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ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
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ʋɼʂ 37 

ɹɹʂ ʏ21 

ʄʦʣʦʜʸʞʴ ʠ ʥʘʫʢʘ : ʤʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ. (23 ʤʘʷ 2014 

ʛ., ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ) ʚ 2 ʪ. ʊ. 1 / ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʌɻɸʆʋ ɺʇʆ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ 

ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘè, ʅʠʞʥʝʪʘʛʠʣ. ʪʝʭʥʦʣ. ʠʥ-ʪ (ʬʠʣ.). ï ʅʠʞʥʠʡ 

ʊʘʛʠʣ: ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, 2014. ï 197 ʩ. 

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ 

ʩʪʫʜʝʥʪʦʚ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ, ʟʘʪʨʘʛʠʚʘʶʱʠʝ 

ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʤʝʪʘʣʣʫʨʛʠʠ, ʩʧʝʮʠʘʣʴʥʦʛʦ ʠ ʦʙʱʝʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ, ʵʢʦʥʦʤʠʢʠ, 

ʵʢʦʣʦʛʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʯ. ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʯʝʪʳ ʦ ʧʨʦʜʝʣʘʥʥʦʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʠʭ 

ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ. 

ʄʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʘ 

ʪʘʢʞʝ ʩʪʫʜʝʥʪʘʤ. 

ʋɼʂ 37 

ɹɹʂ ʏ21 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ: 

ʇʨʝʜʩʝʜʘʪʝʣʴ:  ʇʝʛʘʰʢʠʥ ɺ.ʌ. 

ɿʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ: ɺʦʨʦʪʥʠʢʦʚ ɺ.ʀ., ʇʘʚʣʦʚ ʅ.ɺ. 

ʏʣʝʥʳ ʦʨʛʢʦʤʠʪʝʪʘ: ɸʨʠʩʪʦʚʘ ʅ.ɸ., ɻʦʤʘʥ ɺ.ɺ., ɼʦʢʫʯʘʝʚ ʉ.ɺ., ɼʫʙʠʥʠʥʘ ɺ.ɻ., ʀʚʘʥʫʰʢʠʥ ɺ.ɸ., 

ʇʦʟʜʝʝʚ ʉ.ɸ., ʇʳʭʪʝʝʚʘ ʂ.ɹ., ʊʨʝʢʠʥ ɻ.ɽ., ʊʠʪʦʚʘ ɽ.ʖ., ʐʝʚʯʝʥʢʦ ʆ.ʀ., 
ʑʝʨʙʠʥʠʥ ʄ.ʄ. ʠ ʜʨ. 

 

ʅʘʫʯʥʦʝ ʠʟʜʘʥʠʝ 

 

ʄʆʃʆɼɽɾʔ ʀ ʅɸʋʂɸ 
 

ʄʘʪʝʨʠʘʣʳ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

 

ɺ ʜʚʫʭ ʪʦʤʘʭ 

 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʚʝʨʩʪʢʘ: ʅ.ɺ. ʇʘʚʣʦʚ, ɺ.ɸ. ʇʘʚʣʦʚʘ 

 
 

 

 

 
 

 

 
 

É ʌɻɸʆʋ ɺʇʆ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘè  

ʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ  

ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ), 2014 

ϭ ɸʚʪʦʨʳ ʩʪʘʪʝʡ, 2014 
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ȿɜɌɗɨɝɖɔɕ ɠɑɐɑɜɌɗɨəɧɕ ɟəɔɎɑɜɝɔɞɑɞ 
ȴɘɑəɔ ɛɑɜɎɚɏɚ ȻɜɑɓɔɐɑəɞɌ ȼɚɝɝɔɔ ȭ.ȹ. ȱɗɨɢɔəɌ 

ȹɔɒəɑɞɌɏɔɗɨɝɖɔɕ ɞɑɡəɚɗɚɏɔɣɑɝɖɔɕ 
ɔəɝɞɔɞɟɞ (ɠɔɗɔɌɗ) 

 
 
 
 

Ƚȱȶɂȴȴ: 

× Language education for technological institute  

× ȸɑɞɌɗɗɟɜɏɔɣɑɝɖɚɑ ɛɜɚɔɓɎɚɐɝɞɎɚ 

× Ⱦɑɡəɚɗɚɏɔɔ ɖɚɘɛɨɪɞɑɜəɚɏɚ ɘɚɐɑɗɔɜɚɎɌəɔɫ 

× Ƚɔɝɞɑɘɧ ɌɎɞɚɘɌɞɔɓɌɢɔɔ ɛɜɚɔɓɎɚɐɝɞɎɌ 
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LANGUAGE EDUCATION FOR TECHNOLOGICAL 
INSTITUTE  

 
THE CHAIR OF TECHNOLOGY AND ORGANIZATION OF 

BUILDING PRODUCTION: INT ERACTION OF STUDY AND 

PRACTICAL ASPECTS  

 

ɹʝʣʦʫʩ ʃ.ɸ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʩʪʫʜʝʥʪ 2 ʢʫʨʩʘ  

ʉʦʢʦʣʦʚ ʂ.ʕ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʩʪʫʜʝʥʪ 2 ʢʫʨʩʘ 

 

High education in the Russian Federation is a complex of measurements 

providing the solid knowledge in different professional spheres. It consists of 

theoretical information followed by practical skills. If a student enters the 

Institute or University he/she has to get special courses of practical work. They 

are organized at the end of each academic year. Practical work is of the same 

importance as theoretical knowledge, that's why it is graded and the mark is put 

in the diploma. High technological high education is followed by the largest 

complex of practical work. Its variety depends on the future specialty and 

profession. 

NTI (branch) UrFU traditionally offers a complex of practical training. 

Students have to study theoretical material followed by practical skills after 

examination period.   

We would like to analyze the practical training of students of the specialty 

çConstruction Technologiesè. We have the longest period of practical work and 

a high degree of complexity and acquired skills. They range from the simplest 

skills of primitive building work to complicated complications. Future 

engineers-constructors of civil buildings must get the whole complex of 

practical skills in the real life situation on a building site. 

Practical work is one of the most important period of educational activity 

of the Chair of Technology and Organization of Construction Industry. The 

teachers of the NTI (branch) UrFU always try to give valuable and qualified 

recommendations. The demands for the final review are directed to reveal the 

level of professional skills given to students in the period of work. The practice 

is connected with and often based on the current Nizhniy Tagil urban 

construction.  

Students address to Trust çTagilstroyè. Here they get placement to 

different jobs connected with construction sites of our town. We have to observe 

the process, learn to use our skills. Moreover many students take part in project 

construction in Nizhniy Tagil. Places of practical work for every student are 

confirmed by the Head of the Chair.  

However there is another opportunity to have practical work. It concerns 

those who are members of Professional Building Student Group. They can be 

distributed to different construction sites all over Russia having a chance to 
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make a contribution to the process of construction on the state level. It is a way 

to develop cooperation between cities, enterprises and educational institutions  

in the whole country. And mostly it is achievement of the Chair of Technology 

and Organization of Construction Industry.  

Sometimes students take part in the most valuable construction processes 

of our country. It is necessary to mention one of them ï early works of Sochi 

Olympic Games landmarks. Some of the students worked on the project, had an 

opportunity to watch all the specifics of sport facilities construction.  

In conclusion we would like to underline that practical training is 

organized by the Chair of Technology and Organization of Construction 

Industry to make students take into consideration all the aspects of urban 

construction process. In this regard there is real interconnection between the 

Chair, the Institute and the city. There are a lot of projects constructed in the city 

where students take part in the period of their annual summer practical work. 

 

 

EUGENE MIKHAILOVICH FAINSHMIDT AND HIS CONTRIBUTION 

TO SCIENCE 

 

ɹʦʨʮʦʚʘ ʂ.ɼ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʇʦʣʫʷʭʪʦʚʘ ʉ.ɺ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ 

çʀʥʦʩʪʨʘʥʥʳʭ ʗʟʳʢʦʚè 

 

Fainshmidt Eugene M. is a distinguished professor, inventor, scientist, a 

member of the Academy of Engineering Sciences, a member of the International 

Academy of Ecology and Life Safety, a member of the Russian Association of 

Metallurgists, a member of the Union of Inventors, a member of the Russian 

Academy of Natural Sciences, a Member of the city council for ecology and 

agriculture, the Scientific Manager of the problematic laboratory of the 

Industrial ecology at the NTI (branch) of UrFU. 

He is the author of more than 150 published scientific works and articles; 

he has 25 inventorsô certificates and patents for inventions, and has made 2 

scientific discoveries. E.M. Fainshmidtôs scientific and applied activities cover 

the following areas: environmentally- friendly processes in engineering, 

technology and equipment of heat treatment and powder metallurgy, improved 

operational stability of the forming tools and machine parts.  

We are proud to be acquainted with such an outstanding person and below 

will tell about his life, career, discoveries in more detail.  

The story of his life began in Kharkov, but during World War II, his 

family were evacuated to Nizhny Tagil. His father, who worked in tank 

development, became a deputy chief technologist at the UVZ (Ural carriage 

building plant, Uralvagonzavod). 
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The first years of studying became a real challenge for Eugene. School 

where he studied was for boys only, there were many bullies, but he was gentle 

and kind by nature. He was lucky; he was in class of Galina Ivanovna 

Ponomareva. She was such a wonderful teacher that according to his own words, 

he was ashamed to get bad grades. 

After high school he entered the Metallurgical Department of the Ural 

Polytechnic Institute. Rotating among his fatherôs acquaintances from work, and 

listening to their conversations, he decided that he would continue the dynasty 

and become an engineer. 

After graduation, Eugene M. was directed to UVZ to the first thermal 

department. Later, he repeatedly changed his place of work, then moving to 

Vyisky Mechanical Plant (VMP), then returning to UralVagonZavod again. At 

UVZ freedom of actions for young professionals was limited. At UVZ they were 

seldom allowed and needed to make their own technical solutions. At VMP, vice 

versa, young experts had more rights and independence on their own. However, 

at the same time it was a huge responsibility. Work at VMP was so interesting 

and exciting that it occupied all Eugeneôs work and leisure time. The outcome of 

it was the creation of highly effective, science intensive technologies. 

In 1975 VMP started to introduce a new technology of making details, 

that used powder metallurgy. At that time Eugene M. Fainshmidt was deputy 

chief metallurgist and he was engaged in the development and introduction of 

this technology. 

After the experimental details and the positive test results in 1987 under 

Fainshmidtôs supervision the production of the insert, jam nut, and bushings for 

a washing machine started, as well as their launch into mass production. At the 

same time some work was conducted on details of military equipment. 

Engineering products, produced by method of powder metallurgy, have 

definite level of porosity of 10 to 17%. They absorb atmospheric gases and 

steam from the air which in combination with moisture creates a chemical 

reaction leading to the internal and external corrosion. To prevent this process, 

the technology of steam oxidation was introduced; there an item was covered 

with a thin protective oxide film. They used the technology developed by a 

Hungarian scientist Zheki at that time. However, corrosion resistance of the 

details made by this technology was insufficient for products of special 

equipment. Also due to extension of production range there appeared a necessity 

to intensify the process of oxidation by steam. Eugene M., together with other 

scientists (doctor of technical sciences Baskakov A.P., candidate of 

technological sciences Pumpyanskaya T.A., and candidate of technological 

sciences Ziryanov V.G.) discovered the "phenomenon of the formation of 

complex oxide phases of variable composition in the pores of the sintered 

steels". It was found, that at high temperature (t> 400 C) in the oxidation of 

sintered steels in the superheated water vapor, there appear mostly oxides of the 
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impurities, having larger, compared with the iron, affinity for oxygen (Mg, Al, 

Si, Mn). 

This discovery allowed to increase the corrosion resistance of powder 

metallurgy products up to 8 times, as well as the chance to reduce power 

consumption by 7.7 times. The importance of this method was huge and it was 

positively evaluated by military customers. Technology has been introduced into 

production and became a scientific discovery. Patent for this method was sold to 

CIS, Europe and Japan. 

In 1987, Eugene M. changed the factory office for noisy audience of 

Nizhny Tagil Institute of Technology . In 1991 he got a post doctorate degree. 

He is respected and loved by students; also he is appreciated by the 

administration. According to his colleague Gamayunova M.A., Yevgeny 

Mikhailovich, whom she has known since he started to work at the institute, is a 

man with whom it is always interesting to talk about anything. He is very 

considerate, attentive, kind and polite in dealing with people. He never speaks 

badly about anyone and he is very benevolent. 

The list of his awards inspires respect and causes delight. Let us number 

some of the most significant ones: 

- The government award "Honored Inventor of Russia", 2000; 

-  The highest III degree award of the International Academic Union 

"Vernadsky Starè, 2000 

-  Medals of VDNKh, 1983, 1986; 

- Award of N.A. Minkevich, 1983; 

- Award - Medal of V.E. Groom-Grzhimailo,2004; 

-  Award - Medal of D.K. Chernov , 2004; 

-  A number of diplomas of the Ministry of Machine Building, the 

Governor, the Regional Government, the Mayor and others. 

Currently Eugene M. Currently teaches at the NTI (branch) UrFU such 

subjects as metallurgy and metal technology, but he is also intensively engaged 

in his own scientific work.  As the students put it, the professor explains the 

material easily and  makes it  understandable for any student. Based on his own 

semicentennial work experience at the industrial enterprises of Nizhny Tagil, he 

knows all the practical aspects really well and can tell where the future 

specialists can apply this knowledge.  

His contribution to science, practical metallurgy, and also the history of 

Nizhny Tagil is extremely valuable. He is energetic and ambitious in different 

areas of science and pedagogy. There is no doubt that he would not stop there 

and new achievements are waiting for him. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɼ.ɺ. ɺʝʥʜʝʨ, ʀ.ʀ. ɺʝʥʜʝʨ  ʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ï 

60 ʣʝʪ. ɽʢʘʪʝʨʠʥʙʫʨʛ: çʉɺ-96è, 2004ʛ. ï 200 ʩ. ʉʪʨ. 127-128; 
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2. ɼ.ɺ. ɺʝʥʜʝʨ ʉʣʝʜ ʥʘ ʟʝʤʣʝ. ʏʘʩʪʴ 5. ɽʢʘʪʝʨʠʥʙʫʨʛ: çʉɺ-96è. 

2003ʛ. ï 307 ʩ. (ʩ. 261-268); 

3. ʅ.ʀ. ʍʣʦʧʦʪʦʚʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʊʘʛʠʣʴʩʢʠʡ ʢʨʘʝʚʝʜ. 

ʇʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʥʘ ɺʄɿ 

http://historyntagil.ru/kraeved/tk_20_39.htm; 

4. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 
ɼʠʧʣʦʤ 46 http://www.raen.info/activities/reg_o/?5. 

 

 

ROLE MODELS IN MY FUTURE PROFESSION  

 

ɺʣʘʩʦʚ ʄ.ɸ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ T130601 

ʀʚʘʥʥʠʢʦʚ ʅ.ʉ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ ʊ130602 

ʉʠʥʠʮʳʥʘ ʄ.ɺ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʜʦʮʝʥʪ  ʢʘʬʝʜʨʳ çʀʥʦʩʪʨʘʥʥʳʭ 

ʷʟʳʢʦʚè 

 

The profession of a metallurgist has been respected and well paid. I hope 

it will stay like it in the future as well. Metallurgical industry has pushed 

forward the Russian economy. Ferrous metal industry and iron and steel industry 

are the most frequent of all the specialties connected with metal working. 

Ferrous metal industry - iron and its alloys ï is the basics for machine building 

development and constructing development. Industrial plants produce steel and 

cast iron and after they are worked, different production of multiple purposes is 

made - they are pipes, rails, cartridges for copy machines.   

In the present article we have analyzed the professional activity of the two 

most famous and successful representatives of this profession, who graduated 

from our University.  

Ilia Rudolphovich Ryabov finished college in 1991, he is a metallurgical 

engineer. He was awarded the Cherepanovsô prize in 2004. He has been a 

metalworker at Nizhniy Tagil Iron and Steel Plant since 1981. He has also 

worked as a metal heater and a foreman. After serving  in the Army he returned 

to the plant and  continued his career as  a  shift controller, assistant to the 

department manager,  chief controller, manager of the technical department and 

roller ïin-chief, chief engineer,  and finally the first deputy  of the General 

Manager. 

Since 2002 he has been top manager in Nizhniy Tagil Iron and Steel 

Plant, dealing with production issues. 

He is a specialist on production management, new products launching 

compliance, its range diversity. During his professional career he managed the 

metal work technology process connected with new metal roll and was 

responsible for new standardization requirements, both international and 

ecological. 

http://historyntagil.ru/kraeved/tk_20_39.htm
http://www.raen.info/activities/reg_o/?5
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His suggestions provided the production line with refractory material 

saving, reduction of expenses for repair, increase of lining life and duration of 

overhaul period for maintenance.  He has got 10 authoring works and patents for 

inventions.  

Another bright example of an honorable citizen of Nizhniy Tagil is 

Mikhail Andreyevich Krupin. 

He graduated from the building college in 1965 and obtained the 

profession of a builder, later he entered and finished Urals Polytechnic Institute 

in 1977, he became a metallurgist engineer. He was awarded the Cherepanovsô 

prize in 2002.  

His life was connected with Nizhniy Tagil Iron and Steel Plant starting 

from 1967.  He began his career as a foreman and a first help of a steel maker, 

chief of the working shift, deputy for the machine shop manager in the converter 

shop, manager of the piling shop, manager of the production department, deputy 

of the General Manager for Production. 

His experience let him work abroad in Algeria ï he was a shop manager 

in the converter shop. Mikhail Andreyevich served the city at the post of the first 

assistant of the city mayor from 1996 till 1998.  He was General Manager of 

ñVysokogorskiy Mining and Processing Complexò. 

We strongly believe that party these people have become such a success  

due to the educational skills they received in our University. Self-esteem and 

self evaluation are  reached when you  respect  yourself and this is usually got 

when  you  know that  your knowledge is good enough to be in charge.  So we 

hope there will be  enough high-quality specialists among  our fellow students to 

continue this wonderful profession thanks to the education we are getting at our 

University. Here are some ideas on how to manage oneôs education successfully. 

First, one needs to understand what is learning. You have to get prepared 

for  a long time training, you should ñdissolveò in  the process. When  you adjust 

to the routine, you will do it automatically, you will feel the need to read extra 

information or surf the net to get additional findings.   

Secondly, you have to have a clear target. A student must understand why 

he is getting his education and why he is working hard to  receive it. Motivation 

is the key factor. 

Thirdly, join the club of learning with your friends, if there is one at the 

University. On the one hand, it is easier to share, on the other hand, you can get 

help and become a help to someone you care about. 

Finally  it is necessary to say that learning never stops and you may 

change your tactics throughout the years, all you need to be certain of is  - a 

person who learns, will be a role model to other people and the next generations. 
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ESSENCE OF MACHINE TRANSLATION SYSTEMS  

 

ɺʦʭʤʷʥʠʥʘ ɸ.ɺ., ʩʪʫʜʝʥʪʢʘ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

 

Amount of information for translation is increased significantly. Use of 

machine translation systems is more desirable than what in some cases. The 

development of such systems will allow operatively to carry out translation of 

information and process large amounts of documents in a very short time. 

Machine translation is a sub-field of computational linguistics that 

investigates the use of software to translate texts or speech from one natural 

language to another. 

Problems of machine translation is reflected in regular international 

conferences on computational linguistics COLING, as well as at international 

conferences on machine translation MT SUMMIT. 

Machine translation systems are divided into three categories [1]: 

- Rule-Based Machine Translation, RBMT,  

- Statistical Machine Translation, SMT, 

- Hybrid systems that combine the advantages of both. 

RBMT system analyzes the text and builds its translation on the basis of 

built-in dictionaries and a set of rules for a given language pair. Principle of 

statistical analysis is used in SMT systems: large (millions of words) the amount 

of the text in the source language and their translations made by human are 

loaded into the program. The program analyzes the statistics of interlanguage 

conformities, usage, syntactic constructions, etc., and later relies by it when 

choosing of translation. The well-known service "Translate Google" works that 

way. The translation quality of statistical and hybrid systems increases with each 

translated text [2].  

Larry Childs has proposed a classification of machine translation systems 

[3]: 

- fully automatic translation; 

- automated machine translation with human participation; 

- translation by man using the computer. 

Fully automatic translation  

The main problem is the complexity of the language itself. For example, 

the meaning of the word "can". The word has the basic meaning of the modal 

auxiliary verb. The word "can" has several official and slang meanings as a 

noun: "tinplate bank", "latrine", "prison". In addition, the archaic meaning of the 

word exists - "know or understand".  

As it turns out, some progress has been achieved in the field of 

development of translation programs that discern the meaning based on the 

context. More recent research in the analysis of texts is based on probability 
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theory.  However, fully automatic machine translation of texts with extensive 

subjects is still an impossible task.  

Automated machine translation with human participation  

This kind of machine translation is feasible now. Editing of texts, both 

before and after processing by a computer is available in view. People-

translators change the text so that it is understood to machines. After the 

computer has made a translation, the translator edits rude machine translation 

and makes the text correct in the target language again. There are machine 

translation systems which require the constant presence of a human-translator, 

who helps the computer to do the translation of particularly complex or 

ambiguous structures. 

Translation by man using the computer 

In this approach, a human-translator is placed in the center of the 

translation process. Computer program is regarded as a tool that makes the 

translation process more efficient and translation more accurate. It is the usual 

electronic dictionaries that provide the translation of desired word. 

Responsibility for the meaning of the translated text is vested in the human-

translator. These dictionaries greatly facilitate the translation process but require 

certain knowledge of the language and the time spent on its implementation. Yet 

the process of translation is much faster and easier.  

The quality of translation depends on the subjects and style of the original 

text. Machine translation of literary texts has almost always unsatisfactory 

quality. Qualitative machine translation of scientific, technical and business 

texts can be built based on the use of complexes of dictionaries that include 

semantic units of different levels of word, collocation and sentence. Collocations 

should occupy the leading place because names of concepts are often expressed 

by collocations and much less individual words. Rule of preference must be 

observed in the translation process: should allocate and translate the semantic 

units of higher levels, translate units of lower levels of the second stage, and 

only if there is no other way to complete the translation. The more formalized 

style of the original document is, the more you can expect the quality of 

translation. You can reach the best results when using machine translation for 

texts that are written in technical (different descriptions and manuals) and the 

official business style [4].  

Among the systems that help in the work of the translator, the most 

important place is occupied by the so-called system of Translation Memory 

(TM). TM system is an interactive tool for storing in the database of pairs of 

equivalent segments of text of the original language and translation with the 

possibility of their subsequent search and editing. These products are not 

intended to use highly intellectual information technologies. They are based on 

the use of the creative potential of the translator. The translator generates a 

database in the work process (or receives it from other translators or customers. 

the more units it contains, the greater the return on its use [5]. 
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The most famous TM systems: 

- Transit (Swiss firm- Star); 

- Trados (USA); 

- Translation Manager from  IBM; 

- Eurolang Optimizer (French firm ï LANT) ; 

- DejaVu  (ATRIL, ʉʐɸ); 

- WordFisher (Hungary). 

TM system is particularly useful when translating documents such as user 

manuals, operating instructions, technical and business documentation, product 

catalogs and other documents of the same type with a lot of coincidences.  

The idea of machine translation stimulates development of research in 

theoretical and applied linguistics worldwide.  

Evolution of machine translation is associated with further development 

and deepening of the theory and practice of translation both as a machine, and 

the "human". Results of comparative linguistics, general translation theory, the 

theory of regular correspondences, knowledge representation methods, 

optimization and improvement of linguistic (and mathematical) algorithms are 

important for the development of the theory.  

Machine translation system can be used to quickly translate text in order 

to understand its meaning. Use of a machine translation system can significantly 

reduce the time required to translate large amounts of text.  

Researchers and developers of machine translation systems should pay 

attention to the creation of open hybrid machine translation systems which 

should be developed and supplemented by the scientific community. 
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ENGLISH AS A FACTOR OF PROFESSIONAL SUCCESS 
 

ʀʱʝʥʢʦ ʀ.ɺ., ʩʪʫʜʝʥʪʢʘ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʊʠʪʦʚʘ ɽ.ʖ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʀʗ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʇʘʚʣʦʚ ʅ.ɺ., ʠʥʞʝʥʝʨ I ʢʘʪʝʛʦʨʠʠ ʢʘʬʝʜʨʳ ʕʋʇ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 
 

Nowadays English is the most popular language in the world of politics, 

science and culture. It is the language most of the people speak and most of the 

countries negotiate. 

Often in our daily life we can short-lived companies which get closed 

down no sooner they start up. At the same time there are companies that are 

long-lasting. Life span is defined by success factors. At the basis of any 

organization there are human factors. Success depends primarily on potential 

function, interest, and common aim 

Many modern organizations are challenged with needs for specialists with 

foreign language skills. It is not without reason that in our country there has 

been adopted President program on training specialists for industrial 

management, which sets up foreign language skills as one of the main selection 

standard. Those organizations whose employees have a good command of a 

foreign language shift to a higher social level as they get more competitive. 

The survey conducted among the 1-5 course students of the Chair of 

Economics and Management at the Enterprise, NTI (branch) UrFU, has 

highlighted how essential it is to learn a foreign language. 

59%23%

10%

8%

Do you need English to modern 
specialist ? Necessary

Desirable

Unnecessary

I do not know

 
Fig.1 Demand in a foreign language among the students of Chair of Economics and 

Management at the Enterprise. 
 

The diagram shows that a foreign language is necessary at the present day 

and many students understand ʰʝ ʁ In other words one can not separate a 

modern successful person moving up the career ladder and not knowing a 

foreign language. 

Obviously, English is the thing of the future, and students of NTI (branch) 

UrFU are aware of  it. We have also conducted the surbey among graduates. The 

results are as follows (Fig.2): 
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Fig.2 Demand in a foreign language among the graduates of Chair of Economics and 

Management at the Enterprise. 

 

As we see, most of the graduate stick to the opinion that English is 

necessary in life. These are those who have come across the real demand in 

learning English in their professional activity. 

Why is English in such a great demand? What advantaged does it have? 

The main advantage is that thanks to the language we open new 

possibilities, find potential friends and overseas job opportunities. We acquire 

first-hand knowledge without losing meaning in the process of translation. 

Moving up the career ladder gets quicker. Social status gets higher, that in its 

turn influences positively on relations with people. 

It is well-known that international business is conducted in English. So 

technologies of various kinds, diplomacy tourism are connected with English. 

English is necessary everywhere: in science, medicine, and business. 

So, English is one of the factors of professional success of a specialist in a 

modern organization. 

 
CONFLICTS AND THE WAYS OF SOLVING THEM  

 

ʄʘʨʪʴʷʥʦʚ ɸ.ɽ., ʦʙʫʯʘʶʱʠʡʩʷ ʄɸʆʋ çɻʠʤʥʘʟʠ ̫ˉ86è 

ʐʘʨʠʬʫʣʣʠʥʘ ʕ.ʈ., ʄɸʆʋ çɻʠʤʥʘʟʠʷ ˉ86è, ʫʯʠʪʝʣʴ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ 
 

As social creatures, human beings are involved in a complex system of 

relationships, and wherever there are human relationships there is the potential 

for conflict. Conflict is an inevitable aspect of life experience which is defined 

as a struggle or contest between people with opposing needs, ideas, beliefs, 

values, or goals. It is a well-known fact that people are involved on average in 

five conflicts per day and their consequences can be very serious. National 
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conflicts can result in war, work and team conflicts can result in failure, and 

interpersonal conflicts can result in unhappiness. No doubt it is a burning 

problem which must be well studied. 

The purpose of the research paper was to find out the attitude of the pupils 

studying in Gymnasia ˉ 86 to the problem of conflicts and to reveal all the 

aspects related to this problem. To achieve the purpose of the research the 

following tasks were fulfilled:  

1) to give a theoretical description of a concept ñconflictò; 

2) to define the types, reasons and consequences of conflicts; 

3) to carry out the survey of the students of Gymnasia 86 based on the 

questionnaire and to analyze the results. 

According to Longman Dictionary of English Language and Culture the 

phenomenon ñconflictò is defined as a state of disagreement or argument 

between opposing groups or opposing ideas or principles. In Wikipedia conflict 

refers to some form of friction, disagreement, or discord arising within a group 

when the beliefs or actions of one or more members of the group are either 

resisted by or unacceptable to one or more members of another group. 

Five basic causes of the conflict are distinguished: 

1) Values: each of us value different things.  

2) Misunderstanding: failure to communicate, failure to listen or 

misinterpretation of what someone says is a common source of conflict.  

3) Personalities: certain personality types are incompatible in some situations.  

4) Goals: incompatible goals of the parties in a relationship is a source of 

conflict. 

5) Needs: needs are the basic reason that relationships are formed. One 

common cause of conflict is one member of a relationship interfering with or 

failing to meet another member's needs. 

But if the conflict is not resolved it may result in undesirable 

consequences, for example: 

1) the growth of emotion and irrationality, hostile and aggressive behavior, 

distrust of others; 

2) the growth of depression and  stress; 

3) lack of communication and collaboration between the opponents in the future; 

4) loss of confidence and reduction of self-esteem 

Understanding the causes of conflicts may help people resolve current 

conflicts or even prevent future ones from occurring. The best ways to do it are: 

1) to take time to listen to other person, interpret, ask for explanation, and 

reflect; 

2) to be aware of a set of rules or values which are principles which 

govern our way of life; 

3) respect for each other. 

Taking into consideration the theoretical description of the concept 

ñconflictò, we have made up a questionnaire and carried out the investigation 
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based on it. According to the pupilsô answers the following results have been 

received. Most of the children in Gymnasia (76%) have conflicts from time to 

time with their parents/siblings (58%) and their friends (28%). The other 14% 

have conflicts with familiar people.  

The reasons for conflicts vary from misunderstanding (38%)  to view 

contradiction (20%). 42% come to the conclusion that they have arguments 

because of different trifles. 67% have come to the conclusion that when they 

have conflicts they usually feel guilty, 8% feel angry after the quarrel and 27% 

feel indifference after the quarrel.  

80% of the pupils say that it is not difficult for them to be the first to make 

it up. As for 20% of the pupils they are not able to make the first step to 

reconciliation. Those pupils who are ready to make it up in most cases (57%) 

apologize for their behavior, 20% pretend that nothing has happened, 13% wait 

for apology and the rest of 10% prefer to do nothing.  

Itôs interesting to know that most of the pupils think that quarrels spoil the 

relations (48%), however the rest of them think that conflicts improve the 

relations (35%), and only 17% think that conflicts do both the harm and the 

good to the relations. Most children (55%) believe that conflicts result in rupture 

of relations, 30% are sure that quarrels lead to reconciliation and 15% are 

convinced that quarrels result in rivalry of the opponents in the future.  

It is pleasant to find out that 62% are ready to make a compromise in 

order to prevent conflicts, 28 % prefer to avoid arguments not to have conflicts 

and only 10% do nothing to improve the situation. 

Unfortunately most pupils (80%) have concluded that it is impossible to 

live without conflicts in the modern world. The pupils in Gymnasia are sure that 

conflicts canôt be prevented but they can be successfully resolved by means of 

collaborative dialogue and negotiation. 

Thus the research proves that it is impossible to live without conflicts. We 

have arguments with parents, relatives, friends, teachers and even unknown 

people. No matter what the reason of the conflict may be its impact on a person 

is always great. On the one hand it may be negative and may lead to fights, bad 

relations and violence. But on the other hand if people are clever enough they 

can try to make a compromise to satisfy each party of the conflict. As a result 

their relations may achieve another more prefect level. 
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THE CHAIR OF SPECIAL MACHINE BUILDING: THE PAST AND 

PRESENT DAY 

 

Merelenko A.D., student  

Berdnikov S.E., ʨrofessor of the Military Chair ˉ1 

Titova E.Yu., head of Foreign Languages Department, Ph.D. 

 

The Chair of Special Machine Building was founded along with seven 

other chairs of Nizhniy Tagil branch of the Ural Polytechnic Institute by order of 

the rector on Jan. 18, 1972. 

The first head of the Chair was Associate Professor, Candidate of 

Technical Sciences V.S. Sagaradze, who taught physical metallurgy. The 

teaching staff was seven people, among them were M.N. Semikolennikh, M.S. 

Garifulina and S.M. Chuiko, who taught engineering disciplines. In 1972 

I.I.Vender, an engineer from Vysokogorskiy Mechanical Plant was appointed to 

coordinate the organization of ñProduction of Bodiesò branch of study. I.I. 

Venderôs scientific activity has made a great contribution to the development of 

the Institute in general; he is currently teaching a number of courses for the 

specialty ñDefeat Facilities and Ammunition.ò 

The first graduation of 24 engineers of the specialty ñProduction of 

Bodiesò took place in 1976; among them were V.F. Pegashkin and E.V. 

Pegashkina, who stayed at the Institute to teach. In 1978 A.V. Styrov and E.A. 

Khmelnikov became members of the teaching staff as well. 

In 1983 after a long preparation together with UralVagonZavod a new 

specialty ñWheel and Track Vehiclesò was started. The number of the first 

students was 50; 25 of them were sent to the Institute by UralVagonZavod. In 

1983 a skilled engineer-constructor M.F. Nikitin started to teach students and 

became a leading lecturer and Candidate of Technical Sciences. He designed a 

curriculum which took into consideration the current needs of UralVagonZavod. 

The most successful graduates of that period were V.N. Korobko, assistant chief 

of production (UralVagonZavod) and M.E.Butya, chief of production (Ural 

Design Office of Transport Machine Building). 

By 1980ies the Chair of Special Machine Building had become one of the 

leading and big chairs at the Institute. In 1984 among 1902 people getting 

education at the Institute, 769 were students of the Chair. 

In 1986 V.F. Pegashkin became head of the Chair of Special Machine 

Building. In 1993-2002 the members of the Chair were actively engaged in 

scientific activity in a number of directions; that got a prominent reputation to 

the Institute on the whole. 

In 2003 the Chair was named the Chair of General and Special Machine 

Building and for the present time it is one of the numerous and high-qualified 

academic bodies of the Institute. The Chair has been training future engineers 

for 10 years in the following specialties: Technology of Machine Building, 
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Multi -Purposed Wheel and Track Vehicles, Metallurgical Machines and 

Equipment, Defeat Facilities and Ammunition. 

For many years Nizhniy Tagil has been an important center of heavy 

metallurgy and machine building which is in constant need qualified personnel. 

The Chair of Special Machine Building trains future engineers in the sphere of 

maintenance of production and design of various machines which for the present 

time is essential for development of industry and economy in general. A huge 

role in machine building belongs to the production of military techniques, which 

the enterprises of Nizhniy Tagil are engaged in (UralVagonZavod, Institute of 

Metal Testing and Planta). The studying process often takes place at these 

enterprises. Students, graduating the Institute, are in great demand at any 

enterprise of our country, but most of the graduates are employed at 

UralVagonZavod and Nizhniy Tagil Iron and Steel Works. 

The educational military center with the specialty ñCertification and 

Standardization of Military Production of the State Defense Orderò is part of the 

Chair. Graduates of this specialty provide monitoring of fulfillment of the State 

defense order in the best interests of the Ministry of Defense at any enterprise. 

The procedure starts with initial monitoring of raw materials finishing with final 

testing of the samples of military production. Graduates are engaged in 

reclamation (ensuring guarantee commitments) and in checking the pricing and 

contracts for manufactured products. 

Cadets of the military center are trained for 5 years along with other 

students of  the specialties Transport Technological Facilities and Ammunition 

and Detonating Fases, but with additional classes at the Chair of Tank Forces 

which are taught by A.A. Makushin, Lieutenant-Colonel of the Russian 

Federation Ministry of Defense, a former leading engineer of the 47 military 

representative office of the Russian Federation Ministry of Defense. There are 

officers in the reserve teaching at the Chair as well; that allows students to 

master the knowledge and skills necessary for further service. One of the leading 

lecturers of the Chair is M.A. Nikitin, a designer of the Russian Army military 

tank T-72. 

Cadets attend classes as ordinary students, only wearing the Russian 

Army uniform; also they are given additional scholarship from the Ministry of 

Defense. The students major in Theory of Machines and Mechanisms, Parts of 

Machines, Theory of Movement, Tactics, Construction of Armored Vehicles and 

others.  Classes are conducted at the closed chair in the old building of the 

Institute where one can get only by a special admission pass because studying is 

based on special in-service documentation. The educational process (both study 

and practice) is held with the considerable financial support of 

UralVagonZavod. The curriculum also includes military field training with oath 

of allegiance and acquiring the skill of handling the tank. 

Except for our Institute the same kind of education is given in 

St.Petersburg Military Mechanical Institute and Moscow Aviation Institute. The 
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first admission was organized in 2007 when 7 engineers graduated and were 

employed  at different enterprises of  Sverdlovskaya region in 2013.  In 2014 4 

graduates will receive their diplomas; presently 5 cadets of the first course are 

being trained at the Chair. 10 applicants will become cadets in the coming 

academic year. 
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CASE METHOD OVERVIEW  

 

Mike Mcintosh, George Wong, Jahanara Rahemtulla, University Of Western 

Ontario Richard Ivey School Of Business, Canada. 

 

The case method of study has been developed as a means of bringing 

students into contact with actual business challenges faced by managers. The 

case method provides a forum for analysis, decision-making, and actual plan 

formulation. 

The lecture method of teaching involves a one-way dispensation of 

accepted truths and ideas from the professor to the student. The aim is to 

increase the studentôs knowledge-base. The case method is more ambitious. The 

process is vastly different from conventional lecturing in that it involves 

different roles for both the student and the professor. Business management is 

not just a technical matter requiring technical knowledge. It is also a human 

matter. It involves ñgetting things done through peopleò and requires an 

understanding of how people (employees, consumers, investors, bankers, 

salespeople) will respond to specific actions.  

Students develop these skills by objectively analyzing business situations 

through cases. They learn to identify problems, and develop the capacity to 

make sound judgments based on their perceptions of the facts. They develop 

skills in communicating their decisions to others in a manner that produces the 

desired action. They learn how to develop and present arguments, how to listen 

to and understand the views of others, and how to sense the needs of others. 

Each class is to some extent, a business meeting.  Through class discussions, 

arguments, role plays and presentations students develop the confidence to make 

a contribution. 

ROLE OF THE PROFESSOR 

In a case discussion, students put their collective knowledge, experience 

and brain-power together to analyze and solve a problem. They learn from each 

other, stimulate each other, and inspire each otherôs thoughts. The role of the 
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professor is to stimulate and guide the discussion. Suggestions may be made but, 

unlike a lecture, solutions are rarely given. The professor is present to keep the 

discussion moving toward meaningful goals with a minimum amount of 

intervention. The professor is a catalyst attempting to conduct an orchestra, to 

light fires, to challenge superficial thinking.   

If a professor finds the students are on the wrong track, they may 

encourage them to continue nevertheless. Their challenging questions will lead 

students along the road of their proposal until they see the consequences for 

themselves. Then when they discover your error, it will have a deeper impact 

than if they had been told. Occasionally, the professor will play devilôs 

advocate, purposely making misleading statements to determine the studentôs 

alertness, their conviction in their point of view or their ability to defend an 

argument.  

The case method places heavy demands on the professor, who must be on 

top of the discussion, keep an open mind towards the studentsô contribution, 

know the case facts backwards, and know when and how to intervene. Typically 

the professor will prep the case prior to teaching it within the classroom and 

strive to leader the discussion toward a useful ending and action plan.  

ROLE OF THE STUDENT 

With the lecture method of teaching, students face the relatively simple 

task of reception and more or less verbatim repetition of facts and ideas. With 

the case method, the aim is to develop studentsô skills. The thought is that if you 

want to improve your skill at golf or tennis, you must practice; you must 

participate. The case method of learning demands the active participation and 

co-operation of the student. 

With the lecture method of learning you are dependent on the lecturer; 

you are fed information. The case method tries to move you from dependence to 

self-reliance. You must think for yourself; you must develop your own skills; 

you must seek knowledge. 

FOCUS ON ACTION & UTILITY 

The case method attempts to bring authentic business situations into the 

classroom. The situations are analyzed, and alternative courses of action for the 

decision-maker are identified and evaluated. The process leads inexorably to an 

action plan. The question to be answered is, if you were the decision-maker, 

what would you do? You must make a decision on what to do, and you must 

decide how to do it. 

The case method forces students to determine a course of action under 

realistic conditions; they cannot remain a passive observer. The case method 

trains students to be decisive and action- oriented. Very often the class will wish 

they had more information, but in the real world you will never have perfect 

information. The case method teaches the class to minimize uncertainty through 

analysis and to then take decisive action. 
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DEVELOPING YOUR BUSINESS PLAN

BEING AN ENTREPRENEUR

IMPLEMENTING YOUR STRATEGY

Marketing Proposal

ÅSizing your market

ÅAnalyzing your industry

ÅPositioning your 

company

Financial Proposal

ÅForecasting your 

Earnings

ÅGenerating Cash 

Flows 

Action Plan

ÅPlanning the launch of 

your venture and the 

implementation of your 

strategy

RECOGNIZING AND EVALUATING AN OPPORTUNITY

Operations Proposal

ÅManaging your inputs 

and outputs

ÅProducing your 

product/service

COMMUNICATING YOUR BUSINESS PLAN

 
 

ON THE LEADER PROJECT 

LEADERôs vision is ñto equip entrepreneurs, and aspiring entrepreneurs, 

with the business decision-making skills to progress the prosperity and well-

being of the regions in which they live.ò 

The following is an outline of the concepts that are taught with cases in 

the LEADER curriculum: 

 

 

A TALE ABOUT THE CHAIR OF INFORMATION TECHNOLOGIES  
 

ʇʘʭʤʫʪʦʚ ɸ.ɺ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬ) ʋʨʌʋ 

ʊʠʪʦʚʘ ɽʣʝʥʘ ʖʨʴʝʚʥʘ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʀʗ ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ 
 

Nowadays our progressive world is rapidly developing, especially in the 

sphere of information systems and computer technologies. The Chair of 

Information Technologies at Nizhniy Tagil Technological Institute (branch) 

UrFU keeps pace with the time and feels good in the modern technological 

world. We have a lot of interesting ideas and on-going projects in process. 

In February 1992 there was formed a general education chair of computer 

science; now it is the Chair of Information Technologies. N.A. Litvinenko, 

Associate Professor, Candidate of Physics Mathematics Sciences was appointed 

head of the Chair. Presently, there are 17 members of the Chair who are experts 

in the following spheres:  

- C/C++/C#, Basic, PHP, Python, Java programming; 

- Web-design; 

- Operating systems; 

- Data bases; 

- Computer networks and telecommunication; 
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- Methods and means of information security; 

- Engineering and computer graphics. 

Since 2002 the Chair has become graduate and since 2006 there have 

been trained 184 specialists. 24 of them have got diplomas with honors. 

Both the teaching staff and the students are engaged in scientific and 

research activity, take part in seminars, conferences and contests. 

There are more than 100 study guides written by the members of the 

Chair. Three monographs and 11 work books have been published in the central 

publishing houses. 

The Chair gained momentum under the guidance of N.A. Litvinenko. He 

was the one to create sort of a patriarchal management style, that well-known 

family working atmosphere which one could never find at any other Institute 

chair. 

N.A. Litvinenko graduated Ural State University in 1974 with a degree in 

physics. He worked as a senior research associate at the Chair of Theoretical 

Physics, then at the Institute of Geophysics of the Ural Branch of the Russian 

Academy of Sciences. After that N.A. Litvinenko was employed at Nizhniy 

Tagil Technological Institute (branch) UrFU as a senior lecturer and head of the 

Chair. He has more than 50 scientific and guide books published. Mostly his 

scientific activity is devoted to programming and the majority of his 

publications are in this sphere. 

In March 2013 N.A. Litvinenko left the post in a considerate and careful 

manner after the accreditation had been successfully completed. Making sure 

about the excellent academic performance of the Chair, N.A. Litvinenko closed 

the first chapter of The Tale of The Chair of Information Technologies. 

The second chapter of The Tale started  a year ago and its author is S.A. 

Fedoreev.  

He graduated Nizhniy Tagil Technological Institute (branch) UrFU with 

the diploma in Automation of Technological Processes and Systems. In 2006 he 

completed and defended the dissertation in Electro mechanics and Electrical 

Mechanisms. The presence of the young and ambitious leader has brought 

changes into the targets and vectors of development of the Chair. S.A. Fedoreev 

wants students interested in project activity, develop their strive for self-

realization, show the economic aspect of studentsô  projects and ideas. Such a 

new and fresh look at project activity opens new horizon for students and 

teaches to think outside the box. For a project to be successful  not only an 

original idea is important, but also knowledge and skills to promote the project, 

to get it realized on the market.    

On the threshold of the 70
th
 jubilee the Chair of Information Technologies 

has its feet steady on the ground and keeps its eyes on the big picture of projects 

and ideas. We have interesting ideas and we know what to do with them. 

We can surely say that the Second Chapter of the Tale has gat a very 

interesting plot. 
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EFFECTIVE LEADERSHIP IN COMP ANIES MANAGEMENT AND ITS 

NATURE 

 

Pavlov N.V.
1
, Pavlova V.A.

2
, 

Voronova G.M.
3
, Chirkova A.N

4
 

 

The article touches on the concept of "guidance" and "leadership" in  the 

contemporary authors
,
 interpretation. The authors come to the conclusion that 

guidance and leadership should not be separated. Moreover, the manager must 

be a leader. What features has nature of leadership? How should a personality 

form such an important quality as a successful leadership? The authors try to 

answer these questions and pay attention to the necessary qualities of a leader in 

a modern, flexible society. Discipline is represented as a major component of 

leadership. The essence of leadership is to promote the survival of the leader, his 

family and followers. 

Keywords: leadership, management, survival, responsibility, followers, 

discipline 

Nowadays it is actual to use additional recourses of management.  

Leadership is one of them. The representatives of contemporary Russian 

management consider questions of leadership in detail. They emphasize the 

distinction between such categories as ñguidanceò and ñleadershipò.  

According to V. Yudina
,
s words Management - is "... the process of 

organizing any actions aimed at implementing the objectives pursued" [5, p. 

156]. Thus, management involves mandatory achieving some goal, bringing 

concrete results. Thus, management involves achieving some goal, bringing 

concrete results. G. Kunz, the president of the International Management 

Academy and his colleague S. O'Donnell wrote: "Management ï an art, like 

medicine or engineering, which must rely on its underlying science - concepts, 

theories, principles and methods" [2, p. 17]. 

Comparing management and guidance Cherednychenko I.P. and Tel'nykh 

N.V. indicate that "leadership is only part of management in which various 

management issues are resolved influence on subordinates" [4, ʩ. 23]. 

Discussing about leadership, these authors write: "Leadership is a process 

of influence on people, generated by informal relations system, and management 

involves primarily a clearly structured formal (official) relationshipé" [4, ʩ. 

51]. 

 
1
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Thus, in authors
,
 opinion, leadership includes informal relations, whereas 

leadership includes formal relations. 

What way will a supervisor be able to govern his staff, if people do not 

respect and trust him? In any case, this guide will not be effective. Therefore, 

the guidance is impossible without leadership.  

According to Meskon M., Albert M. and Hedouri F. [3, ʩ. 350] the 

strongest and most effective leaders are responsible for their behavior, want to 

achieve the goal and get the necessary to solve specific problems of education 

and experience. 

Adler Y.P. and Lipkin V.V. also said about the leaderôs responsibility: 

"Responsibility ï it is something without which, in principle, there is no true 

leadership ... Even in those cases where the responsibility is assigned, requires 

the inner consent of the man, otherwise it turns into a formality" [1, ʩ. 16]. 

Cherednychenko I.P. and Tel'nykh N.V. [4] allocate the following 

differences management from leadership: 

- leadership is diagnosed in a small group , while guidance - a sign of 

macroenvironment; 

- leadership arises spontaneously , the process of head appointment is not 

spontaneously; 

- leadership is a less stable, it depends on the mood of group to a great 

extent; 

- a guide has a system of various sanctions for his subordinates but the 

leader has no rights to use such sanctions. 

Differences between the concepts ñmanagerò and ñleaderò cause 

confusion, in practice managers and leaders are not the same (not always). It is 

clear that the head should always be a leader or aspires to leadership. But in 

practice such situation is often absent due to understanding of the management 

and the nature of leadership. 

1. Manager is a person who seeks the ways to assemble a team together 

and achieve the result for certain benefits. The nature of guidance (manager) and 

leadership (leader) is always based on motivation to achieve some positive 

results, for official management it is a financial motivation, and in case of 

leadership it is informal benefits (information, social status, organizational 

efforts, legal protection, professional knowledge, experience, support, positive 

attitude and others). Leader always relies on benefits. 

2. Leader is a person who already has some authority in the field of 

positive achievements. The leader has a list of achievements that convince other 

people to trust him and their actions will not be wasted. Manager must also be 

authoritative. If the manager has no credibility, it is more difficult to be in 

command subordinates. 

3. Leader has some experience in the activities for which he conveys 

people. He gets additional information before taking up any business. 
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4. Leader does not stop where others stop. The leader has much higher 

threshold of stress, he continues to direct even in critical situations. He is 

optimistic and energetic in any case. 

5. Activities and behavior of the leader give benefit to his team. The 

members of team develop their skills, and the leader takes care of every 

member
ô
s well-being of his team. Leader will not use drugs or alcohol as a way 

of motivation because bad habits destroy the family values of his team. Such 

leadership is short-lived. Moreover, the leader condemns and stop negative 

behavior of the follower, even if it reduces his authority. The right leader helps 

his followers to survive with all his might. 

6. Leader focuses on survival, healthy way of life, making a family. 

Family for a leader is a key to survival, efficiency, the opportunity to share 

family responsibilities and save energy. If the leader succeeds in making family 

and keeping up health, he will succeed in life. 

7. Leader operates efficiently as it possible. He is disciplined, punctual, 

honest with himself and others. He is not only respected but he is also trusted. 

He is an example not only in work but also in his every action, even in thought. 

Therefore, we consider that the concepts of "manager" and "leader" are 

unacceptable to compare! It is better say: "This manager - is a strong leader!ò Or 

ñthis manager is not very strong as a leaderò. That statement automatically raises 

the question of the adequacy for the job. 

Nature of leadership sets a short definition. Leadership is an ability to 

discipline the behavior of the team for survival.  

1. Leadership as a discipline involves the existing practice of behavior 

management; knowledge of desires, needs, interests, intentions and willingness 

of subordinates. Leader has a quality of self-restraint for the sake of action in the 

right direction to get the result. 

2. Survival in leadership indicates a positive benefit, promote leaderôs 
splendid health and health of his followers, the birth and raising children, taking 

care of parents. So the leader will not act for the benefit, not related to survival. 

Leader also will not perform actions without survival. Leader is an example and 

model of effective survival, but in addition he promotes the survival of others. 

The head of the company also take care of his employees. He disciplines them, 

but on the other hand - he thinks of facilitating his company for the benefit of 

business. He knows how to achieve the goal faster and squeeze profit out of 

something. Only later, in the course of training, education and professional 

activities a person can develop his leadership skills and thinking leader. And the 

sooner the leader learns to achieve positive results, so it would be better for him 

and his family in the long run. 

The main positive result of the leader of a survival in the environment is 

to preserve leader's health, the health of his family, upbringing and education of 

children, the protection of the wife and parents. 
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THE CHAIR OF GENERAL MACHINERY AS WE APPROACH THE 

JUBILEE  

 

ʉʝʠʜʦʚʘ ɻ.ʀ., ʩʪʫʜʝʥʪʢʘ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʍʫʜʷʢʦʚ ʂ.ɸ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʊʠʪʦʚʘ ɽ.ʖ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ çʀʥʦʩʪʨʘʥʥʳʭ 

ʷʟʳʢʦʚè 

 

Seventy years have passed since the Technological Institute was founded, 

since the year when the first applicant submitted his documents to the admission 

committee. It was way back in 1944, and many changes have taken place since 

then both in the academic, studying and structural aspects. In the present article 

there will be presented the analysis of the activity of one of the most important 

units at the Institute ï the Chair of General Machinery. 

The Chair was founded in 2005, and since that time it has been training 

engineers ï specialists; in 2011 the training of bachelors started. 

Previously one third of all students of the institute studied here. Today, 

with the extension in the number of major disciplines, the amount of students 

has dropped to 15%. But they still work actively and every year show high 

academic performance and participate in scientific conferences including 

international ones. 

From the day of its founding the main task of the Technological Institute 

has been training engineers to work at the industrial enterprises of Nizhniy 

Tagil. Cooperation continues up to the present time. Over 40% graduates of the 

Chair of General Machinery are engaged in work at "UralVagonZavod". We 
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have made a list of all the enterprises of Sverdlovskaya region where the 

Technological Institute graduates are currently employed: 

- Scientific Industrial Corporation PLC ñUralVagonZavodò; 

- OJSC Nizhniy Tagil Iron and Steel Works; 

- OJSC UralCryoMach; 

- OJSC Ural Design Office of Transport Machine Building; 

- OJSC Ural Scientific and Technological Complex; 

- JSC Nizhniy Tagil Works ñPlantaò; 

- CJSC Rezh Mechanical Works; 

- CJSC Nevyansk Mechanical Works; 

- Federal State Unitary Enterprise Verkhnya Tura Mechanical Works; 

- OJSC Nizhniy Tagil Boiler Radiator Works; 

- CJSC Nizhniy Tagil Medical Tool Production Works; 

- CJSC Nizhniy Tagil Mechanical Works; 

- CJSC Kushva Rolling Works; 

- CJSC Barancha Electromechanical Works; 

- Nizhnyaya Salda Scientific Research Institute of Machine Building. 

During its existence the Chair of General Machinery has trained more 

than one thousand five hundred engineers  

The Chair of General Machinery members are Doctors of Technical 

Sciences, professors, assistant professors, PhDs and senior lecturers. The 

teachers take advanced training courses regularly and improve their qualification 

both as lecturers and engineers. 

The classrooms and laboratories assigned to the Chair of General 

Machinery are instrumented with the equipment for special purposes and with 

modern computing technique. Teaching and laboratory base of the Chair 

includes such labs as laboratory of interchangeability and standardization, 

technology of engineering and spark processing. 

There are over 600 scientific papers published by the staff and students of 

the Chair. They have received more than 96 patents for inventions, and some of 

them were licensed in the European countries. 

As an illustration we can provide the following example: in 2007 a group 

of researchers received the patent for the new engineering project "Means of 

Cyanidation of Steel and Titanium Products". Among the authors of the 

invention there were Evgeniy Michailovich Fainshmidt and Vladimir 

Fyodorovich Pegashkin. 

E. M. Fainshmidt is the author of more than 200 scientific papers and the 

holder of 35 patents.  He has made two real scientific breakthroughs. His 

research and applied activities are connected with the following scientific 

aspects: 

- Sustainable processes in machine building; 
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- Technology and equipment of termical treatment and powder 

metallurgy; 

- Increase of operational resistance of forming tool and machine parts; 

Many awards and honors belong to E.M. Fainshmidt, namely: 

- Honorable Inventor of the Russian Federation; 

- Full Member of the International Academy of Ecology and Life Safety; 

- Corresponding Member of the Russian Academy of National Sciences; 

Professor Fainshmidt is mentioned and introduced in the following 

encyclopedic references: 

- Engineers of the Urals, Ekaterinburg, 2001; 

- Honorable Graduates of the USTU-UPI, Ekaterinburg, 2007; 

- Whoôs Who, USA, 2008; 

- 2000 Outstanding Scientists, Great Britain, Cambridge, 2008; 

- Dictionary of International Biography, Great Britain, Cambridge, 2009. 

Head of the Chair and the director of our institute is Vladimir 

Fyodorovich Pegashkin. 

Professor Pegashkin, Professor Fianshmidt and other scientists have 

conducted a lot of research together. V. F. Pegashkin has over 260 scientific and 

methodical works, more than 20 patents and inventions. The main fields of his 

activity comprise the following engineering aspects: 

- Optimization of metals treatment processes by cutting; 

- Treatment with the application of tipping device; 

- Sustainable and energy saving technologies. 

In 2013 V. F. Pegashkin received the insignia "For Services to the City". 

He told the reporters of information portal of the city: "I am proud to be the 

director of the institute, one of the largest research centers in the city and the 

region, the forge of qualified personnel. Getting the insignia is a great event for 

me".  

Vladimir Fyodorovich Pegashkin is: 

- Full Member of the International Academy of Ecology and Life Safety; 

- Full Member of the Academy of Engineering Sciences; 

- Academic Counselor of the Russian Academy of Rocket Troops and 

Artillery;  

- Member of the International Association of Metallurgists-Experts; 

- Corresponding Member of the Academy of Military Sciences. 

The teaching staff of the Chair have achieved a lot in recent years and 

they intend to continue their research projects. The directions of the coming 

research activity are as follows: 

- Development of the methods to increase manufacture effectiveness in 

the sphere of machine building; 

- Conducting complex of theoretical and experimental research which 

provides getting the surfaces with an assigned set of features; 
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- Forming a structure of phase composition and features of surface layers 

the superplastic deformation of material with introducing ultrasound into the 

deformation zone. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʀʥʞʝʥʝʨʳ ʋʨʘʣʘ, ʈʦʩʩʠʷ, ɽʢʘʪʝʨʠʥʙʫʨʛ, 2001ʛ. 

2. ʇʦʯʝʪʥʳʝ ʚʳʧʫʩʢʥʠʢʠ ʋɻʊʋ ʋʇʀ, ʈʦʩʩʠʷ, ɽʢʘʪʝʨʠʥʙʫʨʛ, 2007ʛ. 

3. Whoôs Who, ʉʐɸ, 2008ʛ. 

4. 2000 Outstanding Scientists, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʂʝʤʙʨʠʜʞ, 2008ʛ. 

5. Dictionary of International Biography, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʂʝʤʙʨʠʜʞ, 

2009ʛ. 

6. ɻʦʨʦʜʩʢʦʡ ʧʦʨʪʘʣ ʅʠʞʥʝʛʦ ʊʘʛʠʣʘ, TagilCity.ru 

7. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ʅʊʀ (ʬ) ʋʨʌʋ, nti.urfu.ru 

 

 

WOMEN -PROFESSORS OF OUR INSTITUTE. 

 

ʇʨʦʢʦʧʝʥʢʦ ɸ.ɹ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

Cʫʤʦʚʩʢʘʷ ɽ.ɸ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳçʀʥʦʩʪʨʘʥʥʳʭ 

ʟʳʢʦʚè 

 

You educate a man; you educate a man. You educate a woman; you 

educate a generation. (Brigam Yang)  

 

Woman! There is a lot of tenderness, kindness and geniality in this word. 

Woman makes this world better. She gives her love to people. But women who 

devote all their life to science and education of young specialists deserve our 

special attention. Our work is devoted to these outstanding women. 

Bronnikova Eudokia Romanovna. She was born on March 15, 1924 in 

Orenburg Region. It is difficult to understand how institutes could work during 

the war. Nevertheless Eudokia Romanovna graduated from the teacher training 

Institute and became a mathematics teacher. After ten years of teaching at 

different schools, she became a chief teacher of the chair of mechanics and 

mathematics. 

 Semikolennyx Margarita Nikolaevna. She was born on March 4, 1932 in 

Nizhni Tagil. In 1955 she graduated from the polytechnical Institute as a 

mechanical engineer. She has been working in our Institute since 1960. She was 

a director of science in 1982-1985. Margarita Nikolaevna has more than 40 

scientific works, including the inventions and 42 monographs. The name of this 

talented professor is written down in the honorable book of our Institute. 

Aristova Natalya Alekseevna. She was born on September 14, 1954 in 

Karaganda. In 1976 she graduated from the metallurgical Institute, the faculty of 

chemistry and metallurgy. In 1983 she became a candidate of sciences. In 1999 
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she became a chief of the chair of chemistry. Natalya Alekseevna has more than 

100 scientific articles, 2 monographs and patents. 

  Borshova Larisa Vasilyevna. She was born on May 22, 1962 in Nizhni 

Tagil. In 1985 she graduated from the Ural polytechnical Institute. She has been 

working at the chair of general mechanical engineering since March 1992. 

Larisa Vasilyevna became a candidate of technical sciences in March 2004. 

This is not a complete list of women - professors of our Institute. For 

example, at the chair of mechanical engineering, which is impossible to call a 

female one, work a lot of talented women ï professors: Kravchenko L.M., 

Pegashkina E.V., Malygina N. P. and others. 

Who told that women can't learn absolutely man's craft? Our women ï 

professors not only mastered difficult professions, but became a good example 

for their students. Thanks to them our Institute prepares a large number of 

excellent specialists every year. We are proud of our outstanding women- 

professors! 
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ȸȱȾȬȷȷȿȼȯȴɃȱȽȶȺȱ ȻȼȺȴȳȮȺȰȽȾȮȺ 

 

ʆ ʉʇɽʎʀʌʀʂɽ ʉʇɽʎʀɸʃʔʅʆʉʊʀ ʄʅʆɻʆʎɽʃɽɺʓɽ 

ɻʋʉɽʅʀʏʅʓɽ ʀ ʂʆʃɽʉʅʓɽ ʄɸʐʀʅʓ (ʄɻʂʄ) 

 

ɸʥʠʩʴʢʠʥ ɸ.ʖ., ʐʠʰʢʠʥ ʇ.ɽ., ʩʪʫʜʝʥʪʳ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʈʌʋ 

 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʘ - ʙʫʜʫʱʝʛʦ ʠʥʞʝʥʝʨʘ ʵʪʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʨʦʥʝʪʘʥʢʦʚʦʡ ʪʝʭʥʠʢʠ. ɼʝʣʦ ʦʯʝʥʴ ʩʣʦʞʥʦʝ, ʪʨʝʙʫʶʱʝʝ 

ʦʙʰʠʨʥʳʭ ʤʥʦʛʦʛʨʘʥʥʳʭ ʟʥʘʥʠʡ. ʇʦʥʷʪʠʝ çʙʨʦʥʝʪʘʥʢʦʚʳʝ ʚʦʡʩʢʘè ʠ 

çʪʘʥʢʦʩʪʨʦʝʥʠʝè ʥʝʚʦʟʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʠʟʫʯʘʪʴ ʚ ʦʪʨʳʚʝ ʦʜʥʦ ʦʪ 

ʜʨʫʛʦʛʦ. ɿʘ ʢʘʞʜʳʤ ʚʦʠʥʦʤ - ʪʘʥʢʠʩʪʦʤ ʩʪʦʠʪ ʤʥʦʛʦ ʨʘʙʦʪʥʠʢʦʚ 

ʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ-ʫʯʝʥʳʝ, ʠʥʞʝʥʝʨʳ ʠ ʨʘʙʦʯʠʝ, 

ʚʦʦʨʫʞʘʶʱʠʝ ʘʨʤʠʶ ʩʦʚʨʝʤʝʥʥʦʡ ʙʦʝʚʦʡ ʪʝʭʥʠʢʦʡ. ʈʦʩʩʠʠ ʥʝʣʴʟʷ ʥʝ 

ʠʤʝʪʴ ʤʦʱʥʦʡ ʘʨʤʠʠ. ɺʦʦʨʫʞʝʥʥʳʝ ʢʦʥʬʣʠʢʪʳ ʥʘ ʛʨʘʥʠʮʘʭ ʈʦʩʩʠʠ 

ʧʨʦʠʩʭʦʜʷʪ ʯʘʩʪʦ ʠ ʚʦ ʤʥʦʛʠʭ ʤʝʩʪʘʭ, ʠ ʤʳ ʦʢʘʟʳʚʘʝʤʩʷ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʚ 

ʥʠʭ ʚʪʷʥʫʪʳʤʠ. ɼʘ ʠ ʞʝʣʘʶʱʠʭ ʧʦʢʫʩʠʪʴʩʷ ʥʘ ʥʘʰʠ ʟʝʤʣʠ ʭʚʘʪʘʝʪ. ɺʝʨʥʦ, 

ʚʳʩʢʘʟʘʣʩʷ ʢʦʛʜʘ-ʪʦ ʠʤʧʝʨʘʪʦʨ ɸʣʝʢʩʘʥʜʨ II: çʈʦʩʩʠʷ ʩʣʠʰʢʦʤ ʚʝʣʠʢʘ, 

ʯʪʦʙʳ ʥʝ ʠʤʝʪʴ ʚʨʘʛʦʚè. ʀ ʝʩʣʠ ʤʳ ʜʦʙʠʣʠʩʴ ʭʦʪʷ ʙʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʠʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʛʨʘʥʠʮʘʭ, ʪʦ ʪʦʣʴʢʦ  ʙʣʘʛʦʜʘʨʷ ʩʠʣʝ ʥʘʰʝʡ ʘʨʤʠʠ ʠ 

ʥʘʰʝʛʦ ʦʨʫʞʠʷ. ʊʘʢ ʠ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʨʦʬʝʩʩʠʷ ʚʦʝʥʥʦʛʦ ʠʥʞʝʥʝʨʘ - 

ʩʘʤʘʷ ʤʠʨʥʘʷ ʧʨʦʬʝʩʩʠʷ! ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʧʨʦʩʪʳʝ ʯʠʩʣʝʥʥʳʝ 

ʜʘʥʥʳʝ. ʋ ʈʦʩʩʠʠ ʚ ʘʨʤʠʠ ï ʦʢʦʣʦ 1 ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ, ʫ ʉʐɸ ï ʦʢʦʣʦ 1.5 

ʤʠʣʣʠʦʥʘ, ʋ ʂʠʪʘʷ ʦʢʦʣʦ 2.3 ʤʠʣʣʠʦʥʘ. ʊʝʨʨʠʪʦʨʠʷ ʈʦʩʩʠʠ ï ʩʘʤʘʷ 

ʙʦʣʴʰʘʷ ʚ ʤʠʨʝ, ʧʦʵʪʦʤʫ ʠ ʛʨʘʥʠʮʳ ʩʘʤʳʝ ʧʨʦʪʷʞʝʥʥʳʝ, ʘ ʥʘʩʝʣʝʥʠʝ ʥʝ 

ʪʘʢʦʝ ʫʞ ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ. ʄʦʞʥʦ ʧʦʜʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʦʜʠʥ ʢʠʣʦʤʝʪʨ 

ʛʨʘʥʠʮʳ ʫ ʥʘʩ ʧʨʠʭʦʜʠʪʩʷ 15 ʟʘʱʠʪʥʠʢʦʚ. ʋ ʉʐɸ- 57, ʫ ʂʠʪʘʷ ï 80. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʚʦʜ: ʪʦʣʴʢʦ ʠʤʝʷ ʣʫʯʰʝʝ ʦʨʫʞʠʝ, ʈʦʩʩʠʡʩʢʘʷ ʘʨʤʠʷ 

ʩʤʦʞʝʪ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʦʟʤʦʞʥʳʤ ʧʨʦʪʠʚʥʠʢʘʤ. ʊʘʢʦʚʘ ʩʫʨʦʚʘʷ 

ʨʝʘʣʴʥʦʩʪʴ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ.  

ʊʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʨʦʩʩʠʡʩʢʠʭ ʚʦʦʨʫʞʝʥʠʡ ï ʦʜʠʥ ʠʟ ʚʳʩʦʯʘʡʰʠʭ 

ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ɺ 2010 ʛʦʜʫ ɺ.ɺ. ʇʫʪʠʥ ʧʦʜʯʝʨʢʥʫʣ, ʯʪʦ 

çʥʘʮʠʦʥʘʣʴʥʦʡ ʠʜʝʝʡè ʫ ʥʘʩ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ ʥʘ ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩ ʵʪʦʡ ʧʨʦʙʣʝʤʦʡ ʥʘʰʘ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʦʢʘ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ: ʧʦ ʧʦʜʩʯʝʪʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ 

ʆʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʥʘʮʠʡ, ʥʘʰʘ ʩʪʨʘʥʘ ʧʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʚʦʠʭ ʠʟʜʝʣʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 45 ʤʝʩʪʝ ʚ 

ʤʠʨʝ. ʅʦ ʚʦʪ ʩ ʚʦʦʨʫʞʝʥʠʷʤʠ ʜʝʣʦ ʦʙʩʪʦʠʪ ʠʥʘʯʝ. ʊʝ ʞʝ ʵʢʩʧʝʨʪʳ ʆʆʅ, 

ʧʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʜʝʩʷʪʢʠ ʚʠʜʦʚ ʚʦʦʨʫʞʝʥʠʷ, ʦʪʜʘʣʠ ʧʷʪʴ ʧʝʨʚʳʭ ʤʝʩʪ 

ʩʨʘʟʫ ʧʷʪʠ ʩʪʨʘʥʘʤ, ʠ ʈʦʩʩʠʷ ʚʦʰʣʘ ʚ ʵʪʫ ʧʦʯʝʪʥʫʶ çʧʷʪʝʨʢʫè. 

ʆʜʥʠʤ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʰʝʡ ʧʦʙʝʜʳ ʚ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ 

ʚʦʡʥʝ ʷʚʠʣʦʩʴ ʥʘʣʠʯʠʝ ʤʦʱʥʦʛʦ ʚʦʦʨʫʞʝʥʠʷ ʥʘʰʝʡ ʘʨʤʠʠ. ɸʚʠʘʮʠʷ, 

ʘʨʪʠʣʣʝʨʠʷ, ʙʨʦʥʝʪʘʥʢʦʚʳʝ ʚʦʡʩʢʘ - ʚʩʷ ʥʘʰʘ ʦʙʦʨʦʥʥʘʷ ʪʝʭʥʠʢʘ ʦʢʘʟʘʣʘʩʴ 
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ʵʬʬʝʢʪʠʚʥʝʝ ʛʠʪʣʝʨʦʚʩʢʦʡ, ʭʦʪʷ ʥʘ ɻʝʨʤʘʥʠʶ ʨʘʙʦʪʘʣʘ ʚʩʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʜʦʚʦʝʥʥʦʡ ɽʚʨʦʧʳ.   

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʙʨʦʥʝʪʘʥʢʦʚʦʡ ʪʝʭʥʠʢʠ ʙʳʣ ʥʘʰ 

ʊʘʛʠʣ, ʋʨʘʣʚʘʛʦʥʟʘʚʦʜ, ʛʜʝ ʪʘʥʢʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʟʚʝʨʥʫʣʠ ʥʘ ʙʘʟʝ 

ʍʘʨʴʢʦʚʩʢʦʛʦ ʟʘʚʦʜʘ ˉ183. ɿʘ ʯʝʪʳʨʝ ʛʦʜʘ ʙʳʣʦ ʚʳʧʫʱʝʥʦ 35 ʪʳʩ. ʪʘʥʢʦʚ 

ʊ-34-ʥʘʜʝʞʥʝʡʰʠʭ ʥʘ ʪʦ ʚʨʝʤʷ ʙʦʝʚʳʭ ʤʘʰʠʥ.  

ɿʘʚʦʜ ʥʝ ʫʪʨʘʪʠʣ ʩʚʦʝʛʦ ʦʙʦʨʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺ 

ʧʦʩʣʝʚʦʝʥʥʳʝ ʛʦʜʳ ʧʨʦʜʦʣʞʘʣʦʩʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʙʨʦʥʝʪʘʥʢʦʚʦʡ 

ʪʝʭʥʠʢʠ. ʅʘ ʙʘʟʝ ʊ-34 ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʦʚʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʊ-54, 

ʊ-55, ʊ-62  ʠ ʩʘʤʘʷ ʤʘʩʩʦʚʘʷ ʤʘʰʠʥʘ ʊ-72. ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʩʚʳʰʝ 100 ʪʳʩ. ʙʦʝʚʳʭ ʤʘʰʠʥ. 

ʅʘʜʦ ʩʢʘʟʘʪʴ ʦ ʚʢʣʘʜʝ ʥʘʰʝʛʦ ʠʥʩʪʠʪʫʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ ʋʨʘʣʚʘʛʦʥʟʘʚʦʜʘ: ʚ 1983 ʛ. ʙʳʣʘ ʦʪʢʨʳʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʂɻʄ, ʟʘ 

ʧʨʦʰʝʜʰʠʝ 30 ʣʝʪ ʧʦʜʛʦʪʦʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʞʝʥʝʨʦʚ, 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʝʪ ʚ ʩʠʩʪʝʤʝ ʋɺɿ.  

ʉʧʝʮʠʘʣʴʥʦʩʪʴʶ ʩʪʫʜʝʥʪʘ-ʙʫʜʫʱʝʛʦ ʠʥʞʝʥʝʨʘ ʩʪʘʥʝʪ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʨʦʥʝʪʘʥʢʦʚʦʡ ʪʝʭʥʠʢʠ.  ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʢʘʬʝʜʨʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʥʘ ʧʦʜʲʝʤʝ, ʜʝʣʦ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʥʘ ʚʳʧʫʩʢ ʙʘʢʘʣʘʚʨʦʚ ʜʣʷ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʤʥʦʛʦʮʝʣʝʚʳʝ ʛʫʩʝʥʠʯʥʳʝ ʠ ʢʦʣʝʩʥʳʝ ʤʘʰʠʥʳ (ʄɻʂʄ) 

ʩʦʭʨʘʥʠʣʩʷ çʩʧʝʮʠʘʣʠʪʝʪè, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʮʝʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ʠʥʞʝʥʝʨʦʚ. ɺ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʄɻʂʄ.  

ʄʳ ʧʨʠʛʣʘʰʘʝʤ ʘʙʠʪʫʨʠʝʥʪʦʚ-ʚʳʧʫʩʢʥʠʢʦʚ ʰʢʦʣ ʛ. ʅʠʞʥʝʛʦ ʊʘʛʠʣʘ 

ï ʧʦʩʪʫʧʘʡʪʝ ʫʯʠʪʴʩʷ ʢ ʥʘʤ, ʥʝ ʧʦʞʘʣʝʝʪʝ, ʫ ʥʘʩ ʠʥʪʝʨʝʩʥʦ! ɻʣʘʚʥʦʝ 

ʫʩʣʦʚʠʝ ï ʚ ʯʠʩʣʝ ʩʜʘʥʥʳʭ ɽɻʕ ʜʦʣʞʝʥ ʙʳʪʴ ʵʢʟʘʤʝʥ ʧʦ ʬʠʟʠʢʝ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʇʈɽʉʉʆɺɸʅʀʗ ʊʈʋɹ ʀɿ 

ʎɺɽʊʅʓʍ ʄɽʊɸʃʃʆɺ ʀ ʉʇʃɸɺʆɺ 

 

ɹʘʙʘʡʣʦʚ ʅ.ɸ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʋʨʌʋ 

ʇʝʨʚʫʭʠʥ ɸ.ɽ., ʇʝʨʚʫʭʠʥʘ ɼ.ʅ., ʤʘʛʠʩʪʨʘʥʪʳ ʋʨʌʋ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʠʟʜʝʣʠʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʢʘʬʝʜʨʝ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʀʥʩʪʠʪʫʪʘ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʤʝʪʘʣʣʫʨʛʠʠ ʋʨʌʋ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʦʚ ʠʥʞʝʥʝʨʥʦʛʦ 
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ʘʥʘʣʠʟʘ (ʉɸɽ ï Computer-Aided Engineering), ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʢʘʬʝʜʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʩʪʨʝʙʦʚʘʥʳ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʚ ʪ.ʯ. ʥʘ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʠʟ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʷʤʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʪʨʫʙʳ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ 

ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʷʤʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʪʨʫʙ [1, 2].  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚʳʙʨʘʥʘ ʧʨʦʛʨʘʤʤʘ ʠʥʞʝʥʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ QFORM (ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʆʆʆ çʂʚʘʥʪʦʨʬʦʨʤè, 

ʈʦʩʩʠʷ). 

ʀʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʷʤʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʪʨʫʙ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ (ɻʆʉʊ 18482-79 çʊʨʫʙʳ ʧʨʝʩʩʦʚʘʥʥʳʝ ʠʟ 

ʘʣʶʤʠʥʠʷ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʊʋè). 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʩʣʝʜʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʧʦʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ) ʥʘ ʣʶʙʦʤ 

ʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ: ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ - 

ʥʘʧʨʷʞʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ; ʜʣʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

- ʩʝʪʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ, ʩʢʦʨʦʩʪʴ 

ʧʨʝʩʩʦʚʘʥʠʷ, ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ, ʣʠʥʠʠ ʪʦʢʘ ʠ ʜʨ.; ʪʝʤʧʝʨʘʪʫʨʘ (ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨ) ʧʦ ʩʝʯʝʥʠʶ ʟʘʛʦʪʦʚʢʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ: 

ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ, ʨʘʙʦʪʳ ʠ ʤʦʱʥʦʩʪʠ ʧʨʝʩʩʦʚʘʥʠʷ ʦʪ ʚʨʝʤʝʥʠ. 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥ ʵʢʨʘʥ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ (ʩʪʝʧʝʥʴ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʦʜʥʦʤ ʠʟ ʵʪʘʧʦʚ ʧʨʝʩʩʦʚʘʥʠʷ). ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʣʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʟʘʛʦʪʦʚʢʝ ʧʨʠ ʨʘʩʧʨʝʩʩʦʚʢʝ ʩʣʠʪʢʘ, 

ʚʳʪʝʢʘʥʠʠ ʤʝʪʘʣʣʘ ʠʟ ʢʘʥʘʣʘ ʤʘʪʨʠʮʳ, ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʪʘʜʠʠ 

ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʦʢʦʥʯʘʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʩʩʦʚʘʥʠʷ ʩ 

ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦ- ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʫʩʣʦʚʠʡ 

ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʧʨʝʩʩʦʚʘʥʠʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʤʝʪʘʣʣʦʠʟʜʝʣʠʡ, ʥʝ ʠʤʝʶʱʠʭ ʙʨʘʢʘ ʧʦ ʛʝʦʤʝʪʨʠʠ ʠ ʩʧʣʦʰʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʦʛʦ ʠʟʜʝʣʠʷ. 
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ʈʠʩ. 1. ʕʢʨʘʥ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚ ʧʘʢʝʪʝ QFORM (ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 

ʦʜʥʦʤ ʠʟ ʵʪʘʧʦʚ ʧʨʝʩʩʦʚʘʥʠʷ) 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʩʩʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʫʯʝʪʦʤ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʪ.ʝ. ʨʘʟʨʘʙʦʪʘʥʘ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ɺ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʩʩʦʚʘʥʠʷ 

ʟʘʣʦʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ ʠ ʧʨʝʩʩʦʚʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʟʘʛʦʪʦʚʢʠ ʠ ʧʦʣʫʯʘʝʤʦʛʦ ʠʟʜʝʣʠʷ (ʪʨʫʙʳ), ʘ 

ʪʘʢʞʝ ʨʘʟʤʝʨʦʚ ʧʨʝʩʩʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʣʫʞʙʳ ʧʨʝʜʧʨʠʷʪʠʡ ʉʚʝʨʜʣʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʩʩʦʚʘʥʥʳʭ ʪʨʫʙ, 

ʥʘʧʨʠʤʝʨ: ʆɸʆ çʂʋʄɿè (ʛ.ʂʘʤʝʥʩʢ-ʋʨʘʣʴʩʢʠʡ) ï ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ, 

ʆɸʆ çɺʉʄʇʆ-ɸɺʀʉʄɸè (ʛ.ɺʝʨʭʥʷʷ ʉʘʣʜʘ) ï ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ, ʆɸʆ 

çʋʨʘʣʴʩʢʘʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷè (ʛ.ʈʝʚʜʘ) ï ʤʝʜʥʳʝ ʩʧʣʘʚʳ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʝʢʪ ʤʘʛʠʩʪʨʘʥʪʦʚ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷè ʚ 2013 ʛʦʜʫ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ XVI 

ʆʙʣʘʩʪʥʦʡ ʢʦʥʢʫʨʩ ʥʘ ʣʫʯʰʫʶ ʥʘʫʯʥʫʶ ʨʘʙʦʪʫ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ ʠ 

ʩʨʝʜʥʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ çʅʘʫʯʥʳʡ 

ʆʣʠʤʧè ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʅʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠè, 

ʧʦʣʫʯʠʚʰʠʡ ʧʦʦʱʨʠʪʝʣʴʥʫʶ ʧʨʝʤʠʶ [3]. 
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ʈʠʩ.2. ʇʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʟʘʛʦʪʦʚʢʝ ʧʨʠ: ʘ) ʨʘʩʧʨʝʩʩʦʚʢʝ ʩʣʠʪʢʘ; ʙ) 

ʚʳʪʝʢʘʥʠʠ ʤʝʪʘʣʣʘ ʠʟ ʢʘʥʘʣʘ ʤʘʪʨʠʮʳ; ʚ) ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʪʘʜʠʠ; ʛ) ʦʢʦʥʯʘʥʠʷ 

ʧʨʝʩʩʦʚʘʥʠʷ 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʇʝʨʚʫʭʠʥ ɸ.ɽ., ɹʘʙʘʡʣʦʚ ʅ.ɸ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʧʨʦʮʝʩʩʦʚ ʧʨʝʩʩʦʚʘʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ɽʢʘʪʝʨʠʥʙʫʨʛ: 

ʋʨʌʋ, 2013. 45-46 ʩ. 

 

 



36 

ʅɸʇʈʗɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɽ ʉʆʉʊʆʗʅʀʗ ʇʈʀ 

ʉɺʆɹʆɼʅʆʁ ʂʆɺʂɽ ɿɸɻʆʊʆɺʂʀ 

 

ɹʘʙʘʡʣʦʚʘ ɸ.ʅ., ʘʩʧʠʨʘʥʪ ʋʨʌʋ 

ɹʫʨʢʠʥ ʉ.ʇ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʋʨʌʋ 

 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩʚʦʙʦʜʥʦʡ ʢʦʚʢʠ (ʨʠʩ.1), ʧʨʠ 

ʢʦʪʦʨʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʣʠʪʘʷ ʟʘʛʦʪʦʚʢʘ ʦʩʘʞʠʚʘʝʪʩʷ ʥʘ ʛʣʘʜʢʠʭ ʧʣʠʪʘʭ, 

ʟʘʪʝʤ ʢʘʥʪʫʝʪʩʷ ʠ ʦʩʘʞʠʚʘʝʪʩʷ ʧʦ ʜʠʘʤʝʪʨʫ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ, ʙʣʠʟʢʦʛʦ ʢʚʘʜʨʘʪʥʦʤʫ. ʇʦʣʫʯʝʥʥʘʷ ʧʦʢʦʚʢʘ ʧʨʦʪʷʛʠʚʘʝʪʩʷ 

ʧʣʦʩʢʠʤʠ ʙʦʡʢʘʤʠ ʜʦ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʠʣʠ ʦʙʢʘʪʳʚʘʝʪʩʷ ʜʦ ʢʨʫʛʣʦʛʦ 

ʩʝʯʝʥʠʷ. ɺʪʦʨʘʷ ʦʩʘʜʢʘ ʧʦʩʣʝ ʢʘʥʪʦʚʢʠ ʧʦʢʦʚʢʠ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ 

ʛʣʘʜʢʠʭ ʧʣʠʪʘʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ e=0,4é0,6, ʢʘʢ ʠ 

ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʚʦʙʦʜʥʦʡ ʢʦʚʢʠ ʟʘʛʦʪʦʚʢʠ ʧʨʦʠʟʚʝʜʝʥʦ ʚ 

ʧʨʦʛʨʘʤʤʝ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ DEFORM, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ 

ʢʦʤʧʴʶʪʝʨʦʤ, ʘ ʥʝ ʚ ʭʦʜʝ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ 

ʩʦʢʨʘʱʘʶʪʩʷ ʩʨʦʢʠ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ, ʧʦʚʳʰʘʝʪʩʷ ʝʝ ʢʘʯʝʩʪʚʦ ʠ 

ʩʥʠʞʘʝʪʩʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʪʦʨʘʷ ʦʩʘʜʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʩʠ ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ, ʯʝʤ ʧʨʠ ʧʨʦʪʠʚʦʥʘʧʨʘʚʣʝʥʥʦʡ ʢʦʚʢʝ ʧʨʦʨʘʙʦʪʢʫ 

ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɼʘʣʝʝ ʟʘʛʦʪʦʚʢʘ ʩʥʦʚʘ ʢʘʥʪʫʝʪʩʷ ʠ ʦʩʘʞʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʪʨʝʪʴʝʡ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʦʩʘʜʦʢ. 

ɽʩʣʠ ʥʘʙʨʘʥʥʘʷ ʩʪʝʧʝʥʴ ʫʢʦʚʢʠ ʠʣʠ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʝʜʧʠʩʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʪʦ ʧʝʨʝʜʝʣʴʥʘʷ ʧʦʢʦʚʢʘ 

ʧʨʦʪʷʛʠʚʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʠʩʭʦʜʥʦʛʦ ʩʣʠʪʢʘ ʥʘ 

ʧʣʘʩʪʠʥʫ ʠʣʠ ʧʣʠʪʫ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ. ɽʩʣʠ ʜʝʬʦʨʤʘʮʠʷ, ʥʘʢʦʧʣʝʥʥʘʷ 

ʧʨʠ ʢʦʚʢʝ ʧʦ ʜʘʥʥʦʡ ʩʭʝʤʝ, ʧʨʠʟʥʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ, ʪʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʩʭʝʤʘ ʢʦʚʢʠ ʩ ʪʨʝʤʷ ʦʩʘʜʢʘʤʠ. 

 
ʈʠʩ.1. ʉʭʝʤʘ ʢʦʚʢʠ ʧʣʘʩʪʠʥ ʠ ʧʣʠʪ ʩ ʜʚʫʤʷ ʦʩʘʜʢʘʤʠ 
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ʕʪʘ ʩʭʝʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ ʫʢʦʚʢʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ʇʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ.1 ʩʭʝʤʘ ʢʦʚʢʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ ʥʘʙʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʫʢʦʚʢʠ ʠ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ. ʆʜʥʘʢʦ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʥʘ 

ʛʣʘʜʢʠʭ ʧʣʠʪʘʭ ʧʨʠ ʥʠʟʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʣʠʪʦʛʦ ʤʝʪʘʣʣʘ ʠ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʝʩʪʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʤʝʪʘʣʣʘ ʠʟ-ʟʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʩʭʝʤ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʚʢʠ ʪʨʫʜʥʦʜʝʬʦʨʤʠʨʫʝʤʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʘʷ 

ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʢʘʬʝʜʨʝ ʆʄɼ ʋʨʌʋ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʚʘʨʠʘʥʪ 

ʚʩʝʩʪʦʨʦʥʥʝʡ ʢʦʚʢʠ ʟʘʛʦʪʦʚʦʢ ʠʟ ʣʠʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚʢʠ 

ʵʬʬʝʢʪʠʚʝʥ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ 

ʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʫʢʦʚʢʠ ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʨʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ. ʏʠʩʣʦ ʮʠʢʣʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʟʘʛʦʪʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʠʟʚʦʣʴʥʦ ʙʦʣʴʰʠʤ (ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʩʫʤʤʘʨʥʦʡ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝʪ).  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʝʘʣʠʟʫʝʪ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʩʭʝʤʫ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ 

ʟʘʛʦʪʦʚʢʘ ʩʦʭʨʘʥʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʘʞʝ ʧʨʠ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʠʩʢʘʞʝʥʠʷʭ 

ʬʦʨʤʳ ʧʝʨʝʜʝʣʴʥʳʭ ʟʘʛʦʪʦʚʦʢ, ʚʳʟʚʘʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʚʦʡʩʪʚ 

ʩʧʣʘʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʢʦʥʪʘʢʪʥʳʭ 

ʫʩʣʦʚʠʡ ʪʨʝʥʠʷ. 

ʀʩʭʦʜʥʦʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʟʘʛʦʪʦʚʢʘ ʜʠʘʤʝʪʨʦʤ d=56 

ʤʤ ʠ ʚʳʩʦʪʦʡ h=72 ʤʤ. ʈʘʟʤʝʨʳ ʧʣʦʩʢʠʭ ʙʦʡʢʦʚ (ʩʪʘʣʴ 5ʍʅʄ): ʜʠʘʤʝʪʨ 

D=200 ʤʤ, ʚʳʩʦʪʘ ʅ=80 ʤʤ. ʈʘʜʠʫʩ ʚʳʨʝʟʘ ʚ ʙʦʡʢʝ - 28 ʤʤ. ʅʘʯʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʛʦʪʦʚʢʠ - 1600
ʦ
ʉ, ʙʦʡʢʦʚ ï 400

ʦ
ʉ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʦ 

ʂʫʣʦʥʫ ï m=0,4.  

ʊʝʭʥʦʣʦʛʠʷ ʢʦʚʢʠ ʟʘʛʦʪʦʚʢʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ: ʦʩʘʜʢʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʟʘʛʦʪʦʚʢʠ ʥʘ ʧʣʦʩʢʠʭ ʙʦʡʢʘʭ ʧʦ ʦʩʠ Z (ʨʠʩ.3, ʘ); ʦʩʘʜʢʘ 

ʟʘʛʦʪʦʚʢʠ ʚ ʚʳʨʝʟʥʳʭ ʙʦʡʢʘʭ ʧʦ ʦʩʠ X ʜʦ ʩʤʳʢʘʥʠʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ 

ʙʦʡʢʦʚ (ʨʠʩ.3, ʙ); ʦʩʘʜʢʘ ʟʘʛʦʪʦʚʢʠ ʚ ʚʳʨʝʟʥʳʭ ʙʦʡʢʘʭ ʧʦ ʦʩʠ Y ʜʦ 

ʩʤʳʢʘʥʠʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʙʦʡʢʦʚ (ʨʠʩ.3, ʚ). 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʛʦʪʦʚʢʠ. ɼʣʷ 

ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ yys  ʜʣʷ ʦʙʞʘʪʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʜʠʘʤʝʪʨʘ ʦʩʘʞʝʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʨʘʜʠʘʣʴʥʳʭ ʚʳʨʝʟʥʳʭ ʙʦʡʢʘʭ. ʅʘ ʨʠʩ.2 

ʧʨʠʚʝʜʝʥʳ ʩʝʯʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʛʜʝ 

ʠʟʦʣʠʥʠʷʤʠ ʠʟʦʙʨʘʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ. ʆʧʨʝʜʝʣʝʥʦ 

ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʟʘʛʦʪʦʚʢʠ ʠ ʠʟʤʝʥʝʥʠʝ ʥʘʢʦʧʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 
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ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ 

ʚʩʝʩʪʦʨʦʥʥʝʡ ʢʦʚʢʝ ʟʘʛʦʪʦʚʦʢ (ʩ ʫʯʝʪʦʤ ʥʝʦʜʥʦʨʦʜʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʦʣʝʡ ʚ ʟʘʛʦʪʦʚʢʝ ʠ ʠʥʩʪʨʫʤʝʥʪʝ). ʆʩʫʱʝʩʪʚʣʝʥ ʘʥʘʣʠʟ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ 

ʢʦʚʢʠ ʠ ʧʦʩʪʨʦʝʥʳ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʝʯʝʥʠʶ ʟʘʛʦʪʦʚʢʠ. ɺʳʧʦʣʥʝʥ 

ʨʘʩʯʝʪ ʥʘʢʦʧʣʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɼʣʷ ʚʩʝʭ ʵʪʘʧʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ. 

 
ʈʠʩ.2. ʇʦʣʷ ʥʘʧʨʷʞʝʥʠʡ yys  ʜʣʷ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ:  

ʘ ï ʩʝʯʝʥʠʝ XZ; ʙ ï ʩʝʯʝʥʠʝ XY 

 

 
ʈʠʩ. 3. ʋʩʠʣʠʝ ʚʝʨʭʥʝʛʦ ʙʦʡʢʘ ʥʘ ʵʪʘʧʘʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ 
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ʈɸʉʏɽʊ ʊɽʄʇɽʈɸʊʋʈʅʓʍ ʇʆʃɽʁ ʇʈʀ ʈɸʉʇʈɽʉʉʆɺʂɽ 

ʉʃʀʊʂɸ ɺ ʂʆʅʊɽʁʅɽʈɽ 

 

ɹʘʙʘʡʣʦʚ ʅ.ɸ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʋʨʌʋ 

ʇʝʨʚʫʭʠʥ ɸ.ɽ., ʇʝʨʚʫʭʠʥʘ ɼ.ʅ., ʤʘʛʠʩʪʨʘʥʪʳ ʋʨʌʋ 

 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ 

ʨʝʞʠʤʘ ʨʘʩʧʨʝʩʩʦʚʢʠ (ʧʨʦʜʦʣʴʥʦʡ ʦʩʘʜʢʠ) ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʛʦ ʩʣʠʪʢʘ ʚ ʢʨʫʛʣʦʤ ʢʦʥʪʝʡʥʝʨʝ. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʟʘʛʦʪʦʚʢʠ - ʜʚʫʭʩʪʦʨʦʥʥʷʷ 

ʨʘʩʧʨʝʩʩʦʚʢʘ ʩʣʠʪʢʘ ʚ ʢʦʥʪʝʡʥʝʨʝ, ʥʘʧʨʠʤʝʨ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠʣʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ, ʘ ʪʘʢʞʝ ʧʨʝʩʩʘʭ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [1]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʢʘʬʝʜʨʝ ʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʋʨʌʋ 

ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ:  

- ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʨʦʨʘʙʦʪʢʫ ʣʠʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʝʱʝ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʫʟʥʝʯʥʦʡ ʟʘʛʦʪʦʚʢʠ; 

- ʠʩʢʣʶʯʝʥʠʝ ʪʨʫʜʦʝʤʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʥʘʙʦʨʫ ʫʢʦʚʢʠ.  

ʇʦʜʦʙʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʝʬʦʨʤʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦʣʠʪʦʛʦ ʩʣʠʪʢʘ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʫʶ ʟʘʛʦʪʦʚʢʫ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʨʫʯʠʚʘʥʠʷ 

ʪʦʨʮʝʚ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. 

ʅʘ ʢʘʬʝʜʨʝ ʆʄɼ ʦʧʨʦʙʦʚʘʥʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʦʚʢʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʧʣʠʪ ʠ ʧʨʫʪʢʦʚ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʚʘʨʠʘʥʪʳ ʤʘʰʠʥ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʨʠʚʦʜʘ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳ ʚʦʧʨʦʩʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ 

ʚ ʟʘʛʦʪʦʚʢʝ ʠ ʠʥʩʪʨʫʤʝʥʪʝ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʚʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʳ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙʲʝʤʝ ʟʘʛʦʪʦʚʢʠ. ʈʝʰʝʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ (ʟʘ ʩʯʝʪ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 

ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʟʘʛʦʪʦʚʢʦʡ ʠʥʩʪʨʫʤʝʥʪʦʤ). ɺ ʨʘʙʦʪʝ 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʝʩʩʦʚʦʤ ʠʥʩʪʨʫʤʝʥʪʝ: 

ʜʚʫʭ ʧʫʘʥʩʦʥʘʭ ʠ ʢʦʥʪʝʡʥʝʨʝ ʧʨʝʩʩʘ. ʇʨʠ ʨʝʰʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʠʩʪʝʤʘ ʉɸɽ ANSYS, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʘʜʘʯʘ 

ʨʝʰʝʥʘ ʚ 3-ʭ ʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʰʘʛʦʚ (ʵʪʘʧʦʚ) ʜʝʬʦʨʤʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʯʘʣʴʥʦʛʦ ʰʘʛʘ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1 ʠ ʢʦʥʮʝ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʨʠʩ.3 (ʘ ï ʩʝʯʝʥʠʝ xOz; ʙ ï 

yOz; ʚ ï xOy). ʅʘ ʨʠʩʫʥʢʘʭ ʧʨʠʚʝʜʝʥʘ ʧʦʣʦʚʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ. 
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ʈʠʩ.1. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚ ʥʘʯʘʣʝ ʜʝʬʦʨʤʘʮʠʠ: ʘ ï ʩʝʯʝʥʠʝ xOz; ʙ ï yOz; ʚ ï xOy; 

1 ï ʧʫʘʥʩʦʥ; 2 ï ʢʦʥʪʝʡʥʝʨ ʧʨʝʩʩʘ; 3 ï ʜʝʬʦʨʤʠʨʫʝʤʘʷ ʟʘʛʦʪʦʚʢʘ 
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʩʯʝʪʝ ʚ ʚʠʜʝ 

ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʧʨʝʩʩʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ. 
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ʉʘʣʜʘ: ʋʨʌʋ, 2013. ʉ. 21-22. 

 

 

 

 

 

ʈʠʩ.2. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚ ʢʦʥʮʝ ʜʝʬʦʨʤʘʮʠʠ: ʘ ï ʩʝʯʝʥʠʝ xOz; ʙ ï yOz; ʚ ï 

xOy; 1 ï ʧʫʘʥʩʦʥ; 2 ï ʢʦʥʪʝʡʥʝʨ ʧʨʝʩʩʘ; 3 ï ʜʝʬʦʨʤʠʨʫʝʤʘʷ ʟʘʛʦʪʦʚʢʘ 
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ʆ ʇʈʆʄʓʐʃɽʅʅʆʁ ʕʂʆʃʆɻʀʀ 

 

ɹʘʙʳʰʝʚʘ ʃ.ɸ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʢʘʬʝʜʨʳ 

çʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠè 

 

ɺʟʘʠʤʦʩʚʷʟʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï ʦʙʲʝʢʪʠʚʥʘʷ ʜʘʥʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʆʮʝʥʢʘ ʠ 

ʤʠʥʠʤʠʟʘʮʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚ ʵʪʦʡ ʩʬʝʨʝ ʩʫʪʴ ʟʘʜʘʯʠ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʵʢʦʣʦʛʠʠ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʬʝʨʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʵʢʦʣʦʛʠʠ, ʯʘʱʝ ʚʩʝʛʦ, ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʦʜʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɽʝ 

ʬʫʥʢʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʢʝʪʘ ʜʦʢʫʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʧʨʘʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʨʘʤʢʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ 

ʠ ʦʪʯʝʪʥʦʩʪʴ ʚ ʪʝʭ ʞʝ ʧʨʝʜʝʣʘʭ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʵʢʦʣʦʛʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʊ.ɽ. ɻʨʠʜʝʣ ʠ 

ɹ.ʈ.ɸʣʣʝʥʙʠ, ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʦʣʦʛʠʶ ʢʘʢ çʩʨʝʜʩʪʚʦ 

ʜʦʩʪʠʛʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʟʘʜʘʥʥʫʶ ʧʨʦʜʦʣʞʘʶʱʝʡʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʢʫʣʴʪʫʨʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʝʡè. ʕʪʦ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʩʧʝʢʪʨ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʵʢʦʣʦʛʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʦʷʥʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʨʝʩʫʨʩʳ, ʵʥʝʨʛʠʶ ʠ ʢʘʧʠʪʘʣ, ʪ. ʝ. ʚʝʩʴ ʤʘʪʝʨʠʘʣʴʥʳʡ ʮʠʢʣ ʚ ʮʝʣʦʤ. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ: - 

- ʩʚʷʟʴ ʚʩʝʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʢʪʦʨʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 
ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʫʛʨʦʟ; 

- ʨʘʟʚʠʪʠʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; 

- ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ; 

- ʚʣʠʷʥʠʝ ʥʘ ʢʫʣʴʪʫʨʫ ʧʦʪʨʝʙʣʝʥʠʷ; 

- ʨʘʟʚʠʪʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ; 

- ʨʘʟʨʘʙʦʪʢʘ ʩʮʝʥʘʨʠʝʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʡ ʙʫʜʫʱʝʛʦ ʩ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʣʝʜʫʶʱʠʭ ʜʝʩʷʪʠʣʝʪʠʡ; ʠ ʥʝ ʪʦʣʴʢʦ. 

ʈʘʟʚʠʪʠʝ ʥʘʟʚʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢ ʠ ʚ ʤʘʩʰʪʘʙʘʭ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʮʠʡ ʧʨʷʤʦ ʟʘʚʠʩʠʪ 

ʦʪ ʛʣʦʙʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʛʨʦʟ - ʨʝʩʫʨʩʥʳʭ, ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ, 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʦʪ ʦʙʱʝʤʠʨʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʡ.  

ʈʝʩʫʨʩʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʫʛʨʦʟʳ ʜʚʫʝʜʠʥʘʷ ʧʨʦʙʣʝʤʘ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʟʘ ʩʯʝʪ ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʟʚʠʪʠʷ ʫʣʫʯʰʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʦʚ ʨʝʮʠʢʣʠʨʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʨʦʩʪʦʤ 

ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʮʝʥʘʨʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʷ - 

ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 
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ʈʠʩ. 1. ʊʦʯʢʘ ʥʘ ʛʨʘʬʠʢʝ (*) ï ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʥʘ ʧʣʘʥʝʪʝ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

 

ʇʝʨʚʳʡ ʩʮʝʥʘʨʠʡ ï ʨʘʜʠʢʘʣʴʥʘʷ ʵʢʦʣʦʛʠʷ ʧʨʦʜʦʣʞʝʥʠʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜ ʣʦʟʫʥʛʦʤ çʥʘʟʘʜ ʢ ʧʨʠʨʦʜʝè ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʨʝʘʣʠʟʫʝʤ. 

ʉʮʝʥʘʨʠʡ ˉ2 ï ʘʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï ʟʘ 

ʚʥʝʜʨʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʢʫʣʴʪʫʨʫ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ.    

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ - ʧʨʦʤʳʰʣʝʥʥʘʷ ʵʢʦʣʦʛʠʷ  - ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʚʠʪʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʭ, ʫʣʫʯʰʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʨʝʰʘʶʱʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʝʨʝʭʦʜʘ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ. ʇʨʠ ʫʩʣʦʚʠʠ 

ʩʦʭʨʘʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ (ʠʣʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʨʦʩʪʘ) ʯʠʩʣʝʥʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ.  

ʈʝʩʫʨʩʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʜʠʥʘʢʦʚʦ 

ʟʥʘʯʠʤʘ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʠʩʯʝʨʧʘʝʤʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʯʝʨʧʘʝʤʦʩʪʠ ʨʝʩʫʨʩʦʚ, ʚʩʝʛʜʘ ʢʘʩʘʝʪʩʷ ʠʭ 

ʢʦʣʠʯʝʩʪʚʘ, ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʬʦʨʤʳ ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʜʦʩʪʫʧʥʳ, 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʠʭ ʜʦʙʳʯʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ 

ʜʦʩʪʫʧʥʦʩʪʴ. 
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ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʢʣʘʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʙʣʠʮʘ 1 ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʝʜʣʦʞʝʥʠʷ ʨʝʩʫʨʩʦʚ ʪʘʙʣʠʮʘ 2. 

ʊʘʙʣʠʮʘ 1 
ʂʣʘʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ɺ ʠʟʦʙʠʣʠʠ (t0
 
>100ʣʝʪ) 

 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ  

(t0 = 50-100ʣʝʪ) 

 

ʆʛʨʘʥʠʯʝʥʥʳʝ (t0 = 25-50ʣʝʪ) 

 

ʈʝʜʢʠʝ (t0 < 25ʣʝʪ) 

Al ,B,C,Ca, ʫʛʦʣʴ, Cr,Fe,I,K,Li ,Mg,Na,  

Nb,Os,Pt, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, 

Ru,Si,Ti,V,Yt 

 

Co,Hf,ʧʨʠʨʦʜʥʳʡ ʛʘʟ,Ni,P,Pd,Ry,Sb,Ta,W,Zr 

 

Ba,Bi,Cd,Cs,Cu,Mn,Mo,ʥʝʬʪʴ,Se,Sn,Sr,U 

 

Ag,Au,Hg,In,Pb,STh,Zn 

 

ʂ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʦʪʥʦʩʠʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʨʝʩʫʨʩʦʚ. 

ʊʘʙʣʠʮʘ 2 
ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʝʜʣʦʞʝʥʠʷ ʨʝʩʫʨʩʦʚ 

ʀʩʪʦʯʥʠʢʠ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʥʪʠʥʝʥʪʘʭ 

 

 

 

 

ʀʩʪʦʯʥʠʢʠ ʪʦʣʴʢʦ ʥʘ ʜʚʫʭ 

ʢʦʥʪʠʥʝʥʪʘʭ 

 

ʀʩʪʦʯʥʠʢʠ ʪʦʣʴʢʦ ʥʘ ʦʜʥʦʤ 

ʢʦʥʪʠʥʝʥʪʝ 

Ag,Au,Al ,B, Ba,Bi,Br,Ca,Cd,Co,ʫʛʦʣʴ, 

Cr,Cs,Cu,F,Ga,Gf,I,In,K,Li ,Mg,Na,    

Fe,ʧʨʠʨʦʜʥʳʡ ʛʘʟ,Ni,ʥʝʬʪʴ,P,Pb,ʛʨʫʧʧʘ 

Pt, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, Ru, S, Sb 

Sʩ,Se,Si,Sn,Sr,Ta,Te,Ti,U,V,W,Yt, Zn,Zr 

 

As,Ge,Hg, ,Mn,Mo,Tl 

 

 

Be 

 

 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʨʘʟʨʫʰʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʧʝʨʝʨʘʙʦʪʢʘ ʩʫʣʴʬʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ, 

ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʘʤʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʧʨʦʙʣʝʤʳ ʟʘʙʨʦʰʝʥʥʳʭ ʰʘʭʪ ʠ ʥʝ 

ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʛʦʨʥʦʛʦ ʰʣʘʤʘ. ɻʦʨʥʳʡ ʰʣʘʤ ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʩʫʣʴʬʠʜʦʚ ʤʝʪʘʣʣʦʚ. ʅʘ ʚʦʟʜʫʭʝ ʩʫʣʴʬʠʜʳ ʤʝʜʣʝʥʥʦ ʦʢʠʩʣʷʶʪʩʷ, ʦʙʨʘʟʫʷ 

ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ. ʇʦʜʥʠʤʘʷʩʴ ʩ ʰʘʭʪʥʳʤʠ ʚʦʜʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʣʠ 

ʧʦʧʘʜʘʷ ʚ ʛʨʫʥʪʦʚʳʝ ʛʦʨʠʟʦʥʪʳ, ʪʘʢʠʝ ʨʘʩʪʚʦʨʳ  ʧʦʣʥʦʩʪʴʶ ʫʥʠʯʪʦʞʘʶʪ 

ʙʠʦʮʝʥʦʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʟʘʪʦʧʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ɺʝʩʴ ʧʝʨʝʯʝʥʴ ʨʝʩʫʨʩʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʩʬʝʨʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ. 

ɺ ʧʦʣʥʦʡ ʤʝʨʝ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʣʶʙʳʤ ʜʨʫʛʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʝʢʪʦʨʘʤ, 

ʩʠʩʪʝʤʘʤ ʠ ʮʠʢʣʘʤ. 
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ɺʓʇʃɸɺʂʀ ʏʋɻʋʅɸ ɺ 

ɺɸɻʈɸʅʂɽ 

 

ɹʘʨʙʦʣʠʥʘ ɽ.ʉ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʇʳʭʪʝʝʚʘ ʂ.ɹ., , ʜʦʮʝʥʪ ʢʘʬ. çʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷè ʅʊʀ 

(ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʐʝʚʯʝʥʢʦ ʆ.ʀ., ʟʘʚ. ʢʘʬʝʜʨʦʡ çʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷè ʅʊʀ 

(ʬʠʣʠʘʣʧ) ʋʨʌʋ 

 

ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʘ ʠ 

ʥʘʨʘʩʪʘʶʱʝʡ ʢʦʥʢʫʨʝʥʮʠʠ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ ʚʳʧʫʩʢʘ 

ʧʨʦʜʫʢʮʠʠ. 

ʆɸʆ çʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʢʦʪʝʣʴʥʦ-ʨʘʜʠʘʪʦʨʥʳʡ ʟʘʚʦʜè 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʚʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ çʂʣʠʥ ʬʨʠʢʮʠʦʥʥʳʡè, ʢʦʪʦʨʳʡ  

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʝʣʝʞʝʢ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ. ɼʝʪʘʣʴ çʢʣʠʥ  ʬʨʠʢʮʠʦʥʥʳʡè 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ʉʏ-20. ʀʟʛʦʪʦʚʣʝʥʠʝ ʵʪʦʡ ʜʝʪʘʣʠ ʠʟ 

ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʯʫʛʫʥʘ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʠʚʢʠ, ʫʚʝʣʠʯʠʪʴ 

ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʪʘʣʠ. 

ʇʦʣʫʯʝʥʠʝ ʦʪʣʠʚʦʢ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʯʫʛʫʥʦʚ ʜʣʷ ʣʠʪʳʭ ʠʟʜʝʣʠʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʛʠʜʨʦʧʣʦʪʥʦʩʪʠ, ʥʝ ʠʤʝʝʪ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʚ ʯʫʛʫʥʦʣʠʪʝʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʦʵʪʦʤʫ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʦʪʣʠʚʦʢ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʯʫʛʫʥʦʚ ʟʘʩʣʫʞʠʚʘʶʪ ʦʩʦʙʦʛʦ 

ʚʥʠʤʘʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʯʫʛʫʥʘ ʩ ʰʘʨʦʚʠʜʥʦʡ ʬʦʨʤʦʡ 

ʛʨʘʬʠʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʫʨʦʚʥʝ 450-660 ʄʇʘ, ʥʝʦʙʭʦʜʠʤʦ: ʧʦʣʫʯʠʪʴ 

ʠʩʭʦʜʥʳʡ ʯʫʛʫʥ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʯʫʛʫʥʘ ʥʘ ʚʳʧʫʩʢʝ 1450-1480 Áʉ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ, ʪ.ʝ. ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʯʫʛʫʥʘ ʥʘ ʚʳʧʫʩʢʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ ʚʘʛʨʘʥʢʫ ʥʘ ʚʪʦʨʠʯʥʦʝ ʜʫʪʴʝ ʩ ʫʩʪʘʥʦʚʢʦʡ ʚʪʦʨʦʛʦ 

ʨʷʜʘ ʬʫʨʤ ʚʟʘʤʝʥ ʩʫʱʝʩʪʚʫʶʱʝʡ ʦʜʥʦʨʷʜʥʦʡ ʚʘʛʨʘʥʢʠ. ʊʘʢʘʷ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʯʫʛʫʥʘ ʥʘ ʚʳʧʫʩʢʝ 

ʧʨʠʤʝʨʥʦ ʥʘ 30-50 Áʉ.  

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʚʥʝʧʝʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʩʭʦʜʥʦʛʦ 

ʯʫʛʫʥʘ ʩ ʮʝʣʴʶ ʩʚʷʟʳʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʧʨʝʞʜʝ 

ʚʩʝʛʦ S ʠ ʆ2), ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ ʰʘʨʦʚʠʜʥʦʛʦ ʛʨʘʬʠʪʘ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʣʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʘʛʥʠʡ, ʦʙʨʘʟʫʶʱʠʡ 

ʩʫʣʴʬʠʜ MgS ʠ ʦʢʩʠʜ MgO, ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʰʣʘʢ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʫʝʤ ʢʦʚʰʝʚʫʶ ʦʙʨʘʙʦʪʢʫ çʩʵʥʜʚʠʯ-ʧʨʦʮʝʩʩè, ʪ.ʢ. ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʦʙʳʯʥʳʝ ʨʘʟʣʠʚʦʯʥʳʝ ʢʦʚʰʠ ʩ 

ʫʩʪʘʥʦʚʢʦʡ ʧʝʨʝʛʦʨʦʜʢʠ ʚ ʜʥʠʱʝ ʢʦʚʰʘ. ʄʝʪʘʣʣ ʟʘʣʠʚʘʶʪ ʧʨʠ 
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ʪʝʤʧʝʨʘʪʫʨʝ 1450-1480 Áʉ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʢʦʚʰʝ 5-8 ʤʠʥ. ɺʦ ʚʨʝʤʷ 

ʚʳʜʝʨʞʢʠ ʩʣʠʚʘʶʪ ʰʣʘʢ. ʇʨʠ ʚʳʜʝʨʞʢʝ  ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʣʘ ʚ ʢʦʚʰʝ 

ʩʥʠʞʘʝʪʩʷ ʥʘ 50-70Áʉ ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʨʦʜʳʰʝʡ ʛʨʘʬʠʪʘ 

ʰʘʨʦʚʠʜʥʦʡ ʬʦʨʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʯʫʛʫʥʘ 

ʠʩʧʦʣʴʟʫʝʤ ʉʬʝʨʦʤʘʢʩ923. ʆʙʨʘʟʫʷ ʫʩʪʦʡʯʠʚʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, MgS,  MgO, ʩʬʝʨʦʠʜʠʟʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ 

ʨʘʚʥʦʤʝʨʥʦʡ ʜʠʬʬʫʟʠʠ ʫʛʣʝʨʦʜʘ, ʘ ʩʫʣʴʬʠʜʳ ʠ ʦʢʩʠʜʳ ʧʝʨʝʭʦʜʷʪ ʚ ʰʣʘʢ. 

ʊʘʢ, ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʩʥʠʟʠʪʩʷ ʜʦ 0,03% ʠ ʤʝʥʝʝ, ʠʟʙʳʪʦʢ 

ʤʘʛʥʠʷ ʥʘʯʥʝʪ ʦʢʘʟʳʚʘʪʴ ʤʦʜʠʬʠʮʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʯʫʛʫʥ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʦʣʫʯʠʤ ʚʳʩʦʢʦʧʨʦʯʥʳʡ 

ʯʫʛʫʥ ɺʏ-60, ʠʤʝʶʱʠʡ ʧʦʩʣʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʰʘʨʦʚʠʜʥʫʶ ʬʦʨʤʫ 

ʛʨʘʬʠʪʘ ʠ ʬʝʨʨʠʪʥʦ-ʧʝʨʣʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʪʨʠʮʳ. ɺʏ-60  ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉʏ-20, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ 

ʩʪʦʠʤʦʩʪʴ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʙʳʣʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

 

 

ɸɿʆʊʅʆʂʀʉʃʆʊʅʆɽ ɺʓʑɽʃɸʏʀɺɸʅʀɽ 

ʊʈʋɼʅʆɺʉʂʈʓɺɸɽʄʆɻʆ ʇʆʃʀʄɽʊɸʃʃʀʏɽʉʂʆɻʆ 

ʉʋʃʔʌʀɼʅʆɻʆ ʉʓʈʔʗ 

 

ɹʝʨʩʪʝʥʝʚ ʅ.ɺ., ʩʪʫʜʝʥʪ ʋʨʌʋ 

ʈʦʛʦʞʥʠʢʦʚ ɼ.ɸ., ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢʘʬʝʜʨʳ ζʄʝʪʘʣʣʫʨʛʠʠ ʪʷʞʝʣʳʭ 

ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚη ʋʨʌʋ 

ʄʘʤʷʯʝʥʢʦʚ ʉ.ɺ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ζʄʝʪʘʣʣʫʨʛʠʠ ʪʷʞʝʣʳʭ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚη ʋʨʌʋ 

 

ɺʚʝʜʝʥʠʝ 

ʇʝʨʝʨʘʙʦʪʢʘ ʥʠʟʢʦʩʦʨʪʥʦʛʦ, ʥʝʨʘʟʜʝʣʷʝʤʦʛʦ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʩʝʣʝʢʮʠʠ ʩʫʣʴʬʠʜʥʦʛʦ ʩʳʨʴʷ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʧʨʦʙʣʝʤ ʥʘ ʩʪʘʜʠʷʭ ʦʙʦʛʘʱʝʥʠʷ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ï 

ʫʩʣʦʞʥʝʥʠʶ ʩʭʝʤ ʠʟʚʣʝʯʝʥʠʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʄʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʩʭʝʤ 

ʦʙʦʛʘʱʝʥʠʷ, ʟʘʯʘʩʪʫʶ ʥʝ ʪʦʣʴʢʦ ʥʝ ʧʨʠʥʦʩʷʪ ʞʝʣʘʝʤʦʛʦ ʵʬʬʝʢʪʘ, ʥʦ ʠ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, ʫʚʝʣʠʯʝʥʠʶ 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʦʙʲʝʤʦʚ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʦʪʜʝʣʴʥʳʭ ʩʪʘʜʠʡ ʠ ʮʠʢʣʦʚ, 

ʥʠʟʢʦʤʫ ʠʟʚʣʝʯʝʥʠʶ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʢʦʧʣʝʥʠʶ ʥʝʫʪʠʣʠʟʠʨʫʝʤʳʭ 

ʥʠʟʢʦʩʦʨʪʥʳʭ ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʨʦʤʧʨʦʜʫʢʪʦʚ. ɺʩʝ ʵʪʦ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʠ ʬʣʦʪʦʩʝʣʝʢʮʠʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʫʣʴʬʠʜʥʦʛʦ ʩʳʨʴʷ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʤʝʜʥʳʭ ʠ ʮʠʥʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʟʣʘʭ ʩʭʝʤʳ ʚʳʚʦʜʷʪ ʥʝʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʭ 
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ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʨʦʤʧʨʦʜʫʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʣʦʞʥʳʝ 

ʥʝʨʘʟʜʝʣʷʝʤʳʝ ʩʫʣʴʬʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʧʳʪʢʠ ʚʦʚʣʝʯʝʥʠʷ ʧʦʜʦʙʥʦʛʦ 

ʩʳʨʴʷ ʚ ʮʠʢʣ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʩʧʝʭʘ ʥʝ 

ʠʤʝʣʠ. 

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʷʚʣʷʶʱʠʭʩʷ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʦʤʫ 

ʥʠʟʢʦʩʦʨʪʥʦʤʫ ʩʫʣʴʬʠʜʥʦʤʫ ʩʳʨʴʶ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʧʨʠʝʤʦʤ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʛʦ  ʚʳʱʝʣʘʯʠʚʘʥʠʷ  

ʪʨʫʜʥʦʚʩʢʨʳʚʘʝʤʦʛʦ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ, ʥʦ ʠ ʧʦʚʳʩʠʪʴ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨ 

ʧʨʠ ʤʘʣʦʤ ʨʘʩʭʦʜʝ ʨʝʘʛʝʥʪʦʚ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʱʝʣʘʯʠʚʘʶʱʝʛʦ ʨʝʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʟʦʪʥʫʶ 

ʢʠʩʣʦʪʫ, ʦʙʣʘʜʘʶʱʫʶ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ 

ʦʢʠʩʣʠʪʝʣʷʤʠ: ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ; ʚʳʩʦʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʠʩʪʝʤʳ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʷʱʠʭ ʥʠʪʨʦʟʥʳʭ ʛʘʟʦʚ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. 

ɺ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ 

ʤʥʝʥʠʝ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʚʷʟʠ ʩ ʝʝ 

ʚʳʩʦʢʦʡ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʦʧʘʩʥʦʩʪʴʶ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʆʜʥʘʢʦ, ʤʥʝʥʠʝ ʵʪʦ ʚʝʩʴʤʘ ʩʧʦʨʥʦ. ʊʘʢ, ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʛʝʥʝʨʘʮʠʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʟʘʪʨʘʪʳ ʥʘ ʝʝ ʧʨʠʦʙʨʝʪʝʥʠʝ ʨʝʟʢʦ 

ʩʦʢʨʘʱʘʶʪʩʷ, ʠ ʧʨʠ ʛʨʘʤʦʪʥʦʤ ʧʦʜʭʦʜʝ ʤʦʞʥʦ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʦʢʠ, ʪʝʤ ʩʘʤʳʤ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʚ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʘʢʞʝ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʷʱʠʭ 

ʛʘʟʦʚ, ʧʨʦʜʫʤʘʥʥʦʝ ʚʦʜʦʦʪʚʝʜʝʥʠʝ ʧʦʟʚʦʣʷʶʪ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʟʘʷʚʣʷʪʴ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʪʨʘʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʚʝʜʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠʤʝʥʝʥʠʝ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ 

ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʩʫʣʴʬʠʜʥʦʛʦ ʩʳʨʴʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʝʨʥʦ- ʠ ʩʦʣʷʥʦʢʠʩʣʳʤʠ ʨʝʘʛʝʥʪʘʤʠ.  

ʇʨʠ ʜʚʫʭʩʪʘʜʠʡʥʦʤ ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ  ʢʠʩʣʦʪʳ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ: 

3MeS+2HNO3+6H
+
=3Me

2+
 +3S

o
+2NO+4H2O                            (1.1) 

ʠ ʦʢʠʩʣʝʥʠʝ ʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʚʦʜʥʦʡ ʧʫʣʴʧʝ ʢʠʩʣʦʨʦʜʦʤ: 

4NO + 3O2 + 2H2O = 4HNO3                                                      (1.2) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʘʧʨʦʙʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʥʦʚʦʡ ʩʭʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʫʣʴʬʠʜʥʳʭ 

ʧʨʦʤʧʨʦʜʫʢʪʦʚ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʘʟʦʪʥʦʢʠʩʣʦʪʥʦʤ ʚʩʢʨʳʪʠʠ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʩ ʧʝʨʝʚʦʜʦʤ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨ ʠ 

ʠʭ ʜʘʣʴʥʝʡʰʝʤ ʩʝʣʝʢʪʠʚʥʦʤ ʚʳʜʝʣʝʥʠʠ ʚ ʪʦʚʘʨʥʫʶ ʧʨʦʜʫʢʮʠʶ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ (ʨʠʩʫʥʦʢ 1) ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ: 

1. ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʧʨʦʤʧʨʦʜʫʢʪʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʧʦʣʫʯʝʥʠʝʤ  

ʤʝʜʴ- ʠ ʮʠʥʢʩʦʜʝʨʞʘʱʝʛʦ ʨʘʩʪʚʦʨʘ, ʘ ʪʘʢʞʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʘʜʢʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʩʝʨʫ, ʩʚʠʥʝʮ ʠ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʇʨʠʤʝʥʝʥʠʝ 

ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʨʘʩʪʚʦʨ ʩʚʳʰʝ 99 %, ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ 

ʩʚʝʞʝʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʜʦ 25 %. ʆʩʪʘʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ 

ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʨʘʩʪʚʦʨʝ ʩʥʠʟʠʣʘʩʴ ʜʦ 10,5 ʛ/ʜʤ
3
. 

2. ʋʣʘʚʣʠʚʘʥʠʝ ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʥʠʪʨʦʟʥʳʭ ʛʘʟʦʚ 

ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʝʥʝʨʘʮʠʝʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʠʩʪʝʤʝ 

ʛʘʟʦʫʣʘʚʣʠʚʘʥʠʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ 

ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʢʦʣʦʥʦʢ, ʥʘʧʦʣʥʝʥʥʳʭ ʚʦʜʦʡ, ʠ ʙʘʨʙʦʪʘʞʥʦʡ ʩʘʥʠʪʘʨʥʦʡ 

ʢʦʣʦʥʥʳ, ʟʘʧʦʣʥʝʥʥʦʡ 30-% ʨʘʩʪʚʦʨʦʤ ʤʦʯʝʚʠʥʳ (ʢʘʨʙʘʤʠʜʘ). ʉʪʝʧʝʥʴ 

ʘʙʩʦʨʙʮʠʠ ʦʪʭʦʜʷʱʠʭ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʩʦʩʪʘʚʠʣʘ 90,3 %, ʧʦʩʣʝ ʪʨʝʭ ʮʠʢʣʦʚ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʧʝʨʚʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʢʦʣʦʥʢʝ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪ-ʠʦʥʦʚ 6,1 ʤʦʣʴ/ʜʤ
3
. 

3. ʆʩʘʞʜʝʥʠʝ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʘ ʞʝʣʝʟʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʠʪʨʠʣʪʨʠʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ: ʚ ʦʩʘʜʦʢ  ʠʟʚʣʝʢʘʣʠ 

ʙʦʣʝʝ 99 % Fe. 

4. ʕʣʝʢʪʨʦʵʢʩʪʨʘʢʮʠʷ ʤʝʜʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʘʪʦʜʥʦʛʦ ʦʩʘʜʢʘ. ɺʳʭʦʜ 

ʧʦ ʪʦʢʫ ʤʝʜʠ ʩʦʩʪʘʚʠʣ 92 %, ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 3100 ʢɺʪ*ʯ/ʪ 

ʢʘʪʦʜʥʦʛʦ ʦʩʘʜʢʘ. 

5. ʉʦʨʙʮʠʷ ʦʩʪʘʪʦʯʥʦʡ ʤʝʜʠ ʥʘ ʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʝ Lewatit 

Monoplus TP-220. 

ʆʙʱʝʝ ʠʟʚʣʝʯʝʥʠʝ ʤʝʜʠ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʩʦʩʪʘʚʠʣʦ 98,91 %. 

ɺʳʚʦʜʳ 

ɸʟʦʪʥʦʢʠʩʣʦʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʫʣʴʬʠʜʥʳʭ 

ʧʨʦʤʧʨʦʜʫʢʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ ʧʨʦʪʝʢʘʶʱʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʷʱʠʭ ʥʠʪʨʦʟʥʳʭ 

ʛʘʟʦʚ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ 

ʩʫʣʴʬʠʜʦʚ ʤʝʪʘʣʣʦʚ. 

ʋʢʨʫʧʥʝʥʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʩʫʣʴʬʠʜʥʳʭ ʧʨʦʤʧʨʦʜʫʢʪʦʚ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʧʦʣʫʯʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ.  
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ʆʧʨʦʙʦʚʘʥʥʘʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʭʝʤʘ 

ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦʟʚʦʣʠʣʘ ʫʚʝʣʠʯʠʪʴ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʨʘʩʪʚʦʨ ʩʚʳʰʝ 99 %. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʩʭʦʞʠʭ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʩʳʨʴʝʤ ʧʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʠ 

ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʘʤ ʢʦʣʣʝʢʪʠʚʥʳʭ ʥʠʟʢʦʩʦʨʪʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠ 

ʧʨʦʤʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʋʨʘʣʘ ʠ 

ʂʘʟʘʭʩʪʘʥʘ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʪʨʫʜʥʦʨʘʟʜʝʣʷʝʤʳʭ ʤʝʜʥʦ-ʮʠʥʢʦʚʳʭ ʨʫʜ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʆʇʊʀʄɸʃʔʅʆʁ ʊʆʃʑʀʅʓ ʉʊɽʈɾʅʗ ʇʈʀ 

ʆʊɺɽʈɾɼɽʅʀʀ ʇʈʆɼʋɺʋʆʁ ɻʆʈʗʏʀʄ ɺʆɿɼʋʍʆʄ 

 

ɻʨʫʟʤʘʥ ɺ.ʄ., ʇʠʨʦʞʢʦʚ ɸ.ɽ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ 

 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ ʩʪʝʨʞʥʝʚʦʡ ʩʤʝʩʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ ʩʪʝʨʞʥʷ ʧʨʠ ʢʦʪʦʨʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ  

ʤʝʪʦʜ ʧʨʦʜʫʚʢʠ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ.  

ɼʣʷ ʵʪʦʛʦ ʠʟ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʦʧʨʝʜʝʣʠʤ ʦʙʲʝʤ ʚʦʟʜʫʭʘ 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

  

ʇʦʜʩʪʘʚʠʤ ʚʤʝʩʪʦ ʚʳʨʘʞʝʥʠʝ , ʛʜʝĿ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ,  ʪʦʣʱʠʥʘ. ɼʣʠʥʫ ʧʫʪʠ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠʤʝʤ ʨʘʚʥʦʡ 

ʪʦʣʱʠʥʝ ʩʪʝʨʞʥʷ. ʀ ʝʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ , ʪʦʛʜʘ  ʧʦʣʫʯʠʤ 

                                              (1) 



50 

ɻʜʝ, ʛʘʟʦʧʨʦʥʠʮʢʝʤʦʩʪʴ ʩʤʝʩʠ; 

ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʦʙʨʘʟʮʘ. 

,      

ʆʪʢʫʜʘ, 

                                                       (2) 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʜʫʚʢʝ 

ʩʪʝʨʞʥʝʡ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʪʚʝʨʞʜʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 6 ʤʠʥʫʪ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚʨʝʤʷ ʦʪʚʝʨʞʜʝʥʠʷ ʩʪʝʨʞʥʝʡ  ʍʊʉ 

ʠ ʩʦʩʪʘʚʣʷʝʪ 1,5 ʤʠʥʫʪʳ, ʪʦʛʜʘ ʧʨʠ ʯʝʪʳʨʝʭ ʧʦʟʠʮʠʷʭ ʧʨʦʜʫʚʢʠ ʩʪʝʨʞʥʝʡ 

ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʘʩʣʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ ʩʪʝʨʞʥʷ ʙʫʜʝʪ 

ʘʥʘʣʦʛʠʯʥʳʤ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ 

ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʨʦʜʫʚʢʝ ʩʪʝʨʞʥʝʡ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ  ʩʪʝʨʞʥʷ ʧʨʠ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʪʚʝʨʞʜʝʥʠʷ  ʩʦʩʪʘʚʠʪ 0,2 ʤʝʪʨʘ. ʆʜʥʘʢʦ, 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʫʯʪʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʞʬʘʟʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. 

ɽʩʣʠ ʨʘʩʩʯʠʪʘʪʴ ʦʙʲʝʤ ʚʦʟʜʫʭʘ, ʨʘʩʭʦʜʫʝʤʳʡ ʥʘ ʥʘʛʨʝʚ ʩʪʝʨʞʥʷ  ʟʘ 6 

ʤʠʥʫʪ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʪʦ ʧʦʣʫʯʠʤ .  ʕʪʦʪ 

ʦʙʲʝʤ ʚʦʟʜʫʭʘ ʚ 5,2 ʨʘʟʘ ʙʦʣʴʰʝ , ʯʝʤ ʙʝʟ ʫʯʝʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. ʊʦʛʜʘ 

ʧʦʣʫʯʠʤ ( , ʦʪʢʫʜʘ ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʯʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 

                                             (3) 

ʇʦʣʫʯʠʤ 0,063 ʤ. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʦʪ ʜʘʚʣʝʥʠʷ 

ʧʨʦʜʫʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʩʪʝʨʞʥʷ ʦʪ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʠ ʧʨʦʜʫʚʢʝ 

ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʘ 

 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʨʞʥʷ 

ʧʨʠ ʢʦʪʦʨʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʦʜʫʚʢʫ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ 

ʩʦʩʪʘʚʣʷʝʪ) 0.14 ʤ. 

