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1 ɺʚʝʜʝʥʠʝ (Introduction)  

ʅʝʬʪʴ - ʜʦʙʳʚʘʝʤʘʷ ʠʟ ʥʝʜʨ ʟʝʤʣʠ ʛʦʨʶʯʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ ʢʨʘʩʥʦ- 

ʢʦʨʠʯʥʝʚʦʛʦ, ʠʥʦʛʜʘ ʧʦʯʪʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ; ̫ ʚʣʷʝʪʩʷ ʩʣʦʤʢʦʡ ʩʤʝʩʴʶ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʩ ʧʨʠʤʝʩʴʶ ʠʭ ʢʠʩʣʦʨʦʜ-, ʩʝʨʦ-, ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʠ ʠʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʪʝʯʝʥʠʝ 

ʤʥʦʛʠʭ ʩʪʦʣʝʪʠʡ ʥʝʬʪʴ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʣʝʯʝʙʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʪʦʧʣʠʚʘ ʠ 

ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

1745 ʛ. ʚ ʈʦʩʩʠʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʧʝʨʚʳʡ ʥʝʬʪʝʧʝʨʝʛʦʥʥʳʡ ʟʘʚʦʜ ʙʦʣʝʝ h ʠʨʦʢʦʝ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʬʪʴ ʧʨʠʦʙʨʝʣʘ ʚ ʥʘʯʘʣʝ ʍʍ ʚ., ʢʦʛʜʘ ʚ 1823 ʛ. 

ʢʨʝʧʦʩʪʥʳʝ ʢʨʝʩʪʴʷʥʝ ʙʨʘʪʴʷ ɼʫʙʠʥʠʥʳ ʧʦʩʪʨʦʠʣʠ ʚ ʄʦʟʜʦʢʝ ʟʘʚʦʜ ʜʣʷ 

ʧʨʝʚʨʘʱʝʥʠʷ çʯʝʨʥʦʡè ʥʝʬʪʠ ʚ çʙʝʣʫʶè ʧʫʪʝʤ ʧʝʨʝʛʦʥʢʠ. ʇʦʣʫʯʘʝʤʳʡ ʧʨʠ ʵʪʦʤ 

ʜʠʩʪʠʣʣʷʪ (ʬʦʪʦʛʝʥ) ʙʳʣ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘʟʚʘʥ ʢʝʨʦʩʠʥʦʤ. 

ʅʝʬʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʠʭ ʩʝʨʦ-, ʘʟʦʪ-, ʢʠʩʣʦʨʦʜ-, ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʠ 

ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ɺ ʥʝʬʪʷʭ ʉʉʉʈ ʩʦʜʝʨʞʠʪʩʷ (ʚ % ʤʘʩʩ. ʥʘ ʥʝʬʪʴ): 82,6-87,1 ʫʛʣʝʨʦʜʘ, 11,1-

15,0 ʚʦʜʦʨʦʜʘ, ʦʪ ʩʣʝʜʦʚ ʜʦ 0,9 ʢʠʩʣʦʨʦʜʘ, 3,5 ʩʝʨʳ ʠ 0,4 ʘʟʦʪʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʥʝʬʪʷʭ 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʩʝʨʳ ʠ ʘʟʦʪʘ ʜʦʩʪʠʛʘʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2,1; 8 ʠ 0,93%. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʥʝʬʪʷʭ, ʦʩʦʙʝʥʥʦ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʷʞʝʣʳʤʠ 

ʤʝʪʘʣʣʘʤʠ (Fe, Ni, V ʠ ʜʨ.). 

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 ̫ ʚʣʷʶʪʩʷ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ 
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ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ, ʘ ʪʘʢʞʝ ʝʝ ʩʪʨʦʝʥʠʝʤ. 

ʋʛʣʝʚʦʜʦʨʦʜʳ ʥʝʬʪʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʝʜʫʶʱʠʤ ʛʨʫʧʧʘʤ, ʠʣʠ ʨʷʜʘʤ: ʧʘʨʘʬʠʥʦʚʳʝ 

(ʥʘʩʳʱʝʥʥʳʝ, ʘʣʢʘʥʳ), ʥʘʬʪʝʥʦʚʳʝ (ʮʠʢʣʘʥʳ), ʘʨʦʤʘʪʠʯʝʩʢʠʝ (ʘʨʝʥʳ). ɺ ʥʝʬʪʷʭ 

ʦʙʳʯʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʧʘʨʘʬʠʥʦʚʳʝ ʠ ʥʘʬʪʝʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ɺ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʦʙʨʘʟʫʶʪʩʷ ʪʘʢʞʝ ʦʣʝʬʠʥʦʚʳʝ ʠ ʜʠʦʣʝʬʠʥʦʚʳʝ (ʥʝʧʨʝʜʝʣʴʥʳʝ, 

ʥʝʥʘʩʳʱʝʥʥʳʝ) 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 [1]. 

