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ɸʥʥʦʪʘʮʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ. ʆʧʝʨʘʪʠʚʥʘʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʦʩʪʘʥʦʚʢʘ ʢʨʦʚʦʪʝʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʦʪʣʦʞʥʦʡ ʭʠʨʫʨʛʠʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʭʠʨʫʨʛʠ ʚʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ ʰʠʨʦ-

ʢʦ ʧʨʠʤʝʥʷʶʪ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʣʠʛʠʨʦʚʘʥʠʝ ʠ ʧʨʦʰʠʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʢʨʦʚʦʪʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʣʘʟʝʨʘ, ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʘʙʣʷʮʠʠ, ʵʣʝʢʪʨʦʥʦʞʘ ʠ ʪʘʢ ʜʘʣʝʝ, ʦʜʥʘʢʦ ʥʝʨʝʜʢʦ ʵʪʠ ʤʝʪʦʜʳ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʪʨʘʚʤʘʪʠʟʘʮʠʶ ʪʢʘʥʝʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʤʠ ʦʨʛʘʥʘʤʠ, ʘ ʪʘʢʞʝ 

ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠʤʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʩʪʥʳʭ ʛʝʤʦʩʪʘʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʭʠʨʫʨʛʠʠ. ʎʝʣʴ ʨʘʙʦʪʳ. ʇʨʦʚʝʩʪʠ ʧʝʨʚʠʯʥʫʶ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʫʶ ʦʮʝʥʢʫ ʧʨʦʪʦʪʠʧʘ ʥʦʚʦʛʦ ʤʝʩʪʥʦʛʦ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ (ʩʦʯʝʪʘʶʱʝ-

ʛʦ ʛʝʤʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʘʜʛʝʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʧʦʚʷʟʢʠ) ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʩʣʦʡʥʦʡ ʧʦʣʠʢʦʤʧʦ-

ʟʠʪʥʦʡ ʧʣʝʥʢʠ ʥʘ ʤʦʜʝʣʠ ʨʘʥʝʥʠʷ ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʭ ʦʨʛʘʥʦʚ ʠ ʢʨʫʧʥʳʭ ʩʦʩʫʜʦʚ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʤʝʩʪʥʦʛʦ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʨʝʜ-

ʩʪʚʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʦʡ ʝʛʦ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ. ʀʩʧʳʪʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʦʩʪʨʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʤʦʜʝʣʠ ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʳʭ (ʩʚʠʥʴʠ) ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʠʤ ʨʘʥʝʥʠʡ ʧʘ-

ʨʝʥʭʠʤʘʪʦʟʥʳʭ ʦʨʛʘʥʦʚ ʠ ʙʝʜʨʝʥʥʦʡ ʘʨʪʝʨʠʠ. ʆʮʝʥʠʚʘʣʘʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʨʦʚʦʪʝʯʝʥʠʷ ʜʦ ʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʩʪʥʦʛʦ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ. ɿʘʢʣʶʯʝʥʠʝ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʥʦʚʦʝ ʤʝʩʪ-

ʥʦʝ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʩʣʦʡʥʦʡ ʧʦʣʠʢʦʤʧʦʟʠʪʥʦʡ ʧʣʝʥʢʠ ʭʠ-

ʪʦʟʘʥʘ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʚʠʯʥʦʛʦ ʦʩʪʨʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʢʘʢ ʭʦʨʦʰʫʶ ʛʝʤʦʩʪʘʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʠ ʘʜʛʝʟʠʚʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʝʜʚʘʨʠ-

ʪʝʣɹʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  
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Abstract. Relevance. Rapid and effective control of bleeding is an important issue in modern emergency 

surgery. It is evident that surgeons widely use such methods as ligation and suturing of the bleeding source, laser 

application, radiofrequency ablation, electrocautery, and other techniques during surgery; however, these meth-

ods often result in additional tissue trauma, especially when operating on parenchymal organs, and frequently 

require considerable time. Therefore, the development of new topical hemostatic agents is an important task in 

surgery. The objective is to perform a primary experimental evaluation of a prototype of a new third-generation 

topical hemostatic agent (combining hemostatic and adhesive properties and not requiring a dressing) based on a 

bilayer polycomposite film in a model of parenchymal organ and major vessel injuries. Materials and Methods. 

