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ɸʥʥʦʪʘʮʠʷ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʟʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ ʠ ʪ.ʜ. ʆʩʦʙʦ ʚʘʞʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʦʟʦʥʫ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʝʜʠʮʠʥʝ, ʪʘʢ ʢʘʢ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʠʣʴʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʥ ʷʚʣʷʝʪʩʷ 

ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʤ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ ʭʠʤʠʯʝʩʢʠ ʙʝʟʚʨʝʜʥʳʤ ʚʝʱʝʩʪʚʦʤ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʦʟʦʥʦʤ ʨʘʟʣʠʯʥʳʭ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ (ʤʷʩʦ, ʨʳʙʘ, ʷʡʮʘ, ʩʳʨ ʠ ʜʨ.) ʧʨʦʜʣʝʚʘʝʪʩʷ ʩʨʦʢ ʠʭ ʭʨʘʥʝʥʠʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ, ʯʝʤ ʚ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ɺ ʧʨʦʮʝʩʝ ʦʟʦʥʠʨʦʚʘʥʠʷ ʛʠʙʥʫʪ ʤʠʢʨʦʙʳ, ʙʘʢʪʝʨʠʠ, ʚʠʨʫʩʳ, 

ʚʨʝʜʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʬʨʫʢʪʘʭ ʠ ʦʚʦʱʘʭ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʫʯʘʩʪʚʫʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʦʟʦʥ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠ ʘʪʦʤʘʨʥʳʡ ʢʠʩʣʦʨʦʜ: ʚ ʚʦʟʜʫʭʝ ʚ 

ʪʝʯʝʥʠʠ ʧʦʣʫʯʘʩʘ, ʚ ʚʦʜʝ ï ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. ʇʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʦʟʦʥʘ ʥʝ ʟʘʛʨʷʟʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʠ ʥʝ ʦʙʨʘʟʫʶʪ ʢʘʥʮʝʨʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʣʴʢʦʤ ʭʦʟʷʡʩʪʚʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʢʦʥʮʝʪʨʘʮʠʶ ʦʟʦʥʘ ʚ ʦʟʦʥʥʦ-

ʚʦʟʜʫʰʥʦʡ ʠʣʠ ʦʟʦʥʥʦ-ʚʦʜʥʦʡ ʩʤʝʩʷʭ, ʪʘʢ ʢʘʢ ʠʟʙʳʪʦʢ ʦʟʦʥʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ. ʎʝʣʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ 

ʫʧʨʦʱʝʥʥʦʛʦ ʠ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ 

ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʮʝʪʨʘʮʠʠ ʦʟʦʥʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʢʦʪʦʨʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʦʜʦʤʝʪʨʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʢʪʠ-

ʚʦʚ (ʠʦʜʠʜ ʢʘʣʠʷ, ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ, ʪʠʦʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, ʨʘʩʪʚʦʨ ʡʦʜʘ) ʧʨʠ ʵʪʦʤ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʠʝ 

ʪʠʪʨʘʮʠʠ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʟʦʥʘ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ. ʆʩʥʦʚʦʡ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʢʘʣʠʙʨʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʡʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦ-

ʨʠʤʝʪʨʘ ʂʌʂ ï 3 ʧʨʠ ɚ = 360 ʥʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʩʯʝʪʦʤ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʟʦʥʘ. ɼʦʙʘʚʣʝʥʠʝ ʢʨʘʭʤʘʣʘ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʦʰʠʙʢʫ ʚ ʩʚʷʟʠ ʩ ʫʣʝʪʫʯʠʚʘʥʠʝʤ 

ʡʦʜʘ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʧʨʠ ɚ = 600 ʥʤ. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠ-

ʯʝʥ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ. 

Abstract 

In recent years, Ozone is more and more widely used in different fields of economy: agriculture, medicine 

and food industry. The usage of Ozone is especially important in medicine and food industry, because itôs a strong 

abluent and chemically safe substance. Itôs known that, in case of ozone use, the temperature and storage duration 

of food (fish, meat, cheese, eggs etc.) is higher, than in refrigerators. Ozonization process destroys microbes, bac-

teriaôs, harmful substances, viruses, mould, also it decreases the content of nitrates in fruits and vegetables. In the 

process, after half an hour in air and two hours in water, ozone breaks into oxygen atoms and forms oxygen mol-

ecules and releases no carcinogenic substances, which often happens while using different chemicals. Thus, we 

can assume, that ozone usage guarantees ecologically safe environment.  

In many cases, especially in agriculture, the quantity of ozone usage is predefined, as excessive dosage leads 

to undesirable results and reduces the harvest capacity. Because of this, itôs important to set the concentration of 

ozone beforehand. Nowadays, there are different methods of measuring ozone concentration, which have some 

difficulties. Iodometry is one of these methods, which includes using of extra reagents (buffered solution, Potas-

sium Iodide (KI), Sodium Thiosulfate (Na2S2O3Ŀ5H2O), Iodine). In addition to that, it is important to hold Titration 

process.  

The presented work offers a new, economical method of defining the ozone concentration. The proposed 

method is based on rectilinear dependence of Iodine concentration and relevant optical density (ɚ=360nm) on 

ozone concentration with further calculations. Similar results are obtained by adding starch to Iodine solution 

(ɚ=600nm), which forms stable complex with Iodine excluding inaccuracy caused by Iodine volatility.  

The definition of Ozone concentration with the method known in literature and the one proposed by us is 

quite similar. Thus, the method, which we offer, is simple and also it gives the possibility of measuring ozone 

concentration more rapidly.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ, ʠʦʜʦʤʝʪʨʠʷ, ʠʦʜʠʜ ʢʘʣʠʷ (ʂI ), ʙʫʬʝʨʥʳʡ ʨʘʩ-

ʪʚʦʨ, ʪʠʦʩʫʣʴʬʘʪ ʥʘʪʨʠʷ (Na2S2O3 .5 H2O), ʨʘʩʪʚʦʨ I2. 

Keywords: determination of ozone concentration, iodometry, potassium iodide (KI), buffered solution, so-

dium thiosulfate (Na2S2O3.5H2O), iodine I2. 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʟʦʥ, ʠʟ-ʟʘ ʩʚʦʠʭ ʚʳʩʦʢʠʭ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ, ʤʝʜʠʮʠʥʝ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʪ. ʜ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʟʦʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʦʢʨʫʞʘʶʰʝʡ ʩʨʝʜʳ. ɺʦ 

ʚʨʝʤʷ ʫʯʘʩʪʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʟʦʥ ʨʘʟʣʘʛʘ-

ʝʪʩʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠ ʘʪʦʤʘʨʥʳʡ ʢʠʩʣʦʨʦʜ ʚ ʚʦʟ-

ʜʫʭʝ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ, ʚ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʯʘʩʦʚ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʦʟʦʥʘ ʥʝ ʟʘʛʨʷʟ-

ʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʦʙʨʘʟʫʶʪ 

ʢʘʥʮʝʨʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʠʤʝʝʪ ʤʝʩʪʦ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ ʭʣʦʨʘ ʠ ʬʪʦʨʘ. 

ʆʩʦʙʦ ʚʘʞʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʦʟʦʥʫ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʜʝʟʠʥʬʠʮʠʨʫʶ-

ʱʠʤ ʠ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ.ʇʨʠ ʦʙ-

ʨʘʙʦʪʢʝ ʦʟʦʥʦʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʤʷʩʦ,ʨʳʙʘ, 

ʷʡʮʘ,ʩʳʨ ʠ ʜʨ.) ʧʨʦʜʣʝʚʘʝʪʩʷ ʩʨʦʢ ʠʭ ʭʨʘʥʝʥʠʷ ʧʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʚ ʭʦʣʦʜʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʢʘʭ. ɺʦ ʚʨʝʤʷ ʦʟʦʥʠʨʦʚʘʥʠʷ ʫʥʠʯʪʦʞʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʠʢʨʦʙʳ, ʙʘʢʪʝʨʠʠ, ʚʠʨʫʩʳ, ʧʣʝʩʝʥʴ, ʘ 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘ-

ʪʦʚ ʚʦ ʬʨʫʢʪʘʭ ʠ ʦʚʦʱʘʭ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʦʟʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʜʠʮʠʥʝ( 1 ) ʜʣʷ 

ʩʪʝʨʠʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ ʤʝʜʠ-

ʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʚ ʪʝʨʘʧʠʠ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘ-

ʥʠʡ . 

ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʦʟʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚʩʭʦʞʝʩʪʠ ʠ ʨʦʩʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʞʘʡʥʦ-

ʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʥʝ-

ʢʦʪʦʨʳʭ ʩʢʦʨʦʧʦʨʪʷʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ, ʜʣʷ ʜʝʟʠʥ-

ʬʝʢʮʠʠ ʭʨʘʥʠʣʠʱ ʠ ʪ.ʜ.(2-3). 

ɺʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʦʙʷʟʘʪʝʣʴʥʦ 

ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʟʦʥʘ ʚ ʦʟʦʥʥʦ-ʚʦʟ-

ʜʫʰʥʦʡ ʠʣʠ ʦʟʦʥʦ-ʚʦʜʥʦʡ ʩʤʝʩʷʭ , ʪʘʢ ʢʘʢ ʠʟʙʳʪʦʢ 

ʦʟʦʥʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. 

ʎʝʣʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ ʥʦʚʦʛʦ ʫʧʨʦʱʝʥʥʦʛʦ ʠ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʛʦ 

ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦ-

ʜʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ, ʢʦʪʦʨʳʝ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʢʦʪʦʨʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ. ʆʜʥʠʤ 

ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʦʜʦʤʝʪʨʠʷ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʥʳʭ ʨʝʘʢ-

ʪʠʚʦʚ (ʂI, ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ, ʪʠʦʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, 

ʨʘʩʪʚʦʨ I2), ʧʨʠ ʵʪʦʤ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʠʝ ʪʠʪ-

ʨʘʮʠʠ(4). ʇʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʨʝʘʢ-

ʮʠʷʤʠ: 

2Na2S2O3+ I2 ĄNa2S4O6 + 2NaI  (1 ) 

2KI  + O3 + H2OĄ I2 + O2 + 2KOH  (2 ) 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʟʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ 

(2). ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʦʙʷʟʘʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʢʪʠ-

ʚʦʚ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ I2 ʫʯʠʪʳʚʘʥʠʝ 

ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʟʦʥʘ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʢʘʣʠʙʨʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʡʦʜʘ ʚ ʨʘʩ-

ʪʚʦʨʘʭ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʘ ʂʌʂ-3 ʧʨʠ ɚ =360 ʥʤ. 

https://en.wikipedia.org/wiki/Water_of_crystallization
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥ-

ʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʠ ʧʨʷʤʘʷ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 1 ). 

 
ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ï D ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ C - I2 ( ɚ =360 ʥʤ) 

 

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ I2 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ O3 /ʨʠʩ.2/. 

 
ʈʠʩ.2 ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ïD ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ C ï ʆ3 ( ɚ =360ʥʤ ) 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʜʦʙʘʚ-

ʣʝʥʠʠ ʢʨʘʭʤʘʣʘ ʢ ʨʘʩʪʚʦʨʘʤ I2 ( ɚ =600 ʥʤ ) ,(ʨʠʩ. 3 
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ʈʠʩ.3  

ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ-D ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ C - I2 (ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʨʘʭʤʘʣʘ, ʧʨʠ ɚ =600 ʥʤ) 

 

ɼʦʙʘʚʣʝʥʠʝ ʢʨʘʭʤʘʣʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʣʫʯʝ-

ʥʠʝ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʦʰʠʙʢʫ ʚ ʩʚʷʟʠ ʩ ʫʣʝʪʫʯʠʚʘʥʠʝʤ I2 ʠ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆ3 ( 

ʨʠʩ.4 ) 

 

 
ʈʠʩ.4 ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ-D ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ C - ʆ3  

(c ʜʦʙʘʚʣʝʥʠʝʤ ʢʨʘʭʤʘʣʘ ʧʨʠ ɚ =600 ʥʤ ) 

 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʝʜʣʦʞʝʥʥʳʤ ʥʘʤʠ ʤʝ-

ʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʟʦʥʘ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʜʘʥʥʳʤʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʠʟʚʝʩʪ-

ʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʦʤ (4) ʠ ʩʦʩʪʘʚʣʷʶʪ 0,34.10-

2 ʠ 0,31.10-2 ʛ\ʣ ʩʦʦʪʚʝʪʩʪʝʥʥʦ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʨʘʭʤʘʣʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʣʥʦʩʪʴʶ 

ʩʦʚʧʘʜʘʶʪ ʠ ʩʦʩʪʘʚʣʷʶʪ 0,3 ʛ\ʣ ʩʦʦʪʚʝʩʪʚʝʥʥʦ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʵʢʦʥʦʤʠʯʝʥ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʠʟ-

ʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʨʠʤʝʥʝʥʠʝ ʦʟʦʥʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʭʨʫʧʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʦʨʪʠʚʥʳʭ ʩʥʘʨʷʜʦʚ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʥʘʧʦʣʥʝʥʠʷ ʥʝʬʪʝʧʦʣʠʤʝʨʥʦʡ ʩʤʦʣʦʡ ʠ ʥʘʣʠʯʠʝʤ ʧʣʘʩʪʠ-

ʬʠʢʘʪʦʨʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉ ʠʭ ʧʦʤʦʱʴʶ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʝʮʝʧʪʫʨʫ ʭʨʫʧʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

Abstract 

The article provides the research results on the development of fragile composite materials on the basis of 

polymers for development of implements. The physicomechanical properties of the composites under considera-

tion highly depend on the degree of filling with the petroleum resin and the presence of a plasticizer. In this article, 

the dependency obtained in the course of experiments is presented. With its help, it is possible to determine the 

formula of fragile composite materials, taking into account technological and operational characteristics. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʧʦʣʠʤʝʨʥʘʷ ʩʤʦʣʘ, ʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʠʟʚʝʩʪʥʷʢʦʚʳʡ ʧʦʨʦʰʦʢ, ʩʪʝʘʨʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ. 

Keywords: Petroleum resin, plasticizer, calcareous powder, stearic acid. 

 

ɺ ʩʦʩʪʘʚ ʭʨʫʧʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʜʣʷ ʩʧʦʨʪʠʚʥʳʭ ʩʥʘʨʷʜʦʚ ʚʭʦʜʠʪ ʥʘʧʦʣʥʠʪʝʣʴ 

(ʠʟʚʝʩʪʥʷʢʦʚʳʡ ʧʦʨʦʰʦʢ), ʩʚʷʟʫʶʱʝʝ (ʥʝʬʪʝʧʦʣʠ-

ʤʝʨʥʘʷ ʩʤʦʣʘ çʍʠʤʧʣʘʩʪè), ʘ ʪʘʢ ʞʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨ 

(ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ).  

ɺ ʢʘʯʝʩʪʚʝ ʟʥʘʯʠʤʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʠʟʜʝʣʠʡ - ʩʧʦʨʪʠʚʥʳʭ ʩʥʘʨʷʜʦʚ 

ʙʳʣʠ ʚʳʙʨʘʥʳ: ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟ-

ʛʠʙ, ʚʷʟʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʤʧʦʟʠʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʤʦʣʳ çʍʠʤʧʣʘʩʪè ʦʮʝʥʠʚʘʣʠʩʴ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʝʸ ʥʘʧʦʣʥʝʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚʳʤ 

ʧʦʨʦʰʢʦʤ (70 - 80% ʧʦ ʤʘʩʩʝ ʩ ʰʘʛʦʤ ʚ 1%). ʊʘʢʞʝ 

ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʨʘʩ-

ʧʨʦʩʪʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʟʥʘʯʝʥʠʷ ʪʝʢʫʯʝʩʪʠ ʨʘʩ-

ʧʣʘʚʘ ʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʦʙʨʘʟʮʦʚ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʳ 

(ʨʠʩ.1) 

 

 

 
ʈʠʩ.1 ʉʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʠʤʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʢʦʤʧʦʟʠʪʦʚ ʦʪ ʩʪʝʧʝʥʠ ʥʘʧʦʣʥʝʥʠʷ ʠ ʥʘʣʠʯʠʷ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2-5.
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ʈʠʩ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʥʘʧʦʣʥʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩʤʦʣʦʡ çʍʠʤʧʣʘʩʪè. 

 

 
ʈʠʩ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʦʪ ʩʪʝʧʝʥʠ ʥʘʧʦʣʥʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩʤʦʣʦʡ çʍʠʤʧʣʘʩʪè 

 

 
ʈʠʩ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ ʦʪ ʩʪʝʧʝʥʠ ʥʘʧʦʣʥʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩʤʦʣʦʡ 

çʍʠʤʧʣʘʩʪè: 1-ʙʝʟ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ, 2-ʩʦʜʝʨʞʘʱʝʡ 0,5% ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 
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ʈʠʩ 5. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʥʘʧʦʣʥʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩʤʦʣʦʡ çʍʠʤʧʣʘʩʪè. 

 

ʆʮʝʥʢʘ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʚʥʝʰ-

ʥʝʤʫ ʚʠʜʫ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʮʝʧʪʫʨ ʧʦ ʥʘʣʠʯʠʶ/ʦʪʩʫʪʩʪʚʠʶ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ 

ʠ ʩʦʜʝʨʞʘʥʠʶ ʩʤʦʣʳ (20 ʠ 30% ʧʦ ʤʘʩʩʝ), ʦʙʨʘʟʮʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʝʧʣʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʪ 45 ʜʦ 65 

Áʉ (ʩ ʰʘʛʦʤ 5Áʉ) ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʦʪʢʣʦʥʝʥʠʝ ʦʜʥʦʡ ʧʣʦʩʢʦʡ ʛʨʘʥʠ ʦʙʨʘʟʮʘ ʦʪ ʠʜʝ-

ʘʣʴʥʦ ʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1, ʛʜʝ ç+è ʦʙʦʟʥʘʯʝʥʳ 

ʦʙʨʘʟʮʳ ʧʨʦʰʝʜʰʠʝ ʠʩʧʳʪʘʥʠʷ ʠ ç-è ʦʙʨʘʟʮʳ ʥʝ 

ʧʨʦʰʝʜʰʠʝ ʠʩʧʳʪʘʥʠʷ. 

ʊʘʙʣʠʮʘ 1.  

ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʤʦʣʳ çʍʠʤʧʣʘʩʪè 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥ-

ʢʘʭ 2-5 ʠ ʪʘʙʣʠʮʝ 1 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚʳ ʭʨʫʧʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʤʦʣʳ çʍʠʤʧʣʘʩʪè, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠ-

ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʮʝʥʠʪʴ ʠʭ 

ʩʚʦʡʩʪʚʘ, ʠʩʭʦʜʷ ʦʪ ʩʪʝʧʝʥʠ ʥʘʧʦʣʥʝʥʠʷ ʠ ʥʘʣʠʯʠʷ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ. ɿʘʚʠʩʠʤʦʩʪʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ, 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ, ʧʦʢʘʟʘʪʝʣʷ ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ 

ʠ ʧʣʦʪʥʦʩʪʠ ʜʘʶʪ ʪʦʯʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʭʨʫʧʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʜ-

ʙʦʨʘ ʨʝʮʝʧʪʫʨʳ ʩ ʟʘʜʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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Abstract 

The review of modern coagulation methods had been made. Regularities of coagulation purification of natural 

water by iron (III) chloride had been researched. The rational conditions of coagulation had been determined. It 

had been established that the method of çscriptè is express, simple and relatively adequate for quantitative evalu-

ation of the effectivity of coagulation and can be used both in the laboratory and in the field. 

 

Keywords: coagulation, natural water, iron (III) oxide, micelle, dose of coagulant. 

