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Abstract:  The purpose of this work: calculate the physico-chemical properties and 

composition of the oil of the Odoptinskoye field according to the textbook: Examples and 

tasks for the technology of oil and gas processing. -second ed., trans. and additionalï M., 

CHEMISTRY, 1980.-256 p. A.G. Sardanashvili, A.I. Lvova. 7-39 pp. Objectives of this 

paper: Characteristic boiling points of petroleum fractions, Characteristic factor, Density, 

Molecular weight, Saturated vapor pressure, Critical parameters and reduced constants, 

Compressibility factor, Fugacity, Viscosity, Thermal properties, Mass, volume and molar 

composition. 
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1 ɺʚʝʜʝʥʠʝ (Introduction ) 

ʅʝʬʪʴ ʠ ʧʨʦʜʫʢʪʳ ʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʝʱʝ ʚ ʜʘʣʝʢʦʤ 

ʧʨʦʰʣʦʤ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʠʣʠ ʚ ʣʝʯʝʙʥʳʭ ʮʝʣʷʭ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ 

ʥʝʬʪʠ ʠ ʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ ʚ ʥʘʯʘʣʝ ʍʍ ʚ. ɺ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʬʪʴ ʠ ʛʘʟ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʥʠʭ ʧʨʦʜʫʢʪʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʤʠʨʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʅʝʬʪʴ ʠ ʛʘʟ ʚʩʝ ʙʦʣʴʰʝ ʠ 

ʙʦʣʴʰʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ, ʥʦ ʠ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʥʦʛʦ ʩʳʨʴʷ 

ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʅʝʩʦʤʥʝʥʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ 

ʜʣʷ ʚʩʝʭ ʣʶʜʝʡ, ʞʠʚʫʱʠʭ ʚ ʚʝʢ ʦʛʨʦʤʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ɸ ʧʦʩʢʦʣʴʢʫ, 

ʫʛʣʝʚʦʜʦʨʦʜʳ - ʫʜʠʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʚʦʠ ʷʨʯʘʡʰʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʠʟʫʯʝʥʠʝ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. 

ʅʝʬʪʴ ï ʵʪʦ ʧʦʣʝʟʥʦʝ ʠʩʢʦʧʘʝʤʦʝ ʤʘʩʣʷʥʠʩʪʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ. ɾʠʜʢʦʩʪʴ 

ʛʦʨʶʯʘ, ʟʘʯʘʩʪʫʶ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʭʦʪʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʠʰʥʝʚʦʡ, ʢʦʨʠʯʥʝʚʦʡ, 

ʞʝʣʪʦʡ, ʟʝʣʝʥʦʡ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʦʟʨʘʯʥʦʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʡ ʩʤʝʩʴʶ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʝʨʳ, ʚʦʜʦʨʦʜʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɿʘʧʘʭ ʦʪʣʠʯʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʆʧʨʝʜʝʣʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʝʬʪʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʛʨʫʧʧʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʪ. ʝ. ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʠ ʨʷʜʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɼʣʷ ʛʘʟʦʚ ʠ ʙʦʣʝʝ ʣʝʛʢʠʭ 

ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʫʜʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 



ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʥʝʬʪʠ ʷʚʣʷʶʪʩʷ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ, ʘ ʪʘʢʞʝ ʝʝ ʩʪʨʦʝʥʠʝʤ.  

ɺ ʩʦʩʪʘʚʝ ʥʝʬʪʝʡ ʧʨʠʥʷʪʦ ʨʘʟʣʠʯʘʪʴ ʯʝʪʳʨʝ ʛʣʘʚʥʳʭ ʢʣʘʩʩʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ: 

¶ ʧʘʨʘʬʠʥʦʚʳʝ (ʤʝʪʘʥʦʚʳʝ, ʘʣʠʬʘʪʠʯʝʩʢʠʝ) ʫʛʣʝʚʦʜʦʨʦʜʳ ʠʣʠ ʘʣʢʘʥʳ 

¶ ʥʘʬʪʝʥʦʚʳʝ (ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʝ) ʫʛʣʝʚʦʜʦʨʦʜʳ ʠʣʠ ʮʠʢʣʘʥʳ 

(ʮʠʢʣʦʧʘʨʘʬʠʥʳ, ʮʠʢʣʦʘʣʢʘʥʳ) 

¶ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠʣʠ ʘʨʝʥʳ 

¶ ʦʣʝʬʠʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

ʇʨʝʦʙʣʘʜʘʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʛʨʫʧʧʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʧʨʠʨʦʜʥʦʡ ʥʝʬʪʠ ʠʣʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʩʝʨʦ-, ʘʟʦʪ- ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʜʘʝʪ ʵʪʠʤ ʧʨʦʜʫʢʪʘʤ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

Introduction  

Oil and the products of its transformation were known in the distant past, they were 

used for lighting or for medicinal purposes. The demand for oil and petroleum products 

increased dramatically in the early twentieth century. Due to the advent of internal 

combustion engines and the rapid development of industry. 