The study design involved the development of a prototype topical hemostatic agent followed by experimental 

evaluation of its main properties. The testing was performed in an acute experimental study using a large animal 

model (pigs) with induced injuries to parenchymal organs and the femoral artery. The intensity of bleeding was 

assessed before and immediately after application of the topical hemostatic agent. Conclusion. The developed 

new third-generation topical hemostatic agent based on a bilayer polycomposite film containing chitosan and 

auxiliary polymers demonstrated both good hemostatic activity and adhesive properties in the primary acute ex-

perimental study. Based on the positive preliminary results, further research in this area is planned. 

Keywords: chitosan, L-arginine, polyethylene glycol, silicon dioxide, hemostasis, bleeding. 
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ɺʚʝʜʝʥʠʝ. ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʭʠʨʫʨʛʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ ʚʦ ʚʨʝʤʷ ʧʦʣʦʩʪʥʦʡ ʦʧʝʨʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʩʪʘʥʦʚʢʘ ʢʨʦʚʦʪʝʯʝʥʠʡ ʠʟ ʧʝʯʝʥʠ, ʧʦʯʢʠ, ʩʝʣʝʟʝʥʢʠ ʠʣʠ ʘʦʨʪʳ, ʥʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʪʘʚʠʪʴ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʥʳ (ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʞʠʚʣʝʥʠʷ) ʩ ʧʦʩʣʝ-

ʜʫʶʱʝʡ ʙʠʦʜʝʛʨʘʜʘʮʠʝʡ ʠʟʜʝʣʠʷ. 

ʇʦʥʷʪʠʝ ʧʦʢʦʣʝʥʠʡ ʤʝʩʪʥʳʭ ʛʝʤʦʩʪʘʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʩʤʦʪʨʦʚ ʧʨʦʪʦʢʦʣʦʚ Tactical 

Combat Casualty Care (TCCC, ʇʨʦʪʦʢʦʣ ʪʘʢʪʠʯʝʩʢʦʡ ʧʦʤʦʱʠ ʥʘ ʧʦʣʝ ʙʦʷ) [1]. ʊʘʢ, ʢ ʧʝʨʚʦʤʫ ʧʦʢʦʣʝʥʠʶ 

ʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʴ QuikQlot (ʮʝʦʣʠʪ ʚ ʛʨʘʥʫʣʘʭ), ʢʦʪʦʨʳʡ ʚ 2003 ʛʦʜʫ ʙʳʣ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʥʘ ʧʦʣʝ ʙʦʷ. ɺʦ ʚʪʦʨʦʝ ʧʦʢʦʣʝʥʠʝ ʧʦʷʚʠʚʰʠʭʩʷ ʚ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʛʝʤʦʩʪʘʪʠʢʦʚ ʚʦʰʣʠ Combat Gauze 

(ʙʠʥʪ ʩ ʢʘʦʣʠʥʦʤ) ʠ Celox (ʭʠʪʦʟʘʥ ʚ ʛʨʘʥʫʣʘʭ). ɺ ʪʨʝʪʴʝ ʧʦʢʦʣʝʥʠʝ ʚʦʰʣʠ ChitoGauze Pro (ʙʠʥʪ ʩ ʭʠʪʦ-

ʟʘʥʦʤ), ʘ ʪʘʢʞʝ XStat (ʘʧʧʣʠʢʘʪʦʨ ʩ ʙʳʩʪʨʦ ʥʘʙʫʭʘʶʱʠʤʠ ʤʠʥʠ-ʛʫʙʢʘʤʠ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʠ ʠʥʦʛʜʘ ʧʨʠʯʠʩʣʷʶʪ ʩʚʦʠ ʠʟʜʝʣʠʷ (ʧʝʨʝʚʷʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʝ 