ʅʝʬʪʴ ʚ ʊʘʪʘʨʠʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ 1943 ʛ. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʨʝʩʧʫʙʣʠʢʝ 

ʦʪʢʨʳʪʦ ʙʦʣʝʝ 100 ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʚʚʝʜʝʥʳ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ. ʍʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʝʬʪʝʡ ʊʘʪʘʨʠʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʧʦ 

ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ. ʅʝʬʪʠ ʙʦʣʝʝ ʣʝʛʢʠʝ, ʙʦʛʘʪʳʝ ʩʚʝʪʣʳʤʠ ʬʨʘʢʮʠʷʤʠ, ʩ ʤʝʥʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʠ ʩʤʦʣ ʟʘʣʝʛʘʶʪ ʚ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʜʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. 

ʂʘʯʝʩʪʚʦ ʥʝʬʪʝʡ ʶʞʥʦʡ ʯʘʩʪʠ ʊʘʪʘʨʩʢʦʡ ɸʉʉʈ ʚʳʰʝ, ʯʝʤ ʢʘʯʝʩʪʚʦ ʥʝʬʪʝʡ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ (ʇʨʠʢʘʤʩʢʠʡ ʨʘʡʦʥ). ʇʣʦʪʥʦʩʪʴ ʥʝʬʪʝʡ ʶʞʥʦʡ ʯʘʩʪʠ ʨʝʩʧʫʙʣʠʢʠ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,8600 ð 0,8700; ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 50Áʉ ð ʦʢʦʣʦ 

6 ʩʩʪ; ʚʳʭʦʜ ʩʚʝʪʣʳʭ ʬʨʘʢʮʠʡ ʜʦ 300Áʉ ʧʦ ɻʆʉʊ 2177-66ð45ð47% ʩʦʜʝʨʞʘʥʠʝ 

ʩʝʨʳ ʩʦʩʪʘʚʣʷʝʪ 1,6ð1,7%, ʩʠʣʠʢʘʛʝʣʝʚʳʭ ʩʤʦʣ ð 7ð10%. ʅʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʇʨʠʢʘʤʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠʭ ʧʣʦʪʥʦʩʪʴ 

0,8700ð0,8770; ʚʷʟʢʦʩʪʴ ʧʨʠ 50 Áʉ - 7ð9 ʩʩʪ; ʚʳʭʦʜ ʩʚʝʪʣʳʭ ʬʨʘʢʮʠʡ ʜʦ 300Áʉ ʧʦ 

ɻʆʉʊ 2177ð66 ʩʦʩʪʘʚʣʷʝʪ 40ð45%; ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ - 2,0ð2,20%, ʩʠʣʠʢʘʛʝʣʝʚʳʭ 

ʩʤʦʣ ð10ð17% [2]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʣʠ ʄʠʥʥʠʙʘʝʚʩʢʫʶ ʥʝʬʪʴ ʩʦʩʪʘʚʥʫʶ 

ʯʘʩʪʴ ʈʦʤʘʰʢʠʥʩʢʦʛʦ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʥʘ ʛʨʘʥʠʯʠʪ ʥʘ ʩʝʚʝʨʝ ʩ 

ɸʣʴʤʝʪʴʝʚʩʢʦʡ, ʥʘ ʶʛʝ ʩ ɿʘʡ-ʂʘʨʘʪʘʡʩʢʦʡ, ʥʘ ʚʦʩʪʦʢʝ ʩ ɸʙʜʨʘʭʤʘʥʦʚʩʢʦʡ 

ʧʣʦʱʘʜʷʤʠ ʠ ʥʘ ʟʘʧʘʜʝ ʝʝ ʛʨʘʥʠʮʝʡ ʷʚʣʷʝʪʩʷ ɸʣʪʫʥʠʥʦ-ʐʫʥʘʢʩʢʠʡ ʧʨʦʛʠʙ. ɺ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʣʦʱʘʜʴ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɸʣʴʤʝʪʴʝʚʩʢʦʛʦ ʨʘʡʦʥʘ. ʄʠʥʥʠʙʘʝʚʩʢʘʷ ʧʣʦʱʘʜʴ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʅɻɼʋ 

çɸʣʴʤʝʪʴʝʚʥʝʬʪʴè ʆɸʆ çʊʘʪʥʝʬʪʴè. 