Currently, oil and gas, as well as the products obtained from them, are used in all 

sectors of the world economy. Oil and gas are increasingly being used not only as fuel, 

but also as valuable raw materials for the chemical industry. 

Undoubtedly, the study of the nature of oil and gas plays a crucial role for all people 

living in an age of enormous needs. And since hydrocarbons are amazing systems that 

have their most striking features, the study of their physical and chemical properties is 

relevant for every specialist in the oil and gas industry. 

Oil is a mineral of oily consistency. The liquid is flammable, often black in color, 

although it can also be cherry, brown, yellow, green and in some cases transparent. From 

the point of view of chemistry, it is a complex mixture consisting of hydrocarbons, sulfur, 

hydrogen with the addition of various compounds. The smell differs taking into account 

the presence of aromatic substances in the composition. 

It is practically impossible to determine the individual chemical composition of oil, 

therefore, they are limited to determining the group chemical composition, i.e., individual 



groups and rows of hydrocarbons. For gases and lighter oil fractions, it is possible to 

determine the individual chemical composition. The main component of oil is 

hydrocarbons, which differ in the content of carbon and hydrogen in the molecule, as well 

as its structure. 

It is customary to distinguish four main classes of hydrocarbons in the composition 

of oils: 

Å paraffin (methane, aliphatic) hydrocarbons or alkanes 

Å naphthenic (polymethylene) hydrocarbons or cyclanes (cycloparaffins, 

cycloalkanes) 

Å aromatic hydrocarbons or arenas 

Å olefin hydrocarbons 

The predominance of one or another group of hydrocarbons in natural oil or 

petroleum products, as well as the presence of sulfur-, nitrogen- and oxygen-containing 

compounds in them, gives these products specific properties. 

2 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʜʝʣ (Technology section)  

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʢʠʧʝʥʠʷ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʸʪʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʬʪʠ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʆʜʦʧʪʠʥʩʢʘʷ ʥʝʬʪʴ, ʜʘʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʢʨʳʪʦ ʥʘ ʦʩʪʨʦʚʝ ʉʘʭʘʣʠʥ. ɺʩʝ 

ʜʘʥʥʳʝ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʩʧʨʘʚʦʯʥʠʢʘ ʅʝʬʪʠ ʉʉʉʈ. 

ʇʦʩʢʦʣʴʢʫ ʥʝʬʪʴ ʠ ʝʝ ʬʨʘʢʮʠʠ ʥʝ ʷʚʣʷʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, 

ʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʣʦʞʥʫʶ ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʥʝʬʪʷʥʳʝ ʬʨʘʢʮʠʠ ʚʳʢʠʧʘʶʪ ʥʝ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʨʘʩʯʝʪʘʭ ʧʦʣʴʟʫʶʪʩʷ ʧʦʥʷʪʠʝʤ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʫʩʨʝʜʥʝʥʠʷ ʨʘʟʣʠʯʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ. ɿʥʘʯʝʥʠ ̫ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ:  



   

   

 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʨʠʚʦʡ ʦʙʲʝʤʥʦʡ ʧʝʨʝʛʦʥʢʠ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʨʠʚʦʡ ʀʊʂ, 

ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʚʘʷ tʩʨ ʦʙ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʬʨʘʢʮʠʠ, ʨʘʚʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʢʠʧʘʥʠʷ 50%. ɼʣʷ ʫʟʢʠʭ ʬʨʘʢʮʠʡ tʩʨ ʦʙ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʢʠʧʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʛʨʘʬʠʢʫ ʇʨʠʣʦʞʝʥʠʷ 

1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ tʩʨ ʦʙ ʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ ʨʘʟʛʦʥʢʠ ʧʦ ɻʆʉʊ.[1] 



 

2.2 ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʂ  

ʆʥ ʦʧʨʝʜʝʣʷʝʪ ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʝʛʦ ʧʘʨʘʬʠʥʠʩʪʦʩʪʴ. 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ï ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʠʧʝʥʠʷ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʇʦ ʜʘʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʦʧʨʝʜʝʣʠʣʠ ʂ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘʩʴ 7,95. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʥʝʬʪʴ ʷʚʣʷʝʪʩʷ 

