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ʇɯɼɺʀʑɽʅʅʗ ɼʆʉʊʆɺɯʈʅʆʉʊɯ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ɼɯɸɻʅʆʉʊʋɺɸʅʅʗ 
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ȹ ɖɔɇɔɘɫ ɍɆɕɖɔɕɔɓɔɈɆɓɆ ɆɈɘɔɒɆɘɎɍɔɈɆɓɆ ɗɎɗɘɋɒɆ ɊɫɆɉɓɔɗɘəɈɆɓɓɥ ɗɘɆɓə ɓɆɐɔɕɎɝəɈɆɝɫɈ ɋɑɋɐɘɖɔɋɓɋɖɉɫɬ. 

ȭɆɕɖɔɕɔɓɔɈɆɓɔ ɕɫɊɈɎɟɎɘɎ ɊɔɗɘɔɈɫɖɓɫɗɘɢ ɊɫɆɉɓɔɗɘəɈɆɓɓɥ ɗɘɆɓə ɓɆɐɔɕɎɝəɈɆɝɫɈ ɋɑɋɐɘɖɔɋɓɋɖɉɫɬ ɞɑɥɛɔɒ ɈɎɐɔɖɎɗɘɆɓɓɥ ɝɆɗɘɔɘɓɎɛ 
ɘɆ ɝɆɗɔɈɎɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɓɆɐɔɕɎɝəɈɆɝɫɈ ɋɑɋɐɘɖɔɋɓɋɖɉɫɬ. ȨɗɘɆɓɔɈɑɋɓɔ, ɟɔ ɊɔɗɘɔɈɫɖɓɫɗɘɢ ɕɖɔɜɋɗə ɊɫɆɉɓɔɗɘəɈɆɓɓɥ ɗɘɆɓə 
ɓɆɐɔɕɎɝəɈɆɝɫɈ ɋɑɋɐɘɖɔɋɓɋɖɉɫɬ ɇəɊɋ ɒɆɐɗɎɒɆɑɢɓɔɤ, ɥɐɟɔ ɒɆɘɋɒɆɘɎɝɓɫ ɒɔɊɋɑɫ ɕɋɖɋɛɫɊɓɔɉɔ ɔɕɔɖə ɘɆ ɕɋɖɋɛɫɊɓɔɬ ɕɖɔɈɫɊɓɔɗɘɫ 
ɓɆɐɔɕɎɝəɈɆɝɫɈ ɋɑɋɐɘɖɔɋɓɋɖɉɫɬ ɍ ɈɎɗɔɐɔɤ ɔɕɎɗəɤɘɢ ɬɛ ɈɎɒɫɖɥɓɫ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ ɕɋɖɋɛɫɊɓɔɉɔ ɔɕɔɖə ɘɆ ɕɋɖɋɛɫɊɓɔɬ ɕɖɔɈɫɊɓɔɗɘɫ. 

Keywords: ɗɎɗɘɋɒɆ ɊɫɆɉɓɔɗɘəɈɆɓɓɥ ɗɘɆɓə ɓɆɐɔɕɎɝəɈɆɝɫɈ ɋɑɋɐɘɖɔɋɓɋɖɉɫɬ, ɝɆɗɘɔɘɓɫ ɘɆ ɝɆɗɔɈɫ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ, 
ɊɔɗɘɔɈɫɖɓɫɗɘɢ ɕɖɔɜɋɗə ɊɫɆɉɓɔɗɘəɈɆɓɓɥ ɗɘɆɓə ɓɆɐɔɕɎɝəɈɆɝɫɈ ɋɑɋɐɘɖɔɋɓɋɖɉɫɬ. 

 

SKYBA M., MARTYNYUK V., 

RADELCHUK G., TYMOSCHUK R. 
Khmelnitsky national university 

 

INCREASING THE RELIA BILITY OF AUTOMATED DIAGNOSIS 

OF ELECTRICITY ACCUM ULATORS 
 

Of all the secondary energy sources available for electric vehicles (EM), hybrid electric vehicles (GETs) and portable 
electronic devices such as smartphones and laptops, the use of lithium-ion (Li-ion) batteries is the most promising. Compared to 
other energy sources, lithium batteries have some unique advantages, for example, these batt eries have a higher specific energy, 
have a minimal memory effect, provide the best ratio of energy to weight, and have a low self -discharge at idle. 

The state of health (SOH) of electricity storage devices has recently become increasingly important, as electricity storage 
devices become obsolete over time and their parameters and characteristics deteriorate. The main consequences of the aging of 
electricity storage devices are a decrease over time in their capacity and an increase in their internal resistance. 

Methods for diagnosing the level of charge and the level of efficiency of energy storage devices are similar. The 
difference between diagnosing the level of charge and diagnosing the level of efficiency of energy storage devices is that wh en the 
charge level decreases, it is necessary to react quickly and carry out the nucleation of the electrical energy storage device. 

Instead, the process of aging (degradation) of drives is slower, but irreversible. The rate of aging (degradation) of 
electricity storage depends on various factors, such as operating conditions, charging and discharging modes, as well as the quality 
of electricity storage.  

In the process of diagnosing the level of efficiency of electricity storage devices, measurements of capacity and active 
resistance of electricity storage losses are carried out. When building a system for diagnosing the condition of electricity storage, it 
is necessary to take into account the parameters that reflect their technical condition. The nominal indicators o f the technical 
condition of electricity storage devices include their capacity C and active resistance R. 

An automated system for diagnosing the state of electricity storage devices is proposed in the work. It is proposed to 
increase the reliability of diagnosing the state of electricity storage devices by using the frequency and time characteristics of 
electricity storage devices. It is established that the reliability of the process of diagnosing the state of electricity sto rage will be 
maximum if the ma thematical models of transient resistance and transient conductivity of high energy storage describe their 
measured characteristics of transient resistance and transient conductivity. 

Keywords: system for diagnosing the state of electric storage, frequency  and time characteristics, the reliability of the 
process of diagnosing the state of electric storage. 

 

ɺʩʪʫʧ. ʉʝʨʝʜ ʫʩʽʭ ʚʪʦʨʠʥʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ (ɽʄ), ʛʽʙʨʠʜʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ɻɽʊɿ) ʪʘ ʜʣʷ ʧʦʨʪʘʪʠʚʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʩʤʘʨʪʬʦʥʠ 

ʪʘ ʥʦʫʪʙʫʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʪʽʡ-ʽʦʥʥʠʭ (Li-ion) ʙʘʪʘʨʝʡ ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ʇʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ 

ʚʘʨʽʘʥʪʘʤʠ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʣʽʪʽʻʚʽ ʙʘʪʘʨʝʾ ʤʘʶʪʴ ʜʝʷʢʽ ʫʥʽʢʘʣʴʥʽ ʧʝʨʝʚʘʛʠ [1; 2], ʥʘʧʨʠʢʣʘʜ ʮʽ ʙʘʪʘʨʝʾ ʤʘʶʪʴ 

ʚʠʱʫ ʧʠʪʦʤʫ ʝʥʝʨʛʽʶ, ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʝʬʝʢʪ ʧʘʤôʷʪʽ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʢʨʘʱʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʜʦ 

ʚʘʛʠ, ʘ ʪʘʢʦʞ ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʩʘʤʦʨʦʟʨʷʜ ʧʨʠ ʧʨʦʩʪʦʾ [3]. 

ʈʽʚʝʥʴ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ (ʘʥʛʣʦʤʦʚʥʠʡ ʪʝʨʤʽʥ state of health ï SOH) ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ, ʪʦʤʫ ʱʦ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽʟ ʯʘʩʦʤ ʩʪʘʨʽʶʪʴ, ʘ ʾʭ 

ʧʘʨʘʤʝʪʨʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʽʨʰʫʶʪʴʩʷ. ʆʩʥʦʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʩʪʘʨʽʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ 

ʟʤʝʥʰʝʥʥʷ ʟ ʯʘʩʦʤ ʾʭ ʻʤʥʦʩʪʽ ʪʘ ʟʨʦʩʪʘʥʥʷ ʾʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ. 
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ʄʝʪʦʜʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʨʽʚʥʷ ʟʘʨʷʜʫ ʪʘ ʨʽʚʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ 

ʧʦʜʽʙʥʠʤʠ. ʈʽʟʥʠʮʷ ʤʽʞ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷʤ ʨʽʚʥʷ ʟʘʨʷʜʫ ʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷʤ ʨʽʚʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʽʚʥʷ ʟʘʨʷʜʫ ʥʝʦʙʭʽʜʥʦ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʽ 

ʟʜʽʡʩʥʶʚʘʪʠ ʟʘʨʦʜʞʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʅʘʪʦʤʽʩʪʴ ʧʨʦʮʝʩ ʩʪʘʨʽʥʥʷ (ʜʝʛʨʘʜʘʮʽʾ) ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʻ ʙʽʣʴʰ ʧʦʚʽʣʴʥʠʤ, ʘʣʝ ʥʝʟʚʦʨʦʪʥʽʤ. 

ʐʚʠʜʢʽʩʪʴ ʩʪʘʨʽʥʥʷ (ʜʝʛʨʘʜʘʮʽʾ) ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʫʤʦʚʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʝʞʠʤʠ ʟʘʨʷʜʞʫʚʘʥʥʷ ʪʘ ʨʦʟʨʷʜʞʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʷʢʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɺ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʨʽʚʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʚʦʜʷʪʴʩʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʽ ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʚʪʨʘʪ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʫʶʪʴ ʾʭ 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ. ɼʦ ʥʦʤʽʥʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜʥʦʩʠʪʴʩʷ ʾʭ 

ʻʤʥʽʩʪʴ C ʪʘ ʘʢʪʠʚʥʠʡ ʦʧʽʨ R. 

ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɺ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʯʘʩʪʦʪʥʦʾ ʜʠʩʧʝʨʩʽʶ ʪʘ ʥʝ ʣʽʥʽʡʥʽʩʪʴ ʾʭ ʻʤʥʦʩʪʽ C(w, u) ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R(w, u). ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ  

ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

 

ɺ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʙʣʦʢ ʛʝʥʝʨʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʛʥʘʣʽʚ ʧʦʜʘʻ ʥʘ ʥʘʢʦʧʠʯʫʚʘʯ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʤʽʨʶʚʘʣʴʥʫ ʥʘʧʨʫʛʫ uʚ(t) ʘʙʦ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʩʪʨʫʤ iʚ(t). 

ʆʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʚʧʣʠʚʘʻ ʥʘ ʥʘʢʦʧʠʯʫʚʘʯ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ {v(t)} . 

ɹʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʤʽʨʶʻ ʧʘʨʘʤʝʪʨʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʻʤʥʦʩʪʽ c(w,u) ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ r(w,u), ʚʽʜʧʦʚʽʜʥʦ. ɹʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ, ʷʢʽ ʜʽʶʪʴ ʥʘ 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʠʤʽʨʶʻ ʤʥʦʞʠʥʫ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ {v(t)}.  

ɺʠʤʽʨʷʥʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ c(w, u) ʪʘ r(w, u) ʪʘ ʤʥʦʞʠʥʘ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ {v(t)} ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʙʣʦʢ ʦʮʽʥʢʠ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʦʮʽʥʢʫ Q 

(ʥʘʢʦʧʠʯʫʚʘʯ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ ʩʧʨʘʚʥʠʤ ʘʙʦ ʥʝʩʧʨʘʚʥʠʤ). ʇʨʦʮʝʩ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʙʦ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʅʘʡʧʨʦʩʪʽʰʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʻʤʥʦʩʪʽ C ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R 

ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʦʜʠʥ ʣʠʰʝ ʨʘʟ. ɺ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʦʪʨʠʤʫʻʤʦ ʚʠʤʽʨʶʚʘʥʥʽ ʻʤʥʦʩʪʽ c ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ r. 

ɺ ʦʩʥʦʚʽ ʥʘʡʧʨʦʩʪʽʰʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʣʝʞʠʪʴ ʜʚʽ ʛʽʧʦʪʝʟʠ. 

1. ʇʝʨʰʦʶ ʛʽʧʦʪʝʟʦʶ H0 ʻ ʛʽʧʦʪʝʟʘ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʚʠʷʚʠʣʠ ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʠʡ ʩʪʘʥ: 
 

,                                                         (1) 
 

ʜʝ Cʅ, Cɺ ʪʘ Rʅ, Rɺ ï ʥʠʞʥʷ ʽ ʚʝʨʭʥʷ ʤʝʞʽ ʻʤʥʦʩʪʽ ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʚʽʜʧʦʚʽʜʥʦ c ʽ r. 

2. ɼʨʫʛʦʶ ʛʽʧʦʪʝʟʦʶ H1 ʻ ʛʽʧʦʪʝʟʘ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʚʠʷʚʠʣʠ ʡʦʛʦ ʥʝʧʨʘʮʝʟʜʘʪʥʠʡ ʩʪʘʥ: 
 

.                                                        (2) 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ 

ʤʝʪʦʜʠʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʄʝʪʦʜʠʯʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦʨʽʚʥʶʻ 

ʚʽʜʥʦʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʡʧʨʦʩʪʽʰʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʽ C 

ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʠʥ ʣʠʰʝ ʨʘʟ. ʊʦʤʫ ʥʘʡʧʨʦʩʪʽʰʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʦʶ ʤʝʪʦʜʠʯʥʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ʅʠʟʴʢʘ ʤʝʪʦʜʠʯʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʶ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʽʥʦʶ ʻʤʥʦʩʪʽ C Í const ʪʘ 

ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R Í const ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɼʣʷ ʥʘʡʧʨʦʩʪʽʰʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʜʦʨ̔ʚʥʶʻ N1 = 2 (ʻʤʥʽʩʪʴ ʪʘ 

ʘʢʪʠʚʥʠʡ ʦʧʽʨ). 

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʘʩʪʦʪʥʘ ʜʠʩʧʝʨʩʽʷ ʪʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʻʤʥʦʩʪʽ 

C(w,u) ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R(w,u) ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɺ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʦʪʨʠʤʫʻʤʦ N Í N1 ʽ N >> N1, ʪʦʤʫ 

ʤʝʪʦʜʠʯʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʥʘʡʧʨʦʩʪʽʰʦʾ ʤʦʜʝʣʽ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʙʫʜʝ ʥʘʙʘʛʘʪʦ ʤʝʥʰʦʶ ʥʽʞ 

ʦʜʠʥʠʮʷ: 

.      (3) 
 

ɼʦ ʩʢʣʘʜʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʚʭʦʜʠʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʧʝʨʰʦʛʦ a, ʘ ʪʘʢʦʞ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʜʨʫʛʦʛʦ ʨʦʜʫ b. 

ɺʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʧʝʨʰʦʛʦ a ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʜʨʫʛʦʛʦ ʨʦʜʫ b ʦʧʠʩʫʶʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤʠ (4) ʪʘ (5). ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʧʝʨʰʦʛʦ a ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ 

ʜʨʫʛʦʛʦ ʨʦʜʫ b ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʻʤʥʦʩʪʽ C ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ: 
 

;   (4) 
 

( ) ( ) ( ) ( )
H B B

H B H

C C c C I

c c c c c

C c C C I

f c f d dc f c f d dcb d d d d

- -¤

-¤ - -

å õ å õ
= +æ ö æ ö

æ ö æ ö
ç ÷ ç ÷

ñ ñ ñ ñ ,   (5) 

 

ʜʝ 
BC , 

HC ï ʚʝʨʭʥʷ ʪʘ ʥʠʞʥʷ ʤʝʞʽ ʜʣʷ ʻʤʥʦʩʪʽ C ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

()f ʩ ï ʚʠʨʘʟ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʻʤʥʦʩʪʽ C ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

( )ʩf d  ï ʚʠʨʘʟ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʽ C ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɺʠʨʘʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʧʝʨʰʦʛʦ a ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʜʨʫʛʦʛʦ ʨʦʜʫ b 

ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ (6) ʪʘ (7), ʚʽʜʧʦʚʽʜʥʦ: 
 

;   (6) 
 

,   (7) 
 

ʜʝ , 
HR ï ʚʝʨʭʥʷ ʪʘ ʥʠʞʥʷ ʤʝʞʽ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

()f r  ï ʚʠʨʘʟ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

( )rf d  ï ʚʠʨʘʟ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʋ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ ʟʘʛʘʣʴʥʦʾ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ, ʷʢʠʡ ʟʘʧʠʩʫʻʪʴʩʷ 

ʫ ʚʠʛʣʷʜʽ (8): 

.    (8) 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ɺ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʚʠʟʥʘʯʠʤʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ ʩʝʨʝʜʥʴʦʛʦ ʨʠʟʠʢʫ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʠʡ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ (2.9): 
 

,                                                   (9) 
 

ʜʝ W1c, ʪʘ W1r ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʪʨʘʪ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʦʙʫʤʦʚʣʝʥʽ ʧʦʤʠʣʢʘʤʠ 1ïʛʦ ʨʦʜʫ ʜʣʷ ʻʤʥʦʩʪʽ C ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

W2ʩ, ʪʘ W2ʢ ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʪʨʘʪ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʦʙʫʤʦʚʣʝʥʽ ʧʦʤʠʣʢʘʤʠ 2-ʛʦ ʨʦʜʫ ʜʣʷ ʻʤʥʦʩʪʽ C ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

aʩ, ʪʘ ar ï ʚʠʨʘʟʠ ʽʤʦʚʽʨʥʦʩʪʝʡ ʧʦʤʠʣʦʢ 1-ʛʦ ʨʦʜʫ ʜʣʷ ʻʤʥʦʩʪʽ C ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

bʩ, ʪʘ br ï ʚʠʨʘʟʠ ʽʤʦʚʽʨʥʦʩʪʝʡ ʧʦʤʠʣʦʢ 2-ʛʦ ʨʦʜʫ ʜʣʷ ʻʤʥʦʩʪʽ C ʪʘ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ R ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ, ʷʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʯʘʩʪʦʪʥʽ ʪʘ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʨʴʦʭ ʧʨʦʛʨʘʤ. ʇʝʨʰʘ ʧʨʦʛʨʘʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ. 

ʉʪʫʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2. ʇʨʦʛʨʘʤʘ ʜʣʷ ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʚʠʢʦʥʫʻ ʦʙʨʦʙʢʫ ʜʘʥʠʭ, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴʩʷ ʚʽʜ ʜʽʘʛʥʦʩʪʫʶʯʠʭ ʢʘʥʘʣʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

 

ɼʨʫʛʘ ʧʨʦʛʨʘʤʘ ʚʠʢʦʥʫʻ ʨʦʣʴ ʩʝʨʚʝʨʥʦʾ ʧʨʦʛʨʘʤʠ. ʎʷ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʚʽʜʜʘʣʝʥʝ ʢʝʨʫʚʘʥʥʷ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʯʝʨʝʟ ʢʣʽʻʥʪʩʴʢʽ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʟʜʽʡʩʥʶʁ ʪʴ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʟʘʣʝʞʥʠʭ 

ʢʘʥʘʣʽʚ. ɼʽʘʛʥʦʩʪʫʶʯʽ ʢʘʥʘʣʠ ʧʨʘʮʶʶʪʴ ʥʝʟʘʣʝʞʥʦ ʽ ʤʦʞʫʪʴ ʢʝʨʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʊʨʝʪʷ ʧʨʦʛʨʘʤʘ ʚʠʢʦʥʫʻ ʨʦʣʴ ʢʣʽʻʥʪʩʴʢʦʾ ʧʨʦʛʨʘʤʠ. ɼʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʘʙʦ ʚ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʘʭ. ɺ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ 

ʤʦʜʫʣʴ ʜʽʘʛʥʦʩʪʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʢʦʥʫʻ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ. 

ʋ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʛʨʘʤʘ 

ʟʜʽʡʩʥʶʻ ʮʠʬʨʦʚʫ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʦʧʝʨʘʪʦʨʘ. ʆʧʝʨʘʪʦʨ ʩʠʩʪʝʤʠ ʤʦʞʝ ʟʘʧʫʩʢʘʪʠ ʘʙʦ 

ʟʫʧʠʥʷʪʠ ʥʝʟʘʣʝʞʥʠʡ ʜʽʘʛʥʦʩʪʫʶʯʠʡ ʢʘʥʘʣ. 

ʋ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʨʦʮʝʩʫ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʫʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ: 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
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ʘ) ʚ ʧʨʦʮʝʩʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʚʦʜʷʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʽ ʪʘ 

ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʚʪʨʘʪ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

ʙ) ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʘʙʦ ʫ 

ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʘʭ; 

ʚ) ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʤʦʜʫʣʴ ʜʽʘʛʥʦʩʪʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʢʦʥʫʻ 

ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ; 

ʛ) ʫ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʛʨʘʤʘ 

ʟʜʽʡʩʥʶʻ ʮʠʬʨʦʚʫ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʦʧʝʨʘʪʦʨʘ. 
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ʇɯɼʍɯɼ ɼʆ ʂʈʀʊɽʈɯɸʃʔʅʆɻʆ ʆʎɯʅʖɺɸʅʅʗ ʉʊʋʇɽʅʗ  

ɺɯɼʍʀʃɽʅʅʗ ɺɯɼ ʅʆʈʄʀ ʉʊɸʅʋ ʆɹôɭʂʊɸ 
 
ȹ ɗɘɆɘɘɫ ɓɆɈɋɊɋɓɔ ɖɋɍəɑɢɘɆɘɎ ɊɔɗɑɫɊɌɋɓɢ ə ɉɆɑəɍɫ ɒɋɘɔɊɫɈ ɋɐɗɕɋɖɎɒɋɓɘə ɘɆ ɍɆɕɖɔɕɔɓɔɈɆɓɔ ɓɔɈɎɏ ɕɫɊɛɫɊ Ɋɔ 

ɐɖɎɘɋɖɫɆɑɢɓɔɉɔ ɔɜɫɓɤɈɆɓɓɥ ɗɘəɕɋɓɤ ɈɫɊɛɎɑɋɓɓɥ ɈɫɊ ɓɔɖɒɎ ɗɘɆɓə ɖɫɍɓɔɖɫɊɓɎɛ ɔɇôɩɐɘɫɈ ɓɆ ɔɗɓɔɈɫ ɖɋɍəɑɢɘɆɘɫɈ ɈɎɒɫɖɤɈɆɑɢɓɔɉɔ 
ɐɔɓɘɖɔɑɤ ɬɛ ɕɆɖɆɒɋɘɖɫɈ. ȶɔɍɖɔɇɑɋɓɎɏ ɐɖɎɘɋɖɫɏ ɒɔɌɋ ɕɖɎɏɒɆɘɎ ɍɓɆɝɋɓɓɥ Ɉ ɊɫɆɕɆɍɔɓɫ ɈɫɊ ɓəɑɥ Ɋɔ ɔɊɎɓɎɜɫ, ɝɎɒ ɇɫɑɢɞɋ 
ɝɎɗɋɑɢɓɋ ɍɓɆɝɋɓɓɥ ɐɖɎɘɋɖɫɤ ɓɆɇɑɎɌɆɩɘɢɗɥ Ɋɔ ɔɊɎɓɎɜɫ, ɘɎɒ ɒɋɓɞɆ ɗɘəɕɫɓɢ ɈɫɊɛɎɑɋɓɓɥ ɗɘɆɓə ɔɇôɩɐɘɆ ɈɫɊ ɓɔɖɒɎ. ȳɆɈɋɊɋɓɔ 
ɖɋɍəɑɢɘɆɘɎ ɋɐɗɕɋɖɎɒɋɓɘɆɑɢɓɎɛ ɊɔɗɑɫɊɌɋɓɢ ɘɆ ɍɆɗɘɔɗəɈɆɓɓɥ ɍɆɕɖɔɕɔɓɔɈɆɓɔɬ ɒɋɘɔɊɎɐɎ ɐɖɎɘɋɖɫɆɑɢɓɔɉɔ ɔɜɫɓɤɈɆɓɓɥ. 
ȶɋɍəɑɢɘɆɘɎ ɊɔɗɑɫɊɌɋɓɢ, ɥɐɫ ɓɆɈɋɊɋɓɔ ə ɗɘɆɘɘɫ, ɒɔɌəɘɢ ɇəɘɎ ɈɎɐɔɖɎɗɘɆɓɫ Ɋɑɥ ɔɜɫɓɤɈɆɓɓɥ ɗɘəɕɋɓɤ ɈɫɊɛɎɑɋɓɓɥ ɈɫɊ ɓɔɖɒɎ ɗɘɆɓə 
ɥɐ ɘɋɛɓɫɝɓɎɛ, ɘɆɐ ɫ ɇɫɔɑɔɉɫɝɓɎɛ ɔɇôɩɐɘɫɈ, ə ɘɔɒə ɝɎɗɑɫ ɔɖɉɆɓɫɍɒə ɑɤɊɋɏ Ɇɇɔ ɘɈɆɖɎɓ. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɐɖɎɘɋɖɫɏ, ɈɎɒɫɖɤɈɆɑɢɓɎɏ ɐɔɓɘɖɔɑɢ, ɔɜɫɓɤɈɆɓɓɥ, ɐɔɓɘɖɔɑɢ ɗɘɆɓə, ɗɘəɕɫɓɢ ɈɫɊɛɎɑɋɓɓɥ. 
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APPROACH TO CRITERIO N-BASED ASSESSMENT OF THE DEVI ATION DEGREE 

OF THE OBJECTS FROM THE NORMAL STATE  
 
Effective criteria-based assessment of the objects state and quality is important for various fields of industrie and science. 

The optimal quantitative indicator of the object state is the probability of a particular deviation type. Traditional methods  of the 
probability determining of the presence of a particular type of deviation are an extremely diff icult task that requires a very large 
amount of experimental research. Given the large number of industries in which cr iteria-based assessment of the objects state is 
used, an urgent task is to create a universal criterion suitable for use in var ious, even unrelated fields of science and technology, 
and relatively easy to use. The aim of the article is to develop the theory of criteria -based assessment, techniques and methods of 
experiment. As a result of the research, a new approach to criterial assessment of the various objects state was proposed, a 
universal criterion was developed for assessing the deviation degree from the norm of the objects state based on the measuring 
control results of their parameters. The convenience of using the developed criterion is ensured due to the fact that its numerical 
value is in the range from zero to one, and the smaller its numerical value, the greater the deviation degree of the object s tate from 
the norm. The results of e xperimental studies and the application of the proposed criteria -based assessment technique are 
presented. The effectiveness of using the developed approach to criteria-based assessment is confirmed by experimental results. 
The research results presented in the article can be used to assess the deviation degree from the norm of the state of both 
technical and biological objects, including the body of humans or animals.  

Key words: measuring control, assessment, criterion, condition control, degree of deviation.  

