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ɸʥʥʦʪʘʮʠʷ. ɺʚʝʜʝʥʠʝ.  ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʫʢʘ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ ʫ ʧʦʞʠ-

ʣʳʭ ʠ ʧʨʝʩʪʘʨʝʣʳʭ ʣʶʜʝʡ ʥʘʟʳʚʘʝʪʩʷ ʛʝʨʦʥʪʦʩʪʦʤʘʪʦʣʦʛʠʝʡ. ʉʲʝʤʥʳʝ ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʧʨʦʪʝʟʳ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʦʨʪʦʧʝʜʠʯʝʩʢʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʞʝʚʘʥʠʷ ʫ ʧʦʞʠ-

ʣʳʭ ʧʘʮʠʝʥʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʥʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦ-

ʛʠʯʥʳʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʩʲʝʤʥʳʝ ʟʫʙʥʳʝ ʧʨʦʪʝʟʳ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʪʘʢʪʠ-

ʨʦʚʘʥʠʷ ʩʦ ʩʣʠʟʠʩʪʦʡ ʧʦʣʦʩʪʠ ʨʪʘ ʦʢʘʟʳʚʘʶʪ ʤʝʭʘʥʠʯʝʩʢʦʝ, ʭʠʤʠʯʝʩʢʦʝ, ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʝʝ ʠ ʪʝʨʤʦ-

ʠʟʦʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʇʨʠ ʧʦʣʴʟʦʚʘʥʠʠ ʩʲʝʤʥʳʤʠ ʘʢʨʠʣʦʚʳʤʠ ʧʨʦʪʝʟʘʤʠ ʚ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʧʦʷʚ-

ʣʷʶʪʩʷ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʘʢʪʦʨʳ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ: ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʝ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʚʝʩʪʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʦʩʪʘʪʦʯʥʳʭ 

ʤʦʥʦʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʠʥʜʝʢʩʘ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ   ʩʲʝʤʥʦʛʦ ʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʫ ʧʘʮʠʝʥ-

ʪʦʚ ʛʝʨʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ  ʩ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʟʫʙʦʚ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʙʘʟʠʩʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʘ-

ʢʠʝ ʢʘʢ çʌʪʦʨʘʢʩè, ʧʨʦʠʟʚʦʜʩʪʚʦ ʉʊʆʄɸ, ʋʢʨʘʠʥʘ; çɹʝʣʘʢʨʠʣ ʕɻʆè, çɹʝʣʘʢʨʠʣ - ʕ ʍʆ ʉʦʬʪè ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ɺʣʘʜʄʠɺʘ, ʈʦʩʩʠʷ; çʋʨʘʢʨʠʣè  ʧʨʦʠʟʚʦʜʩʪʚʦ ʉʪʦʤʧʦʣʠʤʝʨ, ʈʦʩʩʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʠ ʥʘ ʢʘʬʝʜʨʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚ ɺʦʨʦʥʝʞʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʘʚʪʦʨʘʤʠ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʘʭ ʦʩʪʘʪʦʯʥʦʛʦ  ʢʦʣʠʯʝ-

ʩʪʚʘ  ʤʦʥʦʤʝʨʘ, ʚ ʎʝʥʪʨʝ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ  ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʣʠʤʝʨʥʳʝ ʦʙ-

ʨʘʟʮʳ ʜʣʷ ʩʲʝʤʥʳʭ ʧʨʦʪʝʟʦʚ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ. ɼʣʷ  ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ  ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʘ-

ʪʦʛʨʘʬʘ Agilent 7890B GC System, ʚ ʢʦʪʦʨʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʤʘʩʩ-ʩʝʣʝʢʪʠʚʥʳʡ  ʜʝʪʝʢʪʦʨ  Agilent 5977A 

MSD (Agilent Technologies, USA). ʊʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʧʨʦ-

ʚʝʜʝʥʦ ʥʘ ʙʘʟʝ ʌɻʋɿ çʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠè. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝ-

ʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  ʇʦʢʘʟʘʪʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʙʘʟʠʩʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʦʛʦ 

ʤʦʥʦʤʝʨʘ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 1, 11 % ʚʳʷʚʣʝʥ ʚ ʦʙʨʘʟʮʝ çʌʪʦʨʘʢʩè, 0,27 % ʦʩʪʘʪʦʯʥʦ-

ʛʦ ʤʦʥʦʤʝʨʘ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʚʳʷʚʣʝʥ ʚ ʦʙʨʘʟʮʝ çɹʝʣʘʢʨʠʣ ï ʕ ɻʆè ʠ  0,15 % ʚ ʦʙʨʘʟʮʝ çʋʨʘʢʨʠʣè, ʯʪʦ 

ʫʢʘʟʚrʘʝʪ ʥʘ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʠʥʜʝʢʩʘ ʪʦʢʩʠʯʥʦʩʪʠ ʫ ʠʩʧʳʪʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʜʚʫʭʩʣʦʡʥʳʡ  ʧʦʣʠʤʝʨʥʳʡ ʦʙʨʘʟʝʮ çʌʪʦʨʘʢʩ + ɹʝʣʘʢʨʠʣ ï 

ʕʍʆ ʉʦʬʪè- ʠʥʜʝʢʩ ʪʦʢʩʠʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 97,7 % ; ʜʚʫʭʩʣʦʡʥʳʡ  ʧʦʣʠʤʝʨʥʳʡ ʦʙʨʘʟʝʮ çɹʝʣʘʢʨʠʣ - ʕ ɻʆ 

+ ɹʝʣʘʢʨʠʣ ï ʕ ʍʆ ʉʦʬʪè - 95,1 %;  ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʤʝʯʝʥʦ ʫ ʜʚʫʭʩʣʦʡʥʦʡ  

ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ çʋʨʘʢʨʠʣ + ɹʝʣʘʢʨʠʣ - ʕ ʍʆ ʉʦʬʪè, ʝʛʦ ʧʦʢʘʟʘʪʝʣʴ ʨʘʚʝʥ  90,4 %. ɺʳʚʦʜʳ: 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʦʛʦ ʤʦʥʦʤʝʨʘ ʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʜʝʢʩʘ ʪʦʢʩʠʯʥʦʩʪʠ ʙʘʟʠʩʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ, ʘʚʪʦʨʘʤʠ, ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʦʩ-

ʣʦʞʥʝʥʠʡ ʩʲʝʤʥʦʛʦ ʧʨʦʪʝʟʠʨʦʚʘʥʠʷ,  ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʚʳʙʦʨʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫ ʧʘʮʠ-

ʝʥʪʦʚ ʧʦʞʠʣʦʛʦ ʠ ʩʪʘʨʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʩ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʟʫʙʦʚ ʠ ʩʥʠʞʝʥʥʳʤ ʠʤʤʫʥʠʪʝʪʦʤ ʨʦʪʦʚʦʡ 

ʧʦʣʦʩʪʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʚʫʭʩʣʦʡʥʳʭ ʩʲʝʤʥʳʭ ʧʨʦʪʝʟʦʚ   ʘʢʨʠʣʦʚʦʡ ʙʘʟʠʩʥʦʡ   

ʧʣʘʩʪʤʘʩʩʳ  çʋʨʘʢʨʠʣè (çʉʪʦʤʧʦʣʠʤʝʨè, ʛ. ʏʝʙʦʢʩʘʨʳ, ʈʦʩʩʠʷ) ʠ ʵʣʘʩʪʠʯʥʦʛʦ ʙʘʟʠʩʥʦʛʦ  ʧʦʣʠʤʝʨʘ çɹʝ-

ʣʘʢʨʠʣ -ʕ ʍʆ ʉʦʬʪè (ɸʆ çʆʕɿ çɺʣʘʜʄʠɺʘè, ʛ. ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ).  

