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ɸʥʥʦʪʘʮʠʷ: ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʣʠ-

ʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʤʝʞʜʫ ʧʨʦʪʦʥʥʦʡ ʠ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʝʡ ʧʨʠ ʣʝʯʝʥʠʠ ʦʧʫʭʦʣʝʡ ʛʦʣʦʚʳ ʠ ʰʝʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠ:̫ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʩʣʫʞʠʣʠ ʧʫʙʣʠʢʘʮʠʠ, ʨʘʟʤʝʱʸʥʥʳʝ ʚ 

ʙʘʟʘʭ ʜʘʥʥʳʭ: eLIBRARY, Google Scholar, PubMed, ʥʘʡʜʝʥʥʳʝ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ ʠ ʠʭ ʩʦʯʝʪʘʥʠʷʤ: 

çʧʨʦʪʦʥʥʘʷ ʪʝʨʘʧʠʷè, çʣʫʯʝʚʘʷ ʪʝʨʘʧʠʷè, çʦʧʫʭʦʣʠ ʛʦʣʦʚʳè, çʦʧʫʭʦʣʠ ʰʝʠè, ʦʥʢʦʣʦʛʠʷ.  ʈʝʟʫʣʴʪʘʪʳ ʠ 

ʠʭ ʦʙʩʫʞʜʝʥʠʝ: ɺʳʩʦʢʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʠ ʩʤʝʨʪʥʦʩʪʴ ʦʪ ʦʧʫʭʦʣʝʡ ʛʦʣʦʚʳ ʠ ʰʝʠ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʱʘʜʷʱʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯ-

ʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʚʷʱʸʥʥʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʪʨʘʜʠʮʠʦʥʥʦʡ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʠ ʧʨʦʪʦʥʥʦʡ 

ʪʝʨʘʧʠʠ ʧʨʠ ʣʝʯʝʥʠʠ ʦʧʫʭʦʣʝʡ ʛʦʣʦʚʳ ʠ ʰʝʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʧʨʦʪʦʥʥʦʡ ʪʝ-

ʨʘʧʠʠ, ʝʸ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʪʢʘʥʠ, ʩʥʠʞʝʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʟʜʦʨʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʶ ʥʘ ʯʘʩʪʦʪʫ ʠ ʚʳʨʘʞʝʥʥʦʩʪʴ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ 

ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʢ-

ʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ɿʘʢʣʶʯʝʥʠʝ: ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʧʨʦʪʦʥʥʦʡ ʪʝʨʘʧʠʠ, ʝʸ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʢʣʠʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʦʪʦʥʥʦʡ 

ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ ʪʦʯʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʟʘ ʩʯʸʪ ʬʝʥʦʤʝʥʘ ʧʠʢʘ ɹʨʵʛʛʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠ-

ʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʳʝ ʪʢʘʥʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʣʝʯʝʥʠʠ ʦʧʫʭʦʣʝʡ 

ʛʦʣʦʚʳ ʠ ʰʝʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʦʪʦʥʥʦʡ ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ 

ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʧʫʭʦʣʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʣʦʢʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘʙʦʣʝʚʘʥʠʷ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʪʦʢʩʠʯʥʦʩʪʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʣʝʯʝʥʠʠ ʨʘʜʠʦʨʝʟʠʩʪʝʥʪʥʳʭ 

ʦʧʫʭʦʣʝʡ. ʇʨʦʪʦʥʥʘʷ ʪʝʨʘʧʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʯʘʩʪʦʪʫ ʦʩʪʨʳʭ ʠ ʭʨʦʥʠʯʝʩʢʠʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʧʦ-

ʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʚʳʨʘʞʝʥʥʦʩʪʠ ʪʦʢʩʠʯʥʦʩʪʠ ʣʝʯʝʥʠʷ. ʐʠʨʦ-

ʢʦʝ ʚʥʝʜʨʝʥʠʝ ʧʨʦʪʦʥʥʦʡ ʪʝʨʘʧʠʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʦʪʦʥʥʘʷ ʪʝʨʘʧʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʣʝʯʝʥʠʠ 

ʦʧʫʭʦʣʝʡ ʛʦʣʦʚʳ ʠ ʰʝʠ. ɺ ʙʫʜʫʱʝʤ ʦʞʠʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʪʦʥʥʦʡ ʪʝʨʘʧʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʪʦʥʥʘʷ ʪʝʨʘʧʠʷ, ʣʫʯʝʚʘʷ ʪʝʨʘʧʠʷ, ʦʧʫʭʦʣʠ ʛʦʣʦʚʳ, ʦʧʫʭʦʣʠ ʰʝʠ. 
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Abstract. The objective was to perform a comparative analysis of published data on proton therapy ver-

sus conventional radiotherapy in the treatment of head and neck tumors. Materials and Methods. The analysis 

was based on publications indexed in the eLIBRARY, Google Scholar, and PubMed databases, identified using 

the keywords and their combinations: ñproton therapy,ò ñradiotherapy,ò ñhead tumors,ò ñneck tumors,ò and on-

https://elibrary.ru/txgnko
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cology. Results and Discussion. The high incidence and mortality of head and neck tumors, as well as the sig-

nificant adverse effects associated with standard treatment modalities, emphasize the need to develop and im-

plement more effective and less toxic therapeutic approaches. The study presents an analysis of current scientific 

literature on the comparative evaluation of conventional radiotherapy and proton therapy in the treatment of head 

and neck malignancies. Particular attention is given to the advantages of proton therapy, including its high preci-

sion in targeting tumor tissues, reduction of radiation exposure to surrounding healthy structures, and its impact 

on the frequency and severity of treatment-related adverse effects. Current clinical guidelines, results of interna-

tional studies, and up-to-date evidence supporting the efficacy and potential of this modality are also reviewed. 

Conclusion. The study examined the physical principles of proton therapy, its advantages, and clinical evidence 

supporting its effectiveness. A key advantage of proton therapy is the precise localization of the radiation dose 

due to the Bragg peak phenomenon, which enables minimization of radiation exposure to healthy tissues. This is 

particularly important in the treatment of head and neck tumors. An additional advantage is the possibility of 

delivering higher radiation doses directly to the tumor, thereby improving local disease control while maintain-

ing a low level of toxicity. This is especially relevant for radioresistant tumors. Proton therapy significantly re-

duces the incidence of both acute and chronic adverse effects and improves patientsô quality of life by decreasing 

treatment-related toxicity. The widespread implementation of proton therapy is limited by high equipment costs 

and the need for specialized infrastructure. Proton therapy represents a promising direction in the treatment of 

head and neck tumors, with further optimization expected in the future. 

Keywords: proton therapy, radiotherapy, head tumors, neck tumors. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʨʝʟʢʦ ʫʩʠʣʠʣʘʩʴ [19]. ʆʧʫʭʦʣʠ ʛʦʣʦ-

ʚʳ ʠ ʰʝʠ (ʆɻʐ) ʟʘʥʠʤʘʶʪ 7-ʝ ʤʝʩʪʦ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʚ ʤʠʨʝ: ʝʞʝʛʦʜʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʦʢʦʣʦ 930 

000 ʥʦʚʳʭ ʩʣʫʯʘʝʚ ʠ 467 000 ʩʤʝʨʪʝʡ [6]. ʇʨʠ ʵʪʦʤ ʚ ʈʦʩʩʠʠ, ʧʦ ʜʘʥʥʳʤ ʄʅʀʆʀ ʠʤ. ʇ.ɸ. ɻʝʨʮʝʥʘ ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ 2022 ʛʦʜ, ʚʳʷʚʣʷʝʪʩʷ 25 400 ʥʦʚʳʭ ʩʣʫʯʘʝʚ ʆɻʐ ʚ ʛʦʜ (5,2 % ʦʪ ʚʩʝʭ ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʡ) ʩ 

