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Abstract 

In the manuscript the ozonation process in the potable water of various volume (250ml, 1500ml) is presented 

by the use of the ozonators of various efficiency (2g/h, 0.8g/h).In particular, using the ozonator of 2g/h efficiency 

for potable water (1500ml) the ozone concentration attains 2,4mg/L even over 15 minutes, whereas at the use of 

the ozonator of 0.8/g/h efficiency in the water of the same volume ozone concentration reaches only 1,2mg/L over 

one hour and in water of 250ml the ozone concentration is equal to 2,4mg/L in the same time. 

The ozone concentration in the water was established and dynamics of its decay was studied in the course of 

the holding of ozonated water. Obtained by two various methods (photo-electro-colorimetry and iodometry) it was 

established that by the use of the ozonator of 0.8g/h efficiency the ozone concentration decreases from 1,2mg/L to 

0,3mg/L over 2-2,5 hours. 

Keywords: Dynamics of ozone decay, efficiency of ozonator, spectrophotometry, iodometry. 

 

Introduction  

The ozone is widely used in different fields of the 

national economy, food industry, medicine and etc. The 

ozone is used for seeds processing before planting by 

gaseous stream as well as by aqueous solution. Ozone 

facilitates the intensification of the growing of agricul-

tural products and their raising output, also extends the 

storage time of the perishable products.  

Since the viticulture is the priority field of the 

country agriculture we think that the use of ozone for 

the pest treatment is quite important.  

Great attention should be paid to the ozone use in 

the greenhouse for the stimulation of plant growing, de-

creases the quantity of the harmful microbes on the 

plant, in the soil and in the air. The ozonated water ac-

tion is more effective as bactericidal volume than 

ozone-air mixture. It was determined that the ozone 

stays in the air for some minutes and in the water ap-

proximately one hour [1]. The dynamics of ozone de-

cay in the water depends on the water quality. In the 

food industry the ozone has a good effect in the food 

product conservation. 

From the above mentioned it should be concluded 

that the ozone is widely used as gase as well as water 

solution.  

Over last years in many countries ozone is often 

used for water disinfection instead of chlorine. The 

ozone level in the potable water cannot be more than 

0,1mg/L [2]. 

Experimental 

Ozonation was carried out by the use of the ozona-

tors of laboratory type of various efficiency (0.8g/h and 

2g/h). 

Ozone concentration and ozonator efficiency were 

determined by well-known iodometric method [4]. In 

parallel, ozone concentration was determined by the ex-

press-method of our elaboration [3] (photo-electro- col-

orimetry on the device ʂʌʂ-3). 

For research the distilled water and chemically 

pure compounds were used. 

Using the ozone for water purification the time of 

processing of water with obtained ozone must be taken 

into account, which depends on the ozone productivity 

and water volume. The ozonization process using dif-

ferent water volume (250ml, 1500ml) and different 

productivity ozonators (2g/h and 0,8g/h) is presented. 

In the mentioned conditions the concentration of dis-

solved ozone in the water and after ozone solution hold-

ing the dynamic of its decay was studied.  

The experiment was carried out by following man-

ner: The appropriate reagents (KI, H2SO4) were added 

to the water processed by ozone and the ozone concen-

tration was determined using spectrophotometric 

(ʂʌʂ-3) [3] as well as iodometric [4] methods.  

The conversion from the optical density of the so-

lution to the ozone concentration (2mg/l) was carried 

out by well-known method [3]. 
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Results and discussion 

The obtained results have shown that using rela-

tively high productivity (2g/h) ozonators in the potable 

water of 1500ml volume in 15 minutes the ozone con-

centration reaches 2,4mg/L, while in the same volume 

of water using low productivity ozonators (0,8g/h) even 

in one hour the ozone concentration is only 1,2 mg/l. 

But using the same productivity ozonators in the 250 

ml volume of water the ozone concentration in one hour 

reaches 2,4mg/L. The optical density (D) of ozonated 

water of same concentration is 0,7 (fig.1). The optical 

density value over 90-120 minutes does not changed 

which means that the ozone concentration in the water 

reaches highest value.  

 
Fig. 1 The dependence of the optical density of ozonated working solution (250ml) on ozonation time 

( l=600nm). 

 

In mentioned conditions the dynamics of ozone decay in the water was studied by two methods: photo-electro-

colorimetry and iodometry (fig.2, fig. 3). 

 
Fig. 2. The dependence of optical density of ozonated working solution(1500ml) on holding time ( l=600nm). 

 

The dynamics of the ozone decay in the water was studied. According to the obtained results the ozone decays 

in the water during 2-2,5 hours. 

 
Fig.3. The dependence of ozone concentration on holding time, determined iodometrically, in ozonated working 

solution (1500ml).  

 

It was determined that the concentration of ozone studied by spectrophotometric and iodometric methods in 

the initial ozonated solutions practically coincides to each other: 1,19mg/L and 1,2mg/L, accordingly. On the basis 
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of the comparison of the results of both methods the dynamics of ozone decays shows, that after about two hours 

the ozone residual concentration in both cases is 0,3mg/L (fig.3, fig.4). 

 

 
Fig.4 The dependence of ozone concentration on holding time, determined by photo-electro-colorimetric 

method, in ozonated working solution (1500ml, l=600nm). 

 

Conclusions 

The obtained results show, that using high produc-

tivity (2g/h) ozonators in the potable water (1500ml) 

the maximum concentration (2,4mg/L) of ozone 

reaches in 15 minutes, while in the same quantity of 

water (1500ml) using the low productivity ozonators 

(0,8g/h) the ozone concentration even in one hour is 

only 1,2mg/L. 

According to the obtained results the time of 

reaching of the limiting concentration of ozone in the 

water depends on the ozonators productivity and water 

volume. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʥʷʪʠʷ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʙʣʦʢʯʝʡʥʘ ʠ ʙʠʪʢʦʡʥʘ, ʘ ʪʘʢʞʝ ʧʨʠʥʮʠʧʳ ʠʭ 

ʨʘʙʦʪʳ. ʆʧʠʩʳʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʨʘʚʦʚʦʡ ʩʪʘʪʫʩ ʢʨʠʧʪʦʚʘʣʶʪʳ ʠ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʣʘʪʝʞʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

Abstract  

The article discusses the concepts of cryptocurrency, blockchain and bitcoin, as well as the principles of their 

work. The advantages and legal status of cryptocurrency are described, as well as the features of its use as an 

electronic payment. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʧʪʦʚʘʣʶʪʘ, ʙʣʦʢʯʝʡʥ, ʙʠʪʢʦʡʥ, ʮʝʧʦʯʢʘ ʙʣʦʢʦʚ, ʧʨʘʚʦʚʦʡ ʩʪʘʪʫʩ. 

Keywords: cryptocurrency, blockchain, bitcoin, blockchain, legal status 

 
ʐʠʨʦʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʚ ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʦʙ-
ʰʠʨʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ 
ʩʦʟʜʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʵʢʦʥʦʤʠʢʠ. ɽʩʣʠ ʥʝʢʦ-
ʪʦʨʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 
ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʪʦ ʜʨʫʛʠʝ 
ʤʝʥʷʶʪ ʜʘʚʥʦ ʩʬʦʨʤʠʨʦʚʘʚʰʫʶʩʷ ʩʠʩʪʝʤʫ ʦʪʨʘʩ-
ʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝ-
ʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚʣʠʷʥʠʝ ʢʨʠʧʪʦʚʘʣʶʪʳ ʥʘ ʠʟʤʝʥʝ-
ʥʠʝ ʤʠʨʦʚʦʡ ʚʘʣʶʪʥʦʡ ʩʠʩʪʝʤʳ ʩʦ ʚʨʝʤʝʥʝʤ ʚʦʟ-
ʨʘʩʪʘʝʪ. 
ʊʝʨʤʠʥ çʢʨʠʧʪʦʚʘʣʶʪʘè ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʫʪʝʤ 

ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʤʠʥʦʚ çʢʨʠʧʪʦʛʨʘʬʠʷè ʠ çʚʘʣʶʪʘè. 
çʂʨʠʧʪʦè ʛʨʝʯ. əɟɡˊŰɧɠ ʦʟʥʘʯʘʝʪ çʪʘʡʥʳʡè. ɸ çʚʘ-
ʣʶʪʘè - ʵʪʦ ʢʣʶʯʝʚʦʝ ʩʣʦʚʦ, ʢʦʪʦʨʦʝ ʚ ʜʘʥʥʦʤ ʩʣʫ-
ʯʘʝ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʨʝʘʣʴʥʳʭ ʜʝʥʝʛ [1]. ʊʦ 
ʝʩʪʴ ʤʳ ʤʦʞʝʤ ʧʨʠʥʷʪʴ ʢʨʠʧʪʦʚʘʣʶʪʫ ʢʘʢ ʙʝʟʥʘ-
ʣʠʯʥʳʝ ʜʝʥʴʛʠ ʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʫ ʜʝʥʝʛ ʚ ʠʥʪʝʨʥʝʪʝ. 
ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢʨʠʧʪʦʚʘʣʶʪʳ ʥʘʟʳ-
ʚʘʶʪ ʝʸ ʪʘʢʞʝ ʮʠʬʨʦʚʳʤʠ ʜʝʥʴʛʘʤʠ. ʂʣʶʯʝʚʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʨʠʧʪʦʚʘʣʶʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʦʪ-
ʩʫʪʩʪʚʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦ ʦʪʥʦʰʝ-
ʥʠʶ ʢ ʥʝʡ. 
ʊʦʯʥʝʝ ʚʳʨʘʞʘʷʩʴ, ʢʨʠʧʪʦʚʘʣʶʪʘ - ʵʪʦ ʥʘʙʦʨ 

ʙʫʢʚ ʠ ʮʠʬʨ, ʨʝʰʘʝʤʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ɸʚʪʦʨʦʤ ʢʦʥʮʝʧʮʠʠ ʩʦʟʜʘʥʠʷ 
ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥʘ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʩʥʦʚʘʥʥʦʡ 
31 ʦʢʪʷʙʨʷ 2008 ʛʦʜʘ, ʠ ʠʜʝʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʯʠ-

ʪʘʶʪ ʯʝʣʦʚʝʢʘ, ʠʟʚʝʩʪʥʦʛʦ ʧʦʜ ʧʩʝʚʜʦʥʠʤʦʤ ʉʘ-
ʪʦʰʠ ʅʘʢʦʤʦʪʦ, ʥʘʩʪʦʷʱʝʝ ʠʤʷ ʢʦʪʦʨʦʛʦ ʜʦ ʩʠʭ 
ʧʦʨ ʥʝʠʟʚʝʩʪʥʦ ʠ ʢʦʪʦʨʦʛʦ ʥʠʢʪʦ ʥʝ ʚʠʜʝʣ. ʕʪʦ ʠʤʷ 
ʚ ʧʝʨʝʚʦʜʝ ʩ ʷʧʦʥʩʢʦʛʦ ʷʟʳʢʘ ʦʟʥʘʯʘʝʪ çʷʩʥʳʡ ʤʳʩ-
ʣʠʪʝʣʴ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳè. ʂʘʞʜʳʡ ʨʝʰʝʥʥʳʡ ʤʘʪʝ-
ʤʘʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʦʥ ʥʘʟʚʘʣ çʙʠʪʢʦʡʥʦʤè [2]. 
ʂʨʠʧʪʦʚʘʣʶʪʘ - ʵʪʦ ʚʠʜ ʮʠʬʨʦʚʦʡ ʚʘʣʶʪʳ. ɽʸ 

ʵʤʠʩʩʠʷ ʠ ʫʯʝʪ ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʨʠʧʪʦʛʨʘ-
ʬʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ. ʅʦ ʝʸ ʜʝʡʩʪʚʠʝ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ 
ʩʝʪʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʦ. ʂʨʠʧʪʦʚʘʣʶʪʘ - ʵʪʦ ʙʳʩʪ-
ʨʘʷ ʠ ʥʘʜʝʞʥʘʷ ʩʠʩʪʝʤʘ ʧʣʘʪʝʞʝʡ ʠ ʜʝʥʝʞʥʳʭ ʧʝ-
ʨʝʚʦʜʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʙʝʟ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. 
ʂʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʩʝʪʠ ʤʦʞʝʪ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʧʪʦʚʘʣʶʪʳ ʧʨʦʚʦʜʠʪʴ ʙʳʩʪʨʳʝ ʦʧʝʨʘʮʠʠ ʙʝʟ 
ʧʦʩʨʝʜʥʠʢʦʚ. ʊʦ ʝʩʪʴ ʧʦʢʫʧʘʪʝʣʴ ʥʘʧʨʷʤʫʶ ʦʪʧʨʘʚ-
ʣʷʝʪ ʜʝʥʴʛʠ ʧʨʦʜʘʚʮʫ. ʄʦʥʝʪʳ ʚ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚ-
ʣʷʶʪ ʩʦʙʦʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ (ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ) 
ʭʵʰ-ʢʦʜʳ [3]. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʠʧʪʦʚʘʣʶʪʘ ʥʘʙʠʨʘʝʪ ʧʦ-

ʧʫʣʷʨʥʦʩʪʴ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʪʝʞʥʦʛʦ 
ʩʨʝʜʩʪʚʘ ʪʳʩʷʯʘʤʠ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ɼʦ-
ʩʪʫʧʥʦʩʪʴ, ʥʠʟʢʠʡ ʧʨʦʮʝʥʪ ʢʦʤʠʩʩʠʡ ʠ ʪʘʡʥʦʩʪʴ ʷʚ-
ʣʷʶʪʩʷ ʥʦʚʳʤ ʧʨʠʤʫʱʝʩʪʚʦʤ ʜʣʷ ʬʠʥʘʥʩʦʚʳʭ ʦʧʝ-
ʨʘʮʠʡ. 
ʃʶʙʦʝ ʜʚʠʞʝʥʠʝ ʚʘʣʶʪʳ ʩʪʨʦʛʦ ʬʠʢʩʠʨʫʝʪʩʷ, 

ʠ ʢʘʞʜʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʜʚʠʞʝ-
ʥʠʝ ʩʚʦʠʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. 
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ɼʣʷ ʭʨʘʥʝʥʠʷ ʢʨʠʧʪʦʚʘʣʶʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝ-
ʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠʣʠ ʘʧʧʘʨʘʪʥʳʝ ʢʦʰʝʣʴʢʠ, 
ʦʙʝʩʧʝʯʝʥʥʳʝ ʫʥʠʢʘʣʴʥʳʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤ 
ʢʣʶʯʦʤ. 
ʇʦʜʦʙʥʦ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʧʨʘʚʣʷʝʤʦʡ ʚ ʩʝʪʠ ʦʪ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʨʫʛʦʡ, ʢʦʪʦʨʘʷ ʟʘʰʠʬʨʦʚʳʚʘʝʪʩʷ ʚ 
ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʨʠʧʪʦʚʘʣʶʪʘ ʪʘʢ 
ʞʝ ʧʦʜʣʝʞʠʪ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʰʠʬʨʦʚʘʥʠʶ.  
ʇʨʝʠʤʫʱʝʩʪʚʘ ʢʨʠʧʪʦʚʘʣʶʪʳ ʩʣʝʜʫʶʱʠʝ: 
- ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ ʦʪ ʢʠʙʝ-

ʨʘʪʘʢ ʠ ʭʘʢʝʨʩʢʠʭ ʘʪʘʢ; 
- ʥʝ ʦʙʝʩʮʝʥʠʚʘʝʪʩʷ; 
- ʚʳ ʤʦʞʝʪʝ ʤʛʥʦʚʝʥʥʦ ʦʪʧʨʘʚʠʪʴ ʢʨʠʧʪʦʚʘ-

ʣʶʪʫ ʚ ʣʶʙʫʶ ʪʦʯʢʫ ʤʠʨʘ; 
- ʥʠʢʪʦ ʥʝ ʩʤʦʞʝʪ ʥʘʚʨʝʜʠʪʴ ʚʘʤ ʧʨʠ ʧʨʦ-

ʚʝʨʢʝ ʩʯʝʪʘ ʠʣʠ ʩʦʚʝʨʰʝʥʠʠ ʪʨʘʥʟʘʢʮʠʠ; 
- ʦʥʘ ʥʝʟʘʚʠʩʠʤʘ ʦʪ ʛʦʩʫʜʘʨʩʪʚʘ, ʥʘʮʠʦʥʘʣʴ-

ʥʦʛʦ ʙʘʥʢʘ.  
- ʠʟʤʝʥʝʥʠʝ ʢʫʨʩʘ ʢʨʠʧʪʦʚʘʣʶʪʳ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʨʦʩʪʘ ʠʣʠ ʧʘʜʝʥʠʷ ʢʫʨʩʘ ʜʦʣʣʘʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ 
ʢ ʜʨʫʛʠʤ ʚʘʣʶʪʘʤ. 
ʇʦʩʢʦʣʴʢʫ ʢʨʠʧʪʦʚʘʣʶʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʨʦʩʪ ʝʸ ʢʫʨʩʘ 
ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ. 
ʆʩʥʦʚʦʡ ʢʨʠʧʪʦʚʘʣʶʪʳ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʙʣʦʢʯʝʡʥ, ʪʦ ʝʩʪʴ ʮʝʧʦʯʢʘ ʙʣʦʢʦʚ, ʚ ʢʦʪʦʨʦʡ ʭʨʘ-
ʥʠʪʩʷ ʠʩʪʦʨʠʷ ʪʨʘʥʟʘʢʮʠʡ, ʧʨʠʯʝʤ ʵʪʠ ʙʣʦʢʠ ʚʟʘʠ-
ʤʦʩʚʷʟʘʥʳ ʠ ʥʘʜʝʞʥʦ ʟʘʱʠʱʝʥʳ [4]. 
ʎʝʧʦʯʢʘ ʙʣʦʢʦʚ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʠʥ-

ʬʦʨʤʘʮʠʶ, ʭʨʘʥʷʱʫʶʩʷ ʚ ʥʠʭ, ʩʨʝʜʠ ʣʶʙʳʭ ʧʦʣʴ-
ʟʦʚʘʪʝʣʝʡ ʀʥʪʝʨʥʝʪʘ ʙʝʟ ʨʠʩʢʘ ʧʦʪʝʨʠ. ʂʨʠʧʪʦʚʘ-
ʣʶʪʘ ʪʘʢʞʝ ʦʩʥʦʚʘʥʘ ʥʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ. 
ʊʘʢʠʝ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʢʘʢ ʙʠʪʢʦʡʥ ʠ ʝʛʦ ʘʥʘ-

ʣʦʛʠ, ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʙʣʦʢʯʝʡʥʘ. ʆʜ-
ʥʘʢʦ ʩʬʝʨʘ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʤ ʥʝ ʦʛʨʘʥʠʯʠʚʘ-
ʝʪʩʷ: ʠʥʪʝʨʝʩ ʠ ʩʧʨʦʩ ʢ ʵʪʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ 
ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʙʘʥʢʦʚʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ, ʪʘʢ ʠ ʩʦ 
ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 
ɹʣʦʢʯʝʡʥ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʧʫʙʣʠʯʥʳʤ, ʦʥ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦʢʫʧʘʪʴ ʠ ʧʨʦʜʘ-
ʚʘʪʴ ʪʦʚʘʨʳ ʙʝʟ ʧʦʩʨʝʜʥʠʯʝʩʢʠʭ ʫʩʣʫʛ ʪʘʢʠʭ ʫʯʨʝ-
ʞʜʝʥʠʡ, ʢʘʢ ʙʘʥʢʠ. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʳʩʷʯʠ ʚʠ-

ʜʦʚ ʢʨʠʧʪʦʚʘʣʶʪʳ, ʙʠʪʢʦʡʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝ-
ʩʪʚʝ ʦʩʥʦʚʥʦʡ ʮʠʬʨʦʚʦʡ ʚʘʣʶʪʳ, ʥʝ ʪʝʨʷʷ ʩʚʦʝʡ ʧʦ-
ʧʫʣʷʨʥʦʩʪʠ ʠ ʮʝʥʥʦʩʪʠ. 
ɺʳ ʤʦʞʝʪʝ ʟʘʨʘʙʘʪʳʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʠ ʢʫʨʩʘ 

ʙʠʪʢʦʡʥʘ, ʥʝ ʧʦʢʫʧʘʷ ʢʨʠʧʪʦʚʘʣʶʪʫ. ɼʣʷ ʵʪʦʛʦ ʜʦ-
ʩʪʘʪʦʯʥʦ ʢʫʧʠʪʴ ʜʦʛʦʚʦʨ-ʩʦʛʣʘʰʝʥʠʝ ʥʘ ʨʘʟʥʠʮʫ 
ʮʝʥ ʙʠʪʢʦʡʥʘ (CFD) (5). 
ʍʦʪʷ ʧʝʨʚʘʷ ʚ ʤʠʨʝ ʢʨʠʧʪʦʚʘʣʶʪʘ ï ʙʠʪʢʦʡʥ - 

ʧʦʷʚʠʣʘʩʴ ʙʦʣʝʝ 10 ʣʝʪ ʥʘʟʘʜ, ʧʨʘʚʦʚʦʡ ʩʪʘʪʫʩ ʮʠʬ-
ʨʦʚʳʭ ʚʘʣʶʪ ʝʱʝ ʧʦʣʥʦʩʪʴʶ ʥʝ ʦʧʨʝʜʝʣʝʥ. ʂʨʠʧʪʦ-
ʚʘʣʶʪʘ ʥʝʫʢʣʦʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʧʦʚʳʰʘʷ ʠʥʪʝʨʝʩ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʢʫʧʣʝ-ʧʨʦʜʘʞʝ ʚ ʠʥʪʝʨʥʝʪʝ, ʥʝ-
ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʨʫʧʥʝʡʰʠʝ ʩʪʨʘʥʳ ʤʠʨʘ ʥʝ ʤʦ-
ʛʫʪ ʦʧʨʝʜʝʣʠʪʴ ʝʸ ʧʨʘʚʦʚʦʡ ʩʪʘʪʫʩ. ʇʦʢʘ ʧʨʘʚʠʪʝʣʴ-
ʩʪʚʘ ʨʘʟʥʳʭ ʩʪʨʘʥ ʥʝ ʧʨʠʰʣʠ ʢ ʦʙʱʝʤʫ ʨʝʰʝʥʠʶ, 
ʦʥʠ ʟʘʪʨʫʜʥʷʶʪʩʷ ʜʘʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʠʥʬʦʨʤʘʮʠʶ. 
ʅʝʢʦʪʦʨʳʝ ʩʪʨʘʥʳ ʨʘʟʨʝʰʠʣʠ ʙʠʪʢʦʡʥʳ, ʜʨʫʛʠʝ 
ʩʪʨʘʥʳ ʚʳʙʨʘʣʠ ʙʦʣʝʝ ʣʝʛʢʠʡ ʧʫʪʴ - ʟʘʧʨʝʪʳ ʠ ʦʛʨʘ-
ʥʠʯʝʥʠʷ. ʇʨʠʯʠʥʘ - ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʮʝʥʪʨʘʣʠʟʘʮʠʠ 

ʙʠʪʢʦʡʥʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʧʦʩʦʙ-
ʥʦʩʪʴ ʝʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʛʦ ʢʣʶ-
ʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʦʧʫʣʷʨʥʦʩʪʴ 
ʮʠʬʨʦʚʳʭ ʜʝʥʝʛ ʨʘʩʪʝʪ, ʠ ʤʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ ʠ ʦʪ-
ʜʝʣʴʥʳʝ ʩʪʨʘʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʫʪʠ ʨʝʰʝʥʠʷ ʵʪʦʡ 
ʧʨʦʙʣʝʤʳ [6].  
ʄʥʝʥʠʷ ʩʪʨʘʥ ʤʠʨʘ ʦ ʢʨʠʧʪʦʚʘʣʶʪʝ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʚʳʩʪʫʧʘʝʪ 
ʟʘ ʟʘʧʨʝʪ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʨʪʫ-
ʘʣʴʥʳʭ ʜʝʥʝʛ. ʉʨʝʜʠ ʥʠʭ ʂʠʪʘʡ, ʊʘʡʣʘʥʜ, ʈʦʩʩʠʷ, 
ʕʢʚʘʜʦʨ, ʀʩʣʘʥʜʠʷ, ʀʥʜʦʥʝʟʠʷ ʠ ʜʨ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ 
ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫʶ ʙʘʟʫ ʜʣʷ ʠʥ-
ʪʝʛʨʘʮʠʠ ʢʨʠʧʪʦʚʘʣʶʪ ʚ ʩʚʦʶ ʵʢʦʥʦʤʠʢʫ. ʕʪʦ ʗʧʦ-
ʥʠʷ, ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ, ʅʦʨʚʝʛʠʷ, ʉʠʥʛʘʧʫʨ, ʖʞʥʘʷ 
ʂʦʨʝʷ, ʀʩʧʘʥʠʷ, ʐʚʝʡʮʘʨʠʷ, ʐʚʝʮʠʷ, ɸʥʛʣʠʷ, 
ʉʐɸ, ʂʘʥʘʜʘ, ɻʝʨʤʘʥʠʷ ʠ ʜʨ. ʗʧʦʥʠʷ ʚ ʵʪʦʤ ʚʦ-
ʧʨʦʩʝ ʧʨʦʜʚʠʥʫʣʘʩʴ ʜʘʣʴʰʝ ʚʩʝʭ ï ʙʠʪʢʦʡʥ ʟʜʝʩʴ 
ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʟʥʘʥ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʪʝʞʥʦʛʦ ʩʨʝʜ-
ʩʪʚʘ. ɽʩʣʠ ɽʚʨʦʩʦʶʟ ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʥʷʣ ʙʠʪʢʦʡʥ, 
ʪʦ ʚ ʂʠʪʘʝ ʝʛʦ ʧʦʢʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʬʠ-
ʟʠʯʝʩʢʠʝ ʣʠʮʘ. ɺ ɽʚʨʦʩʦʶʭʝ ʦʧʝʨʘʮʠʠ ʩ ʙʠʪʢʦʡ-
ʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʣʘʪʝʞʥʳʝ ʦʧʝʨʘʮʠʠ ʩ 
ʚʘʣʶʪʘʤʠ, ʤʦʥʝʪʘʤʠ ʠ ʙʘʥʢʥʦʪʘʤʠ, ʥʦ ʙʠʪʢʦʡʥ ʥʝ 
ʦʪʥʦʩʠʪʩʷ ʢ ʘʢʪʠʚʘʤ, ʦʙʣʘʛʘʝʤʳʤ ʥʘʣʦʛʦʤ. ɹʦʣʴ-
ʰʠʥʩʪʚʦ ʵʢʩʧʝʨʪʦʚ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʦʚʳʰʝʥʠʷ ʥʘʣʦʛʦʚ ʠ ʩʙʦʨʦʚ ʟʘ ʩʯʝʪ ʢʘʧʠʪʘʣʠʟʘʮʠʠ 
ʨʳʥʢʘ ʮʠʬʨʦʚʦʡ ʚʘʣʶʪʳ ʥʝ ʦʩʪʘʚʣʷʶʪ ʧʨʘʚʠʪʝʣʴ-
ʩʪʚʘʤ ʨʘʟʥʳʭ ʩʪʨʘʥ ʜʨʫʛʦʛʦ ʚʳʭʦʜʘ, ʢʘʢ ʧʨʠʥʷʪʴ 
ʢʨʠʧʪʦʚʘʣʶʪʫ ʠ ʦʧʨʝʜʝʣʠʪʴ ʝʸ ʧʨʘʚʦʚʦʡ ʩʪʘʪʫʩ [7]. 
ʅʝʢʦʪʦʨʳʝ ʣʶʜʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʨʠʧʪʦʚʘ-

ʣʶʪʫ ʚ ʢʘʯʝʩʪʚʝ ʙʫʜʫʱʝʛʦ ʧʣʘʪʝʞʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʘ 
ʜʨʫʛʠʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʵʪʘ ʩʠʩʪʝʤʘ ʥʘʥʝʩʝʪ ʚʨʝʜ ʤʠʨʦ-
ʚʦʡ ʵʢʦʥʦʤʠʢʝ. ʅʦ ʩ ʢʘʢʦʡ ʙʳ ʩʪʦʨʦʥʳ ʥʠ ʧʦʩʤʦʪ-
ʨʝʪʴ, ʣʶʙʘʷ ʪʨʘʥʟʘʢʮʠʷ, ʧʨʦʚʦʜʠʤʘʷ ʙʝʟ ʧʦʩʨʝʜʥʠ-
ʯʝʩʢʠʭ ʫʩʣʫʛ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 
ʘʩʧʝʢʪʦʤ ʜʣʷ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʥʝʥʠʷ ʦ ʢʨʠʧʪʦʚʘ-

ʣʶʪʝ, ʦʥʘ ʧʦ ʧʨʘʚʫ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʜʠʥʘʤʠʯʥʦ 
ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʘʩʢʦʣʴʢʦ ʦʥʘ 
ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʠʣʠ ʚʨʝʜʥʘ ʜʣʷ ʦʙʱʝʩʪʚʘ, ʧʦʢʘʞʝʪ 
ʙʫʜʫʱʝʝ.  