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʨʦʥʪʦʩʪʦʤʘʪʦʣʦʛʠʷ, ʩʲʝʤʥʳʝ ʟʫʙʥʳʝ ʧʨʦʪʝʟʳ, ʪʦʢʩʠʯʥʦʩʪʴ ʩʪʦʤʘʪʦʣʦʛʠʯʝ-

ʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʤʦʥʦʤʝʨʳ, ʠʤʤʫʥʠʪʝʪ ʧʦʣʦʩʪʠ ʨʪʘ. 
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Abstract. Introduction. Gerodontology is the science that studies dental health in elderly and senile pa-

tients. Removable acrylic dentures are the most accessible prosthetic constructions for restoring masticatory 

function in elderly patients who cannot afford modern high-tech treatment methods. Scientific studies have 

shown that removable dentures, in contact with the oral mucosa, exert mechanical, chemical, sensitizing, and 

thermal-insulating effects. During the use of removable acrylic dentures, products appear in the oral cavity that 

negatively affect resistance factors, both specific and nonspecific. The aim of the study is to conduct laboratory 

studies to analyze residual monomers and the toxicity index of polymer samples for removable prosthetics in 

gerontological patients with complete edentulism. Materials and Methods. Base polymer materials selected for 

laboratory studies included ñFtoraksò (STOMA, Ukraine), ñBelacril EGOò and ñBelacril-E HO Softò 

(VladMiVa, Russia), and ñUrakrilò (Stompolymer, Russia). To achieve the study objective, residual monomer 

content in polymer samples was analyzed using gas chromatography at the Department of Analytical Chemistry, 

Voronezh State University. Polymer samples for removable dentures were tested for toxicity at the Center for 

Hygiene and Epidemiology of the Voronezh Region. Quantitative residual levels of ethyl methacrylate and me-

thyl methacrylate were determined by gas chromatographic analysis using the Agilent 7890B GC System with an 

Agilent 5977A MSD mass-selective detector (Agilent Technologies, USA). Toxicological evaluation of experi-

mental samples was conducted at the FGUS ñCenter for Hygiene and Epidemiology in the Voronezh Region.ò 

Results. Residual monomer levels in base polymer samples were as follows: 1.11% in ñFtoraks,ò 0.27% methyl 

methacrylate in ñBelacril-E GO,ò and 0.15% in ñUrakril,ò indicating the best result. Toxicity index values for 

tested samples were: two-layer polymer ñFtoraks + Belacril-E HO Softò ï 97.7%; two-layer polymer ñBelacril-E 

GO + Belacril-E HO Softò ï 95.1%; the lowest toxicity index was found in the two-layer polymer composition 

ñUrakril + Belacril-E HO Softò ï 90.4%. Conclusions. Based on a detailed analysis of residual monomer levels 

and toxicity index results of base polymer samples, to minimize complications of removable prosthetics, the au-

thors recommend for elderly and senile patients with complete edentulism and reduced oral immunity the use of 

two-layer removable dentures composed of acrylic base polymer ñUrakrilò (Stompolymer, Cheboksary, Russia) 

and flexible base polymer ñBelacril-E HO Softò (AO OEZ VladMiVa, Belgorod, Russia). 

Keywords: gerodontology, removable dentures, dental sample toxicity, monomers, oral immunity. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʀʟʫʯʝʥʠʝʤ ʟʜʦʨʦʚʴʷ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʫ ʣʶʜʝʡ ʧʦʞʠʣʦʛʦ ʠ ʩʪʘʨʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 

ʟʘʥʠʤʘʝʪʩʷ ʛʝʨʦʥʪʦʩʪʦʤʘʪʦʣʦʛʠʷ [4]. ʋʯʝʥʳʝ ʚʜrʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʧʝʨʠʦʜʳ: ʧʦʞʠʣʳʝ ʣʠʮʘ -  60 - 74 

ʛʦʜʘ; ʧʨʝʢʣʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘ -75 ʣʝʪ ʠ ʩʪʘʨʰʝ; ʜʦʣʛʦʞʠʪʝʣʠ - ʩʪʘʨʰʝ 90 ʣʝʪ. ʇʨʠ ʩʪʘʨʝʥʠʠ ʦʨʛʘʥʠʟʤʘ ʫ 