 

Introduction  

Coagulation (from Latin coagulatio-coagulation, 

condensation), the combination of particles of a dis-

persed phase in aggregates due to adhesion (adhesion) 

of particles in their collisions. Collisions occur as a re-

sult of Brownian motion, as well as sedimentation, 

movement of particles in the electric field (electrocoag-

ulation), mechanical action on the system (mixing, vi-

bration), etc. Characteristic features of coagulation are 

an increase in turbidity (intensity of scattered light), the 

appearance of flocculent formations - floccula hence 

the term flocculation, often used as a synonym for co-

agulation), the separation of the initially stable to sedi-

mentation system (sol), with the separation of the dis-

persed phase in the form of coagulum (sediment, 

cream). With a high content of dispersed phase parti-

cles, coagulation can lead to the curing of the entire vol-

ume of the system due to the formation of spaces, a grid 

of coagulation structure (see gels, structure formation). 

In relatively coarse-dispersed systems (suspensions), in 

the absence of Brownian motion of primary particles, 

coagulation can be judged from the change in sedimen-

tation-from the settling of independent primary parti-

cles with the gradual accumulation of sediment (struc-

tureless sedimentation) to the settling of aggregates by 

a continuous layer; at a sufficiently high concentration 

of particles in the system, such a layer forms a clear 

boundary (structural sedimentation). In addition, coag-

ulation results in an increase in the final volume of the 

precipitate [1]. 

The process, the inverse of coagulation, - the de-

cay of aggregates to primary particles, is called pepti-

zation. Between coagulation and peptization, a dy-

namic equilibrium can be established which, for sys-

tems with Brownian motion of particles, corresponds to 

the condition: where E is the binding energy of the par-

ticles in the contact, z is the coordination number of the 

particle in the spaces, the coagulum structure, v3 is the 

volume per particle in the ash (for the particle density 

nv3 = 1 / n), vk is the effective volume at which the par-

ticle moves relative to the equilibrium position in the 

spaces, the coagulation structure, and k is the Boltz-

mann constant. T is the absolute temperature [2]. In ly-

ophilic disperse systems, characterized by low values 

of the specific interfacial energy and the binding energy 

E, the conditions can be realized when 1 / 2zE < 

kTln(v1/vk) and coagulation is thermodynamically im-

possible. In lyophobic systems, when the potential min-

imum on the curve of the dependence of the energy E 

on the distance between the particles is sufficiently 

deep, the concentration of the sol particles n = 1 / v3 in 

equilibrium with the coagulate is negligible, i.e. coagu-

lation can be considered almost irreversible [3]. 

The stability of lyophobic sols to coagulation can 

be caused by the presence of an energy barrier in a cer-

tain region of distances between particles, which pre-

vents their further approach and is associated with the 

predominance of repulsion of particles over their attrac-

tion due to intermolecular interactions. According to 

the Deryagin-Landau-Vairway-Overbeek theory 

(DLVO theory), the appearance of such a barrier is con-

sidered as a result of the electrostatic repulsion of par-

ticles because of the presence of a double electric layer 

on their surface [4]. Repulsion of particles may have 

other causes, for example, it may be due to the fact that 

the boundary (solvate) layers of the liquid have a struc-

ture different from the structure in the volume of the 
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dispersion medium, or by the presence of adsorption 

surfactant layers (the structural-mechanical barrier 

along the Rebinder), and also be associated with other 

long-range surface forces [5]. 

So, the aim of presented work was to research reg-

ularities and scientifically substantiate coagulation pu-

rification of real samples of natural lake water from 

Kyiv.  

 

Materials and methods 

The solution of (FeCl3) of different concentrations 

(25, 50,100, 200, 300, 400 mg/L) had been used as co-

agulant. The sample of salt FeCl3Ŀ6H2O (ch.p., manu-

facturer - China) had been dissolved in distilled water 

for preparation of working solution of the coagulant. 

Working solution of FeCl3 had the concentration 1 g/L. 

Iron coagulant had been used because it works at the 

widest range of pH (4õ11)  

Sample of water for coagulation had been taken 

from one of lakes in Kyiv. The investigated water had 

been researched without pH correction. 

The transparency of water had been measured by 

çscriptè method. The standard font is placed at a dis-

tance of 4 cm from the bottom, the test sample is poured 

into the cylinder so that it is possible to read the font 

and determine the maximum height of the water col-

umn under a cylinder 60 cm high and 3ï3,5 cm in di-

ameter. The method of quantitative determination of 

transparency is based on the determination of the height 

of water column. it is still possible to distinguish visu-

ally (to read) a black font 3,5 mm high and a line width 

of 0,35 mm on a white background. 

 

Discussion 

Figure 1 illustrates the dependence of the transpar-

ency of water on dosage of the coagulant. 

 
Figure 1 ï The dependence of the transparency of water on dosage of the coagulant. 

 

As can be seen from fig. 1, the transparency of wa-

ter is obviously increased and maximum of it is ob-

served at the dose of coagulant 300 mg/L. If the con-

centration of coagulant exceeds 300 mg/L, the transpar-

ency of water begins to decrease. This connects with 

additional water pollution by the solution of coagulant 

and shows that coagulation of investigated samples 

should be conducted at concentrations of the coagulant 

300 mg/L. So, investigated water is related to the cate-

gory of high-muddy waters.  

Figure 2 shows the dependence of the time of for-

mation and beginning of sedimentation of flakes on 

dosage of the coagulant. 

 

 
Figure 2 - The dependence of the time of formation and beginning of sedimentation of flakes on dosage of the 

coagulant (1 ï time of formation; 2 ï time of sedimentation). 
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According to the data, presented in figure 2, time 
of formation and sedimentation are decreased at in-
creasing of the dose of coagulant. Time of formation 
and sedimentation isnôt changed in case of doses of co-
agulant 200 mg/L and more. In comparison with the 

data in figure 2, the optimal dose of iron coagulant from 
economic point of view is 300 mg/L.  

The dependence of the height of precipitate on the 
time of coagulation at different doses of iron coagulant 
is presented in figure 3. 

  

 
Figure 3 ï The dependence of the height of precipitate on the time of coagulation. 

 
The increasing of dosage of coagulant causes the 

increasing of the height of precipitate, as can be seen 
from figure 3. The height of precipitate is decreased af-
ter 30 minutes for concentrations of the coagulant in 
water 300 and 400 mg/L. It shows that the concentra-
tion of flakes in water suspension is high at high con-
centration of coagulant and flakes aggregates sediments 

with higher rate. Sedimentation is finished during 30 
minutes after addition of the coagulant. 

The dependence of the height of transparent layer 
from the time of coagulation is shown in figure 4. Pre-
sented data are agreed with figure 3. 

 

 
Figure 4 ï The dependence of the height of transparent layer on the time of coagulation. 

 
The height of transparent layer is the biggest at the 

concentration of coagulant 300 mg/L, as showed in fig-
ure 4. The rational time of the coagulation is 30 
minutes. Total finishing of sedimentation is reached at 
30 minutes. It can be noted, that the height of transpar-
ence is higher in case of the dose of coagulant 25 mg/L 
than in case of 400 mg/L at the time of coagulation 10 
minutes. On our opinion, it can be connected with spa-
tial obstacles for ions of coagulant at high concentration 
of it, which prevent rapid formation of micelles and 
continuous aggregation [6]. The regularities of coagu-
lation are kept at other researched concentrations of 
iron coagulant. 

 
Conclusions 
The coagulant based on iron (III) chloride can be 

successfully applied for purification of high-muddy 
natural waters of surface origins. Optimal conditions of 
coagulation are following: 

- the dose of iron (III) chloride ï 300 mg/L; 
- time of coagulation ï 30 minutes. 
The method of çscriptè is express, simple and rel-

atively adequate for quantitative evaluation of the ef-
fectivity of coagulation and can be used both in the la-
boratory and in the field. 

The investigated water is related to high-muddy 
waters. 
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Abstract 

Systems of assessment of ecological building and ecological certification of buildings gain popularity in dif-

ferent countries, as well as at the international level. Due to the rating character of offered systems an important 

point of their development, improvement and application is justification of the importance of each of criterion. 

The analysis of some methods which can be used for justification of ponderability of separate criteria or their 

groups that will allow to increase the adequacy of the assessment is provided in the article. Systems known to date 

suggest evaluation of criteria ponderability through making a political decision on equal ponderability of base 

categories or with the help of statistical analysis of expertsô opinion on criteria ponderabiliy. The article provides 

an approach based on assessment of risks rising from refusal of implementation of a certain criterion during build-

ing design or construction. This approach allows comparing probability of environmentally hazardous effects and 

value of economic damage caused by them. 

 

Keywords: system of assessment of ecological building, ecological requirements to real estate objects, meth-

ods of risk assessment, quality measurement, importance of criteria (basic categories). 

 

Introduction  
Main ecological building evaluation systems used 

in foreign practice include Leadership in Energy and 

Environmental Design LEED USA, Building Research 

Establishment Environmental Assessment Method 

BREEAM Great Britain, Deutsche Gesellschaft f¿r Na-

chhaltiges Bauen DGNB Germany, Haute Qualit® En-

vironnementale HQE France, Comprehensive Assess-

ment System for Built Environment Efficiency 

CASBEE Japan. In Russia their equivalents are the 

STO NOSTROY standard 2.3.5.4-2011 çEcological 

building. Residential and public buildings. Rating sys-

tem for environmental sustainability assessmentè and 

GOST R 54964 2012 çCompliance assessment. Envi-

ronmental requirements for real estate assetsè. The 

above-mentioned systems suggest a rating assessment 

of environmental criteria with definition of criteria 

groups importance. 

Improving adequacy and precision of assessment 

based on development of weighting parameters for cri-

teria suggested by system is considered one of the most 

pressing issues of ecological building evaluation sys-

tems development [1]. Upon that the following should 

be taken into consideration: 

- goal of each criterion (what problems does this 

criterion help to solve exactly); 

- criterion character (its structure, number of indi-

cators, expert or computational methods of definition); 

- area, defining the necessity of introducing cer-

tain weighting parameter; 

- nature of criteria weighting (scientific re-

searches, regional specifics, necessity for comparison 

with other systems). 

Weighting parameter in rating assessment systems 

must be introduced with consideration for such im-

portant areas as policy significance, public interest in 

certain problem, relevant pattern of evaluation data uti-

lization, etc. 

Criteria structure is a basis of all evaluation sys-

tems and along with ponderability of each criterion has 

a decisive impact on establishing overall performance 

score [2, 3, 4]. Methods of defining ponderability 

within building sustainability assessment systems, are 

as a rule linked with processing of data on importance 

of certain indicators received from experts. Herewith 

some methods (for example, HBSAtool-PT) suggest 

putting more emphasis on such important criteria 

groups as comprehensive social and economic con-

cerns, rather than focusing on reducing potential envi-

ronmental impacts [5]. 

 

Methodology 

The above-mentioned evaluation systems use rat-

ing approach and are based on expert opinions. At the 

same time, field measurements are required for opinion 

formation or ecological studies on certain indexes con-

duction. This being said, criteria importance analysis 

calls for modern methods of field measurements results 

and expert assessments processing. As a procedural 

framework, for example, risk theory and qualimetric 

analysis can be used, which are often based on expert 

assessments. Some of the qualimetry methods are intro-

duced in Table 1. 
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Table 1 

Qualimetrical methods for defining ecological building criteria importance 

Methods Brief method characteristic Specifics of utilization for ecological building evaluation systems 

Value 

Evaluation of characteristics 

(criteria) in value or monetary 

equivalent 

Advantages: possibility of utilization at object designing stage, re-

liability while defining energy efficiency parameters. 

Drawbacks-, difficulties in correlation of value and ecological pa-

rameters as well as in expression of many criteria in value units 

Delphi 

Survey of expert groups in sev-

eral rounds with quantitative 

answers to questions raised 

Advantages-, possibility of reaching consensus on results of sur-

vey with huge number of experts, strategic nature of conclusions. 

Drawbacks-, method is underdeveloped in national practice, possi-

bility of neglecting the right option due to lack of support 

Probabilistic 

Accident emergence risk eval-

uation based on alignment of 

system criteria values with in-

dexes of human health or envi-

ronment status 

Advantages-, object safety and security, predictive impact. Draw-

backs, difficulties in mathematical processing of results due to 

possible errors because of multifactorial researches; difficulties 

due to working in factorsô scores area far from accident 

 

We can conclude that modern qualimetry methods 

are largely associated with risks evaluation and are of-

ten combined with them. Specialists in area of ecology 

and environment protection note the best opportunities 

of probabilistic methods [6]. Utilization of probabilistic 

methods with regard to expert assessments, such as 

Fine-Kinney and Elmeri methods for risk evaluation is 

an important modern trend. 

The Fine-Kinney method was introduced by W.T. 

Fine in Naval ordnance laboratory, USA in 1971 under 

the name of çmathematical evaluation for controlling 

hazardsè, in 1976 it was further developed by a group 

of researchers from the California Naval Weapons Cen-

ter under the guidance of G. F. Kinney and renamed as 

çpractical risk analysis for safety managementè. The 

point of this method is that risk is evaluated as a com-

bination of exposure to hazardous factor, probability of 

threat uprising and consequences for people health or 

environment. In sustainable building evaluation system 

exposure parameter can be defined as adversities re-

lated to failure of meeting demands in certain area (for 

instance, surpassing average power consumption level 

or acoustic discomfort due to excess noise level) upris-

ing frequency. In the process of expert assessment ex-

posure value can range from çneverè to çalwaysè 

value. Intermediate values may include çvery rarelyè, 

çrarelyè, çsometimesè, etc. The exposure can be given 

an adequate frequency (daily, weekly, monthly, yearly, 

etc.). 

Presentation of Results 

In general, criteria groups (so-called base catego-

ries) are roughly the same almost in any ecological 

building assessment systems. As a proof studies con-

ducted by specialists of Institute for international archi-

tectural documentation in Munich as well as Institute 

for building and infrastructural management of High 

school of Swiss confederation in Zurich [7, 8] can be 

looked into. Comparison between systems with regard 

to their opinion is set out in Table 2. 

Table 2 

Comparison between systems of ecological building assessment on criteria groups presence based on source 

analysis [8] and GOST R 54964-2012 çCompliance assessment. Environmental requirements for real estate as-

setsè 

Criteria group Assessment criteria 

Evaluation systems 

DGNB LEED BREEAM 
Minergie- 

ɽʩʦ 

Green stand-

ards 

Ecological 

Environmental impact/pollu-

tions 
+ + + + + 

Materials/resources + + + + + 

Waste + + + + + 

Water + + + + + 

Economical 
Life-cycle costs +  +   

Stability of value +     

Sociocultural 

Safety +  +   

Barrier-free environment +    + 

Regional and social aspects  +    

çEnergyè 

ʉʆ, emission + + + +  

Energy efficiency + + + + + 

Renewable energy + + + + + 

Energy-saving building en-

velope 
+ + + + + 

Engineering equipment of 

building 
+ +  + + 
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Energy consumption moni-

toring 
+ + +  + 

Intermediate measurements  + +  + 

Electrical equipment of 

building 
 + + + + 

çComfort and 

healthè 

Thermal comfort + + + + + 

Inner air quality + + + + + 

Acoustic comfort +  + + + 

Visual comfort + + + + + 

User needs consideration + + +  + 

Functional 
Floor efficiency +    + 

Reshaping capabilities +   +  

Technical 

Fire safety +    + 

Working life +  + +  

Suitability for repair and 

cleaning 
+     

Environmental resistance +   + + 

çDesign/ 

innovationsè 

Architecture +    + 

Construction artfulness +     

Innovations  + +   

çProcesses/ 

managementè 

Design process +  +  + 

Construction processes + + + + + 

Operational acceptance + + +   

Operation +  +  + 

çLocationè 

Local estimate of site + + +  + 

Transport connection + + +  + 

Bicyclers comfort + + +  + 

Despite the likeness of assessment criteria, differ-

ence in their importance and approaches to utilization 

should be noted. For instance, the Russian STO 

NOSTROY standard 2.3.5.4-2011 provides the follow-

ing ponderability parameters for environmental sus-

tainability categories: external environment comfort 

and quality - 10,8%, facility architecture and design 

quality - 9,2 %, internal environment comfort and ecol-

ogy - 13,3%, sanitation quality and waste management 

- 3,9%, water conservation - 6,1%, energy conservation 

and energy efficiency - 18,5%, appliance of alternative 

and renewable energy - 9,2%, ecology of project instal-

lation, operation and disposition - 9,8%, economical ef-

ficiency - 10%, preparation quality and project manage-

ment - 9,2% [9]. At the same time in BNB (Bewertung-

ssystem Nachhaltiges Bauen), a sustainable building 

assessment system used for federal projects in Ger-

many, another layout of criteria groups is suggested: 

ecological quality - 22,5%, economical quality - 22,5%, 

sociocultural and functional quality - 22,5%, technical 

quality - 22,5%, design and construction process qual-

ity - 10%, location parameters (beyond general assess-

ment, as an additional parameter) - 0%. Moreover, each 

certain criterion within a group has its own ponderabil-

ity in total rating, which is defined with accuracy up to 

the thousandth of one percent, ex.gr.: visual comfort - 

2,411%, barrier-free environment -1,607%, and bicy-

clers comfort - 0,804%. Also there is a problem of dif-

ference in scales of criteria groups within one system, 

in other words there are criteria both global and local. 

For instance, criteria group çmaterialsè can include 

vast number of issues, related to materials life-cycle or 

only certain aspects of their utilization. In some sys-

tems emission criteria are unified with materials crite-

ria, in others they are highlighted as a separate group. 

Therefore, in Table 3 a generalization of different as-

sessment criteria and approaches to definition of their 

ponderability in different systems is conducted. 

Table 3 

Criteria and their ponderability in different ecological building evaluation systems 

Ecological building 

evaluation system 
Criteria amount  Criteria ponderability  

DGNB 
43 general + 6 individ-

ual aspects 

ecological quality - 22,5%, economical quality - 22,5%, sociocul-

tural and functional quality - 22,5%, technical quality - 22,5%, 

process quality - 10%, location quality (additional criteria) 

LEED 
54 general + 10 bonus 

points 

place, complying with sustainability requirements - 26 points, wa-

ter usage efficiency - 10 points, energy and atmosphere - 35 

points, materials and resources - 14 points, interior microclimate - 

15 points, innovations and design ï 6 bonus points, regional ad-

vantages ï 4 bonus points 

BREEAM 

61 general + 10 addi-

tional criteria for unique 

situations 

management - 12%, health and comfort - 15%, power - 19%, wa-

ter - 6%, materials - 12,5%, waste - 7,5%, land use and ecology - 
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10%, emissions - 10%, transport - 8%, innovations - 10% (addi-

tional criteria for unique situations) 

Minergie 
73 general + 13 exep-

tions 

Minergie system operates on two criteria groups - çComfortè and 

çEnergy efficiencyè, and Minergie-Eco - on çHealthè and 

çBuilding ecologyè criteria 

Russian GOST 50 general criteria 

Method of project indicators compliance with stated requirements 

combines with methods of parameters instrumental confirmation. 

Definition of criteria importance is a prerogative of certification 

system, registered by the Federal agency for technical regulation 

and metrology 

 

The probability in the context of criteria pondera-

bility evaluation under Fine-Kinney method is defined 

by direct influence of failure to comply with require-

ments of certain criterion (problems with waste treat-

ment, rate of utility cost surpassing average season 

level, etc.). Consequences are the easiest to formulate, 

because they can be transformed into real financial 

equivalent. Risks categorization method can be applied 

followed by introduction criteria ponderability indexes 

on the principle of maximum indexes values for higher 

risk categories and minimum ï for small and moderate 

risks into rating evaluation system. This method allows 

easy switching to numerical indicators as expertôs in 

case of conditional assessment by specialists and as 

probabilistic measures in case of applying mathemati-

cal computational instrument. Both gauss and linear 

generalized models are used in probability calculation 

with statistical analysis methods. Also, Bayesian statis-

tics models which do not require digital data processing 

for calculation of further distributions, suit for these 

computations. In Table 4 an example of expert ponder-

ability assessment within çcomfort and healthè cate-

gory for a certain residential building in Russia is 

shown. 