 

ɺʩʪʫʧ. ʂʨʠʪʝʨʽʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʜʣʷ 

ʷʢʽʩʥʦʾ ʪʘ ʢʽʣʴʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢ ʪʝʭʥʽʯʥʠʭ, ʪʘʢ ʽ ʙʽʦʣʦʛʽʯʥʠʭ. ʇʽʜ ʯʘʩ 

ʢʨʠʪʝʨʽʘʣʥɹʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʪʘ 

ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʦʙ'ʻʢʪʦʤ ʽ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʚʠʷʚʣʷʶʪʴʩʷ ʟʘʛʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʧʦʷʩʥʶʶʪʴʩʷ, 

ʫʟʘʛʘʣʴʥʶʶʪʴʩʷ ʪʘ ʬʦʨʤʘʣʽʟʫʁ ʪʴʩʷ ʝʤʧʽʨʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. ɺʨʘʭʦʚʫʶʯʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʛʘʣʫʟʝʡ, ʫ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʨʠʪʝʨʽʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʽʚ, ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʩʪʚʦʨʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʢʨʠʪʝʨʽʶ, ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ, ʥʘʚʽʪʴ ʥʝ ʩʧʦʨʽʜʥʝʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. ʄʝʪʦʶ 

ʩʪʘʪʪʽ ʻ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, ʪʝʭʥʽʢʠ ʪʘ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʨʦʟʨʦʙʢʘ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʶ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʠ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙôʻʢʪʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ʂʨʠʪʝʨʽʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʪʘ ʷʢʦʩʪʽ ʦʙôʻʢʪʽʚ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʥʘʫʢʠ. ʋ ʨʦʙʦʪʘʭ [1, 2] ʨʦʟʛʣʷʥʫʪʦ ʜʝʷʢʽ ʢʨʠʪʝʨʽʾ 

ʷʢʦʩʪʽ ʩʧʝʮʘ̔ʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʫ ʨʦʙʦʪʽ [3] ʨʦʟʛʣʷʥʫʪʦ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʤʝʪʦʜʠʢʠ ʪʘ ʷʢʽʩʪʴ ʥʘʚʯʘʥʥʷ, ʧʝʚʥʽ ʤʝʪʦʜʠʢʠ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʫ ʛʘʣʫʟʽ ʣʽʥʛʚʽʩʪʠʢʠ, ʤʝʜʠʮʠʥʠ ʪʘ 

ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʦʟʛʣʷʥʫʪʦ, ʚʽʜʧʦʚʽʜʥʦ, ʫ ʨʦʙʦʪʘʭ [4ï6]. ɼʝʷʢʽ ʧʽʜʭʦʜʠ ʜʦ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʥʫ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʨʦʟʛʣʷʥʫʪʦ ʫ [7], ʘ ʧʝʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʚʤʽʩʪʫ ʚʦʜʠ ʫ ʤʦʣʦʮʽ ʪʘ ʷʢʦʩʪʽ ʤʦʣʦʢʘ ï ʚ ʨʦʙʦʪʘʭ [8ï10]. ʋ ʨʦʙʦʪʽ [11] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʦʮʥ̔ʶʚʘʥʥʷ ʩʪʫʧʝʥ ̫ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʠ ʩʪʘʥʫ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʣʦʢʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʡʦʛʦ 

ʧʘʨʘʤʝʪʨʽʚ. ʎʝʡ ʢʨʠʪʝʨʽʡ ʤʘʻ ʧʝʚʥʫ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʽʥʰʠʭ ʨʽʟʥʦʨʽʜʥʠʭ ʦʙôʻʢʪʽʚ. ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʢʨʠʪʝʨʽʶ ʻ ʥʝʟʨʫʯʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʪʦʤʫ 

ʱʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʧʝʚʥʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ ʦʜʠʥʠʮʽ, ʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙôʻʢʪʘ. ʆʢʨʽʤ ʪʦʛʦ, ʥʘʙʣʠʞʝʥʥʷ 

ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʢʨʠʪʝʨʽʶ ʜʦ ʦʜʠʥʠʮʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʶ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʚʽʜ ʥʦʨʤʠ, 

ʱʦ ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʻ ʥʝʟʨʫʯʥʠʤ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʚʽʜʭʠʣʝʥʴ ʩʪʘʥʫ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʘ 

ʦʮʽʥʶʚʘʥʥʷ ʚʽʜ ʥʦʨʤʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʥʦʞʠʥʫ ʧʘʨʘʤʝʪʨʽʚ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽʜʭʠʣʝʥʥʷ, ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʥʠʮʷʤ ʜʦʧʫʩʢʫ. ʆʧʪʠʤʘʣʴʥʠʤ ʢʽʣʴʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʘʥʫ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʻ ʽʤʦʚʽʨʥʽʩʪʴ ʥʘ̫ ʚʥʦʩʪʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʘʨʽʘʥʪʫ ʚʽʜʭʠʣʝʥʥʷ. ʊʝʦʨʝʪʠʯʥʦ, ʾʾ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ 

ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʘ ʛʨʘʥʠʮʷʤ ʜʦʧʫʩʢʫ, ʚʨʘʭʦʚʫʶʯʠ 

ʾʭ ʚʟʘʻʤʦʢʦʨʝʣʴʦʚʘʥʽʩʪʴ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʽ. ɸʣʝ ʪʘʢʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ 

ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʜʫʞʝ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ɺʠʨʽʰʠʪʠ ʮʝ ʟʘʚʜʘʥʥʷ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥ ̫

ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʚʽʜ ʥʦʨʤʠ, ʷʢʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫ ʨʦʙʦʪʽ [11], ʘʣʝ ʮʝʡ ʢʨʠʪʝʨʽʡ ʥʝ ʻ ʟʨʫʯʥʠʤ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʶ 

ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʚʽʜ ʥʦʨʤʠ, ʟʨʫʯʥʦʛʦ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ  ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʨ̔ʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʘ. 

ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ʇʨʦʪʷʛʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʦʛʦ ʦʙôʻʢʪʘ 

ʚʠʥʠʢʘʶʪʴ ʧʦʜʽʾ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʡʦʛʦ ʩʪʘʥ ʚ ʮʽʣʦʤʫ, ʘ ʽ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʠʭʦʜʷʯʠ 

ʟ ʮʴʦʛʦ, ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʚʁʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʘ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʦʮʽʥʶʚʘʥʥʷ 

ʡʦʛʦ ʩʪʘʥʫ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘ ʚʠʷʚʠʪʠ ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʠʭ ʧʦʜʽʡ, ʷʢʽ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʘ. ʆʩʥʦʚʥʦʶ ʦʟʥʘʢʦʶ ʚʠʥʠʢʥʝʥʥʷ ʧʝʚʥʦʾ ʧʦʜʽʾ 

ʻ ʥʝʛʘʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʚʁʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʙôʻʢʪʘ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʫ 

ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʥʘʯʝʥʥʷ ʧʝʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʙôʻʢʪʘ ʤʝʞʘʤ ʜʦʧʫʩʢʫ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ 

ʚʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʦʙʪʦ ʮʷ ʦʙʩʪʘʚʠʥʘ ʥʝ ʛʘʨʘʥʪʫʻ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʾ 

ʧʦʜʽʾ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ, ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʚʽʜ ʥʦʨʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦʶ 

ʟʤʽʥʦʶ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷʤ ʟʘ ʤʝʞʘʤʠ ʜʦʧʫʩʢʫ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ, ʦʮʽʥʠʪʠ ʩʪʘʥ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʘ ʤʦʞʣʠʚʦ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʜʝʢʽʣʴʢʦʭ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʽʜ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʝʨʰʦʛʦ ʨʽʚʥʷ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ ʦʙôʻʢʪʘ, 

ʚʽʜʭʠʣʝʥʥʷ ʷʢʦʛʦ ʚʽʜ ʥʦʨʤʠ ʻ ʦʩʥʦʚʥʦʶ ʦʟʥʘʢʦʶ ʚʠʥʠʢʥʝʥʥʷ ʧʝʚʥʦʛʦ ʪʠʧʫ ʚʽʜʭʠʣʝʥʥʷ ʦʙôʻʢʪʘ ʚʽʜ ʥʦʨʤʠ. 

ʅʝʭʘʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʩʢʣʘʜʦʚʦʛʦ ʝʣʝʤʝʥʪʫ ʦʙôʻʢʪʘ ʚʽʜ ʥʦʨʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨʶʚʘʣʴʥʠʡ 

ʢʦʥʪʨʦʣʴ 
KN  ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʢʦʨʝʣʴʦʚʘʥʽ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʝʨʰʦʛʦ ʨʽʚʥʷ. ʇʽʜ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʪʦʡ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʤʘʻ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 

ʤʦʜʫʣʷ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʝʨʰʦʛʦ ʨʽʚʥʷ. ɺʽʜʧʦʚʽʜʥʦ, ʧʽʜ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʜʨʫʛʦʛʦ ʨʽʚʥʷ, ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʪʦʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʤʘʻ ʜʨʫʛʝ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʝʨʰʦʛʦ ʨʽʚʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ -̔ʛʦ ʨʽʚʥʷ ʻ ʪʦʡ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʤʘʻ -̔ʪʝ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʝʨʰʦʛʦ ʨʽʚʥʷ.  

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ 
KKNKiKK PPPP ......, 21
ï ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ 
KNi......2,1  ʨʽʚʥʷ. ʇʨʠʡʤʝʤʦ, ʱʦ ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ -̔ʛʦ ʨʽʚʥʷ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʽ, ʪʦ 1=KiP , ʷʢʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʽ ï 0=KiP .  

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ 1 2, ... ...
KK K Ki KNr r r rʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ʧʝʨʰʦʛʦ ʨʚ̔ʥʷ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
KNi......2,1  ʨʽʚʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʝʨʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʝʚʥʠʡ ʧʘʨʘʤʝʪʨ 
0PK , ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 
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ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ ʦʙôʻʢʪʘ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʻ ʩʝʥʩ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ 11=KP , ʚʠʨʘʟ (1) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 
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ʇʘʨʘʤʝʪʨ
0PK , ʷʢ ʩʣʽʜʫʻ ʟ ʚʠʨʘʟʫ (2), ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʚ ʤʝʞʘʭ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

MINPK 0
 ʜʦ ʦʜʠʥʠʮʽ, ʧʨʠ ʫʤʦʚʽ, ʱʦ 11=KP . ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 

0PK  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ 
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ʊʝʦʨʝʪʠʯʥʦ, ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 
MINPK 0

 ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʤʝʞʘʭ, ʷʢʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

    ( ].1;00 ÍMINPK                                         (4) 
 

ɿ ʚʠʨʘʟʽʚ (1) ʪʘ (2) ʩʣʽʜʫʻ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 
0PK  ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ, ʪʠʤ 

ʙʽʣʴʰʘ ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʚʽʜ ʥʦʨʤʠ, ʪʦʙʪʦ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 
0PK  

ʧʝʚʥʠʤ ʯʠʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ʦʙôʻʢʪʘ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʡʦʛʦ ʩʪʘʥʫ. ɸʣʝ 

ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 
0PK  ʫ ʜʽʘʧʘʟʦʥʽ [ ]1;0MINPK ʻ ʥʝʟʨʫʯʥʠʤ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ, ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʻ 

ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ, ʷʢʝ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ, ʧʨʠ ʫʤʦʚʽ, ʱʦ ʥʘʙʣʠʞʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ 
ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʜʦ ʦʜʠʥʠʮʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʶ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʚʽʜ ʥʦʨʤʠ. 

ɺʽʜʧʦʚʽʜʥʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʥʘʙʣʠʞʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʜʦ ʦʜʠʥʠʮʽ ʧʦʚʠʥʥʦ 
ʩʚ̔ʜʯʠʪʠ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʶ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʚʽʜ ʥʦʨʤʠ, ʢʨʠʪʝʨʽʡ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʶ 
ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʚʽʜ ʥʦʨʤʠ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ 
ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʟʘ ʚʠʨʘʟʦʤ: 
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ʏʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 
SK  ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ. ʗʢʱʦ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ 

SK  ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʪʦʙʪʦ 0......, 21 =
KKNKiKK PPPP , ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʚʥʫ ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-ʷʢʠʭ ʚʽʜʭʠʣʝʥʴ 

ʚʽʜ ʥʦʨʤʠ. ʏʠʤ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 
SK , ʪʠʤ ʙʽʣʴʰʝ ʩʪʘʥ ʦʙôʻʢʪʘ ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʘʥʫ, ʽ 

ʥʘʚʧʘʢʠ. ʗʢʱʦ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 
SK  ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʙʪʦ 1......, 21 =

KKNKiKK PPPP , ʮʝ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʫʩʽ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʛʨʘʥʠʮʷʤʠ ʜʦʧʫʩʢʫ ʽ ʩʪʫʧʽʥʴ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ 
ʦʙôʻʢʪʘ ʚʽʜ ʥʦʨʤʠ ʤʘʢʩʠʤʘʣʴʥʘ. 

ɺʽʜ ʯʠʩʝʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʟʘʣʝʞʠʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʩʪʦʩʦʚʥʦ ʜʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 
ʫʩʫʥʝʥʥʷ ʧʦʜʽʡ, ʱʦ ʩʧʨʠʯʠʥʠʣʠ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʨʠʪʝʨʽʡ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʤʘʻ ʟʥʘʯʝʥʥʷ 
ʥʘʙʣʠʞʝʥʝ ʜʦ ʥʫʣʷ, ʪʦ ʜʽʾ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʫʩʫʥʝʥʥʷ ʧʨʠʯʠʥ ʚʽʜʭʠʣʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ 
ʥʦʨʤʠ, ʪʨʝʙʘ ʧʨʦʚʝʩʪʠ ʥʝʛʘʡʥʦ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʢʦʨʝʣʴʦʚʘʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ 
ʦʙôʻʢʪʘ, ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʥʦʨʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʦʙôʻʢʪʽʚ. 
ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʨʠʪʝʨʽʶ ʟʫʤʦʚʣʝʥʘ ʥʘʦʯʥʽʩʪʶ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʧʨʦʩʪʦʪʦʶ 
ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧʨʦʚʦʜʠʣʦʩʷ ʘʚʪʦʨʘʤʠ ʰʣʷʭʦʤ 
ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʠ ʩʪʘʥʫ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʘ - ʜʽʡʥʦʾ ʪʚʘʨʠʥʠ, ʫ ʷʢʽʡ 
ʚʠʷʚʣʝʥʦ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ ʤʘʩʪʠʪʦʤ. ʇʨʠ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʪʚʘʨʠʥʠ ʤʘʩʪʠʪʦʤ, ʦʩʥʦʚʥʦʶ ʦʟʥʘʢʦʶ ʮʽʻʾ ʧʦʜʽʾ, 
ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʨʝʩ-ʜʽʘʛʥʦʩʪʠʢʠ, ʻ ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʤʦʣʦʢʘ ʚʠʱʝ ʤʝʞʽ ʜʦʧʫʩʢʫ [12 - 14], 
ʪʦʙʪʦ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʤʦʣʦʢʘ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʻ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʝʨʰʦʛʦ ʨʽʚʥʶ. ɯʟ 
ʟʙʽʣʴʰʝʥʥʷʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʨʘʟʦʚʠʡ ʫʜʽʡ ʪʚʘʨʠʥʠ, ʷʢʠʡ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ 
ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʨʫʛʦʛʦ ʨʽʚʥʶ. ɺʥʘʩʣʽʜʦʢ ʧʦʛʽʨʰʝʥʥʷ ʩʘʤʦʧʦʯʫʪʪʷ ʪʚʘʨʠʥʠ ʧʦʯʠʥʘʻ 
ʟʤʝʥʰʫʚʘʪʠʩʴ ʘʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʻ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷ, ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 
ʪʽʣʘ, ʷʢʘ ʻ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʯʝʪʚʝʨʪʦʛʦ ʨʽʚʥʷ. ʊʠʧʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʦʦʪʝʭʥʽʯʥʠʭ 
ʧʘʨʘʤʝʪʨʽʚ ʜʽʡʥʦʾ ʪʚʘʨʠʥʠ ʚʽʜ ʜʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʤʘʩʪʠʪʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.  
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ʈʠʩ. 1. ʊʠʧʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʦʦʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  

ʪʚʘʨʠʥʠ ʚʽʜ ʜʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʤʘʩʪʠʪʫ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [12ï14], ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʥʘʷʚʥʽʩʪʶ ʤʘʩʪʠʪʘ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʨʰʦʛʦ, ʜʨʫʛʦʛʦ, ʪʨʝʪʴʦʛʦ 

ʪʘ ʯʝʪʚʝʨʪʦʛʦ ʨʽʚʥʽʚ: 1 0,87Kr = , 2 0,38Kr = , 
3

ɟ 0,21
K
= , 

4 0,17Kr = . ʈʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʩʪʫʧʝʥʶ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʠ ʩʪʘʥʫ ʪʚʘʨʠʥʠ, ʷʢʘ ʭʚʦʨʘ ʥʘ ʤʘʩʪʠʪ, ʜʣʷ ʢʦʞʥʦʛʦ ʜʥʷ, ʧʨʦʪʷʛʦʤ ʜʚʘʥʘʜʮʷʪʠ 

ʜʥʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. ʗʢ ʩʣʽʜʫʻ ʟ ʪʘʙʣʠʮʽ 1, ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʪʨʴʦʭ ʜʥʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʫʩʽ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʘʨʘʤʝʪʨ ʧʝʨʰʦʛʦ ʨʽʚʥʶ, ʙʫʣʠ ʚ ʛʨʘʥʠʮʷʭ ʜʦʧʫʩʢʫ. ɺʽʜʧʦʚʽʜʥʦ, 

ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʧʨʦʪʷʛʦʤ ʮʠʭ ʜʥʽʚ ʜʦʨʽʚʥʶʚʘʣʦ ʦʜʠʥʠʮʽ. ʇʨʦʪʷʛʦʤ ʯʝʪʚʝʨʪʦʛʦ ʽ ʧôʷʪʦʛʦ ʜʥʷ 

ʩʝʨʝʜʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʤʦʣʦʢʘ (ʧʘʨʘʤʝʪʨ ʧʝʨʰʦʛʦ ʨʽʚʥʷ) ʟʙʽʣʴʰʠʣʘʩʷ ʚʠʱʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʟʤʝʥʰʠʣʦʩʷ ʜʦ 0,47. ʅʘ ʰʦʩʪʠʡ ʜʝʥʴ, ʚʥʘʩʣʽʜʦʢ ʨʦʟʚʠʪʢʫ 

ʟʘʭʚʦʨʶʚʘʥʥʷ, ʩʝʨʝʜʥʽʡ ʟʘ ʜʦʙʫ ʨʘʟʦʚʠʡ ʫʜʽʡ ʪʚʘʨʠʥʠ ʟʥʠʟʠʚʩʷ ʥʠʞʯʝ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, 

ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʟʤʝʥʰʠʣʦʩʷ ʜʦ 0,23. ɿ ʩʴʦʤʦʛʦ ʧʦ ʜʝʩʷʪʠʡ ʜʝʥʴ, ʫ ʟʚôʷʟʢʫ ʟ ʧʦʛʽʨʰʝʥʥʷʤ ʩʪʘʥʫ 

ʪʚʘʨʠʥʠ, ʾʾ ʘʢʪʠʚʥʽʩʪʴ ʟʤʝʥʰʠʣʘʩʷ ʥʠʞʯʝ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʟʤʝʥʰʠʣʦʩʷ ʜʦ 0,10.  

