 

product space over the real numbers. Euclidean 3-di-

mensional space is composed of 3 orthogonal planes 

known as x, y and z planes. A point P in the 3-dimen-

sional space is represented by as (ὼȟώȟᾀ  where each 

of the x, y and z values represent the position of the 

point in each plane (Fig. 1). 

 
Fig. 1. 3-dimensional Euclidean geometric space  

a) point P in Euclidean space b) co-planer planes in Euclidean space 

 

In the Euclidean 3-dimensional space geometry 

for parts modelling in engineering, the CAD system 

uses various methods such as Exhaustive enumeration, 

cell decomposition, constructive solid geometry and 

boundary representation, among others. 

Now considering these applications, it show that 

the Euclidean geometry cannot be used to illustrate the 

generating loops on how the parts can be produced as 

the elements applied are already finished parts for ex-

ample, a sphere is just defined by the center and radius, 

without any attempt to does not just automatically ap-

pear but one has to carry out some processes to obtain 

it.  

Non-Euclidean geometry 

Euclidean geometry refers to "flat" geometry, 

which is also known as parabolic geometry, while non-

Euclidean geometries are referred to as hyperbolic ge-

ometry which is the geometry that was established by 

Lobachevsky-Bolyai-Gauss geometry) and elliptic ge-

ometry by Riemannian.  

2.2. Lobachevski space 

Nikolai Ivanovich Lobachevsky was a Russian 

mathematician and geometer, who invented hyperbolic 

geometry, otherwise known as Lobachevskian geome-

try. Lobachevskii space is a non-Euclidean hyperbolic 

space whose definition relates to concepts of the geom-

etry of a pseudo-Euclidean space defined by the axioms 

of Lobachevskii geometry. In Lobachevskyôs geome-

try, instead of the fifth Euclidean postulate, the follow-

ing axiom is accepted: at least two straight lines lying 

on the same line and not intersecting it pass through a 

point not lying on a given line (Fig. 2). 
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Fig. 2. Lobachevski geometric space  

a) 5-axiom interpretation in Lobachevsky space b) Lobachevsky plane surface 

 

Lobachevsky geometry can be distinguished from Euclidean geometry by considering the presentation of a 

triangle (Fig. 3).  

 
Fig. 3. Difference in triangle presentation, in Euclidean space and in Lobachevski space 

 

In Lobachevskyôs geometric space, straight lines 

in a plane either intersect, are parallel, or are diverging. 

In Lobachevskyôs geometry, all theorems that can be 

proved without using the parallelism axiom are pre-

served.  

2.3. Hilbert geometric space 

David Hilbert (1852ï1943), a German mathemati-

cian and physicist initiated many of the most common 

infinite-dimensional spaces which are today classified 

as Hilbert spaces , which are a natural extension of the 

concept of a finite-dimensional vector space with a sca-

lar product (i.e. a finite-dimensional Euclidean space or 

a finite-dimensional unitary space). In fact, if a scalar 

product is specified in a finite-dimensional vector space 

(over the field of real or complex numbers), then prop-

erty 6), which is called the completeness of the Hilbert 

space, is automatically satisfied.  

David Hilbert was motivated the need to under-

stand sets of functions to create and study infinite-di-

mensional spaces which is known as functional analy-

sis (study of abstract sets of functions). Hilbert refined 

axioms (1) and (5) as follows: 

- For any two different points, (a) there exists a 

line containing these two points, and (b) this line is 

unique (1).  

- For any line L and point p not on L, (a) there 

exists a line through p not meeting L, and (b) this line 

is unique (5). 

Most of the basic properties of Hilbert spaces are 

relatively straightforward generalizations of the prop-

erties of the ñflat,ò finite-dimensional spaces that we 

have already encountered. We can distinguish Hilbert 

space by considering the following:  

- a point in n-dimensional space n-tuples, 

(ὼȟὼȟὼȟὼȟȢȢȢȟὼ), whereas a point in Hilbert spaces 

(infinite dimensional space) a point is represented by an 

infinite sequence of numbers, ὼȟὼȟὼȟὼȟȢȢȢ). 
Now having these points as shown above, to fur-

ther describe Hilbert space, we will use the theory of 

calculation the distance of the points from the origin. 

Firstly, we consider finite-dimensional spaces: 

For an n-dimensional space using the same princi-

ple, distance from the origin to point ὃ  is 

ὰ Ѝ ὼ π ὼ π ὼ π
 ȣ ὼ π  

ὰ Ѝὼ ὼ ὼ  ȣ ὼ  

For a point ὃ  in an infinite-dimensional space 

the distance from the origin is  

ὰ Ѝ ὼ π ὼ π ὼ π
ὼ π  ȣ  

ὰ Ѝὼ ὼ ὼ ὼ  ȣ  

Now using the distance formula above from the 

origin, the sum underneath the square root sign can ei-

ther  
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i. ñdiverges,ò that is, the sum becomes larger 
than any number that we can imagine provided we add 

enough terms in the series or 

ii. ñconvergeò; that means that no matter how 

many terms in the sum we add together, our answer re-

mains smaller than some fixed number. Thus the ñinfi-

nite sumò under the square root sign represents some 

number. 