ʘʨʦʤʦʪʠʟʠʨʦʚʘʥʥʦʡ. ʊʘʢ ʢʘʢ ʜʣʷ ʧʘʨʘʬʠʥʠʩʪʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʂ = 12,5 õ 13, ʜʣʷ 

ʥʝʬʪʝʥʦ ï ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʂ = 10 õ 11, ʜʣʷ ʘʨʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʂ = 10 ʠ ʤʝʥʝʝ, ʜʣʷ 

ʢʨʝʢʠʥʛ ï ʙʝʥʟʠʥʘ ʂ = 11,5 õ 11,8.  



2.3 ʇʣʦʪʥʦʩʪʴ.  

ʇʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ (ɟ) ʥʘʟʳʚʘʝʪʩʷ ʤʘʩʩʘ ʝʛʦ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ. ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ: ʢʛ/ʤ3, ʛ/ʩʤ3, ʢʛ/ʣ, ʪ/ʤ3. ɺ ʩʠʩʪʝʤʝ ʉʀ ʢʛ/ʤ3. ɺ 

ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝ ʧʨʠ ʨʘʩʯʝʪʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʧʨʠʥʷʪʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʪʥʦʩʪʝʡ ʞʠʜʢʦʛʦ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʆʪʥʦʩʠʪʝʣʴʥʫ  ʁʧʣʦʪʥʦʩʪʴ ʫʟʢʠʭ ʬʨʘʢʮʠʡ (10-20 ʛʨʘʜʫʩʥʳʭ) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

ʏʘʩʪʦ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʯʠʪʳʚʘʪʴ ʧʣʦʪʥʦʩʪʴ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʦʪ ʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢ ʜʨʫʛʦʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʬʦʨʤʫʣʦʡ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 0 ʜʦ 150 . Ὠ4 ὸ = Ὠ4 20 ī 

‌(ὸ ī 20) ʛʜʝ Ὠ4 20 - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʧʨʠ 20 ; Ὠ4 ὸ - 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; Ŭ ï ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʧʨʘʚʢʘ ʥʘ ʦʜʠʥ ʛʨʘʜʫʩ. ɿʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʘʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 2. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʛʨʘʬʠʢʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʘ ʈʠʩʫʥʦʢ - 1 ʠ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 3 ʠ 4.  

ʅʘ ʈʠʩʫʥʦʢ - 1 ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘʶʪ ʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠʟ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʠ (ɸ) ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʣʠʥʠʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʘ ʵʪʘ ʧʣʦʪʥʦʩʪʴ (ʪʦʯʢʘ ɺ). 

ɿʘʪʝʤ ʧʨʦʚʦʜʷʪ ʣʠʥʠʶ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʙʣʠʟʣʝʞʘʱʝʡ ʥʘʢʣʦʥʥʦʡ ʢʨʠʚʦʡ, ʜʦ 

ʧʝʨʝʩʝʯʝʥʠʷ (ʚ ʪʦʯʢʝ ʉ) ʩ ʣʠʥʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 



ʧʣʦʪʥʦʩʪʴ. ʀʟ ʪʦʯʢʠ ʉ ʦʪʧʫʩʢʘʶʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʦʩʴʶ ʘʙʩʮʠʩʩ ʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ (ʚ ʪʦʯʢʝ D) ʥʘʭʦʜʷʪ ʠʩʢʦʤʫʶ ʧʣʦʪʥʦʩʪʴ. 



 



 



 

2.4 ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ  

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʬʪʝʡ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʳʚʘʝʪ, ʚʦ 

ʩʢʦʣʴʢʦ ʨʘʟ ʤʦʣʝʢʫʣʳ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʙʦʣʴʰʝ 1/12 ʯʘʩʪʠ ʤʘʩʩʳ ʘʪʦʤʘ ʠʟʦʪʦʧʘ 

ʫʛʣʝʨʦʜʘ 12C. 

ʄʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ 

ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ; ʯʝʤ ʙʦʣʴʰʝ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʥʝʬʪʷʥʦʡ 

ʬʨʘʢʮʠʠ, ʪʝʤ ʚʳʰʝ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ, ɹ. ʄ. 