 

 

ʆʇʊʀʄʀɿɸʎʀʗ ʐʃɸʂʆɺʆɻʆ ʈɽɾʀʄɸ ʇʈʀ ɺɼʋɺɸʅʀʀ ʇʋʊ 

 

ʊʣʝʫʛʘʙʫʣʦʚ ɹ. ʉ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷè 

ɻʫʣʷʝʚ ʄ. ɸ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

 

ʇʦʩʣʝ ʦʩʚʦʝʥʠʷ ʥʘ ʆɸʆ çɽɺʈɸɿ ʅʊʄʂè ʚʜʫʚʘʥʠʝ ʧʳʣʝʫʛʦʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ, ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʣʩʷ ʨʘʩʭʦʜ ʞʝʣʝʟʘ ʥʘ ʪʦʥʥʫ ʚʳʧʣʘʚʣʷʝʤʦʛʦ 

ʯʫʛʫʥʘ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ, ʩʦʩʪʘʚʣʝʥ ʙʘʣʘʥʩ ʨʘʩʭʦʜʘ 

ʞʝʣʝʟʘ ʟʘ 2012 ʛ (ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʋʊ) ʠ ʟʘ 2013 ʛ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʇʋʊ).  ʈʝʟʫʣʴʪʘʪʳ ʦʪʨʘʞʝʥʳ ʚ ʪʘʙʣ. 1. ʂʘʢ ʚʠʜʥʦ, ʨʘʩʭʦʜ ʞʝʣʝʟʘ 

ʫʚʝʣʠʯʠʣʩʷ, ʚ ʩʨʝʜʥʝʤ, ʥʘ 6 ʢʛ/ʪ. ʕʪʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʣʘʚʢʠ ʯʫʛʫʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʋʊ. 
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ʊʘʙʣʠʮʘ 1  

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʞʝʣʝʟʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʪʘʪʝʡ ʧʨʠʭʦʜʘ 
ʈʘʩʭʦʜ Fe, ʢʛ/ʪ ʯʫʛʫʥʘ 

2012 ʛ 2013 ʛ 

ɸʛʣʦʤʝʨʘʪ ʂɻʆʂ 344,95 338,73 

ʆʢʘʪʳʰʠ ʂɻʆʂ 532,09 533,99 

ɸʛʣʦʤʝʨʘʪ ɺɻʆʂ ʟʘʜʫʚʦʯʥʳʡ 0,3 0,61 

ɾʝʣʝʟʦʬʣʶʩ ʜʦʤʝʥʥʳʡ ʚʘʥʘʜʠʡʩʦʜʝʨ. 70,64 66,07 

ʀʪʦʛʦ ʚ ʨʫʜʥʦʡ ʯʘʩʪʠ: 947,98 939,69 

ɸʛʣʦʤʝʨʘʪ ʤʘʨʛ. ɺɻʆʂ 0,04 0,05 

ʄʝʪ. ʧʨʦʜʫʢʪ ʋʇʆʐ 1,62 0,48 

ɼʦʤʝʥʥʳʡ ʧʨʠʩʘʜ (25ɸ) ʛʘʙʘʨ. ʩʦʙʩʪʚ. 3,93 23,58 

ʐʣʘʢ ʤʦʥʦʚʘʥʘʜʠʝʚʳʡ ʜʨʦʙʣʝʥʳʡ ɺʂʐ 0,42 0 

ʐʣʘʢ ʩʚʘʨʦʯʥʳʡ 28ɸ ʜʨʦʙʣʝʥʳʡ 0,26 0,37 

ɼʦʤʝʥʥʳʡ ʧʨʠʩʘʜ 25ɸ ʩʪʘʣʴʥ., ʛʘʙʘʨʠʪʥ. 16,6 13,25 

ʆʢʘʣʠʥʘ (27ɸ ʦʯʠʱʝʥʥʘʷ ʋʇʆʐ) 0,67 0,57 

ʀʪʦʛʦ ʚ ʤʝʪʘʣʣʦʜʦʙʘʚʢʘʭ: 23,54 38,29 

ɾʝʣʝʟʦ ʢʦʢʩʘ 2,78 2,39 

ɾʝʣʝʟʦ ʇʋʊ 0,01 0,45 

ɺʉɽɻʆ: 974,32 980,83 

 

ɸʥʘʣʠʟ ʨʘʩʭʦʜʥʳʭ ʩʪʘʪʝʡ ʙʘʣʘʥʩʦʚ ʧʦ ʞʝʣʝʟʫ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʝ 

ʧʦʪʝʨʠ ʞʝʣʝʟʘ ʷʚʣʷʶʪʩʷ ʥʝʫʯʪʝʥʥʳʤʠ, ʪ.ʝ. ʫʚʝʣʠʯʠʣʘʩʴ ʥʝʚʷʟʢʘ ʙʘʣʘʥʩʘ. 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʳʩʠʣʠʩʴ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ ʩʦ ʰʣʘʢʦʤ ʚ 

ʚʠʜʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʠʟ-ʟʘ ʫʭʫʜʰʝʥʠʷ ʩʚʦʡʩʪʚ ʰʣʘʢʘ ʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʢʘʞʫʱʝʡʩʷ ʚʷʟʢʦʩʪʠ. ʅʘ ʠʟʤʝʥʝʥʠʝ ʢʘʞʫʱʝʡʩʷ ʚʷʟʢʦʩʪʠ, ʘ ʟʥʘʯʠʪ 

ʠ ʥʘ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʞʝʣʝʟʘ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʨʘʩʭʦʜ 

ʇʋʊ (ʨʠʩ. 1). 

ʇʦʵʪʦʤʫ ʦʧʪʠʤʠʟʘʮʠʷ ʰʣʘʢʦʚʦʛʦ ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʋʊ.  

R2 = 0,4897

972

974

976

978

980

982

984

986

988

0 20 40 60 80 100 120 140

ʨʘʩʭʦʜ ʇʋʊ, ʢʛ/ʪ

ʨ
ʘ
ʩ
ʭ
ʦ
ʜ
 
F
e
,
 
ʢ
ʛ
/
ʪ

 
ʈʠʩ. 1. ɺʟʘʠʤʦʩʚʷʟʴ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʞʝʣʝʟʘ ʠ ʨʘʩʭʦʜʘ ʇʋʊ 
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ʇʨʘʢʪʠʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʚʳʧʣʘʚʢʝ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʯʫʛʫʥʘ ʩʦʩʪʘʚ ʰʣʘʢʘ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ 

ʦʜʠʥʘʢʦʚʳʤ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʜʦʤʝʥʥʘʷ ʧʣʘʚʢʘ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʦʩʪʘʚ ʰʣʘʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʣʘʚʢʠ ʥʘ 

ʜʘʥʥʳʡ ʩʦʨʪ ʯʫʛʫʥʘ.  

ʅʝʠʟʤʝʥʥʳʡ ʩʦʩʪʘʚ ʰʣʘʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʞʝ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʫʶ ʨʘʙʦʪʫ ʧʝʯʝʡ, ʜʦʙʠʪʴʩʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʢʦʢʩʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʇʨʠ 

ʣʶʙʦʤ ʠʟʤʝʥʝʥʠʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʥʝʠʟʙʝʞʥʦ ʪʨʝʙʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʰʣʘʢʦʚʳʝ ʨʝʞʠʤʳ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʣʠʷʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ, 

ʜʚʠʞʝʥʠʷ ʰʠʭʪʳ ʠ ʛʘʟʦʚ ʠ ʪ.ʜ. ʥʘ ʭʦʜ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʚ ʮʝʣʦʤ. 

ʊʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʋʊ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʯʘʩʪʠʯʥʦʝ 

ʟʘʤʝʱʝʥʠʝ ʠʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ ʰʣʘʢʘ ʫʚʝʣʠʯʠʣʩʷ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 10 ʢʛ/ʪ.  

ʇʨʠ ʟʘʤʝʱʝʥʠʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʇʋʊʦʤ ʩʥʠʞʘʝʪʩʷ ʦʙʲʝʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʬʫʨʤʝʥʥʳʭ ʛʘʟʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʰʠʭʪʦʡ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʚʝʣʠʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ 

(ʊʊɻ). ʈʘʩʯʝʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ ʢʘʞʜʳʭ 10 ʤ
3
/ʪ ʯʫʛʫʥʘ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʇʋʊ (~ 8 ʢʛ/ʪ ʯʫʛʫʥʘ) 

ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʊʊɻ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʥʘ 20 Üʉ. 

ʆʩʥʦʚʥʦʡ ʞʝ ʟʘʜʘʯʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʰʣʘʢʦʚʦʛʦ ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ 

ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʰʣʘʢʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʩʯʝʪʘʤʠ ʚʷʟʢʦʩʪʠ ʰʣʘʢʦʚ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ 

ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʰʣʘʢʘ: CaO, SiO2, 

MgO, MnO. 

ʆʧʪʠʤʠʟʘʮʠʷ ʰʣʘʢʦʚʦʛʦ ʨʝʞʠʤʘ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʧʦʟʚʦʣʠʪ 

ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʞʝʣʝʟʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʩʠʪʴ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʮʝʭʘ. 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀɽ ʑɽʃʆʏɽʁ ʅɸ ɼʆʄɽʅʅʓʁ 

ʇʈʆʎɽʉʉ ɺ ʋʉʃʆɺʀʗʍ ʆɸʆ çɽɺʈɸɿ ʅʊʄʂè 

 

ʃʝʢʦʤʮʝʚʘ ʄ.ɺ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʇʳʭʪʝʝʚʘ ʂ.ɹ., ʅʊʀ (ʬʠʣʠʘʣʧ) ʋʨʌʋ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

çʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷè 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ 

ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʚ ʤʠʨʝ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʦʙʲʝʤʫ 

ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʠʭ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʘʥʘʜʠʝʚʦʛʦ ʯʫʛʫʥʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʜʦʤʝʥʥʳʭ ʧʝʯʘʭ ʠ ʜʘʣʴʥʝʡʰʝʡ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʢʦʥʚʝʨʪʝʨʥʦʤ ʮʝʭʝ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʩʪʘʣʠ ʠ ʪʦʚʘʨʥʦʛʦ ʚʘʥʘʜʠʝʚʦʛʦ ʰʣʘʢʘ. ʉʳʨʴʝʤ ʜʣʷ ʚʳʧʣʘʚʢʠ 

ʯʫʛʫʥʘ ʷʚʣʷʶʪʩʷ ʘʛʣʦʤʝʨʘʪ ʠ ʦʢʘʪʳʰʠ, ʧʦʩʪʫʧʘʶʱʠʝ ʦʪ ʆɸʆ çɽɺʈɸɿ 

ʂɻʆʂè. ʊʘʢʞʝ ʚ ʜʦʤʝʥʥʫʶ ʧʝʯʴ ʟʘʛʨʫʞʘʶʪ ʞʝʣʝʟʦʬʣʶʩ, ʧʦʩʪʫʧʘʶʱʠʡ ʦʪ 

ʆɸʆ çɺɻʆʂè ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʦʩʥʦʚʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʣʘʚʢʠ. ʂ ʪʦʤʫ ʞʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʚʦʝʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʚʜʫʚʘʥʠʷ ʇʋʊ ʚ ʛʦʨʥ ʜʦʤʝʥʥʦʡ ʧʝʯʠ.  

ɸʥʘʣʠʟʠʨʫʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʘʛʨʫʞʘʝʤʳʭ ʚ ʜʦʤʝʥʥʫʶ ʧʝʯʴ 

ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʦʧʣʠʚʘ, ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʠʭʦʜʘ ɦʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʝʝ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 

ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʢʘʣʠʡ, ʥʘʪʨʠʡ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʦʯʝʥʴ ʘʢʪʠʚʥʳ: ʙʫʨʥʦ 

ʨʘʟʣʘʛʘʶʪ ʚʦʜʫ, ʵʥʝʨʛʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʩʝʨʦʡ, 

ʚʦʜʦʨʦʜʦʤ, ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʠ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʜʦʤʝʥʥʦʤ ʧʨʦʮʝʩʩʝ. ʇʦʩʪʫʧʘʷ ʩ ʰʠʭʪʦʡ ʚ ʚʠʜʝ 

ʩʠʣʠʢʘʪʦʚ, ʢʘʨʙʦʥʘʪʦʚ, ʦʢʩʠʜʦʚ ʠ ʩʣʦʞʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʥʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʨʷʜ ʠʟʤʝʥʝʥʠʡ ʚ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʝ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʱʝʣʦʯʠ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʜʦʤʝʥʥʫʶ ʧʝʯʴ ʩ 

ʰʠʭʪʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʢʘʟʳʚʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʝʝ 

ʨʘʙʦʪʫ, ʩʥʠʞʘʶʪ ʛʦʨʷʯʫʶ ʧʨʦʯʥʦʩʪʴ ʢʦʢʩʘ, ʨʘʟʫʧʨʦʯʥʷʶʪ ʦʛʥʝʫʧʦʨʥʫʶ 

ʬʫʪʝʨʦʚʢʫ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʩʪʳʣʝʦʙʨʘʟʦʚʘʥʠʶ, ʧʦʜʚʠʩʘʥʠʷʤ ʰʠʭʪʳ ʠ 

ʧʨʦʛʘʨʫ ʬʫʨʤ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʭʦʜ ʢʦʢʩʘ ʠ ʩʥʠʞʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʝʯʠ. ʇʝʨʝʨʘʩʭʦʜ ʢʦʢʩʘ ʠʟ-ʟʘ ʧʦʩʪʫʧʣʝʥʠʷ ʱʝʣʦʯʝʡ ʚ 

ʜʦʤʝʥʥʫʶ ʧʝʯʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 33 ʢʛ ʥʘ ʢʘʞʜʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʢʠʣʦʛʨʘʤʤ ʱʝʣʦʯʝʡ. ɺʩʝ ʵʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʭʦʜʘ ʱʝʣʦʯʝʡ ʚ ʜʦʤʝʥʥʫʶ ʧʝʯʴ ī ʥʝ ʙʦʣʝʝ 2,5ī3,0 ʢʛ/ʪ 

ʯʫʛʫʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʥʪʨʦʣʴ ʧʨʠʭʦʜʘ 

(ʚʳʭʦʜʘ) ʱʝʣʦʯʝʡ ʚ ʜʦʤʝʥʥʳʝ ʧʝʯʠ ʆɸʆ çɽɺʈɸɿ ʅʊʄʂè. ʆʩʥʦʚʳʚʘʷʩʴ 

ʥʘ ʥʝ ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʱʝʣʦʯʝʡ ʚ ʜʦʤʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʧʨʠʭʦʜ K2O+Na2O ʚ ʜʦʤʝʥʥʳʝ ʧʝʯʠ ʆɸʆ çʅʊʄʂè ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʤʝʩʷʮʳ ʤʦʛ ʩʦʩʪʘʚʣʷʪʴ ʙʦʣʝʝ 4 ʠ ʜʘʞʝ 5 ʢʛ/ʪ ʯʫʛʫʥʘ (ʚ 2-ʘ ʨʘʟʘ 

ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ), ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʚʷʟʢʝ 

(ʥʝʫʯʪʸʥʥʳʝ ʧʦʪʝʨʠ ʱʝʣʦʯʝʡ) ʙʘʣʘʥʩʘ. 

ɽʩʣʠ ʥʝ ʫʜʝʣʷʪʴ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʱʝʣʦʯʘʤ, ʪʦ ʚ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ 

ʤʦʞʝʤ ʠʤʝʪʴ ʥʝʦʙʲʷʩʥʠʤʳʝ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʫʭʫʜʰʝʥʠʷ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʥʘ ʧʨʠʤʝʨʝ ʨʘʙʦʪʳ ʜʦʤʝʥʥʳʭ 

ʧʝʯʝʡ ʆɸʆ çɽɺʈɸɿ ʅʊʄʂè, ʤʥʦʶ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ: 

ī ʢʘʞʜʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʠʣʦʛʨʘʤʤ ʱʝʣʦʯʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʯʠ ʥʘ 250ī320 ʪ/ʩʫʪʢʠ ʠʣʠ ʥʘ 4-5 % ʦʪʥ.  

ī ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʭʦʜʘ ʱʝʣʦʯʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ 

ʨʘʩʭʦʜʘ ʢʦʢʩʘ ʥʘ 5ī7ʢʛ/ʪ ʯʫʛʫʥʘ ʠʣʠ ʥʘ 1ī2 % ʦʪʥ.  
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ɺ ʨʘʤʢʘʭ ʤʦʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʶ:  

1. ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʫʯʸʪ ʠ 

ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʱʝʣʦʯʝʡ ʚʦ ʚʩʝʭ ʧʦʩʪʫʧʘʶʱʠʭ ʚ 

ʜʦʤʝʥʥʫʶ ʧʣʘʚʢʫ ʤʘʪʝʨʠʘʣʘʭ ʠ ʧʨʦʜʫʢʪʘʭ ʧʣʘʚʢʠ. 

2. ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʧʳʪʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʚʦʜʘ ʱʝʣʦʯʝʡ ʠʟ ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ. 

 

 

ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʇɸʈɸʄɽʊʈʆɺ ʇʓʃɽʋɻʆʃʔʅʆɻʆ 

ʊʆʇʃʀɺɸ ʅɸ ʇʆʂɸɿɸʊɽʃʀ ɼʆʄɽʅʅʆʁ ʇʃɸɺʂʀ 

 

ʄʘʣʘʥʠʯʝʚ ʈ.ɺ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʇʳʭʪʝʝʚʘ ʂ.ɹ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʄʊ 

ʊʣʝʫʛʘʙʫʣʦʚ ɹ.ʉ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʄʊ 

 

ʇʘʨʘʤʝʪʨʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʫʪʴʷ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʘʨʘʤʝʪʨʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʫʪʴʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʜʦʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʆɸʆ çɽɺʈɸɿ ʅʊʄʂè, ʚ ʩʦʩʪʘʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʫʪʴʷ ʚʭʦʜʷʪ, ʧʦʤʠʤʦ ʢʦʤʧʨʠʤʠʨʦʚʘʥʥʦʛʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʪʝʭʥʠʯʝʩʢʠʡ ʢʠʩʣʦʨʦʜ, ʧʘʨ, ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʠ 

ʧʳʣʝʫʛʦʣʴʥʦʝ ʪʦʧʣʠʚʦ (ʇʋʊ). ʆʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʋʊ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʣʘʥʦʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ 

ʨʘʩʭʦʜʘ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʇʦʵʪʦʤʫ, ʚ 

ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʧʘʨʘʤʝʪʨʳ ʇʋʊ ʙʫʜʫʪ ʠʤʝʪʴ ʚʦʟʨʘʩʪʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʫʪʴʷ, ʘ ʟʥʘʯʠʪ ʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʧʣʘʚʢʠ. 

ʆʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʫʪʴʷ 

ʷʚʣʷʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʤ ʢʠʩʣʦʨʦʜʘ ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʬʫʨʤ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʞʝ ʫʩʣʦʚʠʷʭ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʪʦʣʴʢʦ ʜʣʷ ʜʫʪʴʷ ʙʝʟ ʚʜʫʚʘʝʤʳʭ ʪʦʧʣʠʚ (ʇʋʊ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ). ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʫʪʴʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʫʪʴʷ (ʊʂɼ) ʥʘ ʚʳʭʦʜʝ ʠʟ ʬʫʨʤ ʙʝʟ 

ʫʯʝʪʘ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ (ʪ.ʝ. ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʵʪʠ 

ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʬʫʨʤʝʥʥʫʶ ʟʦʥʫ ʛʦʨʥʘ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ: 

NʇʋʊʩʇɻʩʇʋʊʩVʩ

NʇʋʊʩʊʇɻʩʊʇʋʊʩʊVʩʊ
ʊʂɼ

Nʇɻʇʋʊɼʊɼ

Nʇʋʊʇɻʇɻʇʋʊʇʋʊɼɼɼ

ÖÖ+Ö+Ö+Ö

ÖÖÖ+ÖÖ+ÖÖ+ÖÖ
= , 

ʛʜʝ ʊɼ ï ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʫʪʴʷ, Üʉ; ʊʇʋʊ ʠ ʊʇɻ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʇʋʊ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, Üʉ; ʩɼ, ʩʇɻ ʠ ʩN ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʜʫʪʴʷ, 
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ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʟʦʪʘ, ʢɼʞ/(ʤ
3
Ŀʛʨʘʜ); ʩʇʋʊ ï ʪʝʧʣʦʝʤʢʦʩʪʴ 

ʫʛʣʷ, ʢɼʞ/(ʢʛĿʛʨʘʜ); Vɼ ʠ ʇɻ ï ʨʘʩʭʦʜʳ ʜʫʪʴʷ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʤ
3
/ʤʠʥ; 

ʇʋʊ ï ʨʘʩʭʦʜ ʇʋʊ, ʢʛ/ʤʠʥ; N ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʘʟʦʪʘ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʇʋʊ, ʤ
3
/ʢʛ ʇʋʊ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ  ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʜʫʪʴʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʬʫʨʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʚʜʫʚʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʩʣʝʜʥʠʭ. ʅʦ, ʝʩʣʠ ʜʦ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʇʋʊ ʜʘʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʩʦʩʪʘʚʣʷʣʦ 130 ï 160 Üʉ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʫʩʣʦʚʠʡ 2007 ʛ. ï ʊɼ = 1218 Üʉ, ʊʂɼ 

= 1088 Üʉ; ʜʣʷ ʫʩʣʦʚʠʡ 2012 ʛ. ï ʊɼ = 1219 Üʉ, ʊʂɼ = 1059 Üʉ), ʪʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʜʦʩʪʠʛʘʝʪ 200 Üʉ, ʘ 

ʊʂɼ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʣʠʰʴ ~ 950 Üʉ. ɺʣʠʷʥʠʝ ʨʘʩʭʦʜʘ ʇʋʊ (ʧʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ) ʥʘ ʊʂɼ ʥʦʩʠʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ: ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ 

ʇʋʊ ʥʘ ʢʘʞʜʳʝ 10 ʢʛ/ʪ ʯʫʛʫʥʘ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʜʫʪʴʷ ʥʘ 8,3 Üʉ. ʉʚʷʟʴ ʤʝʞʜʫ ʠʩʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʇʋʊ ʠ ʊʂɼ ʪʘʢʞʝ 

ʣʠʥʝʡʥʘʷ: ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʇʋʊ ʥʘ ʢʘʞʜʳʝ 10 Üʉ ʧʦʚʳʰʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʫʪʴʷ ʥʘ 1,1 Üʉ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ ʪʝʤʧʝʨʘʪʫʨʫ ʇʋʊ. 

ɺʦ-ʚʪʦʨʳʭ, ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʛʦ ʇʋʊ ʩʢʨʳʚʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʝʟʝʨʚ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʧʦʩʢʦʣʴʢʫ ʛʦʨʘʟʜʦ ʣʝʛʯʝ 

ʥʘʛʨʝʪʴ ʤʘʪʝʨʠʘʣ ʜʦ ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (200 ï 300 Üʉ), ʯʝʤ ʧʦʚʳʰʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʫʪʴʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1000 ʜʦ 1250 Üʉ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʤʝʥʥʦʡ ʧʝʯʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʦʨʝʥʠʷ ʢʦʢʩʘ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʫʜʝʣʴʥʦʤ ʝʛʦ ʨʘʩʭʦʜʝ), 

ʘ ʩʢʦʨʦʩʪʴ ʩʛʦʨʘʥʠʷ ʫʛʣʝʨʦʜʘ ʢʦʢʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʣʝʡ ʩʚʦʙʦʜʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʬʫʨʤʝʥʥʦʡ ʟʦʥʳ, ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʧʨʠʬʫʨʤʝʥʥʦʛʦ ʛʘʟʘ. ʀʩʭʦʜʷ ʠʟ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʦ ʨʝʘʢʮʠʷʤ ʥʝʧʦʣʥʦʛʦ ʛʦʨʝʥʠʷ 

ʚʜʫʚʘʝʤʳʭ ʪʦʧʣʠʚ ʚʳʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʶʱʝʝ ʦʩʪʘʪʦʯʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ (Oʬʛ): 
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ʬʛ , 

ʛʜʝ ʆɼ ʠ ʆN ï ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʜʫʪʴʝ ʠ ʪʨʘʥʩʧʦʨʪʥʦʤ ʘʟʦʪʝ, 

%; ʉʥʝʣʝʪ ï ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʫʛʣʝʨʦʜʘ ʚ ʇʋʊ, ʜʦʣʠ ʝʜ.; OL ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʢʠʩʣʦʨʦʜʘ ʥʘ ʦʢʠʩʣʝʥʠʝ ʣʝʪʫʯʠʭ ʇʋʊ, ʤ
3
/ʢʛ; ȹL ï ʫʜʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʲʝʤʘ ʬʫʨʤʝʥʥʦʛʦ ʛʘʟʘ ʟʘ ʩʯʝʪ ʣʝʪʫʯʠʭ ʇʋʊ, ʤ
3
/ʢʛ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʧʦ ʜʝʡʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʛʘʟʝ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʬʫʨʤ ʠ 

ʦʢʠʩʣʝʥʠʷ ʇʋʊ ʩ ʧʨʠʨʦʜʥʳʤ ʛʘʟʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 12 ï 14 %, ʯʪʦ 
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ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʋʊ. ʅʘʧʨʠʤʝʨ, 

ʨʘʩʯʝʪ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʨʘʙʦʪʳ ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʚ 2012 ʛ. ʦʧʨʝʜʝʣʷʝʪ 

ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʬʫʨʤʝʥʥʦʤ ʛʘʟʝ ʥʘ ʫʨʦʚʥʝ 17 %. 

ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʦʛʘʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʜʫʪʴʷ ʢʠʩʣʦʨʦʜʦʤ ʜʦ 

ʫʨʦʚʥʷ 35 ï 37 %, ʘ ʪʘʢʞʝ ʚʥʝʩʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʬʫʨʤʝʥʥʫʶ ʟʦʥʫ 

ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʫʪʴʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʧʨʠʭʦʜ ʢʠʩʣʦʨʦʜʘ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʘʟʦʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʠ, ʚʚʝʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʰʠʭʪʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʇʋʊ ʙʫʨʳʭ ʫʛʣʝʡ, ʟʘʤʝʥʦʡ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʘʟʦʪʘ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʇʋʊ ʥʘ ʦʪʙʨʦʩʥʦʡ ʘʟʦʪ, ʩʦʜʝʨʞʘʱʠʡ ʦʢʦʣʦ 5 % 

ʢʠʩʣʦʨʦʜʘ. ʈʘʩʯʝʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʟʦʪʘ ʥʘ ʦʪʙʨʦʩʥʦʡ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʬʫʨʤʝʥʥʦʤ ʛʘʟʝ ʥʘ 0,1 %. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʥʠʞʘʝʪʩʷ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʇʋʊ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʇʋʊ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʤʝʥʝʝ 10 % ʢʠʩʣʦʨʦʜʘ, ʚ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʝʚʦʟʤʦʞʥʦ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɺʟʘʠʤʦʩʚʷʟʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʛʦʨʘʥʠʷ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʤʝʱʝʥʠʝ ʜʚʫʭ ʤʝʨʦʧʨʠʷʪʠʡ ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʥʘʛʨʝʚ ʇʋʊ ʜʦ 200 ï 300 Üʉ ʠ ʟʘʤʝʥʘ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʘʟʦʪʘ ʥʘ 

ʦʪʙʨʦʩʥʦʡ ï ʧʦʟʚʦʣʷʝʪ, ʙʝʟ ʦʩʦʙʳʭ ʨʠʩʢʦʚ, ʫʣʫʯʰʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʫʪʴʷ,  ʘ ʠʤʝʥʥʦ: ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 10 ï 20  Üʉ 

ʠ ʫʚʝʣʠʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʥʘ 0,1 %. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʧʨʠʤʝʨʥʦ ʥʘ 1 % ʠ ʩʥʠʟʠʪ ʨʘʩʭʦʜ 

ʢʦʢʩʘ ʥʘ 2 ï 3 ʢʛ/ʪ ʯʫʛʫʥʘ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ ʚ 

ʨʘʟʤʝʨʝ ʦʢʦʣʦ 100 ʤʣʥ ʨʫʙ. ʚ ʛʦʜ. 
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ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʂʆʂʉʆɺʆʁ 

ʇʓʃʀ ɺ ʐʀʍʊɽ ɼʃʗ ʇʈʀɻʆʊʆɺʃɽʅʀʗ ʇʋʊ 

 

ʄʝʜʚʝʜʝʚ ʇ.ʆ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʇʳʭʪʝʝʚʘ ʂ.ɹ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷè 

ʊʣʝʫʛʘʙʫʣʦʚ ɹ.ʉ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷè 

 

ʇʨʦʮʝʩʩ ʘʛʣʦʤʝʨʘʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʩʞʠʛʘʥʠʠ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʩʣʦʝ 

ʩʧʝʢʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʩʭʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʘʛʣʦʤʝʨʘʮʠʠ ʩʚʷʟʘʥ ʩ ʨʝʰʝʥʠʝʤ ʜʚʫʭ 

ʟʘʜʘʯ: ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʢʨʫʧʥʦʩʪʠ  ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʚʚʦʜʘ ʝʛʦ ʚ 

ʘʛʣʦʰʠʭʪʫ.  

ʆʧʪʠʤʘʣʴʥʘʷ ʢʨʫʧʥʦʩʪʴ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʪʦʧʣʠʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚ 

ʧʨʝʜʝʣʘʭ 0,5 ï 3,0 ʤʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʪʦʧʣʠʚʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ, ʘ ʥʘʣʠʯʠʝ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʘʛʣʦʤʝʨʘʪʘ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʩʭʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʪʦʧʣʠʚʘ ʥʘ ʘʛʣʦʬʘʙʨʠʢʘʭ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʣʴʯʝʥʠʠ ʝʛʦ ʚ 4-ʭ ʚʘʣʢʦʚʳʭ ʜʨʦʙʠʣʢʘʭ. ʉʦʜʝʨʞʘʥʠʝ 

ʢʣʘʩʩʘ ʚ ʛʦʪʦʚʦʤ ʪʦʧʣʠʚʝ ʤʝʥʝʝ 3 ʤʤ ʜʦʩʪʠʛʘʝʪ 93 ï 95 %, ʥʦ ʧʨʠ ʵʪʦʤ ʚ 

ʥʝʤ ʩʦʜʝʨʞʘʪʩʷ ʜʦ 30 ï 40 % ʢʣʘʩʩʘ ʤʝʥʝʝ 0,5 ʤʤ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʦʧʣʠʚʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʢʣʘʩʩ 0 ï 0,5 ʤʤ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʛʣʦʤʝʨʘʮʠʦʥʥʳʭ ʤʘʰʠʥ ʥʘ 10 %, ʫʣʫʯʰʘʝʪ 

ʙʘʨʘʙʘʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ 3 ï 4 %, ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ʢʦʢʩʘ ʥʘ 4 ï 6 ʢʛ/ʪ 

ʘʛʣʦʤʝʨʘʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʚʠʜʝ ʉʆ ʠ 

ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘ 10 ï 12 %. 

ʀʩʢʣʶʯʝʥʠʝ ʠʟ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ 

ʜʦʩʪʠʞʠʤʦ, ʥʦ ʧʦʨʦʞʜʘʝʪ ʧʨʦʙʣʝʤʫ ʠʭ ʫʪʠʣʠʟʘʮʠʠ. ʉ ʚʥʝʜʨʝʥʠʝʤ ʥʘ ʆɸʆ 

çɽɺʈɸɿ ʅʊʄʂè ʢʦʤʧʣʝʢʩʘ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʧʳʣʝʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʛʦ ʚ ʜʦʤʝʥʥʳʭ ʧʝʯʘʭ, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʠʪʴ 

ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ. 

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʛʦ ʷʚʠʣʠʩʴ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʧʦ ʚʚʦʜʫ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʫʩʪʘʥʦʚʢʠ ʩʫʭʦʛʦ ʪʫʰʝʥʠʷ ʢʦʢʩʘ (ʢʦʪʦʨʘʷ ʦʜʥʦ 

ʚʨʝʤʷ ʦʪʧʨʘʚʣʷʣʘʩʴ ʥʘ ʘʛʣʦʤʝʨʘʮʠʶ) ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʰʠʭʪʳ 

ʧʳʣʝʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʧʝʨʠʦʜ ʩ 10.10. 2013 ʧʦ 15.10.2013 ʛ. 

ɼʦʣʝʚʦʝ ʫʯʘʩʪʠʝ ʧʳʣʠ ʋʉʊʂ ʚ ʩʤʝʩʠ ʩ ʫʛʣʝʤ ʚ ʧʝʨʠʦʜ ʠʩʧʳʪʘʥʠʡ 

ʩʦʩʪʘʚʣʷʣʦ 2,5 ï 3 %. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʩʜʝʣʘʥʳ 

ʚʳʚʦʜʳ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʳʣʠ ʋʉʊʂ ʚ 

ʰʠʭʪʝ ʇʋʊ, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʙʦʪʝ ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʥʝ 

ʦʪʤʝʯʝʥʦ. 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʳʧʦʣʥʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪʥʳʡ ʘʥʘʣʠʟ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʚ ʰʠʭʪʝ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇʋʊ. 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʆɸʆ 

çɽɺʈɸɿ ʅʊʄʂè ʫʛʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 

ʂʘʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ ʜʣʷ ʇʋʊ 
ʂʦʤʧʦʥʝʥʪ ʇʋʊ 

(ʤʘʨʢʘ) 

ʊʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, % ʊʧʣ. ʟʦʣʳ, Üʉ ʂʘʣʦʨʠʡʥʦʩʪʴ, ʢʢʘʣ/ʢʛ 

ʟʦʣʘ ʣʝʪʫʯʠʝ ʩʝʨʘ 

ɸʣʘʨʜʠʥʩʢʠʝ (ʂʉ) 10 16 0,35 1472 7315 

ʂʨʘʩʥʳʡ ʙʨʦʜ (ʊ) 8,5 12 0,22 1361 7439 

ɿʠʤʠʥʢʘ (ʊ) 8,7 15,6 0,31 1327 7560 

ʢʦʢʩʦʚʘʷ ʧʳʣʴ 15,6 2,3 0,54 1278 6500 

 

ʂʘʯʝʩʪʚʦ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʛʣʝʡ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤ ʚʳʭʦʜʦʤ ʣʝʪʫʯʠʭ 

ʠ ʩʦʧʦʩʪʘʚʠʤʳʤ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʪʚʝʨʜʳʡ ʦʩʪʘʪʦʢ) ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʟʦʣʳ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʛʣʝʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʛʣʝʡ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʢʘʞʫʱʝʡʩʷ ʚʷʟʢʦʩʪʠ ʰʣʘʢʦʚ. 

ʂʘʣʦʨʠʡʥʦʩʪʴ ʠʣʠ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʧʨʠʤʝʨʥʦ ʥʘ 

1000 ʢʢʘʣ/ʢʛ ʥʠʞʝ ʣʶʙʳʭ ʤʘʨʦʢ ʫʛʣʷ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʝ 

ʦʪʨʘʞʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʪʝʧʣʦʦʪʜʘʯʫ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʝ. ʊʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ 

ʬʦʨʤʫʣʝ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ ʧʦ ʨʝʘʢʮʠʷʤ 

ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚʥʦʩʷʪ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʣʝʪʫʯʠʭ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 80 % (ʦʙ.). ɺʳʭʦʜ ʣʝʪʫʯʠʭ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 0,3 ʤ
3
/ʢʛ ʫʛʣʷ, ʘ ʩ ʫʯʝʪʦʤ ʨʝʬʦʨʤʠʥʛʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï 

ʙʦʣʝʝ 0,5 ʤ
3
/ʢʛ ʫʛʣʷ ʧʨʠ ʠʭ ʩʦʜʝʨʞʘʥʠʠ 14 ï 15 % ʚ ʠʩʭʦʜʥʦʡ ʤʘʩʩʝ.  

ɺ ʜʦʤʝʥʥʦʡ ʞʝ ʧʣʘʚʢʝ ʛʘʟʠʬʠʢʘʮʠʷ ʫʛʣʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʨʝʘʢʮʠʷʤ 

ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ: ʤʝʪʘʥ ʠ ʚʦʜʦʨʦʜ ʥʝ ʪʦʣʴʢʦ ʥʝ ʚʥʦʩʷʪ ʪʝʧʣʦ, ʥʦ ʠ 

ʪʨʝʙʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʥʘʛʨʝʚ ʠ ʨʘʟʣʦʞʝʥʠʝ.  

ʈʘʩʯʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʦʪʜʘʯʠ ʇʋʊ ʩ ʨʘʟʣʠʯʥʦʡ 

ʜʦʣʝʡ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʨʦʬ. ɸ. ʅ. ʈʘʤʤʘ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʧʣʦʚʳʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʤʝʥʥʦʡ 

ʧʣʘʚʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 
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ʂɿʂʧʫʪʪʝʧʣʦʦʪʜʘʯʘ ʇʋʊ
 

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʜʦʣʠ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʚ ʰʠʭʪʝ ʇʋʊ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ ʇʋʊ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʥʳ ʢʦʢʩʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʚ ʰʠʭʪʝ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇʋʊ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʪʝʧʣʦʦʪʜʘʯʫ ʚ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʝ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʥʳ ʢʦʢʩʘ ʧʳʣʝʫʛʦʣʴʥʳʤ 

ʪʦʧʣʠʚʦʤ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʘ 

ʘʛʣʦʬʘʙʨʠʢʝ ʆɸʆ çɽɺʈɸɿ ʂɻʆʂè ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʚʝʨʜʦʛʦ 

ʪʦʧʣʠʚʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʫʪʠʣʠʟʘʮʠʝʡ ʧʳʣʝʚʘʪʳʭ ʬʨʘʢʮʠʡ ʚ ʰʠʭʪʝ ʇʋʊ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʦʞʠʜʘʝʤʳʡ ʦʙʲʝʤ ʚʳʜʝʣʝʥʠʷ 

ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʠʟ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 34 ʪʳʩ. ʪ 

ʚ ʛʦʜ ʠʣʠ ʧʨʠʤʝʨʥʦ 2850 ʪ/ʤʝʩʷʮ. ʇʨʠ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʇʋʊ 

ʜʦʤʝʥʥʳʤʠ ʧʝʯʘʤʠ ʥʘ ʫʨʦʚʥʝ 54000 ʪ/ʤʝʩʷʮ, ʜʦʣʷ ʢʦʢʩʦʚʦʡ ʧʳʣʠ ʚ ʰʠʭʪʝ 

ʇʋʊ ʩʦʩʪʘʚʠʪ 5 ï 5,5 %. 

ʈʘʩʯʝʪ ʩʦʩʪʘʚʘ ʜʦʤʝʥʥʦʡ ʰʠʭʪʳ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʨʘʩʭʦʜ ʢʦʢʩʘ ʩʥʠʞʘʝʪʩʷ ʥʘ 0,6 ʢʛ/ʪ ʯʫʛʫʥʘ, ʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 0,4 %. ʉʣʝʜʫʝʪ 

ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʢʦʢʩʦʚʦʡ ʤʝʣʦʯʠ ʥʠʞʝ ʩʪʦʠʤʦʩʪʠ ʫʛʣʝʡ 

ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ ʚ ʫʩʣʦʚʠʷʭ ʆɸʆ 

çɽɺʈɸɿ ʅʊʄʂè ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʋʊ ʠ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ. ɿʘʤʝʱʝʥʠʝ ʯʘʩʪʠ ʫʛʣʝʡ ʢʦʢʩʦʚʦʡ ʧʳʣʴʶ ʩʥʠʞʘʝʪ ʦʙʲʝʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʬʫʨʤʝʥʥʳʭ ʛʘʟʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ, ʠʟ ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʫʚʝʣʠʯʠʪʴ ʨʘʩʭʦʜ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʥʘ 2 ï 3 

ʤ
3
/ʪ ʯʫʛʫʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʢʦʢʩʘ ʝʱʝ ʥʘ 1,5 ï 2 ʢʛ/ʪ ʯʫʛʫʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʢʩʦʚʦʡ ʧʳʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 

ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ, ʚ ʰʠʭʪʝ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʇʋʊ ʢʦʤʧʣʝʢʩʥʦ ʨʝʰʘʝʪ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʛʣʦʤʝʨʘʪʘ ʠ ʚʳʧʣʘʚʢʠ ʯʫʛʫʥʘ. 
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1. Introduction 

Titanium alloys are among the most difficult-to-cut materials due to their 

high strength, high coefficient of friction in contact with most tool materials, 

low thermal conductivity, and lack of adsorption of coolant by the surface of the 

titanium. However, the tasks of increasing tool life and efficiency of machining 

are highly relevant. 

The technique of increasing tool life by means of electrical insulation of 

the cutting tool was initially proposed by H. Axer in 1953 [1]. Axer reported on 

the possibility of increasing the performance of the cutters 1.5é2.5 times 

depending on the cutting conditions. 

In 1970s the method of electrical insulation of the cutting tool was 

developed in the works of Bobrovskiy [2,3], Bredell [4] and Postnikov [5]. 

However, since the early 1980s there isn't information about using the 

method of electrical insulation neither in the laboratory conditions nor in the 

industry. There are a number of reasons for this, the main of which are: 

1. Mostly all ways of realizing the method of electrical insulation of the 

cutting tool, which were proposed at the time, lead to lower rigidity of the 

tooling system; 

2. Auxiliary tools and production tools used in the executing of the 

method of the electrical insulation were short-lived, and it was difficult to 

reestablish them. 

3. Disadvantages of the technology of machining the titanium alloys that 

existed at that time, do not allow to estimate the efficiency of the proposed 

solutions in full. 

Thus, taking into account all the above mentioned data, authors identify 

several key problems to be solved in this paper: 

1. Development of the advanced technique of increase in tool life based 

on the method of cutting tool electrical insulation; 

2. Substantiation of the efficiency of the proposed method under 

laboratory and industrial conditions. 

It is well known that the oxide films that appear on the surface of the 

titanium alloys after heating have a high electrical resistance [6]. So, using 

auxiliary tools and equipment made of titanium alloys, on the surface of which 
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the oxide layer being an isolator was made by thermal oxidation, could be a 

solution of the assigned task. 

2. Methodology 

The study of the properties of titanium alloys after thermal oxidation was 

made to solve this task. 

The following grades of the titanium alloys were studied: VT1-0, OT4, 

VT20, VT6, VT3-1, VT14, VT23, VST5553. Chemical compositions of the 

alloys are shown in Table. 1. 

Table 1 

Investigated titanium alloys 
Grade Chemical composition, % 

VT1-0 CP titanium 

OT4 Ti-3,5Al-1,5Mn 

VT20 Ti-6Al-2Zr-1Mo-1V 

VT6 Ti-5Al-4V 

VT3-1 Ti-3Al-2,5Mo-2Cr-0,5Fe-0,3Si 

VT14 Ti-4,5Al-3Mo-1V 

VT23 Ti-5,5Al-2Mo-4,5V-1Cr-0,7Fe 

VST5553 Ti-5Al-5Mo-5V-3Cr 

 

Samples made from the titanium alloys under research were quenched. 

The quenched samples were grinded and polished by means of Struers LaboPol-

1 and then were degreased by immersion in the bath with a mixture of 2% 

solution of hydrochloric acid and 0.5% solution nitric acid in the water for 4 ... 5 

minutes. 

Thereafter the initial electrical resistance was measured by means of 

ohmmeter Sonel MIC-1000. 

Then the samples were subjected to thermal oxidation in the furnace at 

temperatures of 650, 700, 750, 800  ęʉ and the holding time respectively is 8, 7, 

6 and 5 hours.  

After the cooling the re-measurement of the electrical resistance was 

made. 

Efficiency of the proposed method was studied when turning titanium 

alloys VT1-0, OT4, VT6 and VST5553. The cutter PTTNT 2525M 22 equipped 

with an insert TNMG220408-SF made of 1105 was used. Flank wear value of 

0.5 mm. was a tool life criterion in turning. 

The efficiency of the method was studied when drilling titanium alloys 

VT1-0, OT4 and VT6 using twist drills made of HSS. Flank wear value of 0.1 

mm. was a tool life criterion in drilling. Twist drills Dormer A100 were used. 

3. Results and discussion 

Results of measuring of the titanium alloys electrical resistance after 

thermal oxidation are shown in Fig. 1. 
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Fig. 1. Results of electrical resistance measurement 

 

As shown in Fig. 1, oxide layers that are formed on the surface of the 

alloys VT1-0, OT4, VT20 and VT3-1 have the largest value of the electrical 

resistance.  

It is quite interesting that none of the alloys that have an oxide layer with 

high electrical resistance, except VT20, contains vanadium. Vice versa, titanium 

alloys that contain vanadium, such as VT6, VT14, VT23, VST5553, have an 

oxide layer with relatively low electrical resistance. Most likely, it is due to the 

fact that at temperatures above 700 ęC vanadium reacts with the oxygen and 

forms the volatile compounds that damage an emerging oxide layer.  

Fig. 2 shows examples of the depth of oxide layer after thermal oxidation, 

obtained with the optical microscope Zeiss Observer D1M. The depth of the 

oxide layer is 10é50 mm. 

 

 
Fig. 2. Microstructure of the surface of samples after thermal oxidation at temperature of 

750 ÁC during 6 hours: a) OT4; b) VT3-1 

 

A new way of increasing tool life that consists in using auxiliary tools 

made from titanium alloy VT3-1, that were subjected to thermal oxidation in the 

furnace at temperature of 750 ÁC during 6 hours, was proposed. 
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Fig. 3. Example of the method for drilling: 1 ï twist drill; 2 ï spindle; 3 ï tapered sleeve; 4 ï 

oxide layer; 5 ï workpiece; 6 ï machine table 

 

In Fig. 3 twist drill 1 is mounted in tapered sleeve 3 that are made from 

VT3-1 titanium alloy and subjected to thermal oxidation for forming the oxide 

film 4. 

This method was patented by the authors [7]. 

Results of the research of the tool life when turning of the titanium alloys 

are shown in Table 2. Results of studying the tool life of the twist drills are 

shown in Fig 4. Feed in all experiments was 0.1 mm/min during small diameters 

of the twist drills. Thus, it is proved that using electrical insulation of the twist 

drills leads to 1.66é2.76 times increase in tool life. 

Industrial tests of the proposed method in VSMPO-AVISMA Corporation 

in production of tube plates for heat exchangers have shown that the wear of 

twist drills made from HSS is 1.20é1.80 lower when using electrical insulation 

than in general conditions. 
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Table 2  

Tool life of the cutters 
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Machined titanium 

alloy 

Use / non 

use of 

electrical 

insulation 

Tool life T, 

min. 

ʊisolated/ʊ 

62,8 0,67 1,0 

ɺʊ1-0 + 16,79 1,44 

ï 11,64 

ʆʊ4 + 19,48 1,59 

ï 12,24 

ɺʊ6 + 8,53 2,05 

ï 4,16 

VST 5553 + 5,95 1,82 

ï 3,27 

 

 
Fig. 4: Results of measuring tool life in drilling 

 

4. Conclusions 

The following conclusions can be drawn on the basis of the obtained 

results: 

1. The effect of the technological parameters of the thermal oxidation on 

the electrical resistance of the oxide films on the surface of the titanium alloys is 

defined; 

2. The method for increase of tool life that consists in using auxiliary 

tools and equipment made from VT3-1 titanium alloy, on the surface of which 

an oxide layer with high electrical resistance was formed by means of thermal 

oxidation, is developed; 

3. The effectiveness of the proposed method when turning and drilling is 

proven. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɾɽʃɽɿʆʈʋɼʅʆɻʆ ʉʓʈʔʗ ʆɸʆ 

çɺʓʉʆʂʆɻʆʈʉʂʀʁ ɻʆʂè ʇʈʀ ʇɽʈɽʈɸɹʆʊʂɽ ʂɸʏʂɸʅɸʈʉʂʀʍ 

ʊʀʊɸʅʆʄɸɻʅɽʊʀʊʆɺ 

 

ʆʞʛʠʙʮʝʚ ʄ. ɸ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʊʣʝʫʛʘʙʫʣʦʚ ɹ. ʉ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʄʊ 

 

ɺ ʩʚʷʟʠ ʩ ʟʘʢʨʳʪʠʝʤ ʥʘ ʆɸʆ çɽɺʈɸɿ ʅʊʄʂè ʜʦʤʝʥʥʳʭ ʧʝʯʝʡ (ɼʇ), 

ʚʳʧʣʘʚʣʷʶʱʠʭ ʦʙʳʯʥʳʡ ʧʝʨʝʜʝʣʴʥʳʡ ʯʫʛʫʥ, ʚ ʥʘʰʝʤ ʨʝʛʠʦʥʝ ʦʩʪʘʣʘʩʴ 

ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʞʝʣʝʟʦʨʫʜʥʘʷ ʧʨʦʜʫʢʮʠʷ ʆɸʆ çɺʳʩʦʢʦʛʦʨʩʢʠʡ ɻʆʂè 

(ɺɻʆʂ) ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʘʪʘ ʤʦʢʨʦʡ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ (ʄʄʉ). ɺ 
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ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʚʥʝʜʨʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʚʜʫʚʘʥʠʷ 

ʧʳʣʝʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ʇʋʊ) ʚ 2013 ʛ., ʦʙʦʩʪʨʠʣʠʩʴ ʧʨʦʙʣʝʤʳ, 

ʩʚʷʟʘʥʥʳʝ ʩʦ ʰʣʘʢʦʚʳʤ ʨʝʞʠʤʦʤ ʚʘʥʘʜʠʝʚʦʡ ʧʣʘʚʢʠ. ʉʫʱʝʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʨʠʩ. 1) ʤʝʞʜʫ ʚʳʭʦʜʦʤ ʰʣʘʢʘ ʠ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʤ ʨʘʩʭʦʜʦʤ ʢʦʢʩʘ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʩʭʦʜʦʤ 

ʇʋʊ). 

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʚʳʭʦʜʘ ʰʣʘʢʘ ʥʘ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʳʭ 

ʨʘʩʭʦʜʦʚ ʢʦʢʩʘ ʠ ʚʜʫʚʘʝʤʦʛʦ ʪʦʧʣʠʚʘ  

 

ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ 

ʩ ʚʜʫʚʘʥʠʝʤ ʇʋʊ ï ʦʙʝʩʧʝʯʠʪʴ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʨʘʩʭʦʜʘ 

ʩʦʭʨʘʥʝʥʠʝ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʪʦʣʙʘ ʰʠʭʪʳ ʠ ʜʨʝʥʘʞʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʛʦʨʥʘ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʷ ʥʘ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʳʡ ʚʳʭʦʜ ʰʣʘʢʘ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʪʝʧʝʥʴ ʦʨʦʰʝʥʠʷ 

ʨʘʩʧʣʘʚʦʤ ʢʦʢʩʦʚʦʡ ʥʘʩʘʜʢʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʝ ʧʦʨʦʟʥʦʩʪʴ. 

ʉʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʚʳʭʦʜʘ ʰʣʘʢʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʜʦʤʝʥʥʦʡ ʰʠʭʪʝ ʠ ʩʥʠʞʝʥʠʷ ʟʦʣʴʥʦʩʪʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʪʦʧʣʠʚ. ʆʜʥʘʢʦ ʯʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ ʧʳʣʝʫʛʦʣʴʥʳʤ ʪʦʧʣʠʚʦʤ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʰʣʘʢʘ ʠ ʩʥʠʞʘʝʪ 

ʧʦʨʦʟʥʦʩʪʴ ʢʦʢʩʦʚʦʡ ʥʘʩʘʜʢʠ. ʋʛʣʫʙʣʝʥʠʝ ʞʝ ʩʪʝʧʝʥʠ ʦʙʦʛʘʱʝʥʠʷ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʦʛʦ ʩʳʨʴʷ ʂʘʯʢʘʥʘʨʩʢʦʛʦ ɻʆʂ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʛʨʝʩʩʠʚʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ (ʨʠʩ. 2) ʠ 

ʛʣʠʥʦʟʝʤʘ ʚ ʰʣʘʢʝ, ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʠ, ʚ 

ʮʝʣʦʤ, ʫʭʫʜʰʝʥʠʶ ʰʣʘʢʦʚʦʛʦ ʨʝʞʠʤʘ ʚʘʥʘʜʠʝʚʦʡ ʧʣʘʚʢʠ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʄʄʉ ɺɻʆʂ, ʩʦʜʝʨʞʘʥʠʝ 

ʞʝʣʝʟʘ ʚ ʢʦʪʦʨʦʤ ʧʨʠʤʝʨʥʦ ʥʘ 4 % ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʘʯʢʘʥʘʨʩʢʦʤ 

ʢʦʥʮʝʥʪʨʘʪʝ, ʚ ʩʦʩʪʘʚʝ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʡ ʰʠʭʪʳ ʂʘʯʢʘʥʘʨʩʢʦʛʦ ɻʆʂʘ. ɺ 

ʨʘʩʯʝʪʘʭ ʨʘʩʭʦʜ ʢʦʥʮʝʥʪʨʘʪʘ ɺɻʆʂ ʙʳʣ ʧʨʠʥʷʪ ʠʟ ʨʘʩʯʝʪʘ 150 ʢʛ ʥʘ 

ʪʦʥʥʫ ʘʛʣʦʤʝʨʘʪʘ ʂɻʆʂ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʈʠʩ. 2. ɺʟʘʠʤʦʩʚʷʟʴ ʜʦʣʠ TiO2 ʚ çʧʫʩʪʦʡ ʧʦʨʦʜʝè ʠ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ 

ʢʘʯʢʘʥʘʨʩʢʦʤ ʘʛʣʦʤʝʨʘʪʝ  

 

ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʤʝʥʥʦʡ ʧʣʘʚʢʠ 
ʇʦʢʘʟʘʪʝʣʠ ɹʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʇʨʦʝʢʪʥʳʡ ʚʘʨʠʘʥʪ ȹ 

ʉʦʜʝʨʞʘʥʠʝ Fe ʚ ʰʠʭʪʝ, % 57,053 57,269 0,216 

ʈʘʩʭʦʜ ʢʦʢʩʘ, ʢʛ/ʪ ʯʫʛʫʥʘ 369,842 368,279 ï1,563 

ʈʘʩʭʦʜ ʜʫʪʴʷ, ʤ
3
/ʪ ʯʫʛʫʥʘ 1113,042 1107,968 ï5,074 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪ/ʩʫʪ 13877,100 13946,485 69,385 

ɺʳʭʦʜ ʰʣʘʢʘ, ʢʛ/ʪ ʯʫʛʫʥʘ 358,242 349,409 ï8,833 

 

ɺ ʘʛʣʦʤʝʨʘʪʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʧʦʚʳʰʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 0,5 %, ʘ ʚ 

ʞʝʣʝʟʦʨʫʜʥʦʡ ʯʘʩʪʠ ʜʦʤʝʥʥʦʡ ʰʠʭʪʳ ï ʧʦʯʪʠ ʥʘ 0,2 % ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʧʨʠʭʦʜʘ ʪʠʪʘʥʘ ʚ ɼʇ (ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 2 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʘʥʘʜʠʝʚʦʛʦ ʯʫʛʫʥʘ 
 ɹʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʇʨʦʝʢʪʥʳʡ ʚʘʨʠʘʥʪ ȹ 

ʉ, % 4,750 4,750 ï 

Si, % 0,085 0,085 ï 

V, % 0,483 0,463 ï0,020 

Ti, % 0,145 0,137 ï0,008 

P, % 0,020 0,023 0,003 

Mn, % 0,159 0,185 0,026 

S, % 0,014 0,014 ï 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʘʥʘʜʠʷ, ʢʘʯʝʩʪʚʦ ʠ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʯʫʛʫʥʘ ʚ ʧʨʦʝʢʪʥʦʤ ʚʘʨʠʘʥʪʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʚʘʥʘʜʠʝʚʦʤʫ ʯʫʛʫʥʫ ʧʝʨʚʦʛʦ ʩʦʨʪʘ: Si ï 
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0,05 ï 0,15 %, V ï ʙʦʣʝʝ 0,40 %, Ti ï 0,10 ï 0,20 %, P ʠ S ï ʤʝʥʝʝ 0,03 %, Mn 

ï ʤʝʥʝʝ 0,35 %. 

ɺʥʝʜʨʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʟʚʦʣʷʝʪ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʢʦʢʩʘ ʥʘ 1,5 ʢʛ ʥʘ 

ʪʦʥʥʫ ʯʫʛʫʥʘ, ʩʦʢʨʘʪʠʪʴ ʚʳʭʦʜ ʰʣʘʢʘ ʥʘ 8,8 ʢʛ ʥʘ ʪʦʥʥʫ ʯʫʛʫʥʘ, 

ʫʚʝʣʠʯʠʪʴ ʩʨʝʜʥʝʩʫʪʦʯʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʤʝʥʥʦʛʦ ʮʝʭʘ ʥʘ 0,5 % 

ʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʇʋʊ. 

 
 

ʊɽʇʃʆɺʓɽ ʋʉʃʆɺʀʗ ʇʈʆʊɽʂɸʅʀʗ ʇʈʆʎɽʉʉɸ 

ʆʊɺɽʈɾɼɽʅʀʗ ʉʊɽʈɾʅɽɺʆʁ ʉʄɽʉʀ ʇʈʆɼʋɺʂʆʁ ɻʆʈʗʏʀʄ 

ɺʆɿɼʋʍʆʄ 

 

ʇʠʨʦʞʢʦʚ ɸ.ɽ., ʘʩʧʠʨʘʥʪ ʋʨʌʋ 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʠʙʦʣʴʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʣʠʪʝʡʥʳʭ ʧʝʩʯʘʥʳʭ ʩʪʝʨʞʥʝʡ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʤʦʣ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʤʦʣ ʧʨʦʚʦʮʠʨʫʝʪ ʚʳʜʝʣʝʥʠʝ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʦʮʝʩʩ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ  ʧʨʦʠʩʭʦʜʠʪ ʥʘʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ ʜʘʞʝ 

ʩ ʜʦʙʘʚʢʦʡ ʩʠʢʢʘʪʠʚʦʚ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʪʝʧʣʦʚʘʷ ʧʦʜʧʠʪʢʘ 

ʧʨʦʜʫʚʢʦʡ ʩʪʝʨʞʥʝʡ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʠʩʧʦʣʴʟʫʝʤ ʠʟʚʝʩʪʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ. ɺʭʦʜʷʱʠʡ ʩ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʨʘʚʝʥ: 

                                                 (1) 

ɻʜʝ, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ,   ; 

 ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ, ; 

ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 

ʊʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʠ ʬʦʨʤʦʚʦʯʥʦʡ ʩʤʝʩʴʶ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʦʙʨʘʟʮʘ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʇʦʵʪʦʤʫ ʚʨʝʤʷ 

ʥʘʛʨʝʚʘ ʩʤʝʩʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤ ʚʨʝʤʝʥʠ 

ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʩʤʝʩʴ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʝʝ ʥʘʛʨʝʚʘ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ. 

ʆʙʲʝʤ ʚʦʟʜʫʭʘ , ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʥʘʛʨʝʚʘ ʩʤʝʩʠ  ʦʙʲʝʤʦʤ  ʦʪ  

ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʪʨʝʙʫʝʤʦʡʦʡ , ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ: 
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                              (2) 

ɻʜʝ,    ; 

; 

. 

; . 

ʇʦʣʫʯʠʤ, . 

ʌʠʣʴʪʨʘʮʠʷ ʵʪʦʛʦ ʦʙʲʝʤʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʩʤʝʩʴ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ: 

                                                  (3) 

ɻʜʝ, ʛʘʟʦʧʨʦʥʠʮʢʝʤʦʩʪʴ ʩʤʝʩʠ; 

; 

       

ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʦʙʨʘʟʮʘ. 

= 0,138 , ʦʪʩʶʜʘ  

ʆʜʥʘʢʦ, ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʛʨʝʚʘ ʩʤʝʩʠ ʜʦ ʟʘʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʴ ʪʝʧʣʘ ,ʧʦʜʚʝʜʝʥʥʦʛʦ ʢ ʩʪʝʨʞʥʶ, 

ʚʳʚʦʜʠʪʩʷ ʩ ʚʦʟʜʫʭʦʤ ʯʝʨʝʟ ʚʝʥʪʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʊʘʢʞʝ ʥʝ ʫʯʪʝʥ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʠ ʬʦʨʤʦʚʦʯʥʦʡ 

ʩʤʝʩʴʶ. 

ʇʨʠʤʝʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʨʞʥʷ ʦʜʠʥʘʢʦʚʘʷ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ. 

ʉʯʠʪʘʝʤ, ʯʪʦ ʚʩʝ ʪʝʧʣʦ ʚʦʟʜʫʭʘ ʧʝʨʝʜʘʝʪʩʷ ʩʪʝʨʞʥʶ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ [1], ʪʦʛʜʘ: 

                                     (4) 

ɻʜʝ, ҙ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʙʤʝʥʘ  ; 

 ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʠʟ ʦʙʨʘʟʮʘ, ʂ; 

 ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʦʙʨʘʟʮʘ, ʂ; 
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ʩʨʝʜʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʧʦʨ, ʂ. 

0.00375 . 

ʇʨʠʯʝʤ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ ʩʨʝʜʥʝʣʦʛʘʨʠʬʤʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ: 

                                            (5) 

ɻʜʝ,   ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʨʞʥʝʚʦʡ ʩʤʝʩʠ.  

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʞʬʘʟʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠʤʝʪ ʚʠʜ: 

=                                            (6) 

ʆʪʢʫʜʘ: 

-.                                         (7) 

ʇʨʠ ʧʨʦʜʫʚʢʝ ʩʪʝʨʞʥʷ ʩʫʭʠʤ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

180ęʉ,  ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʧʣʦʦʙʤʝʥʘ , =140ęʉ 

ʧʦʣʫʯʠʤ3.55 . 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʦʟʜʫʭʘ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʝʩʢʘ ( , ʛʜʝ ʧʨʠʤʝʤ ʨʘʚʥʳʤ 0.5, 1ʠ 1.5. 

ʊʦʛʜʘʙʫʜʝʪ ʨʘʚʝʥ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ ʚʣʘʛʠ. 

ʇʨʠʤʝʤ . ʊʦʛʜʘ ʧʦʣʫʯʠʤ 1024, 1031 ʠ 1040. 

ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ ʨʘʚʝʥ 3.54, 3.57 ʠ 3.6,  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦ ʝʩʪʴ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʙʤʝʥʘ. 

ɺʨʝʤʷ ʥʘʛʨʝʚʘ ʩʪʝʨʞʥʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ (7): 

                                               (8) 

ʇʦʣʫʯʠʤ ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 180ęʉ, ʧʨʠ =140ęʉ ʠ 

3.5 . 

 ʩʝʢʫʥʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦʢʘʟʘʣʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ 

ʩʭʦʜʠʤʦʩʪʴ (80 ʩʝʢʫʥʜ) ʩ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 
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ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1.ʃʝʚʠʥʘ ʅ.ʉ. çʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʥʘʛʨʝʚʘ ʠ ʩʫʰʢʠ ʧʦʨʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚè. ï ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ: 

ʇʦʣʟʫʥʦʚʩʢʠʡ ʚʝʩʪʥʠʢ ˉ1, 2008 ʛ. ï ʩ. 49- 52. 

 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʆʇʊʀʄɸʃʔʅʆʁ ʊʆʃʑʀʅʓ ʉʊɽʈɾʅʗ ʇʈʀ 

ʆʊɺɽʈɾɼɽʅʀʀ ʇʈʆɼʋɺʋʆʁ ɻʆʈʗʏʀʄ ɺʆɿɼʋʍʆʄ 

 

ʇʠʨʦʞʢʦʚ ɸ.ɽ., ʘʩʧʠʨʘʥʪ ʋʨʌʋ 

ɻʨʫʟʤʘʥ ɺ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ ʩʪʝʨʞʥʝʚʦʡ ʩʤʝʩʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ ʩʪʝʨʞʥʷ ʧʨʠ ʢʦʪʦʨʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ  

ʤʝʪʦʜ ʧʨʦʜʫʚʢʠ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ.  

ɼʣʷ ʵʪʦʛʦ ʠʟ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʦʧʨʝʜʝʣʠʤ ʦʙʲʝʤ ʚʦʟʜʫʭʘ 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

  

ʇʦʜʩʪʘʚʠʤ ʚʤʝʩʪʦ ʚʳʨʘʞʝʥʠʝ , ʛʜʝĿ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ, ʪʦʣʱʠʥʘ. ɼʣʠʥʫ ʧʫʪʠ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠʤʝʤ ʨʘʚʥʦʡ 

ʪʦʣʱʠʥʝ ʩʪʝʨʞʥʷ. ʀ ʝʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ , ʪʦʛʜʘ  ʧʦʣʫʯʠʤ 

                                              (1) 

ɻʜʝ, ʛʘʟʦʧʨʦʥʠʮʢʝʤʦʩʪʴ ʩʤʝʩʠ; 

ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʦʙʨʘʟʮʘ. 

,      

ʆʪʢʫʜʘ, 

                                                       (2) 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʜʫʚʢʝ 

ʩʪʝʨʞʥʝʡ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʪʚʝʨʞʜʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 6 ʤʠʥʫʪ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚʨʝʤʷ ʦʪʚʝʨʞʜʝʥʠʷ ʩʪʝʨʞʥʝʡ  ʍʊʉ 

ʠ ʩʦʩʪʘʚʣʷʝʪ 1,5 ʤʠʥʫʪʳ, ʪʦʛʜʘ ʧʨʠ ʯʝʪʳʨʝʭ ʧʦʟʠʮʠʷʭ ʧʨʦʜʫʚʢʠ ʩʪʝʨʞʥʝʡ 

ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʘʩʣʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ ʩʪʝʨʞʥʷ ʙʫʜʝʪ 

ʘʥʘʣʦʛʠʯʥʳʤ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ 
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ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʨʦʜʫʚʢʝ ʩʪʝʨʞʥʝʡ ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʨʞʥʷ ʧʨʠ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʪʚʝʨʞʜʝʥʠʷ  ʩʦʩʪʘʚʠʪ 0,2 ʤʝʪʨʘ. ʆʜʥʘʢʦ, 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʫʯʪʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʞʬʘʟʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. 
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ʊʦʣʱʠʥʘ, ʤ

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʩʪʝʨʞʥʷ ʦʪ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʠ ʧʨʦʜʫʚʢʝ ʛʦʨʷʯʠʤ 

ʚʦʟʜʫʭʘ 

 

ɽʩʣʠ ʨʘʩʩʯʠʪʘʪʴ ʦʙʲʝʤ ʚʦʟʜʫʭʘ, ʨʘʩʭʦʜʫʝʤʳʡ ʥʘ ʥʘʛʨʝʚ ʩʪʝʨʞʥʷ  ʟʘ 6 

ʤʠʥʫʪ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʪʦ ʧʦʣʫʯʠʤ .  ʕʪʦʪ 

ʦʙʲʝʤ ʚʦʟʜʫʭʘ ʚ 5,2 ʨʘʟʘ ʙʦʣʴʰʝ , ʯʝʤ ʙʝʟ ʫʯʝʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. ʊʦʛʜʘ 

ʧʦʣʫʯʠʤ ( , ʦʪʢʫʜʘ ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʯʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 

                                             (3) 

ʇʦʣʫʯʠʤ 0,063 ʤ. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʦʪ ʜʘʚʣʝʥʠʷ 

ʧʨʦʜʫʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʨʞʥʷ 

ʧʨʠ ʢʦʪʦʨʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʦʜʫʚʢʫ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ 

ʩʦʩʪʘʚʣʷʝʪ) 0.14 ʤ. 
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ʈɸɿʈɸɹʆʊʂɸ ʄɽʈʆʇʈʀʗʊʀʁ ʇʆ ʇʆɺʓʐɽʅʀʖ ʂɸʏɽʉʊɺɸ 

ɸɻʃʆʄɽʈɸʊɸ ɺ ʋʉʃʆɺʀʗʍ ʆɸʆ çɽɺʈɸɿ ʂɻʆʂè 

 

ʉʠʥʮʦʚ ɽ.ɸ., ʩʪʫʜʝʥʪ ʛʨ. ʇʇʌ ï 120532 ï ʄʏʄ 

ʊʣʝʫʛʘʙʫʣʦʚ ɹ.ʉ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷè 

 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʘʛʣʦʤʝʨʘʮʠʠ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʧʨʦʮʝʩʩʦʚ ʦʢʫʩʢʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʢʫʩʢʦʚʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ 

ʤʝʣʢʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʩʳʨʴʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʦʤʝʥʥʦʡ 

ʧʣʘʚʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʦʪʠʚʦʪʦʯʥʦʤ ʜʚʠʞʝʥʠʠ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʛʘʟʦʚ. ʇʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʜʦʤʝʥʥʦʡ ʧʝʯʠ ʟʘʚʠʩʠʪ ʦʪ 

ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʪʦʣʙʘ ʰʠʭʪʳ, ʪ.ʝ. ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʤʝʥʥʦʡ ʧʝʯʠ 

(ʇ) ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ (ɻ): 

ʇ = f(ɻ). 

ɻʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ (Ů) ʠ 

ʜʠʘʤʝʪʨʦʚ ʢʫʩʦʯʢʦʚ ʘʛʣʦʤʝʨʘʪʘ (dʘ): 

ɻ = kĀŮ
3
Ādʘ/(1 ï Ů), 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʣʦʪʥʦʩʪʴ 

ʛʘʟʘ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʬʦʨʤʫ ʢʫʩʢʦʚ ʠ ʪ.ʧ. 
ʇʦʨʦʟʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʩʣʦʷ, ʥʦ ʦʥʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ (ʥʘʧʨʠʤʝʨ, ʧʦ ʜʘʥʥʳʤ ʠʟ 

ʠʩʪʦʯʥʠʢʘ [1]) ʩʪʝʧʝʥʴʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʘʛʣʦʤʝʨʘʪʘ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʧʦʨʦʟʥʦʩʪʠ ʩʣʦʷ ʜʚʫʭʬʨʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʪ ʜʦʣʠ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ ʠ 

ʦʪʥʦʰʝʥʠʷ ʜʠʘʤʝʪʨʦʚ ʢʫʩʢʦʚ (ʯʠʩʣʘ ʫ ʢʨʠʚʳʭ)  
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ʇʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʦ ʥʘʠʙʦʣʝʝ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪ 

ʧʦʨʦʟʥʦʩʪʴ ʧʦʣʠʬʨʘʢʮʠʦʥʥʦʛʦ ʩʣʦʷ. ʂʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʘʛʣʦʤʝʨʘʪʘ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʤ ʬʨʘʢʮʠʠ 0 ï 5 

ʤʤ. ʉʦʛʣʘʩʥʦ [2], ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʘʛʣʦʤʝʨʘʪʝ ʬʨʘʢʮʠʠ 0 ï 5 ʤʤ ʥʘ 

1 % ʜʘʝʪ ʵʢʦʥʦʤʠʶ ʨʘʩʭʦʜʘ ʢʦʢʩʘ ʥʘ 0,3 % ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʤʝʥʥʦʡ ʧʝʯʠ ʪʘʢʞʝ ʥʘ 0,3 %. ɺ ʮʝʣʦʤ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ ʩʳʨʴʷ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʥʠʞʝʥʠʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʳʧʣʘʚʢʠ ʯʫʛʫʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʘ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʛʦ ʩʧʝʢʘ ʚ ʮʝʭʝ 

ʘʛʣʦʤʝʨʘʮʠʠ ʂʘʯʢʘʥʘʨʩʢʦʛʦ ɻʆʂʘ ʚʢʣʶʯʘʝʪ ʝʛʦ ʜʨʦʙʣʝʥʠʝ ʚ ʦʜʥʦʚʘʣʢʦʚʦʡ 

ʜʨʦʙʠʣʢʝ ʜʦ ʢʨʫʧʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 150 ʤʤ, ʚʳʜʝʣʝʥʠʝ ʛʦʨʷʯʝʛʦ ʚʦʟʚʨʘʪʘ ʥʘ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʛʨʦʭʦʯʝʥʠʷ, ʦʭʣʘʞʜʝʥʠʝ ʘʛʣʦʤʝʨʘʪʘ ʚ ʢʦʣʴʮʝʚʳʭ 

ʦʭʣʘʜʠʪʝʣʷʭ ʠ ʚʪʦʨʠʯʥʦʝ ʛʨʦʭʦʯʝʥʠʝ ʧʝʨʝʜ ʦʪʛʨʫʟʢʦʡ ʛʦʪʦʚʦʛʦ ʘʛʣʦʤʝʨʘʪʘ 

ʧʦʪʨʝʙʠʪʝʣʶ (ʜʦʤʝʥʥʳʡ ʮʝʭ ʆɸʆ çɽɺʈɸɿ ʅʊʄʂè). 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʛʨʦʭʦʯʝʥʠʝ ʘʛʣʦʤʝʨʘʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 

ʩʘʤʦʙʘʣʘʥʩʥʦʤ ʛʨʦʭʦʪʝ 3Ĭ6,4 ʤ, ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʢʣʘʩʩʳ ʦʪ 8 ʜʦ 150 ʤʤ ʠ 

ʦʪ 0 ʜʦ 8 ʤʤ. ʂʨʫʧʥʘʷ ʬʨʘʢʮʠʷ ʧʦʩʪʫʧʘʝʪ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ, ʘ 

ʤʝʣʢʘʷ ʚʥʦʚʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʰʠʭʪʝ ʚ ʢʘʯʝʩʪʚʝ ʛʦʨʷʯʝʛʦ ʚʦʟʚʨʘʪʘ. 

ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʘʛʣʦʤʝʨʘʪ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʪʦʨʫʶ ʩʪʘʜʠʶ 

ʛʨʦʭʦʯʝʥʠʷ ʚ ʢʦʨʧʫʩ ʚʳʜʝʣʝʥʠʷ ʧʦʩʪʝʣʠ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʛʨʦʭʦʪʘ ʩ ʰʠʨʠʥʦʡ ʱʝʣʠ 15 ʤʤ. ʇʦʜʨʝʰʝʪʥʳʡ ʧʨʦʜʫʢʪ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ 

ʢʦʨʧʫʩ ʘʛʣʦʤʝʨʘʮʠʠ, ʛʜʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʥʘ 

ʠʥʝʨʮʠʦʥʥʳʭ ʛʨʦʭʦʪʘʭ 1,5Ĭ3,0 ʤ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ 8 ʤʤ. ʂʣʘʩʩ ʢʨʫʧʥʦʩʪʴʶ 

ʦʪ 0 ʜʦ 8 ʤʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʰʠʭʪʝ, ʢʘʢ ʭʦʣʦʜʥʳʡ ʚʦʟʚʨʘʪ, ʘ ʥʘʜʨʝʰʝʪʥʳʡ 

ʧʨʦʜʫʢʪ ʢʨʫʧʥʦʩʪʴʶ ʦʪ 8 ʜʦ 15 ʤʤ ʧʦʩʪʫʧʘʝʪ ʚ ʙʫʥʢʝʨ ʥʘʜ ʘʛʣʦʤʘʰʠʥʦʡ 

ʜʣʷ ʫʢʣʘʜʢʠ ʥʘ ʩʧʝʢʘʪʝʣʴʥʳʝ ʪʝʣʝʞʢʠ ʚ ʢʘʯʝʩʪʚʝ çʧʦʩʪʝʣʠè. ʄʘʩʩʦʚʘʷ ʜʦʣʷ 

ʢʣʘʩʩʘ ʤʠʥʫʩ 8 ʤʤ ʚ çʧʦʩʪʝʣʠè ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 15 %. ʅʘʜʨʝʰʝʪʥʳʡ 

ʞʝ ʧʨʦʜʫʢʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʛʨʦʭʦʪʦʚ (ʪʦʚʘʨʥʳʡ ʘʛʣʦʤʝʨʘʪ) ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ 

ʢʦʨʧʫʩ ʧʦʛʨʫʟʦʯʥʳʭ ʙʫʥʢʝʨʦʚ, ʦʪʢʫʜʘ ʦʪʛʨʫʞʘʝʪʩʷ ʚ ʭʦʧʧʝʨʳ ʠ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʷʤ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʛʣʦʚʦʟʦʚ ʘʛʣʦʤʝʨʘʪ 

ʦʪʛʨʫʞʘʝʪʩʷ ʥʘ ʦʪʢʨʳʪʳʡ ʩʢʣʘʜ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʨʷʯʝʛʦ ʚʦʟʚʨʘʪʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 500 ï 550 
0
ʉ ʠ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʦʪ 25 ʜʦ 30 % (ʧʦʩʣʝ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʛʨʦʭʦʯʝʥʠʷ) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʜʦʛʨʝʚ ʰʠʭʪʳ ʧʨʠ ʫʢʣʘʜʢʠ ʝʸ ʥʘ ʧʘʣʣʝʪʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʥʠʞʝ ʪʦʯʢʠ 

ʨʦʩʳ (52 
0
ʉ), ʯʪʦ ʫʩʪʨʘʥʷʝʪ ʟʦʥʫ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʚ ʩʧʝʢʘʝʤʦʤ ʩʣʦʝ ʠ 

ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ. ʅʦ ʧʨʠ ʵʪʦʤ, ʜʣʷ ʧʦʣʥʦʡ ʘʩʩʠʤʠʣʷʮʠʠ 

ʯʘʩʪʠʮ ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʝʢʘ, ʢʨʫʧʥʦʩʪʴ ʛʦʨʷʯʝʛʦ ʚʦʟʚʨʘʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ 

ʙʦʣʝʝ 8 ʤʤ [3]. 

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʨʦʭʦʯʝʥʠʷ ʧʦ ʢʣʘʩʩʫ 8 ʤʤ 

ʩʦʩʪʘʚʣʷʝʪ 60 ï 65 %, ʧʨʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʦʩʪʫʧʘʶʱʝʛʦ 

ʘʛʣʦʤʝʨʘʪʘ: ʤʝʥʝʝ 1 ʤʤ ï 11,15 %; 1 ï 3 ʤʤ ï 10,55 %; 3 ï 5 ʤʤ ï 6,8 %; 5 ï 

8 ʤʤ ï 11,27 %; ʙʦʣʝʝ 8 ʤʤ ï 60,23 %. 
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ʌʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʨʦʭʦʯʝʥʠʷ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ, 

ʧʦ ʟʘʤʝʨʘʤ, ʩʦʩʪʘʚʣʷʶʪ 40 ï 50 % ʧʦ ʢʣʘʩʩʫ 15 ʤʤ ʠ 60 ï 70 % ʧʦ ʢʣʘʩʩʫ 5 

ʤʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʦʭʦʯʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʛʣʦʤʘʰʠʥ ʠ ʧʦʚʳʰʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘ 

ʛʨʦʭʦʪʘ.  

ʇʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ ʰʠʭʪʳ ʠʟ ʪʦʥʢʦ ʠʟʤʝʣʴʯʸʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʫʩʢʦʨʝʥ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʚʦʟʚʨʘʪʘ ʚ ʰʠʭʪʝ. ʇʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʚʨʘʪʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʡ 

ʤʘʰʠʥʳ ʧʦ ʩʧʝʢʫ ʥʝʫʢʣʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʊʘʢʞʝ, ʥʦ ʧʦ ʟʘʪʫʭʘʶʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʨʦʯʥʦʩʪʴ ʘʛʣʦʤʝʨʘʪʘ. ʆʜʥʘʢʦ, ʧʦʚʳʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʚʨʘʪʘ ʙʦʣʝʝ 50 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʰʠʭʪʳ ʚʝʜʝʪ ʢ 

ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʛʦʜʥʦʛʦ ʘʛʣʦʤʝʨʘʪʘ, ʧʦʵʪʦʤʫ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʛʦʪʦʚʦʤʫ ʘʛʣʦʤʝʨʘʪʫ ʦʪ ʜʦʣʠ ʚʦʟʚʨʘʪʘ ʚ ʰʠʭʪʝ 

ʥʦʩʠʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʨʘʩʭʦʜʘ ʚʦʟʚʨʘʪʘ ʥʘ ʫʜʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʛʣʦʤʘʰʠʥʳ ʠ 

ʚʳʭʦʜ ʛʦʜʥʦʛʦ 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʣʷ ʚʦʟʚʨʘʪʘ ʚ ʰʠʭʪʝ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 30 %, ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʦʭʦʯʝʥʠʷ ʧʦ ʢʣʘʩʩʫ 5 ʤʤ 

ʩʦʩʪʘʚʣʷʝʪ 80 ï 85 %, ʘ ʜʦʤʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʆɸʆ çɽɺʈɸɿ ʅʊʄʂè, ʚ 

ʩʚʝʪʝ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʳʣʝʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʘʛʣʦʤʝʨʘʪʘ ʢʘʢ ʧʦ ʧʨʦʯʥʦʩʪʠ, ʪʘʢ ʠ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʤʝʣʦʯʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʝʜʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ (ʪʨʝʪʴʝʡ) 



77 

ʩʪʘʜʠʠ ʛʨʦʭʦʯʝʥʠʷ ʧʝʨʝʜ ʦʪʛʨʫʟʢʦʡ ʛʦʪʦʚʦʛʦ ʘʛʣʦʤʝʨʘʪʘ ʧʦʪʨʝʙʠʪʝʣʶ 

(ʜʦʤʝʥʥʳʡ ʮʝʭ ʆɸʆ çɽɺʈɸɿ ʅʊʄʂè). 

ɼʣʷ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʢʦʨʧʫʩʝ 

ʧʦʛʨʫʟʦʯʥʳʭ ʙʫʥʢʝʨʦʚ ʠʟʤʝʥʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʥʚʝʡʝʨʦʚ ˉ 112 ʠ 113 ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʩʪʘʮʠʦʥʘʨʥʳʝ ʛʨʦʭʦʪʘ ʧʝʨʝʜ ʧʦʛʨʫʟʢʦʡ ʘʛʣʦʤʝʨʘʪʘ ʚ ʙʫʥʢʝʨ. 

ʇʦʣʝ ʛʨʦʭʦʪʘ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʠʟ ʥʘʙʦʨʥʳʭ ʧʣʠʪ ʠʣʠ ʢʦʥʠʯʝʩʢʠʭ 

ʢʦʣʦʩʥʠʢʦʚ ʩ ʩʝʯʝʥʠʝʤ 5 ʤʤ ʜʣʷ ʦʪʩʝʚʘ ʤʝʣʦʯʠ ʩ ʞʠʚʳʤ ʩʝʯʝʥʠʝʤ ʙʦʣʝʝ ӎ 

ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʣʦʪʥʘ ʛʨʦʭʦʪʘ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ. ʕʪʦ 

ʫʤʝʥʴʰʠʪ ʧʦʧʘʜʘʥʠʝ ʢʣʘʩʩʘ ʤʝʥʝʝ 5 ʤʤ ʚ ʦʪʛʨʫʞʘʝʤʳʡ ʧʨʦʜʫʢʪ.  
ʇʦʜʨʝʰʝʪʯʘʪʳʡ ʧʨʦʜʫʢʪ ʧʦʩʣʝ ʛʨʦʭʦʯʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʙʫʥʢʝʨ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘʜ ʚʪʦʨʳʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʧʫʪʝʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʪʛʨʫʟʢʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʥʘ ʚʘʛʦʥʦʦʧʨʦʢʠʜʳʚʘʪʝʣʴ. 

ɼʘʣʝʝ ʚʦʟʚʨʘʪ ʢʦʥʚʝʡʝʨʘʤʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʢʦʨʧʫʩ ʰʠʭʪʦʧʦʜʛʦʪʦʚʢʠ ʜʣʷ 

ʜʦʟʠʨʦʚʘʥʠʷ ʪʘʨʝʣʴʯʘʪʳʤʠ ʧʠʪʘʪʝʣʷʤʠ ʚ ʰʠʭʪʫ ʥʘ ʢʦʥʚʝʡʝʨʳ ˉ 54, 55. 

ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʨʦʭʦʪʘ ʥʘʜ ʧʦʛʨʫʟʦʯʥʳʤʠ ʙʫʥʢʝʨʘʤʠ 

ʘʛʣʦʤʝʨʘʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3. ʂʘʢ ʚʠʜʥʦ, ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ 

ʫʩʪʘʥʦʚʢʫ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ. 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʨʦʭʦʪʘ ʥʘʜ ʧʦʛʨʫʟʦʯʥʳʤʠ ʙʫʥʢʝʨʘʤʠ ʘʛʣʦʤʝʨʘʪʘ 

 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʣʦʯʠ ʚ ʪʦʚʘʨʥʦʤ 

ʘʛʣʦʤʝʨʘʪʝ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 2 % (ʘʙʩ.). ʆʜʥʦʚʨʝʤʝʥʥʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ 

ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ (ʚʦʟʚʨʘʪʘ) ʚ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʡ ʰʠʭʪʝ ʠʟʤʝʥʠʪʩʷ ʝʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʯʪʦ ʫʣʫʯʰʠʪ ʢʘʯʝʩʪʚʦ ʩʤʝʰʠʚʘʥʠʷ. 
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ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʢʦʤʢʫʶʱʝʡ ʯʘʩʪʠ ʧʨʠʚʝʜʝʪ ʪʘʢʞʝ ʢ ʩʥʠʞʝʥʠʶ 

ʦʧʪʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʰʠʭʪʳ ʠ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʝʝ ʦʢʦʤʢʦʚʘʥʠʷ. 

ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʩʣʦʷ ʰʠʭʪʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʛʣʦʤʘʰʠʥ, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʘʛʣʦʤʝʨʘʪʘ. 

ʆʞʠʜʘʝʤʳʡ ʩʦʚʦʢʫʧʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʜʘʥʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʩʦʩʪʘʚʠʪ ʥʝ ʤʝʥʝʝ 50 ʤʣʥ. ʨʫʙʣʝʡ ʚ ʛʦʜ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʄʝʪʘʣʣʫʨʛʠʷ ʯʫʛʫʥʘ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ / ʧʦʜ ʨʝʜ. ʖ. ʉ. ʖʩʬʠʥʘ. 

ï ʀʟʜ. 3-ʝ, ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.: ʀʂʎ ɸʢʘʜʝʤʢʥʠʛʘ, 2004. ï 774 ʩ. 

2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʩʪʨʫʢʮʠʷ çʇʨʦʠʟʚʦʜʩʪʚʦ ʯʫʛʫʥʘ ʥʘ ʜʦʤʝʥʥʳʭ 

ʧʝʯʘʭ ʩ ʙʝʩʢʦʥʫʩʥʳʤ ʟʘʩʳʧʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤè, ʊʀ 102 ï ɼ ï 132 ï 2013, 

ʆɸʆ çɽɺʈɸɿ ʅʊʄʂè, ʛ. ʅ. ʊʘʛʠʣ, 2013 ʛ. 

3. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʩʪʨʫʢʮʠʷ çʇʨʦʠʟʚʦʜʩʪʚʦ ʘʛʣʦʤʝʨʘʪʘè, ʊʀ ï 

ʆɸ ï 8 ï 2012, ʆɸʆ çɽɺʈɸɿ ʂɻʆʂè, ʛ. ʂʘʯʢʘʥʘʨ, 2012 ʛ. 

 

 

ʇʆɺʓʐɽʅʀɽ ʈɸɺʅʆʄɽʈʅʆʉʊʀ ɿɸʇʆʃʅɽʅʀʗ 

ʄʅʆɻʆʈʋʏʔɽɺʆɻʆ ʐʊɸʄʇɸ ʇʆʉʃɽ ʇɽʈɺʆʁ ʆʇɽʈɸʎʀʀ 

ʐʊɸʄʇʆɺʂʀ ɼʅɸ ʇʃɸʊʀʅʆɺʆɻʆ ʉʊɽʂʃʆʇʃɸɺʀʃʔʅʆɻʆ 

ɸʇʇɸʈɸʊɸ 

 

ʌʦʤʠʥ ɸ.ɸ., ʘʩʧʠʨʘʥʪ, ʌɻɸʆʋ ɺʇʆ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘè,                    

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 

ʃʦʛʠʥʦʚ ʖ.ʅ., ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ., ʌɻɸʆʋ ɺʇʆ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘè,                    

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʪʠʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʝʸ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʨʨʦʟʠʠ 

ʠ ʦʢʠʩʣʝʥʠʶ ʚ ʢʦʥʪʘʢʪʝ ʩ ʦʢʩʠʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʧʣʘʚʦʚ ʧʣʘʪʠʥʳ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʠ ʙʘʟʘʣʴʪʦʚʦʛʦ 

ʚʦʣʦʢʥʘ. ʉʪʝʢʣʦʧʣʘʚʠʣʴʥʳʡ ʘʧʧʘʨʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʤʢʦʩʪʴ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʨʘʩʧʣʘʚʘ ʩʪʝʢʣʘ ʠʣʠ ʙʘʟʘʣʴʪʘ, ʚʳʧʦʣʥʝʥʥʫʶ ʠʟ 

ʧʣʘʪʠʥʦʨʦʜʠʝʚʦʛʦ ʩʧʣʘʚʘ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ ʨʘʩʧʦʣʦʞʝʥʦ ʜʥʦ ʩ 

ʬʠʣʴʝʨʘʤʠ (ʨʠʩ. 1), ʠʟ ʢʦʪʦʨʳʭ ʚʳʪʷʛʠʚʘʶʪ ʚʦʣʦʢʥʦ. 
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ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʜʥʘ ʩʪʝʢʣʦʧʣʘʚʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʬʠʣʴʝʨʘʤʠ 

 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʩʧʦʩʦʙʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʠʣʴʝʨʥʦʛʦ ʜʥʘ: ʤʝʪʦʜʦʤ ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ ʟʘ ʥʝʩʢʦʣʴʢʦ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʦʧʝʨʘʮʠʡ ʣʠʙʦ ʟʘʢʨʝʧʣʝʥʠʝʤ ʦʪʜʝʣʴʥʦ ʚʳʧʦʣʥʝʥʥʳʭ 

ʬʠʣʴʝʨ ʚ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʦʪʚʝʨʩʪʠʷʭ. ʎʝʣʴʥʦʰʪʘʤʧʦʚʘʥʥʦʝ 

ʬʠʣʴʝʨʥʦʝ ʜʥʦ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʟʜʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʠ ʬʠʣʴʝʨ ʥʘ ʬʠʣʴʝʨʥʦʤ ʧʦʣʝ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʧʣʦʪʥʘʷ ʫʧʘʢʦʚʢʘ ʬʠʣʴʝʨ ʩʦʟʜʘʝʪ ʨʷʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʦʜʥʘ 

ʠʟ ʢʦʪʦʨʳʭ ï ʧʦʜʜʝʨʞʘʥʠʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʬʠʣʴʝʨʳ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʡ ʨʘʟʤʝʨʥʦʡ ʪʦʯʥʦʩʪʠ. 

ʇʨʦʮʝʩʩ ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ ʬʠʣʴʝʨʥʦʛʦ ʜʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʦʧʝʨʘʮʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʯʴ ʧʦʡʜʝʪ ʦ ʜʝʬʝʢʪʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ 

ʧʝʨʚʦʡ ʦʧʝʨʘʮʠʠ (ʨʠʩ. 2). ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ 

ʧʣʘʩʪʠʥʳ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʩʪʫʧʦʚ ʤʝʪʘʣʣʘ ʥʘ ʝʝ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʟʜʥʝʝ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ 

ʬʠʣʴʝʨʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʟʘʛʦʪʦʚʢʘ ʚ ʚʠʜʝ ʧʦʣʦʩʳ ʦʙʞʠʤʘʝʪʩʷ ʧʣʦʩʢʠʤ 

ʙʦʡʢʦʤ ʥʘ ʰʪʘʤʧʝ ʩ ʦʪʚʝʨʩʪʠʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʩʧʦʣʦʞʝʥʠʶ ʬʠʣʴʝʨ ʥʘ ʬʠʣʴʝʨʥʦʤ ʜʥʝ. ʄʝʪʘʣʣ ʟʘʛʦʪʦʚʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʙʦʡʢʘ ʫʪʦʥʷʝʪʩʷ ʥʘʜ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʰʪʘʤʧʘ ʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ 

ʝʛʦ ʦʪʚʝʨʩʪʠʷʭ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʭʦʜʘ ʙʦʡʢʘ ʰʪʘʤʧ ʩ ʟʘʛʦʪʦʚʢʦʡ 

ʧʨʦʜʚʠʛʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʡʢʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ 

ʪʝʯʝʥʠʶ ʤʝʪʘʣʣʘ. ʊʘʢ ʧʦʰʘʛʦʚʦ ʠʜʝʪ ʦʙʨʘʙʦʪʢʘ ʚʩʝʡ ʧʦʣʦʩʳ, ʧʨʦʮʝʩʩ 

ʜʣʠʪʩʷ ʜʦ ʦʢʦʥʯʘʥʠʷ ʧʦʣʦʩʳ. ʇʦʣʫʯʝʥʥʳʝ ʚʳʩʪʫʧʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʚ ʚʠʜʝ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʷʜʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ. ʂʘʞʜʳʡ ʨʷʜ ʚʳʩʪʫʧʦʚ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʣʫʨʷʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨ̫ ʜʢʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. 
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ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ ʧʝʨʚʦʡ ʦʧʝʨʘʮʠʠ ʰʪʘʤʧʦʚʢʠ 

 

ʊʘʢʘʷ ʧʦʰʘʛʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʷʚʥʦʝ ʦʪʣʠʯʠʝ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ (ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʪʝʯʝʥʠʶ ʤʝʪʘʣʣʘ) ʧʦʣʫʨʷʜʘ ʢʘʞʜʦʛʦ 

ʨʷʜʘ ʚʳʩʪʫʧʦʚ ʧʦ ʬʦʨʤʝ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ 

ʦʪʚʝʨʩʪʠʡ ʰʪʘʤʧʘ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʚʳʡ ʧʦʣʫʨʷʜ ʠʤʝʝʪ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʫʶ ʥʘʢʣʦʥʥʫʶ ʧʣʦʱʘʜʢʫ, ʧʦʣʫʯʝʥʥʫʶ ʧʦʩʣʝ ʩʨʝʟʘ ʤʝʪʘʣʣʘ (ʨʠʩ. 

3), ʚʪʦʨʦʡ ʧʦʣʫʨʷʜ ʠʤʝʝʪ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʫʶ ʢʦʥʫʩʦʚʠʜʥʫʶ ʬʦʨʤʫ. ʊʘʢʞʝ 

ʚʳʩʪʫʧʳ ʚʪʦʨʦʛʦ ʧʦʣʫʨʷʜʘ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʚʳʩʦʪʫ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʚʳʤ ʧʦʣʫʨʷʜʦʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʰʪʘʤʧʘ. ʂʘʞʜʳʡ ʨʷʜ 

ʦʪʚʝʨʩʪʠʡ ʰʪʘʤʧʘ, ʬʦʨʤʠʨʫʶʱʠʡ ʚʳʩʪʫʧʳ, ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʙʦʣʴʰʦʤ 

ʫʛʣʫʙʣʝʥʠʠ ʚʳʩʦʪʦʡ ʜʦ 0,25 ʤʤ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʬʦʨʤʫ ʪʨʘʧʝʮʠʠ ʩʦ 

ʩʢʨʫʛʣʝʥʥʳʤʠ ʫʛʣʘʤʠ ʚ ʧʣʘʥʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʘ ʪʘʢʞʝ ʧʨʦʜʦʣʴʥʦʛʦ 

ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʚʪʦʨʦʡ ʧʦʣʫʨʷʜ ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʣʷ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ. ʄʝʪʘʣʣ ʫʧʠʨʘʝʪʩʷ ʚ ʙʫʨʪ (ʨʠʩ. 4), 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʫʛʣʫʙʣʝʥʠʝʤ, ʠ ʚ ʩʠʣʫ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʘ ʤʠʥʠʤʫʤʘ 

ʵʥʝʨʛʠʠ, ʪʝʯʝʪ ʧʦ ʧʫʪʠ ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪ.ʝ. ʚ ʦʪʚʝʨʩʪʠʝ 

ʚʪʦʨʦʛʦ ʧʦʣʫʨʷʜʘ ʰʪʘʤʧʘ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʚʪʦʨʦʡ ʧʦʣʫʨʷʜ ʠʤʝʝʪ ʙʦʣʴʰʠʡ 

ʦʙʲʝʤ. ʏʘʩʪʦ ʩʣʫʯʘʝʪʩʷ, ʯʪʦ ʦʙʲʝʤʘ ʧʝʨʚʦʛʦ ʧʦʣʫʨʷʜʘ ʜʘʞʝ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʥʦʮʝʥʥʦʡ ʬʠʣʴʝʨʳ ʥʘ ʚʪʦʨʦʡ ʦʧʝʨʘʮʠʠ ʰʪʘʤʧʦʚʢʠ.  
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ʈʠʩ. 3. ɺʠʜʳ ʥʝʩʦʚʝʨʰʝʥʩʪʚ ʟʘʧʦʣʥʝʥʠʷ ʰʪʘʤʧʘ: ʘ ï ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ ʟʘʧʦʣʥʝʥʠʝ 

ʧʝʨʚʦʛʦ ʧʦʣʫʨʷʜʘ; ʙ ï ʩʨʝʟ ʤʝʪʘʣʣʘ ʧʝʨʚʦʛʦ ʧʦʣʫʨʷʜʘ; ʚ ï ʫʚʝʣʠʯʝʥʥʘʷ ʛʣʫʙʠʥʘ 

ʟʘʧʦʣʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʣʫʨʷʜʘ  

 
ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʰʪʘʤʧʘ ʜʣʷ ʧʝʨʚʦʡ ʦʧʝʨʘʮʠʠ 

 

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʜʝʬʝʢʪʳ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʧʦʰʘʛʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʟʘʛʦʪʦʚʢʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʦʜʦʣʴʥʦʝ ʪʝʯʝʥʠʝ 

ʤʝʪʘʣʣʘ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʠ ʙʦʡʢʘ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ, ʠʩʭʦʜʷ 

ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʰʪʘʤʧʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʙʦʨ ʰʘʛʘ 

ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʢʨʘʪʥʦ ʨʘʚʝʥ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʦʩʝʜʥʠʤʠ ʨʷʜʘʤʠ ʚʳʩʪʫʧʦʚ.  

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʰʘʛʘ ʦʙʨʘʙʦʪʢʠ ʥʘ ʜʝʬʝʢʪʥʦʩʪʴ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ 

ʧʝʨʚʦʡ ʦʧʝʨʘʮʠʠ ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ ʬʠʣʴʝʨʥʦʛʦ ʜʥʘ ʧʨʦʠʟʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ DEFORM-3D, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ 

ʨʘʩʯʝʪʦʚ ʧʨʦʮʝʩʩʦʚ ʆʄɼ. ɹʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʜʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤ ʰʘʛʦʤ ʦʙʨʘʙʦʪʢʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʝʨʘʮʠʠ ʩ ʰʘʛʦʤ ʦʙʨʘʙʦʪʢʠ 

3 ʤʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɼʣʷ ʦʧʳʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʰʘʛ 12 ʤʤ, ʚʳʙʨʘʥʥʳʡ ʠʩʭʦʜʷ ʠʟ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʰʪʘʤʧʘ.  
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ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ ʠʩʭʦʜʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʠʥʩʪʨʫʤʝʥʪʘ (ʙʦʝʢ, ʰʪʘʤʧ) ʠ ʟʘʛʦʪʦʚʢʠ ʚ CAD-ʧʘʢʝʪʝ ʂʦʤʧʘʩ. 

ʀʥʩʪʨʫʤʝʥʪ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʝ 

ʪʝʣʦ, ʟʘʛʦʪʦʚʢʘ ï ʧʣʘʩʪʠʯʥʦʝ ʪʝʣʦ. ʊʘʢʞʝ ʙʳʣʠ ʟʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ 

ʟʘʛʦʪʦʚʢʦʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʙʦʡʢʘ, ʢʦʥʝʯʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʘʤʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 5. ɺʠʜʥʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ: ʧʝʨʚʳʡ ʧʦʣʫʨʷʜ 

ʚʳʩʪʫʧʦʚ ʠʤʝʝʪ ʤʘʣʳʡ ʦʙʲʝʤ ʠ ʥʘʢʣʦʥʥʫʶ ʧʣʦʱʘʜʢʫ, ʚʪʦʨʦʡ ʧʦʣʫʨʷʜ 

ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʤʝʪʘʣʣʘ ʠ ʢʦʥʫʩʦʚʠʜʥʦʡ ʬʦʨʤʦʡ. 

 

 
ʈʠʩ. 5. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʥʘ ʧʝʨʚʦʡ ʦʧʝʨʘʮʠʠ ʩ ʰʘʛʦʤ 

ʦʙʨʘʙʦʪʢʠ 3 ʤʤ 

 

ʈʝʟʫʣʴʪʘʪʳ ʚʪʦʨʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 6. ʄʦʞʥʦ 

ʟʘʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʘʨʪʠʥʳ ʟʘʧʦʣʥʝʥʠʷ ʰʪʘʤʧʘ: ʧʝʨʚʳʡ 

ʧʦʣʫʨʷʜ ʚʳʩʪʫʧʦʚ ʩʪʘʣ ʠʤʝʪʴ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʫʶ ʢʦʥʫʩʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʝʛʦ 

ʦʙʲʝʤ ʫʚʝʣʠʯʠʣʩʷ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʢʣʦʥʥʘʷ ʧʣʦʱʘʜʢʘ 

ʧʦʷʚʠʣʘʩʴ ʥʘ ʚʪʦʨʦʤ ʧʦʣʫʨʷʜʝ, ʦʜʥʘʢʦ ʧʨʠ ʪʘʢʦʡ ʚʳʩʦʪʝ ʚʳʩʪʫʧʦʚ ʵʪʘ 

ʧʣʦʱʘʜʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʜʝʬʝʢʪʦʤ, ʪ.ʢ. ʟʘʛʦʪʦʚʢʘ ʧʦʜʚʝʨʛʥʝʪʩʷ ʜʘʣʴʥʝʡʰʝʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. 
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ʈʠʩ. 6. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʥʘ ʧʝʨʚʦʡ ʦʧʝʨʘʮʠʠ  

ʩ ʰʘʛʦʤ ʦʙʨʘʙʦʪʢʠ 12 ʤʤ 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʚʝʣʠʯʝʥʠʷ ʰʘʛʘ ʦʙʨʘʙʦʪʢʠ 

ʧʨʠʚʝʣʘ ʢ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʠ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʟʘʧʦʣʥʝʥʠʶ ʦʪʚʝʨʩʪʠʡ 

ʰʪʘʤʧʘ. ʆʜʥʘʢʦ ʦʥʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʫʩʠʣʠʷ ʰʪʘʤʧʦʚʢʠ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ.  

ɺʳʚʦʜ: ʫʚʝʣʠʯʝʥʠʝ ʰʘʛʘ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ ʜʦ ʟʥʘʯʝʥʠʷ ʢʨʘʪʥʦ 

ʨʘʚʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʨʷʜʘʤʠ ʚʳʩʪʫʧʦʚ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʜʝʬʝʢʪʥʦʩʪʴ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ ʧʝʨʚʦʡ ʦʧʝʨʘʮʠʠ ʰʪʘʤʧʦʚʢʠ ʜʥʷ 

ʩʪʝʢʣʦʧʣʘʚʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʝʩʣʠ ʵʪʦ ʧʦʟʚʦʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʰʪʘʤʧʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʘ.  

 

 

ɺʃʀʗʅʀɽ ɸʃʖʄʀʅʀɽɺʆɻʆ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʆɼʉʃʆʗ 

ʅɸ ʉʊʈʋʂʊʋʈʋ ʅɸʇʃɸɺʃɽʅʅʆɻʆ ʄɽʊɸʃʃɸ, 

ɺʓʇʆʃʅɽʅʅʆɻʆ ʇʆɼ ʌʃʖʉʆʄ 

 

ʏʝʨʥʳʭ ɺ.ɸ. , ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʊʨʝʢʠʥ ɻ.ɽ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʉʚʘʨʦʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʧʨʦʯʥʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡè 

ʐʝʚʯʝʥʢʦ ʆ.ʀ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

çʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠè 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʟʝʨʚʳ ʧʦʚʳʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩʚʦʡʩʪʚ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʘʧʣʘʚʣʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠʩʯʝʨʧʘʥʳ, ʧʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʩʣʦʷ ʠʟ ʘʣʶʤʠʥʠʷ, ʥʘʥʝʩʝʥʥʦʛʦ ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʤ 

ʣʝʛʠʨʦʚʘʥʠʝʤ. 

ʅʘʥʝʩʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʩʣʦʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ, ʥʘ ʢʨʦʤʢʠ 

ʩʚʘʨʠʚʘʝʤʳʭ ʧʣʘʩʪʠʥ ʪʦʣʱʠʥʦʡ 12 ʤʤ ʠʟ ʩʪʘʣʠ 20, ʘʣʶʤʠʥʠʝʚʳʤ 

ʵʣʝʢʪʨʦʜʦʤ ʚ ʩʨʝʜʝ ʘʟʦʪʘ ʥʘ ʫʩʪʘʥʦʚʢʝ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʢʘʬʝʜʨʝ çʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠè (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʈʝʞʠʤʳ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ 

ʉʠʣʘ 

ʪʦʢʘ, 

ɸ 

ʅʘʧʨʷʞʝʥʠʝ, 

ɺ 

ɸʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ 

ʵʣʝʢʪʨʦʜʘ, ʤʤ 

ʏʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ 

ʵʣʝʢʪʨʦʜʘ, ɻʮ 

ʉʨʝʜʘ 

ʣʝʛʠʨʦʚʘʥʠʷ 

ʄʘʪʝʨʠʘʣ 

ʵʣʝʢʪʨʦʜʘ 

7-10 15-20 5 50 N2 
ɸʣʶʤʠʥʠʡ 

ɸɼ000 

 

ʉʚʘʨʢʘ ʧʣʘʩʪʠʥ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚʩʪʳʢ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʧʨʦʚʦʣʦʢʦʡ 

09ɻɸ ʧʦʜ ʬʣʶʩʦʤ ɸʅ-348ɸ ʥʘ ʫʩʪʘʥʦʚʢʝ ɸɼʎ-1000 ʉʌ ʦʩʥʘʱʝʥʥʦʡ 

ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ɺɼʋ-506, ʥʘ ʬʣʶʩʦʚʦʡ ʧʦʜʫʰʢʝ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 

ʈʝʞʠʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʠ ʧʦʜ ʩʣʦʝʤ ʬʣʶʩʘ 

ɼʠʘʤʝʪʨ 

ʧʨʦʚʦʣʦʢʠ, 

ʤʤ 

ʉʚʘʨʦʯʥʳʡ 

ʪʦʢ, ɸ 

ʉʚʘʨʦʯʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, 

ɺ 

ʉʢʦʨʦʩʪʴ 

ʧʦʜʘʯʠ 

ʧʨʦʚʦʣʦʢʠ, 

ʤ/ʯ 

ʉʢʦʨʦʩʪʴ 

ʩʚʘʨʢʠ, 

ʤ/ʯ 

ɺʳʣʝʪ 

ʵʣʝʢʪʨʦʜʘ, 

ʤʤ 

3 540-590 30-44 72 14 30 

 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʰʣʠʬʦʚ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦ ʪʠʧʦʚʦʡ ʤʝʪʦʜʠʢʝ. 

ʊʨʘʚʣʝʥʠʝ ʰʣʠʬʦʚ ʚʳʧʦʣʥʷʣʦʩʴ 6 % ʨʘʩʪʚʦʨʦʤ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ 

ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʚ ʪʝʯʝʥʠʝ 2-30 ʩʝʢʫʥʜ. ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʥʘ ʤʠʢʨʦʩʢʦʧʝ Zeiss Observer D1m ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʪ 50 

ʜʦ 500 ʠ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Phenom G2 Pure ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʪ 300 

ʜʦ 17000. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Tixomet, ʨʘʙʦʪʘ ʩ ʛʨʘʬʠʯʝʩʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ 

ʚʝʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʘʭ Photoshop CS6 ʠ ACDSee Pro 5. 

ɸʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʦʢʘʟʘʣ, ʯʪʦ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, 

ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʛʦ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʩ 

ʚʳʪʷʥʫʪʳʤʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʟʝʨʥʘʤʠ, ʦʪʦʨʦʯʝʥʥʳʤʠ 

ʪʘʢʞʝ ʚʳʪʷʥʫʪʳʤʠ ʢʨʠʩʪʘʣʣʠʪʘʤʠ ʬʝʨʨʠʪʘ. ɺʥʫʪʨʠ ʟʝʨʝʥ ʚʠʜʤʘʥʰʪʝʪʪʦʚ 

ʬʝʨʨʠʪ. ʉʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʜʩʣʦʝʤ, ʠʤʝʝʪ ʙʦʣʝʝ ʪʦʥʢʫʶ ʬʝʨʨʠʪʥʫʶ ʦʪʦʨʦʯʢʫ ʠ 

ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʨʘʟʤʝʨʳ ʚʳʪʷʥʫʪʦʛʦ ʟʝʨʥʘ (ʨʠʩ. 2). ʅʘ ʣʠʥʠʠ ʩʧʣʘʚʣʝʥʠʷ ʫ 

ʰʚʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʜʩʣʦʝʤ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʩʣʦʡʢʘ ʠʟ 

ʠʟʚʠʣʠʩʪʳʭ ʚʝʪʚʠʩʪʳʭ ʟʝʨʝʥ ʬʝʨʨʠʪʘ, ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 40 ʤʢʤ (ʨʠʩ. 2ʙ), ʚ 
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ʦʪʣʠʯʠʝ ʦʪ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʙʝʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʩʣʦʷ, ʛʜʝ 

ʵʪʘ ʧʨʦʩʣʦʡʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʷʤʳʭ ʟʝʨʝʥ ʬʝʨʨʠʪʘ (ʨʠʩ. 2ʘ). ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʙʦʣʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʩʣʦʷ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʟʤʝʨʳ ʫʯʘʩʪʢʦʚ 

ʤʘʩʩʠʚʥʦʛʦ ʬʝʨʨʠʪʘ ʠ ʜʠʩʧʝʨʩʥʦʩʪʴ ʚʠʜʤʘʥʰʪʝʪʪʦʚʦʛʦ ʬʝʨʨʠʪʘ (ʨʠʩ. 1). 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ, ʯʪʦ ʚ 

ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʫʶʪʩʷ ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʮʝʤʝʥʪʠʪʘ ʠ ʢʦʣʦʥʠʠ 

ʜʠʩʧʝʨʩʥʦʛʦ ʧʝʨʣʠʪʘ, ʧʨʠʯʝʤ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʤʝʪʘʣʣʝ, ʣʝʛʠʨʦʚʘʥʥʦʤ ʠʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʩʣʦʷ, ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʝʨʣʠʪʘ ʥʠʞʝ, ʯʝʤ ʚ ʤʝʪʘʣʣʝ 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʳʧʦʣʥʝʥʥʦʛʦ ʙʝʟ ʧʦʜʩʣʦʷ (ʨʠʩ. 3). 

 

  

ʘ) ʙ) 

ʈʠʩ. 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ: 

ʘ ï ʙʝʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʩʣʦʷ; ʙ ï ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʜʩʣʦʝʤ. 
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ʘ) ʙ) 

ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ: ʘ ï ʙʝʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʩʣʦʷ; ʙ ï ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʜʩʣʦʝʤ. 
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ʘ) ʙ) 

ʈʠʩ. 3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ: ʘ ï ʙʝʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʩʣʦʷ; ʙ ï ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʜʩʣʦʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʩʣʦʷ, 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ ʘʣʶʤʠʥʠʝʚʳʤ ʵʣʝʢʪʨʦʜʦʤ, 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʥʘ ʘʫʩʪʝʥʠʪʘ ʠ ʫʪʦʥʝʥʠʶ 

ʬʝʨʨʠʪʥʦʡ ʦʪʦʨʦʯʢʠ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʫʤʝʥʴʰʝʥʠʶ 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʤʘʩʩʠʚʥʦʛʦ ʬʝʨʨʠʪʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʜʠʩʧʝʨʩʥʦʩʪʠ 

ʚʠʜʤʘʥʰʪʝʪʪʦʚʦʛʦ ʬʝʨʨʠʪʘ ʚʥʫʪʨʠ ʙʳʚʰʝʛʦ ʘʫʩʪʝʥʠʪʥʦʛʦ ʟʝʨʥʘ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʧʝʨʣʠʪʘ. 
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ȾȱɁȹȺȷȺȯȴȴ ȶȺȸȻɈɊȾȱȼȹȺȯȺ ȸȺȰȱȷȴȼȺȮȬȹȴɋ 
 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʂʉʂʋʈʉʀʁ 
 

ɹʘʞʝʥʦʚʘ ɸ.ɸ., ʩʪʫʜʝʥʪʢʘ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 
ɻʨʝʛʝʨ ʉ.ʕ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ 

çʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡè 
 

ʄʥʦʛʠʝ ʣʶʜʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʫʜʦʙʩʪʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʣʫʛ 

ʵʢʩʢʫʨʩʦʚʦʜʦʚ ʧʦ ʛʦʨʦʜʫ. ʂʘʞʜʦʤʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʵʢʩʢʫʨʩʠʶ ʦʪʚʝʜʝʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʠ ʦʥʘ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʛʨʫʧʧʳ ʣʶʜʝʡ. ʆʜʥʘʢʦ ʛʦʨʘʟʜʦ 

ʫʜʦʙʥʝʝ ʠʟʫʯʘʪʴ ʛʦʨʦʜ ʚ ʪʦʤ ʪʝʤʧʝ, ʢʦʪʦʨʳʡ ʫʜʦʙʝʥ ʯʝʣʦʚʝʢʫ, ʠ ʚ 

ʢʦʤʧʘʥʠʠ ʪʝʭ ʣʶʜʝʡ, ʩ ʢʦʪʦʨʳʤʠ ʙʳ ʝʤʫ ʭʦʪʝʣʦʩʴ ʧʫʪʝʰʝʩʪʚʦʚʘʪʴ. ʇʨʠ 

ʵʪʦʤ, ʧʫʪʝʰʝʩʪʚʫʶʱʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʢʦʤʧʘʥʠʷ, ʤʦʞʝʪ ʩʚʝʨʥʫʪʴ ʩ 

ʤʘʨʰʨʫʪʘ, ʝʩʣʠ ʞʝʣʘʝʪ, ʟʘʜʝʨʞʘʪʴʩʷ ʛʜʝ-ʪʦ ʧʦʜʦʣʴʰʝ ʠʣʠ ʧʨʦʡʪʠ 

ʧʦʙʳʩʪʨʝʝ. 

ʀʤʝʥʥʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʢʘʟʘʣʘʩʴ ʪʦʣʯʢʦʤ ʢ ʠʜʝʝ ʩʦʟʜʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʵʢʩʢʫʨʩʦʚʦʜʘ. ʕʪʦ ʫʜʦʙʥʦ, ʢʦʛʜʘ ʯʝʣʦʚʝʢ ʤʦʞʝʪ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʢʘʨʪʫ ʛʦʨʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʥʘʭʦʜʠʪʩʷ ʠ, ʢʨʦʤʝ ʵʪʦʛʦ, 

ʚʠʜʝʪʴ ʥʘ ʥʝʡ ʚʩʝ ʝʛʦ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʚʳʙʠʨʘʪʴ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʘʨʰʨʫʪʳ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ. ʂʦʥʝʯʥʦ ʞʝ, ʫ ʢʘʞʜʦʡ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ 

ʦʙʷʟʘʪʝʣʴʥʦ ʝʩʪʴ ʦʧʠʩʘʥʠʝ, ʯʪʦʙʳ ʯʝʣʦʚʝʢ ʤʦʛ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʥʪʝʨʝʩʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʥʝʡ, ʧʨʦʯʠʪʘʪʴ ʠʩʪʦʨʠʯʝʩʢʫʶ ʩʧʨʘʚʢʫ ʠ ʪ.ʜ. 

ʅʝʩʣʦʞʥʦ ʜʦʛʘʜʘʪʴʩʷ, ʯʪʦ ʵʪʫ ʩʠʩʪʝʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʵʢʩʢʫʨʩʠʡ, ʥʦ ʠ ʜʣʷ ʤʥʦʞʝʩʪʚʘ 

ʜʨʫʛʠʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʨʰʨʫʪʦʚ ʤʝʞʜʫ ʩʢʣʘʜʘʤʠ ʠ 

ʪʦʨʛʦʚʳʤʠ ʟʜʘʥʠʷʤʠ ʩʝʪʠ ʤʘʛʘʟʠʥʦʚ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʨʘʟʚʠʚʘʪʴʩʷ 

ʧʦ ʤʝʨʝ ʧʦʩʪʫʧʣʝʥʠʷ ʥʦʚʳʭ ʟʘʜʘʯ, ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦ ʤʥʦʞʝʩʪʚʫ 

ʥʘʟʥʘʯʝʥʠʡ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ,  

ʭʨʘʥʷʱʝʡ ʜʘʥʥʳʝ ʦ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʷʭ ʠʣʠ ʠʥʳʭ ʚʘʞʥʳʭ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʙʲʝʢʪʘʭ, ʘ ʪʘʢ ʞʝ ʦʪʦʙʨʘʞʘʶʱʝʡ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʚ 

ʜʦʩʪʫʧʥʦʤ ʚʠʜʝ. 

ɺ ʥʘʯʘʣʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʟʘʜʘʯʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʩʠʩʪʝʤʳ. 

ɿʘʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

1) ʜʦʙʘʚʣʷʪʴ ʛʦʨʦʜʘ, ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ, ʤʘʨʰʨʫʪʳ; 

2) ʚʳʙʠʨʘʪʴ ʛʦʨʦʜʘ, ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ, ʤʘʨʰʨʫʪʳ ʠʟ ʩʧʠʩʢʘ.  

ɿʘʜʘʯʠ ʩʠʩʪʝʤʳ: 

1. ʆʪʦʙʨʘʞʘʪʴ ʬʦʨʤʫ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʙʘʚʣʷʝʤʦʤ 
ʛʦʨʦʜʝ, ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ, ʤʘʨʰʨʫʪʝ; 
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2. ʇʦʤʝʱʘʪʴ ʚʚʝʜʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʦʥʪʦʣʦʛʠʶ; 

3. ʉʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʦʙʭʦʜʠʤʦʤ ʛʦʨʦʜʝ ʠ ʦʪʦʙʨʘʞʘʪʴ ʝʸ ʩ 
ʧʦʤʦʱʴʶ ʢʘʨʪʳ; 

4. ʆʪʦʙʨʘʞʘʪʴ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘ; 

5. ʆʪʦʙʨʘʞʘʪʴ ʚʳʙʨʘʥʥʳʡ ʤʘʨʰʨʫʪ ʥʘ ʢʘʨʪʝ. 

ʀʟ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʟʘʜʘʯ ʚʠʜʥʦ, ʯʪʦ ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʙʦʪʘʪʴ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʘʥʥʳʭ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ-ʪʦ 

ʭʨʘʥʠʪʴ. ʇʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ ʚ ʦʥʪʦʣʦʛʠʠ. ʆʥʘ ʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʯʝʤ ʨʝʣʷʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʵʪʠʤ ʠ 

ʦʙʫʩʣʦʚʣʝʥ ʚʳʙʦʨ. 

ʉʣʝʜʫʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʢʣʘʩʩʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʵʢʩʢʫʨʩʦʚʦʜʘ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʪʦʙʨʘʞʘʪʴ 

ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ ʠ ʤʘʨʰʨʫʪʳ ʚ ʦʜʥʦʤ, ʚʳʙʨʘʥʥʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, 

ʛʦʨʦʜʝ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʢʣʘʩʩʳ ʦʥʪʦʣʦʛʠʠ 

çʛʦʨʦʜè ʠ çʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʴè. ʋ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʝʩʪʴ ʩʣʦʞʥʦʝ ʦʧʠʩʘʥʠʝ. ʉʣʦʞʥʦʩʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ 

ʩʦʩʪʦʠʪ ʠʟ ʘʫʜʠʦ ʟʘʧʠʩʝʡ, ʪʝʢʩʪʘ ʠ ʢʘʨʪʠʥʦʢ. ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠ ʧʦʢʘʟʳʚʘʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʣʘʩʩ çʦʧʠʩʘʥʠʝè. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʤʘʨʰʨʫʪʦʚ, ʠʭ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʥʘ ʢʘʨʪʝ ʝʸ ʞʝ ʩʨʝʜʩʪʚʘʤʠ. ʇʦʵʪʦʤʫ, ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʤʘʨʰʨʫʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʭʨʘʥʠʪʴ ʩʧʠʩʦʢ ʢʦʦʨʜʠʥʘʪ 

ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʵʪʦʪ ʤʘʨʰʨʫʪ. ʍʨʘʥʠʪʴ ʢʦʦʨʜʠʥʘʪʳ 

ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʢʣʘʩʩʝ 

çʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠè. ɺ ʤʘʨʰʨʫʪʝ ʞʝ ʜʦʩʪʘʪʦʯʥʦ ʭʨʘʥʠʪʴ ʩʧʠʩʦʢ 

ʪʦʣʴʢʦ ʪʝʭ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʥʝʛʦ. ɺ ʠʪʦʛʝ 

ʥʝʦʙʭʦʜʠʤ ʝʱʝ ʦʜʠʥ ʢʣʘʩʩ çʤʘʨʰʨʫʪè. ʇʦ ʦʩʥʦʚʥʳʤ ʢʣʘʩʩʘʤ ʦʥʪʦʣʦʛʠʠ 

ʨʝhʝʥʠʝ ʧʨʠʥʷʪʦ, ʜʘʣʝʝ ʩʣʝʜʫʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1. ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʪʴ ʩʠʩʪʝʤʳ. 
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ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ ʦʩʪʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ 

ʦʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʭʨʘʥʷʱʝʡʩʷ ʚ ʥʝʡ. ʂʘʨʪʘ ʜʣʷ ʧʨʦʝʢʪʘ ʥʝ 

ʩʦʟʜʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʥʝʪ ʥʠʢʘʢʦʛʦ ʩʤʳʩʣʘ. ʂ ʧʨʦʝʢʪʫ ʧʦʜʢʣʶʯʘʝʪʩʷ 

ʛʦʪʦʚʘʷ ʢʘʨʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʫʜʝʣʠʪʴ ʫʥʠʢʘʣʴʥʦʩʪʠ 

ʩʠʩʪʝʤʳ. ʄʦʜʝʣʴ ʵʢʩʢʫʨʩʠʡ, ʠʩʭʦʜʷ ʠʟ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʣʫʯʘʝʪ 

ʜʘʥʥʳʝ ʠʟ ʦʥʪʦʣʦʛʠʠ ʠ ʦʪʦʙʨʘʞʘʝʪ ʢʘʨʪʫ, ʮʝʥʪʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨ, 

ʚʳʙʨʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʛʦʨʦʜʘ. ʊʘʢ ʞʝ ʥʘ ʵʪʦʡ ʢʘʨʪʝ ʨʘʟʤʝʱʘʶʪʩʷ ʚʩʝ 

ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ ʪʝʢʫʱʝʛʦ ʛʦʨʦʜʘ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʢ. ʇʦʩʣʝ ʪʦʛʦ 

ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʤʘʨʰʨʫʪ ʠʟ ʩʧʠʩʢʘ, ʥʘ ʢʘʨʪʝ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʣʠʥʠʷ ʧʫʪʠ ʦʪ ʦʜʥʦʡ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ ʢ ʜʨʫʛʦʡ. ʕʪʘ ʣʠʥʠʷ 

ʦʭʚʘʪʳʚʘʝʪ ʪʦʣʴʢʦ ʪʝ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ 

ʚʳʙʨʘʥʥʳʡ ʤʘʨʰʨʫʪ. ʇʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2. ʇʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ. 

 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʩʨʝʜʩʪʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ ʩʘʡʪʘ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʥʷʪʦ ʧʦʪʦʤʫ, ʯʪʦ ʪʘʢ ʢʘʞʜʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʩʘʡʪʫ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʠʤʝʶʱʝʛʦ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʠʥʪʝʨʥʝʪʫ. ʊʘʢ ʞʝ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʩʠʩʪʝʤʘ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʝʪʩʷ, ʚ ʥʝʝ ʜʦʙʘʚʣʷʶʪʩʷ ʛʦʨʦʜʘ, 

ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ, ʤʘʨʰʨʫʪʳ. ʇʦʣʴʟʫʷʩʴ ʩʘʡʪʦʤ, ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʫʚʠʜʝʪʴ ʠʟʤʝʥʝʥʠʷ, ʥʝ ʩʢʘʯʠʚʘʷ ʜʣʷ ʵʪʦʛʦ ʦʙʥʦʚʣʝʥʠʝ. 

ɺʳʚʦʜʳ 

ʇʨʦʝʢʪ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥ ʥʝ ʪʦʣʴʢʦ ʪʫʨʠʩʪʘʤʠ ʥʦ ʠ ʤʥʦʛʠʤʠ 

ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ ʣʶʜʝʡ. ʆʥ ʩʧʦʩʦʙʝʥ ʨʘʟʚʠʚʘʪʴʩʷ ʜʦ ʤʠʨʦʚʳʭ 

ʤʘʩʰʪʘʙʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʦʜʜʝʨʞʢʘ 

ʥʝʩʢʦʣʴʢʠʭ ʷʟʳʢʦʚ, ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 
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ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʤʘʨʰʨʫʪʳ ʜʣʷ ʩʚʦʝʡ ʛʨʫʧʧʳ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʤʝʪʢʠ ʩ ʦʧʠʩʘʥʠʷʤʠ ʦʙʲʝʢʪʦʚ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ʊ.ɺ. 

ɻʚʦʟʜʦʨʝʚʘ, ɹ.ɸ. ɹʘʣʣʦʜ. - ʈʦʩʪʦʚ ʥ/ɼ: ʌʝʥʠʢʩ. 2009.-508 ʩ. 

2. ʄʘʮʷʰʝʢ, ʃʝʰʝʢ ɸ. ɸʥʘʣʠʟ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ UML 2.0/ ʃ. ɸ. ʄʘʮʷʰʝʢ ; [ʧʝʨ. ʩ ʘʥʛʣ. ʧʦʜ ʨʝʜ. ɼ. ɸ. 

ʂʣʶʰʠʥʘ]. - 3-ʝ ʠʟʜ. - ʄʦʩʢʚʘ [ʠ ʜʨ.] : ɺʠʣʴʷʤʩ, 2008. - 816 ʩ.  

3. ʇʨʠʝʤʳ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʘʪʪʝʨʥʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ / ʕ. ɻʘʤʤʘ, ʈ. ʍʝʣʤ, ʈ. ɼʞʦʥʩʦʥ [ʠ ʜʨ.] ; ʧʝʨ. ʩ ʘʥʛʣ. ɸ. 

ʉʣʠʥʢʠʥʘ. - ʉʇʙ. : ʇʠʪʝʨ, 2004. - 368 ʩ. : ʠʣ. - (ɹʠʙʣʠʦʪʝʢʘ ʧʨʦʛʨʘʤʤʠʩʪʘ). 

- ɹʠʙʣʠʦʛʨ.: ʩ. 353-358. - ɸʣʬʘʚʠʪ. ʫʢʘʟʘʪʝʣʴ: ʩ. 359-366. 

 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆɹʊɽʂɸʅʀʗ ʊɺɽʈɼʆɻʆ ʊɽʃɸ ɻɸɿʆʄ 

ɺ ʈɸʄʂɸʍ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ çɺʀʈʊʋɸʃʔʅʓʁ 

ɹɸʃʃʀʉʊʀʏɽʉʂʀʁ ʉʊɽʅɼè 

 

ɹʦʯʢʘʨʸʚ ʉ. ʆ., ʌʂʇ çʅʊʀʀʄè, ʀʥʞʝʥʝʨ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ; ʅʊʀ(ʬ) ʋʨʌʋ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʀʊ 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʚʠʨʪʫʘʣʴʥʳʡ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʩʪʝʥʜè 

ʇʦʩʪʨʦʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʦʨʫʜʠʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʠ ʧʨʦʮʝʩʩʳ ʙʳʚʘʶʪ ʩʪʦʣʴ ʤʥʦʛʦʛʨʘʥʥʳ ʠ 

ʩʣʦʞʥʳ, ʯʪʦ ʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ ʠʭ ʠʟʫʯʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʤʦʜʝʣʠ, ʦʪʦʙʨʘʞʘʶʱʝʡ ʣʠʰʴ ʢʘʢʫʶ-ʪʦ ʯʘʩʪʴ ʨʝʘʣʴʥʦʩʪʠ ʠ ʧʦʪʦʤʫ 

ʤʥʦʛʦʢʨʘʪʥʦ ʙʦʣʝʝ ʧʨʦʩʪʦʡ, ʯʝʤ ʵʪʘ ʨʝʘʣʴʥʦʩʪʴ 

ʂʘʬʝʜʨʘ çʉʧʝʮʠʘʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʋʨʌʋ ʠ ʌʂʇ çʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʠʩʧʳʪʘʥʠʷ ʤʝʪʘʣʣʦʚè ʚʝʜʫʪ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

çɺʠʨʪʫʘʣʴʥʳʡ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʩʪʝʥʜè. 

ʈʘʟʨʘʙʦʪʢʘ ʜʘʥʥʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʧʦʜʟʘʜʘʯʠ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1: 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çɺʠʨʪʫʘʣʴʥʳʡ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʩʪʝʥʜè 

 

ʄʝʪʦʜ çʢʨʫʧʥʳʭ ʯʘʩʪʠʮè 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ (), ʠʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ (1). 

 S
V

CF x
2

2r
=  (1) 

ʛʜʝ 

F  ï ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ 
r ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 

V  ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʝʣʘ (ʩʢʦʨʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ) 

S  ï ʭʘʨʘʢʪʝʨʥʘʷ ʧʣʦʱʘʜʴ (ʧʣʦʱʘʜʴ ʤʠʜʝʣʝʚʘ ʩʝʯʝʥʠʷ) 

xC  ï ʨʘʩʯʝʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɺ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʣʝʞʠʪ ʤʝʪʦʜ çʢʨʫʧʥʳʭ ʯʘʩʪʠʮè, ʦʧʠʩʘʥʥʳʡ ʚ [1]. 