ʊʘʙʣʠʮʷ 1 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʩʪʫʧʝʥʶ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʪʚʘʨʠʥʠ 

ʟʘʭʚʦʨʽʣʦʾ ʤʘʩʪʠʪʦʤ ʚʽʜ ʥʦʨʤʠ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠ ʜʥʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 
ɼʝʥʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

1K
P  

2K
P  

3K
P  

4K
P  

SK  

1 0 0 0 0 1 

2 0 0 0 0 1 

3 0 0 0 0 1 

4 1 0 0 0 0.47 

5 1 0 0 0 0.47 

6 1 1 0 0 0.23 

7 1 1 1 0 0.10 

8 1 1 1 0 0.10 

9 1 1 1 0 0.10 

10 1 1 1 0 0.10 

11 1 1 1 1 0 

12 1 1 1 1 0 
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ʇʨʦʪʷʛʦʤ ʦʜʠʥʘʜʮʷʪʦʛʦ ʪʘ ʜʚʘʥʘʜʮʷʪʦʛʦ ʜʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚʠʱʝ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ 

ʟʙʽʣʴʰʠʣʘʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʽʣʘ ʪʚʘʨʠʥʠ. ɺʽʜʧʦʚʽʜʥʦ, ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʟʤʝʥʰʠʣʦʩʷ ʜʦ ʥʫʣʷ, ʪʦʤʫ 

ʷʢ ʫʩʽ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʪʚʘʨʠʥʠ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʠʮʷʤ ʜʦʧʫʩʢʫ. ʅʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʫʞʝ ʚʠʩʦʢʫ ʽʤʦʚʨ̔ʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʪʚʘʨʠʥʘ ʭʚʦʨʘ ʥʘ ʤʘʩʪʠʪ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʩʪʘʪʦʯʥʠʡ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʤʘʩʪʠʪʫ ʪʘ ʡʦʛʦ ʩʪʫʧʽʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʽʣʴʢʠ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʜ̔ʞʝʥʴ ʤʦʣʦʢʘ ʪʘ ʚʠʤʝʥʽ ʪʚʘʨʠʥʠ. 

ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʜʦʾʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʤʦʣʦʢʦʧʨʦʚʦʜʦʤ çɯʉ-ʄʦʣʦʢʦʧʨʦʚʽʜè [15], ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʨʠʪʝʨʽʶ ʩʪʫʧʝʥʶ 

ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʚʽʜ ʥʦʨʤʠ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʡʦʛʦ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ Maple V.  

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʢʨʠʪʝʨʽʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʷ 

ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʫ ʪʚʘʨʠʥʠ ʚʽʜ ʥʦʨʤʠ ʽ ʧʨʠ ʽʥʰʠʭ ʪʠʧʘʭ ʚʽʜʭʠʣʝʥʴ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʽʣʘ ʪʚʘʨʠʥʠ ʚʠʱʝ ʚʝʨʭʥʴʦʾ ʛʨʘʥʠʮʽ ʜʦʧʫʩʢʫ ʦʜʥʦʯʘʩʥʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʝʨʽʦʜʫ, 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʜʦʾʥʥʷ, ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʦʣʦʢʦʚʽʜʜʘʯʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʤʦʣʦʢʦʚʽʜʜʘʯʽ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ, ʜʨʫʛʦʛʦ, ʪʘ ʪʨʝʪʴʦʛʦ ʪʨʠʜʮʷʪʠʩʝʢʫʥʜʥʦʛʦ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʽʩʣʷ 

ʧʦʯʘʪʢʫ ʜʦʾʥʥʷ, ʻ ʧʝʚʥʦʶ ʦʟʥʘʢʦʶ ʥʘʷʚʥʦʩʪʽ ʟʘʧʘʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʘʙʦ ʽʥʬʝʢʮʽʡʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ. 

ɿʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʣʘʪʝʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʜʦʾʥʥʷ ʦʜʥʦʯʘʩʥʦ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʦʣʦʢʦʚʽʜʜʘʯʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʦʣʦʢʦʚʽʜʜʘʯʽ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ, ʜʨʫʛʦʛʦ, ʪʘ ʪʨʝʪʴʦʛʦ 

ʪʨʠʜʮʷʪʠʩʝʢʫʥʜʥʦʛʦ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʜʦʾʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʟʥʘʢʦʶ ʥʝʷʢʽʩʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʪʚʘʨʠʥʠ ʜʦ ʜʦʾʥʥʷ, ʘʙʦ ʥʘʷʚʥʽʩʪʶ ʩʪʨʝʩʦʚʦʛʦ ʩʪʘʥʫ, ʷʢʠʡ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʚʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʢʽʣʢɹʦʩʪʽ 

ʧʨʠʯʠʥ. ʆʜʥʦʯʘʩʥʝ ʟʤʝʥʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ, ʨʫʤʽʥʘʮʽʾ, ʨʘʟʦʚʦʛʦ ʫʜʦʶ ʪʘ ʜʦʙʦʚʦʛʦ ʫʜʦʶ ʻ ʦʟʥʘʢʦʶ ʥʘʷʚʥʦʩʪʽ 

ʩʪʨʝʩʦʚʦʛʦ ʩʪʘʥʫ ʘʙʦ ʪʨʘʚʤʦʚʘʥʦʩʪʽ ʪʚʘʨʠʥʠ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʫʧʝʥʶ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʠ ʩʪʘʥʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʾʭ ʧʘʨʘʤʝʪʨʽʚ. ʈʦʟʨʦʙʣʝʥʠʡ ʢʨʠʪʝʨʽʡ ʟʨʫʯʥʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʡʦʛʦ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ, ʯʠʤ ʚʠʱʝ ʡʦʛʦ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʪʠʤ ʙʽʣʴʰʝ ʩʪʘʥ ʦʙôʻʢʪʘ ʥʘʙʣʠʞʝʥʠʡ ʜʦ 

ʥʦʨʤʘʣʴʥʦʛʦ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʫ ʩʪʘʪʪʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʶ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʠ ʩʪʘʥʫ ʷʢ ʪʝʭʥʽʯʥʠʭ, ʪʘʢ ʽ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ. 
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ʈʆɿʈɸʍʋʅʂʆɺʆ-ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ʄɽʊʆɼʀ  

ʆʎɯʅʖɺɸʅʅʗ ʄɯʎʅʆʉʊɯ ʄɽʊɸʃʆʉʂʃʗʅʀʍ ɺʀʈʆɹɯɺ ʈɽɸ 
 
ȹ ɗɘɆɘɘɫ ɕɖɋɊɗɘɆɈɑɋɓɫ ɖɋɍəɑɢɘɆɘɎ ɊɔɗɑɫɊɌɋɓɢ ɒɫɜɓɔɗɘɫ ɗɐɑɔɗɕɆɬɈ ə ɈɎɖɔɇɆɛ ɋɑɋɐɘɖɔɓɓɔɬ ɘɋɛɓɫɐɎ. ȵɖɔɈɋɊɋɓɔ 

ɖɔɍɖɆɛəɓɔɐ ɊɔɕəɗɘɎɒə ɖɔɍɐɎɊə ɚɫɍɎɐɔ-ɒɋɛɆɓɫɝɓɎɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɒɆɘɋɖɫɆɑɫɈ ɈəɍɑɆ ɗɐɑɔɗɕɆɤ, ɟɔ ɍɆɇɋɍɕɋɝəɤɘɢ ɈɎɐɔɓɆɓɓɥ 
əɒɔɈɎ ɒɫɜɓɔɗɘɫ ɗɐɑɔɗɕɆɥ, ɫ ɍɆɕɖɔɕɔɓɔɈɆɓɔ ɍɊɫɏɗɓɤɤɝɎ ɈɛɫɊɓɎɏ ɐɔɓɘɖɔɑɢ ɚɫɍɎɐɔ-ɒɋɛɆɓɫɝɓɎɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɈɎɐɔɖɎɗɘɆɓɎɛ 
ɒɆɘɋɖɫɆɑɫɈ ɍ ɕɔɊɆɑɢɞɎɒ ɕɔɉɔɊɌɋɓɓɥɒ ɬɛ ɕɆɖɘɫɏ. ȭɆɕɖɔɕɔɓɔɈɆɓɆ ɒɋɘɔɊɎɐɆ ɕɖɔɋɐɘɓɔɉɔ ɖɔɍɖɆɛəɓɐə ɓɆ ɒɫɜɓɫɗɘɢ ɈəɍɑɫɈ 
ɒɋɘɆɑɔɗɐɑɥɓɎɛ ɚɔɘɔɊɆɘɝɎɐɫɈ ȶȫȦ. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɗɐɑɔɗɕɆɏ, ɚɔɘɔɊɆɘɝɎɐ, ɒɫɜɓɫɗɘɢ, ɋɑɋɐɘɖɔɓɓɫ ɈɎɖɔɇɎ. 

 

GOROSHKO A., KOVTUN I., KRUSHYNSKYI D. 
Khmelnytskyi National University 

 

CALCULATION AND EXPE RIMENTAL METHODS ASS ESSING THE STRENGTH  

OF GLASS-TO-METAL PRODUCTS OF EL ECTRONIC EQUIPM ENT 
 
The experience of using metal-glass electronics products indicates their low reliability due to mechanical destruction. As a 

rule, failure is caused by the insufficient ability of incandescent glass to wet the metal to form a tight bond, as well as b y the 
inconsistent thermal expansion of glass and metal, which can cause a decrease in strength and depressurization of the seal when 
the assembly is cooled. The paper presents the results of studies of the strength of glass-sealed in electronic products. It is shown 
that the theory of thick -walled Lam® cylinders can be used for the calculation. The calculation of the permissible scatter of the 
physical and mechanical characteristics of the materials of the glass-weld assembly, ensuring the fulfillment of th e strength 
condition of the glass-weld, was carried out, and it was proposed to carry out the incoming control of the physical and mechanical 
characteristics of the materials used with the subsequent approval of their batches. A method of design calculatio n for the strength 
of units of metal -glass photosensors of electronic equipment is proposed. 

