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ɹʀʆʈɸɼʀʂɸʃʆɺ  

 

A. Schwartz 

 

OZONE CONDITIONING EFFECT, MOLECULAR MECHANISM AND 

ROLE OF NUCLEAR FACTORS  

 

Cl²nica Fiorela, Madrid, Spain 
 

The Nuclear factor, Nrf2 is a master transcription factor that regulates EpRE or antioxidant 

response element (ARE) or human antioxidant response element (hARE) in human, mediated 

expression genes encoding antioxidant enzymes and cytoprotective proteins to cellular stresses. These 

Nrf2-regulated genes can be classified into phase II xenobiotic-metabolizing enzymes antioxidants, 

molecular chaperones, DNA repair enzymes, and anti-inflammatory response proteins, thereby 

reducing reactive compounds such as electrophiles and free radicals to less toxic intermediates whilst 

increasing the ability of the cell to repair any damage ensued. Importantly, Nrf2 has been shown to 

possess an EpRE sequence within its own promoter region providing a platform for Nrf2 to initiate its 

own transcription further enhancing the adaptive cell defense response. 

Recent studies suggest that the sequence context of the EpRE (electrophile-responsive element) 

the nature of the chemical inducers, and the cell type are important for determining the activity of the 

enhancer in a particular gene. The evidence of the EpRE pathway was observed also for some 

xenobiotics modulating the regulation of Phase I and Phase II drug-metabolizing enzymes. Nrf2 is a 

powerful protein located within each cell in the body and it is activated by an Nrf2 activator. Once 

released it migrates into the cell nucleus and bonds to the DNA at the location of the EpRE which is 

the master regulator of the entire antioxidant system located in all human cells. We know that 

excessive free radicals induce better antioxidant production through this pathway, but the question is: 

ozone also does? It seems that ex vivo it does. However what does occur in vivo in the patientôs 

blood? It Is ozone able to induce and trigger throughout Nrf2 the production of thousands of 

antioxidant molecules, providing far better protection against the brain and total body damaging 

effects from free radicals? 

 

Key words: ozone, ozone therapy, Nrf2, nuclear factor erythroid 2, Autohemotherapy, EpRE, 

electrophile-responsive element 
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ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʆɿʆʅɸ ʉ ʍʃʆʈʀɼʆʄ 

ʅɸʊʈʀʗ ɺ ɺʆɼɽ 

 
1
ɻɹʆʋ ɺʇʆ çʅʠʞʝʛʦʨʦʜʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷè 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2
ʌɻɹʋ çʇʨʠʚʦʣʞʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨè 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʢʘʩʘʶʱʠʭʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʟʦʥʘ ʩ 

NaCI ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ   ʚ ʥʠʭ NaCI (0,9%; 1%; 3%; 5% ʠ 10%) ʠ 

ʙʘʨʙʦʪʠʨʦʚʘʥʠʠ ʠʭ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ  ʦʟʦʥʘ ʚ ʥʝʡ ʦʪ 10 ʜʦ 

100 ʤʛ/ʣ ʚ ʪʝʯʝʥʠʝ 10 - 120 ʤʠʥʫʪ. ɸʚʪʦʨʳ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʨʘʙʦʪ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʥʦʛʨʘʬʠʠ, 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʚ ʦʟʦʥʠʨʦʚʘʥʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ ʦʟʦʥʘ ʩ ʭʣʦʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʚʦʜʝ: 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ, ʛʠʧʦʭʣʦʨʥʫʶ ʢʠʩʣʦʪʫ, ʭʣʦʨʘʪʳ (ʉIO
-
, 

ʉIO2
-
-, ʉIO3

-
), ʥʠʪʨʠʪʳ, ʥʠʪʨʘʪʳ (NO2

-
 ʠ NO3

-
), ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ, ʘ 

ʪʘʢʞʝ ʨʘʩʪʚʦʨʝʥʥʳʝ ʦʟʦʥ ʠ ʢʠʩʣʦʨʦʜ. ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʵʪʠʭ ʨʘʩʪʚʦʨʦʚ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʩʧʘʜʝ ʚ ʥʠʭ 

ʦʟʦʥʘ, ʧʦʩʣʝʜʥʠʡ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʠ ʩ Na
+
 ʥʠ ʩ ʉI

-
; ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ ʠ ʜʨʫʛʠʝ ʭʣʦʨ-

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʠʦʥʳ, ʥʠʪʨʘʪʳ ʠ ʥʠʪʨʠʪʳ ʥʝ ʦʙʨʘʟʫʪʁʩʷ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʪʚʦʨʝʥʥʳʝ 

ʢʠʩʣʦʨʦʜ ʠ ʦʟʦʥ, ʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʩʣʝʜʥʝʛʦ ʩ ʚʦʜʦʡ ʦʙʨʘʟʫʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, 

ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ, ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʠ ʤʘʣʦʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʟʦʥʘ ʩ NaCI ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

 

This paper contains the analysis of published reference data related to the ozone and NaCl 

interaction in aqueous solutions with different content of NaCI (0.9%; 1%, 3%, 5% and 10%) therein 

and their bubbling by the ozone-oxygen gas mixture with the ozone concentration ranging from 10 to 

100 mg/l within 10 to 120 minutes. The authors of the papers under study by using the protonography, 

chemical and spectrophotometric and research methods identified in ozonated solutions potentially 

possible products of the ozone and sodium chloride reaction in water: hexagonal aqueous structure, 

sodium hypochlorite, hypochloric acid, chlorates (CIO
-
, CIO2

-
-, CIO3

-
), nitrite, nitrate (NO2

-
 and NO3

-

), free radicals, hydrogen peroxide as well as dissolved ozone and oxygen. From the performed 

analysis of published reference data it follows that when treating these solutions with the ozone-

oxygen gas mixture and in the subsequent disintegration of ozone therein, the latter interacts neither 

with Na
+
 nor with CI

-
; sodium hypochlorite and other chlorine-containing oxygen ions, nitrates and 

nitrites are not formed herewith. There are identified dissolved oxygen and ozone and in the 

interaction of the latter with water free radicals, hydrogen peroxide, hexagonal and low-molecular 

aqueous structures are generated. 

Key words: products of the ozone and NaCI interaction in aqueous solutions. 

 

ʋʩʧʝʰʥʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʦʟʦʥʘ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ ʟʘʩʪʘʚʣʷʝʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʙʦʣʝʝ 

ʚʥʠʤʘʪʝʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʩʚʝʜʝʥʠʷ ʦ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠ 

ʩʪʘʨʘʪʴʩʷ ʠʭ ʫʛʣʫʙʠʪʴ ʠ ʨʘʩʰʠʨʠʪʴ. ʇʨʠʤʝʥʷʷ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʥʘʩʳʱʝʥʥʳʝ ʦʟʦʥʦʤ, ʤʳ 

ʜʦʣʞʥʳ ʣʫʯʰʝ ʟʥʘʪʴ ʠ ʧʦʥʠʤʘʪʴ ʩʧʝʮʠʬʠʢʫ ʧʦʚʝʜʝʥʠʷ ʛʘʟʘ ʚ ʵʪʠʭ ʩʨʝʜʘʭ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʘʢʮʠʡ, ʧʨʠʨʦʜʫ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʯʘʩʪʠʮ. ʇʦʩʣʝʜʥʠʝ ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪ ʙʠʦʭʠʤʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʣʝʯʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʡ [2,17]. ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʠ ʨʘʩʧʘʜʦʤ ʦʟʦʥʘ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ, ʘ ʪʘʢʞʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʪʝʢʘʥʠʷ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʦʟʦʥʦʤ ʠ ʭʣʦʨʠʩʪʳʤ ʥʘʪʨʠʝʤ, ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 
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ʩʧʝʮʠʘʣʠʩʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʟʦʥʠʨʦʚʘʥʥʳʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ 

ʠ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʫʯʥʦ ʥʝ ʦʙʦʩʥʦʚʘʥʥʳʤ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʠ. ʊʘʢ, ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɻ.ɸ. ɹʦʷʨʠʥʦʚʘ ʠ ʩʦʘʚʪ., ɿʘʡʮʝʚʘ ɺ.ʗ. ʠ ʩʦʘʚʪ. [1,8] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʦʟʦʥʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʡ ʭʣʦʨʘ ʩ 

ʢʠʩʣʦʨʦʜʦʤ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʢʠʩʣʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʧʦʭʣʦʨʠʪ-ʘʥʠʦʥʘ ʠʟ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʦʟʦʥʘ ʚʦʟʤʦʞʥʦ. ʅʘʧʨʠʤʝʨ, 

ʩʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʤ  ɿʘʡʮʝʚʳʤ ɺ.ʗ. ʩ ʩʦʘʚʪ. [8]  ʜʘʥʥʳʤ (ʪʘʙʣ.) ʜʣʷ ʢʠʩʣʦʡ ʩʨʝʜʳ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʘʨʳ ʆ3 - ClO
- 
ʨʘʚʝʥ 

 
0.58 ɺ, ʘ ʜʣʷ ʱʝʣʦʯʥʦʡ ʩʨʝʜʳ  0,35 ɺ. ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ  ɽ
ʦ 
ü 0, ʘ  ȹG û 0, ʯʪʦ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʩʫʞʜʘʝʤʦʡ ʨʝʘʢʮʠʠ: 

                             O3  +  Cl
-
   Ÿ    O2  +  ClO

- 

ʊʘʙʣʠʮʘ. ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʧʘʨʳ ʦʟʦʥ-ʢʠʩʣʦʨʦʜ ʠ ʛʠʧʦʭʣʦʨʠʪ-ʭʣʦʨʠʜ ʚ ʱʝʣʦʯʥʦʡ ʠ 

ʢʠʩʣʦʡ ʩʨʝʜʘʭ 

    ʕʣʝʢʪʨʦʜʥʳʡ ʧʨʦʮʝʩʩ ɽ
0
, ɺ 

ʆ3 + ʅ2ʆ + 3ʝ
- 
 =  ʆ2 + 2ʆʅ

-
 1,24 

ʆ3 + 2ʅ
+
 + 2ʝ

- 
= ʆ2 + ʅ2ʆ 2,07 

ʉIʆ
-
 + ʅ2ʆ + 2ʝ

- 
= ʉI

-
 + 2ʆʅ

-
 0,88 

ʅʉIʆ + ʅ
+
 + 2ʝ

-
 = ʉI

-
 + ʅ2ʆ 1,494 

ʆʜʥʘʢʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ ʦʙʩʫʞʜʘʝʤʳʭ ʧʘʨ ʚ 

ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʠʤʝʝʪʩʷ, ʧʦʵʪʦʤʫ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʩʫʞʜʝʥʠʷ ʧʦʢʘ 

ʥʝ ʫʜʘʝʪʩʷ. ʅʝʩʦʤʥʝʥʥʦ, ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʅ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʘʩʪʚʦʨʘ. ʅʦ ʵʪʦ ʠʤʝʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʪ.ʢ. ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʡʪʨʘʣʴʥʳʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,9%. 

ɸ ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʚ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʟʦʥʠʨʦʚʘʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʛʠʧʦʭʣʦʨʠʪ-ʘʥʠʦʥ  ʚ ʥʝʤ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʟʦʥ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ. ʆʥ ʦʢʠʩʣʷʝʪ ʚʩʝ 

ʤʝʪʘʣʣʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʦʣʦʪʘ ʠ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʠ ʨʝʘʛʠʨʫʝʪ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʨʘʟʣʘʛʘʝʪ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʳ (ʢʨʦʤʝ HF), ʧʝʨʝʚʦʜʠʪ ʥʠʟʰʠʝ ʦʢʩʠʜʳ ʚ ʚʳʩʰʠʝ, 

ʨʝʘʛʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦ ʚʩʝʤʠ ʪʠʧʘʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

[17]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʪʜʝʣʴʥʳʝ ʘʚʪʦʨʳ [13,19,20] ʥʝ ʠʩʢʣʶʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʟʦʥʠʜʦʚ  ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʪʠʧʘ ʄʆ3,  ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ, ʛʠʧʦʭʣʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ  

ʭʣʦʨʘʪʦʚ  ʉIO
-
, ʉIO2

-
-, ʉIO3

-
, ʥʠʪʨʠʪʦʚ, ʥʠʪʨʘʪʦʚ (NO2

-
 ʠ NO3

-
) ʠ ʧʝʨʦʢʩʠʜʘ  ʚʦʜʦʨʦʜʘ  ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʦʟʦʥʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʅ2ʆ2 ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʤʘʣʦʚʝʨʦʷʪʥʦ. ʆʜʥʘʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʘʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ (ʧʦ ʠʭ ʤʥʝʥʠʶ) ʨʝʘʢʮʠʡ ʦʟʦʥʘ ʩ ʭʣʦʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʚʦʜʝ. 

ɿʘʡʮʝʚ ɺ.ʗ. ʠ ʩʦʘʚʪ. [8]  ʧʨʦʚʦʜʠʣʠ ʦʙʨʘʙʦʪʢʫ 1% ʠ 3% ʚʦʜʥʦʛʦ  ʨʘʩʪʚʦʨʘ  ʭʣʦʨʠʩʪʦʛʦ 

ʥʘʪʨʠʷ ʦʟʦʥʦʤ  ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʨʝʘʢʪʦʨʝ, ʛʜʝ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʚ ʪʝʯʝʥʠʝ 10 ʠ 20 ʤʠʥʫʪ 

ʙʘʨʙʦʪʠʨʦʚʘʣʠ ʦʟʦʥʦʢʠʩʣʦʨʦʜʥʫʶ ʛʘʟʦʚʫʶ ʩʤʝʩʴ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʟʦʥʘ ï 60 ʤʛ/ʣ ʠ ʨʘʩʭʦʜʦʤ 

ʛʘʟʘ - 1ʣ/ʤʠʥ. ɺ ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ  ʛʠʧʦʭʣʦʨʠʪ ʦʧʨʝʜʝʣʷʣʠ ʩʪʘʥʜʘʨʪʥʳʤ 

ʡʦʜʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʛʠʧʦʭʣʦʨʠʪ ʚ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʦʙʥʘʨʫʞʝʥ ʥʝ ʙʳʣ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʦʟʦʥʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ, ʛʠʧʦʭʣʦʨʠʪ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ S. D. Razumovskii at all. [21] cʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ  ʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤʠ  ʤʝʪʦʜʘʤʠ ʙʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʦʟʦʥʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

NaCl ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʪʣʠʯʥʳʭ ʦʪ ʢʠʩʣʦʨʦʜʘ ʧʨʦʜʫʢʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʪ 

ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚ ʛʠʧʦʭʣʦʨʠʪʦʚ ʠʣʠ ʭʣʦʨʘʪʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʦʟʦʥʠʨʦʚʘʥʥʳʭ ʠʟʦʪʦʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ. 
ɹʦʷʨʠʥʦʚ ɻ.ɸ. ʠ ʩʦʘʚʪ. [1] ʧʨʦʠʟʚʦʜʠʣʠ  ʦʟʦʥʠʨʦʚʘʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ (NaCl, 

0,9%)  ʚ ʪʝʯʝʥʠʝ 60 ʠ 120 ʤʠʥʫʪ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʬʣʘʢʦʥʘʭ ʧʦ 200 ʤʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ 
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17-20Áʉ ʤʝʪʦʜʦʤ ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʚʦʟʜʫʰʥʫʶ ʠʛʣʫ ʦʟʦʥ- ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʴʶ, 

ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʟʦʥʘʪʦʨʝ ñʆʟʦʥ-ʄ-100ò.  ʀʟʫʯʘʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʥʘ ʚʳʭʦʜʝ  ʘʧʧʘʨʘʪʘ 

ʙʳʣʠ: 10, 25, 35 ʠ 100 ʤʛ/ʣ. ʆʟʦʥʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʳ ʠ  ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ (ʢʦʥʪʨʦʣʴ) 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʭ ñPerkin-Elmer Spectrofotometer Coleman 575ò (ʋʌ-

ʩʧʝʢʪʨʳ) ʠ ñSpecord IR M-80ò (ʀʂ- ʩʧʝʢʪʨʳ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘ ʪʝʭ ʞʝ ʧʨʠʙʦʨʘʭ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʋʌ ʠ ʀʂ ʩʧʝʢʪʨʳ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʵʪʘʣʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ 

(NaOCl). ʇʨʠ ʵʪʦʤ ʚ ʩʧʝʢʪʨʝ ʋʌ ʙʳʣʘ ʥʘʡʜʝʥʘ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʧʨʠ 292 ʥʤ - ʠʦʥ OCl
-
. ɺ ʋʌ-ʩʧʝʢʪʨʝ ʦʟʦʥʠʨʦʚʘʥʥʦʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ  ʥʘʡʜʝʥʘ 

ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (200-203 ʥʤ)  ʠ  ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʦʟʦʥʘ  ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ɚ=255 ʥʤ (ʧʦʣʦʩʘ ɻʘʨʪʣʠ).  ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʦʡ  ʢʨʠʚʦʡ ʠ ʩʨʘʚʥʝʥʠʷ ʩ 

ʵʪʘʣʦʥʦʤ ʩʣʝʜʫʝʪ, ʯʪʦ ʋʌ-ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʦʟʦʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ NaCl ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʛʨʫʧʧʳ Oʉl
-
 ʥʝ ʩʦʜʝʨʞʘʪ, ʧʨʠʯʝʤ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʠʧʦʭʣʦʨʠʪ 

ʥʘʪʨʠʷ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ  ʜʘʞʝ ʚ ʚʠʜʝ ʧʨʠʤʝʩʝʡ. ɺ 

ʀʂ-ʩʧʝʢʪʨʝ ʧʦʣʦʩʘ Oʉl
-
 ʥʝ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʠ ʚ ʵʪʘʣʦʥʥʦʤ ʦʙʨʘʟʮʝ ʥʝ ʥʘʡʜʝʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʀʂ ʩʧʝʢʪʨʦʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʟʦʥʠʨʦʚʘʥʥʦʛʦ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʘ ʪʘʢʞʝ ʀʂ 

ʩʧʝʢʪʨʦʚ ʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠʣʠ ʩʫʭʠʭ ʦʩʪʘʪʢʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʥʠʭ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʞʝ ʩʣʝʜʦʚʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʜʨʫʛʠʭ ʭʣʦʨ-ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʠʤʝʶʪ ʠʥʪʝʥʩʠʚʥʳʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 790 ʩʤ
-1
(ClO2 

-
), 980-930 ʩʤ

-1
 (ClO3 

-
), 1140-1060 ʩʤ

-1
 

(ClO4
-
). ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʜʘʞʝ ʜʣʠʪʝʣʴʥʦʝ 

ʙʘʨʙʦʪʠʨʦʚʘʥʠʝ (ʜʦ 120 ʤʠʥ) ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ (0,9%) ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʦʟʦʥʘ (ʜʦ 100 ʤʛ/ʣ) ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʣʦʨ-ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʠʦʥʦʚ ʠ 

ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ ʢʘʢ ʠʥʬʫʟʠʦʥʥʫʶ ʩʨʝʜʫ, 

ʧʘʨʝʥʪʝʨʘʣʴʥʦ ʚʚʦʜʠʤʫʶ ʙʦʣʴʥʦʤʫ, ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʥʦʩʯʠʢʘ ʦʟʦʥʘ. 

ʂʫʜʨʷʚʮʝʚ ɺ.ɸ. ʠ ɹʦʣʴʰʫʭʠʥ ʉ.ʖ. [12] ʠʩʩʣʝʜʦʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʟʦʥʘ ʚ ʨʘʩʪʚʦʨʘʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʦʮʝʥʠʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʟʦʥʘ ʧʦ 

ʧʦʛʣʦʱʝʥʠʶ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʩʳ ɻʘʨʪʣʠ (ʜʣʠʥʘ 254,5 ʥʤ), ʘ ʡʦʜʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ ï 

ʦʙʱʫʶ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʆʟʦʥʠʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʙʘʨʙʦʪʘʞʘ 

ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʴʶ ʯʝʨʝʟ ʢʝʨʘʤʠʯʝʩʢʠʡ ʨʘʩʩʝʢʘʪʝʣʴ. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʦʙʱʘʷ 

ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ (0,9%) ʠ 

ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʛʦ (10%) ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ 20 ʤʠʥʫʪ ʙʘʨʙʦʪʘʞʘ ʠʭ ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʴʶ  ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ  ʦʟʦʥʘ 10 ʤʛ/ʣ  ʤʘʣʦ ʨʘʟʣʠʯʘʣʠʩʴ ʠ ʩʦʩʪʘʚʣʷʣʘ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 3,0; 3,07; ʠ 3,14 

ʤʛ/ʣ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʟʦʥʘ ʜʣʷ ʵʪʠʭ ʨʘʩʪʚʦʨʦʚ ʠʤʝʣʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ï 

2,55; 1,71; ʠ 0,89 ʤʛ/ʣ. ʉʦʧʦʩʪʘʚʣʷʷ ʵʪʠ ʜʘʥʥʳʝ, ʘʚʪʦʨʳ ʩʜʝʣʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʦʟʦʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚʪʦʨʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʪʠʧʘ ʅ2ʆ2, ʆʅ*, ʆʅ
-
 ʠ, 

ʚʦʟʤʦʞʥʦ, ʜʨʫʛʠʭ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, ʧʦʷʚʣʷʶʱʠʭʩʷ  ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʟʦʥʘ ʩ ʚʦʜʦʡ , ʪʘʢ ʢʘʢ ʭʣʦʨ-ʢʠʩʣʦʨʦʜ ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ  ʦʙʥʘʨʫʞʠʪʴ ʥʝ 

ʫʜʘʣʦʩʴ. ʆʙʨʘʟʦʚʘʥʠʝ ʅ2ʆ2, ʆʅ*, ʆʅ
-  
ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʟʦʥʘ ʩ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ 

ʚʦʟʤʦʞʥʦ ʠ ʵʪʠ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ ʉ.ɼ. ʈʘʟʫʤʦʚʩʢʦʛʦ [17].  

                                                    hɜ 
                               O3 + H2O     Ÿ    O2 + H2O2 

                                                                           hɜ 

                                         O3      Ÿ   O2   +  O 

                               O  +  H2O    Ÿ   2  OHÅ 

                               OHÅ  + O3      Ÿ    HO2Å  +  O2     ʠ ʪ.ʜ.   

ʀʚʘʥʦʚʘ ʀ.ʇ. ʠ ʂʦʥʪʦʨʱʠʢʦʚʘ ʂ.ʅ. [10] ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ ʩʜʚʠʛ ʨʅ ʚ 

ʱʝʣʦʯʥʫʶ ʩʪʦʨʦʥʫ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʩ  6,5 ʜʦ 7,4; ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʩ 6,1 ʜʦ 

6,7, ʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʦʟʦʥ ʨʘʩʧʘʜʘʝʪʩʷ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ɺ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ 

ʨʘʩʪʚʦʨʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʝʡ, ʛʘʩʷʱʠʭ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʝ ʨʝʘʢʮʠʠ. ɺʨʝʤʷ 

ʞʠʟʥʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 2 ʯʘʩʘ 40 ʤʠʥʫʪ, ʘ ʚ 

ʦʟʦʥʠʨʦʚʘʥʥʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ 10 ʤʠʥʫʪ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, 
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ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʣʝʯʝʙʥʳʡ ʵʬʬʝʢʪ ʦʟʦʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʥʠʮʠʠʨʫʝʪʩʷ ʢʘʢ 

ʦʟʦʥʦʤ, ʪʘʢ ʠ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʠ ʨʝʢʦʤʝʥʜʫʶʪ ʧʨʠʥʠʤʘʪʴ ʦʟʦʥʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʚ 

ʙʣʠʞʘʡʰʠʝ 2 ʯʘʩʘ, ʘ ʦʟʦʥʠʨʦʚʘʥʥʳʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ  ʨʘʩʪʚʦʨ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 10 ʤʠʥʫʪ.   

ɺ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɿʠʥʯʝʥʢʦ ɺ.ɼ. ʠ ʩʦʘʚʪ. [9] ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʥʘʨʫʞʠʣʠ ʚʝʱʝʩʪʚʦ, ʠʤʝʶʱʝʝ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 212 ʥʤ., ʦʙʣʘʜʘʶʱʝʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘʞʜʳ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠ ʭʣʦʨʠʩʪʳʡ ʥʘʪʨʠʡ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʩʣʝʜʥʝʛʦ ʩʦʩʪʘʚʣʷʣʘ 50 õ150 

ʤʤʦʣʴ/ʣ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 õ 23
0
ʉ. ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ 

ʦʙʲʝʤʦʤ 200 ʤʣ ʙʘʨʙʦʪʠʨʦʚʘʣʠ ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʴʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʟʦʥʘ 30 ʤʛ/ʣ, ʧʨʠ 

ʧʦʪʦʢʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 2 ʣ/ʤʠʥ. ʋʌ-ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʦʟʦʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠʙʦʨʦʤ Specord UV VIS, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʪʝ ʞʝ ʨʘʩʪʚʦʨʳ, ʥʝ 

ʦʙʨʘʙʦʪʘʥʥʳʝ ʦʟʦʥʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ ʚ ʋʌ-ʩʧʝʢʪʨʝ ʥʘʨʷʜʫ ʩ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ 

ʦʟʦʥʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 255 ʥʤ ʧʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 212 ʥʤ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʝʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ ʨʘʩʪʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʦʟʦʥʘ, ʜʘʣʝʝ ʨʦʩʪ ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʥʘ ʵʪʦʡ ʧʦʣʦʩʝ ʜʦʩʪʠʛʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʨʦʚʦʜʷ ʠʟʤʝʨʝʥʠʷ 

ʦʟʦʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ, ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, 

ʯʪʦ ʚʝʣʠʯʠʥʘ ʝʛʦ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 212 ʥʤ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʦʟʦʥʘ  ʧʨʠ ʵʪʦʤ ʧʨʦʜʦʣʞʘʝʪ ʚʦʟʨʘʩʪʘʪʴ, ʜʦʩʪʠʛʘʷ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʦʩʣʝ ʨʘʩʧʘʜʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʟʦʥʘ ʧʦʣʦʩʘ 212 ʥʤ ʧʨʦʜʦʣʞʘʝʪ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʚ ʩʧʝʢʪʨʝ. ɽʩʣʠ ʙʘʨʙʦʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ 212 ʥʤ ʚʦʟʨʘʩʪʘʝʪ ʤʝʜʣʝʥʥʝʝ, ʘ ʦʪʥʦʰʝʥʠʝ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʟʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʘʚʪʦʨʳ 

ʜʝʣʘʶʪ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʥʘʩʳʱʝʥʠʷ ʦʟʦʥʦʤ ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ 

ʦʙʨʘʟʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʟʦʥʘ ʩ ʭʣʦʨʠʩʪʳʤ ʥʘʪʨʠʝʤ. 

ɼʠʥʘʤʠʢʘ ʥʘʩʳʱʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʟʦʥʘ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘ ʦʟʦʥʦʤ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʘʪʝʨʠʘʣʦʚ ʚʳʰʝʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʦʙʥʘʨʫʞʝʥʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 212 ʥʤ ʧʨʠʥʘʜʣʝʞʠʪ ʦʙʳʯʥʦʤʫ ʢʠʩʣʦʨʦʜʫ, ʘ ʥʝ ʢʘʢʦʤʫ-ʪʦ 

ʥʦʚʦʤʫ ʚʝʱʝʩʪʚʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠʟʤʝʨʝʥʠʷ ʠ ʦʢʨʫʞʝʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 

ʢʠʩʣʦʨʦʜ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 200- 242 ʥʤ (ʢʦʥʪʠʥʫʫʤ ɻʝʨʮʙʝʨʛʘ) [16]. ʂʠʩʣʦʨʦʜ 

ʤʦʞʝʪ ʪʘʢʞʝ ʜʘʪʴ ʧʦʛʣʦʱʝʥʠʝ ʠ ʚ ʦʙʣʘʩʪʠ 240-290 ʥʤ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ 

ʧʨʠʚʝʜʝʥʥʦʤ ʘʚʪʦʨʘʤʠ ʩʧʝʢʪʨʝ ʋʌ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʚʝʨʦʷʪʥʳʤ ʧʨʠ ʙʘʨʙʦʪʠʨʦʚʘʥʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʴʶ. 

ʂʫʜʨʷʚʮʝʚ ɺ.ɸ., ɻʘʣʢʠʥ ɸ.ɸ. [13] ʧʨʦʚʝʣʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ  

ʠ  ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ (0,9%; 5% ʠ 10%). ʆʮʝʥʠʚʘʣʠ ʜʠʥʘʤʠʢʫ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦ ʪʨʝʤ ʜʣʠʥʘʤ ʚʦʣʥ ï 220 ʥʤ, 255 ʥʤ ʠ 295 ʥʤ. ɼʘʥʥʳʝ ʚʦʣʥʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʘʢ 

ʭʘʨʘʢʪʝʨʥʳʝ ʩʧʝʢʪʨʳ  ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʦʟʦʥʘ ʠ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ, 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ NaCI. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʜʦʩʪʦʚʝʨʥʦ ʫʢʘʟʳʚʘʣʠ ʥʘ ʥʘʣʠʯʠʝ ʚ ʨʘʩʪʚʦʨʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʥʝ ʨʘʩʧʘʜʘʝʪʩʷ ʧʦʩʣʝ 

ʧʨʝʢʨʘʱʝʥʠʷ ʦʟʦʥʠʨʦʚʘʥʠʷ ʠ ʦʙʣʘʜʘʝʪ ʩʧʝʢʪʨʦʤ ʧʦʛʣʦʱʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 10% ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʜʠʥʘʤʠʢʘ ʧʦʚʳʰʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ʜʣʠʥʝ 220 ʥʤ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʚʧʣʦʪʴ ʜʦ 

ʧʨʝʢʨʘʱʝʥʠʷ ʦʟʦʥʠʨʦʚʘʥʠʷ. ʇʦʜʦʙʥʘʷ ʜʠʥʘʤʠʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ  ʫ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʦʨʦʛʘ ʥʘʩʳʱʝʥʠʷ ʠ ʣʫʯʰʫʶ, ʯʝʤ ʫ ʦʟʦʥʘ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ʆʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 295  ʥʤ ʠ 220 ʥʤ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʧʨʠ ʝʛʦ ʦʟʦʥʠʨʦʚʘʥʠʠ. ɼʠʥʘʤʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 295 ʥʤ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʛʠʧʦʭʣʦʨʠʪʘ ʠ ʜʨʫʛʠʭ ʭʣʦʨ-ʢʠʩʣʦʨʦʜʥʳʭ  ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ  

ʜʠʥʘʤʠʢʫ ʥʘ ʜʣʠʥʝ 255 ʥʤ. ɺʦʟʤʦʞʥʦ, ʥʘʟʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ 
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ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʥʦ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʚ ʨʘʩʪʚʦʨʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 220 ʥʤ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʠʥʘʤʠʢʠ ʧʦʛʣʦʱʝʥʠʷ ʦʟʦʥʘ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ NaCI ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʠ ʩʦʭʨʘʥʝʥʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʠ ʧʨʝʢʨʘʱʝʥʠʠ 

ʦʟʦʥʠʨʦʚʘʥʠʷ, ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʦʟʦʥʘ ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʥʝʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʟʦʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ. 

ɿʘʷʚʣʝʥʠʝ ʘʚʪʦʨʦʚ ʦ ʪʦʤ, ʯʪʦ 220 ʥʤ ï ʵʪʦ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, 

ʷʚʣʷʝʪʩʷ ʩʦʤʥʠʪʝʣʴʥʳʤ, ʪ.ʢ. ʧʦʩʣʝʜʥʠʡ ʠʤʝʝʪ ʩʧʣʦʰʥʦʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʦʪ 200 ʜʦ 400 ʥʤ. 

ɻʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ ʪʘʢʞʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʠ ʥʝʫʩʪʦʡʯʠʚʳʤ ʧʨʦʜʫʢʪʦʤ, 

ʢʦʪʦʨʳʡ ʷʢʦʙʳ ʨʘʩʧʘʜʘʝʪʩʷ ʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʜʠʥʘʤʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 220 ʥʤ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘ ʢʠʩʣʦʨʦʜʦʤ. ʀ 

ʥʠʢʘʢʠʭ ʥʝʠʟʚʝʩʪʥʳʭ ʥʘʫʢʝ ʧʨʦʜʫʢʪʦʚ ʚ ʧʨʦʚʝʜʝʥʥʦʤ ʘʚʪʦʨʘʤʠ  ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. 

ʆʙʫʭʦʚʘ ʃ.ʄ ʠ ʩʦʘʚʪ. [15] ʠʟʫʯʠʣʠ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʩʧʝʢʪʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ 0,9% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ 

ʥʘʪʨʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʦʟʦʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʟʤʦʞʥʳʭ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʦʟʦʥʘ, ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʩʦʩʪʘʚʠʣʘ 0,59 ʤʛ/ʣ ʠ 

0,67 ʤʛ/ʣ; ʚ 0,9% ʨʘʩʪʚʦʨʝ NaCI - 0,55 ʤʛ/ʣ ʠ 0,66 ʤʛ/ʣ. ʉʦʜʝʨʞʘʥʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 

ʦʧʨʝʜʝʣʷʣʠ ʪʠʪʨʦʚʘʥʠʝʤ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʠ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʣʴʬʘʪʘ ʪʠʪʘʥʠʣʘ. ʋʨʦʚʝʥʴ ʛʠʧʦʭʣʦʨʠʪʘ ʠ ʜʨʫʛʠʭ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʠʦʥʦʚ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʪʠʪʨʦʚʘʥʠʝʤ ʩ ʤʝʪʠʣʦʨʘʥʞʝʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʠʪʦʚ 

ʧʨʦʚʦʜʠʣʠ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʩʫʣʴʬʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ; 

ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʠ ʠʦʥʦʚ ʘʤʤʦʥʠʷ-ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʪʠʚʘ ʅʝʩʩʣʝʨʘ (ɻʆʉʊ 4192-820. ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪ-ʠʦʥʘ ʠʩʩʣʝʜʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʞʠʜʢʦʩʪʥʦʡ ʠʦʥʥʳʡ ʭʨʦʤʘʪʦʛʨʘʬ çʎʚʝʪ-3006è). ʀʟ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʘʤʦʨʘʟʣʦʞʝʥʠʷ ʦʟʦʥʘ  ʚʳʷʚʣʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʚʦʜʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʪʦʣʴʢʦ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ (ʧʦʨʷʜʢʘ 0,0004%). ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩʪʨʦʛʦ ʥʘʫʯʥʦ ʠ 

ʟʘʩʣʫʞʠʚʘʝʪ ʜʦʚʝʨʠʷ.  