  



4  

Introduction  

Oil is a combustible oily liquid of red-brown, sometimes almost black, extracted 

from the bowels of the earth; is a fragile mixture of hydrocarbons with an admixture of 

their oxygen-, sulfur-, nitrogen-containing and other derivatives. For centuries, oil has 

been used as a medicine, fuel, and lighting material. 

In 1745, the first oil refinery was built in Russia. Oil gained wider industrial 

importance at the beginning of the 20th century, when in 1823 the Dubinin brothers, serfs, 

built a plant in Mozdok to turn "black" oil into "white" oil by distillation. The resulting 

distillate (photogen) was subsequently named kerosene. 

Oil is a mixture of a large number of different chemical compounds of hydrocarbons 

and their sulfur-, nitrogen-, oxygen-, metal-containing and other derivatives. 

The oils of the USSR contain (in wt. % of oil): 82.6--87.1 carbon, 11.1-15.0 

hydrogen, from traces to 0.9 oxygen, 3.5 sulfur and 0.4 nitrogen. In some oils, the content 

of oxygen, sulfur and nitrogen reaches 2.1, respectively; 8 and 0.93%. In addition, oils, 

especially those of high density, contain compounds with heavy metals (Fe, Ni, V, etc.). 

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

determine the individual chemical composition. 

The main component of oil are hydrocarbons, which differ in the content of carbon 

and hydrogen in the molecule, as well as its structure. Oil hydrocarbons belong to the 

following groups or series: paraffinic (saturated, alkanes), naphthenic (cyclanes), aromatic 

(arenes). Oils are usually dominated by paraffinic and naphthenic hydrocarbons. In the 

process of oil refining, olefinic and diolefinic (unsaturated, unsaturated) hydrocarbons are 

also formed. The predominance of one or another group of hydrocarbons in natural oil or 

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

compounds in them, gives these products specific properties [1]. 

Oil was discovered in Tartary in 1943 . After that, more than 100 oil fields were 

discovered in the republic, many of which were put into operation. Characteristic of the 

oils of Tatarstan is the change in their properties by depth of occurrence. Lighter oils, rich 
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in light fractions, with a lower content of sulfur and resins occur in older Devonian 

sediments. The quality of the oils of the southern part of the Tatar ASSR is higher than the 

quality of the oils of the northern part (Prikamsky district). The density of oils in the 

southern part of the republic ranges from 0.8600 ð 0.8700; kinematic viscosity at 50 Á C 

is about 6 cst; the yield of light fractions up to 300 Á C according to GOST 2177-66-45-

47% sulfur content is 1.6ð1.7%, silica gel resins ð 7-10%. The oil fields of the 

Prikamsky district are similar in their properties to each other, their density is 0.8700ð

0.8770; viscosity at 50 Á C is 7-9 cst; the yield of light fractions up to 300 Á C according 

to GOST 2177-66 is 40-45%; sulfur content is 2.0-2.20%, silica gel resins -10ð17% [2]. 

Minnibaevskaya oil, an integral part of the Romashkinskoye oil field, was selected 

for the study. It borders in the north with Almetyevsk, in the south with Zai-Karatai, in the 

east with Abdrakhmanovskaya squares and in the west its border is the Altunino-Shunak 

trough. Administratively, the square is located on the territory of Almetyevsk district. 

Minnibaevskaya Square is being developed by NGDU Almetyevneft of JSC Tatneft. 

 
2 ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʜʝʣ (Technology section) 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʢʠʧʝʥʠʷ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ. 