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʝʥʜʘʣʠʝʚ ɸ.ɺ. ʂʨʠʧʪʦʚʘʣʶʪʘ ʢʘʢ ʩʨʝʜʩʪʚʦ 
ʧʣʘʪʝʞʘ // URL: 
http://human.snauka.ru/2019/09/26049  
2. ʂʘʩʝʢʝ ʅ. ʏʪʦ ʪʘʢʦʝ ʢʨʠʧʪʦʚʘʣʶʪʘ? URL: 

https://abai.kz/post/55359 
3. ɽʨʽʢ ɾ. ʂʨʠʧʪʦʚʘʣʶʪʘ: ʯʪʦ ʪʘʢʦʝ ʙʠʪʢʦʡʥ? 

URL: https://7kun.kz/  
4. ʊʘʙʝʨʥʘʢʫʣʦʚ ɸ., ʂʦʡʬʤʘʥʥ ʗ. ɹʣʦʢʯʝʡʥ ʥʘ 

ʧʨʘʢʪʠʢʝ. -ʄ.:ɸʣʴʧʠʥʘ ʇʘʙʣʠʰʝʨ, 2019. -264ʩ.  
5. ʃʝʣʫ ʃ. ɹʣʦʢʯʝʡʥ ʦʪ ɸ ʜʦ ʗ. ɺʩʝ ʦ ʪʝʭʥʦʣʦ-

ʛʠʠ ʜʝʩʷʪʠʣʝʪʠʷ. -ʄ.: ʕʢʩʤʦ, 2018. -256ʩ.  
6. ʉʝʤʝʥʦʚʘ ɽ.ɺ., ʄʘʢʘʨʝʚʠʯ ʄ.ʃ. ɸʥʘʣʠʟ ʧʨʘ-

ʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʨʠʧʪʦʚʘʣʶʪʳ ʚ ʦʪʜʝʣʴʥʳʭ 
ʩʪʨʘʥʘʭ (ʥʘ ʧʨʠʤʝʨʝ ʗʧʦʥʠʠ, ʉʐɸ ʠ ʈʦʩʩʠʠ) // ʀʥ-
ʥʦʚʘʮʠʦʥʥʘʷ ʵʢʦʥʦʤʠʢʘ: ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 2017. ˉ8 (26). -ʉ.143-147. 
7. ɼʦʣʛʠʝʚʘ ʄ.ʄ. ɿʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʧʨʘʚʦʚʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʡ ʚ ʩʬʝʨʝ ʦʙʦʨʦʪʘ ʢʨʠʧʪʦ-
ʚʘʣʶʪʳ // Lex Russica. 2018. ˉ10 (143). -ʉ. 116-129. 

  

http://human.snauka.ru/2019/09/26049
https://abai.kz/post/55359
https://7kun.kz/


Slovak international scientific journal # 37, (2020) 9 

CONSTRUCTION AND ARCHITECTURE  
 

DETERMINATION OF HEAT LOSSES IN THERMAL NETWORKS  

 

Nurmanov S. 

doctoral student (PhD) of  

Tashkent Institute of architecture and construction Uzbekistan 

 

Abstract 

In this article, we will summarize some of the indicators obtained as a result of the study of the thermal 

network plots in the thermal supply system of the residential utility network, the analysis of the current level of 

thermal energy loss in the thermal networks with the results obtained. 

Keywords: Residential Utility Network, loss of heat energy, thermal punk, insulation, modernization, heat 

load, plot, heat chamber, heat meter. 

 

In this article, we will summarize some of the 

indicators obtained as a result of the study of the 

thermal network plots in the thermal supply system of 

the residential utility network, the analysis of the 

current level of thermal energy loss in the thermal 

networks with the results obtained. Work was carried 

out in different regions, as a rule, at the request of the 

heads of Housing and communal services. Determining 

the amount of heat lost in the supply of the heat carrier 

is an important task, the solution of which has a serious 

impact on the process of forming tariffs on thermal 

energy. 

Therefore, knowing this value, it is necessary to 

correctly choose the power of the main and auxiliary 

equipment in the central heating unit, as a result of 

which it is possible to correctly select the heat source. 

The value of heat lost in the supply of the heat carrier 

can be a decisive factor in choosing the structure of the 

Heat Supply System and drawing up the temperature 

chart of the heating system. 

Determining the actual heat losses and comparing 

them with the normative values makes it possible to 

substantiate the effectiveness of the work performed on 

the replacement of pipes or their insulation for the 

modernization of heat networks. In most cases, the 

value of relative heat losses is obtained without 

sufficient grounds. In practice, the values of relative 

heat losses are often taken by five-fold (10 and 15%). 

It should be noted that in recent times, many urban 

enterprises are counting on normative heat losses [1], 

which, in our opinion, must necessarily be determined. 

Normative heat loss takes into account directly 

omillarni the main influencer: the length of the pipe, its 

diameter and the temperature of the heat carrier and the 

external environment. Only it does not take into 

account the actual state of pipe insulation. 

The loss of the normative heat loss over the entire 

length of the thermal network should be calculated by 

determining the Heat lost from the surface of the 

insulated pipe, in which the heat loss is carried out, the 

loss of the heat carrier and the supply of heat from the 

heat source. 

In addition, these calculations should be carried 

out in the planned (calculated) variant, taking into 

account the average data on the external air 

temperature, soil, duration of the heating period, etc., 

and this is determined taking into account the actual 

data of the parameters, including the parameters of the 

water sender and the heat exchanger in the return pipe. 

However, even despite the fact that the average 

standard losses on the urban heat system are fixed, it is 

impossible to transfer these sizes to separate plots. 

For example, in determining the value of the 

connected thermal overload and in determining the 

power of the pump and heat exchanger equipment in 

the modernization or construction of the central heat 

exchanger. It is necessary to calculate them for each 

plot of the heat network separately, otherwise a big 

mistake can be made. 

Given the normative losses, of which the two ther-

mal loads of choice were the same, in one of them the 

value was 9,8%, in the other-27%, that is, 2,8 times 

greater. The average indicator of these values by City 

when performing accounting work is 15%. Thus, in the 

first case, the heat loss was 1,8 times less, in the second-

1,5 times higher than the average normative loss. Such 

a big difference is that this is easily explained when the 

amount of heat that is given during the year is taken 

relative to the surface of the pipe where the heat is lost.  

In the first case, this size is 22,3 kcal /m2, in the 

second-8,6 kcal/m2, that is, 2,6 times larger. This is 

easily explained if you divide the amount of heat trans-

ferred throughout the year into the surface area of the 

pipeline where heat loss occurs. 

The average cost of heat loss by the city received 

during the calculations is 15%. Thus, in the first case, 

the heat loss was 1,8 times lower, in the second-1,5 

times higher than the average standard loss. Such a big 

difference is easily explained by the fact that if you di-

vide the amount of heat transferred throughout the year 

into the surface area of the pipeline, where heat loss oc-

curs. In the first case, the figure is 22,3 kcal / m2, in the 

second-only 8,6 kcal / m2, that is, 2,6 times. Such re-

sults can be easily determined by comparing the mate-

rial characteristics of the plots. 

In general, when determining the amount of heat 

lost in the supply of a heat carrier in a certain part of the 

heat network, the error in comparing its value with the 

average value can be very catchy. 
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Table.1 

Heat lost from the surface of the pipe insulation layer on the 5 section of the thermal network 

Lots order number 

Determined size 
ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 

Real relative heat loss, % 1,5 38 38,7 6,8 69,9 

Temperature difference at the starting point, ęC 12,3 4,9 6,2 11,9 13,76 

Average speed of the heat carrier in the pipe, m/s 0,68 0,41 0,29 0,67 0,19 

An excess coefficient of heat loss relative to the norm 1,27 1,43 1,39 1,59 1,61 

 

On the 1st table. 5 the results of the study of the 

plot are presented. (in addition to the calculation of the 

normative heat losses, the actual value of the Heat lost 

from the insulated pipe surface is determined). 

The first section is the trunk section of the heating 

system, in which the pipes with a floor diameter are 

conducted, and accordingly a large amount of heat is 

passed through these pipes. The head of others ' bari 

consists of berk plots. 

Consumers of thermal energy on the second and 

third plots are 2 and 3-storey buildings located on two 

parallel streets. 

The fourth and fifth lots also have a common heat 

chamber, but while the fourth plot has relatively large 

four - and five-story houses as consumers, the fifth plot 

is considered to be private houses located along a single 

pit. 

As can be seen from Table 1, the actual heat loss 

in the inspected pipe sections is half the amount of heat 

supplied (2 and 3 lots). More than 70 heat with other 

plots of coefficient of absolute deviations in relation to 

the normative values of the 5 plot where private houses 

are located is lost to the external environment. 

On the contrary, the amount of heat lost when rel-

atively large consumers are placed compactly decreases 

sharply (4 plot). The average speed of the heat carrier 

in this plot is 0,75 m/s. All this led to the fact that the 

real value of the relative heat loss on this plot was 6 

times less than on other five-storied plots, which 

amounted to 7,3%. 

On the other hand, the speed of the heat carrier in 

the 5-th area is an average of 0,2 m/s, and since the di-

ameter of the pipe is the floor, and the consumption of 

the heat carrier is small, this is 0,1-0,02 m/s at the end 

of the plot. (not specified in the table). As a result of the 

relative diameter of the pipe, the heat loss surface of the 

pipe becomes larger, the heat transferred to the grunt 

will be of great value. It should be borne in mind that 

the amount of heat lost from the surface of the pipe 

practically does not depend on the speed of movement 

of the network water, but only on its diameter, temper-

ature of the heat carrier and the state of the insulation 

coating. However, about the amount of heat transferred 

through the pipes, the heat loss directly depends on the 

speed of the heat carrier and sharply increases with its 

decrease. When the speed of the heat carrier is in centi-

meters, that is, in practice, a large part of the heat en-

ergy can be lost to the external environment, when the 

water practically does not flow. It is also possible that 

the Heat lost is smaller than the norm values. 

Thus, the relative heat loss value depends on the 

state of the insulation coating, and is mainly determined 

by the length of the thermal networks and the diameter 

of the pipe, the speed of the heat carrier movement 

through the pipe, as well as the thermal capacity of the 

connected consumers. For this reason, in the Heat 

Supply System, consumers of small heat energy, which 

is located far from the source of heat, can increase the 

relative heat loss by several tens of%. 

On the contrary, the relative heat loss in compact 

heat systems with large consumers can account for 

several %of the heat being supplied. All this should be 

foreseen in the design of a Heat Supply System. For 

example, the installation of individual gas heat 

generators in private houses on the 5 plot, considered 

above, would be more effective. 

In the above example, we identified, along with 

the established norm, the actual amount of heat lost 

from the pipe insulation surface. 

It is very important to know the actual heat losses, 

because they can exceed the normative values several 

times, as indicated in the experiment. Such information 

provides information about the actual state of thermal 

insulation of heat supply pipes. It determines the places 

where the greatest heat loss occurs and calculates the 

economic efficiency of pipe replacement. 

In addition, the availability of such information 

makes it possible to substantiate the actual value of 1 

kcal of heat, which is given in the regional energy 

commission. 

However, if the heat loss is accompanied by the 

loss of the heat carrier, it is possible to determine the 

actual amount of water that is supplied to fill the heat 

network in case the heat source is of suitable size. In 

the absence of these values, it is possible to determine 

their normative values, and it becomes a difficult 

problem to determine the actual heat loss that is lost on 

the surface of the pipe insulation. 

According to the instructions for determining the 

heat loss in water networks, the two-pipe water heat 

networks that are being tested should be organized into 

a circular ring consisting of water sending and return 

pipes in order to determine the actual amount of heat on 

the plots and comparing them with the normative 

values. All networked pipes and separate abonents must 

have the same value of spending on all plots of thermal 

networks to be separated from it. Bunda the minimum 

size of the parcels tested for material characteristics 

should be at least 20% of the material characteristics of 

the entire network, the difference in the heat carrier's 

temperature should be at least 8 ęC. 

Thus, it is necessary to form a ring with a large 

length (several kilometers). Taking into account the 

fact that it is impossible to conduct tests on this method 

and the practical possibility of fulfilling a number of its 

requirements, the method of heat testing, based on the 

simple physical laws of heat transfer, as well as during 

the heating period, has been proposed a method that has 
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been successfully used for many years. Its essence is 

that the heat carrier in the pipe is easy to determine the 

amount of heat lost in this plot of the thermal system, 

knowing the temperature drop of the heat carrier in the 

measured two points unchanged. 

Subsequently, in accordance with the instruction 

to determine the heat loss in water networks, the values 

obtained from heat losses in certain heats of the heat 

carrier and the environment are calculated for average 

annual conditions and are compared with the normative 

values that lead to average annual conditions for this 

region, taking into account the temperature table of the 

Heat Supply. After that, the excess coefficient of heat 

loss is determined in relation to the normative values. 

Measure the temperature of the heat carrier. Due 

to the fact that the temperature difference of the heat 

carrier is very small, high requirements are imposed on 

measuring instruments (the scale should have values 

from one to ten), as well as on the conduct of measure-

ment work. When measuring the temperature of the 

pipe surface, the pipe at the place of measurement 

should be cleaned of rust and at the point of measure-

ment the pipe should have the same diameter (the same 

thickness). Taking into account the above, the temper-

ature of the heat carrier (water sending and return pipes) 

should be measured in the places of network of thermal 

networks (places where the heat carrier consumption is 

constant), that is, in thermal chambers and Wells. 

Measurement of heat carrier consumption. The 

consumption of the heat carrier should be determined 

on each unmanned plots of the heat network. During the 

test, in some cases, a portable ultrasound consumption 

meter was used. The complexity of direct measurement 

of the water consumption of the device, often due to the 

fact that the heat networks under investigation are lo-

cated in non-passing underground channels, and be-

cause of the heat Wells, the fittings inside it, before and 

after the installation of the device, do not have the nec-

essary lengths of the places with straight lines, will 

cause inconvenience. 

Therefore, in some cases, in order to determine the 

heat carrier consumption in the areas where the costs 

were investigated, together with the measurement of di-

rect consumption, indicators of heat meters installed in 

the premises were also used. In the absence of heat me-

ters measuring water consumption in buildings, water 

consumption in the sending and return pipes was deter-

mined by a portable consumption meter at the entrance 

to the building. In order to determine the consumption 

of the heat carrier, it was used directly from its account-

ing values, when there was no possibility to determine 

the water consumption in the network. 

It is also possible to determine the water consump-

tion in all the plots of the thermal network, taking into 

account the premises connected to the thermal network 

plots under investigation, at the exit of the boilers. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʦʝ ʨʝʦʩʚʦʝʥʠʝ ʠ ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʨʷʜʘ ʪʝʨʨʠʪʦʨʠʡ, ʥʘ ʢʦʪʦʨʳʭ 

ʩʦʟʜʘʶʪʩʷ ʩ ʥʫʣʷ ʠʣʠ ʟʘʥʦʚʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ʩ ʨʘʟʚʠ-

ʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʨʦʚʝʜʝʥʥʳʤʠ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ. ɼʣʷ ʠʭ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʜʦʣʛʦʚʝʯ-

ʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʟʥʘʪʴ ʠ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʘʥʥʳʝ 

ʦʙʲʝʢʪʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɿʥʘʥʠʝ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʠʟʙʝʞʘʪʴ ʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʟʜʘʚʘʝʤʳʝ ʦʙʲʝʢʪʳ, ʥʦ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʝʜʝʥʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠ-

ʪʦʨʠʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʲʝʢʪʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʷʚʣʷ-

ʝʪʩʷ ʜʦʣʠʥʥʦ-ʨʫʩʣʦʚʘʷ ʤʦʨʬʦʜʠʥʘʤʠʢʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʠʟ-

ʤʝʥʝʥʠʠ ʨʠʩʫʥʢʘ ʨʝʯʥʦʡ ʩʝʪʠ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʦʣʠʥʥʦ-ʨʫʩʣʦʚʦʡ ʤʦʨʬʦʜʠʥʘʤʠʢʠ ʷʚʣʷ-

ʝʪʩʷ ʠʟʫʯʝʥʠʝ ʨʷʜʘ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʦʪʦʢʦʚ ʥʘ ʧʨʠʤʝʨʝ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ʨʝʢʠ ʄʦʛʟʳ, ʦʪʨʘʞʘʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʠʩʫʥʢʘ ʨʝʯʥʳʭ ʩʠʩʪʝʤ ʥʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʟʘ ʧʝʨʠʦʜ ʩ XVIII ʧʦ XXI ʚʝʢ (ʧʦ 

ʨʘʟʥʦʚʨʝʤʝʥʥʳʤ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ), ʘ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʚ ʩʦʟʜʘ-

ʥʠʠ ʝʜʠʥʦʡ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ.  

Abstract 

Recently, there has been an active reorganization of a number of territories in which various social and eco-

nomic facilities with developed infrastructure and necessary communications have been created or restored. For 

their normal and long-term functioning, it is necessary to know and take into account factors that have a strong 

influence on these infrastructure objects. The knowledge of such factors will allow not only to avoid their negative 

impact on the facilities being created, but also to prevent the irrational conduct of economic activity in the study 

area. One of the main factors that have a strong influence on infrastructure is the valley-channel morphodynamics, 

which in turn is manifested in the spatio-temporal change in the pattern of the river network. One of the ways to 

establish changes in the channel pattern in the valley is to study a number of cartographic models at different times. 

The work examines the characteristics of watercourses on the example of the river system of the Mogza river, 

reflecting the spatio-temporal changes in the pattern of river systems on cartographic models from the 18th to the 

21st centuries (according to cartographic models of different times), and also highlights the research significance 

in creating a single retrospective digital model of the river system.  
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʟʥʦʚʨʝʤʝʥʥʳʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʨʝʯʥʘʷ ʩʠʩʪʝʤʘ, ʨʠʩʫʥʦʢ ʜʦʣʠʥʥʦ-ʨʫʩ-

ʣʦʚʦʡ ʩʝʪʠ, ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʚʦʜʦʪʦʢʦʚ, ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʛʨʘʬʠʯʝʩʢʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʚʦʜʦʪʦʢʘ. 

Keywords: multi-temporal cartographic models, river system, drawing of a valley-channel network, the oc-

currence of watercourses, the variability of occurrence, the graphic safety of the watercourse. 

 

ʈʝʯʥʘʷ ʩʝʪʴ ʗʨʦʩʣʘʚʩʢʦʛʦ ɺʝʨʭʥʝʚʦʣʞʴʷ ʜʦ-

ʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʣʘʩʪʠ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ 4327 ʙʦʣʴʰʠʭ ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʨʝʢ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʥʘʤʠ ʠʩʪʦ-

ʨʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ, ʧʨʠʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʨʦʣʴ 

ʤʘʣʳʭ ʨʝʢ ʟʘʤʝʪʥʦ ʤʝʥʷʣʘʩʴ. ɺ ʜʨʝʚʥʦʩʪʠ ʨʝʢʠ ʷʚ-

ʣʷʣʠʩʴ, ʚʦ-ʧʝʨʚʳʭ, ʤʠʛʨʘʮʠʦʥʥʳʤʠ ʧʫʪʷʤʠ, ʧʦ ʢʦ-

ʪʦʨʳʤ ʯʝʣʦʚʝʢ ʥʘʯʘʣ ʦʩʚʘʠʚʘʪʴ ʪʝʨʨʠʪʦʨʠʶ, ʘ, ʚʦ-

ʚʪʦʨʳʭ, ʚʳʩʪʫʧʘʣʠ ʚ ʨʦʣʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʛʨʘʥʠʮ ʤʝ-

ʩʪʦʦʙʠʪʘʥʠʡ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʚʘʞʥʦ ʟʥʘʪʴ ʩʪʨʦʝʥʠʝ 

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʠʤʝʪʴ ʝʝ ʠʟʦʙʨʘʞʝʥʠʝ.  

ʇʦʟʜʥʝʝ ʥʘ ʨʝʢʘʭ ʩʪʨʦʠʣʠʩʴ, ʟʘʧʨʫʜʳ, ʧʣʦ-

ʪʠʥʳ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʦʩʪʦʚʳʝ ʧʝʨʝʭʦʜʳ. ʅʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʩʦʢʨʘʱʘʣʘʩʴ ʧʣʦʱʘʜʴ 

ʣʝʩʦʚ ʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʣʦʱʘʜʴ ʧʘʰʝʥ. ʅʝʢʦʪʦʨʳʝ 

ʨʝʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʩʧʣʘʚʘ ʜʨʝʚʝʩʠʥʳ. ɺʩʝ ʵʪʦ 

ʥʝʠʟʙʝʞʥʦ ʩʢʘʟʳʚʘʣʦʩʴ ʢʘʢ ʥʘ ʩʘʤʠʭ ʚʦʜʦʪʦʢʘʭ, ʠʭ 

ʚʦʜʥʦʩʪʠ, ʤʦʨʬʦʣʦʛʠʠ, ʨʝʞʠʤʝ, ʪʘʢ ʠ ʥʘ ʩʚʷʟʘʥʥʳʭ 

ʩ ʥʠʤʠ ʧʨʠʨʦʜʥʳʭ ʜʦʣʠʥʥʦ-ʨʝʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʝʠʟ-

ʙʝʞʥʳ ʠ ʯʘʩʪʦ ʧʨʠʦʙʨʝʪʘʶʪ ʭʘʨʘʢʪʝʨ ʪʝʥʜʝʥʮʠʡ, ʪʦ 

ʧʦʥʠʤʘʥʠʝ ʜʠʥʘʤʠʢʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʚ ʨʝʯʥʦʤ ʙʘʩ-

ʩʝʡʥʝ ʠ ʠʭ ʧʨʝʜʚʠʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ-

ʨʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʷʚʠʪʴ ʠʟʤʝʥʝʥʠʷ ʨʠʩʫʥʢʘ ʜʦ-

ʣʠʥʥʦ-ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝ-

ʤʝʥʠ, ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʚʨʝʤʝʥʥʳʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʗʨʦʩʣʘʚ-

ʩʢʦʛʦ ɺʝʨʭʥʝʚʦʣʞʴʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʪʘʢʠʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʘʢ ʇʣʘʥʳ ɻʝʥʝʨʘʣʴʥʦʛʦ ʄʝʞʝʚʘʥʠʷ 

1765 ʛ. (ʚ ʦʜʥʦʚʝʨʩʪʥʦʤ ʤʘʩʰʪʘʙʝ), ʢʘʨʪʳ ɸ.ʀ. 

