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ɸʥʥʦʪʘʮʠʷ. ʉʦʭʨʘʥʝʥʠʝ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʘʶʱʝʛʦ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. ʈʘʙʦʯʘʷ ʩʨʝʜʘ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʜʦʙʳʯʫ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʦʤ, ʩʚʷʟʘʥʘ ʩ ʩʦʯʝʪʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʝʪʘʣʣʦʚ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʩʠʜʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʪʘʣʣʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʥʘ ʦʨʛʘʥʠʟʤ ʨʘʙʦʪʥʠʢʦʚ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʝ ʨʠʩʢʠ ʨʘʟʚʠʪʠʷ ʰʠʨʦʢʦ ʩʧʝʢʪʨʘ ʟʘʙʦʣʝʚʘʥʠʡ. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘ-

ʣʠʟʝ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʫ ʨʘʙʦʪʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʤʝʪʘʣʣʘʤʠ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʊʝʭʥʦ-

ʣʦʛʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʚʢʣʶʯʘʣʘ ʩʢʨʠʥʠʥʛʦʚʳʝ ʫʛʣʫʙʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʜʦʙʳʯʝ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ ʨʫʜ. ʄʘʪʝʨʠʘʣʦʤ ʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʙʠʦʩʨʝʜ 134 ʨʘʙʦʪʥʠʢʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ 39 (ʛʨʫʧʧʘ ʥʘʙʣʶʜʝʥʠʷ) ʠ 95 (ʛʨʫʧʧʘ ʩʨʘʚʥʝʥʠʷ). ɻʨʫʧʧʳ ʥʝ ʠʤʝʣʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ 

ʚʦʟʨʘʩʪʫ, ʧʦʣʫ, ʩʪʘʞʫ, ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ ʧʨʦʞʠʚʘʥʠʷ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʧʦ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤ, ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʤ, ʙʠʦʭʠʤʠʯʝʩʢʠʤ, ʠʤʤʫ-

ʥʦʣʦʛʠʯʝʩʢʠʤ, ʮʠʪʦʣʦʛʠʯʝʩʢʠʤ ʠ ʢʣʠʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠʩʭʦʜʷ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʨʝʞʜʘʶʱʝʛʦ ʜʝʡ-

ʩʪʚʠʷ ʧʦʚʳʰʝʥʥʳʭ ʫʨʦʚʥʝʡ ʢʦʥʪʘʤʠʥʘʥʪʦʚ ʚ ʢʨʦʚʠ. ɺʩʝʛʦ 7684 ʦʧʨʝʜʝʣʝʥʠʡ ʧʦ 68 ʧʦʢʘʟʘʪʝʣʷʤ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʉʨʝʜʥʝʩʤʝʥʥʘʷ ʵʢʩʧʦʟʠʮʠʷ ʤʝʪʘʣʣʘʤʠ ʥʘ ʫʨʦʚʥʝ ʜʦ 0,2 ʤʛ/ʤ
3
 (ʜʦ 4 ʇɼʂ) ʦʙʫ-

ʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 3,4 ʨʘʟʘ ʤʘʨʛʘʥʮʘ, ʤʝʜʠ, ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ ʠ ʭʨʦʤʘ ʚ ʢʨʦʚʠ ʨʘ-

ʙʦʪʥʠʢʦʚ ʛʨʫʧʧʳ ʥʘʙʣʶʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʘʚʥʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʟʘʙʦ-

ʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʤʝʪʘʣʣʘʤʠ, ʚʢʣʶʯʘʶʪ ʙʦʣʝʟʥʠ ʢʦʩʪʥʦ-

ʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʨʘʜʠʢʫʣʦʧʘʪʠʠ, ʜʦʨʩʦʧʘʪʠʠ ʠ ʧʦʣʠʘʨʪʨʦʟʘ; ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ï ʧʦʣʠʥʝʡʨʦʧʘ-

ʪʠʠ; ʛʠʧʝʨʪʝʥʟʠʚʥʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ, ʦʞʠʨʝʥʠʷ, ʙʨʦʥʭʠʘʣʴʥʦʡ ʘʩʪʤʳ ʠ ʘʣʣʝʨʛʠʯʝʩʢʦʛʦ ʨʠʥʠʪʘ. ʋʩʪʘʥʦʚʣʝʥ-

ʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʝʚʳʰʘʶʱʘʷ ʜʦ 7,9 ʨʘʟʘ, ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʟʤʝʥʝʥʠʝʤ ʙʠʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʩʠʣʝʥʠʝ ʨʝʟʦʨʙʮʠʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, 

ʜʠʩʙʘʣʘʥʩ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ ʠ ʦʢʩʠʜʘʥʘʪʥʦ-ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʨʫʰʝʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ ʣʠ-

ʧʠʜʦʚ, ʜʠʩʬʫʥʢʮʠʶ ʵʥʜʦʪʝʣʠʷ ʩʦʩʫʜʦʚ, ʨʘʟʚʠʪʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʤʝʪʘʣʣʘʤ ʥʘ ʬʦʥʝ ʣʠʤʬʦʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɿʘʢʣʶʯʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʫ ʨʘʙʦʪʥʠʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

ʤʝʪʘʣʣʘʤʠ ʧʦʟʚʦʣʠʣʠ ʦʙʦʩʥʦʚʘʪʴ ʠʭ ʢʣʶʯʝʚʳʝ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʥʥʠʭ ʤʝʨ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ ʦʙʫʩʣʦʚ-

ʣʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʙʦʪʥʠʢʠ ʛʦʨʥʦʨʫʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʝʪʘʣʣʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʵʢʩʧʦʟʠ-

ʮʠʷ, ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 
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Abstract. Preserving the health of the working population is a priority area of state policy in occupational 

health and the prevention of occupational and work-related diseases. The working environment in mining opera-

tions extracting metal ores primarily by underground methods is associated with combined exposure to occupa-

tional factors, including a significant amount of dust particles in the workplace air and chemical substances, pri-

marily metals. Simultaneous exposure to oxides and compounds of metallic elements in various combinations 

may lead to occupational risks of developing a wide range of diseases. The purpose of the study is to perform a 

comparative analysis of changes in indicators of negative effects among workers in the mining industry under 

conditions of occupational exposure to metals. Materials and Methods. The comparative assessment technology 

included in-depth screening studies of the health of workers engaged in copper-nickel ore mining. The material 

consisted of biosample analyses from 134 workers, including 39 (observation group) and 95 (comparison group). 

The groups did not differ significantly in terms of age, sex, work experience, hygienic conditions, or socio-

economic living standards. The comparative analysis was carried out using chemical-analytical, hematological, 

biochemical, immunological, cytological, and clinical indicators, based on the mechanisms of damaging action 

of elevated levels of blood contaminants. A total of 7,684 determinations were made for 68 indicators. Results 

and Discussion. Average shift exposure to metals at levels up to 0.2 mg/mį (up to 4 MACs) led to an increase in 

the concentration of manganese, copper, nickel, cobalt, and chromium in the blood of workers in the observation 

group by up to 3.4 times compared to corresponding values in the comparison group. The main types of diseases 

associated with occupational exposure to metals include musculoskeletal disorders such as radiculopathy, 

dorsopathy, and polyarthrosis; nervous system disorders ï polyneuropathy; hypertensive heart disease, obesity, 

bronchial asthma, and allergic rhinitis. The identified prevalence of these diseases, increased up to 7.9 times, was 

confirmed by changes in biochemical and immunological indicators characterizing intensified bone tissue 

resorption, imbalance of neurotransmitters and oxidative-antioxidative processes, lipid metabolism disorders, 

vascular endothelium dysfunction, and the development of specific sensitization and metal sensitivity against the 

background of lymphoproliferative processes. Conclusion. The results of the comparative analysis of changes in 

indicators of negative effects among workers under conditions of occupational exposure to metals made it possi-

ble to substantiate the key pathogenetic mechanisms of impact, which is essential for the development of early 

preventive measures for occupational and work-related diseases. 

Keywords: mining industry workers, metals, occupational exposure, negative effects, laboratory indica-

tors. 