In, a new design and technological concept of sealing electronic modules in aluminum alloy housings using a 
multifunctional coating based on Ni and Si, obtained by pulsed laser surfacing. A formula for determining the mobility of surfacing 
of one layer, taking into account which find the total duration of laser surfacing and the formation of a multifunctional coa ting. In it 
is noted that indium and some of its alloy s can be used as a solder capable of wetting glass, ceramics and metals and connecting 
them together. Indium has a low melting point and is very mild; softness allows it to plastically deform and absorb stress du e to the 
mismatch of thermal expansion. Due to the very low pressure, indium vapor is used in glass-metal seals used in vacuum technology 
and cryogenic applications. 

Keywords: Glass-to-metal seal, Photosensor, Strength, Electronic Products. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʢʣʦʩʧʘʾ (Glass-to-metal seal), ʷʢʽ ʻ ʛʝʨʤʝʪʠʯʥʠʤ ʱʽʣʴʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʩʢʣʘ ʽ 

ʤʝʪʘʣʫ, ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʢʫʫʤʥʠʭ ʪʨʫʙʦʢ, ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʨʷʜʥʠʭ ʪʨʫʙʦʢ, ʣʘʤʧ 

ʨʦʟʞʘʨʶʚʘʥʥʷ, ʛʝʨʤʝʪʠʯʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʽʦʜʽʚ, ʛʝʨʢʦʥʽʚ, ʛʝʨʤʝʪʠʯʥʠʭ ʩʢʣʷʥʠʭ ʚʽʢʦʥ ʚ ʤʝʪʘʣʝʚʠʭ 

ʢʦʨʧʫʩʘʭ ʽ ʤʝʪʘʣʝʚʠʭ ʘʙʦ ʢʝʨʘʤʽʯʥʠʭ ʢʦʨʧʫʩʽʚ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʽʚ ʈɽɸ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʩʢʣʦʩʧʘʶ ʧʦʢʘʟʫʻ, ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʟ ʥʠʭ ʚʠʭʦʜʠʪʴ ʟ ʣʘʜʫ ʯʝʨʝʟ ʤʝʭʘʥʽʯʥʝ 

ʨʫʡʥʫʚʘʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, ʚʦʥʦ ʚʠʢʣʠʢʘʥʝ ʥʝʜʦʩʪʘʪʥʴʦʶ ʟʜʘʪʥʽʩʪʶ ʨʦʟʧʝʯʝʥʦʛʦ ʩʢʣʘ ʟʤʦʯʫʚʘʪʠ ʤʝʪʘʣ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʱʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʘ ʪʘʢʦʞ ʥʝʫʟʛʦʜʞʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʩʢʣʘ ʽ ʤʝʪʘʣʫ, ʱʦ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʶ ʫʱʽʣʴʥʝʥʥʷ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʩʢʣʘʜʘʥʥʷ. 
ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ.  

ʋ ʨʦʙʦʪʽ [1] ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʫ ʢʦʥʮʝʧʮʽʶ ʛʝʨʤʝʪʠʟʘʮʽʾ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ ʚ ʢʦʨʧʫʩʘʭ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ Ni ʽ Si, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʽʤʧʫʣʴʩʥʦʶ ʣʘʟʝʨʥʦʶ ʥʘʧʣʘʚʢʦʶ. ʆʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʥʘʧʣʘʚʣʝʥʥʷ ʦʜʥʦʛʦ ʰʘʨʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʾ ʟʥʘʭʦʜʷʪʴ ʟʘʛʘʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ 

ʣʘʟʝʨʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʽ ʫʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʋ ʨʦʙʦʪʽ [2] ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʽʥʜʽʡ ʽ 

ʜʝʷʢʽ ʡʦʛʦ ʩʧʣʘʚʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ ʧʨʠʧʦʶ, ʟʜʘʪʥʦʛʦ ʟʤʦʯʫʚʘʪʠ ʩʢʣʦ, ʢʝʨʘʤʽʢʫ ʽ ʤʝʪʘʣʠ ʽ 

ʟ'ʻʜʥʫʚʘʪʠ ʾʭ ʨʘʟʦʤ. ɯʥʜʽʡ ʤʘʻ ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʽ ʜʫʞʝ ʤ'ʷʢʠʡ; ʤ'ʷʢʽʩʪʴ ʜʦʟʚʦʣʷʻ ʡʦʤʫ 

ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʫʚʘʪʠʩʷ ʽ ʧʦʛʣʠʥʘʪʠ ʥʘʧʨʫʞʝʥʥʷ ʯʝʨʝʟ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. ʏʝʨʝʟ ʜʫʞʝ 

ʥʠʟʴʢʠʡ ʪʠʩʢ ʧʘʨʘ ʽʥʜʽʡ ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʢʣʦ-ʤʝʪʘʣʝʚʠʭ ʫʱʽʣʴʥʝʥʥʷʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʚʘʢʫʫʤʥʽʡ ʪʝʭʥʦʣʦʛʽʾ [3] ʽ ʢʨʽʦʛʝʥʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ [4].  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚ 

10ï100 ʨʘʟʽʚ ʤʝʥʰʠʭ, ʥʽʞ ʧʝʨʝʜʙʘʯʘʶʪʴ ʪʝʦʨʝʪʠʯʥʽ ʜʘʥʽ. ʅʘ ʩʴʦʛʦʜʥʽ ʨʽʟʥʠʮʷ ʨʝʘʣʴʥʦʾ ʤʽʮʥʦʩʪʽ ʚʽʜ 

ʪʝʦʨʝʪʠʯʥʦʾ ʧʦʷʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʷʚʣʝʥʥʷ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʝʬʝʢʪʽʚ [5]. ɼʣʷ ʟʤʝʥʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ, ʩʪʚʦʨʶʚʘʥʠʭ ʜʝʬʝʢʪʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ: ʪʨʘʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʩʢʣʘ 

ʧʣʘʚʠʢʦʚʦʶ ʢʠʩʣʦʪʦʶ, çʟʘʣʠʟʫʚʘʥʥʷè ʧʦʚʝʨʭʥʽ ʩʢʣʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʦʛʥʝʚʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʪʦʱʦ. 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʨʘʥʽʰʝ ʯʘʩʪʠʥ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. ʋ ʨʦʙʦʪʽ [6] ʦʙˇʨʫʥʪʦʚʘʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽʾ ʃʷʤʝ-ɻʘʜʦʣʽʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʱʦ 

ʤʘʶʪʴ ʬʦʨʤʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ ʤʝʪʘʣʦʩʢʣʷʥʠʭ ʚʠʨʦʙʽʚ ʈɽɸ, ʷʢ ʬʦʪʦʜʘʪʯʠʢʠ ʉʌ-2-5, ʉʌ-2-6, 

ʉʌ-2-9, ʉʌ-2-12, ʉʌ-2-16, ʌʈɿ-11 (ʨʠʩ. 1). ʎʽ ʬʦʪʦʜʘʪʯʠʢʠ (ʌɼ) ʻ ʤʽʢʨʦʧʨʠʣʘʜʘʤʠ ʈɽɸ, ʱʦ ʟʤʽʥʶʶʪʴ ʩʚʦʾ 

ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ ʧʝʚʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʨʝʻʩʪʨʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ɼʦʩʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʌɼ ʧʦʢʘʟʘʚ ʥʝʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʯʝʨʝʟ ʾʾ ʥʝʜʦʩʪʘʪʥʶ ʤʽʮʥʽʩʪʴ.  
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ʈʠʩ. 1. ʌʦʪʦʜʘʪʯʠʢʠ ʪʠʧʫ ʉʌ 

 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʘʚʪʦʨʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʤʝʪʦʶ ʷʢʠʭ ʙʫʣʦ 

ʦʮʽʥʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʌɼ, ʚʠʙʽʨ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʟʛʣʷʥʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʩʢʣʷʥʫ ʜʝʪʘʣʴ, ʱʦ ʤʘʻ ʬʦʨʤʫ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ, 

ʩʧʘʷʥʫ ʟ ʽʥʰʦʶ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʣʝʚʦʾ ʜʝʪʘʣʣʶ, ʷʢʘ ʦʭʦʧʣʶʻ ʩʢʣʷʥʫ. ɺʚʝʜʝʤʦ ʥʘʩʪʫʧʥʽ ʧʨʠʧʫʱʝʥʥʷ: ʥʝ 

ʚʨʘʭʦʚʫʻʤʦ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʧʨʠ ʩʢʣʦʚʘʥʥʽ, ʪʦʙʪʦ ʫʩʘʜʢʫ; ʟʘʢʦʥ ɻʫʢʘ 

ʚʠʢʦʥʫʻʪʴʩʷ; ʩʧʨʘʚʝʜʣʠʚʦʶ ʻ ʛʽʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʝʨʽʟ ʚʫʟʣʘ ʚʠʚʝʜʝʥʥʷ ʯʝʨʝʟ ʥʘʤʠʩʪʠʥʢʦʚʠʡ ʩʢʣʦʩʧʘʡ. ʉʢʣʷʥʠʡ ʮʠʣʽʥʜʨ 

(ʩʝʨʝʜʥʽʡ) ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʟ ʙʦʢʫ ʦʪʦʯʫʶʯʠʭ ʡʦʛʦ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥ. ɺ ʽʥʰʠʭ 