ɻʦʨʙʫʥʦʚ ʉ.ʅ. ʠ ʩʦʘʚʪ. [6] ʠʩʩʣʝʜʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ  ʚʦʜʳ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. ɸʚʪʦʨʳ ʚ 

ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪ ʜʘʥʥʳʝ, ʯʪʦ ʯʝʤ ʢʨʫʧʥʝʝ ʤʥʦʛʦʤʦʣʝʢʫʣʷʨʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ 

(ʢʣʘʩʪʝʨʳ), ʪʝʤ ʭʫʞʝ ʢʘʯʝʩʪʚʦ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʂʨʫʧʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʥʳʝ ʘʩʩʦʮʠʘʮʠʠ 

(ʤʝʛʘʢʣʘʩʪʝʨʳ) ʧʣʦʭʦ ʧʨʝʦʜʦʣʝʚʘʶʪ ʢʠʰʝʯʥʫʶ ʩʪʝʥʢʫ. ʇʦʧʘʚʰʠʝ ʚ ʩʦʩʫʜʠʩʪʦʝ ʨʫʩʣʦ ʙʦʣʴʰʠʝ 

ʢʣʘʩʪʝʨʳ ʪʘʢʞʝ ʪʨʫʜʥʦ ʧʨʦʭʦʜʷʪ ʢʘʧʠʣʣʷʨʥʳʡ ʙʘʨʴʝʨ ʠ ʝʩʪʝʩʪʚʝʥʥʦ ʚ ʢʣʝʪʢʫ ʥʝ ʧʦʧʘʜʘʶʪ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʯʝʥʳʝ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʣʝʪʢʫ ʣʝʛʢʦ ʧʨʦʭʦʜʷʪ ʪʦʣʴʢʦ ʰʝʩʪʠʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʦʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ  çʛʝʢʩʘʛʦʥʘʣʴʥʳʝè ʩʪʨʫʢʪʫʨʳ. ʉ ʧʦʤʦʱʴʶ 

ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʪʦʥʦʛʨʘʬʠʠ (ʦʧʨʝʜʝʣʝʥʠʝ  ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʦʣʦʞʝʥʠʷ ʷʜʝʨ 

ʚʦʜʦʨʦʜʘ) ʘʚʪʦʨʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ (ʝʤʢʦʩʪʴ 200 ʤʣ) ʚ ʪʝʯʝʥʠʝ 20 

ʤʠʥʫʪ ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʴʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʟʦʥʘ 20 ʤʛ/ʣ ʦʙʥʘʨʫʞʠʣʠ ʚ ʫʢʘʟʘʥʥʦʤ 

ʨʘʩʪʚʦʨʝ 20% ʤʝʣʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ 

ʩʦʩʪʘʚʠʣʠ çʛʝʢʩʘʛʦʥʘʣʴʥʳʝè ʩʪʨʫʢʪʫʨʳ. ɸʚʪʦʨʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ 

ʜʦ ʦʟʦʥʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʣ ʠʟ ʤʝʛʘʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʫ. ɺʘʞʥʳʤ 

ʬʘʢʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠ ʪʦ, ʯʪʦ ʤʝʣʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʧʦʧʘʜʘʷ ʚ ʩʦʩʫʜʠʩʪʦʝ ʨʫʩʣʦ, ʪʫʪ ʞʝ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʪʝ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʛʜʝ ʠʤʝʶʪʩʷ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʚʦʩʧʘʣʝʥʠʝ, ʟʦʥʳ ʠʰʝʤʠʠ ʠ ʪ.ʜ.). ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ 

ʚʦʜʥʳʝ ʩʨʝʜʳ ʦʨʛʘʥʠʟʤʘ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʦʣʝʤ, ʢʦʪʦʨʦʝ ʫʧʨʘʚʣʷʝʪ ʚʩʝʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ʇʦ ʜʘʥʥʳʤ ɼʝʤʣʦʚʘ ɼ., ʖʥʛʤʘʥʘ ʄ-ʊ [7], ʢʣʝʪʢʠ ʚ ʟʦʥʝ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʯʘʛʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʦ ʦʙʱʝʤʫ ʚʦʜʥʦʤʫ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʧʦʣʶ, ʢʦʪʦʨʦʝ ʥʝʢʦʪʦʨʳʝ ʫʯʝʥʳʝ ʩʯʠʪʘʶʪ ʤʦʱʥʝʡʰʠʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 
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ʢʦʤʧʴʶʪʝʨʦʤ. ʕʪʦʪ ʢʦʤʧʴʶʪʝʨ ʥʘʧʨʘʚʣʷʝʪ ʚ ʩʪʨʘʜʘʶʱʫʶ ʧʦʚʨʝʞʜʝʥʥʫʶ ʢʣʝʪʢʫ 

ʤʘʣʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠ çʛʝʢʩʘʛʦʥʘʣʴʥʳʝè ʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʝʝ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. ʆʟʦʥʦʪʝʨʘʧʝʚʪʘʤʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʦʟʦʥʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ 

(ʜʠʩʦʣʴ, ʪʨʠʩʦʣʴ, ʨʘʩʪʚʦʨ ʈʠʥʛʝʨʘ, ʢʘʨʜʠʦʧʣʝʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ) ʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ 

ʣʝʯʝʙʥʦʝ ʜʝʡʩʪʚʠʝ, ʯʝʤ ʥʝʦʟʦʥʠʨʦʚʘʥʥʳʝ [3,4,11,14,18]. ʆʙʲʷʩʥʝʥʠʡ ʵʪʦʤʫ ʬʘʢʪʫ ʥʝ ʙʳʣʦ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʜʘʥʥʳʝ, ʯʪʦ ʵʣʝʢʪʨʦʣʠʪʳ ʧʨʦʥʠʢʘʶʪ ʚ ʤʝʞʢʣʝʪʦʯʥʦʝ ʠ ʢʣʝʪʦʯʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʦʣʴʢʦ ʚ ʦʢʨʫʞʝʥʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʛʠʜʨʦʦʙʦʣʦʯʢʠ), ʪʦ ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʨʘʟʫʶʪʩʷ çʛʝʢʩʘʛʦʥʘʣʴʥʳʝè ʚʦʜʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʚʦʜʥʳʝ ʩʝʢʪʦʨʘ ʦʨʛʘʥʠʟʤʘ ʙʦʣʴʥʦʛʦ. 

ɿʘʢʣʶʯʝʥʠʝ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʢʘʩʘʶʱʠʭʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʟʦʥʘ ʩ NaCI ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʪʠʭ ʨʘʩʪʚʦʨʦʚ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ 

ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ (ʚ ʫʢʘʟʘʥʥʳʭ ʚ ʨʘʙʦʪʘʭ ʵʢʩʧʦʟʠʮʠʷʭ, ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʟʦʥʘ ʠ NaCI) ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʩʧʘʜʝ ʚ ʥʠʭ ʦʟʦʥʘ, ʧʦʩʣʝʜʥʠʡ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʠ ʩ Na
+
 ʥʠ ʩ ʉI

-
; 

ʛʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ ʠ ʜʨʫʛʠʝ ʭʣʦʨ-ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʠʦʥʳ, ʥʠʪʨʘʪʳ ʠ ʥʠʪʨʠʪʳ ʧʨʠ ʵʪʦʤ ʥʝ 

ʦʙʨʘʟʫʁʪʩʷ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʪʚʦʨʝʥʥʳʝ ʢʠʩʣʦʨʦʜ ʠ ʦʟʦʥ, ʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʩʣʝʜʥʝʛʦ ʩ 

ʚʦʜʦʡ ʦʙʨʘʟʫʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ (ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ!), 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʠ ʤʘʣʦʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʫʣʫʯʰʘʶʪ ʪʨʘʥʩʧʦʨʪ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʢʣʝʪʦʢ 

ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʥʦ, ʚʦʟʤʦʞʥʦ, ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ. ʊʘʢ, ɹʦʷʨʠʥʦʚʳʤ ɻ.ɸ. ʠ ʉʦʢʦʣʦʚʳʤ 

ɺ.ɺ. [5] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʟʦʥʠʨʦʚʘʥʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ 

ʙʦʣʴʰʝ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʛʣʶʢʦʟʳ ʢʣʝʪʢʘʤʠ ʦʨʛʘʥʠʟʤʘ ʙʦʣʴʥʦʛʦ, ʯʝʤ ʧʨʠ ʦʢʩʠʛʝʥʠʨʦʚʘʥʥʦʤ. 

ʀʪʘʢ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʙʘʨʙʦʪʠʨʦʚʘʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ NaCI ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʦʡ ʛʘʟʦʚʦʡ 

ʩʤʝʩʴʶ ʨʘʩʪʚʦʨʝʥʥʳʝ ʦʟʦʥ ʠ ʢʠʩʣʦʨʦʜ, ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ ʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʣʝʯʝʙʥʦʝ ʜʝʡʩʪʚʠʝ ʦʟʦʥʠʨʦʚʘʥʥʦʛʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ. 
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ʈɽɿʋʃʔʊɸʊʓ ɸʅɸʃʀɿɸ ʂʈʀʉʊɸʃʃʆɻʈɸʄʄ ʆɿʆʅʀʈʆɺɸʅʅʆɻʆ 

ʌʀɿʀʆʃʆɻʀʏɽʉʂʆɻʆ ʈɸʉʊɺʆʈɸ 
 

1
ɻɹʆʋ ɺʇʆ çʅʠʞʝʛʦʨʦʜʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷè 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2
ʌɻɹʋ çʇʨʠʚʦʣʞʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨè 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
3
çɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʚʳʩʰʘʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʰʢʦʣʘ ʠʤ. ʇʨʝʟʠʜʝʥʪʘ ʉʪʘʥʠʩʣʘʚʘ 

ɺʦʡʮʝʭʦʚʩʢʦʛʦè, ʂʘʣʠʰ, ʇʦʣʴʰʘ 
 
ʉʪʘʪʴʷ ʩʦʜʝʨʞʠʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʦʟʦʥʘ ʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ (0,9; 1; 3; 5 ʠ 10%) ʧʦʩʣʝ ʠʭ ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʴʶ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʟʦʥʘ ʦʪ 10 ʜʦ 100 ʤʛ/ʜ ʚ ʪʝʯʝʥʠʝ 10-120 ʤʠʥ. ɸʚʪʦʨʳ ʜʘʥʥʳʭ ʨʘʙʦʪ, ʠʩʧʦʣʴʟʫʷ 

ʧʨʦʪʦʥʦʛʨʘʬʠʶ, ʭʠʤʠʯʝʩʢʠʝ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʠʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʤʝʪʦʜʳ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʚ ʦʟʦʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ: 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʜʳ, ʰʠʧʦʭʣʦʨʠʪ ʥʘʪʨʠʷ, ʭʣʦʨʥʦʚʘʪʠʩʪʫʶ ʢʠʩʣʦʪʫ, ʭʣʦʨʘʪʳ, 

ʥʠʪʨʠʪ, ʥʠʪʨʘʪʳ, ʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʦʟʦʥ ʠ ʢʠʩʣʦʨʦʜ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʢʨʠʩʪʘʣʣʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʟʦʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʣʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʙʨʘʙʦʪʢʘ ʧʦʩʣʝʜʥʝʛʦ ʛʘʟʦʦʙʨʘʟʥʳʤ ʦʟʦʥʦʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʨʠʯʝʤ ʚʳʨʘʞʝʥʥʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʪʦʛʦ 

ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʦʪ ʜʦʟʳ ʦʟʦʥʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʦʥ, ʭʣʦʨʠʜ ʥʘʪʨʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʨʦʜʫʢʪʳ, ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

 

This paper contains the analysis of published reference data related to the ozone and NaCl 

interaction in aqueous solutions with different content of NaCI (0.9%; 1%, 3%, 5% and 10%) therein 

and their bubbling by the ozone-oxygen gas mixture with the ozone concentration ranging from 10 to 

100 mg/l within 10 to 120 minutes. The authors of the papers under study by using the protonography, 

chemical and spectrophotometric and research methods identified in ozonated solutions potentially 

possible products of the ozone and sodium chloride reaction in water: hexagonal aqueous structure, 

sodium hypochlorite, hypochloric acid, chlorates (CIO
-
, CIO

2-
, CIO

3-
), nitrite, nitrate (NO

2-
 and NO

3-

), free radicals, hydrogen peroxide as well as dissolved ozone and oxygen. From the performed 

analysis of published reference data it follows that when treating these solutions with the ozone-

oxygen gas mixture and in the subsequent disintegration of ozone therein, the latter interacts neither 

with Na+ nor with CI-; sodium hypochlorite and other chlorine-containing oxygen ions, nitrates and 

nitrites are not formed herewith. There are identified dissolved oxygen and ozone and in the 

interaction of the latter with water free radicals, hydrogen peroxide, hexagonal and low-molecular 

aqueous structures are generated. 

Key words: ozone and sodium chloride interaction, products, aqueous solutions, crystallization 

 

ʄʝʪʦʜ ʠʥʬʫʟʠʠ ʦʟʦʥʦʥʘʩʳʱʝʥʥʦʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ (NaCI 0,9%) ʷʚʣʷʝʪʩʷ 

ʧʨʠʦʨʠʪʝʪʦʤ ʩʦʚʝʪʩʢʦʡ ʰʢʦʣʳ ʦʟʦʥʦʪʝʨʘʧʝʚʪʦʚ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʣʝʯʝʥʠʠ ʤʥʦʛʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʙʣʠʞʥʝʤ ʟʘʨʫʙʝʞʴʝ. ɺʳʨʘʞʝʥʥʳʡ ʣʝʯʝʙʥʳʡ ʵʬʬʝʢʪ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʟʦʥʦʪʝʨʘʧʠʠ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʳʚʘʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʟʦʥʠʜʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʟʦʥʘ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʚ ʦʨʛʘʥʠʟʤʝ ʙʦʣʴʥʦʛʦ [4,6,11]. ɺ ʧʝʨʠʦʜ 
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ʚʥʝʜʨʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʘʤʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʦʟʦʥʠʨʦʚʘʥʥʦʛʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʧʘʮʠʝʥʪʘʤ (ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʮʝ ʠʥʬʫʟʠʠ) ʦʟʦʥ ʚ ʨʘʩʪʚʦʨʝ ʥʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʣʠ ʚʳʷʚʣʷʝʪʩʷ ʣʠʰʴ ʚ ʤʠʟʝʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʘ ʝʛʦ ʣʝʯʝʙʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʠ 

ʵʪʦʤ ʧʨʦʷʚʣʷʝʪʩʷ. ʆʙʲʷʩʥʝʥʠʡ ʵʪʦʤʫ ʬʘʢʪʫ ʥʝ ʙʳʣʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɻʦʨʙʫʥʦʚʘ ʉ.ʅ. ʩ ʩʦʘʚʪ. [3] ʦʙ ʠʟʤʝʥʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. ɺ ʨʘʙʦʪʝ 

ʘʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʜʘʥʥʳʝ, ʯʪʦ ʯʝʤ ʢʨʫʧʥʝʝ ʤʥʦʛʦʤʦʣʝʢʫʣʷʨʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ 

(ʢʣʘʩʪʝʨʳ), ʪʝʤ ʭʫʞʝ ʢʘʯʝʩʪʚʦ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʂʨʫʧʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʥʳʝ ʘʩʩʦʮʠʘʮʠʠ 

(ʤʝʛʘʢʣʘʩʪʝʨʳ) ʧʣʦʭʦ ʧʨʝʦʜʦʣʝʚʘʶʪ ʢʠʰʝʯʥʫʶ ʩʪʝʥʢʫ. ʇʦʧʘʚʰʠʝ ʚ ʩʦʩʫʜʠʩʪʦʝ ʨʫʩʣʦ ʙʦʣʴʰʠʝ 

ʢʣʘʩʪʝʨʳ ʪʘʢʞʝ ʪʨʫʜʥʦ ʧʨʦʭʦʜʷʪ ʢʘʧʠʣʣʷʨʥʳʡ ʙʘʨʴʝʨ. ɸʚʪʦʨʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ ʜʦ ʦʟʦʥʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʤʝʛʘʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʥʝ 

ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʫ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʯʝʥʳʝ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʣʝʪʢʫ ʣʝʛʢʦ ʧʨʦʭʦʜʷʪ 

ʪʦʣʴʢʦ ʰʝʩʪʠʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʛʝʢʩʘʛʦʥʘʣʴʥʳʝè 

ʩʪʨʫʢʪʫʨʳ. ʉ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʪʦʥʦʛʨʘʬʠʠ ɻʦʨʙʫʥʦʚ ʉ.ʅ. ʩ ʩʦʘʚʪ. 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ (ʝʤʢʦʩʪʴ 200 ʤʣ) ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʦʟʦʥ-

ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʴʶ ʩ ʢʦʥʮʝʪʨʘʮʠʝʡ ʦʟʦʥʘ 20 ʤʛ/ʣ ʦʙʥʘʨʫʞʠʣʠ ʚ ʫʢʘʟʘʥʥʦʤ ʨʘʩʪʚʦʨʝ 20% 

ʤʝʣʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʩʦʩʪʘʚʠʣʠ 

çʛʝʢʩʘʛʦʥʘʣʴʥʳʝè ʩʪʨʫʢʪʫʨʳ. ɿʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦʩʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʳʭ ʚʦʜʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʯʠʩʣʦʤ ʤʦʣʝʢʫʣ ʦʪ 15 ʜʦ 20. ʏʝʨʝʟ 2 ʯʘʩʘ ʧʦʩʣʝ ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʣʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚʦʜʳ ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʘ ʯʠʩʣʦ ʤʝʛʘʢʣʘʩʪʝʨʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʭʦʪʷ ʦʟʦʥ ʚ ʨʘʩʪʚʦʨʝ ʫʞʝ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʟʦʥʠʨʦʚʘʥʥʦʛʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʦʩʪʘʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ, ʟʘʪʝʤ ʦʥʘ ʨʝʟʢʦ ʤʝʥʷʣʘʩʴ ʚ ʩʪʦʨʦʥʫ 

ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʘʣʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ. ɺʘʞʥʳʤ ʬʘʢʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠ ʪʦ, ʯʪʦ ʤʝʣʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʧʘʜʘʷ ʚ ʩʦʩʫʜʠʩʪʦʝ 

ʨʫʩʣʦ, ʪʫʪ ʞʝ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʪʝ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʛʜʝ ʠʤʝʶʪʩʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

(ʚʦʩʧʘʣʝʥʠʝ, ʟʦʥʳ ʠʰʝʤʠʠ ʠ ʪ.ʜ.). ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʚʦʜʥʳʝ ʩʨʝʜʳ ʦʨʛʘʥʠʟʤʘ 

ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʦʣʝʤ, ʢʦʪʦʨʦʝ ʫʧʨʘʚʣʷʝʪ ʚʩʝʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʇʦ ʜʘʥʥʳʤ 

ɼʝʤʣʦʚʘ ɼ., ʖʥʛʤʘʥʘ ʄ-ʊ. [5], ʢʣʝʪʢʠ ʚ ʟʦʥʝ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʯʘʛʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʠ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʦ ʦʙʱʝʤʫ ʚʦʜʥʦʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʧʦʣʶ, ʢʦʪʦʨʦʝ 

ʥʝʢʦʪʦʨʳʝ ʫʯʝʥʳʝ ʩʯʠʪʘʶʪ ʤʦʱʥʝʡʰʠʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʢʦʤʧʴʶʪʝʨʦʤ. ʇʦʩʣʝʜʥʠʡ ʥʘʧʨʘʚʣʷʝʪ 

ʚ ʩʪʨʘʜʘʶʱʫʶ ʧʦʚʨʝʞʜʝʥʥʫʶ ʢʣʝʪʢʫ ʤʘʣʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠ çʛʝʢʩʘʛʦʥʘʣʴʥʳʝè ʚʦʜʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʝʝ ʜʝʷʪʝʣʴʥʦʩʪʴ.  

ʆʟʦʥʦʪʝʨʘʧʝʚʪʘʤʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʦʟʦʥʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ (ʜʠʩʦʣʴ, 

ʪʨʠʩʦʣʴ, ʨʘʩʪʚʦʨ ʈʠʥʛʝʨʘ, ʢʘʨʜʠʦʧʣʝʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ) ʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʣʝʯʝʙʥʦʝ 

ʜʝʡʩʪʚʠʝ, ʯʝʤ ʥʝʦʟʦʥʠʨʦʚʘʥʥʳʝ [1, 2, 7, 8, 10]. ʆʙʲʷʩʥʝʥʠʡ ʵʪʦʤʫ ʬʘʢʪʫ ʥʝ ʙʳʣʦ. ʇʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʜʘʥʥʳʝ, ʯʪʦ ʵʣʝʢʪʨʦʣʠʪʳ ʧʨʦʥʠʢʘʶʪ ʚ ʤʝʞʢʣʝʪʦʯʥʦʝ ʠ ʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʪʦʣʴʢʦ ʚ ʦʢʨʫʞʝʥʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʛʠʜʨʦʦʙʦʣʦʯʢʠ), ʪʦ ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ 

ʦʟʦʥʠʨʦʚʘʥʠʠ ʢʨʠʩʩʪʘʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʨʘʟʫʶʪʩʷ çʛʝʢʩʘʛʦʥʘʣʴʥʳʝè ʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʢʦʪʦʨʳʝ ʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ 

ʚʦʜʥʳʝ ʩʝʢʪʦʨʘ ʦʨʛʘʥʠʟʤʘ ʙʦʣʴʥʦʛʦ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʣʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʙʘʨʙʦʪʠʨʦʚʘʥʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʘ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ ʜʦʣʞʥʦ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʬʘʮʠʡ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʨʠʩʪʘʣʣʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʟʦʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʢʩʧʦʟʠʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʚ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. ɺ ʢʦʥʪʝʡʥʝʨʝ ʝʤʢʦʩʪʴʶ 500 ʤʣ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ 

ʙʘʨʙʦʪʠʨʦʚʘʣʠ ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʴʶ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʟʦʥʘ ʥʘ ʚʳʭʦʜʝ ʫʩʪʘʥʦʚʢʠ ʋʆʊɸ-

60-01 (ʆʆʆ çʄʝʜʦʟʦʥè, ʈʦʩʩʠʷ) 5, 10, 40 ʠ 60 ʤʛ/ʣ ʚ ʪʝʯʝʥʠʝ 10, 15, 30, 45 ʠ 60 ʤʠʥʫʪ. ʅʘ 

ʵʪʘʧʘʭ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʟʘʙʠʨʘʣʠ ʦʟʦʥʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ ʠ ʠʟʤʝʨʷʣʠ ʚ ʥʝʤ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʟʦʥʘ ʥʘ ʵʪʦʤ ʞʝ ʘʧʧʘʨʘʪʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʯʠʩʪʦʝ, ʦʙʝʟʞʠʨʝʥʥʦʝ ʩʪʝʢʣʦ 

ʥʘʥʦʩʠʣʠ 100 ʤʢʣ ʦʟʦʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʢʘʞʜʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ 
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ʪʘʢʞʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦ ʦʟʦʥʠʨʦʚʘʥʠʷ (ʠʥʪʘʢʪʥʳʡ ʦʙʨʘʟʝʮ). ɼʝʛʠʜʨʘʪʘʮʠʶ ʢʘʧʝʣʴ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʠʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 24 ʯʘʩʘ. ʇʨʦʩʤʦʪʨ ʠ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʬʘʮʠʡ (ʦʙʨʘʟʮʦʚ-ʢʨʠʩʪʘʣʣʠʟʘʪʘ) ʧʨʦʚʦʜʠʣʠ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

Hawk (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʪʝʩʪʝʨʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ VMHT AUTO MOT 

(ɻʝʨʤʘʥʠʷ, ʨʠʩ. 1).  
ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʤʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʨʬʦʣʦʛʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʬʘʮʠʡ, ʘ ʪʘʢʞʝ ʚʠʟʫʘʤʝʪʨʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʘʣʴʥʦʡ 

ʦʮʝʥʢʠ [9]. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʦʮʝʥʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʟʠʛʨʘʬʠʯʝʩʢʠʡ 

ʠʥʜʝʢʩ, ʦʪʨʘʞʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʚʳʨʘʞʝʥʥʦʩʪʴ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʦʟʦʥʠʨʦʚʘʥʠʷ; 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʩʣʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʬʘʮʠʠ; ʩʪʝʧʝʥʴ 

ʜʝʩʪʨʫʢʮʠʠ ʬʘʮʠʠ, ʫʢʘʟʳʚʘʶʱʫʶ ʥʘ çʧʨʘʚʠʣʴʥʦʩʪʴè ʩʪʨʫʢʪʫʨʦʧʦʩʪʨʦʝʥʠʷ, ʠ ʚʳʨʘʞʝʥʥʦʩʪʴ 

ʢʨʘʝʚʦʡ ʟʦʥʳ ʤʠʢʨʦʧʨʝʧʘʨʘʪʘ. ʇʝʨʚʳʡ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʛʨʘʜʠʨʫʝʪʩʷ ʧʦ 5-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ (ʦʪ 1 

ʜʦ 5 ʙʘʣʣʦʚ), ʚ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʧʨʠʥʷʪʦ ʟʘ 3 ʙʘʣʣʘ. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʧʨʷʤʦʡ 4-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ (ʦʪ 0 ʜʦ 3 ʙʘʣʣʦʚ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʚʳʨʘʞʝʥʥʦʩʪʴ 

ʧʨʠʟʥʘʢʘ. 

 

 
 

ʈʠʩ. 1. ʄʠʢʨʦʩʢʦʧ Hawk (ʩʣʝʚʘ) ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʪʝʩʪʝʨ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (ʩʧʨʘʚʘ) 

 

ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʘʤʠ ʚʘʨʠʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ Statistica 6.1 for Winows. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʩʢʦʧʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʜʝʡʩʪʚʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ 

ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ. 

ʊʘʢ, ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʠʩ. 2, ʬʦʪʦ çʜʦ ʦʟʦʥʠʨʦʚʘʥʠʷè) ʬʘʮʠʷ ʚʳʩʦʭʰʝʡ ʢʘʧʣʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʦʚʘʥʘ ʫʤʝʨʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʚʢʣʶʯʝʥʠʝʤ ʝʜʠʥʠʯʥʳʭ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʢʦʨʦʪʢʦʤ ʨʝʞʠʤʝ 

ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ (15 ʤʠʥʫʪ) ʥʘʙʣʶʜʘʣʠ ʩʪʠʤʫʣʷʮʠʶ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʧʨʠʯʝʤ ʚʳʨʘʞʝʥʥʦʩʪʴ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʝʡʩʪʚʫʶʱʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ: ʧʨʠ ʙʘʨʙʦʪʘʞʝ 10 ʤʛ/ʣ ʚʩʷ ʬʘʮʠʷ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ, 

ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʳʤʠ ʤʝʣʢʠʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (60 ʤʛ/ʣ) ʚ ʤʠʢʨʦʧʨʝʧʘʨʘʪʝ ʦʙʥʘʨʫʞʠʚʘʣʠ çʦʩʪʨʦʚʢʠè, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʝʣʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠ ʜʘʥʥʳʝ ʚʠʟʫʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʚʳʨʘʞʝʥʥʫʶ ʵʣʝʚʘʮʠʶ ʪʝʟʠʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ 60 ʤʛ/ʣ ʦʟʦʥʘ (ʨ<0,05 ʜʣʷ ʦʙʦʠʭ ʧʘʨʘʤʝʪʨʦʚ). 

ʅʘʧʨʦʪʠʚ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʛʝʥʪʘ (10 ʤʛ/ʣ) ʦʪʤʝʯʘʣʠ ʣʠʰʴ 

ʫʤʝʨʝʥʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʪʝʟʠʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʠʥʪʘʢʪʥʳʤè ʦʙʨʘʟʮʦʤ 

(ʨ<0,05). 

 



 

20 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

  
ɼʦ ʦʟʦʥʠʨʦʚʘʥʠʷ ʆʟʦʥʠʨʦʚʘʥʠʝ (10 ʤʛ/ʣ, 15 ʤʠʥ) 

  
ʆʟʦʥʠʨʦʚʘʥʠʝ (60 ʤʛ/ʣ, 10 ʤʠʥ) ʆʟʦʥʠʨʦʚʘʥʠʝ (60 ʤʛ/ʣ, 15 ʤʠʥ) 

 
 

ʆʟʦʥʠʨʦʚʘʥʠʝ (60 ʤʛ/ʣ, 30 ʤʠʥ) ʆʟʦʥʠʨʦʚʘʥʠʝ (60 ʤʛ/ʣ, 45 ʤʠʥ) 

 

 

ʆʟʦʥʠʨʦʚʘʥʠʝ (60 ʤʛ/ʣ, 60 ʤʠʥ)  

ʈʠʩ. 2. ʂʘʨʪʠʥʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 

ʦʟʦʥʠʨʦʚʘʥʠʷ 

ɿʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʦʪ ʚʨʝʤʝʥʠ ʙʳʣʘ 

ʥʝʣʠʥʝʡʥʦʡ. ʊʘʢ, ʥʘʠʙʦʣʝʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʝʛʦ ʦʙʨʘʙʦʪʢʘ ʦʟʦʥʦʤ (ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ), ʢʘʢ ʠ 

15-ʤʠʥʫʪʥʦʝ ʙʘʨʙʦʪʠʨʦʚʘʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʣʠ ʫʤʝʨʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʨʠʩʪʘʣʣʦʛʝʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʠʟʫʯʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʥʝʙʦʣʴʰʦʤʫ, ʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʪʝʟʠʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ (ʜʦ 3,75 ʠ 3,5 ʫʩʣ. ʝʜ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʨ<0,05 ʜʣʷ ʦʙʦʠʭ 



 

21 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʩʣʫʯʘʝʚ) ʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʜʦ 1,5 ʠ 1,25 ʙʘʣʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʨ<0,05 ʜʣʷ 10-ʤʠʥʫʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ). ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ (ʜʦ 30, 45 ʠʣʠ 60 

ʤʠʥʫʪ) ʚʳʟʳʚʘʣʦ ʦʙʨʘʪʥʳʝ ʩʜʚʠʛʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩʣʘʙʦ 

ʟʘʚʠʩʷʱʝʝ ʦʪ ʧʝʨʠʦʜʘ ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ (ʫʨʦʚʝʥʴ ʪʝʟʠʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚ ʧʨʝʜʝʣʘʭ 2-2,5 

ʫʩʣ. ʝʜ.; ʨ<0,05 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʠʥʪʘʢʪʥʳʤè ʦʙʨʘʟʮʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ). ʕʪʦʤʫ 

ʩʦʧʫʪʩʪʚʦʚʘʣʦ ʠ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʜʦʩʪʠʛʘʶʱʝʝ ʤʘʢʩʠʤʫʤʘ (0,5 ʙʘʣʣʘ) 

ʧʨʠ ʥʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ (60 ʤʠʥʫʪ). ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʤʝʨʝ 

ʥʘʨʘʩʪʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʢʨʘʝʚʦʡ ʟʦʥʳ ʤʠʢʨʦʧʨʝʧʘʨʘʪʘ.  

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʢʨʠʩʪʘʣʣʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʟʦʥʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʣʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ 

ʧʨʠ ʦʟʦʥʠʨʦʚʘʥʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʙʨʘʙʦʪʢʘ ʧʦʩʣʝʜʥʝʛʦ ʛʘʟʦʦʙʨʘʟʥʳʤ ʦʟʦʥʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʨʠʯʝʤ ʚʳʨʘʞʝʥʥʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʪʦʛʦ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʦʪ ʜʦʟʳ ʦʟʦʥʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦʪ ʬʘʢʪ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʫʯʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʠ, ʛʠʧʦʪʝʪʠʯʝʩʢʠ, ʦʙ ʠʟʤʝʥʝʥʠʠ ʝʛʦ 

çʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠè. 
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ʊʚʝʨʜʳʝ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ (ʊɺʏ), ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ, 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ (PM1, PM2,5 ʠ PM10) [5]. ʆʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ 
ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʊɺʏ ʤʠʢʨʦʨʘʟʤʝʨʥʦʛʦ ʨʷʜʘ ï ʫʩʠʣʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 
ʢʠʩʣʦʨʦʜʘ (ɸʌʂ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʝʨʦʢʩʠʜʘʮʠʠ ʣʠʧʠʜʦʚ (ʇʆʃ), ʜʝʛʨʘʜʘʮʠʠ 
ʙʝʣʢʦʚ, ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʬʝʨʤʝʥʪʦʚ ʠ ʛʦʨʤʦʥʦʚ [1, 3]. ʅʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʊɺʏ 
ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʘʣʴʚʝʦʣʷʨʥʳʝ ʤʘʢʨʦʬʘʛʠ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʳʤʠ ʬʘʛʦʮʠʪʠʨʫʶʱʠʤʠ 
ʢʣʝʪʢʘʤʠ ʚ ʜʳʭʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʦʤʧʣʝʢʩʥʦʝ ʚʣʠʷʥʠʝ ʊɺʏ 
ʤʠʢʨʦʨʘʟʤʝʨʥʦʛʦ ʨʷʜʘ ʥʘ ʧʨʦʮʝʩʩʳ ʧʝʨʦʢʩʠʜʘʮʠʠ ʣʠʧʠʜʦʚ ʚ ʤʘʢʨʦʬʘʛʘʭ ʤʘʣʦ ʠʟʫʯʝʥʦ. ʎʝʣʴ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʧʝʨʦʢʩʠʜʘʮʠʠ ʣʠʧʠʜʦʚ ʚ ʘʣʴʚʝʦʣʷʨʥʳʭ ʤʘʢʨʦʬʘʛʘʭ ʧʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʜʝʣʴʥʳʭ ʚʟʚʝʩʝʡ ʊɺʏ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʤʠʢʨʦʨʘʟʤʝʨʥʦʛʦ ʨʷʜʘ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʙʠʦʵʪʠʯʝʩʢʠʭ ʥʦʨʤ 
ʩʦʜʝʨʞʘʥʠʷ ʠ ʵʚʪʘʥʘʟʠʠ ʞʠʚʦʪʥʳʭ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʯʘʩʪʚʦʚʘʣʦ 17 ʢʨʳʩ ʣʠʥʠʠ ɺʠʩʪʘʨ. ʋ 
ʞʠʚʦʪʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʪʙʦʨ ʙʨʦʥʭʦʘʣʴʚʝʦʣʷʨʥʦʛʦ ʣʘʚʘʞʘ (ɹɸʃ), ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʷʣʠ ʠ 
ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʘʣʴʚʝʦʣʷʨʥʳʝ ʤʘʢʨʦʬʘʛʠ ʧʦ ʤʝʪʦʜʫ ʎʝʣʫʡʢʦ ʉ. ʉ. [4]. ʅʘ ʪʨʝʪʴʠ ʩʫʪʢʠ ʧʦʩʣʝ 
ʧʦʩʝʚʘ ʧʨʦʚʦʜʠʣʠ ʥʘʛʨʫʟʦʯʥʳʝ ʪʝʩʪʳ ʤʦʜʝʣʴʥʳʤʠ ʚʟʚʝʩʷʤʠ ʊɺʏ, ʠʜʝʥʪʠʯʥʳʤʠ ʧʦ ʩʦʩʪʘʚʫ 
ʯʘʩʪʠʮ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʨʘʡʦʥʦʚ ʛ. ɺʣʘʜʠʚʦʩʪʦʢʘ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ (ʤʦʜʝʣʴʥʘʷ ʚʟʚʝʩʴ ˉ 
1) ʠ ʚʳʩʦʢʦʡ (ʤʦʜʝʣʴʥʘʷ ʚʟʚʝʩʴ ˉ 2) ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʄʦʜʝʣʴʥʳʝ ʚʟʚʝʩʠ ʦʪʣʠʯʘʣʠʩʴ 
ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʬʨʘʢʮʠʡ PM1 ʠ PM10: ʚʟʚʝʩʴ ˉ 1 ʩʦʜʝʨʞʘʣʘ PM1 ï 1,6% , PM10 
ï 3,7%, ʘ ʚʟʚʝʩʴ ˉ 2 ï PM1 ï 0,8% ʠ PM10 ï 19,5%. ɺʳʜʝʣʝʥʦ ʪʨʠ ʛʨʫʧʧʳ ʢʫʣʴʪʫʨ: ʧʝʨʚʘʷ ï 
ʠʥʪʘʢʪʥʘʷ, ʚʪʦʨʘʷ ʙʳʣʘ ʥʘʛʨʫʞʝʥʘ ʤʦʜʝʣʴʥʦʡ ʚʟʚʝʩʴʶ ˉ 1, ʪʨʝʪʴʷ ï ʤʦʜʝʣʴʥʦʡ ʚʟʚʝʩʴʶ ˉ 2. 
ʂʫʣʴʪʫʨʳ ʢʣʝʪʦʢ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʛʦ 
ʤʠʢʨʦʩʢʦʧʘ Axio Observer A1 (Carl Zeiss, ɻʝʨʤʘʥʠʷ). ɺ ʧʦʣʫʯʝʥʥʳʭ ʢʫʣʴʪʫʨʘʭ ʢʣʝʪʦʢ ʠ 
ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʥʘʛʨʫʟʦʯʥʳʭ ʪʝʩʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ 
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ʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ ʣʠʧʠʜʦʚ (ɻʇʃ). ɻʇʃ ʦʧʨʝʜʝʣʷʣʠ ʚ ʛʝʧʪʘʥ-ʠʟʦʧʨʦʧʘʥʦʣʴʥʳʭ ʵʢʩʪʨʘʢʪʘʭ [2]. 
ʈʘʩʯʝʪ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʧʝʨʝʢʠʩʝʡ ʣʠʧʠʜʦʚ (ɻʇʃ) ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ: ɻʇʃ, ʫʩʣ.ʝʜ.= ɽ233 
Ĭ Vʛʝʧ/Vʧʨ= ɽ233 Ĭ 20, ʛʜʝ Vʛʝʧ ï ʦʙʲʝʤ ʛʝʧʪʘʥʦʚʦʛʦ ʩʣʦʷ (2 ʤʣ), Vʧʨ ï ʦʙʲʝʤ ʧʨʦʙʳ (0,1 ʤʣ), 
ɽ233 ï ʵʢʩʪʠʥʢʮʠʷ ʧʨʦʙʳ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 233 ʥʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ 
ʧʨʦʛʨʘʤʤʝ çStatistica 6.0è, ʤʦʜʫʣʴ çʅʝʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘè. ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ 
ʨʘʟʣʠʯʠʷʭ ʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʛʨʫʧʧʘʭ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ U-ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʘʭ ʫʨʦʚʥʠ ɻʇʃ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʠ 
ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʠʮʳ, ʚʭʦʜʷʱʠʝ 
ʚ ʩʦʩʪʘʚ ʤʠʢʨʦʚʟʚʝʩʠ ˉ 1, ʥʝ ʫʩʠʣʠʚʘʶʪ ʧʨʦʮʝʩʩʳ ʧʝʨʦʢʩʠʜʘʮʠʠ ʚ ʢʣʝʪʢʘʭ. ʄʘʢʨʦʬʘʛʠ, 
ʥʘʛʨʫʞʝʥʥʳʝ ʤʦʜʝʣʴʥʦʡ ʚʟʚʝʩʴʶ ˉ 1, ʧʨʦʷʚʣʷʣʠ ʩʣʘʙʫʶ ʬʘʛʦʮʠʪʘʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚ 
ʮʠʪʦʧʣʘʟʤʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʊɺʏ. ʋʨʦʚʝʥʴ ɻʇʃ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʪʨʝʪʴʝʡ 
ʛʨʫʧʧʳ ʫʚʝʣʠʯʝʥ ʥʘ 51% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʡ ʛʨʫʧʧʦʡ (p=0,03). ʄʠʢʨʦʚʟʚʝʩʴ ˉ 2, 
ʩʦʜʝʨʞʘʱʘʷ ʦʢʦʣʦ ʪʨʝʪʠ ʚʟʚʝʰʝʥʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ, ʚʳʟʳʚʘʝʪ 
ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʣʠʧʦʧʝʨʦʢʩʠʜʘʮʠʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 
ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʇʆʃ ʚ ʤʘʢʨʦʬʘʛʘʭ. ʄʘʢʨʦʬʘʛʠ, ʥʘʛʨʫʞʝʥʥʳʝ ʤʦʜʝʣʴʥʦʡ ʚʟʚʝʩʴʶ ˉ 2, 
ʧʨʦʷʚʣʷʣʠ ʚʳʩʦʢʫʶ ʬʘʛʦʮʠʪʘʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʮʠʪʦʧʣʘʟʤʘ ʥʝʢʦʪʦʨʳʭ ʢʣʝʪʦʢ ʧʦʣʥʦʩʪʴʶ ʙʳʣʘ 
ʟʘʧʦʣʥʝʥʘ ʊɺʏ. ɺ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʩʦʜʝʨʞʘʥʠʝ ɻʇʃ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ 
ɻʇʃ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʥʘ 33% (p=0,03). ʋʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʇʆʃ ʚ 
ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʠʢʨʦʚʟʚʝʩʠ ˉ 2 ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʨʫʰʝʥʠʝʤ 
ʯʘʩʪʠ ʤʘʢʨʦʬʘʛʦʚ, ʧʦʛʣʦʪʠʚʰʠʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ʇʦ 
ʩʫʤʤʘʨʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ɻʇʃ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʠ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ 
ʛʨʫʧʧʳ ʥʝ ʦʪʣʠʯʘʶʪʩʷ; ʚ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʫʨʦʚʝʥʴ ɻʇʃ ʥʘ 30% (p=0,05) ʠ 38% (p=0,01) ʚʳʰʝ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʊɺʏ, 
ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʤʠʢʨʦʚʟʚʝʩʠ ˉ 2, ʫʩʠʣʠʚʘʶʪ ʛʝʥʝʨʘʮʠʶ ɸʌʂ ʤʘʢʨʦʬʘʛʘʤʠ, ʠʥʪʝʥʩʠʬʠʮʠʨʫʷ 
ʧʨʦʮʝʩʩʳ ʧʝʨʦʢʩʠʜʘʮʠʠ ʣʠʧʠʜʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ. ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʤʙʨʘʥʥʳʭ ʣʠʧʠʜʦʚ ʤʘʢʨʦʬʘʛʦʚ, ʧʦ-
ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʘ ʩ ʤʝʭʘʥʠʟʤʦʤ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʬʨʘʢʮʠʡ, 
ʬʘʛʦʮʠʪʠʨʫʝʤʳʭ ʤʘʢʨʦʬʘʛʘʤʠ ɹɸʃ. ʕʪʠ ʯʘʩʪʠʮʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ 
ʤʦʜʝʣʴʥʦʡ ʚʟʚʝʩʠ ˉ 2, ʠʜʝʥʪʠʯʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʘʪʤʦʩʬʝʨʥʦʤʫ ʚʦʟʜʫʭʫ ʨʘʡʦʥʘ ʩ ʚʳʩʦʢʦʡ 
ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. 
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ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɸʅʊʀʆʂʉʀɼɸʅʊʅʆʁ ʊɽʈɸʇʀʀ ʇʈʀ 

ʆʉʊʈʆʄ ʇɽʈʀʊʆʅʀʊɽ ʈɸɿʃʀʏʅʆʁ ʉʊɽʇɽʅʀ ʊʗɾɽʉʊʀ 

 

ʌɻɹʆʋ ɺʇʆ çʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘè, 

ʉʘʨʘʥʩʢ, ʈʦʩʩʠʷ 
 
ʇʦʣʫʯʝʥʳ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʪʝʨʘʧʠʠ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʦʨʛʘʥʦʚ ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʠʭ 

ʦʪʤʝʯʝʥʘ ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʤʝʤʙʨʘʥʦʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʷʚʣʝʥʠʡ. ʇʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ ʣʠʧʠʜʥʳʭ ʜʝʛʨʘʜʘʮʠʡ ʪʘʢʦʝ ʣʝʯʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʵʬʬʝʢʪʠʚʥʳʤ. 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʠʪʦʥʠʪ, ʜʝʪʦʢʩʠʢʘʮʠʷ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʪʝʨʘʧʠʷ 

 

The evidence of antioxidat therapy efficiency in correction of the liver and lung functional 

status is obtained. However antioxidat efficiency is noted at a certain level of membrane destructivity 

phenomena. The treatment is non effective with severe expressions of lipide degradations. 