 

ɺʚʝʜʝʥʠʝ. ɿʜʦʨʦʚʴʝʩʙʝʨʝʞʝʥʠʝ ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʥʘ-

ʮʠʦʥʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʪʦʤ ʯʠʩʣʝ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʠ ʣʝ-

ʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ
1
. ʇʦ ʜʘʥʥʳʤ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʥʷʪʳʭ ʚ ʩʪʨʘʥʝ ʥʘ 2023 ʛ. ʩʦʩʪʘʚʠʣʦ 76 037 ʪʳʩ. ʯʝʣʦʚʝʢ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʡ ʫʜʝʣʴʥʳʡ 

ʚʝʩ ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ ʩ ʚʨʝʜʥʳʤʠ ʠ (ʠʣʠ) ʦʧʘʩʥʳʤʠ ʫʩʣʦʚʠʷʭ ʪʨʫʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʛʨʫʧʧʝ ʧʦ ʜʦ-

ʙʳʯʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʠ ʩʦʩʪʘʚʠʣ 71,1 % ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ
2
. 

ɼʣʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʦʩʥʦʚʥʳʭ ʧʨʦʬʝʩʩʠʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ (ʢʨʝʧʠʣʴʱʠʢʠ, ʙʫʨʠʣʴʱʠʢʠ, ʤʘʰʠʥʠʩʪ ʧʦʛʨʫʟʦʯʥʦ-ʜʦʩʪʘʚʦʯʥʦʡ ʪʝʭʥʠʢʠ, ʛʦʨʥʦʨʘʙʦʯʠʭ ʦʯʠʩʪʥʦʛʦ 

ʟʘʙʦʷ), ʭʘʨʘʢʪʝʨʥʦ ʩʦʚʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʙʦʪʥʠʢʦʚ ʜʣʠʪʝʣʴʥʦʛʦ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʰʫʤʘ, ʧʦʚʳʰʝʥ-

ʥʦʛʦ ʫʨʦʚʥʷ ʦʙʱʝʡ ʠ ʣʦʢʘʣʴʥʦʡ ʚʠʙʨʘʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ 

ʟʦʥʳ ʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʘʣʣʦʚ [3, 6, 14]. ɺ ʩʦʩʪʘʚ ʨʫʜʥʠʯʥʦʡ ʧʳʣʠ, ʩʚʘʨʦʯʥʳʭ ʘʵʨʦ-

ʟʦʣʝʡ ʚʭʦʜʷʪ ʤʝʪʘʣʣʳ (ʤʝʜʴ, ʥʠʢʝʣʴ, ʤʘʨʛʘʥʝʮ, ʭʨʦʤ, ʢʦʙʘʣʴʪ ʠ ʜʨ.), ʦʪʥʦʩʷʱʠʝʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ 

ʯʨʝʟʚʯrʘʡʥʦ ʠ ʚʳʩʦʢʦʦʧʘʩʥʳʤ (I ʠ II ʢʣʘʩʩ). ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʩʠʜʦʚ ʠ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʳʭ 

ʤʝʪʘʣʣʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʥʘ ʦʨʛʘʥʠʟʤ ʨʘʙʦʪʥʠʢʦʚ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʝ ʨʠʩʢʠ ʨʘʟʚʠʪʠʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʩʧʝʢʪʨʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʯʪʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʦ ʧʘʪʦʛʝʥʝʪʠʯʝ-

ʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠʭ ʧʦʣʠʪʨʦʧʥʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ [9]. ʂ ʯʠʩʣʫ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʩ ʚʦʟʜʫʭʦʤ ʨʘʙʦʯʝʡ ʟʦʥʳ ʦʢʩʠʜʦʚ ʤʝʜʠ, ʥʠʢʝʣʷ, ʤʘʨʛʘʥʮʘ (IV), ʭʨʦʤʘ (VI), ʢʦʙʘʣʴʪʘ ʦʪʥʦʩʷʪ-

ʩʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ, ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʘ, ʦʨʛʘʥʳ ʜʳʭʘʥʠʷ [7, 11]. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʛʨʫʧʧ ʨʠʩʢʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʬʠʣʘʢʪʠʯʝ-

ʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʠ ʩʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʩʦ ʩʪʦʨʦʥʳ 

ʟʜʦʨʦʚʴʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʧʝʨʩʦʥʘʣʴʥʫʶ ʦʮʝʥʢʫ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʫ ʨʘʙʦʪʥʠ-

ʢʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʘʣʣʘʤʠ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʫ ʨʘ-

ʙʦʪʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʢʩʧʦ-

ʟʠʮʠʠ ʤʝʪʘʣʣʘʤʠ. 
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