ʩʨʝʜʩʪʚʦ ʪʠʧʘ ʚʦʣʦʢʦʥ ʭʠʪʦʟʘʥʘ ʠʣʠ ʢʘʦʣʠʥ) ʢ ʛʝʤʦʩʪʘʪʠʢʘʤ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʨ-

ʨʝʢʪʥʳʤ, ʪʘʢ ʢʘʢ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʪʨʝʪʴʝʤʫ ʧʦʢʦʣʝʥʠʶ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʘʜʛʝʟʠʶ ʤʝʜʠʟʜʝʣʠʷ 

ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʚʷʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʠʭ ʛʝʤʦʩʪʘʪʠʯʝʩʢʠʭ ʤʝʜʠʟʜʝ-

ʣʠʡ ʷʚʣʷʝʪʩʷ ʭʠʪʦʟʘʥ ï ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ ʢʦʪʦʨʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʥʠʦʥʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʨʠʪʨʦʮʠʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚ-

ʥʦʡ ʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʚʦʢʨʫʛ ʨʘʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʦʤʙʦʚ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʦʩʪʘʥʘʚʣʠʚʘʶʪ 

ʢʨʦʚʦʪʝʯʝʥʠʝ [5-7, 9].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʟʨʘʙʦʪʢʝ ʤʳ ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʩʦʟʜʘʥʠʷ ʤʝʜʠʟʜʝʣʠʷ ʚ ʚʠʜʝ ʵʣʘʩʪʠʯʥʦʡ ʧʦʣʠ-

ʢʦʤʧʦʟʠʪʥʦʡ ʧʣʝʥʢʠ ʭʠʪʦʟʘʥʘ, ʦʙʣʘʜʘʶʱʝʡ ʥʘʨʷʜʫ ʩ ʛʝʤʦʩʪʘʪʠʯʝʩʢʠʤʠ ʭʦʨʦʰʠʤʠ ʘʜʛʝʟʠʚʥʳʤʠ ʩʚʦʡʩʪ-

ʚʘʤʠ. ɼʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʩʪʘʚʘ ʧʣʝʥʢʠ ʙʳʣ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʱʝʩʪʚʘ: ʧʨʦʩʪʳʝ (ʘʨʛʠʥʠʥ ʠ ʭʣʦʨʥʦʝ 

ʞʝʣʝʟʦ) ʠ ʧʦʣʠʤʝʨʳ (ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ (ʇʕɻ) ʠ ʢʨʝʤʥʝʟʝʤ). ɸʨʛʠʥʠʥ ï ʘʤʠʥʦʢʠʩʣʦʪʘ, ʠʤʝʶɦ ʘʷ ʚ ʩʦ-

ʩʪʘʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʫʶ ʛʫʘʥʠʜʠʥʦʚʫʶ ʛʨʫʧʧʫ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʧʦʪʝʥʮʠʨʫʶʪʩʷ ʘʜʛʝʟʠʚʥʳʝ ʠ 

ʛʝʤʦʩʪʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʠʪʦʟʘʥʘ [2, 8, 10]. ʇʕɻ ʠ ʢʨʝʤʥʝʟʝʤ ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʦʟʠʪʥʦʡ ʧʣʝʥʢʝ ʭʠʪʦʟʘʥʘ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʦʯʥʳʝ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʷʟʠ ʩ ʨʘʥʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʘ. ɺʘʞʥʦ, ʯʪʦ ʇʕɻ 

ʥʝ ʦʙʣʘʜʘʶʪ ʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʦʨʛʘʥʠʟʤ, ʯʪʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ [4]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʚʝʩʪʠ ʧʝʨʚʠʯʥʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʦʮʝʥʢʫ ʧʨʦʪʦʪʠʧʘ ʥʦʚʦʛʦ ʤʝʩʪʥʦʛʦ 

ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʤʦʜʝʣʠ ʨʘʥʝʥʠʷ ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʭ ʦʨʛʘʥʦʚ ʠ ʢʨʫʧʥʳʭ ʩʦʩʫʜʦʚ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʥʦʚʦʛʦ ʤʝʩʪʥʦʛʦ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʦ ʨʫʢʦʚʦʜʩʪʚʦ ARRIVE (Animal Research: Reporting Of In Vivo Experiments, ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʞʠ-

ʚʦʪʥʳʭ: ʦʪʯʝʪʥʦʩʪʴ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo) [3]. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦ-

ʜʠʣʘʩʴ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ ʦʧʠʩʘʪʝʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

Statistica 7.0. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʧʦʛʨʝʰʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʫʨʦʚʥʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʄʘʥ-

ʥʘ-ʋʠʪʥʠ ʚʚʠʜʫ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʚʳʙʦʨʢʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ (n < 30), ʜʦʩ-

ʪʠʛʥʫʪʳʡ ʫʨʦʚʝʥʴ p ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʦʪʣʠʯʠʡ. ʂʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ ʧʨʦʚʝʨʢʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʳʤ 0,05 ï ʟʥʘʯʝʥʠʝ p, ʜʦʧʫʩʪʠʤʦʝ ʜʣʷ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʦʛʦ ʤʝʩʪʥʦʛʦ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ, 

ʩʦʙʨʘʥʥʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʝʨʘʪʠʚʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ ʥʘ ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʳʭ ʤʦʜʝʣʷʭ (ʩʚʠʥʴʠ), ʚ ʭʦʜʝ 

ʢʦʪʦʨʳʭ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʨʘʥʝʥʠʝ ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʭ ʦʨʛʘʥʦʚ ʠ ʢʨʫʧʥʳʭ ʩʦʩʫʜʦʚ. ʂʘʞʜʘʷ ʦʪʜʝʣʴʥʘʷ ʩʚʠ-

ʥʴʷ ʩʯʠʪʘʣʘʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʝʜʠʥʠʮʝʡ. 

ʇʨʠ ʵʪʦʤ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʪʦʪʠʧ ʥʦʚʦʛʦ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦ-

ʛʦ ʩʨʝʜʩʪʚʘ ʚʧʝʨʚʳʝ ʙʳʣ ʦʮʝʥʝʥ in vivo, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʙʳʣ ʩʙʦʨ ʜʘʥʥʳʭ ʚ ʧʦʣʴʟʫ ʜʘʥʥʦʛʦ 

ʧʨʦʪʦʪʠʧʘ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʚ ʙʦʣʝʝ ʩʣʦʞʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ.  

1.1. ʉʠʥʪʝʟ ʤʝʩʪʥʦʛʦ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ ʠ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ. ʉʠʥʪʝʟ ʠʟʜʝʣʠʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʡ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠ 

ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ ʌɻɹʋ çʈʅʎʈʍʊ ʠʤ. ʘʢ. ɸ.ʄ. ɻʨʘʥʦʚʘè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʪʠʚʳ: ʭʠʪʦʟʘʥ ʆʆʆ çɹʠʦʧʨʦʛʨʝʩʩè, L-ʘʨʛʠʥʠʥ çʍʠʤʬʘʨʤʧʨʦʜʫʢʪè, ʢʠʩʣʦʪʘ ʫʢʩʫʩʥʘʷ 

ʣʝʜʷʥʘʷ (ʍʏ) çʃʝʥʨʝʘʢʪʠʚè, ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʆʆʆ çʕʢʦʢʨʝʤʥʠʡè, ʞʝʣʝʟʦ ʭʣʦʨʥʦʝ 6-ʚʦʜʥʦʝ (FeCl3 x6 

H2O) ʏɼɸ ʆʈʊ çʍʠʤʨʝʘʢʪʠʚʳè, ʧʦʣʠʵʪʠʜʝʥʛʣʠʢʦʣʴ Sigma-Aldrich (ʉʐɸ).  