If the sum inside the square root sign converges, 

then the point (ὼȟὼȟὼȟὼȟȢȢȢ). belongs to the Hilbert 

space. If, however, the sum diverges, then we conclude 

the corresponding infinite sequence of numbers does 

not represent a point in Hilbert space. For example, a 

point ὖ (2, 2, 2, 2 é) does not correspond with Hil-

bert space 

The geometric theories described above have 

helped in the manufacturing field to: 

1. Create, draw parts in various shapes and forms 

2. Visualize and adjusting the parts that are to be 

constructed 

However as perfect objects, which does not apply 

in the actual manufacturing process. In summary, the 3 

different approaches do not solve the problems afore 

mentioned so now we will look at the 6-dimensional 

space that was proposed  

 

 

6-dimensional space  

The 6-dimensional space was proposed by 2 Rus-

sian professionals in the field of mathematics and engi-

neering, Lelyuhin V.E. and Kolesnikova O.V. [3, 4].  

The 6-dimensional geometric space is established 

based on the principle of the degrees of freedom used 

when machining parts. The degrees of freedom use the 

theory of transformation, 3 rotational (angular) and 3 

translational/ (along the plane) giving a resultant of 6, 

hence 6 degrees of freedom. Just like the other geomet-

ric spaces discussed above, a set of postulates are set 

and in this case the following are the proposed: 

- ñConsidering a particular finite- dimensional 

space as the point of origin and the existence of real 

geometric objects whose properties match the proper-

ties of the surrounding material objects in the aggregate 

state of the rigid body with a metastable structure.ò 

- ñTo form objects, it is postulated that the geo-
metric configuration of an object is formed by a finite 

number of complex conjugate or intersecting surfaces 

n (n² 1) that form a closed space filled with ñmaterialò 

substance with the specified properties.ò [3] 

- Geometric space is defined by 2 types of vec-

tors, linear and angular vectors as shown in the figure 

below, where the angular vector is the value (angle) be-

tween the two linear vectors lying in one plane indicat-

ing of the direction of rotation (Fig. 4) [3] 

 
Fig. 4. Two types of vectors: a) linear; b) angular 

 

Having defined the main assumptions used in the 

6-dimensional space, we can then look at the coordinate 

system. The 6-dimensional space consist of 2 orthonor-

mal coordination system with the same origin.  

 
Fig. 5. Coordination space in 6-dimensional space a) coordination systems consisting of three linear vectors  

b) coordination system consisting of three angular vectors  
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The 2 coordination systems are then supper imposed by transferring the origins Oô and Oò about a point O. 

this is shown in the Fig. 6. 

 
Fig. 6. Forming the basis of a six-dimensional space 

 

As shown in Fig. 6, base vectors ὩᴆȟὩᴆȟὩᴆ and 

ᴆθȟθᴆȟθᴆ known as basic vectors and the angular vec-

tors θᴆȟθᴆȟθᴆ are arranged in mutually perpendicular 

planes, which in turn are perpendicular to the respective 

linear vectors ὩᴆȟὩᴆȟὩᴆ. 

The elements that make up basic geometrical con-

figurations in the 6-dimensional space are points, lines 

and surfaces and are defined as:  

- Point ï is the original ñbrickò to generate other 

more complex elements. This element has zero dimen-

sions. The position in space of i-th point is determined 

by only three linear coordinates (ὼȟώȟᾀ). 

- Line ï an infinite one-dimensional space rep-

resented by an inseparable set of points. Characteristi-

cally, in the vicinity of any point belonging to the line, 

are not more than two adjacent points that are not in 

contact with each other. It may be noted that each line 

is continuous, smooth and infinite. There are 2 basic 

lines which are: straight lines ï corresponds with linear 

vector. The first derivatives in all its points coincide 

(are constant) and circle (ὰ) ï corresponds with angular 

vector. Circle is a line at which the first derivative of 

the increment between any two pairs of equally spaced 

dots are equal. 

- Surface ï an endless, smooth two-dimensional 

space formed by an inseparable plurality of lines in the 

vicinity of each of which there are not more than two 

adjacent, but not contiguous lines. Full set of surface S 

is limited by any various forms acceptable for the ex-

istence in the above six-dimensional space. Three sur-

faces are considered elementary surfaces: plane, cylin-

der and a sphere  

Plane, cylinder, sphere is elementary (Fig. 7), 

since the fact that only the surface kinematically may 

be formed using two elementary lines producing ï line 

and the circle.  