 

ʇʦʩʢʦʣʴʢʫ ʥʝʬʪʴ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʳ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʡ ʩʤʝʩʴʶ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝʬʪʷʥʳʝ ʬʨʘʢʮʠʠ ʚʳʢʠʧʘʶʪ ʥʝ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʩʚʷʟʠ ɻ ʪʦʛʦ ʧʨʠ ʨʘʩʯʝʪʘʭ 

ʠʩʧʦʣʴʟʫʶʪ ʧʦʥʷʪʠʝ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʫʩʨʝʜʥʝʥʠʷ 

ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʳ: ʩʨʝʜʥʝ ï ʦʙʲʝʤʥʫʶ (tʩʨ. ʦʙ.), ʩʨʝʜʥʝ ï 

ʤʦʣʝʢʫʣʷʨʥʫʶ (tʩʨ. ʤʦʣ), ʩʨʝʜʥʝ ï ʤʘʩʩʦʚʫʶ (tʩʨ. ʤʘʩʩ), ʩʨʝʜʥʝ ï ʢʫʙʠʯʝʩʢʫʶ (tʩʨ. ʢʫʙ) ʠ 

ʩʨʝʜʥʝ ï ʫʩʨʝʜʥʝʥʥʫʶ (tʩʨ. ʫʩʨ). ɿʥʘʯʝʥʠʝ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ: 

ð ʩʨʝʜʥʝ ï ʦʙʲʝʤʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ: 

ὸ̒ Ȣ̑̏ ̂
ὠὸ ὠὸ Ễ ὠὸ

ὠ ὠ Ễ ὠ
 

ð ʩʨʝʜʥʝ ï ʤʘʩʩʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ: 

ὸ̒ Ȣ̑̏ ̂
Ὃὸ Ὃὸ Ễ Ὃὸ

Ὃ Ὃ Ễ Ὃ
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ð ʩʨʝʜʥʝ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ: 

ὸ̒ Ȣ̑̏ ̂
ὔὸ ὔὸ Ễ ὔὸ

ὔ ὔ Ễ ὔ
 

 

ð ʩʨʝʜʥʝ ï ʢʫʙʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ: 

ὲ 
1 

ὸ̒̑Ȣ̋̔̂ =  В•Ὥ(ὸὭ +  273)3]3  273 

1 
 

ð ʩʨʝʜʥʝ ï ʫʩʨʝʜʥʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ 

ὸ̒̑Ȣ̍̏̌ +  ὸ̒̑Ȣ̋̔̂ 

ὸ̒̑Ȣ̋̔̂ =  
2 

ʛʜʝ G1, G2 é Gn ï ʤʘʩʩʳ (ʠʣʠ % ʤʘʩʩ.) ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ; 

V1, V2 éVn ï ʦʙʲʝʤʳ (ʠʣʠ %ʦʙʲʝʤ.) ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ; 

N1, N2 é Nn ï ʤʦʣʠ (ʠʣʠ %ʤʦʣ.) ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ; 

M i ï ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ; 

t1, t2 é tn ï ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʬʨʘʢʮʠʡ, ; 

xi ï ʩʦʜʝʨʞʘʥʠʝ ʫʟʢʠʭ ʬʨʘʢʮʠʡ, ʤʦʣʴʥʳʝ ʜʦʣʠ; 

űi ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʘ. 

ð ʩʨʝʜʥʝ ï ʦʙʲʝʤʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ (tʩʨ. ʦʙ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ 

ʧʦ ʜʘʥʥʳʤ ʨʘʟʛʦʥʢʠ ʧʦ ɻʆʉʊ: 

 

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]. 
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4 

15 

ὸ 

2.2 ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʂ ʦʧʨʝʜʝʣʷʝʪ ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʝʛʦ ʧʘʨʘʬʠʥʠʩʪʦʩʪʴ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʚʫʭ 

ʧʘʨʘʤʝʪʨʦʚ ï ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʩʪʘʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʧʘʨʘʬʠʥʠʩʪʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʂ = 12,5 õ 13, ʜʣʷ 

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

ʢʨʝʢʠʥʛ ï ʙʝʥʟʠʥʘ ʂ = 11,5 õ 11,8. ʇʨʠʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʜʣʷ 

ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʨʘʩʯʝʪʝ ʬʠʟʠʢʦ ï ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʛʜʝ ʊʩʨ.ʫʩʨ ï ʩʨʝʜʝʥʝ-ʫʩʨʝʜʥʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ, ʂ; Ὠ20- ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʂ ʠ ʧʦ ʬʦʨʤʫʣʝ: 

 

 

ʛʜʝ Ὠ15- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ; ʊʩʨ.ʤʦʣ ï ʩʨʝʜʥʝ ï ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ, ʂ. 