Table 4 

Analysis of ecological building systemsô criteria importance 

Criterion  
Risk value by Fine-

Kinney method 
Risk characterization 

Proposed ponderabil-

ity within assessment 

category 

Thermal comfort 90 considerable (70-200) 23% 

Interior air quality 120 considerable (70-200) 31% 

Acoustic comfort 135 considerable (70-200) 35% 

Visual comfort 30 moderate (20-70) 8% 

User needsô consideration 15 small (0-20) 3% 

 

The Elmeri method centers around definition of 

index, which is represented by ratio of indexes, values 

of which are described as çbadè in comparison with 

standard and actual to total amount of analyzed criteria. 

Multiplying the result by 100%, a conclusion about risk 

size can be made. Improvement of method is related to 

additional ranking of indexes in numerator with the use 

of multipliers.  

Evaluation of risks for criteria ponderability defi-

nition shall be conducted in accordance with generally 

accepted algorithms, formulated, as an example, for 

personnel safety assessment [10]. For instance, the fol-

lowing stages can be recommended: 1) cataloguing 

possible environmental impacts; 2) defining possible 

impact subjects (users, environmental components); 3) 

evaluating risks in numerical terms (by expert and com-

putational methods); 4) including evaluation results in 

construction and finished buildings assessment system. 

While cataloguing possible environmental impacts at 

designing stage it is recommended to attract experts 

from such areas as sociology, architecture, different as-

pects of engineering, economics, ecology, etc. Both 

user categories (residents, bypassers, car owners, bicy-

clers, people of different mobility) and environmental 

components (biota, soil and geological environment, at-

mosphere, hydrosphere, etc.) must be considered as 

subjects of impact. Interesting results were obtained 

from researches by professor I. Balderyan from Pots-

dam university about utilization of risk theory for envi-

ronmental problems evaluation [11]. The following cri-

teria groups were suggested in these researches: global 

climate changes; nuclear power; gene engineering; uti-

lization of industrial equipment, causing problems for 

environment; drug manufacturing; utilization of mate-

rials, causing environmental impact; genetically modi-

fied food; car driving. Criteria expert assessment was 

performed in three approximations, which let distribute 

the ponderability of suggested parameters. Expert 

methods are known to be actively and successfully used 

in qualimetry as well, in particular for building material 

utilization efficiency evaluation [12, 13]. Consistency 

of expertsô opinions is quite rationally proposed to be 

calculated with the use of Kendall coefficient, which is 

used in nonparametric correlations to link quantitative 

and qualitative indexes. Spearmen coefficient can be 

used successfully as well (Table 5). 
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Table 5 

Data variant for rank correlation coefficients calculation 

Criterion 
Criterion 

value 

Ranks 
d 

Squares of rank 

difference (d) 
S+ s- 

I (by order) II (by value) 

Interior environment comfort and ecol-

ogy 
13 1 1 0 0 3 0 

Object architecture and layout quality 9 2 3 - 1 1 1 1 

Exterior environment comfort and qual-

ity 
10 3 2 1 1 1 0 

Sanitation quality and waste treatment 4 4 4 0 0 0 0 

Total  2 5 1 

 

In order to evaluate the degree of relation between 

base categories (criteria) and their ponderability in the 

suggested ecological certification system rank correla-

tion can be used. The rank correlation is a degree of de-

pendence between parameters being considered with 

the regard to the fact that it is difficult to define this 

dependence quantity-related. Rank correlation is de-

fined with the use of Spearman and Kendall coeffi-

cients and brings the following results. Spearman coef-

ficient (ʨ) is defined through difference between ranks 

(d) depending on sample size: ʨ = 1 - 6 ʭ ʭ2/ 4 ʭ (42 - 

1) = 0,8. Kendall coefficient is defined with regard for 

direct and reverse ranks order (S+ and S'): ʪ = (5 - 1)/ 

0,5 ʭ 4 (4 - 1) = 0,66. Spearmen coefficient equals to ɟ 

= 1 ï 6 ʭ Ɇ di
2 / n (n2  1), where di ï ranks difference, 

Ɇ di
2 ï sum of squared ranks difference, and n ï sample 

volume. Kendall coefficient, in turn, equals to Ű = (P(p) 

 P (q))/ 0,5 N (N  1), where P(p) ï number of coinci-

dences; P (q) ï number of inversions; N ï sample vol-

ume. Achieved results confirm the possibility of using 

coefficients for studying ecological criteria interrela-

tions and ponderability. That being said, the final goal 

of interrelations study is a predictive estimate of assess-

ment process development. 

As for utilization of expert methods, it is important 

not only to be able to process acquired results and range 

indexes, but also to constantly reconsider relevance and 

ponderability of the most important criteria. Upon that 

assessment impartiality will be increasing with the in-

crease of independent criteria amount. While using 

building sustainability evaluation systems it is im-

portant consider the possibility of receiving values 

close to threshold. While in instrumental assessment it 

can be solved by calculating a margin of error,Ê in ex-

pert assessment ponderability coefficient plays the 

leading role. 

 

Discussion 

All of the above-mentioned approaches can be 

successfully used and if necessary customized for defi-

nition of criteria ponderability importance within eco-

logical building system, which is an important step in 

improving its adequacy. As seen from Tables 2 and 3, 

all systemsô data are relatively equal and therefore eval-

uation results can be if necessary brought to a common 

standard. However formulation of such standard is un-

likely to happen any time soon, in particular due to sys-

temsô business competition in market. Nevertheless, if 

we set a goal to acquire comparable indexes within rat-

ing system, which would be interesting in analysis of 

building huge complexes for world-class events (for 

example, Olympics or World football championship), 

several ways of localization can be defined. For one, 

conduction of international localization and achieve-

ment of comparable results of different ecological 

building assessment systems requires execution of the 

following algorithm. 

First, to develop localization concept (set goals, 

lay out ways of their achievement, define differences in 

their units of measuring and possibilities of certain in-

dexes comparison). Regional differences within one 

country or between countries can have an impact on ge-

ological, climate conditions, features of natural and na-

ture-manmade systems functioning. Possibility of re-

newable power sources utilization and engineering in-

frastructure traits also play an important role in 

studying different ecological building evaluation sys-

tems. Moreover, when developing localization concept 

region cultural and social characteristics should not be 

neglected as well as difference in economic develop-

ment and projects financing structure. 

Secondly, to use national evidential base at the 

level of legislation and regulatory papers. An example, 

related to development of the GOST R 54964-2012 

çCompliance assessment. Environmental requirements 

for real estate assetsè national standard. Its evidential 

base which is defined by too specific parameters from 

sanitation rules and standards, as well as lack of suffi-

ciently complete regulatory documentation for some of 

indexes, can lead to poor efficiency in utilization of this 

standard. The process of national evidential base con-

sideration calls for codification of regulatory acts in the 

corresponding area with partition of requirements in 

those not reckoned among criteria but related to assess-

ment subject; those falling under international stand-

ards and other regulatory papers, and those included in 

legislation of the state, for which the system localiza-

tion is performed. 

Thirdly, to align with national specification of de-

velopment and construction process as well as infra-

structural features. Rules of conducting tender proce-

dures, orders distribution and operational acceptance 

requirements. Moreover, with self-regulated organiza-

tions operating in Russia, requirements to staff qualifi-

cation for contracting organizations, customer service, 

etc. Infrastructural features include resource base of 

construction (its location, accessibility of data on prod-

ucts safety and so on), power supply, water supply and 

water disposal systemsô specifics as well as construc-

tion and domestic waste management procedures. 
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Finally, in the fourth place, during evaluation sys-

temsô localization at the international level it is essen-

tial to set border values and parameters for different in-

dicators. Border values of criteria groups must on the 

one hand, take regional (or national) specifics into ac-

count, on the other ï to secure evaluation results com-

parability. 

 

Conclusion 

A fundamental issue in localization of evaluation 

systems at the international level is a definition of land-

mark values and parameters for different indicators. 

Landmark values of different criteria groups must on 

one hand take into account regional (or national) spec-

ifications and on the other hand provide comparability 

of evaluation results. The main goal of the research is a 

probability of risk evaluation methods utilization for 

processing of criteria ponderability expert systems 

data, as well as establishing an interconnection between 

expert opinions and environment condition indicatorsô 

values. Thus, rating assessment system of building sus-

tainability becomes more adequate. For instance, exist-

ing rating assessment systems do not fully consider 

backward concentration of certain polluting substances 

in design area, which can be considered with the help 

of risk evaluation. Improving methods of criteria pon-

derability definition based on risk evaluation methods 

in buildingsô environmental certification systems al-

lows localization of system for a certain country, re-

gion, usersô way of thinking at the program level. This 

can play a leading role in development of building pro-

jects sustainability assessment systems.  

The above-considered methods from areas of risk 

evaluation and quality assessment can be used for defi-

nition of ponderability indexes for certain criteria, but 

when using them we must take into account: 1) neces-

sity of regional specifics consideration (for instance, 

natural and climatic features influence energy effi-

ciency and increase the importance of this criterion in 

regions with low daily mean temperatures); 2) proba-

bility of dual-sided positive effects in çobject - environ-

mentè system (positive objectsô impact on the environ-

ment can be evaluated by biodiversity criterion or other 

methods of bio-indication); 3) çricochet effectè in en-

ergy efficiency analysis, in particular power use poli-

cies of residents (for instance, calculations made under 

BREEAM system are wrong when residents increase 

room temperature during night time). 

Concluding the above, proposed methods allows 

not only making buildingsô sustainability assessment 

more effective but using ecological criteria when 

choosing location or designing construction objects 

more successfully. This can gradually improve quality 

of designed objects from the perspective of safety and 

comfort for people. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʥʷʪʠʶ ʘʫʪʩʦʨʩʠʥʛʘ ʧʝʨʩʦʥʘʣʘ, ʘʫʪʩʪʘʬʬʠʥʛʘ, ʣʠʟʠʥʛʘ 

ʧʝʨʩʦʥʘʣʘ, ʢʨʘʫʜʩʦʨʩʠʥʛʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʥʘʫʯʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʝ ʧʦʟʠʮʠʠ 

ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʢʪʘ, ʧʨʝʜʤʝʪʘ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨ-

ʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʩ ʮʝʣʴʶ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʫʙʲ-

ʝʢʪʦʚ. 

Abstract 

The main approaches to the concept of personnel outsourcing, outstaffing, personnel leasing, crowdsourcing 

are considered in the article, which allows to systematize scientific points of view and various positions of the 

scientific community regarding the object, subject and tools of human resource management of an enterprise used 

for the purpose of sustainable and competitive development of economic entities. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʦʤ, ʘʫʪʩʦʨʩʠʥʛʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʘʫʪʩʦʨʩʠʥʛ ʧʝʨʩʦʥʘʣʘ, ʘʫʪʩʪʘʬʬʠʥʛ, ʣʠʟʠʥʛ ʧʝʨʩʦʥʘʣʘ, ʢʨʘʫʜʩʦʨʩʠʥʛ 

Keywords: human resources management, personnel management, outsourcing technologies, personnel out-

sourcing, outstaffing, personnel leasing, crowdsourcing 

 

ʊʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʠ ʧʝʨʩʦʥʘʣʦʤ ʚ ʦʨʛʘʥʠ-

ʟʘʮʠʷʭ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. ɺ ʦʩʥʦʚʝ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʟʘʣʦʞʝʥʳ ʥʦʚʳʝ ʢʦʥʮʝʧʮʠʠ, 

ʧʦʤʦʛʘʶʱʠʝ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʚʩʝʛʦ 

ʢʦʣʣʝʢʪʠʚʘ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬ-

ʬʝʢʪʠʚʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʧʨʝʜʧʨʠʷʪʠʷ [17] 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʘʫʪʩʦʨʩʠʥʛʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘ-

ʣʦʤ, ʷʚʣʷʷʩʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ ʜʦʩʪʠ-

ʞʝʥʠʠ ʢʣʶʯʝʚʳʭ ʮʝʣʝʡ ʢʦʤʧʘʥʠʠ. [10] ʇʦ ʜʘʥʥʳʤ 

ʞʫʨʥʘʣʘ çFortuneè, ʢʘʢ ʤʠʥʠʤʫʤ 90% ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʤʧʘʥʠʡ ʧʨʠʤʝʥʷʶʪ ʘʫʪʩʦʨʩʠʥʛ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. ʈʘʩʭʦʜʳ ʥʘ ʧʦ-

ʢʫʧʢʫ ʘʫʪʩʦʨʩʠʥʛʦʚʳʭ ʫʩʣʫʛ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʪ, ʘ 

ʨʳʥʦʢ ʪʘʢʠʭ ʫʩʣʫʛ ʙʳʩʪʨʦ ʨʘʩʰʠʨʷʝʪʩʷ. [4]  

ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩ-

ʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʥʷʪʠʶ ʘʫʪʩʦʨʩʠʥʛʘ ʧʝʨʩʦʥʘʣʘ, 

ʘʫʪʩʪʘʬʬʠʥʛʘ, ʣʠʟʠʥʛʘ ʧʝʨʩʦʥʘʣʘ, ʢʨʘʫʜʩʦʨʩʠʥʛʘ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʥʘʫʯʥʳʝ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʝ ʧʦʟʠʮʠʠ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʢʪʘ, ʧʨʝʜʤʝʪʘ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʧʨʝʜʧʨʠʷ-

ʪʠʷ, ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʩ ʮʝʣʴʶ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʢʦʥʢʫ-

ʨʝʥʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʫʙʲʝʢʪʦʚ. 

ʊʝʨʤʠʥ çʘʫʪʩʦʨʩʠʥʛè (Outsourcing) ʜʦʩʣʦʚʥʦ 

ʧʝʨʝʚʦʜʠʪʩʷ ʩ ʘʥʛʣʠʡʩʢʦʛʦ ʢʘʢ çʧʨʠʚʣʝʯʝʥʠʝ ʩʪʦ-

ʨʦʥʥʠʭ ʨʝʩʫʨʩʦʚè [24]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʠʭ ʨʝ-

ʩʫʨʩʦʚ ʚ ʜʘʥʥʦʤ ʧʦʥʷʪʠʠ ʨʝʯʴ ʠʜʸʪ ʦ ʧʝʨʝʜʘʯʝ ʨʷʜʘ 

ʥʝʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʜʝʨʞʘ-

ʥʠʝ ʙʠʟʥʝʩʘ, ʩʪʦʨʦʥʥʠʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʜʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʢʣʶʯʝʚʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ.  

ɺ ʦʧʨʝʜʝʣʝʥʠʠ ʘʫʪʩʦʨʩʠʥʛʘ W. M. Lankford and 

F. Parsa ʚ 1999 ʛ. ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʘʫʪʩʦʨʩʠʥʛʘ ʜʝʣʘʝʪʩʷ ʥʘ çʧʨʠʦʙʨʝʪʝʥʠʝ ʪʦʚʘ-

ʨʦʚ ʠʣʠ ʫʩʣʫʛ ʫ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚè [26]. ʉʦ-

ʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʧʦʜʭʦʜʫ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʢʦʤʧʘʥʠʡ ʠʤʝʶʪ ʘʫʪʩʦʨʩʠʥʛʦʚʫʶ ʙʠʟʥʝʩï

ʤʦʜʝʣʴ. ʀʩʢʣʶʯʝʥʠʝ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʷʪ 

ʪʦʣʴʢʦ ʢʦʤʧʘʥʠʠ ʩ ʧʦʣʥʳʤ ʮʠʢʣʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺ ʨʘʙʦʪʝ ʂʘʜʳʝʚʘ ʊ.ɸ. ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʘ ʦʩ-

ʥʦʚʝ ʘʫʪʩʦʨʩʠʥʛʘ ʦʨʛʘʥʠʟʘʮʠʷ ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʚʦʠ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ 

ʧʨʦʬʠʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ ʫʭʦʜʷ ʦʪ ʚʳ-

ʧʦʣʥʝʥʠʷ ʥʝʧʨʦʬʠʣʴʥʳʭ ʬʫʥʢʮʠʡ [12]. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʨʘʙʦʪʝ ɸʥʠʢʠʥʘ ɹ.ɸ. [2] ʘʫʪ-

ʩʦʨʩʠʥʛ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʥʦʛʦʘʩʧʝʢʪʥʦʝ ʷʚʣʝ-

ʥʠʝ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ ʠ ʜʘʸʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʧʨʝʜʝʣʝ-



Slovak international scientific journal # 21, (2018) 21 

ʥʠʡ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ. ʇʦ ʝʛʦ ʤʥʝʥʠʶ, ʘʚʪʦʨʦʚ, ʘʫʪ-

ʩʦʨʩʠʥʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʢʘʟ ʦʪ ʚʳʧʦʣʥʝʥʠʷ 

ʥʝʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ/ʟʘʜʘʯ/ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʢʦʤ-

ʧʘʥʠʠ ʠ ʠʭ ʧʝʨʝʜʘʯʘ ʚʥʝʰʥʠʤ ʢʦʤʧʘʥʠʷʤ. ɸʚʪʦʨʳ 

ʦʙʦʩʥʦʚʳʚʘʶʪ, ʯʪʦ ʦʙʨʘʱʝʥʠʝ ʢʦʤʧʘʥʠʠ ʟʘ ʧʦʤʦ-

ʱʴʶ ʢ ʩʪʦʨʦʥʥʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʧʦ ʧʦʚʦʜʫ ʨʝʰʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʚʦʧʨʦʩʦʚ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʘʫʪʩʦʨʩʠʥʛʦʤ.  

ɼʘʣʝʝ ʨʘʟʚʠʚʘʷ ʩʚʦʡ ʧʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜ ʢ ʘʫʪ-

ʩʦʨʩʠʥʛʫ ɸʥʠʢʠʥ ɹ.ɸ. ʠ ʈʫʜʘʷ ʀ.ʃ. ʦʧʨʝʜʝʣʷʶʪ 

ʘʫʪʩʦʨʩʠʥʛ ʢʘʢ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʬʫʥʢʮʠʡ ʠʣʠ ʙʠʟ-

ʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩʪʦʨʦʥʥʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʩʫʨʩʘʤʠ ʜʣʷ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ [2].  

ɺ ʨʘʙʦʪʝ ʂʘʣʝʥʜʞʷʥ ʉ.ʆ. [13] ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʘʫʪʩʦʨʩʠʥʛ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʢ ʦʪʢʘʟ ʢʦʤʧʘʥʠʠ 

ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʬʫʥʢʮʠʡ ʠ ʧʝʨʝʜʘʯʫ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ ʜʨʫʛʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʥʝ ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʧʝʨʠʦʜ. 

 ɼʞ. ɹ. ʍʝʡʫʜ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʫʪʩʦʨʩʠʥʛʘ 

ʛʦʚʦʨʠʪ ʦʙ ʘʫʪʩʦʨʩʠʥʛʝ ʢʘʢ ʦ ʧʝʨʝʜʘʯʝ ʮʝʣʦʛʦ ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʷ ʠ ʚʩʝʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʝʛʦ 

ʢʘʩʘʶʱʝʡʩʷ ʩʪʦʨʦʥʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʩʧʝʮʠʘʣʠʟʠ-

ʨʫʶʱʝʡʩʷ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʡ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ [23].  

ʈʘʟʣʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʘʫʪʩʦʨʩʠʥʛʘ ʚ ʟʘʨʫ-

ʙʝʞʥʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʨʘ-

ʞʝʥʳ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ ʘʫʪʩʦʨʩʠʥʛ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ) 

 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 1, ʨʘʟʣʠʯʥʳʝ ʧʦʥʷʪʠʡʥʳʝ 

ʨʘʤʢʠ ʘʫʪʩʦʨʩʠʥʛʘ ʦʪʨʘʞʘʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝ-

ʧʝʥʠ ʵʚʦʣʶʮʠʶ ʚʟʛʣʷʜʦʚ ʥʘ ʘʫʪʩʦʨʩʠʥʛʦʚʳʝ ʠʥ-

ʩʪʨʫʤʝʥʪʳ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʩʫʙʲʝʢʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ 

ʥʘʫʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʦʩʥʦʚʥʳʭ ʘʢʮʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʘʫʪʩʦʨʩʠʥʛʘ. 

ɼʦʩʪʘʪʦʯʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʦ ʦʧʨʝʜʝʣʷʶʪ 

ʘʫʪʩʦʨʩʠʥʛ ɸʥʜʝʨʩʦʥ ʕ. ʠ ʊʨʠʥʢʣ ɹ., ʧʦʜʨʘʟʫʤʝʚʘʷ 

ʧʦʜ ʵʪʠʤ ʧʦʥʷʪʠʝʤ ʚʩʝʛʦ ʣʠʰʴ ʧʨʦʮʝʩʩ ʨʘʟʤʝʱʝʥʠʷ 

ʟʘʢʘʟʘ ʥʘ ʦʢʘʟʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʨʦʜʘ ʫʩʣʫʛ ʦʜʥʦʡ 

ʢʦʤʧʘʥʠʝʡ ʜʣʷ ʜʨʫʛʦʡ [1]. ɼʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʨʛʘʥʠʟʘ-

ʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʘʫʪʩʦʨ-

ʩʠʥʛʘ.  

ʇʦ ʤʥʝʥʠʶ ɺʘʣʠʰʝʚʩʢʦʡ ʊ.ʀ. ʠ ʉʦʨʦʢʠʥʦʡ 

ʅ.ɻ. [8] ʧʨʦʮʝʩʩ ʘʫʪʩʦʨʩʠʥʛʘ ï ʵʪʦ ʢʦʤʧʣʝʢʩʥʦʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ.  

 

 ʕͫ ͍͔͔ͦͪͣͤͤͦͣ ͔͔͔͔ͣͤ͒͗ͣͤͭ ͨͦ͒ ͙͎͊ͯͭͫͦͪͫͤͦͣ ͙ͨͦͤͣ͊Όͭ
͍·͔͙͔ͨͦͤͤ͡ ͔ͦͭ͒͡Έͤ·ͻ ͺͯͤ͟ͼ͙͚ (͙͍͍͔ͨͪͦͦ͒ͫͭͤͤ͘·ͻ, ͫ ͔͍͙ͪͫͤ·ͻ, ͙ ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ, ͅ ͙͍ͤ͊ͤͫͦ·ͻ, ͯ ͍͔ͨͪ͊ͤ͡;͔͙ͫ͟ͻ ͙ ͨ .ͪ) 
͙͙͡ ͙͔͋ͤͫ͘-ͨͪͦͼ͔͍ͫͫͦ (͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·ͻ, ͅ ͙͍ͤ͊ͤͫͦͦ-Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ, ͨ ͙͍͍͔ͪͦͦ͒ͫͭͤͤͦ͘-͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ, ͣ ͔͙͎͍͊ͪͭͤͦ͟·ͻ) 
͍͔ͤ΄͔͚ͤ ͎͙ͦͪ͊ͤ͊͘ͼ͙͔͚, ͪ ͎͊ͫͨͦ͊͊͡Ό΅͔͚ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͙ͣ ͒͡Ύ Ή͎ͭͦͦ ͔͙ͪͫͯͪͫ͊ͣ, ͤ ͊ ͍͔ͦͫͤͦ ͎͒ͦͦͫͪͦ͡;͎ͤͦͦ ͎ͫͦ͊͡΄͔͙ͤΎ

ˢ͙͙ͤͤ͟ ͙ ˾ ͯ͒͊Ύ, 2009

ˢ͍ͭͦͪ

ˣ͚ͪ͊͊ͤ ͔͚̆ͯ͒, 2004

ˢ͙͙ͤͤ͟, 2003

ˣ͍ͦͪͯͤͦ͊͘, 2009

ˢ͔ͤ͒ͪͫͦͤ ͙ ́ ͙ͪͤ͟͡, 2006

ˢ͙͎ͯͭͫͦͪͫͤ ς Ήͭͦ ͔͔͍ͨͪͦ͒ ͍͔͔͎ͤͯͭͪͤͤͦ ͔͔͙ͨͦ͒ͪ͊͒ͤ͘͡Ύ ͙͙͡ ͔͔͙͚ͨͦ͒ͪ͊͒ͤ͘͡ ͔͙ͨͪ͒ͨͪΎ͙ͭΎ ͙ ͍͔ͫͻ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͙͙ͤͣ ͙͍͍͊ͭͦ͟ ͍ 
͎͙ͦͪ͊ͤ͊͘ͼ͙Ό ͍ͨͦͫͭ͊΅͙͊͟ ͎ͯͫͯ͡, ͨ ͔͎ͪ͒͊͊͡Ό΅͔͎ͦ ͦ͊͘͟·͍͊ͭΈ ͔ͤͯ͟Ό ͎ͯͫͯͯ͡ ͍ ͔ͭ;͔͙͔ͤ ͔͔͔͎ͦͨͪ͒ͤͤͦͦ͡ ͍͔͔͙ͪͣͤ ͨͦ 

͎͍͔͚ͦͦͦͪͤͤͦ ͼ͔͔ͤ

ˢ͙͎ͯͭͫͦͪͫͤ ς Ήͭͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͎ͯͫͯ͡ ͙ͫͭͦͪͦͤͤͻ ͙͚ͦͣͨ͊ͤ͟ ͒͡Ύ ͍·͔͙ͨͦͤͤ͡Ύ ͍͙ͫͦͻ ͊͒͊͘;

ˢ͙͎ͯͭͫͦͪͫͤ ς Ήͭͦ ͙͍͔ͨͪ͡;͔͙͔ͤ ͍͔ͤ΄͙ͤͻ ͔͍ͪͫͯͪͫͦ ͒͡Ύ ͔ͪ΄͔͙ͤΎ ͍͔ͫͦ͋ͫͭͤͤ·ͻ ͔ͨͪͦ͋ͣ͡ (͙͔ͤ͊ͨͪͣͪ, ͪ ͙͊ͪ͊͋ͦͭ͘͟ ͔͍ͨͪͦͭͦ͟)

ˢ͙͎ͯͭͫͦͪͫͤ ς Ήͭͦ ͫͨͦͫͦ͋ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙͙ͦͣͨ͊ͤ͟ ͊͘ ͫ;͔ͭ ͔ͫͦͫͪ͒ͦͭͦ;͔͙ͤΎ ͤ͊ ͎͍͊ͤͦͣ͡, ͟ ͡Ό;͔͍ͦͣ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ ͔͔ͨͪ͒͊;͙ ͔ͤͨͪͦͺ͙͡Έͤ·ͻ ͺͯͤ͟ͼ͙͚ ͍͔ͤ΄͙ͤͣ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͣ ͺ͙ͪͣ͊ͣ ͤ͊ ͎͍͚͒ͦͦͦͪͤͦ ͍͔ͦͫͤͦ

ˢ͙͎ͯͭͫͦͪͫͤ ͔͍͔ͨͦ͒ͪ͊ͯͣ͊ͭ͘ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͔ͪ͊ͣ͘΅͔͙͔ͤ ͊͊͊͘͘͟ ͤ͊ ͍·͔͙͔ͨͦͤͤ͡ ͪ͊͋ͦͭ ͔͚ͫͭͦͪͦͤͤ ͎͙ͦͪ͊ͤ͊͘ͼ͙͔͚ ͨͦ ͎͍͒ͦͦͦͪͯ 
ͨͦ͒ͪΎ͒͊

ˢ͙͎ͯͭͫͦͪͫͤ ς Ήͭͦ ͦͭ͊͘͟ ͦͭ ͍͔͎ͫͦ͋ͫͭͤͤͦͦ ͙͔͋ͤͫ͘-ͨͪͦͼ͔ͫͫ͊ ͍ ͔ͭ;͔͙͔ͤ ͔͔͔͎ͦͨͪ͒ͤͤͦͦ͡ ͍ ͎͍͔͒ͦͦͦͪ ͫͪͦ͊͟ ͙ ͙͔͔͙͔ͨͪͦ͋ͪͭͤ ͎ͯͫͯ͡ 
ͨͦ ͔͙ͪ͊͊͘͡ͼ͙͙ Ή͎ͭͦͦ ͙͔͋ͤͫ͘- ͨ ͪͦͼ͔ͫͫ͊ ͯ ͎͚͒ͪͯͦ ͙͙ͦͣͨ͊ͤ͟

˻͔͔͔͙͔ͨͪ͒ͤ͡ ˢ͙͎ͯͭͫͦͪͫͤ͊

˴͔͊ͤ͒͗͡Ύͤ. 2003

ˢ͙͎ͯͭͫͦͪͫͤ ς Ήͭͦ ͦͭ͊͘͟ ͦͭ ͍͔͎ͫͦ͋ͫͭͤͤͦͦ ͙͔͋ͤͫ͘-ͨͪͦͼ͔ͫͫ͊ ͙ ͙͔͔͙͔ͨͪͦ͋ͪͭͤ ͎ͯͫͯ͡ ͨͦ ͔͙ͪ͊͊͘͡ͼ͙͙ Ή͎ͭͦͦ ͙͔͋ͤͫ͘-ͨͪͦͼ͔ͫͫ͊ ͯ 
͎͙͒ͪͯͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͚

˴ͦͭ͡Ύ͍ͪͦ, 2010

ˢ͙͎ͯͭͫͦͪͫͤ ς Ήͭͦ ͔͔ͨͪ͒͊;͊ ͙͔͋ͤͫ͘-ͨͪͦͼ͔͍ͫͫͦ ͤ͊ ͙͔͙͔ͫͨͦͤͤ͡ ͙ͫͭͦͪͦͤͤͣ ͙͙͔ͫͨͦͤͭ͡͡Ύͣ (͔͊ͯͭͫͦͪͫͪ͊ͣ) ͙  ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ 
͙͙ͦͣͨ͊ͤ͟ ͤ͊ ͨͪͦͺ͙͡Έͤ·ͻ ͒͡Ύ ͔͖ͤ ͍͙͒͊ͻ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ, ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͙ͨͪ͒ͨͪΎ͙ͭΌ ͙͙ͫͤͭ͘Έ ͍͙ͫͦ ͙͔͙͒ͪ͗͘͟ ͙ ͍ͨͦ·͙ͫͭΈ 

͔͔ͪͤͭ͊͋͡ΈͤͦͫͭΈ

˴͙ͦͫͭͤ, 2013

ˢ͙͎ͯͭͫͦͪͫͤ ς Ήͭͦ ͔ͭ͊ͦ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤͦ-Ή͙ͦͤͦͣ͟;͔͔ͫͦ͟ ͔ͪ΄͔͙͔ͤ ͦ ͍·͔͔͙͙͒ͤ͡ ͔ͤͨͪͦͺ͙͡Έͤ·ͻ ͙͔͋ͤͫ͘-ͺͯͤ͟ͼ͙͚ ͙͙͡ ;͔͚͊ͫͭ 
͙͔͋ͤͫ͘-ͨͪͦͼ͔ͫͫ͊ ͙͙ͦͣͨ͊ͤ͟ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤͦͣͯ͘͡ ͔ͫͭͦͪͦͤͤͣͯ ͨͦ͒ͪΎ͒;͙ͯ͟, ͟ ͔ͦͭͦͪͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͨͪͦͪ͊͘;͙ͤͦͫͭ ͙͔͋ͤͫ͘-
ͨͪͦͼ͔͍ͫͫͦ, ͪ ͦͫͭͯ ͙͍͔͙ͤͫͭͼ͙͚ͦͤͤͦ ͙͍͔͔ͨͪ͊ͭ͟͡͡Έ͙ͤͦͫͭ ͙, ͟ ͊͟ ͔͍͙͔ͫ͒ͫͭ͡, ͨ ͍ͦ·΄͔͙ͤΌ ͔͙ͦͤͯͪͤͭͦͫͨͦͫͦ͋ͤͦͫͭ͟͟ ͙͔͋ͤͫ͊͘ ͍ 

ͼ͔ͦͣ͡

Lankford, Parsa, 1999 ˽͙͔͔͙͔ͪͦ͋ͪͭͤ ͍͍ͭͦ͊ͪͦ ͙͙͡ ͎ͯͫͯ͡ ͙͘ ͙ͫͭͦ;͙͍ͤͦ͟, ͍ ͔ͤ΄͙ͤͻ ͨͦ ͦͭͤͦ΄͔͙ͤΌ ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙

 ʕ ͙͊͡΄͔͍ͫ͊͟Ύ, ˿ ͙ͦͪͦͤ͊͟, 
2007

ˢ͙͎ͯͭͫͦͪͫͤ ς Ήͭͦ ͔͔ͦͣͨͫͤͦ͟͟͡ ͔͎͙ͫͭͪ͊ͭ;͔͔ͫͦ͟ ͔ͪ΄͔͙͔ͤ, ͤ ͍͔͔͊ͨͪ͊ͤͤͦ͡ ͤ͊ ͔͙ͪͫͭͪͯͭͯͪ͊͘͟ͼ͙Ό ͔͙ͨͪ͒ͨͪΎ͙ͭΎ ͫ ͔͔ͨͪ͒͊;͔͚ 
͔ͦͭ͒͡Έͤ·ͻ ͺͯͤ͟ͼ͙͚ ͙͙͡ ͙͔͋ͤͫ͘-ͨͪͦͼ͔͍ͫͫͦ ͍͔ͤ΄͙ͤͣ ͙͙͔ͫͨͦͤͭ͡͡Ύͣ

ˢ͙͎ͯͭͫͦͪͫͤ ς ͫ ͨͦͫͦ͋ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͙ͨͪ͒ͨͪΎ͙͚ͭ ͊͘ ͫ;͔ͭ ͔ͫͦͫͪ͒ͦͭͦ;͔͙ͤΎ ͤ͊ ͍ͦͫͤͦͤͦͣ ͔͔͔ͨͪ͒ͣͭ ͙ ͔͔ͨͪ͒͊;͙ 
͔ͤͨͪͦͺ͙͡Έͤ·ͻ ͺͯͤ͟ͼ͙͚ ͙ ͙͍ͦͪͨͦͪ͊ͭͤ͟·ͻ ͔͚ͪͦ͡ ͍͔ͤ΄͙ͤͣ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͣ ͙ͦͣͨ͊ͤ͟Ύͣ

˴͊͒·͔͍, 2000
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ʊʘʢʦʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʦʚʰʝʩʪʚʦʤ ʚ ʵʚʦʣʶ-

ʮʠʠ ʨʘʟʚʠʪʠʷ ʧʦʜʭʦʜʦʚ ʢ ʘʫʪʩʦʨʩʠʥʛʫ, ʠ ʧʨʠʙʣʠ-

ʞʘʝʪ ʘʫʪʩʦʨʩʠʥʛ ʢ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤʫ ʠ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʦʤʫ ʧʦʜʭʦʜʘʤ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʛʦ ʢʘʢ ʫʧʨʘʚʣʝʥ-

ʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ. 

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ɹʦʨʟʫʥʦʚʘ ʆ.ɸ. [7] ʧʨʝʜʣʘʛʘʝʪ 

ʦʪʣʠʯʥʳʡ ʦʪ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʢʦʥ-

ʮʝʥʪʨʠʨʫʝʪʩʷ ʥʝ ʥʘ ʩʘʤʠʭ ʧʝʨʝʜʘʚʘʝʤʳʭ ʬʫʥʢʮʠʷʭ, 

ʘ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 

ʩʚʦʸʤ ʦʩʥʦʚʥʦʤ ʚʠʜʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʝʟ ʦʪʚʣʝʯʝʥʠʷ 

ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ.  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʀ.ɼ. ʂʦʪʣʷʨʦʚ ʪʘʢʞʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪ ʘʫʪʩʦʨʩʠʥʛ ʩ ʧʦʟʠʮʠʠ ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʧʨʦʬʠʣʴ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ [15].  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʘʚʪʦʨʘ, ʂʦʩʪʠʥ ʀ.ɹ. 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʘʫʪʩʦʨʩʠʥʛ ʢʘʢ ʚʘʨʠʘʥʪ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ 

ʢʦʤʧʘʥʠʠ ʠ ʩʦʟʜʘʥʠʷ ʜʣʷ ʥʝʸ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥ-

ʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʫʪʸʤ ʦʪʢʘʟʘ ʦʪ ʚʳʧʦʣʥʝ-

ʥʠʷ ʥʝʧʨʦʬʠʣʴʥʳʭ ʙʠʟʥʝʩ-ʬʫʥʢʮʠʡ [14]  

ʊʘʢ, ʩʘʤʦ ʧʦʥʷʪʠʝ ʘʫʪʩʦʨʩʠʥʛʘ ʚʧʝʨʚʳʝ ʚʦʟ-

ʥʠʢʣʦ ʚ 1980-ʭ ʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʠ ʧʦʩʪʝʧʝʥʥʦ ʚʩʸ 

ʙʦʣʴʰʝ ʢʦʤʧʘʥʠʡ ʩʪʘʣʠ ʦʙʨʘʱʘʪʴʩʷ ʢ ʧʦʜʦʙʥʦʤʫ 

ʚʠʜʫ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ɺ 1990-ʭ ʛ. 

ʙʳʣʦ ʫʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʜʦʚʦʣʴʥʦ ʯʸʪʢʠʝ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ 

ʚ ʙʠʟʥʝʩʝ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 1999 ʛ. ʧʦʜʭʦʜ ʢ ʘʫʪʩʦʨʩʠʥʛʫ 

ʙʳʣ ʜʦʚʦʣʴʥʦ ʧʨʠʤʠʪʠʚʝʥ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʦʛʦ 

ʪʝʨʤʠʥʘ ʷʚʣʷʣʦʩʴ ʦʯʝʥʴ ʦʙʦʙʱʸʥʥʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʚ 2000 ʛ. ʂʘʜʳʝʚ ʊ.ɸ. [12] ʫʞʝ ʦʧʨʝʜʝʣʷʣ 

ʘʫʪʩʦʨʩʠʥʛ ʜʦʚʦʣʴʥʦ ʧʨʦʛʨʝʩʩʠʚʥʦ. ɿʘʪʝʤ, ʚʧʣʦʪʴ 

ʜʦ 2007 ʛ. ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʘʫʪʩʦʨʩʠʥʛ ʢʘʢ 

ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʬʫʥʢʮʠʡ/ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ/ʟʘʜʘʯ 

ʩʪʦʨʦʥʥʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʥʠʤʘʝʤʦʤ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʬʠʣʝ. 

ʉ 2007 ʛ. ʘʫʪʩʦʨʩʠʥʛ ʥʘʯʠʥʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʧʨʝʜʝʣʸʥʥʦʡ ʬʦʨʤʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʦʡ ʢʦʤʧʘʥʠʷ 

ʩʪʨʝʤʠʪʩʷ ʩʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʝʸ ʦʩʥʦʚʥʦʤ ʚʠʜʝ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʩʰʠʨʝ-

ʥʠʝ ʨʘʤʦʢ ʧʨʠʥʷʪʠʷ ʘʫʪʩʦʨʩʠʥʛʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ ʝʝ ʧʝʨʩʦʥʘʣʦʤ, ʦʜʥʦ-

ʟʥʘʯʥʦʛʦ ʩʦʜʝʨʞʘʪʝʣʴʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʘʫʪʩʦʨʩʠʥʛʘ 

ʝʱʝ ʥʝ ʩʣʦʞʠʣʦʩʴ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʘʫʪʩʦʨʩʠʥʛʘ: 1)ʘʫʪ-

ʩʦʨʩʠʥʛ ʢʘʢ ʩʦʩʨʝʜʦʪʦʯʝʥʠʝ ʥʘ ʧʨʦʬʠʣʴʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ; 2)ʘʫʪʩʦʨʩʠʥʛ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰ-

ʥʠʭ ʠʩʪʦʯʥʠʢʦʚ; 3)ʘʫʪʩʦʨʩʠʥʛ ʢʘʢ ʦʪʢʘʟ ʦʪ ʦʧʨʝʜʝ-

ʣʸʥʥʳʭ ʬʫʥʢʮʠʡ/ʧʨʦʮʝʩʩʦʚ. ʆʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʧʦʥʷʪʠʶ ʘʫʪʩʦʨʩʠʥʛ, ʦʪʨʘʞʝʥʳ ʥʘ ʨʠʩ.2. 