ʄʝʥʜʝ 1847-1866 ʛ. (ʚ ʪʘʢʦʤ ʞʝ ʤʘʩʰʪʘʙʝ), ʠ ʩʪʦʪʳ-

ʩʷʯʥʠʢʠ: ʢʘʨʪʳ ʈʂʂɸ 1941 ʛ. ʠ ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʝ 

ʂʘʨʪʳ ɻʝʥʰʪʘʙʘ 1979 ʛ., ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʫʪ-

ʥʠʢʦʚʳʝ ʩʥʠʤʢʠ Google ʟʘ 2016ʛ. ɺʩʝ ʦʥʠ ʩʪʘʣʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʦʡ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʙʘʟʦʚʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʩʪʘʣʠ ʪʘʢʠʝ ʤʘʪʝʨʠ-

ʘʣʳ, ʢʘʢ çʊʦʧʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʗʨʦʩʣʘʚʩʢʦʛʦ 

ʥʘʤʝʩʪʥʠʯʝʩʪʚʘ: ʉʦʯʠʥʝʥʥʦʝ ʚ ʗʨʦʩʣʘʚʣʝ ʚ 1794 

ʛʦʜʫè, çʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʗʨʦʩʣʘʚʩʢʦʡ ʛʫ-

ʙʝʨʥʠʠ / ʉʦʯʠʥʝʥʥʦʝ ʂʘʨʣʦʤ ɻʝʨʤʘʥʦʤ ʚ 1808 

ʛʦʜʫè, çʇʣʘʥʳ ʜʘʯ ʛʝʥʝʨʘʣʴʥʦʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʤʝʞʝʚʘʥʠʷè 1746-1917 ʛʛ., ʵʪʠ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ 

ʜʦʢʫʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʴ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ 

ʪʘʢʠʝ ʥʶʘʥʩʳ, ʢʘʢ ʥʘʟʚʘʥʠʝ ʚʦʜʦʪʦʢʘ, ʩʬʝʨʫ ʝʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝ-

ʞʠʤʘ ʠ ʨʷʜ ʜʨʫʛʠʭ. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʥʘʣʠʯʠʷ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʚʦʜʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ ʨʷʜʘ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ 

(ʚ ʠʩʪʦʨʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ) ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʝʡ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ɻʀʉ ʜʝʣʘʝʪ ʚʦʟ-

ʤʦʞʥʳʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʤʥʦʞʝ-

ʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʢʘʨʪ ʠ ʦʮʠʬʨʦʚʘʥʥʳʭ ʧʦ ʥʠʤ ʩʣʦʝʚ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠ ʨʘʟʥʦʚʨʝʤʝʥʥʦʛʦ ʨʠ-

ʩʫʥʢʘ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʧʦʣʷ, ʪʨʝʙʫʝʪ ʛʨʘʤʦʪʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʝʝ ʵʣʝʤʝʥʪʦʚ (ʘʪʨʠʙʫʪʦʚ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ). 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ, ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʢʘʩʘʶʱʠ-

ʝʩʷ ʨʝʯʥʳʭ ʩʠʩʪʝʤ, ʦʮʠʬʨʦʚʘʥʥʳʭ ʧʦ ʨʘʟʥʦʚʨʝʤʝʥ-

ʥʳʤ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʘʚ-

ʣʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʜʦʣʠʥʥʦ-ʨʫʩʣʦʚʦʛʦ ʨʠʩʫʥʢʘ ʢʦʥ-

ʢʨʝʪʥʦʡ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʦʪʦʙʨʘʞʝʥʠʝ 

ʧʨʠʨʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʚ ʨʝʯʥʦʤ ʙʘʩ-

ʩʝʡʥʝ. ʕʪʘ ʜʠʥʘʤʠʢʘ, ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ ʧʦʷʚʣʝʥʠʠ ʚʦʜʦʪʦʢʘ ʥʘ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ; ʚ ʠʟʤʝʥʝʥʠʠ ʝʛʦ 

ʜʣʠʥʳ, ʩʪʝʧʝʥʠ ʠʟʚʠʣʠʩʪʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʢʘʢ ʩ ʚʦʜʥʦ-

ʩʪʴʶ ʚʦʜʦʪʦʢʘ ʥʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝ-

ʩʢʦʡ ʩʲʝʤʢʠ ʤʝʩʪʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ 

ʜʝʪʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʜʦʪʦʢʘ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʷʜʘ ʢʘʨʪ, ʥʘ 

ʧʨʝʜʤʝʪ ʩʦʭʨʘʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʚʦʜʦʪʦʢʦʚ ʧʦʟʚʦ-

ʣʠʣʦ ʚʳʨʘʙʦʪʘʪʴ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪʨʘʞʘʶʱʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʦʣʠʥʥʦ-

ʨʫʩʣʦʚʦʡ ʩʝʪʠ.  

ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʚʩʪʨʝ-

ʯʘʝʤʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʦʜʦʪʦʢʘ ʥʘ ʨʘʟʥʦʚʨʝʤʝʥ-

ʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʧʦʜ ʚʩʪʨʝʯʘʝʤʦʩʪʴʶ ʥʘʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʪʦʙʨʘʞʘ-

ʶʱʠʭ ʜʘʥʥʳʡ ʚʦʜʦʪʦʢ.  

ʇʦʩʢʦʣʴʢʫ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʚʦʜʦʪʦʢ ʤʦʞʝʪ ʧʨʠ-

ʩʫʪʩʪʚʦʚʘʪʴ ʥʝ ʥʘ ʚʩʝʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠ-

ʢʘʭ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʠ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥ-

ʪʦʚ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʯʝʪʘʥʠʝ 

(çʥʘʙʦʨè) ʪʝʭ ʢʘʨʪ, ʥʘ ʢʦʪʦʨʳʭ ʚʦʜʦʪʦʢ ʦʪʤʝʯʝʥ.  

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ, 

ʚʢʣʶʯʘʶʱʠʝ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʚʦʜʦʪʦʢ, ʤʦʛʫʪ ʙʳʪʴ 

ʣʠʙʦ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠ ʩʤʝʞʥʳʤʠ, ʣʠʙʦ ʦʙʨʘʟʦʚʳ-

ʚʘʪʴ ʧʨʝʨʳʚʠʩʪʳʡ ʨʷʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʘ 

ʚʳʜʝʣʝʥʘ ʪʘʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʘʢ ʚʘʨʠʘʪʠʚʥʦʩʪʴ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʥʝʧʨʝʨʳʚʥʦʩʪʴ 

ʨʷʜʘ ʠʩʪʦʨʠʯʝʩʢʠ ʩʤʝʞʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʝʡ, çʩʦʜʝʨʞʘʱʠʭè ʚʦʜʦʪʦʢ.  

ɿʥʘʯʠʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʥʘʟʚʘʥʠʝ ʚʦʜʦʪʦʢʘ, ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʝʛʦ ʧʝʨʚʦʛʦ 

ʫʧʦʤʠʥʘʥʠʷ (ʧʦʷʚʣʝʥʠʝ ʥʘ ʢʘʨʪʝ), ʘ ʪʘʢʞʝ ʛʨʘʬʠʯʝ-

ʩʢʫʶ ʩʦʭʨʘʥʥʦʩʪʴ ʚʦʜʦʪʦʢʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ 

ʤʳ ʠʤʝʝʤ ʚ ʚʠʜʫ ʦʙʷʟʘʪʝʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʦ-

ʪʦʢʘ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠ-

ʢʘʭ ï ʪʦʧʦʢʘʨʪʝ ʠ ʩʧʫʪʥʠʢʦʚʦʤ ʩʥʠʤʢʝ. ʀʭ ʦʪʩʫʪ-

ʩʪʚʠʝ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʤʦʞʝʪ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʜʝʛʨʘʜʘʮʠʠ ʩʘʤʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ. 
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ɺ ʠʪʦʛʝ ʥʘʤʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʰʝʩʪʴ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ, ʦʪʨʘʞʘʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʨʠʩʫʥʢʘ ʜʦʣʠʥʥʦ-

ʨʫʩʣʦʚʦʛʦ ʩʝʪʠ: 

¶ ʚʩʪʨʝʯʘʝʤʦʩʪʴ;  

¶ ʚʘʨʠʘʥʪ ʚʩʪʨʝʯʘʝʤʦʩʪʠ; 

¶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʚʩʪʨʝʯʘʝʤʦʩʪʠ; 

¶ ʥʘʟʚʘʥʠʝ ʚʦʜʦʪʦʢʘ; 

¶ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘ-

ʞʝʥʠʷ ʚʦʜʦʪʦʢʘ; 

¶ ʛʨʘʬʠʯʝʩʢʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʚʦʜʦʪʦʢʘ 

ʆʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʪʨʘʞʘʶʱʝʡ ʠʟʤʝʥʝ-

ʥʠʷ ʨʠʩʫʥʢʘ ʜʦʣʠʥʥʦ-ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ 

ʚʩʪʨʝʯʘʝʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʪʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥ ʢʦʥ-

ʢʨʝʪʥʳʡ ʚʦʜʦʪʦʢ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʪ ʦʜʥʦʡ ʜʦ ʧʷʪʠ.  

ʅʘʟʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʝʡ ʠʤʝʶʪ ʦʙʱʝʧʨʠʥʷʪʳʝ ʩʦʢʨʘʱʝʥʠʷ (ʇʣʘʥʳ 

ɻʝʥʝʨʘʣʴʥʦʛʦ ʄʝʞʝʚʘʥʠʷ ï ʇɻʄ, ʂʘʨʪʳ ɸ.ʀ. 

ʄʝʥʜʝ ï ʂʄ, ʢʘʨʪʳ ʈʘʙʦʯʝ-ʢʨʝʩʪʴʷʥʩʢʦʡ ʂʨʘʩʥʦʡ 

ʘʨʤʠʠ ï ʂʈʂʂɸ, ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʂʘʨʪʳ ɻʝʥ-

ʰʪʘʙʘ ï ʊʂɻ). ʅʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʦʙ-

ʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʮʝʣʷʭ ʠʟʙʝʞʘʥʠʷ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʘʙʙʨʠʚʠʘʪʫʨʳ, ʥʘʟʚʘʥʠʷ ʤʦʜʝʣʝʡ 

ʙʳʣʠ ʥʘʤʠ ʧʨʝʜʝʣʴʥʦ ʫʧʨʦʱʝʥʳ, ʘ ʠʤʝʥʥʦ: ʇ ï 

ʇʣʘʥʳ ɻʝʥʝʨʘʣʴʥʦʛʦ ʄʝʞʝʚʘʥʠʷ, ʄ ï ʢʘʨʪʳ ɸ.ʀ. 

ʄʝʥʜʝ, ʈ ï ʢʘʨʪʳ ʈʂʂɸ, ʊ ï ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʝ 

ʂʘʨʪʳ ɻʝʥʰʪʘʙʘ 1979, ʉ ï ʉʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ 

Google ʟʘ 2016 ʛ. 

ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʯʝʤ ʙʦʣʴʰʝ ʠʩʪʦʨʠʯʝʩʢʠʡ ʨʷʜ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥ ʚʦʜʦʪʦʢ, ʪʝʤ ʚʳʰʝ 

ʝʛʦ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ.  

ɼʨʫʛʦʡ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʛʨʘ-

ʬʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʨʠʩʫʥʢʘ ʨʝʯʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʚʦʜʦʪʦʢʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʝʛʦ ʚʩʪʨʝʯʘʝʤʦʩʪʠ.  

ʅʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜ-

ʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘʤʠ ʙʳʣ ʫʩʪʘʥʦʚ-

ʣʝʥ 31 ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʦʜʦʪʦ-

ʢʦʚ ʥʘ ʠʟʫʯʘʝʤʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ (ʪʘʙʣ. 

1). ʊʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʝ, ʥʦ ʥʝʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘ-

ʣʠʟʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ) ʚʘʨʠʘʥʪʳ ʚ 

ʵʪʦʡ ʠ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʪʘʙʣʠʮʘʭ ʦʪʤʝʯʝʥʳ ʙʝ-

ʣʳʤʠ ʢʣʝʪʢʘʤʠ. 

ʊʘʙʣʠʮʘ 1 

ɺʘʨʠʘʥʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʦʜʦʪʦʢʦʚ (ʬʨʘʛʤʝʥʪ) 

 
 

ʂʘʢ ʧʦʢʘʟʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʝ ʚʩʝ ʚʦʜʦʪʦʢʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠ ʩʤʝʞʥʳʭ ʢʘʨʪʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʤʠ ʙʳʣʘ 

ʚʳʜʝʣʝʥʘ ʝʱʝ ʦʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʚʘʨʠʘʪʠʚʥʦʩʪʴ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʦʜʦʪʦʢʦʚ, ʦʪʨʘʞʘʶʱʘʷ ʧʦʚʪʦʨʷʝ-

ʤʦʩʪʴ ʚʦʜʦʪʦʢʘ ʥʘ çʚʨʝʤʝʥʥʦʡ ʣʠʥʝʡʢʝè ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʆʥ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʪʨʝʭ ʠʥʚʘʨʠʘʥʪʘʭ (ʪʘʙʣ. 2).  

ɺʦ-ʧʝʨʚʳʭ, ʚʦʜʦʪʦʢʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʪʦʣʴʢʦ ʥʘ 

ʦʜʥʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʤʘ-

ʣʦʟʥʘʯʠʤʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʚʦʜʦʪʦʢʠ, ʠʤʝʶʱʠʝ ʨʘʟʚʝ 

ʯʪʦ çʣʦʢʘʣʴʥʦʝè ʟʥʘʯʝʥʠʝ.  

ɺʦ-ʚʪʦʨʳʭ, ʥʝʩʪʘʙʠʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ ʚʦʜʦ-

ʪʦʢʠ ï ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʪ ʥʝʧʨʝ-

ʨʳʚʥʦ ʚʝʩʴ ʠʟʫʯʝʥʥʳʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʨʷʜ ʢʘʨʪʦʛʨʘ-

ʬʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ɺ-ʪʨʝʪʴʠʭ ï ʚʦʜʦʪʦʢʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʥʝ-

ʩʢʦʣʴʢʠʭ ʠʩʪʦʨʠʯʝʩʢʠ ʩʤʝʞʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ (ʥʘʧʨʠʤʝʨ: ʜʚʫʭ, ʪʨʝʭ ʧʦʜʨʷʜ). ɺ ʜʚʫʭ ʧʦ-

ʩʣʝʜʥʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟʤʝʥʝ-

ʥʠʝ ʚʥʠʤʘʥʠʷ ʢ ʪʘʢʠʤ ʚʦʜʦʪʦʢʘʤ ʤʦʛʣʦ ʙʳʪʴ ʩʚʷ-

ʟʘʥʦ ʩ ʫʨʦʚʥʝʤ ʛʝʥʝʨʘʣʠʟʘʮʠʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛ ʦʧʨʝʜʝ-

ʣʷʪʴʩʷ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢ ʠ ʠʟʤʝʥʝ-

ʥʠʝʤ ʧʨʠʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʜʘʥʥʦʛʦ 

ʚʦʜʦʪʦʢʘ.  
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ʊʘʙʣʠʮʘ 2 

ʇʨʠʤʝʨʳ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʦʜʦʪʦʢʦʚ 

 
 

ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʦʜʦʪʦʢʦʚ ʷʚʣʷ-

ʝʪʩʷ, ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʪʦʙʨʘʞʝ-

ʥʠʷ ʵʣʝʤʝʥʪʦʚ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, ʧʦʜʯʝʨʢʠʚʘʷ ʫʨʦʚʝʥʴ 

ʧʨʠʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ 

ʚʦʜʦʪʦʢʦʚ ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ.  

ʇʦ ʚʨʝʤʝʥʠ ʧʝʨʚʦʛʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʥʘʤʠ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʠʥʚʘʨʠʘʥʪʘ ʚʦʜʦʪʦ-

ʢʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʚʦʜʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʚʧʝʨʚʳʝ 

ʚʩʪʨʝʪʠʣʠʩʴ ʥʘ ʇɻʄ, ʚʦ-ʚʪʦʨʳʭ, ʚʦʜʦʪʦʢʠ, ʢʦʪʦʨʳʝ 

ʚʧʝʨʚʳʝ ʚʩʪʨʝʪʠʣʠʩʴ ʥʘ ʢʘʨʪʘʭ ɸ.ʀ. ʄʝʥʜʝ, ʚ-ʪʨʝ-

ʪʴʠʭ, ʚʦʜʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʚʧʝʨʚʳʝ ʚʩʪʨʝʪʠʣʠʩʴ ʚ XX 

ʚʝʢʝ (ʥʘ ʢʘʨʪʘʭ ʈʂʂɸ ʠʣʠ ʪʦʧʦʢʘʨʪʝ 1979) ʠ ʚ-ʯʝʪ-

ʚʝʨʪʳʭ, ʚʦʜʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʠʩʴ 

ʪʦʣʴʢʦ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ 

(ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3 

ʇʨʠʤʝʨʳ ʧʝʨʚʦʛʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʜʦʪʦʢʦʚ  

 
 

ʈʘʙʦʪʘ ʩ ʚʦʜʦʪʦʢʘʤʠ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʢʨʠʪʝ-

ʨʠʷ, ʧʦʤʠʤʦ, ʚʨʝʤʝʥʠ ʧʝʨʚʦʛʦ ʫʧʦʤʠʥʘʥʠʷ ʵʣʝ-

ʤʝʥʪʘ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ, 

ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʧʝʨʚʳʝ ʛʨʘʬʠʯʝʩʢʠ ʟʘʬʠʢʩʠʨʦ-

ʚʘʥʥʳʭ ʚʦʜʦʪʦʢʦʚ ʟʘ ʢʦʥʢʨʝʪʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʝʨʠ-

ʦʜʳ (ʩ XVIII ʧʦ XXI ʚʝʢ). 

ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʦʜʦʪʦʢʦʚ ʨʝʯʥʦʡ 

ʩʠʩʪʝʤʳ ʄʦʛʟʳ, ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʚʩʪʨʝʯʘʶ-

ʱʠʤʠʩʷ ʥʘ ʚʩʝʡ ʠʩʪʦʨʠʯʝʩʢʦʡ ʣʠʥʝʡʢʝ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʪʦ ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ ʯʝʪʳʨʝ ʠʥʚʘʨʠʘʥʪʘ ʧʦ ʠʭ ʛʨʘʬʠʯʝʩʢʦʡ ʩʦʭʨʘʥ-

ʥʦʩʪʠ. 
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ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʫʪʨʘʯʝʥʥʳʝ ʚʦʜʦʪʦʢʠ ï ʚʦʜʦ-

ʪʦʢʠ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʷʭ, ʢʨʦʤʝ ʩʦʚʨʝʤʝʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʪʦʧʦ-

ʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ɻʝʥʰʪʘʙʘ ʠ ʩʧʫʪʥʠʢʦʚʳʝ 

ʩʥʠʤʢʠ. ʉʶʜʘ ʚʭʦʜʷʪ ʚʦʜʦʪʦʢʠ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪ-

ʥʦʩʪʴʶ ʠʭ ʬʘʢʪʠʯʝʩʢʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʠʟ ʨʝʯʥʦʡ 

ʩʠʩʪʝʤʳ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʯʝʟʥʦ-

ʚʝʥʠʝʤ ʩ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ).  

ɺʦ-ʚʪʦʨʳʭ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʪʨʘʯʝʥʥʳʝ ʚʦ-

ʜʦʪʦʢʠ ï ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʙʦʣʴʰʠʥ-

ʩʪʚʝ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʀʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘ ʪʦʧʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʢʘʨʪʘʭ ɻʝʥʰʪʘʙʘ 1979 ʛʦʜʘ, ʦʜʥʘʢʦ ʥʘ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ ʠʭ ʥʘʣʠʯʠʝ ʥʝ ʦʙʥʘ-

ʨʫʞʠʚʘʝʪʩʷ. ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʜʝʛʨʘʜʘʮʠʝʡ ʚʦʜʦʪʦʢʘ, ʥʦ ʠ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʧʫʪʥʠʢʦʚʦʡ ʩʲʝʤʦʯʥʦʡ ʩʠʩʪʝʤʳ (ʥʝ 

ʚʩʝʛʜʘ çʧʨʦʙʠʚʘʶʱʝʡè ʛʫʩʪʳʝ ʣʝʩʥʳʝ ʤʘʩʩʠʚʳ).  

ɺ-ʪʨʝʪʴʠʭ, ʚʦʜʦʪʦʢʠ, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʪʦʧʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪʘʭ XX ʚ., ʥʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʥʘ 

ʦʩʪʘʣʴʥʳʭ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʤʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ ʚ ʣʶʙʳʭ ʠʭ ʩʦʯʝʪʘʥʠʷʭ, ʥʦ, ʧʨʠ ʦʙʷʟʘʪʝʣʴ-

ʥʦʤ ʫʩʣʦʚʠʠ ʠʭ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʫʪ-

ʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ. ʂʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʵʪʘ ʧʦʜ-

ʛʨʫʧʧʘ ʚʦʜʦʪʦʢʦʚ ʦʪʨʘʞʘʝʪ ʩʥʠʞʝʥʠʝ ʠʭ ʟʥʘʯʠʤʦ-

ʩʪʠ ʥʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 

ʠ ʫʪʨʘʪʫ ʚʥʠʤʘʥʠʷ ʢ ʥʠʤ ʢʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʥʝʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ (ʩʲʝʤʢʘ 1963 ʛ.). 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʚʦʜʦʪʦʢʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ (ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ 

1979ʛ. ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ 2016ʛ.). ʂ ʜʘʥʥʦʡ 

ʧʦʜʛʨʫʧʧʝ ʤʳ ʦʪʥʝʩʣʠ ʚʦʜʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʩʪʨʝʯʘʪʴʩʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʢʘʨʪʦʛʨʘ-

ʬʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ (ʥʦ ʪʘʢʞʝ ʤʦʛʫʪ ʠ ʦʪʩʫʪʩʪʚʦʚʘʪʴ 

ʥʘ ʥʠʭ), ʥʦ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʠ ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʥʠʤʢʘʭ (ʪʘʙʣ. 4). 

ʊʘʙʣʠʮʘ 4 

ʇʨʠʤʝʨʳ ʛʨʘʬʠʯʝʩʢʦʡ ʩʦʭʨʘʥʥʦʩʪʠ ʚʦʜʦʪʦʢʦʚ  

 
 

ɻʨʘʬʠʯʝʩʢʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʦʟʚʦ-

ʣʷʝʪ ʩʫʜʠʪʴ ʦ ʪʦʤ, ʩ ʢʘʢʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʴ-

ʥʳʝ ʦʙʲʝʢʪʳ (ʨʫʯʴʠ ʠ ʨʝʢʠ) ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʩʝʙʷ ʚ 

ʬʠʟʠʯʝʩʢʦʤ ʤʠʨʝ. 

ʅʝʤʘʣʦʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʦʜʦʪʦʢʦʚ ʷʚ-

ʣʷʝʪʩʷ ʠ ʠʭ ʥʘʟʚʘʥʠʝ. ʃʶʙʘʷ ʨʝʢʘ, ʨʫʯʝʡ ʟʘ ʩʚʦʶ ʠʩ-

ʪʦʨʠʶ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʤʝʥʷʪʴ ʩʚʦʝ 

ʥʘʟʚʘʥʠʝ, ʠʣʠ ʞʝ ʦʥʦ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ɺ ʧʦ-

ʩʣʝʜʥʝʤ ʩʣʫʯʘʝ, ʙʝʟʳʤʷʥʥʳʤ ʚʦʜʦʪʦʢʘʤ ʥʘʤʠ ʧʨʠ-

ʩʚʘʠʚʘʣʩʷ ʦʩʦʙʳʡ ʠʥʜʝʢʩ, ʦʪʨʘʞʘʶʱʠʡ ʠʭ ʧʦʣʦʞʝ-

ʥʠʝ ʚ ʨʝʯʥʦʡ ʩʠʩʪʝʤʝ. ʅʘʧʨʠʤʝʨ, ʇʈ-ˉ2-ʧ10-ʪ7-

ʩ10 - ʦʙʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʦʜʦʪʦʢ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʘʚʳʤ 

ʧʨʠʪʦʢʘʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʨʝʢʠ ʄʦʛʟʳ, ʜʘʣʝʝ ʩʣʝ-

ʜʫʝʪ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʥʘ ʢʦʪʦʨʦʡ ʦʙʦʟʥʘ-

ʯʘʝʪʩʷ ʚʦʜʦʪʦʢ, ʘ ʪʘʢʞʝ ʝʛʦ ʧʦʣʦʞʝʥʠʝ (ʥʦʤʝʨ) ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʩʪʦʯʥʠʢʝ. ʅʘʧʨʠʤʝʨ ʠʜʝʢʩʦʤ 

ʇʈ-ˉ2-ʧ10-ʪ7-ʩ10 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʘʚʳʡ ʧʨʠʪʦʢ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʜʝʩʷʪʳʡ ʦʪ ʠʩʪʦʢʘ ʧʦ ʇɻʄ, ʦʥ ʞʝ 

ʩʝʜʴʤʦʡ ʥʘ ʪʦʧʦʢʘʨʪʝ ʠ ʜʝʩʷʪʳʡ ʥʘ ʩʧʫʪʥʠʢʦʚʦʤ 

ʩʥʠʤʢʝ. ʉʢʚʦʟʥʘʷ ʥʫʤʝʨʘʮʠʷ ʧʨʠʪʦʢʦʚ (ʧʨʘʚʳʭ ʠʣʠ 

ʣʝʚʳʭ) ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʘʩʴ ʦʪ ʠʩʪʦʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʩʦʚʦʢʫʧʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʩʝʭ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʚʦʜʥʦʡ 

ʪʘʙʣʠʮʳ (ʪʘʙʣ. 5).  
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ʊʘʙʣʠʮʘ 5 

ʀʟʤʝʥʝʥʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷʚʦʜʦʪʦʢʦʚ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ʨʝʢʠ ʄʦʛʟʳ,  

ʟʘ ʧʝʨʠʦʜ XVIII - XXI ʚ.ʚ. (ʬʨʘʛʤʝʥʪ) 

 
 

ʕʪʘ ʪʘʙʣʠʮʘ ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʧʦʟʚʦʣʷʝʪ ʩʫ-

ʜʠʪʴ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʚ ʦʪʥʦʰʝʥʠʠ ʢ ʚʦʜʦʪʦʢʫ ʤʝʩʪ-

ʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʮʠʘʣʴʥʦ-ʠʩʪʦʨʠʯʝ-

ʩʢʠʤʠ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʪʝʨʨʠ-

ʪʦʨʠʠ. 

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʠʟ-

ʤʝʥʝʥʠʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʯʥʦʡ 

ʩʝʪʠ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʠʥʩʪʨʫʤʝʥ-

ʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʚʳʷʚʠʪʴ ʪʝʥʜʝʥʮʠʠ ʜʦʣʠʥʥʦ-

ʨʫʩʣʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ, ʢʘʢ ʚ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ (ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠʩʪʦ-

ʨʠʯʝʩʢʠʭ ʜʦʣʠʥʥʦ-ʨʝʯʥʳʭ ʣʘʥʜʰʘʬʪʦʚ), ʪʘʢ ʠ ʚ 

ʠʟʫʯʝʥʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʜʦʣʠʥʥʦ-ʨʝʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  
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ʄɽʊʆɼʓ ʈɸʉʏɽʊɸ ɺʆʃʅʆɺʆɻʆ ʉʆʇʈʆʊʀɺʃɽʅʀʗ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆʁ ʇɸʈʓ ʉ 

ʋʏɽʊʆʄ ʇɸʈɸʄɽʊʈʆɺ ʇɽʏɸʊʅʆɻʆ ʈʀʉʋʅʂɸ ʀ ʉʊɽʂɸ ʇɽʏɸʊʅʆʁ ʇʃɸʊʓ ɺ 

HYPERLYNX  ʀ POLAR SI9000 

 

ɸʣʝʢʩʝʝʚ ɺ.ʌ. 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ  

çʇʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤè 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ɻʦʨʙʘʯ ɸ.ʇ. 

ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ  

çʇʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤè 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʍʫʪʦʨʥʘʷ ɽ.ɺ. 

ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ  

çʇʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤè 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ HyperLynx ʠ Polar SI9000 ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʘʨ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʧʝʯʘʪʥʦʛʦ ʨʠʩʫʥʢʘ 

ʠ ʩʪʝʢʘ ʩʣʦʝʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ.  

Abstract 

This paper presents the results of comparing the capabilities of HyperLynx and Polar SI9000 to provide the 

required impedance of differential pairs considering the parameters of the printed pattern and the PCB stackup. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʧʘʨʳ, ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ, HyperLynx, 

Polar SI9000, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

Keywords: differential pairs, impedance, PCBôs, HyperLynx, Polar SI9000, simulation. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ ʠʥʪʝʨʬʝʡʩʦʚ, ʪʘʢʠʭ ʢʘʢ USB, CAN, 

Ethernet, LVDS ʠ ʪ.ʜ. ɼʘʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʠʩʧʦʣʴ-

ʟʫʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ [1ī5]. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʩʠʛʥʘʣʘʤʠ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʦʣʥʦ-

ʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʚʩʝʡ ʜʣʠʥʝ ʧʨʦʚʦʜʥʠʢʘ [1, 

3]. 

ʉʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʝʯʘʪʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ 

(ʪʦʣʱʠʥʘ ʧʨʦʚʦʜʥʠʢʦʚ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ) 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʣʶʙʘʷ ʩʠʩʪʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ʧʨʦʛʨʘʤʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʢʚʦʟʥʦʡ ʮʠʢʣ, 

ʥʘʯʠʥʘʷ ʩ ʧʨʦʨʠʩʦʚʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʠ ʟʘ-

ʢʘʥʯʠʚʘʷ ʛʝʥʝʨʘʮʠʝʡ ʫʧʨʘʚʣʷʶʱʠʭ ʬʘʡʣʦʚ ʜʣʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʦʪʦʰʘʙʣʦʥʦʚ, ʩʚʝʨʣʝ-

ʥʠʷ ʦʪʚʝʨʩʪʠʡ, ʩʙʦʨʢʠ ʠ ʵʣʝʢʪʨʦʢʦʥʪʨʦʣʷ. ʆʜʥʘʢʦ 

ʫʩʣʦʚʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ ʥʘʢʣʘʜʳʚʘʶʪ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʵʪʠ ʩʠʩʪʝʤʳ. [1, 3].  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʉɸʇʈ HyperLynx ʠ ʘʥʘʣʠʟʘʪʦʨʘ ʢʦʥʪʨʦ-

ʣʠʨʫʝʤʦʛʦ ʠʤʧʝʜʘʥʩʘ Polar SI9000 ʜʣʷ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʘʨ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ 

ʧʝʯʘʪʥʦʛʦ ʨʠʩʫʥʢʘ ʠ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
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ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ ʥʘ ʚʥʝʰʥʝʤ ʩʣʦʝ ʷʚʣʷ-

ʶʪʩʷ ʪʦʣʱʠʥʘ ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʜ ʩʣʦʝʤ ʩ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʦʡ ʧʘʨʦʡ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦʣʱʠʥʘ ʤʝʜʠ, ʪʦʣʱʠʥʘ ʤʘʩʢʠ ʧʝ-

ʯʘʪʥʦʡ ʧʣʘʪʳ (ʇʇ), ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴ ʤʘʩʢʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ ʣʠʙʦ ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʦʣʥʦ-

ʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ, ʣʠʙʦ 

ʰʠʨʠʥʘ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʚʦʣʥʦ-

ʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʘʷ ʧʘʨʘ DIFF (ʩʠʛʥʘʣʳ DIFF_N ʠ DIFF_P) 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʝ Alti um 

Designer (ʨʠʩʫʥʦʢ 1). 

 

 
ʈʠʩʫʥʦʢ 1 ʀʩʩʣʝʜʫʝʤʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʧʘʨʘ 

 

ʇʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʇʇ: 

1 ʂʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ï 2. 

2 ʊʦʣʱʠʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ï 1,6 ʤʤ. 

3 ʉʪʝʢ ʩʣʦʝʚ ʧʣʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2 

[3]. 

4 ɺʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-
ʥʦʡ ʧʘʨʳ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ʂʄʆʇ ï 100 ʆʤ [4].  

 
ʈʠʩʫʥʦʢ 2 ʉʪʝʢ ʩʣʦʝʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ 

 

ɸʥʘʣʠʟʘʪʦʨ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʦʣʥʦʚʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ Polar SI9000 ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʠʤ-

ʧʝʜʘʥʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʚʝ-

ʜʝʥʥʳʭ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦ-

ʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʰʠʨʠʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʝʯʘʪʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ 

ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʳʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʜʣʷ ʨʘʩʯʝʪʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠʥʳ ʜʠʵʣʝʢ-

ʪʨʠʢʘ, ʝʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʰʠ-

ʨʠʥʫ ʧʝʯʘʪʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ (W), ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʨʦʚʦʜʥʠʢʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ (S), ʪʦʣ-

ʱʠʥʫ ʤʝʜʠ, ʪʦʣʱʠʥʘ ʤʘʩʢʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ, ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʩʢʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʚʚʝʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʚʝʣʠ-

ʯʠʥʫ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʧʘʨʳ. ʀʩʢʦʤʳʝ ʟʥʘʯʝʥʠʷ W ʠ S ʧʦʜʙʠʨʘʶʪʩʷ ʠʩ-

ʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʝʤ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ.  

ʉʦʛʣʘʩʥʦ [4], ʟʥʘʯʝʥʠʷ W ʠ S ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʢʘʢ 5 ʤʠʣ ʠ 3,15 ʤʠʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪ ʨʘʩ-

ʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.  
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ʈʠʩʫʥʦʢ 3 ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʚ Polar SI9000 ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʰʠʨʠʥʳ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʚ 

ʧʨʦʛʨʘʤʤʝ HyperLynx ʥʝʦʙʭʦʜʠʤʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ 

ʠʩʩʣʝʜʫʝʤʫʶ ʇʇ ʠʟ ʩʨʝʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ Altium Designer). ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʚʚʝʩʪʠ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥ ʢʘʞʜʦʛʦ ʩʣʦʷ ʇʇ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʝʧʨʝ-

ʛʦʚ (ʷʜʨʘ) ʠ ʤʘʩʢʠ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘʩʪʨʦʡʢʠ ʩʪʝʢʘ ʇʇ ʚ HyperLynx. 

 

 
ʈʠʩʫʥʦʢ 4 ʉʪʝʢ ʩʣʦʝʚ ʜʚʫʭʩʣʦʡʥʦʡ ʇʇ ʚ HyperLynx 

 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ HyperLynx ʷʚ-

ʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʧʝʯʘʪʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʩʭʦʜʷ 

ʠʟ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪ ʚʳʚʦʜʠʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ, ʛʜʝ ʥʘ ʦʩʠ ʘʙʩ-

ʮʠʩʩ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʧʝʯʘʪʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ, ʘ 

ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ ï h ʠʨʠʥʘ ʧʨʦʚʦʜʥʠʢʘ. ʀʩʢʦʤʳʝ ʟʥʘ-

ʯʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʟʘʜʘʥʥʦʤʫ ʚʦʣʥʦʚʦʤʫ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʶ, ʚʳʚʦʜʷʪʩʷ ʥʘ ʛʨʘʬʠʢʝ ʟʝʣʝʥʦʡ ʣʠ-

ʥʠʝʡ (ʨʠʩʫʥʦʢ 5).  

 
ʈʠʩʫʥʦʢ 5 ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʚ HyperLynx 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʢʦʦʨʜʠʥʘʪ ʛʨʘʬʠʢʘ HyperLynx, 

ʟʥʘʯʝʥʠʷ W = 5 ʤʠʣ, S = 3,15 ʤʠʣ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ 

Polar SI9000, ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʜʘʥʥʦʝ ʚʦʣʥʦ-

ʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ.  

ʇʦʩʢʦʣʴʢʫ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʢʘ ʧʝ-

ʯʘʪʥʦʡ ʧʣʘʪʳ, ʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʚʫʭʩʣʦʡʥʦʡ 

ʧʣʘʪʳ ʥʘ ʯʝʪʳʨʝʭʩʣʦʡʥʫʶ (ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʦʙʱʝʡ 

ʪʦʣʱʠʥʳ ʚ 1,6 ʤʤ), ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʯʠʪʘʪʴ ʧʘʨʘ-

ʤʝʪʨʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 6 [4]. 

 
ʈʠʩʫʥʦʢ 6 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ ʇʇ 

 

ɺ ʉɸʇʈ Altium Designer ʥʘʩʪʨʦʡʢʠ ʩʪʝʢʘ ʩʣʦʝʚ ʠʤʝʶʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

 
ʈʠʩʫʥʦʢ 7 ʇʘʨʘʤʝʪʨʳ ʩʪʝʢʘ ʩʣʦʝʚ ʇʇ ʚ Altium Designer 

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʯʝʪʦʚ ʠ ʦʢʨʫʛʣʝʥʠʷ ʠʩʢʦʤʳʭ 

ʚʝʣʠʯʠʥ, ʚʩʝ ʟʥʘʯʝʥʠʷ ʩʪʝʢʘ ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʠʟ 

ʤʠʣʣʠʤʝʪʨʦʚ ʚ ʤʠʣʳ. 

ʇʦʩʢʦʣʴʢʫ ʠʩʩʣʝʜʫʝʤʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʧʘʨʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʝʨʭʥʝʤ (ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʚʥʝʰʥʝʤ) ʩʣʦʝ, ʪʦ ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʦʡ ʧʘʨʳ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʪʝʤ ʞʝ ʧʨʠʥ-

ʮʠʧʘʤ, ʯʪʦ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ. ɽʜʠʥʩʪʚʝʥ-

ʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦʣʱʠʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʣʦʷ (ʧʨʝʧʨʝʛʘ). ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ 

ʥʘ ʨʠʩʫʥʢʝ 8, ʪʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʝʩʣʠ ʰʠ-

ʨʠʥʘ ʧʝʯʘʪʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʦʩʪʘʥʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, 

ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ ʫʚʝʣʠʯʠʪʩʷ ʜʦ 

6,1 ʤʠʣ. 
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ʈʠʩʫʥʦʢ 8 ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʚ Polar SI9000 ʜʣʷ ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʚ HyperLynx ʥʝʦʙʭʦ-

ʜʠʤʦ ʟʘʥʦʚʦ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʬʘʡʣ ʩ ʯʝʪʳʨʝʭʩʣʦʡ-

ʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʦʡ ʠʟ ʉɸʇʈ, ʛʜʝ ʚʝʜʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ ʇʇ. ɽʱʝ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʚ Hy-

perLynx ʷʚʣʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʩʠʛʥʘʣʴʥʳʭ ʩʣʦʝʚ ʠ 

ʩʣʦʝʚ ʩ ʧʦʣʠʛʦʥʘʤʠ: ʚ ʢʦʣʦʥʢʝ çʀʩʧʦʣʴʟʦʚʘʥʠʝè 

ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʝʛʦ ʥʘʟʥʘʯʝʥʠʝ. ɿʥʘʯʝʥʠʝ ʚʦʣ-

ʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʪʦʣʴʢʦ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʦʷ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʘ ʠʩ-

ʩʣʝʜʫʝʤʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʧʘʨʘ. ɿʥʘʯʝʥʠʷ ʚʦʣ-

ʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʚʝʜʝʥʥʳʝ ʜʣʷ ʜʨʫʛʠʭ 

ʩʣʦʝʚ, ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ 

ʨʠʩʫʥʢʝ 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʩʪʨʦʡʢʠ ʩʪʝʢʘ ʇʇ ʚ Hy-

perLynx. 

 

 
ʈʠʩʫʥʦʢ 9 ʉʪʝʢ ʩʣʦʝʚ ʯʝʪʳʨʝʭʩʣʦʡʥʦʡ ʇʇ ʚ HyperLynx 

 

ɻʨʘʬʠʢ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʰʠʨʠʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʝʯʘʪʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʥʠʤʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 10. 
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ʈʠʩʫʥʦʢ 10 ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʚ HyperLynx 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʢʦʦʨʜʠʥʘʪ ʛʨʘʬʠʢʘ, ʟʥʘʯʝʥʠʝ, 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʚ Polar SI9000, ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ HyperLynx, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʨʘʩʯʝʪʝ ʟʥʘʯʝ-

ʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʣʶʙʦʡ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʉɸʇʈ. 

ɿʘʢʣʶʯʝʥʠʝ 

Polar SI9000 ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʨʘʩʩʯʠʪʘʪʴ ʚʦʣ-

ʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ. 

ʇʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʣʶʙʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʳ ʩʪʝʢʘ ʧʝ-

ʯʘʪʥʦʡ ʧʣʘʪʳ. ʆʜʥʘʢʦ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʝʯʘʪʥʦʡ 

ʧʣʘʪʳ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʨʘʩʯʝʪʘ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʰʠ-

ʨʠʥʳ ʧʨʦʚʦʜʥʠʢʘ, ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

ʈʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʧʘʨʳ ʩ ʫʯʝʪʦʤ ʪʨʝʙʫʝʤʦʛʦ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʚ HyperLynx ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʪʦʣʴʢʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʧʨʦʝʢʪʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩ ʟʘʜʘʥʥʳʤ ʩʪʝ-

ʢʦʤ ʩʣʦʝʚ. ʇʨʠʯʝʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʩʣʦʝʚ ʧʨʦʝʢʪ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ, ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʡ ʚ 

HyperLynx, ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʤʝʥʝʥ ʥʘ ʥʦʚʳʡ. ʇʦ-

ʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʘ 

ʚ HyperLynx, ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʢ ʚʦʟ-

ʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʰʠʨʠʥʳ ʧʝʯʘʪʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ 

ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʜʦʙ-

ʥʳʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʠʥ-

ʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ, ʧʨʠʚʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʊʦʧʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʚʢʣʶʯʘʝʪ ʚʠʟʫʘʣʠʟʘʮʠʶ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʤʘʪʨʠʮ ʙʣʦʯʥʳʭ ʛʨʘ-

ʬʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ ʫʨʦʚʥʷʤʠ ʠʝʨʘʨʭʠʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʩʦʯʝ-

ʪʘʝʪ ʚ ʩʝʙʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʦʥ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʚʠ-

ʟʫʘʣʴʥʦʡ ʷʩʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʧʨʠʩʫʱʘ ʢʘʢ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ, ʪʘʢ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʤʘʪʨʠʮʘʤ, ʘ ʪʘʢʞʝ 

ʫʧʨʫʛʦʩʪʴʶ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʢʘʢ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʠʩʩʣʝʜʦ-

ʚʘʥʠʠ ʫʜʝʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ, ʩʠʩʪʝʤ, ʤʘʰʠʥ ʠ ʘʛʨʝʛʘʪʦʚ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʙʠʪʳ ʥʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʯʘʩʪʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ, ʪʦʧʦʣʦʛʠʯʝ-

ʩʢʠʭ ʠ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ. ʂʘʞʜʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʤʦʜʝʣʴ ʜʨʫʛʦʛʦ 

ʪʠʧʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʨʝ-

ʰʝʥʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʤʘʰʠʥʳ 1716PF4 ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʚ ʚʣʠʷʥʠʝ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʥʘ 

ʢʘʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʨʷʜ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʘʤʧʣʠʪʫʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʠʩʢʣʶʯʠʚ ʥʝʢʦʪʦʨʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʟʦʥʳ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʰʧʠʥʜʝʣʷ 0é 6000 ʤʠʥ. 1 ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. 

Abstract 

The article considers achieving the machining accuracy of CNC machines by applying innovative methods 

in modelling and design of machining systems, drives and machine processes. The topological method of analysis 

involves visualizing the system as matrices of block graphs with a varying degree of detail between the upper and 

lower hierarchy levels. This approach combines the advantages of graph theory and the efficiency of decomposi-

tion methods, it also has visual clarity, which is inherent in both topological models and structural matrices, as 

well as the resiliency of linear algebra as part of the matrix-based research. The focus of the study is on the design 

of automated machine workstations, systems, machines and units, which can be broken into interrelated parts and 

presented as algebraic, topological and set-theoretical models. Every model can be transformed into a model of 

another type, and, as a result, can be interpreted as a system of linear and non-linear equations which solutions 

determine the system parameters. This paper analyses the dynamic parameters of the 1716PF4 machine at the 

stages of design and exploitation. Having researched the impact of the system dynamics on the component quality, 

the authors have developed a range of practical recommendations which have enabled one to reduce considerably 

the amplitude of relative motion, exclude some resonance zones within the spindle speed range of 0é6000 min-1 

and improve machining accuracy. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜʠʢʘ, CAD-ʪʝʭʥʦʣʦʛʠʠ, ʤʝʪʘʣʣʦʨʝʞʫʱʠʡ ʩʪʘʥʦʢ, ʏʇʋ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭ-

ʥʦʣʦʛʠʠ. 

Keywords: technique, CAD-technologies, the Metal-cutting machine tool, CHPU, innovative technologies 

 

ɺʚʝʜʝʥʠʝ 

ʂʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ɺʋɿ-ʝ 

ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʚʦʧʨʦʩʘʤʠ ʥʘʫʯʥʦ ï ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʙʘʟʠʨʫʶʱʠ-

ʤʠʩʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʩʝʨʠʠ ISO ʠ 

CAD/CAM/CAE-ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʝʪʝʥʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ 
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ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʥʦ - ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ, ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦ - ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʦʙʨʝʪʝ-

ʥʠʶ ʟʥʘʥʠʡ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʩʥʦʚʘʤ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʝ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʉɸʇʈ 

ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʧʨʦʝʢʪʥʦʡ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦ-

ʢʫʤʝʥʪʘʮʠʠ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɽʉʂɼ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʳʤʠ ʫʯʝʙʥʳʤʠ ʧʣʘʥʘʤʠ 

2-ʭ ʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʦʙʫʯʝʥʠʷ ʥʘ ʢʘʬʝʜʨʝ çʀʥ-

ʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʫʯʝʙʥʦ - ʤʝ-

ʪʦʜʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʋʄʂ ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ, ʚʝ-

ʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʥʮʠʧʘ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʚ ɺʋɿʝ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʥʘ ʢʘʬʝʜʨʝ çʀʥ-

ʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè ʠ ʟʘʢʘʥʯʠʚʘʷ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠ-

ʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʦʡ ʧʦ ʜʘʥʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʘʬʝʜʨʘʭ ʬʘʢʫʣʴʪʝʪʦʚ. 

ɺ ʨʘʤʢʘʭ ʋʅʀʈʉ, ʙʘʢʘʣʘʚʨʘʤʠ, ʤʘʛʠʩʪʨʘʤʠ, ʘ 

ʪʘʢʞʝ ʠ ʘʩʧʠʨʘʥʪʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ 

ʧʨʦʜʫʢʪʳ: SolidWorks, ɸʈʄ WinMachine, 

MathCAD, MatLAB ʠ ʩʠʩʪʝʤʳ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʄʂʕ - Nastran, Cosmos, ANSYS 

ADAMS ʠ ʜʨ.  

ʉʪʘʥʦʯʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʝʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 1), ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ, ʪʦʧʦʣʦʛʠʯʝ-

ʩʢʠʤʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʠ 2D, 3D ʛʨʘʬʠʯʝʩʢʠʤʠ 

ʤʦʜʝʣʷʤʠ.  

 

 
ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʩʪʘʥʢʘ ʩ ʏʇʋ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ 

ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ 

ʨʷʜʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʠ ʩʠʩʪʝʤʦʡ ʏʇʋ (ʨʠʩ. 

2). 

 

 
ʈʠʩ. 2. ɿʘʜʘʯʘ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ  
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ɼʣʷ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠ-

ʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ, ʧʨʠʚʦʜʘ 

ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʧʦʜʘʯ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʦʙʦʙʱʝʥʥʳʤ ʩʠʛʥʘʣʴʥʳʤ ʛʨʘʬʦʤ, ʩʦʩʪʦʷʱʠʤ 

ʠʟ ʪʨʝʭ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ 

ʬʫʥʢʮʠʦʥʘʣʘʤʠ ʢ1, ʢ2, ʢ3 ʠ ʤʘʪʨʠʮʝʡ ʩʚʷʟʝʡ [ɺ].  

ʆʧʨʝʜʝʣʠʪʝʣʴ ʛʨʘʬʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ [E]-ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ n; 

[K]-ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ. 

ʉʠʛʥʘʣʴʥʳʝ ʛʨʘʬʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ n-ʛʦ ʧʦʨʷʜʢʘ, ʧʝʨʝʜʘ-

ʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ, ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʦʡ, ʚʨʝʤʝʥ-

ʥʳʤʠ ʠ ʯʘʩʪʦʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʩʤ ʪʘʙʣ.1) 

ʊʘʙʣʠʮʘ 1 

ʉʠʛʥʘʣʴʥʳʝ ʛʨʘʬʳ 

ʥʝʧʨʝʨʳʚʥʳʭ (ʩʠʛʥʘʣʦʚ) ʚʝʣʠʯʠʥ ʜʠʩʢʨʝʪʥʳʭ ʚʝʣʠʯʠʥ 

1 ɼʠʬʬ.ʫʨʘʚʥʝʥʠʷ n-ʛʦ ʧʦʨʷʜʢʘ 

D(p)y(t) = G(p)f(t), p=d\dt- ʦʧʝʨʘʪʦʨ ʜʠʬʬ. 
D*(q)y(k)=G*(q)f(k), q-ʦʧʝʨʘʪʦʨ ʩʜʚʠʛʘ ʥʘ ʪʘʢʪ 

2 ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ 
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)(
)(

*

*
*

zf

zy

zD
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3 ʅʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ dv\dt=Av+Bf,y=Cv+df v(k+1)=A*v(k)=B*f(k),y(k)=C*v(k+ d*f(k) 

4 ɺʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ w(t), h(t) ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ w*(k), h*(k) 

5 ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ W(jw)=A(w)exp[jv(w)]=P(w)+jQ(w);0¢w<  ́ W*(ejwT )= A*(w)exp[jv(w)]=P*(w)++ jQ(w), 0¢w<p/T 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʩʠ-

ʩʪʝʤ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʪʘ ʠʣʠ 

ʠʥʘʷ ʬʦʨʤʘ ʟʘʜʘʥʠʷ ʩʠʩʪʝʤʳ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʠʚʦʜʘ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʇɻɼ, ʧʨʠʚʦʜʦʚ ʧʦʜʘʯʠ ʇʇ, ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʅʉ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦ-

ʧʨʠʚʦʜʦʤ ɸʉʋ ʕʇ ʠ ʜʨ. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CAD 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʪʠʧʘ 

MatLAB, ANSYS [1,2] ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥ-

ʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʥʦʚʦʛʦ ʠʟ-

ʜʝʣʠʷ ʦʪʜʝʣʴʥʳʝ ʜʝʪʘʣʠ, ʫʟʣʳ ʠ ʤʝʭʘʥʠʟʤʳ ʦʙʲʝʜʠ-

ʥʷʶʪʩʷ ʚ ʩʙʦʨʦʯʥʳʡ ʫʟʝʣ [2] ʚ ʉɸɼ ʩʠʩʪʝʤʝ ʪʠʧʘ 

ʂʆʄʇɸʉ 3D (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʄʦʜʝʣʴ 3D ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʩʪʘʥʢʘ ʩ ʏʇʋ ʚ CAD ʩʠʩʪʝʤʝ ʂʦʤʧʘʩ 3D 
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ʈʘʩʯʝʪʥʦʡ ʤʦʜʝʣʴʶ ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʲʝʢʪʘ 3D, ʨʘʟʙʠʪʦʛʦ ʩʝʪʢʦʡ ʢʦʥʝʯ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʂʕ), ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ 

ʧʦ ʬʦʨʤʝ ʢ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ 

 

ʋʣʫʯʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʩʚʷʟʘʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ 

ʧʦʚʳʰʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʳ 

ʠ ʩʦʟʜʘʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʛʦ ʥʘʪʷʛʘ ʚ ʝʝ ʩʦʝʜʠʥʝʥʠʷʭ [1]. 

ʄʝʪʦʜʠʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʚ ʨʘʤʢʘʭ ʋʅʀʈʉ ʠ ʥʘʫʯʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ) ʚʢʣʶʯʘʝʪ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ, 

ʚʳʧʦʣʥʷʝʤʳʡ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʥʘ ʕɺʄ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʠʤʝʥʝʥʠʠ 

CAD ʪʝʭʥʦʣʦʛʠʡ. ʇʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʦʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʜʝʪʘʣʝʡ ʧʨʠʚʦʜʘ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʧʦ-

ʜʘʯʠ ʩʪʘʥʢʦʚ ʩ ʏʇʋ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʩʪʝʧʝʥʠ 

ʚʣʠʷʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʚʘʞʥʝʡ-

ʰʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʦʙʨʘ-

ʙʦʪʢʝ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʛʦ ʢʦʥʪʫʨʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʉɸɼ ʤʦ-

ʜʝʣʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʝʝ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ NX8 ʠ ANSYS) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʧʦʩʪʘʚʣʝ-

ʥʠʝʤ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (ʚ MathCAD) ʠ ʘʥʘʣʠʟʦʤ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ (ʚ MatLAB).  

ɻʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʧʝʢʪʨ (ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶ-

ʱʠʝ) ʧʨʦʬʠʣʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ (ʨʠʩ. 5) ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʛʘʨʤʦʥʠʢ 

(ʨʠʩ. 6), ʚʣʠʷʶʱʠʭ ʥʘ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ.