ʉʨʝʜʘ ʟʜʝʩʴ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʠʟ ʞʠʜʢʠʭ (ʢʨʫʧʥʳʭ) ʯʘʩʪʠʮ. 

ʉʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʠʷ, 

ʧʦʵʪʦʤʫ ʚʝʩʴ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ 

ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ. ʀʩʩʣʝʜʫʝʤʦʝ ʪʝʣʦ ʧʦʤʝʱʘʝʪʩʷ ʚ ʮʝʥʪʨ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ. 

ʏʝʨʝʟ ʦʪʢʨʳʪʳʝ ʛʨʘʥʠʮʳ ʛʘʟ ʤʦʞʝʪ ʚʪʝʢʘʪʴ ʚ ʦʙʣʘʩʪʴ ʠʣʠ ʚʳʪʝʢʘʪʴ 

ʠʟ ʥʝʝ, ʠ ʟʜʝʩʴ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ. ɺ 

ʥʘʯʘʣʝ ʨʘʩʯʝʪʘ ʛʘʟ ʩʯʠʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ, ʘ ʥʘ ʛʨʘʥʠʮʝ ʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʥʝʧʨʝʨʳʚʥʦ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʦʪʦʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ. ɺʝʩʴ ʧʨʦʮʝʩʩ 
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ʚʳʯʠʩʣʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ. 

ʈʝʰʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʧʦʣʫʯʝʥʥʳʤ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʧʦʪʦʢʦʤ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʜʣʷ ʪʝʣ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ 

ʇʨʠ ʪʨʝʭʤʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʝʦʤʝʪʨʠʷ ʪʝʣʘ ʩʪʘʥʦʚʠʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ, ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ çʛʨʘʥʠʮè (ʫʛʣʦʚ, ʨʝʙʝʨ, 

ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ) ʪʝʣʘ ʠ ʦʙʣʘʩʪʠ ʩʯʝʪʘ. ʀʟ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʚʩʝ 26 

ʚʠʜʦʚ ʷʯʝʝʢ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʪʝʣʘ. 

ʊʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʷʯʝʝʢ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠʮʳ ʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʜʘʥʠʷ ʬʦʨʤʫʣ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ 

çʛʨʘʥʠʮè ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ ʥʝʦʧʨʘʚʜʘʥʥʦ ʫʩʣʦʞʥʷʝʪ 

ʘʣʛʦʨʠʪʤ. ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʚ ʵʪʠʭ ʷʯʝʡʢʘʭ ʩʭʦʞʠ, 

ʠʤʝʶʪ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʟʥʘʢʘʤʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʬʦʨʤʫʣʳ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʷʯʝʝʢ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚ ʚʠʜʝ ʧʨʘʚʠʣʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʯʝʪʳʨʝʭ ʧʫʥʢʪʦʚ: 

1. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʯʝʥʠʡ 
ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʝʜʥʠʭ ʷʯʝʝʢ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʛʨʘʥʠʯʥʦʤʫ ʩʣʦʶ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʷʯʝʡʢʘ ʛʨʘʥʠ ʠʤʝʝʪ ʦʜʥʫ ʩʦʩʝʜʥʶʶ ʷʯʝʡʢʫ, ʷʯʝʡʢʘ ʨʝʙʨʘ ï ʜʚʝ, 

ʫʛʣʦʚʘʷ ʷʯʝʡʢʘ ï ʪʨʠ. 

2. ɿʥʘʯʝʥʠʷ Ep ,,r ʚʳʯʠʩʣʷʶʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʩʦʩʝʜʥʠʭ ʷʯʝʝʢ. 

3. ɽʩʣʠ ʜʣʷ ʷʯʝʡʢʠ ʩʫʱʝʩʪʚʫʝʪ ʩʦʩʝʜʥʷʷ ʷʯʝʡʢʘ ʚ ʟʘʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʙʝʨʝʪʩʷ 

ʠʟ ʵʪʦʡ ʷʯʝʡʢʠ ʩʦ ʟʥʘʢʦʤ çʤʠʥʫʩè (ʥʦʨʤʘʣʴʥʘʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘ 

ʩʢʦʨʦʩʪʠ ʤʝʥʷʝʪ ʟʥʘʢ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ). 

4. ɽʩʣʠ ʜʣʷ ʷʯʝʡʢʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʦʩʝʜʥʷʷ ʷʯʝʡʢʘ ʚ ʟʘʜʘʥʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʩʦʩʝʜʥʠʭ ʷʯʝʝʢ (ʪʦ ʝʩʪʴ ʘʥʘʣʦʛʠʯʥʦ ʧʘʨʘʤʝʪʨʘʤ 

Ep ,,r ). 
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ʈʠʩ. 2. ɺʦʟʤʦʞʥʳʝ ʚʠʜʳ ʷʯʝʝʢ ʥʘ ʛʨʘʥʠʮʝ ʪʝʣʘ ʠ ʬʦʨʤʫʣʳ ʜʣʷ ʠʭ ʦʙʩʯʝʪʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʜʠʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʢʘʞʜʦʡ 

ʷʯʝʡʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʜʠʥʳʝ ʬʦʨʤʫʣʳ, ʥʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʷʯʝʡʢʠ 

ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʝʜʥʠʝ. ɼʘʥʥʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩ ʧʦʤʦʱʴʶ ʉɸʇʈ ʩʦʟʜʘʝʪʩʷ ʚʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ. ɼʘʣʝʝ ʛʝʥʝʨʘʪʦʨ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʢʦʪʦʨʳʡ ʧʦ ʟʘʜʘʥʥʦʡ 

ʚʝʢʪʦʨʥʦʡ ʤʦʜʝʣʠ ʪʝʣʘ ʩʪʨʦʠʪ ʨʘʩʪʨʦʚʫʶ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ, ʦʧʨʝʜʝʣʷʷ 

ʜʣʷ ʢʘʞʜʦʡ ʷʯʝʡʢʠ, ʯʝʤ ʦʥʘ ʷʚʣʷʝʪʩʷ: ʯʘʩʪʴʶ ʪʝʣʘ, ʛʘʟʦʤ, ʠʩʪʦʯʥʠʢʦʤ ʛʘʟʘ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʧʣʦʤ ʜʚʠʛʘʪʝʣʷ) ʠʣʠ ʩʪʦʢʦʤ. 

ɼʘʣʝʝ ʚ ʜʘʥʥʦʡ ʤʘʪʨʠʮʝ ʥʘʭʦʜʷʪʩʷ ʛʨʘʥʠʯʥʳʝ ʷʯʝʡʢʠ ʠ ʠʭ ʩʦʩʝʜʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʩʝʪʢʘ ʛʦʪʦʚʘ ʢ ʨʘʩʯʝʪʫ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. 
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ʈʠʩ. 3. ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɺʳʚʦʜʳ 

ɿʘʜʘʯʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢ C#, ʧʨʦʚʝʜʝʥʦ ʝʝ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ Parallel. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [2, 3] ʧʦ ʦʙʪʝʢʘʥʠʶ ʰʘʨʘ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʣʦ 9,7%. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʥʠʯʥʳʭ ʷʯʝʝʢ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʜʣʷ ʪʝʣ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɹʝʣʦʮʝʨʢʦʚʩʢʠʡ ʆ.ʄ., ɼʘʚʳʜʦʚ ʖ.ʄ. ʄʝʪʦʜ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʚ 
ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʄ.: ʅʘʫʢʘ, 1982, 584 ʩ. 

2. ɸʣʴʙʦʤ ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ. ʇʝʨ. ʩ ʘʥʛʣ. ʃ.ɺ. ʉʦʢʦʣʦʚʩʢʦʡ 

[ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ 

http:// www.imec.msu.ru/VanDalk/vd_aim.html 
3. ʖ.ɸ. ʌʘʪʝʝʚ, ɺ.ɺ. ɹʘʣʘʥʜʠʥ, ɺ.ɸ. ɺʠʢʪʦʨʦʚ, ɻ.ɼ. ʉʘʜʯʠʢʦʚ 

çʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʠʣʳ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʰʘʨʘ ʧʦ ʜʘʥʥʳʤ ʘʵʨʦʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʪʨʘʥʩ ʠ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʣʝʪʘè // ʉʙʦʨʥʠʢ ʤʘʪ. III  ʥʘʫʯ. ʢʦʥʬ. 

ɺʦʣʞʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʈɸʈɸʅ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʪʨʘʙʦʪʢʠ ʨʘʢʝʪʥʦ-ʘʨʪʠʣʣʝʨʠʡʩʢʦʛʦ ʚʦʦʨʫʞʝʥʠʷè. ɺ 

ʜʚʫʭ ʪʦʤʘʭ. ï ʉʘʨʦʚ, ʈʌʗʎ_ɺʅʀʀʕʌ, 2004. ï ʊ. 1. ʉ. 268 ï 276. 
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ʌʆʈʄʀʈʆɺɸʅʀɽ ʀɿʆɹʈɸɾɽʅʀʗ ɿɸɼɸʅʅʆʁ ʊɽʈʈʀʊʆʈʀʀ 

ʇʆ ɼɸʅʅʓʄ ʉʇʋʊʅʀʂɸ SPOT-4 

 

ɻʘʥʞʘ ɺ.ɺ., ʩʪʫʜʝʥʪ ʋʨʌʋ 

ʄʳʤʨʠʥʘ ʄ.ɸ., ʩʪʫʜʝʥʪ ʋʨʌʋ 

ɿʨʘʝʥʢʦ ʉ.ʄ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʜʠʦʪʝʭʥʠʢʠè 

ʋʨʌʋ 

 

ʊʝʨʨʠʪʦʨʠʷ ʨʘʜʠʫʩʦʤ 2300 ʢʤ, ʩ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʪ ʩʧʫʪʥʠʢʘ Spot-4 [1] ʚ ʎʝʥʪʨʝ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʎʂʄ) ʋʨʌʋ ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʟʦʥʝ ʚʠʜʠʤʦʩʪʠè 

ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʩʪʘʥʮʠʠ ʋʥʠʉʢʘʥ-24 [2]. ʇʨʠ ʨʝʰʝʥʠʠ ʪʝʤʘʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ (ʤʦʥʠʪʦʨʠʥʛ ʧʘʚʦʜʢʘ, ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʪ.ʧ.) 

ʪʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʜʙʦʨ ʧʨʠʥʷʪʳʭ ʜʘʥʥʳʭ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʫʶ 

ʪʝʨʨʠʪʦʨʠʶ. ʉʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ 

ʩʝʥʩʦʨ ʩʧʫʪʥʠʢʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʲʝʤʢʫ ʫʟʢʦʡ 

ʧʦʣʦʩʳ ʧʦʚʝʨʭʥʦʩʪʠ (60 ʢʤ) ʠ ʧʝʨʝʜʘʝʪ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʎʂʄ, 

ʛʜʝ ʦʥʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʤ ʬʦʨʤʘʪʝ ʚ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ. ʊʦʣʴʢʦ 

ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʬʦʨʤʘʪʝ TIFF/GeoTIFF ʧʦʣʦʩʳ ʩʲʝʤʢʠ 

ʚʦʟʤʦʞʝʥ ʚʳʙʦʨ ʝʸ ʬʨʘʛʤʝʥʪʘ (ʢʘʜʨʘ ʠʟʦʙʨʘʞʝʥʠʷ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʠʥʪʝʨʝʩʫʶʱʝʤʫ ʥʘʩ ʫʯʘʩʪʢʫ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ (ʀʊʎ) ʉʢʘʥʕʢʩ [3] ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ çʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷè ʋʨʌʋ: Spot Tools, Scan Magic, ScanEx 

Image Processor, ScanEx TaskFlow. ʇʨʠ ʵʪʦʤ ʚ ʧʘʢʝʪʝ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʛʨʘʤʤ (ʇʇʇ) Spot Tools ʧʨʦʠʟʚʦʜʷʪʩʷ ʦʧʝʨʘʮʠʠ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʟ 

ʧʨʠʥʠʤʘʝʤʳʭ ʩʧʫʪʥʠʢʦʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʣʦʩ ɿʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʜʝʣʝʥʠʝʤ ʠʭ ʥʘ ʢʘʜʨʳ. ʉ ʧʦʤʦʱʴʶ ʇʇʇ Scan Magic 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʬʨʘʛʤʝʥʪʘ ʢʘʨʪʳ) 

ʪʨʝʙʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʩʥʠʤʘʝʤʦʡ ʩʧʫʪʥʠʢʦʤ ʧʦʣʦʩʦʡ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʳʙʠʨʘʝʪʩʷ ʢʘʜʨ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʠ ʧʦʜʚʝʨʛʥʫʪʴ ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʮʝʣʴʶ 

ʚʳʜʝʣʝʥʠʷ ʠʤʝʶʱʠʭʩʷ ʥʘ ʥʝʤ ʦʙʲʝʢʪʦʚ. ʀ ʥʘʢʦʥʝʮ, ʇʇʇ ScanEx Image 

Processor ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʟʠʪʴ ʬʨʘʛʤʝʥʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ ʠ 

ʦʩʫʱʝʩʪʚʠʪʴ ʝʛʦ ʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʜʘʥʥʦʤ ʧʘʢʝʪʝ 

ʧʨʦʛʨʘʤʤ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥ ʚʝʢʪʦʨʥʳʡ ʩʣʦʡ, ʧʦ ʢʦʪʦʨʦʤʫ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʥʫʞʥʦʛʦ ʢʘʜʨʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚʝʢʪʦʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʥʪʝʨʝʩʫʶʱʝʡ ʥʘʩ 

ʪʝʨʨʠʪʦʨʠʠ. ɼʣʷ ʵʪʦʛʦ ʚʦʟʴʤʝʤ ʜʣʷ ʧʨʠʤʝʨʘ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʛʨʘʥʠʮʳ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ çɼʝʥʝʞʢʠʥ ʢʘʤʝʥʴè ʩ ʥʘʥʝʩʝʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʦʡ ʩ ʩʘʡʪʘ http://fires.kosmosnimki.ru/ (ʈʠʩ. 1) ʠ ʦʪʢʨʦʝʤ 

http://fires.kosmosnimki.ru/
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ʚ ʇʇʇ ScanEx Image Processor. ɽʛʦ ʧʨʠʚʷʟʢʫ ʠ ʪʨʘʥʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʳʧʦʣʥʠʤ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʪʦʯʢʘʤ ʩ ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʨʠʩʫʥʢʘ ʢʦʦʨʜʠʥʘʪʘʤʠ. 

 

 
ʈʠʩ. 1. ʈʘʩʪʨʦʚʘʷ ʢʘʨʪʘ ʛʨʘʥʠʮʳ ʟʘʧʦʚʝʜʥʠʢʘ çɼʝʥʝʞʢʠʥ ʢʘʤʝʥʴè 

 

ɼʘʣʝʝ ʚ ʚʝʢʪʦʨʥʦʤ ʨʝʜʘʢʪʦʨʝ ʧʘʢʝʪʘ ʨʠʩʫʝʤ ʛʨʘʥʠʮʫ ʟʘʧʦʚʝʜʥʠʢʘ 

ʦʙʚʦʜʷ ʝʛʦ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʝʢʪʦʨʥʳʡ ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ mif ʩʨʝʜʩʪʚʘʤʠ ʧʘʢʝʪʘ ScanEx Image Processor 

ʩʦʭʨʘʥʠʤ ʚ ʬʦʨʤʘʪʝ shp ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʧʘʢʝʪʝ Scan Magic. 

ɺʪʦʨʦʡ ʵʪʘʧ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʜʨʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʧʨʠʥʠʤʘʝʤʳʭ 

ʜʘʥʥʳʭ Spot-4 ʚ ʇʇʇ Spot Tools. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʛʨʘʤʤʝ SPOT_Segmentator 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʦʪʦʢʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʥʘʣʠʯʠʝ ʠʟʦʙʨʘʞʝʥʠʡ 

ʦʪ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʩʲʝʤʢʠ ʠ ʥʘʨʝʟʢʘ ʠʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʝʛʤʝʥʪʳ 

(ʠʟ ʬʘʡʣʦʚ ʚ ʬʦʨʤʘʪʝ raw ʧʦʣʫʯʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʬʘʡʣʦʚ ʚ ʬʦʨʤʘʪʝ seg, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʩʲʝʤʢʠ ʦʜʥʦʛʦ ʨʝʞʠʤʘ). ɼʘʣʝʝ ʚ 

ʧʨʦʛʨʘʤʤʝ SPOT_SegInfo.exe ʫʪʦʯʥʷʝʪʩʷ (ʠ ʦʙʥʦʚʣʷʝʪʩʷ ʚ ʟʘʛʦʣʦʚʢʝ seg- 

ʬʘʡʣʘ) ʚʨʝʤʷ ʩʲʝʤʢʠ ʜʣʷ ʩʝʛʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʪʝʣʝʤʝʪʨʠʠ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʷʝʪʩ ̫ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ 

SPOT_Clipper.exe ʠʟ ʬʘʡʣʘ-ʩʝʛʤʝʥʪʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ʚʨʝʤʝʥʠ 

ʚʳʨʝʟʘʝʪʩʷ ʬʨʘʛʤʝʥʪ ʜʣʷ ʟʘʧʠʩʠ ʥʘ ʜʠʩʢ ʚ ʚʠʜʝ ʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʘʨʭʠʚʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ 

ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʣʘʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʘʥʥʳʭ. 

ɼʘʣʝʝ, ʚ ʧʨʦʛʨʘʤʤʝ SPOT_Cutter.exe ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚʠʨʪʫʘʣʴʥʫʶ 

ʥʘʨʝʟʢʫ ʟʘʜʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʮʝʥʳ ʩ ʛʝʥʝʨʘʮʠʝʡ ʥʘ ʢʘʞʜʫʶ 

ʠʟ ʥʠʭ ʬʘʡʣʘ ʤʝʪʘʜʘʥʥʳʭ ʠ ʢʚʠʢʣʫʢʘ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʢʘʪʘʣʦʛʠʟʘʮʠʠ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SPOT_Extractor.exe ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʬʘʡʣʫ ʤʝʪʘʜʘʥʥʳʭ ʤʦʞʥʦ ʠʟʚʣʝʯɹ  ʠʟ ʘʨʭʠʚʥʦʛʦ ʩʝʛʤʝʥʪʘ ʪʨʝʙʫʝʤʫʶ 
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ʩʮʝʥʫ, ʨʘʩʧʘʢʦʚʘʪʴ ʠ ʟʘʧʠʩʘʪʴ ʥʘ ʜʠʩʢ ʚ ʬʦʨʤʘʪʝ TIFF ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʦʙʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤ Scan Magic ʠʣʠ ScanEx 

Image Processor. ʇʨʦʛʨʘʤʤʘ SPOT_Extractor.exe ʪʘʢ ʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʨʘʩʰʠʨʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʛʝʥʝʨʘʮʠʠ ʢʚʠʢʣʫʢʦʚ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ ʚ 

ʬʦʨʤʘʪʝ JPEG ʠ TIFF. 

ʀ, ʥʘʢʦʥʝʮ, ʧʨʦʛʨʘʤʤʘ SPOT_Processor.exe ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʜʫʢʪʳ ʚ ʦʙʤʝʥʥʳʭ ʬʦʨʤʘʪʘʭ ʢʦʤʧʘʥʠʠ SPOT IMAGE, 

ʧʨʦʠʟʚʦʜʠʪ ɹ ʥʘʨʝʟʢʫ ʩʝʛʤʝʥʪʦʚ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʘʜʨʳ (ʩʮʝʥʳ) ʠ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʜʫʢʪʳ Spot-4 ʫʨʦʚʥʷ 0 ʚ ʬʦʨʤʘʪʝ DIMAP 

(TIFF+DIM), ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʫʶ ʥʦʨʤʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ 

ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʮʝʥʳ ʫʨʦʚʥʷ ʦʙʨʘʙʦʪʢʠ 1A ʚ ʬʦʨʤʘʪʝ DIMAP. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʘ Spot-4 ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʚ ʧʦʪʦʢʦʚʦʤ ʨʝʞʠʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ScanEx 

TaskFlow. ʎʠʢʣ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʵʪʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʘʥʥʳʭ ʫʨʦʚʥʷ 0 (raw 

data), ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʥʠʤʢʦʚ ʚ ʬʦʨʤʘʪʘʭ tiff, geo tiff, seg, 

jpeg, bmp ʠ ʪ.ʜ. (ʈʠʩ. 2). 

ʊʨʝʪʠʡ ʵʪʘʧ ʨʘʙʦʪʳ ï ʚʳʙʦʨ ʢʘʜʨʘ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʟ ʤʘʩʩʠʚʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ 

ʢʘʜʨʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʇʇʇ Scan Magic. ɼʣʷ ʵʪʦʛʦ ʚ 

ʧʨʦʛʨʘʤʤʝ Scan Magic ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ ʩʮʝʥʘʨʠʡ çʄʝʥʝʜʞʝʨè ʠ 

ʧʦʩʣʝ ʝʛʦ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʨʝʨʚrʘʥʠʷ ʫʢʘʟʘʪʴ ʧʫʪʴ ʜʦ ʧʘʧʦʢ ʩ ʢʘʜʨʘʤʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʘʥʘʣʠʟʠʨʫʝʤʳʤʠ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʝʢʪʦʨʥʦʤʫ 

ʠʟʦʙʨʘʞʝʥʠʶ ʠʥʪʝʨʝʩʫʶʱʝʡ ʥʘʩ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 
ʈʠʩ. 2. ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ ScanEx TaskFlow 

 

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʢʘʜʨʦʚ (ʦʪʦʙʨʘʞʝʥʳ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ 

ʥʘ ʈʠʩ. 3) ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʪʠʪʴ ʩʮʝʥʘʨʠʡ çɺʝʢʪʦʨè ʠ ʦʪʢʨʳʪʴ ʧʫʪʴ ʜʦ 
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ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʝʢʪʦʨʥʦʛʦ ʩʣʦ̫ (ʦʪʦʙʨʘʞʝʥ ʩʠʥʠʤ 

ʮʚʝʪʦʤ). ʂʘʜʨ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʟʘʜʘʥʥʳʤ ʚʝʢʪʦʨʥʳʤ ʩʣʦʝʤ 

ʧʨʠ ʝʛʦ ʚʳʜʝʣʝʥʠʠ ʧʨʘʚʦʡ ʢʣʘʚʠʰʝʡ ʤʳʰʠ, ʦʪʦʙʨʘʟʠʪʩʷ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʚ 

ʦʢʥʝ ʧʨʦʛʨʘʤʤʳ, ʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʝʤ (ʠʤʷ, ʬʦʨʤʘʪ ʬʘʡʣʘ ʠ ʪ.ʧ.) ʚ ʩʧʠʩʢʝ 

ʬʘʡʣʦʚ ʙʫʜʝʪ ʚʳʜʝʣʝʥʘ ʩʝʨʳʤ ʮʚʝʪʦʤ (ʈʠʩ. 3). 

 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʧʦʠʩʢʘ ʢʘʜʨʘ ʠʟʦʙʨʘʞʝʥʠʷ Spot-4 ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ. 

 

ɺ ʚʳʚʦʜʘʭ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, 

ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʥʷʪʳʭ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʘ 

Spot-4, ʧʦʣʫʯʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʟʘʜʘʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʜʣʷ ʝʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ 

ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʪʨʝʙʫʝʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʉʧʫʪʥʠʢʠ SPOT 2 ʠ SPOT 4 ï ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʛʝʦʧʦʨʪʘʣ. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://spacestudy.ru/?a=sat&item=spot24 

2. ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ çʉʢʘʥʕʢʩè. ʇʝʨʩʦʥʘʣʴʥʳʝ 

ʩʪʨʘʥʠʮʳ ʧʨʠʸʤʘ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ɿʝʤʣʠ ʠ ʢʦʩʤʦʩʘ. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.scanex.ru/stations 

3. ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ʉʢʘʥʕʢʩ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.scanex.ru/. 
 

 

 

http://spacestudy.ru/?a=sat&item=spot24
http://www.scanex.ru/stations
http://www.scanex.ru/
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ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʉɸʇʈ 

 

ɿʫʜʦʚ ʇ.ɸ., ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ ʊ-590301-ʊʄ 

ʇʳʩʪʦʛʦʚ ɸ.ɸ., ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬ. ʆʄ ʅʊʀ (ʬ) ʋʨʌʋ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʩʧʝʢʪʠʚʳ, ʢʘʢ ʥʝʢʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ 

ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʤʝʚʰʠʭʩʷ ʚ ʪʦ ʚʨʝʤʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʨʘʟʚʠʪʳʭ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʕɺʄ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʘʤʠ ʉɸʇʈ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʨʘʬʠʯʝʩʢʠʝ ʪʝʨʤʠʥʘʣʳ, ʧʦʜʢʣʶʯʘʝʤʳʝ ʢ ʤʵʡʥʬʨʝʡʤʘʤ. 

ʇʨʦʮʝʩʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ, ʧʦʵʪʦʤʫ ʠʩʪʦʨʠʷ CAD-ʩʠʩʪʝʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʯʘʣʘʩʴ ʩ ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ. ʊʘʢʘʷ 

ʩʪʘʥʮʠʷ Sketchpad, ʧʦʷʚʠʚʰʘʷʩʷ ʚ 1963 ʛ, ʠʩʧʦʣʴʟʦʚʘʣʘ ʜʠʩʧʣʝʡ ʠ ʩʚʝʪʦʚʦʝ 

ʧʝʨʦ. ɽʝ ʩʦʟʜʘʪʝʣʴ ʀ. ʉʘʟʝʨʣʝʥʜ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʙʦʪʘʣ ʚ ʘʛʝʥʪʩʪʚʝ ARPA ʠ 

ʚʦʟʛʣʘʚʣʷʣ ʜʝʧʘʨʪʘʤʝʥʪ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʧʦʟʞʝ ʩʪʘʣ 

ʧʨʦʬʝʩʩʦʨʦʤ ɻʘʨʚʘʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ (ʩʝʨʝʜʠʥʘ 80-ʭ ʛʦʜʦʚ) ʦʟʥʘʤʝʥʦʚʘʣʩʷ ʥʘʯʘʣʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ Unix. ɺ 

ʵʪʦʪ ʧʝʨʠʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʣʦʩʢʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʭʦʨʦʰʦ "ʜʦʚʝʜʝʥ", ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʟʚʠʪʠʶ ʧʣʦʩʢʠʭ 

CAD-ʩʠʩʪʝʤ. 

ʊʨʝʪʠʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʥʘʯʘʣʩʷ ʨʘʟʚʠʪʠʝʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ CAD/CAM-ʩʠʩʪʝʤ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ 

ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʕɺʄ. ʕʪʦ ʟʘʤʝʪʥʦ ʩʥʠʟʠʣʦ ʩʪʦʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʉɸʇʈ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʈʘʙʦʯʠʝ ʩʪʘʥʮʠʠ ʥʘ ʧʣʘʪʬʦʨʤʝ Windows - Intel ʥʝ 

ʫʩʪʫʧʘʣʠ Unix-ʩʪʘʥʮʠʷʤ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʦʩʭʦʜʷʪ 

ʧʦʩʣʝʜʥʠʝ ʧʦ ʦʙʲʝʤʘʤ ʧʨʦʜʘʞ. ʉʪʦʠʤʦʩʪʴ ʣʠʮʝʥʟʠʠ ʩʥʠʟʠʣʘʩʴ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʜʦʣʣʘʨʦʚ. ɺ 1992 ʛ. ʢʦʨʧʦʨʘʮʠʷ Intergraph, ʦʜʠʥ ʠʟ 

ʚʝʜʫʱʠʭ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ CAD-ʩʠʩʪʝʤ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, 

ʧʨʠʥʷʣʘ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʮʝʣʠʢʦʤ 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ Windows - Intel. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʢʦʥʮʝ 

1995 ʛ. ʧʦʷʚʠʣʘʩʴ ʩʠʩʪʝʤʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Solid Edge.  

ʈʷʜ CAD/CAM ʩʠʩʪʝʤ ʩʨʝʜʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʫʨʦʚʥʝʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 

ʉʉʉʈ ʠ ʈʦʩʩʠʠ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ ʥʠʭ ʧʦʣʫʯʠʣʠ ʂʦʤʧʘʩ 

(ʢʦʤʧʘʥʠʷ ɸʩʢʦʥ) ʠ T-Flex CAD (ʊʦʧ ʉʠʩʪʝʤʳ) ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ. 

ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ (ʥʘʯʠʥʘʷ ʩ ʢʦʥʮʘ 90-ʭ ʛʦʜʦʚ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʠʥʪʝʛʨʘʮʠʝʡ CAD/CAM/CAE-ʩʠʩʪʝʤ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ 

ʜʘʥʥʳʤʠ PDM (Product Data Management), ʧʦʷʚʠʚʰʠʤʠʩʷ ʝʱʸ ʚ 80-ʭ ʛʦʜʘʭ 

ʠ ʩ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠʟʜʝʣʠʡ. 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʤʥʦʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʫʞʝ ʧʨʦʰʣʠ ʧʝʨʚʳʡ ʵʪʘʧ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɺ ʦʩʥʦʚʫ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʳʣʘ 
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ʧʦʣʦʞʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʟʜʝʣʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʣʘʩʴ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠ ʪʘʢʦʡ ʬʦʨʤʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʯʠʥʘʶʪ ʵʬʬʝʢʪʠʚʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʩʢʚʦʟʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʛʝʦʤʝʪʨʠʶ ʤʦʜʝʣʠ.  

ʉʨʝʜʠ ʨʦʩʩʠʡʩʢʠʭ ʩʠʩʪʝʤ PDM ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʃʦʮʤʘʥ:PLM ʢʦʤʧʘʥʠʠ ɸʩʢʦʥ, PDM STEP Suite, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦʜ ʅʇʆ 

"ʇʨʠʢʣʘʜʥʘʷ ʣʦʛʠʩʪʠʢʘ", Party Plus ʢʦʤʧʘʥʠʠ ʃʦʮʠʷ-ʉʦʬʪ. 

ʀʪʘʢ, ʪʝʨʤʠʥ ʉɸʇʈ (ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ) 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠʟʜʝʣʠʷ ʠ ʚʢʣʶʯʘʝʪ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʠʩʪʝʤ CAD/CAM/CAE. ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ ʠ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʨʘʤʢʘʭ ʧʨʝʜʧʨʠʷʪʠʷ. ʄʠʨʦʚʦʡ ʨʳʥʦʢ ʦʙʦʩʦʙʣʝʥʥʳʭ 

CAD/CAM ʨʝʰʝʥʠʡ ʫʞʝ ʥʘʩʳʱʝʥ, ʩʠʩʪʝʤʳ ʙʣʠʟʢʠ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, 

ʠ ʪʝʤʧʳ ʨʦʩʪʘ ʵʪʦʛʦ ʩʝʛʤʝʥʪʘ ʨʳʥʢʘ ʤʠʥʠʤʘʣʴʥʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ CAD/CAM/CAE ʩ ʩʠʩʪʝʤʘʤʠ 

PDM, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʭʨʘʥʠʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʠʟʜʝʣʠʷ, ʚʥʦʩʠʪʴ ʚ ʜʦʢʫʤʝʥʪʘʮʠʶ 

ʠʟʤʝʥʝʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʠ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʫʥʢʮʠʡ PDM-ʩʠʩʪʝʤ ʥʘ ʚʩʝ ʵʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʧʨʦʜʫʢʮʠʠ ʧʨʝʚʨʘʱʘʝʪ ʠʭ ʚ ʩʠʩʪʝʤʳ PLM (Product Lifecycle Management). 

ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤ PLM ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʦʜʫʢʮʠʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ, ʧʦ ʩʫʪʠ, ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʢʦʥʮʝʧʮʠʝʡ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ. 

ɸʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʦʙʣʘʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ï ʦʯʝʚʠʜʥʳʡ ʪʨʝʥʜ ʚ ʤʠʨʝ ʉɸʇʈ. ʆʥ ʥʘʯʘʣ ʩʚʦʡ ʨʦʩʪ ʩ 

ʧʦʷʚʣʝʥʠʷ ʥʘ ʨʳʥʢʝ ʧʝʨʚʦʛʦ iPAD. ʀ ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦʪ ʪʨʝʥʜ ʙʫʜʝʪ 

ʪʦʣʴʢʦ ʫʩʠʣʠʚʘʪʴʩʷ. ʆʜʥʘʢʦ ʧʦʢʘ ʨʘʙʦʪʘ ʩ ʉɸʇʈ ʥʘ ʤʦʙʠʣʴʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ ʠʤʝʝʪ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ. 

ʇʣʶʩʳ: 

1. ʇʨʦʝʢʪ ʭʨʘʥʠʪʩʷ ʥʘ ʫʜʘʣʝʥʥʦʤ ʩʝʨʚʝʨʝ, ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʦʥ ʤʦʞʝʪ 
ʙʳʪʴ ʜʦʩʪʫʧʥʳʤ: ʚ ʥʝʛʦ ʤʦʞʥʦ ʟʘʡʪʠ ʠ ʩʜʝʣʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʤʝʪʢʠ. 

2. ɺʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦʡ ʧʝʯʘʪʠ ʧʨʦʝʢʪʘ. 

3. ʀʟʙʘʚʣʝʥʠʝ ʦʪ ʛʨʦʤʦʟʜʢʠʭ ʙʫʤʘʞʥʳʭ ʯʝʨʪʝʞʝʡ. 

4. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ 3D-ʤʦʜʝʣʠ 

ɻʣʘʚʥʳʡ ʤʠʥʫʩ ï ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʮʝʥʥʦ 

ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʧʨʦʝʢʪ. 

ʇʨʠ ʵʪʦʤ ʙʫʜʫʱʝʝ ʤʦʙʠʣʴʥʳʭ ʉɸʇʈ ʚʝʩʴʤʘ ʠ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦ. 

ɺʩʢʦʨʝ ʦʪ ʛʣʘʚʥʦʛʦ "ʤʠʥʫʩʘ" ï ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʮʝʥʥʦʡ ʨʘʙʦʪʳ ʩ 

ʯʝʨʪʝʞʘʤʠ ï ʫʜʘʩʪʩʷ ʠʟʙʘʚʠʪʴʩʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʨʦʩʪʦʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʩʣʦʞʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ ʜʘʞʝ ʚʥʝ "ʦʙʣʘʢʘ". 
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ʊʘʢ ʞʝ, ʩ ʨʦʩʪʦʤ ʧʦʧʫʣʷʨʥʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʛʘʜʞʝʪʦʚ ʥʘʯʘʣʘ ʩʝʙʷ 

ʧʨʦʷʚʣʷʪʴ ʪʝʥʜʝʥʮʠʷ ʦʩʚʦʝʥʠʷ ʉɸʇʈ ʧʨʦʩʪʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʥʝ 

ʠʤʝʶʱʠʤʠ ʦʪʥʦʰʝʥʠʷ ʥʠ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʥʠ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʂʦʛʦ-ʪʦ ʧʨʠʚʣʝʢʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʛʨʘʤʤ, ʢʦʛʦ-ʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʷʚʠʪʴ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʘʨʭʠʪʝʢʪʦʨʘ ʠ 

ʪʚʦʨʮʘ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʠ ʬʠʛʫʨ, ʘ ʢʪʦ-ʪʦ ʧʨʦʩʪʦ ʥʘʯʠʥʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʦʙʠʣʴʥʳʡ ʉɸʇʈ ʢʘʢ ʥʦʚʦʝ ʤʦʜʥʦʝ ʚʝʷʥʠʝ. ʅʦ ʛʣʘʚʥʦʝ ʚʦ ʚʩʝʤ ʵʪʦʤ ʪʦ, 

ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʝʱʝ ʥʝʜʘʚʥʦ ʠʟʚʝʩʪʥʳʝ ʪʦʣʴʢʦ ʫʟʢʦʤʫ ʢʨʫʛʫ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʫʚʝʣʠʯʠʚʘʶʪ ʩʚʦʶ ʘʫʜʠʪʦʨʠʶ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʟʜʘʝʪʩʷ 

ʚʩʝ ʙʦʣʴʰʝ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, ʨʘʩʪʝʪ ʬʫʥʢʮʠʦʥʘʣ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʉɸʇʈ. 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʩʘʤʦʡ ʧʣʘʪʬʦʨʤʳ, ʜʣʷ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʇʆ, ʪʦ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʤʥʦʛʠʝ ʵʢʩʧʝʨʪʳ ʩʪʘʚʷʪ Android, 

ʪʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʦʚʳʭ ʧʣʘʥʰʝʪʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʢʦʤʤʫʥʠʢʘʪʦʨʦʚ 

ʜʝʣʘʶʪ ʩʪʘʚʢʫ ʠʤʝʥʥʦ ʥʘ ʵʪʫ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʶʱʫʶʩʷ ʆʉ. 

ʄʥʦʛʠʝ ʢʨʫʧʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʉʦʟʜʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʦʣʦʯʢʠ ʉɸʇʈ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʙʘʚʣʝʥʠʷ ʚ ʥʝʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʩʢʦʣʴʢʠʭ ʚʝʥʜʦʨʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʝʜʠʥʦʡ 

ʩʨʝʜʝ ʩʪʘʥʝʪ ʥʝʢʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ Multi-CAD ʩʠʩʪʝʤʘʤ. ʉʫʪʴ Multi-CAD 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʨʘʟʣʠʯʥʳʭ CAD-ʩʠʩʪʝʤ: 

ʤʦʜʝʣʠ ʠʟʜʝʣʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʚ ʨʘʟʥʳʭ ʉɸʇʈ, ʘ ʟʘʪʝʤ ʩʦʚʤʝʱʝʥʳ ʚ 

Multi -CAD. ʉ ʧʦʷʚʣʝʥʠʝʤ "ʉɸʇʈ-ʢʦʥʩʪʨʫʢʪʦʨʘ" ʧʝʨʚʳʡ ʵʪʘʧ ʩʦʟʜʘʥʠʷ 

ʯʘʩʪʠ ʠʟʜʝʣʠʷ ʠʣʠ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʫʞʝ ʚ ʝʜʠʥʦʡ ʩʨʝʜʝ, 

ʚʣʘʜʝʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣʦʤ ʥʝʩʢʦʣʴʢʠʭ ʚʝʥʜʦʨʦʚ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ 

ʜʦʙʘʚʣʷʪʴ ʬʫʥʢʮʠʦʥʘʣ, ʠʩʭʦʜʷ ʠʟ ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʩʚʦʝʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ. 

ʇʦʪʨʝʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʠʢʪʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʛʣʦʙʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ: ʦʪ ʧʨʝʜʧʨʦʝʢʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʦ ʫʪʠʣʠʟʘʮʠʠ ʠʟʜʝʣʠʷ. ʆʩʥʦʚʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʟʜʝʣʠʡ ʩʦʩʪʘʚʣʷʶʪ 

ʩʝʛʦʜʥʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʝ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʉɸʇʈ 

(CAD/CAM/CAE - ʩʠʩʪʝʤʳ). ɸʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦ ʚʩʝʤ ʤʠʨʝ 

"ʣʝʛʢʠʭ" ʠ "ʩʨʝʜʥʠʭ" ʉɸʇʈ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʯʝʨʪʝʞʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʠ 

ʩʙʣʠʞʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ "ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ" 

ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʛʦʪʦʚʠʣʦ ʜʚʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉɸʇʈ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ: 

- ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʉɸʇʈ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʦʡ 

ʩʣʦʞʥʦʩʪʠ; 

- ʠʥʪʝʛʨʘʮʠʷ ʉɸʇʈ ʩ ʜʨʫʛʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 
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ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʫʞʝ ʚ ʩʘʤʦʤ ʙʣʠʞʘʡʰʝʤ 

ʙʫʜʫʱʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʜʝʪ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʉɸʇʈ. 
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ʂʫʢʯʝʥʢʦ ɸ.ɸ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

 

ɺʚʝʜʝʥʠʝ 

ɺʠʨʪʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʢʘʞʜʳʤ ʜʥʸʤ ʚʩʸ ʙʦʣʴʰʝ ʧʨʦʥʠʢʘʝʪ 

ʚʦ ʚʩʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʫʢʦʡ ʠʣʠ 

ʠʥʞʝʥʝʨʠʝʡ. ʇʝʨʝʭʦʜ ʩ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʢʦʤʧʴʶʪʝʨʥʫʶ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʘ, ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʩʢʦʨʝʥʠʝ 

ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʦʨʠʛʠʥʘʣʘ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʤʦʱʠ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʯʘʩʪʢʘʭ 

ʚʨʝʤʝʥʠ. ʈʘʙʦʪʘ, ʦ ʢʦʪʦʨʦʡ ʠʜʸʪ ʨʝʯʴ ʚ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʘ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʌʂʇ 

çʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʳʪʘʥʠʷ ʤʝʪʘʣʣʦʚè, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ 

ʚʦʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʠʤʝʝʪ ʩʪʝʧʝʥʴ ʩʝʢʨʝʪʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʯʘʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʢ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ.  
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ʉʦʟʜʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʚʝʩʪʠ ʪʘʢʠʝ ʧʦʥʷʪʠʷ ʢʘʢ ʘʨʪʠʣʣʝʨʠʡʩʢʠʡ ʚʳʩʪʨʝʣ, ʫʥʠʪʘʨʥʳʡ ʚʳʩʪʨʝʣ ʠ 

ʧʨʦʮʝʩʩ ʧʘʪʨʦʥʠʨʦʚʘʥʠʷ.  ɺʳʩʪʨʝʣʦʤ ʚ ʚʦʝʥʥʦʤ ʜʝʣʝ ʥʘʟʳʚʘʝʪʩʷ 

ʙʦʝʧʨʠʧʘʩ ʢ ʘʨʪʠʣʣʝʨʠʡʩʢʦʤʫ ʦʨʫʜʠʶ. ʇʦ ʩʧʦʩʦʙʫ ʟʘʨʷʞʘʥʠʷ 

ʘʨʪʠʣʣʝʨʠʡʩʢʠʝ ʚʳʩʪʨʝʣʳ ʙʳʚʘʶʪ: ʫʥʠʪʘʨʥʳʝ, ʪʦ ʝʩʪʴ ʟʘʨʷʞʘʥʠʷ ʚ ʦʜʠʥ 

ʧʨʠʸʤ (ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ), ʨʘʟʜʝʣʴʥʦ-ʛʠʣʴʟʦʚʦʛʦ 

- ʩʥʘʨʷʜ ʥʝ ʩʦʝʜʠʥʸʥ ʩ ʛʠʣʴʟʦʡ, ʧʦʵʪʦʤʫ ʟʘʨʷʞʘʶʪʩʷ ʦʥʠ ʦʪʜʝʣʴʥʦ. 

ʇʘʪʨʦʥʠʨʦʚʘʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʞʘʪʠʷ ʛʠʣʴʟʳ, 

ʩʦʚʤʝʱʸʥʥʦʡ ʩ ʢʦʨʧʫʩʦʤ ʩʥʘʨʷʜʘ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʫʥʠʪʘʨʥʳʡ ʘʨʪʠʣʣʝʨʠʡʩʢʠʡ ʚʳʩʪʨʝʣ. ʅʘ ʌʂʇ çʅʊʀʀʄè ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʮʝʭʝ, ʦʩʥʘʱʸʥʥʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʪʘʥʢʘʤʠ 

çɹʘʩʥʷè. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ 

ʧʘʪʨʦʥʠʨʦʚʘʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʮʝʣʠ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ:  

- ʠʟʫʯʝʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʘʪʨʦʥʠʨʦʚʘʥʠʷ;  

- ʠʟʫʯʝʥʠʝ ʯʝʨʪʝʞʝʡ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; 

- ʧʦʩʪʨʦʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ;  

- ʚʳʙʦʨ ʪʠʧʘ ʘʥʘʣʠʟʘ ʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘʛʨʫʟʢʠ;  

- ʧʨʦʩʤʦʪʨ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʦʧʪʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ ʧʘʪʨʦʥʠʨʦʚʘʥʠʷ ʥʝ ʠʟʚʝʩʪʥʦ ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʠʟʙʳʪʦʯʥʦʛʦ ʦʙʞʘʪʠʷ ʛʠʣʴʟʳ, ʘ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʪʦʥʘʮʠʠ 

ʚʳʩʪʨʝʣʘ ʚ ʢʘʤʦʨʝ ʦʨʫʜʠʷ. ʊʘʢʠʝ ʩʣʫʯʘʠ ʤʦʞʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʩʪʨʝʪʠʪʴ 

ʥʘ ʧʨʘʢʪʠʢʝ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʝʣʴ ʧʘʪʨʦʥʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʪʦʣʴʢʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʤʦʜʝʣʴʶ 

ʨʘʩʧʘʪʨʦʥʠʨʦʚʘʥʠʷ ʠ ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʯʘʩʪʴʶ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʘ. 

ɼʘʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʘ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʘʪʨʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʧʝʨʚʳʝ. 

ʉʦʟʜʘʥʠʶ ʚʠʨʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʰʝʩʪʚʫʝʪ ʧʨʦʮʝʩʩ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ 

ʯʝʨʪʝʞʝʡ. ʀʟ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʚʳʩʪʨʝʣʘ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʢʦʨʧʫʩ, ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʚʝʜʫʱʠʝ ʧʦʷʩʢʠ, ʧʝʨʝʭʦʜʥʘʷ 

ʚʪʫʣʢʘ ʠ ʛʠʣʴʟʘ. 

ɺʩʝ ʵʪʘʧʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ 

ANSYS. ʕʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ 

ʨʘʩʯʸʪʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 
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ʫʨʘʚʥʝʥʠʡ. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʩʝʭ ʯʘʩʪʝʡ ʚʳʩʪʨʝʣʘ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʧʨʦʮʝʩʩʝ ʧʘʪʨʦʥʠʨʦʚʘʥʠʷ. ʕʪʫ ʯʘʩʪʴ ʨʘʙʦʪʳ ʣʝʛʢʦ ʚʳʧʦʣʥʠʪʴ ʧʨʠ ʧʦʤʦʱʠ 

ʧʣʘʪʬʦʨʤʳ ANSYS Workbench, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʈʠʩ. 1 ï ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʩʪʨʝʣʘ 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʤʘʪʝʨʠʘʣʳ, ʠʟ 

ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ ʯʘʩʪʠ ʚʳʩʪʨʝʣʘ. ɻʠʣʴʟʘ ʩʦʩʪʦʠʪ ʠʟ ʙʨʘʩʩʘ ï ʵʪʦ ʩʧʣʘʚ ʤʝʜʠ 

ʠ ʮʠʥʢʘ, ʚ ʩʦʦʪʥʦʰʝʥʠʠ 30% ʢ 40%-ʦʤʫ ʮʠʥʢʫ, ʢʦʨʧʫʩ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ, ʧʦʷʩʢʠ ʠʟ ʤʝʜʠ, ʧʝʨʝʭʦʜʥʘʷ ʚʪʫʣʢʘ ʠʟ ʘʣʣʶʤʠʥʠʷ, ʢʫʣʘʯʢʠ ʠʟ ʩʪʘʣʠ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʢʠ, ʪʦ ʝʩʪʴ ʨʘʟʙʠʝʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʢʦʥʝʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʬʦʨʤʦʡ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʛʝʢʩʘʵʜʨ (ʢʫʙ), ʧʦʵʪʦʤʫ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʝʪʢʘ hex dominant (ʛʝʢʩʦʛʦʥʘʣʴʥʘʷ ʩʝʪʢʘ), ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʛʝʢʩʘʵʜʨʘʭ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ ʧʠʨʘʤʠʜʘʭ ʠ 

ʪʝʪʨʘʵʜʨʘʭ. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʨʝʰʘʪʝʣʴ. ʊʘʢ ʢʘʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʟʘʜʘʯʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʝʣʠʥʝʡʥʳʝ ʥʘʛʨʫʟʢʠ ʠ 

ʜʝʬʦʨʤʘʮʠʠ, ʪʦ ʨʘʩʯʸʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʫʣʷ 

Transient Structural, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʚʩʪʨʦʝʥʥʳʡ ʨʝʰʘʪʝʣʴ ANSYS. 

ɼʘʥʥʳʡ ʨʝʰʘʪʝʣʴ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʉʫʪʴ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʙʠʝʥʠʠ ʪʝʣʘ ʥʘ ʢʦʥʝʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʠ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʨʝʰʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʥʘʛʨʫʟʢʠ, ʜʣʷ ʚʦʩʩʦʟʜʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʘʪʨʦʥʠʨʦʚʘʥʠʷ. ʆʯʝʨʝʜʥʦʩʪʴ ʠ ʚʨʝʤʷ 

ʥʘʛʨʫʟʦʢ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʧʨʠ ʧʦʤʦʱʠ ʰʘʛʘ ʥʘʛʨʫʞʝʥʠʷ. ɼʣʷ ʢʦʨʧʫʩʘ 

ʚʳʩʪʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʛʨʘʥʠʯʠʪʴ ʩʚʦʙʦʜʫ ʧʝʨʝʤʝʱʝʥʠʷ, ʪʦ ʝʩʪʴ ʩʜʝʣʘʪʴ 

ʝʛʦ ʥʝʧʦʜʚʠʞʥʳʤ. ɼʘʣʝʝ ʥʫʞʥʦ ʧʨʠʣʦʞʠʪʴ ʢ ʛʠʣʴʟʝ ʫʩʠʣʠʝ, ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʢʦʨʧʫʩʫ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ 
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ʧʨʦʡʜʸʪ ʛʠʣʴʟʘ, ʧʨʝʞʜʝ ʯʝʤ ʦʢʘʞʝʪʩʷ ʥʘ ʚʝʨʭʥʝʤ ʚʝʜʫʱʝʤ ʧʦʷʩʢʝ. ʂʘʢ 

ʪʦʣʴʢʦ ʜʚʠʞʝʥʠʝ ʛʠʣʴʟʳ ʟʘʢʦʥʯʝʥʦ ʫʩʠʣʠʝ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʢ ʢʫʣʘʯʢʘʤ, 

ʢʦʪʦʨʳʝ ʦʧʫʩʢʘʷʩʴ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʝʬʦʨʤʠʨʫʶʪ ʛʠʣʴʟʫ, ʪʝʤ 

ʩʘʤʳʤ ʬʠʢʩʠʨʫʷ ʝʸ ʥʘ ʧʦʷʩʢʘʭ, ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
ʈʠʩ. 2 ï ʆʙʞʘʪʠʝ ʛʠʣʴʟʳ 

 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʜʘʥʥʦʤʫ ʧʨʦʮʝʩʩʫ, ʢ ʧʨʠʤʝʨʫ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ. 

ɺr ʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʩʦʤʥʝʥʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʂʘʧʣʫʥ ɸ.ɹ., ʄʦʨʦʟʦʚ ɽ.ʄ., ʆʣʬʝʨʴʝʚʘ ʄ.ɸ. ANSYS ʚ ʨʫʢʘʭ 
ʠʥʞʝʥʝʨʘ: ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ. ï ʄ.: ɽʜʠʪʦʨʠʘʣ ʋʈʉʉ, 2003. ï 272 

ʩ.  

2. ɹʘʩʦʚ ʂ.ɸ. ANSYS ʚ ʧʨʠʤʝʨʘʭ ʠ ʟʘʜʘʯʘʭ / ʇʦʜ ʦʙʱ. ʨʝʜ. 

ɼ.ɻ.ʂʨʘʩʢʦʚʩʢʦʛʦ. ï ʄ.:ʂʦʤʧʴʶʪʝʨ ʧʨʝʩʩ, 2002. ï 224 ʩ. 
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ɻʈɸʌʀʏɽʉʂɸʗ ʉʈɽɼɸ ʇʆʉʊʈʆɽʅʀʗ ʉʊʈʋʂʊʋʈʓ 

ʄʋʃʔʊʀʄɽɼʀʁʅʓʍ CDN
1
 

 
ʄʘʥʘʢʦʚʘ ʀ.ʇ., ʘʩʧʠʨʘʥʪ ʋʨʌʋ 

 

ʄʫʣʴʪʠʤʝʜʠʡʥʘʷ CDN (Content Delivery Network) ï ʵʪʦ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʝʪʠ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʘ, ʢʦʪʦʨʘʷ ʩʪʨʦʠʪʩʷ ʧʦʚʝʨʭ IP-ʩʝʪʠ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʪʘʢʦʡ ʩʝʪʠ ï ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʫʩʣʫʛ: 

ʚʠʜʝʦ ʠ ʘʫʜʠʦ ʧʦ ʟʘʧʨʦʩʫ, ʪʝʣʝʧʨʠʩʫʪʩʪʚʠʝ, ʢʦʥʬʝʨʝʥʮʩʚʷʟʴ, ʚʝʱʘʥʠʝ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʤʥʦʛʦʩʪʦʨʦʥʥʝʝ ʦʙʱʝʥʠʝ ʠ ʜʨ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [1-4], ʥʘʤʠ ʙʳʣʘ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ 

CDN. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ. ʎʝʣʴ 

ʢʦʤʧʣʝʢʩʘ ï ʠʟʫʯʝʥʠʝ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ CDN ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʦʡ ʚʦ ʚʨʝʤʷ ʨʘʟʜʘʯʠ ʢʨʫʧʥʦʛʦ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ 

ʪʨʘʬʠʢʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʛʣʷʜʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʦʣʞʝʥ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʦʟʜʘʚʘʪʴ ʤʫʣʴʪʠʤʝʜʠʡʥʫʶ CDN ʚ ʚʠʜʝ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʧʨʝʜʣʘʛʘʝʤʳʝ ʘʚʪʦʨʦʤ 

ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʩʝʪʝʡ (ʘʣʛʦʨʠʪʤʳ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ) ʨʘʟʣʠʯʥʦʡ ʪʦʧʦʣʦʛʠʠ ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ 

ʥʘʛʨʫʟʢʠ ʥʘ ʵʣʝʤʝʥʪʳ ʩʝʪʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʦʪʯʸʪ r ʦ ʥʘʛʨʫʟʢʝ, ʫʟʣʘʭ, 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʪʦʧʦʣʦʛʠʠ, ʦʪʯʸʪ rʦʙ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʠʣʠ ʚʥʝʩʝʥʠʷ ʥʦʚʳʭ ʠ 

ʜʨ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ CDN ʙʳʣ ʨʘʟʙʠʪ ʥʘ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʠ: 

- ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ CDN; 

- ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʟʘʜʘʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʤʫʣʴʪʠʤʝʜʠʡʥʫʶ CDN ʠ 
ʚʳʙʦʨʘ ʩʧʦʩʦʙʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ; 

- ʛʝʥʝʨʘʪʦʨ, ʠʤʠʪʠʨʫʶʱʠʡ ʨʘʙʦʪʫ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ CDN ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʩ ʫʯʸʪʦʤ ʩʧʦʩʦʙʦʚ ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ; 

- ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʦʡ (ʙʘʣʘʥʩʠʨʦʚʢʠ ʥʘʛʨʫʟʢʠ) 

ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ CDN; 

- ʛʝʥʝʨʘʪʦʨ ʦʪʯʸʪʦʚ. 

                                                           
1
 ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʥʘʧʨʘʚʣʝʥʠʷ ñʆʧʪʠʤʠʟʘʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʩʝʪʝʡò ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʅʇʎ çɺʠʜʠʢʦʨè ʠ ʅʊʀ (ʬ) ʋʨʌʋ. ʈʫʢʦʚʦʜʠʪʝʣʝʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ ʋʨʌʋ ɺ.ɺ. ʇʨʦʭʦʨʦʚ. 
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ɸʚʪʦʨʦʤ ʨʝʘʣʠʟʦʚʘʥʘ çɻʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ CDNè. ɺ [1] ʦʧʠʩʳʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʵʪʘʧʘ 

ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʘ (ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʚʝʙ-ʩʝʨʚʠʩʘ):  ʚʳʙʦʨ ʩʨʝʜʳ ʠ 

ʥʝʦʙʭʦʜʠʤʳʭ ʙʠʙʣʠʦʪʝʢ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ JavaScript ʬʫʥʢʮʠʦʥʘʣ.  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ. ɿʘʪʝʤ ʦʥʘ ʙʳʣʘ 

ʩʦʝʜʠʥʝʥʘ ʩ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʴʶ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʨʝʡʤʚʦʨʢ 

Django 2.6, ʙʘʟʘ ʜʘʥʥʳʭ SQLLite, ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python, 

ʪʝʭʥʦʣʦʛʠʷ Ajax. ɺ ʣʠʩʪʠʥʛʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʘʩʩʳ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʦʙʲʝʢʪʳ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʩʝʪʠ ʩ ʫʯʸʪʦʤ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ: 

ʃʠʩʪʠʥʛ 1. Models.py 
from django.db import models  

class Netw ork Map(models.Model):  

 name = m odels.CharField(max_length=200)  

 def __unicode__(self):  

  return self.name  

class Node(models.Model):  

 NODETYPE = (  

  ('1', 'Replicator'),  

  ('2', 'Reflector'),  

  ('3', 'IP Node'),  

)   

 network_map = models.ForeignKey(Net workMap)  

 name = m odels.CharField(max_length=200)  

 node_type = models.CharField( max_length=1, choices=NODETYPE)  

 saver = models.BooleanField()  

 control_ manager = models.BooleanField()  

 ip = models.IPAddressField()  

 max_users = models.PositiveIntegerF ield()  

 user s = models.PositiveIntegerField()  

 output_ bandwidth = models.FloatField()  

 input_b andwidth = models.FloatField()   

 occupied_output_ bandwidth = models.FloatField()  

 occupied_input_ bandwidth = models.FloatField()  

 cpu = models.FloatField()  

 memory = models.F loatField()  

 popularity = models.PositiveIntegerField()  

 x = models.IntegerField()  

 y = models.IntegerField()  

 def __unicode__(self):  

  return self.name  

class Track(models.Model):  

 start_node =  models.ForeignKey(Node,  

    relate d_name='start_tracks')  

 end_node   =  models.ForeignKey(Node,  

    related_name='end_tracks')  

 bandwidth  =  models.FloatField()  

 

 def __unicode__(self):  

  return self.start_node.name + " -  " +  

  self.end_node.name  

class Route(models.Model):  

 bandwidt h = models.FloatField()  
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 qualit y =  models.PositiveIntegerField()  

 parent = models.ForeignKey ('self', blank=True, null=True)  

 start_node =  models.ForeignKey(Node,  

    related_name='start_routes')  

 end_node   =  models.ForeignKey(Node,  

    related_nam e='end_routes')  

 step = models.Posi tiveIntegerField()  

 last = models.BooleanField()  

 def __unicode__(self):  

  return self.start_node.name + " -  " +  

  self.end_node.name  

 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʩʝʪʠ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʥʠʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ ʨʝʞʠʤʘ. 

ɺ ʨʝʞʠʤʝ çʋʟʣʳè ʟʘʜʘʶʪʩʷ ʪʠʧʳ ʫʟʣʦʚ: çIP-ʫʟʝʣè, çʨʝʧʣʠʢʘʪʦʨè, 

çʨʝʪʨʘʥʩʣʷʪʦʨè, çʫʟʝʣ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡè, çʭʨʘʥʠʣʠʱʝ 

ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʟʘʧʠʩʝʡè, çʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷè. ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʦʧʨʝʜʝʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʦʟʥʘʯʝʥʠʷ. 

ɺ ʨʝʞʠʤʝ çʊʦʧʦʣʦʛʠʷ ʩʝʪʠè ʟʘʜʘʶʪʩʷ ʧʦʧʘʨʥʳʝ ʩʚʷʟʠ ʫʟʣʦʚ ʠ 

ʟʥʘʯʝʥʠʷ ʜʦʩʪʫʧʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʦʚ.  

ɺ ʨʝʞʠʤʝ çʄʫʣʴʪʠʤʝʜʠʡʥʳʝ ʤʘʨʰʨʫʪʳè ʟʘʜʘʶʪʩʷ ʧʦʧʘʨʥʳʝ ʩʚʷʟʠ 

ʫʟʣʦʚ ʩ ʫʯʸʪʦʤ ʨʦʜʠʪʝʣʝʡ, ʧʦʪʦʤʢʦʚ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʠʧʦʚ ʫʟʣʦʚ. 

ɺ ʨʝʞʠʤʝ çʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷè ʟʘʜʘʶʪʩʷ ʩʚʷʟʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʩʝʪʠ ʩ ʫʟʣʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʳʚʘʶʪʩʷ 

ʩʝʛʤʝʥʪʳ ʩʝʪʠ, ʝʩʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ.  

ɺʩʝ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʟʣʦʚ ʠ 

ʧʦʪʦʢʦʚ, ʟʘʜʘʶʪʩʷ ʯʝʨʝʟ ʚʝʙ-ʬʦʨʤʳ. ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʬʫʥʢʮʠʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʫʜʘʣʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ, ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʦʚ ʠ ʜʨ. 

ɺʩʝ ʠʟʤʝʥʝʥʠʷ ʦʪʨʘʞʘʶʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ʈʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦ ʥʝʩʢʦʣʴʢʠʭ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʩʝʪʷʭ.  

ɼʘʣʴʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ 

ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ CDN.  

 
ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʨʫʢʦʚʦʜʠʪʝʣʷ ʨʘʙʦʪʳ ʜ. ʬ.-ʤ. ʥ. ɺ.ɺ. ʇʨʦʭʦʨʦʚʘ ʟʘ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʠ ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ. 
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ɻʈɸʅʀʎ ɼʃʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʃʀʎ 

 

ʄʘʨʪʴʷʥʦʚʘ ɸ. ɺ., ʌɻʋʇ ʅʇʆ ʘʚʪʦʤʘʪʠʢʠ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ  

ʉʝʤʠʭʘʪʦʚʘ ʅ.ɸ., ʠʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ 

 

ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʥɹʳʤ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ (ASID, FaceID, Trueface, 

Vissage Gallery, FaceIt ʠ ʜʨ.). ɺʳʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ 

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʳ ʧʦ ʣʠʮʫ.  

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʨʨʦʨʠʩʪʦʚ, ʧʨʝʩʪʫʧʥʠʢʦʚ. ʊʘʢʞʝ ʦʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʦʧʫʱʝʥʥʳʭ ʣʠʮ ʥʘ 

ʦʭʨʘʥʷʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʟʘʪʨʫʜʥʷʶʱʠʭ ʫʩʧʝʰʥʦʝ 

ʚʳʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʣʠʮ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ 

ʠʟʦʙʨʘʞʝʥʠʷ: ʨʘʩʬʦʢʫʩʠʨʦʚʢʘ, ʰʫʤ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ. ɺʦ-

ʚʪʦʨʳʭ, ʵʪʦ ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʦʤʝʭʠ, 

ʵʤʦʮʠʦʥʘʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ, ʧʦʚʦʨʦʪ ʛʦʣʦʚʳ, ʪʝʥʠ ʥʘ ʣʠʮʝ, ʧʦʛʦʜʥʳʝ 

ʫʩʣʦʚʠʷ ʩʲʝʤʢʠ ʪ.ʧ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʠ ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ, ʫʩʪʦʡʯʠʚʳʡ ʢ 

ʫʩʣʦʚʠʷʤ ʩʲʝʤʢʠ ʠ ʢʘʯʝʩʪʚʫ ʠʤʝʶʱʝʛʦʩʷ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʜʠʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ  

ɺʘʞʥʝʡʰʝʡ ʮʝʣʴʶ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʥʠʭ ʦʙʲʝʢʪʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʠʯʘʪʴ 

ʦʙʲʝʢʪʳ ʟʘʣʦʞʝʥʘ ʚ ʚʳʩʦʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ [2]. 
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ɻʨʘʜʠʝʥʪʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʚʳʜʝʣʝʥʠʠ ʢʨʘʝʚʳʭ ʪʦʯʝʢ ʠ 

ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʥɹʳ ʢ ʰʫʤʘʤ ʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʦ ʪʨʝʙʫʶʪ 

ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʦʙʲʝʜʠʥʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʪʦʯʝʢ, ʯʪʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ 

ʟʘʤʢʥʫʪʦʩʪʠ ʢʦʥʪʫʨʦʚ. 

ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʩʚʦʡʩʪʚʝ ʩʠʛʥʘʣʘ ʷʨʢʦʩʪʠ ï 

ʨʘʟʨʳʚʥʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʠʩʢʘ ʨʘʟʨʳʚʦʚ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʢʦʣʴʟʷʱʝʡ ʤʘʩʢʠ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ.  