ɺ ʧʨʦʮʝʩʩʝ ʜʝʪʝʨʤʠʥʘʮʠʠ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʩʪʠ ʝʱʸ ʦʜʠʥ ʢʨʠʪʝ-

ʨʠʡ, ʢʦʪʦʨʦʡ ʯʘʩʪʦ ʚʥʦʩʠʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ 

ʤʝʞʜʫ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ: ʢʘʢ ʘʚ-

ʪʦʨ ʦʪʥʦʩʠʪʩʷ ʢ ʘʫʪʩʦʨʩʠʥʛʫ, ʢʘʢ ʢ ʧʨʦʩʪʦʤʫ ʧʨʦ-

ʮʝʩʩʫ, ʧʦʜʦʙʥʦ, ʥʘʧʨʠʤʝʨ, ʟʘʢʘʟʫ ʦʯʝʨʝʜʥʦʡ ʧʘʨʪʠʠ 

ʩʳʨʴʷ, ʠʣʠ ʢʘʢ ʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ. 

ʊʘʢ, ʢ ʧʦʜʭʦʜʫ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʘʫʪʩʦʨʩʠʥʛʘ ʢʘʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʦʪʥʝʩʝʥʳ 

Lankford, Parsa, ɹʨʘʡʘʥ ʍʝʡʫʜ, ɸʥʜʝʨʩʦʥ ʠ ʊʨʠʥʢʣ, 

ɸʥʠʢʠʥ ɹ.ɸ. ʠ ʈʫʜʘʷ ʀ.ʃ. ɺʩʝ ʦʥʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʘʫʪʩʦʨʩʠʥʛʘ ʥʝ ʛʦʚʦʨʷʪ ʦʙ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʢʦʤʧʘʥʠʠ ʚʦʦʙʱʝ. ʇʨʠ ʵʪʦʤ ɺʘʣʠʰʝʚ-

ʩʢʘʷ ʊ.ʀ. ʠ ʉʦʨʦʢʠʥʘ ʅ.ɻ., ʪʘʢʞʝ ʦʪʥʦʩʷʩʴ ʢ ʘʫʪʩʦʨ-

ʩʠʥʛʫ ʢʘʢ ʧʝʨʝʜʘʯʝ ʬʫʥʢʮʠʡ/ʧʨʦʮʝʩʩʦʚ ʥʘ ʚʥʝʰʥʝʝ 

ʠʩʧʦʣʥʝʥʠʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʧʦʤʠʥʘʶʪ, ʯʪʦ ʵʪʦ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʨʝʩʪʨʫʢ-

ʪʫʨʠʟʘʮʠʶ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʂ ʘʫʪʩʦʨʩʠʥʛʫ ʢʘʢ ʢ ʩʦʩʨʝʜʦʪʦʯʝʥʠʶ ʥʘ ʧʨʦ-

ʬʠʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʂʦʪʣʷʨʦʚ ʀ.ɼ., 

ʂʘʜʳʝʚ ʊ.ɸ., ʂʦʩʪʠʥ ʀ.ɹ. ʠ ɹʦʨʟʫʥʦʚʘ ʆ.ɸ. ɺʩʝ, 

ʢʨʦʤʝ ʂʦʪʣʷʨʦʚʘ ʀ.ɼ., ʦʧʨʝʜʝʣʷʶʪ ʘʫʪʩʦʨʩʠʥʛ ʢʘʢ 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʩʧʦʩʦʙ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ. ʂʦʪʣʷʨʦʚ ʀ.ɼ. ʦʪʥʦʩʠʪʩʷ ʢ ʘʫʪʩʦʨʩʠʥʛʫ ʢʘʢ 

ʧʨʦʮʝʩʩʫ ʧʝʨʝʜʘʯʠ ʬʫʥʢʮʠʡ/ʧʨʦʮʝʩʩʦʚ ʥʘ ʠʩʧʦʣʥʝ-

ʥʠʝ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʘʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʧʨʦʬʠʣʴʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʘʚʪʦʨ ʥʘ ʩʭʝʤʝ ʥʘ ʨʠʩ.2 

ʟʘʥʠʤʘʝʪ ʩʤʝʞʥʫʶ ʧʦʟʠʮʠʶ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦ-

ʨʳʤ ʧʦʜʭʦʜʘʤʠ. 
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ʈʠʩʫʥʦʢ 2 ï ʆʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʥʷʪʠʶ ʘʫʪʩʦʨʩʠʥʛ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʪʢʘʟʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ 

ʬʫʥʢʮʠʡ/ʧʨʦʮʝʩʩʦʚ ʘʫʪʩʦʨʩʠʥʛ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ɸʥʠʢʠʥ ɹ.ɸ. ʠ ʂʘʣʝʥʜʞʷʥ ʉ.ʆ. ʇʨʠ ʵʪʦʤ ɸʥʠʢʠʥ 

ɹ.ɸ., ʢʘʢ ʠ ʂʦʪʣʷʨʦʚ ʀ.ɼ., ʟʘʥʠʤʘʝʪ ʩʤʝʞʥʫʶ ʧʦʟʠ-

ʮʠʶ, ʪʘʢ ʢʘʢ ʚ 2003 ʛ. ʚ ʩʚʦʠʭ ʪʨʫʜʘʭ ʦʥ ʛʦʚʦʨʠʣ ʦ 

ʪʦʤ, ʯʪʦ ʘʫʪʩʦʨʩʠʥʛ ʵʪʦ ʠ ʦʪʢʘʟ ʦʪ ʚʳʧʦʣʥʝʥʠʷ 

ʬʫʥʢʮʠʡ/ʧʨʦʮʝʩʩʦʚ, ʠ ʠʭ ʧʝʨʝʜʘʯʘ ʩʪʦʨʦʥʥʠʤ ʦʨʛʘ-

ʥʠʟʘʮʠʷʤ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝ-

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʙʫʨʥʳʡ ʨʦʩʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙ-

ʤʝʥʘ ʚ ʘʫʪʩʦʨʩʠʥʛʝ ʥʝʦʙʭʦʜʠʤ ʢʘʢ ʫʧʨʘʚʣʝʥʯʝʩʢʦʝ 

ʩʨʝʜʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʢʦʥʢʫ-

ʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʘʥʠʠ.  

ʏʘʩʪʦ ʦʪʦʞʜʝʩʪʚʣʷʶʪʩʷ ʧʦʥʷʪʠʷ çʘʫʪʩʦʨʩʠʥʛè 

ʠ çʘʫʪʩʪʘʬʬʠʥʛè. ɸʫʪʩʪʘʬʬʠʥʛ ʚʦʟʥʠʢ ʚ 1970 - ʝ 

ʛʦʜʳ ʚʦ ʚʨʝʤʷ ʧʘʜʝʥʠʷ ʵʢʦʥʦʤʠʢʠ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʘʫʪʩʪʘʬʬʠʥʛʘ - ʵʪʦ ʧʨʠʚʣʝʯʝʥʠʝ ʦʨ-

ʛʘʥʠʟʘʮʠʝʡ ʚʥʝʰʪʘʪʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʠʤʝʶʱʝʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʥʠʷ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

ʥʘʚʳʢʠ ʠ ʦʧʳʪ, ʥʘ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥ-

ʥʦʛʦ ʧʨʦʝʢʪʘ. [20]  

ʌʫʥʢʮʠʝʡ ʘʫʪʩʪʘʬʬʠʥʛʘ ʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ 

ʢʦʤʧʘʥʠʠ ʠʟ ʨʘʟʥʳʭ ʩʬʝʨ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ: ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ, ʩʝʨʚʠʩʥʳʝ, ʥʘʫʯʥʳʝ ʦʨ-

ʛʘʥʠʟʘʮʠʠ, ʙʘʥʢʠ, ʪʦʨʛʦʚʳʝ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʧʘ-

ʥʠʠ ʠ ʪ.ʜ. ʇʝʨʝʭʦʜ ʥʘ ʜʘʥʥʳʡ ʚʠʜ ʫʩʣʫʛʠ ʟʘʚʠʩʠʪ ʦʪ 

ʮʝʣʠ, ʢʦʪʦʨʫʶ ʧʦʩʪʘʚʠʣʘ ʢʦʤʧʘʥʠʷ ʧʝʨʝʜ ʩʦʙʦʡ.  

ʂʘʢ ʧʨʘʚʠʣʦ ʧʦʜ ʘʫʪʩʦʨʩʠʥʛʦʤ ʧʝʨʩʦʥʘʣʦʤ ʧʦ-

ʥʠʤʘʶʪ, ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ, ʧʝʨʝʜʘʯʠ 

ʩʪʦʨʦʥʥʝʤʫ ʧʦʜʨʷʜʯʠʢʫ ʥʝʢʦʪʦʨʳʭ ʙʠʟʥʝʩ ï ʬʫʥʢ-

ʮʠʠ ʠʣʠ ʯʘʩʪʝʡ ʙʠʟʥʝʩïʧʨʦʮʝʩʩʘ ʢʦʤʧʘʥʠʠ, ʦʙʳʯʥʦ 

ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʯʘʩʪʴʶ ʝʝ ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ. ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʝ ʧʦʣʥʦʮʝʥ-

ʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ [6]. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜ ʘʫʪʩʪʘʬʬʠʥʛʦʤ ʧʦʥʠʤʘʶʪ 

ʚʳʚʦʜ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʢʦʤʧʘʥʠʠ ʟʘ ʰʪʘʪ 

ʢʦʤʧʘʥʠʠ-ʟʘʢʘʟʯʠʢʘ ʠ ʦʬʦʨʤʣʝʥʠʝ ʝʛʦ ʚ ʰʪʘʪ ʢʦʤ-

ʧʘʥʠʠ-ʧʨʦʚʘʡʜʝʨʘ, ʧʨʠ ʵʪʦʤ ʦʥ ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦ-

ʪʘʪʴ ʥʘ ʧʨʝʞʥʝʤ ʤʝʩʪʝ ʠ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʧʨʝʞʥʠʝ 

ʦʙʷʟʘʥʥʦʩʪʠ, ʥʦ ʦʙʷʟʘʥʥʦʩʪʠ ʨʘʙʦʪʦʜʘʪʝʣʷ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʥʝʤʫ ʚʳʧʦʣʥʷʝʪ ʫʞʝ ʢʦʤʧʘʥʠʷ ï ʧʨʦʚʘʡ-

ʜʝʨ [16]. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʘʫʪʩʪʘʬʬʠʥʛ - ʪʠʧʠʯʥʘʷ 

ʢʘʜʨʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʢʦʤʧʘʥʠʷ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʩʦʥʘʣ. ʉʤʳʩʣ ʝʸ ʚ ʧʦ-

ʣʫʯʝʥʠʠ ʥʘʣʦʛʦʚʳʭ ʚʳʛʦʜ, ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ. ɸʫʪʩʦʨʩʠʥʛ 

ʧʝʨʩʦʥʘʣʘ ʥʘʤʥʦʛʦ ʩʣʦʞʥʝʝ ʘʫʪʩʪʘʬʬʠʥʛʘ. 

ʉʘʤʦʝ ʛʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʘʫʪʩʦʨʩʠʥʛʘ ʦʪ 

ʘʫʪʩʪʘʬʬʠʥʛʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʤʧʘʥʠʷ, ʢʦ-

ʪʦʨʘʷ ʟʘʢʘʟʘʣʘ ʫʩʣʫʛʫ ʘʫʪʩʦʨʩʠʥʛʘ, ʧʦʢʫʧʘʝʪ ʫʩʣʫʛʫ 

ʧʦʣʥʦʩʪʴʶ, ʘ ʧʨʠ ʘʫʪʩʪʘʬʬʠʥʛʝ ʢʦʤʧʘʥʠʷ ʧʦʢʫʧʘʝʪ 

ʪʦʣʴʢʦ ʪʨʫʜ ʩʦʪʨʫʜʥʠʢʦʚ. ʀ ʚ ʦʜʥʦʤ ʠ ʚ ʜʨʫʛʦʤ ʩʣʫ-

ʯʘʝ, ʪʘʢʠʝ ʦʪʥʦʰʝʥʠʷ ʦʬʦʨʤʣʷʶʪʩʷ ʶʨʠʜʠʯʝʩʢʠ ʧʦ 

ʜʦʛʦʚʦʨʫ ʦʙ ʦʢʘʟʘʥʠʠ ʫʩʣʫʛ.  

ʅʘ ʨʷʜʫ ʩ ʘʫʪʩʦʨʩʠʥʛʦʤ ʠ ʘʫʪʩʪʘʬʬʠʥʛʦʤ ʧʝʨ-

ʩʦʥʘʣʘ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʧʦʥʷʪʠʷ ʢʘʢ çʣʠʟʠʥʛ ʧʝʨ-

ʩʦʥʘʣʘè [9] ʠ çʢʨʘʫʜʩʦʨʩʠʥʛè [22]. 

ʃʠʟʠʥʛ ʧʝʨʩʦʥʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜ-

ʩʪʚʦ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʠʯʝʩʢʠ ʨʘʙʦʪʘʶ-

ʱʠʭ ʥʘ ʢʦʤʧʘʥʠʶ ʨʘʙʦʪʥʠʢʦʚ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʰʪʘʪ-

ʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʪʨʫʜʦʟʘʪʨʘʪ ʦʪʜʝʣʘ ʧʦ ʫʧʨʘʚʣʝ-

ʥʠʶ ʧʝʨʩʦʥʘʣʦʤ [5]. 

ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩʭʦʞ ʩ ʥʘʡʤʦʤ ʧʨʠʚʣʝʯʝʥ-

ʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʦʜʥʘʢʦ ʥʘʥʠʤʘʝʪʩʷ ʧʝʨʩʦʥʘʣ ʥʘ 

ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ, ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʧʨʦʝʢʪʳ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʢ ʥʝʤʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ [19].  
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ʃʠʟʠʥʛ ʧʝʨʩʦʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘ-

ʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʨʳʥʢʘ. ʂʦʥʢʫ-

ʨʝʥʪʥʘʷ ʙʦʨʴʙʘ ʟʘʩʪʘʚʣʷʝʪ ʣʠʟʠʥʛʦʜʘʪʝʣʝʡ ʜʠʚʝʨ-

ʩʠʬʠʮʠʨʦʚʘʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʙʦʣʝʝ ʛʠʙʢʠʝ ʩʭʝʤʳ, ʥʘʭʦʜʠʪʴ ʥʦʚʳʝ ʬʦʨʤʳ ʚʟʘʠ-

ʤʦʦʪʥʦʰʝʥʠʡ ʩ ʣʠʟʠʥʛʦʧʦʣʫʯʘʪʝʣʷʤʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʠʟʥʝʩïʧʨʦʮʝʩʩʦʚ, ʘ 

ʪʘʢʞʝ ʘʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʥʝʪïʪʝʭʥʦʣʦ-

ʛʠʡ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ 

ʚʩʝʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ï ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʢʨʘʫʜʩʦʨ-

ʩʠʥʛʘ. ʈʘʟʣʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʘʫʜʩʦʨʩʠʥʛʘ ʦʪʨʘ-

ʞʝʥʳ ʥʘ ʨʠʩ. 3. 

 

ʈʠʩʫʥʦʢ 3 ïʆʧʨʝʜʝʣʝʥʠʷ ʢʨʘʫʜʩʦʨʩʠʥʛʘ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ) 

 

ɺ ʧʦʥʷʪʠʠ ʢʨʘʫʜʩʦʨʩʠʥʛʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʍʝʡ 

ɼ. [22], ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʦʪʜʘʝʪʩʷ ï ʧʝʨʝʜʘʯʝ ʚʳ-

ʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʦʪ ʘʛʝʥʪʘ ʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʙʦʣʴ-

ʰʦʡ ʛʨʫʧʧʝ ʣʶʜʝʡ ʥʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʦʛʦ ʢʦʥʢʫʨʩʘ.  

ɺ ʦʧʨʝʜʝʣʝʥʠʠ ʢʨʘʫʜʩʦʨʩʠʥʛʘ ɽʛʝʨʝʚʘ ʉ. ɺ., 

ɿʘʭʘʨʦʚʦʡ ʉ. ɸ. [11] ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʧʝʨʝʜʘʯʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʢ ʚʦʣʦʥʪʸʨʘʤ ʠ ʜʦʙʨʦʚʦʣʴʮʘʤ ʩ ʧʦʤʦ-

ʱʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʦʧʨʝʜʝʣʝʥʠʠ 

ɻ. ɻʨʝʬʘ ʫʢʘʟʳʚʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʰʠʨʦʪʘ ʦʭʚʘʪʘ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʨʘʫʜ-

ʩʦʨʩʠʥʛʘ. [21] ʉ ʧʦʟʠʮʠʠ Haklay ʄ. [25] ʢʨʘʫʜʩʦʨ-

ʩʠʥʛ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʝʜʧʨʠʷ-

ʪʠʷʭ, ʥʦ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʠʧʠʯʥʳʡ ʧʨʠʤʝʨ 

ʢʨʘʫʜʩʦʨʩʠʥʛʘ ʚ ʵʪʦʡ ʩʬʝʨʝ ïʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʸʥ-

ʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʢʦʤʧʴʶʪʝʨʳ ʚʦʣʦʥʪʸ-

ʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʨʘʩʯʸʪʘ ʨʘʟʣʠʯ-

ʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʤʦʜʝʣʝʡ, ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʅʘʫʯʥʳʡ ʢʨʘʫʜʩʦʨʩʠʥʛ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ 

ʫʯʘʩʪʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʥʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʚ ʫʩʣʦ-

ʚʠʷʭ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʧʨʠʚʣʝʢʘʪʴ ʢ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʰʠʨʦʢʠʝ ʢʨʫʛʠ ʠʥʪʝʨʥʝʪïʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʫʶ ʩʪʝ-

ʧʝʥʴ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ, ʨʘʟʣʠʯʥʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʠ ʚʦʟʨʘʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. [18]  

ʉ ʧʦʤʦʱʴʶ ʢʨʘʫʜʩʦʨʩʠʥʛʘ ʦʪʢʨʳʪʦʤʫ ʠʥʪʝʨ-

ʥʝʪïʩʦʦʙʱʝʩʪʚʫ ʧʝʨʝʜʘʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʢʦʤʧʘʥʠʠ, ʪʝʤ ʩʘʤʳʤ ʯʝ-

ʣʦʚʝʯʝʩʢʠʡ ʢʘʧʠʪʘʣ ʧʘʨʪʥʝʨʦʚ ʠ ʢʣʠʝʥʪʦʚ çʚʩʪʨʘʠ-

ʚʘʝʪʩʷè ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʠ ʵʢʦʥʦʤʷʪ ʠʟʜʝʨʞʢʠ ʧʨʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʜʠʟʘʡʥʘ ʧʨʦʜʫʢʪʘ, ʧʨʠʚʣʝʢʘʷ ʜʣʷ ʝʛʦ ʦʙʩʫʞ-

ʜʝʥʠʷ ʰʠʨʦʢʫʶ ʘʫʜʠʪʦʨʠʶ ʩʚʦʠʭ ʠʥʪʝʨʥʝʪïʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʪʨʝʙʠʪʝʣʠ ʢʦʣʣʝʢʪʠʚʥʦ ʛʝ-

ʥʝʨʠʨʫʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʠʜʝʡ ʠ ʧʨʦʜʫʢʪʦʚ [27].  

ɺʘʞʥʝʡʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʨʘʫʜʩʦʨ-

ʩʠʥʛʘ ʷʚʣʷʶʪʩʷ: 1) ʧʝʨʝʜʘʯʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʫʥʢ-

ʮʠʡ ʦʯʝʥʴ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʣʠʮ; 2) ʨʘʟʙʠʝʥʠʝ ʨʘ-

ʙʦʪʳ ʥʘ ʤʝʣʢʠʝ ʯʘʩʪʠ; 3) ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘ-

ʮʠʠ ʫʯʘʩʪʥʠʢʦʚ ʢʨʘʫʜʩʦʨʩʠʥʛʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 4) ʫʩʣʫʛʠ ʢʨʘʫʜʩʦʨ-

ʩʠʥʛʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʢʘʢ ʧʨʘʚʠʣʦ ʙʝʩʧʣʘʪʥʦ, 

ʣʠʙʦ ʦʧʣʘʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. 

ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ ʦʧʣʘʪʳ ʠ 

ʠʥʪʝʨʥʝʪïʪʝʭʥʦʣʦʛʠʠ ʨʝʘʣʠʟʘʮʠʠ ʢʨʘʫʜʩʦʨʩʠʥʛ 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʠʭ ʨʝʩʫʨʩʦʚ 

ʜʣʷ ʢʦʤʧʘʥʠʠ, ʦʭʚʘʪʳʚʘʷ ʰʠʨʦʢʠʡ ʢʨʫʛ ʫʯʘʩʪʥʠ-

ʢʦʚ. 

ʂʨʘʫʜʩʦʨʩʠʥʛ ʢʘʢ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʘʫʪʩʦʨʩʠʥʛʦ-

ʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʨʝʩʫʨʩʳ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʩʚʦʝʡ 

ʧʨʦʬʠʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʝʝ 

ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʦʪʢʨʳʪʦʤʫ ʠʥʪʝʨʥʝʪïʩʦʦʙʱʝ-

ʩʪʚʫ ʢʣʠʝʥʪʦʚ, ʧʘʨʪʥʝʨʦʚ ʠ ʜʨʫʛʠʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥ-

ʥʳʭ ʩʪʦʨʦʥ ʢʦʤʧʘʥʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʘʟʣʠʯʥʳʝ ʘʫʪʩʦʨʩʠʥʛʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʭ ʙʠʟʥʝʩïʟʘʜʘʯ, ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʡ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʨʠʚʣʝʯʝʥʠʷ 

ʚʥʝʰʥʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʨʛʘʥʠʟʘʮʠʷʤ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʜʝʥʠʷ 

ʙʠʟʥʝʩʘ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʚʠʪʠʷ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʢʣʠʥʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʦʙʝʟʟʘʨʘʞʠʚʘʶʱʝʛʦ ʵʬ-

ʬʝʢʪʘ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʘʢʪʠʢʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʦʩʪʠ ʬʠʙʨʦʟ-

ʥʦʡ ʢʘʧʩʫʣʳ ʚʦ ʚʨʝʤʷ ʵʭʠʥʦʢʦʢʢʵʢʪʦʤʠʠ. ɸʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʮʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʠ ʩʦʜʝʨʞʠʤʦʝ ʵʭʠʥʦʢʦʢʢʦʚʦʡ ʢʠʩʪʳ ʠ ʧʨʠ ʵʪʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

0,02% ʨʘʩʪʚʦʨ ʜʝʢʘʩʘʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʮʝʥʥʦʝ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʟʘʨʦʜʳʰʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʵʭʠʥʦʢʦʢ-

ʢʦʚʦʡ ʢʠʩʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʪʱʘʪʝʣʴʥʦʡ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʠʩʪʳ ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʧʨʠʥʮʠʧʘʭ ʘʧʘʨʘʟʠʪʘʨʥʦʩʪʠ ʠ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʩʪʠ ʧʨʠ ʵʭʠʥʦʢʦʢʢʵʢʪʦʤʠʠ ʩʥʠʞʘʝʪʩʷ ʨʠʩʢ ʧʦʩʣʝʦʧʝʨʘ-

ʮʠʦʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʠ ʨʝʮʠʜʠʚʦʚ ʟʘʙʦʣʝʚʘʥʠʷ. 

Abstract 

In this research work, a clinical evaluation of the disinfecting effect of antiparasitic solutions used in the 

practice of treating the residual cavity of the fibrous capsule during echinococcectomy was carried out. The authors 

used morphological and cytological studies of the fibrous capsule and the contents of the echinococcal cyst, and it 

was found that a 0.02% solution of decanasse provides a complete disinfection of the embryonic elements of the 

echinococcal cyst. Studies have shown that with careful antiparasitic treatment, cysts based on the principles of 

aparasiticity and antiparasiticity in echinococcectomy reduce the risk of postoperative complications and relapse 

of the disease. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʭʠʥʦʢʦʢʢʦʟ, ʨʝʮʠʜʠʚ, ʜʝʢʘʩʘʥ, ʢʠʩʪʘ, ʮʠʪʦʣʦʛʠʷ. 

Keywords: Echinococcosis, relapse, decassane, cyst, cytology. 

 

ʕʭʠʥʦʢʦʢʢʦʟ - ʵʪʦ ʪʷʞʝʣʦʝ ʧʘʨʘʟʠʪʘʨʥʦʝ ʟʘʙʦ-

ʣʝʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ 

ʩʝʨʴʝʟʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʦʙʣʝʤʦʡ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʭʠ-

ʨʫʨʛʠʠ ʧʝʯʝʥʠ, ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʠ ʯʘʩʪʦʪʘ ʦʩʣʦʞ-

ʥʝʥʠʡ ʠ ʨʝʮʠʜʠʚʦʚ ʫʤʝʥʴʰʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ [1, 

2, 3]. ʃʝʯʝʥʠʝ ʵʭʠʥʦʢʦʢʢʦʟʘ ʧʝʯʝʥʠ (ʕʇ) ʚ ʦʩʥʦʚ-

ʥʦʤ ʦʧʝʨʘʪʠʚʥʦʝ ʠ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ ʭʠ-

ʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ 

ʧʣʦʜʦʥʦʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʘʨʘʟʠʪʘ [11, 12].  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʝʜʣʦʞʝʥʦ ʙʦʣʴʥʦʝ 

ʯʠʩʣʦ ʤʝʜʠʢʘʤʝʥʪʦʟʥʳʭ ʩʨʝʜʩʪʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢ-

ʪʦʨʦʚ, ʥʦ ʦʜʥʠ ʠʟ ʥʠʭ ʪʦʢʩʠʯʥʳ, ʜʨʫʛʠʝ ʦʙʣʘʜʘʶʪ 

ʩʣʘʙʳʤ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʳʤ ʜʝʡʩʪʚʠʝʤ [8,10]. ʀʩ-

ʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʨʝʜʩʪʚ 

ʦʧʨʝʜʝʣʷʣʠ ʛʠʙʝʣʴ ʩʢʦʣʝʢʩʦʚ ʚ ʩʦʜʝʨʞʠʤʦʤ ʢʠʩʪʳ 

ʠ ʧʦʣʦʩʪʠ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʧʦʩʣʝ ʝʝ ʦʙʨʘʙʦʪʢʠ, 

ʥʦ ʠ ʦʥʠ ʥʦʩʷʪ ʧʨʦʪʠʚʦʨʝʯʠʚʳʡ ʭʘʨʘʢʪʝʨ [4]. 

ʇʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʩʧʦʩʦʙʦʚ 

ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʵʭʠʥʦʢʦʢʵʢʪʦʤʠʠ 

(ʕʕ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ [1, 3]. ʇʦ ʤʥʝʥʠʶ ʘʚ-

ʪʦʨʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤ ʧʦʠʩʢ ʪʘʢʠʭ 

ʩʢʦʣʝʢʩʦʮʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʜʦ-

ʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʠʙʝʣʠ ʧʣʦʜʦʥʦʩʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ. ʂʨʠʪʝʨʠʷʤʠ ʛʠʙʝʣʠ ʧʘʨʘʟʠʪʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʳʤ ʘʛʝʥʪʦʤ, ʧʨʠ-

ʟʥʘʥʳ: ʧʨʝʢʨʘʱʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦ-

ʪʦʩʢʦʣʝʢʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37-400ʉ, ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʠʟʚʝʩʪʢʦʚʳʭ ʪʝʣʝʮ ʠ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦ-

ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʦʩʢʦʣʝʢʩʦʚ, ʜʝʩʪʨʫʢʮʠʷ 

ʢʦʨʦʥʳ ʢʨʶʯʴʝʚ ʠ ʢʫʪʠʢʫʣʷʨʥʦʡ ʦʙʦʣʦʯʢʠ ʧʨʦ-

ʪʦʩʢʦʣʝʢʩʦʚ.  

ɺ ʧʫʙʣʠʢʘʮʠʷʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʢʘʢ ʧʨʠʟʥʘʢ ʥʝ-

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʟʘʨʦʜʳʰʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʡʩʪʚʦ ʧʨʦʪʦʩʢʦʣʝʢʩʦʚ ʦʢʨʘʰʠ-

ʚʘʪʴʩʷ ʚ ʥʘʪʠʚʥʦʤ ʧʨʝʧʘʨʘʪʝ ʧʨʠ ʠʭ ʛʠʙʝʣʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʭʠʨʫʨʛʠʯʝ-

ʩʢʦʤ ʣʝʯʝʥʠʠ ʕʇ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ 

ʵʬʬʝʢʪʠʚʥʦʡ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʠ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʦʩʪʠ ʠ ʬʠʙʨʦʟʥʦʡ ʢʘʧ-

ʩʫʣʳ ʢʠʩʪʳ ʩ ʮʝʣʴʶ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʟʘʨʦʜʳʰʝʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʘʨʘʟʠʪʘ ʚʦ ʚʨʝʤʷ ʕʕ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʦ-

ʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʘʧʘʨʘʟʠʪʘʨʥʦʩʪʠ, ʚʥʝʜʨʝʥʠʝ ʨʘʟ-

ʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʧʘʨʘʟʠʪʘ, ʨʝʟʫʣʴʪʘʪʳ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝ-

ʯʝʥʠʷ ʕʇ ʥʝ ʚʩʝʛʜʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳ [7, 8, 9, 10]. 

ɺ ʢʘʯʝʩʪʚʝ ʩʢʦʣʝʢʩʦʮʠʜʥʳʭ ʩʨʝʜʩʪʚ ʙʳʣʠ ʠʩ-

ʧʳʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʙʘʢʪʝʨʠʮʠʜʥʳʝ, ʙʘʢʪʝʨʠʦʩʪʘʪʠ-

ʯʝʩʢʠʝ ʠ ʧʨʦʪʠʚʦʧʘʨʘʟʠʪʘʨʥʳʝ ʧʨʝʧʘʨʘʪʳ: 3% ʨʘʩ-

ʪʚʦʨ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, 0,04% ʭʣʦʨʛʝʢʩʠʜʠʥ, 2-5% 

ʥʘʩʪʦʡʢʘ ʡʦʜʘ, ʨʘʩʪʚʦʨ ʬʫʨʘʮʠʣʠʥʘ (1:5000), ʨʠʚʘ-

ʥʦʣʘ (1:1000), 1-15% ʚʦʜʥʳʝ ʠ ʛʣʠʮʝʨʠʥʦʚʳʝ ʨʘʩ-

ʪʚʦʨʳ ʬʦʨʤʘʣʠʥʘ, 1% ʜʠʦʢʩʠʜʠʥʘ. ʆʜʥʘʢʦ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʝ-

ʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ 

ʧʨʦʪʠʚʦʧʘʨʘʟʠʪʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʪʦʢʩʠʯʥʦʩʪʠ. 

ɺʩʝ ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʡ 

ʧʨʦʙʣʝʤʳ, ʯʪʦ ʠ ʷʚʠʣʦʩʴ ʧʦʚʦʜʦʤ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʇʦʠʩʢ ʧʫʪʝʡ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʣʝʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʫ 

ʙʦʣʴʥʳʭ ʨʝʮʠʜʠʚʥʳʤ ʵʭʠʥʦʢʦʢʢʦʟʦʤ ʧʝʯʝʥʠ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʨʝʮʠʜʠʚʦʚ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ: ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʧʦʣʦ-

ʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʣʝʯʝʥʠʷ 47 ʙʦʣʴ-

ʥʳʭ ʨʝʮʠʜʠʚʥʳʤ ʕʇ, ʦʧʝʨʠʨʦʚʘʥʥʳʭ ʥʘ ʙʘʟʝ ʢʘ-

ʬʝʜʨʳ ʦʙʱʝʡ ʠ ɺʇʍ ɸɻʄʀ ʠ ʚ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʢʣʠ-

ʥʠʢʘʭ ʈʅʎʕʄʇ ɸʥʜʠʞʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʟʘ ʧʝʨʠʦʜ 

ʩ 2012-2017 ʛʛ. ʇʨʠ ʭʠʨʫʨʛʠʯʝʩʢʦʤ ʣʝʯʝʥʠʠ ʨʝʮʠ-

ʜʠʚʥʦʛʦ ʕʇ ʤʳ ʧʨʠʜʝʨʞʠʚʘʣʠʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ 

ʌ.ɻ. ʅʘʟʳʨʦʚʘ (2005ʛ). ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʦʩʣʦʞʥʝʥʥʦʛʦ 

ʕʇ ʧʘʮʠʝʥʪʳ ʙʳʣʠ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ. ɺ ʧʝʨʚʫʶ ʢʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ ʚʦʰʣʠ 

22(46.8%) ʙʦʣʴʥʳʝ, ʣʝʯʠʚʰʠʭʩʷ ʚ ʧʝʨʠʦʜ ʩ 2012-

2015 ʛʛ, ʜʦ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʪʦʨʳʤ 

ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʜʭʦʜ ʚ ʜʠʘʛʥʦ-

ʩʪʠʢʝ ʠ ʣʝʯʝʥʠʷ. ɺʦ ʚʪʦʨʫʶ (ʦʩʥʦʚʥʫʶ ʛʨʫʧʧʫ) 

ʙʳʣʠ ʚʢʣʶʯʝʥʳ 25(53.2%) ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʟʘ ʧʝ-

ʨʠʦʜ ʩ 2015-2017 ʛʛ, ʙʦʣʴʥʳʭ ʨʝʮʠʜʠʚʥʳʤ ʕʇ, ʢʦ-
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ʛʜʘ ʩʪʘʣʠ ʧʨʝʜʧʨʠʥʠʤʘʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʤʝ-

ʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ʤʫʞʯʠʥʳ ʩʦʩʪʘʚʠʣʠ 19(40.4%), ʘ ʞʝʥʱʠʥʳ 

28(59.6%) ʙʦʣʴʥʳʭ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʦʣʴ-

ʥʳʭ 23(48.9%) ʙʳʣʦ ʚ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ (25-45ʣ), ʚ 

ʟʨʝʣʦʡ ʛʨʫʧʧʝ (46-59ʣ) ï 7 (14.9%) ʙʦʣʴʥʳʭ, ʚ ʶʥʦ-

ʰʝʩʢʦʡ (18-24ʣ) ï 14(29.8%) ʠ ʚ ʛʨʫʧʧʝ ʣʠʮ ʧʦʞʠ-

ʣʦʛʦ ʚʦʟʨʘʩʪʘ (60-74ʣ)-3(6.4%) ʙʦʣʴʥʳʭ. ʇʨʠ ʨʝʮʠ-

ʜʠʚʘʭ ʕʇ ʯʘʱʝ ʚʳʷʚʣʷʣʠʩʴ ʧʘʨʘʟʠʪʘʨʥʳʝ ʢʠʩʪʳ 

ʜʠʘʤʝʪʨʦʤ ʜʦ 10ʩʤ (63.3%) ʠ ʨʝʞʝ ʢʠʩʪʳ ʜʠʘʤʝʪ-

ʨʦʤ 20ʩʤ ʠ ʙʦʣʝʝ (28.1%). ʀʟ 47 ʙʦʣʴʥʦʛʦ ʩ ʨʝʮʠʜʠ-

ʚʘʤʠ ʵʭʠʥʦʢʦʢʢʦʟʘ 1 ʨʝʮʠʜʠʚ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘʙʣʶ-

ʜʘʣʩʷ ʫ 26 ʙʦʣʴʥʳʭ (53.3%), 2 ʨʝʮʠʜʠʚʘ- ʫ 

12(25.5%) ʠ ʙʦʣʝʝ 2 ʨʝʮʠʜʠʚʦʚ- ʫ 9(19.1%). ɺʩʝʤ 

ʧʦʩʪʫʧʠʚʰʠʤ ʙʦʣʴʥʳʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʢʦʤʧʣʝʢʩ 

ʢʣʠʥʠʯʝʩʢʠʭ, ʣʘʙʦʨʘʪʦʨʥʳʭ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ, 

ʋɿʀ, ʂʊ, ʄʈʊ ʠ ʜʨ). ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʦ ʣʦʢʘʣʠ-

ʟʘʮʠʠ ʵʭʠʥʦʢʦʢʢʦʚʳʭ ʢʠʩʪ ʧʨʠ ʨʝʮʠʜʠʚʥʦʤ ʕʇ, ʤʳ 

ʦʪʤʝʪʠʣʠ ʙʦʣʝʝ ʯʘʩʪʦʝ ʧʦʨʘʞʝʥʠʝ ʧʨʘʚʦʡ ʜʦʣʠ ʧʝ-

ʯʝʥʠ, ʠʤʝʚʰʝʝ ʤʝʩʪʦ ʫ 27 (57,4%) ʙʦʣʴʥʳʭ, ʧʨʠʯʝʤ 

ʫ 17 (36,1%) ʧʘʮʠʝʥʪʦʚ ʢʠʩʪʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʧʦʜ-

ʜʠʘʬʨʘʛʤʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘʤʠ ʜʠ-

ʘʛʥʦʩʪʠʨʦʚʘʥʦ ʵʭʠʥʦʢʦʢʢʦʚʦʝ ʧʦʨʘʞʝʥʠʝ ʧʨʘʚʦʡ 

ʜʦʣʠ ʧʝʯʝʥʠ ï 27 (57,4%) ʙʦʣʴʥʳʭ, ʚ ʣʝʚʦʡ ʜʦʣʝ ʧʘ-

ʨʘʟʠʪ ʦʙʥʘʨʫʞʝʥ ʫ 15 (31,9%) ʙʦʣʴʥʦʛʦ, ʵʭʠʥʦʢʦʢ-

ʢʦʟ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʜʦʣʠ ʧʝʯʝʥʠ ï ʫ 5 (10,7%) ʙʦʣʴ-

ʥʳʭ.  

ʀʟ 22 ʙʦʣʴʥʳʭ ʨʝʮʠʜʠʚʥʳʤ ʕʇ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʟʘʢʨʳʪʦʡ ʕʕ ʧʝʯʝʥʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʫ 7, ʦʪʢʨʳʪʘʷ ʕʕ ʫ 8 ʙʦʣʴʥʳʭ, ʧʦʣʫ-

ʟʘʢʨʳʪʘʷ ʫ 7. 25 ʙʦʣʴʥʳʤ ʨʝʮʠʜʠʚʥʳʤ ʕʇ ʦʩʥʦʚ-

ʥʦʡ ʛʨʫʧʧʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʟʘʢʨʳʪʦʡ ʕʕ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʫ 12, ʦʪʢʨʳʪʘʷ ʕʕ ʫ 6 ʙʦʣʴʥʳʭ, ʧʦʣʫʟʘ-

ʢʨʳʪʘʷ ʫ 7 ʙʦʣʴʥʳʭ.  

