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ʄɸʈʂʀ çBECKERSè 
 
ˏ ̨̑̏̂̏̓ ̎́̃̆̅̆̎̏ ̝̑̆̈̔̌̓́̓̉ ̨̝̅̏̒̌̅̇̆̎ȟ ̏̚ ̐̏̃ǫ̠̃̄̈́̎ ̈ ̌́̋̏́̑̂̏̃̏̕ ̨̟̗̤̐̑̏̅̔̋  ̟̩̓̏̑̄̏̃̏  ̍́̑̋̉ 

ȺBESKERSȻ. ˝̠̏̈̄̌̎̔̓̏ ́̒̏̑̓̉̍̆̎̓ ̩̌́̋̏́̑̂̏̃̏̕ ̨̗̩̐̑̏̅̔̋Ȣ ˑ̨̏̒̌̅̇̆̎̏ ̨̏̒̏̂̌̉̃̏̒̓ ̠̈́̒̓̏̒̔̃́̎̎ ̨̗̩̐̑̏̅̔̋ȟ ̩̩ 
̨̖̘̓̆̎̏̌̏̄̎ ̨ ̓́ ̨̨̘̆̋̏̌̏̄̎ ̖́̑́̋̓̆̑̉̒̓̉̋̉. 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̌ ́̋̏́̑̂̏̃́̕ ̨̗̠̐̑̏̅̔̋, ̓ ̏̑̄̏̃́  ̍́̑̋́ȟ  ȺBESKERS, ̓ ̖̆̎̏ ̨̨̘̌̏̄̎ ̖ ́̑́̋̓̆̑̉̒̓̉̋̉. 

 
OLIJNYK Halina 

Khmelnitski Nachional University 

 
TECHNOLOGICAL FEATURES OF BEC KERS BRAND PAINT PRODUCTS 

 
The work presents the results of research related to the use of paint and varnish products of the "BESKERS" brand in a modern 

interior. The technological characteristics of the products were studied. Specific features of product application are determined. Today, paint 
and varnish products of the "BECKERS" brand are a leading trade and retail network that offers high-quality imported varnishes, paints and 
other paint and varnish materials. Turning to the "BECKERS" brand, you can get high-quality products, which today are presented in a fairly 
wide range. These are varnishes, paints, antiseptics, primers, putties for finishing all types of internal and external surfaces. The full range of 
products includes varnishes, paints and other paint and varnish materials of more than four thousand items. The offered varnishes and 
paints satisfy the most demanding taste. You can not only choose suitable varnishes or paints, but also get technical assistance on how to 
correctly apply and combine varnishes, paints and other paint and varnish materials. 

The "BECKERS" trademark has a comprehensive approach to the formation of an assortment policy. Therefore, the trade network 
offers not only varnishes and paints, but also related materials, such as painting tool ANZA (Anza, Sweden), abrasive materials KA.ER (KA.EF, 
Germany), personal protective equipment MSA-!ÕÅÒ ɉ˙˞ˍ-Auer, USA). 

With the help of "BECKERS" paint and varnish products, you can professionally paint a wooden house and give it an aesthetic 
appeal and protect it from various external adverse environmental factors. The "BECKERS" brand offers the most modern varnishes, paints 
and other paint and varnish materials and technologies in the most optimal ratio of price and quality and maximally meet modern demands 
and key trends in woodworking. 

The use of "Beckers" brand products in a modern interior requires compliance with a special material application technology, use 
of special equipment, etc. 

Those who want to keep up with the times should pay attention to the most modern European materials for furnishing interiors. 
An example of such an application is the products of the "Beckers" trademark. It does not contain toxic impurities and can be used for 
processing almost any premises. VAGTLAZUR decorative paint creates a unique visual sensation of velvet fabric. The paint has pastel-sand 
halftones and is produced in a wide variety of colors and shades. VAGTLAZUR provides impeccable reliability, high impact and scratch 
resistance, adds uniqueness, refinement and elegance to the interior. 

Key words: paint products, trademark, "BESKERS, technological characteristics. 
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ʇʦʧʠʪ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʢʦʬʘʨʙʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʩʫʯʘʩʥʦʤʫ ʽʥʪʝʨôʻʨʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ 

ʚʝʣʠʢʠʤ. ʇʨʦʧʦʟʠʮʽʾ ʨʠʥʢʫ ʥʘʩʪʽʣʴʢʠ ʨʽʟʥʦʙʘʨʚʥ̔, ʱʦ ʚʘʞʢʦ ʟʨʘʟʫ ʚʠʟʥʘʯʠʪʠʩʴ ʫ ʚʠʙʦʨʽ. ʇʨʦʜʫʢʮʽʷ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʚʠʨʦʙʥʠʢʽʚ ʧʨʦʜʦʚʞʫʻ ʫʪʨʠʤʫʚʘʪʠ ʣʽʜʠʨʫʶʯʽ ʧʦʟʠʮʽʾ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʦʧʠʪʦʤ ʫ 

ʩʧʦʞʠʚʘʯʽʚ ʢʦʨʠʩʪʫʻʪʴʩʷ ʣʘʢʦʬʘʨʙʦʚʘ ʧʨʦʜʫʢʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʐʚʝʮʽʾ ʪʦʨʛʦʚʦʾ ʤʘʨʢʠ çBECKERSè. ʇʨʦʪʝ, 

ʤʘʣʦ ʚʽʜʦʤʦʩʪʝʡ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʩʘʤʝ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʘʷʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʯʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʙʦʪʠ, ʥʘʷʚʥʽʩʪʴ ʧʨʦʬʝʩʽʡʥʠʭ 

ʥʘʚʠʢʽʚ ʪʦʱʦ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɺʝʣʠʢʠʡ ʧʦʧʠʪ ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨ̔ʘʣʽʚ ʥʘ ʩʧʦʞʠʚʯʦʤʫ ʨʠʥʢʫ ʟʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʥʝʦʙʭʽʜʥʠʭ ʢʽʣʴʢʦʩʪʷʭ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʚʠʢʣʠʢʘʻ ʧʦʪʨʝʙʫ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʜʘʥʦ ʾʧʨʦʜʫʢʮʽʾ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʠʨʦʙʥʠʮʪʚʦ ʬʘʨʙʠ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʰʪʫʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʙʘʛʘʪʦ ʟ ʷʢʠʭ ʪʦʢʩʠʯʥʽ ʽ ʰʢʽʜʣʠʚʽ ʜʣʷ 

ʟʜʦʨʦʚôʷ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺ ʨʦʙʦʪʽ [1-2] ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʧʨʦ ʣʘʢʦʬʘʨʙʦʚʫ ʧʨʦʜʫʢʮʽʶ ʪʦʨʛʦʚʦʾ  

ʄɸʈʂʀ çBECKERSè, ʘ ʪʘʢʦʞ ʧʨʦ ʪʝ, ʱʦ ʚʩʷ ʧʨʦʜʫʢʮʽʷ ʩʝʨʪʠʬʽʢʦʚʘʥʘ ʽ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʰʚʝʜʩʴʢʦʾ 

ʘʩʦʮʽʘʮʽʻʶ ʟ ʙʦʨʦʪʴʙʠ ʧʨʦʪʠ ʘʩʪʤʠ ʪʘ ʘʣʝʨʛʽ.ʾ  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʜʘʥʠʭ ʧʨʦ ʣʘʢʦʬʘʨʙʦʚʫ ʧʨʦʜʫʢʮʽʶ ʪʦʨʛʦʚʦʾ  ʤʘʨʢʠ çBECKERSè, ʟ 

ʮʽʣʣʶ ʚʠʟʥʘʯʝʥʥʷ  ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚ ʩʫʯʘʩʥʦʤʫ ʽʥʪʝʨôʻʨʽ  ʪʘ 

ʫʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʛʦ ʨʠʥʢʫ. 

https://orcid.org/0000-0002-6519-7938
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʣʘʢʦʬʘʨʙʦʚʘ ʧʨʦʜʫʢʮʽʷ ʪʦʨʛʦʚʦʾ ʤʘʨʢʠ çBECKERSè ʻ ʧʨʦʚʽʜʥʦʶ ʪʦʨʛʦʚʦ-

ʨʦʟʜʨʽʙʥʦʶ ʤʝʨʝʞʝʶ, ʱʦ ʧʨʦʧʦʥʫʻ ʚʠʩʦʢʦʷʢʽʩʥʽ ʽʤʧʦʨʪʥʽ ʣʘʢʠ, ʬʘʨʙʠ ʪʘ ʽʥʰʽ ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ. 

ɿʚʝʨʪʘʶʯʠʩʴ ʜʦ ʤʘʨʢʠ çBECKERSè, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʦʷʢʽʩʥʫ ʧʨʦʜʫʢʮʽʶ, ʷʢʘ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʦʩʠʪʴ ʰʠʨʦʢʦʤʫ ʘʩʦʨʪʠʤʝʥʪʽ. ʎʝ ʣʘʢʠ, ʬʘʨʙʠ, ʘʥʪʠʩʝʧʪʠʢʠ, ˇʨʫʥʪʦʚʢʠ, ʧhʘʢʣʽʚʢʠ ʜʣʷ 

ʦʙʨʦʙʢʠ ʚʩʽʭ ʚʠʜʽʚ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ. ʇʦʚʥʠʡ ʘʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʽʾ ʚʢʣʶʯʘʻ ʣʘʢʠ, ʬʘʨʙʠ ʪʘ 

ʽʥh̔  ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ ʙʽʣʴʰ ʥʽʞ ʯʦʪʠʨʴʦʭ ʪʠʩʷʯ ʥʘʡʤʝʥʫʚʘʥʴ. ʇʨʦʧʦʥʦʚʘʥʽ ʣʘʢʠ ʽ ʬʘʨʙʠ 

ʟʘʜʦʚʦʣɹ ʥʷʶʪʴ ʥʘʡʚʠʙʘʛʣʠʚʽʰʠʡ ʩʤʘʢ. ʄʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʚʠʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʣʘʢʠ ʘʙʦ ʬʘʨʙʠ, ʘ ʡ ʪʘʢʦʞ 

ʦʪʨʠʤʘʪʠ ʪʝʭʥʽʯʥʫ ʜʦʧʦʤʦʛʫ ʷʢ ʧʨʘʚʠʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽ ʧʦʻʜʥʫʚʘʪʠ ʣʘʢʠ, ʬʘʨʙʠ ʪʘ ʽʥʰʽ ʣʘʢʦʬʘʨʙʦʚʽ 

ʤʘʪʝʨʽʘʣʠ[2]. 

ʊʦʨʛʦʚʘ ʤʘʨʢʘ çBECKERS ʢʦʤʧʣʝʢʩʥʦ ʧʽʜʭʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʘʩʦʨʪʠʤʝʥʪʥʦʾ ʧʦʣʽʪʠʢʠ. ʊʦʤʫ ʚ 

ʪʦʨʛʦʚʝʣʴʥʽʡ ʤʝʨʝʞʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʣʘʢʠ ʽ ʬʘʨʙʠ, ʘ ʡ ʩʫʧʫʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʤʘʣʷʨʩʴʢʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ANZA (ɸʥʟʘ, ʐʚʝʮʽʷ), ʘʙʨʘʟʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʂɸ.ɽʈ (ʂɸ.ɽʌ, ʅʽʤʝʯʯʠʥʘ) ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ MSA-Auer (ʄʉɸ-ɸʫʝʨ, ʉʐɸ). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʣʘʢʦʬʘʨʙʦʚʦ ʾʧʨʦʜʫʢʮʽʾ ʪʦʨʛʦʚʦʾ ʤʘʨʢʠ çBECKERS ʤʦʞʥʘ ʧʨʦʬʝʩʽʡʥʦ ʧʦʬʘʨʙʫʚʘʪʠ 

ʜʝʨʝʚ'ʷʥʠʡ ʙʫʜʠʥʦʢ, ʥʘʜʘʪʠ ʡʦʤʫ ʝʩʪʝʪʠʯʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʽ ʟʘʭʠʩʪʠʪʠ ʚʽʜ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠ ʘɦ. ʊʦʨʛʦʚʘ ʤʘʨʢʘ çBECKERSè ʧʨʦʧʦʥʫʻ ʥʘʡʩʫʯʘʩʥʽʰʽ ʣʘʢʠ, 

ʬʘʨʙʠ ʪʘ ʽʥʰʽ ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʮʽʥʠ ʪʘ ʷʢʦʩʪʽ ʽ 

ʷʢʽ ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʟʘʧʠʪʘʤ ʽ ʢʣʶʯʦʚʠʤ ʪʝʥʜʝʥʮʽʷʤ ʜʝʨʝʚʦʦʙʨʦʙʢʠ [3]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʫʯʘʩʥʦʤʫ ʽʥʪʝʨôʻʨʽ ʧʨʦʜʫʢʮʽ ʾʪʦʨʛʦʚʦʾ  ʤʘʨʢʠ çBeckersè ʧʦʪʨʝʙʫʻ ʜʦʪʨʠʤʫʚʘʪʠʩʴ 

ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʪʦʨʛʦʚʦʾ  ʤʘʨʢʠ çBeckersè (ʌʘʨʙʠ) 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 

ʇʨʦʜʫʢʮʽ̫ ʪʦʨʛʦʚʦʾ ʤʘʨʢʠ çBeckersè. ʌʘʨʙʠ 

ʅʘʟʚʘ ʊʠʧ ʤʘʪʝʨʽʘʣʫ ɿʘʩʪʦʩʫʚʘʥʥ  ̫

ʊ
ʝ
ʦ
ʨ
ʝ
ʪ

ʠ
ʯ
ʥʠ
ʡ 

ʨ
ʦ
ʟ
ʨ
ʘ
ʭ
ʫ
ʥ
ʦ
ʢ

 

ʈ
ʦ
ʟ
ʨ
ʽ
ʜ
ʞ
ʫ
ʚ
ʘ
ʯ

 

ɿ
ʘ
ʩ
ʽ
ʙ
 
ʥ
ʘ
ʥ
ʝ
ʩ
ʝ
ʥ

ʥ
 ̫

ʏʘʩ ʚʠʩʠʭʘʥʥʷ 

ʧʨʠ +23Áʉ 
ʉʪʫʧʽʥʴ 

ʙʣʠʩʢʫ 

ɽ
ʢ
ʦ
ʧ
ʦ
ʟ
ʥ
ʘ

ʯ
ʢ
ʠ 

 

ʅʘ 

ʚʽʜʣʽ-

ʧʘʥʥʷ 

ʅʘʩʪʫʧ- 

ʥʠʡ ʰʘʨ 

ɹɽʂʂɽʈ- 
ʇʃɸʉʊ ɿ 

ɺʦʜʦʜʠʩʧʝʨʩʽʡʥʘ 
ʣʘʪʝʢʩʥʘ ʬʘʨʙʘ, 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʬʘʨʙʫʚʘʥʥʷ ʩʪʽʥ ʽ ʩʪʝʣʽ 
ʫ ʧʨʠʤʽʱʝʥʥʽ, ʜʝ 

ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ 

ʤʠʶʯʫ ʧʦʚʝʨʭʥʶ 

ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʤʘʡʞʝ ʥʘ 
ʫʩʽ ʚʠʜʠ ʧʦʢʨʠʪʪʷ, ʪʘʢʽ ʷʢ 

ʧʘʧʝʨʦʚʽ, ʚʽʥʽʣʦʚʽ 

ʰʧʘʣʝʨʠ, ɼʉʇ ʪʘ ɼɺʇ, 
ʦʰʪʫʢʘʪʫʨʝʥʽ, ʙʝʪʦʥʥʽ 

ʧʣʠʪʠ ʪʘ ʩʪ̔ʥʠ. 

6-8 ɺʦʜʘ ʇʝʥʟʣʠʢ, 
ʚʘʣʠʢ, 

ʨʦʟʧʠʣʶʚʘʯ 

ɿ0 ʭʚ. 3 ʛʦʜ. ɿʦʚʩʽʤ 
ʤʘʪʦʚʘ 

- 

ɼɽʂʆʈ 

ɺɸɻʊʃɸɿʋʈ 

ʄʘʪʦʚʘ ʘʢʨʠʣʦʚʘ 

ʣʘʪʝʢʩʥʘ ʜʝʢʦʨʘʪʠʚʥʘ 

ʬʘʨʙʘ ʥʘ ʚʦʜʥʽʡ ʦʩʥʦʚʽ 
ʇʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʥʘʥʝʩʝʥʥʷ ʥʘ ʨʽʟʥʽ ʚʠʜʠ 

ʧʦʢʨʠʪʪʷ ʩʪʽʥ, ʪʘʢ̔ ʷʢ 
ʰʧʘʣʝʨʠ, ʙʝʪʦʥʥʽ ʪʘ 

ʦʰʪʫʢʘʪʫʨʝʥʽ ʧʦʚʝʨʭʥʽ 

ʉʪʚʦʨʶʻ ʷʩʢʨʘʚʫ 
ʧʦʚʝʨʭʥʶ ʽʟ ʢʨʘʩʠʚʠʤ 

ʥʘʩʠʯʝʥʠʤ ʢʦʣʴʦʨʦʤ. 

ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʤʘʡʞʝ ʥʘ 

ʫʩʽ ʚʠʜʠ ʧʦʢʨʠʪʪʷ, ʪʘʢʽ ʷʢ 

ʧʘʧʝʨʦʚʽ, ʚʽʥʽʣʦʚʽ 
ʰʧʘʣʝʨʠ, ɼʉʇ ʪʘ ɼɺʇ, 

ʦʰʪʫʢʘʪʫʨʝʥʽ, ʙʝʪʦʥʥʽ 

ʧʣʠʪʠ ʪʘ ʩʪʽʥʠ. 

15 ɺʦʜʘ ʇʝʥʟʣʠʢ, 

ʚʘʣʠʢ 

- ɿʛʦʜ. ʄʘʪʦʚʘ - 

ɼɽʂʆʈ 

ʄɽʊɸʃʃ 

ɺʦʜʦʜʠʩʧʝʨʩʽʡʥʘ 

ʘʢʨʠʣʦʚʘ ʬʘʨʙʘ ʥʘ 
ʚʦʜʥʽʡ ʦʩʥʦʚʽ ʜʣʷ 

ʚʥʫʪʨʽʰʥʽʭ ʨʦʙʽʪ. ɺʦʥʘ 

ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 
ʜʝʢʦʨʘʪʠʚʥʦʛʦ 

ʧʦʬʘʨʙʫʚʘʥʥʷ ʩʪʽʥ, 

ʩʪʝʣʴ, ʢʦʣʦʥ, ʝʣʝʤʝʥʪʽʚ 
ʜʝʢʦʨʫ, ʤʝʙʣʽʚ. ɼʘʥʘ 

ʬʘʨʙʘ ʩʪʚʦʨʶʻ ʢʨʘʩʠʚʝ 

ʤʝʪʘʣʝʚʝ ʧʦʢʨʠʪʪʷ. 

ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʷʢʦʩʪʽ 

ˇʨʫʥʪʦʚʢʠ ʪʘ 
ʦʟʜʦʙʣʶʶʯʦʛʦ ʧʦʢʨʠʪʪʷ. 

ʋ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʥʝ 

ʤʽʩʪʠʪʴ ʫʘʡʪ-ʩʧʽʨʠʪ ʘʙʦ 
ʽʥʰʠʡ ʨʦʟʯʠʥʥʠʢ. 

7-8 ɺʦʜʘ ʇʝʥʟʣʠʢ, 

ʚʘʣʠʢ 

12 ʛʦʜ. 48 ʛʦʜ. ʅʘʧʽʚ- 

ʛʣʷʥʮʝʚʘ 

- 

ʉʂʆʊʊɽ 3 ʄʘʪʦʚʘ 

ʚʦʜʦʨʦʟʙʘʚʣʷʶʯʘ 

ʣʘʪʝʢʩʥʘ ʬʘʨʙʘ, ʜʦ 
ʩʢʣʘʜʫ ʷʢʦʾ ʥʝ ʚʭʦʜʠʪʴ 

ʦʨʛʘʥʽʯʥʽ ʨʦʟʯʠʥʥʠʢʠ. 

ʇʨʠʟʥʘʯʝʥʘ ʜʣʷ 
ʧʦʬʘʨʙʫʚʘʥʥʷ ʩʪʽʥ ʪʘ 

ʩʪʝʣ,̔ ʜʝ ʧʦʪʨʽʙʥʦ 

ʦʪʨʠʤʘʪʠ ʤʘʪʦʚʫ 
ʧʦʚʝʨʭʥʶ. 

ɼʣʷ ʦʟʜʦʙʣʝʥʥʷ ʥʦʚʠʭ 

ʥʝʧʦʬʘʨʙʦʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʘʙʦ ʧʦʚʝʨʭʦʥʴ, 
ʨʘʥʽʰʝ ʧʦʬʘʨʙʦʚʘʥʠʭ 

ʣʘʪʝʢʩʥʦʶ ʬʘʨʙʦʶ. 

6-8 ɺʦʜʘ ʇʝʥʟʣʠʢ, 

ʚʘʣʠʢ, 

ʨʦʟʧʠʣʶʚʘʯ 

ɿ0 ʭʚ. 3 ʛʦʜ. ɿʦʚʩʽʤ  

ʤʘʪʦʚʘ 

ɭ 
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ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. 

 

ʊʘʙʣʠʮʷ 2 

ʇʨʦʜʫʢʮʽ̫ ʪʦʨʛʦʚʦʾ ʤʘʨʢʠ çBeckersè. ʃʘʢʠ 
ʅʘʟʚʘ ʊʠʧ ʤʘʪʝʨʽʘʣʫ ɿʘʩʪʦʩʫ 
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 ʏʘʩ ʚʠʩʠʭʘʥʥʷ 

ʧʨʠ +23Áʉ 

ʉʪʫʧʽʥʴ 

ʙʣʠʩʢʫ 

 

ɽʢʦ- 

ʧʦʟʥʘʯʢʠ 

ʅʘ 

ʚ̔ ʜʣʽ-

ʧʘʥʥʷ 

ʅʘʩʪʫʧ- 

ʥʠʡ ʰʘʨ 

ɼɽʂʆʈ 

ʂʃɸʈʃɸʂ, 
ɹʃɸʅʂ, ʄɸʊʊ, 

ʍɸʃɺɹʃɸʅʂ 

ɺʦʜʦʨʦʟʯʠʥʥʠʡ 

ʧʨʦʟʦʨʠʡ ʣʘʢ, 
ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʦʟʜʦʙʣʝʥʥʷ ʤʝʙʣʽʚ ʪʘ 

ʚʥʫʪʨʽʰʥʽʭ ʜʝʨʝʚ'ʷʥʠʭ 
ʧʦʚʝʨʭʦʥʴ. 

ɼʣʷ ʥʘʥʝʩʝʥʥʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʙʽʣʴʰʦʩʪʽ 
ʧʦʨʽʜ ʜʝʨʝʚʠʥʠ. 

ʄʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 
ʜʣʷ ʦʙʨʦʙʢʠ 

ʨʘʥʽʰʝ ʣʘʢʦʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ. 

5-12 ɺʦʜʘ ʇʝʥʟʣʠʢ 2 ʛʦʜ. 16 ʛʦʜ. ɻʣʷʥʮʝʚʘ, 

ʤʘʪʦʚʘ, 
ʥʘʧʽʚʛʣʷʥ-

ʮʝʚʘ 

- 

ʆʂʉɸʃɸʂʂɸ ʃʘʢ ʜʣʷ ʦʙʨʦʙʢʠ 
ʩʫʯʢʽʚ. 

ɺʥʫʪʨʽʰʥʽ ʪʘ 
ʟʦʚʥʽʰʥʽ ʨʦʙʦʪʠ 

ʽʟʦʣʷʮʽʷ ʩʫʯʢʽʚ ʽ 

ʩʤʦʣ ʥʘ ʜʝʨʝʚ`ʷʥʠʭ 
ʧʦʚʝʨʭʥʷʭ ʭʚʦʡʥʠʭ 

ʧʦʨʽʜ. 

0,8 - ʇʝʥʟʣʠʢ -  - - 

ʋʅʀʂɸ ʉʋʇɽʈ ʐʚʠʜʢʦʩʦʭʥʫʯʠʡ 
ʫʨʝʪʘʥ-ʘʣʢʽʜʥʠʡ ʣʘʢ. 

ʄʘʻ ʨʝʯʦʚʠʥʠ, ʷʢʽ 

ʫʧʦʚʽʣʴʥʶʶʪʴ ʧʨʦʮʝʩ 
ʧʦʞʦʚʪʽʥʥʷ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʋʌ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɼʣʷ ʣʘʢʦʚʘʥʠʭ 
ʚʥʫʪʨʽʰʥʽʭ ʪʘ 

ʟʦʚʥʽʰʥʽʭ 

ʜʝʨʝʚ`ʷʥʠʭ 
ʧʦʚʝʨʭʦʥʴ. 

12-14 ʋʘʡʪ-
ʩʧʽʨʠʪ 

1050 

ʇʝʥʟʣʠʢ, 
ʨʦʟʧʠʣʶʚʘʯ 

6 ʛʦʜ. 24 ʛʦʜ. ɻʣʷʥʮʝʚʘ, 
ʥʘʧ̔ ʚ- 

ʛʣʷʥʮʝʚʘ, 

ʥʘʧʽʚʤʘʪʦʚʘ 

- 

ʃʖʆʊɽʅ ʆʜʥʦʢʦʤʧʦʥʝʥʪʥʠʡ 
ʚʦʜʦʨʦʟʙʘʚʣʷʶʯʠʡ 

ʤʝʙʣʝʚʠʡ ʣʘʢ ʥʘ 

ʦʩʥʦʚʽ ʘʢʨʠʣ-
ʧʦʣʽʫʨʝʪʘʥʦʚʦʾ 

ʜʠʩʧʝʨʩʽʾ. ʌʦʨʤʫʻ 

ʪʚʝʨʜʝ ʟʥʦʩʦʩʪʽʡʢʝ 
ʥʘʧʽʚʤʘʪʦʚʝ ʧʦʢʨʠʪʪʷ, 

ʷʢʝ ʻ ʩʪʽʡʢʠʤ ʜʦ 

ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ 
ʧʦʙʫʪʦʚʠʭ ʤʠʶʯʠʭ 

ʨʝʯʦʚʠʥ. 

ʃʘʢ ʩʧʝʮʽʘʣʴʥʦʛʦ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʚʥʫʪʨʽʰʥʽʭ ʪʘ 

ʟʦʚʥʽʰʥʽʭ ʨʦʙʽʪ, 
ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʫʧʦʚʽʣʴʥʝʥʥʷ 

ʧʝʨʝʭʦʜʫ ʩʤʦʣʠ 
ʩʢʨʽʟʴ ʧʦʬʘʨʙʦʚʘʥʫ 

ʧʦʚʝʨʭʥʶ. 

8-10 ɺʦʜʘ ʇʝʥʟʣʠʢ, 
ʚʘʣʠʢ, 

ʨʦʟʧʠʣʶʚʘʯ 

2 ʛʦʜ. ɿʛʦʜ ɻʣʷʥʮʝʚʘ, 
ʥʘʧʽʚʤʘʪʦʚʘ 

- 

 

ɺʽʜʯʫʚʘʻ ʨʠʥʦʢ ʣʘʢʦʬʘʨʙʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʽ ʚʧʣʠʚ ʤʦʜʠ ʚ ʨʝʤʦʥʪʥʠʭ ʨʦʙʦʪʘʭ. ɿʦʢʨʝʤʘ, ʧʨʘʛʥʝʥʥʷ 

ʧʽʜʢʨʝʩʣʠʪʠ ʥʘʪʫʨʘʣʴʥʽʩʪʴ ʜʝʨʝʚ'ʷʥʠʭ ʚʽʢʦʥ ʽ ʜʚʝʨʝʡ ʟʥʠʞʫʻ ʧʦʧʠʪ ʥʘ ʬʘʨʙʠ ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʨʦʙʽʪ ʧʦ ʜʝʨʝʚʫ 

ʽ ʧʽʜʚʠʱʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʩʪʦʣʷʨʥʽ ʣʘʢʠ. ɸ ʚ ʛʘʣʫʟʽ ʻʚʨʦʨʝʤʦʥʪʽʚ ʟʨʦʩʪʘʻ ʧʦʧʫʣʷʨʥʽʩʪʴ ʪʝʢʩʪʫʨʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʩʪʽʥ, ʘ ʦʪʞʝ, ʽ ʚʽʜʧʦʚ̔ʜʥʠʭ ʜʦʨʦʛʠʭ ʬʘʨʙ.  

ʊʠʤ, ʭʪʦ ʭʦʯʝ ʡʪʠ ʚ ʥʦʛʫ ʟ ʯʘʩʦʤ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʥʘʡʩʫʯʘʩʥʽʰʽ ʻʚʨʦʧʝʡʩʴʢʽ ʤʘʪʝʨʽʘʣʠ 

ʜʣʷ ʦʙʣʘʰʪʫʚʘʥʥʷ ʽʥʪʝʨôʻʨʽʚ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʧʨʦʜʫʢʮʽʷ ʪʦʨʛʦʚʦʾ  ʤʘʨʢʠ çBeckersè. ɺʦʥʘ 

ʥʝ ʤʽʩʪʷʪʴ ʪʦʢʩʠʯʥʠʭ ʜʦʤʽʰʦʢ ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʭ ʧʨʠʤʽʱʝʥʴ. 

ɼʝʢʦʨʘʪʠʚʥʘ ʬʘʨʙʘ ɺɸɻʊʃɸɿʋʈ ʪʦʨʛʦʚʦʾ  ʤʘʨʢʠ çBeckersè  ʩʪʚʦʨʶʻ ʥʝʧʦʚʪʦʨʥʝ ʟʦʨʦʚʝ ʚʽʜʯʫʪʪʷ 

ʦʢʩʘʤʠʪʦʚʦʾ ʪʢʘʥʠʥʠ. ʌʘʨʙʘ ʤʘʻ ʧʘʩʪʝʣʴʥʦ - ʧʽʩʢʦʚʽ ʧʽʚʪʦʥʠ ʽ ʚʠʧʫʩʢʘʻʪʴʩʷ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʢʦʣʴʦʨʽʚ  ̔

ʚʽʜʪʽʥʢʽʚ. ɺɸɻʊʃɸɿʋʈ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʜʦʛʘʥʥʫ ʥʘʜʽʡʥʽʩʪʴ, ʚʠʩʦʢʫ ʦʧʽʨʥʽʩʪʴ ʫʜʘʨʘʤ ʽ ʧʦʜʨʷʧʠʥʘʤ, ʜʦʜʘʻ 

ʽʥʪʝʨôʻʨʫ ʥʝʧʦʚʪʦʨʥʽʩʪʴ, ʚʠʰʫʢʘʥʽʩʪʴ ʽ ʝʣʝʛʘʥʪʥʽʩʪʴ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʣʘʢʫ ʃʖʆʊɽʅ ʪʦʨʛʦʚʦʾ  ʤʘʨʢʠ 

çBeckersè ʤʦʞʥʘ ʧʦʚʪʦʨʠʪʠ ʙʫʜʴ-ʷʢʝ ʧʦʻʜʥʘʥʥʷ ʟʘʙʘʨʚʣʝʥʴ ʢʠʣʠʤʚ̔, ʟʘʥʘʚʽʩʦʢ ʪʘ ʤʝʙʣʽʚ, ʚʠʢʦʥʘʪʠ ʩʪʽʥʠ 

ʢʤ̔ʥʘʪʠ ʫ ʚʠʛʣʷʜʽ ʫʣʶʙʣʝʥʦʾ ʢʘʨʪʠʥʠ, ʤʦʨʩʴʢʠʭ ʭʚʠʣʴ ʘʙʦ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʚʧʦʜʦʙʘʥʦʛʦ ʚʘʤʠ ʦʙʨʘʟʫ ʯʠ 

ʤʘʣʶʥʢʘ. ʇʦʢʨʠʪʪʷ ʥʝ ʤʘʻ ʟʘʧʘʭʫ, ʣʝʛʢʦ ʤʠʻʪʴʩʷ, ʚʦʣʦʜʽʻ ʧʽʜʚʠʱʝʥʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʽ ʻ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ. 

ʃʖʆʊɽʅ ʟ ʙʣ̔ʦʶ ʙʘʟʦʶ ʙʫʜʝ ʽʜʝʘʣʴʥʠʤ ʦʙʨʦʙʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʠʪʷʯʦʾ ʢʽʤʥʘʪʠ. ɹʝʟʫʤʦʚʥʦ, ʚʠʱʝ 

ʧʝʨʝʣʽʯʝʥʽ ʬʘʨʙʠ ʪʘ ʣʘʢʠ - ʣʠʰʝ ʤʘʣʘ ʯʘʩʪʠʥʘ ʥʝʩʢʽʥʯʝʥʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʦʙʨʦʙʣʶʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʦʞʥʘ ʧʽʜʽʙʨʘʪʠ ʜʣʷ ʙʫʜʴ - ʷʢʦʛʦ ʧʨʠʤʽʱʝʥʥʷ [4].  

ʂʨʽʤ ʪʦʛʦ, ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ ʪʦʨʛʦʚʦʾ  ʤʘʨʢʠ çBeckersè, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʪʯʠʟʥʷʥʠʤʠ, ʤʘʶʪʴ 

ʢʨʘʱʫ ʧʦʢʨʠʚʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʠʡ ʨʦʟʭʽʜ ʤʘʪʝʨʽʘʣʫ, ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ, 

ʤʝʥʰ ʚʠʙʘʛʣʠʚʽ ʜʦ ʧʦʚʝʨʭʥʽ ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤ ̔

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʣʘʢʦʬʘʨʙʦʚʘ ʧʨʦʜʫʢʮʽʷ ʪʦʨʛʦʚʦʾ  ʤʘʨʢʠ çBeckersè ʚʦʣʦʜʽʻ 

ʭʦʨʦʰʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ  ʪʘ ʝʩʪʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʻ ʝʢʦʣʦʛʽʯʥʠʤ ʪʘ ʷʢʽʩʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʯʠʤ 

ʟʘʩʣʫʞʠʣʘ ʧʨʠʭʠʣʴʥʽʩʪʴ ʚʽʪʯʠʟʥʷʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʪʘ ʧʨʦʜʦʚʞʫʻ ʫʪʨʠʤʫʚʘʪʠ ʣʽʜʠʨʫʶʯʽ ʧʦʟʠʮʽʾ. ɼʘʥʠʡ 

ʤʘʪʝʨʽʘʣ  ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʛʦ ʨʠʥʢʫ ʣʘʢʦʬʘʨʙʦʚʦ ʾʧʨʦʜʫʢʮʽʾ. 
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ASPECTS OF THE IMPLEMENTATION  OF SOLAR ENERGY IN THE CONDITIONS OF AVIATION 
ENTERPRISES 

 
Taking into account modern realities and the importance of the aviation component in the transport and logistics system of 

Ukraine, an important factor today is the maintenance of aviation security at the appropriate level of the enterprises of the aviation industry of 
Ukraine. The research results of various industrial facilities showed that they have different specifics of the technological process and their unique 
features of the implementation of distributed generation sources. One of the important components in this case is the electricity supply of the 
specified objects. Meanwhile, there may be some obstacles within the airport territory: natural - terrain relief (highlands, mountains) and high 
vegetation; artificial - buildings, structures, the height of which is limited by conventional horizontal and inclined planes. The main reason for the 
growing interest in solar energy is the falling cost of generated electricity. 20 years ago, the production of one kilowatt cost 1 euro. Today, in 
countries rich in the sun, 1 kW costs less than 10 euro cents, and in some regions 6-7 cents.The possibility and specifics of the operation of a solar 
power plant (SPP) in the conditions of operating aviation enterprises were analyzed. Therefore, it is possible to consider the airfield area as a 
potential training ground for the installation of solar photo-electric installations. In order to solve the problem of improving the aviation safety of 
the objects of the aviation industry of Ukraine, the possibility and peculiarities of the introduction of solar energy in the languages of enterprises 
of the specified industry were analyzed. A mathematical model of a solar photovoltaic installation was proposed, which makes it  possible to 
evaluate the influence of energy characteristics depending on external factors. 

Keywords: decentralized generation, power supply, airfield, airport, solar energy. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 
ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʚʽʘʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʢʨʘʾ ʥʠ, ʻ ʘʝʨʦʧʦʨʪ, ʱʦ ʚ ʩʦʶ ʯʝʨʛʫ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʤʽʩʮʝʚʽ ʽ ʤʞ̔ʥʘʨʦʜʥʽ. 
ɸʝʨʦʧʦʨʪ ʮʝ ʪʨʘʥʩʧʦʨʪʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʱʦ ʟʜʽʡʩʥʶʻ ʨʝʛʫʣʷʨʥʽ ʧʦʚʽʪʨʷʥʽ 

ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ, ʙʘʛʘʞʫ, ʚʘʥʪʘʞʽʚ ʽ ʧʦʰʪʠ,  ʪʘ ʚʠʢʦʥʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʣʴʦʪʽʚ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ [1].  
ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʮʽʣʝʡ ʩʫʯʘʩʥʠʡ ʘʝʨʦʧʦʨʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, 

ʥʘʡʛʦʣʦʚʥʽʰʠʤʠ ʟ ʷʢʠʭ ʻ ʩʠʩʪʝʤʘ ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʠʭ ʩʤʫʛ, ʨʫʣʴʦʚʠʭ ʜʦʨʽʞʦʢ, ʧʝʨʦʥʠ, ʤʽʩʮʷ ʩʪʦʷʥʦʢ, 
ʘʝʨʦʚʦʢʟʘʣʠ, ʘʥʛʘʨʠ ʪʘ ʽʥʰʽ ʙʫʜʽʚʣʽ. ʋ ʘʝʨʦʧʦʨʪʘʭ ʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʢʦʤʧʣʝʢʩʥʽ ʟʘʩʦʙʠ 
ʚʙʫʜʦʚʘʥʦʾ ʽ ʧʝʨʝʩʫʚʥʦʾ ʤʝʭʘʥʽʟʘʮʽʾ, ʨʦʟʛʘʣʫʞʝʥʘ ʤʝʨʝʞʘ ʽʥʞʝʥʝʨʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʝ ʫʪʨʠʤʘʥʥʷ ʩʧʦʨʫʜ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʘ̔ʮʽʡʥʦʾ ʪʝʭʥʽʢʠ [1].  

ɸʝʨʦʜʨʦʤ - ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʘʝʨʦʧʦʨʪʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʫ ʟʝʤʝʣʴʥʫ 
ʜʽʣʷʥʢʫ ʟ ʢʦʤʧʣʝʢʩʦʤ ʩʧʦʨʫʜ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʣʴʦʪʠ, ʨʫʣʶʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʽ 
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ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ. ʋ ʤʝʞʘʭ ʘʝʨʦʜʨʦʤʫ ʥʘ ʜʽʣʥ̫ʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʝʨʦʥʫ,ʱʦ  ʟʘʟʚʠʯʘʡ 
ʧʨʠʣʝʛʣʦʛʦ ʜʦ ʘʝʨʦʚʦʢʟʘʣʫ, ʚʠʢʦʥʫʶʪʴʩʷ ʧʦʩʘʜʢʘ ʧʘʩʘʞʠʨʽʚ ʫ ʧʦʚʽʪʨʷʥʽ ʩʫʜʥʘ ʪʘ ʚʠʩʘʜʢʘ ʟ ʥʠʭ, 
ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʟ ʘʝʨʦʚʦʢʟʘʣʫ ʽ ʥʘʟʘʜ, ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʽ ʦʧʝʨʘʮʽʾ ʟ 
ʚʘʥʪʘʞʝʤ, ʙʘʛʘʞʝʤ ʽ ʧʦʰʪʦʶ [1, 2].  

ʄʽʞ ʪʠʤ, ʜʦ ʘʝʨʦʜʨʦʤʫ ʧʨʠʣʷʛʘʻ ʧʨʠʘʝʨʦʜʨʦʤʥʘ ʪʝʨʠʪʦʨʽʷ, ʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʩʪʦʨʽ ʷʢʦʾ 
ʧʨʦʚʦʜʠʪʴʩʷ ʤʘʥʝʚʨʫʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʨʝʘʣʽʾ ʪʘ ʚʘʞʣʠʚʽʩʪʴ ʘʚʽʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʪʨʘʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʽʡ ʩʠʩʪʝʤʽ 
ʋʢʨʘʾʥʠ, ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʧʽʜʪʨʠʤʘʥʥʷ ʥʘ ʥʘʣʝʞʥʦʤʫ ʨʽʚʥʽ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 
ʧʽʜʧʨʠʻʤʩʪʚ ʘʚʽʘʮʽʡʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. ʆʜʥʽʻʶ ʽʟ ʚʘʞʣʠʚʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʠ ʮʴʦʤʫ ʻ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 
ʚʢʘʟʘʥʠʭ ʦʙôʻʢʪʽʚ. 

 
ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. 

ʋ ʨʷʜʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʠ ʦʙ̌ ʨʫʥʪʦʚʫʶʪʴ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʞʝʨʝʣ 
ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʚ ʫʤʦʚʘʭ ʨʽʟʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɸʣʝ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ 
ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʨʽʟʥʫ ʩʧʝʮʠʬʽʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʩʚʦʾ ʫʥʢ̔ʘʣʴʥʽ 
ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʞʝʨʝʣ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ [2-10]. 

ʄʽʞ ʪʠʤ, ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʟʘʜʘʯʝʶ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʪʘ ʤʝʭʘʥʽʟʤʫ 
ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ  ʘʚʽʘʮʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʜʞʝʨʝʣ ʈɻ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 
ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʘʚʽʘʮʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʘʩʧʝʢʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʞʝʨʝʣ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ. 
 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 
ʇʨʠʘʝʨʦʜʨʦʤʥʘ ʪʝʨʠʪʦʨʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʠʢ, ʨʦʟʤʽʨʠ ʷʢʦʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʣʘʩʫ ʘʝʨʦʜʨʦʤʫ. 

ʐʠʨʠʥʘ ʧʨʷʤʦʢʫʪʥʠʢʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 25 ʜʦ 40 ʢʤ. ʂʨʘʡʥʽ ʯʘʩʪʠʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʜʦʚʞʠʥʫ ʚʽʜ 25 ʜʦ 30 ʢʤ, ʘ 
ʩʝʨʝʜʥʽ - 20-60 ʢʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʚʞʠʥʘ ʧʨʠʘʝʨʦʜʨʦʤʥʦʾ ʪʝʨʠʪʦʨʽʾ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 100 ʢʤ ʽ ʙʽʣʴʰʝ, ʘ 
ʠhʨʠʥʘ ʜʦ 1 / 3 ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʜʦʚʞʠʥʠ [1]. 

ʋ ʤʝʞʘʭ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʧʨʠʘʝʨʦʜʨʦʤʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʝʨʰ ʟʘ ʚʩʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʝʟʧʝʢʘ ʧʦʣʴʦʪʽʚ 
ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʟ ʦʜʥʠʤ ʥʝʧʨʘʮʶʶʯʠʤ ʜʚʠʛʫʥʦʤ, ʚʽʜʭʦʜʫ ʥʘ ʜʨʫʛʝ ʢʦʣʦ, ʟʘʭʦʜʞʝʥʥʷ ʥʘ ʧʦʩʘʜʢʫ ʟ 
ʨʦʟʚʦʨʦʪʦʤ ʽ ʚʠʭʦʜʦʤ ʥʘ ʧʦʩʘʜʢʦʚʠʡ ʢʫʨʩ, ʟʘʭʦʜʫ ʥʘ ʧʦʩʘʜʢʫ ʧʦ ʧʨʷʤʦʢʫʪʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ; ʚ ʤʝʞʘʭ 
ʢʨʘʡʥʽʭ ʯʘʩʪʠʥ - ʙʝʟʧʝʢʘ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʧʨʠ ʟʘʭʦʜʽ ʥʘ ʧʦʩʘʜʢʫ ʧʦ ʧʨʷʤʽʡ [1]. 

ʄʽʞ ʪʠʤ, ʫ ʤʝʞʘʭ ʧʨʠʘʝʨʦʜʨʦʤʥʦʾ ʪʝʨʠʪʦʨʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʜʝʷʢʽ ʧʝʨʝʰʢʦʜʠ: ʧʨʠʨʦʜʥʽ - ʨʝʣʴʻʬ 
ʤʽʩʮʝʚʦʩʪʽ (ʚʠʩʦʯʠʥʠ, ʛʦʨʠ) ʽ ʚʠʩʦʢʘ ʨʦʩʣʠʥʥʽʩʪʴ; ʰʪʫʯʥʽ - ʙʫʜʽʚʣʽ, ʩʧʦʨʫʜʠ, ʚʠʩʦʪʘ ʷʢʠʭ ʦʙʤʝʞʫʻʪʴʩʷ 
ʫʤʦʚʥʠʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʽ ʧʦʭʠʣʠʤʠ ʧʣʦʱʠʥʘʤʠ. ʊʦʤʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʧʨʠ ʘʝʨʦʜʨʦʤʥʫ ʪʝʨʠʪʦʨʽʶ, ʷʢ 
ʧʦʪʝʥʮʽʡʥʠʡ ʧʦʣʽʛʦʥ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ [1]. 

ʗʢ ʚʽʜʦʤʦ, ʜʣʷ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, 
ʧʨʘʮʶʶʯʠʭ ʚ ʥʝʚʝʣʠʢʠʭ ʣʦʢʘʣʴʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ (ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʜʦ ʜʝʢʽʣʴʢʦʭ ʄɺʪ ʘʙʦ 
ʩʦʪʝʥʴ ʢɺʪ), ʘʙʦ ʥʘ ʘʚʪʦʥʦʤʥʦʛʦ ʩʧʦʞʠʚʘʯʘ (ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢ ʧʨʘʚʠʣʦ ʥʝ ʙʽʣʴʰʝ 100 ï 200ʢɺʪ), 
ʥʝʦʙʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʧʨʠ ʥʝʧʨʝʨʠʚʥʦʤʫ ʛʨʘʬʽʢʫ ʟʤʽʥʠ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʚ ʯʘʩʽ (ʜʣʷ ʦʩʦʙʣʠʚʦ 
ʚʽʜʧʦʚʽʜʘʣʥɹʠʭ ʩʧʦʞʠʚʘʯʽʚ) ʘʙʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʥʦ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʞʠʤʘʭ, ïʩʝʨʝʜʥʴʦʛʦʜʠʥʥʽ 
ʜʘʥʥʽ ʧʨʦ ʧʨʠʭʽʜ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʥʘ ʟʘʜʘʥʫ ʩʧʨʠʡʤʘʶʯʫ ʧʣʦʱʘʜʢʫ [5]. 

ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʨʦʟʨʦʙʣʷʪʠ ʩʧʝʮʽʘʣʴʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʛʦʜʠʥʦʛʦ 
ʧʨʠʭʦʜʫ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʥʘ ʜʦʚʽʣʴʥʦ ʦʨʽʻʥʪʦʚʘʥʫ ʧʨʠʡʤʘʣʴʥʫ ʧʣʦʱʘʜʢʫ [6].  

ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʨʠʭʦʜʫ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʥʘ ʧʨʠʡʤʘʶʯʫ ʧʦʱʘʜʢʫ 
ʦʩʪʘʥʥʷ ʧʦʚʠʥʥʘ ʤʘʪʠ ʥʝʧʨʝʨʠʚʥʫ ʦʨʽʻʥʪʘʮʽʶ ʥʘ ʉʦʥʮʝ ʰʣʷʭʦʤ ʟʤʽʥʠ ʢʫʪʘ ʥʘʭʠʣʫ ʾʾ ʧʦʚʝʨʭʥʽ ʚʽʜʥʦʩʥʦ 

ʛʦʨʠʟʦʥʪʫ, ʘ ʪʘʢʦʞ ʘʟʠʤʫʪʘ ʧʨʠʻʤʥʦʾ ʧʣʦʱʽ.  

ɿʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʩʫʤʤʘʨʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʨʘʭʫʥʢʫ 
ʘʥʘʣʦʛʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʠʭʦʜʫ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣɹʥʫ ʧʨʠʡʤʘʶʯʫ ʧʣʦʱʘʜʢʫ.  

ʏʘʩ ʙʫʜʝ ʚʠʙʠʨʘʪʠʩʷ ʷʢ ʽʩʪʠʥʥʠʡ ʩʦʥʷʯʥʠʡ ʯʘʩ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʯʘʩʦʚʠʭ ʧʦʷʩʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʪʦʡ 
ʬʘʢʪ, ʱʦ ʧʦʜʽʙʥʝ ʜʦʧʫʱʝʥʥʷ ʧʨʠʡʥʷʪʝ ʽ ʜʣʷ ʚʩʽʭ ʜʦʚʽʜʥʠʢʽʚ ʽ ʩʧʝʮʽʘʣʥɹʠʭ ʙʘʟ ʜʘʥʠʭ. ɺʨʘʭʫʚʘʥʥʷ ʯʘʩʫ ʩʣʽʜ 
ʧʨʦʚʦʜʠʪʠ ʫʞʝ ʥʘ ʨʽʚʥʽ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ ʙʘʣʘʥʩʫ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʯʘ ʚ ʯʘʩʽ [7]. 

ɼʣʷ ʚʽʜʙʠʪʦʾ ʨʘʜʽʘʮʽʾ ʧʨʠ  0 Ò ɓ Ò 90 0 ʚʢʘʟʘʥʝ ʨʦʟʭʦʜʞʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 20%, ʘ ʧʨʠ ɓ=900  
ʨʦʟʭʦʜʞʝʥʥʷ ʤʦʞʝ ʜʦʩʪʠʛʘʪʠ 100%( ɓ=1800). 

ʆʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʟʨʦʩʪʘʶʯʦʛʦ ʽʥʪʝʨʝʩʫ ʜʦ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ - ʧʘʜʘʶʯʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʟ ʛʝʥʝʨʦʚʘʥʦʾ 
ʝʣʝʢʪʨʦʝʥʝʛʨʛʽ.ʾ 20-ʪ ɹʨʦʢʽʚ ʪʦʤʫ ʚʠʨʦʙʥʠʮʪʚʦ ʦʜʥʦʛʦ ʢʽʣʦʚʘʪʘ ʢʦʰʪʫʚʘʣʦ 1 ʻʚʨʦ. ʉʴʦʛʦʜʥʽ ʞ ʚ ʢʨʘʾʥʘʭ, 
ʙʘʛʘʪʠʭ ʩʦʥʮʝʤ, 1 ʢɺʪ ʦʙʭʦʜʠʪʴʩʷ ʤʝʥʰ ʥʽʞ ʚ 10 ʻʚʨʦʮʝʥʪʽʚ, ʘ ʚ ʜʝʷʢʠʭ ʨʝʛʽʦʥʘʭ ʚ 6-7 ʮʝʥʪʽʚ. 

ɹʫʣʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʽ ʩʧʝʮʠʬʽʢʘ ʨʦʙʦʪʠ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʉɽʉ) ʚ ʫʤʦʚʘʭ ʜʽʶʯʠʭ 
ʘʚ̔ʘʮʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʫ ʫʩʪʘʥʦʚʢʫ (ʌɽʋ) ʪʦ ʤʦʞʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʝ Rʧ ʽ 
ʧʘʨʘʣʝʣʴʥʝ R  hʦʧʽʨ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ. ʇʦʩʣʽʜʦʚʥʠʡ ʦʧʽʨ ʚʢʣʶʯʘʻ ʦʧʽʨ ʩʘʤʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ 
ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʠʡ ʩʦʥʷʯʥʠʡ ʬʦʪʦʝʣʝʤʝʥʪ, ʧʝʨʝʭʽʜʥʠʡ ʦʧʽʨ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ï ʤʝʪʘʣ, ʦʧʽʨ 
ʢʦʥʪʘʢʪʽʚ. ʐʫʥʪʫʶʯʽ ʦʧʦʨʠ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʟʚʦʨʦʪʥʦʛʦ ʦʧʦʨʫ pïn ʧʝʨʝʭʦʜʫ, ʨʽʟʥʠʭ 
ʧʨʦʚʽʜʥʠʭ ʧʣʽʚʦʢ ʘʙʦ ʟʘʙʨʫʜʥʝʥʴ [7]. 

ʇʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʉʌʋ ʚ ʫʤʦʚʘʭ ʘʚʽʘʮʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʻ ʚʝʣʠʢʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʚʽʪʨʷʥʠʭ ʟʙʫʨʝʥʴ, 
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ʱʦ ʧʽʜʥʽʤʫʪʴ ʚ ʘʪʤʦʩʬʝʨʫ ʧʠʣ, ʱʦ ʚʽʜʢʣʘʜʫʪʴʩʷ ʥʘ ʧʨʠʣʝʛʣʠʭ ʜʦ ʾʾ ʜʞʝʨʝʣ ʪʝʨʠʪʦʨʽʷʭ [8].  
ɺʨʘʭʦʚʫʶʯʠ ʫʤʦʚʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʻ ʜʦʮʽʣʴʥʠʤ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʟʘʧʠʣʝʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʩʢʣʘ ï kʟʘʧ . ɿʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʠʩʥʦʾ ʜʽʾ 
ʥʦʤ̔ʥʘʣʴʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚʽʜʥʦʩʥʦ ʂʂɼ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ. 

.( ) .( )ʨʦʟʨ ʌɽʋ ʥʦʤ ʌɽʋh h¢
 

ʪʦʙʪʦ 

.( )(0... )ʟʘʧ ʨʦʟʨ ʌɽʋʂ h=
 

ʇʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ kʟʘʧ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʧʝʚʥʽ ʜʽʾ, ʱʦʜʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, ʟ 
ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʚʽʜʜʘʯʽ [8, 9]: 

- ʷʢʦɦ kʟʘʧ=0 ʪʦ
  
ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʥʝʧʣʘʥʦʚʫ ʦʯʠʩʪʢʫ ʉʌʋ, ʘʙʦ ʚʠʩʠʣʘʪʠ ʙʨʠʛʘʜʫ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʩʪʘʥʫ ʉʌʋ;
 - ʷʢʱʦ kʟʘʧ=0,25 ʪʦ ʨʽʚʝʥʴ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ, ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʫ ʦʯʠʩʪʢʫ ʉʌʋ;
 - ʷʢʱʦ kʟʘʧ=0,5 ʪʦ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʦʤʽʥʘʣʴʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʧʣʘʥʦʚʫ ʦʯʠʩʪʢʫ ʉʌʋ; 

- ʷʢʱʦ kʟʘʧ=0,75 ʪʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʧʨʦʚʝʜʝʥʽ ʦʯʠʩʪʢʠ ʉʌʋ ʥʝ ʚʠʥʠʢʘʻ ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 
ʛʝʥʝʨʘʮʽʷ ʻ ʩʪʘʙʽʣʴʥʦʶ ʽ ʙʣʠʟʴʢʦʶ ʜʦ ʥʦʤʽʥʘʣʫ, ʧʨʠ ʪʘʢʦʤʫ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʠʣʝʥʦʩʪʽ ʚʠʥʠʢʘʻ; 

- ʷʢʱʦ kʟʘʧ=1 ʪʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʧʨʦʚʝʜʝʥʽ ʦʯʠʩʪʢʠ ʉʌʋ ʥʝ ʚʠʥʠʢʘʻ ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 
ʛʝʥʝʨʘʮʽʷ ʻ ʙʣʠʟʴʢʦʶ ʜʦ ʥʦʤʽʥʘʣʫ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʭ̔ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ tʧʨ ʽ tʧʨa ʜʽʡʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ 
ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʧʨʦʧ ʧʨ ʧʦʛʣ ʟʘʧKt t t= Ö Ö  

ɿ ʫ ʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʙʫʣʘ ʩʢʣʘʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʉʌʋ, ʚ 
ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʷʢʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ [8-10]: 
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ʜʝ Uʉʌɽï ʥʘʧʨʫʛʘ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ, ɺ; ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʧʘʨʘʤʝʪʨ ʢʨʠʚʠʟʥʠ ɺɸʍ;kï ʧʦʩʪʽʡʥʘ 
ɹʦʣʴʮʤʘʥʘ, ɼʞ/Áʂ; qï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ, ʂʣ;ʊï ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ, ʂ; I, I` ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ 
ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʘʜʘʶʯʦʛʦ ʥʘ ʧʦʚʝʨʭʥʶ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʽ ʚʽʜʥʝʩʝʥʘ ʜʦ ʦʜʠʥʠʮʽ 
ʧʦʚʝʨʭʥʽ ʉʌʋ, ɺʪ/ʤ2 ; z ï ʢʦʝʬʮ̔ʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʛʫʩʪʠʥʠ ʬʦʪʦʧʦʪʦʢʫ ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ 
ʚʠʧʨʦʤʽʥʚʁʘʥʥʷ, ɸĿʤ2/ɺʪĿʩʤ2 ; J ï ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ, ɸ/ʩʤ2; U0, J0 ï ʥʘʧʨʫʛʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ɺ) ʽ ʛʫʩʪʠʥʘ 
ʩʪʨʫʤʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ (ɸ/ʩʤ2) ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ, ʟʤʽʥʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʦʩʚʽʪʣʝʥʦʩʪʽ 
ɸʄ1 (I0=1000 ɺʪ/ʤ2; ʊ0 =298,15 Áʂ); Rʇ ï ʚʥʫʪʨʽʰʥʽʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ (ʧʦʩʣʽʜʦʚʥʝ), ʆʤĿʩʤ2; ʢ ï 

ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʩʚʽʪʣʝʥʦʩʪʽ; bI,bU ï ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ, ʂï1; Jʂɿ ï ʛʫʩʪʠʥʘ 
ʩʪʨʫʤʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ, ɸ/ʩʤ2; ɛ ï ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ; ɖ0 ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʦʜʝʨʞʘʥʠʡ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ 
ʫʤʦʚʘʭ ʚʠʧʨʦʙʫʚʘʥʴ; ɢï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʨʘʜʽʻʥʪ, ʟʘʣʝʞʥʠʡ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʪʠʧʫ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʦʥʷʯʥʠʭ 
ʬʦʪʦʝʣʝʤʝʥʪʽʚ, ʂï1; (5,7+3,8ɜ) ï ʨʦʟʤʽʨʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʄʘʢïɸʜʘʤʩʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ 
ʢʦʥʚʝʢʮʽʾ, ɺʪ/(ʤ2ĿÁʂ), ʜʝ ɜ ï ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʤ/ʩ; Ů ï ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʦʥʷʯʥʠʭ 
ʬʦʪʦʝʣʝʤʝʥʪʽʚ; ů ï ʧʦʩʪʽʡʥʘ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ, ɺʪ/(ʤ2ĿÁʂ4); ʊɺ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʦʯʫʶʯʦʛʦ ʧʦʚʽʪʨʷ, Áʂ; n ï 
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ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʜʥʷ ʨʦʢʫ, ʚʽʜʣʽʯʫʚʘʥʠʡ ʚʽʜ 01 ʩʽʯʥʷ; t ï ʯʘʩ, ʛʦʜ.; F ï ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ʧʣʦʩʢʦʾ ʩʦʥʷʯʥʠʭ 
ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʜʦ ʧʣʦʱʽ ʦʩʚʽʪʣʶʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ;Iʇ, Iɼ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʷʤʦʛʦ ʽ ʜʠʬʫʟʥʦʛʦ (ʨʦʟʩʽʷʥʦʛʦ) 
ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʽ, ɺʪ/ʤ2; , ɋ, Ɉ ï ʢʫʪʠ, ʚʠʟʥʘʯʘʶʯʫ ʧʨʦʩʪʦʨʦʚʫ 
ʦʨʽʻʥʪʘʮʽʶ ʥʘʟʝʤʥʠʭ ʉʌʋ, ʛʨʘʜ.; ɟ ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 
(ʘʣʴʙʝʜʦ); Űʧʨʦʧ, ɟʦ ʪʨ ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʚʽʜʙʠʚʘʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʭʠʩʥʦʾ ʧʦʚʝʨʭʥʽ 
ʩʦʥ̫ʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ; ʂ ï ʧʦʢʘʟʥʠʢ ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʚʁʘʥʥʷ ʟʘʭʠʩʥʦʶ ʧʦʚʝʨʭʥʝʶ 
ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ,  ʩʤï1; ɺ ï ʪʦʚʱʠʥʘ ʟʘʭʠʩʥʦʾ ʧʦʚʝʨʭʥʽ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ, ʩʤ; Uʉʌʋ ï ʥʘʧʨʫʛʘ 
ʉʌʋ, ɺ; Jʉʌʋ ï ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʉʌʋ, ɸ; Nʇʉ , Nʇʈ ï ʯʠʩʣʦ ʧʦʩʣʽʜʦʚʥʦ ʽ ʧʘʨʘʣʝʣʴʥʦ ʟôʻʜʥʘʥʠʭ ʩʦʥʷʯʥʠʭ 
ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʚ ʉʌʋ; Sʉʌɽ ï ʧʣʦʱʘ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ, ʩʤ2; Pʉʌɽ ï ʧʦʪʫʞʥʽʩʪʴ ʩʦʥʷʯʥʠʭ 
ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʚ ʉʌʋ, ɺʪ. 

ʊʘʢʽ ʧʨʠʧʫʱʝʥʥʷ ʚ ʨʦʟʨʦʙʣʝʥʽʡ, ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʧʨʠʡʥʷʪʽ ʩʣʜ̔ʫʶʯʽ [8-10]:  
- ʧʦʩʣʽʜʦʚʥʠʡ ʦʧʽʨ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʯ̫ʥʦʛʦ 

ʚʠʧʨʦʤʽʥʚʁʘʥʥʷ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ; 
- ʚʝʣʠʯʠʥʘ ʬʦʪʦʩʪʨʫʤʫ ʧʨʦʧʦʨʮʽʡʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ; 
- ʩʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʽ ʚʥʫʪʨʽʰʥʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʤʦʞʣʠʚʠʤ ʟʘʪʽʥʶʚʘʥʥʷʤ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʤʝʥʪʽʚ ʘʙʦ ʾʭ ʯʘʩʪʠʥ ʥʝ ʚʨʘʭʦʚʫʁ ʪʴʩʷ. 
- ʨʦʟʧʦʜʽʣ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦ ʧʦʚʝʨʭʥʽ ʉʌʋ ʨʽʚʥʦʤʽʨʥʠʡ; 
- ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʚʩʴʦʤʫ ʦʙ'ʻʤʫ ʉʌʋ ʦʜʥʘʢʦʚʘ, ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʧʝʨʝʧʘʜʽʚ ʪʝʤʧʝʨʘʪʫʨ ʫʟʜʦʚʞ ʝⱪ 

ʧʦʚʝʨʭʥʽ; 
- ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʜʣʷ ʣʠʮʴʦʚʦʾ ʽ ʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʉʌʋ ʦʜʥʘʢʦʚʝ, ʥʘʧʨʷʤʦʢ ʚʽʪʨʫ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ, ʪʦʙʪʦ ʨʦʟʤʽʨ ʦʙʜʫʚʘʻʪʴʩʷ ʧʦʚʝʨʭʥʽ ʉʌʋ ʥʝ ʟʤʽʥʝʥʠʡ. 
ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʉʌʋ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʥʘ ʚʠʭʽʜʥʽ ʝʥʝʨʛʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʌʋ, ʷʢ ʚʥʫʪʨʽʰʥʽʭ, ʪʘʢ ʽ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ (ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 
ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʩʪʫʧʝʥʷ ʦʨʽʻʥʪʘʮʽʾ ʉʌʋ ʥʘ ʉʦʥʮʽ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʨʠ ʨʦʢʫ ʽ ʜʦʙʠ) [20]. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʘʚʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʽʚ ʘʚʽʘʮʽʡʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ, 
ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʤʦʚʘʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚʢʘʟʘʥʦʾ 
ʛʘʣʫʟʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʦʥʷʯʥʦʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. 
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SIMULATION OF A GROUND PROCESSING UNIT WITH THE DEVELOPMENT OF RECOMMENDATIONS FOR 

THE SELECTION OF WORKING BODIES  
 

The paper provides a mathematical rationale for selecting the number of working bodies of the combined tillage unit depending 
on the physical and mechanical parameters of the soil, the topography of the field, agrotechnical requirements for sowing and planting 
agricultural crops, ecological and energy indicators of pre-sowing tillage operations. 

Improving the quality of terrain use, soil compaction, reducing energy costs, and improving environmental performance during pre-
sowing cultivation can be achieved by determining the optimal combination of working bodies in a combined tillage unit. As a rule, pre-sowing 
treatment is carried out in the state of physical maturity of the soil and in the shortest possible time, not allowing a gap between pre-sowing 
treatment and sowing, as this leads to loss of soil moisture and a decrease in yield. It has been established that a one-day delay in closing moisture 
leads to unproductive moisture losses and reduced yield. Therefore, closing moisture is an extremely urgent component of a complete system of 
pre-sowing field cultivation. In order to protect the soil from excessive destruction and compaction (and, therefore, to preserve moisture in it), the 
optimal solution is to carry out only one working pass of the equipment immediately before sowing. At the same time, the combined action of 
various working bodies can both increase and reduce the total traction resistance of agricultural machinery, so the final choice of the 
composition of the working bodies and the width of the grip can be made only on this basis. Results of field studies of the test model. 

Based on the analysis of the structure of the tillage unit, a structural and technical drawing of a multifunctional tillage unit with a 
variable working body for tractors from 90 to 340 hp is presented. for forming a seed bed and leveling the ground. A thin sowing layer of 
blocks thanks to the optimal combination of arrow jaws, lamellas and ring tips in the machine. Recommendations on the composition of joint 
farms have been developed. 

Key words: rollers, paws, soil, aggregate, working bodies, combining. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ˇʨʫʥʪʦʦʙʨʦʙʢʠ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʫ, ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʜʥʦ-

ʧʦʚʽʪʨʷʥʦʛʦ, ʪʝʧʣʦʚʦʛʦ ʪʘ ʞʠʚʠʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ʢʫʣʴʪʠʚʦʚʘʥʠʭ ʨʦʩʣʠʥ 

ʬʽʪʦʩʘʥʽʪʘʨʥʠʭ ʫʤʦʚ, ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚʦʜʥʦʾ ʪʘ ʚʽʪʨʦʚʦʾ ʝʨʦʟʽʾ ˇʨʫʥʪʫ. ɺʠʙʽʨ ʩʠʩʪʝʤʠ 

ˇʨʫʥʪʦʦʙʨʦʙʢʠ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ˇʨʫʥʪʦʚʠʭ ʪʘ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʚʽʜ ʡʦʛʦ ʨʽʚʥʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ. ɼʣʷ ʧʨʠʨʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ, ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʧʽʚʥʽʯʥʠʭ ʜʽʣʷʥʦʢ ʣʽʩʦʩʪʝʧʫ, ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ˇʨʫʥʪʦʦʙʨʦʙʢʠ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʯʝʨʛʫʚʘʥʥʷ ʙʝʟʚʽʜʚʘʣʴʥʦʾ ʪʘ ʚʽʜʚʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. ʏʘʩʪʦʪʘ ʪʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʤʽʥʠ ʚʠʜʫ ʦʙʨʦʙʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʦʾ ʩʽʚʦʟʤʽʥʠ, ʟʘʩʤʽʯʝʥʦʩʪʽ ʨʽʣʣʽ ʙʫʨ'ʷʥʘʤʠ ʪʦʱʦ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʉʫʯʘʩʥʽ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʦʙʨʦʙʢʠ ʪʘʢʦʞ ʥʝʦʜʤʽʥʥʦ ʚʢʣʶʯʘʶʪʴ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦ- ʪʘ ʪʨʫʜʦʚʠʪʨʘʪ. ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʥʘʧʨʷʤʦʤ ʫ ʮʴʦʤʫ ʘʩʧʝʢʪʽ ʻ ʩʫʤʽʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʝ 

ʨʘʮʽʦʥʘʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʜʦʧʦʚʥʝʥʥʽ ʧʣʦʩʢʦʨʽʟʥʦʾ ʦʙʨʦʙʢʠ, ʷʢ ʚʠʜʫ ʦʩʥʦʚʥʦʾ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ, 

ʦʧʝʨʘʮʽʷʤʠ ʟ ʨʦʟʧʫʰʫʚʘʥʥʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʫ ʨʘʟʽ ʦʜʥʦʨʘʟʦʚʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʚʝʨʰʝʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʦʧʝʨʘʮʽʡ ʧʝʨʝʜʧʦʩʽʚʥʦʾ ʦʙʨʦʙʢʠ. ʇʨʠ ʮʴʦʤʫ ʩʫʤʽʱʝʥʥʷ ʦʧʝʨʘʮʽʡ ʢʨʽʤ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʝʥʝʨʛʦ- ʪʘ ʪʨʫʜʦʚʠʪʨʘʪʠ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ˇʨʫʥʪʦʦʙʨʦʙʢʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʾ ʷʢʽʩʪʴ, 

ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ. ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʨʘʥʢʠ ʚ ʢʦʤʙʽʥʦʚʘʥʽʡ 

ʩʠʩʪʝʤʽ ʦʩʥʦʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʟʫʤʦʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʠʡʦʤʽʚ ʧʝʨʝʜʧʦʩʽʚʥʦʾ 

ˇʨʫʥʪʦʦʙʨʦʙʢʠ, ʱʦ ʚʢʣʶʯʘʻ ʧʦʩʣʽʜʦʚʥʝ ʚʠʢʦʥʘʥʥʷ ʚʝʩʥʷʥʦʛʦ ʙʦʨʦʥʫʚʘʥʥʷ, ʜʠʩʢʫʚʘʥʥʷ ʘʙʦ ʢʫʣʴʪʠʚʘʮʽʾ ʟʷʙʢʫ 

ʪʘ ʧʨʠʢʦʯʫʚʘʥʥʷ,  ʘ ʪʘʢʦʞ ʢʫʣʴʪʠʚʘʮʽʶ ʯʠʩʪʦʾ ʧʘʨʠ. ɼʦ ʾʭ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʚʠʩʦʢʫ ʝʥʝʨʛʦʚʠʪʨʘʪʥʽʩʪʴ ʪʘ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʯʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʤʦʞʣʠʚʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʰʣʷʭʦʤ 
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ʚʠʢʦʥʘʥʥʷ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʢʦʤʙʽʥʦʚʘʥʠʤʠ 

ʘʛʨʝʛʘʪʘʤʠ ɺʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʬʘʢʪʦʨʘʤʠ: 

1) ʜʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʘʛʨʦʥʦʤʽʯʥʠʭ ʪʝʨʤʽʥʽʚ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʡ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʷʢʦʩʪʽ ʦʙʨʦʙʽʪʢʫ ˇʨʫʥʪʫ ʚʽʜ ʤʝʪʝʦʫʤʦʚ; 

2) ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʯʝʨʝʟ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʭʦʜʦʚʠʭ ʩʠʩʪʝʤ ʄʊɸ ʟʘ ʨʘʭʫʥʦʢ 

ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʣʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʦʜʽʚ; 

3) ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʥʘʩʠʯʝʥʠʭ ʪʨʘʢʪʦʨʽʚ ʥʘ ʜʨʽʙʥʦʢʦʥʪʫʨʥʠʭ ʧʦʣʷʭ ʟ ʥʝʨʽʚʥʠʤ 

ʨʝʣʴʻʬʦʤ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʧʦʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʪʘ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟʽ ʟʤʽʥʥʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʟʜʘʪʥʦʛʦ ʚʠʢʦʥʫʚʘʪʠ ʦʩʥʦʚʥʫ ʙʝʟʚʽʜʚʘʣʴʥʫ 

ʦʙʨʦʙʢʫ ˇʨʫʥʪʫ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʤʫʣʴʯʫʶʯʦʛʦ ʰʘʨʫ ʽ ʢʦʤʧʣʝʢʩ ʦʧʝʨʘʮʽʡ ʧʝʨʝʜʧʦʩʽʚʥʦʾ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʜʦʰʢʠ, ʧʣʘʥʯʘʩʪʦʛʦ ʙʘʨʘʙʘʥʘ, ʩʪʽʣʯʘʩʪʦʾ ʣʘʧʠ, ʟʫʙʯʘʩʪʦ-ʢʽʣʴʯʘʩʪʦʛʦ ʢʦʪʢʘ Crosskill ʪʘ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʢʦʪʢʘ 

[3]. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʢʦʤʧʘʢʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʧʨʠʯʽʧʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʥʘʡʙʽʣʴʰ ʢʨʘʱʠʡ ʚʘʨʽʘʥʪ ʨʦʟʤʽʱʝʥʥʷ ʟʫʙʯʘʩʪʦ-ʢʽʣʴʯʘʩʪʦʾ ʩʝʢʮʽʾ ʥʘ 

ʤʽʥʽʤʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ 0,4 ... 0,5 ʤ (ʨʠʩ. 4) ʚʽʜ ʟʘʜʥʴʦʛʦ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʢʦʪʢʘ.  

 

 

 
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʨʠʯʽʧʥʦʛʦ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ 

1 ï ʨʘʤʘ; 2 ï ʜʦʰʢʘ; 3 ï ʧʣʘʥʯʘʩʪʠʡ ʙʘʨʘʙʘʥ; 4 ï ʩʪʽʣʯʘʩʪʽ ʣʘʧʠ; 5 ï ʟʫʙʯʘʩʪʦ-ʢʽʣʴʯʘʩʪʠʡ ʢʦʪʦʢ Crosskill; 6 ï ʧʣʘʩʪʠʥʯʘʩʪʠʡ 

ʢʦʪʦʢ; 7 ï ʢʦʣʝʩʦ; 8 ï ʛʽʜʨʦʮʠʣʽʥʜʨ; ʈT ï ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʪʨʘʢʪʦʨʘ, ʅ; ʈCK ï ʦʧʽʨ ˇʨʫʥʪʫ ʧʝʨʝʤʽʱʝʥʥʶ ʩʪʨʽʣʯʘʪʦʾ ʣʘʧʠ, ʅ;  

ʈʇK ï ʦʧʽʨ ˇʨʫʥʪʫ ʧʝʨʝʤʽʱʝʥʥʶ ʧʨʠʢʘʪʫʶʯʦʛʦ ʢʦʪʢʘ, ʅ; ʈɿɹ ï ʦʧʽʨ ˇʨʫʥʪʫ ʧʝʨʝʤʽʱʝʥʥʶ ʟʫʙʦʚʦʾ ʙʦʨʦʥʠ, ʅ;  

VA ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʛʨʝʛʘʪʫ 

 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʩʪʨʽʣʯʘʪʠʤʠ ʣʘʧʘʤʠ ʪʘ ʢʦʪʢʦʚʦʶ ʩʝʢʮʽʻʶ. ʈʦʙʦʪʘ ʩʪʨʽʣʯʘʪʠʭ ʣʘʧ ʷʚʣʷʻ ʩʦʙʦʶ ʚʧʣʠʚ 

ʪʨʠʛʨʘʥʥʠʭ ʽ ʧʨʷʤʠʭ ʜʚʦʛʨʘʥʥʠʭ ʢʣʠʥʽʚ ʥʘ ʦʙʨʦʙʣʶʚʘʥʠʡ ʰʘʨ ˇʨʫʥʪʫ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʭ 

ʯʘʩʪʠʥʦʢ ˇʨʫʥʪʫ ʧʦ ʧʦʚʝʨʭʥʽ ʩʪʨʽʣʯʘʪʠʭ ʣʘʧ. ɺʠʟʥʘʯʠʚʰʠ ʚʽʜʩʪʘʥʴ, ʷʢʫ ʧʨʦʣʝʪʠʪʴ ʯʘʩʪʢʘ ˇʨʫʥʪʫ ʧʽʩʣʷ ʡʦʛʦ 

ʩʭʦʜʞʝʥʥʷ ʟ ʣʘʧʠ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʣʘʧʘʤʠ ʪʘ ʢʦʪʢʘʤʠ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʯʘʩʪʠʥʢʠ ˇʨʫʥʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʦʙʝʨʥʝʥʦʩʪʽ, ʧʨʠ ʷʢʦʤʫ 

ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʧʝʨʝʙʫʚʘʻ ʫ ʥʝʨʫʭʦʤʦʤʫ ʩʪʘʥʽ, ʘ ʯʘʩʪʠʥʢʠ ˇʨʫʥʪʫ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ 

ʣʘʧʠ ʚʛʦʨʫ ʽ ʧʽʩʣʷ ʩʭʦʜʞʝʥʥʷ ʟ ʥʝʾ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʬʘʟʽ ʧʦʣʴʦʪʫ ʜʦ ʦʧʫʩʢʘʥʥʷ ʥʘ ʜʥʦ ʙʦʨʦʟʥʠ. ʇʦʯʘʪʢʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ʯʘʩʪʢʠ ʄ ʧʨʠ ʩʭʦʜʞʝʥʥʽ ʟ ʢʨʠʣʘ ʩʪʨʽʣʯʘʪʦʾ ʣʘʧʠ: 

0 /a kcosJ J b=        (1) 

aJ  ï ʰʚʠʜʢʽʩʪʴ ʘʛʨʝʛʘʪʫ, ʤ/ʩ; ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ aJ=3 ʤ/ʩ. 

ɺʝʢʪʦʨ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 0J  ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʽ ʥʘ ʢʫʪ ‍ὑ  

‍ὑ = ‍ ī • 
,      (2) 

ʜʝ ɓ ï ʢʫʪ ʢʨʠʰʝʥʥʷ ˇʨʫʥʪʫ, ʨʽʚʥʠʡ ʢʫʪʫ ʥʘʭʠʣʫ ʣʘʧʠ, ɓ = 20Á; ű ï ʢʫʪ ʪʝʨʪʷ ˇʨʫʥʪʫ ʧʦ ʩʪʘʣʽ, ʜʣʷ ʣʝʛʢʦ- ʪʘ 

ʩʝʨʝʜʥʴʦʩʫʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʽʚ ű = 20ï27Á. 
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ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʯʘʩʪʢʠ ˇʨʫʥʪʫ ʄ, ʥʘ ʷʢʠʡ ʚʧʣʠʚʘʻ ʩʠʣʘ ʪʷʞʽʥʥʷ G = mg, ʤʘʶʪʴ ʚʠʛʣʷʜ: 

0;  
yx

mdmd
mg

dt dt

JJ
= =-       (3) 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʢʽʥʮʝʚʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ ʭmax = S , ʥʘ 

ʷʢʫ ʚʽʜʜʘʣʷʻʪʴʩʷ ʣʘʧʘ ʟʘ ʯʘʩ ʧʦʣʴʦʪʫ ʯʘʩʪʠʥʢʠ ˇʨʫʥʪʫ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

2 22 /k k A

max

tg tg gH
x S

g

b b J- + +
= =      (4) 

ʇʨʠ ʧʽʜʩʪʘʥʦʚʮʽ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʦʪʨʠʤʘʻʤʦ S = 0,4 ʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʥʫʪʦ ʨʫʭ ʯʘʩʪʢʠ 

ˇʨʫʥʪʠ ʧʦ ʧʦʚʝʨʭʥʽ ʣʘʧʠ. ʋ ʜʽʡʩʥʦʩʪʽ ʚʠʩʦʪʘ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʧʣʘʩʪʘ ˇʨʫʥʪʫ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 0,25 

ʤ. ɺʚʘʞʘʶʯʠ, ʱʦ ʯʘʩʪʢʠ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʨʫʭʘʶʪʴʩʷ ʧʦ ʧʘʨʘʙʦʣʽʯʥʽʡ ʪʨʘʻʢʪʦʨʽʾ ʧʘʨʘʣʝʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʷʜʘʤʠ ʣʘʧ ʽ ʢʦʪʢʦʚʠʭ 

ʩʝʢʮʽʡ, ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʩʫʤʽ ʚʽʜʩʪʘʥʽ ʧʦʣʴʦʪʫ ʯʘʩʪʠʥʢʠ ˇʨʫʥʪʫ, ʧʽʩʣʷ ʩʭʦʜʞʝʥʥʷ ʟ ʣʘʧʠ, ʽ ʚʠʩʦʪʽ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʧʣʘʩʪʘ ˇʨʫʥʪʫ. ʄʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʘʜʥʴʦʾ ʯʘʩʪʠʥʠ ʣʘʧʠ ʜʦ ʪʦʯʢʠ 

ʟʘʛʣʠʙʣʝʥʥʷ ʢʦʪʢʽʚ ʙʦʨʦʥʠ, ʧʨʠ ʷʢʦʤʫ ʥʝ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ˇʨʫʥʪʫ ʧʽʩʣʷ ʡʦʛʦ ʩʭʦʜʞʝʥʥʷ ʟ ʣʘʧ 

ʧʝʨʝʜ ʢʦʪʢʦʚʦʶ ʩʝʢʮʽʻʶ, ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 0,65 ʤʝʪʨʘ ʘʙʦ ʧʨʠ ʧʝʨʝʚʝʜʝʥʥʽ ʫ ʚʽʜʩʪʘʥʴ ʚʽʜ ʢʨʘʡʥʴʦʾ ʟʘʜʥʴʦʾ 

ʪʦʯʢʠ ʣʘʧʠ ʜʦ ʥʘʡʙʣʠʞʯʦʾ ʪʦʯʢʠ ʥʘ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʢʦʪʢʘ ï ʥʝ ʤʝʥʰʝ ʥʽʞ 0,55 ʤʝʪʨʘ. 

ʂʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʩʢʣʘʜ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨ̌ʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ ʧʽʜ ʯʘʩ 

ʧʝʨʝʜʧʦʩʽʚʥʦʾ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ ʟʥʘʭʦʜʠʤʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʫʪʦʯʥʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ 

q, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (5): 

0)0987,0exp(97,0

01

=v

v
q

ʧʨʠ

ʧʨʠ

-

=
=

,     (5) 

ʜʝ  q ï ʢʦʝʬʮ̔ʽʻʥʪ ʫʪʦʯʥʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ;  

v ï ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʠʡ ʬʘʢʪʦʨ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʧʦʣʷ ʜʦ ʧʦʩʽʚʫ ʨʽʟʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ 

(ʚʦʣʦʛʽʩʪʴ, ʪʚʝʨʜʽʩʪʴ, ʛʣʠʙʠʥʘ ʦʙʨʦʙʢʠ, ʛʨʝʙʽʥʯʘʩʪʽʩʪʴ, ʨʦʟʤʽʨ ʛʨʫʜʢʠ), %, ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɿʥʘʡʜʝʤʦ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʚʠʭʦʜʷʯʠ ʟ ʈʢʨ ʩʠʣʠ ʦʧʦʨʫ ˇʨʫʥʪʦʦʙʨʦʙʥʦʾ ʤʘʰʠʥʠ (ʩʠʣʘ ʪʷʛʠ 

ʥʘ ʢʨʶʢʫ ʪʨʘʢʪʦʨʘ), ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ.  

ʢʨ ʩʈ ʂ ɺhi=       (6) 

 

ʊʘʙʣʠʮʽ 1 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʩʢʣʘʜʫ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ 

ʌʽʟʠʢʦ-ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʂʦʤʧʦʥʫʚʘʥʥʷ ɽʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 
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ʉʢʣʘʜ ʘʛʨʝʛʘʪʫ 

(ʩʪʨʽʣʯʘʪʽ ʣʘʧʠ+ 

ʙʘʨʘʙʘʥ+ ʢʦʪʦʢ+ 

ʚʠʨʽʚʥʶʶʯʘ ʜʦʰʢʘ+ 
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16 23 1,5 2 

ʩʪʨʽʣʯʘʪʽ ʣʘʧʠ+ 

ʙʘʨʘʙʘʥ+ʢʦʪʦʢ+ 

ʚʠʨʽʚʥʶʶʯʘ ʜʦʰʢʘ+ 

ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʢʦʪʦʢ 

158 47 121 91 1,3 

12 18,5 2,5 2 
ʩʪʨʽʣʯʘʪʽ ʣʘʧʠ+ʙʘʨʘʙʘʥ+ 

ʢʦʪʦʢ+ʚʠʨʽʚʥʶʶʯʘ ʜʦʰʢʘ 
131 34 108 88 1,23 

9 15,5 2,5 3,5 
ʩʪʨʽʣʯʘʪʽ ʣʘʧʠ+ ʢʦʪʦʢ+ 

ʚʠʨʽʚʥʶʶʯʘ ʜʦʰʢʘ+ 

ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʢʦʪʦʢ 
128 38 111 81 1,15 

9 16 5 3,5 
ʢʦʪʦʢ+ ʚʠʨʽʚʥʶʶʯʘ 

ʜʦʰʢʘ+ ʧʣʘʩʪʠʥʯʘʩʪʠʡ 

ʢʦʪʦʢ 
103 31 104 78 1,1 

7,5 15,5 2,5 2 
ʙʘʨʘʙʘʥ+ʢʦʪʦʢ+ 

ʚʠʨʽʚʥʶʶʯʘ ʜʦʰʢʘ 
141 40 116 73 1,2 

6 18,5 4 4 
ʙʘʨʘʙʘʥ+ʢʦʪʦʢ+ 

ʚʠʨʽʚʥʶʶʯʘ ʜʦʰʢʘ 
98 37 99 71 1,1 

3,5 15 5 3,5 
ʙʘʨʘʙʘʥ+ ʚʠʨʽʚʥʶʶʯʘ 

ʜʦʰʢʘ+ ʧʣʘʩʪʠʥʯʘʩʪʠʡ 

ʢʦʪʦʢ 
95 35 89 70 1,17 

 

ʜʝ   ʩʂ ï ʧʠʪʦʤʠʡ ʦʧʽʨ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ˇʨʫʥʪʦʦʙʨʦʙʥʦʾ ʤʘʰʠʥʠ;  ɺï ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨ ̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ5, 2022 (313) 21 

ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʤʘʰʠʥʠ; h ï ʛʣʠʙʠʥʘ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ; i ï ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ˇʨʫʥʪʦʦʙʨʦʙʥʦʾ 

ʤʘʰʠʥʠ. 

ʇʝʨʝʪʚʦʨʠʚʰʠ ʬʦʨʤʫʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʫʪʦʯʥʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʟʥʘʡʜʝʤʦ 

ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ˇʨʫʥʪʦʦʙʨʦʙʥʦʾ ʤʘʰʠʥʠ: 

ʢʨ

ʩ

ʈ
i
ʂ ɺhq
=        (7) 

ʅʘ ʙʘʟʽ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʨʦʟʨʦʙʣʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʧʽʜʙʦʨʫ 

ʢ̔ ʣʢɹʦʩʪʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨ̌ʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ (ʪʘʙʣ. 1) 

ʈʘʟʦʤ ʟ ʪʠʤ, ʩʧʽʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʤʦʞʝ ʷʢ ʧʽʜʚʠʱʫʚʘʪʠ, ʪʘʢ ʽ ʟʥʠʞʫʚʘʪʠ 

ʟʘʛʘʣʴʥʠʡ ʪʷʛʦʚʠʡ ʦʧʽʨ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʪʦʤʫ ʦʩʪʘʪʦʯʥʠʡ ʚʠʙʽʨ ʩʢʣʘʜʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʘ ʰʠʨʠʥʠ 

ʟʘʭʦʧʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʨʦʙʣʝʥʦ ʣʠʰʝ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʘʛʨʝʛʘʪʫ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʩʪʨʫʢʮʽʡ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʘʛʨʝʛʘʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ ʟ ʟʤʽʥʥʠʤʠ ʨʦʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ ʜʣʷ ʪʨʘʢʪʦʨʽʚ ʚʽʜ 90 ʜʦ 340 ʢʽʥʩʴʢʠʭ ʩʠʣ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʥʘʩʽʥʥʻʚʦʛʦ ʣʦʞʘ ʽ ʚʠʨʽʚʥʷʥʥʷ 

ʜʨʽʙʥʦ ʛʨʫʜʦʯʢʫʚʘʪʦʛʦ ʧʦʩʽʚʥʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʦʻʜʥʘʥʥʶ ʫ ʤʘʰʠʥʽ 

ʩʪʨʽʣʯʘʩʪʠʭ ʣʘʧ, ʧʣʘʥʢʦʚʠʭ ʪʘ ʢʽʣʴʯʘʩʪʦ-ʰʧʦʨʦʚʠʭ ʢʦʪʢʽʚ. ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʩʢʣʘʜʫ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨ̌ʫʥʪʦʦʙʨʦʙʥʦʛʦ ʘʛʨʝʛʘʪʫ  
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ʄʋʃʔʊʀʄʆɼɸʃʔʅɽ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʄʆɺʃɽʅʅʗ  

ʅɸ ʆʉʅʆɺɯ ɿɺʋʂʆɺʀʍ ɯ ʊɽʂʉʊʆɺʀʍ ɼɸʅʀʍ 
 
ː̌̉̂̏̋̆ ̘̠̎́̃́̎̎ ̨̟̐̏̃̎̒̓ ̨̈̍̎̉̌̏ ̨̨̖̐̅̅ ̅̏ ̙̍́̉̎̎̏̄̏ ̐̆̑̆̋̌́̅̔Ȣ ˑ̨̏̒̌̅̎̉̋̉ ̃ ̨̄́̌̔̈ ̄̌̉̂̏̋̏̄̏ 

̘̠̎́̃́̎̎ ̒̓̃̏̑̉̌̉ ̨̐̑̏̒̓ ̨̙̠̑̆̎̎ ̎́ ̨̏̒̎̏̃ ̙̍́̉̎̎̏̄̏ ̘̠̎́̃́̎̎ȟ ̨̠̋ ̙̟̝̐̆̑̆̃̆̑̔̓ ̨̎́̊̋̑́̚ ̨̆̋̒̐̆̑̓̎ ̒̉̒̓̆̍̉Ȣ 
ˠ ̨̗̊ ̨̑̏̂̏̓ ̠̑̏̈̄̌̎̔̓̏ ̨̏̒̎̏̃̎ ̨̏̒̏̂̌̉̃̏̒̓ ̙̍́̉̎̎̏̄̏ ̐̆̑̆̋̌́̅̔ ̎́ ̨̏̒̎̏̃ ̖̑̆̋̔̑̆̎̓̎̉ ̖̎̆̊̑̏̎̎̉ ̍̆̑̆̇Ȣ ˠ 
̨̒̓́̓̓ ̓́̋̏̇ ̨̃̉̒̃̓̌̆̎̏ ̐̆̑̆̃́̄̉ ̒̉̒̓̆̍ ̎́ ̨̏̒̎̏̃ 2..ȟ ̏̚ ̟̝̃̉̋̏̑̉̒̓̏̃̔̓ ̝̍̏̅̆̌ ̨̨̐̏̒̌̅̏̃̎̏̒̓ ̅̏ 
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̎́ ̨̍̏̅̆̌ ̨̨̐̏̒̌̅̏̃̎̏̒̓ ̅̏ ̨̨̐̏̒̌̅̏̃̎̏̒̓ȟ ̂̔̌̉ ̨̒̓̃̏̑̆̎ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̨̨̂̂̌̏̓̆̋ ̙̍́̉̎̎̏̄̏ ̘̠̎́̃́̎̎ +ÅÒÁÓ ̨ 
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˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̙̍́̉̎̎̉̊ ̐̆̑̆̋̌́̅ȟ ̄̌̉̂̏̋̆ ̘̠̎́̃́̎̎ȟ ̨̑̆̋̔̑̆̎̓̎ ̨̎̆̊̑̏̎̎ ̨̍̆̑̆̇ȟ ̨̝̐̑̏̅̔̋̓̉̃̎̒̓ȟ 
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MULTIMOD AL SPEECH RECOGNITION BASED ON AUDIO AND TEXT DATA  
 

Systems of machine translation of texts from one language to another simulate the work of a human translator. Their 
performance depends on the ability to understand the grammar rules of the language. In translation, the basic units are not individual 
words, but word combinations or phraseological units that express different concepts. Only by using them, more complex ideas can be 
expressed through the translated text. 

The main feature of machine translation is different length for input and output. The ability to work with different lengths of input 
and output provides us with the approach of recurrent neural networks. 

A recurrent neural network (RNN) is a class of artificial neural network that has connections between nodes. In this case, a 
connection refers to a connection from a more distant node to a less distant node. The presence of connections allows the RNN to remember 
and reproduce the entire sequence of reactions to one stimulus. From the point of view of programming, such networks are analogous to 
cyclic execution, and from the point of view of the system, such networks are equivalent to a state machine. RNNs are commonly used to 
process word sequences in natural language processing. Usually, a hidden Markov model (HMM) and an N-program language model are 
used to process a sequence of words. 

Deep learning has completely changed the approach to machine translation. Researchers in the deep learning field has created 
simple solutions based on machine learning that outperform the best expert systems. In this paper was reviewed the main features of 
machine translation based on recurrent neural networks. The advantages of systems based on RNN using the sequence-to-sequence model 
against statistical translation systems are also highlighted in the article. Two machine translation systems based on the sequence-to-
sequence model were constructed using Keras and PyTorch machine learning libraries. Based on the obtained results, libraries analysis was 
done, and their performance comparison. 

Keywords: machine translation, deep learning, recurrent neural networks, performance, keras, pytorch, sequence-to-sequence. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʉʠʩʪʝʤʠ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʢʣʘʜʫ ʪʝʢʩʪʽʚ ʟ ʦʜʥʽʻʾ ʤʦʚʠ ʥʘ ʽʥʰʫ ʤʦʜʝʣʶʶʪʴ ʨʦʙʦʪʫ ʣʶʜʠʥʠ-

ʧʝʨʝʢʣʘʜʘʯʘ. ɰʭʥʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʜʘʪʥʦʩʪʽ ʨʦʟʫʤʽʪʠ ʧʨʘʚʠʣʘ ʛʨʘʤʘʪʠʢʠ ʤʦʚʠ. ʋ ʧʝʨʝʢʣʘʜʽ 

ʦʩʥʦʚʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʻ ʥʝ ʦʢʨʝʤʽ ʩʣʦʚʘ, ʘ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ ʘʙʦ ʬʨʘʟʝʦʣʦʛʽʟʤʠ, ʱʦ ʚʠʨʘʞʘʶʪʴ ʨʽʟʥʽ 

ʧʦʥʷʪʪʷ. ʊʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʾʭ, ʯʝʨʝʟ ʪʝʢʩʪ ʧʝʨʝʢʣʘʜʫ ʤʦʞʥʘ ʚʠʩʣʦʚʠʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʽʜʝʾ [1]. 

ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʢʣʘʜʫ ʻ ʨʽʟʥʘ ʜʦʚʞʠʥʘ ʜʣʷ ʚʚʝʜʝʥʥʷ ʪʘ ʚʠʚʝʜʝʥʥʷ. ʄʦʞʣʠʚʽʩʪʴ 

ʧʨʘʮʶʚʘʪʠ ʟ ʨʽʟʥʦʶ ʜʦʚʞʠʥʦʶ ʚʭʦʜʫ ʪʘ ʚʠʭʦʜʫ ʥʘʜʘʻ ʥʘʤ ʧʽʜʭʽʜ ʨʝʢʫʨʝʥʪʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [1ï5]. 

ʈʝʢʫʨʝʥʪʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (RNN) ï ʮʝ ʢʣʘʩ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʤʘʻ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʚʫʟʣʘʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟ'ʻʜʥʘʥʥʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʟ'ʻʜʥʘʥʥʷ ʚʽʜ ʙʽʣʴʰ ʚʽʜʜʘʣʝʥʦʛʦ ʚʫʟʣʘ ʜʦ ʤʝʥʰ 

ʚʽʜʜʘʣʝʥʦʛʦ ʚʫʟʣʘ. ʅʘʷʚʥʽʩʪʴ ʟʚ'ʷʟʢʽʚ ʜʦʟʚʦʣʷʻ ʈʅʅ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʪʠ ʽ ʚʽʜʪʚʦʨʶʚʘʪʠ ʚʩʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʨʝʘʢʮʽʡ ʥʘ ʦʜʠʥ ʩʪʠʤʫʣ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʪʘʢʠʭ ʤʝʨʝʞʘʭ ʻ ʘʥʘʣʦʛ ʮʠʢʣʽʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʘ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʩʠʩʪʝʤʠ - ʪʘʢʽ ʤʝʨʝʞʽ ʝʢʚʽʚʘʣʝʥʪʥʽ ʢʽʥʮʝʚʦʤʫ ʘʚʪʦʤʘʪʫ. RNN ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʙʨʦʙʢʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʣʽʚ ʫ ʦʙʨʦʙʮʽ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ [4ï7]. ɿʘʟʚʠʯʘʡ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʭʦʚʘʥʫ ʤʦʜʝʣʴ ʄʘʨʢʦʚʘ (HMM) ʽ ʤʦʜʝʣʴ ʤʦʚʠ N-ʧʨʦʛʨʘʤ. 

ʇʨʠʭʦʚʘʥʘ ʤʦʜʝʣʴ ʄʘʨʢʦʚʘ (ʅʄʄ) - ʩʪʘʪʠʩʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʽʤʽʪʫʻ ʨʦʙʦʪʫ ʧʨʦʮʝʩʫ, ʩʭʦʞʦʛʦ ʥʘ 

ʧʨʦʮʝʩ ʄʘʨʢʦʚʘ ʟ ʥʝʚʽʜʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʽ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʛʘʜʘʪʠ ʥʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ ʥʘ 

ʦʩʥʦʚʽ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ. ʆʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ. ʋ ʥʦʨʤʘʣʴʥʽʡ 

ʤʦʜʝʣʽ ʄʘʨʢʦʚʘ ʩʪʘʥ ʚʽʜʦʤʠʡ ʩʧʦʩʪʝʨʽʛʘʯʝʚʽ, ʪʦʤʫ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʭʦʜʽʚ ʻ ʦʜʥʠʤ ʟ ʧʘʨʘʤʝʪʨʽʚ. ʋ NMM 
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ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʣʠʰʝ ʟʤʽʥʥʽ, ʥʘ ʷʢʽ ʚʧʣʠʚʘʻ ʮʝʡ ʩʪʘʥ. ʂʦʞʝʥ ʩʪʘʥ ʤʘʻ ʡʤʦʚʽʨʥʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ʩʝʨʝʜ ʫʩʽʭ 

ʤʦʞʣʠʚʠʭ ʚʠʭʽʜʥʠʭ ʟʥʘʯʝʥʴ. ʊʦʤʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʣʽʚ, ʟʛʝʥʝʨʦʚʘʥʘ NMM, ʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʩʪʘʥʽʚ. NMM ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʘʡʧʨʦʩʪʽʰʦʶ ʙʘʡʻʩʽʚʩʴʢʦʶ ʤʝʨʝʞʝʶ. 

ɹʘʡʻʩʦʚʘ ʤʝʨʝʞʘ ï ʛʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʩʧʨʷʤʦʚʘʥʦʛʦ ʘʮʠʢʣʽʯʥʦʛʦ ʛʨʘʬʘ, ʢʦʞʥʘ ʚʝʨʰʠʥʘ 

ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʧʘʜʢʦʚʽʡ ʚʝʣʠʯʠʥʽ, ʘ ʜʫʛʠ ʛʨʘʬʘ ʢʦʜʫʶʪʴ ʚʽʜʥʦʩʠʥʠ ʫʤʦʚʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʮʠʤʠ 

ʟʤʽʥʥʠʤʠ. ɺʝʨʰʠʥʠ ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ ʟʤʽʥʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ, ʙʫʪʠ ʟʚʘʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʧʨʠʭʦʚʘʥʠʤʠ ʟʤʽʥʥʠʤʠ ʘʙʦ ʛʽʧʦʪʝʟʘʤʠ. ɯʩʥʫʶʪʴ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʡʻʩʽʚʩʴʢʠʭ ʤʝʨʝʞ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʚʠʚʝʜʝʥʥʷ ʚ ʙʘʡʻʩʽʚʩʴʢʠʭ ʤʝʨʝʞʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʪʦʯʥʽ, ʪʘʢ ʽ ʥʘʙʣʠʞʝʥʽ ʘʣʛʦʨʠʪʤʠ [8, 9]. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʆʩʥʦʚʥʘ ʽʜʝʷ RNN ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʢʫʨʩʽʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʘ ʬʽʢʩʦʚʘʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ 

ʟ ʚʭʽʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʠʤʚʦʣʽʚ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘ ʢʨʦʮʽ t ʚʝʢʪʦʨ 
1th- , ʷʢʠʡ ʻ ʽʩʪʦʨʽʻʶ ʚʩʽʭ 

ʧʦʧʝʨʝʜʥʽʭ ʩʣʽʚ. RNN ʦʙʯʠʩʣʠʪʴ ʥʦʚʠʡ ʚʝʢʪʦʨ th  (ʡʦʛʦ ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥ), ʷʢʠʡ ʧʦʻʜʥʫʻ ʚʩʽ ʧʦʧʝʨʝʜʥʽ 

ʩʣʦʚʘ 1 2 1( , ,  ,  )tx x x-»   ʽ ʥʦʚʠʡ ʩʠʤʚʦʣ tx  ʟʘ ʜʦʧʦʤʦʛʦʶ: 

1( , )t t th x hqj -= , (1) 

ʋ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʧʨʠʩʫʪʥʽ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ:  ï ʬʫʥʢʮʽʷ, ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ɗ, ʷʢʘ ʦʪʨʠʤʫʻ ʥʦʚʝ 

ʚʭʽʜʥʝ ʩʣʦʚʦ  ʪʘ ʽʩʪʦʨʽʶ ʩʣʽʚ 
1th-   ʜʦ ( 1)t- -N ʩʣʦʚʘ. ʇʦ-ʧʝʨʰʝ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ 0h   - ʥʫʣʴʦʚʠʡ 

ʚʝʢʪʦʨ. ʈʝʢʫʨʝʥʪʥʘ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ ű ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʷʢ ʘʬʽʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʟʘ ʷʢʠʤ ʩʣʽʜʫʻ 

ʥʝʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ: 

1tanh( )t t th Wx Uh b-= + +, (2) 

ʋ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʧʨʠʩʫʪʥʽ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: ʚʭʽʜʥʘ ʚʘʛʦʚʘ ʤʘʪʨʠʮʷ W, ʨʝʢʫʨʝʥʪʥʘ ʚʘʛʦʚʘ ʤʘʪʨʠʮʷ U 

ʪʘ ʚʝʢʪʦʨ ʟʤʽʱʝʥʥʷ b. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʮʝ ʥʝ ʻʜʠʥʠʡ ʚʘʨʽʘʥʪ. ɯʩʥʫʻ ʰʠʨʦʢʠʡ ʧʨʦʩʪʽʨ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʧʦʚʪʦʨʶʚʘʥʠʭ ʬʫʥʢʮʽʡ ʘʢʪʠʚʘʮʽʾ. 

ɼʝʪʘʣʴʥʽʰʝ ʧʨʦ ʨʦʙʦʪʫ ʤʝʪʦʜʫ ʧʝʨʝʢʣʘʜʫ ʪʝʢʩʪʫ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɯʜʝʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ, 

ʧʦ ʩʫʪʽ, ʧʨʦʩʪʘ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1. ʂʦʜʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʪʝʢʩʪʫ ʤʦʚʠ ɸ ʚ ʥʘʙʽʨ ʜʘʥʠʭ; 

2. ɼʝʢʦʜʫʚʘʥʥʷ ʥʘʙʦʨʫ ʜʘʥʠʭ ʤʦʚʦʶ B. 

ʈʦʟʛʣʷʥʝʤʦ ʘʣʛʦʨʠʪʤ ʢʦʜʫʚʘʥʥʷ ʪʝʢʩʪʫ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʦʧʦʟʠʮʽʾ: çʇʨʠʢʣʘʜ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽè: 

ɺʠʢʦʥʘʚʰʠ ʪʘʢʫ ʧʨʦʩʪʫ ʦʧʝʨʘʮʽʶ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʟʘʢʦʜʦʚʘʥʠʡ ʪʝʢʩʪ, ʷʢʠʡ ʚʠʛʣʷʜʘʻ ʷʢ ʥʘʙʽʨ 

ʯʠʩʣʦʚʠʭ ʜʘʥʠʭ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ ʮʽ ʯʠʩʣʘ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʽ ʛʝʥʝʨʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ ʪʘʢʦʞ 

ʚʠʧʘʜʢʦʚʦ. ʅʘʩʪʫʧʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʢʩʪʫ, ʷʢʠʡ ʫʞʝ ʟʘʢʦʜʦʚʘʥʦ, RNN ʙʫʜʝ ʦʮʽʥʶʚʘʪʠʩʷ ʜʦ ʪʦʛʦ ʩʘʤʦʛʦ 

ʯʠʩʣʦʚʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ. ɸʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ ʪʝʢʩʪʫ ʧʨʘʮʶʻ ʷʢ ʢʦʜʫʚʘʥʥʷ, ʪʽʣʴʢʠ ʥʘʚʧʘʢʠ ï ʥʘ ʚʭʽʜ 

ʥʘʜʭʦʜʠʪʴ ʥʘʙʽʨ ʯʠʩʣʦʚʠʭ ʜʘʥʠʭ ʽ ʚʠʚʦʜʠʪʴʩʷ ʡʤʦʚʽʨʥʠʡ ʪʝʢʩʪ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʮʠʤ ʜʘʥʠʤ [5ï7]. 

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʤʠ ʟʨʦʟʫʤʽʣʠ ʩʫʪʴ ʢʦʜʫʚʘʥʥʷ ʽ ʜʝʢʦʜʫʚʘʥʥʷ ʪʝʢʩʪʫ, ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʩʘʤʦʾ ʩʫʪʽ ʥʘʰʦʛʦ 

ʟʘʚʜʘʥʥʷ - ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʢʣʘʜʫ ʽ ʡʦʛʦ ʟʘʛʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ɼʣʷ ʮʴʦʛʦ ʥʘʤ ʧʨʦʩʪʦ ʧʦʪʨʽʙʥʦ ʧʦʻʜʥʘʪʠ ʮʽ 

ʜʚʽ RNN - ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ - ʽ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʨʝʟʫʣʴʪʘʪ: 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʟʘʛʘʣʴʥʠʡ ʩʧʦʩʽʙ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʫʢʨʘʾʥʩʴʢʠʭ ʩʣʽʚ ʥʘ 

ʝʢʚʽʚʘʣʝʥʪʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʥʛʣʽʡʩʴʢʠʭ ʩʣʽʚ, ʮʝ ʪʘʢ ʟʚʘʥʠʡ, ʧʦʩʣʽʜʦʚʥʠʡ ʤʝʪʦʜ ʤʦʚʥʦʛʦ ʧʝʨʝʢʣʘʜʫ Sequence-

to-Sequence. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʤʝʪʦʜʫ ʻ [3ï6]: 

- ʮʝʡ ʧʜ̔ʭʜ̔ ʦʙʤʝʞʝʥʠʡ ʦʙʩʷʛʦʤ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ, ʷʢʫ ʚʠ 

ʤʦʞʝʪʝ ʚʠʜʽʣʠʪʠ ʜʣʷ ʧʝʨʝʢʣʘʜʫ. ɼʦʩʣʽʜʥʠʢʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʥʘʡʰʣʠ ʮʝʡ ʤʝʪʦʜ ʣʠʰʝ ʢʽʣʴʢʘ ʨʦʢʽʚ 

ʪʦʤʫ, ʘʣʝ ʪʘʢʽ ʩʠʩʪʝʤʠ ʚʞʝ ʧʨʘʮʶʶʪʴ ʢʨʘʱʝ, ʥʽʞ ʩʪʘʪʠʩʪʠʯʥʽ ʩʠʩʪʝʤʠ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʢʣʘʜʫ, ʷʢʽ 

ʨʦʟʚʠʚʘʣʠʩʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 20 ʨʦʢʽʚ; 

- ʩʠʩʪʝʤʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʧʨʘʚʠʣ ʤʦʚʠ. ɸʣʛʦʨʠʪʤ ʩʘʤ ʚʠʟʥʘʯʘʻ ʮʽ ʧʨʘʚʠʣʘ ʽ 

ʧʦʩʪʽʡʥʦ ʘʜʘʧʪʫʻʪʴʩʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ 

ɼʘʚʘʡʪʝ ʧʨʦʚʝʜʝʤʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʙʽʙʣʽʦʪʝʢ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʥʘʧʠʩʘʥʠʭ ʥʘ 

Python ð PyTorch ʽ Keras. ʆʩʥʦʚʦʶ ʘʣʛʦʨʠʪʤʫ ʻ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʆʪʞʝ, ʤʠ ʤʘʻʤʦ ʥʘʚʯʠʪʠ 

ʥʘʰʫ ʤʘʡʙʫʪʥʶ ʤʦʜʝʣʴ, ʷʢʘ ʧʝʨʝʢʣʘʜʘʪʠʤʝ ʥʘʰ ʪʝʢʩʪ. ɼʣʷ ʮʴʦʛʦ ʜʘʚʘʡʪʝ ʩʪʚʦʨʠʤʦ ʧʨʦʩʪʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʜʣʷ 

ʥʘʚʯʘʥʥʷ: 

ʊʘʙʣʠʮʷ 1 

ʅʘʙʽʨ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ RNN 
   

English  ʋʢʨʘʾʥʩʴʢʘ 
  

An example of a neural network . ʇʨʠʢʣʘʜ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ . 
   

Hello !  ʇʨʠʚʽʪ ! 
   

How are you ?  ʗʢ ʩʧʨʘʚʠ ? 
   

Iôm fine !  ɺʩʝ ʜʦʙʨʝ ! 
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Thank you !  ɼʷʢʫʶ ! 
   

Fine .  ɼʦʙʨʝ . 
   

Good .  ɼʦʙʨʝ . 
  

What are you waiting for ? ʏʦʛʦ ʪʠ ʯʝʢʘʻʰ ? 
  

Recurrent neural network . ʈʝʢʫʨʝʥʪʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ . 
   

Success !  ʋʩʧʽʭ ! 
   

 

ʗʢ ʙʘʯʠʪʝ, ʥʘʚʯʘʣʴʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 10 ʬʨʘʟ, ʤʠ ʧʨʦʚʝʜʝʤʦ ʮʽ ʜʘʥʽ ʯʝʨʝʟ ʥʘʰʽ ʤʦʜʝʣʽ, 

ʧʽʩʣʷ ʯʦʛʦ ʦʮʽʥʠʤʦ ʰʚʠʜʢʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ [10]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ ʜʚʦʭ ʘʣʛʦʨʠʪʤʽʚ ʤʠ ʦʪʨʠʤʫʻʤʦ ʪʘʢʽ ʜʘʥʽ: 

 

ʊʘʙʣʠʮʷ 2 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ Keras ʪʘ PyTorch 
     

ʅʘʟʚʘ 

ʙ̔ ʙʣʽʦʪʝʢʠ 

ʏʘʩ 

ʥʘʚʯʘʥʥʷ 

ʎʠʢʣʠ 

ʥʘʚʯʘʥʥʷ 

 

ʂʦʝʬʽʮʽʻʥʪʠ 

ʚʪʨʘʪ 

 

ʊʦʯʥʽʩʪʴ 

ʧʝʨʝʢʣʘʜʫ 
     

Keras 4150millis 400 0.0027 100% 

PyTorch 5800millis 650 0.0021 100% 

 

ʈʦʟʛʣʷʥʝʤʦ ʮʽ ʜʘʥʽ ʜʝʪʘʣʴʥʽʰʝ: 

¶ ʏʘʩ ʥʘʚʯʘʥʥʷ. ɿʥʘʯʝʥʥʷ, ʷʢʝ ʧʦʢʘʟʫʻ ʯʘʩ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. ɻʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʝʨʝʜʦʚʠʱʘ, ʜʝ ʟʘʧʫʩʢʘʚʩʷ ʩʮʝʥʘʨʽʡ. ʉʝʨʝʜʦʚʠʱʝ ʦʟʥʘʯʘʻ ʧʦʪʦʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʂ; 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʦʮʝʩʦʨʘ ʪʘ ʾʾ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʥʰʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

¶ ʊʨʝʥʫʚʘʣʴʥʽ ʧʝʪʣʽ. ɿʥʘʯʝʥʥʷ, ʷʢʝ ʧʦʢʘʟʫʻ ʮʠʢʣʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. ʄʠ ʩʘʤʽ ʜʘʻʤʦ. 

¶ ʂʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ. ɿʥʘʯʝʥʥʷ, ʷʢʝ ʧʦʢʘʟʫʻ ʪʦʯʥʽʩʪʴ ʥʘʚʯʝʥʦʾ ʤʦʜʝʣʽ. ʎʝ ʧʦʢʘʟʥʠʢ ʪʦʛʦ, 

ʥʘʩʢʽʣʴʢʠ ʭʦʨʦʰʘ ʚʘʰʘ ʤʦʜʝʣʴ. 

¶ ʊʦʯʥ̔ʩʪʴ ʧʝʨʝʢʣʘʜʫ. ɿʥʘʯʝʥʥʷ, ʷʢʝ ʧʦʢʘʟʫʻ ʫ ʚʽʜʩʦʪʢʘʭ ʪʝʨʤʽʥ ʟʥʘʯʝʥʥʷ ʨʝʯʝʥʴ ʧʨʘʚʠʣʴʥʦʛʦ 

ʧʝʨʝʢʣʘʜʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʽʨʢʘ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʙʽʙʣʽʦʪʝʢʠ Keras ʚʠʷʚʠʣʘʩʷ ʝʬʝʢʪʠʚʥʽʰʦʶ, ʥʽʞ ʤʦʜʝʣʴ 

PyTorch, ʧʦʨʽʚʥʷʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʯʘʩʫ ʥʘʚʯʘʥʥʷ, ʮʠʢʣʘʭ ʥʘʚʯʘʥʥʷ ʪʘ ʯʘʩʪʦʪʽ ʧʦʤʠʣʦʢ. ʏʝʨʝʟ ʥʝʚʝʣʠʢʠʡ 

ʥʘʙʽʨ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ ʦʙʠʜʚʘ ʘʣʛʦʨʠʪʤʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʧʝʨʝʢʣʘʜʫ. ʋ ʨʘʟʽ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʘʪʴ ʟʦʚʩʽʤ ʽʥʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʽ ʪʦʯʥʽʩʪʴ 

ʧʝʨʝʢʣʘʜʫ, ʯʘʩ ʥʘʚʯʘʥʥʷ ʽ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʟʙʽʣʴʰʠʪʴʩʷ, ʘ ʪʦʯʥʽʩʪʴ ʟʤʝʥʰʠʪʴʩʷ. 

 

ʈʝʟʫʣʴʪʘʪʠ 

ʋ ʩʪʘʪʪʽ ʦʧʠʩʘʥʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʜʚʦʭ ʩʠʩʪʝʤ ʧʝʨʝʢʣʘʜʫ ʪʝʢʩʪʫ ʟ ʦʜʥʽʻʾ ʤʦʚʠ ʥʘ ʽʥʰʫ ʥʘ 

ʦʩʥʦʚʽ ʙʽʙʣʽʦʪʝʢ Keras ʪʘ PyTorch ML. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩʫʥʢʫ. 3, ʜʝ ʘʣʛʦʨʠʪʤ 

ʧʨʘʚʠʣʴʥʦ ʨʦʟʧʽʟʥʘʚʘʚ (ʧʝʨʝʢʣʘʚ) ʨʝʯʝʥʥʷ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ. 

 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʢʣʘʜʫ 
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RNN, ʷʢ ʡ ʽʥʰʽ ʢʣʘʩʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʘʩʪʽʣʴʢʠ ʰʚʠʜʢʦ, ʱʦ ʩʪʘʻ ʚʩʝ ʚʘʞʯʝ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʥʦʚʽ, ʙʽʣʴʰ ʮʽʢʘʚʽ ʪʘ ʩʢʣʘʜʥʽʰʽ ʤʦʜʝʣʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʽ ʟʘʧʣʫʪʘʥʠʭ ʟʘʚʜʘʥʴ. 

ʎʽ ʧʦʩʣʽʜʦʚʥʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʽʥʰʠʭ ʩʬʝʨʘʭ, ʥʝ ʪʽʣʴʢʠ ʚ 

ʤʘʰʠʥʥʦʤʫ ʧʝʨʝʢʣʘʜʽ. ʇʨʦʩʪʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʻ ʤʦʜʝʣʽ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʣʦʚʝʩʥʽ ʦʧʠʩʠ ʟʦʙʨʘʞʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʪʠ ʛʦʣʦʩ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʦʟʤʦʚʫ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʨʦʟʚʠʪʦʢ RNN ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʷʚʠ ʨʦʟʫʤʥʠʭ 

ʧʦʤʽʯʥʠʢʽʚ, ʟʜʘʪʥʠʭ ʨʦʟʧʽʟʥʘʚʘʪʠ ʛʦʣʦʩ ʚʣʘʩʥʠʢʘ ʽ ʧʨʘʚʠʣʴʥʦ ʩʧʨʠʡʤʘʪʠ ʟʘʚʜʘʥʥʷ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ RNN ʻ 

ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʚ ʤʘʰʠʥʥʦʤʫ ʧʝʨʝʢʣʘʜʽ, ʽ ʤʠ ʜʫʤʘʻʤʦ, ʱʦ ʮʷ ʩʬʝʨʘ ʪʘʢʦʞ ʙʫʜʝ 

ʤʦʜʝʨʥʽʟʦʚʘʥʘ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʙʽʙʣʽʦʪʝʢʠ Keras ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ ʜʣʷ 

ʧʦʪʦʯʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. ɿʘʫʚʘʞʪʝ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʝʣʝʚʘʥʪʥʠʤʠ 

ʣʠʰʝ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʘ ʷʢʽʩʪʴ ʧʝʨʝʢʣʘʜʫ ʪʘ ʯʘʩ ʥʘʚʯʘʥʥʷ ʙʫʜʫʪʴ ʟʤʽʥʝʥʽ ʧʽʩʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʦʙʩʷʛʫ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʫ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʜʘʥʠʭ ʟ ʘʥʘʣʽʟʦʤ ʽ ʧʦʨʽʚʥʷʥʥʷʤ ʷʢʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʾʾ ʨʦʙʦʪʠ. 
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THE CURRENT STATE OF POLYMER WASTE MAN AGEMENT  
 

In the work presents the results of the analysis of the current state of polymer waste management in Ukraine and the world. It is 
known that the vast majority of such waste accumulates in landfills or enters the natural environment. Such a threatening situation requires 
the search for an effective solution to the problem of polymer waste management, since its processing contributes to the preservation of 
natural resources and the solution to the problem of the shortage of polymer raw materials. The quantitative and qualitative composition of 
such waste was analyzed and it was established that the most frequently used types of plastic are polyolefins. Since the management of a 
large amount of plastic waste is a difficult task, the state regulation of the polymer waste management system is of great importance in this 
area. In Ukraine, this is being implemented thanks to the adoption of the National Waste Management Strategy in 2017. An assessment of 
possible ways of recycling polymer waste was carried out in order to solve the problem of shortage of polymer raw materials. Today, polymer 
waste can be disposed of in three directions: material (polymer-raw material); raw materials and energy.  The main methods of their 
processing and directions of use of the obtained products were studied. The most popular methods are physical, chemical and thermal. It has 
been established that the recyclates obtained in this way can most often be used in the food, processing, construction industries, as well as in 
automobile and aircraft construction. A fairly promising direction of using recycled products is light industry products with additional 
hydrophobic, fire-resistant, flame-retardant, conductive, heat-insulating, anti-corrosion, airtight and other operational properti es. 