 
ʈʠʩ. 5. ʇʨʦʬʠʣʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ (ʅʝʢʨʫʛʣʦʩʪʴ. ʆʙʨʘʟʝʮ ˉ6, ʫʚʝʣʠʯʝʥʠʝ 20.000) 
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ʈʠʩ. 6. ʏʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʘʥʢʘ ʧʨʠ ʨʝʟʘʥʠʠ 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʘʤʧʣʠʪʫʜ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ, ʠʩʢʣʶʯʠʪʴ ʨʷʜ ʨʝʟʦʥʘʥʩʥʳʭ ʟʦʥ ʚ ʜʠʘ-

ʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ 0...6000 ʤʠʥ-1 ʠ 

ʧʦʚʳʩʠʪʴ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʪʦʯʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘ ʧʨʘʢ-

ʪʠʢʝ ʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʩʚʦʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭ-

ʥʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʠʥ-

ʪʝʥʩʠʬʠʢʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʥʘʫʯʥʦʛʦ ʧʦ-

ʠʩʢʘ. 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʣʫʯ-

ʰʝʛʦ ʫʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʦʙʨʝʪʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʧʨʠʤʝʥʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʡ ʪʝʭʥʠʢʠ ʚ ʨʝʰʝʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʠ ʚʳʧʦʣ-

ʥʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ, ʚʳʨʘʙʦʪʢʝ ʠ ʧʨʠʥʷʪʠʶ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ, ʤʦʪʠʚʘʮʠʠ ʠ ʘʢʪʠʚʠʟʘʮʠʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ (ʋʅʀʈʉ) ʠ ʚʳ-

ʧʦʣʥʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʦʡ ʤʝʪʦʜʠʢʠ ʠʥʥʦʚʘʮʠ-

ʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʠ ʘʩʧʠʨʘʥʪʦʚ ʧʦʟʚʦʣʷʶʪ 

ʫʩʧʝʰʥʦ ʛʦʪʦʚʠʪʴ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. 
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ɸʥʦʪʘʮʽʷ 

ʈʦʟʨʦʙʣʝʥʘ ʪʘ ʜʦʩʣʽʜʞʝʥʘ ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʽʯʯʶ ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ 

ʥʘ ʙʘʟʽ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ, ʪʘʢʠʤʠ ʷʢ ʛʦ-

ʨʠʟʦʥʪ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʛʦʨʠʟʦʥʪ ʢʝʨʫʚʘʥʥʷ. ɺʽʜʪʘʢ, ʧʨʠ ʩʠʥʪʝʟʽ ʨʝʛʫʣʷʪʦʨʽʚ ʜʘʥʦʛʦ ʢʣʘʩʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘ-

ʭʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʷʢ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʪʠ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʘ ʨʽʟʥʠʭ ʛʦʨʠʟʦ-

ʥʪʽʚ ʧʨʦʛʥʦʟʫ, ʘ ʩʘʤʝ 50 ʪʘ 100 ʢʨʦʢʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʩʪʨʘʪʝʛʽʾ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʛʦʨʠʟʦʥʪʽʚ ʧʨʦʛʥʦʟʫ-

ʚʘʥʥʷ. ʅʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʧʨʠʨʦʩʪʽʚ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʘʛʦʪʦʚʢʘʭ ʧʨʦʪʷʛʦʤ ʚʩʽʻʾ ʢʘʤʧʘʥʽʾ 

ʚʠʧʘʣʶʚʘʥʥʷ ʟʘ ʨʽʟʥʠʭ ʩʪʨʘʪʝʛʽʡ ʢʝʨʫʚʘʥʥʷ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʛʦʨʠʟʦʥʪʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʦʜʥʦʤʫ ʽʟ ʝʪʘʧʽʚ ʚʠʧʘʣʶʚʘʥʥʷ, ʪʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʛʦʨʠʟʦʥʪʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ ʚ 

ʮʽʣʦʤʫ. 

Abstract 

An automated control system for the baking furace of carbon products based on forecasting models has been 

developed and researched, which is characterized by elements of the regulator setting, such as the prediction 

horizon and the control horizon. Therefore, in the synthesis of regulators of this class, it is necessary to take into 

account the peculiarities of the influence of these parameters on the course of the process of baking of carbon 

products. 

The studies are conducted as a comparative analysis of the performance of the synthesized regulator over 

different forecast horizons, namely 50 and 100 steps. 

The study obtained control strategies for different values of the forecast horizons. The charts show changes 

in temperature and temperature increments in the workpieces throughout the firing campaign under different 

control strategies. 

According to the results of the study, with an increase in the forecasting horizon, a decrease in temperature 

drop is observed at one of the firing stages, so it can be considered that the increase in the forecasting horizon has 

a positive effect on the process of burning of carbon products in general. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ, ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ, MPC-ʨʝʛʫʣʷʪʦʨ, ʩʪʨʘʪʝʛʽʷ ʢʝ-

ʨʫʚʘʥʥʷ. 

Keywords: carbon burning, control system, MPC controller, control strategy. 

 

ɺʩʪʫʧ 

ʇʨʠ ʘʥʘʣʽʟʽ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ [1] 

ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʜʣʷ ʷʢʽʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝ-

ʩʦʤ ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠ-

ʢʦʨʠʩʪʘʪʠ ʧʽʜʭʽʜ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʢʝʨʫʚʘʥʥʷ. ɼʣʷ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʧʝʯʽ ʟʘʧʨʦ-

ʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʟ ʧʨʦ-

ʛʥʦʟʫʶʯʦʶ ʤʦʜʝʣʣʶ. ʋʧʨʘʚʣʽʥʥʷ ʟ ʧʨʦʛʥʦʟʫʶʯʠʤʠ 

ʤʦʜʝʣʷʤʠ ʦʩʦʙʣʠʚʦ ʜʦʮʽʣʴʥʦ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʩʠʩʪʝ-

ʤʘʤʠ ʟ ʙʘʛʘʪʴʤʘ ʚʭʦʜʘʤʠ ʪʘ ʚʠʭʦʜʘʤʠ (MIMO-
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ʩʠʩʪʝʤʠ), ʱʦ ʤʽʩʪʷʪʴ ʪʽʩʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʪʘ ʚ ʷʢʠʭ 

ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʯʠʩʣʝʥʥʽ ʦʙʤʝʞʝʥʥʷ. 

ɿ ʦʧʠʩʫ ʨʦʙʦʪʠ ʙʘʛʘʪʦʢʘʤʝʨʥʦʾ ʧʝʯʽ [2-3] ʟʨʦ-

ʟʫʤʽʣʦ, ʱʦ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʩʽʻʶ ʢʘʤʧʘʥʽʻʶ ʚʠ-

ʧʘʣʶʚʘʥʥʷ ʷʚʣʷʶ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʝʪʘʧʦʤ 

ʢʘʤʝʨʘ çʧʽʜ ʚʦʛʥʝʤè, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʽʚ ʚʽʜ ʽʥ-

ʰʠʭ ʝʪʘʧʽʚ. ɼʣʷ ʝʪʘʧʫ ʢʘʤʝʨʠ çʧʽʜ ʚʦʛʥʝʤè ʢʝʨʫʚʘ-

ʣʴʥʦʶ ʟʤʽʥʥʦʶ ʻ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʻ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʧʦ-

ʜʘʯʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʷʛʦʶ ʪʘ ʧʽʜʩʦʩʦʤ ʟ ʥʘʚʢʦʣʠʰ-

ʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚ ʢʦʞʝʥ 

ʤʦʤʝʥʪ ʯʘʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʫ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʽ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʷʛʠ ʧʦʚʽʪʨʷ, ʘ 

ʚʽʜʪʘʢ, ʥʝ ʻ ʟʤʽʥʥʦʶ, ʷʢʦʶ ʤʦʞʥʘ ʤʘʥʽʧʫʣʶʚʘʪʠ. 

ʆʩʢʽʣʴʢʠ ʚ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʝʣʠʯʠʥ ʨʦ-

ʟʛʣʷʜʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʚʠʧʘʣʶ-

ʶʪʴʩʷ, ʪʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ MPC-

ʨʝʛʫʣʷʪʦʨʘ ʤʘʻ 5 ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʝʣʠʯʠʥ ï ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʚ ʢʦʞʥʽʡ ʽʟ ʟʘʛʦʪʦʚʦʢ ʪʘ ʦʜʥʘ ʢʝʨʫʚʘʣʴʥʘ ʚʝ-

ʣʠʯʠʥʘ ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ. 

ɿ ʦʧʠʩʫ ʨʦʙʦʪʠ ʨʝʛʫʣʷʪʦʨʽʚ ʥʘ ʙʘʟʽ ʧʨʦʛʥʦʟʫʶ-

ʯʠʭ ʤʦʜʝʣʝʡ [4-8] ʟʨʦʟʫʤʽʣʦ, ʱʦ ʚʠʙʽʨ ʛʦʨʠʟʦʥʪʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ. ɺʽʜʪʘʢ ʧʨʠ 

ʩʠʥʪʝʟʽ ʨʝʛʫʣʷʪʦʨʽʚ ʜʘʥʦʛʦ ʢʣʘʩʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫ-

ʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʝʨʝ-

ʙʽʛ ʧʨʦʮʝʩʫ ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ. 

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʮʽʻʾ ʩʪʘʪʪʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʦʨʠ-

ʟʦʥʪʫ ʧʨʦʛʥʦʟʫ, ʷʢ ʦʜʥʦʛʦ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʣʘʰʪʫ-

ʚʘʥʴ MPC-ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʚʝʜʝʥʥʷ ʢʘʤ-

ʧʘʥʽʾ ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ. ɼʦʩʣʽ-

ʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʷʢ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʪʠ 

ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʘ ʨʽʟʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʧʨʦ-

ʛʥʦʟʫ, ʘ ʩʘʤʝ 50 ʪʘ 100 ʢʨʦʢʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ɼʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 50 ʢʨʦʢʽʚ 

ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʫ ʩʪʨʘʪʝʛʽʶ ʢʝʨʫʚʘʥʥʷ (ʜʠʚ. ʨʠʩ. 

1): 

 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʘʪʝʛʽʷ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 50 ʢʨʦʢʽʚ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫ-

ʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʚʩʽʻʾ ʢʘʤʧʘʥʽʾ ʚʠʧʘʣʶʚʘʥʥʷ ʥʘʚʝ-

ʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. ɺʝʢʪʦʨ ʢʝʨʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʡ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ 3. ɿ ʛʨʘʬʽʢʽʚ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʦʪʦʚʦʢ ʚʠʜʥʦ ʧʣʘʚʥʝ ʧʨʦʛʨʽ-

ʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʝʪʘʧʽʚ ʥʘʛʨʽ-

ʚʘʥʥʷ ʢʘʤʝʨʠ ʧʝʯʽ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ. ɿʥʘʯʥʠʡ ʧʝʨʝ-

ʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʝʨʝʭʦʜʽ ʟ ʦʜʥʦʛʦ ʝʪʘʧʫ ʥʘ ʽʥ-

ʰʠʡ ʧʦʷʩʥʶʻʪʴʩʷ ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʧʝʯʽ, ʘ ʩʘʤʝ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʦʟʢʨʠʪʠ ʢʘʤʝʨʫ ʧʝʯʽ ʜʣʷ ʚʩʪʘʚʣʝʥʥʷ 

ʧʘʣʴʥʠʢʽʚ, ʚʽʜʪʘʢ ʧʽʯ ʥʘʧʦʚʥʶʻʪʴʩʷ ʧʦʚʽʪʨʷʤ ʟ ʥʘ-

ʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿ ʛʨʘʬʽʢʫ ʟʤʽʥʠ ʢʝʨʫ-

ʚʘʥʥʷ ʨʠʩʫʥʦʢ 3 ʚʠʜʥʦ, ʱʦ ʨʝʛʫʣʷʪʦʨ ʥʘʤʘʛʘʻʪʴʩʷ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʜʘʥʫ ʦʩʦʙʣʠʚʽʩʪʴ, ʯʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʘ ʧʦʜʘʯʘ ʧʘʣʠʚʘ ʥʘ ʧʦʯʘʪʢʫ ʝʪʘʧʫ. ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʩʢʣʘʜʘʻ 44.1 ʤ3/ʛʦʜ. 
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ʈʠʩʫʥʦʢ 2. ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ MPC-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ  

ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 50 ʢʨʦʢʽʚ  

 

 
ʈʠʩʫʥʦʢ 3. ɻʨʘʬʽʢ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʨʦʪʷʛʦʤ ʝʪʘʧʫ ʢʘʤʝʨʘ çʧʽʜ ʚʦʛʥʝʤè ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ  

MPC ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 50 ʢʨʦʢʽʚ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩ-

ʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʧʨʠʨʦʩʪʫ ʪʝʤʧʝ-

ʨʘʪʫʨ ʚ ʟʘʛʦʪʦʚʢʘʭ, ʜʠʚ. ʨʠʩ. 4-5. ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠ-

ʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʨʠʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʧʽʜʽʛ-

ʨʽʚʘʥʥʽ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʩʪʘʥʦʚʠʪʴ -1.5é2,5 Üʉ, 

ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʨʝʢʦʤʝʥʜʘʮʽʷʤ ʱʦʜʦ ʜʦʩʷʛʥʝʥʥʷ 

ʮʽʣʽʩʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘʛʦʪʦʚʦʢ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘ-

ʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʧʨʦʩʣʽʜʢʦʚʫʶʪʴʩʷ ʚ ʟʘʛʦʪʦʚʮʽ ˉ1, 

ʤʽʥʽʤʘʣʴʥʽ ʚʽʜʧʦʚʽʜʥʦ ʫ ʟʘʛʦʪʦʚʮʽ ˉ5, ʱʦ ʧʦʚôʷʟʘʥʦ 

ʟ ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʧʝʯʽ. 

ʇʨʠʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʝʪʘʧʽ ʢʘʤʝʨʘ çʧʽʜ ʚʦʛ-

ʥʝʤè ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʝʨʝ-

ʧʘʜʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʩʣʷ ʧʝʨʝʭʦʜʫ ʥʘ ʥʦʚʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʪʘ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʨʦ-

ʙʦʯʦʤʫ ʨʝʞʠʤʽ, ʚʽʜʪʘʢ ʜʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘ-

ʥʦʚʠʪʴ 120 Üʉ ʪʘ 4-3 Üʉ. 

 

 
ʈʠʩʫʥʦʢ 4. ɻʨʘʬʽʢ ʧʨʠʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʘʛʦʪʦʚʢʘʭ ʧʨʦʪʷʛʦʤ ʝʪʘʧʫ ʢʘʤʝʨʘ ʥʘ ʧʽʜʽʛʨʽʚʽʚʘʥʥʽ ʟ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷʤ MPC-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 50 ʢʨʦʢʽʚ. 
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ʈʠʩʫʥʦʢ 5. ɻʨʘʬʽʢ ʧʨʠʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʘʛʦʪʦʚʢʘʭ ʧʨʦʪʷʛʦʤ ʝʪʘʧʫ ʢʘʤʝʨʘ çʧʽʜ ʚʦʛʥʝʤè ʟ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷʤ MPC-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 50 ʢʨʦʢʽʚ. 

 

ɿʛʽʜʥʦ ʟ ʛʨʘʬʽʢʫ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ, ʷʢ ʧʦʢʘʟʥʠʢʘ 

ʛʦʪʦʚʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ (ʜʠʚ. ʨʠʩ. 6) ʚʠʜʥʦ, ʱʦ ʥʘʧʨʠ-

ʢʽʥʮʽ ʝʪʘʧʫ ʢʘʤʝʨʘ çʧʽʜ ʚʦʛʥʝʤè ʚʩʽ ʟʘʛʦʪʦʚʢʠ ʙʫ-

ʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʛʦʪʦʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʶ 

ʷʢʦʩʪʽ. ʏʘʩ ʛʦʪʦʚʥʦʩʪʽ ʥʘʡʭʦʣʦʜʥʽʰʦʾ ʟʘʛʦʪʦʚʢʠ 

ʦʨʽʻʥʪʦʚʥʦ ʩʢʣʘʜʘʻ 380 ʛʦʜ, ʘ ʥʘʡʛʘʨʷʯʽʰʦʾ 360 ʛʦʜ. 

 
ʈʠʩʫʥʦʢ 6. ɻʨʘʬʽʢ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ʧʨʦʪʷʛʦʤ ʢʘʤʧʘʥʽʾ ʚʠʧʘʣʶʚʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ  

ʚ 50 ʢʨʦʢʽʚ 

 

ɼʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 100 ʢʨʦʢʽʚ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʫ ʩʪʨʘʪʝʛʽʶ ʢʝʨʫʚʘʥʥʷ (ʜʠʚ. ʨʠʩ. 7): 

 

 
ʈʠʩʫʥʦʢ 7. ʉʪʨʘʪʝʛʽʷ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 100 ʢʨʦʢʽʚ 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫ-

ʚʘʥʥʷ ʥʘ ʙʘʟʽ MPC-ʨʝʛʫʣʷʪʦʨʘ ʟ ʧʨʦʛʥʦʟʫʶʯʠʤ ʛʦ-

ʨʠʟʦʥʪʦʤ ʚ 100 ʢʨʦʢʽʚ ʧʨʦʪʷʛʦʤ ʚʩʽʻʾ ʢʘʤʧʘʥʽʾ ʚʠ-

ʧʘʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 8. ɿʤʽʥʘ ʢʝʨʫʚʘʥʥʷ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 9. ʄʘʢʩʠʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʩʷ-

ʛʥʝʥʽ ʟʘʛʦʪʦʚʢʘʤʠ ʟʘ ʜʘʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʚ ʩʝʨʝʜ-

ʥʴʦʤʫ ʥʘ 100 Üʉ ʥʠʞʯʽ. ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʯʘʪʢʦʚʘ ʚʠ-

ʪʨʘʪʘ ʧʘʣʠʚʘ ʤʝʥʰʘ ʥʘ 2-3 ʤ3/ʛʦʜ, ʘ ʢʽʥʮʝʚʝ ʟʥʘ-

ʯʝʥʥʷ ʚʠʱʝ ʥʘ 1-2 ʤ3/ʛʦʜ, ʧʨʦʪʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʚʠʪʨʘʪʠ ʤʘʡʞʝ ʥʝ ʟʤʽʥʠʣʦʩʴ ʪʘ ʩʢʣʘʜʘʻ 44.2 ʤ3/ʛʦʜ. 

 
ʈʠʩʫʥʦʢ 8. ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ MPC-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ʚ 100 ʢʨʦʢʽʚ 

 

 
ʈʠʩʫʥʦʢ 9. ɻʨʘʬʽʢ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʨʦʪʷʛʦʤ ʝʪʘʧʫ ʢʘʤʝʨʘ çʧʽʜ ʚʦʛʥʝʤè ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ  

MPC-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 100 ʢʨʦʢʽʚ 

 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʨʠʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʧʽʜʽʛʨʽʚʘʥʥʽ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʩʪʘʥʦʚʠʪʴ 

-1.4é2.3 Üʉ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʨʝʢʦʤʝʥʜʘʮʽʷʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʽʩʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʘʛʦʪʦʚʦʢ. ʄʘʢʩʠʤʘʣʴʥʠʡ 

ʧʨʠʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʝʪʘʧʽ ʢʘʤʝʨʘ çʧʽʜ ʚʦʛʥʝʤè ʩʪʘʥʦʚʠʪʴ 180 Üʉ ʘ ʩʝʨʝʜʥʽʡ ʚʽʜʧʦʚʽʜʥʦ 4-3 Üʉ. 

 
ʈʠʩʫʥʦʢ 10. ɻʨʘʬʽʢ ʧʨʠʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʘʛʦʪʦʚʢʘʭ ʧʨʦʪʷʛʦʤ ʝʪʘʧʫ ʢʘʤʝʨʘ ʥʘ ʧʽʜʽʛʨʽʚʘʥʥʽ ʟ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷʤ MPC-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 100 ʢʨʦʢʽʚ 
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ʈʠʩʫʥʦʢ 11. ɻʨʘʬʽʢ ʧʨʠʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʘʛʦʪʦʚʢʘʭ ʧʨʦʪʷʛʦʤ ʝʪʘʧʫ ʢʘʤʝʨʘ çʧʽʜ ʚʦʛʥʝʤè  

ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ MPC-ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚ 100 ʢʨʦʢʽʚ 

 

ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʟ ʛʨʘʬʽʢʫ 

ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ʚʠʜʥʦ, ʱʦ ʥʘʧʨʠʢʽʥʮʽ ʝʪʘʧʫ ʢʘʤʝʨʘ 

çʧʽʜ ʚʦʛʥʝʤè ʚʩʽ ʟʘʛʦʪʦʚʢʠ ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʛʦʪʦ-

ʚʥʦʩʪʽ. ʏʘʩ ʛʦʪʦʚʥʦʩʪʽ ʥʘʡʭʦʣʦʜʥʽʰʦʾ ʟʘʛʦʪʦʚʢʠ 

ʦʨʽʻʥʪʦʚʥʦ ʩʢʣʘʜʘʻ 395 ʛʦʜ, ʘ ʥʘʡʛʘʨʷʯʽʰʦʾ 374 ʛʦʜ. 

 
ʈʠʩʫʥʦʢ 12. ɻʨʘʬʽʢ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ʧʨʦʪʷʛʦʤ ʢʘʤʧʘʥʽʾ ʚʠʧʘʣʶʚʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ  

ʚ 100 ʢʨʦʢʽʚ 

 

ɺʠʩʥʦʚʢʠ 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʙʽʣʴ-

ʰʝʥʥʷ ʛʦʨʠʟʦʥʪʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽ-

ʣʴʰʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʥʘ ʪʝʨʤʽʯʥʫ ʦʙʨʦʙʢʫ 

ʧʨʦʜʫʢʮʽʾ ʟ 360-380 ʛʦʜ. ʜʦ 374-395 ʛʦʜ., ʧʦ ʥʘʡʭʦ-

ʣʦʜʥʽʰʽʡ ʪʘ ʥʘʡʛʘʨʷʯʽʰʽʡ ʟʘʛʦʪʦʚʮʽ ʚʽʜʧʦʚʽʜʥʦ. 

ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʥʝ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʟʥʘʯʥʦʾ 

ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʨʦʪʷ-

ʛʦʤ ʚʩʽʻʾ ʢʘʤʧʘʥʽʾ ʚʠʧʘʣʶʚʘʥʥʷ. 

ʇʦʟʠʪʠʚʥʠʤ ʷʚʠʱʝʤ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʛʦʨʠʟʦʥʪʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ, ʧʨʦʪʝ ʟ ʽʥʰʦʾ ʩʪʦ-

ʨʦʥʠ ʟʙʽʣʴʰʫʻ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʘʛʦʪʦʚʮʽ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʦʛʦ ʝʪʘʧʫ ʨʦʙʦʪʠ ʜʦ ʽʥʰʦʛʦ. ɿʚʘʞʘ-

ʶʯʠ, ʱʦ ʧʝʨʝʧʘʜ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʦʛʦ ʝʪʘʧʫ ʨʦ-

ʙʦʪʠ ʜʦ ʽʥʰʦʛʦ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʢʝ-

ʨʫʚʘʥʥʷ, ʘ ʩʢʣʘʜʘʻ ʩʦʙʦʶ ʤʝʭʘʥʽʯʥʫ ʩʢʣʘʜʦʚʫ ʧʨʦ-

ʮʝʩʫ, ʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʛʦʨʠʟʦʥʪʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʻ ʣʠʰʝ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʝ-

ʨʝʙʽʛ ʧʨʦʮʝʩʫ ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ. 
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ɸʥʦʪʘʮʽʷ 

ɺ ʨʘʤʢʘʭ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʟʘ ʫʚʘʛʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦ-

ʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʽʻʾ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦ-

ʙʽʚ. ʊʦʤʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ, ʷʢʠʡ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʢʨʠʪʝʨʽʶ (ʤʦʜʠʬʽʢʦʚʘ-

ʥʦʾ ʧʠʪʦʤʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ). ʄʽʥʽʤʽʟʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ, ʟʘ ʷʢʦʛʦ ʧʠʪʦʤʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʙʫʜʝ ʤʽʥʽʤʽʟʦʚʘʥʘ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʟʘʜʘʥʠʭ 

ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ.  

Abstract 

As part of the study, it was determined that the authors do not pay attention to carbon products formation 

economic indicators, which could negatively affect on this carbon products production stage efficiency. So, an 

integral criterion has been developed to determine the carbon products forming process quality indicators and it 

was used to calculate the technical-economic criterion, (modified unit production cost). Obtained technical-eco-

nomic criterion minimization will allow to obtain carbon blanks with a minimum cost and specified quality indi-

cators. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʨʦʙʥʠʮʪʚʦ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ, ʛʽʜʨʘʚʣʽʯʥʠʡ 

ʧʨʝʩ, ʝʣʝʢʪʨʦʜʥʘ ʤʘʩʘ, ʝʢʩʪʨʫʟʽʷ. 

Keywords: carbon products production, carbon products formation, hydraulic press, electrode mass, extru-

sion. 

 

1. ɺʩʪʫʧ 

ʋʥʽʢʘʣʴʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʽʪʫ, 

ʪʘʢʽ ʷʢ ʚʠʩʦʢʘ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʭʽʤʽʯʥʘ ʽʥʝʨʪʥʽʩʪʴ ʪʘ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ, ʩʫʪʪʻʚʘ 

ʘʥʪʠʢʦʨʦʟʽʡʥʽʩʪʴ ʪʘ ʘʥʪʠʬʨʠʢʮʽʡʥʽʩʪʴ [1-4], ʚʠʟʥʘ-

ʯʠʣʠ ʡʦʛʦ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ: ʫ ʩʪʘʣʝʧʣʘʚʠʣʴʥʠʭ, 

ʬʝʨʦʩʧʣʘʚʥʠʭ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʝʯʘʭ ʤʝʪʘʣʫʨʛʽʡ-

ʥʠʭ ʪʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘʥʦʜʘʭ ʤʘʛʥʽ-

ʻʚʠʭ ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ, ʢʘʪʦʜʘʭ ʘʣʶʤʽʥʽʻʚʠʭ ʝʣʝʢʪʨʦ-

ʣʽʟʝʨʽʚ, ʬʫʪʝʨʦʚʢʘʭ ʜʦʤʝʥʥʠʭ, ʬʝʨʦʩʧʣʘʚʥʠʭ ʧʝʯʝʡ 

ʽ ʝʣʝʢʪʨʦʪʝʨʤʽʯʥʠʭ ʘʛʨʝʛʘʪʘʭ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦ-

ʩʪʽ, ʽʥʰʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴ-

ʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʦʩʦʙʣʠʚʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʬʽ-

ʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘ-

ʣʽʚ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʚʫʛʣʝʛʨʘʬʽʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ ʨʷʜʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʧʝʨʘʮʽʡ 

[5-8]. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠ-

ʨʦʙʥʠʮʪʚʘ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ ʻ ʬʦʨʤʫʚʘʥʥʷ ʦʩʪʘʥ-

ʥʽʭ ʰʣʷʭʦʤ ʧʨʦʜʘʚʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʦʾ ʤʘʩʠ ʯʝʨʝʟ 

ʤʫʥʜʰʪʫʢ ʚʽʜʧʦʚʽʜʥʦʾ ʬʦʨʤʠ ʫ ʛʽʜʨʘʚʣʽʯʥʦʤʫ 

ʧʨʝʩʽ, ʙʦ ʩʘʤʝ ʥʘ ʝʪʘʧʽ ʧʨʝʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʟʘ-

ʛʦʪʦʚʦʢ ʟʘʢʣʘʜʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʩʽ ʩʧʘʜʢʦʚʽ ʚʣʘ-

ʩʪʠʚʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ [2, 

3]. ɿʦʢʨʝʤʘ, ʧʨʝʩʫʚʘʥʥʷ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻ ʬʦ-

ʨʤʫ ʟʘʛʦʪʦʚʢʠ, ʾʾ ʜʦʚʞʠʥʫ, ʧʦʨʠʩʪʽʩʪʴ ʪʘ ʤʝʭʘʥʽʯʥʫ 

ʤʽʮʥʽʩʪʴ. 

ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʫʤʦʚʥʦ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʝʪʘʧ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʜʧʨʝʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʘ ʙʝʟ-

ʧʦʩʝʨʝʜʥʴʦ ʧʨʝʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ. ɿ ʪʦʯʢʠ 

ʟʦʨʫ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘ-

ʣʴʥʠʤ ʻ ʝʪʘʧ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʝʩʫʚʘʥʥʷ, ʪʦʤʫ ʫ ʧʦ-

ʜʘʣʴʰʦʤʫ ʟʦʩʝʨʝʜʠʤʦ ʫʚʘʛʫ ʩʘʤʝ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʥʘʟʚʘʥʠʭ ʦʙʩʪʘʚʠʥ ʥʘʛʘʣʴʥʦʶ 

ʻ ʟʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʷʢ ʜʘʥʦʾ ʪʝʭʥʦ-

ʣʦʛʽʯʥʦʾ ʩʪʘʜʽʾ, ʪʘʢ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʚʩʴʦʛʦ ʚʠʨʦʙʥʠ-

ʮʪʚʘ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ ʫ ʮʽʣʦʤʫ. ʈʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ 

ʟʘʜʘʯʽ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, 
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ʷʢʘ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʨʝ-

ʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ ʪʝʭʥʦ-

ʣʦʛʽʯʥʦʤʫ ʨʝʞʠʤʽ. 

2. ʄʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ɯʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ [2,4,9-13] ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ (ʷʢ ʧʨʘʚʠʣʦ, ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ) ʘʙʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫ-

ʚʘʥʥʷ (ʰʚʠʜʢʽʩʪʴ ʧʨʝʩʫʚʘʥʥʷ), ʧʨʠʯʦʤʫ ʟʘʢʦʥʠ 

ʟʤʽʥʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʤ-

ʧʽʨʠʯʥʦ.  

ɺʘʛʦʤʠʤ ʥʝʜʦʣʽʢʦʤ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʚʽʜʦʤʠʭ ʩʠ-

ʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʨʝʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ 

ʚʠʨʦʙʽʚ ʻ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʝʢʦ-

ʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙ-

ʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʘʢʦʥʽʚ 

ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʷʢ ʢʝʨʫʶʯʽ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʪʝʭ-

ʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ 

ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ. 

3. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʠʧʨʝʩʦ-

ʚʘʥʠʭ ʟʘʛʦʪʦʚʦʢ 

ɺ ʩʪʘʪʪʽ [14] ʙʫʣʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʠʪʦʤʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʷʢ 

ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʚʫʛʣʝ-

ʮʝʚʠʭ ʚʠʨʦʙʽʚ. ʄʘʪʝʤʘʪʠʯʥʦ ʟʘʜʘʯʘ ʢʝʨʫʚʘʥʥʷ ʚʠ-

ʛʣʷʜʘʻ ʪʘʢʠʤ ʯʠʥʦʤ: 
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,(1) 

ʜʝ Gʧʨ - ʜ̔ ʡʩʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʝʩʫ; Pe ï ʪʘ-

ʨʠʬ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ; Wʧ ,Wʪ ï ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝ-

ʥʝʨʛʽʾ; Pʤ, Gʤ ï ʮʽʥʘ ʪʘ ʚʠʪʨʘʪʘ ʩʠʨʦʚʠʥʠ ʚʽʜʧʦ-

ʚʽʜʥʦ; Pʧʜ, Pʧʜ,ʥ, Pʧʜ,ʚ ï ʚʽʜʧʦʚʽʜʥʦ ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ 

ʪʠʩʢʫ ʧʽʜʧʨʝʩʫʚʘʥʥʷ, ʡʦʛʦ ʥʠʞʥʻ ʪʘ ʚʝʨʭʥʻ ʜʦʧʫʩ-

ʪʠʤʽ ʟʥʘʯʝʥʥʷ; Űʧʜ, Űʧʜ,ʥ, Űʧʜ,ʚ ï ʚʽʜʧʦʚʽʜʥʦ ʜʽʡʩʥʝ ʟʥʘ-

ʯʝʥʥʷ ʯʘʩʫ ʧʽʜʧʨʝʩʫʚʘʥʥʷ, ʡʦʛʦ ʥʠʞʥʻ ʪʘ ʚʝʨʭʥʻ ʜʦ-

ʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ; ʈʇ ï ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʧʨʝ-

ʩʫʚʘʥʥʷ, Pʇmin ʪʘ Pʇmax ï ʧʦʪʦʯʥʝ ʤʽʥʽʤʘʣʴʥʦ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʚʽʜʧʦʚʽʜʥʦ; 

uʧ, uʧ,ʥ, uʧ,ʚ ï ʚʝʢʪʦʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʥʘ ʥʘʛʨʽʚʘʯʽ, ʾʭ ʥʠʞʥʻ ʪʘ ʚʝʨ-

ʭʥʻ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ. 

ɼʽʡʩʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʝʩʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʷʢ

 

ʧʨ ʧG G K= , (2)

 
ʜʝ ʤʘʪʤʧʢʧ FvtG r=  - ʧʦʚʥʘ ʧʨʦʜʫʢʪʠʚ-

ʥʽʩʪʴ ʧʨʝʩʫ; 

ʢt - ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ, 

ʧv  - ʰʚʠʜʢʽʩʪʴ ʧʨʝʩʫʚʘʥʥʷ, 

ʤF  - ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʤʫʥʜʰʪʫʢʘ, 

ʤʘʪr  - ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ, 

10 ¢¢K  - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʘ-

ʩʪʢʫ ʧʨʦʜʫʢʮʽʾ ʧʦʪʨʽʙʥʦʾ ʷʢʦʩʪʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʢʝʨʫʚʘʥʥʷ (1) ʥʝ ʚʨʘʭʦʚʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʬʽʟʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʨʝʩʫ-

ʚʘʥʥʷ. ʄʦʚʘ ʡʜʝ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʝʟʜʝʬʝ-

ʢʪʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ 

ʧʨʝʩʫʚʘʥʥʷ ʙʫʣʠ ʜʦʪʨʠʤʘʥʽ ʫʤʦʚʠ ʥʝʨʦʟʨʠʚʥʦʩʪʽ 

ʩʝʨʝʜʦʚʠʱʘ [8], ʘ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʣʠʚʦ ʫ ʨʘʟʽ, 

ʢʦʣʠ ʤʽʞ ʟʘʛʦʪʦʚʢʦʶ ʪʘ ʧʦʚʝʨʭʥʝʶ ʤʫʥʜʰʪʫʢʘ ʽʩ-

ʥʫʚʘʪʠʤʝ ʪʦʥʢʠʡ ʣʘʤʽʥʘʨʥʠʡ ʰʘʨ ʟ ʫʤʦʚʘʤʠ ʧʨʦʢʦ-

ʚʟʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ çʤʫʥʜʰʪʫʢ ï ʝʣʝʢʪ-

ʨʦʜʥʘ ʤʘʩʘè. ʎʝʡ ʰʘʨ ʬʦʨʤʫʻʪʴʩʷ ʟ ʢʘʤôʷʥʦʚʫʛʽʣʴ-

ʥʦʛʦ ʧʝʢʫ, ʷʢʠʡ ʧʽʜ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʱʠʭ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤôʷʢʰʝʥʥʷ, ʚʠʪʽʩʥʷʻʪʴʩʷ ʥʘ ʧʦʚʝʨ-

ʭʥʶ ʝʣʝʢʪʨʦʜʥʦʾ ʤʘʩʠ. ʆʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʜʥʘ ʤʘʩʘ 

ʚʚʘʞʘʻʪʴʩʷ ʨʽʜʠʥʦʶ ɹʽʥʛʘʤʘ [15], ʪʦ ʰʘʨ ʢʘʤôʷʥʦ-

ʚʫʛʽʣʴʥʦʛʦ ʧʝʢʫ ʙʫʜʝ ʨʫʭʘʪʠʩʴ ʚ ʣʘʤʽʥʘʨʥʦʤʫ ʨʝ-

ʞʠʤʽ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʧʨʫʛʘ ʟʩʫʚʫ ʧʝ-

ʨʝʚʠʱʫʻ ʜʝʷʢʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ (ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ). 

ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ ʧʦʪʨʽʙʥʦ ʩʬʦʨʤʫʚʘʪʠ ʚ ʝʣʝʢ-

ʪʨʦʜʥʽʡ ʤʘʩʽ ʷʜʨʦ, ʱʦ ʤʘʪʠʤʝ ʩʪʨʫʢʪʫʨʥʠʡ ʨʝʞʠʤ 

ʨʫʭʫ, ʘ ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ, ʘʙʠ ʥʘʧʨʫʛʘ ʟʩʫʚʫ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ ʥʘʧʨʫʛʫ ʪʝʢʫʯʦʩʪʽ. ɿʚʽʜʩʠ ʚʠʥʠʢʘʻ 

ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʪʘ ʤʝʞʽ ʪʝʢʫʯʦ-

ʩʪʽ. 

ʅʘʧʨʫʛʫ ʟʩʫʚʫ ʜʣʷ ʨʽʜʠʥʠ ɹʽʥʛʘʤʘ ʨʦʟʨʘʭʦʚʫ-

ʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʇʘʧʘʥʘʩʪʘʩʽʦ 

[16]: 

0 1 me gt t mg-è ø= - +ê ú , (3) 

ʜʝ t - ʥʘʧʨʫʛʘ ʟʩʫʚʫ; 

0t - ʢʨʠʪʠʯʥʘ ʥʘʧʨʫʛʘ (ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ); 

m - ʟʨʦʩʪʘʶʯʘ ʝʢʩʧʦʥʝʥʪʘ ʥʘʧʨʫʛʠ; 

g# - ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ; 

m - ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ. 

ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ ʻ ʬʫʥʢʮʽʻʶ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʧʨʝʩʫʚʘʥʥʷ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʬʦʨʤʫ-

ʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ [15].  

ʌʫʥʢʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʦʾ ʥʘʧʨʫʛʠ ʚʽʜ ʪʝ-

ʤʧʝʨʘʪʫʨʠ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʰʣʷʭʦʤ ʘʧʨʦ-

ʢʩʠʤʘʮʽʾ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ [17, 18]. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1-2. 
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Ű0, ʇʘ

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ
 

ʈʠʩ.1. ɿʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʾ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʦʜʥʦʾ ʤʘʩʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʂ)  

ɛ, ʇʘʩ

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ
 

ʈʠʩ.2. ɿʘʣʝʞʥʽʩʪʴ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʝʣʝʢʪʨʦʜʥʦʾ ʤʘʩʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʂ)  

 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʝʤʧʽʨʠʯʥʽ ʜʘʥʽ, ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʩʪʘʣʦʾ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ 

ʚʠʛʣʷʜʘʻ ʪʘʢʠʤ ʯʠʥʦʤ: 

Ű, ʇʘ

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ
 

ʈʠʩ.3. ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʝʣʝʢʪʨʦʜʥʦʾ ʤʘʩʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʂ)  

 

ɿʘʛʘʣʴʥʠʡ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʥʘʧʨʫʛʫ ʟʩʫʚʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.4. 
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Ű, ʇʘ

ɔ, ʩ
-1

1

3

ʈʠʩ.4. ɿʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʝʣʝʢʪʨʦʜʥʦʾ ʤʘʩʠ 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʟʘ ʨʽʟʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʂ)  

1  ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʠ 380 ʂ, 2 ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʠ 420 ʂ, 3 ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʠ 420 ʂ 

 

ʋ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʧʨʝʩʫʚʘʥʥʷ ʨʝ-

ʘʣʴʥʦʛʦ ʯʘʩʫ ʨʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʜʣʷ ʢʦʞ-

ʥʦʛʦ ʚʫʟʣʘ (ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʩʦʪʥʽ ʪʠ-

ʩʷʯ) ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʨʦʱʝʥʫ ʤʘʪʝʤʘ-

ʪʠʯʥʫ ʤʦʜʝʣʴ, ʥʘʧʨʠʢʣʘʜ, ʨʝʛʨʝʩʽʡʥʦʛʦ ʪʠʧʫ, ʷʢʘ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʙʫʜʝ: 

Av Bg= +,  (4) 

ʜʝ ɸ ʪʘ ɺ ï ʚʝʢʪʦʨʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʡʥʦʾ 

ʤʦʜʝʣʽ; 

v  ï ʰʚʠʜʢʽʩʪʴ ʧʨʝʩʫʚʘʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʘʭʫʚʘʚʰʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘ-

ʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ [19] ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʪʘ ʚʠʟʥʘ-

ʯʠʚʰʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʣʝ ʰʚʠ-

ʜʢʦʩʪʽ ʟʩʫʚʫ, ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʥʘʧʨʫʛʫ ʟʩʫʚʫ ʪʘ ʤʝʞʫ ʪʝʢʫʯʦʩʪʽ.  

ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʤʽʩʪʴ ʥʘʧʨʫʛʠ 

ʟʩʫʚʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʥʷʪʪʷ ʨʘʜʽʫʩʫ ʤʘʩʠ ʟʽ 

ʩʪʨʫʢʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʨʫʭʫ. ʆʩʢʽʣʴʢʠ ʷʜʨʦ ʟʽ ʩʪʨʫ-

ʢʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʨʫʭʫ ʤʘʻ ʥʝʽʜʝʘʣʴʥʫ ʮʠʣʽʥʜʨʠ-

ʯʥʫ ʬʦʨʤʫ, ʫ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʜʦʮʽʣʴʥʦ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʠʡ minR  ʪʘ ʤʘʢʩʠʤʘʣʴ-

ʥʠʡ maxR  ʨʘʜʽʫʩʠ (ʨʠʩ.5.). 

 

Rmin

Rmax

 
ʈʠʩ.5. ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʚ ʨʦʟʨʽʟʽ ʤʫʥʜʰʪʫʢʘ 

 

ʎʽ ʨʘʜʽʫʩʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ 

ʯʘʩʫ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʤʫʥʜʰʪʫʢʘ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠ-

ʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

min 0

max 0

( , ) min( ( , , , ) )

( , ) max( ( , , , ) )

R

R

R l t l R t

R l t l R t

t f t

t f t

= >ëî
ì

= ¢îí

, (5) 

ʜʝ l  - ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʜʦʚʞʠʥʽ ʤʫʥʜʰʪʫʢʘ ʚ ʮʠ-

ʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ; 

t  - ʯʘʩ; 

R - ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʨʘʜʽʫʩʫ ʤʫʥʜʰʪʫʢʘ ʚ ʮʠʣʽ-

ʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ; 

j - ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʢʫʪʫ ʥʘʭʠʣʫ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

4. ʉʠʥʪʝʟ ʢʨʠʪʝʨʽʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ 

ʚʠʧʨʝʩʦʚʘʥʠʭ ʟʘʛʦʪʦʚʦʢ 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝ ʥʘʧʠʩʘʥʦʛʦ ʟʘʜʘʯʫ ʢʝʨʫʚʘʥʥʷ 

ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: ʚ ʧʨʦʮʝʩʽ ʧʨʝ-

ʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚ ʢʦ-

ʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʤʫʥʜʰʪʫʢʘ ʤʽʥʽ-

ʤʘʣʴʥʠʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʷʜʨʘ ʙʫʣʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɼʣʷ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʟʦʥʠ (ʨʠʩ.6) ʮʶ ʫʤʦʚʫ ʤʦ-

ʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

2 2

min max

0 0

( ( , ) ) ( ( , ) ) min
T L

zag zagI Q R l t R S R l t R dldtè ø= - + - ê úññ ,  (6)

ʜʝ zagR  ï ʟʘʜʘʥʠʡ ʨʘʜʽʫʩ ʟʘʛʦʪʦʚʢʠ; 

T ï ʯʘʩ ʧʨʝʩʫʚʘʥʥʷ; 

L ï ʜʦʚʞʠʥʘ ʤʫʥʜʰʪʫʢʘ; 

Q, S ï ʚʘʛʦʚʽ ʤʘʪʨʠʮʽ. 

 

ʂʘʣ̔ʙʨʫʚʘʣɹʥʘ 

ʟʦʥʘ

Ŭ

ʌʦʨʤʫʚʘʣɹʥʘ 

ʟʦʥʘ

ɜ1

 
ʈʠʩ. 6 ʉʭʝʤʘ ʦʩʝʨʝʜʢʫ ʜʝʬʦʨʤʘʮʽʾ 
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ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʧʠʩʘʪʠ ʘʥʘʣʦʛʽʯʥʫ ʬʫʥʢʮʽʶ 

ʜʣʷ ʬʦʨʤʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ (ʨʠʩ.6) ʪʘ ʫʟʘʛʘʣʴʥʠʪʠ 

ʚʠʱʝʥʘʚʝʜʝʥʝ ʨʽʚʥʷʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʘʥʘʣʦʛ ʟʘ-

ʜʘʥʦʛʦ ʨʘʜʽʫʩʫ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʬʦʨʤʫʚʘʣʴʥʦʾ ʟʦʥʠ 

ʤʫʥʜʰʪʫʢʘ )(lRz .  

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʜʘʥʽʡ ʟʦʥʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʬʦ-

ʨʤʫʻʪʴʩʷ ʛʝʦʤʝʪʨʽʷ ʚʠʨʦʙʫ, ʪʦ ʜʦʮʽʣʴʥʦ ʚʠʤʘʛʘʪʠ, 

ʱʦʙ ʥʘ ʚʠʭʦʜʽ ʟ ʬʦʨʤʫʚʘʣʴʥʦʾ ʟʦʥʠ ʨʘʜʽʫʩ ʟʘʛʦʪʦ-

ʚʢʠ ʤʘʚ ʟʘʜʘʥʝ ʟʥʘʯʝʥʥʷ )(lRz  ʪʘʢʝ ʞ, ʷʢ ʽ ʜʣʷ 

ʚʩʽʻʾ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʟʦʥʠ zagR . ʊʦʜʽ ʜʣʷ ʬʦʨʤʫʚʘ-

ʣʴʥʦʾ ʟʦʥʠ )(lRz  ʤʘʻ ʙʫʪʠ ʬʫʥʢʮʽʻʶ ʚʽʜ ʜʦʚʞʠʥʠ 

ʽ ʚʠʟʥʘʯʘʪʠʩʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( ) ( )z ʌR l R l d= -,  (7) 

ʜʝ )(lRʌ  ï ʨʘʜʽʫʩ ʬʦʨʤʫʚʘʣʴʥʦʾ ʟʦʥʠ ʤʫʥʜ-

ʰʪʫʢʘ; 

zagʌ RRd -=  ï ʟʘʜʘʥʘ ʪʦʚʱʠʥʘ ʣʘʤʽʥʘʨ-

ʥʦʛʦ ʰʘʨʫ ʥʘʧʨʠʢʽʥʮʽ ʬʦʨʤʫʚʘʣʴʥʦʾ ʟʦʥʠ; 

ʊʦʜʽ ʜʣʷ ʦʙʦʭ ʟʦʥ ʤʫʥʜʰʪʫʢʘ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

2 2

min max

0 0

( ( , ) ( )) ( ( , ) ( )) min
T L

z zI Q R l t R l S R l t R l dldtè ø= - + - ê úññ . (8) 

 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʽʡʩʥʽ ʨʦʟʤʽʨʠ (ʨʘʜʽʫʩ ʧʦ ʚʩʽʡ 

ʜʦʚʞʠʥʽ) ʟʘʛʦʪʦʚʢʠ ʜʝʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʟʘʜʘʥʽ, ʪʘʢʫ 

ʟʘʛʦʪʦʚʢʫ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʤ ʰʣʷʭʦʤ 

ʜʦʚʦʜʷʪʴ ʜʦ ʧʦʪʨʽʙʥʠʭ ʨʦʟʤʽʨʽʚ. ʗʢʱʦ ʞ ʨʦʟʤʽʨʠ 

ʭʦʯʘ ʙ ʜʝʩʴ ʤʝʥʰʝ ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʪʦ ʪʘʢʫ ʟʘʛʦ-

ʪʦʚʢʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʧʨʘʚʣʷʪʠ ʥʘ ʧʝʨʝʨʦʙʢʫ, ʪʦʤʫ 

ʦʯʝʚʠʜʥʠʤ ʻ ʦʙʤʝʞʝʥʥʷ: 

min( , ) ( )zR l t R l² .  (9) 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʨʦʟʤʽʨʠ ʟʘʛʦʪʦʚʢʠ ʥʝ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʤʠ, ʪʦʤʫ ʱʦ ʧʦʚʠʥʥʽ ʚʠʪʨʠʤʫ-

ʚʘʪʠʩʴ ʫʤʦʚʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʪʦʙʪʦ: 

max( , ) ( )ʧʨR l t R l¢ , (10) 

ʜʝ min)()( dlRlR Mʧʨ -=  ï ʤʘʢʩʠʤʘʣʴ-

ʥʠʡ ʨʘʜʽʫʩ ʪʚʝʨʜʦʛʦ ʰʘʨʫ, ʟʘ ʷʢʦʛʦ ʚʠʢʦʥʫʶʪʴʩʷ 

ʫʤʦʚʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ, )(lRM  ï ʨʘʜʽʫʩ ʤʫʥʜ-

ʰʪʫʢʘ; mind  ï ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʪʦʚʱʠʥʘ ʣʘ-

ʤʽʥʘʨʥʦʛʦ ʰʘʨʫ. 

ʊʝʧʝʨ ʨʦʟʛʣʷʥʝʤʦ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘ-

ʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʪʦʚʱʠʥʠ ʣʘʤʽʥʘʨʥʦʛʦ ʰʘʨʫ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʝʣʝʢʪʨʦʜʥʘ ʤʘʩʘ ʚʚʘʞʘʻʪʴʩʷ 

ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʽʜʠʥʦʶ ɹʽʥʛʘʤʘ, ʣʘʤʽʥʘʨ-

ʥʠʡ ʰʘʨ ʙʫʜʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʧʨʠ ʫʤʦʚʘʭ, ʢʦʣʠ ʥʘ-

ʧʨʫʛʘ ʟʩʫʚʫ ʧʝʨʝʚʠʱʫʻ ʥʘʧʨʫʛʫ ʪʝʢʫʯʦʩʪʽ ʪʘʢʦʾ ʨʽ-

ʜʠʥʠ. ʊʘʢʽ ʫʤʦʚʠ ʚ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʥʘʛʨʽʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʰʘʨʽʚ ʤʘʩʠ, ʟʘ-

ʚʜʷʢʠ ʯʦʤʫ ʚ ʥʠʭ ʟʤʝʥʰʫʻʪʴʩʷ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ʜʦ 

ʪʠʭ ʧʽʨ, ʜʦʢʠ ʥʘʧʨʫʛʘ ʟʩʫʚʫ, ʩʧʨʠʯʠʥʝʥʘ ʚʠʜʘʚʣʶ-

ʚʘʥʥʷʤ ʤʘʩʠ ʯʝʨʝʟ ʤʫʥʜʰʪʫʢ, ʥʝ ʧʝʨʝʚʠʱʠʪʴ ʥʘ-

ʧʨʫʛʫ ʪʝʢʫʯʦʩʪʽ. 

ʊʦʜʽ ʫʤʦʚʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘ-

ʪʠʩʴ ʫ ʨʘʟʽ, ʢʦʣʠ ʻ ʭʦʯʘ ʙ ʜʚʘ ʰʘʨʠ ʝʣʝʢʪʨʦʜʥʦʾ 

ʤʘʩʠ, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 0tt> . ʅʘ 

ʧʨʘʢʪʠʮʽ ʞ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʥʝʽʜʝʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝ-

ʤʧʝʨʘʪʫʨʥʠʡ ʪʘ ʥʝʽʜʝʘʣʴʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʘʪʝʤʘʪʠ-

ʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʦʟʨʘʭʫʥʢʘʭ, 

ʨʦʙʠʪʴ ʥʝʤʦʞʣʠʚʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʪʝʦʨʝʪʠʯ-

ʥʠʭ ʫʤʦʚ. ʆʪʞʝ, ʻʜʠʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʟʘʣʠʰʘ-

ʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʪʦʚ-

ʱʠʥʠ ʣʘʤʽʥʘʨʥʦʛʦ ʰʘʨʫ ʝʤʧʽʨʠʯʥʦ, ʚʠʭʦʜʷʯʠ ʟ ʜʘ-

ʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ.  