ʇʦʩʣʝ ʣʘʧʘʨʦʪʦʤʠʠ ʠ ʨʝʚʠʟʠʠ ʦʨʛʘʥʦʚ ʙʨʶʰ-

ʥʦʡ ʧʦʣʦʩʪʠ ʚ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʚʦʢʨʫʛ ʢʠ-

ʩʪʳ ʫʢʣʘʜʳʚʘʣʠ ʤʘʨʣʝʚʳʝ ʩʘʣʬʝʪʢʠ ʧʨʦʧʠʪʘʥʥʳʝ 

ʪʝʧʣʳʤ ʨʘʩʪʚʦʨʦʤ ʜʝʢʘʩʘʥʘ, ʧʨʦʠʟʚʦʜʠʣʠ ʧʫʥʢ-

ʮʠʶ, ʘʩʧʠʨʠʨʦʚʘʣʠ ʩʦʜʝʨʞʠʤʦʝ ʢʠʩʪʳ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʦʣʦʩʪʴ ʟʘʧʦʣʥʷʣʘʩʴ ʪʝʧʣʳʤ ʨʘʩʪʚʦʨʦʤ 0.02% ʜʝ-

ʢʘʩʘʥʘ ʩ ʵʢʩʧʦʟʠʮʠʝʡ 5-8ʤʠʥ., ʟʘʪʝʤ ʧʦʩʣʝ ʵʚʘʢʫʘ-

ʮʠʠ ʛʝʨʤʠʮʠʜʘ ʚʩʢʨʳʚʘʣʠ ʬʠʙʨʦʟʥʫʶ ʢʘʧʩʫʣʫ ʠ 

ʦʧʨʝʜʝʣʷʣʠ ʮʝʣʦʩʪʥʦʩʪʴ ʭʠʪʠʥʦʚʦʡ ʦʙʦʣʦʯʢʠ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʝʝ ʫʜʘʣʝʥʠʝʤ. ʇʦʣʦʩʪʴ ʬʠʙʨʦʟʥʦʡ ʢʘʧ-

ʩʫʣʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʘʩʴ ʜʝʢʘʩʘʥʦʤ ʚ 

ʪʝʯʝʥʠʠ 4-5 ʤʠʥ. ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʥʘʤʠ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʧʦʣʦʩʪʠ 

ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʨʘʩʪʚʦʨ ʬʫʨʘʮʠʣʣʠʥʘ, ʜʦ ʠ ʧʦ-

ʩʣʝ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʧʦʣʦʩʪʠ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ 

ʚʦ ʚʨʝʤʷ ʕʕ ʥʘʤʠ ʙʨʘʣʘʩʴ ʩʦʜʝʨʞʠʤʦʝ ʢʠʩʪʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʮʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝ-

ʜʫʷ ʜʝʡʩʪʚʠʷ ʜʝʢʘʩʘʥʘ ʥʘ ʧʣʦʜʦʥʦʩʥʳʝ ʵʣʝʤʝʥʪʳ 

ʵʭʠʥʦʢʦʢʢʘ ʩʨʘʚʥʠʚʘʣʠ ʝʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʘʩʪʚʦʨʦʤ 

ʬʫʨʘʮʠʣʣʠʥʘ. ʅʘʤʠ ʜʣʷ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʆʇ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʨʘʩʪʚʦʨ ɼʝʢʘʩʘʥ-1, 10-

ɼʝʢʘʤʝʪʠʣʝʥ-ʙʠʩ (N,N-ʜʠʤʝʪʠʣʤʝʥʪʦʢʩʠʢʘʨʙʦʥʠʣ-

ʤʝʪʠʣ)- ʘʤʤʦʥʠʷ ʜʠʭʣʦʨʠʜ. ɼʝʢʘʩʘʥ ʵʪʦ ʘʥʪʠʤʠʢ-

ʨʦʙʥʳʡ, ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʡ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʡ ʧʨʝ-

ʧʘʨʘʪ. ɼʣʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʝʢʘʩʘʥʘ ʥʝ ʚʳʟʳ-

ʚʘʝʪ ʢʘʢʠʭ- ʣʠʙʦ ʪʦʢʩʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ɺ.ʇ. 

ʂʦʚʘʣʴʯʫʢ ʠ ʩʦʘʚʪ., 2002). ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʥʘʟʚʘ-

ʥʠʝ: ɼʝʢʘʤʝʪʦʢʩʠʥ. ʇʨʝʧʘʨʘʪ ʚʳʧʫʩʢʘʝʪʩʷ: ʆʆʆ 

çʖʨʠʷ-ʌʘʨʤè (ʋʢʨʘʠʥʘ ʛ. ʂʠʝʚ) ʚ ʫʧʘʢʦʚʢʝ ʧʦ 50-

100-200-400 ʤʣ. 

ʄʝʪʦʜʠʢʘ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʧʝʮʠʘʣʴʥʳʤ ʨʘʟʜʝʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷ-

ʣʘʩʴ ʮʠʪʦʣʦʛʠʷ ʩʦʜʝʨʞʠʤʦʛʦ ʢʠʩʪ ʥʘ ʥʘʣʠʯʠʝ ʩʢʦ-

ʣʝʢʩʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʦʢʦʚ ʛʠʙʝʣʠ ʟʘʨʦʜʳʰʝʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʙʝʟʟʘʨʘʞʠʚʘʶʱʠʭ 

ʩʨʝʜʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʜʦ ʠ ʧʦʩʣʝ 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ.  

ʇʦʣʦʩʪʴ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʚ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʦʩʴ 

ʨʘʩʪʚʦʨʦʤ ʬʫʨʘʮʠʣʠʥʘ, ʘ ʚ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ 0,02% 

ʨʘʩʪʚʦʨʦʤ ʜʝʢʘʩʘʥʘ ʚ ʪʝʯʝʥʠʠ 4-5 ʤʠʥʫʪ. ɺ ʦʙʝʠʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧʘʭ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʦ-

ʩʪʠ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʙʨʘʣʘʩʴ ʩʦʜʝʨʞʠʤʦʝ ʢʠʩʪʳ 

ʜʣʷ ʮʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʩʩʝʢʘʣʠ ʤʘ-

ʪʝʨʠʘʣ ʠʟ ʩʪʝʥʢʠ ʢʫʩʦʯʢʦʚ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʨʘʟ-

ʤʝʨʦʤ 1,0ʭ1,0ʩʤ ʜʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ.  

ʇʨʝʧʘʨʘʪʳ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 10% ʨʘʩʪʚʦʨʝ ʬʦʨ-

ʤʘʣʠʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʠʭ ʛʨʫʧʧʘʭ ʙʳʣʠ ʚʳʧʦʣ-

ʥʝʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʙʨʦʟʥʦʡ 

ʢʘʧʩʫʣʳ. ʇʨʝʧʘʨʘʪʳ ʦʢʨʘʰʠʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʠʥ 

ʵʦʟʠʥʦʤ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʟʘʛʦʪʘʚʣʠʚʘʣʠʩʴ ʥʘʪʠʚʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠ ʦʢʨʘʰʠʚʘ-

ʣʠʩʴ ʛʝʤʦʪʦʢʩʠʣʠʥ ʵʦʟʠʥʦʤ ʧʦ ʤʝʪʦʜʫ ʇʘʧʘʥʠʢʦ-

ʣʘʫ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʤʠʢʨʦʩʢʦʧʝ CYAN ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʝʣʴʛʠʷ. 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚ-

ʥʳʭ ʟʘʜʘʯ ʙʳʣʦ ʚʳʧʦʣʥʝʥʠʝ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʦʨ-

ʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʧʣʦʜʦʥʦʩʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʵʭʠʥʦʢʦʢʢʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʦʚ ʬʫʨʘʮʠʣʠʥʘ ʠ ʜʝʢʘʩʘʥʘ. 

ʉʫʤʤʠʨʫʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʚ ʢʦʤʧʣʝʢʩ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʦʦʧʝʨʘʮʠ-

ʦʥʥʦʤ ʵʪʘʧʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʋɿʀ, 

ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʂʊ, ʄʈʊ, ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʪʴ ʨʝʮʠʜʠʚʥʳʡ ʕʇ, ʫʩʪʘʥʦʚʠʪʴ ʣʦʢʘʣʠʟʘ-

ʮʠʶ, ʚʳʷʩʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ, ʨʘʟʤʝʨʳ ʢʠʩʪ, ʩʦʩʪʦʷ-

ʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʨʘʟʠʪʘ ʠ ʚʳʙʨʘʪʴ ʨʘʮʠʦ-

ʥʘʣʴʥʫʶ ʪʘʢʪʠʢʫ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ[5, 6, 8]. 

ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʤʦʤʝʥʪ ʦʧʝʨʘʮʠʠ ʫ ʙʦʣʴʥʳʭ ʩ ʨʝʮʠʜʠʚʥʳʤ 

ʕʇ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʩʦʙʣʶʜʝʥʠʝʤ ʩʪʨʦʛʦ 

ʧʨʠʥʮʠʧʦʚ ʘʧʘʨʘʟʠʪʘʨʥʦʩʪʠ ʠ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʩʪʠ 

ʧʫʥʢʪʠʨʦʚʘʣʠ ʢʠʩʪʫ, ʙʨʘʣʠ ʝʝ ʩʦʜʝʨʞʠʤʦʝ ʜʦ ʠ ʧʦ-

ʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʦʩʪʠ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ 

ʬʫʨʘʮʠʣʠʥʘ ʠ ʚʳʧʦʣʥʷʣʠ ʮʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʩʢʦʣʝʢ-

ʩʦʚ ʠ ʠʭ ʦʢʨʘʰʠʚʘʥʠʶ ʚ ʙʫʨʳʡ ʮʚʝʪ 1% ʚʦʜʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʵʦʟʠʥʘ.  

ʎʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ 

ʤʝʪʦʜʠʢʝ ʇʘʧʘʥʠʢʦʣʘʫ. 

ʕʪʘ ʤʝʪʦʜʠʢʘ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʘ ʠ ʧʦʟʚʦʣʷʝʪ ʩʫ-

ʜʠʪʴ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ ˉ1. 
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ʊʘʙʣʠʮʘ ˉ1  

ʈʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʬʫʨʘʮʠʣʠʥʘ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʣʦʜʦʥʦʩʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʵʭʠʥʦʢʦʢʢʘ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ 

ʄʝʪʦʜ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ 
ʂʦʣʠʯʝʩʪʚʦ ʙʦʣʴ-

ʥʳʭ 

ʕʢʩʧʦʟʠʮʠʷ (ʚ ʤʠʥʫʪʘʭ) % ʧʦʛʠʙʰʠʭ ʩʢʦ-

ʣʝʢʩʦʚ 

3 5 10 

ɸʥʪʠʩʝʧʪʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ ʬʫʨʘʮʠ-

ʣʠʥʘ 
22 70,0 80,0 90,0 

 

ʇʨʠʤʝʥʝʥʠʝ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʬʫʨʘ-

ʮʠʣʠʥʘ ʜʦ 5ʤʠʥʫʪ ʥʝ ʦʢʘʟʳʚʘʣʦ ʛʫʙʠʪʝʣʴʥʦʛʦ ʜʝʡ-

ʩʪʚʠʷ ʥʘ ʩʢʦʣʝʢʩʳ ʠ ʯʝʨʝʟ 10 ʤʠʥʫʪ ʵʢʩʧʦʟʠʮʠʠ ʚʳ-

ʷʚʣʝʥʦ 90% ʧʦʛʠʙʰʠʭ ʩʢʦʣʝʢʩʦʚ, ʦʪʩʫʪʩʚʦʚʘʣʠ 

ʢʨʶʯʴʷ ʠ ʦʪʤʝʯʝʥʦ ʩʛʫʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢ-

ʪʫʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʮʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1-4. 

ɾʠʚʦʡ ʩʢʦʣʝʢʩ ʩ ʮʝʣʦʡ ʛʝʨʤʠʥʘʪʠʚʥʦʡ ʦʙʦ-

ʣʦʯʥʦʡ ʩ ʮʝʣʦʩʪʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʢʣʝʪʦʯʥʳʤ ʩʦʜʝʨ-

ʞʠʤʦʤ (ʨʠʩ.1). 

 

  
ʈʠʩ.1. ɾʠʚʦʡ ʩʢʦʣʝʢʩ ʜʦ ʦʙʨʘʙʦʪʢʠ ʬʫʨʘʮʠʣʠʥʦʤ ʈʠʩ.2. ʏʝʨʝʟ 3 ʤʠʥʫʪʫ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ 

ʬʫʨʘʮʠʣʠʥʦʤ 

  
 

 

 

ʅʘ ʪʨʝʪʴʝʡ ʤʠʥʫʪʝ ʵʢʩʧʦʟʠʮʠʠ, ʢʦʛʜʘ ʫʞʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʩʢʦʣʝʢʩʘ ʚ ʩʪʦ-

ʨʦʥʫ ʚʳʪʷʛʠʚʘʥʠʷ ʠ ʥʘʙʫʭʘʥʠʝʤ ʢʣʝʪʦʯʥʦʡ ʤʝʤ-

ʙʨʘʥʳ (ʨʠʩ.2). ʅʘ 5ʤʠʥʫʪʝ ʵʢʩʧʦʟʠʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʟʨʫʰʝʥʠʝ ʛʝʨʤʠʥʘʪʠʚʥʦʡ ʦʙʦʣʦʯʢʠ ʩʦ ʩʛʫʱʝ-

ʥʠʝʤ ʢʣʝʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩ ʯʘʩʪʠʯʥʳʤ ʦʢʨʘʰʠ-

ʚʘʥʠʝʤ ʚ ʙʫʨʳʡ ʮʚʝʪ (ʨʠʩ.3).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʮʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʡ 

ʈʠʩ. 3. ʉʦʩʪʦʷʥʠʝ ʩʢʦʣʝʢʩʘ ʯʝʨʝʟ 5ʤʠʥʫʪ ʧʦʩʣʝ 

ʵʢʩʧʦʟʠʮʠʠ ʬʫʨʘʮʠʣʠʥʦʤ ʈʠʩ.4. ʏʝʨʝʟ 10ʤʠʥʫʪʫ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ 

ʬʫʨʘʮʠʣʠʥʦʤ 
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ʨʘʩʪʚʦʨ ʬʫʨʘʮʠʣʠʥʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʦʙʝʟʟʘ-

ʨʘʞʠʚʘʶʱʠʤ ʧʨʝʧʘʨʘʪʦʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʦʩʪʠ 

ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʚʦ ʚʨʝʤʷ ʵʭʠʥʦʢʦʢʢʵʢʪʦʤʠʠ, 

ʦʜʥʘʢʦ ʯʝʨʝʟ 10 ʤʠʥʫʪ % ʧʦʛʠʙʰʠʭ ʩʢʦʣʝʢʩʦʚ ʩʦ-

ʩʪʘʚʣʷʣʦ 90%.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʦʙʨʘʰʝʥʦ ʥʘ ʤʦʨʬʦʣʦ-

ʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʜʦ ʦʙʝʟʟʘ-

ʨʘʞʠʚʘʥʠʷ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʦʤ ʬʫʨʘʮʠ-

ʣʠʥʘ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʫ 12 ʙʦʣʴ-

ʥʳʭ, ʜʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʨʘʣʠ 

ʤʘʪʝʨʠʘʣ ʧʫʪʝʤ ʠʩʩʝʯʝʥʠʷ ʢʫʩʦʯʢʦʚ ʩʪʝʥʢʠ ʬʠʙʨʦʟ-

ʥʦʡ ʢʘʧʩʫʣʳ ʨʘʟʨʝʟʘʤʠ 1,0ʭ1,0ʩʤ. ʄʦʨʬʦʣʦʛʠʯʝ-

ʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʜʦ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʣʦʩʪʠ, ʧʦʢʘʟʘʣʦ ʧʨʦʜʫʢʪʠʚʥʦʝ ʚʦʩʧʘʣʝʥʠʝ 

ʠ ʠʥʬʠʣʴʪʨʘʮʠʶ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʩ ʧʨʠʟʥʘʢʘʤʠ 

ʥʘʨʫʰʝʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ (ʨʠʩ.5). 

ʂʦʣʣʘʛʝʥʦʚʳʝ ʚʦʣʦʢʥʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʦʝʜʠ-

ʥʠʪʝʣʴʥʦʪʢʘʥʥʫʶ ʦʩʥʦʚʫ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ, ʨʘʟ-

ʨʳʭʣʝʥʳ, ʤʝʩʪʘʤʠ ʦʙʨʘʟʫʷ ʱʝʣʠ. ɺ ʠʩʩʝʯʝʥʥʦʡ 

ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʝ ʦʪʤʝʯʘʝʪʩʷ ʧʨʦʜʫʢʪʠʚʥʦʝ ʚʦʩ-

ʧʘʣʝʥʠʝ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʘʩʢʫʣʠʪʘ.  

  
 

ʈʠʩ. 5. ʌʠʙʨʦʟʥʘʷ ʢʘʧʩʫʣʘ ʜʦ ʦʙʨʘʙʦʪʢʠ 

ʬʫʨʘʮʠʣʠʥʦʤ, ʦʢʨʘʩʢʘ ʛʝʤʦʪʦʢʩʠʣʠʥ-ʵʦʟʠʥʦʤ, ʫʚ. 

ʍ64. 

ʈʠʩ. 6. ʌʠʙʨʦʟʥʘʷ ʢʘʧʩʫʣʘ ʧʦʩʣʝ (ʯʝʨʝʟ 3ʤʠʥʫʪʳ) 

ʦʙʨʘʙʦʪʢʠ ʬʫʨʘʮʠʣʠʥʦʤ, ʦʢʨʘʩʢʘ ʛʝʤʦʪʦʢʩʠʣʠʥ-

ʵʦʟʠʥʦʤ, ʫʚ. ʍ64. 

 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʦʩʪʠ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ 

ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʬʫʨʘʮʠʣʠʥʘ ʚ ʩʪʝʥʢʝ 

ʢʘʧʩʫʣʳ ʦʪʤʝʯʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʛʝʤʦʜʠʥʘʤʠʢʠ ʥʘ 

ʫʨʦʚʥʝ ʩʦʩʫʜʦʚ ʤʠʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʛʦ ʨʫʩʣʘ ʧʦ 

ʪʠʧʫ ʟʘʩʪʦʡʥʦʛʦ ʧʦʣʥʦʢʨʦʚʠʷ ʩ ʦʯʘʛʘʤʠ ʧʝʨʠʚʘʩʢʫ-

ʣʷʨʥʦʛʦ ʢʨʦʚʦʠʟʣʠʷʥʠʷ. ʆʪʤʝʯʘʣʦʩʴ ʫʤʝʨʝʥʥʦʝ 

ʥʘʨʘʩʪʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʳʭʣʝʥʠʷ ʢʦʣʣʘʛʝʥʦʚʦʡ ʦʩ-

ʥʦʚʳ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʱʝʣʝʡ 

(ʨʠʩ.6.).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʥʪʠʩʝʧʪʠʯʝ-

ʩʢʠʡ ʨʘʩʪʚʦʨ ʬʫʨʘʮʠʣʠʥʘ ʚʝʜʝʪ ʢ ʫʤʝʨʝʥʥʦʤʫ ʨʘʟ-

ʨʳʭʣʝʥʠʶ ʢʦʣʣʘʛʝʥʦʚʳʭ ʚʦʣʦʢʦʥ, ʦʙʨʘʟʦʚʘʥʠʶ 

çʱʝʣʝʡè, ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʶ 

ʢʘʧʩʫʣʳ ʧʝʨʠʚʘʩʢʫʣʷʨʥʦʡ ʪʢʘʥʠ ʧʝʯʝʥʠ. 