Keywords: polymer waste management, polymer waste, methods of waste processing 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʇʨʦʙʣʝʤʘ ʧʦʚʦʜʞʝʥʥʷ ʟ ʧʦʣʽʤʝʨʚʤʽʩʥʠʤʠ (ʧʣʘʩʪʠʢʦʚʠʤʠ) ʚʽʜʭʦʜʘʤʠ ʟʘ ʩʚʦʻʶ ʘʢʪʫʘʣʴʥʽʩʪʶ ʪʘ 

ʩʢʣʘʜʥʽʩʪʶ ʟʘʡʤʘʻ ʦʜʥʝ ʟ ʧʨʦʚʽʜʥʠʭ ʤʽʩʮʴ ʫ ʥʘʫʢʦʚʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɸʜʞʝ ʧʣʘʩʪʠʢʦʚʽ 

ʚʠʨʦʙʠ, ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʚʣʘʩʪʠʚʦʩʪʷʤ (ʣʝʛʢʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ ʯʝʨʝʟ ʥʠʟʴʢʫ ʩʦʙʽʚʘʨʪʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ 

ʤʽʮʥʽʩʪʴ) ʥʝ ʚʪʨʘʯʘʶʪʴ ʩʚʦʻʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʽ ʾʭ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ ʣʠʰʝ 

ʟʨʦʩʪʘʻ. ɺʽʜʧʦʚʽʜʥʦ, ʟʨʦʩʪʘʻ ʽ ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʤʝʨʚʤʽʩʥʠʭ ʚʽʜʭʦʜʽʚ. ɿʛʽʜʥʦ ʟ [1] ʟʘ ʦʩʪʘʥʥʽ 70 ʨʦʢʽʚ ʙʫʣʦ 

ʚʠʨʦʙʣʝʥʦ 8,3 ʤʽʣʴʷʨʜʘ ʤʝʪʨʠʯʥʠʭ ʪʦʥʥ ʧʣʘʩʪʠʢʫ, ʟ ʷʢʠʭ ʧʨʠʙʣʠʟʥʦ 6,3 ʤʽʣʴʷʨʜʘ ʤʝʪʨʠʯʥʠʭ ʪʦʥʥ ʩʪʘʣʠ 

ʚʽʜʭʦʜʘʤʠ ʽ ʣʠʰʝ 9 % ʚʽʜ ʥʠʭ ʙʫʣʦ ʧʝʨʝʨʦʙʣʝʥʦ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʥʘ 

ʩʤʽʪʪʻʟʚʘʣʠʱʘʭ ʘʙʦ ʧʦʪʨʘʧʣʷʻ ʚ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʗʢʱʦ ʪʝʧʝʨʽʰʥʷ ʪʝʥʜʝʥʮʽʷ ʟʙʝʨʝʞʝʪʴʩʷ, ʪʦ ʜʦ 2050 

ʨʦʢʫ ʥʘ ʟʚʘʣʠʱʘʭ ʙʫʜʝ 12 ʤʽʣʴʷʨʜʽʚ ʤʝʪʨʠʯʥʠʭ ʪʦʥʥ ʧʣʘʩʪʠʢʫ. ɯ, ʷʢʱʦ ʥʘʧʨʠʢʽʥʮʽ ʜʨʫʛʦʛʦ ʪʠʩʷʯʦʣʽʪʪʷ 

ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚʚʘʞʘʣʦʩʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʣʽʤʝʨʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʩʫʭʦʜʦʣʫ, ʪʦ ʟʛʦʜʦʤ ʩʪʨʽʤʢʠʤʠ 

ʪʝʤʧʘʤʠ ʧʦʯʘʣʦʩʷ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ [2]. ʊʘʢʘ ʟʘʛʨʦʟʣʠʚʘ ʩʠʪʫʘʮʽʷ ʚʠʤʘʛʘʻ ʧʦʰʫʢʫ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʧʦʣʽʤʝʨʥʠʤʠ ʚʽʜʭʦʜʘʤʠ. ɰʭ ʧʝʨʝʨʦʙʢʘ ʩʧʨʠʷʻ ʟʙʝʨʝʞʝʥʥʶ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʩʢʽʣʴʢʠ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʨʦʙʣʷʶʪʴʩʷ ʟ ʥʘʬʪʠ ʽ ʛʘʟʫ ʽ, ʚ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ 

ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ, ʧʦʣʽʤʝʨʚʤʽʩʥʽ ʚʽʜʭʦʜʠ ʩʪʘʶʪʴ ʧʦʪʫʞʥʠʤ ʩʠʨʦʚʠʥʥʠʤ ʽ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʝʩʫʨʩʦʤ. ʆʪʞʝ 

ʧʝʨʝʨʦʙʢʘ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ ʤʦʞʝ ʩʪʘʪʠ ʚʠʩʦʢʦʧʨʠʙʫʪʢʦʚʠʤ ʚʠʜʦʤ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ 

ʛʘʣʫʟʽ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʢʨʘʾʥʽ. ʅʘʛʘʣʴʥʠʤ ʻ ʧʦʰʫʢ 
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ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʧʦʚʦʜʞʝʥʥʷ ʟ ʧʦʣʽʤʝʨʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʜʝʬʽʮʠʪʫ ʧʦʣʽʤʝʨʥʦʾ 

ʩʠʨʦʚʠʥʠ. 
 

ɸʥʘʣ̔ʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 
ɺʠʚʯʝʥʥʶ ʧʨʦʙʣʝʤ ʧʦʚʦʜʞʝʥʥʷ ʟ ʧʦʙʫʪʦʚʠʤʠ ʪʘ ʧʨʦʤʠʩʣʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʧʦʣʽʤʝʨʥʠʤʠ ʧʨʠʩʚʷʪʠʣʠ ʩʚʦʾ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʽ ʚʽʪʯʠʟʥʷʥʽ ʚʯʝʥʽ, ʷʢ ɺ.ʄ. ʐʤʘʥʜʽʡ, ɯ.ʇ. ʂʨʘʡʥʦʚ, ʄ.ʉ. 
ʄʘʣʴʦʚʘʥʠʡ, ɸ.ɻ. ʂʘʨʪʘʚʠʡ, ʃ.ɺ. ɼʝʨʛʘʯʦʚʘ, ɺ.ɻ. ʇʝʪʨʫʢ, ʆ.ɺ. ʍʘʨʣʘʤʦʚʘ, ɻ.ɼ. ɻʫʤʝʥʶʢ, ɻ.ɺ. ɺʦʡʪʶʢ, ʆ.ɺ. 
ʄʝʜʚʝʜʻʚʘ, ʊ.ɹ. ʐʠʣʦʚʠʯ, ʆ.ʄ. ʉʠʥʶʢ, ɯ.ʆ. ʄʽʢʫʣʴʦʥʦʢ, ʄʘʥʜʟʶʢ ɯ.ɸ. ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʦʙʣʝʤʘ ʧʦʚʦʜʞʝʥʥʷ ʟ 
ʧʦʣʽʤʝʨʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʚʠʨʽʰʝʥʦʶ ʽ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ 
ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʣʽʤʝʨʚʤʽʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʨʦʩʪʘʻ, ʧʨʠʯʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʷʢʽʩʥʦ (ʚʠʥʘʡʜʝʥʥʷ ʥʦʚʠʭ, ʙʽʣʴʰ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ-ʧʨʠʚʘʙʣʠʚʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ).  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʦʚʦʜʞʝʥʥʷ ʟ ʧʦʣʽʤʝʨʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ,  

ʤʝʪʦʜʽʚ ʧʝʨʝʨʦʙʣʝʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʜʝʬʽʮʠʪʫ ʧʦʣʽʤʝʨʥʦʾ 
ʩʠʨʦʚʠʥʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ ʛʘʣʫʟʽ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɽʢʩʧʦʥʝʥʮʽʡʥʦ ʟʨʦʩʪʘʶʯʽ ʦʙʩʷʛʠ ʫʪʚʦʨʝʥʥʷ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʻ ʟʘʛʨʦʟʦʶ ʜʣʷ ʪʘʢʠʭ ʮʽʣʝʡ 
ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʆʆʅ, ʷʢ: ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʤʽʩʪ ʪʘ ʩʧʽʣʴʥʦʪ, ʚʽʜʧʦʚʽʜʘʣʴʥʝ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ, 
ʟʘʭʠʩʪ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʩʠʩʪʝʤ. ʉʦʮʽʘʣʴʥʘ ʦʙʽʟʥʘʥʽʩʪʴ, ʧʦʣʽʪʠʢʘ ʪʘ ʧʝʨʝʨʦʙʢʘ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʻ 
ʦʩʥʦʚʦʶ ʥʘ ʰʣʷʭʫ ʜʦ ʟʤʽʥʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʪʘʢʠʤʠ ʚʽʜʭʦʜʘʤʠ [4].  

ɿʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʘʚʪʦʨʽʚ [5] ʫ 2019 ʨʦʮʽ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʙʫʣʦ ʚʠʨʦʙʣʝʥʦ 368 ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ (ʄʪ) 
ʧʣʘʩʪʠʢʫ, ʟ ʥʠʭ 57,9 ʄʪ ʫ ɭʚʨʦʧʽ, ʘ ʧʦʧʠʪ ʧʝʨʝʨʦʙʥʠʢʽʚ ɭʉ ʩʢʣʘʚ ʙʣʠʟʴʢʦ 50,7 ʄʪ. ɺ ʋʢʨʘʾʥʽ ʟʘ ʜʘʥʠʤʠ 
ɼʝʨʞʢʦʤʩʪʘʪʫ ʚ 2019 ʨ. ʦʙʩʷʛ ʫʪʚʦʨʝʥʠʭ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʩʪʘʥʦʚʠʚ 4 ʪʠʩ. ʪ, ʟ ʷʢʠʭ ʪʽʣʴʢʠ 0,9 ʪʠʩ. ʪ 
ʫʪʠʣʽʟʦʚʘʥʦ, 0,1 ʪʠʩ. ʪ ʩʧʘʣʝʥʦ [6].    

ɿʘʨʘʟ ʫ ʩʚʽʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 7 ʛʨʫʧ ʧʣʘʩʪʠʢʦʚʠʭ ʧʦʣʽʤʝʨʽʚ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʧʝʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [7], 
ʱʦ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. ɼʝ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʧʝʨʝʨʦʙʢʠ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ [8]. 

 
ʊʘʙʣʠʮʷ 1 

ʆʩʥʦʚʥʽ ʛʨʫʧʠ ʧʣʘʩʪʠʢʦʚʠʭ ʧʦʣʽʤʝʨʽʚ, ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʨʦʙʢʠ 

ʄʘʨʢʫ-
ʚʘʥʥʷ 

ɻʨʫʧʠ ʧʣʘʩʪʠʢʦʚʠʭ ʧʦʣʽʤʝʨʽʚ 
ʏʠ ʧʽʜʣʷʛʘʻ 
ʧʝʨʝʨʦʙʮʽ? 

 

ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (PET ʘʙʦ ʇɽʊ) ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʡ 
ʧʦʣʽʝʬʽʨ ʪʝʨʝʬʪʘʣʝʚʦʾ ʢʠʩʣʦʪʠ ʽ ʝʪʠʣʝʥʛʣʽʢʦʣʷ. ʇɽʊ ʚʦʣʦʜʽʻ ʪʘʢʠʤʠ 
ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʷʢ: ʤʽʮʥʽʩʪʴ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʟʙʝʨʽʛʘʻ ʚʠʩʦʢʫ ʫʜʘʨʦʩʪʽʡʢʽʩʪʴ ʽ 
ʤʽʮʥʽʩʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʤʽʥʫʩ 40 Áʉ ʜʦ ʧʣʶʩ 60 Áʉ, ʻ ʛʘʨʥʠʤ 
ʜʽʝʣʝʢʪʨʠʢʦʤ. ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʇɽʊ ʨʦʙʣʷʪʴ ʡʦʛʦ ʽʜʝʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ: ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʨʠ (ʧʣʷʰʦʢ), ʚʦʣʦʢʦʥ, ʜʝʪʘʣʝʡ 
ʤʘʰʠʥ. ʄʝʪʦʜʦʤ ʝʢʩʪʨʫʟʽʾ ʟ ʇɽʊ ʚʠʛʦʪʦʚʣʷʶʪʴ ʪʝʨʤʦʫʩʘʜʦʯʥʽ ʽ ʙʘʛʘʪʦʰʘʨʦʚʽ 
ʧʣʽʚʢʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʘʢʫʚʘʣʴʥʽʡ ʛʘʣʫʟʽ, ʘ ʪʘʢʦʞ ʣʠʩʪʠ; 

ʊʘʢ 

 

ʧʦʣʽʝʪʠʣʝʥ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (PEHD (HDPE) ʘʙʦ ʇɺʊ) ï ʩʠʨʦʚʠʥʘ ʜʣʷ 
ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʽʚʦʢ ʪʘ ʧʘʢʝʪʽʚ; ʊʘʢ 

 

ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ (PVC ʘʙʦ ʇɺʍ) ï ʧʦʣʽʤʝʨ, ʟ ʷʢʦʛʦ ʚʠʨʦʙʣʷʶʪʴ ʣʽʥʦʣʝʫʤ, 
ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ ʚʽʢʦʥʥʽ ʧʨʦʬʽʣʽ, ʤʝʙʣʽ, ʰʪʫʯʥʫ ʰʢʽʨʫ, ʧʣʽʚʢʠ ʜʣʷ ʥʘʪʷʞʥʠʭ 
ʩʪʝʣʴ, ʪʨʫʙʠ, ʽʟʦʣʷʮʽʶ ʜʨʦʪʽʚ ʪʘ ʢʘʙʝʣʽʚ; 

ʅ ̔

 

ʧʦʣʽʝʪʠʣʝʥ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ (PELD (LDPE) ʘʙʦ ʇʅʊ) ï ʧʦʣʽʤʝʨ, ʱʦ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʧʝʨʝʚʘʞʥʦ, ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʷʰʦʢ ʪʘ ʧʘʢʝʪʽʚ ʜʣʷ 
ʤʦʣʦʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ (ʰʘʤʧʫʥʽ), ʢʨʠʰʝʯʦʢ ʚʽʜ ʧʣʷʰʦʢ, 
ʦʜʥʦʨʘʟʦʚʦʛʦ ʧʦʩʫʜʫ, ʢʦʥʪʝʡʥʝʨʽʚ ʜʣʷ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʽʛʨʘʰʦʢ; 

ɿʜʝʙʽʣ ɹ
ʰʦʛʦ ʥʽ 

 

ʧʦʣʽʧʨʦʧʽʣʝʥ (PP ʘʙʦ ʇʇ) ï ʧʣʘʩʪʠʢ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʙʘʤʧʝʨʠ, ʢʦʨʧʫʩʠ 
ʘʢʫʤʫʣʷʪʦʨʽʚ, ʜʝʷʢʽ ʜʝʪʘʣʽ ʜʚʠʛʫʥʘ, ʙʣʦʢʠ ʟʘʧʦʙʽʞʥʠʢʽʚ, ʜʝʪʘʣʽ ʩʘʣʦʥʫ, ʽ ʢʫʟʦʚʘ 
ʘʚʪʦʤʦʙʽʣʽʚ, ʢʨʠʰʢʠ ʧʣʘʩʪʠʢʦʚʠʭ ʧʣʷʰʦʢ; 

ɯʥʦʜʽ 

 

ʧʦʣʽʩʪʠʨʦʣ (PS ʘʙʦ ʇʉ) ï ʧʦʣʽʤʝʨ, ʟ ʷʢʦʛʦ ʦʪʨʠʤʫʶʪʴ ʦʜʥʦʨʘʟʦʚʠʡ ʧʦʩʫʜ, 
ʩʪʘʢʘʥʯʠʢʠ ʜʣʷ ʡʦʛʫʨʪʽʚ, ʫʧʘʢʦʚʢʫ, ʽʛʨʘʰʢʠ, ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʪʘ ʧʘʢʫʚʘʣʴʥʽ 
ʧʽʥʦʧʣʘʩʪʦʚʽ ʚʠʨʦʙʠ; 

ɯʥʦʜʽ 

 

ʧʦʣʽʢʘʨʙʦʥʘʪ ʪʘ ʽʥʰʽ ʧʣʘʩʪʤʘʩʠ (O, OTHER ʘʙʦ ɯʅʐɽ) ï ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 
ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʩʫʜʫ ʜʣʷ ʭʦʣʦʜʥʦʾ ʾʞʽ ʪʘ ʚʦʜʠ, ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʫʧʘʢʦʚʢʠ, 
ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʣʘʩʪʠʢʫ. ʅ ̔



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 5, 2022 (313) 28 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʪʠʧʘʤʠ ʧʣʘʩʪʠʢʫ ʻ ʧʦʣʽʦʣʝʬʽʥʠ (PO) (ʧʦʣʽʝʪʠʣʝʥ-PE; 
ʧʦʣʽʧʨʦʧʽʣʝʥ-PP) ï ʙʣʠʟʴʢʦ 50 % [5]. ɺʦʥʠ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʘʢʫʚʘʣʴʥʦʤʫ ʩʝʢʪʦʨʽ, ʥʘʧʨʠʢʣʘʜ, 
ʜʣʷ ʫʧʘʢʦʚʢʠ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʢʨʠʰʦʢ, ʤʽʰʢʽʚ, ʣʦʪʢ̔ ʚ, ʧʣʽʚʦʢ ʪʘ ʧʣʷʰʦʢ, ʘ ʪʘʢʦʞ ʜʣʷ ʪʨʫʙ, ʘʚʪʦʤʦʙʽʣʴʥʠʭ 
ʜʝʪʘʣʝʡ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʣʽʚʦʢ, ʜʝʪʘʣʝʡ ʧʦʩʫʜʫ ʪʦʱʦ. ɯʥʰʠʤʠ ʧʦʰʠʨʝʥʠʤʠ ʧʘʢʫʚʘʣʴʥʠʤʠ ʧʣʘʩʪʠʢʘʤʠ 
ʻ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (ʇɽʊʌ) ï ʙʣʠʟʴʢʦ 8 % ʪʘ ʧʦʣʽʩʪʠʨʦʣ (ʇʉ) ï ʙʣʠʟʴʢʦ 6,5 % [5].  

ʋʧʨʘʚʣʽʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʦʙʣʠʚʦ 
ʚ ʨʝʛʽʦʥʘʭ ʰʚʠʜʢʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ. ʊʘʢ, ʟʛʽʜʥʦ [8] ʫ ʧʝʨʽʦʜ ʟ 1950 ʜʦ 2015 
ʨ. ʧʨʠʙʣʠʟʥʦ 8 % ʢʦʣʠ-ʥʝʙʫʜʴ ʚʠʨʦʙʣʝʥʦʛʦ ʧʣʘʩʪʠʢʫ ʙʫʣʦ ʩʧʘʣʝʥʦ ʽ ʣʠʰʝ 7 % ʙʫʣʦ ʧʝʨʝʨʦʙʣʝʥʦ. ɹʽʣʴʰʽʩʪʴ 
ʚʠʨʦʙʣʝʥʦʛʦ ʧʣʘʩʪʠʢʫ (ʙʣʠʟʴʢʦ 55 %) ʙʫʣʦ ʚʠʢʠʥʫʪʦ ʪʘ ʥʘʢʦʧʠʯʝʥʦ ʥʘ ʟʚʘʣʠʱʘʭ ʘʙʦ ʚ ʧʨʠʨʦʜʥʦʤʫ 
ʩʝʨʝʜʦʚʠʱʽ, ʘ ʨʝʰʪʘ ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʪʦʙʪʦ ʙʣʠʟʴʢʦ 30 %.  

ɯʟ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ ʦʩʥʦʚʥʘ ʤʘʩʘ ʧʨʠʧʘʜʘʻ ʥʘ ʇɽʊ ï 25 %, ʥʘ ʧʦʣʽʝʪʠʣʝʥ 
ʥʠʟʴʢʦʛʦ (ʇɽʊ) ʽ ʧʦʣʽʝʪʠʣʝʥ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʇɺʊ) ï ʧʦ 15 %, ʧʦʣʽʧʨʦʧʽʣʝʥ (ʇʇ) ï 13 %, ʧʦʣʽʩʪʠʨʦʣ (ʇʉ) ï 
6 %, ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ (ʇɺʍ) ï 5 % ʽ ʥʘ ʽʥʰʽ ʧʦʣʽʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ï 21 %. ʆʜʥʘʢ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʽʣʴʢʠ 
10 % ʚʽʜʭʦʜʽʚ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜʜʘʶʪʴʩʷ ʨʝʮʠʢʣʽʥʛʫ, ʘ ʪʽ ʧʦʣʽʤʝʨʥʽ ʚʽʜʭʦʜʠ, ʱʦ ʟʘʣʠʰʘʶʪʴʩʷ ʚ 
ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ, ʚʢʣʶʯʘʶʯʠ ʽ ʋʢʨʘʾʥʫ, ʢʦʤʧʦʩʪʫʶʪʴʩʷ ʥʘ ʧʦʣʽʛʦʥʘʭ, ʘʙʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʥʘ ʤʽʩʮʝʚʠʭ 
ʩʤʽʪʪʻʟʚʘʣʠʱʘʭ ʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʟʚʘʣʠʱʘʭ. 

ɿ ʨʦʟʚʠʪʢʦʤ ʧʝʨʝʨʦʙʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʚʽʜʩʦʪʦʢ ʧʝʨʝʨʦʙʣʝʥʦʛʦ 
ʧʣʘʩʪʠʢʫ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ ʽ ʻʚʨʦʧʝʡʩʴʢʽ ʢʨʘʾʥʠ ʜʦʩʷʛʣʠ ʟʥʘʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: ʚ ɸʥʛʣʽʾ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ 70 % 
ʇɽʊ-ʧʣʷʰʦʢ, ʚ ʅʽʤʝʯʯʠʥʽ ð 80ï85 %, ʚ ʐʚʝʮʽʾ ð 90ï95 %. ʂʨʘʾʥʠ ʟʥʘʡʰʣʠ ʩʧʦʩʽʙ, ʷʢ ʧʝʨʝʪʚʦʨʠʪʠ 
ʚʠʢʦʨʠʩʪʘʥʽ ʧʦʣʽʤʝʨʥʽ ʚʽʜʭʦʜʠ ʚ ʪʘʢʽ ʛʦʪʦʚʽ ʧʨʦʜʫʢʪʠ, ʷʢ ʰʪʘʧʝʣʴʥʽ ʚʦʣʦʢʥʘ, ʥʝʪʢʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʧʣʽʚʢʠ, ʱʽʪʢʠ, 
ʦʜʥʦʨʘʟʦʚʠʡ ʧʦʩʫʜ, ʧʣʷʰʢʠ ʭʘʨʯʦʚʦʛʦ ʽ ʥʝʭʘʨʯʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʝʢʦ-ʦʜʷʛ, ʦʩʥʦʚʥʦʶ ʪʢʘʥʠʥʦʶ ʷʢʦʛʦ 
ʻ ʧʦʣʽʝʩʪʝʨ (ʪʢʘʥʠʥʘ ʦʪʨʠʤʘʥʘ ʽʟ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʨʦʙʢʠ ʇɽʊ-ʧʣʷʰʦʢ) [9]. ʆʩʥʦʚʦʶ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʫʪʠʣʽʟʘʮʽʾ 
ʚʽʜʭʦʜʽʚ ʻ  ʜʝʨʞʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʧʦʣʽʤʝʨʥʠʤʠ ʚʽʜʭʦʜʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠʥʮʠʧ 
ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʝʨʝʨʦʙʢʠ ʇɽʊ-ʪʘʨʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʾʾ ʚʠʨʦʙʥʠʢʠ ʧʣʘʪʷʪʴ ʩʧʝʮʽʘʣʴʥʠʡ ʧʦʜʘʪʦʢ, ʚ 
ʷʢʠʡ ʟʘʢʣʘʜʝʥʦ ʚʘʨʪʽʩʪʴ ʤʘʡʙʫʪʥʴʦʾ ʧʝʨʝʨʦʙʢʠ. ɿ ʮʠʭ ʛʨʦʰʝʡ ʜʝʨʞʘʚʘ ʬʽʥʘʥʩʫʻ ʫʪʠʣʽʟʘʮʽʶ. ɺʘʞʣʠʚʦʶ 
ʽʥʽʮʽʘʪʠʚʦʶ ʱʦʜʦ ʧʦʣʽʧʰʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʧʣʘʩʪʠʢʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʻ ʚʚʝʜʝʥʥʷ ʦʙʤʝʞʝʥʥʷ ʜʝʨʞʘʚʘʤʠ-ʯʣʝʥʘʤʠ 
ɭʉ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʩʪʠʢʦʚʠʭ ʧʘʢʝʪʽʚ, ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʽ ʚʽʜʤʦʚʠ ʚʽʜ ʧʦʭʦʚʘʥʥʷ ʪʘʢʠʭ 
ʚʽʜʭʦʜʽʚ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʜʦ 2030 ʨʦʢʫ ʚʩʷ ʧʣʘʩʪʠʢʦʚʘ ʫʧʘʢʦʚʢʘ ʧʦʚʠʥʥʘ ʧʝʨʝʨʦʙʣʷʪʠʩʷ [10].  

ʇʨʠʡʥʷʪʘ ʫ 2017 ʨʦʮʽ ʅʘʮʽʦʥʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʜʦ 2030 ʨʦʢʫ ʧʝʨʝʜʙʘʯʘʻ 
ʽʤʧʣʝʤʝʥʪʘʮʽʶ ʚ ʋʢʨʘʾʥʽ ʥʘʡʢʨʘʱʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʧʨʘʢʪʠʢ ʚ ʩʬʝʨʽ ʧʦʚʦʜʞʝʥʥʷ ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʚʽʜʭʦʜʽʚ 
(ʧʨʦʤʠʩʣʦʚʠʤʠ, ʪʚʝʨʜʠʤʠ ʧʦʙʫʪʦʚʠʤʠ, ʚʽʜʭʦʜʘʤʠ ɸʇʂ, ʙʫʜʽʚʝʣʴʥʠʤʠ, ʥʝʙʝʟʧʝʯʥʠʤʠ, ʧʣʘʩʪʠʢʦʚʠʤʠ). 
ʅʘʮʽʦʥʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʚʩʪʘʥʦʚʣʶʻ ʢʦʥʢʨʝʪʥʽ ʟʘʚʜʘʥʥʷ ʽ ʟʘʭʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʋʢʨʘʾʥʽ ʜʦ 2030 ʨʦʢʫ ʧʝʨʝʡʪʠ ʜʦ 
ʥʦʚʦʾ ʤʦʜʝʣʽ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʜʦ ʝʢʦʥʦʤʽʢʠ ʟʘʤʢʥʝʥʦʛʦ ʮʠʢʣʫ, ʷʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʦʚʽʜʥʽ ʻʚʨʦʧʝʡʩʴʢʽ 
ʢʨʘʾʥʠ. ʈʝʘʣʽʟʘʮʽʷ ʥʘʚʝʜʝʥʠʭ ʟʘʭʦʜʽʚ ʧʦʢʣʠʢʘʥʘ ʘʜʘʧʪʫʚʘʪʠ ʥʘʮʽʦʥʘʣʴʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ 
ʚʽʜʭʦʜʘʤʠ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ [10]. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʦʩʚʽʜ ʢʨʘʾʥ ɭʉ, ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʝʬʝʢʪʠʚʥʫ 
ʟʘʢʦʥʦʜʘʚʯʫ ʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫ ʙʘʟʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ; ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʥʦʚʠʭ ʙʽʣʴʰ 
ʝʬʝʢʪʠʚʥʠʭ ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ (ʝʢʦ-ʜʠʟʘʡʥʫ, ʨʝʤʦʥʪʫ, ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʦʙʤʽʥʫ ʧʨʦʜʫʢʮʽʾ 
ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʶ ʚʽʜʭʦʜʽʚ) ʽ ʩʪʠʤʫʣʶʚʘʪʠ ʨʦʟʚʠʪʦʢ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ; 
ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ ʮʽʣʴʦʚʽ ʧʨʦʛʨʘʤʠ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʝʢʪʽʚ ʫ ʩʬʝʨʽ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ; ʥʝʦʙʭʽʜʥʦ 
ʟʤʽʥʠʪʠ ʩʧʦʩʽʙ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʩʧʦʞʠʚʘʥʥʷ ʪʦʚʘʨʽʚ ʟ ʢʦʨʦʪʢʦʪʝʨʤʽʥʦʚʦʛʦ ʜʦ ʜʦʚʛʦʪʝʨʤʽʥʦʚʦʛʦ, ʘ ʪʘʢʦʞ 
ʟʘʦʭʦʯʫʚʘʪʠ ʛʘʣʫʟʽ ʝʢʦʥʦʤʽʢʠ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ [10]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʦʣʽʤʝʨʥʽ ʚʽʜʭʦʜʠ ʧʽʜʜʘʶʪʴʩʷ ʫʪʠʣʽʟʘʮʽʾ ʟʘ ʪʨʴʦʤʘ ʥʘʧʨʷʤʘʤʠ [2]: ʤʘʪʝʨʽʘʣʴʥʠʤ 
(ʧʦʣʽʤʝʨʥʦ-ʩʠʨʦʚʠʥʥʠʤ); ʩʠʨʦʚʠʥʥʠʤ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤ. ɸʙʦ ʟʘ ʯʦʪʠʨʤʘ ʛʨʫʧʘʤʠ ʤʝʪʦʜʽʚ: 

1) ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʥʘʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ (ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʝʨʚʠʥʥʦʾ 
ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ); 

2) ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʰʦʾ ʧʨʦʜʫʢʮʽʾ, ʟʘʟʚʠʯʘʡ ʟʽ ʟʥʠʞʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 
ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʚʪʦʨʠʥʥʦʾ ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ; ʨʝʮʠʢʣʽʥʛ); 

3) ʧʝʨʝʨʦʙʣʝʥʥʷ ʥʘ ʭʽʤʽʯʥʫ ʩʠʨʦʚʠʥʫ; 
4) ʩʧʘʣʶʚʘʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʟʜʝʙʽʣʴʰʦʛʦ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 
ɺʪʦʨʠʥʥʘ ʧʦʣʽʤʝʨʥʘ ʩʠʨʦʚʠʥʠ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʨʤʦʧʣʘʩʪʠʯʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʥʦʚʠʭ ʧʣʘʩʪʠʢʦʚʠʭ ʚʠʨʦʙʽʚ; ʧʘʣʠʚʘ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ; ʜʝʪʘʣʝʡ 
ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ ʽ ʘʛʨʝʛʘʪʽʚ; ʝʣʝʤʝʥʪʽʚ ʩʧʦʨʫʜ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʬʝʨʤ; ʚʠʨʦʙʥʠʯʦʛʦ ʪʘ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [11].  

ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʧʝʨʝʨʦʙʢʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ [12]: 
ï ʬʽʟʠʯʥʽ (ʤʝʭʘʥʽʯʥʠʡ ʨʝʮʠʢʣʽʥʛ, ʨʘʜʽʘʮʽʡʥʠʡ ʤʝʪʦʜ); 
ï ʭʽʤʽʯʥʽ (ʩʦʣʴʚʦʣʽʟ, ʤʘʪʝʥʦʣʽʟ, ʪʝʨʤʦʢʘʪʘʣʽʟ, ʛʽʜʨʦʣʽʟ ʽ ʛʣʽʢʦʣʽʟ); 
ï ʪʝʨʤʽʯʥʽ (ʛʘʟʠʬʽʢʘʮʽʷ, ʩʧʘʣʶʚʘʥʥʷ, ʧʽʨʦʣʽʟ (FBR-ʤʝʪʦʜ, ʜʝʧʦʣʽʤʝʨʠʟʘʮʽʷ)). 
ɺ ʧʨʦʮʝʩʽ ʪʝʨʤʽʯʥʦʛʦ ʧʽʨʦʣʽʟʫ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ-ʤʦʥʦʤʝʨʠ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʩʠʥʪʝʟʽ ʥʦʚʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʤʘʪʝʨʽʘʣʽʚ ʜʦ 
ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʪʨʠʤʫʶʪʴ ʩʠʨʦʚʠʥʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ʣʠʚʘʨʥʠʭ ʧʣʘʩʪʤʘʩ ʽ ʣʝʛʢʦʨʦʟʯʠʥʥʠʭ ʢʣʝʾʚ. ɺ ʋʢʨʘʾʥʽ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚ ʤʝʪʦʜ ʚʪʦʨʠʥʥʦʾ 
ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʤʝʭʘʥʽʯʥʠʤ ʨʝʮʠʢʣʽʥʛʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ 
ʦʪʨʠʤʘʥʠʡ ʛʨʘʥʫʣʷʪ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʩʪʤʘʩ. ʋ ʙʽʣʴʰʦʩʪʽ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ, ʘ 
ʪʘʢʦʞ ʚ ʉʐɸ ʽ ʗʧʦʥʽʾ ʤʝʭʘʥʽʯʥʦʤʫ ʨʝʮʠʢʣʽʥʛʫ ʧʽʜʜʘʶʪʴʩʷ 90 % ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʘ ʦʪʨʠʤʘʥʽ 
ʽʥʛʨʝʜʽʻʥʪʠ ʡʜʫʪʴ ʥʘ ʚʪʦʨʠʥʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʽʟ ʧʣʘʩʪʠʢʫ [11]. 
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ʇʨʘʢʪʠʯʥʦ ʫʩʽ ʚʽʜʭʦʜʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʜʥʦʛʦ ʪʠʧʫ ʧʦʣʽʤʝʨʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʭʘʥʽʯʥʦ 
ʧʝʨʝʨʦʙʣʝʥʽ ʟ ʥʝʟʥʘʯʥʦʶ ʘʙʦ ʟ ʧʦʚʥʦʶ ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ. ʆʜʥʘʢ ʤʝʭʘʥʽʯʥʘ ʧʝʨʝʨʦʙʢʘ 
ʩʪʠʢʘʻʪʴʩʷ ʟ ʨʽʟʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʪʝʨʤʦʤʝʭʘʥʽʯʥʝ ʨʦʟʢʣʘʜʘʥʥʷ ʽ ʥʝ ʟʤʽʰʫʚʘʥʦʩʪʽ ʨʽʟʥʠʭ 
ʧʦʣʽʤʝʨʽʚ [12]. ʊʦʤʫ ʤʝʭʘʥʽʯʥʘ ʧʝʨʝʨʦʙʢʘ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʧʣʘʩʪʤʘʩ ʤʘʻ ʧʝʨʝʜʙʘʯʘʪʠ ʥʘʩʪʫʧʥʽ ʩʪʘʜʽʾ [13, 14]: 

1) ʩʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʝʨʚʠʥʥʝ) ʟʘ ʪʠʧʦʤ ʧʦʣʽʤʝʨʫ, ʢʦʣʴʦʨʦʤ, ʩʪʘʥʦʤ ʤʘʪʝʨʽʘʣʫ ʽ 
ʩʪʫʧʝʥʝʤ ʟʘʙʨʫʜʥʝʥʦʩʪʽ; 

2) ʧʦʧʝʨʝʜʥʻ ʧʦʜʨʽʙʥʝʥʥʷ ʚʽʜʭʦʜʽʚ ʜʦ ʢʨʠʭʪʠ ʟ ʨʦʟʤʽʨʘʤʠ 10ï30 ʤʤ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʜʘʣʴʰʦʛʦ 
ʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ; 

3) ʧʦʚʪʦʨʥʝ ʩʦʨʪʫʚʘʥʥʷ, ʚʠʜʘʣʝʥʥʷ ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʘʧʝʨʦʚʠʭ ʝʪʠʢʝʪʦʢ, ʤʠʪʪʷ ʽ 
ʩʫʰʽʥʥʷ ʤʘʪʝʨʽʘʣʫ; 

4) ʘʛʣʦʤʝʨʘʮʽʷ ï ʩʧʽʢʘʥʥʷ ʚʽʜʤʠʪʦʾ ʧʦʣʽʤʝʨʥʦʾ ʢʨʠʭʪʠ ʚ ʛʨʫʜʢʠ ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ; 
5) ʛʨʘʥʫʣʶʚʘʥʥʷ ʤʘʩʠ ï ʚʠʨʦʙʥʠʮʪʚʦ ʛʨʘʥʫʣ ʨʽʟʥʦʾ ʬʨʘʢʮʽʾ ʟ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʥʦʾ ʢʨʠʭʪʠ ʚ 

ʩʧʝʮʽʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 
ʉʫʯʘʩʥʽ ʣʽʥʽʾ ʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʨʦʙʣʝʥʥʷ ʤʦʞʫʪʴ ʫʪʠʣʽʟʫʚʘʪʠ ʧʦʙʫʪʦʚʽ ʽ ʧʨʦʤʠʩʣʦʚʽ ʧʦʣʽʤʝʨʥʽ 

ʚʽʜʭʦʜʠ, ʚʠʨʦʙʥʠʯʠʡ ʙʨʘʢ, ʥʝʣʽʢʚʽʜʠ, ʚʠʢʦʨʠʩʪʘʥʫ ʪʘʨʫ ʽ ʫʧʘʢʦʚʢʫ [13].  
ʄʝʭʘʥʽʯʥʦ ʧʝʨʝʨʦʙʣʝʥʠʡ ʧʣʘʩʪʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʠʭ ʚʠʨʦʙʽʚ, ʘʣʝ ʨʽʜʢʦ ʫ 

ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ, ʯʘʩʪʽʰʝ, ʷʢ ʜʦʙʘʚʢʘ ʜʦ ʧʝʨʚʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. ʗʢ ʚʪʦʨʠʥʥʘ ʩʠʨʦʚʠʥʘ ʧʣʘʩʪʠʢ ʤʦʞʝ 
ʧʝʨʝʨʦʙʣʷʪʠʩʷ ʥʝ ʙʽʣʴʰʝ 4ï5 ʨʘʟʽʚ ʯʝʨʝʟ ʪʝʨʤʽʯʥʠʡ ʚʧʣʠʚ ʧʽʜ ʯʘʩ ʧʝʨʝʨʦʙʣʝʥʥʷ. ʇʽʩʣʷ ʦʩʪʘʥʥʴʦʛʦ ʮʠʢʣʫ 
ʧʣʘʩʪʠʢ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʜʦʨʽʛ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʤʝʭʘʥʽʯʥʦʛʦ ʨʝʮʠʢʣʽʥʛʫ ʻ 
ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚʠʢʠʜʘʤʠ 
ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. ʅʝʜʦʣʽʢʘʤʠ ʤʝʪʦʜʫ ʻ ʚʠʩʦʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʨʦʮʝʩʫ, ʩʢʣʘʜʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ 
ʧʦʜʨʽʙʥʝʥʥʷ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʪʝʣʴʥʦʛʦ ʩʦʨʪʫʚʘʥʥʷ ʽ ʦʯʠʱʝʥʥʷ ʚʽʜʭʦʜʽʚ [13]. 

ʈʘʜʽʘʮʽʡʥʠʡ ʤʝʪʦʜ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʧʣʘʩʪʤʘʩ, ʟʦʢʨʝʤʘ ʘʨʤʦʚʘʥʠʭ 
ʧʣʘʩʪʠʢʽʚ (ʢʦʤʧʦʟʠʪʠ ʟ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʫ ʚʠʛʣʷʜʽ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʽ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ, 
ʘʨʤʦʚʘʥʠʭ ʚʦʣʦʢʥʠʩʪʠʤʠ ʽ ʣʠʩʪʦʚʠʤʠ ʤʘʪʝʨʽʘʣʠ ʟʽ ʩʢʣʘ, ʧʦʣʽʤʝʨʽʚ, ʙʘʟʘʣʴʪʫ, ʚʫʛʣʝʮʶ ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ). 
ʄʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʨʫʡʥʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʧʦʣʽʤʝʨʽʚ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʡʪʨʦʥʽʚ, 
ʙʝʪʘ-ʯʘʩʪʠʥʦʢ ʪʘ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ 
ʡʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʧʽʜ ʜʽʻʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʫʡʥʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʫʩʽ ʧʦʣʽʤʝʨʥʽ ʤʘʪʨʠʮʽ ʟ 
ʦʜʥʦʯʘʩʥʠʤ ʟʙʝʨʝʞʝʥʥʷʤ ʥʝʟʤʽʥʥʠʤʠ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʦʚʥʶʚʘʯʘ, ʥʘʩʘʤʧʝʨʝʜ ʚʫʛʣʝʮʝʚʠʭ 
ʚʦʣʦʢʦʥ. ʅʝʜʦʣʽʢʠ ï ʧʽʜʚʠʱʝʥʝ ʨʘʜʽʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʣʶʜʠʥʫ ʽ ʜʦʚʢʽʣʣʷ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ, ʚ 
ʦʩʥʦʚʥʦʤʫ, ʚʽʜʭʦʜʽʚ ʪʦʥʢʦʰʘʨʦʚʠʭ ʘʨʤʦʚʘʥʠʭ ʧʣʘʩʪʤʘʩ [13].  

ɼʣʷ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʨʦʙʣʝʥʽ ʯʝʨʝʟ ʪʝʭʥʽʯʥʽ ʘʙʦ ʝʢʦʥʦʤʽʯʥʽ ʧʨʠʯʠʥ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʇʽʜ ʯʘʩ ʭʽʤʽʯʥʦʛʦ ʧʝʨʝʨʦʙʣʝʥʥʷ ʧʦʣʽʤʝʨʥʽ 
ʚʽʜʭʦʜʠ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʥʘ ʚʠʭʽʜʥʽ ʤʦʣʝʢʫʣʠ ï ʤʦʥʦʤʝʨʠ, ʦʣʽʛʦʤʝʨʠ ʘʙʦ ʾʭ ʩʫʤʽʰ ʟ ʽʥʰʠʤʠ ʚʫʛʣʝʚʦʜʥʷʤʠ, ʟ 
ʷʢʠʭ ʧʦʪʽʤ ʟʥʦʚʫ ʤʦʞʥʘ ʚʠʛʦʪʦʚʠʪʠ ʧʣʘʩʪʠʢʦʚʫ ʧʨʦʜʫʢʮʽʶ ʟ ʪʠʤʠ ʞ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʍʽʤʽʯʥʠʡ ʤʝʪʦʜ 
ʜʦʟʚʦʣʷʻ ʨʦʟʙʠʚʘʪʠ ʧʣʘʩʪʠʢʦʚʽ ʚʽʜʭʦʜʠ ʥʘ ʩʢʣʘʜʦʚʽ ʢʦʤʧʦʥʝʥʪʠ, ʟʛʦʜʦʤ ʾʭ ʟʤʽʰʫʶʪʴ ʽ ʦʙʨʦʙʣʷʶʪʴ ʜʣʷ 
ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʣʘʩʪʠʢʫ ʘʙʦ ʩʠʥʪʝʪʠʯʥʠʭ ʪʢʘʥʠʥ).  

ʉʝʨʝʜ ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʫʪʠʣʽʟʘʮʽʾ ʧʣʘʩʪʤʘʩ ʚʠʜʽʣʷʶʪʴ ʧʨʦʮʝʩ ʩʦʣʴʚʦʣʽʟʫ, ʷʢʠʡ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʭʝʤʦʣʽʟʦʤ. 
ʉʫʪʥʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʨʦʟʱʝʧʣʝʥʽ (ʜʝʧʦʣʽʤʝʨʠʟʘʮʽʾ) ʚʽʜʭʦʜʽʚ ʧʦʣʽʤʝʨʽʚ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʭʽʤʽʯʥʠʭ 
ʩʧʦʣʫʢ (ʚʦʜʠ, ʢʠʩʣʦʪ, ʣʫʛʽʚ, ʛʣʽʢʦʣʶ ʤʝʪʘʥʦʣʫ). ɺʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʘʛʝʥʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʛʦ 
ʤʘʪʝʨʽʘʣʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʨʦʟʯʠʥʥʠʢʘ ʚʠʜʽʣʷʶʪʴ ʪʘʢʽ ʚʠʜʠ ʩʦʣʴʚʦʣʽʟʫ: ʛʽʜʨʦʣʽʟ, ʛʣʽʢʦʣʽʟ, ʤʝʪʘʥʦʣʽʟ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʮʝʩ ʩʦʣʴʚʦʣʽʟʫ ʜʦʟʚʦʣʷʻ ʨʦʟʱʝʧʠʪʠ ʥʘ ʤʦʥʦʤʝʨʠ ʜʦ 90 % ʧʣʘʩʪʠʢʫ, ʚ 
ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʨʽʜʠʥʥʘ ʬʨʘʢʮʽʷ, ʷʢʘ ʤʽʩʪʠʪʴ ʪʘʢʽ ʨʝʯʦʚʠʥʠ, ʷʢ ʙʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ, ʙʝʥʟʘʣʴʜʝʛʽʜ, 
ʽʟʦʧʨʦʧʽʣʬʝʥʽʣʢʝʪʦʥ, ʤʝʪʽʣʝʪʽʣʦʚʠʡ ʝʬʽʨ, ʤʝʪʽʣʽʟʦʙʫʪʽʣʦʚʠʡ ʝʬʽʨ, ʙʝʥʟʦʣ ʽ ʘʮʝʪʘʣʴʜʝʛʽʜ [13, 15]. ʆʪʞʝ, 
ʤʝʪʦʜʠ ʩʦʣʴʚʦʣʽʟʫ ʥʝ ʟʘʚʞʜʠ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ, ʝʥʝʨʛʦʻʤʥʽ, ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʝʚʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʽ ʪʦʤʫ ʜʦʩʠʪʴ ʜʦʨʦʛʽ, ʱʦ ʻ ʥʝʜʦʣʽʢʘʤʠ 
ʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʽʚ. ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʨʦʙʢʠ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ 
ʥʠʞʯʦʾ ʷʢʦʩʪʽ ʯʝʨʝʟ ʜʦʜʘʪʢʦʚʝ ʦʯʠʱʝʥʥʷ ʧʣʘʩʪʤʘʩ ʧʽʜ ʯʘʩ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 
ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 
ʢʦʥʚʝʨʩʽʾ. ʇʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʪʝʨʤʦʭʽʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʚʽʜʭʦʜʽʚ ʥʘ ʧʝʨʚʠʥʥʽ ʤʦʥʦʤʝʨʠ ʪʘ ʽʥʰʽ 
ʢʦʨʠʩʥʽ ʨʝʯʦʚʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʩʽʚ ʧʽʨʦʣʽʟʫ ʘʙʦ ʛʘʟʠʬʽʢʘʮʽʾ  [13]. ɿʘʚʜʷʢʠ ʧʽʨʦʣʽʟʫ ʤʦʞʝ ʚʠʨʦʙʣʷʪʠʩʴ 
ʨʷʜ ʢʦʨʠʩʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, ʧʦʪʝʥʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʷʢ ʭʽʤʽʯʥʘ ʩʠʨʦʚʠʥʘ ʘʙʦ ʝʥʝʨʛʽʷ [12, 16].  

ʇʽʨʦʣʽʟ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ï ʮʝ ʜʦʙʨʝ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 
ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʪʦʨʠʥʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʧʦʪʽʤ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ. ʇʽʜ ʯʘʩ ʧʽʨʦʣʽʟʫ 
ʧʦʣʽʤʝʨʽʚ ʫʪʚʦʨʶʻʪʴʩʷ ʩʠʥʪʝʪʠʯʥʘ ʥʘʬʪʘ, ʷʢʫ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʧʨʠʨʦʜʥʦʶ ʩʠʨʦʚʠʥʦʶ ʤʦʞʥʘ ʧʝʨʝʨʦʙʣʷʪʠ ʥʘ 
ʧʨʦʜʫʢʪʠ ʥʘʬʪʦʭʽʤʽʾ, ʚʢʣʶʯʘʶʯʠ ʥʦʚʽ ʧʣʘʩʪʤʘʩʠ, ʘʙʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ ʜʠʟʝʣʴʥʝ ʧʘʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ 
ʥʘʷʚʥʦʩʪʽ ʚ ʾʾ ʩʢʣʘʜʽ ʘʨʦʤʘʪʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʟ ʚʠʩʦʢʦʶ ʪʝʧʣʦʪʚʦʨʥʦʶ ʟʜʘʪʥʽʩʪʶ. ɻʘʟʦʧʦʜʽʙʥʽ ʧʨʦʜʫʢʪʠ 
ʧʽʨʦʣʽʟʫ, ʱʦ ʤʽʩʪʷʪʴ ʚʫʛʣʝʚʦʜʥʽ ʉ2-ʉ4, ʪʘʢʦʞ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʪʝʧʣʦʪʚʦʨʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʘ, ʦʪʞʝ, ʤʦʞʫʪʴ 
ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʫ ʛʘʟʦʚʠʭ ʜʚʠʛʫʥʘʭ [13]. ɺʽʜʭʦʜʠ ʟʘʟʚʠʯʘʡ ʤʽʩʪʷʪʴ ʩʫʤʽʰʽ ʦʨʛʘʥʽʯʥʠʭ, ʧʦʣʽʤʝʨʥʠʭ ʽ 
ʧʘʧʝʨʦʚʠʭ ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʚʚʦʜʷʪʴ ʥʝʙʘʞʘʥʽ ʛʝʪʝʨʦʝʣʝʤʝʥʪʠ (ʘʟʦʪ, ʢʠʩʝʥʴ, ʩʽʨʢʘ, ʬʦʩʬʦʨ ʽʥ.) ʫ ʩʠʨʦʚʠʥʫ ʜʣʷ 
ʧʽʨʦʣʽʟʫ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʙʣʝʤ: ʢʦʨʦʟʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 
ʨʝʘʢʪʦʨʽʚ ʛʘʣʦʛʝʥʘʤʠ ʽ ʩʽʨʢʦʶ, ʟʘʙʨʫʜʥʝʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʽ ʢʦʢʩʫʚʘʥʥʷ ʚ ʨʝʘʢʪʦʨʽ ʯʝʨʝʟ ʧʨʠʩʫʪʥʽʩʪʴ ʤʝʪʘʣʽʚ, 
ʫʪʚʦʨʝʥʥʷ ʩʘʞʽ ʯʝʨʝʟ ʧʨʠʩʫʪʥʽʩʪʴ ʢʠʩʥʶ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʭʣʦʨʫ ʚ ʧʨʦʜʫʢʪʽ ʧʽʨʦʣʽʟʫ ʧʝʨʝʰʢʦʜʞʘʻ ʡʦʛʦ 
ʚʠʢʦʨʠʩʪʘʥʥʶ ʷʢ ʧʘʣʠʚʦ ʘʙʦ ʩʠʨʦʚʠʥʫ ʜʣʷ ʥʘʬʪʦʭʽʤʽʾ [12].  

ʑʝ ʦʜʥʠʤ ʤʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ ʻ ʛʘʟʠʬʽʢʘʮʽʷ (ʙʽʣʴʰ 
ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʚʠʜ ʫʪʠʣʽʟʘʮʽʾ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʰʠʨʝʥʠʤ ʫ ʩʚʽʪʽ ʾʭ ʩʧʘʣʶʚʘʥʥʷʤ ʫ 
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ʩʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʠʭ ʧʝʯʘʭ). ʉʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʦʣʷʛʘʻ ʫ ʪʝʨʤʽʯʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ ʧʦʣʽʤʝʨʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 
ʚʽʜ 800 Áʉ  ʜʦ 1500 Áʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʩʪʘʯʽ ʢʠʩʥʶ ʽ ʚʦʜʷʥʦʾ ʧʘʨʠ. ɻʘʟʠʬʽʢʘʮʽʶ ʧʨʦʚʦʜʷʪʴ ʫ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʠʭ 
ʫʩʪʘʥʦʚʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʷʢ ʜʞʝʨʝʣʘ ʢʠʩʥʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʫʪʚʦʨʶʻʪʴʩʷ 
ʛʝʥʝʨʘʪʦʨʥʠʡ ʛʘʟ ʘʙʦ, ʪʘʢ ʟʚʘʥʠʡ, ʩʠʥʪʝʟ-ʛʘʟ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʘʨʙʦʥ (ɯɯ) ʽ (IV) ʦʢʩʠʜʽʚ, ʚʦʜʥʶ ʽ ʤʝʪʘʥʫ. ʎʽ 
ʛʘʟʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɼʣʷ 
ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʟʠʬʽʢʘʮʽʾ ʪʘ ʧʠʪʦʤʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʧʨʦʮʝʩ ʣʽʧʰʝ 
ʧʨʦʚʦʜʠʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ ʘʙʦ ʛʨʘʥʫʣ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [13, 15].  

ɻʘʟʠʬʽʢʘʮʽʷ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ ï ʮʝ ʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʠʡ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʮʝʩ. 
ɺʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ ʧʨʠ ʥʠʟʴʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 
ʪʦʢʩʠʥʠ, ʪʘʢʽ ʷʢ ʜʽʦʢʩʠʥʠ ʪʘ ʬʫʨʘʥʠ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʛʘʟʠʬʽʢʘʮʽʾ ʥʘʣʝʞʠʪʴ 
ʥʘʷʚʥʽʩʪʴ ʘʟʦʪʫ ʚ ʧʦʚʽʪʨʽ, ʷʢ ʙʘʣʘʩʪʦʚʦʾ ʨʝʯʦʚʠʥʠ. ʎʝ ʤʦʞʝ ʟʥʠʞʫʚʘʪʠ ʪʝʧʣʦʪʚʦʨʥʫ ʟʜʘʪʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 
ʛʘʟʫ ʯʝʨʝʟ ʡʦʛʦ ʨʦʟʙʘʚʣʝʥʥʷ. ɿʘ ʜʘʥʠʭ ʫʤʦʚ ʛʝʥʝʨʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ ʧʦʢʠ ʥʝ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽ, ʦʩʢʽʣʴʢʠ 
ʦʪʨʠʤʘʥʠʡ ʛʘʟ ʚʠʭʦʜʠʪʴ ʟʥʘʯʥʦ ʜʦʨʦʞʯʠʤ ʥʽʞ ʧʨʠʨʦʜʥʘ ʩʠʨʦʚʠʥʘ [13]. 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʤʝʪʦʜʠ ʧʝʨʝʨʦʙʢʠ, ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʽʚ ʧʦʪʨʽʙʥʦ ʧʝʨʝʪʚʦʨʠʪʠ 
ʥʝʢʦʥʜʠʮʽʡʥʫ ʧʦʣʽʤʝʨʥʫ ʩʠʨʦʚʠʥʫ ʚ ʥʘʧʽʚʬʘʙʨʠʢʘʪ (ʛʨʘʥʫʣʫ), ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʨʦʙʢʠ ʫ ʚʠʨʦʙʠ. 
ɺʠʙ̔ʨ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʞʝʨʝʣʘ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ ʩʪʫʧʝʥʷ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ [11].  

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʽʚ ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʤʽʩʪʢʠʭ ʚʽʜʭʦʜʽʚ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʪʨʠʤʘʥʽ 
ʨʝʮʠʢʣʘʪʠ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʭʘʨʯʦʚʘ (ʪʘʨʘ ʽ ʫʧʘʢʦʚʢʘ, ʷʱʠʢʠ ʪʘ ʧʘʣʝʪʠ), ʙʫʜʽʚʝʣʴʥʘ 
(ʚʠʨʦʙʥʠʮʪʚʦ ʢʘʙʝʣʴʥʦ-ʧʨʦʚʽʜʥʠʢʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʦʙʣʠʮʶʚʘʣʴʥʠʭ ʧʘʥʝʣʝʡ, ʧʦʢʨʽʚʣʽ ʪʘ ʽʥʰʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 
ʤʘʪʝʨʽʘʣʽʚ), ʘʚʪʦʤʦʙʽʣʝ- ʽ ʘʚʽʘʙʫʜʫʚʘʥʥʷ (ʜʝʪʘʣʽ ʪʘ ʟʘʧʯʘʩʪʠʥʠ), ʧʝʨʝʨʦʙʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ (ʚʠʨʦʙʥʠʮʪʚʦ 
ʧʦʩʫʜʫ, ʤʝʙʣʽʚ, ʧʨʝʜʤʝʪʽʚ ʽʥʪʝʨôʻʨʫ) [17].  

ʅʦʚʦʛʦ ʪʨʝʥʜʫ ʥʘʙʫʚʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʨʦʙʣʝʥʦʾ ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ ʫ ʜʦʨʦʞʥʴʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ. 
çʇʣʘʩʪʠʢʦʚʘè ʜʦʨʦʛʘ ʻ çʟʝʣʝʥʦʶè ʪʝʭʥʦʣʦʛʽʶ, ʷʢʘ ʟʨʦʙʣʝʥʘ ʧʦʚʥʽʩʪʶ ʟ ʧʦʣʽʤʝʨʤʽʩʪʢʠʭ ʚʽʜʭʦʜʽʚ. ɺ 
ʦʩʥʦʚʥʦʤʫ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘʢʠʭ ʜʦʨʽʛ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʤʢʠ (ʟ ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ), 
ʦʜʥʦʨʘʟʦʚʽ ʯʘʰʢʠ, ʧʣʷʰʢʠ ʟ ʧʦʣʽʝʪʠʣʝʥʪʝʨʘʬʪʘʣʘʪʫ ʪʦʱʦ [18]. 

ʂʨʽʤ ʪʦʛʦ, ʧʦʣʽʤʝʨʤʽʩʪʢʽ ʚʽʜʭʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʣʝʛʢʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʘʢ ʨʝʮʠʢʣʽʥʛ 
ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ ʜʘʩʪʴ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʚʟʫʪʪʻʚʫ ʧʽʜʦʰʚʫ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 
ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʦʣʽʤʝʨʥʘ ʢʦʤʧʦʟʠʮʽʷ, ʷʢʘ ʤʽʩʪʠʪʴ ʧʝʨʝʨʦʙʣʝʥʠʡ ʧʣʘʩʪʠʢ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʚʦʛʥʝʟʘʭʠʩʥʽ 
ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʥʘ ʪʢʘʥʠʥʫ ʘʙʦ ʞ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ ʜʽʶ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʥʘ ʙʘʚʦʚʥʷʥʽ, ʣʣʷʥʽ ʪʘ ʽʥʰʽ 
ʪʢʘʥʠʥʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʪʘ ʫʤʦʚ ʥʘʥʝʩʝʥʥʷ ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʛʽʜʨʦʬʦʙʥʘ, 
ʚʦʛʥʝʪʨʠʚʢʘ, ʚʦʛʥʝʟʘʭʠʩʥʘ, ʩʪʨʫʤʦʧʨʦʚʽʜʥʘ, ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʘ, ʘʥʪʠʢʦʨʦʟʽʡʥʘ, ʧʦʚʽʪʨʦʥʝʧʨʦʥʠʢʥʘ ʪʦʱʦ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʆʪʞʝ, ʥʘ ʩʴʦʛʦʜʥʽ ʧʨʦʙʣʝʤʘ ʫʪʠʣʽʟʘʮʽʾ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʽ ʤʘʻ ʛʣʦʙʘʣʴʥʝ 
ʟʥʘʯʝʥʥʷ. ɺʠʨʦʙʥʠʮʪʚʦ ʧʣʘʩʪʤʘʩ ʟʨʦʩʪʘʻ, ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ ʚʽʜʧʦʚʽʜʥʦ ʪʝʞ ʟʨʦʩʪʘʻ, ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʫ 
ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ ʥʝ ʽʩʥʫʻ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʽʟʥʽ ʤʝʪʦʜʠ ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʤʽʩʪʢʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ 
ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 
ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʚʠʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʨʝʯʦʚʠʥʠ ʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ 
ʧʦʪʽʤ ʧʝʨʝʡʜʫʪʴ ʚ ʥʦʚʠʡ ʧʨʦʜʫʢʪ ʘʙʦ ʙʫʜʫʪʴ ʚʠʜʽʣʷʪʠʩʷ ʧʽʜ ʯʘʩ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʧʝʨʝʨʦʙʢʠ ʯʠ ʫʪʠʣʽʟʘʮʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʾʭ ʚʠʯʝʨʧʥʽʩʪʴ ʪʘ ʟʨʦʩʪʘʶʯʠʡ ʜʝʬʽʮʠʪ 
ʧʦʣʽʤʝʨʥʦʾ ʩʠʨʦʚʠʥʠ, ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ ʟ 
ʦʪʨʠʤʘʥʥʷʤ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʫ ʣʝʛʢʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɽʃɽʄɽʅʊɯɺ 3D ɼʈʋʂʋ  

ɺ ɼʀɿɸʁʅɯ ʏʆʃʆɺɯʏʆɻʆ ʂʆʉʊʖʄʋ 

 
ˏ̠̉̋̏̑̉̒̓́̎̎ ̨̨̗̖̎̎̏̃́̊̎̉ ̨̍̆̓̏̅̃ ̨ ̖̋̏̎̒̓̑̔̋̓̉̃̎̉ ̨̙̝̑̆̎ȟ ̎̆ ̖̓̉̐̏̃̉ ̖́̋̓̔̑̎̉̕ ̨ ̖̒̓̑̔̋̓̔̑̎̉ 

̨̨̍́̓̆̑́̌̃ ̓́ ̨̆̌̆̍̆̎̓̃ χ ̅̑̔̋̔ ̐̑̉ ̨̗̑̏̈̑̏̂ ̅̉̈́̊̎̔ ̍̏̅̆̌̆̊ ̨̃̉̑̏̂̃ ̨̨̩̎̅̔̒̓̑ ̍̏̅̉ ̨ ̈̏̋̑̆̍́ ̠̏̅̄̔ȟ ̤̐̑̉̃̆̑̓́ 
̔̃́̄̔ ̨̨̖̗́̃̃̕ ̩̍̏̅̎̏ ̨̨̩̎̅̔̒̓̑ ̘̟̘̐̏̉̎́̉ ̨̃̅ ̨̗̖̋́̃̉ ̨ ̖̋̑̆́̓̉̃̎̉ ̨̅̆̊ȟ ̨̒̓̃̏̑̆̎̎ ̨̋̏̌́̇̃ ̖̠̎́̓̎̆̎̎ȟ ̨̃̉̋̏̎́̎̎ 
̙̖̃̉̅̋̉ ̘̏̑̎̏-̨̖̂̌̉ ̨̨̆̒̋̈̃ ̝̈́̍́̌̏̃̏̋ ̨̃̉̑̏̂̃ȟ ̨̨̐̅̂̏̑ ̨̨̍́̓̆̑́̌̃ ̓́ ̟̘̖̋̏̍̐̌̆̋̓̔̉ȟ ́  ̓́̋̏̇ ̃  ̨̝̅̆̓́̌̎̊ 
̨̗̑̏̈̑̏̂ ̨̆̌̆̍̆̎̓̃ ̨̗̋̏̎̒̓̑̔̋̊ ̨̘̘̏̌̏̃̏̄̏ ̟̋̏̒̓̍̔Ȣ ˝̏̈̑̏̂̋́ ́̒̏̑̓̉̍̆̎̓̔ ̘̒̔́̒̎̏̄̏ ̨ ̋̑̆́̓̉̃̎̏̄̏ ̨̘̘̏̌̏̃̏̄̏ 
̟̋̏̒̓̍̔  ̈ ̨̖̑̈̎̉  ̎̆ ̖̓̉̐̏̃̉ ̨̨̍́̓̆̑́̌̃ ̨ ̨̆̌̆̍̆̎̓̃ ̠̅̌ ̨̄́̌̔̈ ɀ ̗̆ ̨̒̍̌̉̃̉̊ ̃̉̋̌̉̋ ̅̉̈́̊̎̆̑́ ̨̝̒̔̒̐̌̒̓̃̔ȟ ̊̏̄̏ 
̨̠̅̆ȟ ̘̠̂́̆̎̎ ̨̒̃̓̔ ̨̗̆̍̏̊ȟ ̍̏̅̉ ̨ ̋̑́̒̉Ȣ ˣ̆ ̘́̒̓̋̏̃̏ ̨̝̍̏̇̌̉̃̒̓ ̠̈́̏́̅̇̆̎̎̚ ̖̐̑̉̑̏̅̎̉  ̨̑̆̒̔̑̒̃ ̨ ̠̃̉̋̏̑̉̒̓́̎̎ 
̔ ̨̠̋̏̒̓ ̟̝̖̏̈̅̏̂̌̃́̌̎̉ ̨̆̌̆̍̆̎̓̃ ̟̋̏̒̓̍̔ ̅̆̓́̌̆̊ χ ̅̑̔̋̔ȟ ̏̚ ̨̨̟̝̍̓̔̓ ̨̍̆̓́̌̆̃ ̗̟̌́̎̇̋̉Ȣ ˏ ̨̒̓́̓̓  
̨̅̏̒̌̅̇̆̎̏ ̨ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̠̐̉̓́̎̎ ̨̝́̋̓̔́̌̎̏̒̓ ̨ ̨̖̘̩̓̆̎̏̌̏̄̎̏ ̨̍̏̇̌̉̃̏̒̓ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̆̌̆̍̆̎̓̃ χ$ 
̅̑̔̋̔ ̔ ̨̠̃̉̄̌̅ ̨̗̟̌́̎̇̋̃ ̨̖̑̈̎̉ ̝̐̆̑̆̐̌̆̓̆̎ ̠̅̌ ̑̏̈̑̏̂̋̉ ̅̉̈́̊̎̔ ̨̗̩̋̏̌̆̋ ̨̘̘̏̌̏̃̏̄̏ ̟̋̏̒̓̍̔ ̖̐̑̏̍̉̒̌̏̃̉ ̨ 
̨̨̝̖̎̅̉̃̅̔́̌̎̉ ̨̗̋̏̌̆̋̊Ȣ ˑ̨̏̒̌̅̇̆̎̏ ̨ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̠̐̉̓́̎̎ ̨̗̓̆̎̅̆̎̊ ̍̏̅̉ ̃ ̨̅̉̈́̊̎ ̨̘̘̏̌̏̃̏̄̏ ̟̋̏̒̓̍̔Ȣ 
˜̑̏̃̆̅̆̎̏ ̨́̎́̌̈  ̨̖̒̃̓̏̃̉ ̨̂̑̆̎̅̃ ̨̃̉̑̏̂̎̉̋̃ ̠̏̅̄̔ȟ ̅̏̃̆̅̆̎̏ ̘̓̆̏̑̆̓̉̎ ̏ ̨̨̗̝̝̅̏̌̎̒̓ ̩̅́̎̏ ̑̏̈̑̏̂̋̉Ȣ ˚́̃̆̅̆̎̏ 
̝̑̆̈̔̌̓́̓̉ ̓̆̏̑̆̓̉̋̏-̨̘̖́̎́̌̓̉̎̉  ̨̝̅̏̒̌̅̇̆̎ ̏̅̏̚ ̨̍̏̇̌̉̃̏̒̓ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̖̒̍̌̉̃̉ ̖̋̏̎̒̓̑̔̋̓̉̃̎̉ ̨̅̆̊ 
̨ ̨̙̝̑̆̎ ̔ ̟̖̋̏̒̓̍́ ̨̘̘̏̌̏̃̏̄̏ ́̒̏̑̓̉̍̆̎̓̔Ȣ ˝̏̈̑̏̂̌̆̎̏ ̨̆̒̋̈̎̉̊ ̤̐̑̏̋̓ȟ χ$ ̨̍̏̅̆̌ ̨̗̟̌́̎̇̋̃ȟ ̃̉̄̏̓̏̃̌̆̎̏ ̈́ 
̅̏ ̐̏̍̏ ̟̄̏ χ$ ̐̑̉̎̓̆̑́ Ⱥ0ÒÕÓÁȻ ̈̑́̈̋̉ ̨̗̟̌́̎̇̋̃ ̠̅̌ ̠̃̉̋̏̑̉̒̓́̎̎ ̃ ̨̗̩̋̏̌̆̋ ̨̘̘̏̌̏̃̏̄̏ ̟̋̏̒̓̍̔Ȣ ˏ̉̄̏̓̏̃̌̆̎̏ 
̈̑́̈̋̉-̨̍̏̅̔̌ ̨̃̉̑̏̂̃ ̃ ̨̨̍́̓̆̑́̌ ̠̅̌ ̨̨̨̗̩̃̈̔́̌̈́ ̈́̅̔̍̔Ȣ ˑ́̎̔ ̑̏̈̑̏̂̋̔ ̐̑̆̅̒̓́̃̌̆̎̏ ̎́ ̨̋̏̎̋̔̑̒ ̨̒̓́̑̓́̐̃ 
̨̑̏̂̓ ̖̍̏̌̏̅̉ ̨̅̉̈́̊̎̆̑̃ȟ ̍Ȣ ˗̩̉̃ ˗˚ˠ˟ˑ ɉφ022ɊȢ ˑ̏̃̆̅̆̎̏ ̘̓̆̏̑̆̓̉̎̏ ̨̨̗̝̝̅̏̌̎̒̓ ̩̅́̎̏ ̑̏̈̑̏̂̋̉Ȣ ˗̨̗̠̏̌̆̋ 
̨̃̉̑̏̂̃ ̂̔̅̆ ̐̑̆̅̒̓́̃̌̆̎́ ̎́ ̨̋̏̎̋̔̑̒ Ⱥ˜̨̘̝̆̆̑̒̋ ̙̋́̓́̎̉Ȼȟ ̍Ȣ ˗̩̉̃Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̟̋̏̒̓̍ȟ ̨̋̏̌̑ȟ ̏̑̍́̕ȟ ̨̗̠̋̏̎̒̓̑̔̋ȟ ̨̨̖̘̝̓̆̎̏̌̏̄̎̒̓ ̨̍̏̅̆̌ȟ χ$ ̝̍̏̅̆̌ȟ ̍̏̅́ȟ ̨̨̗̩̎̎̏̃́ȟ 
̐̏̐̉̓ȟ ̨̃̉̑̂Ȣ 
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USE OF ELEMENTS OF 3D PRINTING IN MEN'S SUIT DESIGN  
 

The use of innovative methods and constructive solutions, non-typical textural and structural materials and elements of 3 printing 
in the development of the design of models of products of the fashion industry, and in particular clothes, attracts the attention of fashion 
industry specialists, starting from interesting and creative ideas, creating collages of inspiration, performing quick black and white sketches 
of products, selection of materials and components, as well as in the detailed development of elements of men's suit constructions. 
Development of an assortment of modern and creative men's suits from various non-typical materials and elements for the industry is a bold 
challenge of the designer to society, his idea, vision of the world of emotions, fashion and beauty. This is partly an opportunity to save natural 
resources and use as decorative elements of the suit 3 printing details imitating metal chains. The article investigates and analyzes the 
relevance and technological possibility of using 3D printing elements in the form of chains of various weaves for the design of a collection of 
men's suits for industrial and individual collections. 

The issue of fashion trends in the design of men's suits has been studied and analyzed. An analysis of world brands of clothing 
manufacturers was conducted, the theoretical feasibility of this development was proved. The results of theoretical and analytical research 
on the possibility of using bold constructive ideas and solutions in men's suits are presented. Developed a sketch project, 3D models of chains, 
made with the help of a 3D printer "Prusa" chain samples for use in the men's suit collection. Samples-modules of products were made in the 
material for visualization of the idea. This development was presented at the startup competition of works of young designers, Kyiv KNUTD 
(2022). The feasibility of this development has been proven theoretically. The collection of products will be presented at the competition 
"Cave Chestnuts", Kyiv. 

Key words: suit, color, shape, construction, manufacturability of the model, 3D model, fashion, innovation, demand, product. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʂʦʩʪʶʤ ï ʮʝ ʩʠʩʪʝʤʘ ʥʝ ʚʠʧʘʜʢʦʚʠʭ ʧʨʝʜʤʝʪʽʚ, ʷʢʽ ʚʜʷʛʘʻ ʥʘ ʩʝʙʝ ʣʶʜʠʥʘ ʤʘʶʯʠ ʥʘ ʤʝʪʽ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʦʩʦʙʠʩʪʽ ʫʪʠʣʽʪʘʨʥʽ ʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʩʪʝʪʠʯʥʽ ʧʦʪʨʝʙʠ. 

ʆʜʷʛ ʫʟʘʛʘʣʴʥʝʥʦ ʻ ʧʨʝʜʤʝʪʦʤ ʧʝʨʰʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʣʷ ʩʫʯʘʩʥʦʾ ʣʶʜʠʥʠ ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʪʽʣʴʢʠ ʜʣʷ ʟʘʭʠʩʪʫ ʪʽʣʘ ʚʽʜ ʭʦʣʦʜʫ, ʙʨʫʜʫ ʪʘ ʧʦʰʢʦʜʞʝʥʴ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʝʩʪʝʪʠʢʘ, ʢʦʥʩʪʨʫʢʮʽʷ ʽ ʚʠʜ 

ʤʘʪʝʨʽʘʣʫ ʥʝ ʤʘʻ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʧʦʞʠʚʘʯʘ. ʗʢʱʦ ʞ ʤʦʚʘ ʡʜʝ ʧʨʦ ʩʫʯʘʩʥʦʛʦ, ʢʨʝʘʪʠʚʥʦʛʦ ʽ ʥʝ 

ʩʪʘʥʜʘʨʪʥʦ ʤʠʩʣʷʯʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʷʢʠʡ ʢʨʽʤ ʫʪʠʣʽʪʘʨʥʠʭ ʧʦʪʨʝʙ ʤʘʻ ʥʘ ʤʝʪʽ ʚʠʜʽʣʠʪʠʩʴ ʫ ʩʫʩʧʽʣʴʩʪʚʽ, ʪʦʜʽ 
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ʧʝʨʰʦʯʝʨʛʦʚʦ ʧʦʩʪʘʶʪʴ ʧʠʪʘʥʥʷ ʝʩʪʝʪʠʢʠ, ʢʦʣʴʦʨʫ, ʬʘʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ, ʢʨʝʘʪʠʚʥʦʛʦ ʬʘʩʦʥʫ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʜʝʪʘʣʝʡ ʯʠ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʠʨʦʙʫ (3D ʝʣʝʤʝʥʪʠ, ʩʽʪʢʠ, ʣʘʥʮʶʛʠ, ʩʚʽʪʣʦʚʽʜʙʠʚʘʶʯʽ 

ʪʢʘʥʠʥʠ ʪʦʱʦ) [1, 2]. 

ʄʦʜʘ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʽ ʩʪʚʦʨʶʻ ʪʠʤʯʘʩʦʚʝ ʫʤʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʢʨʘʩʫ ʽ ʘʢʪʫʘʣʴʥʫ ʬʦʨʤʫ 

ʦʜʷʛʫ. ʇʨʘʛʥʝʥʥʷ ʜʠʟʘʡʥʝʨʽʚ ʜʦ ʧʝʨʽʦʜʠʯʥʦʾ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ ʬʦʨʤʠ ʚʠʨʦʙʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʜʥʦʤʘʥʽʪʥʦʩʪʽ 

ʚ ʦʜʷʟʽ ʽ ʚʨʝʰʪʽ ʙʝʟʧʝʨʩʧʝʢʪʠʚʥʦʶ ʟʘʤʽʥʦʶ ʽʩʥʫʶʯʦʾ ʬʦʨʤʠ ʥʘ ʽʥʰʫ. ʗʢʘ ʙ ʥʝ ʙʫʣʘ ʚʜʘʣʘ ʟ ʝʩʪʝʪʠʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ ʬʦʨʤʘ ʯʠ  ʢʦʥʩʪʨʫʢʮʽʷ ʦʜʷʛʫ, ʤʘʪʝʨʽʘʣ, ʢʦʣʴʦʨʦʚʘ ʛʘʤʤʘ, ʤʝʪʦʜʠʢʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʷ ʦʙʨʦʙʢʠ 

ʯʠ ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʫ, ʾʭ ʯʝʢʘʻ ʟʘʤʽʥʘ ʥʘ ʽʥʰʫ, ʢʦʣʠ ʪʦʚʘʨ ʩʪʘʻ ʥʝ ʘʢʪʫʘʣʴʥʠʤ ʫ ʥʘʩʪʫʧʥʦʤʫ ʩʝʟʦʥʽ. ʊʦʤʫ 

ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ ʯʦʣʦʚʽʯʦʛʦ ʢʦʩʪʶʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʚʽʜʰʫʢʘʪʠ  ʤʦʜʥʫ ʨʦʜʟʠʥʢʫ ʜʘʥʦʛʦ ʯʘʩʫ ʽ ʚʪʽʣʠʪʠ ʾʾ 

ʝʣʝʤʝʥʪʠ ʫ ʢʦʣʝʢʮʽʾ ʚʠʨʦʙʽʚ [3, 4]. 

ɺʠʛʦʪʦʚʣʷʶʪʴ ʩʫʯʘʩʥ̔ ʚʠʨʦʙʠ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ ʷʢ ʟ ʢʣʘʩʠʯʥʠʭ (ʥʘʪʫʨʘʣʴʥʘ ʰʢʽʨʘ, ʪʝʢʩʪʠʣʴ ʪʦʱʦ) ʪʘʢ ʽ 

ʟ ʽʥʥʦʚʘʮʽʡʥʠʭ (ʝʢʦ-ʰʢʽʨʘ, ʥʘʥʦ-ʪʝʢʩʪʠʣʴ, ʧʣʘʩʪʠʢ, ʤʝʪʘʣ ʪʦʱʦ) ʤʘʪʝʨʽʘʣʽʚ, ʬʫʥʢʮʽʦʥʘʣ ʽ ʝʩʪʝʪʠʯʥʘ ʩʢʣʘʜʦʚʘ 

ʚʠʨʦʙʽʚ ʻ ʥʝ ʟʤʽʥʥʠʤʠ. ʆʜʥʘʢ ʧʠʪʘʥʥʷ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟ ʥʠʭ ʥʦʚʠʭ ʚʠʨʦʙʽʚ ʻ ʥʘ ʯʘʩʽ. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʥʘʧʨʷʤʽʚ ʚ ʥʘʫʮʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 3D ʜʨʫʢʫ ʚʠʨʦʙʽʚ ʘʙʦ ʦʢʨʝʤʠʭ 

ʜʝʪʘʣʝʡ(ʝʣʝʤʝʥʪʽʚ) ʚʠʨʦʙʽʚ ʨʽʟʥʠʭ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʱʦ ʤʘʻ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʚʝʣʠʯʝʟʥʝ ʟʥʘʯʝʥʥʷ ʚ 

ʤʘʩʰʪʘʙʘʭ ʧʣʘʥʝʪʠ ʱʦʜʦ ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʣʦʛʽʾ ʽ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʜʭʦʜʽʚ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʟʨʦʙʮʽ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʯʦʣʦʚʽʯʦʛʦ ʢʦʩʪʶʤʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʽʥʥʦʚʘʮʽʾ ʚ ʩʝʢʪʦʨʽ ʥʘʫʢʠ, ʪʝʭʥʽʢʠ, 

ʧʨʠʢʣʘʜʥʦʛʦ ʤʠʩʪʝʮʪʚʘ, ʦʙʨʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʽ ʨʽʰʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʮʝʧʮʽʾ 

ʩʪʚʦʨʝʥʥʷ ʚʠʨʦʙʽʚ ʟ ʝʢʦʣʦʛʽʯʥʦ ʥʘʧʨʘʚʣʝʥʦʶ ʩʢʣʘʜʦʚʦʶ [5, 6]. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɼʦʩʣʽʜʞʝʥʥʷʤ ʧʠʪʘʥʴ ʩʫʯʘʩʥʦʛʦ ʢʣʘʩʠʯʥʦʛʦ ʽ ʢʨʝʘʪʠʚʥʦʛʦ ʜʠʟʘʡʥʫ, ʧʠʪʘʥʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʩʢʣʘʜʘʥʥʷ ʚʠʨʦʙʽʚ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ, ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ 

ʪʠʧʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʛʘʣʫʟʽ, ʷʢ ʥʘʧʨʠʢʣʘʜ 3D ʜʨʫʢ, ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʚʽʜʦʤʠʭ ʚʯʝʥʠʭ, ʪʘʢʠʭ ʷʢ  

ʄ. ʂʦʣʦʩʥʽʯʝʥʢʦ, ʅ. ʏʫʧʨʽʥʘ, ʊ. ʅʽʢʦʣʘʻʚʘ, ʖ. ʇʦʩʪʫʰʥʘ, ʉ. ɹʝʨʝʟʥʝʥʢʦ, ʃ. ɿʫʙʢʦʚʘ, ʃ. ɹʽʣʦʮʴʢʘ, 

ɹ. ɿʣʦʪʝʥʢʦ, ɺ. ʏʫʧʨʠʥʢʘ, ɸ. ɹʘʙʠʯ, ɺ. ʂʝʨʥʝʰ, ʃ. ʏʝʨʪʝʥʢʦ [7, 8] ʽ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʄ. ʃʝʱʠʰʠʥ, 

ʅ. ɹʦʨʱʝʚʩʴʢʘ, ʊ. ʃʠʧʩʴʢʠʡ, ʄ. ʗʮʝʥʢʦ [9, 10]. ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʩʪʘʥʜʘʨʪʥʠʭ ʢʦʣʦʨʠʩʪʠʯʥʠʭ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʢʨʝʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʱʦʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ ʥʘ 

ʜʘʥʠʡ ʯʘʩ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʜʦʮʽʣʴʥʽʩʪʴ ʽ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʜʠʟʘʡʥʫ ʢʦʣʝʢʮʽʾ ʯʦʣʦʚʽʯʦʛʦ ʢʦʩʪʶʤʫ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʢʦ-ʧʨʘʢʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʘʥʴ ʤʦʜʠ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʯʦʣʦʚʽʯʦʛʦ ʢʦʩʪʶʤʫ, ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ  ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 3D ʜʨʫʢʫ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʽ ʦʪʨʠʤʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʫ ʫ ʚʠʨʦʙʘʭ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʽ ʦʪʨʠʤʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ [11, 2]. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʠʟʘʡʥʝʨʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʯʠ ʧʨʝʜʤʝʪʥʦ ʥʘʧʨʘʚʣʝʥʠʭ, 

ʥʦʩʠʙʝʣʴʥʠʭ, ʢʨʝʘʪʠʚʥʠʭ ʚʠʨʦʙʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʪʝʥʜʝʥʮʽʷʤ ʤʦʜʠ, ʤʘʶʪʴ ʚʠʩʦʢʽ ʝʩʪʝʪʠʯʥʽ ʪʘ 

ʫʪʠʣʽʪʘʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʨʝʙʘʤ ʽ ʩʤʘʢʘʤ ʩʧʦʞʠʚʘʯʽʚ.  

ʉʪʚʦʨʝʥʥʷ ʢʨʝʘʪʠʚʥʦʛʦ ʜʠʟʘʡʥʫ ʯʦʣʦʚʽʯʦʛʦ ʢʦʩʪʶʤʫ ʧʝʨʝʜʙʘʯʘʻ ʥʝ ʪʽʣʴʢʠ ʟʤʽʥʫ ʟʦʚʥʽʰʥʴʦʾ ʬʦʨʤʠ 

ʦʙôʻʢʪʫ, ʘʣʝ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʝ ʟʚʠʯʥʠʭ ʜʣʷ ʜʘʥʦʛʦ ʩʝʛʤʝʥʪʫ ʚʠʨʦʙ̔ʚ ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʜʝʪʘʣʝʡ) ʪʘʢʠʭ ʷʢ 3D ʩʽʪʢʠ, ʣʘʥʮʶʞʢʠ, ʥʘʢʣʘʜʢʠ, ʢʠʰʝʥʽ, ʤʘʥʞʝʪʠ ʯʠ ʢʦʤʽʨʮʽ ʪʦʱʦ.  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʝ ʩʪʘʥʜʘʨʪʥʠʭ ʨʽʰʝʥʴ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʝʥʥʷ ʽ ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʫ 

ʜʦʟʚʦʣʷʻ ʜʠʟʘʡʥʝʨʫ ʩʪʚʦʨʠʪʠ ʚʣʘʩʥʠʡ ʩʪʠʣʴ, ʷʢ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʚʽʪʫ, ʤʨʽʾ, ʚʧʦʜʦʙʘʥʥʷ ʽ 

ʧʨʘʛʥʝʥʴ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʝʟʫʣʴʪʘʪʠ ʧʦʰʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʢʣʠʢʽʚ ʽ ʪʝʥʜʝʥʮʽʡ ʩʫʯʘʩʥʦʾ ʤʦʜʥʦʾ 

ʽʥʜʫʩʪʨʽʾ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʩʫʯʘʩʥʽ ʥʝ ʪʠʧʦʚʽ ʤʘʪʝʨʽʘʣʠ (ʧʨʫʪʢʦʚʠʡ ʧʣʘʩʪʠʢ ï ʬʽʣʦʤʝʥʪ), 

ʪʝʭʥʦʣʦʛʽʾ 3D ʜʨʫʢʫ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʜʝʪʘʣʝʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʦʶ ʣʶʜʠʥʦʶ, ʨʽʟʢʦ ʚʠʨʽʩ. ʊʦʤʫ 

ʽʜʝʷ ʘʚʪʦʨʽʚ ʨʦʙʦʪʠ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 3D ʜʨʫʢʫ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʧʽʜʞʘʢʽʚ ʢʦʣʝʢʮʽʾ ʯʦʣʦʚʽʯʦʛʦ 

ʢʦʩʪʶʤʫ ʫ ʚʠʛʣʷʜʽ ʣʘʥʮʶʞʢʽʚ ʯʠ ʩʽʪʦʢ, ʱʦ ʽʤʽʪʫʶʪʴ ʤʝʪʘʣʝʚʽ ʣʘʥʮʶʞʢʠ ʘʙʦ ʩʪʚʦʨʶʶʪʴ ʝʬʝʢʪ çʢʦʣʴʯʫʛʠè  ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʽ ʮʽʢʘʚʠʤ ʧʨʦʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʦʜʘʣʴʰʦʶ ʨʦʟʨʦʙʢʦʶ ʜʠʟʘʡʥʫ ʢʦʣʝʢʮʽʾ ʯʦʣʦʚʽʯʦʛʦ ʢʦʩʪʶʤʫ ʽ  

ʩʪʚʦʨʝʥʥʽ ʦʨʠʛʽʥʘʣʴʥʠʭ ʚʠʨʦʙʽʚ [12, 2].   

ɯʜʝʷ ʨʦʟʨʦʙʢʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʚʽʟʫʘʣʽʟʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʥʘʪʭʥʝʥʥʷ (ʨʠʩ. 1), ʧʦʣʷʛʘʻ ʫ ʚʽʜʦʙʨʘʞʝʥʥʽ 

ʚ ʤʘʪʝʨʽʘʣʽ ʧʦʻʜʥʘʥʥʷ ʝʤʦʮʽʡ ʽ ʚʽʜʯʫʪʪʽʚ. ʎʝ ʷʩʢʨʘʚʘ ɯʩʧʘʥʽʷ. ʊʘʥʦʢ ʂʘʨʤʝʥ, ʷʢ ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʦʭʘʥʥʷ ʽ 

ʧʨʠʩʪʨʘʩʪʽ.  ʂʦʨʠʜʘ, ʷʢ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʤʽʣʠʚʦʩʪʽ ʽ ʣʝʛʢʦʩʪʽ ʪʦʨʝʘʜʦʨʘ. ʎʝ ʤʽʢʩ ʢʦʣʴʦʨʽʚ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʬʘʢʪʫʨ. 

ɼʣʷ ʚʪʽʣʝʥʥʷ ʽʜʝʾ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʝʩʢʽʟʥʠʡ ʧʨʦʻʢʪ ʢʦʣʝʢʮʽʾ ʟ ʝʣʝʤʝʥʪʘʤʠ 3D ʜʨʫʢʫ, ʷʢʠʡ ʯʘʩʪʢʦʚʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʜʘʥiʡ ʩʪʘʪʪi (ʨʠʩ. 2), ʟʘ ʝʩʢʽʟʘʤʠ  ʢʦʩʪʶʤʫ ʨʦʟʨʦʙʣʝʥʦ ʚʘʨʽʘʥʪʠ ʚʩʪʘʚʦʢ 3D ʤʦʜʝʣʝʡ ʜʣʷ 

ʜʨʫʢʫ (ʨʠʩ. 3, 4), ʧʽʜʽʙʨʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʥʦʨʤʘʪʠʚʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʦʣʘ 60Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʧʣʘ 225Áʉ, 

ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʚʠʨʦʙʫ 0,8 ʤʤ, ʟʘʧʦʚʥʝʥʥʷ 20%, ʯʘʩ ʜʨʫʢʫ 2 ʛʦʜ. 10 ʭʚ) ʽ ʥʘʜʨʫʢʦʚʘʥʦ ʟʨʘʟʢʠ ʝʣʝʤʝʥʪiʚ 

ʢʦʩʪʶʤʫ ʥʘ 3D ʧʨʠʥʪʝʨʽ çPrusaè ʚ ʫʤʦʚʘʭ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ ʤʦʜʠ ʂʅʋʊɼ (ʨʠʩ. 5), 

ʚʠʛʦʪʦʚʣʝʥʦ ʧʨʦʙʥʽ ʟʨʘʟʢʠ ʚʠʨʦʙʽʚ.  
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ʈʠʩ. 4. ɺʽʟʫʘʣʽʟʘʮʽʷ ʝʣʝʤʝʥʪʽʚ 3D ʜʨʫʢʫ ʜʣʷ ʧʽʜʞʘʢʘ ʢʦʣʝʢʮʽʾ ʯʦʣʦʚʽʯʦʛʦ ʢʦʩʪʶʤʫ  

ʘ ï ʝʩʢʽʟ ʤʦʜʝʣʽ ʧʽʜʞʘʢʘ ʟ ʝʣʝʤʝʥʪʘʤʠ 3D; ʙ ï 3D ʤʦʜʝʣʴ ʝʣʝʤʝʥʪʫ ʢʦʩʪʶʤʫ; 

 ʚ ï ʚʽʟʫʘʣʽʟʘʮʽʷ ʩʽʪʢʠ ʝʣʝʤʝʥʪʫ ʢʦʩʪʶʤʫ 

 

ʆʪʞʝ, ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʤʽʣʠʚʠʭ ʽʜʝʡ ʜʠʟʘʡʥʝʨʘ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʘʻ ʤʝʞ ʜʣʷ ʧʦʣʴʦʪʫ ʡʦʛʦ ʬʘʥʪʘʟʽʾ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʣʝʢʮʽʾ 

ʚʠʨʦʙʽʚ ʜʣ̫ ʧʦʢʘʟʫ ʥʘ ʧʦʜʽʫʤʽ [13ï17]. ʊʦʤʫ ʷʩʢʨʘʚʽ ʢʦʣʴʦʨʠ, 

ʮʽʢʘʚʽ ʤʘʪʝʨʽʘʣʠ ʽ ʬʦʨʤʠ ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʨʦʙʫ, 

ʽʥʥʦʚʘʮʽʡʥʽ ʧʽʜʭʦʜʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʨʦʟʨʦʙʢʠ ʽ ʚʪʽʣʝʥʥʷ ʥʘʫʢʦʚʦ ʦʨʽʻʥʪʦʚʘʥʦʾ ʨʦʟʨʦʙʢʠ ʜʠʟʘʡʥ 

ʧʨʦʻʢʪʫ ʯʦʣʦʚʽʯʦʛʦ ʢʦʩʪʶʤʫ ʟ ʝʣʝʤʝʥʪʘʤʠ 3D ʜʨʫʢʫ. ʈʦʙʦʪʘ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʝʡ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʨʫʢʫ ʝʣʝʤʝʥʪʽʚ ʢʦʩʪʶʤʫ. 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʽ ʚʪʽʣʝʥʥʷ ʢʨʝʘʪʠʚʥʠʭ ʽʜʝʡ, ʱʦ ʩʪʦʷʪʴ 

ʧʝʨʝʜ ʥʘʫʢʦʚʮʷʤʠ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ ʚʠʤʘʛʘʻ ʥʝ ʪʽʣʴʢʠ ʢʨʝʘʪʠʚʫ, 

ʪʚʦʨʯʦʾ ʬʘʥʪʘʟʽʾ ʪʘ ʚʽʜʯʫʪʪʷ ʧʦʪʨʝʙ ʤʦʜʥʦʾ ʽʥʜʫʩʪʨʽʾ, ʘ ʡ 

ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʱʦʜʦ ʜʠʟʘʡʥʫ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʠʨʦʙʽʚ ʜʘʥʦʛʦ ʩʝʛʤʝʥʪʫ. ɹʝʟ ʮʠʭ ʟʥʘʥʴ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ 

ʥʦʚʽ ʽʜʝʾ ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʝʢʩʢʣʶʟʠʚʥʽ ʚʠʨʦʙʠ.  

ɼʦʩʷʛʪʠ ʧʦʟʠʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʨʦʙʦʪʠ ʤʦʞʥʘ ʪʽʣʴʢʠ 

ʨʦʟʚʠʚʘʶʯʠʩʴ ʽ ʝʢʩʧʝʨʠʤʝʥʪʫʶʯʠ ʟ ʤʘʪʝʨʽʘʣʘʤʠ, ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʚʠʨʦʙʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʷʤʠ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʠʪʘʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 3D ʜʨʫʢʫ ʫ ʚʠʛʣʷʜʽ ʣʘʥʮʶʞʢʽʚ ʨʽʟʥʠʭ ʧʝʨʝʧʣʝʪʝʥʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʠʟʘʡʥʫ ʢʦʣʝʢʮʽʾ 

ʯʦʣʦʚʽʯʦʛʦ ʢʦʩʪʶʤʫ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʢʦʣʝʢʮʽʡ. 

ʈʦʟʨʦʙʣʝʥʦ ʣʽʥʽʡʢʫ ʝʩʢʽʟʽʚ ʪʘ 3D ʤʦʜʝʣʝʡ ʢʦʣʝʢʮʽʾ ʯʦʣʦʚʽʯʦʛʦ ʢʦʩʪʶʤʫ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʢʦʣʦʨʠʩʪʠʯʥʠʭ ʨʽʰʝʥʴ.  

ɺʠʛʦʪʦʚʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D ʧʨʠʥʪʝʨʘ çPrusaè ʚ ʫʤʦʚʘʭ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ ʤʦʜʠ 

(ʂʅʋʊɼ) ʟʨʘʟʢʠ ʣʘʥʮʶʞʢʽʚ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʢʦʣʝʢʮʽʾ ʯʦʣʦʚʽʯʦʛʦ ʢʦʩʪʶʤʫ. ɺʠʛʦʪʦʚʣʝʥʦ ʟʨʘʟʢʠ-ʤʦʜʫʣʽ 

ʚʠʨʦʙʽʚ ʚ ʤʘʪʝʨʽʘʣʽ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘʜʫʤʫ. ʉʧʨʦʛʥʦʟʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʪʘʣʝʡ 3D ʜʨʫʢʫ ʚ ʢʦʣʝʢʮʽʷʭ 

ʩʫʯʘʩʥʠʭ ʚʠʨʦʙʽʚ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ.   

ɼʘʥʫ ʨʦʟʨʦʙʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʢʦʥʢʫʨʩʽ ʩʪʘʨʪʘʧʽʚ ʨʦʙʽʪ ʤʦʣʦʜʠʭ ʜʠʟʘʡʥʝʨʽʚ, ʤ. ʂʠʾʚ ʂʅʋʊɼ 

(2022). ɼʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʦ ʜʦʮʽʣʴʥʽʩʪɹ ʜʘʥʦʾ ʨʦʟʨʦʙʢʠ. ʂʦʣʝʢʮʽʷ ʚʠʨʦʙʽʚ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʢʦʥʢʫʨʩʽ 

çʇʝʯʝʨʩʴʢʽ ʢʘʰʪʘʥʠè, ʤ. ʂʠʾʚ.  ʂʦʣʝʢʮʽʷ ʚʠʨʦʙʽʚ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʢʦʥʢʫʨʩʽ çʇʝʯʝʨʩʴʢʽ ʢʘʰʪʘʥʠè, 

ʤ. ʂʠʾʚ. ʇʝʨʩʧʝʢʪʠʚʘʤʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ ʻ ʧʦʛʣʠʙʣʝʥʝ ʚʠʚʯʝʥʥʷ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ʽ 

ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʽʜʝʡ. 
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ʌʆʈʄʋɺɸʅʅʗ ɸʉʆʈʊʀʄɽʅʊʋ ʏʆʃʆɺɯʏʆɻʆ ɺɿʋʊʊʗ  

ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʆʉʆɹʃʀɺʆʉʊɽʁ ʌʆʈʄʀ ɯ  ʂʆʃʔʆʈʋ  

ʅɸ ʆʉʅʆɺɯ ʄɸʈʂɽʊʀʅɻʆɺʀʍ ɼʆʉʃɯɼɾɽʅʔ 
 
˗̏̌̏̑̉̒̓̉̋́ ̓́ ̨̋̏̎̒̓̑̔̋̓̉̃̈̍ ̔ ̖̃̉̑̏̂́ ̨̨̩̎̅̔̒̓̑ ̍̏̅̉ȟ ̨ ̈̏̋̑̆̍́ ̔ ̨̃̈̔̓̓ȟ ̤ ̎̆ ̎̏̃̉̍ ̠̃̉̆̍̚ȟ ̏̅̎́̋ 

̃̏̎̏ ̃̒̆ ̘́ ̨̙̒̓̆ ̈ȭ̠̠̤̝̠̃̌̓̒ ̃ ̖̑̏̂̏̓́ ̘̖̒̔́̒̎̉ ̨̅̉̈́̊̎̆̑̃ȟ ̃̒̆ ̨̙́̋̓̉̃̎̆ ̤̃̐̌̉̃́ ̎́ ̍̏̅̔ ̨ ̨̨̝̒̃̅̏̍̒̓ 
̨̘̒̐̏̇̉̃́̃ ̠̈́̃̅̋̉ ̨̍̏̇̌̉̃̏̒̓ ̐̏̅̏̑̏̇̔̃́̓̉ ̨ ̠̒̐̏̄̌̅́̓̉ ̨̒̃̓ȟ ̘̃̉̃́̓̉ ̨̏̒̏̂̌̉̃̏̒̓ ̨̃̉̑̏̂̃ ̨̖̑̈̎̉ ̝̋̔̌̓̔̑ 
̨̨̐̅̒̃̅̏̍̏ Ⱥ̨̠̟̘̐̑̉̍̑̉Ȼ ̩̖ ̎́ ̒̆̂̆Ȣ ˣ̨̨̋́̃ ̨̘̋̏̌̏̑̉̒̓̉̎ ̓́ ̨̋̏̎̒̓̑̔̋̓̉̃̎ ̨̙̠̑̆̎̎ ̔ ̨̃̈̔̓̓  ̟̝̎́̅́̓ ̃̉̑̏̂́̍ 
̨̗̝̩̔̎̋̏̎́̌̎̏̕ ̐̏̃̎̏̓̉ ̓́ ̨̃̉̑́̈̎̏̒̓ȟ ́ ̨̨̤̎̏̒̃ ɀ ̖̎̆̐̏̃̓̏̑̎̉ ̨̨̘̃̅̔̓̓̃ ̨ ̤̖̐̑̉̍̎̉ ̝̃̑́̇̆̎Ȣ ˏ̠̉̋̏̑̉̒̓́̎̎ ̎̆ 
̖̒̓́̎̅́̑̓̎̉ ̘̖̋̏̌̏̑̉̒̓̉̎̉ ̨ ̖̋̏̎̒̓̑̔̋̓̉̃̎̉ ̨̙̝̑̆̎ ̐̑̉ ̨̗̑̏̈̑̏̂ ̍̏̅̆̌̆̊ ̠̃̈̔̓̓ ̤̐̑̉̃̆̑̓́ ̔̃́̄̔ ̨̨̖̗́̃̃̕ 
̩̍̏̅̎̏ ̨̨̩̎̅̔̒̓̑ȟ ̤̝̠̐̑̏̒̓̆̇̔̓̒ ̗̟̌́̎̇̋̏̍ ̖̋̏̎̋̑̆̓̎̉ ̨̅̊ ̃ Ⱥ̨̎́̑̏̅̇̆̎̎Ȼ ̨̩̅̆ȟ ̨̒̓̃̏̑̆̎̎ ̘̓̃̏̑̏̄̏ ̅̇̆̑̆̌́ȟ 
̨̃̉̋̏̎́̎̎ ̨̨̆̒̋̈̃ȟ ̨̨̐̅̂̏̑ ̨̨̍́̓̆̑́̌̃ ̨ ̨̐́̌̓̑̉ ̨̝̋̏̌̏̑̃ ̓́ ̃  ̨̝̅̆̓́̌̎̊ ̨̗̑̏̈̑̏̂ ̨̗̋̏̎̒̓̑̔̋̊ ̏̂ǫ̤̃̄̋̓̃Ȣ ˏ ̨̒̓́̓̓  
̨̅̏̒̌̅̇̆̎̏ ̨ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̠̐̉̓́̎̎ ̠̒̓̃̏̑̆̎̎ ́̒̏̑̓̉̍̆̎̓̔ ̘̒̔́̒̎̏̄̏ ̠̐̏̃̒̋̅̆̎̎̏̄̏ ̨̘̘̏̌̏̃̏̄̏ ̠̃̈̔̓̓  ̈ 
̨̖̑̈̎̉  ̨̨̍́̓̆̑́̌̃ȟ ̠̐̉̓́̎̎ ̨̍̏̇̌̉̃̏̒̓ ̠̃̉̋̏̑̉̒̓́̎̎ ̝̩̎́̓̔̑́̌̎̏ ̨̙̋̑̉ Ⱥ˗̑́̒̓Ȼ ̓́ ̨̨̙̖̎̎̉̕ ̨̗̋̏̍̐̏̈̉̊ ̠̅̌ 
̘̋̏̌̏̑̉̒̓̉̎̏̄̏ ̠̏̈̅̏̂̌̆̎̎ ̃̉̑̏̂̔ ̔ ̨̒̓̃̏̑̆̎̎ ̘̖̒̔́̒̎̉ ̖̐̑̏̍̉̒̌̏̃̉ ̨ ̨̨̝̎̅̉̃̅̔́̌̎̉ ̖ ̨̗̋̏̌̆̋̊ ̠̃̈̔̓̓Ȣ  
ˑ̏ ̨̒̌̅̇̆̎̏ ̨ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̠̐̉̓́̎̎ ̨̋̏̎̒̓̑̔̋̓̉̃̈̍̔ ̃ ̨̅̉̈́̊̎ ̠̃̈̔̓̓Ȣ ˜̑̏̃̆̅̆̎̏ ̨́̎́̌̈ ̩̝̖̔̋̑́̎̒̋̉ ̨̂̑̆̎̅̃ 
̨̃̉̑̏̂̎̉̋̃ ̠̃̈̔̓̓ ̈́ ̟̅̏̐̏̍̏̄̏ ÇÏÏÇÌÅ ̠́̎̋̆̓̔̃́̎̎ ̨̘̒̐̏̇̉̃́̃ ̨̩̑̈̎̏ ̨̩̃̋̏̃̏ ̨̩́̔̅̉̓̏̑Ȣ ˟̘̆̏̑̆̓̉̎̏ ̅̏̃̆̅̆̎̏ 
̨̨̗̝̝̅̏̌̎̒̓ ̩̅́̎̏ ̑̏̈̑̏̂̋̉Ȣ ˚́̃̆̅̆̎̏ ̝̑̆̈̔̌̓́̓̉ ̖̍́̑̋̆̓̉̎̄̏̃̉  ̨̝̅̏̒̌̅̇̆̎ ̏̅̏̚ ̨̍̏̇̌̉̃̏̒̓ ̠̃̉̋̏̑̉̒̓́̎̎ 
̨̖̒̍̌̉̃̉ ̖̋̏̎̒̓̑̔̋̓̉̃̎̉ ̨̅̆̊ ̨ ̘̖̋̏̌̏̑̉̒̓̉̎̉ ̨̙̝̑̆̎ ̔ ̨̃̈̔̓̓ ̨̘̘̏̌̏̃̏̄̏ ́̒̏̑̓̉̍̆̎̓̔Ȣ ˝̏̈̑̏̂̌̆̎̏ ̨̆̒̋̈̎̉̊ 
̐̑̏̆̋̓ȟ χ$ ̨̍̏̅̆̌ ́̒̏̑̓̉̍̆̎̓̎̏̄̏ ̠̑̅̔ ̨̗̩̋̏̌̆̋  ̠̐̏̃̒̋̅̆̎̎̏̄̏ ̨̘̘̏̌̏̃̏ ̄̏ ̠̃̈̔̓̓Ȣ ˝̏̈̑̏̂̌̆̎̏ ̝̋̏̎̒̓̑̔̋̓̏̑̒̋̏-
̨̖̘̓̆̎̏̌̏̄̎̔ ̨̗̟̅̏̋̔̍̆̎̓́ ̎́ ̃̉̑̏̂̉Ȣ ˏ̉̄̏̓̏̃̌̆̎̏ ̨̐̑̏̍̉̒̌̏̃ ̈̑́̈̋̉ ̨̗̩̋̏̌̆̋ ̨̘̘̏̌̏̃̏̄̏ ̠̃̈̔̓̓Ȣ ˏ̐̑̏̃́̅̇̆̎̏ 
̑̏̈̑̏̂̋̔ ̔ ̗̃̉̑̏̂̎̉̓̃̏ ̎́ ˟˛ˏ Ⱥ˜̑́̊̍ ˥̔̈Ȼȟ ̍Ȣ ˎ̑̏̃́̑̉Ȣ ˑ̏̃̆̅̆̎̏ ̘̓̆̏̑̆̓̉̎̏ ̨̨̗̝̝̅̏̌̎̒̓ ̩̅́̎̏ ̑̏̈̑̏̂̋̉Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ́̒̏̑̓̉̍̆̎̓ȟ ̨̋̏̌̑ȟ ̏̑̍́̕ȟ ̨̗̠̋̏̎̒̓̑̔̋ȟ ̨̨̖̘̝̓̆̎̏̌̏̄̎̒̓ ̨̍̏̅̆̌ȟ ̨̍́̑̋̆̓̉̎̄̏̃ 
̨̠̅̏̒̌̅̇̆̎̎ȟ ̑̆̒̐̏̎̅̆̎̓ȟ ̘̉̎̎̉̋̉ ̃̐̌̉̃̔ȟ ̐̏̐̉̓ȟ ̨̃̉̑̂Ȣ 
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FORMATION OF THE RA NGE OF MEN'S SHOES TAKING INTO ACCOU NT THE CHARACTERISTICS OF 

SHAPE AND COLOR ON THE BASIS OF MARKETING RESEARCH  
 

Colorism and constructivism in the products of the fashion industry, and in particular in shoes, is not a new phenomenon, but it 
appears more and more often in the works of modern designers, it increasingly affects fashion and the consciousness of consumers thanks to 
the opportunity to travel and contemplate the world, to study the peculiarities of different cultures subconsciously trying them on. 
Interesting color and design solutions in shoes give the products functional completeness and expressiveness, and the wearer unique feelings 
and pleasant impressions. 

The use of non-standard color and design solutions in the development of shoe models attr acts the attention of fashion industry 
specialists, is traced by a chain of specific actions in the "birth" of an idea, creation of a creative source, sketching, selection of materials and 
color palette, and in the detailed development of object structures. 

Development of an assortment of men's shoes taking into account the features of shape and color due to the use of color accents, 
compositional and structural elements of shoes. 

The research used a theoretical-analytical approach to the review and analysis of scientific and technical literature by direction. 
Marketing research was experimentally conducted to determine the most important forms, functions and color solutions of products in the 
opinion of consumers, which will make it possible to analyze the results of research and predict a successful and profitable assortment of 
men's shoes. 

The classic designs of men's shoes have been studied and analyzed. The peculiarities of the technology of manufacturing products, 
materials, color solutions, innovative techniques, technologies and tools for applying color to materials, individual parts and finished 
products have been studied. Factors influencing the formation of the assortment of men's shoes were studied experimentally. The results of 
marketing research on the possibility of using bold constructive ideas and color solutions in men's shoes are given. 

A line of sketches of men's shoes of various designs using modern constructive and color solutions has been developed, which 
includes an assessment by experts regarding the relevance of its use in the formation of the assortment and production of products. Samples 
of shoes were produced and tested. The use of classic and modern non-standard accent color techniques on the finished product for the 
production of shoes of this segment is predicted, the increase in the manufacturability of the model due to the successful shapes of the parts 
of the workpiece, the quality of the products as a whole and the increase in demand for shoes by creative Ukrainian designers. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺʠʨʦʙʠ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ, ʟʦʢʨʝʤʘ ʚʟʫʪʪʷ, ʻ ʧʨʝʜʤʝʪʦʤ ʧʝʨʰʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʣʷ ʩʫʯʘʩʥʦʾ ʣʶʜʠʥʠ. 

ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘ ʙʘʞʘʥʥʷʤ ʩʧʦʞʠʚʘʯʘ ʢʣʘʩʠʯʥʠʤʠ ʽ ʩʪʘʨʦʤʦʜʥʠʤʠ, ʩʫʯʘʩʥʠʤʠ ʽ ʢʨʝʘʪʠʚʥʠʤʠ, ʘʣʝ 

ʘʢʪʫʘʣʴʥʠʤʠ ʽ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʩʧʦʞʠʚʘʯʝʤ ʚʦʥʠ ʻ ʟʘʚʞʜʠ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʟʫʪʪʷ ʜʦʧʦʤʘʛʘʻ ʣʶʜʠʥʽ ʜʦʣʘʪʠ 

ʚʽʜʩʪʘʥʽ ʥʝ ʧʦʰʢʦʜʞʫʶʯʠ ʩʪʦʧʠ ʥʽʛ, ʟʽʛʨʽʚʘʻ, ʩʪʚʦʨʶʻ ʢʦʤʬʦʨʪ ʽ ʧʨʦʬʽʣʘʢʪʠʢʫ ʟʘʭʚʦʨʶʚʘʥʴ ʥʠʞʥʽʭ ʢʽʥʮʽʚʦʢ, 

ʻ ʥʝ ʟʤʽʥʥʠʤ çʢʦʤʧʘʥʴʡʦʥʦʤè ʣʶʜʠʥʠ ʧʦ ʞʠʪʪʶ, ʜʦʧʦʚʥʶʻ ʾʾ ʦʙʨʘʟ ʩʪʚʦʨʶʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʘʢʮʝʥʪʠ,  

ʧʽʜʪʨʠʤʫʶʯʠ ʥʝʧʦʚʪʦʨʥʠʡ ʩʪʠʣʴ [1]. 

 ɺʠʛʦʪʦʚʣʷʶʪʴ ʩʫʯʘʩʥʝ ʚʟʫʪʪʷ ʷʢ ʟ ʢʣʘʩʠʯʥʠʭ (ʥʘʪʫʨʘʣʴʥʘ ʰʢʽʨʘ, ʪʝʢʩʪʠʣʴ ʪʦʱʦ) ʪʘʢ ʽ ʟ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ( ʝʢʦ-ʰʢʽʨʘ, ʥʘʥʦ-ʪʝʢʩʪʠʣʴ, ʧʣʘʩʪʠʢ, ʤʝʪʘʣ ʪʦɦ ʦ) ʤʘʪʝʨʽʘʣʽʚ, ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʦʜʥʘʢ ʬʫʥʢʮʽʦʥʘʣ ʽ ʝʩʪʝʪʠʢʘ ʚʠʨʦʙʽʚ ʜʘʥʦʛʦ ʩʝʛʤʝʥʪʫ ʻ ʥʝ ʟʤʽʥʥʠʤʠ ʚʠʤʦʛʘʤʠ. 

ʈʦʟʚʠʪʦʢ ʣʶʜʩʪʚʘ, ʚʠʨʦʙʥʠʯʠʡ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʜʦʟʚʦʣʠʚ ʩʪʚʦʨʠʪʠ ʫ ʩʚʽʡ ʯʘʩ ʚʝʣʠʢʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʣʠ ʧʦʪʨʝʙʠ ʥʘʩʝʣʝʥʥʷ ʫ ʚʠʨʦʙʘʭ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ ʚʠʛʦʪʦʚʣʷʶʯʠ ʾʭ ʤʘʩʦʚʦ 

ʚʝʣʠʢʠʤʠ ʚʠʨʦʙʥʠʯʠʤʠ ʧʘʨʪʽʷʤʠ. ʆʜʥʘʢ ʯʘʩʠ ʟʤʽʥʠʣʠʩʴ ʽ ʚʞʝ ʩʴʦʛʦʜʥʽ ʤʠ ʤʘʻʤʦ ʧʦʪʨʝʙʫ ʥʝ ʩʪʽʣʴʢʠ ʫ 

ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʽʚ, ʷʢ ʫ ʾʭ ʷʢʦʩʪʽ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʽ. ʊʦʤʫ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʠʧʫʩʢ ʚʟʫʪʪʷ ʚ ʋʢʨʘʾʥʽ 

ʧʝʨʝʦʨʽʻʥʪʦʚʫʻʪʴʩʷ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʤʘʩʦʚʦ ʥʝ ʚʝʣʠʢʠʤʠ ʧʘʨʪʽʷʤʠ ʪʘʢ ʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʚ ʫʤʦʚʘʭ ʜʠʟʘʡʥ 

ʩʪʫʜʽʡ ʪʘ ʤʘʡʩʪʝʨʝʥʴ. 

ɿʤʽʥʠʣʠʩʴ ʯʘʩʠ, ʟʤʽʥʠʣʠʩʴ  ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʠʨʦʙʠ, ʨʦʟʰʠʨʠʚʩʷ ʩʧʝʢʪʨ ʤʘʪʝʨʽʘʣʽʚ, ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ, ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʪʘ ʩʢʣʘʜʘʥʥʷ ʚʠʨʦʙʽʚ,  ʟʤʽʥʠʣʠʩʴ ʽ ʚʠʤʦʛʠ ʩʧʦʞʠʚʘʯʽʚ 

ʱʦʜʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʬʫʥʢʮʽʦʥʘʣʫ ʚʠʨʦʙʽʚ [2ï4]. 

ʉʪʘʥʦʤ ʥʘ 2022 ʨʽʢ ʤʦʞʥʘ ʚʧʝʚʥʝʥʦ ʩʢʘʟʘʪʠ, ʱʦ ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʪʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʚʟʫʪʪʷ 

ʧʦʣʶʙʣʷʶʪʴ ʫʩʽ [5]. ʆʜʥʘʢ ʫ ʩʫʩʧʽʣʴʩʪʚʽ ʽʩʥʫʻ  ʭʠʙʥʘ ʜʫʤʢʘ ʧʨʦ ʪʝ, ʱʦ ʪʽʣʴʢʠ ʞʽʥʢʠ ʩʣʽʜʢʫʶʪʴ ʟʘ ʤʦʜʦʶ, ʘ 

ʟʚʠʯʘʡʥʽ ʧʝʨʝʩʽʯʥʽ ʫʢʨʘʾʥʮʽ ʯʦʣʦʚʽʢʠ ʥʝʶ ʥʝ ʮʽʢʘʚʣʷʪʴʩʷ, ʪʦʤʫ ʚʟʫʪʪʷ ʦʙʠʨʘʶʪʴ ʩʫʪʦ ʟ ʤʽʨʢʫʚʘʥʴ 

ʬʫʥʢʮʽʦʥʘʣʫ ʽ ʧʦʤʽʨʥʦʾ ʮʽʥʠ. ʅʘʩʧʨʘʚʜʽ ʮʝ ʥʝ ʪʘʢ. ʉʴʦʛʦʜʥʽ ʚʞʝ ʥʝ ʻ ʨʽʜʢʽʩʪʶ ʙʘʯʠʪʠ ʯʦʣʦʚʽʢʽʚ ʫ ʚʟʫʪʪʽ 

ʷʩʢʨʘʚʠʭ ʢʦʣʦɹʨʽʚ ʪʘ ʥʝ ʟʚʠʯʘʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɹʝʟʫʤʦʚʥʦ ʚʽʢ ʩʧʦʞʠʚʘʯʘ ʽ ʡʦʛʦ ʩʦʮʽʘʣʴʥʠʡ ʩʪʘʪʫʩ ʪʘ ʩʧʦʩʽʙ 

ʞʠʪʪʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʙʽʨ ʚʠʨʦʙʫ, ʦʜʥʘʢ ʤʨʽʾ ʽ ʙʘʞʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʨʝʘʣʴʥʦ ʷʩʢʨʘʚʠʤʠ ʚ ʢʦʞʥʦʛʦ ʟ ʥʘʩ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ ʩʫʯʘʩʥʠʭ ʚʠʨʦʙʽʚ, ʟʦʢʨʝʤʘ ʯʦʣʦʚʽʯʦʛʦ ʧʦʙʫʪʦʚʦʛʦ ʚʟʫʪʪʷ, ʾʭ ʝʩʪʝʪʠʯʥʫ 

ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ, ʧʽʜʚʠʱʝʥʫ ʢʦʤʬʦʨʪʥʽʩʪʴ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʧʨʠʡʥʷʪʥʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʽ 

ʧʦʧʠʪ ʤʦʞʥʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʽ ʜʦʩʷʛʥʫʪʠ ʤʝʪʠ ʪʝʦʨʝʪʠʯʥʦ ʚʞʝ ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʝʩʢʽʟʥʦʛʦ ʧʨʦʻʢʪʫ, ʰʣʷʭʦʤ 

ʚʠʜʦʟʤʽʥʠ ʬʦʨʤʠ ʽ ʢʦʣʴʦʨʫ ʚʠʨʦʙʫ ʚ ʮʽʣʦʤʫ ʯʠ ʡʦʛʦ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʬʽʥʽʰʥʦʛʦ ʦʟʜʦʙʣʝʥʥʷ [6, 7]. ɺ ʮʽʣʦʤʫ ʧʠʪʘʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʨʦʙʽʚ, ʚʠʨʦʙʥʠʮʪʚʘ 

ʽ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʽ ʟʦʚʥʽʰʥʴʦʤʫ ʨʠʥʢʘʭ ʩʫʯʘʩʥʠʭ ʚʠʨʦʙʽʚ ʟ ʧʦʤʽʨʥʦʶ ʮʽʥʦʶ, ʧʨʠʚʘʙʣʠʚʦʶ 

ʝʩʪʝʪʠʯʥʦʶ ʩʢʣʘʜʦʚʦʶ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʢʣʘʩʠʯʥʠʭ ʘʙʦ ʽʥʥʦʚʘʮʽʡʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʥʘʫʢʦʚʮʽʚ ʽ ʚʠʨʦʙʥʠʯʥʠʢʽʚ ʫʩʽʭ ʢʨʘʾʥ ʩʚʽʪʫ [8, 9]. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɼʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʙʣʝʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ 

ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ, ʽ ʟʦʢʨʝʤʘ ʚʟʫʪʪʷ, ʬʦʨʤʫʚʘʥʥʷʤ ʘʩʦʨʪʠʤʝʥʪʫ ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʚʽʜʦʤʠʭ ʚʯʝʥʠʭ ʢʣʘʩʠʢʽʚ, ʪʘʢʠʭ ʷʢ  ɺ. ʂʦʥʦʚʘʣ, ʉ. ɻʘʨʢʘʚʝʥʢʦ, ɸ. ɹʘʙʠʯ, 

ʆ. ʄʠʭʘʡʣʦʚʩʴʢʘ, ʆ. ʂʦʟʘʨ, ɺ. ʂʝʨʥʝʰ, ʅ. ʇʝʨʚʘʷ [11ï13, 7] ʽ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ, ʪʘʢʠʭ ʷʢ ʊ. ʃʠʧʩʴʢʠʡ, 

ʅ. ɹʦʨʱʝʚʩʴʢʘ, ʄ. ʃʝʱʠʰʠʥ ʪʘ ʽʥʰʽ [11, 14]. ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʩʪʘʥʜʘʨʪʥʠʭ ʢʦʣʦʨʠʩʪʠʯʥʠʭ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʢʨʝʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʱʦʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʩʫʮʽʣʴʥʦʛʦ ʯʠ ʪʦʯʢʦʚʦʛʦ 

ʦʟʜʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʛʦʪʦʚʦʛʦ ʚʟʫʪʪʷ ʥʘ ʩʴʦʛʦʜʥʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʽʥʜʫʩʪʨʽʾ 

ʤʦʜʠ, ʰʦ ʦʙʫʤʦʚʣʶʻ ʜʦʮʽʣʴʥʽʩʪʴ ʽ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣ̔ʜʞʝʥʥʷ ʽ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʚʟʫʪʪʷ, ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʨʦʙʽʚ  ʪʘ ʚʠʤʦʛ ʜʦ ʥʠʭ. ɺʠʚʯʝʥʥʷ ʪʝʭʥʽʢ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ ʽ 

ʷʢ ʨʝʟʫʣʴʪʘʪ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʢʘ ʘʩʦʨʪʠʤʝʥʪʫ ʯʦʣʦʚʽʯʦʛʦ ʚʟʫʪʪʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦ-

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ,  ʢʦʣʦʨʠʩʪʠʯʥʠʭ ʘʢʮʝʥʪʽʚ ʽ ʩʫʯʘʩʥʦʾ ʧʘʣʽʪʨʠ ʢʦʣʴʦʨʽʚ, ʷʢʽ ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʜʦ 

ʚʠʨʦʙʫ ʯʠ ʟʘʤʽʥʶʚʘʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʟʥʘʯʝʥʽ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʧʨʦʚʝʜʝʥʠʭ ʚ ʨʦʙʦʪʽ ʤʘʨʢʝʪʠʥʛʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘʡʚʘʛʦʤʽʰʠʭ ʜʫʤʦʢ ʩʧʦʞʠʚʘʯʽʚ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʚʪʽʣʝʥʥʷ ʫ ʚʠʨʦʙʠ ʯʦʣʦʚʽʯʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ 

ʩʤʽʣʠʚʦʾ ʢʦʣʦʨʠʩʪʠʢʠ ʽ ʬʦʨʤʠ ʚʟʫʪʪʷ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ [15, 16]. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʘʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʟʫʪʪʷ ʫ ʭʦʜʽ ʾʭ ʱʦʜʝʥʥʦʛʦ ʥʦʩʽʥʥʷ ʧʦʪʝʥʮʽʡʥʠʤʠ 

ʩʧʦʞʠʚʘʯʘʤʠ, ʥʘʫʢʦʚʮʷʤʠ ʧʨʦʚʝʜʝʥʦ ʧʦʰʫʢʦʚʽ  ʪʝʦʨʝʪʠʢʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʨʦʙʽʚ ʽ ʚʠʤʦʛ ʜʦ ʥʠʭ  ʟʘ 

ʅʊɼ [15ï17]. ɺʠʭʦʜʷʯʠ ʟ ʮʠʭ ʢʦʥʢʨʝʪʠʟʦʚʘʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʨʝʙ ʽ ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʽʚ 

ʯʦʣʦʚʽʢʽʚ ʨʽʟʥʦʛʦ ʚʽʢʫ ʽ ʩʦʮʽʘʣʴʥʦʛʦ ʩʪʘʪʫʩʫ, ʟʛʽʜʥʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʧʠʪʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ 

ʰʣʷʭʦʤ google-ʘʥʢʝʪʫʚʘʥʥʷ, ʨʦʟʨʦʙʣʝʥʦ ʣʽʥʽʡʢʫ ʝʩʢʽʟʽʚ  ʤʦʜʝʣʝʡ ʯʦʣʦʚʽʯʦʛʦ ʚʟʫʪʪʷ  ʟ ʝʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʟʤʥ̔ ʽ ʢʦʣʽʨʥʠʭ ʘʢʮʝʥʪʽʚ (ʨʠʩ.  1), ʟʛʽʜʥʦ ʷʢʠʭ ʨʦʟʨʦʙʣʝʥʦ ʣʽʥʽʡʢʫ ʝʩʢʽʟʽʚ, 3D ʤʦʜʝʣʽ ʘʩʦʨʪʠʤʝʥʪʥʦʛʦ ʨʷʜʫ ʢʦʣʝʢʮʽʾ  

ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʯʦʣʦʚʽʯʦʛʦ ʚʟʫʪʪʷ ʪʘ ʩʧʨʦʝʢʪʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʨʦʙʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ  ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ. 
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ʅʘ ʦʩʥʦʚʽ 3D ʤʦʜʝʣʝʡ ʪʘ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʨʘʟʢʽʚ ʚʟʫʪʪʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ çʇʨʘʡʤ ʐʫʟè, ʤ. ɹʨʦʚʘʨʠ ʧʨʦʚʝʜʝʥʦ 

ʤʘʨʢʝʪʠʥʛʦʚʽ ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ [16]  ʚ ʤʝʨʝʞʽ ʤʘʛʘʟʠʥʽʚ ʨʦʟʜʨʽʙʥʦʾ ʪʦʨʛʽʚʣʽ ʤ. ʂʠʻʚʘ ʽ ʤ. ɹʨʦʚʘʨʠ ʤʝʪʦʜʦʤ 

ʘʥʢʝʪʫʚʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʧʦʧʠʪʫ ʥʘ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʚʟʫʪʪʷ ʽ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʨʝʘʣʽʟʘʮʽʾ [18, 19]. 