ɺʦʠʥʦʚ [3, 4] ʧʨʝʜʣʦʞʠʣ ʩʣʝʜʫʶʱʫʶ ʦʙʱʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʄ ʥʝʬʪʷʥʦʡ ʬʨʘʢʮʠʠ: 

 

 



2.5 ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ 

 ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ð ɻ ʪʦ ʜʘʚʣʝʥʠʝ, ʧʨʦʠʟʚʦʜʠʤʦʝ ʧʘʨʦʚʦʡ ʬʘʟʦʡ, 

ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʯʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʩʤʝʩʝʡ ʠ ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʢʘʢ ʥʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, 

ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦ ʠ ʦʪ ʩʦʩʪʘʚʘ 

ʧʘʨʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ 

ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ. ʆʜʥʘʢʦ ʜʣʷ 

ʫʟʢʠʭ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ, ʚʳʢʠʧʘʶʱʠʭ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʙʝʟ 

ʟʘʤʝʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʬʘʟ, ʤʦʞʥʦ ʩ ʠʟʚʝʩʪʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʙʣʠʞʝʥʠʷ 

ʩʯʠʪʘʪʴ ʦʜʥʦʟʥʘʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɽʜʠʥʠʮʘ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʉʀ - ʧʘʩʢʘʣʴ (ʇʘ).  

ʂʨʘʪʥʳʝ ʝʜʠʥʠʮʳ ʢʇʘ, ʄʇʘ. ʇʘʩʢʘʣʴ- ʜʘʚʣʝʥʠʝ, ʚʳʟʳʚʘʝʤʦʝ ʩʠʣʦʡ 1 

ʅʴʶʪʦʥ (ʅ), ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʱʘʜʴʶ 1 ʤ2 ʠ 

ʥʦʨʤʘʣʴʥʦ ʢ ʥʝʡ ʥʘʧʨʘʚʣʝʥʥʦʡ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʬʪʝʡ ʠ 

ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʘʧʧʘʨʘʪʫʨʳ ʧʨʠʭʦʜʠʪʩʷ ʧʝʨʝʩʯʠʪʳʚʘʪʴ 

ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʠ ʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʜʘʚʣʝʥʠʝ 

ʧʨʠ ʜʨʫʛʦʡ, ʚ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʦʪ ʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢ 

ʜʨʫʛʦʤʫ. 

 ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʘʢʠʭ ʧʝʨʝʩʯʝʪʦʚ ʧʨʝʜʣʦʞʝʥʳ ʬʦʨʤʫʣʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ [3-4], ʠ ʥʦʤʦʛʨʘʤʤʳ (ʩʤ. ʇʨʠʣʦʞʝʥʠʷ 7 ʠ 8). ɼʣʷ ʧʦʜʩʯʝʪʘ ʜʘʚʣʝʥʠʷ 

ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʫʟʢʠʭ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʧʦʣʴʟʫʶʪʩʷ 

ʬʦʨʤʫʣʦʡ ɸʰʚʦʨʪʘ [3-4]: 

 

 

 

ʛʜʝ ʈ- ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ. ʇʘ: ʊ - ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʦ- 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʌʨʘʢʮʠʠ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʝ, ʂ: f(ʊ)- ʬʫʥʢʮʠʷ 



ʪʝʤʧʝʨʘʪʫʨʳ ʊ. ɺʳʨʘʞʘʝʤʘʷ ʫʨʘʚʥʝʥʠʝʤ 

Ὢ(Ὕ0 ) =  
1250 

ЍὝ2 

ρπψπππ σπ
7,6 

 1 (26) 

 

ʌʫʥʢʮʠʶ f(ʊ.) ʦʧʨʝʜʝʣʷʶʪ ʘʥʘʣʦʛʠʯʥʦ. ɿʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʊ ʠ ʊʦ) ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ 9. 

ʅʘ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, 

ʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʦʚ ʧʘʨʦʚ ʠ ʞʠʜʢʦʩʪʠ ʚ ʨʘʙʦʯʝʤ ʙʘʣʣʦʥʝ, ʪʝʤʧʝʨʘʪʫʨʘ. ʇʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʬʨʘʢʮʠʠ, 

ʬʦʨʤʫʣʘ ɸʰʚʦʨʪʘ ʜʘʝʪ ʥʝʩʢʦʣʴʢʦ ʟʘʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ 

ʧʘʨʦʚ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʩʚʝʪʣʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʠʭ ʫʟʢʠʭ 

ʬʨʘʢʮʠʡ ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ 

ὖ38 =  6 +  ςσȟσЎ̑̕     ̋˜́ (27) 

ʜʣʷ ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ ȹʬʨ - 1,5-2,6. 

ʕʪʘ ʬʦʨʤʫʣʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ 

ʩʚʝʪʣʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ. [7] 