ɺ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʤʳ ʩʪʨʦʛʦ ʧʨʠʜʝʨ-

ʞʠʚʘʣʠʩʴ ʧʨʠʥʮʠʧʘʤ ʘʧʘʨʘʟʠʪʘʨʥʦʩʪʠ ʚʦ ʚʨʝʤʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʣʘʩʴ 

ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʷʜʘ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʢʦʥʪʘʢʪʘ ʩʦʜʝʨʞʠʤʦʛʦ ʢʠʩʪʳ ʩ 

ʦʧʝʨʠʨʫʝʤʳʤ ʦʨʛʘʥʦʤ, ʧʦʣʦʩʪʷʤʠ ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʨʘʥʦʡ ʩ ʮʝʣʴʶ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦʡ 

ʜʠʩʩʝʤʠʥʘʮʠʠ ʟʘʨʦʜʳʰʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʫʜʘʣʷʝʤʦʡ 

ʢʠʩʪʳ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʧʘʨʘʟʠʪʘʨʥʦʩʪʠ, ʚʘʞʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʧʨʠʜʘʚʘʣʠ ʦʧʝʨʘʮʠʦʥʥʦʤʫ ʜʦʩʪʫʧʫ, ʧʨʘʚʠ-

ʣʘʤ ʠʟʦʣʷʮʠʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠ ʘʧʘʨʘʟʠʪʘʨ-

ʥʳʤ ʩʧʦʩʦʙʘʤ ʵʚʘʢʫʘʮʠʠ ʩʦʜʝʨʞʠʤʦʛʦ ʫʜʘʣʷʝʤʳʭ 

ʢʠʩʪ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʝ 

ʙʦʣʴʥʳʭ, ʤʳ ʪʘʢʞʝ ʧʨʠʜʝʨʞʠʚʘʣʠʩʴ ʢ ʩʪʨʦʛʠʭ 

ʧʨʠʥʮʠʧʦʚ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʠ ʟʘʨʦʜʳʰʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʘʨʘʟʠ-

ʪʘʨʥʦʡ ʢʠʩʪʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʝ 

ʤʳ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʪʠʣʠ ʥʘ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝ-

ʪʦʜʳ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʜʝʨʞʠʤʦʛʦ 

ʫʜʘʣʷʝʤʳʭ ʢʠʩʪ 0,02% ʨʘʩʪʚʦʨʦʤ ʜʝʢʘʩʘʥʘ. ɺ ʦʩ-

ʥʦʚʥʦʡ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʚʦ ʚʨʝʤʷ ʕʕ ʧʦʣʦʩʪʴ ʬʠʙ-

ʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʘʩʴ ʜʝ-

ʢʘʩʘʥʦʤ ʚ ʪʝʯʝʥʠʝ 3-5ʤʠʥʫʪ. ɼʦ ʠ ʧʦʩʣʝ ʦʙʝʟʟʘʨʘ-

ʞʠʚʘʥʠʷ ʧʦʣʦʩʪʠ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ 0,02% 

ʨʘʩʪʚʦʨʦʤ ʜʝʢʘʩʘʥʘ ʙʨʘʣʠ ʩʦʜʝʨʞʠʤʦʝ ʢʠʩʪʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʮʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴ 

ʮʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʪʘʢʞʝ ʥʘʧʨʘʚ-

ʣʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʩʢʦʣʝʢʩʦʚ 

ʠ ʠʭ ʦʢʨʘʰʠʚʘʥʠʶ ʚ ʙʫʨʳʡ ʮʚʝʪ 1% ʚʦʜʥʳʤ ʨʘʩʪʚʦ-

ʨʦʤ ʵʦʟʠʥʘ. ʋʢʘʟʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʣʘ ʥʘʤ ʩʫ-

ʜʠʪʴ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ˉ2.  

ʈʝʟʫʣʴʪʘʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ, 

ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʛʦ, ʘʥʪʠʤʠʢʨʦʙʥʦʛʦ, ʧʨʦʪʠʚʦʛʨʠʙ-

ʢʦʚʦʛʦ ʧʨʝʧʘʨʘʪʘ 0,02%-ʨʘʩʪʚʦʨʘ ʜʝʢʘʩʘʥʘ ʥʘ ʞʠʟ-

ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʣʦʜʦʥʦʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʭʠʥʦʢʦʢʢʘ 

ʚ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ. 
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ʊʘʙʣʠʮʘ ˉ2 

ʄʝʪʦʜ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ 
ʂʦʣʠʯʝʩʪʚʦ 

ʙʦʣʴʥʳʭ 
ʕʢʩʧʦʟʠʮʠʷ (ʚ ʤʠʥʫʪʘʭ) % ʧʦʛʠʙʰʠʭ ʩʢʦʣʝʢʩʦʚ 

  3 5 10 

ɼʝʢʘʩʘʥ 0,02% 25 90,0 100,0 100,0 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 0,02% ʨʘʩʪʚʦʨʘ ʜʝʢʘʩʘʥʘ ʫʞʝ 

ʥʘ 3 ʤʠʥʫʪʝ ʦʢʘʟʳʚʘʣʦ ʛʫʙʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʩʢʦʣʝʢʩʳ ʠ ʧʨʠ ʵʪʦʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 90% ʧʦʛʠʙʰʠʭ 

ʩʢʦʣʝʢʩʦʚ. ʕʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʪʝʤ, ʯʪʦ ʚʪʦʨʠʯʥʳʝ 

ʵʣʝʤʝʥʪʳ ʵʭʠʥʦʢʦʢʢʘ ʙʳʣʠ ʥʝʧʦʜʚʠʞʥʳʤʠ, ʠʥʪʝʥ-

ʩʠʚʥʦ ʦʢʨʘʰʠʚʘʣʠʩʴ ʚ ʙʫʨʳʡ ʮʚʝʪ, ʚʥʫʪʨʝʥʥʷʷ ʠʭ 

ʩʪʨʫʢʪʫʨʘ ʧʦʯʪʠ ʥʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʘʩʴ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʧʨʠ ʵʢʩʧʦʟʠʮʠʷʭ ʩ 5 ʧʦ 10 ʤʠ-

ʥʫʪʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʥʝ ʚʳʷʚʠʣʦ, ʚʩʝ ʩʢʦ-

ʣʝʢʩʳ ʙʳʣʠ ʧʦʛʠʙʰʠʝ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 4-5 

ʤʠʥʫʪ. ʈʝʟʫʣʴʪʘʪʳ ʮʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.7-10. ɾʠʚʦʡ ʩʢʦʣʝʢʩ ʩ ʮʝʣʦʡ 

ʛʝʨʤʠʥʘʪʠʚʥʦʡ ʦʙʦʣʦʯʢʦʡ ʩ ʮʝʣʦʩʪʥʳʤ ʚʥʫʪʨʝʥ-

ʥʠʤ ʢʣʝʪʦʯʥʳʤ ʩʦʜʝʨʞʠʤʳʤ (ʨʠʩ.7). 

  
ʈʠʩ. 7. ɾʠʚʦʡ ʩʢʦʣʝʢʩ ʜʦ ʦʙʨʘʙʦʪʢʠ 0,02% 

ʜʝʢʘʩʘʥʦʤ. 

ʈʠʩ. 8. ʏʝʨʝʟ 3 ʤʠʥʫʪʫ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ 0,02% 

ʜʝʢʘʩʘʥʦʤ. 

 

 

  

 

ʅʘ ʪʨʝʪʴʝʡ ʤʠʥʫʪʝ ʵʢʩʧʦʟʠʮʠʠ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʢʦʣʝʢʩʘ ʚ ʩʪʦʨʦʥʫ ʚʳʪʷʛʠʚʘʥʠʷ 

ʠ ʥʘʙʫʭʘʥʠʷ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ(ʨʠʩ.8). ʅʘ 5 ʤʠ-

ʥʫʪʝ ʵʢʩʧʦʟʠʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʨʫʰʝʥʠʝ ʛʝʨʤʠ-

ʥʘʪʠʚʥʦʡ ʦʙʦʣʦʯʢʠ ʩʦ ʩʛʫʱʝʥʠʝʤ ʢʣʝʪʦʯʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʠ ʩ ʯʘʩʪʠʯʥʳʤ ʦʢʨʘʰʠʚʘʥʠʝʤ ʚ ʙʫʨʳʡ ʮʚʝʪ 

(ʨʠʩ.9,10). 

ʇʦʜʠʪʦʞʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʤʦʞʥʦ ʧʦ-

ʣʘʛʘʪʴ, ʯʪʦ 0,02% ʜʝʢʘʩʘʥ ʧʦ ʩʚʦʝʤʫ ʩʢʦʣʝʢʩʦʮʠʜ-

ʥʦʤʫ ʜʝʡʩʪʚʠʶ ʥʝ ʫʩʪʫʧʘʝʪ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʤʫ ʨʘʩ-

ʪʚʦʨʫ ʬʫʨʘʮʠʣʠʥʘ, ʯʪʦ ʠ ʷʚʠʣʦʩʴ ʜʣʷ ʥʘʩ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 0,02% ʨʘʩʪʚʦʨʘ ʜʝ-

ʢʘʩʘʥʘ ʚ ʢʣʠʥʠʢʝ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʝʟʟʘʨʘʞʠʚʘʶ-

ʱʝʝ ʩʨʝʜʩʪʚʦ ʧʦʣʦʩʪʠ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ. ʀ ʚ ʜʘʥ-

ʈʠʩ. 9. ʏʝʨʝʟ 5 ʤʠʥʫʪʫ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ 0,02% 

ʜʝʢʘʩʘʥʦʤ. 

ʈʠʩ. 10. ʏʝʨʝʟ 10 ʤʠʥʫʪʫ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ 

0,02% ʜʝʢʘʩʘʥʦʤ. 
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ʥʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ, ʤʳ ʚʘʞʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʧʨʠʜʘʚʘʣʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʜʦ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʠ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ 0,02% ʨʘʩʪʚʦʨʦʤ ʜʝʢʘʩʘʥʘ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʫ 10 ʙʦʣʴʥʳʭ, ʜʣʷ ʛʠʩʪʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʨʘʣʠ ʤʘʪʝʨʠʘʣ ʧʫʪʝʤ ʠʩʩʝʯʝʥʠʷ 

ʢʫʩʦʯʢʦʚ ʩʪʝʥʢʠ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʨʘʟʤʝʨʘʤʠ 

1,0ʭ1,0ʩʤ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʦʩʪʠ. ʉʦʩʪʦʷʥʠʝ 

ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʜʦ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ.11. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ 3 ʤʠʥʫʪʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ 0,02% ʨʘʩʪʚʦʨʦʤ ʜʝʢʘʩʘʥʘ ʦʙ-

ʥʘʨʫʞʠʚʘʝʪʩʷ ʫʤʝʨʝʥʥʘʷ ʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʠʥʬʠʣʴ-

ʪʨʘʮʠʷ ʩ ʧʨʠʟʥʘʢʘʤʠ ʥʘʨʫʰʝʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ, ʛʠ-

ʧʝʨʝʤʠʠ ʩʦʩʫʜʦʚ, ʢʨʦʚʦʠʟʣʠʷʥʠʷʤʠ ʚʦʢʨʫʛ ʩʦʩʫʜʦʚ 

(ʨʠʩ.12).ʂʦʣʣʘʛʝʥʦʚʳʝ ʚʦʣʦʢʥʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʦ-

ʝʜʠʥʠʪʝʣʴʥʦʪʢʘʥʥʫʶ ʦʩʥʦʚʫ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʙʳʣʠ ʨʘʟʨʳʭʣʝʥʳ, ʤʝʩʪʘʤʠ ʦʙʨʘʟʫʷ 

ʱʝʣʠ. ɺʦʢʨʫʛ ʞʝ ʩʦʩʫʜʦʚ ʦʪʤʝʯʘʣʦʩʴ ʧʨʦʜʫʢʪʠʚʥʦʝ 

ʚʦʩʧʘʣʝʥʠʝ, ʧʨʦʜʫʢʪʠʚʥʳʡ ʚʘʩʢʫʣʠʪ. 

 

  
 

 

ʇʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ 3-5 ʤʠʥʫʪ ʚ ʩʪʝʥʢʝ ʢʘʧ-

ʩʫʣʳ ʦʪʤʝʯʘʣʦʩʴ ʥʘʨʫʰʝʥʠʝ ʛʝʤʦʜʠʥʘʤʠʢʠ ʩ ʚʳʨʘ-

ʞʝʥʥʦʡ ʛʠʧʝʨʝʤʠʝʡ ʩʦʩʫʜʦʚ ʤʠʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʛʦ 

ʨʫʩʣʘ ʧʦ ʪʠʧʫ ʟʘʩʪʦʡʥʦʛʦ ʧʦʣʥʦʢʨʦʚʠʷ, ʩ ʦʯʘʛʘʤʠ 

ʧʝʨʠʚʘʩʢʫʣʷʨʥʦʛʦ ʢʨʦʚʦʠʟʣʠʷʥʠʷ. ʇʨʦʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʥʘʨʘʩʪʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʳʭʣʝʥʠʷ ʢʦʣʣʘʛʝʥʦ-

ʚʦʡ ʦʩʥʦʚʳ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʱʝ-

ʣʝʡ (ʨʠʩ. 12). 

ʀʪʘʢ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʙʨʦʟ-

ʥʦʡ ʢʘʧʩʫʣʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 0,02% ʨʘʩʪʚʦʨ ʜʝʢʘʩʘʥʘ 

ʚʝʜʝʪ ʢ ʨʘʟʨʳʭʣʝʥʠʶ ʢʦʣʣʘʛʝʥʦʚʳʭ ʚʦʣʦʢʦʥ, ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʱʝʣʝʡ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ 

ʨʘʩʪʚʦʨʘ ʜʝʢʘʩʘʥʘ ʚ ʧʝʨʠʚʘʩʢʫʣʷʨʥʫʶ ʪʢʘʥʴ ʧʝ-

ʯʝʥʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʦʙʝʟʟʘʨʘ-

ʞʠʚʘʥʠʶ ʢʘʧʩʫʣʳ. 

ɺ ʨʘʥʥʝʤ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ 

ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʩʣʝʦʧʝʨʘʮʠ-

ʦʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʥʘʙʣʶʜʘʣʦʩʴ ʫ 9 ʙʦʣʴʥʳʭ ʢʦʥ-

ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (31.7%), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʦʩʥʦʚʥʦʡ 

ʦʩʣʦʞʥʝʥʠʷ ʚʦʟʥʠʢʣʠ ʫ 2(8%). 

ʆʪʜʘʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʤʠ ʠʟʫʯʝʥʳ ʫ 23 

ʙʦʣʴʥʳʭ ʦʩʥʦʚʥʦʡ ʠ 19 ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. ʆʪ-

ʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʫ 18 ʙʦʣʴʥʳʭ ʦʩ-

ʥʦʚʥʦʡ ʠ 10 ʙʦʣʴʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ. ʍʦʨʦʰʠʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʫ 4 ʙʦʣʴʥʳʭ ʦʩʥʦʚʥʦʡ, ʫ 2 

ʙʦʣʴʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ, ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʫ 1 

ʦʩʥʦʚʥʦʡ ʠ ʫ 7 ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ.  

ʈʝʮʠʜʠʚʳ ʦʪʤʝʯʘʣʦ ʫ 4 (16%) ʙʦʣʴʥʳʭ ʢʦʥ-

ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʚ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʝ ʫ (1)ʙʦʣʴʥʦʛʦ 

ʙʳʣ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʨʝʮʠʜʠʚ. ʀʪʘʢ, ʨʝʮʠʜʠʚ ʩʥʠ-

ʟʠʣʩʷ ʩ 16% ʜʦ 4%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʣʝʯʝʙʥʦ ï ʜʠʘʛʥʦʩʪʠʯʝ-

ʩʢʦʡ ʪʘʢʪʠʢʠ ʧʨʠ ʨʝʮʠʜʠʚʥʦʤ ʕʇ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʦʨʘʞʝʥʠʷ, ʢʦʣʠʯʝ-

ʩʪʚʘ ʠ ʨʘʟʤʝʨʦʚ ʕʂ, ʘ ʪʘʢʞʝ ʚ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʤʝʪʦʜʦʚ ʠʟʦʣʷʮʠʠ ʦʧʝʨʘʮʠ-

ʦʥʥʦʛʦ ʧʦʣʷ, ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʠʩʪʳ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʜʨʝʥʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʧʦʣʦ-

ʩʪʝʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʘʧʘʨʘʟʠʪʘʨʥʦʩʪʠ ʠ 

ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʩʪʠ ʵʭʠʥʦʢʦʢʢʵʢʪʦʤʠʠ, ʧʦʚʳʰʘʶʪ 

ʨʘʜʠʢʘʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʠ ʨʝʟʢʦ ʩʥʠʞʘʶʪ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʨʝʮʠʜʠʚʦʚ ʟʘʙʦʣʝʚʘʥʠʷ.  

 

ɺʳʚʦʜʳ: 

1. ʇʨʠʤʝʥʝʥʠʝ 0,02% ʨʘʩʪʚʦʨʘ ɼʝʢʘʩʘʥʘ ʦʢʘ-
ʟʳʚʘʝʪ ʚ 100% ʛʫʙʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʧʣʦʜʦʥʦʩ-

ʥʳʝ ʵʣʝʤʝʥʪʳ ʵʭʠʥʦʢʦʢʢʘ ʚ ʵʢʩʧʦʟʠʮʠʠ 3 ʤʠʥʫʪʳ, 

ʯʪʦ ʥʘʰʣʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʮʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʤʦʨ-

ʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʬʠʙʨʦʟʥʦʡ ʢʘʧʩʫʣʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 0,02% 

ʨʘʩʪʚʦʨ ɼʝʢʘʩʘʥʘ ʚʝʜʝʪ ʢ ʨʘʟʨʳʭʣʝʥʠʶ ʢʦʣʣʘʛʝʥʦ-

ʚʳʭ ʚʦʣʦʢʦʥ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʱʝʣʝʡ, ʯʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʨʘʩʪʚʦʨʘ ʜʝʢʘʩʘʥʘ ʚ ʧʝʨʠ-

ʚʘʩʢʫʣʷʨʥʫʶ ʪʢʘʥʴ ʧʝʯʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʢʘʧʩʫʣʳ. 

3. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʧʨʝʜ ʠ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥ-
ʥʦʝ ʚʝʜʝʥʠʝ ʙʦʣʴʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʠʚ-

ʥʳʭ ʤʝʪʦʜʦʚ ʵʭʠʥʦʢʦʢʢʵʢʪʦʤʠʠ ʠ ʦʙʨʘʙʦʪʢʘ ʦʩʪʘ-

ʪʦʯʥʦʡ ʧʦʣʦʩʪʠ ɼʝʢʘʩʘʥʦʤ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʧʦ-

ʩʣʝʦʧʝʨʘʮʠʦʥʥʳʝ ʦʩʣʦʞʥʝʥʠʷ ʥʘ 23,7%, ʘ 

ʨʝʮʠʜʠʚʦʚ ʵʭʠʥʦʢʦʢʢʦʟʘ ʥʘ 12%. 

ʈʠʩ. 11.ʌʠʙʨʦʟʥʘʷ ʢʘʧʩʫʣʘ ʜʦ ʦʙʨʘʙʦʪʢʠ 

ʜʝʢʘʩʘʥʦʤ ʦʢʨʘʩʢʘ ʛʝʤʦʪʦʢʩʠʣʠʥ-ʵʦʟʠʥʦʤ, 

ʋʚ.ʭ64 

ʈʠʩ. 12.ʌʠʙʨʦʟʥʘʷ ʢʘʧʩʫʣʘ ʯʝʨʝʟ 3ʤʠʥʫʪʳ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʜʝʢʘʩʘʥʦʤ, ʦʢʨʘʩʢʘ ʛʝʤʦʪʦʢʩʠʣʠʥ - 

ʵʦʟʠʥʦʤ, ʋʚ.ʭ64 