 
Fig. 7. Example of the basic object configuration in 6-dimensional space using elementary lines 

 

Conclusion 

This article analysis 4 geometric space models 

mainly focusing on their application in the configura-

tion of geometric objects and their relevancy in part 

modelling during machinery production. From the his-

tory given in the text, it is evident that a lot of attempts 

have been made in enhancing the geometric field over 

the past. However, most of these contributions only ad-

dress the general geometry without focusing on the ap-

plication of these spaces in the mechanical engineering 

field especially on when modelling of parts. Good 

enough, Lelyuhin VE, Kolesnikova OV, propose a ge-

ometric configuration system that addresses 2 main 
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problems related to the configuration of geometric ob-

jects, applying some engineering principles. The author 

analyses 4 geometric spaces so as to in an attempt to 

resolve the above-mentioned problems. A conclusion 

was then made that applying the 6-dimensional geo-

metric space model due to the following listed ad-

vantages 

- unlike all the other 3 that only rely on linear 

properties to define an entity, the 6-dimensional geo-

metric model gives a more specific position through the 

angular coordinates. This is essential in the modelling 

of the parts as it can assist in determining the fixation 

of a geometric object. 

- The model clearly outlines how the solids are 

constructed using the points and lines, not as boundary 

determiners but as generated by the basic components. 

This makes it possible to present real objects other than 

the other systems that are only restricted to ideal objects 

which are not applicable in real engineering situations. 

- The solid generation method proposed in al-

lows for the presentation of non-ideal geometric objects 

as the lines are not bound to be of the same size. For 

example a cylinder generated from lines lc (circles) can 

be of different radius giving an imperfect profile thus 

non-ideal parts profile (real parts). 

The work is done under the supervision of Candi-

date of Technical Sciences, Associate Professor Le-

lyukhin Vladimir Egorovich at the FEFU Engineering 

School. 
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ʛʝʥʝʨʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʝʛʦ ʟʘʱʠʪʳ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ 

ʛʝʥʝʨʘʪʦʨʘ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ. 

Abstract 

At present, the use of autonomous asynchronous generators as alternative sources of power supply to enter-

prises, as well as for personal needs, has rather great prospects. Their operation encounters difficulties due to the 

need to identify damage in the windings of the generator, as well as the development of its protection. The article 

discusses the developed devices for protecting the generator from damage in the stator winding. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʨʘʪʦʨ, ʦʙʤʦʪʢʘ ʩʪʘʪʦʨʘ, ʧʦʚʨʝʞʜʝʥʠʷ, ʟʘʱʠʪʘ. 

Keywords: generator, stator winding, damage, protection. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ 

ʘʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ (ɸɸɻ) ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʝʜʧʨʠʷ-

ʪʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʣʠʯʥʳʭ ʥʫʞʜ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ. ʀʭ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʩʪʨʝʯʘʝʪ 

ʟʘʪʨʫʜʥʝʥʠʷ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʧʦ-

ʚʨʝʞʜʝʥʠʡ ʚ ʦʙʤʦʪʢʘʭ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘ-

ʙʦʪʢʠ ʝʛʦ ʟʘʱʠʪʳ [4]. 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʪʢʘʟʳ 

ʘʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥ ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʧʦʚʨʝʞʜʝ-

ʥʠʷ ʦʙʤʦʪʦʢ, ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʚʨʝʞʜʝʥʠʡ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʟʘʤʳʢʘʥʠʷ ʤʝʞʜʫ ʚʠʪʢʘʤʠ. ɽʩʣʠ ʛʝ-

ʥʝʨʘʪʦʨ ʥʝ ʧʦʪʝʨʷʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʠ ʟʘʤʳʢʘʥʠʠ 

ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʠ ʩʦʭʨʘʥʠʪ ʚʨʝʤʝʥʥʫʶ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ, ʪʦ ʥʘʜʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦ-

ʩʪʦʷʥʠʠ ʩʢʨʳʪʦʛʦ ʦʪʢʘʟʘ, ʚʳʷʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ [6]. ʊʘʢʞʝ ʚ ʩʦʩʪʦʷʥʠʠ ʩʢʨʳʪʦʛʦ ʦʪʢʘʟʘ 

ʘʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʣʫʯʘʝ 

ʦʙʨʳʚʘ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʪʝʨʞʥʝʡ ʢʦʨʦʪʢʦʟʘ-

ʤʢʥʫʪʦʛʦ ʨʦʪʦʨʘ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʟʘʱʠʪʳ 

ʘʚʪʦʥʦʤʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ [2]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʠʪʢʦʚʳʭ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʡ (ʂɿ) ʥʝʩʠʤʤʝʪʨʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ 

ʥʝ ʚʝʣʠʢʘ ʠ ʩʨʘʚʥʠʤʘ ʩ ʥʝʩʠʤʤʝʪʨʠʠ ʚ ʮʝʧʠ 

ʥʘʛʨʫʟʢʠ ɸɸɻ [5]. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʟʘ-

ʱʠʪʫ, ʨʝʘʛʠʨʫʶʱʫʶ ʥʘ ʜʘʥʥʫʶ ʥʝʩʠʤʤʝʪʨʠʶ. 

ʊʦʞʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʛʘʨʤʦʥʠʯʝ-

ʩʢʦʛʦ ʩʧʝʢʪʨʘ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ. 

ɼʣʷ ʟʘʱʠʪʳ ɸɸɻ ʩ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʚʝʪ-

ʚʷʤʠ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʧʝʨʝʯʥʦʡ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ [3]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ, ʚ ʢʦʪʦʨʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʠʙʨʦʜʘʪʯʠʢ, ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʟʘʱʠʪʫ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʚʨʝʞʜʝʥʠʡ, ʚʳʟʳʚʘ-

ʶʱʠʭ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʢʦʨʧʫʩʘ 

ʤʘʰʠʥʳ ʪʘʢʠʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʚʠʪʢʦʚʳʝ ʠ ʤʝʞʬʘʟ-

ʥʳʝ ʂɿ [10]. ʋʩʪʨʦʡʩʪʚʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʱʘʪʴ 

ʛʝʥʝʨʘʪʦʨ ʦʪ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʜʨ. 

ʊʘʢʞʝ ʥʝ ʠʩʢʣʶʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʪʳ, ʥʘʧʨʠʤʝʨ, ʨʝʘʛʠ-

ʨʫʶʱʠʭ ʥʘ ʥʝʩʠʤʤʝʪʨʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ 

ʛʝʥʝʨʘʪʦʨʘ ʚ ʩʣʫʯʘʝ ʚʠʪʢʦʚʦʛʦ ʂɿ ʚ ʩʪʘʪʦʨʥʦʡ ʦʙ-

ʤʦʪʢʝ (ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʢʦʣʴʮʘ, ʦʭʚʘʯʝʥʥʦʛʦ ʬʝʨ-

ʨʦʤʘʛʥʠʪʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ, ʚʥʫʪʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʘʰʠʥʳ) [7]. 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦ-

ʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʨʘʟʤʝʱʝʥʠʝ ʢʦʣʴʮʘ 

ʚʥʫʪʨʠ ʤʘʰʠʥʳ ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟ-

ʙʦʨʢʠ ʠ ʩʙʦʨʢʠ ʤʘʰʠʥʳ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʫʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ. ʅʘʚʦʜʠʤʦʝ ʚ ʢʦʣʴʮʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝ ʜʘʝʪ ʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʥʘʨʫʰʝʥʠʷ ʠʟʦʣʷʮʠʠ ʠ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʦʙʤʦʪʢʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʣʦʞʥʝʥʠʷ ʩʭʝʤʳ ʙʣʦʢʘ ʟʘʱʠʪʳ. 

ɺʦʟʤʦʞʥʳ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʥʘʛʨʫʟʢʝ ʛʝʥʝʨʘʪʦʨʘ. ʊʘʢʞʝ ʩʣʦʞ-

ʥʦʩʪʴ ʙʣʦʢʘ ʟʘʱʠʪʳ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ 

ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʚ ʨʘʙʦʪʝ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ 

ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. ʊʦʞʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʠ ʦʙ 

ʫʩʪʨʦʡʩʪʚʘʭ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʦʪʥʦʩʷʱʝʝʩʷ ʢ 

ʫʩʪʨʦʡʩʪʚʘʤ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ɸɸɻ ʩ ʝʤʢʦʩʪʷʤʠ 

ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʤʝʞʬʘʟʥʳʭ ʢʦ-

ʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʚ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ [9]. ʋʩʪʨʦʡ-

ʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʟʘʱʠʱʘʪʴ ɸɸɻ ʩ ʝʤʢʦʩʪʷʤʠ ʚʦʟʙʫʞ-

ʜʝʥʠʷ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʧʦ ʩʭʝʤʝ ʟʚʝʟʜʘ ʦʪ ʚʥʫʪʨʝʥ-

ʥʠʭ ʤʝʞʬʘʟʥʳʭ ʂɿ ʚ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʚʙʣʠʟʠ 

ʥʫʣʝʚʳʭ ʚʳʚʦʜʦʚ. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʝʛʦ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʘʥʥʳʤ ʧʦʚʨʝ-

ʞʜʝʥʠʷʤ, ʩʦʩʪʦʠʪ ʚ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʧʦʚʨʝʞʜʝ-

ʥʠʡ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʫʤʝʥʴʰʝʥʠʠ 

ʩʪʦʠʤʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʧʦʩʣʝʘʚʘʨʠʡʥʦʛʦ ʨʝʤʦʥʪʘ. 

ʋʩʪʨʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʫʶ ʠ ʥʘʜʝʞ-

ʥʫʶ ʟʘʱʠʪʫ ɸɸɻ ʩ ʝʤʢʦʩʪʷʤʠ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ 

ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ. 

ɿʘʱʠʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʪʨʘʥʩʨʝʘʢʪʦ-

ʨʦʚ 1, 2 ʠ 3, ʧʝʨʚʠʯʥʳʝ ʦʙʤʦʪʢʠ ʢʦʪʦʨʳʭ ʧʦʜʢʣʶ-

ʯʝʥʳ ʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤ 4, 5 ʠ 6 ʪʦʢʘ, ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʤ ʚ ʦʜʥʦʠʤʝʥʥʳʭ ʬʘʟʘʭ ʬʘʟʥʳʭ, ʥʫʣʝʚʳʭ ʚʳʚʦ-

ʜʦʚ ʠ ʚʳʚʦʜʦʚ ʝʤʢʦʩʪʝʡ ʚʦʟʙʫʞʜʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ, ʢʨʘʡʥʠʝ ʚʳʚʦʜʳ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ 

ʪʨʘʥʩʨʝʘʢʪʦʨʦʚ 1 ï 3 ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ 

ʚʩʪʨʝʯʥʦ ʚʢʣʶʯʝʥʥʳʝ ʜʠʦʜʳ 7 ï 12, ʪʦʯʢʠ ʩʦʝʜʠʥʝ-

ʥʠʷ ʢʦʪʦʨʳʭ ʧʦʜʢʣʶʯʝʥʳ ʯʝʨʝʟ ʜʚʘ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʨʝʟʠʩʪʦʨʘ 13 ʠ 14, ʩʨʝʜʥʠʡ ʚʳ-

ʚʦʜ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʨʘʥʩʨʝʘʢʪʦʨʘ 3 ʩʦʝʜʠʥʝʥ 

ʩʦ ʩʨʝʜʥʠʤ ʚʳʚʦʜʦʤ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʨʘʥʩʨʝʘʢ-

ʪʦʨʘ 1, ʩ ʪʦʯʢʦʡ ʩʦʝʜʠʥʝʥʠʷ ʨʝʟʠʩʪʦʨʦʚ ʠ ʩ ʚʭʦʜʦʤ 

ʨʝʘʛʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ 15, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥ 

ʩʦ ʩʨʝʜʥʠʤ ʚʳʚʦʜʦʤ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʨʘʥʩʨʝʘʢ-

ʪʦʨʘ 2 (ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʬʘʟʥʦʡ ʟʘʱʠʪʳ ʘʚ-

ʪʦʥʦʤʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ 

ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʝʛʦ ʤʝʞʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘ-

ʥʠʷ ʚ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ɸɸɻ ʚʙʣʠʟʠ ʥʫʣʝʚʳʭ ʚʳʚʦ-

ʜʦʚ ʢ ʜʠʦʜʫ 9 ʧʨʠʣʦʞʝʥʦ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʪʨʘʥʩʨʝʘʢʪʦʨʘ 2 ʧʦ ʚʝʣʠʯʠʥʝ ʙʦʣʴʰʝʝ, ʯʝʤ ʥʘʧʨʷ-

ʞʝʥʠʷ ʪʨʘʥʩʨʝʘʢʪʦʨʦʚ 1 ʠ 3, ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʜʠʦʜʘʤ 

7 ʠ 11 ʠ ʜʠʦʜ 9 ʦʪʢʨʳʪ. ʏʝʨʝʟ ʨʝʘʛʠʨʫʶʱʠʡ ʦʨʛʘʥ 

15 ʧʨʦʪʝʢʘʝʪ ʪʦʢ, ʠ ʦʨʛʘʥ 15 ʩʨʘʙʘʪʳʚʘʝʪ. ɺ ʩʣʝʜʫ-

ʶʱʠʡ ʧʦʣʫʧʝʨʠʦʜ ʢ ʜʠʦʜʫ 10 ʧʨʠʣʦʞʝʥʦ ʥʘʧʨʷʞʝ-

ʥʠʝ ʙʦʣʴʰʝʝ, ʯʝʤ ʢ ʜʠʦʜʘʤ 8 ʠ 12. ʏʝʨʝʟ ʨʝʘʛʠʨʫʶ-

ʱʠʡ ʦʨʛʘʥ 15 ʧʨʦʪʝʢʘʝʪ ʪʦʢ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʨʝʟ ʨʝʘʛʠʨʫʶʱʠʡ ʦʨʛʘʥ 15 ʪʦʢ 