ʄʝʩʪʥʦʝ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʚ ʚʠʜʝ ʜʚʫʩʣʦʡʥʦʡ ʧʣʝʥʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

çʥʘʨʫʞʥʦʛʦ ʘʨʤʠʨʫʶʱʝʛʦ ʩʣʦʷ ʠ çʚʥʫʪʨʝʥʥʝʛʦè (ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ) ʩʣʦʷ ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʨʘʥʦʡ. 

çʅʘʨʫʞʥʳʡè ʩʣʦʡ ʧʣʝʥʢʠ ʩʦʩʪʦʷʣ ʠʟ ʭʠʪʦʟʘʥʘ, ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, L-ʘʨʛʠʥʠʥʘ, ʚʦʜʳ. ɺ ʩʦʩʪʘʚ 

çʚʥʫʪʨʝʥʥʝʛʦè (ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ) ʩʣʦʷ ʧʣʝʥʢʠ ʚʭʦʜʠʣʠ ʭʠʪʦʟʘʥ, L-ʘʨʛʠʥʠʥ, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ, 

ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ, FeCl3 x6 H2O. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʢʠ, ʥʘ ʜʥʦ ʧʣʘʩʪʠʢʦʚʦʡ ʯʘʰʢʠ ʇʝʪʨʠ ʥʘʣʠʚʘʣʩʷ 

ʨʘʩʪʚʦʨ çʥʘʨʫʞʥʦʛʦè ʩʣʦʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘʩʳʧʘʣʘʩʴ ʨʦʚʥʳʤ ʩʣʦʝʤ ʧʦʨʦʰʢʦʦʙʨʘʟʥʘʷ ʩʤʝʩʴ 

çʚʥʫʪʨʝʥʥʝʛʦè ʩʣʦʷ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʝʮ ʚʳʩʫʰʠʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʚ ʚʳʪʷʞʥʦʤ ʰʢʘʬʫ. ɺ 
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ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʣʘʩʪʠʯʥʳʝ ʜʚʫʩʣʦʡʥʳʝ ʧʣʝʥʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʘʜʛʝʟʠʚʥʳʤʠ ʠ 

ʛʝʤʦʩʪʘʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ʅʦʚʦʝ ʤʝʩʪʥʦʝ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ï ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʝ 

 

1.2. ʇʝʨʚʠʯʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʮʘ ʥʦʚʦʛʦ ʤʝʩʪʥʦʛʦ 

ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ in vivo. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ in vivo ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ (ʩʚʠʥʴʷʭ) ʜʣʷ ʦʮʝʥʢʠ ʛʝʤʦʩʪʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʩʪʥʦʛʦ ʛʝʤʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʩʨʝʜʩʪʚʘ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʌɻɹʋ çʈʅʎʈʍʊ ʠʤ. ʘʢ. ɸ.ʄ. ɻʨʘʥʦʚʘè ʄʠʥʟʜʨʘʚʘ 

ʈʦʩʩʠʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʞʠʚʦʪʥʳʝ ʙʝʟ ʚʥʝʰʥʠʭ ʧʨʠʟʥʘʢʦʚ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʦʰʝʜʰʠʝ ʢʘʨʘʥʪʠʥʥʳʡ ʨʝʞʠʤ ʚ 

ʫʩʣʦʚʠʷʭ ʚʠʚʘʨʠʷ. ɺʩʝ ʞʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʧʠʱʝʚʦʤ ʨʝʞʠʤʝ. 

ʆʧʝʨʘʮʠʠ ʠ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʞʠʚʦʪʥʳʤʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʛʦ ʦʙʝʟʙʦʣʠʚʘʥʠʷ (ʢʩʠʣʘʟʠʥʘ 

ʛʠʜʨʦʭʣʦʨʠʜ, ʟʦʣʝʪʠʣ), ʘ ʚʳʚʝʜʝʥʠʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ï ʧʫʪʝʤ ʧʝʨʝʜʦʟʠʨʦʚʢʠ ʩʨʝʜʩʪʚ ʜʣʷ ʥʘʨʢʦʟʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʂʦʥʚʝʥʮʠʝʡ ʦ ʟʘʱʠʪʝ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʣʠ ʚ 