ɿʘʜʘʥʝ ʟʥʘʯʝʥʥʷ mind  ʤʘʻ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʪʘ-

ʢʠʭ ʤʝʞʘʭ: 

min0 ( ) ( )M zd R l R l< < - .  (11) 

ɺʚʝʜʝʤʦ ʦʙʤʝʞʝʥʥʷ (7,8) ʟ ʚʨʘʭʫʚʘʥʥʷʤ (9) ʚ 

(6) ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ ʰʪʨʘʬʽʚ: 

min

1 min

min

, ( , ) ( )
( ( , ))

0, ( , ) ( )

z

z

F R l t R l
h R l t

R l t R l

<ë
=ì

²í
,    (12) 

max

2 max

max

, ( , ) ( )
( ( , ))

0, ( , ) ( )

ʧʨ

ʧʨ

F R l t R l
h R l t

R l t R l

>ë
=ì

¢í
.   (13) 

ʆʪʨʠʤʘʻʤʦ: 

2 2

min max 1 min 2 max

0 0

( ) ( ) ( ) ( ) min
T L

z zagI Q R R S R R h R h R dldtè ø= - + - + + ê úññ .  (14) 

 

5. ʈʦʟʨʘʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʠʭ ʟʘʢʦʥʽʚ ʢʝʨʫ-

ʚʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷʤ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʢʨʠʪʝʨʽʡ (14) ʧʦʚôʷʟʘʥʠʡ ʟ ʛʝ-

ʦʤʝʪʨʠʯʥʠʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʙʫ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ 

ʫ ʧʨʦʮʝʩʽ ʧʨʝʩʫʚʘʥʥʷ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʘʥʠʡ 

ʢʨʠʪʝʨʽʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʝʚʽʜʦʤʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ K 

ʫ ʚʠʨʘʟʽ (1). ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ K ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

1

1
ʨ ʢ

K
I

V t

=

+

 ,  (15) 

ʜʝ ʨV  - ʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʙôʻʤʫ ʤʫʥʜʰʪʫʢʘ, 

3ʤ , ʢt  - ʯʘʩ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ. 
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ʊʦʜ̔ ʟʘʛʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫ-

ʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ 

ʚʠʛʣʷʜʘʪʠʤʝ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( )( )
min

1
( )

1

e ʇ ʊ ʤ ʤ

ʦʧʪ

ʢ ʧ ʤ ʤʘʪ

ʨ ʢ

P W W P G
K

t v F
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V t

r

+ +
= 

+

.    (16) 

ʈʝʘʣʽʟʘʮʽʷ ʩʭʝʤʠ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ (16) ʚ simulink ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.7. 
 

 
ʈʠʩ.7. ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʨʝʘʣʽʟʦʚʘʥʘ ʚ simulink 

 

6. ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʦʧ-

ʪʠʤʘʣʴʥʠʭ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷʤ ʚʫ-

ʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ 

ʈʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ (16) ʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ 

ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʨʝʩʫʚʘʥʥʷ ʚ ʟʘʣʝʞ-

ʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ. 

ɿʘʜʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʤʦʞʝ ʙʫʪʠ ʟʘ-

ʙʝʟʧʝʯʝʥʠʡ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʫ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʪʦʯʢʘʭ, ʜʝ ʻ ʪʝʭʥʽʯʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʘʙʦ ʚʩʝʨʝʜʠʥʽ 

ʚʫʛʣʝʮʝʚʦʾ ʤʘʩʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢ ʜʘʪʯʠʢ ʪʝʤʧʝ-

ʨʘʪʫʨʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ [19]. ʊʘʢʘ ʩʠʩʪʝʤʘ ʢʝ-

ʨʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ ʇɯ- 

ʘʙʦ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘʭ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʰʚʠʜʢʦʩʪʽ ʧʨʝʩʫʚʘʥʥʷ, ʪʦ, ʥʘ 

ʜʫʤʢʫ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ [20, 21], ʚʦʥʘ ʻ ʢʣʶʯʦ-

ʚʦʶ ʟʤʽʥʥʦʶ ʜʣʷ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫ-

ʻʪʴʩʷ ʥʝʣʽʥʽʡʥʽʩʪʶ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʶ. ɺʨʘʭʦʚʫ-

ʶʯʠ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʚʫʛʣʝʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʻ ʬʘʢʪʠʯʥʦ ʮʠʢʣʽʯʥʠʤ, 

ʢʝʨʫʚʘʥʥʷ ʥʠʤ, ʷʢ ʚʚʘʞʘʶʪʴ ʘʚʪʦʨʠ [22,23], ʜʦʮʽ-

ʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʽʪʝʨʘʪʠ-

ʚʥʦʛʦ ʥʘʚʯʘʥʥʷ [24, 25]. 

ʄʽʥʽʤʽʟʘʮʽʷ (16) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʙʤʝʞʝʥʴ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʰʚʠʜ-

ʢʽʩʪʴ ʧʨʝʩʫʚʘʥʥʷ ʪʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʥʘʛʨʽʚʘʯʽʚ, ʟʘ 

ʷʢʠʭ ʧʠʪʦʤʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʙʫʜʝ ʤʽʥʽʤʽʟʦ-

ʚʘʥʘ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʦʪʨʽʙʥʠʭ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

7. ɺʠʩʥʦʚʢʠ 

ʉʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʦʜʥʠʤ 

ʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ ï ʧʨʦʮʝʩʦʤ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ï ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟ-

ʥʠʢʽʚ ʧʨʦʮʝʩʫ ʧʨʝʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ ʻ ʘʢ-

ʪʫʘʣʴʥʦʶ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʜʘʯʝʶ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʩʚʽʜʯʠʪʴ ʾʭ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢ ʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʞʦ-

ʜʥʘ ʟ ʥʠʭ ʥʝ ʚʨʘʭʦʚʫʻ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟ-

ʥʠʢʠ ʧʨʦʮʝʩʫ. 

ɺʠʢʦʥʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʙʫʤʦʚʠʣʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʜʽʡʩʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʝʩʫ 

ʜʣʷ ʦʮʽʥʢʠ ʧʠʪʦʤʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʩʪʚʦʨʝʥʦ ʢʨʠʪʝ-

ʨʽʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʬʦ-

ʨʤʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʘʣʦ ʤʦ-

ʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʢʝ-

ʨʫʚʘʥʥʷ, ʨʦʟʚôʷʟʦʢ ʷʢʦʾ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʤʽʥʽʤʽʟʫ-

ʚʘʪʠ ʧʠʪʦʤʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʟ ʜʦʪʨʠʤʘʥʥʷʤ 
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ɸʥʥʦʪʘʮʠʷ 
ʇʨʦʚʝʜʝʥʥʘʷ ʋɿɼɻ ʫ ʙʦʣʴʥʳʭ ʚ ʨʘʥʥʝʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ ʧʦʩʣʝ ʧʝʨʝʥʝʩʝʥʥʦʛʦ ʠʰʝʤʠʯʝ-

ʩʢʦʛʦ ʠʥʩʫʣʴʪʘ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʢʣʠʥʠʢʦ-ʜʦʧʣʝʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʟʘʙʦʣʝʚʘ-
ʥʠʷ. ʎʝʨʝʙʨʘʣʴʥʘʷ ʛʝʤʦʜʠʥʘʤʠʢʘ ʚ ʟʦʥʝ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ (ɺʉɸ, ʉʄɸ ʠ ʇʄɸ) ʥʘ ʩʪʦʨʦʥʝ ʧʦʨʘʞʝʥʠʷ ʭʘ-
ʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʩʨʝʜʥʝʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 
ʢʨʦʚʦʪʦʢʘ ʠ ʥʘʠʙʦʣʴʰʝʡ ʘʩʠʤʤʝʪʨʠʝʡ ʢʨʦʚʦʪʦʢʘ, ʯʝʤ ʥʘ ʩʪʦʨʦʥʝ ʟʜʦʨʦʚʦʛʦ ʧʦʣʫʰʘʨʠʷ. ʕʪʘ ʟʘʢʦʥʦʤʝʨ-
ʥʦʩʪʴ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʘʩʠʤʤʝʪʨʠʠ ʢʨʦʚʦʪʦʢʘ ʠ ʥʘʨʘʩʪʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʦ-

ʩʫʜʠʩʪʳʭ ʠʟʤʝʥʝʥʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ ʘʪʝʨʦʩʢʣʝʨʦʟʘ) ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʫ ʙʦʣʴʥʳʭ ʠʰʝʤʠʯʝʩʢʠʤ ʠʥʩʫʣʴʪʦʤ, ʩʦ-
ʯʝʪʘʥʥʳʤ ʩ ʦʩʥʦʚʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ ʥʘʨʫʰʝʥʠʡ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩʠʩʪʝʤʳ ʛʝʤʦʩʪʘʟʘ, ʠʟʤʝʥʝʥʠʡ 
ʙʝʣʢʦʚʳʭ ʬʨʘʢʮʠʡ ʢʨʦʚʠ, ʩʦʜʝʨʞʘʥʠʷ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ. ʅʘʣʠʯʠʝ ʫ ʙʦʣʴʥʳʭ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʠʰʝʤʠʯʝ-
ʩʢʦʛʦ ʠʥʩʫʣʴʪʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʫʛʥʝʪʝʥʠʝʤ ʮʝʨʝʙʨʦʚʘʩ-
ʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ, ʨʦʩʪʦʤ ʘʩʠʤʤʝʪʨʠʠ ʢʨʦ-
ʚʦʦʙʨʘʱʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʉʄɸ ʠ ʇʄɸ ʘʨʪʝʨʠʷʭ, ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʥʘ ʩʪʦʨʦʥʝ ʧʦʨʘʞʝʥʠʷ ʯʝʤ ʚ ʟʜʦʨʦʚʦʤ 
ʧʦʣʫʰʘʨʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʮʝʨʝʙʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘ-
ʪʫʩʦʤ ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (r = 68). ʆʪʤʝʯʝʥʦ, ʯʪʦ ʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝ-
ʥʠʷ ʚ ʢʘʨʦʪʠʜʥʦʤ ʙʘʩʩʝʡʥʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʫʤʝʨʝʥʥʳʤʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ, ʤʝʥʝʝ ʩʫʱʝ-
ʩʪʚʝʥʥʳʝ ʫ ʣʠʮ ʩ ʣʝʛʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ. 

Abstract 
Doppler ultrasonography performed in patients in the early recovery period after an ischemic stroke made it 

possible to determine ambiguous clinical and dopplerographic changes in the disease. Cerebral hemodynamics in 
the zone of the carotid arteries (ICA, MʉA and PCA) on the affected side was characterized by lower systolic 
average and maximum linear blood flow velocities and greater asymmetry of blood flow than on the healthy hem-
isphere. This pattern is consistent with the known literature. 

It was established that an increase in the asymmetry of blood flow and an increase in structural and morpho-
logical vascular changes (in particular atherosclerosis) are associated in patients with ischemic stroke, combined 
with the main disease of disorders of blood pressure and hemostasis, changes in blood protein fractions, and blood 
glucose. The presence of these deviations in patients with the consequences of ischemic stroke is accompanied by 
a more pronounced inhibition of cerebrovascular dynamics, which are characterized by a decrease in blood flow 
velocity, an increase in asymmetry of blood circulation, especially in the MCA and PCA arteries, to a greater 
extent on the side of the lesion than in the healthy hemisphere. It was found that between the indicators of cerebral 
hemodynamics and neurological status, there is a direct relationship (r = 68). It was noted that more significant 
hemodynamic changes in the carotid pool in patients with moderate neurological disorders, less significant in 
individuals with mild manifestations of neurological pathology. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʰʝʤʠʯʝʩʢʠʡ ʠʥʩʫʣʴʪ, ʢʦʛʥʠʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʮʝʨʝʙʨʘʣʴʥʘʷ ʛʝʤʦʜʠʥʘʤʠʢʘ. 
Keywords: ischemic stroke, cognitive impairment, cerebral hemodynamics. 
 
ɺʳʩʦʢʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʠʰʝʤʠʯʝ-

ʩʢʦʛʦ ʠʥʩʫʣʴʪʘ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʦʪʦʡ ʠ ʧʨʦ-
ʜʦʣʞʘʶʱʠʤʩʷ ʨʦʩʪʦʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, ʩ ʚʳʩʦʢʠʤʠ 
ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʠʥʚʘʣʠʜʠʟʘ-
ʮʠʠ ʙʦʣʴʥʳʭ, ʩ ʨʘʟʚʠʪʠʝʤ ʮʝʣʦʛʦ ʨʷʜʘ ʦʩʣʦʞʥʝʥʠʡ 
ʠ ʚʳʩʦʢʦʡ ʩʤʝʨʪʥʦʩʪʴʶ [1,2,3].  
ɹʦʣʴʥʳʝ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʤʦʟʛʦʚʦʛʦ ʠʥʩʫʣʴʪʘ 

ʩʦʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʡ ʢʦʥʪʠʥʛʝʥʪ ʥʝʡʨʦ-
ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ 
ʦʙʫʩʣʦʚʣʝʥʘ, ʧʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʜʣʠʪʝʣʴʥʳʤ ʩʦʭʨʘʥʝʥʠʝʤ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 
ʨʝʛʨʝʩʩʦʤ ʦʩʥʦʚʥʳʭ ʩʠʤʧʪʦʤʦʚ ʠʰʝʤʠʯʝʩʢʦʛʦ ʠʥ-
ʩʫʣʴʪʘ- ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠ-
ʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʝʩʝʥʥʳʭ ʦʩʪʨʳʭ ʩʦʩʫʜʠ-
ʩʪʳʭ ʧʦʨʘʞʝʥʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ [4,5].  
ʆʙʥʘʨʫʞʝʥʘ ʩʚʷʟʴ ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ ʩ 

ʥʘʩʪʫʧʠʚʰʠʤʠ ʥʝʡʨʦʜʠʩʪʨʦʬʠʯʝʩʢʠʤʠ ʧʦʨʘʞʝʥʠ-
ʷʤʠ ʦʪʜʝʣʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨ-
ʪʝʥʟʠʝʡ, ʩʦʩʪʦʷʥʠʝʤ ʣʠʧʠʜʥʦʛʦ ʠ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙ-
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ʤʝʥʘ, ʠʟʤʝʥʝʥʠʝʤ ʚ ʩʚʝʨʪʳʚʘʶʱʝʡ, ʧʨʦʪʠʚʦʩʚʝʨ-
ʪʳʚʘʶʱʝʡ ʠ ʬʠʙʨʠʥʦʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʨʦʚʠ 
[4,6,7]. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʪʷʞʝʩʪʴʶ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʦʩʦʙʝʥ-
ʥʦʩʪʷʤʠ ʠʟʤʝʥʝʥʠʡ ʮʝʨʝʙʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʠ 
ʥʘʣʠʯʠʝʤ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ (ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥ-
ʟʠʠ, ʧʦʚʳʰʝʥʠʠ ʚʷʟʢʦʩʪʠ ʢʨʦʚʠ, ʜʠʩʣʠʧʠʜʝʤʠʠ ʠ 
ʛʠʧʝʨʛʣʠʢʝʤʠʠ) ʫ ʙʦʣʴʥʳʭ ʠʰʝʤʠʯʝʩʢʠʤ ʠʥʩʫʣʴ-
ʪʦʤ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ. 
ʄʝʪʦʜʦʤ ʋɿɼɻ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʝʨʝ-

ʙʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʚ ʙʘʩʩʝʡʥʘʭ ɺʉɸ ʫ 65 
ʙʦʣʴʥʳʭ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʛʝʤʠʩʬʝʨʥʦʛʦ ʠʰʝʤʠʯʝ-
ʩʢʦʛʦ ʠʥʩʫʣʴʪʘ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 5 ʜʦ 62 ʣʝʪ. ʉʨʝʜʠ ʥʠʭ 
39 ʤʫʞʯʠʥ 26 ʞʝʥʱʠʥ. ɺʩʝ ʧʘʮʠʝʥʪʳ ʠʤʝʣʠ ʠʜʝʥ-
ʪʠʯʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʦʜ-
ʥʦʤ ʩʦʩʫʜʠʩʪʦʤ ʙʘʩʩʝʡʥʝ ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʂʊ 
ʠʣʠ ʄʈʊ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 
ɺ ʦʙʱʝʤ ʢʦʤʧʣʝʢʩʝ ʢʣʠʥʠʢʦ - ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʫ ʙʦʣʴʥʳʭ ʙʳʣʠ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ 
ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ, ʩʦʯʝʪʘʶʱʠʭʩʷ ʩ ʘʨ-
ʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ, ʥʘʨʫʰʝʥʠʷʤʠ ʛʝʤʦʩʪʘʟʘ, 
ʙʝʣʢʦʚʦʛʦ ʠ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ. ʕʪʦ ʧʨʝʜʦʩʪʘʚʠʣʦ 
ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʜʝʣʠʪʴ 
ʧʘʮʠʝʥʪʦʚ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʇʝʨʚʫʶ - ʩʦʩʪʘʚʠʣʠ 29 
(44,6%) ʧʘʮʠʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʣʝʛʢʠʝ ʢʦʛʥʠʪʠʚʥʳʝ 
ʨʘʩʩʪʨʦʡʩʪʚʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʥʝʩʫʱʝʩʪʚʝʥ-
ʥʳʤʠ ʩʜʚʠʛʘʤʠ ʫ ʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʷʟʢʦʩʪʠ ʢʨʦʚʠ, 
ʭʦʣʝʩʪʝʨʠʥʦʚʦʛʦ ʦʙʤʝʥʘ, ʤʘʣʦʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʚʳ-
ʰʝʥʠʝʤ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʚ ʩʨʝʜʥʝʤ 144/92 
ʤʤ. ʈʪ.ʩʪ.). ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ 36 ʯʝʣʦʚʝʢ (55,4%) 
ʚʢʣʶʯʘʣʠʩʴ ʙʦʣʴʥʳʝ ʩ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʤʠ ʫʤʝ-
ʨʝʥʥʳʤʠ ʥʝʡʨʦʧʩʠʭʠʯʝʩʢʠʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ, ʧʨʦ-
ʷʚʣʷʶʱʠʝʩʷ ʥʘ ʬʦʥʝ ʧʦʚʳʰʝʥʥʦʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 
ʜʘʚʣʝʥʠʷ (ʙʦʣʴʰʝ 150/90 ʤʤ. ʈʪ.ʩʪ., ʚ ʩʨʝʜʥʝʤ 
170,5/99,2 ʤʤ. ʈʪ.ʩʪ.), ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʦʢʘʟʘʪʝ-
ʣʝʡ ʚʷʟʢʦʩʪʠ ʢʨʦʚʠ, ʭʦʣʝʩʪʝʨʠʥ ʣʠʧʦʧʨʦʪʝʠʜʦʚ 
ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʛʣʶʢʦʟʳ ʢʨʦʚʠ. 
ʂʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʠʣʠ 20 ʟʜʦʨʦʚʳʭ 

ʜʦʥʦʨʦʚ-ʜʦʙʨʦʚʦʣʴʮʝʚ, ʘʥʘʣʦʛʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩ 
ʙʦʣʴʥʳʤʠ, ʩʪʨʘʜʘʶʱʠʤʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤ ʜʝʬʠ-
ʮʠʪʦʤ, ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʮʝʨʝʙʨʦʚʘʩʢʫʣʷʨʥʦʡ ʧʘʪʦʣʦ-
ʛʠʠ. 
ɺ ʧʨʦʮʝʩʩʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʥ-

ʥʝʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ (ʩʧʫʩʪʷ 2-3 ʤʝʩʷʮʘ 
ʧʦʩʣʝ ʧʝʨʝʥʝʩʝʥʥʦʡ ʦʩʪʨʦʡ ʩʦʩʫʜʠʩʪʦʡ ʢʘʪʘ-
ʩʪʨʦʬʳ) ʚʩʝʤ ʧʘʮʠʝʥʪʘʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʋɿɼɻ: 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʠ ʧʦʩʣʝ ʟʘʚʝʨ-
ʰʝʥʠʷ ʢʫʨʩʘ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 
ʉ ʫʯʝʪʦʤ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ (ʢʘʨʦʪʠʜʥʦʤ 

ʙʘʩʩʝʡʥʝ) ʠʟʤʝʨʷʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʮʝʨʝʙʨʘʣʴʥʦʛʦ 
ʢʨʦʚʦʪʦʢʘ ʚ ʙʘʩʩʝʡʥʘʭ ɺʉɸ, ʉʄɸ, ʇʄɸ ʠ ʇɸ, ʩ 
ʜʚʫʭ ʩʪʦʨʦʥ. 
ɺʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʨʪʝʨʠʷʭ ʥʘ ʩʪʦʨʦʥʝ 

ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʤʦʟʛʦʚʦʛʦ ʢʦʥʬʣʠʢʪʘ ʨʝʛʠʩʪʨʠʨʦ-
ʚʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 
ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ. 
ʂʨʦʤʝ ʪʦʛʦ, ʩʢʦʨʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʦʪʦʢʘ 

ʚ ɺʉɸ, ʇʄɸ, ʉʄɸ ʀ ʇɸ ʫ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ 
ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʡ ʙʦʣʝʟʥʴʶ, ʠʤʝʶ-
ʱʠʭ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʘʪʝʨʦʛʝʥʥʦʩʪʠ, ʧʦʚʳ-
ʰʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 
ʢʨʦʚʠ, ʦʢʘʟʘʣʠʩʴ ʭʫʜʰʠʤʠ ʠ ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘ-
ʣʠʩʴ ʦʪ ʪʘʢʦʚʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʙʝʟ 
ʚʳʷʚʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʜ-
ʯʝʨʢʥʫʪʴ, ʯʪʦ ʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʜʚʝʨʛʘʣʠʩʴ, 
ʢʘʢ ʩʨʝʜʥʷʷ, ʪʘʢ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʠʩʪʦʣʠʯʝʩʢʘʷ ʣʠ-
ʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʢʨʦʚʦʪʦʢʘ (ʃʉʂ). ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, 
ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʫʭʫʜʰʝʥʠʷ ʮʝʨʝʙʨʘʣʴ-
ʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʚʳʷʚʣʷʣʠʩʴ ʚ ʙʘʩʩʝʡʥʝ ʉʄɸ, 
ʥʘʠʤʝʥʴʰʝʝ ʚ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. 
ʋʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʢʨʦʚʦʪʦʢʘ ʧʦ ʧʨʘʚʳʤ ʠ ʣʝʚʳʤ ʦʩʥʦʚʥʳʤ ʤʘʛʠ-
ʩʪʨʘʣʴʥʳʤ ʘʨʪʝʨʠʷʤ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʧʨʝʜʩʪʘʚ-
ʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.1, ʠ ʪʘʙʣʠʮʝ 5.2. 
ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 5.1, ʜʘʥʥʳʝ ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʘʮʠʝʥʪʳ 1 ʛʨʫʧʧʳ, ʫ ʢʦʪʦʨʳʭ ʦʩ-
ʥʦʚʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʥʝ ʩʦʯʝʪʘʣʦʩʴ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ 
ʛʠʧʝʨʪʝʥʟʠʝʡ, ʙʝʟ ʚʳʨʘʞʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʘʨʫʰʝ-
ʥʠʷ ʛʝʤʦʩʪʘʟʘ, ʦʙʤʝʥʘ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʛʣʶʢʦʟʳ 
ʢʨʦʚʠ, ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʡ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʚ 
ʙʘʩʩʝʡʥʝ ɺʉɸ ʠ ʉʄɸ ʙʦʣʝʝ ʟʥʘʯʠʤʦ ʥʘ ʩʪʦʨʦʥʝ ʧʦ-
ʨʘʞʝʥʠʷ. ʆʧʨʝʜʝʣʷʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ 
ʃʉʂ ʚ ʧʨʘʚʳʭ ʠ ʣʝʚʳʭ ʇʄɸ ʠ ʇɸ, ʠ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ 
ʙʝʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 
ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʩʨʝʜʥʝʡ ʩʠʩʪʦʣʠʯʝ-

ʩʢʦʡ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʫ ʙʦʣʴʥʳʭ 1 ʠ 2 ʛʨʫʧʧ 
ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʘʟʣʠ-
ʯʠʷ: ʢʨʦʚʦʪʦʢ ʚ ɺʉɸ, ʉʄɸ ʠ ʇʄɸ ʥʘ ʩʪʦʨʦʥʝ ʧʦ-
ʨʘʞʝʥʠʷ ʠ ʥʘ ʩʪʦʨʦʥʝ ʟʜʦʨʦʚʦʛʦ ʧʦʣʫʰʘʨʠʷ ʠʤʝʣ 
ʠʜʝʥʪʠʯʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ, ʥʦ 
ʬʠʢʩʠʨʦʚʘʣʩʷ ʝʛʦ ʜʝʬʠʮʠʪ ʙʦʣʝʝ ʟʥʘʯʠʤʳʡ ʫ ʙʦʣʴ-
ʥʳʭ 2-ʡ ʛʨʫʧʧʳ (p<0,05). 

ʊʘʙʣʠʮʘ 5.1. 
ɼʦʧʣʝʨʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʝʡ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ (Vpse) ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʦ-

ʩʫʜʘʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʫ ʙʦʣʴʥʳʭ 1 ʠ 2 ʛʨʫʧʧ (M+-m, cʤ/ʩ) 

ʇʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʝʡ ʩʠʩʪʦʣʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ ʤʘʛʠʩʪʨʘʣʴ-

ʥʳʭ ʘʨʪʝʨʠʷʭ 

ʛʨʫʧʧʳ ʠʩʩʣʝʜʫʝʤʳʭ 

1 ʛʨʫʧʧʘ (n = 26) 2 ʛʨʫʧʧʘ (n = 36) ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ 

(n = 20) 

ʧʨʘʚʘʷ ʣʝʚʘʷ ʧʨʘʚʘʷ ʣʝʚʘʷ ʧʨʘʚʘʷ ʣʝʚʘʷ 

ɺʉɸ 72,8Ñ3,5* 69,8Ñ 3,3* 70,1Ñ4,8* 61,0Ñ2,0 * **  79,9Ñ3,7 77,7Ñ4,0 

ʉʄɸ 82,3Ñ5,8* 76,4Ñ2,5* 76,3Ñ2,3* 58,8Ñ4,1* **  99,2Ñ6,3 92,5Ñ7,2 

ʇʄɸ 49,2Ñ4,1 48,1Ñ2,6 46,8Ñ2,6 40,2Ñ2,2* **  53,6Ñ5,0 51,6Ñ3,8 

ʇɸ 25,8Ñ 2,2 24,1Ñ 3,8 22,7Ñ 3,0 20,0Ñ3,7* 27,9Ñ3,6 29,2Ñ2,8 

ʇʨʠʤʝʯʘʥʠʝ: * ʨ 0,05 ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʫʧʧʝ ʟʜʦʨʦʚʳʭ 

** ʨ 0,05 ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʤʝʞʜʫ 1 ʠ 2 ʛʨʫʧʧʘʤʠ. 
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ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚʘʞʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʧʦʪʝʥʮʠ-

ʨʫʶʱʠʤʠ ʥʘʨʫʰʝʥʠʷ ʢʨʦʚʦʪʦʢʘ ʚ ʤʦʟʛʦʚʳʭ ʘʨʪʝ-

ʨʠʷʭ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷʚʣʷʣʠʩʴ 

ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʦʩʥʦʚʥʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ ʘʨʪʝʨʠ-

ʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ, ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʛʦʤʝʦ-

ʩʪʘʟʘ (ʛʠʧʝʨʢʦʘʛʫʣʷʮʠʷ, ʛʠʧʝʨʘʛʨʝʛʘʮʠʷ, ʛʠʧʝʨ-

ʬʠʙʨʠʥʦʛʝʥʝʤʠʷ), ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʝʡ ʛʣʶʢʦʟʳ 

ʢʨʦʚʠ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʳʣʦ ʥʝ ʟʥʘʯʠʪʝʣʴ-

ʥʦʝ. ʇʨʠʯʝʤ, ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ 

ʩʨʝʜʥʝʡ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ ɺʉɸ, 

ʉʄɸ ʠ ʇʄɸ ʫ ʙʦʣʴʥʳʭ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʚʳʷʚʣʝ-

ʥʠʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʳʰʝ ʫʩʫʛʫʙʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʮʝʨʝʙʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʫ 

ʙʦʣʴʥʳʭ ʩ ʠʰʝʤʠʯʝʩʢʠʤ ʠʥʩʫʣʴʪʦʤ ʚ ʚʦʩʩʪʘʥʦʚʠ-

ʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ ʙʳʣʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʠʟʤʝʥʝ-

ʥʠʷ ʚ ʢʘʨʦʪʠʜʥʦʤ ʙʘʩʩʝʡʥʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʢʨʦʚʦʪʦʢʘ ʚ ʨʫʩʣʝ ɺʉɸ, ʉʄɸ, ʇʄɸ ʠ ɿʄɸ. ʋʤʝʥʴ-

ʰʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʚ ʨʫʩʣʝ ʩʨʝʜʥʝʡ ʤʦʟʛʦʚʦʡ ʠ ʧʝ-

ʨʝʜʥʝʡ ʤʦʟʛʦʚʦʡ ʘʨʪʝʨʠʡ, ʢʦʪʦʨʳʝ ʢʨʦʚʦʩʥʘʙʞʘʶʪ 

ʟʦʥʫ ʧʦʨʘʞʝʥʠʷ (ʪʘʙ. 5.2). 