ʧʨʦʪʝʢʘʝʪ ʚ ʦʙʘ ʧʦʣʫʧʝʨʠʦʜʘ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ. ɺ 

ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ 

ʪʨʘʥʩʨʝʘʢʪʦʨʘ 2 ʜʦʣʞʥʦ ʙʳʪʴ 1,5 ï 2 ʨʘʟʘ ʙʦʣʴʰʝ, 

ʯʝʤ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʘʭ ʪʨʘʥʩʨʝʘʢʪʦʨʦʚ 1 ʠ 3. 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ɸɸɻ, ʘ ʪʘʢʞʝ ʧʨʠ ʝʛʦ 

ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʠ ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʩʨʘʙʘʪʳʚʘʝʪ, ʪʘʢ 

ʢʘʢ ʚ ʦʙʘ ʧʦʣʫʧʝʨʠʦʜʘ ʯʘʩʪʦʪʳ ʪʦʢʘ ʛʝʥʝʨʘʪʦʨʘ ʜʠ-

ʦʜʳ 9 ʠ 10 ʟʘʢʨʳʪʳ ʠ ʯʝʨʝʟ ʨʝʘʛʠʨʫʶʱʠʡ ʦʨʛʘʥ 15 

ʪʦʢ ʥʝ ʧʨʦʪʝʢʘʝʪ. 

ʇʨʠ ʚʥʝʰʥʠʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ ʚ ʩʝʪʠ ʛʝ-

ʥʝʨʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ ʤʝʞʬʘʟʥʳʭ ʢʦ-

ʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ ʚ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʚʙʣʠʟʠ ʬʘʟ-

ʥʳʭ ʚʳʚʦʜʦʚ ʛʝʥʝʨʘʪʦʨ ʪʝʨʷʝʪ ʚʦʟʙʫʞʜʝʥʠʝ, ʠ ʟʘ-

ʱʠʪʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ʋʩʪʨʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʫʶ ʠ 

ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ɸɸɻ ʩ ʝʤʢʦʩʪʷʤʠ ʩʘʤʦʚʦʟʙʫʞʜʝ-

ʥʠʷ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʤʝʞʬʘʟʥʳʭ ʂɿ ʠ ʤʦʞʝʪ ʥʘʡʪʠ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ɸɸɻ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʠ. 

ʂʨʦʤʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʪʘʢʞʝ ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘ-

ʱʠʪʳ ɸɸɻ ʩʦʩʪʦʷʱʝʝ ʠʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ 1, 

2, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦ ʩʭʝʤʝ ʪʨʝʫʛʦʣʴʥʠʢ ʠ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʭ ʩʦ ʩʪʦʨʦʥʳ ʬʘʟʥʳʭ 4, 5, 6, ʥʫʣʝʚʳʭ ʚʳʚʦʜʦʚ 

7, 8, 9 ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ 3, ʩʦʝʜʠʥʝʥʥʦʛʦ ʧʦ 

ʩʭʝʤʝ ʟʚʝʟʜʘ ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ ʝʤ-

ʢʦʩʪʝʡ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ 10, 11, 12 ɸɸɻ, ʘ ʪʘʢʞʝ 

ʨʝʣʝ 13, 14, 15, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʪʦʯʢʘʤ ʩʦʝʜʠʥʝʥʠʷ 

ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ (ʨʠʩʫ-

ʥʦʢ 2) [8]. 

ɺ ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʝʛʦ ʤʝʞʬʘʟʥʦʛʦ ʂɿ ʚ ʦʙ-

ʤʦʪʢʝ ʩʪʘʪʦʨʘ ɸɸɻ ʚʙʣʠʟʠ ʥʫʣʝʚʳʭ ʚʳʚʦʜʦʚ ʪʦʢ ʚ 

ʨʝʣʝ ʨʘʚʝʥ ʩʫʤʤʝ ʪʦʢʦʚ ʩʦ ʩʪʦʨʦʥʳ ʥʫʣʝʚʳʭ 7, 8, 9, 

ʬʘʟʥʳʭ ʚʳʚʦʜʦʚ 4, 5, 6 ʠ ʚʳʚʦʜʦʚ ʝʤʢʦʩʪʝʡ ʩʘʤʦ-

ʚʦʟʙʫʞʜʝʥʠʷ 10, 11, 12, ʯʪʦ ʙʦʣʴʰʝ ʪʦʢʘ ʩʨʘʙʘʪʳʚʘ-

ʥʠʷ ʨʝʣʝ, ʢʦʪʦʨʦʝ ʧʨʠʭʦʜʠʪ ʚ ʜʝʡʩʪʚʠʝ ʠ ʦʪʢʣʶʯʘʝʪ 

ʛʝʥʝʨʘʪʦʨ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ ʪʦʢʘ ʩʦ ʩʪʦʨʦʥʳ ʥʫʣʝ-