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʤʘʩʢʘ ʬʠʣʴʪʨʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪ ʧʠʢʩʝʣʷ ʢ 

ʧʠʢʩʝʣʶ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ (ʭ, ʫ) ʦʪʢʣʠʢ ʬʠʣʴʪʨʘ ʚʳʯʠʩʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʭ ʩʚʷʟʝʡ. ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʤʘʩʢʦʡ ʨʘʟʤʝʨʘ 3Ĭ3 ʦʪʢʣʠʢ R ʣʠʥʝʡʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʚ ʪʦʯʢʝ (ʭ, ʫ) ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʩʪʘʚʠʪ: 

).1,1()1,1(),1()0,1(

...),()0,0(...),1()0,1()1,1()1,1(

+++++

+++--+----=

yxfwyxfw

yxfwyxfwyxfwR
 (1) 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʝʨʝʧʘʜʦʚ ʷʨʢʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʩʢʨʝʪʥʳʝ 

ʘʥʘʣʦʛʠ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ.  

ʇʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʜʥʦʤʝʨʥʦʡ ʬʫʥʢʮʠʠ
2
 f(x) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʬʦʨʤʫʣʘʭ 2 ʠ 3. 
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ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʛʨʘʜʠʝʥʪ ʠʟʦʙʨʘʞʝʥʠʷ f(ʭ, ʫ) ʚ ʪʦʯʢʝ (ʭ, ʫ) ï ʵʪʦ 

ʚʝʢʪʦʨ: 
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ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʥʠʞʝ ʤʘʩʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶɦ ʠʭ ʛʨʘʜʠʝʥʪʘ Gx ʠ Gy. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʛʨʘʜʠʝʥʪʘ 

ʵʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʤʝʩʪʥʦ: 

.22

yx GGf +=  (5) 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʩʦʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʨʘʜʠʝʥʪʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʝʨʘʪʦʨʳ ʈʦʙʝʨʪʩʘ, ʇʨʝʚʠʪʪʘ, ʉʦʙʝʣʷ ʠ ʑʘʨʨʘ 

ʦʢʨʝʩʪʥʦʩʪʴʶ 3Ĭ3 (ʨʠʩʫʥʢʠ 1-2). 

z1 z2 z3 

z4 z5 z6 

z7 z8 z9 

ʈʠʩʫʥʦʢ 1 - ʆʢʨʝʩʪʥʦʩʪʴ 3ʭ3 ʚʥʫʪʨʠ ʠʟʦʙʨʘʞʝʥʠʷ 

                                                           
2
 ɼʣʷ ʧʨʦʩʪʦʪʳ ʠʟʣʦʞʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʦʜʥʦʤʝʨʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. 
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0 0 0  0 0 0 

0 -1 0  0 0 -1 

0 0 1  0 1 0 
 

-1 -1 -1  -
 0 1 

0 0 0  -1 0 1 

1 1 1  -1 0 1 
 

ʘ) ʙ) 

-1 -2 -1  -1 0 1 


 0 0  -2 0 2 

1 2 1  -1 0 1 
 

-3 -10 -3  -3 0 3 

0 0 0  -10 0 10 

3 10 3  -3 0 3 
 

ʚ) ʛ) 
ʈʠʩʫʥʦʢ 2 - ʆʧʝʨʘʪʦʨʳ ʘ) ʈʦʙʝʨʪʩʘ, ʙ) ʇʨʝʚʠʪʪʘ, ʚ) ʉʦʙʝʣʷ, ʛ) ʑʘʨʨʘ[3] 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʚʦʨʦʪʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʜʠʘʛʦʥʘʣʴʥʳʝ ʤʘʩʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʨʳʚʦʚ ʚ ʜʠʘʛʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʨʠʩʫʥʦʢ 3). 
 

0 1 1  -1 -1 0 

-1 0 1  -1 0 1 

-1 -1 0  0 1 1 
ʈʠʩʫʥʦʢ 3 ï ɼʠʘʛʦʥʘʣʴʥʳʝ ʤʘʩʢʠ ʇʨʝʚʠʪʪʘ 

 

0 1 2  -2 -1 0 

-1 0 1  -1 0 1 

-2 -1 0  0 1 2 
ʈʠʩʫʥʦʢ 4 ï ɼʠʘʛʦʥʘʣʴʥʳʝ ʤʘʩʢʠ ʉʦʙʝʣʷ 

 

0 3 10  -10 -3 0 

-3 0 3  -3 0 3 

-10 -3 0  0 3 10 
ʈʠʩʫʥʦʢ 5 ï ɼʠʘʛʦʥʘʣʴʥʳʝ ʤʘʩʢʠ ʑʘʨʨʘ 

 

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʤʘʩʦʢ ʭʘʨʘʢʪʝʨʥʳ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ (ʨʠʩʫʥʦʢ 6) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 7. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʢʘʞʜʦʛʦ ʠʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ. ʊʝʩʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ.  

 
ʈʠʩʫʥʦʢ 6. ʊʝʩʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 
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ɺʳʚʦʜʳ 

ʇʨʠʤʝʥʝʥʠʝ ʛʨʘʜʠʝʥʪʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʯʝʨʪ ʣʠʮʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʆʧʝʨʘʪʦʨ 

ʈʦʙʝʨʪʩʘ (ʨʠʩʫʥʦʢ 7, ʘ) ʚʳʜʝʣʷʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʦʥʢʠʝ ʢʦʥʪʫʨʥʳʝ ʣʠʥʠʠ, 

ʥʦ ʯʝʨʪʳ ʣʠʮʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ, ʘ ʠʤʝʥʥʦ ʛʣʘʟʘ, ʙʨʦʚʠ, ʨʦʪ, ʘ ʪʘʢʞʝ 

ʚʦʣʦʩʳ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʦʥʪʫʨʝʥ ʥʦʩ, ʧʦʜʙʦʨʦʜʦʢ ʠ ʣʦʙ. ʀʟ ʯʝʛʦ 

ʩʣʝʜʫʝʪ ʯʪʦ ʜʘʥʥʳʡ ʦʧʝʨʘʪʦʨ ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʨʝʰʝʥʠʠ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ɺʳʩʦʢʦʷʜʝʨʥʳʡ ʦʧʝʨʘʪʦʨ ʑʘʨʨʘ (ʨʠʩʫʥʦʢ 7, ʛ) 

ʚʳʜʝʣʷʝʪ ʠʟʣʠʰʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʥʠʮ, ʩʣʠʚʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʧʦʵʪʦʤʫ ʤʘʣʦʵʬʬʝʢʪʠʚʝʥ ʚ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʆʧʝʨʘʪʦʨʳ 

ʇʨʝʚʠʪʪʘ (ʨʠʩʫʥʦʢ 7, ʙ) ʠ ʉʦʙʝʣʷ (ʨʠʩʫʥʦʢ 7, ʚ) ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʦʧʨʝʜʝʣʷʶʪ ʛʨʘʥʠʮʳ ʣʠʮʘ, ʷʚʥʦ ʚʳʨʘʞʝʥʳ ʛʣʘʟʘ, ʙʨʦʚʠ, ʨʦʪ, ʚʦʣʦʩʳ, ʥʦʩ, 

ʧʦʜʙʦʨʦʜʦʢ, ʣʦʙ, ʪ.ʝ. ʚʩʝ ʯʝʨʪʳ ʣʠʮʘ. ɼʘʥʥʳʝ ʦʧʝʨʘʪʦʨʳ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯʘʭ. ʆʙʨʘʙʦʪʢʘ ʯʝʨʪ ʣʠʮʘ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ: ʵʪʦ ʠ ʬʦʨʤʘ 

ʦʙʲʝʢʪʦʚ ʥʘ ʩʥʠʤʢʘʭ, ʠ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʟʘʤʢʥʫʪʦʩʪʠ ʢʦʥʪʫʨʦʚ, ʘ 

ʪʘʢʞʝ ʥʝʠʟʙʝʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʠʩʢʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʪʘʢʠʭ, ʢʘʢ ʰʫʤʳ, 

ʨʘʩʬʦʢʫʩʠʨʦʚʢʘ ʠ ʧʨʦʯʠʝ ʘʨʪʝʬʘʢʪʳ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʣʠʮʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʜʣʷ ʵʪʦʛʦ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ. ʊʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʚʳʙʨʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʦʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ. 

 

    
ʘ) ʙ) ʚ) ʛ) 

ʈʠʩʫʥʦʢ 7. ʇʨʠʤʝʥʝʥʠʝ ʛʨʘʜʠʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ 
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ʄʫʭʫʪʜʠʥʦʚ ʈ.ʄ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ʐʠʰʢʠʥʘ ɺ.ɺ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ɻʨʝʛʝʨ ʉ.ʕ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʀʊ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

 

ɺʚʝʜʝʥʠʝ 

çʆʥʪʦʣʦʛʠʷ ï ʵʪʦ ʙʘʟʳ ʟʥʘʥʠʡ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

çʯʠʪʘʪʴʩʷè ʠ ʧʦʥʠʤʘʪʴʩʷ, ʦʪʯʫʞʜʘʪʴʩʷ ʦʪ ʠʭ ʨʘʟʨʘʙʦʪʯʠʢʘ ʠ /ʠʣʠ 

ʬʠʟʠʯʝʩʢʠ ʨʘʟʜʝʣʷʪʴʩʷ ʠʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠè [1]. ʆʥʪʦʣʦʛʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʩʣʦʚʘʨʴ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʤʝʥʘ ʟʥʘʥʠʷʤʠ ʦ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʠ ʤʥʦʞʝʩʪʚʦ ʩʚʷʟʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʝʞʜʫ ʪʝʨʤʠʥʘʤʠ ʚ ʵʪʦʤ 

ʩʣʦʚʘʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʪʦʣʦʛʠʷ ʩʦʝʜʠʥʷʝʪ ʯʝʣʦʚʝʯʝʩʢʦʝ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʧʦʥʠʤʘʥʠʝ ʩʠʤʚʦʣʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ 

ʦʥʪʦʣʦʛʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʣʘʩʪʷʤ ʟʥʘʥʠʡ. ʆʯʝʚʠʜʥʦ, ʧʦʩʪʨʦʝʥʠʝ 

ʙʦʣʴʰʦʡ ʦʪʨʘʩʣʝʚʦʡ ʦʥʪʦʣʦʛʠʠ ï ʩʣʦʞʥʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʠʭ ʨʝʩʫʨʩʥʳʭ ʟʘʪʨʘʪ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʵʪʘʧʦʤ 

ʧʦʩʪʨʦʝʥʠʷ ʦʙʱʠʭ ʦʥʪʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʝʟʘʫʨʫʩʦʚ, ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʦʥʪʦʣʦʛʠʡ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʡ ʠ ʩʪʘʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. 

ɽʩʪʴ ʥʝʢʦʪʦʨʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ çontologyprojectsè [2], ʚ 

ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʦʙʨʘʱʘʪʴʩʷ ʢ ʦʥʪʦʣʦʛʠʠ ʜʣʷ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩʦ 

ʩʣʦʚʘʨʝʤ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʩʠʩʪʝʤʦʡ, ʪʘʢʞʝ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫ ʩʦʟʜʘʚʘʪʴ ʵʪʦʪ ʩʣʦʚʘʨʴ 

ʩʘʤʠ, ʪ.ʝ. ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ 

ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. 

ʆʜʥʠʤʠ ʠʟ ʧʨʠʯʠʥ ʩʣʘʙʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʡ ʦʙʳʯʥʳʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʷʚʣʷʝʪʩʷ ʪʦ ʯʪʦ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʪʴ ʤʦʜʝʣʴ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʫʚʠʜʝʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʩʤʦʪʨʝʪʴ ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʠʜʝʪʴ ʚʩʝ ʩʨʘʟʫ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ. ʊʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʩʝʛʦ ʣʠʰʴ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʝʡ ʩʦ 

ʩʣʦʞʥʳʤʠ ʥʝʚʠʜʠʤʳʤʠ ʩʚʷʟʷʤʠ, ʯʪʦ ʜʣʷ ʥʝʛʦ ʪʨʫʜʥʦ ʠ ʥʝ ʧʦʥʷʪʥʦ. ɽʩʣʠ 

ʙʳ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʠʭ ʦʧʠʩʘʥʠʷ 

ʠ ʩʚʷʟʝʡ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʯʘʱʝ ʙʳ ʠʩʧʦʣʴʟʦʚʘʣ ʦʥʪʦʣʦʛʠʠ. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʝʡ ʥʘ 

ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʡ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʙ-

ʪʝʭʥʦʣʦʛʠʡ. ʆʪʦʙʨʘʞʝʥʠʝ ʤʦʜʝʣʝʡ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʚʠʜʝ ʜʝʨʝʚʴʝʚ ʠ 

ʛʨʘʬʦʚ, ʪʘʢ ʢʘʢ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʪʴ, ʚ ʢʦʪʦʨʦʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʥʪʦʣʦʛʠʠ ʵʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ ï 

ʧʦʥʷʪʠʷ, ʘ ʜʫʛʠ ï ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ, ʘʚʪʦʨʳ ʩʦʟʜʘʣʠ 

ʚʠʟʫʘʣʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: 

1. ʅʘʛʣʷʜʥʦʩʪʴ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʥʪʦʣʦʛʠʷʤʠ 

ʅʘ ʨʠʩ. 1 ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ ʦʥʪʦʣʦʛʠʠ ʧʦ ʩʨʝʜʩʪʚʘʤ 

ʩʪʦʨʦʥʥʝʛʦ ʚʠʟʫʘʣʠʟʘʪʦʨʘ, ʫʡʜʷ ʚ ʛʣʫʙʴ ʧʦ ʜʝʨʝʚʫ ʥʘʛʣʷʜʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʥʷʪʠʷʤʠ ʦʥʪʦʣʦʛʠʠ ʥʝ ʥʘʙʣʶʜʘʝʤ, ʘ 

ʦʛʨʘʥʠʯʠʚʘʝʤʩʷ ʪʦʣʴʢʦ ʨʘʟʨʝʰʝʥʠʝ ʵʢʨʘʥʘ. ɸ ʥʘ ʨʠʩ. 2 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘʛʣʷʜʥʦʩʪʴ ʩʚʷʟʝʡ, ʢʦʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʘʤ ʥʘʰʝʛʦ ʚʠʟʫʘʣʠʟʘʪʦʨʘ. 

  

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 1: ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʥʪʦʣʦʛʠʠ ʈʠʩ. 2: ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʥʪʦʣʦʛʠʠ ʧʦ 

ʩʨʝʜʩʪʚʘʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʚʠʟʫʘʣʠʟʘʪʦʨʘ 
2. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. 

ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʧʨʦʠʟʚʦʜʠʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʥʘ 

ʦʩʥʦʚʝ ʦʪʢʨʳʚʰʝʛʦʩʷ ʟʚʝʥʘ ʧʨʠ ʵʪʦʤ ʦʪʦʙʨʘʞʘʷ ʚʩʝ ʩʚʷʟʠ. ʅʦ ʢʨʦʤʝ 

ʜʘʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʡ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

3. Drag & drop. 

ɼʘʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʢ ʚʠʜʥʦ ʠʟ ʥʘʟʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʚʠʛʘʪʴ 

ʫʟʣʳ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʜʚʠʞʝʥʠʝ ʧʦ ʚʩʝʡ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʨʘʟʫ. 

4. ʈʘʟʣʠʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ (ʫʟʣʦʚ) ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ css-ʪʘʙʣʠʮʳ ʩʪʠʣʝʡ ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʊʘʢʞʝ ʙʠʙʣʠʦʪʝʢʘ JIT ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʦʙʨʘʞʝʥʠʝ ʢʘʞʜʦʛʦ ʟʚʝʥʘ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ 

ʩʠʤʚʦʣʦʚ. ʊʘʢ ʜʣʷ ʟʚʝʥʘ 1 ï ʵʪʦ ʤʦʛʫ ʙʳʪʴ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ, ʜʣʷ ʟʚʝʥʘ 2 ï 

ʵʪʦ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʪʝʤ ʩʘʤʳʤ ʥʘʛʣʷʜʥʦ ʨʘʟʜʝʣʷʷ ʫʟʣʳ ʠ ʠʭ ʟʥʘʯʠʤʦʩʪʴ. ʅʘ 

ʨʠʩ. 3 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʪʠʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ. 
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ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʩʪʠʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

 

5. ʇʦʜʜʝʨʞʢʘ ʥʘʩʪʨʦʝʢ ʦʪʦʙʨʘʞʝʥʠʷ. 

ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʤʦʜʝʣʠ ʚ ʨʘʟʣʠʯʥʳʝ ʩʪʦʨʦʥʳ. 

ʆʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʨʘʩʢʨʳʚʘʪʴʩʷ ʚʝʨʭ, ʚʥʠʟ, ʚʣʝʚʦ ʠ ʧʨʘʚʦ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʧʦʤʝʥʷʪʴ ʛʣʘʚʥʳʡ ʵʣʝʤʝʥʪ ʩ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʦʪʦʙʨʘʞʝʥʠʝ, ʪ.ʝ. ʟʘʜʘʪʴ ʥʦʚʦʝ root ʟʚʝʥʦ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ 

ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʟʚʝʥʘ (ʮʚʝʪ, ʨʘʟʤʝʨ, ʬʦʨʤʫ) ʠ ʩʜʝʣʘʪʴ ʝʛʦ ʦʪʦʙʨʘʞʝʥʠʝ 

ʙʦʣʝʝ ʧʨʠʚʳʯʥʳʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

6. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʨʘʩʠʚʦʡ ʘʥʠʤʘʮʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʭʦʜʥʳʭ 
ʵʬʬʝʢʪʦʚ. 

ɼʘʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʦ ʫʧʨʦʱʘʝʪ ʥʘʛʣʷʜʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʩʪʦʛʦ ʘʥʘʣʠʟʘ, ʪʝʤ ʩʘʤʳʤ ʩʢʨʳʚʘʷ ʥʝʥʫʞʥʳʝ ʫʟʣʳ ʠ ʦʪʢʨʳʚʘʷ 

ʥʝʦʙʭʦʜʠʤʳʝ. 

7. ɼʦʙʘʚʣʝʥʠʝ, ʫʜʘʣʝʥʠʝ ʫʟʣʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ ʚʠʟʫʘʣʠʟʘʪʦʨ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʠ ʫʜʘʣʷʪʴ ʫʟʣʳ. 

8. ʆʙʲʝʜʠʥʝʥʠʝ ʦʥʪʦʣʦʛʠʡ, ʩʦʟʜʘʚʘʷ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʩʝʪʴ. 

ʉʫʪʴ ʦʥʪʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʥʝ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʤʝʪʴ ʜʘʥʥʳʝ, ʣʠʰʴ 

ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʩʪʨʘʥʠʮʝ, ʥʦ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʚʷʟʘʪʴ ʠʭ ʩ ʠʭ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʣʠ 

ʯʝʤ-ʪʦ ʧʦʜʦʙʥʳʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʜʘʥʥʳʝ, ʘ ʥʝ ʪʦʣʴʢʦ ʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʜʦʩʪʫʧʥʳʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ ʦʪʢʫʜʘ ʫʛʦʜʥʦ. ʅʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʝ ʚʠʟʫʘʣʠʟʘʪʦʨ ʦʛʨʘʥʠʯʝʥ ʣʠʰʴ ʪʝʤʠ ʦʥʪʦʣʦʛʠʯʝʩʢʠʤʠ 

ʤʦʜʝʣʷʤʠ ʠ ʟʥʘʥʠʷʤʠ ʢʦʪʦʨʳʝ ʝʩʪʴ ʥʘ ʩʝʨʚʠʩʝ çontologyprojectsè, ʠ 

ʤʦʜʝʣʷʤʠ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʭʨʘʥʷʪʩʷ ʥʘ ʣʦʢʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʘʭ ʜʘʥʥʳʭ, ʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʦʠʟʦʡʜʸʪ ʝʛʦ ʨʘʩʰʠʨʝʥʠʝ ʠ ʤʦʞʥʦ ʙʫʜʝʪ ʥʘʡʪʠ ʠ ʟʘʚʣʘʜʝʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʛʜʝ ʫʛʦʜʥʦ ʚ 
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ʀʥʪʝʨʥʝʪʝ. ɸ ʜʘʣʝʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʠ ʧʨʠʤʝʥʷʪʴ ʢʫʜʘ-ʣʠʙʦ 

ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʮʝʣʝʡ.  

9. ʇʦʜʜʝʨʞʢʘ ʬʦʨʤʘʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʘʥʳ ʜʘʥʥʳʝ 
(ontology, xml, json, csv ʠ ʜʨ.). 

ʅʝʟʘʚʠʩʠʤʦ ʚ ʢʘʢʦʤ ʬʦʨʤʘʪʝ ʜʘʥʥʳʭ ʭʨʘʥʠʪʩʷ ʩʪʨʫʢʪʫʨʘ 

ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʜʘʥʥʳʡ ʚʠʟʫʘʣʠʟʘʪʦʨ ʩʤʦʞʝʪ ʦʪʦʙʨʘʟʠʪʴ ʠʭ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʢʦʚ 

ʚʳʩʪʫʧʘʶʪ ʚʝʙ-ʙʨʘʫʟʝʨʳ, ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʚʩʪʘʚʢʝ ʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ html-ʩʪʨʘʥʠʮʫ (ʚʝʙ-ʩʪʨʘʥʠʮʫ). 

ɿʜʝʩʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʙʦ ʚʩʪʘʚʢʫ ʚ ʩʪʨʘʥʠʮʫ ʩʪʦʨʦʥʥʠʭ ʧʣʘʛʠʥʦʚ, 

ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʪʴ Html5 ʠ JavaScript. ɹʳʣʦ ʨʝʰʝʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʩʪʦʨʦʥʥʠʭ ʧʣʘʛʠʥʦʚ ʚ ʧʦʣʴʟʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʟʳʢʘ JavaScript ʠ ʙʠʙʣʠʦʪʝʢʠ 

JIT [3]. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ framework Plone [4] ʠ ʷʟʳʢ Python, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩʚʦʙʦʜʥʦ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠ ʚʳʙʨʘʥʥʦʡ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʥʦ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʢʣʘʩʩʦʚ ʧʦ ʩʨʝʜʩʪʚʘʤ ʷʟʳʢʘ UML [5]. ʅʘ ʨʠʩ. 4 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ. 

 
ʈʠʩ. 4: ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ 

 

ʊʘʢ ʢʘʢ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʙʨʘʥʘ ʙʠʙʣʠʦʪʝʢʘ JIT, ʪʦ 

ʜʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʥʘʢʣʘʜʳʚʘʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ ʥʘ ʬʦʨʤʘʪ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ. ʕʪʦ json ʬʦʨʤʘʪ ʫ ʢʦʪʦʨʦʛʦ ʝʩʪʴ 

ʦʙʷʟʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ id ï ʥʦʤʝʨ ʫʟʣʘ, name ï ʠʤʷ ʫʟʣʘ, children ï 

ʜʦʯʝʨʥʠʡ ʵʣʝʤʝʥʪ ʫʟʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʩʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʚ json ʬʦʨʤʘʪ ʩ ʦʩʦʙʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

ɸʣʛʦʨʠʪʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʘʛʦʚ, 

ʦʭʚʘʪʳʚʘʶʱʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʦʩʪʨʦʝʥʠʝ 

ʧʨʘʚʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʝʝ ʦʪʦʙʨʘʞʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʰʘʛʠ 

ʧʦʜʨʦʙʥʝʡ. 

1. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ʀ ʥʘ ʦʩʥʦʚʝ ʪʠʧʘ 
ʜʘʥʥʳʭ ʤʝʪʦʜʳ ʢʣʘʩʩʘ toJSON ʢʦʥʚʝʨʪʠʨʫʶʪ ʵʪʠ ʜʘʥʥʳʝ ʚ ʜʘʥʥʳʝ 

ʬʦʨʤʘʪʘ json. 
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2. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʝʪʦʜʳ ʢʣʘʩʩʦʚ Collapse, BuildObject 

ʧʨʝʦʙʨʘʟʫʶʪ ʜʘʥʥʳʝ ʭʨʘʥʷʱʠʝʩʷ ʚ ʢʣʘʩʩʝ toJSON ʚ ʜʘʥʥʳʝ ʬʦʨʤʘʪʘ json 

ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ JIT. 

3. ʅʘ ʪʨʝʪʴʝʤ ʢʣʘʩʩ Paint ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ 
ʩʨʝʜʩʪʚ ʙʠʙʣʠʦʪʝʢʠ JIT ʩʪʨʦʠʪ ʜʝʨʝʚʴʷ ʠʣʠ ʛʨʘʬʳ. ʇʨʠʤʝʨ ʚʳʚʦʜʘ ʛʨʘʬʠʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 5: 

 
ʈʠʩ. 5. ʇʨʠʤʝʨ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ɺʳʚʦʜʳ 

ɼʘʥʥʳʡ ʚʠʟʫʘʣʠʟʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʟʠʪʴ ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʦʙʨʘʙʦʪʘʪʴ ʠʭ, ʠʩʢʘʪʴ ʧʦ ʚʩʝʤ ʦʙʲʝʢʪʘʤ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʩʦʨʪʠʨʦʚʘʪʴ, ʧʦʢʘʟʳʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʬʦʨʤʘʪʘʭ, ʚʠʜʘʭ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʣʶʙʳʭ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ. ʀ ʥʝ ʚʘʞʥʦ ʚ ʢʘʢʦʤ ʬʦʨʤʘʪʝ ʜʘʥʥʳʭ ʭʨʘʥʠʪʩʷ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʠ 

ʝʸ ʩʚʷʟʠ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʝʸ.  

ɼʘʣʴʥʝʡʰʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

1. ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʬʦʨʤʘʪʦʚ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

2. ʈʘʟʤʝʱʝʥʠʝ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

3. ɼʦʙʘʚʣʝʥʠʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʧʨʦʜʫʢʪ 
çOntoEditorè. 

4. ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʭʨʘʥʷʱʠʭ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ. 

ʀ ʩʦʟʜʘʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ ʥʘ ʠʭ ʦʩʥʦʚʝ. 
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ʅʦʞʠʥʘ ɽ.ʇ., ʩʪʫʜʝʥʪʢʘ ʋʨʌʋ 
 

ɺʚʝʜʝʥʠʝ. ʋʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʈʦʩʩʠʷ ʟʘʥʠʤʘʝʪ 60-ʝ ʤʝʩʪʘ ʩʨʝʜʠ 

ʦʢʦʣʦ 150 ʛʦʩʫʜʘʨʩʪʚ ʚ ʨʝʡʪʠʥʛʝ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦ 

ʚʝʨʩʠʠ ɺʩʝʤʠʨʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʬʦʨʫʤʘ [1]. ɺʦʟʨʘʩʪʘʥʠʝ ʦʪʢʨʳʪʦʩʪʠ 

ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ, ʫʩʠʣʝʥʠʝ ʝʸ ʠʥʪʝʛʨʘʮʠʠ ʩ ʵʢʦʥʦʤʠʢʘʤʠ ʜʨʫʛʠʭ ʩʪʨʘʥ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʦʩʪʨʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʞʝ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ ʛʦʪʦʚʦ ʢ 

ʙʦʨʴʙʝ ʟʘ ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦ ʧʨʠʯʠʥʝ 

ʦʪʩʫʪʩʪʚʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʢʦʣʝʙʘʥʠʷ ʚʥʝʰʥʝʡ 

ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ [2].  

ʂʦʥʢʫʨʝʥʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ   

ʧʦʚʝʜʝʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ʀʄ) [3]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʜʣʷ ʥʘʰʝʡ ʩʪʨʘʥʳ ʦʯʝʥʴ ʚʘʞʥʦ 

ʪʦ, ʥʘʩʢʦʣʴʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʀʄ ʚ ʨʝʰʝʥʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʟʘʜʘʯ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʧʳʪʢʘ ʦʙʦʟʨʝʪʴ ʪʝʢʫʱʠʡ ʫʨʦʚʝʥʴ 

ʨʘʟʚʠʪʠʷ ʀʄ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʩʬʝʨʝ, ʚʳʷʚʠʪʴ ʩʣʘʙʳʝ 

ʤʝʩʪʘ ʦʪʨʘʩʣʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʝʸ ʨʘʟʚʠʪʠʝ, ʠ ʧʨʝʜʣʦʞʠʪʴ ʚʦʟʤʦʞʥʳʝ 

ʧʫʪʠ ʨʝʰʝʥʠʷ ʥʘʡʜʝʥʥʳʭ ʧʨʦʙʣʝʤ. 
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ʆʩʥʦʚʥʘʷ ʯʘʩʪ.ɹ ʇʦʣʦʞʝʥʠʝ ʜʘʥʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʚ 

ʈʦʩʩʠʠ ʦʙʦʟʨʝʚʘʣʠ ʤʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʚ ʠʭ ʯʠʩʣʝ ɺ.ɺ. ɼʝʚʷʪʢʦʚ ʠ ʅ.ʅ. 

ʃʳʯʢʠʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ɼʝʚʷʪʢʦʚ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʧʠʩʳʚʘʷ ʧʦʣʦʞʝʥʠʝ 

ʦʪʨʘʩʣʠ ʚ ʩʚʦʠ ʨʘʙʦʪʘʭ [4, 5, 6], ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʚʠʜʠʪ ʚ ʩʠʩʪʝʤʘʭ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʜʝʣʘʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʫʧʨʘʚʣʝʥʮʝʚ. ʃʳʯʢʠʥʘ ʚ 

ʩʚʦʝʡ ʩʪʘʪʴʝ [7] ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʀʄ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ, ʚʳʚʦʜ ʝʸ ʩʪʘʪʴʠ ï ʬʦʨʤʫʣʠʨʦʚʢʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʙʦʪʳ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. 

ʅʝʜʦʩʪʘʪʦʢ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʟʦʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʘʚʪʦʨʳ 

ʥʝ ʟʘʜʘʚʘʣʠʩʴ ʮʝʣʴʶ ʜʘʪʴ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʩʠʪʫʘʮʠʠ, ʙʦʣʴʰʝ 

ʢʦʥʮʝʥʪʨʠʨʫʷʩʴ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʦʜʥʦʤ ʘʩʧʝʢʪʝ ʨʘʟʚʠʪʠʷ ʀʄ. ʄʳ 

ʧʦʧʳʪʘʣʠʩʴ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʟʘʤʝʯʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʟʚʠʪʠʷ ʀʄ ʠ ʝʛʦ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʮʝʣʷʭ. 

ʂʦʤʤʝʥʪʘʨʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʀʄ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʧʦ ʧʨʠʟʥʘʢʫ ʪʦʛʦ, 

ʢʘʢʦʡ ʠʟ 6 ʬʘʢʪʦʨʦʚ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʦʥʠ ʦʧʠʩʳʚʘʶʪ: ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

(ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʀʄ), ʜʦʩʪʫʧʥʳʡ ʦʧʳʪ, ʜʝʡʩʪʚʫʶʱʠʝ 

ʩʧʝʮʠʘʣʠʩʪʳ, ʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʫʨʦʚʝʥʴ ʧʨʦʚʦʜʠʤʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʣʠʝʥʪʘʤʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʠʩʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʟʚʠʪʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʦʙʦʙʱʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. 

1. ʉʨʝʜʠ ʩʨʝʜʩʪʚ ʀʄ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʨʝʤʷʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʜʦʚʳʝ ʚ ʤʠʨʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ 

ʧʦʚʳʰʘʶʪ ʫʜʦʙʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʬʦʨʤʘʣʴʥʦ ʩʚʦʙʦʜʥʳ ʚ ʩʚʦʝʤ ʚʳʙʦʨʝ, ʦʜʥʘʢʦ ʬʘʢʪʠʯʝʩʢʠ 

ʠʭ ʞʝʣʘʥʠʝ ʧʦʢʫʧʢʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʜʝʨʞʠʚʘʝʪʩʷ ʝʛʦ ʩʣʘʙʦʡ 

ʣʦʢʘʣʠʟʘʮʠʝʡ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ ʚ ʈʦʩʩʠʠ, ʝʩʣʠ ʧʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ 

ʟʘʨʫʙʝʞʥʳʤ [5]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʨʫʙʝʞʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʤʦʞʥʦ ʦʙʦʡʪʠ, ʧʨʠʤʝʥʷʷ ʨʦʩʩʠʡʩʢʠʡ ʧʨʦʜʫʢʪ AnyLogic ï 

ʚʝʜʫʱʠʡ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʀʄ [8]. ʀʟʚʝʩʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʥʘ ʨʳʥʢʝ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʥʘʢʣʘʜʳʚʘʶʪ ʦʙʲʝʤʳ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʟʘʢʫʧʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

2. ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʦʩʪʫʧʥʦʛʦ ʥʘʰʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʦʧʳʪʘ, ʪʦ ʀʄ ʥʝ 

ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʥʠʭ. ʉʦʚʝʪʩʢʘʷ ʰʢʦʣʘ ʀʄ 

ʠʤʝʣʘ ʙʦʣʴʰʦʡ ʟʘʜʝʣ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʨʝʘʣʴʥʦʤ 

ʩʝʢʪʦʨʝ ʵʢʦʥʦʤʠʢʠ, ʢʦʪʦʨʳʡ, ʭʦʪʷ ʠ ʥʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʥʘʧʨʷʤʫʶ, ʥʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʥʠʭ ʚ ʬʦʨʤʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ-ʧʨʝʝʤʥʠʢʦʚ ʩʦʚʝʪʩʢʦʡ ʰʢʦʣʳ, ʚ ʬʦʨʤʝ ʠʭ 

ʥʘʚʳʢʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʨʘʙʦʪʝ. ʇʨʦʙʣʝʤʘ ʤʦʨʘʣʴʥʦʛʦ ʫʩʪʘʨʝʚʘʥʠʷ 

ʜʦʩʪʠʞʝʥʠʡ ʧʨʦʰʣʦʛʦ ʨʝʰʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʚʠʜʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʦʩʚʦʝʥʠʠ ʢʦʪʦʨʳʭ ʥʘʰʠ ʫʯʝʥʳʝ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ 
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çʧʝʨʝʜʦʚʠʢʘʤè ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʞʝ ʙʦʛʘʪʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʧʦʣʥʝʥʠʷ ʦʧʳʪʘ ʨʦʩʩʠʡʩʢʠʤʠ ʪʝʦʨʝʪʠʢʘʤʠ ʠ ʧʨʘʢʪʠʢʘʤʠ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

3. ʈʦʩʩʠʷ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʩʧʝʮʠʘʣʠʩʪʦʚ ʀʄ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʥʘʫʯʥʳʤ ʮʝʥʪʨʘʤ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʧʨʦʜʦʣʞʘʶʪ ʩʚʦʶ 

ʨʘʙʦʪʫ ʩʦ ʚʨʝʤʝʥ ʉʉʉʈ, ʦʥʠ ʚʳʥʝʩʣʠ ʠ ʧʨʠʫʤʥʦʞʠʣʠ ʤʥʦʛʦʝ ʠʟ ʪʦʛʦ 

ʣʫʯʰʝʛʦ, ʯʪʦ ʙʳʣʦ ʚ ʵʪʦʡ ʰʢʦʣʝ, ʦʥʠ ʥʝ ʧʨʝʢʨʘʱʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʞʝ ʚ 

ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ, ʦʥʠ ʙʳʣʠ ʛʦʪʦʚʳ ʪʦʛʜʘ ʠ ʛʦʪʦʚʳ ʪʝʧʝʨʴ ʨʘʟʚʠʚʘʪʴ ʠ 

ʧʨʦʜʚʠʛʘʪʴ ʀʄ ʚ ʈʦʩʩʠʠ. 

4. ʉʠʩʪʝʤʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʛʦʪʦʚʳʭ ʢ ʛʣʫʙʦʢʠʤ ʠʤʠʪʘʮʠʦʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ɸʢʘʜʝʤʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʀʄ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʜʥʘʢʦ ʟʥʘʥʠʷ ʠ ʥʘʚʳʢʠ 

ʧʨʠʦʙʨʝʪʘʶʪʩʷ ʚʝʩʴʤʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ [4, 9]. ɼʣʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ, ʥʘʦʙʦʨʦʪ, ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ [6]. 

5. ʂʦʣʠʯʝʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʜʣʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ [9]. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʀʄ ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʨʘʢʪʠʢʫʝʪʩʷ ʙʦʣʝʝ ʜʣʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʥʝʞʝʣʠ ʜʣʷ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ (ʥʘʧʨʠʤʝʨ, ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ). ɼʣʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʧʨʠʤʝʥʝʥʠʝ ʀʄ ʧʦʢʘ ʥʘ ʫʨʦʚʥʝ ʟʘʣʦʞʝʥʠʷ ʦʩʥʦʚ [10]. 

6. ʀʥʪʝʨʝʩ ʨʦʩʩʠʡʩʢʦʛʦ ʙʠʟʥʝʩʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʩʣʘʙʳʡ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʰʝʥʠʝʤ ʫʧʨʘʚʣʝʥʮʝʚ, ʥʝ 

ʦʪʥʦʩʷʱʠʭ ʀʄ ʢ ʥʘʩʫʱʥʳʤ ʧʨʦʙʣʝʤʘʤ [5]. ʀʩʧʦʣʴʟʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʮʘʤʠ ʚ ʪʝʭ ʚʠʜʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʠ 

ʦʧʝʨʘʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʨʠʩʢʘʤʠ [3]. 

ɺʳʚʦʜ .r ʆʧʠʩʘʥʥʘʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʝʪʩʷ ʛʨʫʙʦ 

ʦʛʨʘʥʠʯʝʥʥʦʡ, ʦʜʥʘʢʦ ʠ ʧʦ ʝʸ ʨʝʟʫʣʴʪʘʪʘʤ ʩʢʣʘʜʳʚʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʢʘʨʪʠʥʘ 

ʧʦʣʦʞʝʥʠʷ ʜʝʣ ʚ ʦʪʨʘʩʣʠ ʠ ʫʞʝ ʚʠʜʥʳ ʩʣʘʙʳʝ ʤʝʩʪʘ. 

1. ʆʛʨʘʥʠʯʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. ʄʦʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʘʜʘʧʪʘʮʠʠ ʟʘʨʫʙʝʞʥʳʭ ʨʘʟʨʘʙʦʪʦʢ 

ʥʘ ʨʫʩʩʢʦʤ ʨʳʥʢʝ, ʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘʯʥʝʪʩʷ ʩʘʤ ʩʦʙʦʡ. ɼʣʷ ʥʘʰʝʡ ʩʪʨʘʥʳ 

ʙʦʣʝʝ ʨʘʟʫʤʥʦ, ʥʘʦʙʦʨʦʪ, ʧʦʢʘ ʧʨʦʮʝʩʩ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʟʘʨʫʙʝʞʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʥʝ ʨʘʟʚʝʨʥʫʣʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʧʦʦɦʨʷʪʴ ʨʦʩʩʠʡʩʢʠʭ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʋ ʥʘʩ ʝʩʪʴ ʧʦʪʝʥʮʠʘʣ ʠ ʫʩʧʝʭʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

(ʥʘʧʨʠʤʝʨ, ʧʨʦʜʫʢʪ AnyLogic), ʘ ʩʘʤ ʨʳʥʦʢ ʩʨʝʜʩʪʚ ʀʄ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʚʭʦʜʘ ʥʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʉɸʀʀ) [6]. 

2. ʇʨʦʙʣʝʤʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ: ʚʳʩʦʢʠʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʀʄ ʚ ʈʦʩʩʠʠ [6]. ʂ ʨʝʰʝʥʠʶ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʧʦʜʦʡʪʠ ʩ ʜʚʫʭ ʩʪʦʨʦʥ: ʫʩʠʣʠʪʴ ʧʦʜʛʦʪʦʚʢʫ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ɺʋɿʘʭ ʠ ʩʥʠʟʠʪʴ ʚʭʦʜʥʦʡ ʧʦʨʦʛ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʝʪʦʜʘ 
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ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʠʩʪʝʤ ʉɸʀʀ ʩ 

ʫʯʝʪʦʤ ʫʨʦʚʥʷ ʜʝʪʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʳ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

3. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʩʧʦʣʥʝʥʠʷ ʫʧʫʱʝʥʥʦʛʦ. ɿʘʨʫʙʝʞʥʳʝ ʰʢʦʣʳ ʀʄ 

ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʦʧʳʪ ʠ ʫʩʧʝʰʥʦ ʩʦʯʝʪʘʶʪ ʧʨʦʰʣʳʝ ʥʘʨʘʙʦʪʢʠ ʩ 

ʥʦʚʳʤʠ, ʚ ʈʦʩʩʠʠ ʞʝ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʠʥʳʭ ʚʠʜʦʚ ʀʄ ʧʨʦʰʝʣ ʤʠʤʦ ʫʯʝʥʳʭ. 

ʈʘʟʚʠʪʠʝ ʨʦʩʩʠʡʩʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʀʄ (ʥʘʧʨ., 

ʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʷʚʠʚʰʝʛʦʩʷ ʚ 2000-ʭ ʛʦʜʘʭ) ʙʳʣʦ ʭʦʨʦʰʝʡ 

ʩʪʨʘʪʝʛʠʝʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʢʣʶʯʠʪʴʩʷ ʚ ʨʘʙʦʪʫ ʧʦʩʣʝ ʜʦʣʛʦʛʦ ʧʝʨʝʨʳʚʘ, 

ʠʜʪʠ ʚ ʥʦʛʫ ʩ ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʅʘʩʪʫʧʠʣʦ ʚʨʝʤʷ ʫʜʝʣʠʪʴ 

ʚʥʠʤʘʥʠʝ ʦʩʪʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʀʄ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʘʥʘʣʠʟʘ 

ʪʨʝʙʫʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʤʥʦʛʠʭ ʤʝʪʦʜʦʚ (ʥʘʧʨ., ʘʛʝʥʪʥʳʝ ʤʦʜʝʣʠ 

ʜʦʧʦʣʥʷʶʪʩʷ ʤʦʜʝʣʷʤʠ ʩʠʩʪʝʤʥʦʡ ʜʠʥʘʤʠʢʠ). 

ʂ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʩ ʧʦʜʜʝʨʞʢʠ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʠʮʠʘʪʠʚʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪ ʜʨʫʛʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʀʄ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʩʠʩʪʝʤʥʦʡ ʜʠʥʘʤʠʢʝ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʈʫʩʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʤʠʨʦʚʦʛʦ ʦʙʱʝʩʪʚʘ ʩʠʩʪʝʤʥʦʡ ʜʠʥʘʤʠʢʠ, ʢʦʪʦʨʦʤʫ 

ʛʦʩʫʜʘʨʩʪʚʦ ʠ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʤʦʞʝʪ ʩʦʜʝʡʩʪʚʦʚʘʪʴ. 

4. ʅʠʟʢʘʷ ʦʪʜʘʯʘ ʦʪ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝʚʳʩʦʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʯʝʪʘ ʠ ʚʥʝʜʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʨʘʙʦʪ ʩʦʟʜʘʝʪ ʫʛʨʦʟʫ 

ʧʘʜʝʥʠʷ ʠʥʪʝʨʝʩʘ ʜʦʣʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢ ʀʄ ʠ ʧʝʨʝʢʣʶʯʝʥʠʶ ʥʘ ʜʨʫʛʠʝ 

ʟʘʜʘʯʠ (ʧʦʜʦʙʥʦ ʧʨʦʠʟʦʰʝʜʰʝʤʫ ʚ ʉʉʉʈ), ʵʤʠʛʨʘʮʠʠ ʩʠʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʟʘ ʨʫʙʝʞ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʫʞʥʦ ʧʦʥʷʪʴ ʝʝ 

ʧʨʠʯʠʥʳ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʪʠʪʴ ʩʚʦʡ ʚʟʦʨ ʥʘ ʢʣʠʝʥʪʦʚ ʀʄ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ï ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ ʪʦʧ-ʤʝʥʝʜʞʝʨʦʚ ʦʨʛʘʥʠʟʘʮʠʡ. 

5. ɼʣʷ ʨʦʩʩʠʡʩʢʠʭ ʫʧʨʘʚʣʝʥʮʝʚ ʭʘʨʘʢʪʝʨʥʘ ʥʝʜʘʣʴʥʦʚʠʜʥʦʩʪʴ. 

ʕʤʦʮʠʦʥʘʣʴʥʦʝ ʤʳʰʣʝʥʠʝ ʦʨʠʝʥʪʠʨʫʝʪ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʥʘ çʩʠʶʤʠʥʫʪʥʫʶ 

ʚʳʛʦʜʫè. ʀʟ-ʟʘ ʵʪʦʛʦ ʧʨʦʙʣʝʤʘ ʥʝ ʧʦʣʫʯʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʨʘʙʦʪʢʠ, 

ʧʦʠʩʢʘ ʧʨʠʯʠʥʳ ʠ ʦʙʲʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ; 

ʧʨʠʥʠʤʘʶʪʩʷ ʤʝʨʳ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ [11]. ʇʦʢʘʟʘʪʝʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ 2008 ʛʦʜʘ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ 

ʨʦʩʩʠʡʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪʢʘʟʳʚʘʣʠʩʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʚ ʮʝʣʷʭ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʢ 

ʘʥʪʠʢʨʠʟʠʩʥʫʶ ʤʝʨʫ, ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʩʦʢʨʘʱʝʥʠʝʤ ʧʝʨʩʦʥʘʣʘ, 

ʫʤʝʥʴʰʝʥʠʝʤ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʨʦʩʪʫ ʩʦʮʠʘʣʴʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʪʦʨʤʦʟʠʣʦ ʚʳʭʦʜ ʠʟ ʢʨʠʟʠʩʘ ʩʪʨʘʥʳ ʚ 

ʮʝʣʦʤ [5]. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʩʣʦʞʥʦ ʨʘʟʨʝʰʠʤʘ, ʠ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʨʝʰʝʥʠʷ. ʏʘʩʪʴʶ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʠʛʨ ʜʣʷ ʦʙʫʯʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ ʚʳʧʫʩʢʥʠʢʦʚ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʢʘʢ ʵʪʦ 

ʫʞʝ ʧʨʘʢʪʠʢʫʝʪʩʷ ʚ ʄɻʋ. ʊʘʢʠʝ ʠʛʨʳ ʧʦʤʠʤʦ ʩʚʦʝʛʦ ʧʨʷʤʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï 

ʪʨʝʥʠʨʦʚʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, - ʩʧʦʩʦʙʥʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 
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ʧʦʣʴʟʦʚʘʪʝʣʶ ʵʬʬʝʢʪ ʦʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʚʳʩʠʪʴ ʜʦʚʝʨʠʝ ʢ ʜʘʥʥʦʤʫ 

ʤʝʪʦʜʫ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ. 
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ʉʆɿɼɸʅʀɽ ʄʆɼɽʃʀ ʋʏɽɹʅʆɻʆ ʇʈʆʎɽʉʉɸ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʆʅʊʆʃʆɻʀʀ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ 

 

ʅʠʢʫʣʠʥ ɺ.ɺ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ 

ʇʘʭʤʫʪʦʚ ɸ.ɺ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ 

ɻʨʝʛʝʨ ʉ.ʕ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè 

 

ʃʶʜʠ ʦʙʫʯʘʶʪʩʷ ʚ ʨʘʟʥʦʤ ʪʝʤʧʝ, ʧʦ-ʨʘʟʥʦʤʫ ʫʩʚʘʠʚʘʶʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʧʦʜʢʨʝʧʣʝʥʥʳʡ ʧʨʦʩʪʳʤʠ ʠ ʩʣʦʞʥʳʤʠ ʟʘʜʘʯʘʤʠ. 

ʅʝʢʦʪʦʨʳʝ ʧʦʥʠʤʘʶʪ ñʥʘ ʣʝʪʫò, ʜʨʫʛʠʤ ʞʝ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʫʩʠʣʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʘʢʠʝ ʫʩʠʣʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʥʘ ʧʨʘʢʪʠʢʝ. ɹʝʟ ñʥʘʩʪʘʚʥʠʢʘò ʵʪʦ 

ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʘʷ ʨʘʙʦʪʘ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ Internet ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʜʦʙʥʦʡ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ. ɺ ʦʩʥʦʚʥʦʤ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʨʭʠʚʳ ʟʘʜʘʥʠʡ ʩ ʦʥʣʘʡʥ ʩʠʩʪʝʤʦʡ ʧʨʦʚʝʨʢʠ 

ʨʝʟʫʣʴʪʘʪʘ ʠʣʠ ʞʝ ʦʛʨʦʤʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʧʨʘʚʦʯʥʠʢʠ, ʢʥʠʛʠ ʚ web-

ʧʨʝʜʩʪʘʚʣʝʥʠʠ. ɺʳʰʝʫʧʦʤʷʥʫʪʳʝ ʘʨʭʠʚʳ ʟʘʜʘʥʠʡ ʠʤʝʶʪ ʦʜʠʥ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ. ʇʦʣʴʟʦʚʘʪʝʣ ʁ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʝʤʫ 

ʧʨʠʭʦʜʠʪʴʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʩʢʘʪʴ ʥʫʞʥʳʝ ʜʘʥʥʳʝ ʚ ʢʥʠʛʘʭ ʠ ʥʘ 

ʩʪʨʘʥʠʮʘʭ ʠʥʪʝʨʥʝʪʘ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʘʞʝ ʥʝ ʟʥʘʪʴ ʠʜʝʶ ʨʝʰʝʥʠʷ, 

ʠʣʠ ʞʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʠ ʧʦʤʠʤʦ ʚʩʝʛʦ 

ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʥʝ ʧʦʣʫʯʘʝʪ ʥʠʢʘʢʠʭ ʩʦʚʝʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʛʦ ʨʝʰʝʥʠʷ 

ʟʘʜʘʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʧʦʜ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʩʘʤʦʦʙʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʦʵʪʘʧʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ, ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʦʚʝʪʳ, 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʬʦʨʤʫʣʳ. 

ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ,r ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʙʘʥʢ ʟʘʜʘʯ (ʟʘʜʘʥʠʡ), ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ñʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ 

ʧʦʤʦʱʥʠʢʦʤò. ɼʘʥʥʳʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʤʦʱʥʠʢ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ; 

- ʧʦʵʪʘʧʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ, ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʨʢʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; 

- ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ 

ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ; 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ 

ʦʙʲʝʢʪʦʚ (ʈʠʩʫʥʦʢ 1): 

- ʜʠʩʮʠʧʣʠʥʘ; 

- ʪʝʤʘ; 
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- ʟʘʜʘʯʘ (ʢʘʢ ʦʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʝʜʠʥʠʮʘ ʩʠʩʪʝʤʳ); 

- ʘʣʛʦʨʠʪʤ; 

- ʩʪʘʜʠʷ ʘʣʛʦʨʠʪʤʘ; 

- ʧʦʜʩʢʘʟʢʘ/ʩʦʚʝʪ; 
 

 
ʈʠʩʫʥʦʢ 1. UML ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʵʪʘʧʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʨʢʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʨʘʟʨʘʙʦʪʘʝʤ ʦʥʪʦʣʦʛʠʶ ʚ ʙʦʣʝʝ 

ʫʟʢʠʭ ʪʝʨʤʠʥʘʭ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ CMS Plone 

OntoEditor, ʩʦʟʜʘʥʥʳʡ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ ʥʘʰʝʡ ʢʘʬʝʜʨʳ. 

ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ, ʫʜʘʣʝʥʥʦʤ ʠ ʚʠʟʫʘʣʴʥʦʤ 

ʨʝʞʠʤʝ ʩʦʟʜʘʪʴ ʦʥʪʦʣʦʛʠʶ ʠ ʥʘʧʦʣʥʠʪʴ ʝʝ ʟʥʘʥʠʷʤʠ, ʪ.ʝ. ʩʦʟʜʘʪʴ 

ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʩʝʪʴ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, 

ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʲʝʢʪʘʤ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʜʫʛʠ 

ʟʘʜʘʶʪ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦʥʪʦʣʦʛʠʠ ʚ ʦʢʥʝ 

ʨʝʜʘʢʪʦʨʘ ʦʥʪʦʣʦʛʠʡ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ OntoEditor, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 

(ʈʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2. ʉʦʟʜʘʥʥʘʷ ʦʥʪʦʣʦʛʠʷ 

 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʥʪʦʣʦʛʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʲʝʢʪʳ ɸʣʛʦʨʠʪʤ 

(Algorithm) ʠ ʉʪʘʜʠʷ (Stage), ʤʝʞʜʫ ʥʠʤʠ ʩʣʝʜʫʶʱʘʷ ʩʚʷʟʴ: ʉʪʘʜʠʷ ï ʰʘʛ 

ɸʣʛʦʨʠʪʤʘ (Stage is step of Algorithm). ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʝʧʦʣʥʳʤ ʟʘʠʤʩʪʚʦʚʘʥʠʝʤ ʠʜʝʠ 

ʦʥʪʦʣʦʛʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʂʘʞʜʳʡ ʢʣʘʩʩ ʦʥʪʦʣʦʛʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʷʟʷʤʠ ʩ ʜʨʫʛʠʤʠ ʢʣʘʩʩʘʤʠ 

ʦʥʪʦʣʦʛʠʠ. ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, ʢ ʦʜʥʦʡ ʪʝʤʝ ʤʦʞʝʪ ʦʪʥʦʩʠʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʟʘʜʘʯ (ʈʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3. ʇʨʠʤʝʨ ʢʣʘʩʩʘ çɿʘʜʘʯʘè ʚ ʦʥʪʦʣʦʛʠʠ 

 

ɹʳʣ ʩʦʟʜʘʥ web-ʩʘʡʪ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʩʦʟʜʘʥʥʫʶ ʦʥʪʦʣʦʛʠʶ ʜʣʷ 

ʟʘʜʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʘ ʨʠʩʫʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʦʙʲʝʢʪʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ 

ʢʣʘʩʩʫ çɿʘʜʘʯʘè (ʈʠʩʫʥʦʢ 4).    
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ʈʠʩʫʥʦʢ 4. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʲʝʢʪʘ ʢʣʘʩʩʘ çɿʘʜʘʯʘè 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʢʨʦʤʝ ʟʘʜʘʯ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʠʭ ʭʨʘʥʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʳ ʟʘʜʘʯʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʠʭ ʩʦʨʪʠʨʦʚʢʠ ʧʦ ʫʨʦʚʥʶ 

ʩʣʦʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʦʚʳʡ ʩʝʨʚʠʩ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʠʣʴʪʨʘʮʠʠ ʟʘʜʘʯ 

ʧʦ ʪʝʤʝ ʠ ʜʠʩʮʠʧʣʠʥʝ. ʆʙʱʠʡ ʚʠʜ ʩʦʟʜʘʥʥʦʛʦ ʥʘʤʠ ʩʘʡʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ (ʈʠʩʫʥʦʢ 5).  
 

 
ʈʠʩʫʥʦʢ 5. ʈʘʟʜʝʣ ʩʘʡʪʘ çɿʘʜʘʯʠè 

 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʘ, ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ 

ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʦʟʜʘʥʥʫʶ ʙʘʟʫ ʟʥʘʥʠʡ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʝʙ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ. 
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ʊʘʢ ʞʝ ʙʫʜʫʪ ʩʦʟʜʘʥʳ ʩʝʨʚʠʩʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʧʦʜʩʢʘʟʢʠ ʚ 

ʭʦʜʝ ʨʝʰʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʜʘʯʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɻʨʝʛʝʨ ʉ. ʕ. ɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʠ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ 
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ʄɽʊʆɼʓ ʆʈɻɸʅʀɿɸʎʀʀ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʓʍ 

ɹɽʉʇʈʆɺʆɼʅʓʍ ʆʇʊʀʏɽʉʂʀʍ ʃʆʂɸʃʔʅʓʍ ʉɽʊɽʁ ʅɸ ɹɸɿɽ 

ʉɺɽʊʆɼʀʆɼʆɺ ɺʀɼʀʄʆɻʆ ʀɿʃʋʏɽʅʀʗ 

 

ʇʝʪʨʫʩʴ ʀ.ʇ., ʋʨʘʣʴʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʇʫʪʝʡ 

ʉʦʦʙʱʝʥʠʷ, ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ "ɸʚʪʦʤʘʪʠʢʘ, ʪʝʣʝʤʝʭʘʥʠʢʘ ʠ ʩʚʷʟʴ" 

 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ï VLC-ʪʝʭʥʦʣʦʛʠʠ (Visible Light 

Communication ï ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʣʠʥʠʷ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ), 

ʠʩʧʦʣʴʟʫʶʱʝʡ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʪʯʠʢʘ ʜʘʥʥʳʭ ʩʚʝʪʦʜʠʦʜʳ ʚʠʜʠʤʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʡ ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ Li-Fi (ʘʙʙʨʝʚʠʘʪʫʨʘ ʦʪ 

ʘʥʛʣʠʡʩʢʠʭ ʩʣʦʚ light ʠ fidelity, ʢʦʪʦʨʳʝ ʦʟʥʘʯʘʶʪ ʩʚʝʪ ʠ ʪʦʯʥʦʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʩʨʘʚʥʠʤʘ ʩ ʥʦʚʝʡʰʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ [4], ʯʝʛʦ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʦʚ O-OFDM, QPSK ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʤʘʪʨʠʯʥʳʤ 

ʤʘʩʩʠʚʦʤ ʩʚʝʪʦʜʠʦʜʦʚ [2, 7]. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ Li-Fi ʥʘ 

ʩʝʛʦʜʥʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 96 ʄʙʠʪ/ʩ ʧʦ ʩʪʘʥʜʘʨʪʫ 802.15.7 [5] ʠ 1 ɻʙʠʪ/ʩ  ʥʘ 

ʧʨʘʢʪʠʢʝ [6]. 

ʉʫʪʴ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʚʝʪʦʜʠʦʜʳ ʚ ʩʚʝʪʦʜʠʦʜʥʦʡ 

ʣʘʤʧʝ ʩ ʤʦʜʫʣʷʪʦʨʦʤ, ʠʟʣʫʯʘʶʱʠʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʩʚʝʱʝʥʠʝʤ ʧʦʤʝʱʝʥʠʷ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʜʣʷ ʩʝʙʷ ʩʢʦʨʦʩʪʴʶ ʚʢʣʶʯʘʶʪʩʷ ʠ ʚʳʢʣʶʯʘʶʪʩʷ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʬʦʨʤʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʜʚʦʠʯʥʦʤ ʢʦʜʝ [6, 7]. 

ɼʣʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʙʘʟʝ VLC-ʪʝʭʥʦʣʦʛʠʠ 

ʥʘ ʩʚʝʪʦʜʠʦʜʘʭ ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʨʝʙʫʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢʠʤʠ ʢʘʢ 

PowerLAN (ʦʥʘ ʞʝ dLan ï direct Lan, ʠʣʠ PLC ï Power Line ʉommunication, 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʦ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ), ʚ ʢʦʪʦʨʦʡ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʠʣʦʚʳʤ ʧʨʦʚʦʜʘʤ, ʠʣʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʠʥʬʨʘʢʨʘʩʥʘʷ 
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ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ (VFIR ʠʣʠ UFIR ï Very Fast Infrared ʠ Ultra Fast Infrared 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʧʝʨʝʚʦʜʝ ʩ ʘʥʛʣʠʡʩʢʦʛʦ ʦʟʥʘʯʘʝʪ çʦʯʝʥʴ ʙʳʩʪʨʦʝ 

ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝè ʠ çʫʣʴʪʨʘʙʳʩʪʨʦʝ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝè).  

ʅʘ ʨʠʩ. 1 ʩʭʝʤʘʪʠʯʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʥʘ ʙʘʟʝ ʢʦʤʙʠʥʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ Li-Fi  ʠ ʪʝʭʥʦʣʦʛʠʠ VFIR ʜʣʷ 

ʦʙʨʘʪʥʦʡ, ʛʜʝ Li-Fi-ʪʨʘʥʩʤʠʪʪʝʨ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʬʦʪʦʜʠʦʜʥʳʡ ʧʨʠʸʤʥʠʢ, 

ʜʝʢʦʜʝʨ, ʠʥʬʨʘʢʨʘʩʥʳʡ ʠʟʣʫʯʘʪʝʣʴ, ʘ ʪʘʢʞʝ USB-ʠʥʪʝʨʬʝʡʩ (Universal 

Serial Bus ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʰʠʥʘ): 

 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʥʘ ʙʘʟʝ Li-Fi ʠ VFIR 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʩʧʦʩʦʙʦʤ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʧʝʨʝʛʦʨʘʥʠʶ. ʄʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ (O-OFDM ï Optical 

orthogonal frequency-division multiplexing) ʩ ʢʚʘʜʨʘʪʫʨʥʦʡ ʬʘʟʦʚʦʡ 

ʤʘʥʠʧʫʣʷʮʠʝʡ (QPSK ï Quadrature Phase Shift Keying), ʥʘ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ 

ʠʟʣʫʯʘʝʤʳʡ ʙʝʣʳʤʠ ʩʚʝʪʦʜʠʦʜʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʣʦʞʝʥʠʝ ʜʘʥʥʳʭ ʧʨʠ 

ʧʦʤʦʱʠ ʤʦʜʫʣʷʮʠʡ. ʅʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜ O-OFDM ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʘʣʛʦʨʠʪʤʘ ʙʳʩʪʨʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (FFT ï Fast Fourier 

transform), ʪʦ ʝʩʪʴ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. 

ʇʨʠ ʙʠʥʘʨʥʦʤ ʩʠʛʥʘʣʝ ʚ ʢʘʥʘʣʝ ʩ ʘʜʜʠʪʠʚʥʳʤ ʙʝʣʳʤ ʛʘʫʩʩʦʚʩʢʠʤ 

ʰʫʤʦʤ (ɸɹɻʐ) ʠ ʚʳʩʦʢʦʤ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ QPSK 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʦʤ ʢʦʜʠʨʦʚʘʥʥʦʛʦ OFDM (COFMD ï coded OFDM) 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʥʘ ʙʠʪ (BER ï Bit Error Rate) ʤʦʞʝʪ ʙʳʪʴ 
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ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʮʝʥʝʥʘ ʧʦ ʬʦʨʤʫʣʝ (1): 
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Eb ï ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʜʠʥ ʙʠʪ; N0/2 ï 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ (ʉʇʄ) ʰʫʤʘ (ɺʪ/ɻʮ); Pb ï ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʰʠʙʢʠ ʥʘ 1 ʙʠʪ; Q(x) ï ʬʫʥʢʮʠʷ ʦʰʠʙʦʢ (ʬʫʥʢʮʠʷ ʃʘʧʣʘʩʘ), ʛʜʝ ʭ Ó 0. 

COFDM ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʘʥʘʣʴʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ 

ʤʝʪʦʜʦʤ ʧʨʷʤʦʡ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ (FEC - Forward Error Correction). 

ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʪɹ Li-Fi, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʙʝʣʦʛʦ 

ʩʚʝʪʦʜʠʦʜʘ, ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʰʠʙʢʠ ʥʘ ʙʠʪ 

2Ā10
ï5

 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 90 ʩʤ ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ ʜʦ ʧʨʠʸʤʥʠʢʘ [3].  