Key words: peritonitis, detoxication, antioxidant therapy 

 

ɺʚʝʜʝʥʠʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʨʘʞʝʥʥʦʩʪʴ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʦʩʪʨʦʤ 

ʧʝʨʠʪʦʥʠʪʝ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʦʪ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʜʠʩʬʫʥʢʮʠʠ ʦʨʛʘʥʦʚ ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ.  ɺʘʞʥʘʷ ʨʦʣʴ ʚ  

ʥʘʨʫʰʝʥʠʠ ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʝʯʝʥʠ ʠ ʣʝʛʢʠʭ ʧʨʠ ʦʩʪʨʦʤ ʧʝʨʠʪʦʥʠʪʝ ʦʪʚʦʜʠʪʩʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʘʢʪʠʚʠʟʘʮʠʠ ʬʦʩʬʦʣʠʧʘʟʥʳʭ 

ʩʠʩʪʝʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʠ ʜʠʩʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ʦʨʛʘʥʦʚ ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʵʥʜʦʪʦʢʩʠʢʦʟʘ ʚ ʮʝʣʦʤ.  

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʚʟʨʦʩʣʳʭ ʙʝʩʧʦʨʦʜʥʳʭ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʦʙʘʢʘʭ (n=24). ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ (n=6) 

ʤʦʜʝʣʠʨʦʚʘʣʠ ʦʩʪʨʳʡ ʩʝʨʦʟʥʳʡ ʧʝʨʠʪʦʥʠʪ, ʚʦ ʚʪʦʨʦʡ (n=6) ʛʨʫʧʧʝ ï ʦʩʪʨʳʡ ʛʥʦʡʥʦ-

ʬʠʙʨʠʥʦʟʥʳʡ ʧʝʨʠʪʦʥʠʪ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʘʥʘʮʠʝʡ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ ʥʘ ʧʝʨʚʳʝ ʠ ʚʪʦʨʳʝ ʩʫʪʢʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʨʝʪʴʝʡ (n=6) ʠ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʝ (n=6) ʞʠʚʦʪʥʳʤ ʩ ʤʦʜʝʣʴʶ ʦʩʪʨʦʛʦ 

ʩʝʨʦʟʥʦʛʦ ʠ ʛʥʦʡʥʦ-ʬʠʙʨʠʥʦʟʥʦʛʦ ʧʝʨʠʪʦʥʠʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʝʨʘʧʠʶ ʚʢʣʶʯʘʣʠ 

ʚʥʫʪʨʠʚʝʥʥʳʝ ʠʥʬʫʟʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʵʪʦʢʩʠʜʦʣʘ (ʵʪʠʣʤʝʪʠʣʛʠʜʨʦʢʩʠʧʠʨʠʜʠʥʘ ʤʘʣʘʪ) ʚ ʜʦʟʝ 

10 ʤʛ/ʢʛ. ɺ ʢʦʥʪʨʦʣʴʥʳʝ ʩʨʦʢʠ (1, 3, 5-ʝ ʩʫʪʢʠ) ʧʨʦʚʦʜʠʣʩʷ ʟʘʙʦʨ ʢʨʦʚʠ ʠʟ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ 

ʘʨʪʝʨʠʠ ʠ ʚʝʥʳ, ʙʠʦʧʩʠʶ ʪʢʘʥʝʡ ʧʝʯʝʥʠ ʠ ʣʝʛʢʠʭ. ɺ ʢʨʦʚʠ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʝʢʫʣ 

ʩʨʝʜʥʝʡ ʤʘʩʩʳ, ʦʙʱʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʢʦʥʮʮʝʥʪʨʘʮʠʠ ʘʣʴʙʫʤʠʥʘ, ʨʘʩʩʯʠʪʳʚʘʣʠ ʨʝʟʝʨʚ 

ʩʚʷʟʳʚʘʥʠʷ ʘʣʴʙʫʤʠʥʘ ʠ ʠʥʜʝʢʩ ʪʦʢʩʠʯʥʦʩʪʠ.  ɺ ʪʢʘʥʠ ʧʝʯʝʥʠ ʠ ʣʝʛʢʠʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʚʳʨʘʞʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʬʦʩʬʦʣʠʧʘʟʳ ɸ2, ʣʠʧʠʜʥʳʡ ʩʧʝʢʪʨ 

ʙʠʦʤʝʤʙʨʘʥ ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʠʩʩʣʝʜʫʝʤʳʭ ʦʨʛʘʥʦʚ. 

ʆʮʝʥʠʚʘʣʠ ʧʨʠʪʦʯʥʦ-ʦʪʪʦʯʥʫʶ ʨʘʟʥʠʮʫ (ʇʆʈ) ʩʦʜʝʨʞʘʥʠʷ ʪʦʢʩʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʚ 

ʧʣʘʟʤʝ ʢʨʦʚʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʧʝʯʝʥʴ ʠ ʣʝʛʢʠʝ ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʘ ʤʠʥʫʪʥʦʛʦ ʢʨʦʚʦʪʦʢʘ 

ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʬʦʨʤʫʣʝ. ʇʦʣʫʯʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʜʦʤ 

ʚʘʨʠʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ t ʉʪʴʶʜʝʥʪʘ, ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ r. 

ʈʝʟʫʣʴʪʘʪʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʜʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʪʝʨʘʧʠʠ ʚ 

ʧʦʚʳʰʝʥʠʠ ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʨʛʘʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʦʛʦ ʨʦʜʘ ʣʝʯʝʥʠʷ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʤʙʨʘʥ ʢʣʝʪʦʢ ʢ ʧʝʨʝʢʠʩʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʣʠʧʠʜʦʚ ʠ ʬʦʩʬʦʣʠʧʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. 



 

25 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʇʨʠ ʩʝʨʦʟʥʦʤ ʧʝʨʠʪʦʥʠʪʝ ʙʘʨʴʝʨʥʘʷ ʬʫʥʢʮʠʷ ʦʨʛʘʥʦʚ ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʬʦʥʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʧʦʚʳʰʘʣʘʩʴ: ʫʨʦʚʝʥʴ ʪʦʢʩʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʚ ʦʪʪʝʢʘʶʱʝʡ ʦʪ 

ʧʝʯʝʥʠ ʠ ʣʝʛʢʠʭ ʢʨʦʚʠ ʙʳʣ ʥʠʞʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʚʳʨʘʞʘʣʦʩʴ ʵʪʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʯʝʥʠ (ʠʥʜʝʢʩ ʪʦʢʩʠʯʥʦʩʪʠ ʧʣʘʟʤʳ ʢʨʦʚʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʧʝʯʝʥʴ ʩ 

ʫʯʝʪʦʤ ʦʨʛʘʥʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʟʘ ʤʠʥʫʪʫ ʩʥʠʞʘʣʩʷ ʥʘ 18,4ï27,8 % (p<0,05)). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʬʦʨʤʝ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʪʢʘʥʝʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʨʛʘʥʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʦʪʤʝʯʝʥ ʜʦʩʪʦʚʝʨʥʦ ʤʝʥʴʰʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ, ʧʨʠʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʬʦʩʬʦʣʠʧʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ,  ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤ  ʠʟʤʝʥʝʥʠʷʤ ʩʦʩʪʘʚʘ ʬʦʩʬʦʣʠʧʠʜʥʦʛʦ 

ʙʠʩʣʦʷ ʤʝʤʙʨʘʥ ʢʣʝʪʦʢ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ ʪʢʘʥʝʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʧʝʯʝʥʠ ʫʢʘʟʘʥʥʳʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʪʝʨʘʧʠʠ ʙʳʣ ʥʘʠʙʦʣʴʰʠʤ. ɺ ʮʝʣʦʤ ʧʨʦʮʝʩʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʪʠʤʦ ʧʦʚʨʝʞʜʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʬʦʥʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʪʝʨʘʧʠʠ ʧʨʦʪʝʢʘʣ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʝ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. 

ʇʨʠ ʛʥʦʡʥʦ-ʬʠʙʨʠʥʦʟʥʦʤ ʧʝʨʠʪʦʥʠʪʝ ʫʩʪʘʥʦʚʣʝʥʦ ʨʝʟʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʪʝʨʘʧʠʠ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʤʝʤʙʨʘʥʦʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʷʚʣʝʥʠʡ ʚ ʪʢʘʥʷʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʨʛʘʥʘʭ ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʪʷʞʝʣʳʭ ʪʝʯʝʥʠʠ 

ʧʝʨʠʪʦʥʠʪʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʝʯʝʥʠ ʠ ʣʝʛʢʠʭ ʥʘ ʬʦʥʝ ʪʘʢʦʛʦ ʣʝʯʝʥʠʷ ʟʘʤʝʪʥʦ ʥʝ 

ʫʣʫʯʰʘʣʦʩʴ. ʋʨʦʚʝʥʴ ʪʦʢʩʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʚ ʦʪʪʝʢʘʶʱʝʡ ʦʪ ʦʨʛʘʥʦʚ ʢʨʦʚʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʫʤʝʥʴʰʘʣʩʷ.  

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʷʞʝʩʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʪʢʘʥʝʚʳʭ ʩʪʨʫʢʪʫʨʘʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʨʛʘʥʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʣʠʧʠʜʦʚ ʠ ʬʦʩʬʦʣʠʧʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʫʤʝʥʴʰʘʣʠʩʴ, ʩʦʩʪʘʚ ʬʦʩʬʦʣʠʧʠʜʥʦʛʦ 

ʙʠʩʣʦʷ ʤʝʤʙʨʘʥ ʢʣʝʪʦʢ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʳʷʚʣʝʥʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʪʝʨʘʧʠʠ ʦʪ ʚʳʨʘʞʝʥʥʦʩʪʠ 

ʤʝʤʙʨʘʥʦʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʷʚʣʝʥʠʡ: ʧʨʠ ʠʭ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ 

ʪʝʨʘʧʠʠ ʨʝʟʢʦ ʦʛʨʘʥʠʯʝʥ. 

ɺʳʚʦʜʳ: 

1. ʇʨʠʤʝʥʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʪʝʨʘʧʠʠ ʧʨʠ ʦʩʪʨʦʤ ʩʝʨʦʟʥʦʤ ʧʝʨʠʪʦʥʠʪʝ ʧʦʚʳʰʘʝʪ 

ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʦʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʜʝʪʦʢʩʠʢʘʮʠʠ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʤʙʨʘʥ ʢʣʝʪʦʢ ʢ ʧʝʨʝʢʠʩʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʣʠʧʠʜʦʚ ʠ ʬʦʩʬʦʣʠʧʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ.   

2. ʇʨʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ ʤʝʤʙʨʘʥʦʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʷʚʣʝʥʠʷʭ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʨʛʘʥʘʭ, ʯʪʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʠ ʪʷʞʝʣʦʤ ʪʝʯʝʥʠʠ ʦʩʪʨʦʛʦ ʧʝʨʠʪʦʥʠʪʘ (ʛʥʦʡʥʦ-

ʬʠʙʨʠʥʦʟʥʳʡ ʧʝʨʠʪʦʥʠʪ), ʫʩʪʘʥʦʚʣʝʥʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʪʝʨʘʧʠʠ. 
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ʆ.ɸ. ɻʨʝʯʢʘʥʝʚʘ, ʆ.ɸ. ɹʠʪʢʠʥʘ, ɸ.ɻ.ʉʦʣʦʚʴʸʚʘ, ʉ.ɸ. ɾʠʣʴʮʦʚ, ʉ.ɸ. ʉʦʢʦʣʦʚ 

 

ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʀɿʄɽʅɽʅʀʗ ʕʅɿʀʄɸʊʀʏɽʉʂʆʁ 

ɸʂʊʀɺʅʆʉʊʀ ʀ ʉʋɹʉʊʈɸʊʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ʇʈʀ ʄɽʉʊʅʆʄ 

ʇʈʀʄɽʅɽʅʀʀ ʂʈɽʄʆɺ ʉ ʈɸɿʅʓʄ ʉʆɼɽʈɾɸʅʀɽʄ ʆɿʆʅʀɼʆɺ 

 

ɻɹʆʋ ɺʇʆ çʅʠʞʝʛʦʨʦʜʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷè 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ʌɻɹʋ çʇʨʠʚʦʣʞʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨè 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ʆʆʆ çʄʝʜʦʟʦʥʩè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ʄʝʜʠʮʠʥʩʢʠʡ ʮʝʥʪʨ çɸʃʊɽʗè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʤʝʩʪʥʳʭ ʘʧʧʣʠʢʘʮʠʡ 

ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʢʨʝʤʦʚ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʟʦʥʠʜʦʚ  ʥʘ ʵʥʟʠʤʘʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʫʙʩʪʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʩʪʥʦʝ  

ʧʨʠʤʝʥʝʥʠʝ (10 ʜʥʝʡ) ʢʨʝʤʦʚ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʟʦʥʠʜʦʚ (3%, 5% ʠ 10%) ʫ ʠʥʪʘʢʪʥʳʭ 

ʞʠʚʦʪʥʳʭ (ʢʨʳʩʳ) ʦʢʘʟʳʚʘʝʪ ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʥʦʛʦ 

ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʢʨʦʚʠ, ʧʨʠʯʸʤ ʦʧʪʠʤʘʣʴʥʳʤ  ʦʢʘʟʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʝʤʘ ʩ 3% ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʟʦʥʠʜʦʚ,  ʥʘ ʬʦʥʝ ʢʦʪʦʨʦʛʦ ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʟʠʪʠʚʥʘʷ ʘʢʪʠʚʘʮʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʵʥʟʠʤʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʦʛʦ ʨʷʜʘ, ʧʦʚʳʰʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ. ʋʚʝʣʠʯʝʥʥʦʝ ʥʘ ʵʪʦʤ ʬʦʥʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʶʢʦʟʳ ʠ ʩʥʠʞʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʨʦʚʠ ʠ ʵʨʠʪʨʦʮʠʪʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʚʦʟʨʘʩʪʘʥʠʠ 

ʵʥʝʨʛʦʧʨʦʜʫʢʮʠʠ ʥʘ ʪʢʘʥʝʚʦʤ ʫʨʦʚʥʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʦʥ, ʬʝʨʤʝʥʪʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʫʙʩʪʨʘʪʳ, ʢʦʩʤʝʪʦʣʦʛʠʷ 

 

The aim of this study was the experimental evaluation of the effects of local application of 

cosmetologic creams with different concentration of ozonides on the enzymatic activity and substrate 

support of energetic processes. Using an animal model (rats), we showed that local application (for 10 

days) of creams, containing different concentrations of ozonides (3%, 5% and 10%), has a dose-

dependent effect on the activity of the oxygen metabolism in blood. The use of the 3% cream was 

found to be most optimal. The application of this preparation resulted in maximum positive activation 

of the enzymes of the energetic and detoxication lines and led to activity of superoxide dismutase. 

The simultaneous increase of glucose concentration and the decrease of the levels of lactate in blood 

plasma and erythrocytes were indicative of activation of energy production in tissues. 

Key words: ozone, enzymes, energetic substrates, cosmetology 

 

ɺʚʝʜʝʥʠʝ. ʅʘ ʵʬʬʝʢʪ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʢʦʞʠ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʤʝʩʪʥʳʝ, ʥʦ ʠ ʩʠʩʪʝʤʥʳʝ ʦʪʚʝʪʥʳʝ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʙʳʩʪʨʦʡ 

ʜʦʩʪʘʚʢʝ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʤʝʩʪʫ ʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʜʦʩʪʠʞʝʥʠʶ ʪʘʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ [5]. ʂʦʩʤʝʪʠʯʝʩʢʠʝ ʢʨʝʤʳ ʠ ʵʤʫʣʴʩʠʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʝ ʪʦʣʴʢʦ ʭʦʨʦʰʫʶ 

ʦʨʛʘʥʦʣʝʧʪʠʢʫ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ, ʥʦ ʠ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʤʠ ʢ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ [3].  

ʂ ʪʘʢʦʛʦ ʨʦʜʘ ʢʦʩʤʝʪʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʦʪʥʝʩʪʠ ʩʨʝʜʩʪʚʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ, ʢʘʢ ʛʣʘʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ  ʚʩʝʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ [7, 10].  

ʆʟʦʥʠʜʩʦʜʝʨʞʘʱʠʝ ʢʨʝʤʳ ʠ ʤʘʩʣʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ 

ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ ʢʦʞʠ, ʥʘʭʦʜʷʪ ʚʩʸ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʩʤʝʪʦʣʦʛʠʠ [2].  
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ʆʜʥʘʢʦ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʧʦʣʫʯʠʣʦ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʝʣʴʥʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʩ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ, ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ, ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʟʦʟʘʚʠʩʠʤʦʛʦ ʚʣʠʷʥʠʷ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʡ  ʢʦʞʠ ʠ 

ʦʨʛʘʥʠʟʤʘ ʧʘʮʠʝʥʪʦʚ ʚ ʮʝʣʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʧʨʦʛʨʘʤʤ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʝʨʤʘʪʦʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʤʝʩʪʥʳʭ ʘʧʧʣʠʢʘʮʠʡ 

ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʢʨʝʤʦʚ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʟʦʥʠʜʦʚ  ʥʘ ʵʥʟʠʤʘʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʫʙʩʪʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ 68 ʢʨʳʩʘʭ ʣʠʥʠʠ ɺʠʩʪʘʨ, ʚʝʩʦʤ 220-

250 ʛ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 10 ʜʥʝʡ. ɾʠʚʦʪʥʳʭ ʨʘʟʜʝʣʠʣʠ ʥʘ 4 ʛʨʫʧʧʳ. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ (ʢʦʥʪʨʦʣʴ; n=38) ï ʠʥʪʘʢʪʥʳʝ ʟʜʦʨʦʚʳʝ ʞʠʚʦʪʥʳʝ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʤʘʥʠʧʫʣʷʮʠʡ. 

ɾʠʚʦʪʥʳʤ 2-ʡ (n=10), 3-ʡ (n=10) ʠ 4-ʡ (n=10) ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʥʘ ʜʝʧʠʣʠʨʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ 

ʢʦʞʠ ʩʧʠʥʳ ʥʘ ʧʣʦʱʘʜʠ 10% ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʝʞʝʜʥʝʚʥʦ ʥʘʥʦʩʠʣʠ ʢʨʝʤ çʆɿʆɼɽʈʄʀʉè ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʟʦʥʠʜʦʚ 3%, 5% ʠʣʠ 10% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɾʠʚʦʪʥʳʭ ʚʳʚʦʜʠʣʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʫʪʸʤ ʜʝʢʘʧʠʪʘʮʠʠ ʧʦʜ ʥʘʨʢʦʟʦʤ (ʟʦʣʝʪʠʣ+ʢʩʠʣʘ). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʟʠʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʫʙʩʪʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʦʚʴ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʮʠʪʨʘʪʦʤ 

ʥʘʪʨʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʛʣʶʢʦʟʳ ʠ ʣʘʢʪʘʪʘ ʠʟʤʝʨʷʣʠ ʥʘ ʧʨʠʙʦʨʝ Super GL ambulance 

(ɻʝʨʤʘʥʠʷ) ʚ ʧʣʘʟʤʝ ʠ ʵʨʠʪʨʦʮʠʪʘʭ ʢʨʦʚʠ. ɺ ʛʝʤʦʣʠʟʘʪʝ ʵʨʠʪʨʦʮʠʪʦʚ (1:40) ʦʮʝʥʠʚʘʣʠ 

ʘʢʪʠʚʥʦʩʪʴ ʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʳ (ɸʣɼɻ) [6] ʠ ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (ʃɼɻ) ʚ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ 

(ʃɼɻʧʨ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ [8]. ɸʢʪʠʚʥʦʩʪʴ 

ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ (ʉʆɼ) ʦʧʨʝʜʝʣʷʣʠ ʚ ʛʝʤʦʣʠʟʘʪʝ ʵʨʠʪʨʦʮʠʪʦʚ (1:10) ʧʦ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʘʫʪʦʢʠʩʣʝʥʠʷ ʘʜʨʝʥʘʣʠʥʘ [9]. ʂʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʚʳʷʚʣʷʣʠ ʧʦ ʤʝʪʦʜʫ 

ʃʦʫʨʠ ʚ ʤʦʜʠʬʠʢʘʮʠʠ [11]. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Statistica 

6.0 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʫʛʣʝʚʦʜʥʦʡ ʧʨʠʨʦʜʳ ʚ ʢʨʦʚʠ ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠ 

ʝʞʝʜʥʝʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʥʘʢʦʞʥʳʭ ʘʧʧʣʠʢʘʮʠʡ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʝʤʘ 

ʆɿʆɼɽʈʄʀʉ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʟʦʥʠʜʦʚ 3%, 5% ʠ 10% ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢ ʢʦʥʮʫ ʩʨʦʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (10 ʩʫʪʦʢ) ʝʛʦ ʜʠʥʘʤʠʢʘ ʧʨʝʪʝʨʧʝʣʘ ʜʦʟʦʟʘʚʠʩʠʤʳʝ ʥʝʣʠʥʝʡʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1. ɺʣʠʷʥʠʝ ʢʨʝʤʘ çʆɿʆɼɽʈʄʀʉè ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟ ʠ ʩʫʙʩʪʨʘʪʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʋʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝ

ʥʪʘ 

ʇʣʘʟʤʘ ʕʨʠʪʨʦʮʠʪʳ ʃɼɻʧʨ, 

ʥʤʦʣʴ/ʤʠ

ʥ*ʤʛ 

ʉʆɼ, 

ʫʩʣ.ʝʜ./ʤ

ʛ 

ɸʣɼɻ, 

ʥʤʦʣʴ/ 

ʤʠʥ*ʤʛ ʛʣʶʢʦʟʘ, 

ʤʤʦʣʴ/ʣ 

ʣʘʢʪʘʪ, 

ʤʤʦʣʴ/ʣ 

ʛʣʶʢʦʟʘ, 

ʤʤʦʣʴ/ʣ 

ʣʘʢʪʘʪ, 

ʤʤʦʣʴ/ʣ 

ʂʦʥʪʨʦʣʴ 

n=38 

9,24 

Ñ0,84 

2,04 

Ñ0,18 

1,26 

Ñ0,11 

1,21 

Ñ0,12 

45,22 

Ñ4,10 

210,45Ñ1

9,10 

19,43 

Ñ1,61 

ʂʨʝʤ 3% 

n=10 

11,44 

Ñ1,03* 

1,27 

Ñ0,10* 

2,11 

Ñ0,19* 

1,09 

Ñ0,09 

60,75 

Ñ5,52* 

294,57Ñ2

6,70* 

28,97 

Ñ2,61* 

ʂʨʝʤ 5% 

n=10 

14,22 

Ñ1,29* 

1,59 

Ñ0,140* 

2,47 

Ñ0,22* 

1,66 

Ñ0,14* 

68,94 

Ñ6,30* 

137,08 

Ñ12,40* 

18,33 

Ñ1,71 

ʂʨʝʤ 10% 

 n=10 

9,27 

Ñ0,84 

1,57 

Ñ0,14* 

1,12 

Ñ0,11 

0,87 

Ñ0,07* 

66,34 

Ñ6,05* 

275,91 

Ñ25,12* 

18,97 

Ñ1,79 

ʇʨʠʤʝʯʘʥʠʝ: * - ʨʘʟʣʠʯʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʨ<0,05). 

 

ɸʧʧʣʠʢʘʮʠʠ ʢʨʝʤʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʟʦʥʠʜʦʚ 3% ʠ 10%  ʚ ʪʝʯʝʥʠʝ 10 ʩʫʪʦʢ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ  ʚʦʟʨʘʩʪʘʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʉʆɼ ʥʘ 40% ʠ 31% (ʨ<0,05). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʃɼɻ ʚ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʟʦʥʠʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ 34%, 52% ʠ 147 % (ʨ<0,05) ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ. 

ʅʘ ʬʦʥʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʟʦʥʠʜʦʚ ʦʪʤʝʯʝʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʛʣʶʢʦʟʳ ʥʘ 23% 



 

28 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʠ 54%(ʨ<0,05 (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ï ʜʦ 167% ʠ 196% (ʨ<0,05). ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ 

ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʦʢʘʟʘʣʩʷ ʩʥʠʞʝʥʥʳʤ ʧʨʠ ʚʩʝʭ ʠʩʧʳʪʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʦʟʦʥʠʜʦʚ ï ʥʘ 41%, 22% ʠ 23% (ʨ<0,05). ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʩ ʣʘʢʪʘʪʦʤ  ʦʪʤʝʯʝʥʘ ʠ ʥʘ 

ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ (ʢʨʦʤʝ ʢʨʝʤʘ ʩ 5% ʩʦʜʝʨʞʘʥʠʝʤ ʦʟʦʥʠʜʦʚ). ʋʨʦʚʝʥʴ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ɸʣɼɻ ï ʵʥʟʠʤʘ ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʦʛʦ ʨʷʜʘ ï ʙʳʣ ʫʚʝʣʠʯʝʥʥʳʤ ʪʦʣʴʢʦ ʥʘ ʬʦʥʝ 

ʧʨʠʤʝʥʷʚʰʠʭʩʷ ʢʨʝʤʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʟʦʥʠʜʦʚ (ʪʘʙʣ. 1). 

ʅʘʢʦʞʥʳʝ ʘʧʧʣʠʢʘʮʠʠ ʢʨʝʤʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʟʦʥʠʜʳ, ʫ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ ʦʢʘʟʳʚʘʣʠ 

ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʢʠʩʣʦʨʦʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʢʨʦʚʠ, ʧʨʠʯʸʤ 

ʦʧʪʠʤʘʣʴʥʳʤ  ʦʢʘʟʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʝʤʘ ʩ 3% ʩʦʜʝʨʞʘʥʠʝʤ ʦʟʦʥʠʜʦʚ,  ʥʘ ʬʦʥʝ ʢʦʪʦʨʦʛʦ 

ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʟʠʪʠʚʥʘʷ ʘʢʪʠʚʘʮʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʥʟʠʤʦʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʜʝʪʦʢʩʠʢʘʮʠʦʥʥʦʛʦ ʨʷʜʘ, ʚʦʟʨʘʩʪʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʉʆɼ. ʋʚʝʣʠʯʝʥʥʦʝ ʥʘ 

ʵʪʦʤ ʬʦʥʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʶʢʦʟʳ ʠ ʩʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʨʦʚʠ ʠ 

ʵʨʠʪʨʦʮʠʪʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʚʦʟʨʘʩʪʘʥʠʠ ʵʥʝʨʛʦʧʨʦʜʫʢʮʠʠ ʥʘ ʪʢʘʥʝʚʦʤ ʫʨʦʚʥʝ. 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʦʟʦʥʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʢʪʠʚʥʳʡ ʢʠʩʣʦʨʦʜ ʢʘʢ ʚʥʝʰʥʠʡ ʬʘʢʪʦʨ, 

ʧʨʠʤʝʥʷʝʤʳʡ ʥʘʢʦʞʥʦ, ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʚ ʦʨʛʘʥʠʟʤʝ  ʩʝʢʨʝʮʠʶ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʤʦʙʠʣʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ [4]. ʆʥʠ ʧʦʚʳʰʘʶʪ ʫʨʦʚʝʥʴ 

ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʟʘ ʩʯʸʪ ʘʢʪʠʚʘʮʠʠ ʛʣʶʢʦʥʝʦʛʝʥʝʟʘ, ʩʦʜʝʡʩʪʚʫʷ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʘʢʪʠʚʥʦʛʦ ʢʠʩʣʦʨʦʜʘ.  

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʡ ʩʦ ʩʪʦʨʦʥʳ ʢʨʦʚʠ 

ʧʨʠ ʨʝʛʫʣʷʨʥʦʤ ʥʘʢʦʞʥʦʤ ʥʘʥʝʩʝʥʠʠ ʛʝʣʝʡ-ʢʨʝʤʦʚ ʩ ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʚʢʣʶʯʝʥʠʠ ʚ ʩʠʩʪʝʤʥʳʝ ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʦʪʚʝʪʥʳʝ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ 

ʨʷʜʘ ʩʠʩʪʝʤ, ʩʦʧʨʷʞʸʥʥʳʭ ʩ ʢʠʩʣʦʨʦʜʥʳʤ ʛʦʤʝʦʩʪʘʟʦʤ. ʋʩʪʘʥʦʚʣʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ 

ʵʥʟʠʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʨʦʚʠ ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘʨʷʜʫ ʩ ʫʚʝʣʠʯʠʚʘʚʰʝʡʩʷ 

ʫʪʠʣʠʟʘʮʠʝʡ ʫʛʣʝʚʦʜʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʪʠʤʫʣʷʮʠʠ ʧʨʦʜʫʢʮʠʠ ʢʦʥʝʯʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʨʝʧʘʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʢʘʥʷʭ. ʕʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ  ʧʨʠʤʝʥʝʥʠʷ ʢʦʩʤʝʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʢʪʠʚʥʳʡ 

ʢʠʩʣʦʨʦʜ ʚ ʚʠʜʝ ʦʟʦʥʠʜʦʚ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ. 
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ʂʈʀʆʂʀʉʃʆʈʆɼʅɸʗ ʀ ʂʈʀʆʆɿʆʅʂʀʉʃʆʈʆɼʅɸʗ ʂʆʅɼɽʅʉɸʎʀʗ- 

ʅʆɺʓɽ ʊɽʍʅʆʃʆɻʀʀ ʆʂʉʀɼɸʊʀɺʅʆʁ ʊɽʈɸʇʀʀ 
 

1
ʅʘʫʯʥʳʡ ʢʣʠʥʠʯʝʩʢʠʡ ʮʝʥʪʨ çʄʝʜʢʨʠʦʣʦʛʠʷè,  ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

2
ɻɹʆʋ ɺʇʆ çʅʠʞʝʛʦʨʦʜʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷè 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ  
 
ɺ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʧʳʪʦʚ, ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʢʨʠʦʛʝʥʥʫʶ 

ʫʩʪʘʥʦʚʢʫ çʀʥʝʡè, ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ, ʥʘ ʘʧʧʣʠʢʘʪʦʨʝ 

ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʩʞʠʞʝʥʥʳʡ ʢʠʩʣʦʨʦʜ, ʘ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʛʘʟʦʚʦʡ ʦʟʦʥʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʠ ï 

ʩʞʠʞʝʥʥʘʷ ʦʟʦʥʢʠʩʣʦʨʦʜʥʘʷ ʩʤʝʩʴ. ʄʝʪʦʜʦʤ ʙʠʦʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʞʠʞʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʩʞʠʞʝʥʥʦʡ ʦʟʦʥʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʠ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʦʤ (ʧʣʘʟʤʘ) ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʘʢʪʠʚʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʢʨʠʦʢʠʩʣʦʨʦʜʥʘʷ ʠ ʢʨʠʦʦʟʦʥʢʠʩʣʦʨʦʜʥʘʷ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʦʢʩʠʜʘʪʠʚʥʦʡ ʪʝʨʘʧʠʠ. ʆʪʣʠʯʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪ ʢʨʠʦʪʝʨʘʧʠʠ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʭʣʘʜʘʛʝʥʪʘ ʩ ʪʢʘʥʴʶ ʥʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʘ ʩʞʠʞʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ  ʠʣʠ  

ʩʞʠʞʝʥʥʦʡ ʦʟʦʥʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʦʢʠʩʣʦʨʦʜʥʘʷ ʠ ʢʨʠʦʦʟʦʥʢʠʩʣʦʨʜʥʘʷ ʪʝʨʘʧʠʷ. 