ʚʳʭ 2 ʠ ʬʘʟʥʳʭ 1 ʚʳʚʦʜʦʚ ʩʦʝʜʠʥʝʥʳ ʧʦ ʩʭʝʤʝ ʪʨʝ-

ʫʛʦʣʴʥʠʢ. ɺ ʩʣʫʯʘʝ ʚʥʝʰʥʠʭ ʂɿ ʚ ʩʝʪʠ ɸɸɻ, ʘ ʪʘʢʞʝ 

ʧʨʠ ʥʘʛʨʫʟʢʝ ʩʫʤʤʘ ʪʦʢʦʚ ʤʝʥʴʰʝ ʪʦʢʘ ʩʨʘʙʘʪʳʚʘ-

ʥʠʷ ʨʝʣʝ ʠ ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʩʨʘʙʘʪʳʚʘʝʪ. ʇʨʠ ʵʪʦʤ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʪʦʢʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ ɸɸɻ 

 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʪʘʢʞʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚ ʢʘ-

ʯʝʩʪʚʝ ʧʨʦʩʪʦʡ ʠ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ɸɸɻ ʩ ʝʤʢʦ-

ʩʪʷʤʠ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ, ʩʦʝʜʠʥʝʥʥʳʤʠ ʧʦ ʩʭʝʤʝ 

ʪʨʝʫʛʦʣʴʥʠʢ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʤʝʞʜʫʬʘʟʥʳʭ ʂɿ ʚ ʦʙ-

ʤʦʪʢʝ ʩʪʘʪʦʨʘ ʚʙʣʠʟʠ ʥʫʣʝʚʳʭ ʚʳʚʦʜʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ʪʨʝʭʬʘʟʥʦʛʦ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʣʠʪʢʦʚ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʧʨʝʜʣʦʞʝʥʘ ʢʦʨʨʝʢʮʠʷ ʩʭʝʤʳ 

ʠʥʜʫʢʪʦʨʘ. ʇʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʭʝʤʥʦʛʦ ʨʝʰʝʥʠʷ ʫʜʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʠ ʤʦʱʥʦʩʪʠ ʧʦ ʪʨʝʤ ʩʝʢʮʠʷʤ ʪʨʝʭʬʘʟʥʦʛʦ ʠʥʜʫʢʪʦʨʘ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʵʣʝʢ-

ʪʨʦʧʦʪʨʝʙʣʝʥʠʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʬʘʟʘʤ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʩʝʢʮʠʡ ʠʥʜʫʢʪʦʨʘ 

ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʟʜʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʨʝʞʠʤʦʚ, ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʦʣʴʪʦʜʦʙʘʚʦʯ-

ʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ɼʦʩʪʠʛʥʫʪʳʝ ʧʦ ʠʪʦʛʘʤ ʢʦʨʨʝʢʮʠʠ ʨʝʞʠʤʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʘ ʚʝʢʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ. 

Abstract 

The article discusses the features of calculating the asymmetric steady state of a three-phase induction heater 

of aluminum ingots, according to the results of which a correction of the inductor circuit is proposed. By means 

of a special circuit solution, it is possible to ensure the required uneven distribution of currents and power over 

three sections of a three-phase inductor with symmetric phase-state power consumption of the induction complex. 

The proposed circuit for switching on sections of the inductor, provided that local resonant modes are created, 

avoids the use of boost boost transformers. The results achieved by the correction of operational characteristics 

are presented on the vector diagrams of currents and voltages. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʪʨʝʭʬʘʟʥʘʷ ʥʘʛʨʫʟʢʘ, ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚ, ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝ-

ʞʠʤ, ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʦʢʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʩʠʤʤʝʪʨʠʠ, ʛʠʙʨʠʜʥʳʡ ʘʥʘʣʠʟ. 

Keywords: asymmetric three-phase load, induction heating, steady state, vector diagram of currents, asym-

metry coefficient, hybrid analysis. 

 

Introduction . Three-phase inductors of a longitu-

dinal magnetic field of industrial frequency are widely 

used for heating cylindrical aluminum ingots in the 

press industry [1]. Under conditions of mass produc-

tion, the three-phase switching on of induction units 

provides the resulting efficiency of converting electric-

ity to heat, since unit capacities of inductors can reach 

values of 1 MW or more [2]. The operating modes of 

inductors and technological requirements are diverse. 