ʠʥʳʭ ʥʘʫʯʥʳʭ ʮʝʣʷʭ (ʧʨʠʥʷʪʘ ʉʦʚʝʪʦʤ ɽʚʨʦʧʳ ʚ 1986 ʛ., ʉʪʨʘʩʙʫʨʛ, ʌʨʘʥʮʠʷ) ʠ ɼʠʨʝʢʪʠʚʦʡ ʉʦʚʝʪʘ 

86/609/ɽɽʉ ʦʪ 24.11.86 ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʟʘʢʦʥʦʚ, ʧʨʘʚʠʣ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʩʧʦʨʞ̫ʝʥʠʡ ʩʪʨʘʥ-

ʫʯʘʩʪʥʠʮ ʚ ʦʪʥʦʰʝʥʠʠ ʟʘʱʠʪʳ ʞʠʚʦʪʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʮʝʣʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 12 ʩʚʠʥʴʷʭ (ʧʦʨʦʜʘ ɺʴʝʪʥʘʤʩʢʘʷ ʚʠʩʣʦʙʨʶʭʘʷ, ʩʘʤʮʳ, ʚʝʩ 40-60 ʢʛ). ɼʣʷ 

ʢʘʞʜʦʡ ʦʩʦʙʠ ʙʳʣ ʚʳʯʠʩʣʝʥ ʦʙʲʝʤ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʢʨʦʚʠ ʧʦ ʬʦʨʤʫʣʝ: ʆʎʂ (ʚ ʤʣ) = ʤʘʩʩʘ ʪʝʣʘ (ʚ ʛ) Ĭ 

0,07 (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʠʥʝʡ ʧʦ ʤʘʩʩʝ, ʨʘʩʯʸʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʲʝʤʘ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʢʨʦʚʠ 

 

ʆʩʦʙʴ ɺʝʩ (ʢʛ) ʆʮʢ (ʤʣ) 

1 59 4130 

2 48 3360 

3 45 3150 

4 46 3220 

5 54 3780 

6 42 2940 

7 44 3080 

8 50 3500 

9 41 2870 

10 49 3430 

11 48 3360 

12 52 3640 

  

ɺ ʧʨʦʮʝʩʩʝ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫ ʢʘʞʜʦʡ ʦʩʦʙʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʨʘʥʝʥʠʷ ʧʝ-

ʯʝʥʠ, ʘʦʨʪʳ ʠ ʩʝʣʝʟʝʥʢʠ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʞʠʚʦʪʥʦʛʦ ʚ ʥʘʨʢʦʟ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʟʤʝʨʝʥʠʝ ʏʉʉ ʠ ɸɼʩʠʩʪ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʨʦʚʦʧʦʪʝʨʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʞʠʚʦʪʥʦʛʦ. ɺ ʫʩʣʦʚʠʷʭ ʦʧʝʨʘ-

ʮʠʦʥʥʦʡ, ʧʦʜ ʵʥʜʦʪʨʘʭʝʘʣʴʥʳʤ ʥʘʨʢʦʟʦʤ, ʚʳʧʦʣʥʷʣʘʩʴ ʩʨʝʜʠʥʥʘʷ ʣʘʧʘʨʦʪʦʤʠʷ. ʇʨʘʚʘʷ ʜʦʣʷ ʧʝʯʝʥʠ ʚʳ-

ʚʦʜʠʣʘʩʴ ʚ ʨʘʥʫ ʥʘ ʩʘʣʬʝʪʢʘʭ. ʉʢʘʣʴʧʝʣʝʤ ʧʦ ʪʨʘʬʘʨʝʪʫ ʠʩʩʝʢʘʣʠ ʫʯʘʩʪʦʢ ʧʨʘʚʦʡ ʜʦʣʠ ʨʘʟʤʝʨʘʤʠ 20Ĭ20 

Ĭ5 ʤʤ (ʨʠʩ. 2). 