 

This paper shows based on the performed physical experiments qualitative chemical reactions 

and methods of analytical chemistry that by passing air through the cryogenic unit INEY due to its 

design features liquefied oxygen is condensed on the applicator and by passing the gaseous ozone-

oxygen mixture the liquefied ozone-oxygen mixture is condensed.  By using the method of 

biochemiluminescence there has been revealed the interaction of liquefied oxygen and liquefied 

ozone-oxygen mixture with the biological object (plasma) accompanied by the activation of free 

radical oxidation. The results of the performed study enable to conclude that cryo oxygen and cryo 

ozone oxygen technologies are a new trend in oxidative therapy. The difference of these technologies 

from cryo therapy is in the use of liquefied oxygen or liquefied ozone-oxygen mixture as active 

cooling agent instead of liquid nitrogen. 

Key words: cryooxygen and cryo ozone oxygen therapy. 

 

ɺʚʝʜʝʥʠʝ. ɼʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ, ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ, ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ 

ʢʨʠʦʛʝʥʥʳʝ, ʢʠʩʣʦʨʦʜʥʳʝ ʠ ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʳʝ  ʤʝʪʦʜʠʢʠ ʣʝʯʝʥʠʷ ʙʦʣʴʥʳʭ ʨʘʟʚʠʚʘʣʠʩʴ 

ʧʘʨʘʣʣʝʣʴʥʦ, ʬʘʢʪʠʯʝʩʢʠ  ʥʝ ʧʝʨʝʩʝʢʘʷʩʴ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ 

ʦʧʳʪ ʦʢʩʠʜʘʪʠʚʥʦʡ ʪʝʨʘʧʠʠ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʦʟʦʥʘ), ʚ ʦʩʥʦʚʝ 

ʣʝʯʝʙʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ)  

ʚ ʦʨʛʘʥʠʟʤʝ ʧʘʮʠʝʥʪʦʚ [2,6,14-16]. ɸʌʂ ʚʣʠʷʶʪ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʚ 

ʢʣʝʪʢʝ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ, ʩʪʠʤʫʣʠʨʫʶʪ ʤʠʪʦʛʝʥʝʟ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʢʣʝʪʦʯʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ, ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʩʦʩʫʜʠʩʪʦʛʦ ʪʦʥʫʩʘ, ʩʠʥʪʝʟʝ 

ʵʡʢʦʟʘʥʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ï ʣʝʡʢʦʪʨʠʝʥʦʚ ʠ ʧʨʦʩʪʘʥʦʠʜʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʘʟʚʠʪʠʶ 

ʚʦʩʧʘʣʝʥʠʷ (ʣʝʡʢʦʪʨʠʝʥ ɺ4 ʚʳʟʳʚʘʝʪ ʭʝʤʦʪʘʢʩʠʩ ʠ ʘʢʪʠʚʘʮʠʶ ʥʝʡʪʨʦʬʠʣʦʚ, ʣʝʡʢʦʪʨʠʝʥ ʉ4 ʠ 

ʝʛʦ ʤʝʪʘʙʦʣʠʪ D4 ʩʪʠʤʫʣʠʨʫʶʪ ʩʦʢʨʘʱʝʥʠʝ ʛʣʘʜʢʠʭ ʤʳʰʮ). ʄʥʦʛʦʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ɸʌʂ ʚ ʬʘʛʦʮʠʪʠʨʫʶʱʠʭ ʢʣʝʪʢʘʭ ʠ çʜʳʭʘʪʝʣʴʥʳʡ ʚʟʨʳʚè ʧʨʠ ʚʦʩʧʘʣʝʥʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ 

ʧʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ɸʌʂ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʛʦʤʝʦʩʪʘʟʘ ʚʥʫʪʨʝʥʥʝʡ 

ʩʨʝʜʳ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ [1,6].  
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ɹʣʘʛʦʜʘʨʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʥʦʚʦʡ ʢʨʠʦʛʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʧʦʷʚʠʣʘʩʴ 

ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʜʝʥʩʘʮʠʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ  ʢʠʩʣʦʨʦʜʘ ʠ ʦʟʦʥʘ  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʟʦʥʝ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ [8]. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʠʢ ʩʦʩʪʦʠʪ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʭʣʘʜʘʛʝʥʪʘ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩ ʪʢʘʥʴʶ, ʩʞʠʞʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʠʣʠ  ʦʟʦʥʘ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ: ʜʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʦʟʦʥʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʠ ʯʝʨʝʟ ʢʨʠʦʛʝʥʥʫʶ 

ʫʩʪʘʥʦʚʢʫ çʀʥʝʡè ʦʙʨʘʟʫʝʪʩʷ ʠʭ ʞʠʜʢʘʷ ʬʦʨʤʘ, ʢʦʪʦʨʘʷ  ʩʧʦʩʦʙʥʘ ʛʝʥʝʨʠʨʦʚʘʪʴ ɸʌʂ ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʕʬʬʝʢʪ ʢʨʠʦʢʠʩʣʦʨʦʜʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ  ʠʩʩʣʝʜʦʚʘʣʠ  ʥʘ 

ʢʨʠʦʛʝʥʥʦʤ ʘʧʧʘʨʘʪʝ çʀʥʝʡè, ʘ ʢʨʠʦʦʟʦʥʢʠʩʣʦʨʦʜʥʦʡ ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ 

ʩʠʥʪʝʟʘʪʦʨʘ ʦʟʦʥʘ ʋʆʊɸ- 60-01 ʬʠʨʤʳ çʄʝʜʦʟʦʥè. ʇʨʠ ʨʘʙʦʪʝ ʢʨʠʦʛʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ çʀʥʝʡè 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʜʝʥʩʘʮʠʷ (ʩʞʠʞʝʥʠʝ) ʨʘʙʦʯʝʛʦ ʛʘʟʘ (ʢʠʩʣʦʨʦʜʘ, ʦʟʦʥʘ) ʢʘʢ ʥʘ ʚʥʝʰʥʝʡ, ʪʘʢ 

ʠ ʥʘ  ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʶʣʠ ʘʧʧʣʠʢʘʪʦʨʘ, ʧʨʠʯʝʤ ʩʞʠʞʝʥʠʝ ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʜʘʚʘʝʤʦʛʦ ʨʘʙʦʯʝʛʦ ʛʘʟʘ.  ʉʞʠʞʝʥʥʳʡ ʨʘʙʦʯʠʡ ʛʘʟ 

ʚʳʭʦʜʠʪ ʠʟ ʦʪʚʝʨʩʪʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʥʘʣʘ ʢʘʥʶʣʠ ʘʧʧʣʠʢʘʪʦʨʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ,  

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʫʧʨʘʚʣʷʝʤʦʤʫ ʜʘʚʣʝʥʠʶ ʧʦʜʘʚʘʝʤʦʛʦ ʨʘʙʦʯʝʛʦ ʛʘʟʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʘʢʪʠʚʥʫʶ ʢʨʠʦʦʢʩʠʛʝʥʘʮʠʶ ʪʢʘʥʝʡ [8].  

ɸʢʪʠʚʥʦʩʪʴ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʣʘʟʤʳ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ 

ɹʍʃ-07 (ʈʦʩʩʠʷ). ʇʨʠʙʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʠʣʳ ʩʚʝʪʦʚʳʭ ʧʦʪʦʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʧʨʦʙʳ  Imax, ʠʟʤʝʨʷʝʤʦʛʦ ʚ ʠʤʧ/ʩʝʢ ʠ ʦʪʨʘʞʘʶʱʝʛʦ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʟʮʘ [7]. ʀʩʩʣʝʜʦʚʘʥʦ  50 ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ  ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʝ 

ʩʞʠʞʝʥʥʳʭ ʢʠʩʣʦʨʦʜʘ (25) ʠ ʦʟʦʥʘ (25). ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠ ʦʙʨʘʙʦʪʢʦʡ 2,0 ʤʣ 

ʧʣʘʟʤʳ  ʩʞʠʞʝʥʥʳʤ ʛʘʟʦʤ ʚ ʦʙʲʝʤʝ 0,3 ʤʣ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤ Microsoft Excel 2010 ʠ 

Statistica 6.0. ʈʘʟʣʠʯʠʷ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ, ʧʨʠʟʥʘʚʘʣʠʩʴ ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʨʠ ʫʨʦʚʥʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨ < 0,05.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʆʙʲʝʢʪʠʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʦʩʪʠʞʝʥʠʷ ʥʘ 

ʘʧʧʣʠʢʘʪʦʨʘʭ ʢʨʠʦʛʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ çʀʥʝʡè ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʟʦʚ 

ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦʷʚʣʝʥʠʷ ʩʪʨʫʷʱʝʡʩʷ ʧʣʝʥʢʠ ʧʘʩʩʠʚʥʦ ʩʞʠʞʘʶʱʝʛʦʩʷ ʦʢʨʫʞʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ. Cʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʞʠʞʝʥʠʷ ʘʟʦʪʘ (-196Áʉ), ʢʠʩʣʦʨʦʜʘ (-182Áʉ) ʠ ʦʟʦʥʘ (-

193Áʉ) ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 

ʢʨʠʦʛʝʥʥʳʡ ʘʧʧʘʨʘʪ çʀʥʝʡè ʦʙʨʘʟʫʶʱʠʡʩʷ ʛʘʟʦʢʦʥʜʝʥʩʘʪ  ï ʵʪʦ ʞʠʜʢʠʡ ʢʠʩʣʦʨʦʜ, ʘ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʦʟʦʥʘ - ʵʪʦ ʞʠʜʢʠʡ ʦʟʦʥ. 

ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ  ʧʘʩʩʠʚʥʦ ʩʞʠʞʘʶʱʝʡʩʷ ʥʘ ʘʧʧʣʠʢʘʪʦʨʘʭ 

ʘʪʤʦʩʬʝʨʥʦʡ ʬʨʘʢʮʠʠ ʚʦʟʜʫʭʘ ʧʨʦʚʝʜʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ.  

1. ɺ ʧʫʩʪʫʶ ʢʦʣʙʫ ʚ ʪʝʯʝʥʠʝ 2-3 ʤʠʥʫʪ ʢʘʧʘʣʠ  ʢʦʥʜʝʥʩʠʨʫʶʱʝʝʩʷ ʥʘ ʢʦʥʯʠʢʝ ʢʘʥʶʣʠ 

ʨʘʙʦʪʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ çʀʥʝʡè ʚʝʱʝʩʪʚʦ. ɿʘʪʝʤ ʩʨʘʟʫ ʚ ʢʦʣʙʫ ʧʦʤʝʱʘʣʠ ʪʣʝʶʱʫʶ ʣʫʯʠʥʫ. 

ʅʘʙʣʶʜʘʣʠ ʘʢʪʠʚʥʦʝ ʚʦʟʛʦʨʘʥʠʝ ʣʫʯʠʥʳ ï ʩʣʝʜʩʪʚʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʢʠʩʣʦʨʦʜʘ. 

 2. ɺ ʧʨʦʙʠʨʢʫ ʩʦ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʛʠʜʨʦʢʩʠʜʦʤ ʞʝʣʝʟʘ (II ) Fe(OH)2 ʢʘʧʘʣʠ 

ʢʨʠʦʢʦʥʜʝʥʩʠʨʫʶʱʝʝʩʷ ʠʟ ʚʦʟʜʫʭʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʦʭʣʘʞʜʝʥʥʦʤ ʘʧʧʣʠʢʘʪʦʨʝ ʘʧʧʘʨʘʪʘ 

ñʀʥʝʡò ʚʝʱʝʩʪʚʦ. ʇʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘʙʣʶʜʘʣʠ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʦʪ ʩʚʝʪʣʦ-ʟʝʣʝʥʦʛʦ ʜʦ 

ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ (ʙʫʨʦʛʦ) ʮʚʝʪʘ Fe(OH)3:  

4Fe(OH)2 + O2 + 2H2O Ą   4Fe(OH)3, 

ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ  ʢʠʩʣʦʨʦʜʘ. 

3. ɺ ʧʨʦʙʠʨʢʫ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʭʠʥʦʥʘ ʢʘʧʘʣʠ ʢʨʠʦʢʦʥʜʝʥʩʠʨʫʶʱʝʝʩʷ ʠʟ 

ʚʦʟʜʫʭʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʦʭʣʘʞʜʝʥʥʦʤ ʘʧʧʣʠʢʘʪʦʨʝ ʚʝʱʝʩʪʚʦ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʠ ʠʟʤʝʥʝʥʠʝ 

ʮʚʝʪʘ ʦʪ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ (ʛʠʜʨʦʭʠʥʦʥ) ʜʦ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ (ʭʠʥʛʠʜʨʦʥ), ʘ ʟʘʪʝʤ ʜʦ ʞʝʣʪʦʛʦ 

(ʭʠʥʦʥ), ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ [11] 

ʉ6ʅ4(ʆʅ)2 Ÿ ʉ6ʅ4(ʆʅ)2
.
 ʉ6ʅ4ʆ2Ÿ ʉ6ʅ4ʆ2 



 

31 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʦʧʳʪʦʚ ʠ ʩʦʧʦʩʪʘʚʣʷʷ ʠʭ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ  ʩʞʠʞʘʝʤʘʷ ʘʧʧʘʨʘʪʦʤ çʀʥʝʡè ʛʘʟʦʚʘʷ 

ʘʪʤʦʩʬʝʨʥʘʷ ʬʨʘʢʮʠʷ ï ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ. ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʬʘʢʪ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʢʦʨʨʝʢʮʠʠ ʚ ʦʙʲʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʜʦʩʪʠʞʝʥʠʷ ʣʝʯʝʙʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʤʝʩʪʥʦʡ ʢʨʠʦʪʝʨʘʧʠʠ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʘʢʩʠʤʘʣʴʥʦ ʦʭʣʘʞʜʝʥʥʳʤʠ ʢʨʠʦʠʥʩʪʨʫʤʝʥʪʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʦʛʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ñʀʥʝʡò ʥʘʙʣʶʜʘʝʪʩʷ  ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʧʝʣʝʢ ʞʠʜʢʦʩʪʠ ʥʘ 

ʢʘʥʶʣʝ ʘʧʧʣʠʢʘʪʦʨʘ ʠ ʩʪʝʢʘʥʠʷ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚʝʱʝʩʪʚʘ ʚ ʦʙʣʘʩʪʴ ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʷ. 

ʉʦʧʦʩʪʘʚʣʷʷ ʥʘʙʣʶʜʘʝʤʳʝ ʷʚʣʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʣʦʛʠʯʥʦ  ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʘʩʩʠʚʥʦ ʩʞʠʞʘʝʤʘʷ ʘʧʧʘʨʘʪʦʤ ñʀʥʝʡò ʘʪʤʦʩʬʝʨʥʘʷ ʬʨʘʢʮʠʷ ï 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ  ʦʢʩʠʛʝʥʘʮʠʠ ʧʦʜʚʝʨʛʰʝʡʩʷ 

ʢʨʠʦʚʦʟʜʝʡʩʪʚʠʶ ʪʢʘʥʠ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʝʨʝʟ ʪʨʘʩʩʫ ʠʟ ʦʟʦʥʘʪʦʨʘ ʚ  ʘʧʧʘʨʘʪ çʀʥʝʡè ʧʦʜʘʚʘʣʠ ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʫʶ 

ʩʤʝʩʴ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʟʦʥʘ 20 ʤʛ/ʣ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ 0,25 ʣ/ʤʠʥ ʥʘ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ 

ʘʧʧʣʠʢʘʪʦʨʘ ʥʘʙʣʶʜʘʣʠ ʢʦʥʜʝʥʩʘʮʠʶ ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʚ ʩʞʠʞʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚ ʚʠʜʝ ʢʘʧʝʣʴ ʠʤʝʣʘ ʪʝʤʥʦ-ʩʠʥʠʡ ʮʚʝʪ ʠ ʧʨʠ ʢʦʤʥʘʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ ʙʳʩʪʨʦ ʠʩʧʘʨʷʣʘʩʴ (ʚ ʪʝʯʝʥʠʝ 3-10 ʩʝʢʫʥʜ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʩʮʚʝʪʥʦʛʦ ʛʘʟʘ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤ ʟʘʧʘʭʦʤ ʦʟʦʥʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʘʟʦʦʙʨʘʟʥʳʡ ʦʟʦʥ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʞʠʜʢʦʝ 

ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ( -192+2Áʉ), ʠʤʝʝʪ ʧʨʠ ʵʪʦʤ ʪʝʤʥʦ-ʩʠʥʠʡ ʮʚʝʪ ʠ ʟʘʧʘʭ 

ʝʛʦ ʯʫʚʩʪʚʫʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʥʝʝ 0,02 ʤʛ/ʤ
3
 [9] , ʧʦʵʪʦʤʫ ʣʦʛʠʯʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ 

ʧʦʜʘʯʝ ʚ ʘʧʧʘʨʘʪ çʀʥʝʡè ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʘ ʝʛʦ ʘʧʧʣʠʢʘʪʦʨʝ ʦʙʨʘʟʫʝʪʩʷ 

ʞʠʜʢʠʡ ʦʟʦʥ. 

ɺ ʢʦʣʙʫ ʩ ʙʝʩʮʚʝʪʥʳʤ ʥʝʡʪʨʘʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ ʡʦʜʠʜʘ ʢʘʣʠʷ ʧʦʤʝʩʪʠʣʠ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ 

ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʠʟ ʦʟʦʥ-ʢʠʩʣʦʨʦʜʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʩʦʜʝʨʞʠʤʦʝ ʧʝʨʝʤʝʰʘʣʠ, 

ʥʘʙʣʶʜʘʣʠ ʧʦʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦʡ ʢʦʨʠʯʥʝʚʦʡ ʦʢʨʘʩʢʠ ʡʦʜʘ, ʢʦʪʦʨʳʡ ʤʦʛ ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʟʦʥʘ [10]. 

O3 + 2 KI  +  H2O  =  I2  +  2 KOH  +  O2 

ʋʙʝʜʠʚʰʠʩʴ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʜʘʯʝ ʚ ʢʨʠʦʛʝʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠʣʠ 

ʦʟʦʥʘ ʥʘ ʝʝ ʘʧʧʣʠʢʘʪʦʨʝ ʦʙʨʘʟʫʝʪʩʷ ʠʭ ʞʠʜʢʘʷ ʬʘʟʘ, ʧʦʩʪʘʚʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʚ 

ʦʙʨʘʟʮʳ ʧʣʘʟʤʳ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʜʦʙʘʚʣʷʣʠ ʞʠʜʢʠʡ ʢʠʩʣʦʨʦʜ ʠ ʦʟʦʥ, ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʫʨʦʚʝʥʴ 

ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʪʦʜʦʤ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʠ 

ʩʫʣʴʬʘʪʦʤ ʞʝʣʝʟʘ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʧʝʨʦʢʩʠʜʘ 

ʠʦʥʘʤʠ Fe
2+

 : 

ʅ2O2 + Fe
2+
 ʆʅÁ+ OH

-
  + Fe

3+ 
 (ʨʝʘʢʮʠʷ ʌʝʥʪʦʥ [13] ). 

ʇʨʠ ʵʪʦʤ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʧʨʦʪʝʢʘʝʪ ʠ ʩʣʝʜʫʶʱʘʷ ʨʝʘʢʮʠʷ: 

ROOH + Fe
2+
ROÁ+ OH

-
 
 
+ Fe

3+ 
 [12]. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ (ROÁ, ʆʅÁ) ʠ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥ OH
-
 ʚʩʪʫʧʘʶʪ ʚ 

ʨʝʘʢʮʠʶ ʘʢʪʠʚʘʮʠʠ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ  ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʩʫʙʩʪʨʘʪʝ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʪʝʪʨʦʢʩʠʜʘ, ʨʘʩʧʘʜʘʶʱʝʛʦʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʚʘʥʪʘ 

ʩʚʝʪʘ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʥʘ ʙʠʦʭʝʤʠʣʶʤʠʥʦʤʝʪʨʝ [4,5]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʩʞʠʞʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʦʟʦʥʘ ʚ ʦʙʲʸʤʝ 0,3ʤʣ ʢ 

2,0 ʤʣ ʧʣʘʟʤʳ ʚʳʟʳʚʘʝʪ ʚʦʟʨʘʩʪʘʥʠʝ Imax ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 16% (ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ 173+2 ʠʤʧ/ʩ, 

ʧʦʩʣʝ 201+2,5 ʠʤʧ/ʩ, ʨ<0,05) ʠ 23% (ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ 178+2,2 ʠʤʧ/ʩ,  ʧʦʩʣʝ 219+2,7 ʠʤʧ/ʩ, 

ʨ<0,05), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ. ɺʳʷʚʣʝʥʥʳʡ ʧʦʚʳʰʝʥʥʳʡ 

ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ ɸʌʂ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʣʘʟʤʫ ʞʠʜʢʠʤ ʦʟʦʥʦʤ ʦʙʫʩʣʦʚʣʝʥ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʝʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʩʣʦʨʦʜʦʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʬʝʥʦʤʝʥʘ   ʢʨʠʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʝʛʦ ʘʣʣʦʪʨʦʧʥʦʡ ʬʦʨʤʳ - ʦʟʦʥʘ ʚ ʪʢʘʥʠ.  

ɿʘʢʣʶʯʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʜʝʥʩʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʠ ʦʟʦʥʘ ʥʘ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʘʧʧʣʠʢʘʪʦʨʘ ʘʧʧʘʨʘʪʘ çʀʥʝʡè, ʪʦ ʝʩʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʣʝʯʝʙʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʭʣʘʜʘʛʝʥʪʳ ʩʧʦʩʦʙʥʳ 



 

32 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʦʟʜʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʚ ʦʢʩʠʜʘʪʠʚʥʦʡ ʪʝʨʘʧʠʠ. 
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ʈʆʃʔ ʆɿʆʅɸ ɺ ʀɿʄɽʅɽʅʀʀ ɸʂʊʀɺʅʆʉʊʀ Nʘ-K-ɸʊʌʘʟʳ 

ʀ ʉʆɼɽʈɾɸʅʀʀ ɸʊʌ ʀ 2,3-ɼʌɻ ɺ ʕʈʀʊʈʆʎʀʊɸʍ ʂʈʆɺʀ 

ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʆʉʊʈʆʁ ʂʈʆɺʆʇʆʊɽʈʀ ʋ ʂʈʓʉ 
 

1
ʌɻɸʆʋ ɺʆ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ; 
2
ɻɹʋɿ ʅʆ ɻʦʨʦʜʩʢʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ˉ 40, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ; 

3
 ɻɹʆʋ ɺʇʆ çʅʠʞʝʛʦʨʦʜʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷè 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
 
ʀʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ Na-K-ɸʊʌʘʟʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ ʠ 

2,3ɼʌɻ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʢʨʳʩ ʧʦʩʣʝ ʪʨʘʥʩʬʫʟʠʠ ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʵʨʠʪʨʦʮʠʪʘʨʥʦʡ ʤʘʩʩʳ ʧʨʠ 

ʦʩʪʨʦʡ ʢʨʦʚʦʧʦʪʝʨʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʟʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ Na-K-ɸʊʌʘʟʳʚ ʵʨʠʪʨʦʮʠʪʘʭʠ ʫʚʝʣʠʯʝʥʠʶ ʚ ʥʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʩʬʘʪʦʚ, 

ʩʥʠʞʝʥʥʳʭ ʥʘ ʬʦʥʝ ʢʨʦʚʦʧʦʪʝʨʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Na-K-ɸʊʌʘʟʘ, ɸʊʌ, 2,3-ɼʌɻ, ʦʟʦʥʠʨʦʚʘʥʥʘʷ ʵʨʠʪʨʦʮʠʪʘʨʥʘʷ ʤʘʩʩʘ, 

ʢʨʦʚʦʧʦʪʝʨʷ 

 

The dynamics of changes in activity of Na-K-ATPase and the concentration of ATP and 

2,3DFG in erythrocytes of rats after transfusion of the ozonized red blood cells by acute blood 

losswas investigated. It was found that the use of ozone increases the activity of Na-K-ATPase and 

increase organic phosphates in the erythrocytes, reduction in blood loss background. 

Key words: Na-K-ATPase, ATP 2,3DFG, ozonatederythrocyte's mass, blood loss 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʶʙʦʛʦʢʨʦʚʦʪʝʯʝʥʠʷʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʢʨʦʚʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʭʫʜʰʘʶʪʩʷ ʩʝʨʜʝʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʪʢʘʥʝʡ 

(ʦʩʦʙʝʥʥʦʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ),ʧʝʯʝʥʠʠ ʧʦʯʝʢʢʠʩʣʦʨʦʜʦʤ.ʂʣʶʯʝʚʘʷ ʨʦʣʴ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʪʢʘʥʝʡ ʧʨʠʥʘʜʣʝʞʠʪ ʢʨʦʚʠ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʵʨʠʪʨʦʮʠʪʘʤ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʨʦʚʝʥʴ ʤʝʪʘʙʦʣʠʟʤʘ ʵʨʠʪʨʦʮʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʦʷʥʠʝ ʵʨʠʪʨʦʮʠʪʘʨʥʳʭ 

ʤʝʤʙʨʘʥ, ʠʭ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʠ ʘʛʨʝʛʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʦʚʠ ʠ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʶ. ʊʘʢʞʝ ʦʜʥʠʤ ʠʟ 

ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʥʫʪʨʠʵʨʠʪʨʦʮʠʪʘʨʥʳʡ ʛʦʤʝʦʩʪʘʟ, ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʠʦʥʥʳʭ ʧʝʨʝʥʦʩʯʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ 

ʦʩʤʦʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʮʠʪʦʧʣʘʟʤʳ. ɺʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʨʷʜʫ ʪʘʢʦʛʦ ʨʦʜʘ ʢʣʝʪʦʯʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʟʘʥʠʤʘʝʪ ʤʝʤʙʨʘʥʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʬʝʨʤʝʥʪ ï Na-K-ɸʊʌʘʟʘ[1]. ɺ ʩʚʷʟʠ ʩ 

ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʠʟʫʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ Na-K-ɸʊʌʘʟʘ ʠ ʤʝʪʘʙʦʣʠʟʤʘ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʫʩʣʦʚʠʠ 

ʦʩʪʨʦʡ ʢʨʦʚʦʧʦʪʝʨʠ ʠ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʦʟʦʥʘ ʚ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʤʦʞʝʪ ʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʭʘʥʠʟʤʘʭ ʜʝʡʩʪʚʠʷ ʦʟʦʥʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʧʨʠ ʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʚʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ Na-K-ɸʊʌʘʟʘ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʩʬʘʪʦʚ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʢʨʳʩ ʧʦʩʣʝ ʪʨʘʥʩʬʫʟʠʠ ʦʟʦʥʠʨʦʚʘʥʥʦʡ 

ʵʨʠʪʨʦʮʠʪʘʨʥʦʡ ʤʘʩʩʳ ʧʨʠ ʦʩʪʨʦʡ ʢʨʦʚʦʧʦʪʝʨʝ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ 20 ʥʝʣʠʥʝʡʥʳʭ  ʢʨʳʩʘʭ. ɾʠʚʦʪʥʳʝ 

ʙr ʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 2 ʛʨʫʧʧʳ ʧʦ 10 ʦʩʦʙʝʡ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ. ʂʨʦʚʦʧʦʪʝʨʶ ʢʨʳʩʘʤ ʩʦʟʜʘʚʘʣʠ 

ʧʫʪʝʤ ʟʘʙʦʨʘ 3 ʤʣ ʢʨʦʚʠ ʠʟ ʭʚʦʩʪʦʚʦʡ ʘʨʪʝʨʠʠ. ʏʝʨʝʟ ʯʘʩ ʢʨʦʚʦʧʦʪʝʨʶ ʚʦʩʧʦʣʥʷʣʠ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʵʨʠʪʨʦʮʠʪʘʨʥʦʡ ʤʘʩʩʳ (ʦʪʤʳʪʳʝ ʵʨʠʪʨʦʮʠʪʳ ʪʦʡ ʞʝ ʢʨʳʩʳ, ʟʘʙʨʘʥʥʳʝ ʟʘ 3 ʜʥʷ ʜʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʦʚʦʧʦʪʝʨʠ) ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ.  ʂʨʳʩʘʤ 1 ʛʨʫʧʧʳ ʚʚʦʜʠʣʠ 0,5 ʤʣ 

ʦʪʤʳʪʳʭ ʵʨʠʪʨʦʮʠʪʦʚ ʠ 2 ʤʣ ʦʟʦʥʠʨʦʚʘʥʥʦʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ.  ʂʨʳʩʘʤ 2 ʛʨʫʧʧʳ 

http://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D0%BE%D0%B2%D0%BD%D0%BE%D0%B9_%D0%BC%D0%BE%D0%B7%D0%B3
http://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%87%D0%B5%D0%BD%D1%8C
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%87%D0%BA%D0%B0_(%D0%B0%D0%BD%D0%B0%D1%82%D0%BE%D0%BC%D0%B8%D1%8F)
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(ʢʦʥʪʨʦʣʴ) ʚʚʦʜʠʣʠ 0,5 ʤʣ ʦʪʤʳʪʳʭ ʵʨʠʪʨʦʮʠʪʦʚ ʠ 2 ʤʣ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʠ 

ʦʟʦʥʠʨʦʚʘʥʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ ʩʦʜʝʨʞʘʣ 2 ʤʛ/ʣ ʦʟʦʥʘ.  ʆʟʦʥʠʨʦʚʘʥʠʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʠʟʚʦʜʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ ʝʛʦ ʚ 

ʵʨʠʪʨʦʮʠʪʘʨʥʫʶ ʤʘʩʩʫ ʥʘ ʫʩʪʘʥʦʚʢʝ ʦʟʦʥʘʪʦʨʥʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʋʆʊɸ-60-

01-ñʄʝʜʦʟʦʥò (ʈʦʩʩʠʷ). ɿʘʙʦʨ ʢʨʦʚʠ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 1ʯʘʩ, 1 ʠ 5 ʩʫʪʦʢ ʧʦʩʣʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʦʚʦʧʦʪʝʨʠ.  ʆʮʝʥʢʫ  ʩʠʩʪʝʤʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʵʨʠʪʨʦʮʠʪʘʨʥʦʡ 

ʚʟʚʝʩʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 2,3-ɼʌɻ ʠ ɸʊʌ ʚ ʩʫʩʧʝʥʟʠʠ ʦʪʤʳʪʳʭ ʵʨʠʪʨʦʮʠʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠ 

ʥʝʵʥʟʠʤʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [2]. ɸʢʪʠʚʥʦʩʪʴ Na,K-ɸʊʌʘʟʳ ʵʨʠʪʨʦʮʠʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʧʨʠʨʦʩʪʫ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʬʦʩʬʘʪ ʦʧʨʝʜʝʣʷʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ [3]. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ t-

ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. ʈʘʟʣʠʯʠʷ ʩʯʠʪʘʣʠ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ p< 0,05. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ 

ʞʠʚʦʪʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ Na-K-ɸʊʌʘʟʘ, 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ ʠ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 2,3ɼʌɻ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʢ 1 ʯʘʩʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ 1-ʭ ʩʫʪʦʢ ʩʦʭʨʘʥʷʣʘʩʴ ʧʦʥʠʞʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʥʘ 

ʬʦʥʝ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ ʠ 2,3ɼʌɻ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʥʪʘʢʪʥʳʭ 

ʞʠʚʦʪʥʳʭ. ʂ 5-ʤ ʩʫʪʢʘʤ ʘʢʪʠʚʥʦʩʪʴNa-K-ɸʊʌʘʟʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ɸʊʌ ʚʦʟʨʘʩʪʘʣʠ ʧʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,3ɼʌɻ (ʪʘʙʣ. 1). 

ʇʨʦʚʝʜʝʥʠʝ ʪʨʘʥʩʬʫʟʠʠ ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʵʨʠʪʨʦʮʠʪʘʨʥʦʡ ʤʘʩʩʳ ʦʧʨʝʜʝʣʠʣʦ ʧʦʚʳʰʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ Na-K-ɸʊʌʘʟʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ɸʊʌ ʫʞʝ ʩ 1 ʩʫʪʦʢ ʧʦʩʣʝ ʢʨʦʚʦʧʦʪʝʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʪʦʪ ʞʝ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 2,3 ɼʌɻ ʧʦʩʣʝ ʪʨʘʥʩʬʫʟʠʠ ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʵʨʠʪʨʦʮʠʪʘʨʥʦʡ ʤʘʩʩʳ ʧʨʝʚʳʰʘʣʘ 

ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʷ ʚ 2 ʨʘʟʘ ʢ 1 ʯʘʩʫ ʥʘʙʣʶʜʝʥʠʷ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝ ʧʦʥʠʞʘʣʘʩʴ ʥʠʞʝ 

ʟʥʘʯʝʥʠʡ, ʚʳʷʚʣʝʥʥʳʭ ʫ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 1. ʀʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ Na-K-ɸʊʌʘʟʘ (ʤʢʤʦʣʴ/ʤʣ ʢʣʝʪʦʢ/ʯ) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ ʠ 

2,3-ɼʌɻ (ʤʢʤʦʣʴʥ/ʤʣ ʢʣʝʪʦʢ) ʵʨʠʪʨʦʮʠʪʦʚʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʢʨʳʩ 

ɺʨʝʤʷ ʧʦʩʣʝ ʪʨʘʥʩʬʫʟʠʠ Na
+
-K

+
- ɸʊʌʘʟʘ ɸʊʌ 2,3-ɼʌɻ 

ɼʦ ʪʨʘʥʩʬʫʟʠʠ (ʠʥʪʘʢʪʥʳʝ) 2,700Ñ 0,129 2,050Ñ0,119 1,753Ñ0,353 

ʇʦʩʣʝ 

ʪʨʘʥʩʬʫʟʠʠ 

60 ʤʠʥʫʪ 1,975Ñ0,330* 1,275Ñ0,095* 2,245Ñ0,339 

1 ʩʫʪʢʠ 1,150Ñ0,070* 1,175Ñ0,149* 1,495Ñ0,279 

5 ʩʫʪʢʠ 2,825Ñ 0,975 3,025Ñ0,641* 0,965Ñ0,149* 

ʇʨʠʤʝʯʘʥʠʝ: * - ʨ< 0.05 ʦʪʣʠʯʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʜʦ ʪʨʘʥʩʬʫʟʠʠ 

 

ʊʘʙʣʠʮʘ 2. ʀʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ Na-K-ɸʊʌʘʟʘ (ʤʢʤʦʣʴ/ʤʣ ʢʣʝʪʦʢ/ʯ) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ ʠ 

2,3-ɼʌɻ (ʤʢʤʦʣʴ/ʤʣ ʢʣʝʪʦʢ) ʵʨʠʪʨʦʮʠʪʦʚ ʧʨʠ ʪʨʘʥʩʬʫʟʠʠ ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʵʨʠʪʨʦʮʠʪʘʨʥʦʡ 

ʤʘʩʩʳ ʢʨʳʩʘʤ ʩ ʦʩʪʨʦʡ ʢʨʦʚʦʧʦʪʝʨʝʡ 

ɺʨʝʤʷ ʧʦʩʣʝ ʪʨʘʥʩʬʫʟʠʠ Na
+
-K

+
- ɸʊʌʘʟʘ ɸʊʌ 2,3-ɼʌɻ 

ɼʦ ʪʨʘʥʩʬʫʟʠʠ (ʠʥʪʘʢʪʥʳʝ) 2,725Ñ0,512 2,475Ñ0,266 2,300Ñ0,550 

ʇʦʩʣʝ 

ʪʨʘʥʩʬʫʟʠʠ 

60 ʤʠʥʫʪ 1,900Ñ0,220* 1,725Ñ0,165* 4,901Ñ0,425* 

1 ʩʫʪʢʠ 2,125Ñ0,364 2,198Ñ0,434 1,890Ñ0,351 

5 ʩʫʪʢʠ 3,375Ñ0,586 3,325Ñ0,504* 1,630Ñ0,548 

ʇʨʠʤʝʯʘʥʠʝ: * - ʨ< 0.05 ʦʪʣʠʯʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʜʦ ʪʨʘʥʩʬʫʟʠʠ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʨʠ ʢʨʦʚʦʧʦʪʝʨʝ ʫ ʢʨʳʩ 

ʥʘʙʣʶʜʘʣʦʩʴʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ Na
+
-K

+
-ɸʊʌʘʟʳ ʚ ʵʨʠʪʨʦʮʠʪʘʭ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 2.3ɼʌɻ. ɺʝʨʦʷʪʥʦ, 

ʚʳʷʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʫʩʣʦʚʣʝʥʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʨʘʟʚʠʪʠʝʤ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʵʣʠʤʠʥʘʮʠʶ ʛʠʧʦʢʩʠʠ ʧʨʠ ʢʨʦʚʦʧʦʪʝʨʝ, ʟʘ ʩʯʝʪ 

ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,3ɼʌɻ, ʫʤʝʥʴʰʘʶʱʝʡ ʩʨʦʜʩʪʚʦ ʛʝʤʦʛʣʦʙʠʥʘ ʢ ʢʠʩʣʦʨʦʜʫ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ ï ʬʘʢʪʦʨʘ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ Na-K-

ɸʊʌʘʟʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʟʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʨʦʩʪ 
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ʘʢʪʠʚʥʦʩʪʠ Na
+
-K

+
-ɸʊʌʘʟʳ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ Na

+
-K

+
-ɸʊʌʘʟʳ ʩʦʧʨʷʞʝʥ ʪʨʘʥʩʧʦʨʪ 

ʩʫʙʩʪʨʘʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʢ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʣʶʢʦʟʳ [4]. ʇʨʠ ʵʪʦʤ ʫʩʠʣʠʚʘʝʪʩʷ 

ʤʝʪʘʙʦʣʠʟʤ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ɸʊʌ ʠ 2,3ɼʌɻ ʚ ʵʨʠʪʨʦʮʠʪʘʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʵʨʠʪʨʦʮʠʪʘʨʥʦʡ ʤʘʩʩʳ ʧʨʠ ʝʝ 

ʧʝʨʝʣʠʚʘʥʠʠ ʢʨʳʩʘʤ ʩ ʦʩʪʨʦʡ ʢʨʦʚʦʧʦʪʝʨʝʡ ʧʦʟʚʦʣʠʣʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʢʠʩʣʦʨʦʜʪʨʘʥʩʧʦʨʪʥʫʶ ʬʫʥʢʮʠʶ ʵʨʠʪʨʦʮʠʪʦʚ. ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʫʶ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʟʦʥʘ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʦʩʪʨʦʡ 

ʢʨʦʚʦʧʦʪʝʨʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʘʩʣʦʚʘ ʄ.ʅ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʪʨʝʩʩʘ // ʈʦʩʩ. ʬʠʟʠʦʣ. ʞʫʨʥʘʣ ʠʤ. ʀ.ʄ. 