ʄʦʜʫʣʷʮʠʠ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʘʤʧʳ ʙʫʜʫʪ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʛʣʘʟʦʤ ʢʘʢ ʩʧʣʦʰʥʦʡ ʧʦʪʦʢ ʩʚʝʪʘ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ ʚʦʩʧʨʠʥʠʤʘʝʪ ʥʝ ʙʦʣʝʝ 100 ʤʝʨʮʘʥʠʡ ʚ ʩʝʢʫʥʜʫ, ʘ 

ʯʘʩʪʦʪʘ ʧʝʨʝʢʣʶʯʝʥʠʡ ʙʳʪʦʚʦʛʦ ʩʚʝʪʦʜʠʦʜʘ ʥʘ ʦʜʥʦʡ ʯʘʩʪʦʪʥʦʡ ʚʦʣʥʝ ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 500 000 ʤʝʨʮʘʥʠʡ ʚ ʩʝʢʫʥʜʫ [2]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʩʚʝʪʦʜʠʦʜʦʚ ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʛʦʜʥʳ ʜʣʷ ʟʦʥ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʨʘʜʠʦʚʦʣʥʘʤ, ʛʜʝ ʨʘʜʠʦʧʝʨʝʜʘʯʠ ʤʦʛʫʪ ʚʤʝʰʘʪʴʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ. ʆʥʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʘʱʠʱʝʥʥʦʩʪʠ 

ʠ ʥʘʜʝʞʥʦʩʪʠ, ʝʸ ʣʝʛʢʦ ʚʩʪʨʦʠʪʴ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʝʸ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʫʜʝʰʝʚʣʷʝʪ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʶ 

[1]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʤʝʝʪ ʙʦʣʴʰʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʦʨʦʞʥʦʛʦ ʪʨʘʬʠʢʘ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʠʣʠ ʤʝʞʜʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʠ 

ʩʚʝʪʦʬʦʨʦʤ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʘʚʠʘʮʠʦʥʥʦʡ, ʢʦʩʤʠʯʝʩʢʦʡ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʦʪʨʘʩʣʷʭ, ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ, ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʤʝʞʜʫ ʩʦʙʦʡ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ, ʢʦʜʠʨʦʚʘʥʠʷ, ʤʦʜʫʣʷʮʠʠ, ʪʘʢʠʭ ʢʘʢ  COFDM ʠ 

QPSK ʚʦʟʤʦʞʥʦ ʠ ʚ ʪʝʭʥʦʣʦʛʠʠ Li-Fi, ʙʦʣʝʝ ʪʦʛʦ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
1. ʇʝʪʨʫʩʴ ʀ.ʇ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ // ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ ð ʦʪ ʪʝʦʨʠʠ ʢ ʧʨʘʢʪʠʢʝ. ˉ 10 (23). 
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ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʉɸʇʈ ï ʥʝʯʝʪʢʦʝ ʧʦʥʠʤʘʥʠʝ 

ʤʥʦʛʠʤʠ ʪʦʧ-ʤʝʥʝʜʞʝʨʘʤʠ, ʯʪʦ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʪʘʢʦʝ ʞʝ ʢʣʶʯʝʚʦʝ ʟʚʝʥʦ ʚ ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ 

ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʢ ʚʥʝʜʨʝʥʠʶ ʉɸʇʈ, ʢʘʢ ʢ 

ʯʝʤʫ-ʪʦ ʚʪʦʨʠʯʥʦʤʫ, ʦʪʜʘʚʘʝʤʦʤʫ ʥʘ ʦʪʢʫʧ ʪʝʭʥʠʯʝʩʢʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ. ɺ 

ʠʪʦʛʝ ʩʪʠʭʠʡʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʤʥʦʛʦʧʣʘʪʬʦʨʤʝʥʥʘʷ ʩʨʝʜʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʚʳʟʳʚʘʶʱʘʷ ʥʝʩʪʳʢʦʚʢʠ ʠ ʟʘʜʝʨʞʢʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʤʝʞʥʠʢʦʚ, ʘ ʪʦ 

ʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʚʳʧʫʩʢʘʝʤʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʋʩʫʛʫʙʣʷʝʪ ʩʠʪʫʘʮʠʶ ʠ ʥʝʥʘʛʣʷʜʥʦʩʪʴ ʜʣʷ ʤʥʦʛʠʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ 

ʢʦʤʧʘʥʠʡ ʙʘʣʘʥʩʘ ʚʣʦʞʝʥʠʡ ʚ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʚʦʟʚʨʘʪʘ ʥʘ 

ʠʥʚʝʩʪʠʮʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʨʠʤʦʡ ʦʪʜʘʯʠ. 

ʉʧʝʮʠʘʣʠʩʪʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʬʝʨʝ ʚʥʝʜʨʝʥʠʷ ʉɸʇʈ ʧʦʯʪʠ ʚʩʝ ʢʘʢ 

ʦʜʠʥ, ʚʳʜʝʣʷʶʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. 

ɺʦʪ, ʢ ʧʨʠʤʝʨʫ, ʉʪʘʥʠʩʣʘʚ ɹʝʪʠʥ, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʥʘʯʘʣʴʥʠʢʦʤ ʜʝʧʘʨʪʘʤʝʥʪʘ IT-ʢʦʥʩʘʣʪʠʥʛʘ ʢʦʤʧʘʥʠʠ Rebis Russia (ɿɸʆ 

çɹʶʨʦ ʉɸʇʈè), ʚ ʩʚʦʝʡ ʩʪʘʪʴʝ [3] ʚʳʜʝʣʷʝʪ ʯʝʪʳʨʝ ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ 

ʉɸʇʈ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʟʥʘʯʠʤʦʩʪʠ: 
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1. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ï ʢʘʢ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʙʦʣʴʰʦʛʦ ʚʳʙʦʨʘ. 

2. ɸʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ï ʢʘʢʠʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʪʝʭʥʠʢʘ ʠ ʩʝʪʠ, 

ʯʪʦʙʳ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ ʩ ʧʦʣʥʦʡ ʦʪʜʘʯʝʡ, 

ʯʪʦʙʳ ʥʝ ʙʳʣʦ ʠʟʣʠʰʥʠʭ ʟʘʪʨʘʪ ʟʘ ʥʝʥʫʞʥʳʝ çʥʘʚʦʨʦʪʳè. 

3. ɻʜʝ ʚʟʷʪʴ ʜʝʥʴʛʠ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʉɸʇʈ ï ʢʘʢ ʫʙʝʜʠʪʴ 

ʨʫʢʦʚʦʜʩʪʚʦ, ʚʳʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʨʝʜʩʪʚʘ. 

4. ɺʥʝʜʨʝʥʠʝ ʉɸʇʈ ï ʢʘʢ ʚʩʝ ʩʜʝʣʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʙʳʣ ʨʝʘʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʧʦʩʯʠʪʘʪʴ ʠ çʧʦʱʫʧʘʪʴ ʨʫʢʘʤʠè. 

ʀ ʪʫʪ ʞʝ ʧʨʠʚʦʜʠʪ ʨʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʦʷʚʣʷʶʱʠʭʩʷ ʧʨʠ 

ʚʥʝʜʨʝʥʠʠ ʉɸʇʈ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʥ ʧʨʝʜʣʘʛʘʝʪ ʚʥʝʜʨʷʪʴ ʉɸʇʈ 

ʧʨʝʜʧʨʠʷʪʠʷʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʤʝʪʦʜʦʤ ʧʨʦʙ ʠ ʦʰʠʙʦʢ, ʥʘʜʝʷʩʴ, ʯʪʦ ʚ 

ʢʦʥʮʝ ʚʩʝ ʙʫʜʝʪ ʭʦʨʦʰʦ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʨʝʜʣʘʛʘʝʪ ʜʦʚʝʨʠʪʴ 

ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʘʥʠʷʤ, 

ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʵʪʠʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ.  

ʂʦʤʤʝʨʯʝʩʢʠʡ ʜʠʨʝʢʪʦʨ CSoft ɸʥʜʨʝʡ ʉʝʨʘʚʢʠʥ [1] ʪʘʢʞʝ ʚʳʜʝʣʷʝʪ 

4 ʧʨʦʙʣʝʤʳ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʉɸʇʈ. ʇʝʨʚʘʷ ʧʨʦʙʣʝʤʘ ï ʵʪʦ ʬʠʥʘʥʩʳ, ʯʘʱʝ 

ʚʩʝʛʦ ʠʤʝʥʥʦ ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʤʝʰʘʝʪ 

ʧʨʘʚʠʣʴʥʦʤʫ ʚʥʝʜʨʝʥʠʶ ʉɸʇʈ. ʋ ʢʣʠʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʝʥʝʛ 

ʥʘ ʚʥʝʜʨʝʥʠʝ, ʤʦʞʝʪ ʥʝ ʭʚʘʪʘʪʴ ʙʶʜʞʝʪʘ ʥʘ ʧʨʦʝʢʪ ʚ ʪʝʢʫʱʝʤ ʧʝʨʠʦʜʝ. 

ɹʳʚʘʝʪ, ʯʪʦ ʙʶʜʞʝʪ ʫ ʢʦʤʧʘʥʠʠ ʝʩʪʴ, ʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʩʣʦʞʥʦ 

ʦʙʦʩʥʦʚʘʪʴ ʨʫʢʦʚʦʜʩʪʚʫ. ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʚʥʝʜʨʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʘ ʥʝʚʝʨʥʦ. ɸ ʪʨʝʪʴʷ ʠ ʯʝʪʚʝʨʪʘʷ ʧʨʦʙʣʝʤʘ ï ʵʪʦ 

ʣʶʜʠ, ʢʦʪʦʨʳʝ ʚʥʝʜʨʷʶʪ ʉɸʇʈ ʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʩ ʵʪʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʩʘʤʘʷ ʚʘʞʥʘʷ, çʩʪʦʷʱʘʷè ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ 

ʚʤʝʩʪʝ ʚʟʷʪʳʭ.  

ʆʥ ʪʘʢʞʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʫʪʝʤ 

ʧʨʠʛʣʘʰʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʦʤʧʘʥʠʡ ʟʘʥʠʤʘʶʱʠʭʩʷ ʚʥʝʜʨʝʥʠʝ ʉɸʇʈ, 

ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʧʨʠʚʣʝʯʝʥʠʷ ʣʶʜʝʡ 

ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʠʥʪʝʨʝʩʥʦ ʨʘʙʦʪʘʪʴ ʩ ʜʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʛʦʪʦʚʳ ʦʙʫʯʘʪʴʩʷ ʛʨʘʤʦʪʥʦʡ ʨʘʙʦʪʝ ʩ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʃʝʦʥʠʜ ɸʥʜʨʝʝʚ çʈʫʢʦʚʦʜʠʪʝʣʴ ʦʪʜʝʣʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʆɸʆ çʆʂʊɹ ʂʨʠʩʪʘʣʣè, ʚʤʝʩʪʝ ʩʦ ʉʚʝʪʣʘʥʦʡ  ɸʥʜʨʝʝʚʦʡ ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, 

ʜʦʮʝʥʪʦʤ ʄʘʨʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ [2] 

ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ 4 ʧʨʦʙʣʝʤʳ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: 

- ʥʝʧʦʥʠʤʘʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ; 

- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʣʝʞʠʪ ʟʘ ʛʨʘʥʠʮʘʤʠ ʪʘʢʠʭ 

ʧʨʦʝʢʪʦʚ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʤʥʦʛʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦ 

ʩʠʭ ʧʦʨ ʠʤʝʶʪ ʥʝʦʧʨʘʚʜʘʥʥʳʝ ʦʞʠʜʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʜʨʷʝʤʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚʦʩʧʨʠʥʠʤʘʷ ʠʭ ʢʘʢ ʧʘʥʘʮʝʶ; 

- ʪʨʘʜʠʮʠʦʥʥʳʡ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʧʦʜʭʦʜ ʢ ʚʥʝʜʨʝʥʠʶ ï 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ï ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ 
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ʟʥʘʯʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɽʩʣʠ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʪʦ ʥʝʪ ʥʠʢʘʢʠʭ ʛʘʨʘʥʪʠʡ ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʣʫʯʰʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ; 

- ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ ʥʘ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʫʪʩʪʚʠʶ 
ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ. 

ʀ ʫ ʥʠʭ ʨʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ ʯʪʦ ʣʫʯʰʝ 

ʧʨʠʛʣʘʩʠʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʦʤʧʘʥʠʠ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʉɸʇʈ, ʜʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʚʩʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ.  

ʄʥʝ ʙʳ ʭʦʪʝʣʦʩʴ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʙʣʝʤʳ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʚʳʰʝ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʉɸʇʈ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ 

ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳʤʠ. ʀ ʪʘʢʞʝ ʭʦʪʝʣʦʩʴ ʙʳ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʧʫʪʝʤ ʨʝʰʝʥʠʷ 

ʵʪʠʭ ʧʨʦʙʣʝʤ. ʗ ʪʘʢʞʝ ʩʯʠʪʘʶ, ʯʪʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʉɸʇʈ 

ʥʫʞʥʦ ʧʨʠʛʣʘʰʘʪʴ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʟʘʥʠʤʘʶʪʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʉɸʇʈ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʢʣʠʝʥʪʫ ʧʦʣʥʳʡ 

ʥʘʙʦʨ ʫʩʣʫʛ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʝʜʨʝʥʠʝʤ ʉɸʇʈ, ʚʢʣʶʯʘʷ ʚʘʨʠʘʥʪʳ ʧʦʩʪʘʚʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʉɸʇʈ, ʩʜʘʯʫ ʦʙʲʝʢʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦ ʩʠʩʪʝʤʝ ʧʦʜ ʢʣʶʯ ʠ ʦʢʘʟʘʥʠʝ ʟʘʢʘʟʯʠʢʫ ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʉɸʇʈ. ʊʘʢʞʝ ʜʣʷ ʛʨʘʤʦʪʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ: ʧʦʩʪʦʷʥʥʦʝ ʠ 

ʧʦʣʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ, ʠ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦ ʩʪʦʨʦʥʳ ʟʘʢʘʟʯʠʢʘ.  

ʍʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʠʪʝʨʠʠ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʉɸʇʈ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʢʨʠʪʝʨʠʷʤʠ ʫʩʧʝʭʘ 

ʧʣʘʥʘ ʚʥʝʜʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʨʝʘʣʠʟʘʮʠʠ ʚʘʞʥʝʡʰʠʭ ʧʨʦʝʢʪʥʳʭ ʠ 

ʙʠʟʥʝʩ-ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ: 

- ʋʣʫʯʰʝʥʠʝ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʟʘʢʘʟʯʠʢʦʤ ʠ ʧʦʜʨʷʜʯʠʢʘʤʠ. 

- ʉʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʫ 

ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

- ʉʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʚʝʨʢʫ ʧʨʦʝʢʪʘ ʠ ʯʝʨʪʝʞʝʡ. 

- ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ 
ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

- ʋʩʪʨʘʥʝʥʠʝ ʠʟʙʳʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʝʢʪʥʳʭ ʜʘʥʥʳʭ. 

- ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʬʦʨʤʘʪʘʭ. 

- ʇʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʙʣʘʛʦʜʘʨʷ 

ʙʝʟʫʧʨʝʯʥʦʤʫ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʮʠʠ. 

- ʋʧʨʘʚʣʝʥʠʝ ʚʥʝʩʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʠʭ ʦʪʩʣʝʞʠʚʘʥʠʝ. 

- ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʨʦʝʢʪʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

- ʉʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʝʢʪʥʳʭ ʦʰʠʙʦʢ ʠ ʦʰʠʙʦʢ ʚ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. 

- ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʥʘʛʣʷʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘ ʯʝʨʪʝʞʘʭ ʧʨʦʝʢʪʥʳʭ 

ʟʘʤʳʩʣʦʚ. 
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- ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʫʯʠʪʳʚʘʶʱʝʝ ʨʝʘʣʴʥʳʝ ʨʳʥʦʯʥʳʝ ʫʩʣʦʚʠʷ ʠ 

ʙʶʜʞʝʪʳ. 

ʀʤʝʥʥʦ ʚʥʝʜʨʝʥʠʝ ʉɸʇʈ ʧʦʟʚʦʣʷʝʪ ʨʫʢʦʚʦʜʠʪʝʣʶ ʦʮʝʥʠʪʴ ʨʝʘʣʴʥʫʶ 

ʦʪʜʘʯʫ ʦʪ ʠʥʚʝʩʪʠʮʠʡ, ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ, ʚʳʚʦʜʷʱʝʝ ʝʛʦ ʢʦʤʧʘʥʠʶ ʥʘ 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʂʦʥʬʝʨʝʥʮʠʷ çɼʥʠ ʦʪʢʨʳʪʳʭ ʜʚʝʨʝʡ CSoft. ʇʨʝʩʩ-ʢʦʥʬʝʨʝʥʮʠʷè 

//http://www .csoft.ru/actions/conference 
2. ʇʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ/ ʞʫʨʥʘʣ 

çʉɸʇʈ ʠ ʛʨʘʬʠʢʘè ˉ07, 2010  // http://www.sapr.ru 

3. ʇʨʦʙʣʝʤʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ/ ɾʫʨʥʘʣ çʉɸʇʈ ʠ ʛʨʘʬʠʢʘèˉ 3, 2005 , 

http://www.sapr.ru 

 

 

ʉʀʉʊɽʄɸ ʋʏɪʊɸ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

 

ʏʫʜʠʥʦʚ ɸ.ʂ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ 

ʌʝʜʦʨʝʝʚ ʉ.ɸ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʘʢʠʭ ʚʠʜʦʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʩʢʣʘʜʩʢʦʡ ʫʯʸʪ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʩʳʨʴʷ ʤʝʞʜʫ ʩʢʣʘʜʘʤʠ, ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ, ʭʦʨʦʰʦ ʧʨʦʨʘʙʦʪʘʥʘ 

ʠ ʥʘ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʶʪ ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʘʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʫʯʝʪʘ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʝʛʦ ʵʣʝʤʝʥʪʦʚ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ, ʪʨʝʙʫʶʱʠʭ ʧʨʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʘʫʜʠʪʘ ʩʦʩʪʦʷʥʠʷ. ɼʘʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ:  

- ʦʙʲʝʢʪʳ ʫʯʝʪʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʣʦʱʘʜʷʭ;  

- ʦʙʲʝʢʪʳ ʫʯʝʪʘ ʤʦʛʫʪ ʙʳʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤʠ; 

- ʫʩʣʦʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʤʦʛʫʪ ʟʘʪʨʫʜʥʷʪʴ ʩʯʠʪʳʚʘʥʠʝ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʦʙʲʝʢʪʦʚ; 

- ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ ʘʚʘʨʠʡ ʥʝʠʩʧʨʘʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 
ʟʘʤʝʥʝʥʦ ʠʩʧʨʘʚʥʳʤ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʫʯʝʪʥʳʭ ʩʠʩʪʝʤʘʭ 

ʧʨʝʜʧʨʠʷʪʠʷ; 

http://www.csoft.ru/actions/conference
http://www.sapr.ru/
http://www.sapr.ru/
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- ʫʯʝʪʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʙʦʨ ʩʚʝʜʝʥʠʡ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʦʚ ʫʯʝʪʘ. 

ʈʝʰʝʥʠʝʤ ʵʪʠʭ ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʫʯʝʪʘ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʫʯʝʪʘ ʚ ʭʦʜʝ ʘʫʜʠʪʘ 

ʩʦʩʪʦʷʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ, ʚ ʭʦʜʝ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦ 

ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʦʚ ʫʯʝʪʘ. 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

- ʩʨʝʜʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (ʤʝʪʢʠ ʠ ʩʯʠʪʳʚʘʪʝʣʠ ʤʝʪʦʢ); 

- ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʤʦʙʠʣʴʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ        

- ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

- ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ 

ʧʦʨʪʘʤʠ; 

- ʜʨʘʡʚʝʨʳ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʉʋɹɼ; 

- ʧʨʦʛʨʘʤʤʥʘʷ ʦʙʦʣʦʯʢʘ; 

- ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ. 
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ʉʝʨʚʝʨ 
ʩ ʉʋɹɼ

ʂʘʥʘʣ 
ʩʚʷʟʠ

ɼʨʘʡʚʝʨ

RFID

RFID

RFID

 
ʈʠʩʫʥʦʢ 1. ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ  

ɺ ʭʦʜʝ ʥʘʧʠʩʘʥʠʷ ʩʪʘʪʴʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʀʩʩʣʝʜʦʚʘʪʴ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪ ʧʦʜ ʫʩʣʦʚʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. 

- ʆʧʠʩʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ. 

- ʆʧʠʩʘʪʴ ʨʝʰʝʥʠʝ ʪʠʧʠʯʥʳʭ ʧʨʦʙʣʝʤ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ɺʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ɺ ʢʘʯʝʩʪʚʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʣʠʥʝʡʥʳʡ ʢʦʜ, 

ʰʪʨʠʭʦʚʦʡ ʜʚʫʭʤʝʨʥʳʡ ʢʦʜ ʠ RFID ʤʝʪʢʘ (RFID ï ʨʘʜʠʦʯʘʩʪʦʪʥʘʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ).  
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ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 
 ʈʘʜʠʦʤʝʪʢʘ (RFID 

ʤʝʪʢʘ) 

ʃʠʥʝʡʥʳʡ ʰʪʨʠʭ - 

ʢʦʜ 

ɼʚʫʭʤʝʨʥʳʡ ʰʪʨʠʭ 

- ʢʦʜ (QR-code) 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ 

ʅʝʪ ɼʘ ɼʘ 

ʆʙʲʸʤ ʧʘʤʷʪʠ ʆʪ 10 ʜʦ 512 000 

ʙʘʡʪ 

ɼʦ 100 ʙʘʡʪ ɼʦ 3 072 ʙʘʡʪ 

ɼʘʣʴʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ 

ɼʦ 100 ʤʝʪʨʦʚ ɼʦ 4 ʤʝʪʨʦʚ ɼʦ 1 ʤʝʪʨʘ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʥʝʰʥʠʤ ʥʘʛʨʫʟʢʘʤ ʠ 

ʚʦʟʜʝʡʩʪʚʠʶ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ ʅʠʟʢʘʷ 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ 

ʜʚʠʞʫʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ 

ɼʘ ʅʝʪ ʅʝʪ 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʟʘʧʠʩʠ ʜʘʥʥʳʭ 

ɼʘ ʅʝʪ ʅʝʪ 

ɺʦʟʤʦʞʥʦʩʪʴ ʯʪʝʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦ 

ɼʘ ʅʝʪ ʅʝʪ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ RFID ʤʝʪʢʠ, 

ʪ.ʢ.: 

- ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʜʠʦʤʝʪʦʢ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 
ʧʨʷʤʫʶ ʚʠʜʠʤʦʩʪʴ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ, ʵʪʦ ʫʜʦʙʥʦ ʚ ʩʣʫʯʘʝ ʟʘʪʨʫʜʥʸʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ; 

- ʫ ʨʘʜʠʦʤʝʪʦʢ ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠ 
ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʳʤʠ ʠ ʜʚʫʭʤʝʨʥʳʤʠ 

ʰʪʨʠʭ ï ʢʦʜʘʤʠ;  

- ʨʘʜʠʦʤʝʪʢʠ ʧʦʟʚʦʣʷʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʚʠʞʫʱʠʝʩʷ ʦʙʲʝʢʪʳ; 

- ʥʘ ʨʘʜʠʦʤʝʪʢʠ ʚʦʟʤʦʞʥʦ ʧʝʨʝʟʘʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʯʠʪʳʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

RFID ʤʝʪʦʢ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʳ ʢʘʢ ʤʦʙʠʣʴʥʳʝ 

ʩʢʘʥʝʨʳ RFID ʤʝʪʦʢ (ʪʝʨʤʠʥʘʣʳ), ʪʘʢ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʢʘʥʝʨʳ. 

ʊʝʨʤʠʥʘʣʳ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʩʯʠʪʳʚʘʪʴ RFID ʤʝʪʢʠ, ʥʦ ʪʘʢʞʝ ʠ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʯʠʪʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʊʝʨʤʠʥʘʣ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

- ʙʳʪʴ ʤʦʙʠʣʴʥʳʤ ʜʣʷ ʫʜʦʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

- ʠʤʝʪʴ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ, ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʜʦʣʞʝʥ ʫʤʝʪʴ ʩʯʠʪʳʚʘʪʴ ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʠʧʳ ʨʘʜʠʦʤʝʪʦʢ ʚ 

ʩʠʩʪʝʤʝ; 
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- ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘ ʙʘʟʝ ʠʟʚʝʩʪʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 
(Windows, Android ʠ ʪ.ʜ.), ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ 

ʦʙʦʣʦʯʢʠ. 

-  ʪʝʨʤʠʥʘʣʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʚʷʟʴ ʩ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʧʘʢʝʪʳ ʜʨʘʡʚʝʨʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʷʪʳʭ 

ʜʘʥʥʳʭ. 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʢʘʥʝʨʳ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʳʚʘʪʴ RFID ʤʝʪʢʠ, ʥʦ ʦʥʠ ʥʝ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʯʠʪʳʚʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʊʘʢʠʝ ʩʢʘʥʝʨʳ ʜʦʣʞʥʳ 

ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

- ʠʤʝʪʴ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ, ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʜʦʣʞʥʳ ʫʤʝʪʴ ʩʯʠʪʳʚʘʪʴ ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʠʧʳ ʨʘʜʠʦʤʝʪʦʢ ʚ 
ʩʠʩʪʝʤʝ: 

- ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʜʦʣʞʝʥ ʦʭʚʘʪʳʚʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʩʯʠʪʳʚʘʥʠʷ RFID ʤʝʪʢʠ; 

- ʩʢʘʥʝʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʚʷʟʴ ʩ ʢʣʠʝʥʪʩʢʠʤ ʢʦʤʧʴʶʪʝʨʦʤ (Wi-Fi, 

Ethernet ʠ ʪ.ʜ.). 

ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʚ ʩʠʩʪʝʤʝ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʧʝʮʠʘʣʴʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʦʥʠ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʢʘʥʘʣ ʩʚʷʟʠ ʩ ʩʝʨʚʝʨʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚ ʉʋɹɼ.  

ʇʨʦʛʨʘʤʤʥʘʷ ʦʙʦʣʦʯʢʘ ʩʠʩʪʝʤʳ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʷʪʴʩʷ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʉʋɹɼ ʜʣʷ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʫʞʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʣʷ ʙʦʣʝʝ ʧʨʦʩʪʦʛʦ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ.  

ʉʨʝʜʩʪʚʘ ʩʚʷʟʠ ʤʝʞʜʫ ʢʣʠʝʥʪʩʢʠʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ ʠ ʩʝʨʚʝʨʦʤ 

ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʠʧʫ ʢʣʠʝʥʪʩʢʠʭ ʢʦʤʧʴʶʪʝʨʦʚ. ɼʣʷ ʪʝʨʤʠʥʘʣʦʚ 

ʵʪʦ ʜʦʣʞʥʘ ʙʳʪʴ ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʚʷʟʴ (GPRS, Wi-Fi), ʘ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʢʣʠʝʥʪʩʢʠʭ ʢʦʤʧʴʶʪʝʨʦʚ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠ ʧʨʦʚʦʜʥʘʷ ʩʚʷʟʴ (Ethernet). 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʨʘʜʠʦʤʝʪʦʢ 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʨʘʜʠʦʤʝʪʦʢ. ʆʥʠ ʨʘʟʣʠʯʥʳ 

ʧʦ ʪʠʧʫ ʧʠʪʘʥʠʷ, ʧʦ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ ʠ ʦʙʦʣʦʯʢʝ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ 

ʚʳʧʦʣʥʝʥʳ. ʇʦ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ ʨʘʜʠʦʤʝʪʢʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ HF(13.56ʄɻʮ) 

ʠ UHF(860-960ʄɻʮ). ʀʭ ʦʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʟʘʢʣʶʯʘʝʪʩʷ  ʚ ʦʙʲʸʤʝ ʧʘʤʷʪʠ 

(ʫ HF ʤʝʪʦʢ ʝʸ ʙʦʣʴʰʝ) ʠ ʚ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ (ʫ UHF ʜʘʣʴʥʦʩʪʴ 

ʩʯʠʪʳʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 ʤʝʪʨʦʚ, ʘ ʫ HF ʥʝ ʙʦʣʝʝ ʤʝʪʨʘ). ʇʦ 

ʦʙʦʣʦʯʢʝ ʨʘʟʣʠʯʘʶʪ ʤʝʪʢʠ ʜʣʷ ʪʷʞʸʣʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ 

onMetal (ʚ ʪʚʸʨʜʦʤ ʢʦʨʧʫʩʝ) ʠ ʙʫʤʘʞʥʳʝ ʤʝʪʢʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʨʝʜʝ ʙʝʟ ʩʝʨʴʸʟʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʨʝʜʝ ʩ ʚʳʩʦʢʠʤʠ ʚʥʝʰʥʠʤʠ 

ʥʘʛʨʫʟʢʘʤʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʜʭʦʜʷʱʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʶʪʩʷ ʤʝʪʢʠ ʚ 

ʪʚʸʨʜʦʤ ʢʦʨʧʫʩʝ ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ UHF. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
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ʙʫʤʘʞʥʳʝ ʨʘʜʠʦʤʝʪʢʠ ʢʘʢ UHF, ʪʘʢ ʠ HF ʜʠʘʧʘʟʦʥʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʘʣʴʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

ʈʝʰʝʥʠʝ ʪʠʧʠʯʥʳʭ ʧʨʦʙʣʝʤ 

ɺ ʥʘʯʘʣʝ ʩʪʘʪʴʠ ʙʳʣ ʧʝʨʝʯʠʩʣʝʥ ʨʷʜ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʧʠʰʝʤ ʨʝʰʝʥʠʝ ʢʘʞʜʦʡ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʩ ʧʦʤʦʱʴʶ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. 

ʋʯʸʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʠ ʫʟʣʦʚ. ʂ 

ʢʘʞʜʦʤʫ ʦʙʲʝʢʪʫ ʫʯʝʪʘ ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʤʝʪʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʝʪʢʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʪʦʤ 

ʦʙʲʝʢʪʝ. ɼʣʷ ʫʯʸʪʘ ʦʙʲʝʢʪʦʚ ʥʘ ʩʢʣʘʜʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʥʦʩʥʦʝ 

ʩʯʠʪʳʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʢʘʥʝʨʳ, ʢʦʪʦʨʳʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʤʝʩʪʘʭ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ ʚ 

ʜʚʝʨʥʳʭ ʧʨʦʝʤʘʭ, ʠ ʥʘ ʩʪʝʥʘʭ ʧʦʤʝʱʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʟʘʥʦʩʷʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ.  

ʆʪʩʣʝʞʠʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʫʪʠ ʟʘʛʦʪʦʚʦʢ, ʩʳʨʴʷ ʠ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʢʘʞʜʳʡ ʦʪʩʣʝʞʠʚʘʝʤʳʡ ʦʙʲʝʢʪ ʧʨʠʢʨʝʧʠʪʴ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʫʶ ʧʦʜ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʝʪʢʫ, ʥʘ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʩʦʜʝʨʞʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʦʤ ʦʙʲʝʢʪʝ. ʅʘ ʢʘʞʜʦʤ ʢʦʥʪʨʦʣʴʥʦʤ ʧʫʥʢʪʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʩʪʠʪʴ ʩʪʘʮʠʦʥʘʨʥʳʡ RFID ʩʢʘʥʝʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʩʯʠʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʧʨʦʭʦʜʷʱʠʭ ʤʠʤʦ ʥʝʛʦ ʤʝʪʦʢ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʯʠʪʳʚʘʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʢʣʠʝʥʪʩʢʦʤʫ ʢʦʤʧʴʶʪʝʨʫ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʵʪʠ ʜʘʥʥʳʝ ʠ ʧʝʨʝʜʘʸʪ ʠʭ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʥʘ ʩʝʨʚʝʨ.  

ɼʠʘʛʥʦʩʪʠʢʘ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʣʘʥʦʚʦ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʝ 

ʨʘʙʦʪʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʢʘʞʜʦʤ ʦʙʲʝʢʪʝ ʠʤʝʪʴ 

ʤʝʪʢʫ, ʥʘ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʦʤ ʦʙʲʝʢʪʝ. ɿʘʪʝʤ 

ʤʝʪʢʘ ʩʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʨʪʘʪʠʚʥʦʛʦ RFID ʩʢʘʥʝʨʘ, ʟʘʧʨʘʰʠʚʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʦʤ ʦʙʲʝʢʪʝ, ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ ʦ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʘʙʦʪʘʭ. ɿʘʪʝʤ ʧʨʦʚʦʜʷʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʩ ʦʙʲʝʢʪʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʶʪʩʷ ʥʘ 

ʪʝʨʤʠʥʘʣ. 

ʀʥʚʝʥʪʘʨʠʟʘʮʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʨʪʘʪʠʚʥʳʡ RFID ʩʢʘʥʝʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ 

ʩʯʠʪʳʚʘʪʴʩʷ ʤʝʪʢʠ ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʜʠʫʩʝ 

ʩʯʠʪʳʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʩʯʠʪʳʚʘʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʥʘ 

ʩʝʨʚʝʨ.  

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʚ ʵʣʝʢʪʨʦ-ʩʝʪʝʚʳʭ ʢʦʤʧʘʥʠʷʭ, 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʦʧʘʩʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʩʠʩʪʝʤʘ 

ʫʯʸʪʘ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʤʝʪʦʢ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʨʷʜ ʧʨʦʙʣʝʤ, ʩ 

ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ 
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ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʦʙʦʣʦʯʢʫ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʪʚʝʯʘʶʱʫʶ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʇʝʨʝʜ ʨʝʘʣʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ ʥʘ 

ʨʝʘʣʴʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʝʸ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ, 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʫʟʢʠʭ ʤʝʩʪ ʚ 

ʩʠʩʪʝʤʝ.  

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Sandip Lahiri. RFID Sourcebook IBM Press, 2011. 

2. Sen, Dipankar. RFID for energy & utility industries / Dipankar Sen, 

Prosenjit Sen, Anand M. Das. 

 

 

ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʂʋʈʉʆɺʓʄʀ 

ʇʈʆɽʂʊɸʄʀ ʅɸ ɹɸɿɽ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆɽʂʊɸʄʀ ɺ 

CMS PLONE 

 

ʏʫʜʠʥʦʚ ɸ.ʂ., ʩʪʫʜʝʥʪ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

ɻʨʝʛʝʨ ʉ.ʕ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠè 

 

ɺʚʝʜʝʥʠʝ 

ʈʘʥʝʝ, ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ  ʝʸ ʙʘʟʝ ʜʨʫʛʫʶ, ʙʦʣʝʝ 

ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʠʤʝʷ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, 

ʪʘʢʞʝ ʧʦʟʚʦʣʷʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ. ɹʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʢʫʨʩʦʚʳʤʠ ʧʨʦʝʢʪʘʤʠ ʥʘ 

ʙʘʟʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʨʘʥʝʝ ʥʘ CMS 

Plone ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷ OntoEditor.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʥʦʚʦʡ ʩʠʩʪʝʤʳ, ʥʘ ʙʘʟʝ 
ʦʩʥʦʚʥʦʡ; 

- ʨʝʘʣʠʟʦʚʘʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

- ʨʝʘʣʠʟʦʚʘʪʴ ʚʚʦʜ ʠ ʚʳʚʦʜ ʜʘʥʥʳʭ 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɼʠʘʛʨʘʤʤʘ ʦʙʲʝʢʪʦʚ UML ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ ʚʳʛʣʷʜʠʪ ʪʘʢ (ʨʠʩ. 1). 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʝʸ ʙʘʟʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʫʨʩʦʚʳʤʠ 

ʧʨʦʝʢʪʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʪʘʢʠʝ ʦʙʲʝʢʪʳ ʢʘʢ çʂʫʨʩʦʚʦʡ ʧʨʦʝʢʪè, 

çʊʝʤʘʪʠʢʘè, çʋʯʝʙʥʘʷ ʜʠʩʮʠʧʣʠʥʘè, çʇʨʝʧʦʜʘʚʘʪʝʣʴè ʠ çʉʪʫʜʝʥʪè ʅʠʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ɼʠʘʛʨʘʤʤʘ ʦʙʲʝʢʪʦʚ UML ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʫʨʩʦʚʳʤʠ 

ʧʨʦʝʢʪʘʤʠ.  
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ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʦʙʲʝʢʪʦʚ UML ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʳ 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʦʙʲʝʢʪʦʚ UML ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʫʨʩʦʚʳʤʠ ʧʨʦʝʢʪʘʤʠ 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʂʫʨʩʦʚʦʡ ʧʨʦʝʢʪ ʠʤʝʝʪ ʨʝʟʫʣʴʪʘʪ, 

ʩʦʩʪʦʷʥʠʝ, ʪʝʤʘʪʠʢʫ ʠ ʩʪʫʜʝʥʪʘ, ʢʦʪʦʨʳʡ ʝʛʦ ʚʳʧʦʣʥʷʝʪ. ʊʝʤʘʪʠʢʘ ʠ 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʠʤʝʝʪ ʋʯʝʙʥʫʶ ʜʠʩʮʠʧʣʠʥʫ.  

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦ ʪʦʯʥʦ ʪʘʢʦʤʫ ʞʝ 

ʧʨʠʥʮʠʧʫ, ʯʪʦ ʠ ʦʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ. ɺ CMS Plone ʙʳʣʠ ʩʦʟʜʘʥʳ ʚʩʝ 

ʥʝʜʦʩʪʘʶʱʠʝ ʢʣʘʩʩʳ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ. ʊʘʢʞʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʧʦʣʷ 

ʟʘʧʦʣʥʝʥʠʷ ʠ ʠʥʜʠʚʠʜʫʘʣʳ ʢʣʘʩʩʦʚ.   

ɺʚʦʜ ʜʘʥʥʳʭ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʦ ʩʨʝʜʩʪʚʫ ʩʦʟʜʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʦʚ. ʅʘ 

ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʝʥʦ ʜʦʙʘʚʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʘ ʢʣʘʩʩʘ çʊʝʤʘʪʠʢʘè. 
 

 
ʈʠʩʫʥʦʢ 3 ï ɼʦʙʘʚʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʘ ʢʣʘʩʩʘ çʊʝʤʘʪʠʢʘè 

 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʚʚʝʩʪʠ ʥʘʟʚʘʥʠʝ ʪʝʤʘʪʠʢʠ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʘ, ʘ 

ʪʘʢʞʝ ʚʳʙʨʘʪʴ ʫʯʝʙʥʫʶ ʜʠʩʮʠʧʣʠʥʫ ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʠʩʢʘ.  

ɺʳʚʦʜ ʜʘʥʥʳʭ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʪʠʧʘ Command ʠ ʩʦʟʜʘʥʠʷ ʧʦʨʪʣʝʪʘ, ʢʦʪʦʨʳʡ ʩʩʳʣʘʝʪʩʷ ʥʘ ʧʘʧʢʫ ʚ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʷʪʩʷ ʚʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʚʳʚʦʜ ʩʧʠʩʢʘ 

ʢʫʨʩʦʚʳʭ ʧʨʦʝʢʪʦʚ.  
 

 
ʈʠʩʫʥʦʢ 4 ï ɺʳʚʦʜ ʩʧʠʩʢʘ ʢʫʨʩʦʚʳʭ ʧʨʦʝʢʪʦʚ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʫʨʩʦʚʳʤʠ 

ʧʨʦʝʢʪʘʤʠ ʥʘ ʙʘʟʝ ʫʞʝ ʩʦʟʜʘʥʥʦʡ ʚ CMS Plone ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʘʤʠ. ɺ ʙʫʜʫʱʝʤ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʦʣʝʝ 

ʫʜʦʙʥʳʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʜʘʥʥʳʭ.  
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ ʋʏɽɹʅʓʄ 

ʇʈʆʎɽʉʉʆʄ 

 

ʐʘʜʨʠʥʘ ɽ.ɺ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ 

ɻʨʝʛʝʨ ʉ.ʕ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ 

 

ʋʯʝʙʥʳʡ ʧʨʦʮʝʩʩ - ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʉʋʋʇ) - ʵʪʦ 

ʩʨʝʜʩʪʚʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʬʝʜʨʘʭ ʠʥʩʪʠʪʫʪʘ, ʦʙ 

ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʛʨʫʧʧʘʭ, ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ, ʦ ʩʦʪʨʫʜʥʠʢʘʭ ʠ ʩʪʫʜʝʥʪʘʭ. 

ʂʘʞʜʘʷ ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʘʬʝʜʨʝ ʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʛʨʫʧʧʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʞʜʘʷ ʘʢʘʜʝʤʠʯʝʩʢʘʷ ʛʨʫʧʧʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ 

ʭʨʘʥʠʪ ʚ ʩʝʙʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʨʘʩʧʠʩʘʥʠʠ ʢʘʞʜʦʡ ʛʨʫʧʧʳ 

ʩʪʫʜʝʥʪʦʚ. 

ʆʩʥʦʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʢʘʞʜʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʘʷ 

ʧʨʦʛʨʘʤʤʘ. ʈʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ - ʜʦʢʫʤʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʦʩʪʘʚ ʫʯʝʙʥʳʭ 

ʧʨʝʜʤʝʪʦʚ ʠ ʢʫʨʩʦʚ, ʠʟʫʯʘʝʤʳʭ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʠʣʠ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʫʧʝʥʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʠʭ ʦʙʲʝʤ ʚ ʯʘʩʘʭ. ʉʠʩʪʝʤʘ ʩʦʟʜʘʥʠʷ 

ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ - ʵʪʦ ʩʨʝʜʩʪʚʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʞʜʦʡ 

ʜʠʩʮʠʧʣʠʥʝ; ʢʦʣʠʯʝʩʪʚʝ ʯʘʩʦʚ ʥʘ ʘʫʜʠʪʦʨʥʫʶ ʨʘʙʦʪʫ ʩʪʫʜʝʥʪʦʚ, 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ; 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʥʘʥʠʷʭ, ʫʤʝʥʠʷʭ ʠ ʥʘʚʳʢʘʭ, ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʫʯʝʥʠʷ ʠ ʜʨ. ʈʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ʧʠʰʝʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ, 

ʠʟʫʯʘʝʤʦʡ ʚ ʢʦʥʢʨʝʪʥʦʤ ʩʝʤʝʩʪʨʝ. ʇʦʵʪʦʤʫ ʢʘʞʜʳʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ 

ʠʤʝʪʴ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ 

ʜʦʢʫʤʝʥʪ, ʨʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʢʨʠʪʝʨʠʠ ʦʬʦʨʤʣʝʥʠʷ. 

ʈʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʫʶ ʮʝʣʴ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʘ 

ʠ ʩʦʟʜʘʝʪʩʷ ʵʢʩʧʝʨʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʥʝʦʙʭʦʜʠʤʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ʈʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ 
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ɺʋɿʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʫʪʚʝʨʞʜʘʝʪʩʷ ʝʞʝʛʦʜʥʦ ʜʦ ʥʘʯʘʣʘ ʥʦʚʦʛʦ 

ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʥʘ ʦʩʥʦʚʝ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ.  

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʠʤʝʨʝ ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʜʣʷ 

ʧʨʝʜʣʦʞʝʥʠʷ ʩʧʦʩʦʙʦʚ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʠʪʫʘʮʠʶ ʚ ʫʯʝʙʥʦʤ ʫʯʨʝʞʜʝʥʠʠ, ʙʳʣʦ ʟʘʤʝʯʝʥʦ, 

ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ɺʋɿʘ ʤʝʞʜʫ ʩʦʙʦʡ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʭʨʘʥʠʪʩʷ ʚ 

ʜʦʢʫʤʝʥʪʘʭ ʨʘʟʥʳʭ ʬʦʨʤʘʪʦʚ ʠ ʚ ʚʠʜʝ ʪʚʸʨʜʳʭ ʢʦʧʠʡ. ʏʪʦʙʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʆʪʩʫʪʩʪʚʫʶʪ ʝʜʠʥʳʝ ʰʘʙʣʦʥʳ ʜʣʷ 

ʦʬʦʨʤʣʝʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɽʞʝʛʦʜʥʦ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ñʙʫʤʘʞʥʦʡò ʨʘʙʦʪʳ. ʕʪʦ ʦʪʥʠʤʘʝʪ ʤʥʦʛʦ ʩʠʣ ʠ 

ʚʨʝʤʝʥʠ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, 

ʪ.ʢ. ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʫʙʣʠʨʦʚʘʥʠʶ, ʠʩʢʘʞʝʥʠʶ, ʧʦʪʝʨʷʤ 

ʠʥʬʦʨʤʘʮʠʠ, ʟʘʤʝʜʣʝʥʠʶ ʧʦʠʩʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʨʫʜʥʦʩʪʷʤ ʚ ʨʘʙʦʪʝ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʳ ʅʊʀ 

(ʬʠʣʠʘʣʘ) ʋʨʌʋ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʠʭ ʧʣʘʥʦʚ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ. 

ʏʪʦʙʳ ʩʨʝʜʘ ʩʪʘʣʘ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʶʜʴʤʠ ʨʘʟʥʦʛʦ 

ʫʨʦʚʥʷ ʟʥʘʥʠʡ, ʦʥʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʨʦʩʪʦʡ ʠ ʜʦʩʪʫʧʥʳʡ ʠʥʪʝʨʬʝʡʩ. ʆʥʘ 

ʜʦʣʞʥʘ ʩʪʘʪʴ ʫʜʦʙʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʯʝʙʥʦʤ 

ʟʘʚʝʜʝʥʠʠ, ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ. ʇʦʜ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʫʯʝʙʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʯʘʩʪʠʯʥʦ ʠʟʤʝʥʠʚ 

ʤʦʜʝʣʴ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʣʝʛʢʦʡ ʨʘʩʰʠʨʷʝʤʦʩʪʠ ʠ 

ʛʠʙʢʦʩʪʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʤʦʜʝʣʠ, ʚ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʫʯʝʙʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. ʊʘʢʞʝ ʩʨʝʜʘ ʜʦʣʞʥʘ ʠʤʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʯʪʦʙʳ ʫʯʘʩʪʥʠʢʠ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʤʦʛʣʠ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ, ʥʝ ʚʳʭʦʜʷ ʠʟ ʜʦʤʘ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʦʜʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʛʣʘ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ, ʦʥʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝ ʜʣʷ 

ʵʪʦʛʦ ʩʨʝʜʩʪʚʦ ï ʦʥʪʦʣʦʛʠʷ ʪ.ʢ. ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʛʘʨʘʥʪʠʨʫʝʪ ʦʜʥʦʟʥʘʯʥʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʨʝʩʫʨʩʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʣʠʯʥʳʭ ʪʨʘʢʪʦʚʦʢ ʠʭ ʥʘʠʤʝʥʦʚʘʥʠʡ ʨʘʟʥʳʤʠ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ. ʂʘʞʜʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʲʝʢʪ ï ʥʝʢʦʪʦʨʳʡ ʵʣʝʤʝʥʪ 
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ʦʥʪʦʣʦʛʠʠ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʟʘʜʘʥʥʳʤ ʥʘʙʦʨʦʤ 

ʘʪʨʠʙʫʪʦʚ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʨʝʜʩʪʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣ ʚʳʙʨʘʥ CMS Plone 

4. ʀʩʧʦʣʴʟʦʚʘʥʠʝ Plone ʙʫʜʝʪ ʥʘʠʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ 

ʣʝʛʢʦ ʜʦʙʘʚʣʷʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʣʶʙʳʝ ʪʠʧʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ ʙʝʟ ʯʘʩʪʦʡ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ. ʆʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʦʯʝʥʴ ʰʠʨʦʢʘ: ʦʪ ʧʨʦʩʪʳʭ ʩʪʨʘʥʠʮ ʜʦ ʛʨʦʤʦʟʜʢʠʭ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʦʨʪʘʣʦʚ. ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʪʦʤ ʞʝ ʤʝʩʪʝ, ʛʜʝ ʩʪʨʘʥʠʮʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʘʡʪʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʤʦʜʝʣʴ, ʘ ʟʘʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʨʝʘʣʠʟʫʝʤʦʡ ʩʠʩʪʝʤʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʩʫʱʝʩʪʚʠʪʴ 

ʫʜʦʙʥʫʶ ʠ ʧʦʥʷʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʙʳʣʦ ʩʦʟʜʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ: 

"ʋʯʘʩʪʥʠʢ", "ɻʨʫʧʧʘ", "ʉʧʝʮʠʘʣʴʥʦʩʪʴ", "ʈʘʩʧʠʩʘʥʠʝ" ʠ "ʈʘʙʦʯʘʷ 

ʧʨʦʛʨʘʤʤʘ" ʠ "ʐʘʙʣʦʥ ʦʬʦʨʤʣʝʥʠʷ". ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʩʠʩʪʝʤʳ ʢ ʦʩʥʦʚʥʳʤ ʢʣʘʩʩʘʤ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʧʦʜʢʣʘʩʩʳ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʢʣʘʩʩʘ "ʋʯʘʩʪʥʠʢ" ʙʳʣʠ ʩʦʟʜʘʥʳ ʬʦʨʤʳ, ʚʠʜʳ, ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ, 

ʜʠʩʮʠʧʣʠʥʳ, ʨʦʣʠ "ʩʪʫʜʝʥʪ" ʠ "ʧʨʝʧʦʜʘʚʘʪʝʣʴ" ʠ ʪ.ʜ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʨʘʩʧʠʩʘʥʠʷ ʙʳʣʦ ʩʦʟʜʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʦʜʢʣʘʩʩʦʚ: "ɼʝʥʴ ʥʝʜʝʣʠ", "ɺʠʜ ʥʝʜʝʣʠ", "ʅʦʤʝʨ ʧʘʨʳ", "ɿʘʥʷʪʠʝ", "ɺʠʜ 

ʟʘʥʷʪʠʷ", "ʅʦʤʝʨ ʘʫʜʠʪʦʨʠʠ", "ʇʨʝʧʦʜʘʚʘʪʝʣʴ" ʠ ʧʨ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʠ 

ʭʨʘʥʝʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʪʘʢʠʝ 

ʧʦʜʢʣʘʩʩʳ ʢʘʢ: "ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ", "ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳ", 

"ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ". "ʆʂ ʇʂ" (ʦʙʱʝʢʫʣʴʪʫʨʥʳʝ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ) ʠ "ɿʋɺʳ" (ʟʥʘʪʴ, ʫʤʝʪʴ, ʚʣʘʜʝʪʴ).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʢʣʘʩʩʦʚ ʙʳʣʘ ʩʦʟʜʘʥʘ ʦʥʪʦʣʦʛʠʷ 

(ʈʠʩʫʥʦʢ 1). ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʴ ʦʥʪʦʣʦʛʠʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʧʦʨʷʜʢʘ 134 ʵʣʝʤʝʥʪʦʚ. 

 
ʈʠʩʫʥʦʢ 1. ɼʝʨʝʚʦ ʦʥʪʦʣʦʛʠʠ 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʨʦʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: "ɻʦʩʪʴ, "ʉʪʫʜʝʥʪ", 

"ʇʨʝʧʦʜʘʚʘʪʝʣʴ", "ɸʜʤʠʥʠʩʪʨʘʪʦʨ" (ʈʠʩʫʥʦʢ 2). ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʯʘʩʪʴ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʦʣʠ. 

 

ʈʠʩʫʥʦʢ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʘʚ ʜʦʩʪʫʧʘ 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ: 

- ʦʜʠʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʫʜʦʙʥʝʝ ʦʙʩʣʫʞʠʚʘʪʴ; 

- ʫʜʦʙʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʦʜʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ; 

- ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʧʦʠʩʢ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʠ ʧʨ.; 

- ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʙʫʤʘʞʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʟʘʤʝʥʷʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʤ. 

ʅʦ ʣʶʙʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ: 

- ʥʝʦʙʭʦʜʠʤʳ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ ʠ ʜʘʣʴʥʝʡʰʝʝ 
ʦʙʩʣʫʞʠʚʘʥʠʝ; 

- ʧʝʨʝʜ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ 
ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʚʩʝʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʦʨʛʘʥʠʟʘʮʠʠ; 

- ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʢʦʤʧʴʶʪʝʨʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʩʠʩʪʝʤʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ 

ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʘ ʯʘʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʠʭ ʧʣʘʥʦʚ. ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʦ ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʤ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʀʥʩʪʠʪʫʪʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʢ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʧʨʦʜʫʢʪʫ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʪʘʢʞʝ ʙʫʜʝʪ ʜʦʧʦʣʥʝʥʘ ʩʪʨʫʢʪʫʨʘ, 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʛʝʥʝʨʘʮʠʷ ʙʘʟʦʚʳʭ ʰʘʙʣʦʥʦʚ 

ʜʦʢʫʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʫʯʝʙʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʩʭʦʞʠʭ 

ʟʘʜʘʯ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ. 
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ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʂʣʝʱʝʚ ɸ.ʉ., ʐʘʣʬʝʝʚʘ ɽ.ɸ. ɻʨʠʙʦʚʘ ɺ.ɺ. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ȽȴȽȾȱȸɇ ȬȮȾȺȸȬȾȴȳȬɂȴȴ ȻȼȺȴȳȮȺȰȽȾȮȬ 
 

ʅɸʉʊʈʆʁʂɸ ʊʆʏʅʆɻʆ ʇʆɿʀʎʀʆʅʀʈʆɺɸʅʀʗ 

ʉɽʈɺʆʇʈʀɺʆɼɸ 
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ɺʚʝʜʝʥʠʝ 

ʀʟ ʠʩʪʦʨʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʚʩʝʤ 

ʥʝʜʘʚʥʦ ʧʨʠʚʦʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩʪʘʣʠ ʟʘʤʝʥʷʪʴ ʘʩʠʥʭʨʦʥʥʳʤʠ 

ʧʨʠʚʦʜʘʤʠ ʩ ʯʘʩʪʦʪʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. ʅʦ ʚ ʥʘʰʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 

ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʝʨʚʦʧʨʠʚʦʜʘʤ  ʠ ʚʝʥʪʠʣʴʥʳʤ ʜʚʠʛʘʪʝʣʷʤ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʩ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʂ 

ʧʨʠʤʝʨʫ, ʘʩʠʥʭʨʦʥʥʳʡ ʧʨʠʚʦʜ ʩ ʯʘʩʪʦʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʠʤʝʝʪ 

ʩʨʝʜʥʠʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 1/50, ʘ ʩʝʨʚʦʧʨʠʚʦʜʘ ʠ 

ʚʝʥʪʠʣʴʥʳʝ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʪʝʭ ʞʝ ʥʦʤʠʥʘʣʴʥʳʭ ʤʦʱʥʦʩʪʠ ʠ ʢʨʫʪʷʱʝʤ 

ʤʦʤʝʥʪʝ ʠʤʝʝʪ ʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʦ 1/200. 

ʆʜʥʘʢʦ, ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʧʨʠʚʦʜʦʚ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʦʩʪʘʝʪʩʷ ʧʨʘʚʠʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʩʝʨʚʦʧʨʠʚʦʜʘ ʚ ʧʘʢʝʪʝ MatLab ʠ ʧʦʢʘʟʘʥʦ 

ʚʣʠʷʥʠʝ ʥʘʩʪʨʦʝʢ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʨʘʙʦʪʫ ʧʨʠʚʦʜʘ. 

ʉʝʨʚʦʜʚʠʛʘʪʝʣʴ, ʢʘʢ ʠ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʷʚʣʷʝʪʩʷ ʜʚʠʛʘʪʝʣʝʤ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʨʦʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʩʠʩʪʝʤʫ ʚʝʢʪʦʨʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ (ʦʪ ʥʝʧʦʜʚʠʞʥʦʡ 

ʩʠʩʪʝʤʳ ʢ ʚʨʘʱʘʶʱʝʡʩʷ ʠ ʦʙʨʘʪʥʦ). ɺ ʩʠʩʪʝʤʝ ʩ ʩʝʨʚʦʜʚʠʛʘʪʝʣʝʤ 

ʨʝʛʫʣʠʨʫʝʤʳʝ ʢʦʦʨʜʠʥʘʪʳ (ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʪʦʢ ʩʪʘʪʦʨʘ) ʷʚʣʷʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠ ʥʝ ʪʨʝʙʫʶʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ 

ʵʪʦʤ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʜʚʠʛʘʪʝʣʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʩʠʩʪʝʤʘ ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ). ʕʪʘ ʩʠʩʪʝʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, ʛʜʝ Rʊ - ʨʝʛʫʣʷʪʦʨ ʪʦʢʘ, RS - ʨʝʛʫʣʷʪʦʨ ʩʢʦʨʦʩʪʠ, 

RP ï ʨʝʛʫʣʷʪʦʨ ʧʦʣʦʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʨʝʛʫʣʷʪʦʨʘ 

ʧʦʣʦʞʝʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʚʝʣʠʯʠʥʫ ʧʝʨʝʤʝʱʝʥʠʷ (ʤʘʣʦʝ, 

ʩʨʝʜʥʝʝ, ʙʦʣʴʰʦʝ). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʟʘʜʘʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʦʪ ʇ- ʢ ʇʀ-

ʨʝʛʫʣʷʪʦʨʫ ʧʦʣʦʞʝʥʠʷ. 
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2, ʛʜʝ ʦʩʥʦʚʥʘʷ 

ʢʦʦʨʜʠʥʘʪʘ thetam - ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ (ʟʘʜʘʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ - 85). 

 

 
ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺʳʚʦʜ 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʚʦʧʨʠʚʦʜʘ, ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʣʠ 

ʘʩʠʥʭʨʦʥʥʳʤʠ ʧʨʠʚʦʜʘʤʠ ʩ ʯʘʩʪʦʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʦʥ ʠʤʝʝʪ 

ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. ɸ ʵʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʚ ʧʦʚʳʰʝʥʠʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʪʦʯʥʦʩʪʠ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʋʏɽʊ ɺʃʀʗʅʀʗ ʅɸɻʈɽɺɸ ʉʊɸʊʆʈʅʆʁ ʆɹʄʆʊʂʀ ʇʈʀ 

ʆʇʊʀʄʀɿɸʎʀʀ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ɺɽʅʊʀʃʔʅʓʄ 

ɼɺʀɻɸʊɽʃɽʄ 
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ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʥʘʩʪʨʦʡʢʫ ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪ ʩ ʫʯʝʪʦʤ 

ʪʦʛʦ, ʯʪʦ ʧʨʠʚʦʜ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʥʦʨʤʘʣʴʥʳʭ, ʫʩʨʝʜʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʵʪʠ ʫʩʣʦʚʠʷ ʦʪʣʠʯʘʶʪʩʷ ʠ, ʧʨʠʯʤy ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ 

ʧʨʦʢʘʪʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʦʤ 

ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ʨʘʩʩʯʠʪʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʛʦʪʦʚʦʢ, ʥʦ 

ʥʘ ʧʨʘʢʪʠʢʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʩʣʝʜʥʝʡ ʟʘʛʦʪʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘ 100-300 

ʛʨʘʜʫʩʦʚ ʤʝʥʴʰʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘʶʪ ʙʦʣʴʰʠʝ ʫʩʠʣʠʷ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʟʳʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʥʘʛʨʝʚʘ ʤʘʰʠʥʳ. ɼʣʷ ʫʯʝʪʘ 

ʠʟʤʝʥʝʥʠʷ ʦʢʨʫʞʘʶʱʠʭ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʘ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʝʥʩʘʮʠʠ ʠ ʩʠʩʪʝʤʳ ʘʜʘʧʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʘʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʢʘʢ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ, ʚʳʟʚʘʥʥʦʛʦ ʥʘʛʨʝʚʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʧʨʠ ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ S1. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʡ 

ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, 

ʪʘʢ ʢʘʢ ʪʘʢʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ, ʦʥʠ 

ʣʠʰʝʥʳ ʥʝʜʦʩʪʘʪʢʦʚ ʤʘʰʠʥ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʙʦʣʝʝ ʧʨʦʩʪʳ ʠ ʥʘʜʝʞʥʳ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠʤʝʶʪ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʩʭʦʞʫʶ ʩ ʩʠʩʪʝʤʦʡ 

ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʨʝʛʫʣʠʨʫʝʤʦʡ ʢʦʦʨʜʠʥʘʪʦʡ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʤʝʱʝʥʠʝ, ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʘ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʝʜʝʤ ʩʝʨʠʶ 

ʦʧʳʪʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʤʦʜʝʣʠʨʫʝʤ ʩʠʩʪʝʤʫ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʥʘʩʪʨʦʡʢʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʩʯʝʪʝ, ʩʠʥʭʨʦʥʥʘʷ ʤʘʰʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘ ʨʠʩ. 2) 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦ ʢʘʯʝʩʪʚʫ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʤʘʰʠʥ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ, ʦʜʥʘʢʦ ʧʦʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʧʦ ʟʘʜʘʥʠʶ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʝʞʠʤʝ S1 ʧʨʦʠʟʦʡʜʝʪ ʨʘʟʦʛʨʝʚ ʤʘʰʠʥʳ, 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʰʠʥʳ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʡʦʥʝ 75
0
ʉ.  

 

 

ʈʠʩ. 2. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʧʨʦʮʝʩʩʦʚ ʚ ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʝʟ ʢʦʤʧʝʥʩʘʮʠʠ. 

ʇʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʰʠʥʳ ʚʦʟʨʘʩʪʝʪ ʜʦ 0.6 

ʆʤ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʚ 

ʨʘʟʦʛʨʝʪʦʤ ʩʦʩʪʦʷʥʠʠ ʫʚʝʣʠʯʠʣʘʩʴ ʦʰʠʙʢʘ ʧʦ ʟʘʜʘʥʠʶ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʦʧʳʪʦʤ ʥʘ 4 ʨʘʜʠʘʥʘ, ʯʪʦ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʪʦʯʥʳʤʠ ʧʨʠʚʦʜʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʜʘʥʥʦʤʫ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʜʘʧʪʠʚʥʳʡ ʨʝʛʫʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʣʝʜʠʪ ʟʘ ʩʦʩʪʦʷʥʠʝʤ 

ʥʘʛʨʝʚʘ ʤʘʰʠʥʳ, ʦʜʥʘʢʦ ʵʪʦ ʩʣʦʞʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ, ʪʘʢ ʢʘʢ 

ʧʨʦʛʨʝʚ ʤʘʰʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʣʠʙʦ ʚʚʝʜʝʥʠʝʤ ʚ ʨʝʛʫʣʷʪʦʨ 

ʧʦʣʦʞʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 
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ʈʠʩ. 3. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʚ ʥʘʛʨʝʪʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʫʯʝʪʦʤ ʢʦʤʧʝʥʩʘʮʠʠ. 

ɺ ʤʝʥʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʨʠʚʦʜʘʭ, ʛʜʝ ʥʝʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʛʦ ʥʝ ʢʨʠʪʠʯʥʦ ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʦʪʣʘʜʢʠ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʠ ʚʩʝʤ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʥʘ ʨʠʩʫʥʢʝ 3. ʅʘ ʛʨʘʬʠʢʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʚʠʜʥʦ, ʯʪʦ ʫʛʦʣ ʧʝʨʝʤʝʱʝʥʠʷ ʩʠʩʪʝʤʳ ʚ 

ʥʘʛʨʝʪʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʫ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

  

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ. 
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ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʠ. ʕʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʜʦʧʫʩʪʠʤʦʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʣʠʥʝʡʥʦʡ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʜʩʪʨʦʡʢʫ 

ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʣʠʥʝʡʥʦ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ, 

ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʨʘʟʥʠʮʳ ʟʘʜʘʥʠʷ ʥʘ ʧʦʣʦʞʝʥʠʝ  ʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʠ ʧʦʩʣʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʠ ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ. 

 

 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ʋʉʊʆʁʏʀɺʆʉʊʀ 

ʀʉʊʆʏʅʀʂɸ ɺʊʆʈʀʏʅʆɻʆ ʕʃɽʂʊʈʆʇʀʊɸʅʀʗ 

 

ɹʨʶʭʘʥʦʚʘ ɽ.ɺ., ʋʨʌʋ, ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʳ çɸʚʪʦʤʘʪʠʢʠè 

ʉʚʝʪʣʘʢʦʚ ɺ.ɸ., ʥʘʯʘʣʴʥʠʢ ʩʝʢʪʦʨʘ ʥʘʟʝʤʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 

 

ʀɺʕʇ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʣʶʙʦʡ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʛʘʙʘʨʠʪʘʤ, 

ʤʘʩʩʝ, ʘ ʛʣʘʚʥʦʝ ï ʥʘʜʝʞʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʦʧʝʨʘʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʦʧʳʪʥʦʡ ʤʦʜʝʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ 

ʜʘʣʴʥʝʡʰʫʶ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʶ ʧʫʪʝʤ ʜʦʨʘʙʦʪʦʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʆʯʝʚʠʜʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢ ʚʥʦʩʠʪ ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʤʦʜʝʣʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʩʨʘʟʫ 

ʦʪʩʣʝʞʠʚʘʪʴ ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʫʜʫʱʝʛʦ ʧʨʠʙʦʨʘ ʢʘʢ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦ ʠʟʤʝʥʷʪʴ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ 

ʨʝʰʝʥʠʷ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ 

ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ. 

ɺ ʨʘʟʨʘʙʦʪʢʘʭ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʤʘʪʠʢʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʪʩʷ DC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. ʆʥʠ ʧʝʨʝʜʘʶʪ ʵʥʝʨʛʠʶ ʦʪ 

ʧʝʨʚʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʚ ʥʘʛʨʫʟʢʫ. 

ʋʯʠʪrʚʘʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ 

ʧʨʠʥʮʠʧʫ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ[1], ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʩʪʦʡ 

ʦʙʨʘʪʥʦʭʦʜʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʆʍʇ) ʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʝʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʟʘʧʘʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ 

ʘʤʧʣʠʪʫʜʝ ʠ ʬʘʟʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ 

ʦʙʨʘʪʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʚʳʧʨʷʤʠʪʝʣʝʡ ʪʦʢʘ ʥʘʛʨʫʟʢʠ (ʆʍʇ).  
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ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʆʍʇ 

 

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ ʨʘʙʦʪʳ ʩʭʝʤʳ: ʵʪʘʧ ʥʘʢʦʧʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ ʵʪʘʧ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚʦ ʚʪʦʨʠʯʥʫʶ ʮʝʧʴ. ʇʨʠ ʟʘʤʳʢʘʥʠʠ ʢʣʶʯʘ, ʥʘ 

ʧʝʨʚʠʯʥʫʶ ʦʙʤʦʪʢʫ ʧʦʩʪʫʧʘʝʪ ʥʘʧʨʷʞʝʥʠʝ. ɺ ʩʝʨʜʝʯʥʠʢʝ ʥʘʨʘʩʪʘʝʪ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ (ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ). ɺʦ ʚʨʝʤʷ ʟʘʧʠʨʘʥʠʷ ʢʣʶʯʘ, ʪʦʢ, 

ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʧʝʨʚʠʯʥʫʶ ʦʙʤʦʪʢʫ, ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɺʦ ʚʪʦʨʠʯʥʦʡ 

ʮʝʧʠ ʥʘʯʠʥʘʝʪ ʧʨʦʪʝʢʘʪʴ ʪʦʢ, ʢʦʪʦʨʳʡ ʟʘʨʷʞʘʝʪ ʢʦʥʜʝʥʩʘʪʦʨ ʠ ʧʠʪʘʝʪ 

ʥʘʛʨʫʟʢʫ. ʇʨʝʜʩʪʘʚʠʤ ʆʍʇ ʚ ʚʠʜʝ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ[2] ʠ ʩʦʩʪʘʚʠʤ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʵʪʠʭ ʵʪʘʧʦʚ (ʋʨʘʚʥʝʥʠʷ ʩʦʩʪʘʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ, 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ɺ. ʄʝʣʝʰʠʥʳʤ ʜʣʷ ʧʨʦʩʪʳʭ ʠʤʧʫʣʴʩʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ 

ʥʘʧʨʷʞʝʥʠʷ). 

 
ʈʠʩʫʥʦʢ 2 - ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʦʙʨʘʪʥʳʤ ʚʢʣʶʯʝʥʠʝʤ 

ʚʳʧʨʷʤʠʪʝʣʝʡ 

 

ʆʙʦʟʥʘʯʠʤ ʚʝʢʪʦʨʳ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʩʭʝʤʳ ʢʘʢ  

 ʠ ʚʝʢʪʦʨʳ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ . ʉʦʩʪʘʚʠʚ ʫʨʘʚʥʝʥʠʷ 

ʜʣʷ ʵʪʘʧʦʚ ʠʤʧʫʣʴʩʘ ʠ ʧʘʫʟʳ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʷ ʥʝʢʦʪʦʨʳʝ ʚʳʯʠʩʣʝʥʠʷ, 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 

ɺ ʠʥʪʝʨʚʘʣʝ ʠʤʧʫʣʴʩʘ: 

 ,                                            (1) 

ɺ ʠʥʪʝʨʚʘʣʝ ʧʘʫʟʳ ʠʤʝʝʤ ʩʠʩʪʝʤʫ: 
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 ,                                (2) 

ɼʘʣʴʥʝʡʰʝʝ ʨʝʰʝʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʠʪ ʥʘʩ ʢ ʫʨʘʚʥʝʥʠ,ʁ 

ʦʧʠʩʳʚʘʶʱʝʤʫ ʧʦʚʝʜʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʩʠʣʦʚʦʡ ʯʘʩʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ: 

 - ʦʙʱʠʡ ʚʠʜ                         (3) 

ʛʜʝ ɸD, ɺD ʠ ɽ ï ʤʘʪʨʠʮʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʦʩʪʦʷʥʠʝʤ ʩʠʩʪʝʤʳ. 

                           (4) 

ʀʣʠ ʚ ʦʧʝʨʘʪʦʨʥʦʡ ʬʦʨʤʝ: 

                      (5) 

 

ɿʜʝʩʴ  ʝʩʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʠ 

ʚʝʢʪʦʨʘ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʊʦ ʝʩʪʴ  ï ʫʨʘʚʥʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ 

 ï ʤʘʪʨʠʮʘ ʩʚʷʟʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʩ ʚʝʢʪʦʨʦʤ ʧʝʨʝʤʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʷ, ʘ  ï ʤʘʪʨʠʮʘ ʩʚʷʟʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʩ ʚʝʢʪʦʨʦʤ 

ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

 
ʈʠʩʫʥʦʢ 3 - ʊʠʧʦʚʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʧʦ 

ʚʭrʦʜʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ 

 

ɸʥʘʣʠʟ ʪʠʧʦʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤ rʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ: . 

ʇʦʩʨʝʜʩʪʚʦʤ ʧʨʦʚʝʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʦ D*: 

                                      (6) 
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ɿʜʝʩʴ  ʠ   ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ,  ï ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʛʨʘʬʠʢʘ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʯʘʩʪʠ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʧʠʣʦʦʙʨʘʟʥʳʡ ʩʠʛʥʘʣ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ (4) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʣʝʜʫʶʱʫʶ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ: 

               (7) 

ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʚʝʨʝʥʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ Mathcad. ʇʨʠ 

ʨʘʩʯʝʪʘʭ ʙʳʣʠ ʚʟʷʪʳ ʪʠʧʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʟʥʘʯʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ 

ʥʠʞʝ: 

 

 

 
ɻʨʘʬʠʢʠ ʃʌʏʍ ʠ ʃɸʏʍ ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʟʘʧʘʩ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʬʘʟʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʥʘʤʠ ʤʦʜʝʣʴ ʠʩʪʦʯʥʠʢʘ ʚʝʩʴʤʘ ʠʜʝʘʣʠʟʠʨʦʚʘʥʘ. ʀ 

ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʮʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʤʝʪʦʜʠʢʠ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ 

ʦʞʠʜʘʝʤʳʤʠ, ʘ ʟʥʘʯʠʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ 

ʆʍʇ, ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʪʩʣʝʞʠʚʘʪʴ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ 

ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ, ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʨʝʞʠʤ ʠ 

ʧʨʦʯʠʝ. ʊʘʢʞʝ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩ ʫʯʝʪʦʤ ʪʝʦʨʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʯʝʪ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʟʚʝʥʴʝʚ. 

ɼʘʣʴʥʝʡʰʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠʥʮʠʧʦʚ 

ʥʘ ʛʦʪʦʚʦʤ ʠʟʜʝʣʠʠ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʤʥʦʛʦ 

ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʩʦʟʜʘʥʠʷ ʨʦʙʘʩʪʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʘʢ ʥʘʰʠʤʠ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʫʯʸʥʳʤʠ. 

ʈʦʙʘʩʪʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʉɸʈ) ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʟʘʤʢʥʫʪʳʤʠ ʠ ʘʜʘʧʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʥʠ ʠʤʝʶʪ ʣʫʯʰʠʝ, ʯʝʤ ʟʘʤʢʥʫʪʳʝ ʉɸʈ, ʧʦʢʘʟʘʪʝʣʠ 

ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʘʜʘʧʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʨʦʙʘʩʪʥʳʭ ʩʠʩʪʝʤ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʲʝʢʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ (ʆʋ): ʠʟʤʝʥʝʥʠʝ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʦʜʥʦʛʦ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʆʋ ʠ ʥʘʣʠʯʠʝ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʚ ʥʸʤ. 

ɼʚʫʭʟʦʥʥʳʝ ʉɸʈ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʚʠʛʘʪʝʣʷ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʧʦʪʦʢʘ. ʉʧʝʮʠʬʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʚʦ ʚʪʦʨʦʡ ʟʦʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʢʨʠʚʦʡ 
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ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨ ʪʘʢʠʭ 

ʩʠʩʪʝʤ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʉɸʈ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʨʦʙʘʩʪʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʦʙʦʟʥʘʯʝʥʥʳʝ ʥʠʞʝ ʨʝʛʫʣʷʪʦʨʳ, ʠʟʣʦʞʝʥʘ ʚ [2], ʠ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʚ [3]. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʠ ʥʘʭʦʞʜʝʥʠʠ 

ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʥʪʝʟʘ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʣʠʥʦʤʳ )( pM  ʠ )( pN , ʚʭʦʜʷʱʠʝ ʚ ʩʪʨʫʢʪʫʨʫ 

ʨʝʛʫʣʷʪʦʨʘ. 

ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʦʙʘʩʪʥʦʡ ʉɸʈ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  
 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʦʙʘʩʪʥʦʡ ʉɸʈ 
 

ʈʦʙʘʩʪʥʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ )(ʤ pW . ʈʘʩʩʦʛʣʘʩʦʚʘʥʠʝ )(te  ʤʝʞʜʫ ʨʝʘʣʴʥʳʤ ʩʠʛʥʘʣʦʤ )(ty  ʠ 

ʩʠʛʥʘʣʦʤ ʩ ʚʳʭʦʜʘ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ )(ʤ ty  ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ 

ʟʚʝʥʴʷ )(ʢ pW  ʠ )( pD  ʥʘ ʚʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʚ ʚʠʜʝ ʩʠʛʥʘʣʘ )(teD . ʕʪʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʦʙʘʩʪʥʳʤ ʩʠʩʪʝʤʘʤ ʩʚʦʡʩʪʚʘ ʩʣʘʙʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʚʦʟʤʫʱʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ɺ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʜʚʫʭʟʦʥʥʦʡ ʉɸʈ ʚʭʦʜʷʪ 4 ʨʝʛʫʣʷʪʦʨʘ: ʪʦʢʘ, 

ʩʢʦʨʦʩʪʠ, ʤʘʛʥʠʪʦʛʦ ʧʦʪʦʢʘ ʠ ʕɼʉ [1]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʠ ʕɼʉ (ʨʠʩ. 2,ʘ ʠ 3,ʘ) ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʥʝʣʠʥʝʡʥʳʭ ʟʚʝʥʴʝʚ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ. ʆʥʠ ʧʨʠʟʚʘʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʤʧʝʥʩʘʮʠʶ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ 0j  ʠ 0w, ʢʦʪʦʨʘʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʜʚʠʛʘʪʝʣʷ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʨʝʙʫʝʪ 

ʥʘʣʠʯʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʝʥʠʷ ʚ 

ʩʪʨʫʢʪʫʨʫ ʉɸʈ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʅʕ1 ʠ ʅʕ2. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʣʦʞʥʝʥʠʶ ʩʘʤʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʟʘʪʨʫʜʥʝʥʠʶ ʘʥʘʣʠʟʘ ʉɸʈ, ʪʘʢ ʢʘʢ 

ʥʝʣʠʥʝʡʥʳʝ ʵʣʝʤʝʥʪʳ ʧʝʨʝʚʦʜʷʪ ʉɸʈ ʚ ʦʙʣʘʩʪʴ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʚʦʡʩʪʚʘ ʨʦʙʘʩʪʥʳʭ ʉɸʈ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʢʣʶʯʝʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʠʟ ʩʦʩʪʘʚʘ 

ʨʦʙʘʩʪʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʠ ʕɼʉ.  
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ɺ [4,5] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʨʦʙʘʩʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʠ ʕɼʉ: 
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ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʨʦʙʘʩʪʥʳʭ ʉɸʈ ʩʢʦʨʦʩʪʠ ʠ ʕɼʉ c ʨʝʛʫʣʷʪʦʨʘʤʠ 

(2) ʠ (4) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2,ʙ ʠ 3,ʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉɸʈ ʩʢʦʨʦʩʪʠ. 

ʉʨʘʚʥʝʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʘʢʮʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʠ ʨʦʙʘʩʪʥʳʭ ʩʠʩʪʝʤ ʠʜʝʥʪʠʯʥʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʥʝʝ ʩʜʝʣʘʥʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʢʣʶʯʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʟʚʝʥʴʝʚ ʠʟ ʩʦʩʪʘʚʘ 

ʨʝʛʫʣʷʪʦʨʦʚ ʩʢʦʨʦʩʪʠ. 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʉɸʈ ʩʢʦʨʦʩʪʠ (ʘ ï ʪʨʘʜʠʮʠʦʥʥʘʷ, ʙ ï ʨʦʙʘʩʪʥʘʷ) 



162 

 

 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʉɸʈ ʕɼʉ ʷʢʦʨʷ ɼʇʊ 

ɻʨʘʬʠʢʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 5 ʧʦʢʘʟʳʚʘʶʪ ʩʚʦʡʩʪʚʦ 

ʩʣʘʙʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʦʙʘʩʪʥʦʡ ʉɸʈ ʩʢʦʨʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʤʦʤʝʥʪʘ 

ʠʥʝʨʮʠʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ SJ . ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ c2=t  ʧʨʦʠʩʭʦʜʠʪ 

ʩʢʘʯʸʢ ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʝʣʠʯʠʥʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʉɸʈ ʪʦʢʘ ʥʝ 

ʚʳʭʦʜʠʣʘ ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ. ɺʠʜʥʦ, ʯʪʦ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ ʩ 

ʨʦʙʘʩʪʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʠʤʝʶʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 
 

  
ʘ) ʙ) 

ʈʠʩ. 4. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ (ʘ) ʠ ʨʦʙʘʩʪʥʦʡ (ʙ) ʉɸʈ ʩʢʦʨʦʩʪʠ ʧʨʠ 

ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ j 
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ʘ) ʙ) 

ʈʠʩ. 5. ʈʝʘʢʮʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ (ʘ) ʠ ʨʦʙʘʩʪʥʦʡ (ʙ) ʉɸʈ ʩʢʦʨʦʩʪʠ 

ʥʘ ʩʢʘʯʸʢ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (1- Jʥʦʤ , 2-2Jʥʦʤ ,3-0,5Jʥʦʤ) 
 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉɸʈ ʕɼʉ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠ ʨʦʙʘʩʪʥʳʤ 

ʨʝʛʫʣʷʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʝʛʫʣʷʪʦʨ ʕɼʉ ʚʢʣʶʯʘʝʪʩʷ ʚ ʨʘʙʦʪʫ ʪʦʣʴʢʦ ʚʦ ʚʪʦʨʦʡ ʟʦʥʝ ʨʘʙʦʪʳ 

ʧʨʠʚʦʜʘ, ʧʦʵʪʦʤʫ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʉɸʈ ʕɼʉ 

ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʡ ʩʠʩʪʝʤ ʥʘ ʚʦʟʤʫʱʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʘ ʚʳʰʝ ʥʦʤʠʥʘʣʴʥʦʡ. ɺ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ct 5,31=  ʠ 

ct 5,42=  ʧʨʦʠʩʭʦʜʠʪ ʥʘʙʨʦʩ ʠ ʩʙʨʦʩ ʥʘʛʨʫʟʢʠ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʠʟʤʝʥʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʦʟʤʫʱʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʣʷ ʢʦʥʪʫʨʘ 

ʕɼʉ. 

 

  
ʘ ʙ 

ʈʠʩ. 6. ʈʝʘʢʮʠʷ ʉɸʈ ʕɼʉ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ (ʘ) ʠ ʨʦʙʘʩʪʥʳʤ (ʙ) ʨʝʛʫʣʷʪʦʨʘʤʠ 
 

ʀʟ ʨʠʩ. 6 ʚʠʜʥʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʉɸʈ ʕɼʉ ʩ ʨʝʛʫʣʷʪʦʨʘʤʠ (3) ʠ (4) 

ʠʜʝʥʪʠʯʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʦʙʘʩʪʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʚ ʉɸʈ ʕɼʉ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 
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ʥʝʣʠʥʝʡʥʳʭ ʟʚʝʥʴʝʚ ʚ ʨʝʛʫʣʷʪʦʨʝ ʕɼʉ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʨʦʙʘʩʪʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʉɸʈ ʩʢʦʨʦʩʪʠ 

ʠ ʕɼʉ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʛʫʣʷʪʦʨʘ, ʧʦʟʚʦʣʷʶʪ 

ʫʧʨʦʩʪʠʪʴ ʢʘʢ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʜʚʫʭʟʦʥʥʦʡ ʉɸʈ, ʪʘʢ ʠ ʝʸ ʥʘʣʘʜʢʫ 

ʙʣʘʛʦʜʘʨʷ ʠʩʢʣʶʯʝʥʠʶ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʨʦʙʘʩʪʥʦʡ ʉɸʈ ʩʢʦʨʦʩʪʠ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʩʣʫʯʘʷʭ 

ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ. 
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ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ ʥʘʯʘʪʘ ʧʦʜʛʦʪʦʚʢʘ 

ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʄʝʭʘʪʨʦʥʠʢʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘè, 

ʨʘʟʚʠʚʘʝʤʦʛʦ ʧʦ ʟʘʧʨʦʩʘʤ ʢʨʫʧʥʝʡʰʠʭ ʟʘʢʘʟʯʠʢʦʚ ï ʆɸʆ çɽɺʈɸɿ-ʅʊʄʂè 

ʠ ʆɸʆ çʅʇʂ çʋɺɿè. ʆʩʚʦʝʥʠʝ ʜʘʥʥʦʛʦ ʥʦʚʦʛʦ ʠ ʩʣʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʪʨʝʙʫʝʪ ʦʙʲʝʜʠʥʝʥʠʷ ʫʩʠʣʠʡ ʥʝʩʢʦʣʴʢʠʭ ʢʘʬʝʜʨ ʠʥʩʪʠʪʫʪʘ, ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʙʘʟʳ.  

ʅʘ ʩʝʛʦʜʥʷ ʚ ʠʥʩʪʠʪʫʪʝ ʠʤʝʝʪʩʷ ʨʷʜ ʫʯʝʙʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʥʘ ʙʘʟʝ 

ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʦʙʫʯʝʥʠʝ ʧʦ ʦʪʜʝʣʴʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ ʜʘʥʥʦʛʦ 

mailto:vvg_electro@hotmail.com
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ʥʘʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʣʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʯʘʩʪʠʯʥʦ ʫʩʪʘʨʝʣʦ, 

ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʥʳʭ ʟʜʘʥʠʷʭ ʠ ʥʫʞʜʘʝʪʩʷ ʚ ʜʦʧʦʣʥʝʥʠʠ ʠ ʦʙʲʝʜʠʥʝʥʠʠ ʚ 

ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʢʦʥʮʝʧʮʠʠ ʤʝʭʘʪʨʦʥʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʰʠʨʷʝʪʩʷ 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʛʠʜʨʘʚʣʠʢʠ ʠ ʧʥʝʚʤʘʪʠʢʠ, ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʩʦʚʨʝʤʝʥʥʘʷ ʠ ʦʙʣʘʜʘʶʱʘʷ ʧʣʦʱʘʜʷʤʠ. ʃʘʙʦʨʘʪʦʨʥʘʷ ʙʘʟʘ ʜʦʧʦʣʥʝʥʘ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʴʶ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʙʘʟʝ ʦʙʦʨʫʜʦʚʘʥʠʷ Siemens, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ 

ʠʤʝʶʱʠʝʩʷ ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʪʝʥʜʳ ʨʘʟʥʳʭ ʧʨʠʥʮʠʧʦʚ ʜʝʡʩʪʚʠʷ ʚ ʝʜʠʥʫʶ 

ʤʝʭʘʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʚ ʧʦʨʷʜʢʝ 

ʮʝʣʝʚʦʛʦ ʥʘʙʦʨʘ ʦʪ ʆɸʆ çɽɺʈɸɿ-ʅʊʄʂè, ʘ ʪʘʢʞʝ ʩʣʫʰʘʪʝʣʝʡ ʢʫʨʩʦʚ 

ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ, ʧʦʟʚʦʣʠʪ 

ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʤʝʭʘʪʨʦʥʠʢʠ (ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʢʦʥʪʨʦʣʣʝʨʦʚ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʝʪʠ, ʩʠʩʪʝʤʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʵʣʝʢʪʨʦ- ʠ ʛʠʜʨʦʧʨʠʚʦʜ ʠ ʜʨ.) ʇʦʤʠʤʦ ʩʪʫʜʝʥʪʦʚ 

ʥʘʧʨʘʚʣʝʥʠʷ çʄʝʭʘʪʨʦʥʠʢʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘè ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚʦʟʤʦʞʥʦ 

ʙʫʜʝʪ ʦʙʫʯʘʪʴ ʩʪʫʜʝʥʪʦʚ ʥʘʧʨʘʚʣʝʥʠʷ çʕʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘè, ʘ ʪʘʢʞʝ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚ 

ʨʘʤʢʘʭ ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ çʊʝʦʨʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷè, çʕʣʝʢʪʨʦʥʠʢʘè, çɸʚʪʦʤʘʪʠʟʘʮʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚè, çʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠè, 

çʕʣʝʢʪʨʦʧʨʠʚʦʜè ʠ ʜʨ. 
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ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʚʦʡʩʪʚʘʤ ʟʘʱʠʪʥʳʭ ʤʝʪʘʣʣʦʧʦʢʨʳʪʠʡ ʜʣʷ ʢʦʥʪʘʢʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʘʣʣʦʩʧʣʘʚʘʤ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʭ ʩʦʟʜʘʥʠʷ: 

1. ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ (ʜʦ 100 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ). 

ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ; 

2. ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʢʦʥʪʘʢʪ-

ʜʝʪʘʣʝʡ;  

3. ʠʥʝʨʪʥʦʩʪʴ ʢ ʞʠʜʢʠʤ ʬʣʶʩʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʜʣʷ ʦʯʠʩʪʢʠ ʨʘʙʦʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʝʡ ʦʪ ʦʢʠʩʥʳʭ ʧʣʝʥʦʢ; 

mailto:vvg_electro@hotmail.com
mailto:fedoreevsa@mail.ru
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4. ʭʦʨʦʰʘʷ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʝʡ; 

5. ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʚʦʜʝ; 

6. ʦʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʥʳʭ, ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ; 

7. ʤʘʣʦʝ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪʦʚ (ʚ ʠʜʝʘʣʝ ʥʝ ʙʦʣʝʝ 3), ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʧʨʦʩʪʦʪʫ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʦʚ; 

8. ʦʪʩʫʪʩʪʚʠʝ ʦʭʨʫʧʯʠʚʘʥʠʷ ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʢʦʥʪʘʢʪʘ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʦʭʨʫʧʯʠʚʘʥʠʝ ʘʣʶʤʠʥʠʝʚʳʭ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʝʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʯʠʩʪʦʛʦ ʛʘʣʣʠʷ ʠ ʨʷʜʘ ʩʧʣʘʚʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʪʙʠʨʘʣʠʩʴ 

ʚʠʩʤʫʪʦʩʦʜʝʨʞʘʱʠʝ ʩʧʣʘʚʳ, ʥʝ ʜʘʶʱʠʝ ʵʬʬʝʢʪ ʦʭʨʫʧʯʠʚʘʥʠʷ ʘʣʶʤʠʥʠʷ ʠ 

ʧʨʠ ʵʪʦʤ ʠʤʝʶʱʠʝ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ. ʀʟ ʥʘʙʦʨʘ ʩʧʣʘʚʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ ʦʪ 40 ʜʦ 100 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʠ 

ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣ ʦʪʦʙʨʘʥ ʦʜʠʥ, ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʤʝʪʘʣʣʦʩʧʣʘʚʘʤ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʰʠʥ ʨʘʟʤʝʨʦʤ 20ʭ40 ʤʤ, ʩʪʷʥʫʪʳʭ ʩʪʘʣʴʥʳʤ ʙʦʣʪʦʤ ʄ8 ʩʦ 

ʩʪʘʣʴʥʳʤʠ ʰʘʡʙʘʤʠ ʜʠʘʤʝʪʨʦʤ 24 ʤʤ. ʊʦʣʱʠʥʘ ʢʦʥʪʘʢʪ-ʜʝʪʘʣʝʡ ï 5 ʤʤ. 

ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʝʜʠʥʝʥʠʷ ʢʘʙʝʣʴʥʳʭ ʥʘʢʦʥʝʯʥʠʢʦʚ 25-8 ʠ 16-8 ʩ 

ʘʣʶʤʠʥʠʝʚʳʤʠ ʰʠʥʘʤʠ ʩ ʧʦʤʦʱʴʶ ʙʦʣʪʦʚ ʄ8 ʠ ʰʘʡʙ d24. ʌʦʪʦʛʨʘʬʠʠ 

ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʥʳ ʜʘʣʝʝ ʥʘ ʨʠʩ. 1. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʦʤʤʝʪʨʘ 6237 DRLO. 

ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ 
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ʊʘʙʣʠʮʘ 1 
 ̄

ʧ/ʧ 
ʉʦʝʜʠʥʝʥʠʝ 

ɺʠʜ 

ʧʦʢʨʳʪʠ ̫

ʇʝʨʝʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʤʢʆʤ ʆʪʥ. 

Rʧʝʨ 23.03.2013 10.10.2013 21.04.2014 

1 20ʭ40 ʅʝʪ 11 15 17 55% 

2 20ʭ40 ʅʝʪ 10 17 20 100% 

3 20ʭ40 ɽʩʪʴ 6 6 6 0% 

4 20ʭ40 ɽʩʪʴ 6 7 7 16% 

5 20ʭ40 ɽʩʪʴ 9 9 10 11% 

6 ʢʘʙ. ʥʘʢ. 25-8 ʅʝʪ 18 24 30 67% 

7 ʢʘʙ. ʥʘʢ. 25-8 ɽʩʪʴ 14 15 19 35% 

 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʩ ʤʝʪʘʣʣʦʧʦʢʨʳʪʠʝʤ ʠʤʝʶʪ 

ʩʪʘʙʠʣʴʥʦʝ, ʤʘʣʦ ʠʟʤʝʥʷʶʱʝʝʩʷ ʧʝʨʝʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʦʙʨʘʟʮʦʚ ʙʝʟ ʤʝʪʘʣʣʦʧʦʢʨʳʪʠʷ, ʧʝʨʝʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʨʘʩʪʝʪ. 

ʇʨʠ ʵʪʦʤ ʥʘʯʘʣʴʥʦʝ ʧʝʨʝʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠʤʝʨʥʦ ʚ 1,3 ʨʘʟʘ 

ʤʝʥʴʰʝ ʫ ʢʦʥʪʘʢʪʦʚ ʩ ʟʘʱʠʪʥʳʤ ʤʝʪʘʣʣʦʧʦʢʨʳʪʠʝʤ. ʉʧʫʩʪʷ ʛʦʜ ʩ ʤʦʤʝʥʪʘ 

ʩʙʦʨʢʠ ʧʝʨʝʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʙʝʟ ʤʝʪʘʣʣʦʧʦʢʨʳʪʠʷ ʚʳʨʦʩʣʦ, 

ʠ ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʫʞʝ ʩʦʩʪʘʚʣʷʝʪ 2,3. ʇʨʠʤʝʨʥʦ ʪʘʢʠʝ ʞʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦ ʜʘʥʥʳʤ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʘʶʪ ʠ ʛʘʣʣʠʝʚʳʝ ʩʧʣʘʚʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʧʳʪʘʥʠʡ 

ʢʦʥʪʘʢʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʝʪʘʣʣʦʧʦʢʨʳʪʠʝʤ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ ʩʧʣʘʚʘ ʚ 

ʨʝʞʠʤʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʜ ʪʦʢʦʚʦʡ ʥʘʛʨʫʟʢʦʡ. 

 

 

ʋʉʊʈʆʁʉʊɺʆ ɼʃʗ ʆʏʀʉʊʂʀ ɸʉʌɸʃʔʊʀʈʆɺɸʅʅʓʍ 

ɼʆʈʆɾɽʂ ʀ ɺʓʄʆʑɽʅʅʓʍ ʇʃʀʊʂʆʁ ʄʆʉʊʆɺʓʍ 

 

ɼʤʠʪʨʠʝʚʘ ɺ.ʉ., ʫʯʝʥʠʮʘ ʄɹʆʋ ʉʆʐ ˉ5 ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫʯʝʥʠʝʤ 

ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ ʠʤ. ɻ.ʅ.ɿʘʡʮʝʚʘ ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ 

 

ʈʦʩʪ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʦʚ ʠ ʨʦʩʪ ʙʳʪʦʚʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʪʭʦʜʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʨʘʟʦʚʳʭ ʫʧʘʢʦʚʦʢ ï 

ʟʥʘʯʠʪʝʣʴʥʦ ʘʢʪʫʘʣʠʟʠʨʦʚʘʣʠ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʧʨʦʙʣʝʤʫ ʤʫʩʦʨʘ. 

ʉʦʛʣʘʩʥʦ ʩʣʦʚʘʨʶ, ʤʫʩʦʨ ï ʦʜʥʘ ʠʟ ʢʘʪʝʛʦʨʠʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺʳʜʝʣʷʶʪ ʤʫʩʦʨ ʙʳʪʦʚʦʡ, ʩʪʨʦʠʪʝʣʴʥʳʡ ʠ ʢʦʩʤʠʯʝʩʢʠʡ[1]. ʄʫʩʦʨ ʥʝ 

ʪʦʣʴʢʦ ʧʨʠʜʘʝʪ ʥʝʦʧʨʷʪʥʳʡ ʚʠʜ ʛʦʨʦʜʘʤ ʠʣʠ ʦʪʜʝʣʴʥʳʤ ʨʘʡʦʥʘʤ, ʥʦ ʠ 

ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʛʨʦʟʦʡ, ʢʘʢ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʨʦʙʣʝʤʘ ʟʘʤʫʩʦʨʝʥʥʦʩʪʠ ʛʦʨʦʜʦʚ ʚʦʣʥʦʚʘʣʘ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩ ʜʘʚʥʠʭ 

ʚʨʝʤʝʥ. ʅʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʛʨʷʟʥʳʭ ʜʦʨʦʛ ʠ ʫʣʠʮ ʛʦʨʦʜʘ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʦʯʝʥʴ ʩʣʦʞʥʦ. ʊʨʘʜʠʮʠʦʥʥʦ ʫʣʠʮʳ ʛʦʨʦʜʦʚ ʫʙʠʨʘʶʪ ʜʚʦʨʥʠʢʠ ʚ ʨʫʯʥʫʶ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʧʨʠʤʝʥʝʥʠʶ 

ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʪʝʭʥʠʢʠ ʠ ʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ.  



168 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʦʤʦʛʘʶʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ 

ʯʝʣʦʚʝʢʘ, ʜʨʫʛʠʝ ʧʦʟʚʦʣʷʶʪ ʜʝʣʘʪʴ ʫʙʦʨʢʫ ʫʣʠʮ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ. ʉʝʛʦʜʥʷ 

ʥʘ ʜʦʨʦʛʘʭ ʥʘʰʝʛʦ ʛʦʨʦʜʘ ʨʘʙʦʪʘʶʪ ʩʥʝʛʦʫʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ, ʣʝʪʦʤ 

ʩʧʝʮʠʘʣʴʥʳʝ ʤʘʰʠʥʳ ʧʦʣʠʚʘʶʪ ʜʦʨʦʛʠ, ʝʩʪʴ ʤʘʰʠʥʳ ʩ ʥʘʩʘʜʢʘʤʠ - 

ʩʢʨʝʙʢʘʤʠ ʠ ʱʝʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʯʠʩʪʷʪ ʦʙʦʯʠʥʫ ʜʦʨʦʛʠ, ʘ ʚʥʫʪʨʠ ʞʠʣʳʭ 

ʢʚʘʨʪʘʣʦʚ ʨʘʙʦʪʘʶʪ ʤʫʩʦʨʦʫʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ ʠ ʧʦʛʨʫʟʯʠʢʠ. 

ʅʦ ʠ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʤʫʩʦʨʘ. ʃʝʪʦʤ ʤʦʱʝʥʳʝ ʠ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʳʝ ʧʝʰʝʭʦʜʥʳʝ ʜʦʨʦʞʢʠ 

ʚʳʛʣʷʜʷʪ ʦʩʦʙʝʥʥʦ ʛʨʷʟʥʳʤʠ ʠ ʟʘʤʫʩʦʨʝʥʥʳʤʠ. ʂʨʫʛʦʤ  ʥʘ ʘʩʬʘʣʴʪʝ 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʦʛʨʦʤʥʦʝ ʤʥʦʞʝʩʪʚʦ ʙʝʣʳʭ ʧʷʪʝʥ ʦʪ ʞʚʘʯʝʢ. ʉʢʦʣʴʢʦ 

ʦʧʘʩʥʦʩʪʠ ʪʘʠʪʩʷ ʚ ʵʪʠʭ ʤʘʣʝʥʴʢʠʭ ʙʝʣʳʭ ʢʨʫʞʦʯʢʘʭ ʥʘ ʘʩʬʘʣʴʪʝ. ʅʘ 

ʧʦʜʦʰʚʝ ʩʚʦʝʡ ʦʙʫʚʠ ʣʶʜʠ ʧʨʠʥʦʩʷʪ ʚ ʩʚʦʶ ʢʚʘʨʪʠʨʫ ʤʥʦʞʝʩʪʚʦ ʙʘʢʪʝʨʠʡ 

ʠ ʚʠʨʫʩʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʙʣʝʤʳ ʤʫʩʦʨʘ, ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʨʘʟʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʧʦ ʫʙʦʨʢʝ ʧʦʜʦʙʥʦʛʦ 

ʤʫʩʦʨʘ, ʘʥʘʣʦʛʠ ʚ ʀʅʊɽʈʅɽʊ, ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʘʪʝʥʪʥʳʭ ʠʟʦʙʨʝʪʝʥʠʡ. ɸʥʘʣʦʛʘʤʠ ʠʟʦʙʨʝʪʝʥʠʷ ʷʚʣʷʶʪʩʷ: ɺ81ɺ5/00 ï 

ʫʩʪʨʦʡʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ; ɺ03ɺ1/00 ï ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʘʟʜʝʣʝʥʠʷ 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ[2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʠʥʜʝʢʩʫ ɺ81 ɺ5/00. ʇʨʦʪʦʪʠʧʦʤ ʜʘʥʥʦʛʦ ʠʟʦʙʨʝʪʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʟʦʙʨʝʪʝʥʠʝ ʩ ʥʦʤʝʨʦʤ 24525599 - çʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʠʛʣʦʬʨʝʟʝʨʦʚʘʥʠʷè. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʰʣʘʢʘ, ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ, ʧʨʦʢʘʪʥʦʡ ʦʢʘʣʠʥʳ ʠ 

ʟʘʫʩʝʥʮʝʚ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʝʤ. ɿʥʘʯʠʪ, ʠ ʞʚʘʯʢʠ ʩ ʘʩʬʘʣʴʪʘ ʤʦʞʥʦ ʫʙʨʘʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʝʤ ï ʩʦʩʢʨʝʙʘʷ, ʟʘʯʠʱʘʷ. ʅʦ ʚʝʜʴ ʤʦʞʥʦ ʫʙʨʘʪʴ ʠ 

ʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʥʘʧʨʠʤʝʨ, ʨʘʩʪʚʦʨʷʷ ʨʝʟʠʥʫ. ʅʦ ʧʨʠ ʵʪʦʤ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʙʫʜʝʪ ʧʦʨʪʠʪʴʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʘʩʬʘʣʴʪʘ ʠ ʧʣʠʪ. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢ ʞʝ 

ʤʥʝʥʠʝ, ʯʪʦ ʞʚʘʯʢʫ ʣʝʛʢʦ ʫʜʘʣʠʪʴ ʩ ʦʜʝʞʜʳ, ʥʘʧʨʠʤʝʨ, ʩ ʬʫʪʙʦʣʢʠ, ʝʩʣʠ ʝʝ 

ʟʘʤʦʨʦʟʠʪʴ. ʆʢʘʟʳʚʘʝʪʩʷ, ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʦʭʣʘʞʜʝʥʠʝ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʮʝʣʴʶ  ʨʘʟʜʝʣʝʥʠʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʠʛʣʦʬʨʝʟʝʨʦʚʘʥʠʷ ʨʝʞʫʱʠʡ 

ʠʥʩʪʨʫʤʝʥʪ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʢʦʨʧʫʩ ʷʚʣʷʝʪʩʷ 

ʥʝʧʦʜʚʠʞʥʳʤ[2]. ɺ ʥʘʰʝʤ ʠʟʦʙʨʝʪʝʥʠʠ ʥʘʦʙʦʨʦʪ ï ʧʣʘʪʬʦʨʤʘ ʩʦʚʝʨʰʘʝʪ 

ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʘ ʱʝʪʢʠ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʜʥʝ ï ʥʝʧʦʜʚʠʞʥʳ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʛʣʦʬʨʝʟʝʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ɺ ʥʘʰʝʤ ʫʩʪʨʦʡʩʪʚʝ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʥʝ 

ʪʨʝʙʫʝʪʩʷ. ʏʝʣʦʚʝʢ, ʫʧʨʘʚʣʷʶʱʠʡ ʫʩʪʨʦʡʩʪʚʦʤ, ʣʝʛʢʦ ʩʜʝʣʘʝʪ ʢʦʨʨʝʢʮʠʶ 

ʝʛʦ ʜʚʠʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʫʯʢʠ. 
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ɺ ʦʙʦʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʚʠʙʨʘʮʠʷ ʧʦʤʦʛʘʝʪ ʩʜʝʣʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʨʘʙʦʪʫ, ʥʦ ʧʨʠ ʠʛʣʦʬʨʝʟʝʨʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʳʡ ʠʟʥʦʩ ʠ ʤʘʣʘʷ 

ʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ. ɺ 

ʥʘʰʝʤ ʫʩʪʨʦʡʩʪʚʝ ʪʦʞʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟʥʦʩ ʱʝʪʦʢ, ʠ ʠʭ ʥʫʞʥʦ ʙʫʜʝʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʝʥʷʪʴ. 

ʏʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʠʚʦʜʘ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʛʣʦʬʨʝʟʝʨʦʚʘʥʠʷ. ɺ ʤʦʝʤ ʠʟʦʙʨʝʪʝʥʠʠ ï 

ʵʪʦ ʤʝʥʝʝ ʟʘʪʨʘʪʥʳʡ ʚʘʨʠʘʥʪ: ʥʘ ʚʘʣ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʘʩʘʞʠʚʘʝʪʩʷ ʛʨʫʟ 

ʩʦ ʩʤʝʱʝʥʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʚʠʙʨʘʮʠʶ. 

ʀʪʘʢ, ʟʘʜʘʯʘ ʥʘʰʝʛʦ ʠʟʦʙʨʝʪʝʥʠʷ ï ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʠ ʢʘʯʝʩʪʚʘ ʫʙʦʨʢʠ ʘʩʬʘʣʴʪʦʚʳʭ ʜʦʨʦʞʝʢ ʠ ʚʳʤʦʱʝʥʥʳʭ ʧʣʠʪʢʦʡ ʤʦʩʪʦʚʳʭ 

ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʭʣʘʜʘʛʝʥʪʘ (ʩʫʭʦʛʦ ʣʴʜʘ). ʇʨʝʜʣʘʛʘʝʤʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʪʬʦʨʤʫ, ʧʝʨʝʜʚʠʛʘʶʱʫʶʩʷ ʥʘ ʱʝʪʢʘʭ, 

ʚʢʣʶʯʘʶʱʫʶ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʥʘ ʚʘʣ ʢʦʪʦʨʦʛʦ ʥʘʩʘʞʝʥ ʛʨʫʟ, ʩʦʟʜʘʶʱʠʡ 

ʜʠʩʙʘʣʘʥʩ. ʅʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʝʩʦʚʧʘʜʝʥʠʠ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʩ ʛʣʘʚʥʦʡ ʦʩʴʶ ʠʥʝʨʮʠʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʦʟʥʠʢʘʝʪ ʚʠʙʨʘʮʠʷ 

ʧʣʘʪʬʦʨʤʳ. ʇʦʜ ʧʣʘʪʬʦʨʤʦʡ ʫʩʪʘʥʦʚʣʝʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʩ 

ʩʫʭʠʤ ʣʴʜʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʝʩʪʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʩʬʘʣʴʪʘ. 

ʀʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʯʠʩʪʢʝ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʢʦʨʘʪʠʚʥʳʭ ʧʣʠʪ ʦʪ ʨʝʟʠʥʳ (ʞʚʘʯʝʢ) ʩʦʯʝʪʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʯʠʱʘʝʤʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʥʘʯʘʣʘ ʧʦʜʚʝʨʛʘʶʪ ʤʝʩʪʥʦʡ ʟʘʤʦʨʦʟʢʝ, ʘ ʟʘʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʱʝʪʢʘʤʠ. ɺ ʜʘʥʥʦʤ ʠʟʦʙʨʝʪʝʥʠʠ ʤʦʞʥʦ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʬʫʥʢʮʠʶ ʚʩʘʩʳʚʘʥʠʷ, ʜʣʷ ʵʪʦʛʦ ʥʘ ʧʣʘʪʬʦʨʤʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʪʘʥʦʚʠʪʴ ʧʳʣʝʩʦʩ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʩʘʩʳʚʘʥʠʝ ʚʦʟʜʫʭʘ ʠʟ ʧʦʜ 

ʧʣʘʪʬʦʨʤʳ ʚʤʝʩʪʝ ʩ çʦʪʦʨʚʘʚʰʠʤʠʩʷè ʦʪ ʘʩʬʘʣʴʪʘ ʞʚʘʯʢʘʤʠ. 

ʌʦʨʤʫʣʘ ʠʟʦʙʨʝʪʝʥʠʷ: ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʯʠʩʪʢʠ ʘʩʬʘʣʴʪʦʚʳʭ ʜʦʨʦʞʝʢ 

ʠ ʚʳʤʦʱʝʥʥʳʭ ʧʣʠʪʢʦʡ ʤʦʩʪʦʚʳʭ, ʚʢʣʶʯʘʶʱʝʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ 

ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʚʘʣʫ ʛʨʫʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʜʠʩʙʘʣʘʥʩ ʧʨʠ ʚʨʘʱʝʥʠʠ 

ʠ ʚʠʙʨʘʮʠʶ ʧʣʘʪʬʦʨʤʳ, ʦʪʣʠʯʘʶʱʝʝʩʷ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʜʥʝ ʱʝʪʢʘʤʠ ʠ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʩ ʩʫʭʠʤ ʣʴʜʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦʜ ʧʣʘʪʬʦʨʤʦʡ  ʩ ʮʝʣʴʶ 

ʫʜʘʣʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʡ ʨʝʟʠʥʳ  - çʞʚʘʯʝʢè. ɼʘʥʥʦʝ ʠʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ  

ʢ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʢ ʩʧʦʩʦʙʘʤ ʠ ʦʩʥʘʩʪʢʝ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʳʭ ʜʦʨʦʞʝʢ. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʤʝʥʳ ʱʝʪʦʢ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʟʘʧʦʣʥʝʥʠʝ ʭʦʣʦʜʠʣʴʥʠʢʘ 

ʩʫʭʠʤ ʣʴʜʦʤ.  

ɼʦʩʪʦʠʥʩʪʚʘ: ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ, ʥʦ ʦʙʝʩʧʝʯʠʪ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʙʦʨʢʠ ʧʝʰʝʭʦʜʥʳʭ 

ʜʦʨʦʞʝʢ ʚ ʛʦʨʦʜʝ. ʅʝʜʦʩʪʘʪʢʠ: ʧʨʠ ʨʘʙʦʪʝ  ʙʫʜʝʪ ʩʣʳʰʝʥ ʰʫʤ ʦʪ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ ʠ ʦʙʨʘʟʫʝʪʩʷ ʟʦʥʘ ʧʦʚʳʰʝʥʥʦʡ ʟʘʧʳʣʝʥʥʦʩʪʠ.  
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ɼʘʥʥʦʝ ʠʟʦʙʨʝʪʝʥʠʝ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʥʘʰ ʛʦʨʦʜ ʯʠʩʪʳʤ. 

ʋʩʪʨʦʡʩʪʚʦ ʦʪʣʠʯʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʫʙʦʨʢʠ - ʘʩʬʘʣʴʪ ʠ 

ʧʝʰʝʭʦʜʥʳʝ ʜʦʨʦʞʢʠ ʙʫʜʫʪ ʯʠʩʪʳʤʠ ʜʘʞʝ ʦʪ ʞʚʘʯʝʢ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʄʫʩʦʨ. ʕʣʝʢʪʨʦʥʥʳʝ ʨʝʩʫʨʩʳ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ: 

http://ru.wikipedia 

2. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʧʘʪʝʥʪʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ (ʄʇʂ) ʕʣʝʢʪʨʦʥʥʳʝ 

ʨʝʩʫʨʩʳ: ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ: http://www1.fips.ru 

 

 

ʈɸɿʈɸɹʆʊʂɸ ʂʆɻɽʅɽʈɸʎʀʆʅʅʆʁ ʋʉʊɸʅʆɺʂʀ ʅɸ ɹɸɿɽ 

ɻɽʅɽʈɸʊʆʈɸ ʀ ʆʎʈ-ʕʃɽʂʊʈʆɻɽʅɽʈɸʊʆʈɸ, ʈɸɹʆʊɸʖʑɽʁ 

ʅɸ ɹʀʆʊʆʇʃʀɺɽ ɺʃɸɾʅʆʉʊʔʖ ɼʆ 40% 

 

ɾʫʢʦʚ ɸ.ɺ., ʤʘʛʠʩʪʨʘʥʪ ʢʘʬ. ɸʉʠɺʀʕ, ʋʨʘʣʕʅʀʅ, ʋʨʌʋ 

ʑʝʢʣʝʠʥ ʉ.ɽ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʋʨʌʋ 

ʌʝʜʦʨʝʝʚ ʉ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʋʨʌʋ 

 

ɺ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ ʩʪʨʘʥʳ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ 

ʦʪʭʦʜʦʚ. ʊʦʣʴʢʦ ʚ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʜʣʷ ʧʨʠʤʝʨʘ, ʝʞʝʛʦʜʥʦ 

ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 270 ʪʳʩʷʯ ʢʫʙʦʤʝʪʨʦʚ ʦʪʭʦʜʦʚ ʣʝʩʦʧʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʭ ʚʳʚʦʟʠʪʩʷ ʥʘ ʥʝʟʘʢʦʥʥʳʝ ʩʚʘʣʢʠ. ʉʝʡʯʘʩ ʙʠʟʥʝʩ ʥʝ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʝʨʝʨʘʙʦʪʢʫ ʦʪʭʦʜʦʚ ʥʘ ʤʝʩʪʝ, ʘ 

ʚʳʚʦʟʠʪʴ ʠʭ ʠʟ-ʟʘ ʩʝʨʴʝʟʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʩʭʦʜʦʚ ʥʝʚʳʛʦʜʥʦ. ʆʩʦʙʝʥʥʦ 

ʵʪʦ ʢʘʩʘʝʪʩʷ ʤʝʣʢʠʭ ʣʝʩʦʧʠʣʦʢ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʨʝʜʧʨʠʷʪʠʷ 

ʣʝʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʠʩʧʳʪʳʚʘʶʪ ʜʝʬʠʮʠʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. 

ɺʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʘ ʚ ʤʘʣʦʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʥʝʨʛʠʝʡ ʫʜʘʣʸʥʥʳʭ ʤʝʩʪ ʧʨʦʞʠʚʘʥʠʷ. ʂʦʛʜʘ, ʥʘʧʨʠʤʝʨ, ʟʘ 10 ʢʤ ʪʷʥʝʪʩʷ 

ʃʕʇ ʜʣʷ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ 50-100 ʯʝʣʦʚʝʢ (ʧʨʦʙʣʝʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʣʠʥʠʠ, ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ). ɺʝʪʨʷʥʳʝ ʠ ʩʦʣʥʝʯʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʛʦʜʷʪʩʷ ʚ ʨʝʛʠʦʥʘʭ ʥʘʰʝʡ ʩʪʨʘʥʳ 

ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ (ʚ ʯʘʩʪʥʦʩʪʠ ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʴ). 

ʀʜʝʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʜʝʨʝʚʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷ: 

1) ʉʞʠʛʘʥʠʝ. ʅʝʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʣʘʞʥʦʩʪʠ 

ʦʪʭʦʜʦʚ, ʥʠʟʢʠʡ ʢʧʜ ʫʩʪʘʥʦʚʦʢ. ɹʦʣʴʰʦʡ ʦʙʲʸʤ ʫʩʪʘʥʦʚʦʢ, ʩʣʦʞʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ. ʕʢʦʣʦʛʠʯʝʩʢʠ "ʛʨʷʟʥʳʡ" 

ʤʝʪʦʜ. 

http://ru.wikipedia/
http://www1.fips.ru/
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2) ʋʪʠʣʠʟʘʮʠʷ. ʀʤʝʶʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʟʘʪʨʘʪʳ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʧʦʣʝʟʥʦʛʦ ʵʬʬʝʢʪʘ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʦʜ 

ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʠ ʟʘʭʦʨʦʥʝʥʠʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ ʥʘʨʫʰʝʥʠʝ 

ʵʢʦʩʠʩʪʝʤʳ ʣʝʩʦʚ. 

3) ʇʠʨʦʣʠʟ. ʇʦʣʫʯʘʝʤ ʚʳʩʦʢʦ ʣʠʢʚʠʜʥʳʡ ʩʠʥʪʝʟ-ʛʘʟ, ʫʜʦʙʥʳʡ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʂʘʣʦʨʠʡʥʦʩʪʴ ʩʠʥʪʝʟ-ʛʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ 

ʧʝʨʚʠʯʥʦʛʦ ʪʦʧʣʠʚʘ. ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʚʠʯʥʦʛʦ 

ʪʦʧʣʠʚʘ ʦʪ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʧʣʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. [2] 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʤʝʪʦʜʦʚ ʧʨʠʭʦʜʠʤ ʢ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʠʨʦʣʠʟʥʦʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʫʯʠʪʳʚʘʷ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ, ʤʳ ʠʤʝʝʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʛʦʨʝʥʠʷ ʠ ʩʦʩʪʘʚʦʤ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʛʦʪʦʚʢʝ ʧʝʨʚʠʯʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʊʘʢʠʤ ʪʦʧʣʠʚʦʤ ʤʦʛʫʪ ʙʳʪʴ ʜʝʨʝʚʷʥʥʳʝ ʙʨʫʩʢʠ, ʦʧʠʣ, ʱʝʧʘ, ʢʦʨʘ. 

 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ:  

ɹʠʦʪʦʧʣʠʚʦ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ. ʇʦʣʫʯʝʥʥʳʡ ʛʘʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʛʨʝʚʘ ʨʘʙʦʯʝʛʦ 

ʪʝʣʘ ʆʎʈ-ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʚʠʯʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ. 

ɺʳʭʦʜʥʦʡ ʧʘʨ ʚʨʘʱʘʝʪ ʪʫʨʙʠʥʫ, ʩʦʝʜʠʥʸʥʥʫʶ ʩ ʚʘʣʦʤ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʕʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʘʚʪʦʥʦʤʥʦ, ʣʠʙʦ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʩʝʪʴʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʆʎʈ-ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ (ʦʨʛʘʥʠʯʝʩʢʠʡ ʮʠʢʣ 

ʈʝʥʢʠʥʘ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʭʣʘʜʘʛʝʥʪ R245fa ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʩʧʘʨʝʥʠʷ 121 

ʛʨʘʜ.ʉ ʧʨʠ ʜʘʚʣʝʥʠʠ 19,6 ʙʘʨ. ʇʘʨʦʚʘʷ ʬʘʟʘ ʜʘʥʥʦʛʦ ʭʣʘʜʘʛʝʥʪʘ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʉʥʠʞʘʝʪʩʷ ʵʨʦʟʠʷ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʨʘʟʮʦʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨ ʦʩʥʘʱʘʝʪʩʷ 

ʫʩʪʘʥʦʚʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʘʯʝʡ ʚʦʟʜʫʭʘ ʠ ʧʘʨʘ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ 

ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, ʝʛʦ ʨʘʩʭʦʜʫ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 
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ʟʦʥʳ ʛʦʨʝʥʠʷ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʛʘʟʠʬʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, ʟʘʱʠʪʳ ʢʦʪʣʘ ʦʪ ʧʝʨʝʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʪʦʧʣʠʚʫ 

(ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʜʦʧʫʩʪʠʤʦʡ ʚʣʘʞʥʦʩʪʠ ʪʦʧʣʠʚʘ ʩ 0-14% ʜʦ 0-40%). 

ʋʩʪʘʥʦʚʢʘ ʦʩʥʘʱʘʝʪʩʷ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ ʩ ʢʘʥʘʣʘʤʠ ʠʟʤʝʨʝʥʠʷ ʉʆ, 

ʉʆ2, ʅ; ʨʘʩʭʦʜʦʤʝʨʦʤ ʠ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʠ ʟʦʥʳ ʛʦʨʝʥʠʷ. 

ʂʦʥʪʨʦʣʣʝʨ ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʜʣʷ ʩʠʩʪʝʤ ʧʦʜʘʯʠ 

ʧʘʨʘ/ʢʠʩʣʦʨʦʜʘ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʛʦʨʝʥʠʷ. ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ 

ʥʝʦʙʭʦʜʠʤ, ʪ.ʢ. ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫʩʠʣʠʚʘʶʪʩʷ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ. ʈʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʩʤʝʱʘʶʪ ʩʦʜʝʨʞʘʥʠʝ çʥʝʥʫʞʥʦʛʦ ʛʘʟʘè 

ʉʆ2 ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ, ʘ ʛʦʨʶʯʝʛʦ ʛʘʟʘ ʉʆ ï ʫʤʝʥʴʰʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, 

ʩʘʤ ʢʦʪʸʣ ʤʦʞʝʪ ʧʝʨʝʛʨʝʚʘʪʴʩʷ ʠ ʚʳʭʦʜʠʪʴ ʠʟ ʩʪʨʦʷ, ʯʪʦ ʢʨʘʡʥʝ 

ʥʝʞʝʣʘʪʝʣʴʥʦ. ʉʥʠʞʝʥʠʝ ʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʠʬʠʢʘʮʠʠ ʪʦʧʣʠʚʘ ʚʝʜʸʪ ʢ 

ʥʝʩʪʘʙʠʣʴʥʦʡ ʚʳʨʘʙʦʪʢʝ ʤʦʱʥʦʩʪʠ. [3, ʩʪʨ.24] ʋʧʨʘʚʣʝʥʠʝ ʧʦʜʘʯʝʡ 

ʚʦʟʜʫʭʘ ʠ ʧʘʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʬʫʥʢʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, ʝʛʦ ʨʘʩʭʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʦʥʳ ʛʦʨʝʥʠʷ. 

 
ʈʠʩ.2. ʇʘʨʦʚʦʡ ʮʠʢʣ ʫʩʪʘʥʦʚʢʠ 

 

ʅʦʚʠʟʥʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʦʛʝʥʝʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʚʳʩʦʢʦ ʣʠʢʚʠʜʥʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʦʧʣʠʚʘ ï 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʚʠʯʥʦʛʦ ʙʠʦʪʦʧʣʠʚʘ, 

ʘ ʪʘʢʞʝ ʚ ʛʘʟʦʚʳʭ ʚʦʜʦʛʨʝʡʥʳʭ ʢʦʪʣʘʭ. ʅʠʟʢʦʢʠʧʷʱʘʷ ʞʠʜʢʦʩʪʴ ʚ ʧʘʨʦʚʦʤ 
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ʮʠʢʣʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ, ʯʪʦ, ʢʨʦʤʝ 

ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʚʝʜʸʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ. ɺ ʩʘʤʦʤ ʞʝ ʛʘʟʦʚʦʤ ʛʝʥʝʨʘʪʦʨʝ ʧʨʠʤʝʥʸʥ ʦʩʦʙʳʡ ʘʣʛʦʨʠʪʤ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʛʘʟʠʬʠʢʘʮʠʠ ʯʝʨʝʟ 

ʢʦʥʪʨʦʣʣʝʨ. ʂʦʛʝʥʝʨʘʮʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʥʘʰʝʡ ʫʩʪʘʥʦʚʢʝ ʵʬʬʝʢʪʠʚʥʝʝ 

ʨʘʟʜʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʥʘ 30-35%. [4] 

ʉʨʝʜʠ ʘʣʴʪʝʨʥʘʪʠʚ ʠ ʢʦʥʢʫʨʝʥʪʦʚ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʳ, ʙʠʦʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, 

ʠʤʧʦʨʪʥʳʝ ʛʘʟʦʛʝʥʝʨʘʪʦʨʳ. ɼʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ 

ʜʦʨʦʛʦʝ ʧʝʨʚʠʯʥʦʝ ʪʦʧʣʠʚʦ - ɼʊ, ʢʦʪʦʨʦʝ ʢʦ ʚʩʝʤʫ ʩʦʟʜʘʸʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʜʘʣʸʥʥʳʭ ʨʘʡʦʥʘʭ. 

ʐʫʤ ʧʨʠ ʨʘʙʦʪʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʩʣʘ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʳʙʨʦʩ ʉʆ2 ʪʘʢʞʝ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʙʠʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʵʬʬʝʢʪʘ ʤʘʩʪʰʪʘʙʘ, ʠʤʝʶʪ 

ʛʨʦʤʟʢʦʩʪʴ, ʦʙʣʘʜʘʶʪ ʩʪʘʪʠʯʥʦʩʪʴʶ ʠ ʥʝʨʝʥʪʘʙʝʣʴʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʤʝʩʪʘʭ ʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ. ʀʤʧʦʨʪʥʳʝ ʛʘʟʦʛʝʥʝʨʘʪʦʨʳ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʫʩʪʘʥʦʚʢʠ. ɿʘʨʫʙʝʞʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʦʧʣʠʚʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʶ, ʦʪʣʠʯʘʶʪʩʷ 

ʜʦʨʦʛʦʚʠʟʥʦʡ.  

ɺ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʘ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷ 

ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʇʨʦʚʝʜʝʥʳ ʥʘʯʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ.  

 
ʈʠʩ.3. ɻʘʟʦʛʝʥʝʨʘʪʦʨ. ʊʝʨʤʦʛʨʘʤʤʳ 

 

ʈʘʟʨʘʙʦʪʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʦʪʦʪʠʧ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ. 
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ʈʠʩ.4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʘʨʦʛʝʥʝʨʘʪʦʨ 

 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʥʘʜ ʫʩʪʘʥʦʚʢʦʡ ʩʣʝʜʫʝʪ ʧʨʦʚʝʩʪʠ ʨʷʜ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʪʦʧʣʠʚʘ, ʧʦ ʩʥʷʪʠʶ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʎʈ-

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ.  

ʇʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʩʦʟʜʘʚʘʪʴ ʩʝʨʠʡʥʳʝ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ (ʦʪ 10 ʜʦ 200 ʢɺʪ) ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʣʝʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʯʘʩʪʥʳʭ 

ʭʦʟʷʡʩʪʚʘʭ. 

ɺʳʚʦʜʳ: 

1. ɼʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʠʟʙʘʚʣʷʝʪ ʣʝʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʦʪ 
ʧʨʦʙʣʝʤʳ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʞʘʨʦʚ ʠ ʥʘʨʫʰʘʶʪ 

ʵʢʦʩʠʩʪʝʤʫ ʣʝʩʦʚ. ɺʳʚʦʟ ʞʝ ʩʦʧʨʷʞʸʥ ʩ ʙʦʣʴʰʠʤʠ ʨʘʩʭʦʜʘʤʠ.  

2. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʢʦʛʝʥʝʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʢʨʳʚʘʝʪ ʜʝʬʠʮʠʪ 
ʤʦʱʥʦʩʪʠ ʧʨʠ ʨʘʩʰʠʨʝʥʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʧʨʠʷʪʠʷʤ ʧʨʦʜʘʚʘʪʴ ʵʥʝʨʛʠʶ çʥʘ ʩʪʦʨʦʥʫè. 

3. ɼʘʥʥʘʷ ʤʝʨʘ ʯʘʩʪʠʯʥʦ ʨʝʰʠʪ ʚʦʧʨʦʩ ʟʘʥʷʪʦʩʪʠ ʞʠʪʝʣʝʡ 

ʦʪʜʘʣʸʥʥʳʭ ʩʸʣ, ʘ ʪʘʢʞʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. 

4. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ, ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʇʦʩʪʘʥʦʚʣʝʥʠʝ 
ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ çʇʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʫʩʣʦʚʠʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠè, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʝ 

ʤʝʨʳ ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʣʠʢʚʠʜʥʳʭ ʜʨʝʚʝʩʥʳʭ 
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ʤʘʪʝʨʠʘʣʦʚ (ʥʠʟʢʦʩʦʨʪʥʦʡ ʜʨʝʚʝʩʠʥʳ, ʦʪʭʦʜʦʚ ʟʘʛʦʪʦʚʢʠ, ʦʪʭʦʜʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ). [5] 

 

ɹʠʙʣʠʦʛʨʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʉʘʡʪ "ɼʝʥʴʛʠ ʚ ʙʠʟʥʝʩ", ʩʪʘʪʴʷ " ɺ ʉɺɽʈɼʃʆɺʉʂʆʁ ʆɹʃɸʉʊʀ 

ʀɿ ʆʊʍʆɼʆɺ ɼʈɽɺɽʉʀʅʓ ʍʆʊʗʊ ɼɽʃɸʊʔ ʕʃɽʂʊʈʆʕʅɽʈɻʀʖ"  

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].- ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.dengi-v-

biznes.ru/events/0/2010/03/05/1204   
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ʕʃɽʂʊʈʆʂʆʃʋʅ 

 

ʅʠʢʠʪʠʥ ʄ.ɸ., ʅʊʀ (ʬʠʣʠʘʣ) ʋʨʌʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

çʉʧʝʮʠʘʣʴʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝè 

ʂʦʨʷʢʦʚ ʉ.ɸ., ʩʪʫʜʝʥʪ ʛʨ. ʊ-400202 ʄɻʂʄ ʅʊʀ (ʬʠʣʠʘʣʘ) ʋʨʌʋ 

 

ʀʟʚʝʩʪʥʳ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʘʩʢʘʣʳʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚʨʫʯʥʫʶ, ʘ ʪʘʢʞʝ 

ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ, ʮʝʧʥʳʤʠ ʧʨʠʚʦʜʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʝʨʝʜʚʠʞʥʳʭ ʪʝʣʝʞʢʘʭ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʘʛʨʝʛʘʪʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʩʢʘʣʳʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ. ɺʩʝ ʵʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʤʘʩʩʦʡ ʠ ʦʙʲʝʤʦʤ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ 

ʨʘʩʧʠʣʠʚʘʥʠʷ ʜʨʝʚʝʩʠʥ ʧʦʷʚʠʣʠʩʴ ʣʝʛʢʠʝ, ʢʦʤʧʘʢʪʥʳʝ ʵʣʝʢʪʨʦʧʠʣʳ 

(U=220 ɺ, ʤʘʩʩʘ å 4,5 ʢʛ), ʪʦ ʚʩʪʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʠʪʴ 

ʵʣʝʢʪʨʦʢʦʣʫʥ, ʢʦʪʦʨʳʡ ʙʳ ʠʤʝʣ ʧʠʪʘʥʠʝ U=220 ɺ, ʙʳʣ ʣʝʛʢʠʤ, 

ʢʦʤʧʘʢʪʥʳʤ ʠ ʧʝʨʝʥʦʩʠʤʳʤ ʦʜʠʥ ʯʝʣʦʚʝʢʦʤ, ʠʩʢʣʶʯʘʶʱʠʡ ʨʫʯʥʦʡ ʪʨʫʜ ʠ 

ʪʨʘʚʤʠʨʦʚʘʥʠʝ ʯʝʣʦʚʝʢʘ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʨʘʩʢʘʣʳʚʘʥʠʷ ʜʨʝʚʝʩʠʥʳ - ʵʣʝʢʪʨʦʢʦʣʫʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʦʥ 

ʩʦʜʝʨʞʠʪ ʧʦʣʦʪʥʦ ʩ ʣʝʟʚʠʝʤ, ʜʝʨʞʘʪʝʣʴ ʧʦʣʦʪʥʘ, ʩʤʦʥʪʠʨʦʚʘʥʥʳʡ ʥʘ 

ʦʜʥʦʤ ʢʦʥʮʝ ʦʩʥʦʚʘʥʠʷ, ʩʥʘʙʞʝʥʥʦʛʦ ʜʚʫʤʷ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʦʧʦʨʘʤʠ, 
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ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʭʦʜʠʪ ʟʫʙʯʘʪʘʷ ʨʝʡʢʘ, ʥʝʩʫʱʘʷ ʪʦʣʢʘʶʱʠʡ ʫʧʦʨ ʚ ʚʠʜʝ 

ʧʣʘʩʪʠʥʳ ʩ ʰʠʧʘʤʠ, ʦʙʨʘʱʝʥʥʳʤʠ ʥʘʚʩʪʨʝʯʫ ʣʝʟʚʠʶ ʧʦʣʦʪʥʘ, 

ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʥʘʷ ʩ ʚʳʭʦʜʥʦʡ ʰʝʩʪʝʨʥʝʡ ʨʝʜʫʢʪʦʨʘ ʩ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʦʧʦʨʘʭ. ʋʩʪʨʦʡʩʪʚʦ 

ʧʦʷʩʥʷʝʪʩʷ ʨʠʩʫʥʢʘʤʠ: ʨʠʩ. 1 ï ʛʣʘʚʥʳʡ ʚʠʜ, ʨʠʩ. 2 ï ʚʠʜ ʩʚʝʨʭʫ, ʨʠʩ. 3 ï 

ʫʩʪʨʦʡʩʪʚʦ, ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʤʝʪʘʣʣʝ.  

 
ʈʠʩ. 1 ɻʣʘʚʥʳʡ ʚʠʜ 

 
ʈʠʩ. 2 ɺʠʜ ʩʚʝʨʭʫ 