ʝʞʝʛʦʜʥʳʤ ʧʨʠʨʦʩʪʦʤ 1,5-2 % ʠ ʩʤʝʨʪʥʦʩʪʴʶ 12 100 ʯʝʣʦʚʝʢ [4], ʧʨʠʯʸʤ 60 % ʧʘʮʠʝʥʪʦʚ ʜʠʘʛʥʦʩʪʠʨʫ-

ʶʪʩʷ ʥʘ IIIïIV ʩʪʘʜʠʷʭ [3]. ɺ ʩʪʨʫʢʪʫʨʝ ʣʦʢʘʣʠʟʘʮʠʡ ʆɻʐ ʚ ʈʌ ʧʨʝʦʙʣʘʜʘʶʪ ʛʦʨʪʘʥʴ (34 %), ʧʦʣʦʩʪʴ ʨʪʘ 

(22 %) ʠ ʩʣʶʥʥʳʝ ʞʝʣʝʟʳ (15 %) [4], ʘ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʦʩʪʘʶʪʩʷ ʪʘʙʘʢʦʢʫʨʝʥʠʝ ʠ ʘʣʢʦʛʦʣʴ 

(70 % ʩʣʫʯʘʝʚ), ʘ ʪʘʢʞʝ ʨʦʩʪ ʦʧʫʭʦʣʝʡ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ ʚʠʨʫʩʦʤ ʧʘʧʠʣʣʦʤʳ ʯʝʣʦʚʝʢʘ (ɺʇʏ), ʜʦʣʷ 

ʢʦʪʦʨʳʭ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 8 % ʜʦ 15 % [1]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝ-

ʩʪʚʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʦʧʫʭʦʣʷʤ ʛʦʣʦʚʳ ʠ ʰʝʠ (ʈʆʉʆɻʐ), ʚ 2021 ʛʦʜʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʙʦʣʝʝ 19 ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʝ ʤʝʪʦʜʦʚ ʣʝʯʝ-

ʥʠʷ ʆɻʐ [14]. 

ʉʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ ʆɻʐ, ʪʘʢʠʝ ʢʘʢ ʭʠʨʫʨʛʠʯʝʩʢʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʠ ʪʨʘʜʠʮʠʦʥʥʘʷ ʣʫ-

ʯʝʚʘʷ ʪʝʨʘʧʠʷ, ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʤʠ ʥʘ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ 

ʧʘʮʠʝʥʪʦʚ [7]. ʍʠʨʫʨʛʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʙʦʣʠ, ʦʪʝʢʫ, ʠʥʬʝʢʮʠʷʤ, ʢʨʦʚʦʪʝʯʝʥʠʷʤ, ʥʘ-

ʨʫʰʝʥʠʷʤ ʬʫʥʢʮʠʡ ʛʣʦʪʘʥʠʷ, ʨʝʯʠ ʠ ʜʳʭʘʥʠʷ, ʘ ʪʘʢʞʝ ʢ ʢʦʩʤʝʪʠʯʝʩʢʠʤ ʜʝʬʝʢʪʘʤ, ʪʨʝʙʫʶʱʠʤ ʜʣʠʪʝʣʴ-

ʥʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ. ʃʫʯʝʚʘʷ ʪʝʨʘʧʠʷ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʪʘʢʠʝ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ, ʢʘʢ ʤʫʢʦʟʠʪ (ʚʦʩʧʘʣʝʥʠʝ 

ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʧʦʣʦʩʪʠ ʨʪʘ ʠ ʛʣʦʪʢʠ), ʢʩʝʨʦʩʪʦʤʠʷ (ʩʫʭʦʩʪʴ ʚʦ ʨʪʫ), ʜʠʩʛʝʚʟʠʷ (ʠʟʤʝʥʝʥʠʝ ʚʢʫʩʦʚʳʭ 

ʦʱʫʱʝʥʠʡ), ʜʠʩʬʘʛʠʷ (ʟʘʪʨʫʜʥʝʥʥʦʝ ʛʣʦʪʘʥʠʝ), ʢʦʞʥʳʝ ʨʝʘʢʮʠʠ (ʧʦʢʨʘʩʥʝʥʠʝ, ʟʫʜ, ʰʝʣʫʰʝʥʠʝ) ʠ ʦʙʱʘʷ 