ʧʘʮʠʝʥʪʦʚ ʦʪʤʝʯʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʤʝʜʣʝʥʥʦʤʫ ʫʛʘʩʘʥʠʶ [9]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʣʠʥʠʮʠʩʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʘʮʠʝʥʪʘʤ ʩʪʘʨʰʝ 60 - ʣʝʪʥʝʛʦ ʚʦʟ-

ʨʘʩʪʘ ʦʯʝʥʴ ʚʘʞʥʦ ʦʢʘʟʳʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʫʶ ʧʦʤʦʱʴ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʠʩʧʳʪʳʚʘʶʪ ʥʝʜʦʩʪʘʪʦʢ. ʋ ʧʘʮʠʝʥʪʦʚ ʜʘʥʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʢʘʪʝʛʦʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʟʫ-

ʙʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʦʡ ʧʨʦʙʣʝʤʦʡ. ʇʨʠ ʵʪʦʤ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʧʨʦʮʝʥʪ ʥʘʩʝʣʝʥʠʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʟʫʙʦʚ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ. ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ, ʯʪʦ ʦʢʦʣʦ 70 % ʟʫʙʦʚ ʦʪ-

ʩʫʪʩʪʚʫʶʪ ʫ ʧʘʮʠʝʥʪʦʚ ʚ ʧʦʞʠʣʦʤ ʠ ʩʪʘʨʯʝʩʢʦʤ ʚʦʟʨʘʩʪʝ. ʀʟ ʥʠʭ ʦʢʦʣʦ 60 % ʵʪʦ ʧʘʮʠʝʥʪʳ ʚ ʚʦʟʨʘʩʪʝ 

ʩʪʘʨʰʝ 65 ʣʝʪ [5, 15]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʛʝʨʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʩʲʝʤʥʳʝ ʧʣʘʩʪʠʥʦʯʥʳʝ ʧʨʦʪʝ-

ʟʳ ï ʵʪʦ ʩʘʤʳʝ ʜʦʩʪʫʧʥʳʝ ʦʨʪʦʧʝʜʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʧʦʩʦʙʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʴ ʞʝʚʘʪʝʣʴʥʫʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ, ʫ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʬʠʥʘʥʩʦʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʣʝʯʝʥʠʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤʠ, ʩʦʚʨʝʤʝʥ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʝʥʳʭ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʢʦʣʦ 21 % ʧʘʮʠʝʥʪʦʚ 

ʥʫʞʜʘʶʪʩʷ ʚ ʧʦʣʥʦʤ ʩʲʝʤʥʦʤ ʧʨʦʪʝʟʠʨʦʚʘʥʠʠ, ʘ ʚ ʩʲʝʤʥʦʤ ʧʨʦʪʝʟʠʨʦʚʘʥʠʠ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʙʦʣʝʝ  

5 % ʧʘʮʠʝʥʪʦʚ. ʆʜʥʘʢʦ, ʦʯʝʥʴ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʦʨʪʦʧʝʜʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʧʦʤʦʱʠ ʜʣʷ ʧʦʞʠ-

ʣʳʭ ʣʶʜʝʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʲʝʤʥʦʛʦ ʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʭ ʞʠʟʥʠ [1, 

14].  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʲʝʤʥʳʭ ʟʫʙʥʳʭ ʧʨʦʪʝʟʦʚ. 

ʆʜʥʘʢʦ, ʩ ʚʦʟʨʘʩʪʦʤ ʢʘʯʝʩʪʚʦ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ ʫ ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʫʭʫʜʰʘʝʪʩʷ. ɸʥʘʣʠʟ ʧʨʦ-

ʚʝʜʝʥʥʳʭ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʣʝ-

ʯʝʙʥʦʡ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ [2]. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʩʲʝʤʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʫʙʥʳʭ ʧʨʦʪʝʟʦʚ ʚ ʧʦʣʦʩʪʠ ʨʪʘ ʦʢʘʟʳʚʘʶʪ 

ʤʝʭʘʥʠʯʝʩʢʦʝ, ʭʠʤʠʯʝʩʢʦʝ, ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʝʝ ʠ ʪʝʨʤʦʠʟʦʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ 

ʧʦʣʦʩʪʠ ʨʪʘ [10]. 