ʉʝʯʝʥʦʚʘ. 2005. ʊ. 91, ˉ 11. ʉ. 1320-1328. 

2. ʂʨʳʣʦʚ ɺ.ʅ., ɼʝʨʶʛʠʥʘ ɸ.ɺ., ʉʠʤʫʪʠʩ ʀ.ʉ., ɹʦʷʨʠʥʦʚ ɻ.ɸ., ʉʝʥʶʨʠʥʘ ɸ.ʀ. 
ʉʦʜʝʨʞʘʥʠʝ ɸʊʌ ʠ 2,3 ɼʌɻ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʧʨʠ ʢʦʥʩʝʨʚʘʮʠʠ ʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʟʦʥʘ // 

ɹʠʦʤʝʜʠʮʠʥʘ. 2014. ˉ 2. ʉ. 37-43. 

3. ʂʨʳʣʦʚ ɺ.ʅ., ɼʝʨʶʛʠʥʘ ɸ.ɺ., ʂʦʥʩʪʘʥʪʠʥʦʚʘ ɸ.ʀ. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ 

ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʩʪʴ Nʘ,ʂ-ɸʊʌʘʟʳ ʵʨʠʪʨʦʮʠʪʦʚ ʫ ʢʨʳʩ ʧʨʠ ʩʪʨʝʩʩʝ // ʈʦʩʩ. ʬʠʟʠʦʣ. 

ʞʫʨʥʘʣ ʠʤ. ʀ.ʄ. ʉʝʯʝʥʦʚʘ. 2014. ʊ. 100, ˉ11. ʉ. 1297-1302. 

4. Blanco G., Mercer R.W. Isozymes of the Na,K-ATPase: heterogeneity in structure, 

diversity in function // Amer. J. Physiol. 1998. Vol. 275, ˉ 5. P. 633-650. 



 

36 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʅ.ɺ. ɼʠʜʝʥʢʦ, ɸ.ɻ. ʉʦʣʦʚʴʝʚʘ, ʉ.ʇ. ʇʝʨʝʪʷʛʠʥ, ʂ.ʃ. ɹʝʣʷʝʚʘ 

 

ʆʎɽʅʂɸ ʆʂʀʉʃʀʊɽʃʔʅʆɻʆ ʉʊɸʊʋʉɸ ʂʈʆɺʀ ʇʈʀ ɺʆɿɼɽʁʉʊɺʀʀ 

ɸʂʊʀɺʅʓʍ ʌʆʈʄ ʂʀʉʃʆʈʆɼɸ ɺ ʕʂʉʇɽʈʀʄɽʅʊɽ IN VITRO 

 

ʌɻɹʋ çʇʌʄʀʎè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʫʶ ʢʨʦʚʴ ʪʘʢʠʭ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʢʘʢ ʦʟʦʥ (ʆ3) ʚ ʜʦʟʝ 500 ʤʢʛ ʠ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ (ʆ2') ʩ ʤʦʱʥʦʩʪʴʶ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ-100%, ʘ ʪʘʢʞʝ ʙʠʨʘʜʠʢʘʣ ʦʢʩʠʜ ʘʟʦʪʘ (NO) c ʢʦʥʮʝʥʪʨʘʮʠʝʡ 100 ʨʨm. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ɸʌʂ ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʢʨʦʚʠ ʠʟʤʝʥʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʨʝʜʳ, ʨʘʟʚʠʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʩʜʚʠʛʘʤʠ ʧʨʦ- ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʙʘʣʘʥʩʘ, ʘʢʪʠʚʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ (ʇʆʃ). ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʦʥʦʨʩʢʫʶ ʢʨʦʚʴ NO ʠ ʆ2' 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʨʝʦʙʣʘʜʘʥʠʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʷʚʣʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʨʅ ʢʨʦʚʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʩʝʭ ɸʌʂ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʦʥ, ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ, ʦʢʩʠʜ ʘʟʦʪʘ. 

  

In this paper we considered the impact of active oxygen species (ROS) such as ozone (O3 in a 

doses of 500 mcg), nitric oxide (NO, at a concentration of 100 ppm), singlet oxygen (O2') with an 

output gas stream 100% on canned blood. It was shown that under the influence of ROS and NO in a 

blood the redox potential of the medium changes, oxidative stress develops, pro- and antioxidant 

balance violates, the processes of lipid peroxidation activates. Effects of NO and O2' on donor blood 

contributed to the dominance of recovery processes. Also an increase in the pH level of the blood was 

revealed under the influence of all ROS. 

Key words: ozon, singlet oxygen, nitric oxide 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʧʫʙʣʠʢʦʚʘʥ ʦʛʨʦʤʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʪʦʤ, ʯʪʦ 

ʛʝʥʝʨʘʮʠʷ ʫʤʝʨʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚ ɸʌʂ ʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʝʪʦʢ ʚʩʝʭ ʪʠʧʦʚ. ʊʘʢ, ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʩʫʧʝʨʦʢʩʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʞʠʚʦʪʥʳʝ ʠ ʯʝʣʦʚʝʢ 

ʟʘʙʦʣʝʚʘʶʪ, ʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠʭ ʦʪʩʫʪʩʪʚʠʠ ʛʠʙʥʫʪ. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ɸʌʂ 

ʷʚʣʷʶʪʩʷ ʆ3 ʠ ʆ2'. ʇʝʨʚʳʡ ï ʨʝʟʫʣʴʪʘʪ ʭʠʤʠʯʝʩʢʦʡ, ʘ ʚʪʦʨʦʡ ï ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ 

ʢʠʩʣʦʨʦʜʥʳʭ ʤʦʣʝʢʫʣ. 

ʂ ʯʠʩʣʫ ʚʘʞʥʳʭ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢʠʩʣʦʨʦʜʘ ʦʪʥʦʩʠʪʩʷ NO. ʂʘʢ 

ʤʝʞʢʣʝʪʦʯʥʳʡ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʤʝʩʩʝʥʜʞʝʨ NO ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʢʣʝʪʦʢ ʠ ʚʩʝʛʦ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ [1,4]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ (ʆ3, ʆ2') ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʆɺʇ, ʫʨʦʚʥʷ  ʨʅ, ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦ- ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʜʦʥʦʨʩʢʦʡ ʢʨʦʚʠ ʚ ʫʩʣʦʚʠʷʭ in vitro. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʡ ʢʨʦʚʠ ʦʪ 

ʧʘʮʠʝʥʪʦʚ-ʜʦʥʦʨʦʚ. ɻʝʥʝʨʘʮʠʶ NO ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʘʧʧʘʨʘʪʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ʈʌʗʎ (ʉʘʨʦʚ), ʆї ï ʥʘ ʦʟʦʥʘʪʦʨʝ çʄʝʜʦʟʦʥʩ-ʉʠʩʪʝʤè (ʛ.ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ), 

ʆі' ï ʥʘ ʘʧʧʘʨʘʪʝ çAirnergyè (ɻʝʨʤʘʥʠʷ) .  

ʆʙʨʘʙʦʪʢʘ ʢʨʦʚʠ (5ʤʣ) ʚʳʧʦʣʥʷʣʘʩʴ ʧʢʪʝʤ ʧʨʷʤʦʛʦ ʙʘʨʙʦʪʘʞʘ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ (100 ʩʤ
3
) 

ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ (37 ʉ
0
). ɺ ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʫʶʱʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ NO ʠʩʧʦʣʴʟʦʚʘʥʦ 100 ppm, ʜʦʟʘ ʆ3 ʚʳʙʨʘʥʘ ï 500 ʤʢʛ, ʤʦʱʥʦʩʪʴ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ ʆ2' ʩʦʩʪʘʚʠʣʘ 100%. ɸʢʪʠʚʥʦʩʪʴ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ (ʉʆɼ) ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʘʫʪʦʢʠʩʣʝʥʠʷ ʘʜʨʝʥʘʣʠʥʘ [5]. ʇʦʢʘʟʘʪʝʣʴ ʨʅ ʠ 



 

37 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ (ʆɺʇ) ʢʨʦʚʠ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ 

ʞʠʜʢʦʩʪʠ InoLab 7110 (ɻʝʨʤʘʥʠʷ). ʇʦʢʘʟʘʪʝʣʠ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ (ʇʆʃ), ʦʙʱʝʡ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ɸʆɸ) ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʧʝʨʝʢʠʩʥʘʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʵʨʠʪʨʦʮʠʪʦʚ 

(ʇʈʕ) ʦʮʝʥʠʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ[2].  

ʋʨʦʚʝʥʴ ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ (ʄɼɸ) ʦʧʨʝʜʝʣʷʣʠ ʚ ʧʣʘʟʤʝ ʠ ʵʨʠʪʨʦʮʠʪʘʭ ʩ ʧʦʤʦʱʴʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʛʦ ʥʘʙʦʨʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʊɹʂ-ʘʢʪʠʚʥʳʭ 

ʧʨʦʜʫʢʪʦʚ - ʊɹʂ-ɸɻɸʊ (ʄʦʩʢʚʘ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʚʝʨʛʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ t-

ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʘʢʠʭ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ, ʢʘʢ ʆ3, O2', ʘ ʪʘʢʞʝ NO ʥʘ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʫʶ ʢʨʦʚʴ  ʧʨʦʠʩʭʦʜʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʆɺʇ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʜʚʠʛʦʤ  ʫʨʦʚʥʷ ʨʅ ʚ ʱʝʣʦʯʥʫʶ ʩʪʦʨʦʥʫ (ʪʘʙʣ.1). 

 

ʊʘʙʣʠʮʘ 1. ʀʟʤʝʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʥʦʨʩʢʦʡ ʢʨʦʚʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʚ ʫʩʣʦʚʠʷʭ in vitro 

ɸʌʂ ʨʅ ʆɺʇ 

(ʤɺ) 

ʇʆʃ 

(ʫʩʣ. 

ʝʜ.) 

ɸʆɸ 

(ʫʩʣ. 

ʝʜ.) 

ʇʈʕ 

(ʫʩʣ. 

ʝʜ.) 

ʄɼɸ 

ʇʣʘʟʤʘ 

(ʫʩʣ. 

ʝʜ.) 

ʄɼɸ 

ʵʨʠʪʨʦ-

ʮʠʪʳ 

(ʫʩʣ. 

ʝʜ.) 

ʉʆɼ 

(ʫʩʣ. 

ʝʜ) 

ʂʦʥʪʨʦʣʴ 6,72Ñ0,06 -35,1Ñ  

3,2 

10,1Ñ 

0,9 

0,74Ñ  

0,05 

10,3Ñ 

0,5 

0,439Ñ 

0,041 

2,444Ñ 

0,187 

70,5Ñ 

3,4 

ʆϝ 
500 ʤʢʛ 

7,01Ñ0,09* -9,4 Ñ 

0,7* 

15,2Ñ 

1,4* 

0,82Ñ 

0,07 

8,4Ñ 

0,3* 

1,819Ñ 

0,161* 

3,246Ñ 

0,245* 

64,3Ñ 

2,3* 

NO 

100 ppm 

7,00Ñ0,08* -42,4Ñ  

3,7* 

12,3Ñ 

1,1* 

0,70Ñ 

0,04 

8,6Ñ 

0,3* 

1,561Ñ 

0,143* 

4,536Ñ 

0,324* 

72,6Ñ 

3,9 

O2' 

100% 

7,02Ñ0,09* -44,0Ñ 

4,1* 

12,7Ñ 

1,2* 

0,75Ñ 

0,05 

9,8Ñ 

0,4 

0,653Ñ 

0,059* 

3,483Ñ 

0,259* 

79,7Ñ 

4,5* 

ʇʨʠʤʝʯʘʥʠʝ: * - ʨʘʟʣʠʯʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʨÒ 0,05) 

 

ʅʘ ʬʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ O3 ʠʟʤʝʥʝʥʠʷ ʆɺʇ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʩʥʠʞʝʥʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʝʛʦ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ 2,48 (ʨ=0,034) ʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʩʨʝʜʳ. ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʆɺʇ (ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʨʘʩʪʘʥʠʠ ʚ ʢʨʦʚʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʨʘʟʚʠʪʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ[6]. ʇʦʩʣʝ ʢʦʥʪʘʢʪʘ ʢʨʦʚʠ ʩ O2' ʠ NO 

ʚʝʣʠʯʠʥʘ ʆɺʇ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʩʥʠʟʠʣʘʩʴ ʚ 1,21 ʠ 1,25 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʦʧʨʦʚʦʞʜʘʷʩʴ ʟʘʱʝʣʘʯʠʚʘʥʠʝʤ ʩʨʝʜʳ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʙʫʬʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʦʚʠ. ʊʘʢʦʝ ʟʘʱʝʣʘʯʠʚʘʥʠʝ ʢʨʦʚʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ɸʌʂ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʯʠʩʣʘ ʆʅĘ ʨʘʜʠʢʘʣʦʚ [3]. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ O3 ʚ ʜʦʥʦʨʩʢʦʡ ʢʨʦʚʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʚʦʟʨʘʩʪʘʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʇʆʃ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʚ 1,51 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʉʆɼ ʚ 1,1 ʨʘʟʘ (ʨ=0,029). ʉʜʚʠʛʠ ʧʨʦ- ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʙʘʣʘʥʩʘ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʄɼɸ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʚ 4,14 ʨʘʟʘ (ʨ=0,033) ʠ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʚ 1,33 

ʨʘʟʘ (ʨ=0,031). ʋʩʪʦʡʯʠʚʦʩʪʴ ʵʨʠʪʨʦʮʠʪʘʨʥʳʭ ʤʝʤʙʨʘʥ ʢ ʦʢʠʩʣʝʥʠʶ ʙʳʣʘ ʫʚʝʣʠʯʝʥʥʦʡ ï ʇʈʕ 

ʫʤʝʥʴʰʘʣʘʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʜʦʥʦʨʩʢʫʶ ʢʨʦʚʴ O3 ʚ 1,23 ʨʘʟʘ (ʨ=0,022). 

ʆʙʨʘʙʦʪʢʘ ʜʦʥʦʨʩʢʦʡ ʢʨʦʚʠ NO ʠ O2' ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʣʘ ʚ ʥʝʡ ʧʨʦʮʝʩʩʳ ʇʆʃ, ʭʦʪʷ ʠ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʦʟʦʥ. ʅʘ ʬʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ NO ʠ O2' ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʇʆʃ ʚ 1,22 (ʨ=0,021) ʠ 1,26 (ʨ=0,022) ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʝʛʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʜ ʚʣʠʷʥʠʝʤ NO ʫʨʦʚʝʥʴ ʄɼɸ ʚ ʧʣʘʟʤʝ ʚʦʟʨʦʩ ʚ 3,56 ʨʘʟʘ 

(ʨ=0,031), ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʚ 1,86 ʨʘʟʘ (ʨ=0,023.  

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ O2' ʢʦʥʮʝʥʪʨʘʮʠʷ ʄɼɸ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʣʘʩʴ ʣʠʰʴ ʚ 1,49 

ʨʘʟʘ ʚ ʧʣʘʟʤʝ ʠ ʚ 1,43 ʨʘʟʘ ʚ ʵʨʠʪʨʦʮʠʪʘʭ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʡ ʦʟʦʥʘ ʚ ʢʨʦʚʠ ʩʦʭʨʘʥʠʣʘʩʴ 
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ʠ ʜʘʞʝ ʙʳʣʘ ʧʦʚʳʰʝʥʥʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʉʆɼ ʚ 1,13 ʨʘʟʘ 

(ʨ=0,031). ʇʨʠ ʵʪʦʤ, ʢʘʢ ʠ ʥʘ ʬʦʥʝ ʜʝʡʩʪʚʠʷ ʆ3, ʩʫʜʷ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʇʈʕ, ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʧʝʨʝʢʠʩʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʤʙʨʘʥ ʵʨʠʪʨʦʮʠʪʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ 

ɸʌʂ ʠ NO ʚ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʡ ʢʨʦʚʠ in vitro ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪʩʷ ʧʨʦ- ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ 

ʩʠʩʪʝʤʳ ʩ ʯʝʪʢʠʤ ʨʘʟʚʠʪʠʝʤ ʷʚʣʝʥʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʟʦʥʘ). 

ʉʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʚʦʟʥʠʢʘʶʱʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʤʝʥʷʚʰʠʭʩʷ ʙʠʦʨʘʜʠʢʘʣʦʚ, ʠʤʝʝʪ ʩʚʦʠ ʩʭʦʜʩʪʚʘ ʠ ʦʪʣʠʯʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʭ ʚʠʜʘ. 
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ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʂʆʅʉɽʈɺʀʈʆɺɸʅʅʆʁ ʂʈʆɺʀ 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʟʦʥʘ (O3), ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (O2'), 
ʦʢʩʠʜʘ ʘʟʦʪʘ (NO) ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ 
ʘʢʪʠʚʥʦʩʪʴ  ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (ʃɼɻ) ʚ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʚ ʜʦʥʦʨʩʢʦʡ ʢʨʦʚʠ ʚ 
ʫʩʣʦʚʠʷʭ in vitro. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʜʦʥʦʨʩʢʫʶ ʢʨʦʚʴ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 
ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʘʷ ʦʢʩʠʛʝʥʘʮʠʷ ʢʨʦʚʠ ʥʘ ʬʦʥʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʘʣʢʘʣʦʟʘ. ʂʨʦʤʝ ʪʦʛʦ ʥʘʤʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʚʩʝʭ ɸʌʂ 
ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ. ʆʜʥʘʢʦ ʠ ʫʨʦʚʝʥʴ ʣʘʢʪʘʪʘ ʦʢʘʟʳʚʘʝʪʩʷ ʫʚʝʣʠʯʝʥ ʟʘ 
ʩʯʝʪ ʧʨʝʦʙʣʘʜʘʥʠʷ ʚʦʟʨʘʩʪʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʃɼɻ ʚ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʥʘʜ ʧʨʷʤʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʦʥ, ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ, ʦʢʩʠʜ ʘʟʦʪʘ 
 
The aim of the work was to study the effects of ozone, singlet oxygen, nitric oxide on the 

modification of some physical and chemical parameters, the activity of lactate dehydrogenase (LDH) 
in the direct and reverse reaction in blood in vitro. The oxygenation of blood in the background of 
metabolic alkalosis was seen under the influence of reactive oxygen species (ROS). The decrease of 
glucose in blood was marked under the influence of all ROS. However, the level of lactate increased 
due to the prevalence of LDH activity in reverse reaction over the direct reaction. 

Key words: ozon, singlet oxygen, nitric oxide, lactate dehydrogenase, glucose 
 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ ʩʧʦʩʦʙʥʳ ʦʢʘʟʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʵʬʬʝʢʪʳ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʠʟʚʝʩʪʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ ʦʢʩʠʜʘʪʠʚʥʳʡ ʩʪʨʝʩʩ, ʥʦ ʠ 
ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪ ʠʭ ʫʯʘʩʪʠʝ ʚ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʤ ʠʤʤʫʥʠʪʝʪʝ[1]. 
ʇʦʜʜʝʨʞʘʥʠʝ ʫʤʝʨʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ɸʌʂ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 
ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʩʝʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʮʝʣʦʤ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʳ ʪʨʝʥʠʨʦʚʢʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʫʤʝʨʝʥʥʦʡ 
ʛʝʥʝʨʘʮʠʠ ɸʌʂ, ʚʝʜʫʱʠʝ ʢ ʧʦʚʳʰʝʥʠʶ ʤʦʱʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ, ʝʸ 
ʘʜʘʧʪʘʮʠʠ ʠ ʙʠʦʩʪʠʤʫʣʷʮʠʠ [3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ  ʠʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ʦʟʦʥʘ, 
ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ) ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʷʜʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ 
ʪʘʢ ʞʝ ʘʢʪʠʚʥʦʩʪʴ  ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʚ ʜʦʥʦʨʩʢʦʡ ʢʨʦʚʠ ʚ 
ʫʩʣʦʚʠʷʭ in vitro. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʡ ʢʨʦʚʠ ʦʪ 
ʧʘʮʠʝʥʪʦʚ-ʜʦʥʦʨʦʚ. ɻʝʥʝʨʘʮʠʶ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʩʣʝʜʫʶʱʠʭ 
ʧʨʠʙʦʨʘʭ: 

ʘ) ʦʢʩʠʜ ʘʟʦʪʘ - ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʘʧʧʘʨʘʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʈʌʗʎ (ʉʘʨʦʚ) 
ʙ) ʦʟʦʥ - ʦʟʦʥʘʪʦʨ çʄʝʜʦʟʦʥʩ - ʉʠʩʪʝʤè(ʛ.ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ) 
ʚ) ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ - ʘʧʧʘʨʘʪ çAirnergyè (ɻʝʨʤʘʥʠʷ).   
ɹʳʣ ʧʨʦʠʟʚʝʜʝʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʙʘʨʙʦʪʘʞ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ (5ʤʣ) ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ 

ʦʙʲʝʤʦʤ 100 ʩʤ
3
 ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ. ɺ ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ NO ʠʩʧʦʣʴʟʦʚʘʥʳ 

100 ppm, ʜʦʟʘ ʦʟʦʥʘ ʩʦʩʪʘʚʣʷʣʘ ï 500 ʤʢʛ, ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ï 100%. 
ɸʢʪʠʚʥʦʩʪʴ ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (L-ʃʘʢʪʘʪ:ʅɸɼʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ; ʂʌ 1.1.1.27.)  ʚ ʧʨʷʤʦʡ 
ʨʝʘʢʮʠʠ (ʃɼɻʧʨ.) ʠ ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʚ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ (ʃɼɻʦʙʨ.) ʦʧʨʝʜʝʣʷʣʠ ʧʦ 
ɻ.ɸ.ʂʦʯʝʪʦʚʫ (1980). ʊʘʢʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʦʚʠ ʢʘʢ ʨʅ, ʨʉʆ2, ʨʆ2 ʠʟʤʝʨʷʣʠ 
ʥʘ ʛʘʟʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ABL 77. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʚʝʨʛʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ t-
ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. 



 

40 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʜʦʥʦʨʩʢʫʶ ʢʨʦʚʴ ʆ3, NO ʠ ʆ2' ʧʨʦʠʩʭʦʜʷʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʷʜʘ 
ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʊʘʙʣ.1). 
 
ʊʘʙʣʠʮʘ 1. ʀʟʤʝʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʥʦʨʩʢʦʡ ʢʨʦʚʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʚ ʫʩʣʦʚʠʷʭ in vitro 
 ʨʅ ʨʉʆ2 ʨʆ2 ɻʣʶʢʦʟʘ  ʃʘʢʪʘʪ ʃɼɻʧʨ ʃɼɻʦʙʨ 
ʂʦʥʪʨʦʣʴ 6,5Ñ 

0,05 
140,5Ñ 
12,7 

55,1Ñ 
5,1 

21,9Ñ 
1,9 

16,4Ñ 
1,5 

44,3Ñ 
4,2 

32,9Ñ 
2,9 

ʆ3 6,7Ñ 
0,06* 

44,6Ñ 
4,2* 

226,3Ñ 
24,7* 

18,2Ñ 
1,3* 

21,9Ñ 
2,1* 

53,6Ñ 
4,8* 

46,9Ñ 
4,5* 

NO 6,8Ñ 
0,07* 

42,1Ñ 
3,9* 

84,2Ñ 
6,9* 

15,2Ñ 
1,2* 

21,1Ñ 
1,8* 

60,8Ñ 
5,1* 

59,7Ñ 
4,8* 

O2' 6,8Ñ 
0,07* 

42,8Ñ 
4,1* 

134Ñ 
12,1* 

17,7Ñ 
1,3* 

20,3Ñ 
1,6* 

46,7Ñ 
4,5 

49,3Ñ 
4,6* 

ʇʨʠʤʝʯʘʥʠʝ: * - ʨʘʟʣʠʯʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʈÒ0,05) 
 
ʇʦʢʘʟʘʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʨʅ ʚ ʩʨʝʜʥʝʤ ʚ 1,05 ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʩʝʭ ɸʌʂ ʠ NO. 
ʇʨʠ ʙʘʨʙʦʪʠʨʦʚʘʥʠʠ ʢʨʦʚʠ ɸʌʂ ʦʪʤʝʯʝʥʘ ʚʳʨʘʞʝʥʥʘʷ ʦʢʩʠʛʝʥʘʮʠʷ ʢʨʦʚʠ: ʧʦʢʘʟʘʪʝʣʴ 

ʨʆ3 ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʚʳʨʦʩ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʫʶ ʢʨʦʚʴ ʆ3 ʚ  4,11 ʨʘʟʘ; 
ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ NO ʚ 1,53 ʨʘʟʘ; ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ O2' ʚ 2,43 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ɸʌʂ  ʚ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʡ ʢʨʦʚʠ ʚʦʟʥʠʢʘʝʪ ʩʦʩʪʦʷʥʠʝ 
ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʘʣʢʘʣʦʟʘ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʨʅ ʚ ʢʨʦʚʠ ʪʘʢ ʠ 
ʫʤʝʥʴʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʨʉʆ2. ʊʘʢ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʆ3 ʚ ʜʦʟʝ 500 ʤʢʛ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 
ʨʉʆ2 ʚ 3,15 ʨʘʟʘ (ʨ=0,035) , ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʜʦʥʦʨʩʢʫʶ ʢʨʦʚʴ NO ʨʉʆ2 ʩʥʠʞʘʝʪʩʷ ʚ 3,34 
ʨʘʟʘ (ʨ=0,033) ,ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʫʶ ʢʨʦʚʴ O2'  ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʨʉʆ2 
ʚ 3,28 ʨʘʟʘ (ʨ=0,033). 

ʆʪʤʝʯʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 
ʜʦʥʦʨʩʢʫʶ ʢʨʦʚʴ ʆ3 ʚ 1,20 ʨʘʟʘ, NO ʚ 1,44 ʨʘʟʘ, O2'  ʚ 1,24 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦʟʤʦʞʥʦ, ʵʪʦ 
ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʪʘʢʦʛʦ ʬʝʨʤʝʥʪʘ ʧʝʥʪʦʟʦʬʦʩʬʘʪʥʦʛʦ ʧʫʪʠ ʢʘʢ ʛʣʶʢʦʟʦ-6-
ʬʦʩʬʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ, ʯʝʡ ʦʧʪʠʤʫʤ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʫʨʦʚʥʷ ʨʅ ʙʣʠʞʝ ʢ 
ʥʝʡʪʨʘʣʴʥʦʤʫ (7,0) [2]. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ O3 ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʣʘʢʪʘʪʘ ʚ 1,34 ʨʘʟʘ (ʨ=0,022). ʇʨʠ 
ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʃɼɻʧʨ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,21 ʨʘʟʘ (ʨ=0,019), ʘ ʃɼɻ ʦʙʨ. ʚ 1,43ʨʘʟʘ (ʨ=0,024). 
ʊʘʢ ʢʘʢ ʚʦʟʨʘʩʪʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʃɼɻ ʚ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʚʦʟʨʘʩʪʘʥʠʝʤ 
ʘʢʪʠʚʥʦʩʪʠ ʃɼɻ ʚ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʣʘʢʪʘʪʘ ʚ ʢʨʦʚʠ. ʊʘʢʫʶ ʞʝ 
ʪʝʥʜʝʥʮʠʶ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʜʨʫʛʠʭ ɸʌʂ. ʊʘʢ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ NO ʥʘ 
ʜʦʥʦʨʩʢʫʶ ʢʨʦʚʴ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʚ 1,29 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ 
ʘʢʪʠʚʥʦʩʪʴ ʃɼɻʧʨ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,37 ʨʘʟʘ (ʨ=0,022), ʘ ʃɼɻ ʦʙʨ. ʚ 1,81 ʨʘʟʘ (ʨ=0,026). ʇʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʫʶ ʢʨʦʚʴ O2' ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 
ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʣʘʢʪʘʪʘ ʚ 1,24 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʃɼɻʦʙʨ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,50 ʨʘʟʘ 
(ʨ=0,023). 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʜʦʥʦʨʩʢʫʶ ʢʨʦʚʴ ʚ 
ʫʩʣʦʚʠʷʭ in vitro ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʘʷ 
ʦʢʩʠʛʝʥʘʮʠʷ ʢʨʦʚʠ ʥʘ ʬʦʥʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʘʣʢʘʣʦʟʘ. ʆʪʤʝʯʝʥʦ 
ʫʤʝʥʴʰʝʥʠʝ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʩʝʭ ɸʌʂ. ʆʜʥʘʢʦ ʫʨʦʚʝʥʴ ʣʘʢʪʘʪʘ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʝʦʙʣʘʜʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʃɼɻ ʚ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʥʘʜ ʧʨʷʤʦʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1.ɼʦʥʮʦʚ ɺ.ʀ., ʂʨʫʪʴʢʦ ɺ.ʅ, ʄʨʠʢʘʝʚ ɹ.ʄ, ʋʭʘʥʦʚ ʉ.ɺ. ɸʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ ʢʘʢ 
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ʈʆʃʔ ʆʂʀʉʃɽʅʅʆɻʆ ɸʃʔɹʋʄʀʅɸ ɺ ɸɻʈɽɻɸʎʀʀ ʕʈʀʊʈʆʎʀʊʆɺ 

 

ʌɻɹʋ çʇʨʠʚʦʣʞʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨè 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
 
ʀʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʣʴʙʫʤʠʥʘ ʥʘ ʘʛʨʝʛʘʮʠʶ ʠ ʜʝʟʘʛʨʝʛʘʮʠʶ 

ʵʨʠʪʨʦʮʠʪʦʚ. ɺʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ  ʠʟʤʝʥʝʥʠʷ ʘʛʨʝʛʘʮʠʠ ʢʨʘʩʥʳʭ ʢʣʝʪʦʢ ʢʨʦʚʠ ʠ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʥʦʩʪʠ ʘʣʴʙʫʤʠʥʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʘʥʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʢʠʩʣʝʥʥʳʡ ʘʣʴʙʫʤʠʥ, ʘʛʨʝʛʘʮʠʷ ʵʨʠʪʨʦʮʠʪʦʚ 

 

We studied the influence of albumin oxidation rate on aggregation and disaggregation of 

erythrocytes. The changes in red blood cell aggregation associated with oxidation rate of albumin 

were found. Possible mechanisms of these effects are investigated. 

Key words: oxidized albumin, erythrocyte aggregation 

 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʫʩʠʣʝʥʠʝʤ ʩʚʦʙʦʜʥʦ-

ʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʫʙʩʪʨʘʪʦʤ ʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷʁ ʪʩʷ ʥʝ ʪʦʣʴʢʦ 
ʣʠʧʠʜʳ, ʥʦ ʠ ʙʝʣʢʠ [1, 2]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ, ʛʜʝ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʙʝʣʢʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 
ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ ʘʛʨʝʛʘʮʠʶ ʢʣʝʪʦʢ ʢʨʦʚʠ, ʠʩʩʣʝʜʦʚʘʣʩʷ ʣʠʰʴ ʦʢʠʩʣʝʥʥʳʡ ʬʠʙʨʠʥʦʛʝʥ. 
ʇʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʚʣʠ̫ ʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʩʳʚʦʨʦʪʦʯʥʳʭ 
ʙʝʣʢʦʚ ʥʘ ʘʛʨʝʛʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʵʨʠʪʨʦʮʠʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʣʴʙʫʤʠʥʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 
ʧʨʠʤʝʨʥʦ 60% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ  20 ʦʙʨʘʟʮʘʭ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ. 
ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʴ ʟʘʙʠʨʘʣʠ ʚ ʚʘʢʫʫʤʥʳʝ ʧʨʦʙʠʨʢʠ (BD VacutainerÈSST

TM
II ), 

ʩʧʫʩʪʷ 30ʤʠʥ. ʢʨʦʚʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 10 ʤʠʥ. ʧʨʠ 3000 ʦʙ./ʤʠʥ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʛʨʝʛʘʮʠʠ 
ʵʨʠʪʨʦʮʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʦʚʴ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʫʶ 3,8% ʨʘʩʪʚʦʨʦʤ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ (9:1). 
ʉʧʦʥʪʘʥʥʫʶ ʘʛʨʝʛʘʮʠʶ ʵʨʠʪʨʦʮʠʪʦʚ ʠʟʫʯʘʣʠ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʩʜʚʠʛʦʚʦʤ ʧʦʪʦʢʝ ʥʘ ʧʨʠʙʦʨʝ 
ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʧʘʪʝʥʪ ˉ 2278381), ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʥʮʠʧ, 
ʧʨʝʜʣʦʞʝʥʥʳʡ H. Schmid-Schºnbein et. al. (1973), ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʥʘ ʩʘʤʦʧʠʩʮʝ. ɼʣʷ 
ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʩʪʚʦʨ ʘʣʴʙʫʤʠʥʘ (5%) ʧʦʜʚʝʨʛʘʣʠ ʋʌ-ʦʙʣʫʯʝʥʠʶ. ʂʦʥʪʨʦʣʴ ʟʘ 
ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʩʪʚʦʨʘ ʘʣʴʙʫʤʠʥʘ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ Levine 
R.L. et.al. [3] ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɼʫʙʠʥʠʥʦʡ ɽ.ɽ. ʠ ʩʦʘʚʪ. [4]. ʂʘʞʜʘʷ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 
ʘʣʴʙʫʤʠʥʦʤ ʨʘʟʣʠʯʥʦʡ ʦʢʠʩʣʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʢʨʦʚʠ ʦʜʥʦʛʦ ʜʦʥʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʘʤʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʪʝʨʠʷ 
ɺʠʣʢʦʢʩʦʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʆʢʠʩʣʝʥʥʳʡ ʘʣʴʙʫʤʠʥ ʚʳʟʳʚʘʣ ʫʚʝʣʠʯʝʥʠʝ ʘʛʨʝʛʘʮʠʠ 
ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠʭ ʘʛʨʝʛʘʪʦʚ (ʪʘʙʣ. 1). ʇʨʠʯʝʤ ʠ ʩʢʦʨʦʩʪʴ, ʠ ʩʪʝʧʝʥʴ 
ʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʧʦ ʤʝʨʝ ʥʘʨʘʩʪʘʥʠʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʣʙɹʫʤʠʥʘ. 
ɼʝʟʘʛʨʝʛʘʮʠʷ ʵʨʠʪʨʦʮʠʪʦʚ ʪʘʢʞʝ ʩʥʠʞʘʣʘʩʴ, ʦʩʦʙʝʥʥʦ ʥʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʜʚʠʛʘ, ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʦʢʠʩʣʝʥʥʦʛʦ ʘʣʴʙʫʤʠʥʘ. 