ʚʠʧʘʜʢʘʭ, ʷʢ ʥʘʧʨʠʢʣʘʜ, ʚ ʜʽʦʜʘʭ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʩʪʽʥʢʠ ʮʠʣʽʥʜʨʘ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʜʽʻʶ ʢʦʥʪʘʢʪʥʦʛʦ 

ʪʠʩʢʫ ʟ ʙʦʢʫ ʢʦʤʧʘʫʥʜʫ ʽ ʛʘʟʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʚʠʨʦʙʫ: ʢʦʤʧʘʫʥʜʥʠʡ ʮʠʣʽʥʜʨ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ 

ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʟʽ ʙʦʢʫ ʩʢʣʷʥʦʾ ʯʘʩʪʠʥʠ ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʩʽʭ ʚʠʧʘʜʢʽʚ 

ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʨʦʟʨʘʭʫʥʦʢ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʛʘʣʴʥʠʡ ʚʠʧʘʜʦʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʚʥʫʪʨʽʰʥʽʤ ʢʦʥʪʘʢʪʥʠʤ ʪʠʩʢʦʤ ʈ1 ʽ 

ʟʦʚʥʽʰʥʽʤ ï ʈ2. ʇʦʟʥʘʯʠʤʦ r1 ʽ r2 ï ʚʥʫʪʨʽʰʥʽʡ ʽ ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩʠ ʟʦʚʥʽʰʥʴʦʛʦ (ʤʝʪʘʣʝʚʦʛʦ) ʮʠʣʽʥʜʨʘ. ʋ ʪʠʭ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟʘʜʦʚʽʣʴʥʦʶ ʻ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ 5ï6 %, ʮʠʣʽʥʜʨ ʟ ʚʽʜʥʦʰʝʥʥʷʤ 2 2/ 4R r >  ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʪʘʢʠʤ, ʱʦ ʤʘʻ ʥʝʩʢʽʥʯʝʥʥʦ ʪʦʚʩʪʫ ʩʪʽʥʢʫ, ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ q ʟʨʦʩʪʘʻ, 

ʘʩʠʤʧʪʦʪʠʯʥʦ ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʜʝʷʢʦʛʦ ʟʥʘʯʝʥʥʷ. ʆʪʞʝ, ʧʨʠ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ 

ʥʘʚʢʦʣʠʰʥʶ ʜʝʪʘʣʴ ʷʢ ʮʠʣʽʥʜʨ ʟ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʠʤ ʨʘʜʽʫʩʦʤ. 

 

 
 

 

ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʪʠʧʦʚʦʛʦ ʚʫʟʣʘ ʈɽɸ ʈʠʩ. 3. ʈʽʚʥʦʚʘʛʘ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʛʦ ʝʣʝʤʝʥʪʫ 

 

ʅʝʭʘʡ ʟʦʚʥʽʰʥʽʡ ʮʠʣʽʥʜʨ ʙʫʜʝ ʥʘʚʘʥʪʘʞʝʥʠʡ ʚʥʫʪʨʽʰʥʽʤ ʢʦʥʪʘʢʪʥʠʤ ʪʠʩʢʦʤ q (ʟ ʙʦʢʫ ʜʝʪʘʣʽ, ʷʢʫ 

ʚʽʥ ʩʪʠʩʢʫʻ) ʽ ʟʦʚʥʽʰʥʽʤ ʈ2. ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʨʽʚʥʦʚʘʛʫ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʛʦ ʝʣʝʤʝʥʪʘ ʮʠʣʽʥʜʨʘ, ʫʪʚʦʨʝʥʦʛʦ 

ʜʚʦʤʘ ʧʦʧʝʨʝʯʥʠʤʠ ʧʣʦʱʠʥʘʤʠ ʟ ʚʽʜʩʪʘʥʥʶ dz ʤʽʞ ʥʠʤʠ, ʜʚʦʤʘ ʦʩʴʦʚʠʤʠ ʧʣʦʱʠʥʘʤʠ, ʟ ʢʫʪʦʤ dű ʤʽʞ ʥʠʤʠ 

ʽ ʜʚʦʤʘ ʮʠʣʽʥʜʨʘʤʠ ʨʘʜʽʫʩʽʚ R ʠ (R+dR), ʪʦ ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʽʜʦʤʠʭ ʬʦʨʤʫʣ ʃʷʤʝ:  
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ï ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʤʝʪʘʣʽʯʥʦʛʦ ʮʠʣʽʥʜʨʘ 
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ʜʝ sR ï ʨʘʜʽʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ; st ï ʪʘʥʛʝʥʮʽʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ; sz ï ʦʩʴʦʚʝ ʥʘʧʨʫʞʝʥʥʷ; Uʤ ï ʨʘʜʽʘʣʴʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʤʝʪʘʣʽʯʥʦʛʦ ʮʠʣʽʥʜʨʘ; Uʩ ï ʨʘʜʽʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʢʣʷʥʦʛʦ ʮʠʣʽʥʜʨʘ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʫ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟʥʘʯʝʥʥʷ ʷʢ ʢʦʥʪʘʢʪʥʠʭ 

ʪʠʩʢʽʚ ʥʘ ʛʨʘʥʠʮʷʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢ ʽ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ ʙʽʣʴʰʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʢʣʘ ʤʘʨʢʠ 

ʉ48-2, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʢʣʘ ʤʘʨʢʠ ʉ52-1. ʊʦʤʫ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʙʽʣʴʰʝ ʚ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʢʨʫʞʥʽ ʥʘʧʨʫʞʝʥʥʷ 
2Rt

s  ʚ ʢʨʠʰʢʘʭ ʌɼ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʚ ʽʥʪʝʨʚʘʣʽ, ʱʦ 

ʦʭʦʧʣʶʻ ʟʥʘʯʥʠʡ ʜʽʘʧʘʟʦʥ ʚʝʣʠʯʠʥ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʦʣʫʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʽ ʟʘʢʦʥʽʚ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʦ ʨʘʜʽʫʩʫ ʚʠʨʦʙʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚʠʢʣʘʜʝʥʽ ʫ 

ʨʦʙʦʪʽ [6] ʤʝʪʦʜʠʢʠ ʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ. ɿ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʘʭʫʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʧʨʠ ʩʢʣʦʩʧʘʾ 

ʚʽʢʦʥʯʘʪʦʛʦ ʚʫʟʣʘ ʢʨʠʰʦʢ ʌɼ ʥʘ ʽʥʜʫʢʮʽʡʥʽʡ ʫʩʪʘʥʦʚʮʽ (ʨʠʩ. 2, 3). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʚʦʜʷʪʴ, ʱʦ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʥʘʤʠʩʪʠʥʢʦʚʠʭ ʩʢʣʦʩʧʘʾʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʢʣʦ ʤʘʨʢʠ ʉ52-1 ʟʘʤʽʩʪʴ ʩʢʣʘ ʉ48-2. 
 

  
 

ʈʠʩ. 2. ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ  

ʧʦ ʨʘʜʽʫʩʫ ʚʽʢʦʥʯʘʪʦʛʦ ʩʢʣʦʩʧʘʶ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ 

 

ʈʠʩ. 3 ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ  

ʧʦ ʨʘʜʽʫʩʫ ʚʽʢʦʥʯʘʪʦʛʦ ʩʢʣʦʩʧʘʶ 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʥʘ ʨʠʩ. 2 ʽ 3 ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʧʝʨʰʽ ʪʨʠ ʩʝʢʫʥʜʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʚʥʽʰʥʴʦʾ 

ʢʨʦʤʢʠ ʩʢʣʘ, ʱʦ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʤʝʪʘʣʦʤ, ʜʦʩʷʛʘʻ 1000Áʉ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʧʣʘʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚ ʮʝʥʪʨʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 200 Áʉ. ʇʽʩʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʽʥʜʫʢʪʦʨʘ (ʥʘ ʯʝʪʚʝʨʪʽʡ ʩʝʢʫʥʜʽ) ʚʠʜʥʦ ʭʚʠʣʴʦʚʦʾ 

ʧʨʦʮʝʩ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ ʚʽʜ ʢʨʘʶ ʜʦ ʮʝʥʪʨʫ ʽ ʥʘʟʘʜ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʩʝ ʱʝ ʜʦʩʠʪʴ ʚʝʣʠʢʠʤ ʛʨʘʜʽʻʥʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʮʝʥʪʨʦʤ ʩʢʣʘ ʽ ʧʝʨʠʬʝʨʽʻʶ. ʅʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʧʨʠ ʟʤʽʥʘʭ 

ʨʘʜʽʫʩʫ ʥʘ 1,5 ʤʤ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ ʣʠʰʝ ʚʽʜ 5 Áʉ ʜʦ 50 Áʉ, ʱʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʝ, ʥʽʞ 

ʧʨʠ ʟʤʽʥʽ ʨʘʜʽʫʩʘ ʥʘ 5 ʤʤ. ʈʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʦʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʚʽʢʦʥʯʘʪʦʛʦ ʩʢʣʘ ʌɼ ʜʘʶʪʴ ʚʝʣʠʯʠʥʠ 

ʥʘʧʨʫʞʝʥʴ s = (-509,6é49)Ö10
5
 ʇʘ, ʧʦʨʽʚʥʶʚʘʥʠʭ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʨʫʡʥʽʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʩʢʣʘ ʉ52-1. ʗʢʱʦ 

ʚʨʘʭʫʚʘʪʠ ʧʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʠʡ ʨʦʟʢʠʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʌʄʍ) ʟôʻʜʥʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 