 
ʈʠʩ. 1. ɽʩʢʽʟʠ ʤʦʜʝʣʝʡ ʯʦʣʦʚʽʯʦʛʦ ʚʟʫʪʪʷ 

 

 
ʘ)                                                                       ʙ) 

 
                             ʚ)                                                                       ʛ) 

ʈʠʩ. 2.  ʈʝʟʫʣʴʪʘʪʠ ʦʧʠʪʫʚʘʥʥʷ ʨʝʩʧʦʥʜʝʥʪʽʚ  ʧʨʠ ʚʠʙʦʨʽ ʞʽʥʦʯʠʭ ʘʢʩʝʩʫʘʨʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʚʘʛʦʤʦʩʪʽ  

ʘ, ʚ ï ʩʧʦʞʠʚʯʽ ʧʝʨʝʚʘʛʠ ʨʝʩʧʦʥʜʝʥʪʽʚ ʨʽʟʥʠʭ ʚʽʢʦʚʠʭ ʛʨʫʧ; 

 ʙ, ʛ ï ʧʨʠʯʠʥʠ ʥʝ ʟʘʜʦʚʦʣʝʥʦʛʦ ʧʦʧʠʪʫ ʨʝʩʧʦʥʜʝʥʪʽʚ ʨʽʟʥʠʭ ʚʽʢʦʚʠʭ ʛʨʫʧ 

 

ɸʥʢʝʪʘ ʩʢʣʘʜʘʣʘʩʴ ʟ ʦʜʥʘʢʦʚʠʭ ʜʣʷ ʫʩʽʭ ʨʝʩʧʦʥʜʝʥʪʽʚ ʢʨʠʪʝʨʽʾʚ. ʉʧʦʞʠʚʯʽ ʧʝʨʝʚʘʛʠ ʽ ʧʨʠʯʠʥʠ ʥʝ 

ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʧʦʧʠʪʦʤ ʚʠʟʥʘʯʘʣʠʩʴ ʨʝʩʧʦʥʜʝʥʪʘʤʠ ʫ ʚʽʜʩʦʪʢʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʦʙʣʝʥʽ 

ʤʘʪʝʤʘʪʠʯʥʦ ʟ ʧʦʭʠʙʢʦʶ 4%. ɺʩʴʦʛʦ ʙʫʣʦ ʦʧʠʪʘʥʦ 380 ʦʩʽʙ, ʟ ʥʠʭ ʫ ʤ. ʂʠʾʚ ʪʘ ʫ ʤ. ɹʨʦʚʘʨʠ ʧʦʩʪʽʡʥʦ 

ʧʨʦʞʠʚʘʻ 78%, ʫ ʧʝʨʝʜʤʽʩʪʽ ʪʘ ʽʥʰʠʭ ʤʽʩʪʘʭ ʋʢʨʘʾʥʠ ï 22%. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʥʘʡʙʽʣʴʰʘ ʛʨʫʧʘ 
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ʦʧʠʪʘʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ï ʮʝ ʯʦʣʦʚʽʢʠ ʚʽʢʦʤ ʚʽʜ 20 ʜʦ 65 ʨʦʢʽʚ ï 70%  ʪʘ ʯʦʣʦʚʽʢʠ ʩʪʘʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷ ʚʽʢʦʤ ʚʽʜ 

65 ʨʦʢʽʚ ï 30%.  ɾʽʥʢʠ, ʱʦ ʩʘʤʦʩʪʽʡʥʦ ʢʫʧʫʶʪʴ ʚʟʫʪʪʷ ʜʣʷ ʯʦʣʦʚʽʢʽʚ ʫʯʘʩʪʽ ʚ ʦʧʠʪʫʚʘʥʥʽ ʥʝ ʙʨʘʣʠ. ʉʝʨʝʜ 

ʧʠʪʘʥʴ ʘʥʢʝʪʠ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ: ʩʝʨʝʜʥʽʡ ʟʘʛʘʣʴʥʠʡ ʜʦʭʽʜ ʥʘ ʦʜʥʦʛʦ ʯʣʝʥʘ ʩʽʤôʾ ʩʪʘʥʦʚʠʪʴ 6000 ʛʨʥ; ʦʩʚʽʪʘ 

ʨʝʩʧʦʥʜʝʥʪʘ (ʟ ʚʠʱʦʶ ʦʩʚʽʪʦʶ ï 50%, ʥʝ ʟʘʢʽʥʯʝʥʘ ʚʠʱʘ ï 12%,  ʩʝʨʝʜʥʴʦ-ʩʧʝʮʽʘʣʴʥʘ ʦʩʚʽʪʘ ï 25% ,  ʩʝʨʝʜʥʷ 

ʦʩʚʽʪʘ ï 13%); ʨʽʜ ʟʘʥʷʪʴ ʨʝʩʧʦʥʜʝʥʪʽʚ (ʜʝʨʞʩʣʫʞʙʦʚʮʽ ï 14 %, ʦʬʽʩʥʽ ʧʨʘʮʽʚʥʠʢʠ ï 25%, ʩʪʫʜʝʥʪʠ ï 27%, 

ʨʦʙʦʯʽ ʩʧʝʮʽʘʣʽʩʪʠ ï 25%, ʙʝʟʨʦʙʽʪʥʽ ï 9%); ʤʽʩʮʝ ʧʦʢʫʧʢʠ ʚʟʫʪʪʷ ( ʨʠʥʦʢ, ʪʦʨʛʦʚʝʣʴʥʘ ʤʝʨʝʞʘ, ʽʥʪʝʨʥʝʪ 

ʤʘʛʘʟʠʥ); ʮʽʥʘ ʧʦʢʫʧʢʠ (500-3000);   ʤʘʪʝʨʽʘʣ (ʥʘʪʫʨʘʣʴʥʘ ʰʢʽʨʘ, ʰʪʫʯʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʝʢʩʪʠʣʴ, ʥʝ ʩʫʪʪʻʚʦ); 

ʚʠʜ ʽ ʢʦʥʩʪʨʫʢʮʽʷ ʚʟʫʪʪʷ (ʥʘʧʽʚʯʝʨʝʚʠʢʠ, ʢʨʦʩʽʚʢʠ, ʯʝʨʝʚʠʢʠ ʪʦʱʦ); ʩʧʦʞʠʚʯʽ ʧʝʨʝʚʘʛʠ (ʣʝʛʢʽʩʪʴ, ʢʦʤʬʦʨʪ, 

ʜʠʟʘʡʥ, ʢʦʣʽʨ, ʮʽʥʘ, ʷʢʽʩʪʴ); ʧʨʠʯʠʥʠ ʥʝ ʟʘʜʦʚʦʣʝʥʦʛʦ ʧʦʧʠʪʫ (ʨʦʟʤʽʨ, ʢʦʣʽʨ, ʢʦʥʩʪʨʫʢʮʽʷ, ʚʘʛʘ, ʮʽʥʘ ʪʦʱʦ) . 

ʈʝʟʫʣʴʪʘʪʠ ʦʧʠʪʫʚʘʥʥʷ ʨʝʩʧʦʥʜʝʥʪʽʚ  ʧʨʠ ʚʠʙʦʨʽ ʚʟʫʪʪʷ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʚʘʛʦʤʦʩʪʽ ʩʧʦʞʠʚʯʦʛʦ ʚʠʙʦʨʫ  

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʜʽʘʛʨʘʤʘʭ (ʨʠʩ. 2 ʘ, ʙ) ʪʘ ʢʨʠʪʝʨʽʷʤʠ ʥʝ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʧʦʧʠʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʜʽʘʛʨʘʤʘʭ (ʨʠʩ. 2 ʚ, 

ʛ). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʚʠʙʽʨʢʠ ʜʘʥʠʭ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʦ ʯʘʩʪʠʭ ʟʤʽʥ ʤʦʜʠ 

ʧʨʠʩʣʫʭʘʻʪʴʩʷ ʙʽʣʴʰʝ ʤʦʣʦʜʴ ʽ ʣʶʜʠ ʩʝʨʝʜʥʴʦʛʦ ʚʽʢʫ, ʪʦʤʫ ʜʣʷ ʮʠʭ ʚʠʨʦʙʽʚ ʢʨʝʘʪʠʚʥʘ ʢʦʣʦʨʠʩʪʠʢʘ ʽ ʝʣʝʤʝʥʪʠ 

ʩʫʯʘʩʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʽʟʤʫ ʻ  ʮʽʢʘʚʠʤʠ. ʃʶʜʷʤ ʩʪʘʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷ ʚʘʞʣʠʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʚʘʛʘ ʚʠʨʦʙʫ, 

ʤʽʮʥʽʩʪʴ ʽ ʥʠʟʴʢʘ ʮʽʥʘ, ʪʦʤʫ ʧʠʪʘʥʥʷ ʤʦʜʠ, ʢʦʣʴʦʨʫ ʽ ʬʦʨʤʠ ʟ ʧʦʟʠʮʽʾ ʝʩʪʝʪʠʢʠ ʥʝ ʻ ʘʢʪʫʘʣʴʥʠʤʠ. 

ʆʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʩʫʯʘʩʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ ʚʟʫʪʪʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʚʠʨʘʟʥʽʩʪʴ ʬʦʨʤʠ, ʢʦʣʽʨ ʽ ʚʽʜʪʽʥʦʢ, ʤʘʪʝʨʽʘʣ ʽ ʬʘʢʪʫʨʫ, ʩʪʠʣʴʦʚʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ, ʛʘʨʤʦʥʽʡʥʫ 

ʮʽʣʽʩʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʜʦʩʢʦʥʘʣʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʚʠʨʦʙʫ. 

ʆʪʞʝ, ʧʽʜʩʫʤʦʚʫʶʯʠ ʩʢʘʟʘʥʝ ʭʦʯʝʪʴʩʷ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʽʣʠʚʦʾ ʧʘʣʽʪʨʠ ʢʦʣʴʦʨʽʚ ʽ 

ʧʨʠʥʮʠʧʽʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʤʘʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʫ ʩʪʚʦʨʝʥʥʽ ʩʫʯʘʩʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ  ʚʟʫʪʪʷ [2ï4], 

ʘ ʩʫʪʦ ʢʦʣʦʨʠʩʪʠʢʘ ʽ ʢʦʥʩʪʨʫʢʪʠʚʽʟʤ, ʷʢ ʷʚʠʱʝ,  ʽʩʥʫʻ ʽ ʷʢ ʯʘʩʪʠʥʘ ʭʫʜʦʞʥʴʦʾ ʩʢʣʘʜʦʚʦʾ ʤʦʜʝʣʽ ʚʠʨʦʙʫ [6], ʽ 

ʷʢ ʦʜʥʘ ʟ ʣʘʥʦʢ ʪʚʦʨʯʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ [7, 12, 13]. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʽʜʝʡ ʤʦʜʝʣʴʻʨʘ-ʜʠʟʘʡʥʝʨʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʾʭ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʟ ʯʽʪʢʦ ʟʘʟʥʘʯʝʥʠʤ 

ʢʦʣʴʦʨʦʤ ʤʦʜʝʣʽ, ʧʝʨʝʣʽʢʦʤ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ ʥʘ ʨʦʙʦʯʠʭ ʢʨʝʩʣʝʥʥʷʭ, ʚʠʢʣʠʢʘʥʦ ʚʠʨʦʙʥʠʯʦʶ ʥʝʦʙʭʽʜʥʽʩʪʶ, 

ʦʨʽʻʥʪʫʶʯʠʩʴ ʩʫʪʦ ʥʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʝʩʪʝʪʠʢʠ, ʝʨʛʦʥʦʤʽʢʠ ʽ ʝʢʦʥʦʤʽʯʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ [8, 17, 18]. ɼʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʟʫʪʪʷ ʟʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʟʘʤʦʚʣʝʥʥʷʤ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʘʻ ʤʝʞ ʜʣʷ ʚʪʽʣʝʥʥʷ ʚ çʞʠʪʪʷè ʩʤʽʣʠʚʠʭ 

ʽʜʝʡ ʟʘʤʦʚʥʠʢʘ, ʪʦʤʫ ʷʩʢʨʘʚʽ ʢʦʣʴʦʨʠ, ʮʽʢʘʚʽ ʤʘʪʝʨʽʘʣʠ ʽ ʬʦʨʤʠ ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʨʦʙʫ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʩʧʦʞʠʚʘʯʘ ʽ ʻ ʥʘ ʯʘʩʽ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦ ʤʦʞʝ ʙʫʪʠ ʧʨʦʛʨʝʩʠʚʥʠʤ ʟʘ ʫʤʦʚ ʘʢʪʠʚʥʦʾ ʪʘ 

ʩʚʦʻʯʘʩʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʧʦʪʨʝʙʠ ʨʠʥʢʫ, ʘ ʩʘʤʝ: ʘʢʪʠʚʥʘ ʨʦʙʦʪʘ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʚʽʜʜʽʣʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦ 

ʜʦʩʣʽʜʞʝʥʥʶ ʽ ʚʠʚʯʝʥʥʶ ʜʫʤʦʢ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʧʦʪʨʝʙ ʨʠʥʢʫ, ʰʚʠʜʢʘ ʘʜʘʧʪʘʮʽʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦ ʧʦʪʨʝʙ 

ʨʠʥʢʫ, ʚʠʧʫʩʢ ʚʟʫʪʪʷ ʥʝ ʚʝʣʠʢʠʤʠ ʧʘʨʪʽʷʤʠ ʟ ʯʘʩʪʦʶ ʟʤʽʥʦʶ ʘʩʦʨʪʠʤʝʥʪʫ, ʧʨʦʬʝʩʽʡʥʘ  ʽ ʩʚʦʻʯʘʩʥʘ  ʨʝʢʣʘʤʘ - 

ʚʩʝ ʮʝ ʝʪʘʧʠ ʫʩʧʽʰʥʦʾ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʄʘʻʤʦ ʧʨʘʮʶʚʘʪʠ ʟʘ ʧʨʠʥʮʠʧʦʤ çʚʠʛʦʪʦʚʣʷʪʠ ʪʽʣʴʢʠ ʪʝ, ʱʦ 

ʧʦʪʨʽʙʥʦ, ʪʦʜʽ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ, ʽ ʩʪʽʣʴʢʠ, ʩʢʽʣʴʢʠ ʧʦʪʨʽʙʥʦè. ʇʨʠ ʪʘʢʽʡ ʫʤʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʦ ʙʫʜʝ ʤʘʪʠ 

ʧʦʩʪʽʡʥʠʭ ʧʦʢʫʧʮʽʚ ʽ ʰʘʥʫʚʘʣʴʥʠʢʽʚ  ʧʨʦʜʫʢʮʽʾ ʢʦʥʢʨʝʪʥʦʾ ʪʦʨʛʦʚʦʾ ʤʘʨʢʠ. ɼʦʩʷʛʪʠ ʧʦʟʠʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʟʛʽʜʥʦ ʪʘʢʠʭ ʫʤʦʚ ʤʦʞʣʠʚʦ ʧʨʠ ʧʝʨʝʛʣʷʜʽ ʩʝʛʤʝʥʪʫ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʜʦʟʤʽʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʨʦʙʽʚ ʽ ʥʘʜʘʥʥʽ ʾʤ 

ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʽʩʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʰʣʷʭʦʤ ʦʥʦʚʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʥʘʧʨʠʢʣʘʜ, ʥʘʪʫʨʘʣʴʥʘ ʰʢʽʨʘ ʂʨʘʩʪ), ʪʝʭʥʦʣʦʛʽʡ 

ʧʦʢʨʠʚʥʦʛʦ ʬʘʨʙʫʚʘʥʥʷ ʪʘ ʬʽʥʽʰʥʦʛʦ ʦʟʜʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ  [11]. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʩʚʽʪʣʝʥʦ ʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʢʨʠʪʝʨʽʾʚ ʚʘʛʦʤʦʩʪʽ ʩʧʦʞʠʚʯʠʭ ʧʝʨʝʚʘʛ  ʽ ʧʨʠʯʠʥ ʥʝ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʧʦʧʠʪʫ ʩʧʦʞʠʚʘʯʽʚ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʩʬʦʨʤʦʚʘʥʦ ʘʩʦʨʪʠʤʝʥʪ ʯʦʣʦʚʽʯʦʛʦ ʚʟʫʪʪʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ.    

ɼʦʩʣʽʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʯʦʣʦʚʽʯʦʛʦ ʚʟʫʪʪʷ.  

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʘʨʢʝʪʠʥʛʦʚʠʭ  ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʽʣʠʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʽʜʝʡ ʽ ʢʦʣʦʨʠʩʪʠʯʥʠʭ ʨʽʰʝʥʴ ʫ ʚʟʫʪʪʽ ʯʦʣʦʚʽʯʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʣʽʥʽʡʢʫ ʝʩʢʽʟʽʚ ʪʘ 3D ʤʦʜʝʣʝʡ ʯʦʣʦʚʽʯʦʛʦ ʚʟʫʪʪʷ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʢʦʣʦʨʠʩʪʠʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʚʢʣʶʯʘʻ ʦʮʽʥʢʫ ʝʢʩʧʝʨʪʽʚ ʱʦʜʦ ʘʢʪʫʘʣʴʥʦʩʪʽ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ ʽ ʚʠʨʦʙʥʠʮʪʚʽ ʚʠʨʦʙʽʚ.  

ɺʠʛʦʪʦʚʣʝʥʦ ʽ ʧʨʦʪʝʩʪʦʚʘʥʦ ʟʨʘʟʢʠ ʚʟʫʪʪʷ. ʉʧʨʦʛʥʦʟʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʽ ʩʫʯʘʩʥʠʭ ʥʝ 

ʩʪʘʥʜʘʨʪʥʠʭ  ʪʝʭʥʽʢ ʘʢʮʝʥʪʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʢʦʣʴʦʨʫ ʥʘ ʛʦʪʦʚʠʡ ʚʠʨʽʙ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʟʫʪʪʷ ʜʘʥʦʛʦ 

ʩʝʛʤʝʥʪʫ,  ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʤʦʜʝʣʽ ʟʘ ʨʘʭʫʥʦʢ ʚʜʘʣʠʭ ʬʦʨʤ ʜʝʪʘʣʝʡ ʟʘʛʦʪʦʚʢʠ, ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ ʚ 

ʮʽʣʦʤʫ ʽ ʟʙʽʣʴʰʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʚʟʫʪʪʷ ʢʨʝʘʪʠʚʥʠʭ  ʫʢʨʘʾʥʩʴʢʠʭ ʜʠʟʘʡʥʝʨʽʚ. 

ʇʝʨʩʧʝʢʪʠʚʘʤʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ ʻ ʧʦʛʣʠʙʣʝʥʝ ʚʠʚʯʝʥʥʷ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ʽ 

ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʽʜʝʡ. 
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EXPERIMENTAL RESEARCH AND GROUPING OF OPERATING STAFF  

OF SEARCH SYSTEMS IN THE SENSE OF STRESS RESISTANCE 
 

In modern information and search automated systems, the main role is played by the human-machine interface for decision-
making based on the detection of objects of a given class in the information field. The human operator, as an element of such an interface, 
carefully reviews the provided information on the information field - the monitor screen, analyzing images of scenes, for example, pictures of 
territories, economic tables, abstract data, etc. Based on the received results of the analysis, the operator forms or chooses from a set of 
alternatives the appropriate decision, for which he mostly bears some responsibility. Such, let's call them primary solutions, can be both final 
and the basis for further functions of this search engine. However, among the factors that in one way or another can negatively affect the 
quality of work of this interface, one of the first places is stress in the form of a collection of micro stresses. The main goal of this study is to 
develop a methodology for the organization of experimental selection of operator personnel based on the study of their behavior under the 
influence of micro-stresses. A human-machine interface model has been developed, which takes into account the change in the functional 
state of the human operator. The presented concept of the difficulty of detecting the object of attention contributed to the development of a 
special sequence of ordinary test images with stressor images included in it, and presented models of the flow of presenting test images to the 
recipient. With the help of descriptive statistics, the parameters of individual boxplot diagrams were determined and the recipient group was 
clustered. Overall, the proposed approach based on the example of the conducted grouping makes it possible to ensure the objectivit y and 
efficiency of the professional selection of applicants for operator specialties. The developed methodology is of practical importance and can 
be used in systems of training, certification and professional selection of operator personnel. 

Keywords: operator activity, time series, stress resistance. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʋ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʧʦʰʫʢʦʚʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʦʩʥʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʣʶʜʠʥʦ-

ʤʘʰʠʥʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʚʠʷʚʣʝʥʥʷ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʣʽ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ 

ʟʘʜʘʥʦʛʦ ʢʣʘʩʫ. ʃʶʜʠʥʘ-ʦʧʝʨʘʪʦʨ ʷʢ ʝʣʝʤʝʥʪ ʪʘʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʫʚʘʞʥʦ ʧʝʨʝʛʣʷʜʘʻ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʣʽ ï 

ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʫ ï ʥʘʜʘʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʘʥʘʣʽʟʫʶʯʠ ʟʦʙʨʘʞʝʥʥʷ ʩʮʝʥ, ʥʘʧʨʠʢʣʘʜ, ʟʥʽʤʢʠ ʪʝʨʠʪʦʨʽʡ, ʝʢʦʥʦʤʽʯʥʽ 

ʪʘʙʣʠʮʽ, ʨʝʬʝʨʘʪʠʚʥʽ ʜʘʥʽ ʪʦʱʦ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʦʧʝʨʘʪʦʨ ʬʦʨʤʫʻ ʘʙʦ ʚʠʙʠʨʘʻ ʟ 

ʤʥʦʞʠʥʠ ʘʣʴʪʝʨʥʘʪʠʚ ʚʽʜʧʦʚʽʜʥʝ ʨʽʰʝʥʥʷ, ʟʘ ʷʢʝ, ʧʝʨʝʚʘʞʥʦ ʥʝʩʝ ʧʝʚʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ. ʊʘʢʽ, ʥʘʟʚʝʤʦ ʾʭ  

ʧʝʨʚʠʥʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʦʩʪʘʪʦʯʥʠʤʠ, ʪʘʢ ʽ ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʬʫʥʢʮʽʡ ʜʘʥʦʾ 

ʧʦʰʫʢʦʚʦʾ ʩʠʩʪʝʤ. ʆʜʥʘʢ, ʩʝʨʝʜ ʯʠʥʥʠʢʽʚ, ʱʦ ʚ ʪʦʡ ʯʠ ʽʥʰʠʡ ʩʧʦʩʽʙ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ 

ʨʦʙʦʪʠ ʮʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʦʜʥʝ ʟ ʧʝʨʰʠʭ ʤʽʩʮʴ ʟʘʡʤʘʻ ʩʪʨʝʩ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʤʽʢʨʦ ʩʪʨʝʩʽʚ. 

ɿʤʽʩʪ ʨʦʙʦʪʠ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʧʝʨʩʦʥʘʣʫ ʪʘʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʫʦʩʦʙʣʶʻ ʩʦʙʦʶ ʧʘʨʫ ʣʶʜʠʥʘ-

ʢʦʤʧôʶʪʝʨ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʣʶʜʠʥʘ-ʦʧʝʨʘʪʦʨ ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʧʝʨʝʛʣʷʜʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʦʙʨʘʞʝʥʴ 

ʩʮʝʥ ʨʝʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʩʠʪʫʘʮʽʾ, ʥʘ ʤʦʥʽʪʦʨʽ ʪʘ ʤʘʻ ʚʠʷʚʠʪʠ ʥʘ ʥʠʭ ʦʙôʻʢʪʠ ʫʚʘʛʠ ʟʘʜʘʥʦʛʦ ʢʣʘʩʫ. ɺʠʷʚʣʝʥʥʷ ʮʠʭ 

ʦʙôʻʢʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʢʦʦʨʜʠʥʘʪ ʩʪʦʩʦʚʥʦ ʟʦʙʨʘʞʝʥʥʷ ʻ ʦʩʥʦʚʥʦʶ ʡʦʛʦ ʟʘʜʘʯʝʶ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʮʠʭ 

ʟʦʙʨʘʞʝʥʴ ʻ ʻʜʠʥʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʜʣʷ ʥʴʦʛʦ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʫ ï ʚʠʟʥʘʯʝʥʠʭ ʢʦʦʨʜʠʥʘʪ 

ʧʦʣʦʞʝʥʥʷ ʚʠʷʚʣʝʥʦʛʦ ʦʙôʻʢʪʘ ï ʦʧʝʨʘʪʦʨ ʧʨʠʡʤʘʻ ʚʽʜʧʦʚʽʜʥʝ ʨʽʰʝʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʦʟʚʠʪʢʦʤ 

ʨʝʘʣʴʥʦʾ ʨʦʙʦʯʦʾ ʩʠʪʫʘʮʽʾ ʦʧʝʨʘʪʦʨ ʥʝʩʝ ʧʝʚʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʘ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʠʷʚʣʝʥʥʷ 

ʘʙʦ ʥʝʩʚʦʻʯʘʩʥʝ ʡʦʛʦ ʚʠʷʚʣʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʝʣʴʤʠ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ɿʘ ʧʝʚʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʥʘʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʾʭ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ 

ʣʶʜʠʥʠ ʩʪʘʻ ʥʝʨʚʦʚʦ ʥʘʧʨʫʞʝʥʠʤ, ʙʣʠʟʴʢʠʤ ʜʦ ʩʪʨʝʩʫ ʽ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʮʝʡ ʩʪʘʥ ʽ ʻ ʤʽʢʨʦʩʪʨʝʩʦʤ. 
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ʄʽʢʨʦʩʪʨʝʩʠ ʧʦʦʜʠʥʮʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʚʽʜʯʫʪʥʽ ʜʣʷ ʣʶʜʠʥʠ, ʘʣʝ ʚ ʩʫʢʫʧʥʦʩʪʽ ʾʭ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʧʦʤʽʪʥʠʤ. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʜʞʝʨʝʣ ʤʽʢʨʦ ʩʪʨʝʩʫ ʚ ʛʘʣʫʟʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʧʦʰʫʢʦʚʠʭ ʤʦʞʝ ʙʫʪʠ ʨʽʟʢʘ ʟʤʽʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ, ʟʫʤʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʶ ʥʝʛʘʡʥʦ ʧʦʪʨ̔ʙʥʦʾ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʟʥʘʯʥʦʛʦ 

ʤʘʩʢʫʚʘʥʥʷ ʰʫʢʘʥʦʛʦ ʦʙôʻʢʪʘ.  

ɺʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʣʶʜʠʥʠ-ʦʧʝʨʘʪʦʨʘ ʱʦʜʦ ʦʧʨʘʮʶʚʘʥʥʷ ʥʘʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ, ʜʦʩʠʪʴ 

ʯʘʩʪʦ ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽ ʧʨʠʚôʷʟʘʥʠʭ ʜʦ ʤʦʤʝʥʪʽʚ ʙʽʞʫʯʦʛʦ ʯʘʩʫ ʩʪʚʦʨʶʻ ʥʝʙʘʞʘʥʠʡ ʯʠʥʥʠʢ 

ʜʝʬʽʮʠʪʫ ʯʘʩʫ. ʊʦʤʫ, ʦʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʦʧʝʨʘʪʦʨʘ ʻ ï çʚʠʷʚʠʪʠ ʥʘ ʮʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʦʙôʻʢʪ ʟʘʜʘʥʦʛʦ ʢʣʘʩʫ 

ʟʘ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʽ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶè. ʊʦʤʫ ʤʝʪʦʜʠ ʚʽʜʙʦʨʫ ʪʘ ʥʘʚʯʘʥʥʷ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʫ ʩʚʦʾʡ 

ʧʨʘʢʪʠʯʥʽʡ, ʪʦʙʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʡ̔, ʯʘʩʪʠʥʽ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʟʥʘʯʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʚ ʩʝʥʩʽ 

ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ. ɼʽʡʩʥʦ, ʩʪʚʦʨʠʪʠ ʪʘʢʽ ʫʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʽ ʙ ʚʠʢʣʠʢʘʣʠ ʫ ʣʶʜʠʥʠ ʟʥʘʯʥʠʡ ʩʪʨʝʩ ʻ 

ʥʝʜʦʧʫʩʪʠʤʠʤ, ʷʢ ʟ ʙʽʦʣʦʛʽʯʥʦʾ, ʪʘʢ ʽ ʶʨʠʜʠʯʥʦʾ (ʢʨʠʤʽʥʘʣʴʥʦʾ)  ʪʦʯʦʢ ʟʦʨʫ, ʭʦʯʘ ʻ ʦʧʠʩʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʚ 

ʷʢʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʨʝʩʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʝʩʠʣʴʥʠʡ ʫʜʘʨ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʷʪʴ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘʢʣʘʜʘʭ, ʽ ʚʦʥʠ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʻ ʟʘʙʦʨʦʥʝʥʠʤʠ. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʦʨʛʘʥʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ 

ʚʽʜʙʦʨʫ ʧʨʝʪʝʥʜʝʥʪʽʚ ʥʘ ʦʧʝʨʘʪʦʨʩʴʢʽ ʧʦʩʘʜʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʧʦʰʫʢʦʚʠʭ ʪʘ ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʦʧʨʘʮʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʩʮʝʥ ʨʝʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʩʠʪʫʘʮʽʡ.  

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɺʧʣʠʚ ʥʘ ʨʝʘʢʮʽʶ ʣʶʜʠʥʠ-ʦʧʝʨʘʪʦʨʘ ʜʝʬʽʮʠʪʫ ʘʙʦ ʥʘʜʣʠʰʢʫ ʥʘʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʧʨʠʡʥʷʪʪʽ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʨʽʰʝʥʴ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ [1]. ʄʦʜʝʣʴ ʧʝʨʝʙʫʚʘʥʥʷ ʪʘ ʚʠʭʦʜʫ ʟʽ ʩʪʨʝʩʫ ʣʶʜʠʥʠ ʦʧʝʨʘʪʦʨʘ 

ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [2], ʘ ʪʘʢʦʞ ʪʫʪ ʧʦʷʩʥʝʥʝ ʥʘʩʪʘʥʥʷ ʥʝʨʚʦʚʦ-ʧʩʠʭʽʯʥʦʛʦ ʧʝʨʝʥʘʧʨʫʞʝʥʥʷ. ʊʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʧʩʠʭʦʜʽʘʛʥʦʩʪʠʢʠ ʩʪʨʝʩʫ ʪʘ ʤʝʪʦʜʠʢʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʧʨʦʮʝʜʫʨʠ, ʝʪʠʢʠ 

ʪʘ ʝʪʘʧʠ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʪʘ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʧʨʠʚʝʜʝʥʽ ʚ [3]. ʈʽʟʥʽ ʘʩʧʝʢʪʠ ʚʧʣʠʚʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʦʧʝʨʘʪʦʨʘ ʪʘ 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʨʘʮʽ ʧʨʠʚʝʜʝʥʦ ʚ [4]. ɺ ʩʪʘʪʪʽ [5] ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʪʨʝʥʽʥʛʫ 

ʦʧʝʨʘʪʦʨʽʚ ʙʝʟʧʝʨʝʨʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʧʨʝʜʤʝʪʥʠʤʠ ʛʘʣʫʟʷʤʠ. ʄʦʞʣʠʚʽʩʪʴ  

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʤʽʨʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʚʘʛʠ ʣʶʜʠʥʠ-ʦʧʝʨʘʪʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʙʣʠʮʴ ʐʫʣʴʪʝ 

ʧʽʜʪʚʝʨʜʞʝʥʘ ʚ [6]. ɺ [7] ʨʦʟʛʣʷʥʫʪʦ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʡʧʨʦʩʪʽʰʽ ʪʘ ʥʝʦʙʭʽʜʥʽ ʧʨʦʮʝʜʫʨʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʪɹʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ ʟʥʘʥʴ ʽ 

ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʪʝʩʪʫ. ɼʦʩʣʽʜʞʝʥʥʷʤ, ʧʨʦʚʝʜʝʥʠʤ ʚ [8], ʫʟʘʛʘʣʴʥʝʥʦ ʩʪʨʫʢʪʫʨʫ ʩʪʨʝʩ-ʪʝʩʪʫ ʪʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ ʰʦʢʦʚʠʭ ʩʮʝʥʘʨʽʾʚ. ʄʝʪʦʶ ʩʪʘʪʪʽ [9] ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʘʩʧʝʢʪʽʚ 

ʧʨʦʚʝʜʝʥʥʷ ʩʪʨʝʩ-ʪʝʩʪʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʪʘ ʬʫʥʢʮʽʡ ʥʘʛʣʷʜʦʚʦʛʦ ʦʨʛʘʥʫ ʚ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʩʪʨʝʩ-

ʪʝʩʪʫʚʘʥʥʷ. ʄʝʪʦʜʠ ʢʽʣʴʢʽʩʥʦʾ ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʩʪʨʝʩʫ ʧʝʨʩʦʥʘʣʫ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ ʧʽʜ ʯʘʩ 

ʘʪʝʩʪʘʮʽʾ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚ [11]. ɺ ʨʦʙʦʪʽ [12] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʠ ʩʪʨʘʪʝʛʽʾ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ ʜʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʚʠʷʚʣʝʥʥʷ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ [13], ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ, ʨʦʟʨʦʙʢʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ʪʝʩʪʫʚʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʚʜʘʥʥʤ̫ʠ.  

ɺ ʧʨʘʮʽ [14] ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʪʨʝʥʘʞʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʥʘʚʯʘʣʴʥʦ-ʪʨʝʥʫʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʩʪʨʽʣʝʮʴʢʦʾ ʟʙʨʦʾ. ʋ 

ʩʪʘʪʪʽ [15] ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʧʨʦʙʣʝʤ ʨʦʟʨʦʙʢʠ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʫ ʚʠʱʽʡ ʰʢʦʣʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ.  

ɺ ʩʪʘʪʪʽ [16] ʦʙˇʨʫʥʪʦʚʘʥʽ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ ʽ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʦʧʝʨʘʪʦʨʽʚ ʧʦʣʽʛʨʘʬʘ. ʆʧʠʩ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ʨʦʟʤʘʭʫ ï ʙʦʢʩʧʣʦʪ ʧʦʜʘʥʦ ʚ [17] ʽ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʩʪʠʩʣʦʛʦ ʦʧʠʩʫ 

ʚʠʙʽʨʢʠ ʜʘʥʠʭ ʜʦʩʪʘʪʥʴʦ ʣʠʰʝ ʧôʷʪʴ ʯʠʩʝʣ, ʘ ʩʘʤʝ ʟʥʘʯʝʥʴ: ʤʝʜʽʘʥʠ, ʧʝʨʰʦʛʦ ʽ ʪʨʝʪʴʦʛʦ ʢʚʘʨʪʠʣʽʚ ʪʘ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʴ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʽʘʛʨʘʤʠ ʙʦʢʩʧʣʦʪ, ʷʢ ʧʨʠʚʝʜʝʥʦ ʚ [18] ʜʘʻ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʰʦʛʦ, ʜʨʫʛʦʛʦ ʽ ʪʨʝʪʴʦʛʦ ʢʚʘʨʪʠʣʽʚ, ʘ ʪʘʢʦʞ ʤʽʞʢʚʘʨʪʠʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʽ ʚʠʢʠʜʽʚ ʚ ʥʘʙʦʨʽ 

ʜʘʥʠʭ. ɸʚʪʦʨʘʤʠ ʋ.ʊ. ʋʠʣʣʠʘʤʩʦʤ ʽ  ɼʞ.ʅ. ʃʘʥʩʦʤ ʨʦʟʨʦʙʣʝʥʦ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʦʨʽʶ ʽ ʧʨʠʢʣʘʜ  ʤʝʪʦʜʫ 

ʽʻʨʘʨʭʽʯʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʩʪʦʩʦʚʥʦ ʩʪʨʝʩʫ ʧʦʢʘʟʘʚ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʫ ʚʽʜʩʫʪʥʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʝʩʦʚʠʭ ʩʪʘʥʽʚ ʣʶʜʠʥʠ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʨʦʙʦʪʠ. ɺ ʦʩʥʦʚʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚʞʝ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʨʝʮʠʧʽʻʥʪ ʟʘʚʝʨʰʠʚ ʨʦʙʦʪʫ. ɿʽʩʪʘʚʣʷʶʯʠ ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʽ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʜʦʩʣʽʜʥʠʢʠ ʨʦʙʣʷʪʴ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʽʩʥʫʚʘʥʥʷ ʩʪʨʝʩʦʚʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ ʪʘ ʧʨʦʚʦʜʷʪʴ ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʧʣʠʚʫ ʥʘ ʥʝʾ ʽʩʥʫʶʯʠʭ ʧʦʜʨʘʟʥʠʢʽʚ ï ʩʪʨʝʩʦʨʽʚ, ʚʞʝ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʥʝʶ ʨʦʙʦʪʠ. 

ɿʘʛʘʣʴʥʘ ʤʦʜʝʣʴ ʧʦʰʫʢʦʚʦʾ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʆʜʥʽʻʶ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʜʘʯ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ 

ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʻ ʟʘʜʘʯʘ ʧʦʰʫʢʫ ʦʙôʻʢʪʽʚ ʟʘʜʘʥʦʛʦ ʢʣʘʩʫ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʥʘʜʘʥʠʭ ʥʘ ʤʦʥʽʪʦʨʽ ʪʘ ʧʨʠʡʥʷʪʪʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʰʝʥʴ ʧʨʠ ʾʭ ʚʠʷʚʣʝʥʥʽ. ʇʨʠ ʮʴʦʤʫ ʣʶʜʠʥʘ ʽ ʢʦʤʧᾷʶʪʝʨ ʬʫʥʢʮʽʦʥʫʶʪʴ ʷʢ ʮʽʣʽʩʥʘ ʩʠʩʪʝʤʘ ʚ 

ʽʩʥʫʶʯʦʤʫ ʨʦʙʦʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʟʘʛʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʝʦʨʽʾ ʩʠʩʪʝʤ ʾʾ ʦʧʠʩʦʚʫ ʤʦʜʝʣʴ 

ʤʦʞʥʘ ʧʦʜʘʪʠ ʪʘʢ. 

ʅʝʭʘʡ ()P t
 
ï ʜʝʷʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʤ ʢʝʨʫʻ ʣʶʜʠʥʘ-ʦʧʝʨʘʪʦʨ ʧʨʦʪʷʛʦʤ ʯʘʩʫ 0, 0Tè øê ú 
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ʜʝ ʯʘʩ { }:0 1 2T t t t t i Ti N= < < < Í, ʘ T  ï ʙʽʞʫʯʠʡ ʯʘʩ. ʉʫʪʴ ʡʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʬʫʥʢʮʽʡ 

ʚʠʨʽʰʝʥʥʷ ʦʧʝʨʘʪʦʨʦʤ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ, ʥʘʧʨʠʢʣʘʜ, ʚʠʷʚʠʚʰʠ ʜʝʷʢʠʡ ʦʙôʻʢʪʘ ʥʘ ʧʨʝʜôʷʚʣʝʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ ʩʮʝʥʠ ʧʨʠʡʥʷʪʠ ʚʽʜʧʦʚʽʜʥʝ ʨʽʰʝʥʥʷ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʻ: ʧʦʰʫʢ ʦʙôʻʢʪʽʚ ʫʚʘʛʠ ʟʘʜʘʥʦʛʦ 

ʢʣʘʩʫ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʩʮʝʥ, ʫʩʫʥʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʚ 

ʧʘʨʘʤʝʪʨʘʭ ʢʝʨʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʦʰʫʢ ʧʦʪʨʽʙʥʠʭ ʜʘʥʠʭ ʚ ʙʘʟʘʭ ʜʦʢʫʤʝʥʪʽʚ, ʨʝʜʘʛʫʚʘʥʥʷ ʪʝʢʩʪʽʚ ʽ ʪ.ʧ., 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʩʚʦʾʤ ʚʠʛʣʷʜʦʤ ʥʘ ʤʦʥʽʪʦʨʽ. 

ɿʤʽʥʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ  ʧʨʦʮʝʩ ()P t  ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʫ ʚ ʤʦʤʝʥʪʠ 0it TÍ . ʆʧʝʨʘʪʦʨ 

ʰʣʷʭʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʚʘʛʠ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʜʘʥʦʾ ʤʥʦʞʠʥʠ ʟʦʙʨʘʞʝʥʴ 

{ }1 2: , , ,i NX x x x x i N= Í , ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʚʦʾ ʥʘʚʠʯʢʠ, ʜʦʩʚʽʜ ʽ ʟʥʘʥʥʷ ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʷʚʠʪʠ ʥʘ ʮʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ ʧʦʪʨʽʙʥʠʡ ʦʙᾷʻʢʪ ʫʚʘʛʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʰʫʢʫ ʽ ʚʠʷʚʣʝʥʥʷ ʪʘʢʦʛʦ ʦʙᾷʻʢʪʘ ʚʽʥ ʜʘʣʽ ʚʠʙʠʨʘʻ, 

ʚʨʘʭʦʚʫʶʯʠ ʤʦʞʣʠʚʽ ʥʘʩʣʽʜʢʠ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ, ʧʨʠʡʤʘʻ ʚʽʜʧʦʚʽʜʥʝ ʨʽʰʝʥʥʷ ʟ ʤʥʦʞʠʥʠ ʨʽʰʝʥʴ 

{ }1 2: , , , ;j MY y y y y j M= Í , ʨʝʘʣʽʟʫʶʯʠ ʡʦʛʦ ʟ ʜʦʧʦʤʦʛʦʶ  ʧʫʣʴʪʘ ʫʧʨʘʚʣʽʥʥʷ. ɿʦʙʨʘʞʝʥʥʷ ʩʠʪʫʘʮʽʡ 

ʥʘ ʤʦʥʽʪʦʨʽ ʤʽʩʪʷʪʴ ʫʩʶ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʥʽʪʦʨʘ ʽ ʦʯʝʚʠʜʥʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʢʝʨʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ()P t .  

ɺ ʧʨʦʮʝʩʽ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʘʭ ()iC C c= , ʘ 

ʩʘʤʝ, ʚ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʩʪʘʥʘʭ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ ʜʦ ʥʝʨʚʦʚʦ-ʧʝʨʝʥʘʧʨʫʞʝʥʦʛʦ. ʎʽ ʩʪʘʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʫʤʦʚʣʝʥʽ, ʷʢ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢ ʽ ʥʘʜʘʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʦʩʦʙʣʠʚʦ ʟʘ ʩʢʣʘʜʥʦʾ ʩʠʪʫʘʮʽʾ, 

ʚ ʷʢʽʡ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʢʝʨʦʚʘʥʠʡ ʧʨʦʮʝʩ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʧʣʠʚʫ ʟ ʙʦʢʫ ʨʦʙʦʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʦʧʝʨʘʪʦʨʘ ʻ ʬʫʥʢʮʽʻʶ ʥʘʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʩʠʪʫʘʮʽʾ, ʱʦ ʚʠʥʠʢʣʘ ʚ 

ʧʨʦʮʝʩʽ  ()P t ,
 
ʪʦʙʪʦ ʻ ʬʫʥʢʮʽʻʶ ( )iC C x= .   

ʉʘʤʝ ʮʷ ʬʫʥʢʮʽʷ ʚʽʜʦʙʨʘʞʘʻ ʚ ʤʦʜʝʣʽ ʣʶʜʠʥʫ ʦʧʝʨʘʪʦʨʘ ʽ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ 

ʦʧʝʨʘʪʦʨʘ ʚ ʡʦʛʦ ʧʝʨʝʙʫʚʘʥʥʽ ʚ ʩʪʘʥʽ ʤʽʢʨʦ ʩʪʨʝʩʫ.   

ɺ ʦʩʥʦʚʽ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʣʝʞʠʪʴ ʧʦʥʷʪʪʷ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʣʘʥʢʘ: çʧʨʦʮʝʩ Ÿ ʤʦʥʽʪʦʨ Ÿ ʦʧʝʨʘʪʦʨ Ÿ 

ʢʦʤʧᾷʶʪʝʨ Ÿ ʨʽʰʝʥʥʷè, ʷʢʽ ʚ ʮʽʣʦʤʫ, ʩʢʣʘʜʘʶʪʴ ʨʘʟʦʤ, ʩʠʩʪʝʤʫ S. ɺ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʠʭ ʪʝʨʤʽʥʘʭ ʥʘ 

ʮʴʦʤʫ ʨʽʚʥʽ ʩʠʩʪʝʤʘ S  ʤʦʞʝ ʙʫʪʠ ʧʨʦʩʪʦ ʽ ʮʽʣʢʦʤ ʧʨʠʨʦʜʥʦ, ʚʠʟʥʘʯʝʥʘ ʷʢ ʜʦʙʫʪʦʢ  

S X YË ³ . 

ɺ ʩʝʥʩʽ ʨʦʟʚʠʪʢʫ ʤʦʜʝʣʽ ʮʴʦʛʦ ʧʣʘʥʫ ʤʥʦʞʠʥʠ X  ʽ Y  ʨʽʟʥʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʧʦʣʦʞʝʥʥʷʤ ʥʘ ʦʩʽ 

ʯʘʩʫ, ʪʦʙʪʦ ʚʦʥʠ ʻ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ʤʦʤʝʥʪʘʤ ʯʘʩʫ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. ɽʣʝʤʝʥʪʠ x XÍ
 
ʻ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʯʘʩʫ 

ʚʝʣʠʯʠʥʘʤʠ (){ }: 1i i iX x x x t , t T, i ,N= ¹ Í = , ʧʨʦʪʝ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ʨʽʰʝʥʴ 

( ){ }: 1j j jY y y y t , t T, j ,M= ¹ Í =   ʟʘʚʞʜʠ ʟʘʧʽʟʥʶʶʪʴʩʷ ʥʘ ʯʘʩ itD , ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʩʫʤʘʨʥʽʡ 

ʪʨʠʚʘʣʦʩʪʽ ʧʦʰʫʢʫ, ʚʠʷʚʣʝʥʥʷ, ʘʥʘʣʽʟʫ, ʚʠʙʦʨʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʜʦ ʤʦʤʝʥʪʫ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦʶ ʢʦʤʘʥʜʦʶ, ʪʦʙʪʦ j i it t t= +D.  

ʉʝʨʝʜʥʽʡ ʯʘʩ ʮʽʻʾ ʟʘʪʨʠʤʢʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʧʨʦʪʷʛʦʤ ʡʦʛʦ ʟʤʽʥʠ. ɺʘʨʪʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʢʦʣʠ ʦʧʝʨʘʪʦʨ ʪʨʠʚʘʣʠʡ ʯʘʩ ï ʪʠʞʥʽ ʽ ʤʽʩʷʮʽ ʚʠʢʦʥʫʻ 

ʧʦʜʽʙʥʽ ʟʘʚʜʘʥʥʷ ʪʘʢʘ ʟʤʽʥʘ ʧʦʢʘʟʥʠʢʘ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʜʦʜʘʪʢʦʤ ʜʦ ʜʽʘʛʥʦʩʪʠʢʠ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ. ɯʥʠhʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʮʴʦʛʦ ʯʘʩʫ ʚʽʜ ʫʤʦʚʥʦʾ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ çʥʦʨʤʠè ʤʦʞʥʘ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʡʦʛʦ ʟʜʦʨʦʚôʷ. 

ʆʩʢ̔ʣʴʢʠ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʠʡ ʽʥʪʝʨʬʝʡʩ ʻ ʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʪʦ ʻ ʩʝʥʩ ʨʦʟʛʣʷʥʫʪʠ ʧʦʚʝʜʽʥʢʫ 

ʦʧʝʨʘʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɺ ʮʴʦʤʫ ʟʘʛʘʣʴʥʦʤʫ ʧʣʘʥʽ ʤʦʚʘ ʡʜʝ ʧʨʦ ʡʦʛʦ ʨʝʘʢʮʽʶ ʥʘ 

ʚʠʷʚʣʝʥʠʡ ʦʙᾷʻʢʪ, ʪʦʯʥʽʰʝ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʘ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ.  ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʚʭʦʜʦʤ ʽ ʚʠʭʦʜʦʤ ʩʠʩʪʝʤʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ, ʚ ʟʘʛʘʣʴʥʽʡ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʪʝʦʨʽʾ ʩʠʩʪʝʤ ʚʚʦʜʷʪʴʩʷ ʧʦʥʷʪʪʷ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʚʭʽʜʥʠʡ ʧʦʜʨʘʟʥʠʢ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ 

ʢʦʞʥʦʾ ʨʦʙʦʯʦʾ ʩʠʪʫʘʮʽʾ, ʪʦʙʪʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʝʢʨʘʥʽ ʜʣʷ ʦʧʝʨʘʪʦʨʘ, ʷʢʠʡ ʧʝʨʝʙʫʚʘʻ ʚ 

ʥʦʨʤʘʣʴʥʦʤʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʩʪʘʥʽ, ʽʩʥʫʻ ʜʚʘ ʪʘʢʠʭ ʚʽʜʦʙʨʘʞʝʥʥʷ: 

- ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

{ }&C X Y t Tt t t tr r= ³ ­ Í:  

 ̔ - ʧʝʨʝʭʦʜʫ ʚ ʽʥʰʠʡ ʩʪʘʥ 

{ }& &C X C t t T t ttt t tt tj j ¡ ¡= ³ ­ Í >¡ ¡ ¡: , . 

ʎʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʘʢ. ʇʝʨʝʙʫʚʘʶʯʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t TÍ  ʚ ʩʪʘʥʽ Ct  ʦʧʝʨʘʪʦʨ 

ʩʧʨʠʡʤʘʻ ʟʦʙʨʘʞʝʥʥʷ x XtÍ  ʽ ʚʠʷʚʣʷʻ ʥʘ ʥʴʦʤʫ ʧʦʪʨʽʙʥʠʡ ʦʙôʻʢʪ, ʘʥʘʣʽʟʫʻ ʩʠʪʫʘʮʽʶ ʽ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ 

y YtÍ , ʚʠʪʨʘʯʘʶʯʠ ʥʘ ʮʝ ʥʦʨʤʘʣʴʥʦ ʧʦʪʨʽʙʥʠʡ ʯʘʩ, ʥʝ ʟʤʽʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʚʽʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ 
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(ʚʽʜʩʫʪʥʷ ʙʫʜʴ-ʷʢʘ ʥʝʨʚʦʚʦ-ʧʩʠʭʽʯʥʘ ʥʘʧʨʫʞʝʥʽʩʪʴ). 

ʗʢɦ ʦ, ʥʘʜʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʪʘʢʠʤ, ʱʦ ʚʽʜʨʘʟʫ ʟʥʘʡʪʠ ʰʫʢʘʥʠʡ ʦʙôʻʢʪ ʥʝ ʚʜʘʻʪʴʩʷ, ʘ ʥʘ 

ʧʦʰʫʢ ʣʽʤʽʪ ʯʘʩʫ ʦʙʤʝʞʝʥʠʡ, ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʧʝʨʝʡʪʠ ʟ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʘʥʫ ʚ ʥʝʨʚʦʚʦ-ʥʘʧʨʫʞʝʥʠʡ, 

ʧʨʦʜʦʚʞʫʶʯʠ ʧʦʰʫʢ ʦʙᾷʻʢʪʘ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚ ʤʦʤʝʥʪ t TÍ  ʦʧʝʨʘʪʦʨ ʥʝ ʚʠʷʚʠʚ ʦʙôʻʢʪ ʽ ʚʽʜʯʫʚʘʻ, 

ʱʦ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ ʟʘʢʽʥʯʫʻʪʴʩʷ ʚʽʥ ʫʩʚʽʜʦʤʣʶʻ ʫʩʶ ʩʢʣʘʜʥʦʩʪʽ ʩʠʪʫʘʮʽʾ, ʽ ʚ ʮʝʡ ʤʦʤʝʥʪ ʚʽʥ  ʤʦʞʝ ʦʪʨʠʤʘʪʠ 

ʰʦʢ. ʎʝʡ ʰʦʢ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʩʪʨʝʩ ʘʙʦ ʤʽʢʨʦ ʩʪʨʝʩ. ʇʦʜʚʽʡʥʠʡ ʯʘʩʦʚʠʡ ʽʥʜʝʢʩ ʦʟʥʘʯʘʻ ʽʥʪʝʨʚʘʣ 

ʯʘʩʫ  t t¡>, ʟʘ ʷʢʠʡ ʦʧʝʨʘʪʦʨ ʧʝʨʝʡʰʦʚ ʟ ʥʦʨʤʘʣʴʥʦʛʦ ʫ ʥʝʨʚʦʚʦ-ʧʩʠʭʽʯʥʠʡ ʩʪʘʥ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ, ʤʦʜʝʣʴ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʷʢ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʧʦʰʫʢʦʚʦʾ ʩʠʩʪʝʤʠ, 

ʤʦʞʥʘ ʧʦʜʘʪʠ ʢʦʨʪʝʞʝʤ 

, , , , ,S X Y C Tr j= . 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʝʦʨʽʾ ʤʥʦʞʠʥ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʶ 

ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʚ ʢʽʣʴʢʽʩʥʦʤʫ ʧʣʘʥʽ ʧʦʜʘʥʽ ʤʥʦʞʠʥʠ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʷʢʠʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʽ ʚʩʽ ʚʦʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʯʘʩʽ. ʂʨʽʤ ʪʦʛʦ, ʚʠʭʦʜʷʯʠ ʟ ʪʘʢʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ 

ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʽʤʽʪʫʶʪʴ ʩʮʝʥʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʦʾ ʨʝʘʣʴʥʦʾ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ.   

ɺʽʜʙʽʨ  ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ 

ʅʝʭʘʡ ʜʦʩʣʽʜʞʝʥʥʶ ʧʽʜʣʷʛʘʻ ʛʨʫʧʘ ʦʧʝʨʘʪʦʨʽʚ, ʘ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ 

ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ. ʇʽʜʛʦʪʦʚʢʫ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʜʽʡʩʥʝʥʦ ʪʘʢ.  

1. ʉʪʚʦʨʝʥʥʷ ʙʘʟʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʪʝʩʪʽʚ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʬʦʨʤʫʶʪʴ ʩʪʚʦʨʶʶʪʴ 

ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪʠ ʽ ʬʦʨʤʫʶʪʴ ʾʭ ʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. ɿʦʙʨʘʞʝʥʥʷ ʚ ʜʘʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʤʽʪʫʶʪʴ ʪʣʦ ʨʦʙʦʯʦʾ 

ʩʮʝʥʠ, ʥʘ ʷʢʝ ʜʦʩʣʽʜʥʠʢ ʚ ʨʫʯʥʫ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ ʚʠʟʥʘʯʘʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ʤʽʩʮʴ, ʚ ʷʢʠʭ 

ʙʫʜʫʪʴ ʣʦʢʘʣʽʟʦʚʘʥʽ ʦʙᾷʻʢʪʠ. ʈʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʘ ʥʘ ʦʜʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʤʘʻ ʙʫʪʠ ʜʦʩʠʪʴ ʣʝʛʢʠʤ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ, ʘ ʥʘ ʽʥʰʠʭ ʩʢʣʘʜʥʠʤ, ʪʦʙʪʦ ʧʨʠʭʦʚʘʥʠʤ, ʘʣʝ ʪʘʢ ʱʦʙ ʡʦʛʦ ʤʦʞʥʘ ʙʫʣʦ ʟʥʘʡʪʠ. ɺʘʞʣʠʚʠʤ 

ʤʦʤʝʥʪʦʤ ʪʫʪ ʻ ʪʝ, ʱʦ ʫʩʽ ʜʝʪʘʣʽ ʦʙôʻʢʪʘ ʥʝ ʙʫʣʠ ʟʘʢʨʠʪʽ, ʪʦʙʪʦ ʦʙôʻʢʪ ʤʘʻ ʚʠʛʣʷʜʘʪʠ ʮʽʣʠʤ.  

ʇʽʩʣʷ ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ, ʦʪʨʠʤʘʥʽ ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪʠ, ʪʝʧʝʨ ʚʦʥʠ ʤʘʶʪʴ ʪʘʢʠʡ ʩʪʘʪʫʩ, ʬʦʨʤʫʶʪʴ ʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʮʝʥ, ʧʝʨʝʚʘʞʥʦ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. ʎʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʝʤʦʥʩʪʨʫʶʪʴ ʢʦʞʥʦʤʫ ʟ ʛʨʫʧʠ 

ʨʝʮʠʧʽʻʥʪʽʚ, ʬʽʢʩʫʶʯʠ ʯʘʩ ʦʧʨʘʮʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʟʦʙʨʘʞʝʥʴ ʢʦʞʥʠʤ ʨʝʮʠʧʽʻʥʪʦʤ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʚʠʟʥʘʯʘʶʪʴ ʪʨʠʚʘʣʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʢʽʣʴʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟ ʯʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʯʘʩ 

ʝʢʩʧʦʟʠʮʽʾ ʟʦʙʨʘʞʝʥʴ.  

ʊʨʠʚʘʣʽʩʪʴ ʪʘʢʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʪʠʥʛʝʥʪʫ ʨʝʮʠʧʽʻʥʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʧʨʦʬʝʩʽʡʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʮʝ ʪʨʠʚʘʣʽʩʪʴ ʟʤʽʥʠ ʘʙʦ ʾʾ ʯʘʩʪʠʥʠ (ʜʨʫʛʘ ʧʦʣʦʚʠʥʘ), ʘ ʜʣʷ ʤʦʣʦʜʠʭ 

ʣʶʜʝʡ ï ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʽʻʾ ʘʙʦ ʜʚʦʭ ʘʢʘʜʝʤʽʯʥʠʭ ʛʦʜʠʥ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʩʮʝʥ 

ʝʢʩʧʦʟʠʮʽʷ ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪʫ ʜʦ ʦʜʥʽʻʾ ï ʜʚʦʭ ʭʚʠʣʠʥ.  

ʋ ʧʨʦʚʝʜʝʥʠʭ ʘʚʪʦʨʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʢʣʶʯʘʣʘ 180 ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ ʟ ʝʢʩʧʦʟʠʮʽʻʶ 

ʢʦʞʥʦʛʦ ʟ ʥʠʭ 30 ʩʝʢ.  

2. ɺʠʟʥʘʯʝʥʥʷ ʧʦʰʫʢʦʚʦʾ ʩʢʣʘʜʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ. ʉʬʦʨʤʦʚʘʥʫ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʢʣʶʯʘʶʪʴ ʚ ʧʨʦʮʝʩ ʧʨʦʬʚʽʜʙʦʨʫ ʯʠ ʥʘʚʯʘʥʥʷ ʛʨʫʧʠ ʨʝʮʠʧʽʻʥʪʽʚ. ʧʦʧʝʨʝʜʥʴʦ ʧʝʨʝʜ  ʥʠʤʠ 

ʧʦʩʪʘʚʣʝʥʘ ʽ ʧʦʷʩʥʝʥʘ ʟʘʜʘʯʘ, ʟʘ ʤʦʞʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʦ ʽʤʽʪʘʮʽʶ ʨʝʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʽ ʩʝʨʝʜʦʚʠʱʘ. ɿʘ 

ʢʦʤʘʥʜʦʶ çʧʫʩʢè ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʫ ʟôʷʚʣʷʶʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪʠ, ʦʧʝʨʘʪʦʨ ʚʠʷʚʠʚʰʠ ʟʘʜʘʥʠʡ ʦʙôʻʢʪ 

ʥʘʪʠʩʢʘʻ ʚʽʜʧʦʚʽʜʥʫ ʢʣʘʚʽʰʫ. ɺ ʤʦʤʝʥʪ ʧʦʷʚʠ ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪʫ ʚʢʣʶʯʘʻʪʴʩʷ ʩʝʢʫʥʜʦʤʽʨ, ʘ ʚ ʤʦʤʝʥʪ 

ʥʘʪʠʩʢʘʥʥʷ ʢʣʘʚʽʰʽ ʦʧʝʨʘʪʦʨ ʡʦʛʦ ʟʫʧʠʥʷʻ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧᾷʶʪʝʨ ʬʽʢʩʫʻ ʯʘʩ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʦʧʝʨʘʪʦʨʦʤ ʽ ʦʙʥʫʣʶʻ ʩʝʢʫʥʜʦʤʽʨ.     

 

 
ʈʠʩ. 1. ʏʘʩ ʧʦʰʫʢʫ ʦʙᾷʻʢʪʽʚ ʚ ʙʘʟʦʚʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 
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ʋʩʽ ʧʨʝʪʝʥʜʝʥʪʠ ʧʨʘʮʶʶʪʴ ʟ ʦʜʥʽʻʶ ʽ ʪʽʻʶ ʞ ʧʦʩʣʽʜʦʚʥʽʩʪʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʜʣʷ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ-

ʪʝʩʪʫ ʙʫʜʝ ʦʪʨʠʤʘʥʘ ʚʠʙʽʨʢʘ ʟʥʘʯʝʥʴ ʯʘʩʫ ʚʠʪʨʘʯʝʥʠʭ ʥʘ ʥʠʭ ʢʦʞʥʠʤ ʦʧʝʨʘʪʦʨʦʤ (ʨʝʮʠʧʽʻʥʪʦʤ). ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʚʠʪʨʘʯʝʥʦʛʦ ʥʠʤʠ  ʥʘ ʦʧʨʘʮʶʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʩʪʫ, ʻ ʬʘʢʪʠʯʥʦ ʯʘʩʦʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʾʭ 

ʧʦʰʫʢʦʚʦʾ ʩʢʣʘʜʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʮʽ ʯʘʩʦʚʽ ʧʦʢʘʟʥʠʢʠ ʻ ʢʽʣʴʢʽʩʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʜʣʷ ʥʠʭ ʤʦʞʥʘ ʚʚʝʩʪʠ 

ʚʽʜʧʦʚʽʜʥʫ ʰʢʘʣʫ ʧʦʰʫʢʦʚʦʾ ʩʢʣʘʜʥʦʩʪʽ ʜʣʷ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ ʣʠʰʝ ʮʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽ ʜʘʥʦʾ ʛʨʫʧʠ 

ʨʝʮʠʧʽʻʥʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʩʚʦʾʤ ʧʦʢʘʟʥʠʢʦʤ. ʅʘ ʨʠʩ. 1 

ʟʦʙʨʘʞʝʥʦ ʜʽʘʛʨʘʤʫ ʯʘʩʽʚ ʧʦʰʫʢʫ ʦʙᾷʻʢʪʘ ʫʚʘʛʠ ʥʘ ʜʝʷʢʽʡ ʧʽʜʤʥʦʞʠʥʽ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ. 

3. ʌʦʨʤʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʪʨʝʩʦʚʠʭ ʧʦʜʽʡ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʦʧʝʨʘʪʦʨ ʷʢʠʡʩʴ ʯʘʩ 

ʦʧʨʘʮʴʦʚʫʻ ʟʦʙʨʘʞʝʥʥʷ ʜʦʩʠʪʴ ʤʘʣʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʘ ʜʘʻʪʴʩʷ ʣʝʛʢʦ ʽ ʚʽʥ ʧʨʠʩʪʦʩʫʚʘʚʩʷ (ʟʚʠʢ) 

ʜʦ ʪʘʢʦʛʦ ʨʝʞʠʤʫ ʧʦʜʘʥʥʷ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ. ʗʢʱʦ ʞ ʨʘʧʪʦʤ ʟôʷʚʠʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʚʠʩʦʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʽ 

ʚʽʜʨʘʟʫ ʚʠʷʚʠʪʠ ʦʙᾷʻʢʪ ʥʝ ʚʜʘʣʦʩʷ ʚʽʥ ʙʫʜʝ ʟʤʫʰʝʥʠʡ ʘʢʪʠʚʽʟʫʚʘʪʠ ʽ ʩʢʦʥʮʝʥʪʨʫʚʘʪʠ ʫʚʘʛʫ ʥʘ ʧʦʰʫʢʫ, ʱʦ ʚ 

ʨʝʞʠʤʽ ʜʝʬʽʮʠʪʫ ʯʘʩʫ, ʥʘʧʨʠʢʣʘʜ ʦʙʤʝʞʝʥʥʷ ʝʢʩʧʦʟʠʮʽʾ ʚ 20 ʩʝʢʫʥʜ, ʩʧʨʠʯʠʥʠʪʴ (ʭʦʯʘ, ʤʦʞʝ, ʽ ʥʽ) ʡʦʤʫ 

ʤʽʢʨʦ ʩʪʨʝʩʦʚʫ ʩʠʪʫʘʮʽʶ. ɺ ʮʴʦʤʫ ʧʣʘʥʽ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʷʢʘ ʙʫʜʝ 

ʩʢʣʘʜʘʪʠʩʷ ʟ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ ʥʠʟʴʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʽ ʚ ʥʝʾ ʚʢʣʶʯʝʥʽ ʢʽʣʴʢʘ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʩʢʣʘʜʥʦʩʪʽ.   

ʆʪʞʝ, ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʠʟʥʘʯʝʥʦ ʧʦʰʫʢʦʚʫ ʩʢʣʘʜʥʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʙʘʟʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʚʽʜʙʠʨʘʶʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʥʘʡʤʝʥʰʦʶ ʧʦʰʫʢʦʚʦʶ ʩʢʣʘʜʥʽʩʪʶ, ʥʘʧʨʠʢʣʘʜ, ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪʠ, ʯʘʩ ʧʦʰʫʢʫ ʷʢʠʭ ʻ 

ʥʘʡʤʝʥʰʠʤ ï ʤʝʥʰʝ 2 ʩʝʢʫʥʜ ʽ ʯʘʩ ʜʣʷ ʷʢʠʭ ʻ ʥʘʡʙʽʣʴʰʠʤ ï ʙʽʣʴʰʝ 18 ʩʝʢʫʥʜ. ɼʘʣʽ ʟ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʤʘʶʪʴ 

ʤʽʥʽʤʘʣʴʥʫ ʩʢʣʘʜʥʩ̔ʪʴ, (ʾʭ ʤʦʞʥʘ ʧʦʚʪʦʨʶʚʘʪʠ, ʘʣʝ ʥʝ ʦʜʠʥ ʟʘ ʦʜʥʠʤ) ʫʢʣʘʜʘʶʪʴ ʥʦʚʫ ʙʘʟʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. 

ɺ ʮʶ ʥʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʢʣʶʯʘʶʪʴ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʧʨʠʥʮʠʧʫ ʨʽʜʢʽʩʥʠʭ ʧʦʜʽʡ, ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪʠ, ʧʦʰʫʢʦʚʘ 

ʩʢʣʘʜʥʽʩʪʴ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ 18 ʩʝʢʫʥʜ. ʆʯʝʚʠʜʥʦ, ʱʦ ʫʩʽ ʟʦʙʨʘʞʝʥʥʷ ʮʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʘʶʪʴ ʙʫʪʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. ɺʠʛʣʷʜ ʬʨʘʛʤʝʥʪʘ ʪʘʢʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2. ɿʥʘʯʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʝʡ ʪʘʢʦʛʦ ʤʽʢʨʦ ʩʪʨʝʩʫ ʤʦʞʥʘ ʧʦʜʘʪʠ ʚʽʜʧʦʚʽʜʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʟʘʛʘʣʴʥʦʛʦ ʩʪʨʝʩʫ. 

  

ɺʘʨʽʘʥʪʠ ʧʦʜʘʥʥʷ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥ  ɹ

ɺ ʟʘʛʘʣʴʥʦʤʫ, ʦʨʛʘʥʽʟʘʮʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʧʦʜʘʪʠ ʪʘʢ.  

ʅʝʭʘʡ ʣʶʜʠʥʽ-ʦʧʝʨʘʪʦʨʫ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʫ ʝʢʩʧʦʥʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ ʟ 

ʦʙô̒ʢʪʘʤʠ ʫʚʘʛʠ ʟʘʜʘʥʦʛʦ ʢʣʘʩʫ ʽ, ʷʢʽ ʦʧʝʨʘʪʦʨ ʤʘʻ ʚʠʷʚʠʪʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʝ ʨʽʰʝʥʥʷ.  ʄʦʤʝʥʪʠ  

ʯʘʩʫ ʾʭʥʴʦʾ ʝʢʩʧʦʟʠʮʽʾ ʪʘ ʧʨʠʡʥʷʪʠʭ ʦʧʝʨʘʪʦʨʦʤ ʨʽʰʝʥʴ  ʬʽʢʩʫʶʪʴʩʷ, ʘ ʾʭʥʽ ʟʥʘʯʝʥʥʷ ʚʢʣʶʯʘʶʪʴʩʷ ʚ 

ʧʨʦʪʦʢʦʣ ʜʦʩʣʽʜʞʝʥʥʷ.   

ʆʩʥʦʚʥʠʤ ʤʦʤʝʥʪʦʤ ʪʫʪ ʻ ʩʧʦʩʽʙ ʝʢʩʧʦʟʠʮʽʾ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ. ʆʪʞʝ, ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʧʦʩʽʙ ʥʘʜʘʥʥʷ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ ʦʧʝʨʘʪʦʨʦʚʽ ʥʘ ʤʦʥʽʪʦʨʽ ʤʦʞʥʘ ʚʢʘʟʘʪʠ ʪʘʢʽ 

ʪʨʠ ʚʘʨʽʘʥʪʠ. ʂʦʞʝʥ ʟ ʥʠʭ ʚʢʣʶʯʘʻ ʧʦ ʜʚʘ ʧʦʪʦʢʠ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʭ ʚ ʯʘʩʽ ʧʦ ʬʨʦʥʪʫ 

ʽʤʧʫʣʴʩʽʚ.  

ʋ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʥʘ ʨʠʩ. 3 ʚʝʨʭʥʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʨʝʛʫʣʷʨʥʦʤʫ ʧʦʪʦʢʫ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ, 

ʱʦ ʧʦʟʥʘʯʝʥʦ ʩʚʽʪʣʠʤʠ ʧʨʷʤʦʢʫʪʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʦʜʥʘʢʦʚʦʾ ʪʨʠʚʘʣʦʩʪʽ ʽ ʘʤʧʣʽʪʫʜʠ. ʊʫʪ ʝʢʩʧʦʟʠʮʽʷ ʪʝʩʪʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʦʜʥʘʢʦʚʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʪʦʙʪʦ ʟʦʙʨʘʞʝʥʥʷ ʩʠʪʫʘʮʽʡ ʧʦʜʘʶʪʴʩʷ ʨʝʛʫʣʷʨʥʦʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ.  

 

 
ʈʠʩ. 2. ɺʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

 

ʅʠʞʥʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʝʤʥʠʭ ʽʤʧʫʣʴʩʽʚ ʚʽʜʧʦʚʽʜʘʻ ʪʨʠʚʘʣʦʩʪʽ ʧʦʰʫʢʫ ʦʙôʻʢʪʘ ʫʚʘʛʠ, ʡʦʛʦ ʚʠʷʚʣʝʥʥʷ 

ʷʢ ʩʘʤʝ ʰʫʢʘʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʮʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʻ ʨʝʟʫʣʴʪʘʪʠ 

ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ-ʦʧʝʨʘʪʦʨʘ, ʪʦʙʪʦ ʢʦʞʥʦʤʫ ʟʨʽʟʫ ʽʤʧʫʣʴʩʫ ʮʴʦʛʦ ʧʦʪʦʢʫ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʢʮʽʷ-ʨʝʟʫʣʴʪʘʪ ʷʢ 

ʤʦʤʝʥʪ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʦʧʝʨʘʪʦʨʦʤ. ʗʢʱʦ ʦʧʝʨʘʪʦʨ ʥʝ ʟʥʘʡʰʦʚ ʥʘ ʟʦʙʨʘʞʝʥʥʽ  ʰʫʢʘʥʠʡ ʦʙôʻʢʪ, ʪʦ ʚ 

ʥʠʞʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʝʤʥʠʡ ʽʤʧʫʣʴʩ ʙʫʜʝ ʚʽʜʩʫʪʥʽʡ. ɺ ʪʘʢʦʤʫ ʛʨʘʬʽʯʥʦʤʫ ʧʦʜʘʥʥʽ ʚʝʨʭʥʽ ʽ ʥʠʞʥʽ ʽʤʧʫʣʴʩʠ 
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ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ ʧʦ ʬʨʦʥʪʫ, ʪʦʙʪʦ ʚ ʤʦʤʝʥʪ ʧʦʷʚʠ ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪʫ ʚʢʣʶʯʘʻʪʴʩʷ ʩʝʢʫʥʜʦʤʽʨ, ʷʢʠʡ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʢʣʶʯʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʦʧʝʨʘʪʦʨʦʤ. 

ʋ ʜʨʫʛʦʤʫ ʚʘʨʽʘʥʪʽ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 4 ʝʢʩʧʦʟʠʮʽʷ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ ʻ ʥʝʨʝʛʫʣʷʨʥʦʶ ʽ ʤʘʻ ʨʽʟʥʫ 

ʪʨʠʚʘʣʽʩʪʴ, ʧʨʦʪʝ ʬʨʦʥʪʠ ʽʤʧʫʣʴʩʽʚ ʚʝʨʭʥʴʦʾ ʽ ʥʠʞʥʴʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʪʘʢʦʞ ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ. ɺ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʧʦʪʦʢʫ ʪʨʠʚʘʣʽʩʪʴ ʧʘʫʟʠ ʤʽʞ ʚʝʨʭʥʽʤʠ ʽʤʧʫʣʴʩʘʤʠ ʤʦʞʝ ʙʫʪʠ 

ʨʽʟʥʦʶ. ʂʨʽʤ ʪʦʛʦ ʤʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ, ʢʦʣʠ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʚʝʨʭʥʴʦʾ ʽ ʥʠʞʥʴʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʻ 

ʦʜʥʘʢʦʚʽ, ʘ ʪʨʠʚʘʣʦʩʪʽ ʧʘʫʟ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ. ʎʝ ʦʟʥʘʯʘʻ ʪʝ, ʱʦ ʧʽʩʣʷ ʧʨʠʡʥʷʪʪʷ ʦʧʝʨʘʪʦʨʦʤ ʨʽʰʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪ ʟʥʠʢʘʻ, ʽ ʚ ʥʘʩʪʫʧʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʦʷʚʣʷʻʪʴʩʷ ʥʘʩʪʫʧʥʝ.   

ʋ ʪʨʝʪʴʦʤʫ ʚʘʨʽʘʥʪʽ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 5, ʝʢʩʧʦʟʠʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ʪʨʠʚʘʻ ʜʦ ʤʦʤʝʥʪʫ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʥʘ ʝʢʨʘʥ ʧʦʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʝ ʟʦʙʨʘʞʝʥʥʷ. ʆʩʪʘʥʥʽʡ ʚʘʨʽʘʥʪ ʩʠʣʴʥʦ ʩʢʦʨʦʯʫʻ ʪʨʠʚʘʣʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʦʙʤʝʞʝʥʦʾ ʙʘʟʠ ʟʦʙʨʘʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʪʨʠʚʘʣʽʩʪʴ ʝʢʩʧʦʟʠʮʽʾ ʨʽʚʥʘ ʪʨʠʚʘʣʦʩʪʽ ʧʦʰʫʢʫ. ɺ 

ʧʝʚʥʦʤʫ ʩʝʥʩʽ, ʮʝʡ ʚʘʨʽʘʥʪ ʤʘʻ ʧʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʘ 

ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʪʝʨʤʽʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʟʚʦʣʷʻ ʦʧʨʘʮʶʚʘʪʠ ʙʽʣʴʰʝ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ. 

 

 

ʈʠʩ. 3. ʈʝʛʫʣʷʨʥʠʡ ʧʦʪʽʢ ʟʦʙʨʘʞʝʥʴ ʪʝʩʪʽʚ. ʊʫʪ 1 2, ,t t ï ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ, ʘ 1 2, ,q q ï ʤʦʤʝʥʪʠ ʧʨʠʧʠʥʝʥʥʷ 

ʝʢʩʧʦʟʠʮʽʾ;  1 2, ,t t ï  ʤʦʤʝʥʪʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʦʧʝʨʘʪʦʨʦʤ 

 

  
ʈʠʩ. 4. ʅʝʨʝʛʫʣʷʨʥʠʡ ʧʦʪʽʢ ʟʦʙʨʘʞʝʥʴ ʪʝʩʪʽʚ 

 

 
ʈʠʩ. 5. ʅʝʨʝʛʫʣʷʨʥʠʡ ʧʦʪʽʢ ʟʦʙʨʘʞʝʥ -ɹʪʝʩʪʽʚ, ʢʝʨʦʚʘʥʠʭ ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʴ 

 

ʈʦʟʛʣʷʥʫʪʽ ʚʘʨʽʘʥʪʠ ʥʘʜʘʥʥʷ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ ʽ ʬʽʢʩʘʮʽʾ ʨʽʰʝʥʴ ʟ ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʥʝ ʻ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʟʘ ʨʝʛʫʣʷʨʥʦʾ ʝʢʩʧʦʟʠʮʽʾ, ʢʦʣʠ ʦʧʝʨʘʪʦʨ ʜʫʞʝ ʰʚʠʜʢʦ ʚʠʷʚʠʚ ʦʙôʻʢʪ ʽ 

ʧʨʠʡʥʷʚ ʨʽʰʝʥʥʷ, ʚ ʥʴʦʛʦ ʟʘʣʠʰʘʻʪʴʩʷ ʜʝʷʢʠʡ ʯʘʩ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʝʢʩʧʦʟʠʮʽʾ ʮʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ 

ʩʧʨʠʯʠʥʶʻ ʧʝʚʥʝ ʨʦʟʩʣʘʙʣʝʥʥʷ ʽ ʚ ʤʦʤʝʥʪ ʧʦʷʚʠ ʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʧʝʨʘʪʦʨ ʨʽʟʢʦ ʤʦʙʽʣʽʟʫʻ ʫʚʘʛʫ ʽ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ.  ʊʘʢʘ ʥʝʨʝʛʫʣʷʨʥʘ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʚʘʛʠ ʽ ʨʦʟʩʣʘʙʣʝʥʥʷ ʻ ʥʝʛʘʪʠʚʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʚ ʦʧʝʨʘʪʦʨʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ. ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʢʦʣʠ ʧʽʩʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʟʨʘʟʫ ʧʦʜʘʻʪʴʩʷ 
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ʥʘʩʪʫʧʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʩʪʽʡʥʝ ʥʝʨʚʦʚʝ ʥʘʧʨʫʞʝʥʥʷ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʝʩʴ ʯʘʩ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʫʚʘʛʠ, ʱʦ ʪʘʢʦʞ ʻ ʥʝʛʘʪʠʚʥʠʤ. ʆʪʞʝ, ʚʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʨʝʞʠʤʫ ʥʘʜʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ ʥʘ ʝʢʨʘʥ ʤʦʥʽʪʦʨʫ ʤʘʻ ʥʝ ʪʨʠʚʽʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʪʨʠʚʘʣʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ɺʽʜʦʙʨʘʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʧʫʣʴʩʥʠʭ ʧʦʪʦʢʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʪʝʤʘʪʠʯʥʫ ʧʦʩʪʘʥʦʚʢʫ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʧʦʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, 

ʟʦʢʨʝʤʘ ʝʢʩʧʦʟʠʮʽʾ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ ʪʘ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʘ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ.     

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʨʘʣʠ ʫʯʘʩʪʴ ʜʝʚô̫ ʪɹ ʨʝʮʠʧʽʻʥʪʽʚ ï ʦʧʝʨʘʪʦʨʽʚ ʟ ʯʠʩʣʘ 

ʩʪʫʜʝʥʪʽʚ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥʦ ʚ ʜʚʘ ʝʪʘʧʠ: ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʦʰʫʢʦʚʫ ʩʢʣʘʜʥʽʩʪʴ 

ʥʘʜʘʥʦʛʦ ʥʘʙʦʨʫ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ, ʘ ʥʘ ʜʨʫʛʦʤʫ ï ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʥʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. ʇʦʯʘʪʢʦʚʠʡ ʦʙʩʷʛ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʪʘʥʦʚʠʚ 180 ʟʦʙʨʘʞʝʥʴ ʪʝʩʪʽʚ, ʷʢʽ ʝʢʩʧʦʥʫʚʘʣʠʩʴ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʪʨʠʚʘʣʽʩʪʶ 30 ʩʝʢʫʥʜ ʟʘ ʪʘʢʠʤ ʧʨʘʚʠʣʦʤ. ʗʢʱʦ ʦʧʝʨʘʪʦʨ ʚʠʷʚʠʚ ʥʘ ʟʦʙʨʘʞʝʥʥʽ-ʪʝʩʪʽ ʟʘʜʘʥʠʡ ʦʙôʻʢʪ ʤʝʥʰ 

ʷʢ ʟʘ 30 ʩʝʢʫʥʜ ʜʘʥʝ ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪ ʚʽʜʨʘʟʫ ʟʘʤʽʥʶʚʘʣʦʩʷ ʥʘʩʪʫʧʥʠʤ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʙôʻʢʪ ʧʨʦʪʷʛʦʤ 30 

ʩʝʢʫʥʜ ʥʝ ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʥʘ ʜʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ-ʪʝʩʪʽ, ʪʦʜʽ ʡʦʛʦ ʟʤʽʥʶʚʘʣʦ ʥʘʩʪʫʧʥʝ ʟ ʮʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ.  

ɺ ʩʝʥʩʽ ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ ï ʷʢʱʦ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʧʝʨʝʚʠʱʫʻ 2/3 ʚʽʜ ʯʘʩʫ 

ʝʢʩʧʦʟʠʮʽʾ ʘʙʦ ʷʢʱʦ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʝʢʩʧʦʟʠʮʽʾ ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪʫ ʦʧʝʨʘʪʦʨ ʥʝ ʚʠʷʚʠʚ ʦʙôʻʢʪ, ʪʦ ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʽʥ ʧʝʨʝʙʫʚʘʚ ʚ ʩʪʘʥʽ ʤʽʢʨʦ ʩʪʨʝʩʫ. ʍʦʯʘ ʪʘʢʘ ʢʘʪʝʛʦʨʠʯʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʭʠʙʥʦʶ, ʧʨʦʪʝ, ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʘʚʪʦʨʠ ʚʚʘʞʘʶʪʴ ʾʾ ʜʦʧʫʩʪʠʤʦʶ. 

ɺ ʷʢʦʩʪʽ ʦʮʽʥʢʠ ʧʦʰʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʚʠʢʦʨʠʩʪʘʥʦ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟ ʤʦʤʝʥʪʫ ʧʦʷʚʠ 

ʟʦʙʨʘʞʝʥʥʷ-ʪʝʩʪʫ ʜʦ ʤʦʤʝʥʪʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʩʪʨʝʩʦʚʦʛʦ ʩʪʘʥʫ, ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ 

ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ ʻ ʧʦʜʽʣʝʥʠʡ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ: ʧʝʨʰʘ 1 ï 20 ʩʝʢʫʥʜ ʽ ʜʨʫʛʘ ï 20 ï 30 ʩʝʢʫʥʜ. ʈʝʻʩʪʨʘʮʽʷ ʯʘʩʫ 

ʧʦhʫʢʫ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʚ ʤʽʣʽʩʝʢʫʥʜʘʭ. ʇʨʦʮʝʜʫʨʘ ʥʘʜʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚʽʜʧʦʚʽʜʘʣʘ ʪʨʝʪʴʦʤʫ ʚʘʨʽʘʥʪʫ ʤʦʜʝʣʽ 

ʽʤʧʫʣʴʩʥʦʛʦ ʧʦʪʦʢʫ, ʪʦʙʪʦ, ʷʢ ʪʽʣʴʢʠ ʦʧʝʨʘʪʦʨ ʧʨʠʡʥʷʚ ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʷʚʣʝʥʠʡ ʦʙôʻʢʪ, ʟʨʘʟʫ ʙʫʣʦ 

ʝʢʩʧʦʥʦʚʘʥʝ ʥʘʩʪʫʧʥʝ ʟ ʜʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ.  ʆʙʩʷʛ  ʥʘʜʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʪʘʥʦʚʠʚ 180 ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ. 

 ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.  

 

ʊʘʙʣʠʮʷ 1 

ʇʘʨʘ- 

ʤʝʪʨʠ 

ʆʧʝʨʘʪʦʨʠ 

1 2 3 4 5 6 7 8 9 

a 10 16 11 18 10 15 11 8 15 

b 17 10 14 13 11 9 7 13 77 

x 24.8 24.1 23.2 23.9 24.2 24.5 24.0 24.4 24.8 

min 20.9 20.3 20.2 20.5 20.2 20.2 20.6 20.9 20.1 

q1 23.2 21.6 20.6 22.4 23.2 21.9 21.6 21.8 23.8 

mode 24.5 24.3 22.6 23.0 24.2 25.2 24.7 23.5 25.0 

q3 26.2 26.1 24.7 25.6 25.9 26.4 26.0 27.8 26.5 

max 29.1 29.3 29.6 29.8 27.7 29.4 26.9 28.4 28.3 

    

ɺ ʷʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʪʫʪ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ: a ï ʢʽʣʴʢʽʩʪʴ ʚʠʷʚʣʝʥʠʭ ʦʙᾷô̒ ʢʪʽʚ ʚ ʤʝʞʘʭ ʩʪʨʝʩʦʚʦʛʦ 

ʯʘʩʫ; b ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʧʫʱʝʥʠʭ ʦʙôʻʢʪʽʚ; x ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʪʨʝʩʦʚʦʛʦ ʯʘʩʫ. ʇʦʢʘʟʥʠʢʠ:  min, q1, mode, 

q2, max ʻ ʧʘʨʘʤʝʪʨʘʤʠ ʜʽʘʛʨʘʤʠ boxplot ʩʪʨʝʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ, ʘ ʩʘʤʝ ʝʢʩʪʨʝʤʫʤʠ, ʢʚʘʨʪʠʣʽ, ʤʦʜʘ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʽʚ ʦʧʠʩʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʝʮʠʧʽʻʥʪʽʚ 

ʥʘ ʨʠʩ. 6 ʟʦʙʨʘʞʝʥʽ ʧʦʙʫʜʦʚʘʥʽ ʙʦʢʩʧʣʦʪ-ʜʽʘʛʨʘʤʠ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʛʨʫʧʠ ʨʝʮʠʧʽʻʥʪʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʚʠʟʥʘʯʝʥʦ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʨʦʟʧʦʜʽʣʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʜʘʥʠʭ.  

ʗʢ  ʧʦʢʘʟʫʶʪʴ ʦʪʨʠʤʘʥʽ ʜʽʘʛʨʘʤʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʨʝʮʠʧʽʻʥʪʘ 3-ʛʦ ʽ ʤʘʡʞʝ 9-ʛʦ, ʚ ʤʝʞʘʭ 

ʤʽʞʢʚʘʨʪʠʣʴʥʦʛʦ ʨʦʟʤʘʭʫ ʻ ʩʠʤʝʪʨʠʯʥʠʤʠ, ʧʨʠʯʦʤʫ ʨʝʮʠʧʽʻʥʪʠ 1, 4, 5 ʽ 8, ʘ ʨʝʮʠʧʽʻʥʪʠ 2, 6 ʽ 7  ʤʘʶʪʴ 

ʣʽʚʦʩʪʦʨʦʥʥʶ ʽ ʧʨʘʚʦʩʪʦʨʦʥʥʶ ʘʩʠʤʝʪʨʽʾ ʚʽʜʧʦʚʽʜʥʦ. ʎʝ ʦʟʥʘʯʘʻ ʪʝ, ʱʦ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʨʷʤʦʢʫʪʥʠʢʘ ʤʘʻ 

ʙʽʣʴʰʫ ʜʠʩʧʝʨʩʽʶ, ʪʦʙʪʦ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʽʥʪʫʾʪʠʚʥʦ ʚʽʜʯʫʚʘʶʯʠ ʟʘʚʝʨʰʝʥʥʷ ʝʢʩʧʦʟʠʮʽʾ ʟʦʙʨʘʞʝʥʥʷ-

ʪʝʩʪʫ ʟʨʦʩʪʘʻ ʭʚʠʣʶʚʘʥʥʷ ʽ ʧʝʚʥʝ, ʧʝʨʝʚʘʞʥʦ ʩʫʪʪʻʚʝ, ʥʝʨʚʦʚʝ ʥʘʧʨʫʞʝʥʥʷ. ɸʚʪʦʨʠ ʧʨʠʧʫʩʢʘʶʪʴ ʩʪʦʩʦʚʥʦ 

ʘʩʠʤʝʪʨʽʾ ʨʦʟʧʦʜʽʣʽʚ ʪʘʢʝ. ɼʣʷ ʣʽʚʦʩʪʦʨʦʥʥʴʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʧʨʷʤʦʢʫʪʥʠʢʘ ʻ ʙʽʣʴʰʦʶ ʽ ʾʡ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʽ ʟʘ ʟʥʘʯʝʥʥʷ ʤʦʜʠ, ʾʭ ʨʦʟʢʠʜ ʤʽʞ ʤʦʜʦʶ ʽ ʪʨʝʪʽʤ ʢʚʘʨʪʠʣʝʤ ʻ ʙʽʣʴʰʠʡ, ʘ ʪʦʤʫ 

ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ ʱʦ ʜʣʷ ʮʠʭ ʨʝʮʠʧʽʻʥʪʽʚ  ʭʘʨʘʢʪʝʨʥʘ ʟʘʧʽʟʥʽʣʽʩʪʴ ʨʝʘʢʮʽʾ. ɼʣʷ ʧʨʘʚʦʩʪʦʨʦʥʥʴʦʾ ʘʩʠʤʝʪʨʽʾ 

ʥʘʚʧʘʢʠ, ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʧʨʷʤʦʢʫʪʥʠʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʯʘʩʫ ʧʦʰʫʢʫ, ʱʦ ʻ ʤʝʥʰʠʤʠ ʟʘ ʟʥʘʯʝʥʥʷ ʤʦʜʠ, 

ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦʶ ʻ ʧʦʢʚʘʧʣʠʚʽʩʪʴ ʨʝʘʢʮʽʾ.    

ʆʪʨʠʤʘʥʽ ʙʦʢʩʧʣʦʪ ʜʽʘʛʨʘʤʠ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʧʝʨʘʪʦʨʽʚ ʚ ʤʝʞʘʭ ʽʥʪʝʨʚʘʣʫ ʩʪʨʝʩʦʚʦʛʦ ʯʘʩʫ. ʎʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʛʽʜʥʦ ʟ ʧʨʠʚʝʜʝʥʦʶ 

ʪʘʙʣʠʮʝʶ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʧʦʢʘʟʫʶʪʴ ʷʢʽʩʪʴ ʧʦʰʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʦʧʝʨʘʪʦʨʽʚ, ʘ ʩʘʤʝ ʢʽʣʴʢʽʩʪʴ ʧʨʦʧʫʱʝʥʠʭ ʪʘ 

ʚʠʷʚʣʝʥʠʭ ʚ ʩʪʨʝʩʦʚʽʡ ʯʘʩʦʚʽʡ ʟʦʥʽ ʟʘʜʘʥʠʭ ʦʙôʻʢʪʽʚ.     

ʇʨʠ ʧʦʙʫʜʦʚʽ ʙʦʢʩʧʣʦʪ ʜʽʘʛʨʘʤʠ ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʠʜʽʚ ʥʝ ʧʨʦʚʦʜʠʚʩʷ ʦʩʢʽʣʴʢʠ ʽʥʪʝʨʚʘʣ  ʟʥʘʯʝʥʴ ʪʫʪ 

ʦʙʤʝʞʝʥʠʡ ʫʤʦʚʦʶ ʚʽʜ 20 ʜʦ 30 ʩʝʢʫʥʜ. ɿ ʨʠʩ. 6 ʤʦʞʥʘ ʚʢʘʟʘʪʠ ʥʘ ʪʘʢʝ, ʷʢʱʦ ʨʦʟʤʽʩʪʠʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʙʦʢʩʧʣʦʪʠ ʚʽʜʥʦʩʥʦ ʤʦʜʠ ʚ ʟʨʦʩʪʘʶʯʦʤʫ ʧʦʨʷʜʢʫ, ʦʪʨʠʤʘʻʤʦ ʾʭ ʨʝʡʪʠʥʛ.    

ʇʨʠ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʬʦʨʤʦʚʘʥʦʾ ʛʨʫʧʠ ʦʧʝʨʘʪʦʨʽʚ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʧʦʜʽʣʫ ʾʭ ʥʘ 
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ʧʽʜʛʨʫʧʠ ʟʘ ʙʣʠʟʴʢʠʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ɺʨʘʭʦʚʫʶʯʠ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ 

ʦʟʥʘʢ ʪʘ ʢʽʣʴʢʽʩʪʴ ʨʝʮʠʧʽʻʥʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʽʜʛʨʫʧ ʟʘʩʪʦʩʦʚʘʥʦ ʽʻʨʘʨʭʽʯʥʠʡ   ʘʛʣʦʤʝʨʘʪʠʚʥʠʡ ʢʣʘʩʪʝʨʥʠʡ 

ʘʥʘʣʽʟ. ɿʘ ʦʟʥʘʢʠ ʙʫʣʠ ʚʟʷʪʽ ʪʘʢʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʨʝʮʠʧʽʻʥʪʽʚ:  ʢʽʣʴʢʽʩʪʴ ʚʠʷʚʣʝʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʤʝʞʘʭ 

ʩʪʨʝʩʦʚʦʛʦ ʯʘʩʫ; ʢʽʣʴʢʽʩʪʴ ʧʨʦʧʫʱʝʥʠʭ ʦʙô̒ ʢʪʽʚ; ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʪʨʝʩʦʚʦʛʦ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʥʘʡʤʝʥʰʝ ʪʘ 

ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚ ʩʪʨʝʩʦʚʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʛʦ ʽ ʪʨʝʪʴʦʛʦ ʢʚʘʨʪʠʣʽʚ ʪʘ 

ʟʥʘʯʝʥʥʷ ʤʦʜʠ. ʆʪʞʝ, ʟʘ ʟʥʘʯʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ ʚʟʷʪʦ ʧʘʨʘʤʝʪʨʠ ʜʽʘʛʨʘʤʠ boxplot ʩʪʨʝʩʦʚʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ.  

 

 
ʈʠʩ. 6.  ɿʦʙʨʘʞʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʜʽʘʛʨʘʤ boxplot 

 

ɼʣʷ ʧʨʦʮʝʜʫʨʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʥʘʯʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ ʙʫʣʠ ʧʨʠʚʝʜʝʥʽ ʜʦ ʽʥʪʝʨʚʘʣʫ [0, 1] ʪʘ 

ʚʠʙʨʘʥʘ ʛʥʫʯʢʘ ʩʪʨʘʪʝʛʽʷ, ʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʨʠʮʽ ʙʣʠʟʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʨʠʢʫ ɽʚʢʣʽʜʘ. 

ʈʝʟʫʣʴʪʘʪ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʫ ʚʠʛʣʷʜʽ ʧʘʨʘʤʝʪʨʽʚ ʜʝʥʜʨʦʛʨʘʤʠ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ ʥʘ ʨʠʩ. 7 

ʟʣʽʚʘ, ʫ ʷʢʽʡ ʧʦʜʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙôʻʜʥʘʥʴ ʦʙôʻʢʪʽʚ ʪʘ ʚʽʜʩʪʘʥʽ, ʟʘ ʷʢʠʤʠ ʧʨʦʚʝʜʝʥʦ ʦʙô̒ʜʥʘʥʥʷ, ʘ ʩʘʤʘ 

ʜʝʥʜʨʦʛʨʘʤʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠʚʝʜʝʥʘ ʥʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʩʧʨʘʚʘ. 

ɺʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʝʥʜʨʦʛʨʘʤʠ ʜʘʻ ʪʘʢʠʡ ʨʝʟʫʣʴʪʘʪ. 

1.  ʅʘ ʨʽʚʥʽ 1.5 ʚʽʟʫʘʣʴʥʦ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʢʣʘʩʪʝʨʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʪʘʢʠʭ ʨʝʮʠʧʽʻʥʪʽʚ: 

- ʢʣʘʩʪʝʨ 1; ʚ ʥʴʦʛʦ ʚʭʦʜʷʪʴ ʨʝʮʠʧʽʻʥʪʠ 2, 6, 4, 3; 

- ʢʣʘʩʪʝʨ 2; ʚʢʣʶʯʘʻ ʨʝʮʠʧʽʻʥʪʽʚ 5, 7, 1, 8; 

- ʢʣʘʩʪʝʨ 3; ʫʪʚʦʨʝʥʠʡ ʣʠʰʝ ʦʜʥʠʤ ʨʝʮʠʧʽʻʥʪʦʤ 9. 

ʇʨʠʯʦʤʫ, ʧʝʨʰʠʡ ʽ ʜʨʫʛʠʡ ʢʣʘʩʪʝʨʠ ʟʘ ʦʜʥʦʨʽʜʥʽʩʪʶ ʨʝʮʠʧʽʻʥʪʽʚ ʧʦʜʽʙʥʽ ʤʽʞ ʩʦʙʦʶ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʠʪʴ ʚʽʜʩʪʘʥʴ ʦʙôʻʜʥʘʥʴ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʚ ʥʠʭ, ʷʢʘ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ 0,6 ï 1,4. 

 
 

ʇʘʨʘʤʝʪʨʠ  ʜʝʥʜʨʦʛʨʘʤʠ 

ʆʙôʻʜʥʘʥʥʷ 

ʦʙᾷʻʢʪʽʚ 

ʅʦʤʝʨ 

ʦʙᾷʻʜʥʘʥʥʷ 

ɺʽʜʩʪʘʥʴ 

ʤʽʞ 

ʦʙᾷʻʢʪʘʤʠ 

2 +6 10 0,494 

5 + 7 11 0,746 

1 + 8 12 0,883 

10 + 4 13 1,000 

12 + 11 14 1,158 

13 + 3 15 1,384 

14 + 9 16 1,822 

5 + 16 17 1,974 

 
ʈʠʩ. 7.  ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʛʨʫʧʠ ʨʝʮʠʧʽʻʥʪʽʚ-ʦʧʝʨʘʪʦʨʽʚ 
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2.  ʈʝʮʠʧʽʻʥʪʠ ʜʦʩʠʪʴ ʩʠʣʴʥʦ ʨʽʟʥʷʪʴʩʷ ʟʘ ʩʚʦʾʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʥʘʡʤʝʥʰʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʧʝʨʘʪʦʨʘʤʠ 2 ʽ 6, ʷʢʘ ʨʽʚʥʘ 0,5 ʟʘ ʰʢʘʣʦʶ ʜʝʥʜʨʦʛʨʘʤʠ ʽ 

ʩʪʘʥʦʚʠʪʴ 25% ʚʽʜʩʦʪʢʽʚ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʰʢʘʣʠ. ʇʘʨʠ 5 ʽ 7 ʪʘ 1 ʽ 8 ʱʝ ʙʽʣʴʰʝ ʨʽʟʥʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʪʘ ʚʽʜ ʧʘʨʠ 2 

ʽ 6. ʈʝʮʠʧʽʻʥʪʠ 4 ʽ 3 ʜʫʞʝ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʘʨʠ 2 ʽ 6, ʭʦʯʘ ʫʩʽ ʚʦʥʠ ʚʭʦʜʷʪʴ ʚ ʦʜʠʥ ʢʣʘʩʪʝʨ. 

3.  ʂʣʘʩʪʝʨ 3 ʟʥʘʭʦʜʠʪʴʩʷ ʦʢʨʝʤʦ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʜʘʣʝʢʦ ʚʽʜ ʧʝʨʰʠʭ ʜʚʦʭ, ʱʦ ʜʦʩʠʪʴ ʟʨʦʟʫʤʽʣʠʤ ʻ ʟ 

ʘʥʘʣʽʟʫ ʧʦʢʘʟʥʠʢʽʚ ʡʦʛʦ ʨʦʙʦʪʠ.   

4.  ɺʽʜʩʪʘʥʴ ʤʽʞ ʮʠʤʠ ʢʣʘʩʪʝʨʘʤʠ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʘ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 1,822 ï 1,974, ʪʦʙʪʦ 

ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʽʜʛʨʫʧʠ ʩʫʪʪʻʚʦ ʨʽʟʥʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ.  

5.  ʗʢʱʦ ʧʦʜʽʣ ʥʘ ʢʣʘʩʪʝʨʠ ʧʨʦʚʝʩʪʠ ʥʘ ʨʽʚʥʽ 0,9 ï 0,95 ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʢʣʘʩʪʝʨʠ ʧʦ ʜʚʘ 

ʦʧʝʨʘʪʦʨʠ ʽ ʪʨʠ ʢʣʘʩʪʝʨʠ ʧʦ ʦʜʥʦʤʫ ʦʧʝʨʘʪʦʨʫ, ʭʦʯʘ ʽ ʚ ʮʠʭ ʧʘʨʘʭ ʦʧʝʨʘʪʦʨʠ ʨʽʟʥʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʜʦʩʠʪʴ 

ʧʦʤ̔ʪʥʦ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʜʽʣ ʛʨʫʧʠ ʦʧʝʨʘʪʦʨʽʚ ʥʘ ʧʨʦʬʝʩʽʡʥʦ ʦʜʥʦʨʽʜʥʽ ʛʨʫʧʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʪʨʝʥʘʞʝʨʘ, ʨʦʟʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ, ʩʮʝʥʘʨʽʾʚ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʴʦ ʦʙô̒ʢʪʠʚʥʫ ʦʮʽʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʚʽʜʙʦʨʫ, ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʚʯʘʥʴ. ʂʨʽʤ ʪʦʛʦ, ʚ ʪʘʢʠʡ ʩʘʤʠʡ ʩʧʦʩʽʙ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʚʝʜʝʥʘ ʘʪʝʩʪʘʮʽʷ ʧʝʨʩʦʥʘʣʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʨʦʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʇʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʦʙʣʠʚʦ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʶʜʠʥʠ ʻ 

ʚʝʣʴʤʠ ʩʢʣʘʜʥʦʶ ʧʨʦʮʝʜʫʨʦʶ, ʷʢʘ ʚʠʤʘʛʘʻ ʩʫʪʪʻʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʨʦʟʨʦʙʢʫ ʟʘʚʜʘʥʴ ʽ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʪʨʝʙʫʻ ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʧʨʦ ʜʘʥʫ ʨʝʘʣʴʥʫ ʦʧʝʨʘʪʦʨʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ, 

ʟʚʝʜʝʥʥʷ ʜʦ ʤʽʥʽʤʫʤʫ ʨʽʟʥʠʮʽ ʤʽʞ ʨʝʘʣʴʥʦʶ ʦʧʝʨʘʪʦʨʩʴʢʦʶ ʜʽʷʣʴʥʽʩʪʶ ʽ ʚʽʜʪʚʦʨʝʥʥʷʤ ʾʾ ʥʘ ʪʨʝʥʘʞʝʨʽ. ʂʨʽʤ 

ʪʦʛʦ, ʚʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʻ ʧʦʚʥʦʪʘ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʜʘʥʠʭ) ʪʘ ʾʭ ʜʦʢʣʘʜʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ.  

ʇʨʠʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ 

ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʫʻ ʨʦʙʦʪʫ ʦʧʝʨʘʪʦʨʘ, ʟʦʢʨʝʤʘ ʬʫʥʢʮʽʻʶ ʧʝʨʝʭʦʜʫ ʚ ʽʥʰʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ, ʦʩʢʽʣʴʢʠ 

ʦʧʝʨʘʪʦʨ ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʪʠʤ ʩʘʤʠʤ ʟʦʙʨʘʞʝʥʥʷʤ, ʷʢʝ ʧʨʠʟʚʝʣʦ ʜʦ ʡʦʛʦ ʩʪʨʝʩʫ.  

ʇʨʦʚʝʜʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʜʝʚôʷʪʴʤʘ ʨʝʮʠʧʽʻʥʪʘʤʠ-ʦʧʝʨʘʪʦʨʘʤʠ, ʟʘ ʩʮʝʥʘʨʽʻʤ ʫ 

ʬʦʨʤʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ-ʪʝʩʪʽʚ, ʥʘʜʘʥʠʭ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʫ ʟʘʙʝʟʧʝʯʠʣʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʫ 

ʚʠʛʣʷʜʽ ʨʝʘʢʮʽʡ ʥʘ ʤʽʢʨʦ ʩʪʨʝʩʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʤʝʪʦʜʘʤʠ: ʦʧʠʩʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ, 

ʚʠʟʥʘʯʝʥʥʷ ʢʚʘʨʪʠʣʽʚ, ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤ ʙʦʢʩʧʣʦʪ ʪʘ ʽʻʨʘʨʭʽʯʥʦʛʦ ʘʛʣʦʤʝʨʘʪʠʚʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʦʪʨʠʤʘʥʦ ʦʙôʻʢʪʠʚʥʝ ʛʨʫʧʫʚʘʥʥʷ ʜʘʥʦʾ ʛʨʫʧʠ ʨʝʮʠʧʽʻʥʪʽʚ.  ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʢʦʞʝʥ ʦʧʝʨʘʪʦʨ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ ʜʽʘʛʨʘʤʦʶ ʙʦʢʩʧʣʦʪ, ʘ ʛʨʫʧʘ ʦʧʝʨʘʪʦʨʽʚ ʟʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʪʝʩʪʫʚʘʥʥʷ ʧʦʜʽʣʝʥʘ ʥʘ ʧʽʜʛʨʫʧʠ. ʎʝ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʠʪʠ ʦʙôʻʢʪʠʚʥʠʡ ʧʨʦʬʝʩʽʡʥʠʡ ʚʽʜʙʽʨ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʧʝʨʩʦʥʘʣʫ. 

ʆʪʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʘ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʝʥʘ ʤʝʪʦʜʠʢʘ 

ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʧʦʪʦʢʫ ʤʽʢʨʦ ʩʪʨʝʩʦʨʽʚ ʥʘ ʧʨʘʢʪʠʯʥʫ 

ʦʧʝʨʘʪʦʨʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ, ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ ʦʮʽʥʢʠ ʮʴʦʛʦ ʷʚʠʱʘ ʪʘ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʢʨʽʧʣʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʦʙʣʝʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ.     
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ASPECTS OF WETTING OF HYDROPHOBIZED SU RFACES TEXTURED BY A 

FEMTOSECOND LASER 
 

Extractive methods of obtaining textured surfaces to ensure superhydrophobic properties must have chemical 
treatment. This work is aimed at determining the influence of the chemical class of modifiers (silanes, perfluorosilanes, 
unsaturated long-chain carboxylic acids and low molecular weight polyethylene wax) and the level of micro- and 
nanotexture organization on the characteristics of surface wetting. The work involved texturing of anodized aluminum with 
a femtosecond laser to create structures. As a result, two types of textured surfaces were obtained: with a regular 
microtexture in the form of columns with a square section, and a disordered fractal nanotexture with a hierarchical 
structure. Chemical treatment of the obtained surfaces was carried out and their effectiveness was evaluated. The study of 
wetting properties of surfaces was carried out by the Zisman method both with individual solvents and with the use of 
mixtures of solvents. As a result of the work, it is shown that the choice of the modifier of aluminum surfaces textured by a 
femtosecond laser plays a decisive role in determining the wetting properties, namely the values of the water wetting angle 
and surface tension, at which the loss of stability of the Cassie state is observed. It is shown that the influence of the chemical 
composition of the modifier is more significant than the dimension of the texture on the surface. In particular, it is shown that 
in the case of using silanes and fluorosilanes, it  is possible to achieve a water contact angle of 155-υϊτЌ ÏÎ ÎÁÎÏÔÅØÔÕÒÅÓȟ 
while the loss of the Cassie state begins below 46-49 mN/m. When using hydrocarbon modifiers, it is possible to achieve the 
same high contact angles with water - υωψЌ ÆÏÒ ÏÌÅÉÃ Ácid, but the stability of such surfaces is much lower - 55-65 mN/m. The 
difference in Cassie state stability between micro- and nanostructures was found to be within the measurement error. 

Keywords:  hydrophobicity, laser texturing, nanotexture, fluorosilane, surface modification. 

 
ʄʀʈʆʅʖʂ ʆʣʝʢʩʽʡ, ɹɸʂʃɸʅ ɼʝʥʠʩ, ɻʃʋʍʆɺʉʔʂʀʁ ɺʣʘʜʠʩʣʘʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

 
ʆʉʆɹʃʀɺʆʉʊɯ ɿʄʆʏʋɺɸʅʅʗ ɻɯɼʈʆʌʆɹɯɿʆɺɸʅʀʍ ʇʆɺɽʈʍʆʅʔ ʊɽʂʉʊʋʈʆɺɸʅʀʍ 

ʌɽʄʊʆʉɽʂʋʅɼʅʀʄ ʃɸɿɽʈʆʄ 

 
ˑ́̎́ ̑̏̂̏̓́ ̠̒̐̑̍̏̃́̎́ ̎́ ̘̠̃̉̈̎́̆̎̎ ̃̐̌̉̃̔ ̨̨̖̘̍̎̏̄̏ ̋̌́̒̔ ̨̨̍̏̅̉̋́̓̏̑̃̕ ̓́ ̨̠̑̃̎ ̨̨̗̩̏̑̄́̎̈́ ̨̍̋̑̏- ̓́ 

̎́̎̏̓̆̋̒̓̔ ̑̉ ̎́ ̨̏̒̏̂̌̉̃̏̒̓ ̘̠̈̍̏̔̃́̎̎ ̖̝̐̏̃̆̑̏̎Ȣ ˠ ̨̑̏̂̏̓ ̂̔̌̏ ̏̅̆̑̇́̎̏ ̅̃́ ̓̉̐̉ ̖̓̆̋̒̓̔̑̏̃́̎̉ ̖̝̐̏̃̆̑̏̎ ̙̠̖̌̏̍ 
̏̂̑̏̂̋̉ ́̎̏̅̏̃́̎̏̄̏ ̨̨̟̟́̌̍̎ ̆̍̓̏̒̆̋̔̎̅̎̉̍̕ ̌́̈̆̑̏̍ȡ ̈ ̠̟̑̆̄̔̌̑̎̏ ̨̟̍̋̑̏̓̆̋̒̓̔̑̏ ̔ ̨̠̃̉̄̌̅ ̨̘̒̓̏̃̐̉̋̃ ̈ ̋̃́̅̑́̓̎̉̍ 
̨̐̆̑̆̑̈̏̍ȟ ̓́ ̠̟̎̆̔̐̏̑̅̋̏̃́̎̏ ̝̑́̋̓́̌̕ ̟̎̏ ̟̎́̎̏̓̆̋̒̓̔̑̏ ̈ ̨̨̤̖̘̟̑́̑̎̏ ̟̒̓̑̔̋̓̔̑̏Ȣ ˑ̨̠̏̒̌̅̇̆̎̎ ̘̝̖̈̍̏̔̃́̌̎̉ 
̃̌́̒̓̉̃̏̒̓̆̊ ̖̏̓̑̉̍́̎̉ ̨̖̍̏̅̉̋̏̃́̎̉̕ ̖̝̐̏̃̆̑̏̎ ̂̔̌̏ ̐̑̏̃̆̅̆̎̏ ̍̆̓̏̅̏̍ ˔̨̒̍́̎́ ̠̋ ̏̋̑̆̍̉̍̉ ̘̑̏̈̉̎̎̉̋́̍̉ȟ ̓́̋ ̨ ̈ 
̠̃̉̋̏̑̉̒̓́̎̎̍ ̨̙̒̔̍̆̊ ̨̘̑̏̈̉̎̎̉̋̃Ȣ ˠ ̨̝̑̆̈̔̌̓́̓ ̑̏̂̏̓̉ ̐̏̋́̈́̎̏ȟ ̏̚ ̨̃̉̂̑ ̨̍̏̅̉̋́̓̏̑́̕ȟ ́ ̒́̍̆ ̊̏̄̏ ̨̨̖̘̖̍̎̉ ̒̋̌́̅ȟ ̨̨̤̃̅̄̑́ 
̨̙̝̃̉̑́̌̎̔ ̝̑̏̌ ̔ ̨̘̃̉̈̎́̆̎̎ ̃̌́̒̓̉̃̏̒̓̆̊ ̘̠̈̍̏̔̃́̎̎ȟ ́ ̒́̍̆ ̘̝̈̎́̆̎ ̋̔̓́ ̘̠̈̍̏̔̃́̎̎ ̟̃̏̅̏ ̓́ ̖̐̏̃̆̑̎̆̃̏̄̏ ̠̎́̓̄̔ȟ ̐̑̉ 
̠̋̏̍̔ ̨̤̝̠̒̐̏̒̓̆̑̄́̓̒ ̃̓̑́̓́ ̨̨̝̒̓́̂̌̎̏̒̓ ̒̓́̎̔ ˗̨́̒̒Ȣ ˔̏̋̑̆̍́ȟ ̐̏̋́̈́̎̏ȟ ̏̚ ̔ ̃̉̐́̅̋̔ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̒̉̌́̎̃ ̓́ 
̨̓̏̑̒̉̌́̎̃̕ ̤̝̠̃̅́̓̒ ̠̅̏̒̄̓̉ ̎́ ̖̎́̎̏̓̆̋̒̓̔̑́ ̋̔̓́ ̘̠̈̍̏̔̃́̎̎ ̟̃̏̅̏ ̃ ̖̍̆̇́ υωω-υϊτЌȟ ̨̓̏̅ ̠̋ ̃̓̑́̓́ ̒̓́̎̔ ˗̨́̒ 
̘̤̝̠̑̏̈̐̏̉̎́̓̒ ̘̎̉̇̆ 46-ψύ ̍˚Ⱦ̍Ȣ ˜̑̉ ̨̃̉̋̏̑̉̒̓́̎̎ ̖̃̔̄̌̆̃̏̅̎̆̃̉ ̨̨̍̏̅̉̋́̓̏̑̃̕ ̍̏̇̌̉̃̆ ̠̠̅̏̒̄̎̆̎̎ ̖̓́̋̉ ̇̆ ̖̃̉̒̏̋̉ 
̋̔ ̨̓̃ ̘̠̈̍̏̔̃́̎̎ ̟̃̏̅̏ - υωψЌ ̔ ̩̩̏̌̆̎̏̃̏ ̋̉̒̌̏̓̉ȟ ́̌̆ ̨̨̝̝̒̓́̂̌̎̒̓ ̖̓́̋̉ ̖̝̐̏̃̆̑̏̎ ̘̈̎́̎̏ ̘̎̉̇́ ɀ 55-ϊω ̍˚Ⱦ̍Ȣ ˏ̠̉̃̌̆̎̏ȟ ̏̚ 
̨̨̨̝̃̅̍̎̎̒̓ ̔ ̨̨̝̒̓́̂̌̎̏̒̓ ̒̓́̎̔ ˗̨́̒̒ ̍ ̨̇ ̨̍̋̑̏- ̓ ́ ̎́̎̏̒̓̑̔̋̓̔̑́̍̉ ̖̝̠̈̎́̏̅̉̓̒ ̃ ̖̍̆̇́ ̖̐̏̉̂̋̉ ̨̟̠̃̉̍̑̃́̎̎Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̨̝̄̅̑̏̏̂̎̒̓̕ȟ ̌́̈̆̑̎̆ ̠̓̆̋̒̓̔̑̔̃́̎̎ȟ ̎́̎̏̓̆̋̒̓̔̑́ȟ ̓̏̑̒̉̌́̎̉̕ȟ ̨̨̗̠̍̏̅̉̋́̕ ̨̖̐̏̃̆̑̎Ȣ 

 

 

Formulation of the problem 

Extractive methods of obtaining textured surfaces, for example, chemical etching, texturing with a 

femtosecond laser, etc. to ensure superhydrophobic properties of such surfaces should be duplicated by the 

following chemical treatment [1]. This can be done through a wide range of common modifiers. Despite the large 

number of works devoted to the preparation of extractable superhydrophobic surfaces, they do not contain a 

structured comparison of the effectiveness of modifiers. This work is aimed at determining the influence of the 

chemical class of modifiers (representatives of the class of silanes and perfluorosilanes, unsaturated long-chain 

carboxylic acids and low molecular weight polyethylene wax) and the level of texture organization (micro and nano) 

on the characteristics of surface wetting are analyzed.  
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Analysis of recent research 

The lotus effect is based on the special topography of the wetted surfaces, which is combined with their 

low self-surface energy [2]. The latter is understood as a relative decrease in the van der Waals potential of the 

surface due to the minimization of polar interactions in the sense of the Owens-Wendt theory. Solid polymeric 

materials with their own surface energy in the range up to 20 mJ/m2, as well as their corresponding thin layers of 

modifiers on more polar surfaces, are suitable for this task [3]. The latter is widely used to reduce the surface energy 

of relatively active materials - metals, oxides, carbonates, silicates, etc., including surfaces obtained by extractive 

texturing, for example, using laser ablation. Silanes and siloxanes [4] as well as carbon chain reactive modifiers [5] 

are used to hydrophobize such surfaces. At the same time, the issue of the influence of certain modifiers on the 

wetting characteristics of hydrophobized structures remains insufficiently studied. 

The aim of this work is to determine what effect brings the use of different kinds of treatment agents of 

silane and functionalized hydrocarbon type on the wetting character and properties of femtosecond laser textured 

surfaces. 

The tasks that were solved to achieve the stated aim were: texturing of anodized aluminum with 

femtosecond lased to obtain micro- and nanoscale structures; chemical treatment of obtained surfaces and 

determination of its effectiveness; study of wetting properties of surfaces using Zisman technique with the 

individual solvents and solvents mixtures. 

Presentation of the main material 

In the work, substrates made of aluminum alloy brand 7500 were used, which were anodized before 

applying textures. The process took place in a solution of 2.4 M sulfuric acid with a lead auxiliary electrode. Anodic 

current parameters: density 2 A/dm2, anodizing time 60 min, solution temperature not higher than 10 ÁC. Next, using 

a femtosecond laser (CARBIDE built into the FREEZER01 system from Evana Technologies, Lithuania), micro- 

and nanostructures were obtained. After texturing, the samples were cleaned by washing in an ultrasonic bath in 

isopropanol. 

Silanes were used as modifiers: n-octyltriethoxysilane (Dynasylan OCTEO, Germany) (hereinafter 

OCTEO) and 1H,1H,2H,2H-Perfluorodecyltrichlorosilane (Alfa Aesar, Germany) (hereinafter POTS) and 

hydrocarbon modifiers: oleic acid (hereinafter OlA) and microcrystalline polyethylene wax (hereinafter PEW). 

Treatment with silanes was carried out in two stages: impregnation of the surfaces in a 1% solution for 30 minutes, 

then evaporation of the solvent and exposure of the plates at a temperature of 135Á for 30 minutes. Treatment with 

hydrocarbon modifiers included only the stage of impregnation in a 1% xylene solution and removal of the solvent 

at 80 ÁC in the oven. 

The value of the water contact angle was measured by the sessile drop method. Water-ethanol mixtures at 

different concentrations were used to determine the critical surface tension [6]. To characterize the surface of the 

sample and determine the value of the contact angle, an optical microscope with a built-in Delta Optical HCDE-50 

camera (China) and the corresponding ScopeTek View software (China) were used. For data reproducibility, five 

points were measured on each sample. 

In the work, two types of textured surfaces were obtained (Fig. 1): 1) a regular microtexture in the form of 

columns with a square cross-section with a side of 30 ɛm and 15 ɛm between them, height 15 ɛm and 2) a 

disordered fractal nanotexture with the sizes of primary elements within tens of nanometers, and their agglomerates 

- tens of micrometers, which allows us to consider this structure as hierarchical. 

 

    
a       b 

Fig. 1. The surface of samples textured by a femtosecond laser: a) microtexture; b) nanotexture 

 

The quality control of the chemical modification was carried out according to the values of the contact 

angle of the obtained surfaces with distilled water until stable values were obtained (Table 1). The values of contact 

angles obtained for all textured samples in the case of using all modifiers are significantly higher than the angles on 

flat surfaces. The presence of this hysteresis indicates the achievement of the Cassie state, in which part of the solid 

surface of the contact is replaced by air. 
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Table 1 

Wettability of textured surfaces 

Texture level Modifier Contact angle, deg. 