ʄʥʝʥʠʝ ʧʦ ʧʦʚʦʜʫ ʜʝʡʩʪʚʠʷ ʘʣʴʙʫʤʠʥʘ ʥʘ ʘʛʨʝʛʘʮʠʶ ʢʣʝʪʦʢ ʢʨʦʚʠ ʥʝʦʜʥʦʟʥʘʯʥʦ, ʦʜʥʘʢʦ 
ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʥ ʚʣʠʷʝʪ ʥʘ ʘʛʨʝʛʘʮʠʶ, ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʨʝʜʠ ʙʝʣʢʦʚ 
ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʘʣʴʙʫʤʠʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 
[5]. ʋʯʠʪʳʚʘʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʦʢʠʩʣʝʥʥʦʛʦ 
ʘʣʴʙʫʤʠʥʘ ʥʘ ʘʛʨʝʛʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʵʨʠʪʨʦʮʠʪʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʮʝʧʪʦʨʦʚ ʢ ʨʘʟʣʠʯʥʳʤ ʣʠʛʘʥʜʘʤ ʦʙʥʘʨʫʞʝʥʦ ʥʘ 
ʤʝʤʙʨʘʥʘʭ ʠ ʪʨʦʤʙʦʮʠʪʦʚ ʠ ʵʨʠʪʨʦʮʠʪʦʚ [6-8]. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʘʛʨʝʛʘʮʠʠ ʵʪʠʭ ʢʣʝʪʦʢ ʢʨʦʚʠ 
ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ɸʛʨʝʛʘʮʠʶ ʪʨʦʤʙʦʮʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʩʪʦʷʥʠʝ 
ñʬʠʙʨʠʥʦʛʝʥʦʚʳʭò ʨʝʮʝʧʪʦʨʦʚ - GP IIb/IIIa. ʄʝʭʘʥʠʟʤ ʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ. 
ʍʦʪʷ ʥʘ ʤʝʤʙʨʘʥʘʭ ʵʨʠʪʨʦʮʠʪʦʚ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʨʝʮʝʧʪʦʨʳ, ʩʧʝʮʠʬʠʯʝʩʢʠ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʬʠʙʨʠʥʦʛʝʥʦʤ, ʦʥʠ ʣʠʰʴ ʥʘ 18% ʦʧʨʝʜʝʣʷʶʪ ʘʛʨʝʛʘʮʠʶ ʢʨʘʩʥʳʭ ʢʣʝʪʦʢ 
ʢʨʦʚʠ [9]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʨʠʟʥʘʥʥʦʡ ʪʝʦʨʠʝʡ, ʦʙʲʷʩʥʷʁ ʱʝʡ ʤʝʭʘʥʠʟʤ ʘʛʨʝʛʘʮʠʠ 
ʵʨʠʪʨʦʮʠʪʦʚ, ʦʩʪʘʝʪʩʷ ñʤʦʩʪʠʢʦʚʘʷò, ʠʣʠ ʪʝʦʨʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ, ʩʦʛʣʘʩʥʦ 
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ʢʦʪʦʨʦʡ ʘʛʨʝʛʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʦʙʫʩʣʦʚʣʝʥ ʘʜʩʦʨʙʮʠʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʨʠʪʨʦʮʠʪʦʚ  
ʢʨʫʧʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʝʣʢʦʚ [10]. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʬʠʙʨʠʥʦʛʝʥʘ, ʥʘʧʨʠʤʝʨ, ʚ 
ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ, ʣʠʰʴ ʩʥʠʞʘʝʪ, ʥʦ ʥʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʛʨʝʛʘʮʠʶ ʵʨʠʪʨʦʮʠʪʦʚ [11]. ɺ ʵʪʦʤ 
ʩʣʫʯʘʝ ʘʛʨʝʛʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʜʨʫʛʠʤʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʙʝʣʢʘʤʠ.  

 
ʊʘʙʣʠʮʘ 1. ɺʣʠʷʥʠʝ ʦʢʠʩʣʝʥʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ʥʘ ʘʛʨʝʛʘʮʠʶ ʠ ʜʝʟʘʛʨʝʛʘʮʠʶ ʵʨʠʪʨʦʮʠʪʦʚ  

ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 
ʘʣɹʙʫʤʠʥʘ (ɽɼ / 1 ʤʛ 
ʘʣʴʙʫʤʠʥʘ /1 ʤʣ 
ʨʘʩʪʚʦʨʘ) 

ʘʛʨʝʛʘʮʠʷ 
ʵʨʠʪʨʦʮʠʪʦʚ 

ʜʝʟʘʛʨʝʛʘʮʠʷ 
ʵʨʠʪʨʦʮʠʪʦʚ 

ʄʘ (ʤʤ) ɸ40 (ʤʤ) D10 (%) D15 (%) D20 (%) 

36,45Ñ2,61 
(ʢʦʥʪʨʦʣʴ) 

(n=10) 

72,14 
Ñ3,89 

9,29 
Ñ0,97 

92,34 
Ñ4,83 

95,09 
Ñ2,92 

99,01 
Ñ0,99 

52,18Ñ4,82 
(n=10) 

81,71 
Ñ5,55* 

11,88 
Ñ1,64 

77,35 
Ñ6,83* 

90,97 
Ñ5,18 

99,27 
Ñ0,73 

61,20Ñ6,03 
(n=10) 

92,14 
Ñ6,82* 

18,29 
Ñ3,60* 

72,26 
Ñ6,12* 

85,96 
Ñ3,98 

98,51 
Ñ1,49 

71,18Ñ6,68 
(n=10) 

94,43 
Ñ5,65* 

13,86 
Ñ0,88* 

58,19 
Ñ6,06* 

73,14 
Ñ6,68* 

89,34 
Ñ6,11 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʨ<0,05, ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʝʤ. ʢʨʠʪʝʨʠʡ ɺʠʣʢʦʢʩʦʥʘ. 
 
ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʣʴʙʫʤʠʥʘ ʫʩʠʣʠʚʘʝʪ ʘʛʨʝʛʘʮʠʶ 

ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʧʨʦʯʥʦʩʪʴ ʠʭ ʘʛʨʝʛʘʪʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʝʣʢʠ, ʧʦʜʚʝʨʛʰʠʝʩʷ ʦʢʠʩʣʠʪʝʣʥɹʦʡ 
ʤʦʜʠʬʠʢʘʮʠʠ, ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʘʛʨʝʛʘʪʳ.  ʇʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ ʙʝʣʢʦʚ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 
ʦʙʫʩʣʦʚʣʝʥ ʥʘʨʫʰʝʥʠʝʤ ʥʘʪʠʚʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʨʷʜʘ ʠʭ ʜʦʤʝʥʦʚ, ʚ ʨʝʟʫʣʪɹʘʪʝ ʯʝʛʦ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʛʠʜʨʦʬʦʙʥʳʭ ʦʩʪʘʪʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʦʙʫʣ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʙʝʣʢʦʚʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ [12]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʣʠʛʦʤʝʨʳ ʠ ʧʦʣʠʤʝʨʳ 
ʘʣʴʙʫʤʠʥʘ ʷʚʣʷʶʪʩʷ ʧʨʦʘʛʨʝʛʘʥʪʘʤʠ ʵʨʠʪʨʦʮʠʪʦʚ [13]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 
ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʫʶ ʤʦʜʝʣʴ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʤʦʣʝʢʫʣʳ 
ʘʣʴʙʫʤʠʥʘ ʬʦʨʤʠʨʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʦʣʝʢʫʣʷʨʥʫʶ 
ʤʘʩʩʫ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʫʩʠʣʝʥʠʷ ʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʣʝʢʫʣʘ 
ʘʣʴʙʫʤʠʥʘ, ʪʘʢʞʝ ʢʘʢ ʠ ʤʦʣʝʢʫʣʘ ʬʠʙʨʠʥʦʛʝʥʘ, ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʵʪʠ 
ʤʦʣʝʢʫʣʳ ʦʙʣʘʜʘʶʪ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ, ʪʦ ʝʩʪʴ ʚ ʦʜʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ ñʩʢʘʧʣʠʚʘʝʪʩʷò 
ʙʦʣʴʰʝ ʛʨʫʧʧ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʘ ʚ ʜʨʫʛʦʡ ï ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʤʦʣʝʢʫʣʳ [14]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʚ ʙʝʣʢʘʭ ʧʨʦʠʩʭʦʜʷʪ ʣʦʢʘʣʴʥʳʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, 
ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʧʦʣʷʨʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʛʨʫʧʧʠʨʦʚʢʠ (ʥʘʧʨʠʤʝʨ, ʢʘʨʙʦʥʠʣʴʥʳʝ), ʯʪʦ ʪʘʢʞʝ 
ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʨʷʜʘ ʤʦʣʝʢʫʣʳ [15ʙ 16]. ɺʩʝ ʵʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, 
ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʣʝʢʫʣʘʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ ʧʨʠʪʷʞʝʥʠʝ ʟʘ ʩʯʝʪ ʩʠʣ ɺʘʥ-
ʜʝʨ-ɺʘʘʣʴʩʘ ʢʘʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʠ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ñʤʦʩʪʠʢʦʚʦʡò ʪʝʦʨʠʝʡ. 

ɽʩʪʴ ʜʘʥʥʳʝ, ʯʪʦ ʦʢʠʩʣʝʥʥʳʝ ʙʝʣʢʠ ʩʘʤʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʪʠʤʫʣʪ̫ʦʨʦʚ 
ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ [17]. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʥʳʡ ʘʣʴʙʫʤʠʥ, ʤʦʞʝʪ ʚʟrʳʚʘʪʴ, 
ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʧʝʨʝʤʝʱʝʥʠʝ ʬʦʩʬʦʣʠʧʠʜʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ 
ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʤʝʤʙʨʘʥʳ, ʢʥʘʨʫʞʠ [18]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʭʘʥʠʟʤ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ 
ʘʛʨʝʛʘʮʠʷ ʵʨʠʪʨʦʮʠʪʦʚ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʫʯʘʩʪʠʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ 
ʤʝʤʙʨʘʥʳ ʵʨʠʪʨʦʮʠʪʘ ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʬʠʙʨʠʥʦʛʝʥʦʤ ʠ, 
ʚʦʟʤʦʞʥʦ, ʩ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʦʢʠʩʣʝʥʥʦʛʦ ʘʣʴʙʫʤʠʥʘ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ 
ʧʦʚʳʰʝʥʠʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʬʦʩʬʘʪʠʜʠʣʩʝʨʠʥʘ ʥʘ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ ʠʭ ʤʝʤʙʨʘʥʳ [19, 20]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʤʝʨʝ 
ʫʚʝʣʠʯʝʥʠʷ ʦʢʠʩʣʝʥʥʦʩʪʠ ʘʣʴʙʫʤʠʥʘ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʝʛʦ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʪʦ ʝʩʪʴ 
ʧʦʚʳʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʩ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, ʦʙʣʘʜʘʶʱʠʭ 
ʧʨʦʘʛʨʝʛʘʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʨʦʛʨʝʩʩʠʚʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ, 
ʘ ʪʘʢ ʞʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʴ ʠʭ ʘʛʨʝʛʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʢʠʩʣʝʥʥʳʡ ʘʣʴʙʫʤʠʥ ʟʘ ʩʯʝʪ 
ʧʝʨʝʤʝʱʝʥʠʷ ʬʦʩʬʦʪʠʜʠʣʩʝʨʠʥʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʥʘ ʚʥʝʰʥʶʶ ʩʪʦʨʦʥʫ ʤʝʤʙʨʘʥ, ʤʦʞʝʪ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʘʛʨʝʛʘʮʠʶ. 

ɺʳʚʦʜ: ʦʢʠʩʣʝʥʠʝ ʘʣʴʙʫʤʠʥʘ ʚʳʟʳʚʘʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʫʩʠʣʝʥʠʝ 
ʧʨʦʯʥʦʩʪʠ ʵʨʠʪʨʦʮʠʪʘʨʥʳʭ ʘʛʨʝʛʘʪʦʚ. 
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ɺʃʀʗʅʀɽ ɺʅʋʊʈʀʉʋʉʊɸɺʅʆʁ ʆɿʆʅʆʊɽʈɸʇʀʀ ɺ ʂʆʈʈɽʂʎʀʀ 

ʎʀʊʆʂʀʅʆɺʆɻʆ ɼʀʉɹɸʃɸʅʉɸ ʇʈʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆʄ 

ʇʆʉʊʊʈɸɺʄɸʊʀʏɽʉʂʆʄ ɸʈʊʈʀʊɽ 

 

ʌɻɹʆʋ ɺʇʆ çʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʸʚʘè, 

ʉʘʨʘʥʩʢ, ʈʦʩʩʠʷ 
 
ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʡ ʦʟʦʥʦʪʝʨʘʧʠʠ 

ʥʘ ʥʝʢʦʪʦʨʳʝ ʧʦʢʘʟʘʪʝʣʠ ʮʠʪʦʢʠʥʦʚʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʤ 

ʘʨʪʨʠʪʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ 132 ʙʝʣʳʭ ʥʝʣʠʥʝʡʥʳʭ ʢʨʳʩʘʭ ʦʙʦʝʛʦ ʧʦʣʘ ʤʘʩʩʦʡ 180-

200 ʛ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʦʨʘʣʴʥʦʝ ʟʦʥʜʦʚʦʝ ʚʚʝʜʝʥʠʝ ʥʠʤʝʩʫʣʠʜʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʚʥʫʪʨʠʩʫʩʪʘʚʥʳʤ ʚʚʝʜʝʥʠʝʤ ʦʟʦʥʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʮʠʪʦʢʠʥʦʚʦʛʦ ʧʨʦʬʠʣʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʫʣʦʚ 

ʮʠʪʦʢʠʥʦʚ, ʧʨʠʙʣʠʞʘʷ ʠʭ ʢ ʜʘʥʥʳʤ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʠʡ ʘʨʪʨʠʪ, ʮʠʪʦʢʠʥʳ, ʥʠʤʝʩʫʣʠʜ, ʚʥʫʪʨʠʩʫʩʪʘʚʥʘʷ 

ʦʟʦʥʦʪʝʨʘʧʠʷ 

 

The aim of this study was to evaluate the effect of intra-articular ozone therapy on some 

parameters of the cytokin profile and changes the cellular composition of the synovial fluid in the 

experimental post-traumatic arthritis. Experiments were carried out on 132 white non-linear rats of 

both sexes weighing 180-200 g. It was found that oral enteral administration of nimesulid in 

combination with intra-articular injection of ozone had a significant effect on the cytokin profile, 

helping to reduce the activity of the inflammatory response, defined by a decrease in pro-

inflammatory and anti-pools of cytokines, bringing their data intact animals. 

Key words: post-traumatic arthritis, cytokines, nimesulid, intraarticular ozone therapy 

 

ʇʦʚʨʝʞʜʝʥʠʝ ʩʫʩʪʘʚʥʦʛʦ ʭʨʷʱʘ ʷʚʣʷʝʪʩʷ ʧʫʩʢʦʚʳʤ ʬʘʢʪʦʨʦʤ, ʘʢʪʠʚʠʨʫʶʱʠʤ ʮʝʧʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʪʨʘʚʤʠʨʦʚʘʥʥʦʤ ʩʫʩʪʘʚʝ [7]. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʭʨʦʥʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʫʩʪʘʚʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʪʦʨʠʯʥʦʡ ʘʣʴʪʝʨʘʮʠʠ 

ʛʠʘʣʠʥʦʚʦʛʦ ʭʨʷʱʘ, ʩ ʨʘʩʧʘʜʦʤ ʢʦʪʦʨʦʛʦ ʬʨʘʛʤʝʥʪʳ ʢʦʣʣʘʛʝʥʘ ʠ ʧʨʦʪʝʦʛʣʠʢʘʥʦʚ ʫʩʠʣʠʚʘʶʪ 

ʢʘʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʚʠʪʠʶ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ ʘʨʪʨʦʟʘ [4]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʢʘʟʘʥʘ ʚʘʞʥʘʷ ʨʦʣʴ ʮʠʪʦʢʠʥʦʚ ʚ ʜʝʩʪʨʫʢʮʠʠ ʩʫʩʪʘʚʥʳʭ ʪʢʘʥʝʡ ʧʨʠ 

ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʤ ʘʨʪʨʠʪʝ [5].  ɸʥʪʠʛʝʥʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʝʢʨʝʮʠʠ ʮʠʪʦʢʠʥʦʚ, ʚ 
ʜʝʡʩʪʚʠʷʭ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʥʝʨʛʠʟʤ, ʠʥʜʫʮʠʨʫʶʱʠʡ ʙʠʦʩʠʥʪʝʟ ʤʝʜʠʘʪʦʨʦʚ, ʚʦʚʣʝʢʘʷ ʚ 

ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʝ ʯʠʩʣʦ ʢʣʝʪʦʢ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʧʨʠ ʵʪʦʤ 

ʦʪʚʦʜʠʪʩʷ ʥʘʨʫʰʝʥʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ (IL-1, TNF-

Ŭ, IL-6) ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ (IL-4, IL-10, INF-ɔ, ʣʘʢʪʦʬʝʨʨʠʥ) ʮʠʪʦʢʠʥʘʤʠ [2]. 

ʇʨʝʦʙʣʘʜʘʥʠʝ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʩʪʠʤʫʣʠʨʫʝʪ ʩʠʥʪʝʟ ʭʦʥʜʨʦʮʠʪʘʤʠ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ (ʤʘʪʨʠʢʩʥʳʝ ʧʨʦʪʝʠʥʘʟʳ), ʚʳʟʳʚʘʶʱʠʭ ʜʝʛʨʘʜʘʮʠʶ ʢʦʣʣʘʛʝʥʘ ʠ 

ʧʨʦʪʝʦʛʣʠʢʘʥʘ ʭʨʷʱʘ [6]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʤ ʠʤʤʫʥʥʳʤ 

ʤʝʭʘʥʠʟʤʘʤ ʧʦʚʨʝʞʜʝʥʠʷ ʭʨʷʱʘ ʠ ʨʦʣʠ ʮʠʪʦʢʠʥʦʚ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʧʘʪʦʛʝʥʝʟʝ 

ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ ʦʩʪʝʦʘʨʪʨʦʟʘ ʦʪʚʦʜʠʪʩʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʣʠʧʠʜʦʚ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʦʛʦ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʝʛʝʥʝʨʘʪʠʚʥʦ-ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʫʩʪʘʚʘ [8]. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʩʫʩʪʘʚʝ ʧʨʠ ʪʨʘʚʤʝ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʚʪʦʨʠʯʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʧʘʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʚʨʝʞʜʝʥʥʳʭ ʪʢʘʥʝʡ, ʧʨʠʚʦʜʷʱʝʝ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʢ 

ʜʘʣʴʥʝʡʰʝʡ ʜʝʛʨʘʜʘʮʠʠ ʭʨʷʱʘ [1].  



 

45 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʋʯʠʪʳʚʘʷ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʨʘʟʚʠʪʠʷ ʦʩʪʨʦʛʦ ʘʩʝʧʪʠʯʝʩʢʦʛʦ 

ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ ʘʨʪʨʠʪʘ, ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʣʝʯʝʥʠʠ ʜʘʥʥʦʡ 

ʧʘʪʦʣʦʛʠʠ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʡ 

ʦʟʦʥʦʪʝʨʘʧʠʠ, ʪʘʢ ʢʘʢ ʦʟʦʥ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʢʘʟʳʚʘʷ ʚʳʨʘʞʝʥʥʦʝ 

ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʝ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ, ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ, ʫʣʫʯʰʘʝʪ 

ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʶ, ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʨʦ - ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʪʝʥʮʠʨʫʷ ʜʝʡʩʪʚʠʝ 

ʜʨʫʛʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʥʠʤʝʩʫʣʠʜʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʧʨʠʤʝʥʝʥʠʠ ʦʟʦʥʦʪʝʨʘʧʠʠ ʧʨʠ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʠʭ ʘʨʪʨʦʟʦ-ʘʨʪʨʠʪʘʭ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʡ ʦʟʦʥʦʪʝʨʘʧʠʠ ʥʘ ʥʝʢʦʪʦʨʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʮʠʪʦʢʠʥʦʚʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʤ ʘʨʪʨʠʪʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ 132 ʙʝʣʳʭ ʥʝʣʠʥʝʡʥʳʭ ʢʨʳʩʘʭ 

ʦʙʦʝʛʦ ʧʦʣʘ ʤʘʩʩʦʡ 180-200 ʛ., ʩʦʜʝʨʞʘʚʰʠʭʩʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʚʘʨʠʷ ʌɻɹʆʋ ɺʇʆ 

çʄɻʋ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘè. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʜʦʙʨʝʥʳ ʣʦʢʘʣʴʥʳʤ ʵʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʌɻɹʆʋ ɺʇʆ çʄɻʋ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘè ʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʇʨʘʚʠʣʘʤʠ ʛʫʤʘʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʩ ʞʠʚʦʪʥʳʤʠè ʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʫʢʘʟʘʥʠʷʤʠ 

ʄɿ ʈʌ çɼʝʦʥʪʦʣʦʛʠʷ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘè. ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 5 

ʩʝʨʠʡ. ʇʝʨʚʫʶ ʩʝʨʠʶ ʩʦʩʪʘʚʠʣʠ ʠʥʪʘʢʪʥʳʝ ʞʠʚʦʪʥʳʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 12 ʢʨʳʩ. ɺ ʢʦʥʪʨʦʣʴʥʦʡ (30 

ʞʠʚʦʪʥʳʭ) ʠ ʦʧʳʪʥʳʭ ʩʝʨʠʷʭ ʧʦʜ ʠʥʛʘʣʷʮʠʦʥʥʳʤ ʥʘʨʢʦʟʦʤ ʤʦʜʝʣʠʨʦʚʘʣʠ ʧʦʚʨʝʞʜʝʥʠʝ 

ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʸʤ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɻ. ʄ. ɼʫʙʨʦʚʠʥʘ [2]. ɺʦ II 

ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ ʣʝʯʝʥʠʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɾʠʚʦʪʥʳʤ III ʩʝʨʠʠ (30 ʢʨʳʩ), ʥʘʯʠʥʘʷ ʩʦ ʜʥʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʚʤʳ, ʧʨʦʚʦʜʠʣʩʷ ʢʫʨʩ ʣʝʯʝʥʠʷ ʥʠʤʝʩʫʣʠʜʦʤ ʯʝʨʝʟ ʟʦʥʜ ʚ 

ʩʨʝʜʥʝʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʝ 2 ʤʛ/ʢʛ ʝʞʝʜʥʝʚʥʦ ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ. ɺ IV ʩʝʨʠʠ (30 ʞʠʚʦʪʥʳʭ) 

ʧʨʦʚʦʜʠʣʦʩʴ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʝ ʚʚʝʜʝʥʠʝ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʘʧʧʘʨʘʪʘ 15 ʤʛ/ʣ ʯʝʨʝʟ ʜʝʥʴ ʚ ʢʦʣʠʯʝʩʪʚʝ 5 ʩʝʘʥʩʦʚ. ʅʘ ʞʠʚʦʪʥʳʭ V ʩʝʨʠʠ (30 ʢʨʳʩ) 

ʠʟʫʯʘʣʦʩʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʣʠʷʥʠʝ ʥʠʤʫʣʠʜʘ ʚ ʜʦʟʝ 2 ʤʛ/ʢʛ ʠ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʛʦ ʚʚʝʜʝʥʠʷ 

ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ  ʩʤʝʩʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 15 ʤʛ/ʣ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪ ʞʠʚʦʪʥʳʭ ʧʦʣʫʯʘʣʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʫʶ ʢʨʦʚʴ. 

ʎʠʪʦʢʠʥʦʚʳʡ ʧʨʦʬʠʣʴ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦ ʫʨʦʚʥʶ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ (IL-1ɓ, TNF-Ŭ, IL-6, 

IL-17) ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ (IL-4, IL-2, IL-10) ʮʠʪʦʢʠʥʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʤʝʪʦʜʦʤ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ çsandwichè ʚʘʨʠʘʥʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʝʨʦʢʩʠʜʘʟʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʬʝʨʤʝʥʪʘ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟʘʪʦʨ çMultiscanè. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʮʠʪʦʢʠʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʙʦʨ 

ʨʝʘʛʝʥʪʦʚ Bender Medsystems (ɸʚʩʪʨʠʷ). ʂʦʣʠʯʝʩʪʚʦ ʮʠʪʦʢʠʥʦʚ ʚʳʨʘʞʘʣʠ ʚ ʧʠʢʦʛʨʘʤʤʘʭ ʥʘ 

ʤʣ (ʧʛ/ʤʣ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 28 ʩʫʪʢʠ ʥʘʙʣʶʜʝʥʠʷ. ɾʠʚʦʪʥʳʭ ʚʳʚʦʜʠʣʠ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʂʦʥʚʝʥʮʠʝʡ ʧʦ ʟʘʱʠʪʝ ʞʠʚʦʪʥʳʭ, ʧʨʠʥʷʪʦʡ ʉʦʚʝʪʦʤ ɽʚʨʦʧʳ ʚ 

1986 ʛ., ʧʫʪʝʤ ʜʝʢʘʧʠʪʘʮʠʠ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʨʘʩʪʚʦʨʘ 

ʪʠʦʧʝʥʪʘʣʘ ʥʘʪʨʠʷ ʚ ʜʦʟʝ 100 ʤʛ/ʢʛ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. ʀʟʤʝʥʝʥʠʷ ʩʯʠʪʘʣʠ ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʨʠ ʨ<0,05 

(0,01; 0,001). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʣʝʥʥʦʛʦ 

ʩʫʩʪʘʚʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʚʦʜʠʣʦ ʢ ʥʘʨʫʰʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦ- ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ.  

ʆʪʤʝʯʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʚ ʧʣʘʟʤʝ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ: IL-1ɓ, TNF-Ŭ, IL-17 ʠ IL-6 ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʠʥʪʘʢʪʥʦʡ ʩʝʨʠʠ 

ʙʳʣʠ ʧʦʚʳʰʝʥʥʳʤʠ ʚ 2,46 (ʨ<0,001), 3,05 (ʨ<0,001), 2,26 (ʨ<0,001) ʠ 2,75 ʨʘʟʘ (ʨ<0,001) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʵʪʦʤ ʬʦʥʝ ʥʘʙʣʶʜʘʣʩʷ ʪʘʢʞʝ ʨʝʟʢʠʡ ʨʦʩʪ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʚ ʧʣʘʟʤʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ. ʊʘʢ, IL-2 ʫʚʝʣʠʯʠʣʩʷ ʚ 

3,56 ʨʘʟ (ʨ<0,001),  IL-4 ʚ 2,92  ʨʘʟʘ (ʨ<0,001), IL-10 ʚ 3,43 ʨʘʟʘ (ʨ<0,001) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ. ɼʘʥʥʳʡ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʡ ʢʦʨʨʝʢʮʠʠ ʮʠʪʦʢʠʥʦʚʦʛʦ ʜʠʩʙʘʣʘʥʩʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠ 



 

46 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʜʘʣʴʥʝʡʰʝʡ ʜʝʩʪʨʫʢʮʠʠ ʭʨʷʱʘ.ʇʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʟʦʥʜʦʚʦʤ ʚʚʝʜʝʥʠʠ ʥʝʩʪʝʨʦʠʜʥʦʛʦ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʠʤʝʩʫʣʠʜʘ ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʮʝʥʠʚʘʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʮʠʪʦʢʠʥʦʚʦʛʦ ʧʨʦʬʠʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ. ʊʘʢ, 

ʦʪʤʝʯʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ TNF-Ŭ, IL-1ɓ, IL-17 ʠ IL-6 ʥʘ 19,08 % 

(ʨ1<0,001), 13,04 % (ʨ1<0,001), 18,47 % (ʨ1<0,001) ʠ 21,65 % (ʨ1<0,001) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʊʘʙʣʠʮʘ 1. ɼʠʥʘʤʠʢʘ ʥʝʢʦʪʦʨʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʮʠʪʦʢʠʥʦʚʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʤ 

ʘʨʪʨʠʪʝ ʥʘ 28 ʩʫʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ (MÑm) 

ʇʦʢʘʟʘʪʝʣʴ, 

ʧʛ/ʤʣ 

ʀʥʪʘʢʪʥʳʝ 

ʞʠʚʦʪʥʳʝ 

(n=12) 

ʂʦʥʪʨʦʣʴʥʘʷ 

ʩʝʨʠʷ 

(n=30) 

ʅʠʤʝʩʫʣʠʜ 

per os 

(n=30) 

ɺ/ʩ ʦʟʦʥ 

(n=30) 

ʅʠʤʝʩʫʣʠʜ 

per os + ʚ/ʩ 

ʦʟʦʥ (n=30) 

 

TNF-Ŭ, 

ʧʛ/ʤʣ 

48,69Ñ0,72 148,49Ñ2,01 

p<0,001 

 

120,15Ñ1,96 

p<0,001 

p1<0,001 

 

115,32Ñ1,67 

ʨ<0,001 

p1<0,001 

p2>0,05 

 

93,46Ñ1,78 

p<0,001 

p1<0,001 

p2<0,001 

p3<0,001 

 

IL -1ɓ, 

ʧʛ/ʤʣ 

35,61Ñ0,41 87,76Ñ2,13 

p<0,001 

 

76,32Ñ1,82 

p<0,001 

p1<0,001 

72,14Ñ1,61 

p<0,001 

p1<0,001 

p2>0,05 

65,54Ñ1,75 

p<0,001 

p1<0,001 

p2<0,001 

p3<0,05 

 

IL -6, 

ʧʛ/ʤʣ 

57,43Ñ0,70 127,94Ñ2,35 

p<0,001 

 

100,24Ñ2,21 

p<0,001 

p1<0,001 

96,54Ñ2,26 

p<0,001 

p1<0,001 

p2>0,05 

90,74Ñ1,98 

p<0,001 

p1<0,001 

p2<0,01 

p3>0,05 

 

IL -17, 

ʧʛ/ʤʣ 

21,43Ñ0,72 48,52Ñ1,57 

p<0,001 

 

39,56Ñ1,43 

p<0,001 

p1<0,001 

35,41Ñ1,28 

p<0,001 

p1<0,001 

p2>0,05 

31,38Ñ0,97 

p<0,001 

p1<0,001 

p2<0,01 

p3<0,05 

 

IL -2, 

ʧʛ/ʤʣ 

62,72Ñ1,22 223,46Ñ4,03 

p<0,001 

 

135,87Ñ3,10 

p<0,001 

p1<0,001 

120,48Ñ2,48 

p<0,001 

p1<0,001 

p2<0,01 

93,57Ñ2,16 

p<0,001 

p1<0,001 

p2<0,001 

p3<0,001 

 

IL -4, 

ʧʛ/ʤʣ 

6,59Ñ0,34 19,25Ñ0,64 

p<0,001 

 

9,84Ñ0,45 

p<0,001 

p1<0,001 

9,41Ñ0,49 

p<0,001 

p1<0,001 

p2>0,05 

8,14Ñ0,32 

p<0,01 

p1<0,001 

p2<0,01 

p3<0,05 

 

IL -10, 

ʧʛ/ʤʣ 

 

17,04Ñ0,88 58,39Ñ1,06 

p<0,001 

 

32,02Ñ0,83 

p<0,001 

p1<0,001 

31,15Ñ0,79 

p<0,001 

p1<0,001 

p2>0,05 

27,78Ñ0,94 

p<0,001 

 p1<0,001 

p2<0,01 

p3<0,05 

ʇʨʠʤʝʯʘʥʠʝ. p - ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʪʣʠʯʠʡ ʢ ʜʘʥʥʳʤ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ; ʨ1- ʢ ʜʘʥʥʳʤ 

ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ; ʨ2 ï ʢ ʜʘʥʥʳʤ ʧʨʠ ʚʚʝʜʝʥʠʠ ʥʠʤʝʩʫʣʠʜʘ; p3 ïʢ ʜʘʥʥʳʤ ʧʨʠ ʚ/ʩ ʚʚʝʜʝʥʠʠ 

ʦʟʦʥʘ 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʛʫʣʷʪʦʨʥʦʛʦ 

ʮʠʪʦʢʠʥʘ IL-2, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʫʤʝʥʴʰʘʣʘʩʴ ʥʘ 39,19 % (ʨ1<0,001) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
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ʜʘʥʥʳʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ. ʅʘ ʬʦʥʝ ʧʨʠʤʝʥʝʥʠʷ ʥʠʤʝʩʫʣʠʜʘ ʩʦʜʝʨʞʘʥʠʝ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ IL-4 ʠ IL-10 ʩʠʥʭʨʦʥʥʦ ʩʥʠʞʘʣʦʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʨʝʛʫʣʷʪʦʨʥʳʤ ʠ ʜʝʩʪʨʫʢʪʠʚʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʪʤʝʯʘʣʠʩʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʜʘʥʥʳʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ: IL-4 ʠ IL-10 

ʩʥʠʞʘʣʠʩʴ ʥʘ 48, 88 % (ʨ1<0,001) ʠ 45,16 % (ʨ1<0,001). ʅʝʩʤʦʪʨʷ ʥʘ ʜʘʥʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʜʠʥʘʤʠʢʫ, ʫʨʦʚʥʠ ʤʘʨʢʝʨʦʚ ʚʦʩʧʘʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣʠ ʟʥʘʯʝʥʠʷ ʞʠʚʦʪʥʳʭ 

ʠʥʪʘʢʪʥʦʡ ʩʝʨʠʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʠʤʝʩʫʣʠʜʘ ʚ ʚʠʜʝ ʤʦʥʦʪʝʨʘʧʠʠ 

ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʠʭ ʘʨʪʨʠʪʦʚ. 

ʅʘ ʬʦʥʝ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʛʦ ʚʚʝʜʝʥʠʷ ʦʟʦʥʘ ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ʧʨʝʧʘʨʘʪʘ ʥʘ ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʜʦʣʞʠʣʘʩʴ ʜʘʣʴʥʝʡʰʘʷ ʨʝʛʨʝʩʩʠʚʥʘʷ ʜʠʥʘʤʠʢʘ 

ʢʫʧʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʤʘʨʢʝʨʦʚ ʚʦʩʧʘʣʝʥʠʷ. ɺʳʷʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʝʡ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ: TNF-Ŭ, IL-1ɓ, IL-17 ʠ IL-6 ʥʘ 22,34 % (p1<0,001), 17,80 % 

(p1<0,001), 27,02 % (p1<0,001) ʠ 24,53 % (p1<0,001) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢ ʞʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ IL-2 ʥʘ 46,08 % (p1<0,001) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʦʡ 

ʩʝʨʠʝʡ. ʇʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʮʠʪʦʢʠʥʳ IL-4 ʠ IL-10 ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʠʠ ʢʦʥʪʨʦʣʷ ʙʳʣʠ 

ʥʠʞʝ ʥʘ 51,11 % (ʨ1<0,001) ʠ 46,65 % (ʨ1<0,001). ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʮʠʪʦʢʠʥʦʚʦʛʦ ʧʨʦʬʠʣʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʡ ʦʟʦʥʦʪʝʨʘʧʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ 

ʥʠʤʝʩʫʣʠʜʘ, ʟʥʘʯʠʤʳʭ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ (ʨ2>0,05). ʅʝʩʤʦʪʨʷ ʥʘ 

ʧʦʟʠʪʠʚʥʫʶ ʜʠʥʘʤʠʢʫ, ʢ ʢʦʥʮʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʳʝ ʤʘʨʢʝʨʳ ʚʦʩʧʘʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʣʠ ʜʦʣʞʥʳʝ ʚʝʣʠʯʠʥʳ, ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʧʝʨʦʨʘʣʴʥʳʤ ʟʦʥʜʦʚʳʤ ʚʚʝʜʝʥʠʝʤ ʥʠʤʝʩʫʣʠʜʘ. 

ʋʯʠʪʳʚʘʷ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʦʮʝʥʠʚʘʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʨʘʮʠʦʥʘʣʴʥʦ ʠʟʫʯʝʥʠʝ 

ʚʣʠʷʥʠʷ ʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʮʠʪʦʢʠʥʦʚʦʛʦ ʧʨʦʬʠʣʷ.  

ʅʘ ʬʦʥʝ ʢʦʤʙʠʥʘʮʠʠ ʟʦʥʜʦʚʦʛʦ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʥʠʤʝʩʫʣʠʜʘ ʠ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʡ 

ʦʟʦʥʦʪʝʨʘʧʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʮʠʪʦʢʠʥʦʚʦʛʦ ʧʨʦʬʠʣʷ, ʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

ʟʥʘʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʮʠʪʦʢʠʥʦʚ ʩʦʭʨʘʥʷʣʠʩʴ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʩ ʠʥʪʘʢʪʥʳʤʠ 

ʞʠʚʦʪʥʳʤʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 50ï70 % (ʨ<0,001). ʇʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʮʠʪʦʢʠʥʳ TNF-Ŭ, IL-1ɓ 

ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ 37,06 % (ʨ1<0,001) ʠ 25,32 % (ʨ1<0,001) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠʥ 

ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ, IL-17 ʥʘ 35,33 % (ʨ1<0,001), IL-6 ʥʘ 29,19 % (ʨ1<0,001). 

ʇʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʮʠʪʦʢʠʥʳ IL-4 ʠ IL-10 ʩʥʠʞʘʣʠʩʴ ʥʘ 57,74 % (ʨ1<0,001) ʠ 52,42 % 

(ʨ1<0,001) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʨʦʚʝʥʴ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʮʠʪʦʢʠʥʘ IL-2 ʧʦʥʠʟʠʣʩʷ ʥʘ 58,12 % 

(ʨ1<0,001). ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʝʨʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʠʤʝʩʫʣʠʜʘ ʦʪʤʝʯʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ 

ʩʥʠʞʝʥʠʝ ʠʟʫʯʘʝʤʳʭ ʤʝʜʠʘʪʦʨʦʚ ʚʦʩʧʘʣʝʥʠʷ. ʊʘʢ, ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʮʠʪʦʢʠʥʳ TNF-Ŭ, IL-1ɓ, 

IL-17 ʠ IL-6 ʙʳʣʠ ʥʠʞʝ ʥʘ 22,21 % (p2<0,001), 14,12 % (p2<0,001), 20,68 % (p2<0,01) ʠ 9,51 % 

(p2<0,01) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʮʠʪʦʢʠʥʳ IL-4 ʠ IL-10 ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ 17,28 

% (p2<0,01) ʠ 13,24 % (p2<0,01). ʈʝʛʫʣʷʪʦʨʥʳʡ ʮʠʪʦʢʠʥ IL-2 ʧʦʥʠʟʠʣʩʷ ʥʘ 31,13 % (p2<0,001). 

ʇʨʠ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʠʤʝʩʫʣʠʜʘ ʠ ʦʟʦʥʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʚʥʫʪʨʠʩʫʩʪʘʚʥʳʤ ʚʚʝʜʝʥʠʝʤ ʦʟʦʥʘ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʮʠʪʦʢʠʥʦʚ TNF-Ŭ ʥʘ 18,96 % (ʨ3<0,001), IL-1ɓ  ʥʘ 9,15 % (ʨ3<0,05), IL-17 ʥʘ 11,38 % (ʨ3<0,05) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʮʠʪʦʢʠʥʳ IL-4 ʠ IL-10 ʙʳʣʠ ʥʠʞʝ ʥʘ 13,49 % 

(ʨ3<0,05) ʠ 10,82 % (ʨ3<0,05). ɺʝʣʠʯʠʥʘ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʮʠʪʦʢʠʥʘ IL-2 ʫʤʝʥʴʰʘʣʘʩʴ ʥʘ 22,34 % 

(ʨ3<0,001) (ʪʘʙʣ. 1). 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʩʙʘʣʘʥʩ ʚ 

ʮʠʪʦʢʠʥʦʚʦʤ ʧʨʦʬʠʣʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ ʘʨʪʨʠʪʘ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʫʩʠʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʜʝʩʪʨʫʢʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʨʝʧʘʨʘʪʠʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ ʠ ʩʠʥʦʚʠʘʣʴʥʦʡ ʦʙʦʣʦʯʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʘʟʳʚʘʶʪ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʪʝʨʦʠʜʥʦʡ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʠ 

ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʡ ʦʟʦʥʦʪʝʨʘʧʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʚ ʨʘʥʥʠʝ ʩʨʦʢʠ ʢʫʧʠʨʦʚʘʪʴ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʚ ʧʦʨʘʞʝʥʥʦʤ ʩʫʩʪʘʚʝ, ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʟʘʞʠʚʣʝʥʠʝ ʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ ʜʝʬʝʢʪʘ, 

ʫʤʝʥʴʰʘʷ ʨʘʟʚʠʪʠʝ ʜʝʛʝʥʝʨʘʪʠʚʥʦ-ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʢʘʥʷʭ ʩʫʩʪʘʚʘ. ɼʘʥʥʳʡ 

ʵʬʬʝʢʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥ ʧʦʪʝʥʮʠʨʦʚʘʥʠʝʤ ʣʝʯʝʙʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʝʧʘʨʘʪʦʚ ʟʘ ʩʯʝʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʟʚʝʥʴʷ ʧʘʪʦʛʝʥʝʟʘ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ ʘʨʪʨʠʪʘ. ʊʘʢ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʠʤʝʩʫʣʠʜʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʎʆɻ, 



 

48 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʜʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ ʧʨʦʩʪʝʥʦʠʜʦʚ ʚ ʦʯʘʛʝ ʚʦʩʧʘʣʝʥʠʷ, ʘʢʪʠʚʠʨʫʝʪ ʚʳʨʘʙʦʪʢʫ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ. ɺʥʫʪʨʠʩʫʩʪʘʚʥʦʝ ʚʚʝʜʝʥʠʝ ʦʟʦʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʤʠʢʨʦʮʠʨʢʫʣʷ-ʮʠʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʛʠʧʦʢʩʠʠ ʚ ʧʦʚʨʝʞʜʝʥʥʳʭ ʪʢʘʥʷʭ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʨʘʩʧʦ-ʣʘʛʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʣʠʧʠʜʦʚ. 
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ɸ.ʅ. ɿʘʭʚʘʪʦʚ, ʉ.ʀ. ʂʫʟʥʝʮʦʚ 

 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ʎɽʃɽʉʆʆɹʈɸɿʅʆʉʊʀ 

ɺʅʋʊʈʀʉʋʉʊɸɺʅʆʁ ʆɿʆʅʆʊɽʈɸʇʀʀ ɺ ʂʆʄʇʃɽʂʉʅʆʄ ʃɽʏɽʅʀʀ 

ʇʆʉʊʊʈɸɺʄɸʊʀʏɽʉʂʆɻʆ ʉʀʅʆɺʀʊɸ ʂʆʃɽʅʅʆɻʆ ʉʋʉʊɸɺɸ 

 

ʌɻɹʆʋ ɺʇʆ çʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʇ. ʆʛʘʨʸʚʘè, 

ʉʘʨʘʥʩʢ, ʈʦʩʩʠʷ  
 
ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ 95 ʙʝʣʳʭ ʥʝʣʠʥʝʡʥʳʭ ʢʨʳʩʘʭ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʡ 

ʦʟʦʥʦʪʝʨʘʧʠʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʪʨʘʚʤʠʨʦʚʘʥʥʦʛʦ ʩʫʩʪʘʚʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʫʪʨʠʩʫʩʪʘʚʥʘʷ ʦʟʦʥʦʪʝʨʘʧʠʷ ʢʘʢ ʠ ʧʝʨʦʨʘʣʴʥʦ ʚʚʦʜʠʤʳʡ ʥʠʤʝʩʫʣʠʜ 

ʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʳʡ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʢʦʤʧʣʝʢʩʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʅʇɺʉ ʠ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʡ ʦʟʦʥʦʪʝʨʘʧʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʥʫʪʨʠʩʫʩʪʘʚʥʘʷ ʦʟʦʥʦʪʝʨʘʧʠʷ, ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʠʡ ʩʠʥʦʚʠʪ 

 

In the experiment on 95 white nonlinear rats studied the effect of intra-articular ozone therapy 

on the qualitative composition of the synovial fluid of the injured joint. Intraarticular ozone therapy 

has anti-inflammatory effect as nimesulide. The greatest effect is obtained when used in conjunction 

nimesulide and intraarticular ozone therapy. 

Key words: intraarticular ozone therapy, posttraumatic synovitis 

 

ɺʚʝʜʝʥʠʝ. ɼʝʛʝʥʝʨʘʪʠʚʥʦ-ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʨʫʧʥʳʭ ʩʫʩʪʘʚʦʚ ʥʝʨʝʜʢʦ ʠʤʝʶʪ 

ʪʨʘʚʤʘʪʠʯʝʩʢʫʶ ʵʪʠʦʣʦʛʠʶ. ɺʝʜʫʱʘʷ ʨʦʣʴ ʚ ʩʪʨʫʢʪʫʨʝ ʪʨʘʚʤ ʩʫʩʪʘʚʦʚ ʚʩʝʭ ʣʦʢʘʣʠʟʘʮʠʡ 

ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʚʨʝʞʜʝʥʠʷʤ ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʫʩʫʛʫʙʣʷʶʱʠʤ 

ʜʝʩʪʨʫʢʮʠʶ ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ, ʷʚʣʷʝʪʩʷ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʠʡ ʩʠʥʦʚʠʪ [3]. ʐʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʪʝʨʦʠʜʥʳʭ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʛʣʶʢʦʢʦʨʪʠʢʦʩʪʝʨʦʠʜʦʚ 

ʧʨʠ ʣʝʯʝʥʠʠ ʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʧʨʷʞʝʥʦ ʩ ʚʩrʦʢʠʤ ʨʠʩʢʦʤ ʨʘʟʚʠʪʠʷ 

ʛʘʩʪʨʦʧʘʪʠʠ, ʯʪʦ ʚʳʥʫʞʜʘʝʪ ʠʩʢʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʘʪʦʛʝʥʝʟ 

ʟʘʙʦʣʝʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʥʫʪʨʠʩʫʩʪʘʚʥʘʷ ʦʟʦʥʦʪʝʨʘʧʠʷ, 

ʦʙʣʘʜʘʶʱʘʷ ʚʳʨʘʞʝʥʥʳʤ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʠ ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ [1]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʡ ʦʟʦʥʦʪʝʨʘʧʠʠ ʥʘ 

ʮʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʢʨʳʩ ʥʘ ʬʦʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʨʘʚʤʳ 

ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ 71 ʙʝʣʳʭ ʥʝʣʠʥʝʡʥʳʭ ʢʨʩrʘʭ 

ʦʙʦʝʛʦ ʧʦʣʘ ʤʘʩʩʦʡ 180-200 ʛ., ʩʦʜʝʨʞʘʚʰʠʭʩʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʚʘʨʠʷ ʌɻɹʆʋ ɺʇʆ 

çʄɻʋ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘè. ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 4 ʩʝʨʠʠ. ʇʝʨʚʫʶ ʩʝʨʠʶ ʩʦʩʪʘʚʠʣʠ 

ʠʥʪʘʢʪʥʳʝ ʞʠʚʦʪʥʳʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 12 ʦʩʦʙʝʡ. ɺʦ ʚʪʦʨʦʡ (20 ʢʨʳʩ), ʪʨʝʪʴʝʡ (19 ʢʨʳʩ) ʠ 

ʯʝʪʚʝʨʪʦʡ (20 ʢʨʳʩ) ʩʝʨʠʷʭ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʘʚʤʳ ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʝʤ ʧʦ ʤʝʪʦʜʠʢʝ ɻ.ʄ. ɼʫʙʨʦʚʠʥʘ [2]. ɺʦ ʚʪʦʨʦʡ (ʢʦʥʪʨʦʣʴʥʦʡ) ʩʝʨʠʠ ʣʝʯʝʥʠʝ 

ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɾʠʚʦʪʥʳʝ ʪʨʝʪʴʝʡ ʦʧʳʪʥʦʡ ʩʝʨʠʠ ʧʦʣʫʯʘʣʠ ʥʠʤʝʩʫʣʠʜ ʧʝʨʦʨʘʣʴʥʦ ʯʝʨʝʟ ʟʦʥʜ 

ʚ ʩʨʝʜʥʝʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʝ 2 ʤʛ/ʢʛ ʝʞʝʜʥʝʚʥʦ ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ. ɺ ʯʝʪʚʝʨʪʦʡ ʩʝʨʠʠ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦʝ ʚʚʝʜʝʥʠʝ 0,5 ʤʣ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʤʝʩʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 15 

ʤʛ/ʣ ʯʝʨʝʟ ʜʝʥʴ ʚ ʩʦʯʝʪʘʥʠʠ ʧʝʨʦʨʘʣʥɹʳʤ ʚʚʝʜʝʥʠʝʤ ʥʠʤʝʩʫʣʠʜʘ ʜʦʟʝ 2 ʤʛ/ʢʛ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʫʨʩʘ ʣʝʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 10 ʜʥʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 3 ʠ 28 

ʩʫʪʢʠ ʣʝʯʝʥʠʷ. ɾʠʚʦʪʥʳʭ ʚʳʚʦʜʠʣʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʂʦʥʚʝʥʮʠʝʡ ʧʦ ʟʘʱʠʪʝ 

ʞʠʚʦʪʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʮʝʣʷʭ, ʧʨʠʥʷʪʦʡ ʉʦʚʝʪʦʤ ɽʚʨʦʧʳ 

ʚ 1986 ʛ. ʉʠʥʦʚʠʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ ʧʦʩʣʝ ʘʨʪʨʦʪʦʤʠʠ ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ ʧʝʨʝʥʦʩʠʣʠ ʥʘ 

ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ ʠ ʨʘʩʧʨʝʜʝʣʷʣʠ ʧʦ ʥʝʤʫ ʪʦʥʢʠʤ ʩʣʦʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʟʢʠ 

ʦʢʨʘʰʠʚʘʣʠ ʧʦ ʈʦʤʘʥʦʚʩʢʦʤʫ-ɻʠʤʟʝ. ʇʦʜʩʯʝʪ ʢʣʝʪʦʢ ʧʨʦʚʦʜʠʣʩʷ ʚ 100 ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 
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ʧʦʣʷʭ ʟʨʝʥʠʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ t-

ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. ʀʟʤʝʥʝʥʠʷ ʩʯʠʪʘʣʠ ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʨʠ ʨ < 0,05; 0,01; 0,001. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʢʣʝʪʦʢ ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠʥʪʘʢʪʥʳʭ 

ʞʠʚʦʪʥʳʭ ʩʦʩʪʘʚʣʷʣʠ ʣʠʤʬʦʮʠʪʳ (66,78%) ʠ ʩʠʥʦʚʠʦʮʠʪʳ (11,19%). ɿʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʚ 

ʤʘʟʢʘʭ ʚʩʪʨʝʯʘʣʠʩʴ ʥʝʡʪʨʦʬʠʣʳ (5,52%), ʤʦʥʦʮʠʪʳ (4,92%) ʠ ʤʘʢʨʦʬʘʛʠ (8,21%). ʊʘʢʞʝ 

ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʢʣʝʪʢʠ ʩ ʷʚʣʝʥʠʷʤʠ ʘʧʦʧʪʦʟʘ, ʥʝ ʧʦʜʜʘʶʱʠʝʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (5,38%). 

ʊʘʙʣʠʮʘ 1 

ʉʝʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʝʡʪʨʦ- 

ʬʠʣʳ 

ʃʠʤʬʦ- 

ʮʠʪʳ 

ʄʦʥʦʮʠ-

ʪ  r

ʄʘʢʨʦʬʘʛʠ ʉʠʥʦʚʠʦ- 

ʮʠʪʳ 

ʅʝʜʠʬ-

ʬʝʨ-ʝ 

ʢʣʝʪʢʠ 

ʀʥʪʘʢʪʥʳʝ 

ʞʠʚʦʪʥʳʝ (n=12) 

5,52Ñ0,23 66,78Ñ1,14 4,92Ñ0,29 8,21Ñ0,43 11,19Ñ0,58 3,38Ñ0,33 

ʂʦʥʪ-

ʨʦʣɹʥʘʷ  

ʩʝʨʠʷ 

(n=20) 

3 

ʩʫʪʢʠ 

(n=10) 

48,94Ñ1,56 

P<0,001 

22,02Ñ1,12 

P<0,001 

2,43Ñ0,27 

P<0,05 

4,57Ñ0,62 

P<0,001 

18,74Ñ0,82 

P<0,001 

3,30Ñ0,41 

P<0,001 

28 

ʩʫʪʢʠ 

(n=10) 

24,33Ñ0,98 

p<0,001 

27,17Ñ1,06 

p<0,001 

1,24Ñ0,16 

p<0,001 

20,30Ñ1,39 

p<0,001 

24,96Ñ0,98 

p<0,001 

2,42Ñ0,21 

p<0,001 

ʅʠʤʝ-

ʩʫʣʠʜ 

per.os 

(n =19) 

3 

ʩʫʪʢʠ 

(n=9) 

43,25Ñ1,26 

p<0,001 

p1<0,05 

27,35Ñ1,01 

p<0,001 

p1<0,05 

2,13Ñ0,42 

p<0,05 

p1>0,05 

5,87Ñ0,42 

p<0,001 

p1>0,05 

19,40Ñ0,84 

p<0,001 

p1>0,05 

2,01Ñ0,28 

p<0,001 

p1>0,05 

28 

ʩʫʪʢʠ 

(n=10) 

14,32Ñ0,73 

p<0,001 

p1<0,001 

38,19Ñ1,33 

p<0,001 

p1<0,05 

2,95Ñ0,31 

p<0,001 

p1>0,05 

17,76Ñ0,51 

p<0,001 

p1>0,05 

23,23Ñ0,58 

p<0,001 

p1>0,05 

3,55Ñ0,41 

p<0,01 

p1>0,05 

ʅʠʤ-

ʝʩʫʣʠʜ 

per.os 

+ʚ/ʩ ʦʟʦʥ 

(n =20) 

3 

ʩʫʪʢʠ 

(n=10) 

40,58Ñ1,37 

p<0,001 

p1<0,01 

p2>0,05 

27,67Ñ0,74 

p<0,001 

p1<0,05 

p2>0,05 

2,52Ñ0,34 

p<0,001 

p1<0,05 

p2>0,05 

7,61Ñ0,47 

p<0,001 

p1<0,01 

p2>0,05 

19,12Ñ0,66 

p<0,001 

p1>0,05 

p2>0,05 

1,55Ñ0,31 

p<0,001 

p1<0,05 

p2>0,05 

28 

ʩʫʪʢʠ 

(n=10) 

10,21Ñ0,78 

p<0,01 

p1<0,001 

p2<0,01 

58,03Ñ1,19 

p>0,05 

p1<0,001 

p2<0,001 

2,75Ñ0,32 

p>0,05 

p1<0,001 

p2<0,01 

11,36Ñ0,59 

p>0,05 

p1<0,001 

p2<0,01 

14,42Ñ0,46 

p>0,05 

p1<0,001 

p2<0,001 

2,69Ñ0,27 

p>0,05 

p1<0,001 

p2<0,001 

ʇʨʠʤʝʯʘʥʠʝ. p - ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʪʣʠʯʠʡ ʢ ʜʘʥʥʳʤ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ; ʨ1- ʢ ʜʘʥʥʳʤ 

ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ; ʨ2 ï ʢ ʜʘʥʥʳʤ ʧʨʠ ʚʚʝʜʝʥʠʠ ʥʠʤʝʩʫʣʠʜʘ; p3 ïʢ ʜʘʥʥʳʤ ʧʨʠ ʚ/ʩ ʚʚʝʜʝʥʠʠ 

ʦʟʦʥʘ 

 

ɸʥʘʣʠʟ ʩʠʥʦʚʠʦʮʠʪʦʛʨʘʤʤʳ ʞʠʚʦʪʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ ʥʘ 3 ʩʫʪʢʠ ʩ ʤʦʤʝʥʪʘ ʪʨʘʚʤʳ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʢʣʝʪʦʢ ʩʤʝʩʪʠʣʦʩʴ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʛʝʤʘʪʦʛʝʥʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʦʬʠʣʦʚ ʚʦʟʨʦʩʣʦ ʜʦ 48,94%. ʊʘʢʞʝ ʚ ʤʘʟʢʘʭ ʚʦʟʨʦʩʣʘ 

ʜʦʣʷ ʩʠʥʦʚʠʦʮʠʪʦʚ ʜʦ 18,74%. ʂʦʣʠʯʝʩʪʚʦ ʣʠʤʬʦʮʠʪʦʚ ʩʥʠʟʠʣʦʩʴ ʜʦ 22,02%, ʘ ʯʠʩʣʦ 

ʤʘʢʨʦʬʘʛʦʚ ʠ ʤʦʥʦʮʠʪʦʚ ʠʟʤʝʥʠʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʠ ʤʠʢʨʦʩʢʦʧʠʠ ʚʦ ʚʩʝʭ ʧʦʣʷʭ ʟʨʝʥʠʷ ʚ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʵʨʠʪʨʦʮʠʪʳ, ʥʠʪʠ ʬʠʙʨʠʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʠʥʦʚʠʦʮʠʪʦʛʨʘʤʤʳ ʥʘ 3 ʩʫʪʢʠ ʚʦ ʚʩʝʭ ʦʧʳʪʥʳʭ ʩʝʨʠʷʭ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ (ʪʘʙʣ. 1). 

ʏʝʨʝʟ 28 ʩʫʪʦʢ ʜʦʣʷ ʥʝʡʪʨʦʬʠʣʦʚ ʚ ʩʠʥʦʚʠʦʮʠʪʦʛʨʘʤʤʝ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ ʩʥʠʟʠʣʘʩʴ ʜʦ 

24,33%, ʪʦʛʜʘ ʢʘʢ ʤʘʢʨʦʬʘʛʠ ʠ ʩʠʥʦʚʠʦʮʠʪʳ ʩʦʩʪʘʚʣʷʣʠ 20,30% ʠ 24,96% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ 

ʦʙʱʝʛʦ ʯʠʩʣʘ ʢʣʝʪʦʢ. ɺʚʠʜʫ ʵʪʦʛʦ ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʣʠʤʬʦʮʠʪʦʚ ʠ 

ʤʦʥʦʮʠʪʦʚ ʚ ʤʘʟʢʘʭ (27,17% ʠ 1,24% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʘʥʥʘʷ ʢʘʨʪʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ, ʦʩʪʨʳʡ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʚ ʩʫʩʪʘʚʝ 

ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʥʷʝʪʩʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤʠ ʜʝʛʝʥʝʨʘʪʠʚʥʦ-ʜʠʩʪʨʦʬʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ. ʂ 

28 ʩʫʪʢʘʤ ʩʦʦʪʥʦʰʝʥʠʝ ʢʣʝʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʤ 
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ʧʝʨʦʨʘʣʴʥʦ ʚʚʦʜʠʣʩʷ ʥʠʤʝʩʫʣʠʜ, ʠʟʤʝʥʠʣʦʩʴ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʥʝʡʪʨʦʬʠʣʴʥʳʭ 

ʣʝʡʢʦʮʠʪʦʚ ʜʦ 14,32% ʠ ʨʦʩʪʘ ʤʘʢʨʦʬʘʛʦʚ ʜʦ 17,76%. ʉʦʜʝʨʞʘʥʠʝ ʩʠʥʦʚʠʦʮʠʪʦʚ ʟʘ 

ʧʨʦʰʝʜʰʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʦʩʴ ʠ ʩʦʩʪʘʚʣʷʣʦ 23,23%. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʛʝʤʘʪʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʫ ʞʠʚʦʪʥʳʭ 

ʧʦʣʫʯʘʚʰʠʭ ʥʠʤʝʩʫʣʠʜ ʙʳʣʦ ʥʠʞʝ, ʪʦʛʜʘ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʪʢʘʥʝʚʳʭ 

ʢʣʝʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʚʳʷʚʣʝʥʦ. ʉʦʩʪʘʚ ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʢʨʳʩ ʧʦʣʫʯʘʚʰʠʭ 

ʢʦʤʙʠʥʘʮʠʶ ʥʠʤʝʩʫʣʠʜʘ per os ʠ ʦʟʦʥʘ ʚʥʫʪʨʠʩʫʩʪʘʚʥʦ ʥʘ 28 ʩʫʪʢʠ ʧʨʝʪʝʨʧʝʣ ʚʳʨʘʞʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ. ɺ ʩʠʥʦʚʠʦʮʠʪʦʛʨʘʤʤʝ ʞʠʚʦʪʥʳʭ ʯʠʩʣʦ ʥʝʡʪʨʦʬʠʣʦʚ ʫʤʝʥʴʰʠʣʦʩʴ ʜʦ 10,21%, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʩʥʠʞʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʚʦʩʧʘʣʠ-ʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦʬʘʛʦʚ ʠ 

ʩʠʥʦʚʠʦʮʠʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ 

(11,36% ʠ 14,42% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʨʘʚʤʘ ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʢʣʝʪʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʛʝʤʘʪʦʛʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʱʘʶʪʩʷ ʢʣʝʪʢʘʤʠ ʪʢʘʥʝʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ 

ʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʠʥʦʚʠʘʣʴʥʦʡ ʩʨʝʜʳ ʩʫʩʪʘʚʘ. ʅʠʤʝʩʫʣʠʜ ʚ ʩʨʝʜʥʝʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ 

ʜʦʟʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʜʦʣʠ ʛʝʤʘʪʦʛʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʫʧʠʨʫʷ ʪʝʤ ʩʘʤʳʤ 

ʷʚʣʝʥʠʷ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʦʚʠʪʘ, ʥʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʜʦʣʞʘʶʱʠʝʩʷ 

ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ. ɺʥʫʪʨʠʩʫʩʪʘʚʥʘʷ ʦʟʦʥʦʪʝʨʘʧʠʷ ʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʳʡ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ, ʩʨʘʚʥʠʤʳʡ ʩ ʥʠʤʝʩʫʣʠʜʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʦʟʦʥʘ ʥʘ ʢʣʝʪʦʯʥʳʡ ʩʦʩʪʘʚ ʩʠʥʦʚʠʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʨʦʩʪʘ 

ʯʠʩʣʘ ʩʠʥʦʚʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʜʝʩʪʨʫʢʮʠʠ ʚ ʩʫʩʪʘʚʝ. 

ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʥʠʤʝʩʫʣʠʜʘ ʠ ʦʟʦʥʘ, ʯʪʦ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʘʟʥʳʝ ʟʚʝʥʴʷ ʧʘʪʦʛʝʥʝʟʘ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʚʦʜʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʩʣʘʙʦ ʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʠʩʢʨʦʚʦʛʦ ʨʘʟʨʷʜʘ ʥʘ ʚʦʟʜʫʭʝ. ʊʘʢ ʢʘʢ 

ʧʣʘʟʤʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦ ʠʦʥʠʟʦʚʘʥʥʦʡ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʘʢʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ ʪʘʢʦʛʦ ʨʘʟʨʷʜʘ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʟʣʫʯʝʥʠʝ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʦʧʫʩʢʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʦʜʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʢʘʣʦʚ HO2
¶
, ʘʪʦʤʦʚ ʆ

¶
 ʠ ʤʦʣʝʢʫʣ N2O. ɺʪʦʨʠʯʥʳʤʠ 

ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʷʚʣʷʶʪʩʷ ʘʟʦʪʠʩʪʘʷ ʠ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, ʧʝʨʦʢʩʠʥʠʪʨʠʪ ʠ 

ʧʝʨʦʢʩʠʘʟʦʪʠʩʪʘʷ ʢʠʩʣʦʪʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

ʪʨʠʧʪʦʬʘʥʘ, ʪʠʨʦʟʠʥʘ, ʬʝʥʠʣʘʣʘʥʠʥʘ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʘʣʴʙʫʤʠʥʝ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʘʣʴʙʫʤʠʥʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ïSH ʛʨʫʧʧ.  

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ïSH ʛʨʫʧʧ ʩʚʷʟʘʥʦ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʚ 

ʘʣʴʙʫʤʠʥʝ. ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʳ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʘʣʴʙʫʤʠʥ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ïCOOH ʠ ʘʤʠʥʦʛʨʫʧʧʘ NH2 ʥʝ 

ʧʦʚʨʝʞʜʘʶʪʩʷ. ʈʘʟʨʫʰʘʝʪʩʷ ʪʦʣʴʢʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʨʘʜʠʢʘʣ R. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʜʫʢʪʳ, ʜʘʶʱʠʝ ʧʠʢ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ ʩʧʝʢʪʨʝ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 220 ï 

230 ʥʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʨʦʚʦʡ ʨʘʟʨʷʜ, ʩʣʘʙʦ ʠʦʥʠʟʠʨʦʚʘʥʳʝ ʧʣʘʟʤʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʦʙʲʝʢʪʳ 

 

Work is devoted to studying of the properties of chemical active species generated in the water 

by the radiation of a low ionized plasma spark discharge. As plasma is low ionized, the only active 

factor is plasma radiation. Energy conservation law allows the formation in water under pulse 

radiation radicals HO2
¶
, atoms ʆ

¶
 and molecules N2O. Secondary active species are nitric and nitrous 

acids, peroxynitrite and peroxynitrous acid. Under radiation it was investigated the fluorescence of 

tryptophan, tyrosine and phenylalanine, and redox processes in albumin. After treatment of albumin 

the concentration of ïSH groups was found to increase. The increasing of ïSH groups concentration 

is related to reduction of disulfide bonds in albumin. We have studied the effect of plasma radiation 

on amino acids and albumin. It was stated in this process the carboxyl group ïCOOH and amino 

group NH2 are not damage. It destroyed only amino acid radical R. As a result, low-molecular 

products accumulate which give an absorption peak in the UV spectrum at wavelengths 220 ï 230 

nm. 

Key words: spark discharge, low ionized plasma, biological objects 

 

ɺʚʝʜʝʥʠʝ. ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʠʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʘʢʪʠʢʝ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʟʥʳʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʨʘʟʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ 

ʜʝʡʩʪʚʠʷ. ʋʥʠʚʝʨʩʘʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ. ʀʟʣʫʯʝʥʠʝ ʨʘʟʨʷʜʘ, ʤʦʱʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʚʳʙʨʘʥʘ ʠʟ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʚʦʜʝ, ʠʟʫʯʝʥʦ 

ʤʘʣʦ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ ʙʦʣʴʰʝ ʦʧʪʠʤʘʣʴʥʦʡ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʵʥʝʨʛʠʠ 

ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʦʙʣʘʩʪʴ ʚʘʢʫʫʤʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʘ, ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʲʝʢʪʘ ʥʘ ʚʦʟʜʫʭʝ 

ʙʝʩʧʦʣʝʟʥʦ ʪʝʨʷʝʪʩʷ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʤʦʱʥʦʩʪʠ ʨʘʟʨʷʜʘ ʤʝʥʴʰʝ ʦʧʪʠʤʘʣʴʥʦʡ ʦʩʥʦʚʥʘʷ ʜʦʣʷ 



 

53 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʦʙʣʘʩʪʴ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʠ ʝʛʦ ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʝʨʷʝʪʩʷ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʋʌʉ 

ʠʟʣʫʯʝʥʠʷ ʩʣʘʙʦ ʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ 

ʩʦʩʪʘʚ ʢʣʝʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʳ. ʀʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʚʦʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʩʣʘʙʦ ʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʠʩʢʨʦʚʦʛʦ ʨʘʟʨʷʜʘ 

ʥʘ ʚʦʟʜʫʭʝ, ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʀʈ-10, ʚʝʣʠʯʠʥʘ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 11 ʢɺ, ʯʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ 10 ɻʮ, ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʜʣʠʥʝ ʚʦʣʥʳ 220 ʥʤ [1]. ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʢʨʦʚʦʛʦ ʰʥʫʨʘ ʩʦʩʪʘʚʣʷʝʪ ~10
4
 ʂ̄. ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ 

ʤʦʣʝʢʫʣ ʛʘʟʘ ʧʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ~1.5 ʵɺ. ʇʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʛʘʟʘ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ, ʩʦʩʪʘʚʣʷʶʪ 13 ï 14 ʵɺ. ʇʦʵʪʦʤʫ ʧʣʘʟʤʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦ ʠʦʥʠʟʦʚʘʥʥʦʡ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʪʘʢʦʡ ʧʣʘʟʤʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ɽʜʠʥʩʪʚʝʥʥʳʤ 

ʘʢʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ ʪʘʢʦʛʦ ʨʘʟʨʷʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʟʣʫʯʝʥʠʝ.  

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʦʧʫʩʢʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʦʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʢʘʣʦʚ HO2
¶
, ʘʪʦʤʦʚ ʆ

¶
 ʠ ʤʦʣʝʢʫʣ N2O [1]. ɺʪʦʨʠʯʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʷʚʣʷʶʪʩʷ ʘʟʦʪʠʩʪʘʷ ʠ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ, ʧʝʨʦʢʩʠʥʠʪʨʠʪ ʠ ʧʝʨʦʢʩʠʘʟʦʪʠʩʪʘʷ ʢʠʩʣʦʪʘ. ɸʟʦʪʠʩʪʘʷ ʠ 

ʧʝʨʦʢʩʠʘʟʦʪʠʩʪʘʷ ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʦʢʠʩʣʠʪʝʣʷʤʠ, ʪʘʢ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ. 

ʇʝʨʦʢʩʠʥʠʪʨʠʪ ʠ ʧʝʨʦʢʩʠʘʟʦʪʠʩʪʘʷ ʢʠʩʣʦʪʘ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩ, ʚʨʝʤʷ ʞʠʟʥʠ ʢʦʪʦʨʦʛʦ ʜʦ 14 

ʩʫʪʦʢ [2]. ʄʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʥʘʤʠ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʨʘʙʦʪʘʭ [1, 2]. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʪʨʠʧʪʦʬʘʥʘ, ʪʠʨʦʟʠʥʘ, 

ʬʝʥʠʣʘʣʘʥʠʥʘ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʘʣʴʙʫʤʠʥʝ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʨʠʧʪʦʬʘʥʘ, ʪʠʨʦʟʠʥʘ ʠ 

ʬʝʥʠʣʘʣʘʥʠʥʘ ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʤʠ ʵʪʠ ʚʝʱʝʩʪʚʘ 

ʦʢʘʟʳʚʘʶʪʩʷ ʪʫʰʠʪʝʣʷʤʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʥʴʰʝ 0.1 ʤʤʦʣʴ/ʣ.   

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʘʣʴʙʫʤʠʥʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ïSH ʛʨʫʧʧ.  ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ïSH ʛʨʫʧʧ ʩʚʷʟʘʥʦ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʜʠʩʫʣʴʬʠʜʥʳʭ ʩʚʷʟʝʡ ʚ ʘʣʴʙʫʤʠʥʝ. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʧʨʦʜʫʢʪʳ 

ʨʘʩʧʘʜʘ ʧʝʨʦʢʩʠʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ ʠ ʘʟʦʪʠʩʪʘʷ ʢʠʩʣʦʪʘ.  

ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʳ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʘʣʴʙʫʤʠʥ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ïCOOH ʠ ʘʤʠʥʦʛʨʫʧʧʘ NH2 ʥʝ 

ʧʦʚʨʝʞʜʘʶʪʩʷ. ʈʘʟʨʫʰʘʝʪʩʷ ʪʦʣʴʢʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʨʘʜʠʢʘʣ R. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʠʟʣʫʯʝʥʠʷ ʥʝ ʤʝʥʷʶʪʩʷ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪ pKa1 ʠ pKa2. ʇʝʧʪʠʜʥʳʝ ʩʚʷʟʠ ʚ 

ʤʦʣʝʢʫʣʘʭ ʙʝʣʢʘ (ʘʣʴʙʫʤʠʥʘ) ʨʘʟʨʫʰʘʶʪʩʷ. ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ, ʢʘʢ ʚ ʘʤʠʥʦʢʠʩʣʦʪʘʭ, ʪʘʢ ʠ ʚ 

ʘʣʴʙʫʤʠʥʝ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʜʫʢʪʳ, ʜʘʶʱʠʝ ʧʠʢ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ 

ʩʧʝʢʪʨʝ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 220 ï 230 ʥʤ.   

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʧʦʣʦʞʝʥʠʝ 

ʣʠʥʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʝ ʤʝʥʷʝʪʩʷ, ʠʟʤʝʥʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʣʠʥʠʠ ʠʩʧʫʩʢʘʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʆʙʥʘʨʫʞʝʥʦ ʫʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ ʋʌ ʠʟʣʫʯʝʥʠʷ ʥʘ ʫʨʦʚʥʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ. ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ.  

ʆʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʨʘʜʠʢʘʣʘ HO2
¶
 ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʨʝʘʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʦʪʨʳʚ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ ʫ ʤʦʣʝʢʫʣʳ-ʤʠʰʝʥʠ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʝʛʦ ʢ ʨʘʜʠʢʘʣʫ: HO2
¶
 + H

¶
 Ą H2O2. ʇʨʠ ʵʪʦʤ 

ʚʳʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʷ 88 ʢʢʘʣ/ʤʦʣʴ. ʕʥʝʨʛʠʷ 88 ʢʢʘʣ/ʤʦʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʟʨʘʩʭʦʜʦʚʘʥʘ ʥʘ ʦʪʨʳʚ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʫ ʤʦʣʝʢʫʣʳ-ʤʠʰʝʥʠ. ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʠ ʘʤʠʥʥʦʡ 

ʛʨʫʧʧʘʭ ʧʨʝʚʳʰʘʝʪ ʵʪʦ ʟʥʘʯʝʥʠʝ, ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʘʤʠʥʦʢʠʩʣʦʪ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. ɺ ʫʛʣʝʚʦʜʦʨʦʜʘʭ ʨʘʜʠʢʘʣ HO2
¶
 ʤʦʞʝʪ ʦʪʨʳʚʘʪʴ ʘʪʦʤ 

ʚʦʜʦʨʦʜʘ, ʝʩʣʠ ʝʛʦ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ ʤʝʥʴʰʝ 88 ʢʢʘʣ/ʤʦʣʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʜʠʢʘʣ HO2
¶
 

ʤʦʞʝʪ ʦʢʠʩʣʷʪʴ ʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʫ ʢʦʪʦʨʳʭ ʝʩʪʴ 

ʭʦʪʷ ʙʳ ʦʜʥʘ ʜʚʦʡʥʘʷ ʩʚʷʟʴ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʘʤʠʥʦʢʠʩʣʦʪ ʨʘʟʨʫʰʘʶʪʩʷ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʨʘʜʠʢʘʣʳ R.  
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ɺ ʘʣʴʙʫʤʠʥʝ ʠʤʝʶʪʩʷ 35 ʤʦʣʝʢʫʣ ʮʠʩʪʝʠʥʘ (ʩʦʜʝʨʞʘʱʝʛʦ ïSH ʛʨʫʧʧʫ), ʠʟ ʢʦʪʦʨʳʭ 34 

ʤʦʣʝʢʫʣʳ ʧʦʧʘʨʥʦ ʩʦʝʜʠʥʝʥʳ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ ïSS- ʚ ʮʠʩʪʠʥ. ʎʠʩʪʠʥ ʤʦʞʝʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ: RSSR + 2 H
¶
 Ą 2RSH. ʆʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ, ʦʢʠʩʣʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ RSSR 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ. ʅʦ ʛʨʫʧʧʳ ïSH ʤʦʛʫʪ ʦʢʠʩʣʷʪʴʩʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʘʣʴʙʫʤʠʥʘ ʠʟʣʫʯʝʥʠʝʤ ʩʣʘʙʦ ʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʢʦʥʮʝʥʪʨʘʮʠʷ ïSH ʛʨʫʧʧ ʨʘʩʪʝʪ, ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʦʩʪʘʝʪʩʷ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

RSSR ʛʨʫʧʧʳ ïSH ʜʘʣʴʰʝ ʦʢʠʩʣʷʶʪʩʷ ʨʘʜʠʢʘʣʘʤʠ HO2
¶
 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʨʘʟʨʫʰʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʬʣʫʦʨʝʩʮʠʨʫʶʱʝʡ ʤʦʣʝʢʫʣʳ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʪʨʫʜʥʝʥʥʦʡ ʨʘʟʨʷʜʢʘ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʫʨʦʚʥʷ. ʇʦʵʪʦʤʫ 

ʚʝʨʦʷʪʥʦʩʪʴ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʠ ʫʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʢʘʥʘʣʦʤ ʝʛʦ ʨʘʩʧʘʜʘ. ʅʘʙʣʶʜʝʥʠʝ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ 

ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʘʭ ʤʦʣʝʢʫʣʳ-

ʤʠʰʝʥʠ.  

ʀʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʩʣʘʙʦ ʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 

ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʦʚʳʝ ʵʬʬʝʢʪʳ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʀ.ʇ. ʀʚʘʥʦʚʘ
1
, ʀ.ʄ. ʇʠʩʢʘʨʝʚ

2
 

 

ɼʆʇʆʃʅʀʊɽʃʔʅʓɽ ɺʆɿʄʆɾʅʆʉʊʀ ʈɽɸʂʎʀʀ ʌɽʅʊʆʅɸ  

ɼʃʗ ʆʎɽʅʂʀ ʆʂʀʉʃʀʊɽʃʔʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ɸʃʔɹʋʄʀʅɸ 

ʀ ɻɽʄʆɻʃʆɹʀʅɸ 

 
1
ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 

ʈʦʩʩʠʷ 
2
ʅʀʀ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ, ʄɻʋ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 
ʍʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʨʝʘʢʮʠʝʡ ʌʝʥʪʦʥʘ, ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ 

ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ, ʘ ʥʝ ʨʘʜʠʢʘʣʳ. ʈʝʘʢʮʠʷ ʌʝʥʪʦʥʘ ʧʨʦʪʝʢʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʤ ʩʫʙʩʪʨʘʪʝ. 

ʋʨʦʚʝʥʴ ʩʚʝʪʦʩʫʤʤʳ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ï 

ʨʝʘʢʮʠʝʡ ʌʝʥʪʦʥʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʘʤʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʧʨʦʜʦʣʞʝʥʠʷ 

ʠ ʦʙʨʳʚʘ ʮʝʧʠ. ʋʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ  ʩʚʝʪʦʩʫʤʤʳ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʪʠʭ ʢʦʥʩʪʘʥʪ, ʥʦ ʥʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʪ.ʝ. ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʘʢʪʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʦʵʪʦʤʫ ʧʦ ʫʨʦʚʥʶ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, 

ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʢ ʦʢʠʩʣʝʥʠʶ ʚ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʚʝʪʦʩʫʤʤʘ ʚ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʢ 

ʦʢʠʩʣʝʥʠʶ, ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʘ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʘ ʩ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʙʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʘʢʮʠʷ ʌʝʥʪʦʥʘ, ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

 

The chemiluminescence induced by Fenton reaction allows detecting reaction products, but not 

radicals. Fenton reaction can take place in any substratum. Value of chemiluminescence's light sum in 

Fenton reaction is determined by reactions rate constants of all stage chain oxidation: initiation, 

propagation and termination of chain. The increasing or decreasing of luminescence light sum means 

a difference in these constants but not means the antioxidant activity. It doesn't mean the termination 

of chain reaction with stable products formation. Therefore, according to value of 

chemiluminescence's induced in Fenton reaction we can evaluate the capability of substratum to 

oxidation for given conditions. The light sum in Fenton reaction is the capability of substratum to 

oxidation and it is not proportional to antioxidant activity of sample. 

Key words: Fenton reaction, oxidation capability 

 

ɺʚʝʜʝʥʠʝ. ʈʝʘʢʮʠʷ ʌʝʥʪʦʥʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʘʢʪʠʢʝ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʚ ʝʛʦ ʦʧʝʨʘʪʠʚʥʦʩʪʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʨʝʘʢʮʠʝʡ ʌʝʥʪʦʥʘ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, 

ʢʦʛʜʘ [Fe
2+

] ² [H2O2] ʠ [Fe
2+

] < [H2O2]. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʚʫʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ, ʜʚʫʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ ʨʘʩʭʦʜʫʝʪʩʷ, ʠ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʞʝʣʝʟʘ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʧʨʠ [Fe
2+

] < [H2O2], ʦʢʠʩʣʝʥʥʦʝ ʪʨʝʭʚʘʣʝʥʪʥʦʝ 

ʞʝʣʝʟʦ ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʜʚʫʭʚʘʣʝʥʪʥʦʝ. ʅʘ ʵʪʦ ʨʘʩʭʦʜʫʝʪʩʷ ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ. 

ʉʣʫʯʘʡ [Fe
2+

] ² [H2O2] ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʝ [1]. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʪʦʩʫʤʤʳ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʨʝʘʢʮʠʝʡ, ʌʝʥʪʦʥʘ ʜʣʷ 

ʩʣʫʯʘʷ [Fe
2+

] < [H2O2] ʠ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ [Fe
2+

] ² [H2O2]. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʠ ʨʘʩʯʝʪ ʢʠʥʝʪʠʢʠ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ [Fe
2+

] < [H2O2], ʘʥʘʣʠʟ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʟʤʝʨʝʥʠʷ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ, ʨʝʘʢʮʠʝʡ 

ʌʝʥʪʦʥʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʙʠʦʭʝʤʠʣʶʤʠʥʦʤʝʪʨʘ ɹʍʃ-07 (ʅ. ʅʦʚʛʦʨʦʜ, 2010 ʛ.) ʚ 10-

15 ʧʨʦʙʘʭ. ɺʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ 30 ʩʝʢʫʥʜ. ɼʣʷ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʘʢʪʠʚʳ: 



 

56 ɹʠʦʨʘʜʠʢʘʣʳ ʠ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 2016 ʊʦʤ 3, ˉ3 

ʨʘʩʪʚʦʨ FeSO4 10
-3

 ʤʦʣʴ/ʣ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ pH = 2, ʨʘʩʪʚʦʨ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 10
-3

 ʠ 10
-1

 

ʤʦʣʴ/ʣ.  

ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʨʝʘʢʮʠʝʡ ʌʝʥʪʦʥʘ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʷ ʘʣʴʙʫʤʠʥʘ ʠ 

ʛʝʤʦʛʣʦʙʠʥʘ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʘʣʴʙʫʤʠʥʘ 50 ʛ/ʣ (7 10
-4

 ʤʦʣʴ/ʣ) ʠ ʛʝʤʦʛʣʦʙʠʥʘ 70 ʛ/ʣ (1.1 10
-3

 

ʤʦʣʴ/ʣ).  ɺʩʝ ʨʝʘʢʪʠʚʳ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʝ, ʜʚʘʞʜʳ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʨʅ = 6.5, 

ʩʪʝʨʠʣʴʥʳʡ ʨʘʩʪʚʦʨ ʍʝʥʢʩʘ (ʬʠʨʤʳ ɹʠʦʣʦʪ).  

ʈʝʛʠʩʪʨʘʮʠʶ ʩʚʝʪʦʩʫʤʤʳ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʶ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ ʙʝʟ ʩʫʙʩʪʨʘʪʘ - S0, ʟʘʪʝʤ 

ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʩʫʙʩʪʨʘʪʦʚ - S, ʜʘʣʝʝ ʩʫʙʩʪʨʘʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʟʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨʦʤ ʍʝʥʢʩʘ ʠʣʠ ʚʦʜʦʡ ʚ 10 ʨʘʟ, ʧʦʣʫʯʘʣʠ ʩʚʝʪʦʩʫʤʤʳ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 1, 

10
-1

, 10
-2

, 10
-3

, 10
-4

 ʦʪ ʠʩʭʦʜʥʦʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʩʦʩʪʘʚʣʷʣʘʩʴ ʩʭʝʤʘ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ. ʅʘ ʦʩʥʦʚʝ ʩʭʝʤʳ ʨʝʘʢʮʠʡ 

ʩʦʩʪʘʚʣʷʣʘʩʴ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʛʜʝ ʧʝʨʝʤʝʥʥʳʤʠ ʷʚʣʷʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʚʝʱʝʩʪʚ. ɺ ʢʘʞʜʦʝ ʫʨʘʚʥʝʥʠʝ ʚʭʦʜʷʪ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʠ 

ʨʘʩʭʦʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʝʤʝʥʥʘʷ. ʏʠʩʣʦ 

ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦ ʩʫʤʤʘʨʥʦʤʫ ʯʠʩʣʫ ʠʩʭʦʜʥʳʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʝʱʝʩʪʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʝʘʢʮʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ 

MathCad 14. 

ʈʝʟʫʣʴʪʘʪʳ. 

ʉʣʫʯʘʡ 1: [Fe
2+

] ² [H2O2], [Fe
2+

] = 10
-3

 ʤʦʣʴ/ʣ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 10
-3

 

ʤʦʣʴ/ʣ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʩʫʤʤʳ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʣʴʙʫʤʠʥʘ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʨʘʟʚʝʜʝʥʠʷʭ ʧʨʦʙʳ ʚ 10 ʨʘʟ ʠʩʩʣʝʜʦʚʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʉʚʝʪʦʩʫʤʤʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ 

ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ï1, ʜʣʷ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʨʘʟʙʘʚʣʝʥʠʝ 0) ʩʚʝʪʦʩʫʤʤʘ ʤʝʥʴʰʝ, ʘ ʧʨʠ 

ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʨʘʟʙʘʚʣʝʥʠʷʭ (-2, -3, -4) ʩʚʝʪʦʩʫʤʤʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ. ɼʣʷ ʛʝʤʦʛʣʦʙʠʥʘ 

ʩʠʪʫʘʮʠʷ ʘʥʘʣʦʛʠʯʥʘʷ, ʥʦ ʤʘʢʩʠʤʫʤ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ï2. 

ʕʬʬʝʢʪ ʫʤʝʥʴʰʝʥʠʷ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ RH ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʩʚʷʟʘʥ ʩ ʨʘʩʭʦʜʦʚʘʥʠʝʤ ROO
¶
 ʚ ʨʝʘʢʮʠʠ ROO

¶
 + RH Ą ROOH + R

¶
. ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʠʟʘ 

ʷʚʣʷʝʪʩʷ ʩʚʝʪʦʩʫʤʤʘ ʧʨʠ ʨʘʟʚʝʜʝʥʠʠ, ʢʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ.  

ʉʣʫʯʘʡ 2: [Fe
2+

] < [H2O2], [Fe
2+

] = 10
-3

 ʤʦʣʴ/ʣ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 10
-1

 

ʤʦʣʴ/ʣ. ʂʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ, ʜʚʫʭʚʘʣʝʥʪʥʦʝ 

ʞʝʣʝʟʦ, ʦʢʠʩʣʝʥʥʦʝ ʜʦ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʚ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ, ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ (ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ) 

ʚ ʜʚʫʭʚʘʣʝʥʪʥʦʝ. ʇʨʠ ʵʪʦʤ ʨʘʩʭʦʜʫʝʪʩʷ ʧʝʨʝʢʠʩʴ, ʠ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʧʝʨʝʢʠʩʴ ʧʦʣʥʦʩʪʴʶ ʥʝ ʠʟʨʘʩʭʦʜʫʝʪʩʷ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʠ ʦʥʘ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 30 ʩʝʢʫʥʜ (ʚʳʙʨʘʥʥʦʝ ʚʨʝʤʷ 

ʠʟʤʝʨʝʥʠʷ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ). ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʥʝ ʧʘʜʘʝʪ ʙʳʩʪʨʦ, ʢʘʢ 

ʚ ʩʣʫʯʘʝ 1, ʘ ʟʘ ʩʯʝʪ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ. ʀʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʯʘʩʪʴ ʩʚʝʪʦʩʫʤʤʳ, 

ʚʳʩʚʝʪʠʚʰʝʡʩʷ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʘ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʝʨʷʝʪʩʷ, ʥʦ ʟʘʪʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʩʚʝʪʦʩʫʤʤʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʦʣʥʦʤʫ ʚʳʭʦʜʫ ʧʨʦʜʫʢʪʦʚ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ. 

ʇʨʠ ʩʪʘʙʠʣʴʥʦʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʘʟʥʳʭ ʦʧʳʪʘʭ ʩʚʝʪʦʩʫʤʤʘ ʙʫʜʝʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʦʣʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʙʳ. ɺ ʩʣʫʯʘʝ 2 ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʳʧʦʣʥʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʨʘʟʚʝʜʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʚʝʪʦʩʫʤʤʘ ʧʨʠ 

ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʙʳ. 

ʍʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʨʝʘʢʮʠʝʡ ʌʝʥʪʦʥʘ, ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ 

ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ, ʘ ʥʝ ʨʘʜʠʢʘʣʳ. ʈʝʘʢʮʠʷ ʌʝʥʪʦʥʘ ʧʨʦʪʝʢʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʤ ʩʫʙʩʪʨʘʪʝ. 

ʋʨʦʚʝʥʴ ʩʚʝʪʦʩʫʤʤʳ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ï 

ʨʝʘʢʮʠʝʡ ʌʝʥʪʦʥʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʘʤʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʧʨʦʜʦʣʞʝʥʠʷ 

ʠ ʦʙʨʳʚʘ ʮʝʧʠ. ʋʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ  ʩʚʝʪʦʩʫʤʤʳ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʪʠʭ ʢʦʥʩʪʘʥʪ, ʥʦ ʥʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʪ.ʝ. ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʘʢʪʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʦʵʪʦʤʫ ʧʦ ʫʨʦʚʥʶ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ  ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, 
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ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʢ ʦʢʠʩʣʝʥʠʶ ʚ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

ɺʳʚʦʜʳ. ʇʨʦʜʫʢʪʦʤ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʧʝʨʝʢʠʩʴ ʠ ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ.  

ʇʨʠ [Fe
2+

] ² [H2O2] ʜʚʫʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ ʨʘʩʭʦʜʫʝʪʩʷ, ʩʚʝʪʦʩʫʤʤʘ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʭʦʜʦʤ ʩʚʝʪʷʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ (ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ). ɺʨʝʤʷ ʨʝʘʢʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʧʝʨʝʢʠʩʠ ʦʩʪʘʶʪʩʷ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ.  

ʇʨʠ [Fe
2+

] < [H2O2] ʦʢʠʩʣʝʥʥʦʝ ʜʦ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʝʣʝʟʦ ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ ʚ 

ʜʚʫʭʚʘʣʝʥʪʥʦʝ. ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. ʉʚʝʪʦʩʫʤʤʘ 

ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʫʤʤʘʨʥʦʤʫ ʚʳʭʦʜʫ ʛʠʜʨʦʧʝʨʝʢʠʩʠ ʠ ʩʠʥʛʣʝʪʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ. ʉʚʝʪʦʩʫʤʤʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʠʩʣʷʶʱʠʭʩʷ ʛʨʫʧʧ RH ʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʘ InH ʠ ʛʠʜʨʦʧʝʨʝʢʠʩʠ ROOH, ʫʞʝ 

ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʧʨʦʙʝ.  

ʉʚʝʪʦʩʫʤʤʘ ʚ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʢ ʦʢʠʩʣʝʥʠʶ, ʠ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʘ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʘ ʩ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʙʳ.  
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ɺ ʄʆɿɻɽ ʂʈʓʉ ʇʈʀ ʋʄɽʈɽʅʅʆʁ ɻʀʇʆʊɽʈʄʀʀ 
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ʈʦʩʩʠʷ 
 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʛʠʧʦʪʝʨʤʠʠ ʠ ʜʘʣʘʨʛʠʥʘ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʠ ʙʝʣʢʦʚ ʩʠʥʘʧʪʦʩʦʤ ʠʟ ʤʦʟʛʘ ʢʨʳʩ. ʕʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʚʝʜʝʥ ʥʘ ʙʝʣʳʭ ʢʨʳʩʘʭ-ʩʘʤʮʘʭ ʣʠʥʠʠ ɺʠʩʪʘʨ ʤʘʩʩʦʡ 180-220 ʛ. ʊʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ ʩʥʠʞʘʣʠ 

ʧʫʪʝʤ ʥʘʨʫʞʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 30Áʉ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ 

ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ, ʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ï ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ. ʋ ʞʠʚʦʪʥʳʭ ʧʨʠ ʛʠʧʦʪʝʨʤʠʠ ʦʪʤʝʯʝʥ ʨʦʩʪ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ 

ʩʠʥʘʧʪʦʩʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʜʘʣʘʨʛʠʥʘ ʚ ʜʦʟʝ 0,1 ʤʛ/ʢʛ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʥʧʪʦʩʦʤʘʭ ʧʨʠ ʛʠʧʦʪʝʨʤʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʧʦʪʝʨʤʠʷ, ʩʠʥʘʧʪʦʩʦʤʳ, ʤʘʣʦʥʦʚʳʡ ʜʠʘʣʴʜʝʛʠʜ, ʢʘʨʙʦʥʠʣʴʥʳʝ 

ʛʨʫʧʧʳ 

 

The work is devoted to study the effect of hypothermia and dalargin on intensity of the 

oxidative modification of lipids and proteins from rat brain synaptosomes. The experiment was 

carried out on white Wistar rats weighing 180-220 g. The temperature of body was lowered by 

external cooling to 30ÁC. The intensity of lipid peroxidation was assessed by analyzing the 

concentration of malondialdehyde, while proteins oxidative modification - of carbonyl groups. In 

animals with hypothermia showed increase markers of lipid peroxidation and proteins oxidative 

modification of synaptosoms. It is found that the preliminary injection of dalargin in a dose of 0,1 

mg/kg leads to a decrease in the intensity of free radical processes in synaptosomes during 

hypothermia. 

Key words: hypothermia, synaptosomes, malondialdehyde, carbonyl groups 

 

ɺʚʝʜʝʥʠʝ. ɻʠʧʦʪʝʨʤʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʛʦʤʦʡʦʪʝʨʤʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʘʢʪʠʚʘʮʠʝʡ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʉʈʇ) ʚ ʪʢʘʥʷʭ [3]. ʇʨʠ ʛʠʧʦʪʝʨʤʠʠ ʚʚʝʜʝʥʠʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʧʠʦʠʜʥʦʛʦ ʧʝʧʪʠʜʘ ʜʘʣʘʨʛʠʥʘ ʧʨʝʜʫʧʨʝʞʜʘʣʦ ʨʘʟʚʠʪʠʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʥʘ ʫʨʦʚʥʝ ʪʢʘʥʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʉʈʇ 

ʧʨʠ ʛʠʧʦʪʝʨʤʠʠ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʦʚʝʜʝʥʳ ʥʘ ʛʦʤʦʛʝʥʘʪʘʭ ʤʦʟʛʘ. ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʉʈʇ ʧʨʠ ʛʠʧʦʪʝʨʤʠʠ ʥʘ ʫʨʦʚʥʝ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʥʝʡʨʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ï ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʢʦʥʪʘʢʪʦʚ, ʥʝʠʟʚʝʩʪʥʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʧʠʜʦʚ ʠ ʙʝʣʢʦʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʦʢʦʥʯʘʥʠʡ 

ʥʝʡʨʦʥʦʚ ʤʦʟʛʘ ʢʨʳʩ ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʛʠʧʦʪʝʨʤʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʘʣʘʨʛʠʥʘ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʧʳʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʦʣʦʚʦʟʨʝʣʳʭ ʢʨʳʩʘʭ-ʩʘʤʮʘʭ 

ʣʠʥʠʠ ɺʠʩʪʘʨ ʤʘʩʩʦʡ 180-200 ʛ. ɻʠʧʦʪʝʨʤʠʶ ʚʳʟʳʚʘʣʠ ʥʘʨʫʞʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. ʊʝʤʧʝʨʘʪʫʨʫ 

ʪʝʣʘ ʢʨʳʩ ʩʥʠʞʘʣʠ ʜʦ 30Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ɿʘ 30 ʤʠʥ ʜʦ ʦʭʣʘʞʜʝʥʠʷ ʢʨʳʩʘʤ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʚʚʦʜʠʣʠ ʬʘʨʤʘʢʦʧʝʡʥʳʡ ʧʨʝʧʘʨʘʪ ʜʘʣʘʨʛʠʥʘ ʚ ʜʦʟʝ 0,1 ʤʛ ʥʘ ʢʛ ʤʘʩʩʳ. 

ʀʥʪʘʢʪʥʳʤ ʞʠʚʦʪʥʳʤ ʚʚʦʜʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʙʲʸʤ 0,9 % ʨʘʩʪʚʦʨʘ NaCl. ʉʠʥʘʧʪʦʩʦʤʳ 

ʚʳʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʛʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʥʪʨʠʬʫʛʠ 

MR23i (ɻʝʨʤʘʥʠʷ). ʉʪʝʧʝʥʴ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʩʠʥʘʧʪʦʩʦʤ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʫʨʦʚʥʶ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʧʦ ʨʝʘʢʮʠʠ ʩ 2,4-ʜʠʥʠʪʨʦʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ [4]. ʇʨʠ ʵʪʦʤ 

ʦʧʨʝʜʝʣʷʣʠ ʠʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʙʝʣʢʘʭ, ʘ ʪʘʢʞʝ ʠʭ ʥʘʢʦʧʣʝʥʠʝ in vitro ʚ 

ʩʨʝʜʝ ʌʝʥʪʦʥʘ. ʆʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʦʢʩʠʜʘʮʠʠ ʣʠʧʠʜʦʚ ʚ ʩʠʥʘʧʪʦʩʦʤʘʭ ʩʫʜʠʣʠ ʧʦ 
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ʩʦʜʝʨʞʘʥʠʶ ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ (ʄɼɸ) ʚ ʩʫʩʧʝʥʟʠʠ ʩʠʥʘʧʪʦʩʦʤ ʧʦ ʨʝʘʢʮʠʠ ʩ 

ʪʠʦʙʘʨʙʠʪʫʨʦʚʦʡ ʢʠʩʣʦʪʦʡ [2]. 

ʈʝʟʫʣʴʪʘʪʳ. ʇʨʠ ʛʠʧʦʪʝʨʤʠʠ ʥʘ 77,5% ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʄɼɸ ʚ ʩʠʥʘʧʪʦʩʦʤʘʭ 

(ʨʠʩ). ʇʨʠ ʵʪʦʤ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʄɼɸ ʚ ʧʨʦʙʘʭ, ʠʥʢʫʙʠʨʫʝʤʳʭ in 

vitro ʚ ʧʨʠʩʫʪʩʪʚʠʠ Fe
2+

-ʘʩʢʦʨʙʘʪ. ʇʨʠ ʛʠʧʦʪʝʨʤʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩʪʝʧʝʥʴ 

ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚ ʩʠʥʘʧʪʦʩʦʤ. ʀʩʭʦʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʩʠʥʘʧʪʦʩʦʤʘʣʴʥʳʭ ʙʝʣʢʘʭ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʣʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 66,9%, ʘ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʚ 

ʧʨʦʙʘʭ in vitro ʚ ʩʠʩʪʝʤʝ Fe
2+

-ʕɼʊɸ-ʅ2ʆ2 ï ʥʘ 19,6% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠ ʛʠʧʦʪʝʨʤʠʠ 30Áʉ ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʣʠʧʠʜʦʚ ʠ 

ʙʝʣʢʦʚ ʤʝʤʙʨʘʥ ʩʠʥʘʧʪʦʩʦʤ. 
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ʈʠʩ. 1. ʉʦʜʝʨʞʘʥʠʝ ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʙʝʣʢʘʭ ʩʠʥʘʧʪʦʩʦʤ ʠ ʠʭ 

ʥʘʢʦʧʣʝʥʠʝ in vitro ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʠʜʘʥʪʦʚ ʧʨʠ ʛʠʧʦʪʝʨʤʠʠ ʠ ʚʚʝʜʝʥʠʠ ʜʘʣʘʨʛʠʥʘ. * - 

ʜʦʩʪʦʚʝʨʥʳʝ (ʨ᾽0,05) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʨʘʟʣʠʯʠʷ 

 

ʋ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʚʚʝʜʝʥʠʝ ʜʘʣʘʨʛʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʄɼɸ ʠ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʙʝʣʢʘʭ ʩʠʥʘʧʪʦʩʦʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʜʘʣʘʨʛʠʥʘ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʢʪʠʚʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʣʠʧʠʜʦʚ ʠ ʙʝʣʢʦʚ ʩʠʥʘʧʪʦʩʦʤ 

ʧʨʠ ʛʠʧʦʪʝʨʤʠʠ.  

ʆʙʩʫʞʜʝʥʠʝ ʠ ʚʳʚʦʜʳ. ʍʦʣʦʜʦʚʦʡ ʩʪʨʝʩʩ, ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʫ ʥʝʥʘʨʢʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʛʦʤʦʡʦʪʝʨʤʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚ ʥʘʯʘʣʝ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʝʢʨʝʮʠʠ ʩʪʨʝʩʩʦʨʥʳʭ ʛʦʨʤʦʥʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ 

ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʪʢʘʥʷʭ [3]. ɸʢʪʠʚʘʮʠʷ ʜʳʭʘʥʠʷ ʥʘ ʫʨʦʚʥʝ 

ʤʠʪʦʭʦʥʜʨʠʡ ʥʝʡʨʦʥʦʚ, ʩ ʠʟʙʳʪʦʯʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʣʠʧʠʜʦʚ ʠ ʙʝʣʢʦʚ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʧʨʠ ʛʠʧʦʪʝʨʤʠʠ. ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʤʙʨʘʥ ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʠʚʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʣʠʧʠʜʦʚ ʠ ʙʝʣʢʦʚ ʩʠʥʘʧʪʦʩʦʤ ʜʣʷ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʩʨʝʜʝ ʠʥʢʫʙʘʮʠʠ 

ʦʢʩʠʜʘʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʘʣʘʨʛʠʥʘ ʧʨʝʜʫʧʨʝʞʜʘʝʪ 

ʨʘʟʚʠʪʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʥʘ ʫʨʦʚʥʝ ʥʝʡʨʦʥʦʚ ʧʨʠ ʛʠʧʦʪʝʨʤʠʠ 30Áʉ. ɼʘʣʘʨʛʠʥ, ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʥʘʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʝ ʧʨʦʥʠʢʘʝʪ ʚ ʛʦʣʦʚʥʦʡ ʤʦʟʛ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʧʪʠʜ 

ʚʣʠʷʝʪ ʥʘ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʤʦʟʛʝ ʦʧʦʩʨʝʜʦʚʘʥʦ. ɼʘʣʘʨʛʠʥ ʩʧʦʩʦʙʝʥ 

ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʧʝʨʠʬʝʨʠʯʝʩʢʠʡ ʩʦʩʫʜʠʩʪʳʡ ʪʦʥʫʩ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʦʨʥʦʡ ʚʘʟʦʢʦʥʩʪʨʠʢʮʠʠ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʜʫʢʮʠʠ NO [1]. ɺʦʟʤʦʞʥʦ, ʫʣʫʯʰʝʥʠʝ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʤʦʟʛʘ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʜʘʣʘʨʛʠʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʦʢʩʠʜʘʥʪʥʦ-ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʙʘʣʘʥʩʘ 

ʥʝʡʨʦʥʦʚ ʧʨʠ ʛʠʧʦʪʝʨʤʠʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʩʪʘʙʠʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʙʝʣʢʘʭ ʠ ʣʠʧʠʜʘʭ 

ʩʠʥʘʧʪʦʩʦʤ, ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ 

ʥʘ ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʚʭʦʞʜʝʥʠʷ ʚ ʛʠʧʦʪʝʨʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ 

ʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ ʜʘʣʘʨʛʠʥʘ.  
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ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʆʎɽʅʂɸ ʀɿʆʃʀʈʆɺɸʅʅʆɻʆ ʀ ʉʆʏɽʊɸʅʅʆɻʆ 

ɼɽʁʉʊɺʀʗ ɼʆʂʉʆʈʋɹʀʎʀʅɸ ʀ ʆɿʆʅɸ ʅɸ ɾʀɿʅɽʉʇʆʉʆɹʅʆʉʊʔ 

ʅʆʈʄɸʃʔʅʓʍ ʀ ɿʃʆʂɸʏɽʉʊɺɽʅʅʓʍ ʂʃɽʊʆʂ ʇɽʏɽʅʀ 

 

ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 

ʈʦʩʩʠʷ 
 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ  ʭʠʤʠʦʧʨʝʧʘʨʘʪʘ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʠ ʦʟʦʥʘ ʥʘ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʥʦʨʤʘʣʴʥʳʭ Chang liver (Ch.l.) ʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ SKïHEP-1 ʢʣʝʪʦʢ ʧʝʯʝʥʠ 

ʚ ʢʫʣʴʪʫʨʝ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʭʦʜʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʦʟʦʥʘ ʠ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʢʘʢ ʠʟʦʣʠʨʦʚʘʥʥʦ, ʪʘʢ ʠ ʚ ʩʦʯʝʪʘʥʠʠ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʜʦʢʩʦʨʫʙʠʮʠʥ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʢ ʥʦʨʤʘʣʴʥʳʭ, ʪʘʢ ʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʦʢ. ʆʟʦʥ ʢʘʢ ʠʟʦʣʠʨʦʚʘʥʥʦ, ʪʘʢ ʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʦʢʩʦʨʫʙʠʮʠʥʦʤ ʪʘʢʞʝ 

ʧʨʦʷʚʣʷʣ ʚʳʨʘʞʝʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. ʂʠʩʣʦʨʦʜ, ʥʘʧʨʦʪʠʚ, ʧʦʚʳʰʘʣ ʧʦʢʘʟʘʪʝʣʴ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ  ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʢʣʝʪʦʢ, ʥʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʦʢʩʦʨʫʙʠʮʠʥʦʤ ʪʘʢʞʝ ʧʦʜʘʚʣʷʣ 

ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ, ʜʦʢʩʦʨʫʙʠʮʠʥ, ʦʟʦʥ, ʚʳʞʠʚʘʝʤʦʩʪʴ 

 

An experimental work was done to study the influence of doxorubicin and oxidants (oxygen and 

ozone) on viability of cultural normal Chang liver (Ch.l.) cells and malignant SK ïHEP-1 cells. It 

found similar increase in free radical oxidation in normal and malignant cells of the liver as in the 

action of ozone and doxorubicin. Doxorubicin was shown to have the highest cytotoxicity, both for 

normal and malignant cells. Ozone was found to produce marked cytotoxicity when used isolated and 

in combination with doxorubicin. Oxygen, on the contrary, improved the viability index of the 

analyzed cells, though in combination with doxorubicin it   inhibited enzymatic activity. The received 

results make it possible to adjust the ozone dose and the route of its administration in various tumor 

localizations. 

Key words: cell culture, doxorubicin, ozone, viability 

 

ɺʚʝʜʝʥʠʝ. ɺ ʙʦʣʝʝ ʨʘʥʥʠʭ  ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʞʠʚʦʪʥʳʭ ʧʨʠ ʦʮʝʥʢʝ 

ʧʘʪʦʤʦʨʬʦʟʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʦʧʫʭʦʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʦʟʳ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʠ ʦʟʦʥʘ [1]. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʢʣʝʪʢʠ  

ʥʝʠʟʚʝʩʪʥʳ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʠ  ʦʟʦʥʘ ʥʘ  

ʧʦʢʘʟʘʪʝʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʦʢ ʧʝʯʝʥʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ:  ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʠ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʥʦʨʤʘʣʴʥʳʝ. 1/. ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʥʦʨʤʘʣʴʥʦʡ ʧʝʯʝʥʠ ʯʝʣʦʚʝʢʘ Chang 

liver (Ch.l.), ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʨʝʜʝ ʀʛʣʘ ʄɽʄ ʩ ʩʦʣʷʤʠ ʕʨʣʘ (ʇʘʥʕʢʦ) ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 10% ʩʳʚʦʨʦʪʢʠ ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʪʝʣʷʯʴʝʡ (ʇʘʥʕʢʦ), ʦʧʪʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 0,5 -

1,0 ʭ 10
5
 ʢʣʝʪʦʢ/ʤʣ;  2/. ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʝ ʢʣʝʪʢʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʧʝʯʝʥʠ ʯʝʣʦʚʝʢʘ  SK-HEP-1, 

ʤʦʨʬʦʣʦʛʠʷ: ʵʧʠʪʝʣʠʦʧʦʜʦʙʥʘʷ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʨʝʜʝ ʀʛʣʘ ʄɽʄ ʩ ʩʦʣʷʤʠ 

ʕʨʣʘ (ʇʘʥʕʢʦ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 10% ʩʳʚʦʨʦʪʢʠ ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʪʝʣʷʯʴʝʡ (ʇʘʥʕʢʦ) ʠ 1% 

ʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ (ʇʘʥʕʢʦ), ʦʧʪʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ  2,0 -4,0 ʭ 10
6
 ʢʣʝʪʦʢ/ʩʤ

2
. 

ʇʦʜʜʝʨʞʘʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʫʣʴʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʉʆ2-ʠʥʢʫʙʘʪʦʨʝ, ʧʨʠ 5% ʩʦʜʝʨʞʘʥʠʠ 

ʉʆ2. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 3-5 ʧʘʩʩʘʞʝ. ʂʣʝʪʢʠ ʨʘʩʩʘʞʠʚʘʣʠ ʥʘ 48-ʤʠ ʠʣʠ 6-ʪʠ ʣʫʥʦʯʥʳʝ 

ʧʣʘʥʰʝʪʳ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 60% ʤʦʥʦʩʣʦʷ ʧʨʦʚʦʜʠʣʠ ʟʘʤʝʥʫ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʥʘ ʢʦʪʦʨʳʭ 

ʢʣʝʪʢʠ ʚʳʨʘʱʠʚʘʣʠʩʴ  ʥʘ ʠʩʧʳʪʫʝʤʳʝ (ʜʘʣʝʝ ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʘʢ ʘ, ʙ, ʚ, ʛ, ʜ). ʉʨʝʜʘ ʘ ʛʦʪʦʚʠʣʘʩʴ 

ʜʦʙʘʚʣʝʥʠʝʤ ʭʠʤʠʦʧʨʝʧʘʨʘʪʘ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʚ ʜʦʟʝ 0,004 ʤʛ. ʉʨʝʜʘ ʙ - ʚʚʝʜʝʥʠʝ  150 ʤʣ 

ʢʠʩʣʦʨʦʜʘ; ʩʨʝʜʘ ʚ - ʚʚʝʜʝʥʠʝ 150 ʤʣ ʦʟʦʥʦ-ʢʠʩʣʦʨʦʜʥʦʡ  ʩʤʝʩʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʟʦʥʘ 25 ʤʛ/ʣ, 