ɺ ʢʣʠʥʠʢʝ ʦʨʪʦʧʝʜʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʚʳʷʚʣʷʶʪʩʷ ʦʩʣʦʞʥʝʥʠʷ. ʂ ʥʠʤ ʦʪʥʦ-

ʩʠʪʩʷ ʩʪʦʤʘʪʠʪ çʘʣʣʝʨʛʠʯʝʩʢʠʡè, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʥʘ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʝ ʧʨʦʪʝʟʥʦʛʦ ʣʦʞʘ. ʄʥʦʛʦʣʝʪ-

ʥʠʝ ʪʨʫʜʳ ʫʯʝʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʚʷʟʘ-

ʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩʲʝʤʥʳʝ ʟʫʙʥʳʝ ʧʨʦʪʝʟʳ. ɼʘʥʥʳʝ ʠʩʪʦʯʥʠʢʦʚ 
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ʠʟʫʯʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ 

ʧʦʣʦʩʪʠ ʨʪʘ ʚ ʦʪʚʝʪ ʥʘ ʜʝʡʩʪʚʠʝ ʧʨʦʪʝʟʘ. ɼʘʥʥʘʷ ʮʠʬʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 45 ʜʦ 65 % [3, 16]. 

ʉʲʝʤʥʳʡ ʧʨʦʪʝʟ ʧʦʤʠʤʦ çʘʣʣʝʨʛʠʯʝʩʢʦʛʦè ʜʝʡʩʪʚʠʷ, ʤʦʞʝʪ ʦʢʘʟʚrʘʪʴ ʥʘ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ ʨʪʘ 

ʪʦʢʩʠʯʝʩʢʦʝ ʠ ʜʘʞʝ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʜʨʘʞʝʥʠʝ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʨʛʘ-

ʥʠʟʤʘ ʛʝʨʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [11]. 

 ɸʢʨʠʣʦʚʳʝ ʧʦʣʠʤʝʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʩʲʝʤʥʦʤ ʧʨʦʪʝʟʠʨʦʚʘʥʠʠ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ  ʧʣʘʩʪʠʬʠʢʘʪʦ-

ʨʳ, ʢʨʘʩʷʱʠʝ ʢʦʤʧʦʥʝʥʪʳ,  ʠʥʛʠʙʠʪʦʨʳ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʥʘʤʠ ʠ ʘʣʣʝʨʛʝ-

ʥʘʤʠ ʠ ʚʳʟʳʚʘʶʪ ʩʦ ʩʪʦʨʦʥʳ  ʪʢʘʥʝʡ ʧʨʦʪʝʟʥʦʛʦ ʣʦʞʘ ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ [7, 13]. 

ɺʦ ʚʨʝʤʷ ʧʦʣʴʟʦʚʘʥʠʷ ʧʘʮʠʝʥʪʘʤʠ ʩʲʝʤʥʳʤʠ ʟʫʙʥʳʤʠ ʧʨʦʪʝʟʘʤʠ ʚ ʨʦʪʦʚʫʶ ʧʦʣʦʩʪʴ ʚʳʜʝʣʷʶʪʩʷ 

ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʨʝʟʠ-

ʩʪʝʥʪʥʦʩʪʠ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʝʛʦ ʧʦʜʘʚʣʝʥʠʶ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʣʠʟʠʩʪʘʷ ʧʦʣʦʩʪʠ ʨʪʘ 

ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʝʘʢʮʠʷʭ ʠʤʤʫʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ,  ʨʦʣʴ ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ, ʘ ʠʤʝʥʥʦ, ʥʝʡʪʨʦʬʠʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʧʠʪʝʣʠʷ  ʠʟ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʙʝʩʮʝʥʥʘ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʙʘʣʘʥʩʘ ʩʣʠʟʠ-