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,     ʦʙʦʟʥʘʯʘʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ Ὠὸ2, ʛʜʝ t1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ; t2 ï ʪʝʤʧʝʨʘʪʫʨʘ 
1 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ, . ɺ ʉʉʉʈ t1 = 4 , t2 = 20 . 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʫʟʢʠʭ ʬʨʘʢʮʠʡ (10-20 ʛʨʘʜʫʩʥʳʭ) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦ ʬʦʨʤʫʣʝ: 
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Ὠ20 =   ( 

ὸὧὴ   
ὲ

 
) 

100 

ɼʣʷ ʥʝʬʪʝʡ ʧʘʨʘʬʠʥʠʩʪʳʭ: ɓ = 0,736; n = 0,13 

ɼʣʷ ʥʝʬʪʝʡ ʩʝʨʥʠʩʪʳʭ: ɓ = 0,722; n = 0,159. 

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 . 

Ὠὸ =  Ὠ20  (ὸ  20) 
4 4 

ʛʜʝ Ὠ20- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʧʨʠ 20 ; Ὠὸ - ʦʪʥʦʩʠʪʝʣʴʥʘʷ 
4 4 

ʧʣʦʪʥʦʩʪʴ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; Ŭ ï ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʘʚʢʘ ʥʘ ʦʜʠʥ 

ʛʨʘʜʫʩ. 

ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʨʘʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ 2. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʛʨʘʬʠʢʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 3 ʠ 4. ʅʘ ʨʠʩʫʥʢʝ 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. 
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ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʠʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t (d4
t) ʧʦ ʠʟʚʝʩʪʥʦʡ ʠʭ ʧʣʦʪʥʦʩʪʠ d4

20. 

 

ɻʨʘʬʠʢʠ ʇʨʠʣʦʞʝʥʠʡ 3 ʠ 4 ʧʨʠʤʝʥʠʤʳ ʧʨʠ ʜʘʚʣʝʥʠʠ ʜʦ 1,5 ʄʇʘ. ʇʨʠ 

ʙʦʣʴʰʝʤ ʜʘʚʣʝʥʠʠ ʙʝʨʝʪʩʷ ʧʦʧʨʘʚʢʘ (ʧʣʦʪʥʦʩʪʴ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʤʠʥʫʩ ʧʣʦʪʥʦʩʪʴ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ) ʧʦ ʛʨʘʬʠʢʫ ʇʨʠʣʦʞʝʥʠʷ 5. 

ʏʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʧʝʨʝʩʯʠʪʳʚʘʪʴ Ὠ  ʥʘ Ὠ , ʘ ʪʘʢʞʝ Ὠ  ʥʘ Ὠ , ʠ ʥʘʦʙʦʨʦʪ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʦʣʴʟʫʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 
 

Ὠ20 =  Ὠ15  5 
4 15 

 

ʛʜʝ Ŭ- ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʦʧʨʘʚʢʘ (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 2). 

Ὠ20 =  Ὠ20  z0,9982 
4 20 

ʇʣʦʪʥʦʩʪʴ ʩʤʝʩʠ   ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʤʦʞʥʦ   ʦʧʨʝʜʝʣʷʪʴ   ʠʟ   ʨʘʚʝʥʩʪʚʘ ʧʦ 

ʠʟʚʝʩʪʥʳʤ 

ð ʤʘʩʩʦʚʳʤ ʧʨʦʮʝʥʪʘʤ ʢʦʤʧʦʥʝʥʪʦʚ 

 

ð ʦʙʲʝʤʥʳʤ ʧʨʦʮʝʥʪʘʤ ʢʦʤʧʦʥʝʥʪʦʚ 
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ð ʤʘʩʩʘʤ ʢʦʤʧʦʥʝʥʪʦʚ 

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʤʘʩʩʳ m ʛʘʟʘ, ʟʘʥʠʤʘʶʱʝʛʦ 

ʦʙʲʝʤ V ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ, ʠ ʤʘʩʩʝ m1 ʚʦʟʜʫʭʘ, ʟʘʥʠʤʘʶʱʝʛʦ ʪʦʪ 

ʞʝ ʦʙʲʝʤ V ʧʨʠ ʪʝʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ. 
ά 

Ὠ =  
ά1 

ɽʩʣʠ ʩʯʠʪʘʪʴ ʛʘʟ ʠʜʝʘʣʴʥʳʤ, ʪʦ ʧʨʠ ʊ = 273,16 ʂ, ʈ = 0,1 ʄʧʘ ʠ V = 22,414 ʤʣ 

ʤʘʩʩʘ m ʨʘʚʥʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ ʄ ʛʘʟʘ. ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʤʘʩʩʘ 22,414 ʤʣ 

ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʝʪ 28,9 ʛ, ʦʪʢʫʜʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʦʟʜʫʭʘ ʨʘʚʥʘ 

Ὠ =  
ὓ 

28,9 
(15) 

ɸʙʩʦʣʶʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʛʘʟʦʚ ʠ ʧʘʨʦʚ (ɟ, ʢʛ/ʤ3) ʧʨʠ ʥ.ʫ ʤʦʞʥʦ ʥʘʡʪʠ, ʟʥʘʷ 

ʤʘʩʩʫ ʄ ʠ ʦʙʲʝʤ 1 ʤʦʣʴ ʛʘʟʘ (22,414 ʣ) 

 ̇
ʍ =  

22,4 
 

ʇʨʠ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ (ʂ) ʠ ʜʘʚʣʝʥʠʠ ʇ (105 ʇʘ) ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ (ʚ 

ʢʛ/ʤ3) ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʦ ʬʦʨʤʫʣʝ 

273 
”ὶ =  ” 

ὸ +  273 
˜

 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ 15, ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ 
 

 

 
 

ʠʣʠ 

”ὶ =  
ὓ 

 z
22,4 

273 
 ̃

ὸ +  273 

 

273 
”ὶ =  

22,4 
ᶻ
 

ὓ̃  
 

 

 ˟
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2.3 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 

12ʉ. 



14  

̒̑Ȣ̍̏̌ 

1 ὸ 

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: 

ὓ =  ὥ +  ὦὸ +  ὧὸ2 (18) 

ʛʜʝ t - ʩʨʝʜʥʝ-ʤʦʣʝʢʫʣʷʨʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʬʨʘʢʮʠʠ, Áʉ; ʘ, b ʠ ʩ- 

ʢʦʵʬʬʠʮʠʝʥʪʳ. 

B ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʘʨʘʬʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʬʦʨʤʫʣʘ ɹ. ʄ. ɺʦʠʥʦʚʘ ʠʤʝʝʪ 

ʚʠʜ 

ὓ =  60 +  0,3ὸ +  0,001ὸ2 (19) 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʧʨʠʤʝʥʠʤʘ ʠ ʜʣʷ ʫʟʢʠʭ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ. 

ʉ ʚʚʝʜʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʬʦʨʤʫʣʘ (19) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

ὓ   =  (7ὑ  21,5) +  (0,76  0,04ὑ)ὸ̒̑Ȣ̍̏̌ +  ( 0,0003ὑ  0,00245)ὸ2 (20) 

ʌʦʨʤʫʣʦʡ (20) ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʝʣ 

ʬʨʘʢʮʠʡ, ʚʳʢʠʧʘʶʱʠʭ ʜʦ 350Áʉ (ʪʦʯʥʦʩʪʴ Ñ2-43%). 

ʄʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʪʷʞʝʣʳʭ ʬʨʘʢʮʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʥʦʤʦʛʨʘʤʤʝ 

ʇʨʠʣʦʞʝʥʠʷ 6 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʷʟʢʦʩʪʠ ʧʨʠ 50 ʤ 100 ÁC. 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʷʚʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦʤ ʘʜʜʠʪʠʚʥʳʤ. 

ʉʨʝʜʥʶʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʩʤʝʩʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʟʥʘʷ ʤʦʣʴʥʫʶ 

ʜʦʣʶ ʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʠ: 

ὓ̒  ̑=  Вὲ ὼ ὓ (21) 

 

ʛʜʝ xi- ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠ, ʤʦʣ. ʜʦʣʠ; ʄi - ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʢʦʤʧʦʥʝʥʪʘ ʩʤʝʩʠ. 

ʄʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʩʤʝʩʠ ʥʝʩʢʦʣʴʢʠʭ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦ ʬʦʨʤʫʣʝ 

ὸ 
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ʛʜʝ ά1 +  ά2 +  Ễ +  άὲ- ʤʘʩʩʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ, ʢʛ; ὓ1, ὓ2ȟ ȣ ȟ ὓὲ- 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ; xi- % ʤʘʩʩ. ʢʦʤʧʦʥʝʥʪʘ. 

ʄʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʞʝ ʧʦ ʬʦʨʤʫʣʝ ʂʨʵʛʘ: 

 

2.4 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] 

lg(ὖ  3158) =  7,6715  
2,68Ὢ(Ὕ)

 
Ὢ(Ὕέ) 

(25) 
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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 σπχȟφ 
 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] 
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