ʊʘʙʣʠʮʘ5.2. 

ɼʦʧʣʝʨʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ ʮʝʨʝʙʨʦʚʘʩʢʫʣʷʨ-

ʥʦʤ ʨʫʩʣʝ ʫ ʙʦʣʴʥʳʭ ʩ ʠʰʝʤʠʯʝʩʢʠʤ ʠʥʩʫʣʴʪʦʤ 1 ʠ 2 ʛʨʫʧʧʳ, ʩʤ/ʩ. 

ʇʦʢʘʟʘʪʝʣʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʩʠʩʪʦʣʠʯʝ-

ʩʢʦʡ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦ-

ʪʦʢʘ 

ʛʨʫʧʧʳ ʠʩʩʣʝʜʫʝʤʳʭ 

1 ʛʨʫʧʧʘ (n = 29) 2 ʛʨʫʧʧʘ (n = 36) ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ  

(n = 20) 

ʧʨʘʚʘʷ ʣʝʚʘʷ ʧʨʘʚʘʷ ʣʝʚʘʷ ʧʨʘʚʘʷ ʣʝʚʘʷ 

ɺʉɸ 45,8Ñ3,7* 41,4Ñ3,1* 58,5Ñ4,6* 54,3Ñ3,6* 80,5Ñ4,3 78,1Ñ3,7 

ʉʄɸ 61,5Ñ2,2* 58,1Ñ2,3* 81,9Ñ6,3* 78,3Ñ4,6* 119,3Ñ8,4 115,3Ñ6,2 

ʇʄɸ 55,4Ñ5,1* 52,3Ñ4,1* 61,1Ñ4,7* 57,3Ñ3,9* 92,4Ñ6,6 86,4Ñ4,3 

ɿʄɸ 45,1Ñ3,8* 39,6Ñ2,8* 51,3Ñ4,2* 49,1Ñ4,3* 63,7Ñ7,3 60,2Ñ6,2 

ʇʨʠʤʝʯʘʥʠʝ: ʨ <0,05 - ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʫʧʧʝ ʟʜʦʨʦʚʳʭ. 

 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʚʘʩʢʫʣʷʨʠʟʘ-

ʮʠʠ ʥʘʨʘʩʪʘʣʦ ʦʪ 1 ʜʦ 2 ʛʨʫʧʧʳ ʥʘ ʩʪʦʨʦʥʝ ʧʦʨʘʞʝ-

ʥʠʷ, ʪʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʮʝʨʝʙʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘ-

ʤʠʢʠ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʩʦʩʪʦʷʥʠʝʤ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʛʦʤʝʦʩʪʘʟʘ, ʭʦʣʝʩʪʝʨʠʥʦʚʦʡ ʬʨʘʢʮʠʠ 

ʢʨʦʚʠ, ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʶʢʦʟʳ ʢʨʦʚʠ. ʊʘʢʘʷ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʴ ʥʘʛʣʷʜʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʘ, ʯʪʦ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʛʠʧʧʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʮʝʨʝʙʨʘʣʴʥʦʡ 

ʛʝʤʦʜʠʥʘʤʠʢʠ ʠ ʦʩʦʙʝʥʥʦ ʝʛʦ ʛʣʫʙʦʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʬʦʥʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 

ʨʠʩʢʘ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʚʠʪʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʠ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ ʫ ʙʦʣʴʥʳʭ ʩ ʠʰʝʤʠʯʝ-

ʩʢʠʤ ʠʥʩʫʣʴʪʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʦʣʴʥʳʝ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʛʨʫʧʧʳ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʫʶ ʚʳʨʘʞʝʥ-

ʥʦʩʪʴ ʢʦʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ (ʣʝʛʢʫʶ ʠ ʫʤʝʨʝʥ-

ʥʫʶ) ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ, ʧʦʩʣʝ ʧʝʨʝʥʝ-

ʩʝʥʥʦʛʦ ʠʰʝʤʠʯʝʩʢʦʛʦ ʠʥʩʫʣʴʪʘ ʦʢʘʟʘʣʠʩʴ ʥʝʦʜʥʦ-

ʨʦʜʥʳʤʠ ʠ ʧʦ ʜʦʧʣʝʨʦʛʨʘʬʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʥʘʨʫʰʝʥʠʝʤ ʩʨʝʜʥʠʡ ʩʠʩʪʦʣʠ-

ʯʝʩʢʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʣʠʥʝʡʥʦʡ 

ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ ʧʦʨʘʞʝʥʥʦʤ ʠ ʟʜʦʨʦʚʦʤ ʧʦ-

ʣʫʰʘʨʠʠ: ʩʢʦʨʦʩʪʴ ʢʨʦʚʦʪʦʢʘ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʦ-

ʩʫʜʘʭ ʛʦʣʦʚʳ ʠ ʰʝʠ ʥʘ ʩʪʦʨʦʥʝ ʧʦʨʘʞʝʥʠʷ ʫ ʙʦʣʴ-

ʥʳʭ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʫʤʝʥʴʰʠʣʘʩʴ ʚ ʙʦʣʴʰʝʡ ʩʪʝ-

ʧʝʥʠ, ʯʝʤ ʫ ʙʦʣʴʥʳʭ 1 ʛʨʫʧʧʳ ʠ ʠʤʝʣʠ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʀʟʫʯʘʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʮʝ-

ʨʝʙʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʚ ʟʦʥʝ ʟʜʦʨʦʚʦʛʦ ʧʦʣʫ-

ʰʘʨʠʷ ʙʦʣʴʥʳʭ ʦʙʝʠʭ ʛʨʫʧʧ ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣʠʩʴ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʦʡ, ʦʩʦʙʝʥʥʦ ʫ ʙʦʣʴʥʳʭ 

ʚʪʦʨʦʡ ʛʨʫʧʧʳ. ʋʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ 

ʉʄɸ ʠ ʇʄɸ ʟʜʦʨʦʚʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʦʯʝʚʠʜʥʦ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʤʝʱʝʥʠʠ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚ-

ʥʦʚʝʩʠʷ ʚ ʩʪʦʨʦʥʫ ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ ʩ ʚʢʣʶʯʝʥʠʝʤ 

ʤʝʭʘʥʠʟʤʦʚ ʘʫʪʦʨʝʛʫʣʷʮʠʠ ʤʦʟʛʦʚʦʛʦ ʢʨʦʚʦʦʙʨʘ-

ʱʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʨʫʰʝʥ-

ʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʚ ʟʦʥʝ ʠʰʝʤʠʠ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢʣʠʥʠʢʦ - ʜʦʧʧʣʝ-

ʨʦʛʨʘʬʠʯʝʩʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥ-

ʥʦʩʪʠ ʘʩʠʤʤʝʪʨʠʠ ʢʨʦʚʦʪʦʢʘ ʚ ʩʦʥʥʳʭ ʘʨʪʝʨʠʷʭ ʛʦ-

ʣʦʚʥʦʛʦ ʤʦʟʛʘ ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʮʠʝʥʪʦʚ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʛʨʫʧʧ. ʇʨʠ ʩʦʯʝʪʘʥʠʠ ʦʩʥʦʚʥʦʛʦ ʟʘʙʦʣʝʚʘ-

ʥʠʷ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ, ʧʘʨʘʢʣʠʥʠʯʝ-

ʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʫ ʙʦʣʴʥʳʭ 2 ʛʨʫʧʧʳ ʨʝʛʠʩʪʨʠ-

ʨʦʚʘʣʦʩʴ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʩʠʤʤʝʪʨʠʠ ʢʨʦʚʦʪʦʢʘ 

(ʂɸ). ʆʪʤʝʯʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠ ʜʦʩʪʦʚʝʨʥʘʷ ʨʘʟ-

ʥʠʮʘ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ ʥʦʨʤʳ ʠ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨ-

ʚʦʡ ʛʨʫʧʧʳ ʙʦʣʴʥʳʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʝʣʠʯʠʥʘʤʠ, ʧʦ-

ʣʫʯʝʥʥʳʤʠ ʫ ʙʦʣʴʥʳʭ 2 ʛʨʫʧʧʳ (p<0,001). ʊʘʢ, ʧʘ-

ʨʘʤʝʪʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʩʠʤʤʝʪʨʠʠ ʩʦʩʪʘʚʠʣʠ ʫ 

ʙʦʣʴʥʳʭ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʫʩʣʝ 

ɺʉɸ 15,6Ñ1,5%, ʉʄɸ 20,3Ñ2,3% ʇʄɸ 25,6Ñ2,9% ʚ 

ʟʦʥʝ ʧʦʨʘʞʝʥʠʷ, ʘ ʫ ʙʦʣʴʥʳʭ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʩʨʝʜ-

ʥʝʝ ʟʥʘʯʝʥʠʝ ʂɸ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʥʠʞʝʥʠʝʤ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ɺʉɸ 13,7Ñ1,2%; 

ʉʄɸ 12,6Ñ2,1%; ʇʄɸ 18,6Ñ2,4%). ʅʦʨʤʘʪʠʚʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ, ʩʦʩʪʘ-

ʚʠʣʠ ɺʉɸ 11,4Ñ1,0%; ʉʄɸ 10,3Ñ1,8%; ʇʄɸ 

19,8Ñ3,0% ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʜʘʥʥʳʭ 

ʣʠʪʝʨʘʪʫʨʳ. 

ɿʜʝʩʴ ʫʤʝʩʪʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʢʨʦʚʦ-

ʦʙʨʘʱʝʥʠʷ ʟʦʥʝ ʧʦʨʘʞʝʥʠʷ ʫ ʥʘʰʠʭ ʧʘʮʠʝʥʪʦʚ ʥʝ 

ʠʤʝʣʠ ʯʝʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʢʨʦʩʪʨʫʢʪʫʨʠʟʘʮʠʠ 

ʠʟʤʝʥʝʥʠʡ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʦʩʫʜʘʭ. ʊʘʢ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʡ ʜʦʧʧʣʝʨʦʛʨʘʬʠʠ ʩʦʩʫʜʦʚ ʰʝʠ ʧʨʠʟʥʘʢʠ 

ʥʘʨʫʰʝʥʠʷ ʭʦʜʘ ʩʦʥʥʦʡ ʠ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ ʚ 

ʚʠʜʝ S-ʧʦʜʦʙʥʳʭ ʩʛʠʙʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʫ 2 

(6,9%) ʙʦʣʴʥʳʭ 1 ʛʨʫʧʧʳ ʠ ʫ ʦʜʥʦʛʦ (2,8%) ʙʦʣʴ-
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ʥʳʭ ʚʪʦʨʦʡ ʛʨʫʧʧʳ. ʍʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝ-

ʣʝʡ ʦʙʝʠʭ ʛʨʫʧʧ ʙʳʣʦ ʥʘʣʠʯʠʝ ʤʘʢʨʦ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʚʠʜʝ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʥʘ 

ʩʛʠʙʘʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʘʨʪʝʨʠʡ (ʙʦʣʝʝ ʯʝʤ ʫ 

87,7%ʩʣʫʯʘʝʚ), ʥʦ ʧʨʠ ʵʪʦʤ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʝ-

ʧʷʪʩʪʚʠʷ ʢʨʦʚʦʪʦʢʘ ʦʪʤʝʯʝʥʳ ʣʠʰʴ ʫ 10 (15, 4%) ʠʟ 

ʢʦʪʦʨʳʭ 6 (16,7%) ʯʝʣʦʚʝʢ ʦʪʥʦʩʠʣʠʩʴ ʢʦ ʚʪʦʨʦʡ 

ʛʨʫʧʧʝ. ɺʳʨʘʞʝʥʳ ʛʠʧʝʨʪʨʦʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʩʪʝʥʦʟʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʦʜ-

ʥʦʛʦ (3,8%) ʙʦʣʴʥʦʛʦ 1 ʛʨʫʧʧʳ, ʫʤʝʨʝʥʥʳʡ ʩʪʝʥʦʟ 

ʜʦ 50% ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʫʩʪʴʝ ʩʨʝʜʥʝʡ ʤʦʟʛʦʚʦʡ 

ʘʨʪʝʨʠʠ ʥʘ ʩʪʦʨʦʥʝ ʧʦʨʘʞʝʥʠʷ ʫ 10, 3% ʙʦʣʴʥʳʭ 1 

ʛʨʫʧʧʳ ʠ ʫ 13,8 % ʙʦʣʴʥʳʭ ʚʪʦʨʦʡ ʛʨʫʧʧʳ, ʦʙʝʠʭ 

ʚʥʫʪʨʝʥʥʠʭ ʘʨʪʝʨʠʡ- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫ 15,4 %ʙʦʣʴ-

ʥʳʭ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʠ ʫ13 8% ʙʦʣʴʥʳʭ 2 ʛʨʫʧʧʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʥʦʟʠʨʫʶʱʠʡ ʧʨʦʮʝʩʩ ʙʦʣʝʝ 

50% ʚʳʷʚʣʝʥ ʫ 6 (16, 6%) ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʪʦʨʦʡ 

ʛʨʫʧʧʳ ʠ ʫ 3 (11,5%) ʧʝʨʚʦʡ ʛʨʫʧʧʳ. ɸʥʛʠʦʩʧʘʟʤ 

ʠʥʪʨʘʢʨʘʥʠʘʣʴʥʳʭ ʘʨʪʝʨʠʡ ʚʳʷʚʣʝʥ ʫ 46,2% ʙʦʣʴ-

ʥʳʭ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʠ 52,8 % 2 ʛʨʫʧʧʳ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʦʩʥʦʚʳʚʘʶʪ ʨʘʟʜʝ-

ʣʝʥʠʷ ʙʦʣʴʥʳʭ, ʧʝʨʝʥʝʩʰʠʭ ʠʰʝʤʠʯʝʩʢʠʡ ʠʥʩʫʣʴʪ 

ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ ʥʘ ʛʨʫʧʧʳ ʧʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪʫ ʘʩʠʤʤʝʪʨʠʠ ʢʨʦʚʦʪʦʢʘ ʚ ʉʄɸ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʨʝʜʥʝʡ ʤʦʟʛʦʚʦʡ ʘʨʪʝ-

ʨʠʠ ʤʝʞʜʫ ʧʦʨʘʞʝʥʥʦʡ ʠ ʟʜʦʨʦʚʦʡ ʩʪʦʨʦʥʘʤʠ 

(ʘʩʠʤʤʝʪʨʠʷ ʙʦʣʝʝ 10 -15%, ʩʯʠʪʘʝʪʩʷ ʧʘʪʦʣʦʛʠʝʡ) 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʥʜʝʢʩ ʂɸ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ 

ʚ ʦʩʥʦʚʥʦʤ ʢʦʣʝʙʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 9% - 14% ʚʦ ʚʪʦ-

ʨʦʡ 17-22%. 

ɺʳʚʦʜʳ: 

1. ʋ ʙʦʣʴʥʳʭ ʚ ʧʦʩʪʠʥʩʫʣʴʪʥʦʤ ʧʝʨʠʦʜʝ ʨʝʛʠ-

ʩʪʨʠʨʫʶʪʩʷ ʥʘʨʫʰʝʥʠʝ ʮʝʨʝʙʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘ-

ʤʠʢʠ ʨʘʟʣʠʯʥʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝ-

ʝʩʷ ʩʥʠʞʝʥʠʝʤ ʩʨʝʜʥʝʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʣʠʥʝʡʥʦʡ 

ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʦʩʫʜʘʭ ʛʦ-

ʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʥʘ ʩʪʦʨʦʥʝ ʧʦʨʘʞʝ-

ʥʠʷ, ʚ ʤʝʥʴʰʝʡ ʚ ʦʙʣʘʩʪʠ ʟʜʦʨʦʚʦʛʦ ʧʦʣʫʰʘʨʠʷ. 

ʅʘʠʙʦʣʴʰʘʷ ʜʝʧʨʝʩʩʠʷ ʢʨʦʚʦʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʉʄɸ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʚ ʧʦʨʘʞʝʥʥʦʡ ʟʦʥʝ. ʇʘʨʘ-

ʤʝʪʨʳ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʙʦʣʝʝ 

ʥʠʟʢʠʤʠ ʠ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʟʜʦʨʦʚʦʡ 

ʩʪʦʨʦʥʝ ʠ ʫ ʣʠʮ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. 

2. ʇʦ ʜʘʥʥʳʤ ʧʘʨʘʢʣʠʥʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʚ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʠʤʝʶʱʠʭ ʩʦʩʫʜʠʩʪʫʶ ʧʘʪʦʣʦ-

ʛʠʶ, ʩʦʯʝʪʘʶʱʫʶʩʷ ʩ ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʡ ʙʦʣʝʟʥʴʶ, 

ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʤʦʩʪʘʟʘ, ʭʦʣʝʩʪʝʨʠʥʝ-

ʤʠʝʡ ʠ ʛʠʧʝʨʛʣʠʢʝʤʠʝʡ ʫʩʪʘʥʦʚʣʝʥʳ ʙʦʣʝʝ ʩʫʱʝ-

ʩʪʚʝʥʥʳʝ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʥʠʞʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ, ʥʘʨʘʩʪʘʥʠʝ ʘʩʠʤʤʝʪʨʠʠ ʢʨʦʚʦ-

ʪʦʢʘ ʠ ʯʘʩʪʦʪʳ ʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩʪʝʥʦʟʘ ʚ ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʭ ʩʦʩʫʜʘʭ ʤʦʟʛʘ.  

3. ʋʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʦʩʫʜʘʭ ʢʘʨʦʪʠʜ-

ʥʦʛʦ ʙʘʩʩʝʡʥʘ ʦʩʦʙʝʥʥʦ ʉʄɸ(ʨ=0,79). ʃʝʛʢʘʷ ʩʪʝ-

ʧʝʥʴ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ ʧʦ ʰʢʘʣʘʤ 

MʄSE, NIHSS ʠ ɹʘʨʪʝʣʘ ʩʦʯʝʪʘʶʪʩʷ ʩ ʤʝʥʴʰʠʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ, ʢʘʢ ʚ ʩʨʝʜʥʝʡ, ʪʘʢ ʠ ʣʠʥʝʡʥʦʡ ʩʠʩʪʦ-

ʣʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʢʨʦʚʦʪʦʢʘ ʥʘ ʩʪʦʨʦʥʝ ʧʦʨʘʞʝ-

ʥʠʷ ʚ ʩʨʝʜʥʝʡ ʩʦʥʥʦʡ, ʚʥʫʪʨʝʥʥʝʡ ʩʦʥʥʦʡ ʠ ʧʝʨʝʜ-

ʥʠʡ ʩʦʥʥʳʭ ʘʨʪʝʨʠʷʭ, ʯʝʤ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʚʳʷʚʣʝʥ-

ʥʳʤʠ ʫʤʝʨʝʥʥʳʤʠ ʢʦʛʥʠʪʠʚʥʳʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ. 

ʇʨʠʯʝʤ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʢʦ-

ʛʥʠʪʠʚʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ ʧʨʷʤʦ ʩʚʷʟʘʥʘ ʩ ʪʷʞʝʩʪʴʶ 

ʥʘʨʫʰʝʥʠʡ ʮʝʨʝʙʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ. ʆʜʥʦʚʨʝ-

ʤʝʥʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʪʠ 

ʧʨʦʮʝʩʩʳ ʛʠʧʝʨʪʝʥʟʠʠ, ʠʟʤʝʥʝʥʠʝ ʛʦʤʝʦʩʪʘʟʘ, 

ʩʜʚʠʛʦʚ ʭʦʣʝʩʪʝʨʠʥʦʚʦʤ ʦʙʤʝʥʝ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝ-

ʥʠʷ ʭʦʣʝʩʪʝʨʠʥʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥ-

ʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʨʦʚʠ ʩʘʭʘʨʘ. 
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ɸʥʥʦʪʘʮʠʷ 
ɼʣʷ ʛʦʥʘʨʪʨʠʪʘ ʭʘʨʘʢʪʝʨʝʥ ʢʨʝʤʥʠʝʚʳʡ ʜʠʩʙʘʣʘʥʩ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʢʨʝʤʥʠʝʤʠʠ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʢʘʞʜʦʛʦ ʚʪʦʨʦʛʦ ʙʦʣʴʥʦʛʦ, ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ 
ʢʨʝʤʥʠʷ ʚ ʢʨʦʚʠ ʠ ʚʦʣʦʩʘʭ ʦʪ ʥʘʣʠʯʠʷ ʤʘʥʠʬʝʩʪʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʩʠʥʦʚʠʪʘ, ʪʷʞʝʩʪʠ ʧʦʨʘʞʝʥʠʡ ʩʦʯʣʝʥʝ-
ʥʠʡ ʠ ʩʫʙʭʦʥʜʨʘʣʴʥʦʛʦ ʩʢʣʝʨʦʟʘ. ʉ ʢʨʝʤʥʠʝʚʳʤ ʜʠʩʙʘʣʘʥʩʦʤ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʢʨʦʚʠ ʙʝʣʢʘ 
ʦʩʪʝʦʢʘʣʴʮʠʥʘ ʠ ʘʢʪʠʚʥʦʩʪʴ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ, ʧʨʠʯʝʤ, ʠʥʪʝʛʨʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘʨʫʰʝʥʠʡ ʤʝʪʘʙʦ-
ʣʠʟʤʘ ʢʨʝʤʥʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

Abstract 
Gonarthritis is characterized by silicon imbalance which is manifested by hypersiliconaemia that is observed 

in every second patient, however, there is a dependence of silicon parameters in the blood and in the hair from the 
presence of overt reactive synovitis, the severity of large joints disease and subchondral sclerosis. Silicon imbal-
ance is closely associated with the blood concentration of osteocalcin protein and the activity of alkaline phospha-
tase, the integral level of metabolic silicon disturbances may have prognostic significance. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʪʝʦʘʨʪʨʠʪ, ʛʦʥʘʨʪʨʠʪ, ʢʨʝʤʥʠʡ, ʢʨʦʚʴ, ʚʦʣʦʩʳ, ʧʘʪʦʛʝʥʝʟ. 
Keywords: osteoarthritis, gonarthritis, silicon, blood, hair, pathogenesis. 
 
ɺʚʝʜʝʥʠʝ. ɻʦʥʘʨʪʨʦʟ (ʛʦʥʘʨʪʨʠʪ) ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴ-
ʥʦʛʦ ʘʧʧʘʨʘʪʘ [1, 2], ʧʨʠʯʝʤ, ʘʙʩʦʣʶʪʥʘʷ ʠ ʦʪʥʦʩʠ-
ʪʝʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʘʥʦʩʷ ʦʛʨʦʤʥʳʡ ʤʝʜʠʢʦ-ʩʦʮʠʘʣʴ-
ʥʳʡ ʫʱʝʨʙ ʙʦʣʴʥʳʤ ʣʶʜʷʤ ʠ ʦʙʱʝʩʪʚʫ ʚ ʮʝʣʦʤ [3]. 
ʂ ʬʘʢʪʦʨʘʤ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʦʩʪʝʦʘʨʪʨʠʪʘ ʦʪʥʦʩʷʪʩʷ 
ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʩʦʝʜʠʥʝʥʠʡ 
ʢʨʝʤʥʠʷ (Si) [4, 5]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʚʳʰʝ ʫ ʣʠʮ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦ-
ʪʦʨʳʝ ʩʦʜʝʨʞʘʪ Si [6]. ʇʨʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʘʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ ʚʳʷʚʣʷʶʪʩʷ ʚ ʘʨ-
ʪʠʢʫʣʷʨʥʦʤ ʣʠʢʚʦʨʝ 80% ʦʪ ʯʠʩʣʘ ʙʦʣʴʥʳʭ ʛʦʥʘʨʪ-
ʨʠʪʦʤ [7], ʧʨʠ ʵʪʦʤ Si ʚ ʩʫʩʪʘʚʥʦʡ ʩʨʝʜʝ ʪʘʢʠʭ ʙʦʣʴ-
ʥʳʭ ʦʙʣʘʜʘʝʪ ʘʥʪʠʣʫʙʨʠʢʘʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 
ʫʭʫʜʰʘʷ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʩʠʥʦʚʠʘʣʴʥʦʡ 
ʞʠʜʢʦʩʪʠ [8-10]. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʦʣʴ Si 
ʚ ʢʣʠʥʠʢʦ-ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʷʭ ʛʦʥʘʨʪ-
ʨʠʪʘ ʠʟʫʯʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. 