- 

PEW 

106 

micro 123 

nano 142 

- 

OlA 

42 

micro 132 

nano 154 

- 

OCTEO 

93 

micro 142 

nano 160 

- 

POTS 

98 

micro 152 

nano 160 

 

An obvious fact is the more pronounced water-repellent ability of surfaces with nanotextures compared to 

microtextures. An unexpected fact is the relatively small difference in the efficiency of silane (OCTEO) and its 

fluorinated equivalent (POTS) on the nanotexture, which, however, becomes obvious on the microtexture, where the 

angle difference is 10Á. The nanotextured surface wetted with oleic acid also exhibits significant water-repellent 

properties, inferior to silanes by only 6Á and remaining superhydrophobic. Polyethylene wax does not fulfill this 

condition, although Cassie state is still preserved. A possible explanation for the decrease in indicators in this case 

may be the fact that this last material is able to change the geometry of the surface of the texture (due to 

crystallization or the formation of an adsorption layer with a significant thickness) in the direction of lower 

efficiency. An interesting fact is the reduced values of wetting angles on the flat surface of anodized aluminum 

coated with oleic acid, which can be explained by the loss of orientation of molecules that are essentially surface-

active and contain both polar and non-polar parts. 

To establish wetting properties, the Zisman method was used, previously described by us in [7]. In contrast 

to flat surfaces, in the case of textured surfaces, the character of the curve changes noticeably (Fig. 2). The curve for 

a textured surface contains a characteristic "shoulder" of hysteresis, which corresponds to the Cassie state, the 

stability of which begins to be lost at certain values of the surface tension of the test liquid. The position of the 

shoulder in the work was determined by the tangent method and for PE wax it is 58 mN/m. The critical surface 

tension of wax is 26 mN/m, which is close to this value in polyethylene [8].  
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Fig. 2. Zisman plot for: 1) micro-textured Al surface coated with PEW; 2) flat aluminum surface coated with PEW 

 

The presence of hysteresis between the curve of the textured surface and the straight flat one draws 

attention. The classic Cassie-Baxter equation can be used to describe its upper part, and the Wenzel equation to 

describe the lower part [9]. 
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The results of determining the point of loss of stability of the Cassie state (Table 2) indicate that the 

chemical composition of the modifier plays a decisive role in the formation of the stability of the Cassie state on 

such surfaces. The use of OCTEO and POTS silanes has a relatively close efficiency with a threshold of maintaining 

stability at the level of 45-50 mN/m regardless of the characteristic size of the structure. The transition to 

hydrocarbon modifiers reduces stability by increasing these values to 55-65 mN/m. 

 

Table 2 

Energy of textured surfaces according to the Zisman method 

Texture level Modifier Surface energy on the "shoulder", mH/m Critical surface energy, mH/m 

Micro 
PEW 

58 42 

Nano 56 44 

Micro 
OIA 

65 41 

Nano 63 47 

Micro 
OCTEO 

48 38 

Nano 49 39 

Micro 
POTS 

46 32 

Nano 49 38 

 

An interesting fact is the small difference between the efficiency of micro- and nanostructures in the sense 

of the stability of the Cassie state, which is within the measurement error. 

Conclusions 

It was shown that the choice of modifier of femtosecond laser-textured anodized aluminum surfaces plays a 

crucial role in determining the wetting properties, namely the values of the water wetting angle and surface tension 

at which loss of Cassie state stability is observed. The influence of the chemical composition of the modifier is more 

significant than even the dimension of the texture. 

In particular, it is shown that in the case of using silanes and fluorosilanes, it is possible to achieve a water 

wetting angle of 155-160Á on nanotextures, and the loss of the Cassie state begins below 46-49 mN/m. When using 

hydrocarbon modifiers, it is possible to achieve the same high wetting angles with water - 154Á for oleic acid, but 

the stability of such surfaces is much lower - 55-65 mN/m. 
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̨̈́̐̉̓̃ȟ ̋̏̑̆̋̓̎̆ ̨̠̃̅̏̂̑́̇̆̎̎ ̖̅́̎̉ȟ ̏̂̑̏̂̋́ ̠̈̏̂̑́̇̆̎̎Ȣ 
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MULTISOURCE INTELLIGENT PARKING ASSISTANT  
 

Problem searching for a parking space is time-consuming and highly relevant both in Ukraine and abroad.  Time spent searching 
for a parking space leads to excessive traffic, more traffic jams, air pollution and increased fuel consumption. These factors also affect the 
daily stress levels of drivers. Due to this, the process of finding a parking space should be fast and convenient. At the same time, there has 
been significant development of real estate in Lviv over the past few years. Accordingly, the need for organizing the process of parking cars of 
residents of residential areas is growing. This paper presents the results of the development of an application for a quick and convenient 
search for a parking space. A review of similar software applications was conducted. Proposed solutions use various technologies to solve the 
problem of searching for a free parking space including IoT, sensors, machine learning for image recognition. Even though they solve the 
problem of searching for a free parking space, most of them can be expensive to implement, maintain, they don't provide the ability to work 
with different data sources. An activity diagram of system is presented and it shows two main flows of the system: displaying the current 
state of parking spaces and displaying parking space by the number of the car entering the territory of the complex. System consists of three 
modules. The first module is responsible for working with different data sources, storing the status of parking spaces, processing requests. 
Image processing module is responsible for determining the occupied and free parking spaces from the image. The third module is 
responsible for the correct display of parking spaces and their statuses. It is also demonstrated how the application works with different data 
sources and ÈÏ× ÅØÃÅÐÔÉÏÎÓ ÁÒÅ ÈÁÎÄÌÅÄȢ 4ÈÅ ÓÙÓÔÅÍ ×ÏÒËÓ ÃÏÒÒÅÃÔÌÙ ÁÎÄ ÈÁÓ Á ̒ÌÅÁÒ ÉÎÔÅÒÆÁÃÅȢ 4ÈÅ ÐÁÒËÉÎÇ ÁÓÓÉÓÔÁnt is a great helper and 
significantly reduces the time required to find a free parking space. 

Keywords: smart city, parking, car, convolutional neural network, application. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɸʚʪʦʤʦʙʽʣʽ ʧʨʦʧʦʥʫʶʪʴ ʩʚʦʙʦʜʫ, ʟʨʫʯʥʽʩʪʴ, ʢʦʤʬʦʨʪ ʪʘ ʧʨʠʥʦʩʷʪʴ ʚʝʣʠʢʫ ʚʠʛʦʜʫ ʩʚʦʾʤ ʚʣʘʩʥʠʢʘʤ. 

ɿʘʨʘʟ ʥʘʣʽʯʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 1.4 ʤʣʨʜ ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʩʚʽʪʽ ʪʘ ʦʯʽʢʫʻʪʴʩʷ ʱʦʨʽʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʮʴʦʛʦ ʯʠʩʣʘ ʥʘ 4 

ʚʽʜʩʦʪʢʠ [1]. ɿʦʢʨʝʤʘ, ʫ ʃʴʚʦʚʽ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ. ʆʙʩʷʛ ʧʝʨʝʤʽʱʝʥʴ 

ʘʚʪʦʤʦʙʽʣʝʤ ʪʝʞ ʧʨʦʜʦʚʞʫʻ ʟʙʽʣʴʰʫʚʘʪʠʩʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʱʦʨʘʟʫ ʜʦ ʪʨʠʚʘʣʽʰʠʭ ʢʦʨʢʽʚ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʠʡ ʨʦʟʚʠʪʦʢ ʥʝʨʫʭʦʤʦʩʪʽ ʫ ʃʴʚʦʚʽ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʢʽʣʴʢʦʭ ʨʦʢʽʚ. ʄʽʩʪʦ 

ʧʦʩʽʜʘʻ ʧʝʨʰʝ ʤʽʩʮʝ ʚ ʋʢʨʘʾʥʽ ʟʘ ʦʙʩʷʛʦʤ ʥʦʚʦʙʫʜʦʚ ʫ 2019 ʨʦʮʽ. ɺ 2019 ʨʦʮʽ ʫ ʃʴʚʦʚʽ ʟôʷʚʠʣʦʩʴ 95 ʙʫʜʠʥʢʽʚ 

ʧʣʦʱʝʶ ʧʦʥʘʜ 1 ʤʣʥ ʤ2 [2]. ɺʽʜʧʦʚʽʜʥʦ ʟʨʦʩʪʘʻ ʽ ʧʦʪʨʝʙʘ ʫ ʥʘʣʝʞʥʠʭ ʤʽʩʮʷʭ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ 

ʤʝʰʢʘʥʮʽʚ ʜʘʥʠʭ ʞʠʪʣʦʚʠʭ ʤʘʩʠʚʽʚ. 

ʋ ʃʴʚʦʚʽ ʚʠʥʠʢʘʻ ʧʦʩʪʽʡʥʘ ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʩʮʴ, ʱʦ ʟʥʘʯʥʦ ʦʙʤʝʞʫʻ ʚʦʜʽʾʚ ʫ 

ʚʠʙʦʨʽ ʜʝ ʟʘʣʠʰʠʪʠ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʧʨʦʪʷʛʦʤ ʜʥʷ, ʟʘʙʠʨʘʻ ʙʘʛʘʪʦ ʯʘʩʫ ʫ ʧʦʰʫʢʘʭ ʚʽʣʴʥʦʛʦ ʧʘʨʢʦʤʽʩʮʷ. 

ʅʘʷʚʥʘ ʧʨʦʙʣʝʤʘ ʽʩʥʫʻ ʽ ʟʘ ʤʝʞʘʤʠ ʋʢʨʘʾʥʠ, ʟʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʥʷ [3] ʧʦhʫʢ ʤʽʩʮʴ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ ʥʘʢʣʘʜʘʻ 

ʟʥʘʯʥʝ ʝʢʦʥʦʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʦʜʽʾʚ ʫ ʉʐɸ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʪʘ ʅʽʤʝʯʯʠʥʽ, ʷʢʽ ʚʠʪʨʘʯʘʶʪʴ 17, 44 ʪʘ 41 

ʛʦʜʠʥʫ ʥʘ ʨʽʢ ʚʽʜʧʦʚʽʜʥʦ ʟʘ ʦʮʽʥʦʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʚ ʮʠʭ ʢʨʘʾʥʘʭ 72,7 ʤʣʨʜ. ʜʦʣʘʨʽʚ, 23,3 ʤʣʨʜ. ʬʫʥʪʽʚ 

ʩʪʝʨʣʽʥʛʽʚ ʪʘ 40,4 ʤʣʨʜ. ʻʚʨʦ. 

ɿʙ̔ ʣʴʰʝʥʥʷ ʯʘʩʫ, ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʧʦʰʫʢ ʤʽʩʮʷ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʡʚʦʛʦ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʙʽʣʴʰʠʭ ʟʘʪʦʨʽʚ, ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ. ʊʘʢʦʞ ʜʘʥʽ ʬʘʢʪʦʨʠ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʱʦʜʝʥʥʠʡ ʨʽʚʝʥʴ ʩʪʨʝʩʫ ʚʦʜʽʾʚ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʤʽʩʮʷ ʧʘʨʢʫʚʘʥʥʷ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʰʚʠʜʢʠʤ ʽ ʟʨʫʯʥʠʤ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɿʚʘʞʘʶʯʠ ʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʧʦʰʫʢʫ ʤʽʩʮʷ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ, ʥʘ ʨʠʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ. ʏʘʩʪʠʥʘ ʧʨʦʜʫʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʦʣʦʛʽʾ IoT, 

ʜʘʪʯʠʢʠ, ʽʥʰʘ ï ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʘʥʘʣʽʪʠʢʫ ʘʙʦ ʚʩʝ ʫ ʢʦʤʧʣʝʢʩʽ. 

ʈʦʟʫʤʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʘʨʢʫʚʘʥʥʷʤ ParkSetup [4] ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʧʘʨʢʫʚʘʥʥʷ 

ʚʣʘʩʥʠʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʢʦʤʽʩʮʴ. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʪʘʢʽ 

ʢʦʤʧʦʥʝʥʪʠ, ʷʢ LED ʜʠʩʧʣʝʡ, ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʜʘʪʯʠʢʠ ʧʘʨʢʫʚʘʥʥʷ, ʱʦ ʟʙʠʨʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʽʩʮʷ ʜʣʷ 

ʧʘʨʢʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, cʚʽʪʣʦʜʽʦʜʥʽ ʽʥʜʠʢʘʪʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʥʘʙʫʚʘʪʠ ʯʝʨʚʦʥʠʡ ʘʙʦ ʟʝʣʝʥʠʡ 

ʢʦʣʽʨ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʚʽʜʦʤʣʷʪʠ ʧʨʦ ʩʪʘʥ ʧʘʨʢʦʤʽʩʮʷ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʩʪʘʥʫ 
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ʧʘʨʢʦʚʢʠ ʪʘ ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ParkSetup ʧʦʪʨʽʙʥʦ ʧʽʜʢʣʶʯʠʪʠ ʙʘʛʘʪʦ ʢʦʤʧʦʥʝʥʪ, 

ʧʨʦʚʝʩʪʠ ʢʘʙʝʣʽ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʩʪʚʦʨʶʚʘʥʘ ʚ ʨʦʙʦʪʽ ʩʠʩʪʝʤʘ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ ʥʝ ʚʠʤʘʛʘʻ ʧʝʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʽ 

ʤʦʞʝ ʽʥʪʝʛʨʫʚʘʪʠʩʴ ʟ ʫʞʝ ʽʩʥʫʶʯʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ. 

ɼʦʜʘʪʦʢ Cleverciti [5] ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʦʟʫʤʥʽ ʜʘʪʯʠʢʠ ʧʘʨʢʫʚʘʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʩʪʦʨʫ ʪʘ 

ʟʙʠʨʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʚʽʣʴʥʽ ʤʽʩʮʷ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɼʘʥʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʨʽʰʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʦʣʦʛʽʾ IoT ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʧʽʜʩʠʩʪʝʤ. ʇʽʜʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʘʨʢʫʚʘʥʥʷʤ 

ClevercitiCirc360 ʟʘʙʝʟʧʝʯʫʻ ʚʢʘʟʽʚʢʠ ʱʦʜʦ ʧʘʨʢʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. Cleverciti ʩʠʩʪʝʤʘ ʜʦʚʦʣʽ 

ʩʢʣʘʜʥʘ ʪʘ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ ʨʽʰʝʥʴ. 

ɺ ʋʢʨʘʾʥʽ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʠʩʪʝʤʫ ʨʦʟʫʤʥʦʛʦ ʧʘʨʢʫʚʘʥʥʷ Smart Parking [6]. ɿʘʧʨʦʧʦʥʦʚʘʥʝ 

ʨʽʰʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʪʘ ʨʦʟʤʽʱʝʥʦʛʦ ʥʘ ʚôʾʟʜʽ ʜʦ ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʫʚʘʥʥʷ LCD ʜʠʩʧʣʝʷ. 

ʉʠʩʪʝʤʘ ʟʘʩʪʦʩʦʚʫʻ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʦʪʨʠʤʘʥʠʭ ʟ ʢʘʤʝʨ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʰʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʚʦʾʤʠ ʧʽʜʭʦʜʘʤʠ, ʦʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʥʝ ʻ ʜʦʩʪʫʧʥʽ ʚ ʋʢʨʘʾʥʽ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʨʦʛʠʤʠ ʚ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. ɺʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʥʽ ʘʩʠʩʪʝʥʪʘ ʧʘʨʢʫʚʘʥʥʷ, 

ʱʦ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʞʠʪʣʦʚʽ ʢʦʤʧʣʝʢʩʠ ʪʘ ʦʪʨʠʤʫʻ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʧʘʨʢʦʚʦʢ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʦʧʨʘʮʴʦʚʫʻ ʾʭ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʪʠʧʫ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʽ ʟʨʫʯʥʦʛʦ ʧʦʰʫʢʫ ʤʽʩʮʷ ʜʣʷ 

ʧʘʨʢʫʚʘʥʥʷ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʆʧʠʩ ʧʨʦʮʝʩʫ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʜʘʥʠʭ. ʑʦʜʥʷ ʪʠʩʷʯʽ ʤʝʰʢʘʥʮʽʚ ʞʠʪʣʦʚʠʭ ʤʘʩʠʚʽʚ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦʜʦʤʫ ʪʘ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ ʧʦʰʫʢʫ ʚʽʣʴʥʦʛʦ ʤʽʩʮʷ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ. ɿʘʟʚʠʯʘʡ, ʻʜʠʥʘ 

ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʥʘʷʚʥʦʩʪʽ ʚʽʣʴʥʠʭ ʪʘ ʟʘʡʥʷʪʠʭ ʧʘʨʢʦ ʤʽʩʮʴ ʚʽʜʩʫʪʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʡʚʦʛʦ ʩʢʫʧʯʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ.  

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩ ʜʽʷʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʤʘʻ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʡ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ɺ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʦ ʟʘʩʪʦʩʫʥʢʫ ʧʦʪʨʘʧʣʷʶʪʴ ʜʘʥʽ ʧʨʦ ʩʪʘʪʫʩ ʧʘʨʢʦʤʽʩʮʴ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ 

ʧʦʪʦʯʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʤʘʩʠʚʫ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʘ ʩʘʤʝ: ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʴ, ʜʘʪʯʠʢʽʚ, ʽʥʰʠʭ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜʟʝʤʥʦʛʦ ʪʘ ʥʘʜʟʝʤʥʦʛʦ ʧʘʨʢʽʥʛʫ. ɼʘʥʽ ʟ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʧʨʘʮʴʦʚʫʶʪʴʩʷ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʥ ʧʘʨʢʦʤʽʩʮʴ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʛʦʨʪʢʦʚʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ. ʇʽʩʣʷ ʮʴʦʛʦ, ʩʪʘʥ ʧʘʨʢʦʤʽʩʮʴ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʟʨʫʯʥʦʤʫ ʚʠʛʣʷʜʽ ʚ ʟʘʩʪʦʩʫʥʢʫ. ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ-ʤʝʰʢʘʥʝʮʴ ʞʠʪʣʦʚʦʛʦ 

ʤʘʩʠʚʫ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦʜʦʤʫ, ʧʨʠ ʚôʾʟʜʽ ʜʦ ʪʝʨʠʪʦʨʽʾ ʞʠʪʣʦʚʦʛʦ ʤʘʩʠʚʫ ʢʘʤʝʨʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʬʽʢʩʫʶʪʴ 

ʥʦʤʝʨ ʘʚʪʦʤʦʙʽʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʡʦʛʦ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤʦʶ. ɺʽʜʧʦʚʽʜʥʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 

ʧʨʦʧʦʥʦʚʘʥʝ ʜʦʩʪʫʧʥʝ ʧʘʨʢʦʤʽʩʮʝ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʧʦʰʫʢʫ 

ʚʽʣʴʥʦʛʦ ʤʽʩʮʷ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʘ UML-ʜʽʘʛʨʘʤʘ ʜʽʷʣʴʥʦʩʪʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ɼʽʘʛʨʘʤʘ 

ʚʽʜʦʙʨʘʞʘʻ ʜʚʘ ʦʩʥʦʚʥʽ ʧʦʪʦʢʠ ʩʠʩʪʝʤʠ: ʨʝʞʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʧʘʨʢʦʤʽʩʮʴ ʪʘ ʨʝʞʠʤ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʘʨʢʦʤʽʩʮʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʦʤʝʨʫ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʟʜʽʡʩʥʶʻ ʚôʾʟʜ ʥʘ ʪʝʨʠʪʦʨʽʶ ʢʦʤʧʣʝʢʩʫ. 

 

 
ʈʠʩ. 1. UML -ʜʽʘʛʨʘʤʘ ʜʽʷʣʴʥʦʩʪʽ 

 

ʄʦʜʫʣʽ ʩʠʩʪʝʤʠ. ʉʪʚʦʨʶʚʘʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ: ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʘ 

ʟʘʧʠʪʽʚ, ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ, ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷ. ɿʜʽʡʩʥʝʥʥʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʟ 

ʥʴʦʛʦ ʩʪʘʥʫ ʧʘʨʢʦʤʽʩʮʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʄʦʜʫʣʴ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ 

ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʤʘʻ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʧʨʦ ʞʠʪʣʦʚʠʡ ʢʦʤʧʣʝʢʩ, ʚʽʜʧʦʚʽʜʥʽ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ. ɼʘʥʠʡ 

ʤʦʜʫʣʴ ʤʘʻ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʟʘʧʠʪʠ ʱʦʜʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ 

ʧʘʨʢʦʤʽʩʮʷ, ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʟʘʧʠʪʠ ʜʦ ʽʥʰʠʭ ʤʦʜʫʣʽʚ, API. ʄʦʜʫʣʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʚʦʣʦʜʽʻ 

ʟʨʦʟʫʤʽʣʠʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʽʥʪʝʨʬʝʡʩʦʤ, ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʘʨʢʦʤʽʩʮʴ ʪʘ ʾʭ ʩʪʘʪʫʩʽʚ. 

ɺʭʽʜʥʽ ʜʘʥʽ. ʅʘ ʚʭʽʜ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ ʨʽʟʥʽ ʬʦʨʤʘʪʠ ʜʘʥʠʭ, ʪʘʢ ʷʢ ʟʘʩʪʦʩʫʥʦʢ ʧʝʨʝʜʙʘʯʘʻ 

ʨʦʙʦʪʫ ʟ ʢʽʣʴʢʦʤʘ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʇʨʠ ʨʦʙʦʪʽ ʟ ʢʘʤʝʨʘʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʠʩʪʝʤʽ ʧʦʜʘʻʪʴʩʷ ʢʘʜʨ 

ʟ ʚʽʜʝʦʧʦʪʦʢʫ. ʇʝʨʝʜ ʧʦʜʘʯʝʶ ʥʘ ʚʭʽʜ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʨʝʛʽʦʥʠ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, 
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ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʛʽʦʥʽʚ ʫ ʚʽʜʪʽʥʢʠ ʩʽʨʦʛʦ ʪʘ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʦʜʥʦʛʦ ʨʦʟʤʽʨʫ. ɯʥʰʠʤ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʜʘʪʯʠʢʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ. ʊʨʠ ʪʠʧʠ ʜʘʪʯʠʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʩʴʦʛʦʜʥʽ, ʚʢʣʶʯʘʶʪʴ ʙʦʢʦʚʽ, ʥʘʟʝʤʥʽ ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ. ɹʫʣʦ ʦʛʣʷʥʫʪʦ ʥʘʙʦʨʠ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴ ʟʘʧʠʩʠ ʟ ʜʘʪʯʠʢʽʚ 

ʪʘ ʟʙʝʨʝʞʝʥʦ ʢʽʣʴʢʘ ʬʘʡʣʽʚ. ʌʘʡʣʠ ʚʢʣʶʯʘʶʪʴ ʪʘʢʽ ʧʦʣʷ, ʷʢ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ, 

ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʧʘʨʢʦ ʤʽʩʮʷ ʪʘ ʩʪʘʪʫʩ ʧʘʨʢʦʤʽʩʮʷ (ʟʘʡʥʷʪʦ, ʚʽʣʴʥʦ). ɼʦ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘʢʦʞ ʥʘʣʝʞʠʪʴ ʟʦʙʨʘʞʝʥʥʷ, 

ʱʦ ʤʽʩʪʠʪʴ ʘʚʪʦʤʦʙʽʣʴ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʚôʾʟʜ ʥʘ ʪʝʨʠʪʦʨʽʶ ʞʠʪʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʇʦʙʫʜʦʚʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʄʦʜʝʣʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʫʻ ʱʦ ʧʦʚʠʥʥʘ ʨʦʙʠʪʠ 

ʩʠʩʪʝʤʘ ʪʘ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʯʝʨʝʟ ʽʻʨʘʨʭʽʶ ʜʽʘʛʨʘʤ ʧʦʪʦʢʽʚ ʜʘʥʠʭ (DFD). DFD ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ, ʷʢʽ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʫ ʩʠʩʪʝʤʽ ʪʘ ʧʦʪʽʢ ʜʘʥʠʭ ʤʽʞ ʥʠʤʠ. ɼʝʪʘʣʽʟʦʚʘʥʘ ʜʽʘʛʨʘʤʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʧʝʨʰʦʛʦ ʨʽʚʥʷ, ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 2, ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ. 

 

 
ʈʠʩ. 2. ɼʝʪʘʣʽʟʦʚʘʥʘ ʜʽʘʛʨʘʤʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʧʝʨʰʦʛʦ ʨʽʚʥʷ 

 

ɼʽʘʛʨʘʤʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʧʝʨʰʦʛʦ ʨʽʚʥʷ ʤʽʩʪʠʪʴ ʜʚʽ ʟʦʚʥʽʰʥʽ ʩʫʪʥʦʩʪʽ, ʯʦʪʠʨʠ ʧʨʦʮʝʩʠ ʪʘ ʦʜʥʝ 

ʩʭʦʚʠʱʝ ʜʘʥʠʭ. ɹʘʟʫʶʯʠʩʴ ʥʘ ʜʽʘʛʨʘʤʽ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʟʘʛʘʣʴʥʽ ʧʦʪʦʢʠ ʜʘʥʠʭ ʫ ʩʠʩʪʝʤʽ. ʇʝʨʰʠʡ ʙʝʨʝ 

ʧʦʯʘʪʦʢ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯʝʤ ʥʘʜʘʻʪʴʩʷ ñʂʘʜʨ ʟ ʚʽʜʝʦʧʦʪʦʢʫ (ʘʚʪʦʤʦʙʽʣʴ)ò, ʱʦ ʤʽʩʪʠʪʴ ʟʦʙʨʘʞʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ñʆʙʨʦʙʢʘ ʢʘʜʨʫò ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʛʦ ʻ ʚʠʟʥʘʯʝʥʠʡ ʥʦʤʝʨ ʊɿ. ɿʘ 

ʥʦʤʝʨʦʤ ʊɿ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ñʇʦʰʫʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʘʨʢʦʤʽʩʮʷò, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ñɼʘʥʽ 

ʧʨʦ ʧʘʨʢʦʚʢʠò. ʗʢ ʨʝʟʫʣʴʪʘʪ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʩʬʦʨʤʦʚʘʥʝ ʚʽʜʧʦʚʽʜʥʝ ʧʘʨʢʦʤʽʩʮʝ. ɺʽʜʧʦʚʽʜʥʝ ʧʘʨʢʦʤʽʩʮʝ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʫ ʟʨʫʯʥʦʤʫ ʬʦʨʤʘʪʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ɼʨʫʛʠʡ ʧʦʪʽʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʝʚʥʦʶ 

ʧʝʨʽʦʜʠʯʥʽʩʪʴ. ɿ ñɼʞʝʨʝʣ ʜʘʥʠʭò ʥʘʜʭʦʜʷʪʴ ʜʘʥʽ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʧʘʨʢʦʤʽʩʮʴ ʫ ʨʽʟʥʠʭ ʬʦʨʤʘʪ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʜʞʝʨʝʣʘ ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ñʆʙʨʦʙʢʘ ʜʘʥʠʭò. ʅʘʩʪʫʧʥʠʡ ʧʨʦʮʝʩ ñʆʥʦʚʣʝʥʥʷ ʩʪʘʥʫ 

ʧʘʨʢʦʤʽʩʮʴò ʦʥʦʚʣʶʻ ʜʘʥʽ ʧʨʦ ʪʝʨʠʪʦʨʽʶ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ ʫ ʩʭʦʚʠʱʽ ʜʘʥʠʭ. ʆʥʦʚʣʝʥʽ ʩʪʘʪʫʩʠ ʧʘʨʢʦʤʽʩʮʴ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʩʠʩʪʝʤʦʶ. 

ʄʦʜʫʣʴ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ. ʉʪʚʦʨʶʚʘʥʘ ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʤʦʜʫʣʴ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʘʚʠʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʟʘʡʥʷʪʠʭ ʪʘ ʚʽʣʴʥʠʭ ʧʘʨʢʦʤʽʩʮʴ ʽʟ ʦʪʨʠʤʘʥʦʛʦ ʢʘʜʨʫ ʟ ʚʽʜʝʦʧʦʪʦʢʫ. 

ɼʘʥʠʡ ʤʦʜʫʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʛʦʨʪʢʦʚʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ. ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (CNN) ʻ ʥʝʡʨʦʥʥʠʤʠ 

ʤʝʨʝʞʘʤʠ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʱʦ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʥʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ CNN ʜʦʩʷʛʘʶʪʴ ʢʨʘʱʦʾ 

ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʫ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ [7]. ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʟʛʦʨʪʢʦʚʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ 

LeNet-5. ɸʨʭʽʪʝʢʪʫʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʝʤʠ ʰʘʨʽʚ: ʪʨʠ ʰʘʨʠ ʟʛʦʨʪʢʠ, ʜʚʘ ʘʛʨʝʛʫʚʘʣʴʥʠʭ ʰʘʨʠ, ʜʚʘ ʧʦʚʥʽʩʪʶ 

ʟ'ʻʜʥʘʥʠʭ ʰʘʨʠ ʪʘ ʚʠʭʽʜʥʠʡ ʰʘʨ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʣʦ ʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʽ ʯʠ 

ʧʦʪʦʯʥʝ ʧʘʨʢʦʤʽʩʮʝ ʟʘʡʥʷʪʝ ʘʙʦ ʚʽʣʴʥʝ, ʪʦʙʪʦ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟ ʥʘʷʚʥʠʤʠ ʜʚʦʤʘ ʢʣʘʩʘʤʠ. 

ʆʙʨʘʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ CNRPark + EXT [8], ʱʦ ʤʽʩʪʠʪʴ ʧʨʠʙʣʠʟʥʦ 150 000 ʟʦʙʨʘʞʝʥʴ ʟ ʨʽʟʥʠʤ ʩʪʘʥʦʤ 

ʧʘʨʢʦʤʽʩʮʴ. ɺ ʜʘʪʘʩʝʪʽ ʥʘʷʚʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʟʙʠʨʘʣʠʩʴ ʚ ʩʦʥʷʯʥʫ ʧʦʛʦʜʫ, ʜʦʱʦʚʫ ʪʘ ʧʦʭʤʫʨʫ ʜʝʚôʷʪʴʤʘ 

ʢʘʤʝʨʘʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʨʽʟʥʠʡ ʢʫʪ ʦʛʣʷʜʫ ʪʘ ʧʝʨʩʧʝʢʪʠʚʫ. ɿʦʙʨʘʞʝʥʥʷ ʤʽʩʪʷʪʴ 

ʧʝʨʝʰʢʦʜʠ ʫ ʚʠʛʣʷʜʽ ʛʽʣʦʢ ʜʝʨʝʚ, ʣʽʭʪʘʨʽʚ ʪʘ ʚʢʣʶʯʘʶʪʴ ʨʽʟʥʝ ʦʩʚʽʪʣʝʥʥʷ. CNRPark + EXT ʦʨʽʻʥʪʦʚʘʥʠʡ ʜʣʷ 

ʚʽʟʫʘʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʟʘʡʥʷʪʦʩʪʽ ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ. ɹʫʣʦ ʦʙʨʘʥʦ ʜʘʥʽ ʟ ʢʘʤʝʨʠ ˉ5. ʈʦʟʤʽʨ ʜʘʪʘʩʝʪʫ 

ʩʪʘʥʦʚʠʪʴ 6056 ʟʦʙʨʘʞʝʥʴ, ʪʨʝʥʫʚʘʣʴʥʘ ʚʠʙʽʨʢʘ 4523 ʟʦʙʨʘʞʝʥʥʷ, ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ 1533 ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ 

ʪʨʝʥʫʚʘʥʥʷ ʦʙʨʘʥʦ ʬʫʥʢʮʽʶ ʚʪʨʘʪ ʧʝʨʝʭʨʝʩʥʫ ʝʥʪʨʦʧʽʶ, ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ ɸʜʘʤʘ ʟ ʢʨʦʢʦʤ ʥʘʚʯʘʥʥʷ 1ʝ-3 

[9]. ʂʽʣʴʢʽʩʪʴ ʝʧʦʭ ʩʪʘʥʦʚʠʪʴ 5. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ 96 % ʥʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ. 

ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʤʦʜʝʣʽ ʥʘ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3. 

ɿʘʩʦʙʠ ʨʦʟʨʦʙʢʠ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʟʥʽ ʟʘʩʦʙʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʪʚʦʨʶʚʘʥʠʭ ʤʦʜʫʣʽʚ. ʆʩʥʦʚʥʦʶ ʤʦʚʦʶ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʟʘʩʪʦʩʫʥʢʫ 

(ʤʦʜʫʣʷ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ) ʻ Java. Java ï ʥʘʡʧʦʧʫʣʷʨʥʽʰʘ ʤʦʚʘ ʚʝʙ-ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʚʤʽʩʪʫ ʚʝʙ-ʩʘʡʪʽʚ, ʽʛʦʨ, ʧʨʦʛʨʘʤ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʣʷ ʜʦʜʘʚʘʥʥʷ, ʧʝʨʝʛʣʷʜʫ ʪʘ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ MySQL Server. ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʤʦʜʫʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ (ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ ʟʘʩʪʦʩʫʥʢʫ) ʚʠʢʦʨʠʩʪʘʥʦ ʙʽʙʣʽʦʪʝʢʫ JavaScript ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ï React.js. ɹʽʙʣʽʦʪʝʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʜʥʦʩʪʦʨʽʥʢʦʚʠʭ 
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ʜʦʜʘʪʢʽʚ, ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʢʦʤʧʦʥʝʥʪʠ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʄʦʜʫʣʴ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʧʘʨʢʦʤʽʩʮʴ ʽʟ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ. ʉʴʦʛʦʜʥʽ ʻ 

ʙʘʛʘʪʦ ʙʽʙʣʽʦʪʝʢ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʪʨʝʥʫʚʘʪʠ ʤʦʜʝʣʽ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɹʫʣʦ ʦʙʨʘʥʦ ʙʽʙʣʽʦʪʝʢʫ PyTorch, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʘʥʜʦʶ ʽʟ Facebook. API, ʱʦ ʧʦʚʝʨʪʘʻ ʧʝʨʝʜʙʘʯʝʥʥʷ 

ʤʦʜʝʣʽ, ʩʪʚʦʨʝʥʦ ʥʘ ʤʦʚʽ Python ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʫ Flask ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ. 

 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʤʦʜʝʣʽ ʜʣʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ 

 

ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ. ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʩʠʩʪʝʤʠ ʚʠʢʦʥʘʥʦ ʟʘʧʠʪ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʩʪʘʥʫ ʧʘʨʢʦʤʽʩʮʴ ʟʦʥʠ 

ʧʘʨʢʫʚʘʥʥʷ ˉ 1, ʜʘʥʽ ʧʨʦ ʷʢʫ ʥʘʜʭʦʜʷʪʴ ʟ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʩʪʦʨʽʥʢʘ ʟʘʩʪʦʩʫʥʢʫ 

ʦʥʦʚʠʣʘʩʴ ʽ ʧʨʘʚʠʣʴʥʦ ʚʽʜʦʙʨʘʞʘʻ ʩʪʘʥ ʧʘʨʢʦʤʽʩʮʴ. ʂʽʣʴʢʽʩʪʴ ʟʘʡʥʷʪʠʭ ʤʽʩʮʴ ʩʪʘʥʦʚʠʪʴ 8, ʘ ʚʽʣʴʥʠʭ 38. 

ɺʽʜʦʙʨʘʞʝʥʥʷ ʧʦʚʪʦʨʶʻ ʢʘʨʪʫ ʟʦʥʠ ʧʘʨʢʫʚʘʥʥʷ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʢʦʨʠʩʪʫʚʘʯʝʤ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʧʘʥʝʣʴ 

ʤʽʩʪʠʪʴ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʦʤʝʨ ʪʘ ʪʠʧ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ. ɯʢʦʥʢʠ ʤʘʰʠʥ ʧʦʟʥʘʯʘʶʪʴ ʢʦʣʽʨ ʽ 

ʩʪʘʪʫʩ ʧʘʨʢʦʤʽʩʮʴ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʦʟʥʘʡʦʤʣʶʻʪʴʩʷ ʟ ʩʠʩʪʝʤʦʶ ʚʧʝʨʰʝ. 

ɹʫʣʦ ʦʛʣʷʥʫʪʦ ʨʝʞʠʤ ʩʠʩʪʝʤʠ ʧʨʠ ʧʝʨʽʦʜʠʯʥʦʤʫ ʦʥʦʚʣʝʥʽ ʩʪʘʥʫ ʧʘʨʢʦʤʽʩʮʴ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ. 

ɯʥʰʠʤ ʨʝʞʠʤʦʤ ʻ ʚôʾʟʜ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʪʝʨʠʪʦʨʽʶ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ, ʢʦʣʠ ʫ ʟʘʩʪʦʩʫʥʢʫ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 

ʨʝʢʦʤʝʥʜʦʚʘʥʝ ʤʽʩʮʝ. ʗʢʱʦ ʥʦʤʝʨ ʘʚʪʦʤʦʙʽʣʷ ʚʠʟʥʘʯʝʥʦ ʽ ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ ʪʦ ʩʠʩʪʝʤʘ 

ʚʽʜʦʙʨʘʟʠʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʝ ʧʘʨʢʦʤʽʩʮʝ ʷʢ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4. 

 

 
ʈʠʩ. 4. ɯʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʠ ʚ ʨʝʞʠʤʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʤʽʩʮʷ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ 

 

ʆʜʥʘʢ ʙʫʚʘʶʪʴ ʩʠʪʫʘʮʽʾ, ʱʦ ʧʨʠ ʧʦʛʘʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚʘʭ ʥʦʤʝʨ ʘʚʪʦʤʦʙʽʣʷ ʥʝ ʙʫʜʝ ʨʦʟʧʽʟʥʘʥʦ ʘʙʦ 

ʚôʾʟʜ ʥʘ ʪʝʨʠʪʦʨʽʶ ʢʦʤʧʣʝʢʩʫ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʘʚʪʦʤʦʙʽʣʴ, ʱʦ ʥʝ ʥʘʣʝʞʠʪʴ ʜʦ ʮʴʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʚ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʦʶ ʙʫʜʝ ʚʠʚʝʜʝʥʝ ʚʽʜʧʦʚʽʜʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʚʠʢʣʶʯʥʫ ʩʠʪʫʘʮʽʶ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʟʘʩʪʦʩʫʥʦʢ ʜʣʷ ʰʚʠʜʢʦʛʦ ʽ ʟʨʫʯʥʦʛʦ ʧʦʰʫʢʫ ʤʽʩʮʷ 

ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ. ʉʪʚʦʨʝʥʘ ʩʠʩʪʝʤʘ ñɸʩʠʩʪʝʥʪ ʧʘʨʢʫʚʘʥʥʷò ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʤʦʜʫʣʽʚ ʪʘ ʬʫʥʢʮʽʦʥʫʻ ʚ ʜʚʦʭ 

ʨʝʞʠʤʘʭ, ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʞʠʪʣʦʚʽ ʢʦʤʧʣʝʢʩʠ, ʦʪʨʠʤʫʻ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʧʘʨʢʦʚʦʢ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʷʢ ʢʘʤʝʨʠ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʜʘʪʯʠʢʠ, ʦʧʨʘʮʴʦʚʫʻ ʾʭ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ. ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ ʧʨʠʣʝʛʣʠʭ ʜʦ ʞʠʪʣʦʚʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʚʝʙ-ʢʘʤʝʨʠ, ʜʘʪʯʠʢʠ. 
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CHANNEL  MODELING OF THE OTH OPTICAL TRANSMISSION SYSTEM  

WITH QUADRATURE AMPLITUDE MODULATION  
 

The rapid development of services for providing broadband access to the Internet and multimedia content delivery services 
required the widespread use of fiber optic transmission systems (FOTS) for the transmission of digital traffic. The transmitter signal passes 
through an optical line, which includes optical fiber and optical amplifiers. In the optical fiber, linear and nonlinear distortions are 
introduced into the signal, and optical amplifiers generate additive noise of amplified spontaneous emission. In this paper, we develop a 
model of the optical channel of OTH system with QAM modulation, which takes into account linear and nonlinear distortions of the optical 
propagation medium and additive noise of the amplified spontaneous radiation of optical amplifiers. To obtain accurate results, the method 
of simulation modeling was used. The block diagram of the developed model contains a transmitter, an optical line and a coherent receiver of 
the optical signal. The expression for the time form of the electric field intensity of the optical signal at the transmitter output is given. 
Modeling of the optical fiber was performed by the split step Fourier method. The noise of the amplified spontaneous emission of optical 
amplifiers was formed in the frequency domain by means of the Fourier transform operation. 

The quality of the optical channel was estimated by calculating the average value of the Q-factor of the optical signal at the 
receiver output. The dependence of the Q-factor from the number of sections of the optical line and the power level of the optical signal was 
obtained. It is shown that to maximize the quality characteristics of the optical channel, the optimal value of the signal power should be used. 
The comparison of the obtained results with the data from specialized software products is carried out. Sufficient accuracy of the proposed 
model was demonstrated. It is recommended to use the developed channel model in the design of new and modernization of existing 
fragments of networks based on OTH systems with QAM modulation. 

Keywords: simulation model, distortion, optical channel, quadrature amplitude modulation 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʐʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʧʦʩʣʫʛ ʟ ʥʘʜʘʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʪʘ ʩʝʨʚʽʩʽʚ 

ʜʦʩʪʘʚʢʠ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ ʧʨʠʚʽʚ ʜʦ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʯʽ (ɺʆʉʇ) ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʪʨʘʬʽʢʫ. ʉʴʦʛʦʜʥʽ ʥʘ ʜʽʣʷʥʮʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɺʆʉʇ ʦʧʪʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʻʨʘʨʭʽʾ (OTH), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʮʠʬʨʦʚʽ 

ʪʨʘʢʪʠ ʽʟ ʰʚʠʜʢʽʩʪʶ ʚʽʜ 2,7 ɻʙʽʪ/ʩ (OTU1) ʜʦ 111,8 ɻʙʽʪ/ʩ (OTU4) [1]. ɼʣʷ ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʠʭ ʧʦʪʦʢʽʚ OTU1 

ʪʘ OTU2 (10,7 ɻʙʽʪ/ʩ) ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʜʫʣʷʮʽʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ 

ɺʆʉʇ, ʮʠʬʨʦʚʽ ʧʦʪʦʢʠ ʚʠʱʠʭ ʨʽʚʥʽʚ ʽʻʨʘʨʭʽʾ OTU3 (43 ɻʙʽʪ/ʩ) ʽ OTU4 ʧʝʨʝʜʘʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʤʦʜʫʣʷʮʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʢʦʛʝʨʝʥʪʥʠʡ ʧʨʠʡʦʤ: ʬʘʟʦʚʦʾ (ʌʄ), ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʬʘʟʦʚʦʾ (ɼʌʄ) ʪʘ 

ʢʚʘʜʨʘʪʫʨʥʦʾ ʘʤʧʣʽʪʫʜʥʦʾ (ʂɸʄ). 

ʉʠʛʥʘʣ ʧʝʨʝʜʘʚʘʯʘ ʪʨʘʥʩʧʦʥʜʝʨʘ ɺʆʉʇ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʣʽʥʽʡʥʠʡ ʪʨʘʢʪ, ʱʦ ʤʽʩʪʠʪʴ ʦʧʪʠʯʥʝ 

ʚʦʣʦʢʥʦ (ʆɺ) ʪʘ ʧʽʜʩʠʣʶʚʘʯʽ. ʆʧʪʠʯʥʝ ʚʦʣʦʢʥʦ ʚʥʦʩʠʪʴ ʚ ʩʠʛʥʘʣ ʣʽʥʽʡʥʽ (ʜʠʩʧʝʨʩʽʡʥʽ) ʪʘ ʥʝʣʽʥʽʡʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ, ʘ ʦʧʪʠʯʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʬʦʨʤʫʶʪʴ ʰʫʤ ʧʦʩʠʣʝʥʦʛʦ ʩʧʦʥʪʘʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʽ ʝʬʝʢʪʠ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ɺʆʉʇ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʚ ʦʧʪʠʯʥʦʤʫ ʢʘʥʘʣʽ. ʊʦʤʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ ʚʠʥʠʢʘʻ ʘʢʪʫʘʣʴʥʝ ʟʘʚʜʘʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ 

ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʟ ʢʦʛʝʨʝʥʪʥʠʤ ʧʨʠʡʦʤʦʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ɺʆʉʇ ʪʘ ʧʘʨʘʤʝʪʨʽʚ 

ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ɿʚʘʞʘʶʯʠ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʜʘʯʽ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦ ʢʘʥʘʣʫ ʆʊʅ, ʢʦʨʝʢʪʥʝ 

ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ [2]. 

ɺʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʡʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʫ 

ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʪʘ ʚʟʘʻʤʦʜʽʶ ʟ ʰʫʤʦʤ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʯʽ ʻ ʤʝʪʦʜʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [3ï5], ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷ 

https://orcid.org/0000-0002-4071-357X
vpedyash@gmail.com


 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 5, 2022 (313) 62 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʪʘ ʦʢʨʝʤʠʭ ʙʣʦʢʽʚ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɸʥʘʣʽʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʽʟ ʩʝʨʝʜʦʚʠʱʝʤ 

ʧʦʰʠʨʝʥʥʷ ʙʝʟ ʽʩʪʦʪʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʶ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ɺʆʉʇ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ 

ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʨʠʩʚʷʯʝʥʦ ʥʠʟʢʫ ʨʦʙʽʪ. ʋ ʧʫʙʣʽʢʘʮʽʷʭ [6, 7] 

ʚʠʢʦʥʘʥʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʩʠʩʪʝʤʘʭ ʟ ʧʨʷʤʠʤ ʜʝʪʝʢʪʫʚʘʥʥʷʤ ʪʘ 

ʢʦʛʝʨʝʥʪʥʠʤ ʧʨʠʡʦʤʦʤ. ʇʨʦʪʝ ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʷʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʻ ʜʝʱʦ 

ʟʘʚʠʱʝʥʠʤʠ. ʈʝʘʣʴʥʽ ʾʭ ʟʥʘʯʝʥʥʷ ʙʫʜʫʪʴ ʤʝʥʰʠʤʠ, ʦʩʢʽʣʴʢʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʠʨʘʟʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʚʩʽʭ 

ʩʧʦʪʚʦʨʝʥʴ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʻ ʥʝʣʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ, ʚʠʢʣʠʢʘʥʽ ʥʝʣʽʥʽʡʥʽʩʪʶ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ (ʝʬʝʢʪ ʂʝʨʨʘ). 

ɺ ʦʩʥʦʚʫ ʚʩʽʭ ʤʦʜʝʣʝʡ ʧʦʰʠʨʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʜʠʩʧʝʨʩʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʥʝʣʽʥʽʡʥʠʤʠ 

ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʧʦʢʣʘʜʝʥʦ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ [8]. ʋʟʘʛʘʣʴʥʝʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʚʦʥʦ ʥʝʤʘʻ, 

ʪʦʤʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ. ʅʘʡʙʽʣʴʰ ʪʦʯʥʠʤ ʟ ʥʠʭ ʻ ʤʝʪʦʜ ʌʫʨ'ʻ ʟ 

ʨʦʟʱʝʧʣʝʥʥʷʤ ʟʘ ʬʽʟʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʇʝʨʝʣʽʯʝʥʽ ʧʨʠʯʠʥʠ ʟʫʤʦʚʠʣʠ ʚʠʙʽʨ ʤʝʪʦʜʫ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʮʽʻʾ ʨʦʙʦʪʠ, 

ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʦʰʠʨʝʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʙʣʦʢʘʭ ʩʪʘʥʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɺʆʉʇ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʢʘʥʘʣʫ ɺʆʉʇ ʟ ʂɸʄ ʤʦʜʫʣʷʮʽʻʶ, ʱʦ ʚʨʘʭʦʚʫʻ ʣʽʥʽʡʥʽ ʪʘ 

ʥʝʣʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘ ʘʜʠʪʠʚʥʠʡ ʰʫʤ ʧʽʜʩʠʣʝʥʦʛʦ ʩʧʦʥʪʘʥʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʩʣʽʜ ʦʧʠʨʘʪʠʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʛʥʘʣʫ ʪʘ ʰʫʤʫ, ʘ ʪʘʢʦʞ ʾʭ 

ʧʦʜʘʣʴʰʫ ʚʟʘʻʤʦʜʽʶ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʘʭ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʜʝʣʽ ʢʦʛʝʨʝʥʪʥʦʾ ɺʆʉʇ ʟ ʤʦʜʫʣʷʮʽʻʶ ʂɸʄ-4. ɰʾ ʩʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʥʫʣʴʦʚʠʡ ʧʽʢʬʘʢʪʦʨ ʩʠʛʥʘʣʫ 

ʧʝʨʝʜʘʚʘʯʘ (ʚʩʽ ʪʦʯʢʠ ʩʠʛʥʘʣʴʥʦʛʦ ʩʫʟʽʨ'ʷ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʝʥʝʨʛʽʶ), ʱʦ ʟʤʝʥʰʫʻ ʧʨʦʷʚ ʥʝʣʽʥʽʡʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʩʠʛʥʘʣʫ ʚ ʆɺ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʢʘʥʘʣʫ ɺʆʉʇ ʤʦʞʝ ʙʫʪʠ ʤʦʜʠʬʽʢʦʚʘʥʘ ʜʣʷ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʩʠʛʥʘʣʴʥʦʛʦ ʩʫʟʽʨôʷ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʢʘʥʘʣʫ (ʨʠʩ. 1) ʤʽʩʪʠʪʴ ʧʝʨʝʜʘʚʘʯ, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʡ ʣʽʥʽʡʥʠʡ ʪʨʘʢʪ 

(ɺʆʃʊ) ʪʘ ʧʨʠʡʤʘʯ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. ɻʝʥʝʨʘʪʦʨʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (ɻʇɺʇ) ʬʦʨʤʫʶʪʴ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʽ ʩʠʤʚʦʣʠ ʩʠʥʬʘʟʥʦʛʦ ia  ʪʘ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ib  ʢʘʥʘʣʽʚ ʂɸʄ, ʷʢʽ ʚ ʧʝʨʝʜʘʚʘʯʽ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʤʦʜʫʣʶʶʯʽ ʩʠʛʥʘʣʠ NRZ ( )a t  ʪʘ ( )b t . ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʂɸʄ-4 ʻ ʩʫʤʦʶ ʜʚʦʭ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʌʄ-2 ʟ ʥʘʧʨʫʞʝʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʛʽʜʥʦ ʚʠʨʘʟʫ: 

( )ʣʦ
ʧʝʨ ʣʦ ʣʦ( ) exp ( ) exp ( )

2 2

ʈ
ɽ t j t a t j t b t

p
w p w p

å õè øå õ
è ø= + + + -æ öæ öé ùê ú

ç ÷ê úç ÷
, (1) 

ʜʝ  ʣʦʈ  ʪʘ ʣʦw  ï ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʯʘʩʪʦʪʘ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʧʝʨʝʜʘʚʘʯʘ ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʥʘʣʫ ɺʆʉʇ OTH ʟ ʂɸʄ-4 
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ɼʘʣʽ ʩʬʦʨʤʦʚʘʥʠʡ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʙʣʦʢ ɺʆʃʊ, ʷʢʠʡ ʤʘʻ ʚʭʽʜ ʪʘ ʚʠʭʽʜ ʩʠʛʥʘʣʫ "ʉ" ʪʘ 

ʦʢʨʝʤʠʡ ʚʠʭʽʜ "ʐ", ʥʘ ʷʢʦʤʫ ʧʨʠʩʫʪʥʻ ʢʦʣʠʚʘʥʥʷ ʩʧ( )ɽ t, ʱʦ ʟʘ ʩʚʦʾʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʢʚʽʚʘʣʝʥʪʥʝ ʜʦ 

ʩʫʤʘʨʥʦʛʦ ʰʫʤʫ ʩʧʦʥʪʘʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. 

ʇʨʠʡʤʘʯ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʂɸʄ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʟʜʽʣʶʶʯʦʛʦ ʧʨʠʩʪʨʦʶ (ʈʇ), ʙʘʣʘʥʩʥʦʛʦ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ (ɹʌɼ) ʜʣʷ ʦʧʪʦʝʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʢʦʨʝʢʪʦʨʘ ʪʘ ʚʠʨʽʰʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ (ɺʇ). 

ʇʨʠʡʤʘʯ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʣʘʟʝʨʥʠʡ ʛʝʪʝʨʦʜʠʥ (ʃɻ), ʱʦ ʬʦʨʤʫʻ ʦʧʦʨʥʝ ʢʦʣʠʚʘʥʥʷ ʛʝʪ( )ɽ t ʜʣʷ ʢʦʨʝʢʪʥʦʾ 

ʨʦʙʦʪʠ ʙʣʦʢʽʚ ʈʇ ʪʘ ɹʌɼ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʟ ʛʨʫʧʦʚʦʛʦ ʩʠʛʥʘʣʫ ɺʆʉʇ ʉʈʂ ʩʤʫʛʠ ʦʢʨʝʤʦʛʦ ʢʘʥʘʣʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʝʨʘʮʽʷ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʫ ʪʘ ʰʫʤʫ ʚ ʦʧʪʠʯʥʠʭ ʩʤʫʛʦʚʠʭ ʬʽʣʴʪʨʘʭ ʆʉʌ1 ʪʘ ʆʉʌ2 ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʠʭʦʜʽ ʢʘʥʘʣʫ ʩʣʽʜ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʚʟʘʻʤʦʜʽʾ 

ʢʦʣʠʚʘʥʴ ʣʘʟʝʨʥʦʛʦ ʛʝʪʝʨʦʜʠʥʘ ʪʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩE  ʩʫʤʽʩʥʦ ʟ ʰʫʤʦʤ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʩʧE . ɺ 

ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʦʜʠʪʴʩʷ ʨʷʜ ʩʪʘʥʜʘʨʪʥʠʭ ʩʭʝʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʈʇ ʪʘ ɹʌɼ, ʘʣʝ ʚ ʾʭ ʦʩʥʦʚʫ ʧʦʢʣʘʜʝʥʘ ʩʭʝʤʘ ʟ 

ʨʦʙʦʪʠ [9] ʟ ʯʦʪʠʨʤʘ ʦʧʪʠʯʥʠʤʠ ʨʦʟʛʘʣʫʞʫʚʘʯʘʤʠ 2ʭ2 ʈ1-ʈ4 (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʨʠʡʤʘʯʘ ʢʦʛʝʨʝʥʪʥʦʾ ɺʆʉʇ 

 

ʉʠʛʥʘʣ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʦʧʪʠʯʥʦʛʦ ʨʦʟʛʘʣʫʞʫʚʘʯʘ 2ʭ2 ʻ ʜʦʙʫʪʢʦʤ ʤʘʪʨʠʮʽ ʡʦʛʦ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʪʘ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ: 
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ɺʠʨʘʟʠ ʜʣʷ ʩʪʨʫʤʫ ʥʘ ʚʠʭʦʜʽ ʬʦʪʦʜʽʦʜʽʚ ʌɼ1 ʪʘ ʌɼ3: 
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c ʛʝʪ c ʛʝʪ cʧ ʛʝʪ cʧ ʛʝʪ2 cos ( , ) 2 cos ( , )E E E E E E E E ø+ Ï + Ï ú,  (3) 

2
2 2c cʧ ʛʝʪ
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c ʛʝʪ c ʛʝʪ cʧ ʛʝʪ cʧ ʛʝʪ2 cos ( , ) 2 cos ( , )E E E E E E E E ø- Ï - Ï ú, (4) 

ʜʝ  R ï ʯʫʪʣʠʚʽʩʪʴ ʬʦʪʦʜʽʦʜʫ, ɸ/ɺʪ. 

ɸʥʘʣʽʟʫʶʯʠ ʩʢʣʘʜʦʚʽ ʫ ʚʠʨʘʟʘʭ (3) ʪʘ (4) ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʚʦʥʠ ʤʽʩʪʷʪʴ ʧʦ ʯʦʪʠʨʠ 

ʦʜʥʘʢʦʚʠʭ ʧʝʨʰʠʭ ʜʦʜʘʥʢʠ, ʷʢʽ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʥʘ ʚʠʭʦʜʽ ʚʽʜʥʽʤʘʶʯʦʛʦ ʧʨʠʩʪʨʦʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʨʫʤ ʥʘ 
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ʚʠʭʦʜʽ ʩʠʥʬʘʟʥʦʛʦ ʢʘʥʘʣʫ ʤʘʪʠʤʝ ʪʽʣʴʢʠ ʜʚʘ ʜʦʜʘʥʢʠ, ʷʢʽ ʻ ʙʠʪʪʷʤʠ ʩʠʛʥʘʣ-ʛʝʪʝʨʦʜʠʥ ʪʘ ʰʫʤ-ʛʝʪʝʨʦʜʠʥ: 

 3 1 c ʛʝʪ c ʛʝʪ cʧ ʛʝʪ cʧ ʛʝʪcos ( , ) cos ( , )i i R E E E E R E E E E- =- Ï - Ï . (5) 

ɼʘʣʽ ʚ ʙʘʣʘʥʩʥʦʤʫ ʬʦʪʦʜʝʪʝʢʪʦʨʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʚ ʪʨʘʥʩʽʤʧʝʜʘʥʩʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ 

(ʊɯʇ), ʱʦ ʤʘʻ ʦʧʽʨ ʊɯʇR  ʽ ʧʦʩʣʽʜʫʶʯʘ ʬʽʣʴʪʨʘʮʽʷ ʫ ʌʅʏ ʟ ʽʤʧʫʣʴʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʬʥʯ( )h t . 

ɸʥʘʣʦʛʽʯʥʦ, ʚ ʢʚʘʜʨʘʪʫʨʥʦʤʫ ʢʘʥʘʣʽ ʧʨʠʡʤʘʯʘ ɺʆʉʇ ʦʪʨʠʤʫʻʤʦ: 

 4 2 c ʛʝʪ c ʛʝʪ cʧ ʛʝʪ cʧ ʛʝʪsin ( , ) sin ( , )i i R jE E E E R jE E E E- = Ï + Ï . (8) 

ɺ ʢʦʨʝʢʪʦʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʫ 

ʚʠʭ ʬʥʯ ʬʥʯ( ) ( )* ( ) ( )* ( )I Q
u t u t h t j u t h t= +  ʪʘ ʧʦʩʣʽʜʫʶʯʝ ʚʽʜʥʦʚʣʝʥʥʷ ʬʘʟʠ ʽ ʘʤʧʣʽʪʫʜʠ ʧʨʠʡʦʤʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝʥʘʚʝʜʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʘʥʘʣʫ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ, ʚ ʩʝʨʝʜʦʚʠʱʽ MatLab 

ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚʽʜʧʦʚʽʜʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ. ɿʘ ʾʾ ʜʦʧʦʤʦʛʦʶ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʢʘʥʘʣʫ 

ɺʆʉʇ OTU3 ʟ ʂɸʄ-4 (ʨʠʩ. 3) ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʟʛʽʜʥʦ ʪʘʙʣ. 1. ʗʢ ʚʞʝ ʚʢʘʟʫʚʘʣʦʩʷ 

ʨʘʥʽʰʝ, ʩʠʛʥʘʣ ʂɸʄ-4 ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ ʜʚʦʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʤʦʜʫʣʷʮʽʻʶ ʌʄ-2. 

ʊʦʤʫ ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ ʥʘ ʦʩʥʦʚʽ Q-ʬʘʢʪʦʨʫ 

ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʢʦʨʝʢʪʦʨʘ [10]. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ʩʪʚʦʨʝʥʘ 

ʢʦʥʪʨʦʣʴʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʢʘʥʘʣʫ ɺʆʉʇ ʉʈʂ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʧʨʦʛʨʘʤʽ Optiwave Optisystem. ʆʩʢʽʣʴʢʠ 

ʚ ʮʽʡ ʧʨʦʛʨʘʤʽ ʨʝʘʣʽʟʦʚʘʥʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʫ ʬʦʪʦʜʽʦʜʽ (ʯʠʩʝʣʴʥʠʡ ʪʘ ʘʥʘʣʽʪʠʯʥʠʡ), 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʧʨʦʚʦʜʠʣʦʩʷ ʜʚʦʤʘ ʚʢʘʟʘʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

 

ʊʘʙʣʠʮʷ 1  

ʇʘʨʘʤʝʪʨʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʘʥʘʣʫ ɺʆʉʇ ʉʈʂ ʚ MatLab 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʧʝʨɺ  43,018 ɻʙʽʪ/ʩ ʅʝʣʽʥʽʡʥʽʩʪʴ ʆɺ n2 202,6 10-Ö ʤ2/ɺʪ 

ʂʽʣʴʢʽʩʪʴ ʜʚʽʡʢʦʚʠʭ ʩʠʤʚʦʣʽʚ 

ʩʠʤʚN  
10000 

ɽʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʆɺ 

ɸʝʬ 
1280 10-Ö ʤ2 

ʈʦʙʦʯʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʣʘʟʝʨʘ 1550 ʥʤ ʐʫʤ-ʬʘʢʪʦʨ ʆʇ nf 6 ʜɹ 

ɼʦʚʞʠʥʘ ʩʝʢʮʽʾ ʦʚL  100 ʢʤ ʩʧPSD  162 52110, -Ö  ɺʪ/ɻʮ 

ɿʘʛʘʩʘʥʥʷ ʆɺ a 0,2 ʜɹ/ʢʤ 
ʉʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ 

ʆʉʌ 
100 ɻɻʮ 

ɼʠʩʧʝʨʩʽʷ ʆɺ 01s  
16,75 

ʧʩ/(ʥʤ*ʢʤ) 
ʏʫʪʣʠʚʽʩʪʴ ʌɼ R

 
1 ɸ/ɺʪ 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʰʫʤʽʚ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ɺʆʃʊ ʪʘ 

ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʩʠʛʥʘʣʫ ʚ ʆɺ, ʟʘʣʝʞʥʽʩʪʴ Q-ʬʘʢʪʦʨʫ ʚʽʜ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʚʘʯʘ ʧʝʨp  ʧʨʠ 

ʬʽʢʩʦʚʘʥʽʡ ʜʦʚʞʠʥʽ ɺʆʃʊ ʚ ʩʝʢʮN  ʤʘʻ ʝʢʩʪʨʝʤʫʤ ʫ ʚʠʛʣʷʜʽ ʤʘʢʩʠʤʫʤʫ (ʨʠʩ. 3, ʘ). ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʽʚʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʚʘʯʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʭʠʱʝʥʽʩʪʴ ʚʽʜ ʘʜʠʪʠʚʥʠʭ ʟʘʚʘʜ ʦʧʪʠʯʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ, ʘʣʝ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ ʨʽʚʝʥʴ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʩʠʛʥʘʣʫ ʚ ʆɺ. ɿʙʽʣʴʰʝʥʥʷ 

ʧʨʦʪʷʞʥʦʩʪʽ ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚʥʘʩʣʽʜʦʢ 

ʥʘʢʦʧʠʯʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʢʦʞʥʽʡ ʩʝʢʮʽʾ ɺʆʃʊ. 
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ʈʠʩ. 3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʫ ɺʆʉʇ ʉʈʂ OTU3 ʟ ʂɸʄ-4: 

ʘ) ʟʘʣʝʞʥʽʩʪʴ Q-ʬʘʢʪʦʨʫ ʚʽʜ ʩʝʢʮN  ʪʘ ʧʝʨʈ ;  
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ʙ) ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ Q-ʬʘʢʪʦʨʘ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ɺʆʃʊ, ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ Q-ʬʘʢʪʦʨʫ ʩʠʛʥʘʣʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʫ (ʨʠʩ. 3, ʙ). ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ MatLab ʪʘ Optiwave 

Optisystem (ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʚ ʬʦʪʦʜʽʦʜʽ) ʜʣʷ ʧʨʦʪʷʞʥʠʭ ʣʽʥʽʡ ʤʘʡʞʝ ʟʙʽʛʘʶʪʴʩʷ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʢʦʨʝʢʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʢʘʥʘʣʫ ɺʆʉʇ ʉʈʂ. ɸʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ ʬʦʪʦʜʽʦʜʘ ʚ 

Optiwave Optisystem ʦʩʥʦʚʘʥʘ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʰʫʤʫ, ʪʦʤʫ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʟʚʝʣʦ ʜʦ ʦʪʨʠʤʘʥʥʷ ʜʝʱʦ ʟʘʚʠʱʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʢʘʥʘʣʫ. 

ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʙʠʪʪʷ ʰʫʤ-ʛʝʪʝʨʦʜʠʥ ʥʘ 

ʚʠʭʦʜʽ ʧʨʠʡʤʘʯʘ. ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ MatLab ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʜʦ 

ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʬʦʪʦʜʽʦʜʘ ʚ Optiwave Optisystem. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ MatLab ʤʦʜʝʣʴ ʢʘʥʘʣʫ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ OTH ʟ ʢʚʘʜʨʘʪʫʨʥʦʶ 

ʘʤʧʣʽʪʫʜʥʦʶ ʤʦʜʫʣʷʮʽʻʶ. ʈʦʟʨʦʙʣʝʥʘ ʾʾ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʫ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʘʭ. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʧʘʨʘʤʝʪʨʠ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʡʦʛʦ ʣʽʥʽʡʥʽ ʪʘ ʥʝʣʽʥʽʡʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʘʭ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ. ʅʘ 

ʧʨʠʢʣʘʜʽ ʦʧʪʠʯʥʦʛʦ ʢʘʥʘʣʫ OTH OTU3 ʟ ʤʦʜʫʣʷʮʽʻʶ ʂɸʄ-4 ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʷʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ Q-ʬʘʢʪʦʨʫ ʚʽʜ ʨʽʚʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʦʪʷʞʥʦʩʪʽ 

ʣʽʥʽʡʥʦʛʦ ʪʨʘʢʪʫ ɺʆʉʇ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʝʨʝʜʘʚʘʯʘ ʪʨʘʥʩʧʦʥʜʝʨʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʫ ʽʤʽʪʘʮʽʡʥʫ 

ʤʦʜʝʣʴ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʥʘ ʙʘʟʽ ɺʆʉʇ ʟ ʂɸʄ 

ʤʦʜʫʣʷʮʽʻʶ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʨʦʙʣʝʥʫ ʤʦʜʝʣʴ 

ʜʦʮʽʣʴʥʦ ʜʦʦʧʨʘʮʶʚʘʪʠ ʚ ʥʘʧʨʷʤʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʷʮʽʾ ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʪʦʯʦʢ ʩʠʛʥʘʣʴʥʦʛʦ ʩʫʟʽʨôʷ 

(ʂɸʄ-16 ʽ ʚʠʱʝ). 
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ʂʆʉʊʖʄɯɺ  
 
ˏ ̨̒̓́̓̓ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̝̑̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ ̃̐̌̉̃̔ ̝̖̎̉̈̋̉ ̓̆̍̐̆̑́̓̔̑ ̃ ̨̨̅́̐́̈̏̎ ̨̃̅ -100˞  ̅̏ -

400˞ ̎́ ̐̑̏̂̉ ̨̨̍́̓̆̑́̌̃ȟ ̨̠̋ ̠̟̝̠̑̏̈̄̌̅́̓̒ ̠̋ ̨̨̨̃̑̏̄̅̎ ̠̅̌ ̠̒̓̃̏̑̆̎̎ ̨̈̏̌ ̟̟̘̖̉ ̨̟̋̏̒̓̍̃ȟ ̏̚ ̝̍̏̇̔̓ ̂̔̓̉ 
̨̃̉̋̏̑̉̒̓́̎ ̠̅̌ ̑̏̂̏̓̉ ̨̟̒̌̒́̑̃-̨́̐́̑́̓̎̉̋̃  ̨̨̖̘̖̍̎̉ ̗̃̉̑̏̂̎̉̓̃Ȣ ˏ ̨̝̑̆̈̔̌̓́̓ ̨̝̅̏̒̌̅̇̆̎ ̃̒̓́̎̏̃̌̆̎̏ȟ ̏̚ 
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STUDY OF THE INFLUENC E OF LOW TEMPERATURES IN DYNAMIC CONDITIONS ON SPECIAL 

MATERIALS FOR INSULATING SUITS OF CHEMICAL ENTERPRISES  
 

Domestic chemical industries urgently need the creation of special high-class protective clothing to allow working in extreme 
conditions without endangering the lives and health of workers. In previous publications, it was determined that the necessary 
comprehensive protection against the effects of harmful production factors is provided by the creation and use of an insulating suit, which 
should become a barrier that prevents the penetration, and therefore the influence of mineral acids, alkalis, ammonia, salt solutions, etc. 
different concentrations. That is, it is about the creation of special clothing with the necessary level of provision and preservation of such 
basic protective indicators as chemical resistance and impermeability of the material while preserving the tightness of the product as a 
whole. 

Preparation equipment and fitters for cleaning closed containers for transportation and storage of aggressive environments can 
simultaneously be exposed not only to mineral acids, alkalis, solutions of salts based on them, but also to the remains of liquid ammonia, the 
evaporation of which occurs when the temperature drops, which leads to the primary destruction of the polymer coating materials of special 
suits. For example, local destruction in contact with liquid ammonia leads to a sharp cooling (up to - 340C) of the contact surface of the 
material and destruction of the polymer coating, especially during operation (in dynamics), which can lead to a violation of the tightness of 
the protective product. 

Since workers have to perform a significant number of work movements while in an insulating suit, there was a need to study such 
an indicator as the resistance of materials to dynamic loads in conditions of low temperatures. Research was conducted on samples of 
materials with a polymer coating, which belong to the class of artificial leathers for special purposes from both foreign and domestic 
manufacturers. 

Key words: chemical industry, protective clothing, low temperatures, aggressive environment, insulating suit. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʤ ʦʜʷʛʦʤ, ʱʦ ʥʘʜʽʡʥʦ 

ʟʘʭʠʱʘʻ ʚʽʜ ʘʛʨʝʩʠʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʚʽʜʯʫʪʥʘ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ 

ʘʧʘʨʘʪʘʭ ʽ ʫʩʪʘʥʦʚʢʘʭ, ʜʝ ʚʧʣʠʚ ʨʝʯʦʚʠʥ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʢʦʤʧʣʝʢʩʫ ʥʝʙʝʟʧʝʯʥʠʭ ʽ ʰʢʽʜʣʠʚʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʬʘʢʪʦʨʽʚ (ʅʐɺʌ) ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʥʝ ʪʽʣʴʢʠ ʪʨʘʚʤʠ ʪʘ ʭʽʤʽʯʥʽ ʦʧʽʢʠ, ʘʣʝ ʡ ʧʨʠʟʚʝʩʪʠ ʜʦ ʣʝʪʘʣʴʥʠʭ 

ʥʘʩʣʽʜʢʽʚ. ɼʦ ʪʘʢʠʭ ʚʠʨʦʙʥʠʯʠʭ ʦʙ'ʻʢʪʽʚ ʥʘʣʝʞʘʪʴ ʻʤʥʦʩʪʽ ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʪʘ ʦʙʩʷʛʽʚ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʷʢ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʟʙʝʨʽʛʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʭʽʤʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ (ʨʽʜʠʥ). ʇʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʙʽʪ  ʫ ʻʤʥʦʩʪʷʭ ʚʠʟʥʘʯʝʥʽ ʷʢ ʥʝʙʝʟʧʝʯʥʽ, ʪʦʤʫ 

ʟʘʭʠʩʪ ʧʨʘʮʶʶʯʠʭ ʫ ʮʠʭ ʫʤʦʚʘʭ ʤʘʻ ʙʫʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʽ ʯʽʪʢʦ ʦʨʛʘʥʽʟʦʚʘʥʠʤ.  

ɺʽʪʯʠʟʥʷʥʽ ʭʽʤʽʯʥʽ ʚʠʨʦʙʥʠʮʪʚʘ ʛʦʩʪʨʦ ʧʦʪʨʝʙʫʶʪʴ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʜʷʛʫ ʚʠʩʦʢʦʛʦ ʢʣʘʩʫ 

ʟʘʭʠʩʪʫ, ʱʦʙ ʜʦʟʚʦʣʠʣʦ ʧʨʘʮʶʚʘʪʠ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʥʝ ʥʘʨʘʞʘʶʯʠ ʥʘ ʥʝʙʝʟʧʝʢʫ ʞʠʪʪʷ ʽ ʟʜʦʨʦʚ'ʷ 

ʧʨʘʮʶʶʯʠʭ. ɺ ʧʦʧʝʨʝʜʥʽʭ ʧʫʙʣʽʢʘʮʽʷʭ [1, 2] ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʟʘʭʠʩʪ ʚʜ̔ ʚʧʣʠʚʫ 

ʅʐɺʌ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʟʦʣʶʶʯʦʛʦ ʢʦʩʪʶʤʫ (ɯʂ), ʷʢʠʡ ʤʘʻ ʩʪʘʪʠ 

ʙʘʨ'ʻʨʦʤ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʧʨʦʥʠʢʥʝʥʥʶ, ʘ ʟʥʘʯʠʪʴ ʽ ʚʧʣʠʚʫ ʤʽʥʝʨʘʣʴʥʠʭ ʢʠʩʣʦʪ, ʣʫʛʽʚ,  ʘʤʽʘʢʫ, ʨʦʟʯʠʥʽʚ 

ʩʦʣʝʡ, ʪʦʱʦ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. ʊʦʙʪʦ ʡʜʝʪʴʩʷ ʧʨʦ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʜʷʛʫ ʟ ʥʝʦʙʭʽʜʥʠʤ ʨʽʚʥʝʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʟʘʭʠʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ (ʭʝʤʦʩʪʽʡʢʽʩʪʴ) ʽ 

ʥʝʧʨʦʥʠʢʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʚʠʨʦʙʫ ʚ ʮʽʣʦʤʫ.  
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ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʉʫʯʘʩʥʠʡ ʩʚʽʪʦʚʠʡ ʨʠʥʦʢ ʟ ʨʦʟʨʦʙʢʠ ʽ ʨʝʘʣʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʟʘʭʠʩʥʦʛʦ ʦʜʷʛʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʰʢʽʜʣʠʚʠʭ ʫʤʦʚʘʭ ʧʨʘʮʽ, ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ ʧʝʨʽʦʜʠʯʥʦ ʧʨʦʧʦʥʫʻ ʥʦʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʽ 

ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ [4ï8]. ʇʨʦʪʝ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʪʘʢʦʛʦ ʦʜʷʛʫ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʩʪʫ ʪʽʣʴʢʠ ʚʽʜ 

ʚʦʣʦʛʠ ʪʘ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ . ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʚʧʣʠʚʫ ʮʽʣʦʾ ʥʠʟʢʠ ʭʽʤʽʯʥʦ 

ʘʛʨʝʩʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʥʘ ʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʪʦ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʦʜʷʛʫ ʚʠʤʘʛʘʻ ʦʩʦʙʣʠʚʠʭ 

ʤʘʪʝʨʽʘʣʚ̔ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʙʦʪʠ ʟ ʥʠʤʠ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ [9, 10], ʚ ʷʢʠʭ ʨʦʟʛʣʷʥʫʪʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʤʝʪʦʜʠʯʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʧʨʦʮʝʩʫ ʚʠʙʦʨʫ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʣʦʛ̔ʯʥʦʾ ʩʭʝʤʠ ʧʨʦ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʾʭ ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʭʽʜʥʠʭ ʚʠʤʦʛ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʤʝʪʘ ʷʢʠʭ ʧʦʣʷʛʘʻ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʦʮʽʥʮʽ ʧʨʦʙ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʦʣʽʤʝʨʥʠʤ ʦʜʥʦ- ʘʙʦ 

ʜʚʦʩʪʦʨʦʥʥʽʤ ʧʦʢʨʠʪʪʷʤ   ʥʘ ʪʢʘʥʽʡ ʦʩʥʦʚʽ (ʘʥʘʣʦʛ ʰʪʫʯʥʦʾ ʰʢʽʨʠ)ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ ʜʝʷʢʽ ʤʘʨʢʠ ʰʪʫʯʥʦʾ 

ʰʢʽʨʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʽʟʦʣʶʶʯʠʭ ʢʦʩʪʶʤʽʚ: 

- ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪ̫ʤ ʚʠʢʣʶʯʘʶʪʴ ʪʝʧʣʦʚʫ ʦʙʨʦʙʢʫ ʧʽʜ ʯʘʩ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

- ʫʥʝʤʦʞʣʠʚʣʶʻʪʴʩʷ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʷʢʠʭ ʚʠʜʽʚ ʰʚʽʚ, ʘ ʬʽʢʩʘʮʽʷ ʧʨʠʧʫʩʢʽʚ ʥʘ ʰʚʠ ʤʦʞʣʠʚʘ 

ʪʽʣʴʢʠ ʰʣʷʭʦʤ  ʥʘʩʪʨʦʯʫʚʘʥʥʷ (ʘʙʦ  ʨʦʟʩʪʨʦʯʫʚʘʥʥʷ) ʾʭ ʧʨʠʧʫʩʢʽʚ; 

- ʜʝʷʢʽ  ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷʤ ʻ ʥʝʩʪʽʡʢʠʤʠ ʜʦ ʜʽʾ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘʙʦ ʜʦ 

ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ; 

- ʫʩʽ ʰʚʠ ʥʠʪʢʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʫ ʦʜʷʟʽ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜʣʷʛʘʶʪʴ ʦʙʦʚôʷʟʢʦʚʽʡ 

ʛʝʨʤʝʪʠʟʘʮʽʾ;  

- ʟʥʘʯʥʘ ʮʽʥʘ ʥʘ ʜʘʥʠʡ ʩʝʛʤʝʥʪ ʰʪʫʯʥʠʭ ʰʢʽʨ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʧʨʠʯʠʥʷʻ ʟʨʦʩʪʘʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʭʠʩʥʠʭ ʢʦʩʪʶʤʽʚ ʟ ʥʠʭ  [4, 6, 7, 11, 12]. 

ɿʘʟʚʠʯʘʡ, ʚ ʪʘʢʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʘ ʪʢʘʥʫ ʦʩʥʦʚʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʢʩʪʠʣʴʥʝ ʧʦʣʦʪʥʦ 

ʧʦʣʦʪʥʷʥʦʛʦ ʘʙʦ ʩʘʨʞʝʚʦʛʦ ʧʝʨʝʧʣʝʪʝʥʥʷ ʟʽ 100 % ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʦʣʽʘʤʽʜʥʠʭ ʚʦʣʦʢʦʥ. ʃʠʮʴʦʚʘ ʩʪʦʨʦʥʘ 

ʧʦʣʦʪʥʘ, ʟʘʣʝʞʥʦ ʚʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ɯʂ, ʤʦʞʝ ʙʫʪʠ ʧʦʢʨʠʪʘ ʧʦʣʽʤʝʨʦʤ ʟ ʇɺʍ 

(ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʫ), ʙʫʪʠʣʢʘʫʯʫʢʫ ʘʙʦ çʚʽʪʦʥʫè, ʘ ʚʠʚʦʨʽʪʥʘ ʩʪʦʨʦʥʘ ï ʟ ʇɺʍ ʘʙʦ ʙʫʪʠʣʢʘʫʯʫʢʫ [13]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʘʧʘʨʘʪʥʠʢʠ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʩʣʶʩʘʨʽ ʟ ʦʯʠʱʝʥʥʷ ʟʘʢʨʠʪʠʭ ʻʤʥʦʩʪʝʡ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʦʜʥʦʯʘʩʥʦ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʷ ʚʧʣʠʚʫ ʥʝ ʪʽʣʴʢʠ 

ʤʽʥʝʨʘʣʴʥʠʭ ʢʠʩʣʦʪ, ʣʫʛʽʚ, ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʘ ʪʘʢʦʞ ʟʘʣʠʰʢʘʤ ʨʽʜʢʦʛʦ ʘʤʽʘʢʫ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʤʘʪʝʨʽʘʣʽʚ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʩʪʶʤʽʚ. ʅʘʧʨʠʢʣʘʜ, ʣʦʢʘʣʴʥʽ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʨʽʜʢʠʤ ʘʤʽʘʢʦʤ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʽʟʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ (ʜʦ ʤʽʥʫʩ 340ʉ) ʢʦʥʪʘʢʪʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʫʡʥʫʚʘʥʥʷ 

ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʦʩʦʙʣʠʚʦ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ (ʚ ʜʠʥʘʤʽʮʽ), ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʟʘʭʠʩʥʦʛʦ ʚʠʨʦʙʫ.  

ʊʦʤʫ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʚʠʙʦʨʫ ʪʘ ʦʮʽʥʢʠ ʟʘʭʠʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʟʦʣʶʶʯʦʛʦ ʢʦʩʪʶʤʘ [3], ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʫ ʚʠʚʯʝʥʥʽ 

ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʷʢ ʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʟʛʠʥʘʥʥʷ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʽʟ ʪʠʤ, ʱʦ ʟʘʭʠʩʥʽ ʽʟʦʣʶʶʯʽ ʢʦʩʪʶʤʠ ʤʦʞʫʪʴ ʧʽʜʜʘʚʘʪʠʩʴ ʥʝ ʪʽʣʴʢʠ ʩʪʘʪʠʯʥʠʤ, ʘ ʡ ʘʢʪʠʚʥʠʤ 

ʜʠʥʘʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʽʜ ʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. 

 

ɺʠʢʣʘʜʝʥʥʷ  ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʤʘʪʝʨʽʘʣʠ ʟʘʨʫʙʽʞʥʦʛʦ ʪʘ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ 

ʚ̔ ʜʥʦʩʷʪʴʩʷ ʜʦ ʨʦʟʨʷʜʫ ʰʪʫʯʥʠʭ ʰʢʽʨ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʨʽʟʥʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʧʨʠʨʦʜʦʶ 

ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʪʦʚʱʠʥʦʶ, ʞʦʨʩʪʢʽʩʪʶ, ʩʪʽʡʢʽʩʪʶ ʜʦ ʪʝʨʪʷ, ʪʦʱʦ (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʷ 1  

ɼʝʷʢʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ   

 ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷʤ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ/ 

ʥʘʟʚʘ ʬʽʨʤʠ-

ʚʠʨʦʙʥʠʢʘ 

ʊʦʚʱʠʥʘ 

ʧʨʦʙʠ, ʤʤ 

ʇʦʚʝʨʭʥʝʚʘ 

ʱʽʣʴʥʽʩʪʴ, 

ʛ/ʤ2 

ɾʦʨʩʪʢʽʩʪʴ ʧʨʠ 

ʟʛʠʥʽ, ʩʅ 

ʈʦʟʨʠʚʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʩʤʫʞʢʠ ʨʦʟʤʽʨʦʤ 

50 ʭ 100 ʤʤ, ʅ 

ʈʦʟʜʠʨʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʩʤʫʞʢʠ ʨʦʟʤʽʨʦʤ 

50 ʭ 100 ʤʤ, ʅ 

ʦʩʥ. ʧʽʪʢ. ʦʩʥ. ʧʽʪʢ. ʦʩʥ. ʧʽʪʢ. 

çʊʨʝʣʣʝʙʦʨʛè  0,5 510,0 4,8 3,2 1230,0 1200,0 64,0 60,0 

çɼʨʝʛʝʨè  0,8 628,0 6,2 4,3 1642,0 1539,0 53,0 51,0 

çʊʉʂ-15è 0,3 420,0 1,9 2,3 552,0 504,0 29,0 27,0 

çʇʄɹʂè 0,4 563,0 3,9 4,1 539,0 408,0 27,0 22,0 

çɹʎʂè 0,35 479,0 5,6 3,8 931,0 514,0 43,0 43,0 

çɯɿʂè 0,5 550,0 9,8 9,8 500,0 500,0 25,0 25,0 
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙ ʟʘʟʥʘʯʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʪʘʙʣ. 1) ʧʦʢʘʟʘʣʦ, ʱʦ ʬʽʨʤʠ çʊʨʝʣʣʝʙʦʨʛè (ʐʚʝʮʽʷ) ʪʘ 

çɼʨʝʛʝʨè (ʅʽʤʝʯʯʠʥʘ) ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʣʘʩʥʠʭ ʽʟʦʣʶʶʯʠʭ ʢʦʩʪʶʤʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʘʢʪʠʯʥʦ ʽʜʝʥʪʠʯʥʽ ʟʘ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʪʘ ʟʘʭʠʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʰʪʫʯʥʽ ʰʢʽʨʠ ʥʘ ʪʢʘʥʠʥʥʽʡ ʦʩʥʦʚʽ, ʷʢʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʝʣʘʩʪʦʰʪʫʯʰʢʽʨʠ.  

ʉʝʨʝʜ ʟʘʟʥʘʯʝʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʷʢ ʧʦʢʘʟʘʣʠ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʡʙʽʣʴʰ ʭʽʤʽʯʥʦ ʩʪʽʡʢʠʤ 

ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷʤ ʜʦ ʜʽʾ ʤʽʥʝʨʘʣʴʥʠʭ ʢʠʩʣʦʪ, ʣʫʛʽʚ ʪʘ ʘʤʽʘʢʫ ʻ çʚʽʪʦʥè, ʱʦ ʻ ʢʦʤʧʦʟʠʪʦʤ ʥʘ ʦʩʥʦʚʽ 

ʬʪʦʨʦʚʘʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ. ʈʦʟʨʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʟʥʘʯʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʫʞʝ ʚʠʩʦʢʽ ʽ ʧʨʠ ʨʦʟʤʽʨʽ ʩʤʫʞʢʠ 

50 ʭ 100 ʤʤ ʚʦʥʠ ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 1230 ʅ ʜʦ 1642 ʅ ʧʦ ʦʩʥʦʚʽ ʽ ʚʽʜ 1200 ʅ ʜʦ 1539 ʅ ʧʦ ʧʽʪʢʘʥʥʶ. 

ʇʦʚʝʨʭʥʝʚʘ ʱʽʣʴʥʽʩʪʴ ʧʨʦʙ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 510 ʛ/ʤ2 ʜʦ 628 ʛ/ʤ2, ʪʦʚʱʠʥʘ ï ʚʽʜ 0,5 ʤʤ ʜʦ 0,8 ʤʤ, ʘ ʞʦʨʩʪʢʽʩʪʴ 

ʧʨʠ ʚʠʛʠʥʽ ʥʘ ʦʩʥʦʚʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 4,8 ï 6,2 ʩʅ ʽ ʧʦ ʧʽʪʢʘʥʥʶ 3, 2 - 4,3 ʩʅ (ʪʘʙʣ. 1). 

ʑʦʜʦ ʤʘʪʝʨʽʘʣʽʚ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʠʭ ʷʢ çʊʉʂ-15è, çʇʄɹʂ-ʅè, çɹʎʂè ʪʘ ʽʥʰʽ, ʷʢʽ 

ʥʘʣʝʞʘʪʴ ʜʦ ʘʩʦʨʪʠʤʝʥʪʫ ʩʧʝʮʽʘʣʴʥʠʭ ʰʪʫʯʥʠʭ ʰʢʽʨ ʦʩʦʙʣʠʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʦ ʚʦʥʠ ʪʘʢʦʞ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ʪʢʘʥʠʥʥʽʡ ʦʩʥʦʚʽ ʪʘ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷʤ. ʊʢʘʥʠʥʫ ʦʩʥʦʚʠ ʜʣʷ ʥʠʭ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʟʽ 100% ʧʦʣʽʘʤʽʜʥʠʭ ʽ ʙʘʚʦʚʥʷʥʠʭ ʚʦʣʦʢʦʥ (ʘʙʦ ʾʭ ʩʫʤʽʰʝʡ ʫ ʨʽʟʥʦʤʫ ʚʽʜʩʦʪʢʦʚʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ), ʧʝʨʝʚʘʞʥʦ ʧʦʣʦʪʥʷʥʠʤ ʧʝʨʝʧʣʝʪʝʥʥʷʤ ʥʠʪʦʢ. ʗʢ ʧʦʣʽʤʝʨʥʝ ʧʦʢʨʠʪʪʷ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʙʫʪʠʣʦʚʽ, ʽʟʦʙʫʪʠʣʦʚʽ, ʥʝʦʧʨʝʥʦʚʽ ʪʘ ʽʥʰʽ ʢʘʫʯʫʢʠ, ʘʙʦ ʾʭ ʩʫʤʽʰʽ. ɼʝʷʢʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 

ʾʭ ʧʦʨʽʚʥʷʥʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʦʚʱʠʥʘ ʧʨʦʙ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʫ ʨʘʟʽ ʥʘʥʝʩʝʥʥʷ ʜʚʦʭ ʰʪʨʠʭʽʚ ʥʘ 

ʣʠʮʴʦʚʫ ʪʘ ʚʠʚʦʨʽʪʥʫ ʩʪʦʨʦʥʫ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,3 ʤʤ ʜʦ 0,4 ʤʤ. ʇʦʚʝʨʭʥʝʚʘ ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ 420 ʛ/ʤ2 ʜʣ̫ ʊʉʂ-15, ʜʦ 479 ʛ/ʤ2 ʜʣʷ çɹʎʂè ʽ ʜʦ 563 ʛ/ʤ2 ʜʣʷ çʇʄɹʂ-ʅè. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʨʠʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʙ ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʤʽʨʦʤ 50ʭ100 ʤʤ, ʪʦ ʥʘʡʙʽʣʴʰʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʩʥʦʚʽ ʪʘ ʢʘʯʢʫ 

ʚʠʪʨʠʤʫʶʪʴ ʧʨʦʙʠ ʤʘʪʝʨʽʘʣʫ çɹʎʂè ï 913 ʅ ʽ 514 ʅ ʚʽʜʧʦʚʽʜʥʦ, ʘ ʥʘʡʤʝʥʰʫ ï ʧʨʦʙʠ ʤʘʪʝʨʽʘʣʫ çʇʄɹʂ-ʅè, 

ʪʦʙʪʦ 539 ʅ ʦʩʥʦʚʽ ʪʘ 408 ʅ ʧʦ ʧʽʪʢʘʥʥʶ (ʪʘʙʣ. 1). 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʽ ʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʽʪʯʠʟʥʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ çɯɿʂè, 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ ɺɸʊ çʃʠʩʠʯʘʥʩʴʢʠʡ ʟʘʚʦʜ ʈʊɯè ʟʘ ʚʠʭʽʜʥʠʤʠ ʚʠʤʦʛʘʤʠ ʚʽʜʜʽʣʫ ʨʦʟʨʦʙʢʠ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʜʷʛʫ (ɺʈɺʉʆ) ɼʝʨʞʅɼɯʊɹʍɺ (ʤ. ʉʻʚʻʨʦʜʦʥʝʮʴʢ). ɿʘʟʥʘʯʝʥʠʡ ʤʘʪʝʨʽʘʣ ʻ 

ʰʪʫʯʥʦʶ ʰʢʽʨʦʶ ʥʘ ʪʢʘʥʠʥʥʽʡ ʦʩʥʦʚʽ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʧʦʣʽʤʝʨʥʠʤ ʧʦʢʨʠʪʪʷʤ (ʊʋ ʋ 25.1-05389942.017-2003) 

ʟ ʦʩʥʦʚʦʶ ʟ ʪʢʘʥʠʥʠ ʧʦʣʦʪʥʷʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʥʷ ʟ ʧʦʣʽʘʤ̔ʜʥʠʭ ʥʠʪʦʢ ʽʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʧʦʢʨʠʪʪʷʤ ʧʦʣʽʤʝʨʥʦʶ 

ʢʦʤʧʦʟʠʮʽʻʶ ʉʂɽʇʊ-40 (ʝʪʠʣʝʥʧʨʦʧʽʣʝʥʦʚʠʡ ʢʘʫʯʫʢ). ɼʘʥʠʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʪʦʚʱʠʥʫ 0,5 ʤʤ ʧʨʠ ʧʦʚʝʨʭʥʝʚʽʡ 

ʱʽʣʴʥʦʩʪʽ 550 ʛ/ʤ2. ʈʦʟʨʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʙ ʤʘʪʝʨʽʘʣʫ çɯɿʂè ʷʢ ʧʦ ʦʩʥʦʚʽ, ʪʘʢ ʽ ʧʦ ʧʽʪʢʘʥʥʶ (ʚ 

ʧʦʟʜʦʚʞʥʴʦʤʫ ʪʘ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜʧʦʚʽʜʥʦ) ʨʦʟʤʽʨʦʤ 50 ʭ 100 ʤʤ ʨʽʚʥʦʤʽʮʥʽ ʽ ʩʪʘʥʦʚʣʷʪʴ 500 ʅ, ʘ 

ʚʝʣʠʯʠʥʘ ʟʚ'ʷʟʢʫ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʪʢʘʥʠʥʥʦʶ ʦʩʥʦʚʦʶ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0,4 ʅ/ʤʤ, ʱʦ, ʷʢ ʩʚʽʜʯʠʪʴ 

ʧʨʘʢʪʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʟʦʣʶʶʯʠʭ ʢʦʩʪʶʤʽʚ, ʻ ʜʦʩʪʘʪʥʴʦʶ. ʂʨʽʤ ʮʴʦʛʦ, ʜʘʥʠʡ ʤʘʪʝʨʽʘʣ ʻ ʧʦʚʽʪʨʦ- ʪʘ 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʠʤ. 

ʉʪʽʡʢʽʩʪʴ ʧʨʠ ʟʛʠʥʘʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʟʛʽʜʥʦ ʟ ɻʆʉʊ 20876-75 [12] ʥʘ ʧʨʠʣʘʜʽ ʄɯʈʄ, ʚʽʜʧʦʚʽʜʥʦ ʟ ʷʢʠʤ ʢʽʣʴʢʽʩʪʴ ʧʨʦʙ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʝ ʰʝʩʪʠ ʫ ʢʦʞʥʦʤʫ ʚʠʙʨʘʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʈʦʟʤʽʨʠ ʧʨʦʙʠ ʧʦ 

ʜʦʚʞʠʥʽ ʧʦʚʠʥʥʽ ʜʦʨʽʚʥʶʚʘʪʠ 90 Ñ 1 ʤʤ, ʘ ʧʦ ʰʠʨʠʥʽ  60 Ñ 1 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʤʝʞʘʭ ʚʽʜ - 10Áʉ ʜʦ - 50Áʉ ʟ ʽʥʪʝʨʚʘʣʦʤ ʫ - 10Áʉ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʧʨʠ ʜʽʾ ʪʝʤʧʝʨʘʪʫʨʠ -100ʉ, ʟʘʩʚʽʜʯʠʣʠ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʩʪʽʡʢʦʩʪʽ ʧʨʦʙ ʜʦ ʩʢʣʘʜʥʠʭ ʨʦʤʙʦʧʦʜʽʙʥʠʭ ʚʠʛʠʥʽʚ. ʅʘʧʨʠʢʣʘʜ, ʤʘʪʝʨʽʘʣ ʬʽʨʤʠ çʊʨʝʣʣʝʙʦʨʛè (ʐʚʝʮʽʷ) ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʚʧʣʠʚʽ ʟʘʟʥʘʯʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʫʡʥʫʚʘʚʩʷ ʟʘ 32400 ʮʠʢʣʫ, ʤʘʪʝʨʽʘʣ ʬʽʨʤʠ çɼʨʝʛʝʨè 

(ʅʽʤʝʯʯʠʥʘ) ʟʨʫʡʥʫʚʘʚʩʷ ʟʘ 40352 ʮʠʢʣʠ, ʤʘʪʝʨʽʘʣ ʊʉʂ-15 ʟʨʫʡʥʫʚʘʚʩʷ ʟʘ 18000 ʮʠʢʣʽʚ, ʤʘʪʝʨʽʘʣ çɹʎʂè 

ʟʨʫʡʥʫʚʘʚʩʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʨʦʙʘ ʤʘʪʝʨʽʘʣʫ çɯɿʂè ʟʨʫʡʥʫʚʘʣʘʩʷ ʟʘ 51327 ʮʠʢʣʽʚ (ʨʠʩ. 1). 

ʇʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ -200ʉ, ʧʦʢʘʟʥʠʢʠ ʟʛʠʥʘʥʥʷ ʨʽʟʢʦ ʟʤʽʥʠʣʠʩʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʙʠ 

ʤʘʪʝʨʽʘʣʫ ʬʽʨʤʠ çʊʨʝʣʣʝʙʦʨʛè ʟʨʫʡʥʫʚʘʣʠʩʷ ʟʘ 15755 ʮʠʢʣʫ, ʧʨʦʙʠ ʤʘʪʝʨʽʘʣʫ ʬʽʨʤʠ çɼʨʝʛʝʨè ʟʨʫʡʥʫʚʘʣʠʩʷ 

ʟʘ 25350 ʮʠʢʣʽʚ, ʧʨʦʙʠ ʤʘʪʝʨʽʘʣʫ çʇʄɹʂ-ʅè ʟʨʫʡʥʫʚʘʣʠʩʷ ʟʘ 1845 ʤʘʪʝʨʽʘʣʫ çɯɿʂè ʟʨʫʡʥʫʚʘʣʠʩʷ ʟʘ 40529 

ʮʠʢʣʽʚ.  ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʙ ʤʘʪʝʨʽʘʣʽʚ çʊʉʂ-15è ʽ çɹʎʂè, ʪʦ ʧʝʨʰʽ ʟ ʥʠʭ ʟʨʫʡʥʫʚʘʚʩʷ ʟʘ 7266 ʮʠʢʣʽʚ, ʘ 

ʜʨʫʛʠʡ ï ʟʘ 6000 ʮʠʢʣʽʚ (ʨʠʩ. 1, ʧʦʟ. 4 ʪʘ ʧʦʟ. 5). ɯʩʪʦʪʥʝ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟʛʠʥʘʣʴʥʦʾ ʚʩʽʭ ʙʝʟ ʚʠʥʷʪʢʫ 

ʧʨʦʙ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʩʪʘʻ ʧʽʩʣʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʨʦʙʫʚʘʣʴʥʦʾ ʢʘʤʝʨʠ ʜʦ -400ʉ. ʊʘʢ, 

ʧʨʦʙʠ ʤʘʪʝʨʽʘʣʫ ʬʽʨʤʠ çʊʨʝʣʣʝʙʦʨʛè ʟʤʝʥʰʠʣʠ ʧʦʢʘʟʥʠʢ ʩʪʽʡʢʦʩʪʽ ʜʦ ʨʦʤʙʦʧʦʜʽʙʥʠʭ ʚʠʛʠʥʽʚ ʥʘ 93,5% ʽ 

ʟʨʫʡʥʫʚʘʣʠʩʷ ʟʘ 2120 ʮʠʢʣʽʚ (ʨʠʩ. 1, ʧʦʟ. 1), ʘ ʧʨʦʙʠ ʬʽʨʤʠ çɼʨʝʛʝʨè ï ʥʘ 88,5% ʽ ʪʘʢʦʞ ʟʨʫʡʥʫʚʘʣʠʩʷ ʯʝʨʝʟ 

4654 ʮʠʢʣʠ ʩʢʣʘʜʥʠʭ ʜʝʬʦʨʤʘʮʽʡ (ʨʠʩ. 1, ʧʦʟ. 2). ɸʥʘʣʦʛʽʯʥʽ ʚʠʩʥʦʚʢʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʽ ʱʦʜʦ ʧʨʦʙ 

ʤʘʪʝʨʽʘʣʽʚ çʇʄɹʂ-ʅè ʽ çʊʉʂ-15è, ʦʩʢʽʣʴʢʠ ʤʘʪʝʨʽʘʣ çɹʎʂè ʪʘʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʞʝ ʥʝ ʚʠʪʨʠʤʘʚ (ʨʠʩ. 1, 

ʧʦʟ. 5), ʪʦʙʪʦ ʟʤʝʥʰʝʥʥʷ ʟʛʠʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʥʘ 87,7%  ʽ 96,4% ʚʽʜʧʦʚʽʜʥʦ ʟ ʨʫʡʥʫʚʘʥʥʷʤ ʟʨʘʟʢʽʚ ʟʘ 3548 ʪʘ 

652 ʮʠʢʣʠ (ʨʠʩ. 1, ʧʦʟ. 3 ʪʘ ʧʦʟ. 4). 

ʑʦ ʞ ʜʦ ʧʨʦʙ ʤʘʪʝʨʽʘʣʫ çɯɿʂè, ʪʦ ʟʘʟʥʘʯʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (- 400ʉ) ʪʘʢʦʞ ʩʧʨʠʷʻ ʾʭ ʨʫʡʥʫʚʘʥʥʶ ʟʘ 

23710 ʮʠʢʣʽʚ (53,8 %), ʘ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ -450 ʉ, ʟʨʘʟʢʠ ʟʨʫʡʥʫʚʘʣʠʩʷ ʟʘ 20405 ʮʠʢʣʽʚ (ʨʠʩ. 1, ʧʦʟ. 6). 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʆʪʞʝ, ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʧʦʢʘʟʥʠʢ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʟʛʠʥʘʥʥʽ ʟʛʽʜʥʦ ʟ ʚʠʭʽʜʥʠʤʠ ʚʠʤʦʛʘʤʠ, ʘ 

ʮʝ 20000 ʮʠʢʣʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ -400ʉ, ʪʦ ʟʘʟʥʘʯʝʥʠʤ ʥʦʨʤʘʤ ʚʽʜʧʦʚʽʜʘʻ ʣʠʰʝ ʩʧʝʮʽʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ 

ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ çɯɿʂè, ʜʝ ʚ ʷʢʦʩʪʽ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʫʤʽʰʝʚʫ ʢʦʤʧʦʟʠʮʽʶ 

ʉʂɽʇʊ-40. ɯʥʰʽ ʤʘʪʝʨʽʘʣʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1, ʧʽʩʣʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ -300 ʉ 
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ʧʨʘʢʪʠʯʥʦ ʩʪʘʶʪʴ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʟʦʣʶʶʯʠʭ ʢʦʩʪʶʤʽʚ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʚ 

ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ ʚʠʧʨʦʙʫʚʘʥʴ (ʨʠʩ. 1). ʊʦʤʫ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠʩʷ ʩʘʤʝ ʟ 

ʧʨʦʙʘʤʠ ʤʘʪʝʨʽʘʣʫ çɯɿʂè  ʪʘ ʟ ʜʝʷʢʠʤʠ ʽʥʰʠʤʠ (ʥʘ ʚʠʙʽʨ) ʟʨʘʟʢʘʤʠ (ʪʘʙʣ. 1) ʟ ʤʝʪʦʶ ʧʦʨʽʚʥʷʥʥʷ ʾʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʨʠ ʚʧʣʠʚʽ ʅʐɺʌ. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʊ, 0ʉ 

ʈʠʩ. 1.  ɿʘʣʝʞʥʽʩʪʴ ʟʛʠʥʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʚʽʜ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʩʪʫʧʥʠʭ ʧʨʦʙ ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ:  

1 ï çʊʨʝʣʣʝʙʦʨʛè; 2 ï çɼʨʝʛʝʨè; 3 ï çʇʄɹʂ-ʅè; 4 ï çʊʉʂ-15è; 5 ï çɹʎʂè; 6 ï çɯɿʂè 
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ANALYSIS OF THE AVAILABLE SYSTEMS OF SUPPORTING THE SCIENTIFIC  
ACTIVITIES OF EMPLOYEES OF HIGHER EDUCATIONAL INSTITUTIONS  

 
The article provides an analysis of the existing systems of support for the scientific activity of employees of higher educational 

institutions. In today's world, in the conditions of the distancing of education, science and other industry of human activity caused by the 
pandemic and war, there is a need for high-quality and multifunctional software. For scientists at all stages of their activity, it is necessary to  
use modern web technologies and software. Nowadays, during the full-scale war between Russia and Ukraine, higher education institutions 
are actively practicing the implementation of web technologies for organizing not only online learning of students and pupils, but also 
implementing distance work of employees of the higher education institutions, a large part of which is scientific work. In the arti cle we 
analyze the Open Conference System and the Easy Chair for organization and holding scientific conferences. There are a large number of 
systems that can perform tasks related to the organization of conference stages, materials management and other important tasks. During 
the research, it was determined that conference support systems are divided into several types depending on the functionality provided to the 
user. When people choose a web system for organizing scientific activities of employees, the main criteria is the availability of the resource, 
which includes convenient functionality, easy start in work, protection of personal materials and personal data. We have determined that 
among the analyzed systems there is a lack of functionality that would allow us to conduct statistics of employees. Systems for conducting 
conferences should be expanded in the field of supporting the results of scientific activity. 

Keywords: websystem, web technology, web platform. 

 
ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʜ̫ʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 
ʋ ʥʘʰ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʙʫʚʘʻ ʰʠʨʦʢʠʭ ʤʘʩʰʪʘʙʽʚ. ɺʠʩʦʢʦʛʦ 

ʨʽʚʥʷ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʪʘʢʦʞ ʥʘʙʫʣʘ ʽ ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʟʘʢʣʘʜʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ (ɿɺʆ). ɺ ʫʤʦʚʘʭ 
ʧʘʥʜʝʤʽʾ Covid-19, ʱʦ ʨʦʟʧʦʯʘʣʘʩʷ ʟ 2020 ʨʦʢʫ, ʟʘʢʣʘʜʠ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ ʪʘ ʩʚʽʪʫ ʟʤʫʰʝʥʽ ʙʫʣʠ ʧʝʨʝʡʪʠ ʥʘ 
ʜʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ. ʅʘ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʦʨʛʘʥʽʟʘʮʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʚʽʜʜʘʣʝʥʦʾ ʨʦʙʦʪʠ 
ʧʨʘʮʽʚʥʠʢʽʚ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ, ʦʨʛʘʥʽʟʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʩʪʫʜʝʥʪʘʤʠ ʪʘ ʚʠʢʣʘʜʘʯʘʤʠ, ʤʽʞ ʫʯʥʷʤʠ ʪʘ 
ʚʯʠʪʝʣʷʤʠ ʩʚʦʾ ʨʝʩʫʨʩʠ ʥʘʜʘʚʘʣʠ ʚʩʝʩʚʽʪʥʽ ʢʦʤʧʘʥʽʾ, ʪʘʢʽ ʷʢ Google, Microsoft ʪʦʱʦ. ʇʨʦʮʝʩ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 
ʥʘʚʯʘʥʥʷ ʩʪʘʚ ʙʫʜʝʥʥʽʩʪʶ ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʚʩʽʭ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʥʝ ʣʠʰʝ ʋʢʨʘʾʥʠ, ʘ ʡ ʟʘ ʾʾ ʤʝʞʘʤʠ. ɼʣ̫ 
ʦʨʛʘʥʽʟʘʮʽʾ, ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʪʘʢʦʛʦ ʩʢʣʘʜʥʦʛʦ ʽ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʧʨʦʮʝʩʫ, ʷʢ ʜʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ, ʟʘ 
ʫʯʘʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʫʙôʻʢʪʽʚ ʽʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʪʨʝʙ ʪʘ ʚʠʤʦʛ, ʨʽʰʝʥʥʷʤ ʩʪʘʣʠ ʦʥʣʘʡʥ ʩʝʨʚʽʩʠ ʜʣʷ 
ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʡ ʪʘ ʚʝʙʽʥʘʨʽʚ. ʊʘʢʦʞ ʚʝʙʪʝʭʥʦʣʦʛʽʾ ʩʪʘʣʠ ʚʘʛʦʤʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ  
ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ɿɺʆ, ʟʦʢʨʝʤʘ ʚ ʧʽʜʛʦʪʦʚʮʽ, ʧʨʦʚʝʜʝʥʥʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. ʅʘ ʜʘʥʠʡ ʯʘʩ, ʫ 
ʧʝʨʽʦʜ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʈʦʩʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ, ɿɺʆ ʦʩʪʘʥʥʴʦʾ ʘʢʪʠʚʥʦ ʧʨʘʢʪʠʢʫʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʝʙ-
ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʥʝ ʣʠʰʝ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʪʘ ʫʯʥʽʚ, ʘ ʡ ʨʝʘʣʽʟʦʚʫʶʪʴ ʜʠʩʪʘʥʮʽʡʥʫ 
ʨʦʙʦʪʫ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ɿɺʆ, ʚʝʣʠʢʦʶ ʯʘʩʪʠʥʦʶ ʷʢʦʾ ʻ ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ. 

ɼʣʷ ʥʘʫʢʦʚʮʽʚ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʾʭ ʜʽʷʣʴʥʦʩʪʽ ʥʝʚʽʜôʻʤʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʝʙʪʝʭʥʦʣʦʛʽʡ, 
ʤʝʨʝʞʘ ɯʥʪʝʨʥʝʪ ʩʪʘʣʘ ʤʘʩʰʪʘʙʥʠʤ ʤʘʡʜʘʥʯʠʢʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʪʘ 
ʦʨʛʘʥʽʟʘʮʽʾ ʨʽʟʥʠʭ ʝʪʘʧʽʚ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʇʦʰʫʢ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʪʘ ʣʽʪʝʨʘʪʫʨʠ ʚ ʥʘʰ ʯʘʩ ʨʝʘʣʽʟʦʚʘʥʠʡ 
ʤʘʢʩʠʤʘʣʴʥʦ ʟʨʫʯʥʦ, ʫʜʦʩʢʦʥʘʣʝʥʠʤ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʚʽʜʢʨʠʪʦʛʦ ʧʦʰʫʢʫ ʧʫʙʣʽʢʘʮʽʡ ʥʘ ʨʽʟʥʽ 
ʪʝʤʘʪʠʢʠ ʪʘ ʻ ʚʧʦʨʷʜʢʦʚʘʥʠʤ ʟʛʽʜʥʦ ʩʬʝʨ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʥʠʢʠ ʫʩʴʦʛʦ ʩʚʽʪʫ ʤʦʞʫʪʴ ʚʽʣʴʥʦ 
ʩʧʽʣʢʫʚʘʪʠʩʷ ʤʽʞ ʩʦʙʦʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ɯʥʪʝʨʥʝʪ ʯʝʨʝʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʣʦʱʘʜʢʠ ʘʙʦ ʩʦʮʽʘʣɹʥʽ ʤʝʨʝʞʽ. 
ɿʥʠʢʘʶʪʴ ʢʦʨʜʦʥʠ ʽ ʫ ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʣʶʜʴʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʩʚʽʪʫ ʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫ 
ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʽʣʠʪʠʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ɿɺʆ ʚʘʞʣʠʚʠʤ ʻ 
ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʦʻʾ ʥʘʫʢʦʚʦʾ ʜʽʷʣʥɹʦʩʪʽ, ʚʝʜʝʥʥʷ ʩʪʘʪʠʩʪʠʢʠ, ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʮʠʪʫʚʘʥʥʷ, 
ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʽʚ, ʱʦ ʻ ʪʘʢʦʞ ʥʝʤʦʞʣʠʚʠʤ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʙʪʝʭʥʦʣʦʛʽʡ.  

ʆʩʥʦʚʥʠʤ ʽ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʧʨʦʮʝʩʦʤ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ɿɺʆ ʻ ʦʨʛʘʥʽʟʘʮʽʷ, 
ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʫʯʘʩʪʴ ʫ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. ʇʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʡ ʫ ʤʠʥʫʣʦʤʫ ʙʫʚ ʜʦʩʠʪʴ 
ʦʙôʻʤʥʠʤ ʚʘʞʢʠʤ, ʙʘʛʘʪʦʨʽʚʥʝʚʠʤ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʧʦʪʨʝʙʫʚʘʣʘ ʙʘʛʘʪʦ ʯʘʩʫ, ʟʘʩʦʙʽʚ, ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ.   

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʢʨʦʢʦʤ ʫ ʩʧʨʦʱʝʥʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʥʬʝʨʝʥʮʽʡ ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷʤ 
ʢʦʥʬʝʨʝʥʮʽʷʤʠ. ɺ ʬʫʥʢʮʽʦʥʘʣʽ ʷʢʠʭ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʧʽʜʪʨʠʤʢʘ ʫʩʽʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʟʥʘʯʥʦ 
ʧʦʣʝʛʰʫʶʪʴ ʨʦʙʦʪʫ ʘʚʪʦʨʽʚ, ʨʝʮʝʥʟʝʥʪʽʚ, ʦʨʛʘʥʽʟʘʪʦʨʽʚ. ɿʘʚʜʷʢʠ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʘʚʪʦʨʠ ʽ ʨʝʮʝʥʟʝʥʪʠ ʤʦʞʫʪʴ 
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ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʧʨʦʮʝʩ ʥʘʜʭʦʜʞʝʥʥʷ ʾʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʽ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ, ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ 
ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ.  

ʆʢʨʽʤ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʜʭʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʨʝʮʝʥʟʫʚʘʥʥʷ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʽ ʧʽʜʪʨʠʤʢʘ 
ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʂʣʶʯʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ 
ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ɿɺʆ ʟʘʣʠʰʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʟ ʢʦʣʝʛʘʤʠ, ʚʚʝʜʝʥʥʷ ʥʘʫʢʦʚʦʾ ʟʚʽʪʥʦʩʪʽ, 
ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʮʠʪʫʚʘʥʥʷ ʚʣʘʩʥʠʭ ʜʞʝʨʝʣ ʪʘ ʧʽʜʪʨʠʤʢʘ ʫʯʘʩʪʽ ʫ ʢʦʥʬʝʨʝʥʮʽʷʭ. ɺ ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʛʦ 
ʧʨʦʮʝʩʫ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʫʢʦʚʮʽ ʩʪʠʢʘʶʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ ʚʽʜʜʘʣʝʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʝʨʝʥʮʽʷʤʠ. 
ʆʨʛʘʥʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʰʫʢ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʟ 
ʤʦʞʣʠʚʦʩʪʷʤʠ, ʱʦ ʟʜʘʪʥʽ ʧʦʚʥʽʩʪʶ ʧʦʚʪʦʨʠʪʠ, ʘʙʦ ʥʘʚʽʪʴ ʧʦʢʨʘʱʠʪʠ ʨʦʙʦʪʫ ʦʨʛʘʥʽʟʘʪʦʨʽʚ ʪʘ ʫʯʘʩʥʠʢʽʚ 
ʢʦʥʬʝʨʝʥʮʽʡ ʚ ʦʥʣʘʡʥ ʬʦʨʤʘʪʽ. ɿ ʧʦʷʚʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʫʩʽ ʥʘʫʢʦʚʮʽ ʚʠʢʦʥʘʣʠ ʧʝʨʝʭʽʜ ʜʦ ʟʜʽʡʩʥʝʥʥʷ 
ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʝʨʝʥʮʽʷʤʠ, ʜʦʩʷʛʥʫʚʰʠ ʚʠʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʯʘʩʦʚʦʛʦ 
ʪʘ ʣʶʜʩʴʢʦʛʦ ʨʝʩʫʨʩʫ, ʟʽ ʟʥʠʞʝʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ 
ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʟ ʜʦʢʫʤʝʥʪʘʤʠ ʪʘ ʤʘʪʝʨʽʘʣʘʤʠ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʆʪʞʝ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʝʨʝʥʮʽʷʤʠ ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ  ʪʘ  
ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ɺʦʥʘ ʜʦʧʦʤʘʛʘʻ ʛʦʣʦʚʘʤ ʢʦʤʽʩʽʡ, ʦʨʛʘʥʽʟʘʪʦʨʘʤ ʪʘ ʘʚʪʦʨʘʤ ʜʦʧʦʚʽʜʝʡ 
ʚ ʾʭ ʥʘʫʢʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʨʦʙʦʪʠ ʤʘʡʙʫʪʥʴʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 
ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʘʨʪʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʩʠʩʪʝʤ.  

 
ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿ ʜʠʩʪʘʥʮʽʶʚʘʥʥʷʤ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʩʪʫʜʝʥʪʽʚ ʪʘ ʧʨʘʮʽʚʥʠʢʽʚ ʚʠʱʠʭ 
ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʫ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʦʥʣʘʡʥ ʩʝʨʚʽʩʽʚ ʫ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ 
ʪʘ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ. ʋ ʧʨʘʮʽ ʆ. ɻʣʘʟʫʥʦʚʦʾ, ʆ. ʂʫʟʴʤʽʥʩʴʢʦʾ, ʊ. ɺʦʣʦʰʠʥʦʾ ʦʧʠʩʫʻʪʴʩʷ  ʢʦʤʧʝʪʝʥʪʥʽʩʥʠʡ 
ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʧʨʦʬʝʩʽʡʥʠʭ ʽ ʦʩʦʙʠʩʪʽʩʥʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʩʪʫʜʝʥʪʽʚ ʫʥʽʚʝʨʩʠʪʝʪʫ 
ʟʘʩʦʙʘʤʠ ʥʘʫʢʦʚʠʭ ʝ-ʢʦʥʬʝʨʝʥʮʽʡ [1].  ɼ. ʄʦʨʦʟʦʚ, ʄ. ɸʣʽʡʥʠʢ, ɺ. ɿʘʡʮʝʚ ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ ʦʧʠʩʫʶʪʴ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ Java, Flash ʪʘ WebRTC ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʘʩʦʙʽʚ ʦʙʤʽʥʫ ʚʽʜʝʦ ʪʘ ʘʫʜʽʦ ʧʦʚʽʜʦʤʣʝʥʴ ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʨʘʫʟʝʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [2], ʱʦ ʻ ʦʜʥʠʤ ʽʟ ʢʨʦʢʽʚ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 
ʜʦʩʪʫʧʥʠʭ ʥʘʨʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɼʣʷ ʚʽʜʜʘʣʝʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘʫʢʦʚʠʤʠ ʢʦʥʬʝʨʝʥʮʽʾ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʘ 
ʩʠʩʪʝʤʘ, ʷʢ  Open Conference System, ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʾ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʘʡʪʫ OPENEDU.KUBG.EDU.UA 
ʙʫʣʦ ʦʧʠʩʘʥʦ ʚ ʧʨʘʮʽ ɯ. ʉʪʝʧʫʨʠ. ɸʚʪʦʨ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ  OCS  ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʘ ʩʘʤʝ 
ʥʘ ʙʘʟʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʂʠʾʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɹʦʨʠʩʘ ɻʨʽʥʯʝʥʢʘ, ʧʦʢʘʟʘʣʦ, ʱʦ ʩʠʩʪʝʤʘ 
ʮʽʣʢʦʤ ʧʨʘʮʝʟʜʘʪʥʘ [3].  

Andrew Glover ʫ ʩʚʦʾ ʨʦʙʦʪʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʷʢ ʫ ʨʘʤʢʘʭ ʜʠʩʪʘʥʮʽʶʚʘʥʥʷ ʥʘʫʢʦʚʮ̔ʚ ʧʽʜ ʯʘʩ 
ʧʘʥʜʝʤʽʾ Covid-19 ʧʦʯʘʣʠ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠʩʴ ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʥʣʘʡʥ ʢʦʥʬʝʨʝʥʮʽʡ, ʱʦ 
ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʣʦ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʥʘʫʢʦʚʮʽʚ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʣʦʢʘʮʽʾ [4].  

ɺ. ʐʝʚʯʝʥʢʦ ʦʧʠʩʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʥʽʚʝʨʩʠʪʝʪʘʤʠ ʋʢʨʘʾʥʠ ʨʽʟʥʦʛʦ ʪʠʧʫ ʧʣʘʪʬʦʨʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 
ʜʠʩʪʘʥʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ʚ ʫʤʦʚʘʭ ʧʘʥʜʝʤʽʾ [5].  

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʷʚʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 
ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʟʘʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʦʾ ʧʦʪʨʝʙʠ ʫ ʬʫʥʢʮʽʦʥʘʣʽ ʤʘʡʙʫʪʥʦɹʾ ʚʝʙʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 
ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ɿɺʆ. 
 ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ. ʇʨʦʮʝʩ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʥʬʝʨʝʥʮʽʡ ʻ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʤ ʪʘ 
ʙʘʛʘʪʦʝʪʘʧʥʠʤ. ɼʦ ʝʪʘʧʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʥʬʝʨʝʥʮʽʾ ʚʽʜʥʦʩʠʪʴʩʷ  [6]:  

1. ɺʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ, ʪʝʤʘʪʠʢʠ, ʧʝʨʝʣʽʢʽʚ ʥʘʧʨʷʤʢʽʚ, ʱʦ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʘ ʥʘʫʢʦʚʦʤʫ ʟʘʭʦʜʽ. 
2. ʆʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʪʠ ʚʝʙʩʘʡʪʫ ʧʽʜʪʨʠʤʢʠ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. 
3. ʌʦʨʤʫʚʘʥʥʷ ʪʘ ʥʘʜʩʠʣʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ.  
4. ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʝʟʘʣʝʞʥʦʛʦ ʨʝʮʝʥʟʫʚʘʥʥʷ ʧʦʜʘʥʠʭ ʜʦʧʦʚʽʜʝʡ (ʪʝʟ ʜʦʧʦʚʽʜʝʡ) ʪʘ ʧʝʨʝʚʽʨʢʘ ʧʦʜʘʥʠʭ 
ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʥʘʷʚʥʽʩʪʴ ʦʟʥʘʢ ʘʢʘʜʝʤʽʯʥʦʛʦ ʧʣʘʛʽʘʪʫ ʪʘ ʽʥʰʠʭ ʧʦʨʫʰʝʥʴ ʘʢʘʜʝʤʽʯʥʦʾ ʜʦʙʨʦʯʝʩʥʦʩʪʽ. 

5. ʇʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʡ ʫ ʤʝʞʘʭ ʨʦʙʦʯʠʭ ʩʝʢʮʽʡ. 
6. ʇʫʙʣʽʢʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ.  
ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʯʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʨʛʘʥʽʟʘʮ̔̒ ʶ ʝʪʘʧʽʚ 

ʢʦʥʬʝʨʝʥʮʽʾ, ʫʧʨʘʚʣʽʥʥʷʤ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʽʥʰʠʤʠ ʚʘʞʣʠʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 
ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʢʦʥʬʝʨʝʥʮʽʡ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʟʘʣʝʞʥʦ ʚʽʜ 
ʬʫʥʢʮʽʦʥʘʣʫ, ʱʦ ʥʘʜʘʻʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʚʽ. ʇʝʨʰʠʤ ʪʠʧʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʪʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ 
ʩʚʦʶ ʚʣʘʩʥʫ ʩʠʩʪʝʤʫ ʥʘ ʾʭ ʙʘʟʽ, ʚʩʪʘʥʦʚʠʚʰʠ ʚʽʜʧʦʚʽʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɯʥʰʠʤ ʚʘʨʽʘʥʪʦʤ ʻ 
ʩʠʩʪʝʤʠ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʢʦʥʬʝʨʝʥʮʽʶ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʾʭ ʧʦʩʣʫʛʠ.  
 ɼʦ ʢʣʶʯʦʚʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʥʘʜʘʶʪʴʩ̫ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ:  

1. ʇʦʜʘʥʥʷ ʘʚʪʦʨʘʤʠ ʤʘʪʝʨʽʘʣʽʚ. 
2. ʈʝʮʝʥʟʫʚʘʥʥʷ ʯʣʝʥʘʤʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ. 
3. ɼʦʜʘʚʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʧʨʦʛʨʘʤʥʠʤ ʢʦʤʽʪʝʪʦʤ. 
4. ɺʽʜʩʪʝʞʝʥʥʷ ʦʙʽʛʫ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ. 
5. ʇʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʽʚ. 
6. ʇʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʨʝʟʫʣʴʪʘʪ ʨʝʮʝʥʟʫʚʘʥʥʷ ʪʘ ʧʨʠʡʦʤ ʤʘʪʝʨʽʘʣʽʚ. 

 ʆʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʚʝʙʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʢʦʥʬʝʨʝʥʮʽʡ ʻ ʩʪʚʦʨʝʥʥʷ ʩʚʦʻʨʽʜʥʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ 
ʤʽʞ ʘʚʪʦʨʘʤʠ ʪʘ ʦʨʛʘʥʽʟʘʪʦʨʘʤʠ. ʂʦʞʥʘ ʽʟ ʩʠʩʪʝʤ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʦʙʣʽʢʦʚʦʛʦ ʟʘʧʠʩʫ ʘʚʪʦʨʘ, ʱʦ ʜʘʻ 
ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʚʘʪʠ ʪʘ ʟʤʽʥʶʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ, ʦʪʨʠʤʫʚʘʪʠ ʟʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ, ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ 
ʭʽʜ ʢʦʥʬʝʨʝʥʮʽʾ. ʂʦʞʥʘ ʟ ʧʣʘʪʬʦʨʤ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ ʧʝʨʝʜʙʘʯʘʻ ʘʚʪʦʨʠʟʘʮʽʶ ʚ ʩʠʩʪʝʤʽ, ʱʦ ʜʦʟʚʦʣʷʻ 
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ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʭʠʩʪ ʜʘʥʠʭ. ʊʘʢʦʞ ʚ ʦʩʦʙʠʩʪʦʤʫ ʢʘʙʽʥʝʪʽ ʘʚʪʦʨʘ ʚʽʜʦʙʨʘʞʘʪʁʴʩʷ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʧʨʦʭʦʜʞʝʥʥʷ 
ʨʝʮʝʥʟʫʚʘʥʥʷ ʪʘ ʭʽʜ ʤʘʪʝʨʽʘʣʽʚ.  
 ʇʝʨʰʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʫ ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ, ʻ Open Conference System. OCS [7] ï ʙʝʟʢʦʰʪʦʚʥʘ 
ʚʝʙʧʣʘʪʬʦʨʤʘ, ʱʦ ʷʚʣʷʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ, ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘʫʢʦʚʦ-
ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ.  

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ OCS ʙʫʣʦ ʧʨʦʩʫʚʘʥʥʷ ʽʜʝʾ ʚʽʜʢʨʠʪʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʠʭ 
ʢʦʥʬʝʨʝʥʮʽʡ. ʇʨʦʮʝʩ ʨʦʙʦʪʠ ʟ ʩʠʩʪʝʤʦʶ ʧʦʯʠʥʘʻʪʴʩʷ ʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʾ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʩʝʨʚʝʨʽ. ɼʦ ʪʝʭʥʽʯʥʠʭ 
ʚʠʤʦʛ ʚʩʪʘʥʦʚʣʝʥʥʷ OCS ʚʘʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ PHP ʩʧʝʮʠʬʽʢʘʮʽʾ 4.2.x ʘʙʦ ʙʽʣʴʰʝ (Microsoft IIS ʚʠʤʘʛʘʻ 
PHP 5.x), ʜʣʷ ʨʦʙʦʪʠ ʟ ʙʘʟʦʶ ʜʘʥʠʭ MySQL 3.23.23 ʘʙʦ ʚʠʱʝ, ʘʙʦ PostgreSQL 7.1 ʽ ʚʠʱʝ. ʉʝʨʚʝʨ Apache 
1.3.2x ʘʙʦ ʙʽʣʴʰʝ, 2.0.4x ʘʙʦ ʙʽʣʴʰʝ (ʘʙʦ Microsoft IIS 6) [8]. 
 Open Conference System ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʩʘʡʪʫ ʢʦʥʬʝʨʝʥʮʽʾ. ʅʘ ʩʘʡʪʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 
ʜʠʩʪʘʥʮʽʡʥʘ ʨʝʻʩʪʨʘʮʽʷ ʫʯʘʩʥʠʢʽʚ ʢʦʥʬʝʨʝʥʮʽʾ, ʝʣʝʢʪʨʦʥʥʘ ʧʦʜʘʯʘ ʜʫʙʣʽʢʘʪʽʚ ʧʘʧʝʨʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ. ʋ 
ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʢʘʙʽʥʝʪʽ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʜʘʛʫʚʘʥʥʷ ʚʞʝ ʧʦʜʘʥʦʛʦ ʢʦʥʪʝʥʪʫ. ʊʘʢʦʞ 
ʥʘ ʩʘʡʪʽ ʨʝʘʣʽʟʦʚʘʥʦ ʤʦʜʫʣʴ ʜʣʷ ʧʫʙʣʽʢʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ ʪʘ ʜʦʧʦʚʽʜʝʡ, ʨʝʘʣʽʟʦʚʘʥʦ ʾʭ ʧʦʰʫʢ, 
ʮʠʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʘ ʽʥʜʝʢʩʘʮʽʷ. ɿʘ ʙʘʞʘʥʥʷʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʥʣʘʡʥ-ʜʠʩʢʫʩʽʡ ʫʯʘʩʥʠʢʽʚ ʚʞʝ 
ʧʽʩʣʷ ʦʬʽʮʽʡʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ. 
 ʅʘ ʙʘʟʽ Open Conference System ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ɿɺʆ ʨʝʘʣʽʟʫʚʘʣʘ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ, 
ʨʦʟʛʦʨʥʫʚʰʠ ʩʚʦʾ ʚʝʙ ʩʘʡʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʜʘʥʽ ʤʦʞʣʠʚʦʩʪʽ OCS (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ɺʠʢʦʨʠʩʪʘʥʥʷ OCS ʊʝʨʥʦʧʽʣʴʩʴʢʠʤ ʥʘʮʽʦʥʘʣʴʥʠʤ ʤʝʜʠʯʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ 

 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, Open Conference System ï ʮʝ ʚʝʙʧʣʘʪʬʦʨʤʘ ʟ ʚʽʜʢʨʠʪʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ, ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʤʦʚʽ  PHP. OCS  ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʘʤ  ʧʦʣʽʪʠʢʠ  ʚʽʜʢʨʠʪʦʛʦ  ʜʦʩʪʫʧʫ  ʪʘ  
ʟʘʙʝʟʧʝʯʫʻ  ʷʢʽʩʥʫ  ʽʥʜʝʢʩʘʮʽʶ ʤʝʪʘʜʘʥʠʭ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɿʘʚʜʷʢʠ ʨʝʘʣʽʟʦʚʘʥʽʡ ʜʝʤʦ-ʚʝʨʩʽʾ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʪʦʨʠ ʤʦʞʫʪʴ ʙʘʯʠʪʠ ʧʦʧʝʨʝʜʥʽʡ ʚʠʛʣʷʜ ʧʨʦʜʫʢʪʫ 
ʱʝ ʜʦ ʟʘʧʫʩʢʫ. ɯʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʠ ʻ ʜʦʩʠʪʴ ʟʨʫʯʥʠʤ, ʚʦʥʘ ʣʝʛʢʘ ʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʥʦʚʠʤ 
ʢʦʨʠʩʪʫʚʘʯʘʤ ʟ ʣʝʛʢʽʩʪʶ ʧʦʯʘʪʠ ʨʦʙʦʪʫ, ʟʘʚʜʷʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʧʦʢʨʦʢʦʚʽʡ ʽʥʩʪʨʫʢʮʽʾ.  OCS ʤʘʻ 
ʤʫʣʴʪʠʣʽʥʛʚʽʩʪʠʯʥʠʡ ʽʥʪʝʨʬʝʡʩ. ʉʠʩʪʝʤʘ ʧʽʜʪʨʠʤʫʻ ʬʫʥʢʮʽʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʥʘʜʩʠʣʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʥʘ 
ʨʝʮʝʥʟʫʚʘʥʥʷ, ʪʘʢʦʞ ʻ  ʤʦʞʣʠʚʽʩʪʴ  ʦʙʛʦʚʦʨʝʥʥʷ  ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʽʞ ʨʝʮʝʥʟʝʥʪʘʤʠ. 

OCS ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʻ ʢʝʨʫʚʘʪʠ ʣʶʜʴʤʠ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʥʬʝʨʝʥʮʽʾ, ʚʢʣʶʯʘʶʯʠ 
ʚʽʜʩʪʝʞʝʥʥʷ ʨʦʙʦʪʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ, ʨʝʮʝʥʟʝʥʪʽʚ ʽ ʘʚʪʦʨʽʚ, ʚʠʢʦʥʫʻ ʩʧʦʚʽʱʝʥʥʷ ʯʠʪʘʯʽʚ ʽ 
ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʦʩʽʙ, ʘ ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʻ ʟ ʢʦʨʝʩʧʦʥʜʝʥʮʽʻʶ. 

OCS ʻ ʛʥʫʯʢʦʶ ʽ ʤʘʩʰʪʘʙʦʚʘʥʦʶ. ʆʜʥʘ ʽʥʩʪʘʣʷʮʽʷ OCS ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʦʙʦʪʫ ʦʜʥʦʯʘʩʥʦ 
ʢʽʣʴʢʦʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʧʽʜʪʨʠʤʢʘ ʦʜʥʽʻʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʞʝ ʪʨʠʚʘʪʠ ʢʽʣʴʢʘ ʨʦʢʽʚ. ʂʦʞʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʘʻ ʩʚʦʶ 
ʫʥʽʢʘʣʴʥʫ URL-ʘʜʨʝʩʫ, ʘ ʪʘʢʦʞ ʩʚʽʡ ʚʣʘʩʥʠʡ ʽʥʪʝʨʬʝʡʩ. OCS ʤʦʞʝ ʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʤʫ ʤʦʜʝʨʘʪʦʨʫ 
ʢʝʨʫʚʘʪʠ ʚʩʽʤʘ ʘʩʧʝʢʪʘʤʠ ʢʦʥʬʝʨʝʥʮʽʾ, ʘʙʦ OCS ʙʫʜʝ ʥʘʜʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʛʨʫʧʦʶ ʣʶʜʝʡ, ʢʦʪʨʠʤ 
ʥʘʜʘʥʽ ʨʽʟʥʽ ʦʙʦʚôʷʟʢʠ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʝʨʝʥʮʽʷʤʠ ʧʽʜʪʨʠʤʫʻ ʧʨʠʥʮʠʧ 
ʨʦʟʰʠʨʝʥʥʷ ʜʦʩʪʫʧʫ . ʎʷ ʩʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʥʝ ʣʠʰʝ ʜʣʷ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʫ ʧʫʙʣʽʢʘʮʽʾ ʢʦʥʬʝʨʝʥʮʽʡ, ʘ ʡ 
ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʪʦʛʦ, ʷʢ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʫʙʣʽʢʘʮʽʶ ʢʦʥʬʝʨʝʥʮʽʾ ʜʦ ʪʘʢʦʾ ʤʽʨʠ, ʢʦʣʠ ʥʘʜʘʥʥʷ 
ʯʠʪʘʯʘʤ çʚʽʜʢʨʠʪʦʛʦ ʜʦʩʪʫʧʫè ʜʦ ʟʤʽʩʪʫ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʙʫʪʠ ʞʠʪʪʻʟʜʘʪʥʠʤ ʚʘʨʽʘʥʪʦʤ.  

Open Conference System ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-ʩʘʡʪʫ ʢʦʥʬʝʨʝʥʮʽʾ, ʬʦʨʤʫʚʘʥʥʷ ʦʩʥʦʚʥʦʾ 
ʜʦʢʫʤʝʥʪʘʮʽʾ, ʧʨʠʡʦʤ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʷʚʦʢ ʪʘ ʨʝʬʝʨʘʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʦʟʚʦʣʷʻ ʪʠʤ, ʭʪʦ ʧʦʜʘʻ 
ʜʦʢʫʤʝʥʪʠ, ʨʝʜʘʛʫʚʘʪʠ ʩʚʦʶ ʨʦʙʦʪʫ. ʄʘʪʝʨʽʘʣʠ ʪʘ ʜʦʢʫʤʝʥʪʠ ʧʽʩʣʷ ʢʦʥʬʝʨʝʥʮʽʾ ʫ ʦʥʣʘʡʥ ʬʦʨʤʘʪʽ ʟ 
ʤʦʞʣʠʚ̔ʩʪʶ ʧʦʰʫʢʫ.  

ʋ ʙʽʣʴʰ ʥʦʚʽʰʠʭ ʚʝʨʩʽʷʭ OCS ʙʫʣʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʝʥʦ ʬʫʥʢʮʽʦʥʘʣ: 
1. ʋʧʨʘʚʣʽʥʥʷ ʢʦʥʬʝʨʝʥʮʽʷʤʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʝʚʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ (ʥʘʧʨʠʢʣʘʜ, ʱʦʨʽʯʥʦ) 
2. ʉʠʩʪʝʤʘ ʦʛʣʷʜʫ ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʻ ʨʦʟʰʠʨʝʥʦʶ ʪʘ ʙʘʛʘʪʦʨʘʫʥʜʦʚʦʶ.  
3. ɿôʷʚʠʣʘʩʴ ʩʠʩʪʝʤʘ ʰʘʙʣʦʥʽʚ ʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. 
4. ɼʦʜʘʶʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʠ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʧʝʨʝʢʣʘʜʫ. 
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5. ʆʧʣʘʪʘ ʧʣʘʪʽʞʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘ ʨʝʻʩʪʨʘʮʽʶ. 
6. ʃʽʮʝʥʟʫʚʘʥʥʷ ʧʨʝʟʝʥʪʘʮʽʡ Creative Commons. 
7. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʩʪʘʻ ʙʽʣʴʰ ʤʘʩʰʪʘʙʦʚʘʥʠʤ ʽ ʟʘʭʠʱʝʥʠʤ. 
8. ɼʦʜʘʥʦ ʧʣʘʥʫʚʘʣʴʥʠʢ ʟʘʭʦʜʽʚ. 
9. ɼʦʜʘʥʦ ʘʜʘʧʪʠʚʥʫ ʬʦʨʤʫ ʨʝʮʝʥʟʝʥʪʘ. 
10.  ɹʘʛʘʪʦʤʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ.  

 ʋ ʬʫʥʢʮʽʦʥʘʣʽ Open Conference System ʯʽʪʢʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʟʘʜʘʯ ʤʽʞ ʨʦʣʷʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. 
ʋʩʽ ʢʦʨʠʩʪʫʚʘʯʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʤʝʥʝʜʞʝʨʽʚ ʢʦʥʬʝʨʝʥʮʽʾ, ʢʝʨʽʚʥʠʢʽʚ ʢʦʥʬʝʨʝʥʮʽʾ, ʘʚʪʦʨʽʚ, ʨʝʮʝʥʟʝʥʪʽʚ, 
ʫʯʘʩʥʠʢʽʚ. 
 ʈʦʙʦʪʘ ʤʝʥʝʜʞʝʨʽʚ ʢʦʥʬʝʨʝʥʮʽʾ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ: 

- ʤʝʥʝʜʞʝʨ ʥʘʣʘʰʪʦʚʫʻ ʚʝʙʩʘʡʪ ʽ ʩʪʚʦʨʶʻ ʢʦʥʬʝʨʝʥʮʽʾ; 
- ʧʨʠʟʥʘʯʝʥʥʷ ʢʝʨʽʚʥʠʢʽʚ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʩʝʢʮʽʡ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʨʤʽʥʽʚ ʪʘ ʪʠʧʽʚ ʧʦʜʘʥʥʷ 
ʤʘʪʝʨʽʘʣʽʚ; 

- ʢʝʨʫʚʘʥʥʷ ʨʝʻʩʪʨʘʮʽʷʤʠ, ʥʘʜʘʥʥʷ ʯʣʝʥʩʪʚʘ; 
- ʥʘʣʘʰʪʫʚʘʥʥʷ ʽʥʜʝʢʩʘʮʽʾ (Google Scholar), ʢʦʤʝʥʪʫʚʘʥʥʷ, ʟʙʽʨ ʢʦʰʪʽʚ, ʧʦʣʽʪʠʢʠ ʜʦʩʪʫʧʫ ʜʦ ʩʘʡʪʫ; 
- ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ; 
- ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʦʩʪʫʧʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʘʨʭʽʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ; 

 ʋ ʩʚʦʶ ʯʝʨʛʫ, ʢʝʨʽʚʥʠʢʘʤʠ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʨʷʜ ʧʘʨʘʣʝʣʴʥʠʭ ʟ ʤʝʥʝʜʞʝʨʘʤʠ ʢʦʥʬʝʨʝʥʮʽʾ 
ʧʨʦʮʝʩʽʚ: 

- ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʧʨʠʡʥʷʪʪʷ ʤʘʪʝʨʽʘʣʽʚ, ʦʨʛʘʥʽʟʘʮʽʷ ʩʝʢʮʽʡ, ʪʝʨʤʽʥʠ ʪʘ ʧʨʘʚʠʣʘ ʧʦʜʘʯʽ, 
ʧʨʠʟʥʘʯʝʥʥʷ ʢʝʨʽʚʥʠʢʽʚ ʩʝʢʮʽʾ, ʨʝʮʝʥʟʝʥʪʽʚ; 

- ʧʽʜʛʦʪʦʚʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʣʠʩʪʽʚ; 
- ʚʠʙʽʨ ʨʝʮʝʥʟʝʥʪʽʚ; 
- ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʡ; 
ɸʚʪʦʨʘʤ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʽʚ. ʈʝʮʝʥʟʝʥʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʛʦʪʫʶʪʴ 

ʚʽʜʛʫʢʠ ʪʘ ʧʦʜʘʶʪʴ ʾʭ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ. ʏʠʪʘʯʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʽʪʠʢʠ ʜʦʩʪʫʧʫ, ʤʦʞʫʪʴ 
ʰʫʢʘʪʠ ʪʘ ʧʝʨʝʛʣʷʜʘʪʠ ʢʦʥʪʝʥʪ. 
 ʅʘʩʪʫʧʥʦʶ ʚʝʙʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʝʨʝʥʮʽʷʤʠ ʻ ʩʠʩʪʝʤʘ Easy Chair.  

ɽʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ EasyChair ï ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʦʥʣʘʡʥ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ, 
ʫʧʨʘʚʣʽʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. ʄʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʾʾ ʙʫʣʘ ʦʧʪʠʤʽʟʘʮʽʷ ʫʩʽʭ ʝʪʘʧʽʚ ʧʨʦʚʝʜʝʥʥʷ 
ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʜʘʯʽ, ʨʝʮʝʥʟʫʚʘʥʥʷ, ʟʘʪʚʝʨʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ. 
EasyChair ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʘ, ʛʥʫʯʢʘ ʪʘ ʟʨʫʯʥʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʾ ʤʦʞʣʠʚʝ ʜʣʷ 
ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʢʦʥʬʝʨʝʥʮʽʾ.   

ʎʝ ʦʥʣʘʡʥ ʙʘʟʘ ʜʘʥʠʭ, ʚ ʷʢʽʡ ʘʚʪʦʨʠ ʤʦʞʫʪʴ ʧʦʜʘʚʘʪʠ ʜʦʧʦʚʽʜʽ ʥʘ ʢʦʥʬʝʨʝʥʮʽʶ, ʘ ʯʣʝʥʠ ʝʢʩʧʝʨʪʥʦʾ 
ʛʨʫʧʠ ï ʨʝʮʝʥʟʫʚʘʪʠ ʾʭ. ʂʦʣʠ ʜʦʧʦʚʽʜʴ ʧʦʜʘʻʪʴʩʷ, ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʧʦʟʥʘʯʝʥʘ ʷʢ ʪʘʢʘ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 
ʧʝʚʥʦʾ ʪʝʤʠ.   

EasyChair ʧʽʜʪʨʠʤʫʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʝʡ ʢʦʥʬʝʨʝʥʮʽʡ ʽ, ʩʫʜʷʯʠ ʟ ʚʝʙ-ʪʨʘʬʽʢʫ, ʻ ʦʜʥʽʻʶ ʟ 
ʥʘʡʙʽʣʴʰʠʭ ʫ ʩʚʽʪʽ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʬʝʨʝʥʮʽʷʤʠ. ʅʘ ʨʠʩʫʥʢʫ 2 ʟʦʙʨʘʞʝʥʦ ʛʦʣʦʚʥʠʡ ʝʢʨʘʥ ʩʠʩʪʝʤʠ 
EasyChair. 

ʉʝʨʝʜ ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʻ ʚʝʙʩʠʩʪʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʥʬʝʨʝʥʮʽʡ ʚʠʜʽʣʠʤʦ ʦʩʥʦʚʥʽ. 
ɻʦʣʦʚʥʦʶ ʧʦʩʣʫʛʦʶ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ, ʫʧʨʘʚʣʽʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʧʦʜʘʯʫ ʤʘʪʝʨʽʘʣʽʚ, ʨʝʮʝʥʟʫʚʘʥʥʷ, 
ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ. ɺ ʩʠʩʪʝʤʽ ʧʝʨʝʜʙʘʯʝʥʦ ʨʦʟʛʦʨʪʘʥʥʷ VCS (Virtual Conference System) ʜʣʷ 
ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʥʬʝʨʝʥʮʽʡ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʯʠ ʛʽʙʨʠʜʥʦʤʫ ʬʦʨʤʘʪʽ. ʈʝʻʩʪʨʘʮʽʷ ʫʯʘʩʥʠʢʽʚ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʧʣʘʪʥʽʡ 
ʘʙʦ ʙʝʟʦʧʣʘʪʥʽʡ ʦʩʥʦʚʽ ʦʥʣʘʡʥ. ʊʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʽ ʬʫʥʢʮʽʾ CFP ʜʣʷ ʧʫʙʣʽʢʘʮʽʾ ʟʘʧʨʦʰʝʥʴ ʜʦ ʫʯʘʩʪʽ ʚ 
ʢʦʥʬʝʨʝʥʮʽʾ, Smart Slide ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʧʨʝʟʝʥʪʘʮʽʡ ʢʦʥʬʝʨʝʥʮʽʾ. ʇʦ ʟʘʚʝʨʰʝʥʥʶ ʢʦʥʬʝʨʝʥʮʽʾ ʥʘ ʩʘʡʪʽ 
ʧʝʨʝʜʙʘʯʝʥʦ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʧʫʙʣʽʢʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ. ʇʣʘʪʬʦʨʤʘ ʜʣʷ ʨʝʮʝʥʟʫʚʘʥʥʷ ʪʘ ʧʫʙʣʽʢʘʮʽʾ 
ʞʫʨʥʘʣ̔ʚ. ʊʘʢʦʞ ʥʘʜʘʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷ ʨʦʣʷʤʠ, ʨʝʻʩʪʨʘʮʽʷ ʟʛʽʜʥʦ ʨʦʣʝʡ. 
 

 
ʈʠʩ. 2. ɻʦʣʦʚʥʠʡ ʝʢʨʘʥ EasyChair 
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ʉʫʯʘʩʥʘ ʚʝʨʩʽʷ ʧʨʦʛʨʘʤʠ ʧʽʜʪʨʠʤʫʻ: 
ǒ ɺʽʜʧʨʘʚʣʝʥʥʷ ʟʘʧʨʦʰʝʥʥʷ ʜʦ ʧʦʜʘʯʽ ʟʘʷʚʢʠ ʯʠ ʫʯʘʩʪʽ (Smart CFP). 
ǒ ɸʜʘʧʪʠʚʥʽ ʬʦʨʤʠ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʽʚ. 
ǒ ʇʽʜʪʨʠʤʢʘ ʨʽʟʥʠʭ ʪʠʧʚ̔ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʘʡʣʽʚ. 
ǒ ʄʦʥʽʪʦʨʠʥʛ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ, ʫʧʨʘʚʣʽʥʥʷ ʨʝʮʝʥʟʝʥʪʘʤʠ. 
ǒ ɻʥʫʯʢʝ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʯʣʝʥʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ ʽ ʨʝʮʝʥʟʝʥʪʽʚ ʜʦ ʨʦʙʽʪ ʽ ʫʧʨʘʚʣʽʥʥʷ 
ʢʦʥʬʣʽʢʪʘʤʠ ʽʥʪʝʨʝʩʽʚ. 

ǒ ʆʥʣʘʡʥ ʦʙʛʦʚʦʨʝʥʥʷ ʩʪʘʪʝʡ. 
ǒ ʄʦʞʣʠʚʽʩʪʴ ʚʽʜʧʦʚʽʜʽ ʘʚʪʦʨʘ ʥʘ ʨʝʮʝʥʟʫʚʘʥʥʷ. 
ǒ ʈʝʜʘʛʫʚʘʥʥʷ ʽ ʧʫʙʣʽʢʘʮʽʷ ʧʨʦʛʨʘʤʠ (ʟʘ ʜʦʧʦʤʦʛʦʶ Smart Program)  
ǒ  ʇʽʜʛʦʪʦʚʢʘ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ.  
ɺʩʽ ʩʪʦʨʽʥʢʠ ʚʝʙʩʠʩʪʝʤʠ, ʢʨʽʤ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʥʷʪʢʽʚ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʢʦʞʥʘ ʟ ʥʠʭ 

ʤʽʩʪʠʪʴ ʛʦʣʦʚʥʝ ʤʝʥʶ, ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ, ʟʘʛʦʣʦʚʦʢ ʩʪʦʨʽʥʢʠ, ʧʘʥʝʣʴ ʨʦʣʝʡ, ʧʽʜʩʫʤʦʢ ʽ ʚʤʽʩʪ. 
ʅʘʡʛʦʣʦʚʥʽʰʦʶ ʯʘʩʪʠʥʦʶ ʻ ʨʦʣʴʦʚʘ, ʘʜʞʝ ʩʘʤʝ ʚʽʜ ʥʝʾ ʟʘʣʝʞʠʪʴ ʥʘʙʽʨ ʜʦʩʪʫʧʥʦʛʦ ʚʘʤ ʬʫʥʢʮʽʦʥʘʣʫ. 

 

 
ʈʠʩ. 3. ʇʝʨʝʛʣʷʜ ʜʦʩʪʫʧʥʠʭ ʨʦʣʝʡ ʢʦʨʠʩʪʫʚʘʯʘ 

 
ʈʦʣʴʦʚʘ ʯʘʩʪʠʥʘ ʮʝ ʧʘʥʝʣʴ, ʥʘ ʷʢʽʡ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʢʦʥʬʝʨʝʥʮ̔ʾ  ʥʘ ʷʢʠʭ ʚʠ ʟʘʨʘʟ ʧʨʘʮʶʻʪʝ, ʘʙʦ 

ʧʨʘʮʶʚʘʣʠ ʨʘʥʽʰʝ. ʈʦʣʴ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʞʝ ʙʫʪʠ ʦʜʥʘ ʘʙʦ ʜʝʢʽʣʴʢʘ. ɻʦʣʦʚʥʝ ʤʝʥʶ ʚʝʙʩʠʩʪʝʤʠ 
Easy Chair ʟʘʣʝʞʠʪʴ ʚʽʜ ʣʽʮʝʥʟʽʾ ʢʦʥʬʝʨʝʥʮʽʾ ʾʾ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʨʦʣʽ ʢʦʨʠʩʪʫʚʘʯʘ. ʅʘʙʽʨ ʬʫʥʢʮʽʦʥʘʣʫ ʪʽʻʾ 
ʯʠ ʽʥʰʦʾ ʩʪʦʨʽʥʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʪʫʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʢʦʥʢʨʝʪʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ, ʘ ʪʘʢʦʞ ʚʽʜ ʣʽʮʝʥʟʽʾ 
ʦʩʪʘʥʥʴʦʾ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʢʦʥʬʝʨʝʥʮʽʷ ʟʘʢʽʥʯʠʣʘʩʴ, ʪʦ ʙʽʣʴʰʽʩʪʴ ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ ʧʦʜʘʪʠ ʤʘʪʝʨʽʘʣ ʯʠ 
ʽʥʰʝ ʥʝ ʙʫʜʫʪʴ ʜʦʩʪʫʧʥʠʤʠ. ʗʢʱʦ ʣʽʮʝʥʟʽʷ ʥʘ ʢʦʥʬʝʨʝʥʮʽʶ ʟʘʢʽʥʯʠʣʘʩʷ, ʩʠʩʪʝʤʘ ʧʝʨʝʥʘʧʨʘʚʠʪʴ ʚʘʩ ʥʘ 
ʩʪʦʨʽʥʢʫ, ʜʝ ʯʣʝʥʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ, ʦʙôʻʜʥʘʚʰʠʩʴ, ʤʘʪʠʤʫʪʴ ʟʤʦʛʫ ʾʾ ʧʨʦʜʦʚʞʠʪʠ.  
 ɯʥʪʝʨʬʝʡʩ ʚʝʙʩʠʩʪʝʤʠ ʤʘʻ ʥʘʙʽʨ ʩʚʦʾʭ ʬʫʥʢʮʽʡ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʣʝʡ. 

1. My EasyChair - ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʦʣʦʚʥʘ ʨʦʣʴ. 
2. Conference - ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʣʴ ʛʦʣʦʚʠ, ʢʝʨʫʶʯʦʛʦ ʪʨʝʢʦʤ, ʩʪʘʨʰʦʛʦ ʯʣʝʥʘ ʇʂ, ʩʫʙʨʝʮʝʥʟʝʥʪʘ, 
ʘʚʪʦʨʘ. 

3. Proceedings - ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʣʴ ʢʝʨʽʚʥʠʢʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʘʚʪʦʨʘ. 
4. Smart program - ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʣʽ ʤʝʥʝʜʞʝʨʘ ʧʨʦʛʨʘʤʠ ʪʘ ʘʚʪʦʨʘ ʧʨʦʛʨʘʤʠ, ʘ ʪʘʢʦʞ 
ʛʦʣʦʚʫʶʯʦʛʦ ʥʘ ʩʝʩʽʾ. 

5. Registration - ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʣʽ ʤʝʥʝʜʞʝʨʘ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʪʦʛʦ, ʭʪʦ ʨʝʻʩʪʨʫʻʪʴʩʷ. 
6. Smart CFP - ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʣʽ ʤʝʥʝʜʞʝʨʘ CFP ʪʘ ʢʦʨʠʩʪʫʚʘʯʘ CFP. 
ɼʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ ʩʠʩʪʝʤʠ ʻ ʙʝʟʧʝʨʝʨʚʥʠʤ ʟʘʚʜʷʢʠ ʨʦʟʤʽʱʝʥʥʶ ʾʾ ʥʘ ʢʦʤʝʨʮʽʡʥʦʤʫ ʩʝʨʚʝʨʽ. 

ʐʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʩʝʨʚʝʨʫ ʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ. EasyChair ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʨʝʞʫ ʟʽ ʰʚʠʜʢʽʩʪʴ 1 ɻʙʽʪ/ʩ, ʜʣʷ 
ʧʨʠʢʣʘʜʫ ʢʦʨʠʩʪʫʚʘʯʽ ʤʘʶʪʴ ʟʤʦʛʫ ʟʘʚʘʥʪʘʞʠʪʠ 7500 ʜʦʢʫʤʝʥʪʽʚ ʟʘ ʦʜʥʫ ʭʚʠʣʠʥʫ. ʅʘʚʘʥʪʘʞʝʥʽʩʪʴ ʩʠʩʪʝʤʠ 
ʩʪʘʥʦʚʠʪʴ 5000 ʟʘʷʚʦʢ ʫ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽ ʜʥʽ [10]. 

ʈʦʟʨʦʙʥʠʢʠ EasyChair ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʧʣʽʢʘʮʽʾ ʙʘʟʠ ʜʘʥʠʭ ʤʘʶʪʴ ʥʘʜʽʡʥʝ ʟʙʝʨʝʞʝʥʥʷ ʪʨʴʦʭ 
ʨʝʟʝʨʚʥʠʭ ʨʝʧʣʽʢ ʥʘ ʚʽʜʜʘʣʝʥʠʭ ʩʝʨʚʝʨʘʭ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʙʝʨʝʛʪʠ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʫ ʨʘʟʽ ʥʝʩʧʨʘʚʥʦʩʪʽ 
ʛʦʣʦʚʥʦʛʦ ʩʝʨʚʝʨʘ, ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʝ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʛʦʜʠʥ ʟʽ ʟʙʝʨʝʞʝʥʥʷ ʚʩʽʭ ʜʘʥʠʭ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 
ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʠʩʪʝʤʠ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʡ ʪʘ ʚʩʝʙʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ɿɺʆ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʬʫʥʢʮʽʦʥʘʣ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ ʻ ʰʠʨʦʢʦ ʧʨʦʬʽʣʴʥʠʡ, 
ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ.  ʊʘʢʽ ʩʠʩʪʝʤʠ ʧʨʦʧʦʥʫʶʪʴ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ ʜʣʷ 
ʦʨʛʘʥʽʟʘʮʽʾ, ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ, ʧʽʜʪʨʠʤʢʠ ʨʦʙʦʪʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ ʪʘ ʨʝʮʝʥʟʝʥʪʽʚ, ʧʫʙʣʽʢʘʮʽʾ 
ʤʘʪʝʨʽʘʣʽʚ. Open Conference System ʥʘʜʘʻ ʙʝʟʢʦʰʪʦʚʥʠʡ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ ʟ 
ʫʩʽʤʘ ʧʨʦʮʝʩʘʤʠ. Easy Chair ʧʨʦʧʦʥʫʻ ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʣʝʡ ʷʢ ʥʘ ʧʣʘʪʥʽʡ ʪʘ 
ʙʝʟʦʧʣʘʪʥʽʡ ʦʩʥʦʚʽ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʥʘʚʝʜʝʥʦʛʦ ʪʠʧʫ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʚ 
ʨʝʞʠʤʽ ʦʥʣʘʡʥ, ʱʦ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʫ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ. ʇʨʘʮʶʶʯʠ, ʚ ʙʽʣʴʰʦʩʪʽ ʯʘʩʫ ʜʠʩʪʘʥʮʽʡʥʦ, 
ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʨʦʟʰʠʨʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʫ ʥʘʷʚʥʠʭ ʩʠʩʪʝʤ ʫ ʧʠʪʘʥʥʷʭ ʧʽʜʪʨʠʤʢʠ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, 
ʰʣʷʭʦʤ ʚʝʜʝʥʥʷ ʩʪʘʪʠʩʪʠʢʠ ʧʫʙʣʽʢʘʮʽʡ, ʟʨʫʯʥʦʛʦ ʟʚôʷʟʢʫ ʟ ʢʦʣʝʛʘʤʠ ʪʘ ʨʦʟʤʽʱʝʥʥʽ ʚʣʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʚʦʾ 
ʦʩʦʙʠʩʪʠʭ ʢʘʙʽʥʝʪʘʭ. 
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ʇʨʠ ʚʠʙʦʨʽ ʚʝʙʩʠʩʪʝʤʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʦʩʥʦʚʥʠʤ ʽʟ ʢʨʠʪʝʨʽʾʚ ʻ 
ʜʦʩʪʫʧʥʽʩʪʴ ʨʝʩʫʨʩʫ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʦʙʽ ʟʨʫʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʣʝʛʢʠʡ ʩʪʘʨʪ ʚ ʨʦʙʦʪʽ, ʟʘʭʠʩʪ ʦʩʦʙʠʩʪʠʭ 
ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʑʦʜʦ ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʦ ʚʚʘʞʘʻʤʦ, ʱʦ ʚʘʨʪʦ ʨʦʟʰʠʨʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 
ʥʘʧʨʷʤʢʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ. ʊʘʢʦʞ 
ʚʠʤʦʛʦʶ ʩʴʦʛʦʜʝʥʥʷ ʻ ʧʽʜʪʨʠʤʢʘ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʚ ʦʥʣʘʡʥ ʬʦʨʤʘʪʽ. 
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ɽʂʆʃʆɻɯʏʅʆ ʆʈɯɭʅʊʆɺɸʅɽ ʌʆʈʄʋɺɸʅʅʗ ʃʀʄɸʈʅʆ-ʉɯɼɽʃʔʅʆɰ ʐʂɯʈʀ 
 
ˠ ̨̑̏̂̏̓ ̠̝̠̎́̃̏̅̓̒ ̝̑̆̈̔̌̓́̓̉ ̠̑̏̈̑̏̂̌̆̎̎ ̨̖̩̓̆̎̏̌̏̄ ̒̉̎̓́̎̎̏-̨̓́̎̅̎̏̄̏ ̠̅̔̂̌̆̎̎ ̄̏̌̉̎̉ȟ 

̩̏̓̑̉̍́̎̏ ̨̈ ̙̋̔̑ ̩̃̆̌̉̋̏ ̩̑̏̄́̓̏ ̖̔̅̏̂̉ ɀ ̨̠̗̌̏̃̉ ̩̃́̇̋̏ ̈ ̋̉̒̌̏̓̎̉̍ ̟̠̈̎̆̈̏̌̃́̎̎̍ȟ ̐̑̉ ̨̏̑̍̔̃́̎̎̕ ̌̉̍́̑̎̏-
̨̝̩̒̅̆̌̎̏ ̨̙̋̑̉ ̂̆̈ ̠̃̉̋̏̑̉̒̓́̎̎ ̒̐̏̌̔̋ ̖̑̏̍̔Ȣ ˏ̠̉̋̏̑̉̒̓́̎̎ ̄̆̋̒́̍̆̓́̏̒́̓̔̕̕ ̨̟̎́̓̑ ̨ ̨̝̏̑̍́̌̅̆̄̅̔̕ 
̨̝̈́̍̒̓ ̒̐̏̌̔̋ ̖̑̏̍̔ ̐̆̑̆̅ ̒̉̎̓́̎̎̏-̨̓́̎̅̎̉̍ ̠̅̔̂̌̆̎̎̍ ̠̤̅̏̈̃̏̌ ̒̋̏̑̏̓̉̓̉ ̨̝̓̑̉̃́̌̒̓ ̨̖̩̓̆̎̏̌̏̄ ̎́ υό ̄̏̅ȟ 
̙̈̍̆̎̉̓̉ ̃̉̓̑́̓̉ ̃̏̅̉ ̃ υȟϊɀφȟφ ̑́̈̉Ȣ  ˜̑̉ ̨̃̉̋̏̑̉̒̓́̎̎ ̨̝̓̌̋̉ ̄̆̋̒́̍̆̓́̏̒́̓̔̕̕ ̨̟̎́̓̑ ̎́ ̨̩̒̓́̅ 
̝̐̆̑̆̅̅̔̂̉̌̎̏-̝̅̔̂̉̌̎̏̄̏ ̠̏̂̑̏̂̌̆̎̎ ̨̎́̐̃́̂̑̉̋́̓̔̕ ̩̑̏̈̑̏̂̌̆̎̏ ̨̖̩̓̆̎̏̌̏̄ ̤̒̔̓̓̃̏ ̘̤̝̠̒̋̏̑̏̔̓̒ ̨̃̍̒̓ 
̘̖̓̏̋̒̉̎̉ ̘̑̆̏̃̉̎ ̔ ̨̘̖̒̓̎̉ ̖̃̏̅́ ̨̙̠̋̑̎̏̄̏ ̗̃̉̑̏̂̎̉̓̃́Ȣ ˘̉̍́̑̎̏-̨̝̒̅̆̌̎́ ̨̙̋̑́ȟ ̏̚ ̠̤̝̠̃̉̑̏̂̌̓̒ ̈́ 
̟̑̏̈̑̏̂̌̆̎̏ ̨̖̤̟̓̆̎̏̌̏̄ ̖̂̆̈̑̏̍̏̃̏̄̏ ̠̅̔̂̌̆̎̎ ̈́ ̤̟̒̃̏ ̨̠̟̋̒̓ ̨̨̤̃̅̐̏̃̅́ ̨̖̘̓̆̎̎̉̍ ̃̉̍̏̄́̍ ̨̟̘̅̏̄̏ 
̒̓́̎̅́̑̓̔Ȣ  
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ENVIRONMENTALLY FRIENDLY PROCESSIN G OF HARNESS LEATHER 
 

The paper presents the results of the development of the technology of sintal-tanid tanning of unhaired hide obtained from the 
skins of cattle - heavy beef with acid deaeration, in the formation of harness skin without the use of chromium compounds. For this, the 
samples of the unhaired hide are thoroughly washed with water according to the usual method, and soaking is performed on the residual 
liquid after draining (20%) in a drum for 2 hours at a temperature of 19ɀ20 C in the presence of 0.5% ammonium sulfate and 0.6% lactic 
acid mixture and sulfuric at a ratio of 1:1 based on 100% concentration. Reagent consumption are set based on the previous studies. Sodium 
hexametaphosphate in the presence of 100% water by weight of the semi-finished product (PK 1) for the same temperature is used to 
transform the unhaired hide into pre-tanning components. After 15 minutes of mixing in a drum 0,6% of the sulfuric acid diluted with water 
1: 5 are added. For 30 minutes external layers of a branch are preliminary fixed. Then a second pre-tanning is performed due to the addition 
of 1.5% formalin. After 4 hours of continuous rotation of the drum, for the next 12 hours the system is set in motion for 2-3 minutes every 2 
hours. During this time, the pH value of the cut of the semi-finished product is 4.6. To reduce the content of environmentally hazardous 
reagents, formalin is excluded from the technological process. The use of sodium hexametaphosphate and formaldehyde instead of chromium 
compounds before syntane-tanide tanning allows to reduce the duration of the technology by 18 hours, to reduce water consumption by 1.6ɀ
2.2 times. When using only sodium hexametaphosphate at the stage of pre-tanning and tanning of the semi-finished product of the developed 
technology, the toxic substances content in wastewater of leather production is significantly reduced. Harness leather produced using the 
developed chrome-free tanning technology meets the technical requirements of the current standard in terms of its quality. Tested chemical 
materials can be effectively used for the development of alternative chrome, environmentally safer, resource-saving technologies to produce 
leather materials for general purposes. 

Key words: heavy beef, shaving, tanning, diffusion of tannins, harness leather, physicochemical properties. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʇʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʦʰʫʢ ʽ 

ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ. ɿʦʢʨʝʤʘ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʷʢʠʭ ʥʘ ʧʽʜʛʦʪʦʚʯʠʭ ʩʪʘʜʽʷʭ ʜʦ ʜʫʙʣʝʥʥʷ ʽ ʚ ʧʨʦʮʝʩʽ ʩʘʤʦʛʦ ʜʫʙʣʝʥʥʷ 

ʢʽʣʴʢʽʩʪʴ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʤʦʞʝ ʜʦʩʷʛʪʠ 80ï90 % ʟʘʛʘʣʴʥʦʾ ʾʭ ʢʽʣʴʢʦʩʪʽ [1]. ʇʨʠ ʮʴʦʤʫ ʚ ʧʨʦʮʝʩʽ 

ʟʦʣʽʥʥʷ ʚʠʜʽʣʷʶʪʴʩʷ ʪʦʢʩʠʯʥʽ ʛʘʟʠ ï ʘʤʽʘʢ, ʩʽʨʢʦʚʦʜʝʥʴ ʪʘ ʫʪʚʦʨʶʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ï 

ʚʘʧʥʷʥʠʡ ʽ ʭʨʦʤʦʚʠʡ ʰʣʘʤ, ʘ ʧʽʩʣʷ ʜʫʙʣʝʥʥʷ ʢʘʥʮʝʨʦʛʝʥʥʽ ʨʝʯʦʚʠʥʠ. ʆʙʨʦʙʣʝʥʥʷ ʟʥʝʚʦʣʦʰʝʥʦʛʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ  ʨʦʟʯʠʥʘʤʠ ʢʠʩʣʦʪ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʥʝʡʪʨʘʣʴʥʠʭ ʩʦʣʝʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʭʣʦʨʠʜʽʚ 

ʽ ʩʫʣʴʬʘʪʽʚ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʠʭ ʚ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʜʦʩʷʛʘʻ ʚʽʜʧʦʚʽʜʥʦ 30 ʽ 22 ʛ/ʜʤ3 ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʝʣʘʩʪʠʯʥʠʭ 

ʰʢʽʨ [2]. ɺʨʘʭʦʚʫʶʯʠ ʙʘʛʘʪʦ ʩʪʘʜʽʡʥʽʩʪʴ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʩʧʨʷʤʦʚʘʥʠʭ 

ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʯʠ ʚʽʜʤʦʚʘ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʯʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʽʚ.  

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨ ʘʚʪʦʨʠ [3] ʨʝʢʦʤʝʥʜʫʶʪʴ ʟʘʤʽʩʪʴ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʥʪʝʟʦʚʘʥʠʡ ʘʣʶʤʦʮʠʨʢʦʥʽʻʚʠʡ ʜʫʙʠʪʝʣʴ ʧʨʠ ʤʦʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ 9:1 

ʟ ʧʦʣʽʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʠʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʙʝʟʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʟʘ 

ʪʝʨʤʦʩʪʽʡʢʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʬʘʨʙʫʚʘʣʴʥʦ-ʞʠʨʫʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘ ʬʽʥʽʰʥʽʡ ʩʪʘʜʽʾ ʧʨʦʚʝʜʝʥʦ, ʪʘʢ 
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ʟʚʘʥʝ, ʟʚʦʨʦʪʥʝ ʜʫʙʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 0,5ï1,0 % ʭʨʦʤʦʚʦʛʦ ʜʫʙʠʪʝʣʷ. ʆʪʨʠʤʘʥʘ ʰʢʽʨʷʥʠʡ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʽʜʨʦʪʝʨʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ʙʣʠʟʴʢʦʶ ʜʦ 110 ʉ̄ ʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʦ 

ʰʢʽʨ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ. ʆʪʞʝ, ʨʦʟʛʣʷʥʫʪʘ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʦʣʫʢ ʭʨʦʤʫ ʥʘ ʟʘʚʝʨʰʘʣʴʥʽʡ ʩʪʘʜʽʾ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʭʾ ʚʠʪʨʘʪ ʜʦ 8 ʨʘʟ. 

ɼʣʷ ʜʦʜʫʙʣʶʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [4] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʢʨʠʣʦʚʽ ʧʦʣʽʤʝʨʠ 

ʨʽʟʥʦʾ ʩʝʨʝʜʥʴʦ ʚʘʛʦʚʦʾ ʤʘʩʠ 5Ö103ï200Ö103. ʇʨʠ ʮʴʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʜʠʬʫʟʽʶ 

ʘʢʨʠʣʦʚʠʭ ʧʦʣʽʤʝʨʽʚ ʚ ʩʪʨʫʢʪʫʨʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʤʘʻ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʽ ʟʘʨʷʜ ʤʘʪʝʨʽʘʣʫ. ʇʦʨʷʜ ʟ ʮʠʤ ʫ 

ʨʦʙʦʪʽ [5] ʥʘ ʩʪʘʜʽʾ ʜʦʜʫʙʣʶʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʘʢʨʠʣʦʚʠʭ ʧʦʣʽʤʝʨʽʚ ʥʘ ʦʩʥʦʚʽ ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ ʽ 

ʘʢʨʠʣʘʪʥʠʭ ʤʦʥʦʤʝʨʽʚ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʝʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʝʤʫʣʴʩʽʡ ʢʦʧʦʣʽʤʝʨʽʚ ʙʫʪʠʣʘʢʨʠʣʘʪʫ ʽ ʩʪʠʨʦʣʫ ʨʽʟʥʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʜʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʰʢʽʨʠ ʧʽʜʚʠʱʝʥʦʾ ʛʽʜʨʦʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ [6]. ʋ ʨʦʙʦʪʽ [7] ʜʣʷ ʜʫʙʣʝʥʥʷ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʦʚʯʠʥʠ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʥʜʝʥʩʦʚʘʥʽ ʪʘʥʽʜʠ ʛʘʤʙʽʨʫ. ʇʨʠ ʮʴʦʤʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʰʢʽʨʠ ʚʠʟʥʘʯʘʣʠʩʴ ʧʦʧʝʨʝʜʥʽʤ ʩʪʨʫʢʪʫʨʫʶʯʠʤ ʨʝʘʛʝʥʪʦʤ ï ʘʣʶʤʦʢʘʣʽʻʚʠʡ ʛʘʣʫʥ, ʛʣʫʪʘʨʦʚʠʡ ʘʣʴʜʝʛʽʜ. ʋ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʰʢʽʨʘ ʥʘʙʫʚʘʣʘ ʚʠʱʦʾ ʧʣʘʩʪʠʯʥʦʩʪʽ ʡ ʛʽʜʨʦʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʫ ʜʨʫʛʦʤʫ ï ʧʽʜʚʠʱʫʚʘʣʘʩʴ 

ʤʽʮʥʽʩʪʴ ʽ ʩʪʫʧʽʥʴ ʟʚôʷʟʫʚʘʥʥʷ ʪʘʥʽʜʽʚ ʟ ʢʦʣʘʛʝʥʦʤ ʜʝʨʤʠ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʜʣʷ ʜʫʙʣʝʥʥʷ ʰʢʽʨʷʥʦʛʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʦʣʫʢʠ ʘʣʶʤʽʥʽʶ ʽ ʪʘʥʽʜʠ ʩʫʤʘʭʫ [8, 9] ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʪʘʥʽʜʽʚ ʟ ʢʦʣʘʛʝʥʦʤ ʜʝʨʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ ʽ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʚʟʘʻʤʦʜʽʶʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʥʽʜʽʚ ʙʽʣʦʾ ʘʢʘʮʽʾ ʧʨʠ 

ʙʝʟ ʭʨʦʤʦʚʦʤʫ ʜʫʙʣʝʥʥʽ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʤʘʪʝʨʽʘʣ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʫ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ɺʏ-ʧʣʘʟʤʦʚʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʝʢʩʪʨʘʢʪʫ ʢʚʝʙʨʘʭʦ ʥʘ ʡʦʛʦ 

ʜʫʙʠʣʴʥʫ ʟʜʘʪʥʽʩʪʴ [10]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʠʬʽʢʘʮʽʷ ʝʢʩʪʨʘʢʪʫ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʥʘʧʦʚʥʝʥʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʜʝʨʤʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʘʣʝ ʝʬʝʢʪʠʚʥʘ ʚʟʘʻʤʦʜʽʷ ʪʘʥʽʜʽʚ ʟ ʧʦʚʝʨʭʥʝʚʠʤʠ ʰʘʨʘʤʠ ʜʝʨʤʠ ʚʠʤʘʛʘʻ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʫʙʠʣʴʥʠʭ 

ʩʧʦʣʫʢ ʭʨʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʩʣʠʥʥʽ ʜʫʙʠʪʝʣʽ ʩʫʤʽʩʥʦ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʽ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʥʫʪʽ ʨʦʙʦʪʠ ʧʝʨʝʚʘʞʥʦ ʝʤʧʽʨʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽ ʪʽʣʴʢʠ ʚ ʜʝʷʢʠʭ ʟ 

ʥʠʭ ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʨʝʘʛʝʥʪʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʢʦʣʘʛʝʥʦʤ ʜʝʨʤʠ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʥʘʫʢʦʚʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʟʦʢʨʝʤʘ, ʧʝʨʝʜʜʫʙʠʣʴʥʦ-ʜʫʙʠʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʨ ʙʝʟʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʩʠʥʪʘʥʥʦ-ʪʘʥʽʜʥʦʛʦ ʜʫʙʣʝʥʥʷ ʟʥʝʚʦʣʦʰʝʥʦʛʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʣʠʤʘʨʥʦ-ʩʽʜʝʣʴʥʠʭ ʰʢʽʨ. 

 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʰʢʽʨʷʥʫ ʩʠʨʦʚʠʥʫ ʤʦʢʨʦʩʦʣʝʥʦʛʦ ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʷʣʦʚʠʮʽ ʚʘʞʢʦʾ ʧʽʩʣʷ ʟʦʣʽʥʥʷ 

ʚ ʫʤʦʚʘʭ ʧʨʠʚʘʪʥʦʛʦ ɸʊ çʏʠʥʙʘʨè. ʋ ʧʝʨʝʜʜʫʙʠʣʴʥʦ-ʜʫʙʠʣʴʥʠʭ ʧʨʦʮʝʩʘʭ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʨʝʘʛʝʥʪʠ: 

V ʩʠʥʪʝʪʠʯʥʠʡ ʜʫʙʠʪʝʣʴ ɹʅʉ ʊʋ 17-06-165-89 ï ʧʨʦʜʫʢʪ ʩʠʥʪʝʟʫ 2-ʥʘʬʪʦʣʩʫʣʴʬʦʢʠʩʣʦʪʠ ʟ 

ʜʽʦʢʩʠʜʽʬʝʥʽʣʩʫʣʴʬʦʥʦʤ; 

V ʝʢʩʪʨʘʢʪ ʘʢʘʮʽʾ ʯʦʨʥʦʜʝʨʝʚʥʦʾ ʟ ʚʤʽʩʪʦʤ ʪʘʥʽʜʽʚ 78,6 %; 

V ʝʢʩʪʨʘʢʪ ʚʝʨʙʠ ʟ ʚʤʽʩʪʦʤ ʪʘʥʽʜʽʚ 49,5 %; 

V ʭʨʦʤʦʚʠʡ ʜʫʙʠʪʝʣʴ ʊʋ 2141-033-541386-2003 ʦʩʥʦʚʥʽʩʪʶ 35ï42 % ï ʦʩʥʦʚʥʠʡ ʩʫʣʴʬʘʪ 

ʭʨʦʤʫ; 

V ʛʝʢʩʘʤʝʪʘʬʦʩʬʘʪ ʥʘʪʨʽʶ ʪʝʭʥʽʯʥʠʡ ʟ ʱʽʣʴʥʽʩʪʶ 2,484 ʛ/ʩʤį; 

V ʩʫʣʴʬʘʪ ʘʤʦʥʽʶ ʪʝʭʥʽʯʥʠʡ ɼʉʊʋ ISO 2992:2008; 

V ʢʠʩʣʦʪʠ ʩʽʨʯʘʥʘ ʪʝʭʥʽʯʥʘ ʽ ʤʦʣʦʯʥʘ ʚʽʜʧʦʚʽʜʥʦ ɼʉʊʋ ɻʆʉʊ 2184:2018 ʽ ɼʉʊʋ 4621: 2006; 

V ʬʦʨʤʘʣʽʥ ʪʝʭʥʽʯʥʠʡ ɻʆʉʊ 1625-2016 ʟ ʚʤʽʩʪʦʤ ʬʦʨʤʘʣʴʜʝʛʽʜʫ 37,5 %; 

V ʞʠʨʫʚʘʣʴʥʠʡ ʟʘʩʽʙ ʧʦʭʽʜʥʠʭ ʣʝʮʠʪʠʥʫ ʽ ʣʘʥʦʣʽʥʫ Fosfol L-1301 ʢʦʤʧʘʥʽʾ çCromogenia Units, 

S.A.è (ɯʩʧʘʥʽʷ). 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʣʠʤʘʨʥʦ-ʩʽʜʝʣʴʥʦʾ ʰʢʽʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʠʟʢʘ ʤʝʪʦʜʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʤʝʪʦʜʠʢʘʤʠ [11]. ʇʨʠ ʮʴʦʤʫ ʟʨʘʟʢʠ 

ʧʦʧʝʨʝʜʥʴʦ ʢʦʥʜʠʮʽʶʶʪʴʩʷ ʝʢʩʠʢʘʪʦʨʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. ɺʦʣʦʛʦʚʤʽʩʪ ʰʢʽʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 100Ñ105 Üʉ. ɽʢʩʪʨʘʛʦʚʘʥʽ ʨʝʯʦʚʠʥʠ ʦʨʛʘʥʽʯʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʫ ʘʧʘʨʘʪʽ ɿʘʡʯʝʥʢʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʫ ʪʘ ʥʘʩʪʫʧʥʠʤ ʚʠʩʫʰʫʚʘʥʥʷʤ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 128ï130 Áʉ. ɿʘʛʘʣʴʥʽ ʚʦʜʦʚʠʤʦʚʥʽ ʨʝʯʦʚʠʥʠ ï ʫ ʟʥʝʞʠʨʝʥʽʡ ʥʘʚʘʞʮʽ. ɺʤʽʩʪ ʜʫʙʠʣʴʥʠʭ ʩʧʦʣʫʢ 

ʭʨʦʤʫ ʚ ʰʢʽʨʷʥʦʤʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʜʦʤʝʪʨʠʯʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ ʽ ʚʠʨʘʞʘʻʪʴʩʷ ʷʢ ʤʘʩʦʚʘ 

ʯʘʩʪʢʘ ʦʢʩʠʜʫ ʭʨʦʤʫ (III). ʊʝʤʧʝʨʘʪʫʨʫ ʟʚʘʨʶʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ï ʟʘ ʧʦʯʘʪʢʦʚʠʤ ʩʢʦʨʦʯʝʥʥʷʤ  ʟʨʘʟʢʘ 

ʧʨʠ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʽ ʫ ʚʦʜʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 2ï3 ʉ̄/ʭʚ, ʨʅ ʭʣʦʨʢʘʣʽʻʚʦʾ ʚʠʪʷʞʢʠ, ʦʪʨʠʤʘʥʦʾ ʥʘʩʪʦʶʚʘʥʥʷʤ 

ʥʘʚʘʞʢʠ ʰʢʽʨʠ ʚ 0,1 ʥ. ʨʦʟʯʠʥʽ ʭʣʦʨʠʜʫ ʢʘʣʽʶ, ʥʘ ʧʨʠʣʘʜʽ ʨʅ-340. ʏʠʩʣʦ ʧʨʦʜʫʙʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʚʽʜʥʦʰʝʥʥʷʤ ʤʘʩʠ ʟʚôʷʟʘʥʠʭ ʪʘʥʽʜʽʚ ʚ ʟʨʘʟʢʫ ʜʦ ʚʤʽʩʪʫ ʚ ʥʴʦʤʫ ʛʦʣʠʥʥʦʾ ʨʝʯʦʚʠʥʠ. ɼʠʬʫʟʽʷ ʪʘʥʽʜʽʚ 

ʨʦʩʣʠʥʥʠʭ ʜʫʙʠʪʝʣʽʚ ʫ ʩʪʨʫʢʪʫʨʫ ʜʝʨʤʠ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʽʢʨʦʩʢʦʧʫ ʄɹɯ-3. ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʜʫʙʠʪʝʣʽʚ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʟʨʘʟʢʽʚ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʜʦ 

ʩʝʨʝʜʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʢʫʣʷʨ-ʤʽʢʨʦʤʝʪʨʘ ʧʽʩʣʷ ʟʨʽʟʫʚʘʥʥʷ ʟʘʙʘʨʚʣʝʥʦʛʦ ʢʨʘʶ. ʌʽʟʠʢʦ-
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ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʰʢʽʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʽʩʣʷ ʾʭ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʈʄ-250ʄ 

ʟʽ ʰʚʠʜʢʽʩʪʶ 90 ʤʤ/ʭʚ.  

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʝʜʜʫʙʠʣʴʥʦ-ʜʫʙʠʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʣʠʤʘʨʥʦ-ʩʽʜʝʣʴʥʠʭ ʰʢʽʨ ʟʨʘʟʢʠ 

ʟʦʣʝʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ (ʛʦʣʠʥʠ) ʪʦʚʱʠʥʦʶ 7,0ï7,5 ʤʤ ʽ ʨʦʟʤʽʨʦʤ 1,8³2,5 ʜʤ ʟʛʨʫʧʦʚʫʶʪʴʩʷ ʫ ʪʨʠ ʧʘʨʪʽʾ ʧʦ 

7 ʰʪ. ʟʘ ʤʝʪʦʜʦʤ ʘʩʠʤʝʪʨʠʯʥʦʾ ʙʘʭʨʦʤʠ [12]. ʇʝʨʝʜʜʫʙʠʣʴʥʦ-ʜʫʙʠʣʴʥʽ ʧʨʦʮʝʩʠ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʙʘʨʘʙʘʥʽ 

ʻʤʥʽʩʪʶ 10 ʜʤ3 ʧʨʠ ʡʦʛʦ ʦʙʝʨʪʘʥʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 12ï14 ʭʚï1 ʟʘ ʪʨʴʦʤʘ ʚʘʨʽʘʥʪʘʤʠ.  

ɿʘ ɯ ʚʘʨʽʘʥʪʦʤ ʪʝʭʥʦʣʦʛʽʾ ʟʨʘʟʢʠ ʛʦʣʠʥʠ ʨʝʪʝʣʴʥʦ ʧʨʦʤʠʚʘʶʪʴʩʷ ʚʦʜʦʶ ʟʘ ʟʚʠʯʘʡʥʠʤ ʤʝʪʦʜʦʤ, ʘ 

ʟʥʝʟʦʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʟʘʣʠʰʢʦʚʽʡ ʨʽʜʠʥʽ ʧʽʩʣʷ ʟʣʠʚʘʥʥʷ (~20 %) ʫ ʙʘʨʘʙʘʥʽ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 19ï20 ʉ̄ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 0,5 % ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ ʽ 0,6 % ʩʫʤʽʰʽ ʢʠʩʣʦʪ ʤʦʣʦʯʥʦʾ ʽ ʩʽʨʯʘʥʦʾ 

(ʪʘʙʣʠʮʷ 1) ʧʨʠ ʩʧʽʚʚʜ̔ʥʦʰʝʥʥʽ 1:1 ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 100 % ʢʦʥʮʝʥʪʨʘʮʽʶ. ɺʠʪʨʘʪʠ ʨʝʘʛʝʥʪʽʚ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʛʦʣʠʥʠ ʫ ʧʝʨʝʜʜʫʙʠʣʴʥʠʭ ʦʙʨʦʙʣʝʥʥʷʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʝʢʩʘʤʝʪʘʬʦʩʬʘʪ ʥʘʪʨʽʶ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 100 % ʚʦʜʠ ʤʘʩʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ (ʈʂ 1) ʟʘ  ʪʽʻʾ ʞ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʇʽʩʣʷ 15 ʭʚ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫ ʙʘʨʘʙʘʥ ʜʦʜʘʻʪʴʩʷ 0,6 % ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ, ʨʦʟʙʘʚʣʝʥʦʾ 

ʚʦʜʦʶ 1:5. ɿʘ 30 ʭʚ ʟʦʚʥʽʰʥʽ ʰʘʨʠ ʛʦʣʠʥʠ ʧʦʧʝʨʝʜʥʴʦ ʬʽʢʩʫʶʪʴʩʷ. ʇʦʪʽʤ ʧʨʦʚʦʜʠʪʴʩʷ ʜʨʫʛʝ ʧʝʨʝʜʜʫʙʣʝʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʜʦʜʘʚʘʥʥʷ 1,5 % ʬʦʨʤʘʣʽʥʫ. ʏʝʨʝʟ 4 ʛʦʜ ʥʝʧʝʨʝʨʚʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʫ, ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ 

12 ʛʦʜ ʩʠʩʪʝʤʘ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʥʘ 2ï3 ʭʚ ʢʦʞʥʽ 2 ʛʦʜ. ɿʘ ʮʝʡ ʯʘʩ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʨʅ ʟʨʽʟʫ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 4,6.  

ɺʽʜʧʨʘʮʴʦʚʘʥʘ ʨʽʜʠʥʘ ʟʣʠʚʘʻʪʴʩʷ ʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʟ ʫʞʝ ʬʽʢʩʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʜʚʽʯʽ ʧʨʦʤʠʚʘʻʪʴʩʷ 

ʚʦʜʦʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 30ï35 ̄ʉ ʽ ʈʂ 1,50. ʋ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʫʙʠʪʝʣʷ ʫ ʨʦʙʦʯʦʤʫ 

ʨʦʟʯʠʥʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʦʙʨʦʙʣʷʻʪʴʩʷ ʥʘ ʟʘʣʠʰʢʦʚʽʡ ʚʦʜʽ ʩʠʥʪʝʪʠʯʥʠʤ ʜʫʙʠʪʝʣʝʤ ɹʅʉ ʟ ʚʠʪʨʘʪʦʶ 3,6 % ʫ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʜʫʙʠʣʴʥʽ ʨʝʯʦʚʠʥʠ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʠʥʪʠʥ ɹʅʉ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʫʧʝʥʷ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʪʘʥʽʜʽʚ ʨʦʩʣʠʥʥʠʭ ʜʫʙʠʪʝʣʽʚ. ʏʝʨʝʟ 1 ʛʦʜ ʜʦʜʘʶʪʴʩʷ ʝʢʩʪʨʘʢʪʠ ʘʢʘʮʽʾ ʽ ʚʝʨʙʠ ʫ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʪʘʥʽʜʠ ʽ ʧʨʦʮʝʩ ʜʫʙʣʝʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʨʦʜʦʚʞʫʻʪʴʩʷ 6,0ï6,5 ʛʦʜ. ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ 2 % 

ʞʠʨʫʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʧʨʦʮʝʩ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʱʝ 6,0ï6,5 ʛʦʜ. ɼʣʷ ʬʽʢʩʘʮʽʾ ʨʝʘʛʝʥʪʽʚ ʜʦʜʘʻʪʴʩʷ ʤʫʨʘʰʠʥʘ 

ʢʠʩʣʦʪʘ ʚ ʢʽʣʴʢʦʩʪʽ 0,5 % ʨʦʟʚʝʜʝʥʘ ʚʦʜʦʶ 1:5, ʘ ʱʝ ʯʝʨʝʟ 2 ʛʦʜ ʜʫʙʣʝʥʠʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʚʠʩʪʠʣʘʻʪʴʩʷ ʜʣʷ 

ʧʨʦʣʝʞʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 12 ʛʦʜ ʧʽʜ ʧʦʣʽʝʪʠʣʝʥʦʚʦʶ ʧʣʽʚʢʦʶ. ʅʘʩʪʫʧʥʽ ʧʨʦʮʝʩʠ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʜʽʶʯʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ [11].  

ʊʘʙʣʠʮʷ 1 

ɺʠʪʨʘʪʠ ʨʝʘʛʝʥʪʽʚ ʫ ʧʝʨʝʜʜʫʙʠʣʴʥʦ-ʜʫʙʠʣʴʥʠʭ ʧʨʦʮʝʩʘʭ ʣʠʤʘʨʥʦ-ʩʽʜʝʣʴʥʦʾ ʰʢʽʨʠ 

ʍʽʤʽʯʥʽ ʨʝʘʛʝʥʪʠ 
ɺʠʪʨʘʪʠ ʨʝʘʛʝʥʪʽʚ, % ʤʘʩʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʟʘ ʚʘʨʽʘʥʪʘʤʠ 

1 2 3 

ʇʝʨʝʜʜʫʙʠʣʴʥʝ ʦʙʨʦʙʣʝʥʥʷ: ʚʦʜʘ 

ʉʫʣʴʬʘʪ ʘʤʦʥʽʶ 
ɻʝʢʩʘʤʝʪʘʬʦʩʬʘʪ ʥʘʪʨʽʶ 
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ɼʫʙʣʝʥʥʷ: ʩʠʥʪʘʥ ɹʅʉ 

ï ʝʢʩʪʨʘʢʪ ʘʢʘʮʽʾ 

ï ʝʢʩʪʨʘʢʪ ʚʝʨʙʠ  

3,6 (ʫ ʚʩʽʭ ʪʝʭʥʦʣʦʛʽʷʭ) 

12,0 (ʪʘʢʦʞ) 

8,0 (  ï ñ ï ) 

 

ɿʘ ʚʘʨʽʘʥʪʦʤ 2 ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ 

ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʢʣʶʯʘʻʪʴʩʷ 

ʬʦʨʤʘʣʽʥ. ʇʨʠ ʮʴʦʤʫ ʛʦʣʠʥʘ ʟʥʝʟʦʣʶʻʪʴʩʷ 

ʩʫʣʴʬʘʪʦʤ ʘʤʦʥʽʶ ʟ ʚʠʪʨʘʪʦʶ 2,5 % ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 35ï37 ʉ̄ ʽ ʈʂ 0,8. ɼʣʷ 

ʧʝʨʝʜʜʫʙʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʛʝʢʩʘʤʝʪʘʬʦʩʬʘʪ ʥʘʪʨʽʶ ʽ ʩʫʣʴʬʘʪ ʘʤʦʥʽʶ ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1,5:1 ʟ ʜʦʜʘʚʘʥʥʷʤ ʯʝʨʝʟ 0,5 

ʛʦʜ 1,5 % ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʫ ʜʚʘ ʧʨʠʡʦʤʠ. 

ʏʝʨʝʟ 12 ʛʦʜ ʜʦʜʘʻʪʴʩʷ ʱʝ 0,5 % ʩʽʨʯʘʥʦʾ 

ʢʠʩʣʦʪʠ ʽ ʟʘ 2 ʛʦʜ ʦʙʝʨʪʘʥʥʷ ʨʅ ʟʨʟ̔ʫ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ 3,0ï3,5. 

ɼʫʙʣʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʚʘʨʽʘʥʪʫ 1. 

ɺʘʨʽʘʥʪ 3 ʻ ʢʦʥʪʨʦʣʴʥʠʤ [11], ʷʢʠʤ 

ʜʣʷ ʟʥʝʟʦʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ ʟ ʚʠʪʨʘʪʦʶ 3,0 

% ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 35ï37 ʉ̄ ʧʨʠ ʈʂ 1,5. ɼʦ 

ʜʫʙʣʝʥʥʷ ʛʦʣʠʥʘ ʛʦʪʫʻʪʴʩʷ ʩʦʣʶʚʘʥʥʷʤ 

ʧʨʦʪʷʛʦʤ 3 ʛʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 7 % ʩʫʣʴʬʘʪʫ 

t, ʛʦʜ. 
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ʘʤʦʥʽʶ ʽ 0,6 % ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʥʘʩʪʫʧʥʠʤ ʧʦʧʝʨʝʜʥʽʤ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʤ ʩʫʣʴʬʘʪʦʤ ʭʨʦʤʫ 

ʧʨʦʪʷʛʦʤ 8 ʛʦʜ ʧʨʠ ʈʂ 1. ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʟʘ ʚʩʽʤʘ ʚʘʨʽʘʥʪʘʤʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟʘ ʜʽʶʯʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʬʫʟʽʾ ʪʘʥʽʜʽʚ ʫ ʩʪʨʫʢʪʫʨʫ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 

1. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʾ ʪʘʥʽʜʽʚ ʫ ʩʪʨʫʢʪʫʨʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ ʧʦʯʘʪʢʫ 

ʜʫʙʣʝʥʥʷ ʜʣʷ ʚʘʨʽʘʥʪʫ 2, ʘ ʤʽʥʽʤʘʣʴʥʘ ʚ ʢʦʥʪʨʦʣʴʥʦʤʫ ʚʘʨʽʘʥʪʽ. ɺ ʪʦʡ ʯʘʩ ʷʢ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʜʦ ʧʦʚʥʦʛʦ 

ʧʨʦʬʘʨʙʫʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʙʫʣʘ ʤʽʥʽʤʘʣʴʥʘ ʫ ʚʘʨʽʘʥʪʽ 1, ʱʦ ʜʦʨʽʚʥʶʚʘʣʘ 25 ʛʦʜ. ʇʨʠʯʦʤʫ ʧʽʩʣʷ 2,5ï3,0 

ʛʦʜ. ʜʫʙʣʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʦʚʽʣʴʥʝʥʥʷ ʜʠʬʫʟʽʾ ʪʘʥʽʜʽʚ ʫ ʚʘʨʽʘʥʪʽ 2. ʎʝ ʟʫʤʦʚʣʝʥʦ ʽʥʪʝʥʩʠʚʥʽʰʦʶ 

ʚʟʘʻʤʦʜʽʻʶ ʯʘʩʪʠʥʦʢ ʪʘʥʽʜʽʚ ʟ ʯʘʩʪʢʦʚʦ ʬʽʢʩʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʜʝʨʤʠ ʥʘ ʧʽʜʛʦʪʦʚʯʽʡ ʩʪʘʜʽʾ ʜʫʙʣʝʥʥʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʫʱʽʣʴʥʝʥʥʷ ʾʾ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. ʋ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʩʫʣʴʬʘʪʫ ʭʨʦʤʫ ʮʝʡ ʝʬʝʢʪ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʩʠʣʴʥʽʰʝ, ʪʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʟʘʚʝʨʰʘʻʪʴʩʷ ʯʝʨʝʟ 44 ʛʦʜ.  

ʆʪʞʝ, ʢʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʬʽʢʩʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʛʦʣʠʥʠ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʛʝʢʩʘʤʝʪʘʬʦʩʬʘʪʫ ʽ ʬʦʨʤʘʣʽʥʫ, ʜʘʶʪʴ ʟʤʦʛʫ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʜʫʙʣʝʥʥʷ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʣʝʥʥʷ ʛʦʣʠʥʠ ʟʘ ʚʘʨʽʘʥʪʘʤʠ 1ï3 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʟʛʽʜʥʦ ʪʘʙʣʠʮʽ 

1, ʥʘʚʦʜʷʪʴʩʷ ʚ ʪʘʙʣʠʮʽ 2. ɻʽʜʨʦʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ  ʛʦʣʠʥʠ  ʧʝʨʝʜ ʩʠʥʪʘʥʥʦ-ʪʘʥʽʜʥʠʤ ʜʫʙʣʝʥʥʷʤ ʜʦʩʷʛʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʽʩʣʷ ʭʨʦʤʫʚʘʥʥʷ ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ï ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʢʩʘʤʝʪʘʬʦʩʬʘʪʫ ʥʘʪʨʽʶ. ʎʝ 

ʟʫʤʦʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷʤ ʢʦʣʘʛʝʥʫ ʧʨʠ ʡʦʛʦ ʭʨʦʤʫʚʘʥʥʽ ʫ ʚʽʜʦʤʽʡ ʪʝʭʥʦʣʦʛʽʾ ʽ ʨʫʡʥʫʚʘʥʥʷʤ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʧʽʜ ʜʽʻʶ ʢʠʩʣʦʪ. ɺʽʜʧʦʚʽʜʥʦ ʧʽʩʣʷ ʜʫʙʣʝʥʥʷ ʛʽʜʨʦʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʤʘʢʩʠʤʘʣʴʥʦ ʫ ʚʘʨʽʘʥʪʽ 2, ʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʩʷʛʘʻ ʫ ʚʘʨʽʘʥʪʽ ʟ ʧʦʧʝʨʝʜʥʽʤ 

ʭʨʦʤʫʚʘʥʥʷʤ ʛʦʣʠʥʠ. ʇʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʟʘ ʛʽʜʨʦʪʝʨʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ʟʘʡʤʘʻ ʥʘʧʽʚʬʘʙʨʠʢʘʪ 1 ʚʘʨʽʘʥʪʫ, 

ʱʦ ʟʫʤʦʚʣʝʥʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷʤ ʢʦʣʘʛʝʥʫ ʬʦʨʤʘʣʴʜʝʛʽʜʦʤ.  

 

ʊʘʙʣʠʮʷ 2  

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʤʘʨʥʦ-ʩʽʜʝʣʴʥʦʾ ʰʢʽʨʠ ʜʫʙʣʝʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ  

ʇʦʢʘʟʥʠʢ 
ɺʘʨʽʘʥʪ ʪʝʭʥʦʣʦʛʽʾ ɻʆʉʊ 1904-

81 1 2 3 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʚʘʨʶʚʘʥʥʷ, ʉ̄, ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʝʨʝʜ ʜʫʙʣʝʥʥʷʤ 

 ï ï ʜʫʙʣʝʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 
ʄʘʩʦʚʘ ʯʘʩʪʢʘ*, %, ʚʦʣʦʛʠ 

 ï ï ʨʝʯʦʚʠʥ, ʱʦ ʝʢʩʪʨʘʛʫʶʪʴʩʷ ʦʨʛʘʥʽʯʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ 

 ï ï ʟʘʛʘʣʴʥʠʭ ʚʦʜʦʚʠʤʠʚʥʠʭ 

 ï ï ʦʢʩʠʜʫ ʭʨʦʤʫ (ɯɯɯ) 

ʨʅ ʭʣʦʨʢʘʣʽʻʚʦʾ ʚʠʪʷʞʢʠ 
ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ, ʄʇʘ  

ʇʦʜʦʚʞʝʥʥʷ ʧʨʠ ʥʘʧʨʫʞʝʥʥʽ 10 ʄʇʘ, % 

ʏʠʩʣʦ ʧʨʦʜʫʙʫ, % 

72 

78 
11,1 

9,3 

6,7 

ï 

5,3 
22,0 

14,0 

52,0 

54 

73 
11,3 

9,6 

6,3 

ï 

5,0 
22,0 

16,0 

48,0 

76 

86 
11,2 

10,2 

6,0 

1,13 

5,0 
23,0 

17,0 

46,0 

ï 

ï 
11ï17 

6ï11 

ʥʝ > 7,0 

0,9ï1,8 

4,0ï5,5 

ʥʝ < 20 

10ï17 

42ï59 

ʇʨʠʤʽʪʢʘ. * ï ʤʘʩʦʚʽ ʯʘʩʪʢʠ ʥʘʚʦʜʷʪʴʩʷ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʥʫʣʴʦʚʫ ʚʦʣʦʛʽʩʪʴ. 

 

ʅʘʷʚʥʽʩʪʴ ʬʦʨʤʘʣʴʜʝʛʽʜʫ ʫ ʚ ʚʘʨʽʘʥʪʽ 1 ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʚʟʘʻʤʦʜʽʾ ʪʘʥʽʜʽʚ 

ʟ ʢʦʣʘʛʝʥʦʤ ʜʝʨʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʟʚôʷʟʘʥʠʭ ʪʘʥʽʜʽʚ ʫ 

ʩʪʨʫʢʪʫʨʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʝʥʥʷʤ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʨʘʟʢʽʚ. ɿʘ ʢʦʤʧʣʝʢʩʦʤ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʦʪʨʠʤʘʥʠʡ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʘʨʽʘʥʪʘ 2 ʟ 

ʚʠʢʣʶʯʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʛʦ ʬʦʨʤʘʣʴʜʝʛʽʜʫ ʚʽʜʧʦʚʽʜʘʻ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʫ ʥʘ ʣʠʤʘʨʥʦ-

ʩʽʜʝʣʴʥʽ ʰʢʽʨʠ.  

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʩʠʥʪʘʥʥʦ-ʪʘʥʽʜʥʦʛʦ ʜʫʙʣʝʥʥʷ ʛʦʣʠʥʠ, ʦʪʨʠʤʘʥʦʾ ʟʽ ʰʢʫʨ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ 

ʭʫʜʦʙʠ ï ʷʣʦʚʠʮʽ ʚʘʞʢʦʾ ʟ ʢʠʩʣʦʪʥʠʤ ʟʥʝʟʦʣʶʚʘʥʥʷʤ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʣʠʤʘʨʥʦ-ʩʽʜʝʣʴʥʦʾ ʰʢʽʨʠ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʣʫʢ ʭʨʦʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʢʩʘʤʝʪʘʬʦʩʬʘʪʫ ʥʘʪʨʽʶ ʽ ʬʦʨʤʘʣʴʜʝʛʽʜʫ ʟʘʤʽʩʪʴ ʩʧʦʣʫʢ ʭʨʦʤʫ 

ʧʝʨʝʜ ʩʠʥʪʘʥʥʦ-ʪʘʥʽʜʥʠʤ ʜʫʙʣʝʥʥʷʤ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʥʘ 18 ʛʦʜ, ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ 

ʚʦʜʠ ʚ 1,6ï2,2 ʨʘʟʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʽʣʴʢʠ ʛʝʢʩʘʤʝʪʘʬʦʩʬʘʪʫ ʥʘʪʨʽʶ ʥʘ ʩʪʘʜʽʾ ʧʝʨʝʜʜʫʙʠʣʴʥʦ-ʜʫʙʠʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʫʪʪʻʚʦ ʩʢʦʨʦʯʫʻʪʴʩʷ ʚʤʽʩʪ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʰʢʽʨʷʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʃʠʤʘʨʥʦ-ʩʽʜʝʣʴʥʘ ʰʢʽʨʘ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʙʝʟʭʨʦʤʦʚʦʛʦ 

ʜʫʙʣʝʥʥʷ ʟʘ ʩʚʦʻʶ ʷʢʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ ʜʽʶʯʦʛʦ ʩʪʘʥʜʘʨʪʫ. ɸʧʨʦʙʦʚʘʥʽ ʭʽʤʽʯʥʽ ʤʘʪʝʨʽʘʣʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʡ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʭʨʦʤʦʚʠʤ, ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽʰʠʭ, 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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PROJECT CONCEPTIO N OF CAE-SYSTEM FOR WEAR ANALYSIS OF FRICTION 

BEARING UNDER CONDITIONS OF SHAFT AND LINER AXIS MISALIGNMENT  
 
Modelling of wear processes is an important stage in the design of mechanisms. Such virtual studies allow 

predicting the service life of components and the machine as a whole. Modern algorithms of CAE-systems allow performing 
such analysis with high accuracy and taking into account not only material and operating conditions of the mechanism, but 
also errors that occurred during the manufacturing and assembly of a particular part. These parts require high requirements 
to the accuracy of manufacturing and assembly, but within the tolerances of the fields errors of mutual positioning are still 
allowed, which in turn can significantly affect the service life of the mechanism. Therefore, the task of modeling the wear 
process of the shaft and sleeve in conditions of mutual misalignment of the axes is relevant. Such sliding pairs exist in almost 
all machines, including car engines, power generation turbines, etc. 

In this article it is offered to use the module-integrated approach for modeling of wear processes in tribotechnics, 
providing use of CAE-systems for definition of functioning conditions of friction units as a system core, and construction of 
separate modules which in this or that degree are integrated into existing CAE systems. to define values of wear of elements 
of friction pairs that allows to consider mutual influence of wear and change of functioning conditions in the course of 
operation. 

The practical implementation of the module-integrated approach is shown by the example of solving the problem of 
radial plain bearings wear during the misalignment of the shaft and bush axes in the ANSYS environment. The module of 
representation of multidimensional matrixes of static or dynamic data, providing essential increase in speed of data 
processing and quality level of the further analysis of the visualized information from any subject area, is developed. 

Key words: modeling, friction, CAE-systems, wear of machine parts, mutual misalignment of axes, bearing, software. 

 
ʉʆʂʆʃɸʅ ʖʣʽ,̫ ʄɯʃʔʂʆ ɺʦʣʦʜʠʤʠʨ, ʊʂɸʏʋʂ ɺʽʪʘʣʽʡ, ʉʆʂʆʃɸʅ ʂʘʪʝʨʠʥʘ 

ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

ʈʆɿʈʆɹʂɸ ʉɸɽ-ʉʀʉʊɽʄʀ ɸʅɸʃɯɿʋ ɿʅʆʐʋɺɸʅʅʗ ʇɯɼʐʀʇʅʀʂɯɺ  

ɺ ʋʄʆɺɸʍ ʇɽʈɽʂʆʉʋ ʆʉɽʁ ɺɸʃɸ ɯ ɺʊʋʃʂʀ 
 

˙̟̠̏̅̆̌̃́̎̎ ̨̗̐̑̏̆̒̃ ̙̠̈̎̏̔̃́̎̎ ̤ ̃́̇̌̉̃̉̍ ̆̓́̐̏̍ ̐̑̉ ̨̐̑̏̆̋̓̔̃́̎̎ ̨̨̖̍̆́̎̈̍̃Ȣ ˟̨́̋ ̨̨̝̃̑̓̔́̌̎ ̨̠̅̏̒̌̅̇̆̎̎ 
̠̟̝̅̏̈̃̏̌̓ ̒̐̑̏̄̎̏̈̔̃́̓̉ ̑̆̒̔̑̒ ̑̏̂̏̓̉ ̨̃̔̈̌̃ ̓́ ̙̍́̉̎̉ ̃ ̨̗̌̏̍̔Ȣ ˞̨̘̔́̒̎ ́̌̄̏̑̉̓̍̉ ˞ˍ˒-̒̉̒̓̆̍ ̠̟̝̅̏̈̃̏̌̓ ̃̉̋̏̎̔̃́̓̉ 
̓́̋̉̊ ̨́̎́̌̈ ̈ ̟̃̉̒̏̋̏ ̨̘̟̓̏̎̒̓ ̓́ ̖̃̑́̏̃̔̃́̓̉ ̎̆ ̙̌̉̆ ̨̍́̓̆̑́̌ ̓́ ̔̍̏̃̉ ̑̏̂̏̓̉ ̨̖̍̆́̎̈̍̔ȟ ́ ̊ ̖̐̏̉̂̋̉ȟ ̨̠̋ ̃̉̎̉̋̌̉ ̨̐̅ ̘́̒ 
̠̃̉̄̏̓̏̃̌̆̎̎ ̓́ ̠̒̋̌́̅́̎̎ ̩̋̏̎̋̑̆̓̎̏ ̨̅̆̓́̌Ȣ ˑ̨́̎ ̨̅̆̓́̌ ̟̝̃̉̍́̄́̓ ̖̃̉̒̏̋̉ ̃̉̍̏̄ ̅̏ ̨̘̓̏̎̏̒̓ ̠̃̉̄̏̓̏̃̌̆̎̎ ̓́ ̠̒̋̌́̅́̎̎ȟ 
̐̑̏̓̆ ̃ ̖̍̆̇́ ̨̐̏̌̃ ̨̅̏̐̔̒̋̃ ̃̒̆ ̇ ̓́̋̉ ̟̝̠̅̏̐̔̒̋́̓̒ ̖̐̏̉̂̋̉ ̤̃̈́̍̎̏̄̏ ̙̠̑̏̈̓́̔̃́̎̎ȟ ̏̚ ̃ ̟̒̃̏ ̘̆̑̄̔ ̍̏̇̆ ̤̒̔̓̓̃̏ 
̃̐̌̉̎̔̓̉ ̎́ ̑̆̒̔̑̒ ̑̏̂̏̓̉ ̨̖̍̆́̎̈̍̔Ȣ ˟̏̍̔ ̘̈́̅́́ ̟̠̍̏̅̆̌̃́̎̎ ̗̐̑̏̆̒̔ ̈̎̏̒̔ ̃́̌́ ̨ ̃̓̔̌̋̉ ̃ ̖̔̍̏̃́ ̤̃̈́̍̎̏̄̏ ̐̆̑̆̋̏̒̔ ̏̒̆̊ ̤ 
̝̟́̋̓̔́̌̎̏Ȣ ˜̨̨̏̅̂̎ ̐́̑̉ ̠̋̏̃̈́̎̎ ̨̟̝̒̎̔̓ ̍́̊̇̆ ̔ ̨̖̃̒ ̙̖̍́̉̎́ȟ ̈̏̋̑̆̍́ ̖̅̃̉̄̔̎́ ̨̨́̃̓̏̍̏̂̌̃ȟ ̟̘̖̆̌̆̋̓̑̏̄̆̎̆̑̔̉ ̨̖̓̔̑̂̎́ȟ 
̓̏ ̏̚Ȣ 

ˠ ̨̑̏̂̏̓ ̈́̐̑̏̐̏̎̏̃́̎̏ ̠̅̌ ̟̠̍̏̅̆̌̃́̎̎ ̨̗̐̑̏̆̒̃ ̙̠̈̎̏̔̃́̎̎ ̃ ̨̨̖̗̓̑̉̂̏̓̆̎ ̃̉̋̏̑̉̒̓̏̃̔̃́̓̉ ̝̍̏̅̔̌̎̏-
̨̎̓̆̄̑̏̃́̎̉̊ ̨̨̖̐̅̅ȟ ̠̋̉̊ ̘̤̐̆̑̆̅̂́́ ̠̃̉̋̏̑̉̒̓́̎̎ ˞ˍ˒-̒̉̒̓̆̍ ̠̅̌ ̘̠̃̉̈̎́̆̎̎ ̔̍̏̃ ̨̗̠̔̎̋̏̎̔̃́̎̎̕ ̨̃̔̈̌̃ ̠̓̆̑̓ ̃ ̨̠̋̏̒̓ ̠̅̑́ 
̒̉̒̓̆̍̉ȟ ̓́ ̐̏̂̔̅̏̃̉ ̖̏̋̑̆̍̉ ̨̍̏̅̔̌̃ȟ ̨̠̋ ̃ ̨̓̊ ̘̉ ̨̨̙̎̊ ̨̨̍̑ ̨̨̎̓̆̄̑̏̃́̎ ̃ ̨̨̟̘̒̎̔ ˞ˍ˒-̒̉̒̓̆̍̉ȟ ̠̅̌ ̘̠̃̉̈̎́̆̎̎ ̘̃̆̌̉̉̎ ̈̎̏̒̔ 
̨̆̌̆̍̆̎̓̃ ̐́̑ ̠̓̆̑̓ȟ ̏̚ ̠̤̅̏̈̃̏̌ ̖̃̑́̏̃̔̃́̓̉ ̤̃̈́̍̎̉̊ ̃̐̌̉̃ ̈̎̏̒̔ ̓́ ̨̈̍̎̉ ̔̍̏̃ ̨̗̠̔̎̋̏̎̔̃́̎̎̕ ̃ ̨̗̐̑̏̆̒ ̨̗̩̆̋̒̐̌̔́̓́Ȣ  

˜̘̑́̋̓̉̎́ ̨̨̗̠̑̆́̌̈́ ̝̍̏̅̔̌̎̏-̨̎̓̆̄̑̏̃́̎̏̄̏ ̨̖̐̅̏̅̔ ̐̏̋́̈́̎́ ̎́ ̨̐̑̉̋̌́̅ ̑̏̈̃΄̠̠̈́̎̎ ̨̘̈́̅́ ̐̑̏ ̙̠̈̎̏̔̃́̎̎ 
̨̝̖̑́̅́̌̎̉ ̨̨̙̐̅̉̐̎̉̋̃ ̠̋̏̃̈́̎̎ ̐̑̉ ̨̐̆̑̆̋̏̒ ̏̒̆̊ ̃́̌́ ̨ ̃̓̔̌̋̉ ̃ ̨̒̆̑̆̅̏̃̉̚ ˞ˍ˒-̒̉̒̓̆̍̉ ANSYSȢ ˝̏̈̑̏̂̌̆̎̏ ̝̍̏̅̔̌ 
̠̐̑̆̅̒̓́̃̌̆̎̎ ̨̖̂́̄́̓̏̃̉̍̑̎̉ ̗̝̍́̓̑̉ ̘̖̒̓́̓̉̎̉ ́̂̏ ̨̘̖̅̉̎́̍̎̉ ̖̅́̎̉ȟ ̠̋̉̊ ̘̤̈́̂̆̈̐̆̔ ̤̒̔̓̓̃̆ ̨̠̐̅̃̉̆̎̎̚ ̨̙̃̉̅̋̏̒̓ 
̏̂̑̏̂̋̉ ̖̅́̎̉ ̓́ ̨̠̑̃̎ ̨̠̋̏̒̓ ̝̙̐̏̅́̌̏̄̏ ̨́̎́̌̈̔ ̨̨̩̃̈̔́̌̈̏̃́̎̏ ̨̨̗̩̎̏̑̍́̕ ̈ ̝̂̔̅-̠̩̋̏ ̩̐̑̆̅̍̆̓̎̏ ̨̏̂̌́̒̓Ȣ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̟̠̍̏̅̆̌̃́̎̎ȟ ̠̓̆̑̓ȟ ˞ˍ˒-̒̉̒̓̆̍̉ȟ ̈̎̏̒ ̅̆̓́̌̆̊ ̙̍́̉̎ȟ ̤̃̈́̍̎̉̊ ̐̆̑̆̋̏̒ ̏̒̆̊ȟ ̨̙̐̅̉̐̎̉̋ȟ ̐̑̏̄̑́̍̎̆ 
̘̠̈́̂̆̈̐̆̆̎̎Ȣ 

 

Introduction  

Reliability of design is laid at the stage of designing of machines and mechanisms. Management of 

machine reliability indicators at the design stage is inseparably connected with the development and improvement of 

calculation methods of their determination. Strength calculations are widely used in design practice due to the 
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availability of a wide range of both analytical calculation methods and software that implements both numerous 

methods, such as finite element method [2] and limit element method. 

At the same time, it should be taken into account that the most frequent cause of failure of machines is not 

their destruction due to insufficient strength, but the wear of friction units. As a result of wear of friction units there 

are functional failures, kinematic accuracy of mechanisms is violated, additional loads, vibrations, etc. appear 

unforeseen by calculation. Analysis of the methods used in the design practice for calculating the wear resistance 

and predicting the service life of friction units by the wear criterion showed a significant lag from the strength 

calculations. 

Difficulties in the development of calculation methods for predicting the service life and wear of friction 

units are due to the presence of diverse in nature processes occurring on friction surfaces, and the influence on these 

processes of a large number of interrelated factors. Thus in the course of functioning of a tribo-node the factors 

change both in time, and on a contact surface of details of knots of a friction. Insufficient study of complex physical 

and chemical processes on the contact surfaces during friction, probabilistic nature of friction and wear processes, 

random nature of external influence parameters, material properties and initial geometry of the connected parts 

complicates the development of methods for calculating wear and predicting the resource. Proceeding from the 

aforesaid, the development of methods for calculating the resource and wear of friction units is the most important 

task, the solution of which is aimed at increasing the reliability and wear resistance of machines and equipment. 

 

Presentation of main material 

When developing the methods for predicting the service life of friction units it is necessary to take into 

account the peculiarities of wear as a specific type of destruction, take into account that the fact of this process is not 

critical for the joint operation. When modeling mechanical wear it is necessary, first of all, to determine the stress 

state arising in the body at the given external conditions of interaction, properties of materials of contacting pair and 

macro- and microgeometry of surfaces. 

In many cases, when building a model to analyze the serviceability of a friction unit, the most important 

characteristics of the process are macro changes in the shape of the elements of the tribunal. The task of stage-by-

stage modeling (Fig. 1) of wear is to predict the transition from one macrostate to another under given external 

conditions. 

The theoretical basis for the construction of phenomenological models of tribocouplings wear is made by 

the wear-contact problems, in which the contact pressures and the relative sliding velocity of friction pairs elements 

are considered as the main external characteristics. 

To separate the solution of contact interaction problems and the forms of change of tribocoupling elements 

due to wear, an iterative approach is used, which implies consideration of a number of discrete states, through which 

the connection passes in the process of functioning. 

The analysis of wear processes shows that the changes occurring in friction pairs are stochastic in essence, 

and the wear process, in the general case, is a random process. On the basis of theoretical processing of a huge 

experimental material it has been proved that processes of accumulation of tribo-damages belong to a class of 

cumulative damages and are most 

accurately described by Markovian random 

processes with discrete times and states [1, 

2, 7]. The generalized scheme of 

construction of a three-boelement model of 

a friction pair is presented in Fig. 2. Thus, 

the algorithm for solving the wear-contact 

problems is based on the following steps: 

1. Design of the geometrical 

model of the friction pair. 

2. Representation of a worn 

surface in the form of some number of 

triboelements with preservation of their 

geometrical position in the form of an array 

of data. 

3. Design of finite-element model 

of elastic elements of friction pair. The condition of geometrical coincidence of a part of knots of the end elements, 

located on a wear surface, with the location of triboelements is imposed. 

 

 
Figure 1. The main stages of wear modeling 
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Figure 2. Generalized scheme of triboelement model 

 

4. Determination of contact pressures in the nodes located in the locations of the triboelements 

5. Determination of the parameters of the triboelement wear model using the obtained solution results. 

6. Determination of mathematical expectation of wear value for each triboelement with keeping the 

received vectors of unconditional probabilities of staying of triboelements in this or that state. 

7. Determination of new coordinates of the end element nodes located on the wear surface in the locations 

of the triboelements, taking into account the wear value. 

8. Design of cubic spline of geometric model of wear surface. 

9. Cyclic execution of items 3 - 9 of this algorithm until reaching the wear limit or a given time of wear of 

elements of the friction pair. 

Simulation of wear processes is an important stage in the design of mechanisms. Such virtual studies allow 

predicting the service life of components and the machine as a whole. Modern algorithms of CAE-systems allow 

performing such analysis with high accuracy and taking into account not only the material and operating conditions 

of the mechanism, but also the errors that occurred during the manufacturing and assembly of a particular part. For 

example, when considering predictive modeling of the cutting process for coated tools, it is necessary to know the 

basic parameters of the uncoated tool transition zone and the relative increase or decrease in the adhesion properties 

of this zone when the coating is applied there [4]. 

During the operation of machines, rotating and moving parts, in particular shafts, bushings, are subject to 

the greatest wear, so the analysis of predicting their service life is an important task. These parts require high 

requirements to the accuracy of manufacturing and assembly, but within the tolerances of the fields errors in mutual 

arrangement are still allowed, which in turn can significantly affect the service life of the mechanism [5]. Therefore, 

the task of modeling the wear process of the shaft and sleeve in conditions of mutual misalignment of the axes is 

relevant. Such sliding pairs exist in almost all machines, including car engines, power generation turbines, etc. 

The analysis of the serviceability of plain bearings must take into account the design features of the 

machine design. One feature that can have a significant impact on the service life of a plain bearing is the relative 

alignment of the shaft and bearing sleeve axes. Deviations from parallelism can occur due to bending of the shaft, 

causing the axes of the shaft and the sleeve of the plain bearing to be positioned at a certain angle. 

The contact of a rigid shaft of radius 1R  (Fig. 3) and an elastic cylindrical antifriction layer of thickness Ů 

coupled with a rigid sleeve is envisaged. The shaft is inclined at an angle ɗ to the sleeve. The z-axis is directed along 

the bearing axis. The origin of the z-axis is located at the end of the bearing, and the angle ű is counted from a plane 
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passing through the bearing axis parallel to the main vector of forces acting on the shaft. 

 

  

Figure 3. Schematic diagram 
Figure 4. Schematic diagram: 

1 - antifric tion element; 

2 - rigid shaft 

 

To solve the wear-contact problems in the spatial formulation, it is necessary to take into account that in 

this case a cubic spline of the wear surface is constructed. The spline approximation is built on the points of 

antifriction layer [1], in the locations of triboelements, in two directions - along the z axis and in the radial direction. 

Thus, after each iteration of determining the wear value, a cubic spline of the wear surface is built, the geometry of 

which takes into account the wear at the previous step. 

Based on the above calculation model, a parametrized calculation model was built, which is shown in 

Figure 3. When building the model, taking into account the conditions of the problem, the contact interaction of 

elements of the tribocoupling is modeled by a rigid-submissive contact. The shaft 2 (Fig. 4), as rigid, is taken as the 

target surface. The antifriction element 1 is taken as the contact surface. On the contact surface of the antifriction 

layer the geometric position of triboelements is determined. Twenty-node SolidWorks spatial elements were used to 

create a finite-element mesh model of the antifriction layer. To create the contact pair "bushing-antifriction element" 

contact elements "surface-surface" were used. 

Wear was considered as a random Markov-type process with discrete time and states. At time t = 1, the 

probability locations of TO in one or another state were defined as the product of the vector of initial states [ ]í  on 

the transition probability matrix è øê úijW : 

( ) ( )1 0 ,    , 1,  2, ,   ,     Ct t i j Kè ø è øè ø= = = = »ê ú ê úê új j ijˊ ˊ W   (1) 

where ( )0tè ø=ê új́  is initial states vector; ( )1tè ø=ê új́  ï vector of unconditional probabilities of TO in 

j-th states  ( )1, , Cj K= »  at a point in time 1t= ; è øê úijW  ï transition probability matrix. 

The probabilities of TO states at time t > 1 were determined as the product ( 1)tè ø-ê új́  of the vector of 

unconditional probabilities at time t - 1 on the transition probability matrix, which defines the behavior of TO at 

time t: 

() ( )1 ,    , 1,  2, ,   .             Ct t i j Kè ø è øè ø= - = »ê ú ê úê új j ijˊ ˊ W   (2) 

The components of the vector of initial states ( )0tè ø=ê új́  were determined from the assumption that at the initial 

moment of time TO was in the first state: 

( ) [ ]0 1,  0,  0, ,0 .            tè ø= = »ê új́     (3)  

A transition probability matrix [7] with unit jumps up and the presence of an absorbing state was used to 

describe the TO behavior: 

11 12

22 23

( ) ( ) 0 0 0 0

0 ( ) ( ) 0 0 0
.              

0 0 0 0 0 1

w t w t

w t w t

è ø
é ù
é ùè ø=ê úé ù
é ù
ê ú

ijW    (4) 

The absorbing state is understood as the state of complete wear of the antifriction layer. 

The components ( )ijw t , were determined as follows: 

() () ,   for  ,       ij Iw t t t i j@ D ¸       (5) 
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where  () ()/I It V t h=  - wear flow rate; tD ï time step of loading; h  - value determined from the condition of 

ordinality of the wear flow; ()IV t  ï the wear rate at the time t . 

The value of wear h is chosen from the condition that in one load cycle the probability of a wear value 

greater than h is negligible. The value of the layer wear was determined because of the mathematical expectation 

tm : 

( )1  ,      t tz m h= -       (6) 

where  ()
1 

,     1,2, ,  
CK

t C

i

m i t i K
=

= = »ä í
; ()tí  ï unconditional probabilities of TO states; ( )/ 1Ch Ke= -  

ï the amount of wear that determines the condition of the triboelements. 

At the initial moment of time, it was assumed that all elements were in state 1. As the dependence of the 

wear rate on the contact pressures and sliding velocity, a stepwise dependence of the form was used: 

()( )0, ,      I wV K V p t
ag j j=      (7) 

where  IV  ï wear rate; 
wK  ï depreciation rate; V  ï sliding velocity of the shaft on the sliding layer; 

()( )0,p tj j  ï contact pressures; ,a g ï degree indicators [3].  

Simulation of the wear process of parts in conditions of deviation from parallelism of shaft and bush axes 

allows to predict the possible places of defects in the operation of machines and mechanisms, as well as to calculate 

the durability of mechanisms. Such modeling contributes to reducing the number of repairs and increasing the life 

cycle of triboelements. 

Visualization of repetitive cyclic loads in graphical format is characterized by reproducibility of large 

arrays of numerical data reduced to a unified form. If we consider the information presented in the form of 

multidimensional matrices with statistical data, the level of perception of such information is much lower than in the 

visual form. 

The creation of multidimensional data matrices is an obligatory step of conducting process modeling for 

further analysis. Static matrices describe processes based on fundamental laws, while dynamic matrices include all 

iterative processes. When studying physical processes (especially iterative ones) there are cases when the 

corresponding data cannot be completely covered by a three-dimensional graph divided by a color spectrum, 

because it is impossible to demonstrate the dynamic process of parameters change from time by means of a static 

image. In such cases, it is advisable to use animation types of data representation, which allow to visually display 

the change of state of the processes depicted on the three-dimensional graph in time. 

To solve the task, the module of calculation of friction unit wear was developed. The first step of the 

module is initialization and creation of a graphical model based on the received data. The created geometric model 

is broken down into finite elements, after that the contact pair is created and the constraints on freedom and value of 

friction knot loads are set. After the corresponding calculation, the constructed geometric model is destroyed and the 

process is repeated again for the number of iterations specified by the user. 

Practical application of the developed system of modeling of wear processes confirmed the high efficiency 

of the visual display of the data characterizing the dynamics of wear processes for the general study of pressure and 

wear changes depending on time. 

The multidimensional matrices, containing numerical data, are difficult in perception of the information, 

especially in the presence of its large number [6]. They do not allow to observe the general picture of researched 

processes, to give their generalized estimation, to carry out the concrete analysis. 

In cases requiring the rapid formulation of generalized conclusions, the practical application of the 

developed system confirmed the high efficiency of applying the method of visualization of pressure and wear data in 

the study of shaft and bushing wear at mutual misalignment of the axes. 

The basic interface of the developed software product is shown in Fig. 5. In order to increase the level of 

perception of the information depicted in the graph, the module implements the appropriate toolkit. The toolkit 

allows you to shift and rotate the graph around the abscissa and ordinate axes, to scale and build the graph step by 

step. Such step-by-step construction allows to distinguish moments of transition from normal conditions of node 

operation to critical wear conditions. 

Within the framework of research of effectiveness of application of the system of modeling and 

visualization of wear processes its testing on the data characterizing different variants of dynamics of wear and 

pressure processes within the framework of the problem of radial plain bearings wear at misalignment of shaft and 

bush axes was carried out. 

For example, in Fig. Fig. 6 shows graphs of pressure dependence on time under condition of rapid initial 

pressure value (Fig. 6, a), smoothed dependence of pressure on time when studying the wear process of shaft and 

bushing under condition of mutual misalignment of their axes (Fig. 6, b), and also cases of jump-like pressure 

growth in a critical situation in the form of peak dynamics of friction pair elements change (Fig. 6, c) and linear 

dependence of wear process of friction pair elements depending on time of mechanism operation (Fig. 6, d). 
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Figure 5. Basic interface of the module 

 

   
 

ʘ) b) c) d) 

Figure 6. Examples of construction of shaft and liner wear models over time 

 

For better perception of information and further analysis of critical areas of the node conditions, the module 

implements scaling of abscissa and ordinate axes, as well as rotation of the graph relative to its axis. In addition, the 

program implements the selection of a particular value from a multidimensional matrix of input data. To do this, the 

user needs to click the appropriate area of the graph and in the fields Iteration number, Angle value and Wear value 

the corresponding data will be displayed in numerical format. 

If you need to present dynamic information in the absence of the module, it has the ability to record video 

files, providing several functions. The user can define the video quality himself, with the default setting of 15 frames 

per second. The program also allows you to save the current image that is in the visualization area. 

 

Conclusions 

The developed system allows to visualize different cases of temporal changes of pressure and wear 

parameters, wear processes of friction elements, which allows to take into account mutual influence of wear and 

changes of functioning conditions in the process of operation. In addition, the use of such a system by an expert in 

the relevant subject area, in which there is a need to process multidimensional matrices, leads to the rapid 

determination of critical situations in the operation of the mechanism. 

By means of visual representation of multidimensional numerical matrices there is a possibility to analyze 

general dynamics of wear and friction process, to obtain specific data in a certain period of mechanism operation 

time, to use obtained multimedia files for demonstration of modeling process in future depending on needs 

(scientific, training, analytical, etc.). The scope of application of the developed module is defined by its use in any 

field of knowledge in which there are multidimensional data matrices, especially in those areas where data change 

with time or by another parameter. 
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CURRENT STATE OF SOLAR PHOTOVOLTAIC PANELS WASTE MANAGEMENT OPERATIONS IN UKRAINE  
 

The paper analyzes the steady trend of solar energy development, which is accompanied by the formation and accumulation of 
solar panel waste. This process requires the application of accomplished waste management and the development of waste disposal 
technologies. It was determined that the problem of waste solar photovoltaic panels becomes more urgent due to the military actions taking 
place on the territory of Ukraine. The general characteristics of waste for different types of panels are given. The heterogeneity of the 
materials of photovoltaic panels leads to an ambiguous classification and involves a combination of safe and dangerous components. It has 
been determined that photovoltaic panel waste can be divided into two hazard classes: hazardous waste and non-hazardous waste. The key 
points of solar panel waste management operations are characterized in accordance with the Law of Ukraine "On Waste Management" and 
EU Legislation. The main points of disposal of unusable photovoltaic panels with recovery of valuable raw materials are described. It is noted 
that there are significant differences in the material composition of crystalline silicon panels and thin film modules. It is noted that two 
processing types of PV modules are currently distinguished - coarse and fine, and the most effective steps in the preparatory stage of disposal 
are also determined. In general, PV panel waste disposal operations combine mechanical and chemical material extraction processes. The 
imperfection of the legislative and regulatory framework in the field of waste management, the increase in the ecological danger of the 
generation and accumulation of waste, the imperfection of the information base and waste monitoring, the insufficient development of the 
processes of organizing the processes of collection, accumulation and transfer of waste for disposal, the insufficiency of proposals for 
methods of processing and disposal of solar panels waste as a valuable resource of secondary raw materials are notable as the main 
problems in the field of waste management of photovoltaic panels in Ukraine. One of the main tasks for development is to increase the share 
of waste materials that are currently not disposed of, but can be used as secondary raw materials. 

Key word: solar photovoltaic panels, recycling, waste, waste management. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʊʝʥʜʝʥʮʽʷ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʨʦʟʚʠʪʦʢ ʩʦʥʷʯʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʻ ʧʦʩʣʽʜʦʚʥʦʶ ʪʘ ʩʪʘʣʦʶ. ʋ ʮʴʦʤʫ ʟʚôʷʟʢʫ ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ (ʉʌɽʇ) ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʊʘʢ, ʫ 2021 ʨʦʮʽ ʫ ʩʚʽʪʽ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʱʦʥʘʡʤʝʥʰʝ 175 ʛʽʛʘʚʘʪ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʤʘʡʞʝ ʥʘ 18% ʙʽʣʴʰʝ ʥʽʞ ʫ 2020 ʨʦʮʽ ʪʘ 

ʫ 10 ʨʘʟʽʚ ʙʽʣʴʰʝ ʥʽʞ ʫ 2010 [1]. ɺʦʜʥʦʯʘʩ ʮʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ 

ʫʪʚʦʨʝʥʥʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʽ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʩʢʦʥʘʣʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʪʘ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʫʪʠʣʽʟʘʮʽʾ. 

ɺʽʜʭʦʜʠ ʉʌɽʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʷʢʦʩʪʽ ʮʽʥʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʠʭ ʩʦʥʷʯʥʠʭ 

ʧʘʥʝʣʝʡ ʘʙʦ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚ ʮʽʣʦʤʫ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʚʠʨʦʙʥʠʮʪʚʘ ʉʌɽʇ ʥʘ ʜʦʚʢʽʣʣʷ. 
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ɿʘ ʦʮʽʥʢʘʤʠ, ʜʦ 2050 ʨʦʢʫ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʚʽʜʭʦʜʽʚ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʦʞʝ ʜʦʩʷʛʪʠ 78 

ʤʽʣʴʡʦʥʽʚ ʤʝʪʨʠʯʥʠʭ ʪʦʥ. ʇʨʠ ʮʴʦʤʫ ʩʠʨʦʚʠʥʘ, ʦʪʨʠʤʘʥʘ ʟ ʧʘʥʝʣʝʡ, ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʚʘʨʪʽʩʪʴ 450 ʤʣʥ ʜʦʣ. 

ʉʐɸ ʜʦ 2030 ʨʦʢʫ ʽ ʧʝʨʝʚʠʱʫʚʘʪʠ 15 ʤʣʨʜ ʜʦʣ. ʉʐɸ ʜʦ 2050 [2]. 

ɼʦʥʝʜʘʚʥʘ ʚʽʜʭʦʜʠ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ, ʚ ʦʩʥʦʚʥʦʤʫ, ʷʚʣʷʣʠ ʩʦʙʦʶ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʯʠ 

ʧʦʰʢʦʜʞʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ [3]. ɺʽʡʩʴʢʦʚʽ ʜʽʾ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʨʫʡʥʫʚʘʥʥʷʤ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʦʨʦʜʞʫʶʪʴ ʚʽʜʭʦʜʠ ʚʽʡʥʠ, ʩʝʨʝʜ ʷʢʠʭ ʤʘʶʪʴ ʤʽʩʮʝ ʽ ʚʽʜʭʦʜʠ ʉʌɽʇ. ʇʨʠ 

ʨʦʟʙʠʨʘʥʥʽ ʟʘʚʘʣʽʚ ʪʘʢʽ ʧʘʥʝʣʽ ʥʘʜʭʦʜʷʪʴ ʫ ʮʠʢʣ ʙʫʜʽʚʝʣʴʥʠʭ ʚʽʜʭʦʜʽʚ, ʟ ʷʢʠʭ ʾʭ ʧʦʪʨʽʙʥʦ ʚʠʣʫʯʘʪʠ, 

ʜʝʤʦʥʪʫʚʘʪʠ ʪʘ ʥʘʧʨʘʚʣʷʪʠ ʥʘ ʫʪʠʣʽʟʘʮʽʶ. ɼʘʥʠʡ ʬʘʢʪ ʧʦʩʠʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʠʪʘʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʝʣʴʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʚʟʘʛʘʣʽ ʪʘ ʚʽʜʭʦʜʘʤʠ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʥʝʣʝʡ ʟʦʢʨʝʤʘ.  

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʚ ʫʧʨʘʚʣʽʥʥʽ ʚʽʜʭʦʜʘʤʠ ʉʌɽʇ ʻ ʚʠʚʘʞʝʥʽ, ʥʘʫʢʦʚʦ ʪʘ ʧʨʘʢʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʜʽʾ 

ʱʦʜʦ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʘʢʪʫʘʣʽʟʫʚʘʪʠʩʴ ʪʘ ʢʦʨʝʛʫʚʘʪʠʩʴ ʚʽʜʧʦʚʽʜʥʦ 

ʚʠʤʦʛ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʉʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʧʽʜʚʠʱʫʻ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʩʪʦʩʦʚʥʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʫʶʪʴʩʷ ʧʠʪʘʥʥʷʤ ʦʧʝʨʘʮʽʾ ʫʪʠʣʽʟʘʮʽʾ ʧʘʥʝʣʝʡ. ʊʘʢ, International Energy Agency [1] ʪʘ 

International Renewable Energy Agency [2] ʧʫʙʣʽʢʫʶʪʴ ʨʝʛʫʣʷʨʥʽ ʟʚʽʪʠ ʧʦ ʪʝʤʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʨʝʮʠʢʣʽʥʛʫ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. ɸʚʪʦʨʘʤʠ [4, 5]. ʘʥʘʣʽʟʫʶʪʴʩʷ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʫʪʠʣʽʟʘʮʽʾ ʉʌɽʇ ʪʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʚʽʜʤʽʥʥʠʭ ʤʝʪʦʜʽʚ. ɸʢʮʝʥʪʫʻʪʴʩʷ 

ʫʚʘʛʘ ʥʘ ʧʝʨʝʚʘʛʘʭ ʧʦʚʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦ-ʩʚʽʜʦʤʦʛʦ ʮʠʢʣʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʧʝʨʝʜ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʽʜʭʦʜʘʤʠ [6]. ʋ ʧʫʙʣʽʢʘʮʽʷʭ ʚʽʪʯʠʟʥʷʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʠʪʘʥʥʷ 

ʫʪʠʣʽʟʘʮʽʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ, ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʽ ʟʙʦʨʫ ʪʘ ʧʝʨʝʨʦʙʢʠ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʧʦʚʦʜʞʝʥʥʷ ʽʟ 

ʧʦʜʽʙʥʠʤʠ ʚʽʜʭʦʜʘʤʠ [7].  

ɺʦʜʥʦʯʘʩ ʫ ʧʫʙʣʽʢʘʮʽʷʭ ʤʘʣʦ ʫʚʘʛʠ ʧʨʠʚʝʨʪʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴ ʧʦʚʦʜʞʝʥʥʷ 

ʟ ʚʽʜʭʦʜʘʤʠ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʥʝ ʪʽʣʴʢʠ ʚ ʦʧʝʨʘʮʽʷʭ ʫʪʠʣʽʟʘʮʽʾ, ʘʣʝ ʡ ʽʥʰʠʤ ʦʧʝʨʘʮʽʷʤ 

ʱʦʜʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʉʌɽʇ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʮʽʥʢʘ ʩʪʘʥʫ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʪʘ ʘʥʘʣʽʟ 

ʜʦʩʢʦʥʘʣʦʩʪʽ ʦʧʝʨʘʮʽʡ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʚ ʋʢʨʘʾʥʽ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʉʪʨʫʢʪʫʨʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʦʛʦ ʨʦʜʫ ʤʘʪʝʨʽʘʣʽʚ: 

ʤʝʪʘʣʫ, ʩʢʣʘ, ʧʣʘʩʪʠʢʫ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʫ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʦʩʪʘʥʥʽʡ ʤʦʞʝ 

ʷʚʣʷʪʠ ʩʦʙʦʶ ʢʨʠʩʪʘʣʽʯʥʽ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʽ ʯʠ ʙʘʛʘʪʦʢʨʠʩʪʘʣʽʯʥʽ ʢʨʝʤʥʽʻʚʽ ʧʣʘʩʪʠʥʠ, ʘ ʪʘʢʦʞ ʪʦʥʢʦʧʣʽʚʢʦʚʽ 

ʝʣʝʤʝʥʪʠ - ʘʤʦʨʬʥʠʡ ʢʨʝʤʥʽʡ, ʪʝʣʫʨʠʜ ʢʘʜʤʽʶ, ʤʽʜʥʠʡ ʩʝʣʝʥʽʜ ʽʥʜʽʶ ʛʘʣʽʶ. ʇʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʤʠ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʩʬʽʜʫ ʽʥʜʽʶ ʛʘʣʽʶ, ʘʨʩʝʥʽʜʫ ʛʘʣʽʶ ʪʘ ʽʥ. [8]. ʂʨʽʤ ʪʦʛʦ, ʧʘʥʝʣʽ 

ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʛʝʨʤʘʥʽʡ ʪʘ ʩʝʣʝʥ [9].  

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʘʥʝʣʽ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢʠʭ ʥʘ 

ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʩʠʪʴ ʜʦʩʢʦʥʘʣʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʩʧʨʠʷʻ ʥʘʩʠʯʝʥʥʶ ʨʠʥʢʫ ʮʽʻʶ ʧʨʦʜʫʢʮʽʻʶ ʪʘ 

ʚʘʞʣʠʚʽʡ ʧʦʟʠʮʽʾ ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽʡ ʝʥʝʨʛʝʪʠʮʽ. ʋ ʮʴʦʤʫ ʟʚôʷʟʢʫ ʚʽʜʭʦʜʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ, ʚ 

ʦʩʥʦʚʥʦʤʫ, ʬʦʨʤʫʶʪʴʩʷ ʢʨʝʤʥʽʻʚʠʤʠ ʉʌɽʇ. 

ʄʝʪʘʣ ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʉʌɽʇ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʘʤʘʤʠ ʟ ʘʥʦʜʦʚʘʥʦʛʦ ʯʠ ʧʦʨʦʰʢʦʚʦʛʦ 

ʘʣʶʤʽʥʽʶ, ʘ ʪʘʢʦʞ ʤʽʜʜʶ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʯʘʩʪʠʥʽ. ʂʦʞʥʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʘ ʧʘʥʝʣʴ ʫ ʩʚʦʾʡ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʻ ʰʘʨ 

ʟʘʛʘʨʪʦʚʘʥʦʛʦ ʩʢʣʘ, ʧʣʽʚʢʫ ʜʣʷ ʣʘʤʽʥʫʚʘʥʥʷ ʟ ʝʪʠʣʚʽʥʽʣʘʮʝʪʘʪʫ (EVA ï ʧʣʽʚʢʘ), ʘ ʪʘʢʦʞ ʧʣʘʩʪʠʢʫ ʷʢ 

ʜʦʧʦʤʽʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʢʨʽʧʣʝʥʥʽ ʝʣʝʤʝʥʪʽʚ ʉʌɽʇ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʚʠʛʦʪʦʚʣʝʥʽ ʉʌɽʇ, ʾʭ ʚʽʜʭʦʜʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ 

ʥʝʦʜʥʦʟʥʘʯʥʦ ʪʘ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʻʜʥʘʥʥʷ ʫ ʩʚʦʾʡ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʟʧʝʯʥʠʭ ʽ ʥʝʙʝʟʧʝʯʥʠʭ ʜʣʷ ʜʦʚʢʽʣʣʷ 

ʩʢʣʘʜʦʚʠʭ. ʅʘʡʙʽʣʴʰʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʜʦʚʢʽʣʣʷ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʉʌɽʇ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʪʘʢʽ 

ʩʧʦʣʫʢʠ ʷʢ ʪʝʣʫʨʠʜ ʢʘʜʤʽʶ, ʤʽʜʥʠʡ ʩʝʣʝʥʽʜ ʽʥʜʽʶ ʛʘʣʽʶ. ɺ ʫʤʦʚʘʭ ʭʦʣʦʜʥʦʛʦ ʢʣʽʤʘʪʫ ʉʌɽʇ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʪʠʬʨʠʟʦʚʠʭ ʨʽʜʠʥ, ʷʢʽ ʻ ʪʘʢʦʞ ʥʝʙʝʟʧʝʯʥʠʤʠ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʦʥʢʦʧʣʽʚʢʦʚʠʤʠ ʚʽʜʭʦʜʠ 

ʢʨʝʤʥʽʻʚʠʭ ʉʌɽʇ ʚʚʘʞʘʶʪʴʩʷ ʟʥʘʯʥʦ ʙʝʟʧʝʯʥʽʰʠʤʠ ʜʣʷ ʜʦʚʢʽʣʣʷ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʠʡʥʷʪʠʤ ʟʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠè ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ï ʮʝ 

ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʽʟ ʟʙʠʨʘʥʥʷ, ʧʝʨʝʚʝʟʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ (ʚʽʜʥʦʚʣʝʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʩʦʨʪʫʚʘʥʥʷ, ʪʘ ʚʠʜʘʣʝʥʥʷ) 

ʚʽʜʭʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʥʘʛʣʷʜ ʟʘ ʪʘʢʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʪʘ ʧʦʜʘʣʴʰʠʡ ʜʦʛʣʷʜ ʟʘ ʦʙôʻʢʪʘʤʠ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ [10]. 