ʩʪʦʡ ʧʦʣʦʩʪʠ ʨʪʘ, ʪʘʢ ʢʘʢ ʚʦ ʚʨʝʤʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ  ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ 90-92 

% . ɺʦʧʨʦʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʩʪʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʧʨʠ ʥʦʰʝʥʠʠ ʩʲʝʤʥʳʭ ʟʫʙʥʳʭ ʧʨʦʪʝʟʦʚ, ʘ 

ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʤʝʰʘʥʥʦʡ ʩʣʶʥʝ ʫʨʦʚʥʷ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ  ʨʝʘʢʮʠʠ ʚʦʩʧʘʣʠ-

ʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ,  ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ [8, 12]. 

ʇʦʣʠʤʝʨʥʳʝ ʙʘʟʠʩʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʲʝʤʥʦʤ ʧʨʦʪʝʟʠʨʦʚʘʥʠʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʤʠʢʨʦʙʥʫʶ ʢʦʣʦʥʠʟʘʮʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʥʦʛʦ ʧʨʦʪʝʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʪʘʪʦʯʥʳʝ ʧʦʩʣʝ 

ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʤʝʨʳ ʚʳʜʝʣʷʶʪʩʷ ʚ ʨʦʪʦʚʫʶ ʧʦʣʦʩʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʤʠʢʨʦʬʣʦʨʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʣʘʜʢʘʷ ʠ ʭʦʨʦʰʦ ʦʪʧʦʣʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʩʢʘʧʣʠʚʘʝʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʘʪʦʛʝʥʥʦʡ ʠ ʫʩʣʦʚʥʦ - ʤʠʢʨʦʬʣʦʨʳ, ʧʦʵʪʦʤʫ ʢʘʯʝʩʪ-

ʚʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʰʣʠʬʦʚʢʘ ʩʲʝʤʥʦʛʦ ʟʫʙʥʦʛʦ ʧʨʦʪʝʟʘ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʢʦʧʣʝʥʠʷ ʟʫʙ-

ʥʦʛʦ ʥʘʣʝʪʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʪʝʟʘ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʧʨʦʮʝʩʩʫ ʩʪʘʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʲʝʤʥʦʛʦ ʧʨʦʪʝʟʘ, ʦʩʦ-

ʙʝʥʥʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ [6, 17]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʘʷ 

ʦʨʪʦʧʝʜʠʯʝʩʢʘʷ ʧʦʤʦʱʴ ʧʘʮʠʝʥʪʘʤ ʛʝʨʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʟʫʙʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ 

ʵʬʬʝʢʪʠʚʥʦ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʝʝ ʦʧʪʠʤʠʟʘʮʠʶ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘ-

ʪʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʚʝʩʪʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʙʘʟʠʩʥʳʭ ʧʦʣʠ-

ʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʲʝʤʥʦʛʦ ʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʣʠʮʘʤ ʛʝʨʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ (ʧʦʞʠʣʦʛʦ ʠ ʩʪʘʨʯʝʩʢʦʛʦ) 

ʚʦʟʨʘʩʪʘ ʩ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʟʫʙʦʚ ʥʘ ʥʘʣʠʯʠʝ ʦʩʪʘʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʪʦʢʩʠʯʥʦʩʪʴ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʥʘ ʢʘʬʝʜʨʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚ ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʘʚʪʦʨʳ ʠʟʫʯʘʣʠ, ʠʩʧʦʣʴʟʫʷ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʦʣʠʯʝʩʪ-

ʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʤʦʥʦʤʝʨʘ ʚ ʦʙʨʘʟʮʘʭ ʘʢʨʠʣʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʙʘʟʠʩʦʚ ʩʲʝʤʥʳʭ ʧʨʦʪʝ-

ʟʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ  ʘʥʘʣʠʟ ï ʵʪʦ ʤʝʪʦʜʠʢʘ ʠʟʫʯʝʥʠʷ ʵʢʩʪʨʘʢʮʠʠ ʵʪʠʣʤʝʪʘʢʨʠʣʘ-

ʪʘ ʠ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ  ʨʘʩʪʚʦʨʠʪʝʣʷ,  ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʳʭ ʙʘ-

ʟʠʩʥʳʭ ʘʢʨʠʣʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ (ɻʍ/ʄʉ). ɺ  

ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ çʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ɺʦʨʦ-

ʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠè ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʩʧʝʢʪʝ ʤʳ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʪʦʢʩʠʯ-

ʥʦʩʪʴ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʧʦʜʛʦʪʦʚʠʣʠ ʧʦʣʠʤʝʨʥʳʝ ʦʙʨʘʟʮʳ  çʌʪʦʨʘʢʩè 

(çʉʊʆʄɸè, ʋʢʨʘʠʥʘ),  çɹʝʣʘʢʨʠʣ - ʕ ɻʆè,  çɹʝʣʘʢʨʠʣ - ʕ ʍʆ ʉʦʬʪè (ɸʆ çʆʕɿ çɺʣʘʜʄʠɺʘè ʈʦʩʩʠʷ)  ʠ 

çʋʨʘʢʨʠʣè (çʉʪʦʤʧʦʣʠʤʝʨè, ʈʦʩʩʠʷ) ʚ ʬʦʨʤʝ ʜʠʩʢʘ 7 ʩʤ ʚ ʜʠʘʤʝʪʨʝ.  

ɼʘʥʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʨʘʟʣʦʤʘʣʠ ʥʘ ʤʘʣʝʥʴʢʠʝ ʢʫʩʦʯʢʠ ʠ ʧʦʤʝʩʪʠʣʠ ʚ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 10.00 ʩʤ3  ʩ 

,002 % ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʭʠʥʦʥʘ ʚ ʘʮʝʪʦʥʝ, ʜʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʧʨʦʚʝʣʠ ʩʤʝʰʠʚʘʥʠʝ ʠ 

ʧʣʦʪʥʦ ʟʘʢʨʳʣʠ ʢʦʣʙʫ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ  ʧʦʚʪʦʨʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20-24 Á ʉ ʪʨʦʝ ʩʫʪʦʢ, ʨʘʩʪʚʦʨʳ ʛʦʪʦ-

ʚʠʣʠ ʜʣʷ ʚʩʝʭ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʘʟʠʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʨʦ-

ʙʫ ʦʪʙʠʨʘʣʠ ʩʪʝʢʣʷʥʥʦʡ ʧʠʧʝʪʢʦʡ ʦʙʲʝʤʦʤ 2.00 ʩʤ3  ,  ʧʝʨʝʥʦʩʠʣʠ ʚ ʢʦʣʙʫ ʦʙʲʝʤʦʤ  10.00 ʩʤ3, ʜʦʣʠʚʘʣʠ 

0,002 % ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʭʠʥʦʥʘ. ɼʘʣʝʝ ʧʷʪʥʘʜʮʘʪʴ ʤʠʥʫʪ ʚ ʩʪʝʢʣʷʥʥʳʭ ʛʨʘʜʫʠʨʦʚʘʥʥʳʭ ʧʨʦʙʠʨʢʘʭ ʧʨʦʚʦ-

ʜʠʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨ-ʤʦʥʦʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʤʦʥʦʤʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ ʠ ʵʪʠʣʤʝʪʘʢʨʠ-

ʣʘʪ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ çAgilent 7890B GC Systemè ʩ ʤʘʩʩ-ʩʝʣʝʢʪʠʚʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 

çAgilent 5977A MSDè (Agilent Technologies, USA), ʢʦʣʦʥʢʠ çHP-5MS UIè (30 ʤ Ĭ 0.250 ʤʤ Ĭ 0.25 ʤʢʤ) ʠ 5 

%-ʬʝʥʠʣ ï 95 %-ʤʝʪʠʣʧʦʣʠʩʠʣʦʢʩʘʥʘ. 