The greatest power, as a rule, is concentrated in the out-

put section of the induction heater. Therefore, despite 

the three-phase nature, the consumption currents in 

phases are not the same, and the load is asymmetric [3]. 

A certain contribution to the resulting asymmetry of 

power consumption is made by the drift of the parame-

ters of the induction system during heating [4]. Chang-

ing the parameters of some installations can reach 15ï

20% [5]. Such modes can cause an increase in losses, 

as well as a deterioration in the operation of electrical 

machines and workshop equipment, up to the emer-

gency state [6]. With limited power of the distribution 

network, phase asymmetry sharply worsens the quality 

of electricity, which may require reconstruction of the 

power supply system. 

To quantify the asymmetry of currents and volt-

ages, measurements are used, the results of which de-

velop measures to overcome the inappropriate condi-

tion of the power supply systems of induction equip-

ment [7]. In addition to measurements, mathematical 

modeling is used as a modern means of studying elec-

tromagnetic modes, which is highly efficient and safe 

when creating extreme equipment operating conditions 

[8]. Conducting a numerical experiment as an alterna-

tive to the physical one, for numerous reasons, seems 

extremely beneficial [9]. However, for its implementa-

tion, it is necessary to equip the hardware and software 

modeling tools with adequate mathematical models that 

can reliably calculate the magnetohydrodynamic, elec-

trical, electrothermal and electromagnetic modes of 

modern equipment [10]. 

Formulation of the problem. From the condition 

of uneven distribution of power among sections of a 

three-phase inductor, the result inevitably follows - 

asymmetric power consumption in phases. To create 
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extreme currents in the sections of the inductors, reso-

nant modes are applied, which are tuned by regulating 

powerful capacitor banks. In addition to capacitor 

banks, typical schemes of induction plants often con-

tain transformer voltage regulators, so the power supply 

circuit of the device is complicated. At the same time, 

the circuitry of induction equipment can be modified in 

order to create symmetrical power consumption while 

observing the given inequality of the winding currents 

and the extreme current of the output section [11]. To 

achieve this, a combined connection of sections should 

be applied, redistributing the local resonant modes be-

tween the power windings. The power factor of a three-

phase induction device (ID), in the course of improve-

ment, should be provided with the greatest possible cur-

rent resonance conditions. 

Solution. Given the complexity of calculating the 

asymmetric modes of three-phase installations, when 

solving the problem of modifying the circuitry of in-

duction equipment, machine-oriented automated tools 

should be used that allow you to quickly monitor the 

result of changing the connection circuit of windings 

and compensating devices [12]. The choice of a model-

ing system can be crucial to obtain a simple and effec-

tive result [13]. In addition, it is necessary to have a 

complete understanding of the circuitry, operating and 

technological parameters of the entire complex of 

equipment of the induction installation to be modern-

ized [14]. 

A general view of a three-phase induction heater 

for the extrusion of cylindrical aluminum ingots is 

shown in Fig. 1. 

 
Fig. 1. General view of a three-phase induction heater 

 

The presented three-section inductor has water 

cooling and is intended for heating large-sized cylindri-

cal aluminum ingots. As part of the technological 

equipment, the inductor is equipped with an automatic 

control system (ACS), which provides a rhythmic and 

uninterrupted mode of operation of a complex of mech-

anisms and devices involved in the methodical heating 

and operation of the press. The duration of the heating 

cycle of the aluminum load with one inductor is 100 - 

250 seconds and is built into the cycle of the press. The 

inductor is designed for three-phase connection and is 

used to heat large ingots before pressing [15]. It is dis-

tinguished by a very significant power consumption, 

about 100 kW. Using voltage boosting, the total power 

of the induction installation can reach 0.3 MW. 

A typical scheme for connecting a three-section 

three-phase induction heater (Inductor 1, Inductor 2, In-

ductor 3) to the distribution network of an industrial en-

terprise is shown in Fig. 2. 

 
Fig. 2. Simplified connection diagram of a three-phase inductor 

 

The size of a computer model can be quite large, 

so itôs very convenient to build a description using links 

to individual modules declared as macro models. The 

circuit designs declared in the description are read into 

the buffer in the order of their mention in the control 

module and added to the global description generated 

in the main memory [11]. The description of nonlinear 

models has features, and their iterative calculation can 

be lengthy. The order of the systems of equations for 

linear problems is limited only by common sense, as 

well as by the possibility and convenience of viewing 

the circuit image, and does not affect the calculation 

time, even when the optimization module is connected 

[1]. 

The circuit model of the inductor for the analysis 

of the electromagnetic mode is shown in Fig. 3. The 

model description is generated in the header file in 

ASCII code. 