ʂʦʞʥʘ ʦʧʝʨʘʮʽʷ ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʚʠʤʦʛʘʤʠ, ʱʦ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʾʡ ʜʽʷʣʴʥʦʩʪʽ. ʊʘʢ, ʽʥʩʪʨʫʢʮʽʷ ʧʦ ʟʙʦʨʫ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʶ ʚʽʜʭʦʜʽʚ, 

ʷʢʦʶ ʢʝʨʫʶʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ ʱʦʜʦ ʟʥʠʞʝʥʥʷ (ʧʦʚʥʦʛʦ 

ʚʠʢʣʶʯʝʥʥʷ) ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʽ ʣʶʜʠʥʫ ʜʽʷʣʴʥʦʩʪʽ ʧʨʠ ʟʙʠʨʘʥʥʽ, ʪʠʤʯʘʩʦʚʦʤʫ ʟʙʝʨʽʛʘʥʥʽ ʪʘ 

ʚʠʜʘʣʝʥʥʽ ʚʽʜʭʦʜʽʚ. 
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʙʠʨʘʥʥʷ ʚʽʜʭʦʜʽʚ ʧʝʨʝʜʙʘʯʘʻ ʦʧʝʨʘʮʽʶ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ, 

ʟʙʝʨʽʛʘʥʥʷ, ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʜʭʦʜʽʚ ʥʘ ʦʙôʻʢʪʠ ʦʙʨʦʙʣʝʥʥʷ ʚʽʜʭʦʜʽʚ (ʘʙʦ ʚʽʜ ʦʜʥʦʛʦ ʦʙôʻʢʪʘ ʜʦ ʽʥʰʦʛʦ), ʷʢʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʫʙôʻʢʪʘʤʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ. ɿʙʝʨʽʛʘʥʥʷ ʚʽʜʭʦʜʽʚ ʧʦʪʨʝʙʫʻ ʾʭ 

ʫʪʨʠʤʘʥʥʷ ʚ ʫʤʦʚʘʭ, ʙʝʟʧʝʯʥʠʭ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ.  

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʦʧʝʨʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ, ʻ ʾʭ ʽʜʝʥʪʠʬʽʢʘʮʽʷ, ʱʦ ʚʢʣʶʯʘʻ 

ʚʽʜʥʝʩʝʥʥʷ ʜʦ ʧʝʚʥʦʛʦ ʚʠʜʫ ʚʽʜʭʦʜʽʚ. ɼʣʷ ʚʽʜʭʦʜʽʚ ʉʌɽʇ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʜʚʘ ʢʣʘʩʠ ʥʝʙʝʟʧʝʢʠ: 

ʥʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ ʪʘ ʚʽʜʭʦʜʠ, ʱʦ ʥʝ ʻ ʥʝʙʝʟʧʝʯʥʠʤʠ. ɺʦʜʥʦʯʘʩ, ʟʚʘʞʘʶʯʠ ʥʘ ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ, ʟ 

ʷʢʠʭ ʚʠʛʦʪʦʚʣʝʥʦ ʉʌɽʇ, ʚ ʦʜʥʽʡ ʧʘʥʝʣʽ ʧʽʩʣʷ ʨʦʟʙʠʨʘʥʥʷ ʥʘ ʩʢʣʘʜʦʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʝʣʝʤʝʥʪʠ, ʱʦ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʚʽʜʭʦʜʽʚ.  

ɿʘʢʦʥʦʜʘʚʩʪʚʦʤ ɭʉ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʽʜʥʝʩʝʥʥʷ ʚʽʜʭʦʜʽʚ ʉʌɽʇ ʜʦ ʚʽʜʭʦʜʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [11]. ʇʨʠ ʮʴʦʤʫ ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʦʙʣʘʜʥʘʥʥʷ, ʥʘʣʝʞʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʛʝʥʝʨʫʚʘʥʥʷ, ʧʝʨʝʜʘʯʽ ʪʘ ʚʠʤʽʨʫ ʪʘʢʦʛʦ ʩʪʨʫʤʫ ʡ ʧʦʣʽʚ, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʥʦʤʽʥʘʣʴʥʦʶ 

ʥʘʧʨʫʛʦʶ ʥʝ ʚʠʱʝ 1000 ʚʦʣʴʪ ʜʣʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʪʘ 1500 ʚʦʣʴʪ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ɺ ʋʢʨʘʾʥʽ ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʚʽʜʭʦʜʠ ʚʭʦʜʷʪʴ ʚ ʦʢʨʝʤʫ ʛʨʫʧʫ, ʘʣʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʭʦʜʠ 

ʉʌɽʇ ʚ ʥʽʡ ʥʝ ʟʘʟʥʘʯʘʶʪʴʩʷ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ɼʝʨʞʘʚʥʠʤ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ ʚʽʜʭʦʜʽʚ ɼʂ 005-96 ʚʽʜʭʦʜʠ 

ʉʌɽʇ ʤʦʞʣʠʚʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʘ ʨʽʟʥʠʤʠ ʛʨʫʧʘʤʠ: ʨʦʟʜʽʣʦʤ ɹ.1. (ʛʨʫʧʘ 40, ʢʦʜ 4010.2.9.12) ʪʘ ʨʦʟʜʽʣʦʤ ɹ.6 

(ʛʨʫʧʘ 77, ʢʦʜ 7740.3.1.03). ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʝʢʪ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʅʂ 

005:2021 çʂʣʘʩʠʬʽʢʘʪʦʨ ʚʽʜʭʦʜʽʚè. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʟʠʮʽʡ ʚʽʜʭʦʜʽʚ ʢʣʘʩʠʬʽʢʘʪʦʨʘ 

ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʧʝʨʝʣʽʢʫ ʚʽʜʭʦʜʽʚ. ʃʦʛʽʯʥʠʤ ʻ ʚʽʜʥʝʩʝʥʥʷ ʚʽʜʭʦʜʽʚ ʉʌɽʇ ʜʦ ʛʨʫʧʠ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ 

ʝʣʝʢʪʨʦʥʥʠʭ ʚʽʜʭʦʜʽʚ. 

ʋ ʢʦʤʧʣʝʢʩʽ ʟʘʭʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʤʘʻ ʤʽʩʮʝ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʪʦʙʪʦ ʟʜʽʡʩʥʝʥʥʷ ʦʧʝʨʘʮʽʡ 

ʟ ʚʽʜʭʦʜʘʤʠ, ʷʢʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʾʭ ʫʪʠʣʽʟʘʮʽʶ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɿʛʽʜʥʦ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʧʦʨʷʜʢʫ ʫʪʠʣʽʟʘʮʽʷ ʥʝʙʝʟʧʝʯʥʠʭ ʚʽʜʭʦʜʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʱʦ ʤʘʶʪʴ 

ʚʽʜʧʦʚʽʜʥʫ ʣʽʮʝʥʟʽʶ. ʉʪʦʩʦʚʥʦ ʚʽʜʭʦʜʽʚ ʉʌɽʇ ʜʘʥʘ ʦʧʝʨʘʮʽʷ ʤʘʻ ʦʙʤʝʞʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʧʝʨʝʚʘʞʥʘ 

ʙʽʣʴʰʽʩʪʴ ʧʘʥʝʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʚʪʦʨʥʦ ʯʠ ʫʪʠʣʽʟʫʻʪʴʩʷ.  

 ʇʝʨʝʨʦʙʢʘ ʚʽʜʭʦʜʽʚ ʉʌɽʇ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʡʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʥʝʣʝʡ, ʱʦ ʚʞʝ ʟʘʢʽʥʯʠʚʩʷ, ʘʙʦ ʧʘʥʝʣʴ ʙʫʣʘ ʧʦʰʢʦʜʞʝʥʘ. ʇʨʦʚʦʜʠʪʴʩʷ ʦʯʠʱʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

(ʨʝʤʦʥʪ) ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʥʝʣʽ, ʧʽʩʣʷ ʯʦʛʦ ʉʌɽʇ ʤʦʞʝ ʙʫʪʠ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʘʪʠ.  

ʋʪʠʣʽʟʘʮʽʷ ʥʝʧʨʠʜʘʪʥʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʌɽʇ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʧʘʥʝʣʝʡ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʢʨʝʤʥʽʻʚʠʭ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʤʘʡʞʝ 90% ʚʽʜʭʦʜʽʚ. ɺʦʜʥʦʯʘʩ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʯʘʩʪʠʥʘ ʥʝʧʨʠʜʘʪʥʦʾ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʥʝʣʽ (ʜʦ 15%) ʧʽʩʣʷ ʨʦʟʙʠʨʘʥʥʷ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʫʪʠʣʽʟʘʮʽʾ [2, 12]. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʧʨʦʮʝʩʫ ʫʪʠʣʽʟʘʮʽʾ ʉʌɽʇ ʫʪʚʦʨʶʻʪʴʩʷ ʚʪʦʨʠʥʥʘ ʩʠʨʦʚʠʥʘ (ʩʢʣʦ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʽ 

ʤʝʪʘʣʠ ) ʪʘ ʚʽʜʭʦʜʠ.  

ɼʦ ʩʢʣʘʜʫ ʩʦʥʷʯʥʠʭ ʤʦʜʫʣʽʚ ʚʭʦʜʠʪʴ ʨʝʩʫʨʩʦʮʽʥʥʘ ʩʠʨʦʚʠʥʘ, ʩʢʣʘʜ ʷʢʦʾ ʫ ʧʘʥʝʣʷʭ ʚʘʨʽʶʻʪʴʩʷ. ʊʘʢ, 

ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʧʘʥʝʣʴ ʽʟ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ï ʮʝ 76% ʩʢʣʘ, 10% ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

8% ʘʣʶʤʽʥʽʶ, 5% ʢʨʝʤʥʽʻʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, 1% ʤʽʜʽ, ʤʝʥʰʝ 0,1% ʩʨʽʙʣʘ, ʦʣʦʚʘ ʪʘ ʩʚʠʥʮʶ. ʋ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʤʦʜʫʣʷʭ ʯʘʩʪʢʘ ʩʢʣʘ ʥʘʙʘʛʘʪʦ ʚʠʱʝ ï 89% (CIGS) ʽ 97% (CdTe) [5]. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʚʠʜʠ ʧʝʨʝʨʦʙʢʠ PV-ʤʦʜʫʣʽʚ ï ʛʨʫʙʫ ʪʘ ʪʦʥʢʫ. ʇʨʠ ʧʝʨʰʽʡ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʪʷʛ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʜʫʣʷ: ʘʣʶʤʽʥʽʶ, ʤʽʜʽ, ʩʢʣʘ; ʧʣʘʩʪʤʘʩʘ ʞ ʪʝʨʤʽʯʥʦ ʨʦʟʢʣʘʜʘʻʪʴʩʷ. 

ʇʨʠ ʜʨʫʛʽʡ ʧʝʨʝʨʦʙʮʽ ʤʦʞʣʠʚʝ ʚʠʣʫʯʝʥʥʷ ʚʩʽʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʬʦʪʦʝʣʝʤʝʥʪʫ ʧʘʥʝʣʽ.  

ʅʘ ʧʽʜʛʦʪʦʚʯʽʡ ʩʪʘʜʽʾ ʜʦ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʦʢʨʝʤʠʪʠ ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ ʢʦʥʩʪʨʫʢʮʽʾ. ɿʚʠʯʘʡʥʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʪʘʢʘ:  

1. ɿʥʽʤʘʥʥʷ ʟʘʭʠʩʥʦʾ ʘʣʶʤʽʥʽʻʚʦʾ ʨʘʤʠ ʟ ʤʦʜʫʣʷ. 

2. ɺʽʜʦʢʨʝʤʣʝʥʥʷ ʨʦʟʧʦʜʽʣʴʯʦʾ ʢʦʨʦʙʢʠ. 

3. ɺʠʣʫʯʝʥʥʷ ʩʢʣʘ ʟ ʢʨʝʤʥʽʻʚʠʤ ʩʦʥʷʯʥʠʤ ʝʣʝʤʝʥʪʦʤ. 

4. ɺʽʜʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʘʥʝʣʽ, ʱʦ ʤʽʩʪʷʪʴ ʢʨʝʤʥʽʡ ʪʘ ʤʝʪʘʣʠ. 

ɺʠʣʫʯʝʥʘ ʘʣʶʤʽʥʽʻʚʘ ʨʘʤʘ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʢʘʨʢʘʩʽʚ ʧʘʥʝʣʝʡ. ɺʝʣʠʢʠʡ ʚʽʜʩʦʪʦʢ 

ʩʢʣʘ ʤʦʞʣʠʚʦ ʫʪʠʣʽʟʫʚʘʪʠ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʱʦʜʦ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʤʦʞʣʠʚʦʛʦ ʡʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʤʽʰʢʘʤʠ. ʇʦʜʘʣʴʰʝ ʤʝʭʘʥʽʯʥʝ ʚʽʜʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʘʥʝʣʽ ʧʦʪʨʝʙʫʻ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ ʥʠʞʯʝ 500Á ʉ. ʋ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ ʧʨʦʭʦʜʠʪʴ ʚʠʧʘʨʶʚʘʥʥʷ ʧʣʘʩʪʠʢʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʽʾ ʧʘʥʝʣʽ. ʆʧʝʨʘʮʽʾ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ ʮʽʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʢʨʝʤʥʽʶ, ʩʨʽʙʣʘ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ) ʚʠʢʦʥʫʶʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʝʨʘʮʽʾ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʉʌɽʇ ʧʦʻʜʥʫʶʪʴ ʤʝʭʘʥʽʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʣʫʯʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʪʝʨʤʽʯʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʪʘ 

ʩʫʧʨʦʚʦʜʞʫʻ ʝʪʘʧʠ ʦʧʝʨʘʮʽʡ ʱʦʜʦ ʭʽʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʯʘʩʪʠʥʫ ʢʨʝʤʥʽʻʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʘʥʝʣʽ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʉʌɽʇ ʚ ʋʢʨʘʾʥʽ ʻ: 

- ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʟʘʢʦʥʦʜʘʚʯʦ-ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ; 

- ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʫʪʚʦʨʝʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʠʭ, ʱʦ 

ʚʭʦʜʷʪʴ ʫ ʩʢʣʘʜ ʢʘʪʝʛʦʨʽʾ ʚʽʜʭʦʜʽʚ ʚʽʡʥʠ; 

- ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʭʦʜʽʚ,  

- ʥʝʜʦʩʪʘʪʥʽʡ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʙʠʨʘʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʚʽʜʭʦʜʽʚ ʥʘ ʫʪʠʣʽʟʘʮʽʶ; 
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- ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʩʧʦʩʦʙʽʚ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ 

ʉʌɽʇ ʷʢ ʨʝʩʫʨʩʦʮʽʥʥʦʾ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. 

 ʇʨʦʚʽʜʥʫ ʨʦʣʴ ʫ ʚʠʨʽʰʝʥʥʽ ʜʘʥʠʭ ʧʨʦʙʣʝʤ ʤʘʻ ʥʦʨʤʘʪʠʚʥʘ ʩʢʣʘʜʦʚʘ. ɿʘʢʦʥʦʜʘʚʯʘ ʙʘʟʘ ʚ ʋʢʨʘʾʥʽ ʫ 

ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʫʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʠʡʥʷʪʪʷ ʟʘʢʦʥʫ ʪʘ ʧʽʜʟʘʢʦʥʥʠʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʚʩʽʭ ʦʧʝʨʘʮʽʷʭ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʥʠʤʠ, ʱʦ ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʢʣʶʯʘʶʪʴ ʚʽʜʭʦʜʠ ʉʌɽʇ. ʇʨʠʡʥʷʪʠʡ ʟʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʜʭʦʜʘʤʠè, ʷʢʠʡ ʥʘʙʠʨʘʻ ʯʠʥʥʦʩʪʽ ʟ 09.07.2023 ʨ. [9], ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʜʽʷʣʴʥʦʩʪʽ ʱʦʜʦ 

ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜʭʦʜʽʚ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

ʇʦʣʦʞʝʥʥʷ ʟʘʢʦʥʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʩʬʝʨʽ ʧʨʘʚʘ, ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʩʘʜ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʜʭʦʜʘʤʠ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʥʥʷ ʧʽʜʛʦʪʦʚʮʽ ʚʽʜʭʦʜʽʚ ʜʦ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʨʝʮʠʢʣʽʥʛʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʶ. 

ʅʘʮʽʦʥʘʣʴʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʜʦ 2030 ʨʦʢʫ ʪʘ ʅʘʮʽʦʥʘʣʴʥʠʤ ʧʣʘʥʦʤ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʜʭʦʜʘʤʠ ʜʦ 2030 ʨʦʢʫ [13] ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʪʘ ʫʟʛʦʜʞʫʶʪʴʩʷ 

ʥʘʮʽʦʥʘʣʴʥʘ ʧʦʣʽʪʠʢʘ ʽ ʩʪʨʘʪʝʛʽʷ ʧʣʘʥʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʧʽʜʭʦʜʘʤʠ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ, ʟʦʢʨʝʤʘ, 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʧʝʨʝʨʦʙʣʝʥʥʷ (ʨʝʮʠʢʣʽʥʛʫ). ɺ ʫʧʨʘʚʣʽʥʩʴʢʦʤʫ ʘʩʧʝʢʪʽ ʧʣʘʥʫʻʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʥʩʪʠʪʫʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʬʝʨʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ. ʇʣʘʥʫʻʪʴʩʷ ʨʝʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʬʝʨʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʮʝʥʪʨʫ ʜʣʷ ʟʙʠʨʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ, 

ʘʥʘʣʽʟʫ ʪʘ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ. ɿʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʶ 

ʥʝʙʝʟʧʝʯʥʠʤʠ ʚʽʜʭʦʜʘʤʠ. ɺʘʞʣʠʚʠʤ ʻ ʦʢʨʝʤʠʡ ʧʽʜʨʦʟʜʽʣ ʚ ʜʦʢʫʤʝʥʪʽ, ʚ ʷʢʦʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ 

ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʣʘʥʫʻʪʴʩʷ 

ʨʦʟʨʦʙʢʘ ʟʘʢʦʥʦʧʨʦʝʢʪʫ ʧʨʦ ʚʽʜʭʦʜʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʦʛ ʜʦ 

ʟʙʠʨʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʠʡʥʷʪʪʷ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʚʽʜʭʦʜʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʟʙʠʨʘʥʥʷ ʪʘ ʦʙʨʦʙʣʝʥʥʷ ʜʣʷ ʚʽʜʭʦʜʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʩʧʦʩʦʙʽʚ ʧʝʨʝʨʦʙʢʠ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʉʌɽʇ, ʪʦ 

ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʮʝʩ ʫʪʠʣʽʟʘʮʽʾ ʜʘʥʠʭ ʚʽʜʭʦʜʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘʚʽʪʴ ʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʥʝ ʻ ʜʦʩʢʦʥʘʣʠʤ. ʉʘʤʦʶ ʦʧʪʠʤʽʩʪʠʯʥʦʶ ʦʮʽʥʢʦʶ ʱʦʜʦ ʚʩʽʭ 

ʧʘʥʝʣʝʡ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʨʽʚʝʥʴ ʟʙʦʨʫ ʩʢʣʘʜʝ 85%, ʘ ʚʽʜʥʦʚʣʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ï 95 

% [8]. ɹʝʟʧʝʨʝʯʥʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ ʉʌɽʇ ʷʢ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʧʦʪʨʝʙʫʶʪʴ 

ʨʦʟhʠʨʝʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʦʜʥʽʻʶ ʽʟ ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ ʻ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʭʦʜʽʚ, ʜʣʷ ʷʢʽ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʥʝ ʫʪʠʣʽʟʫʶʪʴʩʷ, ʘʣʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʚʪʦʨʠʥʥʘ 

ʩʠʨʦʚʠʥʘ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʩʦʥʷʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʚ ʩʚʽʪʽ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʠʪʘʥʥʷ ʧʝʨʝʨʦʙʢʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʧʘʥʝʣʝʡ. ʌʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʘʥʝʣʽ ʤʽʩʪʷʪʴ 

ʨʽʟʥʽ ʟʘ ʢʣʘʩʦʤ ʥʝʙʝʟʧʝʢʠ ʨʝʯʦʚʠʥʠ ʽ ʚ ʋʢʨʘʾʥʽ ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ. ʊʘʢʠʡ ʩʪʘʥ ʚʧʣʠʚʘʻ ʥʘ 

ʯʽʪʢʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʪʘ ʧʦʪʨʝʙʫʻ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ.  

ɺʽʜʭʦʜʠ ʉʌɽʇ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʝʩʫʨʩʦʮʽʥʥʠʭ, ʘ ʦʪʞʝ ʦʧʝʨʘʮʽʾ ʟ ʾʭ ʫʪʠʣʽʟʘʮʽʾ ʧʦʚʠʥʥʽ 

ʨʦʟʰʠʨʶʚʘʪʠʩʴ ʪʘ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠʩʴ. ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʫʪʠʣʽʟʘʮʽʶ ʯʘʩʪʠʥʠ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʥʝ 

ʟʘʣʫʯʝʥʽ ʫ ʜʘʥʠʡ ʧʨʦʮʝʩ, ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʦʧʝʨʘʮʽʡ ʚʠʣʫʯʝʥʥʷ ʮʽʥʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʢʨʝʤʥʽʶ. 

 ʇʨʦʚʽʜʥʫ ʨʦʣʴ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ ʱʦʜʦ ʦʧʝʨʘʮʽʡ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʩʦʥʷʯʥʠʭ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʤʘʻ ʚʽʜʽʛʨʘʚʘʪʠ ʥʦʨʤʘʪʠʚʥʘ ʙʘʟʘ. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʚ ʋʢʨʘʾʥʽ ʻ ʨʦʟʨʦʙʢʘ 

ʥʦʨʤʘʪʠʚʥʠʭ ʪʘ ʤʝʪʦʜʠʯʥʠʭ ʦʩʥʦʚ ʱʦʜʦ ʦʧʝʨʘʮʽʡ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʉʌɽʇ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʢʘʪʝʛʦʨʽʶ 

ʚʽʜʭʦʜʽʚ ʚʽʡʥʠ  
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ʈʆɿʈʆɹʂɸ ʉʊʈʋʂʊʋʈʀ ʉʃʆɺʅʀʂɸ ɼʃʗ ʏɸʊ-ɹʆʊʋ ʂɸʊɸʃʆɻʋ  

ʆʉɺɯʊʅɯʍ ʇʆʉʃʋɻ ɿɸʂʃɸɼʋ ɺʀʑʆɰ ʆʉɺɯʊʀ 
 
ˏ ̨̑̏̂̏̓ ̈́̐̑̏̐̏̎̏̃́̎̏ ̒̓̑̔̋̓ ̔̑̔ ̒̌̏̃̎̉̋́ ̘̖̌̆̋̒̉̎̉ ̨̈́̐̉̓̃ ̨̘̋̏̑̉̒̓̔̃́̃ ̨̨̗̖̏̊̎̉̕ ̃̆̂-̨̑̆̒̔̑̒̃ ̅̏ 

̘́-̓̂̏̓̔ ̨̨̖̏̒̃̓̎ ̐̏̒̌̔̄ ̈́̋̌́̅̔ ̩̃̉̏̚ ̨̏̒̃̓̉Ȣ ˏ̘̉̈̎́̆̎̏ȟ ̏̚ ̨̟̘̋̌̏̃ ̒̌̏̃́ ̘̖̓̆̍́̓̉̎̉ ̨̈́̐̉̓̃ȟ ̨̠̋ ̘̟̝̃̉̈̎́́̓ 
̨̨̨̃̅̐̏̃̅̎ ̨̑̏̈̅̌̉ ̋́̓́̌̏̄̔ ̨̨̖̏̒̃̓̎ ̐̏̒̌̔̄ ̈́̋̌́̅̔ ̩̃̉̏̚ ̨̏̒̃̓̉ȟ ̨̟̒̐̃̐́̅́̓ ̝ ̈ ̨̗̍̏̓̉̃́̊̎̉̍̉ ̨̎́̍̑́̍̉ 
̨̘̋̏̑̉̒̓̔̃́ ̨̨̗̖̏̊̎̉̕ ̃̆̂-̨̑̆̒̔̑̒̃ ˔ˏ˛Ȣ ˝̏̈̑̏̂̌̆̎̏ ̐̏̋́̈̎̉̋ ̨̃́̇̌̉̃̏̒̓ ̟̘̖̋̌̏̃̉ ̨̒̌̃ ̔ ̘̖̓̆̍́̓̉̎̉ ̖̈́̐̉̓́ ̅̏ 
̘́-̓̂̏̓̔ȟ ̠̋̉̊ ̨̗̟̤̏̎ ̨̟̘̋̌̏̃ ̒̌̏̃́ ̃ ̨̈́̐̉̓ ̓́ ̙̤̈̍̆̎̔ ̨̝̃́̇̌̉̃̒̓ ̙̖̐̏̉̑̆̎̉ ̨̒̌̃Ȣ ˝̝̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ 
̟̝̃̉̋̏̑̉̒̓̏̃̔̓ ̠̒ ̨ ̝̍̏̇̔̓ ̂̔̓̉ ̨̃̉̋̏̑̉̒̓́̎ ̠̅̌ ̤̘̒̃̏́̒̎̏̄̏ ̓́ ̨̠̋̒̎̏̄̏ ̨̠̎̏̑̍̔̃́̎̎̕ ̨̘̒̐̏̇̉̃́̃ ̨̨̖̏̒̃̓̎ 
̐̏̒̌̔̄ ̓́ ̆̆̋̓̉̃̎̏̄̏̕ ̠̎́̅́̎̎ ̨̨̖̏̒̃̓̎ ̐̏̒̌̔̄ ̈́̋̌́̅́̍̉ ̩̃̉̏̚ ̨̏̒̃̓̉Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̒̌̏̃̎̉̋ȟ ̘́̓-̂̏̓ȟ ̋́̓́̌̏̄ ̨̨̖̏̒̃̓̎ ̐̏̒̌̔̄ȟ ̐̏̋́̈̎̉̋ ̨̃́̇̌̉̃̏̒̓ȟ ̈́̋̌́̅ ̩̃̉̏̚ ̏ ̨̒̃̓̉Ȣ 
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DEVELOPMENT OF THE DICTIONARY STRUCTURE FOR THE CHAT -BOT OF EDUCATIONAL SERVICES 

CATALOG OF THE HIGHER EDUCATION INSTITUTION  
 

The aim of this article is to develop a dictionary structure for a chatbot of educational services catalog of the higher education 
institution. The quality of information support for consumers of educational services depends on the timeliness and reliability of the 
information provided. If the World Wide Web user does not receive information from official sources of the higher education institution 
(HEI), this may cause a negative impact on the information system of the higher education institution. The motivational intentions of the 
official web resources users of the higher education institution in thematic requests to the chatbot correspond to specific sections in the 
educational services catalog of the higher education institution. Therefore, the lexical selection of motivational intentions, which are 
characterized by keywords in the thematic query, makes it possible to clearly formulate/correct the completeness of the provision of relevant 
information. This will make it possible to rationally use the communication process between higher education institution and educational 
services consumers. As a result of the research, the structure of the lexical content of the dictionary for the chatbot of the educational services 
catalog is proposed, taking into account the peculiarities of the formation of users information needs from official web resources of the 
higher education institution. Each thematic request to the proposed chatbot is characterized by a set of keywords that correspond to certain 
sections of the educational services catalog of the higher education institution. The importance of these keywords are determined by the 
weighting factor, which shows the relevance of the thematic query to the section of the educational services catalog. For this, a statistical 
indicator was used, which evaluates the keywords in the query and reduces the importance of common words. The results of the research are 
applied and can be used for effective communication between the higher education institution and consumers of educational services using 
(%)ȭÓ ÏÆÆÉÃÉÁÌ ÒÅÓÏÕÒÃes for effective planning of educational services. 

Keywords: dictionary, chatbot, catalog of educational services, importance indicator, higher education institution. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɽʬʝʢʪʠʚʥʘ ʜʽʷʣʴʥʽʩʪʴ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ. ʆʜʥʽʻʶ ʟ ʥʠʭ ʻ ʰʚʠʜʢʘ 

ʪʘ ʷʢʽʩʥʘ ʚʟʘʻʤʦʜʽʷ ʟʽ ʩʧʦʞʠʚʘʯʘʤʠ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ, ʟʦʢʨʝʤʘ ʽ ʧʦʪʝʥʮʽʡʥʠʤʠ ʘʙʽʪʫʨʽʻʥʪʘʤʠ. ʅʘ ʩʴʦʛʦʜʥʽ 

ʦʩʥʦʚʥʠʡ ʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɸʣʝ ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʝ ʚʩʷ 

ʽʥʬʦʨʤʘʮʽʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʻ ʷʢʽʩʥʦʶ. ʋ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʩʧʦʞʠʚʘʯʘʤʠ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʰʚʠʜʢʽʩʪʴ, ʷʢʽʩʪʴ ʪʘ ʩʚʦʻʯʘʩʥʽʩʪʴ ʥʘʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʆʩʢʽʣʴʢʠ, ʥʝ ʦʪʨʠʤʘʚʰʠ ʚʯʘʩʥʦ 

ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʘʧʠʪʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʽʥʰʦʛʦ ʨʝʩʫʨʩʫ, ʷʢʠʡ ʥʝ ʟʘʚʞʜʠ ʻ ʦʬʽʮʽʡʥʠʤ ʜʣʷ 

ɿɺʆ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʞʠʚʠʡ ʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʧʨʦʮʝʩ, ʢʦʣʠ ʚʽʜʧʦʚʽʜʴ ʥʘʜʘʻ ʧʨʘʮʽʚʥʠʢ ɿɺʆ, ʥʝ ʟʘʚʞʜʠ ʻ 

ʤʦʞʣʠʚʠʤ ʽ ʩʚʦʻʯʘʩʥʠʤ. ɸ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʽʥʰʠʭ ʚʝʙ-ʨʝʩʫʨʩʘʭ, ʦʢʨʽʤ ʦʬʽʮʽʡʥʦʛʦ ʚʝʙ-ʩʘʡʪʫ ɿɺʆ, ʻ ʷʢʽʩʥʦʶ ʟʘ 

ʫʤʦʚʠ ʾʾ ʤʦʜʝʨʘʮʽʾ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ɿɺʆ. ʆʬʽʮʽʡʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʽʜʛʦʪʦʚʢʫ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ɿɺʆ ʨʦʟʤʽʱʝʥʘ 

ʥʘ ʦʬʽʮʽʡʥʦʤʫ ʩʘʡʪʽ ʫ ʢʘʪʘʣʦʟʽ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. ɸʣʝ ʧʦʰʫʢ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʧʦʪʝʥʮʽʡʥʽ ʩʧʦʞʠʚʘʯʽ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʥʝ ʤʘʶʪʴ ʜʦʩʚʽʜʫ ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ ʮʠʤ ʢʘʪʘʣʦʛʦʤ, ʪʦʤʫ ʘʙʦ ʚʠʪʨʘʯʘʶʪʴ 

ʙʘʛʘʪʦ ʯʘʩʫ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʘʙʦ ʟʜʽʡʩʥʶʶʪʴ ʧʦʰʫʢ ʥʘ ʽʥʰʠʭ ʚʝʙ-ʨʝʩʫʨʩʘʭ, ʷʢʽ ʥʝ 

ʟʘʚʞʜʠ ʻ ʦʬʽʮʽʡʥʠʤʠ (ʈʠʩ.1). 
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ʈʠʩ. 1. ʏʘʩʪʢʘ ʚʠʙʦʨʫ ʚʝʙ-ʨʝʩʫʨʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʩʚʽʪʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ 

 

ʌʦʨʤʫʣʶʶʯʠ ʟʘʧʠʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʯʠ ʧʦʷʩʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʢʦʨʠʩʪʫʚʘʯʽ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ 

ʚʠʨʘʞʘʶʪʴ ʫ ʩʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʨʝʙʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʢʘʪʘʣʦʛ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʻ ʯʽʪʢʦ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʤ ʪʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʦʬʽʮʽʡʥʠʭ ʥʘʟʚ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ, ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ ʪʘ 

ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ ɿɺʆ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʻ ʡʦʛʦ ʢʣʶʯʦʚʠʤʠ ʩʣʦʚʘʤʠ. ʇʝʨʝʪʠʥ ʮʠʭ ʤʥʦʞʠʥ ʢʣʶʯʦʚʠʭ 

ʩʣʽʚ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʫ ʩʚʦʻʯʘʩʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʥʘʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʉʘʤʝ ʪʦʤʫ, ʻ ʤʦʞʣʠʚʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʫ ʯʘʪ-ʙʦʪʫ ʜʣʷ ʰʚʠʜʢʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ ʥʘʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʦʪʝʥʮʽʡʥʠʭ ʩʧʦʞʠʚʘʯʽʚ 

ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʬʦʨʤʫʚʘʥʥʷ ʩʣʦʚʥʠʢʘ ʜʣʷ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʡʦʛʦ ʟʤʽʩʪʫ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʦ ʽ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʧʦʪʨʝʙʠ ʫʯʘʩʥʠʢʽʚ ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʥʝ ʟʘʣʫʯʘʶʯʠ ʜʦ ʥʝʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ɿɺʆ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ʉʴʦʛʦʜʥʽ ʚʽʨʪʫʘʣʴʥʠʡ ʧʨʦʩʪʽʨ ʻ ʧʝʨʰʦʜʞʝʨʝʣʦʤ ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʥʝ ʩʝʨʝʜʦʚʠʱʝʤ 

ʧʘʩʠʚʥʦʾ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ [1, 2]. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʯʘʩʥʠʢʽʚ ʚʝʙ-ʩʧʽʣʴʥʦʪ ʻ 

ʧʨʝʜʤʝʪʦʤ ʨʦʙʦʪʠ [3]. ɿʦʢʨʝʤʘ, ʜʦʩʣʽʜʞʝʥʥʷ [4] ʘʥʘʣʽʟʫʻ ʢʦʤʫʥʽʢʘʪʠʚʥʫ ʜʽʷʣʴʥʽʩʪʴ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʝʙ-

ʩʧʽʣʴʥʦʪʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʣʘʥʫʚʘʥʥʷ ʥʘʜʘʥʥʷ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. ʊʝʥʜʝʥʮʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʚʩʪʫʧʥʠʢʘʤʠ ʧʽʜ ʯʘʩ ʚʽʜʙʦʨʫ ɿɺʆ ʪʘ ʤʘʡʙʫʪʥʽʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʫ ʧʨʘʮʷʭ [5, 6]. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ ʦʩʚʽʪʥʽʭ ʚʝʙ-ʩʧʽʣʴʥʦʪ ʧʦʪʨʝʙʫʻ ʡʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ [7]. ʄʝʪʦʜʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʜʦʩʣʽʜʞʝʥʥʽ [8]. ɿʦʢʨʝʤʘ, ʫ ʨʦʙʦʪʘʭ [9, 10] 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʣʫʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʪʝʢʩʪʽʚ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʣʽʥʛʚʽʩʪʠʯʥʽ ʦʩʥʦʚʠ ʚʠʜʽʣʝʥʥʷ ʪʝʨʤʽʥʦʣʦʛʽʯʥʠʭ ʦʜʠʥʠʮʴ ʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʪʝʢʩʪʽʚ [11]. ʉʪʨʫʢʪʫʨʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʣʝʢʩʠʢʠ, ʣʝʢʩʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʤʠ ʚʠʣʫʯʝʥʥʷ ʟ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʤʧʝʪʝʥʪʥʽʩʪʶ ʻ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ [12]. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʩʣʽʚ ʫ ʚʝʙ-ʧʨʦʩʪʦʨʽ ʪʘ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ 

ʚʝʙ-ʩʪʦʨʽʥʦʢ ʻ ʚʠʟʥʘʯʝʥʦ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ [13, 14]. ʋ ʨʦʙʦʪʽ [15] ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

TF-IDF ʜʣʷ ʦʮʽʥʢʠ ʚʘʞʣʠʚʦʩʪʽ ʩʣʽʚ ʫ ʧʨʠʤʽʪʢʘʭ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʮʽʻʾ ʧʫʙʣʽʢʘʮʽʾ.  

ʆʛʣʷʜ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʯʘʪ-ʙʦʪʽʚ ʻ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ [16]. ɿʦʢʨʝʤʘ, 

ʪʝʭʥʽʯʥʠʡ ʦʛʣʷʜ ʧôʷʪʠ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʯʘʪ-ʙʦʪʽʚ ʻ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ [17-19]. ʋ ʨʦʙʦʪʘʭ [20, 21] 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʯʠʥʠ, ʷʢʽ ʩʪʠʤʫʣʶʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʪ-ʙʦʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʾʭ ʢʦʨʠʩʥʽʩʪʴ, 

ʟʦʢʨʝʤʘ ʦʩʚʽʪʥʴʦʾ, ʤʝʜʠʯʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʛʘʣʫʟʝʡ.  

ɸʣʝ ʞʦʜʥʝ ʟ ʜʦʩʣʽʜʞʝʥʴ ʥʝ ʨʦʟʛʣʷʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʢʦʤʫʥʽʢʘʮʽʾ ɿɺʆ ʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʦʬʽʮʽʡʥʠʭ ʚʝʙ-ʨʝʩʫʨʩʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʥʘʜʘʥʥʷ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. 

ɸʥʘʣʽʟ ʪʝʤʘʪʠʯʥʠʭ ʟʘʧʠʪʽʚ ʩʧʦʞʠʚʘʯʽʚ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʜʦ ʯʘʪ-ʙʦʪʫ, ʪʘ ʥʘʜʘʥʥʷ ʩʚʦʻʯʘʩʥʦʾ ʷʢʽʩʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʚʠʤʘʛʘʻ ʚʠʜʽʣʝʥʥʷ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʝʚʥʠʡ ʨʦʟʜʽʣ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ 

ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ, ʪʘ ʤʦʪʠʚʘʮʽʡʥʠʭ ʥʘʤʽʨ̔ʚ ʢʦʨʠʩʪʫʚʘʯʘ, ʪʦʙʪʦ ʩʣʽʚ ʯʠ ʬʨʘʟ, ʷʢʽ ʾʭ ʽʜʝʥʪʠʬʽʢʫʶʪʴ, ʽ 

ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʨʦʟʜʽʣʫ ʢʘʪʘʣʦʛʫ. ʉʘʤʝ ʪʦʤʫ, ʤʝʪʦʶ ʮʽʻʾ ʩʪʘʪʪʽ ʻ ʩʪʚʦʨʝʥʥʷ 

ʩʣʦʚʥʠʢʘ ʜʣʷ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʜʣʷ ʷʢʽʩʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ɿɺʆ ʟʽ 

ʩʧʦʞʠʚʘʯʘʤʠ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ, ʪʘ ʦʮʽʥʢʘ ʚʘʞʣʠʚʦʩʪʽ ʚʠʷʚʣʝʥʠʭ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʟʘʧʠʪʫ ʪʘ ʩʚʦʻʯʘʩʥʦʛʦ ʥʘʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɿʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʻ ʦʧʠʩ 

ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʥʠʢʦʚʦʛʦ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ 

ʦʮʽʥʢʠ ʚʘʞʣʠʚʦʩʪʽ ʡʦʛʦ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʌʦʨʤʫʚʘʥʥʷ ʩʣʦʚʥʠʢʘ ʣʝʢʩʠʯʥʠʭ ʟʘʧʠʪʽʚ ʜʦ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʟʘʢʣʘʜʫ ʚʠʱʦʾ 

ʦʩʚʽʪʠ 

ɺ ʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ, ʟʦʢʨʝʤʘ ʧʦʪʝʥʮʽʡʥʠʭ ʘʙʽʪʫʨʽʻʥʪʽʚ, ʽ ʟʘʢʣʘʜʫ 

ʚʠʱʦʾ ʦʩʚʽʪʠ ʦʩʚʽʪʥʽʡ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʯʘʪ-ʙʦʪ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ. ʊʝʢʩʪʦʚʽ ʟʘʧʠʪʠ, 

ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʚʽʜʦʤʣʝʥʴ ʫ ʩʠʩʪʝʤʽ ʯʘʪ-ʙʦʪʫ ʧʦʪʨʝʙʫʶʪʴ ʚʠʜʦʙʫʚʘʥʥʷ ʽʟ ʥʠʭ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʭ ʤʦʪʠʚʘʮʽʡʥʠʭ ʥʘʤʽʨʠ. ʉʘʤʝ ʮʝ ʻ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʧʦʢʘʟʥʠʢʦʤ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ 

ʦʬʽʮʽʡʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʚʠʨʘʞʘʻ ʡʦʛʦ ʚʠʙʽʨ ʚʽʜʥʦʩʥʦ ʤʘʡʙʫʪʥʴʦʾ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʪʘ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ. 
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ʌʦʨʤʫʚʘʥʥʷ ʩʣʦʚʥʠʢʘ ʣʝʢʩʠʯʥʠʭ ʟʘʧʠʪʽʚ ʜʦ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʜʘʻ ʟʤʦʛʫ 

ʩʪʚʦʨʠʪʠ ʢʦʤʬʦʨʪʥʠʡ ʧʨʦʮʝʩ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʧʦʞʠʚʘʯʽʚ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ, 

ʘʥʘʣʽʟʫʶʯʠ ʾʭ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʨʝʙʠ, ʱʦ ʟʫʤʦʚʣʝʥʽ ʾʭ ʤʦʪʠʚʘʮʽʡʥʠʤʠ ʥʘʤʽʨʘʤʠ. 

ʆʩʥʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʩʣʦʚʥʠʢʘ ʜʣʷ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʻ ʤʥʦʞʠʥʘ ʢʣʶʯʦʚʠʭ ʩʣʽʚ 

ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ ʪʘ ʩʣʦʚʥʠʢ ʤʦʪʠʚʘʮʽʡʥʠʭ ʥʘʤʽʨʽʚ ʧʦʪʝʥʮʽʡʥʠʭ ʘʙʽʪʫʨʽʻʥʪʽʚ, ʷʢʠʡ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʜʝʢʦʤʧʦʟʠʮʽʾ ï ʤʝʪʦʜ, ʫ ʧʨʦʮʝʩʽ ʷʢʦʛʦ ʚʽʜ ʜʦʧʠʩʫ ʚʽʜʢʠʜʘʶ ʡʦʛʦ ʯʘʩʪʠʥʠ ʜʦ ʪʦʛʦ ʯʘʩʫ, 

ʢʦʣʠ ʯʘʩʪʠʥʘ ʜʦʧʠʩʫ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʩʠʥʪʘʢʩʠʯʥʽʡ, ʘʙʦ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ. 

ɺ ʦʩʥʦʚʽ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʩʣʦʚʥʠʢʘ ʜʣʷ ʯʘʪ-ʙʦʪʫ ʻ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʦʚʦʛʦ ʟʘʧʠʪʫ 

ʥʘ ʦʬʽʮʽʡʥʠʭ ʚʝʙ-ʨʝʩʫʨʩʘʭ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʽʟ ʝʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʚʽʜʥʦʩʥʦ ʢʦʞʥʦʛʦ 

ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ɿɺʆ. 

ʆʧʠʩ ʩʪʨʫʢʪʫʨʠ ʩʣʦʚʥʠʢʘ ʜʣʷ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʙʘʟʠ ʜʘʥʠʭ ʩʣʦʚʥʠʢʘ ʜʣʷ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ 

 

ɺʽʜʥʦʰʝʥʥʷ çRequest to ECè ʤʽʩʪʠʪʴ ʜʘʥʽ ʪʝʢʩʪʦʚʦʛʦ ʟʘʧʠʪʫ ʜʦ ʯʘʪ-ʙʦʪʫ ʢʦʨʠʩʪʫʚʘʯʘ ʦʬʽʮʽʡʥʦʛʦ 

ʚʝʙ-ʨʝʩʫʨʩʫ ɿɺʆ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʢʣʶʯʦʚʽ ʩʣʦʚʘ (ʘʪʨʠʙʫʪ "Keyword of EC ò) ʧʝʚʥʦʛʦ ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ɿɺʆ ʪʘ ʧʦʩʠʣʘʥʥʷ ʥʘ ʨʦʟʜʽʣ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ɿɺʆ (ʘʪʨʠʙʫʪ 

ñEC Sectionò). 

ɺʽʜʥʦʰʝʥʥʷ çKeywordsè ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʤʦʞʣʠʚʽ ʬʦʨʤʠ ʣʝʢʩʠʢʦ-ʩʝʤʘʥʪʠʯʥʦʛʦ ʦʜʥʦʛʦ ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ ʧʦʟʥʘʯʝʥʴ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʚ̔ ʦʬʽʮʽʡʥʠʭ ʚʝʙ-ʨʝʩʫʨʩʽʚ ɿɺʆ 

ʚʽʜʥʦʩʥʦ ʧʝʚʥʦʛʦ ʨʦʟʜʽʣʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. ʅʘʧʨʠʢʣʘʜ, ʟʘʧʠʪʦʤ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʯʘʪ-ʙʦʪʫ ʻ ʥʘʟʚʘ 

ʧʝʚʥʦʛʦ ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ (ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʦʩʚʽʪʥʴʦ-

ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʨʽʚʥʽʚ ʪʦʱʦ). ɸʪʨʠʙʫʪ çDifferentiationè ʧʦʢʘʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʘʪʨʠʙʫʪʫ çLinguistic Unitè ʜʣʷ ʟʘʤʽʥʠ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦ ʢʘʪʘʣʦʛʫ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʦʞʣʠʚʦʩʪʽ ʜʠʬʝʨʝʥʮʽʘʮʽʾ, ʚʽʥ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʥʘ ʧʨʦʤʽʞʢʫ [0, 1]. ɸʪʨʠʙʫʪ çWeight factorè ʧʦʢʘʟʫʻ 

ʢʦʝʬʽʮʽʻʥʪ ʚʘʞʣʠʚʦʩʪʽ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ, ʷʢʽ ʚʠʷʚʣʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʧʠʪʘʭ.  

ɺʽʜʥʦʰʝʥʥʷ çMotivational Intentionsè ʚʢʣʶʯʘʻ ʦʟʥʘʢʠ ʤʦʪʠʚʘʮʽʡʥʠʭ ʥʘʤʽʨʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ 

ʩʪʚʦʨʶʶʪʴ ʟʘʧʠʪ ʜʦ ʯʘʪ-ʙʦʪʫ. ʆʩʢʽʣʴʢʠ ʤʦʪʠʚʘʮʽʡʥʽ ʥʘʤʽʨʠ ʧʨʦʚʦʢʫʁʪʴʩʷ ʧʦʪʨʝʙʘʤʠ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, 

ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʨʦʟʜʽʣʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ, ʪʦ ʩʢʣʘʜʦʚʽ ʤʦʪʠʚʘʮʽʡʥʠʭ ʥʘʤʽʨʽʚ ʚʢʣʶʯʘʶʪʴ 

ʘʪʨʠʙʫʪ çName of motivational Intentionsè - ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʘ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʦʬʽʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ɿɺʆ (ʘʪʨʠʙʫʪ çEC Sectionè). ɿʚ'ʷʟʦʢ ʤʽʞ ʤʦʪʠʚʘʮʽʡʥʠʤʠ 

ʥʘʤʽʨʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʟʫʤʦʚʣʝʥʽ ʧʦʪʨʝʙʦʶ ʦʪʨʠʤʘʪʠ ʢʦʥʢʨʝʪʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʢʣʶʯʦʚʽ ʩʣʦʚʘ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ɿɺʆ. 

ɺʽʜʥʦʰʝʥʥʷ çEC Sectionè ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʤʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʦʟʥʘʯʘʶʪʴ ʥʘʟʚʠ 

ʨʦʟʜʽʣʽʚ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ɿɺʆ. ʊʦʙʪʦ ʷʢʽ ʥʝ ʥʘʟʠʚʘʶʪʴ ʨʦʟʜʽʣ, ʘʣʝ ʚʢʘʟʫʶʪʴ ʥʘ ʥʴʦʛʦ.  

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʣʦʚʥʠʢ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʤʘʻ ʥʘ ʤʝʪʽ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ ʜʣʷ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʚʠʙʨʘʥʠʭ ʽʟ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ 

ʪʝʤʘʪʠʯʥʠʭ ʟʘʧʠʪʽʚ ʦʬʽʮʽʡʥʠʭ ʚʝʙ-ʨʝʩʫʨʩʽʚ ɿɺʆ. ʆʩʢʽʣʴʢʠ ʥʘʷʚʥʽʩʪʴ ʤʦʪʠʚʘʮʽʡʥʠʭ ʥʘʤʽʨʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʦʪʨʝʙʫ ʫʯʘʩʥʠʢʘ ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʪʦ ʮʝ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ɿɺʆ ʟʘʚʜʘʥʥʷ ʩʚʦʻʯʘʩʥʦ ʪʘ 

ʷʢʽʩʥʦ ʚʽʜʨʝʘʛʫʚʘʪʠ ʥʘ ʥʠʭ. ʏʽʪʢʽ ʜʽʾ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʻ ʦʩʥʦʚʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʥʘʜʘʥʥʷ 

ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. ʌʦʨʤʫʚʘʥʥʷ ʪʘʢʦʛʦ ʩʣʦʚʥʠʢʘ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʘʢʪʫʘʣʴʥʽ ʟʘʧʠʪʠ ʪʘ ʚʧʣʠʚʘʪʠ ʥʘ ʦʩʥʦʚʥʽ 

ʧʦʪʨʝʙʠ ʩʧʦʞʠʚʘʯʽʚ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʩʚʦʻʯʘʩʥʠʤ ʥʘʜʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʂʦʞʥʝ ʢʣʶʯʦʚʝ ʩʣʦʚʦ 

ʪʝʤʘʪʠʯʥʦʛʦ ʟʘʧʠʪʫ ʜʦ ʯʘʪ-ʙʦʪʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʘʛʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ. ɸʣʝ ʨʦʟʨʘʭʫʥʦʢ ʚʘʞʣʠʚʦʩʪʽ 
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ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʩʣʦʚʥʠʢʘ ʯʘʪ-ʙʦʪʫ ʥʝ ʚʠʜʽʣʷʻ ʢʣʶʯʦʚʽ ʩʣʦʚʘ, ʷʢʱʦ ʚʦʥʠ ʥʝ ʤʽʩʪʷʪʴ ʢʦʥʢʨʝʪʥʦʾ 

ʥʘʟʚʫ ʩʪʨʫʢʪʫʨʥʦʾ ʦʜʠʥʠʮʽ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ. ʉʘʤʝ ʪʦʤʫ, ʧʝʨʝʣʽʢ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʰʠʨʠʪʠ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʥʘʟʚ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ, ʽʥʩʪʠʪʫʪʽʚ ʪʘ ʢʘʬʝʜʨ ʮʴʦʛʦ ɿɺʆ. 

 

ʆʮʽʥʢʘ ʚʘʞʣʠʚʦʩʪʽ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʟʘʧʠʪʫ ʜʦ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʊʝʢʩʪʦʚʽ ʟʘʧʠʪʠ ʜʦ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʪʨʝʙʘʤʠ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʦʬʽʮʽʡʥʠʭ ʚʝʙ-ʨʝʩʫʨʩʽʚ ɿɺʆ ʦʪʨʠʤʘʪʠ ʢʦʥʢʨʝʪʥʫ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʨʦʟʜʽʣʽʚ ʮʴʦʛʦ ʢʘʪʘʣʦʛʫ [22]. ɼʣʷ 

ʝʬʝʢʪʠʚʥʦʾ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʪʘ ʩʚʦʻʯʘʩʥʦʾ ʜʦʧʦʤʦʛʠ ʢʦʨʠʩʪʫʚʘʯʫ ʟ ʙʦʢʫ ʯʘʪ-ʙʦʪʫ ɿɺʆ, ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ 

ʚʘʞʣʠʚʽʩʪʴ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʫ ʟʘʧʠʪʽ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʦʪʠʚʘʮʽʡʥʽ ʥʘʤʽʨʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʱʦʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʨʦʟʜʽʣʫ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ, ʚʠʟʥʘʯʘʶʪʴ ʨʝʣʝʚʘʥʪʥʽʩʪʴ ʮʠʭ ʟʘʧʠʪʽʚ, ʱʦʜʦ ʧʦʚʥʦʪʠ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɼʣʷ ʦʮʽʥʢʠ ʚʘʞʣʠʚʦʩʪʽ ʚʠʷʚʣʝʥʠʭ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʫ ʟʘʧʠʪʘʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʯʘʪ-ʙʦʪʫ ʚʠʢʦʨʠʩʪʘʥʦ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʟʘʜʘʯʘʭ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ ʪʘ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ. 

ɺʘʞʣʠʚʽʩʪʴ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʟʘʧʠʪʫ ʱʦʜʦ ʧʝʚʥʦʛʦ ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ 

ʧʨʦʧʦʨʮʽʡʥʘ ʯʠʩʣʫ ʚʭʦʜʞʝʥʴ ʩʣʦʚʘ ʚ ʟʘʧʠʪ, ʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʯʘʩʪʦʪʽ ʚʞʠʚʘʥʥʷ ʩʣʦʚʘ ʚ ʽʥʰʠʭ 

ʪʝʤʘʪʠʯʥʠʭ ʟʘʧʠʪʘʭ ʜʦ ʯʘʪ-ʙʦʪʫ: 

 
(1) 

ʜʝ   ī ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ ʚʭʦʜʞʝʥʴ j-ʛʦ ʢʣʶʯʦʚʦʛʦ ʩʣʦʚʘ ʜʦ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʩʣʽʚ ʫ ʜʦʧʠʩʽ -̔ʛʦ ʪʝʤʘʪʠʯʥʦʛʦ ʟʘʧʠʪʫ ʚʽʜʥʦʩʥʦ ʨ-ʛʦ ʨʦʟʜʽʣʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ, 

 ī ʽʥʚʝʨʩʽʷ ʯʘʩʪʦʪʠ, ʟ ʷʢʦʶ j-ʝ ʢʣʶʯʦʚʝ ʩʣʦʚʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ -̔ʤʫ 

ʪʝʤʘʪʠʯʥʦʤʫ ʟʘʧʠʪʽ ʚʽʜʥʦʩʥʦ ʨ-ʛʦ ʨʦʟʜʽʣʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. 

ʇʦʢʘʟʥʠʢ  ʦʮʽʥʶʻ ʚʘʞʣʠʚʽʩʪʴ ʢʣʶʯʦʚʦʛʦ ʩʣʦʚʘ ʚ ʤʝʞʘʭ ʦʙʨʘʥʦʛʦ ʪʝʤʘʪʠʯʥʦʛʦ 

ʟʘʧʠʪʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ  ʟʤʝʥʰʫʻ ʚʘʛʫ ʰʠʨʦʢʦʚʞʠʚʘʥʠʭ ʩʣʽʚ. ɹʽʣʴʰʫ ʚʘʛʫ 

ʦʪʨʠʤʘʶʪʴ ʢʣʶʯʦʚʽ ʩʣʦʚʘ ʟ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʧʦʷʚʠ ʚ ʤʝʞʘʭ ʟʘʧʠʪʫ ʪʘ ʥʠʟʴʢʦʶ ʯʘʩʪʦʪʦʶ ʚʞʠʚʘʥʥʷ ʚ 

ʽʥʰʠʭ ʪʝʤʘʪʠʯʥʠʭ ʟʘʧʠʪʘʭ ʚ ʤʝʞʘʭ ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. ʈʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʘ 

ʚʘʞʣʠʚʦʩʪʽ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʫ ʟʘʧʠʪʘʭ ʜʦ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ɿɺʆ ʧʦʜʘʥʦ ʫ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 

ʈʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʘ ʚʘʞʣʠʚʦʩʪʽ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʫ ʟʘʧʠʪʘʭ ʜʦ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ɿɺʆ 

ʈʦʟʜʽʣ 

ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʘʪʘʣʦʛʫ 

ʂʣʶʯʦʚʝ ʩʣʦʚʦ    

ʆʩʚʽʪʥʴʦ-

ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʡ 

ʨʽʚʝʥʴ 

ʄʘʛʩ̔ʪʨ 0,63 0,672 0,42336 

ɯʥʩʪʠʪʫʪ ɯʂʅɯ 0,45 1 0,45 

ʌʦʨʤʘ ʥʘʚʯʘʥʥʷ ɼʝʥʥʘ 0,3 0,9 0,27 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ 0,57 1 0,57 

 

ʆʪʞʝ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ 

ʩʣʦʚʥʠʢʘ ʯʘʪ-ʙʦʪʫ ʚʠʟʥʘʯʝʥʦ ʧʦʢʘʟʥʠʢ , ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʘʞʣʠʚʽʩʪʴ ʘʢʪʫʘʣʴʥʦʛʦ ʢʣʶʯʦʚʦʛʦ ʩʣʦʚʘ ʫ 

ʤʝʞʘʭ ʟʘʧʠʪʫ ʜʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʪʘ ʟʤʝʥʰʫʻ ʚʘʞʣʠʚʽʩʪʴ ʰʠʨʦʢʦʚʞʠʚʘʥʠʭ ʩʣʽʚ. 

ʆʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʘʪ-ʙʦʪʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʥʘʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʦ ʦʮʽʥʢʘ ʚʘʞʣʠʚʦʩʪʽ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʚʠʷʚʣʝʥʠʭ ʫ ʟʘʧʠʪʘʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʻ ʥʝʦʙʭʽʜʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʣʦʚʥʠʢ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʻ 

ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʝʬʝʢʪʠʚʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ɿɺʆ ʟʽ ʩʧʦʞʠʚʘʯʘʤʠ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. ɺʽʥ ʤʘʻ ʥʘ ʤʝʪʽ 

ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʦʬʽʮʽʡʥʠʭ ʚʝʙ-ʨʝʩʫʨʩʽʚ ɿɺʆ, ʷʢʽ 

ʚʠʙʨʘʥʽ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʧʠʪʽʚ. ʆʩʢʽʣʴʢʠ ʥʘʷʚʥʽʩʪʴ ʪʝʤʘʪʠʯʥʦʛʦ ʟʘʧʠʪʫ ʜʦ ʯʘʪ-

ʙʦʪʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʦʪʨʝʙʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʪʦ ʮʝ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ɿɺʆ ʟʘʚʜʘʥʥʷ ʩʚʦʻʯʘʩʥʦ ʪʘ ʷʢʽʩʥʦ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʠʭ. ʏʽʪʢʽ ʜʽʾ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʻ ʦʩʥʦʚʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʥʘʜʘʥʥʷ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. 

ʌʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʩʣʦʚʥʠʢʘ ʯʘʪ-ʙʦʪʫ ʟ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʘʢʪʫʘʣʴʥʽ ʨʦʟʜʽʣʠ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ 

ɿɺʆ ʫ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʪʘ ʚʧʣʠʚʘʪʠ ʥʘ ʦʩʥʦʚʥʽ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ. ʂʦʞʥʝ ʢʣʶʯʦʚʝ 

ʩʣʦʚʦ ʯʘʪ-ʙʦʪʫ ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʘʛʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʞʣʠʚʦʩʪʽ 
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ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʦʪʠʚʘʮʽʡʥʠʡ ʥʘʤʽʨ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʨʦʟʜʽʣʫ 

ʢʘʪʘʣʦʛʫ ʦʩʚʽʪʥʽʭ ʧʦʩʣʫʛ, ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʦʮʽʥʶʻ ʢʣʶʯʦʚʽ ʩʣʦʚʘ ʚ ʟʘʧʠʪʽ ʪʘ 

ʟʤʝʥʰʫʻ ʚʘʞʣʠʚʽʩʪʴ ʧʦʰʠʨʝʥʠʭ ʩʣʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʝʬʝʢʪʠʚʥʦʾ ʢʦʤʫʥʽʢʘʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ɿɺʆ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʰʠʭ ʦʩʚʽʪʥʽʭ ʨʝʩʫʨʩʽʚ. 
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ʃɽɹɯɼʂʀ ʂʈɸʅɸ ɺ ʉɽʈɽɼʆɺʀʑɯ MATLAB 
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SIMULATION OF WORKING MODES OF THE ELECTRICAL DRIVE   

OF A LIFTING CRANE WI NCHES IN MATLAB  
 

Among the most common mechanisms in the industry are lifting machines of various types and designs. They are widely used in 
construction and assembly, repair, warehouse and other works related to lifting and moving large and heavy loads. The main and most 
energy-intensive mechanism of lifting machines is the lifting winch. The electric drive of the lifting winch must meet the increased 
operational requirements and ensure the performance of the given speed diagram, the necessary dynamics of work and high reliability in the 
operating modes. The energy indicators of the electric drive of the lifting winch mainly determine the energy indicators of the machine as a 
whole, therefore, due attention should be paid to the issue of designing the electric drives of the lifting winches. It is worth noting that the 
kinematic connections of the lifting winch are not absolutely rigid, which determines the occurrence of oscillations in the system as a result of 
dynamic forces. It is the presence in the electromechanical system of the lifting winch of elements with high inertia that causes the 
appearance of elastic oscillations during any transient process in this system. The presence of elastic oscillations in the mechanical system of 
the electric drive distorts the speed graphs of the system and leads to force pulsations. Elastic oscillatory processes in mechanisms lead to 
unpredictable behavior of the system and can cause emergency situations. Thus, taking into account the elastic properties of the mechanical 
system during its design will improve the efficiency and reliability of its operation. The results of the research carried out in the work contain 
the analysis of static loads of lifting winches of lifting and transport mechanisms and a generalized mathematical model of the crane lifting 
winch. On the basis of the proposed mathematical model, a structural diagram of a lifting winch was developed and implemented as a 
computer model in the form of a Matlab Smulink PPP library block. The mathematical and computer models presented in the work allow 
obtaining correct results in the entire range of loads, taking into account the change in the efficiency of the mechanical transmission when 
the loads and the direction of transportation change, and also take into account the influence of the elastic connection between the drive 
motor and the actuator. The use of the proposed models will significantly simplify the process of designing the power electric drive of lifting 
winches of cranes. 

Keywords: lifting winch, mathematical model, static moment, electric drive. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʚʦʜʘ (ɽʇ) ʻ ʧʨʦʜʦʚʞʝʥʥʷ 

ʥʘʫʢʦʚʠʭ-ʜʦʩʣʽʜʞʝʥʴ ʟʽ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʾʭ ʨʦʙʦʪʠ [1]. ʎʝ 

ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʩʧʨʦʱʫʚʘʪʠ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ɽʇ ʚʠʨʦʙʥʠʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʨʦʙʦʪʠ ʙʝʟ ʰʢʦʜʠ ʪʘ ʟʥʦʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɺ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʜʥʠʤʠ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʻ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽ ʤʘh ʠʥʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡ. ɺʦʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʙʫʜʽʚʝʣʴʥʦ-ʤʦʥʪʘʞʥʠʭ, ʨʝʤʦʥʪʥʠʭ, ʩʢʣʘʜʩʴʢʠʭ 

ʪʘ ʽʥʰʠʭ ʨʦʙʽʪ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʽʜʡʦʤʦʤ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷʤ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʪʘ ʚʘʛʦʚʠʭ ʚʘʥʪʘʞʽʚ. ʆʩʥʦʚʥʠʤ 

ʪʘ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ, ʥʘʧʨʠʢʣʘʜ ʢʨʘʥʽʚ, ʻ ʧʽʜʡʦʤʥʘ ʣʝʙʽʜʢʘ. 
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ɽʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ɽʇ ʧʽʜʡʦʤʥʦʾ ʣʝʙʜ̔ʢʠ ʚʠʟʥʘʯʘʶʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʤʘʰʠʥʠ ʚ 

ʮʽʣʦʤʫ. ʅʘʷʚʥʽʩʪʴ ʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ ʝʣʝʤʝʥʪʽʚ ʟ ʚʠʩʦʢʦʶ ʽʥʝʨʮʽʡʥʽʩʪʶ ʧʽʜ ʯʘʩ 

ʙʫʜʴ-ʷʢʦʛʦ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʮʽʡ ʩʠʩʪʝʤʽ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʥʝʧʨʦʛʥʦʟʦʚʘʥʦʾ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɺʨʘʭʫʚʘʥʥʷ ʧʨʫʞʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ ʧʽʜ ʯʘʩ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʾʾ ʨʦʙʦʪʠ. ʉʘʤʝ ʪʦʤʫ ʧʠʪʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ɽʇ ʧʽʜʡʦʤʥʠʭ ʣʝʙʽʜʦʢ ʤʘʻ 

ʙʝʟʟʘʧʝʨʝʯʥʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʴ ʚ ʛʘʣʫʟʽ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʦʨʽ̒ ʥʪʦʚʘʥʘ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʘʤʠ ʮʠʭ ʤʘʰʠʥ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʘʭ [2, 3] ʪʦʱʦ. 

ɯʥʰʽ ʨʦʙʦʪʠ ʧʨʠʩʚʷʯʝʥʽ ʧʠʪʘʥʥʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʘ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʘʰʠʥ. ʊʘʢ ʚ ʨʦʙʦʪʽ [4] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ ʚʘʥʪʘʞʥʦʛʦ ʢʨʘʥʘ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʇʇʇ Matlab. ɼʘʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʦʨʝʢʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʣʠʰʝ ʟʘ ʫʤʦʚʠ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ ʤʝʭʘʥʽʯʥʦʾ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩʢʣʘʜʘʻ ʥʝ ʤʝʥʰʝ 0,5. ʂʨʽʤ ʪʦʛʦ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʥʝ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʧʨʫʞʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʧʨʠʚʦʜʥʠʤ ʜʚʠʛʫʥʦʤ ʪʘ ʚʠʢʦʥʘʚʯʠʤ 

ʤʝʭʘʥʽʟʤʦʤ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʾʡ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʝʡ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ 

ʢʨʘʥʘ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʧʨʫʞʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʨʠʚʦʜʥʠʤ ʜʚʠʛʫʥʦʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʪʘ ʡʦʛʦ ʚʠʢʦʥʘʚʯʠʤ 

ʤʝʭʘʥʽʟʤʦʤ, ʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʨʝʘʣʴʥʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚ ʫʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʴ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ) ʤʝʭʘʥʽʯʥʦʾ ʧʝʨʝʜʘʯʽ ʪʘ ʥʘʧʨʷʤʢʫ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ (ʧʽʜʡʦʤ, ʩʧʫʩʢ). 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʉʧʨʦʱʝʥʦ ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 

ʈʝʟʫʣʴʪʫʶʯʠʡ ʤʦʤʝʥʪ ʩʪʘʪʠʯʥʦʛʦ ʦʧʦʨʫ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ ʦʙʫʤʦʚʣʝʥʠʡ ʷʢ ʘʢʪʠʚʥʠʤ ʤʦʤʝʥʪʦʤ ʄɸ 

ʚʽʜ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʱʦ ʜʽʻ ʥʘ ʚʘʥʪʘʞ ʪʘ ʚʘʥʪʘʞʦʟʘʭʚʘʪʥʠʡ ʧʨʠʩʪʨʽʡ, ʪʘʢ ʽ ʨʝʘʢʪʠʚʥʠʤ ʤʦʤʝʥʪʦʤ ʄʈ ʚʽʜ ʩʠʣʠ 

ʪʝʨʪʷ ʚ ʨʫʭʦʤʠʭ ʝʣʝʤʝʥʪʘʭ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ [5]: 
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ʜʝ  F ï ʨʝʟʫʣʴʪʫʶʯʝ ʟʫʩʠʣʣʷ ʥʘ ʙʘʨʘʙʘʥʽ ʣʝʙʽʜʢʠ, ʅ; D ï ʜʘ̔ʤʝʪʨ ʙʘʨʘʙʘʥʘ ʣʝʙʽʜʢʠ, ʤ; iʤʧ ï ʧʝʨʝʜʘʪʦʯʥʝ 

ʯʠʩʣʦ ʤʝʭʘʥʽʯʥʦʾ ʧʝʨʝʜʘʯʽ; u ï ʢʨʘʪʥʽʩʪʴ ʧʦʣʽʩʧʘʩʪʘ; ɖʤʧ ï ʂʂɼ ʤʝʭʘʥʽʯʥʦʾ ʧʝʨʝʜʘʯʽ ʧʨʠ ʧʽʜʡʦʤʥʽ ʚʘʥʪʘʞʫ [5]. 
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ʈʠʩ. 1. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ: 1 ï ʜʚʠʛʫʥ; 2 ï ʤʫʬʪʘ; 3 ï ʛʘʣʴʤʦ; 4 ï ʤʝʭʘʥʽʯʥʘ 

ʧʝʨʝʜʘʯʘ (ʨʝʜʫʢʪʦʨ); 5 ï ʙʘʨʘʙʘʥ; 6 ï ʙʣʦʢ ʧʦʣʽʩʧʘʩʪʽʚ; 6 ï ʚʘʥʪʘʞʦʟʘʭʚʘʪʥʠʡ ʧʨʠʩʪʨʽʡ 
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ʈʝʟʫʣʴʪʫʶʯʝ ʟʫʩʠʣʣʷ ʥʘ ʙʘʨʘʙʘʥʽ ʣʝʙʽʜʢʠ: 

 0ʚ0ʚ GG)mm( +=Ö+= gF , (4) 

ʜʝ  mʚ ï ʤʘʩʘ ʚʘʥʪʘʞʫ, ʪ; m0 ï ʤʘʩʘ ʚʘʥʪʘʞʦʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ; Gʚ ï ʚʘʛʘ ʚʘʥʪʘʞʫ, ʅ; G0 ï ʚʘʛʘ 

ʚʘʥʪʘʞʦʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʅ; g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ2 [5]. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʪʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ (1)-(4) ʩʬʦʨʤʫʻʤʦ 

ʫʟʘʛʘʣʴʥʝʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʤʝʭʘʥʽʯʥʫ ʯʘʩʪʠʥʫ ʣʝʙʽʜʢʠ: 
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 (5) 

ʜʝ  V ï ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʫ, ʤ/ʩ; ɤʜʚ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʘʣʘ ʜʚʠʛʫʥʘ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʚʘʥʪʘʞʫ, ʨʘʜ/ʩ. 

ɺʽʜʧʦʚʽʜʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʣʝʙʽʜʢʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʣʝʙʽʜʢʠ 

 

ʅʘ ʨʠʩ. 2: ʄ ï ʤʦʤʝʥʪ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ, ʅĿʤ; ʄʛ ï ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ, ʩʪʚʦʨʶʚʘʥʠʡ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʛʘʣʴʤʦʤ, ʅĿʤ; JɆ ï ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʚʘʣʘ ʜʚʠʛʫʥʘ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʨʠʚʦʜʘ, ʢʛĿʤ2. 

ʂʂɼ ʤʝʭʘʥʽʯʥʦʾ ʧʝʨʝʜʘʯʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʦʤʫ ʡʦʛʦ ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʙʫʜʴ-

ʷʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʪʘʢ [6, 7]: 
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ʜʝ  a ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʪʽʡʥʠʭ ʚʪʨʘʪ; b ï ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʥʠʭ ʚʪʨʘʪ; ɔ ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʚʘʥʪʘʞʝʥʥ,̫ ʟʥʘʯʝʥʥʷ 

ʷʢʦʛʦ ʜʣʷ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ [6, 7]: 
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ʜʝ  mʚʥ ï ʥʦʤʽʥʘʣʴʥʘ ʤʘʩʘ ʚʘʥʪʘʞʫ, ʪ. 

ʇʨʠ ʥʦʤʽʥʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ (ɔ = 1) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʪʨʘʪ ʚʽʜʦʤʽ ʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ [6, 7]: 

 5,1...2,1==
b

a
k . (8) 
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ʊʘʢʠʤ ʯʠʥʦʤ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʩʪʽʡʥʠʭ ʪʘ ʟʤʽʥʥʠʭ ʚʪʨʘʪ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʰʣʷʭʦʤ 

ʩʫʤʽʩʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʴ (6) ʪʘ (8) ʧʨʠ ɔ = 1 [6, 7]: 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ (ʜʠʚ. ʨʠʩ. 2) ʪʘ ʥʘʚʝʜʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʨʘʟʽʚ 

ʨʝʘʣʽʟʫʻʤʦ ʚʽʜʧʦʚʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʚ ʇʇʇ Mathlab ʪʘ ʦʬʦʨʤʠʤʦ ʾʾ ʫ ʚʠʛʣʷʜʽ ʝʣʝʤʝʥʪʘ ʙʽʙʣʽʦʪʝʢʠ Simulink ( 

ʜʠʚ. ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʅʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ 

 

ʈʦʟʛʦʨʥʫʪʘ ʩʪʨʫʢʪʫʨʘ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʣʝʙʽʜʢʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4. 

 

 
ʈʠʩ. 4. ʈʦʟʛʦʨʥʫʪʘ ʩʪʨʫʢʪʫʨʘ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ 
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ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʫ ʨʦʟʨʘʭʫʥʢʫ ʂʂɼ ʤʝʭʘʥʽʯʥʦʾ ʧʝʨʝʜʘʯʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʽʚ (6) ï (10) ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 5. 

 
ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʘ ʙʣʦʢʫ ʨʦʟʨʘʭʫʥʢʫ ʂʂɼ ʤʝʭʘʥʽʯʥʦʾ ʧʝʨʝʜʘʯʽ ʣʝʙʽʜʢʠ 

 

ʇʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ ʝʣʝʢʪʨʦʪʘʣʽ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 2ʪ. ʧʨʠ ʧʽʜʡʦʤʽ ʥʦʤʽʥʘʣʴʥʦʛʦ ʚʘʥʪʘʞʫ. ʃʝʙʽʜʢʘ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ 

ʧʦʪʫʞʥʽʩʪʶ 3 ʢɺʪ. ʄʦʜʝʣʴ ʚ ʇʇʇ Matlab Simulink ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʾʾ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 6. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ 

ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 7. 

 

 
ʈʠʩ. 6. ʄʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʣʝʙʽʜʢʠ ʝʣʝʢʪʨʦʪʘʣʽ ʧʨʠ ʧʽʜʡʦʤʽ ʥʦʤʽʥʘʣʴʥʦʛʦ ʚʘʥʪʘʞʫ 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʦʜʝʣʴ ʚʠʟʥʘʯʠʤʦ ʛʨʘʥʠʮʽ ʟʤʽʥʠ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʨʦʟʛʣʷʥʫʪʦʾ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ ʧʨʠ ʧʽʜʡʦʤʽ ʪʘ ʩʧʫʩʢʫ ʥʦʤʽʥʘʣʴʥʦʛʦ ʚʘʥʪʘʞʫ ʪʘ ʥʝʟʘʚʘʥʪʘʞʝʥʦʛʦ 

ʚʘʥʪʘʞʦʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʨʠʩ. 8). ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩ. 9). 
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ʈʠʩ. 7. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʣʝʙʽʜʢʠ ʝʣʝʢʪʨʦʪʘʣʽ ʧʨʠ ʧʽʜʡʦʤʽ ʥʦʤʽʥʘʣʴʥʦʛʦ ʚʘʥʪʘʞʫ 

 

 
ʈʠʩ. 8. ʄʦʜʝʣʶʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ ʧʨʠ ʧʽʜʡʦʤʽ ʪʘ ʩʧʫʩʢʫ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʚʘʥʪʘʞʫ ʪʘ ʥʝʟʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʥʪʘʞʦʟʘʭʚʘʪʥʦʛʦ ʧʨʠʩʪʨʦʶ 
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ʈʠʩ. 9. ʄʝʞʽ ʟʤʽʥʠ ʩʪʘʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ʣʝʙʽʜʢʠ ʧʨʠ ʧʽʜʡʦʤʽ ʪʘ ʩʧʫʩʢʫ ʚʘʥʪʘʞʽʚ 

 

ʂʽʥʝʤʘʪʠʯʥʽ ʟʚôʷʟʢʠ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ ʥʝ ʻ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʤʠ, ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʚʥʦʶ 

ʞʦʨʩʪʢʽʩʪʶ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʚʠʥʠʢʥʝʥʥʷ ʢʦʣʠʚʘʥʴ ʚ ʩʠʩʪʝʤʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʜʠʥʘʤʽʯʥʠʭ ʟʫʩʠʣʴ. 

ʅʘʷʚʥʽʩʪʴ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʩʧʦʪʚʦʨʶʻ ʛʨʘʬʽʢʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʩʠʩʪʝʤʠ ʪʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʫʣʴʩʘʮʽʡ ʟʫʩʠʣʣʷ. ʗʢʱʦ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʙʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʫʞʥʽ 
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ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʭʘʥʽʯʥʦʛʦ ʟʚôʷʟʢʫ, ʪʦ ʤʦʞʥʘ ʧʦʤʠʣʠʪʠʩʷ ʫ ʚʠʙʦʨʽ ʤʘʪʝʨʽʘʣʫ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ, ʟʘʚʜʘʥʥʽ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ɺʩʝ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʘʚʘʨʽʾ, ʟʫʧʠʥʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʥʘʥʝʩʝʥʥʷ 

ʰʢʦʜʠ ʦʙʩʣʫʛʦʚʫʶʯʦʤʫ ʧʝʨʩʦʥʘʣʫ ʪʦʱʦ. 

ʇʨʝʜʩʪʘʚʠʤʦ ʧʽʜʡʦʤʥʫ ʣʝʙʽʜʢʫ ʜʚʦʤʘʩʦʚʦʶ ʤʝʭʘʥʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʟ ʧʨʫʞʥʠʤ ʟʚôʷʟʢʦʤ (ʨʠʩ. 10). 
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ʈʠʩ. 10. ɽʢʚʽʚʘʣʝʥʪʥʘ ʜʚʦʤʘʩʦʚʘ ʩʠʩʪʝʤʘ ʟ ʧʨʫʞʥʠʤ ʟʚôʷʟʢʦʤ 

 

ʉʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʪʘʢʦʾ ʜʚʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 
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 (11) 

ʜʝ  ʄʧʨ ï ʤʦʤʝʥʪ ʧʨʫʞʥʦʛʦ ʟʚôʷʟʢʫ, ʅĿʤ; ʩ12 ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ ʫ ʟʚôʷʟʢʫ ʤʽʞ ʤʘʩʘʤʠ; ȹű ï ʢʫʪʦʚʘ 

ʜʝʬʦʨʤʘʮʽʷ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʨʘʜ; ɤ1, ɤ2 ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʤʘʩ, ʨʘʜ/ʩ; ʄ ï ʨʫʰʽʡʥʠʡ 

ʤʦʤʝʥʪ, ʅĿʤ; J1, J2 ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʤʘʩʠ, ʢʛĿʤ2. 

ɼʣʷ ʩʪʘʣʝʚʠʭ ʚʘʣʽʚ ʪʘ ʢʘʥʘʪʽʚ ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ [8]: 
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ʜʝ  G ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʫʞʥʽ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʦ ʚʘʣ (G = 8,7·105 

ʢʛ/ʩʤ2 = 8,53·1010 ʅ/ʤ2); d ï ʜʽʘʤʝʪʨ ʚʘʣʘ, ʩʤ; Hk ï ʜʦʚʞʠʥʘ ʢʘʥʘʪʫ, ʤ; mk ï ʟʘʧʘʩ ʧʨʫʞʥʦʩʪʽ ʢʘʥʘʪʫ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʚʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ, ʩʢʣʘʜʝʥʦʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (11) ʥʘʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 11 [9, 10]. 
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ʈʠʩ. 11. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʚʦ0ʭʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ 

 

ɼʦʧʦʚʥʠʚʰʠ ʤʦʜʝʣʴ ʧʽʜʡʦʤʥʦʾ ʣʝʙʽʜʢʠ ʩʪʨʫʢʪʫʨʦʶ ʜʚʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ, ʦʪʨʠʤʘʻʤʦ ʫʟʘʛʘʣʴʥʝʥʫ 

ʤʦʜʝʣʴ ʣʝʙʽʜʢʠ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʫʞʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʧʝʨʝʜʘʯʽ. ʅʘ ʨʠʩ. 12 ʥʘʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʫ ʢʦʤʧôʶʪʝʨʥʫ 

ʤʦʜʝʣʴ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ) ʪʘ ʛʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ɤ1(t) ʪʘ 

ɤ2(t) ʧʨʠ ʧʽʜʡʦʤʽ ʥʦʤʽʥʘʣʴʥʦʛʦ ʚʘʥʪʘʞʫ. 
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ʈʠʩ. 12. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʚʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ  

ʧʨʫʞʥʦʩʪʽ ʫ ʟʚôʷʟʢʫ ʤʽʞ ʤʘʩʘʤʠ 

 

ʅʘ ʨʠʩ. 13 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʜʚʠʛʫʥʘ ɤ1(t), ʤʦʤʝʥʪʫ ʜʚʠʛʫʥʘ 

ʄ(t), ʧʨʫʞʥʦʛʦ ʤʦʤʝʥʪʫ ʄʧʨ(t) ʪʘ ʤʦʤʝʥʪʫ ʩʪʘʪʠʯʥʦʛʦ ʦʧʦʨʫ ʄʩ(t) ʧʨʠ ʧʽʜʡʦʤʽ ʥʦʤʽʥʘʣʴʥʦʛʦ ʚʘʥʪʘʞʫ. 

 

 
ʈʠʩ. 13. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʚʦʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʫʞʥʦʩʪʽ ʫ ʟʚôʷʟʢʫ ʤʽʞ ʤʘʩʘʤʠ 

 

ɿ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʷʤʦʛʦ ʟʘʧʫʩʢʫ ʫʩʪʘʥʦʚʢʠ ʾʾ ʰʚʠʜʢʽʩʪʴ ʪʘ ʤʦʤʝʥʪ ʤʘʶʪʴ ʙʽʣʴʰ 

ʚʠʨʘʞʝʥʠʡ ʢʦʣʠʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʠʭ ʢʦʣʠʚʘʥʴ ʥʝʤʘʻ ʥʘ ʛʨʘʬʽʢʘʭ (ʜʠʚ. ʨʠʩ. 7), ʷʢʽ ʦʪʨʠʤʘʥʽ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʧʨʫʞʥʦʩʪʽ. ʇʨʫʞʥʽ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʚ ʤʝʭʘʥʽʟʤʘʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʧʨʦʛʥʦʟʦʚʘʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʩʠʩʪʝʤʠ ʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʨʘʭʫʚʘʥʥʷ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʾʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʾʾ ʨʦʙʦʪʠ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʪʘ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʢʦʨʝʢʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʫʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʴ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʂʂɼ ʤʝʭʘʥʽʯʥʦʾ ʧʝʨʝʜʘʯʽ ʧʨʠ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʥʘʧʨʷʤʢʫ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʧʨʫʞʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʧʨʠʚʦʜʥʠʤ ʜʚʠʛʫʥʦʤ ʪʘ ʚʠʢʦʥʘʚʯʠʤ 

ʤʝʭʘʥʽʟʤʦʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʩʠʣʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʽʜʡʦʤʥʠʭ ʣʝʙʽʜʦʢ ʢʨʘʥʽʚ. 
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SOFTWARE IMPLEMENTATION OF ITERATIVE ALGORITHMS   

FOR SOLVING A PLANAR PHYSICALLY NONLINEAR PROBLEM  
 

To solve physically nonlinear problems, specialized software solutions based on the procedures of MSE, FDM, BEM, etc. are used. 
The article provides an overview of software complexes that allow solving problems in various fields of science and technology. To solve a 
planar physically nonlinear problem, it is irrational to use the considered systems in most cases since they are closed software complexes, 
making it impossible to modify the algorithm partially. The difference between software systems is only in the "nonlinear" part, where a 
specific algorithm for solving a specific problem is implemented. The proposed software implementation of iterative algorithms for solving a 
plane physically nonlinear problem consists of several independent modules, each of which performs a separate calculation stage. The 
principle of the iterative algorithm is that a complex physically nonlinear problem is solved step by step. At each stage, a linear problem is 
solved, in which the values of the deformation parameters are assigned depending on the level of stresses and strains in each element 
reached at the previous stage. The iterative algorithm is implemented based on the specialized GEO software package developed at the 
Department of Strength of Materials of KhNU. The complex implies the possibility of replacing a "nonlinear" program block, depending on 
the type of nonlinear relations adopted in the model. The nonlinear block considered the features of the deformation of a discrete medium, 
namely, the accepted nonlinear dependencies of a particular material. In the calculation process, the divergence with the linear solution is 
checked at each iteration until the required accuracy is achieved. This allows simulating the deformation process of a flat area filled with a 
discrete material. 

Keywords: iterative algorithm, non-linear program block, discrete environment, internal friction. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʮʝʜʫʨ ʄʉɽ, ʄʉʈ, ʄɻɽ ʪʘ ʽʥ. ʉʝʨʝʜ ʥʠʭ ʻ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʥʘʧʨʠʢʣʘʜ, ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ 

SolidWorks [1], ĂPlaxisò [2], ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ɸʉʅɼ ĂVESNAò (ʂʅʋɹɸ) [3], 

Ăʃɯʈɸò (ʆ.ʉ. ɻʦʨʦʜʝʮʴʢʠʡ) [4], ĂSKADò (ɸ.ɺ. ʇʝʨʝʣʴʤʫʪʝʨ) [5], ĂCONCORDò (ʉ.ʌ. ʂʣʦʚʘʥʠʯ) [6] ʪʘ ʽʥ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʫ [7] ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʩʠʩʪʝʤʠ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʥʝʨʘʮʽʦʥʘʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʮʝ ʟʘʢʨʠʪʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ, ʱʦ ʨʦʙʠʪʴ ʥʝʤʦʞʣʠʚʦʶ ʯʘʩʪʢʦʚʫ 

ʤʦʜʠʬʽʢʘʮʽʶ ʘʣʛʦʨʠʪʤʫ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʥʝʥʥʷ ʪʘʢʦʾ ʧʦʪʨʝʙʠ. 

ɹʣ̔ʴʰ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʮʽʣʝʡ ʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ, ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ 

ʨʦʟʚôʷʟʘʥʥʷ ʦʜʥʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ. ʂʦʤʧʣʝʢʩʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʘʪʠʚʥʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʨʦʙʣʝʥʽ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ɸ.ʂ. ɹʫʛʨʦʚʘ (ʃʇɯ) [8], ɸ.ʃ. 

ɻʦʣʴʜʽʥʘ (ɺʅɼɯɻ) [9], ʖ.ʂ. ɿʘʨʝʮʴʢʦʛʦ (ɻʽʜʨʦʧʨʦʝʢʪ) [10], ɺ.ɺ. ʂʦʚʪʫʥʘ (ʍʅʋ) [11], ɯ.ʇ. ɹʦʡʢʘ (ʂʅʋɹɸ) 

[12], ɺ.ʆ. ɻʨʽʰʠʥʘ (ʆʅʄʋ) [13] ʪʘ ʽʥ. 

ʎʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʮʝʜʫʨʥʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ 

ʚʠʜʦʟʤʽʥʶʚʘʪʠ ʦʢʨʝʤʽ ʧʽʜʧʨʦʛʨʘʤʠ, ʧʨʠʩʪʦʩʦʚʫʶʯʠ ʾʭ ʜʣʷ ʥʦʚʠʭ ʫʤʦʚ ʟʘʜʘʯ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʙʣʦʢʘ ʜʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ GEO, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʣʦʩʢʦʾ ʦʙʣʘʩʪʽ, ʟʘʧʦʚʥʝʥʦʾ ʜʠʩʢʨʝʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʟʘʜʘʯ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʭʦʞʽ ʧʨʦʮʝʜʫʨʠ 

ʧʽʜʛʦʪʦʚʢʠ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, 

ʬʦʨʤʫʚʘʥʥʷ ʢʽʥʮʝʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʟʨʫʯʥʽʡ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʬʦʨʤʽ. ɺʽʜʤʽʥʥʽʩʪʴ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʧʦʣʷʛʘʻ ʪʽʣʴʢʠ ʚ Ăʥʝʣʽʥʽʡʥʽʡò ʯʘʩʪʠʥʽ, ʜʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʢʫ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʢʽʣʴʢʘ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ. 
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COSMOS 

ɼʣʷ ʨʦʟʚôʷʟʢʫ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʂɽ), ʥʘ ʙʘʟʽ 

ʷʢʦʛʦ ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ COSMOS/M. 

ʇʘʢʝʪ COSMOS/M ʨʦʟʨʦʙʣʝʥʦ ʢʦʨʧʦʨʘʮʽʻʶ ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟʫ (Structural Research 

and Analysis Corporation) (ʉʐɸ). ɺʽʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʫ ʩʚʽʪʽ. 

ʉʪʨʫʢʪʫʨʘ ʧʘʢʝʪʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ. ʇʘʢʝʪ ʻ ʚʽʜʢʨʠʪʦʶ ʩʠʩʪʝʤʦʶ ʽ ʤʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʥʦʚʠʭ ʤʦʜʫʣʽʚ. ɹʽʙʣʽʦʪʝʢʠ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʦʜʘʪʢʦʚʦ ʜʦʧʦʚʥʝʥʽ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʝʧʶʨʠ, ʛʨʘʬʽʢʠ, ʢʦʣʴʦʨʦʚʽ ʟʘʣʠʚʢʠ, 

ʽʟʦʧʦʚʝʨʭʥʽ, Ăʨʦʟʨʽʟʠò ʪʽʣ, ʘʥʽʤʘʮʽʶ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʩʽʭ ʚʠʜʽʚ ʨʦʟʨʘʭʫʥʢʫ. 

ʅʘʙʽʨ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʫʣʽʚ ʦʭʦʧʣʶʻ ʙʽʣʴʰʽʩʪʴ ʚʠʧʘʜʢʽʚ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ, 

ʚʢʣʶʯʘʶʯʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ. 

ʉʢʽʥʯʝʥʽ ʝʣʝʤʝʥʪʠ ʟʛʨʫʧʦʚʘʥʦ ʚ ʙʽʙʣʽʦʪʝʮʽ ʩʠʩʪʝʤʠ COSMOS/M, ʚ ʩʝʤʠ ʨʽʟʥʠʭ ʛʨʫʧʘʭ. ʇʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ 

ʟʘʜʘʯ, ʙʽʣʴʰʽʩʪʴ ʛʨʫʧ ʝʣʝʤʝʥʪʽʚ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʥʘ ʽʥʰʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

Nastran 

ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʢʦʤʧʘʥʽʾ MSC.Software ï MSC.Nastran ï ʮʝ ʦʜʥʘ ʟ ʢʨʘʱʠʭ ʩʢʽʥʯʝʥʦ-

ʝʣʝʤʝʥʪʥʠʭ ʧʨʦʛʨʘʤ. MSC.Nastran ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʽ 

ʬʦʨʤ ʢʦʣʠʚʘʥʴ, ʘʥʘʣʽʟ ʩʪʽʡʢʦʩʪʽ, ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʠʭ ʽ ʥʝʩʪʘʣʠʭ ʧʨʦʮʝʩʽʚ, 

ʘʢʫʩʪʠʯʥʠʭ ʷʚʠʱ, ʥʝʣʽʥʽʡʥʠʭ ʩʪʘʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʨʦʟʨʘʭʫʥʦʢ 

ʢʨʠʪʠʯʥʠʭ ʯʘʩʪʦʪ ʽ ʚʽʙʨʘʮʽʡ ʨʦʪʦʨʥʠʭ ʤʘʰʠʥ, ʘʥʘʣʽʟ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʧʣʠʚʽ ʚʠʧʘʜʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ. ʇʝʨʝʜʙʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʢʦʛʦ ʩʧʠʩʢʫ ʤʘʪʝʨʽʘʣʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʢʦʤʧʦʟʠʪʥʽ ʡ ʛʽʧʝʨʧʨʫʞʥʽ. ʈʦʟʰʠʨʝʥʽ ʬʫʥʢʮʽʾ ʚʢʣʶʯʘʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʩʫʧʝʨʝʣʝʤʝʥʪʽʚ 

(ʧʽʜʢʦʥʩʪʨʫʢʮʽʡ), ʤʦʜʘʣʴʥʠʡ ʩʠʥʪʝʟ ʽ ʤʘʢʨʦʤʦʚʫ DMAP ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʭ ʜʦʜʘʪʢʽʚ.  

MSC.Nastran ʤʦʞʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ. ʆʧʪʠʤʽʟʘʮʽʶ ʤʦʞʥʘ 

ʧʨʦʚʦʜʠʪʠ ʜʣʷ ʟʘʜʘʯ ʩʪʘʪʠʢʠ, ʩʪʽʡʢʦʩʪʽ, ʜʠʥʘʤʽʯʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʢʦʣʠʚʘʥʴ, 

ʘʢʫʩʪʠʢʠ. ɿʘʚʜʷʢʠ ʩʚʦʾʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʨʦʙʣʷʶʪʴ ʥʝʦʙʤʝʞʝʥʝ ʯʠʩʣʦ ʧʨʦʝʢʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʡ ʦʙʤʝʞʝʥʴ. 

MSC.Nastran ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʦʮʽʥʢʠ ʧʦʚʥʦʪʠ ʦʪʨʠʤʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʆʩʥʦʚʫ MSC.Nastran ʩʢʣʘʜʘʶʪʴ ʚʽʜʧʨʘʮʴʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʝʣʝʤʝʥʪʽʚ ʽ ʥʘʜʽʡʥʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ. 

ʇʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʤʦʜʝʣʽ h- ʽ p-ʝʣʝʤʝʥʪʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʨʝʩʫʨʩʘʭ. ɽʣʝʤʝʥʪʠ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ï p-ʝʣʝʤʝʥʪʠ 

ï ʜʦʙʨʝ ʚʽʜʙʠʚʘʶʪʴ ʢʨʠʚʦʣʽʥʽʡʥʫ ʛʝʦʤʝʪʨʽʶ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʨʠ ʜʝʪʘʣʴʥʦʤʫ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ. ʎʽ ʝʣʝʤʝʥʪʠ ʘʚʪʦʤʘʪʠʯʥʦ ʘʜʘʧʪʫʶʪʴʩʷ ʜʦ ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ ʪʦʯʥʦʩʪʽ. 

ʊʽʩʥʠʡ ʟʚ'ʷʟʦʢ MSC.Nastran ʟ MSC.Patran ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʽʩʪʶ ʽʥʪʝʛʨʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ. MSC.Nastran ʛʥʫʯʢʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʚ ʙʘʛʘʪʦ ʩʝʨʝʜʦʚʠʱ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

Ansys 

ʇʨʦʛʨʘʤʘ ANSYS ï ʮʝ ʛʥʫʯʢʠʡ, ʥʘʜʽʡʥʠʡ ʟʘʩʽʙ ʧʨʦʝʢʪʫʚʘʥʥʷ ʡ ʘʥʘʣʽʟʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʛʨʘʤʠ ʻ 

ʬʘʡʣʦʚʘ ʩʫʤʽʩʥʽʩʪʴ ʚʩʽʭ ʯʣʝʥʽʚ ʩʽʤʝʡʩʪʚʘ ANSYS ʜʣʷ ʚʩʽʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʣʘʪʬʦʨʤ. ɹʘʛʘʪʦʮʽʣʴʦʚʘ 

ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʧʨʦʛʨʘʤʠ (ʪʦʙʪʦ ʨʝʘʣʽʟʘʮʽʷ ʚ ʥʽʡ ʟʘʩʦʙʽʚ ʜʣʷ ʦʧʠʩʫ ʚʽʜʢʣʠʢʫ ʩʠʩʪʝʤʠ ʥʘ ʚʧʣʠʚʠ ʨʽʟʥʦʾ 

ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ) ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ ʪʫ ʩʘʤʫ ʤʦʜʝʣʴ ʜʣʷ ʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʚ'ʷʟʘʥʠʭ ʟʘʚʜʘʥʴ, ʷʢ ʤʽʮʥʽʩʪʴ 

ʧʨʠ ʪʝʧʣʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʚʧʣʠʚ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩ ʚ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. 

ʇʨʦʛʨʘʤʘ ʧʨʦʧʦʥʫʻ ʧʝʨʝʣʽʢ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʨʘʭʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʥʝʣʽʥʽʡʥʦʩʪʽ; ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʠʪʠ ʟʘʛʘʣʴʥʠʡ ʚʠʧʘʜʦʢ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ; ʜʦʧʫʩʢʘʶʪʴ 

ʥʘʷʚʥʽʩʪʴ ʙʽʣʴʰʠʭ (ʢʽʥʮʝʚʠʭ) ʜʝʬʦʨʤʘʮʽʡ ʽ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ; ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʽ 

ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʦʜʝʨʞʘʪʠ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʛʽʜʨʦʘʝʨʦʜʠʥʘʤʽʢʠ ʨʘʟʦʤ ʟ ʧʘʨʘʤʝʪʨʠʯʥʠʤ 

ʤʦʜʝʣʶʚʘʥʥʷʤ, ʘʜʘʧʪʠʚʥʠʤ ʧʝʨʝʙʫʜʫʚʘʥʥʷʤ ʩʽʪʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨ-ʝʣʝʤʝʥʪʽʚ ʽ ʚʝʣʠʢʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʩʪʚʦʨʝʥʥʷ ʤʘʢʨʦʢʦʤʘʥʜ ʽʟ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ANSYS (APDL). 

ʄʦʜʫʣʴ ʧʨʦʛʨʘʤʠ ANSYS Design Data Access (DDA) ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʚ ʧʨʦʛʨʘʤʫ ʤʦʜʝʣʝʡ, 

ʩʪʚʦʨʝʥʠʭ ʟʘʩʦʙʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (CAD), ʱʦ ʚʠʢʣʶʯʘʻ ʧʦʚʪʦʨʝʥʥʷ ʚʠʢʦʥʘʥʦʾ ʨʘʥʽʰʝ 

ʨʦʙʦʪʠ. ʇʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʩʝʨʽʾ DDA Connection ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʨʘʟʦʤ ʟ ʨʦʟʨʦʙʢʘʤʠ ʙʘʛʘʪʴʦʭ ʧʨʦʚʽʜʥʠʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ CAD-ʧʨʦʛʨʘʤ, ʚʢʣʶʯʘʶʯʠ ʢʦʤʧʘʥʽʾ Parametric Technology Corporation, EDS/Unigraphics ʽ 

Computervision Corporation. ʄʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ ANSYS ʣʝʛʢʦ ʧʝʨʝʥʦʩʷʪʴʩʷ ʥʘ CAD-

ʤʦʜʝʣʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʘʪʽʚ IGES ʡ STEP ʜʣʷ ʧʝʨʝʩʠʣʘʥʥʷ ʛʝʦʤʝʪʨʽʾ ʘʙʦ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ CAD-ʧʨʦʛʨʘʤ. 

ɻʨʘʬʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʦʚʥʽʩʪʶ ʽʥʪʝʨʘʢʪʠʚʥʦʶ ʛʨʘʬʽʢʦʶ, ʱʦ ʻ ʩʢʣʘʜʦʚʦʶ ʧʨʦʛʨʘʤʠ 

ANSYS. ɻʨʘʬʽʢʘ ʚʘʞʣʠʚʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʽ ʧʝʨʝʛʣʷʜʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʽʰʝʥʥʷ ʥʘ ʝʪʘʧʽ 

ʧʦʩʪʧʨʦʮʝʩʦʨʥʦʾ ʦʙʨʦʙʢʠ. 

ʄʦʜʫʣʴ PowerGraphics ʤʘʻ ʟʥʘʯʥʫ ʰʚʠʜʢʽʩʪʴ ʧʦʙʫʜʦʚʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʽ ʛʨʘʬʽʢʽʚ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɿʘʩʦʙʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʤʦʜʫʣʷ ʧʨʠʜʘʪʥʽ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ ʡ ʦʙʣʘʩʪʝʡ ʨʽʚʥʠʭ ʟʥʘʯʝʥʴ 

ʥʘʧʨʫʞʝʥʴ ʷʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨ-ʝʣʝʤʝʥʪʽʚ, ʪʘʢ ʽ h-ʝʣʝʤʝʥʪʽʚ. ʄʦʞʣʠʚʦʩʪʽ ʤʦʜʫʣʷ PowerGraphics 

ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʚʠʜʘʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ: ʽʟʦʧʦʚʝʨʭʦʥʴ; ʛʨʘʬʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʨʦʟʜʽʣʝʥʠʭ ʥʘ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ 

ʫ ʚʠʛʣʷʜʽ ʦʜʥʽʻʾ ʟʙʽʨʢʠ ʘʙʦ ʩʫʢʫʧʥʦʩʪʽ ʪʘʢ ʟʚʘʥʠʭ Q-ʨʦʟʨʽʟʽʚ.  
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ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʧʨʦʛʨʘʤʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʥʝ 

ʨʦʟʛʣʷʜʘʶʪʴ ʧʣʦʩʢʫ ʥʝʣʽʥʽʡʥʫ ʟʘʜʘʯʫ ʤʝʭʘʥʽʢʠ ʜʠʩʢʨʝʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʧʦʪʨʽʙʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʽ ʪʠʤ ʩʘʤʠʤ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʙʘʛʘʪʦ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʙʝʟʫʤʦʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʊʘʢʦʞ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʽʥʦʜʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʷʢʦʛʦ ʢʦʨʝʛʫʚʘʥʥʷ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ, ʘ ʦʪʞʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʪʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʻ ʥʝ ʟʘʚʞʜʠ ʨʘʮʽʦʥʘʣʴʥʠʤ. ɹʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʪʘʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʧʘʢʝʪʠ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ. ɺ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʚʠʢʦʥʘʥʽ ʨʦʙʦʪʠ ɺ.ʆ. ɻʨʽʰʠʥʘ, ɺ.ɺ. 

ʂʦʚʪʫʥʘ, ʆ.ɸ. ɼʦʨʦʬʻʻʚʘ, ʉ.ʉ. ʂʦʚʘʣʴʯʫʢʘ. 

ɼʦ ʪʘʢʦʛʦ ʪʠʧʫ ʧʨʦʛʨʘʤ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ. ʇʨʦʛʨʘʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʥʝʟʘʣʝʞʥʠʭ ʤʦʜʫʣʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʠʢʦʥʫʻ ʦʢʨʝʤʠʡ ʝʪʘʧ ʨʦʟʨʘʭʫʥʢʫ. ʎʷ ʩʪʨʫʢʪʫʨʘ ʤʘʻ ʥʘʩʪʫʧʥʽ 

ʧʝʨʝʚʘʛʠ: 

ï ʧʨʦʛʨʘʤʽʩʪ ʤʦʞʝ ʣʝʛʢʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʩʠʩʪʝʤʫ, ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʚʥʦʩʷʯʠ ʥʦʚʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ; 

ï ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʨʦʟʨʦʙʣʷʪʠ ʩʠʩʪʝʤʫ ʨʦʟʧʦʜʽʣʷʶʯʠ ʨʦʙʦʪʫ ʤʽʞ ʢʽʣʴʢʦʤʘ ʧʨʦʛʨʘʤʽʩʪʘʤʠ; 

ï ʣʝʛʢʦ ʚʠʷʚʣʷʪʠ ʽ ʚʠʜʘʣʷʪʠ ʧʦʤʠʣʢʠ. 

 

 
ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 
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ʆʧʠʩʘʥʠʡ ʚ [14] ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʦʾ ʧʣʦʩʢʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘ ʢʘʬʝʜʨʽ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʍʅʋ [11] ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ GEO. ʂʦʤʧʣʝʢʩ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʥʠ "ʥʝʣʽʥʽʡʥʦʛʦ" ʧʨʦʛʨʘʤʥʦʛʦ ʙʣʦʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʜʫ ʧʨʠʡʥʷʪʠʭ ʚ ʤʦʜʝʣʽ ʥʝʣʽʥʽʡʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ [7] 

ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ ʥʝʣʽʥʽʡʥʠʡ ʙʣʦʢ Non-Linear. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʙʣʦʢ-ʩʭʝʤʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʚʠʢʦʥʫʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ ʨʦʟʨʘʭʫʥʢʫ: 

1. ɺʚʝʜʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ (ʤʦʜʫʣʴ ʖʥʛʘ, ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ï 

ʚʠʟʥʘʯʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ), ʫʤʦʚʠ ʟʘʢʨʽʧʣʝʥʥʷ, ʚʽʜʦʤʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʛʨʘʥʠʯʥʠʭ 

ʪʦʯʢʘʭ. 

2. ʇʦʙʫʜʦʚʘ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ: ʘʚʪʦʤʘʪʠʯʥʘ ʨʦʟʙʠʚʢʘ ʥʘ ʝʣʝʤʝʥʪʠ, 

ʬʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʽʚ ʚʫʟʣʦʚʠʭ ʩʠʣ ʪʘ ʚʽʜʦʤʠʭ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ. 

3. ʌʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʴ ʞʦʨʩʪʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ. 

4. ʌʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ. 

5. ʌʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʫ ʧʝʨʝʤʽʱʝʥʴ ʽ ʚʠʟʥʘʯʝʥʥʷ ʚʫʟʣʦʚʠʭ 

ʧʝʨʝʤʽʱʝʥʴ. 

6. ʆʙʯʠʩʣʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʥʘʧʨʫʞʝʥʴ. 

7. ʈʦʟʚôʷʟʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʡʥʷʪʠʭ ʥʝʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 

8. ʇʝʨʝʚʽʨʢʘ ʨʦʟʭʦʜʞʝʥʥʷ. 

9. ʌʦʨʤʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ. 

ɽʪʘʧʠ 1ï6 ʥʘʣʝʞʘʪʴ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʄʉɽ. ɺʦʥʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʘʣʛʦʨʠʪʤʫ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ GEO. ɽʪʘʧʠ 7, 8 ʨʝʘʣʽʟʫʶʪʴ ʦʨʠʛʽʥʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ, 

ʦʧʠʩʘʥʠʡ ʫ [14]. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʚʦʜʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ ʚ ʪʝʢʩʪʦʚʦʤʫ ʨʝʜʘʢʪʦʨʽ Word. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʅʘ ʦʩʥʦʚʽ ʦʧʠʩʘʥʦʛʦ ʫ [14] ʘʣʛʦʨʠʪʤʫ ʩʪʚʦʨʝʥʦ ʥʝʣʽʥʽʡʥʠʡ ʙʣʦʢ Non-Linear ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

GEO. ɹʣʦʢ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʟ ʥʦʚʠʤ 

ʥʝʣʽʥʽʡʥʠʤ ʙʣʦʢʦʤ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʣʦʩʢʦʾ ʦʙʣʘʩʪʽ, ʟʘʧʦʚʥʝʥʦʾ ʜʠʩʢʨʝʪʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʂɯʃ ʉʀʅʍʈʆʅɯɿɸʎɯɰ ʎʀʌʈʆɺʀʍ ʉʀʉʊɽʄ ɿɺôʗɿʂʋ 
 
ˏ ̨̑̏̂̏̓ ̎́̃̆̅̆̎̏ ̝̑̆̈̔̌̓́̓̉ ̨̝̅̏̒̌̅̇̆̎ ̨̖̑̈̎̉ ̖́̑́̋̓̆̑̉̒̓̉̋ ̗̩̉̑̏̃̏̕ ̒̉̒̓̆̍̉ ˡˍ˜ˤ ɉ̘́̒ 

̠̠̅̏̒̄̎̆̎̎ ̠̂̌̏̋̔̃́̎̎Ƞ ̃̒̓́̎̏̃̌̆̎́ ̐̏̍̉̌̋́Ƞ ̨̖̐̆̑̆̅̎́ ̨̐̏̃̆̅̎̋́Ɋ ̠̅̌ ̨̖̑̈̎̉ ̨̃̉̅̃ ̨̖̩̃̅̎̏ ̨̩̅. ˑ̏ ̨̒̌̅̇̆̎ ̏
̨̨̗̤̋̏̆̎̓̕ ̨̖̂̓̏̃̉ ̐̏̍̉̌̏̋ ̩̋̏̄̆̑̆̎̓̎̏ ̗̩̉̑̏̃̏̕ ̒̉̒̓̆̍̉ ̈̃ȭ̠̈̋̔Ȣ ˏ̘̉̈̎́̆̎̏ ̨̖̐̆̑̆̅̎̉̊ ̗̐̑̏̆̒ ̒̉̒̓̆̍̉ ˡˍ˜ˤ 
̨̐̅ ̘́̒ ̨̗̩́̅́̐̓́. ˚̨̠̝́̃̎̒̓ ̝̩̎̔̌̏̃̏ ̩́̈̏̃̏̕ ̐̏̍̉̌̋̉ ̘̤̝̠̃̉̈̎́́̓̒ ̋̏̎̓̔̑̎̉̍ ̨̝̌̓̑̏̍̕ ˡˍ˜ˤ. ˥̉̑̉̎́ ̒̍̔̄̉ 
̋̏̎̓̔̑̔ ̓́ ̘̐̏́̓̋̏̃̆ ̨̖̠̃̅̉̌̆̎̎ ̨̍̇ ̨̖̟̃̅̎̏ ̓́ ̟̏̐̏̑̎̏ ̘́̒̓̏̓́̍̉ ̟̝̃̐̌̉̃́̓ ̎́ ̘́̒ ̨̗̩́̅́̐̓́ ˡˍ˜ˤ. 
˗̨̨̗̤̏̆̎̓̕ ̠̈́̄́̒́̎̎ ˡˍ˜ˤ ̤̃̐̌̉̃́ ̎́ ̨̐̏̃̆̅̎̋̔ ̨̗̩́̅́̐̓́ȡ ̨̙̝̃̉̅̋̒̓ ̨ ̘̃̆̌̉̉̎̔ ̨̃̉̋̉̅̃Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ́̈̏̃̆̕ ̨̙̠́̃̓̏̐̅̌́̓̔̃́̎̎ ̘́̒̓̏̓̉, ́̈̏̃̉̊̕ ̅̆̓̆̋̓̏̑, ̄̆̎̆̑́̓̏̑ ̈ ̘̉̒̌̏̃̉̍ 
̠̋̆̑̔̃́̎̎ ,̍ ̋ ̏̎̓̔̑̎̉̊ ̨̝̌̓̑̕, ̋ ̨̨̗̤̏̆̎̓̕ ̠̈́̄́̒́̎̎. 
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RESEARCH OF SYNCHRONIZATION CIRCUITS FOR D IGI TAL COMMUNICATION SYSTEMS  
 

In a digital communication system, the transmitter and receiver have several generators for modulation and demodulation; 
increasing and decreasing the sampling frequency; synchronization of symbols and bit streams. The causes of phase and carrier frequency 
errors are the instability of the frequency of the local generators of the transmitter and receiver; presence of Doppler frequency shift; signal 
propagation delay from the transmitter to the receiver. Synchronization circuits of modern digital communication systems are built on the 
basis of phase-locked loop (PLL). The purpose of the work is: research of various characteristics of the digital PLL (locking time; established 
error; transient behavior) for various types of input action; study of the bit error rate of a coherent digital communication system. The PLL 
consists of the following components: a phase detector that generates a signal that varies in proportion to the phase difference between the 
input signal and a locally generated sinusoid; controlled generator that generates an output signal whose phase and frequency depends on 
the input signal; loop filter, which removes unwanted high-frequency components in the output signal of the phase detector and forms a 
signal that controls the NCO. During adaptation, the PLL has some transient process that depends, in particular, on three factors: the 
presence of a zero-phase error is determined by the PLL contour filter; the determined bandwidth of the circuit and the initial deviation 
between the input and reference frequencies affect the PLL adaptation time; the attenuation coefficient of the PLL affects the adaptation 

behavior: the speed and magnitude of emissions. The study of the output signal of the linear PLL model for damping factor 0,3x= , 1x=  

and 3x= , and we will use an input signal of the step function type, linear voltage changes and hyperbola. type 1, type 2, and type 3 PLLs 

can adapt to a zero-error step input. If the input signal is a linearly varying voltage, PLL types 2 and 3 can adapt with zero phase error, while 
type 1 adapts with a residual phase error. For hyperbola input, only type 3 PLL can fully adapt: type 2 adapts with residual error, while type 

1 cannot adapt. The damping factor should be in the range of 0,3 1x¢ ¢. When changing the input signal frequency from 3.55 MHz to 

3.72 MHz, the capture time of the type 2 PLL changes froÍ ÁÂÏÕÔ υωτ ʈÓ ÔÏ ÁÂÏÕÔ ϊττ ʈÓȟ ÔÈÁÔ ÉÓȟ ×ÈÅÎ ÔÈÅ frequency increases by 170 kHz, 
the capture time increases almost four times. The error that has occurred is affected by the choice of the contour filter and the features of the 
synchronization. 

Keywords: phase-locked loop, phase detector, numerically controlled oscillator, loop filter, damping ratio. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʋ ʮʠʬʨʦʚʽʡ ʩʠʩʪʝʤʽ ʟʚ'ʷʟʢʫ ʧʝʨʝʜʘʚʘʯ ʽ ʧʨʠʡʤʘʯ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʜʝʢʽʣʴʢʘ ʛʝʥʝʨʘʪʦʨʽʚ: 

- ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʽ ʜʝʤʦʜʫʣʷʮʽʾ; 

- ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽ ʧʦʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ; 

- ʜʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʩʠʤʚʦʣʽʚ ʽ ʙʽʪʦʚʠʭ ʧʦʪʦʢʽʚ; 

- ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʣʽʢʽʚ ʩʠʛʥʘʣʫ. 

ʇʨʠʡʤʘʯ ʚʠʜʽʣʷʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʟ ʦʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʟʨʦʙʣʝʥʘ ʥʘ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʷʭ: 

1. ɺʽʜʥʦʚʣʝʥʥʷ ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ. 

2. ɺʽʜʥʦʚʣʝʥʥʷ ʯʘʩʫ ʥʘʜʭʦʜʞʝʥʥʷ ʩʠʤʚʦʣʫ. 

3. ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʬʨʝʡʤʽʚ. 

ʇʨʠʯʠʥʠ ʧʦʤʠʣʦʢ ʬʘʟʠ ʪʘ ʯʘʩʪʦʪʠ ʥʝʩʫʯʦʾ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

- ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʪʦʪʠ ʣʦʢʘʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ; 
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- ʥʘʷʚʥʽʩʪʴ ɼʦʧʧʣʝʨʽʚʩʴʢʦʛʦ ʟʩʫʚʫ ʯʘʩʪʦʪʠ; 

- ʟʘʪʨʠʤʢʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜ ʧʝʨʝʜʘʚʘʯʘ ʜʦ ʧʨʠʡʤʘʯʘ. 

ʋ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʽʜʭʦʜʽ ʣʦʢʘʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ ʧʨʠʡʤʘʯʘ ʘʜʘʧʪʠʚʥʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ ʽ ʬʘʟʦʶ 

ʦʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʦʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʬʘʟʠ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʚʠʷʚʣʝʥʥʷ. 

ɺʜ̔ʥʦʚʣʝʥʥʷ ʥʝʩʫʯʦʾ ʯʘʩʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʜʚʦʭ ʯʘʩʪʠʥʘʭ: 

1. ɻʨʫʙʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. 

2. ʆʩʪʘʪʦʯʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʬʘʟʠ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɺ ʨʦʙʦʪʘʭ [1-5] ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʧʨʦ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ. ʂʦʣʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ  

ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʙʫʜʫʶʪʴ ʥʘ ʦʩʥʦʚʽ ʬʘʟʦʚʦʛʦ ʘʚʪʦʧʽʜʣʘʰʪʫʚʘʥʥʷ ʯʘʩʪʦʪʠ (ʌɸʇʏ) [6-9]. 

ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʶʚʘʪʠ ʚʭʽʜʥʫ ʩʠʥʫʩʦʾʜʫ, ʚʽʜʩʪʝʞʫʚʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʾʾ ʯʘʩʪʦʪʠ ʪʘ ʧʨʠʛʥʽʯʫʚʘʪʠ ʰʫʤ. ʂʦʣʘ 

ʌɸʇʏ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʷʢ ʚ ʘʥʘʣʦʛʦʚʦʤʫ, ʪʘʢ ʽ ʚ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ [2]. ʅʘʷʚʥʽʩʪʴ ʧʦʤʠʣʢʠ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʠʭ ʝʬʝʢʪʽʚ: 

- ʚʠʥʠʢʘʻ ʬʘʟʦʚʘ ʧʦʤʠʣʢʘ ʥʝʩʫʯʦʾ ű, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʦʨʦʪʫ ʩʫʟʽʨ'ʷ 
j

k kA e Aj= . 

- ʚʠʥʠʢʘʻ ʧʦʤʠʣʢʘ ʥʝʩʫʯʦʾ ȹɤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʙʝʨʪʘʥʥʷ ʩʫʟʽʨ'ʷ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʯʘʩʽ 
jkT

k kA e AwD= . 

ʗʢʱʦ ʮʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʮʽʥʝʥʽ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ, ʨʦʟʛʣʷʥʫʪʽ ʝʬʝʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʤʧʝʥʩʦʚʘʥʽ ʢʦʤʧʣʝʢʩʥʠʤ ʤʥʦʞʥʠʢʦʤ ʧʨʠ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʫ ʚ ʦʩʥʦʚʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ ʜʦ ʦʧʝʨʘʮ̔ ʡ ʚʠʷʚʣʝʥʥʷ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

ʇʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʟʚôʷʟʢʫ ʥʝʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ 

ʙʝʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʝʨʝʜʘʚʘʯʘ ʽ ʧʨʠʡʤʘʯʘ [10, 11], ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣ ʬʘʟʦʚʦʛʦ 

ʘʚʪʦʧʽʜʣʘʰʪʫʚʘʥʥʷ ʯʘʩʪʦʪʠ (ʌɸʇʏ). ɺʽʜ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʢʦʣʘ ʌɸʇʏ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʬʨʦʚʦʾ ʌɸʇʏ (ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʙʣʦʢʫʚʘʥʥʷ; 

ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʤʠʣʢʘ; ʧʝʨʝʭʽʜʥʘ ʧʦʚʝʜʽʥʢʘ) ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʚʭʽʜʥʦʾ ʜʽʾ; ʜʦʩʣʽʜʞʝʥʥ ̫ʢʦʝʬʽʮʽʻʥʪʫ ʙʽʪʦʚʠʭ 

ʧʦʤʠʣʦʢ ʢʦʛʝʨʝʥʪʥʦʾ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʌɸʇʏ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [10]: 

- ʬʘʟʦʚʠʡ ʜʝʪʝʢʪʦʨ, ʷʢʠʡ ʛʝʥʝʨʫʻ ʩʠʛʥʘʣ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʨʽʟʥʠʮʽ ʬʘʟ ʤʽʞ ʚʭʽʜʥʠʤ 

ʩʠʛʥʘʣʦʤ ʽ ʩʠʥʫʩʦʾʜʦʶ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʣʦʢʘʣʴʥʦ. 

- ʢʝʨʦʚʘʥʠʡ ʛʝʥʝʨʘʪʦʨ, ʷʢʠʡ ʛʝʥʝʨʫʻ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʬʘʟʘ ʽ ʯʘʩʪʦʪʘ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ. ɺʠʜʽʣʷʶʪʴ ʛʝʥʝʨʘʪʦʨ ʢʝʨʦʚʘʥʠʡ ʥʘʧʨʫʛʦʶ (ɻʂʅ) ʘʥʘʣʦʛʦʚʠʭ ʌɸʇʏ, ʘʙʦ ʛʝʥʝʨʘʪʦʨ ʢʝʨʦʚʘʥʠʡ 

ʢʦʜʦʤ (ɻʂʂ) ʮʠʬʨʦʚʠʭ ʌɸʇʏ. 

- ʢʦʥʪʫʨʥʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ ʚʠʜʘʣʷʻ ʥʝʙʘʞʘʥʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ ʫ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ 

ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʽ ʬʦʨʤʫʻ ʩʠʛʥʘʣ, ʷʢʠʡ ʢʝʨʫʻ ɻʂʅ ʘʙʦ ɻʂʂ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʌɸʇʏ 

 

ɺʭʽʜʥʠʡ ʦʧʦʨʥʠʡ ʩʠʛʥʘʣ ʌɸʇʏ: ( )( ) cos 2 ( )i ex t f t tp= +Q  

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʌɸʇʏ: ( )0 0( ) cos 2 ( )c t f t tp= +Q  

ʉʠʛʥʘʣ ʣʦʢʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ: ( )0 0( ) sin 2 ( )s t f t tp=- +Q  

ʉʠʛʥʘʣ ʧʦʤʠʣʢʠ: ( )0( ) ( ) ( )e p it K t tQ = Q +Q  

 

ʈʦʣʴ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʦʣʷʛʘʻ ʚ ʛʝʥʝʨʘʮʽʾ ʩʠʛʥʘʣʫ, ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʨʽʟʥʠʮʽ ʬʘʟ ʤʽʞ ʦʧʦʨʥʠʤ 

ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʽ ʣʦʢʘʣʴʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ. ʌʘʟʦʚʠʡ ʜʝʪʝʢʪʦʨ ʯʘʩʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʷʢ ʧʦʤʥʦʞʫʚʘʯ ʩʠʛʥʘʣʽʚ. 