ʫʩʪʘʣʦʩʪʴ [2, 17, 26]. ʕʪʠ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ ʠ 

ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʠ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳ-

ʩʦʢʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʠ ʩʤʝʨʪʥʦʩʪʴ ʦʪ ʆɻʐ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝ-

ʪʦʜʦʚ ʣʝʯʝʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʱʘʜʷʱʠʭ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʦ-

ʩʚʷʱʝʥʥʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʪʨʘʜʠʮʠʦʥʥʦʡ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ ʠ ʧʨʦʪʦʥʥʦʡ ʪʝʨʘʧʠʠ ʧʨʠ ʣʝʯʝʥʠʠ 

ʦʧʫʭʦʣʝʡ ʛʦʣʦʚʳ ʠ ʰʝʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʧʨʦʪʦʥʥʦʡ ʪʝʨʘʧʠʠ, ʝʸ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʪʢʘʥʠ, ʩʥʠʞʝʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʟʜʦʨʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʘ 

ʪʘʢʞʝ ʚʣʠʷʥʠʶ ʥʘ ʯʘʩʪʦʪʫ ʠ ʚʳʨʘʞʝʥʥʦʩʪʴ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʩʦʚʨʝʤʝʥʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥ-

ʥʳʝ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʣʫʯʝʚʘʷ ʪʝʨʘʧʠʷ (ʃʊ) ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʬʦʪʦʥʦʚ 

(ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʣʠ ʛʘʤʤʘ-ʣʫʯʝʡ), ʢʦʪʦʨʳʝ ʠʦʥʠʟʠʨʫʶʪ ʤʦʣʝʢʫʣʳ ɼʅʂ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʚʳʟʳʚʘʷ ʠʭ 

ʛʠʙʝʣʴ ʟʘ ʩʯʸʪ ʜʚʦʡʥʳʭ ʨʘʟʨʳʚʦʚ ʮʝʧʝʡ. ʆʜʥʘʢʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʦʪʦʥʦʚ ʧʨʠʚʦʜʷʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ 

ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʵʥʝʨʛʠʠ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʪʢʘʥʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʠʟʙʝʞʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʟʜʦ-

ʨʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʘʢ ʧʝʨʝʜ ʦʧʫʭʦʣʴʶ (ʚʭʦʜʥʘʷ ʜʦʟʘ), ʪʘʢ ʠ ʟʘ ʥʝʡ (ʚʳʭʦʜʥʘʷ ʜʦʟʘ)[8]. ʇʨʠ 

ʣʝʯʝʥʠʠ ʆɻʐ ʵʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʠʟ-ʟʘ ʙʣʠʟʦʩʪʠ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʦʨʛʘʥʦʚ: ʩʣʶʥʥʳʭ ʞʝʣʝʟ, ʤʳʰʮ 

ʛʣʦʪʢʠ, ʩʪʚʦʣʘ ʤʦʟʛʘ, ʛʠʧʧʦʢʘʤʧʘ ʠ ʟʨʠʪʝʣʴʥʳʭ ʥʝʨʚʦʚ [25].   

ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʃʊ ʚ ʢʦʥʪʝʢʩʪʝ ʣʝʯʝʥʠʷ ʆɻʐ. 

1. ʂʩʝʨʦʩʪʦʤʠʷ (60-80 % ʧʘʮʠʝʥʪʦʚ): ʧʦʚʨʝʞʜʝʥʠʝ ʩʣʶʥʥʳʭ ʞʝʣʝʟ, ʦʩʦʙʝʥʥʦ ʦʢʦʣʦʫʰʥʳʭ, ʧʨʠʚʦ-

ʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʮʠʠ ʩʣʶʥʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʭʨʦʥʠʯʝʩʢʫʶ ʩʫʭʦʩʪʴ ʚʦ ʨʪʫ. ʕʪʦ ʩʦ-




