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ɸʥʥʦʪʘʮʠʷ. ɹʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ (ɹʇ) ï ʤʫʣʴʪʠʩʠʩʪʝʤʥʦʝ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʨʘʟʚʠʚʘʶʪʩʷ ʤʦʪʦʨʥʳʝ ʠ ʥʝʤʦʪʦʨʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʦʮʠʘʣʴʥʦʡ, ʙʳʪʦʚʦʡ ʠ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʡ ʜʝʟʘʜʘʧʪʘʮʠʠ, ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʦ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʙʠʦʤʦʜʫʣʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ (ɹɼ) ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʅʀʃʀ) ʫ ʧʘʮʠʝʥʪʦʚ ʩ ɹʇ. ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʙʠʙʣʠʦʪʝʢʠ: PubMed, Scopus, ResearchGate, Google Scholar, J-STAGE, eLibrary.ru; ʦʪʦ-

ʙʨʘʥʳ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʣʘʟʝʨʥʦʡ ʪʝʨʘʧʠʠ (ʃʊ) ʧʨʠ ɹʇ. ɺʩʝʛʦ ʥʘʡʜʝʥʘ 41 ʧʫʙʣʠʢʘʮʠʷ, ʚ ʦʩ-

ʥʦʚʥʦʤ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ in vitro ʠ in 

vivo ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʷʭ ɹʇ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʅʀʃʀ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʨʘʟʣʠʯ-

ʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʨʘʟʚʠʪʠʷ ʥʝʡʨʦʪʦʢʩʠʯʥʦʩʪʠ. ɿʘʢʣʶʯʝʥʠʝ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ, ʢʨʦʤʝ ʧʦʥʠʤʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ɹɼ ʅʀʃʀ, ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʧʦʥʠʤʘʥʠʝ ʫʩʣʦ-

ʚʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʠʢ ʃʊ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 100 ʩ ʧʨʠ ʤʝʩʪʥʦʤ 

ʠ ʪʨʘʥʩʢʨʘʥʠʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʕʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʦʜʝʣʴʶ ʧʝʨʚʠʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ɹʄ ʅʀ-

ʃʀ, ʢʘʢ ʟʘʧʫʩʢ Ca
2+

-ʟʘʚʠʩʠʤʳʭ ʧʨʦʮʝʩʩʦʚ. 
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Abstract. Parkinson's disease (PD) is a multisystem neurodegenerative disease in which motor and non-

motor impairments develop, leading to social, domestic and occupational maladaptation and reduced quality of 

life. Objective. To analyze experimental scientific data on possible mechanisms of biomodulatory action of low-

intensity laser illumination (LILI) in patients with PD. Material and methods. Databases and libraries: PubMed, 

Scopus, ResearchGate, Google Scholar, J-STAGE, eLibrary.ru were used for the search. The publications, which 

presented the results of experimental studies with potential application of low-level laser therapy (LLLT) in PD, 

were selected. A total of 41 publications were found, mostly in English. Results. Experimental studies in vitro 

and in vivo on different models of PD clearly demonstrate the possibilities of LLLT in restoration of various dis-

orders, prevention of neurotoxicity development. Conclusion. The analysis of the obtained results, in addition to 

understanding the secondary mechanisms of biomodulatory action of LILI, also allows improving the under-

standing of the optimization of LLLT techniques, in particular, the necessity of using exposure of 100 s for local 

and transcranial exposure. This is fully consistent with the model of the primary mechanism of biomodulatory 

action of LILI as the triggering of Ca
2+

-dependent processes.  

Keywords: Parkinson's disease, low-level laser therapy, experimental studies 
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ʛʘʥʛʣʠʝʚ ʠ ʠʭ ʩʚʷʟʝʡ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ï ʙʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ (ɹʇ), ï ʤʫʣʴʪʠʩʠʩʪʝʤʥʦʝ ʥʝʡʨʦʜʝʛʝʥʝʨʘ-

ʪʠʚʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʟʚʠʚʘʶʪʩʷ ʤʦʪʦʨʥʳʝ ʠ ʥʝʤʦʪʦʨʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʦʮʠ-

ʘʣʴʥʦʡ, ʙʳʪʦʚʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʟʘʜʘʧʪʘʮʠʠ, ʩʥʠʞʝʥʠʶ ʧʦʚʩʝʜʥʝʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ [1]. 

ʇʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ɹʇ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 120 ʜʦ 180 ʥʘ 100000, ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ï 

ʦʪ 12 ʜʦ 20 ʥʘ 100000 ʥʘʩʝʣʝʥʠʷ. ʇʦʢʘʟʘʪʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʘʥʳ, ʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʧʦʩʪʦʷʥ-

ʥʦ ʨʘʩʪʸʪ [17]. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʛʣʦʙʘʣʴʥʳʤ ʦʮʝʥʢʘʤ ɺʆɿ, ʙʦʣʝʝ 8,5 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʞʠʚʫʪ ʩ ɹʇ, 

ʢʦʪʦʨʘʷ ʩʪʘʣʘ ʧʨʠʯʠʥʦʡ 329 000 ʩʤʝʨʪʝʡ ʚ 2019 ʛʦʜʫ [30]. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ɹʇ ʷʚʣʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚ ʢʦʤʧʘʢʪʥʦʡ ʯʘʩʪʠ substantia nigra (SNpc), ʚʳʟʳ-

ʚʘʷ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʦʬʘʤʠʥʘ ʚ ʧʦʣʦʩʘʪʦʤ ʪʝʣʝ ʠ ʜʠʩʬʫʥʢʮʠʶ ʥʝʡʨʦʥʦʚ ʜʨʫʛʠʭ ʙʘʟʘʣʴʥʳʭ 

ʛʘʥʛʣʠʝʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʩʪʦʨʤʘʞʠʚʘʥʠʝ ʠ ʠʟʙʳʪʦʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʥʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʩʝʛʤʝʥʪʘ 

ʙʣʝʜʥʦʛʦ ʰʘʨʘ ʠ ʨʝʪʠʢʫʣʷʨʥʦʡ ʯʘʩʪʠ substantia nigra, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʨʤʦʞʝʥʠʶ ʪʘʣʘʤʦʢʦʨʪʠʢʘʣʴʥʳʭ 

ʥʝʡʨʦʥʦʚ ʠ ʜʝʬʠʮʠʪʫ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʦʪʦʨʥʦʡ ʢʦʨʳ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʳʚʘʶʪ ʨʘʟʚʠ-

ʪʠʝ ʦʩʥʦʚʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʙʦʣʝʟʥʠ. ʇʝʨʚʳʝ ʩʠʤʧʪʦʤʳ ʙʦʣʝʟʥʠ ʧʦʷʚʣʷʶʪʩʷ, ʢʦʛʜʘ ʯʠʩʣʝʥʥʦʩʪʴ ʥʝʡʨʦʥʦʚ 

SNpc ʩʥʠʞʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 50 %, ʘ ʩʦʜʝʨʞʘʥʠʝ ʜʦʬʘʤʠʥʘ ʚ ʩʪʨʠʘʪʫʤʝ ʧʘʜʘʝʪ ʙʦʣʝʝ ʯʝʤ ʥʘ 80 %. ʇʨʠ-

ʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ɹʇ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʩʣʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ [27]. 

ʇʦʤʠʤʦ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʚ SNpc ʧʨʠ ɹʇ ʜʝʛʝʥʝʨʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʛʨʫʧʧʳ 

ʥʝʡʨʦʥʦʚ: 

- ʜʦʨʩʘʣʴʥʦʛʦ ʷʜʨʘ ʙʣʫʞʜʘʶʱʝʛʦ ʥʝʨʚʘ; 

- ʦʙʦʥʷʪʝʣʴʥʦʡ ʣʫʢʦʚʠʮʳ; 

- ʥʦʨʘʜʨʝʥʝʨʛʠʯʝʩʢʠʝ ʛʦʣʫʙʦʛʦ ʧʷʪʥʘ; 

- ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʝ ʷʜʝʨ ʰʚʘ; 

- ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʝ ʥʷʜʨʘ ʄʝʡʥʝʨʪʘ; 

- ʢʦʨʳ ʙʦʣʴʰʠʭ ʧʦʣʫʰʘʨʠʡ ʠ ʥʝʢʦʪʦʨʳʭ ʚʝʛʝʪʘʪʠʚʥʳʭ ʩʧʣʝʪʝʥʠʡ. 

ɺ ʩʠʣʫ ʵʪʦʛʦ, ʧʦʤʠʤʦ ʜʝʬʠʮʠʪʘ ʜʦʬʘʤʠʥʘ, ʚʦʟʥʠʢʘʝʪ ʜʠʩʬʫʥʢʮʠʷ ʩʝʨʦʪʦʥʠʥʝʨʛʠʯʝʩʢʠʭ, ʥʦʨʘʜʨʝ-

ʥʝʨʛʠʯʝʩʢʠʭ ʠ ʭʦʣʠʥʝʨʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʉ ʧʦʨʘʞʝʥʠʝʤ ʵʢʩʪʨʘʥʠʛʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʩʚʷʟʘʥʳ ʪʘʢʠʝ ʧʨʦʷʚ-

ʣʝʥʠʷ ʙʦʣʝʟʥʠ ʢʘʢ ʘʥʦʩʤʠʷ, ʚʝʛʝʪʘʪʠʚʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ, ʜʝʧʨʝʩʩʠʷ, ʜʝʤʝʥʮʠʷ [7]. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ɹʇ ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʢʘʢ ʤʫʣʴʪʠʩʠʩʪʝʤʥʫʶ ʜʝʛʝʥʝʨʘʮʠʶ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʚʘʨʠʘʥʪʦʤ ʚʪʦʨʠʯʥʦʛʦ ʧʘʨʢʠʥʩʦʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʬʦʨʤʘ. ʇʘʪʦʛʝʥʝ-

ʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʘʥʪʠʧʩʠʭʦʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʚʷʟʳʚʘʶʪ ʩ ʥʘʨʫʰʝʥʠʝʤ ʜʦʬʘʤʠʥʝʨʛʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʥʘ 

ʬʦʥʝ ʙʣʦʢʘʜʳ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʪʦʢʩʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʧʨʝʧʘʨʘʪʦʚ. ʉʦʩʫʜʠʩʪʳʡ 

ʧʘʨʢʠʥʩʦʥʠʟʤ ʩʚʷʟʘʥ ʩ ʜʠʬʬʫʟʥʳʤ ʧʦʨʘʞʝʥʠʝʤ ʙʝʣʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʛʣʫʙʠʥʥʳʭ ʦʪʜʝʣʘʭ ʧʦʣʫʰʘʨʠʡ, ʣʠʙʦ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʤʫʣʴʪʠʣʘʢʫʥʘʨʥʳʤ ʧʦʨʘʞʝʥʠʝʤ ʙʘʟʘʣʴʥʳʭ ʛʘʥʛʣʠʝʚ (ʢʘʢ ʦʩʣʦʞʥʝʥʠʝ ʮʝʨʝʙʨʘʣʴʥʦʡ ʤʠʢ-

ʨʦʘʥʛʠʦʧʘʪʠʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ, ʘʤʠʣʦʠʜʥʦʡ ʘʥʛʠʦʧʘʪʠʝʡ, ʚʘʩʢʫʣʠʪʘʤʠ, ʩʝʥʠʣʴ-

ʥʳʤ ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ, ʥʝʩʢʦʣʴʢʠʭ ʵʧʠʟʦʜʦʚ ʠʥʩʫʣʴʪʦʚ ʠ ʜʨ.) [1]. 

ɺ ʩʭʝʤʘʭ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʨʘʧʠʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʧʘʨʘʪʳ L-ʜʦʧʘ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʪʠʤʫʣʷʪʦʨʳ ʤʦ-

ʪʦʨʠʢʠ ɾʂʊ, ʤʠʦʨʝʣʘʢʩʘʥʪʳ, ʘʛʦʥʠʩʪʳ ʜʦʬʘʤʠʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʠʥʛʠʙʠʪʦʨʳ ʄɸʆ-B ʠ ʜʨ. ʉʨʝʜʠ ʥʝ-

ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʭ ʤʝʪʦʜʦʚ ï ʜʠʝʪʘ, ʃʌʂ, ʪʨʘʥʩʢʨʘʥʠʘʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʩʪʠʤʫʣʷʮʠʷ [1, 4]. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʙʠʙʣʠʦʪʝʢʠ: 

PubMed, Scopus, ResearchGate, Google Scholar, J-STAGE, eLibrary.ru; ʦʪʦʙʨʘʥʳ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʣʘʟʝʨʥʦʡ ʪʝʨʘʧʠʠ (ʃʊ) ʧʨʠ ɹʇ. ɺʩʝʛʦ ʥʘʡʜʝʥʘ 41 ʧʫʙʣʠʢʘʮʠʷ, ʚ ʦʩʥʦʚʥʦʤ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʪʘʙʣ. 1 ʢʨʘʪʢʦ ʦʧʠʩʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʪʦʨʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ɹɼ ʅʀʃʀ, ʦʙʦʩʥʦʚʳʚʘʶʱʠʭ 

ʧʦʪʝʥʮʠʘʣʥɹʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʃʊ ʧʨʠ ɹʇ. 

ʊʘʙʣʠʮʘ 1 

 

ʄʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʅʀʃʀ ʥʘ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ  

ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʧʨʠ ɹʇ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ˉ 

ʧ/ʧ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʤʦʜʝʣʴ, ʦʙʣʘʩʪʴ ʃʆ 
ʈʝʟʫʣʴʪʘʪ 

ʄʝʪʦʜʠʢʘ ʦʩʚʝʯʠʚʘ-

ʥʠʷ: l, ʥʤ; ʈʈ; ʄ; 
ʇʄ; F, ɻʮ; T 

ʃʠʪʝʨʘʪʫʨʘ 

1  

ʂʣʝʪʢʠ ʥʝʡʨʦʙʣʘʩʪʦʤʳ ʚ 

ʈʦʪʝʥʦʥʦʚʦʡ ʤʦʜʝʣʠ ɹʇ 

in vitro 

ʇʦʚʳʰʘʝʪʩʷ ʞʠʟʥʝʩʧʦʩʦʙ-

ʥʦʩʪʴ ʢʣʝʪʦʢ ʠ ʫʩʠʣʠʚʘʝʪʩʷ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ 

633 ʠ 840; ʅʈ; 1,8 ʠ 

3,6 ʤɺʪ/ʩʤ
2
; 5, 10 ʠ 20 

ʤʠʥ 

[6] 