ɺʠʭʽʜ ʧʦʤʥʦʞʫʚʘʯʘ ʜʣʷ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚʠʨʘʟʦʤ: 

( ) ( )( )0 0( ) ( ) ( ) cos 2 ( ) sin 2 ( )i iy t x t s t f t t f t tp p= Ö = +Q Ö - +Q 

ʂʦʣʠ ʯʘʩʪʦʪʠ 
if  ʽ 

0f  ʨʽʚʥʽ, ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

( ) ( )0 0

1 1
( ) sin ( ) ( ) sin 4 ( ) ( ) ( )

2 2
i i iy t t t f t t tp= Q -Q - +Q +Q. 

ʅʘ ʚʠʭʦʜʽ ʧʦʤʥʦʞʫʚʘʯʘ ʤʘʻʤʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʫ ʩʢʣʘʜʦʚʫ, ʧʨʦʧʦʨʮʽʡʥʫ ʨʽʟʥʠʮʽ ʬʘʟ ʽ ʙʽʣʴʰ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ (ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ), ʷʢʽ ʚʠʜʘʣʷʶʪʴʩʷ ʬʽʣʴʪʨʘʮʽʻʶ. ʅʘ ʚʠʭʦʜʽ ʢʦʥʪʫʨʥʦʛʦ ʬʽʣʴʪʨʘ 

ʤʘʻʤʦ ʩʠʛʥʘʣ, ʱʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʬʘʟʦʚʽʡ ʧʦʤʠʣʮʽ ʟʛʽʜʥʦ ʚʠʨʘʟʫ: 
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( )0( ) ( ) ( )e p it K t tQ = Q -Q  

ʜʝ  ( )i tQ  ʽ 
0( )tQ  - ʬʘʟʠ ʚʭʽʜʥʦʛʦ ʦʧʦʨʥʦʛʦ ʽ ʩʠʛʥʘʣʫ ʛʝʪʝʨʦʜʠʥʫ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t  ʚʽʜʧʦʚʽʜʥʦ; 

pK  - 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ. 

ʂʦʥʪʫʨʥʠʡ ʬʽʣʴʪʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʫ ʧʦʤʠʣʢʠ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʬʘʟʦʚʠʤ 

ʜʝʪʝʢʪʦʨʦʤ. ʎʝ ʬʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʦʧʦʨʮʽʡʥʦʾ ʣʘʥʢʠ ʽ ʦʜʥʦʾ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʣʘʥʦʢ 

ʽʥʪʝʛʨʫʚʘʥʥʷ [12]. ʂʦʥʩʪʨʫʢʮʽʷ ʧʝʪʣʝʚʦʛʦ ʬʽʣʴʪʨʘ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʘ ʧʦʚʝʜʽʥʢʠ ʌɸʇʏ. 

ɻʂʅ ʘʙʦ ɻʂʂ ʻ ʛʝʥʝʨʘʪʦʨʦʤ ʟ ʯʘʩʪʦʪʦʶ ʩʧʦʢʦʶ 
0f  ʽ ʢʝʨʫʶʯʠʤ ʚʭʦʜʦʤ [13]. ɻʂʂ ʩʪʚʦʨʶʻ ʚʠʭʽʜʥʠʡ 

ʩʠʛʥʘʣ ʽʟ ʟʘʜʘʥʦʶ ʯʘʩʪʦʪʦʶ ʩʧʦʢʦʶ, ʷʢʘ ʨʝʛʫʣʶʻʪʴʩʷ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ. ɺʠʭʽʜ ʜʣʷ ʚʠʙʽʨʢʠ m ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʦʤ: 

( )0
Ĕ[ ] cos 2 [ ]c m f mT mp= +Q , 

ʜʝ  T  - ʧʝʨʽʦʜ ʚʠʙʽʨʢʠ, ʘ Ĕ[ ]mQ  - ʨʦʟʨʘʭʫʥʢʦʚʘ ʬʘʟʘ ʫ ʚʠʙʽʨʮʽ m, ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ 

ʢʝʨʫʶʯʦʛʦ ʚʭʦʜʫ ɻʂʂ, ʧʦ ʚʩʽʭ ʚʠʙʽʨʢʘʭ, ʪʦʙʪʦ: 

0

0

Ĕ[ ] [ ]
M

m

m K v m
=

Q = ä . 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ 
0K  ʜʣʷ ʤʦʜʝʣʽ ɻʂʅ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʯʘʩʫ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʨʘʜʽʘʥʘʭ ʥʘ 

ʚʦʣʴʪ. 

ʇʦʚʝʜʽʥʢʘ ɻʂʂ ʯʘʩʪʦ ʦʧʠʩʫʻʪʴʩʷ ʟ ʧʦʛʣʷʜʫ ʨʦʟʤʽʨʫ ʢʨʦʢʫ m. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʨʦʟʤʽʨ ʢʨʦʢʫ 

ʬʽʢʩʦʚʘʥʠʡ, ʬʘʟʘ ɻʂʂ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʟʘʜʘʥʠʡ ʨʦʟʤʽʨ ʢʨʦʢʫ ʜʣʷ ʢʦʞʥʦʾ ʚʠʙʽʨʢʠ, ʪʦʙʪʦ: 
Ĕ Ĕ[ ] [ 1] [ ]m m mmQ =Q - +  

ɻʂʂ ʧʨʦʭʦʜʠʪʴ ʧʦʚʥʠʡ ʧʝʨʽʦʜ (2 ʨʘʜʽʘʥʠ) ʧʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʬʽʢʩʦʚʘʥʦʛʦ ʯʠʩʣʘ ʚʠʙʽʨʦʢ. ʈʦʟʤʽʨ 

ʢʨʦʢʫ ʫʧʨʘʚʣʷʻ ʰʚʠʜʢʽʩʪʶ ʟʙʽʣʴʰʝʥʥʷ ʬʘʟʠ, ʪʦʙʪʦ ʯʘʩʪʦʪʦʶ ʭʚʠʣʽ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʙʽʣʴʰʠʡ 

ʨʦʟʤʽʨ ʢʨʦʢʫ ʜʘʻ ʙʽʣʴʰ ʚʠʩʦʢʫ ʯʘʩʪʦʪʫ. ʈʦʟʤʽʨ ʢʨʦʢʫ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʠʛʥʘʣʫ ʥʘ ʧʝʚʥʽʡ ʯʘʩʪʦʪʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʦʤ: 

2 d

s

f

f

p
m= . 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 100sf =  ɻʮ ʪʘ 10df =  ɻʮ, ʪʦ / 5m p= . 

ʈʦʟʤʽʨ ʢʨʦʢʫ ʬʦʨʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ: ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ ʩʧʦʢʦʶ; ʟʤʽʥʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ. ʎʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

[ ] [ ]q am mm m m= +   

ʈʝʛʫʣʶʚʘʣʴʥʠʡ ʯʣʝʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʛʥʘʣʦʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʪʦʙʪʦ [ ]mm  ʤʘʩʰʪʘʙʫʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ 
0K . 

 

ʄʦʜʝʣʴ ʌɸʇʏ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʟʘʛʘʣʴʥʫ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʽʾ ʮʠʬʨʦʚʠʭ ʢʦʥʪʫʨʥʠʭ ʬʽʣʴʪʨʽʚ ʌɸʇʏ ʪʠʧʫ 1, ʪʠʧʫ 2 

ʪʘ ʪʠʧʫ 3. ʊʠʧ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʚʩʪʘʥʦʚʠʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʤʥʦʞʫʚʘʯʘ ʫ ʤʦʜʝʣʽ. 

 

 
  

ʘ) ʙ) ʚ) 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʠ ʮʠʬʨʦʚʠʭ ʢʦʥʪʫʨʥʠʭ ʬʽʣʴʪʨʽʚ ʌɸʇʏ (ʘ ï ʪʠʧ 1, ʙ ï ʪʠʧ2, ʚ ï ʪʠʧ 3) 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʥʪʫʨʥʦʛʦ ʬʽʣʴʪʨʘ 2-ʛʦ ʪʠʧʫ ʩʠʩʪʝʤʘ ʌɸʇʏ (ʨʠʩ. 3) ʧʦʚʠʥʥʘ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʪʫʧʽʥʯʘʩʪʫ ʘʙʦ ʣʽʥʽʡʥʫ ʟʤʽʥʫ ʬʘʟʠ ʟ ʥʫʣʴʦʚʦʶ ʬʘʟʦʚʦʶ ʧʦʤʠʣʢʦʶ ʧʽʩʣʷ ʘʜʘʧʪʘʮʽʾ. 

ʌɸʇʏ ʤʘʻ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʝʞʠʤ, ʢʦʣʠ ʩʠʛʥʘʣ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʌɸʇʏ, ʜʦʩʷʛʘʻ ʪʽʻʾ ʞ ʯʘʩʪʦʪʠ, ʱʦ ʽ 

ʚʭʽʜʥʠʡ ʦʧʦʨʥʠʡ ʩʠʛʥʘʣ. ʄʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʣʶʯʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʌɸʇʏ: 

- ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʙʣʦʢʫʚʘʥʥʷ; 

- ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʤʠʣʢʘ; 

- ʧʝʨʝʭʽʜʥʘ ʧʦʚʝʜʽʥʢʘ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʪʝʞʝʥʥʷ; 

- ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ. 

ʎʽ ʚʘʨʽʘʥʪʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʦʯʽʢʫʚʘʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʽʜʭʠʣʝʥʴ ʤʽʞ ʯʘʩʪʦʪʦʶ ʛʝʥʝʨʘʪʦʨʘ ʽ ʦʧʦʨʥʠʤ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ. 

ʏʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʌɸʇʏ ʜʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʟ ʦʧʦʨʥʠʤ ʩʠʛʥʘʣʦʤ, ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ, ʦʩʦʙʣʠʚʦ ʫ 
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ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʢʫ [11, 14, 15]. ʏʠʤ ʙʽʣʴʰʝ ʯʘʩʫ ʧʦʪʨʽʙʥʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʣʦʢʫʚʘʥʥʷ, ʪʠʤ ʙʽʣʴʰʘ ʜʦʚʞʠʥʘ 

ʧʨʝʘʤʙʫʣʠ [12]. 

 

 
ʈʠʩ. 3. Simulink ʤʦʜʝʣʴ ʢʦʣʘ ʌɸʇʏ ʟ ʢʦʥʪʫʨʥʠʤ ʬʽʣʴʪʨʦʤ ʪʠʧʫ 2 

 

ʅʘ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʧʣʠʚʘʻ ʢʦʥʩʪʨʫʢʮʽʷ ʌɸʇʏ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʮʷ ʫ ʯʘʩʪʦʪʽ ʤʽʞ ʚʭʽʜʥʠʤ 

ʦʧʦʨʥʠʤ ʩʠʛʥʘʣʦʤ ʪʘ ʯʘʩʪʦʪʦʶ ʩʧʦʢʦʶ ɻʂʂ. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʦ ʜʚʘ ʧʨʠʢʣʘʜʠ ʧʦʚʝʜʽʥʢʠ ʌɸʇʏ ʪʠʧʫ 2 

(ʨʠʩ.3) ʫ ʤʽʨʫ ʘʜʘʧʪʘʮʽʾ. ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʧʦʤʠʣʢʠ ʥʘ ʚʠʭʦʜʽ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚʽʜ 

ʯʘʩʫ ʜʣʷ ʌɸʇʏ ʪʠʧʫ 2. ʏʘʩʪʦʪʘ ʩʧʦʢʦʶ f=3,5 ʄɻʮ. ʏʫʪʣʠʚʽʩʪʴ ʌɸʇʏ 1 ʄɻʮ/ɺ. 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʥʘ ʚʠʭʦʜʽ ɻʂʅ ʚʽʜ ʯʘʩʫ ʜʣʷ ʌɸʇʏ ʪʠʧʫ 2 

(ʘ ï ʚʭʽʜʥʘ ʯʘʩʪʦʪʘ f=3,55 ʄɻʮ; ʙ ï ʚʭʽʜʥʘ ʯʘʩʪʦʪʘ f=3,72 ʄɻʮ ) 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 5. ɿʘʣʝʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʧʦʤʠʣʢʠ ʥʘ ʚʠʭʦʜʽ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʚʽʜ ʯʘʩʫ ʜʣʷ ʌɸʇʏ ʪʠʧʫ 2 

(ʘ ï ʚʭʽʜʥʘ ʯʘʩʪʦʪʘ f=3,55 ʄɻʮ; ʙ ï ʚʭʽʜʥʘ ʯʘʩʪʦʪʘ f=3,72 ʄɻʮ ) 

 

ʇʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ 3,55 ʄɻʮ ʜʦ 3,72 ʄɻʮ, ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʟʘʭʦʧʣʝʥʥʷ ʌɸʇʏ 

ʪʠʧʫ 2 ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʙʣʠʟʴʢʦ 150 ʤʢʩ ʜʦ ʙʣʠʟʴʢʦ 600 ʤʢʩ, ʪʦʙʪʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʥʘ 170 ʢɻʮ, ʯʘʩ 

ʜʦʩʷʛʥʝʥʥʷ ʟʘʭʦʧʣʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʘʡʞʝ ʫ ʯʦʪʠʨʠ ʨʘʟʠ. ɺʩʪʘʥʦʚʣʝʥʘ ʧʦʤʠʣʢʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʌɸʇʏ ʪʠʧʫ 

3 ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʢʣʘʜʥʽʰʠʭ ʩʮʝʥʘʨʽʷʭ, ʥʘʧʨʠʢʣʘʜ, ʫ ʧʨʠʡʤʘʯʘʭ GPS, ʜʝ ʧʦʰʠʨʝʥʽ ʚʝʣʠʢʽ 

ɼʦʧʧʣʝʨʽʚʩʴʢʽ ʟʤʽʱʝʥʥʷ ʯʘʩʪʦʪʠ. 

ʌɸʇʏ ʧʽʜ ʯʘʩ ʘʜʘʧʪʘʮʽʾ ʤʘʻ ʜʝʷʢʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʟʘʣʝʞʠʪʴ, ʟʦʢʨʝʤʘ, ʚʽʜ ʪʨʴʦʭ ʬʘʢʪʦʨʽʚ 

[15]: 

- ʥʘʷʚʥʽʩʪʴ ʥʫʣʴʦʚʦʾ ʬʘʟʦʚʦʾ ʧʦʤʠʣʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʪʫʨʥʠʤ ʬʽʣʴʪʨʦʤ ʌɸʇʏ; 

- ʚʠʟʥʘʯʝʥʘ ʰʠʨʠʥʘ ʩʤʫʛʠ ʢʦʥʪʫʨʫ ʪʘ ʧʦʯʘʪʢʦʚʝ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʚʭʽʜʥʦʶ ʪʘ ʦʧʦʨʥʦʶ ʯʘʩʪʦʪʘʤʠ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʘʩ ʘʜʘʧʪʘʮʽʾ ʌɸʇʏ; 

- ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ ʌɸʇʏ ʚʧʣʠʚʘʻ ʥʘ ʧʦʚʝʜʽʥʢʫ ʘʜʘʧʪʘʮʽʾ: ʰʚʠʜʢʽʩʪʴ ʽ ʚʝʣʠʯʠʥʫ ʚʠʢʠʜʽʚ. 
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ʂʦʝʬ̔ʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ x ʚʠʟʥʘʯʘʻ ʧʝʨʝʭʽʜʥʫ ʧʦʚʝʜʽʥʢʫ ʌɸʇʏ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʬʘʟʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

ɿʥʘʯʝʥʥʷ 1x<  ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʠʩʪʝʤʽ ʟ ʥʝʜʦʩʪʘʪʥʽʤ ʟʘʛʘʩʘʥʥʷʤ (ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʧʦʢʘʟʫʻ ʚʠʢʠʜʠ ʽ 

ʢʦʣʠʚʘʥʥʷ ʥʘʚʢʦʣʦ ʟʥʘʯʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʩʪʘʥʫ ʧʝʨʝʜ ʩʪʘʙʽʣʽʟʘʮʽʻʶ). ɿʥʘʯʝʥʥʷ 1x>  ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʘʥʘʜʪʦ ʟʘʛʘʩʘʶʯʽʡ ʩʠʩʪʝʤʘ, ʱʦ ʧʦʩʪʫʧʦʚʦ ʩʭʦʜʠʪʴʩʷ ʜʦ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ. ʗʢʱʦ 1x=, ʪʦ ʛʦʚʦʨʷʪʴ, ʱʦ 

ʩʠʩʪʝʤʘ ʤʘʻ ʢʨʠʪʠʯʥʝ ʟʘʛʘʩʘʥʥʷ, ʪʦʙʪʦ ʤʘʻ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʙʝʟ ʚʠʢʠʜʽʚ [1]. ʄʝʥʰʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʛʘʩʘʥʥʷ ʢʨʘʱʝ ʚʽʜʩʪʝʞʫʶʪʴ ʟʤʽʥʠ ʬʘʟʠ ʽ ʯʘʩʪʦʪʠ. ʂʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ ʤʘʻ ʧʝʨʝʙʫʚʘʪʠ ʫ 

ʜʽʘʧʘʟʦʥʽ  0,3 1x¢ ¢. 

ʉʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʟʘʜʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ, ʚ ʷʢʦʤʫ ʧʨʘʮʶʻ ʌɸʇʏ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ 

ʰʫʤʫ. 

ʌɸʇʏ ʟ ʰʠʨʰʦʶ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ ʤʦʞʝ ʩʧʨʘʚʣʷʪʠʩʷ ʟ ʙʽʣʴʰʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʤʽʞ ʯʘʩʪʦʪʦʶ 

ʩʧʦʢʦʶ ɻʂʂ ʪʘ ʚʭʽʜʥʠʤ ʦʧʦʨʥʠʤ ʩʠʛʥʘʣʦʤ. ʊʦʙʪʦ, ʌɸʇʏ ʤʦʞʝ ʫʩʧʽʰʥʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʫ ʰʠʨʰʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʰʠʨʦʢʘ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʰʫʤʫ ʧʨʦʥʠʢʘʪʠ ʚ ʩʠʩʪʝʤʫ 

ʌɸʇʏ, ʥʽʞ ʚʫʟʴʢʦʩʤʫʛʦʚʘ ʌɸʇʏ - ʮʝ ʧʦʛʽʨʰʫʻ ʯʠʩʪʦʪʫ ʩʠʥʪʝʟʦʚʘʥʦʾ ʩʠʥʫʩʦʾʜʠ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʌɸʇʏ 

ʇʨʦʚʝʜʝʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʌɸʇʏ, Simulink ʤʦʜʝʣʴ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6. 

ʈʦʟʛʣʷʥʝʤʦ ʌɸʇʏ ʪʠʧʫ 2. ɼʣʷ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪ 
3k  ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʥʷʪʠ ʨʽʚʥʠʤ ʥʫʣʶ. 

 

 
ʈʠʩ. 6. Simulink ʤʦʜʝʣʴ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʌɸʇʏ 

 

ʇʨʦʚʝʜʝʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʌɸʇʏ ʪʠʧʫ 2 (ʨʠʩ. 7 ï ʨʠʩ.9) ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʛʘʩʘʥʥʷ 

0,3x= , 1x=  ʽ 3x= . ɺʠʢʦʨʠʩʪʘʻʤʦ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʪʠʧʫ ʩʭʦʜʠʥʢʦʚʘ ʬʫʥʢʮʽʷ, ʣʽʥʽʡʥʦ ʟʤʽʥʘ ʥʘʧʨʫʛʠ ʪʘ 

ʛʽʧʝʨʙʦʣʘ. 
 

 
ʘ) 

 

 
ʙ) 

ʈʠʩ. 7. ʈʝʘʢʮʽʷ ʌɸʇʏ ʪʠʧʫ 2 (ʙ) ʥʘ ʚʭʽʜʥʫ ʜʽʶ ʫ ʚʠʛʣʷʜʽ ʩʭʦʜʠʥʢʦʚʦʾ ʬʫʥʢʮʽʾ (ʘ) 

ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ 
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ʘ) 

 
ʙ) 

ʈʠʩ. 8. ʈʝʘʢʮʽʷ ʌɸʇʏ ʪʠʧʫ 2 (ʙ) ʥʘ ʚʭʽʜʥʫ ʜʽʶ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ (ʘ) 

ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 9. ʈʝʘʢʮʽʷ ʌɸʇʏ ʪʠʧʫ 2 (ʙ) ʥʘ ʚʭʽʜʥʫ ʜʽʶ ʫ ʚʠʛʣʷʜʽ ʛʽʧʝʨʙʦʣʠ (ʘ) 

ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ 

 

ʇʨʦʚʝʜʝʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʌɸʇʏ ʪʠʧʫ 3 (ʨʠʩ. 10 ï ʨʠʩ. 12) ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʘʛʘʩʘʥʥʷ 0,3x= , 1x=  ʽ 3x= . ɺʩʪʘʥʦʚʠʤʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ 
5

3 2 10k -= Ö , 1x= . 

ʌɸʇʏ ʪʠʧʫ 1, ʪʠʧʫ 2 ʽ ʪʠʧʫ 3 ʤʦʞʫʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʚʭʦʜʫ ʟ ʥʫʣʴʦʚʦʶ ʧʦʤʠʣʢʦʶ. 

ʗʢʱʦ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʻ ʣʽʥʽʡʥʦ ʟʤʽʥʥʦʶ ʥʘʧʨʫʛʦʶ, ʌɸʇʏ ʪʠʧʫ 2 ʽ 3 ʤʦʞʫʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ ʟ ʥʫʣʴʦʚʦʶ 

ʬʘʟʦʚʦʶ ʧʦʤʠʣʢʦʶ, ʘ ʪʠʧ 1 ʘʜʘʧʪʫʻʪʴʩʷ, ʟ ʟʘʣʠʰʢʦʚʦʶ ʬʘʟʦʚʦʶ ʧʦʤʠʣʢʦʶ. ɼʣʷ ʚʭʦʜʫ ʛʽʧʝʨʙʦʣʠ ʪʽʣʴʢʠ 

ʌɸʇʏ ʪʠʧʫ 3 ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʘʜʘʧʪʫʚʘʪʠʩʷ: ʪʠʧ 2 ʘʜʘʧʪʫʻʪʴʩʷ ʟ ʟʘʣʠʰʢʦʚʦʶ ʧʦʤʠʣʢʦʶ, ʪʦʜʽ ʷʢ ʪʠʧ 1 ʥʝ 

ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ. 

ʌɸʇʏ ʪʠʧʫ 1: ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʨʽʟʥʠʮʽ ʬʘʟ; ʥʝʤʦʞʣʠʚʦ ʘʜʘʧʪʫʚʘʪʠ 

ʜʠʥʘʤʽʯʥʠʡ ʟʩʫʚ ʯʘʩʪʦʪʠ. 

ʌɸʇʏ ʪʠʧʫ 2: ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʷʢ ʜʦ ʮʽʣʴʦʚʦʾ ʯʘʩʪʦʪʠ, ʪʘʢ ʽ ʜʦ ʮʽʣʴʦʚʦʾ ʬʘʟʠ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʧʦʯʘʪʢʦʚʦʾ ʨʽʟʥʠʮʽ ʯʘʩʪʦʪ ʪʘ ʧʦʯʘʪʢʦʚʦʾ ʨʽʟʥʠʮʽ ʬʘʟ; ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʮʽʣʴʦʚʦʾ ʯʘʩʪʦʪʠ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʜʠʥʘʤʽʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ʯʘʩʪʦʪʠ ʟ ʟʘʣʠʰʢʦʚʦʶ ʬʘʟʦʚʦʶ ʧʦʤʠʣʢʦʶ. 

ʌɸʇʏ ʪʠʧʫ 3: ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʨʽʟʥʠʮʽ ʬʘʟ, ʧʦʯʘʪʢʦʚʦʾ ʨʽʟʥʠʮʽ ʯʘʩʪʦʪ ʪʘ 

ʜʠʥʘʤʽʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ʯʘʩʪʦʪʠ, ʫ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʟ ʥʫʣʴʦʚʦʶ ʟʘʣʠʰʢʦʚʦʶ ʬʘʟʦʚʦʶ ʧʦʤʠʣʢʦʶ. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 10. ʈʝʘʢʮʽʷ ʌɸʇʏ ʪʠʧʫ 3 (ʙ) ʥʘ ʚʭʽʜʥʫ ʜʽʶ ʫ ʚʠʛʣʷʜʽ ʩʭʦʜʠʥʢʦʚʦʾ ʬʫʥʢʮʽʾ (ʘ) 

ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ 
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ʘ)  

ʙ) 

ʈʠʩ. 11. ʈʝʘʢʮʽʷ ʌɸʇʏ ʪʠʧʫ 3 (ʙ) ʥʘ ʚʭʽʜʥʫ ʜʽʶ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ (ʘ) 

ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 12. ʈʝʘʢʮʽʷ ʌɸʇʏ ʪʠʧʫ 3 (ʙ) ʥʘ ʚʭʽʜʥʫ ʜʽʶ ʫ ʚʠʛʣʷʜʽ ʛʽʧʝʨʙʦʣʠ (ʘ) 

ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ 

ɿʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʣʘ ʌɸʇʏ ʪʠʧʫ 2, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʅʝ ʙʘʞʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ 1x<  ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦʚʠʥʥʘ ʤʘʪʠ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʱʦʥʘʡʤʝʥʰʝ ʚ 5 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʦʯʽʢʫʚʘʥʫ 

ʯʘʩʪʦʪʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʘʟʦʚʠʡ ʜʝʪʝʢʪʦʨ ʥʘ ʦʩʥʦʚʽ ʧʦʤʥʦʞʫʚʘʯʘ. 

ɺ ʢʦʥʩʪʨʫʢʮʽʾ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʧʦʤʥʦʞʫʚʘʯʘ, ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʘʤʧʣʽʪʫʜʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʮʴʦʛʦ, ʥʘ ʚʭʦʜʽ ʌɸʇʏ ʚʤʠʢʘʶʪʴ ʧʨʠʩʪʨʽʡ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʽʜʩʠʣʝʥʥʷ (ɸʈʇ), ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʘʤʧʣʽʪʫʜʫ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʌɸʇʏ ʧʦʩʪʽʡʥʦʶ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʙʽʪʦʚʠʭ ʧʦʤʠʣʦʢ ʫ ʢʦʛʝʨʝʥʪʥʽʡ ʮʠʬʨʦʚʽʡ ʩʠʩʪʝʤʽ ʟʚôʷʟʢʫ 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʫ ʩʠʩʪʝʤʽ ʟʚôʷʟʢʫ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʫ Matlab. 

ʂʦʤʧʝʥʩʘʮʽʷ ʟʥʘʯʥʠʭ ʬʘʟʦʚʠʭ ʪʘ ʯʘʩʪʦʪʥʠʭ ʟʩʫʚʽʚ ʜʣʷ ʩʠʛʥʘʣʫ ʟ ʢʚʘʜʨʘʪʫʨʥʦʶ ʘʤʧʣʽʪʫʜʥʦʶ ʤʦʜʫʣʷʮʽʻʶ ʫ 

ʢʘʥʘʣʽ AWGN ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʉʧʦʯʘʪʢʫ ʢʦʨʠʛʫʻʪʴʩʷ ʛʨʫʙʠʡ ʟʩʫʚ ʯʘʩʪʦʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʮʽʥʢʫ, 

ʥʘʜʘʥʫ ʛʨʫʙʠʤ ʯʘʩʪʦʪʥʠʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ, ʘ ʧʦʪʽʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʯʥʘ ʢʦʨʝʢʮʽʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʥʝʩʫʯʦʾ. ʏʝʨʝʟ ʛʨʫʙʝ ʯʘʩʪʦʪʥʝ ʢʦʨʠʛʫʚʘʥʥʷ ʩʠʥʭʨʦʥʽʟʘʪʦʨ ʥʝʩʫʯʦʾ ʰʚʠʜʢʦ ʩʭʦʜʠʪʴʩʷ, ʥʘʚʽʪʴ 

ʷʢʱʦ ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ. ʅʠʞʯʽ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ 

ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʨʘɦʝ ʢʦʨʠʛʫʚʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʟʘʣʠʰʢʦʚʠʭ ʟʩʫʚʽʚ ʥʝʩʫʯʦʾ. ʇʽʩʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʨʠʛʫʚʘʥʥʷ ʟʤʽʱʝʥʥʷ ʬʘʟʠ ʪʘ ʯʘʩʪʦʪʠ ʜʦ ʦʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ 

ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʬʘʟʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʝʘʤʙʫʣʠ. 
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ʈʠʩ. 13. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʙʽʪʦʚʠʭ ʧʦʤʠʣʦʢ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʜʣʷ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ 

 

ɿ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʚʚʝʜʝʥʽ ʯʘʩʪʦʪʥʽ ʽ ʬʘʟʦʚʽ 

ʟʩʫʚʠ, ʢʦʣʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ ʌɸʇʏ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʜʘʪʥʠʡ ʨʽʚʝʥʴ ʙʽʪʦʚʠʭ 

ʧʦʤʠʣʦʢ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʇʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ 3,55 ʄɻʮ ʜʦ 3,72 ʄɻʮ, ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʟʘʭʦʧʣʝʥʥʷ ʌɸʇʏ 

ʪʠʧʫ 2 ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʙʣʠʟʴʢʦ 150 ʤʢʩ ʜʦ ʙʣʠʟʴʢʦ 600 ʤʢʩ, ʪʦʙʪʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʥʘ 170 ʢɻʮ, ʯʘʩ 

ʜʦʩʷʛʥʝʥʥʷ ʟʘʭʦʧʣʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʘʡʞʝ ʫ ʯʦʪʠʨʠ ʨʘʟʠ. ʌɸʇʏ ʪʠʧʫ 3: ʤʦʞʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʧʦʯʘʪʢʦʚʦʾ ʨʽʟʥʠʮʽ ʬʘʟ, ʧʦʯʘʪʢʦʚʦʾ ʨʽʟʥʠʮʽ ʯʘʩʪʦʪ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ʯʘʩʪʦʪʠ, ʫ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʟ 

ʥʫʣʴʦʚʦʶ ʟʘʣʠʰʢʦʚʦʶ ʬʘʟʦʚʦʶ ʧʦʤʠʣʢʦʶ ʜʣʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ 1x<. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʚʝʜʝʥʽ 

ʯʘʩʪʦʪʥʽ ʽ ʬʘʟʦʚʽ ʟʩʫʚʠ, ʢʦʣʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ ʌɸʇʏ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʨʠʜʘʪʥʠʡ ʨʽʚʝʥʴ ʙʽʪʦʚʠʭ ʧʦʤʠʣʦʢ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ɹɸɻɸʊʆʌɸʂʊʆʈʅʆɻʆ ɼʀʉʇɽʈʉɯʁʅʆɻʆ ɸʅɸʃɯɿʋ ɿ 

ʄɽʊʆʖ ʗʂɯʉʅʆɻʆ ʆʎɯʅʖɺɸʅʅʗ ɺʇʃʀɺʋ ʌɸʂʊʆʈɯɺ ʅɸ ʏʋʊʃʀɺɯʉʊʔ 

ɭʄʅɯʉʅʆɻʆ ʉɽʅʉʆʈɸ ɺʆʃʆɻʆʉʊɯ 
 
˔ ̟̍̆̓̏ ̨̠̋̒̎̏̄̏ ̨̗̟̠̏̎̃́̎̎ ̃̐̌̉̃̔ ̎́ ̨̘̝̔̓̌̉̃̒̓ ̨̤̍̎̒̎̏̄̏ ̒̆̎̒̏̑́ ̨̃̏̌̏̄̏̒̓ ̖̓́̋̉ ̨́̋̓̏̑̃̕ ̠̋ 

̓̏̃̉̎́̚ ̘̃̏̌̏̄̏̔̓̌̉̃̏̄̏ ̙́̑̔ȟ ̨̗̗̠̋̏̎̆̎̓̑́ ̘̑̏̈̉̎̔ ̨̒̏̌ .Á#Ìȟ ̠̋ ̟̘́̅̒̏̑̂̔̏̄̏ ̨̍́̓̆̑́̌̔ ̓́ ̩̖ ̨̒̔̍̒̎̏̄̏ 
̃̐̌̉̃̔ȟ ̈́̒̓̏̒̏̃́̎̏ ̂́̄́̓̏́̋̓̏̑̎̉̊̕ ̨̅̉̒̐̆̑̒̊̎̉̊ ̨́̎́̌̈Ȣ ˝̏̈̑̏̂̌̆̎̏ ̂́̄́̓̏́̋̓̏̑̎̉̊̕ ̐̌́̎ ̔ ̃̉̐́̅̋̔ ̖̅̃̏ 
̨̠̖̋̒̎̉ ̨́̋̓̏̑̃̕Ȣ ˝̝̆̈̔̌̓́̓̉ ̨̝̅̏̒̌̅̇̆̎ ̏̓̑̉̍́̎̏ ̎́ ̨̏̒̎̏̃ ̨̠̠̐̏̑̃̎̎̎ ̩́̋̓̏̑̎̏̕ ̨̩̅̉̒̐̆̑̒ȟ ̠̋́ ̏̂̔̍̏̃̌̆̎́ 
̃̐̌̉̃̏̍ ́̋̓̏̑́̕ ̓́ ̙̩̈́̌̉̋̏̃̏ ̨̩̅̉̒̐̆̑̒ȟ ̏̚ ̏̂̔̍̏̃̌̆̎́ ̃̐̌̉̃̏̍ ̃̉́̐ ̖̅̋̏̃̉ ̘̐̑̉̉̎Ȣ ˜̨̠̠̏̑̃̎̎̎ ̩́̋̓̏̑̎̏̕ ̓́ 
̙̩̈́̌̉̋̏̃̏ ̨̩̅̉̒̐̆̑̒ ̝̐̑̏̃̏̅̉̌̏̒ ̈́ ̘̟̃̆̌̉̉̎̏ ̨̟̋̑̉̓̆̑ ˡ̨̙̆̑́Ȣ ˏ̟̘̉̋̏̑̉̒̓̏̃̔̉ ̂́̄́̓̏́̋̓̏̑̎̉̊̕ 
̨̅̉̒̐̆̑̒̊̎̉̊ ̨́̎́̌̈ ̃̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̎́ ̨̃̅̄̔̋ ̨̍̏̅̆̌ȟ ́ ̒́̍̆ ̨̘̝̔̓̌̉̃̒̓ ̨̤̍̎̒̎̏̄̏ ̒̆̎̒̏̑́ ̨̃̏̌̏̄̏̒̓ ̃́̄̏̍̉̊ 
̃̐̌̉̃ ̤̍́ ́̋̕ ̓̏ ̑ Ͼ ̨̗̗̠̋̏̎̆̎̓̑́ ̘̑̏̈̉̎̔ ̨̒̏̌ .Á#ÌȢ ˏ ̗̝̏̍̔ ̃̉̐́̅̋̔ ̘̠̈̎́̆̎̎ ̨̟̋̑̉̓̆̑ ˡ̨̙̆̑́ȟ ̠̋̆ 
̨̤̝̠̒̐̏̒̓̆̑̄́̓̒ ̃ ̨̆̋̒̐̆̑̉̍̆̎̓ ̘̈̎́̎̏ ̤̐̆̑̆̃̉̔̚ ̘̋̑̉̓̉̎̆ ̘̠̈̎́̆̎̎ ̨̟̋̑̉̓̆̑ ˡ̨̙̆̑́ȟ ́ ̒́̍̆ 22,77>4,75 

( ʢʨF F> ). ˏ̐̌̉̃ ̖̓́̋̉ ̨́̋̓̏̑̃̕ ̠̋ ̓̏̃̉̎́̚ ̘̃̏̌̏̄̏̔̓̉̌ ̃̏̄̏ ̙́̑̔ ̓́ ̨̒̔̍̒̎̉̊ ̃̐̌̉̃ ̓̏̃̉̎̉̚ 

̘̃̏̌̏̄̏̔̓̌̉̃̏̄̏ ̙́̑̔ ̓́ ̨̗̗̩̋̏̎̆̎̓̑́ ̘̑̏̈̉̎̔ ̨̒̏̌ ̤ ̤̎̆̒̔̓̓̃̉̍ȟ ̓̏̂̓̏ ̨̗̠̑̈̎̉ ̃ ̘̠̖̈̎́̆̎̎ ̨̃̅̄̔̋̔ ̨̍̏̅̆̌ 
̐̏̃ȭ̠̈́̎́ ̈ ̃̉̐́̅̋̏̃̉̍ ̩̩ ̖́̑́̋̓̆̑̏̍ ̨ ̎̆ ̐̏̃ȭ̠̈́̎́ ̨̈ ̨̟̈̍̎̏ ̘̠̈̎́̆̎̎ ́̋̓̏̑́̕Ȣ ˏ̟̘̉̋̏̑̉̒̓̏̃̔̉ ̨̅̉̒̐̆̑̒̊̎̉̊ 
́̎ ̨́̌̈ ̃̐̌̉̃̔ ́̋̓̏̑́̕ ̅̏̃̆̅̆̎̏ȟ ̏̚ ̎̆̈́̌̆̇̎̏ ̨̃̅ ̋̏̎̒̓̑̔̋̓̉̃̎̏̄̏ ̠̃̉̋̏̎́̎̎ ̨̤̖̍̎̒̎̉ ̨̒̆̎̒̏̑̃ ̨̃̏̌̏̄̏̒̓ȟ 
̨̗̗̠̋̏̎̆̎̓̑́ ̘̑̏̈̉̎̔ ̨̒̏̌ȟ ̠̋̔ ̃̉̋̏̑̉̒̓́̎̏ ̠̅̌ ̠̒̓̃̏̑̆̎̎  ̘̃̏̌̏̄̏̔̓̌̉̃̏̄̏ ̙́̑̔ ̤̒̔̓̓̃̏ ̤̃̐̌̉̃́ ̎́ 
̨̘̝̔̓̌̉̃̒̓ ̨̤̍̎̒̎̏̄̏ ̒̆̎̒̏̑́ ̨̃̏̌̏̄̏̒̓. 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̂́̄́̏̓ ́̋̓̏̑̎̉̊̕ ̨̅̉̒̐̆̑̒̊̎̉̊ ̨́̎́̌̈ȟ ́̋̓̏̑̕ȟ ̨̃̅̄̔̋ ̨̍̏̅̆̌ȟ ̨̋̑̉̓̆̑̊ ˡ̨̙̆̑́ȟ 
̨̘̝̔̓̌̉̃̒̓ȟ ̨̤̍̎̒̎̉̊ ̒̆̎̒̏̑ ̨̃̏̌̏̄̏̒̓Ȣ 
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APPLICATION OF MULTIFACTOR DISPERSION ANALYSIS WITH THE PURPOSE OF QUALITATIVE 

ASSESSMENT OF THE INFLUENCE OF FACTORS ON THE SENSITIVITY   

 OF THE CAPACITIVE HUMIDITY SENSOR  
 

In order to qualitatively assess the influence of such factors as the thickness of the moisture-sensitive layer, the concentration of 
the NaCl salt solution as an adsorbing material and their combined effect on the sensitivity of the capacitive humidity sensor, a multivariate 
dispersion analysis was used. Capacitive humidity sensors served as experimental samples. Capacitive humidity sensors are made on a 
τȢϋЀτȢύ ÍÍ sitall substrate. A copper film is applied to the surface of the sitall substrate, which forms the covers of the capacitive humidity 
ÓÅÎÓÏÒÓ ÉÎ ÔÈÅ ÆÏÒÍ ÏÆ Á ÍÅÁÎÄÅÒ ×ÉÔÈ ÔÈÅ ÁÐÐÒÏÐÒÉÁÔÅ ÇÅÏÍÅÔÒÙ ÏÆ ϋȢόωɇυτ-φЀυωτɇυτ-ϊЀυȢφɇυτ-6 m. In such a design, the moisture-sensitive 
layer is hygroscopic salt, which serves as a dielectric. To create a moisture-sensitive film, solutions of hygroscopic salt NaCl with 
concentrations of 0.89 mol/l and 5.33 mol/l were used. They were applied to the surface of capacitive humidity sensors with a spray gun at a 
distance of 40-ωτ ÃÍ ×ÉÔÈ ÔÈÉÃËÎÅÓÓÅÓ ÏÆ ωȢτ ʈÍ ÁÎÄ υτȢτ ʈÍȢ ! ÍÕÌÔÉÆÁÃÔÏÒ ÐÌÁÎ ×ÁÓ ÄÅÖÅÌÏÐÅÄ ÉÎ ÔÈÅ ÃÁÓÅ ÏÆ Ô×Ï ÑÕÁÌÉÔÁÔÉÖÅ ÆÁÃÔÏÒÓȢ 4ÈÅ 
research results were obtained on the basis of the comparison of the factor variance, which is due to the influence of the factor, and the 
residual variance, which is due to the influence of random causes. Factorial and residual variance were compared using the value of Fisher's 
test. Using multivariate dispersion analysis, it was found that the concentration of the NaCl salt solution has a significant influence on the 
response of the model, namely the sensitivity of the capacitive humidity sensor. In this case, the value of Fisher's criterion observed in the 
experiment significantly exceeds the critical value of Fisher's criterion, namely 22.77>4.75 (F>Fck). The influence of such factors as the 
thickness of the moisture-sensitive layer and the combined effect of the thickness of the moisture-sensitive layer and the concentration of the 
salt solution is insignificant, i.e. the difference in the response values of the model is related to its random nature rather than to the change in 
the value of the factor. Using the dispersion analysis of the influence of the factor, it was proved that regardless of the design of the capacitive 
humidity sensors, the concentration of the salt solution used to create the moisture-sensitive layer significantly affects the sensitivity of the 
capacitive humidity sensor. 

Keywords: multivariate variance analysis, factor, model response, Fisher criterion, sensitivity, capacitive humidity sensor. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʗʢ ʚʽʜʦʤʦ, ʩʫʯʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʪʨʝʙʫʻ ʪʦʯʥʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʦʙʽʚ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, 

ʧʨʠʣʘʜʽʚ ʢʦʥʪʨʦʣʶ, ʩʠʩʪʝʤ ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʜʦʚʢʽʣʣʷ ʪʦʱʦ, ʧʝʨʝʜʫʩʽʤ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʯʫʪʣʠʚʠʤʠ ʦʨʛʘʥʘʤʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʘʧʘʨʘʪʫʨʠ. ɺʘʞʣʠʚʦʶ ʨʽʟʥʦʚʠʜʥʽʩʪʶ ʷʢʠʭ ʻ ʩʝʥʩʦʨʠ ʚʦʣʦʛʦʩʪʽ [1ī6]. ʂʨʽʤ ʪʦʛʦ, ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʦʶ 

ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ, ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʷʢ ʽʥʩʪʨʫʤʝʥʪʫ 

ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʩʧʨʠʷʻ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ, ʦʙʨʦʙʮʽ ʪʘ ʘʥʘʣʽʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ  ʷʚʠʱ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ. ʉʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʘʥʫ 

ʦʙ'ʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠ ʚʠʚʯʝʥʥʽ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘ ʜʠʥʘʤʽʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʚʠʱ ʽ 
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ʧʨʦʮʝʩʽʚ, ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʥ'ʶʥʢʪʫʨʠ ʨʠʥʢʫ, ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʪʘ ʧʨʠʡʥʷʪʪʽ ʨʽʟʥʦʛʦ ʢʦʣʘ ʨʽʰʝʥʴ. ɼʦ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʨʦʟʜʽʣʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʚʽʜʥʦʩʷʪʴ: ʩʪʘʪʠʩʪʠʯʥʽ ʨʷʜʠ ʨʦʟʧʦʜʽʣʫ, ʦʮʽʥʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʫ, ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʙʽʨʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʠʩʧʝʨʩʽʡʥʠʡ, ʨʝʛʨʝʩʽʡʥʠʡ, ʢʦʨʝʣʷʮʽʡʥʦ-

ʨʝʛʨʝʩʽʡʥʠʡ  ʘʥʘʣʽʟ ʪʦʱʦ [7ī14].  

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɺ ʪʝʦʨʽʾ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʜʽʣʷʶʪʴ ʪʘʢʪʠʯʥʝ ʪʘ ʩʪʨʘʪʝʛʽʯʥʝ ʧʣʘʥʫʚʘʥʥʷ. ʊʘʢʪʠʯʥʝ 

ʧʣʘʥʫʚʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʦʜʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ,  ʘ ʩʪʨʘʪʝʛʽʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ī ʩʝʨʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʉʪʨʘʪʝʛʽʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʬʘʢʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʪʘʢ  ʽ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ.  ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʪʘ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʻ ʩʫʢʫʧʥʽʩʪʶ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ. ʆʜʥʘʢ, ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʟʘʙʝʟʧʝʯʫʻ  ʢʽʣʴʢʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʘ.  ʊʘʢʠʡ ʪʠʧ ʘʥʘʣʽʟʫ 

ʜʦʧʦʤʘʛʘʻ  ʚʠʟʥʘʯʠʪʠ,  ʷʢʠʡ ʟ ʬʘʢʪʦʨʽʚ ʩʧʨʠʯʠʥʷʻ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ, ʘ ʷʢʠʡ ʥʘʡʤʝʥʰʠʡ ʚʧʣʠʚ.  ɯ ʚʟʘʛʘʣʽ ʷʢ 

ʧʦʪʨʽʙʥʦ ʟʤʽʥʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦʙ ʜʦʩʷʛʪʠ ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ ʥʘ 

ʟʘʜʘʥʫ ʚʝʣʠʯʠʥʫ. ʊʦʙʪʦ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢ 

ʧʨʠʩʪʨʦʾʚ, ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʧʨʦʤʠʩʣʦʚʦʾ ʽʥʜʫʩʪʨʽʾ [7ī10, 14]. 

ɼʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʩʧʦʯʘʪʢʫ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʘʛʨʦʥʦʤʽʯʥʠʭ ʜʦʩʣʽʜʽʚ 

[11].  ʅʠʥʽ ʚʽʥ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ [12ī14]. ʋ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ANOVA (ʚʽʜ ʘʥʛʣʦʤʦʚʥʦʾ ʥʘʟʚʠ analysis of variance). ɺʧʝʨʰʝ ʮʝʡ 

ʤʝʪʦʜ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʈ. ʌʽʰʝʨʦʤ ʚ 1925 ʨ. ɼʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʷʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 
ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ. 

ʄʝʪʦʶ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʘ ʥʘ ʨʽʚʥʽ çʚʧʣʠʚʘʻè ʘʙʦ çʥʝ ʚʧʣʠʚʘʻè. 

ʆʩʥʦʚʥʝ ʟʘʧʠʪʘʥʥʷ, ʥʘ ʷʢʝ ʜʘʻ ʚʽʜʧʦʚʽʜʴ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʬʘʢʪʦʨʘ, ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢ: ʨʽʟʥʠʮʷ ʫ 

ʟʥʘʯʝʥʥʷʭ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʬʘʢʪʦʨʘ ʦʙʫʤʦʚʣʝʥʘ ʚʠʧʘʜʢʦʚʽʩʪʶ ʯʠ 

ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʜʽʻʶ ʬʘʢʪʦʨʘ? ʈʦʟʨʽʟʥʷʶʪʴ ʦʜʥʦʬʘʢʪʦʨʥʠʡ ʪʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ. 

ʆʜʥʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ  ʥʘ ʚʽʜʛʫʢ ʤʦʜʝʣʽ  

(ʨʝʟʫʣʴʪʘʪ) ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʠʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʬʘʢʪʦʨʘ ʽ ʙʝʟ ʥʴʦʛʦ (ʢʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ) ʪʘ ʥʘʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ.  

ʂʨʽʤ ʪʦʛʦ, ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʜʝʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ. ʈʝʟʫʣʴʪʘʪ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ, ʜʦʩʣʽʜʠʚʰʠ ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ ʦʢʨʝʤʦ. ɸʣʝ ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ 

ʰʚʠʜʢʦ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʮʴʦʛʦ ʧʨʦʚʦʜʷʪʴ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʘ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʤʠ ʧʣʘʥʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ [12, 14]. 

ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʚʠʧʘʜʢʫ ʷʢʽʩʥʠʭ ʬʘʢʪʦʨʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ.  

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʯʫʪʣʠʚʽʩʪʴ 

ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ:  

- ʪʦʚʱʠʥʠ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ; 

- ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʩʦʣʽ, ʷʢ ʘʜʩʦʨʙʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

- ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʪʦʚʱʠʥʠ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʩʦʣʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʫ ʨʦʙʦʪʽ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ:  

1) ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ  ʫ ʚʠʧʘʜʢʫ ʷʢʽʩʥʠʭ ʬʘʢʪʦʨʽʚ;  

2) ʨʦʟʨʦʙʠʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʚʠʧʘʜʢʫ ʷʢʽʩʥʠʭ ʬʘʢʪʦʨʽʚ;  

3) ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʬʘʢʪʦʨʘ ʧʨʦʚʝʩʪʠ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʪʘʢʠʭ 
ʬʘʢʪʦʨʽʚ: ʪʦʚʱʠʥʠ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ; ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʩʦʣʽ, ʷʢ ʘʜʩʦʨʙʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ; ʩʫʤʩ̔ʥʦʛʦ 

ʚʧʣʠʚʫ ʪʦʚʱʠʥʠ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʩʦʣʽ ʥʘ ʯʫʪʣʠʚʽʩʪʴ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ 

ʚʦʣʦʛʦʩʪʽ;  

4) ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʟ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʨʘʟʢʘʤʠ ʩʣʫʛʫʚʘʣʠ ʻʤʥʽʩʥʽ ʩʝʥʩʦʨʠ ʚʦʣʦʛʦʩʪʽ (ʤ. ɺʥ̔ʥʠʮʷ, ʋʢʨʘʾʥʘ, ɺʅʊʋ). 

ɼʦʩʣʽʜʞʫʚʘʣʘʩʴ ʟʘʣʝʞʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ ʻʤʥʽʩʥʠʭ ʩʝʥʩʦʨʽʚ ʚʦʣʦʛʦʩʪʽ ʚʽʜ ʚʧʣʠʚʫ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ: ʪʦʚʱʠʥʠ 

ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʩʦʣʽ (ʛʽʛʨʦʩʢʦʧʽʯʥʘ ʩʽʣʴ NaCl) ʪʘ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʪʦʚʱʠʥʠ 

ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʩʦʣʽ.  

ɭʤʥʽʩʥʽ ʩʝʥʩʦʨʠ ʚʦʣʦʛʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ʩʠʪʘʣʦʚʽʡ ʧʽʜʢʣʘʜʮʽ ʨʦʟʤʽʨʦʤ 0,7Ĭ0,9 ʤʤ.  ʅʘ ʧʦʚʝʨʭʥʽ 

ʩʠʪʘʣʦʚʦʾ ʧʽʜʢʣʘʜʢʠ ʥʘʥʝʩʝʥʘ ʧʣʽʚʢʘ ʤʽʜʽ, ʷʢʘ ʫʪʚʦʨʶʻ ʦʙʢʣʘʜʢʠ ʻʤʥʽʩʥʠʭ ʩʝʥʩʦʨʽʚ ʚʦʣʦʛʦʩʪʽ ʫ ʚʠʛʣʷʜʽ 

ʤʝʘʥʜʨʫ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ 7,85Ŀ10-2Ĭ150Ŀ10-6Ĭ1,2Ŀ10-6 ʤ [4]. ɺ ʪʘʢʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʚʦʣʦʛʦʯʫʪʣʠʚʠʤ 

ʰʘʨʦʤ ʻ ʛʽʛʨʦʩʢʦʧʽʯʥʘ ʩʽʣʴ, ʷʢʘ ʩʣʫʛʫʻ ʜʽʝʣʝʢʪʨʠʢʦʤ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʚʦʣʦʛʦʯʫʪʣʠʚʦʾ ʧʣʽʚʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʦʟʯʠʥʠ ʛʽʛʨʦʩʢʦʧʽʯʥʦʾ ʩʦʣʽ NaCl ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 0,89 ʤʦʣʴ/ʣ ʪʘ 5,33 ʤʦʣʴ/ʣ, ʷʢʽ 

ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʶ ʻʤʥʽʩʥʠʭ ʩʝʥʩʦʨʽʚ ʚʦʣʦʛʦʩʪʽ ʧʫʣʴʚʝʨʠʟʘʪʦʨʦʤ ʥʘ ʚʽʜʩʪʘʥʽ 40 ï 50 ʩʤ ʪʦʚʱʠʥʘʤʠ 5,0 

ʤʢʤ ʪʘ 10,0 ʤʢʤ. 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʘʻʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: ʬʘʢʪʦʨ A  ī ʪʦʚʱʠʥʘ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ d , 

ʤʢʤ; 1A  ī ʥʠʞʥʽʡ ʨʽʚʝʥʴ ʬʘʢʪʦʨʘ A ; 2A  ī ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ʬʘʢʪʦʨʘ A; ʬʘʢʪʦʨB  ī ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʩʦʣʽ 

NaCl, ʷʢʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʘʜʩʦʨʙʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ C, ʤʦʣʴ/ʣ; 1B  ī ʥʠʞʥʽʡ ʨʽʚʝʥʴ ʬʘʢʪʦʨʘ B ; 2B  ī 

ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ʬʘʢʪʦʨʘ B ; AB ī ʩʫʤʽʩʥʠʡ ʚʧʣʠʚ ʬʘʢʪʦʨʘ Aʪʘ ʬʘʢʪʦʨʘ B ; ʚʽʜʛʫʢ ʤʦʜʝʣʽ yī ʯʫʪʣʠʚʽʩʪʴ 

ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ CS , ʧʌ/% .   

ɼʣʷ ʜʚʦʭ ʬʘʢʪʦʨʽʚ ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʜʝ 22 , ʪʦʙʪʦ 4N= .  

ʇʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ A , B  ʪʘ AB ʥʘ ʯʫʪʣʠʚʽʩʪʴ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ 

ʚʦʣʦʛʦʩʪʽ ʟʘ ʪʘʢʠʤʠ ʜʘʥʠʤʠ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʪʘʙʣ. 1):  

 

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ  

 5,0d=  ʤʢʤ 10,0d=  ʤʢʤ 

0,89C=  ʤʦʣʴ/ʣ 5,2; 4,8; 6,7; 7,8 6,1; 5,0; 7,5; 8,4 

5,33C=  ʤʦʣʴ/ʣ 10,1; 16,2; 25;3; 30,7 32,5; 28,1; 38,5; 49,0 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ ʤʘʻʤʦ ʜʚʘ ʨʽʚʥʷ, ʦʪʞʝ 2q= ʪʘ ʚʽʩʽʤ ʧʨʦʛʦʥʽʚ, ʪʦʙʪʦ 8p= . ʈʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʧʦʜʘʥʦ ʚ ʪʘʙʣʠʮʽ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʤʫ ʧʣʘʥʫ ʫ ʚʠʧʘʜʢʫ ʜʚʦʭ ʷʢʽʩʥʠʭ ʬʘʢʪʦʨʽʚ 

(ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʷ 2 

ʈʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʫ ʫ ʚʠʧʘʜʢʫ ʜʚʦʭ ʷʢʽʩʥʠʭ ʬʘʢʪʦʨʽʚ 

22  1A  2A  
ɼʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʜʠʩʧʝʨʩʽʷ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ 

ʚʽʣʴʥʦʩʪʽ 

1B  5,2; 4,8; 6,7; 7,8 6,1; 5,0; 7,5; 8,4 
ʬʘʢʪʦʨ A  

ʬʘʢʪʦʨ B  

ʬʘʢʪʦʨ AB 

ʟʘʣʠʰʢʦʚʘ 

1 

1 

1 

15-3=12 
2B  

10,1; 16,2; 25;3; 

30,7 

32,5; 28,1; 38,5; 

49,0 

 8p=  16ʧʨN =  ʟʘʛʘʣʴʥʘ 16-1=15 

 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʧʨʦʚʝʜʝʤʦ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ. ʆʩʥʦʚʥʘ ʽʜʝʷ 
ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʣʷʛʘʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʬʘʢʪʦʨʥʦʾ ʜʠʩʧʝʨʩʽʾ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʬʘʢʪʦʨʘ ʪʘ 

ʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʧʨʠʯʠʥ. ʗʢʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʮʠʤʠ ʜʠʩʧʝʨʩʽʷʤʠ 

ʟʥʘʯʥʘ, ʪʦ ʬʘʢʪʦʨ ʟʜʽʡʩʥʶʻ ʚʧʣʠʚ ʥʘ ʚʽʜʛʫʢ ʤʦʜʝʣʽ y .  

ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʥʦʾ ʜʠʩʧʝʨʩʽʾ ʬʘʢʪS , ʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʟʘʣʠʰS  ʟʘ 

ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ [14]: 
2

2

1

( )ʬʘʢʪ j
j

S p y y

=

= Ö -ä ,                                                                       (1) 

2 2
1 21 2

1 1

( ) ( )
p p

ʟʘʣʠʰ i i
i i

S y y y y

= =

= - + -ä ä ,                                                               (2) 

ʜʝ jy  ī ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ ʚ j -ʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ; 

1iy , 2iy  ī i -ʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ ʥʠʞʥʴʦʛʦ ʪʘ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʬʘʢʪʦʨʽʚ. 

ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ [14]: 

1

1
p

j ij
i

y y
p
=

= ä ,                   
2

1
j

j

y y

=

=ä .                                          (3) 

ʌʘʢʪʦʨʥʘ ʬʘʢʪd ʪʘ ʟʘʣʠʰʢʦʚʘ ʜʠʩʧʝʨʩʽʾ ʟʘʣʠʰd ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ [14]: 

ʬʘʢʪ ʬʘʢʪd S= ,                       
2 ( 1)

ʟʘʣʠʰ
ʟʘʣʠʰ

S
d

p
=
Ö -

.                                              (4) 

ʋ ʬʦʨʤʫʣʘʭ (4) ʚ ʟʥʘʤʝʥʥʠʢʫ ʚʠʨʘʟʫ ʩʪʦʾʪʴ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ. ʇʦʨʽʚʥʷʥʥʷ ʬʘʢʪʦʨʥʦʾ ʪʘ 

ʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʨʦʚʦʜʷʪʴ ʟʘ ʚʝʣʠʯʠʥʦʶ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ [14]: 

ʬʘʢʪ

ʟʘʣʠʰ

d
F

d
= .                                                                              (5) 

ʆʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ A ,  Bʪʘ AB ʟʘ ʜʠʩʧʝʨʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʟʘ ʚʠʨʘʟʘʤʠ 
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(1) ī (5). 

ɼʣʷ ʬʘʢʪʦʨʘ Aʤʘʻʤʦ ʪʘʢ̔  ʨʦʟʨʘʭʫʥʢʠ: 

1
13,35ɸy = ;        

2
21,888ɸy = ;           17,619Ay = ; 

 

291,58978ʬʘʢʪS = ;                        2762,68875ʟʘʣʠʰS = ; 

 

291,58978ʬʘʢʪ ʬʘʢʪd S= = ;            230,22406
12

ʟʘʣʠʰ
ʟʘʣʠʰ

S
d = = . 

ʇʦʪʨʽʙʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʟʥʘʤʝʥʥʠʢʫ ʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʩʪʦʾʪʴ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ 12, ʘ 

ʥʝ 14, ʷʢ ʚ ʦʜʥʦʬʘʢʪʦʨʥʦʤʫ ʜʠʩʧʝʨʩʽʡʥʦʤʫ ʘʥʘʣʽʟʽ. 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ, ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ: 

1,27F = . 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ (ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʟʥʘʤʝʥʥʠʢʘ 12): 

4,75ʢʨF = . 

ʆʩʢʽʣʴʢʠ ʢʨF F< (1,27<4,75), ʪʦ ʚʧʣʠʚ ʬʘʢʪʦʨʘ A  ʻ ʥʝʟʥʘʯʫʱʠʤ, ʪʦʙʪʦ ʨʽʟʥʠʮʷ ʚ ʟʥʘʯʝʥʥʷʭ ʚʽʜʛʫʢʫ 

ʤʦʜʝʣʽ ʧʦʚôʷʟʘʥʘ ʟ ʚʠʧʘʜʢʦʚʠʤ ʾʾ ʭʘʨʘʢʪʝʨʦʤ ʽ ʥʝ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ. 

ɼʣʷ ʬʘʢʪʦʨʘ Bʤʘʻʤʦ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: 

1
6,438By = ;        

2
28,8By = ;           17,619By = ; 

 

2000,23618ʬʘʢʪS = ;                        1053,91875ʟʘʣʠʰS = ; 

 

2000,23618ʬʘʢʪ ʬʘʢʪd S= = ;            87,82656ʟʘʣʠʰd = . 

ɼʣʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʘ ʫ ʚʠʧʘʜʢʫ ʜʚʦʭ ʷʢʽʩʥʠʭ ʬʘʢʪʦʨʽʚ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ 12. 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ, ʷʢʝ ʩʧʦʩʪʝʨ̔ ʛʘʻʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ: 

22,77F . 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ (ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʟʥʘʤʝʥʥʠʢʘ 12): 

4,75ʢʨF = . 

ʆʩʢʽʣʴʢʠ ʢʨF F>  (22,77>4,75), ʪʦ ʚʧʣʠʚ ʬʘʢʪʦʨʘ B  ʻ ʟʥʘʯʫʱʠʤ. Pʽʟʥʠʮʷ ʚ ʟʥʘʯʝʥʥʷʭ ʚʽʜʛʫʢʫ 

ʤʦʜʝʣʽ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʘ ʪʽʣʴʢʠ ʾʾ ʚʠʧʘʜʢʦʚʠʤ ʭʘʨʘʢʪʝʨʦʤ. 

ɼʣʷ ʬʘʢʪʦʨʘ ABʦʪʨʠʤʘʥʦ ʪʘʢʽ ʟʥʘʯʝʥʥʷ: 

1
21,575ɸBy = ;        

2
13,663ɸBy = ;           17,619ABy = ; 

 

250,39898ʬʘʢʪS = ;                        2803,81375ʟʘʣʠʰS = ; 

 

250,39898ʬʘʢʪ ʬʘʢʪd S= = ;            233,65115ʟʘʣʠʰd = . 

ɼʣʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʘ ʫ ʚʠʧʘʜʢʫ ʜʚʦʭ ʷʢʽʩʥʠʭ ʬʘʢʪʦʨʽʚ ʢʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ 12. 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ, ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ: 

1,07F = . 

ʂʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ (ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ʟʥʘʤʝʥʥʠʢʘ 12): 

4,75ʢʨF = . 

ʆʩʢʽʣʴʢʠ ʢʨF F<  (1,07<4,75), ʪʦ ʚʧʣʠʚ ʬʘʢʪʦʨʘ AB ʻ ʥʝʟʥʘʯʫʱʠʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʬʘʢʪʦʨʥʦʾ ʜʠʩʧʝʨʩʽʾ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ 

ʚʧʣʠʚʦʤ ʬʘʢʪʦʨʘ ʪʘ ʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʧʨʠʯʠʥ. ʇʦʨʽʚʥʷʥʥʷ 

ʬʘʢʪʦʨʥʦʾ ʪʘ ʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʚʝʣʠʯʠʥʦʶ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʚʽʜʛʫʢ ʤʦʜʝʣʽ, ʘ ʩʘʤʝ ʯʫʪʣʠʚʽʩʪʴ ʻʤʥʽʩʥʦʛʦ 

ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʚʘʛʦʤʠʡ ʚʧʣʠʚ ʤʘʻ ʬʘʢʪʦʨ Bī ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʩʦʣʽ NaCl. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 
ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ, ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ, ʘ ʩʘʤʝ 22,77>4,75 ( ʢʨF F> ).  ɺʧʣʠʚ ʬʘʢʪʦʨʽʚ A , AB, ʘ ʩʘʤʝ ʪʦʚʱʠʥʠ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ 

ʰʘʨʫ ʪʘ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʪʦʚʱʠʥʠ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʩʦʣʽ ʻ ʥʝʩʫʪʪʻʚʠʤ, ʪʦʙʪʦ 

ʨʽʟʥʠʮʷ ʚ ʟʥʘʯʝʥʥʷʭ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ ʧʦʚôʷʟʘʥʘ ʟ ʚʠʧʘʜʢʦʚʠʤ ʾʾ ʭʘʨʘʢʪʝʨʦʤ ʽ ʥʝ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʟʥʘʯʝʥʥʷ 

ʬʘʢʪʦʨʘ (ʢʨF F< ).  

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʩʧʨʠʷʶʪʴ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ, ʦʙʨʦʙʮʽ ʪʘ ʘʥʘʣʽʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʚʠʱ. ɼʦ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʨʦʟʜʽʣʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʚʽʜʥʦʩʷʪʴ: 
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ʩʪʘʪʠʩʪʠʯʥʽ ʨʷʜʠ ʨʦʟʧʦʜʽʣʫ, ʦʮʽʥʢʘ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʫ, ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʙʽʨʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʜʠʩʧʝʨʩʽʡʥʠʡ, ʨʝʛʨʝʩʽʡʥʠʡ, ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʠʡ  ʘʥʘʣʽʟ ʪʦʱʦ. ɼʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 
ʷʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʡʦʛʦ ʚ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʤʫ ʘʥʘʣʽʟʽ ʷʚʠʱ,  ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʽʟʥʦʛʦ ʨʦʜʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʫ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʨʦʙʦʪʽ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʨʝʘʣʴʥʫ ʢʘʨʪʠʥʫ, ʱʦ ʜʝʤʦʥʩʪʨʫ ̒ʚʧʣʠʚ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ 

ʟʤʽʥʘʤʠ ʨʽʟʥʠʭ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʬʘʢʪʦʨʽʚ. ʂʨʽʤ ʪʦʛʦ, ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʜʘʻ ʟʤʦʛʫ ʦʙôʻʢʪʠʚʥʦ ʧʦʷʩʥʠʪʠ 

ʩʢʣʘʜʥʫ ʚʟʘʻʤʦʜʽʶ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ. 

2. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʬʘʢʪʦʨʘ ʜʦʚʝʜʝʥʦ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʻʤʥʽʩʥʠʭ ʩʝʥʩʦʨʽʚ ʚʦʣʦʛʦʩʪʽ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʩʦʣʽ, ʷʢʫ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ  ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʯʫʪʣʠʚʽʩʪʴ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʥ̫ʥʷ ʬʘʢʪʦʨʥʦʾ ʜʠʩʧʝʨʩʽʾ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʬʘʢʪʦʨʘ ʪʘ 

ʟʘʣʠʰʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʧʨʠʯʠʥ. ʇʦʨʽʚʥʷʥʥʷ ʬʘʢʪʦʨʥʦʾ ʪʘ ʟʘʣʠʰʢʦʚʦʾ 

ʜʠʩʧʝʨʩʽʾ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʚʝʣʠʯʠʥʦʶ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ 

ʘʥʘʣʽʟ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʚʽʜʛʫʢ ʤʦʜʝʣʽ, ʘ ʩʘʤʝ ʯʫʪʣʠʚʽʩʪʴ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʚʘʛʦʤʠʡ ʚʧʣʠʚ ʤʘʻ 

ʬʘʢʪʦʨ Bī ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʩʦʣʽ NaCl. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ, ʷʢʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʌʽʰʝʨʘ, ʘ ʩʘʤʝ 22,77>4,75 

( ʢʨF F> ). ɺʧʣʠʚ ʬʘʢʪʦʨʽʚ A , AB, ʘ ʩʘʤʝ ʪʦʚ ʠɦʥʠ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʪʘ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʪʦʚʱʠʥʠ 

ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʩʦʣʽ ʻ ʥʝʩʫʪʪʻʚʠʤ, ʪʦʙʪʦ ʨʽʟʥʠʮʷ ʚ ʟʥʘʯʝʥʥʷʭ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ 

ʧʦʚôʷʟʘʥʘ ʟ ʚʠʧʘʜʢʦʚʠʤ ʾʾ ʭʘʨʘʢʪʝʨʦʤ ʽ ʥʝ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ (ʢʨF F< ). 

3. ɺ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʣʘʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ  ʫ ʚʠʧʘʜʢʫ 

ʪʨʴʦʭ ʷʢʽʩʥʠʭ ʬʘʢʪʦʨʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʟʨʘʟʢʦʤ ʩʣʫʛʫʚʘʪʠʤʝ ʻʤʥʽʩʥʠʡ ʩʝʥʩʦʨ ʚʦʣʦʛʦʩʪʽ ʟ ʜʚʦʰʘʨʦʚʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʥʠʞʥʽʤ ʰʘʨʦʤ ʻ ʛʽʛʨʦʩʢʦʧʽʯʥʘ ʩʽʣʴ, ʘ ʚʝʨʭʥʽʤ ï ʧʦʣʽʤʝʨ. 
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STUDY OF THE PROCESSES OF WASTEWATER TREATMENT  

FOR REUSE IN THE PULP AND PAPER INDUSTRY 
 

Nowadays, more than 80% of cardboard and paper products of Ukrainian mills are made from waste paper - secondary fibers 
that differ in their chemical and physical properties from primary cellulosic fibers. Characteristic feature of secondary fibers is the presence 
of a large number of small fibers, which negatively affects the quality of finished products, mass retention on the grid during the formation of 
paper or cardboard, which leads to pollution of wastewaters. Despite its environmental friendliness and economy, waste paper is also 
characterized by the presence of various pollutants, the formation of which is associated with the process of paper formation, storage of 
finished products, and their use. As a result of the preparation of the mass from secondary fibers, there is a transition of pollutants from the 
waste paper to the wastewater in the form of colloidally dispersed and soluble substances, which lead to the pollution of circulating water. 
Purification of water and its reuse in technological processes is an important task of paper industry mills. The results show that more than 
90% of the secondary fibers have a length that does not exceed 1 mm, while in the primary cellulose fiber from coniferous wood about 53% of 
the fibers have a length of more than 1 mm. The high content of short fibers in the paper mass affects the processes of paper formation, 
worsening them, and a decrease in the retention of the fiber on the grid of the paper or cardboard machine is observed, causing the pollution 
of wastewater. The results of the study of coagulation of industrial wastewater with the content of suspended solids 1520 and 3200 mg/dm3 
from the production of cardboard from recycling paper show that the best coagulants are A1(OH)C12 and A12(OH)5C1. The maximum 
efficiency of water purification of only 92.5% was achieved at the suspended solids content of 1520 mg/dm3, while for wastewater with a 
suspended solids concentration of 3200 mg/dm3 98.0% was obtained. To develop a scheme for deep purification of wastewaters, it is 
important to understand which components are removed from water more easily and which are more difficult during coagulation. For this 
purpose, studies on coagulation of model suspensions of starches, bentonite and kaolin using inorganic coagulants were conducted. It was 
established that coagulation of native corn starch suspension with inorganic coagulants is effective. However, in the case of using modified 
starches, the removal of cationic starches is reduced. The efficiency of water purification in the removal of bentonite by sedimentation-
filtration with the use of coagulants is quite high. The degree of purification reaches 80.8-98.1%. The filtering stage allows the degree of 
purification to be further increased. Research on the processes of purification of model kaolin suspensions shows that mechanical and 
physico-chemical methods are ineffective in removing this mineral filler. 

Keywords: primary fiber, secondary fiber, cardboard, strength indicators, wastewater, coagulants. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʚʦʣʦʢʥʠʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ, ʪʘʢʽ ʷʢ ʭʽʤʽʢʦ-ʪʝʨʤʦʤʝʭʘʥʽʯʥʘ ʤʘʩʘ, ʤʝʭʘʥʽʯʥʘ ʤʘʩʘ, ʥʘʧʽʚʮʝʣʶʣʦʟʘ, ʮʝʣʶʣʦʟʘ 

[1]. ʎʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʨʚʠʥʥʽ ʮʝʣʶʣʦʟʥʽ ʚʦʣʦʢʥʘ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʣʽʛʥʽʥʫ [2]. 

ʇʨʦʪʝ ʢʘʨʪʦʥʥʦ-ʧʘʧʝʨʦʚʘ ʧʨʦʜʫʢʮʽʷ ʚʽʪʯʠʟʥʷʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʙʽʣʴʰ ʷʢ ʥʘ 80% ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʤʘʢʫʣʘʪʫʨʠ  ï 

ʚʪʦʨʠʥʥʠʭ ʚʦʣʦʢʦʥ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʚʦʤʾʠ ʭʽʤʽʯʥʠʤʠ ʪʘ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʽʜ ʧʝʨʚʠʥʥʠʭ 

ʮʝʣʶʣʦʟʥʠʭ ʚʦʣʦʢʦʥ [3]. ʍʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʚʪʦʨʠʥʥʠʭ ʚʦʣʦʢʦʥ ʻ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʨʽʙʥʠʭ ʚʦʣʦʢʦʥ 

ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʪʨʠʤʘʥʥʷ ʤʘʩʠ ʥʘ ʩʽʪʮʽ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʧʘʧʝʨʫ ʯʠ ʢʘʨʪʦʥʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʩʽʪʢʦʚʠʭ ʚʦʜ [4]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʢʫʣʘʪʫʨʠ ʷʢ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ, 
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ʚʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʧʦʚôʷʟʘʥʝ ʟ ʧʨʦʮʝʩʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʧʘʧʝʨʫ, ʟʙʝʨʽʛʘʥʥʷʤ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʛʦʪʦʚʢʠ ʤʘʩʠ ʟ 

ʚʪʦʨʠʥʥʠʭ ʚʦʣʦʢʦʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʤʘʢʫʣʘʪʫʨʠ ʜʦ ʧʽʜʩʽʪʢʦʚʠʭ ʚʦʜ ʫ ʚʠʛʣʷʜʽ 

ʢʦʣʦʾʜʥʦ-ʜʠʩʧʝʨʩʥʠʭ ʪʘ ʨʦʟʯʠʥʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʦʙʦʨʦʪʥʠʭ ʚʦʜ [5]. ʆʯʠʱʝʥʥʷ 

ʚʦʜʠ ʪʘ ʾʾ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʧʽʜʧʨʠʻʤʩʪʚ ʧʘʧʝʨʦʚʦʾ 

ʛʘʣʫʟʽ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɺʘʞʣʠʚʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʩʪʠʤʫʣʶʶʪʴ ʨʦʟʨʦʙʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʦʜʦʦʯʠʩʥʠʭ ʪʘ 

ʚʦʜʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʩʚʽʞʦʾ ʚʦʜʠ, ʩʫʚʦʨʽ ʝʢʦʣʦʛʽʯʥʽ ʥʦʨʤʠ ʪʘ ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʩʢʠʜ ʩʪʽʯʥʠʭ ʚʦʜ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʭʝʤ ʚʦʜʦʦʯʠʩʪʢʠ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʩʚʽʞʦʾ ʚʦʜʠ 

ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʯʠʱʝʥʠʭ ʦʙʦʨʦʪʥʠʭ, ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʪʘʢʦʞ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʨʦʛʦʚʘʨʪʽʩʥʫ ʚʦʣʦʢʥʠʩʪʫ 

ʩʠʨʦʚʠʥʫ ʫ ʚʠʛʣʷʜʽ ʩʢʦʧʫ ʚ ʢʦʤʧʦʟʠʮʽʾ ʧʘʧʝʨʫ ʪʘ ʢʘʨʪʦʥʫ. ʎʝ ʟʥʘʯʥʦ ʩʧʨʠʷʻ ʝʢʦʣʦʛʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚ ʪʘ 

ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʡ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ [6-8]. 

ʇʽʜʩʽʪʢʦʚʽ ʚʦʜʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʟʥʝʚʦʜʥʝʥʽ ʧʘʧʝʨʦʚʦʛʦ ʯʠ ʢʘʨʪʦʥʥʦʛʦ ʧʦʣʦʪʥʘ ʥʘ ʩʽʪʮʽ 

ʧʘʧʝʨʦ- ʘʙʦ ʢʘʨʪʦʥʦʨʦʙʥʦʾ ʤʘʰʠʥʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʛʽʜʨʦʨʦʟʙʠʚʘʯʘʭ ʜʣʷ ʨʦʟʧʫʩʢʫ ʩʫʭʦʾ ʚʦʣʦʢʥʠʩʪʦʾ 

ʩʠʨʦʚʠʥʠ ʪʘ ʩʫʭʦʛʦ ʙʨʘʢʫ. ʊʝʨʤʽʥ çʦʩʚʽʪʣʝʥʘ ʚʦʜʘè ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʧʽʜʩʽʪʢʦʚʠʭ ʚʦʜ ʧʽʩʣʷ ʣʦʢʘʣʴʥʦʾ 

ʦʯʠʩʪʢʠ. ʆʩʚʽʪʣʝʥʘ ʚʦʜʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʙʘʚʣʝʥʥʷ ʧʘʧʝʨʦʚʦʾ ʤʘʩʠ ʧʝʨʝʜ ʦʯʠʱʝʥʥʷʤ ʪʘ 

ʩʦʨʪʫʚʘʥʥʷʤ. ɼʣʷ ʣʦʢʘʣʴʥʦʾ ʦʯʠʩʪʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʮʝʩʠ ʚʽʜʩʪʦʶʚʘʥʥʷ, ʬʽʣʪɹʨʘʮʽʾ, ʬʣʦʪʘʮʽʾ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʜʘʣʝʥʥʷ ʮʝʣʶʣʦʟʥʠʭ ʚʦʣʦʢʦʥ ʪʘ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʚʦʜʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʣʝʛʰʝʥʥʷ ʾʾ ʦʯʠʱʝʥʥʷ ʥʘ ʝʪʘʧʘʭ ʟʘʛʘʣʴʥʦʟʘʚʦʜʩʴʢʦʛʦ ʦʯʠʱʝʥʥʷ [9]. ʊʝʨʤʽʥ çʦʙʦʨʦʪʥʘ ʚʦʜʘè 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʧʽʜʩʽʪʢʦʚʠʭ ʪʘ ʧʨʦʷʩʥʝʥʠʭ ʚʦʜ. 

ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʧʽʜʩʽʪʢʦʚʠʭ ʚʦʜ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1 [10]. ɿʘʟʚʠʯʘʡ ʦʯʠʩʪʢʫ ʚʠʢʦʥʫʶʪʴ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʟ 

ʤʝʪʦʜʽʚ ʘʙʦ ʧʦʻʜʥʘʥʥʷʤ ʢʽʣʴʢʦʭ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟ ʚʦʜʠ ʨʦʟʯʠʥʝʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʢʦʣʦʾʜʥʦ-ʜʠʩʧʝʨʩʥʦʤʫ ʩʪʘʥʽ. 

ʊʘʙʣʠʮʷ 1 

ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʣʦʢʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʯʠʩʪʢʠ 

ʊʝʭʥʦʣʦʛʽʷ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ʍʽʤʽʯʥʘ 

ʢʦʘʛʫʣʷʮʽʷ 

ɽʬʝʢʪʠʚʥʘ ʫ ʚʠʜʘʣʝʥʥʽ ʟ ʚʦʜʠ ʪʚʝʨʜʠʭ 

ʨʝʯʦʚʠʥ ʽ ʜʝʷʢʠʭ ʙʘʨʚʥʠʢʽʚ/ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʭʽʤʽʯʥʠʭ 

ʨʝʯʦʚʠʥ, ʫʪʚʦʨʝʥʥʷ ʰʣʘʤʫ 

ʌʣʦʪʘʮʽʷ ɽʬʝʢʪʠʚʥʘ ʫ ʚʠʜʘʣʝʥʥʽ ʛʽʜʨʦʬʦʙʥʠʭ 

ʨʝʯʦʚʠʥ (ʬʘʨʙ) ʽ 

ʢʦʣʦʾʜʥʠʭ ʨʝʯʦʚʠʥ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʭʽʤʽʯʥʠʭ 

ʨʝʯʦʚʠʥ, ʫʪʚʦʨʝʥʥʷ ʰʣʘʤʫ 

ɹʽʦʣʦʛʽʯʥʘ 

ʦʙʨʦʙʢʘ 

ɽʬʝʢʪʠʚʥʘ ʫ ʚʠʜʘʣʝʥʥʽ ʨʝʯʦʚʠʥ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴ ʙʽʦʣʦʛʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ, 

ʜʝʷʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ 

ʄʘʣʦ ʝʬʝʢʪʠʚʥʘ ʜʣʷ  ʚʠʜʘʣʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʆʢʠʩʣʝʥʥʷ ʉʧʨʠʷʻ ʚʠʜʘʣʝʥʥʶ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʽ 

ʙʘʨʚʥʠʢʽʚ 

ʋʪʚʦʨʝʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʦʢʠʩʣʝʥʥʷ, ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʭʽʤʽʯʥʠʭ 

ʨʝʘʛʝʥʪʽʚ 

ɹʘʨʦʤʝʤʙʨʘʥʥʽ 

ʪʝʭʥʦʣʦʛʽʾ 

ʇʨʦʩʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʝʬʝʢʪʠʚʥʘ ʫ ʚʠʜʘʣʝʥʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ 

ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ 

ʅʝʦʙʭʽʜʥʘ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ 

ʚʦʜʠ, ʥʠʟʴʢʘ ʧʠʪʦʤʘ ʧʨʦʧʫʩʢʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʧʨʦʮʝʩʫ 

ʦʯʠʱʝʥʥʷ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

 

ʂʦʘʛʫʣʷʮʽʷ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ 

ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʟʘ ʫʤʦʚʠ ʧʨʘʚʠʣʴʥʦʾ ʚʠʪʨʘʪʠ ʨʝʘʛʝʥʪʽʚ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʠʜʘʣʷʪʠ ʟʤʫʣʝʥʽ ʨʝʯʦʚʠʥʠ, 

ʟʤʝʥʰʫʚʘʪʠ ʢʦʣʴʦʨʦʚʽʩʪʴ, ʭʽʤʽʯʥʝ ʪʘ ʙʽʦʣʦʛʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ [11, 12]. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ 

ʢʦʘʛʫʣʷʥʪʘʤʠ ʻ ʩʦʣʽ ʘʣʶʤʽʥʽʶ, ʟʘʣʽʟʘ ʪʘ ʧʦʣʽʝʣʝʢʪʨʦʣʽʪʠ [13]. ʂʦʘʛʫʣʷʥʪʠ ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ ʪʘʢʦʞ 

ʩʧʨʠʷʶʪʴ ʚʠʜʘʣʝʥʥʶ ʘʤʽʥʦʢʠʩʣʦʪ, ʙʽʣʢʽʚ ʪʘ ʜʦʚʛʦʣʘʥʮʶʛʦʚʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ [14, 15]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʘʛʫʣʷʥʪʽʚ ʥʘ ʚʠʣʫʯʝʥʥʷ ʟ ʧʽʜʩʽʪʢʦʚʠʭ ʚʦʜ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʘʢʫʣʘʪʫʨʥʦʾ ʤʘʩʠ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɿʘ ʬʨʘʢʮʽʡʥʠʤ ʩʢʣʘʜʦʤ ʚʪʦʨʠʥʥʘ ʧʘʧʝʨʦʚʘ ʩʠʨʦʚʠʥʘ ʻ ʜʦʩʠʪʴ ʥʝʦʜʥʦʨʽʜʥʦʶ ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʚʤʽʩʪ 

ʢʦʨʦʪʢʠʭ ʚʦʣʦʢʦʥ ʪʘ ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʢʣʝʶʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʥʘʧʦʚʥʶʚʘʯʽʚ. ɼʣʷ ʚʠʚʯʝʥʥʷ 

ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʤʘʢʫʣʘʪʫʨʥʦʾ ʤʘʩʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʧʘʨʘʪ FS-100 ʬʽʨʤʠ ñʂʘʷʥʽò. ɺ ʜʦʩʣʽʜʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʦʣʦʢʥʠʩʪʫ ʤʘʩʫ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʣʘ ʤʘʢʫʣʘʪʫʨʘ ʤʘʨʦʢ ʄʉ-ɿɸ, ʄʉ-4ɸ, ʄʉ-6ɹ, ʄʉ-

7ɹ, ʄʉ-8ɹ, ʄʉ-9ɹ (ʚ ʦʜʥʘʢʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ) [16]. ʈʝʟʫʣʴʪʘʪʠ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2, ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ 
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ʙʽʣʴʰʝ 90% ʚʦʣʦʢʦʥ ʤʘʶʪʴ ʜʦʚʞʠʥʫ, ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 1 ʤʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʙʣʠʟʴʢʦ 53% ʚʦʣʦʢʦʥ ʟ 

ʧʝʨʚʠʥʥʦʛʦ ʮʝʣʶʣʦʟʥʦʛʦ ʚʦʣʦʢʥʘ ʭʚʦʡʥʠʭ ʧʦʨʽʜ ʜʝʨʝʚʠʥʠ ʤʘʶʪʴ ʜʦʚʞʠʥʫ ʙʽʣʴʰʝ 1 ʤʤ [17]. ɺʠʩʦʢʠʡ ʚʤʽʩʪ 

ʢʦʨʦʪʢʠʭ ʚʦʣʦʢʦʥ ʚ ʧʘʧʝʨʦʚʽʡ ʤʘʩʽ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʦʪʥʘ, ʦʩʢʽʣʴʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʪʨʠʤʘʥʥʷ ʚʦʣʦʢʥʘ ʥʘ ʩʽʪʮʽ ʧʘʧʝʨʦ- ʯʠ ʢʘʨʪʦʥʦʨʦʙʥʦʾ ʤʘʰʠʥʠ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʟʙʽʣʴʰʫʻ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ. 

ʊʘʙʣʠʮʷ 2 

ʌʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʤʘʢʫʣʘʪʫʨʥʦʾ ʤʘʩʠ 

ʌʨʘʢʮʽʷ, ʤʤ 0,20 ï 0,60 0,61 ï 1,20 1,20 ï 2,00 2,00 ï 3,00 3,00 ï 7,00 

ɺʤʽʩʪ, % 65,3 25,4 7,7 1,5 0,1 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʘʛʫʣʷʥʪʽʚ ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʦʜʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ 

ʭʽʤʽʯʥʠʭ ʜʦʧʦʤʽʞʥʠʭ ʨʝʯʦʚʠʥ, ʾʭ ʜʦʟʠ, ʢʦʥʢʨʝʪʥʦʾ ʧʘʨʪʽʾ ʩʪʽʯʥʦʾ ʚʦʜʠ [18, 19]. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʘʨʪʽʶ ʦʙʦʨʦʪʥʠʭ ʚʦʜ ʇʨɸʊ ñʂʠʾʚʩʴʢʠʡ ʢʘʨʪʦʥʥʦ-ʧʘʧʝʨʦʚʠʡ ʢʦʤʙʽʥʘʪ" ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʘʢʫʣʘʪʫʨʥʦʛʦ ʢʘʨʪʦʥʫ. ʗʢ ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʚʠʪʨʘʪ ʢʦʘʛʫʣʷʥʪʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʩʚʽʪʣʝʥʥʷ ʦʙʦʨʦʪʥʦʾ ʚʦʜʠ 

ʟ ʚʤʽʩʪʦʤ ʟʤʫʣʝʥʠʭ ʨʝʯʦʚʠʥ 1520 ʪʘ 3200 ʤʛ/ʜʤ3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 

 
ʈʠʩ. 1. ɺʧʣʠʚ ʜʦʟʠ ʢʦʘʛʫʣʷʥʪʘ ʥʘ ʩʪʫʧʽʥʴ ʦʩʚʽʪʣʝʥʥʷ ʚʦʜ ʟ ʧʦʯʘʪʢʦʚʠʤ ʚʤʽʩʪʦʤ ʟʤʫʣʝʥʠʭ ʨʝʯʦʚʠʥ: 

 ʘ ï 1520 ʤʛ/ʜʤ3; ʙ - 3200 ʤʛ/ʜʤ3; 1 ï ɸ1(ʆʅ)ʉ12; 2 ï ɸ12(ʆʅ)5ʉ1; 3 ï ɸ1(ʆʅ)2ʉ1; 4 ï Al 2(SO4)3; 5 ï Naɸ1(ʆʅ)4 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʡʢʨʘʱʠʤʠ ʢʦʘʛʫʣʷʥʪʘʤʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ɸ1(ʆʅ)ʉ12 

ʪʘ ɸ12(ʆʅ)5ʉ1. ʆʯʝʚʠʜʥʠʤ ʻ ʪʝ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʤʫʣʝʥʠʭ ʨʝʯʦʚʠʥ ʚ ʦʙʦʨʦʪʥʽʡ ʚʦʜʽ, ʪʠʤ 

ʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʷʚʣ̫̒  ʢʦʘʛʫʣʷʥʪ. ʇʨʠ ʦʩʚʽʪʣʝʥʥʽ ʚʦʜʠ ʟ ʚʤʽʩʪʦʤ ʟʤʫʣʝʥʠʭ ʨʝʯʦʚʠʥ 1520 ʤʛ/ʜʤ3 

ʤʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʩʢʣʘʜʘʣʘ ʣʠʰʝ 92,5%, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʦʙʦʨʦʪʥʠʭ ʚʦʜ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʟʤʫʣʝʥʠʭ ʨʝʯʦʚʠʥ 3200 ʤʛ/ʜʤ3 ʚʦʥʘ ʩʢʣʘʣʘ 98,0%. ʆʜʥʘʢ, ʥʘʚʽʪʴ ʧʨʠ ʮʴʦʤʫ, ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʤʫʣʝʥʠʭ ʨʝʯʦʚʠʥ ʚ ʦʩʚʽʪʣʝʥʠʭ ʦʙʦʨʦʪʥʠʭ ʚʦʜʘʭ ʩʢʣʘʜʘʶʪʴ 114 ʪʘ 64 ʤʛ/ʜʤ3, ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʻ ʜʦʩʠʪʴ 

ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ. ʊʘʢʠʡ ʟʘʣʠʰʢʦʚʠʡ ʚʤʽʩʪ ʟʤʫʣʝʥʠʭ ʨʝʯʦʚʠʥ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʜʣʷ ʟʘʤʽʥʠ ʩʚʽʞʦʾ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʩʭʝʤʠ ʛʣʠʙʦʢʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʧʽʜʩʽʪʢʦʚʠʭ ʚʦʜ ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ, ʷʢʽ ʢʦʤʧʦʥʝʥʪʠ 

ʢʦʘʛʫʣʶʚʘʥʥʷʤ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʚʦʜʠ ʣʝʛʰʝ, ʘ ʷʢʽ ʚʘʞʯʝ. ɼʣʷ ʮʴʦʛʦ ʥʘʤʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʢʦʘʛʫʣʶʚʘʥʥʷ ʤʦʜʝʣʴʥʠʭ ʩʫʩʧʝʥʟʽʡ ʢʨʦʭʤʘʣʽʚ, ʙʝʥʪʦʥʽʪʫ ʪʘ ʢʘʦʣʽʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʢʦʘʛʫʣʷʥʪʽʚ. ɺʠʙʽʨ ʤʦʜʝʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʥʝʚʠʧʘʜʢʦʚʠʤ. ɺʦʥʠ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʘʢʫʣʘʪʫʨʥʦʾ ʤʘʩʠ ʜʣʷ 

ʥʘʜʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʛʦʪʦʚʽʡ ʧʨʦʜʫʢʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʦʟʠ ʥʝʦʨʛʘʥʽʯʥʦʛʦ 
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ʢʦʘʛʫʣʷʥʪʫ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʩʚʽʪʣʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʩʫʩʧʝʥʟʽʡ ʢʨʦʭʤʘʣʽʚ, ʘ ʩʘʤʝ ʥʘʪʠʚʥʦʛʦ ʢʫʢʫʨʫʜʟʷʥʦʛʦ ʪʘ 

ʎʝʨʝʟʘʥʫ (ʨʅ=6,7) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʚʽʪʣʝʥʥʷ ʩʫʩʧʝʥʟʽʾ ʥʘʪʠʚʥʦʛʦ ʢʫʢʫʨʫʜʟʷʥʦʛʦ 

ʢʨʦʭʤʘʣʶ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʢʦʘʛʫʣʷʥʪʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦ. ʇʨʦʪʝ, ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʨʦʭʤʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʢʘʪʽʦʥʥʠʭ ʢʨʦʭʤʘʣʽʚ. 

ʊʘʙʣʠʮʷ 3 

ɺʧʣʠʚ ʚʠʪʨʘʪ ʥʝʦʨʛʘʥʽʯʥʠʭ ʢʦʘʛʫʣʷʥʪʽʚ ʥʘ ʩʪʫʧʽʥʴ ʦʩʚʽʪʣʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʩʫʩʧʝʥʟʽʡ ʢʨʦʭʤʘʣʽʚ, % 
ʈʝʘʛʝʥʪ ɼʦʟʘ, 

ʤʛ/ʜʤ3 
ʉʫʩʧʝʥʟʽʷ ʢʨʦʭʤʘʣʶ 

ʂʨʦʭʤʘʣʴ ʥʘʪʠʚʥʠʡ ʢʫʢʫʨʫʜʟʷʥʠʡ ʎʝʨʝʟʘʥ 

ʉʟʚʘʞ.ʧʦʯ.  

111 ʤʛ/ʜʤ3 

ʉʟʚʘʞ.ʧʦʯ. 

270 ʤʛ/ʜʤ3 

ʉʟʚʘʞ.ʧʦʯ. 

120 ʤʛ/ʜʤ3 

ʉʟʚʘʞ.ʧʦʯ. 

308 ʤʛ/ʜʤ3 

Al 2(SO4)3 2 85,6 90,0 80,0 84,7 

5 92,3 93,9 89,2 91,8 

10 95,8 94,9 95,0 96,5 

Naɸ1(ʆʅ)4 2 42,8 59,0 40,6 56,6 

5 53,1 66,0 50,0 63,3 

10 57,7 68,5 53,8 68,5 

ɸ1(ʆʅ)ʉ12 2 95,1 97,0 80,1 89,3 

5 98,6 98,0 90,8 93,6 

10 99,5 99,0 95,0 97,4 

ɸ1(ʆʅ)2ʉ1 2 88,8 92,9 78,8 85,5 

5 92,8 96,3 88,3 92,4 

10 98,9 98,4 92,1 96,4 

ɸ12(ʆʅ)5ʉ1 2 86,0 91,8 79,2 84,4 

5 91,2 94,1 88,7 91,7 

10 95,5 97,0 92,9 96,6 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʦʟʠ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʢʦʘʛʫʣʷʥʪʫ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʩʚʽʪʣʝʥʥʷ ʤʦʜʝʣʴʥʠʭ 

ʩʫʩʧʝʥʟʽʡ ʤʽʥʝʨʘʣʴʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʘ ʩʘʤʝ ʙʝʥʪʦʥʽʪʫ ʪʘ ʢʘʦʣʽʥʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 4. ʇʦʯʘʪʢʦʚʽ 

ʢʦʥʮʝʥʪʨʘʮ̔ʾ  ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚ ʤʦʜʝʣʴʥʠʭ ʩʫʩʧʝʥʟʽʷʭ ʩʢʣʘʜʘʣʠ 100 ʤʛ/ʜʤ3. ʉʧʦʯʘʪʢʫ ʩʫʩʧʝʥʟʽʾ ʦʙʨʦʙʣʷʣʠ 

ʢʦʘʛʫʣʷʥʪʘʤʠ, ʽʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʽʰʫʚʘʣʠ, ʘ ʧʦʪʽʤ ʟʘʣʠʰʘʣʠ ʜʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ. ʆʩʚʽʪʣʝʥʫ ʚʦʜʫ ʜʦʜʘʪʢʦʚʦ 

ʬʽʣʴʪʨʫʚʘʣʠ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʽʩʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʟʘʣʠʰʢʦʚʘ ʢʘʣʘʤʫʪʥʽʩʪʴ ʩʢʣʘʜʘʣʘ 39 

ʤʛ/ʜʤ3, ʘ ʧʽʩʣʷ ʧʦʜʘʣʴʰʦʛʦ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 8 ʤʛ/ʜʤ3. ɿʘ ʮʠʭ ʫʤʦʚ, ʩʪʫʧʽʥʴ ʦʩʚʽʪʣʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ 

ʟʘʟʥʘʯʝʥʦʾ ʩʪʘʜʽʾ ʩʢʣʘʜʘʻ ʚʽʜʧʦʚʽʜʥʦ 61,0% ʪʘ 79,5%. ɿʘʛʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʦʩʚʽʪʣʝʥʥʷ ʩʢʣʘʚ 92,0%. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʙʝʥʪʦʥʽʪʫ ʰʣʷʭʦʤ ʚʽʜʩʪʦʶʚʘʥʥʷ-ʬʽʣʴʪʨʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʘʛʫʣʷʥʪʽʚ ʻ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ. ɿʘʛʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʦʩʚʽʪʣʝʥʥʷ ʩʷʛʘʻ 80,8-98,1%. ʉʪʘʜʽʷ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʚʦʜʠ ʚʽʜ 

ʙʝʥʪʦʥʽʪʫ ʜʦʩʷʛʥʫʪʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ɸ1(ʆʅ)ʉ12, ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʚʤʽʩʪ ʥʘʧʦʚʥʶʚʘʯʘ ʫ ʚʦʜʽ 

ʙʫʣʦ ʟʤʝʥʰʝʥʦ ʟ 100 ʤʛ/ʜʤ3 ʜʦ 0,1 ʤʛ/ʜʤ3. ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʛʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʦʩʚʽʪʣʝʥʥʷ ʩʢʣʘʚ 99,3%. 

 

ʊʘʙʣʠʮʷ 4 

ɺʧʣʠʚ ʚʠʪʨʘʪ ʥʝʦʨʛʘʥʽʯʥʠʭ ʢʦʘʛʫʣʷʥʪʽʚ ʥʘ ʩʪʫʧʽʥʴ ʦʩʚʽʪʣʝʥʥʷ  

ʤʦʜʝʣʴʥʠʭ ʩʫʩʧʝʥʟʽʡ ʤʽʥʝʨʘʣʴʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, % 

ʈʝʘʛʝʥʪ 
ʉʫʩʧʝʥʟʽʷ ʙʝʥʪʦʥʽʪʫ ʉʫʩʧʝʥʟʽʷ ʢʘʦʣʽʥʫ 

ɼʦʟʘ, ʤʛ/ʜʤ3 Zʚʽʜʩʪ., % Zʬʽʣʴʪʨ., % Zʟʘʛʘʣ., % ɼʦʟʘ, ʤʛ/ʜʤ3 Zʚʽʜʩʪ., % Zʬʽʣʴʪʨ., % Zʟʘʛʘʣ., % 

- - 61,0 79,5 92,0 - 36,0 44,5 64,5 

Al 2(SO4)3 2 65,0 84,5 94,0 10 32,0 93,0 95,5 

5 55,0 84,6 94,1 30 22,0 84,4 90,0 

10 49,0 88,5 95,5 70 20,0 72,7 82,5 

Naɸl(ʆʅ)4 2 70,5 88,5 95,5 10 30,0 75,8 84,5 

5 74,0 89,5 96,0 30 25,2 55,9 71,8 

10 76,7 97,4 99,0 70 22,9 53,1 70,1 

ɸ1(ʆʅ)ʉ12 2 74,0 87,7 95,0 10 32,0 95,2 96,9 

5 80,0 87,4 95,1 30 35,6 94,5 96,5 

10 83,0 98,1 99,3 70 37,7 85,6 89,5 

ɸ1(ʆʅ)2ʉl 2 69,0 76,9 91,0 10 28,9 90,9 94,2 

5 63,0 83,3 93,5 30 33,8 78.9 86.5 

10 67,7 96,2 98,5 70 36,9 75,8 84.5 

ɸ12(ʆʅ)5ʉ1 2 66,0 80,8 92,5 10 45,2 95,0 96,8 

5 75,0 94,4 97,8 30 45,7 87,0 91,7 

10 78,0 97,4 99,0 70 43,7 82,7 88,9 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ ʦʩʚʽʪʣʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʩʫʩʧʝʥʟʽʡ ʢʘʦʣʽʥʫ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʝʭʘʥʽʯʥʽ ʪʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʻ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤʠ ʫ ʚʠʜʘʣʝʥʥʽ ʮʴʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ. ɿʘ ʧʦʯʘʪʢʦʚʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʦʣʽʥʫ 100 ʤʛ/ʜʤ3 ʟʘʣʠʰʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʤʫʣʝʥʠʭ ʨʝʯʦʚʠʥ ʧʽʩʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ 

ʥʝ ʩʫʪʪʻʚʦ ʽ ʜʦʩʷʛʘʻ ʣʠʰʝ 64 ʤʛ/ʜʤ3. ʇʦʜʘʣʴʰʠʤ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʾʾ ʚʜʘʣʦʩʷ ʟʥʠʟʠʪʠ ʜʦ 39,5 ʤʛ/ʜʤ3, ʱʦ ʪʘʢʦʞ 

ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʘʜʦʚʽʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʩʚʽʪʣʝʥʥʷ ʟʘ ʩʪʘʜʽʷʤʠ ʩʢʣʘʜʘʻ 36,0% ʪʘ 44,5% 

ʚʽʜʧʦʚʽʜʥʦ. ɿʘʛʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʢʘʦʣʽʥʫ ʩʢʣʘʜʘʻ ʣʠʰʝ 64,5%. ʅʝʚʠʩʦʢʦʶ ʻ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʩʚʽʪʣʝʥʥʷ ʩʫʩʧʝʥʟʽʡ ʢʘʦʣʽʥʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʘʛʫʣʷʥʪʽʚ. 
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ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʢʣʘʜʦʚʽ ʢʦʤʧʦʥʝʥʪ ʤʘʢʫʣʘʪʫʨʥʦʾ ʤʘʩʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʚʧʣʠʚ  ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ ʢʦʘʛʫʣʷʮʽʾ. ɿʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʘʛʫʣʷʥʪʽʚ ʢʨʦʭʤʘʣʠ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʩʪʽʯʥʦʾ 

ʚʦʜʠ ʥʘʚʽʪʴ ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʜʦʟʘʭ ʨʝʘʛʝʥʪʽʚ (2ï10 ʤʛ/ʜʤ3) ʽ ʥʝ ʟʙʽʣʴʰʫʶʪʴ ʢʘʣʘʤʫʪʥʽʩʪʴ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʟʘʣʠʰʢʦʚʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚ ʧʽʜʩʽʪʢʦʚʠʭ ʚʦʜʘʭ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʦʘʛʫʣʷʥʪʽʚ ʟʨʦʩʪʘʻ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʚʽʜ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ ʜʦ ʛʽʜʨʦʢʩʦʭʣʦʨʠʜʽʚ ʘʣʶʤʽʥʽʶ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ. ʄʽʥʝʨʘʣʴʥʽ ʥʘʧʦʚʥʶʚʘʯʽ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʢʦʤʧʦʟʠʮʽʾ ʤʘʢʫʣʘʪʫʨʥʦʾ ʤʘʩʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʘʨʪʦʥʥʦ-ʧʘʧʝʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, 

ʫʪʚʦʨʶʶʪʴ ʫ ʚʦʜʽ ʜʦʩʠʪʴ ʩʪʽʡʢʽ ʩʫʩʧʝʥʟʽʾ, ʷʢʽ ʧʦʛʘʥʦ ʚʠʜʘʣʷʶʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʘʛʫʣʷʥʪʽʚ, ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʪʠʧʫ ʽ ʜʦʟʠ ʭʽʤʽʯʥʦʛʦ ʨʝʘʛʝʥʪʫ. ɽʬʝʢʪʠʚʥʝ ʟʥʠʞʝʥʥʷ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʦʩʚʽʪʣʝʥʽʡ ʚʦʜʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʦʙʨʦʙʮʽ ʨʝʘʛʝʥʪʘʤʠ ʟ ʧʦʜʘʣʴʰʠʤ ʬʽʣʴʪʨʫʚʘʥʥʷʤ. 
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EFFICIENCY OF PLANTING CALCIUM IONS FROM DILUTE  

AQUEOUS SOLUTIONS IN THE FORM OF PHOSPHATES 
 

The specifics of calcium phosphate formation process during diluted aqueous solutions softening for home or office were 
researched. Studies have shown that, unlike calcium carbonate, effective precipitation of calcium ions with phosphate is possible even at 
doses less than stoichiometric. The ratio between concentrations of phosphate ions and calcium ions K = [PO43-, mg-eq] / [Ca2+, mg-eq] is a 
determining factor. Already at K = 0.5 there is a decrease in the content of calcium ions by more than half. In stoichiometry (K = 1), the 
residual concentrations of calcium ions in the treated water fall below 1 mg-eq/dm3. At K > 1.5, the content of calcium ions in the treated 
water stabilizes at the level of 0.2 ɀ 0.1 mg-eq/dm3. Water temperature does not significantly affect the deposition of calcium ions with 
ÐÈÏÓÐÈÁÔÅÓȢ ! ÎÏÔÉÃÅÁÂÌÅ ÄÅÃÒÅÁÓÅ ÉÎ ÅÆÆÉÃÉÅÎÃÙ ÉÓ ÒÅÃÏÒÄÅÄ ÏÎÌÙ ÁÔ Á ÔÅÍÐÅÒÁÔÕÒÅ ÏÆ ω Ќ #Ȣ "ÕÔ ÅÖÅÎ ÉÎ ÔÈÉÓ ÃÁÓÅȟ ÔÈÉÓ ÄÅÃÒÅase is 0.1 ɀ 1.5 mg-
eq/dm3, which is quite acceptable for living conditions, since it provides soft and very soft water. The reaction between calcium ions and 
phosphates is quite complete in the first minutes of contact. The settling of mixed solutions for an hour showed that the reaction of the 
formation of a solid phase takes place at the time of draining the solutions and over time the residual hardness of the water practically does 
not change. From the point of view of softening efficiency, phosphate is quite suitable as a reagent for removing calcium ions from hard 
natural waters. An important aspect of the softening technology is the separation of the precipitate formed from the treated water. To do 
this, it is necessary to determine the conditions for the formation of a crystalline, most compact and formed precipitate. The clarification of 
the hard water sample treated with sodium phosphate showed that there was no significant difference in deposition at different initial pH 
values.  

Key words: softening, calcium, phosphate ions, generation of calcium phosphate, solutions clarification. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʗʢʽʩʪʴ ʚʦʜʠ ʙʽʣʴʰʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʚʦʜʦʡʤ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʽ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʾ 

ʦʙʨʦʙʢʠ. ʇʽʜʚʠʱʝʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʪʘ ʟʥʘʯʥʠʡ ʚʤʽʩʪ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʪʘ ʤʘʛʥʽʶ ʨʦʙʣʷʪʴ ʪʘʢʽ ʚʦʜʠ ʥʝʧʨʠʜʘʪʥʠʤʠ 

ʷʢ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶ, ʪʘʢ ʽ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʩʭʽʜʥʠʭ ʪʘ ʧʽʚʜʝʥʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʜʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʢʠʜʽʚ ʚ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʦʡʤʠ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ 

ʰʘʭʪʥʠʭ ʚʦʜ ʤʥ̔ʝʨʘʣʽʟʘʮʽʷ ʪʘ ʞʦʨʩʪʢʽʩʪʴ ʚʦʜ ʟʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʩʫʪʪʻʚʦ ʟʨʦʩʣʘ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʥʘ 

ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʋʢʨʘʾʥʠ ʧʽʜʚʠʱʝʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʪʘ ʞʦʨʩʪʢʽʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʽ ʜʣʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ʉʧʦʞʠʚʘʥʥʷ ʚʦʜʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʪʘ ʤʘʛʥʽʶ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ  ʧʨʦʙʣʝʤʘʤʠ ʦʧʦʨʥʦ-

ʨʫʭʦʚʦʛʦ ʘʧʘʨʘʪʫ, ʥʝʛʘʨʘʟʜʘʤʠ ʽʟ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʶ ʩʠʩʪʝʤʦʶ, ʚʽʜʢʣʘʜʘʥʥʷʤ ʢʘʤʝʥʽʚ ʚ ʥʠʨʢʘʭ ʽ ʞʦʚʯʥʦʤʫ 

ʤʽʭʫʨʽ. ʆʩʢʽʣʴʢʠ ʟʘʧʘʩʠ ʷʢʽʩʥʠʭ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʩʢʦʨʦʯʫʶʪʴʩʷ, ʪʦ ʧʨʦʙʣʝʤʘ ʧʦʤôʷʢʰʝʥʥʷ 

ʚʦʜʠ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʘ ʛʦʩʪʨʦʪʠ, ʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ ʟʘʚʞʜʠ ʩʚʦʻʯʘʩʥʽ ʪʘ ʘʢʪʫʘʣʴʥʽ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ɺʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ ʚʦʜʠ ʻ ʾʾ ʞʦʨʩʪʢʽʩʪʴ, ʢʦʪʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪʦʤ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʪʘ 

ʤʘʛʥʽʶ. ʏʠʥʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʞʦʨʩʪʢʽʩʪʴ ʚʦʜʠ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶ 

ʦʙʤʝʞʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʚ 7 ʤʛ-ʝʢʚ/ʜʤ3 [1]. ʉʧʦʞʠʚʘʥʥʷ ʚʦʜʠ ʟ ʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʞʦʨʩʪʢʦʩʪʽ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʣʶʜʩʴʢʠʡ ʦʨʛʘʥʽʟʤ, ʪʦʤʫ ʪʘʢʘ ʚʦʜʘ ʧʽʜʣʷʛʘʻ ʧʦʤôʷʢʰʝʥʥʶ. ʑʝ ʞʦʨʩʪʢʽʰʽ ʫʤʦʚʠ ʜʦ ʚʦʜ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪɹʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɾʦʨʩʪʢʽʩʪʴ ʚʦʜʠ ʚ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 0,1 ï 

0,2 ʤʛ-ʝʢʚ/ʜʤ3, ʘ ʚ ʝʥʝʨʛʝʪʠʮʽ ʚʟʘʛʘʣʽ ʥʘ ʨʽʚʥʽ 0,03 ï 0,05 ʤʛ-ʝʢʚ/ʜʤ3 [2]. ʂʣʘʩʠʯʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟʥʠʞʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ ʚʦʜʠ ʻ ʩʦʜʦʚʦ ï ʚʘʧʥʷʥʝ ʧʦʤ'ʷʢʰʝʥʥʷ. ʉʫʪʴ ʡʦʛʦ ʧʦʣʷʛʘʻ ʚ ʦʙʨʦʙʮʽ ʞʦʨʩʪʢʦʾ ʚʦʜʠ ʩʧʦʯʘʪʢʫ 

ʢʘʨʙʦʥʘʪʦʤ ʥʘʪʨʽʶ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʽʦʥʽʚ ʢʘʣʴʮʽʶ, ʘ ʧʦʪʽʤ ʚʘʧʥʦʤ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʽʦʥʽʚ ʤʘʛʥʽʶ [3]. ʇʽʩʣʷ 

ʚʽʜʩʪʦʶʚʘʥʥʷ ʪʘ ʚʽʜʜʽʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʦʙʨʦʙʣʝʥʘ ʚʦʜʘ ʧʦʪʨʝʙʫʻ ʢʦʨʠʛʫʚʘʥʥʷ ʨʅ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʽ ʚʦʜʥʝʚʦʛʦ ʧʦʢʘʟʥʠʢʘ 10,0 ï 11,0. ʆʜʥʘʢ, ʥʘʚʽʪʴ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʟʘʣʠʰʢʦʚʘ 

ʞʦʨʩʪʢʽʩʪʴ ʚʦʜʠ ʩʢʣʘʜʘʻ 0,5 ï 1,0 ʤʛ-ʝʢʚ/ʜʤ3, ʘ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʨʝʘʢʮʽʷ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʠ 35ï

40 Áʉ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʧʦʤôʷʢʰʝʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʙʘʟʦʚʦʶ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʚ ʮʽʡ ʛʘʣʫʟʽ, ʙʘʛʘʪʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʣʠʰʠʣʦʩʷ ʧʦʟʘ ʫʚʘʛʦʶ 

ʜʦʩʣʽʜʥʠʢʽʚ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʽʜʚʠʱʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʟʤʫʰʫʻ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʩʠʩʪʝʤʠ 

ʧʦʤôʷʢʰʝʥʥʷ ʚ ʦʬʽʩʘʭ ʪʘ ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʘʭ ̔ ʢʚʘʨʪʠʨʘʭ. ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ ʦʪʨʠʤʘʣʠ 

ʽʦʥʦʦʙʤʽʥʥʽ ʫʩʪʘʥʦʚʢʠ ʧʦʤôʷʢʰʝʥʥʷ [4]. ʍʘʨʘʢʪʝʨʥʦʶ ʾʭ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʧʝʨʽʦʜʠʯʥʝ ʫʪʚʦʨʝʥʥʷ 

ʨʝʛʝʥʝʨʘʮʽʡʥʠʭ ʨʦʟʯʠʥʽʚ, ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʪʨʠʭ ʻ ʭʣʦʨʠʜ ʥʘʪʨʽʶ ʽ ʜʦʤʽʰʢʠ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʪʘ 

ʤʘʛʥʽʶ. ʂʨʽʤ ʮɹʦʛʦ, ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʧʫʰʫʚʘʥʥʷ ʪʘ ʚʽʜʤʠʚʘʥʥʷ ʽʦʥʽʪʽʚ. ɺ ʮʽʣʦʤʫ 

20ï30 % ʦʙʨʦʙʣʝʥʦʾ ʚʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ [5]. ʈʝʛʝʥʝʨʘʮʽʷ ʽʦʥʽʪʽʚ ʧʨʦʚʦʜʠʪʴʩʷ, 

ʥʘʡʯʘʩʪʽʰʝ, 6ï8 % ʨʦʟʯʠʥʦʤ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ. ʊʦʤʫ ʧʽʩʣʷ ʨʝʛʝʥʝʨʘʮʽʾ ʚ ʛʽʜʨʦʩʬʝʨʫ ʤʠ ʧʦʚʝʨʪʘʻʤʦ ʥʝ ʣʠʰʝ 

ʚʠʣʫʯʝʥʽ ʚ ʧʨʦʮʝʩʽ ʽʦʥʫʚʘʥʥʷ ʚʦʜʠ ʽʦʥʠ ʢʘʣʴʮʽʶ ʪʘ ʤʘʛʥʽʶ, ʘ ʡ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʢʽʣʴʢʦʩʪʽ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ [6]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʫʻʪʴʩʷ ʟʘʤʢʥʫʪʠʡ ʢʨʫʛ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʨʦʛʦ  ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʦʙʦʚôʷʟʢʦʚʠʤ 

ʩʪʘʥʝ ʥʝ ʣʠʰʝ ʧʦʤôʷʢʰʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ, ʘ ʡ ʟʥʠʞʝʥʥʷ ʾʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʽʨʚʘʪʠ ʮʝʡ ʢʨʫʛ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʦʙʫʪʽ ʪʘ ʦʬʽʩʘʭ ʪʨʘʜʠʮʽʡʥʦʾ 

ʩʦʜʦʚʦ-ʚʘʧʥʷʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʆʜʥʘʢ, ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʜʠ, ʟʘ ʫʤʦʚʠ ʪʨʠʚʘʣʦʛʦ ʚʽʜʩʪʦʶʚʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʦʩʠʪʴ 

ʥʠʟʴʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ɺ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʫʤʦʚʘʭ ʨʝʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʛʽʜʨʦʩʬʝʨʽ ʪʘ ʙʝʟ ʚʽʜʩʪʦʶʚʘʥʥʷ. ʇʨʦʚʝʜʝʥʽ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ [7] ʧʦʢʘʟʘʣʠ, 

ʱʦ ʝʬʝʢʪʠʚʥʝ ʩʦʜʦʚʦ-ʚʘʧʥʷʥʝ ʧʦʤ'ʷʢʰʝʥʥʷ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ ʙʝʟ ʚʽʜʩʪʦʶʚʘʥʥʷ ʤʦʞʣʠʚʝ ʣʠʰʝ 

ʧʨʠ 5ï10-ʢʨʘʪʥʦʤʫ ʧʝʨʝʚʠʱʝʥʥʽ ʜʦʟʠ ʦʩʘʜʞʫʚʘʯʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩ 

ʦʩʚʽʪʣʝʥʥʷ ʦʙʨʦʙʣʝʥʦʾ ʚʦʜʠ ʧʨʦʭʦʜʠʪʴ ʥʝʩʪʘʙʽʣʴʥʦ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʥʠʟʴʢʘ, ʘ 

ʟʘʣʠʰʢʦʚʠʡ ʫʷʚʥʠʡ ʦʙôʻʤ ʦʩʘʜʫ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʝʘʛʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ ʢʦʘʛʫʣʷʥʪʽʚ ʯʠ 

ʬʣʦʢʫʣʷʥʪʽʚ. ʈʝʛʫʣʶʶʯʠ ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʚ ʧʦʻʜʥʘʥʥʽ ʽʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʣʠʚʦ ʟʥʠʟʠʪʠ 

ʟʘʣʠʰʢʦʚʫ ʞʦʨʩʪʢʽʩʪʴ ʚʦʜʠ ʜʦ 0,6 ʤʛ-ʝʢʚ/ʜʤ3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʤʘʻ ʜʦʩʠʪʴ ʥʠʟʴʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʘʚʨʷʜ ʯʠ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ ʚ ʧʦʙʫʪʦʚʠʭ ʫʤʦʚʘʭ ʪʘ ʜʣʷ ʧʦʤôʷʢʰʝʥʥʷ ʚʦʜʠ ʚ ʦʬʽʩʘʭ. 

ʊʦʤʫ ʥʘʤʠ ʧʨʦʜʦʚʞʝʥʦ ʧʦʰʫʢ ʧʨʠʡʥʷʪʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʧʦʤôʷʢʰʝʥʥʷ ʚʦʜʠ ʚ ʧʦʙʫʪʦʚʠʭ ʪʘ ʦʬʽʩʥʠʭ 

ʩʠʩʪʝʤʘʭ. ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʚʯʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʚʦʜʠ 

ʬʦʩʬʘʪʦʤ ʥʘʪʨʽʶ.  

 

ʆʧʠʩ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥ  ɹ

ʉʫʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʣʘ ʚ ʧʨʠʛʦʪʫʚʘʥʥʽ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʽʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʽʦʥʽʚ ʉʘ2+ ʪʘ 

ʦʙʨʦʙʮʽ ʾʭ ʨʽʟʥʠʤʠ ʜʦʟʘʤʠ ʬʦʩʬʘʪʫ ʥʘʪʨʽʶ (Na3PO4) ʧʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʨʅ ʽ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʠʯʦʤʫ, ʦʩʘʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʙʝʟ ʚʽʜʩʪʦʶʚʘʥʥʷ. ʆʩʘʜ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ 

ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʥʘ çʩʠʥʽʡ ʩʪʨʽʯʮʽè ʪʘ ʚʠʟʥʘʯʘʣʠ ʟʘʣʠʰʢʦʚʫ ʞʦʨʩʪʢʽʩʪʴ ʨʦʟʯʠʥʫ ʰʣʷʭʦʤ ʪʠʪʨʫʚʘʥʥʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʨʽʭʨʦʤʫ ʯʦʨʥʦʛʦ ʊ ʪʘ ʪʨʠʣʦʥʫ ɹ. ʇʨʦʚʝʜʝʥʽ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʚʯʝʥʥʶ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʩʚʪ̔ʣʝʥʥʷ ʦʙʨʦʙʣʝʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʫʪʚʦʨʝʥʥʷ 

ʢʦʤʧʘʢʪʥʦʛʦ ʦʩʘʜʫ. ɼʣʷ ʮʴʦʛʦ ʦʙʨʦʙʣʝʥʫ ʨʝʘʛʝʥʪʦʤ ʚʦʜʫ ʟʘʣʠʚʘʣʠ ʚ ʛʨʘʜʫʡʦʚʘʥʠʡ ʮʠʣʽʥʜʨ ʪʘ ʟʥʽʤʘʣʠ ʢʨʠʚʽ 

ʚʽʜʩʪʦʶʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʚ ʯʘʩʽ.  

 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ [7],  ʝʬʝʢʪʠʚʥʝ ʦʩʘʜʞʝʥʥʷ 

ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʬʦʩʬʘʪʦʤ ʤʦʞʣʠʚʝ ʥʘʚʽʪʴ ʧʨʠ ʜʦʟʘʭ, ʤʝʥʰʝ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ. ʊʘʢ, ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʂ = [ʈO4
3-, ʤʛ-ʝʢʚ] / [Ca2+, ʤʛ-ʝʢʚ] = 1 ʟʘ ʟʚʠʯʘʡʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʜʦʩʠʪʴ ʚʠʩʦʢʘ 

(ʨʠʩ. 1).  

ɺʞʝ ʧʨʠ ʂ = 0,5 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʙʽʣʴʰʝ ʥʽʞ ʫ ʜʚʘ ʨʘʟʠ. ʇʨʠ ʩʪʝʭʽʦʤʝʪʨʽʾ 

(ʂ = 1) ʟʘʣʠʰʢʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʚ ʦʙʨʦʙʣʝʥʽʡ ʚʦʜʽ ʧʘʜʘʶʪʴ ʥʠʞʯʝ 1 ʤʛ-ʝʢʚ/ʜʤ3. ɼʣʷ ʚʦʜ, ʱʦ 

ʩʧʦʞʠʚʘʶʪʴʩʷ ʣʶʜʠʥʦʶ, ʪʘʢʠʡ ʨʽʚʝʥʴ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʻ ʥʘʚʽʪʴ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʦʾ 

ʧʦʚʥʦʮʽʥʥʦʩʪʽ ʚʦʜʠ ʧʦ ʤʽʥʝʨʘʣʴʥʦʤʫ ʩʢʣʘʜʫ [1]. ʇʝʨʝʚʘʛʦʶ ʪʘʢʦʞ ʻ ʪʝ, ʱʦ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ 
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ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʅ - 5õ11. ʇʨʠ ʂ > 1.5 ʚʤʽʩʪ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʚ ʦʙʨʦʙʣʝʥʽʡ ʚʦʜʽ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ 

ʥʘ ʨʽʚʥʽ 0,2 ï 0,1 ʤʛ-ʝʢʚ/ʜʤ3. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʦʜʦʚʦ-ʚʘʧʥʷʥʦʛʦ ʤʝʪʦʜʫ, ʢʦʪʨʠʡ ʚʠʤʘʛʘʻ ʟʥʘʯʥʦʾ 

ʧʝʨʝʚʠʪʨʘʪʠ ʨʝʘʛʝʥʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʩʬʘʪʽʚ ʚ ʧʨʦʮʝʩʽ ʧʦʤôʷʢʰʝʥʥʷ ʜʦʟʚʦʣʷʻ ʮʽʣʢʦʤ ʦʙʭʦʜʠʪʠʩʴ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʨʝʘʛʝʥʪʽʚ. ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʧʝʨʝʚʘʛʦʶ ʦʩʘʜʞʝʥʥʷ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʬʦʩʬʘʪʘʤʠ 

ʻ, ʚʠʭʦʜʷʯʠ ʟ ʤʝʪʠ ʜʘʥʦʾ ʨʦʙʦʪʠ, ʤʦʤʝʥʪʘʣʴʥʝ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʧʽʩʣʷ ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʨʠ 

ʜʦʜʘʚʘʥʥʽ ʨʝʘʛʝʥʪʫ ʜʦ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʦʤʝʥʪʘʣʴʥʝ ʧʦʤʫʪʥʽʥʥʷ ʨʦʟʯʠʥʫ, ʽʥʪʝʥʩʠʚʥʦ 

ʬʦʨʤʫʶʪʴʩʷ ʪʚʝʨʜʽ ʯʘʩʪʢʠ, ʢʦʪʨʽ ʯʝʨʝʟ 3 ï 5 ʩ ʧʦʯʠʥʘʶʪʴ ʟôʻʜʥʫʚʘʪʠʩʷ ʚ ʘʛʨʝʛʘʪʠ ʪʘ ʦʩʽʜʘʪʠ ʥʘ ʜʥʦ ʧʦʩʫʜʠʥʠ.  

 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʟʘʣʠʰʢʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚʦʜʠ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ  

ʂ = [ʈO4
3-, ʤʛ-ʝʢʚ] / [Ca2+, ʤʛ-ʝʢʚ] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20 Áʉ, ʧʦʯʘʪʢʦʚʽʡ ʞʦʨʩʪʢʦʩʪʽ  

ɾʧʦʯ = 10 ʤʛ-ʝʢʚ/ʜʤ3 ʪʘ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʚʦʜʥʝʚʦʛʦ ʧʦʢʘʟʥʠʢʘ 

 

ʑʝ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʨʠʡ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʡ ʚ ʧʨʦʮʝʩʽ ʧʦʤôʷʢʰʝʥʥʷ ʽ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʡʦʛʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʻ ʧʦʯʘʪʢʦʚʘ ʞʦʨʩʪʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʧʽʜʣʷʛʘʻ ʦʙʨʦʙʮʽ. ʇʨʦʚʝʜʝʥʽ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

20 Áʉ, ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʨʝʘʛʝʥʪʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʣʠʰʢʦʚʘ 

ʞʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʚʦʜʠ ʜʫʞʝ ʤʘʣʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ (ʨʠʩ. 2). ɼʝʷʢʝ ʧʽʜʚʠʱʝʥʥʷ ʟʘʣʠʰʢʦʚʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʯʘʪʢʦʚʦʾ ʚʠʢʣʠʢʘʥʦ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʥʝʧʦʚʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʨʝʘʛʝʥʪʽʚ ʧʨʠ 

ʟʤʽʰʫʚʘʥʥʽ, ʦʩʢʽʣʴʢʠ ʧʨʦʙʠ ʦʙʨʦʙʣʝʥʠʭ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽ ʚʽʜʨʘʟʫ ʧʽʜʜʘʚʘʣʠ ʬʽʣʴʪʨʫʚʘʥʥʶ. ɺ ʮʽʣʦʤʫ, 

ʧʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʩʬʘʪʽʚ ʚ ʧʨʦʮʝʩʘʭ ʧʦʤôʷʢʰʝʥʥʷ ʚʦʜʠ ʜʦʟʚʦʣʷʻ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʤʽʩʪʫ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʦʪʨʠʤʫʚʘʪʠ ʜʫʞʝ ʤôʷʢʫ ʚʦʜʫ (ʞʦʨʩʪʢʽʩʪʴ ʤʝʥʰʝ 1,5 ʤʛ-ʝʢʚ/ʜʤ3). 

ʅʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʮʝʩʫ ʧʦʤôʷʢʰʝʥʥʷ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʦʩʘʜʞʫʚʘʯʘ ʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʝ 35ï40 Áʉ 

ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʘ [7], ʱʦ ʚʠʤʘʛʘʻ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʾʾ ʧʽʜʽʛʨʽʚʘʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʦʜʘ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʤʝʨʝʞʘʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʚ ʦʢʨʝʤʽ ʧʝʨʽʦʜʠ ʤʦʞʝ ʤʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 10 Áʉ ʽ ʥʠʞʯʝ. ʊʦʤʫ ʧʠʪʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʦʤôʷʢʰʝʥʥʷ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʤʠ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʘʥʥʷ ʚʦʜʠ. ʇʨʦʚʝʜʝʥʽ ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʬʦʩʬʘʪʦʤ ʥʘʪʨʽʶ ʚ ʷʢʦʩʪʽ 

ʦʩʘʜʞʫʚʘʯʘ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦʩʪʘʪʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 3).  

ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 3), ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ 

ʦʩʘʜʞʝʥʥʷ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʬʦʩʬʘʪʘʤʠ. ʇʦʤʽʪʥʝ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʢʩʫ̒ʪʴʩʷ ʣʠʰʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚ 5 

Áʉ. ɸʣʝ ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʟʥʠʞʝʥʥʷ ʩʢʣʘʜʘʻ 0,1 ï 1,5 ʤʛ-ʝʢʚ/ʜʤ3, ʱʦ ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʪʘ ʦʬʽʩʥʠʭ ʫʤʦʚ 

ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʦ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʤôʷʢʦʾ ʪʘ ʜʫʞʝ ʤôʷʢʦʾ ʚʦʜʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʧʦʤôʷʢʰʝʥʥʷ ʚ ʪʘʢʦʤʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʩʚʽʜʯʠʪʴ ʥʘ ʢʦʨʠʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʩʬʘʪʽʚ ʚ 

ʧʨʦʮʝʩʘʭ ʧʦʤôʷʢʰʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʟʥʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʧʦʚʥʦ ʟʘ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʫʤʦʚ ʨʝʘʛʫʶʪʴ ʤʽʞ 

ʩʦʙʦʶ ʢʘʪʽʦʥʠ ʢʘʣʴʮʽʶ ʪʘ ʘʥʽʦʥʠ ʬʦʩʬʦʨʫ ʚ ʧʨʦʮʝʩʽ ʟʣʠʚʘʥʥʷ ʨʦʟʯʠʥʽʚ.  
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʟʘʣʠʰʢʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚʦʜʠ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ  

ʢʦʤʧʦʥʝʥʪʽʚ ʂ = [ʈO4
3-, ʤʛ-ʝʢʚ] / [Ca2+, ʤʛ-ʝʢʚ] = 1, ʪʝʤʧʝʨʘʪʫʨʽ 20 Áʉ, ʨʅ = 6,58 

 
ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʟʘʣʠʰʢʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚʦʜʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ  

ʂ = [ʈO4
3-, ʤʛ-ʝʢʚ] / [Ca2+, ʤʛ-ʝʢʚ] ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʞʦʨʩʪʢʦʩʪʽ 10 ʤʛ-ʝʢʚ/ʜʤ3 ʪʘ ʨʅ = 7,45 

 

ʗʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 4), ʨʝʘʢʮʽʷ ʤʽʞ ʽʦʥʘʤʠ ʢʘʣʴʮʽʶ ʪʘ 

ʬʦʩʬʘʪʘʤʠ ʧʨʦʭʦʜʠʪʴ ʜʦʩʠʪʴ ʧʦʚʥʦ ʚʞʝ ʚ ʧʝʨʰʽ ʭʚʠʣʠʥʠ ʢʦʥʪʘʢʪʫ. ɺʜ̔ʩʪʦʶʚʘʥʥʷ ʟʤʽʰʘʥʠʭ ʨʦʟʯʠʥʽʚ 

ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ ʧʦʢʘʟʘʣʦ, ʱʦ ʨʝʘʢʮʽʷ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʧʨʦʭʦʜʠʪʴ ʚ ʤʦʤʝʥʪ ʟʣʠʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʽ ʟ 

ʯʘʩʦʤ ʟʘʣʠʰʢʦʚʘ ʞʦʨʩʪʢʽʩʪʴ ʚʦʜʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʎʝʡ ʬʘʢʪ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʡ ʜʣʷ 

ʪʝʭʥʦʣʦʛʽʡ, ʚ ʷʢʠʭ ʝʪʘʧ ʚʽʜʩʪʦʶʚʘʥʥʷ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʤôʷʢʰʝʥʥʷ ʬʦʩʬʘʪ ʮʽʣʢʦʤ ʧʽʜʭʦʜʠʪʴ ʚ ʷʢʦʩʪʽ ʨʝʘʛʝʥʪʫ 

ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʟ ʞʦʨʩʪʢʠʭ ʧʨʠʨʦʜʥʠʭ ʚʦʜ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʤôʷʢʰʝʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʫʪʚʦʨʝʥʦʛʦ ʦʩʘʜʫ ʚʽʜ ʦʙʨʦʙʣʝʥʦʾ ʚʦʜʠ, ʦʩʢʽʣʴʢʠ ʣʠʰʝ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ. ɼʨʫʛʠʡ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʧʨʠʩʚʷʯʝʥʦ ʚʠʚʯʝʥʥʶ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʛʦ, ʥʘʡʙʽʣʴʰ ʢʦʤʧʘʢʪʥʦʛʦ ʪʘ ʩʬʦʨʤʦʚʘʥʦʛʦ ʦʩʘʜʫ. 

ʆʩʚ̔ʪʣʝʥʥʷ ʦʙʨʦʙʣʝʥʠʭ ʬʦʩʬʘʪʦʤ ʥʘʪʨʽʶ ʧʨʦʙ ʞʦʨʩʪʢʦʾ ʚʦʜʠ ʧʦʢʘʟʘʣʦ (ʨʠʩ. 5ï7), ʱʦ ʩʫʪʪʻʚʦʾ ʨʽʟʥʠʮʽ ʚ 

ʦʩʘʜʞʝʥʥʽ ʧʨʠ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ. 
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ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʟʘʣʠʰʢʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚʦʜʠ ʚʽʜ ʪʝʨʤʽʥʫ ʚʽʜʩʪʦʶʚʘʥʥʷ ʩʫʤʽʰʽ ʧʨʠ ʨʽʟʥʠʭ  

ʟʥʘʯʝʥʥʭ̫ ʧʦʯʘʪʢʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ (ɾʧ) ʪʘ ʢʦʝʬʽʮʽʻʥʪʽ ʂ = [PO4
3-, ʤʛ-ʝʢʚ] / [Ca2+, ʤʛ-ʝʢʚ] 

 

ɺ ʩʣʘʙʢʦ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʨʠʩ. 5) ʽʥʪʝʥʩʠʚʥʝ ʦʩʚʽʪʣʝʥʥʷ ʬʽʢʩʫʻʪʴʩʷ ʣʠʰʝ ʧʨʠ ʂ = 0,5, ʪʦʙʪʦ, 

ʧʨʠ ʥʝʟʥʘʯʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʩʘʜʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʩɹʷ ʧʨʠ ʟʥʘʯʥʦʤʫ 

ʥʘʜʣʠʰʢʫ ʽʦʥʽʚ ʢʘʣʴʮʽʶ, ʘʣʝ ʧʨʠ ʜʝʬʽʮʠʪʽ ʘʥʽʦʥʽʚ ʬʦʩʬʦʨʫ. ʏʝʨʝʟ ʢʽʣʴʢʘ ʩʝʢʫʥʜ ʧʽʩʣʷ ʟʣʠʚʘʥʥʷ ʨʦʟʯʠʥʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʪʘ ʢʦʘʛʫʣʷʮʽʷ ʫʪʚʦʨʝʥʠʭ ʯʘʩʪʦʢ. ʋʪʚʦʨʝʥʽ ʘʛʨʝʛʘʪʠ ʧʦʯʠʥʘʶʪʴ 

ʰʚʠʜʢʦ ʦʩʽʜʘʪʠ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʏʝʨʝʟ ʛʦʜʠʥʫ ʚʽʜʩʪʦʶʚʘʥʥʷ ʫʷʚʥʠʡ ʦʙôʻʤ ʪʚʝʨʜʦʾ ʬʘʟʠ ʟʤʝʥʰʫʻʪʴʩʷ 

ʜʦ 30 ʩʤ3 ʽ ʧʦʜʘʣʴʰʝ ʦʩʚʽʪʣʝʥʥʷ ʨʦʟʯʠʥʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ.   

 
ʈʠʩ. 5. ɿʘʣʝʞʥʽʩʪʴ ʫʷʚʥʦʛʦ ʦʙôʻʤʫ ʫʪʚʦʨʝʥʦʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚʽʜ ʪʝʨʤʽʥʫ ʚʽʜʩʪʦʶʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʝʘʛʝʥʪʽʚ  ʂ 

= [PO4
3-, ʤʛ-ʝʢʚ]/[Ca2+, ʤʛ-ʝʢʚ] (ɾʧ = 23 ʤʛ-ʝʢʚ/ʜʤ3, ʨʅ = 5,2, t = 20,7 ÁC) 

 

ɿʙʽʣʴʰʝʥʥʷ ʜʦʟʠ ʬʦʩʬʘʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʾʭ ʛʽʨʰʝ 

ʦʩʚʽʪʣʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʩʪʝʭʽʦʤʝʪʨʽʾ (ʂ =1) ʧʽʩʣʷ ʛʦʜʠʥʠ ʚʽʜʩʪʦʶʚʘʥʥʷ ʫʷʚʥʠʡ ʦʙôʻʤ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʟʥʠʞʫʻʪʴʩʷ ʣʠʰʝ ʥʘ 20 %. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʘ ʧʦʯʘʪʢʦʚʘ ʞʦʨʩʪʢʽʩʪʴ ʚʦʜʠ ʻ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ, ʘ ʪʚʝʨʜʽ ʯʘʩʪʢʠ 

ʥʘʜʟʚʠʯʘʡʥʦ ʜʠʩʧʝʨʩʥʽ, ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʟʘʨʷʜʦʤ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʾʭ ʢʦʘʛʫʣʷʮʽʾ. 

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʩʧʦʣʫʢ ʢʘʣʮɹʽʶ ʪʘ ʬʦʩʬʦʨʫ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ. ʗʢ 

ʟʘʟʥʘʯʝʥʦ ʫ [8], ʧʨʠ ʟʣʠʚʘʥʥʽ ʨʦʟʯʠʥʽʚ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʪʘ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʨʅ = 3 ï 8 

ʫʪʚʦʨʶʻʪʴʩʷ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪ ʛʽʜʨʦʬʦʩʬʘʪʫ ʢʘʣʴʮʽʶ CaHPO4
.2H2O. ɺ ʫʤʦʚʘʭ ʨʅ > 8 ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ 

ʛʽʜʨʦʢʩʠʘʧʘʪʠʪʫ. ɿʚʘʞʘʶʯʠ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʨʝʘʛʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʚʦʜʥʝʚʠʡ 

ʧʦʢʘʟʥʠʢ ʪʘʢʦʞ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʦʩʘʜʫ, ʫʪʚʦʨʶʶʯʠ ʦʜʥʦʟʘʤʽʱʝʥʽ, ʜʚʦʟʘʤʽʱʝʥʽ ʽ ʪ.ʧ. 

ʩʪʨʫʢʪʫʨʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʮʝ ʧʠʪʘʥʥʷ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʪʘ ʦʙôʻʤʥʠʤ ʜʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʦʤʫ ʤʠ ʥʝ 

ʧʨʠʜʽʣʷʻʤʦ ʡʦʤʫ ʥʘʣʝʞʥʦʾ ʫʚʘʛʠ. ʊʠʤ ʙʽʣʴʰʝ, ʱʦ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʥʘʩ ʙʽʣʴʰʝ ʮʽʢʘʚʣʷʪʴ ʬʽʟʠʢʦ ï 

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʩʘʜʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʜʽʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚʽʜ ʨʦʟʯʠʥʫ. 

ʇʨʠ ʦʩʘʜʞʝʥʥʽ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʠʪʫʘʮʽʷ ʢʘʨʜʠʥʘʣʴʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ (ʨʠʩ. 

6). ʆʙôʻʤʠ ʪʚʝʨʜʦʾ ʬʘʟʠ ʧʽʩʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ ʜʝʱʦ ʟʥʠʞʫʶʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʠʟʴʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʫ ʂ (ʙʽʣʷ 30 %). ʇʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʨʝʘʛʝʥʪʽʚ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ, ʨʽʟʥʠʮʷ 

ʚ ʫʷʚʥʦʤʫ ʦʙôʻʤʽ ʪʚʝʨʜʦʾ ʬʘʟʠ ʟʘ ʪʠʭ ʞʝ ʫʤʦʚ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 2 ï 4 %.      



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨ ̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ5, 2022 (313) 139 

 

 
ʈʠʩ. 6. ɿʘʣʝʞʥʽʩʪʴ ʫʷʚʥʦʛʦ ʦʙôʻʤʫ ʫʪʚʦʨʝʥʦʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚʽʜ ʪʝʨʤʽʥʫ ʚʽʜʩʪʦʶʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʨʝʘʛʝʥʪʽʚ  ʂ = [PO4
3-, ʤʛ-ʝʢʚ]/[Ca2+, ʤʛ-ʝʢʚ] (ɾʧ = 23 ʤʛ-ʝʢʚ/ʜʤ3, ʨʅ = 6,78, t = 20,7 ÁC) 

 

ʎʽʢʘʚʦ, ʱʦ ʥʘʚʽʪʴ ʦʩʘʜʞʝʥʥʷ ʚ ʩʠʣʴʥʦʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʫʪʪʻʚʦ ʚ ʙʽʢ ʧʦʢʨʘʱʝʥʥʷ ʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʩʚʽʪʣʝʥʥʷ ʩʫʩʧʝʥʟʽʾ ʥʝ ʚʧʣʠʚʘʻ (ʨʠʩ. 7), ʭʦʯʘ ʨʽʟʥʠʮʷ ʙʽʣʴʰ ʚʽʜʯʫʪʥʘ, ʥʽʞ ʧʨʠ ʦʩʘʜʞʝʥʥʽ ʚ 

ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʅʘʚʽʪʴ ʧʨʠ ʂ = 0,5 ʫʷʚʥʠʡ ʦʙôʻʤ ʦʩʘʜʫ ʧʽʩʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ ʥʝ 

ʟʥʠʞʫʻʪʴʩʷ ʤʝʥʰʝ 50 % ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʦʙôʻʤʫ ʩʫʩʧʝʥʟʽʾ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʘʮʶʚʘʪʠ ʟ ʪʘʢʠʤ ʜʠʩʧʝʨʩʥʠʤ ʪʘ 

ʚʠʩʦʢʦʦʙôʻʤʥʠʤ ʦʩʘʜʦʤ ʜʦʩʠʪʴ ʚʘʞʢʦ, ʪʦʤʫ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʘʪʠ ʜʦʜʘʪʢʦʚʽ ʧʨʦʮʝʩʠ 

ʢʦʘʛʫʣʶʚʘʥʥʷ ʯʠ ʬʣʦʢʫʣʷʮʽʾ, ʱʦ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʫ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

 
ʈʠʩ. 7. ɿʘʣʝʞʥʽʩʪʴ ʫʷʚʥʦʛʦ ʦʙôʻʤʫ ʫʪʚʦʨʝʥʦʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚʽʜ ʪʝʨʤʽʥʫ ʚʽʜʩʪʦʶʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʨʝʘʛʝʥʪʽʚ  ʂ = [PO4
3-, ʤʛ-ʝʢʚ]/[Ca2+, ʤʛ-ʝʢʚ] (ɾʧ = 23 ʤʛ-ʝʢʚ/ʜʤ3, ʨʅ = 10,5, t = 20,7 ÁC) 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʝʬʝʢʪʠʚʥʝ ʧʦʤôʷʢʰʝʥʥʷ ʚʦʜʠ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʬʦʩʬʘʪʦʤ 

ʥʘʪʨʽʶ ʤʦʞʣʠʚʝ ʥʘʚʽʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ ʙʝʟ ʚʽʜʩʪʦʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʨʝʘʛʝʥʪʘʤʠ ʥʘ ʨʽʚʥʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤôʷʢʦʾ ʪʘ ʜʫʞʝ 

ʤôʷʢʦʾ ʚʦʜʠ. ɺ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 5ï70 Áʉ ʪʘ ʜʽʘʧʘʟʦʥʽ ʨʅ = 5 ï 11 ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʩʬʘʪʫ ʥʘʪʨʽʶ 

ʟʘʣʠʰʘʻʪʩɹʷ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʦʶ ʽ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 5ï25 %. ɿʘʣʠʰʢʦʚʘ ʞʦʨʩʪʢʽʩʪʴ ʚʦʜʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʙʦʨʫ 

ʫʤʦʚ ʦʩʘʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʦʚʝʜʝʥʘ ʜʦ 0,1 ï 0,2 ʤʛ-ʝʢʚ/ʜʤ3. ɺ ʮʽʣʦʤʫ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʦʤôʷʢʰʝʥʥʷ, ʬʦʩʬʘʪ-ʽʦʥ ʮʽʣʢʦʤ ʧʽʜʭʦʜʠʪʴ ʚ ʷʢʦʩʪʽ ʨʝʘʛʝʥʪʫ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʟ ʞʦʨʩʪʢʠʭ 

ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʚ ʧʦʙʫʪʦʚʠʭ ʪʘ ʦʬʽʩʥʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ 

ʫʪʚʦʨʝʥʦʛʦ ʦʩʘʜʫ ʚʽʜ ʦʙʨʦʙʣʝʥʦʾ ʚʦʜʠ ʥʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʯʝʨʝʟ ʚʠʩʦʢʫ ʜʠʩʧʝʨʩʥʽʩʪʴ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ. ʇʨʦʮʝʩ 

ʦʩʚʽʪʣʝʥʥʷ ʦʙʨʦʙʣʝʥʦʾ ʚʦʜʠ ʧʨʦʭʦʜʠʪʴ ʥʝʩʪʘʙʽʣʴʥʦ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʥʠʟʴʢʘ, ʘ 

ʟʘʣʠʰʢʦʚʠʡ ʫʷʚʥʠʡ ʦʙôʻʤ ʦʩʘʜʫ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʝʘʛʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ ʢʦʘʛʫʣʷʥʪʽʚ ʯʠ 

ʬʣʦʢʫʣʷʥʪʽʚ. 
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̨̨̒̓̊̋̏̒̓ ̆̆̋̓̔̕ ̅̏ ̠̐̑́̎̎Ȣ ˏ̒̓́̎̏̃̌̆̎̏ ̨̝̆̆̋̓̉̃̎̒̓̕ ̨̘̠̐̑̉̄̎̔̃́̎̎ ̨̝̂́̋̓̆̑́̌̎̏̄̏ ̠̈́̂̑̔̅̎̆̎̎ ̨̈ ̨̠̅̏̃̋̌̌ 
̖̏̂̑̏̂̌̆̎̉ ̨́̎̓̉̍̋̑̏̂̎̉̍ ̒̋̌́̅̏̍ ̨̈̑́̈̋̃ ̓̋́̎̉̎Ȣ ˝̝̆̈̔̌̓́̓̉ ̆̋̒̐̆̑̉̍̆̎̓̔ ̐̏̋́̈́̌̉ȟ ̏̚ ̘̐̑́̋̓̉̎̏ ̨̃̒ ̈̑́̈̋̉ 
̓̋́̎̉̎̉ȟ ̨̨̍̏̅̉̋̏̃́̎̕ ̨̨̨̐̏̌̄̆̋̒́̍̆̓̉̌̆̎̄̔́̎̅̎ ̖̌̏̑̉̅̏̍ ̓́ ̨̗̄̌̉̅̉̌̏̃̉̍̉ ̨̆̑́̍̉̕ȟ ̖̟̝̠́̑́̋̓̆̑̉̈̔̓̒ 
̟̃̉̑́̇̆̎̏ ̟̈̏̎̏ ̨̨̠̎̄̂̔̃́̎̎ ̨̍̋̑̏̌̏̑̉̕ȟ ̨̠̩̈́̒̎̏ ̈ ̨̠̐̏̃̓̑ȟ ́̌̆ ̨̝̙̂̌̔ ̨̨̝̒̓̊̋̒̓ ̅̏ ̠̐̑́̎̎ ̤̍́ ̒̋̌́̅ ̨̈ ̨̃̍̒̓̏̍ 
̨̗̍̏̎̏̄̌̉̅̉̌̏̃̏̄̏ ̨̆̑̔̕ ̗̝̂̔̓̉̌̆̌̏̈̏̌̃̔ ̈ ̟̍́̒̏̃̏ ̘̟́̒̓̋̏ ̖̆̐̏̋̒̉̅̎̉ ̄̑̔̐ υϊȟτ ɀ 20,0%. 

ˑ̏̃̆̅̆̎ ,̏ ̏̚ ̠̃̃̆̅̆̎̎ ̨̗̍̏̎̏̄̌̉̅̉̌̏̃̏̄̏ ̨̆̑̔̕ ̗̝̂̔̓̉̌̆̌̏̈̏̌̃̔ ̈ ̟̍́̒̏̃̏ ̘̟́̒̓̋̏ ̖̆̐̏̋̒̉̅̎̉ ̄̑̔̐ 
16,0 ɀ φτȟτϻ ̅̏ ̠̝̏̐̏̑̅̇̔̃́̌̎̏̄̏ ̒̋̌́̅̔ ̎́ ̨̏̒̎̏̃ ̨̨̨̐̏̌̄̆̋̒́̍̆̓̉̌̆̎̄̔́̎̅̎ ̖̌̏̑̉̅̔ ̠̤̅̏̈̃̏̌ ̘̈́̂̆̈̐̆̉̓̉ 
̨́̎̓̉̍̋̑̏̂̎̔ ̨̟̅ ̝̓̆̋̒̓̉̌̎̏̄̏ ̨̍́̓̆̑́̌̔ ̓́ ̨̐̅̃̉̉̓̉̚ ̨̨̝̒̓̊̋̒̓ ́ ̎̓ ̨̉̍̋̑̏̂̎̏̄̏ ̆̆̋̓̔̕ ̅̏ ̠̐̑́̎̎Ȣ 

˛̨̓̑̉̍́̎ ̝̑̆̈̔̌̓́̓̉ ̆̋̒̐̆̑̉̍̆̎̓̔ ̟̝̍́̓ ̘̐̑́̋̓̉̎̆ ̘̠̈̎́̆̎̎ ̠̅̌ ̑̏̈̑̏̂̋̉ ̖̎̏̃̉ ̠̝̖̏̐̏̑̅̇̔̃́̌̎̉ 
̨̒̋̌́̅̃ ̠̅̌ ̠̎́̅́̎̎ ̝̓̆̋̒̓̉̌̎̉̍ ̨̍́̓̆̑́̌́̍ ̨̖́̎̓̉̍̋̑̏̂̎̉ ̃̌́̒̓̉̃̏̒̓̆̊Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨́̎̓̉̍̋̑̏̂̎́ ̏̂̑̏̂̋́ȟ ̨̨̨̐̏̌̄̆̋̒́̍̆̓̉̌̆̎̄̔́̎̅̎ ̖̌̏̑̉̅ȟ ̨̨̗̄̌̉̅̉̌̏̃ ̨̆̑̉̕ȟ ̠̂́̃̏̃̎̎́ 
̓̋́̎̉̎́ȟ ̨̝̂́̋̓̆̑́̌̎̆ ̠̈́̂̑̔̅̎̆̎̎ȟ ̍̆̓̏̅ ̨̠̈́̒̃́̎̎ ̈ ̨̠̐̏̃̓̑Ȣ 

 
HOROKHOV Ihor, KULISH Irina, ASAULYUK Tatyana, SARIBYEKOVA Yulia 

Kherson National Technical University 

 

INVESTIGATION OF ANTIMICROBIAL TREATME NT OF TEXT ILE  MATERIALS ON THE EFFECTIVENESS 

OF INHIBITION OF BACTERIAL CONTAMINATION FROM THE ENVIRONMENT  
 

The purpose of the work is to develop an antimicrobial composition and study the quality of antimicrobial treatment of cotton 
textile materials. 

An aqueous solut ion of polyhexamethylene guanidine chloride was used as an object of study as an effective, safe antimicrobial 
agent. To increase the stability of the treatment to washing, additives of glycidyl ethers capable of crosslinking reaction, with epoxy groups of 
different functionality and mass fraction were studied. The treatment of cotton fabric was carried out by impregnation with an aqueous 
solution of polyhexamethylene guanidine chloride and glycidyl ethers in a finishing bath, followed by drying and curing. Checking the 
antimicrobial effect of cotton fabric was carried out by the settle plate method by analyzing the diffusion of the fabric disc on agar after 
treatment with an antimicrobial composition and after washing. 

The paper presents the results of a study of the quality of cotton fabric treatment from the use of polyhexamethylene guanidine 
chloride and various glycidyl ethers in the antimicrobial composition to increase the resistance to washing. The efficiency of inhibition of 
bacterial contamination from the environment of fabric samples treated with the antimicrobial composition was established. The results of 
the experiment showed that almost all fabric samples modified with polyhexamethylene guanidine chloride and glycidyl ethers are 
characterized by a pronounced zone of inhibition of microflora seeded from the air, but a composition containing butyl cellosolve 
monoglycidyl ether with a mass fraction of epoxy groups of 16.0 ɀ 20.0% has a greater resistance to washing. 

It has been proven that the introduction of butyl cellosolve monoglycidyl ether with a mass fraction of epoxy groups of 16.0 ɀ 
20.0% into a finishing composition based on polyhexamethylene guanidine chloride makes it possible to provide an antimicrobial effect of a 
textile material and increase the resistance of the antimicrobial effect to washing. 
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The obtained results of the experiment are of practical importance for the development of new finishing compositions in order to 
impart antimicrobial properties to textile materials. 

Keywords: antimicrobial treatment, polyhexamethylene guanidine chloride, glycidyl ethers, cotton fabric, bacterial 
contamination, settle plate method. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʊʝʢʩʪʠʣʴ ʚʠʢʦʥʫʻ ʟʘʭʠʩʥʫ ʬʫʥʢʮʽʶ ʫ ʞʠʪʪʽ ʣʶʜʠʥʠ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʤʦʞʝ ʚʤʽʱʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ 

ʤʽʢʨʦʙʽʚ, ʩʧʨʦʤʦʞʥʠʭ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʤʽʢʨʦʬʣʦʨʦʶ ʰʢʽʨʠ [1]. 

ɺ ʛʘʣʫʟʷʭ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ, ʛʽʛʽʻʥʠ, ʫʧʘʢʦʚʢʠ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʝʢʩʪʠʣʶ, 

ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʧʦʚʽʪʨʷʥʠʭ ʬʽʣʴʪʨʽʚ ʪʘ ʩʠʩʪʝʤ ʦʯʠʱʝʥʥʷ ʚʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʪʠʤʽʢʨʦʙʥʠʡ ʪʝʢʩʪʠʣʴ. ɺʽʥ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ 

ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʦʜʷʛ, ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʪʢʘʥʠʥ, ʥʘʨʘʟʽ ï ʤʘʩʦʢ ʜʣʷ ʦʙʣʠʯʯʷ. ɸʥʪʠʤʽʢʨʦʙʥʠʡ ʪʝʢʩʪʠʣʴ ʪʘʢʦʞ 

ʧʦʧʫʣʷʨʥʠʡ ʩʝʨʝʜ ʩʫʯʘʩʥʦʛʦ ʩʧʦʨʪʠʚʥʦʛʦ ʦʜʷʛʫ ʪʘ ʦʜʷʛʫ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ [2]. 

ɹʽʣʴʰʽʩʪʴ ʧʨʦʪʠʤʽʢʨʦʙʥʠʭ ʘʛʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʢʩʪʠʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʝʭʘʥʽʟʤʦʤ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʚʠʚʽʣʴʥʝʥʥʷ ʘʙʦ ʚʠʣʫʞʫʚʘʥʥʷ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʣʦʛʠ. 

ɺʠʣʫʞʫʚʘʣʴʥʘ ʜʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ. ɼʦʙʘʚʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʚʝʜʝʥʽ 

ʚʩʝʨʝʜʠʥʫ ʚʦʣʦʢʥʠʩʪʦʾ ʤʘʪʨʠʮʽ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʝʢʩʪʨʫʟʽʾ, ʘʙʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʥʝʩʝʥʽ ʥʘ 

ʪʝʢʩʪʠʣʴʥʽ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʢʨʠʪʪʷ ʘʙʦ ʧʨʦʩʦʯʝʥʥʷ, ʪʘʢʦʛʦ ʷʢ ʥʘʙʠʚʘʥʥʷ ʘʙʦ 

ʚʠʪʷʞʢʘ [3]. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ɽʬʝʢʪʠʚʥʦʶ ʘʥʪʠʤʽʢʨʦʙʥʦʶ ʦʙʨʦʙʢʦʶ ʙʘʚʦʚʥʷʥʠʭ ʪʢʘʥʠʥ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʧʦʙʫʪʽ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʟ ʧʦʢʨʠʪʪʷʤʠ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʣʽʤʝʨʽʚ, ʻ ʦʙʨʦʙʢʘ ʛʫʘʥʽʜʽʥʘʤʠ 

ʘʙʦ ʧʦʣʽʤʝʨʥʠʤʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʘʥʪʠʤʽʢʨʦʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʝʟ 

ʧʦʛʽʨʰʝʥʥʷ ʾʭ ʬʽʟʠʢʦ-ʭ̔ ʤʽʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [4]. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʦʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ [5] 

ʙʽʦʨʦʟʢʣʘʜʥʠʭ ʧʦʣʽʢʘʨʙʦʥʘʪʽʚ, ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʛʫʘʥʽʜʽʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

in vivo ʧʨʦʪʠ A. baumannii, E. coli, Klebsiella pneumoniae, S. aureus ʽ P. Aeruginosa. 

ɺ ʽʥʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ [6] ʧʦʚʽʜʦʤʣʝʥʦ ʧʨʦ ʧʦʣʽʤʝʨʥʽ ʧʣʽʚʢʦʚʽ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʇɺʉ/ʭʽʪʦʟʘʥ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥʫ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʦʣʽʛʫʘʥʽʜʽʥʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʜʝʟʠʥʬʽʢʫʶʯʠʡ ʟʘʩʽʙ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʘʣʦ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ (3 ʢʣʘʩ ʙʝʟʧʝʢʠ ʧʦ ʪʦʢʩʠʢʦʣʦʛʽʯʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ), 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʪʦʢʩʠʯʥʽʩʪʶ ʜʣʷ ʣʶʜʠʥʠ, ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʩʪʶ ʢʦʨʦʟʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʦ 

ʙʽʣʴʰʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʣʽʛʫʘʥʽʜʽʥʠ ʩʧʨʦʤʦʞʥʽ ʜʦ ʧʣʽʚʢʦʫʪʚʦʨʝʥʥʷ ʥʘ ʦʙʨʦʙʣʝʥʠʭ ʧʦʚʝʨʭʥʷʭ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʧʨʦʣʦʥʛʦʚʘʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʝʧʘʨʘʪʽʚ. ɺʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʦʣʽʢʘʪʽʦʥʥʠʭ ʘʤʽʥʽʚ, ʩʧʨʦʤʦʞʥʽ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʢʣʽʪʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʛʫʚʘʥʥʷ [7, 8]. 

ʇʦʣʽʙʽʛʫʘʥʽʜʠ, ʷʢ ʧʦʣʽʤʝʨʥʽ ʧʦʣʽʢʘʪʽʦʥʥʽ ʘʤʽʥʠ, ʚ ʦʩʥʦʚʥʦʤʫ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʣʘʥʦʢ ʢʘʪʽʦʥʥʦʛʦ 

ʙʛ̔ʫʘʥʽʜʫ, ʱʦ ʧʦʚʪʦʨʶʶʪʴʩʷ, ʟ ʚʫʛʣʝʚʦʜʥʝʚʠʤʠ ʣʽʥʢʝʨʘʤʠ ʦʜʥʘʢʦʚʦʾ ʘʙʦ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ. ʎʝʡ ʢʣʘʩ 

ʙʽʦʮʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ ʜʦʙʨʝ ʚʽʜʦʤʠʡ ʷʢ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʡ, ʟʘʚʜʷʢʠ ʾʭ ʚʠʩʦʢʽʡ ʛʽʜʨʦʬʽʣʴʥʦʩʪʽ, ʯʫʜʦʚʽʡ 

ʙʽʦʮʠʜʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʪʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʤʽʢʨʦʙʽʚ ʪʘ ʥʝʪʦʢʩʠʯʥʦʩʪʽ. ʂʘʪʽʦʥʥʽ ʛʨʫʧʠ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ 

ʽʟ ʙʽʛʫʘʥʽʜʦʤ, ʤʦʞʫʪʴ ʟʚ'ʷʟʫʚʘʪʠʩʷ ʟ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʤʠ ʛʨʫʧʘʤʠ (COOH) ʮʝʣʶʣʦʟʠ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʟʘʩʪʦʩʦʚʥʠʭ ʧʦʣʽʤʝʨʽʚ ʥʘ ʦʩʥʦʚʽ ʙʽʛʫʘʥʽʜʫ ʻ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜ ʯʝʨʝʟ ʡʦʛʦ ʥʠʟʴʢʫ ʪʦʢʩʠʯʥʽʩʪʴ 

ʪʘ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ. 

ɹʘʢʪʝʨʠʮʠʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʫʘʥʽʜʽʥʦʚʠʭ ʨʝʯʦʚʠʥ ʦʙʫʤʦʚʣʝʥʽ ʨʫʡʥʽʚʥʠʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʦʙʦʣʦʥʢʫ ʢʣʽʪʠʥʠ (ʢʣʽʪʠʥʥʫ ʤʝʤʙʨʘʥʫ), ʷʢʘ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʬʽʣʴʪʨʘ, ʱʦ ʟʘʭʠʱʘʻ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʫ ʤʝʤʙʨʘʥʫ ʚʽʜ ʨʫʡʥʽʚʥʠʭ ʪʦʢʩʠʥʽʚ. ɺʥʘʩʣʽʜʦʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʢʦʥʪʘʢʪʫʶʯʠ 

ʟ ʧʦʚʝʨʭʥʝʶ ʢʣʽʪʠʥʥʦʾ ʦʙʦʣʦʥʢʠ, ʤʦʣʝʢʫʣʠ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥʫ ʚʠʢʣʠʢʘʶʪʴ ʚʽʜʪʽʢ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʽʣʽʩʥʽʩʪʴ ʢʣʽʪʠʥʥʦʾ ʤʝʤʙʨʘʥʠ. ʄʦʣʝʢʫʣʠ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥʫ ʟʚ'ʷʟʫʶʪʴʩʷ ʟ 

ʤʦʣʝʢʫʣʘʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʟʟʦʚʥʽ ʢʣʽʪʠʥʠ, ʫʪʚʦʨʶʶʯʠ ʚ ʥʽʡ ʧʨʦʣʦʤʠ, ʯʝʨʝʟ ʷʢʽ ʟʘʣʠʰʢʦʚʽ ʢʽʣʴʢʦʩʪʽ 

ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥʫ ʧʨʦʥʠʢʘʶʪʴ ʜʦ ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʦʾ ʤʝʤʙʨʘʥʠ, ʧʦʨʫʰʫʶʯʠ ʾʾ ʮʽʣʽʩʥʽʩʪʴ. ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʪʽʢ ʤʦʣʝʢʫʣ ʽʟ ʥʠʟʴʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ, ʥʘʩʘʤʧʝʨʝʜ ʽʦʥʽʚ ʢʘʣʽʶ. ɺʞʝ 

ʧʨʠ ʙʘʢʪʝʨʽʦʩʪʘʪʠʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥʫ ʢʣʽʪʠʥʘ ʚʪʨʘʯʘʻ ʙʣʠʟʴʢʦ 40% ʢʘʣʽʶ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ ʥʽʡ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʪʝʢʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʧʦʙʫʪʽ, ʪʨʘʥʩʧʦʨʪʽ, ʩʫʩʧʽʣʴʥʠʭ ʤʽʩʮʷʭ ʽ 

ʧʽʜʜʘʶʪʴʩʷ ʜʽʾ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʷʢʘ ʧʝʨʝʥʦʩʠʪʴʩʷ ʫ ʧʦʚʽʪʨʽ, ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʛʥʽʯʫʚʘʥʥʷ 

ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʽʟ ʜʦʚʢʽʣʣʷ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʩʝʜʠʤʝʥʪʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʭ, ʘʣʝ, ʚ ʪʦʡ ʞʝ ʯʘʩ, ʰʚʠʜʢʠʭ ʽ ʧʦʢʘʟʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʬʣʦʨʠ 

ʧʦʚʽʪʨʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʜʽʾ ʪʝʢʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʩʠʨʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ 

ʦʙʨʦʙʣʷʣʠ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʫ (ʇɻʄɻ), ʩʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʷʢʦʛʦ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1, ʫ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 1ï6%. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʫ 

 

ʇʨʦʩʦʯʝʥʥʷ ʪʢʘʥʠʥ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʜʚʦʚʘʣʴʥʽʡ ʧʣʶʩʦʚʮʽ ʟ ʜʚʦʨʘʟʦʚʠʤ ʟʘʥʫʨʝʥʥʷʤ ʽ ʚʽʜʞʠʤʘʥʥʷʤ 

ʜʦ ʟʘʣʠʰʢʦʚʦʾ ʚʦʣʦʛʦʩʪʽ 90%. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʪʢʘʥʠʥʫ ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 80 , ʪʘ, ʧʽʩʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʚʠʪʨʠʤʫʚʘʣʠ ʦʙʨʦʙʣʝʥʽ ʟʨʘʟʢʠ ʪʢʘʥʠʥ ʚ ʝʢʩʠʢʘʪʦʨʽ ʧʨʦʪʷʛʦʤ ʜʦʙʠ. ɸʥʪʠʤʽʢʨʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʜʠʬʫʟʽʾ ʪʢʘʥʠʥʥʦʛʦ ʜʠʩʢʫ. ɼʣʷ ʮʴʦʛʦ ʯʘʰʢʠ ʇʝʪʨʽ ʟ 

ʧʨʠʛʦʪʦʚʘʥʠʤ ʟʘʩʪʠʛʣʠʤ ʘʛʘʨʦʤ ʟʘʣʠʰʘʣʠ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʩʪʦʨʽ ʫ ʧʨʠʤʽʱʝʥʥʽ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 

15 ʭʚ. ɼʘʣʽ ʟʨʘʟʢʠ ʪʢʘʥʠʥʠ ʧʦʤʽʱʘʣʠ ʜʦ ʯʘʰʦʢ ʇʝʪʨʽ ʥʘ ʧʦʚʝʨʭʥʶ ʟʘʩʽʷʥʦʛʦ ʟ ʧʦʚʽʪʨʷ ʘʛʘʨʫ, ʟʘʢʨʠʚʘʣʠ, 

ʚʥʦʩʠʣʠ ʜʦ ʪʝʨʤʦʩʪʘʪʫ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ 72 ʛʦʜ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 38 ʜʣʷ ʽʥʢʫʙʘʮʽʾ ʧʦʩʽʚʽʚ. ʈʝʟʫʣʪɹʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2. 

 

    

ʘ) ʙ) ʚ) ʛ) 

ʈʠʩ. 2. ɸʥʪʠʤʽʢʨʦʙʥʘ ʜʽʷ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʫ ʥʘ ʨʽʟʥʠʭ ʟʘ ʚʦʣʦʢʥʠʩʪʠʤ ʩʢʣʘʜʦʤ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ: ʘ) ʟʨʘʟʦʢ ʙʝʟ ʦʙʨʦʙʢʠ; ʙ) 1% ʨʦʟʯʠʥ ʇɻʄɻ; ʚ) 3% ʨʦʟʯʠʥ ʇɻʄɻ; ʛ) 6% ʨʦʟʯʠʥ ʇɻʄɻ; 

1 ï ʧʦʣʽʝʬʽʨ 47% ʪʘ ʙʘʚʦʚʥʘ 53%; 2 ï ʙʘʚʦʚʥʘ 50% ʪʘ ʥʝʡʣʦʥ 50%; 3 ï ʙʘʚʦʚʥʘ 100% 

 

ɺʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʨʽʟʥʦʛʦ 

ʩʠʨʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʙʝʟ ʦʧʦʨʷʜʞʝʥʥʷ ʪʘ ʟ ʦʙʨʦʙʢʦʶ ʧʨʠ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ 

ʭʣʦʨʠʜʫ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʬʦʪʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʝ ʟʘʙʨʫʜʥʝʥʥʷ ʫʩʽʭ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʝ ʦʙʨʦʙʣʝʥʽ 

ʘʥʪʠʤʽʢʨʦʙʥʠʤ ʧʨʝʧʘʨʘʪʦʤ (ʨʠʩ. 2 ʘ). ʆʙʨʦʙʢʘ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʦʤ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 1% 

(ʨʠʩ. 2 ʙ) ʻ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʚʤʽʩʪʦʤ ʩʠʥʪʝʪʠʯʥʠʭ ʚʦʣʦʢʦʥ, ʪʘʢ ʷʢ ʥʘʚʢʦʣʦ ʥʠʭ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ɹʘʢʪʝʨʽʘʣʴʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʦ ʙʘʚʦʚʥʷʥʦʾ ʪʢʘʥʠʥʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʣʠʰʝ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʝʧʘʨʘʪʫ, ʽ ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ 6% (ʨʠʩ.2 ʛ). 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʘʤʝ ʥʘʪʫʨʘʣʴʥʽ ʚʦʣʦʢʥʘ ʥʘʡʙʽʣʴʰ ʧʽʜʜʘʶʪʴʩʷ ʤʽʢʨʦʙʥʽʡ ʘʪʘʮʽ ʪʘ ʟʘʙʨʫʜʥʝʥʥʶ, ʱʦ 

ʚʠʢʣʠʢʘʥʦ ʩʧʨʦʤʦʞʥʽʩʪʶ ʥʘʪʫʨʘʣʴʥʠʭ ʚʦʣʦʢʦʥ ʜʦ ʚʦʣʦʛʦʫʪʨʠʤʘʥʥʷ, ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʘʥʪʠʤʽʢʨʦʙʥʦʛʦ ʩʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ ʪʢʘʥʠʥʠ ʟ ʙʘʚʦʚʥʷʥʦʛʦ ʚʦʣʦʢʥʘ. ɺ ʨʦʙʦʪʽ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʜʦʙʘʚʦʢ ʛʣʽʮʠʜʠʣʦʚʠʭ ʝʬʽʨʽʚ ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ ʟʰʠʚʘʶʯʠʭ ʘʛʝʥʪʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʦʙʨʦʙʢʠ ʜʦ ʧʨʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʘʣʝ ʤʘʻ ʚʠʩʦʢʫ ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ. ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʣʽʮʠʜʠʣʦʚʠʭ ʝʬʽʨʽʚ ʟ ʨʽʟʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʪʘ ʤʘʩʦʚʦʶ ʜʦʣʝʶ ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ. 

 

ʊʘʙʣʠʮʷ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʣʽʮʠʜʠʣʦʚʠʭ ʝʬʽʨʽʚ 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ 
ʌʫʥʢʮʽʦʥʘʣʴ

ʥʽʩʪʴ 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ 

ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ, 

% 

ɺôʷʟʢʽʩʪʴ ʧʨʠ 

25Áʉ, ʤʇʘĿʩ 

ʄʦʥʦʛʣʽʮʠʜʠʣʦʚʠʡ ʝʬʽʨ ʙʫʪʠʣʮʝʣʦʟʦʣʴʚʫ 1 16,0 ï 20,0 3 ï 8 

ʄʦʥʦʛʣʽʮʠʜʠʣʦʚʠʡ ʝʬʽʨ ʘʣʢʽʣʬʝʥʦʣʫ 1 11,0 ï 14,0 100 ï 150 

ɼʠʛʣʽʮʠʜʠʣʦʚʠʡ ʝʬʽʨ ʧʦʣʽʦʢʩʽʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ 2 7,5 ï 10,5 70 ï 120 

 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʧʦʢʩʠʜʽʚ ʷʢ ʟʰʠʚʘʶʯʠʭ ʘʛʝʥʪʽʚ ʟʘʜʽʶʶʪʴʩʷ ʷʢ ʢʘʨʙʦʢʩʠʣʴʥʽ, ʪʘʢ ʽ ʛʽʜʨʦʢʩʠʣʴʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʝʬʽʨʥʠʭ ʟʚ'ʷʟʢʽʚ. ʌʦʨʤʫʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʧʦʣʽʤʝʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʽʥʛʽʙʫʻ ʛʽʜʨʦʣʽʟ ʝʬʽʨʥʠʭ ʟʚ'ʷʟʢʽʚ ʝʬʝʢʪʠʚʥʽʰʝ ʫ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʧʦʢʩʠʜʽʚ, ʥʽʞ 

ʤʝʣʘʤʽʥʦʬʦʨʤʘʣʴʜʝʛʽʜʥʠʭ ʩʤʦʣ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʚ ʨʦʙʦʪʽ ʦʧʦʨʷʜʞʫʚʘʣʴʥʽ ʩʢʣʘʜʠ ʙʝʟʧʝʯʥʽʰʽ ʽ 

ʙʽʣʴʰ ʩʪʽʡʢʽ ʜʦ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ɽʧʦʢʩʠʜʠ ʻ ʤʫʣʴʪʠʛʽʜʨʦʢʩʠʜʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʽ ʤʦʞʫʪʴ ʚʚʝʩʪʠ ʪʦʯʢʠ 

ʨʦʟʛʘʣʫʜʞʝʥʥʷ ʚ ʦʩʥʦʚʥʠʡ ʣʘʥʮʶʛ ʧʦʣʽʤʝʨʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʽʪʯʘʩʪʦʾ ʟʰʠʪʦʾ ʩʪʨʫʢʪʫʨʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʧʦʢʩʠʜʽʚ ʟʘʩʚʽʜʯʫʻ ʽ ʧʫʙʣʽʢʘʮʽʷ [8] ʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʛʣʽʮʠʜʠʣʦʚʦʛʦ ʝʬʽʨʫ 

ʧʦʣʽʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ ʨʘʟʦʤ ʟ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥʠʥ ʭʣʦʨʠʜʦʤ, ʫ ʷʢʽʡ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʦʪʨʠʤʘʥʥʷ 

ʟʥʘʯʥʦʾ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʙʘʚʦʚʥʷʥʠʭ ʪʢʘʥʠʥ, ʷʢʽ ʥʝ ʚʪʨʘʯʘʶʪʴ ʘʥʪʠʤʽʢʨʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʚʽʪʴ 

ʧʽʩʣʷ ʧʨʘʥʥʷ ʟ ʨʦʟʯʠʥʦʤ ʤʠʶʯʦʛʦ ʟʘʩʦʙʫ. 
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ɺ ʨʦʙʦʪʽ ʦʧʦʨʷʜʞʫʚʘʣʴʥʠʡ ʨʦʟʯʠʥ ʛʦʪʫʚʘʣʠ ʨʦʟʙʘʚʣʝʥʥʷʤ ʚʦʜʦʶ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʫ 

ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 6%, ʜʘʣʽ ʜʦ ʩʢʣʘʜʫ ʨʦʟʯʠʥʫ ʚʚʦʜʠʣʠ ʛʣʽʮʠʜʠʣʦʚʽ ʝʬʽʨʠ ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 1% (ʪʘʙʣʠʮʷ 1). 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʚʢʣʶʯʘʚ: ʧʨʦʩʦʯʫʚʘʥʥʷ ʙʘʚʦʚʥʷʥʦʾ ʪʢʘʥʠʥʠ ʥʘ ʜʚʦʚʘʣʴʥʽʡ ʧʣʶʩʦʚʮʽ ʟ 

ʧʦʜʚʽʡʥʠʤ ʟʘʥʫʨʝʥʥʷʤ ʽ ʚʽʜʞʠʤʦʤ ʜʦ ʟʘʣʠʰʢʦʚʦʾ ʚʦʣʦʛʦʩʪʽ 90%; ʚʠʩʫʰʫʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 80  ʪʘ 

ʪʝʨʤʦʬʽʢʩʘʮʽʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 120  ʧʨʦʪʷʛʦʤ 4 ʭʚ. ɺ ʪʘʙʣʠʮʽ 2 ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʪʢʘʥʠʥʠ ʜʦ ʪʘ 

ʧʽʩʣʷ ʧʨʘʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʛʣʽʮʠʜʠʣʦʚʠʭ ʝʬʽʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʦʶ ʯʘʩʪʢʦʶ 

ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ. 

 

ʊʘʙʣʠʮʷ 2 

ɺʧʣʠʚ ʛʣʽʮʠʜʠʣʦʚʠʭ ʝʬʽʨʽʚ ʥʘ ʘʥʪʠʤʽʢʨʦʙʥʠʡ ʝʬʝʢʪ ʙʘʚʦʚʥʷʥʦʾ ʪʢʘʥʠʥʠ 

ɽʧʦʢʩʠʜʥʘ ʩʢʣʘʜʦʚʘ 

ʘʥʪʠʤʽʢʨʦʙʥʦʛʦ ʩʢʣʘʜʫ 

(ʢʦʥʮʝʥʪʨʘʮʽʷ 1%) 

ɸʥʪʠʤʽʢʨʦʙʥʘ ʜʽʷ 

ʦʧʦʨʷʜʞʫʚʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ 

ʉʪʽʡʢʽʩʪʴ 

ʘʥʪʠʤʽʢʨʦʙʥʦʛʦ 

ʝʬʝʢʪʫ ʜʦ 1 

ʧʨʘʥʥ ̫

ʉʪʽʡʢʽʩʪʴ 

ʘʥʪʠʤʽʢʨʦʙʥʦʛʦ 

ʝʬʝʢʪʫ ʧʽʩʣʷ 5 

ʮʠʢʣʽʚ ʧʨʘʥʥʷ 

ʄʘʩʦʚʘ 

ʯʘʩʪʢʘ 

ʝʧʦʢʩʠʜʥʠʭ 

ʛʨʫʧ, % 

ʄʦʥʦʛʣʽʮʠʜʠʣʦʚʠʡ ʝʬʽʨ 

ʙʫʪʠʣʮʝʣʦʟʦʣʴʚʫ 
+++ ++ + 16,0 ï 20,0 

ʄʦʥʦʛʣʽʮʠʜʠʣʦʚʠʡ ʝʬʽʨ 

ʘʣʢʽʣʬʝʥʦʣʫ 
+ + - 11,0 ï 14,0 

ɼʠʛʣʽʮʠʜʠʣʦʚʠʡ ʝʬʽʨ 

ʧʦʣʽʦʢʩʽʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ 
+ + - - 7,5 ï 10,5 

+ ï ʚʠʨʘʞʝʥʽʩʪʴ ʘʥʪʠʤʽʢʨʦʙʥʦʛʦ ʝʬʝʢʪʫ. 

 

ʇʝʨʝʚʽʨʢʫ ʘʥʪʠʤʽʢʨʦʙʥʦʛʦ ʝʬʝʢʪʫ ʙʘʚʦʚʥʷʥʦʾ ʪʢʘʥʠʥʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʟʘʩʽʚʘʥʥʷ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʟ ʧʦʚʽʪʨʷ. ɸʥʪʠʤʽʢʨʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʢʘʥʠʥʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʘʥʘʣʽʟʦʤ ʜʠʬʫʟʽʾ ʜʠʩʢʫ ʪʢʘʥʠʥʠ 

ʥʘ ʟʘʩʽʷʥʦʤʫ ʟ ʧʦʚʽʪʨʷ ʘʛʘʨʽ. ʅʘ ʬʦʪʦ (ʨʠʩ. 3) ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʚʦʚʥʷʥʦʾ ʪʢʘʥʠʥʠ ʙʝʟ 

ʦʧʦʨʷʜʞʝʥʥʷ ʪʘ ʟ ʚʢʣʶʯʝʥʥʷʤ ʜʦ ʩʢʣʘʜʫ ʨʦʟʯʠʥʫ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʫ ʛʣʽʮʠʜʠʣʦʚʠʭ ʝʬʽʨʽʚ ʟ 

ʨʽʟʥʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʪʘ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ. 

 

   
ʘ) ʙ) ʚ) 

ʈʠʩ. 3. ɸʥʘʣʽʟ ʜʠʬʫʟʽʾ ʜʠʩʢʫ ʟ ʙʘʚʦʚʥʷʥʦʾ ʪʢʘʥʠʥʠ: 

ʘ) ʤʦʥʦʛʣʽʮʠʜʠʣʦʚʠʡ ʝʬʽʨ ʙʫʪʠʣʮʝʣʦʟʦʣʴʚʫ; ʙ) ʤʦʥʦʛʣʽʮʠʜʠʣʦʚʠʡ ʝʬʽʨ ʘʣʢʽʣʬʝʥʦʣʫ; 

ʚ) ʜʠʛʣʽʮʠʜʠʣʦʚʠʡ ʝʬʽʨ ʧʦʣʽʦʢʩʽʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ; 

1, 3 ï ʟʨʘʟʢʠ ʙʘʚʦʚʥʷʥʦʾ ʪʢʘʥʠʥʠ, ʦʙʨʦʙʣʝʥʦʾ ʘʥʪʠʤʽʢʨʦʙʥʠʤ ʩʢʣʘʜʦʤ; 2 ï ʟʨʘʟʦʢ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʘʥʥʷ; 

4 ï ʟʨʘʟʦʢ ʧʽʩʣʷ ʧôʷʪʦʛʦ ʧʨʘʥʥʷ 

 

ʗʢ ʙʘʯʠʤʦ ʥʘ ʬʦʪʦ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 3, ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʱʦ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʧʦʚʽʪʨʷʤ, ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʩʘʤʝ ʫ ʟʦʥʽ, ʜʝ ʥʝʤʘʻ ʟʨʘʟʢʽʚ ʪʢʘʥʠʥʠ. ɺʠʨʘʞʝʥʘ ʟʦʥʘ ʽʥʛʽʙʫʚʘʥʥʷ, 

ʙʣʠʟʴʢʦ 8ï10 ʤʤ, ʥʘʷʚʥʘ ʥʘʚʢʦʣʦ ʜʠʩʢʽʚ ʪʢʘʥʠʥʠ ʧʽʜ ʥʦʤʝʨʘʤʠ 1 ʪʘ 3, ʷʢʽ ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʦʤ ʪʘ ʫʩʽʤʘ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʛʣʽʮʠʜʠʣʦʚʠʤʠ ʝʬʽʨʘʤʠ. ʅʘʡʢʨʘʱʠʡ ʧʦʢʘʟʥʠʢ 

ʧʨʦʷʚʣʻ ʜʠʩʢ  ʪʢʘʥʠʥʠ, ʫ ʷʢʦʛʦ ʜʦ ʦʧʦʨʷʜʞʫʚʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʚʭʦʜʠʪʴ ʤʦʥʦʛʣ̔ʮʠʜʠʣʦʚʠʡ ʝʬʽʨ 

ʙʫʪʠʣʮʝʣʦʟʦʣʴʚʫ ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ 16,0 ï 20,0 % (ʨʠʩ.3 ʘ). ʉʪʽʡʢʽʩʪʴ ʘʥʪʠʤʽʢʨʦʙʥʦʛʦ 

ʝʬʝʢʪʫ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʥʦʛʣʽʮʠʜʠʣʦʚʦʛʦ ʝʬʽʨʫ ʙʫʪʠʣʮʝʣʦʟʦʣʴʚʫ (ʟʨʘʟʦʢ 2, ʨʠʩ. 

3 ʘ) ʜʝʱʦ ʟʥʠʞʫʻʪʴʩʷ, ʟʦʥʘ ʽʥʛʽʙʫʚʘʥʥʷ ʩʢʣʘʜʘʻ 2ï4 ʤʤ, ʦʜʥʘʢ, ʧʽʩʣʷ ʧôʷʪʦʛʦ ʧʨʘʥʥʷ (ʟʨʘʟʦʢ 4, ʨʠʩ. 3 ʘ) 

ʪʢʘʥʠʥʘ ʚʩʝ ʱʝ ʧʨʦʷʚʣʷʻ ʥʝʟʥʘʯʥʽ ʘʥʪʠʤʽʢʨʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʟʦʥʘ ʽʥʛʽʙʫʚʘʥʥʷ ʙʣʠʟʴʢʦ 1 ʤʤ, ʘʣʝ ʥʝ ʜʣʷ ʚʩʽʭ 

ʧʘʪʦʛʝʥʽʚ). ɿʦʥʘ ʽʥʛʽʙʫʚʘʥʥʷ ʥʘʚʢʦʣʦ ʦʙʨʦʙʣʝʥʠʭ ʘʥʪʠʤʽʢʨʦʙʥʠʤ ʩʢʣʘʜʦʤ ʜʠʩʢʽʚ ʪʢʘʥʠʥʠ ʧʽʩʣʷ ʽʥʢʫʙʘʮʽʾ 

ʧʽʜʪʚʝʨʜʞʫʻ ʾʭ ʘʥʪʠʤʽʢʨʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʆʙʨʦʙʢʘ ʩʢʣʘʜʦʤ ʟ ʚʤʽʩʪʦʤ ʤʦʥʦʛʣʽʮʠʜʠʣʦʚʦʛʦ ʝʬʽʨʫ ʘʣʢʽʣʬʝʥʦʣʫ ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʝʧʦʢʩʠʜʥʠʭ 

ʛʨʫʧ 11,0 ï 14,0% (ʨʠʩ. 3 ʙ) ʪʘ ʜʠʛʣʽʮʠʜʠʣʦʚʦʛʦ ʝʬʽʨʫ ʧʦʣʽʦʢʩʽʧʨʦʧʽʣʝʥʛʣʽʢʦʣʶ ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ 

ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ 7,5 ï 10,0% (ʨʠʩ. 3 ʚ) ʝʬʝʢʪʠʚʥʘ ʣʠʰʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʢʘʥʠʥʠ, ʷʢʘ ʥʝ ʧʽʜʣʷʛʘʻ ʤʦʢʨʠʤ 

ʦʙʨʦʙʢʘʤ. ʊʢʘʥʠʥʘ, ʦʙʨʦʙʣʝʥʘ ʧʝʨʝʣʽʯʝʥʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, ʚʪʨʘʯʘʻ ʘʥʪʠʤʽʢʨʦʙʥʫ ʩʪʽʡʢʽʩʪʴ ʧʽʜ ʯʘʩ ʤʦʢʨʦʾ 

ʦʙʨʦʙʢʠ ʧʨʠ ʧʝʨʰʦʤʫ ʧʨʘʥʥʽ, ʘ ʧʽʩʣʷ ʧôʷʪʦʛʦ ʧʨʘʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʦʛʦ ʝʬʝʢʪʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 
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ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʪʠʤʽʢʨʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʘʚʦʚʥʷʥʦʾ ʪʢʘʥʠʥʠ, ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ 

ʜʠʬʫʟʽʾ ʪʢʘʥʠʥʥʦʛʦ ʜʠʩʢʫ, ʪʘ ʟʦʥʘ ʽʥʛʽʙʫʚʘʥʥʷ, ʱʦ ʫʪʚʦʨʠʣʘʩʷ ʥʘʚʢʦʣʦ ʪʢʘʥʠʥʠ ʧʽʩʣʷ ʽʥʢʫʙʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ, 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʦʤ ʪʘ ʤʦʥʦʛʣʽʮʠʜʠʣʦʚʠʤ ʝʬʽʨʦʤ 

ʙʫʪʠʣʮʝʣʦʟʦʣʴʚʫ ʙʘʚʦʚʥʷʥʠʡ ʪʝʢʩʪʠʣʴ ʻ ʝʬʝʢʪʠʚʥʠʤ ʧʨʦʪʠ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʢʪʝʨʽʡ, ʱʦ ʧʝʨʝʥʦʩʷʪʴʩʷ ʫ 

ʧʦʚʽʪʨʽ. 
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̨̨̗̤̟̓̆̑̍̏̋̒́̕Ȣ ˔̨̍̎̔ ̖̒̓̑̔̋̓̔̑̎̉ ̨̐́̑́̍̆̓̑̃ ́̋̑̉̌̏̃̏̄̏ ̨̐̏̌̍̆̑̔ ̓́ ̨̨̝̝̋̌̋̒̓ ̙̈̉̃̏̋ ̃ ̏̂ǫ̤̃̄̍ ̨̐̏̌̍̆̑̎̏̄̏ 
̠̔̓̃̏̑̆̎̎ ̘̃̉̈̎́́̌̉ ̈́ ̨̟̃̌́̒̓̉̃̒̓ ̙̖̈̉̓̉ ̨̖̐̏̌̍̆̑̎̉ ̒̉̒̓̆̍ ̅̏ ̏̂̍̆̇̆̎̏̄̏ ̖̠̎́̂̔́̎̎ ̔ ̘̖̑̏̈̉̎̎̉̋́Ȣ 
˜̨̆̑̆̃̑̋̔ ̨́̎̓̉̍̋̑̏̂̎̏̄̏ ̆̆̋̓̔̕ ̝̖̓̆̋̒̓̉̌̎̉ ̨̨̍́̓̆̑́̌̃ ̐̑̏̃̏̅̉̌̉ ̈́ ̨́̎́̌̈̏̍ ̨̩̅̉̔̈̕ ̅̉̒̋̔ ̓̋́̎̉̎̉ ̎́ 
̨̠̈́̒̎̏̍̔ ̈ ̨̠̐̏̃̓̑ ̨́̄́̑ ̨̠̐̒̌ ̏̂̑̏̂̋ ̉ ̨́̎̓̉̍̋̑̏̂̎̉̍ ̒̋̌́̅̏̍ ̓́ ̨̠̐̒̌ ̠̐̑́̎̎Ȣ ˑ̠̌ ̘̠̃̉̈̎́̆̎̎ ̨̆̆̋̓̉̃̎̏̒̓̕ 
̨̩́̎̓̉̍̋̑̏̂̎̏ ̨̩̅ ̨̐̑̆̐́̑́̓̃ ̎́ ̨̨̨̘̂̏̌̏̄̎̊ ̨̏̒̎̏̃ ̠̋ ̓̆̒̓-̝̋̔̌̓̔̑̔ ̃̉̋̏̑̉̒̓̏̃̔̃́̌̉ ̏̅̎̏̄̏ ̈ ̨̐̑̆̅̒̓́̃̎̉̋̃ 
̝̩̑́̎̏̃̏ ̨̍̋̑̏̌̏̑̉̕ ɀ ̄̑́̍̐̏̈̉̓̉̃̎̔ ̨̟̂́̋̓̆̑ 3ÔÁÐÈÙÌÏÃÏÃÃÕÓ ÐÙÏÑÅÎÅÓ ̈ ˠ̩̝̩̋̑́̎̒̋̏ ̨̗̩̋̏̌̆̋ ̨̨̨̍̋̑̏̏̑̄́̎̈̍̃Ȣ ˠ 
̨̑̏̂̏̓ ̎́̃̆̅̆̎̏ ̝̑̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ ̝̖̓̆̋̒̓̉̌̎̉ ̨̨̍́̓̆̑́̌̃ ̨̠̐̒̌ ̠̠̏̐̏̑̅̇̆̎̎ ̨́̎̓̉̍̋̑̏̂̎̉̍̉ 
̐̑̆̐́̑́̓́̍̉ ̎́ ̨̨̨̘̂̏̌̏̄̎̊ ̨̏̒̎̏̃ ̓́ ̨̨̨̐̏̌̄̆̋̒́̍̆̓̉̌̆̎̄̔́̎̅̎ ̖̌̏̑̉̅̔Ȣ ˜̨̠̅̃̉̆̎̎̚ ̨̨̒̓̊̋̏̒̓ ̨́̎̓̉̍̋̑̏̂̎̏̄̏ 
̆̆̋̓̔̕ ̅̏ ̠̐̑́̎̎ ̠̅̏̒̄́ ̌̉ ̠̃̃̆̅̆̎̎̍ ̅̏ ̠̝̏̐̏̑̅̇̔̃́̌̎̏̄̏ ̒̋̌́̅̔ ́̋̑̉̌̏̃̏̄̏ ̨̐̏̌̍̆̑̔ȟ ̠̒̓̑̔̋̓̔̑̏̔̓̃̏̑̆̎̎ 
̠̋̏̄̏ ̨̗̟̠̏̎̃́̌̏̒ ̈́ ̨̨̝̟̋̌̋̒̓ ̗̘̩́̆̓̏̎̏̎̆̑̏̈̉̎̎̏ ̨̗̩̑́̋̕ ̖̒̏̑̍̏̃́̎̉̕ ̎́ ̨̠̒̋̌̎̊ ̨̨̗̐̅̌̏̇ ̨̖̐̏̌̍̆̑̎̉ ̨̐̌̃̏̋ 
̨̐̅ ̘́̒ ̠̆̋̒̓̑́̄̔̃́̎̎ ̔ ̘̖̑̏̈̉̎̎̉̋́Ȣ ˝̝̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ ̐̏̋́̈́̌̉ ȟ ̏̚ ̠̃̃̆̅̆̎̎ ̨̖́̎̓̉̍̋̑̏̂̎̉ ̨̐̑̆̐́̑́̓̃ 
̅̏ ̒̋̌́̅̔ ̨̐̏̌̍̆̑̔ ̨̤̐̅̃̉̔̚ ̨̝̒̓̔̐̎ ̙̈̉̃̋̉ ̨̩̐̏̌̍̆̑̎̏ ̨̐̌̃̋̉ ̈́ ̖̑́̔̎̏̋ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̨̨̐̏̌̄̆̋̒́̍̆̓̉̌̆̎̄̔́̎̅̎ 
̖̌̏̑̉̅̔Ȣ ˑ̏̃̆̅̆̎́ ̨̝̆̆̋̓̉̃̎̒̓̕ ̨̩́̎̓̉̍̋̑̏̂̎̏ ̨̩̅ ̨̐̑̆̐́̑́̓̃ ̎́ ̨̨̨̘̂̏̌̏̄̎̊ ̨̏̒̎̏̃ ̈́ ̝̑̆̈̔̌̓́̓̏̍ ̠̐̑̏̃̆̅̆̎̎  
̨̠̅̏̒̌̅̇̆̎̎ ̎́ ̓̆̒̓-̨̝̋̔̌̓̔̑ ̄̑́̍ ̩̐̏̈̉̓̉̃̎̏ ̨̩̂́̋̓̆̑ 3ÔÁÐÈÙÌÏÃÏÃÃÕÓ ÐÙÏÑÅÎÅÓȟ ̏̚ ̨̝̠̐̅̓̃̆̑̅̇̔̆̓̒ ̠̟̐̏̃̏ 
̈̏̎̉ ̨̨̠̎̄̂̔̃́̎̎ ̨̨̍̋̑̏̏̑̄́̎̈̍̔ ̎́̃̋̏̌̏ ̨̅̏̒̌̅̇̔̃́̎̏̄̏ ̈̑́̈̋́ ̓̋́̎̉̎̉Ȣ ˑ̨̠̏̒̌̅̇̆̎̎ ̈́ ̟̍̆̓̏̅̉̋̏ ̨̠̈́̒̃́̎̎ 
̨̍̋̑̏̌̏̑̉̕ ̈ ̘̟̘̏̓̏̔̏̄̏ ̨̠̐̏̃̓̑ ̐̏̋́̈́̌̉ȟ ̏̚  ̨̔̒ ̈̑́̈̋̉ ̓̋́̎̉̎̉ȟ ̨̏̂̑̏̂̌̆̎ ̨̝́̎̓̉̂́̋̓̆̑́̌̎̉̍ ̒̋̌́̅̏̍ȟ 
̖̟̝̠́̑́̋̓̆̑̉̈̔̓̒ ̟̃̉̑́̇̆̎̏ ̟̈̏̎̏ ̈́̓̑̉̍̋̉ ̑̏̒̓̔ ̨̍̋̑̏̌̏̑̉̕Ȣ 

˚́̔̋̏̃́ ̎̏̃̉̈̎́Ȣ ˑ̏̃̆̅̆̎̏ȟ ̏̚ ̠̝̏̐̏̑̅̇̔̃́̌̎̉̊ ̒̋̌́̅ ̎́ ̨̏̒̎̏̃ ́̋̑̉̌̏̃̏̄̏ ̨̐̏̌̍̆̑̔ȟ ̏̚ ̨̝̍̒̓̉̓ 
̨̨̨̖̐̏̌̄̆̋̒́̍̆̓̉̌̆̎̄̔́̎̅̎̌̏̑̉̅ ̓́ ̐̑̆̐́̑́̓̉ ̎́ ̨̨̨̘̂̏̌̏̄̎̊ ̨̏̒̎̏̃ȟ ̠̤̅̏̈̃̏̌ ̘̈́̂̆̈̐̆̉̓̉ ̨́̎̓̉̍̋̑̏̂̎̔ ̨̟̅ 
̝̓̆̋̒̓̉̌̎̏̄̏ ̨̍́̓̆̑́̌̔ ̓́ ̐̏̋̑́̉̓̉̚ ̨̨̝̒̓̊̋̒̓ ̨́̎̓̉̍̋̑̏̂̎̏̄̏ ̆̆̋̓̔̕ ̅̏ ̠̐̑́̎̎ ̈́ ̖̑́̔̎̏̋ ̨̠̐̅̃̉̆̎̎̚ 
̠̒̓̔̐̆̎ ̙̈̉̃̋̉ ́̋̑̉̌̏̃̏̄̏ ̨̐̏̌̍̆̑̔Ȣ 

˜̘̑́̋̓̉̎́ ̨̘̝̈̎́̉̍̒̓Ȣ ˛̨̓̑̉̍́̎ ̝̑̆̈̔̌̓́̓̉ ̆̋̒̐̆̑̉̍̆̎̓̔ ̟̝̍́̓ ̘̐̑́̋̓̉̎̆ ̘̠̈̎́̆̎̎ ̠̅̌ ̑̏̈̑̏̂̋̉ 
̖̎̏̃̉ ̠̝̖̏̐̏̑̅̇̔̃́̌̎̉ ̒ ̨̋̌́̅̃ ̠̅̌ ̠̎́̅́̎̎ ̝̓̆̋̒̓̉̌̎̉̍ ̨̍́̓̆̑́̌́̍ ̨̖́̎̓̉̍̋̑̏̂̎̉ ̃̌́̒̓̉̃̏̒̓̆̊Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨́̎̓̉̍̋̑̏̂̎́ ̏̂̑̏̂̋́ȟ ̨̨̨̐̏̌̄̆̋̒́̍̆̓̉̌̆̎̄̔́̎̅̎ ̖̌̏̑̉̅ȟ ̐̑̆̐́̑́̓̉ ̎́ ̨̨̨̘̂̏̌̏̄̎̊ ̨̏̒̎̏̃ȟ 
̨̝̓̆̋̒̓̉̌̎ ̨̍́̓̆̑́̌̉ȟ ̨̝̂́̋̓̆̑́̌̎̆ ̠̈́̂̑̔̅̎̆̎̎ȟ ̍̆̓̏̅ ̨̠̈́̒̃́̎̎ ̈ ̨̠̐̏̃̓̑ȟ ̈̏̎́ ̈́̓̑̉̍̋̉ ̑̏̒̓̔ 
̨̨̨̍̋̑̏̏̑̄́̎̈̍̃Ȣ 
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Purpose. The purpose of the work is to develop an antimicrobial composition and study the effectiveness of antimicrobial 
treatment of textile materials. 

Methodology. Polyhexamethylene guanidine chloride with bio-based antimicrobial preparations were used as the objects of the 
study as effective safe antimicrobial agents. The treatment of cotton fabric was carried out by impregnation with an aqueous solution of 
polymer and polyhexamethylene guanidine chloride and bio-based antimicrobial preparations in a finishing bath, followed by drying and 
thermal fixation. Changes in the structural parameters of the acrylic polymer and the number of crosslinks in the bulk of the polymer 
formation were determined from the property of crosslinked polymer systems to swell in solvents to a limited extent. Examination of the 
antimicrobial effect of textile materials was carried out by analyzing the diffusion of the fabric disk on agar after treatment with the 
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antimicrobial composition and after washing. To determine the effectiveness of the antimicrobial action of bio-based preparations, one of the 
representatives of the wound microflora, the gram-positive bacterium Staphylococcus pyoqenes from the Ukrainian collection of 
microorganisms, was used as a test culture. Findings. The results of the study of textile materials after treatment with bio-based 
antimicrobial preparations and polyhexamethylene guanidine chloride are presented. An increase in the resistance of the antimicrobial 
effect to washing was achieved by introducing an acrylic polymer into the finishing composition, the structure formation of which was 
evaluated by the amount of the acetone-insoluble fraction of polymer films during extraction in solvents. The results of the study showed that 
the introduction of antimicrobial agents into the polymer composition increases the degree of crosslinking of the polymer film due to the use 
of polyhexamethylene guanidine chloride. The effectiveness of the antimicrobial action of bio-based preparations has been proven by the 
results of a study on a test culture of a gram-positive bacterium Staphylococcus pyoqenes, which is confirmed by the appearance of a zone of 
inhibition of the microorganism around the studied fabric sample. Studies using the settle plate method showed that all fabric samples 
treated with the antibacterial composition are characterized by a pronounced zone of microflora growth inhibition. 

Originality. It has been proven that an acrylic polymer-based finishing composition containing polyhexamethylene guanidine 
chloride and bio-based preparations provides an antimicrobial effect to a textile material and will improve the wash resistance of the 
antimicrobial effect by increasing the degree of crosslinking of the acrylic polymer. 

Practical value. The obtained results of the experiment are of practical importance for the development of new finishing 
compositions for imparting antimicrobial properties to textile materials. 

Keywords: antimicrobial treatment, polyhexamethylene guanidine chloride, bio-based preparations, textile materials, bacterial 
contamination, settle plate method, microbial growth inhibition zone. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘʧʨʘʚʣʝʥʦ, 

ʥʘʩʘʤʧʝʨʝʜ, ʥʘ ʟʘʭʠʩʪ ʣʶʜʠʥʠ ʚʽʜ ʜʽʾ ʧʘʪʦʛʝʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ, ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʪʝʢʩʪʠʣʴʥʠʭ 

ʚʠʨʦʙʽʚ ʚʽʜ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʩʫʚʘʥʥʷ. ʂʨʽʤ ʮʴʦʛʦ, ʚʠʨʦʙʥʠʮʪʚʦ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʘ̔ʣʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ 

ʙʘʨôʻʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦ ʧʘʪʦʛʝʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʛʨʠʙʽʚ ʪʘ ʚʽʨʫʩʽʚ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ, 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʋʨʷʜʦʤ ʋʢʨʘʾʥʠ ʱʦʜʦ ʧʦʪʨʝʙʠ ʫ ʟʘʭʠʩʥʦʤʫ ʦʜʷʟʽ ʚʽʜ ʽʥʬʝʢʮʽʡʥʠʭ ʭʚʦʨʦʙ ʜʣʷ 

ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʥʝʦʙʤʝʞʝʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʠʟʥʘʯʝʥʠʭ ʧʝʨʝʣʽʢʦʤ ʪʦʚʘʨʽʚ, ʨʦʙʽʪ ʽ ʧʦʩʣʫʛ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʠʢʥʝʥʥʶ ʪʘ ʧʦʰʠʨʝʥʥʶ ʝʧʽʜʝʤʽʡ ʪʘ ʧʘʥʜʝʤʽʡ ʛʦʩʪʨʦʾ 

ʨʝʩʧʽʨʘʪʦʨʥʦʾ ʭʚʦʨʦʙʠ COVID-19, ʩʧʨʠʯʠʥʝʥʦʾ ʢʦʨʦʥʘʚʽʨʫʩʦʤ SARS-CoV-2 ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, 

ʟʘʪʚʝʨʜʞʝʥʠʤ ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ ʤʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 20.03.20 ʨ. ʟʘ ˉ 225. ʊʘʢʠʡ ʪʝʢʩʪʠʣʴ, ʫ ʧʝʨʰʫ 

ʯʝʨʛʫ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʫ ʧʫʙʣʽʯʥʠʭ ʟʘʢʣʘʜʘʭ, ʜʣʷ ʚʽʡʩʴʢʦʚʦʛʦ ʩʧʦʨʷʜʞʝʥʥʷ, ʫ 

ʪʨʘʥʩʧʦʨʪʽ, ʜʣʷ ʩʧʦʨʪʠʚʥʦʛʦ ʦʜʷʛʫ, ʧʘʥʯʽʰʥʦ-ʰʢʘʨʧʝʪʢʦʚʠʭ ʚʠʨʦʙʽʚ ʪʘ ʽʥ. 

ʊʝʢʩʪʠʣʴʥʽ ʚʦʣʦʢʥʘ, ʦʩʦʙʣʠʚʦ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʻ ʣʝʛʢʦʶ ʟʜʦʙʠʯʯʶ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʪʘʢ ʷʢ ʚʦʥʠ ʣʝʛʢʦ ʫʪʨʠʤʫʶʪʴ ʚʦʜʫ ʽ ʤʽʢʨʦʙʥʽ ʬʝʨʤʝʥʪʠ ʪʘ ʤʦʞʫʪʴ ʛʽʜʨʦʣʽʟʫʚʘʪʠ ʾʭ 

ʧʦʣʽʤʝʨʥʽ ʟʚôʷʟʢʠ. ʅʘʪʫʨʘʣʴʥʽ ʚʦʣʦʢʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʦʞ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʧʝʨʽʦʜʦʤ ʟʙʝʨʽʛʘʥʥʷ 

ʤʽʢʨʦʬʣʦʨʠ. ʊʦʤʫ ʥʘʜʘʥʥʷ ʪʝʢʩʪʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʘʤ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʝʩʣʽʜʫʻ ʜʚʽ ʦʩʥʦʚʥʽ 

ʮʽʣʽ: ʟʘʭʠʩʪ ʚʽʜ ʜʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ ʟʘʭʠʩʪ ʚʽʜ ʜʽʾ ʧʘʪʦʛʝʥʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʦʙôʻʢʪʽʚ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ 

ʪʝʢʩʪʠʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʅʘʨʘʟʽ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʚʝʨʪʘʶʪʴ ʘʥʪʠʤʽʢʨʦʙʥʽ ʧʨʝʧʘʨʘʪʠ ʥʘ ʙʽʦʣʦʛʽʯʥʽʡ ʦʩʥʦʚʽ, ʱʦ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʘʛʥʝʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʥʝ 

ʛʝʥʝʨʫʶʪʴʩʷ ʟ ʥʘʬʪʠ. [1-3]. 

ɺʯʝʥʠʤʠ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʧʨʝʧʘʨʘʪʠ ʜʣʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʦʙʨʦʙʢʠ ʪʢʘʥʠʥ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʩʘʜ çʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡè, ʘ ʩʘʤʝ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʜʦʙʘʚʦʢ, ʩʧʨʦʤʦʞʥʠʭ 

ʚʧʣʠʚʘʪʠ ʥʘ ʧʘʪʦʛʝʥʥʫ ʤʽʢʨʦʬʣʦʨʫ, ʷʢʘ ʟʘʛʨʦʞʫʻ ʟʜʦʨʦʚôʶ ʣʶʜʠʥʠ. ʉʝʨʝʜ ʥʘʪʫʨʘʣʴʥʠʭ ʨʦʩʣʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʶʪʴ ʝʢʩʪʨʘʢʪʠ ʥʽʤʫ, ʛʨʘʥʘʪʫ, ʘʣʦʝ ʚʝʨʘ, ʢʫʨʢʫʤʠ, ʛʚʦʟʜʠʢʠ ʪʦʱʦ [4]. ɹʽʦʣʦʛʽʯʥʦ 

ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʤʦʞʫʪʴ ʜʦʜʘʚʘʪʠʩʷ ʜʦ ʩʠʥʪʝʪʠʯʥʠʭ ʚʦʣʦʢʦʥ ʫ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ [5], ʪʘʢʠʤ ʯʠʥʦʤ, 

ʧʦʣʽʘʢʨʠʣʦʥʽʪʨʠʣʴʥʽ, ʘʮʝʪʘʪʥʽ ʪʘ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʽ ʚʦʣʦʢʥʘ ʟ ʘʥʪʠʤʽʢʨʦʙʥʦʶ ʦʙʨʦʙʢʦʶ ʚʞʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʥʢʫ. ʆʜʥʘʢ, ʮʝʡ ʩʧʦʩʽʙ ʤʦʜʠʬʽʢʘʮʽʾ ʻ ʧʨʠʥʮʠʧʦʚʦ ʥʝʤʦʞʣʠʚʠʤ ʜʣʷ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʠʭ ʚʦʣʦʢʦʥ. 

ɹʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʚʦʣʦʢʦʥ ʻ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʪʝʢʩʪʠʣʴʥʦʤʫ ʤʘʪʝʨ̔ʘʣʽ 

ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʽʤʤʦʙʽʣʽʟʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʨʝʯʦʚʠʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʝʢʩʪʠʣʶ ʪʘ ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʽʚ [6]. ʅʘʧʨʠʢʣʘʜ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʩʢʣʘʜ ʽʟ ʭʽʪʦʟʘʥʦʤ ï ʨʝʯʦʚʠʥʦʶ, ʱʦ 

ʦʪʨʠʤʫʻʪʴʩʷ ʽʟ ʧʘʥʮʠʨʽʚ ʨʘʢʦʧʦʜʽʙʥʠʭ, ʜʣʷ ʥʘʜʘʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʡʣʦʥʫ [7], ʙʘʚʦʚʥʽ [8] ʪʘ ʚʦʚʥʽ 

[9]. ʅʝʜʦʣʽʢʘʤʠ ʭʽʪʦʟʘʥʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʱʦ ʧʦʛʽʨʰʫʻ ʛʽʛʽʻʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʽʜʚʠʱʫʻ ʾʭ ʞʦʨʩʪʢʽʩʪʴ, ʪʘ ʥʝʜʦʩʪʘʪʥʷ ʩʪʽʡʢ̔ʩʪʴ ʦʙʨʦʙʢʠ ʜʦ ʧʨʘʥʥʷ. 
ɺ ʦʩʪʘʥʥʽʡ ʯʘʩ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚʠʥʘʭʽʜʥʠʢʽʚ ʚʠʢʣʠʢʘʶʪʴ ʙʽʦʦʨʛʘʥʽʯʥʽ ʩʢʣʘʜʠ ʬʽʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ, 

ʚʽʜʦʤʦʾ ʷʢ ʽʥʦʟʠʪ-ʛʝʢʩʘʢʠʩʬʦʩʬʘʪʥʘ ʢʠʩʣʦʪʘ ʘʙʦ ʬʽʪʘʪ ʫ ʬʦʨʤʽ ʩʦʣʽ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ çʟʝʣʝʥʘè ʤʦʣʝʢʫʣʘ, 

ʱʦ ʚ ʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ ʫʪʨʠʤʫʪ̒ʴʩʷ ʚ ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ, ʪʘʢʠʭ ʷʢ ʙʦʙʠ, ʟʣʘʢʠ, ʥʘʩʽʥʥʷ [10]. ʗʢ ʙʽʦʩʫʤʽʩʥʘ, 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʘ, ʥʝʪʦʢʩʠʯʥʘ ʽ ʣʝʛʢʦ ʦʜʝʨʞʫʚʘʥʘ ʦʨʛʘʥʽʯʥʘ ʢʠʩʣʦʪʘ, ʚʦʥʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʽʡ, ʙʽʦʩʝʥʩʦʨʥʽʡ, ʢʘʪʽʦʥʦʦʙʤʽʥʥʽʡ, ʥʘʥʦʤʘʪʝʨʽʘʣʴʥʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʦʩʦʙʣʠʚʽʡ 

ʩʪʨʫʢʪʫʨʽ ʛʝʢʩʘʬʦʩʬʘʪʫ ʽʥʦʟʠʪʘ [11]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʽʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʝ ʦʧʦʨʷʜʞʝʥʥʷ ʪʝʢʩʪʠʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɹʘʚʦʚʥʷʥʽ ʪʢʘʥʠʥʠ ʧʦʢʨʠʚʘʣʠ ʬʽʪʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ʟ ʢʨʝʤʥʽʻʤ ʽ ʥʽʪʨʦʛʝʥʚʤʽʱʫʶʯʦʶ ʩʧʦʣʫʢʦʶ, 

ʧʦʣʽ-[3-(5,5-ʮʠʘʥʫʨʦʚʦʢʠʩʣʦʪʘʧʨʦʧʽʣ)-ʩʠʣʦʢʩʘʥ-ʪʨʠ-ʤʝʪʠʣʘʤʦʥʽʡʧʨʦʧʠʣ-ʩʠʣʦʢʩʘʥ-ʭʣʦʨʠʜ] ʰʣʷʭʦʤ 

ʧʦʰʘʨʦʚʦʛʦ ʟʙʠʨʘʥʥʷ (Cotton-PEI / (PCQS / PA) 30-Cl). ʆʙʨʦʙʣʝʥʽ ʙʘʚʦʚʥʷʥʽ ʪʢʘʥʠʥʠ ʟʤʝʥʰʠʣʠ ʜʽʶ E. coli ʽ 

S. aureus ʥʘ 100% ʣʠʰʝ ʧʨʦʪʷʛʦʤ 1 ʭʚʠʣʠʥʠ ʢʦʥʪʘʢʪʫ [12]. 
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ʇʽʜʪʚʝʨʜʞʝʥʦʶ ̒ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʦʙʨʦʙʢʠ ʙʘʚʦʚʥʷʥʠʭ ʪʢʘʥʠʥ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʦʙʫʪʽ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʟ ʧʦʢʨʠʪʪʷʤʠ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʣʽʤʝʨʽʚ, ʪʘʢʠʭ 

ʷʢ ʛʫʘʥʽʜʽʥʠ, ʘʙʦ ʧʦʣʽʤʝʨʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʩʪʽʡʥʠʤʠ ʘʥʪʠʤʽʢʨʦʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʝʟ 

ʧʦʛʽʨʰʝʥʥʷ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [13]. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʦʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ [14] 

ʙʽʦʨʦʟʢʣʘʜʥʠʭ ʧʦʣʽʢʘʨʙʦʥʘʪʽʚ, ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʛʫʘʥʽʜʽʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

in vivo ʧʨʦʪʠ A. baumannii, E. coli, Klebsiella pneumoniae, S. aureus ʽ P. Aeruginosa. 

ɺ ʽʥʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ [15] ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʦʣʽʤʝʨʥʽ ʧʣʽʚʢʦʚʽ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʇɺʉ/ʭʽʪʦʟʘʥ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥʫ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʦʣʽʛʫʘʥʽʜʽʥʠ ʤʘʶʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʜʝʟʠʥʬʽʢʫʶʯʠʡ ʟʘʩʽʙ ʚ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʘʣʦ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ (3 ʢʣʘʩ ʙʝʟʧʝʢʠ ʧʦ ʪʦʢʩʠʢʦʣʦʛʽʯʥʽʡ 

ʢʣʘʩʠʬʽʢʘʮʽʾ), ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʪʦʢʩʠʯʥʽʩʪʶ ʜʣʷ ʣʶʜʠʥʠ, ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ ʢʦʨʦʟʽʡʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʜʦ ʙʽʣʴʰʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʣʽʛʫʘʥʽʜʽʥʠ ʩʧʨʦʤʦʞʥʽ ʜʦ ʧʣʽʚʢʦʫʪʚʦʨʝʥʥʷ ʥʘ ʦʙʨʦʙʣʝʥʠʭ ʧʦʚʝʨʭʥʷʭ, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʨʦʣʦʥʛʦʚʘʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʝʧʘʨʘʪʽʚ. 

ɸʢʪʠʚʥʽ ʧʦʣʽʤʝʨʠ ʥʘ ʦʩʥʦʚʽ ʙʽʛʫʘʥʽʜʽʚ (ʧʦʣʽʢʘʪʽʦʥʥʠʭ ʘʤʽʥʽʚ) ʩʧʨʦʤʦʞʥʽ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʙʘʢʪʝʨʽʘʣɹʥʦʾ ʢʣʽʪʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʨʠʪʷʛʫʚʘʥʥʷ [16, 17]. 

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʥʘʧʨʷʤʫ ʟ ʨʦʟʨʦʙʢʠ ʪʝʢʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʫ ʩʚʽʪʽ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʦʙʣʝʤʘ 

ʥʘʜʘʥʥʷ ʪʝʢʩʪʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʘʤ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ, ʚ 

ʋʢʨʘʾʥʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʽʜʩʫʪʥʻ ʚʠʨʦʙʥʠʮʪʚʦ ʪʝʢʩʪʠʣʶ ʚʢʘʟʘʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ. ʉʣʽʜ ʪʘʢʦʞ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʦ 

ʥʝʜʦʣʽʢʽʚ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜʥʦʩʷʪʴ ʥʠʟʴʢʫ ʩʪʽʡʢʩ̔ʪʴ ʜʦ ʧʨʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʫ ʻ ʚʚʝʜʝʥʥʷ ʜʦ ʦʙʨʦʙʣʶʚʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʧʦʣʽʤʝʨʽʚ, ʩʧʨʦʤʦʞʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣ ʘʜʛʝʟʽʾ 

ʬʽʢʩʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʨʝʯʦʚʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʢʣʘʜʫ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʘʥʪʠʤʽʢʨʦʙʥʽ ʘʛʝʥʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʘʥʪʠʤʽʢʨʦʙʥʠʭ 

ʩʢʣʘʜʽʚ ʜʣʷ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʩʠʨʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ ʽ ʧʨʠʟʥʘʯʝʥʥʷ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʘʢʨʠʣʦʚʫ ʜʠʩʧʝʨʩʽʶ Neoprint NPO, ʷʢʘ ʚ ʧʨʦʮʝʩʽ ʧʣʽʚʢʦʫʪʚʦʨʝʥʥʷ 

ʚʠʩʪʫʧʘʪʠʤʝ ʚ ʨʦʣʽ ʤʘʪʨʠʮʽ ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʩʧʨʦʤʦʞʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʢʦʤʧʣʝʢʩ ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʢʘʥʠʥʽ. ʋ ʷʢʦʩʪʽ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʽʪʠʥʦʚʫ ʪʘ ʣʠʤʦʥʥʫ ʢʠʩʣʦʪʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʝʬʝʢʪʫ ʜʦ 

ʦʧʦʨʷʜʞʫʚʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʚʚʦʜʠʣʠ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜ, ʩʧʨʦʤʦʞʥʠʡ ʜʦ ʧʣʽʚʢʦʫʪʚʦʨʝʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʧʦʣʽʤʝʨʫ ʚʠʟʥʘʯʘʻ ʦʩʪʘʪʦʯʥʽ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ, ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʪʨʫʢʪʫʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ, ʩʬʦʨʤʦʚʘʥʠʭ ʽʟ ʘʢʨʠʣʦʚʦʛʦ ʧʦʣʽʤʝʨʫ Neoprint NPO, ʘ ʪʘʢʦʞ ʧʣʽʚʦʢ ʟ 

Neoprint NPO ʟ ʜʦʙʘʚʢʦʶ ʬʽʪʠʥʦʚʦʾ (ʌʂ) ʪʘ ʣʠʤʦʥʥʦʾ (ʃʂ) ʢʠʩʣʦʪ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1/1; 3/2. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦ ʩʢʣʘʜʫ ʪʘʢʦʞ ʚʚʦʜʠʣʠ ʘʥʪʠʤʽʢʨʦʙʥʠʡ ʧʨʝʧʘʨʘʪ 

ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜ (ɻʍ). ʋʩʽ ʢʦʤʧʦʥʝʥʪʽ ʜʦʙʨʝ ʨʦʟʯʠʥʥʽ ʫ ʚʦʜʽ. ʆʙʨʦʙʢʘ ʪʢʘʥʠʥʠ ʧʨʦʚʦʜʠʣʘʩʷ 

ʤʝʪʦʜʦʤ ʧʨʦʩʦʯʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʠʤ ʩʢʣʘʜʦʤ ʟ ʥʘʩʪʫʧʥʠʤ ʩʫʰʽʥʥʷʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 80, ʘ ʪʘʢʦʞ 

ʪʝʨʤʦʬʽʢʩʘʮʽʻʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 120 ʧʨʦʪʷʛʦʤ 3 ʭʚ. 

ɼʣ̫  ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʰʠʪʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ ʦʙʤʝʞʝʥʦ ʥʘʙʫʭʘʪʠ ʫ ʨʦʟʯʠʥʥʠʢʘʭ. ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʟʚʦʜʠʣʦʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʟʰʠʚʦʢ ʚ ʦʙôʻʤʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʘ ʪʘʢʦʞ ʟʚôʷʟʢʫ ʤʽʞ ʩʪʫʧʝʥʝʤ ʟʰʠʚʢʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʦʣʽʤʝʨʥʦʾ ʧʣʽʚʢʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʰʠʚʢʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʢʽʣʴʢʽʩʪʶ ʘʮʝʪʦʥʦʥʝʨʦʟʯʠʥʥʦʾ ʬʨʘʢʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʧʨʦʪʷʛʦʤ 

ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʫ ʨʦʟʯʠʥʥʠʢʫ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʧʝʨʝʜʥʴʦ ʥʘ 

ʩʢʣʷʥʽʡ ʧʽʜʣʦʞʮʽ ʬʦʨʤʫʚʘʣʠ ʧʦʣʽʤʝʨʥʽ 

ʧʣʽʚʢʠ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʧʦʣʽʤʝʨʫ ʪʘ ʟ ʧʦʣʽʤʝʨʫ, ʥʘʧʦʚʥʝʥʦʛʦ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɿʦʣʴ-

ʛʝʣʴ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ 

ʤʝʪʦʜʠʢʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʘʨʘʪʘ 

ʉʦʢʩʣʝʪʘ ʰʣʷʭʦʤ ʝʢʩʪʨʘʛʫʚʘʥʥʷ 

ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʘʮʝʪʦʥʦʤ ʧʨʦʪʷʛʦʤ 18 

ʛʦʜ. ʽ ʙʝʥʟʦʣʦʤ ʧʨʦʪʷʛʦʤ 16 ʛʦʜ. 

ɺʠʟʥʘʯʘʣʠ ʤʘʩʫ ʥʘʙʨʷʢʣʦʛʦ ʟʨʘʟʢʘ, ʘ 

ʪʘʢʦʞ ʩʫʭʠʡ ʟʘʣʠʰʦʢ ʚʽʜ ʥʴʦʛʦ. ʂʽʣʴʢʽʩʪʴ 

ʙʝʥʟʦʣʴʥʦʛʦ ʝʢʩʪʨʘʢʪʫ, ʷʢʠʡ ʧʽʰʦʚ ʥʘ 

ʝʢʩʪʨʘʢʮʽʶ ʧʦʣʽʤʝʨʫ, ʚʽʜʧʦʚʽʜʘʻ ʚʤʽʩʪʫ 

ʟʦʣʴ-ʬʨʘʢʮʽʾ S (%), ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (1) [22]: 
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ʇʦʣʽʤʝʨʥʽ ʧʣʽʚʢʠ  
ʈʠʩ. 1. ɿʦʣʴ-ʬʨʘʢʮʽʷ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ: 

1 ï ʙʝʟ ʜʦʙʘʚʦʢ; 2 ï ʟ ʜʦʙʘʚʢʦʶ ʌʂ ʽ ʃʂ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1/1;  

3 ï ʟ ʜʦʙʘʚʢʦʶ ʌʂ ʽ ʃʂ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 3/2; 4 ï ʟ ʜʦʙʘʚʢʦʶ ʌʂ ʽ ʃʂ ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 3/2 ʽ ɻʍ; 5 ï ʟ ʜʦʙʘʚʢʦʶ ʌʂ ʽ ʃʂ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 3/2 ʽ ɻʍ 

ʧʽʩʣʷ ʪʝʨʤʦʬʽʢʩʘʮʽʾ. 
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ʜʝ  mʘ ï ʤʘʩʘ ʟʨʘʟʢʘ ʧʽʩʣʷ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʘʮʝʪʦʥʦʤ, ʛ; mʙ ï ʤʘʩʘ ʟʨʘʟʢʘ ʧʽʩʣʷ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʙʝʥʟʦʣʦʤ, ʛ. 

ʅʘʷʚʥʽʩʪʴ ʟʦʣʴ-ʬʨʘʢʮʽʾ ʧʽʩʣʷ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ʚ ʘʧʘʨʘʪʽ ʉʦʢʩʣʝʪʘ ʧʦʢʘʟʫʻ ʚʤʽʩʪ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʱʦ 

ʟʘʣʠʰʠʣʠʩʷ ʧʦʟʘ ʩʽʪʢʦʶ ʫ ʟʰʠʪʦʤʫ ʟʨʘʟʢʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʦʣʽʤʝʨʥʦʾ ʧʣʽʚʢʠ. ɿʦʣʴ-ʬʨʘʢʮʽʷ ʚʠʤʠʚʘʻʪʴʩʷ ʟ 

ʧʦʣʽʤʝʨʥʦʾ ʧʣʽʚʢʠ ʨʦʟʯʠʥʥʠʢʦʤ, ʦʩʢʽʣʴʢʠ ʥʝ ʧʦʚôʷʟʘʥʘ ʚ ʪʨʠʚʠʤʽʨʥʫ ʩʽʪʢʫ ʧʦʣʽʤʝʨʥʦʛʦ ʫʪʚʦʨʝʥʥʷ. ʅʘ 

ʜʽʘʛʨʘʤʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, ʧʦʢʘʟʘʥʘ ʯʘʩʪʢʘ ʟʦʣ-ɹʬʨʘʢʮʽʾ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʣʽʚʢʘʭ. 

ɸʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʟʦʣʴ-ʬʨʘʢʮʽʾ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʧʦʢʘʟʫʻ, ʱʦ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʧʦʣʽʤʝʨʥʽ ʧʣʽʚʢʠ, ʩʬʦʨʤʦʚʘʥʽ ʟ Neoprint NPO, ʤʘʣʦʨʦʟʯʠʥʥʽ ʚ ʘʮʝʪʦʥʽ ʪʘ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ ʧʨʦ ʚʧʣʠʚ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʬʽʪʠʥʦʚʦʾ 

ʪʘ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪ, ʘ ʪʘʢʦʞ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʫ ʥʘ ʩʪʽʡʢʽʩʪʴ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʜʦ ʜʽʾ 

ʦʨʛʘʥʽʯʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʾʭ ʪʚʝʨʜʽʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʽʚ ʢʽʣʴʢʽʩʪʴ ʟʦʣʴ-ʬʨʘʢʮʽʾ ʟʥʠʞʫʻʪʴʩʷ. ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʪʚʝʨʜʽʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʤʧʦʟʠʮʽʡʥʘ ʧʣʽʚʢʘ, ʥʘʧʦʚʥʝʥʘ ʬʽʪʠʥʦʚʦʶ ʪʘ ʣʠʤʦʥʥʦʶ ʢʠʩʣʦʪʘʤʠ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 3/2 ʟ 

ʜʦʙʘʚʢʘʤʠ ʧʦʣʽʢʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʫ, ʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʪʝʨʤʦʬʽʢʩʘʮʽʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʦʣʽʤʝʨʥʦʾ 

ʧʣʽʚʢʠ ʚʤʽʩʪ ʟʦʣʴ-ʬʨʘʢʮʽʾ ʟʥʠʞʫʻʪʴʩʷ ʱʝ ʥʘ 12,5 %. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʷʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʘʥʪʠʤʽʢʨʦʙʥʠʭ 

ʜʦʙʘʚʦʢ ʥʝ ʧʦʛʽʨʰʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʫ, ʪʘ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʢʩʪʠʣʴʥʠʭ ʚʠʨʦʙʽʚ ʥʝ 

ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʚʠʤʠʚʘʥʥʷ ʧʦʣʽʤʝʨʫ. 

ʉʪʫʧʽʥʴ ʟʰʠʚʘʥʥʷ ʧʦʣʽʤʝʨʫ (ʢʦʝʬʽʮʽʻʥʪ ʟʰʠʚʘʥʥʷ), ʷʢʠʡ ʧʦʢʘʟʫʻ ʯʠʩʣʦ ʤʦʥʦʤʽʨʥʠʭ ʣʘʥʮʶʛʽʚ, ʟʘ 

ʷʢʠʤʠ ʫʪʚʦʨʠʣʘʩʷ ʟʰʠʚʢʘ, ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʩʝʨʝʜʥʴʦ ʯʠʩʝʣʴʥʫ ʤʘʢʨʦʤʦʣʝʢʫʣʫ, ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (2): 
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ɼʦʣʶ ʘʢʪʠʚʥʠʭ ʣʘʥʮʶʛʽʚ ʧʦʣʽʤʝʨʫ ʟʥʘʭʦʜʠʣʠ ʟʘ ʬʦʨʤʫʣʦʶ (3): 

( )( )( )
2

1 1 2 1 ,cV S jS jS= - - +  (3) 

ʂʦʝʬʽʮʽʻʥʪ ʟʰʠʚʘʥʥʷ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʩʝʨʝʜʥʴʦ ʤʘʩʦʚʫ ʤʘʢʨʦʤʦʣʝʢʫʣʫ ʚʠʟʥʘʯʘʣʠ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (4): 

2
@ ,

S S
=
+

 (4) 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1 

ʉʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʬʦʨʤʦʚʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ 

ʉʢʣʘʜ ʧʦʣʽʤʝʨʥʦʾ ʧʣʽʚʢʠ 
ʉʪʫʧʽʥʴ ʟʰʠʚʘʥʥʷ 

ʧʦʣʽʤʝʨʫ, j, % 

ʂʦʝʬʽʮʽʻʥʪ 

ʟʰʠʚʘʥʥʷ 

ɼʦʣʷ ʘʢʪʠʚʥʠʭ ʣʘʥʮʶʛʽʚ 

ʧʦʣʽʤʝʨʫ, Vc, ʤʦʣʴ/ʩʤ3 

ɹʝʟ ʜʦʙʘʚʦʢ 4,66 9,33 0,74 

ʌʂ/ʃʂ = 1/1 2,90 5,80 0,59 

ʌʂ/ʃʂ = 3/2 5,02 9,86 0,76 

ʌʂ/ʃʂ = 3/2 + 6% ɻʍ 19,16 38,31 0,94 

ʌʂ/ʃʂ = 3/2+ 6% ɻʍ (ʪʝʨʤʦʬʽʢʩʘʮʽʷ) 20,72 41,45 0,95 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʟʤʽʥʶʶʪʴʩʷ ʫ ʨʟ̔ʥʽʡ 

ʤʽʨʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʥʘʧʦʚʥʝʥʥʷ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʬʽʪʠʥʦʚʦʾ ʪʘ ʣʠʤʦʥʥʦʾ ʢʠʩʣʦʪ ʫ ʨʽʚʥʠʭ ʢʽʣʴʢʦʩʪʷʭ 

ʱʽʣʴʥʽʩʪʴ ʩʽʪʢʠ ʧʦʧʝʨʝʯʥʠʭ ʟʚôʷʟʢʽʚ ʧʦʣʽʤʝʨʫ, ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʥʘʧʦʚʥʝʥʦʶ ʧʣʽʚʢʦʶ, ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 37%, ʧʨʠ 

ʮʴʦʤʫ ʯʘʩʪʢʘ ʘʢʪʠʚʥʠʭ ʣʘʥʮʶʛʽʚ ʩʪʘʥʦʚʠʪʴ 0,59, ʧʦʨʽʚʥʷʥʦ ʟ ʧʣʽʚʢʦʶ ʙʝʟ ʜʦʙʘʚʦʢ, ʯʘʩʪʢʘ ʘʢʪʠʚʥʠʭ ʣʘʥʮʶʛʽʚ 

ʷʢʦʾ ʩʪʘʥʦʚʠʪʴ 0,74. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʣʦʪ ʫ ʧʦʣʽʤʝʨʥʽʡ ʧʣʽʚʮʽ ʩʪʫʧʽʥʴ ʟʰʠʚʘʥʥʷ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 5,02% ʽ ʯʘʩʪʢʘ ʘʢʪʠʚʥʠʭ ʣʘʥʮʶʛʽʚ ʩʪʘʥʦʚʠʪʴ 0,76. ɼʦʜʘʚʘʥʥʷ ʜʦ ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ 

ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʩʪʫʧʽʥʴ ʟʰʠʚʘʥʥʷ ʧʣʽʚʢʠ ʜʦ 19,16%, ʱʦ ʧʦʚôʷʟʘʥʝ ʟʽ 

ʟʜʘʪʥʽʩʪʶ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʫ ʬʦʨʤʫʚʘʪʠ ʧʦʣʽʤʝʨʥʽ ʧʣʽʚʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʙʽʣʴʰʠʣʘʩʷ 

ʢʣ̔ʴʢʽʩʪʴ ʚʟʘʻʤʥʠʭ ʟʯʝʧʣʝʥʴ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʽʤʝʨʽʚ. ʇʨʦʮʝʩ ʪʝʨʤʦʬʽʢʩʘʮʽʾ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʦʣʽʤʝʨʥʦʾ 

ʧʣʽʚʢʠ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʟʰʠʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ. 

ɺʠʷʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ 

ʟʨʘʟʢʘʭ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʩʠʨʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʦʙʨʦʙʢʠ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʨʦʩʦʯʝʥʥʷ ʟʨʘʟʢʽʚ ʦʧʦʨʷʜʞʫʚʘʣʴʥʠʤʠ ʨʦʟʯʠʥʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20 ï 25Á ʟ ʥʘʩʪʫʧʥʠʤ 

ʚʽʜʞʠʤʘʥʥʷʤ ʽ ʩʫʰʽʥʥʷʤ ʧʨʠ 90Á. 

ɯʩʥʫʻ ʨʷʜ ʤʝʪʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʢʘʥʠʥ. 

ɺʠʟʥʘʯʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʜʽʾ ʦʙʨʦʙʣʝʥʠʭ ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʘʛʘʨʠʟʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ LB, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ (ʛ/ʣ): ʧʝʧʪʦʥ ï 10,0; ʜʨʽʞʜʞʦʚʠʡ ʝʢʩʪʨʘʢʪ ï 5,0; NaCl ï 5,0; 

ʘʛʘʨ-ʘʛʘʨ ï 14,0; ʧʨʠ ʨʅ ï 7,0Ñ0,2. ʗʢ ʪʝʩʪ-ʢʫʣʴʪʫʨʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʦʜʥʦʛʦ ʟ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʘʥʴʦʚʦʾ 
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ʤʽʢʨʦʬʣʦʨʠ ï ʛʨʘʤʧʦʟʠʪʠʚʥʫ ʙʘʢʪʝʨʽʶ Staphylococcus pyoqenes ʟ ʋʢʨʘʾʥʩʴʢʦʾ ʢʦʣʝʢʮʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʫ 

ʢʫʣʴʪʠʚʫʚʘʣʠ ʧʨʠ 37Á ʧʨʦʪʷʛʦʤ 24 ʛʦʜ. ʇʽʩʣʷ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʯʘʩʪʠʥʫ ʢʫʣʴʪʫʨʠ ʚʥʦʩʠʣʠ ʜʦ ʬʽʟʽʦʣʦʛʯ̔ʥʦʛʦ 

ʨʦʟʯʠʥʫ. ɯʟ ʦʪʨʠʤʘʥʦʾ ʩʫʩʧʝʥʟʽʾ ʘʣʽʢʚʦʪʠ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʩʚʽʞʝ ʘʛʘʨʠʟʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ LB, ʪʘ ʚʥʦʩʠʣʠ ʜʠʩʢʠ 

ʟ ʪʢʘʥʠʥ, ʦʙʨʦʙʣʝʥʠʭ ʘʥʪʠʤʽʢʨʦʙʥʠʤʠ ʩʢʣʘʜʘʤʠ. ʇʽʩʣʷ ʚʠʪʨʠʤʫʚʘʥʥʷ ʚ ʝʢʩʠʢʘʪʦʨʽ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʚʠʟʥʘʯʘʣʠ 

ʩʪʽʡʢʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ ʟʨʘʟʢʽʚ ʪʢʘʥʠʥ ʜʦ ʜʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʅʘ 

ʨʠʩ.2 ʧʦʢʘʟʘʥʘ ʟʦʥʘ ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʤʽʢʨʦʬʣʦʨʠ 

ʥʘʚʢʦʣʦ ʟʨʘʟʢʘ ʩʫʤʽʰʝʚʦʾ ʪʢʘʥʠʥʠ ʩʢʣʘʜʫ ʧʦʣʽʝʬʽʨ 47% ʪʘ 

ʙʘʚʦʚʥʘ 53%, ʦʙʨʦʙʣʝʥʦʛʦ ʬʽʪʠʥʦʚʦʶ ʽ ʣʠʤʦʥʥʦʶ ʢʠʩʣʦʪʘʤʠ. 

ɸʥʪʠʤʽʢʨʦʙʥʫ ʜʽʶ ʦʮʽʥʶʚʘʣʠ ʟʘ ʩʪʫʧʝʥʝʤ ʧʨʠʛʥʽʯʝʥʥʷ 

ʨʦʩʪʫ ʙʘʢʪʝʨʽʡ ʢʫʣʴʪʫʨʠ Staphylococcus pyoqenes ʧʽʜ ʯʘʩ 

ʽʥʢʫʙʘʮʽʾ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʠʤʠ ʟʨʘʟʢʘʤʠ, ʱʦ ʥʝ ʙʫʣʠ 

ʦʙʨʦʙʣʝʥʽ ʘʥʪʠʤʽʢʨʦʙʥʠʤ ʩʢʣʘʜʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʥʝʦʙʨʦʙʣʝʥʠʭ ʟʨʘʟʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʩʦʢʠʡ 

ʨʽʩʪ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɺ ʦʙʨʦʙʣʝʥʠʭ ʟʨʘʟʢʘʭ ʚʽʜʤʽʯʘʻʪʴʩʷ ʟʦʥʘ 

ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ Staphylococcus pyoqenes ʚ ʤʝʞʘʭ 

1ï4 ʤʤ (ʨʠʩ. 2). 

ʊʘʢ ʷʢ ʪʝʢʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʧʦʙʫʪʽ, 

ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʽʥʰʠʭ ʩʫʩʧʽʣʴʥʠʭ ʤʽʩʮʷʭ, ʧʨʝʜʩʪʘʚʣʷʣʦ ʽʥʪʝʨʝʩ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʬʣʦʨʠ ʦʪʦʯʫʶʯʦʛʦ ʧʦʚʽʪʨʷ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʦʙʨʦʙʢʠ ʜʦ ʧʨʠʛʥʽʯʝʥʥʷ 

ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʦ ʦʙʨʦʙʣʝʥʠʭ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝʡ ʤʝʪʦʜ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʭ ʽ ʰʚʠʜʢʠʭ ʤʝʪʦʜʽʚ ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʬʣʦʨʠ ʧʦʚʽʪʨʷ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ. ɼʣʷ ʟʘʩʽʚʘʥʥʷ ʤʽʢʨʦʬʣʦʨʦʶ ʟ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʘʰʢʠ 

ʇʝʪʨʽ ʟ ʟʘʩʪʠʛʣʠʤ ʘʛʘʨʦʤ ʚʠʩʪʘʚʣʷʣʠ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʩʪʦʨʽ ʫ ʧʨʠʤʽʱʝʥʥʽ ʥʘ 15 ʭʚ. ɿʨʘʟʦʢ ʪʢʘʥʠʥʠ ʫ 

ʚʠʛʣʷʜʽ ʢʨʫʛʣʦʛʦ ʜʠʩʢʫ ʨʦʟʤʽʱʫʚʘʣʠ ʫ ʯʘʰʮʽ ʇʝʪʨʽ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʩʽʷʥʦʛʦ ʟ ʧʦʚʽʪʨʷ ʘʛʘʨʫ, ʟʘʢʨʠʚʘʣʠ, 

ʚʥʦʩʠʣʠ ʜʦ ʪʝʨʤʦʩʪʘʪʫ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ 72 ʛʦʜ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 38Á ʜʣʷ ʽʥʢʫʙʘʮʽʾ ʧʦʩʽʚʽʚ. ɸʥʪʠʤʽʢʨʦʙʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʜʠʬʫʟʽʾ ʜʠʩʢʫ ʪʢʘʥʠʥʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3ï5. 

 

   
ʈʠʩ. 3. ɿʨʘʟʢʠ ʪʢʘʥʠʥ ʙʝʟ ʦʙʨʦʙʢʠ. ʈʠʩ. 4. ɿʨʘʟʢʠ ʪʢʘʥʠʥ ʟ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʶ ʦʙʨʦʙʢʦʶ. 
ʈʠʩ. 5. ɿʨʘʟʢʠ ʪʢʘʥʠʥ ʟ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʶ ʦʙʨʦʙʢʦʶ ʧʽʩʣʷ 

ʧʨʘʥʥʷ. 

1 ï ʧʦʣ̔ʝʬʽʨ 47% ʪʘ ʙʘʚʦʚʥʘ 53%; 2 ï ʙʘʚʦʚʥʘ 50% ʪʘ ʥʝʡʣʦʥ 50%; 3 ï ʙʘʚʦʚʥʘ 100% 

 

ʗʢ ʚʠʜʥʦ ʽʟ ʬʦʪʦ ʥʘ ʨʠʩ. 3, ʜʠʩʢʠ ʟʽ ʟʨʘʟʢʽʚ ʪʢʘʥʠʥ ʙʝʟ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʦʙʨʦʙʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʠʤ ʙʘʢʪʝʨʽʘʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʥʘʚʢʦʣʦ ʥʠʭ ʟʦʥʠ ʽʥʛʽʙʫʚʘʥʥʷ. ɿʨʘʟʢʠ ʪʢʘʥʠʥ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ ʟʦʥʦʶ ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʥʘʚʢʦʣʦ 

ʜʠʩʢʽʚ ʪʢʘʥʠʥ ʚ ʤʝʞʘʭ 4 ï 8 ʤʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʨʘʞʝʥʘ ʟʦʥʘ ʽʥʛʽʙʫʚʘʥʥʷ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ 

ʽʥʢʫʙʘʮʽʾ ʧʽʜʪʚʝʨʜʞʫʻ ʘʥʪʠʤʽʢʨʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʨʘʟʢʠ ʪʝʢʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʽʩʣʷ ʧʨʘʥʥʷ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5, ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʦʩʪʘʪʥʴʦ ʟʥʘʯʥʫ ʟʦʥʫ ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ 

ʙʘʢʪʝʨʽʘʣʴʥʦʾ ʤʽʢʨʦʬʣʦʨʠ ʥʘʚʢʦʣʦ ʜʠʩʢʽʚ ʪʢʘʥʠʥ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɸʥʘʣʽʟ ʜʠʬʫʟʽʾ ʜʠʩʢʫ ʪʢʘʥʠʥʠ ʪʘ ʟʦʥʘ ʽʥʛʽʙʫʚʘʥʥʷ, ʱʦ ʫʪʚʦʨʠʣʘʩʷ ʥʘʚʢʦʣʦ ʟʨʘʟʢʽʚ ʪʝʢʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʦʙʨʦʙʣʝʥʠʭ ʧʦʣʽʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʽʜʽʥ ʭʣʦʨʠʜʦʤ ʪʘ ʙʽʦʣʦʛʽʯʥʦʶ ʬʽʪʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ, 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʦʙʨʦʙʢʠ ʧʨʦʪʠ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʢʪʝʨʽʡ, ʱʦ ʧʝʨʝʥʦʩʷʪʴʩʷ ʫ 

ʧʦʚʽʪʨʽ. 

 

 

 

 

 
ʈʠʩ. 2. ɿʦʥʘ ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ ʢʫʣʴʪʫʨʠ 

Staphylococcus pyoqenes ʥʘʚʢʦʣʦ ʟʨʘʟʢʘ 

ʪʢʘʥʠʥʠ, ʦʙʨʦʙʣʝʥʦʛʦ ʬʽʪʠʥʦʚʦʶ ʽ ʣʠʤʦʥʥʦʶ 

ʢʠʩʣʦʪʘʤʠ 


















































































































































































